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NET—5 DEUS EFIFE

SEIDFETICHEIRT —F (F D 0— FEH)
m UIJPLRT A
— http://support.illumina.com/sequencing/sequencing_software/

igenome.html
= llumina
Saccharomyces cerevisiae (Yeast) Ensembl RE4-1-1 EF4
NCBI build2.1
Ucsc sacCer3 sacCer2

B EITUROS T > X7 —4
— ftp://ftp.ddbj.nig.ac.jp/ddbj_database/dra/fastq/ERA038/ERAO3
8218/ERX015989/ERR038793_1.fastq.bz2

— ftp://ftp.ddbj.nig.ac.jp/ddbj_database/dra/fastq/ERA038/ERAO3
8218/ERX015989/ERR038793_2.fastq.bz2

.DRASearch Send Feedback I Search
CrasTOD isRA

Run Detail Navigation

Alias SC_RUMN_6178_5%1 Submission ERAO38218

nnnnnnnnnnnnnnn Study ERP0O0ODS547

Date of run Experimant ERX015989
Sample ERS024966

Run center
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DU I 7 LR ) AT —FDEUSHE

$ wget ftp://igenome:G3nom3s4u@ussd-
ftp.illumina.com/Saccharomyces cerevisiae/NCBI/build3.1/Saccha
romyces cerevisiae NCBI build3.1.tar.gz

$ tar zxvf Saccharomyces cerevisiae NCBI build3.1l.tar.gz

lumina@OWebRXR—5 U T 7 L2 R ) L©ZBUE UBER (1775 ).

$ 1s -1 /home/iu/genome/sacCer3

-rwxrwxr-x 1 iu iu 12400379 7H 4 19:50 genome.fa
-rwxrwxr-x 1 iu iu 14 7H 4 19:50 genome.fa.amb
-rwxrwxr-x 1 iu iu 562 7H 4 19:50 genome.fa.ann

/home/iu/genome/sacCer3(CAcEL TH D EXT,

O m eheff © Amelieff Corporation All Rights Reserved 11



- ________________________________________________________________
NET—5 DEUS EFIFE

BT SRDS —o 2 AT —SDEUSHE © (Ei7T7EH)
http://trace.ddbj.nig.ac.jp/dra/index.htmI\J77 2t X,

ZDDBI Login & Submit = Databases- | Japanese Contact

= G T Basd o b

Custom Search | |

Sequence Read Archive (|jck!! —

Home Handbook FAQ Downloadw Pipeline About DRA

News

2014-05-13: New DRA submission system is released. |=== .

We have released the new DRA submission system. For major changes, please see the slides and new handbook.

(6th, June, 2014)
For submissions with status "new" which had bean created before 12th, May, 2014, addition or deletion of metadata objects could
cause errors. It is recommended that download metadata as a tab-delimitad text file and upload it into a newly created submission.

DDEJ Sequence Read Archive (DRA) is an archive database for output data generated by next-generation sequencing machines
including Roche 454 GS System@®, llumina Genome Analyzer®, Applied Biosystems SOLIDE System, and others. DRA is @ member
of the International Mucleotide Sequence Database Collaboration (INSDC) and archiving the data in a close collaboration with NCEI
Sequence Read Archive {SRA) and EEI Sequence Read Archive (ERA). Please submit the trace data from conventional capillary
sequencers to DDBJ Trace Archive,

e
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NHT—5 DRV S Fil

TR DS — T > A5 —SFDORERE @ (Ei17FH)
ERR038793Z& R,

.DRASearch
Accession :

Organism : StudyType :

CenterMName : Platform :

Keyword :

Show |20 ¥ |records Sort by |Study v 1]» Clear |
click!!

HEE3AF—T— FMRZRTE]HEE
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Nihe —

— S DEs CHIFE

BEATISRDS — T > AT —
EERSF = SR

S DHUS

2DRASearch N
(:FAST

Run Detail

Alias SC_RUN_6178_5#1
Instrument model
Date of run
Run center
Number of spots 739,873

Number of bases 147,974,600

READS (joined)

>ERRO38793-1
GGACAAGGTTACTTCCTAGATGCTATATGTCCCTACGGGCCTTGTCTAACACCATGCAGCATGCAATAAGGTGAGATAGAT
ATACCCACACACCACACCCTGTGGAGTTGGATATGGGTAATT GGAGGGTAACGETGGGT GAGT GGTAGT AAGTAGAGGGA
TGGATGGT GGTTCGGAGGGGT AT GGT T GGATGGGACAGGE

show 10

quality T rows |<< <1

>ERRO38793-2

TGGTGGTATAAAGT GETAGGGTAAGTATGTGTGTATTATTTACGATCATTTGTTAGCGTTTCAATATGGTGGGTAARAAC
GCAGGATAGTGAGTTACCGACCACACACCACACCCACACACACGCACACACACACACCCACACACCACACCCACACCCAC
ACCCACACCCACACCCACACACCACACCCACTAACCCTAA

=R

KATH)

Send Feedback Search

Navigation

Submission ERAD38218
Stud REOOO547
ERX015989

ERS0249665

Experiment
Sample

click!!

/ 73988 |Page||>||>3|

amelieftf
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INBES .

AT RO —T > X5 —
S - 2F—

Experiment Detail

Title

Design Description

Organism

Library Description

Name

Strategy
Source
Selection
Layout
Orientation
Nominal Length
Nominal Sdev

Construction
Protocol

- ________________________________________________________________
— S DEs CHIFE

SYDEUSHE @ (S=17/A77)

5 DR TR

Illumina sequencing of library 2414804, constructed from sample accession ERS024966 for
study accession ERP000547. This is part of an Illumina multiplexed sequencing run (6178_5).
This submission includes reads tagged with the sequence ATCACGTT.

Saccharomyces cerevisiae

2414804
WGS
GENOMIC
RANDOM
PAIRED

462
41

Standard

X —EBDFECEK

e ——
amelieftf
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NHT—5 DRV S Fil

TSRO —T > RT—HDEISHE ® (Ei177H)
CUIT“Q‘\Ij >|:I_ I<o

$ cd /home/iu/reseqg/data
$ wget ¥

ftp://ftp.ddbj.nig.ac.jp/ddbj database/dra/fastq/ERAG38/ERAO38
218/ERX015989/ERRO38793 1.fastq.bz2

$ wget ¥

ftp://ftp.ddbj.nig.ac.jp/ddbj database/dra/fastq/ERAO38/ERAO38
218/ERX015989/ERRO38793 2.fastq.bz2

/home/iu/reseq/datalc¥ O >O—RUTHDET,
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NHT—5 DRV S Fil

BRI SRODS — > AT —HFDEESAZE ® (115
JE5E 0 7 1 )LODERER,

$ 1s
ERRO38793 1.fastq.bz2 ERRO38793 2.fastq.bz2

SERANDT —ZEbz22ERX TIEficN TULE U

$ bzip2 -d ERRO38793 1.fastq.bz2
$ bzip2 -d ERRO38793 2.fastq.bz2

/home/iu/reseq/datall(IFREBED I 7AILABECEL CTHDFET,
VIRIITVICK O TCEEBBENEEZTEFDOIT 7AMILVERADEDESHDET,
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read quality
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DAV« 2> hO—-I)LEF

5 LMERCTRWSNDSEROAUST > bO—)LY =)L,

FastQC -+ AUy FVvORYVINDIT T,

FASTX-toolkit - -+ CCEMNIEEZAEI AV T 2> ~O—ILY =)L,
PRINSEQ - - PerlCEMNIEZHee O A U7« 2> bO—)LY =)L,
Trimmomatic --- JavaCTEMNIz hU =20V —)L,

etc...
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sequence
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i
1
i
1
1
1
1
1
read H
i
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N

reference
genome

CATTAGT TGO CAAACTTATTAAGCCAACAGTACTTGTGACT AGAATTTTTTAT TATATCGCCAATATTTAATGATAAACATAATATA
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B BWA --- IndellC#U\Fv v ITHSEDOYY ETY—)L,
B Bowtie2 --- >3—KNJU—-REDODYYE>DOVY—)L,
B SOAP2 --- XKE>3— hJ-REEYYE>ZDTY—IL, IndelRE],
B Novoalign --- NovoCraftttM& . F+ v IHFFHOIYvE>TY—)L,

m etc...
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ZEWRHEOBIIC @ ~Base Recalibration~
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ZERDE(E

T LERCTAHVLBNDIERREY —)L,

A)

Charles D. Warden et al.,

B)

Hasan et al.,

GATK HaplotypeCaller
GATK UnifiedGenotyper
VarScan

etc...

Peer J, 2014

Human Genomics, 2015

of indels called

Number

A) .
i | |I |||| L
| ] snmn
a -
T g4
b
= H
E : : T
& g o i
& H
2 o P
o -
T 1 T T 1 LB T
GATE G.'?ITI( GATK VarScal VarScan
B) (HC-al) (HC-HO) |UC' an UG-HQ  (Defa Ir| .;cD.-.; {P-value)
40000
35000
30000 +
25000 1
20000 14
15000 -+ :
10000 |

5000

1 357 911131517192123252729313335373941434547495153555759616365676971737577
Sample ID

== GATK_UG =——VarScan e=—Pindel =—=SAMtools =—Dindel ===GATK_HC - Platypus

amelieftf
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ZERNE(S

Version highlights for GATK version 3.6

Geraldine_VdAuwera

= What better way to start the summer than with a new GATK release?
ER%} i H&G/ \ | K Umm no don't answer that, there's loads of good options. You could have a barbecue, eat some ice cream, go on a hike if that's the sort of thing

that floats your kayak... Or you might live somewhere where winter is just starting and everything | just said there was terribly insensitive. Sorry.

Ahem. As | mentioned in my recent sneak preview blog post, the bulk of our development effort (speed! copy number! unicorns!) is now going
into the GATK4 project. Accordingly, development in the GATKS framework is winding down, so this release consists mainly of bug fixes, added
convenience functions, and relatively minor behavior tweaks.

That being said we do have a few new experimental features in the VQSR tools (which haven't yet been fully ported to GATK4, hence the
ongoing development in GATK3) that are pushing the envelope of allele-specific filtering. So that's interesting, if not yet fully documented
(someone should really get on that). And you'll probably care about some of those tweaks | casually mentioned above — in fact | guarantee that
at least one of these things will matter to you in some way.

As usual, here | go over the changes that matter the most / to the most; consider going through the release notes as well for a full list of

Realignment(&
GA I K H I t ( : I I —b One version of Java to rule them all
a p O y p e a e r Possibly the most sweeping change in this version is that it introduces support for Java 8. As noted recently, when we switched our test

framework to Java 8 we encountered multiple failures in GATK 3.5 tests, which | discussed here. We fixed the underlying issues, so from version

N 3.6 onward GATK now runs reliably on Java 8. As a nice bonus, this puts us back into sync with HTSJDK and the Picard toolkit, which had been
M u I ect 2 ;Ei 1% % a 1 l (g running on Java 8 for a few months already. If you were doing it right, you had both versions of Java installed and ran each toolkit, GATK and

Picard, on the appropriate version. How much hassle? Too much hassle! — Now you can run everything on Java 8.

~ —_
M\gfd: (/ \ t (/ \ j (G t t\\ \ ET finally gets home; discovers phone bill, flees to Canada

Here's another change that will affect everyone regardless of use case, in a good way: we removed the Pt Home usage reporting system. It

\ —~ ll_ni E —_— served its purpose for many years, but we've outgrown it. So we ripped it all out. If you previously used a key to deactivate it with the -et
A | K . b * ( LA 4 o NO_ET and —key <your_key> arguments, you can stop and take those out. Or if you're just too busy, leave them in — the Phone Home code
s is all gone but we left in the argument definitions, so the parser shouldn't fail if you leave them in your commands. This shouldn't break any
scripts

Indel realignment tools drop out, go open-source

In the next few days we'll be making some updates to our Best Practices documentation to reflect updates to our production pipelines, and one
thing you'll notice is that local realignment around indels is no longer included in the pre-processing part of the pipelines. More on that in a
follow-up post; in a nutshell, indel realignment is just not useful enough anymore when you're calling variants with haplotype-based tools like
HaplotypeCaller and MuTect2. This does mean we will no longer support the indel realignment tools as actively; but since others may care more
about preserving and possibly even expanding this functionality, we've decided to move the relevant tools, IndelRealigner and
RealignerTargetCreator, and related classes to the part of the GATK that is open-sourced under the MIT license.

EET(E
GATK HaplotypeCaller(C K DZED—FREZITLNE T,

e
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B SnpEff --- SMEEERT7 /) FT—> 3>V —)l, & REIMIEBITIE,
B Annovar --- &%geRR)77/7—>3> V=)L, & bDH,
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AEERICIT O I0O—,

FastQCIC KD IOAUFT 4 FIT VD
L]
TrimmomaticlC kD3 UAVUFT > bO—JL

]

BWA mem(CkBd~YwvE>D
L]

GATK HaplotypeCaller(C X2 ZE&H
L]
GATK VariantFiltration[CKB3ZED I v JLFU >

]

SnpEff[CkDI77 /) F7—=>3>
L]

IGVI(C KBS ERDBEIFRAE

e
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(FU&HIC

reseqT - L2 MUICEEH L TLIZEL,

$ cd /home/iu/reseq
$ 1s

data

BR(CERTDIT AT —INENTHDFET,
EHI DRICITHERNHODFT,

e
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NRT—S DESR

fastad 7 1)ILDOFB= R THB.

$ less /home/iu/genome/sacCer3/genome.fa

>chrl

CCACACCACACCCACACACCCACACACCACACCACACACCACACCACACC
CACACACACACATCCTAACACTACCCTAACACAGCCCTAATCTAACCCTG
GCCAACCTGTCTCTCAACTTACCCTCCATTACCCTGCCTCCACTCGTTAC
CCTGTCCCATTCAACCATACCACTCCGAACCACCATCCATCCCTCTACTT
ACTACCACTCACCCACCGTTACCCTCCAATTACCCATATCCAACCCACTG

1978 : A>F 4%
27TELE ¢ ERROBLSIEHR

X [ql CHRIBZ#RT
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NRT—S DESR

fEATXYSRDfastq T 7 1 )&= SR

$ less data/ERR@G38793 1.fastqg

@ERRO38793.1 1 length=100
GGACAAGGTTACTTCCTAGATGCTATATGTCCCTACGGCCTTGTCTAACACCATCCAGCATGCA
ATAAGGTGACATAGATATACCCACACACCACACCCT

+ERRO38793.1 1 length=100
D/DDBD@B>DFFEEEEEEEEF@FDEEEBEDBBDDD : AEEE<>CB?FCFF@F ?FBFF@? : EEE : E
EBEEEB=EEE.>>?=AD=8CDFFFFFEFEF@C? ;DC

fastq7 7 1)Lz R THB.
197H :  @BcHIID &AIh0iEER
2978 . 18ERS

3177 ¢ +ECHIID &AIN0IEH

4178 : )5
75 IAITA X fastq 7 1MILIF1U — RBIED4ITTRESNE T,

O m eheff © Amelieff Corporation All Rights Reserved 33



NRT—S DESR

FRNTIIZRST — S DU — REEHEER.

$ wc -1 data/ERR@38793 1.fastq
2959488 data/ERRO38793 1.fastq

29594881TH DD T. U— FEUE
2959488 / 4 = 739872L735.

$ wc -1 data/ERR@38793 2.fastq
2959488 data/ERRO38793 2.fastq

N7 L2 RIRDTERR0O38793_2.fastqla
HEBE3AR0Y — REZEFI D,
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AU« > bO—IL

ST ROA VT4 FTv IOV T DT I7FastQCOFBIT
$ fastqc -v

FastQC vO0.10.1

IN—=3 > 7R (20168 7RIR7E. &#hk(dv0.11.5),

$ fastqgc -h

FastQC - A high throughput sequence QC analysis tool
SYNOPSIS
fastqc seqfilel seqfile2 .. seqgfileN

fastqc [-o output dir] [--(no)extract] [-f fastq|bam|sam]
[-c contaminant file] seqfilel .. seqgfileN

fastgBAFHC.sam¥>.bamEr]ge. & T 7 1 )LDIEEERIEE,
e
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AU« > bO—IL

=T RATDA VT4 FT VOV T DI I7FastQCDELT
$ mkdir fastqc_before

$ fastqc -o fastqc _before -f fastq ¥
data/ERRO38793 1.fastq data/ERRO38793 2.fastq

$ 1s fastqgc _before

ERRO38793 1 fastqc ERRO38793 2 fastqc
ERRO38793_1 fastqc.zip ERR@38793_2 fastqc.zip

FNTFERDOhMIT 7 AL TETWVWBD T, CN&ET SOY (firefox) THEER
LTHET.

$ firefox ¥
fastqc _before/ERRO38793 1 fastqc/fastqc report.html ¥
fastqc _before/ERRO38793 2 fastqc/fastqc_report.html

JSOYTHTH2DEMN.
DAVFT 4 F TV IDFTERNMERTETE T,
e
am elleff © Amelieff Corporation All Rights Reserved 36
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DAUT 1 Z —)L

\/
va

FastQCOD#sERHEsR & Basic Statistics

@ Basic Statistics )
Filename ERRB38793 1.fastq

@ Per base sequence quality

@ Per sequence quality scores File type Conventional base calls

) Per base sequence content

Encoding Sanger / Illumina 1.9

@ Per base GC content

@ Per sequence GC content TDtEl]_ SE'qLIE'FIEE'S 739872
@ Per base N content

Filtered Sequences @
@ Sequence Length Distribution

@ Sequence Duplication Levels SE-qLIE-r'Il[E- -LE'ﬂgth 186

@ Overrepresented sequences

) Kmer Content %6C 37
@ Gl N Basic Statistics

7 1 )LDOERI QB
o SEE (warning) j) AILFAT>, U—RE. U—-RE
IR EDBHRNFTREIND,
) MEESL D (failure) C C Cldwarning, failure(di7Ruy,

e
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AU« 2 ~O-)L

FastQCOOFERHEER

@ Per base sequence quality

Quality scores across all bases (5anger S lllumina 1 .9 encoding, )

Per Base Sequence Quality

faEh(ED — R, #itEh(Iquality valuez
FI.

— RODMAUEBICHITDEERDTA )T+
DHFRIYEVDT Z R TE D, TRer(EH
oME. FERIEFIEE. Ee0/RY IR
25%~75%MDMEigZExRT, ETFICHUE
20V —H'10%~90%DMEEZE TR T B,

O m eheff © Amelieff Corporation All Rights Reserved 38



- ________________________________________________________________
AU« > bO—IL

FastQCOOFEERIES @

@ Per sequence quality scores

Quality score distribution over all sequences

Awverage Quality per read
200000

175000

150000

Per Sequence Quality Scores
fEgmnt L — &Y. t&EEH Phred

quality scoredDI¥1I{E,

8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 23 30 31 32 33 34 35 36 37 38 39
Mean Sequence Quality (Phred Score)

e
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FastQCOOFEERIES @

7 Per base sequence content
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Sk

- Per Base Sequence Content
U — R EHBITDMAUE TORIEEDE
829,
WINHDLET. AETOEISDE.
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o F— J= &Ewarning. 20%_E Tfailure &
—
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va

FastQCOOFERHEER

@ Per base GC content

Per Base GC Content
J—RICHITDUETCDGCEEZRT
WINHDAIET. EERTDGCESED
FEUEL D 5% EDENFHL &
warning, 10% Cfailure& 78235,
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FastQCOOFERHEER

(7 Per sequence GC content

GC distribution over all sequences

0000000000000000000
Theoretical Distribution

00000

Per sequence GC content

h J— R GC SEDONHHRENTL
°°°°° B, U—RICEEND GC SE2(F—H%
o (CIEMDMICHED EESNTWLD, 1ER
°°°°° DAL, TOKEN 15% M E
°°°°° 25(3E Warning &Esnsd. £z,

°°°°° 30% BRI Failure &N,
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FastQCOOFERHEER

@ Per base N content

ssssssssssssssssssssss

Per Base N Content

‘NI —T0 25 —0DRI-E TATGCL)
INDIEER(CEREHFKIMNDIZ
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faillure&7185,
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DA )7« 3> ~O—-)L

FastQCODFERIER

@Sequence Length Distribution

Distribution of sequence lengths over all sequences

000000

OOOOOO Sequence Length Distribution
000000 IJ — HEODé{j:O)ﬁﬁo

ECOY—RORESNMEULTHDZ
CZAHRELTCHD. —ETRIITN

000000

000000 (Fwarning. CODOEDHESENT
oooooo LB &Efailurellied,

000000

Sequence Length (bp)
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FastQCOOFERHEER

@ Sequence Duplication Levels

Sequence Duplication Level »>= 5.72%

lllllllllllllllllllllllll

Sequence Duplication Levels
— RODEEILANILZRTLD,
1~10(FZENZENEEDLNILT,
ARD20% U LN T -0 TRWE
DIz Ewarning, 50% M AV 1= —
TRV Efailure &R B

eeeeeeeeeeeeeeeeeeeeeee

Overrepresented Sequences

@ Overrepresented sequences E%g L/ t L \5 anu &' %Gj%ﬂu{:l_\%%j °
R BEDRBINSY — R0, 1% %18
AdEwWarning, 1%ZiEXdE
failure£738%.
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DA )7« 3> ~O—-)L

FastOCOiEERER K-mer Content
aStQEOAERIE K bpOHERE DAL (K-mer) & & X

25, SA TS UICEFNDATGC
DEGZ T [ERERICEB=NIZE
A /R (CERRI SN D HEIFFE] Z5T
BLTWSD (T IAILMIK=7),
TNTNDESDEHICDONT, X
AINEIFHEZ A E < EED TULBHE,
TNUIS AT S Y I(CERHINRRON

@ Kmer Content

HDEFEIRSN D,
SEERE==S =1 [SAME/HAIHE] (. U—FEE
Em AN NN RICHITDETELE. U—RDH DM

u B COFTEZITL., 2IKRICHBITDIE

S e s sk s s M3ME. U—RDOHBMNEICHITD
ENSAE(CRD Ewarning, U—R
DHDMUEICHITDIEN10/E(CR
5 Efailure&E718 B,
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He) AU DENT—H

(%) Per base sequence quality Q Per base sequence content
Quality scores across all bases (Sanger / lllumina 1.9 encoding) Sequence content across all bases
40 N TAE T AE I OF T AR e 100
. i i :
26 “H—ﬂ\h‘ || a0 Yol
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=AM E EUIA YT DEWVNT—SFEBI(CT DESH
wmIFEUREMN HAB -2 —55>X - NUZTREIC,
RN RVIMESR T D EEZBIITHULET,
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DA )7« 3> ~O—-)L

DAVUT+ ZE LB DEHIC (amelieffDizs

FASTQEER(CN W FITDNFT VY

-
S—AOA T4 F v (FastQC)

Illumina CASAVA filter [Y] ZBR=E

||
DAVUFT 1 20KimH80%E LDV — R&ffE

||
DAVUFT A1 20KEmDFKiImZE bV A

||
RADIBE(N)NZ LD — RERE

||
FCHIRAEVLY — RBRE

||
R#lDHDY— R ZERSH

||
F—FIAUF 4 FT v (FastQC)

|

BRAISTENFET DO
ANIRD(F
[WLIEDOARE] &
[ALIBDIEE ]

HIZ (&

] /g U |\O) 7/3 (=N

U — ROKRENFRIVEN
CTUFDHEEE

)z (L

NI L |\ ) — |\@ 7/ZJ_I:I N
NRI7HMEID TLVRLE
JYE>DOY D MMELE
ERSEI: S
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DA )7« 3> ~O—-)L

SEIDOT —2 (T BUIE (Trimmomaticx FL\z—iEULIE)

$ mkdir trimmed_data

$ java -jar /usr/local/bin/trimmomatic-0.36.jar ¥
PE -threads 2 -phred33 -trimlog trimmed data/log.txt ¥
data/ERRO38793 1.fastq ¥
data/ERRO38793 2.fastq ¥
trimmed data/paired output ERRO38793 1.fastq ¥
trimmed _data/unpaired output ERRO38793 1.fastq ¥
trimmed _data/paired output ERRO38793 2.fastq ¥
trimmed _data/unpaired output ERRO38793 2.fastq ¥
SLIDINGWINDOW:5:20 LEADING:20 TRAILING:20 MINLEN:860

Gus SEFMT I 25 —4 (FFastQCIC KD IA T F T W IDkE

- R THEHDD ] SN EIERIEHDDEFEATUR,

O e Dz, SEFY— RERIDIA T4 HNE BB Z U A
G FRCETOIAVFT A DELIFTZRDET,
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AU« 2> dO-)L

TrimmomaticddA T3>

PE: RI77L> ROIETE.

-threds: fER9I AL W X,

-phred33: AU« X7 DstEIGE,

-trimlog: logZJ 7 1 )LDARBIHETE .

SLIDINGWINDOW: D > ROYA X EFIFTA U T 1 DFEE.
LEADING: U— FDFEENS MU LMIEZR UKD T RIAY 11
TRAILING: U — FORIimh5 b AMIEZIRUIZEO FROIAY 71 1
MINLEN: U— REDEDZFET DREE.

o

mt o

o

e
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QCRRDIGRHMESR

$ mkdir fastqgc_after

$ fastqc -o fastqgc_after -f fastq ¥

trimmed _data/paired output ERRO38793 1.fastq ¥
trimmed data/paired output ERRO38793 2.fastq

$ firefox ¥

fastqc_after/paired output ERRO38793 1 fastqc/¥
fastqc_report.html ¥
fastqc_after/paired output ERRO38793 2 fastqc/¥
fastqc_report.html
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AU«

—J)b

TrimmomaticlC KD TIA VT > bO—)LOFEER

F—HOAUF 4« F v (FastQC)

||
DAVUF 1 20KEDY— REKinx bY LA

||
AEeSIRDENY — RERE

||
RElDHDY — R RS

||
F—FIAUF 4 FT v (FastQC)

(7] Per base sequ
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BWA memI(C kDY W E> D%

$ bwa mem -help
Usage: bwa mem [options] <idxbase> <inl.fqg> [in2.fq]

A 5w IO T7A)LEMRDfastqT 7 1 ILNEBERESNTULSB,

) UJ7L>RET ) LADFASTAT 7 1)L
(X FT DA T v IR T7A)L

C» =
J71)l

search!!

FASTAD 7-1)L

»
»

direct!!

SR U Tz BRI
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BWA mem®D- > 5w XTI 71 )AERK

$ mkdir -p Scerevisiae/BWAIndex

$ cd Scerevisiae/BWAIndex

$ 1n -s /home/iu/genome/sacCer3/genome.fa
$ bwa index genome.fa

$ 1s

genome. fa genome.fa.ann genome.fa.pac
genome.fa.amb genome.fa.bwt genome.fa.sa

A>TV IORXITT7AILZEIGINT DT A )L = Ve LTS EN.
DID7 L >RGOy O O%VER U,
TNZHWNTCA TV IR T 7AILEVERNRT B

e
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<JwvE>D

BWA mem(CKBYVE>T (CTHhBIELT7AILTITWETD, )
$ cd /home/iu/reseq

$ mkdir mapping

$ bwa mem -M ¥

-R '@RG¥tID:ERRO38793 1¥tSM:ERRO38793¥tPL:Illumina’ ¥
Scerevisiae/BWAIndex/genome.fa ¥

trimmed data/paired output ERRO38793 1.fastq > ¥
mapping/ERRO38793 mapped.sam

-M: SAM/BAM T 7 { JLOFLAGHZ MDY T b DO T 7 (ICHIRMEDSH B EDI(C
ZTEI D,

-R: RG (read groups) DIEHZE[M5I D, #EOY > T)VEHRINEEL T
WBIRE(CEA. GATKTBAMI 7 1 JL&RS (ClEplatform (PL) BLV
sample (SM)H'wiZE,

PLODA : 454, LS454, Tllumina, Solid, ABI_Solid

e
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<JwvE>D

SAMZD 7 A )LZBAM J 7 1 )LICZEH#4,

$ samtools view -b mapping/ERRO38793 mapped.sam > ¥
mapping/ERRO38793 mapped.bam

$ 1s -1h mapping

total 211M

-rw-rw-r-- 1 iu iu 41M 7H 13 17:14 ERR0O38793 mapped.bam
-rw-rw-r-- 1 iu iu 17IM 7H 13 17:13 ERRO38793 mapped.sam

171IMDSAM T 7 A ILIMAIMD) A F U T 7 A JLICE =T,
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BAMD 71L&V — b 4257w AVERK.

$ samtools sort mapping/ERRO38793 mapped.bam ¥
-0 mapping/ERRO38793 sorted.bam

$ samtools index mapping/ERRO38793 sorted.bam

$ 1s mapping

ERRO38793 mapped.bam ERRO38793 sorted.bam
ERRO38793 mapped.sam ERRO38793 sorted.bam.bai

BAMD 7 A I)LZ@ERICIRDTZHDA 27 IR T 7 A )L7ZVERK

e
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N EDDREREWRT D,
$ samtools idxstats mapping/ERRO38793 sorted.bam

chrI 230218 8958 %)
chrII 813184 34924
chrIITI 316620 15039
chrIv 1531933 64370
chrIX 439888 19710
chrM 85779 22048

OO0 OO0

158 : O>F 0% (fastad 71 )LDOAWA)

2518 A>T 0DES

I . wwvESTEnizU— R#

4518 1 v E>TdEnmEhofzl)— R

3FIE AT )y < ST ENE)— RDGE

AG|EOHH ) < TSN 2 — RODEAES
.
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<JwvE>D

NV ESDORRZE., I 5. @

$ wc -1 trimmed _data/paired_output ERRO38793 1.fastq | ¥
awk '{print $1/4;}’

597105

fastqo 7 1)LF4471 VU — RIQDT. fastqd 7 1 ILDITEZATE| 5 J= 8
IJ - '{ﬁyt\\a—o

$ samtools idxstats mapping/ERRO38793 sorted.bam > multi.txt
$ awk '{sum += $3} END {print sum}' multi.txt

576020

$ awk '{sum2 += $4} END {print sum2}' multi.txt

22086
.,
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e
<JwvE>D

Ny ESDDRREIRDIRD.

£ — R#: 597105
IwvE>TdEnizy— R#: 576020 }
JwvE>TEnihoizY— RE: 22086

A=

51598106

NwvE> TNz — R

N ETEnighoTzU— Rt

1001V — RZEFNILFEY MCKDED
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<JwvE>D

NILFEY hUTEU—RZRE. 22— YU—-RFDHICT D,

$ samtools view -b -F 256 mapping/ERRO38793 sorted.bam > ¥
mapping/ERRO38793 unique.bam

« view : sam/bamZ{KSHT IV R

« -b: HHNZBAMI 7AILICT D

- -FiEEESNEIZIOMIGENIEY — RZERINTD
R EIIRRZEHRT D,

$ samtools index mapping/ERRO38793 unique.bam

$ samtools idxstats mapping/ERRO38793 unique.bam > ¥
unique.txt

e index : BAMJ7AILDA>FT VORI 7A )L %{ERR I D
e idxstats : 12TV IRITF7AILDAT—HXERRT D
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XY ESDDERZBITET D,

$ awk '{sum += $3} END {print sum}' unique.txt
575019

$ awk '{sum2 += $4} END {print sum2}' unique.txt

22086

21— R#: 597105
IwvbE>dEnEy— RE%: 575019 }

. . - £t597105
vy bE>ogasniiholzyU— RE: 22086
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A ER

GATK HaplotypeCaller(C K3 Z &

$ mkdir variant call

$ java -jar /usr/local/bin/GenomeAnalysisTK.jar ¥

-R /home/iu/genome/sacCer3/genome.fa -T HaplotypeCaller ¥

-1 mapping/ERRO38793 sorted.bam ¥

-variant_index_type LINEAR -variant_index_parameter 128000 ¥
-0 variant _call/ERR@38793.vcf

$ 1s variant call

ERRO38793.vcf ERRO38793.vcf.1idx

VCF (Variant Call Format)h“WEpk =Nz Uiz,
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A ER

GATK HaplotypeCallerCsgEUTeAT> 3>

m -R: UDJ7L>RGTJ LDGR,

B -T: FAID7ILTUX L

m -1 Ah7—4,

B -variant_index_type: LINEARTEHREPRD1 > 5 v IR Z/EN T B,
B -variant_index_parameter: -1 > w2 XDbini&,

m -o: HHTI7A),
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A ER

VCFZJ 7 1 )LODHEER

$ less variant call/ERR@38793.vcf

POS ID REF ALT QUAL

#CHROM ERRO38793
chrl 111 . C T 191.77 9/1:3,6:9:90:220,0,90
chrl 136 . G A 342.77 1/1:0,9:9:29:371,29,0
CHROM : LEB4ES
POS - ZE2EFO 11I§EEBOAIE
ID  IDIBER  (IBERHOVLWOT I, ] &5ESE. )
REF : UDJ 7 L2 RG LADIEERCY
ALT : BEDOSHDIEERCT
QUAL : phred-scalelCc kB AU F B
FILTER : Ja)LFUTEME (IBERAARVDOT . ] 588 )
INFO : 225

amelieftf
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ZFR
VCFZJ 77 1 )L ODhiEsR
FORMAT
GT AD DP GQ PL
genotype allelic read depth genotype phgreerc]i(;fsgleed
depth quality likelihoods
ERR038793 (T 7-JL&) o
C/TORAIHEEE
C/TONFO 0/1:3,6:9:90:220,0,90 NERBEEL)

REFDH/\L—(3 / ‘ \ 10~ (-PL/10)

99.9999999% DEFE 4

ALTOH)\L—=(36 L) — REFETOD
#CHROM POS ID REF ALT :---
chrl 111 . C T .- X O EDEDSNPZHI(C,
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A ER

R UTZSNV. INDELOOZUE fifesR

$ grep -c -v "' variant _call/ERR@38793.vcf
57869

57869 EIDZEEMRESNE LM, CZDORCEND/\L—MEL . EREED
TR CHEERTERVEENMFELTET,

228,170 bp 724,400 bp
1 | |

i ]
DP4 [ (SHERE DP14
/=aNnR/ISZ
I .
| | 'S | |
C i | C I i
T ¢ | | C
T ¢ | | C
T | |
i I C i i
i | C i i
i | C
C
C
C i i
C i i
C
C
C
G T A T G G A T T T G T T G A T T T
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A ER

Low coverage’&SNVIDOAIT > |~

$ awk '{print $10;}' variant call/ERRO38793.vcf | ¥
grep '0/1' | ¥
cut -d ':' -f 3 | ¥
awk '{if($1 < 10){print $1;}}"' | ¥
wc -1

GOEOOO

667

1)L —MOKREDEREEDIRWEEN66 7EFE L TLET,

: SAMPLESODIRETZ Lo

: SNVOMHC T A —H R,

: SAMPLESI®D [:] XHID 3 DHDEZRDDP (coverage) ZiREH 9,
: DPAY10KEDHEDDHE T B,

C A SNTEITEH=Z R D,
e
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A ER

ZREDI+)LFYIU>ZT (FILTERFIDIER)

$ java -jar /usr/local/bin/GenomeAnalysisTK.jar ¥
-R /home/iu/genome/sacCer3/genome.fa -T VariantFiltration ¥
-V variant _call/ERRO38793.vcf ¥
-0 variant call/ERRO38793 fil.vcf ¥
--clusterWindowSize 10 ¥
--filterExpression 'DP < 10' ¥
--filterName 'LowCoverage’

-R: UIJ 7 L >RG J LDIGFR

-V: AAVCFI74)L,

-0: AT 7 AI,

--filterExpression : T I)LFYU T,
--filterName : A4 IS5 —%4,

e
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A ER

ZREDI+)LFYIU>ZT (FILTERFIDIER)

$ less variant call/ERR@38793 fil.vcf

#CHROM POS ID REF ALT QUAL FILTER

chrIl 111 . C T 191.77 LowCoverage

chrl 136 . G A 342.77 LowCoverage

HINL—ZH 10 TFDSNPZEEH I DOIF TR, "LowCoverage” WSS T %
< ZET, BEETAINAUZITTETDLDIRDTVET,

e
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) )o—=>3>

snpEffz AWNZ )7 ) —2 3 2 Gk

$ mkdir annotation
$ cd annotation

$ java -jar /usr/local/bin/snpEff.jar eff ¥

-c /usr/local/bin/snpEff.config -i vcf -o vcf ¥
R64-1-1.82 ../variant _call/ERRO38793 fil.vcf 1> ¥
ERRO38793 eff.vcf

$ less ERRO38793 eff.vcf

eff: B ITA—<wv MODIETE,

-c: A2 D« DI 7 AILDIGEFR. $RR 1T —IR—ADEIRHEBEH N T D,
-i, Vi ABAT7AILTA =NV o

R64-1-1.82: ScerevisiaeD7—FIRN—X, SacCer3 (CXHIE.
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) )o—=>3>

snpEffz AWNZ )7 ) —2 3 2 Gk

#CHROM POS ID REF ALT QUAL FILTER INFO

chrl 111 . C T 191.77 LowCoverage
chrl 136 . G A 342.77 LowCoverage

~

BIRMIS=ND.

J
1K { LOW H MODIFIER H MODERATE H HIGH » =

[Eﬁ?&bj—?4>ﬁ%ﬁ\@ﬁ%@@)ﬂﬁ%[%i%%)ﬂah%@
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) )o—=>3>

snpEff=FAWLNE)7 /77 —=>3> . TS5 —0[o)k

$ grep 'chrM' ERRO38793 eff.vcf

| | |ERROR_CHROMOSOME_NOT_FOUND - -

SEWERR UIEVCFD 77)LTIE= > RUJ’DNA%Z [chrM] &2 LTLY
F9., UL URNMNS, SEALVZsnpEffdFT—4~X—X [R64-1-1.82] Tl&

= O> RUFZDODNAIEIRD [chrMito] EERFH SN TWDEHICIELLLIY
FOMNMTOhNIT TS—MEETTLET,

e
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) )o—=>3>

snpEff=FAWLNE)7 /77 —=>3> . TS5 —0[o)k

$ sed -e 's/chrM/chrMito/g' ¥
../variant_call/ERRO38793 fil.vcf > ¥
../variant _call/ERR@38793 fil2.vcf

$ java -jar /usr/local/bin/snpEff.jar eff ¥

-c /usr/local/bin/snpEff.config -i vcf R64-1-1.82 ¥
-0 vcf ../variant_call/ERRO38793 fil2.vcf 1> ¥
ERRO38793 eff2.vcf

$ grep 'chrM' ERRO38793 eff2.vcf

=R RUPDNAEY JFT—23>=NF U,

sedINY > R XFHDOEERNSITEMUDOHE - BIFRFE TITRADITFA S
TN R,

e
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AR SR BILRAL

Integrative Genomics Viewer (IGV)Z R\ \/cf#TiEROMEER
$ igv.sh

m 16V g——
File | Genomes | View Tracks Regions Tools GenomeSpace Help IGV% EE éb l
Load Genome from File... A
r ¥
9= Load Genome from URL... |vH |G° ® @ v | =

= 1 GenomesY TIN5
m————— ., Load Genomes from
" L | File...Z &R,

il Load Genome x

7 7 LD (): ‘Ij sacCer3 |V‘ E

C]Bowtie2index [ genome.dict i genome.fa.sa
Sntee Dlomrometaans Drerecsase /home/iu/
Rentratst D) omeetome s genome/
Doeneet D senoncfose sacCer3MTFI(C
7 7 &N |genome fa | ai%genome'fa
I ILOSCHI: [FRTOI 77N | ZIERURE L,

| m< || = |
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AR SR BILRAL

Integrative Genomics Viewer (IGV)%ZRU\TZFTHESRDOMEER @

File| Genomes View Tracks Regi Tools F Help \
s || [ # <« c@nxwl File 5
d from Server...
Lo rongetn. || o x Load from File...Z1E1R,

Kl

w
<
E)
=}
[v fl4]

Look In: ‘dmapping |'i EHE‘EEIE_: | ERRO38793_Un|que.bam

[} ERR038793 mapped.bam

3 s mped o ERR038793_eff2.vcf

[ ERR038793_sorted.bam ‘ |—| |—| |—| —_

[} ERR038793_sorted.bam.bai Look In: |3 annotation ~| |@| |5 |3 8| 8= N Y-S . \
|7 ERR038793_unique.bam 0)2 j 7 ’I’) b%mﬁ/ aJG :&@ o
[} ERR038793_unique.bam.bai [) ERR038793 eff.vcf
[} ERR038793_eff2.vcf

[} snpEff_genes.txt
File Name:  [ERR038793_unique.bam |} snpEff_summary.html

Files of Type: |AII Files

T I File Name:  [ERR038793_eff2.vcf

|
Files of Type: ‘AII Files ‘v‘

I Open H Cancel ‘
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R REREEEE———————————————————————
ARG SR BIFRAL

Integrative Genomics Viewer (IGV)%ZRU\TZFTHESR DR G

File Genomes View Tracks Regions Tools GenomeSpace Help

genome.fa v | [chril - chril:802,493-804,928 Go T « @& O = 2 | ERERNARERN] ARRRRN!
J
[ |
2,432 bp
202,600 bp 202,300 bp 203,000 bp 203,200 bp 203,400 bp 203,600 bp 203,200 bp 204,000 bp 204,200 bp 204,400 bp 204,600 bp 204,200 bp
| I | ! I \ | I I I I | I I | ! I I | | I
= =

»
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