EUEREF

FTNE FEFEEAR
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S EEHNF

Next-generation
DNA sequencing

‘ .. CATTCAGTAG ... |
| ... AGCCATTAG ... |

_—— ... GGTAGTTAG ... ‘ | _ GGTAAACTAG ‘
\ ... TATAATTAG ... | | ... CGTACCTAG .. ‘
Genomic millions-billions of reads
DNA ~30-1000 nucleotides

Resequencing De novo assembly

»* *
Align reads to reference
genome and identify variants

Construct genome sequence
from overlaps between reads

Bioinformatics, 2025, HUST
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80,000 581,000 582,000 583,000 584,000
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Genomic position




Sequence

reads

}

Seduence

Contigs

!

Scaffolds

Mapped
scaffolds

Genome
map

- . -
C W W — N B — N W |
C By W | - . [ |
— — L — N W
— — =] — 3
e — [=——
e [m———=
=" =1 = R
'a___] R i
Read pair Read pair

Qe e

[ Pt oy ot P P
L A LA WA

— — Contig:
B SR
== = Scaffold:

1.___!
Read pair




A%

&5

'ZE/)JH'" ¥ : DNAE%HHH‘ B

O “BR” : =EFEAKEIAFEL

BIN: GGCGTCTATATCTCGGCTCTAGGCCCTCATTTTTT

=k

FE%:

GGCGTCTATATCTCGGCTCTAGGCCCTCATTTTTT
GGCGTCTATATCTCGGCTCTAGGCCCTCATTTTTT
GGCGTCTATATCTCGGCTCTAGGCCCTCATTTTTT
GGCGTCTATATCTCGGCTCTAGGCCCTCATTTTTT

GGCGTCTA TATCTCGG CTCTAGGCCCTC ATTTTTT
GGC GTCTATAT CTCGGCTCTAGGCCCTCA TTTTTT
GGCGTC TATATCT CGGCTCTAGGCCCT CATTTTTT
GGCGTCTAT ATCTCGGCTCTAG GCCCTCA TTTTTT

Bioinformatics, 2025, HUST




) |o)R

EE

A R

WNSREE

EERTE

23"

N

¢H FRFMALE?

CTAGGCCCTCAATTTTT
CTCTAGGCCCTCAATTTTT
GGCTCTAGGCCCTCATTTTTT
CTCGGCTCTAGCCCCTCATTTT
TATCTCGACTCTAGGCCCTCA

TATCTCGACTCTAGGCC

TCTATATCTCGGCTCTAGG

GGCGTCTATATCTCG
GGCGTCGATATCT GGCGTCTATATCT

—— > GGCGTCTATATCTCGGCTCTAGGCCCTCATTTTTT
Bioinformatics, 2025, HUST
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O #ZEZ (Coverage, C):
& —BJIETHBEE
¢ EFEE FE—MIETFHBESITERIEHR

CTAGGCCCTCAATTTTT
CTCTAGGCCCTCAATTTTT
GGCTCTAGGCCCTCATTTTTT
CTCGGCTCTAGCCCCTCATTTT 177/rﬁ&2§
TATCTCGACTCTAGGCCCTCA
TATCTCGACTCTAGGCC
TCTATATCTCGGCTCTAGG
GGCGTCTATATCTCG
GGCGTCGATATCT
GGCGTCTATATCT

GGCGTCTATATCTCGGCTCTAGGCCCTCATTTTTT 35’Fﬁﬁ2§

FEBEZE =177/ 35% Tx

Bioinformatics, 2025, HUST




O WA LAFRR

19

SR EOEER

CTAGGCCCTCAATTTTT

q

CTAGGCCCTCAATTTTT

GGC

CTAGGCCCTCATTTTTT

CTCGGAd

CTAGCCCCTCATTTT

TATCTCGAC

CTAGGCCCTCA

TATCTCGAC

CTAGGCC

TCTATATCTCGGC
GGCGTCTATATCTCG
GGCGTCGATATCT
GGCGTCTATATCT

R )

CTAGG

GGCGTCTATATCTCGG(

CTAGGCCCTCATTTITTT

f

ZMNEBEER=6
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(A% : BN

0 —FiIZENEIRS 5—FEERAYETmEAEW, N

TATCTCGACTCTAGGCC

TCTATATCTCGGCTCTAGG

O NAAFIEE WA geEREHA LESE

TATCTCGACTCTAGGCC
TCTATATCTCGGCTCTAGG

GGCGTCTATATCTCGGCTCTAGGCCCTCATTTTTT
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¢

O WRAFIRENHREEREE LEEWNVNE, A
1E‘I.%Z:IE‘I ? TATCTCGACTCTAGGCC

TCTATATCTCGGCTCTAGG

t

& NFFTEIR
& FEZEFENEHNESR: HlIMARWEE, KBR
FMERNE N EAER

kBB ERIEES TATCTCGACTCTAGGCC
LTI T Genotvbe &
KEREMIFEE  TCTATATCTCGGCTCTAGG enotype
SNP calling

BEMNESERFS] TCTATATCTCGACTCTAGGCC
REFLEES  TCTATATCTCGGCTCTAGGCC
Bioinformatics, 2025, HUST




MARERFE

[ OLC: Overlap-Layout-Consensus
@ String Graph Assemblers

& RFPIEEEWEEEE

& ERRTUKRILE, SHRERNEBRE

® T EHE: SGA, Fermi
[ DBG: De Bruijn graph

& RIFBEZEAEK-merE, EFRBIEE

& SHERAEE

& T E: Velvet, ABySS, SOAPdenovo2
O EBZE R (Repeat) FIZZN

& MUAEELHEL: Contig

& BREEFNZREREERK

Bioinformatics, 2025, HUST




MARERFE

[ OLC: Overlap-Layout-Consensus
[ DBG: De Bruijn graph

\____J \___J w__J

| |
C Overlap j C Emor correction
— —
_ layout . de Bruijn graph
( . ) 4 x
\ Consensus ) . Refine

v v
[ caffolding |
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Overlap-Layout-Consensus

[ OLC: Overlap-Layout-Consensus

!

Overlap
¥
Layout
¥
Consensus

v

WEEEE

R EEEIBCRcoNtigs

w__J _J U/

N N ()

B—PoontigiFEArIReH X

B3
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0 XM BEE:
& E3—1AOE (directed graph)
® 45 (vertex, node) J3iRER
& B[E) (directed edge) FEIEL S
(O CTAGGCCCTCAATTTTT

O GGCGTCTATATCT

CTCGGCTCTAGCCCCTCATTTT O CTCTAGGCCCTCAATTTTT

LEEEETEE TEEEEETTT
GGCTCTAGGCCCTCATTTTTT (O TCTATATCTCGGCTCTAGG

(O GGCTCTAGGCCCTCATTTTTT

CZ’————_—_—-—>() CTCGGCTCTAGCCCCTCATTTT

—FIEBREIRS 5 () TATCTCGACTCTAGGCCCTCA
R AR () GGCGTCGATATCT

(O TATCTCGACTCTAGGCC

(O GGCGTCTATATCTCG
Bioinformatics, 2025, HUST




O B@EG(V, E)
& —RIGEIV
& —RFBEHAE
O BEnd: BFNE SR

a b
& (source, sink) Q >
& TA: \)
Z

@ i0: EEATERBRIZ

O
C d

V= {a,b,cd}
E={(aDb). (& c),(cb)}

K& B
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EE2H

0 #lan, BEREIBRELDINFHTER

0 SRk, Bk ERNEREMEVRIRIS
EBY

[ -

#bm {a: CTCTAGGCC, b: GCCCTCAAT, c: CAATTTTT }
AEHA {(a,b), b0}

[ a: CTCTAGGCC ]?[ b: GCCCTCAATJ—)»4 [C:CAATTTTT J

CTCTAGGCC GCCCTCAAT

GCCCTCAAT CAATTTTT




O E2EFURKE, ErfESERER—1T4%R
7
—{ a: CTCTAGGCC ]—{ b: GCCCTC,&CT]—{ e c,&CTCTAGG]—
3 4

1 FRFDNALE g

ﬁ Qm%% N —\E._ﬂﬁjjﬁﬁ/ 3 h

& ZRIIKDNA IR e I

@ DNARYE 555 =
p, S ey

sulbunis

sailianis
BUDLINGAS
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¢

O A EVEEE?
& WEIZEX, Y, KEAK
& XEEBHRTE YRS KE
a
£ *'JFHFM?QI HYBEHZRKEABXER
& EREN|EAEMH, FAYHBTERREER A ATE

fian, 1=3 MZ B EE XS

[a) 72 ZE{ef
X: CTCTAGGCC X: CTCTAGGCC X: CTCEGCC
Y: TAGGCCCTC Y:  TAGGCCCTC Y: TAGGCCCTC
\{— -

& ILILEC
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EERNER

AR E

GTACGGC

[BHFE%: GCATTATATATTGCGCGTACGGCGCCGCTACA
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Overlap-Layout-Consensus

!
C Overlap f| HWEEEE
¥
_ Layout j HESECRAcontigs
¥
r \
\ CO”Sf”S“S B contigit e aRTRE A
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Shortest common superstring

0 SCS: ERFHEERK

® AE—RFIRES, FHSCS(S), RiE

& TARRSHMEATH, ﬂﬁs

O &k "&=®\° HIBRE: ERSHAEIER

i$EESE4  BAA AAB BBA ABA ABB BBB AAA BAB

B5iES BAAAABBBAAI;?ABBBBBAAABAB

SCS(S)  AAABBBABAA
L 10 '

AAA
AAB
ABB
BBB
BBA
BAB
ABA

—— BAA



Shortest common superstring g

O a5k AESCS(S)? S: AAA AAB ABB BBB BBA
& ZEIHINE =-EBKE SCS(S): AAABBBA
[ SCS: AMB
& ER NS g

® HiESMEAR—RK was BBA
& Traveling Salesman > / \\ -2
Problem (TSP) 1/ -1\ \-1
$ NP-hard AAA = > ABB
-2

_‘] _2 _2

BBB 2 BBA

Bioinformati




Shortest common superstring

¢

O AEEIDRINE

[ Hamiltonian Path
problem: NP-complete

& NPT (o]

& ELENP|a)E X ZNP-hard|d]
& FEERLAAFE

]

AAA

5: AAA AAB ABB BBB BBA
SCS(S): AAABBBA

Bioinform

AAA
AAB
ABB
AAB B
/ \\ - ABB
BBB >'BBA




SCS: #LhE%

O ZERKHNES, SFHLEMBEFE: MRl

Greedy-SCS algorithm (I = 1):

= MINIEER =
ABA ABB AAA AAB BBB BBA BAB BAA

T 2 BAAB ABA ABB AAA BBB BBA BAB
2 BABB BAAB ABA AAA BBB BBA
2 BBAAB BABB ABA AAA BBB
2 BBBAAB BABB ABA AAA JEaIFESHEHANT—F
2 BBBAABA BABB AAA
2 BABBBAABA AAA o
1 BABBBAABAAA mILEE:
- BABBBAABAAA BABBBAABAAA
/ — Superstring — BESHSCS:
H— ? A#—)ﬁt AAABBBABAA
F—5: SHFATHKE

Bioinformatics, 2025, HUST




SCS: #LhE%

u

vy

Greedy-SCSE % (k =6, 1= 3):
® a_long long long time

ng lon long a long long 1 ong ti ong lo long t g long g time ng tim
ng_time ng_lon long a_long long 1 ong ti ong lo long t g long
ng time g long ng lon a_long long 1l ong ti ong lo long t

ng time long ti g long ng lon a _long long 1 ong lo

ng time ong_lon long ti g long_ a _long long 1

ong lon long time g long_ a long long 1

long lon long time g long a_long

long lon g _long time a_long

long long time a_long

a_long long time

a_long long_time

HELLER: a _long long time? E5%: long
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SCS: #LhE%

O Greedy-SCSE% (k =6, 1= 3):
® a_long long long time




O Greedy-SCSE% (k =6, 1= 3):
® a_long long long time

long_t

a _long long long time
Total overlap: 39




SCS: AiE &

O Greedy-SCSE% (k =6, 1= 3):
® a_long long long time

g_long

a_long long time
Total overlap: 44 Better than the
correct path!




L e B B B B B |

O Greedy-SCSE% (k=8, 1= 3):
® a_long long long time

long_lon ng_long_ _long lo g long t ong _long g _long 1 ong time a_long_l long ti long tim
long time long lon ng_long_ _long lo g long t ong_long g long 1 a long 1 long ti
_long_time long_lon ng_long_long lo g long t ong long g long 1 a long 1
_long_time a_long_lo long_lon ng_long_ g long_t ong_long g_long_ 1l

_long_time ong_long_ a_long_lo long_lon g long t g _long_1l

g long _time ong_long_ a long lo long lon g _long 1

g long time ong long a_long lon g long 1

g long _time ong_long 1l a_long_lon

g long _time a_long_long 1

a_long_long_long_time

a_long long_long_time

YHAELER: a long long long time

Bioinformatics, 2025, HUST




SCS: #LhE%

O k = 8HUIEER AT LUEFAIR A =4_long
& —MEE#EIE=1_long

O EEF%:
& EEK)

a_long long long time

g long 1

TRIRAZES
FHM: BRESRFIHIEME

¢ HE N ERRESFY

a_long long long _time

Vlvcollc:.'pse

a_long long time

A EFHLEB~50% A EEFS

Bioinformatics, 2025, HUST




EEFY: AR

3 Greedy-SCSE%, IREIHK, | {E

I it_was_the_best_of_times_it_was_the_worst_of_times

o Lk output
3,5 the worst_of times_it was_the_best o
3,7 s_the worst_of_times_it _was_the_best of_t
3,10 _was_the_best_of_times_it_was_the_worst_of_tim

3,13 it_was_the_best_of_times_it_was_the_worst_of_times

EEFS: it was_the J<E 11
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EEFY: AR

3 Greedy-SCSE%, IREIHK, | {E

ﬁﬁi}\' swinging and the ringing of the bells bells bells bells bells

-

o

k.
-

i output

3,7 swinging and the ringing of the bells bells

3,13 swinging and the ringing of the bells bells bells

3,19 swinging and the ringing of the bells bells bells bells b
3,25 swinging and the ringing of the bells bells bells bells bells

T A T AL E AR E 8 5

e bells bells bells bells

=~
[

25 _bells_bells_bells_bells_

bells bells bells bells b
Bioinformatics, 2025, HUST




ST

O XTEEFIIANEEE

—Repeat A —i

Ly

Ri

BEERFF] - b ARIEERK
Ls R4
REfEEEFFIRERE
""" lots of overlaps |
. among reads from A
Ly NN, DD DR | - DN R
iSED L2 —x.,& EEEEEE va W

L3 —//‘
L, DI

Bioinformatics, 2025, HUST




O Greedy-SCSELERIHE
& AEEAIERLRYSCS
8 FEEERFYIFHSEIEIRAVERE
O EAEEEERFY, MIINEEEIKSContigs?

FEZ=[E] to_every_thing_turn_turn_turn_there_is_a_season
[=4,k=7




é

O K A]|aiEHERTAY (transitively-inferrible) 1% =
O AN AT B A RS EN

1
' H\"-.i | o=
| s I". | / ,I'I
III ! * [ I|."I
b C d 2 III".I ¢ ‘-'El'j.'_ﬂ‘.'l._-.? _.u"llj
Y}
II'III (. er\'_dui?- "'""-.Ii
||4 J?_ Yﬂl
I'.I fa" \ I!i___
AP G
v_thing ™ /s
abc bcd G J5 |
.'"& :}<‘1
R
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O P n][aJEEHERTRY 18
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O 443 |BJ4EEHERTRY 14

A o
e a1 Y A -
— = I - -~
E / \&/ N ¢ [ 5\ S FN i /N
2\ 7\ < MNE) o S R g B .f’?'a e PP e () (¢} a3
g e daf— \ i\ &/ i \E e M\ c/)'-\ﬁy' e
= V= -~ \ E ) \ z ) £
_/ "/ o X p \/ e _'J;f){_____,...____ “-i.\" |
- . = ’ &
‘L/ \\:/r' §
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7 Contig: JFBHX

AT Y N N A
gt ) s e e ) e ) e e e s s e e e H e
R R e S = v R S o S o 0 o R W)

LA
D N o oo . =-'“ :
(oo o{g 2o {1 (e AR 2
R o L O o v A R VA AW AN AT R

| (kS \E

Contig 1 Contig 2
to every thing turn_ turn_there is a season
: i

TEBRNEEFY
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¢

O MsEdh, layoutinEEALM
r_ "EEBE

Possible repeat
boundary

prune
Mismatch a

Bioinformatics, 2025, HUST
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Overlap-Layout-Consensus

|
Overlap J HEESE

Layout / R EEEIBERACcoNtigs

N (N )

Consensus B contigitFamBrIRENHX
'

g2l
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Consensus

O #HESMIBENEE, FEBE:
& NFEIR?
& 5% (ploidy)?

O flan, FHHESCAIgenotypesAA
@& AFEIRS
& NEFERER: §MIBENB6FIEK

TAGATTACACAGATTACTGA TTGATGGCGTAA CTA T
TAGATTACACAGATTACTGACTTGATGGCGTAAACTA
TAG TTACACAGATTATTGACTTCATGGCGTAA CTA EE Xt Contigs
TAGATTACACAGATTACTGACTTGATGGCGTAA CTA
TAGATTACACAGATTACTGACTTGATGGCGTAA CTA

l 0 R A

TAGATTACACAGATTACTGACTTGATGGCGTAA CTA T consensus




Overlap-Layout-Consensus

O OLCEZEMNFERS:
& EEEMENEREE
& NGSHFHENER: AXEFLHI0X, ~9*10106%mH

|
Overlap J HWEESE
v

ayout of|  HEBEMGRRNGS

N N )

¥
Conslensusl B oontigiHFEA AR ERL TS |
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O 2015F %%, https://github.comljts/sga

GitHUb This repository Explore Features Enterprise Blog | | Sign in

JtS s'sga @ Watch 35 & Star 114 Y Fork 57

de novo sequence assembler using string graphs hitp://genome . cship.org/content/22/3/549

¢» Code
1,641 17 38 17
. _________________________________________________________________________________________________________| Issues 14
¥ branch: master ~ | sga / + =
|—'| 9 Pull requests 0
Undo unwanted changed wrt master branch before merge i
Wika
jts latest commit af92f7de52 E&
Src Undo unwanted changed wrt master branch before merge 2 months ago Pulse
E README.md add a hotlink to src/README a year ago
Graphs
B index html Fixed formatting 5 years ago
HTTPS

README.md &

You can clone with HTTFS or

SGA - String Graph Assembler e @

4 Clone in Desktop

SGA s a de novo genome assembler based on the concept of string graphs. The major goal of SGA is 10 <> Download ZIP
v vimng o o affieiant ardhieh whu T lala ] F-’Wﬂﬁhrﬁr‘nnfafiﬁn AF TR cmmmnimnen




0 ZE, 20128%%

O £EFERMLARE

( SNPHIINDEL calling

O https://github.com/Ih3/fermi

GitHUb This repository Explore Features Enterprise Blog | | Sign in

Ih3 / fermi @ Watch 13 # Star 45 Y Fork 11

A WGS de novo assembler based on the FMD-index for large genomes

¢» Code
755 = 15 =t 26 - 1 tributo

i ¥ branch- master~ | fermi / +

Pull requ C
r751: change the version string
e 81 see P
B .gitigr
B Makefl 35: speed up solid k-mer collectior 3 years ago HTTPS
- o B
= Makefile.am Makefile.am 2 years ago

[

You can clone with HTTPS or

README.md Subversion. @




MARERFE

l
[ Saffoldin

O]
[ DBG: De Bruijn graph
o ( l
\ OverlapJ \ Emor correction j
¥ ¥
Z Layout Z de Bruijn graph j
¥ ¥
Z ConsensusJ : Refine j
v
9

J
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De Bruijn graph

O“Seven Bridges of Kénigsberg”: & BB ELH
o] &
#Hamiltonian cycle: M &iBH—X
& Eulerian cycle: 8&iAEH—X

A= (Node) : isEEgEkk-mer

335 (Edge) : BmZ BAYXEX

— SO A A | e
i 5 I il QLA Ll 3 il ieen ki
=10 7 T ¥: J?,{'.

L i

LN

Graph
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O F—ERADBGEZERERFZEHRKT R
& JpEIE hERENERELE
O http:/Iwww.ebi.ac.uk/~zerbino/velvet/

EMBL-EBI £

Velvet

Sequence assembler for very short reads

« Current version: 1.2.10

« Manual and extension for Columbus in pdf format

. Public Git URL: git clone git://github. com/dzerbino/velvet. git

. For up—to—date info, vou can consult and/or subscribe to the mailing list.

. For transcriptomic assembly Velvet is extended by Oases.

Bioinformatics, 2025, HUST




ABySS

O SRIIDBGHIHITIL: KEME4A
O http:/lIwww.bcgsc.ca/platform/bioinfo/software/abyss

Platforms

Biginfarmatics
Bioinformatics Licenses
GSC Software Centre

PASsIT

Adapter Trimming for Small RMA
Sequencing

Sealer
LINKS
Konnector
Spark
TASR

XpressAlign: FPGA Short Read
Aligner

Bamacle

Satellog

ABySS

Assembly By Short Sequences - a de novo, parallel, paired-
end sequence assembler

Project Description

ABYSS is a de novo, parallel. paired-end sequence assembler that is designed for
short reads. The single-processor version is useful for assembling genomes up o
100 Mbases in size. The parallel version is implemented using MPI and is capable of
assembling larger genomes.

To assemble transcriptome data, see Trans-ABySS

Publications
+ ABYSS: A parallel assembler for short read sequence data. Simpson JT, Wong
K. Jackman SD. Schein JE, Jones SJ, Birol |. Genome Research, 2009-June.
(Genome Research, PubMed)

« De novo Transcriptome Assembly with ABySS. inanc Birol, Shaun D Jackman
Cydney Nielsen, Jenny Q Qian, Richard Varhol, Greg Stazyk, Ryan D Morin

Yongjun Zhao, Martin Hirst. Jacqueline E Schein. Doug E Horsman, Joseph M
DIV NUITTIAUCS, £UZ0, MUD |

Project Resources

Releases
Documentation
Issue tracker
Support

Contact address

Project owner: Anthony Raymond

Ansemaiy Algurbm

1} Partitosing Read Space 7] Adjacency Generation




SOAPdenovo & SOAPdenovo?2

O f£XERF: KERA

[ http:/Isoap.genomics.org.cn/soapdenovo.html

Short Oligonucleotide
Analysis Package

SOAP-ICLU SOAP-HLA SOAP-poplndel SOAPdenovo-Trans S0APdenovo2 I About

Home S0OAPIndel SOAPsnv SOAPsY S0APfusion SOAP3-dp S0APfuse SOAPaligner S0APsplice SOAPsnp

LS lala 2 T Introduction

T — SOAPdenove is a novel short-read assembly method that can build a de novo draft assembly for the human-sized

genomes. The program is specially designed to assemble lllumina GA short reads. It creates new opportunities for
building reference sequences and carrying out accurate analyses of unexplored genomes in a cost effective way.
Mow the new version is available. SOAPdenovoZ2, which has the advantage of a new algorithm design that reduces
Download memory consumption in graph construction, resolves more repeat regions in contig assembly, increases coverage
and length in scaffold construction, improves gap closing, and optimizes for large genome.

System requirements

Command Line Options System requirements

S0APdenovo aims for large plant and animal genomes, although it also works well on bacteria and fungi genomes.
It runs on 64-bit Linux system with a minimum of 5G physical memory. For big genomes like human, about 150 GB

memory would be required.




De Bruijn graph g

O RItE&RMSCS, SHRE

[ k-mer
BEELS: GGCGATTCATCG
SiJ—1~4-mer: ATTC
SHIFf3-mer: GGC
GCG
CGA
GAT
ATT
TTC
TCA
CAT
ATC
TCG

O k-1-mer: KEAK-18FF

Bioinformatics, 2025, HUST




De Bruijn graph g

O BE—RIIFKEFETFSEEREABRIZE, 3K5k-mer, k=3

AAA, AAB, ABB, BBB, BBA

O AABE—{-k-mer (k=3)
& AARZLk-1-mer
% ABER4Ak-1-mer

AAB 3-mer

/ \

AA AB
L R

AAB’s left 2-mer  AAB’s right 2-mer

Bioinformatics, 2025, HUST




De Bruijn graph g

O BE—1MKERWFHVDTRKEH2H. BTFHE
ZHYF =R

LRS! AAABBBA
SHI A 3-mer: AAA AAB, ABB, BBB, BBA

7 /1 TN NN

FTA El42-mer: AA, AA, AA, AB, AB, BB, BB, BB, BB, BA
L R L R L R L R L R

O $2-merAFERNSE S
O R#IEA2-mer ->H2-merfIEE 5 EHHE B A
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De Bruijn graph g

LN,

O ERE—FRFTKEARINFESR, FTk-mer
O ZEEIEEPEBIN—1'B: AAABBBBA
O E#De Bruijn graph: %ja (Multiedge)

AAABBBA AAABBBBA
AAB 4AB AAB 4AB
AAA (N aA Aw AAA (Y aA Aw
BBy BBA BBV BBA
BBB BBB

BBB

Bioinformatics, zuzo, nuo |




Eulerian walk %

O De Bruijn graph: BRZEE (Directed multigraph)
& —RIMS/IEEV, SEFEBE

& S NE (indegree) = #ENHIB
& S E (outdegree) = HEHIA
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& EEE: ABERHAETEMLE S
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V=1{a, b cd}
E={(a,b),(a,b) (a,b)a,c)lcb)}

. | I
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De Bruijn graph g

O ExhifE: EERAAABBBAY R RIDe Bruijn graph
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AAB 4AB AAABBBA

AAA (NAp ABB [BA AAA, AAB, ABB, BBB, BBA
/E AT INNNNN
BB BBA AA, AA, AA, AB, AB, BB, BB, BB, BB, BA
L R L R L R L R L R
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De Bruijn graph

O EFE4ADe Bruijn graphf1aiE R 1E
O BB NFEIR
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De Bruijn graph
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De Bruijn graph
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De Bruijn graph
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N R A

i%Ega long_long_long time, k =5
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De Bruijn graph
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De Bruijn graph
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Error correction
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DBGE AR S
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OLC vs. DBG

3 N50: igContig \iKEFFHEF, MAKEXE2KE—
A, BE—/ContigiE % N50

7 DBGER, OLCEEREZ /)
t=75 k=61 k=67 k=59

Table 1. Assembly statistics for C. elegans data set

SGA Velvet ABySS SOAPdenovo
Scaffold N50 size 26.3 kbp 31.3 kbp 23.8 kbp 31.1 kbp
Aligned contig N50 size 16.8 kbp 13.6 kbp 18.4 kbp 16.0 kbp
Mean aligned contig size 4.9 kbp 5.3 kbp 6.0 kbp 5.6 kbp
Sum aligned contig size 96.8 Mbp 95.2 Mbp 98.3 Mbp 95.4 Mbp
Reference bases covered 96.2 Mbp 94.8 Mbp 95.9 Mbp 95.1 Mbp
Reference bases covered 93.0 Mbp 92.1 Mbp 93.9 Mbp 92.3 Mbp
by contigs =1 kb
Mismatch rate at all 1 per21,545bp 1 per8786bp 1per5577bp 1 per 26,585 bp
assembled bases
Mismatch rate at bases 1 per 82,573 bp 1per18,012bp 1 per8209bp 1 per 81,025 bp
covered by all assemblies
Contigs with split/bad 458 (4.4 Mbp) 787 (7.2Mbp) 638 (9.1 Mbp) 483 (4.4 Mbp)
alignment (sum size)
Total CPU time 41 h 2h 5h 13 h
Max memory usage 4.5 GB 23.0 GB 14.1 GB 38.8 GB

100 MBase genome, 33.8M read pairs, 100bp reads each end, 250bp insert size
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