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Nuclease), 2A4It] 4=} 7}9+= TALEN(Transcription Activator-Like Effector Nuclease), 7}3 ZH o] A+
%l CRISPR(Clustered regularly interspaced short palindromic repeat)-Cas(CRISPR-associated) 92 3Atj
32 7H

CRISPRs = 32+ A dol szl wregole] digF 40% 2 F3xF Ado]l walzl aAle] 90%e] FrAeA &
A5 E oy #2 A3 5SS x3ste Flelvd. Cas @ a2 CRISPR RNA(crRNA) % trans-activating
crRNA(tracrRNA) = ¥ F 7] RNA®F E3HAE FAPE o, &4 AdE7FEdokAl (endonuclease) & FJ3t
I, 2ZA FeEH #A ke ZHsnse] HSldA R FH4 4E st s AEE EEg.
crRNAE Aol o) HAPARTE HFHAAD w5 F4A9] RISPR 24258 AT

o]2]3t CRISPR-Cas A=) f#f2] RNA-7lol= rE e ol (RNA-guided nuclease)E FAAS AT = e &
9S AFdErt. 53], @ 7Fol= RNA(sgRNA) €} Cas TS o] &3t Az 2 7|3 A5 AYT -
D 71E #EE AGEo] 3 JagHEo gk, HE, Cpfl 9 (Prevotella 2 Francisella 1 f2])°]
CRISPR-Cas Al=®le] T th2 FEeopAl ©id= A W= (B. Zetsche, et al., 2015), o]d uwpe} 4
A wAed oja Mgl Zo] Yojhrt. (pfle 5" E&5 JHZ dodsts A, 71ol= RNA9 Aot o 2

SRis

A, A (seed) 1D 2 A 97 Aot § Arke FolA ofd AAS A, afdE s o $-
FAA 71915 ALe) fetel Be AT} o] FolH QU= AAoltt,

Y 7] ¢
H]| & 35]#¢

(R E38]&3 0001) B. Zetsche, et al., Cpfl is a single RNA-guided endonuclease of a class 2 CRISPR-
Cas system, Cell, 2015, 163, 759-771.

ge] 1 g

st = HA

B oagAEe FAA wgel QolA J1Fe] eld Ay A% wwdnc ¥ Zdhgel guas e
Aste] ALHoR AT A, BA AW AAS ANste] Aushe EEol F4A W ohin, =9 Aol
27H, AanEdols Tushs WEE Aelsd dn wMAe Ausie] ¥ wye sttt web,
B ode) BAe w4 Ak NAe d4sle] Avsl wfol R NAE Aeiad AW Bude AFes
Aok,

47 BAE Gyes] lstel, Zelaw A B ayIdeld F Rec)7t AW WHN Aelsw Aw

2y o] &7
RecJ7} Ae]2y] Ay @fde] At Agay Fes dide Fen dd o] vjs] ok (Knockout )
% %<l (Knockin) E&ol F7stAvh, mebd, ¥elo] Wed Felsas A% dude i

FAA AASE AT, olF o8 AP no} g =

H EEol @3

=W A8e ¥5
©1e WEE Cas9

iy

S 9 @ AS Ao A Heste] EAg Flojrk. ZF R\PY] sk 25 nMelth. ()= °F 600
bpell A vhehibz Avhl 9ES (tenplate) & lUIEITh. 7 A ojnlAe] shgk Y] AW G EASAG

= 23 SpCas9 2 SpCas9-RecJoll o3 A3 dsDNA EelS <13t Aolt}. A3 dsDNAE DNA 7] =
galal FA4L dsDNA I7]15 Ht}h. SpCas9/gRNA C apoproteinsE W3 5 Splas92> Al7hell A#glo] &
o] AWata F78 dsDNAZS YerIth. 28y, SpCas9-RecT/gRNA C& 60-180% uljek %o &=8laly, ksl
Sk, 7t B8 dsDNAFBEHIE YERUII=H], o] DNA Z3E o]},

o
o
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= 32 WbS ARhel mE A Ax a8S vekd Aotk o= T7EL i EdlobAl 2] AbEoln, A9
A ( H] J

% 4% CCR5 % DHCR7¢ that SpyCas9, SpyCas9-Rec] 2 SpyCas9-T5 7+e] HDR &&<S v wste] vehd Aolr),
CCR5 @ DHCR7 S AkA1e] (locus) oA SpyCas9, SpyCas9-Rec] @ SpyCas9-T59 HDR &8-S vteEl Aojt},

=5 % X 62 A HY &S selslr] ¢sted, HEK293 Al Eo A SpCas9 2 SpCas9-RecJ9] In vitro &
¢ Ao F3T ATES ERIL

72 Cas9 ¥ Cas9-RecJo] €17k PD-1 ¥ CCR59] 3 A}te| X = 2-eHl &35 YeRd Aot

Y

H

8& 217k CCR5e Wit Cas9 2 Cas9-RecJd & B} &S eld Ao|t},

FAAFe] In vitro A olAlo]& vERd Aot}

H

9

e
o
=
lo
to
[kl
Suj
)
ot
i,

% 108 A3 dsDNAZ o] &3l In vitro A% dAlo]E E3le], FnCpfl, FnCpfl-Rec] % SpCas9e] 7FAiL U=
o

s
Aol 715 AT Aol

A

T 118 M3 dsDNAZ ©]&3}o] FnCpfl HEE FnCpfl-Rec] AiFrZ@|obAlo] &3t In vitro Ak oAo] An=
veld Aot

% 12% RecJE X sl WHYE Agay A ghildo] FxE5 veERd Zolth. A% SpyCas9 T FnCpfl9] C
Udoto] RecJ7F 83tE dFEjolt}. BE SpyCas9 T+ FnCpfle] N ek RecJ7F Zdw Fefolt}l. Cx SpyCas9
= FnCpflel C @eto]:= RecJ7F N wetol:= DBP(DNA Binding Protein)o] A3 dejo|t}t. o, His tage
6719l His®2 4=, BPNLS= 3 %3} Al7149 (nuclear localization signal)< ©Jm|$tr}.

¢

[0

¢

%= 132 CCR5 B! DHCR7el wh@d SpyCas9e] sgRNA 2R Afe]EE ubehdl Zlejth. 17k CCR5(A) 3 <17} DHCR?
(B)ll ¥ SpyCas9e] sgRNA A Fo& 747 wehds} gaos yepdl Zoln. PAN A2 5402 A
ik, shams wEeold A 91X vt

% 145 CCR5 ¥ DHCR79] tHghk FnCpfle] crRNA A3 Ale]EE yeld Flojt}. QIZF CCR5(A) 2 <1ZF DMNTL(B)
o th3dt FnCpfl2] crRNA 23 998 42z H243 ouxMoz yeld Zojtd, PAN AEe mgdos FA|
ik, sttt wEdokAl HEe YA & yERAL.

% 15 ¥ &= 162 SpyCas93} SpyCas9e] C Hrhol| tiekslt chuldo] Aty WEE SpyCas9 Alele] HY 3 &S
Zolth. SpyCas9e C weto] GFP, hTdT, % dixFEdolAlE2 <& Rec], RecE, lambda, mungbean,
57F A% Fejojtt, E=reol A Yelbd vke} o] Knock-out ¥ Knock-in &&©¢] A= Ao]sict,

% 17& SpyCas93 SpyCas9-RecJ9] Knock-out HE &EE&S ¥ . A¥ SpyCas9-RecJ¢] F+%E veld
Zoltl. BE w2, SpyCas9 2 SpyCas9-Rec] 7+e] 3= #HF & Bl Aolth. ¥ CCR5 2 DHCR7 &
Axpe] MR A2 #elslo] | SpyCas9 thH] SpyCas9-RecJo] HH && WIS wEg2 el Aot

%
o >
O
o *

= 18& SpyCas93¥} SpyCas9-RecJ9] Knock-in HYF FE&S B3 AHolt}. AE SpyCas9-RecJd T+%E e
RAolty, B txw*, SpyCas9 % SpyCas9-Rec] 7+ #-7#F #H3F a&S el ZHolth. = CCR5 2 DHCR7

AzLe] #F A=E golste], SpyCas9 thH] SpyCas9-RecJe] # &2 Yehd Flolt,

s

= 19% 2 208 SpyCas9i SpyCas9e] N @k Hi= N/C oFEehe] thoksl whildo] Agy WM H SpyCas9 Ao
o AY FES vk Aok, WA SpyCas9S SpyCas9e] N @ebel]l Rec), RecE, GFP, © 7}=F DNA 2%
oA (single stranded DNA binding protein, SSB) @ ©o]% 7} DNA Z3% WA (double stranded DNA
binding protein, DSB)o] A& = o] v}, w3, WEHE SpyCas9S SpyCas9e] C wetol] RecJ7F AgE o] glar,
N 2ol SSB Hi= DSBe] Az o] k. =wolA uERA whel Zo] Knock-out R Knock-in &S A2 Ao
CR=

21 SpyCas97} RecJ-SpyCas9 7+¢] Knock-out HF T &< 3t Zlojt}. AE RecJ-SpyCas9e] T+%E e}
Aottt B dlZ, SpyCas9 2 RecJ-SpyCas9e] 4= #HF &8-S veld Aok, = DHCR7 4o #H
BIE gelate], SpyCas9 thH] RecJ-SpyCas9e] AR && W3tE WNE&=2 vERd o).

|

22% SpyCas97} RecJ-SpyCas9¢] Knock-in HAF &< v|wd Holth. A= RecJ-SpyCas9e] T+%E el
olt}. B= thE+, SpyCas9 % RecJ-SpyCas9 7+e] H-#x HY &&S veld Aolth. €= DHCR7 F4xke] #H
AEE 3elsle], SpyCas9 thH] RecJ-SpyCas9e] HF & WstE Wi g2 el Ao},

o
2
(EVR. )
it
=

L b
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%= 238 SpyCas93} SSB-SpyCas9-RecJ 9] Knock-out ¥ E%*"* Hlu gk Aolth, AE SSB-SpyCas9-RecJ o +x5
vebd Zlelth. BE dlZi, SpyCas9 2 SSB-SpyCas9-RecJ ] 42 #% &&S e Zlo|th. (= DHCR7
Azte]l HAY AEE Folsle] | SpyCas9 thH] SSB-SpyCas9-RecJol HF &8 WaE wEg= Jepd Ao},

24+ SpyCas93 DSB-SpyCas9-Rec] 7Fe] Knock-out HF &&-S H]uw3dk AHolt}. A= DSB-SpyCas9-RecJ2] -
= yedl AHolt}k. B thEat, SpyCas9 2 DSB-SpyCas9-Rec] 7+ -4x #Y AE&S Yekd Aot (&=

DHCR7 fA7te] HY AHAEE 3H¢lsle], SpyCas9 tiH] DSB-SpyCas9-RecJe] AA & WIS WMESEZ Jepd A

=

25 9 % 26 FnCpfl3¥} FnCpfle] C ekl vhefst ohlzo] Agte

ZAolt}. FnCpfle] C ko] GFP, hTdT, ¥ AqaFEFotAlz L

A%E Fulojrk. =l A vERd bhel 2ol Knock-out E K

BN

[}

W35 FnCpfl Alole] HA &&S v
RecJ, RecE, lambda, mungbean, 2 T5
nock-in E&-2 A2 Ao]strt.

S

272 FnCpfl ¥ FnCpfl-RecJ9] Knock-out H|F &8-S W3 Aoltd. Ax FnCpfl-RecJ9 +Z= yepd A
o}. B W=, FnCpfl ¥ FnCpfl-RecJo] #7#F AH a&S veld AHolok, C= CCR5 2 DNMT1 f-#%}2]
7 AEE lste], FnCpfl ] FnCpfl-RecJo] AF && W3S WE&Z vehd Ao,

E o

H

28% FnCpfl % FnCpfl-RecJ9] Knock-in HH EEE H|g AHolth. A
. B= t|Z&+4, FnCpfl ¥ FnCpfl-Rec] 79 Fx4 #HF &S e
gkelabe] | FnCpfl thH] FnCpfl-RecJo] #% & S WEEE Yepd Zojt.

&
29 % 30 FnCpfl3} FnCpfle] N @k mi= N/C Fudko] thokdt whwldo] A3 Wae FnCpfl Abo]e] #
H a8S vug AHoluk., WEE FnCpflS FnCpfle] N #ehell Rec), RecE, GFP, ©+ 7}=F DNA A% o=
(single stranded DNA binding protein, SSB) % ©o|% 7}2 DNA A3 @& (double stranded DNA binding
protein, DSB)o] ZAgw o] glv}. T3, WHE FnCpfld FnCpfle] C Uekel RecJ7t A o] la, N et
SSB7F Ajts o] Qltt. =rolA vERd vRel #o] Knock-out 2 Knock-in &&-2 A2 AFo]sttt.

= FnCpfl-RecJ® %= yerd
Zolt}. C+= CCR5 % DNMT1 &=}k

>i

o

o
W) :L

=
] AxE

H

N

% 312 FnCpfl ¥ RecJ-FnCpfl2] Knock-out | &&S H|13d ZHo|t}. A= RecJ-FnCpfle +x2E YE A
t}. BE tE, RecJ-FnCpfl 7+o 544 #AR &8-S yeld Aolth. = CCR5 % DNMT1 FA=ke] #HA A
£ golato], FnCpfl WH] RecJ-FnCpfle] HH & W32 WEEE Uehd Zolt),

32% FnCpfl ¥ RecJ-FnCpfl 7+ Knock-in ¥ &ES W3k Aolt}. AE RecJ-FnCpfle] +2E YEeErd
o]t}. BE UlZT, RecJ-FnCpfle] 72 AR &S e Ao © CCR5S ¥ DNMT1 frdxle] HH A=
3kelale], FnCpfl thH] RecJ-FnCpfle] A3 && W3tE NEEZ YeRH Holt},

= 33< FnCpfl1¥} SSB-FnCpfl-RecJ 2] Knock-out HF &&S H|d Zlojt}. AE SSB-FnCpfl-Rec]9 T+%E 4
Bl Aok, BE R, FnCpfl ® SSB-FnCpfl-RecJo 44 #AF H&HS el Aoltl. & CCR5 2
DNMT1 €428 H% HAEE #<2lste], FnCpfl tiH] SSB-FnCpfl-RecJe] WX & W3S wBg= vehd Ao
o},

= 34% FnCpfl3} SSB-FnCpfl-RecJ9] Knock-in HH &&S Hlm3 Aot} AL SSB-FnCpfl-RecJo] T+ZE o
Bl Ao}, B tlEwt, FnCpfl 2 SSB-FnCpfl-RecJo] #dxt #x &4 vehd Aolth. (= (RS 2
DNMT1 f221e] A5 AEZS 3elale] | FnCpfl thH] SSB-FnCpfl-RecJo] HH && W3S WEEE Ueldl Ao
o}.

= 35a, & 35b ¥ & 35¢ SpyCas9 2 SpyCas9e] C @ekel] whuldo] ZAgtw W SpyCas9ol| F=5HE= v|A+
A wek Ao 9lolA], ssODN ¥ :=3thE (nocodazole) o] A= &S <20d Zolt}. = 35ai= ssODN
1 vkl MY HA % wo] HEAl e A4 &8 vekdth. & 35bE ssODN ¥ w=FrhEo] A

SN |

ha]

_YE,N

HAE o] v Ad ge dA4 288 JERAY. & 35c ssODN R =FvkEe] EA fFd W &
3k Aolt}, ssODN 2 w=FHTE2 Knock-out 2] 7-%-, SpyCas9 % WEHF SpyCas9e] m&olle 2 9o
gelskaict.

36a, &= 36b @ = 36ct SpyCas9 % SpyCas9e] N Zeh i= N/C Favte] duldoe] Agtw wWaw SpyCas9
FEEE HAEEe wd A 9ol ssODN 2 mFtbEFo] m e JFS F3 Aotk & 36ak
ssODN 2 w=FrhEo] M= Zoks weo] vy o A4 a8 vEdtk. & 36be ssODN ¥ =3}
o] AYHAS W vldsHd ek A ig% ekt & 36¢c ssODN 2 gZo] EA fFe wE
4S5 ¥ 3 Aojt}, ssODN E =FEL Knock-outd 49, SpyCas9 @ & ¥ SpyCas9e] &&ole & 9%

=

rulo
=)

ém

;G o

fol mw
flo
b
|

_8_
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o] §l+

o
i)

k133l Tt.

% 37a, = 37b ¥ E 37ct FnCpfl % FnCpfle] C Eyte] wuido] Agd WaH FnlCpflel] FEde H3E

el et AAo| 9dojA], ssODN ¥ w=Ft}ZF(nocodazole)o] W X&= dggS <13l Aolt}. & 37ax ssODN %

LAtE] AYFHA %S we] udEHd 2w Ad &8-S Yeldt. = 37bi ssON ¥ =3 &9

HAS o] vdsAd 4 A4 a8S JEhdT. & 37cE ssODN B w=FvhEe] EA F

w3k Zo|t}, ssODN & =Ft}E-S Knock-out o] 7%, FnCpfl 2 W3 FnCpfle 3]
3t

% 38a, = 38b ¥ X 38ct FnCpfl ¥ FnCpfle] N ¥ek &= N/C Fodtol] duldo] Aty WM3dE FnCpflol
FrEE HAEE gk Ao glojA, ssODN 2 w=FrhEo] X 43S 293 Aok, &= 38ax ssODN
9 eFnpEo] AYHA ZkS W HldEA] U A4 a85 vEhdth. & 38bE ssODN B =FThEo] A
HEANES wfo] HdE4] 4 A4 &&S etk & 38ce ssODN % =FohE9] &4 fiel] e 288
Hlagk Zlolth. ssODN B =S THES Knock-out®] 749, FnCpfl ¥ ¥ Fnlpfle] &&ole & J&o] s

% 39a % = 3% 7] Aol g el S YERd Aolg, A OﬂE on-target A E& Yeld AHolH,
nauxg S T E Moz EAFYTH. GFLASOLE ST ; GFLASO2 @ GFLASO5+ SpyCas9o|™;
GFLASO3, GFLAS04, GFLAS06 @ GFLAS07-S Cas9-RecJE o] &3to] A&d ZAus vehlit),

= 4028 Cas9 2 Cas9-RecJ7re] o Z-©g}A
th. A CCR5Ol theh @ Z-El2l Tn A g
S UE Aot

412 Cas9 % Cas9RecJo FEES o AEA ZFAE Yepd Aeolth. Cas9-Rec]> KCNJ6, CNTPNA2, %
Ch.54 A& Cas9ell Hl3l] 2 Z-E}7le] Yel= H[ o] Utk AS &R1sk3iT).

42+= SpyCas99] ©ild AME % A3k HE& T35 Ao,

R <y

ueksl Zlolth. B

o o,

t}. 5709] 217t CCR5E L Z-E}AS HAES}
o A4 (deep sequencing) S 317] Y3+ =

1 32

ki

ki

ki

432 SpyCas9-RecJ o] ©ild Ao 2 siil Hd& =248kt o]

ki

44+ RecJ-SpyCas92] ©ild Ao 2 il Hd& =248kt o]
A 2 Al HdS =233 Ao|t},

A W A qee 2Ase Aol

ki

45% SSB-SpyCas9-RecJ 9] &

f
=
i)

ki

_|_,

468 DSB-SpyCas9-RecJ¢] &

mN

ul
=Ll

5= 47 FnCpflo] whjd A 8l 3k NS =48k Aol

% 482 FnCpfl-RecJo] ©d A d & ik A ds =235k Aol

= 49 RecJ-FnCpfle] @id Ao 51 34k HdE =233k Zloltt,

& 50> SSB-FnCpfl-RecJe] ©hijd A 2 3k IS =43kgE Ao,

= 512 WddE Ay A @ 2 sgRNAS o] &3to] A=Al s dHsks 49 W JleE
R Zlo]th,

L 52e #AA HHS a7 & ERld AeAE dEkd Aot

&= 53 A=Ale] Bl A S =48 Aotk

= 547 AAY G714 =41 H (Next-Generation Sequencing, NGS)S Fa Fdx HF Fo 2&A < it

= 56 WEE Agay Ay dide] -2 &S vehd Aol
& 56 MEgd Agay du dde] Aj-2d 28-S Uk Aoy

AAI&}7] 9k Aol )

el
=2
wel Wy e AAs] Ayt

oo

Boage 9 ZHow Hess An 9ud R AaiZdolAdl Re)E TPt WFE Aelsw A W



[0014]

[0015]

[0016]

[0017]
[0018]
[0019]
[0020]
[0021]
[0022]
[0023]
[0024]
[0025]

[0026]

[0027]

[0028]

[0029]
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e AZAY. o, 4] WP FAeisn Aw WA olstlA FAelsw Tels vwdoldu YT 5
ok,

BogAAelA ALSR gof, "Helav] Ees wwdielg, delsaw A% wudel fu4 WY Gdel A
f Fe)as Q% wade AQach ou, Aelaw Ay wuide] A mEel AN AYAY A wag
oj9e WAL AFGAAOEA BT 5 Ak,

47 Aela Ees wmde GA4 By 715l FAAUAG. oW, fu4 A J)Fol@ ok (Knockout)
% =9l (Knockin) 7]%5% elmateh, Holge Felxn A wulde] B A Ad3 AFSHAL Ao, B
Ao ARg AAAAAY, B Ase] QRo] RReCEHES AT 49E udd. EF, ol 9
B SR B R9lel AgEE A s

A7) RecJ= A2y A dde] N @ =
RecJE= AH Ag £

ATt

THRHo T, A7 A sy el dMAe e Fx = o s 4 gtk
<TZE4 1>

A= A dd-Rec]

<TZ2 2>

Aejzs Ay dfd-g7 1Rec]

<TZ24 3>

RecJ-a 8 ~¥ Az vwlz

<TZ4 4>

Rec]-## 1-=2|23 A @i

7] Fz2A 1A 49 g3 SAe N wueld ¢ 2o AW &4% Ui, o]
A 4o EAE FA 12 1WA 20709 ofulmito FAE AY

=
ofvlratd 4= 9lem, 671, 77, 870, 970, 1074¢] ofvj:ttow FAdE -’F
W 17, 18, 19, 20, 21, 22, 23 Hi= 248 FAIEE opv=abs 7R o Qv
2 gGaAel A ARgE gof, "FgaH AT A" Cas G4, CRISPR 4, (RISPR @2, Cas vhiid 4

CRISPR Cast dutdoz HJoustdgor Algd 4= ),

w3k, A7) Agay A3 dmE e ~EdE A~ (Streptococcus), = ZHHE] (Campylobacter), YEZFE|Z

E=Z(Nitratifractor), ~E}8 & 517 A~ (Staphylococcus) , s} 28] ukE-E (Parvibaculum) , Z A -2 o}
(Roseburia), HlolAlg]o}(Neisseria), =FoA|EBH (Gluconacetobacter), o} & & (Azospirillum), 2=
s}o]] 2 7)ol EF(Sphaerochaeta) , 2t E LA 2 2~ (Lactobacillus), -2+el 2] -2 (Eubacterium), F et

(Corynebacter), ZF2x4tH 28 (Carnobacterium), Z=XEHYFE](Rhodobacter), @ ~Hlgol(Listeria), ZFr]ute
(Paludibacter), ZEZ~EZ L (Clostridium), @a =23 ebA|o}lol(Lachnospiraceae), FEAEd T oly]r]&
(Clostridiaridium), FEEz]7|o}(Leptotrichia), Z @A A (Francisella), #NA A2} (Legionella), &#A}

o] ZF=Znpae] 2~ (Alicyclobacillus), v e} = H €] 2 & 2] 2 (Methanomethyophi lus) , A= E=RnR BN
(Porphyromonas), Z# X €2 (Prevotella), BrE|Zo]dHE] 2~ (Bacteroidetes), AFZF A (Helcococcus), #HE
v]2}(Letospira), d] A 1] B 2] 2 (Desul fovibrio), H A EUE & % (Desul fonatronum), 2 I FE}A| o}

(Opitutaceae), FHlEupa 2]~ (Tuberibacillus), ¥FE 22 (Bacillus), B@v]¥Ad 2]~ (Brevibacilus), HE®E
vhe]| 2] -2 (Methylobacterium) B+ ofA T =7 A 2~ (Acidaminococcus) S E 3 FHolA Faidl AY 5 Yrt.

3, AV Ay Ay dwE S Casl, CaslB, Cas2, Cas3, Cas4, Casb, Cas6, Cas7, Cas8, Cas9, CasloO,
Casl2a, Casl2b, Casl2c, Casl2d, CaslZe, Casl3a, Casl3b, Casl3c, Casl3d, Csyl, Csy2, Csy3, Csel, CseZ,
Cscl, Csc2, Csab, Csn2, Csm2, Csm3, Csm4, Csmd, Csm6, Cmrl, Cmr3, Cmr4, Cmr5, Cmr6, Csbl, Csb2, Csb3,
Csx17, Csx14, Csx10, Csx16, CsaX, Csx3, Csxl, Csx15, Csfl, Csf2, Csf3 % Csf4® FAE F+Oo=ZHE A€
He o= s 4 = Y. d FAdE A7) 2828 A3 dEde Cas9 B Casl2a 9 5 k. A HA
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[0030]

[0031]

[0032]

[0033]
[0034]
[0035]
[0036]
[0037]
[0038]

[0039]

[0040]

[0041]

[0042]

[0043]

[0044]
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vk, w3k Cpfle FnCpfl, AsCpfl T+ LbCpfl € 4 gon, o AXdgE Cpfle

d & Cas92 SpyCas9¥ ks
A7 A=y A dide FHe e AE 95%, 96%, 97%, 98%, 99%2] s

FnCpfl & 4 Ao}, A
7 4= i),

olwj, 7] RecJ& dihFEdolAz Lex wwldolrt. ojuf, 7] RecJo A FAAEE oA Ao}
(Escherichia) & f#1¢ RecJ(NEWE 1), 2EANE AT (Streptococcus) & Fele] RecJ(AGHSE 3), &
Exs 2~ (Lactococcus) & rEfe] RecJ(MEWE 5), b~ (Bacillus) & e RecJ(AERE 7), =27
Xob(Ehrlichia) & 9] RecJ(MERE 9), Egv|t]ol(Chlamydia) & 9] RecJ(NEHME 11), Il
o}(Finegoldia) & &9 RecJ(HEWME 13), = AEAEFA~(Streptococcus) & Sl RecJ(AEHE
1549 4 Art.

i%

23 A3 @A Rec] @ DNA Z3% ¢l (DNA binding protein, DBP)=
]

7] Rec] ¥ DBPE= A2y A3 d@wizeo] N ¥uk = ¢ dod] Z23td 4 Qo w3k, o, 7] Iz 2y
A dwld | Rec] ¥ DBPE= HAES T3 A= AY 4 vk, olwl, DBPE= SSB(single strand binding
protein) X+ DSB(double strand binding protein) ¥ 4= Jt}. 7] Agay Fej2x duide] dAjo= v
T T& F o= e 5

<TZA 5>

DBP-Z 2] =3 A% @A -Rec]

<TZA 6>

DBP-FA 2-A] A3 AF @ -Rec]

<TZA 7>

DBP-# A 2-Fg]2~5 A dMA- A 1-Rec]

B71 Fx22 5 WA 79 FF 9 N g A A Aotk A~y Ay @A, Rec] %
DBP= A4 Adrd = 3 : A 1S ded nker 2
T22 5 A 7ol BAIE WA 2= 1 ulA 20709 opwAto s FAE Y k. wEg
WA 1070e) opw=atd 4= Qlowm 670, 77K, 870, 97, 107H9] ofvjmitow FAdE 4 Q)

A 2% AEWE 17, 18, 19, 20, 21, 22, 23 & 242 FAIHE opviedt MES 7hd %E}.

e ko2 SHoeR ) YAy A @l d RecJE XS A Ay Fys gl 9 382
# @i, Rec] ® DBPE EFele AT AH Eu s dwlde] FriA o FrhHoR 3 9Xgt Ad
(nuclear localization signal, NLS)S ZAHol% StUE v E8sl= Ag 2y Zojx gz A &5 Qi) o,
& x5} Al1g-S bpNLS(biparticle nuclear localization sequence)¥d = UATh. HolZ Jh} o] 2] NLS7F
C-geh = N-ge B2E o Qlrh, oju, 4 FA oA A7) 3 X5t Alade 3 T ¢ 4
AAE = k. A7) 3 A A2dS FAaH EYs WiEe] ol s JEgE HAA gov, AgsT
Zel2 g do] MEe YR ol F UET =4FE JEel=E on| it

(e e

EE, B ouge] 02 Zue, 4y Auss Sdx gudel FHow FAH0w His tag® o EHY
A7) His tagts Aelsas Eels 9mAds) C wud 94T + Atk 3] His tags A9 B
o wnde] Bgols GBS vAA ok, A2y Hels awds] Fel gAel AgE 5+ A,

g, 7] A Fes ade AU 31, 41, 49, 53, 57, T1 EE 77oR RAHE op:at A
]

=
E oA Ao A AFEE 8o, "PAN" E{EE/\ﬁﬂ o]4 <1 SE]X(protospacer adjacent motif) Hi= PAM-F+A}
REIXE Ay A dwd E3hA7F R qZ‘bjroﬂ Agete As AAg.

w ool o FAGAN, 2 A% ENAL FaCpflsh Bl Qi PAIS 5' TINOIM, o}7]4 N& A/C/G
Ei= Tolth, PANE B A4S 5 wekel el 91X 4 alvh. Cofl AWl - PANS A-FR A%
of Az % WAL A Ak W, Cas9 WAL PAS B HAAS 30 UE siel 9K 4
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E] pET28a (addgene, Watertown, MA, USA)

& g Ax 2 24 g

=
=

ol 7]

j=3
=

]

ERES
AZ 1. Cpfl @ RecJol) T2 R B¥do] AFY

I.

[0058]
[0059]
[0060]
[0061]



[0062]
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(3,902 bp)el AWIF Zzlo]m  (CGTCGACAAGCTTGCGGCCGCATGTCAATTTATCAAGAATT) ¢} w3k Zegjo|r
(TGGTGGTGCTCGAGTGCGGCCGCTTEGTTATTCCTATTCIGCAC) & o]-838Fe] pY002 (addgene, Watertown, MA, USA)E =3
T Agurgon do ARG 7 ojdEg ZE (NEB, Ipswich, MA, USA) W o & 50%0] 258 <lFa|olA
o7 Eao FRJ3A. Axpgor Aol pET28a-FnCpfle] Zehe] PspXl ATEAZS AFR3IIA Rec]
(1,731 bp), RecE (2,598 bp), SSB (348 bp)E olZFgo] A|FollA FZ3% 3, mungbean (1,065 bp)S &5

EollA] mRNA AHES QoA cDNAR e vty ZW J9S 4&  AUTE. T5 (828 bp), DSB (267 bp)+
GenScript (Piscataway, NJ, USA)olAl 3Ad3tedA AL838FATE. GFP (714 bp) AE-2 AWFTAFHANA 7T
&+ pCIV-GFP W E]ol A ZE3}o]x] AF&8}¢aL, hTdT (1,527 bp)E GenScriptoll 4] DNTT(NM_004088) ORF Clone

FEotolA SHeY. SFE THALNE A S oSy WS S Cpfle] dede] AFiE AT

x 1

name sequence size [function

RecJF1 GCGGCCGCACTCGACc t gcagGTGAAACAACAGATACAACTTCGT 45 Recl
full-length
in back

RecJR1 ccggectttttegtggecgecggecttttcetgcagAATTGGCCAGATATTGTCGATGATA 60 ReclJ
full-length
in back

RecJR2 TCAGTGGTGGTGGTGGTGGTGetttttettttttgectggecggectttttegtggecge 60 Recl
full-length
in back

MungbeanF1 CGGCCGCACTCGACc t gcagATGCAAACGTTACAGATGAGT 41 Mungbean
Nuclease in
back

MungbeanR1 cgtggecgecggecttttctgcagACCATTGTAAGAGATAGGTC 44 Mungbean
Nuclease in
back

THexonuF1 CGGCCGCACTCGACct gcagATGGCTTCCCGTCGTAATCTAATG 44 T5
exonuclease
in back

T5exonuR5 gtggcecgecggecttttctgecagTTGTTCTGCAATCTCCAAAATA 45 T5
exonuclease
in back

SSBF1 GCGGCaGCACTCGACc t gcagATGGCCAGCAGAGGCGTAAACAAGG 46 SSB
isolation in
back

SSBR1 tcgtggecgecggeettttcetgcagACGACCACCCAGCATCTGCATGGT 49 SSB
isolation in
back

RecEF1 GCGGGCGCACTCGACc t gcagATGAGCACAAAACCACTCTTCC 43 RecE in back

RecER1 ttegtggecgecggecttttctgcagGTCATTTGCATATTCCTTAGCCCA 50 RecE in back

DSBF1 AGCGGCCGCACTCGACct cgagATGGCTAAAAAAGAAATGGTTGAATT 21 with DSBR1
in back

DSBR1 ctttttcgtggecgecggeettttetcgagTTTAGAGAAAACTGTGTCA 37 with DSBF1
in back

ThexoF5 GGTGGACAGCAAATGGGTCGCGGATCCATGGCTTCCCGTCGTAATCTAA 49 T5
full-length
in back

T5exoR5 GCTTGTCGACGGAGCTCGAATTCGGATCCTTGTTCTGCAATCTCCAAA 48 T5
full-length
in back

pAGROF2 gtctcagetgggaggcgacgaaATGAGTAAAGGAGAAGAACTTTT 45 GFP in back

pAGROR2 gcggaggggt tggat caaagt gaaAATAACCTCTCCTTCTTTTTC 45 GFP in back

HsTdTF2 GCGGCCGCACTCGACc t cgagATGGATCCACCACGAGCGTCCCAC 45 HsTdT full
length in
back

HsTdTR2 ttcgtggccgecggecttttctcgagGGCATTTCTTTCCCACGGTTCAATAT 52 HsTdT full
length in

back
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[0063]
[0064]

[0065]

[0066]

[0067]

[0068]
[0069]

[0070]

[0071]

[0072]

[0073]

ZIHS3d 10-2020-0078200

Az 2. B} sgRNA EE crRNAY A%
Az 2.1. CCR5 & DHCR7S B AE 3} sgRNAS A7

m%tﬂmmﬂlﬂdﬂﬂﬁ SpyCas9e} g7l o] &2 = U&= sgRNAE A|ZsIT). sghNA AFAIEE =W 13
of ytebd whe} k. Q17 CCR5(A) H 1%F DHCR7(B)ell tigh SpyCas9e] sghNA A3 oS 747t =tz 3=
Mo bl Aol P MAE Aoz EAFAY. SUEE FEeobd 29 91AS vhehad,

A Z) 2.2. CCR5 & DHCR7S EBAE 3= crRNAS A7

CCR5 ¥ DHCR7S EFAH3IH, FnCpfld} &7 o]-&2 <= & crRNAE A3, crRNA Z3HAolEE =W 14
of Yel uie}l gth. <1z CCR5(A) 2 217k DMNTI(B)ol thdr FnCpfle] crRNA 23 29S 747 Hedz oA
Aoz el Ao, PAN ML setdoz FAEAY. AR E wEookA Add XE Yl

AAle] 1. Cas9 & RecJ7l 24 H¥dE Fg2y dF dald Az
A Ao 1.1. SpCas9 A=
o]Zefo] wuld wry wlE pET28aE Notl Ag &EAES AbR3Fo]A Splas9(4,104 bp)e] AWk Zejo|n

(CCGTCGACAAGCTTGCGGCCGCATGGACAAGAAGTACAGCATCGGCCTGGA ) o} Stk Zkoly
(TGAGCCAGCTGGGCGGCGACGCGGCCGCACTCGACctcgagaaaaggccggcggccacgaaaaaggccggccaggcaaaaaagaaaaagCACCACCACCAC
CACCACTGA) & o]&-3sle] pET28a/Cas9-cys (addgene, Watertown, MA, USA)ollA] & F 4 Aurgo=z A& 2

55 e 01@%31 Z1E (NEB, Ipswich, MA, USA) W} o & 5050 258 QFw|o|Hom Este Z2Ystqrt.
A ARE T42-5500] WAL Q)

A4 1.2, RecJo] 2% Splas9e] A=

Aoz Aojx pET28a-SpCas9e] wetol PspXI A EAE ARSI SpCas9 AZEol= BamHl A3 &4E A}
|3}od A RecJ (1,731 bp), RecE (2,598 bp), SSB (348 bp)+ o]&E&o] A FolA FE3} 3, mungbean (1,065
bp)& &5 UEOA mRNA AHES dolA cDNAR HEE thE 1Y d9S 9% 4 ANUTH. 15 (828 bp), DSB
(267 bp)= GenScript (Piscataway, NJ, USA)ollA &Alstol ] AFE3FSTE. GFP (714 bp) A ES AW sk
Yol A 73 pCTV-GFP #Ejo| A FE3Fo] ] AFE3FS AL, hTdT (1,527 bp)+= GenScriptoll 4] DNTT(NM_004088)
ORF Clones FiEstodA SEZ3IGTE. S28 FHaERTS AHEL & o5 WS BaA 500 258
FHje] g FallA SpCas9e] weky} geholl Z42b A9l w ik,

=
=)

ol

p

X2

name sequence size |function

RecJF2 GGACAGCAAATGGGTCGCGGATCCGTGAAACAACAGATACAACTTCGT 45 RecJ
full-length
in front

RecJR2 TTGTCGACGGAGCTCGAATTCGGATCCAATTGGCCAGATATTGTCGATGATA 60 Recl
full-length
in front

MungbeanF2 GGACAGCAAATGGGTCGCGGATCCATGCAAACGTTACAGATGAGT 41 Mungbean
Nuclease in
front

MungbeanR2 TTGTCGACGGAGCTCGAATTCGGATCCACCATTGTAAGAGATAGGTC 44  |Mungbean
Nuclease in
front

THexonuF2 GGACAGCAAATGGGTCGCGGATCCATGGCTTCCCGTCGTAATCTAATG 44 |T5
exonuclease
in front

THexonuR6 TTGTCGACGGAGCTCGAATTCGGATCCTTGTTCTGCAATCTCCAAAATA 45 T5
exonuclease
in front

SSBF2 GGACAGCAAATGGGTCGCGGATCCATGGCCAGCAGAGGCGTAAACAAGG 46 SSB
isolation in
front

SSBR2 TTGTCGACGGAGCTCGAATTCGGATCCACGACCACCCAGCATCTGCATGGT 49 SSB
isolation in
front
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RecEF2 GGACAGCAAATGGGTCGCGGATCCATGAGCACAAAACCACTCTTCC 43 RecE in
front
RecER2 TTGTCGACGGAGCTCGAATTCGGATCCGTCATTTGCATATTCCTTAGCCCA 50 RecE in
front
DSBF2 GGACAGCAAATGGGTCGCGGATCCATGGCTAAAAAAGAAATGGTT 21 with DSBR1
in front
DSBR2 TTGTCGACGGAGCTCGAATTCGGATCCTTTAGAGAAAACTGTGT 37 |with DSBF1
in front
pAGROF3 gtctcagetgggaggcgacgaaATGAGTAAAGGAGAAGAACTTTT 45 GFP in front
pAGROR3 TTGTCGACGGAGCTCGAATTCGGATCCAATAACCTCTCCTTCTTTTTC 45 GFP in front
HsTdTF3 GCGGCCGCACTCGACc t cgagATGGATCCACCACGAGCGTCCCAC 45 HsTdT full
length in
front
HsTdTR3 TTGTCGACGGAGCTCGAATTCGGATCCGGCATTTCTTTCCCACGGTTCAATAT 52 HsTdT full
length in
front
RecJF1 GCGGCCGCACTCGACc t gcagGTGAAACAACAGATACAACTTCGT 45 Rec]
full-length
in back
RecJR1 ccggeetttttegtggecgecggecettttctgcagAATTGGCCAGATATTGTCGATGATA 60 Recl
full-length
in back
RecJR2 TCAGTGGTGGTGGTGGTGGTGet ttttettttttgectggecggectttttegtggecge 60 Rec]
full-length
in back
MungbeanF1 CGGCCGCACTCGACc t gcagATGCAAACGTTACAGATGAGT 41 Mungbean
Nuclease in
back
MungbeanR1 cgtggecgecggecttttcetgcagACCATTGTAAGAGATAGGTC 44 Mungbean
Nuclease in
back
T5exonuF1 CGGCCGCACTCGACct gcagATGGCTTCCCGTCGTAATCTAATG 44 |T5
exonuclease
in back
T5exonuR5 gtggccgecggecttttcetgecagT TGTTCTGCAATCTCCAAAATA 45 T5
exonuclease
in back
SSBF1 GCGGCaGCACTCGACc t gcagATGGCCAGCAGAGGCGTAAACAAGG 46 SSB
isolation in
back
SSBR1 tcgtggecgecggecttttctgcagACGACCACCCAGCATCTGCATGGT 49 SSB
isolation in
back
RecEF1 GCGGGCGCACTCGACc t gcagATGAGCACAAAACCACTCTTCC 43 RecE in back
RecER1 ttcgtggccgecggecttttctgcagGTCATTTGCATATTCCTTAGCCCA 50 RecE in back
DSBF1 AGCGGCCGCACTCGACct cgagATGGCTAAAAAAGAAATGGTTGAATT 21 with DSBR1
in back
DSBR1 ctttttegtggecgecggecttttctcgagTTTAGAGAAAACTGTGTCA 37 with DSBF1
in back
T5exoF5 GGTGGACAGCAAATGGGTCGCGGATCCATGGCTTCCCGTCGTAATCTAA 49 T5
full-length
in back
T5exoR5 GCTTGTCGACGGAGCTCGAATTCGGATCCTTGTTCTGCAATCTCCAAA 48 T5
full-length
in back
pAGROF2 gtctcagetgggaggcgacgaaATGAGTAAAGGAGAAGAACTTTT 45 GFP in back
pAGROR2 gcggaggggt tggat caaagt gaaAATAACCTCTCCTTCTTTTTC 45 GFP in back
HsTdTF2 GCGGCCGCACTCGACct cgagATGGATCCACCACGAGCGTCCCAC 45 HsTdT full
length in
back
HsTdTR2 ttcgtggccgecggecttttcetcgagGGCATTTCTTTCCCACGGTTCAATAT 52 HsTdT full
length in
back
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AAld 2. Cpfl & RecJ7t Z%d W E A=y 48 99d Ax
AAle] 2.1. FnCpfl A=

o]Fzglo] wruld wty WE pET28aE Notl A3 &AZS ALE3}o]A FnCpfl (3,902 bp)el AW Zglo]
(OGTCGACAAGCTTGCGGCCGCATGTCAATTTATCAAGAATT) <} o w3k }o]
(TGGTGGTGCTCGAGTGCGGCCGCTTEGTTATTCCTATTCTGCAC) & ©]-8-3F] pY002 (addgene, Watertown, MA, USA) & &
A ANk or Ao AES 3] ojEe ZJIE (NEB, Ipswich, MA, USA) Wl o2 50%o] 258 <l H|o]
o7 Eato FrYsgtt. Y ARE £42-%2500] HAEL Q)

AAd 2.2, RecJo] 2%E WP FnCpfle A=

[e}

[d[d

oot § %

g EH~v=E AW g AMEE Fhdvlolal FAAZE 23 LB iR ol FFste] 37TollAl WA wjket
bt wlkS LB 20 mLell FESEe] 2~3A13F 71 H o]E LB 1Lell Wo] ODewol 0.5~0.7¢] & wj7pA] 3
ColA wiget. 1 mM IPTGE Ear 18TollA 20417 miFghek. oh & wikolS 4000 rpmellA 3027 €4
g5l AT WY FI &3 4FA(lysis buffer, 5 mM imidazole, 20 mM Tris, 500 mM sodium
chloride, 1 mM DIT, 1 mM PMSF, pH 8.0)& o] &edlt}. &etels 2-8-3-9}4 (sonication)d 3 15000
oA 1A7F Tt A EE e AT ARkS FEletal sl 2~EHY A AYS AREg FPLCYl Tyt duAS
o, EEg 9l £8& A ¥ (desalting) AHS AFESH FPLCO| =3t @i S e & g

oA S Bradford assay® AHES T -80Co| EFste] B#alict. WaH FnCpfle

]

A

(o3
o A

A 1. P4 Cas9 DA At &8 &< : AF dsDNA

Sl AT} oRNAE ¥ H[Eo] 1:1.27F HES SH[3lh. vkg §39] 20 pL2 sk w9 25 nMell gRNA 30
A2 F 20 Aol 7 RNP7F G ES ShAth. SpCasO-BPNLSS] wAbS 7lwom 7F def x)
Hhedste] WolE whalg el oFS AALeIIth. SpCas9-BPNLSS #AH2-e 166.580 kDaol™ 25 nMell afjgsls
83.5 golth. gRNA= CCRS A& EMAC=SkH oF 33,500 g/mole] s=5 7hXaL 913 30 nMel sf3st
k& 20 ngolth. ERAl HAARel CCRS 39 A7)+ oF 1.4 kbolt}.

[ oQ ot E ¢

oo o rﬂlo rﬂlo

¢

1.5 kb =719 7 222l CCR5 F3 DNA 500 ngS RNP EatA|el 418 5 37Co|A 1A7F vkEAZT. 2%
agarose gelol F7]9gEd & A olw|AE F53G}. ol& o] &3dte] T3 DNA®H RNP H3HA|7} #F8ata e
T3 DNAQ H| &S AXtste], @] FEgolA &4 &84S F53t. A4 Fol= oF 600 bp A=
=7F e TH(E 1).

A 2. NP4 Cas9 DA At &8 &< : 94F dsDNA

TAAGG H3= AMC S¥RE 7= SEA D 20789 At 9F & 7te 22 anIdete]
Folx glom, 95CelA 5% F, 55CelA 102 FMoldate] gejuwd 7

FES SEA 20719 Fgg ﬁﬂc}%ogl R CAS S RS e )
ojzdolE A= olF JhHel APor AUAAG. ofF vtHe] &I eEels
AAAE Egshz 22 WE 9 27] Bsal AbelE (A TAGGTGAGACCGCAGGICTCG | GTTTT) <l

AT O, sgRVAYE  pGEML447  vector(NAME  102)8  Em=ai 207 %EH 9 (BEAY;
AAGCCCGGCCGAAATGACCA) o] T7 I EJS} sgRNA A XA Abelo] 91Xk F=d wWEjo]A] 17
2 s gWe sepelW (4 Lebolw] A; ATTCTAATACGACTCACTATAGG)SH seRNA <14 A1€] wh<2t 20 )
IS FEo7 3= Agutek o)y (gutek Zlolw M d; GCACCGACTCGGTGCCACTIT) & Abg-dlodA Fdas
AukS o2 Aojx = PCR AFHES MEGAshortscript™ High Yield Transcription Kit(Invitrogen, Grand
Island, NY)& ©]&3}o] RNA AHEQl sgRNA AHES AT, RNA AHE-2 DNase I (NEB, Ipswich, MA)& ©]83h4q
dsDNA F38 & AAsH7] 8] da3dtHa, MEGAclear™ A} Clean-Up kit (Invitrogen, Grand Island, NY)Z=
o] &3t A A 33Tt
o A H9 Cas9-sgRNA E-3FA]3= NEB2.1 <2+=M(NEB, Ipswich, MA)S o] &3le] 37TColA] 10&7F w)eks}
CAG AJEe 20 ple ¥HE W] 0.2-1.6 pg Cas9 @A 500 ng sgRNA 2 500 ng dsDNA 7|A &2 T4 H
ow, 37CA 0 WAl 1802 &t FAHHAJTH. AE dsDNAE 402 &2t DNA 7] d5 o= glatqivk(

iﬁlmﬁ
M2 32
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2).
Ao 3. Az wWE AFE Cas9 @A HF 58
HEK293T MEE 10% Elo} A A< FBSSF P/S7F - DMEM ®iAell A 37T, 5% CO, vlF7]olA FAAAT. E

AAANA AY 150,000 HES 24 well ZPo]EZ AT, Casy Ho] vt H]Mﬂ e A7]7] ¢4
747t AR Caso WMol ¥ 25 b Opti-NEM B 8l wiAlel ke F 120 ngel bel= RNAS /M)
Ak, Cas9 o] w3t 7ho]= RNAS EHl:= A9 1.2 : 19 H&R fAaAY. EFES Fugdi Fud
F & EFeto] 108 Bt Aol wgetgint. T FROE 2 wel lipofectanine 30002 25 u0 Opt i-MEM
g4 3 wixo] dolFa, A 25 w0 Ak slo|= RNAS} Cas9 ©lA EdbAo] Wi 158 Eob AL
ol A Wit 50 we] EiFEE AlEe] oAt

Al DNA FE58 A FALY] A Alo] w2} Purelink Genomic DNA 7|EES AFg3le] 3T, 1hdsHAl Al
PBSE 13] AlHat EFA R 37CAA 58 ¢t lFwo)dsidn. 1 ¥, H]E%— 0,;71 g8 1.2 ml9

BRI S Ao H7E gk F e, 250xgellA 5w Tt Mﬂt}% ARk, Al X DHCR7S A=t
A&, 7+ el Aol PCR Zajolw] o] ALGE YL, AR Zajolw 1@ 5 CAGTAGAGCAGGCATGTTGAGT 3'9} o
g Zglolm 1 1 5'-GTGAAGGTGTATCAAACGCTGA-3 & A}o , T7E1 ¥4 & 37|17 Zh7h 427 9 2059]
Aekgl 2719 DNA HEE Yepdch, Wi o5 o Zgoly A}%?Z;} e dod g DNA w4
A @ gureE ekl 2 1 5'-GGGAAACCACTGGCCTTGG-3'; w3k © 5'-GAGCCAGGATCCATGTCCCA-3' .

o
_O|L
2
R
o
Ir
ol}l
12 I oo
o oF o oX

o
io

(¢
K
o
g

A DNAE SF F Wizard® SV A 3 PR 299 Al=8S AF838te] AASF3ATE. 200 ng®] DNAE PCR FHe
Wil NEB 459 2HS 1 ot %%? 9 uE BAT. olF, EFES tE £ AREEHe] PR Z1AINIA AT
AEATE. BTAA 5% B WA F 2T/22 85C 258 WFal -0.1T/22 25C7HA 258 W&, o
T olgolFrte] WS 9] 98 4TE FAAZG. 1 wo] T7E1 A=FEeobAlE EfE st 37C
A 60+ Bk wF

rt
e

A2 Mo #AE f8l, 2% AL AHgshe] olmXE @i, Alphaimager 2200 ©]W]A] 4] AXESJojE
Aol AbgEAT. AR HEo] g v&S 1- [(1-fraction cleaved) 1/2]14]& o]&3}o] T3}, o A=
T 39 YEAT.

Ad o 4. A7+ 52 CCR5 = DHCR79] 3t SpyCas9, SpyCas9-Rec] & SpyCas9-T52] HDR(Homology Dependent
Repair) && ¥4

e M

HEK293T M ¥EE 10% Elo} AE A2 FBSSF P/S7F &% DMEM wix|ollA 37C, 5% CO, wiF7]|ollAl A A|FH .
HEK293T M2 3x10° W= 10 cm wlF@Ao] wdaloict. ATe] 24 Aw= 70% otz GA3ATH. o] %
FAH3S 16417 A 200 ng/mle] =FTFE(Sigma)S AlE] AYeH i, 57138 AESE 42 =9 A
AHS-3FATE.

9B HAAFe ssODN(single-stranded oligodeoxynucleotides)S =IA717] 980 9x10°¢] HEK293T %2 &
AAsE Aeo] o] &3 t. Z+2F 33 pmole?] SpCas9, SpCas9-Rect, SpCas9-T5 T A3} 66 pmole2] CCR5 sgRNA
=3 At T9] FAzZE= ssODN 20 pmolea ALg3th. A AsS sl Lonzarle]l 4D-Nucleofector
7] %??T A7NHATHES AFESIS T, 24412 & invitrogenAl®] PureLink™ Genomic DNA Mini KitE AF&

& = gDNAS} 124 e gDNA MES o] &3lo] F4 B¢
of ZREFUE PCRY A HAHE AX F MiniSeq FHE o] &
sequencing) A& &35ITE. HDR 4] A= = 40 Yeluiict. ojdf, 4o o] &% ZotolA MEL X
3o 71A1€ wpel Aot

F 3
Proteins  |Genes Adapter primer sequences (5° -3’ )
SpyCas9 CCR5 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGGAGGGCAACTAAATACATTCT (M S 81)
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGAACACCAGTGAGTAGAGCGG (A EH S 82)
DHCR7 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGGTTTGAGCAACAGTTCTCC (M ¥ S 83)
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTGACGATGTCCACCACAG (MW S 84)
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FnCpfl CCR5 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGGTATTTCTGTTCAGATCAC (M EH S 85)
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGCCCATCAATTATAGAAAGCC (M ¥ WS 86)

DNMT1 TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCTGCACACAGCAGGCCTTTG (M EW S 87)
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCCCAATAAGTGGCAGAGTGC (M EW S 88)

A6 5. SpCas9 E SpCas9-RecJol g o =-8A &3 g
SpCas9¥} SpCas9-Rec] T AS o]&3slo] QIZF CCRS FAAE HH o2 IS
S dolrr] 93] AFo]AM (spacer) AE FEo] FAE th&9 4714 FAAE A}

49} 2}

#% 4
Target Gene Spacer sequence
On CCR5 TGACATCAATTATTATACAT (Mg E 89)
of f#1 ADCY5 TGACATCAATTATTATAGAT (ML E 90)
of {#2 KCNJ6 TGACATCACTTATTATgCAT (A EWE 91)
of {#3 CNINAP2 TGACATaAATTATTCTACAT (Mg E 92)
of f#4 Chr. 5 N/A TGAaATCAATTATCATAgAT (ML E 93)

Mock, SpCas9, SpCas9-RecJE *&]s+ gDNAZHF-E] 34 9 HF-I& ADCY5, KCNJ6, CNINAP2, Chr.5 N/ACl digh Z}7;
o ZelolwE o] &3l TEAZAT. o|F A AT ARALY] XA wEt AR golHE e E AZ3GA
AFH| L} MiniSeq FRIE o] &3] ®A F-9o gk | AlFY #4& APt 1 2345 =5 9 & 69
VERSATE. ofof, Ao o] & EgtolA X EE % 5o 7IAlE ukek ATt

# 5
Gene Target specific primer sequences Adapter primer sequences

ADCY5 GTCCCATGACAGGCGTGTAT TCnggGCAGCGTCAGATGTGTATAAGAGACAGCAAGAGTGTAGAGGA
GCTCCCACCTTAGIGCTCTG gzggggTGGGCTCGGAGATGTGTATAAGAGACAGGAAAAGGAGATGCT

KCNJ6 TGGAGCCATTGGTTTGCATC EggggggcAGCGTCAGATGTGTATAAGAGACAGAAGACCAAAAAACCT
GCCTGGCCAAGTTTCAGTTA GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTTTTGAGGAAGACA

CNTNAP2 TGCAGTGCAGACTCTTTCCA ?EégégggAGCGTCAGATGTGTATAAGAGACAGTGCAGACTCTTTCCA
AAGGACACAGGGCAACTGAA gggzggggGGCTCGGAGATGTGTATAAGAGACAGAAAATCAAATTTCA

Chr. 5 N/A | TGTGGAACGAGTGGTGACAG E%%X;ggCAGCGTCAGATGTGTATAAGAGACAGGCAGAAGTTCCTGAA
GACCAAACCACATTCTTCTCAC gX%X%g¥GGGCTCGGAGATGTGTATAAGAGACAGACATGAGAGATAGT

A A 6. Cas9 & Cas9-RecJe PD-1 E CCR5Y] W8k 2-g}A &7 ¢

F PD-1 2 CCR5Y Ed3 2= =pgjol] th3dl Cas9 © Cas9-Rec] o}FEwh¥ A (apoproteins)< A& wj7j
9 (lipid mediated transfection) WO 2 HEK293 Ao d&A7A AAT. AlF DNA FE5 93] 04
A 48A17Ee] vhE Al A XS F5EGITE. ol 0 AR tiZdtoltt. (CR6E E<1sk7] 918 544 bp
2 PD-15 o187 $1%F 524 bp ME=Z A8 $1ske] PRE F383ith. T7E1 Adx=yrEelotA]l ojAol=
e -, CCR5oM = 274 bp 2 271 bpe] 2H& @ o] vehar, PD-104+ 319 bp % 205 bpe] 2 o
Hol Uelytt. o3t AL Edto] AY-ZAA & (indel) S FAHT 5 UATE. olo] I AHZ T 7o) YERY
}\/\T;]—-

A¥e) 7. Cas9 E Cas9-RecJol 93 e =-EA &3

N

c

R
L

d
o= AN oo

D A S =P T

5,
o

7
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217k CCR5 sgRNA®} Cas9  Cas9-RecJ]E o]&A] 5719 X ElAIE

FAAE YERd Aoltk. ADCYS 641bps;
KCNJ6, 566 bps; CNTPNA2, 300 bps; Chr.5, 605bps. S Z-E}Al &35 &= sl

mlm i,

g, 579 e x-elAlE fARe] In vitro A oHolE A5t o dE AekE DNAQ] H7]= ADCY5eA
377 bp 2 264 bpo]ar; KCNJ6oll A 352 bp & 214 bpo|w™; CNTPNA29 A 183 bp ¥ 117 bpo]™H; Ch. 5°lA] 355
bp R 250 bpoltt. A ox EMAY aE A= WA Sth. In vitro CAelE ZAR,
SpCas9-RecJ 9] 2 EMIE A= SpCas9yt ZFol7F §ldch. old tigh AFE = 9o Ve SITE.

A¥e) 8. W3 FnCpfl Bl de Ak & &<l
AT gRNAE E% % Hgo] 1:1.27F HEE FH3Y. ¥ Ky 20 pLz dte] ez 50 nMoll crRNA 60
S A 208 Aol il RNP7F A E =S SFSITE. orRNAE CCRS frAaks eplemsin, Bl fxdakel

CCR5 F3¥e]l A7]= <9F 1.4 kbolt}.

1.5 kb =719 A §#=¢1 CCR5 3 DNA 500 ngS RNP &3¢} 4] & 37CoA 1Ak ¥ —g—/\]ﬂu}. 2%
agarose geloll 7195 s & A onx& F53UTE, o] o] &3] 3 DNA®} RNP H3AI7F 285t T
3]

T3 DNAQ] Y] &S At , g9de] FEolA &4 a &S 9%

:L

FnCpfl, FnCpfl-RecJ, B SpCas9e] <3+ A& dsDNAZF daES 3elslr] 93 AdS <
dsDNAE PCRS 53] =ZH a1l AAEAT. Cas9 sgRNA 2 Cpfl sgRNA AlO|EE M= ZH3 )
SpCas9 % FnCpfl WA AF&HE sgRNAE 22 5 -NGG-3' PAM(protospacer adjacent motif)o] Abgh
(upstream)oll = =A3}#, 5 -TTIN-3’ PAM©] &}ch(downstream)ol] A3ttt HdEr] deo &
1,200 bp Aol @ MeER AT, 7] dsDNAE Awd $ T/ 2% 600 bp W= 9%}
2}, FnCpfl-RecJ& o€ -9, RecJo] diawEdotA &) o) 7] Ao Me=rt Aas ERlssl
(%= 10).

FnCpfl ¥+ FnCpfl-Rec] AAFE#olAlo] €3 A& dsDNA In vitro A% o|Ao]E F=a3tt. A3 dsDNA
= FnCpfl T+ FnCpfl-Rectoll ol&] Aot Ak, A3 dsDNAE ZEfAv| =2 X P(RS o|&354e] S25al #4
H ATt sgRNAE FnCpfl ©WlaS ERl AROJER $IX|A7]17] 98] AR&Eom, 5 -ITIN-3’ PAMo] 3}et
(downstream)ol] &A8ct, Awhe]r] Ao L4138 dsDNAE 1,200 bp YXolA ©d w==z #AZEHAT. A7)
dsDNAYE A T/ 25 600 bp W= 9x3}3ith. 181}, FnCpfl-RecJE o] €3 AL RecJo dAFE
dobAl EAol o) v dekel Mert AT, whg AR F7RAIF whel, FnCpfl B FnCpfl-Rec) WH§-
EEEAA Y] Murt S FRJASATHE 11).

A 9. W Cas9 G4 HY a8 &9
HEK293T A EZ 10% ejo} A3 A< FBSF P/S7F % DMEM ®jx]ell A 37C, 5% CO, 7)ol A A AR, =5
9 A¥e] AHS oy 98 HEK293T XS 3x10° WEZ 10 cn HFAAlo] wlkat & HAA3

200 ng/ml9] =FUE(Sigma)S AFEo| Hsla, 57139 AE
Q) F Fx2Fe]l ssODN(single-stranded oligodeoxynucleotides)®] A

flo
S
oo
A
i
kv

Hae
CCR5: 5" TGGAACAAGATGGATTATCAAGTGTCAAGTCCAATCTATGACATCAATTATTAT
ACATATGCATCGGAGCCCTGCCAAAAAATCAATGTGAAGCAAATCGCAGCCC
DHCR7: 5' ATGGGCCCCAGTGTGACTGCCTGCATCCGTCCTCGCAGGGAGGTGGACTGGT
TTTGAATTCCACTGGCGAGCGTCATCTTCCTACTGCTGTTCGCCCCCTTCATCG

472 ssODN(single-stranded oligodeoxynucleotides)S EA1717] 18] 2x10°2] HEK293T HM¥Z ¥
A3 Ao o] &3ATt. 22 33 pmoled] @A I} 66 pmoled] sgRNAS o] &3t =Y FHAZ+= ssODN

&
20 pmoles AF&3IAtt. HAASS 938 Lonzarlte] 4D-Nucleofector 71715 ©]&3F A7) HFHES ARSI ).
24A1ZF 3 invitrogenAte] PureLink™ Genomic DNA Mini KitE A}83}e] genomic DNAS 3T},

AHE FEE 7HAI QlE gDNASEH 18 A] B2 gDNA AES o]gdte] ®H HHE FHAGT. olF AT
o ZrEZURE PRI AA & A F MiniSeq 3HIE ol&stel xA Folol did o AW (deep
sequencing) A& A, AAGS fls) ARSE ofqlE Zefoln A gt Ao

4»
o

e
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CCR5 (F): 5" TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGGAGGGCAACTAAATACATTCT
CCR5 (R): 5" GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGAACACCAGTGAGTAGAGCGG
DHCR7 (F): 5' TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGGTTTGAGCAACAGTTCTCC

DHCR7 (R): 5' GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTGACGATGTCCACCACAG

o)
i)

SpyCas93} SpyCas99] C wete] theksk waido] A3ty WM& E SpyCas9e] CCR5 2 DHCR79] sk =}
&S = 15 2 = 169 YeEfATh. SpyCas9el € edel] GFP, hTdT, % dAhwFdlolAz A4zl Recl,
RecE, lambda, mungbean, and T57} Agtd defoltt. =wolA vJebd vleF Zo] Knock-out % Knock-in &8
o] M & Aolatqitt.

AF&3F HEE Cas9-RecJo 7% 2 o] Knock-out @ Knock-in E&& = 17 ¥ = 18¢] Yelfdr. = 17A
+= SpyCas9-RecJ 9 ?i% el Aottt & 17BE tiE, SpyCas9 2 SpyCas9-Rec] 7HY Hxx #HF a&
S YeRd Aotk & 17Ci= CCRS ¥ DHCR7 #-73AFe] HA AHEE &1slo], SpyCas9 thH] SpyCas9-RecJo] #A
A &g WzE WEEE ekl Aot

% 18A% SpyCas9-RecJl +%Z yehdl Ao}k, & 183 Wiz, SpyCas9 2 SpyCas9-Rec] 7+e] 4 AH
4SS YUehd Aotk & 18CE CCR5 % DHCR7 f4#+e] AR AxE Felsle], SpyCas9 thH] SpyCas9-Recl 2
b HslE MEg2 Uepd Aol

o

A% &

3}, SpyCas93} SpyCas9¢] N ek == N/C gzt

:L

" ot chaldo] Asty WEE SpyCas9e] DHCR7] ot
32 AR a&S = 195 2 209 YERATE. MY E SpyCas92 SpyCas9e] N Zwto] Recl, RecE, GFP, ©
o 7beh DNA A3 @A (SSB) 2 o]F 7be DNA As @A (DSB)o] Af=ol k. meh, W E SpyCaso
SpyCas99] C @etel]l RecJ7}F A& H o] AaL, N ¥okel] SSB Ti= DSBo] 2= o] qdth. TwolA yepd wie}l 2
o] Knock-out % Knock-in &&0°] MZ 4Fo]3titt.

21A= RecJ—SpyCas99] T%E Jepd Aotk & 21BE WE T, SpyCas9 % RecJ-SpyCas9 7+e] §4x #HF
&S el Aolth. & 21C= DHCR7 FxAte] HA HAEE FQlsto], SpyCas9 thH] RecJ-SpyCas9e] HF &
HslE P2 Uehd Aol
220+

RecJ- SpyCas94 TZE Yepd Aok, & 22B+ R, SpyCas9 E RecJ-SpyCas9 7+e] ### HF

o ol

&5 YERd Aoltk. & 22C% CCR5 % DHCR7 #A4#te] #HR AHEE 3Heldlo] | SpyCas9 TtHH] RecJ-SpyCas9el
H a5g #3E WESZ YeEd Holt).

5 23A% SSB-SpyCas9-RecJo] #+%E e AHolt}. & 23BE o)X, SpyCas9 2 SSB-SpyCas9-Rec] 7+e]
A AR a8 Yetd Aot} = 23C= DHCR7 +4#He] AH AEE &<2lsle], SpyCas9 thH] SSB-SpyCas9-
RecJo] HH a& HIE WESZ YeEH FHolt).

% 24AF DSB- SpyCas9 RecJo] #+xE& YEld A o]‘ﬂr % 24BE U)X, SpyCas9 2 DSB-SpyCas9-Rec] 7+
A HEY &S Vel Aolth. ® 24CE DHCR7 SAAte] HX HAEE 93}, SpyCas9 ] DSB-SpyCas9-
RecJo] HH a& HIE WESZ YeEH Holt).

A 10. 934 Cpfl g Y && &9l
HEK293T AEZ 10% efo} A~dA 1 FBS9F P/S7F ¥ DMEM wixlol A 37T, 5% CO, W7ol FAAIATH. =

L fol PH

1)

]

=

¢

ol Aol FRE =oly] 93 HEK203T AIEE 3x10° WEE 10 cm WlEEA o] wjket = P4 A3
200 ng/ml9] w=FUE(Sigma)S AFEo| Hsta, 57139 AE
Q) F Fx2Fe]l ssODN(single-stranded oligodeoxynucleotides)®] A

mﬁ NW
flo
S
o
i
i
kv

CCR5: 5" AATTCTCTGAGGCTTTCTTTTAAATATACATAAGGAACTTTCGGAGTGAAGGG
AGAGTTTCATATGGTCAATAACTTGATGCATGTGAAGGGGAGATAAAAAGGTT
DNMT1: 5' TGGCCCTGGGGCCGTTTCCCTCACTCCTGCTCGGTGAATTTGGCTCAGCAGGC
ACCTGCCGAATTCTCAGCTGCTCACTTGAGCCTCTGGGTCTAGAACCCTCTGG

Q5 FAAFel ssODN(single-stranded oligodeoxynucleotides)e =QAI717] 930 2X1059] HEK293T AL & 3
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[0138]

[0139]
[0140]
[0141]
[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

A3 Ade o] gsktt. 27 33 pmolee] @l AT} 66 pmoled] sgRNAE ©]&38k3ith. =9 FHA=+= ssODN
20 pmoles AH&skSlth. FAAHZE 93] Lonzarle] 4D-Nucleofector 7171 o] &3k H7d3HE AH&3ISlH.
24X7F 3 invitrogenAt? PureLink™ Genomic DNA Mini KitE AF&3}e] genomic DNAS F+&3}Sic}.

AQE BES 71X 9= gDNAS 18] 58 gDNA WZS o] &3le] T2 F9S =Z3
o] “2EFUYZE PCRY AHA FAHS AW F MiniSeq HH|E o]&sle] 32 F9o digh ‘ﬂ A7 (deep
sequencing) A& AP, AEES A8 AHEE oy Zgely AEE bS5 7).

CCR5 (F): 5' TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGGTATTTCTGTTCAGATCAC

CCR5 (R): 5' GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGCCCATCAATTATAGAAAGCC

DNMT1 (F): 5' TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCTGCACACAGCAGGCCTTTG

DNMT1 (R): 5' GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCCCAATAAGTGGCAGAGTGC

FnCpf13} FnCpfle] C Eho thofst duldo] Age Wa e FnCpfl19] CCR5 E DNMT1 A =pel g f-xx H
F ass & 25 ¥ = 260 YeERfSdh. FnCpfle] C el GFP, hTdT, % AxwEdolAz &elzl Recl,
RecE, lambda, mungbean, @ T5¢] ZAgt® Fefolr}. =wHolA veld vie}l Zro] Knock-out % Knock-in &E-&0]
A2 Aolsltt.

% 27AF Fn Cpf1—RecJ94 T%E el Aottt T 27BE tE*, FnCpfl 2 FnCpfl-Rec) 7+ 42 #% &
&< Yed AHolth. = 27C= CCR5 2 DNMT1 S2xle] #x AEZE 3elsle], FnCpfl tH] FnCpfl-RecJel #
A a2 HzE 9EE2 vehd Folt),

% 280 Fn Cpf1—RecJ94 T%E el Aottt & 28BE tEt, FnCpfl 2 FnCpfl-Rec) 7+ 42 #% &
&< Yed FHolth., = 28CE (CCR5 2 DNMT1 S2xle] Hx AEZE 3e1sle], FnCpfl H] FnCpfl-RecJel #
A a2 WzE 9EE2 vehd Foltt,

FnCpf13} FnCpfl19] N @9 = N/C Fadvto] thst dulzo] Aty Wae Fnlpflel #4x #Y 88 =

20 2 %= 300 Yebfdch. W E FnCpfle FnCpfle] N @ekol Rec), RecE, GFP, © 7} DNA Ag whul
(single stranded DNA binding protein, SSB) % ©]% 7}g DNA A3 w9 (double stranded DNA binding
protein, DSB)o] ZAgtso] v}, e, WA FnCpfle FnCpfle] C Wikel RecJ7t AE o] da, N weto
SSBe] AgtE o] 9lt). mdoA yERd Ble} o] Knock-out ¥ Knock-in &&o] A& Zo]slSit).

ﬂl

I

= 31AE RecJ-FnCpfl9] %= veld AHo|t}k. & 31BE X, RecJ-FnCpfl 7+ 42 HAY &S vekd
ZAoltl, & 31CE CCRS % DNMT1 f-4Axte] HF AHAEZE 3<lste], FnCpfl thH] RecJ-FnCpfle] HF =& W3
& NEEE Yehd Aol

% 32A+ RecJ-FnCpfle] F+%& UrE}‘ﬂl Folty, =
A rﬂr. 32C= CCR5 2 DNMT1 Sd=te] #H” A

w

2BE thxt, RecJ-FnCpfl 7+ 4= AY &85 vekd
Z golslod, FnCpfl tH] RecJ-FnCpfle] HF && W3}

!

= 33AE SSB—FnCpfl—RecJQ TZE yed Aolt}., = 33B+= EHZ—EL, FnCpfl % SSB-FnCpfl-RecJ 7F2] Knock-
o]t}., Lk 33C+x= CCR5 % DNMT1 f-Axte] AR AEE 3<lste], FnCpfl thH]

282 Uebd o).

% 34A% SSB-FnCpfl-RecJ9 %2 Ygld Heolt}. % 34B:= ulxat, FnCpfl @ SSB-FnCpfl-RecJ 7+¢] Knock-

in 84 AQ &S Yk Aotk &= 34CE CCR5 2 DNMT1 F-d=te] AQ AEZE Felslo], Fnlpfl thH]

SSB-FnCpf1-RecJ¢] #H && W3E wE g2 el Ao},

A 11, 98" Fgay 4% d9de] AR 584 v 24

ssODN % =3t} (Nocodazole) o] &4 f-5of wE AP Cas9 @del &4 WH3E FFlsly] 93 A&

S35t

Ay Y2 Wil Hol-& &1y flst, =I:TREC] A HA &2 MEE AT, 5919 &8

Z742717] 915te], HEK293T MEZ 10-cm ¥ AAlo] 3 x 10 A% Rez HE3ch, 47 AES v}

(200 ng/ml) & 16A1ZF wjek3dt 5 A7) 9458 33, s17] & 69 7143 ssODN S 208 s A

ﬂi
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[0154]

[0155]

[0156]

[0157]

[0158]

[0159]

[0160]

[0161]

[0162]

[0163]

[0164]

SIHS31 10-2020-0078200

3kt

ALy Zejx Gl S Ao EWAAAMS ] Ao, EEAAE SpyCasd H+ FnCpfl WHolA oz (33
pmol) B sgRNA = crRNA(66 pmol)S 2ol 2087+ Cl5tHlo] AAIA RNPE E3HAIE A, 1D

(20 pmol ssODN XE+= 2 pmol dsDNA)S RNP H-&Ao] #7135} t). Lonzas ©]-&3Fe] HEK293T A|¥o wZ
A (Nucleofection)S F33I¥th. 2 &, Zzte] FEedHde 20 ple wEFIddAd Ao Jd+= 2 x 10

A2} RNP:DNA 10 ple &39it).

=
fo N
ofh

HZ6

Proteins |Genes ssODN donor sequences (5" -3" )
SpyCas9 CCR5 TGGAACAAGATGGATTATCAAGTGTCAAGTCCAATCTATGACATCAATTATTAT (M EH T 94)
ACATATGCATCGGAGCCCTGCCAAAAAATCAATGTGAAGCAAATCGCAGCCC (MW T 95)
DHCR7 ATGGGCCCCAGTGTGACTGCCTGCATCCGTCCTCGCAGGGAGGTGGACTGGT (M EH S 96)
TTTGAATTCCACTGGCGAGCGTCATCTTCCTACTGCTGTTCGCCCCCTTCATCG (M EH T 97)
FnCpfl CCR5 AATTCTCTGAGGCTTTCTTTTAAATATACATAAGGAACTTTCGGAGTGAAGGG (A B 5 98)
AGAGTTTCATATGGTCAATAACTTGATGCATGTGAAGGGGAGATAAAAAGGTT (MBS 99)
DNMT1 TGGCCCTGGGGCCGTTTCCCTCACTCCTGCTCGGTGAATTTGGCTCAGCAGGC (A B 5 100)
ACCTGCCGAATTCTCAGCTGCTCACTTGAGCCTCTGGGTCTAGAACCCTCTGG (MBS 101)

Add) 11.1. HYH Cas9e] =7 #9l

% 35a ¥ & 36a ssODN 2 w=FrhEo] A+ = Al
9 = 36bi= ssODN B w=FthEo] HHAS wje] vdsZ] 40 94 58
ssODN ¥ w=F30hEe] &4 f-5d w2 H !

2 gy SpyCas9e] gl Z 9 =

A9 11.2. ¥9H (pf1e) 27 &<

ALY FH2 w7l Hok& ERIsHy] f8te], w3tEe] AEHA &2 AXEE AT, 509 e85
Z7H0717] kel HEK293T AIE2 10-cn ol AAG) 3 x 10 A% WEe AFsdnt. A7 ATE wans
(200 ng/ml)2 16AI3F wWiFet & A7) 9G5S FR3QTh. 7] ® 69 7T ssODN FHS 520 8l A}
shelct:

I A Z8s 9lES A X EdAAAEy] Ao, EAAE SpyCas9 FE FnCpfl WolxA w3z (33
pmol) & sgRNA == crRNA(66 pmol)S oA 20%3F QlfH|o] A A]A RNPE EH3HAE A, IR 3

(20 pmol ssODN B 2 pmol dsDNA)S RNP E3HA|d] H7Felth. LonzaEs o] 838 HEK293T Al3zel] FE#H o9
A (Nucleofection) S Faatgith. = ¥, zHzte]l H2e oA 20 1ol FEaesd Aot A= 2 x 10

AZ9F RNP:DNA 10 pl1& &F3519t).

0

FnCpfl % FnCpfle] C te] wuldo] A3 wWy¥ Fnlpflo] FE3E vlAsEd gd Adel SlojA,
ssODN % :=F U (nocodazole) o] HIX&= F&FS E2lgt AL = 379 YEFYRTE. = 37a%& ssODN ¥ w=HUE
o] AHHA &ts Wl vdEA 4 A4 E&S etk & 37bE ssODN 2 w=FthEo] A HIES d
o v A Itk A4 g8&S VERTE. = 37¢E ssODN 2 :=HAUE 4 A fFFe e g8S vudk A
olt}. ssODN @ =3t}ZL Knock-out® 7, FnCpfl @ W&¥E FnCpfle] §&& 3 ANUgsE S Felstyl
=

FnCpfl @ FnCpfl19] N ¥t T= N/C bl dzdo] Aty was Fn(:pfloﬂ = HdEEd g9g A
Ao oJAl, ssODN 2 w=F3thEo] A= IS = 389 %

kS W HAdEAQd wd A4 g8S ekt = 38be sODN 9 = FrEo] M HOlE "o vtsH
o] et 03_ E5S Yy, = 38cE ssODN 2 w3 UEe] &4

I EA 5ol e £8S vue Zolth. ssODN
2 = FYES Knock-oute] 79, FnCpfl ¥ W& FnCpfle a&ole & do] oS &3

Add 12. P2y 22 d9EY /A HY 5T AT
Pl

o 1. 4 /A H€AS AF &9 2AE A=
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[0165]

[0166]

[0167]

[0168]

[0169]

[0170]

[0171]

[0172]

[0173]

[0174]

A 9 A e 2L o 2

ZIHS3d 10-2020-0078200

32 43 WA

1L

1/2 NS Powder 2.2 g
Sucrose 10 g
Plant agar 7g
pH 5.7 (IN NaOH =+ IN HCl 2 =A3hH)

Enzyme solution® 242 T3 ZArh. o, ARE A dd g0 AH8ES Y= gt
X 8
Enzyme Solution 20 mL
1.0% Cellulase R10 200 mg
0.5% Macerozyme R10 100 mg

0.4 M Mannitol

10 mL (0.8 M Mannitol Stock solution)

20 mM MES, pH 5.7

4 mL (100 mM MES Stock solution, pH 5.7)

20 mM KCl1

200 pL (2 M KCl Stock solution)

°] AJoF= z3ler

= = I o

60=0 A 10+-3F Wi Fs & ojg] AlokS Z3FHit),

10 mM CaClz . 2Hzo

200 pL (1 M CaCl, - 2H,0 Stock solution)

0.1 % BSA

200 pL (10% BSA Stock solution)

MG solution®] =42 th&3t 2vh. &, ARS Aol vk ARSE

o

EEEL

ro

o}

=1

x

©

MMG Solution

10 mL

0.4 M Mannitol

5 mL (0.8 M Mannitol Stock solution)

4 mM MES, pH 5.7

400 pL (0.1 M MES Stock solution, pH5.7)

15 mM MgCl, 150 pL (1 M MgCl; Stock solution)
Nuclease-free water 4.45 mL
PEG4000 solution®] A& thgah . &, AR AHel wt=s s dzx oz it
£ 10
PEG Solution 5 mL

0.2 M Mannitol

1.25 mL (0.8 M Mannitol Stock solution)

40%W/V_PEG-4000

2 g (Polyethylene glycol 4000)

100 mM CaCl, - 2H,0

500 pL (1 M CaCly*?*2H,0 Stock solution)

Nuclease—-free water

1.5 mL

W5 solution® FAL the3 Zt},

H* 11

W5 Solution

50 mL

154 mM NaCl 3.85 mL (2 M NaCl Stock solution)
125 mM CaCl, - 2H;0 6.25 mL (1 M CaCl, - 20,0 Stock solution)
5 mM KCI 125 pL (2 M KCl Stock solution)

2 mM MES, pH 5.7

500 pL (0.1 M MES Stock solution)

Nuclease-free water

39.275 mL
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[0175]

[0176]

[0177]

[0178]

[0179]

[0180]

[0181]

[0182]

[0183]

[0184]

[0185]

[0186]
[0187]
[0188]

[0189]

ZIHSd 10-2020-0078200

4}7] Enzyme Solution, MMG Solution, PEG Solution, W5 Solution® =5 0.45 pm Syringe-filter® HE|H 3}
At .
A3 12.1. 48 HEAY &4

T 510 YER wie} o] AHS ST, FAHCRE, Wl T4 vF 9 9¥FA s g2y Po] &
gt WA, @u] FAE 50% CloroxZ 13F A3 th. L &, Clean bench® &7 B 5= 59 Ao,
e dlo]HA Al 2027 AZ3th. 71 %, dd FAE FAEE diAC] &8 T3 gt § ubAdlE
2o & 3FF 71k g HEAe GG 16417, Gl Ao, &= 25T WA 28TelA 713

hooju], A& 465 AT A& AREEokslT, 85 o] Abe o2 ARESHA] FES dHoE I

467 AT F, ] UYL frelwol Lol YW JLRES AE F O ARFEES Furh 0.5 m o]}
1 A

o} Ae|& 3~4A17F orbital shaker(50 rpm) €

=
=

o

W & W5 solution 10mLS 713k & ZA2HA 2 4o . 1 % Cell strainer(70 pm)E o]-&3|A

enzyme solution ol ZAsl= dFAAS X AFAAE 100 g2 65 AR Y

ot AZ=AS Wil MMG solutionS H7FsiA Z=AAHA AR pelletS Fo] FAT. 1 X, IcedlA] 10

~ 308 AL wAsl9tt. o] F AXE hemocytometer ©]83 wAoR dFAA S FE AT, MG
=

Agd 12.2. Y2 E2 9RF S o[ &3 HEA /A HA

2 mL e-tubeoll sgRNA9} Cas9 protein “L#]il NEB buffer 3.1 FHZF volume 20 pL 7} HA 3 & A20]410
B2 WA Z T Foldings WA 24 DNA binding &% 9] F7] 91&to], gRNAE A& Aol 95Tl 3
i=]

, iceoll A 3& Folw=t}.

x 12
SgRNA 2.5ug 5ug 10ug
Cas9 10ug 20ug 30ug
10x NEB buffer (3.1) 2 pl 2 ul 2 pL
Nuclease—-free water Up to 20 ulL

E-tube (2 mL)ol ¥FAA 200 pl (5 X 105 cells)®} PFT3 sgRNA A8 CAAGGGCTTCTAAAGCTTGCAAA®} PFT1
sgRNA A GGCTTTTGAGAATTCTAATG ©] AF&-Sth. PFT3S wuje] &ul 1,3-FaAEdAaveol=e] 3 =<l
S EFsla PRTIS 9o ow) 1 3-FIAEAATH o= 4 WS =139}, Cas9 protein (volume
20 pl)& Yu # A& 3 Clean bencholld 1083 wjgstdct. <kolld widdt volume® HL3F PEG
solution 220 uLE Y¥i FA2HA AolFArt. Ad2olA 1583F vl ¥, W5 solution 840 ulS FH7hshe]
2 EFsth. 100 golA 287F Al &, Asds A7, FEASR AP A A W5 Solution
1000 pL& wol AAEsdtt. 100gel A 283 AAEe e F, sNE A7, W5 Solution 1000 plL&
o] Resuspensiondt §, 6 Hi= 12 well plated] Yol 30C duld7]olA 48417 vl & FASIALE. A
A= DNAE 55 5 B A28 PR & § NGS &4l

A3 12.3. NGS 4

BN (D FH| A E | MiniSeq (SY-420-1001), Miniseg mid output kit (300 cycles, FC-420-1004))E o]&
dlo] BA15FA ). Amplicon primers Z71-& olgfe ZHow | Bl specific A|AA 9 HE B A 2l c).

E}7l PFT1o] AR AP ARE U3 2}
F:5' TOGTCGGCAGOGTCAGATGTGTATAAGAGACAG-ACTTCTCTTGGGCTGAGTATGA
R:5' GICTCGTGGGCTCGGAGATGTGTATAAGAGACAG-CAGTAAGTTTGGATATTTGAAA

E}7l PFT3o AR A @2 ARE U3 2
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[0190] F:5" TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG-GCATTTGGTGTAGGTTTAGGCT
[0191] R:5" GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-AATTCTGAAAATCCAAGTCTAT

[0192] B}l 939 amplicon primerZ o] &3l 1x} PCRS Fa3ak3itt. AAE PCR productE WFEA] clean-upS 53
sttt. el ool amplicono] F38FE DNAC] indexE EoA libraryE wHEATE. £33 22 P(RES
Bioanalyzer®2 QCE 43 & A4S YAt

=y
EH]
v
. v §
¢ & 94 § £ o
s § &£ & & & &
Y & & 9 F §F &
g &85 Fy &8s
§ & & & & 3§ 38
- S I N
R toél & 4% ‘o‘% (.,é' & &
Template + + + + + + + + + +
gRNA - + + + + + + + + ¥
Protein - ™ + + + + + + + +
0
1.5 = — — - ‘ e e —
= s
e — i — - —_—— %
05— | |
-
—
[— 95% 90% 96% 95% 95% 85% 73% 31%
EH2
Cas9-BPNLS (164kd) Cas9-Rec)-BPNLS (230kd)
Nuclease + + + + + + + + + +
gRNA + + + + 4+ + + + + +
pGEM_447 + + o+ + o+ + O+ o+ o+ o+ (1.3) molar ratio
nicks
£ |02 pg/iez near03 ug
3 %]
0 ®
E Q.
@ 5}
g o
0 3
_8 degraded g
: 5
=116 ug PART
degraded

0 10 30 60 180(min) 0 10 30 60 180 (min)



Time(h) 0

Toolgen Casd

In house Cas9 Cas9 Rec J

EH3b

k1

HDR (%)

T7EI cleavage percent (%)

80

Cleaved
fragments

ZE SN L1 Yt (300bps)

2% 4

0

2 4 & ( 4 4 7N Hmmodmﬂun

70 A
60 4
50 1
40 -
30 A
20 +
10 4

0 -

0

12 24 48

0 12 24 48 48 72 (h)

Toolgen Cas9

In house Cas9 Cast-Recl

25
20
15

10

SpyCas9-Recl SpyCasd.T5

ECCRY mDHCR7
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L

ADCYS: 641 bp; KCNJG: 566 bp; CNTNAP2: 300 bp; Chr. 5: 605 bp

[Adapter PCR from template]

k1
N2
()Y

0.8

0.6

0.4

0.2

off-target efficiency (%)

1 SpyCas9
B SpyCas9-RecJ

ADCYS KCNI6

+ +
+ +

_27_
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k1
N2
o

Cas9 Rec J 24H In house Cas9 48H Cas9 Rec J 48H

ADCYS KCNJG CNTPNAZ Chr.s ADCY5 KCNJB CNTPNAZ chr.5 ADCYS5 KCNJG Chr.5 CNTPNAZ

1
(g
©

Cas9 Rec J 24H In house Cas9 48H Cas9 Rec J 48H

ADCYS KCNJB CNTPNAZ chr.5 ADCY5 KCNJ6 CNTPNAZ Chr.5 ADCY5 KCNJG chr.s CNTPNA2

2500p —==\ T
Cpfl-cut bands Cas9-cut bands
@ 625bp, 572bp @ 605bp, 592bp

Smearing similar to SpCas8-
Rec)-BPNLS nuclease activity

EH]I
FnCpf1-BPNLS (152kpa) FnCpf1-RecJ-BPNLS (224kpa)
0 10 30 60 120 180 (min) 0 10 30 60 120 180 (min)

100% 71% 53% 43% 25% 13%
250nM Nuclease 1.200bp
350nM sgRNA

600bp
0% 10% 25% 43% 66% 79%

100% 64% S0% 29% 14% 9%
500nM Nuclease faoke
700nM sgRNA

nivl sgi 600bp

0% 15% 36% 58% 86% 94%

_28_
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SIHES

SpyCas9 (or FnCpfl)

Recl/DBP SpyCas9 (or FnCpfl)

SpyCas9 (or FnCpfl)

v
cactttttatttatgcacagggtggaacaagatggattatcaagtgtcaagtccaatctatgacatcaattattatacatcggagecctgccaaaaaatcaatgtgaage
.l I i I I i } n Il i I 4 I I I Il " } I Il I
T T T T T T T T T T T T T T T T T u T + T +

gtgaaaaataaatacgtgtcccaccttgttctacctaatagttcacagttcaggttagatactgtagttaataatatgtagecctcgggacggttttttagttacacticg

exon 3

[ protospacer [N
PAM

TGACATCAATTATTATACAT

¥
ctggtggggeccagggcagatgggccccagtgtgactgectgeatcegtectegecagggaggtggactggttttcactggegagegtcatcttcctactgetgtte
L I 4 i 1 i Il i L i I I 1 - L L 1 i s L l i
t + + + } t { t + +

gaccaccccgggtccegtetacceggggtecacactgacggacgtaggcaggagegteectecacctgaccaaaagtgaccgetcgcagtagaaggatgacgacaag

GGAGGTGGACTGGTTITCAC

v
aattctctgaggctttcttttaaatatacataaggaactttcggagtgaagggagagtttgtcaataacttgatgcatgtgaaggggagataaaaaggttgcta
n 1 | | I 1 ! I N H ! !

t + 1T + 1 + T t T t T + T + T r T T T T T
ttaagagactccgaaagaaaatttatatgtattccttgaaagcctcactteccctctcaaacagttattgaactacgtacacttcccctectatttttccaacgat

. ______________________________eon3 ______________________________________________________________|

P——

GGAGTGAAGGGAGAGTTTGTCAAT

ggggccgtttccctcactcctgetcggtgaatttggetcagcaggcacctgectcagetgctcacttgagectetgggtetagaaccetetggggaccgtttgagg
+ il 3+ } + } 4 il + il 1 il + } i } + } 4 } 4
+ T + t + t + y + T + T + T + t + t + t +

ccccggcaaagggagtgaggacgagccacttaaaccgagtecgtccgtggacggagtcgacgagtgaactcggagacccagatcttgggagaccecctggcaaactce

4 exon 40 €exon 41—

GCTCAGCAGGCACCTGCCTC

— Ezga —

10-2020-0078200



10

Indels (%)

L=

30

HDR (%)
A -
Lo T L T e S 1

Ly

Knock-out efficiency

II II II |I - Il mE
& 5

C,'F
X W ‘éh,w @ f &

Cr r? & Q“s
2 = =) S ‘f”b gg 2
et
nCCRS mDHCR7

Knock-in efficiency

§ & & PSS

b g &
= & a3 S w
) & 3 & . o o G
Qﬂc‘ 4*':,'? "HG L,-@ C@'- C@Q %Qﬂ
N R AL & oF
e

m CCRS mDHCR7
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SpyCas9

B Knock-out efficiency C
8
7
] . .
E Percent change in efficiency of SpyCas9-Recl over SpyCas9
£
=4 CCRS5 DHCR7
Es SpyCas9-RecT +30% +170%
: I
1
ol we
Mock SpyCas® SpyCas8-RecT

mCCRS mDHCR7

EHI8
A
SpyCas9
B Knock-in efficiency C
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SpyCas9
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Knock-out efficiency C
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Off-Target effect of Crispr on DHCR7

G s
1

A

Human CCR 5 off-target sequence list

LR R [ 3

NSO G ASDS O ASDE T AT
GoN BIRR D0 41PN
0% A% DUW D.0R
G0N BSW  Gdne SO%
G 0w LAk B0
Birs 0w de 3
Q0% R25% 00N G.0%
Bk 1A% DOW ddEs
G O0% Oire 4854
Grm FITR TOW G0W
ok 0% AN 60%
0% L0% DA G0N
bR BTN DA DO%
fis Bo%, LA 1A
LR O0% AW BO%
GO% LOI% LEPN HO%
B0 B0 1AM BN
fOR O0% 0 15T
% 00N JAi B0%
Bfs 0% LTERB0%
o0 00% 0% 112w
Gim aow LI 60w
ao% JOIN 00N A%
GO% 00N ISR BOW
OOR 204% O0% 00W
0% DON TN 00w
s A% JEaR AW
% DON OA% 280%
BU% TATR DOW BO8
B RSEN D% B0
o0n 00n 294N BOW
Gf% adn DI g0
GO% ZIT% 00N B0%
BE% O 0ae daus
G 00N 3TN GO%
OO% 00w 0ok 23T
GO% 0% O0de 1aTR
0.0% FITH DOW 00N
B BOW GdR 2TFe
Gim Gos O g
GRG0 M BO%
0N LOA% B 00
GO%m O0n  1ArR BOR
LT T T
GUW DOW  LEYA BO%

GoN DO% 00k 19ve
0% O0h 1AV BOR
0o% 00% LPE Q0%
G0n 00N - 00% Q0%
oo% 00% (0% Q0N
oO% DON 00N ON%

Arm AR e AT

Human CCR 5 off-target candidate

B Cas9 (Cas9-Rec)

D0V KCMS ONPAAZ O3 DCR DN owb CNTRNA

Target | Gene Spacer sequence

On | CCRS | TGACATCAATTATTATACAT
Off#1 | ADCYS | TGACATCAATTATTATAGAT
Off#2 | KCNIG | TGACATCACTTATTATGCAT
0ff#3 | CNTNAP? | TGACATaAATTATTCTACAT
Off#4 | Chr.5N/A | TGABATCAATTATCATAGAT

ADCYS: 641 bp; KCNJG: 566 bp; CNTNAPZ: 300 bp; Chr. 5: 605 bp
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Eud4]

a ﬁ'—targ_ets of - Cas9 dCasQ—RecJ
CORS (3;3?727) petoent (7] (4;?,.0(5)9)
ADCYS 269 0.0007 1009 0.0025
KCNJ6 339 0.0009 254 0.0006
CNTIPNA2 624 0.0017 437 0.0011
Ch.5 601 0.0016 573 0.0014

( by amplicon deep sequencing)

percent (%)

SpyCas9

Nucleotide sequence

TTCGAGCTCCGTCGACA
GGCGCCCTCTGTTCGACAGCGGCTAGACCGLGH
CHGsGICGGtI A s

ACAAGAAGTACA
GAACACCEACC CACCOBCCTGH

GCGAGARGAAGAACCICCTGTTCGRCAACCTATC

Ci COEoOE ACAMITEARCCAL B AT
c CCAGCATGATCAAGC GCTACGACGA GLACCACTAGGACC TRACCCTECTGAAGRCCCTE GTGKH CCCGAGAAGTACAACGACATCTTC TCGACCAGACCAAGAACG
S ,Mf,r,,‘vﬁw GAAGAT GRACGECACCGAGGAGCTELTGE CTCAACCACEAGEATE [,GC”AA:CAU”,Uﬁq(MrGﬁ,AK‘W” i
(GAAGATCGAGAAGATCC TGACCTTCCGCATCC CCGCGGEAACACLTS

CTTCGCCTGRATEACK TGS,
\CGAGTACTTCACCG! i?ACAu.GAG:T-A.(aAGumAASA’FGAZ:GAAJCG(A’IM(A

GCCATCCTGAGCGOCCGCCTGAGCAAGAGECGL
(GACACCTACGACGACGACCTOCACAACCT

TEGACGEC

TICGAGGACCCOGAGAT
ehceTT
o GAGCTS

[’EA’C'LT"’;AQAAA caT

GATCGAGGAGCECCTGAAGACCTACS
CCCAACTTCATECAGITOA CAGCACATC
GAAS < TGAAGC

T GG CAT LA CC G TG4 GLGATTACOACGTSGACCACAT
AGCTCCTEAACSCCAAGCTCATCAC

GLAGRACEGCCOGACATOTACS!

AGAAC

T GGAGACCCGLCAGATCACCAAGEACG]
ACTACO ::;:;::c;:gkcm/a::ww:z::f;

CAAGACCGAGA

CGTCTACCOCGACTACAAG GTGTACEACGTECGEAS,
GACCGGCGAGATCGTGTGEG GLCOCTH

LG\&(uCAﬂq%E‘J‘ CToGSACCCCAAGHA CGACAGOCCCACCGTGACC
- 6GTG CCACCTGATCATOAGCTS

CCACCCTGATCCACT A A COCOACTIACCTOGAGAAAAG

‘Amino acid sequence

GALLS TIVHLRKKLVDST

r:mm:u\w,mwnmﬁueqnupmcm\mﬂmv YNCLFEENPINASGVDAKAILSARL SHSRRLENLIAGLIGERQIGLEGNLIALSLG PrIFGNFDLAED.,nQLEKL‘T-DDDLI:'NUAQLGDQ\;ULFLMKM-D ILEDILAA T SN DR e

e L e T I PRHSLLYEYFTY KVKYVTEGMRKP
M TVHDILAIND DA DHEENEDILEDIVLTLTL YAHLFDDKVMKG! DFL HDDSUFK‘EII\QMQV<uauD<LHEHMNL4uSFA\

e e e e QLONEKLYLYYLONGRDVDGELDINALEDY DVUH\W’J:FLI'DNIDNWL TRSKNRCKSDNVPSEEVY KK RQLUNAKLITORKT KAGHIKRS

DNVPSEEV:
e R e T L LNAVVGTALIKRYPKLESERYGDVKVY DVRKM IAKSEQEIGKATAIGFRYSNIMIFRT GEIRKRPLIEFNGETGEMWDKGRDFATVRIVL
IARKKD oADK YL ELENGRAMLASASEL N ELALPOVNFLY S EXLCSSPEDNECK PV E R D I SETKEAD AN DI

LA A IFD T IDRKR TS TKEVLDATLIMOSITLYE 7 DL 50 SEOAAALDLEKRPAATRKAGQAKKKEHHEHHH

YNKHROKPIREQAENIFLFTLTN

SpyCas9-ReeJ
Nucleotide sequence

ATGGGCAGCAGCCATC AGCA
CEIERCEOARE CTOMEARUN B GACAASE . CERACCARCAASTIAETCIED R doack BUdC
A

AAGAATEEAT GATGGLE

TGCTGTTCGACAGCGGCGAGACCECCGAGGCCAT

e e
G A,-ur,’\‘:lx“"ASA’ V""GAEC::.AG:MJA( CETACGOCGGCTAC

oca
oA Car Tt

T CARGoSCTACGACSAGCACS

CCTG:
TACACE

CTTCAACG:
w.wa GCAGC

CaaG 5
GGA »w»y-':mcrwaaAcm:‘acmw T G—\C\A.AA uc:mc
CAAGCA CAT A G1G

m

TEAAGET
oG saam.:m(cms:m:mﬁ.acsu:
CAAGAGCGACAAC!

AL AATOACETES ccAsm \Ga o A(CE(:\)AECT"\(YAI-"A
CAGCTGTTGAACGC

CATCGIGCCOCAS
ACCTSACAACECS

GAGCGCEGCGECC

STGAGCGACTICCG:
SAStastasAea

CCAAG
O CTATC GAGACCAACCECGAGACE

(CCCAGGTECACACCGCEGCTICAS
GAAGAGCGTGAAGEAG
ACGGCCGCAAGCGEATGCT GRCCAGCEC! CGAGCTGOAGAAGRGCAN
CGAGCAGATCAGCGAGTTCAGCAAGCGCGTEATCCTGRCK C -
CTTCGACACCACCATCGACCGCAAGCGCTACACCAGCACCAAGGAGGTGCTGGACGH CTAC CACCGGTC TETACGAGACCCGRATCE :TGAJA“. GGIGGC
AR CAGATACAACTTCOTCGCOTGAGTCGATGAAACGOCAGAC TS AR TIOCETC LT G TG0 COGTTIATACAC A LSO COTOC SCAGT G SCAAGAAC T GAACGABTOT AR GCCCTGOCAGCAACT GAGCGGCGTCAAAAGG
CAACGCTTTICGCGAAGGAACGCGBATTATTGTGGTCGGLGATITTGAC GLC GACGRCRCGAT (AGLA’\:G(KTAAJGIGCI“GC"ATG(GCTC(IWGGW&?AGCANAV\LA(TARYGGTA((AMC("m’gAAGA(GGT\'A(GG{WMG(:IGGAAGTA"FC

CCAAGAAGEACTOGAACCTCAL Am‘g,ﬂ\;;ﬁ:ﬁ;»r» \CAGCCCCACCGTGRC

CAAGGGLTA

(GCCACTACCAGAARTCAAGGECAGICICCAGOACAACRASCAGAAGCAGLTTTC

GATCAGH TCCTCCCATGORAGCATTGAACACOC TCECTCRTTGAEC CATTTC 7 \TTACCCGCAGCGGAAGCGATCATTAACCCTAACTTQOGCGACTGTAA
TTTCCCGTCGAAATCACTGGCAGGT TSGCSCTGCECACCTTTITCSERATC STGGCATCGU nccrm..'mscm(mc E AAC GIGCCGLTGGACGETAAT
AATOGCATICTEACET! ATC COGAME LTeC ST G7¢ TTTAGGTTTTGEGCTGGACCACGTCTCAATE CETCET
eI LA AR AT L AL Bas S T e AN T BT AM AL GAACAAGGA kucwrm@ccm;\cc CCCACACGCTACCCGRCGCCTOGCANTOTATCACT
CCEANTGECATCAGEGCOT TG TCGGTATICTGGCTTCGLGIATCAAAGAGCGTTTTCACCGTCCGTTATCGELTTTGG GGTCGCTCCATTCAGGGEC] FACCoAT A Ak TacECT CacAToA T
CTGAAGTTTGECGETCATGCEATER! rcmmcmcﬁm&afmacr..cmccﬂ;\cmccma GELG: easees
CTGCTGOGCGATGLTEECCCETCRGRE0 CCGGAGCCGLTGITIGATEGTCATTTCCGICTGCTGCAACAGY T CAAAG TCATGOT COAACC ST BE aCBaTCCCtT TTTIAATGTCGATACOSCCCTCTGECEE
a0 T 0O BAAGT AR GOCTTACA AT COATATUARCOAGT T S G AL AT AAATTAT CAT S AT GACLARTT ACCACCACTGA

Amino acid sequence
SSHHHHHHSSGLY

< GNTDRHSIKKNLIGALLF TREKNRICYL GHIVDEVAY HEKYPTIVHLRKILVD:
DRADLRLIVLALAHM I SARLSKSRRLENLIA L TPNFISHFDLAEDAKLQLS KD TYDODLONLLAGIGDGYADLFLAAKNLSD AILLADILRVNTEITKAPLSASH KRYDEHHODLTLLRALVAQ
KEIFT GGAS T C L 01 Ve KON T GO ARGASR VTR TTHANFEEDAT A A S INEDRULENE V1B 1 Ty e
AFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDSVEISGVEDRNASLGTYHDLLAIKDKDFLDNEENEDILEDIVLTL AHLFDDKYMKQLIR] S GKTILDFL LHDDSLTICDIOKGYSGOGDSLHEHANLAGS Al
KKGILQTVKVWDELVKVMGRHKPERIVEMARENQTT QRGOKNSRERMKR EEGIKELGSQILKEHP! \/ENrHLQNEKLVD"LQN‘;RDI4‘VDQELD\NPLD\l:VDH\VPQ LD DSIDNKVLTRSDKNRGASDIPSEEVVRKMIIRQ) memwnmrwn IKRQIVE
TRTR TSN T BOEND S TS ST TSV AL AL KAVETAL SO ELER oV S LA RPN CERY LAV RI PV IV A eV P E S NS DI
LHkIFKVSLFELENJRKRI’IlA\AuELQN;NnALFfKVVNFLVL\EHVEK‘LVESP[DNE L D8 ISR A A1 D A P TE A2 e L1

AP AAFRYFDTTID R TS TREVLDATLINGSITGLYETRIDLS G PAELPPLLRAL EKAVEILY RSLGCSNIDYL
LMLALRTFL ELLDLA BANIAL RPGIALL NAAGRLDDMSVGVALLLC DAL
NQTRKEIEQGKQVEALTLCEKLERSADTLPGGLAMYHPENHOGVVEILAS DGTL ERLDTL) ELFOQE LOGEVNSD) Laqmve
DGIAFNVDTALIVPI aL FH.
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RecJ-SpyCas9
Nucleotide sequence

ATATGGC AACAGATACAACTT AGACTTGCCCGCTGAATTGCCTCCCTTGTG
CGCCTTTATACGCC & GCAGTGCGCAAGAACTGGAACGS CTGGCAGCAAC GAGATCCTTTACAACGCTTITCGCGAAGGAACGCGGAT
AGO!H‘H T TATC GGTATTICC

\CACGCTCG CEETT, ACCATTT \TTACCCEL: nnr(nm CTAATTICCCATCRAAATCACTERT) TTATCTGAT U\.(,u,uaumnnmgm

CTGGCAGA. BT T i kR
TG AAGT G GCARACC A TGAT GCACARAACTC SCCGCCAGCGA TTAGT TGRS CTCAATGETGCC sczwrwcmsms:scrmm
ACAAGGAATGCAAGTIGAAGCCCTEACC GAC TGGCAATGTAT! ATC TEGCTICGCGOATCAAAGAGCGTTTTC

TTIGCGCCAGT TEAAAGGTTCAGGTCGCTCCATTCAGGGGCTGLATATGE ACACTC GATGECGECGEETTTGTORCTG |crncAAcMcG
GTTTGGLGAGET CGAGTEECTGGACCLTTCG o C; COGGAGCCGLTET nc(IGrCleE(/A
AATTATCATCGACAATATCTGGCCAATIGGATCCGAATTCGAGCTCCGTCGACAAGC TEEACAAGAAGTACAGCATCEGCCTGGACAT CGGTACT TGGEGCCGTGATCACCGACG GG ~~'g\riAAuArrmafamcﬁacAAcA
::aAc\.Gc_Ams';mAchmav“arcaecsc:m:mmsAcAs:sc:aAG CGCCGAGECCACCCGOCTRAAGCGLACCECCCECCECCGITACACCGCLGLAAGAACCGUATCTGCTACCTGCAGGAGATCT TG
CTTCCACCGLC AAGAAGEACGAGOGCCACCOCA] fW[GGJA(ATG.GGA’GA«G.GGLL’A”A(GAuAAqTA\Z((A'ILDZTA(IAC(VMC{AAGAAMTSGXE(-A(AG(A((GA(AAJG(IGA(C"’L\J:ITGAFTAfCFG
GCCCTGGCCCACATGAT AA'rr'r GGCCACTICCTGATCGAGGGCRACCTG, G ACAACAGCGAC T GBACAAGETGT TCATCCAG T GG TGCAGACCTACAACCAGC TG TTCGAGGAGAACCCCATCAAC GLCAGLG GCGTG GACGCCARGGLCATCTGAGCGECCRCCT

GCOGCCTEGAGARCCTEATCK GCTGCOCERCS \CGECCTG AACCT O TGAGOCT GGG GACCCOCAACTT CARGAGEAACT TG ACCTGACC GAGCACGOCAAGCTG CAGC TRAGCAAGGACACC TACGACGACGACC
S e R e S A A A S S S S S S S SN GiEd GCGCCAGCATGATCAAGCGCTACGACGAGCACCACCAGGACCTGACCLT!
CTGAAGGCCCTGGTGOR0CAGCAGCTGICCGAGAAGTACAAGGAGATCTICTTCGACCAGAGCAAGAACG G TACGCCGGCTACATCH GGCRCCAGCCAGGAGGAGTT SCOCAT GAAGATGEACGEC) 2
ACCECGAGGACCTGITGEGCAAG CAGLGLACS TICGACAACSGCAGCATCCLS: (GATCCACCTGGGCGAST T TA LT o T AN A CAAC G AGAAGATC GACAAGATECT GO TCCRCATCR

CCCCTGGECCGCEECAMCAGCCGCTTOGOCTGEAT GACCL GCAAGAGLGAGGAGACCATCACCCCCTGRAAC TTCCAGGAGETGET GGACAAGGECGCCAGCGCOCAGAGCTTCATCGAGCGOAT GACCAA CTICGACAAGAACCTGLCUAACGAGAA GG TAC TG
G BT AT IO BT 6T ACAAC GG TGACCAAG T GAAGTACETGACCGAGGACA !'GCGCAA\:"C\:CI‘\';(TGAGC\:\:CGA«:(AGAAGAA«:GCCAV'GG\:ACC\'C-’T\:F\'(AAGA\.(AA(CG(MCEiuA\.CGVaAAA_CAuC\'uAALGAGaA'YAx‘ICAAuAAGA
A C T oA AT A CGaCoT CGACGAC G TTCAAC G CAGE T GSBTACCTACCACCA CCGCGAGH

e le e Sl A G AL Be e AR A AT T CANCSECATC oA GAGCE i
(G@A’Tv\ﬂu(r‘xGruAYE:A'BA(GA\AG(J"A(‘(TFLMGuhGGA' A GAA G 6L CAGG oA GO0 A GG G0 GACAGE CTaCAC A GCACA TC AL CAACC TG GLC GG CAGCOCC G CATCARG ARGGGCATCCTGAGACT GAGTTGETGAAG
ATGGGCOGCCACAAGCLCGAGAACATCGTGATCGAGAT A CCECGAGCoAT GG R CATCGAGG AGG GCATCAAGGAGL TG GCAGTCAGATCCTGAAG GAGCACCCCCTGGAGAACACCCAGTTGEAGA
ACGAGARGCTGTACCTGTACT) Arcmu;m\c:xsccc.\c‘\cn1cAcrrssArcAsschruaAc,uuu\"caccu;wccAcTAmccu;rafncmcc,cAcAcmc (CGACGACAGCATCCACAACAAGSTCCTGACCCGCAGGACAAGAACCGLGGLAAGA
CAGET T GAAGAAGATGAAGAAC TACT GOCGCCAGCT 6L TGAACGCCAAGCTGAT CACCCAGL A LA {CCTGACCAAGGICGAGLGLGGCGECTIGAGCGAGCTEA TICATCARGCGCCAGCTGATGIAGACCCGC

R AT T AT e LA AT AA A A S A A S A ST S G A ST AT AL T SAA A G AL ST AT A coacTTe e P e <
ACGACGCCTACCTGAAC CCGTGGTEEG0ACCGECCTATCAAG AAGTACCCCAAGCTGGAGAGCGAGTTY GACTAC, GCAAGATGA] G AGCAGGAGATCGGCAAGGCCACCET! (CTTCTTCTACAGCAACATCATGM
e (GATCACCCTGOCCAACGGUGAGATCCGCAAGCGCOCCCTGATCGAGACCAAC GROGAGACCTGLG! :rammn\umstca:mar'smcmvutatussrr—maumm AT GAACATCOTGAAGAAGACCGAGGTOCAGACCSS

ATOTeEL AR CEaTAACAGTEACAA ST A TC S BCACAAGACTRAGACECEAA CTTCGACAGC GTGCTOETGATCRCCAATH
AT AT GGA GO A G A G T TG A AR GAACE AT CACTTCC TG GAGGCCAACCACTACAAGEAGS T GAAGAAGATCTGATCATCAAG e e Yede
AC'T({TG"ACLY"ULCAG{(A{u\(uA-AA.:FEAA" GCAGCCCOGAGACAACGAGCAGAAGCAGCTGTTCTGEAGCAGTACAAGCACTAC TGGACGAGATCATC GAGCAGATCAGCGAG TICAGCARGLOCET
AACCTGRAC e T ToAGC S CTACAACANGEACCCGACAAGCCCATCCOL GAGTAGG LT TCATCCACCTGTTCACCCTGACCAACCT GRG0 GEEE a0 CaECTTCAAGTACTTCEACAC CACCATC GACCGCARGCGETACACCAGCACEA

Amino acid sequence

PAELPPLLRRL) RSACELERSVKGMLPIOS RsLcC DOAHARGAQLS
ST HHIPSES.PAACARPHLAEC 11 FYLMLALRTFL CFALGPS
ICEH S G P L Hu YRGMIL EEDKFE LFQCRFGE[VTEWIDPSLLQGE\NSDGFLSPAENWME\/AQLRDAGPWGQMFPEPLFDGNFRLLQQRLVGBU—(KVM\/EWLI;{?LL
DRHSKOLIGALS DEVAYHERYPTIY
HLRKKLVDSTDRADLRLIVLALAL LELGLTPHF SKDTYDDDLONLLAQIGDONADL HAAKNLSDMLLSB\LRVN'EVKAPLSASM\KR\'DEHHQD
A RGQ PO HICN A DGR E mmumnﬂ'EzLwnmnemummwswamcm—«mWnenmnmmmmnmpqum RKSEET TPWNFEEVVDIC KVLPHSLLYEVFTVYNELTKVK
YVTEGMRKPAFLS LKEDYFRIIECFD: T i
5 TKAERGGLSELDK
AGFIKRQL DR RKDKC ESERVYGI CTEITLANGEIRKRPL MPQUNIVKKTEVQTGGFSKE

SILPKRNSDKLIARKKD W DPKKY GGFDSPTVAYSVLVVAKVEKGKSKIAKSVRE LLGITIMERSS FEKNF\DFLEAmYK‘E\tmﬂ)LI\K‘LPK“SLFElENGRm‘!m‘AG ELQKENELALPSRYVINFLYLASHYEKLIGSSP ED N EQRQLFVECH KHYLDEIIEQISEFSHRVILADANLDRVLSAYN FHRDPIREDA
ENIIHLFTLTNLG APAAFKY PO TTIDRKRVTST KEVLDATLIHQSITGLVETRIDLSOL GSDAAALDL EKRPAATKKAG QAKKKKHHHHI

ErH45

SSB-SpyCas9-RecJ
Nucleotide sequence

(GCAGAGGCGTAAACAAGGTTATTCTCGTTGGTAATCTGRETC CCGGAAGTACGCTACATGCCARA
TR ST AT AT A e TR O AT A e e T T GCGTAAAGGTTCICAG AGCTGCETAC

CTs GGOG GCACCATGCAGAT AG AAGAAGTACAGEATCGGCCTGCACATCORTACCAACAGEGTEG
GCGGG((CYGA‘(AE{TA(GAUACAAGLE(CCL‘.G(AACAAG|(LAA[E'GCT\:GG(AAJ(&A("GCCA\AKAY\AAGAAS&A&CTGA\'(G(-(J(LC‘!E(YGx ’GACAuCQ’:CGAG&’CGCEGAEﬂ(QU‘(G\( e
AGAACCGCATCTOCTACCTGCAGGAGATCT TCAGCAACGAGATG GCCAAGRTY \GCTTCTTCCACCRCC CTGGTY SCGCTACEC: G CCTACCACGAGAAGTACCCCACCAT
R R S e e R S St JFGL’AKI'CC‘hAY(GAqGJEACC(uAAC’C’al!»—'\i&ﬂ({u,’\'m"‘A"MG\“;v \GCTGGTGCAGACCTACAACCAGC
TCTTCGAGGAGACCCCATCAACECCAG CGGEGTRGACGCCAMGCCATCCTGAGK GAGCAAG e G e I e S e e

GO GAGGACGCOAMGCTGCAGCTGAGTAAGGACAT CGOCGACCTGTICCIGGCCRE A GAACTTGAGCBACGLCATCETSCTGAGCBACATCLTS

AAGGCCCCICTEAGIGICAGTAT GATCAAGIGITACE \CCAGAGCAAGAACGECT) mcc.,ccracfv'cwmmceums.mevx.mmc

G GCTA
TACARGTTCATCAAGCCCATCE e TGAAG muc”ccac.,urmascﬂucus(ma vqum(smAsmrc e 0GOCEOCAGAGGACTICTACCOCTT
CCTGAAGGACAACCGCGAGAAGATCGAGAABATCCTGACCITCCG \CTi AACA( AT GACCCGCAAGAGCGAG GAGACCATCACCCOCTGRAACTTC A oo A AR a A A G A LA BT

T CCACL QAT A AT TTCOAT Ak SAACC T CEAA LS ARG ST GEL R CCACASE OO STACGAGTACTI A LTSI TGAC CGTGACCCAGGSCATCH GCCOGCCTTCCTGAGLGGOGAGCAGAAGARGACCATCETGRACC

T A A A A A ST A A ST T T A B AT AT B AT AL G0 aT G A G B L BT TCAAC S CCAG LT G A CCTACTAC GACCTGCTG A CAT CATC A G BACAAGEACTTL CTGGATAAC G

GGAGAACGAGGACATCCTGAAGCACATCGT GETGACCCTGACCCTCT U GAGEAIOGCCAGATEATCGACEAGOGOCTGAAGACCTACGECCACCTETTEG, CGCCECTACACCECTEGECOBCCTGAGLLGCAACCTTATCAACECE

AL A GG A A AT A T A A GGG LG A CC G A TT AT CAGC TCAT CCACGACSACAGCC TGACCTTCAAGGAGGACATC AGAAGG»CAGGVGA"(G;(LAG&.(GAAG(IT.{A(\:AGCACA‘( CCAACCTGRCC
GGCATCCTGCAGACT

C
GGLAGCCCOGCCATC, CGAGATGBCCOGCGAGAACCAGACCACCCAGAA GGBCAG AAGAACAGCL GLGAGLGCATGAAGLG CATCGAGGAGE
GOATCAAGGAGCTGAGCAGCCACATCCTGAAG ’A\-z,—nm,:;:AccAuaA.,c-s_.AmfAAcmcc-s.\“mA CACGTGEACCACATCGTGCCCCAGAGCTT
\CAACAAGGTGCTCAY TGGTCAAGAAGATGASGAACTACTEGC GCTGAACGUCAAGCTGATCACCUAGUGCAAGTTCGACAACCTGACCAAGGCOGAGC

\GCGOCAGCTGGTGGAGACCCRCCAGATCACCAAGCACGTGGLCY

GCGGCGECCTEACCGAGCTGRACARGEICAGCTICA T CCTGGACAGCCGEATGAACACCAAGTACGACGAG ACEACAAGCTGATCCSC CACCCTRARGAGTAAGETGETGA
‘LTTCCG(‘AAGGA(\T(TA‘TY’VACAAGGYG(ACGA(AT(AA(AA('A'CA((A A0 CCIACC IGAACSCC TG BTG ECACC oL CCTCATCARGAAGTACCECACET! e GTACGGCT CaTCCE
TCTACAGCAACATCATGAACTTCTT CGACATCACCCTGGOCAACG A A A A AL e AT O Oy AR B EaLECaAC TS LA

i \GGTGCAG (rr.;(mcrrr A A COA T MG A A G A AT AT LA AL O TS AR CAACTAC O GE O A AGCCCCACCRTER0CTACA
GCAAGAGCAAGAAGCTGAAGAGE A A A T SN CARCA TR TGO ST AGCA TR GEATE R IOK A BT
B e CmuC(AG\Ex(nﬁ-(uAGC\'u(AuAAEGﬁAA(\AG(T‘K('TG\((AG(Mm}l(ﬂuMm\’_FG- CCTGOCCATCOACTACTACAAGCT A G
AGCAGCACAAGCACTACCTGEACGAGATCATCGAGCAGATCAGCGAGTTCAGC <, CAACAAGC e I L S e
B T e e A e I AV R e S e e i
CAGATACAAC TTGCCCGCTGATIGCCTCCCTTGETGLGCCGT
CTTTACAACGCTTTICG = ORI TAKC L IOG AR TORETICOH HASAAATCMIG IO TACE A CRIT K B0 ACOOE T TS CERE G GRIEGATE
ac G TAC G oA C AT GCCAGGCGACAC AT IACCCCAGCGSAAGC A TEATIAACCETAACTT GCGCGACTTAAT T
CCGTCGAMATEALTSS TTATCTGATGC CCTTTITGESCOATEAGGGTGETT ACATC AN TICCTAACC TGSCAGAACTCTGGATCTGRTCGCSC ATAATC
GAGCCOGARAGTGCCG TEARGTGGCARACCGTGATGCACARAAACTCE mnsunnecen&mccacsrcrmrmmcccmccncrceaccanmrmrccsmru
\TGCAAATTGAAGECCT
AMGG(ATCAG{;GLGTIGV(G(;MTICIGGL‘ITUX,G(A;(AAAGAqunU[LGK(GGmI(CLGm(I AGO CTECATICASGEEETGE e
e S I e AN DTN 2 e AAGEC GAAATGACCATGGAAGTGECGCAGET
e e e A TTOAT 1A ok e e T GAACTCRTT EWACE RGO T O0G0A0BESEORC T W TR MO GRTROCGUCE K i wiacar
S R e R R L e e S it A A S e eaconcon

Amino acid sequence

e R GEMKEQ KLAEVASEYL RKGSQVYIEGQLRTRKWTDOSG IGLDISTNSYG
DDSFFHRLEESFLVEED) ' DSTDIADLRLIVLALS JEGDLNRDNSDVDKLFIQLVQTYNQLFEENFINASGYDAKAILSA
mrﬂmmumwumMLFGNmLqumwrmwrnmsuanqumrvnmmmmmsncmwmmsmmm, DEHHODLTLLKAL FKIMDGTEELLVKLNREDURKQRTFONGSP
HEHLGELHAILR] TFR) PNERVLPKHSLLYEVFIVYNELTIVOT! L C STYHDLLKIKDKDFLD
R ED DI DA EERL P A e DFL LIHDDS LTFCE DIOKAQNSGOGDS LHEHIANLAGSPAIKKGILQTVIVVDELY ILKEHPVE
NI bt I GRDM I DAL Sy B BV FGEPLKEDSION LTRSS SEaE P SN LA R PENLT AR oL LA ITKHVAQILDSRMNTKYDENDKL =
LA P EN SRR LASAG :LQKENELALP(KWNFLVLA(HVEI’LKG)PEENEMLPVIQHKHV\ ADANLDKVLSAY SN DATL Hq,nqurmnumcecwmmvmq;wnmw
DETADLPAELPPLLRRY LAMRSLGCNIDY DHHLPGD DCNFPSKSLAGVGVAFYLMLALRT

DA D RN AP AL D A AU FLDAN A T G R AL R ALLE A1 RO AL PRI AL RN IEY VAL N SEAR AL DAL AT S FAGH YA T SR 5 S Y EEALE A A2 SR P APA A0
GTLKISGREIQGLHMRDALE RLDTLYPGMMLKFGGHAMAAGLS LEEDKFKLFQ QRFGELYTENLDPSLLQGEVWSD GFLSPAENTM EVAQLLRDAGPWGQMFPEPLFD GHFRLLOO RLVGERHLKVMVEPY GG GPLLDGIAFHVD TALWPDNGYREVALAYKLDINERG NRSLO I DNIWPILOK
RPAATIIAGQAKKIHHHHHH

ET46

DSB-SpyCas9-Rec]
Nucleotide sequence
TR o
TTAARGATATICS OITGGCATT TIGAAGCTGARAC T eI
AAAGGATCCGAAT M GAAGTACAGCATC GG CTGSACNTCGSTACTAAC 'rrr:::aa:,(xrmsanAzcm GAGTACAAGETGACE TGO TC S CAMCACCGACCGCCACAGEATCAAGAAGA
A:‘:TJARGG(E\,(CTK"\’FCG&(AG{GQ{ahG COCCCAGGECACCCGCCTGAAGLGY GCTACACCC CATCT G TACC TGCAGGAGATC TTCAGCARCGAGAT GCCAAGET GGACBACAGC T TTCCACCGCCTGGAGGAGAGT

CCTGETEEAGE! \CGAGCGCCACCCCATCTTCGGAAC! G TACCAC A AAGT AC CECACCATE AC LA 1 GE G AHGAA ST 0T oA LA BeA LB A G BA L TS0 T AT A TGS COE TR CACATCATEARGITC
Tt A N e o A Y P L A AP S e Rt e LW
R e T

AT A OO GA T T 1T GO GE AR GAAC T GA GO GA G CA T BT A G GACATCC T G T AR AL C A AT CACCAA GG L L CCCTGAGC G CAGCAT GATCAA G GCTACGACGAGCAC CAC CAGGACC TGACC CTGCT GAAGECCCTGGTGCCAGEAS
oA A BAASTACAA DA AT TETTE A ABA S LA Gk e ceTAGa e L A AAGTTCATCAAGCE CATCCT G GAGAAGAT GOACGaCAC CGAGEAGC TG TR TG AAG TGAACC GGAGE) AC;ranuC"
AT G A L A A IO oA AT AT B A G T AT A LTG0 C A A A T A LTI CC T GAAG A CAACC L G A A GATC G AGAAGATCCTGACCTTCCGCATCCCCTACTACGTGGECCCCCTGRCCCSCGECARCABECGE
TICGCCTGGATGACCOGE: GACGATCACCCCCTGGAACTIC A LA G T LA T LA CGCAT GACCAACTICGACAAGAACLTGCCCAAC GAGAAGG TSCTALCCA GCACA G CT G TGTACGAGTACTICACCGIGT
ACAACGAGCTGACCAAGTT CGAGEACATOCOCAAGLECELCTTELTOA 'mCuAaCAGAAuAAGa(O%F’G\'GGAQT-(T’TTWuA'CAACQ{AAGGTGA(’GFGAAuCAG’ GOACTACTTCAAG GCTTCGACAGTGTGGAG
CAGCEGCGTGRAGEAC G:TTCAA\CuC_AE\C"’MA‘CTAC.A;GACGG\’._" AAGGACTTCCTGEACAACGAGGAGAAC GAGGACATCC TaGAGGACATC T GLT GACCC TGACCCTGTTC GAGGAC L GAGATGATC GAGGAGC GCCTGAAGACCTAC
CACCTGTTCGACGAC, R e L e R ST e COMCEIOCUAC A TIAIELIOCRS

ACGACAGCCTGACCTICAAGGAGGACATCEA, AAJG((.A“7GA&GGC(~JGGZGACAG:TKG(A( AGCACATCRCCAACCT GG CGACAGCCICGCCATCARGAAGGGCATCLTEC
AACATCGTGATCGAGATGOCCCGEG e A A T A A Gt e AT A e
AR G AT ST AC T oA A G AT A AT AR A G A CTACGACETOCACLACAT A A A AT A AN AT T oA A A A o A A A AT S e A
AAGAAGATEAAGACTACTGGLECCAGETECTGAACGLCAA G TGATCACCCAGCGCAAGTTCGACAACCTGACCARGECCEAGCGOBECEGECTGA! TGG: G OOGECTICATCAAGUGCOAGCTEGTGGAGACICECOAGATCACCAAGCACG TCGLL
SOREN AT KNG RO AR S A0S ACCCTGAAGAGCAAGC TGGTGAGCGACTTOCGCAAGGACTTCCAGTTCTAC AAGGTGCCGAGATCAACAACTACCACCAC

AT

GGGCACCGLOCTGATC GTGTACGGUGACTAC < 5 A AT AN L CACCGLCARGTACTIC TTCTAGAGCAACATCATGAACTT MG'A’CGAqAT(A'('AGE
e S S A S SRS CCGCCACTICECCACCGTGOGCAACGTCCTCAGTATECCLT A GA S TG CAGACCGRC R TTCAG AAGCABAGEATCCT,

'ccuefscuc;\sc:nmucrsmac(c‘(AnJA\.r,cm:m'crcAA“uemc:(;rumrrr_A\Afccrcaccsrszccm)\ccsznssmrmz( s GAGCTGCTGGGCATCACCATEATGGA

GCGCAGCAGCTTCSAGAAGAACCCCATCGACTICCTGAGSCCA % CAAGCTGECCAAGTAC GEOCCT

GCATGL TGECCAGCGCCGECGAGCT GAGAAGEGCAACGAGCT GG
(GATCAGCGAGTTCAGCAA GCGOG TOATCCTGACCOACGCCARCCTGAC

AT NS BSCA DL BhGACAAC SAGCAGARG GTGEAGCAGE

A A A A G A G A GAA CATCA TC AT BT A LT GAC AL T GGG LG CC O LG QLT CAAGT ACTT CGACAC CACCATCGAC G CARGCGCTACACCAGCACCAAG GAG TG CTGGACGECACCCTEAT
CCACCAGAGCATCACCGGTCTGTACGAGACCCECATCGACC TGAGCCAGTTG AGGTGARACAACAGATACACTTOGTCGCCT GAAGTCGATGAAACGGCAGACTTGOCC G TG AATIGCCTCCCTTGCTGCGCOGTITATACGCCAGES
ACTGGAACGCAGTGTTE TEOCCTGGCAGCAACT GAGCEGOGTCGAAAAGGLCTTEAGATCCTTTACAACGCTTT TTCGACGOCEACGOCOCCACCAGCACGEETCTAAGLETG
CTGECGATGCGCTCECTTG! GrIGcAGcAMMmﬂAcCrGGrAchmGMGAcwnArw‘me‘r GTTGAGCACGCTCGLTCGTTES
GCATCCCGGTTATICTTACCGATC, AACCCTAACTT GRGAAATCACTGEC! GTTTTATCTGATGCRGCGCT GCGCACCTTTITGCGCGATCAGGECTGETTTGATG
AGCGTAACATCGCAATICCTAACCTGGCAGAACTGE OO A A T AT CT G A T oA S CoATCA T CCCATCCCAG LG ARG TGCCOTCCGGC GATTARAGEGCTGCTT GAAGTEGCAAACEST
GATGCACAARAACTCGCT T A LT AT T oA T ST ETe e et TGCGACAACATCGGCGAAGCGCGCTGLTOGCAAATGAACTCGATGCGCTAM
A AATT: CTACE T TTTTCACCGTCCGRTTATCGCGTTTGLGLCAGCAGETEA
coTAC TCCAT ATATGCGTGATECGC ACACTCTACCCTGCC) TGECGGTC TTCAAACTCTTTCAACAACSGITTGGCGAACTGETT
CatTarTecAbGa CGOCCGARATGACT AGCTGCTGOGC fo: ATTTCC CTGCAAC
cemeramsumamcmccescmGsvcucrccmarssmm{rmum\mn\c(Gcmrnesccsamw TTATAAGE \CGAGTITCGCGGCAACCECAGOCTGCAARTTATCATCGACART
ATCTGGCCAATTCTGLAGAAAAGECCGGCOACCACGARARAGGECGECCAGECAAAAAAGAAAAAGCACCAL

Amino acid sequence

M&! YNEL) 3 SNTORSINUGALD
SGETAEATRL R oD A RLMALY RGHFLIEGDL JQTYNQLS KSRRLENLIACLE GLTPAF
DGNFDLAEDAKIQUKDTVDDDLDN[LAQ\GDQVABLF‘ A DEHHQDLTLLKALVROQLS 1 BT DL LA N SEPLGI AL A RRCE VPP KD RE Y TP
FIERMTNFDKL EYFTVYNELT] | KE DY FRECFDS) GTYHDLLIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLFDDK
vaLmnR\'.s WGRLSRKLINGIRDKOSGKTILDFLKSDGFANRNFMOLIHD DSLTFKEDI QKAQVS G QGDS L EHIANLAG SPAIKKSILOTYKVYDELVKVMGRHKP ENIVIEMAREN Q TTOK GO KNSRERMKRIEE G KELGSQILKEHPYENTQLONEKLYLYYLONGRD MYVD QELDINRLSDY
DVDHIVPQS FLKDDSIDNKVLTE LG KSDNVPSEEVVIBM KNYWRGLLNAKLITQRKFDNLTKAERG GLEE LDKAGH KRQLVET ROITKHVAQIL DSRMNTKYDE NDKLIREVKVITLKSKLVSDFRKDFG FYHVRENNYHHAH DAYLNAVWG TALIKIYPKLES EFVY YAV DV RKMIAKS EQE
NGEIRKRPLI RO QUNIVKKTEVQTG GFSKESLF PTVAYSVIY ENGRKRMLASAGELOKGNEL
ALPSKYVNFLYL FYEQHKHYL DANL JAENIIHLFTL ¥ VETRIDL aaL PAELPPRRLIASRGVRSAGELERSVEGH
MRSLGCENIDVLA LMLALRTEL /ALGTVADVVPL
DANNRIL TiC
HAMAAGLSLEEDIFKLFQORFGELVTEWLDPS LLOGEWS DGPLSPAE MTMEVAQLLRD AGPWGQMFREPLFDGHF: LDGIAFNVDTALY DI HH

_45_
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Nucleotide sequence

ATGGGC CTGGTGC A ATTTATCAAGAATTTGTTAATARATATAGTITAAGTAARA

e GTTAATE: 5 CTIG TAAAAGK TAAAGACTAC) TAAA TCAGTTTTTY TGTATIAGCE

AAA(TAI’!(\'GAYGIT\'ATW\'AAACHAAAAAGAGmATGAL.AI’AAIC\'A(AAAAAGATHTAAAAGIGCAAAADATA(SAYAAAGAAA(AAATAK-uAATAYAIAAAGGACFCAGAuAAAWAAGAAmGrr\' TCAAAACCTTATCGATGCT! GCGCAAGAGTCAGATTTA

ATTCTATGGCTAARGCAATC ATCTTTT, AACTTATTTTAAGGGITITG GTTTATAGTAGCAATGATATTCETACATCTATTATE
TTTGCCTAAATTTC A A G A A G T oA GAA A TAACE T TGATAT GACTACAAMACATCTGAAG TTAATCARAGAGTTT TTCACTTGATG

AAGTTTIT TAAATITAATACTAT CTATACTCACE

TIATTTAAGCAAATTTT: CTTTTGTAATT T 7 TITT e TATCTTTATTATT Y’MMA

B e e ACCGETAC TCAACAAATAGCACCTAAMAATCTIGA CAAA

AGCAAAATACTIATCTCTAGAAACTATAAAGCTTGEC TITAATAAGC, AGTGTAGGTTT AN T AT T AT AT T A ToA AT S TAAACAAR A AT Sk A BATAT T AT AMATATE A LT

CAAGGTAAAAAAGACCTACTICARGCTAGTECGGAAGATGATGTTAAAGCTATCAAGGATCTTTTAGATCAAA CTAATAATCTCTTACATAAACTAAARATATT TCATATTAGT CAGTCAGAAGATAAGGCAAATATT TTAGACAAGGATGAGCATT TTTATCTAGTATTTGAGGAGTGCTACTT
TACCIAGCGUATRGTCETEITT MO TACRAE TATAMETLAMAGE AN IACTOATOASAANT TR AP TTTRGRGIA e SACTTICRCTA POTIC GO TAMA TR GAGEL IR CARTAC CE A T AMAEATSATAANRTAETECRT
TTTATAAACTTTTACCTGGCGCAAATARAATGTTACCTAAGETTTTCTTTTETGCTAAATE

TCATTCCACACATAC, 1 T, awrmucz\rrrrmwcncrnrusrusmmmoxcmuAAAsArrrmAmAsarrncmnmrr{m@mm;\rrcrmGnmmmmmc
AT TG T AMCIARC AT CAGAGAG GTTAATC CTATICCAAATG TITTCACCTTATAGG ATACTT

T BT TA A T4 AT S TaA DA BA T TTTTAT T AAACART CAATACCTAAAA A TC AL ToACE LA AR GH G GA A TAATAAAAC ARACATAATCL ThAAAA A A B4 7 0T TTTTCAAT ATCAT T TARTLAAAGAT AAACHCTTTAC AR BATARST
T A AT A AT AT AT AT AT AT T A S A AT AT AT S AN A A S AR AT ST A TA T TAA AT A AT A B A A AT A S TTA LA AT T GAT ST ARA S AT AT AT ARACAA AT
CTTTCARCATCATTGGT AATGATAGAATGAARACAAACTACCATGATAAGCTTGCTEL, TAGGAAAGACTGG: ATC TATCTATCTCAGGTAGTICATGAAATAGCTAAGCTAGTTATAGAGTATAAT
GCTATIGTGGITITIGAGGATTTAAATTTTGGAT AGGTCTATCAAMAGTT, TAMACTATCTAGTITTC \TGAGTTIGATAAAAC TTAGAGCTTATCAGCTAACAGCACCTITIG
AT AAACAS AT TN AT AN IS ST ICTAATCAGTATARS AGCAAATCTCAAGAGTICTTTH AGATTTGTTATA o

GATT/ GGTGACAAGGLTGCC AT TCAGATAAAAA TCATAATT GGGAT ACTC G AGAAGTTATCCAACTARAGAGTT GGAGAAATT GCTAAAAGATTATICTATCGAATAT

G"S(A\'GGCGnA\'GTAY[AAAG(AG(YA‘TRZ:GGIGAGAMGA(MMA’T\'!TWGCAAGCIAAUAG’G\'C(YAAATAC\'A\'CWACAMYG(GTAA[YEAAAMDXGG'A[YGAGWAGA\‘\’AT{IAAWU\((A(;TAG\AGATGTAAAYGJ:AAT(T\TGAITCG(GACAGQCG
CCAMAAAATATGCCTCAAGATGCTGATGCCAATGGTGCTTATCATATT GRGCTAAMAG GCTA AAAARTAATCAAGAGGGCAARARACTCAATTTGGTTATC) T 30 CAAGCGGCCGCACTCGAGA
AAGGCCGGCGRC GACACCACCACCACCH CTGCTA

Amino acid sequence

X S A A e A S O A S e s ON A WS
LE I KSFRGWTT ENKAKYESLS IKKDLAEELTFDIDYKTSEVORVFSLDEVFEIANFRIN QINDRTLKKYKMSYLFE

GIEL DDSDV
WITMQSFEQL L KIVFKNDKSL JARKTEKARYLSLETIKLAL RFEEILANFA 1KY LDQTNNLLHKLKFHEQ
FEECYFELANIVRLYNKIRNYIT KLLPGANKMLI RIFIDFVOS

TORYNSIDEFYREVENQGYKLT YLFQ) QDVVYKLNGEAE LFVRKCS| KFEFHC] LLKEKAND!
A WVHEIRKL) DL Y QKLEKML RAYQL! M PVTGRVNQLYPKYESVSKSQEFFSKFDKICYNLDKGYFEFSFDYKNFGD:
1 IKAAICGES DRKFFARLTSVLNTIL ISPVAD

PPPPLRSGC

=48

FnCpfl-RecJ
Nucleotide sequence
Gec TTTATC TTTAAGTAARA
GTAAAACAC \CCTITGATT 27 TACAAAAAGGCTAAAC ATCAGTTTTTT GCTTTGTAT
AmrAnrggAvarmmcrr ACAAAAAGATTITAAMGTGCAAAG AKTATCT CTEAGAG TTCTITAATCARAACCTIATCGATCC AGAGTCAGATTTA
ATTCTATGGCTARAGEAAT: \CTATTT \CTTATTTTAAGEGTTTT T TACATCTATIATY
GCCTARATITCT) = Al -IY((AA:AAGCYAxAM('ATGAACAAAY’AAAAAAGAT\TGG(AuAAGAG('AA(CITI’ATAIT(I(TACAAAA(AT(TGAAGT'AAT(‘AAA‘:AGT\TWT(A(‘TGATu
AAGTTTTTGAGATAGCAAAGTITAATAATTATCT, TAAATTTAATACTAT c
™ CAMTTTTAAGT AAAGTTTITATGAGC CAGCTTTIA & < 3
TG TG AGTAAAATTTAT TTAAMAAT GATAAATCTCTTACTATCTATCACAACAAGTTTTTGATGAT TOGTACAGEGETACT: TCAACAAAT: A(CIAAAAATUT"ATAACCC(AGTAAGAAAGAMGMT{AATA.L(AMAAAAUGMAA
ASCAAATACTTATCTCTAGMAACTATAMGETIGECTY CTTCCAACTITGCGEC CARACACAATI TGS CACAGATATCTATCAAATATCAAMT
CTACTICAAG AT TITTAGATCAMACTAATAATCTCTACATAMACTAMAMTATITCATATIAGICAGTC ST AT TTACAC AAGOATEAGCAT T TATOTAGTATIT
Teacer Y TA TATATAACTCA GCTCARTTTTGAGAACTCGACTTTGGCT TGACAATACGGCAATTTTATITATC creee
s TAT ' CTAAGGTTTTCITTTCTGETAAATCT) T
TCATICCACACATAC I a TTTTTATAAACAGTC TCC GATITT \TTTTCTGATACTE: TATAG
AGAAGTTGAAAATCAAGGCTACAAACTAACTTTT TCAGAGAGE AGGGTAATIGTACCTATTCCAAATCT TTTTTCAGCTTATAGCARAGEGCGACCAAATCTACATACTTTATATTGGAAAGCGC
A AT GG A A AT AL AL A CACTCACCOACE T LA CAGECA A AU AR ACAAACA AT \GAGTGITT
TITTCTTTCACTGTCCTATTAGATCARTITTAMATCTAT XTTGC AAATGATGTTCATATAT TTTAGCTTACTATAGTT TCAAACAAGAT
CTTTCAACATCAT TACCATGATAAGCTTGCTCE, " TATCTATC T CTAAG
G(YATmmGrrmGAGGArrrMArmGCAT" GETCTATC, CTAAACTATCTAGTTTTC (GTTTGATAARAC TAQAGLWAICA&WAAQ&ACCWG
c ACTATGTACCAGCTGGTTTTACTTY c CETTTTGTARATCAGTTATATCC CAMATCICAAGAGTICTTTASTAAGTTTGACAAGATTTGTIATA TATTT
TCAGTTTAGTITTGATTATAAAAACTTTG GTGACAAGGCTGCCAAA GG CAAGT GGACTATAGCTAGCTTTG GRAGT AGATTGATTAACTTTAGAAATICAG! G TATCGAXTAT
GGGCATGECGARTGTATCARA GCAGLTATTT UGG GAGAGLGACAAAAAGTTTTTTG: CIAAGC\'AAL\'AGh?rEC\'AAATACTATCIA(AAA\'G{G\'AAULAAAAA(AGG!ALTGAGTFAGATTAI(TAAI’!'(A((AMAG(AGnGTAAA?EG{AAm(TmAITEG(GACAuGtG
CCAAAAAATATGCCTCAAGATGCTGATGCCAATGGTGCTTATCATAT T \CTCARTTTGS TG,

CARCTTY GMGAAACGGEAGA(WGCCCGUGAAWM(HI(UGC\'Gccc((.TrmrAcGcaGc(GGGGﬁG!G(GcN‘IG(GmAACIGGM( T ACACCAACT A CCoa LB
AGGCCGTTGAGATCCTTTACAACGCTTTIEGCGAAGGAACGCGGATTATTGTGET G ACEGC T TAR GG TG TEaCGATSCGCT CaCT TG G T GEAGCARTATCACTATC TOG TACCAARCCGTTTOGAAGACGGTTACGGLTTAAGEEC
AT T AT T oA A AT oA AT AT A T A T o AT T AT TN TA AT AT S AR ACAT A A A BT AT A CLTAACT o
AT AR A TG A T BTG GG T T AT GA B 6 B AT o 66 AT A TGO TTT A TG TG AT C AT T TAAC T GG CAGAAC T TGGATC TGOS TGS GAACAG TGO SGAC TCGTGCCGT
GGACGCTAATAATCGCATTCTGACCTGA A ¢ ScATTAS T (CGTCTCAATGCTGC
erec u \CAACATC GTECTGEC c AGGAATS
ATGTATCACCCCGAATGRCATC GETATICTEGCTTCGCECATCARAGAGCGTTTTCACCETCCGGTTATC GACTTTECEECAGT 5CTG ur.rnmcGr(G(Tc(nFr(‘AG.,GGC\'(IATA\'({(TGMG(AC GAGCGATTAGACACACTCTACET
TGGCATGATACTT TCTCGE GAACTCTTT o TGCACCCTICGCTATTGE,

AGTEGCGCAGCTGTRCaCGATGTGCC ATTTCCETCIGCTGCA 3 AC ecoarcaacascaurcatiat T
TGGCTTA GAGTTTCO GEAGCCTGE: AATTC
ACCACTGA
Amino acid sequence
‘ NKCYSLSKTLRFELIPOGKTLENIKARGLILD DE KRAKD YKKAKQ IDKYHQFFIEEILSSVOISEDLLONYSDVIT) KD KL
GIEL £l KSFREWT INDRTLKKY KMSVLFQILSOTESKSFYIDKLEDDSDV.
L SiaVFRN DKSLTDLS v ETIRLALEEF RFEEILANF: KDLLDGTNNLLHKLKIFHIE
SEDKANILDKDEHPYLVFEECYFELANIVRL VSDEKKLNFENSTL FIDD! LPGANIGLE 5 DCRKFIDFYKOSIEKHPEWKDFGFRFED
TQRYNSIDEFYREVENQGYKLTFENISESY NLCD
DKLA O AEAKLVIEV A PEDL NGRS VYOI RO KLV EFDKT GOV RAYGL AT O K N EACFTSRIC AV TGPV SV SKOCE TSI DRI DKV TEFarOYIONFGD
S| ICGES DKKFFAKLTSVLNTILQ 1L GRIKNNQEGKKLNLVIKNEEYFE PVGNRNNQAAALDLQVKGOIQL RRREVDETAD
(PAELPRLLRRL PAAEAIINPNLRDCNFPSKSLAGYGVAFYLMLALRTFLRDQ
AELL DANNRIL AASDLGFALGPRLNAAGRIDDMSVGVALL TiC
SGRSIQGLHHRDALER DTLYPGMILKFGG HAMAAG £ LFOQRFGELVTEWLDPSLL /AQLLRDAGPWGQMFPERLFDGHFRLLOQRIVGERHL} aLAvk
KAGQAKKKKHHHHHH
—_ [ﬂ 4 9
= !
RecJ-FnCpfl
Nucleotide sequence
C e ACAGATACAACTTY CCCACACTTECCCGCTEAATIGCCTCCCTIGNTE
CGCOSTTTATACGCCAGCCGEGECGTOCACAGTGUGCAAGAACTGRAACGS CTGGCAGCAACTGAGC e
AGCACGGCTCTAAGCG TGLTGGCEAT G AL T C GO T TGGT TGEAGCAATATC GACTAT TGGTACCARACCGTTICGAAGACGGTTACGGLT T AGGLCCATGE! AGTTAAT TICCTOCCATGCGGECGTTG

AACACCTCGCTCTT GaCATICCG T TATT B TACCATCACCATT IO GG GG C GAAACATTACC CCA GG AA GO AT CATTAACCCTAACTT GLGCGACTGTAATT TCCCGTOGAAATCACTG GCAGGC GTEGOTA TGGOGT TTATCTGA TGCTGACGCTGCGCACCTTTTTGCG0S
ATCAGGGCTGSTTTGATGAGCATGRCATCGLAATTCCTAACCTG G AGAACTGCTG GATCTGTC Gl GLTG GG AACAGTEE (G GACG TE G TGEC L TGGACG CTAATAATC GCATICTGACCTGGCAG GG GATGAGTCGCATCC GTGCCGGARAGTGE CGTCCAGG GATTAAAGE GETGE
TGGAAGTCGLAAMCGTGATGCACAAAAACTC GCLGCCAG CGATTTAGGTTTTGLGCTGGE GCCACTTCTCAAT GCTGECGGACGAC TGGACGATATGTCOGTCG GTGTGGCG CTCTTGCTG IGCGACAACATCGGLGAAGE GLGC GTGTGGCAAATGAACTCGATGLGCTAMACCAGA
cace GG AGCOCTGACC iR OC AT OO RO G T LG TG AMETATORCOTGATAOCA PRI TTCGCGCATCARAGAGCGTTTT TATCGCCT
TIGCGCCAGT! A S R B S A R P TEARGTTTGECGGTCATGCGATGECGGCGRGTTTGTCGE GAACTCTTTCAACAACG
TG COAGCT AT ACCOAGTG T BOACCETTCGTATT AAGTGOTGTCAGACGOCCCGTTAAGCCCGGLCGAAAT GGCGCAGETGCTGU5CGAT GLTOGCL G TEOG6 GCAGATG TTCCCGBAGCCACTGTTTGATGGTCATTTCCGTCTGCTECA
e e GrcAmGAMGroﬂefrcwcccmcemcmmrccecmmrmrAnmmmrmcmrAucccnamcm!mc&scm&.ccamsrmueecchA(x:lce\rM{AA\GAsrnceceemccec/\eccm(A
AATTATCATCGACAATATCIGGCCAATTG CCGCATGTCAATTTATCAAGAATTTGTTAATAAATATAGTITAAGT/ CTAAGATTTGAGTTAATCCCACAGGGTAAAACACTIGAAAACATAAAAGCAAGAGGTTTGATTTTAGAT
GJ\TGAuMAA"AaC:A.MGﬂCxACAAAAAGG\IAAAJAAYAATYGA\'AAATA\’(ATCA’THT\'\'AEAG&\"uAGAFA\’\'MG\TCG(TﬂGTAWA(IGMDA\T\'ATIA_AAAA(TAI‘VCFGAYGFFVA\WWAM(’YAAAAAGAGTGAY\:AIEATMI'VACAAAAAGA\T\TAAM’T\(
AAATA CTCAGAGAAATTTAAGAATTTGTTTAATCAAAACCTTATCGATGC] AAGAGTCAG; CTATGGCTAAAGTAATCT TATTTAAAGCC, ACAGATAT

CATCTTT ARAGGTTE TIATTTTAAGGGTITTL: TAGTAG CTACATCTATTATT
T TG AT AT AT G T A AT TG TN C A GAG T T T ACTTGATGAAGTTT T AGATAGC A TTTATAATATCTAAATCAAAGTGTATTACTAMATTTAATCTATTATIGG
TGGTARATTT ACAAAGAGAARAGGTATAAATGAATATATAAAT CTATACTCACAGCARATAA A TGATAAAACACTCAAAAAATATARAATGAGTGTTTTATTT, ATACA( AAATCTTTTGTAATT GATGATAGTGATG
T T A A CAT SO ARA ST TTTAT GA GO AL A AT A A AT A AR CTAT TAAAGAAACACTATCTTATEATTTGATGATIT AR CCTE AAARACHTGHT T TSAGTAAARTTT AT A ARTOATAART T TACKATC ATCACAACAAGTTTTTGATGATTA
BT TGO WA A TATAT 1A A TM T NRTE TR AT 1A AR AT AT AL A AR S AR AT TCH AT AT I TR ST DA A A T

TATICCGATGATAT TTTGGCACAGATATCTATG TICAAGCTAGTGC CTATY
T A AT T A AT A S T T A A A ST T AT A A S AT A TA S CTCTTTATAACAAAATTAGAAACTATATAACTCAAAAGCCATATAGTGATG
AT A A T A G A T AT G AT GTT G G TA Ao TAA A A G CTGACAATAC GCCAATTITATTTATCAMAGATGATAAATATIAT I GG GTGTGATGAATA AT C T GGCGAGGETTATA
ARAAAATTGTTTATAAMCTITTACC TCTTITCTGCTARATCT ATICCACACATS GITTAATATIGAAGATT
TTTITATARACAGTCT C TTAGATTTICTGATACTC, OGO TACAAACIARCTTTT AGAGAGCTAT
AT CTATTCCAAATCTATAATARAGATTTTTCAG! AGGGCGACCAAATCTACATACTTTATATIGGAAAGCG TCTTC TATAAGC] TITTITATC zmmmm(qmm
AT A AT A TG TG G AR A A T AT GG TAA G T TTCACTTCCTATTACAAT AT TTTAMAT CTAG TGGAGE TATAAGTITAATGATGAAATCAATITA
GCAAATGATGTTCATATATTAAGTATAGAT TTTAGCTTACTATACTTTCX XTACTTTCAACATCATTGGTAATGA mAﬂCrAC(ArGATAAGC\'GCTGU.AmGAGMAGAT
e ATC: TATCTAT .U\mmrrrurwmmmucmcmmrau.Awm;cr,mcrmrmcmsuﬁ T GAAGCAGGTCTAT
© TAAACTATCTAGTTTTC, A A AT AT A ST A R AT A TG A AT ST AT AT
SISO A ST AGCAAATCTCAAGAGTICTTT) TTTGITATAACC AT AT TR AR CTeA AR IO ARAEC AROTCOATAMECC T
GGAGTAGATTGATTAACTTTAGAAA TTATTCTATCGAATAT GG ECAT GG GAATGTATCAAAGCAGCTATTTGOG GTGAGAGIGACARAAAGTTTTTIGCTAAGCTAACTA
e GT(CI'AAATACFMUTA(AAAVGCGTAACI(AAAAACAGGIA(\AGWA.:AT[AFCTAA\T\’EA(LAG\'AGCAGAYGXAAAYG:{AA\'WLT\TGAW( A A UG CARAAAATAT G CTCAA GATG CTGATGE CAATCGTGCTTATCATATIC GRCIAAAAGGTCTGATGITACT
AGGTAGGATCAMAATAATCAAGACGGCAAMAAACTCAATT ACCACCA
CTGAGATCCGGCTGCTAA
Amino acid sequence
PAELPPLLRALYASRGVRSAGEL AMRSLGCSNIDYLVPNRFEDGYGL
CIPVIVIDHHLRGETLPAREAIINPNLROCNFPSKSLAGY GVAFYLMLALRTFLE ELLDLY VPLDANNRIL? ARSDLGF wruuwm.cwwmvnuLcumcmwmmamnmommzmmqum
LCEKIERSRDTLPGGLAMYHPENHO DTLYRGHIL LD RICRE T GRS G LFDGHFLL
1GSEFEL NIC/SLSITLRFELIPC ILSSVCISEDLLONYSDVYF FNQNLI
LS DN GIELKANSDITDIDEALE TG T ST MR A DIPTI Y DDNL KL ENGARYESL KD KAPEAINYEGH D LAFEL 1D DY SEVNGRES L EVFEIANFNYL NG ST G N ENTHRHGINEYIN VSOOI TSVl SETESIEP
VVTTMOSFY EQAAFKTVEEKSIKETSLLFDDLKAGK. DLSKIYFRNDKSLTDLSQOVFDDYSVIGTAVLEVITOC) APKN|DN PSKKE QELIAKKTEKAKYL SLETIKLA| EEFNKHREIDKOCRFEEILAN FAAIPMIFDELAGNKDNLAQISKYQNQGKKD L OASAEDDVKAIKDLLDGTNNL.
ks YL FEECYFELA DNTAILFIKDDKY CRYFIDFYKQEISKHPE
v QGKLYLFQIYNKDS QDVWYKLNGEAELFYRKD DFFPH DEINLLLKEKANDVHILS
HEIAK YQHLEKMLI (1 iIVYVPAGFTSKICPVTGFVNGLYP! NLDKGYF
EFSFDYKNFGDKAAKGRWTIASFGSRLI EKLLL TS GLKGLMLL hLY
AGOAKKKKSTPPPPPIRSGC

_46_

ZIHS3d 10-2020-0078200



EH50

SSB-FnCpfl-RecT
Nucleotide sequence

CTGGGTCAGGACCCGAARGTACGS CCAAA

TOSASTCAGCTEC AT

AGCAGEGCC AGCCATATGGC GGOCAGCAGAGECGTAAACAAGGTT)
CTT A CATGAAAGAACAGACTEAATGCACCGC TG TGC TETTCGACARACTGGEAGAAGTGRCOA
(G TRGGOGECACCATECAGATCCTGRGTGCTCGTGGATCCGAATTY TCAAGARTITGITAATAAATATAGTTTAAGTAARACICTAR
AT AT A CAAAA BB AR GAC T ACARARAGECTAAACAAAT AL TTGATAAAT AT ATCAGTT TTTTATAGAGAGATATTAAGTTC ST TGTATTAGCGAAGATITA TTACAARACTA
A A A G TAAAG A AR AT TG AN A A AN ACTCAC A GAARTITAAGA T TCT T IAATCAARACCTTATCGATSC TAARARAGEGCAAGACTCAGATITAATICTAY
AT CAAATCTTTT ARG GT TG GACAA T TATT TTAAG G TTTCATGAAAATAGAARAAATGTTTATAGTAGCAAT GATATICCTACATCTATTATITATAGG

T CAGAA L TATAAACTATOANCAANTTAAAAAA GAT TG GCAGAAGAS TGAAGITAATCAAAGAGTTTITTCACTIGATGAAGITT.
Tz TGAAT2 \TAAAACACTC) X Ty TITATTTA

& cT T ACAACEATECAAGTTTTTATGAGCAAATAGCAGTT TITAAAACAGTAGAAG! GAAACACTATCTTTATIATTTGATGATITAAAAGCTCAAAAACTTGATE
TGAGTAAAATTTATITTAARMATGATAAMTCTCTTACTGATCT TCACAACAAGTTT xluAFEAY'AVATGTATGG\'A(AJCGGVAJ'AGAMAYAIAA(TAA\A.-AYA(}CA AT T CATAACCETAGT AA A GACAAGARTT AATAGCCAAAMACTAAAMAGEAR

GCCAACATT,

TICIGATGTITATTTTAAAC

ATACTTATCTCTAGAAACTATAAAGCTTGCC AGTGTAGGTTT TG T G GO TG ATGAT AT CAT GAATAG CTCAAAACARAGACAATIT GGCACAGATATCTATCARA TATCARAATCAAGET
GACCTACTTCAAGCT) TATCAAGGATCTTTTAGATCAAACT AATAATC TCTTACATAAACTAAAAATATTTCATATTAG TCAGTCAGAACATAAGGEAAATATTTTAGH TITATCITATTEAGCASTGCRGTIACET

A AT ATA G TGO T T AT A oA T A GAAA CTATAT AR T A GCCATAT AT GATG AGA AATTTAAGCTCAATTTTGAGAACTCACTTTG L TAA] CTGACAATACGGCAATITIATTTAT
AAATAT TATC, A GG T TATAAA A T TG TTT AT A CTTTTACCTG L GCAAATAA AR TGTTACCTARGGTTTTCTITTCT GCTAARTCTATARAATTTTATAATCCTAGTG i AA\AA-’\"AK.“

O ACATAC AL AT CaTACTCETE ARAAACEATAT.
GAARATCAAGGCTACAMACTAACTITTCAAAAT:

GTTTATAAGCTAAATGGT GAGGCAGAGCTTTTTTATCG!
CACTGTCCTATIACAATC T

AT AT,
AAGATT L CAMATTTATAGATITITATARACAGTCTATAGTAAGIATCCG CATTITGGATITAGATITICTGATAC TCAAMGATATARTTCTATAGATCAK

AC] A TAAAGAT T T A TATAGOAAAG CGCCACCAAT CTACATACTTTATATIGAAAGCGCTGITTGA
C = T T CAAT AT GATITAATCARAGH ARG TTTACT CARGATAAGTTTTICTTT
TAASAGAAARAGCARA] ;aAVWA*A:A?AAGmmMchc., BAAAGACATTTAGCTTACTATACTITGGTAGATAGT AAAGELARTATCATCARA AR GATACTTTCAS

CATCATTGGTAX XTICAGCTAGGA ¥ GATGA TATCTAT CICASGTAGTTCAT GAANTAGCTAAGC TAS T IATACAGTATAAT G
TGGTTTIGAGGATITAKATTTIGGATIT GGGCGTTICAAGGTAGAGAAGCAGGTCTATC, TTGAGAAACTAAACTATCTAGTTT TCAAAGATAATGAGTTTGATAAAACTS TAGAGCTTATCAGCTAACAGCACCTTTTGAGACTTT
GGGTAMACAAMCAGGTATTATCTACTATG A\(AWJ ST G TTTGTCETGTANC TG T AAATCAGTTATAT CTAAGTATCALAGTETC AJAAAT"EAAGA’_Y’WAGYAA"‘_M CACAGATITS TTATANCCTTGATAAGGGCTATITIGAGITT

TITAG GGGATACTCGAGAAGTTT ) ATCG, o

ST AT

G CCAA
OO L TAATA TATCTTACAAATCGTAN TCAAAAAC GG TACTCAGTTAGATTATCTAATTTC ACCAGTAGCAGATGTARATGSCAATITCTTTG, TGATTCa GACAGSLG

GCGAATGTATCAAA m::—GT*AuAG:\ArAAAAAGTW CCAMAMA
TATGCCTCAAGATGE TTATCATATIGR TAGG TAGGATCAAAAATAA TCAAGAGE GLAAAAACTCAATTTEGTTATC TTTGASTICGTGCAGA TGCAGGTGA
\CAAC ACA\'A(AA’"HCGY(GC\.K?{GAA.:(JA:GAAA(&:’AGA(T\"CC TGO TG G LT T AT ACGC A G GEGGA T AC CAG TEC G AAGAACTGSAACECACTETAM GTATGCTES CCTOOCAGCAACTCAGC COCETCALAGEECATT
GAGATCCTTTACAACGCTTTTCGLGAAGEAACGCGG, GACH! CTAAGCGTGCTGGCGATGC T B A AT A Yo AC ARG ST T ARGA ST A S TTARGE SRS
e e AT i v e e e
AATTX TCGE) GTTITATCTGATGCTGGCGCTGCGCACCTTT c e e L L T P e
ATAATCGCATICTGACCTGE! GOATCCGAGT \GTGLCGTEC TTAMAGEGCTGCTTGAAGTGGCAMCCGTGATGCACAMAA CTC GCCGOCAGCGATTTAGGTTTTECGCT GGG GCCACGTCTCAATGC TECCGGACGACTGGAC GATATGTCGTCG
GTGTGECECTGTTGTTGl GEGACAACATCGGCGAAGC GO GLG TG C oL AAATGARC TCGATCLGCTAAACCAGACGCGARRAGAGAT! (uﬂA@ArﬁMv&AAATI“AAG(\.CFACCC\'GT\,CGAGAAAGGsuscucAtsccu;GAnchvAc CGECGGOCTGRCARTGIATCA
G AA ATCAGGaCGT BT C a4 TCTaaTT LU SAT AR BABCSTTTTCACCOTCCGSTIATC ST CTOCATAT G ETOATOL T CEAGCEATTAGACACACTCTACCCTGATG
ATGCTGAAGTTTGGCGGTCATGCGATGECOG0GGGTTTGTCG! AAACTCTTTCARCAACTT TG GCAACTGGTTACTGAST vt
CAGCTGCTI qcsmxfm(xksmﬂesccaunmrrcccasa CCGCTETTTACGETCATITCCGTC IGLTGEARCAGRGC GTCA GAACCGGTCGGCGEOGGTCCACTE TTTAATGTCGATACCGCCCICTGRC
CGGATAACEGCGTECECE 2 s v CGAAAAAGGC \CTGA
‘Amino acid sequence
CERIKE GILAEVASEVLRKGSQY RTRKATDQSGODRYTT 7
TN AL DA DY Ak I HOFEE] S5/ ISP, 1 N DDA DA IKDSEKFHNLS SKDNGELFKANSDITD PHFLENKAKYES
LKDKAPEAINYEQIRKDLAEELTFDIDYKTSEVNGRVFSLD! DT A A0S D O E DT MBS ECAVEE T o) oAk TS TS e eV
T ETIKLALEEFNKHRDIDKQCRFEEILANFAAIPMIFDEIAQNKDNLAQISIK) DATHNLLHILIFH YLVFEECYF NFE
NTALAo <l CRIDFY KOS SKHPE WKDFGARFSDTG GVKLTFENISES QGKLYLFQIVHKD] YWKALF
ELFYRKCSIFY DLIKDKRFTEDKFFPHC T IDKLAIEKDRD: SQUVHEIAKLVIEFNANVFEDL
NEEHRSRE S e AT NvmeNEmmawwmmpfrrmmmr‘\wvva_F"'nrmurvr\mvwzs\ KSQETSITONC LR IKAAICGESDKIE
PAETSTLOMBNSHTE TEL VISPV SV DAPAREA LS TNQAAALDLOY DETADLP twmnmmsw\/b&:ammvKr,MLMQmswEmvElLVNAFwEGIRIWGDFmDG
ATSTALSVLAMRSLGCSNIDYLY GIRVIVTORH FGDT 5 LMLALRTFLRD: LDLVAL FRGIKALLEVANRDA

A D STAL L AL DL /AL AR DAL S G AT CE ISR D S A N AL AP AT S FIOL HEDALEELDTL PG 1S A A S ARG FCF A P DPE L
EVVSDGPLEPAELITMEVAQLLRDAGPWGCMFPEPLFDGHPRLLQORLVGE RHLKVIMVERY GGG PLLDGIAFNVDTALWPDNGVREVQLAYKL DIN EFRGNRSLO)IDNIWPILO KRPAATKKAGQAKKKIHHHHHH

-
RNP complex & &&=
-
A BUEE DS,
) v
HE=t ZHE.

PFT3 PFTI PFT2
30T T T TGAGART TC T AR T GAGG e
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Eu5d
i With beth Mora than S Indal
Conditions Samples Andinarer minimum Insartiens  Dalatisns £rmamancy
s SETIANCRS !_wqmqr LY. [£3]
con 108344 107308 102874 3 449452 (0.4%) 0.4
Casd 80766 80073 76594 275 574853 (1.1%) 2 s
Casg 73418 72721 69201 879 924 1803 (2.6%) 2.6
13 1 PFT3 Casd 55494 94584 90408 628 1353 1882 (2.2%) 2:2
Cas9:Recd 102506 101854 97056 2315, 260114918 (5.1%) L
Cas9:Recd 125519 124252 118522 3130 3504 6699 (5.6%) 5.6
Cas9:Recd 102660 101068 94971 T330 938116711 (17.6%) 17.6},
con 1596230 144327 138573 7T 472479 (0.3%) 0.3
Cas% 125076 79885 75976 822 1180 2012 (2.6%) 2.6
13 1 FFT1 Caa% 38557 21658 20137 711 571 1282 (6.4%) 6.4
Cas9:Recd 227861 160703 153332 7741 6873 14614 (9.5%) 9.5
Cas9:Recd 138048 152118 144225 11924 8755 20723 (14.4%) 14.4
=555
20.0

0.0

con I
Cas9 I

Indel frequency (%)
v S
(=] o (]
Cas9 .
Cas¥ .
Cas9Rec) [
Cas9:Rec) -
CasoRec) [N

FucT13_1 PFT3

20.0

: I I
Cas9 Cas9

Cas9Rec) Cas%Red)

ey
=1
(]

[¥g]
]

Indel frequency (%)

=
[

con

FucT13_1 PFT1

s

<110> g-flas life sciences

<120> MODIFIED CRISPR ASSOCIATED PROTEIN COMPRISING CRISPR ASSOCIATED
PROTEIN AND EXONUCLEASE AND USE THEREOF
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<130>
<160>
<170>
<210>
<11>
<212>

<213>

FPD201811-0042¢
102

KoPatentIn 3.0
1

577

PRT

Artificial Sequ

<220><223> Escherichi

<400>

1

ence

a coli str. K-12 substr. MG1655

Val Lys Gln Gln Ile Gln Leu Arg Arg Arg Glu Val Asp Glu Thr Ala

1

5

10 15

Asp Leu Pro Ala Glu Leu Pro Pro Leu Leu Arg Arg Leu Tyr Ala Ser

20

25 30

Arg Gly Val Arg Ser Ala Gln Glu Leu Glu Arg Ser Val Lys Gly Met

35

Leu Pro Trp Gln Gln Leu

50

Tyr Asn Ala Phe Arg Glu

65

70

Asp Ala Asp Gly Ala Thr

85

Ser Leu Gly Cys Ser Asn

100

Asp Gly Tyr Gly Leu Ser

115

Gly Ala GIn Leu Ile Val

130

Gly Val Glu His Ala Arg

145

150

His His Leu Pro Gly Asp

165

Pro Asn Leu Arg Asp Cys

40 45
Ser Gly Val Glu Lys Ala Val Glu Ile Leu
95 60
Gly Thr Arg Ile Ile Val Val Gly Asp Phe
75 80
Ser Thr Ala Leu Ser Val Leu Ala Met Arg

90 95

Ile Asp Tyr Leu Val Pro Asn Arg Phe Glu
105 110
Pro Glu Val Val Asp Gln Ala His Ala Arg
120 125

Thr Val Asp Asn Gly Ile Ser Ser His Ala

135 140

Ser Leu Gly Ile Pro Val Ile Val Thr Asp
155 160

Thr Leu Pro Ala Ala Glu Ala Ile Ile Asn

170 175

Asn Phe Pro Ser Lys Ser Leu Ala Gly Val
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Gly Val Ala

195

Gln Gly Trp
210

Leu Leu Asp

225

Asp Ala Asn

Ala Gly Lys

Arg Asp Ala

275

Pro Arg Leu
290

Ala Leu Leu

305

Glu Leu Asp

Thr Leu Pro
355
Val Val Gly

370

Val Ile Ala

385

Arg Ser Ile

Thr Leu Tyr

Ala Gly Leu

180

Phe

Phe

Leu

Asn

Cys

260

Asn

Leu

Ile

Phe

Tyr

Asp

Val

Arg
245

Arg

Lys

Cys

Leu
325

Leu

Leu

Leu Met Leu

200

Glu Arg Asn
215

Ala Leu Gly

230

Ile Leu Thr

Pro Gly Ile

Leu Ala Ala

280

Ala Gly Arg
295

Asp Asn Ile

310

Asn Gln Thr

Thr Leu Cys

Leu Ala Met
360
Ala Ser Arg

375

Pro Ala Gly

390

Gln Gly Leu His Met

Pro
420

Ser

405

Gly

Met Met Leu

185

Ala Leu

Thr Val

Trp Gln

250
Lys Ala
265

Ser Asp

Leu Asp

Arg Lys

330
Glu Lys
345

Tyr His

Ile Lys

Asp Gly

Arg Asp
410
Lys Phe

425

Leu Glu Glu Asp Lys Phe

Arg Thr

Ile Pro

220

Ala Asp

Gly Met

Leu Leu

Leu Gly

Asp Met

300

Ala Arg

Leu Glu

Pro Glu

Glu Arg
380

Thr Leu

395

Ala Leu

Gly Gly

Lys Leu

190
Phe Leu Arg Asp
205

Asn Leu Ala Glu

Val Val Pro Leu

240

Ser Arg Ile Arg
255
Glu Val Ala Asn
270
Phe Ala Leu Gly
285

Ser Val Gly Val

Val Leu Ala Asn

320
Glu Gln Gly Met
335
Arg Ser Arg Asp
350
Trp His Gln Gly
365

Phe His Arg Pro

Lys Gly Ser Gly
400
Glu Arg Leu Asp
415
His Ala Met Ala
430

Phe Gln GIn Arg

_50_
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435

Phe Gly Glu Leu Val Thr Glu

450 455
Glu Val Val Ser Asp Gly Pro
465 470
Val Ala Gln Leu Leu Arg Asp
485
Glu Pro Leu Phe Asp Gly His
500
Gly Glu Arg His Leu Lys Val

515

Leu Leu Asp Gly Ile Ala Phe

530 535
Asn Gly Val Arg Glu Val Gln
545 550

Phe Arg Gly Asn Arg Ser Leu

565
Ile
<210> 2
<211> 1734
<212> DNA
<213> Artificial Sequence
<220><223>
<400> 2
gtgaaacaac agatacaact tcgtcg
gaattgcectc ccttgetgeg cegttt

ctggaacgca gtgttaaagg tatgct
gttgagatcc tttacaacge tttteg
gacgccgacg gegegaccag cacgge

agcaatatcg actacctggt accaaa

440 445

Trp Leu Asp Pro Ser Leu Leu Gln Gly

460

Leu Ser Pro Ala Glu Met Thr Met

475

480

Ala Gly Pro Trp Gly Gln Met Phe Pro

490

495

Phe Arg Leu Leu Gln Gln Arg Leu Val

505

510

Met Val Glu Pro Val Gly Gly Gly Pro

520 525

Asn Val Asp Thr Ala Leu Trp Pro Asp

540

Leu Ala Tyr Lys Leu Asp Ile Asn Glu

555

560

Gln Ile Ile Ile Asp Asn Ile Trp Pro

570

ccgt gaagtcgatg aaacggcaga
atac gccagccggg gagtacgcag
gccece tggcagcaac tgagceggegt
cgaa ggaacgcgga ttattgtggt
tcta agcgtgetgg cgatgcegcetce

ccgt ttcgaagacg gttacggett

_51_

975

Escherichia coli str. K-12 substr. MG1655

cttgcccget
tgcgcaagaa
cgaaaaggcc
cggtgatttc
gettggttge

aagcccggaa

60

120

180

240

300

360
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gtggtcgatc aggcccatge ccgtggegeg cagttaattg tcacggtgga taacggtatt 420
tccteccatg cgggggttga gecacgetege tegttgggea tcececggttat tgttaccgat 480
caccatttgc caggcgacac attacccgca gecggaagega tcattaaccce taacttgege 540
gactgtaatt tcccgtcgaa atcactggca ggegtgggtg tggegtttta tectgatgetg 600
gecgcetgegea cetttttgeg cgatcaggge tggtttgatg agegtaacat cgcaattcect 660
aacctggcag aactgctgga tctggtcgeg ctggggacag tggceggacgt cgtgecgetg 720
gacgctaata atcgcattct gacctggcag gggatgagtc gcatccgagce cggaaagtge 780
cgtcecgggga ttaaagegcet gettgaagtg gcaaaccgtg atgcacaaaa actcgecgcec 840
agcgatttag gttttgeget ggggccacgt ctcaatgetg ccggacgact ggacgatatg 900
tcegteggtg tggegetgtt gttgtgegac aacatcggeg aagegegegt gctggcaaat 960
gaactcgatg cgctaaacca gacgcgaaaa gagatcgaac aaggaatgca aattgaagcec 1020
ctgaccctgt gcgagaaact ggagcgcage cgtgacacge taccecggegg getggcaatg 1080
tatcaccccg aatggcatca gggegttgtc ggtattctgg cttecgegeat caaagagcegt 1140
tttcaccgtc cggttatcge gtttgcgeca gecaggtgacg gtacgctgaa aggttceceggt 1200
cgctccattc aggggetgceca tatgegtgat gegetggage gattagacac actctaccct 1260
ggcatgatgc tgaagtttgg cggtcatgecg atggeggegg gtttgteget ggaagaggat 1320
aaattcaaac tctttcaaca acggtttggc gaactggtta ctgagtgget ggacccttcg 1380
ctattgcaag gcgaagtggt atcagacggt ccgttaagec cggecgaaat gaccatggaa 1440
gtggcgcage tgetgegega tgetggeccg tgggggcaga tgttcececgga geegetgttt 1500
gacggtcatt tccgtctget gcaacagegg ctggtgggcg aacgtcattt gaaggtgatg 1560
gtcgaaccgg tcggeggegg tccactgetg gatggtattg cttttaatgt cgataccgece 1620
ctctggeegg ataacggegt gegegaagtg caactggett ataagetcga tatcaacgag 1680
tttcgeggeca accgcagect gcaaattatc atcgacaata tctggceccaat ttag 1734
<210> 3

<211> 744

<212> PRT

<213> Artificial Sequence

<220><223> Streptococcus pneumoniae R6 chromosome

<400> 3

Val Asp Val Phe Leu Ile Thr Pro Thr Tyr Glu Trp Gln Phe Ala Leu

1 5 10 15
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GIn Val Glu Asp Ala Asp Phe Thr Lys Ile Ala Lys Lys Ala Gly Leu
20 25 30

Gly Pro Glu Val Ala Arg Leu Leu Phe Glu Arg Gly Ile GIn Asp Gln

35 40 45
Glu Ser Leu Lys Lys Phe Leu Glu Pro Ser Leu Glu Asp Leu His Asp
50 55 60
Ala Tyr Leu Leu His Asp Met Asp Lys Ala Val Glu Arg Ile Arg Gln
65 70 75 80
Ala Ile Glu Glu Gly Glu Asn Ile Leu Val Tyr Gly Asp Tyr Asp Ala
85 90 95
Asp Gly Met Thr Ser Ala Ser Ile Val Lys Glu Ser Leu Glu Gln Leu

100 105 110

Gly Ala Glu Cys Arg Val Tyr Leu Pro Asn Arg Phe Thr Asp Gly Tyr
115 120 125
Gly Pro Asn Ala Ser Val Tyr Lys Tyr Phe Ile Glu Gln Glu Gly Ile
130 135 140
Ser Leu Ile Val Thr Val Asp Asn Gly Val Ala Gly His Glu Ala Ile
145 150 155 160
Ala Leu Ala Gln Ser Met Gly Val Asp Val Ile Val Thr Asp His His
165 170 175

Ser Met Pro Glu Thr Leu Pro Asp Ala Tyr Ala Ile Val His Pro Glu

180 185 190
His Pro Asp Ala Asp Tyr Pro Phe Lys Tyr Leu Ala Gly Cys Gly Val
195 200 205
Ala Phe Lys Leu Ala Cys Ala Leu Leu Glu Glu Val Gln Val Glu Leu
210 215 220
Leu Asp Leu Val Ala Ile Gly Thr Ile Ala Asp Met Val Ser Leu Thr
225 230 235 240
Asp Glu Asn Arg Ile Leu Val Gln Tyr Gly Leu Glu Met Leu Gly His

245 250 255

Thr Gln Arg Ile Gly Leu Gln Glu Met Leu Asp Met Ala Gly Ile Ala

_53_



Ala Asn Glu
275
Leu Asn Ala
290
Leu Thr Gly
305

His Gln Lys

Glu Ala Lys

Lys Glu Gly

355

Leu Glu Glu
370

Arg Ala Lys

385

Ala Leu Asp

Gly Ala Ala

Gln Val Leu

435

Lys Asn Lys

450

Leu Glu Thr

465

Asn Gln Lys

Arg Thr Met

Gly Glu Ala

260

Val

Thr

Leu Gly

Phe Asp

Asn Glu

325
Thr Met
340

Trp Asn

Leu Gly

Gly Ser

Pro His

405
Gly Met
420

Glu Asp

Leu Asn

Val Lys

Pro

485
Gly Ala
500

Ser Phe

Glu Glu Thr
280
Arg Leu Asp
295
Asp Glu Glu
310

Glu Arg Lys

Val Asp Pro

Pro Gly Val

360

GIn Thr Val
375

Ala Arg Ser

390

Arg Asp Leu
Thr Leu Glu
Tyr Val Arg
440
Leu Asp Glu

455

Ser Phe Glu

470

Phe Tyr

Gly Asn Ala

Glu Val Val

265

Val

345

Leu

Val

Phe

Val

425

Arg

Lys

His
505

Ala

Gly Phe

Pro Asn

His Glu

315

Ile Val

330

Lys Lys

Gly Ile

Val Leu

Glu Ala

395

Glu Gln

Lys Gly

Leu Asp

Leu Ala

475
Asn Phe
490

Leu Lys

Phe Gly

Pro

300

Val

Val

Asn

380

Val

Phe

Leu

Leu
460

Pro

Gln

Leu

Gln

270
Ile Ala Pro
285

Ala Ile Asp

Ala Leu Met

Ser Ile Tyr

335
GIn Val Leu
350
Ala Gly Arg
365

Ile Glu Asp

Asp Ile Phe

Gly Gly His
415
Ser Asp Leu
430
Asp Ala Gly
445

Glu Ala Leu

Phe Gly Met

Val Glu Ser

495
Lys Ile Ser
510

Gly Arg Trp

_54_

Arg

Leu

Leu

Ser

Ser

Asp

480

Lys

Ala
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Thr Glu

530

Val Asn

545

Ala Arg

Val Leu

Asn Leu

Ile Thr

610
Tyr Phe
625

Thr Arg

Glu Phe

515 520
Phe Ser Gln Thr Lys Asn

535

GIn Trp Asn Gly Gln Thr

Val Glu Gly Val Gln Leu

Pro Glu Gly Val Pro Val

Ala Ala Ser Glu Ala Val
595 600

Gln Leu Lys Thr Ile Phe

615

Lys Asn Asp Ile Asp Lys

Asp Gln Phe Ala Lys Leu
645

Asp Ile Arg Tyr Lys Leu

Gln Ile Leu Leu Val Lys

675 680

Gly Phe Val Thr Ile Lys Asp Gly

690

695

Pro Lys Arg Glu Ile Gly Glu Ser

705

710

Thr Val Lys Asp Gln Glu Met Met

725

Tyr Asp Phe Leu Met Glu Lys Glu

<210>

<211>

<212>

740

2235

DNA

525

Leu Glu Leu Ala Val Lys

Ala Leu

Phe Asn

570
Leu Asp
585

Val Val

Ala Tyr

Tyr Lys

650
Lys Asp
665

Met Ile

Val Met

Gln

555

Phe

Lys

Tyr
635

Thr

Leu

Thr

Tyr

715

540

Leu Met Met

Arg Gly Lys

Pro Gly Glu

590

Asn Ile Pro
605

His Phe Ser

620

Leu Thr Gly

[le Tyr Gln

Ala Ala Tyr

Val Phe Glu

685

Val Asn Lys
700

Gln Asn Leu

Leu Ser

Val Asp

560
Asn Ala
575

Leu Pro

Glu Asp

Tyr Gly

640
Phe Pro
655

Leu Asn

Glu Leu

Lys Gln

Ala Leu Gly Thr Val Gln Glu Ile

730

_55_
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<213> Artificial Sequence

<220><223> Streptococcus pneumoniae R6 chromosome

<400> 4

gtggatgtct ttttgataac acctacttat gaatggcagt ttgccctgca ggtagaagat 60
gcggatttta caaagatagc caagaaggct ggactgggtc ctgaggtgge tcggttattg 120
tttgagagag ggattcagga ccaagaaagt ctgaagaagt ttttagaacc ttccttggag 180
gacttacatg atgcttatct gctccatgat atggacaagg cagtggagceg gattcgtcag 240
gctattgaag aaggggaaaa tattctcgtt tatggagact atgatgcecgga tggcatgact 300
tcggcettcta ttgtgaagga aagtttggaa caacttggtg ctgagtgecg agtttacctg 360
ccaaatcgtt ttaccgatgg ctatggccct aatgctagtg tttataaata ctttatcgag 420
caagaaggaa tttccttgat tgtgacggtg gacaatgggg ttgctggtca tgaggctatt 480
gcattggcetc agtctatggg agtagatgtc attgtgacag accatcattc catgcctgaa 540
accctgceccag atgcettatge tattgtccat cctgaacatc cagatgegga ttatcctttt 600
aaatatttgg ctggttgtgg agttgetttc aagttggett gtgccctgtt agaagaagtg 660
caagtggaat tgcttgattt ggtcgctatt ggaactattg cagatatggt gagtctgacg 720
gatgaaaatc gtatcttagt tcaatatggt ctggaaatgt tgggtcatac ccagcgcatt 780
ggtctgcaag aaatgctgga catggcectggg attgcectgcca acgaagtaac agaagaaacg 840
gttggtttcc agattgctcece tcgtttgaat gecttgggte gettggatga tcccaatcect 900
gccattgatt tgttgactgg atttgatgat gaggaagcgce atgagattge ccttatgatt 960
caccagaaaa acgaagagcg caaggaaatc gttcagtcta tctatgaaga agccaagacc 1020
atggtggatc ctgagaagaa ggttcaggtc ttggccaagg aaggctggaa tcctggggtt 1080
ctaggaatcg tggctggtceg tttattggaa gaattgggac agacagtcat tgttcttaat 1140
atagaagacg gtcgtgccaa gggcagtget cgtagtgtgg aageggtcga tatttttgaa 1200
gctctggate cccatcgaga cctcttcate gectttggag gtcatgecagg tgcagegggt 1260
atgacgctgg aagttgagca actctcagat ttatctcagg ttttggaaga ttatgttcgt 1320
gaaaaaggtg cagatgctgg tggcaagaat aagttaaacc tagatgaaga gttggatttg 1380
gaggcactta gcttggaaac ggtcaaaagt tttgaacgtt tagctccttt tggaatggat 1440
aatcagaaac ctatttttta tatcaagaat tttcaggtcg aaagtgctcg tactatgggg 1500
gcaggtaatg cccatctaaa gctgaaaatt tccaagggtg aggcgagttt tgaagtggta 1560
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gectttggtc aaggcagatg ggcgacagag ttttctcaaa ccaagaatct agagttageg 1620
gttaaattgt ctgtcaacca atggaatggc caaactgctc tccagttgat gatggtggat 1680
gcgcegagtgg aaggtgttca actttttaac attcgtggaa aaaatgcagt cttgccagaa 1740
ggtgttccag tcttggattt tcctggagaa ctgccaaatc ttgeggcetag tgaagetgtt 1800
gtcgtaaaaa acattccaga ggatattact cagctgaaga ccatttttca ggaacagcat 1860
ttctctgetg tctatttcaa aaatgatatt gacaaggcett attatctgac aggttatggg 1920
actagagatc agtttgccaa attgtacaag actatttacc agttcccaga gtttgatatt 1980
cgctacaagc tgaaagattt ggctgcatat cttaatattc aacaaatctt gctggtcaag 2040
atgattcaag tatttgaaga actaggcttt gtgacgataa aagatggtgt gatgacagtc 2100
aataaagagg cgccaaagcg ggagatagga gaaagtcaaa tttaccaaaa tctcaaacaa 2160
accgttaaag accaagaaat gatggcgctg ggtacggtge aagaaattta tgattttttg 2220
atggaaaaag agtag 2235
<210> 5

<211> 742

<212> PRT

<213> Artificial Sequence
<220><223> Lactococcus lactis subsp. lactis 111403
<400> 5

Met Ile Lys Ala Lys Tyr Asp Trp Lys Val Ala Asp Thr Ala Ile Ser

1 5 10 15
Glu Asp Phe Leu Lys Ile Ala Lys Lys His Lys Leu Asp Glu Leu Thr
20 25 30
Ser Arg Val Leu Tyr Gln Arg Gly Ile His Ala Glu Ala Glu Ile Glu
35 40 45
GIn Phe Leu Lys Pro Ser Leu Glu Asn Leu His Asp Pro Phe Leu Leu
50 55 60
His Asp Met Glu Lys Ala Thr Gly Arg Ile Leu Ser Ala Ile Glu Gln

65 70 75 80

Gly Glu Asn Ile Leu Ile Tyr Gly Asp Tyr Asp Ala Asp Gly Met Thr
85 90 95

Ala Ser Ser Val Met Lys Ser Ala Leu Asp Glu Leu Gly Ala Glu Ala
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100
Gln Val Tyr Leu
115
Asp Val Tyr Gln
130

Thr Val Asp Asn

145

Glu Asn Gly Val

GIn Leu Pro Pro

180

GIn Tyr Pro Phe
195

Ala Cys Ala Leu

210

Ala Ile Gly Thr
225
Ile Leu Val Ala

Gly Leu Gln Glu

260

Thr Glu Glu Thr
275

Gly Arg Leu Asp

290
Asp Glu Asp Glu
305

Ser Glu Arg Lys

Met Leu Thr Asp
340

Lys Gly Val Leu

Pro Asn Arg Phe

Tyr

Asp

165

Lys

Leu

His

245

Leu

Val

Asp

325

Glu

Gly

Tyr Ile
135

Val Ala

150

Val Ile

Tyr Ala

Tyr Leu

Glu Tyr

215

Ala Asp

230

Gly Leu

Met Lys

Gly Phe

Pro Asn

His Glu
310

Ile Val

Pro Val

120

Lys

Val

Met

Lys

Tyr

280

Pro

Gln

105

Thr

Asn

Leu

Thr

Val

185

Gly

Pro

Val

Val

Lys

Ile

345

Asp Gly

Glu Asn

Glu Ala

155
Asp His
170

His Pro

Val Gly

Ser Glu

Ser Leu

235
Leu Ala
250

Gly Val

Ala Pro

Lys Met

315

330

Leu Tyr

110
Tyr Gly Pro
125

Ile Asn Leu

Ile Thr Trp

His Ser Ile

Glu His Pro

190

Val Ala Phe
205

Met Leu Asp

220

Thr Asp Glu

Gln Thr Glu

Asp Phe Asp

270

Arg Leu Asn
285

Leu Leu Thr

300

Ile Asp Gln

Asn Glu Ala

His Lys Asp

350

Ile Val Ala Gly Arg Leu Leu Glu Ala

_58_

Asn

Pro

175

Asp

Lys

Leu

Asn

Arg

255

Lys

Ala

Lys

Leu

335

Trp

Ile

Leu

160

Asp

Ser

Val

Val

Arg

240

Leu

Trp

Asn

320

Ser

His

His
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Lys Pro

370
Ala Arg
385

Arg Glu

Thr Leu

Tyr Ile

[le Ala

450
Asn Leu
465

Phe Leu

Asp Asn

Asp Ala

Ala Gln

530
Asn Thr
545

Glu Leu

Asn Ile

Leu Val

355

Val

Ser

Leu

Ser

Val

435

Asp

Ala

Ile

Ala

Val

515

Thr

Ser

Leu

Phe

Ile

595

Ile

Phe

Leu

420

Asp

Arg

Lys

His

500

Tyr

Lys

Leu

Asp

Ser

580

Glu

Met

Asn

Cys

Leu

Asp

485

Leu

Phe

Leu

Glu

360

Leu Ala Gln Glu Asp Gly

375

Asn Phe Asp Ile Phe Lys

390

Ala Phe Gly Gly His

410

Asn Val Glu Ala Val

425

His Leu Asp Met Ser

440

His Leu Asp Asp Ile

455

Ala Pro Phe Gly Met

470

Tyr Lys Val

Lys Leu Lys Ile Gln

505

395

Lys

Lys

Lys

Ser

Asp
475

Ser

Gln His Gly Ser Glu Glu

520

Val Ala Thr Leu Ser

535

Leu Met Ile Glu Asp

550

Arg Ser Lys GIn Ile

570

Ser

555

Pro

Asn Gln Leu Lys His Gly

585

Lys

Lys

Leu
460

Asn

Arg

Leu

Asn
540

Asp

Ile Pro Gly Asp Leu Ala Gly

600

365

Leu

Leu

Ser

445

Ser

Pro

Ser

Lys

525

Ser

Ser

Pro

Met

Leu

605

Arg

Asn

Ala

Met

430

Pro

Thr

Lys

Met

510

Phe

Trp

Val

Lys

Glu

590

Ser

_59_

Gly Ser

Ala His

400
Gly Met
415

Ile Asp

Leu Glu

Ile Thr

Pro Arg

480

Gly Lys

495

Asn Gly

975

Asp Val

Val Leu
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Lys Glu Ala Val Ser Lys

610
Phe Lys Asn
625

Arg Glu

Phe Asp
Pro His Leu
675
Phe Val Ser

690
Lys Arg
705

Val Lys Met

GIn Asn Leu
<210> 6
<211> 22
<212>
<213>
<220><223>
<400> 6
atgataaaag
aagatagcga
attcatgcag

ccttttctac

ggtgaaaaca
atgaaatccg
actgacggtt

aatcttatta

Lys Ile Thr

Ala Ala
615

Asp Ser

630

Phe Ala Arg Leu Tyr

645

Arg Tyr Lys

660

Leu Leu Val

[le Asp Asn

Ile Ser Glu

Leu Lys

Lys Met

680
Gly Leu
695

Ser Thr

710

Gln Glu Leu

725

Phe Ala

Leu Glu Lys

740

29

DNA

Artificial Sequence

Lactococcus lactis

caaaatatga
aaaaacataa
aagctgaaat

ttcatgatat

tcttaattta
ctctggatga
acgggccaaa

ttactgtaga

ttggaaagtg
attagatgaa
tgagcaattt

ggaaaaagca

tggtgactat
attaggagct
tcttgacgtt

taatggggtt

Ser Asp Asp
Tyr Tyr Leu
635
Lys Ala Ile

650

Ser Leu Ala
665
Ile Lys Ile

Met Thr Val

Ile Tyr

715

Leu Ala

730

Phe
620

Thr

Tyr

Asp

670

Phe
685
Asn

700

Gln Glu Leu Glu

Pro Val Lys Glu

subsp. lactis 111403

gctgatacag
ttgacaagtc
ttaaagccaa

acagggcgta

gatgctgacg
gaggctcaag

tatcagtact

getggettgg

ccatttccga
gegtgcettta
gtttagaaaa

ttttatcagc

gaatgactgc
tttatttacc
atattaagaa

aggcaattac

_60_

Lys Met

Gly Ser

Gln Phe

Tyr Leu

Glu Glu

Lys Thr

[le Tyr

Gly Thr
640
Pro Glu

655

Lys Ile

Leu Glu

Ala Asp

Lys Ile
720

Ile Tyr

735

agattttcta
tcaaagagga
tttacatgac

aattgagcaa

atcatcagtc
caatcgtttt
tgaaaatatc

ctgggcacag

60

120

180

240

300

360

420

480
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gaaaatggag

gcttatgeca

ggagttggtg

cttgatttag
attttagtgg
ttaatgaagt
attgctcccc
ctgacaggtt
tcagagcgaa

gaacctgttc

ggtcgettge
ttgcgtgggt
cgtgaacttt
gaaaacgtag
atgtctaaaa
tcaacaatca

tttttaatcg

cttaaattaa
tcagaagaat
agttggaatg
gaacttcttg
caaaatcagc
gatttagcag

aaaatgattt

cgagaagaat
tataaattaa
ataaaaatct
aagacggccg
gtaaaaatgc
gaaaaataa

<210> 7

tggatgtaat
ttgtccaccc

tcgecttcaa

ttgcaattgg
ctcatggtct
atgccggggt
gtttaaacgc
gggatgaaga
aagaaattgt

agattttata

tagaagccat
ctgcteggtce
ttattgettt
aagcagttaa
aaagtccctt
ctaatttagc

aagattataa

aaattcagga
tggaattcga
gaaatacgag
atataagaag
taaaacatgg
gtttgtcagt

attttaaaaa

ttgcaagact
aatcacttgc
ttgaggaact
ataaacgcga

aagaactttt

tgttaccgac
cgaacatcct

agttgcctgt

tacaattgct
aaaagttttg
tgattttgat
tttgggacgt
tgaagcgcat
ggaaaaaatt

tcataaggac

acataagcca
aatcgaaaat
tggtggtcat
aaaggcgatg
agaaattgct
aaaattggct

ggtgattcaa

agaaaagcaa
acaggcacaa
tcttcaatta
taaacaaatt
tataatggaa
attaaaagaa

taaaatcact

ttataaagca
ggattatttg
tgaatttgtc
aatttctgag

tgctttagca

catcactcaa
gacagtcaat

gctcttttag

gacatggtca
gcccaaacag
aaaatcactg
ctcgatgacc
gaaattgcca
cacaatgaag

tggcataaag

gtaatcatgc
tttgatattt
aaacaagccg
attgattata
gaccgttgece
ccetttggea

agccgaagta

caaattgatg
acaaaattag
atgattgaag
cctatcccaa
gatgtgcttg
gctgtcagta

gatagctatt

atttatcaat
aaaatcccte
agcattgaca
agtacaattt

cccgtcaaag

ttcctgacca
atcctttcaa

aatatgcacc

gtttgactga
agegtgeegg
aggaaacggt
caaacccagc
aaatgattga
ctctgagtat

gtgtcttagg

tggcccaaga
tcaaggcatt
cagggatgac
tcgtggacaa
acttagacga
tggataatcc

tggggaaaga

ccgtttattt
tcgcaacact
atgctgattc
aagaggctaa
tcatcgaaga
aagcagcgtc

atttaacagg

ttccagaatt
atctcttgct
atggcttaat
atcaagaact

aaatttatca

_61_

acttccccect
atatttggca

cagtgaaatg

tgaaaaccga
cctacaagaa
tggttttcaa
cattgaattg
ccaaaaaaat
gctgacagat

aattgttgcg

agatgggatt
aaatgcccat
tttaagtctg
tcatttagat
tatttcgctc
taagcctcga

caatgctcat

ccaacatggt
ttcaagtaat
agttggtgtce
tattttttct
gatacctgga
ggatgatttt

aagtggaaca

tgatattcgc
tgtcaagatg
gaccgttaat
agaaaaaatt

aaatttatta

540
600

660

720
780
840
900
960
1020

1080

1140
1200
1260
1320
1380
1440

1500

1560
1620
1680
1740
1800
1860

1920

1980
2040
2100
2160
2220

2229
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ZIHSd 10-2020-0078200

<211> 785

<212> PRT

<213> Unknown
<220><223> Bacillus clausii
<400> 7
Met Leu Gln Ser Lys Thr Arg Trp Arg Ile Leu Glu Gln Asn Glu Leu
1 5 10 15
Leu Ala Gln Glu Leu Ala Asp Glu Leu Arg Val Ser Met Leu Thr Ala
20 25 30
Arg Leu Leu Val Arg Arg Gly Ile GIn Thr Val Gln Ala Ala Lys Arg
35 40 45
Phe Leu His Tyr Glu Glu Pro Thr Phe Tyr Asp Pro Phe Leu Leu Lys

50 95 60

Gly Met Glu Glu Thr Ile Glu Arg Ile Ala Leu Ala Val Lys Arg Lys
65 70 75 80
Glu Arg Ile Leu Val Phe Gly Asp Tyr Asp Ala Asp Gly Val Ser Ser
85 90 95
Thr Ser Val Met Leu Thr Ala Leu Gln Thr Tyr Gly Ala Asp Cys Asp
100 105 110
Tyr Tyr Ile Pro Asn Arg Phe Thr Glu Gly Tyr Gly Pro Asn Cys Pro
115 120 125

Ala Leu Asp Phe Ala Lys Arg Gln Gly Tyr His Leu Val Ile Thr Val

130 135 140
Asp Thr Gly Ile Ser Ala Leu Asn Glu Ala Ala His Ala Lys Asp Ile
145 150 155 160
Gly Leu Asp Phe Ile Ile Thr Asp His His Glu Pro Pro Pro Val Leu
165 170 175
Pro Glu Ala Leu Ala Ile Ile Asn Pro Lys Gln Pro Gly Cys Pro Tyr
180 185 190
Pro Phe Lys Glu Leu Ala Gly Val Gly Val Ala Phe Lys Val Ala His

195 200 205

_62_



Ala Leu Leu Gly Arg Leu Pro Glu Glu Leu Leu

210
Gly Thr
225

Ala Lys

Arg Ala

Asp His

Leu Asp

290
Glu Glu
305

Arg Gln

Glu Thr

Glu Gly

Glu Gln

370
Gly Leu
385

Gln Glu

Pro Met

Arg Ser

Leu Thr

450

Ile Ala Asp

Lys Gly Leu

245

Leu Lys Glu
260

Ile Gly Phe

275

Ser Ala Asn

Ala Lys Ala

325

Thr Tyr Gly

340

Trp Asn Pro
355

Phe Tyr Arg

Ala Lys Gly

Leu
230

Arg

Val

Pro

Leu

310

Ser

Thr

Gly

Pro

215

Val

Ala

Cys

Lys

Lys

Val

Thr

375

Leu Ala Asn Asn Arg

420
Arg Leu Ile
435

Pro Ala Thr

Lys

Asp

Thr

Gln

Ile

455

Pro Leu

Gly Met
265

Gly Pro

280

Val Glu

Thr Glu

Met Thr

Ile Pro

345

Ile Val

Arg Ser

Asp Ile

Leu Lys

425
Ala Lys
440

Asp Leu

Ile Asp

235
Ser Ser
250

Lys Gln

Arg Leu

Leu Leu

Ile Asp

315

330

His Ala

Met Ser

395
Leu Pro
410

Thr Glu

Glu Thr

Val Ala

Asp
220

Glu

Asn

Leu
300

Ser

His

Asp

Leu

Glu
460

Tyr Ala Val

Asn Arg Leu

Arg Pro Gly
255

Ala Met Asp

285

Ala Asp Asp

Leu Asn Lys

Ile Arg Leu
335
Val Val Ala

350

Ser Arg Leu
365

Asp Glu Ser

Phe Asp Met

Phe Gly Gly
415

Ile Asp Asp

430
Thr Asp Asp
445

Val Glu Asp

_63_

Leu

240

Arg

320

Val

Lys

Val

Ser

Tyr

400

His

Leu

Met

Val
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Thr Val GIn Val
465

Ala Asn Arg Lys

Met Arg Arg Ile
500

Gly Ala Gln Lys

515
Phe Glu Glu Ile
530
Ser Leu Asn Glu
545

Asp Leu Ala Val

Pro Asn Arg Leu
580
Val Ala Ile Ser
595
Val Pro Val Tyr
610
Val Val Leu Leu

625

Phe Ser Lys Lys

Glu Glu Glu Ser
660
Trp Tyr Tyr Gly
675
Leu Gly Ala Lys
690

Glu Phe Met Thr

Ile Gly Glu Leu Gln Ala Leu Ala Pro Phe Gly Val

Pro

485

Pro

Thr

Trp

Leu

565

Asn

Phe

Asp

Asp

645

Phe

Phe

Leu

Thr

470

Ile Val

Ser Asn

Leu Asp

Pro His

535
Asn Gly
550

Glu Trp

Ser Arg

Tyr Arg
615
Leu Pro

630

Glu Pro

Phe Gln

Ile Lys

Glu Lys

695

Val Phe

Leu

Gln

Lys

Leu

600

Gln

Ser

Ser

Thr

Lys

680

His

Leu

475
Val Glu Gly Ala

490

Asn His Leu Lys
505

Ile Ala Phe Arg

Lys Leu Ser Ala

540

Val Lys Pro Gln
555

Leu Phe Asp Trp

570
Leu Asp Leu Pro
585

Thr Lys Glu Arg

Ala Pro Ser Phe
620
Asn Arg Val Glu

635

Arg Val Tyr Val
650

Asn Pro Asn Arg

665

Asn Gln Arg Phe

Lys Gly Trp Ser
700

Glu Leu Gly Phe

480
His Ile Ser Asp

495

[le GIn Phe Thr
510

Met Gly His Leu

525

Ile Gly Thr Val

Leu Ile Ile Asp
560

Arg Ser Ile Gln

575

Arg Glu Lys Leu

Leu Gly Leu Asp
605

Phe Glu Ala Tyr

Leu Glu Ser Leu

640

Val Phe Ser Glu
655
Glu Gln Phe Lys
670

Ser Leu Asn G

=)

685

Ala Arg Thr Val

Ile Lys Leu Asp

_64_
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705

Asp Ser Ile Val Glu Ala Val Glu Asn

Ala Ser Pro Thr Tyr Gln Ala Lys Gln

Glu Phe Val Phe Ala Ser Tyr Gln Gln

755

Ala Ile Glu Gly Ser Ala Glu Thr Lys

770

Leu

785

<210> 8

<211> 23
<212> DN
<213> Un
<220><223>

<400> 8

atgttgcaat

ctcgcagacg

caaaccgtcc

tttttgttga

gaacgcattc

ctaacagcgt
gaaggatacg
gtgataacag
ggtctggatt
gcgatcatta
ggcgttgect

tacgctgtga

gccaaaaagg

gaagtatgcg

cctecgtctaa

710

725

740

58
A

known

760

775

Bacillus clausii

caaaaacaag
agctgegtgt
aggcggccaa
aagggatgga

ttgtttttgg

tacaaacgta
ggcccaattg
tcgatacagg
ttattatcac
atcctaagca
ttaaagttgc

tcggcacgat

ggcttcgege
gcatgaagca

atgcagcagg

atggcgcatt
atcgatgtta
gegcettttta
ggaaacgatt

ggactatgat

tggcgecgac
cccagegcta
catttctgct
tgaccaccat
geetggttge
acacgctttg

cgccgacttg

gattgaatca

ggaagcaatg

gcggcetegat

715

730

745

ttagaacaaa
acggcccgtce
cactacgaag
gaacgaattg

gctgatggeg

tgtgattact
gactttgcaa
ttgaatgaag
gagccgecege
ccgtatccat
ctcgggegec

gtgcctctca

agcggecgece
gatgccgacc

tctgctaatc

750

765

780

acgagctgtt
ttcttgtacg
agccgacgtt
ccctegeagt

ttagttcgac

atataccaaa
aaaggcaagg
ctgcccatgce
cggttttgec
ttaaagagct
tgcctgaaga

ttgatgaaaa

ctgggatccg
atatcggctt

cagctgttga

_65_

720

Pro Glu Lys Lys Ala Leu Thr

735

Glu Lys Ala Trp Leu Glu Asn

Leu Lys Glu Trp Phe Gln Ala

Glu Glu Ser Ile Leu Asn Gly

ggcgcaagag
ccggggaatc
ttacgatccc
caaacgaaaa

ttccgtgatg

ccgttttaca
ttatcactta
caaagacatc
agaagcattg
tgccggegta
gctgcetegat

tcggectgetg

tgccttaaag

tgcgattgge

getgcetectt

60
120
180
240

300

360
420
480
540
600
660

720

780
840

900

ZIHSdl 10-2020-0078200



gctgatgatg
cggcaagcaa

ggcacaaaga

gggattgtceg

gacgaatctt
caagaattgg
gggatgacac
aaggagacac
gtggaggatg
gccaaccgta

ggcagcaacc

attgccttta
atcggaacgg
gatcttgecg
aacagccggt
acaaaagaaa
tttgaagctt

ttttctaaga

ttttttcaaa
aaccaacgct
gcecgeacgg
gacagcatcg
taccaagcca
cagttaaaag

atcctaaatg

<210> 9

aagaagaagc
ttgttagcaa
tcceecatge

cttctegect

caggacttgc
cgaataaccg
ttaaaaccga
taacggacga
taaccgttca
aaccgattgt

aaaaccattt

gaatggggca
tatcgttgaa
tattggagtg
tgcttgactt
gacttgggtt
acgtcgtgtt

aaggggagece

cgaacccaaa
tttcactgaa
tcgaatttat
ttgaagcagt
agcaagaaaa
aatggttcca

gattataa

<211> 590

<212> PRT

<213> Unknown

<220><223>

<400> 9

aaaagcgcta
aatgacagaa
catcgttgta

tgtagagcag

caaaggctcg
ggatatactt
ggacattgac
catgcttacg
agtgattggc
acttgttgag

aaaaatccaa

tttgtttgaa
tgaatggaac
gcaactattt
gccetegtgaa
ggacgtaccce
gctcgatttg

aagccgtgtt

ccgcgageag
tcaactcggc
gaccactgta
agaaaaccct
agcatggctt

ggctgcecatc

gccacagaaa
gaagcgattc
gcgaaggaag

ttttaccgtc

gccagaagcea
cctcattttg
gacttacgtt
ccagccacgg
gagttgcagg
ggtgcgceata

tttactggcg

gagatcacgc
ggaaaagtaa
gattggcgca
aaactcgtcg
gtatatgatt
cctagcaacc

tatgttgtgt

ttcaaatggt
gctaagecttg
tttttagaac
gaaaaaaaag
gagaatgaat

gdagggageg

tcgatagcct
geettgtgga
gctggaatcc

cgacaattgt

tcgaagggtt
gcggacaccce
ctcgtttaat
atatagacct
cacttgcccc
tttccgatat

CCCaaaagcc

cacatgcaaa
agccacaact
gcatccagcc
ctatttcctt
accggcaagce
gggttgaact

tctctgagga

attatggttt
aaaagcacaa
ttggttttat
cgttgactgc
ttgtttttge

ctgaaacaaa

Ehrlichia ruminantium strain Welgevonden

_66_

caataaagaa
aacaacctat

aggggtcatc

catgagcatt

tgacatgtac
gatggcggea
caagcaagcc
cgttgcagaa
gtttggegtt
gcgeceggatt

gcttgacgga

gttatcggcc
tattattgac
aaaccgctta
tcaagaaggg
gectteettt
ggaaagtctt

agaagaatcg

tataaagaaa
aggctggtca
caagcttgac
atcgccgacc
ttcttatcaa

agaggagtcg

960
1020
1080

1140

1200
1260
1320
1380
1440
1500

1560

1620
1680
1740
1800
1860
1920

1980

2040
2100
2160
2220
2280
2340

2358
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Leu Asn

Ile Gly

Asp Ile

Arg Ile

50
Leu Tyr
65

Asp Met

Glu Asn

Ser Ala

Ile Tyr

130
Ala Leu
145

Asp Cys

Asn Leu

Pro Asp

Pro Tyr

210
Ala Leu
225

Glu Pro

Ile Cys

Val Thr

20

Leu Thr

35

Leu Ser

Pro Thr

Asp Lys

100

Leu Ile

115

Ile Pro

Leu Lys

Gly Thr

Asp Val
180

195

Thr Tyr

His Lys

Asn Leu

Ser Met Leu
5

Gly Ala Leu

Ile Lys Gln

Ala Arg Lys

55
Leu Lys Ser
70
Ala Val Tyr
85

Ile Phe Gly

Lys Gln Tyr

Asp Arg Ile

Leu Lys Glu
150

Ile Ala His

Ile Val Ile

Ala Val Ile

Leu Ala Gly

215

Thr Leu Lys
230

Ile Asn Tyr

245

Asn Cys

Trp Lys

25

Lys Phe

40

Ile Asn

Ser Leu

Arg Ile

Asp Tyr

105

Leu Ser

120

Cys Glu

Glu Pro

Asp His

185

Asn Pro

200

Val Gly

Glu Gln

Leu Asp

Asn Leu Glu Asn Ser

10

Pro

Tyr

Pro

Cys

90

Asp

Gly

Asn

170

His

Asn

Val

Gly

Leu

250

Tyr

Leu

Asn
75

His

Val

Tyr

Ser

155

Ser

Arg

Ser

Phe
235

Val

Asp

60

Pro

Asp

140

Leu

Leu

Phe
220

Phe

Ala

Val Asn

30

Ile Ser

Phe His

Val Pro

125

Pro Asn

Cys Ile

Ala Lys

Ile Asn

190

Asp Glu

205

Leu Met

Lys Asn

Leu Gly

_67_

15

Leu

Val

Asn

Met

Asn

95

Thr

Thr

Thr

Thr

Ser

175

Thr

Thr

Leu

Asn

Thr

255

Tyr

Arg

Phe

Leu

80

Arg

Ser

Thr

Val

160

Val

Leu

Ser

Val

Gln
240

Val
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Cys Asp Val

260

Gly Leu Lys Ile

Ser

Phe
305

Ser

Phe
465

Thr

Glu

Asp
290

Asn

Leu

Asn

Ser

370

Val

Pro

450

His

Ala

Pro

275

Val Ile

Ser Glu

340
Gln Ser
355

Ser Asn

Ile Ser

Asp Val
420

Glu Asn

Asn Ile

Glu Ala

Phe Gly

Met

Gly

Pro

Arg

325

Lys

Phe

Leu

405

Asp

Glu

Lys

Asn

Ile

485

Ile

Met Pro Ile Ile Gly Leu Asn Arg

265

Thr Thr Arg Gln Asn Leu
280
Leu Glu Glu Lys Pro Asn
295
His Ile Asn Ala Gly Gly
310 315
Leu Leu Ser Thr Asn Asn
330

Leu Gln Asn Phe Asn Leu

345
Asn Glu Ala Val Glu Gln
360
Ile Ile Ala Thr Gly Asn
375
Gly Arg Leu Lys Asp Lys
390 395
Glu Asn Gly Ile Gly Lys
410

Leu Gly Ala Ala Ile Leu

425

Thr Phe Val Lys

Gly

Ile

300

Arg

Glu

Glu

Ile

Trp

380

Phe

Ala

Glu

270

Leu Lys

285

Tyr Gln

Val Gly

Glu Glu

Arg Lys

350
Glu Ala
365

His Pro

Phe Leu

Ser Ala

Ala Lys
430

Gly Gly Gly His Ala Met Ala Ala Gly

440

445

Ile Lys Ile Leu His Glu Phe Leu Ser

455

460

Thr Arg Lys Val Phe Lys Val Asp Gly

470 475

Thr

Leu

Asn

335

Thr

Thr

Pro

Arg

415

Phe

Asn Leu Lys Leu Trp Lys Glu Leu Gln Phe

490

495

Gly Asn Pro Glu Pro Arg Phe Ile Leu Thr

_68_

Leu

320

Leu

Leu

Ser
400

Ser

Leu

Ser

Lys

Val

480

Leu

Asn
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500

505

510

Ile Arg Ile Lys Asn Ser Glu Val Ile Gly Glu Ser His Ile Arg Cys

515

520

525

Leu Ile Tyr Asp Asn Lys Thr Phe Ile Lys Gly Ile Cys Phe Arg Cys

530

535

540

Ile Gly Thr Glu Leu Gly Thr Thr Leu Leu Glu Cys Thr Thr Thr Thr

545

550

555

560

Leu Leu Gly Lys Ile Ser Ile Asn Tyr Trp Arg Gly Asn Glu Asn Ile

565

570

575

GIn Phe Ile Ile Glu Asp Ala Leu Gln His Asn Gln Ile Arg

<210> 10
<211> 17
<212> DN
<213> Un
<220><223>

<400> 10
ttgaatattt

ggagcattat

ttttaccttt
attagtaatt
gatatggata
atctttggag
tcacagatag
ccaaatacac

gactgcggta

atagttatag
cctaatcgct
ttaatgttag
gaaccaaatt
cctattatag

caaaatctag

580

73
A

known

585

590

Ehrlichia ruminantium strain Welgevonden

gtagcatgtt

ggaaaccata

ctgaaattgt
ttttatatcc
aagcagtata
actatgatgt
gagtaccaac
aggccttact

ctatagcaca

atcatcatat
tagacgaaac
tagcactaca
taataaatta
gactaaatag

gccttaaaac

aaactgtaat

cgatgtaaat

tgcaagaata
aactctaaaa
cagaatttgt
agatggagca
aacgatatat
aaaattaaaa

tgaaccaata

aggaattaat
atccccectac
taaaacttta
tttagattta
gacttttgta

attatctgat

ctagaaaact

ctgagagata

ttatctgcaa
tcatctctac
catgcaatac
acatcatctg
attccagatc
gaaataggaa

tccgcagcaa

actttaccag
acatatctag
aaagagcaag
gtagcactag
aaacaaggtc

gtaattggat

cggaatatat

ttttaacaat

gaaaaattaa
ctaatccttt
ataatcgaga
cattaataaa
gtatatgtga
atagtctatg

agtcagtaaa

atgcagttgc
caggagtagg
gattttttaa
gaactgtatg
taaagattat

tagaggaaaa

_69_

cggagtaaca

CaagcCaaaaa

tatagaagaa
tcacatgtta
aaacatagta
acaatatcta
aggatatgga
tataaccgta

tcttgatgtt

agtaatcaat
cgtatctttt
aaataatcaa
tgatgttatg
gacaacaaga

gccaaatatt

60
120

180
240
300
360
420
480

540

600
660
720
780
840

900
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tatcaactgg gatttaatat aggaccacat ata

agcctaggag caagattatt atcaaccaac aat
aaactgcaaa atttcaattt agaaagaaaa aca
gtagaacaaa tagaagctac tataatatca agc
catccaggaa taataggtat tgttgcagga aga
atagtaatat cacttgaaaa tggtattggt aaa
gatttaggcg cagctatttt agaagcaaaa gcc

catgctatgg ctgcaggatt ttcaatacaa gaa

ctatcacaaa agttccataa tatcaataca cga
actgcagaag ctatcaattt aaaattatgg aaa
ataggtaatc ctgaaccaag attcattctc aca
ataggagaaa gtcatatcag atgtttaatt tac
tgttttagat gtatcggcac agaattgggt acc
ttactaggaa aaataagtat aaattactgg aga

gaagatgctt tacagcataa ccaaataagg taa

<210> 11
<211> 589
<212> PRT

<213> Unknown

<220><223> Chlamydia psittaci 6BC

<400> 11

Met Ala Ser Lys Asp Asn Ser Ser Val
1 5

Pro Lys Tyr Asp Pro Ala Leu Leu Ser

20 25

aatgcag gaggaagagt

gaagaag aagcattaga
ttagaaa atcaaagctt
aatataa ttattgctac
ttaaaag ataaattttt
gcaagtg ctaggtcaat
ctcggaa taataataga

aataaaa tcaaaatatt

aaagtat ttaaagtaga
gaattac aatttctaga
aatatca gaataaaaaa
gataaca aaacatttat
actttac tagaatgtac

ggtaatg agaatataca

aggtaatgct

aatttcagaa
caatgaagca
aggaaattgg
cttaccaagt
tccagatgta
aggaggagga

acacgagttt

cggtattgtc
accatttggc
ttcagaagtt
aaaaggaatt
tactaccaca

atttataata

Ser Asn Pro Thr Trp Ile Tyr

10

15

Ser Ile Ile Lys Glu Leu His

30

Leu His Pro Val Ala Ala GIn Thr Phe Ile Ser Arg Gly Phe Gln Thr

35 40

Val Asp Glu Val Arg Asp Phe Leu Tyr

50 55
Asp Pro Glu Leu Leu Leu Asp Met Ser

65 70

45

Val His Leu Ser Asn Leu His

60

Lys Ala Val Gln Arg Leu Leu

75

_70_

80

960

1020
1080
1140
1200
1260
1320

1380

1440
1500
1560
1620
1680
1740

1773
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Leu

Val

Tyr

Thr

145

Ser

Met

Leu

Pro

225

Val

Arg

Thr

Leu

305

Glu

Ala Lys

Asp Gly

Glu Met

115

Gly Glu
130

Leu Leu

Asp Ile

Pro Thr

Arg Asp

195
Phe Lys
210

Lys Leu

Thr Val

Arg His

Lys Leu

275
Asp Ile
290

Ala Asp

Val Ala

Glu Arg Gly Glu His

100

Lys

Pro

Asn

180

His

Leu

Lys

Thr

260

Cys

Val

Ala

Asp

85

Thr

Val

Ser

Thr

Lys

165

Lys

Thr

Leu

Asp

245

Leu

Ser

Asp

325

Gly

Ser

Leu

Val

150

Tyr

Arg

Asp

230

Val

Lys

Phe

Lys

Lys

310

Leu

Val Ala

Tyr Cys

120

Leu Ile
135

Asp Cys

Pro His

Pro Asn

200

Gly Val

Ile Lys

Gly Thr

Ser Gly

280
Ile Ser
295

Gly Val

Ile Gln

Val

Leu

105

Phe

Asp

Cys

185

Lys

Val

His

Leu

265

Val

Pro

Glu

Tyr

Met Val
90

Leu Val

Leu Gly

Lys Met

Ile Thr
155
Val Ile

170

Asp Leu

Asn Ala

Leu Leu

235
Leu Gly
250

Lys Gly

Lys Pro

Lys Leu

Leu Leu
315
Leu Asp

330

Tyr

Lys

140

Val

Thr

Thr

Leu
220

Asp

Ser

Ser

Asn

300

Leu

Lys

Gly Asp

Phe Leu

110

Phe Leu

125

Glu Glu

Gly Lys

Thr Asp

Leu Asn

190

Gly Val

205

Gln Lys

Leu Val

Asn Arg

Arg Leu

270

Glu Val

285

Ser Leu

Thr Lys

Ile Asn

_71_

Ser
95

Arg

Lys

His
175

Pro

Asn

Thr

Thr

255

Thr

Asp

Arg

335

Asp

Ser

His

Val

Val

160

His

Lys

Val

Asn

Leu

240

Met

Leu

Ser

Arg

Pro

320

Glu
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Arg Gln Lys

Lys

Lys

385

Leu

Lys

Val

465

Asp

Pro

Leu

Asn

Lys

545

Ser

Arg

Asn

Asp

370

Lys

Phe
450

Thr

Leu

Val

Leu

Leu

530

Gln

Ile

Gln
355

Trp

Tyr

Lys

Leu

Leu

Pro

Pro

515

Ser

Ser

Leu

Ile

340

Pro

His

Asn

Ser

Cys

420

His

Pro

Ser

Trp

Ala

Pro

Glu Ala Asp Val

Asp Ile Val Lys
360
Ser Arg Val Ile
375
Lys Pro Val Ala
390
Leu Arg Thr Ile

405

Ser Pro Met Phe

Ile Ile Asn Glu
440
Leu Val Asn Ser
455
Leu Asp Ala Arg
470

Ser Ile Asp Leu

485

Phe Tyr Thr Ile

Asn His Leu Lys

520

Ile Ala Phe Gly
535

Asn GIn Pro Leu

550

Asn Gly Gly Val
565

Leu Asn Tyr Lys

Phe His

345

Pro Ile

Ile Ser
425

Asp Arg

Ser Leu

Ala Asp

Phe Glu

490
Val His
505

Leu Tyr

Leu Gly

Glu Leu

Ile His
570

Asp Thr

Asp

Ser
395

Phe

Tyr

Lys

Phe

475

Pro

Leu

Asp

555

Leu

Thr

Val Gln Lys Ile Leu

350
[le Val Leu Ser Ser
365

Ser Ala Arg Leu Ala

380

Asn Gln Gly Gly Ile
400

Pro Leu Leu Gly Ile

415

Gly Gly His Asp Phe
430
Glu Ala Phe Arg Lys
445

Lys Glu Lys Ala Val

460

Asp Glu Ile Asp His
480

Phe Gly Lys Gly Asn

495
Val Arg Tyr Pro Lys
510
Asn Tyr Gly Glu Arg
525

Arg Ile Gly Ala Leu
540

Tyr Thr Pro Arg Leu

560

Leu Val Arg Asp Phe
575

Ala Arg

_72_
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<210> 12
<211> 17
<212> DN
<213> Un
<220><223>
<400> 12
atggcaagta
ccegetcetac

tttatttctc

tccaacctgc
ctcgcaaaag
acaggegtgg
tttttaggag
gaagaaggceg
agtgatatca

aaaatccctc

aaagatctca
cagaaaaaca
gggacagtga
attaaagaaa
gtaaaacctt
agtttaggaa

gaagttgctg

gaggctgacg
caagcagcta
gcacgcctag
gggaaaggat
tctcctatgt
gaccgaatag

gaaaaagctg

580

73
A

known

Chlamydia psittaci

aagataattc
tttcttctat

gaggatttca

atgatcccga
aacgtggtga
ctcttettgt
cattcctgaa
tcactttgct
ataagcaagg

attgcatagc

ctggtgtagg
atccaaaact
cggatgtggg
tcgccaaagg
cagaggttac
gacttgccga

atgacctcat

tattccatga
ttgtactatc
cgaaagctta
cgttaagaac
tcatatccta
aagcttttag

tagttaccct

ttctgtatct
tataaaggag

aacggtagat

acttttactc
gcatgtcatg
agagtttttg
acattatggc
gattaccgta
cattgatgtc

aacattaaat

cgtegetttt
caaattagac
aaccctttta
gtcacggtta
ctctacagat
cgcttctaaa

tcaatatctc

tgtacaaaaa
gtcacaagat
taataagccc
aatagggtct
tggaggacat
gaaaaagttc

tcccttagat

585

6BC

aatcctactt
ttacatcttc

gaagttcgtg

gacatgtcaa
gtctatggag
agatctatag
gaaccttctce
gattgceggga
attgttacag

ccaaagctca

aaactcgccc
attaagcatt
ggagagaatc
gggttgegta
attgttttga
ggcgttgaat

gataagatca

atcttaaaaa
tggcattcca
gtagcgatta
ttcectetece
gattttgcag
attcatcttg

gctcgagetg

ggatatatcc
atccggttgce

attttcttta

aagctgtaca
atagtgatgt
aaatgaaggt
tgttgattgc
ttactgcagg
atcatcatat

gagatcatac

gtggtgttgt
tattagattt
gcaccatggt
aattatgcat
aaatttctcc
tgttgctgac

atagagaacg

atcagcccga
gagtcattcc
tttctaatca
ttggaatatt
caggcattat
tgaattcatc

attttgatga

_73_

taagtacgat
tgcacagact

tgtacatcta

acgtttgctt
tgatgggata
tagctattgt
caagatgaag
gaaagaagtc
gcctacaggt

ttatccaaat

taacgcgtta
agtaactcta
tcgccacggce
tttttcaggg
aaaactgaat
caaagatcca

CCaaaaaata

tatcgttaaa
tattatttca
gggagggata
acaaaagtgc
cattaatgaa
gttaaaaaag

gatagatcac

60
120

180

240
300
360
420
480
540

600

660
720
780
840
900
960

1020

1080
1140
1200
1260
1320
1380

1440
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gatttactct cttccatcga
ttttatacca tagtacatca
ctctatctta attacggaga
ataggagctc taaaagcgag
tcccaatctg ctaacggagg

ctaaattaca aggatacaac

<210> 13
211> 580
<212> PRT

<213> Unknown

<220><223>
<400> 13
Met Asn Lys

1

Ser Lys Lys

Arg Asn Ile

35

Ser Tyr His

Ile Ile Ile

tctgttcgaa
agtacgttat
aagaaactta
ttggaatcaa
agtcattcat

agcaaggttt

ccttttggca
ccgaagttat
gaaggcatag
cctttagaac
ttgttagtgc

taa

Finegoldia magna ATCC 29328

Trp

Tyr

20

Thr

Asn

Ser

Leu Ile Asn
5

Asn Ile His

Asp Phe Glu

Pro Phe Leu

55
Thr Ile Asp

70

Asp Tyr Asp Gln Asp Gly Asn

Leu Gly Tyr

Thr Asp Gly

115

Asp Asn Ile
130
Glu Gln Cys

145

Phe
100

Tyr

Asp

Asp

85

Thr Asp Lys

Gly Ile Ser

Leu Ile Ile
135
Tyr Ala Arg

150

Asn

Pro

Lys

40

Met

His

Ser

Ile

Phe

120

Thr

Lys

Arg Gly Asn
10
Leu Ile Ala
25

Phe Leu Asn

Lys Asp Met

Asn Glu Lys
75
Ser Thr Met
90
Ser Tyr Asp
105

Ser Ile Ile

Cys Asp Asn

Asn Gly Ile

155

aaggtaatcc tgtacctatc
taccagggaa tcatctgaaa
cttttggatt aggggataga
tggcttatac accacgttta

gtgattttcg tattcttcca

Asn Tyr Asn

Lys Ile Leu
30

Pro Asn Ala

45

Asp Lys Ala

60

Glu Ile

15

Leu Asn

Glu Asn

Val Asp

Val Gly
80

Thr Leu Leu Asp Gly

95

Ile Pro Asn Arg Met

110

Asp Lys Cys

125

Gly Ile Ser

140

Ala Tle

Lys Ile Ile Val Thr

_74_

160

1500
1560
1620
1680
1740

1773
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Asp

Ala

Lys

Asn

Tyr

225

Asn

Asn

Val

305

Asn

Asn

Asn
385

Ile

His His Gln

Asp Ala Val
180

Ser Leu Cys

195
Ile Lys Lys
210
Val Ala Met

Arg Tyr Phe

Tyr Gly Leu

260

Asn Val Tyr

275
Gly Arg Leu
290

Asn Met Asp

Glu Lys Arg

Val

Lys Asn Leu

Phe Glu Glu

Thr
165

Val

Val
245

Lys

Ser

Asp

Asn

Lys

325

Asn

Tyr

Leu

Phe

Ile Lys His

Asn Pro Gln

Ala Gly Val

200
Tyr Gly Met
215
Thr Val Cys
230
Thr Lys Gly

Cys Leu Ile

Leu Gly Phe
280

Thr Ala Lys

295

Val Glu Ala

310

Lys Leu Thr

Thr Ala Leu

His Glu Ser
360
Asn Lys Pro
375
Lys Gly Ser
390

Asp Glu Phe

Asp Gly Lys

170
GIn Gln Ser
185

Ala Tyr Lys

Leu Gln Cys

Asp Ile Val
235

Leu Glu Glu
250

Asn Met Thr

265

Leu Gly Val

Tyr Ala Lys
315

Glu Asp Gly
330

Lys Asn Asp

345
Val Cys Gly

Thr Leu
Gly Arg Ser
395

Arg Glu Met

Cys

Leu

220

Asp

Pro

Phe

Asp

Leu
380

Ile

Phe

Lys

205

Asn

Leu

Asn

Cys

285

Leu

Leu

Asn

365

Thr

Ser

Val

Ile

Tyr

190

Leu

Lys

Asn

Lys

270

Phe

Val

Lys

Leu

350

Glu

Ser

_75_

Pro Asn
175

Pro Phe

Leu Gln

Asp Glu

240
Thr Asp
255

Asn Ala

Asn Ala

Arg Asp

Asp Leu

320

Ala Val

Ile Cys

Gly Arg

Ser

Tyr Asn
400

Phe Gly
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405

Gly His Pro Met Ala

Glu Phe Arg
435
Phe Val Lys
450
Asp Phe Asp
465

Asp Asn Pro

Ala Lys Met

Lys Asn Asn

515

Lys Tyr Thr
530

Leu Glu Asn

545

Pro Glu Ile

Ile Asp Leu

<210> 14

<211> 174

<212> DNA

420

Thr

Lys

Leu

Arg

500

Lys

Tyr

Ser

Asn

Arg

580

3

Lys

Pro

485

Gly

Leu

Asp

565

<213> Unknown

<220><223>

<400> 14

atgaataaat ggttaattaa taatagagga aataattata acgaaatatc aaaaaaatat

aatattcatc cattaatagc aaaaattttg ctaaatagaa atatcactga ttttgaaaaa

410

Cys Gly Leu Ser Ile Glu Lys
425
Val Asn Lys Asn Ser Lys Leu
440
Leu Ile Asp Ser Ser Phe Tyr

455 460

415

Asn Lys Leu Asp

430

Thr Glu Glu Asp

445

Ile Asp Lys Ile

Glu Glu Ile Gly Asn Leu Arg Pro Phe Gly Lys

470 475

Ile Leu Gly Asp Lys Asp Val

490
Lys Asn Gln Asn Val Leu Lys
505
Ile Asp Ala Ile Leu Phe Thr
520
Leu Gly Lys Phe Gly Glu Asn
935 540
Ser Cys Asn Ala Tyr Ile Asp

550 555

480

Glu Ile Ile Phe

495

Met Lys Leu Leu

510

Asp Ala Ile Glu

525

Val Leu Lys Glu

Ile Leu Tyr Tyr

560

Phe Asn Asn Val Lys Asn Ile Gln Leu Asn Leu

570

Finegoldia magna ATCC 29328

_76_

975

60

120
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tttttaaatc

aaagcagtag
gattatgatc
acagataaaa
agtataatag
attagtgcaa
gatcatcacc

gttaacccac

gcttataaat
aatttgcttc
aataggtatt
aaatgcttga
ataattggtc
ctatttagag

aatgaaaaaa

aataccgcac
gtttgtggaa
acggaatctg
atttttgagg
gcatgtggat
aatagcaaac

attgataaaa

gataatccta
gggaagaatc
attttgttta
gtattaaagg
ccagaaatta
taa

<210> 15

<211> 73

ctaatgcaga

atataattat
aagatggaaa
tttcctatga
acaaatgtat
ttgaacagtg
aaacaataaa

aacaacaatc

taatacaagc
aatatgtagc
ttgttacaaa
tcaacatgac
cttgtatcaa
atgaaaatat

gaaaaaaact

taaaaaacga
tcatagctgg
caaataaaaa
agtttgatga
tatcaattga
ttacagaaga

ttgattttga

ggccaatttt
aaaatgtatt
cggatgctat
aacttgaaaa

atgattttaa

9

aaattcatat

tagcactata
ttcttctact
tattcctaat
cgaagataat
tgattatgca
acatgatgga

ttgcaaatat

tattaatata
aatgggaaca
aggtctagaa
tggaattaag
tgcagcagga
ggataatgtt

aacagaagat

cgatatttta
aagaataaaa
tttactcaaa
gtttagagag
aaaaaataaa
agattttgtt

tttgatagaa

aggagataag
aaaaatgaaa
agaaaaatat
tagtatttct

taatgtcaaa

cataatcctt

gatcataatg
atgactctac
agaatgacag
atagatttaa
aggaaaaatg
aaagaaataa

ccttttaaaa

aaaaaaggat
gtatgtgaca
gaaatcaata
aatgcagtaa
agattggata
gaagcatatg

ggatttaata

atttgcaatg
gaaaaatata
ggatctggaa
atgttcgtat
ttagatgagt
aaaaaaatct

gaaattggta

gatgttgaaa
ttactaaaaa
acctatttat
tgtaatgcat

aatattcaat

ttttaatgaa

aaaaaataag
tagatggact
atggatatgg
taataacttg
gaattaaaat
ttccaaatgc

gtttatgegg

atggaatgct
tagtcgattt
atacagataa
atgtctacag
ctgcaaaatt
caaaaatttt

aagctgtcga

tggaaggaat
ataaaccaac
gaagtatatc
cttttggagg
ttagaactaa
tgatagactc

atttgcgtcc

ttatatttgc
acaacaaagc
taggaaaatt
atatagatat

taaatttaat

_77_

agatatggat

aatagtagga
tggatatttt
catttctttt
tgacaatggt
aattgtaact
tgatgcggtce

tgcaggagtt

acagtgtgaa
aaaagatgag
ttacggttta
tttaggattt
aggtgttgaa
agtcgatctt

aattatcgaa

tcatgaaagt
tttaatctta
agaatataat
ccatcctatg
agttaataaa
tagcttttat

atttggaaaa

caaaatgata
aatagatgca
tggtgaaaat
tttatactat

tgatttaaga

180

240
300
360
420
480
540

600

660
720
780
840
900
960

1020

1080
1140
1200
1260
1320
1380

1440

1500
1560
1620
1680
1740

1743
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<212> PRT

<213> Unknown
<220><223> Streptococcus cristatus AS 1.3089
<400> 15
Met Ile Ser Ser Lys Tyr Asp Trp Gln Phe Ala Thr Asn Phe Thr Asp
1 5 10 15
Glu Lys Phe Leu Lys Lys Ala Lys Lys Ala Gly Leu Glu Pro Ala Ala
20 25 30
Ala Ser Leu Leu Tyr Gln Arg Gly Val Gln Thr Glu Glu Ala Leu Gln
35 40 45

Glu Phe Leu Glu Pro Ser Leu Asp Gln Leu His Asp Pro Tyr Asp Leu

50 55 60
His Asp Met Glu Arg Ala Val Glu Arg Ile Arg Ala Ala Ile Glu Asn
65 70 75 80
Tyr Glu Gln Ile Leu Ile Tyr Gly Asp Tyr Asp Ala Asp Gly Met Thr
85 90 95
Ser Ala Ser Ile Val Lys Glu Ala Leu Glu Gln Leu Gly Ala Glu Cys
100 105 110
Gln Val Tyr Leu Pro Asn Arg Phe Thr Asp Gly Tyr Gly Pro Asn Ser

115 120 125

Ser Val Tyr Lys Tyr Phe Ile Glu Asn Gln Gly Ile Ser Leu Ile Ile
130 135 140
Thr Val Asp Asn Gly Val Ala Gly Leu Glu Ala Ile Glu Leu Ala Gln
145 150 155 160
Ser Leu Gly Val Asp Val Ile Val Thr Asp His His Ser Met Pro Glu
165 170 175
Glu Leu Pro Asn Ala Tyr Ala Ile Val His Pro Glu His Ser Gly Ala
180 185 190

Asp Tyr Pro Phe Lys His Leu Ala Gly Cys Gly Val Ala Phe Lys Leu

195 200 205

Ala Thr Ala Leu Leu Glu Glu Val GIn Val Glu Leu Leu Asp Leu Val

_78_



210

Ile Leu

Gly Leu

Asp Glu

Gly Arg

290
Asp Asp
305

Asp Glu

Met Leu

Asn Pro

His Gln

Ser Ala

385

Gly

Val

275

Leu

Arg

Asp

355

Pro

Arg

Thr

Lys

260

Thr

Asp

Lys

Pro

340

Val

Val

Ser

His Arg Asp Leu

Met Thr

Glu Tyr

215
Ile Ala Asp
230
Tyr Gly Leu
245

Leu Phe Lys

Val Gly Phe

Asp Pro Asn
295

Ala Arg Asp

310

[le Val

325

Lys Arg Pro

Leu Gly Ile

Ile Val Leu

375

390
Phe Leu Ala

405

Leu Glu Ala Asp Lys

420

Ile Leu Glu Asn Asp

435

Tyr Leu Asp Glu Glu Leu His

450

Lys Ser

455

Phe Glu Lys Leu Ala

Met

Ser

280

Pro

Val

Val

360

Asn

Val

Phe

Leu

Leu

440

Leu

Pro

220
Val Ser Leu Thr
235
Val Leu Lys Asn
250
Ala Gly Ile Gln

265

Leu Ala Pro Arg

[le Glu Leu

300

Ala Leu Met

315

Ile Tyr Lys
330

Gln Val Leu Ala

Ala Gly Arg Leu

Ile Glu Asp Gly

Ile Phe Glu

Asn

395

Gly Gly His Ala
410

Ala Glu Leu Ala
425

Asp Leu Thr Gly

Pro Glu Leu Thr
460

Phe Gly Met Asp

Gly Glu Asn

Thr Gln Arg
255
Pro Asp Glu

270

Leu Asn Ala
285

Leu Thr Gly

Asn Gln Lys

335

Lys Glu Gly

350
Leu Glu Glu
365

Ile Ala Lys

Ala Leu Asp

Asp Ile Leu
430

Lys Thr Ala
445

Leu Asp Thr

Asn Lys Lys
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Arg
240

Val

Leu

Leu

Phe

Asn

320

Thr

Trp

Leu

Ser

400

Thr

Leu

Leu

Pro
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465

Leu

Phe

Asn

545

Lys

Ser

Lys

625

Phe

Arg

Leu

Ile

705

Phe

Gly

Glu

Thr

530

Val

Val

Arg

Lys

610

Tyr

Leu

Thr
690

Asp

Tyr

Asn

Val

515

Lys

Pro

Lys

Lys

Val

675

Ser

Leu Lys

485
Ser His
500

Val Ala

Asn Leu

Thr Ser

Leu Phe

565
Val Leu
580

Val Val

Leu Gln

Lys Pro

Leu Tyr

645
Leu Lys
660

Lys Met

Gly Val

Ser His

470

Asp Phe

Leu Lys

Phe Gly

Glu Leu

535

Leu Gln

550

Asn Ile

Arg Phe

Val Tyr

Tyr Gln

615

Tyr Tyr

630

Lys Thr

Glu Leu

Met Thr

695

Ile Tyr

710

Lys Val

Leu Lys

505
Gln Gly
520

Ala Val

Leu Met

Arg Gly

Thr Glu

585
Asp Leu
600

Asp Phe

Leu Thr

Ile Tyr

665
Ile Phe
680

Val Asn

Gln Asp

475

Asp Asn

490

Ile Ser

Ser Leu

Ser Leu

Leu Val

555

Lys Asn

570

Glu Leu

Pro Asp

Glu Ala

Gly Tyr

635
Gln Phe
650

Tyr Leu

Glu Glu

Lys Glu

Leu Lys

715

Ala Arg Thr

Gln Ala Asp
510
Ala Thr Glu
525
Ser Val Asn
540

Asp Ala Arg

Ala Thr Leu

Pro Asp Leu
590
Asn Leu Gln
605
[le Tyr Phe
620

Gly Thr Arg

Pro Glu Phe

Lys Ile Asp

670

Leu Gly Phe
685

Ala Glu Lys

700

Arg Leu Val

_80_

Met

495

Phe

Lys

Val

Pro

575

Thr

Val

Lys

Glu

Asp

655

Pro

Val

Lys

Lys

480

Ser

Trp

Asp

560

Asp

Asn

Leu

Asn

640

Val

Ser

Glu

720

ZIHSdl 10-2020-0078200
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Gln Glu Leu Met Ala Leu Gly Thr Val Gln Glu Ile Tyr Asp Tyr Leu

725 730 735
Met Asp Cys
<210> 16
<211> 2220
<212> DNA

<213> Unknown

<220><223> Streptococcus cristatus AS 1.3089

<400> 16

atgattagct caaaatatga ctggcagttt gccactaatt ttacagatga aaaattttta 60
aaaaaggcta agaaagctgg gttagaaccc gcagcecgeca gtettettta ccaaagaggt 120
gtgcagactg aagaggcctt gcaggaattt ttggagccta gtttagacca gecttcacgac 180
ccttatgacc ttcatgatat ggagcgggca gtggagegceca ttcgegcage gattgagaac 240
tacgaacaga ttttgatcta tggcgattat gatgcagatg gcatgacctc ggcatctatt 300
gtcaaggaag ccttggagca getgggggcet gagtgtcagg tctatctgece caatcgettt 360
acggatggcet atggtcctaa tagcagtgtt tacaagtatt ttattgaaaa tcaaggcatc 420
tcgctcatta ttacagtgga taatggagtg getggacttg aagctatcga gcectggeccag 480
tctcteggeg tcgatgtcat cgtgacggat caccactcca tgcecccgagga gctgecaaat 540
gcctatgega tegtccatcec ggaacatage ggageggatt accctttcaa acatctgget 600
ggctgtgggg tggcttttaa getggcaaca gecttgttgg aagaagtcca agtcgaactt 660
ttggacttag ttgccattgg caccattgec gatatggtca gtctgacggg ggaaaatcgg 720
atcttagtca aatatggtct ttcagttctc aaaaataccc agcgagtggg acttcaggag 780
ctcttcaaaa tcgctggtat tcagccagat gaactggatg aagaaacagt tggtttccag 840
cttgccccta gactcaatge cttgggacgg ttggatgatc ctaatccage tattgagcett 900
ttgacaggct ttgacgacga agaagctcgt gacattgctc tcatgattaa ccagaaaaat 960
gacgagcgca aggaaatcgt ccagcagatt tataaagaag cacaaaccat gctggaccct 1020
aagagaccag tgcaggtgtt ggccaaggaa ggctggaatc ccggtgtget agggattgte 1080
gectgggeget tgetggaaga getgcatcag ccagttatag tgectcaatat tgaggatgga 1140
atcgctaagg gecagegeccg cagtattgaa geggtcaata tttttgagge cttggacagt 1200
caccgtgatc tctttctage ctttggtgge cacgetggag cggetggaat gactcttgaa 1260
gcagacaagc tggcggaget tgetgatatc ttgacagagt atatcttaga aaatgatttg 1320

_81_



gatttaactg gcaaaacagc

ctggatacgc tcaaaagctt
cttttttacc tcaaggactt
catctcaaac tgaaaatttc
ggaagcctgg cgacagagtt
gtcaataaat ggaatggaca
ggcgttcage ttttcaatat

ttgcgtttca cagaggaatt

ctgccagata atttgcaggt
tactttaaga atgaaattgc
tttgctaaac tttacaagac
aaggagctgg cagcttacct
tttgaagagc tgggcetttgt
gaaaagaaag aaattgacag

Ccaagaactta tggctctggg

<210> 17
<211> 15
<212> PRT

tctgtattta

cgaaaaactg
taaagtggac
tcaggcagat
tgcccagact
gaccagtctc
ccgecggaaaa

gceggatttg

cttgaagaag
caagccatac
aatctatcag
gaaaattgat
cagcatcacg
tagtcacatt

cactgtgcag

<213> Artificial Sequence

<220><223> Flexible

<400> 17

linker

gatgaggagc

gegecttttg
aatgcacgga
gcatcttttg
aagaatctgg
cagctcatgc
aatgcgacac

acaaatagca

attcttcagt
tatctgaccg
ttccecgagt
cctattctct
gaaggcgtca
taccaagacc

gagatttacg

tgcatctgcec

gtatggataa
ctatgggggc
aagtagtagc
agctggcetgt
tggtagatgc
tgcctgacaa

gagcagttgt

atcaggattt
gttatggtac
ttgatgttcg
tggtcaaaat
tgacggtcaa
tcaagcgcct

actatctcat

agaactgacc

taagaagcca
tggcaatagc
ttttgggcaa
cagcctctcet
ccgtgtggac
ggttccagtce

agtttatgac

tgaagctatt
tcgtgagcaa
ctataaactc
gattcagatt
taaggaagct
ggtcaaagaa

ggattgctag

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser

1 5
<210> 18
<211> 8
<212> PRT

<213> Artificial Sequence

<220><223> Flexible linker

<400> 18

Gly Gly Gly Gly Gly Gly Gly Gly

1 5

10

_82_

15

1380

1440
1500
1560
1620
1680
1740

1800

1860
1920
1980
2040
2100
2160

2220

2220
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SIHS31 10-2020-0078200

<210

> 19
<211> 6
<212> PRT

<213> Artificial Sequence
<220><223> Flexible linker
<400> 19

Gly Gly Gly Gly Gly Gly

1 5
<210> 20
<211> 15
<212> PRT

<213> Artificial Sequence
<220><223> Rigid linker
<400> 20

Glu Ala Ala Ala Lys Glu Ala Ala Ala Lys Glu Ala Ala Ala Lys

1 5 10 15
<210> 21
<211> 5
<212> PRT

<213> Artificial Sequence
<220><223> Rigid linker
<400

> 21

Glu Ala Ala Ala Lys

1 5
<210> 22
<211> 10
<212> PRT

<213> Artificial Sequence

<220><223> Rigid linker

<400> 22

Glu Ala Ala Ala Lys Glu Ala Ala Ala Lys
1 5 10

<210> 23

_83_



<211> 46

<212> PRT

<213> Artificial Sequence

<220><223> Rigid linker

<400> 23

Ala Glu Ala Ala Ala Lys Glu Ala Ala Ala Lys Glu Ala Ala Ala Lys
1 5 10 15

Glu Ala Ala Ala Lys Ala Leu Glu Ala Glu Ala Ala Ala Lys Glu Ala

20 25 30

Ala Ala Lys Glu Ala Ala Ala Lys Glu Ala Ala Ala Lys Ala

35 40 45
<210> 24
<211> 12
<212> PRT

<213> Artificial Sequence
<220><223> Rigid linker
<400> 24

Ala Glu Ala Ala Ala Lys Glu Ala Ala Ala Lys Ala

1 5 10
<210> 25
<211> 1442
<212> PRT

<213> Artificial Sequence
<220><223> SpyCas9
<400> 25

Met Gly Ser Ser His His His His His His Ser Ser Gly Leu Val Pro

1 5 10 15
Arg Gly Ser His Met Ala Ser Met Thr Gly Gly Gln GIn Met Gly Arg
20 25 30
Gly Ser Glu Phe Glu Leu Arg Arg Gln Ala Cys Gly Arg Met Asp Lys
35 40 45
Lys Tyr Ser Ile Gly Leu Asp Ile Gly Thr Asn Ser Val Gly Trp Ala

50 55 60

_84_
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Val Ile

65

Leu Phe

Ala Arg

130

Arg Leu

145

His Pro

Tyr Pro

Lys Ala

Phe Arg
210

Asp Val

225

Phe Glu

Leu Ser

Gln Leu

Leu Ser

290

Glu Asp

Thr

Thr

Asp

Arg

115

Phe

Thr

Asp

195

Asp

Pro
275

Leu

Ala

Asp Glu Tyr

70

Asp Arg His
85

Ser Gly Glu

100

Arg Tyr Thr

Ser Asn Glu

Glu Ser Phe

Phe Gly Asn

Ile Tyr His
180

Leu Arg Leu

His Phe Leu

Lys Leu Phe
230
Asn Pro Ile
245
Arg Leu Ser
260

Gly Glu Lys

Gly Leu Thr

Lys

Ser

Thr

Arg

Met

135

Leu

Leu

Asn

Lys

Lys

Pro

295

Val Pro

Ile Lys

105
Arg Lys
120

Ala Lys

Val Glu

Val Asp

Arg Lys
185
Tyr Leu

200

Gln Leu

Ala Ser

Ser Arg

265
Asn Gly
280

Asn Phe

Lys Leu GIn Leu Ser Lys

Ser Lys

75

Lys Asn

90

Ala Thr

Asn Arg

Val Asp

Glu Asp

155

170

Lys Leu

Ala Leu

Asp Leu

Val Gln

235
Gly Val
250

Arg Leu

Leu Phe

Lys Ser

Asp Thr

Lys

Leu

Arg

Asp
140

Lys

Val

Asn

220

Thr

Asp

Asn

300

Tyr

Phe Lys Val Leu
80
Ile Gly Ala Leu

95

Leu Lys Arg Thr

Cys
125

Ser

Lys

Tyr

Asp

His

205

Pro

Tyr

Asn

Asn

285

Phe

Asp

110

Tyr

Phe

His

His

Ser

190

Met

Asp

Asn

Lys

Leu

270

Leu

Asp

Asp

_85_

Leu Gln

Phe His

Glu Arg

160

Glu Lys

175

Thr Asp

Ile Lys

Asn Ser

Gln Leu
240

Leu Ala

Asp Leu
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305

Asp

Val

Arg

Arg

385

Lys

Phe

Thr

His

465

Asn

Val

Lys

Lys

Lys

545

Glu

Asn

Asn

Tyr

370

Asn

Tyr

Leu

Phe

450

Leu

Lys

Thr

355

Asp

Gly

Lys

Leu

435

Asp

Leu

Asn

340

Leu

Tyr

Phe

420

Val

Asn

Leu

Arg Glu Lys

Ser

Tyr

Phe

Leu

500

Ser

Thr

Ala
325

Leu

His

Pro

Lys

Arg

Thr

Asn

Val

310

Ser

Thr

His

Lys

Leu

Ser

Arg

470

Arg

Glu
550

Tyr

Ile

Asp

Lys

375

Lys

Tyr

Pro

Asn

Lys

Thr

Ser
535

Lys

Gly Asp

Ala Ile

345

Ala Pro

360

Asp Leu

Tyr Lys

Ile Asp

Ile Leu

425

Arg Glu

440

Pro His

Glu Asp

Ile Leu

Asn Ser

505

Pro Trp
520

Phe Ile

Val Leu

330

Leu

Leu

Thr

Asp

Phe

Thr
490

Arg

Asn

Pro

315

Tyr

Leu

Ser

Leu

Lys

Leu

Tyr
475

Phe

Phe

Phe

Arg

Lys

555

Ala

Ser

Leu
380

Phe

Met

Leu

His

460

Pro

Arg

Met
540

His

Asn Glu Leu Thr Lys Val

Asp Leu Phe

335

Asp Ile Leu
350

Ser Met Ile

365

Lys Ala Leu

Phe Asp Gln

Ser Gln Glu

415

Asp Gly Thr
430

Arg Lys Gln

445

Leu Gly Glu

Phe Leu Lys

Ile Pro Tyr
495
Trp Met Thr

510

Glu Val Val
525

Thr Asn Phe

Ser Leu Leu

Lys Tyr Val

_86_

320

Leu

Arg

Lys

Val

Ser

400

Arg

Leu

Asp

480

Tyr

Arg

Asp

Asp

Tyr

560

Thr
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Glu Gly Met

[le Val Asp
595
Leu Lys Glu
610
Ile Ser Gly
625

Asp Leu Leu

Asn Glu Asp

Asp Arg Glu
675
Asp Asp Lys
690
Gly Arg Leu
705

Gly Lys Thr

Asn Phe Met

[le Gln Lys

755

Ile Ala Asn

Thr Val Lys

Pro Glu Asn

Arg

580

Leu

Asp

Val

Lys

660

Met

Val

Ser

Leu

Val

Ile

565

Lys

Leu

Tyr

645

Leu

Met

Arg

Leu

725

Leu

Val

Val

805

Pro Ala

Phe Lys

Phe Lys

615
Asp Arg
630

Ile Lys

Glu Asp

Glu Glu

Lys Gln

695
Lys Leu
710

Asp Phe

Ile His

Val Ser

Gly Ser

775

Asp Glu

790

Ile Glu

Phe Leu

585
Thr Asn
600

Lys Ile

Phe Asn

Asp Lys

[le Val

665
Arg Leu
680

Leu Lys

Ile Asn

Leu Lys

Asp Asp

745
Gly Gln
760

Pro Ala

Leu Val

Met Ala

570

Ser Gly Glu Gln Lys

Arg

Glu

Asp

650

Leu

Lys

Arg

Ser

730

Ser

Lys

Arg

810

Lys

Cys

Ser

635

Phe

Thr

Thr

Arg

715

Asp

Leu

Asp

Lys

Val

795

Glu

Val

Phe

620

Leu

Leu

Leu

Tyr

Arg

700

Arg

Thr

Ser

Lys

780

Met

Asn

590

Thr Val

605

Asp Ser

Gly Thr

Asp Asn

Thr Leu

670

685

Tyr Thr

Asp Lys

Phe Ala

Phe Lys
750
Leu His

765

Gly Arg

Gln Thr

_87_

575

Lys Ala

Lys Gln

Val Glu

Tyr His

640

655

Phe Glu

Leu Phe

Gly Trp

Gln Ser

720

Asn Arg

735

Glu Asp

Glu His

Leu Gln

His Lys

800

Thr Gln

815
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Lys Gly Gln Lys Asn Ser Arg Glu Arg Met Lys Arg Ile Glu Glu Gly

Ile Lys

Thr Gln
850

Arg Asp

865

Tyr Asp

Ile Asp

Asp Asn

Arg Gln

930

Leu Thr
945

Phe Ile

Lys Leu

Ser Asp

1010
Asn Tyr
1025

Ala Leu

835

Leu

Met

Val

Asn

Val

915

Leu

Lys

Lys

995

Phe

His

Ile

820 825 830
Leu Gly Ser Gln Ile Leu Lys Glu His Pro Val Glu Asn
840 845
GIn Asn Glu Lys Leu Tyr Leu Tyr Tyr Leu Gln Asn Gly
855 860

Tyr Val Asp Gln Glu Leu Asp Ile Asn Arg Leu Ser Asp

870 875 880

Asp His Ile Val Pro Gln Ser Phe Leu Lys Asp Asp Ser
885 890 895
Lys Val Leu Thr Arg Ser Asp Lys Asn Arg Gly Lys Ser
900 905 910
Pro Ser Glu Glu Val Val Lys Lys Met Lys Asn Tyr Trp
920 925

Leu Asn Ala Lys Leu Ile Thr Gln Arg Lys Phe Asp Asn

935 940

Ala Glu Arg Gly Gly Leu Ser Glu Leu Asp Lys Ala Gly
950 955 960

Arg Gln Leu Val Glu Thr Arg Gln Ile Thr Lys His Val

965 970 975

Leu Asp Ser Arg Met Asn Thr Lys Tyr Asp Glu Asn Asp

980 985 990

Arg Glu Val Lys Val Ile Thr Leu Lys Ser Lys Leu Val

1000 1005

Arg Lys Asp Phe Gln Phe Tyr Lys Val Arg Glu Ile Asn

1015 1020
His Ala His Asp Ala Tyr Leu Asn Ala Val Val Gly Thr
1030 1035 1040
Lys Lys Tyr Pro Lys Leu Glu Ser Glu Phe Val Tyr Gly

1045 1050 1055

Asp Tyr Lys Val Tyr Asp Val Arg Lys Met Ile Ala Lys Ser Glu Gln

1060 1065 1070

_88_
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Glu Ile Gly Lys Ala Thr Ala Lys Tyr Phe Phe Tyr Ser Asn Ile Met

1075 1080 1085

Asn Phe Phe Lys Thr Glu Ile Thr Leu Ala Asn Gly Glu Ile Arg Lys
1090 1095 1100
Arg Pro Leu Ile Glu Thr Asn Gly Glu Thr Gly Glu Ile Val Trp Asp
1105 1110 1115 1120
Lys Gly Arg Asp Phe Ala Thr Val Arg Lys Val Leu Ser Met Pro Gln
1125 1130 1135
Val Asn Ile Val Lys Lys Thr Glu Val Gln Thr Gly Gly Phe Ser Lys
1140 1145 1150

Glu Ser Ile Leu Pro Lys Arg Asn Ser Asp Lys Leu Ile Ala Arg Lys

1155 1160 1165
Lys Asp Trp Asp Pro Lys Lys Tyr Gly Gly Phe Asp Ser Pro Thr Val
1170 1175 1180
Ala Tyr Ser Val Leu Val Val Ala Lys Val Glu Lys Gly Lys Ser Lys
1185 1190 1195 1200
Lys Leu Lys Ser Val Lys Glu Leu Leu Gly Ile Thr Ile Met Glu Arg
1205 1210 1215
Ser Ser Phe Glu Lys Asn Pro Ile Asp Phe Leu Glu Ala Lys Gly Tyr

1220 1225 1230

Lys Glu Val Lys Lys Asp Leu Ile Ile Lys Leu Pro Lys Tyr Ser Leu
1235 1240 1245
Phe Glu Leu Glu Asn Gly Arg Lys Arg Met Leu Ala Ser Ala Gly Glu
1250 1255 1260
Leu Gln Lys Gly Asn Glu Leu Ala Leu Pro Ser Lys Tyr Val Asn Phe
1265 1270 1275 1280
Leu Tyr Leu Ala Ser His Tyr Glu Lys Leu Lys Gly Ser Pro Glu Asp
1285 1290 1295

Asn Glu Gln Lys GIn Leu Phe Val Glu Gln His Lys His Tyr Leu Asp

1300 1305 1310

Glu Ile Ile Glu GIn Ile Ser Glu Phe Ser Lys Arg Val Ile Leu Ala

_89_
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1315 1320 1325
Asp Ala Asn Leu Asp Lys Val Leu Ser Ala Tyr Asn Lys His Arg Asp
1330 1335 1340
Lys Pro Ile Arg Glu Gln Ala Glu Asn Ile Ile His Leu Phe Thr Leu
1345 1350 1355 1360
Thr Asn Leu Gly Ala Pro Ala Ala Phe Lys Tyr Phe Asp Thr Thr Ile

1365 1370 1375

Asp Arg Lys Arg Tyr Thr Ser Thr Lys Glu Val Leu Asp Ala Thr Leu
1380 1385 1390
Ile His Gln Ser Ile Thr Gly Leu Tyr Glu Thr Arg Ile Asp Leu Ser
1395 1400 1405
Gln Leu Gly Gly Asp Ala Ala Ala Leu Asp Leu Glu Lys Arg Pro Ala
1410 1415 1420

Ala Thr Lys Lys Ala Gly Gln Ala Lys Lys Lys Glu His His His His

1425 1430 1435 1440
His His

<

210> 26

<211> 4329

<212> DNA

<213> Artificial Sequence

<220><223> SpyCas9
<400> 26

atgggcagca gccatcatca
atggctagca tgactggtgg
caagcttgcg gccgeatgga
gtgggctggg ccgtgatcac
ggcaacaccg accgccacag

ggcgagaccg ccgaggecac

aagaaccgca tctgctacct
agcttcttcc accgectgga

caccccatct tcggcaacat

tcatcatcac
acagcaaatg
caagaagtac
cgacgagtac
catcaagaag

ccgectgaag

gcaggagatc
ggagagcttc

cgtggacgag

agcagcggcece
ggtcgeggat
agcatcggcc
aaggtgccca
aacctgatcg

cgcaccgece

ttcagcaacg

ctggtggagg

gtggcectacce

tggtgccgeg
ccgaattcga
tggacatcgg
gcaagaagtt
gecgcecectget

gcegecgeta

agatggccaa
aggacaagaa

acgagaagta

_90_

cggcagccat
gctceegtega
taccaacagc
caaggtgctg
gttcgacagc

cacccgeege

ggtggacgac
gcacgagege

ccccaccatce

60

120

180

240

300

360

420

480

540
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taccacctgc
ctggecectgg
cccgacaaca

ttcgaggaga

ctgagcaaga
ggcctgtteg
ttcgacctgg
gacaacctgc
ctgagcgacg
cccctgageg

aaggccctgg

aagaacggct
atcaagccca
gaggacctgc
ctgggcgage
aaccgcgaga
gceegeggea

tggaacttcg

accaacttcg
gagtacttca
aagcccgcect
aaccgcaagg
gacagcgtgg
gacctgctga

ctggaggaca

ctgaagacct
tacaccggct
ggcaagacca
ctgatccacg
cagggcgaca

ggcatcctge

gcaagaagct
cccacatgat
gcgacgtgga

accccatcaa

gcegecegect
gcaacctgat
ccgaggacgce
tggcccagat
ccatcctgct
ccagcatgat

tgcgcecagcea

acgccggcta
tcctggagaa
tgcgcaagca
tgcacgccat
agatcgagaa
acagccgctt

aggaggtggt

acaagaacct
ccgtgtacaa
tcctgagegg
tgaccgtgaa
agatcagcgg
agatcatcaa

tcgtgctgac

acgcccacct
ggggecegect
tcctggactt
acgacagcct
gcctgcacga

agaccgtgaa

ggtggacagc
caagttccgc

caagctgttc

cgccageggce

ggagaacctg
cgcectgage
caagctgcag
cggcgaccag
gagcgacatc
caagcgctac

gctgeccgag

catcgacggc
gatggacggc
gcgcaccttce
cctgegecegce
gatcctgacc
cgcctggatg

ggacaaggsce

gcccaacgag
cgagctgacc
cgagcagaag
gcagctgaag
cgtggaggac
ggacaaggac

cctgaccctg

gttcgacgac
gagccgceaag
cctgaagagc
gaccttcaag
gcacatcgcc

ggtggtggac

accgacaagg
ggccacttce
atccagctgg

gtggacgcca

atcgcccagce
ctgggcectga
ctgagcaagg
tacgccgacc
ctgcgegtga
gacgagcacc

aagtacaagg

ggcgcecagece
accgaggage
gacaacggca
caggaggact
ttccgecatcc
acccgcaaga

gccagcegcecce

aaggtgctgc
aaggtgaagt
aaggccatcg
gaggactact
cgcttcaacg
ttcctggaca

ttcgaggacc

aaggtgatga
cttatcaacg
gacggcttcg
gaggacatcc
aacctggcecg

gagctggtga

ccgacctgeg
tgatcgaggg
tgcagaccta

aggccatcct

tgcceggcega
cccccaactt
acacctacga
tgttceectgge
acaccgagat
accaggacct

agatcttctt

aggaggagtt
tgctggtgaa
gcatcccecca
tctacccctt
cctactacgt
gcgaggagac

agagcttcat

ccaagcacag
acgtgaccga
tggacctgct
tcaagaagat
ccagcctggg
acgaggagaa

gcgagatgat

agcagctgaa
gcatccgega
ccaaccgcaa
agaaggccca
gcagccecge

aggtgatggg
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cctgatctac
cgacctgaac
caaccagctg

gagcgccecegce

gaagaagaac
caagagcaac
cgacgacctg
cgccaagaac
caccaaggcc
gaccctgetg

cgaccagagce

ctacaagttc
gctgaaccgce
ccagatccac
cctgaaggac
gggcccectg
catcacccce

cgagcgcatg

cctgetgtac
gggcatgege
gttcaagacc
cgagtgctte
cacctaccac
cgaggacatc

cgaggagcgce

gcgecgecege
caagcagagc
cttcatgcag
ggtgageggce
catcaagaag

ccgccacaag

600
660
720

780

840
900
960
1020
1080
1140

1200

1260
1320
1380
1440
1500
1560

1620

1680
1740
1800
1860
1920
1980

2040

2100
2160
2220
2280
2340

2400

ZIHSd 10-2020-0078200



cccgagaaca

aacagccgeg
ctgaaggagc
ctgcagaacg
tacgacgtgg
gtgctgaccce
gtgaagaaga

aagttcgaca

ttcatcaagc
gacagccgcea
atcaccctga
cgcgagatca
gcectgatcea
tacgacgtgc

tacttcttct

gagatccgca
aagggecgeg
aagaagaccg
agcgacaagce
agccccaccg
aagctgaaga

aagaacccca

atcaagctgc
agcgeegecg
ctgtacctgg
cagctgttcg
ttcagcaagc
aagcaccgeg

accaacctgg

tcgtgatcga

agcgcatgaa
acccecgtgga
gcegegacat
accacatcgt
gcagcgacaa
tgaagaacta

acctgaccaa

gccagetggt
tgaacaccaa
agagcaagct
acaactacca
agaagtaccc
gcaagatgat

acagcaacat

agcgccccct
acttcgccac
aggtgcagac
tgatcgcccg
tggcctacag
gcgtgaagga

tcgacttcect

ccaagtacag
agctgcagaa
ccagccacta
tggagcagca
gegtgatcct
acaagcccat

gcgcececececege

gatggcccgce

gcgcatcgag
gaacacccag
gtacgtggac
gccccagage
gaaccgeggce
ctggcgccag

ggccgagegce

ggagacccge
gtacgacgag
ggtgagcegac
ccacgcccac
caagctggag
cgccaagagce

catgaacttc

gatcgagacc
cgtgcgcaag
cggeggctte
caagaaggac
cgtgctggtg
gctgetggge

ggaggcecaag

cctgttcgag
gggcaacgag
cgagaagctg
caagcactac
ggcegacgec
ccgcgageag

cgccttcaag

gagaaccaga

gagggcatca
ctgcagaacg
caggagctgg
ttcctgaagg
aagagcgaca
ctgctgaacg

ggcggecetga

cagatcacca
aacgacaagc
ttccgcaagg
gacgcctacc
agcgagttcg
gagcaggaga

ttcaagaccg

aacggcgaga
gtgctgagca
agcaaggaga
tgggacccca
gtggccaagg

atcaccatca

ggctacaagg

ctggagaacg
ctggccectgce
aagggcagcce
ctggacgaga
aacctggaca
gccgagaaca

tacttcgaca

ccacccagaa

aggagctggg
agaagctgta
acatcaaccg
acgacagcat
acgtgcccag
ccaagctgat

gcgagetgga

agcacgtggc
tgatccgcga
acttccagtt
tgaacgccgt
tgtacggcga
tcggcaaggc

agatcaccct

ccggegagat
tgccccaggt
gcatcctgece
agaagtacgg
tggagaaggg
tggagcgcag

aggtgaagaa

gccgcaageg
ccagcaagta
ccgaggacaa
tcatcgagca
aggtgctgag
tcatccacct

ccaccatcga

_92_

gggccagaag

cagccagatc
cctgtactac
cctgagcgac
cgacaacaag
cgaggaggtg
cacccagegce

caaggccggc

ccagatcctg
ggtgaaggtg
ctacaaggtg
ggtgggcacc
ctacaaggtg
caccgccaag

ggccaacgge

cgtgtgggac
gaacatcgtg
caagcgcaac
cggcttcgac
caagagcaag
cagcttcgag

ggacctgatc

catgctggcc
cgtgaacttc
cgagcagaag
gatcagcgag
cgcctacaac
gttcaccctg

ccgcaagegce

2460

2520
2580
2640
2700
2760
2820

2880

2940
3000
3060
3120
3180
3240

3300

3360
3420
3480
3540
3600
3660

3720

3780
3840
3900
3960
4020
4080

4140
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tacaccagca ccaaggaggt gctggacgcec accctgatcc accagagcat caccggtcetg 4200
tacgagaccc gcatcgacct gagccagetg ggeggegacg cggecgcecact cgacctcgag 4260
aaaaggccgg cggecacgaa aaaggecgge caggcaaaaa agaaagagea ccaccaccac 4320
caccactga 4329
<210> 27

<211> 1682

<212> PRT

<213> Artificial Sequence

<220><223> SpyCas9-GFP

<400> 27

Met Gly Ser Ser His His His His His His Ser Ser Gly Leu Val Pro

1 5 10 15

Arg Gly Ser His Met Ala Ser Met Thr Gly Gly Gln Gln Met Gly Arg
20 25 30
Gly Ser Glu Phe Glu Leu Arg Arg Gln Ala Cys Gly Arg Met Asp Lys
35 40 45
Lys Tyr Ser Ile Gly Leu Asp Ile Gly Thr Asn Ser Val Gly Trp Ala
50 95 60
Val Ile Thr Asp Glu Tyr Lys Val Pro Ser Lys Lys Phe Lys Val Leu
65 70 75 80

Gly Asn Thr Asp Arg His Ser Ile Lys Lys Asn Leu Ile Gly Ala Leu

85 90 95
Leu Phe Asp Ser Gly Glu Thr Ala Glu Ala Thr Arg Leu Lys Arg Thr
100 105 110
Ala Arg Arg Arg Tyr Thr Arg Arg Lys Asn Arg Ile Cys Tyr Leu Gln
115 120 125
Glu Ile Phe Ser Asn Glu Met Ala Lys Val Asp Asp Ser Phe Phe His
130 135 140
Arg Leu Glu Glu Ser Phe Leu Val Glu Glu Asp Lys Lys His Glu Arg

145 150 155 160

His Pro Ile Phe Gly Asn Ile Val Asp Glu Val Ala Tyr His Glu Lys

165 170 175

_93_



Tyr

Lys

Phe

Asp

225

Phe

Leu

Leu

305

Asp

Val

Arg

Arg
385

Lys

Phe

Pro Thr Ile
180
Ala Asp Leu
195
Arg Gly His
210

Val Asp Lys

Glu Glu Asn

Ser Ala Arg

260

Leu Pro Gly
275

Ser Leu Gly

290

Asp Ala Lys

Asn Leu Leu

Ala Lys Asn

340

Asn Thr Glu
355

Tyr Asp Glu

370

GIn Gln Leu

Asn Gly Tyr

Tyr Lys Phe

420

Tyr His Leu Arg Lys

Arg Leu Ile

Phe Leu Ile

Leu Phe Ile

230
Pro Ile Asn
245

Leu Ser Lys

Glu Lys Lys

Leu Thr Pro

295

Leu Gln Leu

325

Leu Ser Asp

[le Thr Lys

His His Gln

375
Pro Glu Lys
390
Ala Gly Tyr
405

Ile Lys Pro

Tyr

200

Ser

Asn

280

Asn

Ser

360

Asp

Tyr

Ile

Ile

185

Leu

Leu

Ser

Arg

265

Phe

Lys

Asp

345

Pro

Leu

Lys

Asp

Leu

425

Lys Leu Val

Ala Leu Ala

Asp Leu Asn
220

Val Gln Thr

235
Gly Val Asp
250

Arg Leu Glu

Leu Phe Gly

Lys Ser Asn

300

Asp Thr Tyr
315

Gln Tyr Ala

330

Leu Leu Ser

Leu Ser Ala

Thr Leu Leu

380
Glu Ile Phe
395
Gly Gly Ala
410

Glu Lys Met

Asp

His

205

Pro

Tyr

Asn

Asn

285

Phe

Asp

Asp

Asp

Ser

365

Lys

Phe

Ser

Asp

Ser

190

Met

Asp

Asn

Lys

Leu

270

Leu

Asp

Asp

Leu

350

Met

Asp

Gln

Gly
430

_94_

Thr Asp

Ile Lys

Asn Ser

Gln Leu

240

Leu Ala

Asp Leu

320
Phe Leu
335

Leu Arg

Ile Lys

Leu Val

Gln Ser

400
Glu Glu
415

Thr Glu
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Glu

Thr

His

465

Asn

Val

Lys

Lys

Lys

545

Leu

625

Asp

Asn

Asp

Leu Leu Val

435

Phe Asp Asn
450

Ala Ile Leu

Arg Glu Lys

Gly Pro Leu
500

Ser Glu Glu

515
Gly Ala Ser
530

Asn Leu Pro

Tyr Phe Thr

Gly Met Arg

580

Val Asp Leu
595

Lys Glu Asp

610

Ser Gly Val

Leu Leu Lys

Glu Asp Ile

660

Arg Glu Met

Lys Leu Asn Arg Glu Asp

Gly Ser Ile

455

Arg Arg Gln
470

Ile Glu Lys

485

Thr Ile Thr

Ala Gln Ser
535
Asn Glu Lys
550
Val Tyr Asn
565

Lys Pro Ala

Leu Phe Lys

Tyr Phe Lys
615
Glu Asp Arg
630
Ile Ile Lys
645

Leu Glu Asp

440

Pro

Asn

Pro

520

Phe

Val

Phe

Thr

600

Lys

Phe

Asp

Ile

His

Asp

Leu

Ser

505

Trp

Leu

Leu

Leu

585

Asn

Asn

Lys

Val

665

Ile Glu Glu Arg Leu

Phe

Thr

490

Arg

Asn

Pro

Thr

570

Ser

Arg

Glu

Asp
650

Leu

Lys

Leu

Tyr

475

Phe

Phe

Phe

Arg

Lys

555

Lys

Lys

Cys

Ser

635

Phe

Thr

Thr

Leu Arg Lys Gln Arg

445

His Leu
460

Pro Phe

Arg Ile

Ala Trp

525
Met Thr
540

His Ser

Val Lys

Val Thr

605
Phe Asp
620

Leu Gly

Leu Asp

Leu Thr

Tyr Ala

Gly

Leu

Pro

Met

510

Val

Asn

Leu

Tyr

Lys

590

Val

Ser

Thr

Asn

Leu

670

His

_95_

Glu Leu

Lys Asp

480
Tyr Tyr
495

Thr Arg

Val Asp

Phe Asp

Leu Tyr

560
Val Thr
975

Lys Ala

Lys Gln

Val Glu

Tyr His

640
Glu Glu
655

Phe Glu

Leu Phe
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Asp

Asn

Thr
785

Pro

Lys

Thr

Arg

865

Tyr

Asp

675
Asp Lys
690

Arg Leu

Lys Thr

Phe Met

Gln Lys

755
Ala Asn
770

Val Lys

Glu Asn

Gly Gln

Lys Glu

835
Gln Leu
850

Asp Met

Asp Val

Asp Asn

Asn Val

915

Val

Ser

Leu

Val

Lys
820

Leu

Tyr

Asp

Lys
900

Pro

Met

Arg

Leu

725

Leu

Val

Val

805

Asn

Asn

Val

His

885

Val

Ser

Lys Gln

695
Lys Leu
710

Asp Phe

Ile His

Val Ser

Ser Arg

Ser Gln

Glu Lys

855

Asp Gln

870

Ile Val

Leu Thr

Glu Glu

6380

Leu Lys

Ile Asn

Leu Lys

Asp Asp

745
Gly Gln
760

Pro Ala

Leu Val

Met Ala

Glu Arg

825
Ile Leu
840

Leu Tyr

Glu Leu

Pro Gln

Arg Ser

905
Val Val
920

Arg

Ser

730

Ser

Lys

Arg

810

Met

Lys

Leu

Asp

Ser
890

Asp

Lys

Arg Gln Leu Leu Asn Ala Lys Leu Ile Thr

Arg

Leu

Asp

Lys

Val

795

Lys

Tyr

875

Phe

Lys

Lys

Gln

Arg
700

Arg

Thr

Ser

Lys

780

Met

Asn

Arg

His

Tyr

860

Asn

Leu

Asn

Met

Arg

685

Tyr Thr Gly

Asp Lys Gln

Phe Ala Asn

735

Phe Lys Glu
750

Leu His Glu

765

Gly Ile Leu

Gly Arg His

GIn Thr Thr

815
Ile Glu Glu
830
Pro Val Glu
845

Leu Gln Asn

Arg Leu Ser

Lys Asp Asp
895
Arg Gly Lys
910
Lys Asn Tyr
925

Lys Phe Asp

_96_

Trp

Ser

720

Arg

Asp

His

Lys

800

Asn

Gly

Asp

880

Ser

Ser

Trp

Asn

ZIHSdl 10-2020-0078200



930 935 940

Leu Thr Lys Ala Glu Arg Gly Gly Leu Ser Glu Leu Asp Lys Ala Gly

945 950 955 960
Phe Ile Lys Arg Gln Leu Val Glu Thr Arg Gln Ile Thr Lys His Val
965 970 975
Ala Gln Ile Leu Asp Ser Arg Met Asn Thr Lys Tyr Asp Glu Asn Asp
980 985 990
Lys Leu Ile Arg Glu Val Lys Val Ile Thr Leu Lys Ser Lys Leu Val
995 1000 1005
Ser Asp Phe Arg Lys Asp Phe Gln Phe Tyr Lys Val Arg Glu Ile Asn

1010 1015 1020

Asn Tyr His His Ala His Asp Ala Tyr Leu Asn Ala Val Val Gly Thr
1025 1030 1035 1040
Ala Leu Ile Lys Lys Tyr Pro Lys Leu Glu Ser Glu Phe Val Tyr Gly
1045 1050 1055
Asp Tyr Lys Val Tyr Asp Val Arg Lys Met Ile Ala Lys Ser Glu Gln
1060 1065 1070
Glu Ile Gly Lys Ala Thr Ala Lys Tyr Phe Phe Tyr Ser Asn Ile Met
1075 1080 1085

Asn Phe Phe Lys Thr Glu Ile Thr Leu Ala Asn Gly Glu Ile Arg Lys

1090 1095 1100
Arg Pro Leu Ile Glu Thr Asn Gly Glu Thr Gly Glu Ile Val Trp Asp
1105 1110 1115 1120
Lys Gly Arg Asp Phe Ala Thr Val Arg Lys Val Leu Ser Met Pro Gln
1125 1130 1135
Val Asn Ile Val Lys Lys Thr Glu Val Gln Thr Gly Gly Phe Ser Lys
1140 1145 1150
Glu Ser Ile Leu Pro Lys Arg Asn Ser Asp Lys Leu Ile Ala Arg Lys

1155 1160 1165

Lys Asp Trp Asp Pro Lys Lys Tyr Gly Gly Phe Asp Ser Pro Thr Val

1170 1175 1180

_97_
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Ala Tyr Ser Val Leu Val Val Ala Lys Val Glu Lys Gly Lys Ser Lys
1185 1190 1195 1200
Lys Leu Lys Ser Val Lys Glu Leu Leu Gly Ile Thr Ile Met Glu Arg
1205 1210 1215
Ser Ser Phe Glu Lys Asn Pro Ile Asp Phe Leu Glu Ala Lys Gly Tyr
1220 1225 1230

Lys Glu Val Lys Lys Asp Leu Ile Ile Lys Leu Pro Lys Tyr Ser Leu

1235 1240 1245
Phe Glu Leu Glu Asn Gly Arg Lys Arg Met Leu Ala Ser Ala Gly Glu
1250 1255 1260
Leu Gln Lys Gly Asn Glu Leu Ala Leu Pro Ser Lys Tyr Val Asn Phe
1265 1270 1275 1280
Leu Tyr Leu Ala Ser His Tyr Glu Lys Leu Lys Gly Ser Pro Glu Asp
1285 1290 1295
Asn Glu Gln Lys Gln Leu Phe Val Glu Gln His Lys His Tyr Leu Asp

1300 1305 1310

Glu Ile Ile Glu GIn Ile Ser Glu Phe Ser Lys Arg Val Ile Leu Ala
1315 1320 1325
Asp Ala Asn Leu Asp Lys Val Leu Ser Ala Tyr Asn Lys His Arg Asp
1330 1335 1340
Lys Pro Ile Arg Glu Gln Ala Glu Asn Ile Ile His Leu Phe Thr Leu
1345 1350 1355 1360
Thr Asn Leu Gly Ala Pro Ala Ala Phe Lys Tyr Phe Asp Thr Thr Ile
1365 1370 1375

Asp Arg Lys Arg Tyr Thr Ser Thr Lys Glu Val Leu Asp Ala Thr Leu

1380 1385 1390
Ile His GIn Ser Ile Thr Gly Leu Tyr Glu Thr Arg Ile Asp Leu Ser
1395 1400 1405
Gln Leu Gly Gly Asp Ala Ala Ala Leu Asp Leu Glu Met Ser Lys Gly
1410 1415 1420
Glu Glu Leu Phe Thr Gly Val Val Pro Ile Leu Val Glu Leu Asp Gly

1425 1430 1435 1440

_98_
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Asp Val Asn Gly His Lys Phe Ser Val Ser Gly Glu Gly Glu Gly Asp
1445 1450 1455

Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile Cys Thr Thr Gly Lys
1460 1465 1470
Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr Phe Ser Tyr Gly Val
1475 1480 1485
Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys Arg His Asp Phe Phe
1490 1495 1500
Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Glu Arg Thr Ile Ser Phe
1505 1510 1515 1520

Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu Val Lys Phe Glu Gly

1525 1530 1535
Asp Thr Leu Val Asn Arg Ile Glu Leu Lys Gly Ile Asp Phe Lys Glu
1540 1545 1550
Asp Gly Asn Ile Leu Gly His Lys Leu Glu Tyr Asn Tyr Asn Ser His
1555 1560 1565
Asn Val Tyr Ile Thr Ala Asp Lys Gln Lys Asn Gly Ile Lys Ala Asn
1570 1575 1580
Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser Val Gln Leu Ala Asp

1585 1590 1595 1600

His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly Pro Val Leu Leu Pro
1605 1610 1615
Asp Asn His Tyr Leu Ser Thr Gln Ser Ala Leu Ser Lys Asp Pro Asn
1620 1625 1630
Glu Lys Arg Asp His Met Val Leu Leu Glu Phe Val Thr Ala Ala Gly
1635 1640 1645
Ile Thr His Gly Met Asp Glu Leu Tyr Lys Leu Glu Lys Arg Pro Ala
1650 1655 1660

Ala Thr Lys Lys Ala Gly Gln Ala Lys Lys Lys Lys His His His His

1665 1670 1675 1680

His His

_99_
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<210> 28
<211> 50
<212> DN

49
A

<213> Artificial Sequence

<220><223>
<400> 28
atgggcagca
atggctagca
caagcttgceg

gtgggetggg

ggcaacaccg
ggcgagaccg
aagaaccgca
agcttcttcec
caccccatct
taccacctgc

ctggecectgg

cccgacaaca
ttcgaggaga
ctgagcaaga
ggcctgtteg
ttcgacctgg
gacaacctgc

ctgagcgacg

ccecctgageg
aaggccctgg
aagaacggct
atcaagccca
gaggacctgc

ctgggcgage

SpyCas9-

gccatcatca
tgactggtgg
gccgceatgga

ccgtgatcac

accgccacag
ccgaggecac
tctgctacct
accgcctgga
tcggcaacat
gcaagaagct

cccacatgat

gcgacgtgga
accccatcaa
geegecegect
gcaacctgat
ccgaggacgce
tggcccagat

ccatcctgct

ccagcatgat
tgcgccagcea
acgccggcta
tcctggagaa
tgcgcaagca

tgcacgccat

GFP

tcatcatcac
acagcaaatg
caagaagtac

cgacgagtac

catcaagaag
ccgectgaag
gcaggagatc
ggagagcttc
cgtggacgag
ggtggacage

caagttccgc

caagctgttc
cgccageggce
ggagaacctg
cgcectgage
caagctgcag
cggcgaccag

gagcgacatc

caagcgctac
gctgeccgag
catcgacggc
gatggacggc
gcgcaccttce

cctgegecegce

agcagcggcec
ggtcgeggat
agcatcggcc

aaggtgccca

aacctgatcg
cgcaccgecce
ttcagcaacg
ctggtggagg
gtggcectacce
accgacaagg

ggccacttcce

atccagctgg
gtggacgcca
atcgcccagce
ctgggcectga
ctgagcaagg
tacgccgacc

ctgcgegtga

gacgagcacc
aagtacaagg
ggcgcecagece
accgaggage
gacaacggca

caggaggact

tggtgccgeg
ccgaattcga
tggacatcgg

gcaagaagtt

gecgcecectget
gcegeegceta
agatggccaa
aggacaagaa
acgagaagta
ccgacctgceg

tgatcgaggg

tgcagaccta
aggccatcct
tgceceggega
cccccaactt
acacctacga
tgttcetgge

acaccgagat

accaggacct
agatcttctt
aggaggagtt
tgctggtgaa
gcatcccecca

tctacccectt

cggcagccat
gctceegtega
taccaacagc

caaggtgctg

gttcgacagce
cacccgeegce
ggtggacgac
gcacgagcege
ccccaccate
cctgatctac

cgacctgaac

caaccagctg
gagcgeecge
gaagaagaac
caagagcaac
cgacgacctg
cgccaagaac

caccaaggcce

gaccctgetg
cgaccagagc
ctacaagttc
gctgaaccgc
ccagatccac

cctgaaggac

- 100 -

60
120
180

240

300
360
420
480
540
600

660

720
780
840
900
960
1020

1080

1140
1200
1260
1320
1380

1440
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aaccgcgaga

gceegeggea
tggaacttcg
accaacttcg
gagtacttca
aagcccgcect
aaccgcaagg

gacagegtgg

gacctgctga
ctggaggaca
ctgaagacct
tacaccggct
ggcaagacca
ctgatccacg

cagggcgaca

ggcatcctge
cccgagaaca
aacagccgeg
ctgaaggagc
ctgcagaacg
tacgacgtgg

gtgctgaccc

gtgaagaaga
aagttcgaca
ttcatcaagc
gacagccgcea
atcaccctga
cgcgagatca

gccectgatcea

agatcgagaa

acagccgctt
aggaggtggt
acaagaacct
ccgtgtacaa
tcctgagegg
tgaccgtgaa

agatcagcgg

agatcatcaa
tcgtgctgac
acgcccacct
ggggecegect
tcctggactt
acgacagcct

gcctgcacga

agaccgtgaa
tcgtgatcga
agcgcatgaa
accccgtgga
gcegegacat
accacatcgt

gcagcgacaa

tgaagaacta
acctgaccaa
gccagetggt
tgaacaccaa
agagcaagct
acaactacca

agaagtaccc

gatcctgacc

cgcctggatg
ggacaagggc
gcccaacgag
cgagctgacc
cgagcagaag
gcagctgaag

cgtggaggac

ggacaaggac
cctgaccctg
gttcgacgac
gagccgcaag
cctgaagagc
gaccttcaag

gcacatcgcc

ggtggtggac
gatggcccgce
gcgcatcgag
gaacacccag
gtacgtggac
gccccagage

gaaccgeggc

ctggcgccag
ggcegagege
ggagacccge
gtacgacgag
ggtgagcegac
ccacgcccac

caagctggag

ttccgecatcc

acccgcaaga
gccagegecce
aaggtgctgc
aaggtgaagt
aaggccatcg
gaggactact

cgcttcaacg

ttcctggaca
ttcgaggacc
aaggtgatga
cttatcaacg
gacggcttcg
gaggacatcc

aacctggcecg

gagctggtga
gagaaccaga
gagggcatca
ctgcagaacg
caggagctgg
ttcctgaagg

aagagcgaca

ctgctgaacg
ggeggectga
cagatcacca
aacgacaagc
ttccgcaagg
gacgcctacce

agcgagttcg

cctactacgt

gcgaggagac
agagcttcat
ccaagcacag
acgtgaccga
tggacctgct
tcaagaagat

ccagcctggg

acgaggagaa
gcgagatgat
agcagctgaa
gcatccgega
ccaaccgcaa
agaaggccca

gcagccceege

aggtgatggg
ccacccagaa
aggagctggg
agaagctgta
acatcaaccg
acgacagcat

acgtgcccag

ccaagctgat
gcgagetgga
agcacgtggc
tgatccgcga
acttccagtt
tgaacgccgt

tgtacggcga

gggcccectg

catcacccce
cgagcgcatg
cctgectgtac
gggcatgege
gttcaagacc
cgagtgctte

cacctaccac

cgaggacatc
cgaggagcgce
gcgecgecege
caagcagagc
cttcatgcag
ggtgageggce

catcaagaag

ccgccacaag
gggccagaag
cagccagatc
cctgtactac
cctgagcgac
cgacaacaag

cgaggaggtg

cacccagegce
caaggccggce
ccagatcctg
ggtgaaggtg
ctacaaggtg
ggtgggcacc

ctacaaggtg

- 101 -

1500

1560
1620
1680
1740
1800
1860

1920

1980
2040
2100
2160
2220
2280

2340

2400
2460
2520
2580
2640
2700

2760

2820
2880
2940
3000
3060
3120

3180
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tacgacgtgc
tacttcttct
gagatccgca
aagggecgeg
aagaagaccg
agcgacaagce

agccccaccg

aagctgaaga
aagaacccca
atcaagctgc
agcgeegecg
ctgtacctgg
cagctgttcg

ttcagcaagc

aagcaccgeg
accaacctgg
tacaccagca
tacgagaccc
atgagtaaag
gatgttaatg

aaacttaccc

gtcactactt
cacgacttct
aaggacgacg
aacaggatcg
ttggaataca
atcaaagcta

cattatcaac

ctgtccacac
cttgagtttg

aaaaggccgg

gcaagatgat
acagcaacat
agcgccccct
acttcgccac
aggtgcagac
tgatcgcccg

tggcctacag

gcgtgaagga
tcgacttcct
ccaagtacag
agctgcagaa
ccagccacta
tggagcagca

gegtgatcect

acaagcccat
gcgeceecge
ccaaggaggt
gcatcgacct
gagaagaact
ggcacaaatt

ttaaatttat

tctcttatgg
tcaagagcgc
ggaactacaa
agcttaaggg
actacaactc
acttcaaaat

aaaatactcc

aatctgccct
taacagctgc

cggccacgaa

cgccaagagce
catgaacttc
gatcgagacc
cgtgcgcaag
cggeggctte
caagaaggac

cgtgetggtg

gctgetggge
ggaggccaag
cctgttcgag
gggcaacgag
cgagaagctg
caagcactac

ggccgacgcee

ccgcgageag
cgccttcaag
gctggacgcece
gagccagctg
tttcactgga
ttctgtcagt

ttgcactact

tgttcaatgc
catgcctgag
gacacgtgct
aatcgatttc
ccacaacgta
tagacacaac

aattggcgat

ttcgaaagat
tgggattaca

aaaggccggc

gagcaggaga
ttcaagaccg
aacggcgaga
gtgctgagca
agcaaggaga
tgggacccca

gtggccaagg

atcaccatca
ggctacaagg
ctggagaacg
ctggccectgce
aagggcagcce
ctggacgaga

aacctggaca

gccgagaaca
tacttcgaca
accctgatcc
ggcggcegacg
gttgtcccaa
ggagagggtg

ggaaaactac

ttttcaagat
ggatacgtgc
gaagtcaagt
aaggaggacg
tacatcacgg
attgaagatg

ggccectgtcece

CCCaacgaaa

catggcatgg

caggcaaaaa

tcggcaaggc
agatcaccct
ccggegagat
tgccccaggt
gcatcctgee
agaagtacgg

tggagaaggg

tggagcgcag
aggtgaagaa
gccgcaageg
ccagcaagta
ccgaggacaa
tcatcgagca

aggtgctgag

tcatccacct
ccaccatcga
accagagcat
cggcecgcact
ttcttgttga
aaggtgatgc

ctgttccatg

acccagatca
aggagaggac
ttgagggaga
gaaacatcct
cagacaaaca
gaagcgttca

ttttaccaga

agagagacca
atgaactata

agaaaaagca

caccgccaag
ggccaacgge
cgtgtgggac
gaacatcgtg
caagcgcaac
cggcttcgac

Ccaagagcaag

cagcttcgag
ggacctgatc
catgctggcec
cgtgaacttc
cgagcagaag
gatcagcgag

cgcctacaac

gttcaccctg
ccgcaagegce
caccggtctg
cgacctcgag
attagatggt
aacatacgga

gccaacactt

tatgaagcgg
catctcttte
caccctegtce
cggccacaag
aaagaatgga
actagcagac

caaccattac

catggtcctt
caaactcgag

ccaccaccac
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3240
3300
3360
3420
3480
3540

3600

3660
3720
3780
3840
3900
3960

4020

4080
4140
4200
4260
4320
4380

4440

4500
4560
4620
4680
4740
4800

4860

4920
4980

5040
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caccactga
<210> 29
<211> 1953
<212> PRT

<213> Artificial Sequence
<220><223> SpyCas9-hTdT
<400> 29

Met Gly Ser Ser His His His

1 5

Arg Gly Ser His Met Ala Ser
20
Gly Ser Glu Phe Glu Leu Arg
35
Lys Tyr Ser Ile Gly Leu Asp
50 95
Val Ile Thr Asp Glu Tyr Lys
65 70

Gly Asn Thr Asp Arg His Ser

85
Leu Phe Asp Ser Gly Glu Thr
100
Ala Arg Arg Arg Tyr Thr Arg
115
Glu Ile Phe Ser Asn Glu Met

130 135

His His

Met Thr

25

Arg Gln
40

Ile Gly

Val Pro

Ile Lys

Ala Glu

105
Arg Lys
120

Ala Lys

His Ser Ser Gly Leu Val Pro

10 15

Gly Gly Gln Gln Met Gly Arg
30
Ala Cys Gly Arg Met Asp Lys
45
Thr Asn Ser Val Gly Trp Ala
60
Ser Lys Lys Phe Lys Val Leu
75 80

Lys Asn Leu Ile Gly Ala Leu

90 95
Ala Thr Arg Leu Lys Arg Thr
110
Asn Arg Ile Cys Tyr Leu Gln
125
Val Asp Asp Ser Phe Phe His
140

Arg Leu Glu Glu Ser Phe Leu Val Glu Glu Asp Lys Lys His Glu Arg

145 150

His Pro Ile Phe Gly Asn Ile
165
Tyr Pro Thr Ile Tyr His Leu

180

Val Asp

Arg Lys

185

155 160

Glu Val Ala Tyr His Glu Lys
170 175
Lys Leu Val Asp Ser Thr Asp

190

Lys Ala Asp Leu Arg Leu Ile Tyr Leu Ala Leu Ala His Met Ile Lys

- 103 -

5049
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195
Phe Arg Gly His
210

Asp Val Asp Lys

225

Phe Glu Glu Asn

Leu Ser Ala Arg

260

Gln Leu Pro Gly
275

Leu Ser Leu Gly

290

Glu Asp Ala Lys
305

Asp Asn Leu Leu

Ala Ala Lys Asn

340

Val Asn Thr Glu
355

Arg Tyr Asp Glu

370
Arg Gln Gln Leu
385

Lys Asn Gly Tyr

Phe Tyr Lys Phe
420
Glu Leu Leu Val

435

Phe

Leu

Pro
245

Leu

Leu

Leu

325

Leu

His

Pro

Lys

Leu Ile

Phe Ile

230

Ile Asn

Ser Lys

Lys Lys

Thr Pro

295

Gln Leu

Ser Asp

Thr Lys

His Gln

375
Glu Lys
390

Gly Tyr

Lys Pro

Ser

Asn
280

Asn

Ser

360

Asp

Tyr

Gly

Leu

Ser

Arg

265

Phe

Lys

Asp

345

Pro

Leu

Lys

Asp

Leu

425

Asp Leu

Val Gln

235

250

Arg Leu

Leu Phe

Lys Ser

Asp Thr

315
Gln Tyr
330

Leu Leu

Leu Ser

Thr Leu

Glu Ile

395
Gly Gly
410

Glu Lys

Asn
220

Thr

Asp

Asn

300

Tyr

Ser

Leu

380

Phe

Ala

Met

Leu Asn Arg Glu Asp Leu Leu

440

205

Pro Asp

Tyr Asn

Ala Lys

Asn Leu

270
Asn Leu
285

Phe Asp

Asp Asp

Asp Leu

Asp Ile

350
Ser Met
365

Lys Ala

Phe Asp

Ser Gln

Asp Gly

430

Arg Lys

445
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Asn

Gln

Leu

Asp

Phe

335

Leu

Leu

415

Thr

Gln

Ser

Leu

240

Leu

320

Leu

Arg

Lys

Val

Ser

400

Arg
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Thr

His

465

Asn

Val

Lys

Lys

Lys

545

Leu

625

Asp

Asn

Asp

Asp

Phe Asp Asn Gly Ser Ile Pro His

450

Ala Ile Leu

Arg Glu Lys

Gly Pro Leu
500

Ser Glu Glu

515
Gly Ala Ser
530

Asn Leu Pro

Tyr Phe Thr

Gly Met Arg

580

Val Asp Leu
595

Lys Glu Asp
610

Ser Gly Val

Leu Leu Lys

Glu Asp Ile

660

Arg Glu Met
675

Asp Lys Val

690

455
Arg Arg Gln
470

Ile Glu Lys

Ala Arg Gly

Thr Ile Thr

Ala Gln Ser
535
Asn Glu Lys
550
Val Tyr Asn
565

Lys Pro Ala

Leu Phe Lys

Tyr Phe Lys
615

Glu Asp Arg

630

Ile Lys

645

Leu Glu Asp

Ile Glu Glu

Met Lys Gln

695

Glu Asp

Ile Leu

Asn Ser
505

Pro Trp

520

Phe

Val Leu

Glu Leu

Phe Leu

585

Thr Asn
600

Lys

Phe Asn

Asp Lys

665
Arg Leu
680

Leu Lys

Phe

Thr

490

Arg

Asn

Pro

Thr

570

Ser

Arg

Asp
650

Leu

Lys

Arg

Ile His Leu Gly Glu Leu

Tyr

475

Phe

Phe

Phe

Arg

Lys

555

Lys

Lys

Cys

Ser

635

Phe

Thr

Thr

Arg

460

Pro Phe Leu

Arg Ile Pro

Ala Trp Met
510

Glu Glu Val

525
Met Thr Asn
540
His Ser Leu
Val Lys Tyr
Glu Gln Lys

590

Val Thr Val
605
Phe Asp Ser
620

Leu Gly Thr

Leu Asp Asn

Leu Thr Leu

670

Tyr Ala His
685

Arg Tyr Thr

700

- 105 -

Lys Asp

480
Tyr Tyr
495

Thr Arg

Val Asp

Phe Asp

Leu Tyr

560

Val Thr

975

Lys Ala

Lys Gln

Val

Tyr His

Leu Phe

Gly Trp
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Gly Arg Leu
705

Gly Lys Thr

Asn Phe Met

Ile Gln Lys
755
[le Ala Asn
770
Thr Val Lys
785

Pro Glu Asn

Lys Gly Gln

Ile Lys Glu

835

Thr Gln Leu
850

Arg Asp Met

865

Tyr Asp Val

Ile Asp Asn

Asp Asn Val

915

Arg Gln Leu
930

Leu Thr Lys

Ser

Leu

Val

Lys
820

Leu

Tyr

Asp

Lys

900

Pro

Leu

Arg Lys Leu
710
Leu Asp Phe

725

Leu Ile His

Gln Val Ser

Ala Gly Ser
775

Val

Val

805

Asn Ser Arg

Gly Ser Gln

Asn Glu Lys
855
Val Asp Gln
870
His Ile Val
885
Val Leu Thr
Ser Glu Glu

Asn Ala Lys

935

Ile Asn Gly

Leu Lys Ser

730

Asp Asp Ser

745

Gly Gln Gly

760

Pro Ala Ile

Leu Val Lys

Met Ala Arg

810
Glu Arg Met
825
Ile Leu Lys
840

Leu Tyr Leu

Glu Leu Asp

Pro Gln Ser

890

Arg Ser Asp

905

Val Val Lys
920

Leu Ile Thr

Ala Glu Arg Gly Gly Leu Ser

Ile
715

Asp

Leu

Asp

Lys

Val

795

Lys

Tyr

875

Phe

Lys

Lys

Gln

Glu

Arg Asp Lys

Gly Phe Ala

Thr Phe Lys

750

Ser Leu His
765

Lys Gly Ile

780

Met Gly Arg

Asn Gln Thr

Arg Ile Glu
830

His Pro Val
845

Tyr Leu Gln

860

Asn Arg Leu

Leu Lys Asp

Asn Arg Gly
910

Met Lys Asn

925

Arg Lys Phe

940

Leu Asp Lys
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Asn

735

Leu

His

Thr

815

Asn

Ser

Asp

895

Lys

Tyr

Asp

Ala

Ser
720

Arg

Asp

His

Lys

800

Asn

Asp

880

Ser

Ser

Trp

Asn

Gly
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945 950 955 960
Phe Ile Lys Arg Gln Leu Val Glu Thr Arg Gln Ile Thr Lys His Val
965 970 975
Ala Gln Ile Leu Asp Ser Arg Met Asn Thr Lys Tyr Asp Glu Asn Asp
980 985 990
Lys Leu Ile Arg Glu Val Lys Val Ile Thr Leu Lys Ser Lys Leu Val
995 1000 1005
Ser Asp Phe Arg Lys Asp Phe Gln Phe Tyr Lys Val Arg Glu Ile Asn

1010 1015 1020

Asn Tyr His His Ala His Asp Ala Tyr Leu Asn Ala Val Val Gly Thr
1025 1030 1035 1040
Ala Leu Ile Lys Lys Tyr Pro Lys Leu Glu Ser Glu Phe Val Tyr Gly
1045 1050 1055
Asp Tyr Lys Val Tyr Asp Val Arg Lys Met Ile Ala Lys Ser Glu Gln
1060 1065 1070
Glu Ile Gly Lys Ala Thr Ala Lys Tyr Phe Phe Tyr Ser Asn Ile Met
1075 1080 1085

Asn Phe Phe Lys Thr Glu Ile Thr Leu Ala Asn Gly Glu Ile Arg Lys

1090 1095 1100
Arg Pro Leu Ile Glu Thr Asn Gly Glu Thr Gly Glu Ile Val Trp Asp
1105 1110 1115 1120
Lys Gly Arg Asp Phe Ala Thr Val Arg Lys Val Leu Ser Met Pro Gln
1125 1130 1135
Val Asn Ile Val Lys Lys Thr Glu Val Gln Thr Gly Gly Phe Ser Lys
1140 1145 1150
Glu Ser Ile Leu Pro Lys Arg Asn Ser Asp Lys Leu Ile Ala Arg Lys

1155 1160 1165

Lys Asp Trp Asp Pro Lys Lys Tyr Gly Gly Phe Asp Ser Pro Thr Val
1170 1175 1180

Ala Tyr Ser Val Leu Val Val Ala Lys Val Glu Lys Gly Lys Ser Lys

1185 1190 1195 1200

Lys Leu Lys Ser Val Lys Glu Leu Leu Gly Ile Thr Ile Met Glu Arg
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1205 1210 1215
Ser Ser Phe Glu Lys Asn Pro Ile Asp Phe Leu Glu Ala Lys Gly Tyr
1220 1225 1230

Lys Glu Val Lys Lys Asp Leu Ile Ile Lys Leu Pro Lys Tyr Ser Leu

1235 1240 1245
Phe Glu Leu Glu Asn Gly Arg Lys Arg Met Leu Ala Ser Ala Gly Glu
1250 1255 1260
Leu Gln Lys Gly Asn Glu Leu Ala Leu Pro Ser Lys Tyr Val Asn Phe
1265 1270 1275 1280
Leu Tyr Leu Ala Ser His Tyr Glu Lys Leu Lys Gly Ser Pro Glu Asp
1285 1290 1295
Asn Glu Gln Lys Gln Leu Phe Val Glu Gln His Lys His Tyr Leu Asp

1300 1305 1310

Glu Ile Ile Glu GIn Ile Ser Glu Phe Ser Lys Arg Val Ile Leu Ala
1315 1320 1325
Asp Ala Asn Leu Asp Lys Val Leu Ser Ala Tyr Asn Lys His Arg Asp
1330 1335 1340
Lys Pro Ile Arg Glu Gln Ala Glu Asn Ile Ile His Leu Phe Thr Leu
1345 1350 1355 1360
Thr Asn Leu Gly Ala Pro Ala Ala Phe Lys Tyr Phe Asp Thr Thr Ile
1365 1370 1375

Asp Arg Lys Arg Tyr Thr Ser Thr Lys Glu Val Leu Asp Ala Thr Leu

1380 1385 1390
Ile His GIn Ser Ile Thr Gly Leu Tyr Glu Thr Arg Ile Asp Leu Ser
1395 1400 1405
Gln Leu Gly Gly Asp Ala Ala Ala Leu Asp Leu Gln Met Asp Pro Pro
1410 1415 1420
Arg Ala Ser His Leu Ser Pro Arg Lys Lys Arg Pro Arg GIn Thr Gly
1425 1430 1435 1440
Ala Leu Met Ala Ser Ser Pro Gln Asp Ile Lys Phe Gln Asp Leu Val

1445 1450 1455
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Val Phe Ile Leu Glu Lys Lys Met Gly Thr Thr Arg Arg Ala Phe Leu
1460 1465 1470
Met Glu Leu Ala Arg Arg Lys Gly Phe Arg Val Glu Asn Glu Leu Ser
1475 1480 1485
Asp Ser Val Thr His Ile Val Ala Glu Asn Asn Ser Gly Ser Asp Val
1490 1495 1500
Leu Glu Trp Leu Gln Ala Gln Lys Val Gln Val Ser Ser Gln Pro Glu
1505 1510 1515 1520

Leu Leu Asp Val Ser Trp Leu Ile Glu Cys Ile Gly Ala Gly Lys Pro

1525 1530 1535
Val Glu Met Thr Gly Lys His Gln Leu Val Val Arg Arg Asp Tyr Ser
1540 1545 1550
Asp Ser Thr Asn Pro Gly Pro Pro Lys Thr Pro Pro Ile Ala Val Gln
1555 1560 1565
Lys Ile Ser Gln Tyr Ala Cys Gln Arg Arg Thr Thr Leu Asn Asn Cys
1570 1575 1580
Asn Gln Ile Phe Thr Asp Ala Phe Asp Ile Leu Ala Glu Asn Cys Glu

1585 1590 1595 1600

Phe Arg Glu Asn Glu Asp Ser Cys Val Thr Phe Met Arg Ala Ala Ser
1605 1610 1615
Val Leu Lys Ser Leu Pro Phe Thr Ile Ile Ser Met Lys Asp Thr Glu
1620 1625 1630
Gly Ile Pro Cys Leu Gly Ser Lys Val Lys Gly Ile Ile Glu Glu Ile
1635 1640 1645
Ile Glu Asp Gly Glu Ser Ser Glu Val Lys Ala Val Leu Asn Asp Glu
1650 1655 1660

Arg Tyr GIn Ser Phe Lys Leu Phe Thr Ser Val Phe Gly Val Gly Leu

1665 1670 1675 1680

Lys Thr Ser Glu Lys Trp Phe Arg Met Gly Phe Arg Thr Leu Ser Lys
1685 1690 1695

Val Arg Ser Asp Lys Ser Leu Lys Phe Thr Arg Met Gln Lys Ala Gly

1700 1705 1710
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Phe Leu Tyr Tyr Glu Asp Leu Val Ser Cys Val Thr Arg Ala Glu Ala
1715 1720 1725
Glu Ala Val Ser Val Leu Val Lys Glu Ala Val Trp Ala Phe Leu Pro

1730 1735 1740

Asp Ala Phe Val Thr Met Thr Gly Gly Phe Arg Arg Gly Lys Lys Met
1745 1750 1755 1760
Gly His Asp Val Asp Phe Leu Ile Thr Ser Pro Gly Ser Thr Glu Asp
1765 1770 1775
Glu Glu Gln Leu Leu Gln Lys Val Met Asn Leu Trp Glu Lys Lys Gly
1780 1785 1790
Leu Leu Leu Tyr Tyr Asp Leu Val Glu Ser Thr Phe Glu Lys Leu Arg
1795 1800 1805

Leu Pro Ser Arg Lys Val Asp Ala Leu Asp His Phe Gln Lys Cys Phe

1810 1815 1820
Leu Ile Phe Lys Leu Pro Arg Gln Arg Val Asp Ser Asp Gln Ser Ser
1825 1830 1835 1840
Trp Gln Glu Gly Lys Thr Trp Lys Ala Ile Arg Val Asp Leu Val Leu
1845 1850 1855
Cys Pro Tyr Glu Arg Arg Ala Phe Ala Leu Leu Gly Trp Thr Gly Ser
1860 1865 1870
Arg Gln Phe Glu Arg Asp Leu Arg Arg Tyr Ala Thr His Glu Arg Lys

1875 1880 1885

Met Ile Leu Asp Asn His Ala Leu Tyr Asp Lys Thr Lys Arg Ile Phe
1890 1895 1900
Leu Lys Ala Glu Ser Glu Glu Glu Ile Phe Ala His Leu Gly Leu Asp
1905 1910 1915 1920
Tyr Ile Glu Pro Trp Glu Arg Asn Ala Leu Gln Lys Arg Pro Ala Ala
1925 1930 1935
Thr Lys Lys Ala Gly Gln Ala Lys Lys Lys Lys His His His His His
1940 1945 1950

His
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<

210> 30
<211> 58
<212> DN

62

A

<213> Artificial Sequence

<220><223>
<400> 30
atgggcagca
atggctagca
caagcttgceg
gtgggctggg

ggcaacaccg

ggcgagaccg
aagaaccgca
agcttcttcec
caccccatct
taccacctgc
ctggeectgg

CCcgacaaca

ttcgaggaga
ctgagcaaga
ggcctgtteg
ttcgacctgg
gacaacctgc
ctgagcgacg

ccecctgageg

aaggccctgg
aagaacggct
atcaagccca
gaggacctgc
ctgggcgage

aaccgcgaga

SpyCas9-

gccatcatca
tgactggtgg
gccegeatgga
ccgtgatcac

accgccacag

ccgaggecac
tctgctacct
accgcctgga
tcggcaacat
gcaagaagct
cccacatgat

gcgacgtgga

accccatcaa
geegecegect
gcaacctgat
ccgaggacgce
tggcccagat
ccatcctgct

ccagcatgat

tgcgccagcea
acgccggcta
tcctggagaa
tgcgcaagca
tgcacgccat

agatcgagaa

hTdT

tcatcatcac
acagcaaatg
caagaagtac
cgacgagtac

catcaagaag

ccgectgaag
gcaggagatc
ggagagcttc
cgtggacgag
ggtggacage
caagttccgc

caagctgttc

cgccageggce
ggagaacctg
cgcectgage
caagctgcag
cggcgaccag
gagcgacatc

caagcgctac

gctgeccgag
catcgacggc
gatggacggc
gcgcaccttce
cctgegecege

gatcctgacc

agcagcggcec
ggtcgeggat
agcatcggcc
aaggtgccca

aacctgatcg

cgcaccgecce
ttcagcaacg
ctggtggagg
gtggcectacce
accgacaagg
ggccacttcce

atccagctgg

gtggacgcca
atcgcccagce
ctgggcectga
ctgagcaagg
tacgccgacc
ctgcgegtga

gacgagcacc

aagtacaagg
ggcgcecagece
accgaggage
gacaacggca
caggaggact

ttccgeatcce

tggtgecgeg
ccgaattcga
tggacatcgg
gcaagaagtt

gecgcecectget

gcegeegeta
agatggccaa
aggacaagaa
acgagaagta
ccgacctgeg
tgatcgaggg

tgcagaccta

aggccatcct
tgcceggega
cccccaactt
acacctacga
tgttcetgge
acaccgagat

accaggacct

agatcttctt
aggaggagtt
tgctggtgaa
gcatcccecca
tctaccectt

cctactacgt

cggcagccat
gctceegtega
taccaacagc
caaggtgctg

gttcgacagc

cacccgeegce
ggtggacgac
gcacgagcege
ccccaccate
cctgatctac
cgacctgaac

caaccagctg

gagcgeecge
gaagaagaac
caagagcaac
cgacgacctg
cgccaagaac
caccaaggcc

gaccctgetg

cgaccagagc
ctacaagttc
gctgaaccgce
ccagatccac
cctgaaggac

gggcccectg
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60
120
180
240

300

360
420
480
540
600
660

720

780
840
900
960
1020
1080

1140

1200
1260
1320
1380
1440

1500
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gcecegeggcea

tggaacttcg
accaacttcg
gagtacttca
aagcccgcect
aaccgcaagg
gacagcgtgg

gacctgctga

ctggaggaca
ctgaagacct
tacaccggct
ggcaagacca
ctgatccacg
cagggcgaca

ggcatcctge

cccgagaaca
aacagccgeg
ctgaaggagc
ctgcagaacg
tacgacgtgg
gtgctgaccce

gtgaagaaga

aagttcgaca
ttcatcaagc
gacagccgcea
atcaccctga
cgcgagatca
gccectgatca

tacgacgtgc

acagccgctt

aggaggtggt
acaagaacct
ccgtgtacaa
tcctgagcegg
tgaccgtgaa
agatcagcgg

agatcatcaa

tcgtgctgac
acgcccacct
ggggecegect
tcctggactt
acgacagcct
gcctgcacga

agaccgtgaa

tcgtgatcga
agcgcatgaa
accccgtgga
gcegegacat
accacatcgt
gcagcgacaa

tgaagaacta

acctgaccaa
gccagetggt
tgaacaccaa
agagcaagct
acaactacca
agaagtaccc

gcaagatgat

cgcctggatg

ggacaagggc
gcccaacgag
cgagctgacc
cgagcagaag
gcagctgaag
cgtggaggac

ggacaaggac

cctgaccctg
gttcgacgac
gagccgcaag
cctgaagagc
gaccttcaag
gcacatcgcc

ggtggtggac

gatggcccgce
gcgcatcgag
gaacacccag
gtacgtggac
gcceccagage
gaaccgegge

ctggcgccag

ggcecegagege
ggagacccge
gtacgacgag
ggtgagegac
ccacgcccac
caagctggag

cgccaagage

acccgcaaga

gccagegecce
aaggtgctgc
aaggtgaagt
aaggccatcg
gaggactact
cgcttcaacg

ttcctggaca

ttcgaggacc
aaggtgatga
cttatcaacg
gacggcttcg
gaggacatcc
aacctggcecg

gagctggtga

gagaaccaga
gagggcatca
ctgcagaacg
caggagctgg
ttcctgaagg
aagagcgaca

ctgctgaacg

ggeggectga
cagatcacca
aacgacaagc
ttccgcaagg
gacgcctacce
agcgagttcg

gagcaggaga

gcgaggagac

agagcttcat
ccaagcacag
acgtgaccga
tggacctgct
tcaagaagat
ccagcctggg

acgaggagaa

gcgagatgat
agcagctgaa
gcatccgega
ccaaccgcaa
agaaggccca
gcagccecege

aggtgatggg

ccacccagaa
aggagctggg
agaagctgta
acatcaaccg
acgacagcat
acgtgcccag

ccaagctgat

gcgagetgga
agcacgtggc
tgatccgcega
acttccagtt
tgaacgccgt
tgtacggcga

tcggcaaggce

catcaccccce

cgagcgcatg
cctgetgtac
gggcatgegce
gttcaagacc
cgagtgcttce
cacctaccac

cgaggacatc

cgaggagcgce
gcgecgecege
caagcagagc
cttcatgcag
ggtgageggce
catcaagaag

ccgccacaag

gggccagaag
cagccagatc
cctgtactac
cctgagcgac
cgacaacaag
cgaggaggtg

cacccagegce

caaggccggce
ccagatcctg
ggtgaaggtg
ctacaaggtg
ggtgggcacc
ctacaaggtg

caccgccaag
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1560

1620
1680
1740
1800
1860
1920

1980

2040
2100
2160
2220
2280
2340

2400

2460
2520
2580
2640
2700
2760

2820

2880
2940
3000
3060
3120
3180

3240
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tacttcttct
gagatccgca
aagggcecgeg
aagaagaccg
agcgacaagce
agccccaccg

aagctgaaga

aagaacccca
atcaagctgc
agcgecegecg
ctgtacctgg
cagctgttcg
ttcagcaagc

aagcaccgceg

accaacctgg
tacaccagca
tacgagaccc
atggatccac
gccttgatgg
gagaagaaaa

ttcagggttg

ggttcggatg
ctcctcecgatg
ggaaaacacc
aagactccac
ttaaacaact
tttagagaaa

ctgccattca

gtgaagggta
ttaaatgatg

aagacttctg

acagcaacat
agcgccccct
acttcgccac
aggtgcagac
tgatcgcccg
tggcctacag

gcgtgaagga

tcgacttcct
ccaagtacag
agctgcagaa
ccagccacta
tggagcagca
gegtgatcct

acaagcccat

gcgeceecge
ccaaggaggt
gcatcgacct
cacgagcgtc
cctectetee
tgggaaccac

aaaatgagct

ttctggagtg
tctcetgget
agcttgttgt
caattgctgt
gtaaccagat
atgaagactc

caatcatcag

tcatagagga
aacgatatca

agaagtggtt

catgaacttc
gatcgagacc
cgtgcgcaag
cggeggctte
caagaaggac
cgtgctggtg

getgetggge

ggaggccaag
cctgttcgag
gggcaacgag
cgagaagctg
caagcactac
ggcegacgcece

ccgcgagcag

cgccttcaag
gctggacgcece
gagccagctg
ccacttgagc
tcaagacatc
ccgcagageg

cagtgattct

gcttcaagca
gatcgaatgc
gagaagagac
acaaaagatc
attcacggat
ctgtgtgaca

tatgaaggac

gattattgaa

atccttcaaa

caggatgggt

ttcaagaccg
aacggcgaga
gtgctgagca
agcaaggaga
tgggacccca

gtggccaagg

atcaccatca

ggctacaagg
ctggagaacg
ctggccectgce
aagggcagcce
ctggacgaga
aacctggaca

gccgagaaca

tacttcgaca
accctgatcc
ggcggcegacg
cctcggaaga
aaatttcaag
ttcctcatgg

gtcacccaca

cagaaagtac
ataggagcag
tattcagata
tcccagtatg
gcctttgata
tttatgagag

acagaaggaa

gatggagaaa
ctctttactt

ttcagaactc

agatcaccct
ccggegagat
tgccccaggt
gcatcctgece
agaagtacgg
tggagaaggg

tggagcgcag

aggtgaagaa
gccgcaageg
ccagcaagta
ccgaggacaa
tcatcgagca
aggtgctgag

tcatccacct

ccaccatcga
accagagcat
cggccegcact
agagaccccg
atttggtcgt
agctggceccg

ttgtagcaga

aagtcagctc
ggaaaccggt
gcaccaaccc
cgtgtcagag
tactggctga
cagcttctgt

ttccetgect

gttctgaagt
ctgtatttgg

tgagtaaagt

ggccaacgge
cgtgtgggac
gaacatcgtg
caagcgcaac
cggcttcgac
caagagcaag

cagcttcgag

ggacctgatc
catgctggcc
cgtgaacttc
cgagcagaag
gatcagcgag
cgcctacaac

gttcaccctg

ccgcaagegce
caccggtctg
cgacctgcag
gcagacgggt
cttcattttg
Caggaaaggg

gaacaactcg

acaaccagag
ggaaatgaca
aggccccceg
aagaaccact
aaactgtgag
attgaaatct

ggggtccaag

taaagctgtg

agtggggctg

aaggtcggac
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3300
3360
3420
3480
3540
3600

3660

3720
3780
3840
3900
3960
4020

4080

4140
4200
4260
4320
4380
4440

4500

4560
4620
4680
4740
4800
4860

4920

4980
5040

5100
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aaaagcctga
agctgtgtga
gcatttcttce

gggcatgatg

ttacagaaag
gagtcaacat
caaaagtgct
tggcaggaag
cgtcgtgect
cgctatgcca

aagaggatat

tatattgaac
ggccaggcaa
<210> 31
<211> 20
<212>
<213>
<220><223>
<400> 31
Met Gly Ser
1

Arg Gly Ser

Gly Ser

35

Lys Tyr Ser

50

Val Ile Thr
65

Gly Asn Thr

aatttacacg
ccagggcaga
cggatgcttt

tagatttttt

tgatgaactt
ttgaaaagct
ttctgatttt
gaaagacctg
ttgcectgtt
cacatgagcg

tcctcaaagce

cgtgggaaag

daaaagaaaaa

21

PRT

SpyCas9

Ser His His His His His His

5

aatgcagaaa
agcagaggcc
cgtcaccatg

aattaccagc

atgggaaaag
caggttgcct
caaattgcct
gaaggccatc
gggatggact
gaagatgatt

agaaagtgaa

aaatgccctg

gcaccaccac

Artificial Sequence

-Recl]

gcaggatttc
gtcagtgtgc
acaggagggt

ccaggatcaa

aagggattac
agcaggaagg
cgtcaaagag
cgtgtggatt
ggctceeggce
ctggataacc

gaagaaattt

cagaaaaggc

caccaccact

Ser

10

His Met Ala Ser Met Thr Gly Gly

20

[le Gly Leu Asp Ile Gly Thr

Asp Glu Tyr Lys Val Pro Ser

Asp Arg His Ser Ile Lys Lys

85

Glu Phe Glu Leu Arg Arg Gln Ala

40

55

70

25

Cys

Asn

Lys
75
Asn

90

tgtattatga
tggttaaaga
tccggagggg

cagaggatga

ttttatatta
ttgatgcttt
tggacagtga
tagttctgtg
agtttgagag
atgctttata

ttgcgcatct

cggeggecac

ga

Ser Gly Leu

Gln Gln Met
30

Gly Arg Met
45
Ser Val Gly
60

Lys Phe Lys

agaccttgtc
ggctgtectgg
taagaagatg

agagcaactt

tgaccttgtg
ggatcatttt
ccagtccagc
cccctacgag
agacctccgg
tgacaagacc

gggattggat

gaaaaaggcce

Val Pro
15

Gly Arg

Asp Lys

Trp Ala

Val Leu

80

Leu Ile Gly Ala Leu

95
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5160
5220
5280

5340

5400
5460
5520
5580
5640
5700

5760

5820

5862
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Leu Phe Asp

Ala Arg Arg
115
Glu Ile Phe
130
Arg Leu Glu
145

His Pro

Tyr Pro Thr

Lys Ala Asp

195

Phe Arg Gly

210

Asp Val Asp
225

Phe Glu Glu

Leu Ser Ala

GIn Leu Pro

275

Leu Ser Leu
290

Glu Asp Ala

305

Asp Asn Leu

Ser Gly Glu

100

Arg Tyr Thr

Ser Asn Glu

Glu Ser Phe

Phe Gly Asn

[le Tyr His
180

Leu Arg Leu

His Phe Leu

Lys Leu Phe
230

Asn Pro

245
Arg Leu Ser
260

Gly Glu Lys

Gly Leu Thr

Lys Leu Gln

310

Leu Ala Gln

325

Thr Ala Glu Ala Thr Arg Leu Lys

Arg

Met

135

Leu

Leu

Asn

Lys

Lys

Pro

295

Leu

Ile

Ala Ala Lys Asn Leu Ser Asp

Arg

120

Val

Val

Arg

Tyr

200

Ser

Asn

280

Asn

Ser

Gly

Ala

105

Lys Asn Arg

Lys Val Asp

Glu Glu Asp
155
Asp Glu Val

170

Lys Lys Leu
185

Leu Ala Leu

Gly Asp Leu

Leu Val Gln
235

Ser Gly Val

250
Arg Arg Leu
265

Gly Leu Phe

Phe Lys Ser

Lys Asp Thr

315

Asp Gln Tyr
330

Ile Leu Leu

Ile Cys

125
Asp Ser
140

Lys Lys

Ala Tyr

Val Asp

Ala His

205
Asn Pro
220

Thr Tyr

Asp Ala

Glu Asn

Gly Asn

285
Asn Phe
300

Tyr Asp

Ala Asp

Ser Asp

110

Tyr

Phe

His

His

Ser

190

Met

Asp

Asn

Lys

Leu

270

Leu

Asp

Asp

Leu

Ile
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Arg Thr

Leu Gln

Phe His

Glu Arg

160

Glu Lys

175

Thr Asp

Ile Lys

Asn Ser

Gln Leu

240

Leu Ala

Asp Leu

320

Phe Leu
335

Leu Arg
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Val Asn Thr

355

Arg Tyr Asp
370

Arg Gln Gln

385

Lys Asn Gly

Phe Tyr Lys

Glu Leu Leu

435

Thr Phe Asp

450

His Ala Ile

465

Asn Arg Glu

Val Gly Pro

Lys Ser Glu

Lys Gly Ala

530
Lys Asn Leu
545

Glu Tyr Phe

Glu Gly Met

Ile Val Asp

340

Leu Pro

Tyr Ala

Phe Ile

420

Val Lys

Asn Gly

Leu Arg

Lys Ile

Leu Ala
500

Glu Thr

Ser Ala

Pro Asn

Thr Val
565
Arg Lys

580

Thr Lys

His Gln

375

Glu Lys

390

Gly Tyr

Lys Pro

Leu Asn

Ser Ile

455

Arg Gln

470

Glu Lys

Arg Gly

Ile Thr

Gln Ser

535
Glu Lys
550

Tyr Asn

Pro Ala

345
Ala Pro
360

Asp Leu

Tyr Lys

Ile Asp

Ile Leu

425
Arg Glu
440

Pro His

Glu Asp

Ile Leu

Asn Ser

505

Pro Trp

520

Phe Ile

Val Leu

Glu Leu

Phe Leu

585

Leu Leu Phe Lys Thr Asn

Leu Ser

Thr Leu

Glu Lys

Asp Leu

Phe Tyr

475
Thr Phe
490

Arg Phe

Asn Phe

Glu Arg

Pro Lys

555
Thr Lys
570

Ser Gly

Arg Lys

350
Ala Ser Met
365
Leu Lys Ala
380

Phe Phe Asp

Ala Ser Gln

Met Asp Gly

430

Leu Arg Lys
445

His Leu Gly

460

Pro Phe Leu

Arg Ile Pro

Ala Trp Met

510

Glu Glu Val
525

Met Thr Asn

540

His Ser Leu

Val Lys Tyr

Glu Gln Lys
590

Val Thr Val
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Ile

Leu

415

Thr

Lys

Tyr

495

Thr

Val

Phe

Leu

Val

975

Lys

Lys

Lys

Val

Ser

400

Arg

Leu

Asp

480

Tyr

Arg

Asp

Asp

Tyr

560

Thr

Ala

Gln
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595

Leu Lys Glu
610

[le Ser Gly

625

Asp Leu Leu

Asn Glu Asp

Asp Arg Glu

675
Asp Asp Lys
690
Gly Arg Leu
705

Gly Lys Thr

Asn Phe Met

[le Gln Lys
755
Ile Ala Asn
770
Thr Val Lys
785

Pro Glu Asn

Lys Gly Gln

Asp

Val

Lys

660

Met

Val

Ser

Leu

Val

Lys

820

Tyr

645

Leu

Met

Arg

Leu

725

Leu

Val

Val

805

600

Phe Lys Lys Ile Glu Cys

615
Asp Arg Phe Asn
630
Ile Lys Asp Lys
Glu Asp Ile Val
665

Glu Glu Arg Leu

680
Lys Gln Leu Lys
695
Lys Leu Ile Asn
710

Asp Phe Leu Lys

Ile His Asp Asp

745

Val Ser Gly Gln
760
Gly Ser Pro Ala
775
Asp Glu Leu Val
790

[le Glu Met Ala

Ala

Asp

650

Leu

Lys

Arg

Ser
730

Ser

Lys

Arg

810

Asn Ser Arg Glu Arg Met

825

Ile Lys Glu Leu Gly Ser Gln Ile Leu Lys

835

840

Ser

635

Phe

Thr

Thr

Arg

715

Asp

Leu

Asp

Lys

Val

795

Lys

Glu

605

Phe Asp Ser
620

Leu Gly Thr

Leu Asp Asn

Leu Thr Leu
670

Tyr Ala His

685
Arg Tyr Thr
700

Arg Asp Lys

Gly Phe Ala

Thr Phe Lys

750

Ser Leu His

765
Lys Gly
780

Met Gly Arg

Asn Gln Thr

Arg Ile Glu

830
His Pro Val

845
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Val

Tyr His

640

655

Phe Glu

Leu Phe

Gly Trp

Gln Ser

720
Asn Arg
735

Glu Asp

Glu His

Leu Gln

His Lys

800
Thr Gln
815

Glu Gly

Glu Asn
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Thr Gln Leu

850
Arg Asp Met
865

Tyr Asp Val

[le Asp Asn

Asp Asn Val
915
Arg Gln Leu
930
Leu Thr Lys
945

Phe Ile Lys

Ala Gln Ile

Lys Leu Ile

995

Ser Asp Phe
1010

Asn Tyr His

1025

Ala Leu Ile

Asp Tyr Lys

Glu Ile Gly
1075
Asn Phe Phe

1090

GIn Asn Glu Lys Leu Tyr Leu Tyr Tyr Leu Gln Asn Gly
855 860

Asn Arg Leu Ser Asp

@

Tyr Val Asp Gln Glu Leu Asp I
870 875 880
Asp His Ile Val Pro Gln Ser Phe Leu Lys Asp Asp Ser

885 890 895

Lys Val Leu Thr Arg Ser Asp Lys Asn Arg Gly Lys Ser

900 905 910

Pro Ser Glu Glu Val Val Lys Lys Met Lys Asn Tyr Trp

920 925
Leu Asn Ala Lys Leu Ile Thr Gln Arg Lys Phe Asp Asn
935 940

Ala Glu Arg Gly Gly Leu Ser Glu Leu Asp Lys Ala Gly

950 955 960

Arg Gln Leu Val Glu Thr Arg Gln Ile Thr Lys His Val

965 970 975
Leu Asp Ser Arg Met Asn Thr Lys Tyr Asp Glu Asn Asp
980 985 990
Arg Glu Val Lys Val Ile Thr Leu Lys Ser Lys Leu Val
1000 1005
Arg Lys Asp Phe Gln Phe Tyr Lys Val Arg Glu Ile Asn
1015 1020
His Ala His Asp Ala Tyr Leu Asn Ala Val Val Gly Thr

1030 1035 1040

Lys Lys Tyr Pro Lys Leu Glu Ser Glu Phe Val Tyr Gly
1045 1050 1055

Val Tyr Asp Val Arg Lys Met Ile Ala Lys Ser Glu Gln

1060 1065 1070

Lys Ala Thr Ala Lys Tyr Phe Phe Tyr Ser Asn Ile Met
1080 1085
Lys Thr Glu Ile Thr Leu Ala Asn Gly Glu Ile Arg Lys

1095 1100
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Arg Pro Leu Ile Glu Thr Asn Gly Glu Thr Gly Glu Ile Val Trp Asp

1105 1110 1115 1120
Lys Gly Arg Asp Phe Ala Thr Val Arg Lys Val Leu Ser Met Pro Gln
1125 1130 1135
Val Asn Ile Val Lys Lys Thr Glu Val Gln Thr Gly Gly Phe Ser Lys
1140 1145 1150
Glu Ser Ile Leu Pro Lys Arg Asn Ser Asp Lys Leu Ile Ala Arg Lys
1155 1160 1165
Lys Asp Trp Asp Pro Lys Lys Tyr Gly Gly Phe Asp Ser Pro Thr Val

1170 1175 1180

Ala Tyr Ser Val Leu Val Val Ala Lys Val Glu Lys Gly Lys Ser Lys
1185 1190 1195 1200
Lys Leu Lys Ser Val Lys Glu Leu Leu Gly Ile Thr Ile Met Glu Arg
1205 1210 1215
Ser Ser Phe Glu Lys Asn Pro Ile Asp Phe Leu Glu Ala Lys Gly Tyr
1220 1225 1230
Lys Glu Val Lys Lys Asp Leu Ile Ile Lys Leu Pro Lys Tyr Ser Leu
1235 1240 1245

Phe Glu Leu Glu Asn Gly Arg Lys Arg Met Leu Ala Ser Ala Gly Glu

1250 1255 1260
Leu Gln Lys Gly Asn Glu Leu Ala Leu Pro Ser Lys Tyr Val Asn Phe
1265 1270 1275 1280
Leu Tyr Leu Ala Ser His Tyr Glu Lys Leu Lys Gly Ser Pro Glu Asp
1285 1290 1295
Asn Glu GIn Lys Gln Leu Phe Val Glu GIn His Lys His Tyr Leu Asp
1300 1305 1310
Glu Ile Ile Glu GIn Ile Ser Glu Phe Ser Lys Arg Val Ile Leu Ala

1315 1320 1325

Asp Ala Asn Leu Asp Lys Val Leu Ser Ala Tyr Asn Lys His Arg Asp
1330 1335 1340

Lys Pro Ile Arg Glu Gln Ala Glu Asn Ile Ile His Leu Phe Thr Leu
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1345 1350 1355 1360
Thr Asn Leu Gly Ala Pro Ala Ala Phe Lys Tyr Phe Asp Thr Thr Ile
1365 1370 1375
Asp Arg Lys Arg Tyr Thr Ser Thr Lys Glu Val Leu Asp Ala Thr Leu
1380 1385 1390

Ile His GIn Ser Ile Thr Gly Leu Tyr Glu Thr Arg Ile Asp Leu Ser

1395 1400 1405
Gln Leu Gly Gly Asp Ala Ala Ala Leu Asp Leu Gln Val Lys Gln Gln
1410 1415 1420
Ile Gln Leu Arg Arg Arg Glu Val Asp Glu Thr Ala Asp Leu Pro Ala
1425 1430 1435 1440
Glu Leu Pro Pro Leu Leu Arg Arg Leu Tyr Ala Ser Arg Gly Val Arg
1445 1450 1455
Ser Ala GIn Glu Leu Glu Arg Ser Val Lys Gly Met Leu Pro Trp Gln

1460 1465 1470

Gln Leu Ser Gly Val Glu Lys Ala Val Glu Ile Leu Tyr Asn Ala Phe
1475 1480 1485
Arg Glu Gly Thr Arg Ile Ile Val Val Gly Asp Phe Asp Ala Asp Gly
1490 1495 1500
Ala Thr Ser Thr Ala Leu Ser Val Leu Ala Met Arg Ser Leu Gly Cys
1505 1510 1515 1520
Ser Asn Ile Asp Tyr Leu Val Pro Asn Arg Phe Glu Asp Gly Tyr Gly
1525 1530 1535

Leu Ser Pro Glu Val Val Asp Gln Ala His Ala Arg Gly Ala Gln Leu

1540 1545 1550
Ile Val Thr Val Asp Asn Gly Ile Ser Ser His Ala Gly Val Glu His
1555 1560 1565
Ala Arg Ser Leu Gly Ile Pro Val Ile Val Thr Asp His His Leu Pro
1570 1575 1580
Gly Glu Thr Leu Pro Ala Ala Glu Ala Ile Ile Asn Pro Asn Leu Arg
1585 1590 1595 1600

Asp Cys Asn Phe Pro Ser Lys Ser Leu Ala Gly Val Gly Val Ala Phe

-120 -

ZIHSdl 10-2020-0078200



1605 1610 1615

Tyr Leu Met Leu Ala Leu Arg Thr Phe Leu Arg Asp Gln Gly Trp Phe
1620 1625 1630
Asp Glu Arg Gly Ile Ala Ile Pro Asn Leu Ala Glu Leu Leu Asp Leu
1635 1640 1645
Val Ala Leu Gly Thr Val Ala Asp Val Val Pro Leu Asp Ala Asn Asn
1650 1655 1660
Arg Ile Leu Thr Trp Gln Gly Met Ser Arg Ile Arg Ala Gly Lys Cys
1665 1670 1675 1680

Arg Pro Gly Ile Lys Ala Leu Leu Glu Val Ala Asn Arg Asp Ala Gln

1685 1690 1695
Lys Leu Ala Ala Ser Asp Leu Gly Phe Ala Leu Gly Pro Arg Leu Asn
1700 1705 1710
Ala Ala Gly Arg Leu Asp Asp Met Ser Val Gly Val Ala Leu Leu Leu
1715 1720 1725
Cys Asp Asn Ile Gly Glu Ala Arg Val Leu Ala Asn Glu Leu Asp Ala
1730 1735 1740
Leu Asn Gln Thr Arg Lys Glu Ile Glu Gln Gly Met Gln Val Glu Ala

1745 1750 1755 1760

Leu Thr Leu Cys Glu Lys Leu Glu Arg Ser Arg Asp Thr Leu Pro Gly
1765 1770 1775
Gly Leu Ala Met Tyr His Pro Glu Trp His Gln Gly Val Val Gly Ile
1780 1785 1790
Leu Ala Ser Arg Ile Lys Glu Arg Phe His Arg Pro Val Ile Ala Phe
1795 1800 1805
Ala Pro Ala Gly Asp Gly Thr Leu Lys Gly Ser Gly Arg Ser Ile Gln
1810 1815 1820

Gly Leu His Met Arg Asp Ala Leu Glu Arg Leu Asp Thr Leu Tyr Pro

1825 1830 1835 1840
Gly Met Ile Leu Lys Phe Gly Gly His Ala Met Ala Ala Gly Leu Ser

1845 1850 1855
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Leu Glu Glu Asp Lys Phe Glu Leu Phe GIln Gln Arg Phe Gly Glu Leu
1860 1865 1870
Val Thr Glu Trp Leu Asp Pro Ser Leu Leu Gln Gly Glu Val Val Ser
1875 1880 1885
Asp Gly Pro Leu Ser Pro Ala Glu Met Thr Met Glu Val Ala Gln Leu

1890 1895 1900

Leu Arg Asp Ala Gly Pro Trp Gly Gln Met Phe Pro Glu Pro Leu Phe
1905 1910 1915 1920
Asp Gly His Phe Arg Leu Leu Gln Gln Arg Leu Val Gly Glu Arg His
1925 1930 1935
Leu Lys Val Met Val Glu Pro Val Gly Gly Gly Pro Leu Leu Asp Gly
1940 1945 1950
Ile Ala Phe Asn Val Asp Thr Ala Leu Trp Pro Asp Asn Gly Val Arg
1955 1960 1965

Glu Val Gln Leu Ala Tyr Lys Leu Asp Ile Asn Glu Phe Arg Gly Asn

1970 1975 1980
Arg Ser Leu Gln Ile Ile Ile Asp Asn Ile Trp Pro Ile Leu Gln Lys
1985 1990 1995 2000
Arg Pro Ala Ala Thr Lys Lys Ala Gly GIn Ala Lys Lys Lys Lys His
2005 2010 2015

His His His His His

2020
<210> 32
<211> 6066
<212> DNA

<213> Artificial Sequence
<220><223> SpyCas9-Rec]

<400> 32

atgggcagca gccatcatca tcatcatcac agcagecggec tggtgecgeg cggcagcecat

atggctagca tgactggtgg acagcaaatg ggtcgeggat ccgaattcga gctcegtcega
caagcttgcg gccgcatgga caagaagtac agcatcggec tggacatcgg taccaacagce

gtgggctggg ccgtgatcac cgacgagtac aaggtgccca gcaagaagtt caaggtgcetg
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60

120

180

240
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ggcaacaccg
ggcgagaccg
aagaaccgca

agcttcttcec

caccccatct
taccacctgc
ctggeectgg
cccgacaaca
ttcgaggaga
ctgagcaaga

ggcctgtteg

ttcgacctgg
gacaacctgc
ctgagcgacg
ccecctgageg
aaggccctgg
aagaacggct

atcaagccca

gaggacctgc
ctgggcgage
aaccgcgaga
gceegeggea
tggaacttcg
accaacttcg

gagtacttca

aagcccgcect
aaccgcaagg
gacagcgtgg
gacctgctga
ctggaggaca

ctgaagacct

accgccacag
ccgaggecac
tctgctacct

accgcctgga

tcggcaacat
gcaagaagct
cccacatgat
gcgacgtgga
accccatcaa
geegecegect

gcaacctgat

ccgaggacgce
tggcccagat
ccatcctgct
ccagcatgat
tgcgcecagcea
acgccggcta

tcctggagaa

tgcgcaagca
tgcacgccat
agatcgagaa
acagccgctt
aggaggtggt
acaagaacct

ccgtgtacaa

tcctgagegg
tgaccgtgaa
agatcagcgg
agatcatcaa
tcgtgctgac

acgcccacct

catcaagaag
ccgectgaag
gcaggagatc

ggagagcttc

cgtggacgag
ggtggacagce
caagttccgc
caagctgttc
cgccageggce
ggagaacctg

cgcectgage

caagctgcag
cggcgaccag
gagcgacatc
caagcgctac
gctgeccgag
catcgacggc

gatggacggce

gcgcaccttce
cctgegecegce
gatcctgacc
cgcctggatg
ggacaagggc
gcccaacgag

cgagctgacc

cgagcagaag
gcagctgaag
cgtggaggac
ggacaaggac
cctgaccctg

gttcgacgac

aacctgatcg
cgcaccgecce
ttcagcaacg

ctggtggagg

gtggcectacce
accgacaagg
ggccacttcce
atccagctgg
gtggacgcca
atcgcccagce

ctgggcectga

ctgagcaagg
tacgccgacc
ctgcgegtga
gacgagcacc
aagtacaagg
ggcgcecagece

accgaggagce

gacaacggca
caggaggact
ttccgecatcc
acccgcaaga
gccagegecc
aaggtgctgc

aaggtgaagt

aaggccatcg
gaggactact
cgcttcaacg
ttcctggaca
ttcgaggacc

aaggtgatga

gecgecectget
gecegecegceta
agatggccaa

aggacaagaa

acgagaagta
ccgacctgceg
tgatcgaggg
tgcagaccta
aggccatcct
tgcceggcega

cccccaactt

acacctacga
tgttcectgge
acaccgagat
accaggacct
agatcttctt
aggaggagtt

tgctggtgaa

gcatcccecca
tctacccctt
cctactacgt
gcgaggagac
agagcttcat
ccaagcacag

acgtgaccga

tggacctgct
tcaagaagat
ccagcctggg
acgaggagaa
gcgagatgat

agcagctgaa

gttcgacagce
cacccgecege
ggtggacgac

gcacgagcgc

ccccaccate
cctgatctac
cgacctgaac
caaccagctg
gagcgeecge
gaagaagaac

caagagcaac

cgacgacctg
cgccaagaac
caccaaggcc
gaccctgetg
cgaccagagc
ctacaagttc

gctgaaccgc

ccagatccac
cctgaaggac
gggcccectg
catcacccce
cgagcgcatg
cctgectgtac

gggcatgcegce

gttcaagacc
cgagtgctte
cacctaccac
cgaggacatc
cgaggagcgce

gcgcecegceege
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300
360
420

480

540
600
660
720
780
840

900

960
1020
1080
1140
1200
1260

1320

1380
1440
1500
1560
1620
1680

1740

1800
1860
1920
1980
2040

2100
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tacaccggct

ggcaagacca
ctgatccacg
cagggcgaca
ggcatcctge
cccgagaaca
aacagccgeg

ctgaaggagc

ctgcagaacg
tacgacgtgg
gtgctgaccce
gtgaagaaga
aagttcgaca
ttcatcaagc

gacagccgca

atcaccctga
cgcgagatca
gccectgatcea
tacgacgtgc
tacttcttct
gagatccgca

aagggceegeg

aagaagaccg
agcgacaagce
agccccaccg
aagctgaaga
aagaacccca
atcaagctgc

agegeegseg

ggggecegecet

tcctggactt
acgacagcct
gcctgcacga
agaccgtgaa
tcgtgatcga
agcgcatgaa

acccecgtgga

gcegegacat
accacatcgt
gcagcgacaa
tgaagaacta
acctgaccaa
gccagetggt

tgaacaccaa

agagcaagct
acaactacca
agaagtaccc
gcaagatgat
acagcaacat
agcgccccct

acttcgccac

aggtgcagac
tgatcgccecg
tggcctacag
gcgtgaagga
tcgacttcct
ccaagtacag

agctgcagaa

gagccgcaag

cctgaagagc
gaccttcaag
gcacatcgcc
ggtggtggac
gatggcccgce
gcgcatcgag

gaacacccag

gtacgtggac
gccccagage
gaaccgeggce
ctggcgcecag
ggceegagege
ggagacccge

gtacgacgag

ggtgagegac
ccacgcccac
caagctggag
cgccaagagce
catgaacttc
gatcgagacc

cgtgcgcaag

cggeggctte
caagaaggac
cgtgetggtg
gctgetggge
ggaggccaag
cctgttcgag

gggcaacgag

cttatcaacg

gacggcttcg
gaggacatcc
aacctggcecg
gagctggtga
gagaaccaga
gagggcatca

ctgcagaacg

caggagctgg
ttcctgaagg
aagagcgaca
ctgctgaacg
ggeggectga
cagatcacca

aacgacaagc

ttccgcaagg
gacgcctacce
agcgagttcg
gagcaggaga
ttcaagaccg
aacggcgaga

gtgctgagca

agcaaggaga
tgggacccca
gtggccaagg
atcaccatca
ggctacaagg
ctggagaacg

ctggecectgce

gcatccgega

ccaaccgcaa
agaaggccca
gcagccceege
aggtgatggg
ccacccagaa
aggagetggg

agaagctgta

acatcaaccg
acgacagcat
acgtgcccag
ccaagctgat
gcgagetgga
agcacgtggc

tgatccgcga

acttccagtt
tgaacgccgt
tgtacggcga
tcggcaaggc
agatcaccct
ccggegagat

tgccccaggt

gcatcctgece
agaagtacgg
tggagaaggg
tggagcgcag
aggtgaagaa
gccegcaageg

ccagcaagta

caagcagagce

cttcatgcag
ggtgageggce
catcaagaag
ccgccacaag
gggccagaag
cagccagatc

cctgtactac

cctgagcgac
cgacaacaag
cgaggaggtg
cacccagcgce
caaggccggce
ccagatcctg

ggtgaaggtg

ctacaaggtg
ggtgggcacc
ctacaaggtg
caccgccaag
ggccaacgge
cgtgtgggac

gaacatcgtg

caagcgcaac
cggcttcgac
caagagcaag
cagcttcgag
ggacctgatc
catgctggcec

cgtgaacttc
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2160

2220
2280
2340
2400
2460
2520

2580

2640
2700
2760
2820
2880
2940

3000

3060
3120
3180
3240
3300
3360

3420

3480
3540
3600
3660
3720
3780

3840
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ctgtacctgg
cagctgttcg
ttcagcaagc
aagcaccgceg
accaacctgg
tacaccagca

tacgagaccc

gtgaaacaac
gaattgcctce
ctggaacgca
gttgagatcc
gacgccgacg
agcaatatcg

gtagtcgatc

tccteccatg
caccatttgc
gactgtaatt
gcgetgegcea
aacctggcag
gacgctaata

cgtccaggga

agcgatttag
tccgteggtg
gaactcgatg
ctgaccctgt
tatcaccccg
tttcaccgtc

cgctcecattce

ggcatgatac
aaattcgaac

ctattgcaag

ccagccacta
tggagcagca
gcgtgatcct
acaagcccat
gcgeceecge
ccaaggaggt

gcatcgacct

agatacaact
ccttgetgeg
gtgttaaagg
tttacaacgc
gcgegaccag
actatctggt

aggcccatgce

cgggegttga
cgggcegaaac
tccegtcgaa
cctttttgeg
aactgctgga
atcgcattct

ttaaagcgct

gttttgcget
tggegctcett
cgctaaacca
gcgagaaact
aatggcatca
cggttatcgce

aggggctgca

tgaagtttgg

tctttcaaca

gcgaagtggt

cgagaagctg
caagcactac
ggcegacgcece
ccgcgageag
cgccttcaag
gctggacgcece

gagccagctg

tcgtcegecegt
ccgtttatac
tatgttgccc
ttttcgcgaa
cacggctcta
accaaaccgt

ccgtggegeg

acacgctcgc
attacccgca
atcactggca
cgatcagggc
tctggtcgeg
gacctggcag

gctggaagtg

ggggccacgt
gctgtgegac
gacgcgaaaa
ggagcgaagt
gggegttgte
ctttgcgcca

tatgcgtgat

cggtcatgceg
acggtttggce

gtcagacggc

aagggcagcce
ctggacgaga
aacctggaca
gccgagaaca
tacttcgaca
accctgatcc

ggcggegacg

gaagtcgatg
gccageeggg
tggcagcaac
ggaacgcgga
agegtgetgg
ttcgaagacg

cagttaattg

tcgttgggea
gcggaagega
ggegtgggtg
tggtttgatg
ctgggaacag
gggatgagtc

gcaaaccgtg

ctcaatgctg
aacatcggcg
gagatcgaac
cgcgacacgce
ggtattctgg
gcaggtgatg

gcactggagc

atggceggegg
gagctggtta

ccgttaagcec

ccgaggacaa
tcatcgagca
aggtgctgag
tcatccacct
ccaccatcga
accagagcat

cggccgcact

aaacggcaga
gegtgegeag
tgagcggcegt
ttattgtggt
cgatgcgctce
gttacggcett

tcacggtgga

ttccggttat
tcattaaccc
tggegtttta
agcgtggceat
tggcggacgt
gcatccgtge

atgcacaaaa

ccggacgact
aagcgcgcegt
aaggaatgca
tacccggegg
cttcgegcat
gtacgctgaa

gattagacac

gtttgtcget

ccgagtggct

cggccgaaat

cgagcagaag
gatcagcgag
cgcctacaac
gttcaccctg
ccgcaagegce
caccggtctg

cgacctgcag

cttgcccget
tgcgcaagaa
cgaaaaggcc
cggegatttt
gettggttge
aagcccggaa

taacggtatt

tgttaccgat
taacttgcgc
tctgatgctg
cgcaattcct
cgtgeegcetg
cggaaagtgc

actcgecgcec

ggacgatatg
gctggcaaat
agttgaagcc
gctggcaatg
caaagagcgt
aggttcaggt

actctaccct

ggaagaggat
ggaccctteg

gaccatggaa
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3900
3960
4020
4080
4140
4200

4260

4320
4380
4440
4500
4560
4620

4680

4740
4800
4860
4920
4980
5040

5100

5160
5220
5280
5340
5400
5460

5520

5580
5640

5700
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gtggcgcage tgetgegega tgetggececeg

gatggtcatt tccgtctget gcaacagcegg
gtcgaaccgg tcggeggegg teegetgetg

ctctggecgg ataacggegt gegcegaagtg

tttcgeggea accgcagect gcaaattatce

aggceeggegg ccacgaaaaa ggecggecag
cactga

<210> 33

<211> 2310
<212> PRT
<213> Artificial Sequence
<220><223> SpyCas9-RecE
<400> 33
Met Gly Ser Ser His His His
1 5

Arg Gly Ser His Met Ala Ser

20

Gly Ser Glu

35 40

Lys Tyr Ser Ile Gly Leu Asp

50 95

Val Ile Thr Asp Glu Tyr Lys
65 70

Gly Asn Thr Asp Arg His Ser

85

Leu Phe Asp Ser Gly Glu Thr

100

Ala Arg Arg Arg Tyr Thr Arg Arg Lys

115 120
Glu Ile Phe Ser Asn Glu Met

130 135

His His

Met Thr

Phe Glu Leu Arg Arg Gln

Val Pro

Ile Lys

tgggggcaga
ctggtgggcg
gatggtattg

caactggctt

atcgacaata

gcaaaaaaga

His Ser
10

Gly Gly

25

Ala Cys

Ile Gly Thr Asn

Ser Lys
75
Lys Asn

90

Ala Glu Ala Thr

105

Asn Arg

Ala Lys Val Asp

Arg Leu Glu Glu Ser Phe Leu Val Glu Glu Asp

tgttccecgga geegetgttt

aacgtcattt gaaagtcatg
cttttaatgt cgataccgcc

acaagctcga tatcaacgag

tctggccaat tctgcagaaa

aaaagcacca ccaccaccac

Ser Gly Leu Val Pro
15

Gln Gln Met Gly Arg

30
Gly Arg Met Asp Lys
45
Ser Val Gly Trp Ala
60

Lys Phe Lys Val Leu

80
Leu Ile Gly Ala Leu

95

Arg Leu Lys Arg Thr
110
Ile Cys Tyr Leu Gln
125
Asp Ser Phe Phe His
140
Lys Lys His Glu Arg
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5760
5820
5880

5940

6000
6060

6066
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145

His Pro Ile

Tyr Pro Thr

Lys Ala Asp

195

Phe Arg Gly
210

Asp Val Asp

225

Phe Glu Glu

Leu Ser Ala

GIn Leu Pro

275

Leu Ser Leu
290

Glu Asp Ala

305

Asp Asn Leu

Ala Ala Lys

Val Asn Thr
355
Arg Tyr Asp

370

Arg Gln Gln

385

150

Phe Gly Asn

165
Ile Tyr His
180

Leu Arg Leu

His Phe Leu

Lys Leu Phe

230

Asn Pro Ile

245
Arg Leu Ser
260

Gly Glu Lys

Gly Leu Thr

Lys Leu Gln

310
Leu Ala Gln
325
Asn Leu Ser
340

Glu Ile Thr

Glu His His

Leu Pro Glu

390

Ile Val

Leu Arg

Ile Tyr

200

Asn Ala

Lys Ser

Lys Asn

280
Pro Asn
295

Leu Ser

Asp Ala

Lys Ala
360
Gln Asp

375

Lys Tyr

155

Asp Glu Val Ala Tyr His

170
Lys Lys Leu Val Asp Ser
185 190
Leu Ala Leu Ala His Met
205
Gly Asp Leu Asn Pro Asp
220
Leu Val Gln Thr Tyr Asn

235

Ser Gly Val Asp Ala Lys
250
Arg Arg Leu Glu Asn Leu
265 270
Gly Leu Phe Gly Asn Leu
285
Phe Lys Ser Asn Phe Asp
300

Lys Asp Thr Tyr Asp Asp

315
Asp Gln Tyr Ala Asp Leu
330
[le Leu Leu Ser Asp Ile
345 350
Pro Leu Ser Ala Ser Met
365
Leu Thr Leu Leu Lys Ala

380

Lys Glu Ile Phe Phe Asp

395
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Glu

175

Thr

Asn

Leu

Asp

Phe
335

Leu

Leu

Gln

160

Lys

Asp

Lys

Ser

Leu

240

Leu

320

Leu

Arg

Lys

Val

Ser

400
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Lys

Phe

Thr

His

465

Asn

Val

Lys

Lys

Lys

545

Leu

Ile
625

Asp

Asn Gly Tyr

Tyr Lys Phe

420

Leu Leu Val
435

Phe Asp Asn

450

Ala Ile Leu

Arg Glu Lys

Gly Pro Leu

500

Ser Glu Glu

Gly Ala Ser

Asn Leu Pro

Tyr Phe Thr

Gly Met Arg

580

Val Asp Leu

595
Lys Glu Asp
610

Ser Gly Val

Leu Leu Lys

Ala Gly

405

Tyr Ile

Asp Gly Gly Ala Ser

410

Ile Lys Pro Ile Leu Glu

425

Lys Leu Asn Arg Glu Asp

Gly Ser

Arg Arg

470

Ala Arg

Thr Ile

Asn Glu

550
Val Tyr
565

Lys Pro

Leu Phe

Tyr Phe

Glu Asp
630
Ile Ile

645

440

Ile Pro

Lys Ile

Gly Asn

Thr Pro

520

Ser Phe

535

Lys Val

Asn Glu

Ala Phe

Lys Thr

600
Lys Lys
615

Arg Phe

Lys Asp

His Gln

Asp Phe

Leu Thr

490
Ser Arg
505

Trp Asn

Leu Pro

Leu Thr

570
Leu Ser
585

Asn Arg

Ile Glu

Asn Ala

Lys Asp

650

Lys

Leu

Tyr

475

Phe

Phe

Phe

Arg

Lys

555

Lys

Lys

Cys

Ser
635

Phe

Met Asp

Leu Arg

445

His Leu

460

Pro Phe

Arg Ile

Ala Trp

525

Met Thr
540

His Ser

Val Lys

Val Thr

605
Phe Asp
620

Leu Gly

Leu Asp

GIn Glu

415
Gly Thr
430

Lys Gln

Leu Lys

Pro Tyr

495
Met Thr
510

Val Val

Asn Phe

Leu Leu

Tyr Val

975

Lys Lys

590

Val Lys

Ser Val

Thr Tyr

Asn Glu

655
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Glu

Arg

Leu

Asp
480

Tyr

Arg

Asp

Asp

Tyr
560

Thr

His
640

Glu
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Asn Glu Asp

Asp Arg Glu
675
Asp Asp Lys
690
Gly Arg Leu
705

Gly Lys Thr

Asn Phe Met

Ile Gln Lys
755
[le Ala Asn
770
Thr Val Lys
785

Pro Glu Asn

Lys Gly Gln

Ile Lys Glu
835
Thr GIn Leu
850
Arg Asp Met
865

Tyr Asp Val

Ile Asp Asn

Ile Leu Glu Asp

660

Met

Val

Ser

Leu

Val

Lys
820

Leu

Tyr

Asp

Lys

Ile

Met

Arg

Leu

725

Leu

Val

Val

805

Asn

Asn

Val

His

885

Val

Glu Glu

Lys Gln

695
Lys Leu
710

Asp Phe

Ile His

Val Ser

Ser Arg

Ser Gln

Glu Lys

855
Asp Gln
870

Ile Val

Leu Thr

Ile Val

665

Arg Leu

630

Leu Lys

Ile Asn

Leu Lys

Asp Asp

745
Gly Gln
760

Pro Ala

Leu Val

Met Ala

Glu Arg

825
Ile Leu
840

Leu Tyr

Glu Leu

Pro Gln

Arg Ser

Leu

Lys

Arg

Ser
730

Ser

Lys

Arg

810

Met

Lys

Leu

Asp

Ser

890

Asp

Thr

Thr

Arg

715

Asp

Leu

Asp

Lys

Val

795

Lys

Tyr

875

Phe

Lys

Leu

Tyr

Arg

700

Arg

Thr

Ser

Lys

780

Met

Asn

Arg

His

Tyr

860

Asn

Leu

Asn

Thr Leu

670

Ala His

685

Tyr Thr

Asp Lys

Phe Ala

Phe Lys

750
Leu His
765

Gly Ile

Gly Arg

Gln Thr

[le Glu

830
Pro Val
845

Leu Gln

Arg Leu

Lys Asp

Arg Gly

-129 -

Phe Glu

Leu Phe

Gly Trp

Gln Ser

720

Asn Arg

735

Glu Asp

Glu His

Leu Gln

His Lys

800

Thr Gln

815

Glu Gly

Glu Asn

Asn Gly

Ser Asp

880

Asp Ser

895

Lys Ser
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900 905 910
Asp Asn Val Pro Ser Glu Glu Val Val Lys Lys Met Lys Asn Tyr Trp
915 920 925
Arg Gln Leu Leu Asn Ala Lys Leu Ile Thr Gln Arg Lys Phe Asp Asn
930 935 940
Leu Thr Lys Ala Glu Arg Gly Gly Leu Ser Glu Leu Asp Lys Ala Gly

945 950 955 960

Phe Ile Lys Arg Gln Leu Val Glu Thr Arg Gln Ile Thr Lys His Val
965 970 975
Ala Gln Ile Leu Asp Ser Arg Met Asn Thr Lys Tyr Asp Glu Asn Asp
980 985 990
Lys Leu Ile Arg Glu Val Lys Val Ile Thr Leu Lys Ser Lys Leu Val
995 1000 1005
Ser Asp Phe Arg Lys Asp Phe Gln Phe Tyr Lys Val Arg Glu Ile Asn
1010 1015 1020

Asn Tyr His His Ala His Asp Ala Tyr Leu Asn Ala Val Val Gly Thr

1025 1030 1035 1040
Ala Leu Ile Lys Lys Tyr Pro Lys Leu Glu Ser Glu Phe Val Tyr Gly
1045 1050 1055
Asp Tyr Lys Val Tyr Asp Val Arg Lys Met Ile Ala Lys Ser Glu Gln
1060 1065 1070
Glu Ile Gly Lys Ala Thr Ala Lys Tyr Phe Phe Tyr Ser Asn Ile Met
1075 1080 1085
Asn Phe Phe Lys Thr Glu Ile Thr Leu Ala Asn Gly Glu Ile Arg Lys

1090 1095 1100

Arg Pro Leu Ile Glu Thr Asn Gly Glu Thr Gly Glu Ile Val Trp Asp
1105 1110 1115 1120
Lys Gly Arg Asp Phe Ala Thr Val Arg Lys Val Leu Ser Met Pro Gln
1125 1130 1135
Val Asn Ile Val Lys Lys Thr Glu Val Gln Thr Gly Gly Phe Ser Lys
1140 1145 1150

Glu Ser Ile Leu Pro Lys Arg Asn Ser Asp Lys Leu Ile Ala Arg Lys

- 130 -
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1155 1160 1165

Lys Asp Trp Asp Pro Lys Lys Tyr Gly Gly Phe Asp Ser Pro Thr Val

1170 1175 1180
Ala Tyr Ser Val Leu Val Val Ala Lys Val Glu Lys Gly Lys Ser Lys
1185 1190 1195 1200
Lys Leu Lys Ser Val Lys Glu Leu Leu Gly Ile Thr Ile Met Glu Arg
1205 1210 1215
Ser Ser Phe Glu Lys Asn Pro Ile Asp Phe Leu Glu Ala Lys Gly Tyr
1220 1225 1230
Lys Glu Val Lys Lys Asp Leu Ile Ile Lys Leu Pro Lys Tyr Ser Leu

1235 1240 1245

Phe Glu Leu Glu Asn Gly Arg Lys Arg Met Leu Ala Ser Ala Gly Glu
1250 1255 1260
Leu Gln Lys Gly Asn Glu Leu Ala Leu Pro Ser Lys Tyr Val Asn Phe
1265 1270 1275 1280
Leu Tyr Leu Ala Ser His Tyr Glu Lys Leu Lys Gly Ser Pro Glu Asp
1285 1290 1295
Asn Glu Gln Lys Gln Leu Phe Val Glu Gln His Lys His Tyr Leu Asp
1300 1305 1310

Glu Ile Ile Glu Gln Ile Ser Glu Phe Ser Lys Arg Val Ile Leu Ala

1315 1320 1325
Asp Ala Asn Leu Asp Lys Val Leu Ser Ala Tyr Asn Lys His Arg Asp
1330 1335 1340
Lys Pro Ile Arg Glu Gln Ala Glu Asn Ile Ile His Leu Phe Thr Leu
1345 1350 1355 1360
Thr Asn Leu Gly Ala Pro Ala Ala Phe Lys Tyr Phe Asp Thr Thr Ile
1365 1370 1375
Asp Arg Lys Arg Tyr Thr Ser Thr Lys Glu Val Leu Asp Ala Thr Leu

1380 1385 1390

Ile His Gln Ser Ile Thr Gly Leu Tyr Glu Thr Arg Ile Asp Leu Ser

1395 1400 1405
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Gln Leu Gly Gly Asp Ala Ala Ala Leu Asp Leu Gln Met Ser Thr Lys
1410 1415 1420
Pro Leu Phe Leu Leu Arg Lys Ala Lys Lys Ser Ser Gly Glu Pro Asp
1425 1430 1435 1440
Val Val Leu Trp Ala Ser Asn Asp Phe Glu Ser Thr Cys Ala Thr Leu
1445 1450 1455

Asp Tyr Leu Ile Val Lys Ser Gly Lys Lys Leu Ser Ser Tyr Phe Lys

1460 1465 1470
Ala Val Ala Thr Asn Phe Pro Val Val Asn Asp Leu Pro Ala Glu Gly
1475 1480 1485
Glu Ile Asp Phe Thr Trp Ser Glu Arg Tyr Gln Leu Ser Lys Asp Ser
1490 1495 1500
Met Thr Trp Glu Leu Lys Pro Gly Ala Ala Pro Asp Asn Ala His Tyr
1505 1510 1515 1520
GIn Gly Asn Thr Asn Val Asn Gly Glu Asp Met Thr Glu Ile Glu Glu

1525 1530 1535

Asn Met Leu Leu Pro Ile Ser Gly Gln Glu Leu Pro Ile Arg Trp Leu
1540 1545 1550
Ala Gln His Gly Ser Glu Lys Pro Val Thr His Val Ser Arg Asp Gly
1555 1560 1565
Leu Gln Ala Leu His Ile Ala Arg Ala Glu Glu Leu Pro Ala Val Thr
1570 1575 1580
Ala Leu Ala Val Ser His Lys Thr Ser Leu Leu Asp Pro Leu Glu Ile
1585 1590 1595 1600

Arg Glu Leu His Lys Leu Val Arg Asp Thr Asp Lys Val Phe Pro Asn

1605 1610 1615
Pro Gly Asn Ser Asn Leu Gly Leu Ile Thr Ala Phe Phe Glu Ala Tyr
1620 1625 1630
Leu Asn Ala Asp Tyr Thr Asp Arg Gly Leu Leu Thr Lys Glu Trp Met
1635 1640 1645
Lys Gly Asn Arg Val Ser His Ile Thr Arg Thr Ala Ser Gly Ala Asn

1650 1655 1660
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Ala Gly Gly Gly Asn Leu Thr Asp Arg Gly Glu Gly Phe Val His Asp

1665 1670 1675 1680

Leu Thr Ser Leu Ala Arg Asp Val Ala Thr Gly Val Leu Ala Arg Ser
1685 1690 1695
Met Asp Leu Asp Ile Tyr Asn Leu His Pro Ala His Ala Lys Arg Ile
1700 1705 1710
Glu Glu Ile Ile Ala Glu Asn Lys Pro Pro Phe Ser Val Phe Arg Asp
1715 1720 1725
Lys Phe Ile Thr Met Pro Gly Gly Leu Asp Tyr Ser Arg Ala Ile Val
1730 1735 1740

Val Ala Ser Val Lys Glu Ala Pro Ile Gly Ile Glu Val Ile Pro Ala

1745 1750 1755 1760
His Val Thr Glu Tyr Leu Asn Lys Val Leu Thr Glu Thr Asp His Ala
1765 1770 1775
Asn Pro Asp Pro Glu Ile Val Asp Ile Ala Cys Gly Arg Ser Ser Ala
1780 1785 1790
Pro Met Pro Gln Arg Val Thr Glu Glu Gly Lys Gln Asp Asp Glu Glu
1795 1800 1805
Lys Pro Gln Pro Ser Gly Thr Thr Ala Val Glu Gln Gly Glu Ala Glu

1810 1815 1820

Thr Met Glu Pro Asp Ala Thr Glu His His Gln Asp Thr Gln Pro Leu
1825 1830 1835 1840
Asp Ala Gln Ser Gln Val Asn Ser Val Asp Ala Lys Tyr Gln Glu Leu
1845 1850 1855
Arg Ala Glu Leu His Glu Ala Arg Lys Asn Ile Pro Ser Lys Asn Pro
1860 1865 1870
Val Asp Asp Asp Lys Leu Leu Ala Ala Ser Arg Gly Glu Phe Val Asp
1875 1880 1885

Gly Ile Ser Asp Pro Asn Asp Pro Lys Trp Val Lys Gly Ile Gln Thr

1890 1895 1900

Arg Asp Cys Val Tyr Gln Asn Gln Pro Glu Thr Glu Lys Thr Ser Pro
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1905 1910 1915 1920
Asp Met Asn Gln Pro Glu Pro Val Val Gln Gln Glu Pro Glu Ile Ala
1925 1930 1935
Cys Asn Ala Cys Gly Gln Thr Gly Gly Asp Asn Cys Pro Asp Cys Gly
1940 1945 1950
Ala Val Met Gly Asp Ala Thr Tyr Gln Glu Thr Phe Asp Glu Glu Ser

1955 1960 1965

GIn Val Glu Ala Lys Glu Asn Asp Pro Glu Glu Met Glu Gly Ala Glu
1970 1975 1980
His Pro His Asn Glu Asn Ala Gly Ser Asp Pro His Arg Asp Cys Ser
1985 1990 1995 2000
Asp Glu Thr Gly Glu Val Ala Asp Pro Val Ile Val Glu Asp Ile Glu
2005 2010 2015
Pro Gly Ile Tyr Tyr Gly Ile Ser Asn Glu Asn Tyr His Ala Gly Pro
2020 2025 2030

Gly Ile Ser Lys Ser Gln Leu Asp Asp Ile Ala Asp Thr Pro Ala Leu

2035 2040 2045
Tyr Leu Trp Arg Lys Asn Ala Pro Val Asp Thr Thr Lys Thr Lys Thr
2050 2055 2060
Leu Asp Leu Gly Thr Ala Phe His Cys Arg Val Leu Glu Pro Glu Glu
2065 2070 2075 2080
Phe Ser Asn Arg Phe Ile Val Ala Pro Glu Phe Asn Arg Arg Thr Asn
2085 2090 2095
Ala Gly Lys Glu Glu Glu Lys Ala Phe Leu Met Glu Cys Ala Ser Thr

2100 2105 2110

Gly Lys Thr Val Ile Thr Ala Glu Glu Gly Arg Lys Ile Glu Leu Met
2115 2120 2125
Tyr Gln Ser Val Met Ala Leu Pro Leu Gly Gln Trp Leu Val Glu Ser
2130 2135 2140
Ala Gly His Ala Glu Ser Ser Ile Tyr Trp Glu Asp Pro Glu Thr Gly
2145 2150 2155 2160

Ile Leu Cys Arg Cys Arg Pro Asp Lys Ile Ile Pro Glu Phe His Trp
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2165 2170 2175

Ile Met Asp Val Lys Thr Thr Ala Asp Ile Gln Arg Phe Lys Thr Ala

2180 2185 2190
Tyr Tyr Asp Tyr Arg Tyr His Val Gln Asp Ala Phe Tyr Ser Asp Gly
2195 2200 2205
Tyr Glu Ala Gln Phe Gly Val Gln Pro Thr Phe Val Phe Leu Val Ala
2210 2215 2220
Ser Thr Thr Ile Glu Cys Gly Arg Tyr Pro Val Glu Ile Phe Met Met
2225 2230 2235 2240
Gly Glu Glu Ala Lys Leu Ala Gly Gln Gln Glu Tyr His Arg Asn Leu

2245 2250 2255

Arg Thr Leu Ser Asp Cys Leu Asn Thr Asp Glu Trp Pro Ala Ile Lys
2260 2265 2270
Thr Leu Ser Leu Pro Arg Trp Ala Lys Glu Tyr Ala Asn Asp Leu Gln
2275 2280 2285
Lys Arg Pro Ala Ala Thr Lys Lys Ala Gly Gln Ala Lys Lys Lys Lys
2290 2295 2300

His His His His His His

2305 2310
<210> 34

<211> 6933

<212> DNA

<213> Artificial Sequence

<220><223> SpyCas9-RecE

<400> 34

atgggcagca gccatcatca tcatcatcac
atggctagca tgactggtgg acagcaaatg
caagcttgcg gceccgecatgga caagaagtac
gtgggctggg ccgtgatcac cgacgagtac
ggcaacaccg accgccacag catcaagaag

ggcgagaccg ccgaggecac ccgectgaag

agcagcggcec tggtgecgeg cggcagecat
ggtcgecggat ccgaattcga getceegtcega
agcatcggcec tggacatcgg taccaacagc
aaggtgccca gcaagaagtt caaggtgcetg
aacctgatcg gcgcecectget gttcgacage

cgcaccgece geecgeegeta caccegecge
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60

120

180

240

300

360
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aagaaccgca

agcttcttcec
caccccatct
taccacctgc
ctggecectgg
cccgacaaca
ttcgaggaga

ctgagcaaga

ggcctgtteg
ttcgacctgg
gacaacctgc
ctgagcgacg
ccectgageg
aaggccctgg

aagaacggct

atcaagccca
gaggacctgc
ctgggcgage
aaccgcgaga
gceegeggea
tggaacttcg

accaacttcg

gagtacttca
aagcccgcect
aaccgcaagg
gacagcgtgg
gacctgctga
ctggaggaca

ctgaagacct

tctgctacct

accgcctgga
tcggcaacat
gcaagaagct
cccacatgat
gcgacgtgga
accccatcaa

gecegecegect

gcaacctgat
ccgaggacgce
tggcccagat
ccatcctgct
ccagcatgat
tgcgecagcea

acgccggcta

tcctggagaa
tgcgcaagca
tgcacgccat
agatcgagaa
acagccgctt
aggaggtggt

acaagaacct

ccgtgtacaa
tcctgagegg
tgaccgtgaa
agatcagcgg
agatcatcaa
tcgtgctgac

acgcccacct

gcaggagatc

ggagagcttc
cgtggacgag
ggtggacage
caagttccgc
caagctgttc
cgccageggce

ggagaacctg

cgcectgage
caagctgcag
cggcgaccag
gagcgacatc
caagcgctac
gctgeccgag

catcgacggc

gatggacggc
gcgcaccttce
cctgegecegce
gatcctgacc
cgcctggatg
ggacaagggc

gcccaacgag

cgagctgacc
cgagcagaag
gcagctgaag
cgtggaggac
ggacaaggac
cctgaccctg

gttcgacgac

ttcagcaacg

ctggtggagg
gtggcectacce
accgacaagg
ggccacttcce
atccagctgg
gtggacgcca

atcgcccagce

ctgggcectga
ctgagcaagg
tacgccgacc
ctgcgegtga
gacgagcacc
aagtacaagg

ggcgcecagcece

accgaggage
gacaacggca
caggaggact
ttccgecatcc
acccgcaaga
gccagegecce

aaggtgctgc

aaggtgaagt
aaggccatcg
gaggactact
cgcttcaacg
ttcctggaca
ttcgaggacc

aaggtgatga

agatggccaa

aggacaagaa
acgagaagta
ccgacctgceg
tgatcgaggg
tgcagaccta
aggccatcct

tgcceggcega

cccccaactt
acacctacga
tgttceetgge
acaccgagat
accaggacct
agatcttctt

aggaggagtt

tgctggtgaa
gcatcccecca
tctacccctt
cctactacgt
gcgaggagac
agagcttcat

ccaagcacag

acgtgaccga
tggacctgct
tcaagaagat
ccagcctggg
acgaggagaa
gcgagatgat

agcagctgaa

ggtggacgac

gcacgagcegce
ccccaccatce
cctgatctac
cgacctgaac
caaccagctg
gagcgeecge

gaagaagaac

caagagcaac
cgacgacctg
cgccaagaac
caccaaggcc
gaccctgetg
cgaccagagc

ctacaagttc

gctgaaccgce
ccagatccac
cctgaaggac
gggcccectg
catcacccce
cgagcgcatg

cctgetgtac

gggcatgegce
gttcaagacc
cgagtgctte
cacctaccac
cgaggacatc
cgaggagcgce

gcgcecegceege
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420

480
540
600
660
720
780

840

900
960
1020
1080
1140
1200

1260

1320
1380
1440
1500
1560
1620

1680

1740
1800
1860
1920
1980
2040

2100
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tacaccggct
ggcaagacca
ctgatccacg
cagggcgaca
ggcatcctge
cccgagaaca

aacagccgeg

ctgaaggagc
ctgcagaacg
tacgacgtgg
gtgctgaccce
gtgaagaaga
aagttcgaca

ttcatcaagc

gacagccgcea
atcaccctga
cgcgagatca
gccectgatcea
tacgacgtgc
tacttcttct

gagatccgca

aagggcecgeg
aagaagaccg
agcgacaagce
agccccaccg
aagctgaaga
aagaacccca

atcaagctgc

agcgeeggeg
ctgtacctgg

cagctgttcg

ggggecegect
tcctggactt
acgacagcct
gcctgcacga
agaccgtgaa
tcgtgatcga

agcgcatgaa

acccecgtgga
gcegegacat
accacatcgt
gcagcgacaa
tgaagaacta
acctgaccaa

gccagetggt

tgaacaccaa
agagcaagct
acaactacca
agaagtaccc
gcaagatgat
acagcaacat

agcgccccct

acttcgccac
aggtgcagac
tgatcgcccg
tggcctacag
gcgtgaagga
tcgacttcct

ccaagtacag

agctgcagaa
ccagccacta

tggagcagca

gagccgcaag
cctgaagagc
gaccttcaag
gcacatcgcc
ggtggtggac
gatggcccgce

gcgcatcgag

gaacacccag
gtacgtggac
gccccagage
gaaccgeggce
ctggcgccag
ggceegagege

ggagacccegce

gtacgacgag
ggtgagegac
ccacgcccac
caagctggag
cgccaagagce
catgaacttc

gatcgagacc

cgtgcgcaag
cggeggctte
caagaaggac
cgtgctggtg
gctgetggge
ggaggccaag

cctgttcgag

gggcaacgag
cgagaagctg

caagcactac

cttatcaacg
gacggcttcg
gaggacatcc
aacctggcecg
gagctggtga
gagaaccaga

gagggcatca

ctgcagaacg
caggagctgg
ttcctgaagg
aagagcgaca
ctgctgaacg
ggeggectga

cagatcacca

aacgacaagc
ttccgcaagg
gacgcctacc
agcgagttcg
gagcaggaga
ttcaagaccg

aacggcgaga

gtgctgagca
agcaaggaga
tgggacccca
gtggccaagg
atcaccatca
ggctacaagg

ctggagaacg

ctggccectgce

aagggcagcce

ctggacgaga

gcatccgega
ccaaccgcaa
agaaggccca
gcagccecege
aggtgatggg
ccacccagaa

aggagctggg

agaagctgta
acatcaaccg
acgacagcat
acgtgcccag
ccaagctgat
gcgagetgga

agcacgtggc

tgatccgcga
acttccagtt
tgaacgccgt
tgtacggcga
tcggcaaggc
agatcaccct

ccggcegagat

tgccccaggt
gcatcctgece
agaagtacgg
tggagaaggg
tggagcgcag
aggtgaagaa

gcegeaageg

ccagcaagta
ccgaggacaa

tcatcgagca

caagcagagc
cttcatgcag
ggtgageggce
catcaagaag
ccgccacaag
gggccagaag

cagccagatc

cctgtactac
cctgagcgac
cgacaacaag
cgaggaggtg
cacccagegce
caaggccggce

ccagatcctg

ggtgaaggtg
ctacaaggtg
ggtgggcacc
ctacaaggtg
caccgccaag
ggccaacgge

cgtgtgggac

gaacatcgtg
caagcgcaac
cggcttcgac
caagagcaag
cagcttcgag
ggacctgatc

catgctggcec

cgtgaacttc

cgagcagaag

gatcagcgag
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2160
2220
2280
2340
2400
2460

2520

2580
2640
2700
2760
2820
2880

2940

3000
3060
3120
3180
3240
3300

3360

3420
3480
3540
3600
3660
3720

3780

3840
3900

3960
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ttcagcaagc
aagcaccgceg
accaacctgg

tacaccagca

tacgagaccc
atgagcacaa
gtcgtectgt
gttaagtcag
gttaatgacc
agcaaagact

caaggcaata

ccaatttctg
gtaacgcacg
ccggetgtta
cgcgaactcc
aacctgggac
ggactgctga

tccggtgcta

ctgacgtcac
atctataacc
ccgeectttt
cgcgecatceg
cacgtcactg
gaaatcgtgg

gaaggaaaac

ggagaggctg
gatgctcagt
catgaagccc
gcatcacgtg
gggatccaga

gatatgaatc

gegtgatcect
acaagcccat
gcgeeeccge

ccaaggaggt

gcatcgacct
aaccactctt
gggcaagcaa
gtaaaaaact
tgccegetga
ccatgacatg

ccaacgtcaa

gccaggaact
tttcacgcga
ctgcectggce
acaaactggt
tgataactgc
caaaagagtg

atgctggegg

tggcgegega
ttcatccggce
ctgttttceg
tggttgcgtce
aatatctgaa
atattgcctg

aggatgatga

aaacaatgga
cacaggtaaa
ggaaaaacat
gtgaatttgt
ctcgegattg

aacctgagcc

ggccegacgcee
ccgcgageag
cgccttcaag

gctggacgcec

gagccagctg
cctgttacgg
cgattttgaa
gagcagctat
aggtgagatc
ggaactaaaa

cggcgaagac

gcccattegt
cggactccag
tgtttcccac
tcgtgacact
ttttttcgaa
gatgaagggt

cggaaacctc

cgtagccact
acacgctaaa
cgacaaattc
cgtaaaagaa
caaagtactg
cggtcegcetee

agaaaaaccg

accggacgca
ttctgttgat
tccatcaaaa
tgacggaatt
tgtgtaccag

agtagtgcaa

aacctggaca
gccgagaaca
tacttcgaca

accctgatcc

ggcggcegacg
aaagcgaaaa
tcgacctgtg
tttaaagctg
gattttacct
Cccgggagcag

atgactgaga

tggcttgcte
gcattacaca
aaaaccagcc
gacaaagttt
gcatacctga
aatcgtgttt

accgatcgceg

ggcgtactgg
cgcattgagg
atcaccatgc
gcaccaattg
actgaaaccg
tctgccecga

caaccatctg

actgaacatc
gcgaaatatce
aatcctgtcg
agcgacccga
aaccagccag

caggaaccgg

aggtgctgag
tcatccacct
ccaccatcga

accagagcat

cggecegcact
aatcatccgg
ccactctgga
ttgccacgaa
ggagtgaacg
caccagacaa

ttgaggagaa

aacacggcag
ttgctcgggce
tgctcgaccc
tcectaatcee
acgctgacta
cacacatcac

gcgaaggttt

cccgttcaat
aaattatcgc
ctggegggcet
ggatcgaggt
atcatgccaa
tgccgcageg

gaacaacggc

atcaggacac
aggaactgceg
atgacgataa
acgatccgaa
aaacggaaaa

aaatagcctg

cgcctacaac
gttcaccctg
ccgcaagege

caccggtctg

cgacctgcag
tgaacctgac
ctacctgatc
ttttectgte
ctatcaactc
cgctcactat

tatgctactc

cgaaaaaccg
tgaagaacta
gctggaaatt
tggtaattca
caccgatcga
tcgcacggct

cgtacacgat

ggatctggac
tgaaaataaa
ggattattcc
catcceccegeg
ccctgatceceg
agtaacagaa

agttgaacag

gcagccgetg
ggcagaactc
attgcttgct
atgggtaaag
aaccagccca

caatgcctgc
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4020
4080
4140

4200

4260
4320
4380
4440
4500
4560

4620

4680
4740
4800
4860
4920
4980

5040

5100
5160
5220
5280
5340
5400

5460

5520
5580
5640
5700
5760

5820
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ggccagactg

caggaaacat
gaaggcgctg
gatgaaactg
tacggaattt
gacattgctg
aagacaaaaa

ttcagtaacc

gaagagaaag
gaaggccgga
cttgttgaaa
attttgtgtc
aaaactacgg
caggatgcat

tttctggttg

ggcgaagaag
gactgcctga
aaggaatatg

daaaaagaaaa

<210> 35

gcggggataa

tcgatgaaga
aacatccgca
gcgaagtcge
cgaatgagaa
atactccggce
cgctegattt

gctttategt

cgtttctgat
aaattgaact
gcgecggaca
ggtgecgtcece
cggatattca
tctacagtga

CccCagcacaac

caaaactggc
ataccgatga
caaatgacct

agcaccacca

<211> 1670

<212> PRT

ctgcectgac

gagtcaggtt
caatgagaat
agatcccgta
ttaccacgcg
actatatttg
aggaactgct

agcacctgaa

ggaatgcgca
catgtatcaa
cgctgaatca
ggacaaaatt
acgattcaaa
cggttatgaa

tattgaatgc

aggtcaacag
atggccagct

gcagaaaagg

ccaccaccac

<213> Artificial Sequence

<220><223>

SpyCas9-

lambda

tgtggtgegg

gaagctaagg
gctggceageg
atcgtagaag
ggtcceggta
tggcgtaaaa
ttccactgcec

tttaaccgcc

agcacaggaa
agcgttatgg
tcaatttact
atccctgaat
accgcttatt
gcacagtttg

ggacgttatc

gaatatcacc
attaagacat

ccggceggcca

tga

tgatgggcga

aaaatgatcc
atccgcatcg
acatagagcc
tcagtaagtc
atgccccecegt
gggtacttga

gtacaaacgc

aaacggttat
ctttgccgcet
gggaagatcc
ttcactggat
acgactaccg
gagtgcagcc

cggttgaaat

gcaatctgceg
tatcactgcc

cgaaaaaggc

cgcaacatac

ggaggaaatg
cgattgcagt
aggtatttat
tcagctcgat
ggacaccaca
accggaagaa

Cggaaaagaa

cactgcggaa
ggggcaatgg
tgaaacagga
catggacgtg
ctatcacgtt
aactttcgtt

tttcatgatg

aaccctgtct

ccgetgggct

cggccaggca

<400> 35
Met Gly Ser Ser His His His His His His Ser Ser Gly Leu Val Pro

1 5 10 15

Arg Gly Ser His Met Ala Ser Met Thr Gly Gly Gln Gln Met Gly Arg
20 25 30
Gly Ser Glu Phe Glu Leu Arg Arg Gln Ala Cys Gly Arg Met Asp Lys

35 40 45

- 139 -

5880

5940
6000
6060
6120
6180
6240

6300

6360
6420
6480
6540
6600
6660

6720

6780
6840
6900

6933

ZIHSd 10-2020-0078200



Lys Tyr Ser Ile Gly Leu
50

Val Ile Thr Asp Glu Tyr

65 70

Gly Asn Thr Asp Arg His

Leu Phe Asp Ser Gly Glu
100
Ala Arg Arg Arg Tyr Thr
115
Glu Ile Phe Ser Asn Glu
130
Arg Leu Glu Glu Ser Phe

145 150

His Pro Ile Phe Gly Asn

Tyr Pro Thr Ile Tyr His
180
Lys Ala Asp Leu Arg Leu
195
Phe Arg Gly His Phe Leu
210

Asp Val Asp Lys Leu Phe

225 230
Phe Glu Glu Asn Pro Ile
245
Leu Ser Ala Arg Leu Ser
260
GIn Leu Pro Gly Glu Lys
275

Leu Ser Leu Gly Leu Thr

Asp
55

Lys

Ser

Thr

Arg

Met

135

Leu

Leu

Asn

Lys

Lys

Pro

[le Gly

Val Pro

Ile Lys

105
Arg Lys
120

Ala Lys

Val Glu

Val Asp

Arg Lys

185
Tyr Leu
200

Glu Gly

Gln Leu

Ala Ser

Ser Arg

265
Asn Gly
280

Asn Phe

Thr Asn Ser Val Gly
60
Ser Lys Lys Phe Lys
75

Lys Asn Leu Ile Gly

90
Ala Thr Arg Leu Lys
110
Asn Arg Ile Cys Tyr
125
Val Asp Asp Ser Phe
140
Glu Asp Lys Lys His

155

Glu Val Ala Tyr His

170

Lys Leu Val Asp Ser
190

Ala Leu Ala His Met

205
Asp Leu Asn Pro Asp
220

Val Gln Thr Tyr Asn

235
Gly Val Asp Ala Lys
250
Arg Leu Glu Asn Leu
270
Leu Phe Gly Asn Leu
285

Lys Ser Asn Phe Asp
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Trp Ala

Val Leu

80

Ala Leu

95

Arg Thr

Leu Gln

Phe His

Glu Arg

160

Glu Lys

175

Thr Asp

Ile Lys

Asn Ser

Gln Leu

240

[le Ala

Leu Ala
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305

Asp

Val

Arg

Arg
385

Lys

Phe

Thr

His

465

Asn

Val

Lys

Lys

290

Asp Ala

Asn Leu

Ala Lys

Asn Thr

355

Tyr Asp

370

Asn Gly

Tyr Lys

Leu Leu

435

Phe Asp

450

Arg Glu

Ser Glu

515
Gly Ala

530

Lys

Leu

Asn

340

Leu

Tyr

Phe

420

Val

Asn

Leu

Lys

Leu

500

Ser

295

Leu Gln Leu

310

325

Leu Ser Asp

[le Thr Lys

His His Gln

375
Pro Glu Lys
390

Ala Gly Tyr

Ile Lys Pro

Lys Leu Asn

Gly Ser Ile

455

Arg Arg Gln
470

Ile Glu Lys

Ala Arg Gly

Thr Ile Thr

Ala Gln Ser

535

Ser Lys Asp Thr
315

Gly Asp Gln Tyr

330
Ala Tle Leu Leu
345
Ala Pro Leu Ser
360

Asp Leu Thr Leu

Tyr Lys Glu Ile

Ile Asp Gly Gly

Ile Leu Glu Lys
425
Arg Glu Asp Leu

440

Pro His GIn Ile

Glu Asp Phe Tyr
475
Ile Leu Thr Phe
490
Asn Ser Arg Phe
505

Pro Trp Asn Phe

520

Phe Ile Glu Arg

300

Tyr Asp Asp Asp

Ala Asp Leu Phe
335
Ser Asp Ile Leu
350
Ala Ser Met Ile
365

Leu Lys Ala Leu

380

Phe Phe Asp Gln

Ala Ser Gln Glu

415

Met Asp Gly Thr
430

Leu Arg Lys Gln

445

His Leu Gly Glu
460

Pro Phe Leu Lys

Arg Ile Pro Tyr

495

Ala Trp Met Thr
510

Glu Glu Val Val

525
Met Thr Asn Phe

540

- 141 -

Leu

320

Leu

Arg

Lys

Val

Ser

400

Arg

Leu

Asp

480

Tyr

Arg

Asp

Asp
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Lys Asn Leu Pro Asn Glu Lys

545

Glu Tyr

Glu Gly

Leu Lys

610
Ile Ser
625

Asp Leu

Asn Glu

Asp Arg

Asp Asp

690
Gly Arg
705

Gly Lys

Asn Phe

Ile Gln

Ile Ala
770
Thr Val

785

Phe

Met

Asp

595

Leu

Asp

Glu

675

Lys

Leu

Thr

Met

Lys

755

Asn

Lys

Thr

Arg

580

Leu

Asp

Val

Lys

660

Met

Val

Ser

Leu

Val

Val
565

Lys

Leu

Tyr

645

Leu

Met

Arg

Leu

725

Leu

Ala

Val

550

Tyr Asn

Pro Ala

Phe Lys

Phe Lys

615
Asp Arg
630

Ile Lys

Glu Asp

Lys Gln

695
Lys Leu
710

Asp Phe

Ile His

Val Ser

Gly Ser
775
Asp Glu

790

Val Leu Pro Lys His Ser

Glu Leu

Phe Leu

585

Thr Asn

600

Lys Ile

Phe Asn

Asp Lys

665

Arg Leu

680

Leu Lys

Ile Asn

Leu Lys

Asp Asp

745

Pro Ala

Leu Val

Thr
570

Ser

Arg

Asp
650

Leu

Lys

Arg

Ser

730

Ser

Ile

Lys

555

Lys

Lys

Cys

Ser

635

Phe

Thr

Thr

Arg

715

Asp

Leu

Asp

Lys

Val

795

Val Lys

Val Thr

605
Phe Asp
620

Leu Gly

Leu Asp

Leu Thr

Tyr Ala

685
Arg Tyr
700

Arg Asp

Gly Phe

Thr Phe

Ser Leu

765
Lys Gly
780

Met Gly

Leu

Tyr

Lys

590

Val

Ser

Thr

Asn

Leu

670

His

Thr

Lys

Lys

750

His

Ile

Arg
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Leu

Val

575

Lys

Lys

Val

Tyr

655

Phe

Leu

Asn

735

Leu

His

Tyr
560

Thr

His

640

Phe

Trp

Ser

720

Arg

Asp

His

Gln

Lys

800
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Pro Glu Asn

Lys Gly Gln

Ile Lys Glu

835

Thr Gln Leu
850

Arg Asp Met

865

Tyr Asp Val

Ile Asp Asn

Asp Asn Val

915

Arg Gln Leu
930

Leu Thr Lys

945

Phe Ile Lys

Lys Leu Ile
995
Ser Asp Phe

1010

Asn Tyr His
1025

Ala Leu Ile

Ile Val Ile Glu Met

805

Lys Asn Ser Arg Glu

820

Leu Gly Ser Gln Ile
840

Gln Asn Glu Lys Leu

855
Tyr Val Asp Gln Glu

870

Asp His Ile Val Pro
885

Lys Val Leu Thr Arg

900

Pro Ser Glu Glu Val
920

Leu Asn Ala Lys Leu

935

Ala Glu Arg Gly Gly

950
Arg Gln Leu Val Glu
965

Leu Asp Ser Arg Met
980
Arg Glu Val Lys Val

1000
Arg Lys Asp Phe Gln

1015

His Ala His Asp Ala
1030

Lys Lys Tyr Pro Lys

Ala Arg Glu Asn Gln Thr

810
Arg Met Lys Arg Ile Glu
825 830

Leu Lys G

u His Pro Val
845
Tyr Leu Tyr Tyr Leu Gln
860
Leu Asp Ile Asn Arg Leu

875

Gln Ser Phe Leu Lys Asp
890
Ser Asp Lys Asn Arg Gly
905 910
Val Lys Lys Met Lys Asn
925

Ile Thr G

n Arg Lys Phe
940

Leu Ser G

u Leu Asp Lys

955
Thr Arg Gln Ile Thr Lys
970
Asn Thr Lys Tyr Asp Glu
985 990
Ile Thr Leu Lys Ser Lys
1005
Phe Tyr Lys Val Arg Glu

1020

Tyr Leu Asn Ala Val Val
1035

Leu Glu Ser Glu Phe Val
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Thr Gln

815

Glu Asn

Asn Gly

Ser Asp

880

Asp Ser
895

Lys Ser

Tyr Trp

Asp Asn

960
His Val
975

Asn Asp

Leu Val

Ile Asn

Gly Thr
1040

Tyr Gly
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1045 1050 1055
Asp Tyr Lys Val Tyr Asp Val Arg Lys Met Ile Ala Lys Ser Glu Gln
1060 1065 1070
Glu Ile Gly Lys Ala Thr Ala Lys Tyr Phe Phe Tyr Ser Asn Ile Met
1075 1080 1085

Asn Phe Phe Lys Thr Glu Ile Thr Leu Ala Asn Gly Glu Ile Arg Lys

1090 1095 1100
Arg Pro Leu Ile Glu Thr Asn Gly Glu Thr Gly Glu Ile Val Trp Asp
1105 1110 1115 1120
Lys Gly Arg Asp Phe Ala Thr Val Arg Lys Val Leu Ser Met Pro Gln
1125 1130 1135
Val Asn Ile Val Lys Lys Thr Glu Val Gln Thr Gly Gly Phe Ser Lys
1140 1145 1150
Glu Ser Ile Leu Pro Lys Arg Asn Ser Asp Lys Leu Ile Ala Arg Lys

1155 1160 1165

Lys Asp Trp Asp Pro Lys Lys Tyr Gly Gly Phe Asp Ser Pro Thr Val
1170 1175 1180
Ala Tyr Ser Val Leu Val Val Ala Lys Val Glu Lys Gly Lys Ser Lys
1185 1190 1195 1200
Lys Leu Lys Ser Val Lys Glu Leu Leu Gly Ile Thr Ile Met Glu Arg
1205 1210 1215
Ser Ser Phe Glu Lys Asn Pro Ile Asp Phe Leu Glu Ala Lys Gly Tyr
1220 1225 1230

Lys Glu Val Lys Lys Asp Leu Ile Ile Lys Leu Pro Lys Tyr Ser Leu

1235 1240 1245
Phe Glu Leu Glu Asn Gly Arg Lys Arg Met Leu Ala Ser Ala Gly Glu
1250 1255 1260
Leu Gln Lys Gly Asn Glu Leu Ala Leu Pro Ser Lys Tyr Val Asn Phe
1265 1270 1275 1280
Leu Tyr Leu Ala Ser His Tyr Glu Lys Leu Lys Gly Ser Pro Glu Asp
1285 1290 1295

Asn Glu GIn Lys Gln Leu Phe Val Glu GIn His Lys His Tyr Leu Asp
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1300 1305 1310

Glu Ile Ile Glu Gln Ile Ser Glu Phe Ser Lys Arg Val Ile Leu Ala
1315 1320 1325
Asp Ala Asn Leu Asp Lys Val Leu Ser Ala Tyr Asn Lys His Arg Asp
1330 1335 1340
Lys Pro Ile Arg Glu Gln Ala Glu Asn Ile Ile His Leu Phe Thr Leu
1345 1350 1355 1360
Thr Asn Leu Gly Ala Pro Ala Ala Phe Lys Tyr Phe Asp Thr Thr Ile
1365 1370 1375

Asp Arg Lys Arg Tyr Thr Ser Thr Lys Glu Val Leu Asp Ala Thr Leu

1380 1385 1390
Ile His GIn Ser Ile Thr Gly Leu Tyr Glu Thr Arg Ile Asp Leu Ser
1395 1400 1405
Gln Leu Gly Gly Asp Ala Ala Ala Leu Asp Leu Glu Met Thr Pro Asp
1410 1415 1420
Ile Ile Leu Gln Arg Thr Gly Ile Asp Val Arg Ala Val Glu Gln Gly
1425 1430 1435 1440
Asp Asp Ala Trp His Lys Leu Arg Leu Gly Val Ile Thr Ala Ser Glu

1445 1450 1455

Val His Asn Val Ile Ala Lys Pro Arg Ser Gly Lys Lys Trp Pro Asp
1460 1465 1470
Met Lys Met Ser Tyr Phe His Thr Leu Leu Ala Glu Val Cys Thr Gly
1475 1480 1485
Val Ala Pro Glu Val Asn Ala Lys Ala Leu Ala Trp Gly Lys Gln Tyr
1490 1495 1500
Glu Asn Asp Ala Arg Thr Leu Phe Glu Phe Thr Ser Gly Val Asn Val
1505 1510 1515 1520

Thr Glu Ser Pro Ile Ile Tyr Arg Asp Glu Ser Met Arg Thr Ala Cys

1525 1530 1535
Ser Pro Asp Gly Leu Cys Ser Asp Gly Asn Gly Leu Glu Leu Lys Cys

1540 1545 1550
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Pro Phe Thr Ser Arg Asp Phe Met Lys Phe Arg Leu Gly Gly Phe Glu
1555 1560 1565
Ala Ile Lys Ser Ala Tyr Met Ala Gln Val Gln Tyr Ser Met Trp Val
1570 1575 1580
Thr Arg Lys Asn Ala Trp Tyr Phe Ala Asn Tyr Asp Pro Arg Met Lys

1585 1590 1595 1600

Arg Glu Gly Leu His Tyr Val Val Ile Glu Arg Asp Glu Lys Tyr Met
1605 1610 1615
Ala Ser Phe Asp Glu Ile Val Pro Glu Phe Ile Glu Lys Met Asp Glu
1620 1625 1630
Ala Leu Ala Glu Ile Gly Phe Val Phe Gly Glu Gln Trp Arg Leu Glu
1635 1640 1645
Lys Arg Pro Ala Ala Thr Lys Lys Ala Gly Gln Ala Lys Lys Lys Lys

1650 1655 1660

His His His His His His

1665 1670
<210> 36

<211> 5013

<212> DNA

<213> Artificial Sequence

<220><223> SpyCas9-

<400> 36

atgggcagca gccatcatca
atggctagca tgactggtgg
caagcttgcg gccgeatgga
gtgggctggg ccgtgatcac

ggcaacaccg accgcecacag

ggcgagaccg ccgaggcecac
aagaaccgca tctgctacct
agcttcttcc accgectgga
caccccatct tcggcaacat

taccacctgc gcaagaagct

lambda

tcatcatcac
acagcaaatg
caagaagtac
cgacgagtac

catcaagaag

ccgectgaag
gcaggagatc
ggagagcttc
cgtggacgag

ggtggacagce

agcagcggcece
ggtcgeggat
agcatcggcc
aaggtgccca

aacctgatcg

cgcaccgecce
ttcagcaacg
ctggtggagg
gtggcectacce

accgacaagg

tggtgccgeg
ccgaattcga
tggacatcgg
gcaagaagtt

gecgcecectget

gcegecgeta
agatggccaa
aggacaagaa
acgagaagta

ccgacctgceg

cggcagccat
gctceegtega
taccaacagc
caaggtgctg

gttcgacagc

cacccgeegce
ggtggacgac
gcacgagcege
ccccaccate

cctgatctac
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60

120

180

240

300

360

420

480

540

600
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ctggeectgg

CCcgacaaca

ttcgaggaga
ctgagcaaga
ggcctgtteg
ttcgacctgg
gacaacctgc
ctgagcgacg

ccectgageg

aaggccctgg
aagaacggct
atcaagccca
gaggacctgc
ctgggcgage
aaccgcgaga

geceegeggca

tggaacttcg
accaacttcg
gagtacttca
aagcccgcect
aaccgcaagg
gacagcgtgg

gacctgctga

ctggaggaca
ctgaagacct
tacaccggct
ggcaagacca
ctgatccacg

cagggcgaca

cccacatgat

gcgacgtgga

accccatcaa
gcegecegect
gcaacctgat
ccgaggacgce
tggcccagat
ccatcctgct

ccagcatgat

tgcgccagcea
acgccggcta
tcctggagaa
tgcgcaagca
tgcacgccat
agatcgagaa

acagccgctt

aggaggtggt
acaagaacct
ccgtgtacaa
tcctgagegg
tgaccgtgaa
agatcagcgg

agatcatcaa

tcgtgctgac
acgcccacct
ggggecegect
tcctggactt
acgacagcct

gcctgcacga

caagttccgc

caagctgttc

cgccageggce
ggagaacctg
cgcectgage
caagctgcag
cggcgaccag
gagcgacatc

caagcgctac

gctgeccgag
catcgacggc
gatggacggc
gcgcaccttce
cctgegecege
gatcctgacc

cgcctggatg

ggacaagggc
gcccaacgag
cgagctgacc
cgagcagaag
gcagctgaag
cgtggaggac

ggacaaggac

cctgaccctg
gttcgacgac
gagccgcaag
cctgaagagc
gaccttcaag

gcacatcgcc

ggccacttcc

atccagctgg

gtggacgcca
atcgcccagce
ctgggcectga
ctgagcaagg
tacgccgacc
ctgcgegtga

gacgagcacc

aagtacaagg
ggcgccagece
accgaggage
gacaacggca
caggaggact
ttccgecatcc

acccgcaaga

gccagegecce
aaggtgctgc
aaggtgaagt
aaggccatcg
gaggactact
cgcttcaacg

ttcctggaca

ttcgaggacc
aaggtgatga
cttatcaacg
gacggcttcg
gaggacatcc

aacctggcecg

tgatcgaggg

tgcagaccta

aggccatcct
tgcceggcega
cccccaactt
acacctacga
tgttcectgge
acaccgagat

accaggacct

agatcttctt
aggaggagtt
tgctggtgaa
gcatcccecca
tctacccctt
cctactacgt

g€gaggagac

agagcttcat
ccaagcacag
acgtgaccga
tggacctgct
tcaagaagat
ccagcctggg

acgaggagaa

gcgagatgat
agcagctgaa
gcatccgega
ccaaccgcaa
agaaggccca

gcagccceege

cgacctgaac

caaccagctg

gagcgeecge
gaagaagaac
caagagcaac
cgacgacctg
cgccaagaac
caccaaggcc

gaccctgetg

cgaccagagc
ctacaagttc
gctgaaccgce
ccagatccac
cctgaaggac

gggcccectg

catcaccccce

cgagcgcatg
cctgetgtac
gggcatgege
gttcaagacc
cgagtgctte
cacctaccac

cgaggacatc

cgaggagcgce
gcgecgecege
caagcagagc
cttcatgcag
ggtgageggce

catcaagaag
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660

720

780
840
900
960
1020
1080

1140

1200
1260
1320
1380
1440
1500

1560

1620
1680
1740
1800
1860
1920

1980

2040
2100
2160
2220
2280

2340
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ggcatcctge

cccgagaaca
aacagccgeg
ctgaaggagc
ctgcagaacg
tacgacgtgg
gtgctgaccce

gtgaagaaga

aagttcgaca
ttcatcaagc
gacagccgcea
atcaccctga
cgcgagatca
gcectgatcea

tacgacgtgc

tacttcttct
gagatccgca
aagggcecgeg
aagaagaccg
agcgacaagce
agccccaccg

aagctgaaga

aagaacccca
atcaagctgc
agcgeegecg
ctgtacctgg
cagctgttcg
ttcagcaagc

aagcaccgceg

agaccgtgaa

tcgtgatcga
agcgcatgaa
acccecgtgga
gcegegacat
accacatcgt
gcagcgacaa

tgaagaacta

acctgaccaa
gccagetggt
tgaacaccaa
agagcaagct
acaactacca
agaagtaccc

gcaagatgat

acagcaacat
agcgccccct
acttcgccac
aggtgcagac
tgatcgccecg
tggcctacag

gcgtgaagga

tcgacttcect
ccaagtacag
agctgcagaa
ccagccacta
tggagcagca
gegtgatcct

acaagcccat

ggtggtggac

gatggcccgce
gcgcatcgag
gaacacccag
gtacgtggac
gccccagage
gaaccgeggce

ctggcgccag

ggceegagege
ggagacccge
gtacgacgag
ggtgagcegac
ccacgcccac
caagctggag

cgccaagage

catgaacttc
gatcgagacc
cgtgcgcaag
cggeggctte
caagaaggac
cgtgctggtg

getgetggge

ggaggccaag
cctgttcgag
gggcaacgag
cgagaagctg
caagcactac
ggcegacgcec

ccgcgagceag

gagctggtga

gagaaccaga
gagggcatca
ctgcagaacg
caggagctgg
ttcctgaagg
aagagcgaca

ctgctgaacg

ggeggectga
cagatcacca
aacgacaagc
ttccgcaagg
gacgcctacce
agcgagttcg

gagcaggaga

ttcaagaccg
aacggcgaga
gtgctgagca
agcaaggaga
tgggacccca

gtggccaagg

atcaccatca

ggctacaagg
ctggagaacg
ctggecectgce
aagggcagcce
ctggacgaga
aacctggaca

gccgagaaca

aggtgatggg

ccacccagaa
aggagctggg
agaagctgta
acatcaaccg
acgacagcat
acgtgcccag

ccaagctgat

gcgagetgga
agcacgtggce
tgatccgcga
acttccagtt
tgaacgccgt
tgtacggcga

tcggcaaggc

agatcaccct
ccggegagat
tgccccaggt
gcatcctgee
agaagtacgg
tggagaaggg

tggagcgeag

aggtgaagaa
gccegcaageg
ccagcaagta
ccgaggacaa
tcatcgagca
aggtgctgag

tcatccacct

ccgccacaag

gggccagaag
cagccagatc
cctgtactac
cctgagcgac
cgacaacaag
cgaggaggtg

cacccagegce

caaggccggce
ccagatcctg
ggtgaaggtg
ctacaaggtg
ggtgggcacc
ctacaaggtg

caccgccaag

ggccaacgge
cgtgtgggac
gaacatcgtg
caagcgcaac
cggcttcgac
caagagcaag

cagcttcgag

ggacctgatc
catgctggcec
cgtgaacttc
cgagcagaag
gatcagcgag
cgcctacaac

gttcaccctg
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2400

2460
2520
2580
2640
2700
2760

2820

2880
2940
3000
3060
3120
3180

3240

3300
3360
3420
3480
3540
3600

3660

3720
3780
3840
3900
3960
4020

4080
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accaacctgg
tacaccagca
tacgagaccc
atgacaccgg
gatgatgegt
atagcaaaac

ctgcttgctg

ggaaaacagt
actgaatccc
ttatgcagtg
aagttccggce
agcatgtggg
cgtgaaggcc

gagatcgtgc

tttggggage
aaaaagaaaa
<210> 37
<211> 17
<212>
<213>
<220><223>
<400> 37
Met Gly Ser
1

Arg Gly Ser

Gly Ser
35

Lys Tyr Ser
50

Val Ile Thr

65

gcgeceecege
ccaaggaggt
gcatcgacct
acattatcct
ggcacaaatt
ccegeteegg

aggtttgcac

acgagaacga
cgatcatcta
acggcaacgg
tcggtggttt
tgacgcgaaa
tgcattatgt

cggagttcat

aatggcgact

agcaccacca

99

PRT

SpyCas9

cgccttcaag
gctggacgcec
gagccagctg
gcagcgtacc
acggctcgge
aaagaagtgg

cggtgtggct

cgccagaacc
tcgcgacgaa
ccttgaactg
cgaggccata
aaatgcctgg
cgtgattgag

cgaaaaaatg

cgagaaaagg

ccaccaccac

Artificial Sequence

-mungbean

tacttcgaca
accctgatcc
ggcggcegacg
gggatcgatg
gtcatcaccg
cctgacatga

ccggaagtta

ctgtttgaat
agtatgcgta
aaatgcccgt
aagtcagctt
tactttgcca
cgggatgaaa

gacgaggcac

ccggeggeca

tga

Ser His His His His His His Ser

5

10

His Met Ala Ser Met Thr Gly Gly

20

40

25

Glu Phe Glu Leu Arg Arg Gln Ala Cys

Ile Gly Leu Asp Ile Gly Thr Asn

55

ccaccatcga
accagagcat
cggccgeact
tgagagctgt
cttcagaagt
aaatgtccta

acgctaaagc

tcacttccgg
ccgecetgcetce
ttacctccceg
acatggccca
actatgaccc
agtacatggc

tggctgaaat

Cgaaaaaggc

ccgcaagegce
caccggtctg
cgacctcgag
Cgaacagggg
tcacaacgtg
cttccacacc

actggcctgg

cgtgaatgtt
tccegatggt
ggatttcatg
ggtgcagtac
gcgtatgaag
gagttttgac

tggttttgta

cggccaggea

Ser Gly Leu Val Pro

15

Gln Gln Met Gly Arg

30

Gly Arg Met Asp Lys

45

Ser Val Gly Trp Ala

60

Asp Glu Tyr Lys Val Pro Ser Lys Lys Phe Lys Val Leu

70

75

80
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4140
4200
4260
4320
4380
4440

4500

4560
4620
4680
4740
4800
4860

4920

4980

5013
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Gly Asn Thr Asp Arg His

Leu Phe Asp

Ser

100

85

Ala Arg Arg Arg Tyr Thr

115
Glu Ile Phe
130
Arg Leu Glu
145

His Pro Ile

Tyr Pro Thr

Lys Ala Asp
195
Phe Arg Gly
210
Asp Val Asp
225

Phe Glu Glu

Ser

Glu

Phe

Ile

180

Leu

His

Lys

Asn

Asn Glu

Ser Phe

Tyr His

Arg Leu

Phe Leu

Leu Phe

230

Pro Ile

245

Leu Ser Ala Arg Leu Ser

260

GIn Leu Pro Gly Glu Lys

275

Leu Ser Leu Gly Leu Thr

290

Glu Asp Ala Lys Leu Gln

305

310

Asp Asn Leu Leu Ala Gln

Ser Ile Lys

Thr Ala Glu

105
Arg Arg Lys
120
Met Ala Lys
135

Leu Val Glu

[le Val Asp

Leu Arg Lys

185

Ile Tyr Leu
200

Ile Glu Gly

Ile Gln Leu

Asn Ala Ser

Lys Ser Arg
265
Lys Asn Gly
280
Pro Asn Phe
295

Leu Ser Lys

Ile Gly Asp

Lys Asn Leu Ile Gly Ala Leu

90

Ala Thr

Asn Arg

Val Asp

Glu Asp

155

Glu Val

170

Lys Leu

Ala Leu

Asp Leu

Val Gln

235

Gly Val

250

Arg Leu

Leu Phe

Lys Ser

Asp Thr

315

Gln Tyr

Arg Leu Lys

110
Ile Cys Tyr
125
Asp Ser Phe
140

Lys Lys His

Ala Tyr His

Val Asp Ser
190
Ala His Met
205
Asn Pro Asp
220

Thr Tyr Asn

Asp Ala Lys

Glu Asn Leu
270
Gly Asn Leu
285
Asn Phe Asp
300

Tyr Asp Asp

Ala Asp Leu
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95

Arg Thr

Leu Gln

Phe His

Glu Arg

160

Glu Lys

175

Thr Asp

Ile Lys

Asn Ser

Gln Leu
240

Leu Ala

Asp Leu

320

Phe Leu
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Ala Ala Lys

Val Asn Thr

355

Arg Tyr Asp
370

Arg Gln Gln

385

Lys Asn Gly

Phe Tyr Lys

Glu Leu Leu

435

Thr Phe Asp

450

His Ala Ile

465

Asn Arg Glu

Val

Lys Ser Glu

Lys Gly Ala

530
Lys Asn Leu
545

Glu Tyr Phe

Glu Gly Met

325
Asn Leu

340

Leu Pro

Tyr Ala

Phe
420

Val Lys

Asn Gly

Leu Arg

Lys

Leu Ala

500

Glu Thr

Ser Ala

Pro Asn

Thr Val
565

Arg Lys

Ser

Thr

His

Lys

Leu

Ser

Arg

470

Arg

550

Tyr

Pro

Asp Ala Ile
345
Lys Ala Pro
360
Gln Asp Leu
375

Lys Tyr Lys

Tyr Ile Asp

Pro Ile Leu
425

Asn Arg Glu
440

Ile Pro His

Gln Glu Asp

Lys Ile Leu

Gly Asn Ser

505

Thr Pro Trp
520

Ser Phe Ile

535

Lys Val Leu

Asn Glu Leu

330

Leu

Leu

Thr

Asp

Phe

Thr

490

Arg

Asn

Pro

Thr

570

Leu

Ser

Leu

Lys

Leu

Tyr

475

Phe

Phe

Phe

Arg

Lys
555

Lys

Ala Phe Leu Ser Gly

Ser Asp

Ala Ser

365
Leu Lys
380

Phe Phe

Ala Ser

Met Asp

Leu Arg
445
His Leu

460

Pro Phe

Arg

Ala Trp

525

Met Thr

540
His Ser
Val

Lys

Glu Gln

335
Ile Leu Arg
350

Met Ile Lys

Ala Leu Val

Asp Gln Ser

400
GIn Glu Glu
415
Gly Thr Glu
430

Lys Gln Arg

Gly Glu Leu

Leu Lys Asp

480

Pro Tyr Tyr
495

Met Thr Arg
510

Val Val Asp

Asn Phe Asp

Leu Leu Tyr

560
Tyr Val Thr
975

Lys Lys Ala
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[le Val Asp

595

Leu Lys Glu
610

Ile Ser Gly

625

Asp Leu Leu

Asn Glu Asp

Asp Arg Glu

675
Asp Asp Lys
690
Gly Arg Leu
705

Gly Lys Thr

Asn Phe Met

Ile Gln Lys
755
Ile Ala Asn
770
Thr Val Lys
785

Pro Glu Asn

Lys Gly Gln

580

Leu

Asp

Val

Lys

660

Met

Val

Ser

Leu

Val

Lys

820

585
Leu Phe Lys Thr Asn Arg

600

Tyr Phe Lys Lys Ile Glu
615
Glu Asp Arg Phe Asn Ala
630
Ile Ile Lys Asp Lys Asp
645 650
Leu Glu Asp Ile Val Leu
665

Ile Glu Glu Arg Leu Lys

680
Met Lys Gln Leu Lys Arg
695
Arg Lys Leu Ile Asn Gly
710
Leu Asp Phe Leu Lys Ser
725 730
Leu Ile His Asp Asp Ser

745

Gln Val Ser Gly Gln Gly
760
Ala Gly Ser Pro Ala Ile
775
Val Asp Glu Leu Val Lys
790
Val Ile Glu Met Ala Arg
805 810

Asn Ser Arg Glu Arg Met

825

Lys

Cys

Ser

635

Phe

Thr

Thr

Arg

715

Asp

Leu

Asp

Lys

Val

795

Lys

590
Val Thr Val

605

Phe Asp Ser
620

Leu Gly Thr

Leu Asp Asn

Leu Thr Leu
670

Tyr Ala His

685
Arg Tyr Thr
700

Arg Asp Lys

Gly Phe Ala

Thr Phe Lys

750

Ser Leu His
765

Lys Gly Ile

780

Met Gly Arg

Asn Gln Thr

Arg Ile Glu

830

- 152 -

Lys Gln

Val Glu

Tyr His

640
Glu Glu
655

Phe Glu

Leu Phe

Gly Trp

Gln Ser

720
Asn Arg
735

Glu Asp

Glu His

Leu Gln

His Lys

800
Thr Gln
815

Glu Gly
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Ile Lys

Thr Gln

850
Arg Asp
865

Tyr Asp

Ile Asp

Asp Asn

Arg Gln

930
Leu Thr
945

Phe Ile

Ala Gln

Lys Leu

Ser Asp

1010

Asn Tyr

1025

Ala Leu

Glu

835

Leu

Met

Val

Asn

Val

915

Leu

Lys

Lys

995

Phe

His

Leu Gly Ser Gln Ile
840
GIn Asn Glu Lys Leu
855
Tyr Val Asp Gln Glu
870
Asp His Ile Val Pro

885

Lys Val Leu Thr Arg

900

Pro Ser Glu Glu Val
920

Leu Asn Ala Lys Leu

935
Ala Glu Arg Gly Gly
950

Arg Gln Leu Val Glu

965

Leu Asp Ser Arg Met

980

Arg Glu Val Lys Val
1000

Arg Lys Asp Phe Gln

1015
His Ala His Asp Ala

1030

Lys Lys Tyr Pro Lys

1045

Leu Lys Glu His Pro Val Glu Asn
845
Tyr Leu Tyr Tyr Leu Gln Asn Gly

860

@

Leu Asp Ile Asn Arg Leu Ser Asp
875 880
Gln Ser Phe Leu Lys Asp Asp Ser

890 895

Ser Asp Lys Asn Arg Gly Lys Ser

905 910

Val Lys Lys Met Lys Asn Tyr Trp

925
[le Thr Gln Arg Lys Phe Asp Asn
940

Leu Ser Glu Leu Asp Lys Ala Gly

955 960

Thr Arg Gln Ile Thr Lys His Val

970 975
Asn Thr Lys Tyr Asp Glu Asn Asp
985 990
[le Thr Leu Lys Ser Lys Leu Val
1005
Phe Tyr Lys Val Arg Glu Ile Asn
1020
Tyr Leu Asn Ala Val Val Gly Thr

1035 1040

Leu Glu Ser Glu Phe Val Tyr Gly

1050 1055

Asp Tyr Lys Val Tyr Asp Val Arg Lys Met Ile Ala Lys Ser Glu Gln

1060

1065 1070

Glu Ile Gly Lys Ala Thr Ala Lys Tyr Phe Phe Tyr Ser Asn Ile Met

1075

1080

1085
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Asn Phe Phe Lys Thr Glu Ile Thr Leu Ala Asn Gly Glu Ile Arg Lys
1090 1095 1100

Arg Pro Leu Ile Glu Thr Asn Gly Glu Thr Gly Glu Ile Val Trp Asp

1105 1110 1115 1120
Lys Gly Arg Asp Phe Ala Thr Val Arg Lys Val Leu Ser Met Pro Gln
1125 1130 1135
Val Asn Ile Val Lys Lys Thr Glu Val Gln Thr Gly Gly Phe Ser Lys
1140 1145 1150
Glu Ser Ile Leu Pro Lys Arg Asn Ser Asp Lys Leu Ile Ala Arg Lys
1155 1160 1165
Lys Asp Trp Asp Pro Lys Lys Tyr Gly Gly Phe Asp Ser Pro Thr Val

1170 1175 1180

Ala Tyr Ser Val Leu Val Val Ala Lys Val Glu Lys Gly Lys Ser Lys
1185 1190 1195 1200
Lys Leu Lys Ser Val Lys Glu Leu Leu Gly Ile Thr Ile Met Glu Arg
1205 1210 1215
Ser Ser Phe Glu Lys Asn Pro Ile Asp Phe Leu Glu Ala Lys Gly Tyr
1220 1225 1230
Lys Glu Val Lys Lys Asp Leu Ile Ile Lys Leu Pro Lys Tyr Ser Leu
1235 1240 1245

Phe Glu Leu Glu Asn Gly Arg Lys Arg Met Leu Ala Ser Ala Gly Glu

1250 1255 1260
Leu Gln Lys Gly Asn Glu Leu Ala Leu Pro Ser Lys Tyr Val Asn Phe
1265 1270 1275 1280
Leu Tyr Leu Ala Ser His Tyr Glu Lys Leu Lys Gly Ser Pro Glu Asp
1285 1290 1295
Asn Glu GIn Lys Gln Leu Phe Val Glu GIn His Lys His Tyr Leu Asp
1300 1305 1310
Glu Ile Ile Glu Gln Ile Ser Glu Phe Ser Lys Arg Val Ile Leu Ala

1315 1320 1325

Asp Ala Asn Leu Asp Lys Val Leu Ser Ala Tyr Asn Lys His Arg Asp
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1330 1335 1340
Lys Pro Ile Arg Glu Gln Ala Glu Asn Ile Ile His Leu Phe Thr Leu
1345 1350 1355 1360
Thr Asn Leu Gly Ala Pro Ala Ala Phe Lys Tyr Phe Asp Thr Thr Ile
1365 1370 1375
Asp Arg Lys Arg Tyr Thr Ser Thr Lys Glu Val Leu Asp Ala Thr Leu
1380 1385 1390

Ile His GIn Ser Ile Thr Gly Leu Tyr Glu Thr Arg Ile Asp Leu Ser

1395 1400 1405
Gln Leu Gly Gly Asp Ala Ala Ala Leu Asp Leu Gln Met GIn Thr Leu
1410 1415 1420
GIn Met Ser Leu Leu Thr Gln Pro Tyr Val Gln Pro Arg Phe Pro Cys
1425 1430 1435 1440
Lys Arg Tyr Pro Thr Phe Ser Ala Ser Cys Arg Thr Gln Lys Thr Ala
1445 1450 1455
Ile Thr Lys Thr Glu Lys Val Phe Phe Ser Glu Ser Phe Asp Gln Thr

1460 1465 1470

Arg Cys Thr Gln Pro Leu Ser Glu Lys Lys Lys Arg Val Phe Phe Leu
1475 1480 1485
Asp Val Asn Pro Leu Cys Tyr Glu Gly Ser Lys Pro Ser Leu Arg Ser
1490 1495 1500
Phe Gly Arg Trp Leu Ser Leu Phe Leu His Gln Val Ser Leu Thr Asp
1505 1510 1515 1520
Pro Val Ile Ala Val Ile Asp Gly Glu Gly Gly Ser Glu His Arg Arg
1525 1530 1535

Lys Leu Leu Pro Ser Tyr Lys Ala His Arg Lys Lys Phe Met Arg His

1540 1545 1550
Met Ser Ser Gly His Val Gly Arg Ser His Gln Val Ile Asn Asp Val
1555 1560 1565
Leu Gly Lys Cys Asn Val Pro Val Ile Lys Val Ala Gly His Glu Ala
1570 1575 1580

Asp Asp Val Val Ala Thr Leu Ala Gly GIn Val Val Asn Lys Gly Phe
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1585 1590 1595 1600
Arg Val Val Ile Gly Ser Pro Asp Lys Asp Phe Lys Gln Leu Ile Ser

1605 1610 1615

Glu Asp Val Gln Ile Val Met Pro Leu Pro Glu Leu GIn Arg Trp Ser
1620 1625 1630
Phe Tyr Thr Leu Arg His Tyr Arg Asp Gln Tyr Asn Cys Asp Pro Glu
1635 1640 1645
Ser Asp Leu Ser Phe Arg Cys Ile Val Gly Asp Glu Val Asp Gly Val
1650 1655 1660
Pro Gly Ile Gln His Leu Val Pro Ser Phe Gly Arg Lys Thr Ala Met
1665 1670 1675 1680

Lys Leu Ile Lys Lys His Gly Ser Leu Glu Thr Leu Leu Asn Ala Ala

1685 1690 1695
Ala Ile Arg Thr Val Gly Arg Pro Tyr Ala Gln Asp Ala Leu Lys Asn
1700 1705 1710
His Ala Asp Tyr Leu Arg Arg Asn Tyr Glu Val Leu Ala Leu Lys Arg
1715 1720 1725
Asp Val Asn Ile Gln Leu Tyr Asp Glu Trp Leu Val Lys Arg Asp Asn
1730 1735 1740
His Asn Asp Lys Thr Ala Leu Ser Ser Phe Phe Lys Tyr Leu Gly Glu

1745 1750 1755 1760

Ser Lys Glu Leu Ser Tyr Asn Gly Arg Pro Ile Ser Tyr Asn Gly Leu
1765 1770 1775
Gln Lys Arg Pro Ala Ala Thr Lys Lys Ala Gly Gln Ala Lys Lys Lys
1780 1785 1790

Lys His His His His His His

1795
<210> 38
<211> 5400
<212> DNA

<213> Artificial Sequence

<220><223> SpyCas9-mungbean
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ZIHSdl 10-2020-0078200

<400> 38

atgggcagca gccatcatca tcatcatcac agcagcggec tggtgecgeg cggcagecat 60
atggctagca tgactggtgg acagcaaatg ggtcgeggat ccgaattcga gctceegtcega 120
caagcttgcg gceccgecatgga caagaagtac agcatcggec tggacatcgg taccaacagce 180
gtgggctggg ccgtgatcac cgacgagtac aaggtgceccca gcaagaagtt caaggtgcetg 240
ggcaacaccg accgccacag catcaagaag aacctgatcg gegcecctget gttcgacage 300
ggcgagaccg ccgaggecac ccgectgaag cgeaccgecce geegeegeta caccegeege 360
aagaaccgca tctgctacct gcaggagatc ttcagcaacg agatggccaa ggtggacgac 420
agcttcttcece accgectgga ggagagettc ctggtggagg aggacaagaa gcacgagcegce 480
caccccatct tcggcaacat cgtggacgag gtggcctacc acgagaagta ccccaccatc 540
taccacctgc gcaagaagct ggtggacagc accgacaagg ccgacctgeg cctgatctac 600
ctggecectgg cccacatgat caagttccgce ggecacttec tgatcgaggg cgacctgaac 660
cccgacaaca gcgacgtgga caagcetgttc atccagetgg tgcagaccta caaccagetg 720
ttcgaggaga accccatcaa cgccageggce gtggacgeca aggcecatcect gagegeccgce 780
ctgagcaaga gccgecgect ggagaacctg atcgcecccage tgeccggega gaagaagaac 840
ggcctgttcg gcaacctgat cgecctgage ctgggectga cccccaactt caagagcaac 900
ttcgacctgg ccgaggacgc caagctgcag ctgagcaagg acacctacga cgacgacctg 960
gacaacctgc tggcccagat cggcegaccag tacgecgacce tgttcecctgge cgceccaagaac 1020
ctgagcgacg ccatcctgcet gagcgacatc ctgcecgegtga acaccgagat caccaaggcec 1080
cccctgageg ccagecatgat caagcgctac gacgagcacc accaggacct gaccctgetg 1140
aaggccctgg tgcgcecagceca getgeccgag aagtacaagg agatcttctt cgaccagagce 1200
aagaacggct acgccggceta catcgacggce ggegcecagec aggaggagtt ctacaagttc 1260
atcaagccca tcctggagaa gatggacggce accgaggagce tgcetggtgaa gcetgaaccgce 1320
gaggacctgce tgcgcaagca gegcaccttce gacaacggca gcatccccca ccagatccac 1380
ctgggegage tgcacgecat cctgegecge caggaggact tctaccectt cctgaaggac 1440
aaccgcgaga agatcgagaa gatcctgacc ttccgcatcce cctactacgt gggeccectg 1500
gccecgeggea acagecgett cgectggatg acccgcaaga gcgaggagac catcacccce 1560
tggaacttcg aggaggtggt ggacaagggce gccagcecgecce agagcettcat cgagegecatg 1620
accaacttcg acaagaacct gcccaacgag aaggtgcetgce ccaagcacag cctgetgtac 1680
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gagtacttca

aagcccgcect
aaccgcaagg
gacagcgtgg
gacctgctga
ctggaggaca
ctgaagacct

tacaccggct

ggcaagacca
ctgatccacg
cagggcgaca
ggcatcctge
cccgagaaca
aacagccgeg

ctgaaggagc

ctgcagaacg
tacgacgtgg
gtgctgaccce
gtgaagaaga
aagttcgaca
ttcatcaagc

gacagccgca

atcaccctga
cgcgagatca
gccectgatcea
tacgacgtgc
tacttcttct
gagatccgca

aagggceegeg

ccgtgtacaa

tcctgagegg
tgaccgtgaa
agatcagcgg
agatcatcaa
tcgtgctgac
acgcccacct

ggggecegect

tcctggactt
acgacagcct
gcctgcacga
agaccgtgaa
tcgtgatcga
agcgcatgaa

acccecgtgga

gcegegacat
accacatcgt
gcagcgacaa
tgaagaacta
acctgaccaa
gccagetggt

tgaacaccaa

agagcaagct
acaactacca
agaagtaccc
gcaagatgat
acagcaacat
agcgccccct

acttcgccac

cgagctgacc

cgagcagaag
gcagctgaag
cgtggaggac
ggacaaggac
cctgaccctg
gttcgacgac

gagccgcaag

cctgaagagc
gaccttcaag
gcacatcgcc
ggtggtggac
gatggcccgce
gcgcatcgag

gaacacccag

gtacgtggac
gccccagage
gaaccgeggce
ctggcgccag
ggceegagege
ggagacccge

gtacgacgag

ggtgagegac
ccacgcccac
caagctggag
cgccaagagce
catgaacttc
gatcgagacc

cgtgcgcaag

aaggtgaagt

aaggccatcg
gaggactact
cgcttcaacg
ttcctggaca
ttcgaggacc
aaggtgatga

cttatcaacg

gacggcttcg
gaggacatcc
aacctggcecg
gagctggtga
gagaaccaga
gagggcatca

ctgcagaacg

caggagctgg
ttcctgaagg
aagagcgaca
ctgctgaacg
ggeggectga
cagatcacca

aacgacaagc

ttccgcaagg
gacgcctacce
agcgagttcg
gagcaggaga
ttcaagaccg
aacggcgaga

gtgctgagca

acgtgaccga

tggacctgct
tcaagaagat
ccagcctggg
acgaggagaa
gcgagatgat
agcagctgaa

gcatccgega

ccaaccgcaa
agaaggccca
gcagcccecege
aggtgatggg
ccacccagaa
aggagctggg

agaagctgta

acatcaaccg
acgacagcat
acgtgcccag
ccaagctgat
gcgagetgga
agcacgtggc

tgatccgcga

acttccagtt
tgaacgccgt
tgtacggcga
tcggcaaggce
agatcaccct
ccggegagat

tgccccaggt

gggcatgege

gttcaagacc
cgagtgcttce
cacctaccac
cgaggacatc
cgaggagcgce
gcgecgecege

caagcagagce

cttcatgcag
ggtgageggce
catcaagaag
ccgccacaag
gggccagaag
cagccagatc

cctgtactac

cctgagcgac
cgacaacaag
cgaggaggtg
cacccagegce
caaggccggce
ccagatcctg

ggtgaaggtg

ctacaaggtg
ggtgggcacc
ctacaaggtg
caccgccaag
ggccaacgge
cgtgtgggac

gaacatcgtg
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1740

1800
1860
1920
1980
2040
2100

2160

2220
2280
2340
2400
2460
2520

2580

2640
2700
2760
2820
2880
2940

3000

3060
3120
3180
3240
3300
3360

3420
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aagaagaccg
agcgacaagce
agccccaccg
aagctgaaga
aagaacccca
atcaagctgc

agegeegsceg

ctgtacctgg
cagctgttcg
ttcagcaagc
aagcaccgceg
accaacctgg
tacaccagca

tacgagaccc

atgcaaacgt
aagcgttacc
gagaaggtgt
aagaagaaga
agcttgegcet
ccecgteattg

tcatataaag

tctcatcaag
ggtcatgaag
cgagtggtca
atagttatgc
gatcagtata
gtagacggeg

aaacttatta

gtaggcagac
tatgaagttc

aagagagaca

aggtgcagac
tgatcgcccg
tggcctacag
gcgtgaagga
tcgacttcct
ccaagtacag

agctgcagaa

ccagccacta
tggagcagca
gcgtgatcct
acaagcccat
gcgeceecege
ccaaggaggt

gcatcgacct

tacagatgag
cgaccttctc
ttttcagtga
gggtgttcett
ccttegggeg
ctgttattga

cacataggaa

ttataaatga
ctgatgatgt
ttggctcece
ctttgccaga
attgtgatcc
ttcctggtat

aaaaacatgg

catatgcaca
ttgccttgaa

atcacaatga

cggeggctte
caagaaggac
cgtgctggtg
gctgetggge
ggaggccaag
cctgttcgag

gggcaacgag

cgagaagctg
caagcactac
ggcegacgcece
ccgcgageag
cgccttcaag
gctggacgcce

gagccagctg

tctgttgaca
cgcatcctgce
gtcatttgat
tttggacgtt
gtggctcetcet
tggagaagga

aaagttcatg

tgttcttgga
tgtagctact
tgataaggat
gttacaaagg
agaatctgat
ccagcatttg

ttccttggaa

ggatgccctc

aagggatgta

taaaactgca

agcaaggaga
tgggacccca
gtggccaagg
atcaccatca
ggctacaagg
ctggagaacg

ctggecectgce

aagggcagcce
ctggacgaga
aacctggaca
gccgagaaca
tacttcgaca
accctgatcc

ggcggegacg

caaccttacg
agaactcaaa
caaacacgtt
aacccgctct
ctgtttctcec
ggcagcgage

agacacatgt

aaatgcaacg
ctagctggac
tttaagcagc
tggtcecttcet
ctgagcttta
gtccectagtt

actttattaa

aaaaaccatg
aatatccaac

ctatcttcct

gcatcctgee
agaagtacgg
tggagaaggg
tggagcgcag
aggtgaagaa
gccgcaageg

ccagcaagta

ccgaggacaa
tcatcgagca
aggtgctgag
tcatccacct
ccaccatcga
accagagcat

cggccgcact

ttcagcctcg
agacagcgat
gcacgcagcc
gttacgaagg
atcaagtcag
atcgcagaaa

caagtggcca

tgccagttat
aagttgtcaa
ttatatctga
acactctgag
gatgcattgt
ttggtcggaa

atgcggctgce

ctgattacct
tttatgatga

tcttcaaata

caagcgcaac
cggcttcgac
caagagcaag
cagcttcgag
ggacctgatc
catgctggcec

cgtgaacttc

cgagcagaag
gatcagcgag
cgcctacaac
gttcaccctg
ccgcaagegce
caccggtctg

cgacctgcag

tttceecttge
cacgaaaaca
tctctcggaa
aagcaagccc
cctcactgac
gttgctacct

tgttgggagg

aaaggttgct
taaagggttt
agatgtgcaa
gcactacagg
aggtgatgaa
gactgctatg

aataaggact

tcggagaaac

gtggttggtt

tttgggagaa
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3480
3540
3600
3660
3720
3780

3840

3900
3960
4020
4080
4140
4200

4260

4320
4380
4440
4500
4560
4620

4680

4740
4800
4860
4920
4980
5040

5100

5160
5220

5280
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ZIHSdl 10-2020-0078200

agtaaggagc tcagttacaa tggcagacct atctcttaca atggtctgca gaaaaggcecg 5340

gcggecacga aaaaggccgg ccaggcaaaa aagaaaaage accaccacca ccaccactga 5400
5400

<210> 39

<211> 1720

<212> PRT

<213> Artificial Sequence
<220><223> SpyCas9-T5
<400> 39
Met Gly Ser Ser His His His His His His Ser Ser Gly Leu Val Pro
1 5 10 15
Arg Gly Ser His Met Ala Ser Met Thr Gly Gly Gln Gln Met Gly Arg
20 25 30
Gly Ser Glu Phe Glu Leu Arg Arg Gln Ala Cys Gly Arg Met Asp Lys
35 40 45
Lys Tyr Ser Ile Gly Leu Asp Ile Gly Thr Asn Ser Val Gly Trp Ala

50 95 60

Val Ile Thr Asp Glu Tyr Lys Val Pro Ser Lys Lys Phe Lys Val Leu
65 70 75 80
Gly Asn Thr Asp Arg His Ser Ile Lys Lys Asn Leu Ile Gly Ala Leu
85 90 95
Leu Phe Asp Ser Gly Glu Thr Ala Glu Ala Thr Arg Leu Lys Arg Thr
100 105 110
Ala Arg Arg Arg Tyr Thr Arg Arg Lys Asn Arg Ile Cys Tyr Leu Gln
115 120 125

Glu Ile Phe Ser Asn Glu Met Ala Lys Val Asp Asp Ser Phe Phe His

130 135 140
Arg Leu Glu Glu Ser Phe Leu Val Glu Glu Asp Lys Lys His Glu Arg
145 150 155 160
His Pro Ile Phe Gly Asn Ile Val Asp Glu Val Ala Tyr His Glu Lys
165 170 175

Tyr Pro Thr Ile Tyr His Leu Arg Lys Lys Leu Val Asp Ser Thr Asp
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Lys Ala Asp

195

Phe Arg Gly
210

Asp Val Asp

225

Phe Glu Glu

Leu Ser Ala

Gln Leu Pro

275
Leu Ser Leu
290
Glu Asp Ala
305

Asp Asn Leu

Ala Ala Lys

Val Asn Thr
355
Arg Tyr Asp
370
Arg Gln Gln
385

Lys Asn Gly

Phe Tyr Lys

180

Leu Arg

His Phe

Lys Leu

Asn Pro

Gly Leu

Lys Leu

Leu Ala

325

Asn Leu

340

Glu His

Leu Pro

Tyr Ala

405

Phe Ile

420

Leu Ile

Leu Ile

Phe Ile

230

Ile Asn

Ser Lys

Lys Lys

Thr Pro
295

Gln Leu

Ser Asp

Thr Lys

His Gln

375
Glu Lys
390

Gly Tyr

Lys Pro

Tyr

200

Ser

Asn

280

Asn

Ser

360

Asp

Tyr

Ile

185

Leu Ala Leu

Gly Asp Leu

Leu Val Gln
235
Ser Gly Val
250
Arg Arg Leu
265

Gly Leu Phe

Phe Lys Ser

Lys Asp Thr

315

Asp Gln Tyr
330

Ile Leu Leu

345

Pro Leu Ser

Leu Thr Leu

Lys Glu Ile

395

Asp Gly Gly
410

Leu Glu Lys

425

190
Ala His Met Ile

205

Asn Pro Asp Asn
220

Thr Tyr Asn Gln

Asp Ala Lys Ala

255

Glu Asn Leu Ile
270

Gly Asn Leu Ile

285
Asn Phe Asp Leu
300

Tyr Asp Asp Asp

Ala Asp Leu Phe
335
Ser Asp Ile Leu

350

Ala Ser Met Ile
365

Leu Lys Ala Leu

380

Phe Phe Asp Gln

Ala Ser Gln Glu
415

Met Asp Gly Thr

430
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Lys

Ser

Leu

240

Leu
320

Leu

Arg

Lys

Val

Ser

400

Glu

Glu
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Glu Leu Leu Val

Thr

His

465

Asn

Val

Lys

Lys

Lys

545

Leu

625

Asp

Asn

Asp

Phe

450

Arg

Ser

530

Asn

Tyr

Val

Lys

610

Ser

Leu

Glu

Arg

435

Asp Asn

Ile Leu

Glu Lys

Pro Leu

500
Glu Glu
515

Ala Ser

Leu Pro

Phe Thr

Met Arg

580
Asp Leu
595

Glu Asp

Gly Val

Leu Lys

Asp Ile
660
Glu Met

675

Lys Leu Asn Arg Glu Asp Leu

Gly Ser Ile

455

Arg Arg Gln
470

Ile Glu Lys

485

Thr Ile Thr

Ala Gln Ser

535

Asn Glu Lys
550

Val Tyr Asn

565

Lys Pro Ala

Leu Phe Lys

Tyr Phe Lys
615
Glu Asp Arg

630

Ile Ile Lys
645

Leu Glu Asp

Ile Glu Glu

440

Pro

Asn

Pro

520

Phe

Val

Phe

Thr

600

Lys

Phe

Asp

Ile

Arg

680

His

Asp

Leu

Ser
505

Trp

Leu

Leu

Leu
585

Asn

Asn

Lys

Val
665

Leu

Phe

Thr

490

Arg

Asn

Pro

Thr

570

Ser

Arg

Asp
650

Leu

Lys

Tyr
475

Phe

Phe

Phe

Arg

Lys

555

Lys

Lys

Cys

Ser

635

Phe

Thr

Thr

Leu Arg Lys Gln Arg

445
His Leu
460

Pro Phe

Arg Ile

Ala Trp

Glu Glu

525
Met Thr
540

His Ser

Val Lys

Glu Gln

Val Thr

605
Phe Asp
620

Leu Gly

Leu Asp

Leu Thr

Tyr Ala

685

Gly Glu

Leu Lys

Pro Tyr

495

Met Thr

510

Val Val

Asn Phe

Leu Leu

Tyr Val

575
Lys Lys
590

Val Lys

Ser Val

Thr Tyr

Asn Glu

Leu Phe
670

His Leu
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Leu

Asp

480

Tyr

Arg

Asp

Asp

Tyr

560

Thr

His

640

Glu

Phe
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Asp Asp
690

Gly Arg

705

Gly Lys

Asn Phe

770

Thr Val

785

Pro Glu

Lys Gly

Ile Lys

Thr Gln

850
Arg Asp
865

Tyr Asp

Ile Asp

Asp Asn

Lys

Leu

Thr

Met

Lys

755

Asn

Lys

Asn

835

Leu

Met

Val

Asn

Val

915

Val

Ser

Leu

Val

Lys
820

Leu

Tyr

Asp

Lys

900

Pro

Met

Arg

Leu
725

Leu

Val

Val

805

Asn

Asn

Val

His

885

Val

Ser

Lys Gln
695

Lys Leu

710

Asp Phe

Ile His

Val Ser

Asp Glu

790

Ser Arg

Ser Gln

Glu Lys

855
Asp Gln
870

Ile Val

Leu Thr

Glu Glu

Leu Lys

Ile Asn

Leu Lys

Asp Asp

745
Gly Gln
760

Pro Ala

Leu Val

Met Ala

Glu Arg

825
Ile Leu
840

Leu Tyr

Glu Leu

Pro Gln

Arg Ser

905
Val Val
920

Arg

Ser
730

Ser

Lys

Arg

810

Met

Lys

Leu

Asp

Ser

890

Asp

Lys

Arg Gln Leu Leu Asn Ala Lys Leu Ile Thr

Arg

715

Asp

Leu

Asp

Lys

Val

795

Lys

Tyr

875

Phe

Lys

Lys

Gln

Arg
700

Arg

Gly

Thr

Ser

Lys

780

Met

Asn

Arg

His

Tyr

860

Asn

Leu

Asn

Met

Arg

Tyr Thr

Asp Lys

Phe Ala

Phe Lys

750
Leu His
765

Gly Ile

Gly Arg

Gln Thr

Arg Leu

Lys Asp

Arg Gly
910
Lys Asn

925

Lys Phe
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Gly

Asn

735

Leu

His

Thr

815

Asn

Ser

Asp

895

Lys

Tyr

Asp

Trp

Ser

720

Arg

Asp

His

Lys

800

Asn

Asp

880

Ser

Ser

Trp

Asn
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930 935 940
Leu Thr Lys Ala Glu Arg Gly Gly Leu Ser Glu Leu Asp Lys Ala Gly
945 950 955 960
Phe Ile Lys Arg Gln Leu Val Glu Thr Arg Gln Ile Thr Lys His Val
965 970 975
Ala Gln Ile Leu Asp Ser Arg Met Asn Thr Lys Tyr Asp Glu Asn Asp
980 985 990

Lys Leu Ile Arg Glu Val Lys Val Ile Thr Leu Lys Ser Lys Leu Val

995 1000 1005
Ser Asp Phe Arg Lys Asp Phe Gln Phe Tyr Lys Val Arg Glu Ile Asn
1010 1015 1020
Asn Tyr His His Ala His Asp Ala Tyr Leu Asn Ala Val Val Gly Thr
1025 1030 1035 1040
Ala Leu Ile Lys Lys Tyr Pro Lys Leu Glu Ser Glu Phe Val Tyr Gly
1045 1050 1055
Asp Tyr Lys Val Tyr Asp Val Arg Lys Met Ile Ala Lys Ser Glu Gln

1060 1065 1070

Glu Ile Gly Lys Ala Thr Ala Lys Tyr Phe Phe Tyr Ser Asn Ile Met
1075 1080 1085
Asn Phe Phe Lys Thr Glu Ile Thr Leu Ala Asn Gly Glu Ile Arg Lys
1090 1095 1100
Arg Pro Leu Ile Glu Thr Asn Gly Glu Thr Gly Glu Ile Val Trp Asp
1105 1110 1115 1120
Lys Gly Arg Asp Phe Ala Thr Val Arg Lys Val Leu Ser Met Pro Gln
1125 1130 1135

Val Asn Ile Val Lys Lys Thr Glu Val Gln Thr Gly Gly Phe Ser Lys

1140 1145 1150
Glu Ser Ile Leu Pro Lys Arg Asn Ser Asp Lys Leu Ile Ala Arg Lys
1155 1160 1165
Lys Asp Trp Asp Pro Lys Lys Tyr Gly Gly Phe Asp Ser Pro Thr Val
1170 1175 1180

Ala Tyr Ser Val Leu Val Val Ala Lys Val Glu Lys Gly Lys Ser Lys
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1185 1190 1195 1200
Lys Leu Lys Ser Val Lys Glu Leu Leu Gly Ile Thr Ile Met Glu Arg

1205 1210 1215

Ser Ser Phe Glu Lys Asn Pro Ile Asp Phe Leu Glu Ala Lys Gly Tyr
1220 1225 1230
Lys Glu Val Lys Lys Asp Leu Ile Ile Lys Leu Pro Lys Tyr Ser Leu
1235 1240 1245
Phe Glu Leu Glu Asn Gly Arg Lys Arg Met Leu Ala Ser Ala Gly Glu
1250 1255 1260
Leu Gln Lys Gly Asn Glu Leu Ala Leu Pro Ser Lys Tyr Val Asn Phe
1265 1270 1275 1280

Leu Tyr Leu Ala Ser His Tyr Glu Lys Leu Lys Gly Ser Pro Glu Asp

1285 1290 1295
Asn Glu Gln Lys Gln Leu Phe Val Glu Gln His Lys His Tyr Leu Asp
1300 1305 1310
Glu Ile Ile Glu Gln Ile Ser Glu Phe Ser Lys Arg Val Ile Leu Ala
1315 1320 1325
Asp Ala Asn Leu Asp Lys Val Leu Ser Ala Tyr Asn Lys His Arg Asp
1330 1335 1340
Lys Pro Ile Arg Glu Gln Ala Glu Asn Ile Ile His Leu Phe Thr Leu

1345 1350 1355 1360

Thr Asn Leu Gly Ala Pro Ala Ala Phe Lys Tyr Phe Asp Thr Thr Ile
1365 1370 1375
Asp Arg Lys Arg Tyr Thr Ser Thr Lys Glu Val Leu Asp Ala Thr Leu
1380 1385 1390
Ile His GIn Ser Ile Thr Gly Leu Tyr Glu Thr Arg Ile Asp Leu Ser
1395 1400 1405
GIn Leu Gly Gly Asp Ala Ala Ala Leu Asp Leu Gln Met Ala Ser Arg
1410 1415 1420

Arg Asn Leu Met Ile Val Asp Gly Thr Asn Leu Gly Phe Arg Phe Lys

1425 1430 1435 1440
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His Asn Asn Ser Lys Lys Pro Phe Ala Ser Ser Tyr Val Ser Thr Ile
1445 1450 1455
Gln Ser Leu Ala Lys Ser Tyr Ser Ala Arg Thr Thr Ile Val Leu Gly
1460 1465 1470
Asp Lys Gly Lys Ser Val Phe Arg Leu Glu His Leu Pro Glu Tyr Lys
1475 1480 1485
Gly Asn Arg Asp Glu Lys Tyr Ala Gln Arg Thr Glu Glu Glu Lys Ala

1490 1495 1500

Leu Asp Glu Gln Phe Phe Glu Tyr Leu Lys Asp Ala Phe Glu Leu Cys
1505 1510 1515 1520
Lys Thr Thr Phe Pro Thr Phe Thr Ile Arg Gly Val Glu Ala Asp Asp
1525 1530 1535
Met Ala Ala Tyr Ile Val Lys Leu Ile Gly His Leu Tyr Asp His Val
1540 1545 1550
Trp Leu Ile Ser Thr Asp Gly Asp Trp Asp Thr Leu Leu Thr Asp Lys
1555 1560 1565

Val Ser Arg Phe Ser Phe Thr Thr Arg Arg Glu Tyr His Leu Arg Asp

1570 1575 1580
Met Tyr Glu His His Asn Val Asp Asp Val Glu Gln Phe Ile Ser Leu
1585 1590 1595 1600
Lys Ala Ile Met Gly Asp Leu Gly Asp Asn Ile Arg Gly Val Glu Gly
1605 1610 1615
Ile Gly Ala Lys Arg Gly Tyr Asn Ile Ile Arg Glu Phe Gly Asn Val
1620 1625 1630
Leu Asp Ile Ile Asp Gln Leu Pro Leu Pro Gly Lys Gln Lys Tyr Ile

1635 1640 1645

GIn Asn Leu Asn Ala Ser Glu Glu Leu Leu Phe Arg Asn Leu Ile Leu
1650 1655 1660

Val Asp Leu Pro Thr Tyr Cys Val Asp Ala Ile Ala Ala Val Gly Gln

1665 1670 1675 1680

Asp Val Leu Asp Lys Phe Thr Lys Asp Ile Leu Glu Ile Ala Glu Gln

1685 1690 1695
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Leu Gln Lys Arg Pro Ala Ala Thr Lys Lys Ala Gly Gln Ala Lys Lys

1700 1705

Lys Lys His His His His His His

<210>
<211>
<212>

<213>

1715 1720

40
5163
DNA

Artificial Sequence

<220><223> SpyCas9-T5

<400>

40

atgggcagca gccatcatca tcatcatcac agcagcggec

atggctagca tgactggtgg acagcaaatg ggtcgcecggat

caagcttgecg gceccgecatgga caagaagtac agcatcggec

gtgggctggg ccgtgatcac cgacgagtac aaggtgccca

ggcaacaccg accgccacag catcaagaag aacctgatcg

ggcgagaccg ccgaggecac ccgectgaag cgeaccgece

aagaaccgca tctgctacct gcaggagatc ttcagcaacg

agcttcttcc accgectgga ggagagettc ctggtggagg

caccccatct tcggcaacat cgtggacgag gtggcectacc

taccacctgc gcaagaagct ggtggacagc accgacaagg

ctggeectgg cccacatgat caagttccgce ggecacttcec

cccgacaaca gcgacgtgga caagetgttc atccagetgg

ttcgaggaga accccatcaa cgccagegge gtggacgceca

ctgagcaaga gccgecgect ggagaacctg atcgcccage

ggcctgttcg gcaacctgat cgecctgage ctgggectga

ttcgacctgg ccgaggacgc caagctgcag ctgagcaagg

gacaacctgc tggcccagat cggcecgaccag tacgecgacce

ctgagcgacg ccatcctgcet gagcgacatc ctgegegtga

cccctgageg ccagcatgat caagcgctac gacgagcacc

aaggccctgg tgcgccagceca getgeccgag aagtacaagg

aagaacggct acgccggceta catcgacggce ggegcecagec

1710

tggtgccgeg
ccgaattcga
tggacatcgg
gcaagaagtt

gecgcecectget

gcegecgeta
agatggccaa
aggacaagaa
acgagaagta
ccgacctgceg
tgatcgaggg

tgcagaccta

aggccatcct
tgcceggega
cccccaactt
acacctacga
tgttcectgge
acaccgagat

accaggacct

agatcttctt

aggaggagtt

cggcagccat
gctceegtcega
taccaacagc
caaggtgctg

gttcgacagce

cacccgeegce
ggtggacgac
gcacgagcege
ccccaccate
cctgatctac
cgacctgaac

caaccagctg

gagcgeecge
gaagaagaac
caagagcaac
cgacgacctg
cgccaagaac
caccaaggcc

gaccctgetg

cgaccagagce

ctacaagttc
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60
120
180
240

300

360
420
480
540
600
660

720

780
840
900
960
1020
1080

1140

1200

1260
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atcaagccca
gaggacctgc
ctgggcgage
aaccgcgaga

gcecegeggcea

tggaacttcg
accaacttcg
gagtacttca
aagcccgcect
aaccgcaagg
gacagcgtgg

gacctgctga

ctggaggaca
ctgaagacct
tacaccggct
ggcaagacca
ctgatccacg
cagggcgaca

ggcatcctge

cccgagaaca
aacagccgeg
ctgaaggagc
ctgcagaacg
tacgacgtgg
gtgctgaccce

gtgaagaaga

aagttcgaca
ttcatcaagc
gacagccgcea
atcaccctga

cgcgagatca

tcctggagaa
tgcgcaagca
tgcacgccat
agatcgagaa

acagccgctt

aggaggtggt
acaagaacct
ccgtgtacaa
tcctgagegg
tgaccgtgaa
agatcagcgg

agatcatcaa

tcgtgctgac
acgcccacct
ggggecegect
tcctggactt
acgacagcct
gcctgcacga

agaccgtgaa

tcgtgatcga
agcgcatgaa
accccgtgga
gcegegacat
accacatcgt
gcagcgacaa

tgaagaacta

acctgaccaa
gccagetggt
tgaacaccaa
agagcaagct

acaactacca

gatggacggc
gcgcaccttce
cctgegecegce
gatcctgacc

cgcctggatg

ggacaagggc
gcccaacgag
cgagctgacc
cgagcagaag
gcagctgaag
cgtggaggac

ggacaaggac

cctgaccctg
gttcgacgac
gagccgcaag
cctgaagagc
gaccttcaag
gcacatcgcc

ggtggtggac

gatggcccgce
gcgcatcgag
gaacacccag
gtacgtggac
gccccagage
gaaccgeggce

ctggcgccag

ggceegagege
ggagacccge
gtacgacgag
ggtgagegac

ccacgcccac

accgaggage
gacaacggca
caggaggact
ttccgecatcc

acccgcaaga

gccagegecce
aaggtgctgc
aaggtgaagt
aaggccatcg
gaggactact
cgcttcaacg

ttcctggaca

ttcgaggacc
aaggtgatga
cttatcaacg
gacggcttcg
gaggacatcc
aacctggcecg

gagctggtga

gagaaccaga
gagggcatca
ctgcagaacg
caggagctgg
ttcctgaagg
aagagcgaca

ctgctgaacg

ggeggectga
cagatcacca
aacgacaagc
ttccgcaagg

gacgcctacce

tgctggtgaa
gcatcccecca
tctacccctt
cctactacgt

gcgaggagac

agagcttcat
ccaagcacag
acgtgaccga
tggacctgct
tcaagaagat
ccagcctggg

acgaggagaa

gcgagatgat
agcagctgaa
gcatccgega
ccaaccgcaa
agaaggccca
gcagccecge

aggtgatggg

ccacccagaa
aggagctggg
agaagctgta
acatcaaccg
acgacagcat
acgtgcccag

ccaagctgat

gcgagetgga
agcacgtggc
tgatccgcega
acttccagtt

tgaacgccgt

gctgaaccgc
ccagatccac
cctgaaggac

gggcccectg

catcaccccce

cgagcgcatg
cctgetgtac
gggcatgege
gttcaagacc
cgagtgctte
cacctaccac

cgaggacatc

cgaggagcgce
gcgecgecege
caagcagagc
cttcatgcag
ggtgageggce
catcaagaag

ccgecacaag

gggccagaag
cagccagatc
cctgtactac
cctgagcgac
cgacaacaag
cgaggaggtg

cacccagegce

caaggccggce
ccagatcctg
ggtgaaggtg
ctacaaggtg

ggtgggcacc
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1320
1380
1440
1500

1560

1620
1680
1740
1800
1860
1920

1980

2040
2100
2160
2220
2280
2340

2400

2460
2520
2580
2640
2700
2760

2820

2880
2940
3000
3060

3120
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gccectgatcea

tacgacgtgc

tacttcttct
gagatccgca
aagggcecgeg
aagaagaccg
agcgacaagce
agccccaccg

aagctgaaga

aagaacccca
atcaagctgc
agcgecegecg
ctgtacctgg
cagctgttcg
ttcagcaagc

aagcaccgceg

accaacctgg
tacaccagca
tacgagaccc
atggcttccc
cataacaata
aaatcctact

ctagaacatc

gaggagaaag
aaaactacat
attgttaagc
tgggatactt
catcttcgtg

aaagcaatta

agaagtaccc

gcaagatgat

acagcaacat
agcgccccct
acttcgccac
aggtgcagac
tgatcgcccg
tggcctacag

gcgtgaagga

tcgacttcct
ccaagtacag
agctgcagaa
ccagccacta
tggagcagca
gcgtgatcct

acaagcccat

gcgeceecge
ccaaggaggt
gcatcgacct
gtcgtaatct
gtaaaaaacc
ctgccagaac

taccagagta

cgctagatga
tcccaacttt
tcatcgggca
tattaacgga
atatgtatga

tgggagatct

caagctggag

cgccaagage

catgaacttc
gatcgagacc
cgtgcgcaag
cggeggctte
caagaaggac
cgtgctggtg

gctgetggge

ggaggccaag
cctgttcgag
gggcaacgag
cgagaagctg
caagcactac
ggcegacgcec

ccgcgagcag

cgccttcaag
gctggacgcece
gagccagctg
aatgattgtc
atttgcctca
tacgattgtt

taaaggtaat

gcagttcettt
taccattcgt
tctttatgat
taaagtttct
acatcataat

aggagataat

agcgagttcg

gagcaggaga

ttcaagaccg
aacggcgaga
gtgctgagca
agcaaggaga
tgggacccca

gtggccaagg

atcaccatca

ggctacaagg
ctggagaacg
ctggccectgce
aagggcagcce
ctggacgaga
aacctggaca

gccgagaaca

tacttcgaca
accctgatcc
ggcggcegacg
gatggaacta
agttatgttt
ctaggtgata

cgtgatgaaa

gagtatttga
ggtgtagaag
cacgtttggce
cgtttttett
gttgatgatg

attcgtggtg

tgtacggcga

tcggcaaggce

agatcaccct
ccggegagat
tgccccaggt
gcatcctgee
agaagtacgg
tggagaaggg

tggagcgcag

aggtgaagaa
gccgcaageg
ccagcaagta
ccgaggacaa
tcatcgagca
aggtgctgag

tcatccacct

ccaccatcga
accagagcat
cggecegcact
acttaggctt
caactattca
agggaaaatc

agtacgcaca

aggatgcttt
cagacgatat
taatatctac
tcacaacacg
ttgagcagtt

ttgaaggaat

ctacaaggtg

caccgccaag

ggccaacgge
cgtgtgggac
gaacatcgtg
caagcgcaac
cggcttcgac
caagagcaag

cagcttcgag

ggacctgatc
catgctggcec
cgtgaacttc
cgagcagaag
gatcagcgag
cgcctacaac

gttcaccctg

ccgcaagegce
caccggtctg
cgacctgcag
tcgcttcaaa
atctctggca
tgtatttcgt

acgtacggaa

cgagttgtgt
ggcagcttat
agatggtgac
tcgtgagtat
tatctccctg

aggagcaaaa
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3180

3240

3300
3360
3420
3480
3540
3600

3660

3720
3780
3840
3900
3960
4020

4080

4140
4200
4260
4320
4380
4440

4500

4560
4620
4680
4740
4800

4860
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cgcggatata atattattcg tgagtttggt aacgtactgg atattattga tcagcttcca 4920
ctgcctggaa agcagaaata tatacagaac ctgaatgcat cggaagaact gcttttccga 4980
aacttgattc tggttgattt acctacctac tgtgtggatg ctattgctge tgtaggtcaa 5040
gatgtgttag ataagtttac aaaagatatt ttggagattg cagaacaact gcagaaaagg 5100
ccggeggeea cgaaaaagge cggecaggea aaaaagaaaa agcaccacca ccaccaccac 5160
tga 5163
<210> 41

<211> 2021

<212> PRT

<213> Artificial Sequence
<220><223> RecJ-SpyCas9

<400> 41

Met Gly Ser Ser His His His His His His Ser Ser Gly Leu Val Pro
1 5 10 15
Arg Gly Ser His Met Ala Ser Met Thr Gly Gly Gln Gln Met Gly Arg
20 25 30
Gly Ser Val Lys Gln Gln Ile Gln Leu Arg Arg Arg Glu Val Asp Glu
35 40 45
Thr Ala Asp Leu Pro Ala Glu Leu Pro Pro Leu Leu Arg Arg Leu Tyr
50 55 60

Ala Ser Arg Gly Val Arg Ser Ala Gln Glu Leu Glu Arg Ser Val Lys

65 70 75 80
Gly Met Leu Pro Trp Gln Gln Leu Ser Gly Val Glu Lys Ala Val Glu
85 90 95
Ile Leu Tyr Asn Ala Phe Arg Glu Gly Thr Arg Ile Ile Val Val Gly
100 105 110
Asp Phe Asp Ala Asp Gly Ala Thr Ser Thr Ala Leu Ser Val Leu Ala
115 120 125
Met Arg Ser Leu Gly Cys Ser Asn Ile Asp Tyr Leu Val Pro Asn Arg

130 135 140

Phe Glu Asp Gly Tyr Gly Leu Ser Pro Glu Val Val Asp GIn Ala His
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145 150
Ala Arg Gly Ala GIn Leu Ile Val Thr Val
165 170
His Ala Gly Val Glu His Ala Arg Ser Leu
180 185
Thr Asp His His Leu Pro Gly Glu Thr Leu
195 200

Ile Asn Pro Asn Leu Arg Asp Cys Asn Phe

210 215

Gly Val Gly Val Ala Phe Tyr Leu Met Leu

225 230

Arg Asp Gln Gly Trp Phe Asp Glu Arg Gly
245 250

Ala Glu Leu Leu Asp Leu Val Ala Leu Gly

260 265
Pro Leu Asp Ala Asn Asn Arg Ile Leu Thr

275 280

Ile Arg Ala Gly Lys Cys Arg Pro Gly Ile
290 295

Ala Asn Arg Asp Ala Gln Lys Leu Ala Ala

305 310

Leu Gly Pro Arg Leu Asn Ala Ala Gly Arg
325 330

Gly Val Ala Leu Leu Leu Cys Asp Asn Ile

340 345

Ala Asn Glu Leu Asp Ala Leu Asn Gln Thr

355 360
Gly Met GIn Val Glu Ala Leu Thr Leu Cys
370 375
Arg Asp Thr Leu Pro Gly Gly Leu Ala Met
385 390

GIn Gly Val Val Gly Ile Leu Ala Ser Arg

155

Asp

Gly

Pro

Pro

Thr

Trp

Lys

Ser
315

Leu

Arg

Tyr
395

Ile

160
Asn Gly Ile Ser Ser
175
Ile Pro Val Ile Val
190
Ala Ala Glu Ala Ile
205

Ser Lys Ser Leu Ala

220

Leu Arg Thr Phe Leu
240

Ala Ile Pro Asn Leu

255
Val Ala Asp Val Val
270
Gln Gly Met Ser Arg

285

Ala Leu Leu Glu Val

300

Asp Leu Gly Phe Ala
320

Asp Asp Met Ser Val

335
Glu Ala Arg Val Leu
350

Lys Glu Ile Glu Gln

365
Lys Leu Glu Arg Ser
380
His Pro Glu Trp His
400

Lys Glu Arg Phe His
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Arg Pro

Ser Gly

Leu Asp

450
Met Ala
465

Gln Arg

Gln Gly

Met Glu

Phe Pro
530
Leu Val

545

Pro Asp

Asn Glu

Trp Pro

610
Met Asp
625

Gly Trp

405
Val Ile Ala

420

Arg Ser Ile
435

Thr Leu Tyr

Ala Gly Leu

Phe Gly Glu
485

Glu Val Val

500
Val Ala GIn
515

Glu Pro Leu

Gly Glu Arg

Leu Leu Asp

565

Asn Gly Val
580

Phe Arg Gly

595

Ile Gly Ser

Lys Lys Tyr

Ala Val Ile

645

410

Phe Ala Pro Ala Gly Asp Gly Thr

425

Gln Gly Leu His Met

440

Pro Gly Met Ile Leu

455

Ser Leu Glu Glu Asp
470

Leu Val Thr Glu Trp

490

Ser Asp Gly Pro Leu

505
Leu Leu Arg Asp Ala
520
Phe Asp Gly His Phe
935

His Leu Lys Val Met
550

Gly Ile Ala Phe Asn

570

Arg Glu Val Gln Leu
585
Asn Arg Ser Leu Gln
600
Glu Phe Glu Leu Arg
615
Ser Ile Gly Leu Asp
630

Thr Asp Glu Tyr Lys

650

Arg

Lys

Lys

475

Leu

Ser

Arg

Val

555

Val

Arg

635

Val

Asp Ala

Phe Gly

460

Phe Glu

Asp Pro

Pro Ala

Pro Trp

925
Leu Leu
540

Glu Pro

Asp Thr

Tyr Lys

Pro Ser

415
Leu Lys

430

Leu Glu

Gly His

Leu Phe

Ser Leu

495

Glu Met

510

Gly Gln

Gln Gln

Val Gly

Ala Leu

975

Leu Asp

590

Asp Asn

Cys Gly

Asn Ser

Lys Lys

655
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Arg

480

Leu

Thr

Met

Arg

Gly

560

Trp

Ile

Arg

Val

640

Phe
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Lys

Gly

Lys

Tyr

705

Phe

His

His

Ser

Met

785

Asp

Asn

Lys

Leu

Leu
865

Asp

Asp

Val Leu Gly Asn Thr Asp Arg His

Ala Leu

675
Arg Thr
690

Leu Gln

Phe His

Glu Arg

Glu Lys

755

Thr Asp

770

Ile Lys

Asn Ser

Gln Leu

660

Leu

Arg

His

740

Tyr

Lys

Phe

Asp

Phe

820

Leu

Gln

Leu

665
Phe Asp Ser Gly Glu
680
Arg Arg Arg Tyr Thr
695
Ile Phe Ser Asn Glu

710

Leu Glu Glu Ser Phe

725

Pro Ile Phe Gly Asn
745

Pro Thr Ile Tyr His

760
Ala Asp Leu Arg Leu
775

Arg Gly His Phe Leu

790

Val Asp Lys Leu Phe

805

Glu Glu Asn Pro Ile
825

Ser Ala Arg Leu Ser

840
Leu Pro Gly Glu Lys

855

Ser Leu Gly Leu Thr

870

Leu Ala Glu Asp Ala Lys Leu Gln

Asp Leu

Asp

900

885

Ser Ile

Thr Ala

Arg Arg

Met Ala

715

Leu Val

730

Leu Arg

Ile Tyr

810

Asn Ala

Lys Ser

Lys Asn

Pro Asn
875
Leu Ser

890

Lys Lys

Glu Ala

685
Lys Asn
700

Lys Val

Asp Glu

Lys Lys

765
Leu Ala
780

Gly Asp

Leu Val

Ser Gly

Arg Arg

845

Gly Leu

860

Phe Lys

Lys Asp

Asn Leu Leu Ala GIn Ile Gly Asp Gln

905

Asn

670

Thr

Arg

Asp

Asp

Val

750

Leu

Leu

Leu

Val
830

Leu

Phe

Ser

Thr

Tyr

910
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Leu Ile

Arg Leu

Ile Cys

Asp Ser

720

Lys Lys
735

Ala Tyr

Val Asp

Ala His

Asn Pro

800
Thr Tyr
815

Asp Ala

Glu Asn

Gly Asn

Asn Phe

880
Tyr Asp
895

Ala Asp
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Leu Phe Leu Ala Ala Lys Asn Leu Ser Asp Ala Ile Leu Leu Ser Asp
915 920 925

Ile Leu Arg Val Asn Thr Glu Ile Thr Lys Ala Pro Leu Ser Ala Ser

930 935 940
Met Ile Lys Arg Tyr Asp Glu His His GIn Asp Leu Thr Leu Leu Lys
945 950 955 960
Ala Leu Val Arg Gln Gln Leu Pro Glu Lys Tyr Lys Glu Ile Phe Phe
965 970 975
Asp Gln Ser Lys Asn Gly Tyr Ala Gly Tyr Ile Asp Gly Gly Ala Ser
980 985 990
GIn Glu Glu Phe Tyr Lys Phe Ile Lys Pro Ile Leu Glu Lys Met Asp

995 1000 1005

Gly Thr Glu Glu Leu Leu Val Lys Leu Asn Arg Glu Asp Leu Leu Arg
1010 1015 1020
Lys Gln Arg Thr Phe Asp Asn Gly Ser Ile Pro His Gln Ile His Leu
1025 1030 1035 1040
Gly Glu Leu His Ala Ile Leu Arg Arg Gln Glu Asp Phe Tyr Pro Phe
1045 1050 1055
Leu Lys Asp Asn Arg Glu Lys Ile Glu Lys Ile Leu Thr Phe Arg Ile
1060 1065 1070

Pro Tyr Tyr Val Gly Pro Leu Ala Arg Gly Asn Ser Arg Phe Ala Trp

1075 1080 1085
Met Thr Arg Lys Ser Glu Glu Thr Ile Thr Pro Trp Asn Phe Glu Glu
1090 1095 1100
Val Val Asp Lys Gly Ala Ser Ala GIn Ser Phe Ile Glu Arg Met Thr
1105 1110 1115 1120
Asn Phe Asp Lys Asn Leu Pro Asn Glu Lys Val Leu Pro Lys His Ser
1125 1130 1135
Leu Leu Tyr Glu Tyr Phe Thr Val Tyr Asn Glu Leu Thr Lys Val Lys

1140 1145 1150

Tyr Val Thr Glu Gly Met Arg Lys Pro Ala Phe Leu Ser Gly Glu Gln
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1155 1160 1165
Lys Lys Ala Ile Val Asp Leu Leu Phe Lys Thr Asn Arg Lys Val Thr
1170 1175 1180
Val Lys Gln Leu Lys Glu Asp Tyr Phe Lys Lys Ile Glu Cys Phe Asp
1185 1190 1195 1200
Ser Val Glu Ile Ser Gly Val Glu Asp Arg Phe Asn Ala Ser Leu Gly
1205 1210 1215

Thr Tyr His Asp Leu Leu Lys Ile Ile Lys Asp Lys Asp Phe Leu Asp

1220 1225 1230
Asn Glu Glu Asn Glu Asp Ile Leu Glu Asp Ile Val Leu Thr Leu Thr
1235 1240 1245
Leu Phe Glu Asp Arg Glu Met Ile Glu Glu Arg Leu Lys Thr Tyr Ala
1250 1255 1260
His Leu Phe Asp Asp Lys Val Met Lys Gln Leu Lys Arg Arg Arg Tyr
1265 1270 1275 1280
Thr Gly Trp Gly Arg Leu Ser Arg Lys Leu Ile Asn Gly Ile Arg Asp

1285 1290 1295

Lys Gln Ser Gly Lys Thr Ile Leu Asp Phe Leu Lys Ser Asp Gly Phe
1300 1305 1310
Ala Asn Arg Asn Phe Met Gln Leu Ile His Asp Asp Ser Leu Thr Phe
1315 1320 1325
Lys Glu Asp Ile Gln Lys Ala Gln Val Ser Gly Gln Gly Asp Ser Leu
1330 1335 1340
His Glu His Ile Ala Asn Leu Ala Gly Ser Pro Ala Ile Lys Lys Gly
1345 1350 1355 1360

Ile Leu GIn Thr Val Lys Val Val Asp Glu Leu Val Lys Val Met Gly

1365 1370 1375
Arg His Lys Pro Glu Asn Ile Val Ile Glu Met Ala Arg Glu Asn Gln
1380 1385 1390
Thr Thr GIn Lys Gly Gln Lys Asn Ser Arg Glu Arg Met Lys Arg Ile
1395 1400 1405

Glu Glu Gly Ile Lys Glu Leu Gly Ser Gln Ile Leu Lys Glu His Pro
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1410 1415 1420
Val Glu Asn Thr Gln Leu Gln Asn Glu Lys Leu Tyr Leu Tyr Tyr Leu

1425 1430 1435 1440

Gln Asn Gly Arg Asp Met Tyr Val Asp Gln Glu Leu Asp Ile Asn Arg
1445 1450 1455
Leu Ser Asp Tyr Asp Val Asp His Ile Val Pro Gln Ser Phe Leu Lys
1460 1465 1470
Asp Asp Ser Ile Asp Asn Lys Val Leu Thr Arg Ser Asp Lys Asn Arg
1475 1480 1485
Gly Lys Ser Asp Asn Val Pro Ser Glu Glu Val Val Lys Lys Met Lys
1490 1495 1500

Asn Tyr Trp Arg Gln Leu Leu Asn Ala Lys Leu Ile Thr GIn Arg Lys

1505 1510 1515 1520
Phe Asp Asn Leu Thr Lys Ala Glu Arg Gly Gly Leu Ser Glu Leu Asp
1525 1530 1535
Lys Ala Gly Phe Ile Lys Arg Gln Leu Val Glu Thr Arg Gln Ile Thr
1540 1545 1550
Lys His Val Ala Gln Ile Leu Asp Ser Arg Met Asn Thr Lys Tyr Asp
1555 1560 1565
Glu Asn Asp Lys Leu Ile Arg Glu Val Lys Val Ile Thr Leu Lys Ser

1570 1575 1580

Lys Leu Val Ser Asp Phe Arg Lys Asp Phe Gln Phe Tyr Lys Val Arg
1585 1590 1595 1600
Glu Ile Asn Asn Tyr His His Ala His Asp Ala Tyr Leu Asn Ala Val
1605 1610 1615
Val Gly Thr Ala Leu Ile Lys Lys Tyr Pro Lys Leu Glu Ser Glu Phe
1620 1625 1630
Val Tyr Gly Asp Tyr Lys Val Tyr Asp Val Arg Lys Met Ile Ala Lys
1635 1640 1645

Ser Glu GIn Glu Ile Gly Lys Ala Thr Ala Lys Tyr Phe Phe Tyr Ser

1650 1655 1660

- 176 -

ZIHSd 10-2020-0078200



ZIHSdl 10-2020-0078200

Asn Ile Met Asn Phe Phe Lys Thr Glu Ile Thr Leu Ala Asn Gly Glu
1665 1670 1675 1680
Ile Arg Lys Arg Pro Leu Ile Glu Thr Asn Gly Glu Thr Gly Glu Ile
1685 1690 1695
Val Trp Asp Lys Gly Arg Asp Phe Ala Thr Val Arg Lys Val Leu Ser
1700 1705 1710
Met Pro Gln Val Asn Ile Val Lys Lys Thr Glu Val Gln Thr Gly Gly

1715 1720 1725

Phe Ser Lys Glu Ser Ile Leu Pro Lys Arg Asn Ser Asp Lys Leu Ile
1730 1735 1740
Ala Arg Lys Lys Asp Trp Asp Pro Lys Lys Tyr Gly Gly Phe Asp Ser
1745 1750 1755 1760
Pro Thr Val Ala Tyr Ser Val Leu Val Val Ala Lys Val Glu Lys Gly
1765 1770 1775
Lys Ser Lys Lys Leu Lys Ser Val Lys Glu Leu Leu Gly Ile Thr Ile
1780 1785 1790

Met Glu Arg Ser Ser Phe Glu Lys Asn Pro Ile Asp Phe Leu Glu Ala

1795 1800 1805
Lys Gly Tyr Lys Glu Val Lys Lys Asp Leu Ile Ile Lys Leu Pro Lys
1810 1815 1820
Tyr Ser Leu Phe Glu Leu Glu Asn Gly Arg Lys Arg Met Leu Ala Ser
1825 1830 1835 1840
Ala Gly Glu Leu GIn Lys Gly Asn Glu Leu Ala Leu Pro Ser Lys Tyr
1845 1850 1855
Val Asn Phe Leu Tyr Leu Ala Ser His Tyr Glu Lys Leu Lys Gly Ser

1860 1865 1870

Pro Glu Asp Asn Glu Gln Lys Gln Leu Phe Val Glu Gln His Lys His
1875 1880 1885
Tyr Leu Asp Glu Ile Ile Glu Gln Ile Ser Glu Phe Ser Lys Arg Val
1890 1895 1900
Ile Leu Ala Asp Ala Asn Leu Asp Lys Val Leu Ser Ala Tyr Asn Lys

1905 1910 1915 1920
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His Arg Asp Lys Pro Ile Arg Glu Gln Ala Glu Asn Ile Ile His Leu
1925 1930 1935

Phe Thr Leu Thr Asn Leu Gly Ala Pro Ala Ala Phe Lys Tyr Phe Asp

1940 1945 1950
Thr Thr Ile Asp Arg Lys Arg Tyr Thr Ser Thr Lys Glu Val Leu Asp
1955 1960 1965
Ala Thr Leu Ile His Gln Ser Ile Thr Gly Leu Tyr Glu Thr Arg Ile
1970 1975 1980
Asp Leu Ser Gln Leu Gly Gly Asp Ala Ala Ala Leu Asp Leu Glu Lys
1985 1990 1995 2000

Arg Pro Ala Ala Thr Lys Lys Ala Gly GIn Ala Lys Lys Lys Lys His

His His His

<210> 42
<211> 60

<212> DN

2005

His His

2020

66
A

<213> Artificial Sequence

<220><223>
<400> 42
atgggcagca
atggctagca
cttcgtcgec
cgecgtttat

ggtatgttgc

gettttegeg
agcacggctc
gtaccaaacc
gceegtggeg
gaacacgctc

acattacccg

RecJ-SpyCas9

gccatcatca
tgactggtgg
gtgaagtcga
acgccagecg

cctggcagca

aaggaacgcg
taagcgtgct
gtttcgaaga
cgcagttaat
gctegttgeg

cagcggaage

tcatcatcac
acagcaaatg
tgaaacggca
gggegtgege

actgagcggc

gattattgtg
ggcgatgege
cggttacggce
tgtcacggtg
cattccggtt

gatcattaac

2010

agcagcggcece
ggtcgeggat
gacttgecccg
agtgcgcaag

gtcgaaaagg

gtcggegatt
tcgcttggtt
ttaagcccgg
gataacggta
attgttaccg

cctaacttgc

tggtgccgeg
ccgtgaaaca
ctgaattgcc
aactggaacg

ccgttgagat

ttgacgccga
gcagcaatat
aagtagtcga
tttcctecca
atcaccattt

gcgactgtaa

2015

cggcagccat
acagatacaa
tceecttgetg
cagtgttaaa

cctttacaac

cggcgegacce
cgactatctg
tcaggcccat
tgcgggegtt
gccggegcegaa

tttceegteg
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120
180
240

300

360
420
480
540
600

660
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aaatcactgg

cgcgatcagg
gatctggtcg
ctgacctggc
ctgctggaag
ctggggccac
ttgctgtgceg

cagacgcgaa

ctggagcgaa
cagggegttg
geetttgege
catatgcgtg
ggcggtcatg
caacggtttg

gtgtcagacg

gatgctggcce
ctgcaacagc
ggtcegetge
gtgcgcegaag
ctgcaaatta
gettgeggece

ggctgggeceg

aacaccgacc
gagaccgcecg
aaccgcatct
ttcttccacc
cccatcttceg
cacctgcgca

gececetggecc

caggcgtggg

gctggtttga
cgctgggaac
aggggatgag
tggcaaaccg
gtctcaatge
acaacatcgg

aagagatcga

gtcgcegacac
tcggtattct
cagcaggtga
atgcactgga
cgatggeggc
gcgagetggt

gccecgttaag

cgtgggggca
ggctggtggg
tggatggtat
tgcaactggc
tcatcgacaa
gcatggacaa

tgatcaccga

gccacagcat
aggccacccg
gctacctgca
gcetggagga
gcaacatcgt
agaagctggt

acatgatcaa

tgtggcgttt

tgagcgtggce
agtggceggac
tcgcatccgt
tgatgcacaa
tgccggacga
cgaagcgegce

acaaggaatg

gctaccegge
ggcttcgege
tggtacgctg
gcgattagac
gggtttgteg
taccgagtgg

cccggcecgaa

gatgttcccg
cgaacgtcat
tgcttttaat
ttacaagctc
tatctggcca
gaagtacagc

cgagtacaag

caagaagaac
cctgaagcgc
ggagatcttc
gagcttectg
ggacgaggtg
ggacagcacc

gttcecgegge

tatctgatgc

atcgcaattc
gtcgtgecge
gccggaaagt
aaactcgccg
ctggacgata
gtgctggcaa

caagttgaag

gggetggceaa
atcaaagagc
aaaggttcag
acactctacc
ctggaagagg
ctggaccctt

atgaccatgg

gagccgetgt
ttgaaagtca
gtcgataccg
gatatcaacg
attggatccg
atcggectgg

gtgcccagcea

ctgatcggceg
accgececgece
agcaacgaga
gtggaggagg
gcctaccacg
gacaaggccg

cacttcctga

tggegetgeg

ctaacctggc
tggacgctaa
gccegtccagg
ccagcgattt
tgtcegtcgg
atgaactcga

ccctgaccct

tgtatcaccc
gttttcaccg
gtcgcetcecat
ctggcatgat
ataaattcga
cgctattgca

aagtggcgca

ttgatggtca
tggtcgaacc
ccetetggec
agtttcgcecgg
aattcgagct
acatcggtac

agaagttcaa

ccetgetgtt
gccegcetacac
tggccaaggt
acaagaagca
agaagtaccc
acctgecgcect

tcgagggcga

cacctttttg

agaactgctg
taatcgcatt
gattaaagcg
aggttttgceg
tgtggegcte
tgcgctaaac

gtgcgagaaa

cgaatggcat
tcecggttatce
tcaggggctg
actgaagttt
actctttcaa
aggcgaagtg

gctgetgege

tttcegtctg
ggtcggegge
ggataacggc
caaccgcagce
ccgtcgacaa
caacagcgtg

ggtgctggge

cgacagcggce
ccgeccgeaag
ggacgacagce
cgagcgccac
caccatctac
gatctacctg

cctgaacccc

- 179 -

ZIHSd 10-2020-0078200

720

780
840
900
960
1020
1080

1140

1200
1260
1320
1380
1440
1500

1560

1620
1680
1740
1800
1860
1920

1980

2040
2100
2160
2220
2280
2340

2400



gacaacagcg
gaggagaacc
agcaagagcc
ctgttcggca
gacctggecg
aacctgctgg

agcgacgcca

ctgagcgcca
geectggtge
aacggctacg
aagcccatcc
gacctgcetge
ggcgagetge

cgcgagaaga

cgcggceaaca
aacttcgagg
aacttcgaca
tacttcaccg
ccegecttcec
cgcaaggtga

agcgtggaga

ctgctgaaga
gaggacatcg
aagacctacg
accggetggg
aagaccatcc
atccacgacg

ggcgacagcce

atcctgcaga
gagaacatcg

agcecgegage

acgtggacaa
ccatcaacgc
gcegectgga
acctgatcgc
aggacgccaa
cccagatcgg

tcctgetgag

gcatgatcaa
gccagcagcet
ccggctacat
tggagaagat
gcaagcagceg
acgccatcct

tcgagaagat

geegettege
aggtggtgga
agaacctgcc
tgtacaacga
tgagcggcega
ccgtgaagca

tcagcggcegt

tcatcaagga
tgctgaccct
cccacctgtt
gcegectgag
tggacttcct
acagcctgac

tgcacgagca

ccgtgaaggt
tgatcgagat

gcatgaagcg

gctgttcatce
cagcggegtg
gaacctgatc
cctgagcectg
gctgcagetg
cgaccagtac

cgacatcctg

gcgctacgac
gcccgagaag
cgacggegec
ggacggcacc
caccttcgac
gcgecgecag

cctgaccttc

ctggatgacc
caagggcgcece
caacgagaag
gctgaccaag
gcagaagaag
gctgaaggag

ggaggaccege

caaggacttc
gaccctgttce
cgacgacaag
ccgcaagctt
gaagagcgac
cttcaaggag

catcgccaac

ggtggacgag
ggceegegag

catcgaggag

cagctggtgc
gacgccaagg
gccecagetge
ggcctgaccce
agcaaggaca
gccgacctgt

cgcgtgaaca

gagcaccacc
tacaaggaga
gccagccagg
gaggagctgce
aacggcagca
gaggacttct

cgcatcccct

cgcaagagcg
agcgcccaga
gtgctgcecca
gtgaagtacg
gccatcgtgg
gactacttca

ttcaacgcca

ctggacaacg
gaggaccgceg
gtgatgaagc
atcaacggca
ggcttcegeca
gacatccaga

ctggecggcea

ctggtgaagg
aaccagacca

ggcatcaagg

agacctacaa
ccatcctgag
ccggcegagaa
ccaacttcaa
cctacgacga
tcetggecge

ccgagatcac

aggacctgac
tcttettcga
aggagttcta
tggtgaagct
tceeccacca
accccttect

actacgtggg

aggagaccat
gcttcatcga
agcacagcct
tgaccgaggg
acctgectgtt
agaagatcga

gccetgggeac

aggagaacga
agatgatcga
agctgaagceg
tccgegacaa
accgcaactt
aggcccaggt

gcceccgecat

tgatgggccg
cccagaaggg

agctgggcag

ccagctgttc
cgceegectg
gaagaacggce
gagcaacttc
cgacctggac
caagaacctg

caaggcccece

cctgctgaag
ccagagcaag
caagttcatc
gaaccgcegag
gatccacctg
gaaggacaac

cceeetggec

cacccectgg
gcgcatgacc
gctgtacgag
catgcgcaag
caagaccaac
gtgcttcgac

ctaccacgac

ggacatcctg
ggagcgectg
ccgecegetac
gcagageggce
catgcagctg
gagcggcecag

caagaagggc

ccacaagccce
ccagaagaac

ccagatcctg
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2460
2520
2580
2640
2700
2760

2820

2880
2940
3000
3060
3120
3180

3240

3300
3360
3420
3480
3540
3600

3660

3720
3780
3840
3900
3960
4020

4080

4140
4200

4260
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aaggagcacc
cagaacggcc
gacgtggacc

ctgacccgca

aagaagatga
ttcgacaacc
atcaagcgcc
agccgcatga
accctgaaga
gagatcaaca

ctgatcaaga

gacgtgcgca
ttcttctaca
atccgcaagc
ggccgegact
aagaccgagg
gacaagctga

cccaccgtgg

ctgaagagcg
aaccccatcg
aagctgccca
gceggegage
tacctggcca
ctgttcgtgg

agcaagcgceg

caccgcgaca
aacctgggceg
accagcacca
gagacccgcea
aggccegegegs

cactga

ccgtggagaa
gcgacatgta
acatcgtgcc

gcgacaagaa

agaactactg
tgaccaaggc
agctggtgga
acaccaagta
gcaagctggt
actaccacca

agtaccccaa

agatgatcgc
gcaacatcat
gcececectgat
tcgccaccgt
tgcagaccgg
tcgececgcaa

cctacagcgt

tgaaggagct
acttcctgga
agtacagcct
tgcagaaggg
gccactacga
agcagcacaa

tgatcctggce

agcccatccg
ccceegeege
aggaggtgct
tcgacctgag

cCacgaaaaa

cacccagctg
cgtggaccag
ccagagcttc

ccgcggcaag

gcgccagetg
cgagcgeggce
gacccgecag
cgacgagaac
gagcgacttc
cgcccacgac

gctggagagce

caagagcgag
gaacttcttc
cgagaccaac
gcgcaaggtg
cggcttcage
gaaggactgg

gctggtggtg

gctgggceatce
ggccaagggc
gttcgagctg
caacgagctg
gaagctgaag
gcactacctg

cgacgccaac

cgagcaggcc
cttcaagtac
ggacgccacc
ccagctgggce

ggccggcecag

cagaacgaga
gagctggaca
ctgaaggacg

agcgacaacg

ctgaacgcca
ggcctgageg
atcaccaagc
gacaagctga
cgcaaggact
gcctacctga

gagttcgtgt

caggagatcg
aagaccgaga
ggcgagaccg
ctgagcatgc
aaggagagca
gaccccaaga

gccaaggtgg

accatcatgg
tacaaggagg
gagaacggcc
gcectgecca
ggcagceccg
gacgagatca

ctggacaagg

gagaacatca
ttcgacacca
ctgatccacc
ggcgacgcgg

gcaaaaaaga

agctgtacct
tcaaccgcct
acagcatcga

tgcccagcega

agctgatcac
agctggacaa
acgtggccca
tccgegaggt
tccagttcta
acgccgtggt

acggcgacta

gcaaggccac
tcaccctggce
gcgagatcgt
cccaggtgaa
tcctgeccaa
agtacggegg

agaagggcaa

agcgcagcag
tgaagaagga
gcaagcgcat
gcaagtacgt
aggacaacga
tcgagcagat

tgctgagegce

tccacctgtt
ccatcgaccg
agagcatcac
ccgcactcga

aaaagcacca

gtactacctg
gagcgactac
caacaaggtg

ggaggtggtg

ccagcgcaag
ggeceggcette
gatcctggac
gaaggtgatc
caaggtgcgc
gggcaccgcece

caaggtgtac

cgccaagtac
caacggcgag
gtgggacaag
catcgtgaag
gcgcaacagce
cttcgacagc

gagcaagaag

cttcgagaag
cctgatcatc
gctggecage
gaacttcctg
gcagaagcag
cagcgagttc

ctacaacaag

caccctgacc
caagcgctac
cggtctgtac
cctcgagaaa

ccaccaccac
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4320
4380
4440

4500

4560
4620
4680
4740
4800
4860

4920

4980
5040
5100
5160
5220
5280

5340

5400
5460
5520
5580
5640
5700

5760

5820
5880
5940
6000
6060

6066
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<210> 43
<211>

<212>

<213>

<220><223>

<400> 43

Met Gly Ser
1

Arg Gly Ser

Gly Ser Met
35
Ser Ser Gly

50

Ser Thr Cys
65

Leu Ser Ser

Asp Leu Pro

Gln Leu Ser
115

Pro Asp Asn

130
Met Thr Glu
145
Leu Pro
His Val

Ser

Glu Leu Pro

2310

PRT

Artificial Sequence

RecE-SpyCas9

Ser

His
20

Ser

Tyr

100

Lys

Arg

His His His His

5

Met Ala Ser Met

Thr Lys Pro Leu

40

Pro Asp Val Val

55

Thr Leu Asp Tyr

70

Phe Lys Ala Val

85

Glu Gly Glu Ile

Asp Ser Met Thr

His Tyr Gln Gly Asn Thr Asn Val

135

120

Glu Glu Asn Met

150

His

Thr

25

Phe

Leu

Leu

Asp
105

Trp

Leu

Trp Leu Ala Gln His

165

Arg Asp Gly Leu Gln Ala

180

Ala Val Thr Ala Leu Ala Val

185

His Ser Ser Gly Leu Val Pro
10 15
Gly Gly Gln Gln Met Gly Arg
30
Leu Leu Arg Lys Ala Lys Lys
45
Trp Ala Ser Asn Asp Phe Glu

60

Lys Ser Gly Lys Lys
75 80

Thr Asn Phe Pro Val Val Asn

90 95
Phe Thr Trp Ser Glu Arg Tyr
110
Glu Leu Lys Pro Gly Ala Ala
125

Asn Gly Glu Asp

140
Leu Pro Ile Ser Gly Gln Glu
155 160
Gly Ser Glu Lys Pro Val Thr
170 175
Leu His Ile Ala Arg Ala Glu
190

Ser His Lys Thr Ser Leu
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Leu Asp

210

Asp Lys

225

Ala Phe

Leu Thr

Thr Ala

Phe Ser

Tyr Ser

Thr Glu
385

Cys Gly

Lys Gln

Glu Gln

195

Val

Phe

Lys

Ser

275

Phe

Leu

Val

Arg

355

Val

Thr

Arg

Asp

Leu Glu

Phe Pro

Val His

Ala Arg

Lys Arg

325

Phe Arg

340

Ile Pro

Asp His

Ser Ser

405

Asp Glu

420

200

Ile Arg Glu Leu His
215

Asn Pro Gly Asn Ser

230

Tyr Leu Asn Ala Asp
250

Met Lys Gly Asn Arg

265

Asn Ala Gly Gly Gly

280
Asp Leu Thr Ser Leu
295

Ser Met Asp Leu Asp

310

Ile Glu Glu Ile Ile
330

Asp Lys Phe Ile Thr

345

Val Val Ala Ser Val
360
Ala His Val Thr Glu
375

Ala Asn Pro Asp Pro

Ala Pro Met Pro Gln

410

Glu Lys Pro Gln Pro

425

Gly Glu Ala Glu Thr Met Glu Pro

435

440

Lys

Asn

235

Tyr

Val

Asn

Met

Lys

Tyr

395

Arg

Ser

Asp

205

Leu Val Arg Asp Thr

220

Leu Gly Leu

Thr Asp Arg

Ser His Ile
270

Leu Thr Asp

285
Arg Asp Val
300

Tyr Asn Leu

Glu Asn Lys

Pro Gly Gly

350

Glu Ala Pro

365
Leu Asn Lys
380

[le Val Asp

Val Thr Glu

Gly Thr Thr

430
Ala Thr Glu

445
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Ile

Gly

255

Thr

Arg

Ala

His

Pro

335

Leu

Val

His

Thr

240

Leu

Arg

Gly

Thr

Pro

320

Pro

Asp

Leu

His
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Gln

Arg

Val

Thr

545

Asn

Thr

Pro

625

Asn

Thr

Val

Asp
450

Lys

Pro

Lys

Cys

Phe

Met

His

610

Val

Tyr

Asp

Thr

Thr

Tyr

Ser

515

Lys

Pro

Pro

Asp

595

Arg

His

Thr

Lys

675

Gln Pro Leu Asp Ala Gln

455

Gln Glu Leu Arg

Lys

Phe

500

Thr

Asp

Asp

Asp

Pro
660

Thr

Asn

485

Val

Ser

Cys

565

Cys

Lys

470

Pro Val

Asp Gly

Thr Arg

Pro Asp

535

Ala Cys

550

Gly Ala

Ser Gln

Glu His

Ser Asp

615

Glu Pro
630

Pro Gly

Leu Tyr

Thr Leu

Leu Glu Pro Glu Glu Phe

690

695

Ala

Asp

Asp

520

Met

Asn

Val

Val

Pro

600

Leu

Asp
680

Ser

Glu

Asp

Ser
505

Cys

Asn

Met

585

His

Thr

Ser

Trp

665

Leu

Asn

Ser Gln

Leu His

475

Asp Lys

490

Asp Pro

Val Tyr

Gln Pro

Cys Gly

555

Gly Asp

570

Ala Lys

Asn Glu

Tyr Tyr

635

Lys Ser

650

Arg Lys

Gly Thr

Arg Phe

Val Asn
460

Glu Ala

Leu Leu

Asn Asp

GIn Asn

525
Glu Pro
540

Gln Thr

Ala Thr

Glu Asn

Asn Ala

605
Val Ala
620

Gly Ile

Gln Leu

Asn Ala

Ala Phe
685
Ile Val

700

Ser Val

Arg Lys

Ala Ala

495

Pro Lys
510

Gln Pro

Val Val

Tyr Gln

575
Asp Pro
590

Gly Ser

Asp Pro

Ser Asn

Asp Asp

655
Pro Val
670

His Cys

Ala Pro
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Asp

Asn

480

Ser

Trp

Asp

560

Asp

Val

Asp

Arg

Glu
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Phe Asn Arg

705

Met Glu Cys

Arg Lys Ile

Gln Trp Leu
755
Glu Asp Pro

770

Ile Pro Glu
785

Gln Arg Phe

Ala Phe Tyr

Phe Val Phe
835

Val Glu Ile

850
Glu Tyr His
865

Glu Trp Pro

Tyr Ala Asn

Arg Met Asp

915

Val Gly Trp
930

Phe Lys Val

Arg Thr Asn Ala Gly Lys

710
Ala Ser Thr Gly Lys Thr
725
Glu Leu Met Tyr Gln Ser
740 745

Val Glu Ser Ala Gly His

Glu Thr Gly Ile Leu Cys

Phe His Trp Ile Met Asp
790
Lys Thr Ala Tyr Tyr Asp
805
Ser Asp Gly Tyr Glu Ala
820 825

Leu Val Ala Ser Thr Thr

Phe Met Met Gly Glu Glu

855
Arg Asn Leu Arg Thr Leu
870

Ala Ile Lys Thr Leu Ser

Asp Gly Ser Glu Phe Glu
900 905
Lys Lys Tyr Ser Ile Gly

920

Ala Val Ile Thr Asp Glu
935

Leu Gly Asn Thr Asp Arg

Glu Glu Glu Lys

715
Val Ile
730

Val Met

Arg Cys

Val Lys

795
Tyr Arg
810

Gln Phe

Ala Lys

Ser Asp

875
Leu Pro
890

Leu Arg

Leu Asp

Tyr Lys

His Ser

Thr

Ser

Arg

780

Thr

Tyr

Cys

Leu

860

Cys

Arg

Arg

Val
940

Ile

Leu

Ser

765

Pro

Thr

His

Val

Leu

Trp

925

Pro

Lys

Ala Phe

Glu Glu

735
Pro Leu
750

Ile Tyr

Asp Lys

Ala Asp

Val Gln

815
GIn Pro
830

Arg Tyr

Asn Thr

Ala Lys

895
Ala Cys
910

Thr Asn

Ser Lys

Lys Asn
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Leu

720

Trp

800

Asp

Thr

Pro

Asp

880

Ser

Lys

Leu
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945 950 955 960
Ile Gly Ala Leu Leu Phe Asp Ser Gly Glu Thr Ala Glu Ala Thr Arg
965 970 975
Leu Lys Arg Thr Ala Arg Arg Arg Tyr Thr Arg Arg Lys Asn Arg Ile
980 985 990

Cys Tyr Leu Gln Glu Ile Phe Ser Asn Glu Met Ala Lys Val Asp Asp

995 1000 1005
Ser Phe Phe His Arg Leu Glu Glu Ser Phe Leu Val Glu Glu Asp Lys
1010 1015 1020
Lys His Glu Arg His Pro Ile Phe Gly Asn Ile Val Asp Glu Val Ala
1025 1030 1035 1040
Tyr His Glu Lys Tyr Pro Thr Ile Tyr His Leu Arg Lys Lys Leu Val
1045 1050 1055
Asp Ser Thr Asp Lys Ala Asp Leu Arg Leu Ile Tyr Leu Ala Leu Ala

1060 1065 1070

His Met Ile Lys Phe Arg Gly His Phe Leu Ile Glu Gly Asp Leu Asn
1075 1080 1085
Pro Asp Asn Ser Asp Val Asp Lys Leu Phe Ile Gln Leu Val Gln Thr
1090 1095 1100
Tyr Asn Gln Leu Phe Glu Glu Asn Pro Ile Asn Ala Ser Gly Val Asp
1105 1110 1115 1120
Ala Lys Ala Ile Leu Ser Ala Arg Leu Ser Lys Ser Arg Arg Leu Glu
1125 1130 1135

Asn Leu Ile Ala Gln Leu Pro Gly Glu Lys Lys Asn Gly Leu Phe Gly

1140 1145 1150
Asn Leu Ile Ala Leu Ser Leu Gly Leu Thr Pro Asn Phe Lys Ser Asn
1155 1160 1165
Phe Asp Leu Ala Glu Asp Ala Lys Leu GIn Leu Ser Lys Asp Thr Tyr
1170 1175 1180
Asp Asp Asp Leu Asp Asn Leu Leu Ala Gln Ile Gly Asp GIn Tyr Ala
1185 1190 1195 1200

Asp Leu Phe Leu Ala Ala Lys Asn Leu Ser Asp Ala Ile Leu Leu Ser
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1205 1210 1215

Asp Ile Leu Arg Val Asn Thr Glu Ile Thr Lys Ala Pro Leu Ser Ala
1220 1225 1230
Ser Met Ile Lys Arg Tyr Asp Glu His His GIn Asp Leu Thr Leu Leu
1235 1240 1245
Lys Ala Leu Val Arg Gln Gln Leu Pro Glu Lys Tyr Lys Glu Ile Phe
1250 1255 1260
Phe Asp Gln Ser Lys Asn Gly Tyr Ala Gly Tyr Ile Asp Gly Gly Ala
1265 1270 1275 1280

Ser GIn Glu Glu Phe Tyr Lys Phe Ile Lys Pro Ile Leu Glu Lys Met

1285 1290 1295
Asp Gly Thr Glu Glu Leu Leu Val Lys Leu Asn Arg Glu Asp Leu Leu
1300 1305 1310
Arg Lys Gln Arg Thr Phe Asp Asn Gly Ser Ile Pro His GIn Ile His
1315 1320 1325
Leu Gly Glu Leu His Ala Ile Leu Arg Arg Gln Glu Asp Phe Tyr Pro
1330 1335 1340
Phe Leu Lys Asp Asn Arg Glu Lys Ile Glu Lys Ile Leu Thr Phe Arg

1345 1350 1355 1360

Ile Pro Tyr Tyr Val Gly Pro Leu Ala Arg Gly Asn Ser Arg Phe Ala
1365 1370 1375
Trp Met Thr Arg Lys Ser Glu Glu Thr Ile Thr Pro Trp Asn Phe Glu
1380 1385 1390
Glu Val Val Asp Lys Gly Ala Ser Ala Gln Ser Phe Ile Glu Arg Met
1395 1400 1405
Thr Asn Phe Asp Lys Asn Leu Pro Asn Glu Lys Val Leu Pro Lys His
1410 1415 1420

Ser Leu Leu Tyr Glu Tyr Phe Thr Val Tyr Asn Glu Leu Thr Lys Val

1425 1430 1435 1440
Lys Tyr Val Thr Glu Gly Met Arg Lys Pro Ala Phe Leu Ser Gly Glu

1445 1450 1455
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Gln Lys Lys Ala Ile Val Asp Leu Leu Phe Lys Thr Asn Arg Lys Val
1460 1465 1470
Thr Val Lys Gln Leu Lys Glu Asp Tyr Phe Lys Lys Ile Glu Cys Phe
1475 1480 1485
Asp Ser Val Glu Ile Ser Gly Val Glu Asp Arg Phe Asn Ala Ser Leu

1490 1495 1500

Gly Thr Tyr His Asp Leu Leu Lys Ile Ile Lys Asp Lys Asp Phe Leu
1505 1510 1515 1520
Asp Asn Glu Glu Asn Glu Asp Ile Leu Glu Asp Ile Val Leu Thr Leu
1525 1530 1535
Thr Leu Phe Glu Asp Arg Glu Met Ile Glu Glu Arg Leu Lys Thr Tyr
1540 1545 1550
Ala His Leu Phe Asp Asp Lys Val Met Lys Gln Leu Lys Arg Arg Arg
1555 1560 1565

Tyr Thr Gly Trp Gly Arg Leu Ser Arg Lys Leu Ile Asn Gly Ile Arg

1570 1575 1580
Asp Lys Gln Ser Gly Lys Thr Ile Leu Asp Phe Leu Lys Ser Asp Gly
1585 1590 1595 1600
Phe Ala Asn Arg Asn Phe Met Gln Leu Ile His Asp Asp Ser Leu Thr
1605 1610 1615
Phe Lys Glu Asp Ile Gln Lys Ala GIn Val Ser Gly GIn Gly Asp Ser
1620 1625 1630
Leu His Glu His Ile Ala Asn Leu Ala Gly Ser Pro Ala Ile Lys Lys

1635 1640 1645

Gly Ile Leu Gln Thr Val Lys Val Val Asp Glu Leu Val Lys Val Met
1650 1655 1660
Gly Arg His Lys Pro Glu Asn Ile Val Ile Glu Met Ala Arg Glu Asn
1665 1670 1675 1680
GIn Thr Thr Gln Lys Gly Gln Lys Asn Ser Arg Glu Arg Met Lys Arg
1685 1690 1695
Ile Glu Glu Gly Ile Lys Glu Leu Gly Ser Gln Ile Leu Lys Glu His

1700 1705 1710
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Pro Val Glu Asn Thr Gln Leu Gln Asn Glu Lys Leu Tyr Leu Tyr Tyr

1715 1720 1725
Leu Gln Asn Gly Arg Asp Met Tyr Val Asp Gln Glu Leu Asp Ile Asn
1730 1735 1740
Arg Leu Ser Asp Tyr Asp Val Asp His Ile Val Pro Gln Ser Phe Leu
1745 1750 1755 1760
Lys Asp Asp Ser Ile Asp Asn Lys Val Leu Thr Arg Ser Asp Lys Asn
1765 1770 1775
Arg Gly Lys Ser Asp Asn Val Pro Ser Glu Glu Val Val Lys Lys Met

1780 1785 1790

Lys Asn Tyr Trp Arg Gln Leu Leu Asn Ala Lys Leu Ile Thr Gln Arg
1795 1800 1805
Lys Phe Asp Asn Leu Thr Lys Ala Glu Arg Gly Gly Leu Ser Glu Leu
1810 1815 1820
Asp Lys Ala Gly Phe Ile Lys Arg Gln Leu Val Glu Thr Arg Gln Ile
1825 1830 1835 1840
Thr Lys His Val Ala Gln Ile Leu Asp Ser Arg Met Asn Thr Lys Tyr
1845 1850 1855

Asp Glu Asn Asp Lys Leu Ile Arg Glu Val Lys Val Ile Thr Leu Lys

1860 1865 1870
Ser Lys Leu Val Ser Asp Phe Arg Lys Asp Phe Gln Phe Tyr Lys Val
1875 1880 1885
Arg Glu Ile Asn Asn Tyr His His Ala His Asp Ala Tyr Leu Asn Ala
1890 1895 1900
Val Val Gly Thr Ala Leu Ile Lys Lys Tyr Pro Lys Leu Glu Ser Glu
1905 1910 1915 1920
Phe Val Tyr Gly Asp Tyr Lys Val Tyr Asp Val Arg Lys Met Ile Ala

1925 1930 1935

Lys Ser Glu Gln Glu Ile Gly Lys Ala Thr Ala Lys Tyr Phe Phe Tyr
1940 1945 1950

Ser Asn Ile Met Asn Phe Phe Lys Thr Glu Ile Thr Leu Ala Asn Gly

- 189 -

ZIHSdl 10-2020-0078200



1955 1960 1965
Glu Ile Arg Lys Arg Pro Leu Ile Glu Thr Asn Gly Glu Thr Gly Glu
1970 1975 1980
Ile Val Trp Asp Lys Gly Arg Asp Phe Ala Thr Val Arg Lys Val Leu
1985 1990 1995 2000

Ser Met Pro Gln Val Asn Ile Val Lys Lys Thr Glu Val Gln Thr Gly

2005 2010 2015
Gly Phe Ser Lys Glu Ser Ile Leu Pro Lys Arg Asn Ser Asp Lys Leu
2020 2025 2030
Ile Ala Arg Lys Lys Asp Trp Asp Pro Lys Lys Tyr Gly Gly Phe Asp
2035 2040 2045
Ser Pro Thr Val Ala Tyr Ser Val Leu Val Val Ala Lys Val Glu Lys
2050 2055 2060
Gly Lys Ser Lys Lys Leu Lys Ser Val Lys Glu Leu Leu Gly Ile Thr

2065 2070 2075 2080

Ile Met Glu Arg Ser Ser Phe Glu Lys Asn Pro Ile Asp Phe Leu Glu
2085 2090 2095
Ala Lys Gly Tyr Lys Glu Val Lys Lys Asp Leu Ile Ile Lys Leu Pro
2100 2105 2110
Lys Tyr Ser Leu Phe Glu Leu Glu Asn Gly Arg Lys Arg Met Leu Ala
2115 2120 2125
Ser Ala Gly Glu Leu Gln Lys Gly Asn Glu Leu Ala Leu Pro Ser Lys
2130 2135 2140

Tyr Val Asn Phe Leu Tyr Leu Ala Ser His Tyr Glu Lys Leu Lys Gly

2145 2150 2155 2160
Ser Pro Glu Asp Asn Glu Gln Lys Gln Leu Phe Val Glu GIn His Lys
2165 2170 2175
His Tyr Leu Asp Glu Ile Ile Glu Gln Ile Ser Glu Phe Ser Lys Arg
2180 2185 2190
Val Ile Leu Ala Asp Ala Asn Leu Asp Lys Val Leu Ser Ala Tyr Asn
2195 2200 2205

Lys His Arg Asp Lys Pro Ile Arg Glu GIn Ala Glu Asn Ile Ile His
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2210 2215 2220

Leu Phe Thr Leu Thr Asn Leu Gly Ala Pro Ala Ala Phe Lys Tyr Phe
2225 2230 2235 2240
Asp Thr Thr Ile Asp Arg Lys Arg Tyr Thr Ser Thr Lys Glu Val Leu
2245 2250 2255
Asp Ala Thr Leu Ile His Gln Ser Ile Thr Gly Leu Tyr Glu Thr Arg
2260 2265 2270
Ile Asp Leu Ser Gln Leu Gly Gly Asp Ala Ala Ala Leu Asp Leu Glu
2275 2280 2285

Lys Arg Pro Ala Ala Thr Lys Lys Ala Gly Gln Ala Lys Lys Lys Lys

2290 2295 2300

His His His His His His

2305 2310
<210> 44

<211> 6933

<212> DNA

<213> Artificial Sequence

<220><223> RecE-SpyCas9

<400> 44

atgggcagca gccatcatca
atggctagca tgactggtgg
ttcctgttac ggaaagcgaa

aacgattttg aatcgacctg

ctgagcagct attttaaagc
gaaggtgaga tcgattttac
tgggaactaa aaccgggage
aacggcgaag acatgactga
ctgcccattc gttggettge
gacggactcc aggcattaca

gctgttteecc acaaaaccag

gttcgtgaca ctgacaaagt

tcatcatcac
acagcaaatg
aaaatcatcc

tgccactctg

tgttgccacg
ctggagtgaa
agcaccagac
gattgaggag
tcaacacggc
cattgctcgg

cctgctcgac

tttcectaat

agcagcggcec
ggtcgeggat
ggtgaacctg

gactacctga

aattttcctg
cgctatcaac
aacgctcact
aatatgctac
agcgaaaaac
gctgaagaac

ccgctggaaa

cctggtaatt

tggtgccgeg cggcagecat
ccatgagcac aaaaccactc
acgtcgtcct gtgggcaage

tcgttaagtc aggtaaaaaa

tcgttaatga cctgcccgcet
tcagcaaaga ctccatgaca
atcaaggcaa taccaacgtc
tcccaatttc tggccaggaa
cggtaacgca cgtttcacge
taccggctgt tactgccctg

ttcgcgaact ccacaaactg

caaacctggg actgataact
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60
120
180

240

300
360
420
480
540
600

660

720
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getttttteg
tggatgaagg
ggcggaaacce
gacgtagcca
gcacacgcta

cgcgacaaat

tccgtaaaag
aacaaagtac
tgeggtceget
gaagaaaaac
gaaccggacg
aattctgttg

attccatcaa

gttgacggaa
tgtgtgtacc
ccagtagtgc
aactgccctg
gagagtcagg
cacaatgaga

gcagatcccg

aattaccacg
gcactatatt
ttaggaactg
gtagcacctg
atggaatgcg
ctcatgtatc

cacgctgaat

ccggacaaaa
caacgattca

gacggttatg

actattgaat

aagcatacct
gtaatcgtgt
tcaccgatcg
ctggegtact
aacgcattga

tcatcaccat

aagcaccaat
tgactgaaac
cctetgeccc
cgcaaccatc
caactgaaca
atgcgaaata

aaaatcctgt

ttagcgaccc
agaaccagcc
aacaggaacc
actgtggtgc
ttgaagctaa
atgctggcag

taatcgtaga

cgggteeegg
tgtggcgtaa
ctttccactg
aatttaaccg
caagcacagg
aaagcgttat

catcaattta

ttatccctga
aaaccgctta
aagcacagtt

gcggacgtta

gaacgctgac
ttcacacatc
cggcgaaggt
ggccecgttca
ggaaattatc

geetggeggg

tgggatcgag
cgatcatgcc
gatgccgcag
tggaacaacg
tcatcaggac
tcaggaactg

cgatgacgat

gaacgatccg
agaaacggaa
ggaaatagcc
ggtgatgggce
ggaaaatgat
cgatccgcat

agacatagag

tatcagtaag
aaatgccccc
ccgggtactt
ccgtacaaac
aaaaacggtt
ggctttgecg

ctgggaagat

atttcactgg
ttacgactac
tggagtgcag

tccggttgaa

tacaccgatc
actcgcacgg
ttcgtacacg
atggatctgg
gctgaaaata

ctggattatt

gtcatcceceg
aaccctgatc
cgagtaacag
gcagttgaac
acgcagcecgce
cgggcagaac

aaattgcttg

aaatgggtaa
aaaaccagcc
tgcaatgcct
gacgcaacat
ccggaggaaa
cgcgattgca

ccaggtattt

tctcagctcg
gtggacacca
gaaccggaag
gccggaaaag
atcactgcgg
ctggggcaat

cctgaaacag

atcatggacg
cgctatcacg
ccaactttcg

attttcatga

gaggactgct
cttceggtgce
atctgacgtc
acatctataa
aaccgccctt

ccecgegecat

cgcacgtcac
cggaaatcgt
aagaaggaaa
agggagagec
tggatgctca
tccatgaagc

ctgcatcacg

aggggatcca
cagatatgaa
gcggecagac
accaggaaac
tggaaggcgce
gtgatgaaac

attacggaat

atgacattgc
caaagacaaa
aattcagtaa
aagaagagaa
aagaaggccg
ggcttgttga

gaattttgtg

tgaaaactac
ttcaggatgc
tttttctggt

tgggcgaaga

gacaaaagag
taatgctggce
actggcgcegce
ccttcatccg
ttctgttttce

cgtggttgcg

tgaatatctg
ggatattgcc
acaggatgat
tgaaacaatg
gtcacaggta
ccggaaaaac

tggtgaattt

gactcgcgat
tcaacctgag
tggcggggat
attcgatgaa
tgaacatccg
tggcgaagtc

ttcgaatgag

tgatactccg
aacgctcgat
ccgetttatce
agcgtttctg
gaaaattgaa
aagcgccgga

tcggtgecegt

ggcggatatt
attctacagt
tgccagcaca

agcaaaactg
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780
840
900
960
1020

1080

1140
1200
1260
1320
1380
1440

1500

1560
1620
1680
1740
1800
1860

1920

1980
2040
2100
2160
2220
2280

2340

2400
2460
2520

2580
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gcaggtcaac

gaatggccag

ggatccgaat

ggcctggaca
cccagcaaga
atcggcegcecc
gceegeegece
aacgagatgg
gaggaggaca

taccacgaga

aaggccgacce
ttcctgatceg
ctggtgcaga
gccaaggceca
cagctgceccg
ctgaccccca

aaggacacct

gacctgttcc
gtgaacaccg
caccaccagg
aaggagatct
agccaggagg
gagctgetgg

ggcagcatcc

gacttctacc
atcccctact
aagagcgagg
gcccagagcet
ctgcccaagce

aagtacgtga

aggaatatca
ctattaagac

tcgagctccg

tcggtaccaa
agttcaaggt
tgctgttcga
gctacacccg
ccaaggtgga
agaagcacga

agtaccccac

tgcgectgat
agggcgacct
cctacaacca
tcctgagegce
gcgagaagaa
acttcaagag

acgacgacga

tggcecgcecaa
agatcaccaa
acctgaccct
tcttcgacca
agttctacaa
tgaagctgaa

cccaccagat

ccttectgaa
acgtgggccc
agaccatcac
tcatcgagcg
acagcctgct

ccgagggcat

ccgcaatctg
attatcactg

tcgacaagct

cagcgtggge
gctgggceaac
cagcggcgag
ccgcaagaac
cgacagcttc
gcgecacccce

catctaccac

ctacctggcc
gaaccccgac
gctgttcecgag
ccgectgage
gaacggcectg
caacttcgac

cctggacaac

gaacctgagc
ggcccecectg
gctgaaggcce
gagcaagaac
gttcatcaag
ccgcgaggac

ccacctgggce

ggacaaccge
cctggececgce
ccectggaac
catgaccaac
gtacgagtac

gcgcaagccce

cgaaccctgt

cceegetggg

tgcggcecgcea

tgggecegtga
accgaccgcece
accgccegagg
cgcatctgct
ttccaccgcec
atcttcggca

ctgcgcaaga

ctggcccaca
aacagcgacg
gagaacccca
aagagccgece
ttcggcaacc
ctggcegagg

ctgctggecce

gacgccatcc
agcgccagea
ctggtgcgee
ggctacgecg
cccatcctgg
ctgctgcgcea

gagctgcacg

gagaagatcg
ggcaacagcc
ttcgaggagg
ttcgacaaga
ttcaccgtgt

gccettectga

ctgactgcct
ctaaggaata

tggacaagaa

tcaccgacga
acagcatcaa
ccacccgcect
acctgcagga
tggaggagag
acatcgtgga

agctggtgga

tgatcaagtt
tggacaagct
tcaacgccag
gcctggagaa
tgatcgccct
acgccaagct

agatcggcga

tgctgagcga
tgatcaagcg
agcagctgcc
gctacatcga
agaagatgga
agcagcgcac

ccatcctgceg

agaagatcct
gcttegectg
tggtggacaa
acctgcccaa
acaacgagct

gcggegagea

gaataccgat
tgcaaatgac

gtacagcatc

gtacaaggtg
gaagaacctg
gaagcgcacc
gatcttcagc
cttcetggtg
cgaggtggcc

cagcaccgac

ccgeggecac
gttcatccag
cggegtggac
cctgatcgcec
gagcctggge
gcagctgage

ccagtacgcc

catcctgcegce
ctacgacgag
cgagaagtac
cggceggegcec
cggcaccgag
cttcgacaac

ccgccaggag

gaccttccge
gatgacccgc
gggcgeceage
cgagaaggtg
gaccaaggtg

gaagaaggcc
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2640
2700

2760

2820
2880
2940
3000
3060
3120

3180

3240
3300
3360
3420
3480
3540

3600

3660
3720
3780
3840
3900
3960

4020

4080
4140
4200
4260
4320

4380
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atcgtggacc

tacttcaaga
aacgccagcece
gacaacgagg
gaccgcgaga
atgaagcagc
aacggcatcc

ttcgccaacc

atccagaagg
gccggeagece
gtgaaggtga
cagaccaccc
atcaaggagc
aacgagaagc

ctggacatca

aaggacgaca
gacaacgtgc
aacgccaagce
ctgagcgagc
accaagcacg
aagctgatcc

aaggacttcc

tacctgaacg
ttcgtgtacg
gagatcggca
accgagatca
gagaccggceg
agcatgcccc

gagagcatcc

tgctgttcaa

agatcgagtg
tgggcaccta
agaacgagga
tgatcgagga
tgaagcgccg
gcgacaagcea

gcaacttcat

cccaggtgag
ccgccatcaa
tgggecgceca
agaagggcca
tgggcagcca
tgtacctgta

accgcctgag

gcatcgacaa
ccagcgagga
tgatcaccca
tggacaaggc
tggcccagat
gcgaggtgaa

agttctacaa

ccgtggtggg
gcgactacaa
aggccaccgce
ccctggcecaa
agatcgtgtg
aggtgaacat

tgcccaageg

gaccaaccgc

cttcgacagc
ccacgacctg
catcctggag
gcgcctgaag
ccgctacacc
gagcggcaag

gcagctgatc

cggccagggec
gaagggcatc
caagcccgag
gaagaacagc
gatcctgaag
ctacctgcag

cgactacgac

caaggtgctg
ggtggtgaag
gcgcaagttc
cggcttcatc
cctggacagc
ggtgatcacc

ggtgcgegag

caccgccctg
ggtgtacgac
caagtacttc
cggcgagatc
ggacaagggc
cgtgaagaag

caacagcgac

aaggtgaccg

gtggagatca
ctgaagatca
gacatcgtgc
acctacgccc
ggetggggcece
accatcctgg

cacgacgaca

gacagcctge
ctgcagaccg
aacatcgtga
cgcgagegea
gagcaccccg
aacggccgeg

gtggaccaca

acccgcageg
aagatgaaga
gacaacctga
aagcgccage
cgcatgaaca
ctgaagagca

atcaacaact

atcaagaagt
gtgcgcaaga
ttctacagca
cgcaagcgcece
cgcgacttceg
accgaggtgce

aagctgatcg

tgaagcagct

gcggegtgga
tcaaggacaa
tgaccctgac
acctgttcga
gcctgagecg
acttcctgaa

gcctgacctt

acgagcacat
tgaaggtggt
tcgagatggc
tgaagcgcat
tggagaacac
acatgtacgt

tcgtgeccca

acaagaaccg
actactggcg
ccaaggccga
tggtggagac
ccaagtacga
agctggtgag

accaccacgce

accccaagct
tgatcgccaa
acatcatgaa
ccctgatcga
ccaccgtgceg
agaccggegg

cccgcaagaa

gaaggaggac

ggaccgcttce
ggacttcctg
cctgttcgag
cgacaaggtg
caagcttatc
gagcgacggce

Ccaaggaggac

cgccaacctg
ggacgagctg
ccgcgagaac
Cgaggagegec
ccagctgcag
ggaccaggag

gagcttectg

cggcaagagce
ccagctgctg
gcgegeceggc
ccgccagatce
cgagaacgac
cgacttccgce

ccacgacgcce

ggagagcgag
gagcgagcag
cttcttcaag
gaccaacgge
caaggtgctg
cttcagcaag

ggactgggac
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4440

4500
4560
4620
4680
4740
4800

4860

4920
4980
5040
5100
5160
5220

5280

5340
5400
5460
5520
5580
5640

5700

5760
5820
5880
5940
6000
6060

6120
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cccaagaagt acggceggcett cgacageccc accgtggect
aaggtggaga agggcaagag caagaagctg aagagcgtga
atcatggagc gcagcagctt cgagaagaac cccatcgact
aaggaggtga agaaggacct gatcatcaag ctgcccaagt
aacggccgcea agcgcatget ggccagegece ggegagetge
ctgcccageca agtacgtgaa cttcctgtac ctggccagec

agcccecgagg acaacgagca gaagcagetg ttcegtggage

gagatcatcg agcagatcag cgagttcagc aagcgcgtga
gacaaggtgc tgagcgcecta caacaagcac cgcgacaagce
aacatcatcc acctgttcac cctgaccaac ctgggcgecce
gacaccacca tcgaccgcaa gegctacacc agcaccaagg
atccaccaga gcatcaccgg tctgtacgag acccgcatcg
gacgcggecg cactcgacct cgagaaaagg ccggeggeca

aaaaagaaaa agcaccacca ccaccaccac tga

<210> 45
<211> 1682
<212> PRT

<213> Artificial Sequence

<220><223> GFP-SpyCas9

<400> 45

Met Gly Ser Ser His His His His His His Ser

1 5 10

acagcgtgct
aggagctgct
tcctggaggce
acagcctgtt
agaagggcaa
actacgagaa

agcacaagca

tcctggecga
ccatccgcga
ccgeegectt
aggtgctgga
acctgagcca

cgaaaaaggc

Ser Gly Leu

ggtggtggece
gggcatcacc
caagggctac
cgagctggag
cgagctggcec
gctgaagggce

ctacctggac

cgccaacctg
gcaggcecgag
caagtacttc
cgccaccctg
gctgggegge

cggccaggea

Val Pro

15

Arg Gly Ser His Met Ala Ser Met Thr Gly Gly Gln Gln Met Gly Arg

20 25
Gly Ser Met Ser Lys Gly Glu Glu Leu Phe Thr
35 40

Leu Val Glu Leu Asp Gly Asp Val Asn Gly His

50 55
Gly Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys
65 70 75
Ile Cys Thr Thr Gly Lys Leu Pro Val Pro Trp

85 90

30
Gly Val Val
45

Lys Phe Ser

60

Leu Thr Leu

Pro Thr Leu
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Pro Ile

Val Ser

Lys Phe
80
Val Thr

95

6180
6240
6300
6360
6420
6480

6540

6600
6660
6720
6780
6840
6900

6933
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Thr

Lys

Tyr

Asn

Ser

225

Leu

Phe

Lys

Val

305

Gly

Leu

Phe Ser

Arg His

115

Arg Thr

130

Val Lys

Ile Asp

Asn Tyr

Val Gln
210

Pro Val

Ser Lys

Val Thr

Ser Glu

275
Tyr Ser
290

[le Thr

Asn Thr

Phe Asp

Tyr
100

Asp

Phe

Phe

Asn

180

Lys

Leu

Leu

Asp

260

Phe

Asp

Asp

Ser

Gly Val Gln

Phe Phe Lys

Ser Phe Lys
135
Glu Gly Asp
150
Lys Glu Asp
165

Ser His Asn

Ala Asn Phe

Ala Asp His
215
Leu Pro Asp
230
Pro Asn Glu
245

Ala Gly Ile

Glu Leu Arg

Gly Leu Asp
295
Glu Tyr Lys
310
Arg His Ser
325

Gly Glu Thr

Cys Phe
105
Ser Ala

120

Asp Asp

Thr Leu

Gly Asn

Val Tyr

185

Lys Ile

200

Tyr Gln

Asn His

Lys Arg

Thr His

265

Arg Gln

280

Ile Gly

Val Pro

Ile Lys

Ser

Met

Val

Arg

Tyr

Asp

250

Thr

Ser

Lys

330

Arg

Pro

Asn

Asn

155

Leu

Thr

His

Asn

Leu

235

His

Met

Cys

Asn

Lys

315

Asn

Ala Glu Ala Thr

Tyr Pro Asp His
110
Glu Gly Tyr Val

125

Tyr Lys Thr Arg
140

Arg Ile Glu Leu

Gly His Lys Leu

175

Ala Asp Lys Gln
190

Asn Ile Glu Asp

205
Thr Pro Ile Gly
220

Ser Thr Gln Ser

Met Val Leu Leu
255
Asp Glu Leu Tyr

270

Gly Arg Met Asp
285

Ser Val Gly Trp

300

Lys Phe Lys Val

Leu Ile Gly Ala

335

Arg Leu Lys Arg
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Met

Lys

160

Lys

Asp

Lys

Lys

Leu
320

Leu

Thr
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Ala Arg Arg
355
Glu Ile Phe
370
Arg Leu Glu
385

His Pro Ile

Tyr Pro Thr

Lys Ala Asp
435
Phe Arg Gly
450
Asp Val Asp
465

Phe Glu Glu

Leu Ser Ala

GIn Leu Pro

515

Leu Ser Leu
530

Glu Asp Ala

545

Asp Asn Leu

Ala Ala Lys

Val Asn Thr

340

Arg Tyr Thr

Ser Asn Glu

Glu Ser Phe
390
Phe Gly Asn

405

[le Tyr His
420

Leu Arg Leu

His Phe Leu

Lys Leu Phe
470

Asn Pro Ile

485
Arg Leu Ser
500

Gly Glu Lys

Gly Leu Thr

Lys Leu Gln

550

Leu Ala Gln
565

Asn Leu Ser

580

Glu Ile Thr

Arg Arg

360
Met Ala
375

Leu Val

Ile Val

Leu Arg

Ile Tyr

440

Asn Ala

Lys Ser

Lys Asn

520

Pro Asn

535

Leu Ser

Ile Gly

Asp Ala

Lys Ala

345

Lys Asn Arg

Lys Val Asp

Glu Glu Asp
395
Asp Glu Val

410

Lys Lys Leu
425

Leu Ala Leu

Gly Asp Leu

Leu Val Gln
475

Ser Gly Val

490
Arg Arg Leu
505

Gly Leu Phe

Phe Lys Ser

Lys Asp Thr

555

Asp Gln Tyr
570

Ile Leu Leu

585

Pro Leu Ser

350
Ile Cys Tyr
365
Asp Ser Phe
380

Lys Lys His

Ala Tyr His

Val Asp Ser
430
Ala His Met
445
Asn Pro Asp
460

Thr Tyr Asn

Asp Ala Lys

Glu Asn Leu
510
Gly Asn Leu
525
Asn Phe Asp
540

Tyr Asp Asp

Ala Asp Leu

Ser Asp Ile
590

Ala Ser Met

- 197 -

Leu Gln

Phe His

Glu Arg

400

Glu Lys

415

Thr Asp

Ile Lys

Asn Ser

Gln Leu

480

Leu Ala

Asp Leu

560

Phe Leu
575

Leu Arg

Ile Lys
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595
Arg Tyr Asp
610

Arg Gln Gln

625

Lys Asn Gly

Phe Tyr Lys

Glu Leu Leu
675
Thr Phe Asp

690

His Ala Ile
705

Asn Arg Glu

Val Gly Pro

Lys Ser Glu
755

Lys Gly Ala

770
Lys Asn Leu
785

Glu Tyr Phe

Glu Gly Met

Ile Val Asp

835

Glu His His Gln
615

Leu Pro Glu Lys

630

Tyr Ala Gly Tyr

Phe Ile Lys Pro
660

Val Lys Leu Asn

Asn Gly Ser Ile

695

Leu Arg Arg Gln
710

Lys Ile Glu Lys

Leu Ala Arg Gly
740

Glu Thr Ile Thr

Ser Ala Gln Ser

775
Pro Asn Glu Lys
790
Thr Val Tyr Asn
805
Arg Lys Pro Ala
820

Leu Leu Phe Lys

600

Asp Leu

Tyr Lys

Ile Asp

Ile Leu

665
Arg Glu
680

Pro His

Glu Asp

Ile Leu

Asn Ser

745
Pro Trp
760

Phe Ile

Val Leu

Glu Leu

Phe Leu
825
Thr Asn

840

Thr Leu Leu
620

Glu Ile Phe

Glu Lys Met

Asp Leu Leu

Gln Ile His

700

Phe Tyr Pro
715

Thr Phe Arg

730

Arg Phe Ala

Asn Phe Glu

Glu Arg Met

780
Pro Lys His
795
Thr Lys Val
810

Ser Gly Glu

Arg Lys Val

605

Lys Ala Leu Val

Phe Asp

Ser Gln

Asp Gly

670
Arg Lys
685

Leu Gly

Phe Leu

Ile Pro

Trp Met

750
Glu Val
765

Thr Asn

Ser Leu

Lys Tyr

Gln Lys

830

Thr Val

845
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Gln

Glu
655

Thr

Lys

Tyr

735

Thr

Val

Phe

Leu

Val

815

Lys

Lys

Ser

640

Arg

Leu

Asp

720

Tyr

Arg

Asp

Asp

Tyr
800

Thr

Gln
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Leu Lys Glu
850

Ile Ser Gly

865

Asp Leu Leu

Asn Glu Asp

Asp Arg Glu

915
Asp Asp Lys
930
Gly Arg Leu
945

Gly Lys Thr

Asn Phe Met

[le Gln Lys
995
[le Ala Asn
1010
Thr Val Lys
1025

Pro Glu Asn

Asp Tyr Phe Lys Lys Ile Glu Cys
855

Val Glu Asp Arg Phe Asn Ala Ser
870 875

Lys Ile Ile Lys Asp Lys Asp Phe

885 890
Ile Leu Glu Asp Ile Val Leu Thr
900 905

Met Ile Glu Glu Arg Leu Lys Thr

920
Val Met Lys Gln Leu Lys Arg Arg
935
Ser Arg Lys Leu Ile Asn Gly Ile
950 955
[le Leu Asp Phe Leu Lys Ser Asp
965 970
Gln Leu Ile His Asp Asp Ser Leu

980 985

Ala Gln Val Ser Gly GIn Gly Asp
1000
Leu Ala Gly Ser Pro Ala Ile Lys

1015

Phe Asp Ser
860

Leu Gly Thr

Leu Asp Asn

Leu Thr Leu
910

Tyr Ala His

925
Arg Tyr Thr
940

Arg Asp Lys

Gly Phe Ala

Thr Phe Lys

990

Ser Leu His
1005

Lys Gly Ile

1020

Val Glu

Tyr His

880
Glu Glu
895

Phe Glu

Leu Phe

Gly Trp

Gln Ser

960
Asn Arg
975

Glu Asp

Glu His

Leu Gln

Val Val Asp Glu Leu Val Lys Val Met Gly Arg His Lys

1030 1035

1040

Ile Val Ile Glu Met Ala Arg Glu Asn Gln Thr Thr Gln

1045 1050

1055

Lys Gly Gln Lys Asn Ser Arg Glu Arg Met Lys Arg Ile Glu Glu Gly

1060 1065

1070

Ile Lys Glu Leu Gly Ser Gln Ile Leu Lys Glu His Pro Val Glu Asn

1075

1080

1085

Thr Gln Leu GIn Asn Glu Lys Leu Tyr Leu Tyr Tyr Leu GIn Asn Gly

1090

1095

1100
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Arg Asp Met Tyr Val Asp Gln Glu Leu Asp Ile Asn Arg Leu Ser Asp
1105 1110 1115 1120
Tyr Asp Val Asp His Ile Val Pro Gln Ser Phe Leu Lys Asp Asp Ser

1125 1130 1135

Ile Asp Asn Lys Val Leu Thr Arg Ser Asp Lys Asn Arg Gly Lys Ser
1140 1145 1150
Asp Asn Val Pro Ser Glu Glu Val Val Lys Lys Met Lys Asn Tyr Trp
1155 1160 1165
Arg Gln Leu Leu Asn Ala Lys Leu Ile Thr Gln Arg Lys Phe Asp Asn
1170 1175 1180
Leu Thr Lys Ala Glu Arg Gly Gly Leu Ser Glu Leu Asp Lys Ala Gly
1185 1190 1195 1200

Phe Ile Lys Arg Gln Leu Val Glu Thr Arg Gln Ile Thr Lys His Val

1205 1210 1215
Ala Gln Ile Leu Asp Ser Arg Met Asn Thr Lys Tyr Asp Glu Asn Asp
1220 1225 1230
Lys Leu Ile Arg Glu Val Lys Val Ile Thr Leu Lys Ser Lys Leu Val
1235 1240 1245
Ser Asp Phe Arg Lys Asp Phe Gln Phe Tyr Lys Val Arg Glu Ile Asn
1250 1255 1260
Asn Tyr His His Ala His Asp Ala Tyr Leu Asn Ala Val Val Gly Thr

1265 1270 1275 1280

Ala Leu Ile Lys Lys Tyr Pro Lys Leu Glu Ser Glu Phe Val Tyr Gly
1285 1290 1295
Asp Tyr Lys Val Tyr Asp Val Arg Lys Met Ile Ala Lys Ser Glu Gln
1300 1305 1310
Glu Ile Gly Lys Ala Thr Ala Lys Tyr Phe Phe Tyr Ser Asn Ile Met
1315 1320 1325
Asn Phe Phe Lys Thr Glu Ile Thr Leu Ala Asn Gly Glu Ile Arg Lys
1330 1335 1340

Arg Pro Leu Ile Glu Thr Asn Gly Glu Thr Gly Glu Ile Val Trp Asp
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1345 1350 1355 1360
Lys Gly Arg Asp Phe Ala Thr Val Arg Lys Val Leu Ser Met Pro Gln
1365 1370 1375
Val Asn Ile Val Lys Lys Thr Glu Val Gln Thr Gly Gly Phe Ser Lys
1380 1385 1390
Glu Ser Ile Leu Pro Lys Arg Asn Ser Asp Lys Leu Ile Ala Arg Lys
1395 1400 1405
Lys Asp Trp Asp Pro Lys Lys Tyr Gly Gly Phe Asp Ser Pro Thr Val

1410 1415 1420

Ala Tyr Ser Val Leu Val Val Ala Lys Val Glu Lys Gly Lys Ser Lys
1425 1430 1435 1440
Lys Leu Lys Ser Val Lys Glu Leu Leu Gly Ile Thr Ile Met Glu Arg
1445 1450 1455
Ser Ser Phe Glu Lys Asn Pro Ile Asp Phe Leu Glu Ala Lys Gly Tyr
1460 1465 1470
Lys Glu Val Lys Lys Asp Leu Ile Ile Lys Leu Pro Lys Tyr Ser Leu
1475 1480 1485

Phe Glu Leu Glu Asn Gly Arg Lys Arg Met Leu Ala Ser Ala Gly Glu

1490 1495 1500
Leu Gln Lys Gly Asn Glu Leu Ala Leu Pro Ser Lys Tyr Val Asn Phe
1505 1510 1515 1520
Leu Tyr Leu Ala Ser His Tyr Glu Lys Leu Lys Gly Ser Pro Glu Asp
1525 1530 1535
Asn Glu Gln Lys Gln Leu Phe Val Glu Gln His Lys His Tyr Leu Asp
1540 1545 1550
Glu Ile Ile Glu GIn Ile Ser Glu Phe Ser Lys Arg Val Ile Leu Ala

1555 1560 1565

Asp Ala Asn Leu Asp Lys Val Leu Ser Ala Tyr Asn Lys His Arg Asp
1570 1575 1580

Lys Pro Ile Arg Glu Gln Ala Glu Asn Ile Ile His Leu Phe Thr Leu

1585 1590 1595 1600

Thr Asn Leu Gly Ala Pro Ala Ala Phe Lys Tyr Phe Asp Thr Thr Ile
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Asp Arg Lys Arg Tyr Thr Ser Thr Lys

Ile His Gln Ser Ile Thr Gly Leu Tyr

1635

1605

1620

1610

1625

1640

1630

1645

1615

Glu Val Leu Asp Ala Thr Leu

Glu Thr Arg Ile Asp Leu Ser

Gln Leu Gly Gly Asp Ala Ala Ala Leu Asp Leu Glu Lys Arg Pro Ala

1650

Ala Thr Lys Lys Ala Gly Gln Ala Lys

1655

1670

1665

His His

<210> 46
<211> 5049
<212> DNA

<213> Artificial Sequence

<220><223>

<400> 46

atgggcagca

atggctagca
cttttcactg
ttttctgtca
atttgcacta
ggtgttcaat
gccatgectg

aagacacgtg

ggaatcgatt
tcccacaacg
attagacaca
ccaattggcg
ctttcgaaag

gctgggatta

GFP-SpyCas9

gccatcatca

tgactggtgg
gagttgtccce
gtggagaggg
ctggaaaact
gcttttcaag
agggatacgt

ctgaagtcaa

tcaaggagga
tatacatcac
acattgaaga
atggccctgt
atcccaacga

cacatggcat

tcatcatcac

acagcaaatg
aattcttgtt
tgaaggtgat
acctgttcca
atacccagat
gcaggagagg

gtttgaggga

cggaaacatc
ggcagacaaa
tggaagcgtt
ccttttacca
aaagagagac

ggatgaacta

1675

agcagcggcece

ggtcgeggat
gaattagatg
gcaacatacg
tggccaacac
catatgaagc
accatctctt

gacaccctcg

ctcggccaca
caaaagaatg
caactagcag
gacaaccatt
cacatggtcc

tacaaaggat

1660

tggtgccgceg

ccatgagtaa
gtgatgttaa
gaaaacttac
ttgtcactac
ggcacgactt
tcaaggacga

tcaacaggat

agttggaata
gaatcaaagc
accattatca
acctgtccac
ttcttgagtt

ccgaattcga

Lys Lys Lys His His His His

1680

cggcagccat

aggagaagaa
tgggcacaaa
ccttaaattt
tttctcttat
cttcaagagc
cgggaactac

cgagcttaag

caactacaac
taacttcaaa
acaaaatact
acaatctgcc
tgtaacagct

gctceegtega
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120
180
240
300
360
420

480

540
600
660
720
780

840
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caagcttgceg

gtgggctggg
ggcaacaccg
ggcgagaccg
aagaaccgca
agcttcttcec
caccccatct

taccacctgc

ctggeectgg
cccgacaaca
ttcgaggaga
ctgagcaaga
ggcctgtteg
ttcgacctgg

gacaacctgc

ctgagcgacg
ccecctgageg
aaggccctgg
aagaacggct
atcaagccca
gaggacctgc

ctgggcgage

aaccgcgaga
gceegeggea
tggaacttcg
accaacttcg
gagtacttca
aagcccgcect

aaccgcaagg

gccgceatgga

ccgtgatcac
accgccacag
ccgaggccac
tctgctacct
accgcctgga
tcggcaacat

gcaagaagct

cccacatgat
gcgacgtgga
accccatcaa
geegecegect
gcaacctgat
ccgaggacgce

tggcccagat

ccatcctgct
ccagcatgat
tgcgcecagcea
acgccggcta
tcctggagaa
tgcgcaagca

tgcacgccat

agatcgagaa
acagccgctt
aggaggtggt
acaagaacct
ccgtgtacaa
tcctgagegg

tgaccgtgaa

caagaagtac

cgacgagtac
catcaagaag
ccgectgaag
gcaggagatc
ggagagcttc
cgtggacgag

ggtggacage

caagttccgc
caagctgttc
cgccageggce
ggagaacctg
cgcectgage
caagctgcag

cggcgaccag

gagcgacatc
caagcgctac
gctgeccgag
catcgacggc
gatggacggc
gcgcaccttce

cctgegecegce

gatcctgacc
cgcctggatg
ggacaagggc
gcccaacgag
cgagctgacc
cgagcagaag

gcagctgaag

agcatcggcc

aaggtgccca
aacctgatcg
cgcaccgecce
ttcagcaacg
ctggtggagg
gtggcectacce

accgacaagg

ggccacttcce
atccagctgg
gtggacgcca
atcgcccagce
ctgggcectga
ctgagcaagg

tacgccgacc

ctgcgegtga
gacgagcacc
aagtacaagg
ggcgcecagece
accgaggage
gacaacggca

caggaggact

ttccgcatcce
acccgcaaga
gccagegecc
aaggtgctgc
aaggtgaagt
aaggccatcg

gaggactact

tggacatcgg

gcaagaagtt
gecgecectget
gcegeegceta
agatggccaa
aggacaagaa
acgagaagta

ccgacctgeg

tgatcgaggg
tgcagaccta
aggccatcct
tgcceggcega
cccccaactt
acacctacga

tgttceetgge

acaccgagat
accaggacct
agatcttctt
aggaggagtt
tgctggtgaa
gcatcccecca

tctacccectt

cctactacgt
gcgaggagac
agagcttcat
ccaagcacag
acgtgaccga
tggacctgct

tcaagaagat

taccaacagc

caaggtgctg
gttcgacagce
cacccgeegce
ggtggacgac
gcacgagcege
ccccaccatce

cctgatctac

cgacctgaac
caaccagctg
gagcgeecge
gaagaagaac
caagagcaac
cgacgacctg

cgccaagaac

caccaaggcc
gaccctgetg
cgaccagagc
ctacaagttc
gctgaaccgce
ccagatccac

cctgaaggac

gggcccectg
catcacccce
cgagcgcatg
cctgetgtac
gggcatgegce
gttcaagacc

cgagtgcttc
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900

960
1020
1080
1140
1200
1260

1320

1380
1440
1500
1560
1620
1680

1740

1800
1860
1920
1980
2040
2100

2160

2220
2280
2340
2400
2460
2520

2580

ZIHSd 10-2020-0078200



gacagcgtgg
gacctgctga
ctggaggaca
ctgaagacct
tacaccggct
ggcaagacca

ctgatccacg

cagggcgaca
ggcatcctge
cccgagaaca
aacagccgeg
ctgaaggagc
ctgcagaacg

tacgacgtgg

gtgctgaccce
gtgaagaaga
aagttcgaca
ttcatcaagc
gacagccgcea
atcaccctga

cgcgagatca

gccectgatcea
tacgacgtgc
tacttcttct
gagatccgca
aagggcecgeg
aagaagaccg

agcgacaagc

agccccaccg
aagctgaaga

aagaacccca

agatcagcgg
agatcatcaa
tcgtgctgac
acgcccacct
ggggecegect
tcctggactt

acgacagcct

gcctgcacga
agaccgtgaa
tcgtgatcga
agcgcatgaa
acccecgtgga
gcegegacat

accacatcgt

gcagcgacaa
tgaagaacta
acctgaccaa
gccagetggt
tgaacaccaa
agagcaagct

acaactacca

agaagtaccc
gcaagatgat
acagcaacat
agcgccccct
acttcgccac
aggtgcagac

tgatcgcccg

tggcctacag

gcgtgaagga

tcgacttcect

cgtggaggac
ggacaaggac
cctgaccctg
gttcgacgac
gagccgceaag
cctgaagagc

gaccttcaag

gcacatcgcc
ggtggtggac
gatggcccgce
gcgcatcgag
gaacacccag
gtacgtggac

gceccagage

gaaccgeggce
ctggcgccag
ggceegagege
ggagacccge
gtacgacgag
ggtgagcegac

ccacgcccac

caagctggag
cgccaagagce
catgaacttc
gatcgagacc
cgtgcgcaag
cggeggctte

caagaaggac

cgtgetggtg
getgetggge

ggaggcecaag

cgcttcaacg
ttcctggaca
ttcgaggacc
aaggtgatga
cttatcaacg
gacggcttcg

gaggacatcc

aacctggccg
gagctggtga
gagaaccaga
gagggcatca
ctgcagaacg
caggagctgg

ttcctgaagg

aagagcgaca
ctgctgaacg
ggeggectga
cagatcacca
aacgacaagc
ttccgcaagg

gacgcctacc

agcgagttcg
gagcaggaga
ttcaagaccg
aacggcgaga
gtgctgagca
agcaaggaga

tgggacccca

gtggccaagg

atcaccatca

ggctacaagg

ccagcctggg
acgaggagaa
gcgagatgat
agcagctgaa
gcatccgega
ccaaccgcaa

agaaggccca

gcagccecge
aggtgatggg
ccacccagaa
aggagctggg
agaagctgta
acatcaaccg

acgacagcat

acgtgcccag
ccaagctgat
gcgagetgga
agcacgtggc
tgatccgcga
acttccagtt

tgaacgccgt

tgtacggcga
tcggcaaggce
agatcaccct
ccggegagat
tgccccaggt
gcatcctgec

agaagtacgg

tggagaaggg
tggagcgeag

aggtgaagaa

cacctaccac
cgaggacatc
cgaggagcgce
gcgecgecege
caagcagagc
cttcatgcag

ggtgagegge

catcaagaag
ccgccacaag
gggccagaag
cagccagatc
cctgtactac
cctgagcgac

cgacaacaag

cgaggaggtg
cacccagegce
caaggccggce
ccagatcctg
ggtgaaggtg
ctacaaggtg

ggtgggcacc

ctacaaggtg
caccgccaag
ggccaacgge
cgtgtgggac
gaacatcgtg
caagcgcaac

cggcttcgac

caagagcaag
cagcttcgag

ggacctgatc

- 204 -

2640
2700
2760
2820
2880
2940

3000

3060
3120
3180
3240
3300
3360

3420

3480
3540
3600
3660
3720
3780

3840

3900
3960
4020
4080
4140
4200

4260

4320
4380

4440
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atcaagctgc
agcgceeggeg
ctgtacctgg

cagctgttcg

ttcagcaagc
aagcaccgeg
accaacctgg
tacaccagca
tacgagaccc
aaaaggccgg

caccactga

<210> 47
<211> 1560
<212> PRT
<213>
<220><223>
<400> 47
Met Gly Ser Ser
1

Arg Gly Ser His

20
Gly Ser Met Ala

35

Leu Gly Gln Asp

50
Asn Ile Thr
65
Gly Glu Met Lys
Lys Leu Ala Glu
100

Tyr Ile Glu Gly

ccaagtacag
agctgcagaa
ccagccacta

tggagcagca

gegtgatcect
acaagcccat
gcgeceecge
ccaaggaggt
gcatcgacct

cggccacgaa

His

5

Met

Ser

Pro

Leu

85

Val

Gln

cctgttcgag ctggagaacg

gggcaacgag ctggccctge
cgagaagctg aagggcagcc

caagcactac ctggacgaga

ggcecgacgece aacctggaca

ccgcgageag gccgagaaca
cgccttcaag tacttcgaca
gctggacgec accctgatcece
gagccagcetg ggeggegacg

aaaggccgge caggcaaaaa

Artificial Sequence

SSB-SpyCas9

His His His His His Ser
10

Ala Ser Met Thr

25

Arg Gly Val Asn Lys Val
40

Glu Val Arg Tyr

Met Pro

55
Ala Thr Ser Glu Ser Trp
70 75
GIn Thr Glu Trp His Arg
90
Ala Ser Glu Tyr Leu Arg
105

Leu Arg Thr Arg Lys Trp

gccgcaageg catgetggece

ccagcaagta cgtgaacttc
ccgaggacaa cgagcagaag

tcatcgagca gatcagcgag

aggtgctgag cgcctacaac

tcatccacct gttcaccctg
ccaccatcga ccgcaagcege
accagagcat caccggtctg
cggccgcecact cgacctcgag

agaaaaagcCa ccaccaccac

Ser Gly Leu Val Pro
15
Gln Gln Met Gly Arg
30
[le Leu Val Gly Asn
45

Asn Gly Gly Ala Val

60

Arg Asp Lys Ala Thr
80
Val Val Leu Phe Gly

95
Lys Gly Ser Gln Val
110
Thr Asp Gln Ser Gly
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4560
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4740
4800
4860
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Gln Asp

130
GIn Met
145

Cys Gly

Asn Ser

Lys Lys

Asn Leu

210
Thr Arg
225

Arg Ile

Asp Asp

Asp Lys

Val Ala

290
Leu Val
305

Leu Ala

Leu Asn

Gln Thr

115

Arg

Leu

Arg

Val

Phe

195

Leu

Cys

Ser

Lys

275

Tyr

Asp

His

Pro

Tyr

355

Tyr

Met

180

Lys

Lys

Tyr

Phe

260

His

His

Ser

Met

Asp

340

Asn

Thr Thr Glu
135
Gly Arg Gly
150
Asp Lys Lys
165

Trp Ala Val

Val Leu Gly

Ala Leu Leu

Arg Thr Ala

Leu Gln Glu
245

Phe His Arg

Glu Arg His

Glu Lys Tyr
295
Thr Asp Lys
310
Ile Lys Phe
325

Asn Ser Asp

GIn Leu Phe

120

Val

Ser

Tyr

Asn

200

Phe

Arg

Leu

Pro
280

Pro

Arg

Val

Val

Ser

Thr

185

Thr

Asp

Arg

Phe

Thr

Asp

Gly

Asp

345

Val

Phe

170

Asp

Asp

Ser

Arg

Ser

250

Phe

Leu

His
330

Lys

Asn Val

140
Glu Leu
155

Gly Leu

Glu Tyr

Arg His

Tyr Thr
235

Asn Glu

Ser Phe

Gly Asn

Tyr His

300
Arg Leu
315

Phe Leu

Leu Phe

Glu Glu Asn Pro Ile

360

125

Gly Gly Thr

Arg Arg Gln

Asp Ile Gly

175

Lys Val Pro
190

Ser Ile Lys

205

Thr Ala Glu

Arg Arg Lys

Met Ala Lys
255
Leu Val Glu

270

[le Val Asp
285

Leu Arg Lys

Ile Tyr Leu

335

Ile GIn Leu

350
Asn Ala Ser

365
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Met

160

Thr

Ser

Lys

Asn
240

Val

Lys

320

Asp

Val

Gly
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Val

Leu

385

Phe

Ser

Thr

Tyr

Leu

465

Ser

Leu

Lys

545

Leu

Tyr

Phe

Asp Ala Lys Ala

370

Glu

Gly

Asn

Tyr

450

Ser

Leu

Phe

530

Met

Leu

His

Pro

Arg

610

Asn

Asn

Phe

Asp

435

Asp

Asp

Ser

Lys

Phe

515

Ser

Asp

Arg

Leu

Phe

595

Ile

Leu Ile

Leu Ile

405

Asp Leu
420

Asp Asp

Leu Phe

Ile Leu

Met Ile

485
Ala Leu
500

Asp Gln

Gln Glu

Gly Thr

Lys Gln

565
Gly Glu
580

Leu Lys

Pro Tyr

Ile Leu

375
Ala Gln
390

Ala Leu

Ala Glu

Leu Asp

Leu Ala

455
Arg Val
470

Lys Arg

Val Arg

Ser Lys

Glu Phe

535

Glu Glu

550

Arg Thr

Leu His

Asp Asn

Tyr Val

615

Ser Ala Arg Leu

Leu Pro Gly Glu

Ser Leu

Asp Ala

425
Asn Leu
440

Ala Lys

Asn Thr

Tyr Asp

Asn Gly
520

Tyr Lys

Leu Leu

Phe Asp

585
Arg Glu
600

Gly Pro

Gly

410

Lys

Leu

Asn

490

Leu

Tyr

Phe

Val

Asn

570

Leu

Lys

Leu

395

Leu

Leu

Leu

475

His

Pro

Lys

555

Arg

Ile

Ala

Ser Lys
380

Lys Lys

Thr Pro

Gln Leu

445
Ser Asp
460

Thr Lys

His Gln

Glu Lys

Gly Tyr

525
Lys Pro
540

Leu Asn

Ser Ile

Arg Gln

Glu Lys
605
Arg Gly

620

Ser Arg Arg

Asn Gly Leu
400
Asn Phe Lys

415

Ser Lys Asp
430

Gly Asp Gln

Ala Ile Leu

Ala Pro Leu
480

Asp Leu Thr

495
Tyr Lys Glu
510

Ile Asp Gly

Ile Leu Glu

Arg Glu Asp

560

Pro His Gln
575

Glu Asp Phe

590

Ile Leu Thr

Asn Ser Arg
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Phe Ala Trp

625

Phe Glu Glu

Arg Met Thr

Lys His Ser
675
Lys Val Lys

690

705
Lys Val Thr

Cys Phe Asp

Ser Leu Gly
755

Phe Leu Asp

770
Thr Leu Thr
785

Thr Tyr Ala

Arg Arg Tyr

Ile Arg Asp

835

Asp Gly Phe
850

Leu Thr Phe

Met

Val

Asn

660

Leu

Tyr

Lys

Val

Ser

740

Thr

Asn

Leu

His

Thr

820

Lys

Ala

Lys

Thr Arg Lys Ser Glu Glu Thr

630
Val Asp
645

Phe Asp

Leu Tyr

Val Thr

Lys Ala

Lys Gln

725

Val Glu

Tyr His

Phe Glu

790
Leu Phe
805

Gly Trp

Gln Ser

Asn Arg

Glu Asp

Lys Gly Ala

Lys Asn Leu

665

Glu Tyr Phe
680

Glu Gly Met

695

[le Val Asp

Leu Lys Glu

Ile Ser Gly

745

Asp Leu Leu
760

Asn Glu Asp

775

Asp Arg Glu

Asp Asp Lys

Gly Arg Leu
825
Gly Lys Thr

840

Asn Phe Met
855

Ile GIn Lys

635
Ser Ala Gln
650
Pro Asn Glu
Thr Val Tyr

Arg Lys Pro

700

Leu Leu Phe
715

Asp Tyr Phe

730

Val Glu Asp

Lys Ile Ile

Ile Leu Glu

Met Ile Glu
795

Val Met Lys

810

Ser Arg Lys

[le Leu Asp

GIn Leu Ile

860

Ala Gln Val

Thr Pro

Ser Phe

Lys Val

670
Asn Glu
685

Ala Phe

Lys Thr

Lys Lys

Arg Phe

750
Lys Asp
765

Asp Ile

Glu Arg

Gln Leu

Leu Ile

830

Phe Leu

845

His Asp

Ser Gly

- 208 -

Trp Asn

640

655

Leu Pro

Leu Thr

Leu Ser

Asn Arg

720

735

Asn Ala

Lys Asp

Val Leu

Leu Lys

800
Lys Arg
815

Asn Gly

Lys Ser

Asp Ser

Gln Gly
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865 870 875 880
Asp Ser Leu His Glu His Ile Ala Asn Leu Ala Gly Ser Pro Ala Ile
885 890 895
Lys Lys Gly Ile Leu Gln Thr Val Lys Val Val Asp Glu Leu Val Lys
900 905 910

Val Met Gly Arg His Lys Pro Glu Asn Ile Val Ile Glu Met Ala Arg

915 920 925
Glu Asn Gln Thr Thr Gln Lys Gly Gln Lys Asn Ser Arg Glu Arg Met
930 935 940
Lys Arg Ile Glu Glu Gly Ile Lys Glu Leu Gly Ser Gln Ile Leu Lys
945 950 955 960
Glu His Pro Val Glu Asn Thr Gln Leu Gln Asn Glu Lys Leu Tyr Leu
965 970 975
Tyr Tyr Leu Gln Asn Gly Arg Asp Met Tyr Val Asp Gln Glu Leu Asp

980 985 990

Ile Asn Arg Leu Ser Asp Tyr Asp Val Asp His Ile Val Pro Gln Ser
995 1000 1005
Phe Leu Lys Asp Asp Ser Ile Asp Asn Lys Val Leu Thr Arg Ser Asp
1010 1015 1020
Lys Asn Arg Gly Lys Ser Asp Asn Val Pro Ser Glu Glu Val Val Lys
1025 1030 1035 1040
Lys Met Lys Asn Tyr Trp Arg Gln Leu Leu Asn Ala Lys Leu Ile Thr
1045 1050 1055

GIn Arg Lys Phe Asp Asn Leu Thr Lys Ala Glu Arg Gly Gly Leu Ser

1060 1065 1070
Glu Leu Asp Lys Ala Gly Phe Ile Lys Arg Gln Leu Val Glu Thr Arg
1075 1080 1085
GIn Ile Thr Lys His Val Ala Gln Ile Leu Asp Ser Arg Met Asn Thr
1090 1095 1100
Lys Tyr Asp Glu Asn Asp Lys Leu Ile Arg Glu Val Lys Val Ile Thr
1105 1110 1115 1120

Leu Lys Ser Lys Leu Val Ser Asp Phe Arg Lys Asp Phe Gln Phe Tyr
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1125 1130 1135

Lys Val Arg Glu Ile Asn Asn Tyr His His Ala His Asp Ala Tyr Leu
1140 1145 1150
Asn Ala Val Val Gly Thr Ala Leu Ile Lys Lys Tyr Pro Lys Leu Glu
1155 1160 1165
Ser Glu Phe Val Tyr Gly Asp Tyr Lys Val Tyr Asp Val Arg Lys Met
1170 1175 1180
Ile Ala Lys Ser Glu Gln Glu Ile Gly Lys Ala Thr Ala Lys Tyr Phe
1185 1190 1195 1200

Phe Tyr Ser Asn Ile Met Asn Phe Phe Lys Thr Glu Ile Thr Leu Ala

1205 1210 1215
Asn Gly Glu Ile Arg Lys Arg Pro Leu Ile Glu Thr Asn Gly Glu Thr
1220 1225 1230
Gly Glu Ile Val Trp Asp Lys Gly Arg Asp Phe Ala Thr Val Arg Lys
1235 1240 1245
Val Leu Ser Met Pro Gln Val Asn Ile Val Lys Lys Thr Glu Val Gln
1250 1255 1260
Thr Gly Gly Phe Ser Lys Glu Ser Ile Leu Pro Lys Arg Asn Ser Asp

1265 1270 1275 1280

Lys Leu Ile Ala Arg Lys Lys Asp Trp Asp Pro Lys Lys Tyr Gly Gly
1285 1290 1295
Phe Asp Ser Pro Thr Val Ala Tyr Ser Val Leu Val Val Ala Lys Val
1300 1305 1310
Glu Lys Gly Lys Ser Lys Lys Leu Lys Ser Val Lys Glu Leu Leu Gly
1315 1320 1325
Ile Thr Ile Met Glu Arg Ser Ser Phe Glu Lys Asn Pro Ile Asp Phe
1330 1335 1340

Leu Glu Ala Lys Gly Tyr Lys Glu Val Lys Lys Asp Leu Ile Ile Lys

1345 1350 1355 1360
Leu Pro Lys Tyr Ser Leu Phe Glu Leu Glu Asn Gly Arg Lys Arg Met

1365 1370 1375
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Leu Ala Ser Ala Gly Glu Leu Gln Lys Gly Asn Glu Leu Ala Leu Pro
1380 1385 1390
Ser Lys Tyr Val Asn Phe Leu Tyr Leu Ala Ser His Tyr Glu Lys Leu
1395 1400 1405
Lys Gly Ser Pro Glu Asp Asn Glu Gln Lys Gln Leu Phe Val Glu Gln

1410 1415 1420

His Lys His Tyr Leu Asp Glu Ile Ile Glu Gln Ile Ser Glu Phe Ser
1425 1430 1435 1440
Lys Arg Val Ile Leu Ala Asp Ala Asn Leu Asp Lys Val Leu Ser Ala
1445 1450 1455
Tyr Asn Lys His Arg Asp Lys Pro Ile Arg Glu Gln Ala Glu Asn Ile
1460 1465 1470
Ile His Leu Phe Thr Leu Thr Asn Leu Gly Ala Pro Ala Ala Phe Lys
1475 1480 1485

Tyr Phe Asp Thr Thr Ile Asp Arg Lys Arg Tyr Thr Ser Thr Lys Glu

1490 1495 1500
Val Leu Asp Ala Thr Leu Ile His Gln Ser Ile Thr Gly Leu Tyr Glu
1505 1510 1515 1520
Thr Arg Ile Asp Leu Ser Gln Leu Gly Gly Asp Ala Ala Ala Leu Asp
1525 1530 1535
Leu Glu Lys Arg Pro Ala Ala Thr Lys Lys Ala Gly Gln Ala Lys Lys
1540 1545 1550

Lys Lys His His His His His His

1555 1560
<210> 48
<211> 4683
<212> DNA

<213> Artificial Sequence
<220><223> SSB-SpyCas9

<400> 48

atgggcagca gccatcatca tcatcatcac agcagcggec tggtgecgeg cggcagcecat

atggctagca tgactggtgg acagcaaatg ggtcgeggat ccatggccag cagaggcegta
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aacaaggtta
ggtggegeag
ggcgagatga

gtggegageg

cgtaaatgga
ggcggeacca
tgcggecgea
tgggecgtga
accgaccgcece
accgccegagg

cgcatctgct

ttccaccgcec
atcttcggca
ctgcgcaaga
ctggcccaca
aacagcgacg
gagaacccca

aagagccgcce

ttcggcaacc
ctggcegagg
ctgetggece
gacgccatcc
agcgccagea
ctggtgcgee

ggctacgecg

cccatcctgg
ctgctgcgcea
gagctgcacg
gagaagatcg
ggcaacagcec

ttcgaggagg

ttctegttgg
ttgccaacat
aagaacagac

aatatctgcg

ccgatcaatc
tgcagatgct
tggacaagaa
tcaccgacga
acagcatcaa
ccacccgcect

acctgcagga

tggaggagag
acatcgtgga
agctggtgga
tgatcaagtt
tggacaagct
tcaacgccag

gcctggagaa

tgatcgccct
acgccaagct
agatcggcga
tgctgagcega
tgatcaagcg
agcagctgcc

gctacatcga

agaagatgga
agcagcgcac
ccatcctgceg
agaagatcct
gcttegectg

tggtggacaa

taatctgggt
tacgctggct
tgaatggcac

taaaggttct

cggtcaggat
gggtggtegt
gtacagcatc
gtacaaggtg
gaagaacctg
gaagcgcacc

gatcttcagc

cttcetggtg
cgaggtggcc
cagcaccgac
ccgeggecac
gttcatccag
cggegtggac

cctgatcgcec

gagcctggge
gcagctgage
ccagtacgcc
catcctgcegce
ctacgacgag
cgagaagtac

cggceggegec

cggcaccgag
cttcgacaac
ccgccaggag
gaccttccge
gatgacccgc

gggegecage

caggacccgg
acttccgaat
cgegttgtgce

caggtttata

cgctacacca
ggatccgaat
ggcctggaca
cccagcaaga
atcggcegcecc
gceegeegece

aacgagatgg

gaggaggaca
taccacgaga
aaggccgacce
ttcctgatcg
ctggtgcaga
gccaaggceca

cagctgceccg

ctgaccccca
aaggacacct
gacctgttcc
gtgaacaccg
caccaccagg
aaggagatct

agccaggagsg

gagctgetgg
ggcagcatcc
gacttctacc
atcccctact
aagagcgagg

gcccagagcet

aagtacgcta
cctggegtga
tgttcggcaa

tcgaaggtca

cagaagtcgt
tcgagctccg
tcggtaccaa
agttcaaggt
tgctgttcga
gctacacccg

ccaaggtgga

agaagcacga
agtaccccac
tgcgectgat
agggcgacct
cctacaacca
tcctgagege

gcgagaagaa

acttcaagag
acgacgacga
tggcecgcecaa
agatcaccaa
acctgaccct
tcttcgacca

agttctacaa

tgaagctgaa
cccaccagat
ccttectgaa
acgtgggccc
agaccatcac

tcatcgagcg

catgccaaat
taaagcgacc
actggcagaa

gctgegtacce

ggtgaacgtt
tcgacaagct
cagcgtggge
gctgggcaac
cagcggcgag
ccgcaagaac

cgacagcttc

gcgecacccce
catctaccac
ctacctggcc
gaaccccgac
gctgttcgag
ccgectgage

gaacggcctg

caacttcgac
cctggacaac
gaacctgagc
ggcccecectg
gctgaaggcce
gagcaagaac

gttcatcaag

ccgcgaggac
ccacctgggce
ggacaaccge
cctggececgce
ccectggaac

catgaccaac
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180
240
300

360

420
480
540
600
660
720

780

840
900
960
1020
1080
1140

1200

1260
1320
1380
1440
1500
1560

1620

1680
1740
1800
1860
1920

1980

ZIHSd 10-2020-0078200



ttcgacaaga

ttcaccgtgt
gcecttectga
aaggtgaccg
gtggagatca
ctgaagatca
gacatcgtgc

acctacgccc

ggetggggcece
accatcctgg
cacgacgaca
gacagcctge
ctgcagaccg
aacatcgtga

cgcgagcgca

gagcaccccg
aacggccgeg
gtggaccaca
acccgcageg
aagatgaaga
gacaacctga

aagcgccagce

cgcatgaaca
ctgaagagca
atcaacaact
atcaagaagt
gtgcgcaaga
ttctacagca

cgcaagcgcc

acctgcccaa

acaacgagct
gcggegagea
tgaagcagct
gcggegtgga
tcaaggacaa
tgaccctgac

acctgttcga

gcctgagecg
acttcctgaa
gcctgacctt
acgagcacat
tgaaggtggt
tcgagatggc

tgaagcgcat

tggagaacac
acatgtacgt
tcgtgcccca
acaagaaccg
actactggcg
ccaaggccga

tggtggagac

ccaagtacga
agctggtgag
accaccacgce
accccaagct
tgatcgccaa
acatcatgaa

ccctgatcga

cgagaaggtg

gaccaaggtg
gaagaaggcc
gaaggaggac
ggaccgcettce
ggacttcctg
cctgttcgag

cgacaaggtg

caagcttatc
gagcgacggce
caaggaggac
cgccaacctg
ggacgagctg
ccgcgagaac

Cgaggagggc

ccagctgcag
ggaccaggag
gagcttectg
cggcaagagce
ccagctgctg
gcgegecegge

ccgccagatce

cgagaacgac
cgacttccgce
ccacgacgcc
ggagagcgag
gagcgagcag
cttcttcaag

gaccaacggc

ctgcccaagce

aagtacgtga
atcgtggacc
tacttcaaga
aacgccagcece
gacaacgagg
gaccgcgaga

atgaagcagc

aacggcatcc
ttcgccaacc
atccagaagg
gceggeagece
gtgaaggtga
cagaccaccc

atcaaggagc

aacgagaagc
ctggacatca
aaggacgaca
gacaacgtgc
aacgccaagce
ctgagcgagc

accaagcacg

aagctgatcc
aaggacttcc
tacctgaacg
ttcgtgtacg
gagatcggca
accgagatca

gagaceggeg

acagcctgct

ccgagggceat
tgctgttcaa
agatcgagtg
tgggcaccta
agaacgagga
tgatcgagga

tgaagcgccg

gcgacaagcea
gcaacttcat
cccaggtgag
ccgccatcaa
tgggecgceca
agaagggcca

tgggcagcca

tgtacctgta
accgcctgag
gcatcgacaa
ccagcgagga
tgatcaccca
tggacaaggc

tggcccagat

gcgaggtgaa
agttctacaa
ccgtggtggg
gcgactacaa
aggccaccgce
ccctggcecaa

agatcgtgtg

gtacgagtac

gcgcaagecce
gaccaaccge
cttcgacagc
ccacgacctg
catcctggag
gcgcctgaag

ccgctacacc

gagcggcaag
gcagctgatc
cggcceagggec
gaagggcatc
caagcccgag
gaagaacagc

gatcctgaag

ctacctgcag
cgactacgac
caaggtgctg
ggtggtgaag
gcgcaagttc
cggcttcatce

cctggacagc

ggtgatcacc
ggtgegegag
caccgccctg
ggtgtacgac
caagtacttc
cggcgagatc

ggacaaggsce
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2040

2100
2160
2220
2280
2340
2400

2460

2520
2580
2640
2700
2760
2820

2880

2940
3000
3060
3120
3180
3240

3300

3360
3420
3480
3540
3600
3660

3720
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cgcgacttcg ccaccgtgeg
accgaggtgc agaccggegg
aagctgatcg cccgcaagaa
accgtggcect acagcegtgcet
aagagcgtga aggagcetgcet
cccatcgact tcctggaggce

ctgcccaagt acagcectgtt

ggcgagetge agaagggcaa
ctggccagec actacgagaa
ttcgtggage agcacaagca
aagcgcegtga tcctggecga
cgcgacaagc ccatccgega
ctgggecgecc ccgecgectt

agcaccaagg aggtgctgga

acccgcatcg acctgagceca

ccggeggeca cgaaaaaggc

tga

<210> 49
<211> 2139
<212> PRT

caaggtgctg
cttcagcaag
ggactgggac
ggtggtggece
gggcatcacc
caagggctac

cgagctggag

cgagctggcec
gctgaagggce
ctacctggac
cgccaacctg
gcaggcecgag
caagtacttc

cgccaccctg

getgggegge

cggccaggea

<213> Artificial Sequence

<220><223> SSB-SpyCas9-ReclJ

<400> 49

agcatgcccc
gagagcatcc
cccaagaagt
aaggtggaga
atcatggagc
aaggaggtga

aacggccgea

ctgcccagca
agccccgagg
gagatcatcg
gacaaggtgc
aacatcatcc
gacaccacca

atccaccaga

gacgeggeeg

daaaaagaaaa

Met Gly Ser Ser His His His His His His Ser

1 5

10

Arg Gly Ser His Met Ala Ser Met Thr Gly Gly

20

25

Gly Ser Met Ala Ser Arg Gly Val Asn Lys Val

35

40

Leu Gly Gln Asp Pro Glu Val Arg Tyr Met Pro

50

55

Ala Asn Ile Thr Leu Ala Thr Ser Glu Ser Trp

aggtgaacat
tgcccaageg
acggcggctt
agggcaagag
gcagcagcett
agaaggacct

agcgcatgct

agtacgtgaa
acaacgagca
agcagatcag
tgagcgccta
acctgttcac
tcgaccgcaa

gcatcaccgg

cactcgacct

agcaccacca

cgtgaagaag
caacagcgac
cgacagcccce
caagaagctg
cgagaagaac
gatcatcaag

ggccagegcec

cttcectgtac
gaagcagctg
cgagttcagc
caacaagcac
cctgaccaac
gcgctacacc

tctgtacgag

cgagaaaagg

ccaccaccac

Ser Gly Leu Val Pro

15

Gln Gln Met Gly Arg

30

Ile Leu Val

45

Gly Asn

Asn Gly Gly Ala Val

60

Arg Asp Lys Ala Thr
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3780
3840
3900
3960
4020
4080

4140

4200
4260
4320
4380
4440
4500

4560

4620
4680

4683
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65

Gly Glu Met

Lys

Tyr

145

Cys

Asn

Lys

Asn

Thr

225

Arg

Asp

Asp

Val

Leu

305

Leu

Asp
130

Met

Ser

Lys

Leu

210

Arg

Asp

Lys

290

Val

Ala

Leu

Arg

Val

Phe

195

Leu

Cys

Ser

Lys

275

Tyr

Asp

Lys

Tyr

Met

180

Lys

Lys

Tyr

Phe

260

His

His

Ser

70
Glu Gln

85

Val Ala

Gln Leu

Thr Thr

Gly Arg

150

Asp Lys

165

Trp Ala

Val Leu

Ala Leu

Arg Thr
230

Leu Gln

245

Phe His

Glu Arg

Glu Lys

Thr Asp

310

Thr

Ser

Arg

135

Gly

Lys

Val

Leu

215

Glu

Arg

His

Tyr

295

Lys

Glu

Glu

Thr

120

Val

Ser

Tyr

Asn
200

Phe

Arg

Leu

Pro

280

Pro

Ala

75

Trp His Arg Val

Tyr
105

Arg

Val

Ser

Thr

185

Thr

Asp

Arg

Phe

Glu

265

Thr

Asp

90

Leu

Lys

Val

Phe

170

Asp

Asp

Ser

Arg

Ser

250

Phe

Leu

Arg Lys

Trp Thr

Asn Val

140

Glu Leu

155

Gly Leu

Glu Tyr

Arg His

Gly Glu

220

Tyr Thr

235

Asn Glu

Ser Phe

Gly Asn

Tyr His

300

Arg Leu

315

Val Leu Phe

95

Gly Ser Gln
110

Asp Gln Ser

125

Gly Gly Thr

Arg Arg Gln

Asp Ile Gly

175
Lys Val Pro
190
Ser Ile Lys
205

Thr Ala Glu

Arg Arg Lys

Met Ala Lys
255
Leu Val Glu
270
[le Val Asp
285

Leu Arg Lys

Ile Tyr Leu
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80

Gly

Val

Met

160

Thr

Ser

Lys

Asn

240

Val

Lys

Ala

320
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Leu Ala His

Leu Asn Pro

Val

Leu

385

Phe

Ser

Thr

Tyr

Leu
465

Ser

Leu

Lys

545

Thr

Asp

370

Asn

Tyr

450

Ser

Leu

Phe

530

Met

Tyr

355

Asn

Asn

Phe

Asp

435

Asp

Asp

Ser

Lys

Phe

515

Ser

Asp

Met

Asp

340

Asn

Lys

Leu

Leu

Asp

420

Asp

Leu

Met

500

Asp

Gly

Leu Leu Arg Lys

Ile Lys Phe Arg Gly His Phe Leu Ile Glu Gly Asp

325

Asn

405

Leu

Asp

Phe

Leu

485

Leu

Gln

Glu

Thr

330

Ser Asp Val Asp Lys Leu Phe Ile Gln

345
Leu Phe Glu Glu Asn Pro
360
Ile Leu Ser Ala Arg Leu

375

Ala Gln Leu Pro Gly Glu
390 395
Ala Leu Ser Leu Gly Leu
410
Ala Glu Asp Ala Lys Leu
425
Leu Asp Asn Leu Leu Ala
440

Leu Ala Ala Lys Asn Leu

455
Arg Val Asn Thr Glu Ile
470 475
Lys Arg Tyr Asp Glu His
490
Val Arg Gln Gln Leu Pro
505
Ser Lys Asn Gly Tyr Ala

520

Glu Phe Tyr Lys Phe Ile
535
Glu Glu Leu Leu Val Lys

550 555

Ile Asn
365
Ser Lys

380

Lys Lys

Thr Pro

Gln Leu

445

Ser Asp

460

Thr Lys

His Gln

Glu Lys

Gly Tyr

525

Lys Pro
540

Leu Asn

GIn Arg Thr Phe Asp Asn Gly Ser Ile

565

570

350

Ala

Ser

Asn

Asn

Ser

430

Asp

Tyr

510

Arg

Pro

- 216 -

335

Leu Val

Ser Gly

Arg Arg

Gly Leu

400
Phe Lys
415

Lys Asp

Asp Gln

Ile Leu

Pro Leu

480
Leu Thr
495

Lys Glu

Asp Gly

Leu Glu

Glu Asp
560
His Gln

975
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Ile

Tyr

Phe

Phe

625

Phe

Arg

Lys

Lys

705

Lys

Cys

Ser

Phe

Thr

785

Thr

Arg

His Leu

Pro Phe

595
Arg Ile
610

Ala Trp

Met Thr

His Ser
675
Val Lys

690

Val Thr

Phe Asp

Leu Gly

755
Leu Asp
770

Leu Thr

Tyr Ala

Arg Tyr

Gly Glu Leu His

580

Leu

Pro

Met

Val

Asn

660

Leu

Tyr

Lys

Val

Ser

740

Thr

Asn

Leu

His

Thr

Lys

Tyr

Thr

Val

645

Phe

Leu

Val

Lys

Lys

725

Val

Tyr

Phe

Leu

805

Asp Asn

Tyr Val

615
Arg Lys
630

Asp Lys

Asp Lys

Tyr Glu

Thr Glu

Gln Leu

His Asp

Glu Asn

775
Glu Asp
790

Phe Asp

Ala Ile Leu Arg Arg Gln Glu Asp Phe

585

Arg Glu

600

Gly Pro

Ser Glu

Gly Ala

Asn Leu

665

Tyr Phe

680

Gly Met

Val Asp

Lys Glu

Ser Gly

745
Leu Leu
760

Glu Asp

Arg Glu

Asp Lys

Lys

Leu

Ser
650

Pro

Thr

Arg

Leu

Asp

730

Val

Lys

Ile

Met

Val
810

Gly Trp Gly Arg Leu Ser

Ile Glu

Ala Arg
620

Thr Ile

Asn Glu

Val Tyr

Lys Pro

700
Leu Phe
715

Tyr Phe

Glu Asp

Leu Glu

780
Ile Glu
795

Met Lys

590

Lys Ile Leu

605

Gly Asn Ser

Thr Pro Trp

Ser Phe Ile
655
Lys Val Leu

670

Asn Glu Leu
685

Ala Phe Leu

Lys Thr Asn

Lys Lys Ile
735

Arg Phe Asn

750
Lys Asp Lys
765

Asp Ile Val

Glu Arg Leu

GIn Leu Lys

815

Thr

Arg

Asn

640

Pro

Thr

Ser

Arg

720

Asp

Leu

Lys

800

Arg

Arg Lys Leu Ile Asn Gly
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Ile Arg

Asp Gly

850
Leu Thr
865

Asp Ser

Lys Lys

Val Met

Glu Asn
930
Lys Arg

945

Tyr Tyr

Ile Asn

Phe Leu

1010

Lys Asn

1025

Lys Met

Asp

835

Phe

Phe

Leu

Pro

Leu

Arg

995

Lys

Arg

820

Lys Gln

Ala Asn

Lys Glu

His Glu

885
Ile Leu
900

Arg His

Thr Thr

Val Glu

965
GIn Asn
980

Leu Ser

Asp Asp

Gly Lys

825
Ser Gly Lys Thr
840
Arg Asn Phe Met
855
Asp Ile Gln Lys
870

His Ile Ala Asn

GIn Thr Val Lys
905
Lys Pro Glu Asn
920
Gln Lys Gly Gln
935
Gly Ile Lys Glu

950

Asn Thr GIn Leu

Gly Arg Asp Met
985
Asp Tyr Asp Val
1000
Ser Ile Asp Asn
1015

Ser Asp Asn Val

1030

830

Ile Leu Asp Phe Leu Lys Ser

Leu

890

Val

Lys

Leu

970

Tyr

Asp

Lys

Pro

845

Leu Ile His Asp Asp Ser

Gln Val Ser Gly Gln Gly

880

Ala Gly Ser Pro Ala Ile

895

Val Asp Glu Leu Val Lys

910

[le Glu Met Ala Arg

Asn Ser Arg Glu Arg Met

Gly Ser Gln Ile Leu Lys

960

Asn Glu Lys Leu Tyr Leu

975

Val Asp Gln Glu Leu Asp

990

His Ile Val Pro Gln Ser

1005

Val Leu Thr Arg Ser Asp

Ser Glu Glu Val Val Lys

1040

Lys Asn Tyr Trp Arg Gln Leu Leu Asn Ala Lys Leu Ile Thr

1045

1050

1055

GIn Arg Lys Phe Asp Asn Leu Thr Lys Ala Glu Arg Gly Gly Leu Ser

1060

1065

1070

Glu Leu Asp Lys Ala Gly Phe Ile Lys Arg Gln Leu Val Glu Thr Arg
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1075 1080 1085
Gln Ile Thr Lys His Val Ala Gln Ile Leu Asp Ser Arg Met Asn Thr

1090 1095 1100

Lys Tyr Asp Glu Asn Asp Lys Leu Ile Arg Glu Val Lys Val Ile Thr
1105 1110 1115 1120
Leu Lys Ser Lys Leu Val Ser Asp Phe Arg Lys Asp Phe Gln Phe Tyr
1125 1130 1135
Lys Val Arg Glu Ile Asn Asn Tyr His His Ala His Asp Ala Tyr Leu
1140 1145 1150
Asn Ala Val Val Gly Thr Ala Leu Ile Lys Lys Tyr Pro Lys Leu Glu
1155 1160 1165

Ser Glu Phe Val Tyr Gly Asp Tyr Lys Val Tyr Asp Val Arg Lys Met

1170 1175 1180
Ile Ala Lys Ser Glu Gln Glu Ile Gly Lys Ala Thr Ala Lys Tyr Phe
1185 1190 1195 1200
Phe Tyr Ser Asn Ile Met Asn Phe Phe Lys Thr Glu Ile Thr Leu Ala
1205 1210 1215
Asn Gly Glu Ile Arg Lys Arg Pro Leu Ile Glu Thr Asn Gly Glu Thr
1220 1225 1230
Gly Glu Ile Val Trp Asp Lys Gly Arg Asp Phe Ala Thr Val Arg Lys

1235 1240 1245

Val Leu Ser Met Pro Gln Val Asn Ile Val Lys Lys Thr Glu Val Gln
1250 1255 1260
Thr Gly Gly Phe Ser Lys Glu Ser Ile Leu Pro Lys Arg Asn Ser Asp
1265 1270 1275 1280
Lys Leu Ile Ala Arg Lys Lys Asp Trp Asp Pro Lys Lys Tyr Gly Gly
1285 1290 1295
Phe Asp Ser Pro Thr Val Ala Tyr Ser Val Leu Val Val Ala Lys Val
1300 1305 1310

Glu Lys Gly Lys Ser Lys Lys Leu Lys Ser Val Lys Glu Leu Leu Gly

1315 1320 1325
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[le Thr Ile Met Glu Arg Ser Ser Phe Glu Lys Asn Pro Ile Asp Phe
1330 1335 1340
Leu Glu Ala Lys Gly Tyr Lys Glu Val Lys Lys Asp Leu Ile Ile Lys
1345 1350 1355 1360
Leu Pro Lys Tyr Ser Leu Phe Glu Leu Glu Asn Gly Arg Lys Arg Met
1365 1370 1375
Leu Ala Ser Ala Gly Glu Leu Gln Lys Gly Asn Glu Leu Ala Leu Pro

1380 1385 1390

Ser Lys Tyr Val Asn Phe Leu Tyr Leu Ala Ser His Tyr Glu Lys Leu
1395 1400 1405
Lys Gly Ser Pro Glu Asp Asn Glu Gln Lys Gln Leu Phe Val Glu Gln
1410 1415 1420
His Lys His Tyr Leu Asp Glu Ile Ile Glu Gln Ile Ser Glu Phe Ser
1425 1430 1435 1440
Lys Arg Val Ile Leu Ala Asp Ala Asn Leu Asp Lys Val Leu Ser Ala
1445 1450 1455

Tyr Asn Lys His Arg Asp Lys Pro Ile Arg Glu Gln Ala Glu Asn Ile

1460 1465 1470
Ile His Leu Phe Thr Leu Thr Asn Leu Gly Ala Pro Ala Ala Phe Lys
1475 1480 1485
Tyr Phe Asp Thr Thr Ile Asp Arg Lys Arg Tyr Thr Ser Thr Lys Glu
1490 1495 1500
Val Leu Asp Ala Thr Leu Ile His Gln Ser Ile Thr Gly Leu Tyr Glu
1505 1510 1515 1520
Thr Arg Ile Asp Leu Ser Gln Leu Gly Gly Asp Ala Ala Ala Leu Asp

1525 1530 1535

Leu Gln Val Lys Gln Gln Ile Gln Leu Arg Arg Arg Glu Val Asp Glu
1540 1545 1550
Thr Ala Asp Leu Pro Ala Glu Leu Pro Pro Leu Leu Arg Arg Leu Tyr
1555 1560 1565
Ala Ser Arg Gly Val Arg Ser Ala Gln Glu Leu Glu Arg Ser Val Lys

1570 1575 1580
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Gly Met Leu Pro Trp Gln Gln Leu Ser Gly Val Glu Lys Ala Val Glu
1585 1590 1595 1600

Ile Leu Tyr Asn Ala Phe Arg Glu Gly Thr Arg Ile Ile Val Val Gly

1605 1610 1615
Asp Phe Asp Ala Asp Gly Ala Thr Ser Thr Ala Leu Ser Val Leu Ala
1620 1625 1630
Met Arg Ser Leu Gly Cys Ser Asn Ile Asp Tyr Leu Val Pro Asn Arg
1635 1640 1645
Phe Glu Asp Gly Tyr Gly Leu Ser Pro Glu Val Val Asp GIn Ala His
1650 1655 1660
Ala Arg Gly Ala GIn Leu Ile Val Thr Val Asp Asn Gly Ile Ser Ser

1665 1670 1675 1680

His Ala Gly Val Glu His Ala Arg Ser Leu Gly Ile Pro Val Ile Val
1685 1690 1695
Thr Asp His His Leu Pro Gly Asp Thr Leu Pro Ala Ala Glu Ala Ile
1700 1705 1710
Ile Asn Pro Asn Leu Arg Asp Cys Asn Phe Pro Ser Lys Ser Leu Ala
1715 1720 1725
Gly Val Gly Val Ala Phe Tyr Leu Met Leu Ala Leu Arg Thr Phe Leu
1730 1735 1740

Arg Asp Gln Gly Trp Phe Asp Glu Arg Asn Ile Ala Ile Pro Asn Leu

1745 1750 1755 1760
Ala Glu Leu Leu Asp Leu Val Ala Leu Gly Thr Val Ala Asp Val Val
1765 1770 1775
Pro Leu Asp Ala Asn Asn Arg Ile Leu Thr Trp Gln Gly Met Ser Arg
1780 1785 1790
Ile Arg Ala Gly Lys Cys Arg Pro Gly Ile Lys Ala Leu Leu Glu Val
1795 1800 1805
Ala Asn Arg Asp Ala Gln Lys Leu Ala Ala Ser Asp Leu Gly Phe Ala

1810 1815 1820

Leu Gly Pro Arg Leu Asn Ala Ala Gly Arg Leu Asp Asp Met Ser Val
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1825 1830 1835 1840
Gly Val Ala Leu Leu Leu Cys Asp Asn Ile Gly Glu Ala Arg Val Leu
1845 1850 1855
Ala Asn Glu Leu Asp Ala Leu Asn Gln Thr Arg Lys Glu Ile Glu Gln
1860 1865 1870
Gly Met Gln Ile Glu Ala Leu Thr Leu Cys Glu Lys Leu Glu Arg Ser
1875 1880 1885

Arg Asp Thr Leu Pro Gly Gly Leu Ala Met Tyr His Pro Glu Trp His

1890 1895 1900
Gln Gly Val Val Gly Ile Leu Ala Ser Arg Ile Lys Glu Arg Phe His
1905 1910 1915 1920
Arg Pro Val Ile Ala Phe Ala Pro Ala Gly Asp Gly Thr Leu Lys Gly
1925 1930 1935
Ser Gly Arg Ser Ile Gln Gly Leu His Met Arg Asp Ala Leu Glu Arg
1940 1945 1950
Leu Asp Thr Leu Tyr Pro Gly Met Met Leu Lys Phe Gly Gly His Ala

1955 1960 1965

Met Ala Ala Gly Leu Ser Leu Glu Glu Asp Lys Phe Lys Leu Phe Gln
1970 1975 1980
Gln Arg Phe Gly Glu Leu Val Thr Glu Trp Leu Asp Pro Ser Leu Leu
1985 1990 1995 2000
GIn Gly Glu Val Val Ser Asp Gly Pro Leu Ser Pro Ala Glu Met Thr
2005 2010 2015
Met Glu Val Ala Gln Leu Leu Arg Asp Ala Gly Pro Trp Gly Gln Met
2020 2025 2030

Phe Pro Glu Pro Leu Phe Asp Gly His Phe Arg Leu Leu GIn Gln Arg

2035 2040 2045
Leu Val Gly Glu Arg His Leu Lys Val Met Val Glu Pro Val Gly Gly
2050 2055 2060
Gly Pro Leu Leu Asp Gly Ile Ala Phe Asn Val Asp Thr Ala Leu Trp
2065 2070 2075 2080

Pro Asp Asn Gly Val Arg Glu Val Gln Leu Ala Tyr Lys Leu Asp Ile
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2085 2090 2095
Asn Glu Phe Arg Gly Asn Arg Ser Leu Gln Ile Ile Ile Asp Asn Ile

2100 2105 2110

Trp Pro Ile Leu Gln Lys Arg Pro Ala Ala Thr Lys Lys Ala Gly Gln
2115 2120 2125

Ala Lys Lys Lys Lys His His His His His His

2130 2135
<210> 50
<211> 6420
<212> DNA

<213> Artificial Sequence

<220><223>

<400> 50

atgggcagca
atggctagca

aacaaggtta

ggtggcegceag
ggcgagatga
gtggcegageg
cgtaaatgga
ggcggeacca
tgcggecegea

tgggccgtga

accgaccgcece
accgccgagg
cgcatctgct
ttccaccgee
atcttcggca
ctgcgcaaga

ctggcccaca

aacagcgacg

SSB-SpyCas9-ReclJ

gccatcatca

tgactggtgg

ttctegttgg

ttgccaacat
aagaacagac
aatatctgcg
ccgatcaatc
tgcagatgct
tggacaagaa

tcaccgacga

acagcatcaa
ccacccgcct
acctgcagga
tggaggagag
acatcgtgga
agctggtgga

tgatcaagtt

tggacaagct

tcatcatcac
acagcaaatg

taatctgggt

tacgctggct
tgaatggcac
taaaggttct
cggtcaggat
gggtggtegt
gtacagcatc

gtacaaggtg

gaagaacctg
gaagcgcacc
gatcttcagc
cttcetggtg
cgaggtggcec
cagcaccgac

ccgeggecac

gttcatccag

agcagcggcece
ggtcgeggat

caggacccgg

acttccgaat
cgegttgtgce
caggtttata
cgctacacca
ggatccgaat
ggcctggaca

cccagcaaga

atcggcgccc
gceegeegece
aacgagatgg
gaggaggaca
taccacgaga
aaggccgacce

ttcctgatcg

ctggtgcaga

tggtgccgceg
ccatggccag

aagtacgcta

cctggegtga
tgttcggcaa
tcgaaggtca
cagaagtcgt
tcgagctcecg
tcggtaccaa

agttcaaggt

tgctgttcga
gctacacccg
ccaaggtgga
agaagcacga
agtaccccac
tgcgectgat

agggcgacct

cctacaacca

cggcagccat

cagaggcgta

catgccaaat

taaagcgacc
actggcagaa
gctgegtacce
ggtgaacgtt
tcgacaagct
cagegtgggc

gctgggcaac

cagcggegag
ccgcaagaac
cgacagcttc
gcgecacccee
catctaccac
ctacctggcc

gaaccccgac

gctgttcgag
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60
120

180

240
300
360
420
480
540

600

660
720
780
840
900
960

1020

1080
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gagaacccca
aagagccgece
ttcggcaacc
ctggcegagg
ctgctggecc

gacgccatcc

agcgccagea
ctggtgcgee
ggctacgecg
cccatcctgg
ctgctgcegcea
gagctgcacg

gagaagatcg

ggcaacagcc
ttcgaggagg
ttcgacaaga
ttcaccgtgt
gccettectga
aaggtgaccg

gtggagatca

ctgaagatca
gacatcgtgc
acctacgccc
ggetggggcece
accatcctgg
cacgacgaca

gacagcctge

ctgcagaccg
aacatcgtga
cgcgagegea

gagcaccceg

tcaacgccag
gcctggagaa
tgatcgccct
acgccaagct
agatcggcga

tgctgagcga

tgatcaagcg
agcagctgcec
gctacatcga
agaagatgga
agcagcgcac
ccatcctgceg

agaagatcct

gcttegectg
tggtggacaa
acctgcccaa
acaacgagct
gcggegagea
tgaagcagct

geggegtgga

tcaaggacaa
tgaccctgac
acctgttcga
gcctgagecg
acttcctgaa
gccetgacctt

acgagcacat

tgaaggtggt
tcgagatggce
tgaagcgcat

tggagaacac

cggegtggac
cctgatcgcec
gagcctggge
gcagctgage
ccagtacgcc

catcctgcegce

ctacgacgag
cgagaagtac
cggcggegcec
cggcaccgag
cttcgacaac
ccgccaggag

gaccttccge

gatgacccgc
gggcgecage
cgagaaggtg
gaccaaggtg
gaagaaggcc
gaaggaggac

ggaccgcttce

ggacttcctg
cctgttcgag
cgacaaggtg
caagcttatc
gagcgacggce
caaggaggac

cgccaacctg

ggacgagctg
ccgcegagaac
€gaggagggc

ccagctgcag

gccaaggceca
cagctgceccg
ctgaccccca
aaggacacct
gacctgttcce

gtgaacaccg

caccaccagg
aaggagatct
agccaggagg
gagctgetgg
ggcagcatcc
gacttctacc

atcccctact

aagagcgagg
gcccagagcet
ctgcccaagce
aagtacgtga
atcgtggacc
tacttcaaga

aacgccagcece

gacaacgagg
gaccgcgaga
atgaagcagc
aacggcatcc
ttcgccaacc
atccagaagg

gcceggceagcece

gtgaaggtga
cagaccaccc
atcaaggagc

aacgagaagc

tcctgagege
gcgagaagaa
acttcaagag
acgacgacga
tggcecgcecaa

agatcaccaa

acctgaccct
tcttcgacca
agttctacaa
tgaagctgaa
cccaccagat
ccttectgaa

acgtgggccce

agaccatcac
tcatcgagcg
acagcctgct
ccgagggceat
tgctgttcaa
agatcgagtg

tgggcaccta

agaacgagga
tgatcgagga
tgaagcgcecg
gcgacaagcea
gcaacttcat
cccaggtgag

ccgccatcaa

tgggccgeca
agaagggcca
tgggcagcca

tgtacctgta

ccgectgage
gaacggcectg
caacttcgac
cctggacaac
gaacctgagc

ggcccecectg

gctgaaggcce
gagcaagaac
gttcatcaag
ccgcgaggac
ccacctgggce
ggacaaccge

cctggececgce

ccectggaac
catgaccaac
gtacgagtac
gcgcaagecce
gaccaaccge
cttcgacagc

ccacgacctg

catcctggag
gcgcctgaag
ccgctacacc
gagcggcaag
gcagctgatc
cggccaggec

gaagggcatc

caagcccgag
gaagaacagc
gatcctgaag

ctacctgcag
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1140
1200
1260
1320
1380

1440

1500
1560
1620
1680
1740
1800

1860

1920
1980
2040
2100
2160
2220

2280

2340
2400
2460
2520
2580
2640

2700

2760
2820
2880

2940
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aacggcecgeg
gtggaccaca

acccgcageg

aagatgaaga
gacaacctga
aagcgccage
cgcatgaaca
ctgaagagca
atcaacaact

atcaagaagt

gtgcgcaaga
ttctacagca
cgcaagcgcece
cgcgacttceg
accgaggtgce
aagctgatcg

accgtggcct

aagagcgtga
cccatcgact
ctgcccaagt
ggcgagetge
ctggccagcec
ttcgtggage

aagcgcgtga

cgcgacaagce
ctgggegecec
agcaccaagg
acccgcatcg
caacagatac

ccteecttge

acatgtacgt
tcgtgceccca

acaagaaccg

actactggcg
ccaaggccga
tggtggagac
ccaagtacga
agctggtgag
accaccacgce

accccaagct

tgatcgccaa
acatcatgaa
ccctgatcga
ccaccgtgceg
agaccggegg
cccgcaagaa

acagcgtgct

aggagctgct
tcctggaggce
acagcctgtt
agaagggcaa
actacgagaa
agcacaagca

tcctggecga

ccatccgcga
ccgeegectt
aggtgctgga
acctgagcca
aacttcgtcg

tgcgeegttt

ggaccaggag

gagcttectg

cggcaagagc

ccagctgctg
gcgegecegec
ccgccagatce
cgagaacgac
cgacttccgce
ccacgacgcc

ggagagegag

gagcgagcag
cttcttcaag
gaccaacggc
caaggtgctg
cttcagcaag
ggactgggac

ggtggtggece

gggcatcacc
caagggctac
cgagctggag
cgagectggcec
gctgaagggce
ctacctggac

cgccaacctg

gcaggcecgag
caagtacttc
cgccaccctg
gctgggegge
ccgtgaagtc

atacgccagc

ctggacatca
aaggacgaca

gacaacgtgc

aacgccaagce
ctgagcgagc
accaagcacg
aagctgatcc
aaggacttcc
tacctgaacg

ttcgtgtacg

gagatcggca
accgagatca
gagaccggceg
agcatgcccc
gagagcatcc
cccaagaagt

aaggtggaga

atcatggagc
aaggaggtga
aacggccgea
ctgcccagca
agccccgagg
gagatcatcg

gacaaggtgc

aacatcatcc
gacaccacca
atccaccaga
gacgceggcceg
gatgaaacgg

cggggagtac

accgcctgag
gcatcgacaa

ccagcgagga

tgatcaccca
tggacaaggc
tggcccagat
gcgaggtgaa
agttctacaa
ccgtggtggg

gcgactacaa

aggccaccgce
ccctggecaa
agatcgtgtg
aggtgaacat
tgcccaageg
acggeggcett

agggcaagag

gcagcagctt
agaaggacct
agcgcatgct
agtacgtgaa
acaacgagca
agcagatcag

tgagcgccta

acctgttcac
tcgaccgcaa
gcatcaccgg
cactcgacct
cagacttgcc

gcagtgcgca

cgactacgac

caaggtgctg

ggtggtgaag

gcgcaagttc
cggcttcatc
cctggacagc
ggtgatcacc
ggtgegegag
caccgccctg

ggtgtacgac

caagtacttc
cggcgagatc
ggacaagggc
cgtgaagaag
caacagcgac
cgacagcccce

caagaagctg

cgagaagaac
gatcatcaag
ggccagegcec
cttcectgtac
gaagcagctg
cgagttcagc

Caacaagcac

cctgaccaac
gcgctacacc
tctgtacgag
gcaggtgaaa
cgctgaattg

agaactggaa
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3000
3060

3120

3180
3240
3300
3360
3420
3480

3540

3600
3660
3720
3780
3840
3900

3960

4020
4080
4140
4200
4260
4320

4380

4440
4500
4560
4620
4680

4740

ZIHSdl 10-2020-0078200



cgcagtgtta

atcctttaca
gacggcgcega
atcgactacc
gatcaggccc
catgcggggg
ttgccaggceg

aatttcccgt

cgcacctttt
gcagaactgc
aataatcgca
gggattaaag
ttaggttttg
ggtgtggege

gatgcgctaa

ctgtgcgaga
cccgaatgge
cgtceggtta
attcaggggc
atgctgaagt
aaactctttc

caaggcgaag

cagctgcetgce
catttccgtc
ccggteggeg
ccggataacg
ggcaaccgcea

gcggcecacga

aaggtatgct

acgctttteg
ccagcacggc
tggtaccaaa
atgcccgtgg
ttgagcacgc
acacattacc

cgaaatcact

tgcgegatca
tggatctggt
ttctgacctg
cgctgettga
cgetggggcc
tgttgttgtg

accagacgcg

aactggagcg
atcagggcgt
tcgegtttgce
tgcatatgcg
ttggeggtcea
aacaacggtt

tggtatcaga

gcgatgetgg
tgctgcaaca
geggtccact
gcgtgegega
gcctgcaaat

aaaaggccgg

gcectggeag

cgaaggaacg
tctaagcgtg
ccgtttcgaa
cgcgecagtta
tcgectegttg
cgcagcggaa

ggcaggegtg

gggetggttt
cgegetgggg
gcaggggatg
agtggcaaac
acgtctcaat
cgacaacatc

aaaagagatc

cagccgtgac
tgtcggtatt
gccagcaggt
tgatgcgctg
tgcgatggeg
tggcgaactg

cggtccegtta

ccegtggggg
geggetggtg
gctggatggt
agtgcaactg
tatcatcgac

ccaggcaaaa

caactgagcg

cggattattg
ctggcgatgc
gacggttacg
attgtcacgg
ggcatccegg
gcgatcatta

ggtgtggegt

gatgagcgta
acagtggegg
agtcgcatcc
cgtgatgcac
gctgecggac
ggcgaagege

gaacaaggaa

acgctacccg
ctggcttcge
gacggtacgc
gagcgattag
gegggtttgt
gttactgagt

agcccggceceg

cagatgttcc
ggcgaacgtc
attgctttta
gcttataagce
aatatctggc

aagaaaaagc

gcgtcgaaaa

tggtcggtga
gctegettgg
gcttaagecc
tggataacgg
ttattgttac
accctaactt

tttatctgat

acatcgcaat
acgtcgtgcec
gagccggaaa
aaaaactcgc
gactggacga
gegtgetgge

tgcaaattga

gcgggetgge
gcatcaaaga
tgaaaggttc
acacactcta
cgctggaaga
ggctggaccce

aaatgaccat

cggagcecgcet
atttgaaggt
atgtcgatac
tcgatatcaa
caattctgca

accaccacca

ggccgttgag

tttcgacgcec
ttgcagcaat
ggaagtggtc
tatttcctce
cgatcaccat
gcgcgactgt

getggegetg

tcctaacctg
gctggacgcet
gtgccegtecg
cgccagcegat
tatgtccgtc
aaatgaactc

agccctgacc

aatgtatcac
gegttttcac
cggtcegctcee
ccctggeatg
ggataaattc
ttcgctattg

ggaagtggceg

gtttgacggt
gatggtcgaa
cgeectetgg
cgagtttcgce
gaaaaggccg

ccaccactga
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4800

4860
4920
4980
5040
5100
5160

5220

5280
5340
5400
5460
5520
5580

5640

5700
5760
5820
5880
5940
6000

6060

6120
6180
6240
6300
6360
6420

6420
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<210> 51
<211> 1533
<212> PRT

<213> Artificial Sequence
<220><223> DSB-SpyCas9
<400> 51
Met Gly Ser Ser His His His His His His Ser Ser Gly Leu Val Pro
1 5 10 15
Arg Gly Ser His Met Ala Ser Met Thr Gly Gly Gln Gln Met Gly Arg
20 25 30
Gly Ser Met Ala Lys Lys Glu Met Val Glu Phe Asp Glu Ala Ile His
35 40 45

Gly Glu Asp Leu Ala Lys Phe Ile Lys Glu Ala Ser Asp His Lys Leu

50 55 60
Lys Ile Ser Gly Tyr Asn Glu Leu Ile Lys Asp Ile Arg Ile Arg Ala
65 70 75 80
Lys Asp Glu Leu Gly Val Asp Gly Lys Met Phe Asn Arg Leu Leu Ala
85 90 95
Leu Tyr His Lys Asp Asn Arg Asp Val Phe Glu Ala Glu Thr Glu Glu
100 105 110
Val Val Glu Leu Tyr Asp Thr Val Phe Ser Lys Gly Ser Glu Phe Glu

115 120 125

Leu Arg Arg Gln Ala Cys Gly Arg Met Asp Lys Lys Tyr Ser Ile Gly
130 135 140
Leu Asp Ile Gly Thr Asn Ser Val Gly Trp Ala Val Ile Thr Asp Glu
145 150 155 160
Tyr Lys Val Pro Ser Lys Lys Phe Lys Val Leu Gly Asn Thr Asp Arg
165 170 175
His Ser Ile Lys Lys Asn Leu Ile Gly Ala Leu Leu Phe Asp Ser Gly
180 185 190

Glu Thr Ala Glu Ala Thr Arg Leu Lys Arg Thr Ala Arg Arg Arg Tyr

195 200 205

- 227 -



Thr

225

Phe

Asn

His

Leu

Leu

305

Phe

Ser

Lys

Thr

385

Ser

Thr

Arg Arg Lys
210

Met Ala Lys

Leu Val

Asp

260

Leu Arg Lys
275

Ile Tyr Leu

Ile GIn Leu

Asn Ala Ser

340
Lys Ser Arg
355
Lys Asn Gly
370

Pro Asn Phe

Leu Ser Lys

Ile Gly Asp

420

Asp Ala Ile
435

Lys Ala Pro

450

Asn Arg Ile
215
Val Asp Asp
230
Glu Asp Lys
245

Glu Val Ala

Lys Leu Val

Ala Leu Ala
295
Asp Leu Asn
310
Val Gln Thr
325

Gly Val Asp

Arg Leu Glu

Leu Phe Gly

375

Lys Ser Asn
390

Asp Thr Tyr

405

Gln Tyr Ala

Leu Leu Ser

Leu Ser Ala

455

Cys Tyr

Ser Phe

Lys His

Tyr His

265

Asp Ser
280

His Met

Pro Asp

Tyr Asn

Ala Lys

345
Asn Leu
360

Asn Leu

Phe Asp

Asp Asp

Asp Leu

425
Asp Ile
440

Ser Met

Leu Gln Glu

220

Phe His Arg
235

Glu Arg His

Glu Lys Tyr

Thr Asp Lys

Ile Lys Phe

300

Asn Ser Asp
315

Gln Leu Phe

Ala Ile Leu

Ile Ala Leu

380

Leu Ala Glu
395

Asp Leu Asp

410

Phe Leu Ala

Leu Arg Val

Ile Lys Arg

460

Ile Phe Ser

Leu Glu Glu

Ile Phe

Pro

255

Pro Thr Ile

270

Ala Asp Leu
285

Arg Gly His

Val Asp Lys

Glu Glu Asn
335

Ser Ala Arg

350
Leu Pro Gly
365

Ser Leu Gly

Asp Ala Lys

Asn Leu Leu

415

Ala Lys Asn
430

Asn Thr Glu

445

Tyr Asp Glu

- 228 -

Asn

Ser

240

Tyr

Arg

Phe

Leu

320

Pro

Leu

Leu

Leu

400

Leu

Ile

His
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His Gln Asp Leu Thr Leu Leu

465

Glu

Gly

Lys

Leu

Ser

545

Arg

Arg

Tyr

Pro

Phe

Phe

Lys

Tyr

Pro

Asn

530

Lys

Thr
610

Ser

Lys

Asn

Lys

690

Lys

Tyr

515

Arg

Pro

Asn
595

Pro

Phe

Val

Phe
675

Thr

Lys

470

Lys Glu Ile Phe

485
Asp Gly Gly Ala
500

Leu Glu Lys Met

Glu Asp Leu Leu
535
His Gln Ile His

550

Asp Phe Tyr Pro
565

Leu Thr Phe Arg

580

Ser Arg Phe Ala

Trp Asn Phe Glu
615

Ile Glu Arg Met

630
Leu Pro Lys His
645
Leu Thr Lys Val
660

Leu Ser Gly Glu

Asn Arg Lys Val

695

Ile Glu Cys Phe

Lys Ala Leu Val Arg Gln Gln Leu Pro

Phe Asp

Ser Gln

505
Asp Gly
520

Arg Lys

Leu Gly

Phe Leu

Ile Pro
585
Trp Met

600

Thr Asn

Ser Leu

Lys Tyr

665
Gln Lys
680

Thr Val

Asp Ser

Thr

Lys

570

Tyr

Thr

Val

Phe

Leu

650

Val

Lys

Lys

Val

475

Ser

Arg

Leu

555

Asp

Tyr

Arg

Asp

Asp

635

Tyr

Thr

Gln

Glu

Lys Asn Gly Tyr

495
Phe Tyr Lys Phe
510
Glu Leu Leu Val
525
Thr Phe Asp Asn
540

His Ala Ile Leu

Asn Arg Glu Lys
575

Val Gly Pro Leu

590
Lys Ser Glu Glu
605
Lys Gly Ala Ser
620

Lys Asn Leu Pro

Glu Tyr Phe Thr
655
Glu Gly Met Arg
670
Ile Val Asp Leu
685
Leu Lys Glu Asp

700

Ile Ser Gly Val
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480

Ala

Lys

Arg

560

Thr

Asn

640

Val

Lys

Leu

Tyr

Glu
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705

Asp Arg

Ile Lys

Glu Asp

Lys Gln
785

Lys Leu

Asp Phe

Val Ser

Ser Arg

Ser Gln
930
Glu Lys

945

Phe

Asp

755

Arg

Leu

Leu

Asp

835

Pro

Leu

Met

Leu

Asn

Lys

740

Val

Leu

Lys

Asn

Lys

820

Asp

Val

900

Arg

Leu

Tyr

Ala

725

Asp

Leu

Lys

Arg

805

Ser

Ser

Lys
885

Arg

Met

Lys

Leu

Asp Gln Glu Leu Asp

710 715
Ser Leu Gly Thr Tyr His Asp Leu Leu
730
Phe Leu Asp Asn Glu Glu Asn Glu Asp
745 750
Thr Leu Thr Leu Phe Glu Asp Arg Glu
760 765

Thr Tyr Ala His Leu Phe Asp Asp Lys

775 780

Arg Arg Tyr Thr Gly Trp Gly Arg Leu

790 795

Ile Arg Asp Lys Gln Ser Gly Lys Thr

810

Asp Gly Phe Ala Asn Arg Asn Phe Met
825 830

Leu Thr Phe Lys Glu Asp Ile Gln Lys

840 845

Asp Ser Leu His Glu His Ile Ala Asn
855 860

Lys Lys Gly Ile Leu Gln Thr Val Lys

870 875

Val Met Gly Arg His Lys Pro Glu Asn

890

Glu Asn Gln Thr Thr Gln Lys Gly Gln

905 910

Lys Arg Ile Glu Glu Gly Ile Lys Glu

920 925
Glu His Pro Val Glu Asn Thr Gln Leu
935 940
Tyr Tyr Leu Gln Asn Gly Arg Asp Met
950 955

Ile Asn Arg Leu Ser Asp Tyr Asp Val
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Lys

735

Ile

Met

Val

Ser

Leu

Val

895

Lys

Leu

Tyr

Asp

720

Leu

Met

Arg
800

Leu

Leu

Val
880

Val

Asn

Asn

Val
960

His
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965 970 975
Ile Val Pro Gln Ser Phe Leu Lys Asp Asp Ser Ile Asp Asn Lys Val

980 985 990

Leu Thr Arg Ser Asp Lys Asn Arg Gly Lys Ser Asp Asn Val Pro Ser
995 1000 1005
Glu Glu Val Val Lys Lys Met Lys Asn Tyr Trp Arg Gln Leu Leu Asn
1010 1015 1020
Ala Lys Leu Ile Thr Gln Arg Lys Phe Asp Asn Leu Thr Lys Ala Glu
1025 1030 1035 1040
Arg Gly Gly Leu Ser Glu Leu Asp Lys Ala Gly Phe Ile Lys Arg Gln
1045 1050 1055

Leu Val Glu Thr Arg Gln Ile Thr Lys His Val Ala Gln Ile Leu Asp

1060 1065 1070
Ser Arg Met Asn Thr Lys Tyr Asp Glu Asn Asp Lys Leu Ile Arg Glu
1075 1080 1085
Val Lys Val Ile Thr Leu Lys Ser Lys Leu Val Ser Asp Phe Arg Lys
1090 1095 1100
Asp Phe Gln Phe Tyr Lys Val Arg Glu Ile Asn Asn Tyr His His Ala
1105 1110 1115 1120
His Asp Ala Tyr Leu Asn Ala Val Val Gly Thr Ala Leu Ile Lys Lys

1125 1130 1135

Tyr Pro Lys Leu Glu Ser Glu Phe Val Tyr Gly Asp Tyr Lys Val Tyr
1140 1145 1150
Asp Val Arg Lys Met Ile Ala Lys Ser Glu Gln Glu Ile Gly Lys Ala
1155 1160 1165
Thr Ala Lys Tyr Phe Phe Tyr Ser Asn Ile Met Asn Phe Phe Lys Thr
1170 1175 1180
Glu Ile Thr Leu Ala Asn Gly Glu Ile Arg Lys Arg Pro Leu Ile Glu
1185 1190 1195 1200

Thr Asn Gly Glu Thr Gly Glu Ile Val Trp Asp Lys Gly Arg Asp Phe

1205 1210 1215
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Ala Thr Val Arg Lys Val Leu Ser Met Pro Gln Val Asn Ile Val Lys
1220 1225 1230
Lys Thr Glu Val Gln Thr Gly Gly Phe Ser Lys Glu Ser Ile Leu Pro
1235 1240 1245
Lys Arg Asn Ser Asp Lys Leu Ile Ala Arg Lys Lys Asp Trp Asp Pro
1250 1255 1260
Lys Lys Tyr Gly Gly Phe Asp Ser Pro Thr Val Ala Tyr Ser Val Leu

1265 1270 1275 1280

Val Val Ala Lys Val Glu Lys Gly Lys Ser Lys Lys Leu Lys Ser Val
1285 1290 1295
Lys Glu Leu Leu Gly Ile Thr Ile Met Glu Arg Ser Ser Phe Glu Lys
1300 1305 1310
Asn Pro Ile Asp Phe Leu Glu Ala Lys Gly Tyr Lys Glu Val Lys Lys
1315 1320 1325
Asp Leu Ile Ile Lys Leu Pro Lys Tyr Ser Leu Phe Glu Leu Glu Asn
1330 1335 1340

Gly Arg Lys Arg Met Leu Ala Ser Ala Gly Glu Leu Gln Lys Gly Asn

1345 1350 1355 1360
Glu Leu Ala Leu Pro Ser Lys Tyr Val Asn Phe Leu Tyr Leu Ala Ser
1365 1370 1375
His Tyr Glu Lys Leu Lys Gly Ser Pro Glu Asp Asn Glu GIn Lys Gln
1380 1385 1390
Leu Phe Val Glu Gln His Lys His Tyr Leu Asp Glu Ile Ile Glu Gln
1395 1400 1405
Ile Ser Glu Phe Ser Lys Arg Val Ile Leu Ala Asp Ala Asn Leu Asp

1410 1415 1420

Lys Val Leu Ser Ala Tyr Asn Lys His Arg Asp Lys Pro Ile Arg Glu

1425 1430 1435 1440

GIn Ala Glu Asn Ile Ile His Leu Phe Thr Leu Thr Asn Leu Gly Ala
1445 1450 1455

Pro Ala Ala Phe Lys Tyr Phe Asp Thr Thr Ile Asp Arg Lys Arg Tyr

1460 1465 1470
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Thr Ser Thr Lys Glu Val Leu Asp Ala Thr Leu Ile His GIn Ser Ile
1475 1480 1485

Thr Gly Leu Tyr Glu Thr Arg Ile Asp Leu Ser Gln Leu Gly Gly Asp

1490 1495 1500

Ala Ala Ala Leu Asp Leu Glu Lys Arg Pro Ala Ala Thr Lys Lys Ala

1505

1510

1515

Gly Gln Ala Lys Lys Lys Lys His His His His His His

<210> 52

1525

<211> 4602

<212> DNA

<213> Artificial Sequence

<220><223>

<400> 52

atgggcagca

atggctagca

gttgaatttg
gatcataaac
aaagatgaac
gataaccgtg
ttctctaaag
tacagcatcg

tacaaggtgc

aagaacctga
aagcgcaccg
atcttcagca
ttcctggtgg
gaggtggect
agcaccgaca

cgcggecact

ttcatccagc

DSB-SpyCas9

gccatcatca

tgactggtgg

atgaagctat
tgaaaatttc
ttggcgttga
atgtgtttga
gatccgaatt
gcctggacat

ccagcaagaa

tcggcegecect
cccgeegeeg
acgagatggc
aggaggacaa
accacgagaa
aggccgacct

tcctgatcga

tggtgcagac

tcatcatcac

acagcaaatg

ccatggcgaa
cggttataat
tggtaagatg
agctgaaact
cgagctccgt
cggtaccaac

gttcaaggtg

gctgttcegac
ctacacccgc
caaggtggac
gaagcacgag
gtaccccacc
gcgcectgatce

gggcgacctg

ctacaaccag

1530

agcagcggcece

ggtcgeggat

gacttggcta
gaactgatta
tttaatcgtc
gaagaggtag
cgacaagctt
agcgtgggct

ctgggcaaca

agcggegaga
cgcaagaacc
gacagcttct
cgccacceca
atctaccacc
tacctggccc

aaccccgaca

ctgttcgagg

tggtgccgeg

ccatggctaa

aatttattaa
aagatattcg
tattagcttt
ttgaacttta
gcggecgeat
gggecegtgat

ccgaccgeca

ccgeegaggce
gcatctgcta
tccaccgect
tcttcggcaa
tgcgcaagaa
tggcccacat

acagcgacgt

agaaccccat

1520

cggcagccat

aaaagaaatg

agaagcatct
aattcgtgct
gtatcataaa
tgacacagtt
ggacaagaag
caccgacgag

cagcatcaag

cacccgcectg
cctgcaggag
ggaggagagc
catcgtggac
gctggtggac
gatcaagttc

ggacaagctg

caacgccage
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60

120

180
240
300
360
420
480

540

600
660
720
780
840
900

960

1020
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ggcgtggacg
ctgatcgccc
agcctgggec
cagctgagca
cagtacgccg

atcctgcegceg

tacgacgagc
gagaagtaca
ggceggcegecea
ggcaccgagg
ttcgacaacg
cgccaggagg

accttccgca

atgacccgca
ggcgecageg
gagaaggtgc
accaaggtga
aagaaggcca
aaggaggact

gaccgcttca

gacttcctgg
ctgttcgagg
gacaaggtga
aagcttatca
agcgacggct
aaggaggaca

gccaacctgg

gacgagetgg
cgcgagaacc
gaggagggca

cagctgcaga

ccaaggccat
agctgececgg
tgacccccaa
aggacaccta
acctgttcct

tgaacaccga

accaccagga
aggagatctt
gccaggagga
agctgetggt
gcagcatccc
acttctaccc

tccectacta

agagcgagga
cccagagctt
tgcccaagca
agtacgtgac
tcgtggacct
acttcaagaa

acgccagcct

acaacgagga
accgcgagat
tgaagcagct
acggcatccg
tcgccaaccg
tccagaaggc

ccggcagcecece

tgaaggtgat
agaccaccca
tcaaggagct

acgagaagct

cctgagcegcec
cgagaagaag
cttcaagagc
cgacgacgac
ggcegecaag

gatcaccaag

cctgaccctg
cttcgaccag
gttctacaag
gaagctgaac
ccaccagatc
cttcctgaag

cgtgggcccce

gaccatcacc
catcgagcgc
cagcctgctg
cgagggcatg
gctgttcaag
gatcgagtgc

gggcacctac

gaacgaggac
gatcgaggag
gaagcgecege
cgacaagcag
caacttcatg
ccaggtgagc

cgccatcaag

gggeegcecac
gaagggcecag
gggcageeag

gtacctgtac

cgcctgagcea
aacggcctgt
aacttcgacc
ctggacaacc
aacctgagcg

gcecececctga

ctgaaggccc
agcaagaacg
ttcatcaagc
cgcgaggacce
cacctgggceg
gacaaccgcg

ctggeecegeg

ccctggaact
atgaccaact
tacgagtact
cgcaagcccg
accaaccgca
ttcgacagceg

cacgacctgc

atcctggagg
cgcctgaaga
cgctacaccg
agcggcaaga
cagctgatcc
ggccagggcg

aagggcatcc

aagcccgaga
aagaacagcc
atcctgaagg

tacctgcaga

agagccgecg
tcggcaacct
tggccgagga
tgctggecca
acgccatcct

gcgcecagceat

tggtgcgceca
gctacgeegg
ccatcctgga
tgctgegcaa
agctgcacgc
agaagatcga

gcaacagecg

tcgaggaggt
tcgacaagaa
tcaccgtgta
ccttectgag
aggtgaccgt
tggagatcag

tgaagatcat

acatcgtgct
cctacgccca
gctggggeeg
ccatcctgga
acgacgacag
acagcctgca

tgcagaccgt

acatcgtgat
gcgagcegceat
agcaccccgt

acggccegega

cctggagaac
gatcgcectg
cgccaagctg
gatcggcgac
gctgagcegac

gatcaagcgc

gcagctgcecc
ctacatcgac
gaagatggac
gcagcgcacc
catcctgcegce
gaagatcctg

cttcgectgg

ggtggacaag
cctgeccaac
caacgagctg
Ccggcgagcag
gaagcagctg
cggcegtggag

Ccaaggacaag

gaccctgacc
cctgttcgac
cctgagcecgce
cttcctgaag
cctgaccttc
cgagcacatc

gaaggtggtg

cgagatggcc
gaagcgcatc
ggagaacacc

catgtacgtg
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1080
1140
1200
1260
1320

1380

1440
1500
1560
1620
1680
1740

1800

1860
1920
1980
2040
2100
2160

2220

2280
2340
2400
2460
2520
2580

2640

2700
2760
2820

2880
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gaccaggagc
agcttcctga

ggcaagageg

cagctgctga
cgcggegecc
cgccagatca
gagaacgaca
gacttccgca
cacgacgcct

gagagcgagt

agcgagcagg
ttcttcaaga
accaacggcg
aaggtgctga
ttcagcaagg
gactgggacc

gtggtggeca

ggcatcacca
aagggctaca
gagctggaga
gagctggcecc
ctgaagggca
tacctggacg

gccaacctgg

caggccgaga
aagtacttcg
gccaccctga
ctgggeggceg
ggccaggceaa
<210> 53

<211> 21

tggacatcaa

aggacgacag

acaacgtgcc

acgccaagct
tgagcgagct
ccaagcacgt
agctgatccg
aggacttcca
acctgaacgc

tcgtgtacgg

agatcggcaa
ccgagatcac
agaccggcga
gcatgcccca
agagcatcct
ccaagaagta

aggtggagaa

tcatggagcg
aggaggtgaa
acggccgcaa
tgcccagcaa
gceecgagga
agatcatcga

acaaggtgct

acatcatcca
acaccaccat
tccaccagag
acgcggecegce

daaaagaaaaa

12

ccgectgage
catcgacaac

cagcgaggag

gatcacccag
ggacaaggcc
ggcccagatce
cgaggtgaag
gttctacaag
cgtggtgggc

cgactacaag

ggccaccgcec
cctggccaac
gatcgtgtgg
ggtgaacatc
gcccaagege
cggeggctte

gggcaagagce

cagcagcttc
gaaggacctg
gcgcatgetg
gtacgtgaac
caacgagcag
gcagatcagc

gagcgcectac

cctgttcacc
cgaccgcaag
catcaccggt
actcgacctc

gcaccaccac

gactacgacg

aaggtgctga

gtggtgaaga

cgcaagttcg
ggcttcatca
ctggacagcc
gtgatcaccc
gtgcgcegaga
accgccctga

gtgtacgacg

aagtacttct
ggcgagatcc
gacaagggcc
gtgaagaaga
aacagcgaca
gacagcccca

aagaagctga

gagaagaacc
atcatcaagc
gccagegeeg
ttcctgtacc
aagcagctgt
gagttcagca

aacaagcacc

ctgaccaacc
cgctacacca
ctgtacgaga
gagaaaaggc

caccaccact

tggaccacat
cccgcagega

agatgaagaa

acaacctgac
agcgccagct
gcatgaacac
tgaagagcaa
tcaacaacta
tcaagaagta

tgcgcaagat

tctacagcaa
gcaagcgcecc
gcgacttcge
ccgaggtgcea
agctgatcgc
ccgtggecta

agagcgtgaa

ccatcgactt
tgcccaagta
gcgagetgcea
tggccageca
tcgtggagcea
agcgegtgat

gcgacaagcc

tgggcgcececce
gcaccaagga
cccgecatcga
cggcggecac

ga

cgtgccccag
caagaaccgc

ctactggcgc

caaggccgag
ggtggagacc
caagtacgac
gctggtgagce
ccaccacgcc
ccccaagctg

gatcgccaag

catcatgaac
cctgatcgag
caccgtgcegce
gaccggegge
ccgcaagaag
cagcgtgctg

ggagetgetg

cctggaggcec
cagcctgttc
gaagggcaac
ctacgagaag
gcacaagcac
cctggecgac

catccgcgag

cgecgecttce
ggtgctggac
cctgagccag

gaaaaaggcc
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2940
3000

3060

3120
3180
3240
3300
3360
3420

3480

3540
3600
3660
3720
3780
3840

3900

3960
4020
4080
4140
4200
4260

4320

4380
4440
4500
4560

4602
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<212> PRT
<213> Artificial Sequence
<220><223> DSB-SpyCas9-ReclJ

<400> 53

Met Gly Ser Ser His His His His His His Ser Ser Gly Leu Val Pro
1 5 10 15
Arg Gly Ser His Met Ala Ser Met Thr Gly Gly Gln Gln Met Gly Arg
20 25 30
Gly Ser Met Ala Lys Lys Glu Met Val Glu Phe Asp Glu Ala Ile His
35 40 45
Gly Glu Asp Leu Ala Lys Phe Ile Lys Glu Ala Ser Asp His Lys Leu
50 55 60

Lys Ile Ser Gly Tyr Asn Glu Leu Ile Lys Asp Ile Arg Ile Arg Ala

65 70 75 80
Lys Asp Glu Leu Gly Val Asp Gly Lys Met Phe Asn Arg Leu Leu Ala
85 90 95
Leu Tyr His Lys Asp Asn Arg Asp Val Phe Glu Ala Glu Thr Glu Glu
100 105 110
Val Val Glu Leu Tyr Asp Thr Val Phe Ser Lys Gly Ser Glu Phe Glu
115 120 125
Leu Arg Arg Gln Ala Cys Gly Arg Met Asp Lys Lys Tyr Ser Ile Gly

130 135 140

Leu Asp Ile Gly Thr Asn Ser Val Gly Trp Ala Val Ile Thr Asp Glu
145 150 155 160
Tyr Lys Val Pro Ser Lys Lys Phe Lys Val Leu Gly Asn Thr Asp Arg
165 170 175
His Ser Ile Lys Lys Asn Leu Ile Gly Ala Leu Leu Phe Asp Ser Gly
180 185 190
Glu Thr Ala Glu Ala Thr Arg Leu Lys Arg Thr Ala Arg Arg Arg Tyr
195 200 205

Thr Arg Arg Lys Asn Arg Ile Cys Tyr Leu Gln Glu Ile Phe Ser Asn
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225

Phe

Asn

His

Leu

Leu

305

Phe

Ser

Lys

Thr

385

Ser

Thr

His

210

Met Ala

Leu Val

Leu Arg

275

Ile Tyr

Asn Ala

Lys Ser

355
Lys Asn
370

Pro Asn

Leu Ser

Asp Ala

435
Lys Ala
450

Gln Asp

Lys

Asp
260

Lys

Leu

Leu

Ser

340

Arg

Phe

Lys

Asp

420

Pro

Leu

215
Val Asp Asp Ser
230
Glu Asp Lys Lys
245

Glu Val Ala Tyr

Lys Leu Val Asp

280

Ala Leu Ala His
295
Asp Leu Asn Pro
310
Val Gln Thr Tyr
325

Gly Val Asp Ala

Arg Leu Glu Asn

360
Leu Phe Gly Asn
375
Lys Ser Asn Phe
390
Asp Thr Tyr Asp
405

Gln Tyr Ala Asp

Leu Leu Ser Asp

440

Leu Ser Ala Ser
455

Thr Leu Leu Lys

Phe Phe His
235

His Glu Arg

His Glu Lys
265

Ser Thr Asp

Met Ile Lys

Asp Asn Ser
315

Asn Gln Leu

Lys Ala Ile
345

Leu Ile Ala

Leu Ile Ala

Asp Leu Ala

395

Asp Asp Leu
410

Leu Phe Leu

425

Ile Leu Arg

Met Ile Lys

Ala Leu Val

220

Arg Leu Glu Glu Ser
240

His Pro Ile Phe Gly

255
Tyr Pro Thr Ile Tyr
270
Lys Ala Asp Leu Arg

285

Phe Arg Gly His Phe

300

Asp Val Asp Lys Leu
320

Phe Glu Glu Asn Pro

335
Leu Ser Ala Arg Leu
350

Gln Leu Pro Gly Glu

365

Leu Ser Leu Gly Leu

380

Glu Asp Ala Lys Leu
400

Asp Asn Leu Leu Ala

415
Ala Ala Lys Asn Leu

430

Val Asn Thr Glu Ile
445

Arg Tyr Asp Glu His

460

Arg Gln Gln Leu Pro
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465

Glu

Gly

Lys

Leu

Ser

545

Arg

Arg

Tyr

Pro

Phe

Phe

705

Lys

Tyr

Pro

Asn

530

Lys

Thr
610

Ser

Lys

Asn

Lys
690

Lys

Tyr

515

Arg

Pro

Asn

595

Pro

Phe

Val

Phe
675

Thr

Lys

470

Lys Glu Ile Phe Phe Asp Gln

485

Asp Gly Gly

500

Leu Glu Lys

Glu Asp Leu

His Gln Ile
550
Asp Phe Tyr

565

Leu Thr Phe
580

Ser Arg Phe

Trp Asn Phe

Ile Glu Arg
630

Leu Pro Lys

645
Leu Thr Lys
660

Leu Ser Gly

Asn Arg Lys

Ile Glu Cys

710

Ala

Met

Leu

535

His

Pro

Arg

615

Met

His

Val

Glu

Val

695

Phe

Ser Gln

505
Asp Gly
520

Arg Lys

Leu Gly

Phe Leu

Ile Pro
585
Trp Met

600

Thr Asn

Ser Leu

Lys Tyr

665
Gln Lys
680

Thr Val

Asp Ser

490

Glu

Thr

Lys

570

Tyr

Thr

Val

Phe

Leu

650

Val

Lys

Lys

Val

475

Ser

Arg

Leu

555

Asp

Tyr

Arg

Asp

Asp

635

Tyr

Thr

Glu

715

Lys

Phe

Thr
540

His

Asn

Val

Lys

Lys

620

Lys

Glu

Leu
700

Ile

Asn Gly Tyr
495

Tyr Lys Phe

510
Leu Leu Val
525

Phe Asp Asn

Ala Ile Leu

Arg Glu Lys

575

Gly Pro Leu
590

Ser Glu Glu

605

Gly Ala Ser

Asn Leu Pro

Tyr Phe Thr

655
Gly Met Arg
670
Val Asp Leu
685

Lys Glu Asp

Ser Gly Val
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480

Lys

Arg

560

Thr

Asn
640

Val

Lys

Leu

Tyr

Glu

720
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Asp Arg Phe Asn

Ile Lys Asp Lys
740
Glu Asp Ile Val
755
Glu Glu Arg Leu
770

Lys Gln Leu Lys

785

Lys Leu Ile Asn

Asp Phe Leu Lys
820

Ile His Asp Asp

Val Ser Gly Gln

Gly Ser Pro Ala

Asp Glu Leu Val

Ile Glu Met Ala

900

Ser Arg Glu Arg
915

Ser GIn Ile Leu

930
Glu Lys Leu Tyr
945

Asp Gln Glu Leu

Ala

725

Asp

Leu

Lys

Arg

805

Ser

Ser

Lys

885

Arg

Met

Lys

Leu

Asp

965

Ser Leu

Phe Leu

Thr Leu

Thr Tyr

775

Arg Arg

790

Ile Arg

Asp Gly

Leu Thr

Asp Ser

855

Lys Lys
870

Val Met

Glu Asn

Lys Arg

Glu His

935
Tyr Tyr
950

Ile Asn

Gly Thr

Asp Asn

745

Thr Leu

760

Ala His

Tyr Thr

Asp Lys

Phe Ala

825

Phe Lys

840

Leu His

Gly Ile

Gly Arg

Gln Thr

905

Leu Gln

Arg Leu

Tyr His Asp Leu Leu

730

Glu Glu Asn Glu Asp
750

Phe Glu Asp Arg Glu

765
Leu Phe Asp Asp Lys
780

Gly Trp Gly Arg Leu

795

Gln Ser Gly Lys Thr

810

Asn Arg Asn Phe Met
830

Glu Asp Ile Gln Lys

845
Glu His Ile Ala Asn

860

Leu Gln Thr Val Lys
875

His Lys Pro Glu Asn

890

Thr Gln Lys Gly Gln
910

Glu Gly Ile Lys Glu

925

Glu Asn Thr Gln Leu

940
Asn Gly Arg Asp Met
955
Ser Asp Tyr Asp Val

970
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Lys

735

Ile

Met

Val

Ser

Leu

Val

895

Lys

Leu

Tyr

Asp

975

Leu

Met

Arg

800

Leu

Leu

Val
880

Val

Asn

Asn

Val
960

His
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Ile Val Pro Gln Ser Phe Leu Lys Asp Asp Ser Ile Asp Asn Lys Val
980 985 990
Leu Thr Arg Ser Asp Lys Asn Arg Gly Lys Ser Asp Asn Val Pro Ser

995 1000 1005

Glu Glu Val Val Lys Lys Met Lys Asn Tyr Trp Arg Gln Leu Leu Asn
1010 1015 1020
Ala Lys Leu Ile Thr Gln Arg Lys Phe Asp Asn Leu Thr Lys Ala Glu
1025 1030 1035 1040
Arg Gly Gly Leu Ser Glu Leu Asp Lys Ala Gly Phe Ile Lys Arg Gln
1045 1050 1055
Leu Val Glu Thr Arg Gln Ile Thr Lys His Val Ala Gln Ile Leu Asp
1060 1065 1070

Ser Arg Met Asn Thr Lys Tyr Asp Glu Asn Asp Lys Leu Ile Arg Glu

1075 1080 1085
Val Lys Val Ile Thr Leu Lys Ser Lys Leu Val Ser Asp Phe Arg Lys
1090 1095 1100
Asp Phe Gln Phe Tyr Lys Val Arg Glu Ile Asn Asn Tyr His His Ala
1105 1110 1115 1120
His Asp Ala Tyr Leu Asn Ala Val Val Gly Thr Ala Leu Ile Lys Lys
1125 1130 1135
Tyr Pro Lys Leu Glu Ser Glu Phe Val Tyr Gly Asp Tyr Lys Val Tyr

1140 1145 1150

Asp Val Arg Lys Met Ile Ala Lys Ser Glu Gln Glu Ile Gly Lys Ala
1155 1160 1165
Thr Ala Lys Tyr Phe Phe Tyr Ser Asn Ile Met Asn Phe Phe Lys Thr
1170 1175 1180
Glu Ile Thr Leu Ala Asn Gly Glu Ile Arg Lys Arg Pro Leu Ile Glu
1185 1190 1195 1200
Thr Asn Gly Glu Thr Gly Glu Ile Val Trp Asp Lys Gly Arg Asp Phe
1205 1210 1215

Ala Thr Val Arg Lys Val Leu Ser Met Pro Gln Val Asn Ile Val Lys
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1220 1225 1230
Lys Thr Glu Val Gln Thr Gly Gly Phe Ser Lys Glu Ser Ile Leu Pro
1235 1240 1245
Lys Arg Asn Ser Asp Lys Leu Ile Ala Arg Lys Lys Asp Trp Asp Pro
1250 1255 1260
Lys Lys Tyr Gly Gly Phe Asp Ser Pro Thr Val Ala Tyr Ser Val Leu
1265 1270 1275 1280
Val Val Ala Lys Val Glu Lys Gly Lys Ser Lys Lys Leu Lys Ser Val

1285 1290 1295

Lys Glu Leu Leu Gly Ile Thr Ile Met Glu Arg Ser Ser Phe Glu Lys
1300 1305 1310
Asn Pro Ile Asp Phe Leu Glu Ala Lys Gly Tyr Lys Glu Val Lys Lys
1315 1320 1325
Asp Leu Ile Ile Lys Leu Pro Lys Tyr Ser Leu Phe Glu Leu Glu Asn
1330 1335 1340
Gly Arg Lys Arg Met Leu Ala Ser Ala Gly Glu Leu Gln Lys Gly Asn
1345 1350 1355 1360

Glu Leu Ala Leu Pro Ser Lys Tyr Val Asn Phe Leu Tyr Leu Ala Ser

1365 1370 1375
His Tyr Glu Lys Leu Lys Gly Ser Pro Glu Asp Asn Glu GIn Lys Gln
1380 1385 1390
Leu Phe Val Glu Gln His Lys His Tyr Leu Asp Glu Ile Ile Glu Gln
1395 1400 1405
Ile Ser Glu Phe Ser Lys Arg Val Ile Leu Ala Asp Ala Asn Leu Asp
1410 1415 1420
Lys Val Leu Ser Ala Tyr Asn Lys His Arg Asp Lys Pro Ile Arg Glu

1425 1430 1435 1440

GIn Ala Glu Asn Ile Ile His Leu Phe Thr Leu Thr Asn Leu Gly Ala
1445 1450 1455
Pro Ala Ala Phe Lys Tyr Phe Asp Thr Thr Ile Asp Arg Lys Arg Tyr
1460 1465 1470

Thr Ser Thr Lys Glu Val Leu Asp Ala Thr Leu Ile His GIn Ser Ile
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1475 1480 1485
Thr Gly Leu Tyr Glu Thr Arg Ile Asp Leu Ser Gln Leu Gly Gly Asp
1490 1495 1500

Ala Ala Ala Leu Asp Leu Gln Val Lys Gln Gln Ile Gln Leu Arg Arg

1505 1510 1515 1520
Arg Glu Val Asp Glu Thr Ala Asp Leu Pro Ala Glu Leu Pro Pro Leu
1525 1530 1535
Leu Arg Arg Leu Tyr Ala Ser Arg Gly Val Arg Ser Ala Gln Glu Leu
1540 1545 1550
Glu Arg Ser Val Lys Gly Met Leu Pro Trp Gln Gln Leu Ser Gly Val
1555 1560 1565
Glu Lys Ala Val Glu Ile Leu Tyr Asn Ala Phe Arg Glu Gly Thr Arg

1570 1575 1580

Ile Ile Val Val Gly Asp Phe Asp Ala Asp Gly Ala Thr Ser Thr Ala
1585 1590 1595 1600
Leu Ser Val Leu Ala Met Arg Ser Leu Gly Cys Ser Asn Ile Asp Tyr
1605 1610 1615
Leu Val Pro Asn Arg Phe Glu Asp Gly Tyr Gly Leu Ser Pro Glu Val
1620 1625 1630
Val Asp Gln Ala His Ala Arg Gly Ala Gln Leu Ile Val Thr Val Asp
1635 1640 1645

Asn Gly Ile Ser Ser His Ala Gly Val Glu His Ala Arg Ser Leu Gly

1650 1655 1660
Ile Pro Val Ile Val Thr Asp His His Leu Pro Gly Asp Thr Leu Pro
1665 1670 1675 1680
Ala Ala Glu Ala Ile Ile Asn Pro Asn Leu Arg Asp Cys Asn Phe Pro
1685 1690 1695
Ser Lys Ser Leu Ala Gly Val Gly Val Ala Phe Tyr Leu Met Leu Ala
1700 1705 1710
Leu Arg Thr Phe Leu Arg Asp Gln Gly Trp Phe Asp Glu Arg Asn Ile

1715 1720 1725
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Ala Ile Pro Asn Leu Ala Glu Leu Leu Asp Leu Val Ala Leu Gly Thr
1730 1735 1740
Val Ala Asp Val Val Pro Leu Asp Ala Asn Asn Arg Ile Leu Thr Trp
1745 1750 1755 1760
Gln Gly Met Ser Arg Ile Arg Ala Gly Lys Cys Arg Pro Gly Ile Lys
1765 1770 1775
Ala Leu Leu Glu Val Ala Asn Arg Asp Ala Gln Lys Leu Ala Ala Ser
1780 1785 1790

Asp Leu Gly Phe Ala Leu Gly Pro Arg Leu Asn Ala Ala Gly Arg Leu

1795 1800 1805
Asp Asp Met Ser Val Gly Val Ala Leu Leu Leu Cys Asp Asn Ile Gly
1810 1815 1820
Glu Ala Arg Val Leu Ala Asn Glu Leu Asp Ala Leu Asn GIn Thr Arg
1825 1830 1835 1840
Lys Glu Ile Glu Gln Gly Met Gln Ile Glu Ala Leu Thr Leu Cys Glu
1845 1850 1855
Lys Leu Glu Arg Ser Arg Asp Thr Leu Pro Gly Gly Leu Ala Met Tyr
1860 1865 1870

His Pro Glu Trp His Gln Gly Val Val Gly Ile Leu Ala Ser Arg Ile
1875 1880 1885
Lys Glu Arg Phe His Arg Pro Val Ile Ala Phe Ala Pro Ala Gly Asp
1890 1895 1900
Gly Thr Leu Lys Gly Ser Gly Arg Ser Ile Gln Gly Leu His Met Arg
1905 1910 1915 1920
Asp Ala Leu Glu Arg Leu Asp Thr Leu Tyr Pro Gly Met Met Leu Lys
1925 1930 1935

Phe Gly Gly His Ala Met Ala Ala Gly Leu Ser Leu Glu Glu Asp Lys

1940 1945 1950
Phe Lys Leu Phe Gln Gln Arg Phe Gly Glu Leu Val Thr Glu Trp Leu
1955 1960 1965
Asp Pro Ser Leu Leu Gln Gly Glu Val Val Ser Asp Gly Pro Leu Ser

1970 1975 1980
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Pro Ala Glu Met Thr Met Glu Val Ala Gln Leu Leu Arg Asp Ala Gly
1985 1990 1995 2000
Pro Trp Gly Gln Met Phe Pro Glu Pro Leu Phe Asp Gly His Phe Arg

2005 2010 2015

Leu Leu Gln Gln Arg Leu Val Gly Glu Arg His Leu Lys Val Met Val
2020 2025 2030
Glu Pro Val Gly Gly Gly Pro Leu Leu Asp Gly Ile Ala Phe Asn Val
2035 2040 2045
Asp Thr Ala Leu Trp Pro Asp Asn Gly Val Arg Glu Val GIn Leu Ala
2050 2055 2060
Tyr Lys Leu Asp Ile Asn Glu Phe Arg Gly Asn Arg Ser Leu Gln Ile
2065 2070 2075 2080

Ile Ile Asp Asn Ile Trp Pro Ile Leu Gln Lys Arg Pro Ala Ala Thr

2085 2090 2095

Lys Lys Ala Gly Gln Ala Lys Lys Lys Lys His His His His His His

2100 2105 2110
<210> 54
<211> 6339
<212> DNA

<213> Artificial Sequence

<220><223> DSB-SpyCas9-ReclJ

<400> 54
atgggcagca gccatcatca

atggctagca tgactggtgg

gttgaatttg atgaagctat

gatcataaac tgaaaatttc
aaagatgaac ttggcgttga
gataaccgtg atgtgtttga
ttctctaaag gatccgaatt
tacagcatcg gcctggacat

tacaaggtgc ccagcaagaa

tcatcatcac
acagcaaatg

ccatggcgaa

cggttataat
tggtaagatg
agctgaaact
cgagctccgt
cggtaccaac

gttcaaggtg

agcagcggcece
ggtcgeggat

gacttggcta

gaactgatta
tttaatcgtc
gaagaggtag
cgacaagctt
agcgtgggct

ctgggcaaca

tggtgccgeg
ccatggctaa

aatttattaa

aagatattcg
tattagcttt
ttgaacttta
gcggecgeat
gggecegtgat

ccgaccgeca

cggcagccat
aaaagaaatg

agaagcatct

aattcgtgct
gtatcataaa
tgacacagtt
ggacaagaag
caccgacgag

cagcatcaag
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60

120

180

240

300

360

420

480

540
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aagaacctga

aagcgcaccg
atcttcagca
ttcctggtgg
gaggtggcct
agcaccgaca
cgcggecact

ttcatccagc

ggcgtggacg
ctgatcgccc
agcctgggcec
cagctgagca
cagtacgccg
atcctgcegceg

tacgacgagc

gagaagtaca
ggcggcegecea
ggcaccgagg
ttcgacaacg
cgccaggagg
accttccgca

atgacccgca

ggcgecageg
gagaaggtgc
accaaggtga
aagaaggcca
aaggaggact
gaccgcttca

gacttcctgg

tcggcgeect

cccgeegeeg
acgagatggc
aggaggacaa
accacgagaa
aggccgacct
tcctgatcga

tggtgcagac

ccaaggccat
agctgececgg
tgacccccaa
aggacaccta
acctgttcct
tgaacaccga

accaccagga

aggagatctt
gccaggagga
agctgetggt
gcagcatccce
acttctaccc
tccectacta

agagcgagga

cccagagctt
tgcccaagca
agtacgtgac
tcgtggacct
acttcaagaa
acgccagcct

acaacgagga

gctgttcegac

ctacacccgc
caaggtggac
gaagcacgag
gtaccccacc
gcgectgatce
gggegacctg

ctacaaccag

cctgagcegcec
cgagaagaag
cttcaagagc
cgacgacgac
ggccgecaag
gatcaccaag

cctgaccctg

cttcgaccag
gttctacaag
gaagctgaac
ccaccagatc
cttcctgaag
cgtgggcecce

gaccatcacc

catcgagcgc
cagcctgctg
cgagggcatg
gctgttcaag
gatcgagtgc
gggcacctac

gaacgaggac

agcggcgaga

cgcaagaacc
gacagcttct
cgccaccceca
atctaccacc
tacctggccc
aaccccgaca

ctgttcgagg

cgcctgagcea
aacggcctgt
aacttcgacc
ctggacaacc
aacctgagcg
gcecececectga

ctgaaggccc

agcaagaacg
ttcatcaagc
cgcgaggacce
cacctgggceg
gacaaccgcg
ctggececgeg

ccctggaact

atgaccaact
tacgagtact
cgcaagcccg
accaaccgca
ttcgacagcg
cacgacctgc

atcctggagg

ccgecgaggc

gcatctgcta
tccaccgcect
tcttcggcaa
tgcgcaagaa
tggcccacat
acagcgacgt

agaaccccat

agagccgecg
tcggcaacct
tggccgagga
tgctggecca
acgccatcct
gcgcecagceat

tggtgcgceca

gctacgeegg
ccatcctgga
tgctgegcaa
agctgcacgc
agaagatcga
gcaacagccg

tcgaggaggt

tcgacaagaa
tcaccgtgta
ccttectgag
aggtgaccgt
tggagatcag
tgaagatcat

acatcgtgct

cacccgectg

cctgcaggag
ggaggagagc
catcgtggac
gctggtggac
gatcaagttc
ggacaagctg

caacgccage

cctggagaac
gatcgcectg
cgccaagctg
gatcggcgac
gctgagcegac
gatcaagcgc

gcagctgcecc

ctacatcgac
gaagatggac
gcagcgcacc
catcctgcegce
gaagatcctg
cttcgectgg

ggtggacaag

cctgeccaac
caacgagctg
cggcgageag
gaagcagctg
cggcegtggag
caaggacaag

gaccctgacc
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600

660
720
780
840
900
960

1020

1080
1140
1200
1260
1320
1380

1440

1500
1560
1620
1680
1740
1800

1860

1920
1980
2040
2100
2160
2220

2280
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ctgttcgagg
gacaaggtga
aagcttatca
agcgacggct
aaggaggaca
gccaacctgg

gacgagetgg

cgcgagaacc
gaggagggca
cagctgcaga
gaccaggagc
agcttcctga
ggcaagagceg

cagctgctga

cgcggegecce
cgccagatca
gagaacgaca
gacttccgca
cacgacgcct
gagagcgagt

agcgagceagg

ttcttcaaga
accaacggcg
aaggtgctga
ttcagcaagg
gactgggacc
gtggtggcecea

ggcatcacca

aagggctaca

gagctggaga

gagctggcecc

accgcgagat
tgaagcagct
acggcatccg
tcgccaaccg
tccagaaggc
ccggcagecce

tgaaggtgat

agaccaccca
tcaaggagct
acgagaagct
tggacatcaa
aggacgacag
acaacgtgcc

acgccaagct

tgagcgagct
ccaagcacgt
agctgatccg
aggacttcca
acctgaacgc
tcgtgtacgg

agatcggcaa

ccgagatcac
agaccggcga
gcatgcccca
agagcatcct
ccaagaagta
aggtggagaa

tcatggagcg

aggaggtgaa
acggcegceaa

tgcccagcaa

gatcgaggag
gaagcgecege
cgacaagcag
caacttcatg
ccaggtgagc
cgccatcaag

gggccgceceac

gaagggccag
gggcagcecag
gtacctgtac
ccgectgage
catcgacaac
cagcgaggag

gatcacccag

ggacaaggcc
ggcccagatce
cgaggtgaag
gttctacaag
cgtggtgggc
cgactacaag

ggccaccgcee

cctggccaac
gatcgtgtgg
ggtgaacatc
gcccaagege
cggeggctte
gggcaagagc

cagcagcttc

gaaggacctg
gcgcatgetg

gtacgtgaac

cgcctgaaga
cgctacaccg
agcggcaaga
cagctgatcc
ggccagggcg
aagggcatcc

aagcccgaga

aagaacagcc
atcctgaagg
tacctgcaga
gactacgacg
aaggtgctga
gtggtgaaga

cgcaagttcg

ggcttcatca
ctggacagcc
gtgatcaccc
gtgcgcegaga
accgccctga
gtgtacgacg

aagtacttct

ggcgagatcc
gacaagggcc
gtgaagaaga
aacagcgaca
gacagcccca
aagaagctga

gagaagaacc

atcatcaagc

gccagegeeg

ttcctgtace

cctacgccca
gctggggeceg
ccatcctgga
acgacgacag
acagcctgca
tgcagaccgt

acatcgtgat

gcgagcgcat
agcaccccgt
acggccegega
tggaccacat
cccgcagega
agatgaagaa

acaacctgac

agcgccagct
gcatgaacac
tgaagagcaa
tcaacaacta
tcaagaagta
tgcgcaagat

tctacagcaa

gcaagcgcecc
gcgacttcge
ccgaggtgcea
agctgatcgce
ccgtggecta
agagcgtgaa

ccatcgactt

tgcccaagta

gcgagcetgcea

tggccagcca

cctgttcgac
cctgagecgce
cttcctgaag
cctgaccttc
cgagcacatc
gaaggtggtg

cgagatggcc

gaagcgcatc
ggagaacacc
catgtacgtg
cgtgccccag
caagaaccgc
ctactggcgc

caaggccgag

ggtggagacc
caagtacgac
gctggtgagce
ccaccacgcc
ccccaagctg
gatcgccaag

catcatgaac

cctgatcgag
caccgtgcegce
gaccggegge
ccgcaagaag
cagcgtgctg
ggagctgctg

cctggaggcc

cagcctgttc

gaagggcaac

ctacgagaag
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2340
2400
2460
2520
2580
2640

2700

2760
2820
2880
2940
3000
3060

3120

3180
3240
3300
3360
3420
3480

3540

3600
3660
3720
3780
3840
3900

3960

4020
4080

4140
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ctgaagggca
tacctggacg

gccaacctgg

caggccgaga

aagtacttcg
gccaccctga
ctgggeggceg
cgtgaagtcg
tacgccagcc
ccctggeage

gaaggaacgc

ctaagcgtgc
cgtttcgaag
gcgcagttaa
cgctegttgg
gcagcggaag
gcaggegtgg

ggctggtttg

gcgetgggga
caggggatga
gtggcaaacc
cgtctcaatg
gacaacatcg
aaagagatcg

agccgtgaca

gtcggtattc
ccagcaggtg
gatgcgetgg
gcgatggegg
ggcgaactgg

ggtccgttaa

gcececgagga
agatcatcga
acaaggtgct

acatcatcca

acaccaccat
tccaccagag
acgcggeege
atgaaacggc
ggggagtacg
aactgagcgg

ggattattgt

tggcgatgeg
acggttacgg
ttgtcacggt
gcatcceggt
cgatcattaa
gtgtggegtt

atgagcgtaa

cagtggcgga
gtcgcatccg
gtgatgcaca
ctgcecggacg
gcgaagegeg
aacaaggaat

cgctacccegg

tggcttegeg
acggtacgct
agcgattaga
cgggtttgte
ttactgagtg

gcecggecga

caacgagcag
gcagatcagc
gagcgcctac

cctgttcacc

cgaccgcaag
catcaccggt
actcgacctg
agacttgccc
cagtgcgcaa
cgtcgaaaag

ggtcggtgat

ctcgettggt
cttaagcccg
ggataacggt
tattgttacc
ccctaacttg
ttatctgatg

catcgcaatt

cgtcgtgcecg
agccggaaag
aaaactcgcc
actggacgat
cgtgectggea
gcaaattgaa

cgggetggea

catcaaagag
gaaaggttcc
cacactctac
gctggaagag
gctggaccct

aatgaccatg

aagcagctgt
gagttcagca
aacaagcacc

ctgaccaacc

cgctacacca
ctgtacgaga
caggtgaaac
gctgaattge
gaactggaac
gccegttgaga

ttcgacgcecg

tgcagcaata
gaagtggtcg
atttcctcce
gatcaccatt
cgcgactgta
ctggecgcetgce

cctaacctgg

ctggacgcta
tgcegtcecgg
gccagegatt
atgtccgtcg
aatgaactcg
gccectgacce

atgtatcacc

cgttttcacc
ggtcgetceca
cctggcatga
gataaattca
tcgctattge

gaagtggcegce

tcgtggagca
agcgcgtgat
gcgacaagcec

tgggcgceccce

gcaccaagga
cccgeatcga
aacagataca
ctceettget
gcagtgttaa
tcctttacaa

acggcgcgac

tcgactacct
atcaggccca
atgcgggggt
tgccaggcga
atttcccgtc
gcaccttttt

cagaactgct

ataatcgcat
ggattaaagc
taggttttgc
gtgtggeget
atgcgctaaa
tgtgcgagaa

ccgaatggca

gtccggttat
ttcaggggct
tgctgaagtt
aactctttca
aaggcgaagt

agctgetgceg

gcacaagcac
cctggecgac
catccgcgag

cgccegecttce

ggtgetggac
cctgagccag
acttcgtcgce
gcgeegttta
aggtatgctg
cgettttege

cagcacggct

ggtaccaaac
tgceegtgge
tgagcacgct
cacattaccc
gaaatcactg
gcgcgatcag

ggatctggtc

tctgacctgg
gctgcettgaa
gctggggecea
gttgttgtgce
ccagacgcga
actggagcgc

tcagggcegtt

cgegtttgeg
gcatatgegt
tggecggtcat
acaacggttt
ggtatcagac

cgatgctggce
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4200
4260
4320

4380

4440
4500
4560
4620
4680
4740

4800

4860
4920
4980
5040
5100
5160

5220

5280
5340
5400
5460
5520
5580

5640

5700
5760
5820
5880
5940

6000
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ccgtggggge agatgttcce ggageegetg tttgacggte atttcegtet getgcaacag 6060
cggctggtgg gegaacgtca tttgaaggtg atggtcgaac cggtceggegg cggtcecactg 6120
ctggatggta ttgcttttaa tgtcgatacc geectctgge cggataacgg cgtgegegaa 6180
gtgcaactgg cttataagct cgatatcaac gagtttcgeg gcaaccgcag cctgcaaatt 6240
atcatcgaca atatctggcc aattctgcag aaaaggccgg cggcecacgaa aaaggecggce 6300
caggcaaaaa agaaaaagca ccaccaccac caccactga 6339
<210> 55

<211> 1379

<212> PRT

<213> Artificial Sequence
<220><223> FnCpf1l
<400> 55

Met Gly Ser Ser His His His His His His Ser Ser Gly Leu Val Pro

1 5 10 15
Arg Gly Ser His Met Ala Ser Met Thr Gly Gly Gln Gln Met Gly Arg
20 25 30
Gly Ser Glu Phe Glu Leu Arg Arg Gln Ala Cys Gly Arg Met Ser Ile
35 40 45
Tyr Gln Glu Phe Val Asn Lys Tyr Ser Leu Ser Lys Thr Leu Arg Phe
50 55 60
Glu Leu Ile Pro Gln Gly Lys Thr Leu Glu Asn Ile Lys Ala Arg Gly

65 70 75 80

Leu Ile Leu Asp Asp Glu Lys Arg Ala Lys Asp Tyr Lys Lys Ala Lys
85 90 95
Gln Ile Ile Asp Lys Tyr His Gln Phe Phe Ile Glu Glu Ile Leu Ser
100 105 110
Ser Val Cys Ile Ser Glu Asp Leu Leu GIn Asn Tyr Ser Asp Val Tyr
115 120 125
Phe Lys Leu Lys Lys Ser Asp Asp Asp Asn Leu Gln Lys Asp Phe Lys
130 135 140

Ser Ala Lys Asp Thr Ile Lys Lys Gln Ile Ser Glu Tyr Ile Lys Asp
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145

Ser Glu Lys Phe

Lys Gly Gln Glu

Asn Gly Ile Glu
195
Glu Ala Leu Glu

210

Lys Gly Phe His
225

Pro Thr Ser Ile

Leu Glu Asn Lys

260

Ala Ile Asn Tyr
275

Phe Asp Ile Asp

290
Leu Asp Glu Val
305

Ser Gly Ile Thr

Gly Glu Asn Thr
340
Ser Gln Gln Ile

355

Leu Phe Lys Gln
370

Asp Lys Leu Glu

385

Tyr Glu GIn Ile

Lys
165

Ser

Leu

Tyr

Phe

Lys

325

Lys

Asn

Asp

Ala

150

Asn Leu Phe Asn Gln

Asp Leu

Phe Lys

Ile Lys

215

Asn Arg
230

Tyr Arg

Lys Tyr

Lys Thr

Phe Asn

Arg Lys

Asp Lys

Leu Ser

375
Asp Ser
390

Ala Phe

Ile

200

Ser

Lys

Lys
280

Ser

Thr

Thr
360

Asp

Asp

Lys

Leu
185

Asn

Phe

Asn

Val

Ser

265

Lys

Asn

345

Leu

Thr

Val

Thr

170

Trp

Ser

Lys

Val

Asp

250

Leu

Asp

Val

Phe

330

Asn

Lys

Val

Val

155

Asn

Leu

Asp

Tyr

235

Asp

Lys

Leu

Asn

Asn

315

Lys

Ser

Thr

395

Leu

Lys

Trp

220

Ser

Asn

Asp

300

Asn

Tyr

Tyr

Lys

380

Thr

[le Asp Ala

Thr
205

Thr

Ser

Leu

Lys

285

Arg

Tyr

Lys

Lys

365

Ser

Met

Glu Glu Lys

Ser
190

Asp

Thr

Asn

Pro

Val

Leu

Phe

Asn

350

Met

Phe

Gln

Ser
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175

Lys

Tyr

Asp

Lys

255

Pro

Leu

Phe

Asn

Val

335

Leu

Ser

Val

Ser

Ile

160

Lys

Asp

Asp

Phe

240

Phe

Thr

Ser

320

Asn

Tyr

Val

Phe
400

Lys
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Leu

Tyr
465

Lys

Ser

Asp

Ser

Val

Asn

625

Phe

Thr

Ser

Leu

Thr

Phe
610

Lys

Lys

Leu Ser
420

Lys Ile

435

Val Phe

Thr Gln

Glu Thr

500

Asp Lys

515

Pro Met

Ile Ser

Ser Ala

Asn Asn

580
Asp Lys
595

Glu Glu

Ile Arg

Leu Asn

405
Leu Leu Phe Asp Asp
425

Tyr Phe Lys Asn Asp

440
Asp Asp Tyr Ser Val
455

Gln Ile Ala Pro Lys

Leu Ile Ala Lys Lys
485
Ile Lys Leu Ala Leu

505

Gln Cys Arg Phe Glu
520
Ile Phe Asp Glu Ile
935
Ile Lys Tyr Gln Asn
550

Glu Asp Asp Val Lys
565

Leu Leu His Lys Leu

585
Ala Asn Ile Leu Asp
600
Cys Tyr Phe Glu Leu
615
Asn Tyr Ile Thr Gln
630
Phe Glu Asn Ser Thr

645

410

Leu

Lys

Asn

Thr

490

570

Lys

Lys

Lys

415

Lys Ala Gln Lys Leu Asp

Ser Leu

Gly Thr

460
Leu Asp
475

Glu Lys

Glu Phe

Ile Leu

GIn Asn

540
Gly Lys
955

Ile Lys

Ile Phe

Asp Glu

Asn Ile
620
Pro Tyr

635

430

Thr Asp

445

Asn Pro

Ala Lys

Asn Lys

510

Ala Asn

525

Lys Asp

Lys Asp

Asp Leu

His Ile

590
His Phe
605

Val Pro

Ser Asp

Leu Ala Asn Gly Trp

650
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Leu Ser

Leu Glu

Ser Lys

480
Tyr Leu
495

His Arg

Phe Ala

Asn Leu

Leu Leu

560
Leu Asp
975

Ser Gln

Tyr Leu

Leu Tyr

Glu Lys
640
Asp Lys

655
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Asn

Tyr

Lys

Lys

705

Arg

Tyr

Arg

785

Ser

His

Val

865

Ser

Lys

Lys

Tyr

690

Leu

Lys

Asn

Lys

Lys

770

Phe

Val

Tyr

Tyr

Thr

850

Val

Ile

Asn

Glu Pro Asp Asn

660
Leu Gly
675

Ile Lys

Leu Pro

Ser Ile

His Ser

740
Phe Glu
755

Gln Ser

Ser Asp

Glu Asn

Ile Asp

820
Asn Lys
835

Leu Tyr

Tyr Lys

Pro Lys

Lys Asp

900

Val

Lys

725

Thr

Phe

Thr

805

Ser

Asp

Trp

Leu

Lys
885

Asn

Met

Asn

710

Phe

His

Asn

Ser

790

Gly

Val

Phe

Lys

Asn

870

Ile

Pro

Thr

Asn

Lys

695

Asn

Tyr

Thr

Lys
775

Arg

Tyr

Val

Ser

855

Gly

Thr

Lys

Lys

630

Lys

Asn

Lys

760

His

Tyr

Lys

Asn

840

Leu

His

Lys

Ile Leu Phe Ile Lys Asp Asp Lys

665 670
Lys Asn Asn Lys Ile Phe
685
Glu Gly Tyr Lys Lys Ile
700
Met Leu Pro Lys Val Phe
715

Pro Ser Glu Asp Ile Leu

730
Asn Gly Ser Pro Gln Lys
745 750
Asp Cys Arg Lys Phe Ile
765
Pro Glu Trp Lys Asp Phe
780
Asn Ser Ile Asp Glu Phe

795

Leu Thr Phe Glu Asn Ile
810
Gln Gly Lys Leu Tyr Leu
825 830
Tyr Ser Lys Gly Arg Pro
845
Phe Asp Glu Arg Asn Leu
860

Ala Glu Leu Phe Tyr Arg

875
Pro Ala Lys Glu Ala Ile
890
Glu Ser Val Phe Glu Tyr

905 910
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Asp

Val

Phe

Arg

735

Asp

Tyr

Ser

815

Phe

Asn

Gln

Lys

Ala
895

Asp

Asp

Tyr

Ser

720

Tyr

Phe

Phe

Arg

800

Leu

Asp

880

Asn

Leu
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Ile Lys Asp Lys Arg Phe Thr Glu Asp Lys Phe Phe Phe His Cys Pro
915 920 925
Ile Thr Ile Asn Phe Lys Ser Ser Gly Ala Asn Lys Phe Asn Asp Glu

930 935 940

Ile Asn Leu Leu Leu Lys Glu Lys Ala Asn Asp Val His Ile Leu Ser
945 950 955 960
Ile Asp Arg Gly Glu Arg His Leu Ala Tyr Tyr Thr Leu Val Asp Gly
965 970 975
Lys Gly Asn Ile Ile Lys Gln Asp Thr Phe Asn Ile Ile Gly Asn Asp
980 985 990
Arg Met Lys Thr Asn Tyr His Asp Lys Leu Ala Ala Ile Glu Lys Asp
995 1000 1005

Arg Asp Ser Ala Arg Lys Asp Trp Lys Lys Ile Asn Asn Ile Lys Glu

1010 1015 1020
Met Lys Glu Gly Tyr Leu Ser Gln Val Val His Glu Ile Ala Lys Leu
1025 1030 1035 1040
Val Ile Glu Tyr Asn Ala Ile Val Val Phe Glu Asp Leu Asn Phe Gly
1045 1050 1055
Phe Lys Arg Gly Arg Phe Lys Val Glu Lys Gln Val Tyr Gln Lys Leu
1060 1065 1070
Glu Lys Met Leu Ile Glu Lys Leu Asn Tyr Leu Val Phe Lys Asp Asn

1075 1080 1085

Glu Phe Asp Lys Thr Gly Gly Val Leu Arg Ala Tyr Gln Leu Thr Ala
1090 1095 1100
Pro Phe Glu Thr Phe Lys Lys Met Gly Lys Gln Thr Gly Ile Ile Tyr
1105 1110 1115 1120
Tyr Val Pro Ala Gly Phe Thr Ser Lys Ile Cys Pro Val Thr Gly Phe
1125 1130 1135
Val Asn Gln Leu Tyr Pro Lys Tyr Glu Ser Val Ser Lys Ser Gln Glu
1140 1145 1150

Phe Phe Ser Lys Phe Asp Lys Ile Cys Tyr Asn Leu Asp Lys Gly Tyr
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1155 1160 1165
Phe Glu Phe Ser Phe Asp Tyr Lys Asn Phe Gly Asp Lys Ala Ala Lys
1170 1175 1180
Gly Lys Trp Thr Ile Ala Ser Phe Gly Ser Arg Leu Ile Asn Phe Arg
1185 1190 1195 1200
Asn Ser Asp Lys Asn His Asn Trp Asp Thr Arg Glu Val Tyr Pro Thr
1205 1210 1215
Lys Glu Leu Glu Lys Leu Leu Lys Asp Tyr Ser Ile Glu Tyr Gly His

1220 1225 1230

Gly Glu Cys Ile Lys Ala Ala Ile Cys Gly Glu Ser Asp Lys Lys Phe
1235 1240 1245
Phe Ala Lys Leu Thr Ser Val Leu Asn Thr Ile Leu Gln Met Arg Asn
1250 1255 1260
Ser Lys Thr Gly Thr Glu Leu Asp Tyr Leu Ile Ser Pro Val Ala Asp
1265 1270 1275 1280
Val Asn Gly Asn Phe Phe Asp Ser Arg Gln Ala Pro Lys Asn Met Pro
1285 1290 1295

Gln Asp Ala Asp Ala Asn Gly Ala Tyr His Ile Gly Leu Lys Gly Leu

1300 1305 1310
Met Leu Leu Gly Arg Ile Lys Asn Asn Gln Glu Gly Lys Lys Leu Asn
1315 1320 1325
Leu Val Ile Lys Asn Glu Glu Tyr Phe Glu Phe Val Gln Asn Arg Asn
1330 1335 1340
Asn Gln Ala Ala Ala Leu Glu Lys Arg Pro Ala Ala Thr Lys Lys Ala
1345 1350 1355 1360
Gly Gln Ala Lys Lys Lys Lys Ser Thr Pro Pro Pro Pro Pro Leu Arg

1365 1370 1375

Ser Gly Cys
<210> 56
<211> 4140
<212> DNA
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<213> Artificial Sequence

<220><223> FnCpfl

<400> 56

atgggcagca gccatcatca tcatcatcac agcagcggec tggtgecgeg cggcagecat 60
atggctagca tgactggtgg acagcaaatg ggtcgeggat ccgaattcga gctcegtcga 120
caagcttgecg gcecgecatgtc aatttatcaa gaatttgtta ataaatatag tttaagtaaa 180
actctaagat ttgagttaat cccacagggt aaaacacttg aaaacataaa agcaagaggt 240
ttgattttag atgatgagaa aagagctaaa gactacaaaa aggctaaaca aataattgat 300
aaatatcatc agttttttat agaggagata ttaagttcgg tttgtattag cgaagattta 360
ttacaaaact attctgatgt ttattttaaa cttaaaaaga gtgatgatga taatctacaa 420
aaagatttta aaagtgcaaa agatacgata aagaaacaaa tatctgaata tataaaggac 480
tcagagaaat ttaagaattt gtttaatcaa aaccttatcg atgctaaaaa agggcaagag 540
tcagatttaa ttctatggct aaagcaatct aaggataatg gtatagaact atttaaagcc 600
aatagtgata tcacagatat agatgaggcg ttagaaataa tcaaatcttt taaaggttgg 660
acaacttatt ttaagggttt tcatgaaaat agaaaaaatg tttatagtag caatgatatt 720
cctacatcta ttatttatag gatagtagat gataatttgc ctaaatttct agaaaataaa 780
gctaagtatg agagtttaaa agacaaagct ccagaagcta taaactatga acaaattaaa 840
aaagatttgg cagaagagct aacctttgat attgactaca aaacatctga agttaatcaa 900
agagtttttt cacttgatga agtttttgag atagcaaact ttaataatta tctaaatcaa 960
agtggtatta ctaaatttaa tactattatt ggtggtaaat ttgtaaatgg tgaaaataca 1020
aagagaaaag gtataaatga atatataaat ctatactcac agcaaataaa tgataaaaca 1080
ctcaaaaaat ataaaatgag tgttttattt aagcaaattt taagtgatac agaatctaaa 1140
tcttttgtaa ttgataagtt agaagatgat agtgatgtag ttacaacgat gcaaagtttt 1200
tatgagcaaa tagcagcttt taaaacagta gaagaaaaat ctattaaaga aacactatct 1260
ttattatttg atgatttaaa agctcaaaaa cttgatttga gtaaaattta ttttaaaaat 1320
gataaatctc ttactgatct atcacaacaa gtttttgatg attatagtgt tattggtaca 1380
gcggtactag aatatataac tcaacaaata gcacctaaaa atcttgataa ccctagtaag 1440
aaagagcaag aattaatagc caaaaaaact gaaaaagcaa aatacttatc tctagaaact 1500
ataaagcttg ccttagaaga atttaataag catagagata tagataaaca gtgtaggttt 1560
gaagaaatac ttgcaaactt tgcggctatt ccgatgatat ttgatgaaat agctcaaaac 1620
aaagacaatt tggcacagat atctatcaaa tatcaaaatc aaggtaaaaa agacctactt 1680
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caagctagtg
ctcttacata
gacaaggatg
gtgcctettt

tttaagctca

gacaatacgg
aaaaataaca
aaaattgttt
gctaaatcta
acacatacaa
gattgccgaa

gattttggat

gaagttgaaa
agcgtagtta
tatagcaaag
aatcttcaag
tcaataccta
aatcctaaaa

gataagtttt

tttaatgatg
atagatagag
atcaaacaag
aagcttgctg
aacatcaaag
gttatagagt

cgtttcaagg

aactatctag
cagctaacag
tatgtaccag
tatcctaagt

tgttataacc

cggaagatga
aactaaaaat
agcattttta
ataacaaaat

attttgagaa

caattttatt
aaatatttga
ataaactttt
taaaatttta
aaaatggtag
aatttataga

ttagattttc

atcaaggcta
atcagggtaa
ggcgaccaaa
atgtggttta
aaaaaatcac
aagagagtgt

tctttcactg

aaatcaattt
gtgaaagaca
atactttcaa
caatagagaa
agatgaaaga
ataatgctat

tagagaagca

ttttcaaaga
caccttttga
ctggttttac
atgaaagtgt

ttgataaggg

tgttaaagct
atttcatatt
tctagtattt
tagaaactat

ctcgactttg

tatcaaagat
tgataaagct
acctggcgca
taatcctagt
tcctcaaaaa
tttttataaa

tgatactcaa

caaactaact
attgtaccta
tctacatact
taagctaaat
tcacccagct
ttttgaatat

tcctattaca

attgctaaaa
tttagcttac
catcattggt
agatagggat
gggctatcta
tgtggttttt

ggtctatcaa

taatgagttt
gacttttaaa
ttcaaaaatt
cagcaaatct

ctattttgag

atcaaggatc
agtcagtcag
gaggagtgct
ataactcaaa

gctaatggtt

gataaatatt
atcaaagaaa
aataaaatgt
gaagatatac
ggatatgaaa
cagtctataa

agatataatt

tttgaaaata
ttccaaatct
ttatattgga
ggtgaggcag
aaagaggcaa
gatttaatca

atcaatttta

gaaaaagcaa
tatactttgg
aatgatagaa
tcagctagga
tctcaggtag
gaggatttaa

aagttagaaa

gataaaactg
aagatgggta
tgtcctgtaa
caagagttct

tttagttttg

ttttagatca
aagataaggc
actttgagct
agccatatag

gggataaaaa

atctgggtgt
ataaaggcga
tacctaaggt
ttagaataag
aatttgagtt
gtaagcatcc

ctatagatga

tatcagagag
ataataaaga
aagcgctgtt
agctttttta
tagctaataa
aagataaacg

aatctagtgg

atgatgttca
tagatggtaa
tgaaaacaaa
aagactggaa
ttcatgaaat
attttggatt

aaatgctaat

ggggagtgct
aacaaacagg
ctggttttgt
ttagtaagtt

attataaaaa

aactaataat
aaatatttta
agcgaatata
tgatgagaaa

taaagagcct

gatgaataag
gggttataaa
tttettttet
aaatcattcc
taatattgaa
ggagtggaaa

attttataga

ctatattgat
tttttcagcet
tgatgagaga
tcgtaaacaa
aaacaaagat
ctttactgaa

agctaataag

tatattaagt
aggcaatatc
ctaccatgat
aaagataaat
agctaagcta
taaaagaggg

tgagaaacta

tagagcttat
tattatctac
aaatcagtta
tgacaagatt

ctttggtgac
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1740
1800
1860
1920

1980

2040
2100
2160
2220
2280
2340

2400

2460
2520
2580
2640
2700
2760

2820

2880
2940
3000
3060
3120
3180

3240

3300
3360
3420
3480

3540
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aaggctgcca

aattcagata

aaattgctaa

tgcggtgaga gcgacaaaaa gttttttget

caaatgcgta

gtaaatggca

gccaatggtg cttatcatat

aatcaagagg gcaaaaaact

cagaatagga

ggccaggeaa

<210> 57
<211> 1954
<212> PRT
<213>
<220><223>
<400> 57

Met Gly Ser Ser

1
Arg Gly Ser His
20

Gly Ser Glu Phe
35
Tyr Gln Glu Phe
50
Glu Leu Ile Pro
65
Leu Ile Leu Asp

GIn Ile Ile Asp

100

aaggcaagtg gactatagct

aaaatcataa

aagattattc

actcaaaaac

atttctttga

aaaagaaaaa gtcgacacca

agctttggga

ttgggatact cgagaagttt

tatcgaatat gggcatggcg
aagctaacta
aggtactgag ttagattatc
ttcgcgacag gcgccaaaaa
tgggctaaaa ggtctgatge

caatttggtt atcaaaaatg

ataaccaagc ggccgecactc gagaaaaggc

ccaccaccac

Artificial Sequence

FnCpf1-Recl]

His His His His His His Ser
5 10
Met Ala Ser Met Thr Gly Gly

25

Glu Leu Arg Arg GIn Ala Cys
40

Val Asn Lys Tyr Ser Leu Ser

55

GIn Gly Lys Thr Leu Glu Asn

70 75

Asp Glu Lys Arg Ala Lys Asp
85 90

Lys Tyr His Gln Phe Phe Ile

105

gtagattgat taactttaga

atccaactaa agagttggag

aatgtatcaa agcagctatt

gtgtcctaaa tactatctta
taatttcacc agtagcagat
atatgcctca agatgctgat
tactaggtag gatcaaaaat
aagagtattt tgagttcgtg

cggeggecac gaaaaaggcce

cactgagatc cggctgctaa

Ser Gly Leu Val Pro
15
Gln Gln Met Gly Arg
30

Gly Arg Met Ser Ile
45

Lys Thr Leu Arg Phe
60
Ile Lys Ala Arg Gly

80
Tyr Lys Lys Ala Lys

95

Glu Glu Ile Leu Ser

110
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3600

3660

3720
3780
3840
3900
3960
4020

4080

4140

4140
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Ser

Phe

Ser

145

Ser

Lys

Asn

Lys
225

Pro

Leu

Phe

Leu

305

Ser

Val

Lys

130

Thr

Asp
290

Asp

Cys

115

Leu

Lys

Lys

195

Leu

Phe

Ser

Asn

Asn

275

Glu

Gly Glu Asn

Ser Gln Gln

355

Lys

Asp

Phe

His

Lys

260

Tyr

Asp

Val

Thr

Thr
340

Ile

Ser

Lys

Thr

Lys

165

Ser

Leu

Tyr

Phe

Lys
325

Lys

Glu Asp Leu Leu

Ser

150

Asn

Asp

Phe

Asn
230

Tyr

Lys

Lys

310

Phe

Arg

Asp
135

Lys

Leu

Leu

Lys

Lys

215

Arg

Arg

Tyr

Thr

295

Asn

Lys

Asn Asp Lys

120

Asp

Lys

Phe

200

Ser

Lys

Lys
280

Ser

Thr

Gly

Thr
360

Asp

Asn

Leu
185

Asn

Phe

Asn

Val

Ser
265

Lys

Asn

Ile
345

Leu

Gln

Asn

170

Trp

Ser

Lys

Val

Asp

250

Leu

Asp

Val

Phe

330

Asn

Lys

Asn

Leu

Ser

155

Asn

Leu

Asp

Tyr
235

Asp

Lys

Leu

Asn

Asn

315

Glu

Lys

Tyr

Leu

Lys

Trp
220

Ser

Asn

Asp

Gln
300

Asn

Tyr

Tyr

Ser
125

Lys

Tyr

Thr

205

Thr

Ser

Leu

Lys

285

Arg

Tyr

Ile

Lys

365

Asp Val

Asp Phe

Ile Lys

Asp Ala

175

Ser Lys

190

Asp Ile

Thr Tyr

Asn Asp

Pro Lys

255

Ala Pro

Glu Leu

Val Phe

Leu Asn

Phe Val

335
Asn Leu
350

Met Ser
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Tyr

Lys

Asp

160

Lys

Asp

Asp

Phe

240

Phe

Thr

Ser

320

Asn

Tyr

Val
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Leu Phe Lys Gln Ile Leu Ser Asp Thr Glu Ser Lys Ser Phe Val Ile
370 375 380

Asp Lys Leu Glu Asp Asp Ser Asp Val Val Thr Thr Met GIn Ser Phe

385 390 395 400
Tyr Glu Gln Ile Ala Ala Phe Lys Thr Val Glu Glu Lys Ser Ile Lys
405 410 415
Glu Thr Leu Ser Leu Leu Phe Asp Asp Leu Lys Ala Gln Lys Leu Asp
420 425 430
Leu Ser Lys Ile Tyr Phe Lys Asn Asp Lys Ser Leu Thr Asp Leu Ser
435 440 445
Gln Gln Val Phe Asp Asp Tyr Ser Val Ile Gly Thr Ala Val Leu Glu

450 455 460

Tyr Ile Thr Gln Gln Ile Ala Pro Lys Asn Leu Asp Asn Pro Ser Lys
465 470 475 480
Lys Glu Gln Glu Leu Ile Ala Lys Lys Thr Glu Lys Ala Lys Tyr Leu
485 490 495
Ser Leu Glu Thr Ile Lys Leu Ala Leu Glu Glu Phe Asn Lys His Arg
500 505 510
Asp Ile Asp Lys Gln Cys Arg Phe Glu Glu Ile Leu Ala Asn Phe Ala
515 520 525

Ala Ile Pro Met Ile Phe Asp Glu Ile Ala Gln Asn Lys Asp Asn Leu

530 535 540
Ala Gln Ile Ser Ile Lys Tyr Gln Asn Gln Gly Lys Lys Asp Leu Leu
545 550 555 560
GIn Ala Ser Ala Glu Asp Asp Val Lys Ala Ile Lys Asp Leu Leu Asp
565 570 575
GIn Thr Asn Asn Leu Leu His Lys Leu Lys Ile Phe His Ile Ser Gln
580 585 590
Ser Glu Asp Lys Ala Asn Ile Leu Asp Lys Asp Glu His Phe Tyr Leu

595 600 605

Val Phe Glu Glu Cys Tyr Phe Glu Leu Ala Asn Ile Val Pro Leu Tyr
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Asn

625

Phe

Asn

Tyr

Lys

Lys

705

Arg

Tyr

Arg

785

Ser

His

Val

610

Lys

Lys

Lys

Tyr

690

Leu

Lys

Asn

Lys

Lys

770

Phe

Val

Tyr

Tyr

Thr
850

Val

Ile Arg

Leu Asn

Glu Pro

660

Leu Gly

675

Ile Lys

Leu Pro

Ser Ile

His Ser

740

Phe Glu

755

Gln Ser

Ser Asp

Glu Asn

Ile Asp

820
Asn Lys
835

Leu Tyr

Tyr Lys

Asn

Phe

645

Asp

Val

Lys
725

Thr

Phe

Thr

805

Ser

Asp

Trp

Tyr

630

Asn

Met

Asn

710

Phe

His

Asn

Ser

Val

Phe

Lys

615

Asn

Thr

Asn

Lys

695

Asn

Tyr

Thr

Lys

775

Arg

Tyr

Val

Ser

Ala

855

Thr

Ser

Lys

680

Lys

Asn

Lys

760

His

Tyr

Lys

Asn

840

Leu

Gln Lys

Thr Leu

650
[le Leu
665

Lys Asn

Glu Gly

Met Leu

Pro Ser

730

Asn Gly

745

Asp Cys

Pro Glu

Asn Ser

Leu Thr

810

Gln Gly

825

Tyr Ser

Phe Asp

Pro

635

Phe

Asn

Tyr

Pro

715

Ser

Arg

Trp

795

Phe

Lys

Lys

Glu

620

Tyr

Asn

Lys

Lys

700

Lys

Asp

Pro

Lys

Lys

780

Asp

Leu

Arg

860

Ser Asp Glu Lys

640

Gly Trp Asp Lys

Lys

685

Lys

Val

Phe
765

Asp

Asn

Tyr

Arg
845

Asn

Leu Asn Gly Glu Ala Glu Leu Phe Tyr

655
Asp Asp
670

Phe Asp

Ile Val

Phe Phe

Leu Arg

735

Lys Gly

750

Ile Asp

Phe Gly

Phe Tyr

Ile Ser

815

Leu Phe

830

Pro Asn

Leu Gln

Arg Lys
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Lys

Asp

Tyr

Ser

720

Tyr

Phe

Phe

Arg

800

Gln

Leu

Asp

Gln

ZIHSdl 10-2020-0078200



865 870 875 880
Ser Ile Pro Lys Lys Ile Thr His Pro Ala Lys Glu Ala Ile Ala Asn

885 890 895

Lys Asn Lys Asp Asn Pro Lys Lys Glu Ser Val Phe Glu Tyr Asp Leu
900 905 910
Ile Lys Asp Lys Arg Phe Thr Glu Asp Lys Phe Phe Phe His Cys Pro
915 920 925
Ile Thr Ile Asn Phe Lys Ser Ser Gly Ala Asn Lys Phe Asn Asp Glu
930 935 940
Ile Asn Leu Leu Leu Lys Glu Lys Ala Asn Asp Val His Ile Leu Ser
945 950 955 960

Ile Asp Arg Gly Glu Arg His Leu Ala Tyr Tyr Thr Leu Val Asp Gly

965 970 975
Lys Gly Asn Ile Ile Lys Gln Asp Thr Phe Asn Ile Ile Gly Asn Asp
980 985 990
Arg Met Lys Thr Asn Tyr His Asp Lys Leu Ala Ala Ile Glu Lys Asp
995 1000 1005
Arg Asp Ser Ala Arg Lys Asp Trp Lys Lys Ile Asn Asn Ile Lys Glu
1010 1015 1020
Met Lys Glu Gly Tyr Leu Ser Gln Val Val His Glu Ile Ala Lys Leu

1025 1030 1035 1040

Val Ile Glu Tyr Asn Ala Ile Val Val Phe Glu Asp Leu Asn Phe Gly
1045 1050 1055
Phe Lys Arg Gly Arg Phe Lys Val Glu Lys Gln Val Tyr Gln Lys Leu
1060 1065 1070
Glu Lys Met Leu Ile Glu Lys Leu Asn Tyr Leu Val Phe Lys Asp Asn
1075 1080 1085
Glu Phe Asp Lys Thr Gly Gly Val Leu Arg Ala Tyr Gln Leu Thr Ala
1090 1095 1100

Pro Phe Glu Thr Phe Lys Lys Met Gly Lys Gln Thr Gly Ile Ile Tyr

1105 1110 1115 1120
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Tyr Val Pro Ala Gly Phe Thr Ser Lys Ile Cys Pro Val Thr Gly Phe
1125 1130 1135
Val Asn Gln Leu Tyr Pro Lys Tyr Glu Ser Val Ser Lys Ser Gln Glu
1140 1145 1150
Phe Phe Ser Lys Phe Asp Lys Ile Cys Tyr Asn Leu Asp Lys Gly Tyr
1155 1160 1165
Phe Glu Phe Ser Phe Asp Tyr Lys Asn Phe Gly Asp Lys Ala Ala Lys

1170 1175 1180

Gly Lys Trp Thr Ile Ala Ser Phe Gly Ser Arg Leu Ile Asn Phe Arg
1185 1190 1195 1200
Asn Ser Asp Lys Asn His Asn Trp Asp Thr Arg Glu Val Tyr Pro Thr
1205 1210 1215
Lys Glu Leu Glu Lys Leu Leu Lys Asp Tyr Ser Ile Glu Tyr Gly His
1220 1225 1230
Gly Glu Cys Ile Lys Ala Ala Ile Cys Gly Glu Ser Asp Lys Lys Phe
1235 1240 1245

Phe Ala Lys Leu Thr Ser Val Leu Asn Thr Ile Leu Gln Met Arg Asn

1250 1255 1260
Ser Lys Thr Gly Thr Glu Leu Asp Tyr Leu Ile Ser Pro Val Ala Asp
1265 1270 1275 1280
Val Asn Gly Asn Phe Phe Asp Ser Arg Gln Ala Pro Lys Asn Met Pro
1285 1290 1295
GIn Asp Ala Asp Ala Asn Gly Ala Tyr His Ile Gly Leu Lys Gly Leu
1300 1305 1310
Met Leu Leu Gly Arg Ile Lys Asn Asn GIn Glu Gly Lys Lys Leu Asn

1315 1320 1325

Leu Val Ile Lys Asn Glu Glu Tyr Phe Glu Phe Val Gln Asn Arg Asn
1330 1335 1340

Asn Gln Ala Ala Ala Leu Asp Leu GIn Val Lys Gln Gln Ile Gln Leu

1345 1350 1355 1360

Arg Arg Arg Glu Val Asp Glu Thr Ala Asp Leu Pro Ala Glu Leu Pro

1365 1370 1375
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Pro Leu Leu Arg Arg Leu Tyr Ala Ser Arg Gly Val Arg Ser Ala Gln
1380 1385 1390

Glu Leu Glu Arg Ser Val Lys Gly Met Leu Pro Trp Gln Gln Leu Ser

1395 1400 1405
Gly Val Glu Lys Ala Val Glu Ile Leu Tyr Asn Ala Phe Arg Glu Gly
1410 1415 1420
Thr Arg Ile Ile Val Val Gly Asp Phe Asp Ala Asp Gly Ala Thr Ser
1425 1430 1435 1440
Thr Ala Leu Ser Val Leu Ala Met Arg Ser Leu Gly Cys Ser Asn Ile
1445 1450 1455
Asp Tyr Leu Val Pro Asn Arg Phe Glu Asp Gly Tyr Gly Leu Ser Pro

1460 1465 1470

Glu Val Val Asp GIn Ala His Ala Arg Gly Ala Gln Leu Ile Val Thr
1475 1480 1485
Val Asp Asn Gly Ile Ser Ser His Ala Gly Val Glu His Ala Arg Ser
1490 1495 1500
Leu Gly Ile Pro Val Ile Val Thr Asp His His Leu Pro Gly Glu Thr
1505 1510 1515 1520
Leu Pro Ala Ala Glu Ala Ile Ile Asn Pro Asn Leu Arg Asp Cys Asn
1525 1530 1535

Phe Pro Ser Lys Ser Leu Ala Gly Val Gly Val Ala Phe Tyr Leu Met

1540 1545 1550
Leu Ala Leu Arg Thr Phe Leu Arg Asp Gln Gly Trp Phe Asp Glu Arg
1555 1560 1565
Gly Ile Ala Ile Pro Asn Leu Ala Glu Leu Leu Asp Leu Val Ala Leu
1570 1575 1580
Gly Thr Val Ala Asp Val Val Pro Leu Asp Ala Asn Asn Arg Ile Leu
1585 1590 1595 1600
Thr Trp Gln Gly Met Ser Arg Ile Arg Ala Gly Lys Cys Arg Pro Gly

1605 1610 1615

Ile Lys Ala Leu Leu Glu Val Ala Asn Arg Asp Ala Gln Lys Leu Ala
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1620 1625 1630
Ala Ser Asp Leu Gly Phe Ala Leu Gly Pro Arg Leu Asn Ala Ala Gly
1635 1640 1645
Arg Leu Asp Asp Met Ser Val Gly Val Ala Leu Leu Leu Cys Asp Asn
1650 1655 1660
Ile Gly Glu Ala Arg Val Leu Ala Asn Glu Leu Asp Ala Leu Asn Gln
1665 1670 1675 1680

Thr Arg Lys Glu Ile Glu Gln Gly Met GIn Val Glu Ala Leu Thr Leu

1685 1690 1695
Cys Glu Lys Leu Glu Arg Ser Arg Asp Thr Leu Pro Gly Gly Leu Ala
1700 1705 1710
Met Tyr His Pro Glu Trp His Gln Gly Val Val Gly Ile Leu Ala Ser
1715 1720 1725
Arg Ile Lys Glu Arg Phe His Arg Pro Val Ile Ala Phe Ala Pro Ala
1730 1735 1740
Gly Asp Gly Thr Leu Lys Gly Ser Gly Arg Ser Ile Gln Gly Leu His

1745 1750 1755 1760

Met Arg Asp Ala Leu Glu Arg Leu Asp Thr Leu Tyr Pro Gly Met Ile
1765 1770 1775
Leu Lys Phe Gly Gly His Ala Met Ala Ala Gly Leu Ser Leu Glu Glu
1780 1785 1790
Asp Lys Phe Glu Leu Phe Gln Gln Arg Phe Gly Glu Leu Val Thr Glu
1795 1800 1805
Trp Leu Asp Pro Ser Leu Leu Gln Gly Glu Val Val Ser Asp Gly Pro
1810 1815 1820

Leu Ser Pro Ala Glu Met Thr Met Glu Val Ala Gln Leu Leu Arg Asp

1825 1830 1835 1840
Ala Gly Pro Trp Gly Gln Met Phe Pro Glu Pro Leu Phe Asp Gly His
1845 1850 1855
Phe Arg Leu Leu GIn Gln Arg Leu Val Gly Glu Arg His Leu Lys Val
1860 1865 1870

Met Val Glu Pro Val Gly Gly Gly Pro Leu Leu Asp Gly Ile Ala Phe
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1875 1880 1885
Asn Val Asp Thr Ala Leu Trp Pro Asp Asn Gly Val Arg Glu Val Gln

1890 1895 1900

Leu Ala Tyr Lys Leu Asp Ile Asn Glu Phe Arg Gly Asn Arg Ser Leu

1905 1910 1915 1920

Gln Ile Ile Ile Asp Asn Ile Trp Pro Ile Leu Gln Lys Arg Pro Ala
1925 1930 1935

Ala Thr Lys Lys Ala Gly Gln Ala Lys Lys Lys Lys His His His His

1940 1945 1950
His His
<210> 58
<211> 5865
<212> DNA

<213> Artificial Sequence

<220><223>
<400>
58

atgggcagca
atggctagca
caagcttgceg
actctaagat
ttgattttag
aaatatcatc

ttacaaaact

aaagatttta
tcagagaaat
tcagatttaa
aatagtgata
acaacttatt
cctacatcta

gctaagtatg

FnCpf1-Rec]

gccatcatca
tgactggtgg
gccegeatgtce
ttgagttaat
atgatgagaa
agttttttat

attctgatgt

aaagtgcaaa
ttaagaattt
ttctatggct
tcacagatat
ttaagggttt
ttatttatag

agagtttaaa

tcatcatcac
acagcaaatg
aatttatcaa
cccacagggt
aagagctaaa
agaggagata

ttattttaaa

agatacgata
gtttaatcaa
aaagcaatct
agatgaggcg
tcatgaaaat
gatagtagat

agacaaagct

agcagcggcece
ggtcgeggat
gaatttgtta
aaaacacttg
gactacaaaa
ttaagttcgg

cttaaaaaga

aagaaacaaa
aaccttatcg
aaggataatg
ttagaaataa
agaaaaaatg
gataatttgc

ccagaagcta

tggtgccgeg
ccgaattcga
ataaatatag
aaaacataaa
aggctaaaca
tttgtattag

gtgatgatga

tatctgaata
atgctaaaaa
gtatagaact
tcaaatcttt
tttatagtag
ctaaatttct

taaactatga

cggcagccat
gctceegtega
tttaagtaaa
agcaagaggt
aataattgat
cgaagattta

taatctacaa

tataaaggac
agggcaagag
atttaaagcc
taaaggttgg
caatgatatt
agaaaataaa

acaaattaaa
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60
120
180
240
300
360

420

480
540
600
660
720
780

840
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aaagatttgg
agagtttttt
agtggtatta
aagagaaaag
ctcaaaaaat
tcttttgtaa

tatgagcaaa

ttattatttg
gataaatctc
gcggtactag
aaagagcaag
ataaagcttg
gaagaaatac

aaagacaatt

caagctagtg
ctcttacata
gacaaggatg
gtgcctettt
tttaagctca
gacaatacgg

aaaaataaca

aaaattgttt
gctaaatcta
acacatacaa
gattgccgaa
gattttggat
gaagttgaaa

agcgtagtta

tatagcaaag
aatcttcaag

tcaataccta

cagaagagct
cacttgatga
ctaaatttaa
gtataaatga
ataaaatgag
ttgataagtt

tagcagcttt

atgatttaaa
ttactgatct
aatatataac
aattaatagc
ccttagaaga
ttgcaaactt

tggcacagat

cggaagatga
aactaaaaat
agcattttta
ataacaaaat
attttgagaa
caattttatt

aaatatttga

ataaactttt
taaaatttta
aaaatggtag
aatttataga
ttagattttc
atcaaggcta

atcagggtaa

ggcgaccaaa
atgtggttta

aaaaaatcac

aacctttgat
agtttttgag
tactattatt
atatataaat
tgttttattt
agaagatgat

taaaacagta

agctcaaaaa
atcacaacaa
tcaacaaata
caaaaaaact
atttaataag
tgecggetatt

atctatcaaa

tgttaaagct
atttcatatt
tctagtattt
tagaaactat
ctcgactttg
tatcaaagat

tgataaagct

acctggcgca
taatcctagt
tcctcaaaaa
tttttataaa
tgatactcaa
caaactaact

attgtaccta

tctacatact
taagctaaat

tcacccagct

attgactaca
atagcaaact
ggtggtaaat
ctatactcac
aagcaaattt
agtgatgtag

gaagaaaaat

cttgatttga
gtttttgatg
gcacctaaaa
gaaaaagcaa
catagagata
ccgatgatat

tatcaaaatc

atcaaggatc
agtcagtcag
gaggagtgct
ataactcaaa
gctaatggtt
gataaatatt

atcaaagaaa

aataaaatgt
gaagatatac
ggatatgaaa
cagtctataa
agatataatt
tttgaaaata

ttccaaatct

ttatattgga

ggtgaggeag

aaagaggcaa

aaacatctga
ttaataatta
ttgtaaatgg
agcaaataaa
taagtgatac
ttacaacgat

ctattaaaga

gtaaaattta
attatagtgt
atcttgataa
aatacttatc
tagataaaca
ttgatgaaat

aaggtaaaaa

ttttagatca
aagataaggc
actttgagct
agccatatag
gggataaaaa
atctgggtgt

ataaaggcga

tacctaaggt
ttagaataag
aatttgagtt
gtaagcatcc
ctatagatga
tatcagagag

ataataaaga

aagcgctgtt
agctttttta

tagctaataa

agttaatcaa
tctaaatcaa
tgaaaataca
tgataaaaca
agaatctaaa
gcaaagtttt

aacactatct

ttttaaaaat
tattggtaca
ccctagtaag
tctagaaact
gtgtaggttt
agctcaaaac

agacctactt

aactaataat
aaatatttta
agcgaatata
tgatgagaaa
taaagagcct
gatgaataag

gggttataaa

tttettttet
aaatcattcc
taatattgaa
ggagtggaaa
attttataga
ctatattgat

tttttcagct

tgatgagaga
tcgtaaacaa

aaacaaagat
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900
960
1020
1080
1140
1200

1260

1320
1380
1440
1500
1560
1620

1680

1740
1800
1860
1920
1980
2040

2100

2160
2220
2280
2340
2400
2460

2520

2580
2640

2700
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aatcctaaaa
gataagtttt
tttaatgatg

atagatagag

atcaaacaag
aagcttgctg
aacatcaaag
gttatagagt
cgtttcaagg
aactatctag

cagctaacag

tatgtaccag
tatcctaagt
tgttataacc
aaggctgcca
aattcagata
aaattgctaa

tgcggtgaga

caaatgcgta
gtaaatggca
gccaatggtg
aatcaagagg
cagaatagga
cgtcgeegtg

cgtttatacg

atgttgccct
tttcgcgaag
acggctctaa
ccaaaccgtt
cgtggegege

cacgctcgct

aagagagtgt
tctttcactg
aaatcaattt

gtgaaagaca

atactttcaa
caatagagaa
agatgaaaga
ataatgctat
tagagaagca
ttttcaaaga

caccttttga

ctggttttac
atgaaagtgt
ttgataaggg
aaggcaagtg
aaaatcataa
aagattattc

gcgacaaaaa

actcaaaaac
atttctttga
cttatcatat
gcaaaaaact
ataaccaagc
aagtcgatga

ccageegses

ggcagcaact
gaacgcggat
gegtgetgge
tcgaagacgg
agttaattgt

cgttgggcat

ttttgaatat
tcctattaca
attgctaaaa

tttagcttac

catcattggt
agatagggat
gggctatcta
tgtggttttt
ggtctatcaa
taatgagttt

gacttttaaa

ttcaaaaatt
cagcaaatct
ctattttgag
gactatagct
ttgggatact
tatcgaatat

gttttttgct

aggtactgag
ttcgcgacag
tgggctaaaa
caatttggtt
ggccegcactce
aacggcagac

cgtgcgcagt

gagcggegtce
tattgtggtc
gatgcgctcg
ttacggctta
cacggtggat

tccggttatt

gatttaatca
atcaatttta
gaaaaagcaa

tatactttgg

aatgatagaa
tcagctagga
tctcaggtag
gaggatttaa
aagttagaaa
gataaaactg

aagatgggta

tgtcctgtaa
caagagttct
tttagttttg
agctttggga
cgagaagttt
gggcatggeg

aagctaacta

ttagattatc
gcgecaaaaa
ggtctgatge
atcaaaaatg
gacctgcagg
ttgcececgetg

gcgcaagaac

gaaaaggccg
ggcgattttg
cttggttgca
agcccggaag
aacggtattt

gttaccgatc

aagataaacg
aatctagtgg
atgatgttca

tagatggtaa

tgaaaacaaa
aagactggaa
ttcatgaaat
attttggatt
aaatgctaat
ggggagtgct

aacaaacagg

ctggttttgt
ttagtaagtt
attataaaaa
gtagattgat
atccaactaa
aatgtatcaa

gtgtcctaaa

taatttcacc
atatgcctca
tactaggtag
aagagtattt
tgaaacaaca
aattgcctcc

tggaacgcag

ttgagatcct
acgccgacgg
gcaatatcga
tagtcgatca
cctcecatge

accatttgcc

ctttactgaa
agctaataag
tatattaagt

aggcaatatc

ctaccatgat
aaagataaat
agctaagcta
taaaagaggg
tgagaaacta
tagagcttat

tattatctac

aaatcagtta
tgacaagatt
ctttggtgac
taactttaga
agagttggag
agcagctatt

tactatctta

agtagcagat
agatgctgat
gatcaaaaat
tgagttcgtg
gatacaactt
cttgctgcegce

tgttaaaggt

ttacaacgct
cgcgaccage
ctatctggta
ggcccatgec
gggegttgaa

gggcgaaaca
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2760
2820
2880

2940

3000
3060
3120
3180
3240
3300

3360

3420
3480
3540
3600
3660
3720

3780

3840
3900
3960
4020
4080
4140

4200

4260
4320
4380
4440
4500

4560
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ttacccgcag

tcactggcag
gatcagggct
ctggtcgcegce
acctggcagg
ctggaagtgg
gggccacgtce

ctgtgcgaca

acgcgaaaag
gagcgaagtc
ggegttgteg
tttgcgccag
atgcgtgatg
ggtcatgcga

cggtttggcg

tcagacggcc
gctggececegt
caacagcggc
ccgetgetgg
cgcgaagtgce
caaattatca

geeggecagg

<210> 39

cggaagcgat

gegtgggtgt
ggtttgatga
tgggaacagt
ggatgagtcg
caaaccgtga
tcaatgctgc

acatcggcga

agatcgaaca
gcgacacgct
gtattctggce
caggtgatgg
cactggagcg
tggcggeggg

agctggttac

cgttaagccc
gggggcagat
tggtgggega
atggtattgc
aactggctta
tcgacaatat

Caaaaaagaa

<211> 2243

<212> PRT

cattaaccct

ggegttttat
gcgtggceatc
ggcggacgtce
catccgtgcec
tgcacaaaaa
cggacgactg

agcgegegtg

aggaatgcaa
acccggegeg
ttcgegcatc
tacgctgaaa
attagacaca
tttgtcgctg

cgagtggctg

ggccgaaatg
gttcccggag
acgtcatttg
ttttaatgtc
caagctcgat
ctggccaatt

aaagcaccac

<213> Artificial Sequence

<220><223>

<400> 39

FnCpf1-RecE

aacttgcgceg

ctgatgctgg
gcaattccta
gtgeegetgg
ggaaagtgcc
ctcgeecgceca
gacgatatgt

ctggcaaatg

gttgaagccc
ctggcaatgt
aaagagcgtt
ggttcaggtc
ctctaccctg
gaagaggata

gacccttege

accatggaag
ccgetgtttg
aaagtcatgg
gataccgccc
atcaacgagt
ctgcagaaaa

caccaccacc

actgtaattt

cgctgegceac
acctggcaga
acgctaataa
gtccagggat
gcgatttagg
ccgteggtgt

aactcgatgc

tgaccctgtg
atcaccccga
ttcaccgtcc
gctccattca
gcatgatact
aattcgaact

tattgcaagg

tggcgcagcet
atggtcattt
tcgaaccggt
tctggcecgga
ttcgeggcaa
ggcegecegge

actga

cccgtcecgaaa

ctttttgcgce
actgctggat
tcgcattctg
taaagcgctg
ttttgcgcetg
ggcgetettg

gctaaaccag

cgagaaactg
atggcatcag
ggttatcgcc
ggggctgeat
gaagtttggc
ctttcaacaa

cgaagtggtg

gctgegegat
ccgtetgcetg
cggeggeggt
taacggcgtg
ccgcagectg

cacgaaaaag

Met Gly Ser Ser His His His His His His Ser Ser Gly Leu Val Pro

1

5

10

15

Arg Gly Ser His Met Ala Ser Met Thr Gly Gly Gln Gln Met Gly Arg
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4620

4680
4740
4800
4860
4920
4980

5040

5100
5160
5220
5280
5340
5400

5460

5520
5580
5640
5700
5760
5820

5865
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20
Gly Ser Glu Phe
35

Tyr Gln Glu Phe

50

Glu Leu Ile Pro

Leu Ile Leu Asp

Gln Ile Ile Asp
100
Ser Val Cys Ile

115

Phe Lys Leu Lys
130

Ser Ala Lys Asp

145

Ser Glu Lys Phe

Lys Gly Gln Glu

Asn Gly Ile Glu

195

Lys Gly Phe His
225

Pro Thr Ser Ile

Leu Glu Asn Lys

260

Glu

Val

Asp
85

Lys

Ser

Lys

Thr

Lys

165

Ser

Leu

245

Ala

25
Leu Arg Arg Gln
40

Asn Lys Tyr Ser

55
Gly Lys Thr Leu
70

Glu Lys Arg Ala

Tyr His Gln Phe
105
Glu Asp Leu Leu

120

Ser Asp Asp Asp
135

Ile Lys Lys Gln

150

Asn Leu Phe Asn

Asp Leu Ile Leu
185

Phe Lys Ala Asn

200
Ile Lys Ser Phe
215
Asn Arg Lys Asn
230

Tyr Arg Ile Val

Lys Tyr Glu Ser

265

Ala Cys

Leu Ser

Glu Asn

75

Lys Asp
90

Phe Ile

Gln Asn

Asn Leu

Ile Ser

155
GIn Asn
170

Trp Leu

Ser Asp

Lys Gly

Val Tyr

235
Asp Asp
250

Leu Lys

Gly

Lys

60

Tyr

Tyr

Leu

Lys

Trp

220

Ser

Asn

Asp

30
Arg Met
45

Thr Leu

Lys Ala

Lys Lys

110

Ser Asp

125

Lys Asp

Tyr Ile

Ile Asp

Gln Ser

190

Thr Asp

205

Thr Thr

Ser Asn

Leu Pro

Lys Ala

270

- 268 -

Ser Ile

Arg Phe

Arg Gly

80

Ala Lys
95

Leu Ser

Val Tyr

Phe Lys

Lys Asp

160
Ala Lys
175

Lys Asp

Ile Asp

Tyr Phe

Asp Ile

240
Lys Phe
255

Pro Glu
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Ala Ile Asn

275

Phe Asp

290

Leu Asp
305

Ser Gly

Gly Glu Asn

Ser Gln

355

Leu Phe Lys

370

Asp Lys Leu
385

Tyr Glu

Glu Thr Leu

Leu Ser Lys

435

GIn Gln Val
450

Tyr Ile Thr

465

Lys Glu Gln

Ser Leu Glu

Asp Ile Asp

515

Tyr Glu Gln

Asp Tyr Lys

Val Phe
310

Thr Lys Phe
325

Thr

Lys Arg

340

Asn Asp
Leu
Asp Asp

390

405

Ser Leu Leu
420
Tyr Phe

Phe Asp Asp

Glu Leu

485

Thr Ile Lys
500

Lys Gln Cys

Ile Lys Lys
280

Thr Ser

295

Asn

Asn Thr

Lys

345

Lys Thr Leu

360

Ser Asp Thr

375

Ser Asp Val

Phe Lys Thr

Phe Asp Asp

425
Asp

Lys Asn

440
Tyr Ser Val
455
Pro Lys

Lys Lys

Leu Ala Leu
505
Arg Phe Glu

520

Asp Leu Ala Glu Glu Leu

Val

Phe

330

Asn

Lys

Val

Val

410

Leu

Lys

Asn

Thr

490

Glu

Glu

Asn

Asn

315

Lys

Ser

Thr

395

Lys

Ser

Leu

475

Glu

Ile

Gln
300

Asn

Tyr

Tyr

Lys

380

Thr

Leu

Thr

460

Asp

Lys

Phe

Leu

285

Arg

Tyr

Lys

Lys

365

Ser

Met

Lys

Thr

445

Asn

Asn

Ala

525

Val

Leu

Phe

Asn

350

Met

Phe

Ser

Lys

430

Asp

Val

Pro

Lys

Lys
510

Asn

- 269 -

Phe

Asn

Val

335

Leu

Ser

Val

Ser

415

Leu

Leu

Leu

Ser

Tyr

495

His

Phe

Thr

Ser

320

Asn

Tyr

Val

Phe
400

Lys

Asp

Ser

Lys
480

Leu

Arg

Ala
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Ala Ile

530

Gln Thr

Ser Glu

Val Phe

610

Asn Lys

625

Phe Lys

Asn Lys

Tyr Tyr

Lys Ala
690

Lys Leu

705

Ala Lys

Arg Asn

Glu Lys

Tyr Lys

Pro Met

Ile Ser

Ser Ala

Asn Asn
580
Asp Lys

595

Ile Arg

Leu Asn

Glu Pro

660
Leu Gly
675

Ile Lys

Leu Pro

Ser Ile

His Ser

740
Phe Glu
755

Gln Ser

Ile Phe Asp Glu Ile Ala Gln Asn Lys Asp Asn

Ile

565

Leu

Cys

Asn

Phe
645

Asp

Val

Lys

725

Thr

Phe

Ile

535
Lys Tyr

550

Asp Asp

Leu His

Asn Ile

Tyr Phe

615

Tyr Ile

630

Glu Asn

Asn Thr

Met Asn

Asn Lys

695

Ala Asn

710

Phe Tyr

His Thr

Asn Ile

Ser Lys

Gln

Val

Lys

Leu

600

Glu

Thr

Ser

Lys

680

Lys

Asn

Lys

Glu

760

His

540
Asn Gln Gly Lys

555

Lys Ala Ile Lys
570

Leu Lys Ile Phe

585

Asp Lys Asp Glu

Leu Ala Asn Ile
620

Gln Lys Pro Tyr

635
Thr Leu Ala Asn
650
Ile Leu Phe Ile
665

Lys Asn Asn Lys

Glu Gly Tyr Lys

700

Met Leu Pro Lys
715
Pro Ser Glu Asp
730
Asn Gly Ser Pro
745

Asp Cys Arg Lys

Pro Glu Trp Lys

Lys Asp Leu

Asp Leu Leu
575
His Ile Ser
590
His Phe Tyr
605

Val Pro Leu

Ser Asp Glu

Gly Trp Asp
655
Lys Asp Asp
670
[le Phe Asp
685

Lys Ile Val

Val Phe Phe

Ile Leu Arg
735
Gln Lys Gly
750
Phe Ile Asp
765

Asp Phe Gly

- 270 -

Leu

Leu

560

Asp

Leu

Tyr

Lys

640

Lys

Lys

Asp

Tyr

Ser

720

Tyr

Phe

Phe
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770
Arg Phe Ser Asp
785

Glu Val Glu Asn

Ser Tyr Ile Asp
820
Ile Tyr Asn Lys

835

His Thr Leu Tyr
850

Val Val Tyr Lys

865

Ser Ile Pro Lys

Lys Asn Lys Asp
900

Ile Lys Asp Lys

915
Ile Thr Ile Asn
930

Ile Asn Leu Leu

Ile Asp Arg Gly

Lys Gly Asn Ile

980

Arg Met Lys Thr
995
Arg Asp Ser Ala

1010

Thr Gln

790
Gln Gly
805

Ser Val

Asp Phe

Trp Lys

Leu Asn

870
Lys Ile
885

Asn Pro

Arg Phe

Phe Lys

Leu Lys

950
Glu Arg
965

[le Lys

Asn Tyr

Arg Lys

775

Arg Tyr Asn

Tyr Lys Leu

Val Asn Gln
825
Ser Ala Tyr

840

Ala Leu Phe

Thr His Pro

Lys Lys Glu
905

Thr Glu Asp

920
Ser Ser Gly
935

Glu Lys Ala

His Leu Ala

Gln Asp Thr

985

His Asp Lys
1000
Asp Trp Lys

1015

Met Lys Glu Gly Tyr Leu Ser Gln Val

Ser

Thr

810

Ser

Asp

890

Ser

Lys

Asn

Tyr

970

Phe

Leu

Lys

Val

780
Ile Asp Glu Phe
795

Phe Glu Asn Ile

Lys Leu Tyr Leu
830
Lys Gly Arg Pro

845

Glu Arg Asn Leu
860

Leu Phe Tyr Arg

875

Lys Glu Ala Ile

Val Phe Glu Tyr
910

Phe Phe Phe His

925
Asn Lys Phe Asn
940
Asp Val His Ile
955

Tyr Thr Leu Val

Asn Ile Ile Gly

Ala Ala Ile Glu
1005
Ile Asn Asn Ile
1020

His Glu Ile Ala
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Tyr

Ser

815

Phe

Asn

Lys

895

Asp

Cys

Asp

Leu

Asp

975

Lys

Lys

Lys

Arg

800

Leu

Asp

880

Asn

Leu

Pro

Ser

960

Asp

Asp

Glu

Leu

ZIHSdl 10-2020-0078200



1025 1030 1035 1040
Val Ile Glu Tyr Asn Ala Ile Val Val Phe Glu Asp Leu Asn Phe Gly
1045 1050 1055

Phe Lys Arg Gly Arg Phe Lys Val Glu Lys Gln Val Tyr GIn Lys Leu

1060 1065 1070
Glu Lys Met Leu Ile Glu Lys Leu Asn Tyr Leu Val Phe Lys Asp Asn
1075 1080 1085
Glu Phe Asp Lys Thr Gly Gly Val Leu Arg Ala Tyr Gln Leu Thr Ala
1090 1095 1100
Pro Phe Glu Thr Phe Lys Lys Met Gly Lys Gln Thr Gly Ile Ile Tyr
1105 1110 1115 1120
Tyr Val Pro Ala Gly Phe Thr Ser Lys Ile Cys Pro Val Thr Gly Phe

1125 1130 1135

Val Asn Gln Leu Tyr Pro Lys Tyr Glu Ser Val Ser Lys Ser Gln Glu
1140 1145 1150
Phe Phe Ser Lys Phe Asp Lys Ile Cys Tyr Asn Leu Asp Lys Gly Tyr
1155 1160 1165
Phe Glu Phe Ser Phe Asp Tyr Lys Asn Phe Gly Asp Lys Ala Ala Lys
1170 1175 1180
Gly Lys Trp Thr Ile Ala Ser Phe Gly Ser Arg Leu Ile Asn Phe Arg
1185 1190 1195 1200

Asn Ser Asp Lys Asn His Asn Trp Asp Thr Arg Glu Val Tyr Pro Thr

1205 1210 1215
Lys Glu Leu Glu Lys Leu Leu Lys Asp Tyr Ser Ile Glu Tyr Gly His
1220 1225 1230
Gly Glu Cys Ile Lys Ala Ala Ile Cys Gly Glu Ser Asp Lys Lys Phe
1235 1240 1245
Phe Ala Lys Leu Thr Ser Val Leu Asn Thr Ile Leu Gln Met Arg Asn
1250 1255 1260
Ser Lys Thr Gly Thr Glu Leu Asp Tyr Leu Ile Ser Pro Val Ala Asp

1265 1270 1275 1280
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Val Asn Gly Asn Phe Phe Asp Ser Arg Gln Ala Pro Lys Asn Met Pro
1285 1290 1295
GIn Asp Ala Asp Ala Asn Gly Ala Tyr His Ile Gly Leu Lys Gly Leu
1300 1305 1310
Met Leu Leu Gly Arg Ile Lys Asn Asn Gln Glu Gly Lys Lys Leu Asn
1315 1320 1325
Leu Val Ile Lys Asn Glu Glu Tyr Phe Glu Phe Val Gln Asn Arg Asn
1330 1335 1340

Asn Gln Ala Ala Ala Leu Asp Leu Gln Met Ser Thr Lys Pro Leu Phe

1345 1350 1355 1360
Leu Leu Arg Lys Ala Lys Lys Ser Ser Gly Glu Pro Asp Val Val Leu
1365 1370 1375
Trp Ala Ser Asn Asp Phe Glu Ser Thr Cys Ala Thr Leu Asp Tyr Leu
1380 1385 1390
Ile Val Lys Ser Gly Lys Lys Leu Ser Ser Tyr Phe Lys Ala Val Ala
1395 1400 1405
Thr Asn Phe Pro Val Val Asn Asp Leu Pro Ala Glu Gly Glu Ile Asp

1410 1415 1420

Phe Thr Trp Ser Glu Arg Tyr Gln Leu Ser Lys Asp Ser Met Thr Trp
1425 1430 1435 1440
Glu Leu Lys Pro Gly Ala Ala Pro Asp Asn Ala His Tyr GIn Gly Asn
1445 1450 1455
Thr Asn Val Asn Gly Glu Asp Met Thr Glu Ile Glu Glu Asn Met Leu
1460 1465 1470
Leu Pro Ile Ser Gly Gln Glu Leu Pro Ile Arg Trp Leu Ala Gln His
1475 1480 1485

Gly Ser Glu Lys Pro Val Thr His Val Ser Arg Asp Gly Leu Gln Ala

1490 1495 1500
Leu His Ile Ala Arg Ala Glu Glu Leu Pro Ala Val Thr Ala Leu Ala
1505 1510 1515 1520
Val Ser His Lys Thr Ser Leu Leu Asp Pro Leu Glu Ile Arg Glu Leu

1525 1530 1535
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His Lys Leu Val Arg Asp Thr Asp Lys Val Phe Pro Asn Pro Gly Asn
1540 1545 1550
Ser Asn Leu Gly Leu Ile Thr Ala Phe Phe Glu Ala Tyr Leu Asn Ala

1555 1560 1565

Asp Tyr Thr Asp Arg Gly Leu Leu Thr Lys Glu Trp Met Lys Gly Asn
1570 1575 1580
Arg Val Ser His Ile Thr Arg Thr Ala Ser Gly Ala Asn Ala Gly Gly
1585 1590 1595 1600
Gly Asn Leu Thr Asp Arg Gly Glu Gly Phe Val His Asp Leu Thr Ser
1605 1610 1615
Leu Ala Arg Asp Val Ala Thr Gly Val Leu Ala Arg Ser Met Asp Leu
1620 1625 1630

Asp Ile Tyr Asn Leu His Pro Ala His Ala Lys Arg Ile Glu Glu Ile

1635 1640 1645
Ile Ala Glu Asn Lys Pro Pro Phe Ser Val Phe Arg Asp Lys Phe Ile
1650 1655 1660
Thr Met Pro Gly Gly Leu Asp Tyr Ser Arg Ala Ile Val Val Ala Ser
1665 1670 1675 1680
Val Lys Glu Ala Pro Ile Gly Ile Glu Val Ile Pro Ala His Val Thr
1685 1690 1695
Glu Tyr Leu Asn Lys Val Leu Thr Glu Thr Asp His Ala Asn Pro Asp

1700 1705 1710

Pro Glu Ile Val Asp Ile Ala Cys Gly Arg Ser Ser Ala Pro Met Pro
1715 1720 1725
GIn Arg Val Thr Glu Glu Gly Lys Gln Asp Asp Glu Glu Lys Pro Gln
1730 1735 1740
Pro Ser Gly Thr Thr Ala Val Glu Gln Gly Glu Ala Glu Thr Met Glu
1745 1750 1755 1760
Pro Asp Ala Thr Glu His His Gln Asp Thr Gln Pro Leu Asp Ala Gln
1765 1770 1775

Ser GIn Val Asn Ser Val Asp Ala Lys Tyr GIn Glu Leu Arg Ala Glu
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1780 1785 1790
Leu His Glu Ala Arg Lys Asn Ile Pro Ser Lys Asn Pro Val Asp Asp
1795 1800 1805
Asp Lys Leu Leu Ala Ala Ser Arg Gly Glu Phe Val Asp Gly Ile Ser
1810 1815 1820
Asp Pro Asn Asp Pro Lys Trp Val Lys Gly Ile Gln Thr Arg Asp Cys
1825 1830 1835 1840
Val Tyr Gln Asn Gln Pro Glu Thr Glu Lys Thr Ser Pro Asp Met Asn

1845 1850 1855

Gln Pro Glu Pro Val Val Gln Gln Glu Pro Glu Ile Ala Cys Asn Ala
1860 1865 1870
Cys Gly Gln Thr Gly Gly Asp Asn Cys Pro Asp Cys Gly Ala Val Met
1875 1880 1885
Gly Asp Ala Thr Tyr Gln Glu Thr Phe Asp Glu Glu Ser GIn Val Glu
1890 1895 1900
Ala Lys Glu Asn Asp Pro Glu Glu Met Glu Gly Ala Glu His Pro His
1905 1910 1915 1920

Asn Glu Asn Ala Gly Ser Asp Pro His Arg Asp Cys Ser Asp Glu Thr

1925 1930 1935
Gly Glu Val Ala Asp Pro Val Ile Val Glu Asp Ile Glu Pro Gly Ile
1940 1945 1950
Tyr Tyr Gly Ile Ser Asn Glu Asn Tyr His Ala Gly Pro Gly Ile Ser
1955 1960 1965
Lys Ser Gln Leu Asp Asp Ile Ala Asp Thr Pro Ala Leu Tyr Leu Trp
1970 1975 1980
Arg Lys Asn Ala Pro Val Asp Thr Thr Lys Thr Lys Thr Leu Asp Leu

1985 1990 1995 2000

Gly Thr Ala Phe His Cys Arg Val Leu Glu Pro Glu Glu Phe Ser Asn
2005 2010 2015
Arg Phe Ile Val Ala Pro Glu Phe Asn Arg Arg Thr Asn Ala Gly Lys
2020 2025 2030

Glu Glu Glu Lys Ala Phe Leu Met Glu Cys Ala Ser Thr Gly Lys Thr
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2035 2040 2045
Val Ile Thr Ala Glu Glu Gly Arg Lys Ile Glu Leu Met Tyr Gln Ser
2050 2055 2060

Val Met Ala Leu Pro Leu Gly Gln Trp Leu Val Glu Ser Ala Gly His

2065 2070 2075 2080
Ala Glu Ser Ser Ile Tyr Trp Glu Asp Pro Glu Thr Gly Ile Leu Cys
2085 2090 2095
Arg Cys Arg Pro Asp Lys Ile Ile Pro Glu Phe His Trp Ile Met Asp
2100 2105 2110
Val Lys Thr Thr Ala Asp Ile Gln Arg Phe Lys Thr Ala Tyr Tyr Asp
2115 2120 2125
Tyr Arg Tyr His Val Gln Asp Ala Phe Tyr Ser Asp Gly Tyr Glu Ala

2130 2135 2140

Gln Phe Gly Val GIn Pro Thr Phe Val Phe Leu Val Ala Ser Thr Thr
2145 2150 2155 2160
Ile Glu Cys Gly Arg Tyr Pro Val Glu Ile Phe Met Met Gly Glu Glu
2165 2170 2175
Ala Lys Leu Ala Gly Gln Gln Glu Tyr His Arg Asn Leu Arg Thr Leu
2180 2185 2190
Ser Asp Cys Leu Asn Thr Asp Glu Trp Pro Ala Ile Lys Thr Leu Ser
2195 2200 2205

Leu Pro Arg Trp Ala Lys Glu Tyr Ala Asn Asp Leu Gln Lys Arg Pro

2210 2215 2220

Ala Ala Thr Lys Lys Ala Gly Gln Ala Lys Lys Lys Lys His His His

2225 2230 2235 2240
His His His

<210> 60

<211> 6732

<212> DNA

<213> Artificial Sequence

<220><223> FnCpf1-RecE
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<400> 60

atgggcagca gccatcatca tcatcatcac agcagcggec tggtgecgeg cggcagecat 60
atggctagca tgactggtgg acagcaaatg ggtcgeggat ccgaattcga gctceegtcga 120
caagcttgecg gecgecatgtc aatttatcaa gaatttgtta ataaatatag tttaagtaaa 180
actctaagat ttgagttaat cccacagggt aaaacacttg aaaacataaa agcaagaggt 240
ttgattttag atgatgagaa aagagctaaa gactacaaaa aggctaaaca aataattgat 300
aaatatcatc agttttttat agaggagata ttaagttcgg tttgtattag cgaagattta 360
ttacaaaact attctgatgt ttattttaaa cttaaaaaga gtgatgatga taatctacaa 420
aaagatttta aaagtgcaaa agatacgata aagaaacaaa tatctgaata tataaaggac 480
tcagagaaat ttaagaattt gtttaatcaa aaccttatcg atgctaaaaa agggcaagag 540
tcagatttaa ttctatggct aaagcaatct aaggataatg gtatagaact atttaaagcc 600
aatagtgata tcacagatat agatgaggcg ttagaaataa tcaaatcttt taaaggttgg 660
acaacttatt ttaagggttt tcatgaaaat agaaaaaatg tttatagtag caatgatatt 720
cctacatcta ttatttatag gatagtagat gataatttgc ctaaatttct agaaaataaa 780
gctaagtatg agagtttaaa agacaaagct ccagaagcta taaactatga acaaattaaa 840
aaagatttgg cagaagagct aacctttgat attgactaca aaacatctga agttaatcaa 900
agagtttttt cacttgatga agtttttgag atagcaaact ttaataatta tctaaatcaa 960
agtggtatta ctaaatttaa tactattatt ggtggtaaat ttgtaaatgg tgaaaataca 1020
aagagaaaag gtataaatga atatataaat ctatactcac agcaaataaa tgataaaaca 1080
ctcaaaaaat ataaaatgag tgttttattt aagcaaattt taagtgatac agaatctaaa 1140
tcttttgtaa ttgataagtt agaagatgat agtgatgtag ttacaacgat gcaaagtttt 1200
tatgagcaaa tagcagcttt taaaacagta gaagaaaaat ctattaaaga aacactatct 1260
ttattatttg atgatttaaa agctcaaaaa cttgatttga gtaaaattta ttttaaaaat 1320
gataaatctc ttactgatct atcacaacaa gtttttgatg attatagtgt tattggtaca 1380
gcggtactag aatatataac tcaacaaata gcacctaaaa atcttgataa ccctagtaag 1440
aaagagcaag aattaatagc caaaaaaact gaaaaagcaa aatacttatc tctagaaact 1500
ataaagcttg ccttagaaga atttaataag catagagata tagataaaca gtgtaggttt 1560
gaagaaatac ttgcaaactt tgcggctatt ccgatgatat ttgatgaaat agctcaaaac 1620
aaagacaatt tggcacagat atctatcaaa tatcaaaatc aaggtaaaaa agacctactt 1680
caagctagtg cggaagatga tgttaaagct atcaaggatc ttttagatca aactaataat 1740
ctcttacata aactaaaaat atttcatatt agtcagtcag aagataaggc aaatatttta 1800
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gacaaggatg

gtgcctettt
tttaagctca
gacaatacgg
aaaaataaca
aaaattgttt
gctaaatcta

acacatacaa

gattgccgaa
gattttggat
gaagttgaaa
agcgtagtta
tatagcaaag
aatcttcaag

tcaataccta

aatcctaaaa
gataagtttt
tttaatgatg
atagatagag
atcaaacaag
aagcttgctg

aacatcaaag

gttatagagt
cgtttcaagg
aactatctag
cagctaacag
tatgtaccag
tatcctaagt

tgttataacc

agcattttta

ataacaaaat
attttgagaa
caattttatt
aaatatttga
ataaactttt
taaaatttta

aaaatggtag

aatttataga
ttagattttc
atcaaggcta
atcagggtaa
ggcgaccaaa
atgtggttta

aaaaaatcac

aagagagtgt
tctttcactg
aaatcaattt
gtgaaagaca
atactttcaa
caatagagaa

agatgaaaga

ataatgctat
tagagaagca
ttttcaaaga
caccttttga
ctggttttac
atgaaagtgt

ttgataaggg

tctagtattt

tagaaactat
ctcgactttg
tatcaaagat
tgataaagct
acctggcgca
taatcctagt

tcctcaaaaa

tttttataaa
tgatactcaa
caaactaact
attgtaccta
tctacatact
taagctaaat

tcacccagct

ttttgaatat
tcctattaca
attgctaaaa
tttagcttac
catcattggt
agatagggat

gggctatcta

tgtggttttt
ggtctatcaa
taatgagttt
gacttttaaa
ttcaaaaatt
cagcaaatct

ctattttgag

gaggagtgct

ataactcaaa
gctaatggtt
gataaatatt
atcaaagaaa
aataaaatgt
gaagatatac

ggatatgaaa

cagtctataa
agatataatt
tttgaaaata
ttccaaatct
ttatattgga
ggtgaggcag

aaagaggcaa

gatttaatca
atcaatttta
gaaaaagcaa
tatactttgg
aatgatagaa
tcagctagga

tctcaggtag

gaggatttaa
aagttagaaa
gataaaactg
aagatgggta
tgtcctgtaa
caagagttct

tttagttttg

actttgagct

agccatatag
gggataaaaa
atctgggtgt
ataaaggcga
tacctaaggt
ttagaataag

aatttgagtt

gtaagcatcc
ctatagatga
tatcagagag
ataataaaga
aagcgctgtt
agctttttta

tagctaataa

aagataaacg
aatctagtgg
atgatgttca
tagatggtaa
tgaaaacaaa
aagactggaa

ttcatgaaat

attttggatt
aaatgctaat
ggggagtgct
aacaaacagg
ctggttttgt
ttagtaagtt

attataaaaa
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agcgaatata

tgatgagaaa
taaagagcct
gatgaataag
gggttataaa
tttettttcet
aaatcattcc

taatattgaa

ggagtggaaa
attttataga
ctatattgat
tttttcagcet
tgatgagaga
tcgtaaacaa

aaacaaagat

ctttactgaa
agctaataag
tatattaagt
aggcaatatc
ctaccatgat
aaagataaat

agctaagcta

taaaagaggg
tgagaaacta
tagagcttat
tattatctac
aaatcagtta
tgacaagatt

ctttggtgac

1860

1920
1980
2040
2100
2160
2220

2280

2340
2400
2460
2520
2580
2640

2700

2760
2820
2880
2940
3000
3060

3120

3180
3240
3300
3360
3420
3480

3540
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aaggctgcca
aattcagata
aaattgctaa
tgcggtgaga
caaatgcgta
gtaaatggca

gccaatggtg

aatcaagagg
cagaatagga
ctgttacgga
gattttgaat
agcagctatt
ggtgagatcg

gaactaaaac

ggcgaagaca
cccattegtt
ggactccagg
gtttcccaca
cgtgacactg
tttttcgaag

atgaagggta

ggaaacctca
gtagccactg
cacgctaaac
gacaaattca
gtaaaagaag
aaagtactga

ggtcgcetcect

gaaaaaccgc
ccggacgcaa

tctgttgatg

aaggcaagtg
aaaatcataa
aagattattc
gcgacaaaaa
actcaaaaac
atttctttga

cttatcatat

gcaaaaaact
ataaccaagc
aagcgaaaaa
cgacctgtgc
ttaaagctgt
attttacctg

cgggagcagc

tgactgagat
ggcttgcetca
cattacacat
aaaccagcct
acaaagtttt
catacctgaa

atcgtgtttc

ccgatcgegg
gcgtactgge
gcattgagga
tcaccatgcc
caccaattgg
ctgaaaccga

ctgccccgat

aaccatctgg
ctgaacatca

cgaaatatca

gactatagct
ttgggatact
tatcgaatat
gttttttgct
aggtactgag
ttcgcgacag

tgggctaaaa

caatttggtt
ggccegcactce
atcatccggt
cactctggac
tgccacgaat
gagtgaacgc

accagacaac

tgaggagaat
acacggcagce
tgcteggget
gctcgacccg
ccctaatcect
cgctgactac

acacatcact

cgaaggtttc
ccgttcaatg
aattatcgct
tggegggetg
gatcgaggtc
tcatgccaac

gccgceagega

aacaacggca
tcaggacacg

ggaactgegg

agctttggga
cgagaagttt
gggeatggeg
aagctaacta
ttagattatc
gcgccaaaaa

ggtctgatge

atcaaaaatg
gacctgcaga
gaacctgacg
tacctgatcg
tttcetgteg
tatcaactca

gctcactatce

atgctactcc
gaaaaaccgg
gaagaactac
ctggaaattc
ggtaattcaa
accgatcgag

cgcacggctt

gtacacgatc
gatctggaca
gaaaataaac
gattattccc
atccecegegce
cctgatccgg

gtaacagaag

gttgaacagg
cagccgcetgg

gcagaactcc

gtagattgat
atccaactaa
aatgtatcaa
gtgtcctaaa
taatttcacc
atatgcctca

tactaggtag

aagagtattt
tgagcacaaa
tcgtectgtg
ttaagtcagg
ttaatgacct
gcaaagactc

aaggcaatac

caatttctgg
taacgcacgt
cggetgttac
gcgaactcca
acctgggact
gactgctgac

ccggtgctaa

tgacgtcact
tctataacct
cgeectttte
gcgccatcegt
acgtcactga
aaatcgtgga

aaggaaaaca

gagaggctga
atgctcagtc

atgaagcccg

taactttaga
agagttggag
agcagctatt
tactatctta
agtagcagat
agatgctgat

gatcaaaaat

tgagttcgtg
accactcttc
ggcaagcaac
taaaaaactg
gcecgetgaa
catgacatgg

caacgtcaac

ccaggaactg
ttcacgcgac
tgceetgget
caaactggtt
gataactgct
aaaagagtgg

tgetggegge

ggcgegegac
tcatccggca
tgttttcege
ggttgegtece
atatctgaac
tattgcctge

ggatgatgaa

aacaatggaa
acaggtaaat

gaaaaacatt
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3600
3660
3720
3780
3840
3900

3960

4020
4080
4140
4200
4260
4320

4380

4440
4500
4560
4620
4680
4740

4800

4860
4920
4980
5040
5100
5160

5220

5280
5340

5400
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ccatcaaaaa
gacggaatta
gtgtaccaga

gtagtgcaac

tgcectgact
agtcaggttg
aatgagaatg
gatcccgtaa
taccacgcgg
ctatatttgt

ggaactgcett

gcacctgaat
gaatgcgcaa
atgtatcaaa
gctgaatcat
gacaaaatta
cgattcaaaa

ggttatgaag

attgaatgcg
ggtcaacagg
tggccagcta
cagaaaaggc
caccaccact
<210> 61
<211> 18

<212> PR

atcctgtcga
gcgacccgaa
accagccaga

aggaaccgga

gtggtgeggt
aagctaagga
ctggcagcga
tcgtagaaga
gtcceggtat
ggcgtaaaaa

tccactgccg

ttaaccgccg
gcacaggaaa
gegttatgge
caatttactg
tccctgaatt
ccgcttatta

cacagtttgg

gacgttatcc
aatatcaccg
ttaagacatt
cggcggecac

ga

85

T

tgacgataaa
cgatccgaaa
aacggaaaaa

aatagcctgc

gatgggcgac
aaatgatccg
tccgecatcge
catagagcca
cagtaagtct
tgcceeegtg

ggtacttgaa

tacaaacgcc
aacggttatc
tttgeegcetg
ggaagatcct
tcactggatc
cgactaccgc

agtgcagcca

ggttgaaatt
caatctgcga
atcactgccc

gaaaaaggcce

<213> Artificial Sequence

<220><223>

<400> 61

FnCpf1-hTdT

ttgcttgctg
tgggtaaagg
accagcccag

aatgcctgceg

gcaacatacc
gaggaaatgg
gattgcagtg
ggtatttatt
cagctcgatg
gacaccacaa

ccggaagaat

ggaaaagaag
actgcggaag
gggcaatggce
gaaacaggaa
atggacgtga
tatcacgttc

actttcgttt

ttcatgatgg
accctgtctg
cgctgggcta

ggccaggcaa

catcacgtgg
ggatccagac
atatgaatca

gccagactgg

aggaaacatt
aaggcgctga
atgaaactgg
acggaatttc
acattgctga
agacaaaaac

tcagtaaccg

aagagaaagc
aaggccggaa
ttgttgaaag
ttttgtgtcg
aaactacggc
aggatgcatt

ttctggttgce

gcgaagaage
actgcctgaa
aggaatatgc

daaaagaaaaa

tgaatttgtt
tcgcgattgt
acctgagcca

cggggataac

cgatgaagag
acatccgcac
cgaagtcgca
gaatgagaat
tactccggca
gctcgattta

ctttatcgta

gtttctgatg
aattgaactc
cgcecggacac
gtgccegteceg
ggatattcaa
ctacagtgac

cagcacaact

aaaactggca
taccgatgaa
aaatgacctg

gcaccaccac

Met Gly Ser Ser His His His His His His Ser Ser Gly Leu Val Pro

1

5

10

15
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5460
5520
5580

5640

5700
5760
5820
5880
5940
6000

6060

6120
6180
6240
6300
6360
6420

6480

6540
6600
6660
6720

6732
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Arg Gly Ser

Gly Ser Glu

Tyr Gln Glu
50

Glu Leu Ile

65

Leu Ile Leu

Ser Val Cys
115
Phe Lys Leu

130

Ser Ala Lys
145

Ser Glu Lys

Lys Gly Gln

Asn Gly Ile

195

Glu Ala Leu

Lys Gly Phe
225

Pro Thr Ser

Leu Glu Asn

His Met
20

Phe Glu

Phe Val

Pro Gln

Asp Asp

85
Asp Lys
100

Ile Ser

Lys Lys

Asp Thr

Phe Lys
165

Glu Ser

Glu Leu

His Glu

Ile Ile
245
Lys Ala

260

Ala Ser Met

Leu Arg Arg

40

Asn Lys Tyr
55

Gly Lys Thr

70

Glu Lys Arg

Tyr His Gln

Glu Asp Leu
120
Ser Asp Asp

135

Ile Lys Lys
150

Asn Leu Phe

Asp Leu Ile

Phe Lys Ala
200

Ile Lys Ser

215
Asn Arg Lys
230

Tyr Arg Ile

Lys Tyr Glu

Thr Gly Gly Gln Gln Met Gly Arg

25

Gln

Ser

Leu

Ala

Phe

105

Leu

Asp

Asn

Leu

185

Asn

Phe

Asn

Val

Ser

265

Ala Cys

Leu Ser

Glu Asn

75
Lys Asp
90

Phe Ile

Gln Asn

Asn Leu

Ile Ser

155
GIn Asn
170

Trp Leu

Ser Asp

Lys Gly

Val Tyr

235
Asp Asp
250

Leu Lys

Gly Arg

45

Lys Thr
60

Ile Lys

Tyr Lys

Tyr Ser
125

Gln Lys

Glu Tyr

Leu Ile

Lys Gln

Ile Thr

205

Trp Thr

220

Ser Ser

Asn Leu

Asp Lys

30

Met Ser

Leu Arg

Ala Arg

Lys Ala

95
Ile Leu
110

Asp Val

Asp Phe

Ile Lys

Asp Ala

175
Ser Lys
190

Asp Ile

Thr Tyr

Asn Asp

Pro Lys
255
Ala Pro

270
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Ile

Phe

Gly

80

Lys

Ser

Tyr

Lys

Asp

160

Lys

Asp

Asp

Phe

240

Phe

Glu
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Ala Ile Asn

275

Phe Asp

290
Leu Asp Glu
305

Ser Gly

Gly Glu Asn

Ser GIn Gln

355
Leu Phe Lys
370
Asp Lys Leu
385

Tyr Glu Gln

Glu Thr Leu

Leu Ser Lys
435
GIn Gln Val
450
Tyr Ile Thr
465

Lys Glu Gln

Ser Leu Glu

Asp Ile Asp

Tyr Glu Gln

Asp Tyr Lys

Val Phe Glu
310

Thr Lys Phe
325

Thr Lys Arg

340

Ile Asn Asp

Ile Leu

Glu Asp Asp

390

405
Ser Leu Leu

420

Ile Tyr Phe

Phe Asp Asp

Glu Leu
485

Thr Ile Lys

500

Lys Gln Cys

Ile Lys Lys

280

Thr Ser Glu
295

Ile Ala Asn

Asn Thr

Lys Gly
345

Lys Thr Leu

360
Ser Asp Thr
375

Ser Asp Val

Phe Lys Thr

Phe Asp Asp

425

Lys Asn Asp
440

Tyr Ser Val

455

Ala Pro Lys

Ala Lys Lys

Leu Ala Leu

505

Arg Phe Glu

Asp Leu Ala Glu Glu Leu

Val

Phe

330

Asn

Lys

Val

Val

410

Leu

Lys

Asn

Thr

490

Glu

Glu

Asn

Asn

315

Lys

Ser

Thr

395

Lys

Ser

Leu

475

Glu

Ile

285

Gln Arg Val
300

Asn Tyr Leu

Gly Lys Phe

Tyr Ile Asn
350

Tyr Lys Met

365
Lys Ser Phe
380

Thr Met

Glu Lys Ser

Ala Gln Lys
430

Leu Thr Asp
445

Thr Ala Val

460

Asp Asn Pro

Lys Ala Lys

Phe Asn Lys

510

Leu Ala Asn
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Phe

Asn

Val

335

Leu

Ser

Val

Ser

415

Leu

Leu

Leu

Ser

Tyr

495

His

Phe

Thr

Ser

320

Asn

Tyr

Val

Phe
400

Lys

Asp

Ser

Lys
480

Leu

Arg

Ala
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515 520 525
Ala Ile Pro Met Ile Phe Asp Glu Ile Ala Gln Asn Lys Asp Asn
530 535 540
Ala Gln Ile Ser Ile Lys Tyr Gln Asn Gln Gly Lys Lys Asp Leu
545 550 555
GIn Ala Ser Ala Glu Asp Asp Val Lys Ala Ile Lys Asp Leu Leu

565 570 575

GIn Thr Asn Asn Leu Leu His Lys Leu Lys Ile Phe His Ile Ser
580 585 590
Ser Glu Asp Lys Ala Asn Ile Leu Asp Lys Asp Glu His Phe Tyr
595 600 605
Val Phe Glu Glu Cys Tyr Phe Glu Leu Ala Asn Ile Val Pro Leu
610 615 620

Asn Lys Ile Arg Asn Tyr Ile Thr Gln Lys Pro Tyr Ser Asp Glu
625 630 635

Phe Lys Leu Asn Phe Glu Asn Ser Thr Leu Ala Asn Gly Trp Asp

645 650 655
Asn Lys Glu Pro Asp Asn Thr Ala Ile Leu Phe Ile Lys Asp Asp
660 665 670
Tyr Tyr Leu Gly Val Met Asn Lys Lys Asn Asn Lys Ile Phe Asp
675 680 685
Lys Ala Ile Lys Glu Asn Lys Gly Glu Gly Tyr Lys Lys Ile Val
690 695 700
Lys Leu Leu Pro Gly Ala Asn Lys Met Leu Pro Lys Val Phe Phe

705 710 715

Ala Lys Ser Ile Lys Phe Tyr Asn Pro Ser Glu Asp Ile Leu Arg
725 730 735
Arg Asn His Ser Thr His Thr Lys Asn Gly Ser Pro Gln Lys Gly
740 745 750
Glu Lys Phe Glu Phe Asn Ile Glu Asp Cys Arg Lys Phe Ile Asp
755 760 765

Tyr Lys GIn Ser Ile Ser Lys His Pro Glu Trp Lys Asp Phe Gly
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Leu

Leu

560

Asp

Leu

Tyr

Lys

640

Lys

Lys

Asp

Tyr

Ser

720

Tyr

Phe

Phe
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770

Arg Phe

785

Ser Tyr

Ile Tyr

His Thr

850

Val Val

865

Ser Ile

Lys Asn

Ile Lys

Ile Thr

930

Ile Asn

Ile Asp

Lys Gly

Arg Met

Arg Asp

1010

Ser

Asn
835

Leu

Tyr

Pro

Lys

Asp

915

Leu

Arg

Lys

995

Ser

Asp

Asn

Asp

820

Lys

Tyr

Lys

Lys

Asp

900

Lys

Asn

Leu

980

Thr

Ala

Thr Gln

790
GIn Gly
805

Ser Val

Asp Phe

Trp Lys

Leu Asn

870
Lys Ile
885

Asn Pro

Arg Phe

Phe Lys

Leu Lys

950
Glu Arg
965

[le Lys

Asn Tyr

Arg Lys

775

Arg Tyr

Tyr Lys

Val Asn

Ser Ala

840

Ala Leu

Thr His

Lys Lys

Thr Glu

920

Ser Ser

935

Glu Lys

His Leu

GIn Asp

His Asp

1000

Asp Trp

1015

Asn

Leu

825

Tyr

Phe

Pro

905

Asp

Ala

Thr

985

Lys

Lys

Ser

Thr

810

Ser

Asp

890

Ser

Lys

Asn

Tyr

970

Phe

Leu

Lys

780

Ile Asp Glu Phe

795

Phe Glu Asn Ile

Lys Leu Tyr Leu

830

Lys Gly Arg Pro
845

Glu Arg Asn Leu

860

Leu Phe Tyr Arg
875

Lys Glu Ala Ile

Val Phe Glu Tyr

910

Phe Phe Phe His
925

Asn Lys Phe Asn

940
Asp Val His Ile
955

Tyr Thr Leu Val

Asn Ile Ile Gly

Ala Ala Ile Glu

1005

Ile Asn Asn Ile

1020
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Tyr

Ser
815

Phe

Asn

Lys

895

Asp

Cys

Asp

Leu

Asp

975

Asn

Lys

Lys

Arg

800

Leu

Asp

880

Asn

Leu

Pro

Ser

960

Asp

Asp

Glu
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Met Lys Glu Gly Tyr Leu Ser Gln Val Val His Glu Ile Ala Lys Leu
1025 1030 1035 1040
Val Ile Glu Tyr Asn Ala Ile Val Val Phe Glu Asp Leu Asn Phe Gly
1045 1050 1055
Phe Lys Arg Gly Arg Phe Lys Val Glu Lys Gln Val Tyr Gln Lys Leu
1060 1065 1070

Glu Lys Met Leu Ile Glu Lys Leu Asn Tyr Leu Val Phe Lys Asp Asn

1075 1080 1085
Glu Phe Asp Lys Thr Gly Gly Val Leu Arg Ala Tyr Gln Leu Thr Ala
1090 1095 1100
Pro Phe Glu Thr Phe Lys Lys Met Gly Lys Gln Thr Gly Ile Ile Tyr
1105 1110 1115 1120
Tyr Val Pro Ala Gly Phe Thr Ser Lys Ile Cys Pro Val Thr Gly Phe
1125 1130 1135
Val Asn Gln Leu Tyr Pro Lys Tyr Glu Ser Val Ser Lys Ser Gln Glu

1140 1145 1150

Phe Phe Ser Lys Phe Asp Lys Ile Cys Tyr Asn Leu Asp Lys Gly Tyr
1155 1160 1165
Phe Glu Phe Ser Phe Asp Tyr Lys Asn Phe Gly Asp Lys Ala Ala Lys
1170 1175 1180
Gly Lys Trp Thr Ile Ala Ser Phe Gly Ser Arg Leu Ile Asn Phe Arg
1185 1190 1195 1200
Asn Ser Asp Lys Asn His Asn Trp Asp Thr Arg Glu Val Tyr Pro Thr
1205 1210 1215

Lys Glu Leu Glu Lys Leu Leu Lys Asp Tyr Ser Ile Glu Tyr Gly His

1220 1225 1230
Gly Glu Cys Ile Lys Ala Ala Ile Cys Gly Glu Ser Asp Lys Lys Phe
1235 1240 1245
Phe Ala Lys Leu Thr Ser Val Leu Asn Thr Ile Leu Gln Met Arg Asn
1250 1255 1260
Ser Lys Thr Gly Thr Glu Leu Asp Tyr Leu Ile Ser Pro Val Ala Asp

1265 1270 1275 1280
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Val Asn Gly Asn Phe Phe Asp Ser Arg Gln Ala Pro Lys Asn Met Pro

1285 1290 1295

GIn Asp Ala Asp Ala Asn Gly Ala Tyr His Ile Gly Leu Lys Gly Leu
1300 1305 1310
Met Leu Leu Gly Arg Ile Lys Asn Asn Gln Glu Gly Lys Lys Leu Asn
1315 1320 1325
Leu Val Ile Lys Asn Glu Glu Tyr Phe Glu Phe Val Gln Asn Arg Asn
1330 1335 1340
Asn Gln Ala Ala Ala Leu Asp Leu Glu Met Asp Pro Pro Arg Ala Ser
1345 1350 1355 1360

His Leu Ser Pro Arg Lys Lys Arg Pro Arg Gln Thr Gly Ala Leu Met

1365 1370 1375
Ala Ser Ser Pro Gln Asp Ile Lys Phe Gln Asp Leu Val Val Phe Ile
1380 1385 1390
Leu Glu Lys Lys Met Gly Thr Thr Arg Arg Ala Phe Leu Met Glu Leu
1395 1400 1405
Ala Arg Arg Lys Gly Phe Arg Val Glu Asn Glu Leu Ser Asp Ser Val
1410 1415 1420
Thr His Ile Val Ala Glu Asn Asn Ser Gly Ser Asp Val Leu Glu Trp

1425 1430 1435 1440

Leu Gln Ala Gln Lys Val Gln Val Ser Ser Gln Pro Glu Leu Leu Asp
1445 1450 1455
Val Ser Trp Leu Ile Glu Cys Ile Gly Ala Gly Lys Pro Val Glu Met
1460 1465 1470
Thr Gly Lys His Gln Leu Val Val Arg Arg Asp Tyr Ser Asp Ser Thr
1475 1480 1485
Asn Pro Gly Pro Pro Lys Thr Pro Pro Ile Ala Val GIln Lys Ile Ser
1490 1495 1500

GIn Tyr Ala Cys Gln Arg Arg Thr Thr Leu Asn Asn Cys Asn Gln Ile

1505 1510 1515 1520

Phe Thr Asp Ala Phe Asp Ile Leu Ala Glu Asn Cys Glu Phe Arg Glu
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1525 1530 1535
Asn Glu Asp Ser Cys Val Thr Phe Met Arg Ala Ala Ser Val Leu Lys
1540 1545 1550
Ser Leu Pro Phe Thr Ile Ile Ser Met Lys Asp Thr Glu Gly Ile Pro
1555 1560 1565
Cys Leu Gly Ser Lys Val Lys Gly Ile Ile Glu Glu Ile Ile Glu Asp

1570 1575 1580

Gly Glu Ser Ser Glu Val Lys Ala Val Leu Asn Asp Glu Arg Tyr Gln
1585 1590 1595 1600
Ser Phe Lys Leu Phe Thr Ser Val Phe Gly Val Gly Leu Lys Thr Ser
1605 1610 1615
Glu Lys Trp Phe Arg Met Gly Phe Arg Thr Leu Ser Lys Val Arg Ser
1620 1625 1630
Asp Lys Ser Leu Lys Phe Thr Arg Met Gln Lys Ala Gly Phe Leu Tyr
1635 1640 1645

Tyr Glu Asp Leu Val Ser Cys Val Thr Arg Ala Glu Ala Glu Ala Val

1650 1655 1660
Ser Val Leu Val Lys Glu Ala Val Trp Ala Phe Leu Pro Asp Ala Phe
1665 1670 1675 1680
Val Thr Met Thr Gly Gly Phe Arg Arg Gly Lys Lys Met Gly His Asp
1685 1690 1695
Val Asp Phe Leu Ile Thr Ser Pro Gly Ser Thr Glu Asp Glu Glu Gln
1700 1705 1710
Leu Leu Gln Lys Val Met Asn Leu Trp Glu Lys Lys Gly Leu Leu Leu

1715 1720 1725

Tyr Tyr Asp Leu Val Glu Ser Thr Phe Glu Lys Leu Arg Leu Pro Ser
1730 1735 1740
Arg Lys Val Asp Ala Leu Asp His Phe GIn Lys Cys Phe Leu Ile Phe
1745 1750 1755 1760
Lys Leu Pro Arg Gln Arg Val Asp Ser Asp Gln Ser Ser Trp Gln Glu
1765 1770 1775

Gly Lys Thr Trp Lys Ala Ile Arg Val Asp Leu Val Leu Cys Pro Tyr

- 287 -

ZIHSdl 10-2020-0078200



1780 1785 1790

Glu Arg Arg Ala Phe Ala Leu Leu Gly Trp Thr Gly Ser Arg Gln Phe

1795 1800 1805
Glu Arg Asp Leu Arg Arg Tyr Ala Thr His Glu Arg Lys Met Ile Leu
1810 1815 1820
Asp Asn His Ala Leu Tyr Asp Lys Thr Lys Arg Ile Phe Leu Lys Ala
1825 1830 1835 1840
Glu Ser Glu Glu Glu Ile Phe Ala His Leu Gly Leu Asp Tyr Ile Glu
1845 1850 1855
Pro Trp Glu Arg Asn Ala Leu Glu Lys Arg Pro Ala Ala Thr Lys Lys

1860 1865 1870

Ala Gly Gln Ala Lys Lys Lys Lys His His His His His

1875 1880 1885
<210> 62
<211> 5658
<212> DNA

<213> Artificial Sequence

<220><223>

<400> 62

atgggcagca
atggctagca
caagcttgceg

actctaagat

ttgattttag
aaatatcatc
ttacaaaact
aaagatttta
tcagagaaat
tcagatttaa

aatagtgata

acaacttatt

FnCpf1-hTdT

gccatcatca
tgactggtgg
gcegeatgtce

ttgagttaat

atgatgagaa
agttttttat
attctgatgt
aaagtgcaaa
ttaagaattt
ttctatggct

tcacagatat

ttaagggttt

tcatcatcac
acagcaaatg
aatttatcaa

cccacagggt

aagagctaaa
agaggagata
ttattttaaa
agatacgata
gtttaatcaa
aaagcaatct

agatgaggcg

tcatgaaaat

agcagcggcec
ggtcgeggat
gaatttgtta

aaaacacttg

gactacaaaa
ttaagttcgg
cttaaaaaga
aagaaacaaa
aaccttatcg
aaggataatg

ttagaaataa

agaaaaaatg

tggtgccgeg cggcagecat
ccgaattcga gctccgtcega
ataaatatag tttaagtaaa

aaaacataaa agcaagaggt

aggctaaaca aataattgat
tttgtattag cgaagattta
gtgatgatga taatctacaa
tatctgaata tataaaggac
atgctaaaaa agggcaagag
gtatagaact atttaaagcc

tcaaatcttt taaaggttgg

tttatagtag caatgatatt
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60
120
180

240

300
360
420
480
540
600

660

720
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cctacatcta
gctaagtatg
aaagatttgg
agagtttttt
agtggtatta

aagagaaaag

ctcaaaaaat
tcttttgtaa
tatgagcaaa
ttattatttg
gataaatctc
gcggtactag

aaagagcaag

ataaagcttg
gaagaaatac
aaagacaatt
caagctagtg
ctcttacata
gacaaggatg

gtgcctettt

tttaagctca
gacaatacgg
aaaaataaca
aaaattgttt
gctaaatcta
acacatacaa

gattgccgaa

gattttggat
gaagttgaaa
agcgtagtta

tatagcaaag

ttatttatag
agagtttaaa
cagaagagct
cacttgatga
ctaaatttaa

gtataaatga

ataaaatgag
ttgataagtt
tagcagcttt
atgatttaaa
ttactgatct
aatatataac

aattaatagc

ccttagaaga
ttgcaaactt
tggcacagat
cggaagatga
aactaaaaat
agcattttta

ataacaaaat

attttgagaa
caattttatt
aaatatttga
ataaactttt
taaaatttta
aaaatggtag

aatttataga

ttagattttc
atcaaggcta
atcagggtaa

ggcgaccaaa

gatagtagat
agacaaagct
aacctttgat
agtttttgag
tactattatt

atatataaat

tgttttattt
agaagatgat
taaaacagta
agctcaaaaa
atcacaacaa
tcaacaaata

caaaaaaact

atttaataag
tgecggetatt
atctatcaaa
tgttaaagct
atttcatatt
tctagtattt

tagaaactat

ctcgactttg
tatcaaagat
tgataaagct
acctggcgca
taatcctagt
tcctcaaaaa

tttttataaa

tgatactcaa
caaactaact
attgtaccta

tctacatact

gataatttgc
ccagaagcta
attgactaca
atagcaaact

ggtggtaaat

ctatactcac

aagcaaattt
agtgatgtag
gaagaaaaat
cttgatttga
gtttttgatg
gcacctaaaa

gaaaaagcaa

catagagata
ccgatgatat
tatcaaaatc
atcaaggatc
agtcagtcag
gaggagtgct

ataactcaaa

gctaatggtt
gataaatatt
atcaaagaaa
aataaaatgt
gaagatatac
ggatatgaaa

cagtctataa

agatataatt
tttgaaaata
ttccaaatct

ttatattgga

ctaaatttct
taaactatga
aaacatctga
ttaataatta
ttgtaaatgg

agcaaataaa

taagtgatac
ttacaacgat
ctattaaaga
gtaaaattta
attatagtgt
atcttgataa

aatacttatc

tagataaaca
ttgatgaaat
aaggtaaaaa
ttttagatca
aagataaggc
actttgagct

agccatatag

gggataaaaa
atctgggtgt
ataaaggcga
tacctaaggt
ttagaataag
aatttgagtt

gtaagcatcc

ctatagatga
tatcagagag
ataataaaga

aagcgctgtt

agaaaataaa
acaaattaaa
agttaatcaa
tctaaatcaa
tgaaaataca

tgataaaaca

agaatctaaa
gcaaagtttt
aacactatct
ttttaaaaat
tattggtaca
ccctagtaag

tctagaaact

gtgtaggttt
agctcaaaac
agacctactt
aactaataat
aaatatttta
agcgaatata

tgatgagaaa

taaagagcct
gatgaataag
gggttataaa
tttettttet
aaatcattcc
taatattgaa

ggagtggaaa

attttataga
ctatattgat
tttttcagct

tgatgagaga
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780
840
900
960
1020

1080

1140
1200
1260
1320
1380
1440

1500

1560
1620
1680
1740
1800
1860

1920

1980
2040
2100
2160
2220
2280

2340

2400
2460
2520

2580
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aatcttcaag
tcaataccta

aatcctaaaa

gataagtttt
tttaatgatg
atagatagag
atcaaacaag
aagcttgctg
aacatcaaag

gttatagagt

cgtttcaagg
aactatctag
cagctaacag
tatgtaccag
tatcctaagt
tgttataacc

aaggctgcca

aattcagata
aaattgctaa
tgcggtgaga
caaatgcgta
gtaaatggca
gccaatggtg

aatcaagagg

cagaatagga
cacttgagcc
caagacatca
cgcagagcgt
agtgattctg

cttcaagcac

atgtggttta

aaaaaatcac

aagagagtgt

tctttcactg
aaatcaattt
gtgaaagaca
atactttcaa
caatagagaa
agatgaaaga

ataatgctat

tagagaagca
ttttcaaaga
caccttttga
ctggttttac
atgaaagtgt
ttgataaggg

aaggcaagtg

aaaatcataa
aagattattc
gcgacaaaaa
actcaaaaac
atttctttga
cttatcatat

gcaaaaaact

ataaccaagc
ctcggaagaa
aatttcaaga
tcctcatgga
tcacccacat

agaaagtaca

taagctaaat
tcacccagct

ttttgaatat

tcctattaca
attgctaaaa
tttagcttac
catcattggt
agatagggat
gggctatcta

tgtggttttt

ggtctatcaa
taatgagttt
gacttttaaa
ttcaaaaatt
cagcaaatct
ctattttgag

gactatagct

ttgggatact
tatcgaatat
gttttttgct
aggtactgag
ttcgcgacag
tgggctaaaa

caatttggtt

ggcecegcactce
gagaccccgg
tttggtcgtce
gctggececge
tgtagcagag

agtcagctca

ggtgaggcag
aaagaggcaa

gatttaatca

atcaatttta
gaaaaagcaa
tatactttgg
aatgatagaa
tcagctagga
tctcaggtag

gaggatttaa

aagttagaaa
gataaaactg
aagatgggta
tgtcctgtaa
caagagttct
tttagttttg

agctttggga

cgagaagttt
gggcatggeg
aagctaacta
ttagattatc
gcgccaaaaa
ggtctgatge

atcaaaaatg

gacctcgaga
cagacgggtg
ttcattttgg
aggaaagggt
aacaactcgg

caaccagagc

agctttttta
tagctaataa

aagataaacg

aatctagtgg
atgatgttca
tagatggtaa
tgaaaacaaa
aagactggaa
ttcatgaaat

attttggatt

aaatgctaat
ggggagtgct
aacaaacagg
ctggttttgt
ttagtaagtt
attataaaaa

gtagattgat

atccaactaa
aatgtatcaa
gtgtcctaaa
taatttcacc
atatgcctca
tactaggtag

aagagtattt

tggatccacc
ccttgatggce
agaagaaaat
tcagggttga
gttcggatgt

tcctecgatgt

tcgtaaacaa
aaacaaagat

ctttactgaa

agctaataag
tatattaagt
aggcaatatc
ctaccatgat
aaagataaat
agctaagcta

taaaagaggg

tgagaaacta
tagagcttat
tattatctac
aaatcagtta
tgacaagatt
ctttggtgac

taactttaga

agagttggag
agcagctatt
tactatctta
agtagcagat
agatgctgat
gatcaaaaat

tgagttcgtg

acgagcgtcc
ctectetect
gggaaccacc
aaatgagctc
tctggagtgg

ctcectggcetg
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2640
2700

2760

2820
2880
2940
3000
3060
3120

3180

3240
3300
3360
3420
3480
3540

3600

3660
3720
3780
3840
3900
3960

4020

4080
4140
4200
4260
4320

4380
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atcgaatgca

agaagagact
caaaagatct
ttcacggatg
tgtgtgacat
atgaaggaca
attattgaag

tccttcaaac

aggatgggtt
atgcagaaag
gcagaggcceg
gtcaccatga
attaccagcc
tgggaaaaga

aggttgccta

aaattgcctc
aaggccatcc
ggatggactg
aagatgattc
gaaagtgaag
aatgccctceg

caccaccacc

<210> 63

taggagcagg

attcagatag
cccagtatgc
cctttgatat
ttatgagagc
cagaaggaat
atggagaaag

tctttacttc

tcagaactct
caggatttct
tcagtgtgct
caggagggtt
caggatcaac
agggattact

gcaggaaggt

gtcaaagagt
gtgtggattt
gctcecggea
tggataacca
aagaaatttt
agaaaaggcc

accactga

<211> 1652

<212> PRT

gaaaccggtg

caccaaccca
gtgtcagaga
actggctgaa
agcttctgta
tceetgectg
ttctgaagtt

tgtatttgga

gagtaaagta
gtattatgaa
ggttaaagag
ccggaggggt
agaggatgaa
tttatattat

tgatgctttg

ggacagtgac
agttctgtgc
gtttgagaga
tgctttatat
tgcgcatctg

ggcggcecacg

<213> Artificial Sequence

<220><223>

<400> 63

FnCpf1-T5

gaaatgacag

ggceccecga
agaaccactt
aactgtgagt
ttgaaatctc
gggtccaagg
aaagctgtgt

gtggggetga

aggtcggaca
gaccttgtca
gctgtetgeg
aagaagatgg
gagcaacttt
gaccttgtgg

gatcattttc

cagtccagct
ccctacgage
gacctcegge
gacaagacca
ggattggatt

aaaaaggccg

gaaaacacca

agactccacc
taaacaactg
ttagagaaaa
tgccattcac
tgaagggtat
taaatgatga

agacttctga

aaagcctgaa
gctgtgtgac
catttcttce
ggcatgatgt
tacagaaagt
agtcaacatt

aaaagtgctt

ggcaggaagg
gtegtgectt
gctatgcecac
agaggatatt
atattgaacc

gccaggcaaa

gettgttgtg

aattgctgta
taaccagata
tgaagactcc
aatcatcagt
catagaggag
acgatatcaa

gaagtggttc

atttacacga
cagggcagaa
ggatgctttc
agatttttta
gatgaactta
tgaaaagctc

tctgattttc

aaagacctgg
tgcectgttg
acatgagcgg
cctcaaagca
gtgggaaaga

aaagaaaaag

Met Gly Ser Ser His His His His His His Ser Ser Gly Leu Val Pro

1

5

10

15

Arg Gly Ser His Met Ala Ser Met Thr Gly Gly Gln Gln Met Gly Arg
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4440

4500
4560
4620
4680
4740
4800

4860

4920
4980
5040
5100
5160
5220

5280

5340
5400
5460
5520
5580
5640

5658
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20
Gly Ser Glu Phe
35

Tyr Gln Glu Phe

50

Glu Leu Ile Pro

Leu Ile Leu Asp

Gln Ile Ile Asp
100
Ser Val Cys Ile

115

Phe Lys Leu Lys
130

Ser Ala Lys Asp

145

Ser Glu Lys Phe

Lys Gly Gln Glu

Asn Gly Ile Glu

195

Lys Gly Phe His
225

Pro Thr Ser Ile

Leu Glu Asn Lys

260

Glu

Val

Asp
85

Lys

Ser

Lys

Thr

Lys

165

Ser

Leu

245

Ala

25
Leu Arg Arg Gln
40

Asn Lys Tyr Ser

55
Gly Lys Thr Leu
70

Glu Lys Arg Ala

Tyr His Gln Phe
105
Glu Asp Leu Leu

120

Ser Asp Asp Asp
135

Ile Lys Lys Gln

150

Asn Leu Phe Asn

Asp Leu Ile Leu
185

Phe Lys Ala Asn

200
Ile Lys Ser Phe
215
Asn Arg Lys Asn
230

Tyr Arg Ile Val

Lys Tyr Glu Ser

265

Ala Cys

Leu Ser

Glu Asn

75

Lys Asp
90

Phe Ile

Gln Asn

Asn Leu

Ile Ser

155
GIn Asn
170

Trp Leu

Ser Asp

Lys Gly

Val Tyr

235
Asp Asp
250

Leu Lys

Gly

Lys

60

Tyr

Tyr

Leu

Lys

Trp

220

Ser

Asn

Asp

30
Arg Met
45

Thr Leu

Lys Ala

Lys Lys

110

Ser Asp

125

Lys Asp

Tyr Ile

Ile Asp

Gln Ser

190

Thr Asp

205

Thr Thr

Ser Asn

Leu Pro

Lys Ala

270
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Ser Ile

Arg Phe

Arg Gly

80

Ala Lys
95

Leu Ser

Val Tyr

Phe Lys

Lys Asp

160
Ala Lys
175

Lys Asp

Ile Asp

Tyr Phe

Asp Ile

240
Lys Phe
255

Pro Glu
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Ala Ile Asn

275

Phe Asp

290

Leu Asp
305

Ser Gly

Gly Glu Asn

Ser Gln

355

Leu Phe Lys

370

Asp Lys Leu
385

Tyr Glu

Glu Thr Leu

Leu Ser Lys

435

GIn Gln Val
450

Tyr Ile Thr

465

Lys Glu Gln

Ser Leu Glu

Asp Ile Asp

515

Tyr Glu Gln

Asp Tyr Lys

Val Phe
310

Thr Lys Phe
325

Thr

Lys Arg

340

Asn Asp
Leu
Asp Asp

390

405

Ser Leu Leu
420
Tyr Phe

Phe Asp Asp

Glu Leu

485

Thr Ile Lys
500

Lys Gln Cys

Ile Lys Lys
280

Thr Ser

295

Asn

Asn Thr

Lys

345

Lys Thr Leu

360

Ser Asp Thr

375

Ser Asp Val

Phe Lys Thr

Phe Asp Asp

425
Asp

Lys Asn

440
Tyr Ser Val
455
Pro Lys

Lys Lys

Leu Ala Leu
505
Arg Phe Glu

520

Asp Leu Ala Glu Glu Leu

Val

Phe

330

Asn

Lys

Val

Val

410

Leu

Lys

Asn

Thr

490

Glu

Glu

Asn

Asn

315

Lys

Ser

Thr

395

Lys

Ser

Leu

475

Glu

Ile

Gln
300

Asn

Tyr

Tyr

Lys

380

Thr

Leu

Thr

460

Asp

Lys

Phe

Leu

285

Arg

Tyr

Lys

Lys

365

Ser

Met

Lys

Thr

445

Asn

Asn

Ala

525

Val

Leu

Phe

Asn

350

Met

Phe

Ser

Lys

430

Asp

Val

Pro

Lys

Lys
510

Asn
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Phe

Asn

Val

335

Leu

Ser

Val

Ser

415

Leu

Leu

Leu

Ser

Tyr

495

His

Phe

Thr

Ser

320

Asn

Tyr

Val

Phe
400

Lys

Asp

Ser

Lys
480

Leu

Arg

Ala
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Ala Ile

530

Gln Thr

Ser Glu

Val Phe

610

Asn Lys

625

Phe Lys

Asn Lys

Tyr Tyr

Lys Ala
690

Lys Leu

705

Ala Lys

Arg Asn

Glu Lys

Tyr Lys

Pro Met

Ile Ser

Ser Ala

Asn Asn
580
Asp Lys

595

Ile Arg

Leu Asn

Glu Pro

660
Leu Gly
675

Ile Lys

Leu Pro

Ser Ile

His Ser

740
Phe Glu
755

Gln Ser

Ile Phe Asp Glu Ile Ala Gln Asn Lys Asp Asn

Ile

565

Leu

Cys

Asn

Phe
645

Asp

Val

Lys

725

Thr

Phe

Ile

535
Lys Tyr

550

Asp Asp

Leu His

Asn Ile

Tyr Phe

615

Tyr Ile

630

Glu Asn

Asn Thr

Met Asn

Asn Lys

695

Ala Asn

710

Phe Tyr

His Thr

Asn Ile

Ser Lys

Gln

Val

Lys

Leu

600

Glu

Thr

Ser

Lys

680

Lys

Asn

Lys

Glu

760

His

540
Asn Gln Gly Lys

555

Lys Ala Ile Lys
570

Leu Lys Ile Phe

585

Asp Lys Asp Glu

Leu Ala Asn Ile
620

Gln Lys Pro Tyr

635
Thr Leu Ala Asn
650
Ile Leu Phe Ile
665

Lys Asn Asn Lys

Glu Gly Tyr Lys

700

Met Leu Pro Lys
715
Pro Ser Glu Asp
730
Asn Gly Ser Pro
745

Asp Cys Arg Lys

Pro Glu Trp Lys

Lys Asp Leu

Asp Leu Leu
575
His Ile Ser
590
His Phe Tyr
605

Val Pro Leu

Ser Asp Glu

Gly Trp Asp
655
Lys Asp Asp
670
[le Phe Asp
685

Lys Ile Val

Val Phe Phe

Ile Leu Arg
735
Gln Lys Gly
750
Phe Ile Asp
765

Asp Phe Gly
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Leu

Leu

560

Asp

Leu

Tyr

Lys

640

Lys

Lys

Asp

Tyr

Ser

720

Tyr

Phe

Phe
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770
Arg Phe Ser Asp
785

Glu Val Glu Asn

Ser Tyr Ile Asp
820
Ile Tyr Asn Lys

835

His Thr Leu Tyr
850

Val Val Tyr Lys

865

Ser Ile Pro Lys

Lys Asn Lys Asp
900

Ile Lys Asp Lys

915
Ile Thr Ile Asn
930

Ile Asn Leu Leu

Ile Asp Arg Gly

Lys Gly Asn Ile

980

Arg Met Lys Thr
995
Arg Asp Ser Ala

1010

Thr Gln

790
Gln Gly
805

Ser Val

Asp Phe

Trp Lys

Leu Asn

870
Lys Ile
885

Asn Pro

Arg Phe

Phe Lys

Leu Lys

950
Glu Arg
965

[le Lys

Asn Tyr

Arg Lys

775

Arg Tyr Asn

Tyr Lys Leu

Val Asn Gln
825
Ser Ala Tyr

840

Ala Leu Phe

Thr His Pro

Lys Lys Glu
905

Thr Glu Asp

920
Ser Ser Gly
935

Glu Lys Ala

His Leu Ala

Gln Asp Thr

985

His Asp Lys
1000
Asp Trp Lys

1015

Met Lys Glu Gly Tyr Leu Ser Gln Val

Ser

Thr

810

Ser

Asp

890

Ser

Lys

Asn

Tyr

970

Phe

Leu

Lys

Val

780
Ile Asp Glu Phe
795

Phe Glu Asn Ile

Lys Leu Tyr Leu
830
Lys Gly Arg Pro

845

Glu Arg Asn Leu
860

Leu Phe Tyr Arg

875

Lys Glu Ala Ile

Val Phe Glu Tyr
910

Phe Phe Phe His

925
Asn Lys Phe Asn
940
Asp Val His Ile
955

Tyr Thr Leu Val

Asn Ile Ile Gly

Ala Ala Ile Glu
1005
Ile Asn Asn Ile
1020

His Glu Ile Ala
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Tyr

Ser

815

Phe

Asn

Lys

895

Asp

Cys

Asp

Leu

Asp

975

Asn

Lys

Lys

Lys

Arg

800

Leu

Asp

880

Asn

Leu

Pro

Ser

960

Asp

Asp

Glu

Leu
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1025 1030 1035 1040
Val Ile Glu Tyr Asn Ala Ile Val Val Phe Glu Asp Leu Asn Phe Gly
1045 1050 1055

Phe Lys Arg Gly Arg Phe Lys Val Glu Lys Gln Val Tyr GIn Lys Leu

1060 1065 1070
Glu Lys Met Leu Ile Glu Lys Leu Asn Tyr Leu Val Phe Lys Asp Asn
1075 1080 1085
Glu Phe Asp Lys Thr Gly Gly Val Leu Arg Ala Tyr Gln Leu Thr Ala
1090 1095 1100
Pro Phe Glu Thr Phe Lys Lys Met Gly Lys Gln Thr Gly Ile Ile Tyr
1105 1110 1115 1120
Tyr Val Pro Ala Gly Phe Thr Ser Lys Ile Cys Pro Val Thr Gly Phe

1125 1130 1135

Val Asn Gln Leu Tyr Pro Lys Tyr Glu Ser Val Ser Lys Ser Gln Glu
1140 1145 1150
Phe Phe Ser Lys Phe Asp Lys Ile Cys Tyr Asn Leu Asp Lys Gly Tyr
1155 1160 1165
Phe Glu Phe Ser Phe Asp Tyr Lys Asn Phe Gly Asp Lys Ala Ala Lys
1170 1175 1180
Gly Lys Trp Thr Ile Ala Ser Phe Gly Ser Arg Leu Ile Asn Phe Arg
1185 1190 1195 1200

Asn Ser Asp Lys Asn His Asn Trp Asp Thr Arg Glu Val Tyr Pro Thr

1205 1210 1215
Lys Glu Leu Glu Lys Leu Leu Lys Asp Tyr Ser Ile Glu Tyr Gly His
1220 1225 1230
Gly Glu Cys Ile Lys Ala Ala Ile Cys Gly Glu Ser Asp Lys Lys Phe
1235 1240 1245
Phe Ala Lys Leu Thr Ser Val Leu Asn Thr Ile Leu Gln Met Arg Asn
1250 1255 1260
Ser Lys Thr Gly Thr Glu Leu Asp Tyr Leu Ile Ser Pro Val Ala Asp

1265 1270 1275 1280
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Val Asn Gly Asn Phe Phe Asp Ser Arg Gln Ala Pro Lys Asn Met Pro
1285 1290 1295
GIn Asp Ala Asp Ala Asn Gly Ala Tyr His Ile Gly Leu Lys Gly Leu
1300 1305 1310
Met Leu Leu Gly Arg Ile Lys Asn Asn Gln Glu Gly Lys Lys Leu Asn
1315 1320 1325
Leu Val Ile Lys Asn Glu Glu Tyr Phe Glu Phe Val Gln Asn Arg Asn
1330 1335 1340

Asn Gln Ala Ala Ala Leu Asp Leu Gln Met Ala Ser Arg Arg Asn Leu

1345 1350 1355 1360
Met Ile Val Asp Gly Thr Asn Leu Gly Phe Arg Phe Lys His Asn Asn
1365 1370 1375
Ser Lys Lys Pro Phe Ala Ser Ser Tyr Val Ser Thr Ile Gln Ser Leu
1380 1385 1390
Ala Lys Ser Tyr Ser Ala Arg Thr Thr Ile Val Leu Gly Asp Lys Gly
1395 1400 1405
Lys Ser Val Phe Arg Leu Glu His Leu Pro Glu Tyr Lys Gly Asn Arg

1410 1415 1420

Asp Glu Lys Tyr Ala Gln Arg Thr Glu Glu Glu Lys Ala Leu Asp Glu
1425 1430 1435 1440
Gln Phe Phe Glu Tyr Leu Lys Asp Ala Phe Glu Leu Cys Lys Thr Thr
1445 1450 1455
Phe Pro Thr Phe Thr Ile Arg Gly Val Glu Ala Asp Asp Met Ala Ala
1460 1465 1470
Tyr Ile Val Lys Leu Ile Gly His Leu Tyr Asp His Val Trp Leu Ile
1475 1480 1485

Ser Thr Asp Gly Asp Trp Asp Thr Leu Leu Thr Asp Lys Val Ser Arg

1490 1495 1500
Phe Ser Phe Thr Thr Arg Arg Glu Tyr His Leu Arg Asp Met Tyr Glu
1505 1510 1515 1520
His His Asn Val Asp Asp Val Glu Gln Phe Ile Ser Leu Lys Ala Ile

1525 1530 1535
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Met Gly Asp Leu Gly Asp Asn Ile Arg Gly Val Glu Gly Ile Gly Ala
1540 1545 1550
Lys Arg Gly Tyr Asn Ile Ile Arg Glu Phe Gly Asn Val Leu Asp Ile

1555 1560 1565

Ile Asp GIn Leu Pro Leu Pro Gly Lys Gln Lys Tyr Ile Gln Asn Leu
1570 1575 1580
Asn Ala Ser Glu Glu Leu Leu Phe Arg Asn Leu Ile Leu Val Asp Leu
1585 1590 1595 1600
Pro Thr Tyr Cys Val Asp Ala Ile Ala Ala Val Gly Gln Asp Val Leu
1605 1610 1615
Asp Lys Phe Thr Lys Asp Ile Leu Glu Ile Ala Glu Gln Leu Gln Lys
1620 1625 1630

Arg Pro Ala Ala Thr Lys Lys Ala Gly GIn Ala Lys Lys Lys Lys His

1635 1640 1645

His His His His

1650
<210> 64
<211> 4959
<212> DNA

<213> Artificial Sequence

<220><223> FnCpf1-T5

<400> 64

atgggcagca gccatcatca tcatcatcac agcagcggec tggtgecgeg cggcagcecat 60
atggctagca tgactggtgg acagcaaatg ggtcgeggat ccgaattcga gectcegtcga 120
caagcttgcg gceccgecatgtc aatttatcaa gaatttgtta ataaatatag tttaagtaaa 180
actctaagat ttgagttaat cccacagggt aaaacacttg aaaacataaa agcaagaggt 240
ttgattttag atgatgagaa aagagctaaa gactacaaaa aggctaaaca aataattgat 300
aaatatcatc agttttttat agaggagata ttaagttcgg tttgtattag cgaagattta 360
ttacaaaact attctgatgt ttattttaaa cttaaaaaga gtgatgatga taatctacaa 420
aaagatttta aaagtgcaaa agatacgata aagaaacaaa tatctgaata tataaaggac 480
tcagagaaat ttaagaattt gtttaatcaa aaccttatcg atgctaaaaa agggcaagag 540
tcagatttaa ttctatggct aaagcaatct aaggataatg gtatagaact atttaaagcc 600
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aatagtgata

acaacttatt
cctacatcta
gctaagtatg
aaagatttgg
agagtttttt
agtggtatta

aagagaaaag

ctcaaaaaat
tcttttgtaa
tatgagcaaa
ttattatttg
gataaatctc
gcggtactag

aaagagcaag

ataaagcttg
gaagaaatac
aaagacaatt
caagctagtg
ctcttacata
gacaaggatg

gtgcctettt

tttaagctca
gacaatacgg
aaaaataaca
aaaattgttt
gctaaatcta
acacatacaa

gattgccgaa

tcacagatat

ttaagggttt
ttatttatag
agagtttaaa
cagaagagct
cacttgatga
ctaaatttaa

gtataaatga

ataaaatgag
ttgataagtt
tagcagcttt
atgatttaaa
ttactgatct
aatatataac

aattaatagc

ccttagaaga
ttgcaaactt
tggcacagat
cggaagatga
aactaaaaat
agcattttta

ataacaaaat

attttgagaa
caattttatt
aaatatttga
ataaactttt
taaaatttta
aaaatggtag

aatttataga

agatgaggcg

tcatgaaaat
gatagtagat
agacaaagct
aacctttgat
agtttttgag
tactattatt

atatataaat

tgttttattt
agaagatgat
taaaacagta
agctcaaaaa
atcacaacaa
tcaacaaata

Ccaaaaaaact

atttaataag
tgecggcetatt
atctatcaaa
tgttaaagct
atttcatatt
tctagtattt

tagaaactat

ctcgactttg
tatcaaagat
tgataaagct
acctggcgcea
taatcctagt
tcctcaaaaa

tttttataaa

ttagaaataa

agaaaaaatg
gataatttgc
ccagaagcta
attgactaca
atagcaaact

ggtggtaaat

ctatactcac

aagcaaattt
agtgatgtag
gaagaaaaat
cttgatttga
gtttttgatg
gcacctaaaa

gaaaaagcaa

catagagata
ccgatgatat
tatcaaaatc
atcaaggatc
agtcagtcag
gaggagtgct

ataactcaaa

gctaatggtt
gataaatatt
atcaaagaaa
aataaaatgt
gaagatatac
ggatatgaaa

cagtctataa

tcaaatcttt

tttatagtag
ctaaatttct
taaactatga
aaacatctga
ttaataatta
ttgtaaatgg

agcaaataaa

taagtgatac
ttacaacgat
ctattaaaga
gtaaaattta
attatagtgt
atcttgataa

aatacttatc

tagataaaca
ttgatgaaat
aaggtaaaaa
ttttagatca
aagataaggc
actttgagct

agccatatag

gggataaaaa
atctgggtgt
ataaaggcga
tacctaaggt
ttagaataag
aatttgagtt

gtaagcatcc

taaaggttgg

caatgatatt
agaaaataaa
acaaattaaa
agttaatcaa
tctaaatcaa
tgaaaataca

tgataaaaca

agaatctaaa
gcaaagtttt
aacactatct
ttttaaaaat
tattggtaca
ccctagtaag

tctagaaact

gtgtaggttt
agctcaaaac
agacctactt
aactaataat
aaatatttta
agcgaatata

tgatgagaaa

taaagagcct
gatgaataag
gggttataaa
tttcttttet
aaatcattcc
taatattgaa

ggagtggaaa
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660

720
780
840
900
960
1020

1080

1140
1200
1260
1320
1380
1440

1500

1560
1620
1680
1740
1800
1860

1920

1980
2040
2100
2160
2220
2280

2340
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gattttggat
gaagttgaaa
agcgtagtta
tatagcaaag
aatcttcaag
tcaataccta

aatcctaaaa

gataagtttt
tttaatgatg
atagatagag
atcaaacaag
aagcttgctg
aacatcaaag

gttatagagt

cgtttcaagg
aactatctag
cagctaacag
tatgtaccag
tatcctaagt
tgttataacc

aaggctgcca

aattcagata
aaattgctaa
tgcggtgaga
caaatgcgta
gtaaatggca
gccaatggtg

aatcaagagg

cagaatagga
atgattgtcg

tttgcctcaa

ttagattttc
atcaaggcta
atcagggtaa
ggcgaccaaa
atgtggttta
aaaaaatcac

aagagagtgt

tctttcactg
aaatcaattt
gtgaaagaca
atactttcaa
caatagagaa
agatgaaaga

ataatgctat

tagagaagca
ttttcaaaga
caccttttga
ctggttttac
atgaaagtgt
ttgataaggg

aaggcaagtg

aaaatcataa
aagattattc
gcgacaaaaa
actcaaaaac
atttctttga
cttatcatat

gcaaaaaact

ataaccaagc
atggaactaa

gttatgtttc

tgatactcaa
caaactaact
attgtaccta
tctacatact
taagctaaat
tcacccagct

ttttgaatat

tcctattaca
attgctaaaa
tttagcttac
catcattggt
agatagggat
gggctatcta

tgtggttttt

ggtctatcaa
taatgagttt
gacttttaaa
ttcaaaaatt
cagcaaatct
ctattttgag

gactatagct

ttgggatact
tatcgaatat
gttttttgct
aggtactgag
ttcgcgacag
tgggctaaaa

caatttggtt

ggccgceactc
cttaggcttt

aactattcaa

agatataatt
tttgaaaata
ttccaaatct
ttatattgga
ggtgaggcag
aaagaggcaa

gatttaatca

atcaatttta
gaaaaagcaa
tatactttgg
aatgatagaa
tcagctagga
tctcaggtag

gaggatttaa

aagttagaaa
gataaaactg
aagatgggta
tgtcctgtaa
caagagttct
tttagttttg

agctttggga

cgagaagttt
gggcatggeg
aagctaacta
ttagattatc
gcgccaaaaa
ggtctgatge

atcaaaaatg

gacctgcaga
cgcttcaaac

tctctggcaa

ctatagatga
tatcagagag
ataataaaga
aagcgctgtt
agctttttta
tagctaataa

aagataaacg

aatctagtgg
atgatgttca
tagatggtaa
tgaaaacaaa
aagactggaa
ttcatgaaat

attttggatt

aaatgctaat
ggggagtgct
aacaaacagg
ctggttttgt
ttagtaagtt
attataaaaa

gtagattgat

atccaactaa
aatgtatcaa
gtgtcctaaa
taatttcacc
atatgcctca
tactaggtag

aagagtattt

tggctteecg
ataacaatag

aatcctactc

attttataga
ctatattgat
tttttcagcet
tgatgagaga
tcgtaaacaa
aaacaaagat

ctttactgaa

agctaataag
tatattaagt
aggcaatatc
ctaccatgat
aaagataaat
agctaagcta

taaaagaggg

tgagaaacta
tagagcttat
tattatctac
aaatcagtta
tgacaagatt
ctttggtgac

taactttaga

agagttggag
agcagctatt
tactatctta
agtagcagat
agatgctgat
gatcaaaaat

tgagttcgtg

tcgtaatcta
taaaaaacca

tgccagaact
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2400
2460
2520
2580
2640
2700

2760

2820
2880
2940
3000
3060
3120

3180

3240
3300
3360
3420
3480
3540

3600

3660
3720
3780
3840
3900
3960

4020

4080
4140

4200
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acgattgttc taggtgataa gggaaaatct gtatttcgtc tagaacatct accagagtat 4260
aaaggtaatc gtgatgaaaa gtacgcacaa cgtacggaag aggagaaagc gctagatgag 4320
cagttctttg agtatttgaa ggatgctttc gagttgtgta aaactacatt cccaactttt 4380
accattcgtg gtgtagaagc agacgatatg gcagcttata ttgttaaget catcgggcat 4440
ctttatgatc acgtttggct aatatctaca gatggtgact gggatacttt attaacggat 4500
aaagtttctc gtttttcttt cacaacacgt cgtgagtatc atcttcgtga tatgtatgaa 4560
catcataatg ttgatgatgt tgagcagttt atctccctga aagcaattat gggagatcta 4620
ggagataata ttcgtggtgt tgaaggaata ggagcaaaac gcggatataa tattattcgt 4680
gagtttggta acgtactgga tattattgat cagcttccac tgcctggaaa gcagaaatat 4740
atacagaacc tgaatgcatc ggaagaactg cttttccgaa acttgattct ggttgattta 4800
cctacctact gtgtggatge tattgectgcet gtaggtcaag atgtgttaga taagtttaca 4860
aaagatattt tggagattgc agaacaactg cagaaaaggc cggcggccac gaaaaaggcec 4920
ggccaggcaa aaaagaaaaa gcaccaccac caccactga 4959
<210> 65

<211> 1602

<212> PRT

<213> Artificial Sequence

<220><223> FnCpf1-1lambda

<400> 65

Met Gly Ser Ser His His His His His His Ser Ser Gly Leu Val Pro
1 5 10 15

Arg Gly Ser His Met Ala Ser Met Thr Gly Gly Gln Gln Met Gly Arg

20 25 30

Gly Ser Glu Phe Glu Leu Arg Arg Gln Ala Cys Gly Arg Met Ser Ile
35 40 45
Tyr Gln Glu Phe Val Asn Lys Tyr Ser Leu Ser Lys Thr Leu Arg Phe
50 55 60
Glu Leu Ile Pro Gln Gly Lys Thr Leu Glu Asn Ile Lys Ala Arg Gly
65 70 75 80
Leu Ile Leu Asp Asp Glu Lys Arg Ala Lys Asp Tyr Lys Lys Ala Lys

85 90 95
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Ser

Phe

Ser

145

Ser

Lys

Asn

Lys
225

Pro

Leu

Phe

Leu

305

Ser

Val

Lys

130

Thr

Asp
290

Asp

Gly

Ile Asp

100
Cys Ile
115

Leu Lys

Lys Asp

Lys Phe

195

Leu Glu

Phe His

Ser Ile

Asn Lys

260
Asn Tyr
275

Ile Asp

Glu Val

Ile Thr

Gly Glu Asn Thr

Lys

Ser

Lys

Thr

Lys

165

Ser

Leu

Tyr

Phe

Lys
325

Lys

Tyr

Ser

150

Asn

Asp

Phe

Asn
230

Tyr

Lys

Lys

310

Phe

His

Asp

Asp

135

Lys

Leu

Leu

Lys

Lys

215

Arg

Arg

Tyr

Thr

295

Asn

Gln Phe Phe

105
Leu Leu Gln
120

Asp Asp Asn

Lys Gln Ile

Phe Asn Gln

170

Ile Leu Trp
185

Ala Asn Ser

200

Ser Phe Lys

Lys Asn Val

[le Val Asp

250
Glu Ser Leu
265
Lys Lys Asp
280

Ser Glu Val

Ala Asn Phe

Thr Ile Ile

330

Arg Lys Gly Ile Asn

Ile Glu Glu

Asn Tyr Ser
125

Leu Gln Lys

Ser Glu Tyr
155

Asn Leu Ile

Leu Lys Gln

Asp Ile Thr
205
Gly Trp Thr
220
Tyr Ser Ser
235

Asp Asn Leu

Lys Asp Lys

Leu Ala Glu

Asn Gln Arg

300

Asn Asn Tyr

315

Gly Gly Lys

Glu Tyr Ile

Ile Leu

110

Asp Val

Asp Phe

Ile Lys

Asp Ala

175

Ser Lys

190

Asp Ile

Thr Tyr

Asn Asp

Pro Lys

255

Ala Pro

Glu Leu

Val Phe

Leu Asn

Phe Val
335

Asn Leu
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Ser

Tyr

Lys

Asp

160

Lys

Asp

Asp

Phe

240

Phe

Thr

Ser

320

Asn

Tyr
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Ser

Leu

Asp

385

Tyr

Leu

Tyr

465

Lys

Ser

Asp

545

Gln

Gln

GIn Gln

355
Phe Lys
370

Lys Leu

Thr Leu

Ser Lys

435

Ile Thr

Leu Glu

Ile Asp

515

Ile Pro

Ala Ser

Thr Asn

340

Ser

420

Phe

Thr
500

Lys

Met

Ser

Asn

580

Ser Glu Asp Lys

Asn Asp

Ile Leu

Asp Asp

390
Ala Ala
405

Leu Leu

Tyr Phe

Asp Asp

Leu Ile
485

Ile Lys

Gln Cys

Ile Phe

[le Lys

550
Glu Asp
565

Leu Leu

Ala Asn

Lys

Ser

375

Ser

Phe

Phe

Lys

Tyr

455

Leu

Arg

Asp

535

Tyr

Asp

His

Ile

345
Thr Leu
360

Asp Thr

Asp Val

Lys Thr

Asp Asp

425
Asn Asp
440

Ser Val

Pro Lys

Lys Lys

Ala Leu

505

Phe Glu

520

GIn Asn

Val Lys

Lys Leu

585

Leu Asp

Lys

Val

Val
410

Leu

Lys

Asn

Thr

490

570

Lys

Lys

Lys

Ser

Thr

395

Lys

Ser

Leu

475

Ile

Tyr

Lys

380

Thr

Leu

Thr

460

Asp

Lys

Phe

Leu

Asn

540

Lys

Lys

Phe

Lys
365

Ser

Met

Lys

Thr

445

Asn

Asn

525

Lys

Lys

Asp

His

Asp Glu His

350

Met

Phe

Ser

Lys

430

Asp

Val

Pro

Lys

Lys

510

Asn

Asp

Asp

Leu

Ile

590

Phe
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Ser

Val

Ser

415

Leu

Leu

Leu

Ser

Tyr

495

His

Phe

Asn

Leu

Leu

975

Ser

Tyr

Val

Phe

400

Lys

Asp

Ser

Lys

480

Leu

Arg

Ala

Leu

Leu

560

Asp

Gln

Leu
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Val

Asn

625

Phe

Asn

Tyr

Lys

Lys

705

Arg

Tyr

Arg

785

Ser

Ile

Phe

610

Lys

Lys

Lys

Tyr

690

Leu

Lys

Asn

Lys

Lys

770

Phe

Val

Tyr

Tyr

595

Glu Glu

Ile Arg

Leu Asn

Glu Pro

660

Leu Gly

675

Ile Lys

Leu Pro

Ser Ile

His Ser

740

Phe Glu

755

Gln Ser

Ser Asp

Glu Asn

Ile Asp

820
Asn Lys

835

Cys

Asn

Phe

645

Asp

Val

Lys
725

Thr

Phe

Thr

Gln

805

Ser

Asp

Tyr Phe

615
Tyr Ile
630

Glu Asn

Asn Thr

Met Asn

Asn Lys

695
Ala Asn
710

Phe Tyr

His Thr

Asn Ile

Ser Lys

775
Gln Arg
790

Gly Tyr

Val Val

Phe Ser

600

Thr

Ser

Lys

680

Lys

Asn

Lys

760

His

Tyr

Lys

Asn

Ala

840

Leu Ala

Gln Lys

Thr Leu

650
Ile Leu
665

Lys Asn

Met Leu

Pro Ser
730
Asn Gly

745

Asp Cys

Pro Glu

Asn Ser

Leu Thr

810

Gln Gly

825

Tyr Ser

Asn

Pro

635

Phe

Asn

Tyr

Pro

715

Ser

Arg

Trp

795

Phe

Lys

Lys

620

Tyr

Asn

Lys

Lys

700

Lys

Asp

Pro

Lys

Lys
780

Asp

Leu

Gly

605

Val

Ser

Lys

685

Lys

Val

Phe
765

Asp

Asn

Tyr

845

Pro Leu

Asp Glu

Trp Asp

655
Asp Asp
670

Phe Asp

Phe Phe

Leu Arg

735

Lys Gly

750

Ile Asp

Phe Gly

Phe Tyr

Ile Ser

815

Leu Phe

830

Pro Asn
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Tyr

Lys

640

Lys

Lys

Asp

Tyr

Ser

720

Tyr

Phe

Phe

Arg

800

Gln

Leu
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His Thr Leu Tyr Trp Lys Ala Leu Phe Asp Glu Arg Asn Leu Gln Asp
850 855 860

Val Val Tyr Lys Leu Asn Gly Glu Ala Glu Leu Phe Tyr Arg Lys Gln

865 870 875 880

Ser Ile Pro Lys Lys Ile Thr His Pro Ala Lys Glu Ala Ile Ala Asn

885 890 895

Lys Asn Lys Asp Asn Pro Lys Lys Glu Ser Val Phe Glu Tyr Asp Leu
900 905 910
Ile Lys Asp Lys Arg Phe Thr Glu Asp Lys Phe Phe Phe His Cys Pro
915 920 925
Ile Thr Ile Asn Phe Lys Ser Ser Gly Ala Asn Lys Phe Asn Asp Glu
930 935 940
Ile Asn Leu Leu Leu Lys Glu Lys Ala Asn Asp Val His Ile Leu Ser
945 950 955 960

Ile Asp Arg Gly Glu Arg His Leu Ala Tyr Tyr Thr Leu Val Asp Gly

965 970 975
Lys Gly Asn Ile Ile Lys Gln Asp Thr Phe Asn Ile Ile Gly Asn Asp
980 985 990
Arg Met Lys Thr Asn Tyr His Asp Lys Leu Ala Ala Ile Glu Lys Asp
995 1000 1005
Arg Asp Ser Ala Arg Lys Asp Trp Lys Lys Ile Asn Asn Ile Lys Glu
1010 1015 1020
Met Lys Glu Gly Tyr Leu Ser Gln Val Val His Glu Ile Ala Lys Leu

1025 1030 1035 1040

Val Ile Glu Tyr Asn Ala Ile Val Val Phe Glu Asp Leu Asn Phe Gly
1045 1050 1055
Phe Lys Arg Gly Arg Phe Lys Val Glu Lys GIn Val Tyr Gln Lys Leu
1060 1065 1070
Glu Lys Met Leu Ile Glu Lys Leu Asn Tyr Leu Val Phe Lys Asp Asn
1075 1080 1085
Glu Phe Asp Lys Thr Gly Gly Val Leu Arg Ala Tyr Gln Leu Thr Ala

1090 1095 1100
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Pro Phe Glu Thr Phe Lys Lys Met Gly Lys Gln Thr Gly Ile Ile Tyr

1105 1110 1115 1120
Tyr Val Pro Ala Gly Phe Thr Ser Lys Ile Cys Pro Val Thr Gly Phe
1125 1130 1135
Val Asn Gln Leu Tyr Pro Lys Tyr Glu Ser Val Ser Lys Ser Gln Glu
1140 1145 1150
Phe Phe Ser Lys Phe Asp Lys Ile Cys Tyr Asn Leu Asp Lys Gly Tyr
1155 1160 1165
Phe Glu Phe Ser Phe Asp Tyr Lys Asn Phe Gly Asp Lys Ala Ala Lys

1170 1175 1180

Gly Lys Trp Thr Ile Ala Ser Phe Gly Ser Arg Leu Ile Asn Phe Arg
1185 1190 1195 1200
Asn Ser Asp Lys Asn His Asn Trp Asp Thr Arg Glu Val Tyr Pro Thr
1205 1210 1215
Lys Glu Leu Glu Lys Leu Leu Lys Asp Tyr Ser Ile Glu Tyr Gly His
1220 1225 1230
Gly Glu Cys Ile Lys Ala Ala Ile Cys Gly Glu Ser Asp Lys Lys Phe
1235 1240 1245

Phe Ala Lys Leu Thr Ser Val Leu Asn Thr Ile Leu Gln Met Arg Asn

1250 1255 1260
Ser Lys Thr Gly Thr Glu Leu Asp Tyr Leu Ile Ser Pro Val Ala Asp
1265 1270 1275 1280
Val Asn Gly Asn Phe Phe Asp Ser Arg Gln Ala Pro Lys Asn Met Pro
1285 1290 1295
GIn Asp Ala Asp Ala Asn Gly Ala Tyr His Ile Gly Leu Lys Gly Leu
1300 1305 1310
Met Leu Leu Gly Arg Ile Lys Asn Asn Gln Glu Gly Lys Lys Leu Asn

1315 1320 1325

Leu Val Ile Lys Asn Glu Glu Tyr Phe Glu Phe Val Gln Asn Arg Asn
1330 1335 1340

Asn Gln Ala Ala Ala Leu Asp Leu Glu Met Thr Pro Asp Ile Ile Leu
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1345 1350 1355 1360
Gln Arg Thr Gly Ile Asp Val Arg Ala Val Glu Gln Gly Asp Asp Ala
1365 1370 1375
Trp His Lys Leu Arg Leu Gly Val Ile Thr Ala Ser Glu Val His Asn
1380 1385 1390

Val Ile Ala Lys Pro Arg Ser Gly Lys Lys Trp Pro Asp Met Lys Met

1395 1400 1405
Ser Tyr Phe His Thr Leu Leu Ala Glu Val Cys Thr Gly Val Ala Pro
1410 1415 1420
Glu Val Asn Ala Lys Ala Leu Ala Trp Gly Lys Gln Tyr Glu Asn Asp
1425 1430 1435 1440
Ala Arg Thr Leu Phe Glu Phe Thr Ser Gly Val Asn Val Thr Glu Ser
1445 1450 1455
Pro Ile Ile Tyr Arg Asp Glu Ser Met Arg Thr Ala Cys Ser Pro Asp

1460 1465 1470

Gly Leu Cys Ser Asp Gly Asn Gly Leu Glu Leu Lys Cys Pro Phe Thr
1475 1480 1485
Ser Arg Asp Phe Met Lys Phe Arg Leu Gly Gly Phe Glu Ala Ile Lys
1490 1495 1500
Ser Ala Tyr Met Ala Gln Val Gln Tyr Ser Met Trp Val Thr Arg Lys
1505 1510 1515 1520
Asn Ala Trp Tyr Phe Ala Asn Tyr Asp Pro Arg Met Lys Arg Glu Gly
1525 1530 1535

Leu His Tyr Val Val Ile Glu Arg Asp Glu Lys Tyr Met Ala Ser Phe

1540 1545 1550
Asp Glu Ile Val Pro Glu Phe Ile Glu Lys Met Asp Glu Ala Leu Ala
1555 1560 1565
Glu Ile Gly Phe Val Phe Gly Glu Gln Trp Arg Leu Glu Lys Arg Pro
1570 1575 1580
Ala Ala Thr Lys Lys Ala Gly Gln Ala Lys Lys Lys Lys His His His
1585 1590 1595 1600

His His

- 307 -

ZIHSdl 10-2020-0078200



<210> 66
<211> 48
<212> DN

09
A

<213> Artificial Sequence

<220><223>
<400> 66
atgggcagca
atggctagca
caagcttgceg
actctaagat
ttgattttag

aaatatcatc

ttacaaaact
aaagatttta
tcagagaaat
tcagatttaa
aatagtgata
acaacttatt

cctacatcta

gctaagtatg
aaagatttgg
agagtttttt
agtggtatta
aagagaaaag
ctcaaaaaat

tcttttgtaa

tatgagcaaa
ttattatttg
gataaatctc

gcggtactag

FnCpf1-1lambda

gccatcatca
tgactggtgg
gccegeatgtce
ttgagttaat
atgatgagaa

agttttttat

attctgatgt
aaagtgcaaa
ttaagaattt
ttctatggcet
tcacagatat
ttaagggttt

ttatttatag

agagtttaaa
cagaagagct
cacttgatga
ctaaatttaa
gtataaatga
ataaaatgag

ttgataagtt

tagcagcttt
atgatttaaa
ttactgatct

aatatataac

tcatcatcac
acagcaaatg
aatttatcaa
cccacagggt
aagagctaaa

agaggagata

ttattttaaa
agatacgata
gtttaatcaa
aaagcaatct
agatgaggcg
tcatgaaaat

gatagtagat

agacaaagct
aacctttgat
agtttttgag
tactattatt
atatataaat
tgttttattt

agaagatgat

taaaacagta
agctcaaaaa
atcacaacaa

tcaacaaata

agcagcggcece
ggtcgeggat
gaatttgtta
aaaacacttg
gactacaaaa

ttaagttcgg

cttaaaaaga
aagaaacaaa
aaccttatcg
aaggataatg
ttagaaataa
agaaaaaatg

gataatttgc

ccagaagcta
attgactaca
atagcaaact
ggtggtaaat
ctatactcac
aagcaaattt

agtgatgtag

gaagaaaaat
cttgatttga
gtttttgatg

gcacctaaaa

tggtgecgeg
ccgaattcga
ataaatatag
aaaacataaa
aggctaaaca

tttgtattag

gtgatgatga
tatctgaata
atgctaaaaa
gtatagaact
tcaaatcttt
tttatagtag

ctaaatttct

taaactatga
aaacatctga
ttaataatta
ttgtaaatgg
agcaaataaa
taagtgatac

ttacaacgat

ctattaaaga
gtaaaattta
attatagtgt

atcttgataa

cggcagccat
gctceegtega
tttaagtaaa
agcaagaggt
aataattgat

cgaagattta

taatctacaa
tataaaggac
agggcaagag
atttaaagcc
taaaggttgg
caatgatatt

agaaaataaa

acaaattaaa
agttaatcaa
tctaaatcaa
tgaaaataca
tgataaaaca
agaatctaaa

gcaaagtttt

aacactatct
ttttaaaaat
tattggtaca

ccctagtaag
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60
120
180
240
300

360

420
480
540
600
660
720

780

840
900
960
1020
1080
1140

1200

1260
1320
1380

1440
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aaagagcaag
ataaagcttg

gaagaaatac

aaagacaatt
caagctagtg
ctcttacata
gacaaggatg
gtgcctettt
tttaagctca

gacaatacgg

aaaaataaca
aaaattgttt
gctaaatcta
acacatacaa
gattgccgaa
gattttggat

gaagttgaaa

agcgtagtta
tatagcaaag
aatcttcaag
tcaataccta
aatcctaaaa
gataagtttt

tttaatgatg

atagatagag
atcaaacaag
aagcttgctg
aacatcaaag
gttatagagt

cgtttcaagg

aattaatagc
ccttagaaga

ttgcaaactt

tggcacagat
cggaagatga
aactaaaaat
agcattttta
ataacaaaat
attttgagaa

caattttatt

aaatatttga
ataaactttt
taaaatttta
aaaatggtag
aatttataga
ttagattttc

atcaaggcta

atcagggtaa
ggcgaccaaa
atgtggttta
aaaaaatcac
aagagagtgt
tctttcactg

aaatcaattt

gtgaaagaca
atactttcaa
caatagagaa
agatgaaaga
ataatgctat

tagagaagca

Caaaaaaact
atttaataag

tgcggctatt

atctatcaaa
tgttaaagct
atttcatatt
tctagtattt
tagaaactat
ctcgactttg

tatcaaagat

tgataaagct
acctggcgca
taatcctagt
tcctcaaaaa
tttttataaa
tgatactcaa

caaactaact

attgtaccta
tctacatact
taagctaaat
tcacccagct
ttttgaatat
tcctattaca

attgctaaaa

tttagcttac
catcattggt
agatagggat
gggctatcta
tgtggttttt

ggtctatcaa

gaaaaagcaa
catagagata

ccgatgatat

tatcaaaatc
atcaaggatc
agtcagtcag
gaggagtgct
ataactcaaa
gctaatggtt

gataaatatt

atcaaagaaa
aataaaatgt
gaagatatac
ggatatgaaa
cagtctataa
agatataatt

tttgaaaata

ttccaaatct
ttatattgga
ggtgaggcag
aaagaggcaa
gatttaatca
atcaatttta

gaaaaagcaa

tatactttgg
aatgatagaa
tcagctagga
tctcaggtag
gaggatttaa

aagttagaaa

aatacttatc
tagataaaca

ttgatgaaat

aaggtaaaaa
ttttagatca
aagataaggc
actttgagct
agccatatag
gggataaaaa

atctgggtgt

ataaaggcga
tacctaaggt
ttagaataag
aatttgagtt
gtaagcatcc
ctatagatga

tatcagagag

ataataaaga
aagcgctgtt
agctttttta
tagctaataa
aagataaacg
aatctagtgg

atgatgttca

tagatggtaa
tgaaaacaaa
aagactggaa
ttcatgaaat
attttggatt

aaatgctaat

tctagaaact

gtgtaggttt

agctcaaaac

agacctactt
aactaataat
aaatatttta
agcgaatata
tgatgagaaa
taaagagcct

gatgaataag

gggttataaa
tttettttcet
aaatcattcc
taatattgaa
ggagtggaaa
attttataga

ctatattgat

tttttcagcet
tgatgagaga
tcgtaaacaa
aaacaaagat
ctttactgaa
agctaataag

tatattaagt

aggcaatatc
ctaccatgat
aaagataaat
agctaagcta
taaaagaggg

tgagaaacta
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1500
1560

1620

1680
1740
1800
1860
1920
1980

2040

2100
2160
2220
2280
2340
2400

2460

2520
2580
2640
2700
2760
2820

2880

2940
3000
3060
3120
3180

3240
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aactatctag

cagctaacag
tatgtaccag
tatcctaagt
tgttataacc
aaggctgcca
aattcagata

aaattgctaa

tgcggtgaga
caaatgcgta
gtaaatggca
gccaatggtg
aatcaagagg
cagaatagga

cagcgtaccg

cggcteggeg
aagaagtggc
ggtgtggcete
gccagaaccce
cgcgacgaaa
cttgaactga

gaggccataa

aatgcctggt
gtgattgagc
gaaaaaatgg
gagaaaaggc

caccactga

ttttcaaaga

caccttttga
ctggttttac
atgaaagtgt
ttgataaggg
aaggcaagtg
aaaatcataa

aagattattc

gcgacaaaaa
actcaaaaac
atttctttga
cttatcatat
gcaaaaaact
ataaccaagc

ggatcgatgt

tcatcaccgc
ctgacatgaa
cggaagttaa
tgtttgaatt
gtatgcgtac
aatgcccgtt

agtcagctta

actttgccaa
gggatgaaaa
acgaggcact

cggcggcecac

<210> 67

<211> 1731

<212> PRT

taatgagttt

gacttttaaa
ttcaaaaatt
cagcaaatct
ctattttgag
gactatagct
ttgggatact

tatcgaatat

gttttttgct
aggtactgag
ttcgcgacag
tgggctaaaa
caatttggtt
ggccegcactce

gagagctgtc

ttcagaagtt
aatgtcctac
cgctaaagca
cacttccggce
cgectgetcet
tacctccegg

catggcccag

ctatgacccg
gtacatggcg
ggctgaaatt

gaaaaaggcce

<213> Artificial Sequence

gataaaactg

aagatgggta
tgtcctgtaa
caagagttct
tttagttttg
agctttggga
cgagaagttt

gggcatggeg

aagctaacta
ttagattatc
gcgccaaaaa
ggtctgatge
atcaaaaatg
gacctcgaga

gaacagggsg

cacaacgtga
ttccacacce
ctggeetggg
gtgaatgtta
cccgatggtt
gatttcatga

gtgcagtaca

cgtatgaagc
agttttgacg
ggttttgtat

ggccaggcaa

ggggagtgct

aacaaacagg
ctggttttgt
ttagtaagtt
attataaaaa
gtagattgat
atccaactaa

aatgtatcaa

gtgtcctaaa
taatttcacc
atatgcctca
tactaggtag
aagagtattt
tgacaccgga

atgatgcgtg

tagcaaaacc
tgcttgctga
gaaaacagta
ctgaatcccc
tatgcagtga
agttccggct

gcatgtgggt

gtgaaggcct
agatcgtgcc
ttggggagca

daaaagaaaaa

tagagcttat

tattatctac
aaatcagtta
tgacaagatt
ctttggtgac
taactttaga
agagttggag

agcagctatt

tactatctta
agtagcagat
agatgctgat
gatcaaaaat
tgagttcgtg
cattatcctg

gcacaaatta

ccgetecgga
ggtttgcacc
cgagaacgac
gatcatctat
cggcaacggce
cggtggttte

gacgcgaaaa

gcattatgtc
ggagttcatc
atggcgactc

gcaccaccac
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3300

3360
3420
3480
3540
3600
3660

3720

3780
3840
3900
3960
4020
4080

4140

4200
4260
4320
4380
4440
4500

4560

4620
4680
4740
4800

4809
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<220><223>

<400> 67

Met Gly Ser
1

Arg Gly Ser

Gly Ser Glu

35

Tyr Gln Glu
50

Glu Leu Ile

65

Leu Ile Leu

Ser Val Cys

115

Phe Lys Leu
130

Ser Ala Lys
145

Ser Glu Lys

Lys Gly Gln

Asn Gly Ile

195

Glu Ala Leu

210

FnCpf 1-mungbean

Ser His His His
5
His Met Ala Ser

20

His

Met

His

Thr

25

Phe Glu Leu Arg Arg Gln

Phe Val Asn Lys
55

Pro Gln Gly Lys

70
Asp Asp Glu Lys
85
Asp Lys Tyr His
100

Ile Ser Glu Asp

Lys Lys Ser Asp

135

Asp Thr Ile Lys
150
Phe Lys Asn Leu
165
Glu Ser Asp Leu
180

Glu Leu Phe Lys

Glu Ile Ile Lys

215

40

Tyr

Thr

Arg

Leu
120

Asp

Lys

Phe

200

Ser

Lys Gly Phe His Glu Asn Arg Lys

Ser

Leu

Ala

Phe

105

Leu

Asp

Asn

Leu

185

Asn

Phe

Asn

His

10

Leu

Lys
90

Phe

Asn

170

Trp

Ser

Lys

Val

Ser

Ser Gly Leu Val

15

Pro

Gly Gln Gln Met Gly Arg

Cys

Ser

Asn

75

Asp

Asn

Leu

Ser

155

Asn

Leu

Asp

Gly

Tyr

30
Gly Arg Met Ser
45
Lys Thr Leu Arg
60

Ile Lys Ala Arg

Tyr Lys Lys Ala
95
Glu Glu Ile Leu
110
Tyr Ser Asp Val
125

GIn Lys Asp Phe

Glu Tyr Ile Lys

Leu Ile Asp Ala
175
Lys Gln Ser Lys
190
Ile Thr Asp Ile
205

Trp Thr Thr Tyr

220

Ser Ser Asn Asp
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Phe

80

Lys

Ser

Tyr

Lys

Asp

160

Lys

Asp

Asp

Phe

Ile
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225

Pro Thr Ser Ile Ile

Leu Glu Asn Lys Ala
260
Ala Ile Asn Tyr Glu

275

Phe Asp Ile Asp Tyr
290

Leu Asp Glu Val Phe

305

Ser Gly Ile Thr Lys
325

Gly Glu Asn Thr Lys

340

Ser GIn GIn Ile Asn

355
Leu Phe Lys Gln Ile
370

Asp Lys Leu Glu Asp
385
Tyr Glu Gln Ile Ala

405
Glu Thr Leu Ser Leu

420

Leu Ser Lys Ile Tyr
435

GIn Gln Val Phe Asp

Tyr Ile Thr Gln Gln
465

Lys Glu GIn Glu Leu

230

Tyr

Lys

Lys

310

Phe

Arg

Asp

Leu

Asp

390

Leu

Phe

Asp

Ile

470

Ile

Arg

Tyr

Thr

295

Asn

Lys

Lys

Ser

375

Ser

Phe

Phe

Lys

Tyr

455

Ala

Ala

Ile

Lys

280

Ser

Thr

Thr

360

Asp

Asp

Lys

Asp

Asn

440

Ser

Pro

Lys

Val

Ser

265

Lys

Asn

345

Leu

Thr

Val

Thr

Asp

425

Asp

Val

Lys

Lys

Asp
250

Leu

Asp

Val

Phe

330

Asn

Lys

Val

Val

410

Leu

Lys

Asn

Thr

235

Asp Asn Leu Pro

Lys Asp Lys Ala

Leu Ala Glu Glu

285

Asn Gln Arg Val
300

Asn Asn Tyr Leu

315

Gly Gly Lys Phe

Glu Tyr Ile Asn
350

Lys Tyr Lys Met

365
Ser Lys Ser Phe
380
Thr Thr Met Gln
395

Glu Glu Lys Ser

Lys Ala Gln Lys
430

Ser Leu Thr Asp
445
Gly Thr Ala Val
460
Leu Asp Asn Pro
475

Glu Lys Ala Lys
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Lys
255

Pro

Leu

Phe

Asn

Val

335

Leu

Ser

Val

Ser

415

Leu

Leu

Leu

Ser

Tyr

240

Phe

Thr

Ser

320

Asn

Tyr

Val

Phe
400

Lys

Asp

Ser

Lys
480

Leu
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Ser

Asp

Ser

Val

Asn

625

Phe

Asn

Tyr

Lys

Lys

705

Ala

Leu

Ile

Thr

Phe
610

Lys

Lys

Lys

Tyr

690

Leu

Lys

Glu Thr

500
Asp Lys
515

Pro Met

Ile Ser

Ser Ala

Asn Asn

580
Asp Lys
595

Glu Glu

Ile Arg

Leu Asn

Glu Pro

660
Leu Gly
675

[le Lys

Leu Pro

Ser Ile

485

Ile Lys Leu

Gln Cys Arg

Ile Phe Asp

535

Ile Lys Tyr
550

Glu Asp Asp

565

Leu Leu His

Ala Asn Ile

Cys Tyr Phe

615

Asn Tyr Ile
630

Phe Glu Asn

645

Asp Asn Thr

Val Met Asn

Glu Asn Lys
695
Gly Ala Asn

710

Lys Phe Tyr

725

490

Ala Leu Glu Glu Phe

Phe Glu Glu Ile Leu
520
Glu Ile Ala GIn Asn
540
Gln Asn Gln Gly Lys
555
Val Lys Ala Ile Lys

570

Lys Leu Lys Ile Phe
585

Leu Asp Lys Asp Glu

600

Glu Leu Ala Asn Ile
620

Thr Gln Lys Pro Tyr

635

Ser Thr Leu Ala Asn

650
Ala Ile Leu Phe Ile
665

Lys Lys Asn Asn Lys
630
Gly Glu Gly Tyr Lys

700
Lys Met Leu Pro Lys

715

Asn Pro Ser Glu Asp

730

Asn Lys

510
Ala Asn
525

Lys Asp

Lys Asp

Asp Leu

His Ile

590
His Phe
605

Val Pro

Ser Asp

Gly Trp

Lys Asp

670
Ile Phe
685

Lys Ile

Val Phe

Ile Leu
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495

His Arg

Phe Ala

Asn Leu

Leu Leu

560

Leu Asp

575

Ser Gln

Tyr Leu

Leu Tyr

Glu Lys

640

Asp Lys

655

Asp Lys

Asp Asp

Val Tyr

Phe Ser

720

Arg Ile

735
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Arg Asn His Ser

Glu

Tyr

Arg

785

Ser

His

Val
865

Ser

Lys

945

Ile

Lys

Lys

Lys

770

Phe

Val

Tyr

Tyr

Thr

850

Val

Asn

Lys

Thr

930

Asn

Asp

740
Phe Glu
755

Gln Ser

Ser Asp

Glu Asn

Ile Asp

820
Asn Lys
835

Leu Tyr

Tyr Lys

Pro Lys

Lys Asp

900

Asp Lys

915

Ile Asn

Leu Leu

Arg Gly

Thr

Phe

Thr

805

Ser

Asp

Trp

Leu

Lys

885

Asn

Arg

Phe

Leu

Glu

965

Gly Asn Ile Ile

980

His

Asn

Ser

Val

Phe

Lys

Asn

870

Pro

Phe

Lys

Lys
950

Arg

Thr

Lys
775

Arg

Tyr

Val

Ser

Thr

Lys

Thr

Ser

935

Glu

His

Lys

760

His

Tyr

Lys

Asn

840

Leu

His

Lys

920

Ser

Lys

Leu

Lys Gln Asp

Asn Gly Ser Pro Gln Lys Gly Tyr

745

Asp

Pro

Asn

Leu

825

Tyr

Phe

Pro

Glu

905

Asp

Ala

Thr

985

Cys

Ser

Thr

810

Ser

Asp

890

Ser

Lys

Asn

Tyr
970

Phe

Arg

Trp

795

Phe

Lys

Lys

Leu

875

Lys

Val

Phe

Asn

Asp
955

Tyr

Asn

Lys

Lys

780

Asp

Leu

Gly

Arg

860

Phe

Phe

Phe

Lys

940

Val

Thr

Ile

750
Phe Ile
765

Asp Phe

Glu Phe

Asn Ile

Tyr Leu

830
Arg Pro
845

Asn Leu

Tyr Arg

Glu Tyr

910
Phe His
925

Phe Asn

His Ile

Leu Val

Ile Gly

990

- 314 -

Asp Phe

Gly Phe

Tyr Arg

800
Ser Glu
815

Phe Gln

Asn Leu

Gln Asp

Lys Gln

880
Ala Asn
895

Asp Leu

Cys Pro

Asp Glu

Leu Ser

960
Asp Gly
975

Asn Asp
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Arg Met Lys Thr Asn Tyr His Asp Lys Leu Ala Ala Ile Glu Lys Asp

995 1000 1005

Arg Asp Ser Ala Arg Lys Asp Trp Lys Lys Ile Asn Asn Ile Lys Glu
1010 1015 1020
Met Lys Glu Gly Tyr Leu Ser Gln Val Val His Glu Ile Ala Lys Leu
1025 1030 1035 1040
Val Ile Glu Tyr Asn Ala Ile Val Val Phe Glu Asp Leu Asn Phe Gly
1045 1050 1055
Phe Lys Arg Gly Arg Phe Lys Val Glu Lys Gln Val Tyr GIn Lys Leu
1060 1065 1070

Glu Lys Met Leu Ile Glu Lys Leu Asn Tyr Leu Val Phe Lys Asp Asn

1075 1080 1085
Glu Phe Asp Lys Thr Gly Gly Val Leu Arg Ala Tyr Gln Leu Thr Ala
1090 1095 1100
Pro Phe Glu Thr Phe Lys Lys Met Gly Lys Gln Thr Gly Ile Ile Tyr
1105 1110 1115 1120
Tyr Val Pro Ala Gly Phe Thr Ser Lys Ile Cys Pro Val Thr Gly Phe
1125 1130 1135
Val Asn Gln Leu Tyr Pro Lys Tyr Glu Ser Val Ser Lys Ser Gln Glu

1140 1145 1150

Phe Phe Ser Lys Phe Asp Lys Ile Cys Tyr Asn Leu Asp Lys Gly Tyr
1155 1160 1165
Phe Glu Phe Ser Phe Asp Tyr Lys Asn Phe Gly Asp Lys Ala Ala Lys
1170 1175 1180
Gly Lys Trp Thr Ile Ala Ser Phe Gly Ser Arg Leu Ile Asn Phe Arg
1185 1190 1195 1200
Asn Ser Asp Lys Asn His Asn Trp Asp Thr Arg Glu Val Tyr Pro Thr
1205 1210 1215

Lys Glu Leu Glu Lys Leu Leu Lys Asp Tyr Ser Ile Glu Tyr Gly His

1220 1225 1230

Gly Glu Cys Ile Lys Ala Ala Ile Cys Gly Glu Ser Asp Lys Lys Phe
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1235 1240 1245
Phe Ala Lys Leu Thr Ser Val Leu Asn Thr Ile Leu Gln Met Arg Asn
1250 1255 1260
Ser Lys Thr Gly Thr Glu Leu Asp Tyr Leu Ile Ser Pro Val Ala Asp
1265 1270 1275 1280
Val Asn Gly Asn Phe Phe Asp Ser Arg Gln Ala Pro Lys Asn Met Pro

1285 1290 1295

Gln Asp Ala Asp Ala Asn Gly Ala Tyr His Ile Gly Leu Lys Gly Leu
1300 1305 1310
Met Leu Leu Gly Arg Ile Lys Asn Asn Gln Glu Gly Lys Lys Leu Asn
1315 1320 1325
Leu Val Ile Lys Asn Glu Glu Tyr Phe Glu Phe Val Gln Asn Arg Asn
1330 1335 1340
Asn Gln Ala Ala Ala Leu Asp Leu GIn Met Gln Thr Leu Gln Met Ser
1345 1350 1355 1360

Leu Leu Thr Gln Pro Tyr Val Gln Pro Arg Phe Pro Cys Lys Arg Tyr

1365 1370 1375
Pro Thr Phe Ser Ala Ser Cys Arg Thr Gln Lys Thr Ala Ile Thr Lys
1380 1385 1390
Thr Glu Lys Val Phe Phe Ser Glu Ser Phe Asp Gln Thr Arg Cys Thr
1395 1400 1405
Gln Pro Leu Ser Glu Lys Lys Lys Arg Val Phe Phe Leu Asp Val Asn
1410 1415 1420
Pro Leu Cys Tyr Glu Gly Ser Lys Pro Ser Leu Arg Ser Phe Gly Arg

1425 1430 1435 1440

Trp Leu Ser Leu Phe Leu His Gln Val Ser Leu Thr Asp Pro Val Ile
1445 1450 1455
Ala Val Ile Asp Gly Glu Gly Gly Ser Glu His Arg Arg Lys Leu Leu
1460 1465 1470
Pro Ser Tyr Lys Ala His Arg Lys Lys Phe Met Arg His Met Ser Ser
1475 1480 1485

Gly His Val Gly Arg Ser His Gln Val Ile Asn Asp Val Leu Gly Lys
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1490 1495 1500

Cys Asn Val Pro Val Ile Lys Val Ala Gly His Glu Ala Asp Asp Val

1505 1510 1515 1520
Val Ala Thr Leu Ala Gly Gln Val Val Asn Lys Gly Phe Arg Val Val
1525 1530 1535
Ile Gly Ser Pro Asp Lys Asp Phe Lys Gln Leu Ile Ser Glu Asp Val
1540 1545 1550
Gln Ile Val Met Pro Leu Pro Glu Leu Gln Arg Trp Ser Phe Tyr Thr
1555 1560 1565
Leu Arg His Tyr Arg Asp Gln Tyr Asn Cys Asp Pro Glu Ser Asp Leu

1570 1575 1580

Ser Phe Arg Cys Ile Val Gly Asp Glu Val Asp Gly Val Pro Gly Ile
1585 1590 1595 1600
Gln His Leu Val Pro Ser Phe Gly Arg Lys Thr Ala Met Lys Leu Ile
1605 1610 1615
Lys Lys His Gly Ser Leu Glu Thr Leu Leu Asn Ala Ala Ala Ile Arg
1620 1625 1630
Thr Val Gly Arg Pro Tyr Ala Gln Asp Ala Leu Lys Asn His Ala Asp
1635 1640 1645

Tyr Leu Arg Arg Asn Tyr Glu Val Leu Ala Leu Lys Arg Asp Val Asn

1650 1655 1660
Ile Gln Leu Tyr Asp Glu Trp Leu Val Lys Arg Asp Asn His Asn Asp
1665 1670 1675 1680
Lys Thr Ala Leu Ser Ser Phe Phe Lys Tyr Leu Gly Glu Ser Lys Glu
1685 1690 1695
Leu Ser Tyr Asn Gly Arg Pro Ile Ser Tyr Asn Gly Leu Gln Lys Arg
1700 1705 1710
Pro Ala Ala Thr Lys Lys Ala Gly Gln Ala Lys Lys Lys Lys His His

1715 1720 1725

His His His

1730
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<210> 68
<211> 51
<212> DN

96
A

<213> Artificial Sequence

<220><223>
<400> 68
atgggcagca
atggctagca
caagcttgceg
actctaagat

ttgattttag

aaatatcatc
ttacaaaact
aaagatttta
tcagagaaat
tcagatttaa
aatagtgata

acaacttatt

cctacatcta
gctaagtatg
aaagatttgg
agagtttttt
agtggtatta
aagagaaaag

ctcaaaaaat

tcttttgtaa
tatgagcaaa
ttattatttg
gataaatctc
gcggtactag

aaagagcaag

FnCpf 1-mungbean

gccatcatca
tgactggtgg
gccegeatgtce
ttgagttaat

atgatgagaa

agttttttat
attctgatgt
aaagtgcaaa
ttaagaattt
ttctatggct
tcacagatat

ttaagggttt

ttatttatag
agagtttaaa
cagaagagct
cacttgatga
ctaaatttaa
gtataaatga

ataaaatgag

ttgataagtt
tagcagcttt
atgatttaaa
ttactgatct
aatatataac

aattaatagc

tcatcatcac
acagcaaatg
aatttatcaa
cccacagggt

aagagctaaa

agaggagata
ttattttaaa
agatacgata
gtttaatcaa
aaagcaatct
agatgaggcg

tcatgaaaat

gatagtagat
agacaaagct
aacctttgat
agtttttgag
tactattatt
atatataaat

tgttttattt

agaagatgat
taaaacagta
agctcaaaaa
atcacaacaa
tcaacaaata

caaaaaaact

agcagcggcec
ggtcgeggat
gaatttgtta
aaaacacttg

gactacaaaa

ttaagttcgg
cttaaaaaga
aagaaacaaa
aaccttatcg
aaggataatg
ttagaaataa

agaaaaaatg

gataatttgc
ccagaagcta
attgactaca
atagcaaact
ggtggtaaat
ctatactcac

aagcaaattt

agtgatgtag
gaagaaaaat
cttgatttga
gtttttgatg
gcacctaaaa

gaaaaagcaa

tggtgecgeg
ccgaattcga
ataaatatag
aaaacataaa

aggctaaaca

tttgtattag
gtgatgatga
tatctgaata
atgctaaaaa
gtatagaact
tcaaatcttt

tttatagtag

ctaaatttct
taaactatga
aaacatctga
ttaataatta
ttgtaaatgg
agcaaataaa

taagtgatac

ttacaacgat
ctattaaaga
gtaaaattta
attatagtgt
atcttgataa

aatacttatc

cggcagccat
gctceegtega
tttaagtaaa
agcaagaggt

aataattgat

cgaagattta
taatctacaa
tataaaggac
agggcaagag
atttaaagcc
taaaggttgg

caatgatatt

agaaaataaa
acaaattaaa
agttaatcaa
tctaaatcaa
tgaaaataca
tgataaaaca

agaatctaaa

gcaaagtttt
aacactatct
ttttaaaaat
tattggtaca
ccctagtaag

tctagaaact
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60
120
180
240

300

360
420
480
540
600
660

720

780
840
900
960
1020
1080

1140

1200
1260
1320
1380
1440

1500
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ataaagcttg

gaagaaatac
aaagacaatt
caagctagtg
ctcttacata
gacaaggatg
gtgcctettt

tttaagctca

gacaatacgg
aaaaataaca
aaaattgttt
gctaaatcta
acacatacaa
gattgccgaa

gattttggat

gaagttgaaa
agcgtagtta
tatagcaaag
aatcttcaag
tcaataccta
aatcctaaaa

gataagtttt

tttaatgatg
atagatagag
atcaaacaag
aagcttgctg
aacatcaaag
gttatagagt

cgtttcaagg

ccttagaaga

ttgcaaactt
tggcacagat
cggaagatga
aactaaaaat
agcattttta
ataacaaaat

attttgagaa

caattttatt
aaatatttga
ataaactttt
taaaatttta
aaaatggtag
aatttataga

ttagattttc

atcaaggcta
atcagggtaa
ggcgaccaaa
atgtggttta
aaaaaatcac
aagagagtgt

tctttcactg

aaatcaattt
gtgaaagaca
atactttcaa
caatagagaa
agatgaaaga
ataatgctat

tagagaagca

atttaataag

tgecggetatt
atctatcaaa
tgttaaagct
atttcatatt
tctagtattt
tagaaactat

ctcgactttg

tatcaaagat
tgataaagct
acctggcgca
taatcctagt
tcctcaaaaa
tttttataaa

tgatactcaa

caaactaact
attgtaccta
tctacatact
taagctaaat
tcacccagct
ttttgaatat

tcctattaca

attgctaaaa
tttagcttac
catcattggt
agatagggat
gggctatcta
tgtggttttt

ggtctatcaa

catagagata

ccgatgatat
tatcaaaatc
atcaaggatc
agtcagtcag
gaggagtgct
ataactcaaa

gctaatggtt

gataaatatt
atcaaagaaa
aataaaatgt
gaagatatac
ggatatgaaa
cagtctataa

agatataatt

tttgaaaata
ttccaaatct
ttatattgga
ggtgaggceag
aaagaggcaa
gatttaatca

atcaatttta

gaaaaagcaa
tatactttgg
aatgatagaa
tcagctagga
tctcaggtag
gaggatttaa

aagttagaaa

tagataaaca

ttgatgaaat
aaggtaaaaa
ttttagatca
aagataaggc
actttgagct
agccatatag

gggataaaaa

atctgggtgt
ataaaggcga
tacctaaggt
ttagaataag
aatttgagtt
gtaagcatcc

ctatagatga

tatcagagag
ataataaaga
aagcgctgtt
agctttttta
tagctaataa
aagataaacg

aatctagtgg

atgatgttca
tagatggtaa
tgaaaacaaa
aagactggaa
ttcatgaaat
attttggatt

aaatgctaat

gtgtaggttt

agctcaaaac
agacctactt
aactaataat
aaatatttta
agcgaatata
tgatgagaaa

taaagagcct

gatgaataag
gggttataaa
tttettttcet
aaatcattcc
taatattgaa
ggagtggaaa

attttataga

ctatattgat
tttttcagcet
tgatgagaga
tcgtaaacaa
aaacaaagat
ctttactgaa

agctaataag

tatattaagt
aggcaatatc
ctaccatgat
aaagataaat
agctaagcta
taaaagaggg

tgagaaacta
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1560

1620
1680
1740
1800
1860
1920

1980

2040
2100
2160
2220
2280
2340

2400

2460
2520
2580
2640
2700
2760

2820

2880
2940
3000
3060
3120
3180

3240
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aactatctag
cagctaacag
tatgtaccag
tatcctaagt
tgttataacc
aaggctgcca

aattcagata

aaattgctaa
tgcggtgaga
caaatgcgta
gtaaatggca
gccaatggtg
aatcaagagg

cagaatagga

ctgttgacac
gcatcctgea
tcatttgatc
ttggacgtta
tggctctctce
ggagaaggag

aagttcatga

gttcttggaa
gtagctactc
gataaggatt
ttacaaaggt
gaatctgatc
cagcatttgg

tccttggaaa

gatgccctca

agggatgtaa

aaaactgcac

ttttcaaaga
caccttttga
ctggttttac
atgaaagtgt
ttgataaggg
aaggcaagtg

aaaatcataa

aagattattc
gcgacaaaaa
actcaaaaac
atttctttga
cttatcatat
gcaaaaaact

ataaccaagc

aaccttacgt
gaactcaaaa
aaacacgttg
acccgctctg
tgtttctcca
gcagcgagea

gacacatgtc

aatgcaacgt
tagctggaca
ttaagcagct
ggtccttcta
tgagctttag
tccctagttt

ctttattaaa

aaaaccatgc
atatccaact

tatcttcctt

taatgagttt
gacttttaaa
ttcaaaaatt
cagcaaatct
ctattttgag
gactatagct

ttgggatact

tatcgaatat
gttttttgct
aggtactgag
ttcgcgacag
tgggctaaaa
caatttggtt

ggccegceactc

tcagcctcgt
gacagcgatc
cacgcagcct
ttacgaagga
tcaagtcagc
tcgcagaaag

aagtggccat

gccagttata
agttgtcaat
tatatctgaa
cactctgagg
atgcattgta
tggtcggaag

tgcggetgcea

tgattacctt
ttatgatgag

cttcaaatat

gataaaactg
aagatgggta
tgtcctgtaa
caagagttct
tttagttttg
agctttggga

cgagaagttt

gggcatggeg
aagctaacta
ttagattatc
gcgccaaaaa
ggtctgatge
atcaaaaatg

gacctgcaga

ttceettgcea
acgaaaacag
ctctcggaaa
agcaagccca
ctcactgacc
ttgctacctt

gttgggaggt

aaggttgctg
aaagggtttc
gatgtgcaaa
cactacaggg
ggtgatgaag
actgctatga

ataaggactg

cggagaaact

tggttggtta

ttgggagaaa

ggggagtgct
aacaaacagg
ctggttttgt
ttagtaagtt
attataaaaa
gtagattgat

atccaactaa

aatgtatcaa
gtgtcctaaa
taatttcacc
atatgcctca
tactaggtag
aagagtattt

tgcaaacgtt

agcgttaccc
agaaggtgtt
agaagaagag
gettgegete
ccgtcattgce
catataaagc

ctcatcaagt

gtcatgaagc
gagtggtcat
tagttatgcc
atcagtataa
tagacggcgt
aacttattaa

taggcagacc

atgaagttct
agagagacaa

gtaaggagct

tagagcttat
tattatctac
aaatcagtta
tgacaagatt
ctttggtgac
taactttaga

agagttggag

agcagctatt
tactatctta
agtagcagat
agatgctgat
gatcaaaaat
tgagttcgtg

acagatgagt

gaccttctcce
tttcagtgag
ggtgttettt
cttcgggegg
tgttattgat
acataggaaa

tataaatgat

tgatgatgtt
tggctcecect
tttgccagag
ttgtgatcca
tcctggtatce
aaaacatggt

atatgcacag

tgccttgaaa
tcacaatgat

cagttacaat

- 320 -

3300
3360
3420
3480
3540
3600

3660

3720
3780
3840
3900
3960
4020

4080

4140
4200
4260
4320
4380
4440

4500

4560
4620
4680
4740
4800
4860

4920

4980
5040

5100
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ZIHSdl 10-2020-0078200

ggcagaccta tctcttacaa tggtctgcag aaaaggcecgg cggccacgaa aaaggccgge 5160
caggcaaaaa agaaaaagca ccaccaccac cactga 5196
<210> 69

<211> 1614

<212> PRT

<213> Artificial Sequence
<220><223> FnCpf1-GFP
<400> 69

Met Gly Ser Ser His His His His His His Ser Ser Gly Leu Val Pro

1 5 10 15
Arg Gly Ser His Met Ala Ser Met Thr Gly Gly Gln Gln Met Gly Arg
20 25 30
Gly Ser Glu Phe Glu Leu Arg Arg Gln Ala Cys Gly Arg Met Ser Ile
35 40 45
Tyr Gln Glu Phe Val Asn Lys Tyr Ser Leu Ser Lys Thr Leu Arg Phe
50 95 60
Glu Leu Ile Pro Gln Gly Lys Thr Leu Glu Asn Ile Lys Ala Arg Gly

65 70 75 80

Leu Ile Leu Asp Asp Glu Lys Arg Ala Lys Asp Tyr Lys Lys Ala Lys
85 90 95
Gln Ile Ile Asp Lys Tyr His Gln Phe Phe Ile Glu Glu Ile Leu Ser
100 105 110
Ser Val Cys Ile Ser Glu Asp Leu Leu Gln Asn Tyr Ser Asp Val Tyr
115 120 125
Phe Lys Leu Lys Lys Ser Asp Asp Asp Asn Leu Gln Lys Asp Phe Lys
130 135 140

Ser Ala Lys Asp Thr Ile Lys Lys Gln Ile Ser Glu Tyr Ile Lys Asp

145 150 155 160

Ser Glu Lys Phe Lys Asn Leu Phe Asn Gln Asn Leu Ile Asp Ala Lys
165 170 175

Lys Gly GIn Glu Ser Asp Leu Ile Leu Trp Leu Lys Gln Ser Lys Asp

180 185 190
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Asn Gly Ile Glu Leu Phe Lys

195
Glu Ala Leu

210

Lys Gly Phe
225
Pro Thr Ser

Leu Glu Asn

Ala Ile Asn
275

Phe Asp

290
Leu Asp Glu
305

Ser Gly Ile

Gly Glu Asn

Ser GIn Gln

355

Leu Phe Lys
370

Asp Lys Leu

385

Tyr Glu Gln

Glu Thr Leu

Leu Ser Lys

His Glu

Lys Ala
260

Tyr

Asp Tyr

Val Phe

Thr Lys
325
Thr Lys
340

Ile Asn

Glu Asp

Ile Ala
405
Ser Leu

420

Ile Tyr

Ile Lys

215

Asn Arg
230

Tyr Arg

Lys Tyr

Lys Thr

295

310

Phe Asn

Arg Lys

Asp Lys

Leu Ser

375
Asp Ser
390

Ala Phe

Leu Phe

Phe Lys

Ala
200

Ser

Lys

Lys
280

Ser

Thr

Thr
360

Asp

Asp

Lys

Asp

Asn

Asn

Phe

Asn

Val

Ser

265

Lys

Asn

345

Leu

Thr

Val

Thr

Asp

425

Asp

Ser

Lys

Val

Asp

250

Leu

Asp

Val

Phe

330

Asn

Lys

Val

Val

410

Leu

Lys

Asp

Tyr

235

Asp

Lys

Leu

Asn

Asn

315

Lys

Ser

Thr

395

Lys

Ser

[le Thr Asp
205
Trp Thr Thr

220

Ser Ser Asn

Asn Leu Pro

Asp Lys Ala

285

Gln Arg Val

300
Asn Tyr Leu
Gly Lys Phe
Tyr Ile Asn
350
Tyr Lys Met

365

Lys Ser Phe

380

Thr Met

Glu Lys Ser

Ala Gln Lys
430

Leu Thr Asp
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Ile Asp

Tyr Phe

Asp

240
Lys Phe
255

Pro Glu

Leu Thr

Phe Ser

Asn Gln
320

Val Asn

335

Leu Tyr

Ser Val

Val

Ser Phe
400
Ile Lys
415

Leu Asp

Leu Ser
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Gln

Tyr

465

Lys

Ser

Asp

Ser

Val

Asn

625

Phe

Asn

Tyr

Lys

Gln

450

Leu

Thr

Phe
610

Lys

Lys

Lys

Tyr

Ala

435 440 445
Val Phe Asp Asp Tyr Ser Val Ile Gly Thr Ala Val
455 460
Thr Gln Gln Ile Ala Pro Lys Asn Leu Asp Asn Pro
470 475
GIn Glu Leu Ile Ala Lys Lys Thr Glu Lys Ala Lys
485 490
Glu Thr Ile Lys Leu Ala Leu Glu Glu Phe Asn Lys

500 505 510

Asp Lys Gln Cys Arg Phe Glu Glu Ile Leu Ala Asn
515 520 525
Pro Met Ile Phe Asp Glu Ile Ala Gln Asn Lys Asp
535 540
Ile Ser Ile Lys Tyr Gln Asn Gln Gly Lys Lys Asp
550 955
Ser Ala Glu Asp Asp Val Lys Ala Ile Lys Asp Leu
565 570

Asn Asn Leu Leu His Lys Leu Lys Ile Phe His Ile

580 585 590
Asp Lys Ala Asn Ile Leu Asp Lys Asp Glu His Phe
595 600 605
Glu Glu Cys Tyr Phe Glu Leu Ala Asn Ile Val Pro

615 620
Ile Arg Asn Tyr Ile Thr Gln Lys Pro Tyr Ser Asp
630 635

Leu Asn Phe Glu Asn Ser Thr Leu Ala Asn Gly Trp

645 650

Glu Pro Asp Asn Thr Ala Ile Leu Phe Ile Lys Asp

660 665 670
Leu Gly Val Met Asn Lys Lys Asn Asn Lys Ile Phe
675 680 685

Ile Lys Glu Asn Lys Gly Glu Gly Tyr Lys Lys Ile
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Leu

Ser

Tyr

495

His

Phe

Asn

Leu

Leu

975

Ser

Tyr

Leu

Asp

655

Asp

Asp

Val

Glu

Lys

480

Leu

Arg

Leu

Leu

560

Asp

Leu

Tyr

Lys

640

Lys

Lys

Asp

Tyr
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Lys

705

Arg

Tyr

Arg

785

Ser

His

Val

865

Ser

Lys

Ile

690

Leu

Lys

Asn

Lys

Lys

770

Phe

Val

Tyr

Tyr

Thr

850

Val

Asn

Lys

Thr
930

Leu Pro

Ser Ile

His Ser

740
Phe Glu
755

Gln Ser

Ser Asp

Glu Asn

Ile Asp

820
Asn Lys
835

Leu Tyr

Tyr Lys

Pro Lys

Lys Asp

900
Asp Lys
915

Ile Asn

Gly Ala
710

Lys Phe

725

Thr His

Phe Asn

Ile Ser

Thr Gln

805

Ser Val

Asp Phe

Trp Lys

Leu Asn

870
Lys Ile
885

Asn Pro

Arg Phe

Phe Lys

695

Asn

Tyr

Thr

Lys
775

Arg

Tyr

Val

Ser

Thr

Lys

Thr

Ser

935

Lys

Asn

Lys

760

His

Tyr

Lys

Asn

840

Leu

His

Lys

Glu

920

Ser

Met Leu

Pro Ser

730
Asn Gly
745

Asp Cys

Pro Glu

Asn Ser

Leu Thr

810

825

Tyr Ser

Phe Asp

Pro Ala

890
Glu Ser
905

Asp Lys

Gly Ala

700
Pro Lys
715

Glu Asp

Ser Pro

Arg Lys

Trp Lys

780

Ile Asp

795

Phe Glu

Lys Leu

Lys Gly

Glu Arg

860

Leu Phe

875

Lys Glu

Val Phe

Phe Phe

Asn Lys

940

Val Phe Phe Ser
720

Ile Leu Arg Ile

735
Gln Lys Gly Tyr
750
Phe Ile Asp Phe
765

Asp Phe Gly Phe

Glu Phe Tyr Arg

800

Asn Ile Ser Glu
815
Tyr Leu Phe Gln
830
Arg Pro Asn Leu
845

Asn Leu Gln Asp

Tyr Arg Lys Gln

880
Ala Tle Ala Asn
895
Glu Tyr Asp Leu
910
Phe His Cys Pro
925

Phe Asn Asp Glu
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Ile Asn Leu Leu Leu Lys Glu Lys Ala Asn Asp Val His Ile Leu Ser
945 950 955 960
Ile Asp Arg Gly Glu Arg His Leu Ala Tyr Tyr Thr Leu Val Asp Gly
965 970 975
Lys Gly Asn Ile Ile Lys Gln Asp Thr Phe Asn Ile Ile Gly Asn Asp
980 985 990
Arg Met Lys Thr Asn Tyr His Asp Lys Leu Ala Ala Ile Glu Lys Asp
995 1000 1005

Arg Asp Ser Ala Arg Lys Asp Trp Lys Lys Ile Asn Asn Ile Lys Glu

1010 1015 1020
Met Lys Glu Gly Tyr Leu Ser Gln Val Val His Glu Ile Ala Lys Leu
1025 1030 1035 1040
Val Ile Glu Tyr Asn Ala Ile Val Val Phe Glu Asp Leu Asn Phe Gly
1045 1050 1055
Phe Lys Arg Gly Arg Phe Lys Val Glu Lys Gln Val Tyr GIn Lys Leu
1060 1065 1070
Glu Lys Met Leu Ile Glu Lys Leu Asn Tyr Leu Val Phe Lys Asp Asn

1075 1080 1085

Glu Phe Asp Lys Thr Gly Gly Val Leu Arg Ala Tyr Gln Leu Thr Ala
1090 1095 1100
Pro Phe Glu Thr Phe Lys Lys Met Gly Lys Gln Thr Gly Ile Ile Tyr
1105 1110 1115 1120
Tyr Val Pro Ala Gly Phe Thr Ser Lys Ile Cys Pro Val Thr Gly Phe
1125 1130 1135
Val Asn Gln Leu Tyr Pro Lys Tyr Glu Ser Val Ser Lys Ser Gln Glu
1140 1145 1150

Phe Phe Ser Lys Phe Asp Lys Ile Cys Tyr Asn Leu Asp Lys Gly Tyr

1155 1160 1165
Phe Glu Phe Ser Phe Asp Tyr Lys Asn Phe Gly Asp Lys Ala Ala Lys
1170 1175 1180
Gly Lys Trp Thr Ile Ala Ser Phe Gly Ser Arg Leu Ile Asn Phe Arg

1185 1190 1195 1200
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Asn Ser Asp Lys Asn His Asn Trp Asp Thr Arg Glu Val Tyr Pro Thr
1205 1210 1215
Lys Glu Leu Glu Lys Leu Leu Lys Asp Tyr Ser Ile Glu Tyr Gly His

1220 1225 1230

Gly Glu Cys Ile Lys Ala Ala Ile Cys Gly Glu Ser Asp Lys Lys Phe
1235 1240 1245
Phe Ala Lys Leu Thr Ser Val Leu Asn Thr Ile Leu Gln Met Arg Asn
1250 1255 1260
Ser Lys Thr Gly Thr Glu Leu Asp Tyr Leu Ile Ser Pro Val Ala Asp
1265 1270 1275 1280
Val Asn Gly Asn Phe Phe Asp Ser Arg Gln Ala Pro Lys Asn Met Pro
1285 1290 1295

Gln Asp Ala Asp Ala Asn Gly Ala Tyr His Ile Gly Leu Lys Gly Leu

1300 1305 1310
Met Leu Leu Gly Arg Ile Lys Asn Asn Gln Glu Gly Lys Lys Leu Asn
1315 1320 1325
Leu Val Ile Lys Asn Glu Glu Tyr Phe Glu Phe Val Gln Asn Arg Asn
1330 1335 1340
Asn Gln Ala Ala Ala Leu Asp Leu Glu Met Ser Lys Gly Glu Glu Leu
1345 1350 1355 1360
Phe Thr Gly Val Val Pro Ile Leu Val Glu Leu Asp Gly Asp Val Asn

1365 1370 1375

Gly His Lys Phe Ser Val Ser Gly Glu Gly Glu Gly Asp Ala Thr Tyr
1380 1385 1390
Gly Lys Leu Thr Leu Lys Phe Ile Cys Thr Thr Gly Lys Leu Pro Val
1395 1400 1405
Pro Trp Pro Thr Leu Val Thr Thr Phe Ser Tyr Gly Val GIn Cys Phe
1410 1415 1420
Ser Arg Tyr Pro Asp His Met Lys Arg His Asp Phe Phe Lys Ser Ala
1425 1430 1435 1440

Met Pro Glu Gly Tyr Val GIn Glu Arg Thr Ile Ser Phe Lys Asp Asp
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1445 1450 1455
Gly Asn Tyr Lys Thr Arg Ala Glu Val Lys Phe Glu Gly Asp Thr Leu
1460 1465 1470
Val Asn Arg Ile Glu Leu Lys Gly Ile Asp Phe Lys Glu Asp Gly Asn
1475 1480 1485
Ile Leu Gly His Lys Leu Glu Tyr Asn Tyr Asn Ser His Asn Val Tyr
1490 1495 1500
Ile Thr Ala Asp Lys Gln Lys Asn Gly Ile Lys Ala Asn Phe Lys Ile

1505 1510 1515 1520

Arg His Asn Ile Glu Asp Gly Ser Val Gln Leu Ala Asp His Tyr Gln
1525 1530 1535
Gln Asn Thr Pro Ile Gly Asp Gly Pro Val Leu Leu Pro Asp Asn His
1540 1545 1550
Tyr Leu Ser Thr Gln Ser Ala Leu Ser Lys Asp Pro Asn Glu Lys Arg
1555 1560 1565
Asp His Met Val Leu Leu Glu Phe Val Thr Ala Ala Gly Ile Thr His
1570 1575 1580

Gly Met Asp Glu Leu Tyr Lys Leu Glu Lys Arg Pro Ala Ala Thr Lys

1585 1590 1595 1600

Lys Ala Gly Gln Ala Lys Lys Lys Lys His His His His His

1605 1610
<210> 70
<211> 4845
<212> DNA

<213> Artificial Sequence
<220><223> FnCpf 1-GFP

<400> 70

atgggcagca gccatcatca tcatcatcac agcagecggec tggtgecgeg cggcagcecat
atggctagca tgactggtgg acagcaaatg ggtcgeggat ccgaattcga gctcegtcega

caagcttgecg geccgecatgtc aatttatcaa gaatttgtta ataaatatag tttaagtaaa

actctaagat ttgagttaat cccacagggt aaaacacttg aaaacataaa agcaagaggt

ttgattttag atgatgagaa aagagctaaa gactacaaaa aggctaaaca aataattgat
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60

120

180

240

300
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aaatatcatc
ttacaaaact
aaagatttta
tcagagaaat

tcagatttaa

aatagtgata
acaacttatt
cctacatcta
gctaagtatg
aaagatttgg
agagtttttt

agtggtatta

aagagaaaag
ctcaaaaaat
tcttttgtaa
tatgagcaaa
ttattatttg
gataaatctc

gcggtactag

aaagagcaag
ataaagcttg
gaagaaatac
aaagacaatt
caagctagtg
ctcttacata

gacaaggatg

gtgcctettt
tttaagctca
gacaatacgg
aaaaataaca

aaaattgttt

agttttttat
attctgatgt
aaagtgcaaa
ttaagaattt

ttctatggcet

tcacagatat
ttaagggttt
ttatttatag
agagtttaaa
cagaagagct
cacttgatga

ctaaatttaa

gtataaatga
ataaaatgag
ttgataagtt
tagcagcttt
atgatttaaa
ttactgatct

aatatataac

aattaatagc
ccttagaaga
ttgcaaactt
tggcacagat
cggaagatga
aactaaaaat

agcattttta

ataacaaaat
attttgagaa
caattttatt
aaatatttga

ataaactttt

agaggagata
ttattttaaa
agatacgata
gtttaatcaa

aaagcaatct

agatgaggcg
tcatgaaaat
gatagtagat
agacaaagct
aacctttgat
agtttttgag

tactattatt

atatataaat
tgttttattt
agaagatgat
taaaacagta
agctcaaaaa
atcacaacaa

tcaacaaata

caaaaaaact
atttaataag
tgecggetatt
atctatcaaa
tgttaaagct
atttcatatt

tctagtattt

tagaaactat
ctcgactttg
tatcaaagat
tgataaagct

acctggcgca

ttaagttcgg
cttaaaaaga
aagaaacaaa
aaccttatcg

aaggataatg

ttagaaataa
agaaaaaatg
gataatttgc
ccagaagcta
attgactaca
atagcaaact

ggtggtaaat

ctatactcac
aagcaaattt
agtgatgtag
gaagaaaaat
cttgatttga
gtttttgatg

gcacctaaaa

gaaaaagcaa
catagagata
ccgatgatat
tatcaaaatc
atcaaggatc
agtcagtcag

gaggagtgct

ataactcaaa
gctaatggtt
gataaatatt
atcaaagaaa

aataaaatgt

tttgtattag
gtgatgatga
tatctgaata
atgctaaaaa

gtatagaact

tcaaatcttt
tttatagtag
ctaaatttct
taaactatga
aaacatctga
ttaataatta

ttgtaaatgg

agcaaataaa
taagtgatac
ttacaacgat
ctattaaaga
gtaaaattta
attatagtgt

atcttgataa

aatacttatc
tagataaaca
ttgatgaaat
aaggtaaaaa
ttttagatca
aagataaggc

actttgagct

agccatatag
gggataaaaa
atctgggtgt
ataaaggcga

tacctaaggt

cgaagattta
taatctacaa
tataaaggac
agggcaagag

atttaaagcc

taaaggttgg
caatgatatt
agaaaataaa
acaaattaaa
agttaatcaa
tctaaatcaa

tgaaaataca

tgataaaaca
agaatctaaa
gcaaagtttt
aacactatct
ttttaaaaat
tattggtaca

ccctagtaag

tctagaaact
gtgtaggttt
agctcaaaac
agacctactt
aactaataat
aaatatttta

agcgaatata

tgatgagaaa
taaagagcct
gatgaataag
gggttataaa

tttettttet
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360
420
480
540

600

660
720
780
840
900
960

1020

1080
1140
1200
1260
1320
1380

1440

1500
1560
1620
1680
1740
1800

1860

1920
1980
2040
2100

2160
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gctaaatcta

acacatacaa

gattgccgaa
gattttggat
gaagttgaaa
agcgtagtta
tatagcaaag
aatcttcaag

tcaataccta

aatcctaaaa
gataagtttt
tttaatgatg
atagatagag
atcaaacaag
aagcttgctg

aacatcaaag

gttatagagt
cgtttcaagg
aactatctag
cagctaacag
tatgtaccag
tatcctaagt

tgttataacc

aaggctgcca
aattcagata
aaattgctaa
tgcggtgaga
caaatgcgta

gtaaatggca

taaaatttta

aaaatggtag

aatttataga
ttagattttc
atcaaggcta
atcagggtaa
ggcgaccaaa
atgtggttta

aaaaaatcac

aagagagtgt
tctttcactg
aaatcaattt
gtgaaagaca
atactttcaa
caatagagaa

agatgaaaga

ataatgctat
tagagaagca
ttttcaaaga
caccttttga
ctggttttac
atgaaagtgt

ttgataaggg

aaggcaagtg
aaaatcataa
aagattattc
gcgacaaaaa
actcaaaaac

atttctttga

taatcctagt

tcctcaaaaa

tttttataaa
tgatactcaa
caaactaact
attgtaccta
tctacatact
taagctaaat

tcacccagct

ttttgaatat
tcctattaca
attgctaaaa
tttagcttac
catcattggt
agatagggat

gggctatcta

tgtggttttt
ggtctatcaa
taatgagttt
gacttttaaa
ttcaaaaatt
cagcaaatct

ctattttgag

gactatagct
ttgggatact
tatcgaatat
gttttttgct
aggtactgag

ttcgcgacag

gaagatatac

ggatatgaaa

cagtctataa
agatataatt
tttgaaaata
ttccaaatct
ttatattgga
ggtgaggceag

aaagaggcaa

gatttaatca
atcaatttta
gaaaaagcaa
tatactttgg
aatgatagaa
tcagctagga

tctcaggtag

gaggatttaa
aagttagaaa
gataaaactg
aagatgggta
tgtcctgtaa
caagagttct

tttagttttg

agctttggga
cgagaagttt
gggcatggeg
aagctaacta
ttagattatc

gcgccaaaaa

ttagaataag

aatttgagtt

gtaagcatcc
ctatagatga
tatcagagag
ataataaaga
aagcgctgtt
agctttttta

tagctaataa

aagataaacg
aatctagtgg
atgatgttca
tagatggtaa
tgaaaacaaa
aagactggaa

ttcatgaaat

attttggatt
aaatgctaat
ggggagtgct
aacaaacagg
ctggttttgt
ttagtaagtt

attataaaaa

gtagattgat
atccaactaa
aatgtatcaa
gtgtcctaaa
taatttcacc

atatgcctca
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aaatcattcc

taatattgaa

ggagtggaaa
attttataga
ctatattgat
tttttcagcet
tgatgagaga
tcgtaaacaa

aaacaaagat

ctttactgaa
agctaataag
tatattaagt
aggcaatatc
ctaccatgat
aaagataaat

agctaagcta

taaaagaggg
tgagaaacta
tagagcttat
tattatctac
aaatcagtta
tgacaagatt

ctttggtgac

taactttaga
agagttggag
agcagctatt
tactatctta
agtagcagat

agatgctgat

2220

2280

2340
2400
2460
2520
2580
2640

2700

2760
2820
2880
2940
3000
3060

3120

3180
3240
3300
3360
3420
3480

3540

3600
3660
3720
3780
3840

3900
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gccaatggtg cttatcatat

aatcaagagg gcaaaaaact
cagaatagga ataaccaagc
ttcactggag ttgtcccaat
tctgtcagtg gagagggtga
tgcactactg gaaaactacc
gttcaatgct tttcaagata

atgcctgagg gatacgtgca

acacgtgctg aagtcaagtt
atcgatttca aggaggacgg
cacaacgtat acatcacggc
agacacaaca ttgaagatgg
attggcgatg gcecectgtect
tcgaaagatc ccaacgaaaa

gggattacac atggcatgga

aaggccggec aggcaaaaaa
<210> 71
<211> 1958

<212> PRT

tgggctaaaa

caatttggtt
ggccgceactce
tcttgttgaa
aggtgatgca
tgttccatgg
cccagatcat

ggagaggacc

tgagggagac
aaacatcctc
agacaaacaa
aagcgttcaa
tttaccagac
gagagaccac

tgaactatac

gaaaaagcac

<213> Artificial Sequence

<220><223> RecJ-FnCpf1l

<400> 71

ggtctgatge

atcaaaaatg
gacctcgaga
ttagatggtg
acatacggaa
ccaacacttg
atgaagcggc

atctctttca

accctcgtca
ggccacaagt
aagaatggaa
ctagcagacc
aaccattacc
atggtccttc

aaactcgaga

caccaccacc

tactaggtag

aagagtattt
tgagtaaagg
atgttaatgg
aacttaccct
tcactacttt
acgacttctt

aggacgacgg

acaggatcga
tggaatacaa
tcaaagctaa
attatcaaca
tgtccacaca
ttgagtttgt

aaaggccggc

actga

gatcaaaaat

tgagttcgtg
agaagaactt
gcacaaattt
taaatttatt
ctcttatggt
caagagcgcc

gaactacaag

gcttaaggga
ctacaactcc
cttcaaaatt
aaatactcca
atctgccectt
aacagctgct

ggccacgaaa

Met Gly Ser Ser His His His His His His Ser Ser Gly Leu Val Pro
1 5 10 15
Arg Gly Ser His Met Ala Ser Met Thr Gly Gly Gln Gln Met Gly Arg
20 25 30

Gly Ser Val Lys Gln Gln Ile Gln Leu Arg Arg Arg Glu Val Asp Glu

35 40 45
Thr Ala Asp Leu Pro Ala Glu Leu Pro Pro Leu Leu Arg Arg Leu Tyr
50 55 60

Ala Ser Arg Gly Val Arg Ser Ala Gln Glu Leu Glu Arg Ser Val Lys
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3960

4020
4080
4140
4200
4260
4320

4380

4440
4500
4560
4620
4680
4740

4800

4845
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65

Gly

Asp

Met

Phe

145

His

Thr

225

Arg

Pro

Ala

305

Met Leu Pro Trp
85
Leu Tyr Asn Ala

100

Phe Asp Ala Asp
115

Arg Ser Leu Gly

130

Glu Asp Gly Tyr

Arg Gly Ala Gln

Ala Gly Val Glu

180
Asp His His Leu
195
Asn Pro Asn Leu
210

Val Gly Val Ala

Asp Gln Gly Trp

245

Glu Leu Leu Asp
260
Leu Asp Ala Asn
275
Arg Ala Gly Lys
290

Asn Arg Asp Ala

70

Gln Gln

Phe Arg

Cys Ser

135
Gly Leu
150

Leu Ile

His Ala

Pro Gly

Arg Asp

215
Phe Tyr
230

Phe Asp

Leu Val

Asn Arg

Cys Arg
295
Gln Lys

310

75

80

Leu Ser Gly Val Glu Lys Ala Val Glu

90
Glu Gly Thr

105

Thr Ser Thr
120

Asn Ile Asp

Ser Pro Glu

Val Thr Val
170

Arg Ser Leu

185
Glu Thr Leu
200

Cys Asn Phe

Leu Met Leu

Glu Arg Gly

Ala Leu Gly
265

Ile Leu Thr

280

Pro Gly Ile

Leu Ala Ala

Arg

Tyr

Val

155

Asp

Pro

Pro

Thr

Trp

Lys

Ser

315

95
[le Ile Val Val Gly

110

Leu Ser Val Leu Ala
125

Leu Val Pro Asn Arg

140

Val Asp Gln Ala His
160

Asn Gly Ile Ser Ser

175

Ile Pro Val Ile Val

190
Ala Ala Glu Ala Ile
205

Ser Lys Ser Leu Ala
220
Leu Arg Thr Phe Leu

240
Ala Ile Pro Asn Leu

255

Val Ala Asp Val Val
270
Gln Gly Met Ser Arg
285
Ala Leu Leu Glu Val
300
Asp Leu Gly Phe Ala

320
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Leu Gly Pro Arg Leu Asn Ala Ala Gly Arg Leu Asp Asp Met

325

Gly Val Ala Leu Leu

340

Ala Asn Glu Leu Asp

355

Gly Met Gln Val Glu

370

Arg Asp Thr Leu Pro

385

Gly Val Val Gly

405

Arg Pro Val Ile Ala

Ser

Leu

Met

465

420

Gly Arg Ser Ile

435

Asp Thr Leu Tyr

450

Ala Ala Gly Leu

Arg Phe Gly Glu

485

Gln Gly Glu Val Val

Met

Phe

500

Leu Cys Asp Asn
345
Ala Leu Asn Gln
360
Ala Leu Thr Leu
375
Gly Gly Leu Ala

390

Ile Leu Ala Ser

Phe Ala Pro Ala
425
Gln Gly Leu His
440
Pro Gly Met Ile
455

Ser Leu Glu Glu

470

Leu Val Thr Glu

Ser Asp Gly Pro

505

Glu Val Ala GIn Leu Leu Arg Asp

515

520

Pro Glu Pro Leu Phe Asp Gly His

530

535

Leu Val Gly Glu Arg His Leu Lys Val

545

550

Gly Pro Leu Leu Asp Gly Ile Ala Phe

330

Thr

Cys

Met

Arg

410

Met

Leu

Asp

Trp

490

Leu

Phe

Met

Asn

Gly Glu Ala Arg
350
Arg Lys Glu Ile
365
Glu Lys Leu Glu
380
Tyr His Pro Glu

395

Ile Lys Glu Arg

Asp Gly Thr Leu
430
Arg Asp Ala Leu
445
Lys Phe Gly Gly
460

Lys Phe Glu Leu

475

Leu Asp Pro Ser

Ser Pro Ala Glu

Gly Pro Trp Gly
525
Arg Leu Leu Gln

540

Val Glu Pro Val
555

Val Asp Thr Ala
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Ser Val

335

Val Leu

Arg Ser

Trp His

400

Phe His

415

Lys Gly

Glu Arg

His Ala

Phe Gln

480
Leu Leu
495

Met Thr

Gln Met

Gln Arg

Gly Gly
560

Leu Trp
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Pro Asp Asn Gly

Asn Glu

Trp Pro

610
Met Ser
625

Leu Arg

Lys Ala

Ile Leu

690
Asp Val
705

Asp Phe

Ile Lys

Asp Ala

Ser Lys

770
Asp Ile
785

Thr Tyr

Asn Asp

Phe

595

Phe

Gly

Lys

675

Ser

Tyr

Lys

Asp

Lys

755

Asp

Asp

Phe

Ile

580

Arg

Tyr

Leu

660

Ser

Phe

Ser

Ser

740

Lys

Asn

Lys

Pro

565

Val Arg Glu Val

Gly Asn Arg Ser
600

Ser Glu Phe Glu

615
GIn Glu Phe Val
630
Leu Ile Pro Gln
645

Ile Leu Asp Asp

Ile Ile Asp Lys

680

Val Cys Ile Ser
695
Lys Leu Lys Lys
710

Ala Lys Asp Thr

Glu Lys Phe Lys

Gly Gln Glu Ser

760
Gly Ile Glu Leu

775

790
Gly Phe His Glu
805

Thr Ser Ile Ile

570
Gln Leu
585

Leu Gln

Leu Arg

Asn Lys

Gly Lys

650
Glu Lys
665

Tyr His

Glu Asp

Ser Asp

Ile Lys

730
Asn Leu
745

Asp Leu

Phe Lys

Ile Lys

Asn Arg

810

Tyr Arg

Arg

Tyr
635

Thr

Arg

Leu

Asp
715

Lys

Phe

Ser
795

Lys

Ile

Tyr Lys

605

Gln Ala

620

Ser Leu

Leu Glu

Ala Lys

Phe Phe

685

Leu Gln

700

Asp Asn

Gln Ile

Asn Gln

Leu Trp

765
Asn Ser
780

Phe Lys

Asn Val

Val Asp

Leu
590

Asp

Cys

Ser

Asn

Asp

670

Asn

Leu

Ser

Asn

750

Leu

Asp

Tyr

Asp
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575

Asp

Asn

Lys

655

Tyr

Tyr

735

Leu

Lys

Trp

Ser
815

Asn

Arg

Thr
640

Lys

Lys

Ser

Lys

720

Tyr

Thr

Thr

800

Ser

Leu
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Pro Lys

Ala Pro

850
Glu Leu
865

Val Phe

Leu Asn

Phe Val

Asn Leu

930
Met Ser
945

Phe Val

Gln Ser

Ser Ile

Lys Leu
1010

Asp Leu

1025

Val Leu

Pro Ser

820 825 830

Phe Leu Glu Asn Lys Ala Lys Tyr Glu Ser Leu Lys Asp Lys

835 840 845

Glu Ala Ile Asn Tyr Glu Gln Ile Lys Lys Asp Leu Ala Glu

855 860

Thr Phe Asp Ile Asp Tyr Lys Thr Ser Glu Val Asn Gln Arg
870 875 880

Ser Leu Asp Glu Val Phe Glu Ile Ala Asn Phe Asn Asn Tyr

885 890 895

Gln Ser Gly Ile Thr Lys Phe Asn Thr Ile Ile Gly Gly Lys

900 905 910

Asn Gly Glu Asn Thr Lys Arg Lys Gly Ile Asn Glu Tyr Ile

915 920 925

Tyr Ser Gln Gln Ile Asn Asp Lys Thr Leu Lys Lys Tyr Lys

935 940

Val Leu Phe Lys Gln Ile Leu Ser Asp Thr Glu Ser Lys Ser
950 955 960

Ile Asp Lys Leu Glu Asp Asp Ser Asp Val Val Thr Thr Met

965 970 975

Phe Tyr Glu Gln Ile Ala Ala Phe Lys Thr Val Glu Glu Lys
980 985 990

Lys Glu Thr Leu Ser Leu Leu Phe Asp Asp Leu Lys Ala Gln

995 1000 1005

Asp Leu Ser Lys Ile Tyr Phe Lys Asn Asp Lys Ser Leu Thr

1015 1020

Ser GIn Gln Val Phe Asp Asp Tyr Ser Val Ile Gly Thr Ala

1030 1035 1040

Glu Tyr Ile Thr GIn Gln Ile Ala Pro Lys Asn Leu Asp Asn

1045 1050 1055
Lys Lys Glu Gln Glu Leu Ile Ala Lys Lys Thr Glu Lys Ala

1060 1065 1070
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Lys Tyr Leu Ser Leu Glu Thr Ile Lys Leu Ala Leu Glu Glu Phe Asn
1075 1080 1085
Lys His Arg Asp Ile Asp Lys Gln Cys Arg Phe Glu Glu Ile Leu Ala
1090 1095 1100
Asn Phe Ala Ala Ile Pro Met Ile Phe Asp Glu Ile Ala GIn Asn Lys

1105 1110 1115 1120

Asp Asn Leu Ala Gln Ile Ser Ile Lys Tyr Gln Asn Gln Gly Lys Lys
1125 1130 1135
Asp Leu Leu Gln Ala Ser Ala Glu Asp Asp Val Lys Ala Ile Lys Asp
1140 1145 1150
Leu Leu Asp Gln Thr Asn Asn Leu Leu His Lys Leu Lys Ile Phe His
1155 1160 1165
Ile Ser GIn Ser Glu Asp Lys Ala Asn Ile Leu Asp Lys Asp Glu His
1170 1175 1180

Phe Tyr Leu Val Phe Glu Glu Cys Tyr Phe Glu Leu Ala Asn Ile Val

1185 1190 1195 1200
Pro Leu Tyr Asn Lys Ile Arg Asn Tyr Ile Thr Gln Lys Pro Tyr Ser
1205 1210 1215
Asp Glu Lys Phe Lys Leu Asn Phe Glu Asn Ser Thr Leu Ala Asn Gly
1220 1225 1230
Trp Asp Lys Asn Lys Glu Pro Asp Asn Thr Ala Ile Leu Phe Ile Lys
1235 1240 1245
Asp Asp Lys Tyr Tyr Leu Gly Val Met Asn Lys Lys Asn Asn Lys Ile

1250 1255 1260

Phe Asp Asp Lys Ala Ile Lys Glu Asn Lys Gly Glu Gly Tyr Lys Lys
1265 1270 1275 1280
Ile Val Tyr Lys Leu Leu Pro Gly Ala Asn Lys Met Leu Pro Lys Val
1285 1290 1295
Phe Phe Ser Ala Lys Ser Ile Lys Phe Tyr Asn Pro Ser Glu Asp Ile
1300 1305 1310
Leu Arg Ile Arg Asn His Ser Thr His Thr Lys Asn Gly Ser Pro Gln

1315 1320 1325
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Lys Gly Tyr Glu Lys Phe Glu Phe Asn Ile Glu Asp Cys Arg Lys Phe

1330 1335 1340
Ile Asp Phe Tyr Lys Gln Ser Ile Ser Lys His Pro Glu Trp Lys Asp
1345 1350 1355 1360
Phe Gly Phe Arg Phe Ser Asp Thr Gln Arg Tyr Asn Ser Ile Asp Glu
1365 1370 1375
Phe Tyr Arg Glu Val Glu Asn Gln Gly Tyr Lys Leu Thr Phe Glu Asn
1380 1385 1390
Ile Ser Glu Ser Tyr Ile Asp Ser Val Val Asn Gln Gly Lys Leu Tyr
1395 1400 1405

Leu Phe Gln Ile Tyr Asn Lys Asp Phe Ser Ala Tyr Ser Lys Gly Arg
1410 1415 1420
Pro Asn Leu His Thr Leu Tyr Trp Lys Ala Leu Phe Asp Glu Arg Asn
1425 1430 1435 1440
Leu Gln Asp Val Val Tyr Lys Leu Asn Gly Glu Ala Glu Leu Phe Tyr
1445 1450 1455
Arg Lys Gln Ser Ile Pro Lys Lys Ile Thr His Pro Ala Lys Glu Ala
1460 1465 1470

Ile Ala Asn Lys Asn Lys Asp Asn Pro Lys Lys Glu Ser Val Phe Glu

1475 1480 1485
Tyr Asp Leu Ile Lys Asp Lys Arg Phe Thr Glu Asp Lys Phe Phe Phe
1490 1495 1500
His Cys Pro Ile Thr Ile Asn Phe Lys Ser Ser Gly Ala Asn Lys Phe
1505 1510 1515 1520
Asn Asp Glu Ile Asn Leu Leu Leu Lys Glu Lys Ala Asn Asp Val His
1525 1530 1535
Ile Leu Ser Ile Asp Arg Gly Glu Arg His Leu Ala Tyr Tyr Thr Leu

1540 1545 1550

Val Asp Gly Lys Gly Asn Ile Ile Lys Gln Asp Thr Phe Asn Ile Ile
1555 1560 1565

Gly Asn Asp Arg Met Lys Thr Asn Tyr His Asp Lys Leu Ala Ala Ile
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1570 1575 1580
Glu Lys Asp Arg Asp Ser Ala Arg Lys Asp Trp Lys Lys Ile Asn Asn
1585 1590 1595 1600
Ile Lys Glu Met Lys Glu Gly Tyr Leu Ser Gln Val Val His Glu Ile
1605 1610 1615

Ala Lys Leu Val Ile Glu Tyr Asn Ala Ile Val Val Phe Glu Asp Leu

1620 1625 1630
Asn Phe Gly Phe Lys Arg Gly Arg Phe Lys Val Glu Lys Gln Val Tyr
1635 1640 1645
Gln Lys Leu Glu Lys Met Leu Ile Glu Lys Leu Asn Tyr Leu Val Phe
1650 1655 1660
Lys Asp Asn Glu Phe Asp Lys Thr Gly Gly Val Leu Arg Ala Tyr Gln
1665 1670 1675 1680
Leu Thr Ala Pro Phe Glu Thr Phe Lys Lys Met Gly Lys Gln Thr Gly

1685 1690 1695

Ile Ile Tyr Tyr Val Pro Ala Gly Phe Thr Ser Lys Ile Cys Pro Val
1700 1705 1710
Thr Gly Phe Val Asn Gln Leu Tyr Pro Lys Tyr Glu Ser Val Ser Lys
1715 1720 1725
Ser GIn Glu Phe Phe Ser Lys Phe Asp Lys Ile Cys Tyr Asn Leu Asp
1730 1735 1740
Lys Gly Tyr Phe Glu Phe Ser Phe Asp Tyr Lys Asn Phe Gly Asp Lys
1745 1750 1755 1760

Ala Ala Lys Gly Lys Trp Thr Ile Ala Ser Phe Gly Ser Arg Leu Ile

1765 1770 1775
Asn Phe Arg Asn Ser Asp Lys Asn His Asn Trp Asp Thr Arg Glu Val
1780 1785 1790
Tyr Pro Thr Lys Glu Leu Glu Lys Leu Leu Lys Asp Tyr Ser Ile Glu
1795 1800 1805
Tyr Gly His Gly Glu Cys Ile Lys Ala Ala Ile Cys Gly Glu Ser Asp
1810 1815 1820

Lys Lys Phe Phe Ala Lys Leu Thr Ser Val Leu Asn Thr Ile Leu Gln
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1825 1830 1835 1840

Met Arg Asn Ser Lys Thr Gly Thr Glu Leu Asp Tyr Leu Ile Ser Pro
1845 1850 1855
Val Ala Asp Val Asn Gly Asn Phe Phe Asp Ser Arg Gln Ala Pro Lys
1860 1865 1870
Asn Met Pro Gln Asp Ala Asp Ala Asn Gly Ala Tyr His Ile Gly Leu
1875 1880 1885
Lys Gly Leu Met Leu Leu Gly Arg Ile Lys Asn Asn Gln Glu Gly Lys
1890 1895 1900

Lys Leu Asn Leu Val Ile Lys Asn Glu Glu Tyr Phe Glu Phe Val Gln

1905 1910 1915 1920

Asn Arg Asn Asn Gln Ala Ala Ala Leu Glu Lys Arg Pro Ala Ala Thr
1925 1930 1935

Lys Lys Ala Gly Gln Ala Lys Lys Lys Lys Ser Thr Pro Pro Pro Pro

1940 1945 1950

Pro Leu Arg Ser Gly Cys

1955
<210> 72
<211> 5877
<212> DNA

<213> Artificial Sequence
<220><223> RecJ-FnCpfl
<400> 72

atgggcagca gccatcatca tcatcatcac

atggctagca tgactggtgg acagcaaatg
cttcgtcgec gtgaagtcga tgaaacggca
cgecgtttat acgccagecg gggegtgege
ggtatgttgc cctggcagca actgagceggce
gcttttecgeg aaggaacgeg gattattgtg
agcacggctc taagecgtgcet ggcegatgege

gtaccaaacc gtttcgaaga cggttacggce

agcagcggcece

ggtcgeggat
gacttgecccg
agtgcgcaag
gtcgaaaagg
gtcggegatt
tcgcttggtt

ttaagccegg

tggtgccgceg

ccgtgaaaca
ctgaattgcc
aactggaacg
ccgttgagat
ttgacgccga
gcagcaatat

aagtagtcga
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cggcagccat

acagatacaa
tceettgetg
cagtgttaaa
cctttacaac
cggcgegacce
cgactatctg

tcaggcccat

60

120

180

240

300

360

420

480
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gceegtggeg
gaacacgctc
acattacccg
aaatcactgg
cgcgatcagg
gatctggtcg

ctgacctggce

ctgctggaag
ctggggccac
ttgctgtgceg
cagacgcgaa
ctggagcgaa
cagggegttg

geetttgege

catatgcgtg
ggeggtcatg
caacggtttg
gtgtcagacg
gatgctggcce
ctgcaacagc

ggtcegetge

gtgcgcegaag
ctgcaaatta
gettgeggece
ctaagatttg
attttagatg
tatcatcagt

caaaactatt

gattttaaaa
gagaaattta

gatttaattc

cgcagttaat
gctegttggg
cagcggaagce
caggegtggg
gctggtttga
cgctgggaac

aggggatgag

tggcaaaccg
gtctcaatge
acaacatcgg
aagagatcga
gtcgcegacac
tcggtattct

cagcaggtga

atgcactgga
cgatggeggc
gcgagetggt
gccecgttaag
cgtgggggcea
ggctggtggg

tggatggtat

tgcaactggc
tcatcgacaa
gcatgtcaat
agttaatccc
atgagaaaag
tttttataga

ctgatgttta

gtgcaaaaga
agaatttgtt

tatggctaaa

tgtcacggtg
cattccggtt
gatcattaac
tgtggegttt
tgagecgtgge
agtggceggac

tcgcatccgt

tgatgcacaa
tgccggacga
cgaagcgegce
acaaggaatg
gctaccegge
ggcttcgege

tggtacgctg

gcgattagac
gggtttgteg
taccgagtgg
cccggecgaa
gatgttcccg
cgaacgtcat

tgcttttaat

ttacaagctc
tatctggcca
ttatcaagaa
acagggtaaa
agctaaagac
ggagatatta

ttttaaactt

tacgataaag
taatcaaaac

gcaatctaag

gataacggta
attgttaccg
cctaacttgc
tatctgatgc
atcgcaattc
gtcgtgeege

gccggaaagt

aaactcgccg
ctggacgata
gtgctggcaa
caagttgaag
gggetggceaa
atcaaagagc

aaaggttcag

acactctacc
ctggaagagg
ctggaccctt
atgaccatgg
gagccgetgt
ttgaaagtca

gtcgataccg

gatatcaacg
attggatccg
tttgttaata
acacttgaaa
tacaaaaagg
agttcggttt

aaaaagagtg

aaacaaatat
cttatcgatg

gataatggta

tttcctecca
atcaccattt
gcgactgtaa
tggegetgeg
ctaacctggc
tggacgctaa

gccegtccagg

ccagcgattt
tgtcegtcgg
atgaactcga
ccctgaccct
tgtatcaccc
gttttcaccg

gtcgctcecat

ctggcatgat
ataaattcga
cgctattgca
aagtggcgca
ttgatggtca
tggtcgaacc

ccetetggec

agtttcgcecgg
aattcgagct
aatatagttt
acataaaagc
ctaaacaaat
gtattagcga

atgatgataa

ctgaatatat
ctaaaaaagg

tagaactatt

tgegggegtt
gccgggegaa
tttceegteg
cacctttttg
agaactgctg
taatcgcatt

gattaaagcg

aggttttgceg
tgtggegcte
tgcgctaaac
gtgcgagaaa
cgaatggcat
tceggttatc

tcaggggctg

actgaagttt
actctttcaa
aggcgaagtg
gctgetgege
tttcegtcetg
ggtcggegge

ggataacggc

caaccgcagce
ccgtcgacaa
aagtaaaact
aagaggtttg
aattgataaa
agatttatta

tctacaaaaa

aaaggactca
gcaagagtca

taaagccaat
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540
600
660
720
780
840

900

960
1020
1080
1140
1200
1260

1320

1380
1440
1500
1560
1620
1680

1740

1800
1860
1920
1980
2040
2100

2160

2220
2280

2340
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agtgatatca
acttatttta
acatctatta

aagtatgaga

gatttggcag
gttttttcac
ggtattacta
agaaaaggta
aaaaaatata
tttgtaattg

gagcaaatag

ttatttgatg
aaatctctta
gtactagaat
gagcaagaat
aagcttgcect
gaaatacttg

gacaatttgg

gctagtgegg
ttacataaac
aaggatgagc
cctctttata
aagctcaatt
aatacggcaa

aataacaaaa

attgtttata
aaatctataa
catacaaaaa
tgccgaaaat
tttggattta

gttgaaaatc

cagatataga
agggttttca
tttataggat

gtttaaaaga

aagagctaac
ttgatgaagt
aatttaatac
taaatgaata
aaatgagtgt
ataagttaga

cagcttttaa

atttaaaagc
ctgatctatc
atataactca
taatagccaa
tagaagaatt
caaactttgc

cacagatatc

aagatgatgt
taaaaatatt
atttttatct
acaaaattag
ttgagaactc
ttttatttat

tatttgatga

aacttttacc
aattttataa
atggtagtcc
ttatagattt
gattttctga

aaggctacaa

tgaggcgtta
tgaaaataga
agtagatgat

caaagctcca

ctttgatatt
ttttgagata
tattattggt
tataaatcta
tttatttaag
agatgatagt

aacagtagaa

tcaaaaactt
acaacaagtt
acaaatagca
aaaaactgaa
taataagcat
ggctattccg

tatcaaatat

taaagctatc
tcatattagt
agtatttgag
aaactatata
gactttggct
caaagatgat

taaagctatc

tggcgcaaat
tcctagtgaa
tcaaaaagga
ttataaacag
tactcaaaga

actaactttt

gaaataatca
aaaaatgttt
aatttgccta

gaagctataa

gactacaaaa
gcaaacttta
ggtaaatttg
tactcacagc
caaattttaa
gatgtagtta

gaaaaatcta

gatttgagta
tttgatgatt
cctaaaaatc
aaagcaaaat
agagatatag
atgatatttg

caaaatcaag

aaggatcttt
cagtcagaag
gagtgctact
actcaaaagc
aatggttggg
aaatattatc

aaagaaaata

aaaatgttac
gatatactta
tatgaaaaat
tctataagta
tataattcta

gaaaatatat

aatcttttaa
atagtagcaa
aatttctaga

actatgaaca

catctgaagt
ataattatct
taaatggtga
aaataaatga
gtgatacaga
caacgatgca

ttaaagaaac

aaatttattt
atagtgttat
ttgataaccc
acttatctct
ataaacagtg
atgaaatagc

gtaaaaaaga

tagatcaaac
ataaggcaaa
ttgagctagc
catatagtga
ataaaaataa
tgggtgtgat

aaggegages

ctaaggtttt
gaataagaaa
ttgagtttaa
agcatccgga
tagatgaatt

cagagagcta

aggttggaca
tgatattcct
aaataaagct

aattaaaaaa

taatcaaaga
aaatcaaagt
aaatacaaag
taaaacactc
atctaaatct
aagtttttat

actatcttta

taaaaatgat
tggtacagcg
tagtaagaaa
agaaactata
taggtttgaa
tcaaaacaaa

cctacttcaa

taataatctc
tattttagac
gaatatagtg
tgagaaattt
agagcctgac
gaataagaaa

ttataaaaaa

cttttctgcet
tcattccaca
tattgaagat
gtggaaagat
ttatagagaa

tattgatagc
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2400
2460
2520

2580

2640
2700
2760
2820
2880
2940

3000

3060
3120
3180
3240
3300
3360

3420

3480
3540
3600
3660
3720
3780

3840

3900
3960
4020
4080
4140

4200
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gtagttaatc

agcaaagggce
cttcaagatg
atacctaaaa
cctaaaaaag
aagtttttct
aatgatgaaa

gatagaggtg

aaacaagata
cttgctgcaa
atcaaagaga
atagagtata
ttcaaggtag
tatctagttt

ctaacagcac

gtaccagctg
cctaagtatg
tataaccttg
gctgccaaag
tcagataaaa
ttgctaaaag

ggtgagageg

atgcgtaact
aatggcaatt
aatggtgctt
caagagggca
aataggaata
caggcaaaaa
<210> 73

<211> 16

agggtaaatt

gaccaaatct
tggtttataa
aaatcactca
agagtgtttt
ttcactgtcc
tcaatttatt

aaagacattt

ctttcaacat
tagagaaaga
tgaaagaggg
atgctattgt
agaagcaggt
tcaaagataa

cttttgagac

gttttacttc
aaagtgtcag
ataagggcta
gcaagtggac
atcataattg
attattctat

acaaaaagtt

caaaaacagg
tctttgattc
atcatattgg
aaaaactcaa
accaagcggce

agaaaaagtc

19

gtacctattc

acatacttta
gctaaatggt
cccagctaaa
tgaatatgat
tattacaatc
gctaaaagaa

agcttactat

cattggtaat
tagggattca
ctatctatct
ggtttttgag
ctatcaaaag
tgagtttgat

ttttaaaaag

aaaaatttgt
caaatctcaa
ttttgagttt
tatagctagc
ggatactcga
cgaatatggg

ttttgctaag

tactgagtta
gcgacaggcg
gctaaaaggt
tttggttatc
cgcactcgag

gacaccacca

caaatctata

tattggaaag
gaggcagagce
gaggcaatag
ttaatcaaag
aattttaaat
aaagcaaatg

actttggtag

gatagaatga
gctaggaaag
caggtagttc
gatttaaatt
ttagaaaaaa
aaaactgggg

atgggtaaac

cctgtaactg
gagttcttta
agttttgatt
tttgggagta
gaagtttatc
catggcgaat

ctaactagtg

gattatctaa
ccaaaaaata
ctgatgctac
aaaaatgaag

aaaaggccgg

ccaccaccac

ataaagattt

cgctgtttga
ttttttatcg
ctaataaaaa
ataaacgctt
ctagtggagc
atgttcatat

atggtaaagg

aaacaaacta
actggaaaaa
atgaaatagc
ttggatttaa
tgctaattga
gagtgcttag

aaacaggtat

gttttgtaaa
gtaagtttga
ataaaaactt
gattgattaa
caactaaaga
gtatcaaagc

tcctaaatac

tttcaccagt
tgcctcaaga
taggtaggat
agtattttga
cggccacgaa

tgagatccgg

ttcagcttat

tgagagaaat
taaacaatca
caaagataat
tactgaagat
taataagttt
attaagtata

caatatcatc

ccatgataag
gataaataac
taagctagtt
aagagggcgt
gaaactaaac
agcttatcag

tatctactat

tcagttatat
caagatttgt
tggtgacaag
ctttagaaat
gttggagaaa
agctatttgc

tatcttacaa

agcagatgta
tgctgatgcc
caaaaataat
gttcgtgcag
aaaggccggce

ctgctaa
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4260

4320
4380
4440
4500
4560
4620

4680

4740
4800
4860
4920
4980
5040

5100

5160
5220
5280
5340
5400
5460

5520

5580
5640
5700
5760
5820

5877
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<212>

<213>

PRT

Artificial Sequence

<220><223>

<400>

Met Gly

1

Arg Gly

Gly Ser

Leu Val

50

Ile Cys

Thr Phe

Lys Arg

Glu Arg

130
Glu Val
145

Gly Ile

Tyr Asn

Asn Gly

73

Ser

Ser

Met

35

Thr

Ser

His

115

Thr

Lys

Asp

Tyr

Ile

195

GFP-FnCpfl

Ser

His

20

Ser

Leu

Thr

Tyr

100

Asp

Phe

Phe

Asn

180

Lys

Ser Val Gln Leu

His His His His
5

Met Ala Ser Met

Lys Gly Glu Glu
40
Asp Gly Asp Val

55

Gly Asp Ala Thr
70

Gly Lys Leu Pro

85

Gly Val Gln Cys

Phe Phe Lys Ser
120

Ser Phe Lys Asp

135
Glu Gly Asp Thr
150
Lys Glu Asp Gly
165

Ser His Asn Val

Ala Asn Phe Lys

200

Ala Asp His Tyr

His His Ser

Thr Gly Gly
25

Leu Phe Thr

Asn Gly His

Tyr Gly Lys
75
Val Pro Trp
90
Phe Ser Arg
105

Ala Met Pro

Asp Gly Asn

Leu Val Asn
155
Asn Ile Leu
170
Tyr Ile Thr
185

Ile Arg His

GIn Gln Asn

Ser Gly Leu

GIn Gln Met

30

Gly Val Val
45

Lys Phe Ser

60

Leu Thr Leu

Pro Thr Leu

Tyr Pro Asp

110

Glu Gly Tyr
125

Tyr Lys Thr

140

Arg Ile Glu

Gly His Lys

Ala Asp Lys
190
Asn Ile Glu

205

Thr Pro Ile

- 342 -

Val Pro
15

Gly Arg

Pro Ile

Val Ser

Lys Phe

80
Val Thr
95

His Met

Val Gln

Arg Ala

Leu Lys

160
Leu Glu
175

Gln Lys

Asp Gly

Gly Asp
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225

Leu

Phe

Tyr

305

Leu

Ser

Phe

Ser

385

Ser

Lys

Asn

Glu

Lys

210 215 220
Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln
230 235
Ser Lys Asp Pro Asn Glu Lys Arg Asp His Met Val Leu
245 250
Val Thr Ala Ala Gly Ile Thr His Gly Met Asp Glu Leu
260 265 270

Ser Glu Phe Glu Leu Arg Arg Gln Ala Cys Gly Arg Met

275 280 285
GIn Glu Phe Val Asn Lys Tyr Ser Leu Ser Lys Thr Leu
290 295 300
Leu Ile Pro Gln Gly Lys Thr Leu Glu Asn Ile Lys Ala

310 315
Ile Leu Asp Asp Glu Lys Arg Ala Lys Asp Tyr Lys Lys
325 330
Ile Ile Asp Lys Tyr His Gln Phe Phe Ile Glu Glu Ile

340 345 350

Val Cys Ile Ser Glu Asp Leu Leu Gln Asn Tyr Ser Asp
355 360 365
Lys Leu Lys Lys Ser Asp Asp Asp Asn Leu Gln Lys Asp
370 375 380
Ala Lys Asp Thr Ile Lys Lys Gln Ile Ser Glu Tyr Ile
390 395
Glu Lys Phe Lys Asn Leu Phe Asn Gln Asn Leu Ile Asp
405 410

Gly Gln Glu Ser Asp Leu Ile Leu Trp Leu Lys Gln Ser

420 425 430
Gly Ile Glu Leu Phe Lys Ala Asn Ser Asp Ile Thr Asp
435 440 445
Ala Leu Glu Ile Ile Lys Ser Phe Lys Gly Trp Thr Thr
450 455 460

Gly Phe His Glu Asn Arg Lys Asn Val Tyr Ser Ser Asn
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Ser

Leu

255

Tyr

Ser

Arg

Arg

335

Leu

Val

Phe

Lys

415

Lys

Tyr

Asp

Lys

Phe

320

Lys

Ser

Tyr

Lys

Asp

400

Lys

Asp

Asp

Phe

Ile
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465

Pro Thr Ser

Leu Glu Asn

Ala Ile Asn
515
Phe Asp Ile
530
Leu Asp Glu
545

Ser Gly Ile

Gly Glu Asn

Ser Gln Gln

595

Leu Phe Lys
610

Asp Lys Leu

625

Tyr Glu Gln

Glu Thr Leu

Leu Ser Lys

675

Gln GIn Val

Tyr Ile Thr

705

Lys

500

Tyr

Asp

Val

Thr

Thr

580

Ser

660

Phe

Gln

Tyr

Phe

Lys

565

Lys

Asn

Asp

645

Leu

Tyr

Asp

Gln

470

Tyr

Lys

Lys

550

Phe

Arg

Asp

Leu

Asp

630

Leu

Phe

Asp

Ile

710

Arg

Tyr

Thr

535

Asn

Lys

Lys

Ser

615

Ser

Phe

Phe

Lys

Tyr

695

Ala

Ile

Lys
520

Ser

Thr

Thr
600

Asp

Asp

Lys

Asp

Asn

680

Ser

Pro

Val

Ser
505

Lys

Asn

585

Leu

Thr

Val

Thr

Asp

665

Asp

Val

Lys

Asp

490

Leu

Asp

Val

Phe

570

Asn

Lys

Val

Val
650

Leu

Lys

Asn

475

Asp

Lys

Leu

Asn

Asn

555

Lys

Ser

Thr

635

Lys

Ser

Leu

715

Asn Leu Pro

Asp Lys Ala

Ala Glu Glu
525

Gln Arg Val

540

Asn Tyr Leu

Gly Lys Phe

Tyr Ile Asn
590
Tyr Lys Met
605
Lys Ser Phe
620

Thr Met Gln

Glu Lys Ser

Ala Gln Lys
670
Leu Thr Asp
685
Thr Ala Val
700

Asp Asn Pro
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Lys

495

Pro

Leu

Phe

Asn

Val

575

Leu

Ser

Val

Ser

655

Leu

Leu

Leu

Ser

480

Phe

Thr

Ser

560

Asn

Tyr

Val

Phe

640

Lys

Asp

Ser

Lys

720
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Lys

Ser

Asp

Ser

Val

Asn

865

Phe

Asn

Tyr

Lys

Lys
945

Ala

Glu Gln Glu Leu Ile Ala

Leu

Ile

Thr

Phe

850

Lys

Lys

Lys

Tyr

930

Leu

Lys

Glu Thr

740
Asp Lys
755

Pro Met

Ile Ser

Ser Ala

Asn Asn

820
Asp Lys
835

Glu Glu

Ile Arg

Leu Asn

Glu Pro

900

Leu Gly

915

[le Lys

Leu Pro

Ser Ile

725

Ile Lys Leu

Gln Cys Arg

Ile Phe Asp

775

Ile Lys Tyr
790

Glu Asp Asp

805

Leu Leu His

Ala Asn Ile

Cys Tyr Phe

855
Asn Tyr Ile
870
Phe Glu Asn
885

Asp Asn Thr

Val Met Asn

Glu Asn Lys

935

Gly Ala Asn
950

Lys Phe Tyr

965

Lys Lys

Ala Leu

745
Phe Glu
760

Glu Ile

Gln Asn

Val Lys

Lys Leu

825

Leu Asp

840

Glu Leu

Thr Gln

Ser Thr

905

Lys Lys

920

Lys Met

Asn Pro

Thr Glu Lys
730

Glu Glu Phe

Glu Ile Leu

Ala Gln Asn

780

Gln Gly Lys
795

Ala Ile Lys

810

Lys Ile Phe

Lys Asp Glu

Ala Asn Ile

860
Lys Pro Tyr
875
Leu Ala Asn
890

Leu Phe Ile

Asn Asn Lys

Gly Tyr Lys

940

Leu Pro Lys
955

Ser Glu Asp

970

Ala Lys

Asn Lys

750
Ala Asn
765

Lys Asp

Lys Asp

Asp Leu

His Ile

830

His Phe

845

Val Pro

Ser Asp

Gly Trp

Lys Asp

910

Ile Phe

925

Lys Ile

Val Phe

Ile Leu
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Tyr

735

His

Phe

Asn

Leu

Leu

815

Ser

Tyr

Leu

Glu

Asp

895

Asp

Asp

Val

Phe

Arg

975

Leu

Arg

Leu

Leu
800

Asp

Leu

Tyr

Lys

880

Lys

Lys

Asp

Tyr

Ser
960

Ile
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Arg Asn His Ser Thr His Thr Lys Asn Gly Ser Pro Gln Lys Gly Tyr
980 985 990

Glu Lys Phe Glu Phe Asn Ile Glu Asp Cys Arg Lys Phe Ile Asp Phe

995 1000 1005
Tyr Lys Gln Ser Ile Ser Lys His Pro Glu Trp Lys Asp Phe Gly Phe
1010 1015 1020
Arg Phe Ser Asp Thr Gln Arg Tyr Asn Ser Ile Asp Glu Phe Tyr Arg
1025 1030 1035 1040
Glu Val Glu Asn Gln Gly Tyr Lys Leu Thr Phe Glu Asn Ile Ser Glu
1045 1050 1055
Ser Tyr Ile Asp Ser Val Val Asn Gln Gly Lys Leu Tyr Leu Phe Gln

1060 1065 1070

Ile Tyr Asn Lys Asp Phe Ser Ala Tyr Ser Lys Gly Arg Pro Asn Leu
1075 1080 1085
His Thr Leu Tyr Trp Lys Ala Leu Phe Asp Glu Arg Asn Leu Gln Asp
1090 1095 1100
Val Val Tyr Lys Leu Asn Gly Glu Ala Glu Leu Phe Tyr Arg Lys Gln
1105 1110 1115 1120
Ser Ile Pro Lys Lys Ile Thr His Pro Ala Lys Glu Ala Ile Ala Asn
1125 1130 1135

Lys Asn Lys Asp Asn Pro Lys Lys Glu Ser Val Phe Glu Tyr Asp Leu

1140 1145 1150
Ile Lys Asp Lys Arg Phe Thr Glu Asp Lys Phe Phe Phe His Cys Pro
1155 1160 1165
Ile Thr Ile Asn Phe Lys Ser Ser Gly Ala Asn Lys Phe Asn Asp Glu
1170 1175 1180
Ile Asn Leu Leu Leu Lys Glu Lys Ala Asn Asp Val His Ile Leu Ser
1185 1190 1195 1200
Ile Asp Arg Gly Glu Arg His Leu Ala Tyr Tyr Thr Leu Val Asp Gly

1205 1210 1215

Lys Gly Asn Ile Ile Lys Gln Asp Thr Phe Asn Ile Ile Gly Asn Asp
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1220 1225 1230
Arg Met Lys Thr Asn Tyr His Asp Lys Leu Ala Ala Ile Glu Lys Asp
1235 1240 1245
Arg Asp Ser Ala Arg Lys Asp Trp Lys Lys Ile Asn Asn Ile Lys Glu
1250 1255 1260
Met Lys Glu Gly Tyr Leu Ser Gln Val Val His Glu Ile Ala Lys Leu
1265 1270 1275 1280

Val Ile Glu Tyr Asn Ala Ile Val Val Phe Glu Asp Leu Asn Phe Gly

1285 1290 1295
Phe Lys Arg Gly Arg Phe Lys Val Glu Lys Gln Val Tyr GIn Lys Leu
1300 1305 1310
Glu Lys Met Leu Ile Glu Lys Leu Asn Tyr Leu Val Phe Lys Asp Asn
1315 1320 1325
Glu Phe Asp Lys Thr Gly Gly Val Leu Arg Ala Tyr Gln Leu Thr Ala
1330 1335 1340
Pro Phe Glu Thr Phe Lys Lys Met Gly Lys Gln Thr Gly Ile Ile Tyr

1345 1350 1355 1360

Tyr Val Pro Ala Gly Phe Thr Ser Lys Ile Cys Pro Val Thr Gly Phe
1365 1370 1375
Val Asn Gln Leu Tyr Pro Lys Tyr Glu Ser Val Ser Lys Ser Gln Glu
1380 1385 1390
Phe Phe Ser Lys Phe Asp Lys Ile Cys Tyr Asn Leu Asp Lys Gly Tyr
1395 1400 1405
Phe Glu Phe Ser Phe Asp Tyr Lys Asn Phe Gly Asp Lys Ala Ala Lys
1410 1415 1420

Gly Lys Trp Thr Ile Ala Ser Phe Gly Ser Arg Leu Ile Asn Phe Arg

1425 1430 1435 1440
Asn Ser Asp Lys Asn His Asn Trp Asp Thr Arg Glu Val Tyr Pro Thr
1445 1450 1455
Lys Glu Leu Glu Lys Leu Leu Lys Asp Tyr Ser Ile Glu Tyr Gly His
1460 1465 1470

Gly Glu Cys Ile Lys Ala Ala Ile Cys Gly Glu Ser Asp Lys Lys Phe
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1475 1480 1485
Phe Ala Lys Leu Thr Ser Val Leu Asn Thr Ile Leu Gln Met Arg Asn

1490 1495 1500

Ser Lys Thr Gly Thr Glu Leu Asp Tyr Leu Ile Ser Pro Val Ala Asp
1505 1510 1515 1520
Val Asn Gly Asn Phe Phe Asp Ser Arg Gln Ala Pro Lys Asn Met Pro
1525 1530 1535
Gln Asp Ala Asp Ala Asn Gly Ala Tyr His Ile Gly Leu Lys Gly Leu
1540 1545 1550
Met Leu Leu Gly Arg Ile Lys Asn Asn Gln Glu Gly Lys Lys Leu Asn
1555 1560 1565

Leu Val Ile Lys Asn Glu Glu Tyr Phe Glu Phe Val Gln Asn Arg Asn

1570 1575 1580
Asn Gln Ala Ala Ala Leu Glu Lys Arg Pro Ala Ala Thr Lys Lys Ala
1585 1590 1595 1600

Gly Gln Ala Lys Lys Lys Lys Ser Thr Pro Pro Pro Pro Pro Leu Arg

1605 1610 1615
Ser Gly Cys
<210> 74
<211> 4860
<212> DNA

<213> Artificial Sequence
<220><223> GFP-FnCpf1
<400> 74

atgggcagca gccatcatca tcatcatcac agcagcggec tggtgecgeg cggcagcecat

atggctagca tgactggtgg acagcaaatg ggtcgeggat ccatgagtaa aggagaagaa
cttttcactg gagttgtccc aattcttgtt gaattagatg gtgatgttaa tgggcacaaa
ttttctgtca gtggagaggge tgaaggtgat gcaacatacg gaaaacttac ccttaaattt
atttgcacta ctggaaaact acctgttcca tggccaacac ttgtcactac tttctcttat
ggtgttcaat gcttttcaag atacccagat catatgaagc ggcacgactt cttcaagagc

gccatgectg agggatacgt gcaggagagg accatctctt tcaaggacga cgggaactac
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60

120

180

240

300

360

420
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aagacacgtg

ggaatcgatt
tcccacaacg
attagacaca
ccaattggcg
ctttcgaaag
gctgggatta

caagcttgceg

actctaagat
ttgattttag
aaatatcatc
ttacaaaact
aaagatttta
tcagagaaat

tcagatttaa

aatagtgata
acaacttatt
cctacatcta
gctaagtatg
aaagatttgg
agagtttttt

agtggtatta

aagagaaaag
ctcaaaaaat
tcttttgtaa
tatgagcaaa
ttattatttg
gataaatctc

gcggtactag

ctgaagtcaa

tcaaggagga
tatacatcac
acattgaaga
atggccctgt
atcccaacga
cacatggcat

gccegeatgtce

ttgagttaat
atgatgagaa
agttttttat
attctgatgt
aaagtgcaaa
ttaagaattt

ttctatggcet

tcacagatat
ttaagggttt
ttatttatag
agagtttaaa
cagaagagct
cacttgatga

ctaaatttaa

gtataaatga
ataaaatgag
ttgataagtt
tagcagcttt
atgatttaaa
ttactgatct

aatatataac

gtttgaggga

cggaaacatc
ggcagacaaa
tggaagcgtt
ccttttacca
aaagagagac
ggatgaacta

aatttatcaa

cccacagggt
aagagctaaa
agaggagata
ttattttaaa
agatacgata
gtttaatcaa

aaagcaatct

agatgaggcg
tcatgaaaat
gatagtagat
agacaaagct
aacctttgat
agtttttgag

tactattatt

atatataaat
tgttttattt
agaagatgat
taaaacagta
agctcaaaaa
atcacaacaa

tcaacaaata

gacaccctceg

ctcggccaca
caaaagaatg
caactagcag
gacaaccatt
cacatggtcc
tacaaaggat

gaatttgtta

aaaacacttg
gactacaaaa
ttaagttcgg
cttaaaaaga
aagaaacaaa
aaccttatcg

aaggataatg

ttagaaataa
agaaaaaatg
gataatttgc
ccagaagcta
attgactaca
atagcaaact

ggtggtaaat

ctatactcac
aagcaaattt
agtgatgtag
gaagaaaaat
cttgatttga
gtttttgatg

gcacctaaaa

tcaacaggat

agttggaata
gaatcaaagc
accattatca
acctgtccac
ttcttgagtt
ccgaattcga

ataaatatag

aaaacataaa
aggctaaaca
tttgtattag
gtgatgatga
tatctgaata
atgctaaaaa

gtatagaact

tcaaatcttt
tttatagtag
ctaaatttct
taaactatga
aaacatctga
ttaataatta

ttgtaaatgg

agcaaataaa
taagtgatac
ttacaacgat
ctattaaaga
gtaaaattta
attatagtgt

atcttgataa

cgagcttaag

caactacaac
taacttcaaa
acaaaatact
acaatctgcc
tgtaacagct
gctceegtega

tttaagtaaa

agcaagaggt
aataattgat
cgaagattta
taatctacaa
tataaaggac
agggcaagag

atttaaagcc

taaaggttgg
caatgatatt
agaaaataaa
acaaattaaa
agttaatcaa
tctaaatcaa

tgaaaataca

tgataaaaca
agaatctaaa
gcaaagtttt
aacactatct
ttttaaaaat
tattggtaca

ccctagtaag
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480

540
600
660
720
780
840

900

960
1020
1080
1140
1200
1260

1320

1380
1440
1500
1560
1620
1680

1740

1800
1860
1920
1980
2040
2100

2160
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aaagagcaag
ataaagcttg
gaagaaatac
aaagacaatt
caagctagtg
ctcttacata

gacaaggatg

gtgcctettt
tttaagctca
gacaatacgg
aaaaataaca
aaaattgttt
gctaaatcta

acacatacaa

gattgccgaa
gattttggat
gaagttgaaa
agcgtagtta
tatagcaaag
aatcttcaag

tcaataccta

aatcctaaaa
gataagtttt
tttaatgatg
atagatagag
atcaaacaag
aagcttgctg

aacatcaaag

gttatagagt
cgtttcaagg

aactatctag

aattaatagc
ccttagaaga
ttgcaaactt
tggcacagat
cggaagatga
aactaaaaat

agcattttta

ataacaaaat
attttgagaa
caattttatt
aaatatttga
ataaactttt
taaaatttta

aaaatggtag

aatttataga
ttagattttc
atcaaggcta
atcagggtaa
ggcgaccaaa
atgtggttta

aaaaaatcac

aagagagtgt
tctttcactg
aaatcaattt
gtgaaagaca
atactttcaa
caatagagaa

agatgaaaga

ataatgctat
tagagaagca

ttttcaaaga

caaaaaaact
atttaataag
tgcggetatt
atctatcaaa
tgttaaagct
atttcatatt

tctagtattt

tagaaactat
ctcgactttg
tatcaaagat
tgataaagct
acctggcgca
taatcctagt

tcctcaaaaa

tttttataaa
tgatactcaa
caaactaact
attgtaccta
tctacatact
taagctaaat

tcacccagct

ttttgaatat
tcctattaca
attgctaaaa
tttagcttac
catcattggt
agatagggat

gggctatcta

tgtggttttt
ggtctatcaa

taatgagttt

gaaaaagcaa
catagagata
ccgatgatat
tatcaaaatc
atcaaggatc
agtcagtcag

gaggagtgct

ataactcaaa
gctaatggtt
gataaatatt
atcaaagaaa
aataaaatgt
gaagatatac

ggatatgaaa

cagtctataa
agatataatt
tttgaaaata
ttccaaatct
ttatattgga
ggtgaggceag

aaagaggcaa

gatttaatca
atcaatttta
gaaaaagcaa
tatactttgg
aatgatagaa
tcagctagga

tctcaggtag

gaggatttaa
aagttagaaa

gataaaactg

aatacttatc
tagataaaca
ttgatgaaat
aaggtaaaaa
ttttagatca
aagataaggc

actttgagct

agccatatag
gggataaaaa
atctgggtgt
ataaaggcga
tacctaaggt
ttagaataag

aatttgagtt

gtaagcatcc
ctatagatga
tatcagagag
ataataaaga
aagcgctgtt
agctttttta

tagctaataa

aagataaacg
aatctagtgg
atgatgttca
tagatggtaa
tgaaaacaaa
aagactggaa

ttcatgaaat

attttggatt
aaatgctaat

ggggagtgct

tctagaaact
gtgtaggttt
agctcaaaac
agacctactt
aactaataat
aaatatttta

agcgaatata

tgatgagaaa
taaagagcct
gatgaataag
gggttataaa
tttettttcet
aaatcattcc

taatattgaa

ggagtggaaa
attttataga
ctatattgat
tttttcagcet
tgatgagaga
tcgtaaacaa

aaacaaagat

ctttactgaa
agctaataag
tatattaagt
aggcaatatc
ctaccatgat
aaagataaat

agctaagcta

taaaagaggg
tgagaaacta

tagagcttat
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2220
2280
2340
2400
2460
2520

2580

2640
2700
2760
2820
2880
2940

3000

3060
3120
3180
3240
3300
3360

3420

3480
3540
3600
3660
3720
3780

3840

3900
3960

4020
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cagctaacag caccttttga gacttttaaa aagatgggta
tatgtaccag ctggttttac ttcaaaaatt tgtcctgtaa
tatcctaagt atgaaagtgt cagcaaatct caagagttct

tgttataacc ttgataaggg ctattttgag tttagttttg

aaggctgcca aaggcaagtg gactatagcet agetttggga
aattcagata aaaatcataa ttgggatact cgagaagttt
aaattgctaa aagattattc tatcgaatat gggcatggceg
tgcggtgaga gcgacaaaaa gttttttget aagctaacta
caaatgcgta actcaaaaac aggtactgag ttagattatc
gtaaatggca atttctttga ttcgcgacag gcgccaaaaa

gccaatggtg cttatcatat tgggctaaaa ggtctgatgce

aatcaagagg gcaaaaaact caatttggtt atcaaaaatg
cagaatagga ataaccaagc ggccgcactc gagaaaaggc

ggccaggcaa aaaagaaaaa gtcgacacca ccaccaccac

<210> 75
<211> 1497
<212> PRT

<213> Artificial Sequence

<220><223> SSB-FnCpf1l

<400> 75

Met Gly Ser Ser His His His His His His Ser

1 5 10

Arg Gly Ser His Met Ala Ser Met Thr Gly Gly
20 25
Gly Ser Met Ala Ser Arg Gly Val Asn Lys Val
35 40
Leu Gly Gln Asp Pro Glu Val Arg Tyr Met Pro
50 95
Ala Asn Ile Thr Leu Ala Thr Ser Glu Ser Trp

65 70 75

aacaaacagg tattatctac
ctggttttgt aaatcagtta
ttagtaagtt tgacaagatt

attataaaaa ctttggtgac

gtagattgat taactttaga
atccaactaa agagttggag
aatgtatcaa agcagctatt
gtgtcctaaa tactatctta
taatttcacc agtagcagat
atatgcctca agatgctgat

tactaggtag gatcaaaaat

aagagtattt tgagttcgtg
cggcggecac gaaaaaggcce

cactgagatc cggctgctaa

Ser Gly Leu Val Pro

15

Gln Gln Met Gly Arg
30
Ile Leu Val Gly Asn
45
Asn Gly Gly Ala Val
60
Arg Asp Lys Ala Thr

80
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4080
4140
4200

4260

4320
4380
4440
4500
4560
4620

4680

4740
4800
4860

4860
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Gly Glu Met

Lys Leu Ala

Tyr Ile Glu

Gln Met Leu

145

Cys Gly Arg

Ser Lys Thr

Asn Ile Lys
195
Asp Tyr Lys

210

225

Asn Tyr Ser

Leu Gln Lys

Ser Glu Tyr
275
Asn Leu Ile

290

Leu Lys Gln
305

Asp Ile Thr

Lys

Tyr

Met

Leu

180

Lys

Asp

Asp

260

Asp

Ser

Asp

Glu

85

Val

Thr

Ser
165

Arg

Arg

Leu

Val
245

Phe

Lys

Lys

Ile

Gln

Leu

Thr

Arg

150

Phe

Lys

Ser

230

Tyr

Lys

Asp

Lys

Asp

310

Thr

Ser

Arg

Tyr

Leu

215

Ser

Phe

Ser

Ser

Lys

295

Glu

Glu

Thr
120

Val

Ser

Leu

Val

Lys

Glu
280

Trp His Arg Val Val Leu Phe Gly

90
Tyr Leu
105

Arg Lys

Val Val

Glu Phe

Glu Phe

170
Ile Pro
185

Leu Asp

Ile Asp

Cys Ile

Leu Lys

250
Lys Asp
265

Lys Phe

Arg

Trp

Asn

155

Val

Asp

Lys

Ser

235

Lys

Thr

Lys

Gly Gln Glu Ser

Asn Gly Ile Glu Leu

315

Asp Glu Ala Leu Glu Ile

95

Lys Gly Ser Gln Val

Thr Asp

125
Val Gly
140

Leu Arg

Asn Lys

Gly Lys

Glu Lys

205

Tyr His

220

Glu Asp

Ser Asp

Ile Lys

Asn Leu

285

Asp Leu

300

Phe Lys

Ile Lys

110

Arg

Tyr

Thr

190

Arg

Leu

Asp

Lys

270

Phe

Ala

Ser

- 352 -

Ser Gly

Thr Met

160

Ser Leu

175

Leu Glu

Ala Lys

Phe Phe

Leu Gln

240
Asp Asn

255

Asn Gln

Leu Trp

Asn Ser
320

Phe Lys
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Gly

Tyr

Asp

Lys

385

Leu

Asn

Asn

465

Lys

Ser

Thr

Lys
545

Ser

Trp Thr

Ser Ser

355

Asn Leu

370

Asp Lys

Gln Arg

Asn Tyr

435

Gly Lys

450

Tyr Ile

Tyr Lys

Lys Ser

Thr Met

515
Glu Lys
530

Ala Gln

Leu Thr

Thr
340

Asn

Pro

Val
420

Leu

Phe

Asn

Met

Phe

500

Ser

Lys

Asp

Gly Thr Ala Val

325

Tyr

Asp

Lys

Pro

Leu

405

Phe

Asn

Val

Leu

Ser

485

Val

Ser

Leu

Phe Lys

Ile Pro

Phe Leu

375
Glu Ala
390

Thr Phe

Ser Leu

Gln Ser

Asn Gly

Tyr Ser
470

Val Leu

Ile Asp

Phe Tyr

Lys Glu
535
Asp Leu

550

Gly Phe

345
Thr Ser
360

Glu Asn

Ile Asn

Asp Ile

Asp Glu

Glu Asn

Phe Lys

Lys Leu

505

520

Thr Leu

Ser Lys

Leu Ser Gln Gln Val

565

Leu Glu Tyr Ile Thr

330

His Glu Asn Arg Lys

Lys Ala

Tyr Glu

395
Asp Tyr
410

Val Phe

Thr Lys

Thr Lys

Ile Asn

475

490

Glu Asp

Ser Leu

Ile Tyr

555
Phe Asp
570

Gln Gln

Tyr Arg
365

Lys Tyr

380

Lys Thr

Phe Asn

445

Arg Lys

460

Asp Lys

Leu Ser

Asp Ser

Ala Phe

525
Leu Phe
540

Phe Lys

Asp Tyr

[le Ala

350

Ile

Lys

Ser

430

Thr

Thr

Asp

Asp

510

Lys

Asp

Asn

Ser

Pro

- 353 -

335

Asn

Val

Ser

Lys

415

Asn

Leu

Thr

495

Val

Thr

Asp

Asp

Val

975

Lys

Val

Asp

Leu

Asp
400

Val

Phe

Asn

Lys

480

Val

Val

Leu

Lys

560

Ile

Asn
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580

Leu Asp Asn Pro

Glu Lys

610
Glu Phe
625

Ile Leu

Gln Asn

Gly Lys

Ile Lys

690
Ile Phe
705

Asp Glu

Asn Ile

Pro Tyr

595

Ala

Asn

Lys

Lys

675

Asp

His

His

Val

Ser

755

Lys

Lys

Asn

Asp

660

Asp

Leu

Phe

Pro
740

Asp

Ala Asn Gly Trp

770
Phe Ile
785

Asn Lys

Tyr Lys

Lys

Lys

Asp

Phe

Ile

820

Ser

Tyr

His

Phe

645

Asn

Leu

Leu

Ser

Tyr

725

Leu

Asp

Asp

Asp

805

Val

Lys

Leu

Arg

630

Leu

Leu

Asp

710

Leu

Tyr

Lys

Lys

Lys

790

Asp

Tyr

Lys

Ser

615

Asp

695

Ser

Val

Asn

Phe

Asn

775

Tyr

Lys

Lys

600

Leu

680

Thr

Phe

Lys

Lys

760

Lys

Tyr

Leu

585

590

GIn Glu Leu Ile Ala Lys

Glu Thr

Asp Lys

Pro Met

650

Ile Ser

665

Ser Ala

Asn Asn

Asp Lys

730

Ile Arg

745

Leu Asn

Glu Pro

Leu Gly

Ile Lys

810

605

Ile Lys Leu Ala

620

Gln Cys Arg Phe

635

Ile Phe Asp Glu

Ile Lys Tyr Gln

670

Glu Asp Asp Val

685

Leu Leu His Lys

700

Ala Asn Ile Leu

715

Cys Tyr Phe Glu

Asn Tyr Ile Thr

750

Phe Glu Asn Ser

765

Asp Asn Thr Ala

780

Val Met Asn Lys

795

Glu Asn Lys Gly

Leu Pro Gly Ala Asn Lys

825

830

- 354 -

Lys

Leu

655

Asn

Lys

Leu

Asp

Leu

735

Thr

Lys

815

Met

Thr

Lys

Lys

720

Lys

Leu

Leu

Asn

800

Leu
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Pro Lys Val Phe Phe Ser Ala Lys Ser Ile Lys Phe Tyr Asn Pro Ser
835 840 845
Glu Asp Ile Leu Arg Ile Arg Asn His Ser Thr His Thr Lys Asn Gly
850 855 860
Ser Pro Gln Lys Gly Tyr Glu Lys Phe Glu Phe Asn Ile Glu Asp Cys

865 870 875 880

Arg Lys Phe Ile Asp Phe Tyr Lys Gln Ser Ile Ser Lys His Pro Glu
885 890 895

Trp Lys Asp Phe Gly Phe Arg Phe Ser Asp Thr Gln Arg Tyr Asn Ser

=)

900 905 910
Ile Asp Glu Phe Tyr Arg Glu Val Glu Asn Gln Gly Tyr Lys Leu Thr
915 920 925
Phe Glu Asn Ile Ser Glu Ser Tyr Ile Asp Ser Val Val Asn Gln Gly
930 935 940

Lys Leu Tyr Leu Phe Gln Ile Tyr Asn Lys Asp Phe Ser Ala Tyr Ser

945 950 955 960
Lys Gly Arg Pro Asn Leu His Thr Leu Tyr Trp Lys Ala Leu Phe Asp
965 970 975
Glu Arg Asn Leu Gln Asp Val Val Tyr Lys Leu Asn Gly Glu Ala Glu
980 985 990
Leu Phe Tyr Arg Lys Gln Ser Ile Pro Lys Lys Ile Thr His Pro Ala
995 1000 1005
Lys Glu Ala Ile Ala Asn Lys Asn Lys Asp Asn Pro Lys Lys Glu Ser

1010 1015 1020

Val Phe Glu Tyr Asp Leu Ile Lys Asp Lys Arg Phe Thr Glu Asp Lys
1025 1030 1035 1040
Phe Phe Phe His Cys Pro Ile Thr Ile Asn Phe Lys Ser Ser Gly Ala
1045 1050 1055
Asn Lys Phe Asn Asp Glu Ile Asn Leu Leu Leu Lys Glu Lys Ala Asn
1060 1065 1070
Asp Val His Ile Leu Ser Ile Asp Arg Gly Glu Arg His Leu Ala Tyr

1075 1080 1085

- 355 -
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Tyr Thr Leu Val Asp Gly Lys Gly Asn Ile Ile Lys Gln Asp Thr Phe

1090 1095 1100
Asn Ile Ile Gly Asn Asp Arg Met Lys Thr Asn Tyr His Asp Lys Leu
1105 1110 1115 1120
Ala Ala Ile Glu Lys Asp Arg Asp Ser Ala Arg Lys Asp Trp Lys Lys
1125 1130 1135
Ile Asn Asn Ile Lys Glu Met Lys Glu Gly Tyr Leu Ser Gln Val Val
1140 1145 1150
His Glu Ile Ala Lys Leu Val Ile Glu Tyr Asn Ala Ile Val Val Phe
1155 1160 1165

Glu Asp Leu Asn Phe Gly Phe Lys Arg Gly Arg Phe Lys Val Glu Lys
1170 1175 1180
Gln Val Tyr Gln Lys Leu Glu Lys Met Leu Ile Glu Lys Leu Asn Tyr
1185 1190 1195 1200
Leu Val Phe Lys Asp Asn Glu Phe Asp Lys Thr Gly Gly Val Leu Arg
1205 1210 1215
Ala Tyr Gln Leu Thr Ala Pro Phe Glu Thr Phe Lys Lys Met Gly Lys
1220 1225 1230

Gln Thr Gly Ile Ile Tyr Tyr Val Pro Ala Gly Phe Thr Ser Lys Ile

1235 1240 1245
Cys Pro Val Thr Gly Phe Val Asn GIn Leu Tyr Pro Lys Tyr Glu Ser
1250 1255 1260
Val Ser Lys Ser Gln Glu Phe Phe Ser Lys Phe Asp Lys Ile Cys Tyr
1265 1270 1275 1280
Asn Leu Asp Lys Gly Tyr Phe Glu Phe Ser Phe Asp Tyr Lys Asn Phe
1285 1290 1295
Gly Asp Lys Ala Ala Lys Gly Lys Trp Thr Ile Ala Ser Phe Gly Ser

1300 1305 1310

Arg Leu Ile Asn Phe Arg Asn Ser Asp Lys Asn His Asn Trp Asp Thr
1315 1320 1325

Arg Glu Val Tyr Pro Thr Lys Glu Leu Glu Lys Leu Leu Lys Asp Tyr

- 356 -
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1330 1335 1340
Ser Ile Glu Tyr Gly His Gly Glu Cys Ile Lys Ala Ala Ile Cys Gly
1345 1350 1355 1360
Glu Ser Asp Lys Lys Phe Phe Ala Lys Leu Thr Ser Val Leu Asn Thr
1365 1370 1375

Ile Leu GIn Met Arg Asn Ser Lys Thr Gly Thr Glu Leu Asp Tyr Leu

1380 1385 1390
Ile Ser Pro Val Ala Asp Val Asn Gly Asn Phe Phe Asp Ser Arg Gln
1395 1400 1405
Ala Pro Lys Asn Met Pro Gln Asp Ala Asp Ala Asn Gly Ala Tyr His
1410 1415 1420
Ile Gly Leu Lys Gly Leu Met Leu Leu Gly Arg Ile Lys Asn Asn Gln
1425 1430 1435 1440
Glu Gly Lys Lys Leu Asn Leu Val Ile Lys Asn Glu Glu Tyr Phe Glu

1445 1450 1455

Phe Val Gln Asn Arg Asn Asn Gln Ala Ala Ala Leu Glu Lys Arg Pro
1460 1465 1470
Ala Ala Thr Lys Lys Ala Gly Gln Ala Lys Lys Lys Lys Ser Thr Pro
1475 1480 1485

Pro Pro Pro Pro Leu Arg Ser Gly Cys

1490 1495
<210> 76
<211> 4494
<212> DNA

<213> Artificial Sequence
<220><223> SSB-FnCpf1
<400> 76

atgggcagca gccatcatca tcatcatcac agcagecggec tggtgecgeg cggcagcecat

atggctagca tgactggtgg acagcaaatg ggtcgeggat ccatggccag cagaggcegta
aacaaggtta ttctcgttgg taatctgggt caggacccgg aagtacgcta catgccaaat
ggtggcgcag ttgccaacat tacgectgget acttccgaat cctggegtga taaagcgacc

ggcgagatga aagaacagac tgaatggcac cgegttgtge tgttcggcaa actggcagaa

- 357 -

60

120

180

240

300
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gtggcgageg
cgtaaatgga

ggcggcacca

tgcggecgea
agatttgagt
ttagatgatg
catcagtttt
aactattctg
tttaaaagtg

aaatttaaga

ttaattctat
gatatcacag
tattttaagg
tctattattt
tatgagagtt
ttggcagaag

ttttcacttg

attactaaat
aaaggtataa
aaatataaaa
gtaattgata
caaatagcag
tttgatgatt

tctcttactg

ctagaatata
caagaattaa
cttgcecttag
atacttgcaa
aatttggcac

agtgcggaag

aatatctgcg
ccgatcaatc

tgcagatgct

tgtcaattta
taatcccaca
agaaaagagc
ttatagagga
atgtttattt
caaaagatac

atttgtttaa

ggctaaagca
atatagatga
gttttcatga
ataggatagt
taaaagacaa
agctaacctt

atgaagtttt

ttaatactat
atgaatatat
tgagtgtttt
agttagaaga
cttttaaaac
taaaagctca

atctatcaca

taactcaaca
tagccaaaaa
aagaatttaa
actttgcggce
agatatctat

atgatgttaa

taaaggttct

cggtcaggat

gggtggtegt

tcaagaattt
gggtaaaaca
taaagactac
gatattaagt
taaacttaaa
gataaagaaa

tcaaaacctt

atctaaggat
ggcgttagaa
aaatagaaaa
agatgataat
agctccagaa
tgatattgac

tgagatagca

tattggtggt
aaatctatac
atttaagcaa
tgatagtgat
agtagaagaa
aaaacttgat

acaagttttt

aatagcacct
aactgaaaaa
taagcataga
tattccgatg
caaatatcaa

agctatcaag

caggtttata
cgctacacca

ggatccgaat

gttaataaat
cttgaaaaca
aaaaaggcta
tcggtttgta
aagagtgatg
caaatatctg

atcgatgcta

aatggtatag
ataatcaaat
aatgtttata
ttgcctaaat
gctataaact
tacaaaacat

aactttaata

aaatttgtaa
tcacagcaaa
attttaagtg
gtagttacaa
aaatctatta
ttgagtaaaa

gatgattata

aaaaatcttg
gcaaaatact
gatatagata
atatttgatg
aatcaaggta

gatcttttag

tcgaaggtca
cagaagtcgt

tcgagctccg

atagtttaag
taaaagcaag
aacaaataat
ttagcgaaga
atgataatct
aatatataaa

aaaaagggca

aactatttaa
cttttaaagg
gtagcaatga
ttctagaaaa
atgaacaaat
ctgaagttaa

attatctaaa

atggtgaaaa
taaatgataa
atacagaatc
cgatgcaaag
aagaaacact
tttattttaa

gtgttattgg

ataaccctag
tatctctaga
aacagtgtag
aaatagctca
aaaaagacct

atcaaactaa

gectgegtacce

ggtgaacgtt

tcgacaagct

taaaactcta
aggtttgatt
tgataaatat
tttattacaa
acaaaaagat
ggactcagag

agagtcagat

agccaatagt
ttggacaact
tattcctaca
taaagctaag
taaaaaagat
tcaaagagtt

tcaaagtggt

tacaaagaga
aacactcaaa
taaatctttt
tttttatgag
atctttatta
aaatgataaa

tacagcggta

taagaaagag
aactataaag
gtttgaagaa
aaacaaagac
acttcaagct

taatctctta
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360
420

480

540
600
660
720
780
840

900

960
1020
1080
1140
1200
1260

1320

1380
1440
1500
1560
1620
1680

1740

1800
1860
1920
1980
2040

2100
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cataaactaa

gatgagcatt
ctttataaca
ctcaattttg
acggcaattt
aacaaaatat
gtttataaac

tctataaaat

acaaaaaatg
cgaaaattta
ggatttagat
gaaaatcaag
gttaatcagg
aaagggcgac

caagatgtgg

cctaaaaaaa
aaaaaagaga
tttttettte
gatgaaatca
agaggtgaaa
caagatactt

gctgcaatag

aaagagatga
gagtataatg
aaggtagaga
ctagttttca
acagcacctt
ccagctggtt

aagtatgaaa

aaatatttca

tttatctagt
aaattagaaa
agaactcgac
tatttatcaa
ttgatgataa
ttttacctgg

tttataatcc

gtagtcctca
tagattttta
tttctgatac
gctacaaact
gtaaattgta
caaatctaca

tttataagct

tcactcaccc
gtgtttttga
actgtcctat
atttattgct
gacatttagc
tcaacatcat

agaaagatag

aagagggcta
ctattgtggt
agcaggtcta
aagataatga
ttgagacttt
ttacttcaaa

gtgtcagcaa

tattagtcag

atttgaggag
ctatataact
tttggctaat
agatgataaa
agctatcaaa
cgcaaataaa

tagtgaagat

aaaaggatat
taaacagtct
tcaaagatat
aacttttgaa
cctattccaa
tactttatat

aaatggtgag

agctaaagag
atatgattta
tacaatcaat
aaaagaaaaa
ttactatact
tggtaatgat

ggattcagct

tctatctcag
ttttgaggat
tcaaaagtta
gtttgataaa
taaaaagatg
aatttgtcct

atctcaagag

tcagaagata

tgctactttg
caaaagccat
ggttgggata
tattatctgg
gaaaataaag
atgttaccta

atacttagaa

gaaaaatttg
ataagtaagc
aattctatag
aatatatcag
atctataata
tggaaagcgc

gcagagcettt

gcaatagcta
atcaaagata
tttaaatcta
gcaaatgatg
ttggtagatg
agaatgaaaa

aggaaagact

gtagttcatg
ttaaattttg
gaaaaaatgc
actgggggag
ggtaaacaaa
gtaactggtt

ttctttagta

aggcaaatat

agctagcgaa
atagtgatga
aaaataaaga
gtgtgatgaa
gcgagggtta
aggttttctt

taagaaatca

agtttaatat
atccggagtg
atgaatttta
agagctatat
aagatttttc
tgtttgatga

tttatcgtaa

ataaaaacaa
aacgctttac
gtggagctaa
ttcatatatt
gtaaaggcaa
caaactacca

ggaaaaagat

aaatagctaa
gatttaaaag
taattgagaa
tgcttagagc
caggtattat
ttgtaaatca

agtttgacaa

tttagacaag

tatagtgcct
gaaatttaag
gcctgacaat
taagaaaaat
taaaaaaatt
ttctgctaaa

ttccacacat

tgaagattgc
gaaagatttt
tagagaagtt
tgatagcgta
agcttatagc
gagaaatctt

acaatcaata

agataatcct
tgaagataag
taagtttaat
aagtatagat
tatcatcaaa
tgataagctt

aaataacatc

gctagttata
agggcegttte
actaaactat
ttatcagcta
ctactatgta
gttatatcct

gatttgttat
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2160

2220
2280
2340
2400
2460
2520

2580

2640
2700
2760
2820
2880
2940

3000

3060
3120
3180
3240
3300
3360

3420

3480
3540
3600
3660
3720
3780

3840
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aaccttgata
gccaaaggcea
gataaaaatc
ctaaaagatt
gagagcgaca
cgtaactcaa

ggcaatttct

ggtgcttatce

gagggcaaaa

aggaataacc

gcaaaaaaga aaaagtcgac

<210> 77
<211> 2072
<212> PRT
<213>
<220><223>
<400> 77
Met Gly Ser Ser

1

Arg Gly Ser His

20
Gly Ser Met Ala

35
Leu Gly Gln Asp
50
Ala Asn Ile Thr
65

Gly Glu Met Lys

Lys Leu Ala Glu
100

Tyr Ile Glu Gly

agggctattt
agtggactat
ataattggga
attctatcga
aaaagttttt
aaacaggtac

ttgattcgceg

atattgggct

aactcaattt

aagcggecgce

His

5

Met

Ser

Pro

Leu

85

Val

Gln

tgagtttagt tttgattata aaaactttgg

agctagcttt gggagtagat tgattaactt

tactcgagaa gtttatccaa ctaaagagtt

atatgggcat ggcgaatgta tcaaagcagc

tgctaagcta actagtgtcc taaatactat

tgagttagat tatctaattt caccagtagc

acaggcgcca aaaaatatgc ctcaagatgce

aaaaggtctg atgctactag gtaggatcaa

ggttatcaaa aatgaagagt attttgagtt

actcgagaaa aggccggegg ccacgaaaaa

accaccacca ccaccactga gatccggcetg

Artificial Sequence

SSB-FnCpf1-Rec]

His His His His His Ser Ser Gly Leu

10

Ala Ser Met Thr Gly Gly Gln Gln Met

25 30
Arg Gly Val Asn Lys Val Ile Leu Val

40 45
Glu Val Arg Tyr Met Pro Asn Gly Gly
55 60
Ala Thr Ser Glu Ser Trp Arg Asp Lys
70 75

GIn Thr Glu Trp His

Arg Val Val Leu

90
Ala Ser Glu Tyr Leu Arg Lys Gly Ser
105 110

Leu Arg Thr Arg Lys Trp Thr Asp Gln

- 360 -

tgacaaggct
tagaaattca
ggagaaattg
tatttgcggt
cttacaaatg
agatgtaaat

tgatgccaat

aaataatcaa
cgtgcagaat
ggceeggecag

ctaa

Val Pro

15

Gly Arg

Gly Asn

Ala Val

Ala Thr

80

Phe Gly

95

GIn Val

Ser Gly

3900
3960
4020
4080
4140
4200

4260

4320
4380
4440

4494
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Gln

145

Cys

Ser

Asn

Asp

225

Asn

Leu

Ser

Asn

Leu
305

Asp

Tyr

Asp
130

Met

Lys

Tyr

210

Tyr

Leu

290

Lys

Trp

Ser

115

Arg

Leu

Arg

Thr

Lys

195

Lys

Ser

Lys

Tyr

275

Thr

Thr

Ser

355

Tyr

Met

Leu

180

Lys

Asp

Asp

260

Asp

Ser

Asp

Thr

340

Asn

Thr

Ser
165

Arg

Arg

Leu

Val
245

Phe

Lys

Lys

325

Tyr

Asp

Thr

Arg

150

Phe

Lys

Ser

230

Tyr

Lys

Asp

Lys

Asp

310

Asp

Phe

Ile

Tyr

Leu

215

Ser

Phe

Ser

Ser

Lys

295

Asn

Lys

Pro

120

Val

Ser

Leu

Val

Lys

Thr
360

Val Val

Glu Phe

Glu Phe

170
Ile Pro
185

Leu Asp

Ile Asp

Cys Ile

Leu Lys

250
Lys Asp
265

Lys Phe

Gln Glu

Leu Glu

330
Phe His
345

Ser Ile

125
Asn Val Gly Gly Thr Met
140
Glu Leu Arg Arg Gln Ala

155 160

Val Asn Lys Tyr Ser Leu
175
Gln Gly Lys Thr Leu Glu
190
Asp Glu Lys Arg Ala Lys
205
Lys Tyr His Gln Phe Phe
220

Ser Glu Asp Leu Leu Gln

235 240
Lys Ser Asp Asp Asp Asn
255
Thr Ile Lys Lys Gln Ile
270
Lys Asn Leu Phe Asn Gln
285
Ser Asp Leu Ile Leu Trp

300

Leu Phe Lys Ala Asn Ser
315 320
Ile Ile Lys Ser Phe Lys
335
Glu Asn Arg Lys Asn Val
350
Ile Tyr Arg Ile Val Asp

365

- 361 -
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Asp Asn Leu Pro Lys

370
Lys Asp
385

Leu Ala

Asn Gln

Asn Asn

Gly Gly

450
Glu Tyr
465

Lys Tyr

Ser Lys

Thr Thr

Glu Glu

530
Lys Ala
545

Ser Leu

Gly Thr

Leu Asp

Glu Lys

Lys

Glu

Arg

Tyr

435

Lys

Lys

Ser

Met

515

Lys

Thr

Asn
595

Ala

Ala

Glu

Val

420

Leu

Phe

Asn

Met

Phe

500

Ser

Lys

Asp

Val

580

Pro

Lys

Pro

Leu

405

Phe

Asn

Val

Leu

Ser

485

Val

Ser

Leu

Leu

565

Leu

Ser

Tyr

Phe Leu Glu Asn

375
Glu Ala Ile Asn
390

Thr Phe Asp Ile

Ser Leu Asp Glu

Gln Ser Gly Ile

Asn Gly Glu Asn

Tyr Ser Gln Gln
470

Val Leu Phe Lys

Ile Asp Lys Leu
505

Phe Tyr Glu Gln

520
Lys Glu Thr Leu
535
Asp Leu Ser Lys
550

Ser Gln GIn Val

Glu Tyr Ile Thr

585

Lys Lys Glu Gln
600

Leu Ser Leu Glu

Lys Ala Lys

380
Tyr Glu Gln
395
Asp Tyr Lys
410

Val Phe Glu

Thr Lys Phe

Thr Lys Arg

460

Ile Asn Asp
475

Gln Ile Leu

Glu Asp Asp

Ile Ala Ala

Ser Leu Leu
540
[le Tyr Phe
955
Phe Asp Asp
570

GIn Gln Ile

Glu Leu Ile

Thr Ile Lys

Tyr Glu

Ile Lys

Thr Ser

430

Asn Thr

445

Lys Gly

Lys Thr

Ser Asp

Ser Asp

510

Phe Lys

525

Phe Asp

Lys Asn

Tyr Ser

Ala Pro

590

Ala Lys
605

Leu Ala

- 362 -

Ser

Lys

415

Asn

Leu

Thr

495

Val

Thr

Asp

Asp

Val

975

Lys

Lys

Leu

Leu

Asp
400

Val

Phe

Asn

Lys

480

Val

Val

Leu

Lys

560

Asn

Thr

Glu
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610
Glu Phe
625

Ile Leu

Gln Asn

Gly Lys

Ile Lys

690
Ile Phe
705

Asp Glu

Asn Ile

Pro Tyr

Ala Asn

770
Phe Ile
785

Asn Lys

Tyr Lys

Pro Lys

Glu Asp

850

Asn

Ala

Lys

Lys

675

Asp

His

His

Val

Ser

755

Lys

Lys

Val
835

Ile

Lys

Asn

Asp

660

Asp

Leu

Phe

Pro

740

Asp

Trp

Asp

Phe

820

Phe

Leu

His

Phe

645

Asn

Leu

Leu

Ser

Tyr

725

Leu

Asp

Asp

Asp

805

Val

Phe

Arg

Ser Pro Gln Lys Gly

Arg

630

Leu

Leu

Asp

710

Leu

Tyr

Lys

Lys

Lys

790

Asp

Tyr

Ser

Ile

Tyr

615

Asp

695

Ser

Val

Asn

Phe

Asn

775

Tyr

Lys

Lys

Ile

Ile

680

Thr

Phe

Lys

Lys

760

Lys

Tyr

Leu

Lys

840

Asp Lys

Pro Met

650

Ile Ser

665

Ser Ala

Asn Asn

Asp Lys

730

Ile Arg
745

Leu Asn

Glu Pro

Leu Gly

Ile Lys

810
Leu Pro
825

Ser Ile

Arg Asn His Ser

855

Glu

Lys

Phe Glu

620
Gln Cys Arg Phe
635

[le Phe Asp Glu

Ile Lys Tyr Gln

670
Glu Asp Asp Val
685
Leu Leu His Lys
700
Ala Asn Ile Leu
715

Cys Tyr Phe Glu

Asn Tyr Ile Thr
750

Phe Glu Asn Ser

765
Asp Asn Thr Ala
780
Val Met Asn Lys
795

Glu Asn Lys Gly

Gly Ala Asn Lys
830
Lys Phe Tyr Asn
845
Thr His Thr Lys
860

Phe Asn Ile Glu

- 363 -

Glu Glu

640

655

Asn Gln

Lys Ala

Leu Lys

Asp Lys

720

Leu Ala

735

Gln Lys

Thr Leu

Ile Leu

Lys Asn

800

815

Met Leu

Pro Ser

Asn Gly

Asp Cys
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865 870 875 880

Arg Lys Phe Ile Asp Phe Tyr Lys Gln Ser Ile Ser Lys His Pro Glu
885 890 895
Trp Lys Asp Phe Gly Phe Arg Phe Ser Asp Thr Gln Arg Tyr Asn Ser
900 905 910
Ile Asp Glu Phe Tyr Arg Glu Val Glu Asn Gln Gly Tyr Lys Leu Thr
915 920 925
Phe Glu Asn Ile Ser Glu Ser Tyr Ile Asp Ser Val Val Asn Gln Gly
930 935 940

Lys Leu Tyr Leu Phe Gln Ile Tyr Asn Lys Asp Phe Ser Ala Tyr Ser

945 950 955 960
Lys Gly Arg Pro Asn Leu His Thr Leu Tyr Trp Lys Ala Leu Phe Asp
965 970 975
Glu Arg Asn Leu Gln Asp Val Val Tyr Lys Leu Asn Gly Glu Ala Glu
980 985 990
Leu Phe Tyr Arg Lys Gln Ser Ile Pro Lys Lys Ile Thr His Pro Ala
995 1000 1005
Lys Glu Ala Ile Ala Asn Lys Asn Lys Asp Asn Pro Lys Lys Glu Ser

1010 1015 1020

Val Phe Glu Tyr Asp Leu Ile Lys Asp Lys Arg Phe Thr Glu Asp Lys
1025 1030 1035 1040
Phe Phe Phe His Cys Pro Ile Thr Ile Asn Phe Lys Ser Ser Gly Ala
1045 1050 1055
Asn Lys Phe Asn Asp Glu Ile Asn Leu Leu Leu Lys Glu Lys Ala Asn
1060 1065 1070
Asp Val His Ile Leu Ser Ile Asp Arg Gly Glu Arg His Leu Ala Tyr
1075 1080 1085

Tyr Thr Leu Val Asp Gly Lys Gly Asn Ile Ile Lys Gln Asp Thr Phe

1090 1095 1100
Asn Ile Ile Gly Asn Asp Arg Met Lys Thr Asn Tyr His Asp Lys Leu

1105 1110 1115 1120

- 364 -
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Ala Ala Ile Glu Lys Asp Arg Asp Ser Ala Arg Lys Asp Trp Lys Lys
1125 1130 1135
Ile Asn Asn Ile Lys Glu Met Lys Glu Gly Tyr Leu Ser Gln Val Val
1140 1145 1150
His Glu Ile Ala Lys Leu Val Ile Glu Tyr Asn Ala Ile Val Val Phe

1155 1160 1165

Glu Asp Leu Asn Phe Gly Phe Lys Arg Gly Arg Phe Lys Val Glu Lys
1170 1175 1180
GIn Val Tyr Gln Lys Leu Glu Lys Met Leu Ile Glu Lys Leu Asn Tyr
1185 1190 1195 1200
Leu Val Phe Lys Asp Asn Glu Phe Asp Lys Thr Gly Gly Val Leu Arg
1205 1210 1215
Ala Tyr Gln Leu Thr Ala Pro Phe Glu Thr Phe Lys Lys Met Gly Lys
1220 1225 1230

Gln Thr Gly Ile Ile Tyr Tyr Val Pro Ala Gly Phe Thr Ser Lys Ile

1235 1240 1245
Cys Pro Val Thr Gly Phe Val Asn GIn Leu Tyr Pro Lys Tyr Glu Ser
1250 1255 1260
Val Ser Lys Ser Gln Glu Phe Phe Ser Lys Phe Asp Lys Ile Cys Tyr
1265 1270 1275 1280
Asn Leu Asp Lys Gly Tyr Phe Glu Phe Ser Phe Asp Tyr Lys Asn Phe
1285 1290 1295
Gly Asp Lys Ala Ala Lys Gly Lys Trp Thr Ile Ala Ser Phe Gly Ser

1300 1305 1310

Arg Leu Ile Asn Phe Arg Asn Ser Asp Lys Asn His Asn Trp Asp Thr
1315 1320 1325
Arg Glu Val Tyr Pro Thr Lys Glu Leu Glu Lys Leu Leu Lys Asp Tyr
1330 1335 1340
Ser Ile Glu Tyr Gly His Gly Glu Cys Ile Lys Ala Ala Ile Cys Gly
1345 1350 1355 1360
Glu Ser Asp Lys Lys Phe Phe Ala Lys Leu Thr Ser Val Leu Asn Thr

1365 1370 1375
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Ile Leu GIn Met Arg Asn Ser Lys Thr Gly Thr Glu Leu Asp Tyr Leu

1380 1385 1390
Ile Ser Pro Val Ala Asp Val Asn Gly Asn Phe Phe Asp Ser Arg Gln
1395 1400 1405
Ala Pro Lys Asn Met Pro Gln Asp Ala Asp Ala Asn Gly Ala Tyr His
1410 1415 1420
Ile Gly Leu Lys Gly Leu Met Leu Leu Gly Arg Ile Lys Asn Asn Gln
1425 1430 1435 1440
Glu Gly Lys Lys Leu Asn Leu Val Ile Lys Asn Glu Glu Tyr Phe Glu
1445 1450 1455

Phe Val Gln Asn Arg Asn Asn Gln Ala Ala Ala Leu Asp Leu Gln Val
1460 1465 1470
Lys Gln Gln Ile Gln Leu Arg Arg Arg Glu Val Asp Glu Thr Ala Asp
1475 1480 1485
Leu Pro Ala Glu Leu Pro Pro Leu Leu Arg Arg Leu Tyr Ala Ser Arg
1490 1495 1500
Gly Val Arg Ser Ala Gln Glu Leu Glu Arg Ser Val Lys Gly Met Leu
1505 1510 1515 1520

Pro Trp Gln Gln Leu Ser Gly Val Glu Lys Ala Val Glu Ile Leu Tyr

1525 1530 1535
Asn Ala Phe Arg Glu Gly Thr Arg Ile Ile Val Val Gly Asp Phe Asp
1540 1545 1550
Ala Asp Gly Ala Thr Ser Thr Ala Leu Ser Val Leu Ala Met Arg Ser
1555 1560 1565
Leu Gly Cys Ser Asn Ile Asp Tyr Leu Val Pro Asn Arg Phe Glu Asp
1570 1575 1580
Gly Tyr Gly Leu Ser Pro Glu Val Val Asp Gln Ala His Ala Arg Gly

1585 1590 1595 1600

Ala Gln Leu Ile Val Thr Val Asp Asn Gly Ile Ser Ser His Ala Gly
1605 1610 1615

Val Glu His Ala Arg Ser Leu Gly Ile Pro Val Ile Val Thr Asp His

- 366 -



1620 1625 1630
His Leu Pro Gly Asp Thr Leu Pro Ala Ala Glu Ala Ile Ile Asn Pro
1635 1640 1645
Asn Leu Arg Asp Cys Asn Phe Pro Ser Lys Ser Leu Ala Gly Val Gly
1650 1655 1660

Val Ala Phe Tyr Leu Met Leu Ala Leu Arg Thr Phe Leu Arg Asp Gln

1665 1670 1675 1680
Gly Trp Phe Asp Glu Arg Asn Ile Ala Ile Pro Asn Leu Ala Glu Leu
1685 1690 1695
Leu Asp Leu Val Ala Leu Gly Thr Val Ala Asp Val Val Pro Leu Asp
1700 1705 1710
Ala Asn Asn Arg Ile Leu Thr Trp Gln Gly Met Ser Arg Ile Arg Ala
1715 1720 1725
Gly Lys Cys Arg Pro Gly Ile Lys Ala Leu Leu Glu Val Ala Asn Arg

1730 1735 1740

Asp Ala Gln Lys Leu Ala Ala Ser Asp Leu Gly Phe Ala Leu Gly Pro
1745 1750 1755 1760
Arg Leu Asn Ala Ala Gly Arg Leu Asp Asp Met Ser Val Gly Val Ala
1765 1770 1775
Leu Leu Leu Cys Asp Asn Ile Gly Glu Ala Arg Val Leu Ala Asn Glu
1780 1785 1790
Leu Asp Ala Leu Asn Gln Thr Arg Lys Glu Ile Glu Gln Gly Met Gln
1795 1800 1805

Ile Glu Ala Leu Thr Leu Cys Glu Lys Leu Glu Arg Ser Arg Asp Thr

1810 1815 1820
Leu Pro Gly Gly Leu Ala Met Tyr His Pro Glu Trp His Gln Gly Val
1825 1830 1835 1840
Val Gly Ile Leu Ala Ser Arg Ile Lys Glu Arg Phe His Arg Pro Val
1845 1850 1855
Ile Ala Phe Ala Pro Ala Gly Asp Gly Thr Leu Lys Gly Ser Gly Arg
1860 1865 1870

Ser Ile GIn Gly Leu His Met Arg Asp Ala Leu Glu Arg Leu Asp Thr
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1875 1880 1885

Leu Tyr Pro Gly Met Met Leu Lys Phe Gly Gly His Ala Met Ala Ala
1890 1895 1900
Gly Leu Ser Leu Glu Glu Asp Lys Phe Lys Leu Phe Gln GIn Arg Phe
1905 1910 1915 1920
Gly Glu Leu Val Thr Glu Trp Leu Asp Pro Ser Leu Leu GIn Gly Glu
1925 1930 1935
Val Val Ser Asp Gly Pro Leu Ser Pro Ala Glu Met Thr Met Glu Val
1940 1945 1950

Ala Gln Leu Leu Arg Asp Ala Gly Pro Trp Gly Gln Met Phe Pro Glu

1955 1960 1965
Pro Leu Phe Asp Gly His Phe Arg Leu Leu Gln Gln Arg Leu Val Gly
1970 1975 1980
Glu Arg His Leu Lys Val Met Val Glu Pro Val Gly Gly Gly Pro Leu
1985 1990 1995 2000
Leu Asp Gly Ile Ala Phe Asn Val Asp Thr Ala Leu Trp Pro Asp Asn
2005 2010 2015
Gly Val Arg Glu Val Gln Leu Ala Tyr Lys Leu Asp Ile Asn Glu Phe

2020 2025 2030

Arg Gly Asn Arg Ser Leu Gln Ile Ile Ile Asp Asn Ile Trp Pro Ile
2035 2040 2045
Leu Gln Lys Arg Pro Ala Ala Thr Lys Lys Ala Gly Gln Ala Lys Lys
2050 2055 2060

Lys Lys His His His His His His

2065 2070
<210> 78

<211> 6219

<212> DNA

<213> Artificial Sequence
<220><223> SSB-FnCpf1-Rec]
<400> 78

atgggcagca gccatcatca tcatcatcac agcagcggec tggtgecgeg cggcagcecat 60
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atggctagca

aacaaggtta
ggtggcegceag
ggcgagatga
gtggcegageg
cgtaaatgga
ggcggeacca

tgcggcecgcea

agatttgagt
ttagatgatg
catcagtttt
aactattctg
tttaaaagtg
aaatttaaga

ttaattctat

gatatcacag
tattttaagg
tctattattt
tatgagagtt
ttggcagaag
ttttcacttg

attactaaat

aaaggtataa
aaatataaaa
gtaattgata
caaatagcag
tttgatgatt
tctcttactg

ctagaatata

tgactggtgg

ttctegttgg
ttgccaacat
aagaacagac
aatatctgcg
ccgatcaatc
tgcagatgct

tgtcaattta

taatcccaca
agaaaagagc
ttatagagga
atgtttattt
caaaagatac
atttgtttaa

ggctaaagca

atatagatga
gttttcatga
ataggatagt
taaaagacaa
agctaacctt
atgaagtttt

ttaatactat

atgaatatat
tgagtgtttt
agttagaaga
cttttaaaac
taaaagctca
atctatcaca

taactcaaca

acagcaaatg

taatctgggt
tacgctggct
tgaatggcac
taaaggttct
cggtcaggat
gggtggtegt

tcaagaattt

gggtaaaaca
taaagactac
gatattaagt
taaacttaaa
gataaagaaa
tcaaaacctt

atctaaggat

ggcgttagaa
aaatagaaaa
agatgataat
agctccagaa
tgatattgac
tgagatagca

tattggtggt

aaatctatac
atttaagcaa
tgatagtgat
agtagaagaa
aaaacttgat
acaagttttt

aatagcacct

ggtcgeggat

caggacccgg
acttccgaat
cgegttgtgce
caggtttata
cgctacacca
ggatccgaat

gttaataaat

cttgaaaaca
aaaaaggcta
tcggtttgta
aagagtgatg
caaatatctg
atcgatgcta

aatggtatag

ataatcaaat
aatgtttata
ttgcctaaat
gctataaact
tacaaaacat
aactttaata

aaatttgtaa

tcacagcaaa
attttaagtg
gtagttacaa
aaatctatta
ttgagtaaaa
gatgattata

aaaaatcttg

ccatggccag

aagtacgcta
cctggegtga
tgttcggcaa
tcgaaggtca
cagaagtcgt
tcgagctccg

atagtttaag

taaaagcaag
aacaaataat
ttagcgaaga
atgataatct
aatatataaa
aaaaagggca

aactatttaa

cttttaaagg
gtagcaatga
ttctagaaaa
atgaacaaat
ctgaagttaa
attatctaaa

atggtgaaaa

taaatgataa
atacagaatc
cgatgcaaag
aagaaacact
tttattttaa
gtgttattgg

ataaccctag

cagaggcgta

catgccaaat
taaagcgacc
actggcagaa
gctgegtacce
ggtgaacgtt
tcgacaagct

taaaactcta

aggtttgatt
tgataaatat
tttattacaa
acaaaaagat
ggactcagag
agagtcagat

agccaatagt

ttggacaact
tattcctaca
taaagctaag
taaaaaagat
tcaaagagtt
tcaaagtggt

tacaaagaga

aacactcaaa
taaatctttt
tttttatgag
atctttatta
aaatgataaa
tacagcggta

taagaaagag
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120

180
240
300
360
420
480

540

600
660
720
780
840
900

960

1020
1080
1140
1200
1260
1320

1380

1440
1500
1560
1620
1680
1740

1800
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caagaattaa
cttgecttag
atacttgcaa
aatttggcac
agtgcggaag
cataaactaa

gatgagcatt

ctttataaca
ctcaattttg
acggcaattt
aacaaaatat
gtttataaac
tctataaaat

acaaaaaatg

cgaaaattta
ggatttagat
gaaaatcaag
gttaatcagg
aaagggcgac
caagatgtgg

cctaaaaaaa

aaaaaagaga
tttttettte
gatgaaatca
agaggtgaaa
caagatactt
gctgcaatag

aaagagatga

gagtataatg

aaggtagaga

ctagttttca

tagccaaaaa
aagaatttaa
actttgcggce
agatatctat
atgatgttaa
aaatatttca

tttatctagt

aaattagaaa
agaactcgac
tatttatcaa
ttgatgataa
ttttacctgg
tttataatcc

gtagtcctca

tagattttta
tttctgatac
gctacaaact
gtaaattgta
caaatctaca
tttataagct

tcactcaccc

gtgtttttga
actgtcctat
atttattgct
gacatttagc
tcaacatcat
agaaagatag

aagagggcta

ctattgtggt
agcaggtcta

aagataatga

aactgaaaaa
taagcataga
tattccgatg
caaatatcaa
agctatcaag
tattagtcag

atttgaggag

ctatataact
tttggctaat
agatgataaa
agctatcaaa
cgcaaataaa
tagtgaagat

aaaaggatat

taaacagtct
tcaaagatat
aacttttgaa
cctattccaa
tactttatat
aaatggtgag

agctaaagag

atatgattta
tacaatcaat
aaaagaaaaa
ttactatact
tggtaatgat
ggattcagct

tctatctcag

ttttgaggat
tcaaaagtta

gtttgataaa

gcaaaatact
gatatagata
atatttgatg
aatcaaggta
gatcttttag
tcagaagata

tgctactttg

caaaagccat
ggttgggata
tattatctgg
gaaaataaag
atgttaccta
atacttagaa

gaaaaatttg

ataagtaagc
aattctatag
aatatatcag
atctataata
tggaaagcgc
gcagagcettt

gcaatagcta

atcaaagata
tttaaatcta
gcaaatgatg
ttggtagatg
agaatgaaaa
aggaaagact

gtagttcatg

ttaaattttg
gaaaaaatgc

actgggggag

tatctctaga
aacagtgtag
aaatagctca
aaaaagacct
atcaaactaa
aggcaaatat

agctagcgaa

atagtgatga
aaaataaaga
gtgtgatgaa
gcgagggtta
aggttttctt
taagaaatca

agtttaatat

atccggagtg
atgaatttta
agagctatat
aagatttttc
tgtttgatga
tttatcgtaa

ataaaaacaa

aacgctttac
gtggagctaa
ttcatatatt
gtaaaggcaa
caaactacca
ggaaaaagat

aaatagctaa

gatttaaaag
taattgagaa

tgcttagagc

aactataaag
gtttgaagaa
aaacaaagac
acttcaagct
taatctctta
tttagacaag

tatagtgcct

gaaatttaag
gcctgacaat
taagaaaaat
taaaaaaatt
ttctgctaaa
ttccacacat

tgaagattgc

gaaagatttt
tagagaagtt
tgatagcgta
agcttatagc
gagaaatctt
acaatcaata

agataatcct

tgaagataag
taagtttaat
aagtatagat
tatcatcaaa
tgataagctt
aaataacatc

gctagttata

agggcegttte

actaaactat

ttatcagcta
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1860
1920
1980
2040
2100
2160

2220

2280
2340
2400
2460
2520
2580

2640

2700
2760
2820
2880
2940
3000

3060

3120
3180
3240
3300
3360
3420

3480

3540
3600

3660
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acagcacctt
ccagctggtt
aagtatgaaa

aaccttgata

gccaaaggcea
gataaaaatc
ctaaaagatt
gagagcgaca
cgtaactcaa
ggcaatttct

ggtgcttatc

gagggcaaaa
aggaataacc
cgtgaagtcg
tacgccagcc
ccctggceage
gaaggaacgc

ctaagcgtgc

cgtttcgaag
gcgcagttaa
cgctegttgg
gcagcggaag
gcaggegtgg
ggetggtttg

gegetgggga

caggggatga
gtggcaaacc
cgtctcaatg
gacaacatcg
aaagagatcg

agccgtgaca

ttgagacttt
ttacttcaaa
gtgtcagcaa

agggctattt

agtggactat
ataattggga
attctatcga
aaaagttttt
aaacaggtac
ttgattcgceg

atattgggct

aactcaattt
aagcggeegce
atgaaacggc
ggggagtacg
aactgagcgg
ggattattgt

tggegatgceg

acggttacgg
ttgtcacggt
gcatcceggt
cgatcattaa
gtgtggegtt
atgagcgtaa

cagtggcgga

gtcgcatccg
gtgatgcaca
ctgcecggacg
gcgaagegeg
aacaaggaat

cgctacccegg

taaaaagatg
aatttgtcct
atctcaagag

tgagtttagt

agctagcttt
tactcgagaa
atatgggcat
tgctaagcta
tgagttagat
acaggcgcca

aaaaggtctg

ggttatcaaa
actcgacctg
agacttgccc
cagtgcgcaa
cgtcgaaaag
ggtcggtgat

ctcgettggt

cttaagcccg
ggataacggt
tattgttacc
ccctaacttg
ttatctgatg
catcgcaatt

cgtcgtgcecg

agccggaaag
aaaactcgcc
actggacgat
cgtgectggea
gcaaattgaa

cgggctggea

ggtaaacaaa
gtaactggtt
ttctttagta

tttgattata

gggagtagat
gtttatccaa
ggcgaatgta
actagtgtcc
tatctaattt
aaaaatatgc

atgctactag

aatgaagagt
caggtgaaac
gctgaattge
gaactggaac
gccegttgaga
ttcgacgcecg

tgcagcaata

gaagtggtcg
atttcctcce
gatcaccatt
cgcgactgta
ctggecgcetgce
cctaacctgg

ctggacgcta

tgcegteegg
gccagegatt
atgtccgtcg
aatgaactcg
gccectgacce

atgtatcacc

caggtattat
ttgtaaatca
agtttgacaa

aaaactttgg

tgattaactt
ctaaagagtt
tcaaagcagc
taaatactat
caccagtagc
ctcaagatgc

gtaggatcaa

attttgagtt
aacagataca
ctceettget
gcagtgttaa
tcctttacaa
acggcegegac

tcgactacct

atcaggccca
atgcgggggt
tgccaggcga
atttcccgtce
gcaccttttt
cagaactgct

ataatcgcat

ggattaaagc
taggttttgce
gtgtggeget
atgcgctaaa
tgtgcgagaa

ccgaatggca

ctactatgta
gttatatcct
gatttgttat

tgacaaggct

tagaaattca
ggagaaattg
tatttgcggt
cttacaaatg
agatgtaaat
tgatgccaat

aaataatcaa

cgtgcagaat
acttcgtcgce
gcgeegttta
aggtatgctg
cgettttege
cagcacggct

ggtaccaaac

tgceegtgge
tgagcacgct
cacattaccc
gaaatcactg
gcgcgatcag
ggatctggtce

tctgacctgg

gctgcettgaa
gctggggecea
gttgttgtge
ccagacgcga
actggagcgc

tcagggcegtt
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3720
3780
3840

3900

3960
4020
4080
4140
4200
4260

4320

4380
4440
4500
4560
4620
4680

4740

4800
4860
4920
4980
5040
5100

5160

5220
5280
5340
5400
5460

5520
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gtcggtattc tggecttcgeg catcaaagag cgttttcace gtccggttat cgegtttgeg 5580
ccagcaggtg acggtacgcect gaaaggttcc ggtcgetcca ttcagggget gcatatgegt 5640
gatgcgetgg agegattaga cacactctac cctggcatga tgetgaagtt tggceggtcat 5700
gcgatggegg cgggtttgte getggaagag gataaattca aactctttca acaacggttt 5760
ggcgaactgg ttactgagtg getggaccct tcgetattge aaggcgaagt ggtatcagac 5820
ggtccgttaa gecccggecga aatgaccatg gaagtggege agetgetgeg cgatgetgge 5880
ccgtggggge agatgttccce ggagcecgetg tttgacggte attteccgtcet getgcaacag 5940
cggctggtgg gecgaacgtca tttgaaggtg atggtcgaac cggtceggegg cggtcecactg 6000
ctggatggta ttgcttttaa tgtcgatacc geectctgge cggataacgg cgtgegcegaa 6060
gtgcaactgg cttataagct cgatatcaac gagtttcgeg gcaaccgcag cctgcaaatt 6120
atcatcgaca atatctggcc aattctgcag aaaaggccgg cggcecacgaa aaaggcecggce 6180
caggcaaaaa agaaaaagca ccaccaccac caccactga 6219
<210> 79

<211> 1470

<212> PRT

<213> Artificial Sequence

<220><223> DSB-FnCpf1

<400> 79

Met Gly Ser Ser His His His His His His Ser Ser Gly Leu Val Pro

1 5 10 15

Arg Gly Ser His Met Ala Ser Met Thr Gly Gly Gln Gln Met Gly Arg
20 25 30
Gly Ser Met Ala Lys Lys Glu Met Val Glu Phe Asp Glu Ala Ile His
35 40 45
Gly Glu Asp Leu Ala Lys Phe Ile Lys Glu Ala Ser Asp His Lys Leu
50 55 60
Lys Ile Ser Gly Tyr Asn Glu Leu Ile Lys Asp Ile Arg Ile Arg Ala
65 70 75 80

Lys Asp Glu Leu Gly Val Asp Gly Lys Met Phe Asn Arg Leu Leu Ala

85 90 95

Leu Tyr His Lys Asp Asn Arg Asp Val Phe Glu Ala Glu Thr Glu Glu
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Val

Leu

Asn

145

Tyr

Ser

225

Asn

Asp

Phe

305

Asn

Tyr

Lys

Val

Arg

130

Lys

Lys

Lys

His

Asp

210

Asp

Lys

Leu

Leu

Lys

290

Lys

Arg

Arg

Tyr

100
Glu Leu
115

Arg Gln

Tyr Ser

Thr Leu

Arg Ala

180
GIn Phe
195

Leu Leu

Asp Asp

Lys Gln

Phe Asn

260

Ile Leu

Ala Asn

Ser Phe

Lys Asn

Ile Val

340

Glu Ser

Tyr

Leu

165

Lys

Phe

Asn

Trp

Ser

Lys

Val

325

Asp

Leu

Asp

Cys

Ser

150

Asn

Asp

Asn

Leu

230

Ser

Asn

Leu

Asp

310

Tyr

Asp

Lys

Thr

135

Lys

Tyr

Tyr

215

Leu

Lys

295

Trp

Ser

Asn

Asp

Val
120

Arg

Thr

Lys

Lys

200

Ser

Lys

Tyr

280

Thr

Thr

Ser

Leu

Lys

105

Phe

Met

Leu

Lys

185

Asp

Asp

Asp
265

Ser

Asp

Thr

Asn

Pro

345

Ala

Ser

Ser

Arg

Arg

170

Leu

Val

Phe

Lys

250

Lys

Tyr

Asp
330

Lys

Lys

Phe

155

Lys

Ser

Tyr

Lys

235

Asp

Lys

Asp

Asp

Phe

315

Phe

110
Gly Ser Glu
125
Tyr Gln Glu
140

Glu Leu Ile

Leu Ile Leu

190
Ser Val Cys
205
Phe Lys Leu
220

Ser Ala Lys

Ser Glu Lys

Lys Gly Gln

Asn Gly Ile

Glu Ala Leu
300

Lys Gly Phe

Pro Thr Ser

Leu Glu Asn

350

Pro Glu Ala Ile Asn
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Phe

Phe

Pro

Asp
175

Asp

Lys

Asp

Phe

255

His

335

Lys

Tyr

Glu

Val

Gln

160

Asp

Lys

Ser

Lys

Thr

240

Lys

Ser

Leu

Ala

Glu
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Lys

385

Phe

Arg

Asp

Leu

465

Asp

Leu

Phe

Asp

545

Lys

370

Thr

Asn

Lys

Lys

450

Ser

Ser

Phe

Phe

Lys
530

Tyr

Leu

355

Lys

Ser

Thr

435

Thr

Asp

Asp

Lys

Asp

515

Asn

Ser

Pro

Lys

Ala

595

Lys

Asn

Leu

Thr

Val

Thr

500

Asp

Asp

Val

Lys

Lys

580

Leu

Asp Leu Ala

375

Val Asn Gln
390

Phe Asn Asn

405

Asn Glu Tyr

Lys Lys Tyr
455
Glu Ser Lys
470
Val Thr Thr
485

Val Glu Glu

Leu Lys Ala

Lys Ser Leu
535
Ile Gly Thr
550
Asn Leu Asp
565

Thr Glu Lys

Glu Glu Phe

360

Glu Glu Leu

Arg

Tyr

Lys

440

Lys

Ser

Met

Lys

520

Thr

Asn

Asn

600

Val

Leu

Phe

425

Asn

Met

Phe

Ser
505

Lys

Asp

Val

Pro

Lys

585

Lys

Phe

Asn

410

Val

Leu

Ser

Val

Ser

490

Leu

Leu

Leu

Ser

570

Tyr

His

Thr Phe

380
Ser Leu
395

Gln Ser

Asn Gly

Tyr Ser

Val Leu

460
Ile Asp
475

Phe Tyr

Lys Glu

Asp Leu

Ser Gln

540
Glu Tyr
955

Lys Lys

Leu Ser

Arg Asp

365

Asp Ile

Asp Glu

Glu Asn

430

445

Phe Lys

Lys Leu

Thr Leu
510

Ser Lys

525

Gln Val

Ile Thr

Glu Gln

Leu Glu

590

Ile Asp

605

- 374 -

Asp

Val

Thr
415

Thr

495

Ser

Phe

975

Thr

Lys

Tyr

Phe

400

Lys

Lys

Asn

Asp

480

Leu

Tyr

Asp

560

Leu

Gln

ZIHSd 10-2020-0078200



Cys

Phe

625

Lys

Asp

Leu

Asn

Tyr

705

Tyr

Asn

Met

Asn

785

Phe

His

Asn

Arg Phe Glu Glu

610

Asp

Tyr

Asp

His

690

Phe

Asn

Thr

Asn

770

Lys

Asn

Tyr

Thr

Ile

850

Gln Asn

Val Lys

660
Lys Leu
675

Leu Asp

Glu Leu

Thr Gln

Ser Thr

740

755

Lys Lys

Gly Glu

Lys Met

Asn Pro

820
Lys Asn
835

Glu Asp

615
Ala Gln Asn
630

Gln Gly Lys

Ala Ile Lys

Lys Ile Phe

Lys Asp Glu

695

Ala Asn Ile
710

Lys Pro Tyr

725

Leu Ala Asn

Leu Phe Ile

Asn Asn Lys

775

Gly Tyr Lys
790

Leu Pro Lys

805

Ser Glu Asp

Gly Ser Pro

Cys Arg Lys

855

Lys

Lys

Asp

His

680

His

Val

Ser

Lys

760

Lys

Val

Gln
840

Phe

Ile Leu Ala Asn

Asp

Asp

Leu

665

Phe

Pro

Asp

Trp
745

Asp

Phe

Phe

Leu
825

Lys

Ile

Phe Ala Ala

Asn

Leu

650

Leu

Ser

Tyr

Leu

730

Asp

Asp

Asp

Val

Phe

810

Arg

Gly

Asp

Leu
635

Leu

Asp

Leu

Tyr

715

Lys

Lys

Lys

Asp

Tyr

795

Ser

Tyr

Phe

620

Gln Thr

Ser Glu

685
Val Phe
700

Asn Lys

Phe Lys

Asn Lys

Tyr Tyr

765
Lys Ala
780

Lys Leu

Ala Lys

Arg Asn

Glu Lys
845
Tyr Lys

860

Ser

Asn

670

Asp

Leu

750

Leu

Leu

Ser

His

830

Phe

Gln
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Ile Pro Met

Ser

655

Asn

Lys

Arg

Asn

735

Pro

Lys

Pro

815

Ser

Glu

Ser

Leu

Cys

Asn

720

Phe

Asp

Val

800

Lys

Thr

Phe

Ile
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Ser Lys His Pro Glu Trp Lys Asp Phe Gly Phe Arg Phe Ser Asp Thr

865 870 875 880

GIn Arg Tyr Asn Ser Ile Asp Glu Phe Tyr Arg Glu Val Glu Asn Gln
885 890 895
Gly Tyr Lys Leu Thr Phe Glu Asn Ile Ser Glu Ser Tyr Ile Asp Ser
900 905 910

Val Val Asn GIn G

y Lys Leu Tyr Leu Phe Gln Ile Tyr Asn Lys Asp
915 920 925
Phe Ser Ala Tyr Ser Lys Gly Arg Pro Asn Leu His Thr Leu Tyr Trp
930 935 940

Lys Ala Leu Phe Asp Glu Arg Asn Leu Gln Asp Val Val Tyr Lys Leu

945 950 955 960

Asn Gly Glu Ala G

u Leu Phe Tyr Arg Lys Gln Ser Ile Pro Lys Lys
965 970 975
Ile Thr His Pro Ala Lys Glu Ala Ile Ala Asn Lys Asn Lys Asp Asn
980 985 990
Pro Lys Lys Glu Ser Val Phe Glu Tyr Asp Leu Ile Lys Asp Lys Arg
995 1000 1005
Phe Thr Glu Asp Lys Phe Phe Phe His Cys Pro Ile Thr Ile Asn Phe

1010 1015 1020

Lys Ser Ser Gly Ala Asn Lys Phe Asn Asp Glu Ile Asn Leu Leu Leu
1025 1030 1035 1040
Lys Glu Lys Ala Asn Asp Val His Ile Leu Ser Ile Asp Arg Gly Glu
1045 1050 1055
Arg His Leu Ala Tyr Tyr Thr Leu Val Asp Gly Lys Gly Asn Ile Ile
1060 1065 1070
Lys Gln Asp Thr Phe Asn Ile Ile Gly Asn Asp Arg Met Lys Thr Asn
1075 1080 1085

Tyr His Asp Lys Leu Ala Ala Ile Glu Lys Asp Arg Asp Ser Ala Arg

1090 1095 1100

Lys Asp Trp Lys Lys Ile Asn Asn Ile Lys Glu Met Lys Glu Gly Tyr
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1105 1110 1115 1120
Leu Ser Gln Val Val His Glu Ile Ala Lys Leu Val Ile Glu Tyr Asn
1125 1130 1135
Ala Ile Val Val Phe Glu Asp Leu Asn Phe Gly Phe Lys Arg Gly Arg
1140 1145 1150
Phe Lys Val Glu Lys Gln Val Tyr Gln Lys Leu Glu Lys Met Leu Ile

1155 1160 1165

Glu Lys Leu Asn Tyr Leu Val Phe Lys Asp Asn Glu Phe Asp Lys Thr
1170 1175 1180
Gly Gly Val Leu Arg Ala Tyr Gln Leu Thr Ala Pro Phe Glu Thr Phe
1185 1190 1195 1200
Lys Lys Met Gly Lys Gln Thr Gly Ile Ile Tyr Tyr Val Pro Ala Gly
1205 1210 1215
Phe Thr Ser Lys Ile Cys Pro Val Thr Gly Phe Val Asn Gln Leu Tyr
1220 1225 1230

Pro Lys Tyr Glu Ser Val Ser Lys Ser Gln Glu Phe Phe Ser Lys Phe

1235 1240 1245
Asp Lys Ile Cys Tyr Asn Leu Asp Lys Gly Tyr Phe Glu Phe Ser Phe
1250 1255 1260
Asp Tyr Lys Asn Phe Gly Asp Lys Ala Ala Lys Gly Lys Trp Thr Ile
1265 1270 1275 1280
Ala Ser Phe Gly Ser Arg Leu Ile Asn Phe Arg Asn Ser Asp Lys Asn
1285 1290 1295
His Asn Trp Asp Thr Arg Glu Val Tyr Pro Thr Lys Glu Leu Glu Lys

1300 1305 1310

Leu Leu Lys Asp Tyr Ser Ile Glu Tyr Gly His Gly Glu Cys Ile Lys
1315 1320 1325
Ala Ala Ile Cys Gly Glu Ser Asp Lys Lys Phe Phe Ala Lys Leu Thr
1330 1335 1340
Ser Val Leu Asn Thr Ile Leu Gln Met Arg Asn Ser Lys Thr Gly Thr
1345 1350 1355 1360

Glu Leu Asp Tyr Leu Ile Ser Pro Val Ala Asp Val Asn Gly Asn Phe
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1365

1370

1375

Phe Asp Ser Arg Gln Ala Pro Lys Asn Met Pro Gln Asp Ala Asp Ala

1380

1

Asn Gly Ala Tyr His Ile Gly Leu

1395

1400

Ile Lys Asn Asn Gln Glu Gly Lys

1410

1415

Glu Glu Tyr Phe Glu Phe Val Gln

1425

1430

385

Lys Gly Leu

Lys Leu Asn

Asn Arg Asn

1435

1390
Met Leu Leu Gly Arg
1405
Leu Val Ile Lys Asn
1420
Asn Gln Ala Ala Ala

1440

Leu Glu Lys Arg Pro Ala Ala Thr

Lys Lys Ala Gly GIn Ala Lys Lys

ZIHSdl 10-2020-0078200

1445 1450 1455

Lys Lys Ser Thr Pro Pro Pro Pro Pro Leu Arg Ser Gly Cys

1460 1465 1470
<210> 80
<211> 4413
<212> DNA
<213> Artificial Sequence
<220><223> DSB-FnCpf1
<400> 80
atgggcagca gccatcatca tcatcatcac agcagcggec tggtgecgeg cggcagcecat 60
atggctagca tgactggtgg acagcaaatg ggtcgeggat ccatggctaa aaaagaaatg 120
gttgaatttg atgaagctat ccatggcgaa gacttggcta aatttattaa agaagcatct 180
gatcataaac tgaaaatttc cggttataat gaactgatta aagatattcg aattcgtgct 240
aaagatgaac ttggcgttga tggtaagatg tttaatcgtc tattagecttt gtatcataaa 300
gataaccgtg atgtgtttga agctgaaact gaagaggtag ttgaacttta tgacacagtt 360
ttctctaaag gatccgaatt cgagctccgt cgacaagctt gcggecgcecat gtcaatttat 420
caagaatttg ttaataaata tagtttaagt aaaactctaa gatttgagtt aatcccacag 480
ggtaaaacac ttgaaaacat aaaagcaaga ggtttgattt tagatgatga gaaaagagct 540
aaagactaca aaaaggctaa acaaataatt gataaatatc atcagttttt tatagaggag 600
atattaagtt cggtttgtat tagcgaagat ttattacaaa actattctga tgtttatttt 660
aaacttaaaa agagtgatga tgataatcta caaaaagatt ttaaaagtgc aaaagatacg 720
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ataaagaaac
caaaacctta
tctaaggata
gcgttagaaa
aatagaaaaa

gatgataatt

gctccagaag
gatattgact
gagatagcaa
attggtggta
aatctatact
tttaagcaaa

gatagtgatg

gtagaagaaa
aaacttgatt
caagtttttg
atagcaccta
actgaaaaag
aagcatagag

attccgatga

aaatatcaaa
gctatcaagg
attagtcagt
tttgaggagt
tatataactc
ttggctaatg

gatgataaat

gctatcaaag
gcaaataaaa
agtgaagata

aaaggatatg

aaatatctga
tcgatgctaa
atggtataga
taatcaaatc
atgtttatag

tgcctaaatt

ctataaacta
acaaaacatc
actttaataa
aatttgtaaa
cacagcaaat
ttttaagtga

tagttacaac

aatctattaa
tgagtaaaat
atgattatag
aaaatcttga
caaaatactt
atatagataa

tatttgatga

atcaaggtaa
atcttttaga
cagaagataa
gctactttga
aaaagccata
gttgggataa

attatctggg

aaaataaagg
tgttacctaa
tacttagaat

aaaaatttga

atatataaag
aaaagggcaa
actatttaaa
ttttaaaggt
tagcaatgat

tctagaaaat

tgaacaaatt
tgaagttaat
ttatctaaat
tggtgaaaat
aaatgataaa
tacagaatct

gatgcaaagt

agaaacacta
ttattttaaa
tgttattggt
taaccctagt
atctctagaa
acagtgtagg

aatagctcaa

aaaagaccta
tcaaactaat
ggcaaatatt
gctagcgaat
tagtgatgag
aaataaagag

tgtgatgaat

cgagggttat
ggttttettt
aagaaatcat

gtttaatatt

gactcagaga
gagtcagatt
gccaatagtg
tggacaactt
attcctacat

aaagctaagt

aaaaaagatt
caaagagttt
caaagtggta
acaaagagaa
acactcaaaa
aaatcttttg

ttttatgagc

tctttattat
aatgataaat
acagcggtac
aagaaagagc
actataaagc
tttgaagaaa

aacCaaagaca

cttcaagcta
aatctcttac
ttagacaagg
atagtgcctc
aaatttaagc
cctgacaata

aagaaaaata

aaaaaaattg
tctgctaaat
tccacacata

gaagattgcc

aatttaagaa
taattctatg
atatcacaga
attttaaggg
ctattattta

atgagagttt

tggcagaaga
tttcacttga
ttactaaatt
aaggtataaa
aatataaaat
taattgataa

aaatagcagc

ttgatgattt
ctcttactga
tagaatatat
aagaattaat
ttgccttaga
tacttgcaaa

atttggcaca

gtgcggaaga
ataaactaaa
atgagcattt
tttataacaa
tcaattttga
cggcaatttt

acaaaatatt

tttataaact
ctataaaatt
caaaaaatgg

gaaaatttat

tttgtttaat
gctaaagcaa
tatagatgag
ttttcatgaa
taggatagta

aaaagacaaa

gctaaccttt
tgaagttttt
taatactatt
tgaatatata
gagtgtttta
gttagaagat

ttttaaaaca

aaaagctcaa
tctatcacaa
aactcaacaa
agccaaaaaa
agaatttaat
ctttgcggct

gatatctatc

tgatgttaaa
aatatttcat
ttatctagta
aattagaaac
gaactcgact
atttatcaaa

tgatgataaa

tttacctggce
ttataatcct
tagtcctcaa

agatttttat
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780
840
900
960
1020

1080

1140
1200
1260
1320
1380
1440

1500

1560
1620
1680
1740
1800
1860

1920

1980
2040
2100
2160
2220
2280

2340

2400
2460
2520

2580
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aaacagtcta
caaagatata

acttttgaaa

ctattccaaa
actttatatt
aatggtgagg
gctaaagagg
tatgatttaa
acaatcaatt

aaagaaaaag

tactatactt
ggtaatgata
gattcagcta
ctatctcagg
tttgaggatt
caaaagttag

tttgataaaa

aaaaagatgg
atttgtcctg
tctcaagagt
gagtttagtt
gctagetttg
actcgagaag

tatgggcatg

gctaagctaa
gagttagatt
caggcgccaa
aaaggtctga
gttatcaaaa

ctcgagaaaa

taagtaagca
attctataga

atatatcaga

tctataataa
ggaaagcgct
cagagctttt
caatagctaa
tcaaagataa
ttaaatctag

caaatgatgt

tggtagatgg
gaatgaaaac
ggaaagactg
tagttcatga
taaattttgg
aaaaaatgct

ctgggggagt

gtaaacaaac
taactggttt
tctttagtaa
ttgattataa
ggagtagatt
tttatccaac

gcgaatgtat

ctagtgtcct
atctaatttc
aaaatatgcc
tgctactagg
atgaagagta

g8ccggcegsce

tccggagtgg
tgaattttat

gagctatatt

agatttttca
gtttgatgag
ttatcgtaaa
taaaaacaaa
acgctttact
tggagctaat

tcatatatta

taaaggcaat
aaactaccat
gaaaaagata
aatagctaag
atttaaaaga
aattgagaaa

gcttagagcet

aggtattatc
tgtaaatcag
gtttgacaag
aaactttggt
gattaacttt
taaagagttg

caaagcagct

aaatactatc
accagtagca
tcaagatgct
taggatcaaa
ttttgagttc

cacgaaaaag

aaagattttg

agagaagttg

gatagcgtag

gcttatagca
agaaatcttc
caatcaatac
gataatccta
gaagataagt
aagtttaatg

agtatagata

atcatcaaac
gataagcttg
aataacatca
ctagttatag
gggegtttca
ctaaactatc

tatcagctaa

tactatgtac
ttatatccta
atttgttata
gacaaggctg
agaaattcag
gagaaattgc

atttgcggtg

ttacaaatgc
gatgtaaatg
gatgccaatg
aataatcaag
gtgcagaata

gcceggcecagg

gatttagatt
aaaatcaagg

ttaatcaggg

aagggcgacc
aagatgtggt
ctaaaaaaat
aaaaagagag
ttttctttca
atgaaatcaa

gaggtgaaag

aagatacttt
ctgcaataga
aagagatgaa
agtataatgc
aggtagagaa
tagttttcaa

cagcaccttt

cagctggttt
agtatgaaag
accttgataa
ccaaaggcaa
ataaaaatca
taaaagatta

agagcgacaa

gtaactcaaa
gcaatttctt
gtgcttatca
agggcaaaaa
ggaataacca

Caaaaaagaa

ttctgatact
ctacaaacta

taaattgtac

aaatctacat
ttataagcta
cactcaccca
tgtttttgaa
ctgtcctatt
tttattgcta

acatttagct

caacatcatt
gaaagatagg
agagggctat
tattgtggtt
gcaggtctat
agataatgag

tgagactttt

tacttcaaaa
tgtcagcaaa
gggctatttt
gtggactata
taattgggat
ttctatcgaa

aaagtttttt

aacaggtact
tgattcgcga
tattgggcta
actcaatttg
agcggecgea

aaagtcgaca
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2640
2700

2760

2820
2880
2940
3000
3060
3120

3180

3240
3300
3360
3420
3480
3540

3600

3660
3720
3780
3840
3900
3960

4020

4080
4140
4200
4260
4320

4380
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ccaccaccac caccactgag atccggetge taa

<210> 81
<211> 55
<212> DNA

<213> Artificial Sequence
<220><223> Adapter primer sequences of CCR5
<400> 81

tcgtcggcag cgtcagatgt gtataagaga cagggagggce aactaaatac attct

<210> 82
<211> 55
<212> DNA

<213> Artificial Sequence
<220><223> Adapter primer sequences of CCR5
<400> 82

gtctcgtggg ctcecggagatg tgtataagag acaggaacac cagtgagtag agegg

<210> 83
<211> 53
<212> DNA

<213> Artificial Sequence
<220><223

> Adapter primer sequences of DHCR7
<400> 33

tcgtcggecag cgtcagatgt gtataagaga cagggtttga gcaacagttc tcc

<210> 84
<211> 52
<212> DNA

<213> Artificial Sequence
<220><223> Adapter primer sequences of DHCR7
<400> 84

gtctegtggg ctcggagatg tgtataagag acagtgacga tgtccaccac ag

<210> 85
<211> 53
<212> DNA

<213> Artificial Sequence
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4413

55

55

53

52
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<220><223> Adapter primer sequences of CCR5
<400> 85

tcgtcggcag cgtcagatgt gtataagaga cagggtattt ctgttcagat cac

<210> 86
<211> 55
<212> DNA

<213> Artificial Sequence
<220><223> Adapter primer sequences of CCR5
<400> 86

gtctcgtggg ctcggagatg tgtataagag acaggceccat caattataga aagcc

<210> 87
<211> 53
<212> DNA

<213> Artificial Sequence
<220><223> Adapter primer sequences of DNMT1
<400> 87

tcgtcggcag cgtcagatgt gtataagaga cagctgcaca cagcaggect ttg

<210> 88
<211> 54
<212> DNA

<213> Artificial Sequence
<220><

223> Adapter primer sequences of DNMT1
<400> 38

gtctegtggg ctcggagatg tgtataagag acagcccaat aagtggcaga gtge

<210> 89
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Spacer sequence of CCR5
<400> 89

tgacatcaat tattatacat

<210> 90

<211> 20
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53

55

53

54

20
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<212> DNA

<213> Artificial Sequence
<220><223> Spacer sequence of ADCY5
<400> 90

tgacatcaat tattatagat

<210> 91
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Spacer sequence of KCNJ6
<400> 91

tgacatcact tattatgcat

<210> 92
<211> 20
<212> DNA

<213> Artificial Sequence
<220><223> Spacer sequence of CNTNAP2
<400> 92

tgacataaat tattctacat

<210> 93
<211> 20
<212> DNA

<213> Artificial Sequence

<220><223> Spacer sequence of Chr. 5N/A

<400> 93

tgaaatcaat tatcatagat

<210> 94
<211> 54
<212> DNA

<213> Artificial Sequence
<220><223> ssODN donor sequences for CCR5
<400> 94

tggaacaaga tggattatca agtgtcaagt ccaatctatg acatcaatta ttat
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20

20

20

20

54
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<210> 95
<211> 52
<212> DNA

<213> Artificial Sequence
<220><223> ssODN donor sequences for CCR5
<400> 95

acatatgcat cggagccctg ccaaaaaatc aatgtgaagc aaatcgcagce cc

<210> 96
<211> 52
<212> DNA

<213> Artificial Sequence
<220><223> ssODN donor sequences for DHCR7
<400> 96

atgggcccca gtgtgactge ctgcatcegt cctcgcaggg aggtggactg gt

<210> 97
<211> 54
<212> DNA

<213> Artificial Sequence
<220><223> ssODN donor sequences for DHCR7

<400> 97

tttgaattcc actggcgagce gtcatcttcece tactgetgtt cgecccectte atcg

<210> 98
<211> 53
<212> DNA

<213> Artificial Sequence
<220><223

> ssODN donor sequences for CCR5
<400> 98

aattctctga ggctttcttt taaatataca taaggaactt tcggagtgaa ggg

<210> 99
<211> 53
<212> DNA

<213> Artificial Sequence

<220><223> sSODN donor sequences for CCR5
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52
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<400> 99

agagtttcat atggtcaata acttgatgca tgtgaagggg agataaaaag gtt

<210> 100
<211> 53
<212> DNA

<213> Artificial Sequence

<220><223>

ssODN donor sequences for DNMT1

<400> 100

tggceetggg gecegtttece tcactectge tcggtgaatt tggctcageca ggc

<210> 101
<211> 53
<212> DNA

<213> Artificial Sequence

<220><223>

ssODN donor sequences for DNMT1

<400> 101

acctgccgaa ttctcagetg ctcacttgag cctetgggtce tagaacccte tgg

<210> 102
<211> 3358
<212> DNA

<213> Artificial Sequence

<220><223>

pGEM _447

<400> 102

gggcgaattg
aagaggataa

acccttceget

ccatggaagt
cgctgtttga
aagtcatggt
ataccgccct
ggccgectge
attctatagt

aattgttatc

ggcccgacgt
attcgaactc

attgcaaggc

ggcgcagetg
tggtcatttc
cgaaccggtc
ctggccggat
aggtcgacca
gtcacctaaa

cgctcacaat

cgcatgctcc

tttcaacaac

gaagtggtgt

ctgcgcegatg
cgtctgetgce
ggeggeggte
aacggcgtgc
tatgggagag
tagcttggcg

tccacacaac

cggccgecat

ggtttggega

cagacggcecce

ctggececegtg
aacagcggct
cgctgetgga
gcgaagtgcea
ctcccaacgce
taatcatggt

atacgagccg

ggeegegggt ttgtegetgg
gctggttacc gagtggetgg

gttaagcccg gecgaaatga

ggggcagatg ttcccggage
ggtgggcgaa cgtcatttga
tggtattgct tttaatgtcg
actggcttaa tcactagtgc
gttggatgca tagcttgagt
catagctgtt tcctgtgtga

gaagcataaa gtgtaaagcc
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60
120

180

240
300
360
420
480
540
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tggggtgecet
cagtcgggaa
ggtttgegta
cggetgegge
ggggataacg
aaggccgcegt

cgacgctcaa

cctggaagct
gectttetee
tcggtgtagg
cgetgegect
ccactggcag
gagttcttga

gctctgetga

accaccgctg
ggatctcaag
tcacgttaag
aattaaaaat
taccaatgct
gttgcctgac

agtgctgcaa

cagccagccg
tctattaatt
gttgttgcca
agctccggtt
gttagctcect
atggttatgg

gtgactggtg

tcttgceegg
atcattggaa

agttcgatgt

aatgagtgag
acctgtcgtg
ttgggegcete
gagcggtatc
caggaaagaa
tgctggegtt

gtcagaggtg

ccectegtgeg
cttcgggaag
tcgttegcetce
tatccggtaa
cagccactgg
agtggtggcc

agccagttac

gtageggtgg
aagatccttt
ggattttggt
gaagttttaa
taatcagtga
tcceegtegt

tgataccgcg

gaagggccga
gttgeeggga
ttgctacagg
cccaacgatc
tcggtcectcee
cagcactgca

agtactcaac

cgtcaatacg
aacgttcttc

aacccactcg

ctaactcaca
ccagctgcat
ttcegettec
agctcactca
catgtgagca
tttccatagg

gcgaaacccg

ctctectgtt
cgtggegett
caagctgggce
ctatcgtctt
taacaggatt
taactacggc

cttcggaaaa

tetttttgtt
gatcttttct
catgagatta
atcaatctaa
ggcacctatc
gtagataact

agacccacgce

gcgcagaagt
agctagagta
catcgtggtg
aaggcgagtt
gatcgttgtc
taattctctt

caagtcattc

ggataatacc

ggggcgaaaa

tgcacccaac

ttaattgcgt
taatgaatcg
tcgctcactg
aaggcggtaa
aaaggccagce
ctcecgececcc

acaggactat

ccgaccctge
tctcatagct
tgtgtgcacg
gagtccaacc
agcagagcga
tacactagaa

agagttggta

tgcaagcagc
acggggtcetg
tcaaaaagga
agtatatatg
tcagcgatct
acgatacggg

tcaccggctc

ggtcctgcaa
agtagttcgc
tcacgctcgt
acatgatccc
agaagtaagt
actgtcatgc

tgagaatagt

gcgccacata
ctctcaagga

tgatcttcag

tgcgctcact
gccaacgege
actcgctgceg
tacggttatc
aaaaggccag
ctgacgagca

aaagatacca

cgcttaccgg
cacgctgtag
aacccccecegt
cggtaagaca
ggtatgtagg
gaacagtatt

gctcttgatce

agattacgcg
acgctcagtg
tcttcaccta
agtaaacttg
gtctatttcg
agggcttacc

cagatttatc

ctttatccgce
cagttaatag
cgtttggtat
ccatgttgtg
tggccgcagt
catccgtaag

gtatgeggeg

gcagaacttt
tcttaccgct

catcttttac

geeegettte
g8ggagaggc
ctcggtcegtt
cacagaatca
gaaccgtaaa
tcacaaaaat

ggegtttecec

atacctgtcc
gtatctcagt
tcagcccgac
cgacttatcg
cggtgctaca
tggtatctgc

cggcaaacaa

cagaaaaaaa
gaacgaaaac
gatcctttta
gtctgacagt
ttcatccata
atctggcccc

agcaataaac

ctccatccag
tttgcgcaac
ggcttcattce
caaaaaagcg
gttatcactc
atgcttttct

accgagttgc

aaaagtgctc
gttgagatcc

tttcaccagc
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660
720
780
840
900
960

1020

1080
1140
1200
1260
1320
1380

1440

1500
1560
1620
1680
1740
1800

1860

1920
1980
2040
2100
2160
2220

2280

2340
2400

2460
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gtttctgggt
cggaaatgtt
tattgtctca

ccgegcacat

aaggagaaaa
aatttttgtt
aaatcaaaag
ctattaaaga
ccactacgtg
aatcggaacc

gCgagaaagg

gtcacgcectge
attcgccatt
tacgccagct

tttcccagtc

gagcaaaaac
gaatactcat
tgagcggata

ttccecgaaa

taccgcatca
aaatcagctc
aatagaccga
acgtggactc
aaccatcacc
ctaaagggag

aagggaagaa

gcgtaaccac
caggctgcegce
ggcgaaaggg

acgacgttgt

aggaaggcaa

actcttcectt
catatttgaa

agtgccacct

ggaaattgta
attttttaac
gatagggttg
caacgtcaaa
ctaatcaagt
cceecgattt

agcgaaagga

cacacccgcec
aactgttggg
ggatgtgctg

aaaacgacgg

aatgccgcaa
tttcaatatt
tgtatttaga

gatgcggtgt

agcgttaata
caataggccg
agtgttgtte
gggcgaaaaa
tttttggggt
agagcttgac

gegggegceta

gcgcttaatg
aagggcgatc
caaggcgatt

ccagtgaatt

aaaagggaat
attgaagcat
aaaataaaca

gaaataccgc

ttttgttaaa
aaatcggcaa
cagtttggaa
ccgtctatca
cgaggtgeeg
ggggaaagce

gggegetgge

cgccgetaca
ggtgcgggcece
aagttgggta

gtaatacgac

- 387 -

aagggcgaca
ttatcagggt
aataggggtt

acagatgcgt

attcgcgtta
aatcccttat
caagagtcca
gggcgatgge
taaagcacta
ggcgaacgtg

aagtgtagcg

gggcgcegtcec
tcttegcetat
acgccagggt

tcactata

2520
2580
2640

2700

2760
2820
2880
2940
3000
3060

3120

3180
3240
3300

3358
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