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(1) Functional prediction from protein sequence (BLAST, SignalP, InterPro, NetMHCpan)
(2) IntoGen
(3) cBioPortal
(4) RNAseq preprocessing
(5) R introduction
(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
(12) Single cell RNAseq analyses (Seurat Tutorial)

Computational exercises with online databases/tools and R scripts



DNA sequence
(AY242110)

1. extract cds of insulin

2. extract mRNA seq of insulin

fasta file

blastn

4. extract protein sequence of insulin

NCBI Gene
using Refseq ID

fasta file

5. extract mRNA seq in human

Notepad++

Notepad++

NCBI Nucleotide (Genbank)

blastn

NCBI Gene
using Refseq ID

6. extract protein sequence of insulin

fasta file Notepad++

8. compare protein sequences 9. find signal peptide

blastp (align two sequences)
Signal P server

Sus scrofa (pig) Homo sapiens (human)

Difference between insulin sequence in pig and human



Signal peptide B-chain (30 AA)

C-peptide A-chain (21 AA)

Difference between pig and human insulin = 1AA

Difference between insulin sequence in pig and human



SignalP

•   Neural network trained based on phylogeny
– Gram-negative prokaryotic
– Gram-positive prokaryotic
– Eukaryotic

• Predicts secretory signal peptides
•  http://www.cbs.dtu.dk/services/SignalP/

Signal peptide score (S)

Cleavage site score (C)

Combined Score (Y)



Protein domains



Neoantigen prediction

Hackl et al. Nat Rev Genet 17: 441-458 (2016)



NetMHCpan

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



 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

Intogen



Gene Expression Omnibus (GEO)

Raw data (cel files)

Expression matrix
(normalized data) 

Platform (microarray)
(normalized data) 

Sample data













Differentially expressed genes

get_deg.REXPR_GSE67501.txt
GEO

GSE67501

deg_GSE67501.txt

get_deg_HEL.R

COUNT_MATRIX_GENE.txt

HEL DEG_HEL14D_HELCTRL.txt

TARGET_HEL.txt

Microarray data (limma)

RNAseq data (matrix with raw counts) (DESeq2)

RNA sequencing preprocessing

R introduction

PCA Volcano plot



diff_expressed_genes.xlsx

Functional analyses

Gene ontology

Pathways

DEG_HEL14D_HELCTRL.txt

clusterProfiler



Download RNAseqV2 with Firebrowse



~_Level_3__RSEM_genes__data.data.txt



LUAD.rnaseqv2__illuminahiseq_rnaseqv2__unc_edu__Level_3__RSEM_genes__data.data.txt

get_matrix_tn_rawcounts.R

get_matrix_tn_TPM.R

get_matrix_prim_TPM.R

deseq2_tn.R results_tn.txtLUAD_MATRIX_58TN_COUNTS.txt

LUAD_MATRIX_58TN_TPM.txt

LUAD_MATRIX_PRIM_TPM.txt

Firebrowse

LUAD_MATRIX_PRIM_LOG2TPM1.txtget_matrix_prim_LOG2TPM1.R

Differentially expressed genes (TCGA, Firebrowse data)

get_matrix_prim_rawcounts.R LUAD_MATRIX_58TN_TPM.txt



boxplot_surv.R

LUAD_CLIN.txt

LUAD_MATRIX_PRIM_TPM.txt

results_tn.txt

LUAD_MATRIX_58TN_TPM.txt

Firebrowse
luad_boxplot_os_genes.pdf

Boxplots and survival analyses



LUAD_IMMUNE.txt Heatmap, 

Clustered data

Heatmap and cluster analyses

Gene Set Enrichment Analyses (GSEA)

RELAPSE.rnk
Enrichment plots

NES, q-value (FDR)
gensets.gmx

CACO2_OXO_DEG.rnk
Enrichment plots

NES, q-value (FDR)
GENESETS.gmt

GSEA.R

Samplewise

Enrichment scores

CRC_PRIM_LOG2TPM1_2.txt

GENESETS.gmt

GSVA.R



CRC_PRIM_TPM_2.txt

Molecular subtypes 

deconv.R

CRC_PRIM_LOG2TPM1_2.txt

CRC_CLIN_2_CMS_MSI_TMB.txt

GSVA_CRC.txt

BOXPLOT.R

Deconvolution

OS.R



Predictive biomarker

normalized_data.txt

GEO

GSE51373

GSE51373_RAW.tar
GSM1243877_U133Plus2_S1351.CEL.gz

GSM1243904_U133Plus2_RD00443.CEL.gz

…

get_eset.Rtarget.txt

get_deg_S_R.R

deg_S_R_GSE51373.txtdeg_S_R_GSE51373_UNIQUE.txt

diff_expressed_genes.xlsx

ROC.R



Single cell RNAseq analysis (Seurat) 


