Analyza genové exprese
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Rozdily v expresi genti mohou
mit velky vyznam

 humans and chimpanzees are 98.7% identical in their
genome sequences, but large tissue-specific
differences exist in expression — particularly in the
brain (Enard et al. 2002)




Analyza genové exprese

(1) Kvantifikace kandidatnich transkriptu
(2) Microarrays

(3) RNAseq (transkriptom)



Kandidatni geny - relativni
kvantifikace pomoci standardu
Méreni urovné exprese (napf. v ruznych typech
tkani nebo treatement vs. non-treatement atd.

MRNA - reverzni transkripce - cDNA - PCR

housekeeping geny — slouzi jako standard pro
mereni

stejny pocCet kopii ve vSech burikach

exprimované ve vsech bunkach, nezavislé na
experimentu



Srovndni mnozstvi PCR produktu na
elektroforéze

Figure 6 Lipopolysaccharide-induced exprassion of tgTLR4 in peritoneal
macrophages (A) incomparison with 185 RNA expression (B): 1, stimulated
both in vive and in vitro; 2, stimulated only in vitro and 3, unstimulated.



Studium kandidatnich gent - qPCR

o Amplification Curres .
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Microarray transcriptomics



Microarray analysis of transcriptome
(~ specific DNA hybridization)

*
*
*
b *
_ _ o Probe
Target (i.e. mix of transcripts in a (i.e. synthesized oligonucleotides
form of cDNA = mRNA prepsana complementary to particular genes)

do DNA reverzni transkriptazou,
tj. neobsahuje introny)



Sledovani exprese gent
(microarrays)

« Sledovani exprese mnoha (tisice) genu najednou
« Zalozeno na hybridizaci

« Sleduje se rozdil vuci kontrole ("heterologous
hybridization") = dvoukanalovy experiment

Co-hybridization
RNA preparation Labeling and signal
quantification

Experiment
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Vyhodnoceni chipu - analyza obrazu
(srovndni Urovné exprese mezi kontrolou a experimentem)

Komeréné dostupné pro kompletni transkriptom cca 25 druhu
(dalsi jsou rychle vyvijeny, i na zakazku)
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RNA-seq

Differential gene expression (DE)
studies in non-model species without
the need for prior genomic resources



Typical RNA-seq workflow

Experimental design
Careful experimental design that considers desired power in the context
of research aims, budget and biology is critical to ensure the validity of
biological conclusions and the reproducibility of results.

Sample acquisition and RNA isolation
Following sample aquisition, RNA is purified from preserved samples
using one of many available protocols.

Library preparation (~$300 USD/library)
Purified RNA undergoes size and/or type selection (e.g. ribosomal
RNA depletion or poly A selection) and is converted to cDNA. cDNA is
fragmented and sequencing adapters are incorporated. Unique
barcodes may be added to individual libraries for multiplexed
sequencing of several libraries per ‘lane’.

High-throughput sequencing (~$2500 USD/lane)
Libraries are sequenced by high-throughput sequencing technology
(typically lllumina), producing millions of short ‘read’ sequences from one
(single-end) or both (paired-end) ends of the cDNA fragments.

Bioinformatics processing and analysis
Data QC and read filtering: Raw reads are trimmed of sequencing
adapters. Low-quality base trimming and filtering of short and low-quality
reads may also be performed.

Read mapping: Reads are aligned to a reference genome or
transcriptome for each sample separately, resulting in a matrix of counts
(as expression information) for all genes/transcripts across all samples.
When a suitable reference is unavailable, reads are often combined for de
novo transcriptome assembly.

Differential expression: Tests for significant differential expression among
samples representing alternative treatment conditions results in a list of
candidate genes for further study.

Todd et al. 2016



RNA-Seq = sekvenovdni transkriptomu
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List of differentially expressed genes

Adapted from Zeng and Mortazavi, Nature Immunology 13 (2012)



RNA-Seq quantification

(RPKM = reads per kilobase per million reads)

Gene 1 Gene 2

E—— ———i

Actual Read Alignment to Alternative Splice Variants

Transcript 1 Transcript 2 Transcript 3 Transcript 4

Musi byt znam referencni transkriptom



RNA-seq commercially available
from 245 USD/sample

_Science PRODUCTS APPLICATIONS CONTACTUS Q SIGNIN C]
EXCHANGE

All Services RNA sequencing

Biology

Molecular Biology We found 59 labs offering this service with prices from $240.00 to $900.00 per sample.

99% positive ratings across 77 reviews.
RNA

RNA_Sequencing Starting at $295.00 USD per sample
services Technology Center for Genomics & Bioinformatics

: University of California, Los Angeles
RNA sequencin ‘ l A / P 9
q g Los Angeles California

90 Orders Completed

100% Positive
Filter by Country o 3 Endorsements
AF 1X50 sequencing with HiSeq3000
$295/sample pricing requires a minimum of 24 samples
Belgium
Canada $450 for 175 segencing with NextSeq500 (need at least 20 samples for this price)
Chile
STOREFRONT
China
France
Starting at $280.00 USD per sample
Germany Quick Biology
Pasadena CA

India

66 Orders Completed
Italy N EREELE 100% Positive

o 9 Endorsements
Korea, Republic of
RNA seq promotion (ends on Aug 30, 2016)
1. RNA seq for gene expression $280/sample (was $350/sample)
Russian Federation —10M reads, 50bp SE or 75bp SE sequencing with HiSeq4000 or NextSeq 500
—-$280/sample pricing requires a minimum of 12 samples for this price
——Including library preparation/QC

New Zealand

United States

2, RNA splicing/RNA editing/Fusion... Show more »

STOREFRONT

Starting at $823.00 USD per sample




Number of studies published
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RNA-Seq = sekvenovdni transkriptomu

RNA-Seq
workflow for
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List of differentially expressed genes

Adapted from Zeng and Mortazavi, Nature Immunology 13 (2012)

gene ontology
identifikace

funkce daného
genu



Gene O nTO l Ogy (http://geneontology.org/)

= functional annotation analysis

zaloZena na databdzich dostupnych anotovanych gent u
modelovych organismu

Cellular Component - the parts of a cell or its extracellular
environment

Molecular Function - the elemental activities of a gene
product at the molecular level, such as binding or catalysis

Biological Process - operations or sets of molecular events
with a defined beginning and end, pertinent to the
functioning of integrated living units: cells, tissues, organs,
and organisms.



Gene ontology as a graph

[ cellular_component | [ biological_process | | molecular_function |
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Example: A set of terms under the biological process node pigmentation.



Treatment Control

RNA extraction

of each sample

——
Micro-arrays Transcriptome sequencing
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Priklady



Mason and Taylor 2015
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Ng'oma et al. BMC Genomics 2014, 15:754
http://www.biomedcentral.com/1471-2164/15/754
RESEARCH ARTICLE Open Access

Transcriptome profiling of natural dichromatism
in the annual fishes Nothobranchius furzeri and
Nothobranchius kadleci

Enoch \Ig’o"na“ Marco Grohw‘ Roberto '4';1512‘ Matthias Platzer' and Alessandro Cellering’?"
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Konzistence vysledku
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Functional annotation clustering
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