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2. E=H|
1) Whole genome sequencing data
® Illumina
- Paired-end read: sequencing depth >20X
- Mate-pair read: library & 5-10X, insert size 2~10 Kbp (0i|, 3Kbp, 5Kbp, 10 Kbp)
® PacBio

- sequencing depth >10X

2) =2
® Quality control & trimming
- NGS QC Toolkit?, samtools?, bamtools®, Trimmomatic?, FastQC>
® Sequencing error corrector
- Illumina: SOAPec® tE+= SGA”
- Illumina + PacBio: LoRDEC®
® gde novo assembler
- Illumina: ALLPATHS-LG®, SOAPdenovo®, SGA” = 1 Ef
® Mapper
- Illumina and PacBio: BWA-MEM®, BOWTIEX
- PacBio: BLASR®?
® Scaffolder
- PacBio: SSPACE-LongRead®?
- lllumina (Mate-pair) (+ PacBio): Opera-LG*?¥
® gap-closer
- PacBio: PBJelly®
- Illumina: GapCloser®
® Quality assessment
- QUAST®

3. Quality control %! Trimming
® NS AIESHI|Of A assemblydf ALEE readsS| preprocess % 20| HRg.
® SequencingO| B read= Ot 22 F 7HX| ZXEE 7HE &+ US.
- Sequencing 1’d &0f baseE HZ A0AM M7= error

- Adapter sequencel} bacteria sequence & 2|2ff DNAEE {2i$t contamination.
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1) FastQC
o g
- Fastq It 2 2 Ef H|O|E Q| qualityE =QI5t7| 2IshAM Hdet
- Quality score Q= Q = —10logP (Q = Phred quality scores, P = base-calling error probabilities)
o ZAlOZ A=l
- Preprocess®| 2} CHA|OICH FastQCE H&sH0] St 10| 2 MY L A=X]

HdstofoF 2t

Jtot

HRISHE A

- FastQC =23 XIH XS Z datal| qualityE EEHSEG Pass, Warning, Faill2 2 HA|SI 3
X2t O]l LHE™ Ol RNA-sequencings 7|&EC 2 SIRAE o] HII0|H datao| ZF0 2t
M o HES m2x| 7T g,

® Zut=

1) fastqc_datal_l.txt : RNA-seq read O] &% HEIJ} M0{Fl Ol

##FastQC 0.10.1

>>Basic Statistics pass

#Measure Value

Filename GSM546921 filtered sequence.txt
File type Conventional base calls

2) fastqc_report.html: fastqc_datal_l.txt o] LHES & HO|X|E & 5 /Y= nte.

3) summary.txt o L&

PASS Basic Statistics GSM546921 filtered sequence.txt

PASS Per base sequence quality GSM546921 filtered __sequence.txt
PASS Per sequence quality scores GSM546921 filtered __sequence.txt
WARN Per base sequence content GSM546921 filtered __sequence.txt

fastqc_datal_l.txt O] ERAAL EHAO 2 %F At (PASS/WARN/FAIL)Z7} M| mte
Per base sequence quality: read | Z} base position 0| 7tX|= H+# quality score

Per sequence quality scores: Zt read 7| 7}X|= H+ quality score O] 2X
Sequence Length Distribution: read 2| Z0| 22X &

Sequence Duplication Levels: sequence 7} S&&|= reads | H|&

Overrepresented sequences: O M ELC} B0| 2=kl = EZN Sequence

e ZEIZ OIREE

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/

® HAHOO| O (FastQC == 2H)

$ fastgc [options] rl.fastg r2.fastq .. rN.fastq [options]

-0 <output_dir>: output_dirg X|’dsl| FX| Ao @ fastq LA} 22 ZEG0| 2ot oY Mo

--casava: sequencingO| casava protocol2 [M}2tA R FCHH Hojof &


http://www.bioinformatics.babraham.ac.uk/projects/fastqc/

2) NGS QC toolkit [IluQC_PRLL]
o LE

- Fastqt Y 2 2 E| Quality scoreZ7t &2 readE X|H3E7| s AFE.

- CHEE9| Quality control T2 128 E0| &E% Qtst quality scoreE 2092 £t Qo 0]
1%9| error rate0f S{Ztat.

- £3| genome assembly 1tH 0| A=, genome &0 | X|SlE low complexity SH0A H2
read2| AL quality score?} A Z U2 £+ =0, HE &= quality scoreE cutoff2
1 0 0j4RHS YK 9o FO| BE AR 4 9I0IA 200 XY

rir

& I= W OIREE
http://www.nipgr.res.in/ngsqctoolkit.html

® Zut=
Seqfilel_filtered ... seqfileN_filtered 0|&& 7}7%l fastq @4lo| mt
2t e WOiE oj7fE4ol JES SESE readsBe 7H
o

pnglt =2 filtering T 22| reads52| SATXE E0F.

® HAHOO| o (NGS QC toolkit =2 3: IlluQC_PRLL)

$ perl I1luQC PRLL.pl -pe rl.fastg r2.fastg N A -s 20 -1 70

-pe: paired-end data & Ar235I7| QfA =T single-end 2}H —se
N: adapter library type & E@0{F& X2 2 adapter & C+H2 CHAOM HAHE ofFo|22
OFR AT HMASHA @7] {5 NS e
A: FASTQ variants: A = Phred+33 QIX| Phred+64 QIX| =212 LHO|AM KXt=O =2 ICHSHA
zigst.
-s 20: cutOffQualScore 20 o] o|0|Z2 X 0|k 20 O[4t°| quality score & 7tX|&= A
Sttt A2 ololg

ru|o
N
M
0
tu

-1 70: read K| ZO|OA 70%7} cutOffQualScore & H7|X| Z5t= read = A|AHE.

3) Trimmomatic

o LE
- cDNA fragmentE Q17| ?|siA adapter sequenceE &£0|=0| O|Z CHA| HAHSH7| IsHA
M8

- Adapter sequence= E& 5 2|11 3'0f 42 CHE sequence2 EX|SIH 0| =
sequencing library M2t 1p-0 w2tA ety
- TrimmomaticO| A{= universal StA A2E&|= 25 adapter sequenceE 0|0 X|ZtD A0 A

AgE & U8,


http://www.nipgr.res.in/ngsqctoolkit.html

HHO O LO{E outputFile 0|5 7+%l fastq Il
e I= 3 C|REC

http://www.usadellab.org/cms/index.php?page=trimmomatic

® FHOO| o (Trimmomatic = Z13H)

$ java -jar trimmomatic.jar PE rl.fastq r2.fastq rl P.fastqg \
rl U.fastg r2 P.fastqg r2 U.fastg \

ILLUMINACLIP: [PATH/TO/Trimmomatic]/adapters/TruSeq3-PE-2.fa:2:30:10 \

LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:80

PE: paired-end data & At835}7| oA g Single-end 2tH SE

r1_Pfastq r1_Ufastq r2_Pfastq r2_Ufastqg: output data (=A0f {2o|& A)
Note: rI_Ufastq 1t r2 Ufastqg = 0|2 ™M ALE3SIX| Ze=C

Lol_

ILLUMINACLIP:[PATH/TO/Trimmomatic]/adapters/TruSeq3-PE-2.fa:2:30:10 W
LEADING:3 TRAILING:3 SLIDINGWINDOW:4:15 MINLEN:80

ILLUMINACLIP:3 : X|7{3} 11X} Sf= adapter sequence

LEADING:3 : £ &9| base quality 7t 3 O[5} AHLF N O|H XA

TRAILING:3 : SIE 29| base quality 7} 3 O|S}7Lt N O|™H XA
SLIDINGWINDOW:4:15 : 4 base ¥ 2Z!/0{7tH T quality 7f 15 O|5HH K|
MINLEN:80 : read 2| Z!0|7} 80 O|8t2tH XA

o
—

Ol Truseq adapter & AIE3t AL trimmerl O] S0{7}0FSt= | X|0f {2 &
= AHE5tH &

4) NGS QC toolkit [TrimmingReads]
o LjE
- Reads ZCH HEO|A quality scorelt GC contentsS Of|A] LEIMO|X| U2 A0 HO|H
M52 fISHM ALE.
- Adapter} MCHZ MAHZIX| &UAHLE sequencing 7|&2| A2 QIsH readsQ| HTH £L0
error7b RECHEH 5" Ho= 3" ZEROA EPHO[X] Qi2 20| YO,

- O
e Iz [JREC

http://www.nipgr.res.in/ngsqctoolkit.html

& Zut=
- OutputFileo| O|E& 77l fastq m0| MME.
inpute 2 HOo{E fastq Ot 22 2%

27 2AZ0 LERNMFH MASIA doiE Z0|TF
9| baseE |7 =l fastq O

=
o

® HHO O o (NGS QC toolkit = Z 1 2H: TrimmingReads)



http://www.usadellab.org/cms/index.php?page=trimmomatic
http://www.nipgr.res.in/ngsqctoolkit.html

$ perl TrimmingReads.pl -i forward.fastqg -irev reverse.fastg -1 <N> -r
<N> -o <outputFile>

-i forward.fastq: input file
-irev reverse.fasta: input file. forward.fastq 2| mate.
-l <N>: Z0|MEE ®AHE base o =X}
-r <N>: QEZO|MEH KA base 2| =X}
-0 <outputFile> : outputFile o] O|&
5) trim_galore
o LE
- Mate-pair2 At readsO| 20{QU= NextEra adapter sequenceE M 7H3}7| Qs At
e T2 ]2 [

http://www.bioinformatics.babraham.ac.uk/projects/trim_galore/

o ZAlt=
rl_val_1.fq r2_val_2.fq O|&9| fastq WYL} report.txt Mt
tirm_galore= cutadapterE At2sl= ZZ 07| 20 report.txtd|= cutadapter?| Z1t
log7t H3| e

® HZHO{O| Of (trim galore T Z 1 2H)

Strim galore -paired --nextera rl.fastqg r2.fastqg

-paired: paired-end read 0|7| [ Z20f &S

--nextera: nextera adapter sequence & M|HsI7| QIsHIAM Lo F.

;

6) NGS QC toolkit [TrimmingReads]
® Mate-pair®| 42 NextEra adapter sequence”}X| X|7{s}1 LH X|LEX| A T2 Z0|9| read”t
YEE7|= SiM O|F MAHSH?| 2[5t AtE.

® Read®| Z 0|7} X|LtX|A ZHS ™ assembly d7HO0|A mis-scaffoldingg 2o Z 7ts540| #HX|7|
Oj-20f read ZO|7} 63 O|5tH H A&t

@ =2 CIRZC
http://www.nipgr.res.in/ngsqctoolkit.html

o Zlt=
- OutputFileQ| 0|2 7t fastq LtY.
HOlE Oi7f=2Ct 21 ZO|E 7HX|& readsft HOFQlE fastq QY.

® HHO O o (NGS QC toolkit = Z 1 2H: TrimmingReads)


http://www.bioinformatics.babraham.ac.uk/projects/trim_galore/
http://www.nipgr.res.in/ngsqctoolkit.html

$ perl TrimmingReads.pl -i forward.fastg -irev reverse.fastq -n 64 -o
<outputFile>

-i forward.fastq: input file
-irev reverse.fasta: input file. forward.fastq 2| mate.
-n 64: 64 ECt 2 Z0|9| reads = 25 HEL

4. Sequencing error correction
1) Illumina reads error correction
- YEHO 2 4-mer BT S|IAETIHO|A 4-mer depth?7t Y2 kmer=0| sequencing errorE

EStStD QUCHD JHAESHD errorE =Xt

A
< reads
7]
> ———
o - —————™
by sequencing |
- error 1 erroneous k-mers
—_———
—_—
T
Erroneous k-mers '
——
k-mers
'
—_—
e ——
/ ———
Peak by

—— T
T

heterozygotic alleles ——
in diploid cells pa—————
—=— crror-free

. k-mers
Main peak
e,

Humps
by repeats

140
D'/2 D 2D 3D k-mer depth

33 3. The k-mer depth histogram
o2 =0, 08 30A < 7 0|5}2] depthE EO|= k-mer& sequencing error2 7pgg

- lllumina read0j| CH3t sequencing error correction2 SOAPec EE= SGAE O|&3}1 PacBio

error correction2 LoRECE 0|2%

2) SOAPec

® Illumina read?Q| errorE £=H% I AT

e TETCH [IREE

http://soap.genomics.org.cn/soapdenovo.html

o =2 [o|E
- Input: fastg @A!19| Illumina read data file. Gzip WY AtE 7ts
(0fl: frag_1.fq.gz, frag_2.fastq)
- output: fastg @4!9| Illumina read data file
A= 94" ool o|E0| frag_l.fqg, frag_2.fq@l AL frag_lcor.pair_1.fq.gz,

frag_2.cor.pair_2fq.gz M


http://soap.genomics.org.cn/soapdenovo.html

® -mer histogram A4t

$ KmerFreqg AR -k 17 -t 8 -p <prefix> -g 33 read.lst

k 17: k-mer ©| ZI0|. O] OJ|O|Al= 17-mer Al

8 AFRE CPU 7j%. O] OjofA 87K AR

-p <prefix>: output file 2 & EFAf

-q 33: Phred score shift. 33 E£&= 64. Default 40| 64 0|22 HIC A| 2olgt A
read.Ist: Illumina reads & 7|2%l1 A= file O CHsH B2

0l: read.Ist o Lj&

fragl.pairl.fastq

—

fragl.pair2.fastq

® KmerFreq_AR 9| Z1} file & O|238fA| sequencing error =3

$ Corrector AR -k 17 -1 3 -Q 33 -t 8 <prefix>.freq.cz
<prefix>.freq.cz.len read.lst

-k 17: KmerFreq_AR O| M AF2SH kmer 20|t S LT gF At
-Q 33: Kmerfreq_AR O | At&Tt -q S8 S gt AFE

-t 8 AFEY CPU 7=~ O] G0 M= 871 A&
-I: k-mer cut-off. 7|22 302 MME|O QUoL} = E0|H outputfreq.czlen O A 20l

—

-{0}

MASH 7
=02 A
<prefix> .freq.cz, <prefix>.freq.cz.len: KmerFreq_AR 2| output file

3) SGA

® SGAO]| L|{ZE =l error correction tool& 0|83} sequencing error& correction®t.

e Iz [|RZC
https://github.com/jts/sga

e =3 0Oo[H
- input: fastg &A1 9| Illumina read file

- output: fastg @41 9| Illumina read file

01| O ((SGA): 41-mer, CPU 8 7| E AtE5t= & paired-end read file 5 SILIZ el

= O

# SGA 9| preprocessing MWHO 2 M paired-end read file & SILIZ merge
sga preprocess --pe-mode 1 -o merged.fastqg <pairl.fastg> <pair2.fastg>

Ur

# merge El MAS QIEY

$ sga index -a ropebwt -t 8 --no-reverse merged.fastqg

# sequencing error correction
$ sga correct -k 41 --discard --learn -t 8 corrected.fastqg

--pe-mode 1: Paired-end 0|2 £ 1.


https://github.com/jts/sga

-a ropebwt: BWT algorithm MEH. long read®| AL sais, lllumina®| AL ‘ropebwt’
-t 8: AFgg CPU Jf%=

--no-reverse: sequencing errorg 3t indexingd| BF=EA| &

2

--discard: quality score?} 2 read HYjX||

--learn: k-mer cut-off X} AHAt

Note: k-mer cut-off& NOCZ2 #== MAT AL -x N EE= --kmer-threshold=N A}

corrected.fastq: Z1tE WY O|E

L

4) LoRDEC
® LoRDEC2 hybrid error correction tools2M Illumina short read& 0|38l PacBio read?|

sequencing errorE correctiondt CtE ZZ 0| H|of Ml £E9F H&50| F oL,

eI OIRZC

http://www.atgc-montpellier.fr/lordec/

e 2A=3 [Oo|H
- input: raw PacBio read®} sequencing error& correction®t Illumina read

- output: fasta @Al9| error corrected PacBio read

® HHO2Q of (LoRDEC)

$ lordec-correct -i <PacBio> -2 <Illumina list> -k <k-mer> -T 8 -o
<lordec.fasta> -s <k-mer cut-off>

-i <PacBio>crror correction2 =3t PacBio data file
-2 <Illumina_list>: Illumina read fileOf CH$} list
of:
fragment_pairl.fastq
fragment_pair2.fastq
-k <k-mer>: k-mer size
-T 8 AFRE CPU 7§
-s <k-mer_cut-off>: cut-off 0|5}2| depthE 4= k-mer= sequencing error2 F &, HiA.
-0 <lordec.fasta>: ZA1tE Ot 0|2

Note: fasta @A O 2 ZHE

® Zut=

# scaffold:
HUMAN/data/RUN/ASSEMBLIES/genome/final.assembly.fasta
# contigs:
HUMAN/data/RUN/ASSEMBLIES/genome/final.contigs.fasta



http://www.atgc-montpellier.fr/lordec/

5. Contig assembly

oo ®

RAM memory7} S238}X| QU7{L} HH2

AlZt3t RAM memoryZt S &26ICHH ALLPATHS-LGE AFETHCL ALLPATHS-LGE S X 77X

&=l short read assembler SO Al 7t& 71 contig/scaffoldE MAtsle Aoz LEid US.

Ol

X
=
i
rio
ot
rr
o
40
=2
rr

1) ALLPATHS-LG

o L|E

SOAPdenovoE 0|23}

7l contigL} scaffold ECt= H=tst contig?}t heterozygotic variantE Egst A20tE 21X

o
B0 = SGAE AtE3te AO| ES.

rir

- Sequencing error correctionfE{ contig assembly, scaffolding, gap-filling S whole genome

de novo assembly®| ZE 1pHO0| ZEHE|of S,
- llumina readE AF8%l= assembler & 712 £2 Zt

=)

=
=
- B2 9| RAM memoryZt HRstH Q2 AMA|ZIO| Q.

t

- Human genome (3 Gbp)°| AL %|A 500 GBS| RAM memory & Q, ¢ 3+ & 4 Q.

T2 OIREE

http://software.broadinstitute.org/allpaths-lg/blog/

U= ooy
- input: fastqg @Al 9| Illumina paired-end read?} mate-pair read ( .fq.gz 4! 7t5)

- output; fasta @ 4!9| contig/scaffold

BHO | 0 (ALLPATHS-LG =Z113H)
- PREPARE.sh m& HESICE (HUMAN assembly O ZA2)

PrepareAllPathsInputs.pl DATA DIR=SPWD/HUMAN/data \
PLOIDY=2 \

IN GROUPS CSV=in groups.csv \

IN LIBS CSV=in libs.csv \

GENOME SIZE=3100000000 \

- in_groups.csv L& (comma-separated values). 23t A2 O F7t

=
in_libs.csv | & (comma-separated values). Qs+t A2 O 7t

genomic_start, genomic_end: Zt read A AF2 P . O] 0|0 A= jumping library
(S, LHO| M 5-65 TF ARE.
Note: in_libs.cvs 2} in_groups.cvs | Library name & = SIAH 2 TICL(FR SJ, L))

LJ, Mammal, HUMAN, jumping, 1, , , 6000, 1200, outward, 5, 65

file name, library name, group name

Fragment Pair?.fastq, FR, FR-1

MatePair 2KB Pair?.fastq, SJ, SJ-1

MatePair 6KB Pair?.fastq, LJ, LJ-1

library name, project name, organism name, type, paired, frag size, frag stddev,
insert size, insert stddev, read orientation, genomic start, genomic end

FR, Mammal, HUMAN, fragment, 1, 200, 40, , , inward, ,

SJ, Mammal, HUMAN, Jjumping, 1, , , 2000, 400, outward, 5, 65



http://software.broadinstitute.org/allpaths-lg/blog/

- Assembly ™ X Z|

$ makedir -p HUMAN
S ./PREPARE.sh

- Ploidy file A44%: O LY0| 812 AP AMMEF eror of Qs ZzIa0| YXE = US.

$ touch HUMAN/data/ploidy

- RUN.sh HE

RunAllPathsLG MAXPAR=2 \
THREADS=<A}23% cpU ZHz=> \
PRE=S${PWD} \

REFERENCE NAME=HUMAN \ #data 7} M E directory 2| ALl level
DATA SUBDIR=data \ # HUMAN/data

RUN=RUN \ # HUMAN/data/RUN

SUBDIR=genome \ # HUMAN/data/RUN/ASSEMBLY/genome

TARGETS=standard \

EVALUATION=NONE \

OVERWRITE=True \

MAX MEMORY GB=800 \

HAPLOIDIFY=True \

DRY RUN=False | tee -a assembly.out

- RUN.sh &2

$ RUN.sh

e Zit=

# scaffold:
HUMAN/data/RUN/ASSEMBLIES/genome/final.assembly.fasta
# contigs:
HUMAN/data/RUN/ASSEMBLIES/genome/final.contigs.fasta

2) SOAPdenovo
o L&
- ALLPATHS-LGOj| H|3l contig & scaffold Z0|7} E 3.
- H2 &2 RAM memoryE 27ot0 HALZE Al WE.
- 45-mer AFEA| ~100 GB, 1~22 A2 (CPU 307j).
- Sequencing error correction§8 E gap-filling7tX] 2= 142 Z&std o, 2t i8S

=2|ofA A = AL ALEEO| ZhEreh

e == [|RF2C

http://soap.genomics.org.cn/soapdenovo.html

® U=H HolH


http://soap.genomics.org.cn/soapdenovo.html

- input: sequencing error & correction®t fastq &A1 9| Illumina paired-end read2t
mate-pair read ( .fq.gz "4l 7ts)

- output: fasta Al 9| contig/scaffold

PN

o 2¥utg HY

I

max rd len=101

[LIB]
avg_ins=200

reverse seg=0

asm_ flags=3

rank=1

gl=Fragl Pairl.fastqg
g2=Fragl Pair2.fastqg
gl=Frag2 Pairl.fastqg
g2=Frag2 Pair2.fastqg

[LIB]

avg _ins=3000
reverse_ seqg=l1
asm_flags=2
rank=2

rd len cutoff=64
gl=MP-3kb 1.fastg
gq2=MP-3kb 2.fastq

max_rd_len: A2 read o %L} ZO|
avg_ins: Bt insert size Z 0|
reverse_seq: --> <-- 2| AL (pair-end) 0, <-- --> QI AL (mate-pair) 1
asm_flags: contig assembly Of| A{TF AT AL 1,
scaffolding (A2t AtEE A2 2,
contig, scaffolding, gap-filling QA 25 AtEE H2 3,
gap-filling O Tt AtE S AL 4
rank: A2 &=A
ql, q2: pair & A W= ql, &= BM= g2
Note: O{2y library & At83t= 4L [LB] =7t

=

® SOAPdenovo A&l (contig assemblyE E{ gap-closingZtX|2| B & EHAE $dst= E2)

S SOAPdenovo-63mer all -s soap.conf -o HUMAN -K 45

-s soap.conf: SOAPdenovo M7 mwd

-0 HUMAN: Z1} I+ 0|29 MEA}F HUMANQI ZQ

-K 45: k~-mer size7} 4591 AL

Note: 2tZ{o| stepg =EXHZE HAMS X}t = AL0|= all Ci4l pregraph, contig, map,
scaffold S22 mASID SMS ZHHOF . XM LIS LS FA AW O|X| oA .

http://soap.genomics.org.cn/soapdenovo.html



http://soap.genomics.org.cn/soapdenovo.html

SOAPdenovo-63mer EE= SOAPdenovo-63mer --help: SOAPdenovo AREH

SOAPdenovo-63mer <command> EE=

SOAPdenovo-63mer <command> --help: SOAPdenovo command A2 H

e Zit=

- Scaffold 4Dt IOt : HUMAN.scafSeq
- Contig 41} WL : HUMAN.contig

- Assembly SA I} : HUMAN.scafStatistics

3) SGA
o LE
- Overlap 7|dto| O{MIEZ2M kmerZ O|238{A overlap F+7t2 A1 Zt readE Z T 0|0
20| HAOZ assembly .
- 45-mer At& A| ~100 GB, 1~2¢ 22 (CPU 307)
- Contig EtR[O|AM DR =& ™3z E =l

- |
- F7tM 2 2 heterozygotic variant Z10tE TS0 H.
=

oy M
Ho
finl

- Segmental duplication0| 3| e

Note: SGA= contig assembly2 E scaffolding, gap-closing7tX] 2 & CHAE —’.‘—3*433F 2= QUX|Bt
0 7|0 A= contig assembly2t M@zt Scaffolding2 SGAELC} OPERAS| Z
2N US.

e TZ M C}RZ2C
https://github.com/jts/sga

o A= Ho|H
- input: sequencing error & correctiondt fastq & A19| Illumina paired-end read?} mate-pair
read ( .fq.gz @Al 7ts)

- output: fasta @ A!9| contig/scaffold

® Contig assembly A3l

sga index -a ropebwt -t 30 corrected.fastqg

sga filter -x 3 -t 30 corrected.fastqg

sga fm-merge -m 55 -t 30 -o merged.fa corrected.filter.pass.fa
sga index -t 30 merged.fa

sga overlap -m 55 -t 30 merged.fa

sga assemble -m 55 -o NAME merged.asdg.gz



https://github.com/jts/sga

corrected.fastq: sequencing error & =743t read.

-x 3: chimeric read & HN|735}7| |3t A mer cut-off. O] AR 3 AL
£ 30: AFSH CPU 7H<. O] A2 30 74 AtR

-m 55: pre-assembly 0 A] Z 3t XA overlap. O] OO M= 55 AtE
-0 NAME: Z 1} melo| M= A}

sga EE= sga --help: SGA ALEE £H

sga <command> & sga <command> --help: SGA 7{IHE At2Y ==

e Zit=

NAME-contigs.fa: contig assembly Z1f
NAME-variants.fa: assembly 1IMHO|A 274El heterozygotic variants

merged.asqg.gz: merged.fa 2| string graph 7} 7|E& Ot

6. Scaffolding

® 0|0] assembly=l S A|2Q| scaffold N50 S2 &=0|7Lt, 2 minia assembler@} Z0| scaffolding

IHHO| Q= A Opera-LG, LINKS, SSPACE, SSPACE-LongRead 59| scaffolderE ALt
- 0] 2MO M= Opera-LG (for mate-pair)F SSPACE-LongRead (for PacBio)E O|&3%t scaffolding
nHgs 439
e AHtXMo 2 [CHASH insert sizel| mate-pair libraryE 0| &38}0] scaffoldingste 42 71N T2
insert sizeE HO|l= AS 7t WX AF2EH
- Opera(-LG)2| AR 0= 2 & insert sizeQ| libraryE SHAHRO| A2l 4L O Hetst £2
IS WACHD LN S,

® PacBio read? Illumina Mate-Pair read& 2 & At A| scaffoldingsS St= ZR0|= PacBio readE

A M8 I O F2 quality2] assembly ZutE 25 + US.

1) SSPACE-LongRead
®L|E
- PacBio long readE 0| &%t scaffolding ZZ2 1 O 2 Mate-Pair readE 0| 8%t BHELC}

—

—

o
Gl e ZME WM MY WY e 0 ZHEr,

- Running time2 contig EE= scaffold9| 7i=2F ™A LHS| segmental duplication®| H|&0]
e} SHatal & Ue. 1 ~72 A9 (CPU 307H)

e TETCH [IREE

http://www.baseclear.com/genomics/bioinformatics/basetools/SSPACE-longread

e U=H HoIH

- input: PacBio read (error correction O{E= A2QiOL} 7L Xt= raw PacBioE F=HEt)



http://www.baseclear.com/genomics/bioinformatics/basetools/SSPACE-longread

- output; fasta @ 4!9| scaffold

® SSPACE-LongRead A&

$ perl SSPACE-LongRead.pl -c <contig> -p <PacBio> -b <Output folder>

-c <contig>: scaffolding CH$t contig (EE&= scaffold)
-p <PacBio>: PacBio read file O|&
-b <Output folder>: Z1t M7 2|X| [default: PacBio_scaffolder_results]

-h fE& --help: SSPACE-LongRead AtEY &3

e Zit=

<Output folder>/scaffolds.fasta

1) Opera-LG
o g
- Mate-pair readsE 0| &3t scaffoldingdt= H|0f| U0 7I& £2 ALE Mt
scaffolder2 22{d QCt B2 BWA-MEM, BOWTIE 9| alignment =2 1zHoz A
HAIO| fileg 0|83} scaffolding Bf.

-2~39 A9QF.

HF

rlo

sam

e I OHRZC
https://sourceforge.net/projects/operasf/

o 2= [o|H
- input; lllumina mate-pair read (M2 XHSIH paired-end ALE 7ts).
- output: fasta @ 4l9| scaffold
Note: PacBio read= 2|2 H|O|E{Z2 AtR7}s 3}X|2F O] EMOA = AEfFsh

e FF0ol o 1

$ opera.sh <contig> <MatePairl> <MatePair2> <mapping file> [map tool]
S opera <contig> <mapping file 1list> <output-folder>

<contig>: assembly =l contig (£ = scaffold)
<MatePairl> <MatePair2>: contig (5= scaffold)0] mapping & mate-pair read Lt 0|
<mapping file>: .bam @AloZ =& E
[map_tool]: bwa E&= bowtie (default bowtie)
mate pair library 7t O8] 7 S AL ZH2to| 80 BE £
<mapping file list>: comma-seperated value (csv) Ao ¢l
Ofl: MP-2kb.bam, MP-6kb.bam, MP-10kb.bam
Note: SAM file & A2 7153S|LC
<output-folder>: A= X&E directory
opera = opera—h: OPERA ZZ % AtEH =


https://sourceforge.net/projects/operasf/

® Zit=

<output-folder>/scaffoldSeq.fasta #scaffold Z1}
<output-folder>/statistics #2110 CHsH EA

® HAHOO| 0f 2: config fileg O|Rsl= AL O AtA|gt 0| 7tsdiCt

$ opera config.txt

- config.txt LH&

output folder=results
contig file=contigs.fa

[LIB]

map file=(directory)/Paired-End-300b.bam
cluster threshold=5

lib mean=300

lib std=30

read ori=in

cluster_threshold: threshold O|&t9| pair 7} HZAEl AL SILEQ| cluster 2 F&
lib_mean: ™ insert size
lib_std: insert size o] E&HX}
read_ori: paired-end L} fosmid read 2| A2 22|AHO|M0| 2
---> <--—-:in
<--- --->: out (default)
O e library 7} Z2Xsl= AL [LB] =7t

o Zi=
results/scaffoldSeq.fasta #scaffold Al
results/statistics #4010 CHSH EA
7. Gap-filling

® Illumina short readZE 0|83t= ZLIMAGE, GapFiller, Sealer, GapCloser 5o T2 122 0|&3}0]
contigZto] E=XsH= gap2 M 2= UYL, AL} short readS 0|t ZL I L mis-
assemblyE i 4 UA2L=Z FoI|E Q%

® Gap-filling THAO| A 2] mis-assembly 2HE 2t351517| 2|sAM= PBlelly 52 0|&3}0 PacBio read
2 MK gap-filling2 £t 1 0|=0| GapCloserS2 0|83}0] short readZ gap-fillingst= Z
o £3

e

® PacBio readE 0|8%l= 4L PBlelly, GMcloserS& 0|&23stH EC Hetst gap-filling Z1tE 7| Cf

=

3l A O]l
2 = US.

1) PBJelly
o g



- PacBio readE A}FE3}7| 20| Illumina readO| A FHH3S}K

7bsSHC}E Ch 16bp 0|819| gap2 low-quality o2 7t38l0] gap-fillingE

- BLASRE mapper2 At23%}7| If20f Cfa =2

- Gap-closing 1’4 0j|A{ PacBio read&

errorE correctionstA| &0 AFESE B

-1~3%F A8

e I OIR2ZC

consensus& A

Hi St
St

https://sourceforge.net/p/pb-jelly/wiki/Home/

e U=H HolH

- input: fastg/a @ 4!9| PacBio read (error correction O £9f

- output: fasta @ Al9| scaffold/draft_genome

® protocolxm| It HA

|
=

AbT}
O -

23t= g

XK¥Y 1T o~

K| gap-fillingO|

SHA| B3.

sisl7| 20 PacBio read?| sequencing

Bo| A8 7ts)

<jellyProtocol>

<blasr>-minMatch 8
<input baseDir=".

</input>
</jellyProtocol>

<reference>scaffold.fasta</reference>
<outputDir>PBJelly</outputDir>

-minPctIdentity 70

-bestn 1
maxScore -500 -nproc 20 -noSplitSubreads</blasr>

/">
<job>PacBio</job>

-nCandidates 20 -

nproc 20. mapper Q! blasr 7} At
SME default 2 Al

Note: Ct2

® PBlelly

I6H
o

S CPU 2%

Sh= A

Jelly.py
Jelly.py
Jelly.py
Jelly.py
Jelly.py
Jelly.py

vy Uy Ur U Uy U

setup protocol.xml
mapping protocol.xml
support protocol.xml
extraction protocol.xml
assembly protocol.xml -x
output protocol.xml

"--nproc=20"

--nproc=20: assembly EtAH A AtEF C
Jelly.py --help: PBlelly =22 ALEH =

® Zut=

CPU A

%

1H

PBJelly/jelly.out.fasta

2) GapCloser


https://sourceforge.net/p/pb-jelly/wiki/Home/

® L{L: Illumina readof stsfA AtE 7lsgt

-2~74 289

e ZZ M OIRZLE

http://soap.genomics.org.cn/soapdenovo.html

® U= HolH

- input; error correctionZl Illumina read

- output: fasta @ Al9| scaffold/draft_genome

® HHO{O| 0f (GapCloser ™= 1 2H)

$ GapCloser -a assembled.fasta -b read.lst -o output file.fasta -t 30

-a assembled.fasta: gap-filling CH&F scaffold EE= draft genome
-0 output_file.fasta: A1} e 0|
-t 30: AF2T CPU 7l%=. O] Of|OjA= 30
-b read.Ist: Illlumina read file & CHSt list
of:

Fragl_1.fastq

Fragl_2.fastq

Frag2_1.fastq

Frag2_2.fastq

Note: SOAPdenovo & 0|&35}0 config file 2 asm_flag & 4 2 Z™3I = A= E.

e Zit=

output file.fasta

8. Quality assessment
® Hx QMK (reference genome)0| ZEXst= A0 Sl de novo assembly A0 CHSH quality

assessmentE & £ 2.

1) QUAST
® L &: Draft genome2| N50 &4 & YLEHHQl metricdt i &= KTt TAME 08310
mis-assembly@} variation S& Z0QI%t.

“1~2F 48

e I OIREC

http://bioinf.spbau.ru/quast

o U=H HolH


http://soap.genomics.org.cn/soapdenovo.html
http://bioinf.spbau.ru/quast

- input: fasta @A!9| draft genomelt X QTN Mg, off FAIO| AHEX AN ot

o 11—

(ex) draft.fasta, reference.fasta, reference.gff

O

- output: reporttxtE ZEaot 2+F Zup ot

FE02 o (QUAST Z==2#)

$ python quast.py -R reference.fasta -G reference.gff3 -t 16 \
draft.fasta

-R reference.fasta: &ZX XK

-G reference.gff: annotation =l EZx ALK
-t 16 A& CPU 7li%=. O] OO M= 16
draft.fasta: assembly £l draft genome
--help: QUASTO| CHot XiMet M8 43 =

Z2it=

o
# Zih ot
report.html

report.txt
report.pdf

aligned stats/

contigs reports/

contigs reports/nucmer output/
basic starts/

genomgistats/

# 2= N& directory=(®M dir) /quast results/results (X L A|ZH

® report.txt Q| O (CtZ HH 0| X|)




All statistics are based on contigs of size >= 500 bp,

noted (e.g., "# contigs

all contigs).

(>> 0 bp)" and "Total length

Assembly Draft genome
# contigs (>= 0 bp) 1823

# contigs (>= 1000 bp) 1795

# contigs (>= 5000 bp) 531

# contigs (>= 10000 bp) 313

# contigs (>= 25000 bp) 122

# contigs (>= 50000 bp) 84

Total length (>= 0 bp) 1021077665
Total length (>= 1000 bp) 1021050359
Total length (>= 5000 bp) 1018557814
Total length (>= 10000 bp) 1016929008
Total length (>= 25000 bp) 1014081076
Total length (>= 50000 bp) 1012752244
# contigs 1823

Largest contig 196835485
Total length 1021077665
Reference length 1046932099
GC (%) 41.56
Reference GC (%) 34.10

N50 90110113

NG50 90110113

N75 29324116

NG75 23365841

L50 4

LG50 4

L75 9

LG75 10

# misassemblies 13106

# misassembled contigs 401
Misassembled contigs length 1014111047
# local misassemblies 15209

# unaligned contigs 54 + 393 part
Unaligned length 2532354
Genome fraction (%) 94.053
Duplication ratio 1.034

# N's per 100 kbp 1888.17

# mismatches per 100 kbp 505.72

# indels per 100 kbp 86.12

# genes 459 + 292 part
Largest alignment 2617572
NAS50 404236

NGA50 395057

NA75 189637

NGA75 173519

LA50 710

LGAS50 743

LA75 1629

LGAT5 1736

unless otherwise
(>= 0 bp)" include
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