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Outline of my presentation
» Background

« Simple query tools for basic gene/variant search
UCSC, GWAS tools, and Knowledge Portals

« Genotype-Tissue Expression queries

« Cancer portals
TCGA, GDC, ICGC, cBioPortal, COSMIC, HTAN

« Single-cell RNA
* Proteomics

* Trans-Omics for Precision Medicine (TOPMed)
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Burden of disease hy cause, United States, 2019

Total disease burden, measured in Disability-Adjusted Life Years (DALYs) by sub-category of disease or injury.
DALYs measure the total burden of disease - both from years of life lost due to premature death and years lived with a disability.
One DALY equals one lost year of healthy life.

2 Change country

Cardiovascular diseases
Cancers

Musculoskeletal disorders
Substance use disorders
Mental disorders
Respiratory diseases
Diabetes and kidney diseases
Neurological disorders
Other NCDs

13.25 million

74 million
7.31 million
7 million
6.75 million
5.88 million

5.15 million

Unintentional injuries 4.34 million
Digestive diseases 3.67 million
Transport injuries 2.65million
Skin diseases 2.2 million
Self-harm 1.9 million
Respiratory infections and TB 1.65million
Neonatal disorders 1.59 million
Interpersonal violence 1.2 million
HIV/AIDS and STis |l 462,917.97
Enteric infections [ill 444.684.01
Nutritional deficiencies Jij 411,913.49
Other infectious diseases ] 240,333.94
Malaria & neglected tropical diseases | 100,160.14
Maternal disorders | 71,740.85
Natural disasters | 6,130.16
Conflict and terrorism | 5,75%9.6%
0 2million 4million 6million 8 million 12 million 16 million
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Burden ol disease by cause, China, 2019

Total disease burden, measured in Disability-Adjusted Life Years (DALYs) by sub-category of disease or injury.

DALYs measure the total burden of disease - both from years of life lost due to premature death and years lived with a disability.
One DALY equals one lost year of healthy life.

+ Change country

Cardiovascular diseases
Cancers

Musculoskeletal disorders
Respiratory diseases

Mental disorders

Other NCDs

Neurological disorders
Unintentional injuries
Diabetes and kidney diseases
Transport injuries

Digestive diseases

Skin diseases

Neonatal disorders
Respiratory infections and TB
Substance use disorders
Self-harm

Nutritional deficiencies
HIV/AIDS and STis
Interpersonal violence
Enteric infections

Other infectious diseases
Malaria & neglected tropical diseases
Maternal disorders

Natural disasters

Conflict and terrorism

67.52 million

29.93 million
22.52 million
20.29 million
19.13 million
17.38 million
16 million

15.91 million
13.75 million

10.02 million

8.26 million

7.02 million

6.65 million

5.76 million

4.14 million

2.61 million

1.75 million

1.68 million

141 million

1.24 million

1.14 million

134,061.12

59,813.67

2,539.79

0 20 million 40 million 60 million 80 million

Source: IHME, Global Burden of Disease
Note: Non-communicable diseases are shown in blue; communicable, maternal, neonatal and nutritional diseases in red; injuries in grey.
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16.65 million

OurWorldInData.org/burden-of-disease » CCBY

Burden of disease by cause, Singapore, 2019

Total disease burden, measured in Disability-Adjusted Life Years (DALYs) by sub-category of disease or injury.

DALYs measure the total burden of disease - both from years of life lost due to premature death and years lived with a disability.
One DALY equals one lost year of healthy life.

+ Change country

161,709.54

Cancers

Musculoskeletal disorders
Cardiovascular diseases
Mental disorders

Other NCDs

Neurological disorders
Diabetes and kidney diseases
Unintentional injuries
Respiratory infections and TB
Respiratory diseases
Skindiseases

Digestive diseases

Self-harm

Transport injuries

Neonatal disorders
Substance use disorders
Nutritional deficiencies
Interpersonal violence

Other infectious diseases
Entericinfections

HIV/AIDS and STls

Malaria & neglected tropical diseases
Maternal disorders

Conflict and terrorism
Natural disasters | 0

0 20,000 40000 60000 80,000 100000 120,000 140,000

151,460.86
145,239.15

56,819.06
55,96349

321973
282889
274511
2,619.44

Burden of disease by cause, India, 2019
Total disease burden, measured in Disability-Adjusted Life Years (DALYs) by sub-category of disease or injury.

DALYs measure the total burden of disease - both from years of life lost due to premature death and years lived with a disability.
One DALY equals one lost year of healthy life.

2 Change country

64.95 million

Cardiovascular diseases
Neonatal disorders
Respiratory infections and TB
Respiratory diseases
Cancers

Other NCDs

Enteric infections
Unintentional injuries
Musculoskeletal disorders
Mental disorders

Diabetes and kidney diseases
Digestive diseases

Transport injuries
Nutritional deficiencies
Neurological disorders
Other infectious diseases
Self-harm

Skindiseases

Malaria & neglected tropical diseases
Substance use disorders
HIV/AIDS and STls
Interpersonal violence
Maternal disorders

Natural disasters

Conflict and terrorism

43.19 million
35.74 million
29.22 million
27.24 million
27.07 million
25.04 million

23.11 million
22.51million

21.89 million

20.31 million

18.47 million

16.86 million

16.42 million

15.05 million

10.46 million

10.42 million

6.98 million

6.08 million

4.03 million

3.45 million

3.02 million

2.84 million

17240147

141,816.18

0 10 million  20million 30 million  40million 50 million 60 million

Source: IHME, Global Burden of Disease OurWorldInData.org/burden-of-disease « CCBY
Note: Non-communicable diseases are shown in blue; communicable, maternal, neonatal and nutritional diseases in red; injuries in grey.
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Make genomic data accessible

* Interrogate the tsunami of data

* Make genotype and phenotype data that is
accessible for a relevant disease

» Software platform or a user interface that
provides access of genomics data to non-
experts




UCSC Genome Browser

VERSITY OF CALIFOR

SJHNTH EHU ﬁi?i?ﬂécs ; Q Genome Browser

Pal Genomes Genome Browser Tools Mirrors My Data Projects Help About Us

Our tools

m Genome Browser
interactively visualize genomic data

m COVID-19 Research

use the SARS-CoV-2 genome browser and explore coronavirus datasets

®m BLAT

rapidly align sequences to the genome

B Table Browser
download data from the Genome Browser database

B Variant Annotation Integrator
get functional effect predictions for variant calls

B Data Integrator
combine data sources from the Genome Browser database

B Genome Browser in a Box (GBiB)
run the Genome Browser on your laptop or server

m In-Silico PCR
rapidly align PCR primer pairs to the genome

m LiftOver

convert genome coordinates between assemblies
B Track Hubs

import and view external data tracks

m REST API

returns data in JSON format

More tools...
Our story What's new
On June 22, 2000, UCSC and the other members of the May 11,2022 - Ensembl 106 GENCODE models for hg19/hg38...
International Human Genome Project consortium completed
the first working draft of the human genome assembly, forever May 5, 2022 - Merged Cell Expression on hg38
ensuring free public access to the genome and the information it
contains. A few weeks later, on July 7, 2000, the newly May 3, 2022 - New GnomAD Mutation Constraint track
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UCSC Genome Browser

; Q Genome Browser Gateway

Genomics
Institute

Genome Browser

My Data Projects Help

ecies

| 55 1 N S

Zebrafish Fruitfly

1s of genome browsers

? Send us a request.

ND CONNECTED ASSEMEBLY HUBS

Human
Chimp
Bonobo
Gorilla

Orangutan

Gibbon

Green monkey
1b-eating macaque
Rhesus

Baboon (anubis)

iboon (hamadryas)

Proboscis monkey
1ub-nosed monkey

Marmoset
Squirrel monkey

Tarsier

Mouse lemur
Bushbaby

”ﬁ
)

_F

Find Position

Human Assembly
| Dec. 2013 (GRCh38/hg38) v

GO
Position/Search Term ->

[Enter position, gene symbol or search terms l
Current position: chrX:15,560,138-15.602,945 (2]

Human Genome Browser - hg38 assembly

UCSC Genome Browser assembly ID: hg38

Sequencing/Assembly provider ID: Genome Reference Consortium Human GRCh38.p13 (GCA_000001405.28)
Assembly date: Dec. 2013 initial release; Dec. 2017 patch release 13

Assembly accession: GCA_000001405.28

NCBI Genome ID: 51 (Homo sapiens (human))

NCBI Assembly ID: GCF_000001405.39 (GRCh38.p13, GCA_000001405.28)

BioProject ID: PRINA31257

Search the assembly:

B By position or search term: Use the "position or search term” box to find areas of the genome associated with many «
specific chromosomal coordinate range; mRNA, EST, or STS marker names; or keywords from the GenBank descripti
including sample queries.

m By gene name: Type a gene name into the "search term" box, choose your gene from the drop-down list, then press "
assembly location associated with that gene. More information.

B By track type: Click the "track search" button to find Genome Browser tracks that match specific selection criteria. N

Download sequence and annotation data:

B Using rsync (recommended)
m Using HTTP
m Using FTP




Gene Cards

£ GeneCardsSuite GeneCaRNA

Home User Guide Analysis Tools ~ Release Notes

ABCB1 Gene - ATP Binding Cassette Subfamily B Member 1

Protein Coding (Gco7m087504 @ ; GIFts: 50 @) Gy By

MalaCards

About~

PathCards VarElect GeneAnalytics GeneAlLaCart GenesLikeMe

Free for academic non-profit institutions.Other users need a Commerdal license WEIZN

STITUTE

Keywords - Advanced

Data Access My Genes LogIn / Sign Up

Follow Gene & 24 ‘

Phenotype Search ‘

Jump to Aliases Disorders Domains Drugs Expression Function Genomics Localization Orthologs
section Paralogs Pathways Products Proteins Publications Sources Summaries Transcripts Variants
Research Antibodies Assays Proteins Inhib. RNA CRISPR Exp. Assays miRNA Drugs Animal Models
Products Cell Lines Clones Primers Genotyping
Proteins Primary Antibodies Proteins Antibodies Assays CRISPR Knockout Kit sgRMNA . C. elegans Transgenics
R@ ELISAs Antibody Arrays ! ORIGENE Genes shRNA Primers CRISPR PSYNTHEGO 5 pogis ipsc SNV Clone :S nVive Biosystems  zaprafish Genome Editing
Activity Assays Lentiviral Particles Free Bioinformatics Tools Humanized animal models

Aliases for ABCB1 Gene (2]

Aliases for ABCB1 Gene
GeneCards Symbol: ABCB1 2@
ATP Binding Cassette Subfamily B Member 1 °°7
Multidrug Resistance Protein 1274
CD243 233
GP1702°°
ABC20235
P-17072°°
MDR1 245
PGY1 343
ATP-Binding Cassette, Sub-Family B (MDR/TAP), Member 123
ATP-Dependent Translocase ABCB1 34
Phospholipid Transporter ABCB1 *#
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Colchicin Sensitivity 23 »SYNTHEGO
P-Glycoprotein 134

P-Gp 23

CLCS 33

ATP-Binding Cassette Sub-Family B Member 14
Doxorubicin Resistance 2

CD243 Antigen *

EC7.622%
EC7.6.2.7%
EC 3.6.3 48
P-GP 3




UCSC Genome Browser

UNIVERSITY OF CALIFOBNIA .
SANTH CRIT Senomies $27)057 R
Institute Genome Browser Gateway

Browse/Select Species Find Position
POPULAR SPECIES Human Assembly
g ~ g e
Human  Mouse Rat  Zebrahsh  Fruitfly  Worm Veast Position/Search Term ’
Search through thousands of genome browsers [ABCBJ_I I
IEnter species, common name or assembly D I Current position: chr7:87,503,859-67,713.323 @

Unable to find a genome? Send us a request. Human Genome Browser - hg38 assembly i

UCSC SPECIES TREE AND CONNECTED ASSEMBLY HUBS

UCSC Genome Browser assembly ID: hg38

Sequencing/Assembly provider ID: Genome Reference Consortium Human GRCh38.p13 (GCA _000001405.28)
Assembly date: Dec. 2013 initial release; Dec. 2017 patch release 13

Assembly accession: GCA_000001405.28

NCBI Genome ID: 51 (Homo sapiens (human))

NCBI Assembly ID: GCF_000001405.39 (GRCh38.p13, GCA_000001405.28)

BioProject ID: PRINA31257

Human
Chimp
Bonobo
Gorilla

Orangutan

Gibbon

Homo sapiens
Search the assembly: [Graphic courtesy of CBSE)

Green monkey
Crab-eating macague

Rhesus B By position or search term: Use the "position or search term” box to find areas of the genome associated with many different attributes, suchas a

Bab bi
@boon (enubis) specific chromosomal coordinate range; mRNA, EST, or STS marker names; or keywords from the GenBank description of an mRNA. More information,

Baboon (hamadryas)
including sample queries.

® By gene name: Type a gene name into the "search term" box, choose your gene from the drop-down list, then press "submit" to go directly to the
assembly location associated with that gene. More information.

Marmoset j_ m By track type: Click the "track search" button to find Genome Browser tracks that match specific selection criteria. More information.

Proboscis monkey
Golden snub-nosed monkey

Squirrel monkey

Tarsier Download sequence and annotation data:

® Using rsync (recommended)
m Using HTTP
m Using FTP

Mouse lemur
Bushbaby
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UCSC Genome Browser

Genomes Genome Browser  Tools Mirrors Downloads My Data View Help

UCSC Genome Browser on Human (GRCh38/hg38)

move <<< [ << | < [ > [> [ >>>]zoomin| 15 [ 3x | 10x | base |zoom out
chi:87,503,850-87,713,323 209,465 bp.
CUZECAREN I 7021 2 [l 2 1 TEE F7pi4cl7pi4 1 [E12.30 [11.21 [RIPA 11 23 JRCPREN [ [PFEEd7oc2 1] BECIRN BN B T BECRRN 7q34RREHqe6. 100 36.3)

gene, chromosome range, or other position, see examples I examples

Common doSNP(153) I Il IIIII\IHI\IIIII||IIIII|II\I|II\IIIHIIIIIII 11 A III\IIIII\I\IIIIIIIIIII\IIIIIIIII AT \III\ IIIIIII \ |III III\IIIIIIIIIII I I\IIII IIII IIII\ HII (R LT AT TN A T

Scale 100 kb} | hg3s
chr7: 87,550,000| 87,600,000| 87,650,000| 87,700,000]
FRE| | R TN | | | |R&f\s|eq ol i | | |
RefSeqCurated,I T H I| T T :I\ I'H I T ” T : I L] : ¥ I I T :
OMIM Allelic Variant Phenotypes
OMIM Alleles | |
Gene Expression in 33 TCGA Cancer Tissues (GENCODE v23)
ABCB1 | | I
|
RUNDC3B R |
) ClinVar Variants
Clinvarsnvs || | 1] |] Frrrmmn g ml 1 [ {1 | |
Clinvarintep | | | 1] || (YO A O [ | i |

Coriell Cell Line %x Number Variants —

NHGRI-EBI Catalog of Published GenomeTWide Association Ttudies |

GWAS Catalog | [ | | | |]
Gene Expression in 54 tissues from GTEx RNA-seq of 17382 samples, 948 donors (V8, Aug 2019)

ABCB1 |

RUNDC3B

HNRNPA1PO _ . . 0t d s st s

ah Multiz Alignments of 100 Vertebrates -

esus ____- |10 = B =

R e Ty gy (yn
Elephant : u 1 =1 - EL R
Chicken HHEH=l i

X_tropicalis = i 1
Zebrafish ||| ||l

RepeatMasker | (I 1/NIILE 0L 0O ONNEE 0 NVRD VOO O 00O 1 II\IIIﬁfl)Ie Ilﬂ Tk I|II|I|I Iillﬁlllll|II|I|I|||||I|I TR 11 A | | 1 | [0 {1
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UCSC Genome Browser
Drop-down controls to display various tracks

LAUTIEN e LI INUTTIDET Y ananms

NHGRI-EBI Catalog of Published Genome-Wide Association Studies

GWAS Catalog I [l | | 11 \ \
Gene Expression in 54 tissues from GTEx RNA-seq of 17382 samples, 948 donors (V8, Aug 2019)
ABCB1
il | T ullal s
HNRNPA1PS _ RUNDC3B |, I tlutnealoce Lo 0 ssuat Iy
Multiz Alignments of 100 Vertebrates
=~ NN RN O | ) ORI WINDENN DN (IR NN N (NN NN IR
Mouse IIH\HHIE’FIHMHI-HHFI lIﬂ'IIIIII:H:II Hl;lﬂ [] illz_llllmllzlﬁl I | =
Dog T Iﬂ il H [WILRT O - I L]
Elephant |-1HIFIN MM INY 00— { AT - | (1 A1 LA RTINS [ T | W w1
Chicken == H—l |
X_tropicalis | :ll :i:£:|l
Zebrafish Il -1 It F:I II LI | JHE—1
Short Genetic Variants from dbSNP release 153
Commeon dbSNP(153) Il I 00 1H 1L 100NN 00O 0O VRN OO OO AT RACE TN (LR OO (0000 MO0 AT COMOOTT e 0 VR MO0 0 DO DO oA O 0 Fer o e i
elpeatinﬂ Elements b‘ Rei}eatMasker
RepeatMasker || (I AR IAAART YR (1 0 ORVOOLCH (O OO 00O N T ONOARR 1 T T S E OO | A T A 1 | | 0 [ OO 11O [ 0|
ve start Click on a feature for details. Click+shift+drag to zoom in. Click side bars for track options. Drag side bars or labels up or down to reorder tracks. Drag tracks left or move end

right to new position. Press "?" for keyboard shortcuts.

‘ track search H default tracks H default order H hide all H add custom tracks || track hubs H configure H reverse H resize H refresh |

Use drop-down controls below and press refresh to alter tracks displayed.
Tracks with lots of items will automatically be displayed in more compact modes.

Mapping and Sequencing refresh

collapse all expand all

Genes and Gene Predictions refresh

HllI

Phenotype and Literature refresh
COVID-19 refresh
Single Cell RNA-seq refresh

mRNA and EST refresh
Expression refresh
Regulation refresh
Comparative Genomics refresh

Variation refresh

-0l

Repeats refresh

Experimental refresh

||
il
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GWAS Catalog

(8] Diagram Sut 3 De¢ entatior ) Blc EMBL-EBI m).

GWAS | Diagram This diagram shows all SNP-frait associations with p-value < 5.0 x 108, published in the GWAS Catalog

Download diagram

==

Filter the diagram #
Filter by trait

Clear Apply

Show SNPs for

. Digestive @
system
disease

Cardiovascular
disease

@ Metaboiic (I

disease

Q e @D

system
disease

O Nervous @EXPI]
system
disease

. Liver 1363
enzyme
measurement

o Lipid or ATT2
lipoprotein
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GWAS Catalog - ABCB1 associations

EMBL-EBI [NIH R

GWAS Catalog

The NHGRI-EBI Catalog of human genome-wide association studies
ABCB1

Examples: breast carcinoma, rs7329174, Yao, 2q37.1, HBS1L, 6:16000000-25000000

GWAS / Search / ABCB1

Refine search results

Search results for ABCB1

Publications (2 ]
o Variants @ @ ABCB1
© Genes o Description: ATP binding cassefte subfamily B member 1

Location: 7:87503017-87713323 Cytogenetic region: 7q21.12 Biotype: protein coding
Associations @) Studies €5)
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GWAS Catalog - 26 ABCB1 associations

EMBL-EBI m) e

Available data: = Associations €Z) studies €D Traits @D Download Catalog data &
Associations @ ~
®- 2.
Variant and risk allele P-value P-value annotation RAF OR Beta Cl Mapped gene Reported trait Trait(s) Background trait(s) @ Study accessio
rs7800191-? 1x108 (cerebellar vermal lobules | V) NR - - - ABCB1 Brain region brain volume - GCST009518
volumes measurement
rs13233308-T 6x 1071 (ADAM 22) 04815 - 0.37657  [0.27- ABCB1 Neurological blood protein - GCST008478
unit 0.48] blood protein measurement
increase biomarker levels
rs2235048-A 2x 106 (IFNalpha_ABC_of_CD56brightCD16n) = 0.421 - - - ABCB1 interferon-related  cytokine - GCST012156
fraits measurement
rs28381924-A 5x 108 (GEE model) NR - 1.0778 [0.68- ABCB1 Rate of cognitive cognitive Alzheimer disease GCST010567
unit 1.46] decline in decline
decrease Alzheimer's measurement
disease
Slagaza0e X109 = = = - ABCE] Sehizooheniz Sohizophrenia . GCST010840
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Nature 2021 publication

ARTICLES

nature .
https://doi.org/10.1038/541588-021-00921-z genethS

M) Check for updates

A genome-wide association study with 1,126,563
individuals identifies new risk loci for Alzheimer's
disease

Douglas P. Wightman @7, Iris E. Jansen', Jeanne E. Savage ', Alexey A. Shadrin®23,

Shahram Bahrami?34, Dominic Holland5, Arvid Rongve ©57, Sigrid Borte 382,

Bendik S. Winsvold ©°'%", Ole Kristian Drange'*'3, Amy E. Martinsen®°'°, Anne Heidi Skogholt®'*,
Cristen Willer ©'3, Geir Brathen®'%7'8 Ingunn Bosnes'®", Jonas Bille Nielsen®'29, Lars G. Fritsche ®?,
Laurent F. Thomas©°*, Linda M. Pedersen', Maiken E. Gabrielsen®, Marianne Bakke Johnsen322,
Tore Wergeland Meisingset''"”, Wei Zhou 2223, Petroula Proitsi ©?%, Angela Hodges (2%,

Richard Dobson (72526272829 | atha Velayudhan © 24, Karl Heilbron®®, Adam Auton3?,

23andMe Research Team*, Julia M. Sealock©3"32 Lea K. Davis 332, Nancy L. Pedersen?,

Chandra A. Reynolds ©34, Ida K. Karlsson??*35, Sigurdur Magnusson©3¢, Hreinn Stefansson©3¢,
Steinunn Thordardottir®, Palmi V. Jonsson®3%, Jon Snaedal®, Anna Zettergren©3°, Ingmar Skoog3°4°,
Silke Kern®**4%, Margda Waern®**#, Henrik Zetterberg2434445 Kaj Blennow*445, Eystein Stordal ©121%,
Kristian Hveem?®4¢, John-Anker Zwart 32, Lavinia Athanasiu®#, Per Selnes*, Ingvild Saltvedt @18,
Sigrid B. Sando'®", Ingun Ulstein*®, Srdjan Djurovic ©4%5° Tormeod Fladby®3%7, Dag Aarsland®**',

Geir Selbzek 34852 Stephan Ripke ®235354 Kari Stefansson 3%, Ole A. Andreassen®23456 and
Danielle Posthuma 1555623

Late-onset Alzheimer's disease is a prevalent age-related polygenic disease that accounts for 50-70% of dementia cases.
Currently, only a fraction of the genetic variants underlying Alzheimer's disease have been identified. Here we show that
increased sample sizes allowed identification of seven previously unidentified genetic loci contributing to Alzheimer's disease.
This study highlights microglia, immune cells and protein catabolism as relevant to late-onset Alzheimer's disease, while iden-
tifying and prioritizing previously unidentified genes of potential interest. We anticipate that these results can be included in
larger meta-analyses of Alzheimer's disease to identify further genetic variants that contribute to Alzheimer's pathology.

ementia has an age- and sex-standardized prevalence of identify the missing causal variants and may highlight additional
~7.1% in Europeans', with Alzheimer’s disease (AD) being  disease mechanisms. In combination with increasing the number of
the most common form of dementia (50-70% of cases)’. samples, it is beneficial to use different approaches to identify rare
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Nature 2021 publication
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Fig. 1| A Manhattan plot of the meta-analysis results highlighting 38 loci, including seven previously unidentified regions. Only variants with
P <0.0005 are displayed. The APOE region cannot be fully observed because the y axis is limited to the top variant in the second most significant locus,
—log,,(1x107%Y), to display the less significant variants. The red line represents genome-wide significance (5x107%). The P values were identified through a
meta-analysis (two-sided test) of summary statistics generated by linear/logistic regressions (two-sided test) and were not adjusted for multiple testing.
The previously unidentified loci are highlighted in green and indicated by the assigned gene name. The TNIP1/HAVCRZ2 regions and the NTN5/LILRB2
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GWAS — Catalog Alzheimer’s disease
associations

Trait category
300 _
nervous system disease
250
200
L]
=
3
3
o
[=1
o
D150
100
504
N olestoiforifeSoCese sopelelsol o FoFPODHD RO 00O FPEBEB0S o
T T T T T T T T T T T T T T T T T T T T LI T L

1 2 3 4 5 6 T 3 9 10 1 12 13 14 15 16 17 18 19202122 X Y
Genomic Position (number denotes chromosome)
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Knowledge Portal Network

N O &

A

A

Common Metabolic Cardiovascular Cerebrovascular Sleep Disorder Type 1 Diabetes
Diseases Knowledge = Disease Knowledge  pjsease Knowledge Knowledge Portal Knowledge Portal
Portal Portal Portal Learn more Learn more
Learn more Learn more Learn more
P

@ &

Knowledge Portal Knowledge Portal Portal Knowledge Portal Knowledge Portal
Learn more Learn more Learn more Learn more Learn more

Non-Additive Collaborate on Collaborate to create
Genetic Effects methods a new Knowledge
Knowledge Portal Learn more Portal
Learn more Learn more
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Genotype Tissue-Expression Project (GTEX)

« Genome-wide association studies (GWAS)

« Cases vs controls

o ~95% of SNPs located in non-coding regions
« 03 tissue sites

Sample and data processing overview

’ LCLs RNA
Fibroblasts DNA

DNA Analysis

« OMNI 2.5M/5M: 450 donors
» WES (100x)

'“ 8 « WGS (30x): HiSeq 2000, HiSeq X
e 5 7} ’ ’ RNA
g —a (DNA) RNA sequencing

= QC:RIN=z5.5
Pathology » polyA+ (lllumina TruSeq)
eeeee w - 2x76bp, = 50M reads

= [l o o
— e ’ (DNA) .
& —eas 9-11 sub-
rain ns
U Mi

Quality control




Overview of GTEX resources: open-access data

* Expression
* (Gene-level expression (TPM, counts)
* Transcript-level expression (TPM, counts, isoform proportions)
* Exon read counts
* QTLs
* Single-tissue eQTLs (cis- and frans-)
* Multi-tissue eQTLs
* Future: splicing QTLs
* Histology images
* De-identified public access sample and subject metadata

All open-access data is available at gtexportal.org




ESR1 query

Plot Differentiation Scale Sort Outliers Display Filter
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Exon expression

. 0.0 039 094 17 28 42
median read count per base .

Vagina
Fallopian Tube
Cervix - Ectocervix
Uterus
Cervix - Endocervix
Brain - Hypothalamus
Esophagus - Mucosa
Small Intestine - Terminal lleum
Colon - Sigmoid
Stomach
Heart - Left Ventricle
Colon - Transverse
Brain - Cerebellum
Brain - Cerebellar Hemisphere
Cells - EBV-transformed lymphocytes
Pancreas
Brain - Caudate (basal ganglia)
Brain - Nucleus accumbens (basal ganglia)
Brain - Cortex
1 Whole Blood
Brain - Substantia nigra
Brain - Putamen (basal ganglia)
Brain - Anterior cingulate cortex (BA24)
Brain - Amygdala
Brain - Spinal cord (cervical c-1)
Brain - Hippocampus
Brain - Frontal Cortex (BA9)
Ovary
Breast - Mammary Tissue
Testis
Pituitary
Cells - Cultured fibroblasts
Spleen
Heart - Atrial Appendage
Kidney - Cortex
Esophagus - Gastroesophageal Junction
Muscle - Skeletal
Kidney - Medulla
Esophagus - Muscularis
Skin - Sun Exposed (Lower leg)
1 Skin - Not Sun Exposed (Suprapubic)
Miner Salivary Gland
Liver
Prostate
1 Artery - Tibial
Artery - Coronary
Artery - Aorta
Adipose - Subcutaneous
Nerve - Tibial
Adipose - Visceral (Omentum)
Bladder
] Adrenal Gland
J Thyroid
Lung




ESR1 - eQTLs
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= Significant Single-Tissue eQTLs for ESR1 (ENSG00000091831.17) in all tissues
Data Source: GTEX Analysis Release V7 (dbGaP Accession phs000424.v7 p2)

ESR1 Gene eQTL Visualizer

Copy = CSV Search: || Show 10 v entries
Gencode Id ¢ Gene Symbol ¢ Variantld ¢ SNP ¢ PValue ¢ NES@ ¢ Tissue ¢ Actions ¢
ENSG00000091831.17 ESR1 6_151998105_G_A _b37 rs1293942 dbSNP [ 2.2e-7 0.1 Thyroid eQTL box plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSG00000091831.17 ESR1 6_151998085_T_G_baT rs1293943 dbSNP [ 2.2e-7 0.1 Thyroid eQTL box plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSG00000091831.17 ESR1 6_152346190_TC_T_h37 5113533024 dbSNPE  24e7 0.28 Testis eQTL box plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSG00000091831.17 ESR1 6_152000028_A_G_h37 rs712220 dbSNP [ 3.0e-7 -0.20 Thyroid eQTL box plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSG00000091831.17 ESR1 6_151999603_A_G_h37 rs1293938 dbSNP [ 3.0e-7 0.1 Thyroid eQTL box plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSG00000091831.17 ESR1 65_151999507_C_G_b37 rs1293939 dbSNP [ 3.1e-7 0.1 Thyroid eQTL box plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSG00000091831.17 ESR1 6_151998723_G_A b37 rs980280 dbSNP [ 3.1e-7 0.1 Thyroid eQTL box plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSG00000091831.17 ESR1 6_151990859_G_A_bav rs1293956 dbSNP [ 3.7e-7 0.1 Thyroid eQTL box plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSG00000091831.17 ESR1 6151990954 T_C b37 rs1293955 dbSNP [ 3.8e-7 -0.21 Thyroid eQTL box plot, IGV eQTL Browser, Multi-tissue eQTL Plot
ENSG00000091831.17 ESR1 6_151990961_A_G_b37 rs1293954 dbSNP [ 4.3e-7 -0.21 Thyroid eQTL box plot, IGV eQTL Browser, Multi-tissue eQTL Plot

Showing 1 to 10 of 204 entries 2 3 4 5 .21 Next Last




No splice QTLs and protein truncating
variants found for ESR1

= Splice QTLs (sQTLSeekeR) for ESR1 (ENSG00000091831.17)
Data Source: GTEX Analysis Pilot V3 (dbGaP Accession pns000424.v3.p1)

Copy = CSV Search: Show |10 v | entries

Gencode Id «  Tissue % Gene Symbol “ SNP ¢ Event ¢ FDR ¢ Max Difference ¢ p-value ¢ rank ¢ Transcripti % Transcript 2 3
No Splice QTLs found

Showing 0 to 0 of 0 entries (filtered from 30,908 total entries)

= Protein Truncating Variants for ESR1 (ENSG00000091831.17)
Datz Source: GTEX Analysis Pilot V3 (dbGaP Accession pns000424.v3.p1)

Copy = C8V Search: Show |10 ¥ | entries

SNP % Location % Protein Truncating Variant Type ¢ Variant Type %  RefAllele % Alternate Allele ¢ Actions 3

Mo PTV data found for gene ESR1

Showing 0 to 0 of 0 entries




The Cancer Genome Atlas (TCGA)




The Cancer Genome Atlas (TCGA)

o
A comprehensive and |
coordinated effort to
accelerate our ;

understanding of the
molecular basis of
cancer through the
application of
genome analysis
technologies,
including large-scale
genome sequencing.

Cancer.gov
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The Cancer Genome Atlas (TCGA;
https://cancergenome. nih.gov/)

» Multi-omics data sets for > 33 cancer types
« For more than 30000 individual tumor samples

 RNA-Seq, DNA-Seq, miRNA-Seq, single-nucleotide variant (SNV),
copy number variation (CNV), DNA methylation, and reverse phase
protein array (RPPA) data

* The biospecimens from TCGA are analyzed by mass spectrometry
technique, and the cancer cohort proteomics data are available at
Clinical Proteomic Tumor Analysis Consortium (CPTAC)
(https://cptac-data-portal. georgetown.edu/cptacPublic/)




TCGA multiple data types

25* forms of cancer Biospecimen Core Multiple data types

Resource with more

: _ than 150 Tissue Source
glioblastoma multiforme

(brain) Sites — Clinical diagnosis
6 Cancer Genomic ~_ =* Treatment history e
Characterization ~~* Histologic diagnosis -
Centers =+ Pathologic report/images y s
squamous carcinoma ,-_\f‘" glﬁfguigjrrl]?éﬁonrﬂ;c site «
(lung) |
3 Genome i Gene expression/RNA
Sequencing — sequence
Centers ;\- Chromosomal copy
serous ~ number
cystadenocarcinoma ; Loss of heterozygosity
(ovarian) 7 Genome Data g- Mgthylation pat’;erns
Analysis Centers N QILJI-\:ANA expression
. sequence
§ RPPA (protein)
Etc. Etc. Etc. Data Coordinating Subset for Mass Spec

Center

Reusing the slides from Kenna Shaw’s presentation




Rare tumors projects

- Adrenocortical Carcinoma
- Adult ALL (B-cell and T-Cell) /
- Anaplastic Thyroid /

00000

A
- Cholangiocarcinoma e
- Chromophobe kidney
- High Risk MDS (del 5g- cases) ///

. T T
° M eSOt h e | I 0 ma 11/16/2006  11/16/2007 11/16/2008 11715/2008 1171672010 11/16/2011 11/16/2012 11/15/2013

- Paraganglioma/Pheochromocytoma
«  Testicular Germ Cell

- Thymoma

- Uterine Carcinosarcoma

- Sarcomas

- Others??



Genomic Data Commons - GDC




Genomic Data Commons

« A NCI repository for The Cancer Genome Atlas
and Genomics data.

It consists of data from 72 projects

67 primary sites

>85K cases

>2.6 million mutations

827,518 files



Genomic data commons

EABENSEEQN;:JE:TITUTE [0 Projects %8 Exploration & Analysis £ Repository

Get Started by Exploring:

il Projects %# | Exploration @ Analysis £  Repository

Q e.g. BRAF, Breast, TCGA-BLCA, TCGA-AS-A0G2

Data Portal Summary pata Release 33.0 - May 03, 2022

PROJECTS PRIMARY SITES CASES

Cy72 o 67 & 85,520

FILES GENES MUTATIONS

[9827,518 & 21,755 4 2,672,381

Q Quick Search

Manage Sets

% Login

®= Cart [

iii GDC Apps




Projects

NATIONAL CANCER INSTITUTE . . ; . ; - ) ) .
# Home [0} Projects %% Exploration &+ Analysis = Repositon Quick Search Manage Sets +) Login = Cart 12 GDC Apps
m) GDC Data Portal P y pository Q 9 9 o PP

« + Start searching by selecting a facet

v Search Projects (2]
Q  eg TCGA-GBM, Brain Top Mutated Cancer Genes in Selected Projects @ Case Distribution per Project
® o of Cases Affected O # of Cases Affected 85 520 Cases across 72 Projects
~ Primary Site Q
# Projects 30 E
0 kidney m },;, 25 N
[ hematopoietic and reticuloendothe\ialsyst‘.‘ﬂ % 20 .
[ bronchus and lung g 15
O breast B 5 10 -
O colon B - N |
62 More 0
v Program Q v
# Projects
0 TCGA
J TARGET 8 Table Graph
O GENIE 8
0 cMmi 72Projects = |F JSON Tsv
O BEATAML1.0 2] -
. Available Cases per Data Category
1 Vore
Clinical Bio
v Disease Type Q  Project Disease Type Primary Site  Program Casest Seq Exp SNV CNV Meth Clinical Supplement Bio Supplement  Files
# Projects * 23 v 42
[J adenomas and adenocarcinomas a EM-AD Disease Primary FM 18,004 0 0 18,004 0 0 18,004 18,004 18,004 18,004 54,096
[ cystic, mucinous and serous neoplasms Types Sites
(J squamous cell neoplasms 8 T 49 T 49
L GENIE-MSK Disease Primary GENIE 16,824 0 0 16,823 16,823 0 16,824 0 16,824 0 36470
[ epithelial neoplasms, nos ﬂ .
Types Sites
ductal and lobular neoplasms 7
- P . * 52 v 49
54 More GENIE-DFCI Disease Primary  GENIE 14,232 0 0 14,232 14,232 0 14232 0 14,232 0 28464




Exploration

NATIONAL CANCER INSTITUTE ) o ' . ’ - ) ) ,
# Home Projects AR GIIENNN] &+ Analysis & Repositor Quick Search  Manage Sets 4 Login '™ Cart =22 GDC Apps
m GDC Data Portal G Pro y pository Q 9 g o PP
Cases Clinical Genes Mutations « + Start searching by selecting a facet
v Search Cases (7]
Q eg. TCGA-A5-A0G2, 432fe4a9-2... Cases (85,520) Genes (21,755) Mutations (2,672,381) OncoGrid View Files in Repository

Upload Case Set . Primary Site Project Disease Type Gender Vital Status

v Primary Site Q \\\\'

# Cases — ——
O bronchus and lung [12.00] ///‘ 7
O breast [ 9.118 |

[J hematopoietic and reticuloendothelia. .. @

0 colon &3 Showing 1 - 20 of 85,520 cases & Biospecimen | & Clinical | JSON TSV | Save/Edit Case Set
[0 spinal cord, cranial nerves, and olher..‘
62 M Available Files per Data Category )
More O caselD Project Primary Site  Gender  Files #Mutations  # Genes Slides
Seq Exp SNV CNV Meth Clinical Bio
v Program Q : ==l == ===
O TCGA-A5-A0G2 TCGA-UCEC Corpus uteri Female 62 4 4 17 6 3 10 17 31298 12375 % (3)
# Cases
O GENIE O TCGA-IB-7651 TCGA-PAAD  Pancreas Female 66 6 4 17 B 3 8 17 17,551 9613 & (3)
O FM e O TCGAEO-A22U  TICGAUCEC  Corpusuteri  Female 67 6 4 17 B 3 10 16 16,981 9427 % (2)
O TCGA [ 11,315 | ‘
O ICGA-FI-A2D5 TCGA-UCEC Corpus uteri Female 61 4 4 17 6 3 1 16 16,074 9076 % (2)
() TARGET [ 6196 |
0 CPTAC 13T U TCGA-FW-A3R5 TCGA-SKCM  Skin Male 70 &8 & 17 8 6 8 15 22424 9,053 % (3)
15 More.. 0 TCGA-06-5416 TCGA-GBM Brain Female 61 5 2 17 B 3 8 15 15217 8825 & (3)
v Project Q 0 TCGA-B5-A3FC TCGA-UCEC  Corpus uteri Female 67 6 4 17 6 3 10 16 15,315 8752 % (2)
# Cases O TCGA-EQ-A22R TCGA-UCEC Corpus uteri Female 65 4 4 17 6 6 10 17 15,198 8730 & (3)
0 FM-AD
) GENIE-MSK O TCGA-AP-AOLM TCGA-UCEC  Corpus uteri Female 62 4 4 17 6 3 10 17 14,882 8703 % (3)
O GENIE-DFCI O ICGA-AX-A?HG ~ TICGA-UGEC  Corpusuterl  Female 7% 8 8 171 B 8 10 16 14,982 869 4 (2)
[J GENIE-MDA O TCGA-AP-A1DV TCGA-UCEC  Corpus uteri Female 59 4 4 17 4 8 10 16 14,179 8321 %(2)
—_— _———e—m e e A




Analysis

NATIONAL CANCER INSTITUTE ) ; ) . . ‘ .
#Home [EiProjects 4% Exploration EENENCE S Repositor Quick Search  Manage Sets &) Login ™ Cart 111 GDC Apps
M) CDC Data Portal ) P posilory Q 9 g (0] pp:
Launch Analysis
Set Operations Cohort Comparison
Display Venn diagram and find intersection or union, etc. of your sets of the . . Display the survival analysis of your case sets and compare characteristics
same type. .. such as gender, vital status and age at diagnosis.

[ oo

Clinical Data Analysis

Display basic statistical analyses for the selected case set.

o o




Repository

NATIONAL CANCER INSTITUTE
GDC Data Portal

NIHY

Files Cases

Add a File Filter

v Search Files (2]
Q  eg. 142682.bam, 4f6e2e7a-b...

v Data Category

# Files
O simple nucleotide variation
(0 sequencing reads
[ copy number variation 104,537
(J transcriptome profiling
[J biospecimen 56,029

6 More

v Data Type Q

# Files
[ Annotated Somatic Mutation
[ Aligned Reads
[J Raw Simple Somatic Mutation 99,604
(0 Transcript Fusion [ 54,115 |
[J Masked Annotated Somatic Mutation m

22 More

v Experimental Strategy

# Files
0 ws
[0 RNA-Seq
[ Targeted Sequencing E3
[J Genotyping Array 68,422
P B T

# Home

[ Projects

«

%8 Exploration @+ Analysis [ESRREVEI0Y

+ Start searching by selecting a facet

Files (827,518)

Showing 1 - 20 of 827,518 files

E - Access

-

-

Cases (85,520)

Primary Site

Project

242FB

File Name

&open 6e86d166-3fd4-47ca-b524-f088f2601264_noid_Red.idat
ff4bae0a-b24e-461d-a802-28b27adB870bf_wgs_gdc_realn.b
# controlled
am
c34df513-0a27-4e5e-8577-465fb7a2aa18_wgs_gdc_realn.b
& controlled
am
&open 968d31e7-72a1-4ffd-be1d-60de993265d4.methylation_arra
P y.sesame.level3betas.txt
&onen abc09a6e-1162-4ab8-8e45-1¢43b91645f9.rna_seq.augment
P ed_star gene_ counts.tsv
2e3a6c49-8689-4331-a1f6-c51e4170ffb4.rna_seq.chimeric.
& controlled
gdc_realn.bam
e 09f5e70d-6f7e-4899-b158-c891cf025563.mirnaseq.isoform

s.quantification. txt

N

Show More

Q Quick Search  Manage Sets

Data Category

Data Type

Cases Project

1 CGCI-HTMCP-CC DNA Methylation

Data Category

1 CGCI-HTMCP-CC Sequencing Reads

1 CGCI-HTMCP-CC Sequencing Reads

1 CGCI-HTMCP-CC DNA Methylation

1 CGCI-HTMCP-CC Transcriptome Profiling

1 CGCI-HTMCP-CC Sequencing Reads

1 CGCI-HTMCP-CC Transcriptome Profiling

%) Login

Data Format

IDAT

BAM

BAM

TXT

TSV

BAM

TSV

® Cart [ i GDCApps

(& Browse Annotations

& Advanced Search

™ Add All Files to Cart View 85,520 Cases in Exploration

Data Format

\

A

= IF JSON TSV

File Size Annotations

13.68 MB 0

357.34 GB 0

426.4 GB 0

23.28 MB 0

4.25 MB 0

291.6 MB 0

584.34 KB 0




International Cancer Genomics Consortium
(ICGC; https:// icgc.org/)

 Large-scale generation of genome studies from
86 cancer projects in 22 primary cancer sites
from 22,330 donors (RELEASE 28)

* This project mainly contains mutation-related
genomic alteration data (both germline and
somatic) across cancer types from various
ethnicities

* The Pan-cancer analysis of whole genomes
(PCAWG,; https://dcc.icgc.org/pcawg) allows the
exploration and analysis of more than 2800

whole ienomes from ICGC



International Cancer Genome Consortium

« Cancer Projects 86

« Cancer Primary Sites 22

o Patients with molecular data 22,330

« Jotal Donors 24,289

o Somatic mutations identified  81.7million

https://dcc.icgc.org/projects




Top 20 mutated cancer genes with high
functional impact somatic mutations

E
=
(=]
(=]

Donors Affected

2,000

T e n
f_fef’*’ff IIII"II. I

el ] |

Jrl,h.

https://dcc.icgc.org/projects



https://dcc.icgc.org/projects

Cancer Cell Line Encyclopedia (CCLE;
(https://portals.broadinstitute.org/ccle)

* Hosted by Broad institute is a compilation of
gene expression, copy number, and sequencing
data from 947 human cell lines and for 36 tumor
types.

* |t also houses the pharmacological profiles of
24 anticancer drugs across the cancer cell
lines.

* https://depmap.org/portal/interactive/
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COSMIC

“COSMIC, the Catalogue Of Somatic Mutations In Cancer, is
the world's largest and most comprehensive resource for
exploring the impact of somatic mutations in human cancer.”

40



Expert curated database

Projects

COSMIC is divided into several distinct projects, each presenting a separate dataset or view
of our data:

%‘ oject
"." Mutation profiles of over 1,000 cell lines used in cancer research

. é]]Ié, COSMIC-3D
u An interactive view of cancer mutations in the context of 3D structures

Cancer Gene Census

" A catalogue of genes with mutations that are causally implicated in cancer




COSMIC

o COSMIC 4
Catalogue Of Somatic Mutations In Cancer ‘.l

COSMIC-3D now Updated and Mapped to COSMIC v95

COSMIC v95, released 24-NOV-21 COSMIC News Follow @cosmic_sanger

COSMIC, the Catalogue Of Somatic Mutations In Cancer, is the world's largest and most — What are the emerging trends in cancer research? Our five key-takeaways from AACR-
comprehensive resource for exploring the impact of somatic mutations in human cancer. m 2092

SEARCH

Start using COSMIC by searching for a gene, cancer type, mutation, etc. below. Read about the five emerging trends we took away from our time at AACR-2022 More...

B, Closing the care gap for rare cancers: Three examples in COSMIC

Closing the care gap through COSMIC's curation of rare cancers. More...
Projects
COSMIC is divided into several distinct projects, each presenting a separate dataset or view of —/
our data:
COSMIC In the driving seat: An interview with Cancer Mutation Census’s Senior Bioinformatician,
The core of COSMIC, an expert-curated database of somatic mutations Bhavana Harsha

COSMIC's Cancer Mutation Census (CMC) is a new tool that identifies and characterises the
likely somatic mutations driving cancer. Read more about the development and data behind
CMC with Senior Bioinformatician, Bhavana Harsha. More...

Cell Lines Project
Mutation profiles of over 1,000 cell lines used in cancer research

COSMIC-3D
An interactive view of cancer mutations in the context of 3D structures

Tools

JOIOLO),

Cancar Rana Cancle




COSMIC

Catalogue OFf Somatic Mutations In Cancer

Gene

KRAS Gene view

Gene view

The gene view histogram is a graphical view of mutations across KRAS. These mutations are displayed at the aminc
Overview of the gene by dragging across the histogram to highlight the region of interest, or by using the sliders in the filters

B External links — — —— — — — — — — — e e e e e — —
37902+ 20 40 ] a0 100 120 140 180 180 max: 37902

- 37902
Drug resistance b 1

Tissue distribution

Genome brows

n d u

Variants Substitutions

B References

Beset page

Search

| Search COSMIC... 0 b O I A I I

Amino acid

Plam

o

Filters

Show advanced filters

Range Sshow input fields

Complex
[ 1] [ 190 ]
| 1

15 4
’ U °e e - Insertions
Coordinate system o J o dHfl = o  uf L - e | _ . o
@ Amino-acid Deletions
@) 15 |
' cDMNA o
Apply filkers | | Reset filters GV Gain
o -
CNV Loss
302 -
TTE

Cver Expression

o
uUnder Expression
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Overview
This section gives an overview of KRAS_ENST00000311936, along with links to any related data and resources.

Gene
KRAS_ENSTOO0QO0311...

) & Mouse.gene
COSMIC gene KRAS_ENST00000311936 (COSG4)
External links

B Drug resistance

Synonyms KRAS, KRAS1, KRAS2, CCDS8702.1, P01116, ENSG00000133703.11, NM_004985.4, NP_004976
COSMIC-3D There are 201 structures for KRAS_ENST00000311936. View them in COSMIC-3D.

Genomic coordinates 12:25204789..25250931 (negative strand)

References

Reset page

Search

| Search COSMIC..

Number of samples 275946 unique samples
49449 unique samples with mutations

Filters

Show advanced filters

Alternative transcripts KRAS, KRAS_ENST00000556131, KRAS_ENST00000557334

Range Show.inout fields

u @ Sequences You can see various sequences for this gene:
 —— cDNA (ENST00000311936.7)
Protein (KRAS_ENST00000311936)

! M Transcript and protein aligned (ENST00000311936.7+KRAS_ENST00000311936)
Coordinate system

® Amino-acid Gene fusions KRAS_ENST00000311936 is involved in 1 fusion, with the following gene:
O cDNA UBE2L3_ENST00000342192 (1 mutation in 1 sample)

| Apply filters || Reset filters Drug sensitivity data n/z




Drug Resistance and tissue distribution

Gene
KRAS_ENSTO00003I1..

x
x

References

Reset page

Search

| Search COSMIC... |

Filters

Show advanced filters

[ 1]
—

Coordinate system

® Amino-acid
O cDNA

‘ Apply filters H Reset filters

Drug resistance

This section shows the drugs associated with KRAS_ENST00000311936 resistance mutations. In the tabs below you can see any other genes that have resistance mutations
to the same drug(s), and the distribution of mutations that occur in those genes.

Alternative transcripts are also displayed here for genes where reported resistant mutations are not located on the canonical transcript but are on the alternative, and also where
reported resistant mutations are located at the same genomic position on both the canonical and alternative transcripts or on overlapping genes and/or fusions and share a
COSM id.

No targeted therapeutic data has been curated for your selection.

Tissue distribution

The table shows the distribution of mutations across the primary tissue types that are curated by COSMIC. Histograms show the percentage of mutated samples for point
mutations, CNV data and gene expression data. Moving your mouse over the histograms will show additional data. The number of samples tested on this page include samples
from the targeted and whole genomes/exome resequencing where all the protein coding genes have been screened for mutations.

You can see additicnal information about the data presented here in the help pages.

Show entries Search:
Tissue Point Mutations Copy Number Variation Gene Expression Methylation
. % Mutated Tested Variant % Tested % Regulated Tested % Diff. Tested
Methylated
Adrenal gland ' 1330 ' 267 - -
Autonomic ganglia 1591 - - -
Biliary tract e 5583 - - -
Bone B 1202 - - -
Breast . 11611 B 1492 - -
Central nervous N 5051 a 1035 - -
system

Cervix = 2865 a 299 - -
Endometrium = 4817 B 586 - -




Cell Lines Project

Projects

COSMIC is divided into several distinct projects, each presenting a separate dataset or view
of our data:

l ‘i COSMIC

v.le The core of COSMIC, an expert-curated database of somatic mutations

é]]b COSMIC-3D
u An interactive view of cancer mutations in the context of 3D structures
&

Cancer Gene Census

(o] : . N :
.‘." A catalogue of genes with mutations that are causally implicated in cancer




Cell lines project

« Mutation profiles of over 1,000 cell lines used In
cancer research (e.g.MCF7

4o COSMIC

Catalogue Of Somatic Mutations In Cancer

. & mdh
Cell lines ¢l

»

COSMIC-3D now Updated and Mapped to COSMIC v95

Sample
COS55905946

Reset page

Overview

GRCh38 - CELL LINES v95

This tab shows an overview of the data that we have for this sample. You can read more about these data on our help pages.

Sample information
Sample name
COSMIC sample ID

Tumour location

Screening method

Source

Curated features
Sample details
Tumour details

Individual details

MCF7
C055905946

Breast (Carcinoma)
View this tissue/histology in the Cancer Browser

Whole exome screening
Sample type  Cultured Sample

Cellling.seurce  primary
Sample seurce  cell-line

Age 69
Ethnicity  Caucasian

Gender Unknown

Normal tissue tested No '




COSMIC-3D

Projects

COSMIC is divided into several distinct projects, each presenting a separate dataset or view
of our data:

ﬂﬂ%‘i COSMIC
*'."’ The core of COSMIC, an expert-curated database of somatic mutations

i‘ & cCell Lines Project

‘." Mutation profiles of over 1,000 cell lines used in cancer research

. é]]Ié, COSMIC-3D
u An interactive view of cancer miyitations in the context of 3D structures

&
l% A catalogue of genes with mutations that are causally implicated in cancer
Van'




COSMIC-3D

« A platform for understanding cancer mutations in
the context of 3D protein structure.

COSMIC-3D for COSMIC Release v95 (2022-03-01)
fg\ for a gene or protein, e.g. BRAF, EGFR, or BRCA2..

KRAS RASK m m Single Structure Mode o]

Ras proteins bind GDP/GTP and possess intrinsic GTPase activity (PubMed:20949621).

% External Links ~ @ Toggle Usage Hints | «§ Share ~

Information

Structures.ﬁ.@v & O A J J4 X e

Click on a mutation in the Sequence Feature Viewer below to view more information.




COSMIC

Projects

COSMIC is divided into several distinct projects, each presenting a separate dataset or view
of our data:

%' COSMIC
The core of COSMIC, an expert-curated database of somatic mutations

i‘ & cCell Lines Project

"." Mutation profiles of over 1,000 cell lines used in cancer research

COSMIC-3D
u An interactive view of cancer mutations in the context of 3D structures

& Cancer Gene Census

L 'I A catalogue of genes with mutafions that are causally implicated in cancer
Van




Gene Tiers in Cancer Gene Census

« Census tiers — 578 genes

o Tier 1 — A gene must possess a documented
activity relevant to cancer, along with evidence of
mutations in cancer which change the activity of
the gene product in a way that promotes
oncogenic transformation.

« Tier 2 - Consists of genes with strong indications
of a role in cancer but with less extensive
available evidence.



Breakdown of Genes/mutations

C Breakdown
ensus
The gene list has been annotated with information concerning chromosomal location, tumour types in which mutations are found, classes of mutation that contribute to
oncogenesis and other genetic properties. We have sorted the data in a number of ways to list subsets of cancer genes with similar features. However, we would recommend
that those wishing to scrutinise the list in detail should download it in its entirety from the table in the 'Cancer Gene Census' section.

Breakdown Show entries Search: | |
Abbreviations

Reset page Sorted By - Number
Amplifications 24
Chromosome 578
Frameshift Mutations 158
Gene Symbol 578
Germline Mutations 102
Large Deletions 42
Missense Mutations 255
Nonsense Mutations 157
Other Mutations 38
Somatic Mutations 538
Splicing Mutations 73
Translocations 314

Showing 1 to 12 of 12 entries Previous | 1 | Next
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TCGA - Somatic mutations in different
cancer types

n=22 20 52 134 26 23 81 227 91 57 121 13 63 214 11 394 219 20 49 181 231 76 88 35 335 179 121

1,000
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;_, 100 | ; . T
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Public cancer genomics data for mining

« Cbioportal

 Visualization of multi-omics data

« Conduct simple analysis

. Summary of mutations and other data types
« Walkthrough simple queries

Glioma example
Breast cancer example
Pan-can analysis

Other examples

Barrowed few slides from cbioportal


http://www.cbioportal.org/index.do?session_id=59690649498e5df2e292870c&show_samples=false&clinicallist=AGE&#enrichementTabDiv

Overview

o Show how to run a single-study query from the main page
o Walk through each of the data/analysis tabs in a single-study query

o OncoPrint o Co-expression

o Cancer Types Summary o Comparison (includes Survival, formerly a separate tab)
o Mutual Exclusivity o CN Segments

o Plots o Pathways (replaces the Network tab)

o Mutations o Download

o Show how to modify and re-run a query



Overview of Tabs in a Single Study Query

Note that depending on the query run and the data available for a particular study, not all of these will be
present (e.g. a study without mRNA expression data will not have a Co-expression tab)
e OncoPrint: Overview of genetic alterations per sample in each query gene
e Cancer Types Summary: Frequency of alteration in each query gene in the detailed cancer types
included in this study
e Mutual Exclusivity: Statistical analysis to determine if query genes are mutually exclusively altered
o Plots: explore the relationships among genetic alterations, gene expression, protein levels, DNA
methylation and available clinical features
e Mutations: Details about mutations called in each query gene
o Co-expression: Explore which genes have mRNA/protein levels correlated with query genes
o Comparison: Explore overlaps, outcomes, clinical attributes and genomic data comparisons among
groups of samples as defined by the query
e CN Segments: Explore copy number changes with the Integrated Genomics Viewer (IGV)
e Pathways: Explore queried genes in TCGA-defined pathways
o Download: Download data or copy sample lists


http://www.cbioportal.org/index.do?session_id=59690649498e5df2e292870c&show_samples=false&clinicallist=AGE&#enrichementTabDiv

Glioma example




Query overview

Browse a
available

a=? cBioPortal

Query Quick Search

datasets and —

Select Studies for Visualization & Analysis: 0 studies selected (0 samples)

initiate
queries

/

Number of
studies for
each organ
system (click
to filter)

MAYO
CLINIC

PanCancer Studies

Pediatric Cancer Studies

Immunogenomic Studies

Cell lines

Adrenal Gland

Ampulla of Vater

Biliary Tract

Bladder/Urinary Tract

Bone

Bowel

Breast

CNS/Brain

Cervix

Esophagus/Stomach

Eye

Head and Nerk

T

13

8

Data Sets Web API News Visualize Your Data About

Download
Download data

Quick select: | TCGA PanCancer Atlas Studies Curated set of non-redundant studies

PanCancer Studies

[J MSK-IMPACT Clinical Sequencing Cohaort (MSKCC, Nat Med 2017)
[J Metastatic Solid Cancers (UMich, Nature 2017)

[J MSS Mixed Solid Tumors (Broad/Dana-Farber, Nat Genet 2018)

[J SUMMIT - Neratinib Basket Study (Multi-Institute, Nature 2018)

[J TMB and Immunotherapy (MSKCC, Nat Genet 2019)

[J Tumors with TRK fusions (MSK, Clin Cancer Res 2020)

[J Cancer Therapy and Clonal Hematopoiesis (MSK, Nat Genet 2020)

Pediatric Cancer Studies

.
[ Pediatric Preclinical Testing Consortium (CHOP, Cell Rep LISt Of al I

[ Pediatric Acute Lymphoid Leukemia - Phase |l (TARGET,

(J Pediatric Rhabdoid Tumor (TARGET, 2018) Stu d ies
— )

[ Pediatric Wilms' Tumor (TARGET, 2018)
[ Pediatric Acute Myeloid Leukemia (TARGET, 2018) H

[ Pediatric Neuroblastoma (TARGET, 2018) Org a n Ized by
[ Pediatric Pan-Cancer (DKFZ, Nature 2017)
[J Pediatric Pan-cancer (Columbia U, Genome Med 2016) O rg a n Syste m
[J Acute Lymphoblastic Leukemia (St Jude, Nat Genet 2016
[J Acute Lymphoblastic Leukemia (St Jude, Nat Genet 2015)
[J Pediatric Ewing Sarcoma (DFCI, Cancer Discov 2014)

[ Ewing Sarcoma (Institut Curie, Cancer Discov 2014)
[J Medulloblastoma (PCGP, Nature 2012)

U S P S

0 studies selected (0 samples) OR

Search
studies

Please cite: Cerami et al 12 & Gao et al , 2013

cBioPortal |

-

“

Click here for
a drop-down
menu with
some
common
searches and
examples of
advanced
search
features
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ingle study query 1. Filter the list

of studies

] .
! CBIOPOI'tal Data Sets Web APl R/MATLAB Tutorials FAQ News Visualize Your Data About (0 ptional) Login
Query  Quick Search Download Please cite: Cerami et al., 2012 & Gagfet al., 2013 What's New @cbioportal ¥
amp cBioPortal
o .
Select Studies for Visualization & Analysis: 1 study selected (530 samples) Deselect all glioma X -
It's a small addition, but the new pencil icon allows
i kly edit and t
CNS/Brain 15 Select all listed studies matching filter (16) ’°_1” 0 quic C:SL]' an ”pd;_ege:e? anc query
criteria (via . in your cBioPortal queries.
Soft Tissue ! CNS/Brain
& BioPortal
Diffuse Glioma B e B
¥ Brain Lower Grade Glioma (TCGA, Firehose Legacy) 330 ples @ 8 € ] ey
Brain Lower Grade Glioma (TCGA, PanCancer Atlas) 514 samples @ @ ©
Glioma (MSK, 2018) i es @8 € Sign up for low-volume email news alerts
Glioma (MSKCC, Clin Cancer Res 2019) 004 samples © @ © Subscribe
Low-Grade Gliomas (UCSF, Science 2014) ples @ 8 €
2 CheCk the Merged Cohort of LGG and GBM (TCGA, Cell 2016) 10z ples @ 8 € Cancer Studies
— GLIOBLASTOMA The portal contains 282 cancer studies (datails)
box for study Brain Tumor PDXs (Mayo Clinic, 2019) 5 ples @ 8 €
Glioblastoma (TCGA, Cell 2013) 543 samples © @ € Cases by Top 20 Primary Sites
Of Inte rest Glioblastoma (TCGA, Nature 2008) 06 samples @ & € T,
Glioblastoma Multiforme (TCGA, Firehose Legacy) 304 ples @ & € Brostats
Glioblastoma Multiforme (TCGA, PanCancer Atlas) 59z ples @ 8 € CNS/B: EmEE
AN ram
~* OLIGODENDROGLIOMA Lung
Anaplastic Oligodendrogliorma and Anaplastic Oligoastrocytoma (MSK... 2 samples @ @ Lymphoid
Bowel
Encapsulated Glioma Al ——
Kidney
— PILOCYTIC ASTROCYTOMA <
Stomach
Pilocytic Astrocytoma (ICGC, Nature Genetics 2013) i ples @ & € oma
Myeloid
Miscellaneous Neuroepithelial Tumor Bladder
s NN
1 study selected (530 samples)  Deselect all Uterus

Query By Gene Kl ° Explore Selected Studies

b

HeadNeck I

3. Select “Query By Gene” 60




[ | -
La»> cBioPortal Data Sets WebAPI R/MATLAB Tutorials\Webinars FAQ News Visualize Your Data About
[ | FOR CANCER GENOM

Query Quick Search Download

Selected Studies:  Modify Brain Lower Grade Glioma (TCGA, Firshose Legacy) (530 total samples)

Select Genomic Profiles:

Putative copy-number alterations from GISTIC @
O mRNA Expression. Select one of the profiles below:

O mRNA expression z-scores relative to diploid samples (microarray) @
O mRNA expression z-scores relative to diploid samples (RNA Seq V2 RSEM) @
O mRNA expression z-scores relative to all samples {log RNA Seq V2 RSEM) @
O mRNA expression z-scores relative to all samples (microarray) @

in expression Z-scores (RPFA) @

Select Patient/Case Set:
To build your own case set,
try out our enhanced Study View.

Samples with mutation and CNA data (283)

Enter Genes:

User-defined List

Hint: Learn Onco Query Language (O,
to write more powerful queries ('

IDH1
EGFH

e

@ All genc svmbols are valid. /

Submit Query

MAYO
CLINIC

@y




Glioma Query

] -
.#' CB'OPO[tal Data Sets Web APl RIMATIAB Tidorials\Webinars FAQ News Visualize Your Data  About Login
[ FOR CANCER GENO!

Brain Lower Grade Glioma (TCGA, Firehose Legacy)

. . . . '
Samples with mutation and CNA data (283 patienis/samples) - IDH1 & EGFR # Queried genes are altred in 243 (86%) of queried patiensIsamples

OncoPrint |~ Cancer Types Summary ~ Mutual Exclusmvity ~ Plots  Mutations ~ Co-expression  Comparison/Survival  Survival — CN Segments  Pathways  Download

Add Clinical Tracks o4 v = Add Heatmap Tracks 6 » | Sort = Mutafionsv = View~ Download~ = @ GEEEEL) 67 % @ )

IDH1 T R

oR i s | TR

Genetic Alteration B Wissense Mutation (putative ariver) ¥ Missense Mutation (unknawn significance) IAmpHﬂcation No alterations




Annotations and Filtering

(| .
‘==' CBIOPOI'tal Data Sets Web APl R/MATLAB Tutorials/\Webinars FAQ News Visualize Your Data About cBioPortal Installations Login
[ FOR CANCER GENOMICS
. Brain Lower Grade Glioma (TCGA, Firehose Legacy) ) " o " : e
iy i) Samples with mutation and CNA data (283 patients/samples) - IDH1 & EGFR ¢ Quericdloeneslarialtered iz (Bekliotqueticd patients Samples
OncoPrint |~ ( Annotate Data @ Plots ~ Mutations  Co-expression  Comparison/Survival ~ CN Segments  Pathways  Download
Putative drivers vs VUS:
Add Tracks « OnceKB driver annotation Q GEED 5% @ H
Hotspots

IDH1 1 TR nnnnnnnnmmnmnm

EGFR | Fiter Data LITTHIT T

[J Exclude alterations (mutations, structural
Genetic Alteration variants and copy number) of unknown

Missense Mutation (unknown significance) I Amplification No alterations
significance

ude germline mutations
[0 Exclude unprofiled samples

O Exclude samples that are unprofiled in
any queried gene or profile

O Exclude samples that are unprofiled in

every queried gene and profile.




. Summary of alterations per sample. Each sample is a
Onco Prlnt column. Each gene is a row. Different kinds of genetic

alterations are highlighted with different colors.

P Erain Lower Grade Glioma (TCGA, Firehose Legacyl
m Rl Eareios with mutation and CNA dain 283 amples) - 081, EGFR & IDH2 # i SEH’\F}'ES are sorted b"‘u’ ™ a

OncoPrint Cancar Types Summany Mulual Exclusivil Plols Mulations Co-gaprassion COMDAnssn Suirvival gelne and typeis} Df

genetic event(s) detected.

Add Clinecal Tracks 94 = Add Haatmap Tracks 4 = So = Mulabins =  View =  Download = 6 L 4w a 4d

IDH1 Cre R LI LR DL IR LI LT IR LA LR A LR IR LR LA LI R L LA LR A LR EIR LI TR LA IR DR LI DL IR AR IR LR LA R IR AL R LI IR LR R LA LR SN LR LR IR LIRS LR LR DU LI R AL IR T DL LEATAL LA IR L LR DI R EIR L)
i

EGFR || NG
IDH2 g8 I i
Gansdic & "T B Maserse Mulalion (putstive driver) Mizsnnee Mutalion junkrown signfizarcn) I Argplficsion I Diesep Divdmtian Ho ahemalics

The percentage of samples with an
alteration in each query gene.

To change the order, click on a gene
name and drag, or click on the -. Samples
will re-sort based on this new order.




OncoPrint: Features

Add clinical
tracks (options
will vary
depending on
the data
available for
each study)

Add a heatmap
with RNA or
protein levels or
treatment
response (when
available)

Change
the
sample
sorting
order

Customize
visualization

CrenEnrt Cancer Tvpes 5

Y

Add Clirical Tracks 84 =

Seiwct all (3]

Marmi

[iagnoses Age

Arimal Insect Allergy Age

Agn ol Fond Alleegy

I

Add Heatmap Tracks 4 -

ag= i

Freg

- MMutations =

Downipad - O K % Ea g

[l |

Change the
rules by which
mutations are

colored.

PDF or SVG. Download
patient/sample IDs in

Download figure as PNG,

same order as OncoPrint.




OncoPrint: What can we learn?

OrcePrnt Lancar Types 51 Mudupl Exclusnt Plot= Kutations

Add Clinecal Tracks ad - Add Heatmag Tracks a4 - Sout - Mutations = Wigw - Downipad » € L 47T % & @ X
Diagnesis Age TR S || N X AT N 7 K SRR [ e e ey | ¥ ...||||||.lll.llul“.lli.l..ll..-.ll.|.|l||.|||||Iu|||I||.|I|.4r -.lul!“"“l"lli..|||||||I|-|HI|I..|
IDH1 TT% s i 1B A R R PR R R R i

a |

EGFR o T TR
IDHZ [ | mm i
Garstic Altwraban B Wesssrrsn Muls o (potativa drivar Migsanes Mutalian junkrown significarca) I Arrglficaton I Dy Dl ik M alaalicorn

Disgreosin Age "'i‘ i ]

Mutually exclusive — alterations in one gene tend to not have alterations in
other genes

Patients with alterations in EGFR tend to be older than patients with IDH1/2
alterations.




Mutual Exclusivity with Glioblastoma example

. L On the OncoPrint tab we could see
All pairwise combinations of query visually that alterations in these three
genes analyzed for mutual uery enes tended to be mutuall
exclusivity or co-occurrence in the query 9 y
- : «menl €Xclusive. Here we can address that
queried samples. . . o
same question with a statistical
The query contains 3 gene pairs with mutually exclusive alterations (2 significant), and no gene analysis
@ Mutual exclusivity £ Co-occurrence Significant only B & Coumns~ —
Click on any
Gene A Gene B Neither A Not B B Not A Both Log Odds Ratio p-Value i Tendency < COlumn
EGFR IDH1 40 24 217 2 <-3 <0.001 Mutual exclusivity header tO
IDH1 IDH2 52 218 12 1 <-3 <0.001 Mutual exclusivity
EGFR IDH2 244 26 13 Q <-3 0.278 Mutual exclusivity Sort Hover
Showiffy 1-3 of 3 over the
column
A positive value here suggests that | p-Valle comes from Fisher| names for
alterations in these genes co-occur in the | | Exact Test. Note that this is| more details
same samples, while a negative value an unadjusted p-value and | about how
suggests that alterations in these genes may need to be corrected | Vvalues are
are mutually exclusive and occur in for multiple hypothesis calculated.
different samples. testing.

odds of alteration in B given alteratjon in A
|092(

odds of alteration in B given lack of altération in A
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PlOtS Depending on available data types for a given
study, this tab allows for plots comparing copy
number, gene expression, protein levels and DNA
methylation of query genes, along with any
SETIEICE LT available clinical attributes.

vsDx FGAvsDx Mulvs FGA mRNAvsDx  mRNAvs mut type mRNAvs methyl  Protein vs mRNA

DW\ Showing 283 samples with data in both profiles (axes) @

Copy Number
Color samples by: EGFR Mutation Type *

Choose genetic or
clinical

Copy Number Profile

Putaive copy-mmber ateraion. » | Each dot
is a
sample,
color-
coded by

Select data type
and processing

100k

L_ FilteNategories

SWap horizontal & Select...
Ve rtical aXiS \:l Sort Categories by Median

EGFR: mRNA expression (RNA Seq W2 RSEM)

~——. Swap Axes ¥ o0k L ..
T ma mutation
If checked, - " status.
vertical axis Will | = wwopcsmmnse: - 0 & o
automatically | &0 wssee : - 5 %

Gene

ShOW the Same Same gene (EGFR) d} %
gene aS Search Case(s) ‘bo% %o
horizontal axis.

21
A

EGFR: Putative copy-number alterations from GISTIC
Search Mutation(s)

EGFR e Missense (Driver) » Missense (VUS) Not mutated
o Amplification Gain Diploid

Shallow Deletion
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OncoPrint

Mutations

oH1 [EEg) 1oH2

Cancer Types Summary

Mutual Exclusivity

SVGO& POF&O Legend ®

# Mutations

Sample ID

TCGA-FG-6692-01
TCGA-DU-ASTT-01
TCGA-HT-8110-01
TCGA-DU-7013-01
TCGA-DU-8162-01
TCGA-FG-A4MU-01
TCGA-HT-ASRC-01
TCGA-HT-AB1C-01
TCGA-HT-8104-01

TAAA ML EAEA A4

Cancer Type

Anaplastic Oligoastrocytoma
Anaplastic Oligoastrocytoma
Anaplastic Astrocytoma
Anaplastic Astrocytoma
Oligoastrocytoma
Oligoastrocytoma
Anaplastic Astrocytoma
Anaplastic Oligoastrocytoma
Anaplastic Astrocytoma

| P

Plots | Mutations

-

Hotspots for EGFR mutation in glioma?
Lolliplot shows G598V is the most
common alteration. The Furin-like domain
also appears to be frequently mutated.

Protein Change

A289V
A289V
R108K
G598V
G598V
G598V
G598V

View 3D Structure

800 1000 1210aa
B &  Columns~ Q
Mutation  Allele # Mutin
Annotation ¥ Mutation Type Copy# COSMIC Assessor Freq(T) Sample
@ ! Missense Amp 50 Medium 095 59
! Missense Gain 50 Medium 044 42
! Missense Amp 17 Medium 094 24
J Missense Amp 36 High 0.96 29
! Missense Amp 36 High 0.55 18
! Missense Amp 36 High 0.96 55
@ Missense Amp 36 High 0.41 46
Yoo Missense Gain 7 Medium 023 36
g Missense Amp 7 Medium 0.06 49
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Mutations

oncoPrint Cancer Types Summary Mutual Exclusivity Plots Mutations Co-expression Comparison/Survival CN Segments Pathways Download

(DL EGFR

Add annotation tracks | v | Y-fuxis Max QI [5 / L Adjust y_aXiS

# EGFR Mutations

v . . -
Recep_L_domain Recep_L_domain GF_recep_IV
200 400 800

18 Mutations (page 1 of 1)

Sample ID Cancer Type Protein Change Annotation ¥ Mutation Type
TCGA-FG-6692-01 Anaplastic Oligoastrocytoma A289V 0! Missense

TCGA-DU-ASTT-01 Anap\aslﬁc Oligoastrocytoma A289V 2 " Mfssense

| Mutations are drawn as lollipops along the domain
1 structure of the gene. The height of the lollipop
1 reflects how many times that mutation was detected.

1 This plot will update based on any filters applied to
| the table below. Hover over any lollipop for additional
| details.

Download
figure as
SVF or
PDF

Legend ® &

NM_005228
NM_005228 | ENST00000275493
CCDS5514 | EGFR_HUMAN
Somatic Mutation Frequency @ 5.3%
€D Driver @ vus
€D Missense (@) Missense
@ Truncating ) Truncating
@ Inframe () Inframe

@ splice

@ sVviFusion

View 3D Structure

L o Columns ~
COSMIC  Allele
Freq(T)
50 095
50 0.44
17 094
7 023
36 096
36 055
36 096
36 041
7 006
12 079
5 038
12 023
1 026
1 002
1 006

#Mutin
Sample

99
42
24
36
29
18
55
46
49
34
39
o7
33
49
40
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Mutations

hd http://www.cbioportal.org/index.do

This mutation is a recurrent hotspot

OncoPrint = Cancer Types Summary = Mutual Exclusivity = Plots | Mutations | ( based On a StatIStlcaI ana|VS|S Of

) ecrr o2
SVGO PDFG Legend ®

A132CIGHS
219 L]

# Mutations

0 100 200

mutation frequency.

Y-Axiq

You may also see this symbol which
means the mutation is a recurrent
hotspot based on a statistical analysis
of 3D protein conformation.

VEW S0 SUOCITe

300 4l4aa

_@ This mutation is in OncoKB as
a Level 3 variant. Hover over this
symbol to see additional
information, including that this is a

i, & Coumnse Q

Mutation Allele #Mutin
nge Annotation ¥ Mutation Type Copy#  COSMIC Assessor Freq(T) Sample

known oncogenic mutation. —> @ ! O H<e—Missense opsa 4964 High 041 2%
TOGA-HT-7479-01  Anaplastic Astrocytoma R132C d11 Missense opos 4964 High 024 17
TCGA-FG-8185-01  Anaplastic Astrocytoma R132C @ 1 Missense Dpiod 4964 High 0.39 29
TCGA-HT-7693-01  Oligodendroglioma R132C ® T Missense ShallowDel 4964 High 0.48 24
Toq—== L

! This mutation is s
T0q . { 25 . . . 28
. : | &) This mutation is in
9 annotated in CIViC. Hover 18
1c8 T | My Cancer Genome. %
= over this symbol for , =
TCG add |t|0na| InfO rm atIOn . 2 A Missense Cploc 4964  High 0.31 10
TCGA-DB-5276-01  Oligoastrocytoma R132C &¢e Missense e 4964  High 0.20 13



http://oncokb.org/#/gene/IDH1
https://www.mycancergenome.org/content/disease/glioma/idh1/260/
http://cancerhotspots.org/#/home
https://www.ncbi.nlm.nih.gov/pubmed/26619011
http://3dhotspots.org/3d/#/home
https://www.ncbi.nlm.nih.gov/pubmed/28115009
https://civic.genome.wustl.edu/events/genes/26/summary/variants/59/summary#variant
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Select from CO'EXpreSSiQn

Compares mRNA/protein level
expression of your query genes
o e s e e e (e |- ggainst all other genes. Only genes
T e with Pearson and Spearman

[This table lists the genes with the highest expression correlation with the query genes. Click on a row

——p] [DH1 | EGFR | IDH2 Correlations >O-3 Or <-O.3 are
Eachgene | shown.

a p pe a rS O n ShowAl : mRNA co-expression: EGFR vs. TRRAP

Correlated . Cytoband ¥ Pearson's . Spearman's .
¢

available
data types

Gene Correlation ¥ Correlation
a Separate — 7q21.2- - - SVG  PDF [ Show Mutations @ Log Scale X [0 Log Scale Y ——
Q2.1 : :
tab f ZNF107 g2 036 0.60 st 37 |+ varte momad CheCk bOXGS tO COlOF-
RBL1 20q11.2 037 0.59 @ s 0 @ Neither mutated
/ BAZ1B 701123 0.40 0.58 ~ COde Sample dOtS by
INF713 B2 042 0.57 )
ILDR2 41 033 057 £ t t t t
PRKDC 8q11 031 0.57 g e . . “ no mutation status or
: UEVLD 11p15.1 030 0.57 @ o ® L o o h . t
CIICk ona XRCC2 79%.1 041 0.56 ; sl . ‘::u Sl 00: . C ange X-Oor y_aXIS 0)
TNPO1 513.2 033 0.55 = °g”g & o % ¢
gene FKBP14 143 030 0.55 @ o W‘?b 8°L§° ¢ e Iog Scale
TMEM131  2q112 0.3t 0.54 g Y . ° °“pn a&% N . .
name to RAD18 3253 040 0.52 z @N;o%"‘ R
SKP2 5p13 0.3t 0.51 g ° oo °§3‘§%§2 e
see KIAA1S24  3q13.13 037 0.50 .Fé s . n°e°°°°°°§,o%o2
CENPO 233 035 0.50 X °® ges “aogooﬂ L
| t NUP205 7933 033 0.50 < Yot %
Corre a |On TRIM24 7032-93¢ 036 0.49 z s o'
ZNF558 19132 036 0.48 f 1007 .
p | Ot PHF14 M3 032 0.48 g
McM4 8qi12 0.8 0.47 g
coc23 5q31 035 0.47 357
NCAPG2 79963 042 0.46 ¢t
CHCHD1 109222 -0.34 -0.46
ZNF829 19q13.12 031 0.46 804 r r r : : :
[} B 10 12 14 16
SLC25A28  10q24.2  -0.30 -0.46
PRR11 17022 036 0.45 )
EGFR, mRNA expression (RNA Seq V2 RSEM) (log2) &
UHRF1 19p13.3 034 0.45 -

1 to 30 of 127 [+]

Download Full Results

ttp://www.cbioportal.ora/index.do
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CN SegmentS query gene via the Integrated Genomics Viewer

VIEW COpY nuUMbeEr for each sample ateach

(1G\)
\" A

OncoPrint = Cancer Types Summary PIOtS for eaCh gene appear On a

IDH1 | EGFR | IDH2 | <t Se‘!arate tab_

| EEEETTm ) =

0

55090kb 55100kb 55110kp 55120kb 55130k 55140kb 55150k 55160k 55170k 55180kb 55190kb 55200kb 55210kb 55220kp 55230kb 55240kb 55250kp 55260kb 55270k

Alt click to sort

Click & for track settings,
including expanding the height
of each sample (see below)

Each row is a single

Download a copy number segment file for the selected samples Download

| ! 1 A I AT
Genes T T T LR R L T
ECFR

B

IR sample
et & +— e
structures —
=

Click on a read for sample
ID and copy number valuer:



http://software.broadinstitute.org/software/igv/
http://www.cbioportal.org/index.do?session_id=59690649498e5df2e292870c&show_samples=false&clinicallist=AGE&#igv_tab

Data Sets Web APl R/MATLAB Tutorials/Webinars FAQ News Visualize Your Data About cBioPortal Installations Login

448° cBioPortal

) P Brain Lower Grade Glioma (TCGA, Firehose Legacy) ) . . ’ o
MDdr[]“ ry — ' 0/ m
— B Samples with mutation and CNA data (283 patients/samples) - IDH1, EGFR & IDH2 & Quegedipenesiarcialteredint2sol S0k iodauepedipatentsisamples
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OncoPrint Cancer Types Summary Mutual Exclusivity Plots Mutations Co-expression Comparison/Survival CN Segments Pathways Download
Choose Pathway Source: NDEx
1]
SRR S A ) RTK-RAS
] M P & Q
(] Pathway name Score ¥ Genes matched
EGFR ERBB2 A ERBB3 ERBB4 ( MET [ PDGFRA # | @ rcras 100 EGFR
| 9.2% i 0.7% Il 1.4% 1Nl 1.1% 1N 4.2% 1] 4.2% | JI o ris 000
FGFR1 FGFR2 FGFR3 FGFR4 KIT IGF1R = (O NRF2 0.00
| <0.5% Il 3.2% Il ] 0.7% I 1.8% || ] 3.2% || ] 1.1% | O NoTeH 0.00
. /
=
RET ROS1 ALK FLT3 ( NTRK1 NTRK2 — O wve o.00
| 0.7% Il 1.8% ] 0.0% Il 1.8% I 1.8% IIl] 0.0% | O cellcyele 0.0
/\ /\ RTKs \ O WNT 0.00
O HIPPO 0.00
CBL ERRFI1 S081 NF1 RASA1
TP53 0.00
| 2.8% I 1.1% | | 0.0% 1N 7.8% ||| 0.7% \ o
\ O TGF-Beta 0.00
\/ Showing 1-10 of 10
PTPN11 KRAS HRAS NRAS RIT1
Show TCGA PanCancer Atlas pathways only @
| | | ——
N ’ .
Ranking options
RAS gop
ARAF BRAF RAF1 Match count~ | @
‘ 1.8% 1N 4.2% 1] 0.7% |
O Consider alteration frequency @




_ | Download
Download data or copy lists of

w Ill' tts | Download | Bookmark

The following are downloadable data files (click to download)

« Mutations: [ Tab-delimited Format ] [ Transposed Matrix ]

+ Putative copy-number alterations from GISTIC: [ Tab-delimited Format | [ Transposed Matrix | Down | Oad m utati O n S a n d CO py
Click to download data with other genetic profiles ...
number

Contents below can be copied and pasted into Excel

Frequency of Gene Alteration:

.
GENE_SYMBOL NUM_CASES_ALTERED  PERCENT_CASES_ALTERED F e e C Of e e alte at O
IDH1: MUT FUSION AMP HOMDEL; 219 77% r qU n y g n r I n

EGFR: MUT FUSION AMP HOMDEL; 26 9% <

IDH2: MUT FUSION AMP HOMDEL; 13 5% for eaCh gene in the query

Type of Genetic alterations across all cases: (Alterations are summiarized as MUT, Gain, Hetloss, etc.)

CaseID  IDH1: MUT FUSION AMP HOMDEL;  EGFR: MUT FUSION AMP HOMDEL;  IDH2: MUT List Of all Sam ples With Status Of

TCGA-C5-4938-01  MUT: R132H;
TCGA-C5-4941-01 AMP;

TCGA-C5-4942-01  MUT: R132H; eaCh query gene (blank = no

TCGA-CS-4943-01  MUT: R132H;

i ¢
TCGA-CS-4944-01  MUT: R132H;

TCGA-CS-5390-01  MUT: R132H; a Ite rati O n )

TCGA-CS-5393-01  MUT: R132H; AMP;

TCGA-CS-5396-01  MUT: R132H;
TCGA-CS-4938-01
:
sample list to run
TCGA-CS5-5390-01 g e n eS
TCGA-CS-5396-01

s Advanced

. feature: use this
e List of samples that have an )

alteration in one or more query st as a custom
e - T

e a new query in
T e only the subset of

List of all samples with summary classification: samples with a

Case matrix: (1= Case harbors alteration in one of the input genes)

T 1 = alteration in one or more query genes alteration. "



http://www.cbioportal.org/index.do?session_id=59690649498e5df2e292870c&show_samples=false&clinicallist=AGE&#data_download

Breast cancer example
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CNV

] Breast Invasive Cardnoma (TCGA, PanCancer Atlas) . . .
Modify Query All Complete Tumors (893 samples) / 4 Genes Gene Set / Pathway is altered in 420 (42.3%) of queried samples

OncoPrint | Cancer Types Summary ~ Mutual Exclusivity = Plots = Mutations = Co-Expression = Enrichments ~ MNetwork ~ CN Segments = Download = Bookmark

Case Set: All Complete Tumors (993 patients / 993 samples)

Altered in 420 (42%) of 993 sequenced cases/patients (993 total)

BRCA1 o[-

BRCA2 m | ] |

CDH1 ™ 11 11k ||| ' .—-

ows ¢ wi [ T | . ,

Genetic Alteration Inframe Mutation (unknown significance) B Missense Mutation (putative driver) W Missensa Mutation (unknown significance)
B Truncating Mutation (putative driver) M Truncating Mutation (unknown significance) [l Fusion I Amplification I Deep Deletion

mRNA Upregulation D mRMA Downregulation No alterations
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MRNA overexpressed

OncoPrint | Cancer Types Summary ~ Mutual Exclusivity ~ Plots = Mutations = Co-Expression = Enrichments = Network = CN Segments

Case Set: &l Complete Tumors (993 patients / 993 samples)

Altered in 455 (46%) of 993 sequenced cases/patients (993 total)

Download

Bookmark

1 .

BRCAT1 o ==

BRCA2 we SR |

CDH1 % 11 10 R |||| N .—-

ows ¢ o [N ERTE (.
CENPH 8% | | | |

Genetic Alteration

Inframe Mutation (unknown significance) W Missense Mutation (putative driver) ¥ Missense Mutation (unknown significance)

B Truncating Mutation (putative driver) B Truncating Mutation (unknown significance) [l Fusion I Amplification I Deap Deletion

mRNA Upregulation D mRNA Daownragulation No alterations
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BRCAL

Show Any Correlation | @ | @& || Entergene or cytoband.  Q
+# Show Mutations [ | Log Scale |SVG& POF &
Correlated Gene  Cytoband Pearson's Spearman's
Correlation  Correlation _ _ o
v mRNA Expression Batch Normalized/Merged from lllumina HiSeq RNASeqV2 synd976269: BRCA2 vs
KNL1 139151 0.69 0.79
GAS2L3 12q23.1 0.63 0.75 I e
CLSPN 1p34.3 0.60 0.73
Pearson: 0.69
SMC2 9311 0.66 0.72 1.8k Spearman: 0.7%
PRR11 17q22 0.19 0.72
ARHGAP11B 15q13.2 0.63 0.71 1.8k7
. o BRCA2
RBL1 20q11.23 0.50 0.71 mutated
= 14k
CKAP2L 2q14.1 0.66 0.71 E L
KIF208 1023.31 0.61 071 I - mutated
- £ 5
CENPI ¥g22.1 0.61 0.70 =
i : o Boih mutated
CKAP2 13q14.3 0.64 069 3 4 o
2 o o Neither mutated
ECT2 3026.31 0.64 0.59 & ° 0
XP01 2p15 0.65 0.69 7 00+ '. o
ATADS 17q11.2 0.60 0.68 § o
ASPM 1931.3 0.62 0.68 o
@
NUP155 ap13.2 0.57 0.67 )
° ]
WDHD1 14q22.2-q22.3 0.39 0.67
MKI&7 10g26.2 0.61 0.67
CEP152 15g21.1 0.54 0.66
5G02 2q33.1 0.61 0.66 | : —
TOPEP1 3022.1 , 060 066 L D R S



http://www.cbioportal.org/index.do?session_id=59690649498e5df2e292870c&show_samples=false&clinicallist=AGE&#enrichementTabDiv
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PAN-Can datasets and analyses

10,000 Tumors
* 33 Cancer Types

Clinical Data
Copy Number
Exome/Mutation
DNA Methylation
mRNA-Saq
microRNA-Seq
RPPA Protein

28 iClusters

DML o s
Leukocyte Proportion F'arl—l'(i';:lnaylr ¥ > Pah-GYN/

- Squamous
m), / f . e 5
LArifeel | [ p '- L] a el #
Somatic Mutation Frequency o b .
T ——— an-Gl
I 44 A v
R o RN doel e, "
Drug Targets / Pathways TumarMap with Organ Systems

https://www.sciencedirect.com/science/article/pii/S0092867418303027



Presenter Notes
Presentation Notes
Pan-cancer analysis aims to examine the similarities and differences among the datasets across cancers

https://www.sciencedirect.com/science/article/pii/S0092867418303027

PAN-Can datasets and analyses

| | .
- cBioPortal Data Sets Web APl R/MATLAB Tutorials/Webinars FAQ News Visualize Your Data About
[ ] FOR CANCER GENOMICS
Query Quick Search Download Please cite: Cerami et al , 2012 & Gao et al, 2013

Select Studies for Visualization & Analysis: selected (0 samples) Search. . -

PanCancer Studies 6 A Quickselect: \ TCGA PanCancer Atlas Studies / Curated set of non-redundant studies A
Pediatric Cancer Studies 13 PanCancer Studies
Cell lines 3 [[] MSK-IMPACT Clinical Sequencing Cohort (MSKCC, Nat Med 2017) 10945

D Metastatic Solid Cancers (UMich, Nature 2017) )
Adrenal Gland 3 [] MSS Mixed Solid Tumors (Broad/Dana-Farber, Nat Genet 2018)

- Neratinib Basket Study (Multi-Institute, Nature
[[] SUMMIT - Neratinib Basket Study (Multi-Institute, Nature 2018)
1

Ampulla of Vater [] TMB and Immunotherapy (MSKCC, Nat Genet 2019) 1661
Biliary Tract T [] Tumors with TRK fusions (MSK, 2019)
BladdenUrinary Tract - Pediatric Cancer Studies

[] Pediatric Preclinical Testing Consortium (Maris, 2019) 261 samples @ & €
Bone 2 [] Pediatric Acute Lymphoid Leukemia - Phase Il (TARGET, 2018) 1978 samples @ & €
. 0 [] Pediatric Rhabdoid Tumor (TARGET, 2018) Li F=l S

[] Pediatric Wilms' Tumor (TARGET, 2018) [i = S
Breast 16 [] Pediatric Acute Myeloid Leukemia (TARGET, 2018) 0s5¢

v [] Pediatric Neuroblastoma (TARGET, 2018) [iy=4 § v
0 studies selected (0 samples) l OR -
L J L J 82
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PAN-Can datasets and analyses — ESR1

[ ] -
a cBioPortal Data Sets Web APl R/MATLAB TutorialsMebinars FAQ News Visualize Your Data About
] FOR CANCE Ll

Query Quick Search Download Please cite: Cerami et al., 2012 & Gao et al., 2013

Acute Myeloid Leukemia (TCGA, PanCancer Atlas)  Adrenocortical Carcinoma (TCGA, PanCancer Atlas) Bladder Urothelial Carcinoma (TCGA, PanCancer Atlas)

Selected Studies: Modify
1y Brain Lower Grade Glioma (TCGA, PanCancer Atlas) and 28 more (10967 total samples)

Select Molecular Profiles: Enutation Cnpy number alterations

Select Patient/Case Set

To build your own case set, All (10967) T
try out our enhanced Study View.
Enter Genes:
User-defined List X v
int: Learn O ery Lal ge (OQL)
Hint: Learn Onco Query Language (OQL) Esr

ta write more powerful queries '

@ All gene symbols are valid.

Submit Query

MAYO
CLINIC

@y




PAN-Can datasets and alterations — ESR1

32 of 32 categories (Cancer Study) are shown based on filtering

fousnbay wapesaly

2%

I T S e e e S T T S T T T T R S SR R S S

-

CHA data

& Muiple Alterations

® DNeep Nelation

® Aamplification

e Fusion

® nautation
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Clustering example

- -
» cBioPortal Data Sets Web APl R/MATLAB Tutorials/\Webinars FAQ Mews Visualize Your Data About
FOR C CE

R GENOMIC

Query Quick Search Download

Selected Studies: | Modify Metastatic Prostate Adenocarcinoma (SUZC/PCF Dream Team. PNAS 2019) (444 total samples)

Select Genomic Profiles: [ Mutations @
[J Putative copy-number alterations @
mRMA Expression. Select one of the profiles below:
mRMNA expression Z-scores relative to diploid samples (FPKM capture) @
) mRMNA expression Z-scores relative to diploid samples (FPKM polyA) @

O mRNA expression z-scores relative to all samples (log FPKM capture) @

) mRNA expression z-scores relative to all samples (log FPKM poly&) @

nter a z-score threshold £ 2.0

Select Patient/Case Set:

Te i r ow All Tumors (444) D
o build your own case set

try out our enhanced Study View.

Enter Genes:
Prostate Cancer: AR Signaling {10 genes)

Hint: Learn Onco Query L
to write more powerful gque

S0OX9 RAN TNK2 EP300 PXN NCOAZ AR NRIP1 NCOR1 NCOR2

@ All gene symbols are valid.

Submit Query
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Clustering example

| | -
‘==' CBIOPOftal. Data Sets Web APl R/MATLAB Tutorials/\Webinars FAQ News Visualize Your Data About Login
H [ NCER GENOI
Modify Que Metastatic Prostate Adenocarcinoma (SU2C/PCF Dream Team, PNAS 2019) Queried genes are altered in = 86 (20%) of queried patients o
ny All Tumors (429 patients / 444 samples) - SOX9, RAN & 8 other genes & = 87 (20%) of queried samples
OncoPrint Cancer Types Summary Mutual Exclusivity Plots Mutations Co-expression Comparison/Survival Survival CN Segments Pathways Download

Add Clinical Tracks 34 « Add Heatmap Tracks 4 « Sort = Mutations « View « Download = Q G 100 % @ =)

# Samples per P... il s G

Profiled in mRN.. Ny |y

fnnann

RAN o fnaunnn

EP300 s 111 (1]

PXN &% [ 0 0 1111

NCOA2 5% I Il

. T T T e T T
NRIP1 6% I ({11

NCOR1 5% ] | ]

NCOR2 2% hn |1l I |

SOX9

e
L

Genetic Alteration MRNA High [l MRMNA Low No alterations Not profiled
# Samples per Patient 0‘ 2
Profiled in mRNA expression I Yes Mo

z-scores relative to all samples

(log FPKM polyA)
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OncoPrint Cancer Types Summary Mutual Exclusivity

Add Tracks ~ Sort - Mutations = | View ~ Download ~

Clinical (38 Heatmap (4

MRNA expression z-scores relative to all samples (log

S0OX9 RAN TNK2 EP300 PXN NCOA2 AR NRIP1 NCOR1

: H'IIIII"'I'II'I"IIII[']!"I'I'II'I"’[IIIII']'II"I"l:l‘"' "" ||||| "' I"II "I"I""""II"""[

NCOR2
Ve
@ All gene symbols are valid.
| Add Genes to Heatmap |
NRIP1 s% ]
NCOR1 | I
o[ I

Metastatic Prostate Adenocarcinoma (SU2C/PCF Dream Team, PNAS 2019)
All Tumors (429 patients / 444 samples) - SOX9, RAN & 8 other genes #*

Clustering example

Queried genes are altered in * 349 (81%) of queried patients

* 359 (81%) of queried samples

Plots Mutations Co-expression Comparison/Survival CN Segments Pathways Download

Q e Tee o

I
1 I
I T
T
et
. | Nl
| T ! :
T - i

mRNA expression z-scores relative to all samples (log FPKM polyA)

SOX9
RAN
TNK2
EP300
PXN
NCOA2
AR
NRIP1
NCOR1
NCOR2

Genetic Alteration

B Truncating Mutation (unknown significance)
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¥ Inframe Mutation (unknown significance) ™ Missense Mutation (putative driver)

Missense Mutation (unknown significance) Splice Mutation (putaiive driver) Splice Mutation (unknown significance)  ® Truncating Mutation (putative driver)

I Amplification I Deep Deletion mRNA High [I mMRNA Low No alterations
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Long-noncoding RNA example

L} .
.==' CBIOPOI'tal Data Sets Web APl R/MATLAB Tutorials/Webinars FAQ News Visualize Your Data About Login
] NOM

Combined Study (10967 samples) Queried genes are altered in - 920 (8%) of queried patients
odify Query Querying 10953 patients / 10967 samples in 32 studies - HOTAIR& PVT1 @ * 920 (8%) of queried samples
OncoPrint Cancer Types Summary Mutual Exclusivity Mutations Comparison CN Segments Pathways Expression Download
Add Clinical Tracks 98 « Sort+ Mutations~ View~ Download~> @Q @ "n%a O
Study of origin (0 T Y | NV W [ VNN OO Y OO O O |
# Samples per P...

proied for mu.. (N O O I S N1 O 10 | IRAUIN ]

HOTAIR os% [N
purs v | e

Genetic Alteration in Mutation i Brusion || Ampiication || Deep Detetion | No atterations Not profiled
Study of origin * I Acute Myeloid Leukemia (TCGA, PanCancer Atlas) I Adrenocortical Carcinoma (TCGA, PanCancer Atlas) I Bladder Urothelial Carcinoma (TCGA, PanCancer Atlas)
I Brain Lower Grade Glioma (TCGA, PanCancer Atllas) Breast Invasive Carcinoma (TCGA, PanCancer Atlas) I Cervical Squamous Cell Carcinoma (TCGA, PanCancer Atlas)

| chotangiocarcinoma (TCGA, PanCancer Attas) || Colorectal Adenocarcinoma (TCGA, PanCancer Attas) | Diffuse Large B-Cell Lymphoma (TCGA, PanCancer Atias)

] Esophageal Adenocarcinoma (TCGA. PanCancer Atias) | Glioblastoma Multiforme (TCGA, PanCancer Atias) || Head and Neck Squamous Cell Carcinoma (TCGA, PanCancer Atias)
l Kidney Chromophobe (TCGA, PanCancer Atlas) I Kidney Renal Clear Cell Carcinoma (TCGA, PanCancer Atlas) | Kidney Renal Papillary Cell Carcinoma (TCGA, PanCancer Atlas)
] Liver Hepatocaliutar Carcinoma (TCGA, PanCancer Atias) || Lung Adenocarcinoma (TCGA, PanCancer Atias) ] Lung Squamous Cell Carcinoma (TCGA, PanCancer Atias)

I Mesothelioma (TCGA, PanCancer Atlas) I Ovarian Serous Cystadenocarcinoma (TCGA, PanCancer Atlas) I Pancreatic Adenocarcinoma (TCGA, PanCancer Atlas)

i and (TCGA. PanCancer Atias) ] Prostate Adenocarcinoma (TCGA, PanCancer Atlas) || Sarcoma (TCGA, PanCancer Atias)
| skin Cutaneous Melanoma (TCGA, PanCancer Atias) | Stomach Adenocarcinoma (TCGA, PanCancer Atias) | Testicular Germ Cell Tumors (TCGA, PanCancer Atias)
| Thymoma (TCGA. PanCancer Atias) | Thyroid Carcinoma (TCGA, PanCancer Atias) | Uterine Carcinosarcoma (TCGA, PanCancer Atias)

l Uterine Corpus Endometrial Carcinoma (TCGA, PanCancer Atlas) I Uveal Melanoma (TCGA, PanCancer Atlas)

# Samples per Patient u‘ 2
Profiled for copy number I Yes No
alterations




RNA example
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Queried genes are altered in

Querying 10953 patients / 10967 samples in 32 studies - HOTAIR & PVT1 @

Combined Study (10967 samples)

Expression Download

CN Segments Pathways

Comparison

Mutations

Mutual Exclusivity

Cancer Types Summary

L]

HOTAIR

Show copy number alterations

Log scale Show mutations *

Sort By: Cancer Study 3
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Datasets

The table below lists the number of available samples per cancer study and data type.

Q

Name

Ovarian Serous Cystadenocarcinoma (TCGA, Nature 2011)
Breast Invasive Carcinoma (TCGA, Nature 2012)
Glioblastoma (TCGA, Nature 2008)

Kidney Renal Clear Cell Carcinoma (TCGA, Nature 2013) »
Prostate Adenocarcinoma (MSKCC, Cancer Cell 2010)
Lung Squamous Cell Carcinoma (TCGA, Nature 2012)
Colon Cancer (CPTAC-2 Prospective, Cell 2019)
Colorectal Adenocarcinoma (TCGA, Nature 2012)

Pediatric Rhabdoid Tumor (TARGET, 2018)

Cholangiocarcinoma (National Cancer Centre of Singapore, Nat Genet 2013)

Cutaneous T Cell Lymphoma {Columbia U, Nat Genet 2015)

Esophageal Squamous Cell Carcinoma (UCLA, Nat Genet 2014)

Oral Squamous Cell Carcinoma (MD Anderson, Cancer Discov 2013)
Hepatocellular Carcinomas (INSERM, Nat Genet 2015)
Uveal Melanoma (QIMR, Oncotarget 2016)

Neuroblastoma (AMC Amsterdam, Nature 2012)
Nasopharyngeal Carcinoma (Singapore, Nat Genet 2014)
Thymic Epithelial Tumors (NCI, Nat Genet 2014)
Neuroblastoma (Broad, Nature 2015)

Myelodysplasia (UTokyo, Nature 2011)

Non-Hodgkin Lymphoma (BCGSC, Nature 2011)

Diffuse Large B-cell Lymphoma (BCGSC, Blood 2013)
Insulinoma (Shanghai, Nat Commun 2013)

Pleural Mesothelloma (NYU, Cancer Res 2015)

Cystic Tumor of the Pancreas (Johns Hopkins, PNAS 2011)
Pilocytic Astrocytoma (ICGC, Nature Genetics 2013)

Liver Hepatocellular Carcinoma (RIKEN, Nat Genet 2012)

le e Ie e 0c B b= I e 0= 0= Qe Qe D= 0= 1= be I Qe 0= B¢ I I I= I I+

MIRNA example

Reference

TCGA, Nature 2011

TCGA, Nature 2012

TCGA, Nature 2008

TCGA, Nature 2013

Taylor et al. Cancer Cell 2010
TCGA, Nature 2012

Vasaikar et al. Cell 2019

TCGA, Nature 2012

Chan-on et al. Nat Genet 2013

Da Silva Almeida et al. Nat Genet 2015
Lin et al. Nat Genet 2014

Pickering et al. Cancer Discov 2013
Schulze et al. Nat Genet 2013
Johansson et al. Oncotarget 2016
Molenaar et al. Nature 2012

Lin et al. Nat Genet 2014

Petrini at el. Nat Genet 2014

Peifer et al. Nature 2015

Yoshida et al. Nature 2011

Morin et al. Nature 2011

Morin et al. Blood 2013

Cao et al. Nat Commun 2013

Guo et al. Cancer Res 2015

Wu et al. PNAS 2011

Jones et al. Nature Genetics 2013
Fujimoto et al. Nat Genet 2012

All
489
825
206
446
240
178
110
276
72
15
43
139
40
243
28
87

32

N8R8R38=2BS

Sequenced
316
507
a1
426
182
178
106
224
72
15
43
139
40
243
28
87
56
32

N8RBRaB8=BY

CNA
489
778
206
436
240
178

N =
o o
N G

BSOS O O 0 0 0O 0 0O 0O O 0 O 0o o O

RNA-Seq

B0 'S O 0 O O © O 0O O oo oo o

Columns ~

Tumor miRNA ¥
489
300
206
148
113
110

2 0 06 O O O © O O © O O OO O o ©o ©




RNA and miRNA example

| -
o cBioPortal Data Sets WebAPl R/MATLAB Tutorials\Webinars FAQ News Visualize Your Data About Login
[} FOR CANCER GENOM
- Breast Invasive Carcinoma (TCGA, Nature 2012) . . . . . .
Modify Query All samples (825 patients/samples) - MGMT ¢ Queried gene is altered in 12 (1%) of queried patients/samples o
OncoPrint Cancer Types Summary Plots Mutations Co-expression Comparison/Survival Survival CN Segments Pathways Download
MGMT
Find genes in. mRNA expression (microarray) (526 samples) ~ that are correlated with MGMT in | mRNA expression (microarray) (526 samples) v
Show Any Correlation 3] & || Enter or cytoband Q a
Show Mutations [] Show Regression Line
Correlated Gene Cytoband Spearman's  p-Value  g-Value
Correlation A MGMT vs. ECHS1
ECHS1 10926.3 0465 129e-29 2.23e-26 25
PAOX 10g26.3 0437 6.04e-26 5.21e-22 '
LRRC27 10q26.3 0410 995623 5.72e-19
e @ Spearman: 0.47
BTRC 10q24.32 0396 3.26e-21 1.41e17 2 (p=1292.29)
HIF1AN 10g24.31 0388 2.30e-20 7.91e17
- Pearson: 0.41
MRPL43 10g24 31 0383 88520 2.32e-18 % 1.54 ® (p = 4.36¢-23)
CHCHDS 2q14.1 0382 943e-20 2.32e-16 w MEMT
GSTO2 10g25.1 0376 45319 9.77e-16 '§ n ° mutated
ZNF511 10q26.3 0375 547519 1.05e-15 g ° ° o ECHSA
ces 1g13.2 0367 30218 6.21e-16 £ o O.‘. . mutated
p 1
PPP2R2D 10q26.3 0366 3.99e-18 6.00e-15 7 ° . o Neither mutated
(]
C120RF10 12q13.13 0366 418e-18 6.00e-15 § Not profiled for mut
PWWP2B 10926.3 0362 9.27e-18 1.23e-14 g 04 @
FBXL15 10q24.32 0361 1.16e-17 1.42e-14 % e
TUBGCP2 109263 0359 173e-17 1.98e-14 -0.54 °
PEX11G 19p13.2 0.358 2.46e-17 2.65e-14 ° ®
MAP4K4 2q11.2 -0.353 6.71e-17 6.80e-14 1 b
FAM204A 10g26 11 0350 129%-16 1.24e-13
ARL3 10q24.32 0.349 179%-16 1.62e-13 3 5 3 0 1 ) 3
FLYWCH2 16p13.3 0.348  191e-16  1.65e-13 mRNA expression (microarray): MGMT (10g26.3)
SFXN2 10q24 32 0346 317e-16 2.60e-13
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RNA and miIRNA example

cBioPortal DataSets WebAPI R/MATLAB Tutorials/Webinars FAQ News Visualize Your Data About Login
F NCE NOW
’ Breast Invasive Carcinoma (TCGA, Nature 2012) . . . o, . .
Modify Query All samples (825 patients/samples) - MGMT # Queried gene is altered in 12 (1%) of queried patients/samples °
OncoPrint Cancer Types Summary Plots Mutations Co-expression Comparison/Survival Survival CN Segments Pathways Download
Find genes in  microRNA expression (300 samples) ~ that are correlated with MGMT in . mRNA expression (microarray) (526 samples) -
Show Any Correlation ~ (i) o Ente cytoband Q a
Show Mutations (] Show Regression Line
Correlated Gene Cytoband Spearman's p-Value  g-Value
Correlation A MGMT vs. MIR-577/577
MIR-577/577 -0.293 253e7 1.084e4
MIR-135B/135B -0.283  6.82e7 1.084e-4
MIR-135B/135B" -0.283  6.82e7 1.084e-4 10
Spearman: -0.29

MIR-186/186 -0.260 50056 4.774e-4 o (p=2.53%.7)
MIR-186/186 -0260 50056 4.77de-4 2 °

(] Pearson: -0.29
MIR-28/3P 0251 1.156e-5 9.188e-4 = (p=315e7)

X . = d W = []
MIR-92A-1/1 0239 3089%-5 2091e-3 E o ° o MGMT
MIR-452/452" 0237 35255 2102e-3 ¢ mutated
MIR-31/31" -0.231 5.35%-5 2291e-3 = §
5 @ Neither mutated
MIR-146B/3P -0.231 54295 2291e-3 7 “
o @ Not profiled for muti

MIR-28/5P -0.230 5.82%-5 2291e-3 g
MIR-19B-1/1* -0230 5890e-5 2.291e-3 % 24 - -
MIR-146A/146A" -0.228 7.051e-5 2.291e-3 % .'
MIR-146A/146A -0228 7.051e5 2.291e-3 £ o] ™
MIR-584/584 -0.227  7.204e5 2.291e-3 @
MIR-19A/19A" -0.217  150%5e-4 4.222e-3
MIR-19A/19A -0.217  1.50%5e-4 4.222e-3 21
MIR-942/942 -0215 1831e-4 4.853e-3
MIR-106A/106A 0211 2380e-4 5.049e-3 = 5 K 5 1 3 3
MIR-106A/106A™ -0211  2360e-4 5.049e-3

mRNA expression (microarray): MGMT (10g26.3)
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MIRNA correlation with mRNA example

MGMT  [TT e

Find genes in ‘ mMRNA expression (micrearray) (526 samples) ~ |that are correlated with MIR-577/577 In - microRNA expression (300 samples) v
Show Any Correlation ~ (i) a Entel and Q a
Show Mutations (] Show Regression Line
Correlated Gene Cytoband Spearman’s p-Value g-Value
Correlation A MIR-577/577 vs. FOXA1
FOXA1 14q21.1 0523 210e-22 1.90e-18
UGT8 4026 0523 221e-22 1.90e-18 51
BCL11A 2p16.1 0515 1.13e-21 6.47e-18
Spearman: -0.52

GATA3 10p14 0511 27421 1.18e-7 N (p=210e-22)
cDC20 1p34 2 0510 3862e-21 1.25e47

—_ Pearson: -0.75
YBX1 1p34.2 0507 658e-21 1.89e-17 % s (p = 4.24e-56)
PSAT1 9q21.2 0498 351e-20 8.64e-17 g ] ° FOXA1
KIF2C 1p34.1 0.496 556e-20 1.20e-16 ? ® e mutated

&
NUDT12 5q21.2 -0.454 8.69e-20 1.66e-16 8 0 ™ ° o Neither mutated
SLC7A8 14q11.2 -0451  148e-19 2.55e-186 E ° ° e ©

c e o Not profiled for mut:
CDCAs 1p34.3 0489 209e-19 3.28e-16 2 ° e o ] §.

2 5]
HAPLN3 150261 0487 3.07e-19 4.41e-16 g 2 L] . .. ® °
AGR3 7p21.1 0486 399619 5.29e-16 ; b o °
LPIN1 2p25.1 0483 6.82e-19 8.39e-16 Dé -4 ® 9 ® %o .‘
RAB17 29373 -0482 839%-19 9.64e-16 : ° e
CENPA 2p233 0480 1.14e-18 1.17e-15 (] e
CYBSR1 1G32.1 0480 116e-18 1.17e-15 4 ®
ATAD3A 1p36.33 0476 2.37e-18 2.27e-15
RUNDC1 17q21.31 0475 2.90e-18  2.63e-15 B ) 7 i 3 z e
TBC1DS 4931.21 0475 3.33e-18  274e-15 microRNA expression: MIR-577/57T
DYNLRB2 16923.2 -0475 334e-18 2.74e-15
NCAPD2 12p13.31 0474 361e-18 2.83e-15
SH2D2A 1231 0472 556e-18 4.04e-15
MATN4 20q13.12 0472 582e-18 4.04e-15
CTPS1 1p34.2 0.472 586e-18 4.04e-15
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AACR Project GENIE

» Clinical sequencing data from 19 cancer
centers worldwide.

* |t consists of primary and metastatic tumor
unlike TCGA where they only have primary and
untreated tumors

* For some samples, GENIE also consists of pre
and post treatment.

 Targeted gene panels (# of genes targeted
varied across the cancer centers)

» Majority of them have mutations and some have
CNV




GENIE cbioportal

* https://genie.cbioportal.org/

* It consists of more 136 K samples (121K patients

H AACR
cBioPortal Data Sets Web APl R/MATLAB Tutorials/Webinars FAQ News Visualize Your Data About Logged in as ranikk@gmail.com+ | -
= oo

GENIE Cohort v11.0-public Click gene symbols below or enter here C}
GENIE v11.0-public

Summary Clinical Data CN Segments Selected: 121,221 patients | 136,096 samples @ R &

Cancer Type e x = Cancer Type Detailed Genomic Profile Sample Counts. Number of Samples Per Patient
# Freq ~ # Freq ~ Molecular Profile # Freq ~
M Non-Small Cell Lung Cancer (19319 142% W Lung Adenocarcinoma (] 14,851 109% Somatic mutations (] 136,096 100.0%
M Breast Cancer 0 14218 10.4% M Breast Invasive Ductal Carcinoma [J 8,752 6.4% Fusions (0 106,441 78.2%
M Colorectal Cancer (0 12,880 9.5% M Colon Adenccarcinoma O 7,608 5.6% Copy-number alterations (0 100,102  736%
M Glioma O 8,309 6.1% M Prostate Adenocarcinoma O 4616 3.4%
Il Melanoma [ 5,496 4.0% W Pancreatic Adenocarcinoma O 4,575 3.4% a4
Il Pancreatic Cancer [ 5,383 4.0% M High-Grade Serous Ovarian Ca 0 3,025 22%
[l Ovarian Cancer O 5,079 37% M Bladder Urothelial Carcinoma O 2,838 21%
Il Prostate Cancer 0O 4,726 35% Il Colorectal Adenocarcinoma 0 2,619 1.9%
B Leukemia O 4670 34% Il Acute Myeloid Leukemia O 2,505 1.8%
I Endometrial Cancer O 4135 30% W Melanoma O 2438 1.8%
M Soft Tissue Sarcoma O 4.036 3.0% ~ M Invasive Breast Carcinoma O 2418 18%
Search. Select all Search

a a a a
Mutation Count vs Fraction Genome Altered Mutated Genes (136096 profiled samples) Structural Variant Genes (106441 profiled samples) Ethnicity Category
Gene # Mut # Freq ~ Gene # 8V # Freq ~
# samples
8004 ™ 1193z T1P53 56,910 (J 52,035 385% TACC3 237 0O 230 10.6%
529 KRAS 20,270 0 19918 14.6% EML4 369 0O 363 87%
4 MUC16 377 O 334 11.9% KIAA1549 190 0O 188 59%
S PIK3CA 17,509 O 15,206 11.4% FLIM 192 0O 189 49%
2 Pearson: COL7A1 2,161 (0 1,768 9.9% KIF5B 143 0 131 41% a
2 0.0022
2 p=0.60 LRP1B 2,305 0 1,347 9.7% CCDC6 101 0O 99 40% Sample Type
= s APC 17,769 012583 97% CREB3L1 17 o 18 23%
pearman:
01912 KMT2D 14,540 J 10582 97% CD74 15 0 109 2.0%
=0.00
F TERT 11,118 (0 9,876 9.4% NFIB 49 0O 49 2.0%
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https://genie.cbioportal.org/

HTAN — Human Tumor Atlas Network

HTAN Consortium

BREAST

The Human Tumor Atlas
Network (HTAN) is a National
Cancer Institute (NCI)-funded
Cancer Moonshot>M initiative
to construct 3-dimensional
atlases of the dynamic
cellular, morphological, and
molecular features of human
cancers as they evolve from
precancerous lesions to
advanced disease.

10 45 1223 2752

Atlases Organs Cases Biospecimens
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Single-cell Sequencing

 Lots happening in this area.
 EXciting area of research

@ Single Cell @ Help & resources ~ 4+ Create a study =3 Sign in

S i ng Ie Cel I . Featuring

PORTAL 448 studi
Reducing barriers and accelerating single-cell research e "
cells

B Search studies X Search genes

Search by filters @ Search by text @
- S pe

~ ~N ™~ ™~ ~N ™ Y
| organ || species [ disease || celitype || = More facets | | Search B
. AN VAN AN AN A
448 total studies found <« < Page1of4s > »

Single nuclei RNA sequencing of livers from male mice treated with 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)

16015 Cells

Nault R, Fader KA, Bhattacharya S, Zacharewski TR. Single-Nuclei RNA Sequencing Assessment of the Hepatic Effects of 2,3,7,8-Tetrachlorodibenzo-p-dioxin. Cell Mol Gastroenterol Hepatol 2021;11(1):147-159. PMID: 32791302 DOI:
10.1016/j.jcmgh.2020.07.012Single nuclei RNA sequencing (snRNAseq) was performed on frozen liver samples from male C57BL/6 mice gavaged with sesame oil control or 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) every 4 days for 28
days. Approximately 19,907 hepatic genes were detected across 16,015 sequenced nuclei from sesame oil control and 30 pg/kg TCDD treated samples. On day 28 (PND 56) livers were immediately collected, frozen in liquid nitrogen, and
stored at -80°C. Nuclei were isolated from frozen livers, stained wit ... (continued)

Cross-tissue immune cell analysis reveals tissue-specific features in humans

329762 Cells

Despite their crucial role in health and disease, our knowledge of immune cells within human tissues remains limited. We surveyed the immune compartment of 16 tissues from 12 adult donors by single-cell RNA sequencing and VDJ
sequencing generating a dataset of ~360,000 cells. To systematically resolve immune cell heterogeneity across tissues, we developed CellTypist, a machine learing tool for rapid and precise cell type annotation. Using this approach,
combined with detailed curation, we determined the tissue distribution of finely phenotyped immune cell types, revealing hitherto unappreciated tissue-specific features and clonal architecture of T and B cells. Our multitissue approach lays
the foundation for identifying highly resolved imm ...(continued)
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Proteomics datasets

* http://proteomecentral.proteomexchange.org/cgi

/GetDataset

ProteomeXchange Datasets Overview

Below is a listing of publicly accessible ProteomeXchange datasets. You can use the search box or interactive graphics to filter the list.

Top 10 Species

Plasma Tissue
’ , Cancer stem
Quantitative Profiling

) Top 10 Instruments
Phospherylation Kinase

Total:21131 oporery CHATACIETIZALON Patients Total:21131

ODuantit
SEy Ereast
Gells
swdy Human is cnanges
Data Cell Signaling "
Expression Gomparative 2 Pacne
8033 datasets

Interactome Mice

i 4S8 prabidopsis
Mitochondrial

Title words®KeywordsO
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Need to access individual spectra from a ProteomeXchange dataset?

UsSli

mzspec:



http://proteomecentral.proteomexchange.org/cgi/GetDataset

Trans Omics Precision MEDicine
(TOPMed)

» Large omics data resource to support discovery
science and precision medicine.

 Build a genomic database for more 20 or more
diseases or conditions

* 170K Whole genome sequencing data, 32K
RNA-Seq, 58K methylome, 16K metabolome

and 3K proteome (75% of data released by
dbGAP)
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NHLBI Trans-Omics for Precision Medicine

Centers w | Projects/Studies w | Working Groups w Publications w | EAP | ELSI | Workshops w

AbO Ut TO P M ed To view member-only

content on this site, be
sure to log in. Learn more

Updated 10/12/2021
about TOPMed membership.

Contents
« Overview Username *
e Study Characteristics
o Study Designs Password *
o Participant Diversity
« Whole Genome Sequencing
+ Resources for the Scientific Community Log in
Overview « Create new user account
The Trans-Omics for Precision Medicine (TOPMed) program, sponsored by the National Institutes of » Forget your password?

Health (NIH) National Heart, Lung and Blood Institute (NHLBI), is part of a broader Precision Medicine
Initiative, which aims to provide disease treatments tailored to an individual’s unique genes and
environment. TOPMed contributes to this Initiative through the integration of whole-genome sequencing
(WGS) and other omics (e.g., metabolic profiles, epigenomics, protein and RNA expression patterns)
data with molecular, behavioral, imaging, environmental, and clinical data.

Study Characteristics

A primary goal of the TOPMed program is to improve scientific understanding of the fundamental
biological processes that underlie heart, lung, blood, and sleep (HLBS) disorders. TOPMed is providing
deep WGS and other omics data to pre-existing ‘parent’ studies having large samples of human
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TOPMed
Ancestry & Ethnicity

Phases 1-7 (~180K Participants)
Other/ Multiple/Unknown

7.240
f4%)

Asian ancestry
14,700

European ancestry
Hispanic/Latino 72,300 (40%)
24,060 (19%)

African ancestry
51,110 (29%)
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TOPMed

Phenotype Focus

Phases 1-7 (~180K Participants)

Sleep
4,230 (2%)

Sickle Cell Disease

Multi-phenotype Platelets
43,080 (24%) Blood
18,740(11%) Lipids

Blood Cancers

) Myocardial Infarction
50,260 (28%) Coronary Artery Disease
Heart m

62,160 (35%)
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My Research

Kalari Lab
Team Krishna Rani Kalari Ph.D.
Graduate Associate Professor, Biomedical Informatics,
Students College of Medicine, Mayo Clinic, Rochester, MN
Blog blomformatlcs
res onse AN
Softwares

. : human drug lf_.y
receptor tS :
analysis equencm

Projects che@?thedm;tc a n c be r
Resources _ Q&\étg §0n$e95 ‘tn C S“So\
o P e \0"’\

v
% pharmacogenomlcs

Visualization

Digest Club
Collaborators ©oogle Scholar Dr. Kalari's research focuses on:
& Krishna Rani Kalari 1. Pharmacogenomics
. 2. Biostatistics and Computational genomics
Photos Email =

3. Biological systems modeling
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COMPUTATIONAL BIOLOGY METHODS

EGFR Cyclin-dependent
inhibitors kinase inhibitors

X (4

PANOPLY

Precisior Cancer Genomic Repert Single Semale nventory Reacmore,

Susiaining Evading
Aerobic glycolysis proliferative growth
inhibitors signaling SUPPIEssors

Immune activating
anti-CTLA4 mAb

Deregulating Avoiding

cellular a Q immune
energetics, @ * * destruction
P x
Proapoptotic Resisting fig AN Enabling
b cell ) -
BH3 mimetics Pond 8

N
’..

Telomerase
Inhibitors

replicative
immonality

Genome Tumor-

instability promating
mutation inflammation
PARP Inducing Activating Selective anti-
inhibitors angiogenesis invasion & inflammatory drugs
metastasis

1 A

Inhibitors of Inhibitors of
VEGF signaling HGF/c-Met

HALLMARKS OF CANCER
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CIRC-SEQ

Acomprehensive bioinformetcsviorkflow for detecting drculer RNAs  Rezd more

MAP-RSEQ

Aeomprenensive systam for ANASequerc ng ditasnalyss Rezcmove,

eSNV-Detect

Rellable [denificetion of Var ants Lsins ANA<e Dzza Readmore,

HGT-D

A program for dezecting vire| insertion sequences in the genome of human cancers Readmarz,

IM-TORNADO

Atool o comperison of 155 reecs from peredhend brariss. Read more,

Onco-MATCH

Aweb-hazec toolformalecular profle mezching o indhicus! cancer asfient

CALAR

Clustering Armonz Lumingl Androger Reczptorand basal suotvpes, Read more,

ReMIX

Clne ritiat nz Celeuletor.

Stem cell e
(1
Cellular ‘ vat !! t ‘\ Epigenetic
senescence ENCIENTI
ﬁ
Mitochondrial

dysfunction
Deregulated
nutrient-sensing

(A,
)

Loss of
proteostasis

HALLMARKS OF AGING
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Thank you all and emalil me if you have
any questions at
Kalari.Krishna@mayo.edu
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