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Computational exercises with online databases/tools and R scripts

1)  Functional prediction from protein sequence (BLAST, SignalP, InterPro, NetMHCpan)
2) IntoGen

3) cBioPortal

4) RNAseq preprocessing

5) Rintroduction

6) Differentially expressed genes (limma, DESeq2)

7) Functional analysis

8) TCGA (Firebrowse) preprocessing, boxplots, KM survival analyses
9) Heatmaps and clustering analyses (Genesis)

10) Gene set enrichment analyses (GSEA)

11) Predictive biomarker, logistic regression, ROC curve
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(12) Single cell RNAseq analyses (Seurat Tutorial)



Difference between insulin sequence in pig and human

DNA sequence Sus scrofa (pig) Homo sapiens (human)

(AY242110)

NCBI Nucleotide (Genbank)
\E Notepad++

1. extract cds of insulin fasta file

blastn

blastn
\

2. extract mRNA seq of insulin 5. extract mRNA seq in human

NCBI Gene NCBI Gene
using Refseq ID using Refseq ID
V

4. extract protein sequence of insulin 6. extract protein sequence of insulin

\Z
Notepad++ & Notepad++

blastp (align two sequences) J/ Signal P server

J v

8. compare protein sequences 9. find signal peptide




Difference between insulin sequence in pig and human
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Difference between pig and human insulin = 1AA

Signal peptide B-chain (30 AA) ‘l,
Query 1 MALWTRELLPLLALLALWAPAPAQAFVNQHLCGSHLVEALYLVCGERGFFYTPFEARREAEN | &0
MALW RLLPLLALLALW P PA AFVNQHLCGSHLVEALYLVCGERGFFYTPE |[RREAE+
Sbijct 1 MALWMRELLPLLALLAIWGPDPAAAFVNOHLCGSHLVEALYLVCGERGFFYTPETRREAED 60

Query 61 PQAGAVELGG--GLGGLQATLALEGPPQKRGIVEQCCTSICSLYQLENYCN| 108
Q & VELGG G G LQ LALEG QERGIVEQCCTSICSLYQLENYCN
Sbjct 61 LOVGQVELGGGPGAGSLOPLALEGSLOKRGIVEQCCTSICSLYQLENYCN| 110

C-peptide A-chain (21 AA)



SignalP

e Neural network trained based on phylogeny
— Gram-negative prokaryotic
— Gram-positive prokaryotic
— Eukaryotic

e Predicts secretory signal peptides

e http://www.cbs.dtu.dk/services/SignalP/

|
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" 0.5 | | .“ 4[ Cleavage site score (C) 1
s

o

HALHMRLLPLLALLALHGPDPAAAFVNQHLCGSHLVEALYLVCGERGFFYTPKTRREAED

Combined Score (Y)

L} 10 20 36 40 50 6{




Protein domains

o InterPro  Classification of protein families

* Results Release notes Download * Help * About

in the second. Catalyzes in a tissue specific manner, t..

Isoforms @ Select an Isoform to display... N

Protein family membership

E Pyruvate carboxylase (1PrR005930)

Entry matches to this protein @

- Family IPR
I IPRO05930
Pyruvate carboxyltransferase TGRO1Z33

PTHR43778
PIRSFO01594

B InterPro domain

¥ Daomain
[ 1PRO000SY
PsS50968
PFO0364

[ 1PROO0BS1
PS50991
PFO0BS2

[1PRO03379
PFO2436

CE— D 1engo5¢79

PFO2786

[ 1PRO05481
PFO0289

[ 1PRO05482
SM00878
PFO2785

I 1prOTI761
PsS50975
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Neoantigen prediction

Protein
Proteasome

Endoplasmic

reticulum
MHC
Neoantigen
TCR
CD8" T cell

Hackl et al

WES, WGS
or RNA-seq

WES, WGS RNA-seq
or RNA-seq

1

Identification of
mutated peptides
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\———— neoantigen-MHC

binding

|

Candidate
neoantigens

. Nat Rev Genet 17: 441-458 (2016)
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CBS »» CBS Prediction Servers >» NetMHCpan-4.0

NetMHCpan 4.0 Server
Prediction of peptide-MHC class | binding
MNew in this version: the method is trained on naturally eluts
View the version history of this server. All previous versions

NetMHCpan server predicts binding of peptides to any MH
(SLA). The MS eluted ligand data cavers 55 HLA and mouse!

Predictions can be made for peptides of any length.

The project is a callaboration between CBS, |SIM, and LIAL

SUBMISSION

Hover the mouse cursor over the @ symbol for a short dest

Type of input Fasta ~ @

Paste a single sequence or several sequences in FASTA foi
ASTPGHTIIYEAVCLENDRTTIP

or submit & file in FASTA format directly from your local dis|

Keine Datei ausgenahit.

Peptide length {you may select multiple lengths): @
1imer peptides

14mer peptides -

Select speciesfloci @
HLA supertype representative ~
Select Allele (max 20 per
HLA-A*01:01 (A1) -

HLA-A¥02:01 (A2)
HLA-A¥03:01 (A3)
HLA-A*24:02 (A24)

NetMHCpan

Fasta input:

=Gag_180_209
TPQDLNTMLNTVGGHQAAMQMLKETINEEA

Peptide length: 8, 9, 10, 11, 12
Allele: HLA-A*D301
Toggle Sort by prediction score

will return the following predictions:

§ NetMHCpan wersion 4.0

§ Topdir made fusr/opt/www/webface/tmp/server/netmhcpan/530BCCFFO0005A84DAFF131]1 /netMHCpanWVszula

# Input is in FSA format

§ Peptide length 8,%,10,11,12

# Make Eluted ligand likelihood predictions
HLAR-A03:01 : Distance to training data 0.000

§ Rank Threshold for Strong binding peptides
§ Rank Threshold for Weak binding peptides

0.500
Z.000

{using nearest neighbor HLA-R03:01)

Eos HLZ Peptide

15 HLA-A%03:01 HQRAMQMLE HQARMOMLE
14 HLA-2*0D3:01 CHRARMOMLE —GQAAMOMLE

7 HLR-R*03:01 TMLNTVGGH TMLNTUGGH

8 HLR-R*03:01 MLNTVEGHR MLNTVGGHQ
13 HLA-2%03:01 CCHQARMQMLE GRAAMOMLE
12 HLA-A*03:01 VEEHQARMOMLE — VQRAMQMLE
15 HLA-A%03:01 HQAAMGMLEE HQAAMQMLE
16 HLA-A%03:01 QARMOMLE QAA-MOMLE
21 HLA-A%03:01 MLKETINEZ MLRETINEE

(=R = e e e e e

HQREMOMLE
CHRARMGMLE
TMLNTVEGH
MLNTVEGEHG
CEHQARMOMLE
VEEHQRAMOMLE
HRRAAMOMLE
QRAMQMLE
MLKETINEE

Identity
Cag_180_z0%
Gag_180_20%
Cag_180_z0%
Gag_180_209
Cag_180_z0%
Gag_180_z09
Gag_180_20%
Gag_180_z0%
GCag_180_20%

Protein Gag_180_20%. Allele HLA-2%03:01. Mumber of high binders 1. Number of weak binders

Link to Allele Frequencies in Worldwide Populatioms HLA-A03:01

Score

0.5697250
0.2137130
0.0487720
0.0313510
0.0313010
0.0166440
0.0124570
0.0086270
4.0075270

1. Number

%Rank BindLewvel

0.2857 <= 5B
1.1582 == WB
3.0466
3.7842
3.8215
5.207%
5.571%
7-127%
7.4157

of peptides 105

http://www.cbs.dtu.dk/services/NetMHCpan/



Intogen

What is the most common BRAF mutation

In which cancer types IDH1 is a cancer driver and in which
cancer type mutation of IDH1 is most frequent

Most common drivers in breast carcinoma

Mutation frequency of VHL



% NCBI  Resources

GEOQO DataSets

Entry type
DataSets (1)
Series (1)
Samples (28)
Platforms (1)

Organism
Customize

Study type
Expression profiling
by array
Methylation profiling
by array
Customize ..

Author
Customize

Attribute
name

tissue (30)
strain (0)
Customize

Publication
dates

30 days
1 year
Custom range

Clear all

Show additional
filters

Gene Expression Omnibus (GEO)

How To

GEO DataSets ~ GSE51373

Create alert Advanced

Summary ~ 20 per page =~ Sort by Default order «

Send to: =

Gene expression data from high grade serous ovarian cancer
Background: Resistance to platinum-based chemotherapy
remains a major impediment in the treatment of serous
epithelial ovarian cancer. The objective of this study was to use
gene expression profiling to delineate major deregulated
pathways and...

Species: Homo sapiens Type: Expression profiling by array

Dataset GSEB1373

PubMed

Search results

Items: 1 to 20 of 31 Page 1 of2 MNex> Last>>

[T High-grade serous ovarian cancer resistant to

1. platinum-based chemotherapy
Analysis of tumors from high-grade serous ovarian
cancer patients resistant or sensitive to platinum-based
chemotherapy. Tumor samples collected prior to
chemotherapy. Results identify a gene expression profile associated
with intrinsic chemotherapy resistance.
QOrganism Homo sapiens

Type: Expression profiling by array, count, 10 disease state, 2

specimen sets
Platform: GPL570 Series: GSE51373 28 Samples
Download data: CEL
DataSet Accession: GDS4950 I1D: 4950
PubMed  Full textin PMC  Similar studies

Analyze DataSet

GEO Profiles

UM 1/ FLORNINE RD/ERR YEIIE SIgHAiiig IELWUI KD asbULIaLeu With LHEIHIUL I apy
resistance and treatment response in high-grade serous epithelial ovarian
cancer. BMC Cancer 2013 Nov 16;13:549. PMID: 24237932

Submission date  QOct 17, 2013
Last update date Sep 15, 2017
Contact name Madhuri Koti

Organization name Queen's University

Department Biomedical and Molecular Sciences
Street address Botterell Hall, Stuart Street

City Kingston

State/province Ontario

ZIP/Postal code  K7P3E3

Country Canada

Platforms (1)

Samples (28)
A More...

GSM1243877 1351

GSM1243878 1413
GSM1243879 1240

Relations
BioProject

Analyze with GEO2R

Download family

SOFT formatted family file(s)
MINIML formatted family file(s)
Series Matrix File(s)

PRINA223283

Supplementary file
GSE51373_RAW.tar
Raw data provided as supplementary file
Processed data included within Sample table

Platform (microarray)
(normalized data)

GPL570 [HG-U133_Plus_2] Affymetrix Human Genome U133 Plus 2.0 Array

Format

SOFT @
MINIML \?:\/
TXT

File type/resource

Size Download

Sample data

Expression matrix
(normalized data)

132.2 Mb (http)(custom) TAR (of CEL)

1

Raw data (cel files)




42" cBioPortal

for Cancer Genomics

Select Cancer Study:

Search... ¥ | 1 study selected. Deselect all
#- |_| Prostate Adenocarcinoma (TCGA, Provisional) 499 samples

- @Prostate Adenocarcinoma (TCGA, Cell 2015) 333 samples

Select Genomic Profiles:

Mutations (g
Putative copy-number alterations from GISTIC .e

MRNA Expression z-Scores (RNA Seq V2 RSEM) '8'

Enter a z-score threshold +: 2.0

Select Patient/Case Set: \ All Tumors (333)

To build your own case set, try out our enhanced Study View.

Enter Gene Set: Advanced: Onco Query Language (OQL)

| Prostate Cancer: AR Signaling (10 genes) ]

Select From Recurrently Mutated Genes (MutSig) Select Genes from Recurrent CNAs (Gistic)

SOX9 RAN TNK2 EP300 PXN NCOA2 AR NRIP1 NCOR1 NCOR2




Lan¥ cBioPortal

. \.' '\-.'J ncer ._rlﬂi‘ar\ﬁ Cs

—

H OncoPrint ‘ Mutual Exclusivity Plots Mutations Co-Expression Enrichments Network IGV Download Bookmark

Case Set: All Tumors: All tumor samples (333 patients / 333 samples)

Altered in 140 (42%) of 333 cases/patients

s I
RAN 6% I
T™NK2 = |l LI
EP300 5% I I
PXN 5% :| “ :| I :[
NCOA2 12% I |:| |:| :| ]I |:| D |:|

AR 5% I |:| :l Il:l [
NRIP1 4% ] Il:l' :|
NCOR1 6% |:| |:| I
NCOR2 8% II I I ID |:| |:|

«|

I Deep Deletion B Missense Mutation B Truncating Mutation |:| mRNA Upregulation

[

Genetic Alteration I Amplification




cB ioPortal

_J for Cancer Genomics
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Search Gene

Show All

Correlated Gene

ERCC6L2
CO90RF129
BRWD3
UHMK1
CCNT1
GTF2A1
FAM168A
UBXN7?7
TOR1AIP2
TAOK1
BPTF
NCOA2
KLHL11
APOOL
ARID1A
HUWE1
GTF3C4
CLOCK
CEP97
UHRF1BP1
WDFY3
DDI2
BIRC6
LMBRD2
REST
ZNF426
NUP155

Pearson's
Correlation

0.80
0.79
0.79
0.79
0.78
0.78
0.78
0.78
0.77
0.77
0.76
0.76
0.76
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.74
0.74
0.74

Spearman's
Correlation

0.81
0.85
0.79
0.86
0.86
0.87
0.89
0.85
0.79
0.85
0.80
0.88
0.84
0.86
0.80
0.83
0.83
0.87
0.82
0.81
0.84
0.88
0.84
0.85
0.84
0.83
0.79

-

[ [

RC3H2, mRNA expression (RNA Seq V2 RSEM) @

cBloPortal

'\-..'\i |:\.\r

mRNA co-expression: AR vs. RC3H2

senomics

Show Mutations Log Scale X

Log Scale Y

1,200 4

1,100 5

1,000 4

900
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Pearson: 0.82
Spearman: 0.87
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© RC3H2 mutated
©® Neither mutated



¥ cBioPortal

A - ity :
=1 for Cancer Genomics

100% B Cases with Alteration(s) in Query Gene(s)
B Cases without Alteration(s) in Query Gene(s)

Logrank Test P-Value: 0.521

N

Surviving

0 10 20 30 40 50 60 70

Months Survival




Differentially expressed genes

RNA sequencing preprocessing
R introduction

Microarray data (limma)

< @
|:> EXPR_GSE67501. txt |:> get deg.R deg GSE67501. txt

RNAseq data (matrix with raw counts) (DESeq?2)

— = COUNT_MATRIX GENE.txt ®
|:> |:> get_deg HEL.R |:> DEG_HEL14D_ HELCTRL. txt
TARGET HEL. txt

PCA @ g Volcano plot




DEG_HEL14D HELCTRL. txt

L

diff expressed genes.xlsx

Functional analyses

e

‘”"'Iﬁ ,
S

S Enrichr
G P )

7 STRING

@
clusterProfiler

&\ ClueGO |

e

Gene ontology
Pathways




Download RNAseqV2 with Firebrowse

HOME BROAD GDAC WEB API TUTORIAL RELEASE NOTES ANALYSES GRAPH FAQ CONTACT

View Expression Profile Enter gene name Ve PAAD e View Analysis Profile

Pancreatic adenocarcinoma (PAAD) TCGA data version 2015_11_01 for PAAD 0
B Clinical Analyses Clinical
B CopyNumber Analyses SMNPE CopyMum
Correlations Analyses LowPass DNASeq CopyNum|0
B Methylation Analyses Mutation Annotation File
B miRseqg Analyses methylation
B mRNA Analyses miR|0

PAAD mRNASeq Archives

. mRNAseq Analyses mim=eq mrnaseq data coverage: 96%' Frman SERET S

rnalo Total cases: 185 mRNAseq_Prepracess (MD5)
H m click on bar to download illuminahiseq_rnasequ2-RSEM_isoforms_normalized (MD5)
l Mutation Analyses iluminahiseq_maseqv2-RSEM_isoforms (MDS)
il
MREMNASE] illuminahiseq_rnaseqv2-RSEM_genes (MDS)
Pathway Aﬁalyses Muminaniseq_rnaseqve-unclion_guanamcation (MDS)

illuminahiseq_rnasequ2-RSEM_genes_normalized (MD5)

raw Mutation Annaotation File|0 Downloading data constitutes agreement to TCGA data usage policy
RPPA Analyses

Reverse Phase Protein Array 123

L] 50 100 150 frass]
Aliguot Countz



~ Level 3 RSEM genes data.data.txt

TCGA-21-AAB1-01A-11R-A41B-07
TCGA-21-AAB1-01A-11R-A41B-07
TCGA-21-AAB1-01A-11R-A41B-07F
TCGA-21-AAB4-01A-12R-A41B-07
TCGA-21-AABA-01A-12R-A41B-07F
TCGA-21-AABA-01A-12R-A41B-07
TCGA-21-AABS-01A-11R-A41B-07

Hybridization REF

gene_id raw_count scaled_estimate transcript_id raw_count scaled_estin transcript_id raw_count

AlBG|1 167.92 3.43E-06 2qs5d.3,uc002r  134.85 2.46E-06 uc002gsd.3,. 141.16
ALCF|29974 a2 9.63E-07 1c001jjk.1,uch 127 2.03E-06 uc001jjh.2,ut 14
AZBP1|54715 1 8.82E-09 2oyx.2,uchi2o 5 4.07E-08 ucl02cyr.1,u 0
A2LD1|87769 370.02 8.87E-06 Luc®0lvor.2,t  263.92 6.07E-06 ucOO0lvog.l,u 273.94
AZML1| 144568 176 1.45E-06 Logva.l,ucl0lc 0 0 ucO0lguz.3,. 3105
AZM |2 40392.8 0.000548528 L,ucO01lgvk.1,1 37630.67  0.00050451 ucOOlgvj.l,u 14564.33
AAGALT|53947 3160 5.56E-05 3bdb.2,uc010 2744 A4.A7E-05 uc003bdb.2, 1317
AAGNT|51146 893 1.83E-05 ucl03ers.2 113 2.21E-06 ucO03ers.2 2
AAAL|404744 4 1.44E-07 uchl0kwp.1,u 1 5.74E-08 uc003tdz.2,u 2
AAAS|B0B6 1402 2.85E-05 Mscr.3,uc0ols 1268 2.38E-05 ucO0lscr.3,w 1427
AACSL| 729522 1 1.69E-08 2,uc01ldgk.1, 2 3.13E-08 ucl03mjk.2,1 0
AACS| 65985 2445 2.89E-05 2,uc009zyg.2, 2915 3.28E-05 uc00luhc.2,u 994




Differentially expressed genes (TCGA, Firebrowse data)

—
|:> LUAD.rnaseqv2__illuminahiseq rnaseqv2_ unc _edu_ Level 3 RSEM genes__ data.data.txt

®
get_matrix_tn_rawcounts.RC[> |:> LUAD MATRIX 58TN_COUNTS. txt |:> deseq2_ tn.R |:> results_tn. txt

@
get matrix tn TPM.R LUAD MATRIX 58TN_TPM. txt

get matrix prim rawcounts. RCPE> LUAD MATRIX 58TN_TPM. txt

@
get matrix prim TPM. RQ |:> LUAD_ MATRIX PRIM TPM. txt

®
get matrix _prim_LOGZTPMl.RQ E> LUAD_MATRIX PRIM LOG2TPMI.txt




R —
[ ] )

Boxplots and survival analyses

LUAD_CLIN. txt

LUAD MATRIX PRIM TPM.txt

LUAD_MATRIX S58TN_TPM.txt

results_tn.txt

boxplot surv.R

®R

>

luad_boxplot_ os_genes.pdf

A

. o

="




Heatmap and cluster analyses

LUAD_IMMUNE. txt

Heatmap, ﬁ
Clustered data -

Gene Set Enrichment Analyses (GSEA)

—_

e i1

RELAPSE . rnk T —— :
L Enrichment plots .
E> _GSEA E> NES, q-value (FDR) ML

gensets.gmx

—

—_

CACO2_OXO_DEG.rnk
L |:> P R’ |:> Enrichment plots
: NES, g-value (FDR)

GENESETS . gmt

—

—_

CRC_PRIM LOG2TPMl_2.txt

L |:> Samplewise e ‘-:g
R Enrichment scores A

GENESETS .gmt




CRC_PRIM TPM 2.txt

CRC_PRIM LOG2TPM1_2.txt

GSVA_CRC.txt

CRC_CLIN 2 CMS_MSI_TMB.txt

Deconvolution

|:> deconv. R |:>

B A

quanTlseq

1 Cell_type
M Beel
Menocy!

Neutrophil
B NK cell

W Tcell CD8+

Molecular subtypes

@ BOXPLOT. R |:>

HALLMARK_INTERFERON_GAMMA_RESPONSE

-06 -04 -02 00 02 04 06
L f !

Macrophage M1
Macrophage M2

te
B Myeloid dendritic cell

B T cell CD4+ (non-regulatory)

B T cell regulatory (Tregs)
B uncharacterized cell

Mo, at risk

IMMUNOGENIC_CELL_DEATH

o
@

2
@

+ o

lagrank p=0.007
HR=0.61 (0.38-0.85)

Overall survival (probability)
o
2

o
W

o
=

a 20 40 60 80 100 120
Time (months)

High: 483 257 81 35 19 7

Low: 136 72 33 7 n" 8 5




=

Predictive biomarker

GSE51373_RAW. tar

T AUC=0.90

= S L
00 02 04 06 08 10

False positive rate

GG

>

GSM1243877_U133Plus2_ S1351.CEL.gz

GSM1243904_U133Plus2 RD00443.CEL.gz

L

target. txt [$> get eset.R

L

normalized data.txt

L

get deg S R.R

[P

®R

deg_S R GSE51373 UNIQUE.txt || deg S_R GSE51373.txt

v

diff expressed genes.xlsx




Single cell RNAseq analysis (Seurat)

Guided tutorial — 2,700 PBMCs
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A basic overview of Seurat that includes

an introduction to common analytical
workflows.




