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3 Al A
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A7 1

NGS(next generation sequencing)& °]-&3te] vl AAE #hRY 22 & F7|(insert size)E 7HA& WA
Gt A7) e AARE gro 2 93\ A7) (insert size)E 7HAE 184 GS AASE AE AR

)

71 @A a7 AR DA vE]l 2 2l=(read) S BHP S M D

_W‘_

ao\:]
= B39 (De Bruijn) ZYPZE o]&slo] 7] GAES 7[Wto g2 A I(contig)E FHo= AE L XYY,
A7) AE L Y] AANAL F)o R AAEE(scaffold)E 2P AT 2 YH

G F2} A% (single molecule map)ot 7] 2AWE=(scaffold)E 7]WHo 2 A3 @A (restriction enzyme)
s B3 FH-2ME=(super-scaffold)E ZH3taL, PacBio 11449 &5 W3} Illumina TSLR $HA 714

A s WS o]gste]l A -2 EFE=(super-scaffold) Ao H(gap)E HFH, AV FH-AAZF=
(super scaffold)?] 229 d9S HAFee FH-2MEE XYY, ¥

A7) -2 E = (super-scaffold)?] Y29} Wek(strand) BEZ 7]Wro2 A A (chromosome) LS % ¢
st GAA MY ="

& Xl AL Es 28 FxuT AsAE 75 A

AT 2

A 13}l A

A7) IS 7|Nte 2 K-mer A4S 33te] K-mer W% Ho]E(frequency table)S #53Fal, A7) K-mer
k=]

% Hlo]E(frequency table)g o]&3sle] A7) @<L o & (error)E l}'_ﬂ;}ﬂ%, A7] K-mer WX Hol&
(frequency table)d} A7) = FF9l (De Bruijn) Z#IZE o] &3t o] BAE A7 GAES VHIo R A7)
AE|Z(contig) S Z£HIE TBALES E33 FxEF AsAE 5 A .

AT 3

A 18 A,

A7) dqdn A7) DBl FEE fE(read) S FE P, AV @AdT Ar] 08Dl o] HE
(adapter) A Y= (read) & EPs, 7] dAE 7] =X G A HA5(quality
score) #ol v AAE R & LS HEHEea, 7] AFAEAA 23 oJHE (junction adapter)”7}

12
o

5

o
[

[e)
= =
23 g=(read)E FHHSH, A7) dAdy v 1AM Ge] wE AAE HoE IMHAEE AEE
(trimming) TEHALE 33 IxEF AFAE 75 &
AT 4
A1 A,

47 2ABE 2RV,

A7 A el A7) 1A ES A (alignment)dte] AA] ©H A7 (insert size)E FAsta, A7) AA o#H
A7) (insert size)S o|&3le] A7 AEt AV 11AMEE ymoz Ay AFNET (scaffold) S 2,
7] 2N E=(scaffold) A2 M(gap)S vl E TB8ALES X33 A2+ AsAE 15 A

AT7™5
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AA,
47 FR-sABE 2YRE,

X471 AT JA(restriction enzyme)E A ESlil, ¥E|Z WF(Optical mapping)ol 93] A v dd &
2 A% (single molecule map)e} A7) 2AZE=(scaffold)E 7|Wte g Melw A7) A3 &EA(restriction
enzyme) HEQ] HNE T A7) FH-2MEZ=(super-scaffold) & ZHstE TEALE S 133 23 F Ax
A& G5 FA].

AT 6

A1l A,

i
BN
i)

A7) oA B

r=AQd-719k A ®W3 dlo]E (nanochannel-based genome mapping data)E ©o]&3te] AV F¥-2Z=
(super-scaffold)e] 2x¥ 99& ASshe 38ALEE LFS Hx2u1T ASAE 5 FA.

ATE 7

A1l A,

A7 QA ME 2gHEE,

AAIEA E(GRCh38) el ™ (align)® 7] 79 -2=WE=(super-scaffold) o] 1A} Wa(strand) FEE 7]
Hto 2 7] AAA| (chromosome) AES 2HsE FBAES x93t Fx2qE AwAE 75 FA

A3 8

A 18 A,

A As A9 dolE(whole genome re-sequencing data)ZE o]&3&ko] A7) M A (chromosome) A ES x| 3h3}
=AY RS ¢ ITeE TEAES T AxEF AFAE 7EF ZA.

A7 9

TEAEE 2T FxxE AEAE 75 FHY AFAE 7FH PHORA,

NGS(next generation sequencing)& ©o]&3ste] wlg] AAH FHT} 22 FH Z7|(insert size)E 7HAE WA
Ax} 7] el AAE gEo 2 93 A7) (insert size)E 7MAE FHAAE S QS @A,

7 S a2 A LAA mlE] AAE Y E(read)E HEIH = B

T FF<(De Bruijn) ZLYPEZE o] &3l V] dA LGS YRR ¥ I(contig) & ZH= Ol
A7) AEze A7) A LS TNte g AAZ = (scaffold) S ZHsHE Ol

o H2F X E(single molecule map)ot 7] 2AWE=(scaffold)E 7]Wro 2 A3k A (restriction enzyme)
nE 53 -2 E=(super-scaffold) S ZH3+= @A,

PacBio Z1A4E a5 WP Illumina TSLR A A44E &l WHE ol&3ste] 7] 79H-271E = (super-
scaffold) 79 7 (gap)& wF+ T

A7) -2~ EE (super-scaffold) 2] @ZH JI9S HFs= oA, L

A7) -2~ E=(super-scaffold) e x|} Wa(strand) FARE 7|¥ko 2 A (chromosome) AEE %¢
st Al

g ¥3sle FRAES 23 FxRAE AuAE 75 U

A3 10
A9&ol A,

71 7A€ Z1(contig) ¥ TAE,
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A7) G EE 7INrO 2 K-mer #4418 $3)5}] K-mer ¥1% H|o]E(frequency table)S E53d:= wHA;

7] K-mer W1 H| o] E(frequency table)S ©]-&3}o] 7] @49 o (error)E HASE ©A; 2

7] K-mer WIZ= EHo]&(frequency table)®} 7] = HF<2A(De Bruijn) I EZE o] &3l od] BHAE A7)
GADE 7o ® A7) HE2(contig) E ZHaE AL

& Efete 9SS X% PR AuAE 5 .

A9ghof A,

7] Y =(read) ZHY A=,

471 @M dIt A7) AR Dl TEE HE(read) S BE Sk @A

7] SM AT 7] AL o SiE (adapter) A Fo] EIE H=(read)E BEIFG e @A

g7 et A7) AFA LA AelE Hr(quality score) ghol wiEl AAE gRu Ze MAS HE Y
= @A,

7] F Do e o] WE] (junction adapter)’} ¥3+E #=(read) S ZEHHS = @A, 2

7] G ER T B de] v AAdE dolg THNES A2 = (trimming) T
g ¥Pets TEALS TRY AREE AwAE TF W

AT 12

A&l A,

A7) 2AEE=(scaffold) 2H SAE,
A7) A€ A7) 1184998 AE(alignment)de] A4 ©H T 7] (insert size)E SAHdE WA,

A7 AA @A A7) (insert size)E olgst ] AE a9 V] RIS 7RteR Y] 27
(scaffold) & ZHst:= aA; &
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A7) 2AME=(scaffold) 9 F(gap) & WHFE A,

Zeg Fx AsAE 75 .
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A9 A,

7] ¥ -2INE = (super-scaffold) £¥ @A,

7] A|gk @A (restriction enzyme)E M€= ©A;, 2

SEE W (Optical mapping)ol <93l AAHE 7] ©@d A AZ(single molecule map)e} 7] 2EZ=
(scaffold)E 7|9re 2 Aelgl A7) Ad FEi(restriction enzyme) HEY HuWE Eaf A7) FH-ANES

(super-scaffold) & ZH3te= Al

g x@ehe FEALL ¥FY AXRE AFAE 7F Y.
A7E 14
A9&ell A,

A7) -2 E = (super-scaffold) A& AL

Urnxg-7)8k A W3 o)o]¥ (nanochannel-based genome mapping data)E o]&3dte] A7) FyH-AAEZ=
' =

(super-scaffold)®] £¥ A& HATshs AR o|FoX v oML 2T Fx2xT AHA
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A3 15

A9ghof A,

rr

A7) A2 A (chromosome) A E %9 w7

1 7HAIE A = (GRCh38) ol A ™ (align)® A7 73 -270E = (super-scaffold)2] ¢} Wk (strand) HHE 7]

= [<]
2 471 A8 A0 (chromosome) M E& ZHdb= Aoz o]Fo gEAdes ¥} Fxxe AwAE 15

ulo.

W

A7 16

A9l A,

A As A9 dlolE(whole genome re-sequencing data)E ©|-&3ked A7) o MA (chromosome) A LS X33}
= WHAE 9 X¥ete FEAES 28 HFxadE AsAE 75 Wl

AT 17

A9 A A16F F o= g o VA FEALES X FE2AT ASAE 75 YHS AFEHAA 28
A1717] 9l5le] AFHZE S = Ae 715 A AZE HFEH Tz,

FEAES 299 H2ET AuALE 5 A 2 UHd B3 A2 gL AASHAE NGS(next
generation sequencing) ¥AY 3%, PacBio 1A ¥ s%=, Illumnina TSLR A 4E s& 52 A8 2 93
A 2R T AnAE(reference genome map)E 551, &% wAHO](SNP, indel)E2 HAHE
= s =]
= o

= ate AA E e ek slo]t).

g7 e

A% (genome) o] & 3+ A F4 AR FFS oudtt. X F Al A=(reference genome map)i 3t
T 2 ¢ A Alm 4 EE 97 AE BE B ol $1x AEE ougtt. AR UE F(species)
Aoz A2 2 Ax ALS BAsa glow, 22 Fo v MA WA= fAEE AR AR g2
Ax AEE B8t vk, d7d], Az JAA= shH o S FE 3, <F 6dighd Ao
219k d#A e, Al AE BE olyE Alme] FERE AR Aol (17t fAA 2We JAx| e} 7
= ol F he] FAAI(2A, 2B) = vl A EAFH et e, QAZF Yol M= 53 Wol(structural
variation) @ 794 Wol(copy number variation)@} #o] ME tE Aln FX7F A% 20099 12€7
o= =9 BGI-Shenzen ¢7-4olA] NGS(next generation sequencing)Z ©]-&3}e] ofAjo}l(F=+el) 3+ W}
29l g W Axud AFAE ZMAAEE AE)E TRSGTE. 2 AT W19 Alm iyl ofAJoldl AlE

S, o AR 7 AFW AwARe Baye ofv@,

f

X

F2REF AFAEREE UE Aw A9 24e ol Ao, VIE/ETE 98S sed, W As A YGhole
genome re-sequencing) Wralel] 93] A S DNA vHH HEe YAE F2IEF AwA=o W (mapping) St
o7, EdWolE s 4= QA ®rk.  SNV(Single nucleotide variation)® #FZESF AEAE d¥] &
MY 717 2 Edwololal, indel(insertion or deletion)& Z-&(~50bp) 7] A e Zo] xjo]7} w8
sk EdWoels ougtt. olefdk SNV ¥ indel AA/NRJA/NAE ApolE wh=i= dlolw, Huhe] 54, AW
A 53 HRo] o, AW o F W AF upr BdE Fol wig- S8

AAHA FNE EE de novo Al 29 WAz AME FEREF AEAEE 1¥W B VIARRE F5
NRE F2 AR 2EEYeY, EF AJ/MAE AA/AA Eol™d Aw FF2 2 AHES Bt
ATk, =, 18] DNA A ES &838te] AuALEE FF3te 45, I duds g Fxxs: AsAEE
e ogls By ol A BolH Ndo] AEALE ol EASHA Hol, o|F I A AE delH

(whole genome re-sequencing data)E #Ash=d o], B2 Fo ELQ3 EAdwo|Eo] zolx) A Htt,
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kel FEEF AFARS A5, AFAA o W00l AR dEEe] ek, by Fdol £, Az
Ax BXo & 988 o= A0 AIEA E(human reference; @A ¥ GRCh38)¢ 7%, oF 509 Fgxs
o] AN 8E Ao = BAC(bacterial artificial chromosome) EF2& A|Fale], thakdt 0% 2 Jjels *3+3k
AEA LS %L%a}aigur, Nzﬂif RPCI-11(¥E+= RP1D)oj2h= 7Qle] BAC F&o] FR2(74.3%) AM&Ho] %
2 zyEJATe Y] [ 1] Fx). Fgh, QA AuAEE i ux AERE Zge Flo] ok, 7t A
W XEAAE 189 BAC ﬂfﬂkﬂ AHE-H AT
#£ 1
Library Fraction Ethnicity

CTB 0.016 Caucasian

CTC 0.021 Caucasian

CTD 0.043 East Asian

RP1 0.028 Caucasian

RP3 0.016 Caucasian

RP4 0.022 Caucasian

RP5 0.027 Caucasian

RP11 0.743 Caucasian/African

total 0.916
o2 A7 AEAme] Ao BT 1739 DNA AlRE &&3te] ZHFAT. ol [® 2]+ dAZA TR
e it FxuE AwAzelt. Heol, Aw/HA wlE oY AuAEES] A5, FE U E= 20

¥ 2
AEAE Ax A5 4 Fu=F
AN A=A E. BACEo]|HE =3} |Lander, E. S. et al. Initial sequencing and
GRCh38 o], Sanger 3F5WA 2 AE3E |analysis of the human genome. Nature 409, 860921
B (2001).

Seo, J. S. et al. De novo assembly and phasing of

AK1 PacBio 714 2 BioNano Mo & |2 Korean human genome. Nature 538, 243247 (2016).
S
Shi, L. et al. Long-read sequencing and de novo
HX1 PacBio 714% 2 BioNano map. & |assembly of a Chinese genome. Nat. Commun. 7,
%7 12065 (2016).
Pendleton, M. et al. Assembly and diploid
ASM101398v1 PacBio 714% 2 BioNano map . & |architecture of an individual human genome via
ESS single-molecule technologies. Nat. Methods 12,

780786 (2015).

Chaisson, M. J. et al. Resolving the complexity
CHM1 PacBio r2 PacBio 71 g% %¥ of the human genome using single-molecule
~ ~ sequencing. Nature 517, 608611 (2015).

Gnerre, S. et al. High-quality draft assemblies

HsapALLPATHS1 NGS Wl o7 d= =¥ of mammalian genomes from massively parallel
sequence data. Proc. Natl Acad. Sci. USA 108,
15131518(2011).
Levy, S. et al. The diploid genome sequence of an
HuRef AolF = o xel individual human. PLoS Biol. 5, €254 (2007).

Bai, H. et al. The genome of a Mongolian
Mongolian NGS WAl o7 &= =g individual reveals the genetic imprints of
Mongolians on modern human populations. Genome
Biol. Evol. 6, 31223136 (2014).

YH / YH. 2.0 NGS WAooz &5 %9 Li, R. et al. De novo assembly of human genomes
with massively parallel short read sequencing.
African NGS 2o = 3= %9 Genome Res. 20, 265272 (2010).

Dewey et al. +=3(Dewey, F. E. et al. Phased whole-genome genetic risk in a family quartet using a
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major allele reference sequence. PLoS Genet. 7, €1002280 (2011).)oA = 7] T/ME AAFAEE thito
&, 1000 Genome ProjectollAl AJAket =4 ~ FwWwo] HA3 Ax MY do|H(whole genome re-sequencing
data) 258 183 SNWWE A7F AlEA = FFAIA, AFTH(HRL, 521, FokAelRl) 2 FF(consensus) A1E
S WHEoA ERE Sk, 1Y, Dewey et al. =i AF, AMES A Aw A4E dlolH (whole genome
re-sequencing data)9] AJ@A wlg(Zo)7} H& HolEE &8s1gla, w3, FE(consensus) AEE SNV
s A8AIH Y. ESH, Dewey et al. = W82 de novo assemblyol gk Zeo] oy, 7]& oxH
AeAZed & AEs H8A120 Wil uigt Aoty o]o] Wi, & W2 de novo assembly® AlEA =l
high depth®] A% Al A <E dlo]E (vhole genome re-sequencing data)E AF&3}e], SNV} Bl &E©] indelel of
AAE FJeto] T5 AEE AEAIZATE HolA Zpol7t At

oyl dA7kA waxE gddt Ax A% BN 9 8%, PacBio 1144 15, Illumina TSLR 214
4 3=, OpGen whole genome maps, BioNano maps)S sAlo] A&3le], 1FEZ9 1Heo IExIEF ABAEE
TEake Wyl digk Aotk aga, B Iwe Juo] IF AEE BAgdte HERAT AFAEE 53
3, 22 49 high-depth A Al A <E dlo]E(whole genome re-sequencing data) 25 F&F =0
(SNV, indeD)E& FFAA AdsEs F2iT ASALEE F5F3h= W oig Ao,

i

=

HY7l e

53]£¢

(53] 0001) st=F7053] A12006-0052710% (¢ ZHE B ¢ FUWAE B A EYo}) 2006. 5.
19. S8 12 7154 DNA 849 Ml ailde] Als AuggdozA, E3Fd lde dA AsrE, st
W oolde] ARRE BE AREE 99 22 AA A e dF F9)lA DNAC] g g de] AgS A

Abake whgel tiak o] AAE o] ik,

g J§
ddstel= A

B odlmgo] o]|Fux} di= 7]%4 A=, NGS(next generation sequencing) @A <E &%, PacBio 71AM Y &%=,
[1lumnina TSLR 714 E &5 59 A4 2 913 7]1&& 83t IFE7qF AwA=(reference genome map)
& 7535k, T% EAWl(SNP, indel)E9 ARE 759 FxxF AFAE FFs= TEAEE e
1 =

FEEE AEAE 75 34 2 PEe AT o ok,

PRERE EPR)

A719) 71Ed BAE Edshy] 9 B oyl
NGS(next generation sequencing)Z ©]-&3to] mjg] AAH
a7 F7] vE AAE R & 9 =27 =

M} 7] AFAALANA v AR B=(read) & HEH = A ; = 5F(De Bruijn) L=
Z o]g3lo] A7) dMdS J|mow AE]I(contig) E FHIE A LR B = e A e O I K
S 7Hro g A EE(scaffold)E ZHoe 2MEE 2HYE, @Y 2 A =(single molecule map)<l 7]
MNE=(scaffold)E 7]Wro & A3+ FA(restriction enzyme) H]uE T -27] &= (super-scaffold) =
Z93ta, PacBio 71M<E d1% w3 Illumina TSLR 34 7144 3 S o] g3t 37 1’-?31—)\7]1;“:
(super-scaffold) 2] H(gap)S wlHH, 7] F73-2fE=(super-scaffold) 9 2% A9 HFs= +
H-~AZE YR D A7) -~ E=(super-scaffold) e X9} & (strand) FEZ 7)oz Az
(chromosome) A ES ZH3lE G4 MY =HR; = £330},

ABAE T5F FX=
71(insert size)E 7}A|&=

1
RS QD AR 7] G

-
‘1E to [y o
) BN
=
N

>

iy o
19
)

i
(o2

-

A7) AE2 Z2HPEE, 7] d-LES 7R Kmer ¥4S F33t] K-mer WX H|o]E(frequency table)<
8535ta, 7] K-mer WI= Elo]E(frequency table)S o]-&3le] A7) @A E9 ol (error)E RASH, A7
K-mer H1%= Eﬂol%(frequency table) ¥ A7) = FF(De Bruijn) LU ZE o] &3te] og BAE 7] @M
S 7Nke 2 A7) AEI(contig) & FHE 4= Ut

HP R =, A7 DT 7] gL AAN TEE g =(read) S FBEPSIaL, 7] @A 37

371

X
e

_8_
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A Gl A o] ¥ (adapter) A Eo] X&d T =(read)E FEHIH, A7) @xGy A7) FAMGollA &y
Bl " (quality score) #ol Wg A" #guo 22 AEES dHPsa, 7] 084

(junction adapter)”} ¥X3®d #=(read)E ZHH3IH, 7] @A 7]

A =% A= (trimming) 4= AT},

| =, A7) A e A7) 18 LES HH(alignment)se] A ©A
%@33,ﬂ71§ﬂlﬁﬁﬂiﬂﬁma¢sm@§*ﬂ%ﬂ@ A7 A€ s A7) NR/ANGL oz Ay AAE
Z(scaffold) & ZH3M, 7] 2AMZ=(scaffold) 39 HA(gap)= WEH = .

A7 FH-2ANEE ZYHEE, 7] ATt & (restriction enzyme)E A®Eli, JEH 1]‘(ptlcal
mapping)°ll ols] AAH A A} A% (single molecule map)$} 7] =l E=(scaffold)E 7|Hlo 2

S8 7] Ak S (restriction enzyme) IE ] WlaE Fal 7] FH-2INE=(super-scaffold) & =¥ %

N
—~
o]
1%
[¢)
=
=
»
N
@D
~—
i

T
~
i
1o
A

o

A7 -2 ZE 2HEE, Ye=Ag-7dk s W8 dlo]E (nanochannel-based genome mapping data)E ©]
= E (super-scaffold)®] x4 949& A5 + At

-2 ZE = (super-scaffold) e $

o)

71 A D 2HE =, A =(GRCh38) Ol FH (align)E 7] 57
A °
= AN

e

4 &

°

A As AE dolE(whole genome re-sequencing data)E ©]&3Fo] 7] G M A (chromosome) A LS |33}
= A48 AgEE o 28 5 g,

FEALL TP FREE ABAE 15 Ee, I

2718 713 JAE %"*33}7] gk 2 dtgo) u}
® |+ 4219 AEAE 75 o Z A, NGS(next generation sequencing)E o]-&3sfe] wjg] A
AE FHg #Ze ‘i‘rfﬁ 7] (insert s1ze) A= dAgy 7] v AAgE R & 9 =27 (insert
a5 Aiste @A A7 dAEE A7 ARAGAA g A4E HE(read)E Z2H T

st oAl = FF<21(De Bruijn) :’—Eﬂii— o] g3te] 7] dAESE 7INte g AE 1(contig) & ZHdhE WA
471 AEeh A7) AAANLE VWe R Al ES(scaffold)E FHehe WA @Y Ak A %(single
molecule map)$} 7] 2IMEE(scaffold)E 7]WFC 2 A3t & A(restriction enzyme) H|WE F3] 73-271
ZE(super-scaffold) & ZFHsh= @Al PacBio IIAE dl5 W3} Illumina TSLR &4 A4 35 ¥HS
o]gste] A7 FH-2AEE= super—scaffold) Fel A(gap)S WFE WAl AV 73-2NE=(super-

scaffold)®] 229 d9S A3 9, 2 37 F3-2E=(super-scaffold)2] A9} W3 (strand) 7
BE 7lvto 2 A A (chromosome) H%ﬂ_ Zgsl= 9A & xgsi).

(b

¥

d

7] AE Z(contig) ZH WA=, 7] @dHEES 7|Hte R Kmer #A4S 5] Kmer W= EHlolE
(frequency table)S 53t WAl 7] K-mer WIXE Elo]E(frequency table)& o]&3slo] 7] whdel o

H(error)E BASE @A 2 47 Kmer RI%E Ho]E(frequency table)® 47] = FF<1(De Bruijn) L]
T2 olgete] de RAdE 7] dALS vIter A4Y] AEdA(contig)E £HSHE WA E 2FE 5 Sl
27] Bl=(read) BHE WA=, 7] SAEH A7) AL SHE g =(read) & ZE P WA 37
Az A7) 8o o HE (adapter) AEo] E8E B =(read)E TE Y= WA A7 dXE
7] A DA E#E H5(quality score) #hol w1 *Xéﬂ FEY ZFe qdS e HseE aA; 4] 2
ALl Al 43 olWE (junction adapter)”7} 23Hel #]=(read)E FHH 3= Wil 2 A7) g 7] 1
Axdoel vzl A4E dolg 7HAEF A2=(trimming) @A E 28 5 .

A7) AAEE(scaffold) 28 ©A=, A7) AE o] Ay 189S AA(alignment)dFe] A @A =7
(insert size)E FASE @Al A7) A4 &H A7](insert size)E o]&3le] A7) A¥|aet A7 114 LS
ZIdto 2 A7) &= (scaffold)E XH3e A 2 7] 2lE=(scaffold) B9 A(gap)S HIT+ &

AiE 3T & 9k,

o o

A7 -2 E = (super-scaffold) ¥ SAIE, 7] A @h(restriction enzyme)E AEste= @A, 2
=B W (Optical mapping)el <93l AAHE 7] ©@¢d A AZ(single molecule map)e} 7] 2E=
2AE=

(scaffold)E 7|¥to & AMelg A7] 73 FA(restriction enzyme) ¥ H|WE Z&) A7) F7¥-
5

(super-scaffold) & ZH3l= GALE 2343 4 Q).

A7 -2 EZ = (super-scaffold) A5 A=, Y=A@-719 Al W3 dlo]¥ (nanochannel-based genome
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[0036]

[0037]
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[0039]

[0041]

[0042]

ZIHS3d 10-2018-0083706

olg fdll, AsAE 75 FX(100)= AL AAF(110), AE HEHHF(120), ZE L Z2HF(130), ~NEE
(140), F7¥-2AEE 2H5-(150), FA4A A 295-(160) 2 Ad A2(170)= 3 4= 9t

I
I

Ad A2E-(110) = NGS(next generation sequencing)E ©]&£3to] njg] AAE Ftro 22 9¥H = 7](insert
size)E 7FA+= ©@AE(short insert[short paired-end])Z} W] AAH R} & @A A7|(insert size)E
7IA= 12949 (long insert[long-mate pairl)S AAFSICh  of7)A | nmg] AAE e Kb(dH 7)Y <
Atk F, AE AAF(110)= Kb B} 22 @A Z7](insert size)E 7FA+w= @427 1Kb Bop & @A 3

71(insert size)E 7HA& 1AM EE A 4= o),

Al Adstd, E 29 (a)d E=A" vked Zol, A4E AAF(110)+= NGS HAS o] &3t AlEAEY %<t
(scaffold)S F-F3l7] ¥8l ©A G (short insert [short paired—end] insert size 1 Kb w¥h)3} 71#8MqY
(long insert [long-mate pair], insert size 1 Kb o])& =% AAFE 4= ). o]u, DNA glolB &g A2}t
2, @AEe S Illumina TruSeq® DNA Sample Preparation Guide. July 2012, 18 <Ee] 7% Illumina
Nextera® Mate Pair Sample Preparation Guide, January 2013 7]A1¥ a8 &3k 4 9l B wlrgof A
= 9Age] A9 @¥H A7) (insert size) 7|5 170bp, 500bp, 700bp2] lolH 7], 718 L] oTtbﬂiﬂ
(insert size) 715 2Kb, 5Kb, 10Kb, 15Kb, 20Kb glelB &7} ++5F 2 s5H A, o]o] uE NGS A <€ 3%
A= ofefo] [ 3]3 2t

il

Z 3
Type Insert Read length |Number of read |Total data |Sequence depth (X)
size (bp) pairs (Gb)
254,562,947 51.42 16.59
170bp 101 246,624,330 49.82 16.07 48.69
Shor t—inser 246,007,078 49.70 16.03
t size 246,418,836 49.78 16.06
libraries 500bp 101 230,109,465 46.48 14.99 46.71
240,361,539 48.55 15.66
207,193,678 41.85 13.50
700bp 101 188,159,956 38.01 12.26 39.17
205,873,335 41.59 13.41
196,290,337 39.65 12.79
2Kb 101 232,858,099 47.04 15.17 38.22
157,507,662 31.82 10.26
152,201,289 30.74 9.92
Long-mate 5Kb 101 177,874,430 35.93 11.59 32.81
pair 173,383,733 35.02 11.30
libraries 205,215,277 41.45 13.37
10Kb 101 209,859,354 42.39 13.67 40.05
199,617,521 40.32 13.01
156,336,183 31.58 10.19
15Kb 101 166,036,249 33.54 10.82 30.65
147,927,209 29.88 9.64
181,506,276 36.66 11.83
20KDb 101 177,434,679 35.84 11.56 34.72
173,929,946 35.13 11.33
Total 4,773,289,408 964.19 311.02 311.02
A FEHYE(120)= 9GMDT} =MD A vg] 4AE fS(read) S FEFSTE, o714, ua AAE 7

E(read)= TEY #=(read), o9 E (adapter) AHo] E3t¥ ¥ =(read), B E H(quality score) #t°]
vy AAH gk 2o 9 Ag o)W (junction adapter)7} EFH F=(read) & 3},

oAl A, A9 FEPR(120)= llumina 315 7]AlA Adtd G ds} 4420 Jad 15 7
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[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

ZIHS3d 10-2018-0083706

H = (read)$t o€l (adapte
2tk ole} e S 9 B

EAEE 47 8, s dAdEd 2 0FZAE F PR AAHAA A= F
¥ 2= (read), B ¥ (quality)”} F2& B E(read) o= AAL F
ol A= ZZF PrinSeq, SOAPfilter, cutadapt T EI:MEo] A& E T},

H g
=
o)
S

=, A9 JEHEF(120)= GALY ABA LA FHE gE(read)E FEHE T 4 . oA AWstd, @
AE AAG] golBd Azt A4 F, AE xS &olstAl d7] 93 PCRS ol &3] DNA 2455 &
3k HAgo] k. o] Ao A ol ge] FUS Aol FHOE ANF dFo] Ho] Hge FxEFE A
FAEE V= EF83 847 ALHA v, o SHE Z=(read)E AV 3 AE HHPF
(120)= €8S gy, oluf, & droA A&d Z2 T3S PrinSeq(lite-0.20.4)0]t}.

agja, A9 FHER (1200 dAD3 IF4LA o fiE (adapter) A del EFE 2l=(read)E ZEHIP T
T oAt v Al dAda I8 de] Ad s A F 2l=(read)ol o] HE (adapter) A Fo]
(Forward adapter : GATCGGAAGAGCACACGTCTGAACTCCAGTCAC, Reverse adapter

GATCGGAAGAGCGTCGTGTAGGGAAAGAGTGT) 23td ] =(read)”t EAlat, Aget FxxE AuAE 2H3& 3] A
A FHPEF(120)= ook & Y=(read) &S A7, ojuf, & Irgolx AREH ZEIFL2 SOAPfiltero]

=

w3k MY HEHF (1200 SHAEH =X Go A delE "S- (quality score) kel mlg] AAdd g} 22
AEs dEHTE = v, g AEed, slsd 9dAEn 18448 4 Adnit) dldste Z28EH A"

(quality score) #= 7FAAl dAdh. AZx 99% o]/de] A4S A7 sl AglE A5 (Quality Score) 20&
7o 2 FEE H4(Quality Score) kol #@l=(read)d H+t 20 v wf, AMd IHHF(120)= T A4E

S g3y, =3, 7 E]‘:(read)oﬂ X3gtH N base(ambiguous base) 7049 H]&o] s @ =(read) Zo]
o 5% olgd u, AM¥E HHIAF (1200 AT ALES FEHHIG, oy, B wgoi AlgH Tz
PrinSeq(lite-0.20.4)°]t}.

ada, AE ZEHHF(1200E 18D He oWE (junction adapter)”’} E£3E #E=(read)E TEHHP G
T Atk oA AEsid, dEE A Ee] B9 A A JF oJ9WE (junction adapter)”7t WEIA A
Qo] =E3E 4 k. A9 Z2HY Het o]YE (junction adapter)”’} EFHE ZE(read) S Zet
(trimming) FZXF ATAE S2HY = UE QAE AAZT. oju], B oA AMGE T2

138 cutadapt(vl.1)o|t}.

EE, A9 REPR(120)E SN 7] ALl ve APR AelE RS AF(iriming F At
oAl dEsiE, Y REFR200E AL A5719 544, d5E Adel 5 wa W 3w R A

(<3

2|
al= Ao (quality)7} BolAl&= F&34 & 4 ‘JrE]rUrE Poly-A tail¥} 22 A4 2Hd 9FS = +
= FEs g4Edow ook, oA, ‘%"10&0 - 90bp7tF HEE 5' Uk FE9] 3base H 3 HHk FiE
o] 8baseE ZEH(trimming)WiL, 7 ”\1%9] 3! ”LU} BES 7722 g =(read) Zdol7} 49bp7} HIEH
oF Ao (trimming) vk, ojuf, 2 Aol A AP%% ZzaRe AAHoz MEe scriptE AMEEITH

ool mhE MY BEY At el [E 419 2.

Z 4
Type Insert size|Read Number of read Total data (Gb) |Sequence Depth (X)
length pairs
(bp)
238,901,578 43.00 13.87
170bp 90 225,934,916 40.67 13.12 40
Short-insert 224,145,725 40.35 13.01
size 220,100,704 39.62 12.78
libraries 500bp 90 207,716,033 37.39 12.06 37.57
219,165,329 39.45 12.73
189,043,000 34.03 10.98
700bp 90 173,545,699 31.24 10.08 32.24
192,535,557 34.66 11.18
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[0052]

[0053]

[0054]

[0055]

ZIHSd 10-2018-0083706

102,368,796 10.03 3.24
2Kb 49 118,485,351 11.61 3.75 9.64
83,704,400 8.20 2.65
74,199,538 7.27 2.35
Long-mate 5KD 49 93,060,115 9.12 2.94 8.08
pair 88,156,446 8.64 2.79
libraries 52,521,514 5.15 1.66
10Kb 49 54,759,429 5.37 1.73 5.03
51,874,811 5.08 1.64
60,904,413 5.97 1.93
15Kb 49 55,631,632 5.45 1.76 5.3
51,042,581 5.00 1.61
20,374,949 2.00 0.64
20Kb 49 26,561,512 2.60 0.84 2.08
19,032,195 1.87 0.60
Total 2,843,766,223 433.77 139.94 139.94
AEZ Z2HHE(130)= = & (De Bruijn) I ELE o] &3l LS 7IWkeE ZE] I(contig) E FHIC}.
%, A Z2HEHF(130)E HALES 7o 2 K-mer 48 $33}o] K-mer Y%= H|o]&(frequency table)S &
Egitt. oA ddetd, A8 Bxus AEAE S YA dlsE dAESE o8t Ase AVE S
Zeia= I 271 545 Y8 E Kmer #41& Fastojol shed], Asiz K ghol whgh ©xgde] =
(read) &5 K 3t Holwhg z/MA, 2R 27t AFE o] &3t Kmer WX ];;(frequency table) & &
Setal Al A71E S8 Kmer=179 A5, A TG,W}%@a:éﬂ%E% o1 477, °F 16Gbe] Ay =
717 A] EA o] H+= Al g W w7t S8 49 Kmer A717F 2545 B4 A¥gwrF . 2
o] g HEEFE AluAE g elA= 1X1§}€#E°”]ﬂﬂ,KMF%€ o835t A5,
ojuf, 1 oA AME Z 2132 SOAPec©]t}.
agl3z, A % (130)= K-mer H1%E H|o]E(frequency table)E o]&3to] A7 ©hde] o8 (error)E
HAG, oAl AW, AEe e 2(contig) 2HE A8 K-mer 4] 4ol A AGE Kmer HIE HolE

(frequency table)<
(heterozygous)©] A},

¥ 5

ol-gsted, wia(depth)7} w2 H-29] K-mer ZZbEe] gy
A B B4 o (error) & e
M= GLdZ )53 170bp, 500bp, 700bp eholHefgle] zbzt g8kl o,

olo] W& ol#] A (error correction) A= ol#je [E 5] #}.

4 A7]9 BA(correction) 3T},

oA
oju,
AL L2732 SOAPece]

o1 A

B

R

Insert Size

Library

bases ratio

Error corrected

KRO1 PE_170_L1 1 0.0569%
KRO1_PE_170_L1 2 0.0640%
170bp KRO1 PE_170_1.2_1 0.0725%
KRO1_PE_170_1.2_2 0.1675%
KRO1 PE_170_L3_1 0.0716%
KRO1_PE_170_13_2 0.1715%
KRO1_PE_500_L1 1 0.0729%
KRO1_PE_500_L1_2 0.2081%
500bp KRO1_PE_500_L2_1 0.0684%
KRO1_PE_500_L2_2 0.1718%
KRO1_PE_500_L3_1 0.0840%
KRO1_PE_500_L3_2 0.1615%
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[0056]

[0057]

[0059]

[0060]

[0061]

ZIHSd 10-2018-0083706

KRO1_PE_700_L1_1 0.1074%
KRO1_PE_700_L1 2 0.2794%
700bp KRO1_PE_700_L2_1 0.1182%
KRO1_PE_700_L2_2 0.2401%
KRO1_PE_700_L3_1 0.0757%
KRO1 PE_700_L3 2 0.2625%

ol

o FUKO N2 9

w3, AY T FHF(130)= K-mer W1E Ho]E(frequency table)®} = F-F<21(De Bruijn) ZL#ZTE o] &3}
o] BA(error correction)® TGS 7|9to 2 AE I(contig) S ZH3th. oA Awetd, = 29 (b)
SAlE kel o] ZIETL 2HF(130)= AE HEH F olg] BA(error correction)® TALES ©]&3lo
ElL(contif)E ZHET. ojw, & WA= o =Y uYE F = FFA(de Bruijn) L
o]ga 2zl SOAPdenovo2(r240)E Algate] HAEL(contig) & ZHIT. =, F F A I
(pregraph 374 : K-mer #koll W&} K-mer] ¥1X%= Hlo]&(frequency table)S AAE / contig 34 : BHE¥E
Hlo]E(frequency table) ¥ = H-F<2l(de Bruijn) 2#Z duzlES o]&3te] AE]L(contig)E AAHS
AAA e L(contig)7h WA HA O K-mer #t& 371 913, 29, 39, 49, 55, 59, 63, 69, 75, 79°] K-
mer gl W3l ZAE L(contig) £HE FH(FLS K-mer el wheh =9 ATE &l &, k=555 &gt o]

T 24 FIgHEt. old wE ZE L(contig) W AIE ofe [E 6]3 Et.

HZ6
K-mer size |All sequences Longer than 100 bp
Total size Longest N50 Total size Longest N50
29 5,187,304,717 16,946 90 2,275,359,750 16,946 1,099
39 4,459,796 ,947 35,726 300 2,529,816,579 35,726 1,939
49 4,066,593,737 51,838 980 2,740,134,913 51,838 2,375
55 3,860,731,497 44,789 1,447 2,915,054,629 44,789 2,559
59 3,744,446,380 48,982 1,773 2,990,197,206 48,982 2,735
63 3,641,677,654 54,683 2,113 3,029,961,853 54,683 2,964
69 3,524,281,519 54,689 2,589 3,072,247,309 54,689 3,295
75 3,429,622 ,648 62,488 2,918 3,097,380,667 62,488 3,466
79 3,343,414 ,611 80,399 2,789 3,086,359,621 80,399 3,187

—

2ANZE ZYR(140)= AE L(contig) St UNHAM AL 7oz ~FZE(scaffold) S Z YT},

%, 2AEE 2HF(140)= AE Z(contig)el NHAALE HH(alignment)dto] AA ©@H A7) (insert size)
S 4%, oA Adgetd, dlsd dAd, UAAEY HAA @i A7) (insert size)E T3] HE $A A
A9 AEZ(contig)dl @Gy 1#HAS AHH(alignment)dte] 2z glojBeje]™ A W =7]|(insert
size)9] ALY HTF HAE FAHICE. oju], B Ao Agd HH(alignment) ZZI1W-S Burrows-—
Wheeler Aligner(BWA, v0.7.7)%} Samtools(v.0.1.19)o|t}.  AAw BAM el oA Aol sl k(1
Y= (read) 9 2H F=(read) Fe] FH(alignment) AF)E ol&ste] 2zt oluyed @A A7|(insert
size)E A3, o, B doq Algd ZRaRe Ao R SN LE scriptE AMESAT

aga, AAZEE Z2HE(140)= AA 93\ Z7)(insert size)E o] €3] AE L(contig)et 11RALDE 7|Nko
2 ~AAEE(scaffold)E ZHETH. oA AWEEH, & 29 (oo ZAE vked Zo], 9A A" HE
(contig) A4y dAd 2 0&44d, T dA ALkd dA =7 (insert size)d e o]&3lo] =A==
(scaffold)E =gttt o|uf, fg=HaloF s+ @ A7|(insert size) &9 A%, @H A 7](insert size) 3
o] 20%° MGt S HT AAE AREEGT. 2AEE 2HEF(140)= F 7 7H AA(nap A4 0 UH
ZI(contig) Mol wAHd 2L &AM ES AHH(alignment)$t / scaff FH : A€ L(contig)o]l HH
(alignment)® A3} @A F7](insert size)e AHE o] 835}o] AEZ=(scaffold)E FH)S AHA 29F
E(scaffold)E 2HIT}, ojuf, B wgox A8 ZzZT2L8 SOAPdenovo2(r240)o]th, old wE AJfE=
(scaffold) ¥ Z¥= ofdle [ 717 2},
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[0062]

[0063]

[0065]

[0066]

[0067]

[0068]
[0069]
[0070]
[0071]
[0072]

[0073]

[0074]

[0075]

ZIHSd 10-2018-0083706

£ 7
Scaffold
Size (Mb) No.
N90 3.09 178
N80 6.45 116
N70 10.45 81
N60 16.16 59
N50 19.85 42
Longest 81.91 -
Gaps 1.65 % -
Total (= 200bp) 2.92 Gb 68,170
Total (=10 Kb) 2.88 Gb 1,243

g, 2EE 2 (140)E 2E=(scaffold) Ao H(gap)< "ttt thA] AW3IA, AdE 2NE=
(scaffold) Mg ©&4d 2 71#AMLe & A7|(insert size) TF2 AZE AH9A £33 HE(N base)o]

g EAEA ==, o] & M(gap)olzhar gl olelgh F(gap) FEO AEE AMr] Ha gap
closing &< 2H WHESA g}y, oW, & wyoA] AR ZRIHL gapcloser©|th.

FYH-2EE ZYR(150)= @Y B2} A %E(single molecule map) 9} 27 E=(scaffold) S 7|HEo & -2
N EZ= (super-scaffold) S ZH3sIth., THA @“35}“4 2IMEE=(scaffold)E FH-2=ME=(super-scaffold) =
gA17171 913, OpGenikel % e

FH-2AMEE ZFHFE(150) = 99 22 X =(single molecule map)et A7) 2N EE(scaffold)ES 7|Wto
A¥t G4 (restriction enzyme) W|uE F3] 73-2712& = (super-scaffold)E FH3c}.

3 ©lo]E(whole genome optical mapping data)E &E3it},

o

oluf, FH-2MNEE ZHIE(150)+= Ad EA(restriction enzyme)S AEE 4= v}, A A %9
2IMEE(scaffold) MEE o2 AFe A8 FA(restriction enzyme) S A&y, o], =
o] AaArS WO F average fragment size(AFS), usable sequence information®] %, large fragments
o 7|9} & FAHs Y HAFHor HEget A Gh(restriction enzyme)S Genome-Builder™ #21& F3}o]
AA g,

}_

e &

e ;E
i

2

At @4 (restriction enzyme)2 FAAQ AH WHE vy P,
- usable sequence information % (5-20 Kb) : 90 % ©|

- usable sequence information % (6-15 Kb) : 70 % ©|%

- usable sequence information % (6-12 Kb) : 60 % ©|%

- average fragment size (AFS) : 5 Kb o4

Qo] =HS WSt Ad @A(restriction enzyme) %, number of fragments > 100 Kbe] 7W4=¢} large
fragment 2] A7]17} & AL AA3C},

ol WE A|d dA(restriction enzyme)2] A8 A (Spel Ag a4 A== ol [# 813 £,

# 8

Enzyme Usable% Usable% Usable% Ave. Frags # of Frags >|Max Frag
5Kb-20Kb 6Kb-15Kb 6Kb-12Kb size (kb) 100kb size (Kb)
Af1T1 25.12 10.31 10.07 4.58 4 117.49
BamHI 94.94 82.36 72.76 8.08 19 159.82
Kpnl 98.76 91.89 69.64 10.35 50 154.09
Ncol 17.1 3.37 3.35 3.85 0 84.46
Nhel 98.08 89.26 65.1 10.67 62 149.61

Spel 94.8 73.17 67.9 7.44 63 196.12
Bglll 7.01 2.12 2.07 3.79 1 104.69
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[0076]

[0077]

[0078]

[0080]

ZIHSd 10-2018-0083706

EcoRI 7.86 2.87 2.85 3.65 0 71.37
Mlul 0.76 0.23 0.09 130.62 9422 1529.97
Ndel 12.35 6.4 6.21 3.25 3 105.73
Pvull 2.2 0.4 0.4 2.7 3 149.7
Xbal 9.27 3.33 3.26 3.64 3 147.38
Xhol 26.46 11.1 4.88 23.64 2612 372.38

¥ o, H-2AEE 2HE(150)E SEZA W3 (Optical mapping)ol 93] AdE ©d X A
molecule map)®} AAZE=(scaffold)E 7|Wro 2 AElEl A3 FA(restriction enzyme) &L H]
FH-2Z = (super-scaffold) & 2HE 4 Adth. oAl Awstd, & 29 (d)d =AE #pe} o], ~E=
(scaffold) A9y} €A W (optical mapping) WA o ZRE HAE @ B2 X =(single molecule map)
S AF &4 ¥l (restriction enzyme pattern) H|E E3lo] A Y3tk oju], 2 @A = Genome
BuilderTM& &&3le, ~NZ=(scaffold) A2 AeE A3 FA(restriction enzyme)e XS 743},
A8k Fr-2AE = (super-scaffold) S 918to] 2AF=(scaffold)= 200 Kb 23] 7wk tfdo= &
@ E2} A %(single molecule map): 250 Kb o]AFe] =7|wk &&3ktt. o]F AJ|E=(scaffold)e A
5 @ A(restriction enzyme)? 9X¢} ©@d 2 X %Z(single molecule map)®] A3 A A(restriction
enzyme) 2 $1x AHRE &83}9], extension®] 7}e3 2IfEE=(scaffold) 9 2AHEZEE(scaffold)E A=E A2
AlA, FH-2NE=(super-scaffold) S FH3F., olo] wE @ EA X %E(single molecule map) B 2

Hi= olgfe] [E 919F #, -2 E=(super-scaffold) ¥ A= ofgiel [ 1013 ).

#Z9
Summary of SMRM data Maps used in analysis
Total Size (Gb) 745.51
Number of Molecules 2,071,951
Average Size of Molecules (Kb) 359.81
Minimum molecule size (Kb) 250
Average Size of Fragments (Kb) 13.24
£ 10
Whole-genome
optical mappingS 8% super-scaffold =¥Z23
Size (Mb) No.
N9O 3.86 140
N80 9.45 92
N70 14.47 67
N60 19.56 49
N50 25.93 36
Longest 101.22 -
Gaps 1.75 % -
Total (= 200bp) 2.92 Gb 68,103
Total (=10 Kb) 2.88 Gb 1,176

adar, - AAEE 215 (150)= PacBio XIM A @l Wt Tllumina TSLR &4 ML alE WS o6
sto] 7l FH-2NE = (super-scaffold) 49 H(gap) S Wt oAl Adstd, & 29 (e)ol =A1€ Hieh
Zol, -2 E=(super-scaffold) &<l M(gap)(F7] AE 'N'o=Z x7))S wWH7] H3te], F /7 1A
A allEs s, o, I W ellA = PacBio 1144 S5 WA Illumina TSLR A D a5 W24
ggstt, oy UMLEE A0 dEEH, consensus sequence(olE] ME ARE FA &= wA)E TEs
o7 NMEe 977t HA%t HEE PBlelly2 213 (version 14.9.9)< default optiono @ 33t} o]
of wE PacBio 71AM4E &l Ay ofgle] [ 111(PAC2 chemistry) R [3 12]1(P5C3 chemistry)o} #aL,
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Illumina TSLR @4 71494 &5 2y otele] [#F 13139 oW, #79-27)Z=(super-scaffold) A< 7
(gap)< Wl A¥+= ofgfo [ 14]9F 2T,
F 11
[0081] Size Number of bases (bp) Number of reads Mean length (bp)
~2kb 2,200,375,125 2,023,326 1,088
~3kb 2,598,138,881 1,054,927 2,463
~4kb 2,253,729,183 650,819 3,463
~5kb 1,993,913, 569 445,503 4,476
~6kb 1,868,335,867 341,037 5,478
~7kb 1,692,679,373 261,244 6,479
~8kb 1,490,151,540 199,293 7,477
~9kb 1,264,147,938 149,166 8,475
~10kb 1,025,254,470 108,261 9,470
10kb~ 2,404,653,532 202,921 11,850
Total 18,791,379,478 5,436,497 3,457
I 12
[0082] Region Number of bases (bp) Number of reads Mean length (bp)
~2kb 376,691,922 352,650 1,068
~3kb 448,189,058 179,744 2,493
~4kb 581,090,138 166,158 3,497
~5kb 707,030,086 157,272 4,496
~6kb 815,006,427 148,315 5,495
~7kb 905,881,157 139,481 6,495
~8kb 978,965,060 130,607 7,496
~9kb 1,063,290,046 125,158 8,496
~10kb 1,084,089, 752 114,232 9,490
10kb~ 5,347,185,274 406,019 13,170
Total 12,307,418,920 1,919,636 6,411
FZ 13
[0083] Region Number of bases (bp) Number of reads Mean length (bp)
~2kb 1,745,885,089 1,627,362 1,073
~3kb 1,227,839,348 498,112 2,465
~4kb 1,200,052,670 345,449 3,474
~5kb 1,170,624 ,980 261,313 4,480
~6kb 1,141,935,546 208,259 5,483
~7kb 1,132,652,780 174,578 6,488
~8kb 1,358,992,691 181,044 7,506
~9kb 2,532,232,743 294,819 8,589
~10kb 2,879,791,577 304,656 9,453
10kb~ 1,910,098,184 181,128 10,546
Total 16,300, 105,608 4,076,720 3,998
F 14
[0084] AXEE 283 3] 227 (gap closing)
(PacBio and TSLR)
Size (Mb) No.
N90 3.53 143
N8O 9.26 93
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[0086]

[0087]

[0089]

[0090]

ZIH=dl 10-2018-0083706

N70 14.53 67
N60 19.36 50
N50 26.08 36
Longest 101.48 -
Gaps 1.06 % -
Total (= 200bp) 2.94 Gb 68,451
Total (=10 Kb) 2.90 Gb 1,369
F3, FH-2ANEE ZYE(150)E -2 EE(super-scaffold) 9] 2x2H 99L& ATt F, 79-27)
Z2= ZHEF(150)= Yx=Ald-7]9k Als 93 dlo]E](nanochannel-based genome mapping data)E ©]-&3}e] 47
H-~EE(super-scaffold) 9] x4 F9E& AFE & Ut oA Adstd, & 29 (Do =A]€ vpet &
o], BioNano Genomicse] Yx=ald-7|Wk Als W  dlo|H(nanochannel-based genome mapping data)E

goalo] FH-2ME=(super-scaffold) e 2 %Y A9S AF3v}. o)uf, F¥-2EZ=(super-scaffold)=
10 Kb 3] Z7|ws didoz sith, Als W3 dlo]E(genome mapping data)E BioNano Genonmics Irys
genome mapping systems ¥-83}o] consensus genome mapsCE FHES 3L, irysView AZEYo](version
2.1.0.30787)¢] @ %2 WHo|E AlE3lo] BioNano consensus genome maps¥ FHE 73 -27) &= (super-
scaffold) &S Alw F2& vugt. ex9d 99& 4537 918141, BioNano consensus genome maps< I
ZHAE A = (GRCh38) ¢} vl gty HE A (alignments) 23S F2ZPO = (manually) BQlsle], %Y 499
< TrEstal £y AlZlY. ®ESE, BioNano consensus map®E & Ho| WHAE 42 lom 2 align confidence
score 20 ©]4F9l consensus mapS WO 2 XY AFTES s, 7H-2I0Z = (super-scaffold), BioNano
consensus map, % GRCh38¢] T+%Z A& H|dte], ox¥ 949S FH3lt}t. oo W& BioNano Al A=
(genome map) AAF A= ofgle] [E 1519 #aL, BioNano A% A|%=(genome map)S ©]83 Fo-27|&E=
(super-scaffold)® A= A3 = 33 Zth. = 3o ZAE u#lel Zo], 7MF 474 28E #H-2AEF=
(super-scaffold) (&= 39 ZZA E=)o] t)gt BioNano Al A =(genome map) (= 3¢ &M E=)E E& f
¥-27) E=(super-scaffold) E HZ=3%}.

F 15
BioNano single molcules BioNano consensus maps
Total data 210 Gb -
Single molecule N50 273 Kb -
Moleulces above 150Kb 145 Gb -
Coverage depth 45 X -
Assembly size - 2.78 Gb
Consensus map N50 - 1.12 Mb

AAA M ZYHF(160)= 79 -2AME = (super-scaffold) el $1x19} W (strand) HFEE 7|Wro =z FAA
(chromosome) LS s, =, Az A9 Z2HE(160)E= Q7HASA E(GRCh38) ol A H (al 1g n)
2IMEZE=(super-scaffold)e] ¢x¢ W3(strand) HEE 7|9rez2 IAA(chromosome) AEE& ZHIT <
AT},

Al Adetd, = 29 (g)o] B=AE mRe} o], 29 9 HAFS & -2 ES(super-scaffold) A4S ¢
A A (chromosome) A AR SFA17]7] Yste], #AEF HMAS A AEAE(GRCh38)E o= SyMap Z =13
(v4.2)& UZE 8| v g (default comparison parameters)® A% Al A& (whole genome alignment)S
Fstct. ojul, Alw g wkE A 23t biasE AAS] sk, 10 Kb o]’Fe] Fr¥-2IE = (super-
scaffold)E o=z A4 Als HH(whole genome alignment)S 33kt WP =X 92 (unmapped) 73 -
2IE=E(super-scaffolds)e GRCh38°] mapped anchor numberE 4 o|Ae ZHoz 3Jtof, AAHH(re-
align A7tk =3717F &2 73-27Z =5 (super-scaffolds) (200 bp ~ 10 Kb)S BLASR ZTE1#& default
option®2 F835}4], GRCh38°] AH(align)A1Zth. olul, W3 A El(mapping quality) = 25491 797 A}
g3l QAZMAIEX E(GRCh38) o] AH(align)® T7H-2MEE (super-scaffold)2 ¢x9} Wak(strand) AR
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[0091]

[0093]

[0094]

[0095]

2 A

= 10 Kb9

9] 9]

gg3ato], A (chromosome) A= &gt
AEAE AolA) W el dolg Alga,

H(gap)s EFEH.

telomeric region® A<gS aosir},

= L
T =

Azd 779-~9=

8-~ & =% (super-scaffolds)
(chromosome) A& %8 A Qo= 7t
= (super-scaffold)e] % #H|1L

ZIHSd 10-2018-0083706

(super-scaffold) %z+e] #(gap) HEE <l
wkok  rul- A EZE (super-scaffold) Q] 9X7F AXE= AS-
A2 (chromosome) 9] % ol 10 Kb #(gap) A LS F7}s}e]
GRCh38l A& (align)E A %o}, A A|(chromosome) 2] Y& &
chrUn 15 YXAIZIT}. oluj, 1 wrgola] AAA)
g script® AMEStelth. ol whE QIZHAIE A = (GRCh38) ¢ Z 7/
A= &= 49k 231, A (chromosome) ¥ A= o

oA B

ol [® 1617} 2.
2 16
Chromosomes
*Unplaced scaffolds were excluded.
Size (Mb) No.
N90 81.54 19
N80 103.05 16
N70 136.43 13
N60 137.59 11
N50 155.88 8
Longest 251.92 -
Gaps 9.44 % -
Total (= 200bp) 3.12 Gb 24
Total (=10 Kb) 3.12 Gb 24
A 2 (1700 A Al AL dolE(whole genome re-sequencing data)E ©]-&3Fe] & A A (chromosome)
N A,

) A

T 29 (h)o] E=A]E upe} o], v A4l
ol g3lo], =HE AMA|(chromosome) LS &3t B dho|r = ofg o]

genome re-sequencing data)E £l
A% As AL dlo]E(whole genome re-sequencing data)E &3} t}.

[¥ 1713 #2409 %

e g4 D Age] &89 A A o] ¥ (whole

¥ 17
Sample ID |Total number |Mapped Read |Homozygous |Homozygo |Heterozyg |Heterozyg |All
of read depth |M@PPINE gNys us ous ous variants
raw reads (except rate INDELs | SNVs INDELs
'N") (%)

KPGP-00002 | 98,317,515,9 27.64 99.29 962,066 146,462 | 2,958,707 292,082 | 4,359,317
60

KPGP-00006 | 93,448,081,9 24.73 99.28 | 1,431,527 | 204,234 | 2,915,971| 276,219 | 4,827,951
80

KPGP-00032 | 112,190,946, 30.36 99.29 | 1,444,163 | 215,475 | 2,955,815 296,145 | 4,911,598
660

KPGP-00033 | 108,196,466, 29.95 99.30 | 1,406,058 | 211,651 | 2,961,708| 297,035 | 4,876,452
760

KPGP-00039 | 101,141,448, 30.19 99.16 | 1,391,102 | 212,028 | 2,991,047 315,678 | 4,909,855
400

KPGP-00056 | 111,361,334, 32.24 99.34 | 1,419,373 | 230,317 | 3,100,438 | 340,429 | 5,090,557
200

KPGP-00086 | 102,626,322, 29.88 99.34 | 1,423,097 | 228,216 | 3,074,640 335,156 | 5,061,109
600

KPGP-00125 | 118,670, 365, 33.12 99.31 | 1,438,747 | 211,687 | 2,932,733 | 291,074 | 4,874,241
980

KPGP-00127 | 118,883,354, 32.81 99.33 | 1,416,527 | 206,959 | 2,948,523 | 288,104 | 4,860,113
760

KPGP-00128 | 117,849,278, 32.76 99.29 | 1,407,530 | 208,532 | 2,941,634| 292,805 | 4,850,501
700
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KPGP-00129 | 107,124,150, 29.96 99.28 | 1,440,746 | 203,979 | 2,908,731| 271,108 | 4,824,564

780
KPGP-00131 120,%i§5829, 33.36 99.29 | 1,432,319 | 211,261 | 2,970,372 289,604 | 4,903,556
KPGP-00132 122,%§;§363, 33.93 99.30 | 1,411,276 | 210,946 | 2,946,694 | 297,988 | 4,866,904
KPGP-00134 119,%;25641, 32.54 99.28 | 1,416,157 | 207,904 | 2,931,855 | 288,305 | 4,844,221
KPGP-00136 114,2i§§689, 30.71 99.30 | 1,429,777 | 204,804 | 2,940,492 | 274,170 | 4,849,243
KPGP-00137 118,Qii;255, 32.97 99.28 | 1,403,331 | 207,581 | 2,940,643 | 289,256 | 4,840,811
KPGP-00138 123,%255546, 33.39 99.32 | 1,398,902 | 207,327 | 2,938,964 | 289,045 | 4,834,238
KPGP-00139 105,?%25760, 29.32 99.28 | 1,397,287 | 207,216 | 2,918,240 291,707 | 4,814,450
KPGP-00141 111,22§5577, 31.41 99.24 | 1,405,400 | 207,892 | 2,926,108 | 288,957 | 4,828,357
KPGP-00142 125,%§i5326, 32.62 99.29 | 1,443,241 | 211,075 |2,943,175| 292,818 | 4,890,309
KPGP-00144 127,22%5127, 33.96 99.30 | 1,422,369 | 211,512 (2,973,541 | 296,396 | 4,903,818
KPGP-00145 111,%2;5808, 31.18 99.29 | 1,438,003 | 210,730 | 2,953,375| 293,052 | 4,895,160

KPGP-00205 | 123,835,438, 37.24 98.41 | 1,422,423 | 221,835 | 3,072,207| 332,313 | 5,048,778
-B01-G 866

KPGP-00220 | 106,317,727, 28.21 99.28 | 1,411,132 | 201,485 | 2,931,702 | 284,397 | 4,828,716

560
KPGP-00227 | 115,164,844, |  34.39 | 99.30 | 1,419,518 | 217,159 | 3,039,274 | 308,248 | 4,984,199
920
KPGP-00228 | 112,898,405, |  33.34 | 99.30 | 1,455,818 | 221,343 | 3,052,488 | 303,008 | 5,032,657
520
KPGP-00230 | 110,458,697, |  32.86 | 99.31 | 1,414,415 | 214,448 | 3,031,789 | 301,182 | 4,961,834
940
KPGP-00232 | 109,620,112,  32.01 | 99.29 | 1,442,223 | 214,807 | 3,020,544 | 292,548 | 4,970,212
860
KPGP-00233| 107,091,428, |  32.08 | 99.27 | 1,421,451 | 216,917 | 3,014,334 | 302,473 | 4,955,175
940
KPGP-00235 | 114,400,539, |  34.74 | 99.31 | 1,414,391 | 218,911 | 3,047,216 | 309,518 | 4,990,036
900
KPGP-00245| 102,078,086, |  31.40 | 99.11 | 1,465,527 | 223,235 | 3,031,190| 322,301 | 5,042,253
-B01-G-PE5 860
00
KPGP-00254 | 122,277,928,  34.56 | 99.24 | 1,427,301 | 221,720 | 3,080,569 | 313,709 | 5,043,299
000
KPGP-00255 | 102,221,657, |  29.67 | 99.34 | 1,414,140 | 227,857 | 3,083,228| 336,527 | 5,061,752
600
KPGP-00256 | 127,033,362, |  36.61 | 99.35 | 1,422,753 | 235,874 | 3,174,628 | 355,538 | 5,188,793
000
KPGP-00265 | 90,922,729,4|  27.53 | 99.29 | 1,414,977 | 216,811 | 2,964,359 | 306,126 | 4,902,273
-B01-G-P50 00
0
KPGP-00266 | 91,666,078,8|  27.38 | 99.32 | 1,374,215 | 212,665 | 2,962,424 | 307,516 | 4,856,820
~B01-G-P50 00
0
KPGP-00269 | 100,240,975, |  30.81 | 99.32 | 1,449,250 | 219,822 | 3,052,622 | 324,886 | 5,046,580
-B01-G-PE5 874
00
KPGP-00317 | 103,075,371,  26.76 | 87.15 | 1,400,454 | 208,300 | 3,002,602 | 306,055 | 4,917,411
-B0O1-G-PE5 660
00
KPGP-00318 | 101,805,865, |  28.22 | 95.42 | 1,440,304 | 218,383 | 2,971,844 | 319,451 | 4,949,982
-B01-G-PE5 370
00
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KPGP-00319 | 100,957,938, 27.77 97.17 | 1,403,626 | 213,564 | 3,063,114| 315,785 | 4,996,089

-B01-G-PE5 100
00
[0096] A Als A<D (whole genome re-sequencing)S BWA-MEM Z 213 (version 0.7.8)% default optionl® %9
H AAA (chromosome) A&l 3 (mapping)dtct. oo w& Bd A= ot [% 18] #tt.

X 18
[0097] Sample |[Total amount of Mapped |Read Homozygous |Homozygou |Heterozygou|Heterozygo|All
ID raw reads read happing | gnp S S us variants
depth rate INDEL SNP INDEL
(except | (%)
INI)
KPGP-00| 98,317,515,960 27.64 99.29 962,066 146,462 2,958,707 292,082 4,359,317
002
KPGP-00| 93,448,081,980 24.73 99.28 1,431,527 204,234 2,915,971 276,219 4,827,951
006
KPGP-00| 112,190,946 ,660 30.36 99.29 1,444,163 215,475 2,955,815 296,145 4,911,598
032
KPGP-00| 108,196,466,760 29.95 99.30 1,406,058 211,651 2,961,708 297,035 4,876,452
033
KPGP-00| 101,141,448,400 30.19 99.16 1,391,102 212,028 2,991,047 315,678 4,909,855
039
KPGP-00| 111,361,334,200 32.24 99.34 1,419,373 230,317 3,100,438 340,429 5,090,557
056
KPGP-00| 102,626,322 ,600 29.88 99.34 1,423,097 228,216 3,074,640 335,156 5,061,109
086
KPGP-00| 118,670,365,980 33.12 99.31 1,438,747 211,687 2,932,733 291,074 4,874,241
125
KPGP-00| 118,883,354 ,760 32.81 99.33 1,416,527 206,959 2,948,523 288,104 4,860,113
127
KPGP-00| 117,849,278,700 | 32.76 | 99.29 | 1,407,530 | 208,532 | 2,941,634 | 292,805 | 4,850,501
128
KPGP-00| 107,124,150,780 | 29.96 | 99.28 | 1,440,746 | 203,979 | 2,908,731 | 271,108 | 4,824,564
129
KPGP-00| 120,142,829,340 33.36 99.29 1,432,319 211,261 2,970,372 289,604 4,903,556
131
KPGP-00| 122,237,363,160 33.93 99.30 1,411,276 210,946 2,946,694 297,988 4,866,904
132
KPGP-00| 119,540,641,320 | 32.54 | 99.28 | 1,416,157 | 207,904 | 2,931,855 | 288,305 | 4,844,221
134
KPGP-00| 114,984,689,940 | 30.71 | 99.30 | 1,429,777 | 204,804 | 2,940,492 | 274,170 | 4,849,243
136
KPGP-00| 118,027,255, 140 32.97 99.28 1,403,331 207,581 2,940,643 289,256 4,840,811
137
KPGP-00| 123,868,546,380 33.39 99.32 1,398,902 207,327 2,938,964 289,045 4,834,238
138
KPGP-00| 105,730,760,700 29.32 99.28 1,397,287 207,216 2,918,240 291,707 4,814,450
139
KPGP-00| 111,508,577,820 | 31.41 | 99.24 | 1,405,400 | 207,892 | 2,926,108 | 288,957 | 4,828,357
141
KPGP-00| 125,024,326,200 | 32.62 | 99.29 | 1,443,241 | 211,075 | 2,943,175 | 292,818 | 4,890,309
142
KPGP-00| 127,001,127,600 | 33.96 | 99.30 | 1,422,369 | 211,512 | 2,973,541 | 296,396 | 4,903,818
144
KPGP-00| 111,861,808,380 31.18 99.29 1,438,003 210,730 2,953,375 293,052 4,895,160
145
KPGP-00| 123,835,438,866 37.24 98.41 1,422,423 221,835 3,072,207 332,313 5,048,778
205-B01
-G
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[0098]

[0099]

[0100]

ZIHS3d 10-2018-0083706

KPGP-00| 106,317,727,560 28.21 99.28 | 1,411,132 | 201,485 | 2,931,702 | 284,397 | 4,828,716
220

KPGP-00| 115,164,844,920 34.39 99.30 | 1,419,518 | 217,159 | 3,039,274 | 308,248 | 4,984,199
227

KPGP-00| 112,898,405,520 33.34 99.30 | 1,455,818 | 221,343 | 3,052,488 | 303,008 | 5,032,657
228

KPGP-00| 110,458,697,940 32.86 99.31 | 1,414,415 | 214,448 | 3,031,789 | 301,182 | 4,961,834
230

KPGP-00| 109,620,112,860 32.01 99.29 | 1,442,223 | 214,897 | 3,020,544 | 292,548 | 4,970,212
232

KPGP-00| 107,091,428,940 32.08 99.27 | 1,421,451 | 216,917 | 3,014,334 | 302,473 | 4,955,175
233

KPGP-00| 114,400,539,900 34.74 99.31 | 1,414,391 | 218,911 | 3,047,216 | 309,518 | 4,990,036
235

KPGP-00( 102,078,086, 860 31.40 99.11 | 1,465,527 | 223,235 | 3,031,190 | 322,301 | 5,042,253

245-B01

-G-PE50
0

KPGP-00| 122,277,928,000 34.56 99.24 | 1,427,301 | 221,720 | 3,080,569 | 313,709 | 5,043,299
254

KPGP-00| 102,221,657,600 29.67 99.34 | 1,414,140 | 227,857 | 3,083,228 | 336,527 | 5,061,752
255

KPGP-00| 127,033,362,000 36.61 99.35 | 1,422,753 | 235,874 | 3,174,628 | 355,538 | 5,188,793
256

KPGP-00| 90,922,729,400 27.53 99.29 | 1,414,977 | 216,811 | 2,964,359 | 306,126 | 4,902,273
265-B01
-G-P500

KPGP-00| 91,666,078,800 27.38 99.32 | 1,374,215 | 212,665 | 2,962,424 | 307,516 | 4,856,820
266-B01
—-G-P500

KPGP-00| 100,240,975,874 30.81 99.32 | 1,449,250 | 219,822 | 3,052,622 | 324,886 | 5,046,580

269-B01

-G-PE50
0

KPGP-00| 103,075,371,660 26.76 87.15 | 1,400,454 | 208,300 | 3,002,602 | 306,055 | 4,917,411

317-B01

-G-PE50
0

KPGP-00| 101,805,865,370 28.22 95.42 | 1,440,304 | 218,383 | 2,971,844 | 319,451 | 4,949,982

318-B01

-G-PE50
0

KPGP-00| 100,957,938, 100 27.77 97.17 | 1,403,626 | 213,564 | 3,063,114 | 315,785 | 4,996,089
319-B01
-G-PE50

0

W Ay 5 Fde 2AAHe dAEA WEE AdE AASG. W ZEHE PHATIT SdEkd
IndelRealignerE <=3J3}al, base quality scorest GATKS] TableRecalibration ¥il#]&5S AME3Fe] AnLA
(recalibration)dtch.  @=<l A% Al A< (whole genome re-sequencing)? ©d 7] AE ®Wol(single
nucleotide variation; SNV)9F ) % ZA(small insertion or deletion; indel) W ©]E Genome Analysis
Toolkit(GATK, version 2.3.9) TZI%5 o]&sto] 3t old WE F5 Ad x| Agd wele] 2

sz obgel (% 1919 2},

¥ 19
SNVs indels Total
1,951,986 219,728 2,171,714
SNVel A9, 7zt 947] YA allele H[&E A3, A A4 Ax A49) * 2 haploids = 2n &, 7V =

o)
s = fa
< HER BEE 97] A<Dl KOREF 471 MEd s 45 A&, indeld] A, AA A Aw AL
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[0115]
[0116]

[0117]
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(n) * 2 haploids = 2n =, 50% o]AolA FEAHoE LAT
T, X dAAE 94 1999 2n, P 1%

)

B EE WolE etk ol ¥ el AgE Tzaue

Aol Agdt. AAAAK, Y AAAD 9 7

1Y o2y 5% Wolg 43k, ¥ 994 34 199 o=y
A

A=y
Al Aoz Mt scripts A&t
<A (1~ 22 GAA) >
- A 4 haploids 4 @ AFAEAE AMZES (n) * 2 haploids = 2n

- Y% SNV XA ¢ 2n 709 haploid ¥ 7V
3d 7§, KOREF A&7 543 g7 Ad A

Hir

=2 HIEZ TASE 9] AE(FHL =2 e 4771 27) o]
el)

- &% indel A& : 2n 719 haploid 5 50% o] FEAH o2 WHAEE indel WOl

<A X, Y GAA) >

- X @AA o’ haploids 4 @ (FA AZA=EAE A& (n) * 1 haploid) + (94 AZASAE AEF
(m) * 2 haploids) = n + 2m

]

- Y 94 A haploids & @ (FA AZAE

o,
2
12
>~
m{u
ol
g
*
—
=
o
=3
.
&
I
=

- OE SW A : 0+ 2 AN haploid F 7P e wER WS 9] AD(Hx e wEe] 477} 27)
ol 7%, KOREF A3 5Ug 47 A A=)

- 3% indel A& : n 719 haploid & 50% o] FEA o7 WAYE indel Wol

e
10
e
rlo
mv)
X,
e
i
BN
=31
SN

AmAme] =9 Adds gdelstd offe] [ 20]3 &t

x 20
Scaffold Whole-genome Super-scaffold Chromosomes
optical mapping (Long reads) (Assessment  using
BioNano maps)
Size No. Size No. Size No. Size No.
(Mb) (Mb) (Mb) (Mb)
N9O 3.09 178 3.86 140 3.53 143 81.54 19
N80 6.45 116 9.45 92 9.26 93 103.05 16
N70 10.45 81 14.47 67 14.53 67 136.43 13
N60 16.16 59 19.56 49 19.36 50 137.59 11
N50 19.85 42 25.93 36 26.08 36 155.88 8
Longest 81.91 - 101.22 - 101.48 - 251.92 -
Gaps 1.65 % - 1.75 % - 1.06 % - 9.44 % -
Total 2.92 Gb| 68,170 | 2.92 Gb 68,103 2.94 Gb 68,451 3.12 Gb 24
(= 200bp)
Total 2.88 Gb| 1,243 2.88 Gb 1,176 2.90 Gb 1,369 3.12 Gb 24
(>10 Kb)
aed, T 58 #Hxsle] B o] ulEg e AAdo] wE F2EF AEAEe &zt tiste] Ay,
E 5t 2 wge) wdAd AAde] me FEEE AE Ame anE AYsr] f§ 1dxelth,

)

% 59 ()9 (ol =AlE 2ol X %<& =9 57/l(Mandeka, Yoruba, San, Mbuti, Dinka), @<l 574
(Sardinian, French, CEU), H]3k=; o}A]o}o]l 57 (Mongolian, Chinsese, Japanese), 3= <1 57](Korean)2] A%+
Als AE dlo]E (vhole genome re-sequencing data)E WEFATH, 283, = 59 (a)d Z=AlE 22 ¥
%2 homozygous SNVE] 7]=Z veEhfar, (b)ol =A% 22X Y & homozygous indel?] 7|=E el

T 5o TAlE aHZE FEIIH, A7HAIEAE(GRCh38) ek KOREF_S(E HHolA, 1Hoz ZHst AMA),
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KOREF_C(E o x, 1oz e A MIE 408 F5 WolZ A3I)E reference MEE 4IPS
A9 2049 A An AY vlolE(whole genome re-sequencing data)ollA EdWo] 2 g 4 g}, 1
How zHE FEAF AFAE dIH(GRCh38 2 KOREF_S), 9 &% (consensus) A T FxxE A
EAZ(KOREF_C)7F o A& 4=¢9] Wol& s HS A 4= 9k, olek Zo], HAd 35 Ade ¥
F2ET AEAEE MY Soldoz H{sta Je HAES AATGc2ZH, ¥ H2EF AuATd Fgs &
5 A9E st JeS g9 4
gglar, ¥ outyo] wE FZFEFE AR Z(KOREF' 2 dth) o] E4S vt Axp= ol [F 2113 2d
¥ 21
A=A = ZP~4g 2AE (YA |G HFE(segmental |9+ (repeat) A<Q |NCBI Az &
Z ) (bp) =/3Y |FAE  |duplication) 99 4
- (GRCh38)
N50 248
) | Zol(bp)  |% Zol(bp) |% %
1A =R = | 3,209,286,105 | 67.79 - 212,777,868 - 1,564,20 - 20,135 -
GRCh38 (4] 9,365
A
KOREF ( 3,211,075,818 |26.46 |88.47 149,353,191 |70.19 |1,452,40 |92.85 17,758 88.19
SAA) 4,484
AK1 2,904,207,228 | 44.85 87.90 144,868,735 | 68.08 | 1,454,838 | 93.01 |17,759| 88.20
8,506
CHM1_PacBio_r| 2,996,426,293 | 26.90 88.02 | 205,559,250 | 96.61 | 1,541,21 | 98.53 |17,657| 87.69
2 1,387
ASM101398v1 | 3,176,574,379 | 26.83 88.26 168,652,649 | 79.26 | 1,545,16 | 98.78 | 6,610 | 32.83
8,387
HsapALLPATHS1| 2,786,258,565 | 12.08 82.89 90,343,965 | 42.46 | 1,250,65 | 79.95 [16,995| 84.41
5,296
HuRef ( 2,844 ,000,504 | 17.66 85.85 | 134,317,812 | 63.13 | 1,411,48 | 90.24 |16,968| 84.27
AAA) 7,301
Mongolian 2,881,945,563 7.63 86.54 | 121,384,034 | 57.05 | 1,399,42 | 89.47 |17,189| 85.37
0,366
YH_2.0 2,911,235,363 | 20.52 86.31 127,254,909 | 59.81 | 1,397,01 | 89.31 |17,125| 85.05
3,571
African 2,676,008,911 | 0.062 69.47 55,830,170 | 26.24 [ 968,988,1| 61.95 | 9,167 | 45.53
49
o714, 29 AL dol7t A AIEA RS =Y A Aol FAIEGSE, AE=/ZE D N50o] A45, <1zt
AsAE EAd&/dHFEge] B8 wEAMYG U8 NBI FAx Bdgo] 2852 23 Fdo] =85
olm] g},
a8, = 68 FEdle] B dahygo] npghAe AAdd e FEALS 183 FxATF AAE 7F PR

FA(100) = AR LS AP T(S110). =, AFAR 75 A
(100)+= NGS(next generation sequencing)E o]&3te] vzl AAE gro 2& dA F7|(insert size)E 7}
A= @A (short insert[short paired-end])3} v]2] A= tro & @A A7|(insert size)E 7= 1
A d(long insert[long-mate pair])S Aibstch. 714, wg] AAd -2 WKb(Hd Z27DY =

aga, AEARE TF AR100)= dMES AFES B PIeH(S120). =, AwARE 75 A (100)=
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[0133]

[0134]

[0135]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0145]

[0146]

[0147]
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Ad HEHF (12005 DAE 1844 mgl Add g=(read) & FEESTE. 7|4, g AAdd g
E(read) = &Y #=(read), oW E (adapter) AHo] E3t¥ ¥ =(read), D& E A4 (quality score) #to]
vy AAH gk 2o 9 Ag o)W (junction adapter)7} EFH F=(read) & 3},

a8 e, AEAE 3 ZAX(100)= dAdS 7)oz A I(contig) S FYICHS10). =, AEAE F
= A2(100)= = FEF2(De Bruijn) ZYWZE o] f&le] GAES 7|Wro 2 AE|I(contig)E FZHII}.

a8a, AEAE 5 ZA(100)= AEZ(contig)d UAMEE 7|Hoz2 2JfEE(scaffold)E ZHH

A

a9 g8, AsAE & AA(100)E @Y B2 X E(single molecule map) 9t 2ME=(scaffold)E 7]9te
2 -2 EF=(super-scaffold) & ZHI(S150). &, AsAE 7F ZX(100)= @Y 4 A E(single
molecule map)®} A7) AANET(scaffold)S 7|¥roE AF GA(restriction enzyme) HUE =3 FF¥-~7)

T (super-scaffold) S xg3Ht},
g, AEAE 5 FH(100)E FH-2MEE(super-scaffold) A9 3 (gap)= HFTHSIE0). =, Als
A& 5 4 (100)+= PacBio IIAE = "HI} Illumina TSLR 34 XA E dl5 WHE o]l &ste] 7] 75
-2~ &E=(super-scaffold) ¢ #(gap)S =},

weh, AAE 7= F2(100)= -2 EE(super-scaffold) e 229 99E& ASHH(S170). =, A=
A= FZ= A(100)E Y- 7]‘* AlE 3 dlo]E](nanochannel-based genome mapping data)Z ©]-&3}o]
9~ E = (super-scaffold) 9] &% J9S HST 4 ).

A U5, AEAE FF AA(100)= FAA (chromosome) A LS ZHII(S180). &, AWAE TF FHX
(100)% AA=A Z(GRCh38) ol A& (align)® 73-2271EF = (super-scaffold)e] A9 Wak(strand) FRE
7ldto 2 A M A (chromosome) IS ZHE 4= Ju}.

o]F, AEAE FF AA(100)= A (chromosome) A ES AFE 4 Jvh(S190). =, AEAE FF XA
(100)= A% As AL dlo]El(whole genome re-sequencing data)E ©]-&3ko] 41| (chromosome) A&
3ks = Q.

aew, E e REdtel B ool wgAd AAdel we A9 8P wAlel el no A4S dHa

T 78 FAxIE, AsAE 5 FA(100)= dMEHR 0B LoM FEE HE(read)E ZHHET & U
(S121).

ada, AEAE 7% ZX(100)= dAdy 018G o5l (adapter) A¥o] E£IH #=(read)ES IH
B Urk(S123).

e, AuAE FF FX(100)= DoE d(quality score) @S 7|Wro R @A g3t N1#8MES Ay Y

ATHS125).  F, AEAE 75 AA(100)= HMdd AFA DM EeE Hr(quality score) ghol 7]
e #Eo #2e AES dEHYD & Ao

mx

a8a, AEAE 75 ZX(100)= A EAA A o HE (junction adapter)”} XE3HE ] E=(read)E T H
B 4 ATH(S127).
T3, AsAE 5 FX(100)= ST 47 084 ge] vl d4E HdolE 7MAEF AE(trimming)

21 tH(S129) .

YW, %8S Rzl ¥ ouge] wiA e Aol wE A £y v st nok A4S 43w
%82 % 6o BAT AP 2y BAE Bk A4 e BEEet

i
oo
o
i
BN
ol
=)
R
alie
X
o
4
Hy
N,
N
-
S
=
.
T,
>
o
N
=
[o
fr
=
8
D
-
M
£
o
)
ol
2
0
=
D
=
=
i
i
o
e
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[0153]

[0154]

[0155]

[0157]

[0158]
[0159]
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[0163]
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(frequency table)S 5 4= JqT}(S131).

aga, AEAE 5% X (100)= K-mer WX HolE(frequency table)2 ©o]&3le] A7) ©@hAdel oy
(error)& HAZ 4 QITh(S133).

w3 AsAE 75 AA(100)+= K-mer W= Elo]E(frequency table)®} = HF<1(De Bruijn) L= Z o] &
sto] o2 B A (error correction)® TAAE 7|Wro R AE I(contig)E %@f = ATR(S135).

a9, = 98 Fxsto] & o] wEAd Aajde mE AAEE =Y Aol tiste] By AAsHA AW

H
©
(r
H
(@]
3
H
_>",
=
[>
ol
fife
[
BN
]

GAE ok A vehd EEEC]

r“

= 92 #Hx3d, AsAE 75 ZX(100)= AE Z(contig)dl 1B ES Hd(alignment)ste] 2AA @A =
7] (insert Slze)%— 543 4 Jrh(S141).

a8, AEAE 5 ZA(100)= AA @i A7 (insert size)E ©]83to] A I(contig)ef 1AL E 7]
o2 ~AEE=(scaffold) & ZHE 4 ATH(S143).

wgh, AEAE 5% FX(100)+= ~AMES(scaffold) 4o H(gap) S wlE 5 ATH(S145).

T 108 % 6o EAE pv-AAZEE 29 GAE B 2AE e

g
[ol
nlm
3
o

ki

108 =3, AsAE 7% ZFX(100)= A3 G4 (restriction enzyme)E A8E 4= ¢Ir}(S151).

a8, AsAE 75 A (100)= FEHZ Wg(Optical mapping)el 3] AdE @ A4 A
molecule map)®} A|EE(scaffold)S 7|Wto 2 AElEl A3+ Fh(restriction enzyme) ¥ H]
-2 Z = (super-scaffold) & ZHE 4= JTH(S153).

& WEe I AFHE s e 715 A 7“21517} %‘g T ol ZERA PR Aol Jhsstth
kKt R ERe Vs A
= Egen. AFEHT A8 Ae U5 Uﬁiﬂ-ﬂ oﬂi% F(ROM), H(RAM), At]-

2y Haa, Fodlely AR ol deH, EI Aol doln(IHUE FF A5 FHE FAEs
Ak EHATh EF, AFEIE o F e V15 Al S Saldes AdE ASFE A6 #aks ol
A Ao AFEHIL e F gl ZETE AgHa Add $ ol

ofdell A ¥ o] uigkAE AAldel diste] dAletA AREANt  dEe JEd 5] vishgd A4
ool FAHA ohdste], thEel FrpelM Ayehs B el 2AE ool §lo] | wo] ks
71%%%0 oA E*@ 1 =3 7}{1 AP FEA R Mg AT e e AL wEola, e e WA

F5o 4y

100 @ FHExF AEARE 75 4R, 110 © AE AT
120 @ Mg JEHE 130 :© B Z=YHE

140 @ 2AZ= 2YR 150 @ FH-~AZE 2YR
160 @ AAA M 2, 170 0 A E B
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KOREF_scaffolds_above10kb synteny to hg38_softMasked ]
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=57
S120
-
CNYED RN IU AN S22 2|E2 ZEE ~—S121
CHAZ D 21RO HEE M0l Z8tel 2122 ZHE ~—5123
HLE 2 S JIvo2 I 2RSS 2HE  ~8125
/SN B HHEI 28t 2SS ZHY —~-S127
ChAGM RS0l 012 8-S 2012 HKNEE INE ~S129
=27
zms8
5130
Al E
G S IO 2 K-mer 242 43510
K-mer 8lE HIOIES &S S131
K-mer BI& HIOISES 0|25t
= EEREENCE- 5133
K-mer B1= HIOI21 £ 220 JHZE 0|E5H0] 5135
flf BRE ¢S J|gtez HEIODE =g
=
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S140

HEITION AMASES HYGH0 MK ©F A2 S ~—S14]
v
AT @B ADIS 0126101 AEIY URAAS JjHoE
ANHECE X 5143
ANEBES dol WS HIB ~—S145
=3
EH10
Mot B4 Ho 5151
v
chel =X KIS AHEES JgoR
deiE M a4 HES HIDE Sof ~S153
AH-ANEBCE xa
=3
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