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Introduction to Gene Expression Profiling
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What are typical examples of applications of high-throughput gene
expression analysis using RNA-seq?

High-throughput gene expression analysis using RNA-seq is a powerful tool 2
for studying gene expression on a genome-wide scale. Some typical
applications of RNA-seq include:

Identifying differentially expressed genes between different experimental
conditions or samples, such as comparing cancerous and non-cancerous
tissue.

Characterizing gene expression patterns in various cell types or tissues,
such as identifying genes that are specifically expressed in brain cells.
Discovering novel transcripts and alternative splicing events, which can
lead to the identification of new protein-coding genes and non-coding
RNAs.

1. Quantifying gene expression levels for functional genomics studies, such
as identifying genes involved in specific biological pathways or
determining the effects of genetic mutations.

5. Assessing the quality and integrity of RNA samples, such as detecting
contamination or degradation of samples.

Study of gene expression in non-model organisms, such as studying the
gene expression of a plant species which is not well studied.

Study of the expression of viral genes in host organisms, such as
studying the expression of viral genes in a host organism infected with a

virus.

(i r  Can you provide more detailed use cases for the first item?

@ Sure, here are a few more detailed examples of applications of RNA-seq for

identifying differentially expressed genes:

Cancer research: Comparing the gene expression profiles of cancerous
and non-cancerous tissue samples can reveal genes that are specifically
overexpressed or underexpressed in cancer cells. This can lead to the
identification of novel biomarkers for cancer diagnosis and the discovery
of new targets for cancer therapy.

Developmental biology: Comparing the gene expression profiles of
different stages of development can reveal genes that are specifically
expressed during certain stages of development, such as genes involved
in the formation of specific organs or tissues.

Drug discovery: Comparing the gene expression profiles of cells treated
with different drugs can reveal genes that are regulated by the drugs,
which can aid in the discovery of new drug targets and the development
of more effective drugs.

Immunology: Comparing the gene expression profiles of immune cells
from healthy individuals and individuals with specific immune disorders
can reveal genes that are specific to the disorder, which can aid in the
discovery of new therapeutic targets.

Environmental studies: Comparing the gene expression profiles of
organisms exposed to different environmental conditions can reveal
genes that are specific to certain environmental conditions. This can aid
in the discovery of new biomarkers for environmental exposure and the

identification of new targets for environmental conservation.




1. Identifying differentially expressed genes between different
experimental conditions or samples, such as comparing
cancerous and non-cancerous tissue.

Samples of interest

Condition 1 Condition 2
(e.g. tumor) (e.g. normal)

Sugh, Griffith (2015) doi:10.1371/journal.pcbi. 1004393 CC-BY-2.5 o

2. Characterizing gene expression patterns in various cell types

or tissues, such as identifying genes that are specifically
expressed in brain cells.




3. Discovering novel transcripts and alternative splicing events
which can lead to the identification of new protein-coding

genes and non-coding RNAs.
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4. Quantifying gene expression levels for functional genomics
studies, such as identifying genes involved in specific biological

pathways or determining the effects of genetic mutations




5. Assessing the quality and integrity of RNA samples, such as
detecting contamination or degradation of samples.

6. Study of gene expression in non-model organisms, such as
studying the gene expression of a plant species which is not
well studied.




7. Study of the expression of viral genes in host organisms, such [

MR as studying the expression of viral genes in a host organism
B infected with a virus.
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Stranded & Unstrandec

A. Depiction of cDNA fragments from an unstranded library

Legend

L— Transcription start site and direction

— PolyA site (transcription end)

== Read sequenced from positive strand (forward)
== Read sequenced from negative strand (reverse)

C.Viewing strand of aligned reads in IGV

o 1204700 124490 10
1 1

Griffith (2015) doi:10.1371/journal.pcbi 1004393 CC-BY-2.5 30
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Sanger Sequencing
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ore about RNA-seq librar

(3) Adding TSO for second strand synthesis:

5'= AAGCAGTGGTATCAACGCAGAGTACATGGGXXXXXXXXXXXXXXXXXXXX(A)q
<== == = = CCEXXXXXXXXXXXXXXXXXXXX( T) 39 CATGAGACGCAACTATGGTGACGAA -5

(4) Adding ISPCR for single primer cDNA amplificati i.e i ive PCR ) 4

5'- AAGCAGTGGTATCAACGCAGAGT -====~ >
5'- AAGCAGTGGTATCAACGCAGAGTACATGGGXXXXXXX. . . XXXXXXX(pA)GTACTCTGCGTTGATACCACTGCTT
TTCGTCACCATAGTTGCGTCTCATGTACCCXXXXXXX . . . XXXXXXX(AT ) CATGAGACGCAACTATGGTGACGAA -5'
Caemmes) TGAGACGCAACTATGGTGACGAA -5'

(5) Nextera tagmentation on amplified cDNA (will create 9-bp gap):

https://teichlab.github.io/scg_lib_structs/

= ¥ X {\.

/7 e/ Y
+ F NN
Ve ¥ & (R
ufs 9 S| ) N\
v &y?'&c, .zo% X
( K& 2 Hp )
LS AN, % )
(& | { Qy O A
(o & r e Q, %)
L& ~— W 5, 9%
O\ S &_4\ 4 GC-],
<
Gy
O?,O
(&
2
o,
‘;\O
ROx
Product 1 (s5 at both ends, not amplifiable due to semi-suppressiev PCR):
§'- TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGXXXXXXXXXXXX . « . XXX CTGTCTCTTATACACATCT
TCTACACATATTCTCTGTC XXX. . . XXXXXXXXXXXXGACAGAGAATATGTGTAGACTGCGACGGCTGET -5°

acBio Real-time

Phospholinked hexaphosphate nucleotides

Limit of detection zone

Fluorescence pulse

INtensity m—

Epifluorescence detection

(4

44
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Data courtesy of Lindsey Shallberg (Hunter lab)
Berry, Amorim, Berry, Syrett, English, Beiting (2021) doi:10.1128/mBi0.01214-21
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RNA-seq differential expression studies: more sequence or
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How many biological replicates are needed in an RNA-seq
experiment and which differential expression tool should
you use?

TABLE 2. A summary of the recommendations of this paper

Tool recommended for:
(# good replicates per

condition) ¢
Agreement with other tools® WT vs. WT FPR? Fold-change threshold (T)¢ <3 <12 >12
DESeq Consistent Pass 0 - - Yes
0.5 - Yes Yes
2.0 Yes Yes Yes
EBSeq Consistent Pass 0 - - Yes
0.5 - Yes Yes
2.0 Yes Yes Yes
edgeR (exact) Consistent Pass 0 - - Yes
0.5 Yes Yes Yes
2.0 Yes Yes Yes
Limma Consistent Pass 0 - - Yes
0.5 - Yes Yes
2.0 Yes Yes Yes
cuffdiff Consistent Fail
DESeq2 Consistent Fail
BaySeq Inconsistent Pass
edgeR (GLM) Inconsistent Pass
DEGSeq Inconsistent Fail
NOISeq Inconsistent Fail
PoissonSeq Inconsistent Fail
SAMSeq Inconsistent Fail

Schurch, Schofield, Gierlinski, Cole, Sherstnev, Singh, Wrobel, Gharbi, Simpson, Owen-Hughes, Blaxter, Barton (2016)
doi:10.1261/rna.053959.115
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Gilad, Reanalysis
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- o O | e Kidney < v liver
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Testis @ pancreas
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® Il_bowel
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- T spleen
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50 100
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Yue et al. (2014) doi:10.1038/nature13992
Gilad and Mizrahi-Man (2015) doi:10.12688/f1000research.6536.1
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RNA-Seq
HlO|E Me| Djo| =2}l

57

Mapping/Alignment

De novo assembly Align to transcriptome

Reference
m =
"-'-f " [ =—= = fi— | Known gene
] = = s | models

Assemble transcripts from overlapping tags =
S |
- g & 5 # Short tags
=

———— Reference ; H
i — =]
Optional: align to genome to get exon structure Use Known andlor predicted gene models o

examine individual features

Reference

= 3} -~
- — W Short tags
m ! 1
-

Align to reference genome m

i:10.1038/nmeth1010-793 Infer possible transcripts and abundance 58
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Handling .,
. Gene 1(G1) Gene 2 (G2)
u I -
Approach to
- handle Read distribution representation Counts
m a Ip IO I n g multireads
Ignore | = - > o - R | e . —— G1: 10 reads .
g — = G2: 6 reads t
Vo o o o o oo o o 1 Vs omi oo e ome e e o 1 "L
Count once G1: 18 reads
per alignment G2: 14 reads
s G1: 14 reads
Splitthem G2: 10 reads
equally
Rescue. basled G1: 15 reads
on uniquely G2: 9 reads
mapped reads
Expectation- G1: 15 reads
maximization G2: 9 reads
Read coverage Gl S Teads
based
G2: 9 reads
methods
“—=_ | G1:10reads
Cluster —_— — == | G2:6reads
methods |== = e o= =Ty - - N Cluster G1/G2:
O e s 8 reads
u, Scott (2020) doi:10:1016/j.csbj.2020.06.014 59
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RNA-Seq reads
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e R e L == DD = =
=1 DDL:‘:':':'::', OO s E
=
— J— - T BB i
Align reads to Assemble transcripts
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Expression Estimation

Sample A Reads Sample B Reads

—_— 1
e

Difference in Sequencing Depth Difference in Gene Length

Sample A Reads
T o
A S

61

Differential Expressio
Analysis

Condition A Condition B

L AL % o -
.’, 5%
\ 7

RNA-seq

l

Differential expression analysis

Sample

s40484-016-0089-7 62
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Gene 15 expression

Gene 11expression

Downstream Analyses

Co-expression Network construction

~" . i
A ) E
b ol H
T
Safl 5 B
3 R=008 R=040
Gene 4 expression Gene 9 expression
s .~
5 ?

5,

gene

Potential disease Disease-associated
module

Guilt-by-association

Regulatory network
predictions / ’ \ identification

: Finding hub
; genes

le Magalhaes (2017) doi:10.1093/bib/bbw139

Module definition

PnipidnEisiggig

N,
g N

Differential co-expression
Enrichment analyses
analyses
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RNA-Seq
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- Wagner, Theories in Biosci., 2012
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# reads mapped to genomic region

RPM=

(total # reads)

(reads per million)

x 106

20| Xjo| 27

Sample A Reads
;- = et o TR =.'I'
. S 1

68
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20| Xj0] 273 ‘

_#reads mapped to genomic region
RPKM= (region length in kb) (total # reads)

(reads per kilobase,
per million reads)

x 106

69

RNAZIO|2} T Hlafigtnt

Leﬁective — Lactual - Lfragment + 1

transcript | ATGCGTAACATG | L actua=12 |L =10
fragment | NNN [ I—1 sffective =

ATGCGTAACATG

lish, Beiting (2021) doi:10.1128/mBi0.01214-21 70




20| Xjo| &7

_#reads mapped to genomic region
RPKM= (region length in kb) (total # reads)

(reads per kilobase
per million reads)

x 106

effective

71

RPKM2| E0|3t 2]

read counts from each gene

Gene A Gene B

100kb 50kb total reads

Sample 1

Sample 2

RPKM for each gene

Gene A Gene B Gene C Gene D Gene E
100kb 50kb 25kb 5kb 1Kb total RPKM

2000 10000 28400

Sample 1 8000

Sample 2 400 800 800 20000 800000 822000

Berry, Amorim, Berry, Syrett, English, Beiting (2021) doi:10.1128/mBi0.01214-21
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RPKM 4| 11X|7]

read counts

Gene A Gene B
100kb 50kb

Gene C Gene E
25kb 5kb 1kb

total reads

Sample 1 100

Sample 2 20 20 10 50 400 500
sust oz wx was | 0l 272 2212 Yzt

Gene A Gene B Gene C Gene E

100kb 50kb 25kb 1kb total RPK

Sample 1

Sample 2

Berry, Amorim, Berry, Syrett, English, Beiting (2021) doi:10.1128/mBi0.01214-21

RPKM 4| 11X|7]

TPM

Gene B Gene C

o e total TPM

Sample 1 281690 70423 84507 211268 352113 1000000

Sample 2 487 973 973 24331 973236 1000000

1

Gene B Gene C Gene D Gene E

50kb 25kb 5kb 1kb total RPK

SEGICAN 0.8/2.84 0.2/2.84 0.24/2.84 0.6/2.84 1/2.84 2.84
Sample 2 oMY/ 0.4/4M 0.4/41 10/41 400/41 41

Berry, Amorim, Berry, Syrett, English, Beiting (2021) doi:10.1128/mBi0.01214-21
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reads per Kb

TPM= total RPK in sample x 106

nglish, Beiting (2021) doi:10.1128/mBi0.01214-21 75

Gene A Gene B Gene C Gene D total TPM

100kb 50kb 25kb 5kb

Sample 1 281690 70423 84507 211268 352113 1000000

Sample 2 487 973 973 24331 973236 1000000

Berry, Amorim, Berry, Syrett, English, Beiting (2021) doi:10.1128/mBio0.01214-21
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MA Plots

Before normalization After normalization

5
: .
h.a_' Pypny S

0 ,q:'y_f .

-----

* Y axis: log ratio of expression level between two conditions;
* With the assumption that most genes are expressed equally,
the log ratio should mostly be close to 0

(Cornell University) 77
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Cell type

Ribo-Seq / Ribosome Pro

of interestO

| In vivo capture of translating ribosomes and mRNAs, lysis |

a Ribosome profiling

WAAAAAAAAAAA
%AAAAAAAAAA

Y N\

b mRNA-seq
TS " T AAAAAAAAAA

TS —" —— AAAAAAAAA

S " T AAAAAAAAAAA

e N
AAAAAAAAAA

High % of ORF covered
by ribosome footprints
——

Low density of footprints before start codons
and after stop codons (high inside/out ratio)

footprint reads

Ribosome

TS " —— AAAAAAAAAAAA

1 Random fragmentation

TN = T - T AAAAAAAA
S e e

R3O T —amammmamanama
| e

Codon periodicity

e s Ribosome —_— T —
B — —: - o AAAA
T e e e JOOIpIINES e s R RN
S TS TS AAAAAAAAAA

v

Library generation
\

Deep sequencing
A2

Library generation
\
Deep sequencing

AAGCTGCTTACGACCTGCATGCAG

3

8 g Y

: 4

£ & v b v
aE <
23 z
ZL 5" leader 3’ UTR [

A ' Codingregion A A Genomic position A
AUG Stop 5" transcript end 3’ transcript end

Genomic position (often indicates

transcription stop site)

(often indicates
transcription start site)

38/nrm4069 79

CLIP-seq / HITS-CLI

d RNA fr

= o

Immunoprecipitation or affinity RNA:
purification of protein-RNA complexes 5* 3%

| Preparation of cross-linked cell lysate |—>| Purification of specific cross

| Covalent protein-RNA cross-linking l

RBP ;UV
Cross-link

[ Ligation of adapter to fragmented RNA l
Most cDNAs truncate at cross-link sites:
AAA Adapter 3’
. L M
5 A read-through cDNA:

> 3 —————
}

| PCR and high-throughput sequencing I

[ Purification of protein-bound RNA by SDS-PAGE ] 1
l preclir;iTautri‘:r; _RBP Gortrol Bioinformatic determination
of binding peaks
RNase ++ + -
RNA fragmentation —-6— 4/\
10t - - ;—
H || —
. [ l Intron Cross-link % *x Exon
= Proteinase K digestion events—x © Xx

" — s !
= ! I Integration with complementary data I

s, Mukherjee, Staiger, Ule, Zavolan (2021) doi:10.1038/s43586-021-00018-1 80
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DIY.transcriptomics

By Daniel Beiti ng Welcome to DIY Transcriptomics
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Biostar Handbook
By Istvan Albert

O3 It 2 0|2+
Python?|dte| A&

Bioinformatics Zidt

Sequencing data preparation
Xili SEQUENCING DATA
Sequencing coverage

Accessing the Short Read Archive.
Automating access to SRA

How much data in the SRA?

Visualtzing sequencing data quality
Sequencing quality control
Sequencing adapter trmming
Sequence duplication
Advanced quaiity control

XV PATTERN

Sequence patterns.

Regular expressions.
Sequence k-mers
Introduction 1o akgnments.
Global and local aignments.
Misieading ahgnmants.

S0 you want to aign sequences

BLAST: Basic Local Aignment So.

S0 you want to use BLAST

BLAST use cases

https://www.biostarhandbook.com/

muittaceted tasks
How to perform an alignment with bic
Varify that the script works with

Bie align THISLING ISALIGNED

wil priot,
THESLT--NE
- TSATOND

The bie alien 100! is written in such a way that we may pass either text strngs or FASTA file names to

1. Let's obtan a different scoring matrix

get -nc f1p://tp.ncdh.alm.nih.gov

es/miosme

This s how we can use the custom scoring matrix.

Bio align THISLIMG ISALIGNED --watrix SLOSIROR

and that prints:

THES--L N
sz
1n the exampies beiow, we wil use hypothetical protemn sequences N and TSALIGND real

words that aiso happend 10 be valid peptde sequences. These sequances were first used for a simiar
Durpose, albelt in a different context in the book Understanding Bioinformatics by Marketa Zvelebi! and

83
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