Exprimované geny a
prirodni selekce
Produkty funkcnich geni a

jejich vyznam v ekologickych
studiich



Geny a adaptace

- studium selekénich tlakl danych prostredim a evolucni odpovédi
na né — vznik adaptaci, tj. geneticky podminéné prizplisobeni
se prostredi (vs. fenotypovad plasticita)

* napr. interakce s abiotickym prostredim




Pro¢ geny v molekuldrni ekologii?

Geny maji funkCni vyznam - geneticky determinovany
polymorfismus

-> studium proximatnich mechanismu

Pr.: Proc je samec hyla rudého ¢ervené zbarven?

ultimatni vysvétleni - aby se libil samicim a zplodil s nimi vice
potomku

proximatni vysvétleni - protoZze karotenoidy ziskané z
potravy ukldadd vice do pefi a méng je pouziva v imunitni
odpovedi (protoze ma dobré geny)



Funkéni vs. neutralni geneticka variabilita

kodujici DNA = funkéni geny

fenotyp
JpF‘ir'odni vybér

nekodujici DNA
(repetice, pseudogeny,

introny atd.) adaptace ke

specifickému
prostredi

97% lidské DNA nic nekddujel!!



Jak relevantni je informace ziskana z
genetickych dat

Priklad: 10 microsateliti
= neutrdlni znaky"

|

v populacné-

geneticka str a priori

v inbreeding nsg;rgglgr'ﬁk

v bottleneck prirodniho
vybéru

X adaptace

X proximdtni evolu¢ni
mechanismy



Struktura gent

*Exons - protein coding, under selection
*Introns - non-coding, neutral
*Intergenic regions - non-coding, neutral

| ) Exon Exon Exon Exon Exon
Intron Intron Intron Intron
] - - { A B, A L Pyt | N A Tt S A A { L D

Inton  EX°N |ntron Intron Intron

mRNA



Degenerovany geneticky kod

GCT B Alanine
GCA » Alanine
elele: ’ Alanine
GCG B Alanine
CCT ’
GGA »

- 3rd position evolves neutrally
- 1st and 2nd position under selection



Jak poznat, Ze na dany gen pusobi selekce?

* Fylogenetickd analyza (detekce na drovni sekvenci)

* Populacné-geneticka analyza (detekce na drovni
frekvence alel)



Jak poznat, Ze na dany gen pusobi selekce?

* Gene-tree versus species tree

Gene tree

Species tree

.......................................... population Spht

speciation complete

A B

Studium selekce - fylogeneticka analyza



Studium selekce - fylogeneticka analyza

* Gene-tree versus species tree

G"’"j<\ //<”62
- \3 |
A B C



Studium selekce - fylogeneticka analyza

* Gene-trees & Selection: The case of C4 photosynthesis

* Christin et al. 2007, Curr Biol
* PEPC gene
—~>C4 photosynthesis

Mesophyll
cell

Bundle-
sheath
cell

Pineapple

© CO, incorporated [ = = | Night
into four-carbon m
organic acids | |
(carbon fixation)

Day
) Organic acids

release CO, to
Calvin cycle
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GCT
GCA
GCC
GCG
CCTL
GGA

Selekce na uUrovni sekvenci

2 2 4 4 <

Alanine
Alanine
Alanine

Alanine

—

m—

e

Synonymous
substitutions dS

Non-synonymous d
o N
substitutions



Selekce na Urovni sekvenci

- Testing for selection: dN/dS

dS Rate of synonsymous substitutions, ‘neutral’ evolutionary rate

dN Rate of non-synonsymous substitutions

-dy/ds =1 as many syn as non-syn substitutions - neutral evolution
dy/ds <1 less non-syn than syn substitutions - purifying selection

dy/ds >1 more non-syn than syn substitutions - positive selection
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Andropagoneae
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Major histocompatibility complex (MHC)

Burika nabizejici antigen spusti imunitni odpovéd

Oblast rozeznavajici antigen

N\

Cytosol

Class I Class 11



Studium selekce - populacné-geneticka analyza

Srovnani populaéné-genetické struktury na MHC genech a neutrdlnich znacich
(mikrosatelity)

migrace migrace
nahodny drift nahodny drift

‘ Ll el ‘MHC — pokud nepusobi selekce

P

migrace migrace migrace
nahodny drift nahodny drift nahodny drift

selekce selekce

N e N e N e

MHC ‘ MHC

neutralni znaky diverzifikujici selekce balancujici selekce

Je mozno kvantifikovat napr. pomoci Fgr



Dikaz prirodniho vybéru v sou¢asnosti:
analyza popula¢né-genetické struktury

- Srovnani neutralnich znakti a MHC

o @/

] o OO
gl
> ‘ (
Canton Nozeroy SR 7
(pohoti Jura, © ° i }
, . o * . L
région Franche- f . .
Com‘ré) o .
O P ]

Y (meters)
202000 204000 206000 208000 210000 212000
l

878000 880000 &82000 884000 886000 888000 830000

Hmeters)

Studované lokality - 7 populaci ve

stejné fdzi populac¢niho cyklu _
Bryja et al. 2007, Molecular Ecology



- 2001-2003: faze rustu populaéni hustoty
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Diferenciace populaci v pribéhu ristu

denzity

0.06

0.04

Fst

0.02

0.00

*

O\

N

N

*

—e— DQA
—=8— DRB

—A— msats (17 loci)

2001 2002

2003

*
Signifikantni rozdil DQA1 vs. mikrosatelity

Pokles diferenciace s ndrlstem denzity (ndrlst disperze, tj. toku geni)

MHC (zejména DQAL1) - signifikantné odlidné od mikrosateliti

Bryja et al. 2007, Molecular Ecology



Zavér: Typ selekce na MHC zdvisi na poCetnosti populace

Nizkd denzita Vysoka denzita
Ndrust diverzity
parazitl v disledku
disperze

Lokdlni rozdily ve
spoleéenstvech patogent

Lokalni diverzifikujici sl = e
selekce Balancujici selekce

Bryja et al. 2007, Molecular Ecology



Metody studia funkéni variability

1. Sledovani kandiddatnich gent

2. Genomické pristupy (mnoho gent
najednou)



pytlous
Chaetodipus intermedius

Hoekstra, Nachman et al.
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Pinacate Avra Valley Portal Armendans

+  Tmavé a svétlé zbarveni
» Odpovidad barvé prostredi (tmavé zbarveni na ldvé)




Arizona
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Korelace zbarveni
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. Arizona, USA —

Percent reflectance (%)
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MCI1R u ¢lovéka, mamuta a dalsich

« U Cloveka zrzave vlasy a neschopnost se opalit
« Zbarveni krav, konu a psu
* Vyskyt dvou odliSnych variant u mamutu

A .l‘xl e S extracellular
."'-":I T oy
mammioth
allele 1
N
. silent
H.', sl axtraceliular
Thrz‘ MH .‘-I .!H!.:."\. = ™y
mammoth
allele 2
| @)
1




Measuring of expression - qPCR

Relative comparison of quantity of particular
DNA, e.g. level of specific gene expression e

(i.e. particular RNA = cDNA) (e.g. comparison ™ num:giﬁll:'_j!!“J
of different tissue types, elevations, it yirys
treatement vs. non-treatement etc.) - [T
. ISISEE!
housekeeping genes — use as standard for = {404 4
quantification i SIE N
3488 B / ? ‘;
same number of copies in all cells (e.g. genes encoding "1 | ?] .;" :H /
proteins of cytoskeleton) = {2l 7 )

nﬂ o .. ‘. ’, &
constitutive genes - expressed in all cells, independent on |
experimental treatment ’ ’

validation of housekeeping genes should be performed
before their use in gene expression experiments



Sledovani mnoha gent najednou
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Exome-Seq

Targeted exome capture 5
« targets ca. 20,000 coding np—— |
sequences Adapte: tomion

» high depth of coverage for more —
accurate variant calling —_— —

Rasmniowal of winiiosing
fragmants
-Nlmblegerl
-Agilent
=lllumina

ML AlaCf Deind) s Dy



Transcriptomics - analysis of mRNAs

1. microarrays
2. RNA seq (NGS)



1. Analysis of gene expression
by microarrays

Ranz JM, Machado CA: Uncovering evoutionary patterns of gene
expression using microarrays. TREE, 21(1): 29-37



Microarray analysis of transcriptome
(~ specific DNA hybridization)

¥ AG
I o,

*

%

*

*

* Probe (i.e. synthesized oligonucleotides
Target (i.e. mix of transcripts in a complementary to particular genes)
form of cDNA = mRNA prepsand do
DNA reverzni transkriptdzou, 1j.
neobsahuje introny)



Sledovani exprese gent
microarrays .

- Sledovdni exprese mnoha (tisice) gent najednou
*  ZaloZeno na hybridizaci

- Sleduje se rozdil vi¢i kontrole ("heterologous _ Affymetrix
hybridization") = dvoukandlovy experiment Agilent Technologies

Co-hybridization
RNA preparation Labeling and signal
quantification

Experiment

e

Reference




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

- komeréné dostupné pro kompletni transkriptom cca 25 druhi (Affymetrix)
(dalsi jsou rychle vyvijeny, i na zakdzku)
- celkové ale microarrays ustupuji pred RNAseq



Populus
trichocarpa x deltoides

a Malacosoma disstria vourovec
Ralph et al. 2006

cDNA microarray
e 15496 genl > % genomu

* Po 24 hodinach
1191 genti up-regulated
537 down-regulated

* Obrana: endochitinazy, inhibitory
proteaz

* Signalni funkce

» Transport, metabolismus, regulace
transkripce



2. RNAseq
(..high-throughput sequencing of cDNAs")



RNA-Seq workflow for gene expression analysis

Fragmented mRNA
|

1 Construct library

cDNA

-_— @@ |
b I

!

Sequence
Quantitation New transcript
- discovery
- -
— -—
-
Map reads onto
the genome l
-
_:_ . e [ B —
—- . —
Calculate RPKM l l
— I —
[ I
——

2 RPKM 1 RPKM 1 RPKM

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

The reference transcriptome is required



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

= functional annotation analysis

zaloZena na databazich dostupnych anotovanych genud 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.



«)> C o © 4 geneontology.org aee pg A\ @ =
¥ Nejnavitévovangsi (@) Getting Started  #8 BIOSEE = View Forum ... @) Administrace ) http://foxivb.cz/admi.. (D Genepop on the Web
GE"E&E;ELPGY About Ontology Annotations Downloads Help 0 v §

THE GENE ONFOLOGY{fRESOMIKRCE

The mission of the GO Consortium is to develop a comprehensive, computational model of biological
systems, ranging from the molecular to the organism level, across the multiplicity of species in the tree of life

The Gene Ontology (GO) knowledgebase is the world's largest source of information on the functions of genes.

This knowledge is both human-readable and machine-readable, and is a foundation for computational analysis of
large-scale molecular biology and genetics experiments in biomedical research.

GRS

O Any @ Ontology ® Gene Product

Ubiquitin-protein
ligase activity

The network of biological classes describing
the current best representation of the
“universe” of biology. The molecular functions,
cellular locations, and processes gene
products may carry out.

Statements, based on specific, traceable
scientific evidence, asserting that a specific
gene product is a real exemplar of a particular
GO class.

GO Enrichment Analysis @

Powered by PANTHER

biological process

Homo sapiens

GO Causal Activity Model (GO-CAM) provides
a structured framework to link standard GO
annotations into a more complete model of a
biological system

Examples

0D IDs

~ £ TOOL & GUIDE
? I

Tools to curate, browse, search, visualize and
download both the ontology and annotations.

Bioinformatic Guides (Notebooks) and simple
API access to integrate GO into your research

Example of GO annotation: cytochrome c

* molecular function: oxidoreductase activity

» biological proces: oxidative phosphorylation

» cellular component. mitochondrial matrix

Launch »




Examples



Jaka je droven exprese v riznych tkanich?

a} 3 T
9%
O Regulation of transcription

A% ge

O

f - srdeéni, ¢ervend a bild svalovina

“\ - rozdily v expr'e5| 113, 81 a 196 gent
- rozdily jsou zpusobeny tkarove specifickym sTupnem endo‘rer'mle

O Transport

OMetabolism

E Protein binding

OProfein bicsynthesis
OLipid metabolism

B Carbohydrate metabolism
O MA

ORegulation of cell cycle

B Ubiguitin

BMuscle development
ORegulation af transcriplion
OProfein folding
OMelabolism

OTranspart

OPFrofein bicsynthesis
oA

Fig. 1 Percentage of total up-regulated genes identified in the
Gene Ontologies (Biological Process) of ventricle (a), red muscle
(b} and white muscle (c).

{b)

20%

B Glycalyss

ELipid metabolism

B Muscle development

A Profein binding

OCeall adhesion

O Metabalism

B DA Binding

O Aming achd phosghargation
O Transpaorl

ON/A

o Ehl".JE}'I'It""_*’EIS

B Nucleotide metabalic process
B Call cycle

O Protaclysis and paplidolysis
H Muscle |h:-t|.-|:>|>|'|-::r|'.

O Transpart

B Carbohideale metabalism

O WA

Fig. 2 Percentage of total down-regulated genes identified in the
Gene Ontologies (Biological Process) of ventricle (a), red muscle
b} and white muscle (c).

quantitative real-time PCR

]

Vanln—le Red muacle White muscla

Fig. 3 Relative gene expression level of candidate gene Hsp?0 in
cold-stressed Thunnus orentalis (1 = 7) determined by quantitative
real-time PCR. Expression levels were normalized to the howse-
keeping gene f-actin. (*) Significant values between means,

vliv aklimatizace k
chladu (20° vs 15°C)



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’?"

+ cca 334 milidnt
sekvenci (,reads"); 42
mil./sample

-+ 210 DEGs
(.differentially
expressed genes") -
119 up-regulated, 91
down-regulated u
Zlutych jedinc

xanthophory = melanophory
erythrophory
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Colour key
and histogram
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hierarchical clustering of
expression level
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Mason and Taylor 2015
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COMMUNICATIONS

Sequencing of 73
genomes of all

ARTICLE M) Chook for updiates

no ] OPEN

A supergene underlies linked variation in color and

o 1) . . .
-rh morphology in a Holarctic songbird
ree "S p ec l es Erik R. Funk® "™, Nicholas A. Mason?, Snaebjérn Palsson® 3, Tomas Albrecht@® 45, Jeff A. Johnson® © &
Scott A. Taylorm !
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expression data Inversion genotype

+  ~b5-Mb inversion of chromosome 1 (., supergene™)

+  multiple candidate genes related to melanogenesis, carotenoid coloration, and
bill shape

* latitudinal gradient in ecotype distribution - balanced polymorphism of
supergene haplotypes



Zaver
* Molekuldrni ekologie se rychle vyviji

* Metody se zdsadné vylepsuji a méni

» Co platilo dnes, nemusi platit zitra - tésme
se tedy na zitrek



