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PaboTa Ha KaacTepe

MneMm B pabodyio JUPEKTOPHUIO
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3nech ecTth nnanka DATA ¢ HalltluMu JaHHBIMU
TYT HYyKHO co31aTh CBOIO MUPEKTOPHIO U paboTaTh TOABKO B HE!



IlorcKk BapuaHTOB

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT NA12878
20 1eeel5s67 o A <NON_REF> o o END=106001616 GT:DP:GQ:MIN_DP:PL ©/@:38:99:34:0,101,11

f 20 10001617 . C A,<NON_REF> 493.77 . BaseQRankSum=1.632;ClippingRankSum=8.000;DP=38;Excess|
cgg‘/(: 20 1leeelels . T <NON_REF> . g END=16081627 GT:DP:GQ:MIN_DP:PL ©/8:39:99:37:0,105,15
20 1oeele28 g G A,<NON_REF> 1223.77 . DP=37;ExcessHet=3.0103;MLEAC=2,0;MLEAF=1.00,0.00;,RAW_|
20 1eeele29 . G <NON_REF> . . END=16001660 GT:DP:GQ:MIN_DP:PL ©/©:43:99:38:0,162,12

chrl 20563 . A G 139.90 PASS AC=2:AF=1.00;AN=2:DP=5:ExcessHet=3.0103;F5~0.000;MLEAC=2 :MLEAF=] .00 MO

chrl 495298 . T C S515.77 PASS AC=2;AF=1.00;AN=2;DP=17;ExcessHet=3.0103;F5=0.000;MLEAC=2 MLEAF=1,00:M

chrl 52238 . T G 71€.77 PASS sAF=1,.00;AN=2;DP=22;Exceaslet=3.0103;F5=0.000;MLEAC=2 ;MLEAF=1,00:M

chrl 55826 . T C 120.9%0 PASS b2 LQ0;AN=2; DP=5;ExcessHer=3,0103;F5=0.000; MLEAC=2 ; MLEAF=1 .00, MO

ch chrl 61442 . A G 314.77 PASS LO0;AN=2;DP=10;ExcessHetr=3 0103:FS=0,.000; MLEAC=2 ;MLEAF=]1 .00 : M

. chrl €1947 . C T 3%7.77 PASS 0.500;AN=2;:BaseQRankSum=3.01;ClippingRankSum=0.00; DP=33;:Excessl

chrl €1987 . A G 703.77 PASS . 500;AN=2 ; BaseQRankSum~0.426:ClippingRankSum=~0.00; DP=42 ;Exces

chrl €158 . G C 703.77 PASS 2 0.500;AN=2;BaseQRankSum=0, 125;ClippingRankSum=0,00; DP=41 ;Exces

chrl €9511 . A G 358.77 PASS sRF=1,00;N=2;DP=13;ExcessHer=3,.0103;F5=0.000; MLEAC=2 MLEAF=1.00: M

83084 . T A S ACs2;AF=]l

204.80

"
[ 3
(R

<00 AN=2; DP=7 ;ExcessHetr=3,.0103; F5=0,.000; MLEAC=2 : MLEAF=1 , 00 ; MQ

SAFURMAT =<ID=i] , Busber~2, Type=Iuteger , Deacription~"Haplotype Qualicty™>
#CHROM POS i REF ALT QUAL FILTER INFD FORMAT NAO00O1 KAD0002 NADOO

20 14370 rs6054267 G A 29 Pass HS=3;0P=14;AF~0.5;08; 12 CT:CQ:DP:BQ 0/0:48:1:51 51 1]0:48:8:51 51 1/1:4

flt f 2 17330 T A 3 qi0 HS=3;0P=11;4F~0.017 CT:CQ:DP:NQ 010:49:3:58,50 0)1:3:5:65,3 0/0:4
° 1 .VC 20 1110696 rs6040355 A c.T €7 PASS  NSe2:DP=10;AF«0.333,0.667;A0=T:DB CT:0Q:DP:BQ 112:24:6:23,27 211:2:0:18,2 2/2:3
2 1230237 T 4T  PASS  NS=3;DP=13;AAT CT:0Q:D2:BQ 010:54:7:56,60 010:48:4:51,51 0/0:4

2 1234567 microsatl CIC C.CICT S0 PASS  NS=3:DP=0:aa=C CT:CQ:bP 0/1:36:4 O/2:17:2 1/1:4




Taprer

Construction protocol: Genomic DNA was extracted using the DNeasy Blood and
Tissue kit (Qiagen) according to the manufacturer's protocol. All the exon genes
were captured using a SureSelectXT Human All Exon kit v3 (Agilent) according to
the SureSelectXT Target Enrichment for lllumina Paired-End Multiplexed
Sequencing Protocol 1.1.1. Enriched libraries were sequenced using lllumina
Genome Analyzer lIx. whole-exome sequencing



bam -> gvct
gatk3 -T HaplotypeCaller

filtered)™




bam -> gvct
gatk3 -T HaplotypeCaller
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gvct -> vet
gatk3 -T GenotypeGVCFs

ID within a g




gvct -> vet

gatk3 -T GenotypeGVCFs




Vct filtration
gatk3 -T SelectVariants

https://gatk.broadinstitute.org/hc/en-us/articles/360035531112--How-to-Filter-
variants-either-with-VQSR-or-by-hard-filtering

gatk? -T VariantFiltration Y

-R $g \

-0 $namespace.snp_filt.vcf 3 gatk3 -T VariantFiltration 3

--variant $namespace.raw_snps.vcf -R $g \

--clusterSize 3 \ -0 $namespace.indel filt.vcf
--clusterWindowSize 18 Y --variant $namespace.raw_indels.vcf \
--filterExpression "MQ < 48.88" --filterExpression "QD < 2.88" \

--filterName "MQs"™ 3 --filterName "QDi" Y\

--filterExpression "QD < 2.@@" ﬂ --filterExpression "F5 » 2080.8" \
--filterName "QDs" 3 --filterName "F5i"™ \

--filterExpression "F5 > 68.8" Y\ --filterExpression "QUAL < $QuAL_tHreSH" \
-—filterName "FS5s™ 3 --filterName "LowQual™ Y

--filterExpression "SOR » 3.8" --filterExpression "ReadPosRankSum < -28.8" \
--filterName "SORs"™ 3 --filterName "RPRSi" 2»> logs/$namespace.gatk3 filt.log

--filterExpression "MQRankSum < -12.5" 3

--filterName "MQRSs™ 3

--filterExpression "QUAL < $QuAL tHreSH" Y
--filterName "LowQual™ 3

--filterExpression "ReadP =

--filterName "RPR5s* 2:» logs/$namespace.gatk3 _filt.l1o
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OoremuHeHue snp + indel

bcftools

http:/ /samtools.github.io/bcftools/bcftools.html



PAHHOTALIUAS?

ANNOVAR

https:/ /doc-openbio.readthedocs.io/projects /annovar/en/latest/
refgene

dbsnp

1000 genomes
GWAS
Clinvar

[lanee — KAMHHUYEeCKad UHTEPIIPETAIlUA



Bedtools

http://bedtools.readthedocs.io/en/latest/index.html

https://media.readthedocs.orqg/pdf/bedtools/latest/bedtools.pdf

OueHb XOpPOUINI HHCTPYMEHT JIJI1 pa0OTHI C TEHOMHBIMU
UHTEpBAIAMU

bosiee 35 onuui + napaMeTpsl

14


http://bedtools.readthedocs.io/en/latest/index.html
https://media.readthedocs.org/pdf/bedtools/latest/bedtools.pdf

Bamtobed

% bedtools bamtobed -i reads.bam | head -3

chr? 118970079
chr? 1189656872
chrll 46769934

11897a129
118965122
46769984

TUPAC 90@1:3:1:0:14524#0/1
TUPAC 0001:3:1:0:1452#8/2
TUPAC @681:3:1:0:1472#0/1

37
37
37
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Bamtofastqg

$ bedtools bamtofastq -i NA18152.bam -fq HA18152 .fq

$ head -8 NA18152.fq
@NA18152 - SRRE@97381.35051
GGAGACATATCATATAAGTAATGCTAGGGT GAGT GGT AGGAAGT TTTTTCATAGGAGGTGTATGAGT TGGTCGTAGCGGAATCGGGGGTATGCTGTTC(

+

@NA18152-SRR@®7381.637219
AATGCT AGGGTGAGTGGTAGGAAGTTTTTTCATAGGAGGTGTAT GAGT TGGTCGT AGC GGAATCGGGGGTAT GCTGTTCGAAT TCATAAGAAC AGGGA(

+

4



Bedtobam

head -5 rmsk.hgl8.chr2l.bed

chr2l 9719768 9721892 ALR/Alpha 1884 +
chr2l 9721995 9725582 ALR/Alpha 1818 +
chr21 9725582 9725977 LI1PA3 3288 +

chr21 9726821 9729309 ALR/Alpha 1851 +
chr21 9729326 97293809 LI1PA3 3897 -

bedToBam -i rmsk.hgl8.chr2l.bed -g human.hgl&.genome > rmsk.hgl8.chr2l.bam

samtools view rmsk.hgl€.chr2l.bam | head -5

ALR/Alpha @ chr21l 9719769 255 2124M * @ @ * *
ALR/Alpha @ chr2l 9721986 255 367/M * @ @ * #*
L1PA3 0 chr21 9725583 255 395M * @ @ * *
ALR/Alpha @ chr2l 9726822 255 3288M * @ @ * #*
L1PA3 16 chr2l 9729321 255 489M * @ @ * *



Getfasta

FASTA ACAGACTGGTATGAAGGTGGCCACAATTCAGAAAGAAAAAAGAAGAGC
BED

getfasta GACT  TGAAGGT AAAAAAG

% cat test.fa
>chrl
AAAAAAAACCCCCCCCCCCCCQUTACT GGLGGELGEGEEEGHGEEEGHGEGEG

% cat test.bed
chrl 5 1@

$ bedtools getfasta -fi test.fa -bed test.bed
>chrl:5-10
AAACC
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Maskfasta

FASTA ACAGACTGGTATGAAGGTGGCCACAATTCAGAAAGAAAAAAGAAGAGC
BED

FASTA ACANNNNGGTANNNNNNNGGCCACANNNNNNNAAGAANNNNNNAGAGC

% cat test.fa
>chrl
ALAAAAAACCCCCCCCCCCCCQCTACT GGGGEEGEGEGEGEGEGEGEGGEGEEGE

% cat test.bed
chrl 5 1@

% bedtools maskfasta -fi test.fa -bed test.bed -fo test.fa.out
% cat test.fa.out

>chrl
AAAAANNNNNCCCCCC CCCCGCT ACTGGGGAEEEGEEGEEEGGEGGE
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Maskfasta

% bedtools maskfasta -fi test.fa -bed test.bed -fo test.fa.out -soft

% cat test.fa.out
>chrl
AdAAAQAac cCCCCCCCCCCGCT ACT GGGLGEGEEEEGEEEGEGEE

% bedtools maskfasta -fi test.fa -bed test.bed -fo test.fa.out -mc X

$ cat test.fa.out
>chril
AAAAAOOXKXCCCCCCCCCCGCT ACT GGGGGEGEELEEEGEGGEGEGEG



Flank

$ cat A.bed
; chrl 100 200
Input (N : chrl 500 600
$ cat my.genome
10bp 10bp chrl 1000
flank |
(-b 10) S 3 $ bedtools flank -i A.bed -g my.genome -b 5
chrl 95 190
10bp chrl 200 205
flank | chrl 495 500
110 : chrl 600 605
flank | - $ bedtools flank -i A.bed -g my.genome -1 2 -r 3
b 1.0 -pet) ] chrl 98 190
' chrl 200 203
chrl 498 500
chrl 606 683
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Slop

4% cat A.bed
Input (1) chrl 5 100
chrl 809 920
- 10bp 10bp $ cat my.genome
wop hrl 1000
(b 10 ar
10bp % bedtools slop -i A.bed -g my.genome -b 5
slop| chrl @ 105
10 chrl 795 985
Fbﬂgchﬂ % bedtools slop -i A.bed -g my.genome -1 2 -r 3

chrl 3 183
chrl 798 983
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Shift

% cat A.bed
chrl 5 108 +
chrl 800 989 -

$ cat my.genome
chrl 1006

% bedtools shift -1 A.bed -g my.genome -s 5
chrl 18 1@5 +
chrl 885 985 -

% bedtools shift -1 A.bed -g my.genome -p 2 -m -3
chrl 7 162 +
chrl 797 977 -
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Complement

Input ()

complement
(1

% cat A.bed

chrl 108 200
chrl 498 506
chrl 5080 800

$ cat my.genome
chrl 1006
chr2 800

$ bedtools complement -i A.bed -g my.genome
chrl @ 108

chrl 200 400

chrl 800 1008

chrz @ 200



Subtract

A 2z
4 cat A.bed
chrl 18 20
B ] { } 1 t chrl 100 200

4 cat B.bed
chrl @ 30

i chril 126 300

% bedtools subtract -a A.bed -b B.bed

A subtract B chrl 100 120
(-A) i

25



% cat A.bed

chrl 18668 200
chrl 180 250
chrl 258 500
chrl 581 1008

$ bedtools merge -i A.bed
chrl 180 528
chrl 581 100
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Cluster

I“pof (" 4 cat A.bed
chrl 100 200
e —~ T e chrl 180 250
,'i ‘.‘\ :" = = “: '/ = = "‘, chrl 258 500
cluster (1) ~ ' R __ % chrl 501 1000
\ ' B %2 #3
% bedtools cluster -i A.bed
emmememmm——— chrl 100 200 1
i p e— — chrl 180 250 1
Z 3 . . chrl 250 500 1
clu(:f’e:o()l) . ::cl e = —;2 chrl 501 1000 2

27



Intersect

A infersect B
A interseet B
(-wa)

A intersect B
(-v)

Intersect w/
| database

$ cat A.bed
chrl 18 20
chrl 30 40

% cat B.bed
chrl 15 2@

4% bedtools intersect -a A.bed -b B.bed
chrl 15 2@

% cat A.bed
chrl 1@ 20
chrl 30 46

% cat B.bed
chrl 15 2@
chrl 18 25

% bedtools intersect
chrl 1@ 20
chrl 30 49

2
2]

-a A.bed -b B.bed -c

28



A intersect B

A window B

-w 5000)

A window B

(-w 10000

Window

4kb
9kb

% cat A.bed
chrl 108 200

% cat B.bed
chrl 508 1068
chrl 1300 2008

% bedtools window -a A.bed -b B.bed -w 5860
chrl 198 200 chrl 509 1066
chrl 186 200 chrl 1308 2000

29



Random

Input (1) EX®,

St s B
St B {1

st 6155 B EE -
Cseed 6135) B Bl o

% bedtools random -g hgl9.genome -n 3

chr2@ 47975280 47975380 1
chrle 23381222 23381322 2
chr3 184913816 1249132916 3

106
1a0
1ae

30



Shuffle

Input (1)

shuffle |

shuffle |
(-inel)

shufflel
(-exel)

% cat A.bed
chrl @ 1880 al 1 +
chrl @ 1068 a2 2 -

$ cat my.genome
chrl 10000
chr2 8peo
chr3 5000
chrd4 2006

$ bedtools shuffle -i A.bed -g my.genome -chrom
chrl 9568 9660 al 1 +
chrl 7258 8258 a2 2 -



Coverage

4% cat A.bed

chrl @ 106
chrl 188 206
chr2 o 166

% cat B.bed

chrl 19 20
chrl 20 30
chrl 30 48
chrl 188 206

% bedtools coverage -a A.bed -b B.bed
chrl 0 196 3 30 100 0.3000000
chrl 100 200 1 109 109 1.9000000
chr2 0 190 @ @ 100 ©.0000000



Genomecov

Input (1) spliced” / split”
(e.g. BAM) : al:;::tf%nﬁﬁqu
' formt

'
—_— Y —g

'
\f'~ h——I' R [ S W e s ‘*'f—-

v 11222333111111000:111111111111111111111111111111

Oen::;cov'123 1111 1 1
o i1i2i3] 1 fei 1 i1i1l 1 i

el split) 112223331111110@@111111@0@@11110@@@@0@@11111111
genomecov | i ] : : : : :
(-bga -split) 1 2 3 1 ;0 1 ;01 0 -1



B W p -

Genomecov

. chromosome (or entire genome)

. depth of coverage from features in input file

. humber of bases on chromosome {or genome) with depth equal to column 2.

. size of chromosome (or entire genome) in base pairs

. fraction of bases on chromosome (or entire genome) with depth equal to column 2.

% cat A.bed

chrl 18 20
chrl 26 320
chr2 @ LoD

$ cat my.genome
chrl 1808
chr2z 560

$ bedtools genomecov -1 A.bed -g my.genome
chrl © 980 1000 0.98

chrl 1 20 1009 0.02

chr2 1 508 580 1

genome @ 980 1508 ©.653333

genome 1 520 15080 0.346667



Genomecov

% cat A.bed

chrl 10 20
chrl 26 320
chr2 @ 500

$ cat my.genome
chrl 1906
chr2 500

$ bedtools genomecov -i A.bed -g my.genome -d |

head -15 | \

tail -n 10
chrl 6
chrli 7
chrl 8
chrl 9
chrl 19
chrl 11
chrl 12
chrl 13
chrl 14
chrl 15

=
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Genomecov

$ bedtools genomecov -ibam NA18152.bam -bg | head $ bedtools genomecov -ibam NA18152.bam -bga | head

chrl 5543@4 55439 &5 chrl @ 5434 @
chrl 5543@9 554313 chrl 554384 5543@9

chrl 554313 554314 chrl 554389 554313
chrl 554315 554316 chrl 554313 554314
chrl 554316 554317 chrl 554314 554315
chrl 554317 554318 chrl 554315 554316
chrl 554318 554319 chrl 554316 554317
chrl 554319 554321 chrl 554317 554318
chrl 554321 554323 chrl 5543182 554319

chrl 554323 554334 chrl 554319 554321

SR @M RO RO
[ I T e - R
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Jaccard

A m o 1y
B[ o | 4w Lot || s
A intersect B erbl’r | 4'|’P m{" ! 4"”’1
lengthllntersion) 6+4+6+4 20
Jaceard (A,B) = = = — = 04

length(Union) - lengthllntersection)  (15+8+15+10+4+10+8) - (6+4+6+4) - 50

% cat a.bed
chrl 18 2@
chrl 380 4@

% cat b.bed
chrl 15 2@

$ bedtools jaccard -a a.bed -b b.bed
intersection wunion  jaccard n_intersections
5 20 9.25 1



Makewindows

hg19.txt:
chrl 249250621
chr2 243199373

chrl8 gl000207_random 4262

bedtools makewindows -g hg19.txt -w
1000000

chrl 0 1000000

chrl 1000000 2000000

chrl 2000000 3000000

chrl 3000000 4000000

chrl 4000000 5000000



cat A.bed

chrl 208 1000
chrl 80 180
chrl 1 10
chrl 758 19000

sortBed -1 A.bed
chrl 1 10
chrl 80 12
chrl 758 19000
chrl 200 1000

Sort

cat A.bed

chrl 200 1000
chrl 8@ 12@
chrl 1 10
chrl 758 1006

sortBed -1 A.bed -sizeD
chrl 750 10060

chrl 800 1900

chrl 8¢ 18@

chrl 1 10

sort -k 1,1 -k2,2n a.bed
chrl 1 10

chrl 80 180

chrl 750 10900

chrl 200 1060
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