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Genomics
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Genomics (2)
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Between genes and proteins (functions)...
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Transcripts
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RNA vs. DNA

" RNA is single stranded, folds ™ Uracil vs. thymine
into different structures
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Different classes of RNA

" mMRNA:
messenger RNA

" tRNA:
transfer RNA

" rRNA:
ribosomal RNA

® rRNA is the most abundant: Translation

>80% of total RNA
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Traces of RNA world

(a) snoRNA fragments (SdRNAs) (b) tRNA fragments (tRFs and tiRNAs)

Leader Trailer
Pre-tRNA
.
. m I RN A u ... and unknown D loop Tloop
[] factors
Anticodon loop

5' 5113
m i C r O R N A H/ACA box snoRNA C/D box snoRNA Leaden’lraller removed
. g

(c) Vault RNA fragments (svRNAs)

" SiRNA: 5
short interfering RNA S < &

| SN ( o) ) R N A . [ Several svANAS detected r\_J

Other fragments tRF-5

small nucle(ol)ar RNA —
possibly poss E?d?’l-lsg:jcai:ic e
- I n C RN A : - :'c;sé::;ms :h::eP RNA

. appropriate fold  component tiRNAs (half-tRNAs)
long non-coding RNA
(e) mRNA fragments

(. -
[ | 1 . —
p I - mRNAs can form dupl with pl Y transcripm
Pasha

piwi-interacting RNA

5‘4 _3'

mRNA with short hairpin
(resembles pri-miRNA)

Angiogenin
or Rny1
(stress)

LI N
siRNA miRNA machinery

WAGENINGEN UNIVERSITY R miANA

- 4
TRENDS In Genetics

WAGENINGENN:H



Pervasive transcription
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" ENCODE project: >80% of human genome is transcribed
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MRNA processing

" Pre-mRNA is spliced to form mature mRNA,
capped (5') and polyadenylated (3')

(In prokaryotes, only the latter occurs)
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Alternative splicing

" In eukaryotes, one gene can result in different mRNA
transcripts: isoforms

Exon skipping/inclusion  — -
Alternative 3’ splice sites = :._
/\
Alternative 5’ splice sites = : I
Mutually exclusive exons = Y — ——
_\/_1
Intron retention — :_

‘[:] Constitutive exon : Alternatively spliced exon‘
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MRNA structure
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Translation

" Ribosome (rRNA) uses transfer RNA (tRNA)
to translate mRNA into a protein




Why measure mRNAS?
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Why measure mRNAs? (2)

" But mRNA levels often do not correlate with protein levels
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MRNA measurement

" Transcript measurements:
® is a specific transcript present?
e and at what concentration?

" Transcriptomics:
e what transcripts are present?
e and at what concentrations?

" Note: mostly averaging over large numbers of cells,
but single-cell analysis gaining traction
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How to measure mRNAS?

® Before 1995:
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How to measure mRNAs? (2)

" gPCR
® quantitative polymerase chain reaction
e targeted, only a few genes at a time

" Microarrays
e hybridization using DNA probes
e targeted, genome-wide
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Microarrays

" Widely used for gene
expression profiling
since 1995

" DNA probes fixed to
a surface ‘catch’
specific DNA/RNA
molecules that are labeled

" The amount of label is
measured by fluorescence
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Microarrays (2)

Unhybridized

/ labeled cDNA \
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 Two-color cDNA arrays: « Single-color oligo arrays:

« 500-1000nt probes  multiple 25-60nt probes

« competitive binding * intensity:

« color: relative expression, absolute expression

intensity: absolute expression

WAGENINGEN UNIVERSITY
WAGENINGEN [N




Microarrays (3)
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Example: breast cancer subtypes
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Microarray compendia

CeD

Gene Expression Omnibus

GEO Publications FAQ = MIAME  Email GEO

NCBI » GEO » Summary

Public holdings
Series | { Platforms \ I Samples \ I Organisms | { History y

Series type Count
Expression profiling by array 54,235
Expression profiling by genome tiling array 730
Expression profiling by high throughput sequencing 19,153
Expression profiling by SAGE 238
Expression profiling by MPSS 20
Expression profiling by RT-PCR 589
Expression profiling by SNP array 14
Genome variation profiling by array 748
Genome variation profiling by genome tiling array 1,409
Genome variation profiling by high throughput sequencing 110
Genome variation profiling by SNP array 1,214
Genome bindina/occunancy profiling by arrav
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Login
Total holdings
Public Unreleased Total
Series 98,871 11,894 110,765
Platforms 18,572 238 18,810
Samples 2,513,999 373,870 2,887,869



Microarrays (4)

+ Highly standardized
+ Relatively cheap

- Gene sequence/structure should be known
- Cannot detect new genes, isoforms
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MRNA sequencing

" SAGE

e serial analysis of
gene expression

® genome-wide,
reference-based

" RNA-seq
e NGS-based

e untargeted, genome-wide

e affordable

WAGENINGEN UNIVERSITY
WAGENINGEN [N

| —
T
-y
-
= - — L —
p— - .
P -y Em
- Jm" = -

e e
1 _
RNA fragments

CoE—— ) | o= ) = =

ATCACAGTGCCACTCCATARATTTTTCT

CGAAGGAC
GGACAGAGTCC

CAGCAGARACGAGAEEN

CCAGCGGGCTGAMGGES

ATOARACATTAAACTCARACAATATGAR

ORF
Nnce m

.......

5% Exonic reads

= f -

- dsl e e ERRe S S e
nction rea R — O —

= =t o
= — e

Short sequence reads

poly[A) end reads
Mapped sequence reads




Take-home

" There are many types of RNA molecules

" The genome is pervasively transcribed,
but mostly we are interested in mRNAs

" Transcript measurements are used as proxies
for protein levels and subsequent functions

" Microarrays are still widely used as they are cheap
and standardized, but require a genome

" RNA-seq is the current method of choice, particularly
for unsequenced genomes and for isoforms
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