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Papers & References

Pubmed .gov

Search

Advanced

PubMed® comprises more than 32 million citations for biomedical literature from MEDLINE, life science journals, and online books.

Citations may include links to full text content from PubMed Central and publisher web sites.

Pubmed or Google
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|dentifying the Causal Variants the “Old Way”

111

uration of 90 to 127 variants in each participant required a median of 54 minutes (range, 5-223 minutes) per genetic variant”

FE Dewey et al, JAMA. 2014;311(10):1035-1044.
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After sequencing, What's Next?

I

PANEL

WGS
WES —7~
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Sequencer CLC Genomics Workbench
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60,000,000bp
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NGS Variant Analysis Service

Variants

BFCCOTEFRLCG 2r L 100 LB 3305 AACTALLAG /3
-
number

BFCCOTERADSN 2r i 100y L1621 341 ARETACAAD /T

+

BrCCOTOMRO00: 221000 s L2100 DA4TRACTRCAAGS 2
GOGCTRIATT,
®

T A T TR ST A A T T A LT T T T T AR TTTC CALRA GOR A TAT CART GO ATA C AL GTTCAC GITCARITTTC

_bbeereeqigf gelbhagdghbdi i gha i i s iatdschih ia shhia o 11 gdegdtedf gohi Vhi dddi gubh hadg i e dde db-dedicdd
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&_boeeseegprohaes (DT | Jebol "bagiThie JEathbegha CageiTIT__ T @bdoss | bbelbo JbX bbb T _" ba_

ronsy Ty chrid S1600M_00006% 3 axentic. rs 1835064 T 0015230 021

SCHROM POS jie] REF ALT QUal  FILTER INFO FORMAT
OTE603 p3SEE1IE T C 26836 PASS AC=1:AF2OT:ADDFGOPL
LI63E1] rel470MT G GGACA 211864 PASS AC=1:AF2 GT:ADDEGPL
LITIOIE 3635300 CT C 16146 FAZS AC=LAF2OT:ADDEGO:PL
1223455 m5808105GC G 3755 PASS AC=1:AF2 GT:ADDEGO:PL
1247575 . T TGG 13 rass POMEE OTVERRDRGD
Typ Position dhsap Muum_nmﬂn ¢

e g 5 g

monsymomy chil? 213 HM_006T6T 4:axontrrs 1351354 5 5T 165 L0111 s pml pm2 prd  Likely pathogeny
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VCF(Variant Calling Format)

VCF header

g
o]

( ##fileformat=V(Fv4.0 = Mandatory header lines
##fileDate=20100707
##source=VCFtools
##reference=NCBI36 Optional header lines (meta-data
##INFO=<ID=AA,Number=1, Type=String,Description="Ancestral Alle about the annotations in the VCF body)
##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="Genot Quality (phred score)">
##FORMAT=<ID=GL ,Number=3, Type=Float,Description="LikeliMoods 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,Descriptige="Type of structural variant">
##INFO=<ID=END,Number=1, Type=Integer,Description="End position of the variant"> =

\ #CHROM POS ID  REF ALT  QUAL FILTER INFO FORMAT  SAMPLE1 SAMP PANSTEhCs SN k)
1 L ACG_ A,AT . PASS X GT:DP 1/2:13 0/0729
1 2 rsl 7 L 05 1 PASS H2; AA=T GT:GQ 0)1:100 2/2YJ0
1 30 A G . ASS ‘ GT:GQ |10:77 1/1:9
1 100 <DEL> P SVTYPE=DEL ; END=300 GT:GO:DV/I:IZ:B 0/0:20  Alternate alleles (GT>0 is

an index to the ALT column)]

Deletion™ o\ o I T iy Phased data (G and C above

Laras St are on the same chromosome)

https://weitinglin.com/2017/05/29/vcfvariant-call-format-
%E5%9F%BAY%ES%9B%A0%E7%AAY%81%E8%AE%SA%ES%B3%87%E6%96%99%E5%84%B2%E5%AD%98%E6%A0%BCY%ES%BC%8F/commentpage-1/

Sample to Insight
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— QIAGEN

Database in QCII/QCIT (Free access in QCII/QCIT software)

Public Licensed QIAGEN Clinical Others
Databases Databases Databases Guidelines

Clinical Cases
TCGA ACMG CADD

) Clinical & Functional
Clinvar

dbSNP —= NACMCPN opnen
ICGC SIFT
1000 Genome PGMD ASCO
ESP oM Curated variants CAF PhyieP
gnomAD - Pathway and causal =sMO Blosum
ExAC | Cento MD | network FDA Ve EntSean
Clinical Trials Allele Frequency EMA

Community Mutation Taster

Sample to Insight
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— QIAGEN

QIAGEN Clinical Insight Translational & Interpret (QCIT & QCII™) — a universal solution

Sample

Any . Filter Set .

Platform
GeneReader

f Test Menu \

[ Somatic Cancer ]

: lllumina

[ Myeloid Neoplasms ] QCI

[ Hereditary Cancer ] VCF

| carrier Screening | Translational

lon
[ Diagnostic Odyssey ]
etc Potential

Variant

4/; Any

Sequencer

*Incomplete list of
QCl indications

Patient Case
Metadata
Sample to Insight

QIAGEN | PowerPoint Template & Style Guide



QCII/QCIT difference

- QCIT({RFAZEER) acn( =& &£ A)

stER T HEERENRA
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Sample to Insight

Th8E

5

B3

B

stEE T HEERENRS

o OJEB—oZIEARDHT - LEXKT(trio) 73T
« O{5(FF4H 73 (cohort study)

» QiagenAiEdatabase(=ZACMG guideline)
. EEEE Bam

=% E Z1E DT

Excel RIE(GEFEEZR)

=

« QiagenA#ZEdatabase(ZACMG&AMP guideline)
- DEEHEENR
. ﬁ%ﬁﬁ 24

=X AE 2% 1E 77 TR A2 (TPP)

. —J SRR

Excel = & Et@ BlE S
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How to log in QCI System

giagen login X

Qi BFE QER Q HE FhH 8%

#175 8,220,000 Ta#E2E (265 1 043 7)
B REETNEEPNEERER Mo ERREFPEEESES

https://digitalinsights.giagen.com » produ... v E:ZEEHEE
Product Log in - QIAGEN Digital Insights

Login to IVA, IPA, QCI, MyCLC. ... Log in. Ingenuity Pathway Analysis. Ingenuity Pathway
Analysis for China. QCI Interpret Translational for USA ...
MEZLAEEREHRAS - FZEZEH : 2021/8/30

(=

N

ssees
LA L4
QIAGEN

LA LA
QIAGEN

sssen
LLLL L]
QIAGEN

QCI Interpret Translational for USA QCIT

QCI Interpret Translational for China

QCI Interpret for USA QCl |

Sample to Insight
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Sample & Test List

assss CI n |CQI |n5|g hf | Test List Gene Chefl | Sample List ||/ariant Directory | User Guide | API Explorer | Contact Us | Logout
Search... Q, 169 Tests < 2 3 4 Create Test
Accession ID Test Product Code State Filter By - Days v
220259257_104 all_variants ABC - Somatic In Review 3 Days
somatic genechen@gga.asia Aug 29, 2021 9:45:32 AM
TeSt L i St Aug 29, 2021 11:30:19 AM
201945505_103.all_variants ABC - Somatic Pending 3 Days
somatic genechen@gga.asia Aug 29, 2021 9:44:12 AM
220291795_109.all_variants ABC - Somatic ﬁ 7 Pending 3 Days
somatic (YO u r n aIyS I S) genechen@gga.asia Aug 29, 2021 9:42:51 AM
225876580_109 all_variants ABC - Somatic Pending 3 Days
somatic genechen@gga.asia Aug 29, 2021 9:41:18 AM
DINANNENTD ANT all srariante ADM T Armntis DAandin~ D Mimnem
asase CI n |CQI |n5|g I']I’ | Sample List bn | Test List | Viriant Directory | User Guide | AP Explorer | Contact Us | Logout
Search... Q. 210 samples < 2 3 4 5 Create Test Upload Sample
Sample Name Subject ID Project State Filter By = Date v
220478986_109 all_variants 220478986_109. all_variants . Active Aug 29, 2021
S am p I e L I St genechen@gga.asia 9:25:50 AM
220478986_106_all_variants 220478986_106_all_variants Active Aug 29, 2021
genechen(@gga.asia 9:24:44 AM

220006970_109 all_variants

220006970_109.all_variants (YO u r U p I O ad e d S am p I eS) Active A;?:E;fﬁ:

genechen@agga.asia

220169946_109 all_variants 220169946_109 all_variants Active Aug 29, 2021

Sample to Insight
QIAGEN | PowerPoint Template & Style Guide 11



Create Your Variant Analysis Strategically

New Create Test button to start test creation workflow

Create new test/analysis
> at time of sample upload

> create test/analysis from sample inventory

choose somatic or hereditary

upload & create

Corasile nerw |51 Specily workfllow (sbap 1 af 3)

Select Pipsine (requinsd|

) Bomate [ Herdinry
St Tk Pyt Pl (i)
Salect tmi

Trog: To: Procien Pl onfgrees (e 2008Ca0n G ags vesd o1 USes Driviage 284 var
Faor reans inkaraion chck hars B

Fekead Fites Betinges jopsionel)
Create Test s—pp! — '

"aur Inbaormiany's unique dertfar faria inst

Tesd Gl Juspaeasd]

Sample to Insight

Coomike rw laal Upicad Saeple (alap 2 of 5]

Bt e elnct Srpen Fiein | rna)

FE———
et imgant)
L]
Jokt e 128 1 ad Miohe sl VO, 2, 1 1 bl B
[ES A —

L]

S . s e VCF o OF ol VO A2 g
Enpic Fisiarance dacisnsen
[

Mt it o M s TITTTE & 0080 passd data

e 5 mbeing ik g o i ol s v

[ —————

B P e GG
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e e e

s A U mE——

L i e EL ]

Feors e i e e LFPRHINNEVA ) | RN S i by dmmy P B
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Dmaa i s Ll L T O
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— B
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- N P
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e B | P
- . |

create from inventory

complete metadata

Craaks nmw tast: Tost details (alep 3 of 5}

Focmssion ) gy
e

D Fsed iawen [ cioralh

- e of wend. Line "ci-ch” o "cond
Poters Byrmpieres fopemns)
O okl o il
28 tpy -
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80000
QIAGEN Actionability

Pathogenic

AMP/ASCO/CAP
Guidelines — Somatic

QIAGEN Clinical Insight Interface Testing™

Tier 1A Strong clinical
Tier 1B significance

asese C| in | CC|| | ns |g ht | Variant List Variant Details Review & Report Gene Chen | Test List | Sample List | Variant Directory | User Gui
Accession ID (Test Product Code) Variant Basic Inf ti - L J — Tier 2C  Potential clinical
ccession ‘est Product Code ex nici . o

TestA: A4 (ABC - Somatic) arian _aSIC nrormation Female } Tier 2D significance

Phenotype:  Breast cancer -~ Age of Onset Gene Prevalence Disease Prevalence : . . ; ) Unknown clinical
61 Years ; 20% (i 17T Likely Benign s ACMG & AMP Guideline g Ters3 significance
Gene Variant Somatic Frequency: 2.53% (i ] ] } New Assessment
PIK3CA C.1624G>A Population Frequency: 0% gnomAD Compute_t;__CIas‘IsEcann ! Tier 1A ] ]
Transcript p.E542K (ETD) Allele Fraction: 35% (of 60 reads) b thler 0 Tier 4 Likely benign or
NIM_006218.4 Impact missense Beni n athogenic for Breast cancer benign
- ' g Breast cancer

] Reportable

Fllter Settln ext = iew Bibliogra . H
9 & e e _ _ _ e View Setting
Filter Settings + Search.. i 39 variants ° VIeW Varlant LISt - » &H View Settings =

Biomarker Alteration Function Impact Case - Quantity Somatic Frequency Max Population Frequency
PIK3CA [EllcA[sIPII|| ¢ 1624c-A
e e — :.ES 10K [ gain ] Missense 35% (of 60 reads) 2.53% 0% gnomAD
ESR1 [EllBRIZ| ¢ 1610a-C
ol 1B Pathogenic :-.Y53TS D Missense 24% (of 74 reads) 0.30% 0% gnomAD
o,
FANCD2 Ellct| . 1278+43_1278+6delAAGT oo ; 14% (of 74 reads) 0% ?E?ﬁ; F’fe ag:;mAD
ATRX E@m} :ZEE;;%>C @ Missense T72% (of 50 reads) 0% 0% gnomAD
CYP2D6 H :13‘:1582('3:0 @ Missense 63% (of 40 reads) 0% 0% gnomAD
HLA-DRB1 :gﬁ;ﬂ [ loss ] Stop Gain 26% (of 30 reads) 0% 0% gnomAD
0,
PRSS1 L] :1:(;:T @ Missense 32% (of 44 reads) 0% ?A?ﬁcif)nomAD

Sample to Insight

QIAGEN | PowerPoint Template & Style Guide 13



Characterizing the Potential Variants by Databases and Filter Set

* QCIl users can view the filtering strategy to see how and G 9
where variants are filtered out COAD_001 COPY OF COAD_001
» Clicking on blue numbers updates the variant table with list Total Variants Toral Varkanis
of filtered variants 158 s
0 4
Common Variants ® % Common Variants '
136 136 2
3 4
Biological Context ® % Biological Context a
133 133 4

Advanced v Advanced v | | AddFier

Default user Director user

Sample to Insight

QIAGEN | PowerPoint Template & Style Guide 14



Variant Filtering Sets

The following 4 filters are introduced to QCI variant filtering:

« Common Variants
> remove/include variants based on population frequency cut off
« Confidence

o remove/include variants based on variant calling metrics

* Predicted Deleterious

o select or variants based on ACMG, HGMD, ClinVar , literature evidence, or in silico predictions

» Biological Context

o based on relationships (direct/indirect) between gene and biological terms within QIAGEN ontology/QKB

Sample to Insight

QIAGEN | PowerPoint Template & Style Guide 15



Sample to Insight

4 H Report Date Nov 8, 2020 Trial Title Trial
Test Performed. Somat|c panel ey Gene [ Variant Trial ID Treatments Phase Location / Contact
Patient Client Specimen ESR1 A Phase15tudy of 5 5609, an Oral, SY-5609 Phasa1 United States: MI, OK,
-t Name Michelle Doe “lent General Hospital Accs D TestA: A4 pY5375 Selelctive CI;)K'? Inhibitor, in Adult . fulvestrant PATH, TX
Date of Birt “lient 1D ABCI23 pecimen biopsy 9.152098788A>C Patients With Select Advanced Solid Kirnberley Caliri;
AG 2 rn Dr. E Smith Collect Nov 9, 2020 Tier 18 . Turnars kealiri@syros.com;
-« Female jist Dr. R Jones Acce Nov 9, 2020 Fathegenic HCTOAZATISE 617-874-9055;
y - ary Tur =ii= Breast
Dlsarcals  Breast Canios? ESR1 INTERACT- Integrated Evaluation of anastrozole Phasa 2 United States: TX
PYSZT7S Resistance and Al:r.iunatlaility Using (T Santhilkumar
Result: poqf ve 9152098788A=C Circulating Tumor DMA in HR Positive Darmodaran:
Tier 1B . Metastatic Breast Cancers ribociclit sdamodaran@mdandersan
2 5 8 22 Pathagenic NCTO4256941 abernaciclib org:
Clinically Significant Therapies Associated with  Therapies with Potential Clinical Trials fetrozale TI3-T22-2817;
Variants Resistance Clinical Benefit letrozole
/palbociclib
Report Summary palbaciclib
PIK3CA ES542K was identified and is associated with an available treatment. One alteration is associated with abemaciclib
resistance to aromatase inhibitor therapy. fubvectrart
provprprgven letrozole
fribociclib

Actionable Variants With Associated Therapies

Gene / Variant

PIK3CA
cl624C=>A
P.E542K
g179218294G>A
Tier1A
Pathogenic

ESR1
c1610A~>C
p.YS37S
g.152028788A~>C
Tier1B
Pathogenic

Allelic Fraction

35.0% (of €0 reads)

24.0% (of 74 reads)

Breast Cancer

alpelisib

alpelisib
Mulvestrant

lapatinib
fetrozole

letrozole

fulvestrant
neratinib
tamoxifen

toremifene

Approved Therapies

Other Indications

Associated With | Clinical
Resistance Trials

anastrozole 3

aromatase
inhibitor

fulvestrant
letrozole

tamoxifen

Individual Variant Interpretations

Gene
Exon
Mucleotide

Amino Acid
Function
Allelic Fraction
Classification

PIK3CA

10

MNM_006218.4:
g17aZ18234G>4A
cl6240=A
pES42K

gain

35.0% (of 60 reads)
Tier 1a

Interpretation

PIK3CA encodes the protein pli0-alpha, which is the catalytic subunit of
phosphatidylinositol 3-kinase [PI3K). The PI3K pathway is invalved in cell
signaling that regulates a number of critical cellular functicns, including
cell growth, proliferation, differentiation, motility, and survival [16, 6]
PIKICA mutations are not mutually exclusive with EGFR or KRAS or BRAF
mutations, and are associated with increasad PI3K signaling and
increased activation of Akt [22,10]. Activating missense mutations in
PIKICA, including the ES42K, ES45K, and HI04TR hotspot mutations,

Assessment Pathogenic predominantly occur in the helical [exon 9) and kinase (exon 20] domains
[17,2].
cens ESRT Interpretation
Exon 10 ESH encodes estrogen receptor alpha (ER-alpha), one of the major
Mucleotide NM_00TI22742.1 estrogen receptor isoforms in humans; binding of estrogen to ER-alpha
g.152098788A=~C promaotes its translocation to the nucleus and the transcriptional
c16104=C activation of genes involved in cell cycle progression and survival [14].
Amino Acid p Y5375 Mutation or amplification of ESR1 and activation of ER-alpha may result in
Function gain the upregulation of genes involved in cell cycle progression and survival,

Allelic Fraction
Classification
Asses=ment

24.0% (of 74 reads)
Tier 1B
Pathogenic

and ER-alpha signaling has been implicated in a number of cancer types
[14,12, 4, 21, 15]. However, ER-alpha may act as a tumor sSuUppressor in some
cancers [23, 3,1, 5).

QIAGEN | PowerPoint Template & Style Guide
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CASE STUDY
1. HHE—RARE ZRERE

2. $TE[EBF S A\ R BL R HGE

« Test-demo: 4 samples

o

Sample to Insight

Breast cancer

:lm

RIS E
EUER

-o——.;.

EE T

test demo.vcf

test demo: test?
test demo: testd
test demo: test3

test demo: test1

QIAGEN | PowerPoint Template & Style Guide 17



Sample Upload

« Samples in multiple VCF files or in single VCF file will be separate into individual sample record.

Upload Sample

Sample Name (required)

Select Sample File(s) (required)

test_demo

Project (optional)

®

‘ Add sample to a project

Upload a vcf, zip, gz, csv, tsv or bz2 file
‘ Drag a file or click to browse

Subject ID (optional)

test_demo

‘ test_demo.vcf

Sample Description (optional)

Enter a description

© Required
Minimum of one Variant in VCF format
¥ Recommended

Allele Fraction (AD) for each row
Show me

New! Support for lllumina TST170 & TSO500 panel data

VCF v4 x compliant VCF 4 2 spec

Explicit Reference declaration
Show me

Upload a zip package containing the relevant variant files Show me

Close

1 files selected (maximum 200) I

Sample Name

test_demo: test1
test_demo: test3
test_demo: test4

test_demo: test7

File name

test_demo.vcf
test_demo.vcf
test_demo.vcf

test_demo.vcf

Status
?,.ﬂc

T
pite

pﬂe

?,.ﬂc

Date

09/02/2021

09/02/2021

09/02/2021

09/02/2021

Sample to Insight

QIAGEN | PowerPoint Template & Style Guide
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Set a new analysis

Create new test: Specify workflow (step 1 of 5)

Select Pipeline (required)

O Hereditary ® Somatic

Select Test Product Profile (required)

[QCI Interpret Somatic Default ®}

The Test Product Profile configures the application settings used for user privilege and variant interpretation & reporting For more information click here €

Select Filter Settings (optional)

[Select or search filter }

g

Test Product Code (required)

‘ ABC - Somatic

Test Date (reguired)

Test Description (optional)

Enter a description

Cancel

s e

Sample to Insight

Create new test: Select sample(s) (step 2 of 5)

|Search.. Q| ¢ n 2

O Sample Name Subject ID Date

[ 220478986 _109.all_variants 220478986 109.all_... 2021/08/29
(] 220478985_106 all_vanants 220478986_108.all_... 2021/08/29
(] 220006970_109.all_variants 220006970_109.all_...  2021/08/29
] 220169946_109.all_variants 220169946_109.all_...  2021/08/29
(0 220000503 _107.all_variants 220000503 _107.all_... 2021/08/29
(] 225876580_109 all_vanants 225878580_109.all_... 2021/08/29
(] 220291795_109.all_variants 220291795_109.all_...  2021/08/29
(] 201945505_103.all_variants 201945505_103.all_...  2021/08/29
[ 220259257 _104.all_variants 220259257 104.all_... 2021/08/29
(] 5221820555_109 all_vanants S5221820555_109.all...  2021/08/23
[0 NGSO-210416001_S1 NGS0-210416001_S1  2021/05/10
(] N532 N532 2021/04/28
[  Identified_variants-Yang3_$3 (paired) Identified_variants-Y...  2021/04/15
(] PROMDVariants_passing_filters-NGS0-20103... PROMDVanants_pa...  2020/12/28

Cancel

Reference Genome | GRCh38/HG38 v

Case Sample(s) (required)

test_demo: test1
test_demo: test3

test_demo: test4

Select samples by dragging from the list, or click
the checkboxes to select multiple and drag

Control Sample(s) (optional)

Select samples by dragging from the list, or click
the checkboxes to select multiple and drag

QIAGEN | PowerPoint Template & Style Guide
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Create new test: Patient Information (step 4 of 5)

Information about the subject

Sex (optional)

Create new test: Test details (step 3 of 5) O wale O Femae

This is used to limit to gender-appropriate clinical trials.

Ethnicity (optional)

Accession D (required)

<select ethnicity> ~

test_demo: KMU

i ) Date of Birth (optional)
Keep only confidently detected variants (optional)

Keep only variants that pass upstream pipeline quality filtering (VCF FILTER column is PASS or ") ‘ 2
Gene Panel Views (optional)
Age (recommended
QlAact-BRCA-UMI-FFPE_QIAGEN - ge )
lllumina® TruSight™ Tumor 170 ‘ ‘
lllumina® TruSight™ Oncol 500 - . . . - .
uminas rusig neology This is used to limit to age-appropriate clinical trials (e.g. pediatric for children).
QlAact-Lung-Plasma-Track ~
Select subset(s) of genes to review. Maximum of 3 selections allowed. Use "ctrl-click” or "cmd-click” in mac to deselect Cancel Back

Diagnosis (required)

Breast Cancer Create new test: Reporting (step 5 of 5)

© This diagnosis will be used to match treatments and trials and for display on the report.

The information below is used only on the final report. For validation samples, you can use the data that has been pre-filled for you below, or hit Clear Data

Diagnosis Stage (optional) and enter your own information

- Select diagnosis stage — ~ |
Demo Data Clear Data Reset Data

This is used to contextualize clinical trials to the selected stage. If left unselected, all clinical trials pertinent to the diagnosis will be displayed -

Cancel Back Subject Name (optional)

e.g. Michelle Doe

Client Name (optional)

e.g. General Hospital

Sample to Insight
QIAGEN | PowerPoint Template & Style Guide 20
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MAF Format

« MAF (Mutation Annotation Format)

« A Mutation Annotation Format (MAF) file (.maf) is a tab-delimited text file that lists mutations.
The format originates from The Cancer Genome Atlas (TCGA) project and is described in
detail here. As such, the format pertains to human genomes.

* In the context of human cancer, MAF files come in two types--protected and somatic. These
two types extend conceptually to (1) mutation files that contain all sequenced mutations--
however mutations are defined--e.g. against matched normal tissue, against a reference much
like for the VCF format, or against another tumor stage, and (2) mutation files that filter the
mutation types that are listed based on set criteria, e.g. only somatic mutations.

« https://software.broadinstitute.org/software/igv/MutationAnnotationFormat

Sample to Insight
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https://wiki.nci.nih.gov/display/TCGA/Mutation+Annotation+Format+(MAF)+Specification
http://www.broadinstitute.org/igv/VCF

Requirement of MAF File

Sample to Insight

Field

Hugo_Symbol

Chromosome

Start_Position

End_Position

Reference_Allele

Tumor_Seq_Allele2

Variant_Classification

Variant_Type

Tumor_Sample_Barcode

Description

HUGO gene
symbol

Chromosome
no.

Event start
position
Event end
position

Positive
strand
reference
allele

Primary data
genotype

Translational
effect of
variant allele

Variant Type

Sample ID

Allowed values

1-22, X, Y
Numeric

Numeric

ATCG

ATCG

Frame_Shift_Del, Frame_Shift_Ins, In_Frame_Del, In_Frame_Ins,
Missense_Mutation, Nonsense_Mutation, Silent, Splice_Site,
Translation_Start_Site, Nonstop_Mutation, 3'UTR, 3'Flank, 5'UTR,
5'Flank, IGR, Intron, RNA, Targeted_Region, De_novo_Start_InFrame,
De_novo_Start_OutOfFrame, Splice_Region, Unknown

SNP, DNP, INS, DEL, TNP and ONP

Either a TCGA barcode, or for non-TCGA data, a literal SAMPLE_ID as
listed in the clinical data file

https://github.com/umccr/MAF-summary#maf-field-requirements

23
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Example of MAF

A B Z D E F & H I i) K L il M O P 0 E
1 |Hugo SynEntrez_Ge Center ~ NCBI_Bu Chromoso Start_PosilEnd_Posit:Strand  Variant_C Variant_T Reference Tumor_Se Tumor_Se Tumor_Sa Protein_Cli_Tumor'V i_transcript_name
2 AHDCI 38 1 27552023 27552024 Frame Sh INS CC Al p.P32fa*gt  37.84
3 DPYD 36 1 97865329 97863529 Misgenge SNP A A G Al p.C2OR 51.16
1 FANCDZ 38 3 10046723 10046726 DEL AGTA  AGTA Al 58.9
> TREXI; ATRIP-TREX]; ATR: 38 3 484671686 48467186 gynonymo sNFP T T C &l p.Y38Y;1 100
3 FRG2ZC 38 3 75664413 TH664413 Mizszenze SNP T T C Al p.Cl2R 84.21
[ FRG2C 36 3 75665147 To065147 Missenge SNP A A G Al p.QO93R; ¢ 18.75
3 FRGZC 36 3 75065186 TH065180 Missenge_ SNP T T G Al pI105S; p 20
3 ZNFT17; MIR4273 38 3 75737105 75737105 MNonstop }SNP T T A Al p.K840*%; 1 8076
0 ZNF717, MIR4273 38 3 757327 15T Mizzenze SNP A A C Al p.HE32C; 56.57
1 ZNF717; MIRA273 38 3 75737670 T5T3TET6 Monstop TSNP A A T Al p.Coo9%: 1 5385
2 ZNFT17, MIR4273 36 3 75737948 75737949 Frame Sh DEL CT CT Al p.ESbOfs*  25.81
3 HLA-DEBI 36 6 32564174 32584174 Missenge SNP G G C Al p.AI02G 100
4 HLA-DREBI 38 6 32584364 32564364 Monstop }SNP G G A Al p.Q30% 74.07
5 CYP3AT-CYP3ASIP; CYP34A" 38 799700062 99709062 Mizszenze SNP G G C Al p. T409R 41.43
6 PRSSI 38 7 1.43E+08 1.43E+08 Mizzenze SNP C C T Al pAIEY 20.87
7 LRRCE 36 8 1.33E+408 1.35E+06 Monstop ¥ SNP G G A Al p.ROO* p. 3723

Sample to Insight
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How to Make MAF File

« Straight Forward:
« Coding
o No matter you use Python, R, Perl, or other languages.
o The goal is to make a tab-delimited text file for the data structure of MAF format
o The only limitation is that almost the profiles are from different styles of data by users
« By Program from other’ programmers
o Format specific!

« Using Excel (Maybe another nice choice)

Sample to Insight
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Install R

[Home]

Download
CRAN

R Project

About R

Logo

Contributors

What's New?

Reporting Bugs
Conferences

Search

Get Involved: Mailing Lists
Developer Pages

R Blog

R Foundation

Foundation
Board
Members
Donors
Donate

Help With R
Getting Help

The R Project for Statistical Computing

Getting Started

R is a free software environment for statistical computing and graphics. It compiles and runs on a wide
variety of UNIX platforms, Windows and MacOS. To download R, please choose your preferred CRAN
mirror.

If you have questions about R like how to download and install the software, or what the license terms
are, please read our answers to frequently asked questions before you send an email.

News
« R version 4.1.1 (Kick Things) has been released on 2021-08-10.
» Rversion 4.0.5 (Shake and Throw) was released on 2021-03-31.

+ Thanks to the organisers of useR! 2020 for a successful online conference. Recorded tutorials and
talks from the conference are available on the R Consortium YouTube channel.

» You can support the R Foundation with a renewable subscription as a supporting member

News via Twitter

The R Foundation Retweeted
Dirk Eddelbuettel
@eddelbuettel
#ThankYouCRAN, and congratulations on another
round number of #RStats packages -- now at 18,000.
Just wow.

Available Packages

Currently, the CRAN package repository features 18000 available packages.

https://cran.csie.ntu.edu.tw/

Download and Install R

Precompiled binary distributions of the base system and contribut
R:

* Download R for Linux (Debian, Fedora/Redhat, Ubuntu)
» Download R for macOS
* Download R for Windows

Sample to Insight

GGA Confidential
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Install Rstudio (Option)

https://www.rstudio.com/products/rstudio/

There are two versions of RStudio:

RStudio Desktop RStudio Server

Run RStudio on your desktop Centralize access and computation

https://joe11051105.gitbooks.io/r_basic/content/environment_settings/install_RStudio.html

https://joe11051105.gitbooks.io/r_basic/content/environment_settings/RStudio_introduction.html

Sample to Insight
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Installation of maftools

* On R console:

« Code:
if (‘require("BiocManager"))
install.packages("BiocManager")

BiocManager::install("maftools")

Sample to Insight

28



( 34
[ =
@
( 34
Z00

Coding Approach
« Key point:

« Using data frame (in Python) or data table (in R) to sort out all the required information from
VCEF files or other text files.

« Using String processing method to retrieve the best information what you want
o General key word on languages (R, python)
o split
o re (regular expression)
 Make sure the information is fitted to the data structure and value.
o E.Q.:
o Reference allele + Tumor_Sample allelel
o The value of Allele frequency is split from original attribute in VCF (GT)
« Export tab-delimited format and the extension of file is “.maf”

Sample to Insight
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Note on R

 rbind, cbind, or ‘$’ operator to generate column
« DataTable
« Combine columns to make your maf file

« Save as txt files

Sample to Insight
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Make your MAF Format by yourself

. e e e - R L e
Tibrary("maftools™)

### Make MAF from your csv

# Read csv files from QCII

df <- read.csv [_’teﬂ_demn_@:ﬂ. csv",sep=",",header=TRUE)

### Retrieve the key columns from dataframe

maf <- df [ 'Gene.sSymbol’]

column? (maf) =- "HuGO"
mafSEntrez_Gene_Id <- NA

mafiCcenter =- NA

maf$NCBI_Build =- 38

maf $Chromosome <- df[ 'chromosome’]

maf fstart_Position <- df['Position’]
maffeEnd_Position =- df["End_Position’]
mafistrand <- NA
mafivariant_Classification <- df["Translation.Imp7ct’]
mafivariant_Type <- df [ 'variation.Type’]

Let's see the script of R!

Sample to Insight
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Regular Expression
« A sequence of characters that define a search pattern

« Be useful to search the pattern of word in your data

« Example:
e re.findall("(\d+)[:]',str(df['Location']))
o (\d+)[:] means:

o | want the number of INTEGER or FLOAT (or more) before the pattern “:’ and the data is
from the attribute of Location in the DataFrame called df

« Disadvantages:
* Not easy to learn... very complicated!

Sample to Insight
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maftools on Bioconductor of R

« The common visualization way to visualize the variants in your data

« The example of visualization

« Oncoplot
o Rainfall plot

« Statistics plot (MAF summary)

« Bar plot

Visualization

Oncoplot (encoplor)
Oncostrip (encostrip)

Compare two cohorts (coOncoplot,
forestPlot)

Lollipop plot
(lollipopPlot)

TiTv plot (titv, plotTiTv)
Rainfall plot (rainfallPlot)
Genecloud (geneCloud)

GISTIC plots (gisticBubblePlot,
gisticChromPlot, gisticOncoPlot)

APOBEC and Signature plots
(plotApobecDiff, plotSignatures)

MAF summary (plotmafSummary)

read.maf
readGistic*

(]
MAF object
|

Analysis

v

Set operation
Subset (subsetMaf)

4

| |
MAF object
1

Variant Annotations

Variant annotations via oncotator API
(oncotate)

Annovar output to MAF conversion
(annovarToMaf)
ICGC simple somatic to MAF
(fcgcSimpleMutationToMAF)

Driver gene detection
(oncodrive)

Mutual exclusive and co-occuring events
(somaticinteractions)

Differentially mutated genes
(mafCompare)

De-novo Mutational Signature analysis
(trinucleotideMatrix, extractSignatures)

APOBEC enrichment estimation
(trinucleotideMatrix)

Pan Cancer comparison
(pancanComparision)

Survival analysis (mafSurvival)

Heterogeneity estimation
(inferHeterogeneity, math.score)

Pfam domain summarization
(pfamDomains)

MutSig gene symbol correction
(prepareMutSig)
Enrichment Analysis
(clinicalEnrichment, signatureEnrichment)

* https://www.bioconductor.org/packages/release/bioc/vignettes/maftools/inst/doc/maftools.html

Sample to Insight
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The output Is generated by maftools

MAF Summary Oncoplot

Variant Classification Variant Type SNV Class

Missense_Mutation || GG G '68 34

SNP

e : 2 L m..i.uim. bl o, Mn.ilm,mu.

ice oile

5 T>C 236

Frame_Shift_Ins l INS . FLTS -
Frame_Shift_Del | or I 1255 DNMT3A

In_Frame_ins | DEL C>G l 139 NEM1
In_Frame_ Del C>A .235 ."DH.? -

Altered in 141 (73.06%) of 193 samples.

200 —
400 —
600 —
800 —

PR T T T 1 r T 1 IDH ‘.' I | I
° s8¢ "~ § § 8§ § § 8§ %G8 rerz| | | | I
Variants per sample Variant Classification Top 10 RUNX1 I I Il .
Median: 9 summary mutated genes NRAS | I I I I I | .
34+ 17 ——— 25 TP53 | I s
FLT3 N 27 %
=== 17 CEBPA I | M (R AT e
224 11 TET2 R 9%
I 10%
CEBPA mmmm ;;2 ® |In_Frame_lns ® Frame_Shift_Ins
ha| 7 T 5 RUNX1 TR 8% ® Frame_Shift_Del = Nonsense_Mutation
" || T PR ® Missense_Mutation = Spice.Site
© * 5 8

Sample to Insight
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Key Points on maftools

 No other defined words in Variant Classification section

No synonymous variants in your OncoPlot

If you have multiple-hit on the specific genes, it will be classified as “Multi-Hit”

Samples are defined in the Tumor Sample Barcode attribute

References:

o http://tardis.cqu.edu.tw/maftools.html
o https://github.com/umccr/MAF-summary#maf-field-requirements

Sample to Insight
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Example small script on R

Tibrary(maftools)

df «- data.table::fread("D: /willisCheng/Client/share/all_ABC_specific.maf"™)

syn <- c("synonymous" ,NA, -

VC <-— namESktab1Efdf$Var1ant _Classification))
nonsyn <- setdiff(vc,syn)

colors <- ra1nbnw£1engthfnnn5yn}}

names (colors) =- nonsyn

ALL.maf = read.maf (maf = "D:/willischeng/Client/share/all_ABC_specific.maf”,vc_nonsyn = nonsyn, verbose=TRU
plotmafsummary(aLL.maf, rmoutlier = TRUE, addstat = "median’, dashboard = TRUE, titvRaw = FALSE, color = co
=

vC_cols = RColorBrewer: :brewer.palin = 8, name = "Paired’)

nonsyn[§]="Multi_Hit"
names (vc_cols) = nonsyn

oncoplot(maf = aALL.maf, colors=vc_cols, clinicalFeatures = "Tumor_sample_Barcode”

ALL.titv = titv(maf = aLL.maf,plot = FALSE, useSyn = TRUE, )
plotTiTv(res = ALL.Titv)

,Lop=20,removeNonMutated

Sample to Insight
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plotmafSummary

plotmafSummary(maft = laml, rmOutlier = TRUE, addStat = 'median', dashboard = TRUE, titvRaw = FALSE)

Variant Classification Variant Type SNV Class
Missense_Mutation |GGG T-G | 68
. SNP
Nonsense_Mutation . T>A I 89
Splice Sife I TsC 296
Frame_Shift_Ins l INS _ o
Frame_Shift_Del || CT
In_Frame Ins I DEL C>G I 139
In_Frame_Del c>A [ 235
B I N N B R | I T T T 1 I T | T 1
L~ =1 Ly =1 Ly
SEESERE § § 88§ § 838 % &8
Variants per sample Variant Classification Top 10
Median: 9 summary mutated genes
34 17 1 -
FLT: I 2 7%
I 17
22— 11 4 TET2 I 5°:
. 107
CEBFA I 7%
11— 5 — m— 5c
RUNX1 -g;:
. 04 | o O NRAS EEEE 8%
I | 1 1
(=1 =1 [ L=

Sample to Insight
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Oncoplot

Sample to Insight

#oncoplot for top ten mutated genes.
oncoplot(maf = laml, top = 18)

Altered in 141 (73.06%) of 193 samples.
3-4

n
]

Mo, of samples

— 2

F.".T3
DNMT3A
NPM1

m.u.tum. kbl i bl J.i.u]muu.
IDHZ2

F-
IDH1

TET2 | |
RUNXT
NRAS |
TP53
CEBPA QI

Frame_ Shift_Ins
Nonsense Mutation
Splice_Site

Multi Hit

® |n_Frame Ins

® Frame_ Shift Del

® Missense Mutation
In Frame Del

GGA Confidential
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TiTv plot

Sample to Insight

laml.titv = titv(maf = laml, plot

#plot titv summary
plotTiTv(res = laml.titv)

nl 00

M
o

%

% Mutations

100

R G~
o 0 © W

—

—

=

C>T  C>A

i

Bl

T=A

= FALSE, useSyn = TRUE)

100 '
75 — I*I .
50 —

25 = I*I
D_
Tv

;

il

GGA Confidential
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Sample to Insight
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