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o EREAPTEHRHIE

ERAFARNZE DNA FIIAS: ENERAERHAER, XEEREDFEDERE, URAERGENTSH, BMES
ARARSHEXRMERZALPARX—F, ZERAENFNHAZHIEHREXRZS. # GWAS, MEHREEITIER.

FERITEE " Z3—HMNFEREZEEAEINERINR"XFELHELE, ErRBREENFNEEKNES, HthE (KiE
K. &%F. BENF) fFENEETAEET.

— T HEABEMNAEFF

— T EER) WES B WGS MBS ZEIH T MARIRIG FASTQ #iE. MXER"—HaBUERE. AIDUTIR. BIAMIKEX DY
VCF"2Z[8), EEMNDRRHE:

Bz BARIEY) HHIA

iz 51K 501 EGER FASTQ FastQC. fastp. Trim Galore
SEERALRT sorted.bam + &3| BWA-MEM. minimap2

58 FJIHRICS BQSR WIEFH) BAM GATK MarkDuplicates. BQSR
TEAM [R$& VCF | gVCF GATK HaplotypeCaller. DeepVariant
BREERDD Z A VCF GATK GenotypeGVCFs

TRITE SEETRE GATK VQSR. W@idiE

TEFRE HINEEETER VCF VEP. ANNOVAR. SnpEff

T KEX. BHAZEN. BIAME PLINK. R

"BWA + GATK" 2SR/ ERMNEBLE, XEk. tXFIE S best practices EiESER . MR I MERE S BITmAM
BIARZZMN, beftools mpileup + bcftools call teEME PTHEER, KBEEE,

ERIAHK
KEAAEREN) BN EEETINE SRR

FirEx TR BITHME
Rz FastQC. fastp. MultiQC bash
[n ] BWA-MEM. minimap2 bash
BAM 4b18 samtools, GATK bash
TEHM GATK HaplotypeCaller. DeepVariant bash
THRIIE GATK VQSR. bcftools bash
a3 VEP. ANNOVAR. SnpEff bash
i 2UNSE R PLINK 2. vcftools, R bash + R

KiEK (PacBio. ONT) MEHMTRERRIS—ETHH (minimap2. Sniffles, CuteSV %), XBEARREH.
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HEATHRIES
FRDERADMELIBAT

RS gL E8 N =]

NA12878 | HGOO1 BEAR, [TIZIIE TRAZHEER . variant calling ) Genome in a Bottle
1000 Genomes ABHE B¥RZEM, LD, BRSO 1000 Genomes Project
GnomAD SCREMERE TRIR. FEAERLESE gnomAD

NA12878 & GIAB Rl "HEINE" VCF, AIMEZRARIHERECHEENEREERIE, 24> variant calling RERT
BRI RY.

= UG bl N

FER Bioconductor By variantAnnotation Bfl—/XEREIEA VCF IEZEMN®R. EES—H chr22.vef.gz i, A
FEHM T

if (!requireNamespace("BiocManager", quietly = TRUE)) install.packages("BiocManager")

BiocManager: :install(c("VariantAnnotation", "TxDb.Hsapiens.UCSC.hgl9.knownGene"))

library(VariantAnnotation)

library(TxDb.Hsapiens.UCSC.hgl9.knownGene)

# ENBEBHH chr22 il vcF
fl <- system.file("extdata", "chr22.vcf.gz", package = "VariantAnnotation")
vcf <- readvcf(fl, "hgl9")

vef

# &—T VCF 44
header (vcf)

rowRanges (vcf)[1:5]

# IREERFEIUER
geno(vcf)$GT[1:5, 1:5]

# IEEREUIERRX

txdb <- TxDb.Hsapiens.UCSC.hgl9.knownGene

loc <- locateVariants(vcf, txdb, CodingVariants())
head(loc)

# RIIBETRINE (WEF. IEF. UTR F)
all loc <- locateVariants(vcf, txdb, Allvariants())
table(all loc$LOCATION)

locatevariants RIEE VCF iCEMEZIRIAMNERFXIER, table(all loc$LocATION) AL EHAN"THX
HHHm"ER—UTR, IMEF. AEF. EREEZPD—XBE variant calling IREENHEH—1=,
BEXENFEMBLLXBEZRME: BIEERN BWA tEX + GATK TEMNFI/KE (BN, BEEEBIEE). BEE
BITE SRR SRS D E, (B VCF Z2EIFZEHRERER, M LmXBRE2—HN,

BioF3 4/26


https://www.nist.gov/programs-projects/genome-bottle
https://www.internationalgenome.org/
https://gnomad.broadinstitute.org/
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EEERAK

153 F&@ RE

01 EIEZEEL: WGS vs WES vs Panel Bt
02 BWA / GATK b 5 ZH46 Bt
03 VCF AR5 At 2t%
04 maftools FERZESHT (WES) BE%
05 TEIIES REITE Bt
06 BH{RIR{E: PCA /48R /LD Bt%
07 GWAS A7 BL%
08 IRREFEESIRE Et%

FiE 8 TMERE L4k, 03 M 04 & r] M AT ESCEUREE .

HEFRIEAR

o ‘mIZEAM: R, Python. Bash ZI]i&F
e Jupyter SXERDHTIAE

o /\it¥ SRR

W

]

EZRHIR
e GATK Best Practices

e Genome in a Bottle

¢ 1000 Genomes Project

e gnomAD
e Ensembl VEP
e samtools / bcftools Fif
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file:///Users/zhangdiandian/Documents/1.WorkDir/BioinfoTools/BioF3/exports/articles/basics/programming-basics/index.html
file:///Users/zhangdiandian/Documents/1.WorkDir/BioinfoTools/BioF3/exports/articles/basics/jupyter/index.html
file:///Users/zhangdiandian/Documents/1.WorkDir/BioinfoTools/BioF3/exports/articles/basics/public-databases/index.html
https://gatk.broadinstitute.org/hc/en-us/sections/360007226651-Best-Practices-Workflows
https://www.nist.gov/programs-projects/genome-bottle
https://www.internationalgenome.org/
https://gnomad.broadinstitute.org/
https://www.ensembl.org/info/docs/tools/vep/index.html
https://www.htslib.org/
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oo HUIBAEI: WGS vs WES vs Panel

ERANFHE=—MEZRE, EFNRTHREONNE:

R BETE

WGS £HERAA ~3Gb

WES SMEFEX ~60Mb

Panel N+~LETERE
WGS vs WES D ER

BWE weGs

LKA

SEXI SERA

BEEHIM a3

BRSO IR

THER

AhTE WES BU455k 14

BIRE/HFA
30-60x, ~90GB FASTQ
100-200x, ~6GB FASTQ

500-1000x, ~1GB

SNV + Indel + SV + CNV

GATK [/ DeepVariant

BRIRIE. GWAS, SV

ERnR
ZEMTER. ERIEX. BHEERE
PR IRARRREE . SR ERISUR

IRFRIEN ., EAFRREE

WES

FZE SNV + Indel

FE BED XHENX target Xig
SRR, DEXFESR
GATK + Mutect2 (ftyE)

YEIRENZREE . maftools., OncoKB

BB ERXME (tumor + matched normal), F Mutect2 #{AZARRRZSHN, #H A MAF SXHEE maftools BIRE

WA

# Mutect2 HESFH
gatk Mutect2 \
-R reference.fa \
-I tumor.bam \

-I normal.bam \

-normal normal_ sample name \

-0 somatic.vcf.gz

# VCF -> MAF %&ift

vcf2maf.pl --input-vcf somatic.vcf.gz --output-maf somatic.maf \

—-tumor-id tumor --normal-id normal --ref-fasta reference.fa

T—%

o 02 L5 TRAMTR
e 03 VCFFE5a

VBB PR AL\

e 04 maftools
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SERE
e GATK Best Practices
e Mutect2 X#Y

e vcf2maf
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https://gatk.broadinstitute.org/hc/en-us/sections/360007226651
https://gatk.broadinstitute.org/hc/en-us/articles/360037593851-Mutect2
https://github.com/mskcc/vcf2maf
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TR B+ 3 325 30
oz tEIFE5 TR RFE
M FASTQ 21 VCF BIIRETRAL ., X—S4 HEEE bash H9/F5), EAERES LM,

BWA-MEM Lt 3¢

# BR5| (=R

bwa index reference.fa

# LEX (B THEA)
bwa mem -t 8 -R "@RG\tID:samplel\tSM:samplel\tPL:ILLUMINA" \
reference.fa samplel Rl.fqg.gz samplel R2.fq.gz \

| samtools sort -@ 4 -o samplel.sorted.bam

samtools index samplel.sorted.bam

-R SN read group 1§82, GATK BESBNINA.

E“EE + BQSR

# ¥RC PCR BEE

gatk MarkDuplicates \
-I samplel.sorted.bam \
-0 samplel.dedup.bam \

-M samplel.dedup metrics.txt

# Base Quality Score Recalibration
gatk BaseRecalibrator \
-R reference.fa \
-I samplel.dedup.bam \
--known-sites dbsnp.vcf.gz \
--known-sites mills_indels.vcf.gz \

-0 samplel.recal_ table

gatk ApplyBQOSR \
-R reference.fa \
-I samplel.dedup.bam \
--bgsr-recal-file samplel.recal_ table \

-0 samplel.recal.bam
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HaplotypeCaller (FRTR

# BHEREN (B gver)
gatk HaplotypeCaller \
-R reference.fa \
-I samplel.recal.bam \
-0 samplel.g.vcf.gz \
-ERC GVCF

# SEFHEDE

gatk CombineGVCFs -R reference.fa \
-V samplel.g.vcf.gz -V sample2.g.vcf.gz \
-0 cohort.g.vcf.gz

gatk GenotypeGVCFs -R reference.fa \
-V cohort.g.vcf.gz \

-0 cohort.vcf.gz

Mutect2 ({FHETER

gatk Mutect2 \
-R reference.fa \
-I tumor.recal.bam \
-I normal.recal.bam \
-normal normal_ sample \
--germline-resource gnomad.vcf.gz \

-0 somatic_unfiltered.vcf.gz

gatk FilterMutectCalls \
-R reference.fa \
-V somatic_unfiltered.vcf.gz \

-0 somatic_filtered.vcf.gz

k&I R
Fog tERXEGLB S L. HER nf-core/sarek:

nextflow run nf-core/sarek \
--input samplesheet.csv \
--genome GRCh38 \
--tools mutect2,haplotypecaller \

--outdir results/

¢

]

EZRHIR
e BWA Fiit
e GATK Best Practices

e nf-core/sarek
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https://bio-bwa.sourceforge.net/
https://gatk.broadinstitute.org/
https://nf-co.re/sarek
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e DeepVariant
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https://github.com/google/deepvariant
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o« VCF ERS AL

VCF XHZERFZE, F—P2"BTTREAEMNAER. AKX, BHANEEFIM", AEZH R# variantAnnotation
BIENE chr22 VCF &R,

BLRfl

ECEMIZAN genome03 variant anno sci.R it 6 5KE:

Rscript scripts/genomics/genome03_variant_anno_sci.R

BREETA

Variant type distribution (chr22)
Total: 10376 variants

10000 9969
7500 -
£
3 50004
o
2500 -
407
D
0 -
Indel SNV

1: SNV vs Indel B9 E5D ., WGS/WES E SNV BE 5 90%+,
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data:text/x-r-source;base64,
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Variant distribution by genomic region
Most variants fall in introns and intergenic regions

ERAFTHFM

promoter A 0
intergenic 4 0
coding 1 0
threeUTR 1 0
fiveUTR 1 0
intron 0
spliceSite 1 0
-0.050 -0.025 0.000 0.025 0.05

Number of variants

B 2: TREAEMEERAXE, KPIERSFHNERERX (FFREBXSGEEH 98%+).

Transition / Transversion (Ti/Tv = 3.05)
Expected Ti/Tv ~ 2.0-2.1 for WGS; lower in coding regions
7508

6000

4000 A

Count

2461

2000 1

Transitlion (Ti) Transverlsion (Tv)

B 3: #%3%/EREE, WGS HAEE ~2.0-2.1, WES B ~3.0, fR{EAI8EiRRRMES.
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Site frequency spectrum (chr22)
Classic L-shaped distribution: most variants are rare

1000 1

750 1

500 1

250 1 I
1 T T

0.1 0.2 03 0.4 05
Peaks may correspond to gene-dense regions or segmental duplications

Alternative allele frequency
50.4 0.8 51.0

50.6 50.
B 5: chr22 FTEZESH, FEXIGREGENNERBEXFEEFT,

Number of variants

B 4: FURERMEE, 28 LE: AE2ZESFEHRAEN ().

Variant density along chr22

300 1

200

o

Number of variants

—_
o
o

o
L

Position (Mb)
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No coding variants in this subset
0.050 1

0.025 4

> 0.000 1

-0.025 1

-0.050

No coding variants
X

B 6: mIBXZTFRNIEERER (RX/EXTTX) .

THEIR

genome03_variant_anno_sci.R

8 KB T# VCF ZRrIL B »

¢

2

EZRHIR
VariantAnnotation

Ensembl VEP
ANNOVAR
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data:text/x-r-source;base64,
https://bioconductor.org/packages/VariantAnnotation/
https://www.ensembl.org/info/docs/tools/vep/
https://annovar.openbioinformatics.org/
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o5 maftools [HERT ST

maftools ZAEINEFH (WES) DITERERMIR &, BIEA MAF BRNFARERENHE, —ERMETENRESN
B. BEhERDHT. REZRF.

AREMH maftools BHHAJ TCGA LAML (28R B MR, 193 MER) HIEER,

MAF 1&3{

MAF (Mutation Annotation Format) & TCGA EMIWRERR, ST—1RT, X§5:

7] aX

Hugo_Symbol EREZ

Chromosome / Start_Position / End_Position ERA AR

Variant_Classification Missense [ Nonsense | Frame_Shift &
Variant_Type SNP /INS / DEL
Tumor_Sample_Barcode A ID

Protein_Change EAZM (4 p.R882H)

M VCF ¥ MAF A8 vcf2maf.pl (EE VEP IE),

Bl
FEEMIZA genome04 maftools_sci.r %t 6 3KE:

Rscript scripts/genomics/genome(04 maftools_ sci.R
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data:text/x-r-source;base64,
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BRKEETA

Variant Classification Variant Type SNV Class

ISB

. T>A I 89
Splice_Site l
C 236

Missense_Mutation

v
®

SNP

Nonsense_Mutation

Frame_Shift_Ins INS

Frame_Shift_Del

o
v

[0}
-
@
©

In_Frame_Ins

DEL
In_Frame_Del C>A . 235
r T T T T T T 1 r T T T 1 T T T T 1
° g g ] 8 8 8 ] ° ] ] g ] 8 g 8 2 8
T 08 8 8§ 8§ § 8 3 8 g § 8 § E § §
Variants per sample Variant Classification Top 10
Median: 9 summary mutated genes
34
17 9

IDH2

=
)
X

CEBPA

TP53

pry
1

5 -
RUNX1

I“““I“““I‘ “ o
saeaes
| ||I||||||.|||||||||||||L||||||- 0- ——

S

O_I
@
X

B 1: MAF S dashboard, A t: STHFANRER; HL: ERPEDM: £ EREE,; AT SNV HEZRE
B, —KEETEMATINRERIR.

Altered in 141 (73.06%) of 193 samples.
34

Ll ot ..|II|_-|]|I....||.|I|I|I|||.‘|||.JI|II||.I.=.I||IJ|.|..I|]|J|.|||.I|... i
|||H=I||||I| (I

o
o
N

No. of samples

27%

25%

I

(il _ I
o | 11711 Il L
A AT
ad || [T Il I
| A
o AR MR AT RARTRAAATIA N
| | N
aad |00 PO D L L

DNMT3A

e |

® |In_Frame_Ins = Frame_Shift_Ins

® Frame_Shift_Del = Nonsense_Mutation

= Missense_Mutation = Splice_Site
In_Frame_Del = Multi_Hit

B 2: Oncoplot (REFMNE). BII—THAR, 8T —TER (ERTINXHF) . HEARRELE, IEMEEREAX
SEFZON—KE — —IRELMLEERENIIERERE,

LAML E FLT3. DNMT3A. NPM1 £ top 3 IRhER, X2,
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DNMT3A : [Somatic Mutation Rate: 24.87%]

NM_022552

19

ERAFTHFM

©® Frame_Shift_Del

® Nonsense_Mutation

©® Missense_Mutation
Splice_Site

B 3: DNMT3A B9 lollipop &, #HESEELM, SMEEERR—
R882 2 DNMT3A HIARRE, £ AML EREHHL,

U2AF1[8]

KRAS [ 8]

KIT[8]

PTPN11[9]

WT1 [12]

CEBPA [13]

TP53 [15]

NRAS [15]

RUNXT [16]

TET2 [17]

IDH1 [18]

IDH2 [20]

NPM1 [33]

DNMT3A [48]

FLT3 [52]

BioF3

FLT3[52]
DNMT3A [48]

NPM1 [33]

IDH2 [20]

IDH1 [18]

TET2 [17]

RUNXT [16]

NRAS [15]

-log10(P-value)

TP53 [15]

CEBPA [13]
WT1[12]

% P<0.05

P<0.1

2
1
r 0

1

PTPN11[9]

R882C/H/P
®
®
R736H
W D RARB-#S329R F909C
®
mr o2t 19
Dcm AdoMet | MTc+ss I
T 1
800 912

KIT[8]

>3 (Co-occurrence)

KRAS [ 8]

. 7 2
- >3 (Mutually exclusive)

U2AF1[8]

REMUR, BEARZURETIELIMATRE,
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BERAFIEF;

B 4: EREMNHRRT | EFXHR, &8 = £ (co-occurrence), M = EF (mutual exclusivity) , BFRIERIIATEE

ER—FEE L (RE-THBET).

Tumor mutation burden distribution (TCGA LAML)
Median: 9 variants/sample; dashed line = median

251

I
I
I
I
20+ !
I
I
I

Number of samples

[&)]
1

30

1
0 10 20

Total somatic variants per sample

B 5: MERETNA (TMB) 21, AML Z{E TMB Mg (P ~10 MRE/MHA), MBERE. fE 1B PR

kb, TMB BRyZiafr N AIFUNEIR 2 —,

100 — . . . 100 —

75 —

% Mutations
wn ~
o (4]
| |

N
o
1

: ; : 25
) | ﬁ i i i 0 -
csT ™C C>A c>6 A e
=1 i ||| ‘|||“ i I|‘||| ||'| Wy ||‘|| i |‘ |‘|| i «"H
75 -
2
S
.. | ||‘ |||| ||
3
-
25 - | ‘ ‘ | H ‘
0

JERELL

6: FREURIE (FAFA) . TifTv REEECEASBRREENREETRE (4 APOBEC EHESIEN C>T 3ik).,

BioF3
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LE3

library(maftools)

laml <- read.maf(
maf = system.file("extdata", "tcga_ laml.maf.gz", package = "maftools"),

clinicalData = system.file("extdata", "tcga laml annot.tsv", package = "maftools")

plotmafSummary(laml, dashboard = TRUE)
oncoplot(laml, top = 10)
lollipopPlot(laml, gene = "DNMT3A", AACol = "Protein Change")

somaticInteractions(laml, top = 15)

EIBCIEL
£ read.maf () BIERIZIRAECH MAF X4-ENA], WRR2E VCF:

# VCF -> MAF (FE VEP + vcflmaf)
vcf2maf.pl --input-vcf somatic.vcf.gz --output-maf somatic.maf \
--tumor-id TUMOR --normal-id NORMAL --ref-fasta hg38.fa \

--vep-path /path/to/vep --vep-data /path/to/vep_cache

THHER

genome04_maftools_sci.R

T& maftools IPEREDTEM A 2

6 KB
SERR

e maftools X1

e Mayakonda et al. 2018, maftools £
e TCGA MAF #&F0HISE
e OncoKB IREhEFEFEE

BioF3 19/26


data:text/x-r-source;base64,
https://bioconductor.org/packages/maftools/
https://genomemedicine.biomedcentral.com/articles/10.1186/s13073-018-0574-x
https://docs.gdc.cancer.gov/Data/File_Formats/MAF_Format/
https://www.oncokb.org/
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oo TWFILIRS BiEiTHE

[Rig VCF EEARERIAM. TERBRE T REERNTEML.

VQSR vs f@idiE
& &M [EIg
VQSR HAZ > 30, WGS BAEMTRE G2 S ER
B RS/, WES. Panel F&higZHE (QD. FS. MQ %)

ETRHRESH

# SNP diE

gatk VariantFiltration -R ref.fa -V raw.vcf.gz \

--filter-expression "QD < 2.0" --filter-name "LowQD" \
--filter-expression "FS > 60.0" --filter-name "HighFsS" \
--filter-expression "MQ < 40.0" --filter-name "LowMQ" \
--filter-expression "MQRankSum < -12.5" —--filter-name "LowMQRS" \
--filter-expression "ReadPosRankSum < -8.0" --filter-name "LowRPRS" \

-0 filtered_snps.vcf.gz

# Indel T

gatk VariantFiltration -R ref.fa -V raw.vcf.gz \

--filter-expression "QD < 2.0" --filter-name "LowQD" \
--filter-expression "FS > 200.0" --filter-name "HighFS" \
--filter-expression "ReadPosRankSum < -20.0" --filter-name "LowRPRS" \

-0 filtered_indels.vcf.gz

FRE1FhiEn

e Ti/Tv ratio: WGS ~2.0-2.1, WES ~2.8-3.0, &% = RS

e Het/Homratio: A& WGS ~1.5-2.0

o BHTHLEHI: F dbSNP MESEN % > 95% (WGS)

e Mendelian error rate: A trio HiEK, FRAKEZEREEILEHFIN < 1%

SEHER

o GATK REiTiEIERE
e GATK VQSR #72
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https://gatk.broadinstitute.org/hc/en-us/articles/360035531112
https://gatk.broadinstitute.org/hc/en-us/articles/360035531612
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oo B¥FIE(E: PCA[#HIR /LD

BIREEDNTAAE NMINEREEOZ XL MK, RILHAKR, MEGRZRERE".

BHRIA

I’ Fig&

PLINK 2 EIBEE. QC. PCA. XEHH
ADMIXTURE HIRA DG (K B#E)
vcftools VCF #it (Fst. pi. Tajima's D)
EIGENSOFT PCA + B¥{ARL5H

PCA o

# VCF -> PLINK &z

plink2 --vcf cohort.vcf.gz --make-bed --out cohort

# LD pruning (585 LD AY sNp, B% pca #BE 1D £5)
plink2 --bfile cohort --indep-pairwise 50 5 0.2 --out pruned

plink2 --bfile cohort --extract pruned.prune.in --make-bed --out cohort pruned

# PCA

plink2 --bfile cohort pruned --pca 10 --out cohort pca

il cohort pca.eigenvec FLRETHEAR PC1~PC10 £4x, AR EEHAE.,

ADMIXTURE 1BE 9 #7

# M k=2 F k=6
for K in 2 3 4 5 6; do
admixture --cv cohort_pruned.bed $K | tee log K${K}.out

done

# EHM K & CV error RERAIFET
grep "CV error" log_K*.out

LD &=/

# T8 LD (r2) MEBENRE
plink2 --bfile cohort --ld-window-r2 0 --ld-window 1000 --ld-window-kb 500 \
--out 1ld_decay

LD RIFIEE REREHRRE REHA A/ N EAR,
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https://www.cog-genomics.org/plink/2.0/
https://dalexander.github.io/admixture/
https://www.internationalgenome.org/data-portal/population
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os. GWAS A\|7]

SERAXEKDH (GWAS) HHNZ"MEERAMUR/MNENRE (KK, 55, AWIEN) BHRITFEXREK".

EifiiE

BREEIE (PLINk 8R) + RESUE
— oC (MAF. HWE, fREKZE. REXZR)
— XM (Z14/1BEEYT, KRE pc)
— Manhattan plot + QQ plot

- BEURLER

PLINK 2 ftfi><Bx

# —DERKRE (case/control)

plink2 --bfile cohort \
--pheno phenotype.txt \
--covar covariates.txt \
--glm \

--out gwas_results

# it gwas_results.PHENOl.glm.logistic.hybrid

Manhattan plot

library(ggqman)

results <- read.table("gwas_results.PHENOl.glm.logistic.hybrid",
header = TRUE)
manhattan(results, chr = "CHROM", bp = "POS", p = "P", snp = "ID",

suggestiveline = -loglO(le-5), genomewideline = -logl0(5e-8))

QQ plot

QQ plot 10 p EAIEMREEZAK (genomic inflation factor A) , A > 1.1 BB A B EH MR ZY SR HILTF .

qgq(resultss$P)

BRI

o BEDE: FREEENARE—RESTEMRKEX. A PCA FI/L1 PC HiihZEs
o ZEWMI: 2ERASEMHEMEE 5x10° (Bonferroni iRiF ~1M JHI7H0I6)
e LD & —)EESSTTREXNN—E LD block B9/ 1+ SNP, HIFMARETREE fine-mapping
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SERR

e PLINK 2 GWAS ##2
e ggmanR £}

e GWAS Catalog

e LocusZoom
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https://www.cog-genomics.org/plink/2.0/assoc
https://cran.r-project.org/web/packages/qqman/
https://www.ebi.ac.uk/gwas/
https://locuszoom.org/
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fe P B RS A=
oo IGRTERFIESIRES
M — VCF B S AR E A BIRE", REEETEHE.

ACMG TR SR

ZEEFBREFFR (ACMG) IEMATRH R 5 RK:

&3 aX
Pathogenic Bm
Likely pathogenic B HEENRE
vus SOENE
Likely benign ATEERM
Benign R4t

wEREREUERE

BURE AE

Clinvar LTH-FmREE (NCBI 4E7)

gnomAD ABEMERNE

OncoKB AEIRRNZREE + Z5HEE R

COSMIC AR RR SR TR

InterVar Bt ACMG PR TE
VEP ;% + Clinvar

vep --input file variants.vcf \
--output file annotated.vcf \
--cache --dir cache /path/to/vep_cache \
--assembly GRCh38 \
--everything \
--plugin ClinVar,/path/to/clinvar.vcf.gz

REENR
IERREBEES:

1. BEER + A E

2. FAMEAI (Pathogenic [ Likely pathogenic Z55)
3. VUS 3R

4. REER (BEE. Ti/Tv)

BioF3

MEEE WM ETR S,

178

RE + ImRFIR

wE
REETHIERRR
BENRE

MRE
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5. HiEF R
6. FRRI%EAHA

TR S RO TR I
MRS TINRE:

o RLEMERNE (VAF)

o MMBRTLE (TMB)

o WMIDEFRREM (MSI) K&

o TEEEZRTE (OncoKB Level 1-4)

SERR
e ClinVar

e ACMG 2015 35
e OncoKB

I

e |nterVar
e Franklin (Genoox BE19 %K)
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https://www.ncbi.nlm.nih.gov/clinvar/
https://www.nature.com/articles/gim201530
https://www.oncokb.org/
https://wintervar.wglab.org/
https://franklin.genoox.com/
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