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Transcriptomes give us information of gene expression

Identify genes differentially expressed, identify functional changes...
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Overview of RNA-Seq

Transcriptome profiling using NGS

extraction of poly-A RNAs
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Why transcriptomes in biological research?

Pros

Cons

Easy, accessible way to see and
quantify gene expression

Snapshot in time (different times,
different expression patterns)

Immediate access to the protein
coding portion of the genome

Difficult to ensure that you have
sampled a single cell type.

|dentify alternative splicing

Absence of a gene does not mean it
is not present in the genome.

|dentify Single Nucleotide
Polymorphisms (SNPs) in coding
regions

Statistical analysis is highly
dependent on experimental design.
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Gene expression = transcript abundance
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Stages of gene expression

RNA-Seq captures the
mature messenger RNA
(mMRNA)

NUCLEUS

Targets the characteristic
poly-A tail of the mRNA

CYTOPLASM

The assumption is that the
amount of mMRNA for any
gene is reflective of its
impact on the cell function

Protein
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Sampling design

VERY IMPORTANT: What is your research question? Will you have
enough to address your questions?

Things to bear in mind while carrying out RNA-Seq:

1)
2)
3)
1)
0)
0)
)
)

Is bulk RNA-Seq necessary ?

Conditions and Phenotypes

Replicates — accounts for variation and important to validate results
Consult sequencing specialists — for advice on sampling

# of replicants per condition/phenotype

RNA isolation protocol

RNA library prep (DIY or outsource?)

Analysis plan
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RNA QC and quantification

It is important to establish both the purity and concentration of RNA that has been
extracted

Agilent® 2100 Bioanalyzer
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RNA Sequencing

Whole transcriptome shotgun sequencing (WTSS)

- Reveals the presence and quantify of RNA in a biological sample at a
given moment in /me

lllumina Tru-Seq RNA-seq protocol
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Library prep begins from 100ng-1ug of Total RNA which is poly-A selected (A) with magnetic
beads. Double-stranded cDNA (B) is phosphorylated and A-tailed (C) ready for adapter
ligation. The library is PCR amplified (D) ready for clustering and sequencing.



Transcriptomics workflow

RNA sequencing workflow
@ Sample collection @ RNA extraction @ cDNA synthesis @ Library preparation
I = " I ' = g
¢ ¥

@ Computational analysis

....GTTCCTTCAGCATTTG....
..CAGGTACCGTGTACATCT(] Raw data
....GTTCCTTCAGCATTTG....

Reads

..CAGGTACCGTAGATCATA.
..CAGGTACCGTGTACATCT(]

Ahmad et al., 2020



Bioinformatics — Analysis of transcriptomics data

umarahmad@umarahmad-VirtualBox:~$ s

umarahmad@umarahmad-VirtualBox:~$ cd Share/
umarahmad@umarahmad-VirtualBox: $ 1s

BAB40370.1 lockdown-learning.Rproj Q9BYF1l.txt testfile
BAB40370.1.fasta 'newfile ' Umar. txt
BAB403760.1. txt Q9BYF1. fasta

umarahmad@umarahmad-VirtualBox: $ [

TAATCAGCTACCTTTATCCCTAGCCCCCTGCGCCCCGCGCCCTTG
TATGGTGAGGTCTGCTCTGGGTCCCTCGCCACCATGTACGTGH
LG TACCCTAGCTCCGTGCGCCACTCCGGCGGCCTCAACCTGG(
R GTACCCGGACTACGGTGGTTACCACGTGGCGGCCGCCGCTG(
5@ CAGGGCCATCCTGGCCCACCGCGTACGGCGCCCCTCTC(
dGCGCTGCCGCAGCCAACGCGGTAGCCCACGGCCTCAAT
 GCAGCCCCGCCGAATACCACGCACACCATCACCCGCATCATCAC
GCGCCTCCGGATTGCTGCAGACGCTCAACCCCGGCCCT (s
AGCTGTCCCCCAGCGGCCAGCGGCGAAACCTTTGTGAAT(R
J GAAGCCAAGGTATGCGGTGCTGGGGCGCGCCCCTGGTCC]
AGACAGGACAGGAGAAGGGACAAGGGGAGAAATATGGGG
GTATATTTGTGCCTCGCACCCCCAGGTTTGTTTAGGGCAGAA
ACCTCGTTGGCAACCTCGGGACCCCTTCGGAAGCTCCCGGTAG KEEP
AGCAGAATCGCGTCCTTTAGTTGGCTGCCACCAGCATTCCTTACA CALM

AND

GTGATTGGATTCCCTTGGCCGAGCCTACTCAACTTAGCTACCCAC TRY
CODING




Transcriptomics pipeline

Experimental design {library type, reads
PREPROCESSING length, replicates-number,sequencing depth}
OF RAW DATA Sequencing design {Randomization-library
prepartion/sequencing run, spikes-in control}

ALIGNMENT Mapping {genome/
READS transcriptome} & Assembly

Transcriptome discovery

TRANSCRIPTOME Match annotations

CONSTRUCTION

Level: transcript, gene and exon
Measures/count: RPKM/FPKM & TPM

QUANTIFICATION

Normalization, low count filter, bias removal
Parametric vs Non-parametric
Alternative splicing analysis {isoform
expression, splicing events}

DIEEERENTIAIMEN - --cccccocrnnmamaeas >
EXPRESSION ANALYSIS

Overrepresented functions
EUNGTIONAH| ==Srz-ssssEsdisscsscessy > GSEA
PROFILING Pathway analysis

Visualization {genome browser, splice plot,
CummeRbund, Sashimi plots}
Integration {proteomics, eQTL/sQTL, TF binding}
Other RNA seq {scRNA,ncRNA, gene fusion discovery}

ADVANCE | o iiiccccmaany »
ANALYSIS

Ahmad et al., 2020



FASTQ files

Linel: Sequence identifier

Line2: Raw sequence

Line3: meaningless

Line4: quality values for the sequence

@HWI-ST508:210:COEDTACXX:1:1101:1872:1227 1:N:0:
AATTGTGAAARACCCAARAGGTGGAGCAGCCATTNTTATACATTGCAGAAGGGNGANNNANCNTTATGAAATTTAGCACCTGCCTTCCTGAATGATARAATGG
+

QCCFFEFFHHHHHJJJJIJJCGHEIIIJIJJJJ#1BFHIJJJJIIIJIIJII#—; ###—#-#-5?BFFFFEEEEEECCDDDDDDDDDDCCDDDDDDCCEED
@HWI-ST508:210:COEDTACXX:1:1101:1895:1233 1:N:0:
TGACATAAGCTTGCATTTGAAAAGCACCTCCGARAAGCTTCCCAGCCTCAAAGNCANNATCGNCTTCTGATGCAGTTAGGCACCACAAGAGCTTCCCCACAA
+
CCCFFFFFHHHHGJJJJJIIJJIITIHIJIJIIIIIIIIIIIIIIIIIIGHIT#. ; ##——; C#-SCEFFFFFEEECCEEDDDDDDDDDBDDDDDDDDDDDDB
@HWI-ST508:210:COEDTACXX:1:1101:1761:1235 1:N:0:
GCTCTACTAAAAATATAAARATTGGCCAGGCGCAGTGACACATGCCTGTAGTCCCNGCTATTCGGGAGGCTGACACACAAGAATCAATCACTTGAACCCAG
e

CCCFFFFFHGHHHIJJIJIIIIIIIIIIIIIEIIIIFHGIIIIJIIIIIIHITIII#~; FGGIJIJHHFFDDEEDDCCDDDDCCDDDDDDCDDDDDDDDDDD
@HWI-ST508:210:COEDTACXX:1:1101:1971:1236 1:N:0:
CAGGATGARAGAGGTCTGGCCAGGTGCTGGGTGCAGTGGCTCACACCTGTAATCCCAGCACTTTGGGAGGCCGAGGTGGGCGGATCACGAAGTCAGGAGTT
4
CCCFFFFFHGHHGJHIJIIJJJJI3CFGIJJ9DFHIDEHGIJIJJJJIIIJIIGGIJIJIJIIJIFIJHFFFFDDDB/ ?2BBEBD<392CDEB8+: ACDCB##
@HWI-ST508:210:COEDTACXX:1:1101:1830:1239 1:N:0:
TATTGATTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTCCTGGGGTCCTGCTTTGGGGGTCTCGGGGTCCCARATTGCTGGTTTTACACCTCCCCCCCCCCG
+
?@@DD?DEFBBFDHEHIGEDAQFH>C? ?BBBCB6B###### # # # ###########HHFFHHHHHHHHHHFFFHHHHHFFFFFFFHHHFHHFFFFHFHHHHH
@HWI-ST508:210:COEDTACXX:1:1101:1999:1240 1:N:0:
AAAGAGTGAGAGAAGCAAGGCTTGTGTGAAGAGAGCAAAACTTAGAATCAACATTGGTTGAGCATCTCCTATGAGCTAATATTAATTAGCACTTTACATGC
+
@@EDDA2?FHBHHEGEHIHGIGGHBFCGIEHGAEGGIIEGIIIIGHIGEHEGHIGIGBFHEHIEAHGHHFHEH ; BEDEBDCDEEBCDDCCCCCRE@CCCDCC
@HWI-ST508:210:COEDTACXX:1:1101:1806:1245 1:N:0:
ACATGCTAATATATGTACTGATATGGAACAATCTTTAAGATGTATTATTACATGGAATAAACCAACCAGACCACAAAACAGATGTTTTTGCTTTTGCTARA
+
CCCFFFFFHHHHGJJHJJJJIJIJJJIIJIJIIJIIIJIIIIIIIIIIIJIIIIIIIIIIIIIIIIGIJIIJIIIIJIIJHIIIGIHHHGFFFEFFEDDDDDDDDDDEDD




Align NGS reads to a reference genome

Set of reads

I
L el Reference genome
I I
I N
I

Mapping
I N E— '— B
I B

GATCAGCAACGTACCGCCAGATACCGGGAACATACCATACGA

T
Readl TTACCAGATAGG T T it

Read?2

Wolff, J., Batut, B., Rasche, H. (2021). Mapping (Galaxy Training
Materials). https://training.galaxyproject.org/training-material/topics/sequence-analysis/tutorials/mapping/tutorial.html



Analysis of Differentially Expressed Genes (DEGs)

Expression level

Significant

. Condition A data difference

‘ Condition B data

No significant difference

Love, M. I., Huber, W., Anders, S. (2014). Moderated estimation of fold change and dispersion for RNA-seq data with DESeq2. Genome Biology. 15:550



Gene Ontology (GO) enrichment analysis
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Figure 5 from: Berna, L, Alvarez-Valin, F. (2014). Evolutionary genomics of fast
evolving tunicates. Genome Biology and Evolution. 6(7): 1724-1738

Differential NO Differential
Expression Expression

IN
Transcription
Elongation

NOT IN
Transcription
Elongation

https://www.pathwaycommons.org/quide/primers/statistics/fishers_exact_test/



https://www.pathwaycommons.org/guide/primers/statistics/fishers_exact_test/
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Langfelder, P., Horvath, S. (2008). WGCNA: an R package for weighted correlation network analysis. BMC Bioinformatics. 9: 559

MEmidnightblue

MEbrown
MElightgreen

Co-expression network analysis

Eigengene adjacency heatmap
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Module-trait relationships
MElightyellow 0.38(0.05) -0.018(0.9) -0.36(0.07) -0.13(0.5)
MEredlll| 041(0.04) -036(0.07) -0.2(0.3) -0.04(0.8)
MEgreenyellow 0.15(0.5) -0.091(0.7) -0.18(0.4) )
MEgrey60 0.41(0.04) 0.0074(1) -0.57(0.002) -0.31(0.1)
MEmagenta 041(0.04) -0.29(02) -0 -06) -0.23(0.2)
MEgreen -0.62(6e-04) 0.083(0.7) -0.21(0.3)
MEpurple -0.18(0.4)  -0.14(0.5) _ 0.16(0.4)  -0.38(0.05)
MEsalmon -0.48(0.01)  0.24(0.2) -0.23(0.3)
MEyellow 0.14(0.5)  -0.049(0.8)  -0.23(0.3) 0.2(0.3)
Mgmack- -0.29(0.2)  0.056(0.8) | 0.38(0.06)
MEcyan 0.21(0.3) 0.18(0.4) 0.31(0.1) 0.2(0.3)
MEpink -0.074(0.7) -0.17(0.4) -0.043(0.8) _ 0.016(0.9)
MEblue | 031001  -0.15(05) -0.48(0.01)
MEtan 0.42(0.03)  -05(0.01) -0.068(0.7)  0.22(0.3)
MEturquoise ||| -0.1(0.6)  -0.45(0.02) -0.1(0.6)
MElightcyan -0.29(0.2) -0.093(0.7)  0.23(0.3)  -0.074(0.7)
MEmidnightblue 0.08(0.7)  -0.28(0.2) 0.096(0.6)  0.18(0.4)
brown 0.039(0.9) -0.059(0.8) |0.37(0.06)  0.13(0.5)
MElightgreen -0.13(0.5) = -0.43(0.03) 0.23(0.3) -0.039(0.8)
siw‘:ggrey -0.092(0.7) -0.065(0.8)  -0.24(0.2)  -0.23(0.3)
Age Sex Status LR



Application
Patient Technologies Data Analysis
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Shyr D, Liu Q. Biol Proced Online. (2013)15,4
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Benefits and Challenges

Benefits:

 Independence on prior knowledge

* High resolution, sensitivity and large dynamic range
» Unravel previously inaccessible complexities

Challenge:
* Interpretation is not straightforward
* Procedures continue to evolve



Need help in your NGS analysis?

Consults:

3103 E0C
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