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21) EE S FNA (SUN, Yan); H [E VL7 4 m R 7L 7 X B}
@) EfRRIES: PCT/CN2018/097040 S P B 28 5 Jiangsu 211100 (CN).  R7e 08
(22) ErrERIER: 2018 € 7 A 25 H (25.07.2018) (WU, Dongming); 7 VT 75 4 B & 1T 7 X A
(25) FRIEES: 3 2% [ 3 FE %285, Jiangsu 211100 (CN). #H/JF
26) /i ‘ (HUANG, Xiaoluo); 1 [ V.75 4 3 50 17 LT X b
26) A IEE: LS 22 e 7 BR % 282, Jiangsu 211100 (CN). 3K AAE
(30) M- (ZHANG, Lihua); 9 [E VT 7748 B 0 17 VLT X %l

201710611752.5  20175E7 H25H (25.07.2017) CN 2 [T 7 BE #4285, Jiangsu 211100 (CN). #l#&RF
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F(NANJINGJINSIRUI SCIENCE & TECHNOLOGY A7 R 28 5, Jiangsu 211100 (CN)-

BIOLOGY CORP.) [CN/CN]; FEVLHEREATIL () REBA: tREFSH AR EBESAR

X R4 7 ER 28, Jiangsu 211100 (CN). (%@ & k) (CHENG & PENG INTELLECTUAL
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(54) Title: CODON OPTIMIZATION METHOD BASED ON IMMUNE ALGORITHM
(34) ZRABIR: —FET REEIRNEN T

6G
cc .
- B, REEEER L Ty R RADNAMESIRS, |HH

o ; SERE
gkt | ET B, BRI K GERD Bftonarrsiss, | |
MR IRE B | m e, BEEE |, Geuo Shonasase| L
JABFR— o Eé 5 e 3 5 3
j oe -
e, I R IHONTSIRE, | Ki
FF }
MM | gy PP
PRI ] DNAREHS ; R
REARRG | Mo REETOER .. “‘g‘gﬂ“ﬁ B R ONARIG,
L NN Qe
&1

AA  Protein sequence
BB Slice into segments without an overlapping sequence by using a sliding window
CC Protein segment A1

DD Protein segment A2
EE  Protein segment Ay
FF  Protein segment An

GG Immune algerithm
HH (Approximately) optimal DNA sequence set B1 of A1

1] (Approximately) optimal DNA sequence set 82 of A2
JJ  (Approximately) optimal DNA sequence set 83 of A3
KK (Approximately) optimal DNA sequence set Bn of An

LL Totally-ordered optimal DNA sequence D of a protein
MM Eliminate inhibition Motif

NN Totally-ordered optimal DNA sequence C2 of the protein
QO Secondary optimization of a 5' end of a DNA sequence
PP Genetic algorithm

QQ Totally-ordered optimal DNA sequence C1 of the protein

(57) Abstract: A codon optimization method based on an immune algorithm. The codon optimization method is characterized in
that: local multi-target optimization and global multi-target optimization are performed respectively on a protein coding sequence by
sequentially using an immune algorithm and a genetic algorithm; the sequence is fine-tuned and optimized by using an exhaustion
method, so as to find an optimal expression sequence to the greatest extent. In the present invention, the characteristic of the random
global parallel search of the genetic algorithm is kept, and premature convergence is voided to a great extent, and quick convergence
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XJ7HRTHN RKH90 5 # 8 # % KEB
JE704, Beijing 100062 (CN).

B #EEE R HEHRY, ZERkEG—MRMtrER
-47) : AE, AG, AL, AM, AO, AT, AU, AZ, BA, BB, BG,
BH, BN, BR, BW, BY, BZ, CA, CH, CL, CN, CO, CR, CU,
CZ, DE, DJ, DK, DM, DO, DZ, EC, EE, EG, ES, FI, GB,
GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IR, IS,
JO, JP, KE, KG, KH, KN, KP, KR, KW, KZ, LA, LC, LK,
LR,LS,LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL,
PT, QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK, SL,
SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA, UG,
US, UZ, VC, VN, ZA, ZM, ZW.

84 IBEE (R HIEH, ZREGE—FTRMERHX
fR41) © ARIPO (BW, GH, GM, KE, LR, LS, MW, MZ,
NA, RW, SD, SL, ST, SZ, TZ, UG, ZM, ZW), BXIF. (AM,
AZ, BY, KG, KZ, RU, TJ, TM), Etil (AL, AT, BE, BG,
CH, CY, CZ, DE, DK, EE, ES, FL, FR, GB, GR, HR, HU,
IE, IS, IT, LT, LU, LV, MC, MK, MT, NL, NO, PL, PT,
RO, RS, SE, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI,
CM, GA, GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

KERAT:
— WHEERRRE (RA%F21403)) .
—  BFEUE BRI (5. 2(a)) .

to an optimal global solution is ensured. In the present invention, by combining the accuracy and efficiency advantages of the immune
algorithm and the genetic algorithm for the first time, codon optimization is performed by using a step-based process (local optimization,
global optimization and fine-tuned optimization), the high efficiency of the algorithm for performing codon optimization is proved by
using an instance test.

(57 HE: —MET REEAR B TR TV, B ETE T2 5 0 S VB A (5 SR 23 ) 2R 1 o T
FIEAT RS % BAREE AN 2 /2 HARILAL, #3380 P FI BT AL, AT AR B R R Rl A Rl
Feoile ARBABRIR B T e FARENL 2 RTINS i, AR R [ B S R i s, Wi DRl S
TaRREMmE. AR R GH RS AR IR HER B LY, B DR IR 2
FiEsLte . 2R SO BAT RS T, R S NRIE 2 EE AT A T B st
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—FE T RERRREE TR &

BRI

RRHW S P A TREA, JUHR—FEA TR P WEEFIA T2, HAgH
F— RO T g B B A T
BRER

TR R RAE AR R, — AR IR AT DL 2 A [F) 25 RS 5 2 A 3
B GRASAH R R IR A R B R RO [ U, — MR 200 M EUERR A SN E A
— MRl LA 10" ANASIA] DNA JPB4RAS . AEAN AR, [ SRS T I AT 9 F A
A, XFI SR AT IR e A 3 ZERR 18 3-8 RS IR i Tk
SRR, EANEE AR T P HTHR TR EALE R K E DNA 4R 531 i H
BEAE 1A TR IL R G GRS B LI 4% DNA JP 31

A5 05 00 A b A8 R s 1 R IA 1 S DN B A A 3 A R B R
I O HRAES B A0 I R TR [CAT]. 78 40 RS F w4 [Codon
Context]. CBI [Codon Bias Index]. ENC [Effective Number of Codon]. FOP [Frequency
of Optimal Codons]. CPP [Codon Preference Parameter]. tAl [tRNA adaptation index]) .
Hidden Stop Codon (&, GC &=, WA HEFEE. nRNA IIHIHEEERET (motif) %1
. OnRNA RSN (EEAFER MRS A ERE). OSSR FAINLE S 3] A
BT 95+ microRNA £ & 47 M. G4 &8 DL A B S R 455 15 R 47 P (Joshua B.
Plotkin & Grzegorz Kudla, Nature Reviews Genetics, 2011). HHya] T 25511
A I AT AN A A5 DNAWorks Jcat. Synthetic gene designer. GeneDesign 2. 0.
OPTIMIZER . Eugene . mRNA Optimizer . COOL . D-Tailor . UpGene . GASCO. Codon
Harmonization. QPSO. GeMS F1 ATGME (Evelina Angov, Biotechnology Journal, 2011;
Nathan Gould et al., Frontiers in Bioengineering and Biotechnology, 2014).

MR T HEFRAS ST D2 A RREE ek RS 55, Sk
L BAT HONER LSS . ) BERIET M S ML R tH I — Fh o s AL B, ek
I S8 1] 58 1) LA R ORI, T Bl R P R . AR S SR B RN, AR
G R G N A AR B B S 4 i 0 2 R VR, B3l AR A B R S A SRR
X RO B N . FERIE R AR, B PUALE IO g IR AR R ok, RIS

-
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BB DR A2 0 b O F R A B, (AEL UK S P PP L 25 o R

AR T B RGN TR, A S IR G S, it RPR BRI, [F
W, S S HuA 2 T AR FLAE SR, DAAERFHUA ) 2 RE IR A e P, X PP e
PR EERLHBIBEAT R, EDHUARROMR L R, RS s IR AR, WGBSR E, ATH T %
T RGN I D) Re

RANE

AR B B TR B AL A T VA7 AR R, R T B 2 I
R AP REAE AT PR (4 B[] P A 2850 56 ON 5 RS AR 2 TR R RS 28, B AN B (1 4w 7
PG G HH B s SR IA R DNA T B I B T S SRV i) A A T V%

AR EART R A

ol T P SRV B R A T 2, 5 A e SRR R B AT SRV 40 i e B 1
W e R BEAT R 2 BbriAcin & )m 2 BAstiAl, B I3 280E0 2 EAT ORI AL, AT #
RIR R R B B RE T

HARM S, XRWWINEQREL N =P8, BRI, Bk EamF7
TIENNTCE BRI FI T BL Ay Ao +oeen A, RGBS, WREANT R B S U R
et ERUEALE AL DNA JFFEE By BeeweweeBs B RARA, UIRIAEMEEL, 5
T By Byeee-BATUHALEE AR AT K DNA 4RALT 31, 0% 88 U B et DNA J7 31 Cs
BD RO, EAE gn b B BTN s I B2 DNA P31 57 St AT 93 21204k
A1 DNA 3231 Gy TR RIS PR, A i RIS 731 D,

Bk 8 AR 4R B DR AR B A . fEE A LafE s wEA. K
A, lEEA. RN EAS: R LasgED. EWEA. SNEA%: 7Bk
U5 S FRVERSE A RERIAEA: £F7 FEERAREAMATSRESFNEA, 7
B A PUR R R /B, DA 2 ANE 2 ML EEAZIE. EAS K
FESMERS A AR W ATE IR EFHAA IR T 5B MHUAEF Fab, ScFV. SdAb.
&Pk (Chimeric antibody). XURE F- P4 4& (bispecific antibody) . Fe fifi A 85 55

FITIA 1) S5 18 4% SV E R Fl 2 B AR PAL 75 V20 8 A0 BOBAT SR AL, BEAR 1 Iia 1L
BT ERBEARE T ZBEWN R, BRI R S AR AT s R
W AR R S A B AL A BB R B DU AR . BRI AR A i R
DA S H0AZ 5 70 R AR A 2 R M 5 B L BRI G, AN B I vk (0 4 SR 4 2R B
7o
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PITid (38 A% 2R 22 BAROUAC TR AR 82 A s Pt AT e R Al WG i1
TR e A BOREALA i, BRI RN 8 A 5 BURIDUAL 7 2 S xR 2 R
1T 95 o

PR R LR 75 287500 DNA JFP3 57 a4 H FHBE MFE. Codon Context I
CAT BEAT AR, JFRSEHE P 45 R P s A 751 Vi g b 751

Frid s IR E DIEM T U ERIE RS L WASIMIRE RS 2)
RIMKIERSG:; 3) MEERIERSG: 4 KBITHRERS: 5 MEFHFERERS: 6)
HEYFRIERGM 7) THMRIL RS

Pk 6 AR TE R DG T AU RIEEE: B RIEBUE AR 2 RIB A i
RRIEEEAMADR R RA R E . U AR T RIABUE

AR A 2 ROR A

G F e MR AR FE RSO R L, T S SRAE AL By e R S
PLF s AKRE RGN FIEBAT S PO #AT R, JF I8 b 5 e % 5k
AT R, LSRR ROATAL, R T AN & T A RSB =0k G
ARSI S N SR SE IR W2 VA AT B A DA i e Rk

AR R FIE S A AN, BN B e R REicizrhge, iz
BERLUINRIE 2R IS, Rt e FUA M SR R AE T IR E R TR Z TR IR FF 2 e,
A ZEh gl AR R st SR R R R B 71 sUn e R BRIATT IR, XRiZhaenl A
TIREBEAFENERERES, SRR, Il e G R e 1 aL Hik
BEALA R FAT R AR R, AR R TR Bl G R RIS, T DR RO S S T4 Ry e
fito ARG G L TR S BAL FIAM S A RCR LS, B D (R
AR R RO BEATE U0, IR SN BIL B 1% Skt
T AL R .

A BATIR LR, B s LA
B B B

B 1 AR R SRR R B

K 2 AR Sk iR AR B (R AL .

K 3 AR AR (RIa R .

4 AR DNA 7231 57 sl A i i o

K 5 A B I A BE A P T o

o1

_3_
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B 6 AR pTT RILHAR KL,
B 7 AR Western Blotting 45 =&

RS R

TN T2 B B R St 081 o A PR A g — 2D T

Ikl 1-7 s

— PR T SRR B R AR TV, B S R A A SRR B A B R B B
Zibd P51 (SEQ 1D NO. 3 A1 SEQ ID NO. 4) #AT R % Bistitbfia)m 2 Birfitl, A5
HEVEN R A EAT IR Ak, AT B KRR B2 )48 R B e i 348 %1 (SEQ 1D NO. 5 1 SEQ 1D
NO.6), Wil 1 frs. Hir

—. JEEE (RN, WL 2).

ZARNIRAZENE Ly 2, RIS T Bifk Codon Context AT CAT iXPIAMHIE
CRAEREA W T30, BT 2 Bfiiil. %z RmgiHm NMIURAE s CIEHERE Y M,
FEANPUARFE I i CERI T E AT RN M, BRI R SCE RS 7R R
BRI AT G o
(1) FIEAFRTEFRIXRGWEMEBYEE (MERLAEANRLFT) BT
T R IER, AT IR codon context Ml CAT A
(2) WHRRLZEWS, WIEGTUARE B 0 4 . BARLUE A BUF I aas--a, N,
B au (K] SUEERS T2 e B s (WA SUETSF 2 corn oo B Coo B ANZEIEIR &, (M ETSF
MRAE D F AR ¢ A e ANZEVE AN o —BREURE IR a0 B2 RSB 4 cricars cinCons
CiiCorn CroCorn CasCon M CroCony FiH ZIRIR] SUERSFA AL, 045 [cicars cucan cucul Ml lccan
CixCorn CroCosl o IR ar BHIIERS A Cos WIBEERR a. KBRS AR cucay cuce M cicy
RIAZE N Corn Con T con FOERE— A0 WIIR a BB B T2 Coop MR crocorn Crzco T Crocon
AL PR TR @, (AT cny ol e HIT—A FITZ, R AR B
RTINS LLAE,  HAh SRR IR I 25 B I e B 5 e 1) b — AN BRI 5 e
FHIERCA DS, HFHENR B SRR YE .
(3) FEWIR RS, T B AARAMEANEAZ BT P78 1) K PR 82 B ook
WCSRA A s B ) KA e bodd, Horh i@ R AR SR E O AG S 7 rh a8 b o e
TS AR AR
(4) HHEIFURKIERTE F CEFE Flgon cone T Frea)» HRHE 2 B FREALIERE N ADNFACMAEIE
TR 5 A SURIAS e o 1K B AR S B AL R AR 25
(5) THEHUATHAAHE S
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zl-w;z HHAIIH] Shannon T35 B8 HN) K E = FHAEALE S,
B G PN DCEM T 1 IR 7 RO, B

o Ny NBHRRTA MER S FAE A B EHE DSCES T 7SN BN
5§ FAER (RIEAFTINE JAEEER) MEERME, 2 30N:

H.(N) = —Z log, P,
WA PR E B RN

M
H(N)=-— S H (N)
M5
FERMRLE SHIE XN:
o
1+ H(N)
(6) MEEDALRIBEAT, BHRPIARRIAAUSE ARG, N T BERPUERFE R, RE
2R, NmREERERE T, BRGNS, YEHRHELE S KT BE S,i,
K AT S RGN o K T IR T BE, 724k PSR, ARt FRE iR (2), fHhiikiash
X3 PN, IR FRRAALE S/NTBIME S, WA 4k 52 L He gt N N — AL, JEEFciz s
TCo
(7)Y SOS,BF, XPUREEE PN tHE TR IRERI B EENE . Hh i E 288100

PR o 5 A AU B S I B, R
A

N -1
Sl AT HRISHUR 1AL THIDRE 5 A OB A A JEPIA A LS 78 s
B P B R A
BETERE F7 R PRI S PR idE NS FEMTEIE G ROME, B

F =« +(1—-) (O<a<1)
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WA R A R AR, SRz, RN R, BT IRNFERZET
codon context M CAT PIDNFINEFE, A F” fodon contextr =T Flaoton contexes?t 50 F” jaar= T
FratP 5o 0SB B2 BB (3L, FR R BN A BRI R AL 7 B4

LR (AR, R ILE 3.

BTG B UM BT S A R BIIALAG R BUEE, BENLAE RPTAE R IE N, R4
BAEEVEMRE, SERUERE TR FABHARNIER. X BRAICIZETER, Bk
IEARB IR, ES R A 4 PR R AR L DNA SRS 531, BARRE T 2 Birtitk.
A AR FRAT) ELHER L BEAS 1 5UR BOAAL 3 BB X B A B TR BEAT 2

=, oAb,

R AFEPIL, ESERA DNA 57 ST, SRS W BRFRIS GRSy . o
DNA 5" st fEAIE R DY, (S 9528955 A N s B R 731 (8-15 ML IR)
AT AT BER DNA 4573, JFi5EA 1 codon context A CAT, SRJEHE A7 FI LI
M LRI 751 50bp  CBRIMEA 50bp, KERGEEH 0~50 bp) 5 HAK/F#EE:, Jf
FA mfold BAFTHE RS P HIH7E H HAE (minimum free energy, MFE). #R#E#T
FHMHAE (EMKBL . codon context (MM A CAL (LT XHF 5k
(Migmhs 7 7 AT R, PR ERAE 57 w1

11N % ¥ iy 7 s
(1) BB B J IR R A

SRR R R AR A FTE F RS R h @ RIS H A SN R DNA Zfdp . IR
W3R 2 Fa BRI BB SR M T B P& BT G AL TR 30,

(2) codon context ll CAT HJF1-SHIiFE
a) HFHIXE BT W

X ij

w. =
11 x

Horh o, FOR AR R R 1 AVEILIRIEE 7R SCER TR BN AL K R AL
PEEETR 1 AR IR {3 A de v (0 [F) SR HR LA A5

b) ErFA I EE & MR (Codon Adaptation Index, CAI):
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L L
CAI = Hwk
k=1

H LigEARES (AIEARFAE A B WERR N, mN DR R EE T
BERE 06k N7 [ A B AE A (B RS A X E NS o CAT BOEAT 0 3] 1 2 0A). At fe dhFe
YL EHE =905 DNA [ CAT [,

k
04
P, =—< vk  {1,2,K 3721
aAA

Hoop BT 3721 B (61x61=3721, FEBLILHITF), CbcFrs kfh—
e B R 70 B (4P B B RO AR B B AT R A (R AR R BB B P LA B

Q4 FR R TR T R BRI LA

d) BFrFo R E G R R4 (Codon Context, CC):
3721 i
Zkzl ‘p o ~ P ‘
3721
Horp l?(I)C Fon BART IS kR IR 1 I & Plk FORFEMEAE RIS kA
TR TR RHE R T . CC BHEAT 0 B 1 218 PRIt RE R BRATR B4R E gnAS DNA
CC M.
(3) Y& FEAN IS AL 20 2 BAR A R AR IR B mT A NSGA2 FIT SPEA2 B
CERINE T NSGA2), 28 A3 IR A28 X
PR a3 AN S - 20 Ul B A R BH A
WA e TS R G2 CHO AL, — LT T EE BT GHREE W
#—). INK3 EAFF SEQ 1D NO. 1 i, GFP EEAFF0 SEQ 1D NO. 2 Fian; ABALHT
INK3 B (M GFP 2 (4w AL FE 5114 B4n SEQ TD NO. 3 A1 SEQ 1D NO. 4 fiow, f4b)E INKS &
(A GFP 8 A6 531 4 5120 SEQ 1D NO. 5 A1 SEQ 1D NO. 6 Fian.
xR EAFFIE R
BHMR GenBank B%S (HF&ER) W& (tag) WS E

CC=1-

_7_
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JNK3 U34820. 1 Flag tag C K

GFP AY174111. 1 Flag tag C A

R 5 PR, G S I B R v B, IRl EcoR T M Hind TTT EgUI47 s

7 SRR B pTTH RILHAR (WYL H NRC,  FORi EIHE ANl 6 From ).

CHO 3E7 4HffuB3RIE B BR:

1o Kb TR AR CHO 3E7 BIRAMB AT EEN) FreeStyle CHO B3R IEMBER 5X10°
ANHAR/mL, RS 1256mL = AR R 30mL 41 B .

2. HAHNLAE 37°C 5% CO. 5 AT T RHMT BRI 7.

3y YN B IAF] 1-1. 2X10° 4 /mL B, @I PET 5 Jeil5npis s B B K5 IR 1) SOk 344
I8 lug/ml KIS0 %% CHO 3E7 41
4, WYL A8 /NI, WESRIEZ 1500 B /min B, USRI, FES AT T-80°CIKAE
TRAF

Western Blot SEISBUE.
FAHHT Flag tag $ifdk, iHE Western Blotting 2l i@k b B Ar S A IR IL &,

beta~actin EAE NN Z, A TR TIFRIASLIGEE =K, Western Blotting Z5 R LK 7,
PP BRI
1. {3 B4 MR A CHO 2, o 25 (IR B AT T 58
2. [ AP 5X SDS-PAGE & [ ERELZ MR, WK N 10 438
3. HIMERBRAEE ARSI SDS-PAGE IRINEEFLN, 4L B 20 ul.
4. AHH] 140V fEE HIK 60 438, R0 WS Bk I i o Ak B R AT 1k LYK
v HLHEHLEH 100 V, (RIEEERET IR 60 4380,
6. R e HE S AU 1 B B TSGR A I BRI T 12 B R R
7. PRIR DS IRS) IR 45 8.
8. MMAFEREL I3, ERGASIRET & — /DI
9. AV, FERRIK B AR BEG: 5 b, LU 3 K.
10 IMAFRRELFIY — 4, FIREEENIT G/
LIy NSRS, AEPRIR S PEAN TR 5 70, Lok 3 IR
12, ALZ ROt .
13, fliH] Image J #AFX) Western Blotting &5 R A #HATEE DT
® o MARTEE AN RISE (4 Western Blotting KD
GFP CHIXRA & L HREZE D JNK3 R 8 i)
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W RAAS 22.06 + 1.78 8.01 +
i e i | 1.19 + 0.16 1.09 + 0.10
= 18.37 4+ 2.90 7.42 + 0.58

AN RIS & H RIS E R AR 7 51 =) SE 0 h RIS & MR/ MA

H#& A 0L, JNK3 Al GPP & A& A LR =0 & ER AL G, RiIEE 0758 4R
FERIRETE 7. 4220, 58 F5A 18.37£2.90 %, FAMEIHTEER S8, A LR
FE, FRATR LN T i A S H AR 2 E ORI RCR RIS B i R R
T E R R

A AR BB 03 3205 AT B R BUR R BT B PASEFL
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"N FME X B

1. P T R SRR B O TR, FRAbAE T 56 5 ] S SRR A g 4% 505 70 79 0t
AU FIRAT R 2 B AR R 2 BAROUAL, R 93 280000 P B BEAT SO 10
e, ANt B KRR (#5828 B e LR IE P 3

2. RIEBRER 1 Frd e IriE, HAribe e s LN =0 8K R R,
R s A5 e ST R R B 9 BL A Ay +oeees A, RSE MRS, KRS
A BUEEE R T, AT AL DNA P BI4E Biy Bpeeeee-B,; 5 b &fRLML, BIA
RIBE SR, T By Byeess-B AT E A BT A KK DNA ZAS 31, i 81 1A 5 P 7 e
L DNA J3° 51 G5 S8 =20 R ORI LA, B g h% B (15 N S XS 4 LAY DNA JP 3] 57
BEAT 32AAL, BB DNA P31 G JFHBRFABINBITERL Y, &AL NRIRIE T 5 D,

S S S . M EEEWER. BEA. BEA. SRRANERS; AR
FOESTEERD. HWEA. SWEAS, ARE LT RBEREEANARLIEEA;
PP A S RN EAM AN LGS R E A, SRR & O /U AT 52 8 /U,
PR 2 B2 AN BB Az, RS REZ RIS & E . AR T g LR SiE
AFFAEA IR T R PUET Faby ScFV. SdAb. HRAPUA . IR MHETUE. Fo RliA A%

.
T

4. MRAEBCRIER 1 8L 2 AR IR T E,  FORHE 2 Bl 1 S g 45 2R A 2 Bk
THER AU BUHAT R, BRI T & R85 L R S 7 21 1) K A 1
R, HHERAF SCEM A R BT RS A R i o B s A A P A
BB PURTEARABURE . Ui AN B 50d 5 52 DA A SR ie A2 B e R ARAE B A& 2 A T
B LREACRAL IS, TR IS 4 SR i R B

5. MIEBCRIZER 1 80 2 AR 7%, HARHIE 2 Bl (Vg% AR H 2 B bRt AL 7572
RIS 8 1 B4 7 AT A R, BT AT BE T R AL LA S5 BEREAL AR A, B
KBRS 8 B B LA 3 1) SR 0 R A B DR AT b

6. MRAEBRIZR 1 80 2 Bk A i,  FURRAE 2 BTk OO R AR Y 75 282254 DNA 7
55 i3S E HEE MFE. Codon Context AT CAL #HATHHEAEEY, FEARIEHEE P45 Rk %
AL E AP F Vi dnhs 731 .

10
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7. MRIEBREER 1 80 2 i A TiiE, A AE e prid s i etk Uik 2 A& T B
THREERERSG: L WAIMELERS: 20 RAKERS; 3) MEEGERS: 4) K
WP ERIE RS 5) MEFHNBERIERS: 6) HMRIERGMN 7) THREIERS.
8. MRIEBAIER 1 8L 2 P AL TiiE, HAFAE Pk s i r etk Uik 2 A& T B
N RIBHAE: W LIS BE R T RIS TR ISR AR R R A A . AR
RIS

11
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-, S
Fmsh e sy | B, RREE
HERBANE | s, SO

AP GERD BEEDNARFIES,
AT GIERLD SILDNAFFSISES,

= U R AR GREL RULDNAF#4Es,

Ar GEEL m{DNAFFFISRS,

BRI P DNAFEHIS’ e
¥ A R SAPMEAE Y :
MEARRG M e = g o mionarSIC,

Kl 1

1/5
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