WMS8- Bioinformatics Exercises

Analyses and interpretation of DNA variants

Hubert Hackl



Exercises

VEP, Oncotator (Funcotator)

MutSigCV

GPViz

IntoGen, cBioPortal, FannsDB (Condel, Cancer Genome Interpreter)

MutationAssessor, Mutation3D

Predict neoantigens (NetMHCpan 4.1)

Get correct gvalues for MutSigCV results of DLBCL patients, as for

targeted sequencing (get_sig.R)

8. Get variant allele frequencies and compare with mapped reads in the
IGV (get_VAF.R)

9. Compare MAF (VCF) files for variants on the same position (same type
of variant, and same alternative allele) (compare_MAF.R)

10. Statistics and plot diagrams using R (maftools, MAF.R,stats.R)
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Oncotator

http://www.broadinstitute.org/oncotator/

Get Started

Upload your input data below. Please note, only GRCh37/hg19
coordinaies are supported and there is a maximum of 5,000

alterations per input file. If you need additional help, please visit our . .
help page or feel free to contact us directly. J U rkat m Utat I O n S -VCf
. chrl 43815005 43815005 A AT
Upload Mutations chrl 43815008 43815008 TG T
ﬁ ) . . chrl 43815013 43815013 G GT
Durchsuchen.. | Keine Datei ausgewdhlt.
chrl 43815036 43815036 G GCC
chrl 43815041 43815041 C G
: o chrl 43815047 43815047 G GC
Upload TSV file of mutations in Oncotator format
chrl 43815049 43815049 A AG
chrl 115252237 115252237 T TG

Paste Mutations

Now succeeded by Funcotator (GATK)

Paste data in Oncotator format or use example.




Oncotator

Oncotator
Toggle Annotations: Specific Columns
Show | 10 E| entries Search:
Variant Variant
Gene Classification Type Hgvs Genomic Change Hgvs Protein Change
MPL Frame_Shift_Ins INS 1:9.43815005_43815005insAT ENSP00000361548:p.Leu513fs
MPL Frame_Shift_Del DEL 1:9.43815008delTG ENSP00000361548:p. Trp515fs
MPL Frame_Shift_Ins INS 1:9.43815013_43815014dupGT ENSP00000361548:p.Phe517fs
MPL Intron INS 1:9.43815036_43815038dupGCC
MPL Intron SNP 1:9.43815041C>G
MPL Intron INS 1:9.43815047_43815048dupGC
MPL Intron INS 1:9.43815049_43815050dupAG
NRAS Frame_Shift_Ins INS 1:9.115252237_115252238dupTG ENSP00000358548:p.Ala134fs
NRAS In_Frame_lIns INS 1:9.115252248_115252250dupTGG = ENSP00000358548:p.His131delinsTk
NRAS Frame_Shift_Ins INS 1:9.115252255_115252256dupGT  ENSP00000358548:p.GIn129fs
< i | v
Showing 1 to 10 of 21 entries Previous 2 3 Next

Download MAF Download VCF Download JSON




Variant effect predictor (VEP)

GRCh37 BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & D

Web Tools . .
Z- Web Tools Variant Effect Predictor @

BLAST/BLAT

Linkage Disequilibrium Calculatc
Wariant Recoder

File Chameleon

Assembly Converter Species: . Homo_sapiens
1D History Converter —

WCF to PED Converter
Allele Frequency Calculator
Data Slicer VEP for non-human species is now only available on this site for Human (GRCh37). For other species,
Wariation Pattern Finder please visit our main site &.

% Configure this page
h Export data Input data: Either paste data:
<% Share this page

Assembly: GRCh37.p13

Name for this job (optional):

B+ Bookmark this page

Y

Examples: Ensembl default, VCF, Variant identifiers, HGVS notations j u r ka t_m u tati O n S -ch

Or upl

jurkat_mutations.vcf

Or provide file URL:

Transcri ® Ensembl/GENCODE transcripts

Ensembl/GENCODE basic transcripts

RefSeq transcripts

O 0O

Ensembl/GENCODE and RefSeq transcripts

Additional configurations:

Identifiers ®| Addi,

rs for genes ripts ar

Variants and frequency data 2| Co-located variants and frequency data

Variants and frequency data



GRCh37

BLAST/BLAT | VEP |

Variant effect predictor (VEP)

| BioMart | Downlo

& - Search Human_

Web Tools
- Web Tools
BLAST/BLAT
B Variant Effect Predictor
L VEP analysis of jurkat_mutz
Linkage Disequilibrium Calculatd
Variant Recoder
File Chameleon
Assembly Converter
D History Comverter
VCF to PED Converter
Allele Frequency Calculator
Data Slicer
Variation Pattem Finder

Variant Effect Predictor results @
Job details

Summary statistics =

Category Count Consequences (all) Coding consequences
Variants processed 544 @ frameshift_variant 29% @ frameshifi_variant 28%
Varianis fitered out 0 @ downstream_gene_variant: 16% missense_variant: 6%
A ® intron_variant 15% /4 @ smonmous variant 4%
Novel / existing variants 424 (77.9) 1120 (22.1) ® non_coding_transcript_exon_variar| i ® inframe_deletion: 1%
@ 7 © upstream_gene_variant 7% ® stop_gained: 1%
f @ NMD_tanscripl_variant: 5% © inframe_insertion: 1%
Overlapped transcripts 478 ® regulatory_fegion_variant 3% ® incomplete_terminal_codon_varian
Overlapped regulatory features 44 @ non_coding_transcrip_variant: 3% Start_lost 0%
© 3_prime_UTR variant 2% ® protein_altering_variant 0%
® omers ® coding_sequence_variant: 0%
Results preview
© Navigation (pervariant)  Q Filters th Download m
Show: 1 5 10 50 [} variants | Uploaded variant v [is v [defined | All: VCF VEP IXT

BioMart: Variants# Genes

<

Uploaded  Location Allele  Consequence Symbol Gene

variant
1:43816005-43815006 T [ frameshift_variant WRL ENSGO0000117400
1:43816005-43815005 T I frameshift_variant WPL ENSGO0000117400
1:43815008-43815009 - [ frameshif_variant MPL ENSG00000117400
1:43815008-43815009 - | frameshift_variant MPL ENSGO0000117400
1:4381601343815013 T I frameshift_variant WRL ENSGO0000117400
1:43815013-43815013 T | frameshift_variant MPL ENSG00000117400
1:43815036-43815036 cc | splice_region_variant, MPL ENSG00000117400

[ intron_variant

1:4381503643815036  CC | frameshift_variant MPL ENSGO0000117400
1:4381504143815041 G Tintron_variant WPL ENSGO0000117400
1:43815041-43815041 G missense_variant MPL ENSGO0000117400
1:43815047-43815047  C Tintron_variant WPL ENSGO0000117400

Feature type

Transcript
Transcript

Transcript
Transcript

Transcript
Transcript
Transeript

Transcript
Transcript
Transcript

Transcript

Feature Biotype Exon  cDNA

position
ENST000003724703  protein_coding 1012 1582-1583 1540-1641 514 RMX  AGGIATGG
ENST00000413398.2  protein_coding 1010 1540-1541 1540-1541 514 RMX  AGGIATGG
ENST00000372470.3  protein_coding 042 1586 1544 515 Wix TGGTG
ENST000004139982  protein_coding 010 1544 1544 515 Wix TGGTG
ENST00000372470.3  protein_coding 012 1590-1591 1548-1549 516517 X T
ENST00000413998.2 ~ protein_coding 040 15481549 15481649 G16517 X T
ENST00000372470.3  protein_coding - - - - - -
ENST000004139982  protein_coding 010 15711572 15711572 524 RRX  CGC/CGCCC
ENST00000372470 3 protein_coding - - - - - -
ENST000004139982  protein_coding 010 1576 1576 526 RIG [eelslee

ENST00000372470.3  protein_coding - - - - - .

Existin
variant

COSV65243776,

COSV65245195

COSV65243776,
COSV65245195

Feature  SIFT  PolyPhen
strand




MutSigCV

https://www.broadinstitute.org/cancer/cga/mutsig_run (see key.txt)

e

My Settings | Sign out HHzckl

Modules & Pipelines v Suites v Job Results v Resources v Downloads v Help » ﬂ' GenomeSpace ¥

* required field

¥ Reset | % Run

Search Modules & Pipelines

“ No Jobs Processing Browse Modules

Favorite Modules

+ Drag Modules Here

mutation table file®

coverage table file*

Recent Modules

No Recent Modules

covariates table file*

output filename base*®

mutation type dictionary

genome build

Hide Files...(Selected 1 files) '

, dlcbl_prim.maf —
—— dlcbl_prim.maf
Mutation list in MAF format. C _p rl . a
I- ''''''''''''''''''''''''''''''''''''''''''''''''''' hl
: wHide Files...(Selected 1 files)
1
: http://genepattern.broadinstitute.org/gp/data//xchip/gpprod/shared_data/example_files/MutSigCVv_1.3/exome_full192.coverage.txt a 1 H

File containing the coverage table. This shauld be a file with per-sample coverage 2 @ X O M e_fu I I 1 9 2_COV€ ra ge dIxt

not have this level of coverage information, you can instead use the territory file fo
full coverage. This file is found using "Add Path or URL" under "shared_data/exampll=

Hide Files...(Selected 1 files)

ftp://ftp.broadinstitute.org/pub/genepattern/example_files/MutSigCV_1.3/gene.covariates.txt o

m

File containing the covariates table. The default selection is the covariates .
documentation for further information and a full reference). ge n e cova rl ates .txt

mutation_table_dlbcl_prim

Base name for the output files.

s s s Mutation_type_dictionary_file.txt

/mutation_type_dictionary_file.txt".

>

h g 1 9 Fcessary only if you are using a MAF file without the columns "categ”

Genome build to use for automatic category and eff
and "effect”.

About GenePattern | Contact Us

o ee [ >

©2003-2014 Broad Institute, MIT g



GPViz

http://icbi.at/software/gpviz/gpviz.shtml

ISION OF BIOINFORMATICS

‘ W’ G WW_,

Home Events Imprint Contact Links Jobs

Services o
Applications GPViz:
Data Analysis
Research News  Description = Documentation  License
Publications
Projects Downloads
Software
i Release |Date Description
Education
Courses 1.2.8 17.05.2013 | GPViz ZIP package incl.
Theses test data
Setting 1.2.8 17.05.2013 | GPViz Webstart (1GB
People RAM)
Infrastructure 1.2.7 | 17.04.2013 | GPViz ZIP package incl. test
data
1.2.6 27.03.2013 | GPViz ZIP package incl. test
data

Do not update JAVA!

Intranet

Download | Forum

Instructions

User Manual

User Manudl

User Manual

User Manual

Download

download

download

download




Sy

&GeneProtein\ﬁz
File Filter View Toolsl Help

LoadData: | | Options |

|

r Color schemes ﬁ Annotations I/Ad'u'anced

[

Load Gene Models (i

Load Regions | i

Refseq_hgl9.gtf —

——— | Refseq Annotation File

e RADL 1

Ensembl Annotation File Browse...
oo, To35¢ | |

|
|
| Load Variants
| Load Domains

oncotator.maf

Web links:

Select Gene: \ A

ABCAT
ABL1

AKT

APC

ALK Refseq

Gene link
Transcript link

Protein link

CDD.txt

ARMC10
ARRE1
ATH
BRAF
C120m11
C17orfa7
CDH1
DNAHS
DPYS
EGFR
ERBB2 :
ERBB4 L
EZH2 :
FBXWT
FGFR2
FGFR3

Genome Browser:

MNM_005157

Union transeript
—

Union protein

120] 280|

MP_009287

SH3 SH2_ABL PTK(:_AEI

—

SHS‘

120) 240
SH2_ABL ‘ PTKC_&EI

|‘."'.fr-.-12*.r-.-1ute ct2-Resulfs\Human_Refseq.bd Browse...

|http:m.fmw.ncbi.nlm.nih.gnwgenefﬁunigene_id} |

|hﬁp:!Mww.nu:bi.nlm.nih.gnw‘nuccurei&i{transcript_refseq} |

|http:!Mww.ncbi.nlm.nih.gnw‘prnteinprrntein_refseq} |

|]=Human&db=hg1Q&pnsitinnzchr${chrnm}:$«{starﬂ—$«{stnp}|




Q search

InNtOGen

Integrative

intogen Ot s

( e.g. NOTCH2 mutations table )

Sesrch sxample | Shaw more sxampies

Release 2020-02-01

IntOGen Samples

Cancer types and cohorts chart

Endometril cancer Acute myeloid leukemia Cancer types D
Tryroid adca. ‘l’ Bladider cancer
Stomachadea - \ | Breastadca Cohorts. Ex2)
Renal clear cell 2. \ /
Frostate ad.ca. /

Cholangiocs.
/ =gl Samples 28076
" Chronic ymehoblastic eukemia
Plocityc astrocytema /- - Cutaneous melanoma of the skin
Pancreas ad.ca. = -

Mutations. 203,003,747

= Colorectal adca.
Ovary cancer Diffuse large B-callly. )
Neursblastoma - / w Esophageal cancer brivers e
Multiple mysioma / Glioblastoma.
Medulloblastoma /ll ¥ Hepatic cancer
Lungsg cellca A - Head/N.sg. cell ca.
Lung agca Lower grade giioma

IntOGen collects and analyses somatic mutations in thousands of tumor genomes to identify cancer driver genes.

Mutational cancer driver genes

Cloud Plot Table

HLAB ASXL1 RGPD2

Prout cenpt e =

- B COKNIA  vhg NOTCHZIDHZCASP:ARDH FAM135B TCF7L2 cara
NEEA oo BRCA2 DDX3X  AXIN{

eziz  MAP3K1 EP300 ALK KDMBA ATRX TRRAP mven

™ pamasc PBRM1 cTNNB1 FAT1 EGFR as
" waa ARID1A SETDZCDH;SMRM
. catas SMAD4 LRP1B K s

KMT2D RA CDH1 ez
“ax  pnra3 NOTCH1 TP53 AKT1

STAG2 IDH1 SF3B1 s
““lm2a cREBBP RB1 BRAF _ PIK3CA -
KMT2A AMER1
Tns T2 NRAS vHL _.; o
e ATM FAT4 CDKN2A ,pins PREX2
ESR1 PIM1 ACVR2A
rrent KEAPT AR SMARCAA  pycgp, NFE2LZ o0 PWT_ o
FTCH1  NCOR1  NSDA MTOR
“Fz'p““ f— o cic MAP2K4 J— REM10 zruxs TR
Tse1 PrpoC RUNX1 soxs
e Ract nra cnan f—

This driver cloud reprasents the most recumently mutated cancer driver genes . The size of the gens symbol s relative to the count of samples with mutstion in that gene.




FannsDB 1.0-dev Home

FannsDB

FannsDB is a database for Functional ANnotations for Non Synonymous SNVs which contains precalculated scores for several predictors.

Condel

Condel is a method to assess the outcome of non-synonymous SNVs using a
CONsensus DELeteriousness score that combines various tools
(MutationAssessor, FATHMM). This is the second version of Condel which includes
an update of the combined tools and a new web interface. If you use Condel,
please cite us:

Improving the Assessment of the Outcome of Nonsynonymous SNVs
with a Consensus Deleteriousness Score, Condel (2011) Abel Gonzalez-
Pérez and Nuria Lt’)pez—Bigas, American Journal of Human Genetics
10.1016/].3jhg.2011.03.004 Download PDF

The last update of CONDEL was released on 2014. No new updates are
planned for the future.

Query -

Results Documentation Download 2 hubert.hacki@i-med.ac.at ¥

4 Download

Trans-IC

TransFIC (TRANSformed Functional Impact for Cancer) is a method to transform
Functional Impact scores taking into account the differences in basal tolerance to
germline SNVs of genes that belong to different functional classes. This
transformation allows to use the scores provided by well-known tools (e.g. SIFT,
Polyphen2, MutationAssessor) to rank the functional impact of cancer somatic
mutations. Mutations with greater TransFIC are more likely to be cancer drivers. If
you use TransFIC, please cite us:

Improving the prediction of the functional impact of cancer mutations
by baseline tolerance transformation (2012} Gonzalez-Perez A, Deu-Pons
J and Lopez-Bigas M. Genome Medicine. 4:89 doiz10.1186/gm390s Read

We have stopped supporting TRANSFIC. To evaluate the oncogenic potential of
cancer mutations, please use the Cancer Genome Interpreter.




cBioPortal

or Cancer Genomics

TCGA-FI-A2D2 FEMALE, 66 years old Clinical summary Copy More about this patientf€—— Suvival and other clinical data
Uterine Corpus Endometrioid Carcinoma (TCGA, Provisional), Mixed, Stage I, Grade 3 Number Living (35 months), DiseaseFree (35 months) 2009stagegroup Stage I
. Age 66
o 1 D 7, 2
Summary Mutations Copy Number Alterations Drugs Clinical Trials ¥ Pathdlogy Report l free;suriival 20
v Di free survival D ree
L1 1 2 1 3 [ 4 [ 5 1 6 1 7 [ & 1.9 [ 101 1 |12 131411516197 [18[19209122] X IV E histology Miked
CNA l 50.6% i manuscript_integrative_cluster  CN high
E Overall survival months 36
heod 2 2 Overall survival status Living
e \\ tumor_grade Grade 3
Mutations of interest (4 of 42) & ] [CNA of interest (25 of 557) @ ] P~ =
Mutation vs CNA in cohort
Gene < Protein Type < Allele 2 Cohort ¥ COSMIC ¥ FIS ¢ 3D ¢ @ ¢ Gene $ CNA ¢ %in AlG c -
Change Freq Cohort 100,000
PIK3CA  H1047R MS 03| B ® 1456 N NTRK1 Aavp 1 2 E,
PPP2R1A P179R MS 0.81 ® DNM2 avp I @ E i
TP53 D61fs FS ® TSPY26P amp 1 ® -%
CHD4 R792Q MS ® PLAGL2 amp I (9] § Lo
[Show all 42 mutations / AP3M2 amp I © E
1455 occurrences in COSMIC TMISF4 amp | ® 50
Variant allele frequencies Mutation  Occurrence ANK1 amvp I ©
p.H1047R 1269 KAT6A amp 1 ] ‘> == = — =
131 other samples (35.1%) in this study have
mutated Pl;K3CA, out of which ;‘9 (5.1“/‘:));‘“; BHI0A7E 153 PLAT LU | © Fraction of copy number altered genome
PIK3CA H1047 missense mutations. p.H1047Y 31 LOC100131496 amp 1 )
p.H1047Q 3 * Each dot represents a tumor sample.
SRl IR Show all 557.CNAS 50 J Red dot is the tumor being viewed.

3D protein structure Drogvame:  Imatinth
specificity . > Target: ABL1, KIT, RET, NTRK1, CSF1R, PDGFRA, DDR1, PDGFRB
Sy y Gl ; Imatinib Mesylate; Imatinib Methansulfonate; Glivec; STI-571
conserved . ? FDA approved? Yes
¥ Description:  Imatinib is a drug used to treat certain types of cancer. It is currently
neutral . marketed by Novartis as Gleevec (’E‘JSA) or Glivec (Europe/Austraha) as its
unmal ped mesylate salt, imatinib mesil It is occ; lly referred to as
Pl CGP57148B or STI571 (espeaali in older publications). It is used in treating
het. chronic myelogenous leukemia (CML), gastrointestinal stromal tumors
etero (GISTsz and a number of other malignancies. It is the first member of a new
. ) class o aPents that act by inhibiting particular tyrosine kinase enzymes,
variant . instead of non-specifically inhibiting rapidly dividing cells.

Data sources:
Clinical Trials:

NCF, PharmGKB, DrugBank, KEGG Drug
81 clinical trials

2 clinical trials of interest @

Trial ID Title

Gleevec/Taxol for Patients
NCTO0506779  ith yterine Papillary

Serous Carcinoma

STI571 in Treating Patients
NCT00006357 With Recurrent or Refractory

Soft Tissue Sarcoma



MutationAssessor

Chr Pos RefAll AltAll

Mutation AA Gene MSA PDE  Func. FI  Uniprot Refseq MSA
\ variant Impact score height

2,212288939,C,G G936A ERBB4 ‘medium 2.4 ERBB4_HUMAN XP_005246432 1684

. midline : NCEVVLGNLEITYVQRNYDLSFLKTIQEVAGYVLIALNTVERIPLENLQIIRGNMYYENSYALAVLSNY
1ivo:A/32-143 : NCEVVLGNLEITYVOQRNYDLSFLKTIQEVAGYVLIALNTVERIPLENLQIIRGNMYYENSYALAVLSNY
G

< | 1 |

EGFR_HUMAN/57-168 : NCEWLGNLEITYVQRNYDLSFLKTIQEVAGWLIALNTVERIPLENLQIIENMWENSYALAVLSNY

(Sphere) Residue Colors:
specificity @
conserved @

neutral
unmapped

hetero

varant @

[ Cartoon H Stick ” Sphere ]

sphere scale 0.6

[[Ishow NAG hetatms
[[Ishow HOH hetatms
[ Label Alpha Carbon




mutation3[0

GTPase KRas

~Model Information]}

Model: 3GFT_A_1_150c7
Protein Data Source: PDB
UniProt ID PO1116c7 AA Range 1-150
Gene KRAS Source PDB 3GFT
Length 18%9 Coverage 79.37%
Mutations 1 Seq. |dentity 100%
Clusters 0
Models 24 Cluster Selection
Mo clusters were found for this model. J
D Clustering Data File
[¥| PyMOL Session File
# Permalink
| ]
Hide Domains ] [ Select Model
Cornell University ¥u Group
Weill Institute for Cell and Maolecular Biclogy Computational Suite
Visit the for contact information and for other tools from the Yu Group Computational Suite

©Yu Group 2015-2022



NetMHCpan 4.1

Submission Instructions Output format Motif viewer Abstract Evaluation data sets Version history

INPUT TYPE: [Fasta v | @

Paste a single sequence or several sequences in FASTA format into the field below:

|
ASTPGHTIIYEAVCLHNDRTTIP

.. or upload a file in FASTA format directly from your local disk:
|_ Durchsuchen... | Keine Datei ausgewshlt.

.. or load some sample data:
|_ Load Data |
PEPTIDE LENGTH: @

You may select multiple lemgths

e

9mer peptides

TOTET pepuues

11mer peptides «

SELECT SPECIES/LOCI: @

| HLA supertype representative v |

Select Allele(s) (max 20 per submission) 2]

‘HLA-A*DI:DI (A1)

AR A 02 0L 1 A2)
HLA-A*03:01 (A3)

HLA-A*24:02 (A24)
HLA-A®26:01 (A26)




AN A o

Some questions

How many somatic variants have you found

Are those point mutations, indels or other type

Are those synonymous, non-synonymous, or none coding
Changes in protein sequence? (p.V412A)

How many in intron, 3’UTR, cds,5’UTR

Type of variant (missense mut, frame shift del, frame shift
ins, etc)

How many variants

Where in the 3D structure of the protein are the variants
Are these known variants (dbSNP, COSMIC)

. Is there a functional impact (SIFT, PolyPhen2)
. Are variants cancer drivers
. Which genes/exons are studied (info about the panel, and

why this was chosen)

. Variants per megabase of studied DNA sequence



Question

14. Which transcripts and protein isoforms are covered by the
variants (NM_,NP_,ENST, ENSP)

15. Which chromsome and position of the variant

16. Reference allele, alternative allele

17. Are there common variants to previously sequenced
Melanoma cell lines

18. Are some of the genes found significantly and recurrently
mutated in a cohort of 28 diffuse large B cell lymphoma
patients by targeted exome sequencing

19. Are there somatic variants in the Melanoma TCGA cohort
patients at the same positions. What are the allele frequency
in this cohort?

20. Are some variants from the same cancer signalling pathway



