NGS data analysis: from
FASTQ to VCF




buonHdopmaTmka n Hayka - NGS

e (Genome assembly - cbopka reHOMOB
HeMoesnbHbIX OpraHu3MoB ,f,G m—

e Resequencing - TapreTHoe cekBeHupoBaHue,
9K30Mbl, reHOMbI (Kak npaBuno, nauneHTos) = e

e RNA-seq - xapakrepusauus TpaHcKpunToma
(3aBMCUT OT KITIETOYHOIro Tuna)

e Transcriptome assembly - ecnn reHOM
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e Chip-seq - kto rae cnamT Ha [JHK (Toxe
3aBUCUT OT KITeTOYHOro TMna)




buonHdopmaTuka n HOyCcTpuUs

e [IpakTuyecku pabora
buonHpopmMaTuka NnoYTK Bcerga

Next-generation DNA sequencing
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Mogorotoska  Ckauusaxve reHoma

http:/hgdownload.cse.ucsc.edu/goldenPath/
hg19/chromosomes/
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Amlomponammii VCF daiin
4. DuILTPalNHA JAHHLIX I8 BLISBICHHS MOTEHIHAILHOIO IATONeHHOI0 BAPHAHTA
*  OTTaIKHBasACH OT KIHHHYECKOH HH(POPMALIHH, B TOM YHCIE
© O THITY HACICIOBAHKA:
* AD - nouck reTeposmror.
* AR — NOHCK rOMO3HIOT.
* XL - nokck renos Ha X XpoMocoMe.
-
O Anam3 QyHKIHi reHoB
= [lposepka u3BecTHOro rena
*  AHaTH3 rpyNs N'eHOB, ONHCAHHBIX A 3Toro 3abonesanus (OMIM)
* [Ilo uacroram
© BuiOOp reHOMHBEIX BaDHAHTOB C HH3KHMH HYaCTOTAMH, YYHTLIBAA!
* JloxanbHEIC NOMYIANHOHHEIC YaCTOTEL
* Cnyuau, Xor/Ia NaToreHHLIH (peaKuii) amiens MoxeT OBITL B
pedpepence
* Ilo cxopaM naTOreHHOCTH, BKIIOYAIOMIHM:
o KomncepsarHBHOCTS TO3HIHH
! o DbddekT-npeaHKTOpH
o Tun myramnu (LoF, cunonsMuunas, HECHHOHMMHEYHAS, CIUTAHCHHAT, ..)
KannuaaThele BApHAHTLI
5. JeTanbHbIH AHANH3 KAHIHIATHLIX BAPHAHTOB
* IGV browser
o Strand biases
o Tl'omonomsmvepn
o Local coverage
o Unambiguous mapping
* BLAST/BLAT
0 AHAIN3 FOMOJTOTHYHBIX YYACTKOB
0 YHHMKaTBLHOCTB, B TOM YHCIIC NICEBAOTSHL, NAPATIOTH, TPOTMKCHHEIC
AYTITHKAIHH
o IlosTopm
* Coop undopmaims o rese
o 3xcnpeccus B padmuneix TKausx (GTE browser)
o JlureparypHbli anaTH3
T o Hudopmanns no MoaeasHLM o0bexTam
Orobpannsie BapHAHTEL
6. WopmHpoBaHHe 3aKII0YeHN (C pe3iome).
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DePristo, Mark A., et al. "A framework for variation
discovery and genotyping using next-generation
DNA sequencing data." Nature genetics 43.5 (2011):
491-498.
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1. [lony4yeHne aaHHbIX (Fastq)




2. KoHTpOnb Ka4yecTBa -
Fa StQC (http://www.bioinformatics. babraham.ac.uk/projects/fastqc/ )

GC distribution over all sequences

GC count per read
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2. KOHTpOsb Ka4yecTBa -

YTo Takoe Q-score?
Q=-10log P Unn P=10%"

Phred Quality Score Probability of incorrect base call Base call accuracy
10 | 1in10 90%

20 1in 100 99%

30 1in 1000 899.9%

40 -1 in 10,000 99.99%

50 -1 in 100,000 99.999%

60 -1 in 1,000,000 99.9999%




[TpMepbl XXN3HEHHbIX Heyaay

e QCFail: https://sequencing.qcfail.com/

st QCFALL.com

Explaining your errors




[Tpumep 1
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[Tpnmep 2

e CrnuwKoOM KOpoTKue
dparMeHTbl

e (CekBeHupoBaHue
OOXOAUT 0 KOHLa U
naeT B aganTtep
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[Tpumep 3
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QSequence Duplication Levels

I | Percent of seqs remaining if deduplicated 31.73%
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[Mpumep 4

e [leperpyska

e [loBTOpbI
e [pA3b Ha
yuTaKwLlem
anemMeHTe

e [ly3bipek




[Tpumep 5
e NextSeq - FEEEEE T TITIT I\DDDDD I

Quality scores across all bases (llumina 1.5 encoding)
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Kactomusauusa FastQC

e MoxHo ,El06aB|/1Tb CBOU Oper sequence GC content
nocnenoBaTeNlbHOCTHU T
N — e N
https://www.ncbi.nlm.nih.
gov/tools/vecscreen/univec/

e MOXHO MeHsiTb NapameTpbl
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NGSrich
https://sourceforge.net/projects/nagsric

h/

Summary Statistics

# Reads 34200378

# On Target z 100 bp 32254979 [, 30x o 50x (20020)
# rget + : . v

Target Size (bp) 57911140 50x to 100x (62621)

)\ 20xto 30x (6955)

# Target Regions | 168030
Coverage Mean 98.91
Coverage Std Dev  ||59.19

10x to 20x (5358)

2x to 10x (2970)
0x to 2x (1449)

Covered 1x 98.99%
Covered 5x 97.58%
Covered 10x 96.03%
Covered 20x 92.02%
Covered 30x 86.92% above 100x (68657)

TPKM 16.29




TPUMMUHT - yoaneHue
OLLIMOOK CEKBEHMPOBAHUA

KaK MOXHO y4anuTb OLMOKKU CEeKBEHUPOBAHUA?

TpMMuHr (aHrA. trim — npuBoaUTbL B NOPALOK) — OCHOBHaA onepaumsa And
TOro, Ytobbl Balwun puabl CTanu Nyylle.

[lBe 4yacTu TPUMMMHTra:

YnaneHue agantepos B puaax

OTceyeHue C KOHL@ pPUA0B HYK/1EOTUA,0B C KAYECTBOM HUXKE AaHHOro
(Hanpumep, <20)

TpumuHr — Heobxoagumas npoueaypa. OHa Bcerga obnerynT Bam

nocneaywowmn aHanua. A yacto aHanua puaos 6e3 TPUMMUHIa U
BOBCE HEBO3MOXEH

[Ona TpuMMuHra pekomeHgyertcsa nporpamma Irimmomatic




3. BbipaBHMBaHue pnaoB HAa FrEHOM —
Kak aTo BbIrMaanT

Reference Genome Sequence

HyXHo:

1. Pwunabl — FastQ
~ 2. PedepeHc/
NHpekc

N. YTO Takoe NoKpbITUE N CKOMBKO ero

\
100bp read 330 - 430 bp unknown sequence 100bp read
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BbipaBHMBaHWe

e BbipaBHMBaTb MOXHO Ha FEHOM U HA TPAHCKPUMTOM

e [lonb3aynTecb cCoOBpeMEHHbIMU, XOPOLLO 3a80KYMEHTUPOBaHHbIMU U
noaaepXuBaeMbiMU, Open source nporpaMmMmamm

e CneuunanusmpoBaHHble NporpaMMbl - KaXKaas Xxopollua AJisi CBOEro

o Bwa - ucnonbasyetcs ans BbipaBHuBaHus B WES/WGS, T.K. AaeT caMble TOYHbIE OLEHKM
KayecTBa BblpaBHMBaHUSA

o STAR - ontumusunpoBaH anst RNA-seq, oyeHb 6bicTpbin, HO Hago 32 6 RAM ans
MbllLK/YyenoBeka

o TMAP - ans ToppeHTa. Ho moxHo U STAR!
Bowtie - ymeeT colorspace
Bowtie2 - 6bICTpbI, YHUBEPCANbHLINA, U HENPUXOTNNBLIN




4. 1 1PpOBEPKa KaveCTBa
BblpaBHMUBAHUA - MapQ 1 ero
pacnpegeneHune

Score — Precision
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30 — 0.999
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MAPQ score
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5. 'lonck BapnaHTOB -
Kak 3To paboTaeTt

rs429358 + rs7412 ——p Predictors of Alzheimer’s

E = EXON 4 of APOE
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VCF header
¥ G

Body

.
7

.

VCF — @oopMaT AaHHbIX

( ##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 member
##FORMAT=<ID=GT, Number=1,Type=String,Description="Genotype/,
##FORMAT=<ID=GQ, Number=1,Type=Integer,Description="Genotyde Quality (phred score)">
##FORMAT=<ID=GL, Number=3,Type=Float,Description="Likelij#Moods 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,Descriptiga="Type of structural variant">
##INFO=<ID=END,Number=1,Type=Integer,Description="End position of the variant">

Optional header lines (meta-data

' about the annotations in the VCF body)

Reference alleles (GT=0)

#CHROM POS ID REF ALT QUAL FILTER 1INFO FORMAT SAMPLE1 SAMP
1 1 ACG_ A,AT PASS : GT:DP 1/2:13 0/0:29
1 2 rsl s Gl PASS H2; AA=T GT:GQ 0]1:100 2/2Y0
1 5 A G . ASS . GT:GQ |0:77 /14
1 100 i <DEL> \, P SVTYPE=DEL ; END=300 GT:GQ:D%/I:IZ:B 0/0:20 Alternate alleles (GT>0 is
an index to the ALT column)
Deletion SNP 1 Ihsartion Gtherevent Phased data (G and C above
Large SV are on the same chromosome)



6. KOHTpOnb KayecTBa BapuaHTOB
CpaBHeHMe nnatdopm 1 METOAOB

A lllumina B lon Proton
Freebayes
Freebayes
2.0%+1.7%
Samtools

GATK-HC

1.1%0.4%

Samtools GATK-HC

Hwang, Sohyun, et al. "Systematic comparison of variant calling pipelines using gold standard personal exome
variants." Scientific reports 5 (2015).




Alignment and Variant Calling Broken Down

2012 - BWA/GATK (FINAL) 2013 - RTG
59,943 2014 — ——
2012 2 VCFs from 2012 - BWA/GATK y BWA-MEM/
y FreeBayes
23andMe | o

71552 o

- BWA 0.6.1
> GATK (early & late 2012)

2013 Real Time Genomics
°v3.1.2 2013-05-02

o Called on Trio

2014 Rerun
° BWA 0.7.6 (2014-01-31)

> FreeBayes




7. AHHOTaLUMA BapnaHTOB —
[lpenckasaHne adpdekTa

T 1 [ . I

* regulatory region * 5 prime UTR * splice donor * splice region * 3 prime UTR
* TF binding site * initiator codon * splice acceptor * intron
* downstream
* intergenic * synonymous * stop lost
* upstream . missense * stop retained
* inframe insertion * incomplete terminal codon
* transcript/regulatory region /TF i mframe. deletion
binding site ablation - o gan.\ed
g st * frameshift
* mature miRNA A

* NMD transcript coding sequence variant

* non-coding exon / transcript



7. AHHOTaLUMA BapnaHTOB —
SnpEff, SIFT, PolyPhen, VEP

Variant Effect Predictor Results:

Uploaded Location  Allele Gene Transcript Consequence Position Position
Variation in cDNA inCDS

7_117171039_G/A 7:117171039 A ENSG00000001626 ENST00000446805 DOWNSTREAM . .
7_117171039_GJ/A 7:117171038 A ENSG00000001626 ENST00000003084 SYNONYMOUS_CODING 492 360
7_117171039_G/A 7:117171039 A ENSGO00000001626 ENST00000454343 SYNONYMOUS_CODING 492 360
7_117171039_G/A 7:117171039 A ENSG00000001626 ENST00000426808 SYNONYMOUS_CODING 360 360
7_117171039_GJ/A 7:117171039 A ENSG00000256365 ENST00000545164 INTRONIC .
7_117171039_GJ/A 7:117171039 A ENSG00000256792 ENST00000544858 UPSTREAM

7_117171092_T/C 7:117171092 C ENSG00000001626 ENST00000446805 DOWNSTREAM . .
7_117171092_T/C 7:117171092 C ENSG00000001626 ENST00000003084 NON_SYNONYMOUS_CODING 545 413
7_117171092_T/C 7:117171092 C ENSGO0000001626 ENST00000454343 NON_SYNONYMOUS_CODING 545 413
7_117171092_T/C 7:117171092 C ENSG00000001626 ENST00000426809 NON_SYNONYMOUS_CODING 413 413
7_117171092_T/C 7:117171092 C ENSG00000256365 ENST00000545164 INTRONIC

7_117171092_T/C 7:117171092 C ENSG00000256792 ENST00000544858 UPSTREAM .
7_117171122_TIC 7:117171122 C ENSG00000256792 ENST00000544858 UPSTREAM . .
7_117171122_TIC 7:117171122 C ENSG00000001626 ENST00000426809 NON_SYNONYMOUS_CODING 443 443
7_117171122_T/IC 7:117171122 C ENSGO00000001626 ENST00000446805 DOWNSTREAM . .
7_117171122_T/IC 7:117171122 C ENSGO0000001626 ENST00000454343 NON_SYNONYMOUS_CODING 575 443
7_117171122_TIC 7:117171122 C ENSG00000001626 ENST00000003084 NON_SYNONYMOUS_CODING 575 443
7_117171122_T/C 7:117171122 C ENSG00000256365 ENST00000545164 INTRONIC .

120
120
120

138
138
138

148

148
148

Codon
change

gcGigeA
gcGlgecA
gcGlgeA

cTa/cCa
cTa/cCa
cTa/cCa

aTvaCt

aTvaCt
aTvaCt

Co-located  Extra
Variation

rs1800077 -
rs1800077 -
rs1800077 -
rs1800077 -
rs1800077 -
rs1800077 -
rsi800078 -
rs1800078 -
rs1800078 -
rs1800078 -
rs1800078 -
rs1800078 -
re35516286 -
re355162886 -
re35516286 -
re35516286 -
re35516286 -
re35516286 -




VCF-Annotate

NpumMmep 3anycka: vcf-annotate -f +/d=8/Q=10/q=10/-a >

Koy OnucaHue [cTaHOapTHOe 3Ha4YeHne]

1, StrandBias FLOAT Min P-value for strand bias (INFO/PV4) [0.0001]
2, BaseQualBias FLOAT Min P-value for baseQ bias (INFO/PV4) [0]

3, MapQualBias FLOAT Min P-value for mapQ bias (INFO/PV4) [0]

4, EndDistBias FLOAT Min P-value for end distance bias (INFO/PV4) [0.0001]

a, MinAB INT Minimum number of alternate bases (INFO/DP4) [2]

¢, SnpCluster INT1,INT2 Filters clusters of 'INT1' or more SNPs within a run of 'INT2' bases []
D, MaxDP INT Maximum read depth (INFO/DP or INFO/DP4) [10000000]

d, MinDP INT Minimum read depth (INFO/DP or INFO/DP4) [2]

H, HWE FLOAT Minimum P-value for HWE (plus F<0) (INFO/HWE and INFO/G3) [0.0001]
g, MinMQ INT Minimum RMS mapping quality for SNPs (INFO/MQ) [10]

Q, Qual INT Minimum value of the QUAL field [10]

r, RefN Reference base is N []

v, VDB FLOAT Minimum Variant Distance Bias (INFO/VDB) [0.015]

W, GapWin INT Window size for filtering adjacent gaps [3]

w, SnpGap INT SNP within INT bp around a gap to be filtered [10]



AHHOTaUuSA

http://wannovar.wglab.org/

Chr ClinVar SIG
Start ClinVar DIS
M H T B End ClinVar STATUS
ClinVar ID ClinVar
Ref DB ClinVar DBID
Alt GWAS DIS GWAS
Func OR GWAS BETA
GWAS PUBMED
Cnocob npunucatb Gene GINAS B
GeneDetail GWAS P
ExonicFunc SIFT score
Ka)K'D'OMy AAChange SIFT pred
9 Polyphen2 HDIV score
BapuaHTy 1000G ALL Polyphen2 HDIV pred
1000G AFR Polyphen2 HVAR score
1000G AMR Polyphen2 HVAR pred
aHHOTaU,V”'O 1000G EAS LRT score
LRT pred MutationTaster
1000G EUR score MutationTaster pred
1000G SAS MutationAssessor score
MutationAssessor pred
EXAC Freg FATHMM score FATHMM
EXAC AFR pred RadialSVM score
ExAC AMR RadialSVM pred
ExAC EAS LR score
LR pred
EXAC FIN VEST3 score
ExAC NFE CADD raw
ExAC OTH CADD phred
EXAC SAS pGrFyli-\:)TD:gvsaSy placental
ESP6500si phyloP100way vertebrate
ALL SiPhy 29way logOdds




Table 1. Properties of genomic variation and phenotype databases

1000 Genomes  NHLBI Exome dbSNP Human Gene Locus-specific OMIM GeneReviews ClinVar
Variant Server Mutation Database databases
Focus Genome/exome  Exome variation in Repository for ~ Detailed information Gene-specific Literature review for ~ Expertclinical reviewbased Clinical significance of
variation in well-phenotyped all molecular on variants variants, some genes and genetic on the literature for variants across all
diverse populations, variation, responsible for with expert phenotypes, genes and the phenotypes genes, both
populations, germline only both germline inherited disease, curation, both germline and associated with germline germline and
germline only and somatic germline only germline and somatic variants and somatic variants somatic
somatic
Variant source  Variants from Variants from Submitted by Variants mined from Submitted by Selected variants Variants selected by authors Submitted by research/
sequence data sequence data in research/ the literature, does research/clinical mined from the based on their clinical groups or
in individuals phenotyped clinical not include groups, database literature phenotypic relevance extracted from
from 26 individuals, many groups unpublished specific public databases or
populations with rare disorders variants expert consensus
reports
Phenotype None provided  Focused phenotype May provide Phenotypic May provide detailed Thorough review of  Thorough review of the Limited phenotypic
information clinical information phenotype per the phenotype phenotype information
available through significance limited to submission
dbGAP of variant associated disease
Clinical None None None None None Clinical synopsis/ Includes clinical practice Can include o
resource literature review of guidelines variant-specific S
clinical details practice guidelines 3
Predictionof  None None May provide Yes Yes Yes Yes Yes S
Causation submitter Interpretation of the ~ Two part prediction,  Associated phenotype Interpretation of the Submitter prediction/ =
prediction literature with submitter/curator with interpretation literature with prediction expert predictions )
prediction of of the literature of causation ]
causation &
Model-based No Yes No Yes No No Not standard, may be Not standard, may be B
information PolyPhen2 Sift, MutPred included included gﬁ
Conservation Conservation ]
Accessibility  Public Public Public Academic and Public Public Public Public =
non-profit limited _a
access/fee-based o
full access S
Curator 1000 Genomes  University of NCBI Limited HGMD Subscribers ~ Various experts Johns Hopkins University of NCBI Individuals can “
Washington curation can submit Washington-based review variants and <
feedback editors submit a reviewed SN
record N
References None None If provided by First report of all Variant-specific Gene- and Gene- and variant-specific ~ Gene-specific N
submitter, mutations, references when variant-specific references references, variant (?
may be mined additional reports available references data linked to =,
from PubMed may be included submitter, may or g
may not have =
reference 2
8
~

624




ClinVar

ClinVar is designed to provide a freely accessible, public

variations and phenotypes, with supporting evidence.

Submitters:
OMIM: Johns Hopkins .

Save search Advanced

(¢]

‘Show additional fiters Display Settings: (%) Tabular View, 20 per page. Sorted by Default order

(¢]
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Cinical Location
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.
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Insertion (111) BRCAT  c4G78G5T (p.Giy1660Ter) Breastowrian cancer,  popogenc  Classifedbysingle 7 4150308
Single nucleotide (310) famhal Submer
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Show additional filters € .4655_4658delACTT Breast-ovarian cancer, classified by single 41226365~

.
(o] 0_4 Sta rS — I eve I Of rev I e W Seedetalle  BRCA1 (o 7y0t5ep L eutssadslinsCysts) famiial 1 Pathogenic g bmitter T 4226368




The Human Gene Mutation Database BIOB A SE

Data mines academic e

HGMDO ‘Home Search help Stafistics New genes Wh LSDBs Other links
Gene symbol - Symbol: Missense/nonsense v | Go!

The Human Gene Mutation Database (HGMD®) represents an attempt to collate known (published) gene lesions responsible for human inherited disease. and is maintained in Cardiff by D.N.
Cooper, E.V. Ball, PD. Stenson, A D. Phillips, K. Howells, S. Heywood and M.E. Mort.

. .
P e T ) “Please note that this less up-to-date public version of our database is freely available only to registered users from academic institutions/non-profit organisations. All commercial users are required
(eIt} to purchase a license from BIOBASE, our commercial partner. A license to HGMD Professional is available to both commercial and academic/non-profit users wishing to access the most up-to-date
version of the database (visit BIOBASE to request a free trial of HGMD Professional). Read more about how HGMD is finded BBC reports recent study utilising 1000 Genomes and HGMD data
BC news)

Public entries: Total entries:

. . Table: Description: This site. Academicaon-  HGMD Professionsl
‘profit users only 20134
SO a eS S u I I l I SS I O n S’ MuﬂﬁnlMlll(nonOlMZ—(ﬂ) 105417 148413
The gene description, gene symbol (as by the HUGO C i location is

° . Gene symbol recorded for each gene. Inuuswhueagmesymbolh:snmyetbeumdeoﬁcu!.ap(owson:lsymbolhnbeenadaptedwmnh:s 3953 6137
corrections reviewed b S

y cDNA sequence cDNA reference sequences are provided, numbered by codon. 3815 5011

Genomic coordinates OO o st inates have been for mi splicing, regulatory;, small deletions, small 0 130765

tea l I l HGVS nom: Shﬂda_::l.::lI’GVSmmucMnrehubemominedﬁot i splicing, small deletions, small insertions and 0 131396

Single base-pair substitutions in coding regions are presented in terms of a triplet change with an additional flanking base included if

B e e e e e 22t =
° ° ° Mutations with consequences for mRNA splicing are in brief with i i ifying the relative position of the lesion
Splicing with respect to a numbered intron donor or acceptor splice site. Positions given as positive integers refer to a 3' (downstream) 9949 13641
I rS ava I a e I n lccaﬁon,mgaﬁveimgusreﬁuloas'(upm)mﬁm
causing ities are logged in with thirty nucleotides flanking the site of the mutation on both sides.
Regulatory The location oﬂhgmnhtlmrelauvemmmnmnphonﬂ initiation site, initiaton codon, polyadenylation site or termination codon is 1869 2884

given.

. . .
(0} O rl I n a | | 10 k Va r'l a nts 5 ) Micro-deletions (20 bp or less) are presented in terms of the deleted bases in lower case plus, in upper case, 10 bp DNA sequence e S0
flanking both sides of the lesion. The numbered codon is preceded in the given sequence by the caret character (7).
Micro-insertions (20 bp or less) are presented in terms of the inserted bases in lower case plus, in upper case, 10 bp DNA sequence
flanking both sides of the lesion. The numbered codon is preceded in the given sequence by the caret character (").

. .
2 Micro-indels (20 bp or less) are d in terms of the bases in lower case plus, in upper case, 10 bp DNA
o 105 k I n P u b | I C 20 14 el sequence flanking both sides of the lesion. The mumbered codon is preceded in the given sequence by the caret character (%). el 2

Information regarding the nature and location of each lesion is logged in narrative form because of the extremely variable quality of o o
the original data reported.

(0] 148 k i n “ P r‘o” ( 20 14) Groks inserhions W;:ﬂdiﬂgﬁemmbuﬁmofmmkloggedhmﬁum o
Complex Information regarding the nature and location of each lesion is logged in narrative form D l F =

rearrangements  the original data reported. A
jati Information regarding the nature and location of each lesion is logged in narrative form 5

o UNIVERSITY

Small insertions 6835 9423

Gross deletions
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1000 Genomes Release Variants Individuals Populations
Phase 3 84.4 million 2504 26
Phase 1 37.9 million 1092 14
Pilot 14.8 million 179 <



NHLBI Exome Sequencing Project (ESP)
http://evs.gs.washington.edu/EVS/

Gene Name: TP53 (Gene ID: 7157) (-)

Variation Color Code:

Download Option:

Chromosome 17: 7571720 - 7590868
File Format | Text [

Genes in this region: TP53(-) WRAPS3(+)

Population: EuropeanAmerican, AfricanAmerican Zip Format | gzin [

GWAS Catalog: TP53 WRAPS3
KEGG Pathway: TP53

Sanger COSMIC: TP53 WRAPS3
PPI STRING 9.0: TP53 WRAP53

codingComplex

OMIM: TP53 WRAP53
Add or Remove Columns (_Description of Columns )

dbSNP rs ID Alleles EA Allele Count AA Allele Count Allele Count EA Genotype Count AA Genotype Count
Genotype Count I MAF (%) @ Sample Read Depth Genes Gene Accession # GVS Function cDNA Change

cDNA Size Protein Change Conservation (GERP) (7] Conservation (phastCons) Grantham Score PolyPhen Prediction | Clinical Link

"INCBI 37 Allele ] Chimp Allele "~ lllumina HumanExome Chip [T GWAS Hits [T) EA Est. Age (kyrs) [T AA Est. Age (kyrs) 1 GRCh38 Position
Sort Variants by  Variant Pos Select Population = Al % Select Transcript = Union of Transcripts

If "Select Transcript” above is set to "Union of Transcripts”, and if muitiple transcripts of a gene are involved in a variant and the function annotations for the variant are the same, only one representative transcript is listed in the table

for the reasons of speed and space. But annotations for each individual transcript are fully listed in the downloaded file if one chooses to download the data.

Avg.
Variant
AA Allele Sample mRNA GVs
GRPZ::W rs D Alleles EA Allele # 4 All Allele # EA Genotype # AA Genotype # All Genotype # Read Genes Abcaiston # Function
Depth
17:7572912 | rs374284340 | A>G G=1/A=8599 | G=0/A=4406 | G=1/A=13005 | GG=0/GA=1/AA=4299 |GG=0/GA=0/AA=2203 | GG=0/GA=1/AA=6502 |234 TP53 'NM_000546.5 utr-3
17:7572921 | rs369567704 | A>T T=0/A=8600 |T=1/A=4405 |T=1/A=13005 | TT=0/TA=0/AA=4300 TT=0/TA=1/AA=2202 | TT=0/TA=1/AA=6502 254 TP53 NM_000546.5 utr-3
17:7572960 | rs373710656 | G>A A=1/G=8599 A=OIG=4406 A=1/G=13005 |AA=0/AG=1/GG=4299 | AA=0/AG=0/GG=2203 |AA=0/AG=1/GG=6502 | 227 TP53 NM_bO112B113.2- utr-3
17:7573057 | rs17881850 |G>A A=102/G=8498 | A=13/G=4393 | A=115/G=12891 | AA=0/AG=102/GG=4198 | AA=0/AG=13/GG=2190 | AA=0/AG=115/GG=6388 | 94 TP53 NM_000546.5 intron
17:7573897 | rs17880847 |T>A A=122/T=8478 | A=12/T=4394 | A=134/T=12872 | AA=2/AT=118/TT=4180 |AA=0/AT=12/TT=2191 | AA=2/AT=130/TT=6371 |26 TP53 NM_000546.5 intron
17:7573917 | rs374041625 T=1/G=8599 |T=0/G=4406 |T=1/G=13005 |TT=0/TG=1/GG=4299 TT=0/TG=0/GG=2203 |TT=0/TG=1/GG=6502 NM_000546.5 intron




7. AHHOTaLUMA BapnaHTOB —
The Exome Aggregation Consortium (ExAC)

Population Male Samples | Female Samples Total
African/African 1,888 3,315 5,203
American (AFR)
Latino (AMR) 2,254 3,535 5,789
East Asian (EAS) 2,016 2,311 4,327
Finnish (FIN) 2,084 1,223 3,307
Non-Finnish 18,740 14,630 33,370
European (NFE)
South Asian (SAS) 6,387 1,869 8,256
Other (OTH) 275 179 454
Total 33,644 27,062 60,706




7. AHHOTaLUMA BapnaHTOB —
The Exome Aggregation Consortium (ExAC)

Variant: 20:126155 GCAAA/ G

Population Frequencies

Flkr St - RS Popton Al Wfiches ¥ e iy
dbSNP rs11467497
Allele Frequency 0.1523 African 2808 10402 373 0.2699
Allele Count 18482/ 121328 South Asian 2799 16508 263 0.1696
UCSC 20-126155-GCAAA-G & Other 150 908 17 0.1652
Clinvar Click to search for variant in Clinvar (£ European (Non- 10251 66706 781 0.1537
Finnish)
European (Finnish) 733 6610 40 0.1109
Latino 1196 11542 77 0.1036
East Asian 545 8652 21 0.06299
Total 18482 121328 1572 0.1523
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The Exome Aggregation Consortium (ExAC)

BT
Variant 4 Chrom « Position ~ Consequence 4 Filter $# Annotation v Flags ¢ Allele Count ¢ Allele Number $# Number of Homozygotes 4 Number of Hemizygotes 4 Allele Frequency s+
X:153296070 A / AG X 153296070 p.Glu416Ter PASS  frameshift 1 84912 0 0 0.00001178  WIT[[]]
X:153296104 TCAGG / T X 153296104 p.Prod03SerfsTer17 PASS  frameshift 1 82363 0 1 0.00001214  WII[[]]
X:153296161 G/ T X 153296161 p.Ser38s5Ter PASS  stop gained 1 81695 0 0 0.00001224  WI[[T]

X:153296689 G / A (rs61749714) X 153296689 p.Arg161Tert PASS  stop gained 48 87676 0 20 0.0005475 [ TN




InSilico npegckasaHne naToreHHOCTU

B Performance of quantitative predictions in testing dataset Il
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SVM (lincar)= 0.88 , 95%CI: 0.87 - 0.88
SVM (radial)= 0.93 , 95%CI: 0.92 - 0.93
SVM (polynomial)= 0.89 , 95%C1: 0.84 - 0.94
Logistic Regression= 094 95%C1L 093 -094
SIFT=0.78 , 95%CL 0.77 - 0.79
PolyPhen-2 HDIV= 0.76 , 95%C1: 0.76 - 0.77
PolyPhen-2 HVAR= 0.79 , 95%CI. 0.78 - 0.8
LRT= 067, 95%CI: 066 - 067
MutationTaster= 0.71 , 95%C): 0.7 - 0.71
Mutation Assessor= 0.8, 95%CL 0.8 - 0.81
FATHMM= 0.91 , 95%CI: 0.9 - 0.91

--= GERP++ RS= 067, 95%CL 066 - 067

— = PhyloP= 067 ,95%CL 066 - 068

r=ee SiPhy=069,95%C1L 069 ~-07
Alele Frequency= 0.75 , 95%C1: 0.74 - 0.75
Cadd Ptwed= 0.76 , 95%CL 0.756 - 0.77
KGGSeq= 0.89 ,95%CI1: 080 - 09
CONDEL=0.77 , 95%CI. 0.76 - 0.78
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False positive rate
Comparison and integration of deleteriousness prediction methods for nonsynonymous SNVs in whole exome sequencing studies
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Pe3iome no aHann3y 3K30MOB

[leTanbHoe n3yyeHune KIMHUKN 1 ceMeNHON NCTOPUN AN POPMUPOBAHUA KITUHUKO-
reHeTUYEeCKOM rmnoTesbl

2 OCHOBHbIX nNoaxoa: aHanusa rno Cn1Ucky reHoB 1 NOWUCK ab initio

[MpuBReYeHne NHdopMaL MM 0 KOHCEPBATUBHOCTW 1 NONYMNALNOHHbIX AaHHbIX,
arpermpoBaHHbIX B 6a3ax AaHHbIX

B noeane: segeHne cobctBeHHOM 6a3bl 3K30OMHbLIX JaHHbIX OS5 y4eTa fToKalnbHbIX YacToT
SNVs

Bbibop kaHanaaTHbIX SNVs Bceraa A0MmKeH OCyLLIeCTBAATLCA Ha OCHOBE AaHHbIX MO
9KCMpeccun reHa, dMYyHKLMM U nokanusaumm oernka, Yepes npmusmy ero BO3MOXXHOM
9TMONaTOreHeTMYEeCKoM Ponu B 3aboneBaHuu.



CI OLIEHKA KTMHUYECKOW 3HAYUMOCTHU
bIABNEHHbIX U3MEHEHUI

Tun mytauuun. leneyumm, MHcepumu, AynavKaumum, myTauum
CNAAaNCUHIa, CABUMM PaMKU CYMTbIBAaHUA, HOHCEHC-MYTaLUK

06bIYHO naToreHHbl. MucceHc-myTauum TpebyloT 6onee TOHKOM
OLLEHKMW.

YacToTa BcTpeyaemocTb B rpynnax 601bHbIX U 34,0pOBbIX
(momKHa 6bITb HMXKE NonNyAALMOHHOM YacToTbl 3aboneBaHus!)

Cerperauus c 3abonesaHmem B cembe (40NXKHa bbITb Yy BCEX
60nbHbIX). KpuTepuit paboTaeT ToNbKO B CEMEMHbIX Cay4YasnX.

BuonHdopmaTmnueckme pecypcbl (6asbl 4aHHbIX MyTaL Ui,
nybaukauun, Polyphen, SIFT).

,ﬂ,aHHble AKCNepuMeHTa/IbHbIX MCCI'IE,CI,OBBHVIV! (KI'IETO‘-IHbIe
INHUN, MOde/NIbHbIE )KMBOTHbIE).




Integrative Genomics Viewer

http://www.broadinstitute.org/igv/

Mporpamma gna Bu3yanbHOro npocmoTtpa bam-davinos

822bp
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Ba)KHO NnpoBepATb HAWAEHHbIE BApMaHTb! 'rasamu”




Bepudunkaumna pesynesraTa




(], TBEMOXKHO «MOTEPATLY MYTALMM

1. KayectBO cekBeHMpoBaHuA. Mytauma MOMET
HaXOAMUTCA B HEMOKPbITbIX UM « CKOMMPOMETUPOBAHHbIX»
No NOKPbITUIO 061aCTAX — NOTEPA Ka4ecTBa Ha YPOBHE
CEeKBEHUPOBaAHMNA KOHKPETHOMU npobbl

2. Allelic drop-out. lNoTepsa KayecTBa Ha ypoBHE MeToAa
(MeToguyecKas ownbKa).

3. OWKnBbKKM KONNUHra. HacTble OWKMOKM NPOYTEHUA He
WCKIIOMAIOT HaIM4YMA MmyTauu B npupoae.

4. OWNBbKKN nHTEpNpeTaumm

5. OwnbKn B anarHose

6. PeHOKONUMK




