MODULARIZACE VYUKY EVOLUCNI A EKOLOGICKE BIOLOGIE
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Exprimované geny a
prirodni selekce
Produkty funkénich gent a

jejich vyznam v ekologickych
studiich
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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 = funk¢éni geny

fenotyp
l prirodni vybér
nekodujici DNA (repetice,
pseudogeny, introny atd.)
adaptace ke
specifickému
prostiedi

97% lidské DNA nic nekdduje!!!



Jak relevantni je informace ziskana z
genetickych dat

Priklad: 10 microsateliti
,,nheutralni znaky*“

v" popula¢né-

geneticka strukf a priori
v inbreeding nezltralmrk
pusobeni
v bottleneck pifrodniho
vybéru

X adaptace
X prezivani

97% lidské DNA nic nekdduje!!!



Struktura gent

*Exons -> protein coding, under selection
*Introns —> non-coding, neutral

Intergenic regions - non-coding, neutral

Intron Intron Intron

Intron

R

mRNA



Degenerovany geneticky kod

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

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




Studium selekce - fylogeneticka analyza

*Gene-tree versus species tree

Gene tree

Species tree

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

speciation complete



Species-trees

*Gene-tree versus species tree
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Studium selekce - fylogeneticka analyza

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

*Christin et al. 2007, Curr Biol
*PEPC gene
e —>(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 <
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Selekce na Urovni sekvenci

*Testing for selection: dN/ dS

dS Rate of synonsymous substitutions, ‘neutral’ evolutionary rate

dN Rate of non-synonsymous substitutions

d/dg =1 as many syn as non-syn substitutions = neutral evolution
d/dg <1 less non-syn than syn substitutions -2 purifying selection

d\/d¢ >1 more non-syn than syn substitutions —> positive selection
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PEPC gene

12 codons with dy/dq > 1

Sequences of unrelated but
ecologically similar species
more similar at these
positions than they are in

related species.

—> convergent evolution!

Christin et al. 2007, Curr Biol



Metody studia funkéni variability

1. Sledovani kandiddatnich gent

2. Genomické pristupy (mnoho gent
najednou)



pytlous
Chaetodipus intermedius

Hoekstra, Nachman et al.

1
X Arizona New Mexico

rock color I |
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Pinacate Avra Valley Portal Armendans

e Tmavé a svétlé zbarveni

* Odpovida barvé¢ prostredi (tmave zbarveni na lave)




Arizona

Korelace zbarveni
s prostiedim 1 na mal¢ Skale

Percent reflectance (%)

mtDNA nekoreluje se zbarvenim

Sekvenovani kandidatnich genti
(znamych z inbrednich mysi)
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MCIR u ¢lovéka, mamuta a dalSich

* U cCloveka zrzave vlasy a neschopnost se opalit
e Zbarveni krav, kont a pst
e Vyskyt dvou odliSnych variant u mamutt

extracellular
mammioth
allele 1
F S
A ] — axtracallular
Thr' Ala J.'I ,n:}.h ™
mammoth
allele 2
1
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Urine streak presented as stimulus
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Mus musculus

Znaceni teritorii pachovymi znaCkami (kapky moci)

PieznacCkovavani

V moci proteiny vazici volatilni molekuly




B Mouse Rat
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Major histocompatibility complex (MHC)



Antigen-specificka imunitni odpoved

INFIKOVANY MAKROFAG

Intrac,alularni
paraziti ve
vakuolach

Eathogen

APC (DENDRITICKA BUNKA)
Antigen (bakterie)

Pohlceni
a zpracovani
antigenu



Antigen-specificka imunitni odpoved

INFIKOVANY MAKROFAG |

Intracelularni
paraziti ve
vakuolach

Prekurzor TH

**. **.Pathogen

APC (DENDRITICKA BUNKA)
Antigen (bakterie)

Pohlceni
a zpracovani
antigena

Prekursor TH




Antigen-specificka imunitni odpoved

INFIKOVANY MAKROFAG

Intracelularni
paraziti ve
vakuolach

IL-12
v, Sekrece
% e, IFN-y
APC (DENDRITICKA BUNKA)

Antigen (bakterie)

Pohlceni
a zpracovani
antigena

Prekursor T,_|




Antigen-specificka imunitni odpoved

AKTIVOVANY MAKROFAG co4

Sekrece cytokind P s
a antibakterialnich latek Z

Prekurzor T T[:
<
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“\\_ oi —) | DUNECNA cytotoxicita

Likvidace
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.. \ Sekrece Q
* PR . IFN-y
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Pohlceni
a zpracovani
antigena

Prekursor T,_|




Antigen-specificka imunitni odpovéed

AKTIVOVANY MAKROFAG co4
Likvidace Sekrece cytokind o
parazita a antibakterialnich latek &

Prekurzor TH

IL-12
e \ Sekrece G'-
e e, FN-y ~——
. **.Pathogen
APC (DENDRITICKA BUNKA) KLON ZRALYCH T, 2

Antigen (bakterie)

Pohlceni
a zpracovani
antigend

Prekursor T




Antigen-specificka imunitni odpoved

parazitt

AKTIVOVANY MAKROFAG co4
(R TeR
Likvidace Sekrece cytokind e LAt
a antibakterialnich latek Z

Prekurzor TH
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——~ apamétové B
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Prekursor TH
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Evolucni ekologie: Kdo a jak rozpozna parazita ?

AKTIVOVANY MAKROFAG

Sekrece cytokind
a antibakterialnich latek

Likvidace
parazitt

Prekurzor TH

cha cytotoxicita

IL-12

IFN-y

KLON ZRALYCH T 1

**. **.Pathogen

CD4 | KLON ZRALYCH T, 2

APC (DENDRITICKA BUNKA) A TCR Antigen

( < LFA-1 ;
Antigen (bakterie) — (bakterie)
CD40L

Pohlceni .

a zpracovani Proliferace,

antigenu diferenciace
Signallzace  Na plazmocyty

——~ apamétové B

B LYMFOCYT

el P [ O i A K Y




Major histocompatibility complex (MHC)

MHC f¥idy T MHC téidy II
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Major histocompatibility complex (MHC)

Oblast rozeznavajici antigen

N\

G00é >000 L
\
> Cytosol o0~
L — -00C



Funkce MHC: rozeznani a prezentace cizorodého antigenu

MHC Class | + Peptide

TAP1 TAP2

MHC Class |



Funkce MHC: rozeznani a prezentace cizorodého antigenu

MHC Class I
el Weseis makrofagy, dendritické buriky aj.
MHC Class | 'V N |

vSechny bunky s jadrem

“TAP1 TAP2

MHC Class | MHC Class Il



Bunka nabizejici antigen spusti imunitni odpoved

AKTIVOVANY MAKROFAG

Sekrece cytokind
a antibakterialnich latek

Likvidace
parazitt

Prekurzor TH

cha cytotoxicita

IL-12

IFN-y

KLON ZRALYCH T 1

**. **.Pathogen

CD4 | KLON ZRALYCH T, 2

APC (DENDRITICKA BUNKA) A TCR Antigen

( < LFA-1 ;
Antigen (bakterie) — (bakterie)
CD40L

Pohlceni .

a zpracovani Proliferace,

antigenu diferenciace
Signallzace  Na plazmocyty

——~ apamétové B
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Jak zjistit, ze je MHC pod selekci?



Major histocompatibility complex (MHC)

Oblast rozeznavajici antigen (antigen-binding sites)

Class I Class 11



Je variabilita MHC dusledkem
prirodniho vybéru?

Pozitivni selekce - vytvoreni a udrzeni velkého mnozstvi funkcnich variant

. . Species Z
Trans-species polymorfismus

- vyhodné alelické linie
pretrvdvaji i po oddéleni druht

Limitation of

) . " VY gene flow
- .gene tree” vs. ,species tree
Speciation
T L 3 . Cessation of
/ , , /\\ \ \gene flow

Species X Species Y




Fylogeneticka analyza MHC sekvenci
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Pozitivni historicka selekce na MHC Class II

antigen-binding sites

1) Pomér nesynonymnich a dN/dS | ABS Non
synonymnich mutaci (dN/dS) na ABS
riznych pozicich MHC molekuly
o DRB 5.25 3.00

DQA 3.16 0.33

2) Detekce aminokyselin pod pozitivni
selekci - Bayesian modelling ABS
(CodeML) .
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Amino-acid position

Sipky ukazuji ABS mista identifikovand na zdkladé krystalografického modelu DQA proteinu u mysi



Dukaz a mechanismus recentni selekce

* Srovnani populacné-geneticke struktury na MHC
genech a neutralnich znacich (mikrosatelity)

* Asociace MHC genu a vyskytu parazitu



1) Analyza populacné-genetické struktury

« Srovnani populacné-genetickée struktury na MHC genech a
neutralnich znacich (mikrosatelity)

migrace migrace
nahodny drift nahodny drift

‘ neutralni znaky ‘ MHC

P

migrace migrace migrace
nahodny drift nahodny drift nahodny drift

selekce selekce

N e W e W e

MHC ‘ MHC

neutralni znaky diverzifikujici selekce balancuijici selekce




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

- Srovnani neutralnich znakti a MHC

] o OO
s |
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Studované lokality - 7 populaci ve

stejne fazi populacmho Cyklu Bryja et al. 2007, Molecular Ecology
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Diferenciace populaci v prubéhu ristu

denzity

Fst

0.06

0.04

0.02

0.00

*

O\

NN

N

*

—e— DQA
—8— DRB

—4— msats (17 loci)

2001 2002

2003

*
Signifikantni rozdil DQA1 vs. mikrosatelity

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



Jaké jsou mechanismy prirodniho vybéru pro
udrzeni vysoké variability MHC?

* Hypotéza vyhody heterozygotu
(= ,,overdominance hypothesis*)

* Vyhoda vzacne alely (= selekce negativné
zavisla na frekvenci)



Vyhoda heterozygotil - maji 2x vice alel

nez homozygoti, tj. mohou rozeznavat 2x vice patogent

Clovék - rychlost vyvoje +  Dva druhy ryb -

onemocnéni HIV nebo heterozygoti maji
hepatitidy B je vyssi prezivani pri
asociovdna s MHC umelém vystaveni
heterozygotnosti virim a helmintiim

1.0

08

Pravdépodobnost vyskytu ptaci
maldrie roste s po¢tem MHC alel - £
vysokd variabilita = vysoka
pravdépodobnost preziti akutni

faze

0.6

04

0.0

MHC

*  Nejednoznacné vysledky v mnoha dalsich prikladech
*+  Teoretické modely tuto hypotézu nepodporuji ...



Vyhoda vzacné (vgyhodné) alely

Dynamicka koevoluce mezi hostitelem a parazitem (= hypotéza
.Cervené krdlovny") = selekce negativné zdvisla na frekvenci



Vyhoda vzacné (vyhodné) alely
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Vyhoda vzacné (vgyhodné) alely

H VA NV AVANAVANYAY,
g | + Zda se byt pravdépodobne; j8i nez ,vyhoda
¢ | heterozygotd"

* Nutno prokazat, Ze skutecne dochazi k
_ . Casovym zméndm ve frekvenci alel a paraziti -
N | dlouhodobé studie neexistuji !l

Cas



Asociace MHC genu a parazitu

vaji¢ka Nematoda v trusu

0,18 4
016 cerné — infikovani
0.14 - s . . ’

bilé — neinfikovani l

0,12 +
0.10 1

0,08 4

Frequency

0.06 4

0.04 1

0.02

Gerbillurus paeba
o2 '3 "4 Y5 "B *7 "8 ‘9 10 *11 *12 *13 *14 *15 *16 *17 *18 (Harf&Sommer, Mol. Ecol. 2005)
DRB-=alleles

0.00 +

www.nafurfoto.cz

Microcebus murinus Apodemus flavicollis

(Schad et al., Evolution 2005) (Meyer-Lucht & Sommer, Mol. Ecol. 2005 )

- Velké mnozstvi testq, riziko "false positives" — vyuZziti vicerozmérnych meto
Velk stvi test ko "false positives" — vyuzit ych metod



Pr. Arvicola terrestris — hryzec vodni

anton Nozeroy (pohori
Jura, région Franche-Comté)
« 6 populaci, 3 roky

* témér kompletni parazitologicka
analyza (véetné nékterych vird)

* vicerozmérné analyzy

SSCP Iy
f ??\: e 0"“0 Y Z? -
D X 1

§

Tollenaere, Bryja, et al., Journal of Evolutionary Biology (2008)



Analyza koinercie (co-inertia analysis)

FZ 1Ll o 06
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Alely DRB-11 a DRB-15 maji antagonisticky efekt
vzhledem k Trichuris arvicolae a k celkové diverzité
parazitd

Tollenaere, Bryja, et al., Journal of Evolutionary Biology (2008)
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ELSEVIER,

Is MHC enough for understanding wildlife
iImmunogenetics?

Karina Acevedo-Whitehouse and Andrew A. Cunningham

Institute of Zoology, Regent's Park, London, NW1 4RY, UK

.Mapping and association studies have revealed that
approximately half of the genetic variability for
resistance to infection is attributable to non-
MHC genes, suggesting that MHC-independent
immune responses also undergo host-pathogen
coevolution.” Acevedo-Whitehouse & Cunningham 2006



Sledovani mnoha genu najednou
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Transkriptomika

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
x ey,
S
RN
>
¥
* *
Probe (i.e. synthesized
Target (i.e. mix of transcripts in a oligonucleotides
form of cDNA = mRNA prepsana complementary to particular

do DNA reverzni transkriptazou,

tj. neobsahuje introny) genes)



Sledovani exprese gentl
microarrays

Sledovani exprese mnoha (tisice) genil najednou

ZaloZeno na hybridizaci

Sleduje se rozdil viici kontrole ("heterologous hybridization")

= dvoukanalovy experiment

Co-hybridization

RNA preparation Labeling and signal
quantification

Experiment
NN NN\
Ve VA Vg AN\

Reference

NN\ NS\
—> AN > A\
NN\ VAVl




Vyhodnoceni chipu — analyza obrazu
(srovnani urovné exprese mezi kontrolou a experimentem)

Komercné dostupné pro kompletni transkriptom cca 25 druhii (Affymetrix)
(dalsi jsou rychle vyvijeny, 1 na zakazku)



2. RNAseq



Cost per Human Genome

M
100,000.00

13 years
" ~$3,000,000,000
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RNA-Seq workflow for gene expression analysis

Fragnﬂlented mRNA

l_ Construct library

cDNA

e ————— e —————————

!

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

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 1s required



Priklady
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Case study: Joop Ouborg et al.

Transcriptional profiling of inbreeding depression and genetic erosion in
Scabiosa columbaria: the balance between genetic drift and selection in the
genetic erosion process.




Example: inbred
roots mall poj

Scabiosa columbaria
shoots ;—»Iarge pop

outbred

I—»cDN

‘_L,"'-’_.,'_Qi‘%-:___’_, 530.000 sequences
454 L | |t g | - in one run, leading
to ~ 40.000 ESTs
_ \
Agilent eArray
15k — 30k
Agilent Technologies 6Q_mer
S microarrays

Experiment: transcriptional profiling of inbreeding depression




Annotation of these 40.000* ESTs (,expressed

Automated programs available, like BLAST2GO (
just feed a file with the ESTs into the program, and turn it on......
1 week later you will have the results, being:

. Homology with known sequences

. Known function

The sequences may also be searched for:
EST-associated SSR markers: MISA ( )

SNP markers: SNP-mining software like PolyBayes
( )

Again by using search software, freeware

ALMOST HALF OF GENES (ESTs) ARE UNKNOWN !


http://www.blast2go.de/
http://pgrc.ipk-gatersleben.de/misa/
http://pgrc.ipk-gatersleben.de/misa/
http://pgrc.ipk-gatersleben.de/misa/
http://genome.wustl.edu/tools/software/polybayes.cgi

1. Design of quantitative RealTime-PCR methods, bas
sequences

2. Design of a Scabiosa specific microarray

| = AmplifitationPhit =———— =
. Amplification — e-mye 7 GAPDH 2-tube
01 g —Samples
3 b JoE - £4 |:| |~
100 o [ o - £5 [ ]E
3 [l lcE - E6 [
] [ 0k - £7 [
£ 10°-1 5 5 = [l Uk - E5 -
L] | =
i 2 JOE - E2
1 » ] o
102 o J ] [ e ] [ |
3 7 A e - E11 [
3 ' 3 ; —
T Eees - s A ok - E12 =
10723 o ola= Rl = = o "
; | a i = H & Wi . Rn (B I
rrrrirrirrrrrrrrrrrrrrrrrrrTrrrrr T T T T TrTT TewEr: ARN ( g.. =
0o 2 4 & 2 10 12 14 18 18 20 22 24 26 22 I0 Z2 34 Zg 32 40 Reparter: [ JOE B
Cycle
r— Thresheld Cycle Calculation
Threshold
Use Threshel:[ .03 | (£8 paldiney
Mult. # Stddev:-x JOE - E4 22,060 0,001 -~
Omit Threshuld. JOE - ES 22107 0.002 =
Baseline JOE - E6 22043 0.002
’;rt: = Stop 1a JOE - E7 2217 0001
JOE - ES 23151 0.001 b




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



(b)

Jaka je uroven exprese v ruznych tkanich?

quantitative real-time PCR

/TA

O Regulation of transcription

LT

| '. - srdecni, Cervena a bila svalovina
\ - rozdily v expresi 113, 81 a 196 genii

- rozdily jsou zplisobeny tkanove specifickym stupném |

J o
f
II
a8k

| B%
i

\

\ 1%

e
13%

endotermie

OMetabolism

E Protein binding

OProfein bicsynthesis
OLipid metabolism

B Carbohydrate metabolism
OlA

ORegulation of cell cycle
B Ubiguitin
BMuscle development

% DORegulation af ranscriplion

OProfein folding

.. OMelabolism

OTranspart
OPFrofein bicsynthesis
OMA

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).

{g) 26 2% g5,

8%

20%

14%

B Glycalyss

ELipid metabolism

O Cell 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).
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keeping gene f-actin. (*) Significant values between means,

wscle White muscla

21 of candidate gene Hsp?D in
7y determined by quantitative
o woere normalized to the howse-

B

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



Zaver
Molekularni ekologie se rychle vyviji
Metody se zasadné€ vylepSuji a meni
Co platilo dnes, nemusi platit zitra

TéSme se tedy na zitiek!



