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Yiviaw

= FF

k=118
ExDs

1980 X, KMZE (Escherichia coli) D27 /) ARCAIFFLETEIDNEE S ALk
Wi, BREOEFRRITIERT ) bDO—En% s n—=7 L TR ZIRE L,
BARHX B HIICHE > TEND ZWANTNS T ETEY EWVES A RS

(denovo 787 V) THLW0WIEDTHD, KIGEOEWBLHIIL 1987 412
SEAK LTV 5 28 (Kohara et al. 1987) , &%/ AEdHIfEHE D562 (Blattner et al. 1997)
IZENND 10 FERTH Y . BAREIXRMARG R 2 EHS 5 R Tdh o7, L
U7 E 1990 RIS AD & Yo —1E DNA ¥ — 27 = % OMREN A L
72 &R, BRI N7 MEBEIEINNL D BT b 2 & Ty AR
DffFERt B ERIL L TV 2 L LR %, 1996 FEDOBERED 27 7 L fiFTE (Goffeau
etal. 1996) |ZHt & | 1998 FAZITAR R D45 ) L3RGt (The C. elegans Sequencing
Consortium. 1998) Xh7z, ZNHIX7 n—=1 7 L WYHHX % 5 i3tk
ERI=THEN, ZEEOTF — LN THEOY—7 =Y 2 VTR ZIRE
LTS W) THBUIRE RENFIE LT, — T TY/ LADNA &7 5 L
b L cERENZ Y — 7 = AL, #HEKETEICTTDS ) ARSI E
WESTLET ) hvay FHAELERSN TV, TORMETA 7=
VYRR ) A OPTE (Fleischmann et al. 1995) TRENL, £0Hk b a vy
UNTIR EOBEEAY T 7 MIEA STV S (Myers et al. 2000), &7 A
a2 v N ARITEEHB SO BB A W22 W Te DR & TR ORI E W &
WORIRZFFON, TR T VROFREENERIZR D7D, @l T vaY
AEPEREIND DRI BT, M0 IR LESIR ES 7 A ETHEE L T 5ES
ZIELSKBILIAT BT AR STEMRRRBSN 2G5O0, K0 EH
BTN XLRERIND, V=7 2P DRLV—Ty hOR LS /7 A
Yay MAEDOBANIE M LAFHICHRELZRS 52 TRV . KRR
WHRDEEa Y Y =T A EFBEOE L T 2001 FIZFRIBFIC KT 7 b7
J LECHN OGRS A 3K T HHE 8 L 72 5 7-72 (Lander et al. 2001; Venter et al. 2001) .
ZHUIMEOBEFICL LSO T, FHABGREOFTE LV FRWEHIES Th o7,
AT IR EE 2 BH L, REFRZ2 BRI SIS < FIED, BB ILHE 2 H
L, &7/ bvay "HVERBEHSNUTWS, BELI4tiTe N7 aar
J AV ay M EDTZDIZ Cerela Assembler & WD Fil=/2 72TV Y 7 b
vx7 (BT TZ) ZBBEL, ZOFENELIEET S Z EEHERT L



WIZTayya ROy ) Mgz e A7 LTEMLTWD (Myers
etal. 2000), LA LAY, 198090 FERICHT T —2r =W & a vy MU EDE
BIZE VAT ) ARSI OWFFEPINE SN TE 7R iETH 5,

v ho&s ) AESIOfEGEE S LAAT L U Expressed Sequence Tag (EST) (2 X
% MRN8 BUEA R T OfENT 72 13 Thb T2y (Adams etal. 1992) . 277/
LEFNABFIHFIREIZ Ao 72 2 & THa— RER b B Ottt = s L o
IZloT&EL, B N AEHWEREN 7 rY =7 & LTIX ENCODE &
B (Bernstein et al. 2012) 232817 L5, Z OFHEIIT 2003 2B S I, 7/ A
HCHRER FF o 7B FE (element) Z 2 TERMNITHZ EDREER->TED,
FEMTHRE R HILT 7 KELH LD 80%IEL T & M OFEREZ FF2 &\ ) (GRS S
NTn5, REFEDERNFa— FEETRERRLINDSIZEbHD, 2— NH
WL 2 "junk DNA" & MES Z 3B IE0AE@U TH D, & RS TH, va v
¥ a 7T D modENCODE #1# (modENCODE consortium. 2010) 72 %8
PLlOFHHEIZHED LN TEY . 25 7 AEFINLIXZHOMANE D Z &N
I Tn 5,

2000 AU A Y | Gk Y o T —iE L IO B2 5N Z)V—T"> |~ DNA
V=7 T EMEINDEEROBIGIZ LY, = YDA NL—T  NTE
HIC BE5- L7z, RS D1d 454 41 (81 Roche #1) #4, Nlumina tHH# D — 7
TUHThHDH, 2014 FRFR TR 1 HEHZV Oa X FBMELS, 1EIETO R
N—T FBRKRE WS —7 = YT lumina #5TH D & & 2 BN DM RN
RRINTYRFI L — 7 = AR[RER MR (U —R) E2EWZ &5 de novo
7T ~OEAFNID 0T, V= REB™MEODIZ20, N7 T YT
ET I DY A XDO/NSIREYFEOFHLT 7 AREIZHOOND L2k, ¥
X¥AT VU RRUBEDRT T M7 A (225Gbp) OFRE (Lietal 2010) (2
BN URBITEREY T ) AREICHZ<EH SN TND LI IThRo TN D,
Z 2T, £\ DNA Wi Oljlg 4 > — 2 =2 A7 % paired-end 7%, mate-pair {£ &
FEEN A FEL T B 7V REROES M EICFHFSLTEY, KX TtbIind
DFETHEONEZT =2 2L EH LTS, ZNUBKE DY ) 27ay
= 7 K73 llumina #5254 ZA)—"7"> F DNA > — 7 = YV OF|H TED i
THH., 1990 FRDO LT L AEMFEEIZEHE= Y —3 T A% H BT
HZ el ZEOEWFEOLRS ) AEAIERET H I EBRAEEE o TV D,
L LENSE N AN—T b —7 2 Y B HWTH denovo 727U D



7'a h aVIERICHMMEI N TN EITEWEES . 7L ORBIZ KL 5 T
X7 T URROE SRR THLEE, BLAIOREE BN &5 R
NEZV 2D, TRVZVDOEEL LTEY /) 200 ) B— MR —7 =
VAL T —DIFER EHEL OFERNH DN, EET VAW ) LFE ORE
ELTImWnAT oG PR GARMOZER) 0877 VR RICEZE
B RIET I —ANWE SN TS (Zhangetal. 2012), ~T a#EEMEIZEMN O
ZERMEAZ L TER Y | FRENTIAZRPENL SN TWDET VAEY L& g
L CHAERDOAEY) TIIENRRKE LD, DNA —F7 =D AL—T >y M
2014 FRFRTHIM LB TWD BN, ~T a5 v — MR Yo7
IVOMWEIZEES < BIEIZEICT — 2 B2 03+ 5 & o Ty, T
TIER DAY ) AEH B SHRERNCTE LIRNT 21T 5 72 O12id, 2 603
W2kt L7 de novo 722 7 T DRI NBVLETH D,

— ., TR & FEAEWIC B 20 CTh, Illumina 7— % 025 OF LT/ A
BLHIR BN B W TIRER 72 FEIIREGFIEL TE LT, denovo 727 VDT
NIV AL EWETHZLIZED, N AL—T"> F DNA v —7 =2 %%
T, BT DTESWEF vy TREEGE S 72 WO ECS O E D HIfF ST
Do XD, BREDNA YV Ty gy M VIEEZERAT D2 LT, B0
BRIV AEMFED KT 7 N7 DERIRFICHEE ST 2 A 27 7 MR EAC T
NTHY (Nielsenetal. 2014), Z D TH LV SEFEE CEVWEYZHEE TX
57T T RWICHIFF STV,

N OYFERE 2 AL T EREREZ RS~ denovo TE VT T
Platanus % #7-1ZBA% L 7= (Kajitani et al. 2014), Jx KOFFH & LTI @m~7 o %
BMED 2R T — 2 D b ERBERRINEZ T B TNTHIENRTEDL LN
RRZET LD, ~T AU OREEICR L CHXRITEI TR0,
R TN TR G AR T ) AT —2~OEHbEE LR I,

WELIE T Platanus 722 7 T D7 LAY X0k L OWEREHE 72 & 2 ik~ %
D, AT OFEELTIUTIORT 2 BhbR>TW5S, £ 2 HCTIIER
T —H2DOT 2 TN BRI RO L 9 727 — % 12% LT Platanus % 1t
L2 TEORMMEERT,

~TuEAMDYIaL—varTF—X
BRA~T a5 HEORRER C. elegans DFET —Z1Zxr LT, #HEHE LT 0.1-2.0%

el



DA~TaEGEZ Y Iab— ML, 7TRU T UREROEETE 2177257,
Y — v L LT T v 2G5 OHINC X % 5278 % Platanus 13521712 <
WZ EWNTRE T,
BT RESHY IV DOET—F
FANT B EAMED 2 % TV KRS, venezuelensis & #EWE C. gigas DET — X
IZ Platanus Z#fH L7-, a2l —v a7 —X7E2FThr<, BT aEZaAE
DIET —Z1ZxF LT Platanus DMENTREE A FFOZ L BRI,
Assemblathon2 @ 5 — #
denovo 727 ) OEEE=2 T A N Th % Assemblathon2 (Bradnam et al. 2013)
DT —HIZ Platanus Z i H L, 7/ A% A X205 1 Gbp FifE O > 7 st LT
HALDY — L XD ENTRERDB BT OND Z & 2R LT,

77 hfERLEE T O EH B

Platanus OO FEH L —F B > A (L. chalumnae, L. menadoensis) D77 /) i
FiatE TdH 5 (Nikaido et al. 2013), Platanus D7 & > 7 U i B 2 FfRAT 23 T
oy aWiek | Pl DA G iAs N

Gl EFWVTE 3 ZETIIRD X 5 RIFEAEM O T — & ZHdl\ ., Platanus 7 /L =2 Y
X LD O RN 2 7R,

NRITIVTOBE—FET—X
BEEYELEE L TT ) LA XB/NS ST 7 ) 7T Platanus AT 5
&L AEMTEIZ K o> TEFX v v TP R ERIZIEWS /) LABAIDELND Z
EMIRE T,

ARGT ) AT —X
Platanus (2 A X %7 ) 57— 2 HOT NI ) ZLER 2 L., GO 7T
ZET DNA V> 707 —2 I TEM Lz, BEL DNA U 7 Vi bR Z R
FTIZRT T N ADPBEFRETH D Z LRSI NT,

FHRICHEATRE L TULORIEEZER NS Z & TRIEDE L& F LT,



WoE HEEAMRT T N LR OREE

21 ExR BN

lumina -8 HiSeq (X F I D /"1 AL—T > F DNA v —27 =% DT —
H % denovo 7T VT LR, —FBREREENHEEDZITHDL, 0
—{ET —ZIZH W BT 2 overlap-layout-consensus 77 /L = U X L (Myers et al.
2000; Batzoglor et al. 2002) (%, U — KIOA— =T v 7 & fmi$ 2 B/
T 7 HORKEERR T DEMTEHAEC AT UMHAENHERLLTVEWN I X
Rafio, 7 —2'BNL WA T AR MG TE OMEATIC S 2 S 723 2 L X0,
AEVMHERSZIZ LD EREKTIHEZ 2N ET 5, T2 CTHEBESH
7273V XL, Euler 72275 (Pevzner et al. 2001) [ZEEH STV 7z de
Bruijn 7 7 7 # W= b D TH 5, de Bruijn 7 7 7 LT E & k O SUFF % Hi
RELk—-1DF—N"=F 0T %D LT T7Thb, 77 7HORKNRT
7 URER (contig) OEINZKIET D, ZDOTNTY ALTEA——F >
THRHOTEODOT T4 A Neitblenwlew, sHEERMA NS &V FR
ZFFO, Buler IV W —iE7 —Z IR SNV — L ThHoT2s, ™A AL
— 7'y h—27 = AT —ZZxfi LTz Velvet (Zerbino and Birney. 2008) 7235
&, TOHEMENRENTZ, LML, Velvet %7 A A XDKE 72
YINTIEAEIVMHENGIET 50 7 —ARIFELTEH Y (Salzberg et al.
2012) 7 DA ARREVEBZAEDNTOT &7 T RIS STz (Liet
al. 2010; Gnerre et al 2011), =D H TE SOAPdenovo X v A 7 > "X H 7 )
L% Nlumina 7 —# OAT7 27U L (Lietal. 2010), 7/ A %A X2 Gbp LA
DY 7T lllumina 7—# & de Bruijn 77 7 OHFNEE R L2 CTEET
D,

FEii TR LT B EM D de novo 72 o 7 VZEBIT A RKEZRRIBEO —20,
AT RESHEOESICERLZbOTH S, ZORBEAITY >4 —ik, llumina
W OT —X THEZINTEY (Vinson et al. 2005; Sodergren et al. 2006; Velasco
et al. 2007; The Potato Genome Sequencing Consortium 2011; Star et al. 2011;
Takeuchi et al. 2012; Zhang et al. 2012; Nystedt et al. 2013; You et al. 2013; Zheng et
al. 2013), 2D Z EpHAT BESMEORMEITT =27 v ) XALIHEAD L
DTIER <, denovo 727 VBT HERBHRMETHL Z L8005, 2
OFEICK L, #x RIBRRDPMONTE T, BIZIXT Yy HAEST ) DT &



V7IVTIE, RO RE 4 5 RICKT U CRMESERR 21TV, double monoploid 7 &
— 2 EPEEN A FVE 2 5K ZER T 5 2 & TR L T % (The Potato Genome
Sequencing Consortium 2011), F£7=, 4t (Zhang etal. 2012), =% (You et al.
2013), A7 =7 b b (Nystedtetal. 2013) D%/ Lfifwe Cld, fosmid pooling
EREHINDFIETY ) 28K % /=3 2% fosmid BlID T A 7T U ZHEEE L,
KEHNE T a3y NHAETT 'Y 7Y Lz, ®IZ overlap-layout-consensus 7 /L
Y XL TREVESEZHEREL TS, ZHUIREERY gy MU ED | e S
25, 4 fosmid [ INT A RHKRTHLI2H, TORINETEL 7Y T 5B
FTIEA~ATeEEMOMELEITLZ ENTE S, £DH%D overlap-layout
-consensus Z 1T 9 FRIZITA~T B fHEU SIS T 2 MENH Y | Z LN OMEHEE
TMBEDO ST T4 2TV D, UERTEZL ) RFIET~T n e
DEWEMFED 7 ) BREITAA BT E TV DA, double monoploid DEEE T
W) 72 EIR ST AEWFRIC K L COALDEARRETH 5 EiZ, fosmid 74 75
U OGS L [AARICIE E @FEO I A RN d T, &7 7 Ay ay MUk
WZE 27T ) TRIFL EORR/HFOLND 72 BIE, 2FRICRET / LB
ZPRGET D LT TR TH 2 &V 2 5, Tllumina tHE S — 7 = B i ]
R0 T ARAIOPE A R RIBIZSE Mo/l & T, FETVAE
WMD) DIREDASL DN DEEDE R, ~T n BN RMEE 2D 7 — AN
HZ TETCWNDZLITERTRERNTH D,

22 EXAEWH denovo 727 7 Platanus @ B3

FEETNELEYDT ) D EBETHZ 2B E LT, ARBFSE Tl de novo
777 Platanus Z #7212 BHE L7c (Kajitani et al. 2014) , FFE & L Cixm~
TREAGHD 2EET =200 bERBEREINET BT NTHIENTED
EWVO RMET NN, ~T aEAMEUAOREEIT L THX R ITME ST
BO., BT 0 #EAMEY TR ) LAY A AR T Gbp HABZ D EWTEDT —
ZIZHILHAMICHERATRE L 725 K OGS T D,

V= A a— RIZOWNWTiE, A=V a3 1.00 05 1.14 25E) C SiECHEE
L. 2Ok a— ForHtEm Lo BT 1.1.4 EFEONED H DD C+H+T/R—
Val 120 LTHEEINL, TOBKRZENL, X—Y 3121 & LT,
DT 2743 ZWFAA—2 9121 DD TH D,



2.2.1 Platanus ® 7 /L3 U X A DOHESE
Platanus |ZLL FOEEZR 3 oDV 770 7T Anb 7> T b,

1. Contig-assembly
NA AN—T"> KDNA v —27 =Y DOFT—H )5 de Bruijn 77 7 £V H T
— X & T contig (72 7SN 2T 5, NI R
IZER - TAEL DV 77 LokiEz Bk 2R 2 Fo,

2. Scaffolding
Contig FIZ paired-ends (W Wi O G dELS]) reads #~ v B 27 L TLA
T REREL, X% v 7 &ETescaffold Bdd 2 H )35, #EEREE TS
AT RSO A AT DRERE & RO,

3.  Gap-close
Scaffold BL4 1 D X v ~ 745 % paired-ends reads % F\THESE T 5,

KRELUBETZINODOT LT Y AL EZFEMIIERRE 2L &35, 2RO
X 2-1 (2059,

10



(A) Contig-assembly

)—Fr

k-merDHBIREE# D FE —— FfE
HHLEHBERKD — i
LDZERL — R
k-mer
HIRE %
-

s e “tip removal”
de Bruijn 4357 —

Straight node -—v-\--
A7

Junction node

“tip removal”
-
k-merDEE e ot [
(K#BMETSTBEE) = i-—»-,
— i NI
-+ -
L $3g SRSy TE
NTIILEEDOKRE .
ey [ et e

— N — s VT

“bubble
- removal”
TS50 L THIREEER e I s N — S — N —
WEBSZcontiged % mmmmmmmmemomee oo il :
. |
Contig
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(B) Scaffolding
Contig-assembly Tl ESh /T )LEBTYT

/

Contig-assembly T —
ﬁiéh?:% — = —
Conti b —

-
Paired-end reads® <y

Paired eH 1 L 1 L —_I_ l 1l L J-ﬁ

@
Scaffold" 5715
—ﬁi I s “{ e
>

s b
NI, BIBEDRE
contigD&EZE
(1) {Ecoverage depth
(2) NTILEEFERLZL
- kRE “bubble removal” “branch cut” BEINLL
-
ScaffoldE25I D H A ————
- - — —
] —J
(C) Gap-close
Paired reads® <y~ _an—
==
FELTY, Xy TBREDTIA Ak
|
— ——
-

FtrT I Eht-contigTxry 4183

X 2-1 Platanus ® 2%

12

LEEIVHRNELICIRYOF—H7)




2.2.2 Contig-assembly D7 /LT U X A
Contig-assembly DA Z X 2-1A (Z7R-7,

« k-mer HBLEH D 5340 DR

BANZ, AR B (U —R) FORI k O CFY] (k-mer) &7 7~
N5, kOYIEIZT 74V hTld k=32 THYH., A, T, G, CLADOIF
Zate k-mer (TR IND, v ML % k-mer O HHBLEIEL (coverage depth)
Iy a7 =7 LCRERSIL, AmbRMN IS, £D%, coverage depth
DNV kmer [T T —%2 B A TNDEWVWIRELY . =T —HXk e/ LS
HIR D k-mer % XHIF 2 72O DBENRIE SN D, T 2 Tik, oA R O/ ME
EVAVERY (PAXT7) ZHOTRELTEME () &35 (K 22), 22
T, U4 ¥ RUHA XD 71X k-mer coverage depth D 734f D &' — 7 {EH Figg /N
SV (50 LAT) OEEEBEL. &G TH LA PIMEDFTTENES Th
HZ EMBERINT,

e 1B/MED IR H
R
v
G k-mer coverage depth

X 2-2 k-mer coverage depth D43 4i & ¢y DR E

» de Bruijn 7’7 7 DAL

de Bruijn 77 71X, "A AN—T > F L —FJ U AT — XD denovo 7T
JIZx L TEL DY — /L TERHAIN TS (Zerbino and Birney 2008; Li et al.
2010b; Bnerre et al. 2011), ¥ > H—{ET — X IZTHW B TU 2 overlap-layout
-consensus 7 /L U XL (Myers et al. 2000; Batzoglou et al. 2002) & iz L C & iH

13



ThHEWVWIHENH Y | Platanus THHWHHIL TS, Contig-assembly (251>
TIE. coverage depth 2% co LA LD k-mer i, k — 1 DA —/"—TF v S %l &
L7z de Bruijn 77 7 #4557 %, Platanus C D 3E3E [T 72 B T de Bruijn
777 LIFRRY . RO LD e EE Z RO,

(1) &2 k-mer & DOMAESNLFE—IZHID,

2 777 FFAmMIT T 7 Thb,

(3) £ Hi AU coverage depth DfE % £F,

o, AEFIVERAEEZRO T2 7 T 7R THIBEO 2N EIRO R 1 DICE
MES AL, 1 ODOHIA (stralght node) & L CHbiLbd, DFE V.| straight node L8
D k-mer & 5 Te, HAEAIITIL, straight node 237 & > 7L 725 (contig)
WSS A, Ay A B A i]unctlon node EPFEEND (X 2-3), ZHLAE,
bORIRE vy & LT & &, AWE, KL, coverage depth, & £41% k-mer %
ENEI in(v). out(v). c(v). V| E&EKFiLT D,

GAAT TGCG

N

AATC =—> ATCA =—> TCAT—> CATG =—> ATGC/'

CAAT TGCC —> GceA

¥

GAAT TGCG

\AATC —> ATCATG —-)ATGC/

N\

X 2-3 deBruijn 77 7 (k=4)
D7 T 71F k-mer i & L= deBruijn 77 7, FDOYV 77 Tlik, fktaodi
JU straight node, 7RO i s junction node 3K 7,

CAAT TGCCA

straight node DALZ IV THAIOBEEHI S IG SN TWNDH & & N7 UG L
MEEN D (OREITHEIR), Z OfEIT single nucleotide variant (SNV) | small indel,
T T —EITHIET D, 7T T OMEEL, N T UEICE ENRWEIRND
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coverage depth OB NEH S, Z OfEIXATEE ()7 DA [RY R E
I 5 HEK) D coverage detph & L CEDHZRD AT v 7 THbID,

- =7 —HROBMEE (tip) DOFRE

coverage depth 75 co LA ED k-mer HICHb =T —%EH, DT/ ARHNZIIAF
ELRWE DR —EEND, =7 —I3MEE (tip) & LTHRNLD Z &b
ENTEY (Zerbino & Birney, 2008) Platanus & Lz RET HHEREAFi>, =
Z TlX. ® 5 straight node @ coverage depth ME< . B X (B F D k-mer )
DEWE X tip & LTERRESIND, BARBIIZIE, RO 3 ODDOFMENH TSl &
RS (M 2-4), CoplTEET, 7740 MEIZ05 THD,

lv| < 2k
out(v) +in(v) =1

c(v) < Cip - max c(w)

|v| <2k

c(v) = Cy® c(w)

. IO

&
— — W —
-

M 2-4 =7 —HROKBEDRSE

« k-mer {#15 & de Bruijn 7' 7 7 O FHAEEE
straight node % contig & L TH 1T 2%56., £ KV EWY E— FESNZONT
IR TE RN E WS EDB AL D, %0)7”:?5?')\ kISRENTNT 7 2o ) v

15



— MECHNZ RS DI LTV B 25, 75— &3 72 < coverage depth 230

aLﬁ%kv?ﬁ%<ﬁéo;h,\)~%ﬂw>kiwﬁwﬁ—ﬂ~7y7
AR TE L 25720 TH D, Platanus 13EED k OEOF| S &2 TEK AT 5720
ko (77 4V b 32) TdeBruijn 77 7 #HEE L72%, ke (T 744K 10) T
OHEMEERNE T T 7 HFHBEREL T (X 2-5), kh DT 7 4V MEIX, Y
— REN75bp L EOBZE 075D ) — RMA—N"—F v TE2MERL, &5
IZ 64 bit BE L LT 7T AP TREFSND Z & TEITRRHSC A T U ZHITH
TEXD LV NG 32 L) ENEIRE T,

— —) —) \ —) —)
— — — ‘ — —
— —) - —)
— — - —

X 2-5 k-merfHEIZXDYU E— FDFER
FEDOIAIT k-mer, FREOINUAITY ©°— N2 3,

k D Fg KAE kmax VX ko-mer O -#] coverage depth & P-4 U — K& L 0 BEIIZEHE

IND (REITHIR), LATIT, kye-mer D77 735 k-mer DV T 7 % FAEET

D FMEZTRT (ke < K)o

(1) kpeemer D77 Z7IZEBWT, £ straight node DELF % Fril sl BET 5 £ T
ERT D, T2l L ERT DR SITHRKR(K — k) LTFETTHD (K 2-6),

(2) HEE &7z straight node FCFH O k-mer Z fliHH 3% , % k-mer @ coverage depth
RO LD ITHFET D,

r—k+1

r— kpre +1

(3) kpemer DT 7 H T, Syl (junction node) 235 (k — kpe) AN D FEEELC
% kyemer ZFLEL L, TNLEGT Y — FEIET D (X 2-7),

4) Q) THELNI kmer &) TIE SN Y — FHOD kmer 7> 5 de Bruijn 7 7

c(v) -

16



7 AT 5, coverage detph 25 ¢; KXV /N U k-mer (DI (¢ DA
A IEISARHET TRIR)

ZOFEEHANDZ LT, kyemer 77 7 TOF—N—F v TERERD T T 7
IIER LD, k28NS E5 2N TED, B, £ COV 77T —HK
DEDOREFITOND,

>
5

S=— .. = GATG TGACC=>»GACCC=>» ACCCG
kpre'mer 7 27 ATGGATG C {

ATGCGTGACTGAC
“ 4
v DERFIZEIER  ATCGATGCGTGACTGACCES

¥

ATGGATGCG
TGGATGCGT
GGATGCGTG
GATGCGTGA
ATGCGTGAC
TGCGTGACT
k-mers GCGTGACTG
CGTGACTGA
GTGACTGAC
TGACTGACC
GACTGACCC
ACTGACCCG

X 2-6 27 7 7 HEAEZKFD straight node F2% D 3T &
ke=5. k=9 OEEZHIE LTRT, S-mer D77 7725 9-mer DV T 7 % i
KT HHEAEITKIST 5,
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> > > >
kye-mer 757
> > > >

s BB ED — . .
koemerz B —F

—

27 77 T7EBERO, JERMLICYy7EN5 ) — FORE
k—kue=2 OEEZEHIE LTRT,

* kmax & ¢ DFE L

UE— MESIZN L TIAT 7T UNEZ D550 5 2 51505, coverage
depth 23 +/3 2@ < WS IXZ OB 2 AleEn H 5 (K 2-8), 22T
I%. coverage depth 23787 Y L 3ATIZHE D EARGE L, AR 5~ E 78 coverage
depth DD H FIZ L VIBE S NRVEREZ KM LA a7 2L D X ) ITEHR
%, a % W-¥J coverage depth, ¢ % coverage depth D TR & LT,

c—-1 .
a’
SSplit(ki kpre; a, C) =1- (1 —e™a z '—)k_kpre

|
=/’

ET D, s PDIEPMENWIGS . coverage depth 23+ TR I AT BT U DR
ZHAREMEN SN EET D, kpye-mer 77 7 D coverage depth D), TFRR%E
FIVEI apren Cpre & L EBV — RRZ r &35 8 k-mer 777 7 O coverage
depth a I

a=a
pre
r—Kpre +1

EHE SIS, kmer 77 7 OFi7=72 coverage depth O TR ¢ (TR DG %2 & b
(ST TR KD ¢ DIETH 5,
(1) Cmin <c< Cpre

(2) Ssplit(k; kpre; a, C) < Smax
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Z 2T Coine Smax (FEETT 740 b TIEENEN 2, 100 TH D, FthxiT
TP FETDEIREDEDS L, KOS DE ko £ T 5, DED | o VR
HTERWEE k2N E52 e 2hIbd 5, ZROOFEREIZEY, S AT
7V ORRENEE B D D coverage depth @ TR, k-mer & D H BN D &

s,

)L A R B
C R D
757 Coverage depthD A~ E
A ; ESZ B
C D
T JYEER 77 L | ZTFETELAUER S

A
[ |

A R D

C B
X 2-8 VE—FEIZNLEZEIZATEVCTY OEKK
R GREOIUMAIE) 11V v— MEAZ T,



- T UG DR ZE
kmax-mer D7 T 7 MG L =7 —HROEdEE (tip) DOBREZAITIR o724,

ERFTIET —ICHRTDINTMEEDREZITO, ZOXHIRTAHITIX
AFfod de Bruijn 77 71ZHeS< de novo 7V T I HFEEINTWDHN

(Zerbino and Birney 2008; Li et al. 2010b; Bnerre et al. 2011) . Platanus C D 2AKH)
IRPREFIEICHONTZ Z TR 5, N T UHEEIT 2 DO staright node & 2 DD
junction node 2> A% Y | straight node 13- 412 #L[A—® junction node (245Kt = 41
TW% (KM 2-9), ~7 afEBIIFARIGL IR D R T7 O I LinEEFIDMFE L7220
728, coverage depth |T7-EfEIK & ik L CTIK< 72 %, Platanus [Z/3X7 /LND
straight node DEZFIOFAFEIEDYE < | coverage depth [FKWVEEIZ, 7 D straight
node ZPR< T & TAT MG L RET D, straight node v, u & L, ST 5D
FANDATT T4 A M AT oo L E OB (I ATy FLXr v 7D
EFD) Zoeditv,u) T 5, Coupe ZEEEL (T 7405 0.1) LATOZMNE
HITH 72 S D & X coverage depth D E VN D straight node (v 22 u) %277 7
NHER<,
(1) c(w) +c(w) <1.5a (a: V¥ kpax-mer coverage)

(2) edit(v,u) < Cpypble - max (|v|, lul)

PR SNTZBEINIRND 7 7 A WTRIF S L, BOBITICHND Z & b TE 5,

INTAZALTA - ATGCGTGACTG:*+*++
NFOB/ATB e ATGCGAGACTG:-+-+-

TGCGTGACT\
—> ATGCG GACTG =—>

TGCGAGACT/'

X 2-9 deBruijn 77 7T B NNTINVIEE
SNV ICE VAL T#EDOB 2R LTS (k=5)
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- J—FOFE~ v 72X 5 contig DIEIE

U7 T ) AL e, N7 EEORRER, straight node BIZY — F%&
B~y 7 LIAT T REEbN L EFT 2 S 2, BARRYIZI, straight node
EZe—HOHRTY —Re~vy 7L, U—FHTRES kh (F74/L b 32) LU
EDF—R—F o TFRIFELE L 72U ML B T straight node 24745 (X 2-10), %y
W% O straight node 7% 4L VIR LI 7R cotnig (6T 2,

RS <k

contiglZ{ L TR YFEET)—K {

F—IN—S9T BN A b
éj\ hl/}

contig / 1 SEE—HD!)—FETkbpl LD

X 2-10 U— FDHE~ Y FITXD contig BBF|DEIE (47 Wr)

21



2.2.3 Scaffolding D7 /LT Y X L
Scaffolding DRI A [ 2-1B (27”7,

- paired-end (mate-pair) 74 77 VD~ v LT

Scaffolding TlE&#IIZ contig FIZ paired-end & 7213 mate-pair ® U — R&~
T D, ENOEDTAT T VITRWVESOWEGEZ Y — 7 A LT EDTHY
7 ) I ETTO contig DNEF%E L. scaffold Bcd 23 D72 DICHWD Z &
NTED, V=R~ 7% contig FO2=—7 72 kmer (T 74/~ k=32)
X —, contig FOMNEEEE LIy v aT—7 NV EHWNTITH, 2=—7 72
k-mer &1, 4 contig 2 1 D7ZTEEND kmer THDH, V— KD~y 7D
BRIZIX. U — FEHIN S EAEZR LT kmer 8D L contig (2~ v 735, U
— R~ v 7D contig IXZHIR THRD NLEITFEENZ L VRO D (K 2-11),
COHFEZT TA A b2V LV mETHY, a—=IAT I A DX
NV —=FO—EOHNZ =7 v MidF &L —ET 2500~y 7T Ind7d,
contig DEHNMLETHY — R~y FAEETHDH, I HIZ, 2=—7 72 k-mer D
HERNWHZ T E— M MANZ LD I A~y B 7 &P <HERE S FFO,

—F

ATG CTGACT GTT

AATCAGATCAATG CTG GTT TTTGCCCCAT
Contigl Contig2

TYTHER  Contig 1 position 11

X 2-11 Scaffolding T® contig ~D Y — KD~y &
3mer iCXD~vELTDOR], V—RKHED 4250 3-mer D H 5 2 D) contigl (2
v~y 7aIN5H7H, U— i contigl IZv v b,

22



- Contig-assembly D/ X7 AEFIZFH LI — RO~y B 27

AT IS OV T, contig BlANIR T DT B 2 A FITHHST LD T, b
IRFFONTBEATHED Y — RIFHEYNC~ v B 7 SN0 Al REME D FTE
T5, 2T, V—F&2X0Z~v 7T 57, Contig-assembly DFSIZFRZE
SNTEATNAORINERNT 5, TDOHIZ, V—FO~v vy 7Rl
Contig-assembly BFD /37 )LELFI % contig EIZ~ v 7 L TH <L, WKIT, contig |2~
Y T ENIRNY — RITH LTAT VDRI ~D~ v T ailkr, v T SHI2R
SIZ AT IVES EDONLE % contig EONEICEHET S (K 2-12),

J—K(\Tag147A)

Contig \

Contig-assembly TR %
SNt=/\T)LEES

J—R (\Ta%47B)
X 2-12 NTAEFIEZFHALEZY—FOo~y 7

s A = M A XOHEE

TAT 7 VHDA Y — b A XYY, EEREZ, W R~y 7
SNV — NOMMNBHEET D, 22T, A — A XEIXT Y — RED
FEBEIZ %35, Platanus (341 Y — b A ARN/NENWT A 7T U MNGIHEIZ
scaffolding [IZHWD X HIEEFESNTWDHTD, 57477V OffiiL, —BEFETF
DT A7 F ) THESH scaffold ~D~ v B FHER LV HEE SN D, Zh
L0, v v B XROBLS (contig F 721X scaffold) NEWZ L2k D, A
Y — F A XDORKENT A 7T VIZHOWNTOHEEENIE S AlREME A S+ 2
EMTE D, VL IFEEFEDOFEHFFIZIINVEDZEL Y T2, A ¥ —
R A XD FTE—27 2R L, [025xE— 7 H, 1.75xE— 7 f&] O#FHN
DEOHEZHND, BE—=2713% A X101 DY 4> Ry HWTHRHT 5,
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- scaffold 75 7

U= FOXRTNEZ2 % congtig DALIZENEINL~ >y TS DH & E, contig DFH
WY r73snbET5H, 4 contig ZHimE L, BEEn L EOBDY 7 ZFf
D contig DAL Z W THETN,  scaffold 77 7 25T %5, Z 2T, HIFV 7D
L contig MOHEEHFHREZFF>b D &5 (K 2-13),

N S
—— ) =

Scaffold 757

X 2-13 scaffold 77 7
Vo7 Do T U — REDO TR (n) 22 OHEOHF, "link"1ZV 7128 F
o7 U — R "dist"IZ contig [F D HRHE,

contig HIEEREDHEE & U > 7 D TR n ODREFHIEZ LT 720 LT OB Z E
#95,

r U — R

c: F-¥J coverage depth (v > 7 iz U — ROHEFHR / contig DHFHR)

w A oY — YA X

o A Y — b A XOIEHER A

l1, b: contig &

g FEBED contig [ D HREE

A Y — MY A ASHTIERS A CFE 1. 38 0®) (T0ED LARE L, Bk

(2 &V contig FFEREAHEE T %, contig MfERiZ d & Lk &, VU Z7IZEEN
HRXT V= ROENENDA Y — " A X% 5(d)(i=1,2,.., XTE) 35,
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HEESNDHBEILATO L 92725,

(@) = w?
\/* 202

U7 D_RTEOFRnIE 28 OFETREEND, 1 O03EE e (57 4
VR 3) THY, B 1 2D nepldg=pu-2r, 1,=h= F¥contigk, & L7
CEDRTHROMBHETH D, FTOMRBEIZLLTO LY ICEHE IS,

lLi-r l1+g+l,-y
x-w?
dxd
f f 27’\/ 0 ( 202 )V
0 li+g+r-y
Scaffolding A7 v 7" Tl&, nexp Z 8 H L T scaffold ZAEEE L7212, nmin 28 H L
TEDLICEANDIEREZIT 9, 2B, nep (L7 A4 77 VEICEIE I NS,

argmax

- scaffold 77 7 DA (contig) D%

scaffold 777 7 CHIR u. w DHILE vICER L CWALAEB 25, v &2 5L
WZLl7zu b wDELD, ENONREI o L EA— =T v 7L TWDHEA, v
Ewid TEZR) LT EERTD (X 2-14), BE o iZ2@VEHIN D,
BAIZo=20 (o : AP — A XHEHEREZE) T scaffold ZHEFLE, 0=30
&L THERZIT O,

EE 2
> &4
A—i"—5v7:3
£&:4
EERE:3

X 2-14 scaffold 75 7 2B 5 iR DOE R
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- scaffold AL A1 DA &L
Viepeat & E1557 5 MR RO Z FFOHI R DES | Visea % scaffold HEELIZBE
ISR OEAS LT 5, LLTIC scaffold BEFIEE D FllAZ R~ %, U E—
NELHMERE (Viepea) &I L CHIRAE DRBRNE S T T Y X AFEF ST
W5,

(1) (vo $ Vrepeat and v() $ Vused) %?ﬁf:j—ﬁﬁ/ﬁ%ﬁ \\/y-bﬁ: vO k L/ E {:I\
Vscaffold % Vscaffold = {UO} g-)- Lf%ﬂ/ﬂ;’q,ﬂﬁj—éo

(2) {J/—(@%ﬁ: (u € Vscaffold and u ¢ Vrepeat) 73‘_’{%7]‘:'@—);(1/{ W) %jﬁj— Eﬁ '5 w
DN Veattold DESR EMHZE L7200V E &L Wi Veaatrold & Vised ITMZ HHLD, w D
RN EE D D & XX v b D7 T 7 EOEREN/NES W E OREITIND,

() Vicattord (T AZ BN DBEAHOHIR D 725 FTQ) &MY KT,
(4) Vscaffo]d 75_) scaffold EB&U CE LT{%T?‘@— %) o

5) AT v (1)4) & vy ERDESEOBEMPIEL 725 £ THY KT,

- =T —HRDILDORE

R OERERNFELIZE &, FHOLDOLT U — FEBSBIE L 0 D722 nga,
WE~vy BT OIREICIVELTZLD LR LTHRET D (K 2-15), Bk
722 FNEITRDEY ThH D, iRy, u, wliZOWT, u & w % L’Cb\é%{i\
BEZD. v, uffl TG, e X7 U — RO, e(v, )yaX7 1 — F‘%{@Eﬁﬁﬂ
T5, Cax (T74/ K 05) ZEHKE LT, FTOERENHT-ESND EZX, T (v,
u)x kR <,

n(v,u) n(v,w)

e, ) - e(v,w)
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X 2-15 =7 —HEDOEDORE

- scaffold 7' 7 H DO AT NAEEDFRZE (bubble removal)
de Bruijn 77 7 DO/NT LR L RERIC, BRIIATUEEE LTELD, 2

Z CIE SNV < small indel D A7 O FHEE L T2 E I TE 2 /REMEDN H 5,
~7 1 fEIK Tl coverage depth 2MERWEE 2 v, £72, 25K ) 22 HEEL
TWDTI2D, NTVDPIINTVPFET D & 9 ST RNLITREZ Y 2
R, TRHOGE L ~NT e XA TROMEMEZ SE L2 A B R | scaffold
7T THRDONTIVRAST B 8IS T 5 EHIE SN2 5E . coverage depth D
BN ONRAERRET D (K 2-16), LLMICEARNRTIEEZR~D, u & wikk
HIZvICHELTEBY, O ELTWDLETDH, utwiriEmive L T2
DO scaffold V,, V., ZMHFET 5, Vi V, Ol T contig 233H STV 572
HIX, £ D contig ZFRW=EH &2V, L V', ET D, VI, V, EEIIELTT T
A A ML, RERMEZHE TS, RREICHOWTLUTOLIITEET D,

V'] . scaffold VOR &

c (V") : scaffold V'® coverage depth

bub(V") : scaffold V' 2~ v 7S5 /37 /L (Contig-assembly HI2K) DK

editV',, V') = V' & V', OFmEE B

Com: EE (T 7/ F 0.1)

Chomo: EE (T 7 4/L 1 1.5)

Chewro: EH (T 741 0.75)
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WD 254D 5 BLWT DNz Sz & X,

(1
cV))+ c(V,) <2a and
edit(V, V) < Cgim - max(|V;/|,|V,|]) and
(bub(V,)) = 0 or bub(¥},) = 0)

()
¢(W) < Chetero *a and
¢(W) < Chetero * @ and
c(vright) < Chomo * @ and
¢(Wieft) < Chomo " @ and
(bub(V,)) = 0 or bub(¥},) = 0)

NTNERET D,

[ —

Vleft
w

rlght

V/

{—Au—\

u
i <Ii§i%

W —

VI

w

Viege ™= u

X 2-16

28
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vright

scaffold 77 7 HDONTILERE



- AT SRR Bk S B & DR 2 (branch cut)

AT REEFICE v v 7RO U B NESIDFET 256, N AEEEZ LD
THAEEZ & DN B D, HEiROEENE I o7 L&, HEL TV HMEN
& 11T coverage depth 23K <. Contig-assembly D /37 /L < v 7 I fu7a & X
T EWRET D (K 2-17), HS Vo Vi « VWlZDWT, V, & 7, D3EZE LT
HET D, MOFEMENRT-SND & & Bt LT DR D 720 (V02 V)
77T bR,

C'homoz Eé& (5‘:7j_/1/ }\ 15)
Chetero: Hﬂf_‘_’éﬁ (5:7 Z]’/I/ ]\ 075)

¢(Vroot) < Chomo *@ and
max(c(%,),c(,)) < Chetero * @ and
bub(V,) = 0 and

bub(V,,) =0

LT T N
Ul N

\ coverage depthM{E S E—ERF
[CRYIBEING M T-fEE

R

BHHEEDFRZ (branch cut)

<N T M

X 2-17 ~T7T aEBEEOKEEDRZE (branch-cut)
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A=A ADORENTA T T VICLDHEE

AP — A ZXNNSNT AT T U THEE LT scaffold DELSINZ, LV A
b= A ZXNRKRENTAT TV TEETELSLERHL, 477D
physical coverage & (CE¥JA o — hh A X x vy 7 IV — N / contig &
iR EEETH, A — M A XL physical coverage 3 & HITKEWT A 7
7 U T scaffolding 4T 9 HNZ, &FX ¥ v T2 E Y — RXTBFELET D0
BUAFELRWGRIEIAT BT LR L THolT 5 (K 2-18), BEARHY
(ZIE, ROFMED)~( DTz STz & W edT o,

s X v T EERLIY— RXTH
Sop: F X v T EET Y — AT OB
Amin - ﬁé& (5‘:71‘/1/ 3 3)

(1) s < Npin

(2) $/Sexp < 0.1

(3) Sexp > 1

@) IWHEMOF v v 7 L ITRNC Y 7 BFET D (U — RXTE > niin)

LAY —r A XN
D343

......;;;;%i;‘\Eili{/;;illllﬂﬂﬂmllllll
Chrl contig XL E— kb
V

Bl Vet gl choconte |

Ao —KHF LXK 9
N34T
X 218 AP — " A XDRENTATITVICELDEF Y v DM
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2.2.4 Gap-close D7 /LT Y X A
Gap-close DA% [X] 2-1C IZRT,

XX v T EHIN—FT5H Y — FOULEE

Gap-close Tl scaffold B %1 21T paired-end (mate-pair) &~ v 7L, ¥ v/
i~y 7&n5 Y — FEHI S de Bruijn 77 7 £ 721% overlap-layout
-consensus 7 /LAY XL HWTE ¥ v T ORI EREET 5 2 L 2ilA
%, Scaffolding & [FIEEIZ Y — R % scaffold id# iz~ L., &£T74 77 UVDA
Y= A XEHEEL, A Y — M XDNSRTAT T Y NBIRIZFE ¥
7LD AT v T H2FRITL TS, RRICETOIATTZIVDY —F&—
WS,

XY v T E N N—F25)— FONETEZRRD, LT ORITDY
—RKi~vy7FaInleEx, bORFTOY —RONEZA Y — F A XDFEH
MHHEETE 5,

het: v 7 SN2 — ROENIE
highe: ~ v 7 SN Do T2 ) — RO E
Qe X ¥ T DL E

Grightt X ¥ ¥ T DL GENE

o: A v — M A XORERE(R =

WD 2 FEOWT NS nNb L&, v v I holz) — RNEFx v v
KRS T Hivs (K 2-19),

(1) Yleft — 30 < hright
(2) hleft < Iright
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paired reads

30 30
[ P - scaffold
gleft right

X 2-19 ¥ v 2 NN—F35Y— FDINE

- B —HIVIR denovo T2 T VIZE DX ¥ v TEH T ORLYIEEE

Xy v 7w — REEDRIT. £OY—RE27E 7L contig & 54
95, deBruijn 77 7 EHW=T &7 Y Tid, k & coverage depth @ TR % &)
IR LRV, kDfEIZ 24, 72 D238 OFHE L, coverage depth D FRIT
3E L. kmer IRDOAT vy 7 HERO T Z & TEEEAHNOND, 7/ LY A
AWEEX T bp DY > TN TIEFK ¥ v T OEBN A THRALIZIR D Z ERH DT,
HWEZEHL WD, £, V—FO~y IFHREIVX Y v 720 —F2 Y
— ROARNZ Y REMBEE D=0, M7 k-mer DFL % X575, de Bruijn
777 TxX Yy v 72U D contig WHEEE S L7 WA, overlap-layout
-consensus [IZ K BT BT U NFEITIND /A — =T v TRITI2 TH D,
TR T7 V%, & contig IZOWTHF ¥ v T OEMOES|E A —"—TF v 7 LT
WOHNET TA A MIEV#ND, 7740 T, RERUETIR®
S FOEIGN 005 LFDT G4 Ay M Ad—r—F v 7 LHET S, contig D
WA v > TREILORS| & F— =T v 7L TWNDH E X, ZD contig TF v
7 E2MAL 5 (X 2-20),
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Contigl GAGCGATGGG | A T G G C G IGTGAGTGCAC

Contig2 1GATCGATGGG {GCGAAAATCGAATC IGTGTGTGCAC

Scaffold : ! l |
------ AATTCGATG 1GATCGATGGG : NNNNNNNNNNNNNN :GTGTGTGCAC 1 GATCGATTTCAC:- -+

Contig2
TXyyIZiBNH5D

B 2-20 contig iZ K 5 X ¥ v FEH 4 OB L
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23 ERAEWMT — FIZxtT % Platanus O A B MO RREE

AREITIEAIET T L7277 v 3 Y X AIZEES W TEIF S 47= Platanus D MERE
P2 D7D, Hax RIEO~T v #EEEE ROV I a2 b—Ya VB XOET
— A TN T EATIR S TG R E R T

23.1 MEE

RUFv—T OMBEEZLTICRT, 727 IVRROE S 2703 5 121X
NG50 LW o fEZ Ve, T T URRIZEBNT, 77/ LA XD 50%535 2 O
L EORSOBINCEEND Z L 2BHRL, RSOVHESLPRELY, =
TRV = FHROEWEI OB ZZ T I WIHEENH S, NG50 1
scaffold & contig |Zxf L CENZENFHET HZ LN TE D, contig DEHKIL, ~
v F~—2 Y —/L GAGE IZHEV>, scaffold & 3 bp & 0 EVWWNIEET 5 EAT T
ST LT2Bed & 2 R R & LTI U 7 7 L ABBIDAFEET 5 C. elegans
(The C. elegans Sequencing Consortium 1998) (22 TCiLaliY —/L® GAGE
(Salzberg et al. 2012) & H\\ =, & DO EWFEIZ DOV TIX, fosmid F 721% BAC
WK VEEINTT ) 2OESES E T2 T URRAE T 5 2 & Tl A
1170572,

s R T — 7 XRBOEYE L 17-mer BRI O fFEHT
AW AEYFIZLL T O\ Y Th b,

* Caenorhabditis elegans
MEBDOETNVEMTHY . ~T B FEAMHEITEY, £TF—Z & ZThaikio
TaEAE VI ab— NLIeT —FEER LAV TFv— 7 1AW,

* Strongyloides venezuelensis

BT RGO E, T AT —HIIREELTH D,
* Crassostrea gigas

ENT BEAEOHIETHY . RT 7 87 AR IN TS (Zhang et al.
2012),
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* Melopsittacus undulatus ("bird")
de novo 727 U 37 A N T D Assemblathon 2 (Bradnam et al. 2013) |Z
TSI BO—FE,

* Boa constrictor constrictor ("snake")

Assemblathon2 Tf#i S 7= gD —Fif,

* Maylandia zebra ("fish")
Assemblathon2 Tl & 7= fadD—Ff,

M. undulatus. B. constrictor constrictor, M. zebra I3 Assemblathon2 TILZILE 4L
"bird", "snake", "fish" & FEIZILTED | KL THLEDO L I KL T DELEELH
Do

SEWTFED 7 ) L ORI AR T D72 17-mer O HERIES3AG(2 K 2 AT
BT o7 (® 2-21), ZHUC LD, ~T7a#ESHOR/N, U E— NS OEIE
DKIN, 7 DY A RefEdTHZ LN TED, paired-end V — RHDOLETDH
17-mer #H 7> b L, HBLEEO S AEEHHE L TWD, 7 LA A XX LT
‘ol T — 2 ENDHHGE. REHEBKICKHST 2= BN, mT
ARG MEDY TNV DG EIIAT v EHEN G EH S D B — 7 OfFEIC KD 2
DR Z LD (M 2-21B), S 612, U E— MNFIOEIGRENT ) AOSGE
TENICHIST O E—2 RS, F727 /) LA XL, MEBLEED Ao
B/ IME (K 2-21 A D Cpottom) & D /NEWTZ T —H KD 17-mer & BRV T, (£ 17-mer
D/ FEEROE—7HE) ZRODHZ L THEETE %, 17-mer HERIEI A
MRS R A 2-1 — 7 DU AT — X DOFME R 22 1RT, D OIS
REVUTOMANRR F~v—7 T =R L THLNE,

- C. elegans & S. venezuelensis |3V ©'— NECAHIOEIE 3T,
- S. venezuelensis & C. gigas |3m~7 2 #H5M,

- C. gigas 13V B'— MELHIDOFEIE D3 FLEZAY F U,

» Assemblathon2 O 3f&E(3 7"/ LA X751 Gbp Hiltk,
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(A) XY

SRR

H IR B3

Error-peak
A
Hon}o-peak
Hetero-peak
A
1)E—R K Dk-mers
0} c/2 c 2c
Chottom

(B) C. elegans D~7 25 ME (0.0-2.0%) ¥ Ial—rvarT—X

0.012
0.010
0.008

X

B 0.006

0.004
0.002

0.000

n A
A

A
/

\

—0.0%
—0.1%
0.2%
—0.3%
0.5%
1.0%
—1.5%
—2.0%

50

100

150

H 2R [81 3%

36

200

250

300



(C) X F~—IKBOEYFHE

0.12
—C.elegans(nematode worm)
0.10 —S.venezuelensis(nematode worm)
0.08 Oyster
% —Bird
0.06
= —Snake
004 ‘ ) \ Fish
0.02 L// \
0.00 .
0.0 0.5 1.0 15 2.0 25 3.0
HIR A4 / Homo-peak i B [B1 5k

X 2-21 17-mer ® HERE £ D 556
(OIFFEHEEO B — 7 fETEFIL I TV D,

F 2-1 17-mer H 5L EIE 50 AR fEHT RS R

7)Y AR Z‘;fﬁfﬁ@ﬁﬁ? Hetero-peak-height / U v*— K3k

S (Mbp) (F=2 &) Homo-peak-height 17-mer DE|E
C. elegans (nematode worm) 100.3 113 0.0704 0.236
S. venezuelensis (nematode worm) 57.7 111 0.955 0.289
Crassostrea gigas (oyster) 565.7 98 1.27 0.471
Melopsittacus undulates (bird) 1085.2 91 0.424 0.313
Boa constrictor constrictor (snake) 1431.5 77 0.108 0.436
Maylandia zebra (fish) 915.0 41 0.194 0.441

C. elegans VAN D 7 ) YA XL 17-mer O HHIRIE A0 HHEE L 7= i,
Homo-peak, Hetero-peak, Y E°— MHI3ED 17-mer (2 DWW TIEIK 2-21A DFRK

IZHET D,

37



#£ 22

V— I U RT—F DM

s/ Caenorhabditis elegans (nematode worm)

77 bt A X (bp) 100.3 M

A 2 — F A X (bp) 230 020 4,660

Y — K& (raw) (bp) 110 110 100

BEH A X (raw) (bp) 7.5G 72G  13.9G

Y — KN (preprocessed) (bp) 107 106 87

ARt A X (preprocessed) (bp) | 7.2G 6.8G 2.8G

)R Strongyloides venezuelensis (nematode worm)

77 LHA X (bp) 57.7M

A — R4 A R (bp) 200 450 3400

U — N (raw) (bp) 110 100 100

HEH A X (raw) (bp) 2.9G 5.2G 53G

Y — R (preprocessed) (bp) 104 96 69

A #tY A X (preprocessed) (bp) | 2.7G 5.0G 3.6G

e FE Crassostrea gigas (oyster)

5 ) B A X (bp) 565.1M

A % — A X (bp) 170 500 800 2000 5000 10,000 20,000

Y — K& (raw) (bp) 90 90 90 90 90 90 90

BEFFA R (raw) (bp) 363G 187G 185G 507G 166G 188G 25.7G

Y — N & (preprocessed) (bp) 86 84 82 71 82 66 60

BEH A X (preprocessed) (bp) | 347G 17.6G 170G 297G 42G  20G  2.6G

LR Melopsittacus undulates (bird)

77 LHA X (bp) 1085.2M

A — A X (bp) 220 500 800 2,000 5,000 10,000 20,000 40,000
U — K& (raw) (bp) 150 150 150 90 90 90 90 90
BEFFA X (raw) (bp) 484G 472G 431G 476G 350G 170G 161G 157G
U — R E (preprocessed) (bp) 135 128 115 82 81 79 78 65
B X (preprocessed) (bp) | 43.6G 40.5G 33.0G 26.0G 15.7G 7.3G 3.7G 1.7G
LW FE Boa constrictor constrictor (snake)

77 B A X (bp) 1431.5M

A ¥ — h A X (bp) 400 2,000 4,000 10,000

) — FE (raw) (bp) 121 101 101 101

BEFHFA R (raw) (bp) 136.0G 251G 174G 20.5G

Y — N & (preprocessed) (bp) 118 65 68 75

Aty A1 X (preprocessed) (bp) | 132.1G 143G 1.0G 6.5G

LR TE Maylandia zebra (fish)

77 LA X (bp) 915.0M

A — A X (bp) 180 2,500 5,000 7,000 9,000 11,000 40,000

Y — R E (raw) (bp) 101 101 101 101 101 101 101
AFHYA X (raw) (bp) 604G 717G 145G  16.0G 149G  11.6G 3.9G

Y — R E (preprocessed) (bp) 80 62 62 58 52 58 50

AR A X (preprocessed) (bp) | 48.0G 277G 3.8G 3.8G 5.1G 2.0G 1.0G

"preprocessed" (X7 X A ES, K7 AV T 4 BIRORER AT, mate-pair |2
%t L Cld PCR-duplicate & A > — b YA ARG/ NS WST HREIND,
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c RUF =T XRBD de novo T2 T T

Platanus (version 1.2.1) {ZA01.2C, ALLPATHS-LG (Gnerre et al. 2011) (version
44837) . MaSuRCA (Zimin et al. 2013) (version 2.0.4) . Velvet (Zerbino and Birney
2008) (version 1.2.07). SOAPdenovo2 (Luo et al. 2012) (version 2.04) %X F
~—7 LT, #x 72 denovo 7227 7 % il L7= GAGE D@ (Salzberg et al.
2012) TiE, B b 4 FREAET —XIZBITLT A MIBWNT, ZUHDY —/b
I3 scaffold NG50 T _EAL 1-4 fZONANL 2 3#ER% L TV %, ALLPATHS-LG, Velvet,
SOAPdenovo2 O 7 /L= U X A% de Bruijn 77 7123 < . Velvet IZHERY Y7/
LY A ZXONSREWETICEE SN TWY 525, ALLPATHS-LG &
SOAPdenovo2 & HHNLD 7/ LA X2 bt LTV %, MaSuRCA [
overlap-layout-consensus 7 /L = U A A% % Celera assembler (Myers et al. 2000)
BRI, N ANV—T y hT—HA~FIET DD ORBEEMNMZ Y — /LT
& 5, overlap-layout-consensus [T —f%IC% < OFHREEF R Z LB LT 2503, U E—
~ELI52 coverage depth DIRWVEEIZ A T L AlRetE HH T D,

INT A —BEBTEIZOUVWTIL, Platanus 137 7 4 /b MERE CTHEIT S N7, Velvet
& SOAPdenovo2 (Z2OW T, BHER/NT A —Z TH 5 k-mer Rxxifkd 2 2
EERBTND, TITIEH, 21 25 91 D kmer B4 10 DA THZTEREN
FAT L., scaffold NG50 23 e K & 725 b D &BA TS, SOAPdenovo2 (22T
L. ~T BRI ORI E R L B DI 5 "mergeLevel” (1-3 OFPH T, KEWIZ
EL OMFELRESNOME~—95) &2 1 £/ 3ITHIE L, [AERIC scaffold
NG5S0 D REWVWFZIBIRL TEY S HICfHED GapCloser 7' 12 77 A H 54T L,
¥y v 7HEWOT L 2L, ALLPATHS-LG (I 2 f5KE— RTHEITL, %
DOMIET 7 4V~ DFETE THFAT L7z, MaSuRCA T A E U {HE EICT 23 E L
SMET 7 4V FTHEIT LI,

« R F— T T — X ORALEL

ETOY L TWZHET 57 —F ORI FIEC DN TR~ D, £7, 2T
DITATZIVDY— R LT, THTHESN KT AV T ¢ fHEOBREETT
Ieolz, THETZEINI, 11 bp DEE—EHET—RELT, 30 bp Ll EDOT Z
A AV IR ST GE, ZoETL0IMIEZRET S, <7V — FOGHE
1Z. V= ROA—R_—=F o FEREHNT30bp KV EBENWT X 7 XEFORED
RALND, K7 AV T ¢ fICx LTiE, U — RO SIEIC
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quality value > 15 DN 11 bp LA Fadifse L TV D aEEA R L, 23 & 0 Ml
DRk ZbrET %, mate-pair 7 A 77 V22T, PCR-duplicate & A > ¥ —
A AP NS WRT OREZIT R o7, T a2+ 57201213
— &Y 77 LU ARSI~ v T T HRENH DN, denovo 787 U DYGH
ITZINDFIE L7228, paired-end D FA7)>5 Platanus CTHEZE L 7= scaffold El %)

(gap close FFA)IZ U — R&E~ v 7 LT, < v B2 7Y —/ L% Bowtie2 (Langmead
and Salzberg 2012) TH D, [l U — KD 5D~ v T (BN —ET 5T 2 HED,
Z DBt mapping quality (Bowtie2 23HEH) NEWRT OALZEKT Z LT
PCR-duplicate ZfrET 5, £z, UV — FEOKERHE nominal 1 > — hh 1 X

(ZA4 77 VRERICEDONTA P — A X)) OFGLLTONT RN
72,
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232 ~NTUEEAEAEZYIa2L— M LET—XICLARFv—T LB

- C.elegans T — 42 ODREB LI ONT oA EEL T I a2 L — LT —Z 1Bk

C. elegans (77" /7 %A X 100 Mbp : [ESLBARFIIFERT /NFEREGEER L 0 #241t)
?/7 7 2 DNA % Illumina HiSeq 2000 (2 &k 0V > —27 = A L CTIEWE (£ 2-2:
[E LB AR gE T BHBEHERI LDy — 7 2 R), A4 7T VX 2
paired-ends & 1 mate-pair (f > ¥— h# 4 X 230 bp, 420 bp, 4,660 bp) THERK
SNb, V— ROk, V77 L2 A5 ) AT paired-end 2~ > 7 L SNV
& small indel 225 % LI F O FINAETRH L7z,

1 V—Fo~vyrr7r
Bowtie2 @ single-end €— R CTVU — RZZNEN~ > 75, R T DimLE
Bt (SR TF + Xx v ) IX5LT,

Q) Y EUITRROT 4 NZ ) T
[ —DEANZH ) — KRR~y T ENLXT D5 A ¥ — A X0, &
KON 2x 2R DOIRHERE OHHNICBESEL2bDODOHREEKT,
PCR-duplicate &< (SAMtools rmdup =~ > R),

B3y AT T
SAMtools (Li et al. 2009) @ mpileup =~ > K TIT9H, HHID quality value D
FRRIZ30 &35 (-Q30),

4) EBROa—
coverage depth 23[20, AL DFHNIZ & 5 H A F T 225 (SNV 7> small
indel) 2759 U — ROE|E230.25,0.75]0%FHICH D L&  BREPa— 1T 5,
T, BRITIAETATETHLLEBELTNDLDTO0.75 &9 ERAERRT
oo o, V77 LA EOF v v FEITRSEED B 100 bp LLNOH 1 |k
(ES ST S RN
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B LEEEBROBN LY TN O~T aFEAEEAHEET D & 1.85%107° % & M)
TIRVWMEIZ /572, 2D X INCTEONT B HEEMENMRNZ & 2R Lz BT,
FHERE ETABIIIC 0.1-2.0%D~T aHEREICR D O BREREZNZHZ & T
V3al—varT—HEHERE L, ERTIEZLLTO®EY Th D,

(1) V77 Ly REXHTIRRDNT 1 & A TEHIOREEE
V77 Ly ARSI B2 T o Z A2 SNV F7213 indel 23 A9 5, SNV & indel
DOEDIL 9:1, BHEBEEEN 0.1-2.0% & 72 HEHN 2 N ENAEE T 5,

Q) V—Fovwyr s
B2TDODIATTIVIDY)—FRE2V Ty LRI~y T UNEBEEZRET S,

(3) U— F~DOZEHEDEA
KV —FoONTaz2A7 (V77 L ARHIETITHMELTNT v & 14 7R
) ZREL, VIZIF7 VAR TDY — NS ERT D, £
DB, BV A PTHD L1IZRD X912 T 5, £z, ZOHITERDAMIHE-
THESLDL, TOHETITERBOEHGIEL S BEIND,

VIalb— LT EESEOMIZ 0.1, 02, 03, 0.5, 1.0, 1.5, 2.0%D 7
WY THhHY, Fhca Lz T o207 —Z2y ROBMESLTZ,

s RUFv— I FERBIOELE

2.3 Bi Tk _7= 1T denovo 727 7 % 3FEFT L, #iY —/V GAGE # H
WTFH 21772 572, GAGE TiXV 77 Ly ARG ARSNCT &7 U A5 SAD
5| (scaffold Bic%l) =7 7 A A2 kL, 2 A7 &7 VU (inversion, translocation,
relocation DEEH) ENEH I D, £7-. scaffold, contig I A7 &7
&Pl L C NG50 25 L. corrected NG50 & W HfEE L THESND,
COBEXES ERBEOWH FEEBERBLILEE LTHWAZ ENTE S,

F. KEOEREETIEE (corrected NG50, X A7 27 V) 1ITHOWT,
KT v T TOMENR~T o BRI L > TED L IICELT D EIK 2-22 (2
NGRS
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(A) Corrected scaffold NG50

>00,000 «OrPlatanus
Fy ALLPATHS-LG
o 400,000 -
§ e ® MaSuRCA
< 300,000 “®-\elvet
e -®-SOAPdenovo2
S 200,000
©
3
@ 100,000
]
)
0 . :
0 0.5 1 15 2
ANTRESE (%)
(B) Corrected contig NG50
60000 «OrPlatanus
50000 ALLPATHS-LG
= “©-MaSuRCA
40000
o . O “®-Velvet

30000 \\ “®-SOAPdenovo?2
20000

10000 -

Corrected contig NG50 (bp)

NTOESE (%)
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(C) IRATET VK

“OrPlatanus

2,000 ALLPATHS-LG
£ MaSuRCA
= 1,500
1'% “®-\/elvet
kY “®-SOAPdenovo2
By 1000
X

-
~
-

500

0 0.5 1 1.5 2
ANTOESE (%)

B 222 ~ATeELEMYI2L—YarTF—FTORVFv— IR
EEREE HEE)

Platanus LA#} @ de Bruijn 277 71235 7> 77 (ALLPATHS-LG, Velvet,
SOAPdenovo2) (ZHBWTIEAT 1w #25 EE O ANTHEY Y corrected NG50 23 &I IC
WAL, IATECTUELRIMITHEML TS, ~T rESERT 7Y
DIFEF L7225 Z L1377 /7 MMgscatm TREBNIHE S Tuz2y (Sodergren et al.
2006; Xu et al. 2011; Zhang et al. 2012) AHFFED L 9 ITEE O ~T v B4 OfafE
\ZF DB AT 5 DITHIH TH 5, overlap-layout-consensus 7 /L= U X L%
£H LTV % MaSuRCA 1H Y corrected NG5S0 DI/D 3 ECHTd D43, A
T TVEIZEDT —HTH Platanus D 2 5L EE WO FERIZ 2o TW D, F
AT BESENE (>1.0%) 7 — X2 Cld, Platanus @ scaffold corrected
NG50 (TR, IAT BV 7 VRN E o TR | MELR I AWML TE T
WHEZEZBND,

oW T, WEL L TOREZY 77 LU AL scaffold D I A~ > FH L
indel (<5bp) FCRMEL7- (3% 2-3), 22Tk, ~Tr#EAEEZ Y I2L—F
LTWRNT —=Z R E L TND,
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* 23 Celegans (~NT RERE 00%) T—FOT7 T VBT SE

L~V 0K R
Platanus ALLPATHS-LG MaSuRCA SOAPdenovo?2 Velvet
IR v FH 4,534 5,762 15,521 16,650 16,941
Indel%% (< 5 bp) 3,352 5,125 9,142 5,236 5,102
N' OEIE (%) 1.40 2.63 0.77 0.43 3.33

U7 7 L ARESI & scaffold B4 OfE (GAGE & H),

C. elegans > 7 IV DITLONT B HEAFEIT 1.85%10° % EHEE SN2z, 2 A~
v T L indel HOAFD 1850l % ERl-7- & &, D7l &b EDOHIFET—
ThhHLEEZHND, Platanus DI A~ v F L indel OEETE/NTHY | HEIH
LAV TORELEWI EDRREBEEIND, IAYy T, indel Bix, 77V
FERIINEZZLS GHDH T L THOE D AREMEN H 573, Platnus O'N'OE|IG 1L 3
ZHTHY, FEIDIENTH D, DF V. Platanus IZIN'EZ L HETHZ LT
NODOEETTTNDHENWS Z LiFhad, EHIZObELIZBEZALTND &
B2,

ST 21 Ha & RV ofatE (NG5S0, FAIGEHR) ZX 2-23 1R
9, scaffold NG50 {22 Tl corrected scaffold NG50 & Ebi L C ok & 7| o
ZAbIE 72N, contig NG50 [Z. SOAPdenovo2 DAEN~T B HEHE 2.0% D55 LA
NTHRRERS>TUWD, LL, corrected contig NG50 (22Tl SOAPdenovo2
TIE% < O/ — AT Platanus X° MaSuRCA X W /NS UVMEIZ/2 > TWDH728H, I A
TR T U THMESNLEIINEL N EARIBEND, EYOAFHEIX
ALLPATHS-LG PSMIETD S — AT C. elegans D7 ) LA X WMM@)K
ITVME & 72> T D, FRIZ Platanus 137 B8 2.0%CTH 7/ AV A4 XL D
EIVNE L, FHREIR O~ — U BEREL TV D Z AR LTV D,
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(A) Scaffold NG50

700000 «OrPlatanus
600000 ALLPATHS-LG
g 500000 '.'MaSURCA
o -
{0 400000 Velvet
2 “®-SOAPdenovo?2
T 300000
5]
T
& 200000
(7]
100000
0 T T T 1
0 0.5 1 1.5 2
ATOESE (%)
(B) Contig NG50
180000 «OrPlatanus
160000 7 ALLPATHS-LG
~— 140000
2 “©-MaSuRCA
S 120000
N “@®\/elvet
O 100000
< e “®-SOAPdenovo?2
2 80000
§ 60000
40000 ! ™ —— ==
20000 T. 3
0 ~ ‘9“ -. .
0 0.5 1 1.5 2

NTOERSE (%)
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(C) Scaffold A&t F

§ 200 O-Platanus
2 e ALLPATHS-LG
a MaSuRCA
8 160
A “®-\elvet
4"1{\ 140 “®-SOAPdenovo2
1nx
%[ 120
£ ——
31mOC(K)#)-===QF;———CF————O
[7,]

80

0 0.5 1 1.5 2

ATOESE (%)

B 223 ~AToEAEMHYIZL—Ya T TORVFv—IiERE
EE#®RZ2E T R2VIEE)

ALLPATHS-LG O 7 & 7 IVEEROGEHRIIAT G E 20.5%D & & 150
Mbp LLEEZ2 0 . 7 KA XD 2% (200 Mbp) IZUTVMEE 72> TWVD, &
IZ 2V TCiE, ALLPATHS-LG 7' v ¥ A 7Ol OFH| ZHEE LT\ 5 Al
PEDFET D202~ T, £, ~T ESE 2.0%DT — X220V T,
U7 7 LU RS ) AEFE, v alb— g VIRCES N RIBR 72N T e &
A TN EEDET, 2 FEOY 77 LU RRAIET D, RICET BT TD
scaffold % 200 bp IZXHI D | TN FE 24K Y 7 7 L > AFEEHI|IZ Bowtie2 T~
B TT D, REONT a4 TRINZ2=—7 XA by N 555,
Z P 200 bp FEHI D NT 1 Z A THRET D, BERPLVEESCF v v 77 L
== A My RRFEELRWGEIINT e 2 A TR R ET D, D
scaffold N C. W H DT a2 A4 Thi b 5 HE~EIDBOL 8B GFET D L X,
% D . % "haplotype junction"& L& 7T 2o 7T TOEEFT- (3 2-4), B,
HHoNT LA TN ARHABIA~DOE Y EDO VXA T F LR,
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#£ 24 NTFuFATOHY L (haplotype junction) |ZB83 5 HiEt
Platanus  ALLPATHS-LG MaSuRCA SOAPdenovo2 Velvet

Haplotype junction%{ 143,359 92,940 170,172 184,989 149,030
Haplotype junction % 5
17. .84 11. 43. 2.
Fraeaftold A (%) 7.88 85.8 66 3.67 32.96
Haplotype junction[&] ?
o 1398.9 2157.7 1178.5 1084.1 1345.7
2R (bp)

Z DOfEF. ALLPATHS-LG (2% % < @ haplotype junction 235 415 Z & 233 h
572, Platanus Z 5O ED7 v 77 bHEMEKEZ ~— VT HRKEHT > TV D
72 ®. haplotype junction 23 F1ET 5 Z LIL PASLTIT e, ZhooT7kB 75

DFERZHOTIIT 21T OBRIZIE, mEXBFENT /) A A XXV RER
STNTH, NI BRI A TNIEMRICHEZETE TV D AMREMEIERW Z L IZEET
LB NS D, 3D 10 kbp OFEIKIZIIT D4 T & 27 Z @ haplotype junction O
Bila X 2-24 1T,

Platanus

ALLPATHS-LG (1) I I —

Haplotype A N
ALLPATHS-LG (2) o

Haplotype B pummm

W N W e —— Ga P —

SOAPCEN 0V 02 500 s S S 5 B 5 B S

VeVt s e O ———— S ——

| | | | | |
0 2000 4000 6000 8000 10000

Position
(Region: Chromosome Il, 8,038,000 bp — 8,048,000 bp)
X 2-24 scaffold N TONTrZ A 7H Y EZ (haplotype junction) O
C. elegans D~7 QAL 2.0%D 77— A, Haplotype A 1ZV 7 7 L > AELFI,
Haplotype B (332 = L— 3 g VEFORBEANT 0 X A 7,
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PN T EROTET — 4
NUF =7 FERICOWT ORI EZ R 2-512F L0 D,

# 2-5 Celegans T—FZ #RAWERUVF~v—TFERD

(A) Corrected scaffold NG50

B

T OEAE (%) Corrected scaffold NG5S0 (bp)
Platanus ALLPATHS-LG MaSuRCA SOAPdenovo2 Velvet
0.0 361,608 402,062 210,683 394,556 123,438
0.1 388,028 368,779 209,917 403,115 104,756
0.2 411,618 228,033 229,808 403,701 104,352
0.3 392,137 82,457 255,210 372,430 60,253
0.5 366,498 5,994 263,146 288,181 51,097
1.0 368,857 4,928 288,752 234,395 34,491
1.5 355,057 4,999 287,646 202,140 2,099
2.0 341,914 5,178 240,778 150,059 1,932
(B) Scaffold NG50
~NT AR (%) Scaffold NG50 (bp)
Platanus ALLPATHS-LG MaSuRCA  SOAPdenovo2 Velvet
0.0 478,744 466,658 420,694 507,513 424,862
0.1 490,975 431,770 482,920 497,363 332,019
0.2 535,328 375,904 430,011 489,092 340,229
0.3 545,914 219,404 460,620 441,950 286,218
0.5 497,387 127,365 475,513 353,955 251,000
1.0 511,190 91,413 466,806 280,050 209,807
1.5 516,958 73,543 472,079 252,105 178,132
2.0 580,832 86,979 351,406 212,590 162,062
(C) Corrected contig NG50
~T AR (%) Corrected contig NG50 (bp)
Platanus ALLPATHS-LG MaSuRCA  SOAPdenovo2 Velvet
0.0 48,054 46,361 40,248 45,927 17,739
0.1 48,250 45,792 41,645 43,026 12,263
0.2 47,179 33,146 41,819 34,822 7,831
0.3 43,969 15,120 42,900 25,294 9,474
0.5 43,196 2,746 42,700 23,831 7,652
1.0 39,291 1,316 44,746 16,784 4231
1.5 35,786 1,057 42,593 9,419 707
2.0 34,030 1,648 38,465 4,013 610
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(D) Contig NG50

Contig NG50 (bp)

— AN
T REREE K) Platanus ALLPATHS-LG MaSuRCA SOAPdenovo2 Velvet
0.0 66,446 67,596 420,694 74,686 19,084
0.1 65,717 66,289 482,920 77,050 12,988
02 61,969 45370 430,011 76,439 8,135
0.3 59,795 19,629 460,620 79,194 10,174
0.5 53,873 2,807 475,513 80,813 8,142
1.0 48,090 1,358 466,806 84,827 4,445
1.5 42,013 1,103 472,079 75,918 766
2.0 39,915 1,810 351,406 62,656 666
(E) Scaffold &57& (> 500 bp)
_ Scaffold 551 (=500 bp) (bp)
T RERE K Platanus  ALLPATHS-LG MaSuRCA _ SOAPdenovo2 Velvet
0.0 97,938,690 08,864,571 97,742,565 99.132.377 99,382,043
0.1 98,876,811 99,521,025 99,171,512 99,215,054 99,851,591
0.2 98,876,741 102,601,583 98,996,688 99,504,741 101,204,194
0.3 98,920,320 114,954,930 99,210,505 99,969,847 99,482,862
0.5 98,916,151 153,369,255 99,925,896 99,196,053 100,074,381
1.0 99,223,085 163,953,538 100,913,677 99,086,653 103,773,061
15 99,706,135 155,053,323 103,830,661 100,438,152 107,239,890
2.0 100,454,422 170,519463  105340,084 99,546,387 110,798,448
(F) S A7 7 V% (#inversion + #translocation + #relocation)
_ IXT VT IVK
~T BEEE (%) Platanus  ALLPATHS-LG MaSuRCA _ SOAPdenovo2 Velvet
0.0 367 272 900 407 1,490
0.1 346 259 878 441 2,044
0.2 333 276 892 450 1,999
0.3 324 335 911 442 3,575
0.5 325 593 881 941 4206
1.0 290 542 895 1,226 6,285
1.5 300 498 861 1,304 35,440
2.0 256 496 774 1,839 36,840
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233 ETuEAMHRBICL ARV TFv—T LB

- S. venezuelensis 7 — % OHUGE I O

BT BEEAMERR R (S, venezuelensis) @ DNA % Bl K HUTREZEFR LV
FRfLTE X | [ENLEREFIEET B HBUEEERIZ LV HiSeq 2000 (2 Ty — 7 = A
LCHW:, =7 = ARSI T A 77 Vi 2 paired-ends & 1 mate-pair (1 &
P— ~H¥A X 200bp. 450bp, 3,400 bp) THERK LD,

17-mer O MHBUEIESAOMAT LD (¥ 2-21, & 2-1). #HE S venezuelensis
DT LA XL 577 Mbp EHEES LD, U E— FHK 17-mer OFIEIL S
venezuelensis: 0.289, C. elegans: 0.239, L7020 U v'— NEFH|DEIEIX C. elegans
EHRHITVMEE B Z LD, Lo T, ~TrEAHOEEICONT, vI=
L—3 3y (C elegans) L3i7 —X CHAZLKTHZ LN TEX D,

27 ) LY — REFRNS, 7 AO—EHZITHIET D 8 ROFER fosmid B
(GFHE 272981 bp) Z2~T OHEAEEOHERT B 7V OREIEIC AW
S. venezuelensis {29 % fosmid BeHIE, HIRRT: A ILTRZEE IR L THEW
7ZDNA KV IA 7T VFELIZLDOTHY, v—7 = ATHKRY: Afew
EHRICLVERSNTZHDTH D, ~7T v #5EIL, fosmid (Z paired-end V —
N%&~ > 7L C elegans £ [FI U5 (23.2) T0.93 EHEE LT,

s RUTF v FERB L OELE
NG50 IFHEE T/ YA X 57.7 Mbp & W TRD7=, BEZX, V77 LR
7 ) NERBIDFAE L7228 fosmid Bl & scaffold Blsl 2 bhi U CREAN L 72,
BARR 22 FIEIZR D@ Y T, 7T 4 A2 b —/LD MUMmer /3> 77— (Kurtz
etal. 2004) FD 7 v 77 A nucmer, delta-filter 2 A5

(1) fosmid Fd#!] % nucmer T scaffold FcHIIZ T 7 A >

2) 774 A2 MERD delta-filter -g ("one-to-one global alignment, not allowing
for rearrangements") T 4 /L Z U 7

(3) fosmid FlAFICEHR B EWT 74 A F &R, by by &5,

@4 by bDOTTA A FEDOAF % Top-hits-length & L. FHE M
(identity) D YHJH KD 5,
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Top-hits-length (%, fosmid Fd%1 & %95 scaffold 23N >7c b, IAT BT
VRXY v TEZEZATWIEDTHL/NSLR57D, TRV T IURROES L
FEEDOM T LI L e d, My T vy hOT T4 A2 MED fosmid fil
FIED 90%LL EDO%A L, "contained"& L TH 7 b L7z, identity (L2 DT
WL STHIERTFT D8, 77 V0T —RN20EE1% 99.53%

(100 -0.93/2) FREIZ/D L THRIND, BREER 2-6 ITT7,

#£ 2-6 S.venezuelensis T 7 VKR

Platanus ALLPATHS-LG MaSuRCA SOAPdenovo2 Velvet
AitE (=500 bp) (bp) 58,503,663 61,205,926 66,053,722 52,677,856 63,982,183

TS Y R #Scaffolds 2,560 9,608 4,876 3,383 11,696
Scaffold NG50 (bp) 274,622 16,765 176,206 87,219 17,006
Contig NG50 (bp) 71,357 2,008 84,739 48,010 1,946
Top-hits-lengths (bp) 272,164 69,792 256,848 270,392 78,159

Fosmid(Z & 5 #Ffi Average Identity (%) 99.42 99.31 99.39 98.72 99.31
#Contained fosmids 8 0 7 8 0

500 bp LL_EDECHIA R,

Platanus O 7 & > 7 U FERIZOWTIE, scaffold NG50, fosmid BFIZ %9 %
Top-hits-length, identity X & & IZ5H K & 720> T %, "Contained fosmids" DFs 8
THDZ EiF, 8AKD fosmid AN WFH b ERMBESNTZ I LZERL,
RERIATRVT U bR SN oToZ L2 BT 5, scaffold NG50 (2D
W, &7 > 7 F & Platanus DIED L AR 2-7 12773, Z 2 TlE C. elegans
(2.3.2) & S venezuelensis Dl FIZOWTHE LTz, ~T 2 8E5E 1.0%0 C.
elegans L L3 % & | S venezuelensis D INET 227 F7 TEMEL 72> TV
Do ZAUE, BT —ZTiEvI=ab—r 3LV Platanus D7 v 7T D%
INEN ST Z & &EWT 5, 22 b—3 3 Y TIENGS0 ~DO~T B HERFED
SRDSNE o 7o MaSuRCA IZOW T HIEDIE FIZR 5N 5, 2 b ORERIT,
Platanus |33 X = L — F SN @mAAT B #EGET —F 121 TR FET—Z I
LTHAEDTHDZ L DRRLT, DT 27 7125 LT LY K& 72 scaffold
NG50 DN MHEZED Z L 2R L T D,
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F 2-7 scaffold-NG50 / Platanus-scaffold-NG50

ALLPATHS-LG MaSuRCA SOAPdenovo2 Velvet
C. elegans (™~7 2 HEATE 0.0%) 0.975 0.879 1.060 0.887
C. elegans (™~T B H#EE 0.1%) 0.879 0.984 1.013 0.676
C. elegans (™~T B H#EE 0.2%) 0.702 0.803 0.914 0.636
C. elegans (™~T B H#EE 0.3%) 0.402 0.844 0.810 0.524
C. elegans (™~7T DA TE 0.5%) 0.256 0.956 0.712 0.505
C. elegans (~7 T HEATE 1.0%) 0.179 0.913 0.548 0.410
C. elegans (™~7 DAL 1.5%) 0.142 0.913 0.488 0.345
C. elegans (™~T T AL 2.0%) 0.150 0.605 0.366 0.279
S. venezuelensis 0.061 0.642 0.318 0.062

Valb—varbtET-FTRRLHEE L TL, BEEROFE &%
FHivd, v = b—3 3 CIESNV & small indel DA% E A L T\ 5%, Platanus
G B~ DX R & Scaffolding A7 v 7 T TEBY ., TROHRIOT &
V77 K0 RE 72 NGS50 I35 LT 5 alRetE N fF7Ed 5, Platanus 73
Scaffolding FF D /X7 /LA R 2 (bubble removal) . £ 4#EFRZ (branch cut) 7 /1
=Y X NTRER U725 DWW T, 22 1 & T fosmid BLA DR 2 H
THRAE L7z, 45883 C fosmid BLAIOFLIXIH G DT 1 & A 7121 KT O%FIG L
TW5, B L fosmid fLO T T A A > MERA X 2-25 127773, bubble removal
ZATIR > ToFEICTIX 209 bp @ indel 3FAEL, 7 7 A A 2 N D5 DAL REIR D
identity 1% 97.9% C&H >7= (X 2-25 AB), branch cut Z4772 > 7= fEIR CTIT I
FEDIR XN 126 bp, 715bp, 1206 bp @ 3 DD indel 23(F7E L, identity i 98.13%
Thot= (K 2-25CD), MWD fosmid FLIZDOWT, "NT XA TOFFTHE
FEEHBETE VDX Platanus DA TH -7, HEIT &R E LT, b
DA CIIBEE B DIFET DDA T/ <, SNV & small indel D% FE 0
EWVWH T ERFETOND, SREIOFITIE, XA T DRI D BNERRITITA
BDOI>TIHHELT B 7Y 2 L0 NEEHIC LTS Z & Platanus 2% D X 5 7
Ik & fR T D 2 & TR scaffold ZHE5E L TV D 2 EDVURIB S LTz,
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(A)

fosmid (haplotype A)

4L

Contig A1

Contig P1 N1

fosmid (haplotype B)
“bubble removal’

‘-V /37 JLINTeoverage depth

DRV DcontigZ &
Contiﬂ P1 Contig A1 Contig N1
+ Platanus scaffold
Contig B1
“bubble removal’T
&S tzcontig
(B)
13000
= 9
ZH o 12500
2] &
SN B 12000
] et e
. B
ol £ 11500
o9 8
b= € 11000 Buhble region
S @
Of o
— £ 10500 Alignment
ol c
= g 10000 Mismatch o
cSH o
8 o
Q. 9500 Bubble region
o o o o o o o o o
o o o o o o o o o
n o n o n o n o n
- - AL e & 3 & A
Position in fosmid (haplotype A)

L
Platanus scaffolgcontig P1 - Contig A1 Contig N1
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©

(D)

Contig B2 Contic-; N2

Position in fosmid (haplotype B)

P1

Conti

X 2-25 Scaffolding TR INT-BELEDH
(A) T NWAHEERRZE (bubble removal) 23T DAL 72 B D FEMT DAL, (B) Al

J_ 1L
Contiﬂ P2 A Contig A2 N2

“branch cut”
ATFOEEIZH ST
HEEERE

Contig P2 Contig A2 Contig N2
— .

+ Platanus scaffold

~
Contig B2

w
u
o
o

Branch cut position

3000

N
ul
o
o

[N]
o
o
o

1500 /

/

i
o
o
o

Branch cut pasition
Y

v
=3
o

o o o o o o o o o
o o o o o o o o o
n o n o n o n o n
o~ ™ ™ * * n n o o
Position in fosmid (haplotype A)

Contig N2

-
—

$HIT 5 fosmid 1D Ky h7'm v FX, (C) HiAEEBRZE  (branch cut) 23T

T SRR DEMT DR, (D) C TS 2 fosmid D K> F 7w v M,
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Platanus @ scaffold & fosmid id¥1%7 7 A4 > L, I AT 7 U DOHMEIZONT
LD ZEE L (¥ 2-26), /NTVHEIBICES LTI, scaffold (25% - 7= B4

(haplotype A) & Bz X 7-Hid% (haplotype B) NEN N DO ANT X A7
D fosmid (27 T A ' SIDHMNE I MEMENDO TND, R, IAT BT VI
B 49, Platanus DMEE LR ZIE LSRR TETWD Z &N oiz,

(A)

39500
39000
<
o
g 38500
>
]
B 38000 Alignment
©
s Mismatch
ismatch o
B 37500
£
w
L
= 37000
S
‘S 36500
‘@
o
a
36000
Bubble region
35500
o o o o o o o o
o o o o o o o o
o wn o wn o n o n
© © o (=) o o — —
o™ ™ ™ (2] < < <« s
(=)} o o (=)} (=)} (=)} (=)} [=))
Position in scaffold of Platanus
13000
12500
)
]
o
> 12000
9
E— Alignment
£ 11500 ‘
b Mismatch o
£ 11000
w
o
)
£ 10500
c
o
£ 10000
v
o
a
9500
Bubble region
o o o o o o o o
o o o o o o o o
o n o n o n o n
© © [=)) o o o — —
o™ ™ [5e] ™ <« < <« <
(=)} o (=)} o (=)} o (=)} o

Position in bubble-replaced scaffold of Platanus
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©

6500

6000

5500

Alignment

5000

Mismatch e

4500

4000

3500

Position in fosmid (haplotype A)

3000
Branch cut pgsition

2500

19000
19500
20000
20500
21000
21500
22000
22500
23000

Position in scaffold of Platanus

X 2-26 Platanus ® scaffold & fosmid E25 DT F A4 A K
(A)(B) scaffolding " bubble removal 23T 7281 (X 2-25AB (Z%f)) . i
FONTaZATIZONTENENT T4 A M&arT,  (C)scaffolding F11Z
branch cut 23T =581 (X 2-25CD (25 hts) o
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Z F T fosmid BcH &2 HWT=ATIE. HL ETH J LD D Ir 7 b5
ELTWD, HtWC, 7 AR TET—F v Ialb—rarT—XDO~T
O EEA D55 D etk & i T, S, venezuelensis DY) 7 7 L 2 A ) AECFIDTF
FELW, T2 7 UREROHF T NGS50 23 K & 72 5 Platanus @ scaffold fic
W) —FRE~y L, BREBRHLUEZ (51k:23.2), 2EROZEREEIT 0.95%
T, fosmid Fi¥! B CHERE L7c~T B 5 0.93% &V ME & 72> T %, 1 kbp
DY 42 Ry EHNTROT A EK 2-27 IR 7,

0.50
il B S, venezuelensis
B 0.40
S B C. elegans (1%)
D 030
2
A
v 0.20
T
2 0.10 -
X
= 11 .

0.00 — T T \
Q’QO) "):yQ Q'\f? <’):VQ Qﬁfp <’)?)'0 Q?;? ")»‘.Q
Q" Q7 N N A AT D N
ANTOESE (%)
X 2-27 3T — % (8. venezuelensis) & I =2V —3 3 VT — & (C. elegans)
D~NT aESEDOSA
Platanus @ scaffold FC#1|Z paired-end #~ » 7' L CE R Z %, 1kbp-7 1 N

7 EHWTEY L,

) BB EREEA LY I ab—var T X L LT, ET
—HZDHFIFLXLDOENRKREL Lo TND, TOXIRBHDE NG, ETF—H
“CPlatanus & LD 7 & 277 DNGS50 DA > TWHEBD 1 >Th 5 AlHE
MR D, LLRs, S —Z THE~T oo mER L 2 FET 5
ZEBLEKRL, AT uEAEOIELOXRREINE ZHLTLE NG5S0 DK T
L EEFRLRN, 2T, @7 BEEGE 51%) 2”3 1kbp-V 1 > RO
fEONE ZFHD &, 1,930bp & WO EIZI~ T2, ZHUTKI 2kbp BXITE~T
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EEAMEEIRA BN D Z BB L, ~T aEAEICE L CEY A 2 ko
L o TNWD I ENGhD, T 7T D scaffold 1%, VNG THN L &~
T OEAVEE CTOW SND Z ENE N TZH NG5S0 DIR FRgl s &nbd &
W) AJREMERS R XD,

Platanus (ZFFEAY 722 BERE DS EERIZ NG5S0 25125 LTV A NEHDH T2, £
FNOMEEZENLLIZEEDOT7 v TR EFR 2.8 1T5RT, DD
C. elegans (T THEAFE 0.0%. 1.0%., 2.0%) TOFELEDZ, T2 Txge
L 7= #%BE1%. Contig-assembly @ k-mer /& . Contig-assembly /X7 /LA i DR 2
Sm%m@@A7WkiU&%L@h£f%&sm%m&am@wN%OLE
H9 % & k-mer OHEOEGSEOBRIZIZ~T 2 #BEZE5 IO T2 Tor—2A
TIEAME T LTV 5, Contig-assembly D/NTVEREZ LT 5 L ~T o
BFE0.0%D C. elegans U D/r— A TNGS0 NMEF LTEY, BROMHIIZZ
DHEBENH G- LT\ D Z &N D, Scaffolding D~7 m fHIEGI R (X710,
R E) IOV T HMEAIXFE U T, @7 a#ES O v 7 skt LT
WAL TWD 0 KFIZ S. venezuelensis THEZNVEFD NG5S0 O/ EA WK
Lo TS DFERIT, T3 H OEREN F2T — Z 1T A OREIE L R OfiF
&;ﬁﬁbfmékwoﬁmk—&ﬁéo
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# 28 Platanus DR HEL BIL LEZBOT €Y 7 U RE
(A) C. elegans (~7 THEEE 0.0%)

. — (bubble-removal in — (hetero-removal in
Default ~ (k-mer-extension) (contig-assembly) ( scaffolding)
&R (2500 bp) 97,938,690 96,528,882 98,022,430 98,715,700
Scaffold % (=500 bp) 942 1,953 852 1,214
Scaffold NG50 (bp) 478,744 306,733 481,025 415,878
Corrected scaffold NG50 (bp) 361,608 226,959 375,389 334,052
Contig NG50 (bp) 66,446 35,712 67,574 66,447
Corrected contig NG50 (bp) 48,054 30,899 49,046 48,800
AT T VK 367 257 342 274
(B) C. elegans (~7 25 1.0%)
. — (bubble-removal in — (hetero-removal in
Default ~ (k-mer-extension) (contig-assembly) ( scaffolding)
At (=500 bp) 99,223,085 96,211,233 140,267,578 100,641,997
Scaffold# (>500 bp) 1,289 2,193 24,301 4,579
Scaffold NG50 (bp) 511,190 291,355 45,673 381,587
Corrected scaffold NG50 (bp) 368,857 204,518 20,728 195,751
Contig NG50 (bp) 48,090 8,887 6,268 14,472
Corrected contig NG50 (bp) 39,291 8,547 5,970 13,665
SATRUCT IV 290 160 203 228
(C) C. elegans (~T 25 2.0%)
. — (bubble-removal in — (hetero-removal in
Default ~ (k-mer-extension) (contig-assembly) ( scaffolding)
A7 (=500 bp) 100,454,422 96,157,873 183,642,064 108,879,145
Scaffold#% (>500 bp) 2,264 2,434 10,902 17,986
Scaffold NG50 (bp) 580,832 270,290 81,927 207,088
Corrected scaffold NG50 (bp) 341,914 204,425 26,451 100,787
Contig NG50 (bp) 39,915 6,704 22,094 7,545
Corrected contig NG50 (bp) 34,030 6,517 16,994 7,316
IxXTEUCTIUH 256 129 146 170
(D) S. venezuelensis
. — (bubble-removal in — (hetero-removal in
Default ~ (k-mer-extension) (contig-assembly) ( scaffolding)
A7tE (=500 bp) 58,503,689 45,493,271 74,553,871 60,793,871
Scaffold%% (=500 bp) 2,560 1,660 9,304 7,026
Scaffold NG50 (bp) 274,622 127,238 52,920 108,844
Contig NG50 (bp) 71,357 15,708 7,754 15,983

"—(k-mer-extension)" |% Contig-assembly @ k-mer f# & . "—(bubble-removal in
contig-assembly)"lX Contig-assembly D /N7 LAEEDFRZE . "—(hetero-removal in
scaffolding)"iZ Scaffolding D /N7 /L35 X ORA%E DBRE 2 50 L 7-BROfE R %

7T
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234 EHATOEEMN OB E— ROV U TN L ERFv—T 2 E

<
P2

- C. gigas 7 — % OHEUGE L UK

C. gigas (FLUE. oyster) @ K 7 /%" /7 I3 Oyster Genome Project (Zhang et al.
2012) ICRVERINLTND, AEiTHWZ—27 22—, BAC FL3,
RNA-seq 7 — X IZE2TAMAT —4% ThH D (£ 2-2), 17-mer O HBLAIE G40 DO
Mrd& v . C gigas D7 7 %A XX 565.7Mbp EHEE S LD, U B — FHK 17-mer
DENEIX 0471 720 KBRHE (S venezuelensis: 0.289, C. elegans: 0.239) LV U
B — MSDOEIENENZ ENGN D, T LDO—EZTHIET D 8 ADFERL
BAC il (&FHE 1,081,613 bp) & ~T afESEOHEEST £ 7Y ORSERT
AWz, ~T a4 X, BAC IZ paired-end D U — K&~ w7 L C. elegans
ERICTIE (23.2) T0923 %l HEE LT, C gigas (3~7T B8R ENEWET
TR, BB EHR L TY ) A A ARV B — MFIOEIENRKE <, de novo
TR TIUNRLYREERY I LTHLEEZI LD,

s RUTF v FERB LOELE

KT T T ORER L Oyster Genome Project 3 ED KT 7 N7 J A
(fosmid-based reference) & &t L7z, N7 7 N7 AL, 7 LK% 1
—4 5 fosmid BLH| Dt v b RS ) Avay MUY — REMAGDE, A
DA T TAANZLVERERINTZHDTH S (Zhang et al. 2012), = Z T, Velvet
& MaSuRCA [FEITHRPIIREK T Lzl g & LTunigny, OB
FATEREEIE. RAM: 512GB, 7't vy ¥ H:32 ThH D, Velvet 157/ LY XD
REWYTATE AT VFEHENERT D LD GAGE X Fv—7 78T
WA SN TIE Y (Salzberg et al. 2012) \ 5 [Fl 6 Z DK & & X 5415, MaSuRCA
E1 7 AU EFREZATR TR EFK T Lic, AERIRKIIARH TH 503,
MaSuRCA D53 (Zimin et al. 2014) TiX 500 Mbp LA ED 5 ) LA X ffFoH
YINTOT A MITR>TELY, 7/ LT A XDRE W — A TORJEN
BALEAL L7 ATREMED B D

RSOMMBEETH D NG50 ZHHTDERD ST/ Ly Xid, 17-mer HHBLA]
BSATND DHEEE (565.7 Mbp) % V=, FEEEFEE & L Tld. 8 A BAC 2
ST T IRERE S venezuelensis X F~<— 27 FE®D fosmid & [F U FNA
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(23.3) T L7z, £, Bl FERINO D AN—REFMT 57290, RNA-seq
T —H % de novo 7ET7)NT5H T LT RNA-contig “HHE L, 7/ LDT Y
TVFER~D~ v TREFART, ZOFE, RNA-seq 7 —F D7 L7 VITIX
Trinity (Grabherr et al. 2011) Z vy, ZO#EE (RNA-contig) @ 9 5 500 bp LA
DAL % blat (Kent 2002) IZ XD 7 F A > L7z, 4 RNA-contig (233 T identity
> 90 %7 coverage > 90 %D T T A A2 M RELNT-EE vy I NI EHE
I 5, ¥ v 7 ENT RAN-contig (DWW T, 774 A2 MINBNEENRNE D
DEIG BT, TRV UMREOFIZER 29I1CFL DD,

#£ 29 CgigasTE2VTIRKR
Fosmid-based

Platanus ALLPATHS-LG SOAPdenovo2

Reference
HatE (=500 bp) 684,614,954 655,152,639 859,413,081 557,340,816
T T Y SR Scaffold% (=500 bp) 36,091 18,238 67,846 6,432
Scaffold NG50 (bp) 381,943 154,144 116,321 392,835
Contig NG50 (bp) 9,011 12,025 11,719 26,430
Top-hits-length (bp) 864,992 752,977 851,083 750,984
BACIZ X % #Fifi -#4identity (%) 96.48 96.41 96.28 96.92
Contained BAC %X 3 2 2 1
FEHJidentity (%) 42,801,107 38,060,320 40,846,500 42,241,208
Average Identity (%) 98.48 98.34 98.47 98.52
RNA-seq(Z & 25l ~ » 7" & 4172 RNA-contig$X 30,700 28,152 30,230 30,150
¥y 7SIV RNA-contigshl g ) 25,914 27,092 28,520

(N'ZEERNTTA AR
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Platanus @ scaffold NG50 X7 v 7 7 OfE L W K& <, fosmid-based
reference DEIZIT < 72> TV 5, BAC @ Top-hits-length {3 Platanus 73 K OE %
KU, TEVTIVRMROEELERSPMMYLTND I ERRBREND,
fosmid-based reference TZ DEN /N & 72> T D HIFEZRERHIZI AR TH 503,
7 ) ZHTC fosmid TIE A 3 — ZFULTWZRWEIFE L TW D RIEEMEDR B 5,
contig NG50 {22V Tl Platanus DE2M e/ & 72> TUN % 23, RNA-contig D~ v
TRIIFKEZR>TEBY, NSy B TRHREZRNTS fosmid-based
reference [CIIVMETHOMOT BT IZORRIVITRKE N, ZOZ 0D
Platanus OFEFIZOWT, BIRFHEETIEF v v TR RN LRI NTN D,
Platanus O scaffold 7° fosmid-based reference DXEE L 72V HFD N E WD Z & %G
%72, Platanus & fosmid-based reference O Z L E UK ERIIZ~ v TSN D
RNA-contig Dzx= 1w~ LTz (& 2-10),

% 2-10 Platanus @ scaffold, fosmid-based reference [ZHF R~y &
% RNA-contig

ARG Contight  THEp Ho-7 E

“Dcontigi
Platanus-specific (Reference: nohit) 1,680,407 1,357 1238.3 928
Reference-specific (Platanus: nohit) 540,263 366 1476.1 271

"nr {2t v b ZFi contig 2"1E. NCBI nr 7 — # ~_X— Z|Z e-value <10° Dt v bk
% F#> RNA-contig DL,

Z DOFER, Platanus @ scaffold (2D~ 7 X415 RNA-contig LD 3% < | &
SIZFEDN 68 % (928/1357) X NCBInr 7 —4# _X—Z|Zk v b (e-value <107)
%7~¥, Platanus @ scaffold I, %/ AECHIRNT 24T 9 128 7= > T fosmid-based
reference DREF L RV IGDREZA L TNDH Z LRI TV D,
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Platanus O 7 > 7 U NKII L TWHWAEBIOHF L LT, BAC ®H b5
fosmid-based reference 73 3 DIZ W S TWAH LD &ERT (X 2-28),

INTJLBRZ (bubble removal) X Thi-HIE I
BB R (branch cut) KT IHLE |

Platanus | Ll | Ll | l I L L l | L1l I

Reference

ALLPATHS-LG

SOAPdenovo2 Longest bubble region n

1 1 1 1 1 1 1
0 20000 40000 60000 80000 100000 120000

Position in BAC (GU207462.1)

B 2-28 BAC & scaffold @ . 0 4
Platanus OECH| | TiL. scaffolding 1237 LAEERR 7 (bubble removal) . F54#%
WEBRZE (branch cut) M TONTEIT 2 LN ENH AL RETRT,

fosmid-based reference 7373 STV S & T 1 -D1%, Platanus 73 scaffolding (2
BT OATARETHRRLIZEKR TH D, MESNLATAVEIORE S
1 kbp B TH Y . ) 800 bp @ indel ZFH A Tz, Z OfEFTOUEE TIX
ALLPATHS-LG @ scaffold & 77 Hr 41Tk D | C. gigas IZFBVTH S. venezuelensis
&[RRI A E 2 B AR5~ 5 Z & T, Platanus | scaffold D& S 2R L CTHENL %
BTNDZERREBINTND,
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2.3.5 Assemblathon2 DT — X |2 L BN F~v— 7 HER L &L

- Assemblathon2 7 — # (bird, snake. fish)® Huf53s K OV

Assemblathon2 (% de novo 7t > 7V OEEE= T A N TH2 (Bradnam et al.
2013), Melopsittacus undulatus ("bird"). Boa constrictor constrictor ("snake").
Maylandia zebra ("fish")?D 3 FEDOFHEEM D — 7 =0 AT — X PEANTARK S
NTHY, ZMFIIEAT BTV ZATORERORS L EEMA~T » Fr— R
L. BEIIRHE TRICTHETTh D, TR T VIS Y —b GRS
HfRIZ72< . L OF—LBEEDY — NV EHAEDE T, T T4 0 &ES
TWb, ZM#&F4 (Teamname), Y — /L% 2-11 1R T, [Fl—F— L0838
o727 28 L TV DAL Team name (22D TRABIL T\ 5,
F 72 . bird D | [llumina 7 — % 7215 T72 < Roche-454, PacBio (Pacific Biosciences
LR 37 DNA > —27 = W) T—2BNARESNTEBY, Tb&aMH LT
— AL bEEND, 7235, Platanus (ZBERMIFE FIZBRFENE T L TR o727,
Assemblathon2 (21X L TULM 720,

3FRDHETE S/ LW A X1E 17-mer HEBLEIES A0 KV bird: 1.43 Gbp, snake: 1.08

Gbp. fish: 0.915 Gbp TH D (X 2-21, F£2-1), ~T BEAEIZ OV TIE, bird
& snake (Z DWW TCIEARE &L TV 5 fosmid B4, fish (% Platanus @ scaffold _EIZ
V—RZ~vy 7L TRD, ZOHEEMEIX bird: 0.465 %, snake: 0.165%. fish:
0.147% & 72> 7=, 3FED~T a5 X S. venezuelensis X° C. gigas & W4 5 &
B < IE7R2WA, 1 Gbp HIE D7 AW A X% FfDH 2 7 L~ Platanus 733 H I AE
THDHMWERHIDLIENTED, o, XRUFv—T DRI, HDHY—LD3HE
ITHEP BB I TWRWATRENFEIIET D2 L0 MBEND 5023,
Assemblathon 2 T3 Y — /L OBEE L L SMLTEY |+l -
V= VOVEREZ IR TE 5 LW ORIENRH D, RS DIEHETH D NG50 DR
D7 ) LA A R 17-mer HERIEEL D B OHEEE &2 FIW T2 R RERTAT & LTI
bird & snake |% Assemblathon 2 THWHIAR STV % fosmid El¥ (bird:
1,035,129 bp. snake: 378,186 bp) Z 7 & 7 UHEHIZT T A > L. Top-hits-length

(571£:233) mE&RHLE,
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% 2-11 Assemblathon2 @ & NE 15 &

(A) Bird
Team name EERFERY —N FEHF—&
ABL HyDA Illumina, Roche-454
Allpaths ALLPATHS-LG [lumina
SeqPrep, KmerFreq, Quake, BWA, Newbler, ALLPATHS-LG, . .
BCM-HGSC qarrep Atla(l-Link, Atlas-GapFill, Phrap Illumina, Roche-454, PacBio
SeqPrep, KmerFreq, Quake, BWA, Newbler, ALLPATHS-LG, . .
BCM-HGSC* qrrep Atla(i-Link, Atlas-GapFill, Phrap Illumina, Roche-454, PacBio
CBCB Celera assembler and PacBio Corrected Reads (PBcR) [llumina, Roche-454, PacBio
CoBig2 4Pipe4 pipeline, Seqclean, Mira, Bambus2 Roche-454
MLK-Group ABySS [lumina
Meraculous meraculous Illumina
Newbler-454 Newbler Roche-454
Phusion Phusion2, SOAPdenovo, SSPACE Illumina
Ray Ray [llumina
SGA SGA Illumina
SOAPdenovo SOAPdenovo Illumina
SOAPdenovo* SOAPdenovo [llumina
SOAPdenovo** SOAPdenovo Illumina
(B) Snake
Team name TERERY—V
ABySS ABySS
SeqPrep, KmerFreq, Quake, BWA, Newbler, ALLP A THS-LG,
BCM-HGSC Atlas-Link, Atlas-GapFill, Phrap
CRACS ABYySS, SSPACE, Bowtie, and FASTX
Curtain SOAPdenovo, fastx_toolkit, bwa, samtools, velvet, curtain
GAM GAM, CLC and ABySS
Meraculous meraculous
PRICE PRICE
Phusion Phusion2, SOAPdenovo, SSPACE
Ray Ray
SGA SGA
SOAPdenovo SOAPdenovo
Symbiose Monument, SSPACE, SuperScaffolder, GapCloser
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(C) Fish

Team name FERFERY—L
ABySS ABySS
Allpaths ALLPATHS-LG
SeqPrep, KmerFreq, Quake, BWA, Newbler, ALLPATHS-LG,
BCM-HGSC Atlas-Link, Atlas-GapFill, Phrap
CSHL Metassembler, ALLPATHS, SOAPdenovo
CSHL* Metassembler, ALLPATHS, SOAPdenovo
CSHL** Metassembler, ALLPATHS, SOAPdenovo
CTD Unspecified
CTD* Unspecified
CTD** Unspecified
IOBUGA ALLPATHS-LG, SOAPdenovo
IOBUGA* ALLPATHS-LG, SOAPdenovo
Meraculous meraculous
Ray Ray
SGA SGA
SOAPdenovo SOAPdenovo
Symbiose Monument, SSPACE, SuperScaffolder, GapCloser

s RUTF v FERB L OELE
Assemblathon2 OZ 134 TIZ Platanus Z I X 72fER A2 %K 2-12 ([T d, FH

T _E Z L2, bird & snake (ZBJ L T, Platanus @ scaffold NG50, fosmid @
Top-hits-length 23 K & 72> TEYD, 1 Gbp LLEDF ) LY A X &R >EWFEIZ
% LT % Platanus O scaffold 73 & LA AWML L TWD Z L VRR ST, fitl
DEBINE DL  IFEH DY — NV EAE DTV D DOITx LT, Platanus (X HK
THEHINTEBY, 774NV FONRTA—=FEHNTND, SRIOEROMN
POV T AT H Y CTidE 572 51X, Platanus OFIHIZ XL Y de novo 77
U7 b a Lo b3 i/ S5, fish (22T, Platanus @ scaffold NG50
DAEIX 17 DB MEF SALTH Y EIED Y — % HW =013 O N Tid Allpaths

(ALLPATHS-LG) IZRWT 2 (i ThH o7z, fish OF —Z O e LTI,
paired-end @ coverage depth 7% 52.5 LIKDTH LD Z LNZET 5415, Platanus D
NG50 2MK coverage depth D7 —# TR T35 Z L1X C. elegans 7 —F DX 7
Yo7V 7T AN (Bid 23.6) THRINATEY, fish 7—F THZDORE
M T EELZLND,
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% 2-12  Assemblathon 2 (Bird, Snake, Fish)7 &z 7 J #& R

(A) Bird
7T URER Fosmid(Z & 2 7l
Team name BEE Scaffold NG50 Contig NG50 | Top-hits-length . Contained
Identity (%) o ow
(= 500bp) (bp) (bp) (bp) fosmidsEx
Platanus 1,129,507,736 21,684,294 56,973 1,026,396 99.40 84
ABL 962,501,883 3,003 3,003 415,799 99.63 18
Allpaths 1,148,183,934 17,716,398 57,617 1,001,521 99.22 77
BCM-HGSC 1,322,103,957 17,484,024 184,968 995,482 99.40 80
BCM-HGSC* |[1,323,179,685 17,488,428 115,689 992,609 99.44 80
CBCB 1,219,131,251 2,030,397 116,375 1,021,740 99.34 81
CoBig2 11,169,988 0 0 30,036 89.25 0
MLK-Group 1,871,173,099 150,983 36,470 876,624 99.45 58
Meraculous 1,081,601,988 9,834,474 37,061 975,863 99.43 71
Newbler-454 1,117,368,293 11,495,203 66,030 995,738 99.38 74
Phusion 1,334,459,170 1,479,065 74,321 931,879 99.26 66
Ray 1,266,700,501 673,924 44,663 987,974 99.41 78
SGA 1,152,568,402 3,584,181 17,785 912,595 99.49 59
SOAPdenovo | 1,150,787,380 14,644,723 40,684 1,009,988 99.24 81
SOAPdenovo* | 1,147,593,642 14,617,523 54,932 1,010,089 99.29 81
SOAPdenovo** | 1,147,651,023 14,617,693 53,557 1,010,137 99.29 81
(B) Snake
TEUVTURER Fosmid(Z X 2 7l
Team name BEE Scaffold NG50 Contig NG50 | Top-hits-length Identity (%) Contained
(> 500bp) (bp) (bp) (bp) ey &) fosmidsk

Platanus 1,441,357,474 17,165,953 48,614 368,203 99.80 53
ABySS 1,513,411,700 508,539 28,651 356,343 99.80 47
BCM-HGSC 1,439,656,907 1,563,800 12,727 333,109 99.51 39
CRACS 1,514,104,169 738,101 16,852 344,776 99.76 39
Curtain 1,497,321,002 58,954 4,476 279,969 99.34 25
GAM 1,367,480,854 19,350 4,499 306,517 99.22 29
Meraculous 1,426,938,655 1,247,790 34,344 356,103 99.85 47
PRICE 312,669,723 0 0 60,537 94.92 2
Phusion 1,522,735,963 4,494,848 77,302 365,061 99.71 53
Ray 1,527,313,311 143,603 18,158 340,844 99.76 42
SGA 1,442,930,293 4,536,273 28,397 357,395 99.71 51
SOAPdenovo 1,608,796,330 2,004,523 18,848 365,687 99.77 51
Symbiose 1,989,598,057 1,794,214 82,841 339,360 99.58 45
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(C) Fish

T T URER
Team name HEE Scaffold NG50 Contig NG50

(> 500bp) (bp) (bp)
Platanus 825,154,699 2,371,946 6,587
ABySS 849,812,973 1,013,854 4,030
Allpaths 845,883,785 3,677,909 14,105
BCM-HGSC 868,269,785 4,850,564 17,895
CSHL 845,089,232 3,418,986 16,740
CSHL* 844,657,792 3,418,986 16,517
CSHL** 545,734,294 1,560 1,550
CTD 1,325,939,605 3,139 935
CTD* 933,447,632 935 3,139
CTD** 989,896,657 1,285 1,285
IOBUGA 825,949,698 261,156 1,472
IOBUGA* 2,193,012,109 51,717 556
Meraculous 801,481,081 764,900 3,962
Ray 787,647,067 37,280 6,829
SGA 812,239,698 88,383 4,739
SOAPdenovo 1,063,706,964 1,665,791 7,001
Symbiose 1,101,461,395 1,731,822 30,444
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23.6 XU H T YT T A ML D H#E coverage (BT 5 B 5%

7' T T @B 7R coverage depth 2SN B2 D R[REMEN H DT, v— T =
AT =B X TN L TT 7Y Z{TV, coverage depth & corrected
scaffold NG50 DR Zi~~7=, BAKENIZIZ. C. elegans D~T T HEFE 0.0%.
1.0%, 2.0%D# 7 —AT, &7 77 Vb 3/4, 172, 1/4, 1/8, 1/16 D 5@V
DEETY —FEHH L, X Fv—IfREK 229 12~ F, T—F A X
DEE 3/4 Tl Platanus @ corrected scaffold NG50 [ K & < /b3, ~7 m s
BEDN 1L.0% O — AR N THO T 277 L0 K&z R4, Ll
F =R A RDOEIENZNL Y TN SBT3 T corrected scaffold NG50 & &04 12
W>T 5,7 — 2% A XD 3/4 D & X paired-end D coverage depth (£ 104 TH D |
Platanus 73 b MERE & 3849~ 2 54413 100 LL_EOD coverage depth THDH EE X5
N5, F7z. coverage depth DR WT — X IZXHIETETWDHT BT T1X
overlap-layout-consensus 7 /L 3 U XA ZEH LT % MaSuRCA Th 5 Z & 23R
WEhb, 22T o7& 7 713 coverage depth & 1 % & corrected scaffold
NG50 DENT T b —IZET 20 LAMD L TWD EMIRT 52 L6 TES
723, Platanus OB/ LT @M H 0 . ZOMWEIZY —27 = DA/ —
7 R LB CTODRIZHE L TWD E W) AleEE L & 5,

(A) C. elegans ~7 245 0.0%

450,000
=@-Platanus
400,000 [
b ALLPATHS-LG

350,000

MaSuRCA
300,000 =O-SOAPdenovo2
250,000 =O-Velvet

200,000 J

150,000 O/oi {

100,000

Corrected scaffold NG50 (bp)

50,000
0 -

1 3/4 1/2 1/4 1/8 1/16

T3 1 XDEE
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(B) C. elegans ~7 225 E 1.0%

400,000
-@-Platanus
350,000 -

ALLPATHS-LG
'\ =O-MaSuRCA
250,000 A —Q -O-SOAPdenovo2
q M
At =O-Velvet
200,000
150,000 ’\\%
100,000

50,000

300,000 -
\

Corrected scaffold NG50 (bp)

o /= =X
3/4 1/2 1/4 1/8 1/16

T3 A1 XDEE

[any

(C) C. elegans ~7 25T 2.0%

400,000

=@-Platanus
350,000 .'\\ ALLPATHS-LG
300,000 T— - \ =O=MaSuRCA

=O-Velvet
200,000

250,000 C?—A . \ =0O-SOAPdenovo?
N

100,000

50,000

Corrected scaffold NG50 (bp)

—) ——,
o——o—
0 - T T T - T T T T T ¥ T 0 o

1 3/4 1/2 1/4 1/8 1/16

T3 A1 XDEE

X 229 o oYY TR (corrected scaffold NG50)



237 FHATEERE, A VHHBEICOVTOR Fv—IfER L B

C. elegans (T BHEEE 0.0%) . S. venezuelensis, C. gigas 7 —Z (2O,
BT BT TORTRM L AV MAHE Y — 7 EAR 2-13 1R, FEATEREIT
ROBY T2,

- 71t v ¥ Intel(R) Xeon(R) CPU X7560 2.27 GHz
- Tty 32
- RAM: 512 GB

BTOT BT TOAVy REIEL 32 L& L7z, SOAPdenovo2 [ZDUWTCidk, ff
B v Z 5 Toh D GapCloser D FATHER], f%)@mi_omf%@ Exts L
LTCW3, C gigas D7 &> 7V TiX, MaSuRCA & Velvet (ZBRFHK T LIz
EZFLL TR, 2Ry Em & LT, overlap-layout-consensus V2=
LZEH LT % MaSuRCA OFATRFIFZ R Z N, o de Bruijn 777 7 Z H
727/ T ZIZOWTIE, #rH (C elegans. S. venezuelensis) D7 —% TiX
SOAPdenovo2 723 5EH, A FVMHEE—27HE bITR/NTHLN, T—F &
DRE N C. gigas TlX Platanus O EKfH, ATV HEHELY—27EO /NS 7
S TWD, I T, #2-13121%, SOAPdenovo2 & Velvet D737 A — X FHHERE

(k-mer B72 E 2 EERAT 2T 7)) IZOVTOEIZ A>TV RWE=D, Fb
DT T TITONTE, EBRITITE Y Z < OFTRHMALIIC/R D L TS
b, TNEBREICAND & FFICRERT A XAOT — & %4 5 BRIZIX, Platanus
IR E AV O FIZBEL T, AEITA N LT BT 7 OHRTIEIZIENRR
WEEZBND,
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# 2-13 denovo 727V OFEITHRHHE, AEVFEHAEY—JE
(A) C. elegans ~7 B HEEFE 0.0%

Peak memory

CPU time Real time (GB)
Platanus 588,408 s (163 h) 23,966 s (7 h) 20.0
ALLPATHS-LG 648,721 s (180 h) 62,844 s (17 h) 129.6
MaSuRCA 802,214 s (223 h) 64,055 s (18 h) 72.9
SOAPdenovo2 86,605 s (24 h) 6,873 s (2 h) 36.1
Velvet 23,191 s (6 h) 4,727 s (1 h) 35.0
(B) S. venezuelensis
. . Peak memory
CPU time Real time (GB)
Platanus 238,767 s (66 h) 10,431 s (3 h) 19.8
ALLPATHS-LG 424,661 s (118 h) 26,515s (7 h) 73.1
MaSuRCA 748,571 s (208 h) 118,230 s (33 h) 70.1
SOAPdenovo2 53,453 s (15 h) 5,449 s (2 h) 16.6
Velvet 19,442 s (5 h) 3,639 s (1 h) 38.2
(C) C. gigas
. . Peak memory
CPU time Real time (GB)
Platanus 2,485,919 s (691 h) 114,107 s (32 h) 98.2
ALLPATHS-LG 3,860,440 s (1,072 h) 306,899 s (85 h) 322.7
MaSuRCA FLHAST
SOAPdenovo2 2,254,545 s (626 h) 248,160 s (69 h) 148.4
Velvet HLr T
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2.4 Platanus DETF —FZ T LERG . =T W RT ) LFER
Platanus 25EH S HIOBNX, > —TF B A7 ) MEBEEHETdh % (Nikaido
etal. 2013), AFFE TlE, Platanus TRT7 7 87 AAE LT TR, 7
JT—ay, BEMNT. 28 (L. chalumnae, L. menadoensis) DBECHILLEE 7 E
B BT 24T o - ECREZITR> TV, AEITIEH, V=T A7)
LR F31) % Platanus O3 1 & B R O HESRITIC DWW TRET 2 & & T 5,

241 —FH AT ) LADT LT

c =T H A= DU AT — X OESE L O DR
V= R ARSI — 7 ZERIL S ERT, AR T 7 U B AT
Th D L. chalumnae ) 4 K, A > RXT T THSD L. menadoensis 7> 1 IR
("Indonesia") T& 5, L. chalumnae 35|24 > =7 #dD 3 fEH{K (TCC041-004,
S2, TCC25) L =EwuiElHito 1 ik ("Comoro") 2/ b D, ZHHILH
ETHRRITIRESINTZBAETHY . Vv PUFSRICESEHFRI 245 T S
NTWND, ERDEANRIKIZLL T O#EY Th 5,

c B =T o 3 EK
& W =T KEEMFIE AT & R TR

+ Comoro

Centre National de Documentation et de Recherche Scientifique, Musee National des

Comores "H7 77~ 5 LE

* Indonesia

LT by T RN RAEKRE

BEADBERIT, R LERT: W HMLER D O ENE R FERT B
FREFZ IR ST HEAEIR (TCC041-004) 7> B &7z DNA, 8 L O
MR CHERATY v 7 1(S2, TCC25) L W i S 7 DNA, 77 7~ U 5%
< LFE L0 #4772 DNA(Comoro), & HIZH K BEFHIRHR L 0 2k &
A17= DNA(Indonesia) & ENZBAR I TEET B HBUEARR N — 7 = A L, B3
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T=EBGEONT, R 7 8T AOBEICBNTL, Z o F=TED 1
K (TCC041-004) D& ) Ay ay WAV T—2BHVWbLNT, v—F TR
F— X BF 2-14 1Z5F, DNA ¥ — 27 = %% Illumina HiSeq 2000 TH 5, T —
21X 3 O? paired-end & 2 DD mate-pair 74 7 7 U HAERKSIL, A P — b
A X% 300-5,000 bp TH D, £, THXTXESN, KT AV T 4 FEIKOBRZE
IR F v — TR LRI TR 5 T,

% 2-14 L. chalumnae TCC041-004 DY —J TV AT — X

A Y — A X (bp) 300 500 1,000 2,500 5,000
AT 5 paired-end paired-end paired-end mate-pair  mate-pair
J—FE Raw 100 100 100 100 100
(bp) Preprocessed 97.3 92.3 93.2 96.7 94.8
- Raw 242 G 299 G 168 G 728 G 103 G
A=
2R (Gbp) Preprocessed 236 G 276 G 156 G 70.8 G 98.8 G

"Preprocessed"| X T Z 7 X PSR AV T 1 SO BRER DA,

A Y — hHA X300 bp. 500 bp D paired-end 74 7 7 U LV 32-mer O HELH]
BontmzRdiz (K 2-30), 90 (Baih) (Lo & — 7 13AREEEI S L, ~
T RO B — 7 T A S0, 180 o v — 2 13U B — MK
ThHbd, ZORMDOENB~T v R EITEWE PRI, BiZr ) A4 X
1% 2.67 Gbp EHEE SiT=,
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50,000,000
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20,000,000

10,000,000

0 50 100 150 200 250 300 350 400
HH 25 [8] 3%

X 2-30 L. chalumnae paired-end 7 — % @ 32-mer H B [B] 4 5 A7

TR TIVRRBLIOEE
V=T N ADT ) ARENTICEB T, ETX =T MED 1 E{K
(TCC041-004) DAY /) Liay N T —H2 % de novo 7v 7Y LTz, it
WT, ZORZ 7 N7 Mok oes ) AV —Re~vy 7452 8T
TOEIRD YT 7 LEdHZHEEE LTz,
de novo 7 > 7 U 21X Platanus (version 1.0.0) 2NHWosh/=, A >V — W
A XN 1kbp LA LD Z A 7 F U X PCR-duplicate P\ A > — bW A XDRT
g% < & o7z, Contig-assembly (L4 > ¥— K ¥+ X300 bp, 500 bp ®
paired-end Z A1 & L CiTbiTz, 1kbp KV A vV — A ZXNKRENT AT
FZVEHWLERIZIE, ER L0/ A Y= A XDFA4 75U T
Scaffolding, Gap-close & T{T772 > T scaffold ZHE L, ZOEINZY — K&~ v
7% . PCR-duplicate & Fi A > H— F P A ZDOXT ZFRS LW O EZEZHRD K
L7z (BFE: 230 - Ry F~—7 F—HORHLE), 77 UfERER 2-151C
AT, D728, SOAPdenovo (Lietal. 2010) OFfE B E®H TS, NGS0 &
KRODEED T 7 LA XiF, 32-mer HEBLEF A0 6 OHEEE (2.67 Gbp) = H
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V72, SOAPdenovo @ k-mer F:ld 31 705 71 £ T 10 %A TAJJ L., scaffold NG50
DI RKEMRD k=61 M LTz, 22T, fE7' v 27 Ld GapCloser |3 55 #4&
TTHHETL TRV (EITRE 7't v ¥ Intel(R) Xeon(R) CPU
E7-8837,2.67GHz, 7' =& v ¥4: 32, RAM: 1TB), Platanus & SOAPdenovo D
RA i35 & scaffold NG50, contig NG50, N'OE|4 134T Platanus 73 -
N5,

# 2-15 L. chalumnae 72 7 VU #ER

Scaffold&k A3 E Scaffold NG50 Contig NG50 'N'OE[&
(=300 bp) (=300 bp) (bp) (bp) (bp) (%)
Initial contig 1,630,173 2,360,333,583 - 1,990 0
Pre gap-close 42,503 2,745,636,434 342,148 3,217 7.5
Final 37,861 2,736,338,780 340,559 8,816 4.5
SOAPdenovo 46,439 2,727,167,611 195,285 1,751 16.4

"Initial contig"!d Contig-assembly DifEH. "Pre gap-close"lJ Scaffolding D 5.
"Final"lX gap-close & 1778 > 72 e #&HAE AL,

77 VREROFMIL, fosmid-end 74 77 U (HiSeq 2000 35 L UM ' —
%) & 52k fosmid BFl (4 A, AFHE 147,605 bp) % W TAT72 > 7=, HiSeq 2000
T fosmid-end % > — 7 = 23 HFRIZIL, NxSeq 40 kb Mate-Pair Cloning kit (Wu
etal. 2012) ZHW\WHLNTEY, 2 TOY—7 = R IENCEETFFFEAT B
HEBEZIZFE R L CTAV /=, fosmid-end BLAIE Bowtie2 DR —H /LT T A A hE
— R (--local) T scaffold BE2HIZ7 7 A > &L, ili=> REHI2 identity > 95%.
TIAARE >50bp TV v 7 EINTZRTIZONTA P — YA XD53Ah

% T2, fosmid 7T :m 40kbp & FHHEIN D72, A ¥ — KA X7 40 kbp
FHE AR T T BRI HUE, scaffold IZX AT BT URb7pn, FEF v v
TNV IRNT ENIRIBEND T2, A Y — YA X 30-50kbp ZRT T L
J1 7k L7z, Platanus & SOAPdenovo @ scaffold (Zxf LT, ~ v BV 7 DR
ER 2-16, | TRT, 207 T T ORERAHET S & Platanus D773 30-50
kbp DA > % — FH A X ("Normal insert size") Z 7RI _XTENZNZ LR35,
SOAPdenovo @ scaffold (213 GapCloser Z i L TV 72U 2 & A58 L | Platanus
DT Gap-close i AT scaffold ("pre-gap-close") ~D~ v FfEH %2R LT
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WD, Z1LTH SOAPdenovo £ Y 30-50 kbp DA > H— hH oA X&RT 71X
£ o Tn%,

#* 2-16 Fosmid-end ¥ v B 7R
(A) HiSeq 2000 (7 %%: 5,777,574)

#Normal #Abnormal  #Different  #Multi best
insert size insert size scaffolds hits

1,525,731 94,809 2,497,141 433,689 1,226,204
(26.41%) (1.64%) (43.22%) (7.51%) (21.22%)

1,639,620 102,510 2,142,983 856,106 1,036,355
(28.38%) (1.77%) (37.09%)  (14.82%)  (17.94%)

1,113,386 68,388 2,626,459 463,960 1,505,381
(1927%)  (1.18%) (45.46%)  (8.03%) (26.06%)

#Unmapped

Platanus (pre-gap-close)

Platanus (post-gap-close)

SOAPdenovo

(B) Vo H—ik (T % 55,111)

#Normal #Abnormal  #Different  #Multi best

insert size insert size scaffolds hits #Unmapped
plat | 22,149 317 9,466 140 23,039
atanus (pre-gap-close) 4 19000 (058%)  (17.18%)  (025%)  (41.80%)
Platanus (post | 28,137 497 16,639 475 9363
atanus (post-gap-close) 51 g0ty (0.90%)  (30.19%)  (0.86%)  (16.99%)
14,561 188 10,604 1,055 28,703

SOAPdenovo (2642%)  (0.34%)  (1924%)  (1.91%)  (52.08%)

"Normal insert size": 30-50 kbp DA > H— F ¥ A XEZRmT LT

"Abnormal insert size": A > Y — FH A X3 30-50 kbp DFEFHI DT
"Different scaffolds": %72 % scaffold ~~ > 7 & 51T

"Multi best hits": V7 LR HFBRL=—T 70 _A N v NERTERWRT
"Unmapped": D72 &b IR~y 7 IN72NRT

A Y= A XD A AKX 2-31 IZ7”7F, HiSeq & Sanger OF — & TEMIITZ
> 53, Platanus & SOAPdenovo D 5T — 271X 40kbp (T THDHN, B —7
DiEm S (T H) X Platanus DN KEL 2> TWD, LLEDZ & 75 Platanus
O scaffold DF N~ v THKITEL . X v v TELIEZIAT BT U DD &
DRI STz,
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(A) HiSeq 2000-Platanus
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(C) > F7—7%-Platanus
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X 2-31 Scaffold B2%IZ~ v 7 &+ 72 fosmid-end D A > P — kYA X453 40
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eV T 4 RD5ERL fosmid ELS (& FHE 147,605 bp) %2 FV T Platanus @ scaffold
T TA T HI L THIEL IV TORE LM L, WY —iZ
MUMmer /N 77— &£5 717 F A (nucmer., delta-filter, dnadiff) T
%o BIRRZ2FIEZ LU TIZFE T,

(1) fosmid %27 = VU scaffold %V 77 L > AL L, nucmer (2L V7T A A b
95, T DFE -noextend 47T = > ("do not execute the cluster extension step")
ZIEE LT,

(2) delta-filter 2 -g 473 = > (" 1-to-1 global alignment not allowing
rearrangements”) & E HIZHEH L, 779 A4 A MERET AoV EZ Y 7T D,

(3) dnadiff TSNV (2 2~ v F) Za—L§ 5,

ZOREFR. T TA AL FOGFHRIL 138,070 bp, =T —/L 472 SNV (X2 fHTH
o7z, O SNV IIZE RGN (i) THMmHIn Tk, 77V o=T7—
TlERWEBZOND, TI9A4 AL MO Ry b7 ey &K 23210577, 20
BT, BEORENI AT T Y B RETZ570, LLEOK K26 | Platanus
O scaffold DIFEH B\ EDBREIND,
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(A) CFIC-999H04

CFIC-999H04 (fosmid)
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(C) CFIC-999H08
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scaffold30496

X 2-32 Platanus @ scaffold & 5255 fosmid B2% D K 72 v b
FEHHAS scaffold, #EHhAS fosmid DR 3 >, JKEDNUAFRIIX ¥ v T2 R~T,
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242 HEENT. 5 B D HRSEAT

Platanus THEZE L 72 scaffold BLA DTEMFI & LT, BEMEHTICONTIEAS,
scaffold % L. chalumnae ® K7 7 £ 7 5 & LT, L menadoensis & & & 7D 4
D T ) DERAIOPRIE 2k Ir Tz, FHik & LTI, scaffold (4% 70
paired-end v v 7 L, REBLIONT R OLRZHBINT 5, HOFIEAIT 2.3.2
TRHLEFIEEEEU TH LN, BRE2Za— LT E5MI2O0T, LFOEN R
2%,

- coverage depth @ FRIX, *F-¥J coverage depthx0.5
« %A K7 RC, coverage depth 73F-¥J coverage depthx0.2 L I
B ANT U RT, BREZRT U — FOFIEN 025 UL E

ST FITBEEAE D T 7O DB TH %, Nlumina Y — RO R T
T—lI, FA TR TERNR =L INTNDINEZRET H 2 & T—HITkR
< Z &N TE 5 (Nakamura et al. 2011), > — 7 B > A DS B FE (3RO TR < |
BEOEBIIT 2GEMEDOEIENRELS RN H L0, 2O XK 9 IZHKME
ik L < L CW D (BREIED T 2 rTREME & F7E T 2% 23, 5ERK fosmid & scaffold
DEEIZ L > THRbSh7Z SNV (24.1) &, V—=Fa~vy 7 LTRIELE
SNV iF—H L7eDT, BRBHIIZOHETITH> 2L L LK,

BAERD paired-end 7 A 77 VIZHOWTDIEREE 2-17 1R T, £72, v
B 7RERICBT 245 Y — FOMmBEHREO /i 2 X 2-33 129, JEHT &2
&2, "Indonesia"lX L. chalumnae & IRFED L. menadoensis DR TH L 05, U
— RiZ+mic~y 7ENTEY (coverage depth = 70x) . FmIERHEO0 T~ v B
7IND V=R 70%% HDD, 2O b, 20T 7 AEHIOFFEMEL
m <. L. menadoensis D ) LEEH G~ v B TRERMNOEETE L LEZI BN
2
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£ 2-17 V—F B ADEMEKRD paired-end 7 A 7T U

TCC041-004
S2 TCC25 Comoro Indonesia
500bp
A FHE (bp) 299G 165G 172G 196G 256G
Y — K& (bp) 92.3 94.5 93.9 89.4 93.9
A Y — A X (bp) 495 425 449 476 431
A ¥ — A ZIEEERZE (bp) 46 117 82 42 48
PCR-duplicate DEI 5 (%) 4030 1.160  0.703  0.311 0.677
Coverage depth 44.4 48 56.2 69.9

"Removed duplicates" & samtools rmdup =~ > R CErZ S 417 PCR-duplicate D E|
. "Coverage depth"| I 3R~ v 772 U — RIZ X % coverage depth,
TCC041-004 X2 74 77U (A % — %A X :300, 500bp) DEZERT,

1.0
0.9 - .
™ B TCC041-004 (Tanzania)
I 0.8 -
- .
= 07 - S2 (Tanzania)
_'E 06 - TCC25 (Tanzania)
or"'g 0.5 - ¥ Comoro
g 04 - ¥ Indonesia
— 03 -
P
% .
0.1 -
0.0 - - T T T T 1
0 1 5 6 7 8

RS EE R

X 233 ~yv73NEEY — FOREERD A
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B2 TOMEKTERBHOXG: L 72 % (coverage depth 23 +4372) fEIEkIX
1,673,302,134 bp TH -7z, Z OFEIEHN THRH SN /=~T 172 SNV OEE %K
2-18 IZ/" T, ~T IR SNV OFEEL~T EREOREMBETLHE, ZNHD
fiE (0.00188%-0.00611%) ILt ~ (0.069%) (Wang et al. 2008) ° =V 7 (0.076%—
0.189%) (Scally etal. 2012) XV 272 VIRWMEE 72 %, ~T n S MHITERN O
SHRPEE SV 5 2 R TE | HELEHE LD A XA KL TS, £
NODOFEREHET D72 DITILBIMOERBMEL 72508, v —TF B AD
LMY A APHGD TN WAREER H D &9 EEARRBESS Z LN TX
Do

7% 2-18 ~T 17 SNV DB

1B {4 ~T uSNVEE
TCC041-004 0.00234%

S2 0.00235%
TCC025 0.00233%
Comoro 0.00188%

Indonesia 0.00611%

AT R TZE B 2N ATBEZR 1,673,302,134 bp DY A b 0D SNV 2354
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e\ TR CTHEIE N 72 D SNV A F OEIGEZFTHRD LK 2-19 DIEL 722,
77V AR O (L. chalumnae) & A > KX 7 OEK (L. menadoensis)
DG ) LOFEFNT 0.18%FRE LR 5 Z LN TE L, HATIIZETIE, > —F 0
YADI hary KUT T LAONTH G, L chalumnae & L. menadoensis 0475
AT 20-30 Ma (million years ago) & #EE 4L TV % (Inoue et al. 2005; Saitoh et
al. 2011), ZOREFEREZREST D L. =T W AT ) LAOBEBHET 0.03-
0.045x107 peryear L7¢%, ZiUL, & hEF LU D5 AO BB OHE
TEAE 1.2x107  (Watanabe et al. 2004) £ 0 272 D RWMEE 72> T 5,

£ 219 V=W R EEBTCHEERRELR D SNVYA FOBE

TCC041-004 2 TCC25 Comoro
TCC041-004

S2 0.00326% (10.0%)

TCC25 0.00318% (10.7%)| 0.00311% (11.4%)

Comoro 0.00343% (18.7%)|0.00336% (16.4%)|0.00342% (17.1%)

Indonesia | 0.18263% (95.5%)|0.18268% (95.5%)|0.18267% (95.5%)|0.18248% (95.7%)

FESMNIZ A€ 72 SNV A R OEIE,
T OEIRTE BN ATHEZR 1,673,302,134 bp DH A k0D SNV 354,
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25 EBE

Platanus O 7 /L2 Y X LD, Kl HHMED EERSY 1L Scaffolding H D~F 1
EIE R (NTL HEEDORRE) TH D, de Bruijn 7T TITBIT DT VR
AR Fv—I xR E L7 &7 (ALLPATHS-LG, SOAPdenovo2,
Velvet) IZRBWTHHIEESNTVDN, MELREGDET —ZIZBWVWTIE, £
NI TIEAR+45Th 5 ATRENED & 5 , Contig-assembly (2B L Tl #2D k-mer
FEZ2IEHT 5 A0 Platanus OFRHED 1 D TH Y, B~TogEs&toT—4% (C
elegans, Assemblathon2 D7 —% 2 —7 41 A L. chalumnae) T EIH72VERE
% H L5 EE X 55, SOAPdenovo2 X° ALLPATHS-LG & NES CTHEEL D
k-mer RZH WA, ZORBAKITHTH TITRWD, kK DEOHREFHE, B
D de Bruijn 77 7 D~ — TV HIEIET v T T HICE RS> TND, T T T D5y
I ATl — RE~y 7 LT Y 7 7 2 BT 5 5k OFiPH % coverage depth
ZE G L CHBECIRET D 0T Platanus D03 RFORERETH 5, Platanus 13 k &
FETHEET L ORELHEREEZRT Z 0 b, RT A —Z O R % Hi
WTExDHEWVIREBEFD, Gap-close [IZDOWTH, T/TY XLDRPETH IR
PEIX 72 E OO BLF DR DNRIEIC 72 D & i S 41TV 5 (Simpson and Durbin
2012) SOAPdenovo2 )& GapCloser & L5272 V) | Platanus [T ¥ ~ 7 /0GR
THEVRELRDS (R 23), ZUTE, 7V =T 4 =¥ v v VAL ELER
9% GapCloser &, ¥ v TJHUNPBETELLLE0LFYy v 7EZAL DL (K
2-20) Platanus & DZENRRIL TN D AIREMEDIFIET D,

C. elegans D~T BHEEMEV I 2L — 9 VT A N TIE, ~7T B #EAENE <
72 %1224 C Velvet, SOAPdenovo, ALLPATHS-LG DOERE (NG5S0, F5E) A3
b2 ENRENTZ, ~TrEEUERT B T URICEEEZ 5252 21T
WE SN TWT2b DD, JBHAINTT A b ZAT72 o 72 WF581E 2014 R LT IEAT
BN THDLEEZOND, @m~T R EEMEDET —4 (S venezuelensis, C.
gigas) TlX, VI =2 b—TarOE~T a#EGMT — % THEMET Lo
72 MaSuRCA % & T, Platanus & D7 & 77 D scaffold NG50 DZEDN AN
72, 8. venezuelensis T fosmid Bd Z T2 FEMT 2> H 1%, HRERHY K & 72 indel
Zate, MAEAERB ORI OE NN RKEWEIBKOFEN RSN, Thve
Scaffolding CTHFR T & % Platanus 25 L D AR & 70> TWDH Z DRI N, Z
D & 9 R DOAEIEX C. gigas 7/ MMEEED tim 3L (Zhang et al. 2012) T% BAC
BESI DN BR SN TE Y 2 FED AV Ciona savignyi & Ciona intestinalis D7
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J A STV 5 (Vinson et al. 2005; Kim et al. 2007;) . 45 & 7= 1
T, BTN RIYL AR O identity 78 95%LL FiZ72 5, DX 5 2%k L
T2 < OEWFED 7 ) Ap CEEMICHFET 2 AR H 0 | BRI Y
YINDYG ) KN de novo TR T ) HERIZIX Platanus D K O IZXER AL TH
ZENHEELEZILND,

Platanus |I~7 R A ~— VT D5 HEZHH L TWDHD, F7'm & A Tl
a2 \THBET D HELEZ LN, b7 ad A TN+ 3ICRHE
oo blE, ZROEHEERR ENFLIVENIICBWNTT LV EDTH S,
ZDOXIRFETT R TV BT o7& LTIEAY C savignyi & C.
intestinalis D"/ LEHT (Kim et al 2007; Small et al. 2007) AT Hivd, ZZ
T, C. scvignyi D~T BER L 4.6%., 7 v Z A 7HdFID N50 1% 496 kbp T
H Y. C. intestinalis |[3FNZFI1.2%, 37.9kbp TH D, nN7'a ¥ A TEI|ZHE
T LRI, ~T REGEREWVIE EERMOBEFRIG LT <D
e, BAINELS 2D EEZEZBND, EWZ D& ~T r#ESENMEWGE
TERNFELRVEWHEBNZ 25720, U — PRSI B ITHEZFE <
EMMTERWEROMMEEIM L, 727 UVkERITSW S5, C scvignyi O &
IO TREHWAT BIREEE (4.6%) ROV TIVDOLEEIINTad AT D
TR TUBREHTH DD, C. intestinalis D X D2, ~T B EEREN 2%LL T D
GElx 77 VRO NS0 /S < 725728 (37.9 kbp) . Platanus O~ — Vi
W& 232N T 2 FIREMED =V,

C. gigas DT A MZERWTIX, Platanus O 7 &7 U FER & fosmid ~— R TH
FELT-V 77 L Afd% (Zhangetal. 2012) %L L7=, NG5S0 OfE (i Platanus
D35 503, RNA-seq 7 — & X° BAC (T L % 3l CIX Platanus 23 > TV A FEIED
% < . Platanus 78 fosmid X—ADT v T U FIEORIFRL R VEDH Z LIVRE
M7=, fosmid ~—ADFVEIL C. gigas D ) LfiFwE TEA I FU, "cost effective”
RHETH DL ERBI SN, KW\ T+ (Plutella xylostella) D77 ) INRFEIZ
BWTH#EMA S TWD (Youetal. 2013), L2L72235, 4 fosmid A%l % o
3 v MU UAETIRET HBRIZ coverage depth 234 & 72 L, #E5E X4 7- fosmid
BAZ2 7 & 79 BRI fosmid FEFN N A—/"—F v 7 L TWARENRAET 5,
% fosmid % 100x® depth T —27 = A L. fosmid E2F|DEEFHENRT A“ﬁ‘/l’
AD10xTIH D EE LTeSa, T —F 8IXT ) L% A XD 1,000 L 720 |
P Ahvay NAVIEEREBRT D EREVWY A X THD, EBE. C gigas, P.
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xylostella D7 — A TITZHE 4 390 Gbp (690%) ., 855 Gbp (2,170x) @ paired-end
U= FPAHWHLNTND, AT, ZH6DT /7 LFEGiEHE T fosmid D7 &
YT VREREET ) Ay ay N T —# T scaffolding LTV DRI HIERT

LHMENDH D, DFEV ., Platanus (IZXVRT ) LAvay N UT—FOHNE R
77 87 g, fosmid N—ADFIELVEFERICaA MITFTFSZ

ENTEDHEEZEZDOND,

Platanus OB & L ClXy—F W A7 ) MGt aHh-> CTnb, v —F
By AT ) MEY E— MESIOEIE D 60% &, WAL LT, 20
Elxdenovo 7T E LTV DREE LD, o, HEES ) LA XX 2.7 Gbp &K

MRS T2 EMEOF TIIHR RO A X 2Ff>, V—FO~y B 7LD
B & DRI T, BRI OBRLHI DT3RO T/NSWNWZ LRSS TN D
H LT BT UREROEIIOEENENRHIE, TR T I OxT—NER L
FRRSIR S AU EL DN REEM S AU D AIREMEDN B 5 25 BIMEASCKIFE (L. menadoensis)
EHESIDNEVEBE A RO Z Lk, TR T URERORED S S &R LT
W5, FERK fosmid BLFI & scaffold BB & DT T4 A2 MERICEAL TH, BE
DE S EXFFTHHERE /> TD, Lo T, Platanus 1% 2.5 Gbp LA EDOY A X
ZFEH, U E— NSNS WA L TH A TH D 2 L 3Rg
SNz, TRV T VRO OB E LTI, EINZ KT 7 N7 A&
1Tlheolz, W=7, aEaiglE. £~ KT 7 (L menadoensis) DEE
OB A2 -7, 1EEOETF ) 52RFE L THRELTLE XX, £H
NOMD T ) KF) — RO~y B 7 HNWTE D ZMZRETE D, &7/
LD denovo 7T VITEMABEFHORAALEZED ETHRFETHD . R
T 7 N AESIDOEERFIO 1 &L LTARIIRT I E LEZ, v—T
B ARG ) DTONWTIE, KE D Broad Institute & H.0r &5 F— 4% 2013 4
WZRZ 7 N7 DB IO RERZREER L T % (Amemiya etal. 2013), Z Difi
HEFDTT75 Nikaido etal (IZ L D %R (A TA42) LOKI3 » ARV 25
DGR EIIMNAZED 5N TRY . FIT7 87 L0727 VITHWEZT
— & H T > T 5, Broad Institute ® K7 7 ~ %/ A% ALLPATHS-LG (2
LoTT® 7Y ENTz, & D scaffold NG50 ZHH 4% & 1,012,495bp & 72 V),
Platanus DfE (340,559 bp) LV KEWA, ZDEFTA 77 VHERIZERT S
AIREMEDN BV, Platanus (2 A J) & AU72 mate-pair DA Y — h¥ A XL Skbp £ T
Td 57, Broad Institute TliL 40 kbp @ fosmid-ends 714 77 U &#H\ T\ 5,
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paired-end @ coverage depth {Z-D\ )Tl Broad Institute D 53072 < (61), 7k
7 VRERIZE N OEFE LN (23.7 %) & D KA 8 %, Platanus DIEIE 4.5 %
TH%, 20D T 7 N7 AOBEERDLH Z LTSV, [F CAEMET
bfEEERFE OBV LY, TR T URERNELRLHIE S 2D,
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F3E RO ) A, BERT 7 N7 ARSI DS

31 Ex - BH

Fram Ot 7z K 5 12, 1980-90 AR A TIE, RIGHE O W BEHI P & (Kohara
etal. 1987) "H2%7 7 AfdFI% 3 (Blattner et al. 1997) £ TI104%2FE L T\ -
W, REEMD T ) DIRE B ANA ANV—T >y by — 7 = ORI X0 g
HINZATOND Z NS D, N2 T VT DS 7 A% A X310 Mbp LA &/
SN, =7 = Y@ 1 [BlOEEE T4 72 coverage depth Z Ff>7 — ¥ %15
HENTE D, BEFAME L TY B— MNEEFHDOEIE /NI W=D, de novo
TEUTVOTREBELTENUL, Y= =V OEENL RS ) MRIEE
T ARMWTITO ZENTED, LMLAENG, UE— MBI 2
Wz, URY—LRNAARB U721 T S5kbp L EDORESTY ) Azl oy
—FIE L. paired-end 74 77 U DR TIIMRENKNETHS, X7 7V T D
Ilumina 7 — Z 2%} L CTEELD de novo 7227 7 DX F~<—27 ("GAGE-B")
T2y (Magoc et al. 2013) & DRI paired-end D&% FHWNTUWN 2728,
EDT T T HTRT ) LEMET H T LI TE TV, KEDHH: T,
Platanus % & 7= D 7 & 7 71 mate-pair (1 % — ¥ A4 X 4-12 kbp)
BT — 2B ANSIL TR TF =7 2T, NI T VT ERT ) MEEN ]
REZRRMEZFH~T VD,

NRITIVT DT ) LREDTZDITIE, —7 T ARNTEERO T 1 A3
HCThHHEVWIMELEL D, HREEMEANZ TV T OFEO TN BRRITITZE
WEBZXOLNDTZD, BRERRNTERY ) AERET HHETHED T ) A
REZE N9 5 ETEELE D, HED1SE LT, LHEO DNA %2 Multiple
displacement amplification (MDA) % CTHfF L T — 7 = A ZAT I b DR H Y |
HAE DL ) LPE (Hongoh et al. 2008) (Z%Lh L7=B b WA &=, Lo
L. MDA TEONT=T — X DR E LTE, 7/ A EORESRE IS HIE R 2
2 =0 AT —H D coverage depth DX HOX N RKENZ L, F AT
— FORIGRIERZ N E WD ZENEF b5 (Chitsazetal. 2011), £7z2, 1
#ild DNA #7176 mate-pair 74 77 U L LI2FlIT VW EEZ B,
JE— FMEBOMFRDHE L NE WS ERS H D, RN TV 70T/
LB R DT DRIDOFEe & LT, BEEDNA > 7L &Y — 7 = A
L. AZF ) LT —2E L Tdenovo 7227V EATD HFIERNGFET D, AXT
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J BIRHTIEANA AN—T > N — T T YRR E D LRI D o A — I LY
T TWedy (Kurokawa et al. 2007), V> U —¥EY — FCIIFHEMEDO =T/
LIRS ZAEGE T D DI 14372 coverage depth 2455 Z L R EETH 72, L L,
NAAN=Ty b= 2 Y RNERSNTA LT ) LETEHEITIE R Z 7 b
) LD FE TITOND 77— ANFIET 5D (Hess et al. 2011; Albertsen et al.
2013; Sharon et al. 2013; Nielsen et al. 2014) , & 7= & FH #1372 § D O mate-pair
ZIEHLTT v 7 U 2177257201986 & % (Hess et al. 2011) , REE D% =TI,
AL LTERE DNA Y T ANDEET ) MW NI 7 M7 2 %155 2
& & C, Platanus R ICHB LA XY ) AT — 2T T T
MetaPlatanus D 7 /L = U X A & PEREREAN OFE 5 % 77,
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32 FEEAEWMT — X IZx9 5 Platanus O F A DORIE

AKEICTIE BEEAY T — &% HIZE%EF S 47 Platanus 23R AT — 2 1206 H 7T
RETHLINERIET 2720, X727 V7T (KIBE) OET—F TR F~v—7
AT IR S TG R A" T,

32.1 KIBEIZ XA F~—7 L EER

« E. coli 2 R DT — % OEUFE X O

KW E. coli D K-12 MG1655 £k (LA F MG1655) & 0157 Sakai ££ (LL T O157)
®D DNA 7 (T BT HREERIRAL) % lllumina MiSeq T —7
TUALTET =2 AN, XIT VTS ) KON TOXR T v —7 BT
STz, BT =2 OEFHA X7 7 LY A XD 500 5L EE A XnKE W
. paired-end DT —H A XNRGT ) DY A XD 100 5L 72D —AEREL,
U—RZ7 X NI LT A X&ME/N LT, X TF~v—JICHW =T —4
DI7A 77 VKR AR 3-112-T, U — NORHLEZ i L 72 DfE/R DT,
paired-end DA X137 ) LA X100 (F KV /NSUWMEE 72> TV D, gD 7=
D, 1517 DNA vV —27 =% TH5 PacBioRS DT —X DT w7 U LT
{7725 TRBY, ZTOT—HDOfEHLFL L T\ 5D, PacBioRS DY — 7 = A5 —X
BLOT 7V RIZENLE R B R BEEE L0 $RAETE
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# 31 Ecoli2BfRDY—F =V AT —X
(A) E. coli K-12MG1655 (7 /) %A X 4.64 Mbp)

D4 "V /p [lumina MiSeq PacBio RS
SAT7FY paired-end mate-pair mate-pair mate-pair

A P — b+ PA X (bp) 650 4,000 8,000 12,000

J—F& (bp) 263.2 71.0 71.1 71.0 3,973
A5tE (bp) 3941M 874M  869M  874M 649.4 M
(B) E. coli 0157 Sakai (7 / LA X 559 Mbp)

DAt/ A=V ayh [llumina MiSeq PacBio RS
FAT Y paired-end mate-pair mate-pair mate-pair

A P — %A X (bp) 650 4,000 8,000 12,000

J—FE& (bp) 264.6 70.9 71.3 70.6 7,497
&FH&E (bp) 479.1M  103.6M 106.8M 101.5M 774.6 M

llumna MiSeq 7 — % OAEILATLEE (7 ¥ 7 ZElF], K7 4V 7 ¢ (8RR E) 1%

DAE,
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s RUFv— I FERBIOELE

Ry F~v—I xR LT 7 Z1%, Platanus 12 TH 2 =ECTHW -
MaSuRCA, SOAPdenovo2, Velvet T& %, ALLPATHS-LG [ZFATRAZHELINA
P—hH A X (<2xV — KE) D paired-end 71 77V ZNLELE L, AEIEZFD
K974 7TV R T2Ox%G4E Uiz, PacBio 7 — X IX[E LB &AM ZERT
R SUEHIZIZ L Y . HGAP3 (Chinetal 2013) ZHAWTT7 &7 U 24772 - T
TEWV=, FEEERHMIE, 52k Y 7 7 Lo A7 7 AELHI &Gl — /v T D QUAST

(Gurevich et al. 2013) ZHWTIT7/2 572, QUAST XV 7 7 L > A7 J AREIR
ThHhdHIEHEEELT, GAGE LRBRIZI AT U7 V%2R ET D, £D
B, 7T A A2 MEED NG50 THDH"NGASO"EWIHELFEMT S, Z O
FRIEIX GAGE ®"corrected NG50"IZxf)i L, &S LME LG LI FHEfEE CTH
%, scaffold \Z LV A= il 7 AEESIOFIEIX. QUAST e AE%
A% ("Covered rate"), scaffold ECH F DB ETZ D% OfENT CEIE L 72
L7280, ATy T, Xy v 7ML TEENHBEINT ORF &b~
("#Complete ORF"), Efif & 72 % ORF BdAIL, 7/ 7T — a v HiEEHK—T 5
72,V 77 L RF ) MBI — /L MetaGeneAnnotator (Noguchi et al. 2008)
TT7 /)7 — FSNT5E2 ORF fidd &35,

MG1655 DX F~— 7 fiREFEK 321587,
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% 32 E coliK-12MG1655 55— 2 D77 VR R
(A) A FHE « Scaffold 4% - NG5S0

HEtE Scaffold %X Contig Scaffold
(>1 kbp) (>1 kbp) NG50 (bp) NG50 (bp)
Platanus 4,643,205 2 4,637,996 4,637,996
MaSuRCA 5,655,655 44 505,082 701,670
SOAPdenovo2 4,674,534 3 3,763,305 4,667,984
Velvet 4,653,183 14 403,377 4,628,977
HGAP3 (PacBio) 4,652,257 1 4,652,257 4,652,257
(B) NGAS50
Contig Scaffold
NGAS50 (bp) NGAS50 (bp)
Platanus 4,546,375 4,546,375
MaSuRCA 504,935 578,477
SOAPdenovo2 2,649,161 2,649,161
Velvet 292,346 2,072,353
HGAP3 (PacBio) 4,536,261 4,536,261
©) 77V =T7—ICEAT 5 R
#Misassemblies mis?:;(;ﬁll;lies #N/[i?)r(r)llic;es #Indels/100kbp
Platanus 2 5 0.19 0.11
MaSuRCA 15 36 3.51 0.82
SOAPdenovo2 11 50 6.75 0.93
Velvet 6 44 10.67 1.80
HGAP3 (PacBio) 5 2 0.26 0.73

"#Local-misassemblies"|% 1 kbp LA FOHAED I A7 &7 Y

(D) 7/ LOBFBEIZET D IE#®

Covered rate

(%) #Complete ORF
Platanus 99.94 4,314
MaSuRCA 99.92 4,304
SOAPdenovo2 99.89 4,282
Velvet 99.50 4,251
HGAP3 (PacBio) 99.88 4,311

4= ORF %1% 4,319
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Platanus @ contig NG50 (%7 A% A XD 99.92% TH YV . ZHidT / LDIFIEE
01 ARD contig & L THEINTZZ & A2 EHKT 5, SOAPdenovo2, Velvet O
scaffold NG50 &7/ L% A XD 9%LL L& 72> TWDHN, 77TV DT T —
¥w o~ 71 E (#Misassemblies, #Local-misassemblies., #Mismatches/100kbp .
#Indels/100kbp) (F4>C Platanus D LV L L Tk v . FEEEIT Platanus 23 EA
TWDHZ ENGND, BEMIC Platanus [ZEVMEZ RS 7 27 71X HGAP3
(PacBio) T 5, FEDIFHZ & TetEHE (% 3-2 BCD) |4, #Local-misassemblies
ISR Platanus 238 > TWA DS, BED 21T/ S < SRHFRE TR/ANBER LR
TOHAREMEDR S D Z LIFER L CRHld 2 4235 %, Platanus, HGAP3 Dk
contig L V77 LU AT ) LED Ry 7y M2 3-1 12777, QUAST IZ X
DIATECTVIFMESND bOD, Z O TIT RGO ZE X )7
THRDOONT., AR I AT BT U OBRNFETDZ ENHND,
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(A) Platanus (MG1655)
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(B) HGAP3 (PacBio) (MG1655)
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K 3-1 E.coliK-12MG1655 D7 2T IVRERLE Y 77 L AR5 ) LB
D L
fesh I scaffold, BEEHIZY 7 7 LU AT ) A EDKRTY T a3,
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O157 D7 7 LE, E. coli DR TRAFS N TV D EARFHOBINC T 77—
HREDASKESIN A SND Z LIk, HEHRKRE WS A X 2RI
£ 5TV % (Hayashi et al. 2001), A RECAINIITZHVITAHEMED SV S & D |
denovo 787 VDEELRDZ ENTHRIND, 0157 DX Fw— T FER %
F 3-3 2T, D Mlumina 7— % 7 &> 7 F & Wik L C, Platanus @ NG50,
NGAS0 (T RE L, =7 —H D7 Ly AL MG1655 LRI CTH 5, FEE
S 72584 ORF {ZDWC % Platanus D 52320y, L2>L., HGAP3 & Platanus ™
fRZHAND & WERBRE S AR (£ 3-3 BCD) T Platanus 254 > T\
% DL Scaffold NGAS50, #Misassemblies, #Indels/100kbp, DA TH VY . §IHHH
3H Th D, Platanus & HGAP3 DOELFI (210 kbp) & . O157 DYLAIKELS] & D
Ky b7 vy bEK 321077, 7/ 2OIZIEREN 1 AROD contig (272> TU)
7= MG1655 D5 — A 1Zxt LT A ENIEEBINC oW SN TnWD Z LB 00 5,
F7-. HGAP3 OFE R TIZ Y 7 7 L > AP 2 Mbp 13 DAL E T Hle i) R B 7 <
AT T IUREI > TWND,
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3% 33 E. coliO157Sakai T — Z D7 v TV HER
(A) A FHE « Scaffold 4% - NG5S0

HEtE Scaffold %X Contig Scaffold
(>1 kbp) (>1 kbp) NG50 (bp) NG50 (bp)
Platanus 5,539,690 16 2,898,084 4,580,494
MaSuRCA 5,778,443 122 184,383 877,026
SOAPdenovo2 5,650,247 26 433,248 3,734,657
Velvet 5,613,781 38 181,865 4,483,701
HGAP3 (PacBio) 5,679,991 5 5,345,079 5,345,079
(B) NGAS50
Contig Scaffold
NGASO0 (bp) NGAS5O0 (bp)
Platanus 2,898,080 3,987,011
MaSuRCA 184,383 331,744
SOAPdenovo2 270,946 275,944
Velvet 181,865 993,232

C) 7TV =T —IZHET L EH

#Local- #Mismatches

#Misassemblies misassemblies /100kbp #Indels/100kbp
Platanus 2 20 1.13 0.25
MaSuRCA 55 116 21.63 2.40
SOAPdenovo2 52 49 27.74 2.10
Velvet 22 94 9.59 1.39
HGAP3 (PacBio) 6 0 0.13 1.22

"#Local-misassemblies"|% 1 kbp LA FOHAED I A7 &7 Y

(D) 7/ LOB|BEIZET D E#®

Covered rate

(%) #Complete ORF
Platanus 98.23 5,230
MaSuRCA 96.69 5,073
SOAPdenovo2 98.80 5,139
Velvet 98.06 5,078
HGAP3 (PacBio) 99.94 5,327

4= ORF 0% 5,354
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(A) Platanus (O157)

——————— ) I 100
()
o
2 <
5 &
(&)
@ =
3 =
c [0}
S ke
S
T
o
scaffold2_cov80
scaffold64_cov74
scaffold4l_cov75
scaffold30_cov79
(B) HGAP3 (PacBio) (0157)
Cigdlquiver [« m m m m m om s omomomomomomommomomomomom oo 100
[2]
o
= 2
(0] ~
Z Z
o =
o [}
< ke]
O]
I

Sakai_chr (reference)

B 32 EcoiOISTDT BT IURERLEY 77 Lo RREKRES] O LB
HEHh X scaffold, BEHHIXY 77 LY RS ) A EDORT v a v, BFRO ST
scaffold ¥ & 29, scaffold (DWW TIE, 10kbp Rl E7/2I1L7 7 A I RIZHHST
% H DIEBRW =,
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322 KBHWEOTFEEYT ) MMEEO SR

AN, paired-end DY T VIHEE T LA AR L7256 O Platanus D7 & 7
U kS bbig U7, i CH 72 paired-end |3 Tllumina TruSeq DNA Sample Prep
Kit (LL'F TruSeq) THFE L7724 D ThH %, TruSeq & Y ZAli CHFERFHI N < |
DNA &3V 7 ngGE v — 27 = A A[EEZR Tllumina Nextera XT DNA Sample
Prep Kit (LA Nextera XT) & WO X >~ MBI ET HM, ¥ —F = AD=
TP LVEL D EVI AR BFET D, 22 Tldk, 77— A XIEHE
— L. paired-end 7 A 7 7 U OV T IVFEE T LD I % JE %2 T Platanus D7 & >
T EENENATR o7~ (3B 3-4), mate-pair 71 7 7 ULl fF D — A CTHaE
Th 5, ML B S ERE O % 5 AT2 contig NGAS0, scaffold NGASO,
#Complete ORF Z 38 /A TV 5, MG1655 (2D T, contig NGAS0 & scaffold
NGAS50 25 Nextera XT Z HIWZIGE IR L TV DA, ZHUITHREORSNZ I A
TR IR ENRTZZ EEZRL TS, 0157 D NGAS0 b3 528, %
DT/, 72720, BGEIO XS IZREDOEINDT ) LA XD 50%% #H 2
52X 9RBAETIE. 1EHOIATEL 7 VLY NGASO DEIZTRE L IESD
ST EITHER L THRREMRT 2 LE DN H 5, #Complete ORF (2D T H RV
TruSeq D H MK EVME L 72D, ZET 1027 HE/NEV, ZHHDOFRERMNS,
SERT ) MBSO A BIETHE I3 E O B U TruSeq 234F F LV 23, Nextera
XT THZ J AP A XD 50%LL % J1/35—F5 1 KD contig Z %L L, 4 ORF
BB D 99%LL E&21GDRRDFEREZEMR TE D Z E BRI NT,
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# 3-4 Paired-end V> VB HFIEIZOWTO Platanus 7k 7 U KR

)4
(A) MG1655
Contig Scaffold #Complete
NGAS0 (bp) NGASO0 (bp) ORF
TruSeq 4,637,996 4,637,996 4,314
Nextera XT 2,459,671 2,728,106 4,304
(B) 0157
Contig Scaffold #Complete
NGAS50 (bp) NGAS5O0 (bp) ORF
TruSeq 2,898,080 3,987,011 5,230
Nextera XT 2,894,009 3,773,498 5,203

RIS, T—HF E%& 0.5%, 1.5x, 20<OfFR TR SE, FRICT B 7 U iRz
e U7z (X 3-3), FALZ 4L paired-end @ coverage depth 7% 50, 150, 200 DO
BT Y 95, Platanus (Z2DOUNTIX, coverage depth 23 50 7> 5 100 ~FEH0 L 72 B
([CATOFRIENSE LTV D28, 150 PLEIHIIN S B 7258 13 R UGE T A S
N7, DT & > 7 7 1% coverage depth %2 100 LA 12 LT & BAfE 72 e B 1)1 X
DO LIV, ZOREEN S, Platanus (2K D7 &7 U Tld paired-end O
coverage depth |Z 100 LA EAXAEE LW 2 EAVRE T,
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(A) Contig NGAS0 (MG1655)
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(D) Contig NGAS50 (0157)

4,000,000

3500,000 /. =@=Platanus

3000,000 /’/ =@®—MaSuRCA
B // SOAPdenovo2
g 2000000 / =0—Velvet

1,000,000 /

500,000

0
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Coverage depth of paired-end

(E) Scaffold NGA50 (0157)

D 2R e

A / X =®-MaSuRCA
2,500,000 .i SOAPdenovo2

o000 \\ // \\ =0-Velvet

- \VA \

500,000

Scaffold NGA50 (bp,

0

50 100 150 200
Coverage depth of paired-end

(F) #Complete ORF (0157)

5200 d =®—Platanus

a0 1 E%% ~®—MaSuRCA

5000 SOAPdenovo2
4500 \ / =0—Velvet

4,800
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X| 3-3 Coverage depth IZ-2\V>T® Platanus 7 & > 7 U fER D Lk
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KEIZ, A7 7 VEREZEE LTEBEOMKR A LT (R 3-5), scaffold
NGAS0 (34 > W — h¥ A X 8kbp ® mate-pair Z MMz 5 &R EMT 5, Zh
IZOWTIE, A Y — A XDT ) DRICEBIFAET 5 U AR Y — A RNA A%
By DORESE (56 kbp) ZHXHMNEIPNEELRFER LR >TVDHEEZLN
%, contig NGASOIZBILTH, ANT2T74 7T VUEDBHEZ DT EEREIMNL
TUWAH AN, HFIC mate-pair 25 1| DDA ("PE, MP4k", "PE, MP8K") & 2 D
% ("PE, MP4k, MP8k") TR X LE N R G5, 4 kbp-mate-pair [LV R Y — A
RNA F X u U Z Rk TE 2NN, F v v 725 L contig NGASO ¥ NS ¥ 5
ZEWZEFEFEGLTWDL Z e gnDd, A o — M A X 12 kbp @ mate-pair (2D
WL, MG1655 T A THIREOSEEN L 57", 8kbp-mate-pair £ TT+
DTHDZENWREINTNDN, U E— MEFIOZ 0157 THEEEN A OND,
2L, E OIS,

#2 35 AT T VREERIZOWVTOD Platanus 7> 7 U R D g
(A) MG1655

Contig Scaffold #Complete
NGAS50 (bp) NGASO0 (bp) ORF
PE 176,239 176,239 4,249
PE, MP4k 977,952 977,952 4,307
PE, MP8k 1,807,406 4,540,635 4,314
PE, MP4k, MP8k 4,546,375 4,546,375 4314
PE, MP4k, MP8k, MP12k 4,546,375 4,546,375 4,314
(B) O157
Contig Scaffold #Complete
NGAS50 (bp) NGASO0 (bp) ORF
PE 148,315 160,636 5,051
PE, MP4k 297,224 538,926 5,173
PE, MP8k 541,385 3,735,793 5,164
PE, MP4k, MP8k 2,892,505 3,775,755 5,211
PE, MP4k, MP8k, MP12k 2,898,080 3,987,011 5,230

PE (% paired-end, MP |Z mate-pair & 37",
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33 A X5 ) A denovo 7 27 5 MetaPlatanus @ B 3

3.3.1 MetaPlatanus @ 7 /L =2 U X L OHFEL

MetaPlatanus (/X—37 = > 1.0.1) 1%, Platanus Z J&IZ A X 7 ) AT — Z T3
THEIBEEINT de novo T T7TZ7TH5D (X 3-4), Contig-assembly,
Scaffolding. Gap-close D% ¥ = — /L L Platanus 7> 5 kA& I LTV D A3,
Scaffolding & Gap-close D18 1T 9 #&HE. Scaffolding |23 T coverage depth
& 4-mer BHPE I 2 KT contig RN EIREHSEVHIE T HH4E. ¥ A a2 Ko (2
o Ko B A AT scaffold BRF 00 7 Z A2 Y o 7 %47 5 BEREAN BN S 4U
TWb, ZNBIFENZEN., EWFEfED coverage detph DX H DX ~Dx%tGH,
M DI A7 7V ORIk, scaffold BLd & Hk3 5 A MFEEIC 0T 5 2 &
ZHEE LTV D, ief&iRIT scaffold BLAN D 7 T A2 T, 7 T 22 &Y FEN
1xf 1 kS35 Z 28 E LTS,

——C— Contig-assembly
< - :

— - - Scaffoldlng iE
— = . FIAIL b
> Gap-close >l

S AASY Clustering
\;w Re-scaffolding

Final clusters
X 3-4 MetaPlatanus @ 214
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3.3.2 MetaPlatanus @ Contig-assembly D7 /LT U X 2

ARG ) DT =2 IEEREDT ) b E I, T TR OME KL TE
NEIN I 72 D coverage depth % FfD, coverage depth DX H D XX T D720,
Contig-assembly %417 9 B k-mer £ & coverage depth @ TR (coverage cutoff)
WEFTEZRE L TS, BERRFIEIZLLTO®Y Th D,

* k
ko: BB (T 7 /b 25) ke FH U — FEX0.9
Platanus Tl ko: 32 & L. kmax I3 coverage depth 23%)—TH 25 L{E L THERH
LTV, ZORETEY CRWZOEEEIE LT, ko 205 kna £ T/HE
VB GIEIZ k DEEENT 2, M2 k0 (A7 vy 785 37741 T
3 Th D,

* coverage cutoff
% k OEIZKE L 2 FEFEEO EELD coverage cutoff [E (Clower, Cupper) & 1T 5,
T 7 4V F T Clower: 3+ Cupper: 6 TP D,

MetaPlatanus @ Contig-assembly DA % [X] 3-5 [ZRT, &K kfEOAT » 7T
I%. W coverage cutoff: cypper (FIEID T Clower) T de Bruijn 77 7 & AEEE% |
straight node DD k-mer &1 — RZUET S, HEW T, coverage cutoff &
Clower & L« BIID 27 7 @ straight node &N L7V — K225 de Bruijn 77 7 %
BT 5, 77 7 2 FiEEE% . £ I < coverage depth DKL straight node

(BE& <2x ¥V — RE., coverage depth < cypper) & FRET %, WIZ, Platanus
& RIERIC k ¥ S, coverage cut & cyppper C7 7 7 AEEE L, [F L FIEZE
MR, Teds. NTAEEOREL 2 BRIV ERE LTCERETH Sz
. MetaPlatanus TIXZ OREREIT L L T 5D,
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1) de Bruijn 2 = T 2) straight nodeDiFH(C YW TSNB
coverage cutoff: ¢, .. (FlE@(&e,,.) D — RDYNE

U—k — .

S I
 — == R

3) IS IBHEE (coverage cutoff: ¢,,,.) 4) coverageMME <. %G\ \nodeDPfRZE

:»C}:‘:F coverage cutoff: Cupper
» = — — > » -»--::F»--»x::
> > > - ——— R —

5) DI FEEICTY TENd) — RDURE 6) k ZIEINSETIS IZBEBEL.
D E— bR

k-mer de Bruijn 57

L ——

> -5 _—-> _—-> B ——> . —> . —> >
. |
N

X| 3-5 MetaPlatanus @ Contig-assembly D= [X|
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3.3.3  MetaPlatanus @ Scaffolding D7 /L= Y X A

B2 D MR OBLY 258 - TR Lo a . ROMATICE KRB B S
RETEEZLNDZD, TDOXHIRIAT R TV 2B <HERES Scaffolding
IZIBINLCTW5B, AW IEHRIL contig @ coverage depth & 4-mer HHETH 5,
coverage depth DL & 4-mer DFFEN KX < B2 5 contig DFHIT FRFHH kKT
b5 EHESNY 7 Shiev, BRMRFIEITROBY Th 5,

(1) [RIFEEESEACSIE O coverage depth Fb3R 541 DOHEE
1 kbp LA DR S 285245 contig & 2 %0 L, TNENDEE T4 coverage
depth =5 9 %, coverage depth IZ k-mer (7 7 4 /L & 25-mer) O HE[EIEH
SHEET 5, [Fl— contig b DFEIE TP coverage depth D LR (K& UWMHE / /)
SVME) AEHLZONMERD D, T 2T, T O5H OFHRFE A1 B
(1 - BHEDMEED) % Fovernge &9 %0

(2) [RIFE I RECHIRE O 4-mer B8 BEEE D3 A OHEE

4 FA T, G Cy b5 dmer &s; (i=1,2,...,4% s OFEFEFED 3-mer %

si{l,31E T %, HDHESNOE S SLFH s OHBUREE n(s) &R L, s DHEE A

n(s;
fi= n(sil,)sb

ET D, TAUT s, )AL U7 RRIC s DSBS 2 S S e RICKHIE T 5,
& HECHN D d-mer BEIE TR FIV(f, farenor far) & 32 Lo 2 OB 0O BEEEI A
7 "ABlO=2—27 0 v RiEEEE 35,

(1) & [FERIZ 1 kbp BL O contig % 2 5543 L, 45#H T 4-mer S PREE 2 515 L |
Z Do RD, HERHBRTE AN ZE Famer &5 50

(3) scaffold 77 7 DO#EEE (Platanus & i)

(4) HAFEM OV > 7 gt 2 HIbR
scaffold 77 7 DD ZFNZFNIZHOWT, ## LTV D EiA (contig) T
coverage depth DL r & 4-mer BHEEIREE d Z5HE T 5, RO Y Lo
& & WERHIBRT 5,
Feoverage (") XFi—mer(d) < 0.05
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ZITC. EIERIAT E R
P(coverage depth DL > 23> 4-mer SBHFEIERE > d | contig #0723 [FIFE HH 3k)
(CHIT D

3.3.4 Scaffolding, Gap-close DXEDT /LT VY X L

scaffold (contig) M F X Z X7 729, Scaffolding & Gap-close DX %17 9,
KB DRENLT 7 /v R TIL S B TH D, £ DEE, Platanus & 13572V Gap-close
THAIS DIER 21T 5, M ER S 47z scaffold BRy| DOt v MIA——F v 7
/A TVDHDT, de Bruijn 77 7 ZHE5E L T contig BL¥|~E# T 5HZ L T~
—V%T 5 (¥ 3-6), HIZ, contig NDI AT v T UEGEEIET 720,
contig DU FHIED coverage depth SEHINDOHRAEN S RE S B D56, £D
HorEaWT 5LV R LB TS, BRI FIRIZKRDO L 512725,

(1) RATEEMEDREFR D contig DIEIE
contig N4 k-mer (7 7 4/ N k= 25) @ coverage depth 7>, £ contig T
Hh i % B H9 %, k-mer @ coverage depth % ci.mers contig @ coverage depth
FAEZ Cmedian & L
1.5%Chmer < Cmedian ~ F 721F 1.5%Cmedian < Ch-mer
DRSO E & ZOD k-mer [ZERFEH KO & § 5, contigima b, FFEH
KD kmer BA#A 72 < 72 5 £ T, contig BH A R U LT D,

(2) Scaffolding
HIEI Tk ~_7= L 91 B D I 27 v 27U 2B <HERE A £F - 7= Scaffolding
ETT D,

(3) Gap-close
Xy v TE OBRCHIEZIZIN Z T, scaffold FdF i DIER #1795, £7-. ¥¥
v 7 F 721X scaffold Wi DRHEZEIZ VN B L7202 > 72 contig © IR DELFETHW S 72
DIRFEIND,

112



(4) de Bruijn 77 7 % F\ 7= contig Fic %1 D A SE
HER S 4172 scaffold BRSO By %~ — T 572, scaffold (contig) FEC5
LD kmer (F7 4N k=15<FHY — FK) 55 deBruijn 77 7 ZHEEE
T 5, ZIZ T, B)THIZLRAF L7 contig Bl ED k-mer & 277 7 IZHLY

AEND, =T —HROEMEEDOREEIT/e > 7=, straight node % contig fic
FIE LTIROREDOATT ET D (DIZRD),

BEDORE T, @IEFETET. S 5I1Z3) T scaffold figDIER 21T 72\ Tk
H L7 scaffold Bd# &2 H 1 &35,

£\ £\
<\ Ve <4\ LN L\ £\
~_ R U
extended closed
Conti A-N=35vT
rv>
I —
| v ]
Scaffold _ _
e I

de Bruijn 957

et [ e e [ e [

-—-—-—-—-—--’-\-»J
-

N¥—>&Nizcontig

B 3-6 Gap-close fiR D~ —T DEAK
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3.3.5 scaffold id8> 27 Z A% U v 7 L re-scaffolding D7 /L3 U R A
ENLEARTFIFIEET B OSBRI D 7 T A2 ) 7T e 7T A MGC (R

%) OTNTAY XA LEZFEH L TS, MGC 1345 scaffold B4/ ORF o % A

a Ry QEa RY) HEFERZ IS, kmeans I EIC LD 7 T AKX T HITH,

7 IABY TR, R 7 7 AZIZET HEINTHE Scaffolding % 3177 %
(re-scaffolding) , EAKH) 72 FINAZE LLFITRT,

(1) 4 scaffold Bt L2 ORF (& % ED 5,
MetaGeneAnnotator (Noguchi et al. 2008) (Z LV FHIZ 5,

(2) 4 scaffold DX A 2 RUBEZRD %
ZITHA A RUBEER 2 FOOHBIBEAER IO ROMICELHRED
DTHY , R S HERITHIET D,

(3) scaffold © > h% k-means {E TV Z A XY 7
7T ALY T DOxGEE T D scaffold 1, THI S 4172 ORF OAFHE A 1,200 bp
UEDHDET D, kmeans VEZAT OBR, 7 7 A ZHul & HiFE (scaffold) DR
HELL, kD KD 1E%éﬂéﬁﬁif\“7\@*ﬁ{ifh5%ﬂqb‘é x = (x1, X2, ..., X1)
T IO Renb7es ORF EAN, PIEY ZAZ L c ICBITFH¥ A a N
FITE/ a RUVHEELT D & X

S(c,x) = log, P(xy) + ) log, P | xi-1)
i=2
k-means {E% FATTHBEIZIE, 7 T AXEE 1 DOIRESINTE (7410
scaffold 53t /3 Mbp) ICEDLET1HOTONENCLVEMEES, HEO
KR LD TAZNE, 7T AL FLEBERBEOELE RN RKE 725
bDET D, £z, 2 5FNDT D DNRE RO EIZIX FastMap (Faloutos et al.
1995) & RHIN D mnd QIR TTIERME 7 v = U X L& V%

(4) Re-scaffolding

ORF D& FED 1,200 bp LA LD scaffold 157 7 AZI/B L, 7T AXE T
B>, £ 9 T2\ scaffold X "unclassified" & L CHbi, 7 T AXH S5 E2FT-

114



720N, Scaffolding Z AT T DKL, [Al—2 7 A X FEF % FFO scaffold ., 7 7
A R T e FiD scaffold & unclassified @ scaffold DY 7 1XF%hE L. Bl
7 T AR T kR0 scaffold RO U > 7 (35 & 3%, F£7-. unclassified At
&N LD 7 T AR FE & FFD scaffold DR IND Z & H L)L
5, ZHDU 7 ORIRICEY | BFEH RO HER SN D Z & &P
X OORFINIER SN D Z ERMIFRF S D,
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34 AHAHF ) AT —ZI|ZXT D MetaPlatanus O F FH M O RREE

AEICIE, AIEICHA L7727 v T Y X AIZHED W THI%E &47- MetaPlatanus
DOPERERHMI 2 3 D 7=, D /X7 7 1 7 DNA ZIREA L CTHERK L7 {RfB A % 7
) LT —=HABIONET —H TR F~—7 {178 o7=,

341 (FABAH T ) AT =L HRF~v—7 L ER

cARARRA BT BT — 2 OBUGE L O

V77 LY AT ) ARBEGRSILTWND 20 FEDO /N7 7 U T D4 7 A DNA %R
AL, (RABBRBREAZ Y7 ) 27l Lz, DNA %o VT EIB RS A
TR, FNRT FEMOBRICRE L THW, EMfEL LV 77 LR
7 AOBERMAEE 3-6 17T, BENDL AT T Y TIEEICE MERNIZAR
TLHRTHY, 11 FEITET /) L, OFIIRT 7 T ARSI TV D,
7 IO GC G T 28-67%DFIPHIZIE > T 5, E£7-. 10 A Bacteroides &
Parabacteroides JE\Z. 7 F&D Clostridium JE\Z & £iv, FEF TITAEWIZT /) A
BB OFA RIMED B i < 72 5 TV D, SRATHIICS I VR O RE I ] C I3 AR ) sk
EILCIAT BT UNEZDERMENTFIE L. S ENXZED XK 9 72 de novo 7
U7V OEELHBT L L OFEEERAL TN,
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#F 36 20O TV TH T IVDEM

V757 VAT ) A

Aty R 7S Status ¥ X (bp) EFIEK  N50 (bp)
Bacteroides caccae ATCC43185 JCM9498 Draft 4,564,814 21 500,031
Parabacteroides distasonis ATCC8503 Finished 4,811,379 1 4,811,379
Bacteroides eggerthii ATCC27754 DSM20697  Draft 4,197,635 20 1,194,706
Bacteroides fragilis YCH46 Finished 5,310,990 2 5,277,274
Parabacteroides merdae ATCC43184 JCM9497 Draft 4,434,377 93 334,494
Bacteroides ovatus ATCC(C8483 Draft 6,465,369 32 507,553
Bacteroides stercoris ATCC43183 JCM9496 Draft 4,009,829 17 476,026
Bacteroides thetaiotaomicron VPI-5482 Finished 6,293,399 2 6,260,361
Bacteroides uniformis ATCC8492 Draft 4,719,097 33 287,799
Bacteroides vulgatus ATCC8482 Finished 5,163,189 1 5,163,189
Clostridium acetobutylicum ATCCS824 Finished 4,132,880 2 3,940,880
Clostridium cellulolyticum ~ ATCC35319 H10 Finished 4,068,724 1 4,068,724
Clostridium difficile 630 Finished 4,298,133 2 4,290,252
Clostridium hylemonae DSM15053 JCM10539 Draft 3,889,859 167 2,898,417
Clostridium pasteurianum ATCC6013 DSMS525 Draft 4,420,100 12 859,467
Clostridium perfringens ATCC13124 Finished 3,256,683 1 3,256,683
Clostridium ramosum DSM1402 JCM1298 Draft 3,235,195 12 512,969
Escherichia coli K12 MG1655  Finished 4,641,652 1 4,641,652
Pseudomonas aeruginosa PAO1 Finished 6,264,404 1 6,264,404
Serratia marcescens Dbl1 Finished 5,113,802 1 5,113,802

"Status"FNI Y 7 7 L A5 AD5ERK (Finished) 7> K7 7 |~ (Draft) 72237,

IBET % DNA BOLANE D 3 77— A (Case 1-Case3) DV T IRNEnEh
% Illumina MiSeq T —2/ = 23N N Fv—27 (75— & L TER ST,
T4 77 VRERRITILE T, 1 FEEEO paired-end (f > — FH A X 550bp) & 2
FEHH D mate-pair (f > — k¥ A X 4kbp, 8kbp) ZZNFHDr—ATHE
LT\,

U= RRET—=FH A X%EK 3-TITRT, AL LTI, 2RTOITATTY
TT X T HRINEAR T AV T 1 fHIkDBRZE %47V mate-pair (2B L Tl FastUniq
(Xuetal. 2012) % A\ T PCR-duplicate DFrZE % fii L 7=, FastUniq LV — K%
V77 LRI~y 745 Z L7 < PCR-duplicate Zf< Y —LTH Y, 5D
mate-pair [\ A W — R YA XDXRT OIRAD I D 72 < Z 05 OFREN
RELEZONDT-OBH LT, denovo 727U DR F<—7 12BNV T,
RTLBLDOBRETY 7 7 L v R db %\ T scaffold BLHIOE A2 A5 2 L &l
HILDH EWIFIRD B D, paired-end % Bowtie2 (FRIEEED LR 5) TY 7~
VAR ) M~ w7 L CHEH LTz sequence coverage depth (= v 772U —
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“EEHE /T A A X)) ZK 3-71Z777, sequence coverage depth DI H D X
Id Case 1 7»5 Case 3 DIETREL 725, Case 1 1S mar.LIAF 29-65 L 72> T
BV, Case2 (% 41-651, Case 3 I 9-2811 DO#iPH % Ff->, mate-pair Z [FIFEEIZ Y 7
7 L A~ v 7 L THEH L 7= physical coverage depth (= v 7 S #1727 £
A — AKX/ 7 %A X) %K 3-8 127”77, physical coverage depth
(. WS OESNDG 54TV 5 DNA BT T RV TAT N—S T
WEHMNEFRLTWD, HERERO coverage depth D EEHRIZEY L CTi, paired-end &
mate-pair [T T LH—F L2V, ZORKIZ-OWTIE, HFIT mate-pair HH DR\
DNA Wy Z 5 BRI, WEMICHHZIRN R R D062 LE 2 b5,
FH|Z L o Tl 8kbp-mate-pair @ physical coverage depth 2% 10 LLF S < Zp> T L
FHOZLEBHDLMN (Bl Casel D C. ram.: 0.50) . 4kbp & 8 kbp ? mate-pair O]
J5Cdepth 73 10 LA FIZ72 % Z &id72vy, DFE V| 2 D0 mate-pair 71 77V %
MAE DRI, D7 b EL LTI LI R—SnTWnDZ &iZkeD,
BT A 7TV EHNDZ L OFIENRBE TN D,
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£ 37 REAZT ) AT—F

(A) Case 1
A Y — ¥ A X (bp) 550 4,000 8,000
SA T paired-end mate-pair  mate-pair
Raw 150.0 75.4 75.5
1J— R
U= K& (bp) Preprocessed 141.9 70.9 71.0
- Raw 51G 532.8M 284.4 M
IN\N=
aER (bp) Preprocessed 48 G 359.5M 197.6 M
(B) Case 2
A Y — YA X (bp) 550 4,000 8,000
FGATFY paired-end mate-pair  mate-pair
Raw 150.0 75.4 75.4
J— K
Y= k& (bp) Preprocessed 143.8 70.4 70.7
- Raw 214G 21G 1.0G
Pa=
BEE OP)  prenrocessed| 205G 8914M 5452 M
(C) Case 3
A ¥ — %A X (bp) 550 4,000 8,000
A7 paired-end mate-pair  mate-pair
Raw 150.0 75.4 75.4
1J]— K
U= K (bp) Preprocessed | 1427 70.4 70.2
- Raw 357G 44G 2.1G
PAS=S
AR OP)  preprocessed | 34.0G 13G 608.5 M
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(A) Case 1
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(A) Case 1

B Casel MP4k
M Casel MP8k
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s RUTF v FERB LOELE

RUyFv—I%RIE, WIThb A X5 ) LH de novo 787 7D
MetaPlatanus, IDBA UD (Peng et al. 2012), Ray Meta (Boisvert et al. 2012) .
MetaVelvet (Namiki et al. 2012) ., Omega (Haider et al. 2014) Th 5, /X—T 3
ERT A= HFEETTE R LR IORT,

+ MetaPlatanus (version 1.0.1)

T 7 F IV MR,

- IDBA_UD (version 1.1.1, de Bruijn 77 7, #HED k-mer E% H\\ %)
T 7 A FRRE,

- Ray Meta (version 2.3.0, de Bruijn 77 7)

k22T 31-91 D&% 20 %7~ TAJ) L. scaffold NG50 23 K & 72 HE %
B,

* MetaVelvet (version 1.2.02, de Bruijn 27 7)
k(22T 31-91 OFiPHZ 20 2|4 TAJI L, scaffold NG50 23 K & 72 i %
B, coverage depth [ZBA4 %5 /3T A — & L4 T"auto",

- Omega (version 1.0.2, overlap-layout-consensus (ZFELL7=7 /LT U X A)
BT A 77 &2 ANITTER\N0 paired-end DA% NS, £1-, A——F
» 75 (1) 13 40-100 % 20 %174 T AJ) L, scaffold NG50 735 Kk Ol Je 2 £ .,

FEEOFHMIZIZY 7 7 Vo AT ) b G — /LD QUAST & 7o, AR O
SAT7® 7Y ("chimera") £, QUAST D3 5 "translocation" D 9 H HLF[H
ThHhdHZLEETRTHLOTHD, AT, scaffold Z 10kbp D7 1 » 7 [ZX Y]V Al
HICHRHLEZbDObL 7k Lz, QUAST DG4+ 256H01X, V77 LV AD
RZ 7 87 LATEx v I >TWDHETDS scaffold LA THESE 40T
HEE O EMBED T ) AT T4 LTERRNT 2580355, -,

U v'— MEHIO— AL 72T scaffold BRIl CRIE X TW A5G0 & thgry/ N
BRI A7 7V &ETe, 10kbp D7 11w 7 ZAN5841%, Blastn TV 7 7
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VU ABSNZT 74 2 Licb & S5kbplh EDOT T A4 X F R, 98%LL E O identity
a9 10 kbp 70w 7 EXxtG L U, [Fl— scaffold NO 7 1 v 7 BSWEEFEIZT 7
ASNDEEIART BTV 2L, THE, BITICERRZE L KT T
KPR I A7 27 VIZRHE L TE Y | "#Chimera (10 kbp)"& L TH 7 L
Too ZOMEMOIZRD LD R T v T URERBBITICIZEE LN EEZX NS,
27 ARHIOHFREOFHE L LTE, KIGE (E coli) TOT A b &REKIC
QUAST MN#RE$ D /83— ("covered rate") &, BEIC (R AT, £y v
THEL) M X7 ORF OFIGZH H L7z ("complete ORF"), Z Z T, IEfED
ORF [IEMEM TT /7 —3 a V HiEx#H—7 %72, MetaGeneAnnotator C-H
L7 ORF & L7z,

BHEDY 77 L AT ) DN Fv— IR e R 3-8 1[TRT, Y
T VRN RTITRT ) LATHLHESLETZ LIZLD NGASO (7T A A
FEEIE R 12 DWW T D NG50) = QUAST OHETE2I AT L7 UK

("#Misassemblies") [T1E L < BEH SR DFE L TV 72V, scaffold NG50 (2
DUNT I Case 2 Z VT MetaPlatanus DfE N K & 72> TRV . Case 1, 3 Tl
o7 7T O2ELU EDOEE 7> TS, Case 2 THAKD scaffold NG50 %
Flfk L7 DX Ray Meta ThH 23, HFEM DI AT 7 V% ("#Chimera") %
ATIRIEIX MetaPlatanus % L[El> Tk Y | FEETIILH L AIEERH L, 7E Y
7V oxT7 =% (& 3-8B) ICE L Tid, FROREWEFER I 2727 UK

("#Chimera (10 kbp)") 34T 0 & 72> TV 5 DX MetaPlatanus 7217 TH D,
AT T Y DORKPEREL CTNDZ EERBELTW5, IDBA UD (Zxf L TIE
"#Mismatch / 100 kbp" DIEMN A/ — A T > TV 5 A, "Indels / 100 kbp"<°
"#Local-misassemblies" | (242 — X THE S TV H 72, BMITHE OES %
WHIEFTERV, 7/ AFBEORE (& 3-8C) T, 6 HAF3HAT
MetaPlatanus DE K & 78> TRV | KD DHEHATH 23 TH %, Case3 T
IDBA_UD (24 > TV % DX, paired-end @ coverage depth 73 10 LL T D 2 F (B. mer.
& B. ova.) DS % MetaPlatanus MEE TE T RWNL THDH EBE X HILD,
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® 38 ETOEEOT VT IUHKR
(A) A FHE « Scaffold 4% - NG5S0

HEHE Scaffold%k Contig Scaffold
(=1 kbp) lkbp)  NG50(bp)  NGS50 (bp)
MetaPlatanus 92,113,993 617 256,322 1,237,875
IDBA _UD 91,065,334 716 137,837 435,318
Casel Ray Meta 91,854,120 1,487 183,265 591,843
MetaVelvet 82,570,471 3,068 58,922 59,162
Omega 89,950,753 2,288 241,431 241,431
MetaPlatanus 92,209,090 483 354379 1.666.007
IDBA _UD 91,231,500 890 141,588 616,402
Case2 Ray Meta 95,403,771 403 276,793 1,775,371
MetaVelvet 88,331,270 5,783 38,576 38,833
Omega 98,132,034 1,902 227.450 227.450
MetaPlatanus 86,032,644 1,345 291,832 1,492,916
IDBA _UD 90,398,721 2,781 108,952 525,936
Case3 Ray Meta 92,139,274 2,382 206,620 449,631
MetaVelvet 79,171,340 3.977 40,240 40,274
Omega 91,478,963 4,191 143,186 143,186

B) 77V =T7—ICBT HEH

#Mismatches #Local- #Chimera #Chimera

/100kbp ~ ndels/TO0Kbp i semblies  (QUAST) (210 kbp)
MetaPlatanus 3.90 1.07 1,006 20 0
IDBA _UD 2.62 1.70 1,309 46 1
Case1 Ray Meta 7.03 1.20 943 36 6
MetaVelvet 6.68 0.97 59 39 4
Omega 11.70 2.83 1,049 103 15
MetaPlatanus 3.41 1.00 477 32 0
IDBA_UD 2.09 1.62 1,038 27 2
Case2 Ray Meta 5.60 1.30 393 35 5
MetaVelvet 2.63 0.90 29 1 0
Omega 17.44 2.32 938 149 14
MetaPlatanus 3.72 1.08 789 25 0
IDBA_UD 3.11 1.18 884 19 0
Case3 Ray Meta 11.23 1.82 2,791 30 2
MetaVelvet 1.97 0.86 31 18 0
Omega 22.87 4.77 13,892 179 9
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(C) 7/ LOFBLEIZET 2 1

Covered rate  Complete ORF

(%) (%)

MetaPlatanus 96.90 96.18
IDBA_UD 96.87 95.63

Casel Ray Meta 95.88 93.42
MetaVelvet 88.91 87.80

Omega 96.36 92.70
MetaPlatanus 97.58 97.47

IDBA _UD 96.92 95.89

Case2 Ray Meta 97.88 97.15
MetaVelvet 95.53 90.96

Omega 98.02 92.89
MetaPlatanus 91.73 90.50

IDBA UD 96.48 93.56

Case3 Ray Meta 87.12 83.21
MetaVelvet 85.37 83.83

Omega 90.71 79.10

WIZ, 5ERRYT ) AR ENTWS 11 BICEHL TR F~—27 2T o7,
HHNC4 scaffold Z2FHFEDOY 77 L2 A4 ) A2 Blastn T7 74 1L, by
by A RTREAEIC scaffold 20 KT, BT/ L& FO 11 fIZHIGT 5 b
DDOHZH LT QUAST 3T LT, U7 7 LU ARG ) ANRFER L TWDH Z &
M5, NGASO OfEX QUAST D3 % "#Misassemblies" DFE % 1E L < §EAfli7~ 5
TENTED, MEREF 3-9 1277, scaffold NGAS0, contig NGAS0 (3447 — A
C MetaPlatanus DfE e K & 725 T b, NGASO X7 7 URERORE I L
EE2HE LT-FRIECTH Y . MetaPlatanus 23U H Z WY.L CWAHZ & &Z/R LTV
Do
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£ 39 BRIV 77 VYRS ) ABEETHIREOT BT YRR
(A) A FHE « Scaffold 4% - NG5S0

HEHE Scaffold & Contig Scaffold
(>1 kbp) (>1 kbp) NGS50 (bp) NG50 (bp)
MetaPlatanus 52,944,894 427 301,186 1,951,008
IDBA _UD 52,532,825 294 168,141 724,393
Case1 Ray Meta 52,114,041 1,151 208,993 699,352
MetaVelvet 47,538,481 1,635 80,159 81,188
Omega 50,623,969 1,847 255,659 255,659
MetaPlatanus 52,987,047 302 400,615 1,951,826
IDBA _UD 52,466,076 273 178,297 1,003,417
Case2 Ray Meta 56,503,307 295 314,624 2,021,549
MetaVelvet 51,002,766 2,689 51,139 51,278
Omega 56,950,193 1,412 232,535 232,535
MetaPlatanus 52,936,380 222 362,171 1,883,390
IDBA _UD 52,455,722 486 160,206 825,026
Case3 Ray Meta 56,971,592 245 228,195 530,793
MetaVelvet 51,605,182 1,849 66,441 66,659
Omega 53,799,649 980 227,183 227,183
(B) NGAS50
Contig Scaffold
NGAS0 (bp) NGAS5O0 (bp)
MetaPlatanus 252,344 730,905
IDBA _UD 164,911 456,977
Case1 Ray Meta 186,350 347,715
MetaVelvet 78,637 78,637
Omega 221,658 221,658
MetaPlatanus 338,295 929,095
IDBA _UD 170,506 647,683
Case2 Ray Meta 255,282 293,722
MetaVelvet 51,056 51,235
Omega 200,087 200,087
MetaPlatanus 320,088 922,434
IDBA _UD 155,965 656,312
Case3 Ray Meta 184,506 218,857
MetaVelvet 65,555 66,307
Omega 203,375 203,375
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C) 7TV =T —IZHET L EH

#hfizrgg;hes #Indels/100kbp missts(:ﬁ;ies #Misassemblies
MetaPlatanus 4.20 0.65 823 118
IDBA _UD 3.89 1.23 770 99
Casel Ray Meta 6.11 0.67 494 165
MetaVelvet 3.56 0.57 35 87
Omega 8.38 2.72 769 212
MetaPlatanus 3.14 0.58 323 89
IDBA _UD 2.77 1.02 677 75
Case2 Ray Meta 5.24 0.80 272 340
MetaVelvet 2.67 0.52 14 36
Omega 13.18 2.33 724 454
MetaPlatanus 3.82 0.62 288 94
IDBA UD 2.02 0.77 567 68
Case3 Ray Meta 12.48 1.54 1,983 516
MetaVelvet 2.00 0.50 21 56
Omega 13.95 2.55 948 340

coverage depth & scaffold D E = DBfR %

AR5 7= Case 3 CTHifiifg D scaffold

NG50 #H L7z, Sllb U 77 Lo RS BTk L scaffold #27 = U & LT
Blastn Z#32{TL. by b v h&FIZH scaffold Z EHFEIZ KT 5, FHEFET

V77 LU AT ) AEEHNDOEFELE YT ) L% A XL LT scaffold NG50 %

AHEL

TR RDX] 3-9 Th 5, MetaPlatanus (X paired-end @ coverage depth 75 10 LL T D
2 FHELIAN Tl scaffold NG50 % 400 kbp LA E & 72> TV %, F£72. coverage depth
72323 & 2811 @ 2FE (C. pas., C. hyl) T 1Mbp LLED scaffold NG50 Z kL L
THEY ., 23-2811 DJLHIFAD coverage depth IZX Iz TE TV D Z EMVRIB ST

W5,
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Species

X 3-9 Case3 TOHEREME D scaffold NG50
FE# O FEILN 1L paired-end @ sequence coverage depth,

BT, MGCIZ& %7 TAZ Y > 7 ORE 2 ~T-, FHINZ4 scaffold % U
Ty LR ) AIZX LT Blastn Tr o740, by 7By NERITKHINT D
EREZIRE L TR X, purity & recall ® 2 DOFEEEZRE M L7z, purity 1347 7
AL DIEEER L, D7 T AZITET % scaffold 234 T[A UFEHE K7 6 I13E
X1 & D,

77 AL NTHRKOEMD scaffold 5 FHR
7 5 A X WND scaffold A&t

purity =

recall |FFHFED T ) AOBFHEEZER L, & DHEFEH KD scaffold RET 1 7 7
ZIZBLTWDH EEX 1 22D,
HIEN TR ROV T A XD scaffold & &
EFEN D scaffold A3t

recall =

purity 1Z 7 7 A ZIZOWTC, recall [TFEFEIZ DWW TOFEEEZ RS, £ 3-10 TR
I, 7T AZEIIT 7 40 b (scaffold Gt /3 Mbp) & 20 Z48E L1855
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ALz, 774/ MTIEY 7 AXH0T 29-31 fHEZDICHIES L, 7T A5
20 F5E DA & i L Crecall X T 235 3, Casel, 3 Tl purity 1L LA > T 5,
ELLOEETS purity, recall &3 083 LA EEWIREREGED Z LN TE T,

# 310 7 T7RAZY VITRHEROFAM
(A) 77 AZH T 74V b

) purity Y3 recall

Casel 0.883 0.854
Case2 0.835 0.873
Case3 0.866 0.835

(B) 7 7 AX% 20 ZFRE

5 purity ¥ recall

Casel 0.873 0.952
Case2 0.918 0.926
Case3 0.844 0.859

B 2. MetaPlatanus DO ORERE L ML L= 607 v 7 U iR & Ik
B9 %, G L LToHRRIT, RSO BRSO HEICET 2 60O TH Y |
WD 58 ORITES T —ATITR o7,

* "simple"

Scaffolding IFFIZ contig OF2N AR SR DHE 21T 720,

+ "coverage info."
Scaffolding F#1Z contig DFH DN HFE H A2 D E % . coverage depth DIFH D A~
Ti\'}:iﬂ 5 ° 3.33 /Efmiio’ﬁé F4—mer(d) =1 (—E) k Lf:\ ﬁﬁﬁ:ﬁmj—éo

* "coverage + 4-mer info."

Scaffolding F§(Z coverage depth & 4-mer BHE DIEHRZ H\ 5, T 7 4/ F D%
ETT TALZY T LEEITORWIRBIZRIST D,
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- "MGC"
T 7 ANV EDOEETMGCIZL D7 T AKX Y T L re-scaffolding #1795, F*
3-8, #F 3-9 ®"MetaPlatanus" & [7]—,

- "MGC n20"
MGC D27 7 A2 & B2 20 ITRE L. 7 T AH Y 7 & re-scaffolding

S >

21T 9,

BELOKRZV (>10kbp) AR DO I 277 U ("#Chimera") 2% T,
TEUCVTIURRORE S EREEEHA LTHIE CTh 5 contig NGAS0 & scaffold
NGAS0 ZfREEDRE L LTHE 3-11 1277, 728, NGASO [F58KY 77 L2 A
7 KW TRD TN 5, "simple" Tl Scaffolding DEEIZ Y > 7 OHIRE21TH
RVDT, TRV IUEEOES (NGASO) 1Tk KE 7250, Casel,2 Tql3
OORFEHEIAT 7T UNRERI > TEY, WBEICHERS D Z Ennnd,
AElD T A kTl coverage depth DIFHMATEH T 27217 TH BEM I AT BT
VEcZ 012352 &N TE HA, scaffold, contig NGAS0 IZVEH T 5 &, 4-mer
BETE#R, MGC D7 Z A2V U TRIEHT 52T, &7 —ATHEEZ LTS 2
EMTE D, TIT, 77 A FABMERIRE (20) IZRE L TH NGAS0 134
fEL720, & 3-10 TRENTWD LT, 7T AFX Y 7 OFHIETH 5 recall
137 7 A2 AMONARET D LT 55, B L~ TR 217 5 Al
TI7ANVFORETHLLRVENRE OIS Z LRI NT,
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% 3-11 MetaPlatanus O & HEEE D Sh B D Lk

#Chimera Contig NGAS50 Scaffold NGAS50
(2 EFE) (5ERRYT 7 LOOFR) (FERLT /L DFE)
(=10 kbp) (bp) (bp)
simple 2 301,186 878,579
coverage info. 0 253,244 691,551
Case 1 coverage + 4-mer info. 0 252,344 695,556
MGC 0 252,344 730,905
MGC n20 0 252,344 730,905
simple 1 446,047 1,146,864
coverage info. 0 327,200 897,606
Case 2 coverage + 4-mer info. 0 338,295 899,095
MGC 0 338,295 929,095
MGC n20 0 338,295 929,095
simple 0 428,293 955,055
coverage info. 0 308,566 811,153
Case 3 coverage + 4-mer info. 0 320,088 888,950
MGC 0 320,088 922,434
MGC n20 0 320,088 922,434
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342 BBEEAZYT ) NEF—H2DOTRLTY

« Cowrumen A % 7" ) L7 — X OEGE X O

BREEDNA B V3T —42 & LT, ARSI TW% Cow rumen (4D 43
H) ODAXYF ) LT —4H (Hessetal 2011) % VT MetaPlatanus D7 A ks &1T
7eolz, DT —HZIZIX paired-end (212 C 2 FEEH D mate-pair BN EAL TV D
&V RHEA & U | Scaffolding (8T 72 22 BEREDN 1B S 4172 MetaPlatanus O 7 A b
(213 LT D &Il L 7=, F 72, paired-end DA R A X23ET — & T 200 Gbp
UEEREWVEN) HBFHTH D,

U— ROFPMLE E LTIX, 2 COTATZ7 IV TT X7 ZES, K74V 7«

EE, I X Ix—a VHEDORT OREEITRoTWNDS, IHXIR—Y
a DM E LTIE. 4 (Bos taurus) (22T, HONEY TH 5 switch grass

(Panicum virgatum) 3% 2 L5780, &Y — K% Bowtie2 (--local) TZiLH
QHEDT ) LINZT 74 L, EBLN—FHDY—=RT20bp L EDOT T4 A
YRR &N E T 2R E L7z, mate-pair (2D TiX, PCR-duplicate 35
FORNA Y — b YA X2FFORT (f Y — F YA X <nominl-1 > H— b
YA Xx0.5) bRz, ET—Z LR DT —Z A Xk 3-12 1877,

# 3-12 Cowrumen %> Ny —F TV RATF— X

A% — & (bp) 200 300 3,000 5,000
FGATZY paired-end paired-end mate-pair mate-pair
Raw 125.0 101.0 65.7 65.2
J— R
Y= k& (bp) Preprocessed 98.2 85.0 55.9 58.0
- Raw 173G 158.1G 31.8G 26.8 G
A
2Er% (bp) Preprocessed 13.6 G 823G 20.8 G 175G

- TRV URRB IO

TEDRH L (Hess etal. 2011) Tid, Velvet ZIEIZIME DA 7T A U EFEEL
Tdenovo 727 VLW d-mer HERBRICE DI T AX U U T EITVD, K
DODNITTIVTDRITTZNF ) LhET®v TV LTS, I272L, ORI 7 b
T LERHENTWRWED, SENEEAIEEIIIT R > Ty, 2B,
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MetaVelvet, IDBA UD, Ray Meta, Omega & FEITH AT D REKL T LWV 9 fE
RICH DT, TOBROFETREILLTO®EY TH D,
- 7'm& v ¥ Intel(R) Xeon(R) CPU X7560 2.27 GHz
s Tty Y32
* RAM: 512 GB
FSCICEHE ST 7 U AER ("Publication-assembly") & MetaPlatanus 7
o7 U RERAEFEK 3-13 127 F, MetaPlatanus (2O T, paired-end DA DIGHE
("PE") & mate-pair £ THX 7254 ("PE+MP") O 257,

#* 3-13 Cowrumen T —Z DT T VR

S%“;‘Bgﬁ £3E (bp)  Scaffold¥k  NG50 (bp) & KE (bp)
MetaPlatanus (PE) 2,421,427,830 710,754 6,939 737,230
MetaPlatanus (PE+MP) 1 kbp 2,427,103,784 460,268 49,625 1,999,196
Publication-assembly 1,930,000,000 179,092 34,338 1,529,637
MetaPlatanus (PE+MP) | Mbp 31,000,698 23 1,622,938 1,999,196
Publication-assembly 9,500,000 8 1,985,061 1,529,637

NGS50 (% Publication-assembly DA EHEE 7/ LA X & L TR LT,

1 kbp LL_EDHEESI ("Scaffold £ FBER": 1 kbp) (2B LTI MetaPlatanus ¢ NG50
X mate-pair M AHHFETK 7LD, AZT ) LOET—ZIZBWVWTH
mate-pair DA ZNMEN R STV D, 1 kbp UL EDOEFNZ DWW CIEim XD 7' 7
USSR & i35 & NG50 & G FHE D )7 T MetaPlatanus OfE2S & 0 K& < 7
STEY, BSLT 7 20O "—F(IZEJ L T MetaPlatanus NEN.THH Z &0
R E NI, 1 Mbp ML EOESIDOE L AFHE D MetaPlatanus O 572034 < |
MetaPlatanus 2ME BN Fciilifl S T2 /34 7T A AHE D MEBE A R o Al HEME DS &
WEWR D, Flo, MOT RV TIRERFEKTTHL O A XDT — X2
LTHETARETHY ., REET — ¥ ~ORHAERH S Z & bR,

35 EBER
KIGE MG1655 Hkxz H\W\W/=_X > F~—727 T, coverage depth = 100 D

133



paired-end & 1 > % — KA X 8 kbp F T mate-pair % Platanus (ZAJ] 35 Z &
T, PR KE 1| KTH =T 2 contig WFHLND Z ENMER S, 2O
EEX v v (N) I contig HICHFAERT, 77— _X— 282 D123 T58
7 b E LT ZE B ARBRERELZ R L TWD, BERT—Z A X
L Mlumina ¥ — 7 =% O 1 EHHEO A L—T"y N LD /NS W, LT Ty
ALWEIND HET, V=TT AD | BALTHD L— B T L%
ANTHZENTE, ZNEBREL CES 1 [BICTHEOSERY ) L2 RET S
FHE OB ATREME S RIB STV 5, O157 ¥R TIiE 10-20 kbp D U B — KEEFI A
FELTWBTD, A ¥ — ¥ A X 12 kbp @ mate-pair & VT H 587/ L
IZIEES 2V, 2O —ATIEY — REDELV (~20kbp) PacBio 7 —% T
AT E T UNREETEY, PacBio v —7 = 4 & VUL HMIZAER T 5 M
FATIERWZ &R0 D5, 72720, OISTIXKRIBEKO P THAKD Y B — hMid
FIDZ% S TRESTIT TR, NI T U T RIKTHLER 7 — A Th 5 AHE
YRS D, BEONRT T VT DT ) DEREEL T, &I [lumina
v—27 Y% & Platanus ZFHWCTT B 7Y 24TV TEBERICE S 72 W EFED AT
DWTIEMD Y — 7 = ARFEEIC L DT A—Z GBI 821772 > T <
ZEN, AR MDORTIHEN TV DIEELHD LB HILD,

WABA LT ) DT — R KR TF~v—TI1ZBWNTH, A P — FhA XR
8 kbp ™ mate-pair #5107 A 7 7 U fEAK TlX MetaPlatanus (2 XL D K77 ~ 7 A
DEBAFOIND Z & DR STz, Case 3 128V TIX, paired-end @ coverage depth
28 23xPL o7 (18 F) 13427T 400 kbp LA 0D NG50 ZiERL L TW 5, &
BFIHWEEFEO Y 77 L AT ) AOWN, fixd N50 3/NE WY DI Bacteroides
uniformis TH Y . TOEIL 287 kbp TH D, DFV ., K¥EN RT T N7/ L
EFFSZENARERESOT BT IUMRTHLLEA D, T —4 (Cow
rumen A X7/ L) 1BV T MetaPlatanus WA TH D Z E1IRER I 7= 73,
1%V scaffold Bedl & LR T 51285 7= > T mate-pair ODZIEITKE W, A X757
LTINS D mate-pair DIE I — B TIX/RWDS, denovo 72TV %
179 BRIZITET T 2 MER H 5 £ B A b D,
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H4E Rt

AHFFETEHFE 7= de novo 727 : Platanus 23 b BEAF Y — /LT xE L C
BALAMERE A RIS D DL, @7 nEGHEY TN 2R E LIEGETH D,
7 ) NRBERHR DX RN T T VAEMINGIEET NVE A~ B HITHE S T,
NTOEEWNET ) A a sy NI UE~NEREREE 525 2 ENBEENL,
fosmid 54 HWIZFEERIS a v b AEEZ WA BOEM L T e, &
METEm~T AT —Z I L TCh ey ) Ay ay NTVEREITHD
ZEHERE LT, —J7, B E, 2 ¥a4 LT, Platanus (ZPLHAIIZHWD Z
EMTEDLEWOIME B O oTe, V=T AD LD RIEAT 025
WOBEEAEYC N EERTH LA T U TR L THho Y —L & g L TEN
TREZRL TS, ZiUux, ~7 o @ilfR kD7D OREENIEL <@ X, il
R AT O fE 2783 L TRE L TWnWD Z E2RIBT 5, AT, Platanus
DIRET 71 7T 1T % MetaPlatanus |32 5L DNA D A % 7 ) 57— 2 FIZBA%E
EN, REAZYT ) AT —ZICEDTARNTIEINITIUT ORI 7 87F ) AR
BERRETHL I 2R LTWD, £72, &TOH 2 7/L T Platanus D737 A —
ZIXT 74NV METHY . FIEEICEIDNNTA—FFENAE LN AHIEH
IZfEJ %, Platanus OEFEEO@EAFIE L TE, 1 ETWY LF7-v—FH R
O, KLY XY DT ) MMEgiitl (Gusev et al. 2014) 23H VD | 5% b
Platanus 23 A<JEH SNET 7 ARHIOWREN L VRS b 2 RIS
o,

ZHOEYMTEDO LT ) AESIfFEGE A BEY & LIZEHENT, 2014 AR R CHEES
EITHTH D, BEBEMZGRE Lol e LTix, FHEEMW 10,000 fE% x5 &
L 7= Genome 10K (Genome 10K Community of Scientists. 2009) . E H 5,000 i %
x5 & L7z i5K (i5K Consortium. 2013) 23 ZEF b5, THHDFETHEEI N
57 ) DEHNOREEFHIIIRTZAT DI TWRWA, de novo 71 27V OEhHAL,
MKRD LN LMy — AL F 25, MR ERDAEWIEDZL ATWFFEENT
DILRZRPHESLSINTE LT, ~Tr#EGEOGWT L EEND & TE
SNAH7, Platanus DEFIBBIEIND Z ENFRIAEN D, FEEY & %5 &
L72BRIORHE E LTE, 100 A EDNT 70T 7 —F%T ORT ) MEsi s B
) & L 7= Genomic Encyclopedia of Bacteria and Archea (GEBA) (Wu et al. 2009)
IRENERS N TS, GEBA TIHRESNIZET /) LRSI BEIZ T — 2~ —
AR SNTEY , ZROFEEH O ) MMEGEHEILEBR R TH L Z &
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PRSNTND, E 61T, HEERMEOR 4 x5 & L7251l Td % GEBA-Microbial
Dark Matter (GEBA-MDM) & REX ST % (Rinke etal. 2013), Z DFHHE T
ALT LR M ) b0y —7 2 AR H STV, GEBA R
GEBA-MDM (ZHEL 2 FHENI A RN 2 vliethE 3 & 0 | WM T — 2126
H%) T % Platanus, MetaPlatanus 23VEH D Z LI LV | HBEOEWES
LT —=ENELBFBoND 2 RSN D,

AT EILHE -7 Nluming > — 7 TP OMIZER T RE T —7 = R
e LTiE, 1 O F vy —27 U AENFIET D, 2014 FHE R TIE Pacific
Biosciences (PacBio) 10> DNA v —7 =¥ (Eid et al. 2009) 23 FEH{LZT
Wb, OV — REIZHAK 20 kbp 125 L, coverage depth D /3 A 7 ZH/NI VR
EORENRDH DT, =7 —FEBN15%EmORRb AT 5, 1 EEHZD D>
— 7 T AA A ME, 2014 FREE T Hlumina & — 7 =2 O HFD/NE VA,
LD mate-pair 7 A 7 T U EFEST HGE, TOEITMHELZ LITEET HL
BWHRSH D, denovo 77 VIZ PacBio 7 — % &= W 554, H#)iE lllumina 7
— % % H\ T PacBio 7 — % D=7 — % EIET % F{E (Koren et al. 2012) NEZR
SITWIZA, £ DF% PacBio 7 —Z HMTT £ 7 U #9179 HGAP e L DT &
V77 BRI TS (Chinetal. 2013), 3 ETOKRGE T — X I L H R
F~—27 TiX, Illumina & PacBio @7 — % % Z #LE 40 Platanus & HGAP T7 &
YTV LR R AR LI GE . WRELZRO D Z 2T TERNST,
Assemblathon2 @ bird > 7 /LT DWW TIL, PacBio 7 —# BHEINTEY, &
Wa HW=2M#EF HIFIE L T % 1 Platanus 1£ NG5S0 & fosmid AT & 5 #FAT
ThEDOMREE /R L=, Z 2 TO PacBio 7 —# & coverage depth 23/h& < (K
10) . Hlumina 7—# 2% de novo 72> 7 V|2 L CTW 5 il 5 Z L3 T=
72N BUEE S C Tllumina 7 — # & Platanus 2 WS Z E BN E LTEZD
N LW UTHEDNTH D, TOMOFMZRENM & LTI, L 0/VERRESRT I
51— T A%4T 9 Oxford Nanopore Technologies fLfldD v — 27 = ¥

(Laszro et al. 2014; Ashton et al. 2014) <>, 10 kbp ® DNA Wi i'1Z % 7 Bl5I{E#H %
L T NMlumina > — 27 =Y 2 LTI 7 & > 7 VIZ K0 EURy 2 e
7 ) — R%&15% Moleculo & 9 F1£ (Voskoboynik et al. 2013; Kuleshov et al. 2014)
RENFIET D, 2B % denovo 7227 UIZHWTZBEOFE 708 REAf 12K
TATONTWRWA A% BIERTREHINTH L L F X 5D,

T T VRERPE AL STV D (contig, scaffold 23FEVY) HER0, #

e
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PEWG AL, B THIZITOBEICEZERNEZ 22 EPMEINTVD

(Denton et al. 2014) , & T OHEERFIZIL, contig TN & X X8 s 1 fEIK
DWW TERIZZRY ., Fx v 7OREGRRENWE ZIT/NER D, BisT
77 U —DEEE, REITEIZOWTERZT AEICEHETHY . denovo 7
BT T OMERENEDEROITICHES B L6 L e b, Bin RO HITIE
BT 57kbiE, BEEMOHLZ Y — 27 = A9 5 RNA-seq & FHi L,
transcriptome fENT 21T 5 L WO BIREE X BN D, L, 7/ ABeHIE VR
WIERIXEIE T D7 7 AZECMEE DY T =— &I OV TN T 5 Z
LI TE7Z2y, F£72. ENCODE #HE (Bernstein etal. 2012) TREIN TS L
2T, BTUNDT 7 2EBRGZ ITHEEZR>TnWbs EEx 65, 6 2
ETH -T2y =T AT 7 LOfMT (Nikaido et al. 2013) Tid, FE=— FORAF
fE#k (conserved noncoding element, CNE) 73:Mi& & DUl OHE(LIZES > T B &
I BLBRIRVMRGR SN T H Tz, Flo, U E— MEHO—FE TH 5B K7 OfiF
Hrcid, BBEFOZRIEFEORINIE L TEERRL LN TWD, Z
NHIIET ) AESDPHEE SN TWRITIVUIIT A 2 WET OBl Th 5, N7 T
UTINZDOWTHH 3BT -7 E. coli 0157 Sakai ¥£D 7/ I fi#HT (Hayashi et al.
2001) TiX, VE— FO—F L QR 5 RESINEKBIIC K E R B4 RIF LT
WA RIBEMEDS RS NIz, &7 DEANXT 7 2 A X R THTICEE CTh
DT MG, AR THZE, FHMli 21772 o 72 de novo 7 & > 7 U FIEEH
INDHZETCEBEREINPEES, 7/ I 7 AOMALOEREICHERT 5 2
ENEEND,
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AWFFRITH R TR FRBRREZEFZOMEEDO S & TirbivE L, JHEH
AL E VRGP L T ET,

LU NICAGR LT o T2 7 —~ ONAFE eV WFFRICHE I THW T 5 2 ~ D #f
BEZ R~ F ¥, Platanus O Y — A 22— R RITHIE /1 2 THE £ L7 BYL SRR
EARIERAFZEEITHEFL I L B ET, #Hh (C elegans) @ DNA ¥ 7L % fHI$E
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