10000

AnaIyS|s of smgle nucleotide polymorphlsm

Color Key
Istogram

(SNP) data

2 25723 . T A 2436
AC=235;AF=0.996;RAN=236;Base(]
736;NCC=69;QD=32. 98 ;ReadPosR
1/1:0,38:38:99:1587,114,0
1/1:0,7:7:21:282,21,0 A
/.:11,0:11:.:. 1/1:0,38:38
1/1:0,24:24:72:982,72,0 1/1:
1/1:0,7:7:21:256,21,0 1/1:
./.:82,0:82:.:. 1/1:0,68:68
./.:0,0:0:.:.  1/1:0,28:28
1/1:0,40:40:99:1653,120,0
1/1:0,27:27:81:1102,81,0
1/1:0,80:80:99:3294,241,0
1/1:0,59:59:99:2431,178,0
1/1:0,14:14:42:580,42,0 ./.
1/1:0,17:17:51:685,51,0 1/1:
1/1:0,21:21:63:859,63,0 ./.
./ .:43,0: . 1/1:0,34:34
1/1:0,34:34:99:1412,102,0
1/1:0,93:93:99:3627,280,0
1/1:0,26:26:78:1080,78,0
1/1:0,78:78:99:3223,235,0
1/1:0,49:49:99:2031,147,0
./.:57,0:57:.:. 1/1:0,12:12
‘1/1:0,32:32:96:1323,96,0
1/1:0,68:68:99:2801,205,0
2 25749 . C T 8285
AC=80;AF=0.253;AN=312;BaseQR

0/0:93,0:93:93:.:.:0,93,1395

Filip Kolar

:95:2806,205,0 1/1:0,2:2:6:80,6,0 ./.:0,0:0:.:.

:99:1369,102,0 ./.:0,0:0

40 PRSS

Ranksum=0.736;ClippingRankSum=-0.736;DP=8928;F5=0;GQ MEAN=142.44;GQ STDDEV=
ankSum=-0.736; SOR=15.985 GT:AD:DP:GQ:PL 1/1:0,17:17:51:701,51,0 1/1:0,10:1
./.:115,0:115:.:. 1/1:0,9:9:27:373,27,0 L/.:21,0:21:.:. 1/1:0,4:4:12:1¢

$107,0:107: .. 1/1:0,13:13:39:534,39%,0 ./.:6,0:6:.:. 1/1:0,28:28:84:112%
:96:1553,114,0 0/1:1,5:6:22:191,0,22 1/1:0,11:11:33:423,33,0 ./.:11,0:11

0,25:25:75:1036,75,0 .f.:4 0:4: L/.:39,0:38:.:. ./.:14,0:14:.:. 1/1
0,9:9:27:363,27,0 1/1:0,9:8:27: 304 27 0 1/1:0,12:12:36:489,36,0 1/1:0,3
1/1:0,19:19:57:765,57,C

:84:1150,84,0 1/1:0,28:28:84:1161,84,0 /.:0,0:0:0.:. L/.:0,0:0:0.:.

L/.:44,0:44: 000 ./.:89,0:99:.:. 1/1:0,15:15:45:621,45,0 ./.:27,0:27:.:. 1/1
1/1:0,52:52:99:2115,157,0 1/1:0,81:81:99:3351,244,0 L/.167,0:67:.0. 171
1/1:0,10:10:30:410,30,0 ./.:52,0:52:.:. 1/1:0,36:36:99:1477,108,0 1/1:0,2
1/1:0,30:30:90:1198,90,0 1/1:0,17:17:51:664,51,0 1/1:0,25:25:75:1028,75,
:134,0:134:.:. 1/1:0,54:54:99:2215,163,0 ./.:39,0:39:.:. ./.:70,0:70:.:.
0,25:25:75:1030,75,0 L/.:14,0:14: ;. ./.:13,0:13:.:. ./.:15,0:15:.:. 1/1
:32,0:32:.:. 1/1:0,26:26:78:1073,758,0 ./.:10,0:10:.:. 1/1:0,26:26:78:107¢

. 1/1:0,58:58:99:2402,175,0 1/1:0,54:54:98:
1/1:0,74:74:89:3077,223,0 1/1:0,116:116:99:4809,34%,0 1/1:0,65:65:99:267¢
1/1:0,75:75:99:3110,226,0 1/1:0,38:38:99:1569,114,0 L/.:0,0:0:.:. 1/1
1/1:0,41:41:89:1699,123,0 1/1:0,80:80:99:3323,241,0 1/1:0,85:85:99:3501
./.:109,0:108:.:. 1/1:0,1368:138:99:5710,415,0 1/1:0,86:86:99:3540,259,0

./.:38,0:38:.:. 1/1:0,89:89:59:3684,268,0 1/1:0,142:142:95:5857,427,0 1/1

136:492,36,0 1/1:0,83:83:99:3446,250,0 1/1:0,88:88:89:3633,265,0 1/1:0,¢

1/1:0,92:92:99:3813,277,0 1/1:0,44:44:99:1819,132,0 1/1:0,142:142:99:5€
1/1:0,113:113:99:4675,340,0 1/1:0,132:132:99:5484,3%7,0 ./.:108,0:108:.:.
0.5 PRSS

anksSum=-0.091;ClippingRanksum=-0.094;DP=5040;F5=0;GQ MEAN=232;GQ ! STDDEV=48¢

CC=22;QD=27.58;ReadPosRanksum=0.29; SOR=1.637 GT:AD:DP:GQ:PGT:PID:PL 0/1:3,14:17:84:.:.:346,0,84 1/1:0,
13,0300, 0/0:39,0:39:0:.:.:0,0,480 0/0:115,0:115:0:.:.:0,0,401 0/1:5,4:9:99:.:.:146,0,194
1/1:0,5:5:15:111:2574%_C_T:225,15,0 0/0:7,0:7:9:.:.:0,9,135 0/0:107,0:107:60:.:.:0, 60,900 1/1:0,13:1:
0/1:14,14:28:99:.:.:512,0,534 0/0:66,0:66:81:.:.:0,81,1215 1/1:0,13:13:39:111:2574%_C_T:585,39,0
0/1:3,3:6:99: 117,0,116 0/0:11,0:11:3:.:.:0,3,45 0/0:11,0:11:15: :0,15,225 .f.:U,U:G ........
0/1:11,13:24:99:.:.:497,0,410 1/1:0,25:25:75:111:25749_C T:1125,75,0 0/0:4,0:4:3:_:.: :0,3,45 0/0:39,

0/1:48,43:91:99:.:.:1618,0,1838 0/0:7,0:7:9:.:.:0,9,135 0/0:9,0:%:3:



* single nucleotide polymorphisms

e max. four alleles (ATCG) - but usually biallelic

e codominant — homozygotes (e.g. AA, TT)

X heterozygotes (e.g. AT)

among 88 332 015 genetic variants identified in a sample
of 2504 individuals, 95.53% were biallelic SNP?, 4.07%
insertions—deletions (indels), 0.33% multiallelic SNPs
and 0.07% structural variants (The 1000 Genomes Project

usually 1,000s — 10,000s (... up to tens of millions)

substitution changes -> evolutionary models, coalescent simulations
non-anonymous

(un)linked ?!
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16,708,220 bp
| |

16,708,240 bp
|

1€, 706,260 bp

AA0O7A merged.bam Coverage

AR0OF7 A merged.bam

p-10m
AAOO7B.merged.bam Coverage
AADDTB.merged.bam

p-14q
AR0OFD.merged.bam Coverage
AADOFD.merged.bam

B-19

AAAZEA merged.bam Coverage

ARZEA. merged.bam




 HowtogettoSNPdata

Mapping to a reference De novo (no reference)

sequencing reads

“'l g Vi graph tﬁruction

CC_ ccGg _CG
— — p—— ATC
reference

l _\i/

contig1 contig1 contig2




How to get to SNP data

e using high-throughput sequencing (HTS, NGS)
e A) With reference — whole genome resequencing / sub-sampling a genome (target
enrichment / RADseq)

A quick overview of the HTS workflow

sample frags

Fragment sample ' - sample
ref

Sequence

microinsertion

sample * Sample mutation

AAAG,
reference ... TAAG ...
I A




~ How to get to SNP data

TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCRMGACCARACGTTTG
ACCAAACGTTTG
ACCARACGTTTG

GCAGGACACACAGGAGCEIGAGCCATTCCTGCGGCTC
GCAGGACACACAGGAGCTGAGCCATTCHITGCGGCTCCEN
GCAGGACA[JACAGGAGCTGAGCCATTCCTGCGGCTCCdeACCAACGTTTG

>0

TGCAGGACACACAGGAGCTGAGCCATTCCTGCGGCTCCCJAGACCAAACGTTTG

AY¥VYNOILLOIQ

CATALOG H

Locus 1
Haplotypes: (A
Locus 2

GAGCUAT TR
Haplotypes:
Locus 3
Haplotypes: Consensus

Locus N
Haplotypes:







RAD sequencing

e restriction site associated DNA sequencing — pileup of reads

e double-digest RAD seq

RAD sequencing\* s

I i

1]
(1]
I
|
|
1]

RAD sequences stacks




How to get to SNP data

e With reference

A quick overview of the HTS workflow

sample frags
Fragment sample ( - sample
I’Q'F
Sequence — K _ &=
-~ —>
-
X X
ref
microinsertion
sample+ Sample mutation

- MAG
Variant call ...
reference P &

A




~_ Filesinvolved

A quick overview of the HTS workflow

' sample frags
Fragment sample sample
= I'.Q'F

A —
Sequence

microinsertion
sample Sample mutation

N —

Variant call —AAA
reference - CAAG ... j




Files involved

Genome (FASTA)

>ARPM2ref |[NC_000001.10| :2938046-2939467 Homo sapiens chromosome 1, GRCh37 primary
reference assembly

TGGAAGAGGCC TCAGCAGGCCCAGGCCACC TGGAGGGAGAGCAGACC TGCGGC TGAGGATGCAGGGC TCC
CGGGCACGGTGCTAGCCCTGCCTTGAGACACCCCGAGAGC TGTGGGAAGAGC TGTGGGATCCCCTATTGC

ATCACAAAGCGGCCCTGGAGGGCTGGTCTTTATTTTGATGAGGC TGAGAAGGGAAGGC TGCGGGCATGTT
TAATCCGCACGCTTTAGACTCCCCGGCTGTGATTTTTGACAATGGC TCGGGGTTCTGCAAAGCGGGCCTG
TCTGGGGAGTTTGGACCCCGGCACATGGTCAGC TCCATCGTGGGGCACCTGAAATTCCAGGCTCCCTCAG

U

Reads (FASTQ) Mapped Reads (mpileup, BAM)

CCAATGATTTTTTTCCGTGTTTCAGAATACGGTTAA SEAl 272 T 24 4 Suuvnnrrerarererrrngns 4. €} CERKERRELERnE ;<) T<k
+SRRO38845.41 HWI-EAS038:6:1:0:1474 length=36 seal 2137 23 . ; ------------------- A cssesssssseddamsesiset |
BCCBA@BB@BBBBAB@BQE@=BABA@A:@693:@B= seqgl 275 A 23 :5.:::':::,::',:::“1 {+;§*-':{{<-::{{-:{={{:;::{-:{
@SRRO38845.53 HWI-EAS@38:6:1:1:36@ length=36 | Seql 276 G 22 . Tysessiiises s 33jrereTeeicasel <ses
GTTCAAAAAGAACTAAATTGTGTCAATAGAAAACTC S2GL 278 G 23 onvrrurereeinryorinen ke §3B%ec;cTee]cmccg) <oaes
+SRR38845.53 HWI-EAS038:6:1:1:360 length=36 Seql 279 € 23 ATy eierunrssnsennns 754cccccecccncecgecies

Variants (VCF)

##fileformat=VCFv4.1
##fileDate=20148930
##source=23andme2vef.pl https://github. com/arrogantrobot/23andme2vet
#ureference=file://23andme_v3_hgl9_ref, txt.gz

##FORMAT=<ID=GT ,Number=1, Type=String, Description="Genotype"=>

#CHROM  POS D REF ALT QUAL FILTER INFO FORMAT  GENOTYPE
82154  rs4477212 ' . ' . GT ]

752566 rs3@94315 A GT

752721 rs3131972 G GT

798959 rs511248777 GT

800087 rs6oEle49 GT




Read trimming, Quality check

e e.9. Trimmomatic, fastx toolkit
e manipulating FASTQ files

e quality filtering
e quality trimming

|




@SEQ ID
GATTTGGGGTTCARAGCAGTATCGATCARATAGTARATCCATTTGTTCAACTCACAGTTT
+

PV E((((FFF4) ) $BB+HH) ($%%%) .1FFF—+*1") ) F*FE5CCF>>>>>>CCCCCCCES

* p =the probability that the corresponding
base call is wrong
Qualities Qsanger = —10 logyop
- p=01=2Q=10
— p=0.012Q=20
- P=0.001= Q=30

Encoding: Sanger/Phred format can
encode a quality score from 0 to 93
using ASCIl 33 to 126: Q + 33 = ASCII
code

L..LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL
I"4S%s" () *+,—-./0123456789: ;<=>?@ABCDEFGHI




oS AR

- Readmapping o

Complex sequence (100 bp) Millions of reads
I Billions of positions

in human genome

Reference NNNNNCA AGGNNN

Correct read align  NNNNNCAAAGNNNN
Reference  NNNNNCAAGNNNN

Sample NNNNNCAAAGNNN Reference NNNNNCAAGGNNN

Alt. align NNNNNCAAAGNNNN




SAM/BAM

e reads mapped to a reference

FSQ SH:l LN 2249258621

as0 SM:2 LN 243199373

@50 SN:3 LN 2198622438

@50 SH:4 LH:191154276

@50 L H LN 186915268 H d .

@] SMie  LN:171115867 _ eader Data ||n es

as0 SN:7 LMN:1591 38663

asn SH:G LM 146364822 d

asq SN:9 LM:141213431 One per rea

asn SH:18 LM 135534747

250 SN:ill  LN:13E086E1l6
FOLE-315-FRida7 0001 s7:1:1R82:0A0488  pPe2 5 45460 = wEH - AEAEEE S181 ATRCTTRRTRAMGACOTEA TR a e, 358 1R EE PP ATBAATRRRATRA  NTehsll BFT0S S0 T030 41020 Slilal Rlslad MH: WzisE ¥heisB HDGZsdBERICLL
UL S ENSHET_BEELS7:L:1002:004488 pPrl & 141175714 k] Wt - 141170604 102 TEAEFIGE A [, =7E s(=EEMLEAMGEERIBECELCOCABCCOERA  KTzhsl BRL:T:l 0037 AG0sT7 MBiisl RLis@ sl W0sicE KGnizd HD:Z:dsc:
FULE-Sd SeEASAET_BBP 2721 11862 11149988 pPRZ 5 AA1IESE1E &4 R = 1HAZEHB 172 TCAATOTCTGTC TEO AT TG4 TG TEAG AT A TA TAL A EEESSEESSEATT 7 [<¥; | 1=8378,5 6=78=88 HTzAzU RF1:E SH1030 AR 37 3Bt ot WHzpc ¥O:izB HG:zi:zB HD:=2:76
FOLE-515-EASHET_O0A1 3711 118R2:10528  pPrl 1R AlEATAN & wEH - EIFAEFLE -165  CTTTRTTTATAGASSGAERAGATATIGAGAGRTITONRE  B7 ondBCA-EEEAAMCERRER ;BARECACABECCA  KT:hsl PRTEZ 571037 41037 sDalsl Flalsd b2 b o1 I Y I ol W -
FUUS- TP EMCHE7_BEELI7ILilBB2I00E28  pPR2 18 SUHERIE a - ELEATER 165 TTTTIAGT, T TGl a7 T Tseten,  ECECCACE-ETACEECEUBBECEABACA-ABAT=  HTahsl PPLT:8 000037 A7 sBoisl Wlaisl WPaisl W0sicd Geisd HDGZ:lE
PULE-C SaEASAET_PPPr 2721 1iRE2 117388 pPEL 11 AFTHESL A N 13 7HEAD =178 TTCAGACATLATTTG T TA AL TALC TAGCATTATOCTATC T A = EEAEEEEREEESEREA 87 B HEA-BVEACCH HTrAzl MPDTE SMUiE AN IT APt ELotBE MM XDz HOrizB HD=2:76
FrLUS-35-FaSdZ7_0001 s7:1 :1R82:117388 pPRZ 11 1HTHZ4D L} THLIEEH = L5 THERL 176 RARARCATAGANCANGLTCACATOLODAIALDARETEGT, oot P 70000 07 BBRR07 ;33300 HTehell BRT:2 300057 400037 #0:lal Fisl:d MH: Wzizl ¥Eiisl HDGT:SECAR
LS S5 ENSHET_BEELSP L8R pPcl 13 T 5 o - 4L AT6 TEACTTGAACCEABGAGSCARMAAT TTASTOASCCAMEATE.  s6aPid MBI AR AUBLEAREBAS  KT:AcU NH:is@ 3rl:icd? AMGicdA WBcicl BA:is® WM:ich W0sicB MGzicd HD:2:96
FLE-Z1S-F E7_Pee 17 1iBE2 11778 pPR2 55 EN = CATCLTLAASCOCTG TETT TAC T T A TTATC B PR o B AR ST TTART T AR HTrArU BT SM1rlE AN dE APt LoD EMx 218 HGE128 HO22:76

VN:1.8 SO0:coordinate
SN:chr2e 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 58 -I 5000 --max-coverage-intron 5000 -M -o out /data/userdd6/mapping tophat/index/chr
20 /data/userdd&/mapping tophat/L6 18 GTGAAA L8OT7_R1_001.fastq
HWI-ST1145:74:C101DACKXY:7:1102:4284:73714 16 chr20 198938 3 166M ¥ 1] 8
CCGTGTTTAAAGGTGGATGCGGTCACCTTCCCAGCTAGGCTTAGGGATTCTTAGTTGGCCTAGGAAAT CCAGCTAGTCCTGTCTCTCAGTCCCCCCTCT
C BEDCCDDCCODDDCDDDDDDCDCCCDBC?DDDDDDDDDDDDDDDCCDCDDDDDDDDDDCCCCEDDDC 7DDDDDDDDDDDDDDDDDDDDDEDHFFFFDCGER
AS:i:-15 KM:i:3 X0:i:0 XG:i:® MD:Z:55C28C13A9 NM:i:3 NH:i:2 CC:Z:= C(P:i:55352714 HI:i:@
HWI-ST1145:74:C101DACKN:7:1114:2750:41961 16 chr28 193053 5@ 166M ¥ 1] ]
TGCTGGATCATCTGGTTAGTGGCTTCTGAC TCAGAGGACCTTCGTCCCCTGGGGCAGTGGACCTTCCAGTGATTCCCCTGACATAAGGGGCATGGACGA
G DCDDDDEDDDDDDDCDDDDDDDCCCODDCDDDDDEEC=DFFFE]JIIIIGIIIITIHGEHHGITI]]1]]1]161]I11]]]1IIHI]IIIIHHHHHFFFFFCCC
AS:i:-16 KM:i:3 X0:i:0 XG:i:® MD:Z:60G16T18T3 NM:i:3 NH:i:1
HWI-ST1145:74:C101DACKX:7:1284: 147604030 16 chr28 278877 5@ 166M ¥ 1] 8
GGCTTTATTGGTAAAARAGGAATAGCAGATTTAATCAGARATTCCCACCTGGCCCAGCAGCAC CAACCAGAAAGAAGGGAAGAAGAC AGGARAAAACCA
C DDDDDDDDDCCODDDDDDDDDEEEEEEEFFFEFFEGHHHHFGDIITHIIIITIIITIIIIGGFIIIHITIITIN]]]]IJIGHHFAHGFHIHFGGHFFFDDREE
AS:i:-11 KM:i:2 X0:i:0 XG:1i:8 MD:Z:0AB5G13 NM:i:2 NH:i:1
HWI-ST1145:74:C101DACKXY:7:1210:11167:8699 1] chr2@ 271218 5@ S5OM4700N50M ¥ ]
;] GTGGCTCTTCCACAGGAATGTTGAGGATGACATCCATGTCTGGGGETGCACTTGGGTCTCCGAAGCAGAACATCCTCAAATATGACCTCTCG
accepted hits.sam




SAM/BAM

e reads mapped to a reference

10,297,720 bp
|

116 bp

10,257 740 bp 10,2497 760 bp 10,287,780 bp
| | | | |

p- 10
AAO0T A merged.bam Coverage
I T
I T T
I T7 T
G} A
3 T T
I T T
4 T
3 T
C F A AG
AAO0T A merged.bam
p- 10

AADOTA_rund_sorted.bam Cove

AADOTA_run_sorted.bam

BA A A AACCC GAACGTATGTG
1- T T
] T T
i3 T T
] T T
3 T T
I T
I T
c P A AG




Variant calling

e GATK, Samtools, FreeBayes B
e likelihood-based models - Genotype likelihoods -> L(Data | G _ {AD Az })

A € {4,C,G, T}

* Sanger: both alleles are amplified and

sequenced at the same time

How many genotype likelihoods do we have
* NGS: each allele is sequenced separately and for each individual at each site?

sampled with replacement

3 if both alleles are known
10 if not

A C

L 2
5




Variant calling - GATK

e GATK best practice (human data)

 https://software.broadinstitute.org/gatk/best-practices/bp_3step.php?case=GermShortWGS

PRE-PROCESSING

[ Raw Reads J
}

Map to Reference

BWA mem

Mark Duplicates

Picard

}
[ Base Recalibration ]
}

Analysis-Ready
Reads

Non-GATK

al,

VARIANT DISCOVERY

Analysis-Ready
Read

‘ Var. Calling \
+

2
s
[ Genotype Likelihoods]

¥

[ Joint Genotyping

[Raw Variants ( SNPs ] [Indels ]

~

{

[ Filter Variants

o

!

|

Analysis-Ready
Variants

[ SNPs ] [ Indels ]

~

C....

CALLSET REFINEMENT

Analysis-Ready SNPs
Variants & Indels

4

Refine Genotypes

4

~

-

Annotate Variants

1

Evaluate Callset

}
look good?

o /-0

troubleshoot use in project

Best Practices for Germline SNPs and Indels in Whole Genomes and Exomes - June 2016




##fj leformat=VCFv4.a

##{ | eDate=20000005
##¥zource=mylmputationProgramV3.1 .
##peference=1008GenonesP i Lot-NCBI36 Meta data:
##phasing=partial ik
##|NFO=<1D=NS, Nunber=1, Type=Integer, Description="Number of Samples With Data"> definitions of
##|MFO=<10=DP, Number=1, Type=|nteger,Description="Total Depth"> tags used

##|NFO=<|D=AF , Number=., Tupe=F loat,Description="Al lele Frequency">
##|NFO=<|D=AA, Number=1, Type=String,Description="Ancestral Allele"> elsewhere in
##|NFO=<1D0=DBE, Number=8, Type=F lag, Descr iption="dbSNP membership, build 129">
##| NFO=<{|D=H2, Number=@, Type=F lag, Descr iption="HapMap2 membership"> data lines
##F | LTER=<I1D=q18,Description="0ual ity below 18">

#8F |LTER=<|D=s58,Description="Less than 5S8% of samples have data">
#BFORMAT=<1D=GT, Number=1, Type=String,Description="Genotype" >
#RFORMAT=<1D0=G0, Number=1, Type=|ntager,Description="Genotype Quality">

##FORMAT=<|D=DP, Number=1, Type= | nteger,Descr iption="Read Depth"> Header line
#BFORMAT=<1D=HO, Number=2, Type=Integer,Description="Haplotype Ouali ty"
#CHROM POS D REF ALT  QUAL FILTER INFO FORMAT NRBEEA1 NAGE!

28 14378  rs6B8534257 G A 29  PASS  NS=3;DP=14;AF=0.5;DB;H2 GT:GO:DP:HO B|@:48:1:51,51
20 17338 . T A 3 qle NS=3;0P=11;AF=8.817 GT:GO:DP:HO B|B:49:3:58,56 1
28 1118696 rs6848355 A G, T 67 PRASS NS=2;D0P=18;AF=8.333,0.667;AR=T;DB GT:GO:DP:HO 1]2:21:6:23,27 :
20 1238237 . T 47 PRSS  NS=3;DP=13;AR=T GT:GO:DPIHO B|B:54:7:56,60 l
28 1234567 microsatl GTCT G,GTFICT S8 PRASS  NS=3;DP=9;AAR=G GT:GO:DP 0/1:35:4

Data lines

Variant columns Genotype columns




e “golden standard” for SNP data
e SNPs = rows, columns = info on SNPs and individual genotypes

#CHROM POS ID REF RLT QUAL FILTER INFOC FORMAT WCA_RROQ7R WCAR _RROO7B  WCA_RAQO7D WCA_RAOOTE WCA_RAQOSB WCA RAQ0OSI PAN RAO11D PEN RRO11E WCR RAQ12R WCA ARO12C

WCAR RROI12E WCA AROI2H WCA AROI3I WCA AROL6F WCA AROL6H WCA ARROLTF WCAE AR0L7G WCA AR017I WCA RA017J WCR AAQD1SD WCR _RRD1SF

2 25723 . T -y 243640 PASS

BC=235;AF=0.996;AN=236;BaseQRanksum=0.736; ClippingRanksum=-0.736;DF=8%28;F5=0; GQ MEAN=142.44;GQ) STDDEV=114.34;InbreedingCoeff=-0.0065;MLEAC=24%;MLEAF=0.996;MQ=75.86;MQ0=0;MQRankSum=|
736;NCC=69;QD=32.98;ReadPosRankSum=-0.736;S0R=15.985 GT:AD:DP:GQ:PL 1/1:0,17:17:51:701,51,0 1/1:0,10:10:30:410,30,0 1/1:0,13:13:39:531,39%,0 ./.:3,0:3:.:.

1/1:0,38:36:99:1587,114,0 L/01115,0:115: .. 1/1:0,9:9:27:373,27,0 L/.21,0:210,0, 1/1:0,4:4:12:163,12,0 1/1:0,8:8:24:330,24,0 1/1:0,5:5:15:205,15,0
1/1:0,7:7:21:282,21,0 L/.1107,0:107: .. 1/1:0,13:13:36:534,35,0 ./.:6,0:6:.:. 1/1:0,28:28:84:1125,84,0 L/.187,0:67:.:, 1/1:0,13:13:39:530,38,0 1/1:0,28:28:84:1150,84,0
L/.:11,0:12:,:, 1/1:0,38:38:99:1553,114,0 0/1:1,5:6:22:1%1,0,22 1/1:0,11:11:33:423,33,0 ./.:11,0:11:.:. ./.:0,0:0:.:. L.i241,0:2410 0,

2 25748 . c T 82850.5 PRSS
BC=80;RF=0.253;AN=312;BasegRanksum=-0.091;ClippingRanksum=-0.094;DP=%040;F5=0; GQ MERN=232;GQ STDDEV=486.67;InbreedingCoeff=0.3379;MLEAC=94;MLEAF=0.273;MQ=75.85;MQ0=0;MQRanksum=0.225
CC=22;QD=27.58;ReadPosRanksum=0.29;50R=1.637 GT:AD:DF:GQ:PGT:PID:PL 0/1:3,14:17:84:.:.:546,0,84 1/1:0,10:10:30:1[1:25748 C T:450,30,0 0/1:8,5:13:99:.:.:182,0,307

LSa13,0: 3 0/0:39,0:39:0:.:.:0,0,480 0/0:115,0:115:0:.:.:0,0,401 0/1:5,4:9:99:_.:_:14¢,0,194 0/0:21,0:21:24:.:.:0,24,360 0/0:5,0:5:3:.:.:0,3,45 0/0:8,0:8:6:.:.:0,6,90
1/1:0,5:5:15:111:2574%_C_T:225,15,0 0/0:7,0:7:%:.:.:0,%,135 0/0:107,0:107:60:.:.:0,60,900 1/1:0,13:13:35:1(1:25745% C T:585,38,0 0/0:6,0:6:6:.:.:0,6,90
0/1:14,14:28:99:.:.:512,0,534 0/0:66,0:66:81:.:.:0,681,1215 1/1:0,13:13:39:1|1:25?49_p_1:585,39,0 0/1:13,15:28:99:.:.:571,0,497 o110 0l el L/ 02309,0:30 0
0/1:3,3:6:9%:.:.:117,0,116 0/0:11,0:11:3:.:.:0,3,45 0/0:11,0:11:15:.:.:0,15,225 ./.:0,0:0:.:.:.:.

2 79582 . G T 9505.17 PASS

BC=2;RF=0.005464;RN=322;BasegRanksum=1.63;ClippingRanksum=1.4; DP=22545;F5=0; GQ MEAN=112.34;GQ STDDEV=48.12; InbreedingCoeff=0.5032;MLEAC=2;MLEAF=0.005464;MQ=82.47;MQ0=0;MQRanksum=1. &
NCC=11;0D=32.38;ReadPosRanksum=-0.9%66;SOR=9.455 GT:AD:DP:GQ:PL 0/0:65,0:65:99:0,120,1800 0/0:36,0:36:99:0,108,1598 0/0:54,0:54:9%:0,120,1800 0/0:24,0:24:72:0,72,1008

0/0:62,0:62:99:0,120,1800 0/0:250,0:250:99:0,120,1800 0/0:33,0:33:99:0,99,1448 ./.:0,0:0:.:. 0/0:15,0:15:0:0, 0,587 0/0:61,0:61:99:0,120,1800 0/0:15,0:15:45:0,45,609
0/0:54,0:54:99:0,117,1800 0/0:180,0:180:99:0,120,1800 0/0:34,0:34:99:0,102,1404 0/0:42,0:42:9%:0,112,1688 0/0:51,0:51:59:0,108,1800 0/0:60,0:60:99:0,120,1800
0/0:36,0:36:99:0,108,1490 /.:0,0:0:.:. 0/0:18,0:18:54:0,54,731 0/0:47,0:47:99:0,120,1800 0/0:10,0:10:30:0,30,423 0/0:26,0:26:78:0,78,1068 0/0:1,0:1:3:0,3,39
L/.:0,0:0:.:. 0/0:250,0:250:99:0,120,1800 0/0:252,0:252:99:0,120,1800 0/0:35,0:35:99:0,105,1552 0/0:70,0:70:99%:0,120,1800 L/.0:0,0:0:.:. L/.:0,0:0:.:.
0/0:16,0:16:13:0,13,633 0/0:104,0:104:99:0,120,1800 0/0:218,0:218:99:0,120,1800 0/0:250,0:250:9%:0,120,1800 ./.:58,0:58:.:.

2 75584 . T G 8026.39 PASS

RC=5;AF=0.016;AN=328;BaseQRanksum=1.34;ClippingRankSum=-0.033; DP=22884;F5=0;GQ MEAN=141.66;GQ STDDEV=317.84;InbreedingCoeff=-0.01%;MLEAC=6;MLEAF=0.016;MQ=81.04;MQ0=0;MQRanksSum=0.214
CC=7;QD=15.35;ReadPosRanksum=0.917; SOR=0.435 GT:AD:DP:GQ:PL 0/0:65,0:65:99:0,120,1800 0/0:36,0:36:99:0,108,1598 0/0:54,0:54:99:0,120,1800 0/0:24,0:24:72:0,72,1008

0/1:50,30:80:99:1067,0,1908 0/1:119,160:262:99:6169%,0,4328 0/0:33,0:33:99:0,99,1448 L/.:0,0:0:.:. 0/0:16,0:16:13:0,13,645 0/0:61,0:61:59:0,120,1800 0/0:15,0:15:45:0,45,609
0/0:54,0:54:99:0,117,1800 0/0:180,0:180:95:0,120,1800 0/0:34,0:34:95:0,102,1404 0/0:42,0:42:9%:0,112,1688 0/0:51,0:51:59:0,108,1800 0/0:60,0:60:89:0,120,1800
0/0:36,0:36:99:0,108,1490 A0, 0:0:0 . 0/0:18,0:18:54:0,54,731 0/0:47,0:47:59:0,120,1800 0/0:10,0:10:30:0,30,423 0/0:26,0:26:78:0,78,1068 0/0:1,0:1:3:0,3,39

Ao10,0:0:. . 0/0:250,0:250:95:0,120,1800 0/0:252,0:252:99:0,120,1800 0/0:35,0:35:99:0,105,1552 0/0:70,0:70:99:0,120,1800 L/.0:0,0:0:.:. Ao10,0:0:. .

0/0:16,0:16:2:0,2, 638 0/0:104,0:104:95:0,120,1800 0/0:218,0:218:99:0,120,1800 0/0:250,0:250:9%:0,120,1800

2 758886 . G A 10995.8 PRSS

RC=2;AF=0.011;AN=326;BaseQRanksum=0.319;ClippingRanksum=1.45;DP=22821;F5=0;GQ) MERN=1359.02;GQ STDDEV=263.84;InbreedingCoeff=-0.017%;MLEAC=4;MLEAF=0.011;MQ=82.19;MQ0=0;MQRanksum=4.74;1
C=8;0D=18.51;ReadPosRankSum=0.811;50R=0.48 GT:AD:DP:GQ:PGT:PID:PL
0/0:24,0:24:72:.:.:0,72,1008 0/0:119,0:119:99:.:.:0,120,1800 0/0:323,0:323:99:

0/0:42,0:42:99:.:.:0,112,1688 0/0:51,0:51:99:
0/0:10,0:10:30:




e “golden standard” for SNP data
e SNPs = rows, columns = info on SNPs and individual genotypes

HCHROM POS ID REF ALT QUAL FILTER INFO FORMAT WCA RRO0TR WCAR AR0OO7TB WCA RRO0T7D WCA ARQOTF WCR RRO0SB WCR RROO

2 25723 . T B 243640 PRSS . GT:AD:DP:GQ:PL 1/1:0,17:17:51:701,51,0 1/1:0,10:10:30:410,30,0 1/1:0,13:13:39:5
2 25748 C T B82850.5 PASS . GT:ED:DP:GQ:PGT:PID:PL 0/1:3,14:17:84:.:.:546,0,84 1/1:0,10:10:30:1]1:25749 C T
2 78982 G T 9505.17 PASS . GT:AD:DP:GQ:PL 0/0:65,0:65:99:0,120,1800 0/0:36,0:36:99:0,108,1596 0/0:54,0
2 75584 T G B8026.39 PASS . GT:AD:DP:GQ:PL 0/0:65,0:65:99:0,120,1800 0/0:36,0:36:99:0,108,1598 0/0:54,0
2 755B¢ . G A 10895.8 PRSS . GT:RD:DP:GQ:PGT:PID:PL 0/0:65,0:65:99:.:.:0,120,1800 0/0:36,0:36:63:.:.:0,63,
2 758552 . ¢ A 6577.46 PRSS . GT:RD:DP:GQ:PGT:PID:PL 0/0:65,0:65:99:.:.:0,120,1800 0/0:36,0:36:99:.:.:0,108
2 80020 C A B70517 BRSS . GT:AD:DP:GQ:PGT:PID:PL 1/1:0,63:63:99:.:.:2728,190,0 1/1:0,33:33:99:.:.:1441,
2 216783 G C 1635.73 BRSS . GT:RAD:DP:GQ:PGT:PID:PL 0/0:21,0:21:63:.:.:0,63,845 0/0:16,0:16:48:.:.:0,48,643

2 216790 A G 11217  BEASS . GT:RD:DP:GQ:PGT:PID:PL ./.:21,0:21:.:.:.:. 1/1:0,1:1:3:1|l:216?86_§_£:45,3,D




#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT WCA RAOOTA WCA AROOTB

2 25723 . T A 243640 PASS AC=233;RF=0.996;RN=236;DP=8928 GT:AD:DP:GQ:PL 1/1:0,17:17:51:701,51,0 1/1:0,10:10:30:410,30,0
2 25749 . c T 82850.5 BASS AC=80;AF=0.253;AN=312;DP=0040

CHROMO: chromosome / contig
POS: the reference position with the 1%t base having position 1

ID: an id; rs number if dbSNP variant
REF: reference base.
— The value in POS refers to the position of the first base in the string

— for indels, the reference string must include the base before the event
(and this must be reflected in POS)

ALT: comma sepearated list of alternate non-ref alleles called on at
least one of the samples

— if no alternate alleles then the missing value should be used “.”
QUAL: phred-scaled quality score of the assertion made in ALT
(whether variant or non-variant)
FILTER: PASS if the position has passed all filters (defined in meta-
data).
INFO: additional information




#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT samplel
1 801943 rs7516866 C T  9787.34 PASS

AC=2;

AF=1.00;

AN=2;
BaseQRankSum=1.009;
DB;

DP=556;

FS=18.302;

MQ=44.04;

MQO0=38;
MQRankSum=5.122;
QD=17.60;
ReadPosRankSum=3.375

GT:AD:DP:GQ:PL

1/1:37,518:556:99:9787,685,0




Format field specifies type of data present for each genotype
— GT:AD:DP:GQ:PL
— fields defined in metadata header

GT: genotype, encoded as alleles separated by either | or/
— O forthe ref, 1 for the 1%t allele listed in ALT, 2 for the second, etc

— REF=A and ALT=T
* genotype 0/1 means hetero A/T

* genotype 1/1 means homo T/T
— /: genotype unphased and | genotype phased

DP: read depth at position for sample
GQ: genotype quality encoded as a phred quality




VCF — not only SNPs !!

e N. B. in an unfiltered VCF you may also see (not topic for today)

multiallelic SNPs
scaffold 1 128556

insertions
scaffold 1 128556

deletions
scaffold_ 1 128556

phased genotypes
scaffold_1 128556

C G,T 3139.27 PASS
G GGGACCCT 3139.27 PASS
CTG C 3139.27 PASS
C G 3139.27 PASS .

GT:AD:DP:GQ:PL 1]0O:0, 34 34:99:1412,102,0 1)1:0,74:74:-99:3077,223,0



Today’s tasks

e understand structure of the VCF
e explore the SNPs in entire VCF
* visualize genetic structure of a real dataset of a ="
diploid plant in a multi-sample VCF (171 indivs
from 64 pops, ~ 10,000 SNPs)

- PCA, K-means clustering, distances,
AMOVA, isolation by distance

e ... and answer the questions on the way
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D N  Sequencing errors  |mmmd

Check your outgroup.

Use folded data. « Mispolarization
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