Expressed genes and
natural selection

Functional gene products and
their importance in ecological
studies




Genetic markers

+ Coding DNA * Non-coding DNA
(genes) » not functional (not
. +ranscribed known function)
sequences y neu’rr'ql to natural
* genetic code sel.ec’r.uon _
+ majority of DNA in
* phenotype eukaryotes

» natural selection . pseudogenes
* repetitive DNA




Expressed DNA segments - genes

» strict nucleotide structure (see Molecular
biology)

+ exons and introns, START and STOP
codons etc.

* transcription + translation — phenotype

- oligogenes - qualitative traits (f.e.
homeotic genes, Wnt ligands)




Why genes in molecular ecology?

functional importance - genetically determined variation

gene products are not visible by standard ecological
methods, but play a significant role in ecology, evolution and
behaviour of animals

it is necessary to use molecular methods to identify their
variation

expressed genes are selected by natural selection

increasing importance in zoological and.ecolo%qical studies (vs.
heutral variation - mtDNA, microsatellites efc.)




Metody studia funkCni variability

* Sledovani kandidatnich genu

* Genomicke pristupy
(mnoho genu najednou)




pytlous
Chaetodipus intermedius

Hoekstra, Nachman et al.
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Arizona

Korelace zbarveni
s prostfedim 1 na malé Skale

mtDNA nekoreluje se zbarvenim
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MCI1R u ¢lovéka, mamuta a dalSich

U Clove€ka zrzave vlasy a neschopnost se opalit

Zbarveni krav, kont a pst

Vyskyt dvou odlisSnych variant u mamuti

mammoth
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mammoth
allele 2




B Mouse Rat

MUPs
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Chromosomal location

Major Urinary Proteins - komplex velmi podobnych genti
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Major histocompatibility complex (MHC)




Paraziti




Paraziti / patogeny
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Bunky imunitniho systému
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Antigen-nespecificka odpoved
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Antigen-specificka imunitni odpoved

INFIKOVANY MAKROFAG
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Antigen-specificka imunitni odpoved
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Antigen-specificka imunitni odpoved
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Antigen-specificka imunitni odpoved
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Antigen-specificka imunitni odpoved
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Antigen-specificka imunitni odpoved
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Evolucni ekologie: Kdo a jak rozpozna parazita ?
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MHC structure and function

MHC - history of description

Transplantations

!

Analyses of inbred
mice
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Major histocompatibility complex T
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Autograft
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Inbred strain




MHC structure and function

Principle of graft rejection
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Struktura MHC (major histocompatibility complex)
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Funkce MHC: rozeznani a prezentace cizorodého antigenu

MAC Class | + Peplide

TAP1 TAP2

MHC Class |




Funkce MHC: rozeznani a prezentace cizorodého antigenu

@ MHC Class Il
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Bunka nabizejici antigen spusti imunitni odpoved
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® GeneType

Gene Map of the
Human Major Histocompatibility Complex
The MHC Sequencing Consortium
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Genetic structure of MHC

Human Major Histocompatibility HLA Complex
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I Expressed genes

nknown Status

§ Fseduogenes genes {which are homologous to expressed genes occurring
elsewhere in the genome)

chromosom 6




Functional categories of genes within MHC

Antigen processing and presentation (Class T and
Class IT genes, TAP etc.

Innate immunity, inflammation, regulation of
immunity (Class IIT genes, such as C4, C2,
cytokines, TNF, etc.)

Intercellular interactions via MHC receptors and
ligands (hotch, tenascin, class I and ITI)

Functions unrelated to immunity




Comparative genomics

I

| I |
| DP DQ DR ! ' B ¢ A
HUMAN —— . . H+—{ - HA
| - — I I
K A E | | D L
g I L — F H2
| |
| |
| [

MHC CLASS | i

Human (HLA) — chr. 6 (completely sequenced in 1999)
Mouse (H2) — chr. 17 (first description of MHC)
Rat (RT1) — chr. 20 (completely sequenced in 2004)

Homology: DQA = H2-Aa = RT1.Ba = a subunit of MHC 11




Duplication blocks

class Il region  class I region class | region
ORFR
BATI OTF3 ZNF173 MOG
Kappa Alpha
DP DO DR
Human
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Macaque — 4
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MHC in other species

BoLA - Cattle

DLA - Domestic Dogs, Wolves and
Coyotes

FLA - Domestic Cats

IMGT/NHP - Apes, Old World
Monkeys, New World Monkeys
SLA - Pigs

ELA - Horses

Chicken MHC (B-complex + Rfp-
Y) - only 19 genes (1/20 of the

human one) - « minimal
essential » MHC; Nature 1999

http://www.ebi.ac.uk/ipd/mhc/in
dex.html

MHC structure and function

EBIl Home About EBI
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* Canines
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* Chickens
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* Fizh
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* Mon Human Primates
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* Swine

* Diownloads

* Phylogeny

= Publications

Groups Services Toolbox Databases Do

m - MHC Database
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sequences provided by each group are curated by experts in the field and
then submitted to the central database.

The IPD-MHC Database is discussed in;

+ Ellis SA, Bontrop RE, Antczak DF | Ballingall K, Davies CJ,
Kaufmman J, Kennedy LJ, Robinson J, Smith DM, Stear bMJ, Stet
FJdm, Waller bAJ, Walter L and Marsh SGE:

ISAGANS-YIC Comparative MHC Momenclature Committes report,

Momenclature committees representing different species or groups should
contact |PD Suppart for further information about the inclusion of their
sequences into the IPD-MHC Database.

2008"

Immunogenetics (2008), 57 953958
Available online from Immunogenetics

The IPD-MHC Database provides a  centralised
reposgitory for sequences of the major histocompatibilty
4/~ |complex from a number of different species. Through a
-»4"!6:-” number of international collaborations IPD is able to

IPC- MH!

Welcome to the IPD-MHC Database

the MHC sequences of different species. The




MHC in birds
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MHC structure and function

MHC in all vertebrates?
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MHC structure and function

Antigen binding site (ABS)

= antigen recognition site (ARS)
= peptide binding region (PBR)

4 Q
V4 N

|~
o3
! E’iz
B2 \ ls o2
microglobulin >
PLASMA
MEMBRANE
¢ ¢ C
Class 1 Class 11

crystal structure




Arte
Arte
Arte
Arte
Arte
Arte
Arte
Miar
Miar
Miar
Miar
Miar
Miar
Miar
Miar
21gl
C1gl
Clgl
C1gl
Clgl
C1gl
21gl

MHC structure and function

ABS - vétsina variability
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MHC Class Il, exon 2 — encoding ABS

Bryja et al., Immunogenetics 2005




Jak zajistit rozpoznani
obrovského mnozstvi patogenu?

Vysoka alelicka variabilita — vice nez 200 popsanych alel na
DRB genu u Cloveka

Rekombinace — uvnitf gentl 1 mezi1 geny

Genové duplikace — druhové specificke — Class I: az 17 genti
u cichlid vs. max. 3 geny u lososovitych ryb




MHC structure and function

Complex MHC polymorphism
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Ekologicky a evolucCni kontext

|OLEG opo.cz




Jak zjistit, ze je gen pod selekci?




Microtus

Dukaz prirodniho vybéru v
minulosti: analyza sekvenci

©Milos/ Andéra

S WAL T 7 0

* MHC: stejné nebo podobné
alely byly nalezeny u riznych
druhu

 kdyz pusobi selekce, tak se
vyhodné sekvence udrzi i pres
obdobi divergence druhu

" -  trans-species
— polymorfismus
MHC Class Il, DQA gene, Exon 2; Bryja et al., Inmunogenetics 2006




dN/dS

Pomér nesynonymnich (d
a synonymnich (d5) mutaci

Alignment sekvenci stejného genu u vice druhi
— rozdily (mutace) o ‘
— jen nékteré mutace zméni aminokyselinu

Korekce (rozdilné metody, MEGA, PAML)

jen 25 % moznych zdmén nezméni aminokyselinu

nékteré typy mutaci ¢astéjsi o o )
zpetné a konvergentni mutace (hlavné u vice odlisnych sekvenci)

Vétsinou dN/dS «< 1, selekce eliminuje zmény, .purifying selection
protein se nemeni

dN/ds >> 1 positive selection” - MHC

Rlzné ¢dsti proteinu mohou byt pod riznou selekci




Red = antigen
binding sites, DRB
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MHC structure and function

Class II e

Beta 2

Variability Index

Amino Acid Residue

,historical positive selection on ABS sites”

gy

|l

\/ ) wwwuw

O’)ﬂ'Lf)(ON(XJCDOFNO’)Q‘LOQONCO@OFNO’)Q‘LO(OI\OOOO\— N OO AN M LOWON 0O
\\\\\\\\\\\ ANANANNNNNNOOO™ OONIIITIIIIIITON

Ammo acid posmon

DQA exon 2 in arvicolid rodents

52
54
55
56
59
60
61
62
63
64
65

Bryja et al., Immunogenetics 2005




Diukaz a mechanismus recentni selekce

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

* Asociace MHC genu a vyskytu parazitu




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

- Srovnani neutralnich znaku a MHC
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Studované lokality - 7 populaci ve

stejne fazi populacniho cyklu Bryja et al. 2007, Molecular Ecology




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

denzity
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Bryja et al. 2007, Molecular Ecology
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Zavér: Typ selekce na MHC zavisi na poCetnosti populace

Nizkd denzita Vysoka denzita
Ndrtst diverzity
parazitl v disledku
disperze

Lokadlni rozdily ve
spoleenstvech patogent

Lokalni diverzifikujici :
selekce Balancujici selekce

Bryja et al. 2007, Molecular Ecology




Jaké jsou mechanismy prirodniho vybéru pro
udrzeni vysoké variability MHC?

* Hypotéza vyhody heterozygotu — maji 2x vice
alel nez homozygoti, tj. mohou rozeznavat 2x
vice patogenu

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




Vyhoda heterozygotu

«  Clovék —rychlost vyvoje Dvadruhy ryb —

onemocnéni HIV nebo heterozygoti maji
hepatitidy B je asociovéana vys$i prezivani pii
s MHC heterozygotnosti umélému vystaveni

virum a helmintim

Pravdépodobnost

vyskytu ptacich nestovic
klesa s poétem MHC
alel

Vyskyt ptacich nestovic

s €
9 .l »
A\- 1

\ i WS
Pocet MHC sekvenci 3 i » - L ,),\;-_\ \‘

Hyl rud (rpoacus eryrinus)

Nejednoznacné vysledky v mnoha dalSich ptikladech
Teoretické modely tuto hypotézu nepodporuji ...




Vyhoda vzdcné (vyhodné) alely

Dynamicka koevoluce mezi hostitelem a parazitem




Frekvence alely

Frekvence parazita

Vyhoda vzacné (vyhodné) alely

,vzacna alela“

Cas

Cas




Frekvence alely

Frekvence parazita

Vyhoda vzdcné (vyhodné) alely
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Vyhoda vzacné (vyhodné) alely

« Asociace mezi MHC alelou (alelami) a intenzitou napadeni parazity
(hlodavci, lemuii1 — 2005 a nov¢jsi) nebo prezivanim pii bakterialni infekci

(lososi)

. cerné — infikovani
014 bilé — neinfikovani
0,12

2 0.10 1

L% 0,08 -
0,06
0.04 4
0.02 1 Gerbillurus paeba
0-00__‘1 2 '3 4 *5 6 *T 8 *9 10 *11 *12 *13 *14 *15 *16 *17 *18 (Harf&sommer 2005)

DRB-alleles

« Zda se byt pravdépodobnéjsi nez ,,vyhoda heterozygotii*

» Nutno prokazat, Ze skute¢né¢ dochazi k ¢asovym zménam ve frekvenci alel
a parazitil — dlouhodob¢ studie neexistuji !!!




Vicerozmérné analyzy
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Parazitologicka data - PCA

Cest-Hhs » Cocc-Fm
Cest-Po - PUU.V *Cest-Asp

Tollenaere, Bryja, Galan et al., JEvolBiol




Analyza koinercie (co-inertia analysis)

F2, 11.7% 0.095
F2,11.7% 06 ’ . '
Arte-DRB-13 * 051 1 Cest-Asp | .0.141:0.07
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oce-rm *Cest-Hh
= Arte-DRB-07
@rte-DRB-H D)
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Alely DRB-11 a DRB-15 maji antagonisticky efekt
vzhledem k Trichuris arvicolae a k celkové diverzité

parazitu

Tollenaere, Bryja, Galan et al., JEvolBiol




Vybeér partnera a MHC

90. 1éta — experimenty s laboratornimi kmeny
mySi vs. slozeni MHC

pachové signaly jsou vyuzivany pri
rozeznavani pribuznosti a vyberu partnera

mySi si vzdy vybiraly partnera s odliSnym
MHC

—— Odor
Box

Petri Dish
Containing
Urine

Water
Fence

Yamazaki et al. 1976




Hypotézy pohlavniho vybéru podle MHC

Ideal: Vybeér partnera se specifickym genotypem zajist'ujicim rezistenci

A) Vybér partnera s odliSnym MHC — ,,mbreedmg

avoildance hypothesis*

« MHC =, komplementarni geny*




Hypotézy pohlavniho vybéru podle MHC

Ideal: Vybeér partnera se specifickym genotypem zajist'ujicim rezistenci

B) Vybér partnera, ktery nema parazity (tj. neni
nemocny)
« MHC = ,,dobr¢ geny*, ktere lze ,,citit" |




Hypotézy pohlavniho vybéru podle MHC

Ideal: Vybeér partnera se specifickym genotypem zajist'ujicim rezistenci

C) Vybér nejlepsiho partnera, ktery nema parazity, ale
ma4 jesté ,,néco navic

« MHC = ,,dobré geny*, umoznujici expresi sekundarnich
pohlavnich znaku
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.

thl e O d " “ Gallinago media
10 a7 011 Exvlom etal. 2005

Allelic lineage




Gasterosteus aculeatus
»  Milinski et al. (2001-dosud)

Number of fish

Nedavno duplikované MHC S—
class IIB geny . .

Nejvice jedincli ma stiedni pocet alel
Stredni pocCet alel = minimum parazitii

| 1/
IRSTRIRY
QQ ,,pocitaji* vlastni pocet alel a vybiraji si Al %\H/}/
3'd tak aby optimizovali pocet alel u

Parasite load

potomstva 3
Vybér je ovlivnén strukturou komplexu Pocet MHC alel
MHC-peptid , . i B
B 123456780 ,Zlata stredni cesta
, J° - idedini potet alel se lisi v zavislost

na prostredi (tj. diverzité parazitt)




Methods for MHC analyses

+ Identification of allele sequences -
cloning and sequencing methodology




Cloning and sequencing

- separation of two (or more in duplicated genes) alleles

each clone contain the only allele

vector =

Ex.: duplicated gene = max 4 diff. alleles




Methods for MHC analyses

+ Population screening - methods for
mutation detection (TGGE, DGGE,
SSCP - gel and capillary variants)




Denaturing gradient gel
electrophoresis (DGGE)

The small (200-700 bp) genomic fragments are run on a low to
high denaturant GRADIENT acrylamide gel
Each fragments move according to molecular weight,

but as they progress into more denaturing conditions, each (depending
on its sequence composition) reaches

A POINT where the DNA BEGINS TO MELT

Increasing L

gel ||concentration They retard, and we will see shift in mobility

of urea
-|_ @

We will see different shifts in mobility for differing products




Many samples in one gel - we will
not see any curves

P 29 8§ 99

1- normal homozygote

3- Homozygous mutations
will yield one band
on a different position

2, 4,5, 6 -
heterozygous mutations
will yield 4 bands
(2 homozygous

and 2 heterozygous)
T ALL BANDS ARE SEEN

www.leveninc.com/cftr ex.qif




Single strand conformation polymorphism (SSCP)

...CGCTTCAGG ...
..GCGAAGTCC...

heating - denaturation
snap-cooling — partial renaturation

>
9

..CGCTTAAGG ... m
..GCGAATTCC... -

Homol Homo2 Hetero

!!! non-denaturing PAGE

radioisotopes
silver-staining

fluorescent dyes (SYBR gold)

sequence-specific
ssDNA conformations




The use of automated sequencers
Why not non-denaturing electrophoresis?
CAP (conformation analysis polymer) - Applied Biosystems

FAM CGCTTCAGG ..

.. GCGAAGTCC. HEX é i {:

——

e

- well controlled

electrophoresis Allele2 Q)@
N

FAM... CGCTTAAGG ..
- two fluorescent labels .. GCGAATTCC ..HEX D

- high sensitivity
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Methods for MHC analyses

 DNA vs. cDNA analysis !!! (¢cDNA analysis 1s
more rigorous due to common existence of
pseudogenes)




Kam dal ve vyzkumu MHC
v evolucni ekologii?

» zvysSit pocet studii na divokych populacich (s tdaj1 o
parasitech, neutralni genetické variabilité, udaje o kondici
zvirat atd.)

* experimenty v zajeti s jedinci se znamym MHC genotypem (a
sledovani vlivu na pfezivani a reprodukcni uspésnost)

* genomika, transkriptomika, proteomika — popis ,,skutecne*
MHC variability







MHC je dulezité, ale ...




Kdo nejrychleji zjisti pritomnost patogenu?

* Receptory vrozené imunity

* Prvni obrannou linii tvofi specifické
receptory, kter¢ nejsou soucasti adaptivni
mmunity

« Tyto receptory jsou vrozen¢ a pfipravené
,,v predstihu‘ = ,,vrozena imunita*

* Funguji jako ,,PAMPRs* (pathogen associated microbial
pattern receptor)

» Jsou jedny z prvnich molekul, které identifikuji pfitomnost patogenu a alarmuji imunitni
systém

» Doted’ je znamo 11 TLRs u mysi (poprvé zjistény v 90. letech)

» Jsou velmi konzervativni — molekuly tohoto typu jsou i u rostlin




Signalizace pres TLRS

Direct activation of
module by PRRs

© 1997 The Learning Company Inc.

Yersm/a pest/s
(pavodce moru)

&

Innate
host-defance
modules

y

Indirect (antigen-
specific) activation

of moduleby
T cells and ant

© Milos'Andeéra

(C) Nature Publishing Group 2007




Staphylococcus Mycobacterium
G+ bacteria

A
_"\1

4 AEW Drgital

Borrelia
G- bacteria

Legionella

Terminology

TLR: Toll-Like Receptor

LAM: lipoarabinomannan
LPS: lipopolysaccharide

LBP: LPS-binding protein
LTA: lipateicheic

PGN: peptideglycans

MKK4 QJ
\ INK et (ElK-1

q
&
*
@
]
-
b’ 8 -
L, -‘u:."__

Note: TREM-1 and the Mannose Receplor ane
not considerad to be members of the
Toll-Like Receptor family, but they do
share homology in funclion with the
Toll-Like Receptors.

kvasinka




Ekologicky a evolucni kontext vrozen¢ imunity

s
m@@y@;@(w

mutace 299

- shizuje intenzitu
imunitni odpovedi pfi
bakterialni infekci

Wild-type/ WIII:I-»l:.I'j}B_-f'_f't; *-Hj = neUtralnl V ]
I 295 Wilcktype e f heterozygotnim stavu
Wild-type/ 399 J «"*{; s mutaci 399
I 299/ 399 1 jf'r
T, , , s
9 L - vyhodna pfri
] = onemocnéni malarii
v Pa ,fl
\\L Lo §

TLR 4 polymorfismus u Clovéka

Ferwerda et al., PNAS 2007




Minimum udaju o TLRs a dalsSich
soucastech vrozené imunity u volné
zijicich zivocichu !!!

velky rozvoj imunogenetického
vyzkumu volné Zijicich populaci v
soucasnosti

Pocet zaznami na WOS

komplexni studium geneticke
struktury a exprese nejriuznéjSich
sloZzek imunitniho systému muiZze

vyznamng ptispét k pochopeni Databaze Web of *S“Cience
evoluce a ekologie sou¢asnych Heslo ,TLR
obratlovcu

... mame se na co tesit !




Sledovani mnoha genu najednou
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cDNA e/ MRNA\ == Proteins
Transcriptio anslation

Genome Transcriptome Proteome

~100,000
proteins

3 billion bases
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microarrays

Sledovani exprese mnoha (tisice) genti
najednou

Zalozeno na hybridizaci
Sleduje se rozdil vici kontrole

RNA preparation Labeling

Experiment
7 NLNS, P U O
NN AN\

Reference

NS A4

—> AN —> A
2 VeV NN

Sledovani exprese genu

Co-hybridization
and signal
quantification




Populus
trichocarpa X deltoides

a Malacosoma disstria vourovec
Ralph et al. 2006

* c¢DNA microarray

e 15496 genl > ¥ genomu

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

* Obrana: endochitinazy, inhibitory
proteaz

« Signalni funkce

* Transport, metabolismus, regulace
transkripce




/aver
Molekularni ekologie se rychle vyviji
Metody se zasadné vylepSuji a méni
Co platilo dnes, nemusi platit zitra
TéSme se tedy na zitrek

A hlavné je treba Cist!




