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Research of Correct Structure Error of High-Throughput Genome Sequencing
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Abstract The continuing improvements to high-throughput sequencing have begun to unfold a lots of new applications.
DNA sequencing technology has played important roles in biological research. Correct structure error of genome
sequencing remains an important problem. We develop the method to detect and correct structure error use of insert size

information of mate-pair.

Keywords high-throughput; sequencing; error correction

5| 2 H F2HdenovozBiE

FERE 2 =4Er,  DNAII Y HAR BECA f 52

il

FUR, e 20 DS L0y e 47 2 2 AR AT

IR AT B, AR el R e SR R 2: H:THamilton A2 M 41 R SIE AL T Euler #1412

R, FUHOE R ) R R K o TR
WAk, BRI AL TR AR AR R AL AE B
TP AR REBE 2 I RN A1IDNA_E st AL (5 5, 2k b
A AR 7R BRI 2 ) B AR R R 2 A6, A At
SRR IA B S H R T IR A R )
%1 (duplications) , & SEILNAIFH)412E 74
SR PERS S, AT ™ T R S 0 A g
A SRR XS BE DR 2 21 e P A R AR Itk e, B LR RO
RIA SR J7V

AL,

35 Hami 1 coni AL SESEIAS AT FS R RIDNA
P B MR, B
FoE “overlap” MILLLRT, FH&H B EAL
B SRUF “layout” . RURESGE, HIIFH T
SLESEA. SRR AOLC

[14]

Bt HJo “consensus” , ffiE
(Overlap Layout Consensus)

T Euler AR 41 A%, HAEDeBrui jnl&,
SUDNAFF 51 B 5 1) UG AL Sl Bul er B % 420 1 1101, 3
S T R PR IDNA B BEUI®, AR Ja AR X sef) 1

PEZ Y. R, [k, BT mONAEYIE %, Email:tang jingbo2000@126. com; WK, WP, WFFCTT M BB TR AT
B, Hz, WO AR URE SR, BB R, BSOS O AR A TR B K, WTSUAR, WESTT RO RS RN 62

i, mIHESZ, BT A TR



26 % 159

oK 2012 4F

FEERE R, A NERR contig) ',
JatRPEIX e contigZ A IEH KR (Wimate-pair) ,
X tecontight @ ffiscaffold.

3 Duplications

Duplicationsfif EMSEA T EE B, B/
KR WIR: FipEE, BAR-SHNER B
ROEE, EMTAGE—NEEF BRI, B
FRRBARK FEE B, Duplications4r'§
HUF ) 413 vh 7 A g R R

s -
(b)m R
T

® mﬁ

K1 AR E
WELF7R: (a), (c), (e) HATRAFIA E FDNA
FB (b)), (d), (F) BEATIER KA E . EHhiE
B N R fmate-pairZEHE, SZE N IEH T
mate-pairiEfk.

4 EHEIRIREVIRAIFILY SR

fe I8 i AP R BE S AEmate-pair
reads, —Xfmate—pair readsfer=4—4 forward
read HMl—"reverse read, ARSI PR A 1
ANKBE Cinsert size) , [Al—UCEEE = 2EIFDNA Bt
flinsert size Mi%E KBAHER . Wikscaffold

LK ERMRFS (insert sizeZFPEIRA,
w1 (a), (¢), (e)) , #hnr LS H ik A Ay gt
scaffoldffjcontigEEAF LA PR, 4T IIFARd
XA R A contigi®E e, M Hiscaffold, mial LA
SEIRA A TR AR o

HARZ RNy«

(1) B P readsi kmer K /N &AL
FIYIHR, 152008 e KRR SR FE s b
AR JL R Ao A R 0 R OB . B R 4L
51 JJAGATCTCTTTATTAGATCTCTTATTAGGA, # Fkmer K
/NAy5bp, Bk I Blkmer]l ‘AGATC’ , “EAFAE
I A48 F— A kmer2  ‘GATCT’ , 4k&EiE3h |

‘GATCT’ , ZkmerfIEmIUFRM T “ATCTC’ , ME
WA B 5 Mkmer ‘TAGGA” , “EANLELE IE [A] LEfif

(2) FRAVH X P 7 V5 B DA 21 1E A R0 BCAR P
Fllo AERAE AN B TP A4S 2 i kme r 71 2 HT (1) 3 47
1, A P LG F A CAAAE R THS Fo B
& 493 T DeBrui jn& .

(3) #DeBruijin® ¥ jcontig, FZMIERR
RY Fiflpair end 1EE Mg iscaffold, B
scaffol d@ WXL LR 41751

(4) freadsilid LEXS A (WIBWA) mapingZ|
scaffold b, fi#fimate—pair Mlinsert sizefEH,
SMrinsert sizeH I IRAFM .

(5) WAfEinsert sizefJrPRHAE, FTWIFARIL
IXLEE R I cont i giE %

(6) FFxHDeBrui jinH Hjcontig, IZMEHHI
HHRR, M pscaffold,

compressed
stretched
normal

|Contig128]] | |

K2 STk a7 5
WE2fTR: Contigl28 b JkDH4141%¢ 741
(a) L &I, reads MHinsert sizefyBHE#ps,
LR NIEST (compressed) , ZL{03K nHifH
(stretched) , WEX/RIEHR (normal) o T
contigi®Eds, i Escaffold)hi, insert size4d:
HRIEH o« R ALY AT I SRR .



33 JEERRSE

1 A EE AT L0 P o 5 R AR DR 21 BB 9 27

1 E.coli EEFHBA A ERIFRTEL

Genome coverage

Correct number

Correct length

LU EERT 4031168 (95. 6%)
ALy 4125027 (97. 9%)

69 (77. 5%)
134 (87. 0%)

4021738 (96. 6%)
4116896 (98. 9%)

5 FMMER

SRR (B, coli, 2EN414639675bp) FEA
M Es, R RN AH AR A T A e, KGR
Fmate-pair I A K BEAE B L DR 4141285 7 91 EAT
PR AL .

WXL Pron, 45 5L 4L 21 i 5L R 40 7 5
J% (Genome coverage) . HHEIE#I% (Correct
number) . KEEHERGHR (Correct length) #3142
e, U R ORI Y.

6 ZEitFIRE

DuplicationsFIAbHE ik i 45 e DR 40 40 2
SEOLRERE, A e RIS R WA A I
M5 M, BrblDuplications &DNAF I GT AN AT
AR EETE . Ffmate-pair HIFAKERE R
0 DR 20 21 2 P 41 1) 45 R Pk A iR R AT RO A A 4, ]
DA R v B DR A I P A 2 (RS B o ARATS SR eV e 4
A IEPTfHDuplicationss & M2 B4 . BEAG W PHL
RIOKE, readsBRBAS, KBRS S, #H%hE
BT I 2 A A B L A (R A A A )

& % x

[1] Yu N, Jensen-Seaman M I, Chemnick L, et al. Low nucleotide
diversity in chimpanzees and bonobos [J]. Genetics, 2003,
164:1511-1518.

[2] Zerbino D R, Birney E. Velvet: algorithms for de novo short
read assembly using de Bruijn graphs [J]. Genome Research,
2008, 18:821-829.

[3] Cheung J, Estivill X, Khaja R, et al. Genome-wide detection
of segmental duplications and potential assembly errors in the
human genome sequence [J]. Genome Biology, 2003, 4:336-342.

[4] Nicholas T J, Cheng Z, Ventura M, et al. The genomic architecture
of segmental duplications and associated copy number variants in
dogs [J]. Genome Research, 2009, 19:491-499.

[5] Butler J, MacCallum I, Kleber M, et al. De novo assembly of
whole-genome shotgun microreads [J]. Genome Research, 2008,
18:810-820.

[6] Salzberg S L, Yorke J A. Beware of mis-assembled genomes [J].
Bioinformatics, 2005, 21:4320-4321.

[7] Fleischmann R D, Adams M D, White O, et al. Whole-genome

(8]

(%]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

[21]

[22]

[23]

[24]

random sequencing and assembly of Haemophilus influenzae Rd
[J]. Science, 1995, 269:496-512.

Kim J H, Waterman M S, Li L M. Diploid genome
reconstruction of Ciona intestinalis and comparative analysis
with Ciona savignyi [J]. Genome Research, 2007, 17:1101-1110.
Barriere A, Yang S P, Pekarek E, et al. Detecting heterozygosity in
shotgun genome assemblies: Lessons from obligately outcrossing
nematodes [J]. Genome Research, 2009, 19:470-480.

Holt R A, Subramanian G M, Halpern A, et al. The genome
sequence of the malaria mosquito Anopheles gambiae [J].
Science, 2002, 298:129-149.

Jones T, Federspiel N A, Chibana H, et al. The diploid genome
sequence of Candida albicans [J]. Proceedings of the National
Academy of Sciences, 2004, 101:7329-7334.

Vinson J P, Jaffe D B, O'Neill K, et al. Assembly of polymorphic
genomes: algorithms and application to Ciona savignyi [J].
Genome Research, 2005, 15:1127-1135.

Bailey J A, Church D M, Ventura M, et al.Analysis of segmental
duplications and genome assembly in the mouse [J]. Genome
Research, 2004, 14:789-801.

Sharp A J, Locke D P, McGrath S D, et al. Segmental
duplications and copy-number variation in the human genome
[J]. The American Journal of Human Genetics, 2005, 77:78-88.
Teichmann S A, Babu M M. Gene regulatory network growth by
duplication [J]. Nature Genetics, 2004, 36:492-496.

Varki A, Altheide T K. Comparing the human and chimpanzee
genomes: searching for needles in a haystack [J]. Genome
Research, 2005, 15:1746-1758.

Conrad B, Antonarakis S E. Gene duplication: a drive for
phenotypic diversity and cause of human disease [J]. Annual
Review of Genomics and Human Genetics, 2007, 8:17-35.

De Gobbi M, Viprakasit V, Hughes J R, et al. A regulatory SNP
causes a human genetic disease by creating a new transcriptional
promoter [J]. Science, 2006, 312:1215-1217.

Phillippy A M, Schatz M C, Pop M. Genome assembly forensics:
finding the elusive mis-assembly [J]. Genome Biology, 2008, 9:RS55.
Choi J H, Kim S, Tang H, et al. A machine-learning approach
to combined evidence validation of genome assemblies [J].
Bioinformatics, 2008, 24:744-750.

Zimin A 'V, Smith D R, Sutton G, et al. Assembly reconciliation
[J]. Bioinformatics, 2008, 24:42-45.

Zimin A V, Delcher A L, Florea L, et al. A whole-genome
assembly of the domestic cow, Bos Taurus [J]. Genome Biology,
2009, 10:R42.

The Chimpanzee Sequencing and Analysis Consortium: Initial
sequence of the chimpanzee genome and comparison with the
human genome [J]. Nature, 2005, 437:69-87.

Elsik C G, Tellam R L, Worley K C, et al. The genome sequence
of taurine cattle: a window to ruminant biology and evolution [J].
Science, 2009, 324:522-528.





