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software
bwa
picard
samtools

GATK
IGV

tablet

vcftools

website
http://bio-bwa.sourceforge.net/
http://picard.sourceforge.net/
http://samtools.sourceforge.net/

http://www.broadinstitute.org/gatk/

http://software.broadinstitute.org/soft
ware/igv/

http://bioinf.scri.ac.uk/tablet/

http://vcftools.sourceforge.net/



Yeni Nesil Dizileme Teknolojileri?



Yeni Nesil Dizileme Teknolojileri?



FastQ dosvalari
 FASTQ format

L/Sequence ID

@SEQ ID
Sequence — GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
-

2 PERRl {{ (Fhkg) ) HBUHE) (FHRE) .1 HWR—400 1) ) %R S OCCE>>>>D>COCCCCCH
Quality score

) Table 1: Q-Scores and Error Probabilities
* Phred quality score

!"#S%&'()*+,-./0123456789:;<=>?@ Quality Score Error Probability
Q40 0.0001 (1 in 10,000)
Phred score Dererereerere s e s arr s e s snesnnans
Q30 0.001 (1 in 1,000)
Error rate ORGSO RIS — Q20 0.01 (1 in 100)

Q10 0.1 (1in 10)

Phred score =-10 * log:-P



DNA kuttuphanesi kalite kontrolQ

123456789 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 12345678910 12 14 18 2 24
Possion in read (o) Position in resd (bp)



Adaptor iceriQi

* Eger DNA dizilerinde adaptorler varsa, bu analizlerimizi zorlagtirir

e Hata bile olabilir
* AdaptorRemoval
* trimmomatic
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Qualry scores across 3l bases Sanger / Ibamina 1.9 encoding) Qualiy scores a¢

1 F o

ross 3l bases Sanger / Iumina 1.9 encocing)

123 ¢ 5 ¢ 7 89 15-19 25-29 35-39 45-49 55-59 65-69

Position i read (bp)

75-79 85-89 95-99 1 2 3 4 5 6 7 8 910-14 20-24 30-34 40-44 50-59 60-64 70-74 80-84 90-94

Position i read (bp)




Referans genom ile hizalama

e Referans genomu indeksleme (bwa index)

* DNA dizlerini referans genoma hizalama (bwa aln)
* Dizi hizlama dosyasi (sequence alignment map)

« [kili dizi hizalama dosyasI (bam)



Referans genom hizalama



Hizalama

* Referans ile DNA okumasi arasindaki en iyi eSlesmeyi bul

e Zorluklar
* DNA okumalarindaki hatalar (okuma kalitesi)
* DNA kutuphanelerindeki teknik sorunlar
 Tekrar bolgeleri (homolog bolgeler, tekrarlar)
* Homopolimerler



DNA hizalama algoritmalari

* BWA -2009
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* Gem — 2012 | T
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#wrong mappings / #mapped (106 x 2x101bp PE, 1.5% sub, 0.2% indel)

* Novoalign Li, arXiv:1303.3997 (2013)



Dizi hizalama dosyalar!

@HD VN:1.0 SO:coordinate
@sQ SN:chr20 LN: 64444167
@PG ID:TopHat VN:2.0.14 CL:/srv/dna_tools/tophat/tophat -N 3 --read-edit-dist 5 --read-rea
lign-edit-dist 2 -i 50 -I 5000 --max-coverage-intron 5000 -M -o out /data/user446/mapping tophat/index/chr
20 /data/user446/mapping tophat/L6 18 GTGAAA LO07 R1 001.fastq
HWI-ST1145:74:C101DACXX:7:1102:4284:73714 16 chr20 190930 3 100M * 0 0
CCGTGTTTAAAGGTGGATGCGGTCACCTTCCCAGCTAGGCTTAGGGATTCTTAGTTGGCCTAGGAAATCCAGCTAGTCCTGTCTCTCAGTCCCCCCTCT
C BBDCCDDCCDDDDCDDDDDDCDCCCDBC?DDDDDDDDDDDDDDDCCDCDDDDDDDDDDCCCCEDDDC?DDDDDDDDDDDDDDDDDDDDDBDHFFFFDC@E
AS:i:-15 XM:i:3 X0:i:0 XG:i:0 MD:Z:55C20C13A9 NM:i:3 NH:i:2 CC:Z:= CP:i:55352714 HI:i:0
HWI-ST1145:74:C101DACXX:7:1114:2759:41961 16 chr20 193953 50 106M * 0 0
TGCTGGATCATCTGGTTAGTGGCTTCTGACTCAGAGGACCTTCGTCCCCTGGGGCAGTGGACCTTCCAGTGATTCCCCTGACATAAGGGGCATGGACGA
G DCDDDDEDDDDDDDCDDDDDDDCCCDDDCDDDDDEEC>DFFFEJJIJIIGIIIIIHGBHHGIIIIIIIIGIIIIIIIIITIHIIIIIIHHHHHFFFFFCCC
AS:i:-16 XM:i:3 X0:i:0 XG:i:0 MD:Z:60G16T18T3 NM:i:3 NH:i:1
HWI-ST1145:74:C101DACXX:7:1204:14760:4030 16 chr20 270877 50 106M * 0 0
GGCTTTATTGGTAAAAAAGGAATAGCAGATTTAATCAGAAATTCCCACCTGGCCCAGCAGCACCAACCAGAAAGAAGGGAAGAAGACAGGAAAAAACCA
C DDDDDDDDDCCDDDDDDDDDDEEEEEEEFFFEFFEGHHHHFGDIJIHIJIJIJIJIIIIGGFIIIHIIIIIIIIIIIGHHFAHGFHIHFGGHFFFDD@BB

AS:i:-11 XM:i:2 X0:1:0 XG:1i:0 MD:Z:0A85G13 NM:1i:2 NH:i:1
HWI-ST1145:74:C101DACXX:7:1210:11167:8699 0 chr20 271218 50 50M4700N50M * 0
0 GTGGCTCTTCCACAGGAATGTTGAGGATGACATCCATGTCTGGGGTGCACTTGGGTCTCCGAAGCAGAACATCCTCAAATATGACCTCTCG

accepted hits.sam
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Hizalamadan sonra

* PCR duplikasyonlari sorun tegkil edebilir

* Bazi bolgeleri yeniden hizalayabiliriz (local realignment)
* Kalite deQerleri kalibrasyonu



Hizalama kalitesi

* EQer, bir DNA dizisi birden fazla bolgeye hizalanmigsa?
 Tekrarli dizileri ylGzinden
* Homopolimer bolgeler (disik karmasiklik)
* Hatalar ve bosluklar
* MQ (hizalama kalitesi skoru)

/ reference genome \
\
|

B S E—m s | )

C 1 low MQ: the probability of mapping to different
locations is high, but no perfect multiple matches

B high MQ: a single match

(— B [ S—

C—— MAQQO: a perfect multiple match

L% /




Optik PCR duplikasyonlari

Ty, oTace . . .
U O/ O

GCATGGGTTTCTGGGCTGGTACAGGAGCTCGATGTGCTTCTCTCTACAAGACTGGTGAGGGAAAGGTGTAACCTGTTTGTCAGCCACAACATCT
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PCR duplikasyonlari

* Birbirinin esdegeri olan okumalari ¢ikartalim
* Ayni bolgeye hizalanan diziler



Bolgesel yeniden hizalama

S

coor 12345678901234 5678901234567890123456
ref aggttttataaaac----aattaagtctacagagcaacta
sample aggttttataaaacAAATaattaagtctacagagcaacta
readl aggttttataaaac aaltaa

read2 ggttttataaaac '\ aalAtaaTt/

read3 ttataaaacAAATaattaagtctaca

read4 CaaaT aattaagtctacagagc

readb aaT aattaagtctacagagc

read6 T aattaagtctacagagc



S

coor 12345678901234 5678901234567890123456
ref aggttttataaaac----aattaagtctacagagcaacta
sample aggttttataaaacAAATaattaagtctacagagcaacta
readl  aggttttataaaac /faéAtair\\

read2 ggttttataaaac \\aaAtaaTt/

read3 ttataaaacAAATaatf'agtctaca

read4 ,/Caagf\\ aattaagtctacagagc
read5 ( aaT aattaagtctacagagc
read6 ‘

\\\ T aattaagtctacagagc

e _”



coor 12345678901234 5678901234567890123456

ref aggttttataaaac----aattaagtctacagagcaacta
sample aggttttataaaacAAATaattaagtctacagagcaacta

readl aggttttataaaacaaataa

read?2 ggttttataaaacaaataatt

read3 ttataaaacaaataattaagtctaca
read4 caaataattaagtctaca
read5 aataattaagtctaca

read6 taattaagtctaca
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Varyant Cagirma

*Varyant : Bir sonug
* Bir pozisyonda, referans genomdan farkli olan boélgeler
* TNP
* Kisa INDEL
* Yapisal varyant



Yapisal varyant

* Farkli tipte kromozomal degisimleri
* INDEL
* Translokasyonlar
* Inversiyon



1. Paired ends

Deletion

Genome

L

Sequenced "'.~ paired-ends

3. Split read
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Deletion
Reference #
Genome *
Reads = — —

i Mapping
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Zero level




Deletion Normal sequence Insertion

DNA sample

Paired reads
(300 bp average
fragment size)

Alignment
Reference
sequence

Mapped L | L Y ' 4
fragment size ' 500 bases ' 300 bases 100 bases




Deletion Novel sequence insertion Mobile-element insertion

Ref, - +> Ref, -»  Ref. . - -
Mobile
element
Tandem duplication Interspersed duplication
Ref, + Ref, —— >
Inversion Translocation
Ref, ‘ » Ref. -
_ . [-—q “—
= === Ref. -~

Nature Reviews | Genetics

Nature Reviews Genetics 12, 363-376 (May 2011) | doi:10.1038/nrg2958



TNP ¢cagirma

* Tek nukleotid polimorfizmi
* Bir pozisyona hizalanmig bazlara bak, ve farkhligi tespit et

* Duslinulmesi gereken faktorler:
* Baz okuma kaliteleri
* INDEL bolgelere olan yakinhk
* O bolgeye hizalanmig bazlarin hizalama kaliteleri
* Dizi uzunlugu
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121,168,710 121,168,720 121,168,730 121,168,740 121,168,750 121,168,760

AAGGTGGCACTCTTTCAAAATAAAGTCTAAGACTATGTGGACTTTAGAGAGATGAG
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INDEL ¢cagirma
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CTTTCCAAAAAGTTGCATAAAATGTCAGGCTAATTCATTCTGCAGGGAGCGCAGAAGCACCCTGATCAGA
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Chromosome

Reference base

/

/ Read bases

sogl 272 F 24 ;. B.vss GpN e e g e P, QP L L L Ll s K I
dogl 273 2. 23 5. P T WL SRR <<< ; <<LLLLLLL3<=<<< ; <<+
seql 274 T 23 ,.$§ S ey T T 7<7 ;< ; <<<<<<K<L<L<=X ;< ;<<6
seql 275 A 23 8 i bgr s sintayeienesle < PICLLLLLLLCEMEL: 1 CCLL
seql 276 G 22 R i NPT 33;+<<7=7<<7<8&<<]1 ; <<6<
seql 277 T 22 PG PRl o PO MY b - +7< ; <<<<<<< E<=<<: ;<< &<
seql 278 G 23 T T o T T $3B*<<; <T7<<LT<=<<< ; <<<<<
SOUL 280 18 2B A W s 2 b av e bk ; 75 8<<<<LLLL<LL=<<<9<< : <<
seql 281 T 23 AAaaAA A ,ARhaaaaARAaAAaAA ;75 8<<<<<L<LL<L<L=<<<CI<<: <L

1-based coordinates

\

Read depth Quality scores

http://samtools.sourceforge.net/pileup.shitml




Variant Call Format (VCF)

* DNA polimorfizm verisini saklamak icin standart bir format
* TNP
* INDEL
* Yapisal varyatlar

* Indekslenerek, daha hizli erigim saglanabilir



VCF formati

r

VCF header

.

!

\

Body

##fileformat=VCFv4.0 = Mandatory header lines
##fileDate=20100707

##source=VCFtools

##reference=NCBI36
##INFO=<ID=AA,Number=1,Type=String,Description="Ancestral Alle
##INFO=<ID=H2,Number=0, Type=Flag,Description="HapMap2 membersfip”>
##FORMAT=<ID=GT,Number=1, Type=String,Description="Genotype}
##FORMAT=<ID=GQ,Number=1, Type=Integer,Description="Genotygde Quality (phred score)">
##FORMAT=<ID=GL ,Number=3, Type=Float ,Description="Likeljfoods for RR,RA,AA genotypes (R=ref,A=alt)">
##FORMAT=<ID=DP ,Number=1, Type=Integer,Description="Re#d Depth">
##ALT=<ID=DEL,Description="Deletion">
##INFO=<ID=SVTYPE,Number=1,Type=String,Descripti

Optional header lines (meta-data

: about the annotations in the VCF body)

="Type of structural variant">

##INFO=<ID=END,Number=1, Type=Integer,Description="End position of the variant"> i3

#CHROM POS ID  REF ALT  QUAL FILTER INFO FORMAT  SAMPLE1 SAMP BUTIance Mnsies (o1=9)

1 o ACG_ A AT : PASS ; GT:DP 1/2:13 0/0:29

4 2 sl T,CT PASS H2; AA=T GT:GQ 0]1:100 2/2J0

1 L0 A G & ASS X GT:GQ |0:77 1/1:9

1 100 <DEL> P SVTYPE=DEL ; END=300 GT:GQ:DI%/I: 12:3 0/0:20 Alternate alleles (GT>0 it
an index to the ALT column

Deletion” c\p T Insertion DHher - sven Phased data (G and C above

Large SV are on the same chromosome)



7

Header
lines starting with ##: arbitrary number of meta-information lines
line starting with #: column definition — mandatory columns include:

CHROM chromosome

POS position of the start of the variant

ID unique identifier of the variant (e.g. rs number for SNPs)

REF reference allele

ALT comma separated list of alternate non-reference alleles

QUAL phred-scaled quality score

FILTER site filtering information

INFO user extensible annotation (e.g. samtools and GATK may differ in this)

S




Peki hangi SNP’ler gercek pozitif?

* Filtreleme kriterleri
 Baz kalitesi (20)
* Okuma derinligi
* Hizalama derinligi (50 — 60)
« lleri veya geri iplik
* TNP yogunlugu
 INDEL yakinhgu



Varyant anotasyonu

* Bu varyantlarin nerede olduklarini biliyoruz

* Peki bu varyantlari anote edebilir miyiz?
* SnpEFF: Varyant anotasyonu
* Bir genom anotasyon dosyasi varliginda, bu varyantlari daha iyi anlayabiliriz
* Mesela hangi genlerde?
* Amino asit degisimleri olusturuyor mu?






