Ochrandrska genetika

Vyznam genetické variability pro efektivni druhovou ochranu
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'Ochrandiskd genetika 2 i
(.conservation genetics")

HOLECULAR a0 F

MOLECULAR
ECOLOGY

= Vyuziti genetickych metod v ekologii = molekularni ekologie

= studium genetické variability pfirodnich populaci a faktoru, které ji ovlivAauji

=  Vyuziti gerlg'tickgch metod v ochranarske biologii =
ochranarska genetika

= PCR (90. léta) — poCatek skuteCné ochranarskeé genetiky (neinvazivni
metody - jiZ neni potfeba destruktivniho vzorkovani)
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Genetickad diverzita je dulezitou slozkou
biodiverzity

Umluva o biologické rozmanitosti (CBD), Rio de Janeiro 1992

— ochrana biodiverzity na urovni genu, druht a ekosystému

|..-_.i i i
—y—, Convention on
“~y—) Biological Diversity
/




Genetickd rozmanitost - politicky dulezitd (méla by byt)

o ,Biological diversity is comprised of genetic differences

within species, the diversity of species and the variety of
ecosystems ,,

(The Convention on Biological Diversity, CBD)

o Tri urovne biodiverzity:
= Genetic diversity: between individuals and populations
= Species diversity
= Ecosystem diversity




Genetickd rozmanitost: nejvice prehlizena
sou¢ast managementu ochrany biodiverzity

Genetic diversity is overlooked in international conservation
policy implementation

Linda Laikre

Conservation in Practice and Policy

Neglect of Genetic Diversity in Implementation of the
Convention on Biological Diversity
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24 dostupnych narodnich strategii

geneticka diverzita (GD) ma byt chranéna: 16 statu (67 %)
GD ma byt monitorovana: 22 statu (90 %)
potfeba nastroju pro monitoring GD: 5 statu (21 %)

(Laikre Concerv Genet 2010)




PROC JE VUBEC GENETICKA
VARIABILITA DULEZITA ?




Geneticka variabilita jako ukazatel efektivni
velikosti populace

(@) 1.0

neutralni geneticka teorie:
H,=4N_ u/[4N u+1]

mutation-drift equilibrium T

srovnani ruznych populaci
a jejich N




Efektivni velikost populace (N,)

N, = velikost idedlni populace (ndhodné pareni, rovnomérny pomér
pohlavi), kterd ztrdci genetickou diverzitu stejnou rychlosti jako
aktudlni populace (vlivem ndhody)

ovlivnéna genetickou a vékovou strukturou, pomérem pohlavi,
intenzitou pribuzenského krizeni atd.
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Efektivni velikost populace (N,)

N, = velikost idedlni populace (ndhodné pareni, rovnomérny pomér
pohlavi), kterd ztrdci genetickou diverzitu stejnou rychlosti jako
aktudlni populace (vlivem ndhody)

ovlivnéna genetickou a vékovou strukturou, pomérem pohlavi,
intenzitou pribuzenského krizeni atd.

vyvoj genetické variability v malych populacich zavisi na N, vice nez na N




Dusledky poklesu N,

Snizeni pozorované variability (H,) — nejcasteéji
neutralni markery (mtDNA, mikrosatelity atd.)

‘ H,=4N J/[4N p+1]

Pokles adaptivni variability — snizeni adaptivniho
potencialu (tj. schopnosti pfizpusobovat se zméneé
prostredi)

N, = 500-1000 = zajisténi adaptivniho potencialu




,Budoucnost je v genech

. _Zmeny prostredi (napf. kllma patogeny, aj.) — pfizpusob se nebo
2 |Z| »

Iabilita znamena, ze je zde V|ce geneticky c
re mohou byt vhodné pro n '

\ &tmkou variabilit
e B T,

Dryas octopetala v Alpach,
Némecko. Photo: Steve Smith ~&&%




Pr.. MHC = hlavni histokompatibilni komplex

Vysoce specifické rozpoznavani patogenu

.T .‘T.
T g
T TT




Vv N »

Vyssi MHC variabilita = vysSSi adaptivni
potencial

Low host genetic diversity High host genetic diversity

novy CERVENY patogen




VyS$Si geneticka variabilita = vysSi dlouhodoba
zivotaschopnost populaci

Low host genetic diversity High host genetic diversity




KTERE EVOLUCNI PROCESY
VEDOU KE SNIZENI EFEKTIVNI
VELIKOSTI POPULACE?




Ndhodny geneticky drift (.random drift*)

Population =20

Ra sampli d genetic.d
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Al ke Trequenoy
o =1

Original population

e Nahodné zmeény ve frekvencich alel

dilie e Irequoncy
=] o 2

e |ntenzita driftu (tj. rychlost ztraty
genetickych variant) zavisi na velikosti
populace

e VELKY VYZNAM V MALYCH
POPULACICH — ohroZené druhy

e muze bytisilnéjsi nez selekce - fixace o™
nevyhodnych alel

Al e Teeqieaty




Fragmentace

Bariéra toku genu, napf. fragmentace biotopu

Snizeni H, a N,
v dusledku genetického driftu




'Bottleneck

Snizeni H, a N
v dusledku genetického driftu

R —.-.
Q )
= -

Original »  Bottlenecking » Surviving
population event population




Metodické pristupy ochranarské genetiky

1) Populacni genetika — efektivni velikost populace,
tok gend, ,bottleneck®, pribuznost, atd. ... neutralni
variabilita (napr. mikrosatelity)

2) Fylogeografie — historicky plvod populaci a jejich
fylogenetickeé vztahy, ESU ... vétSinou neutralni
variabilita

3) Specialni pristupy — neinvazivni genetické metody,
vztah genetické diverzity a zivotaschopnosti populaci,
experimentalni ,,conservation genetics®, selektované
znaky (adaptivni i skodlive)




1) Populacni genetika

= studium struktury populaci

= nejCastéji neutralni znaky — mikrosatelity, SNPs

efektivni velikost populace N,

tok genu (sex-specific)

,past bottleneck"

puvod jedincu (,assignment tests®)
pribuzenské kfizeni (inbreeding), atd.
,<founder contribution®

Bayesianské analyzy (napf. program
STRUCTURE, GENELAND aj.)

- identifikace subpopulaci (,management units")
- identifikace hybridu

- identifikace geografickych bariér toku genu




2) Fylogeografie

pouziti fylogenetickych metod na
urovni populaci (nejCasteji
sekvence mtDNA, jaderné markery
jsou malo polymorfni)

puvod populaci, jejich stafi a
historicke vazby

detekce ESU (,evolutionary
significant units®; Moritz 1995) —
lokalni adaptace (mohou, ale
nemusi)

Pr. Sméry Sireni z glacialnich refugii

ESU mohou odpovidat
,Jpoddruhum®”

dulezité pro reintrodukce




Identifikace rozdilt mezi populacemi

Je dulezité chranit geneticky odlisné populace, tj. MU
(,management units” uvnitr ESU) — jednotky
ochranarského managementu; zalozeny na ,genetic and
ecological exchangeability®

Analyza genetické (fylogeografické) struktury
Nalezeni prioritnich populaci pro ochranu

Management unit 1 MU 2
\ \

( *\ /K\
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‘ Stanoveni ESU (.evolutionary significant

units") a

s
4

£

F 2l Frrielr il7

'

f
sl f e rriv

ik 4

i

MU (..management units")




Identifikace rozdili mezi populacemi

lososi v rece Teno
(northern Finland and
Norway)

Drive povazovani za
jedinou kontinualni
populaci
geneticky vyzkum
prokazal vyraznou

strukturovanost a radu
lokalnich adaptaci

Mainstem +
headwater rivers

| Middle tributaries

Upper tributaries

I Lowest tributaries

/

Maskejoki
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Utsjoki river moufh
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Y
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Vaha et al. 2007, Molecular Ecology
Vaha et al. 2008, Evolutionary Applications




‘ Co tyto rozdily znamengji?

- Byly navrzeny zmeny v
managementu populaci

napr. stanoveni rybarskych
limitd

V kazdé casti reky mohou
byt lokalné adaptované
populace

Toto je potvrzeno take
ekologickym a
parazitologickym
vyzkumem

Vaha et al. 2007, Molecular Ecology
Teno salmons. Photo: Panu Orell Vaha et al. 2008, Evolutionary Applications




Pr.: Kamzici na Slovensku




Hybridizace - sekundarni kontakt dvou populaci
- disperze samctl i pres Udoli (nebyla zjisténa introgrese mtDNA)
R. r. tatrica (ESU 1) R. r. rupicapra (ESU 2)

Tatry Nizké Tatry  Vel. Fatra Slovensky raj

Structure, K=3

J \ J
Y | Y : Y

MU1 MU2 (introgrese) MU3 (introdukovani)

Zemanova et al., 2015, Conservation Genetics.




Example: ..continental islands”

= mountain forests — identification of areas of conservation priority

'Rungwecebus kipunji
2003

: o \\ : : ".”..‘-. RS
Praomys delectorum

IUCN Redlist Distribution Map

Mt. Kilimanjaro (northernTanzania)
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Bryja et al., J. Biogeogr. 2014




3) Specidlni pristupy

skodliva (detrimental) variabilita — detekce inbredni
deprese

identifikace adaptivni variability — lokalni adaptace

neinvazivni genetické metody




Inbreeding a fitness

Stanoveni vyskytu pribuzenskeho
Krizeni a jeho vliv na individualni fithess




Pibuzenské k
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,2outbreeding”

V/V
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E1 996 Encyclopaedia Britannica, Ine.

fizeni - inbreeding

J’(T?I?’(Ti
S L B

,inbreeding"

INBREEbiNG

It only hurts the childrens’ childrens' childre




‘What does ,inbreeding* mean?

F — coefficients of inbreeding

» Inbreeding as nonrandom mating (Fs)
= Pedigree inbreeding (F)




What does ,,inbreeding* mean?

Inbreeding as nonrandom mating

jedinec je povazovan za inbredniho pokud jeho rodice
byli vice pribuzni nez dva nahodne vybraji jedinci

F. = 1-H,/H, (odchylky z HWE)

malé populace — i nahodné parovani je mezi
pribuznymi

| jedna generace nahodneho pareni vrati F;, na nulu




What does ,,inbreeding* mean?

Pedigree inbreeding

F = pravdépodobnost ze
dva homologni geny
jednoho jedince jsou
Jidentical by descent”

pokles heterozygotnosti v
dusledku "identity by
descent”

2230 2369

73543

autozygous
homozygous

A2 A2
allozygous
homozygous

A1[IA2

allozygous
heterozygous

shodné alely v puvodni populaci
jsou "identical by state", ale ne
"identical by descent"




Vypocet koeficientu inbreedingu z

C

rodokmenu . O
(D) =

F=(1/2)N(1 + F.,) N 7

Fo = (1/23(1 + 0) = 0.125

N = pocet jedincu ve smycce
F - = inbredni koeficient spoleCného predka
(CA = ,common ancestor")

1) Jedinec G je identicky svym puvodem (identical-by-descent) na 12.5 % genomu

2) Ocekavana heterozygotnost jedince G je snizena v dusledku inbreedingu o0 12.5 %




‘ Vypocet koeficientu inbreedingu z

rodokmenu - :
F = (1/2)M(1 + Fp) \EED

Fg = (1/2)3(1 + Fg)

Fs =(1/2)3(1 +0)=0.125 \ /

Fe = (1/2)3(1 + 0.125) = 0.141




‘ Piibuzenské kfizeni - inbreeding

= Narust proporce homozygotd Outbreeding (= HWE): AAAa Aa aa

(odchylky od HWE) - efekt
skodlivych recesivnich alel Inbreeding: AAAA aa aa

= Narust proporce
homozygotu je
vyrazny v malych .
populacich

- - samooplozeni
- bratr a sestra

80

tage of homozygeosis

napf. self-fertilization

70

- bratranec a sestrenice

Percan

PotomstvoAa=1AA+2Aa + 1 aa 60

50

50% ztrata heterozygotnosti
béhem jedné generace




Inbredni deprese

Inbredni jedinci by méli mit nizsi
fitness (reprodukéni Uspéch nebo
schopnost prezivat)

Efekt Skodlivych recesivnich alel
(narust homozygotnosti) nebo
pokles adaptivni variability (pokles
heterozygotnosti, napr. MHC)

Znamo veétsinou jen z laboratorniho
kfizeni (extrémni priklady)

Studium v prirode je obtizné
,Inbreeding load” — odpovida

mnozstvi skodlivych mutaci v
genomu

Log fitness (or fecundity/viability)

INBREDN| DEPRESE

Inbreeding depression

slope = -8
'Inbreeding load’

I I I |
0.25 0.5 0.75 1.0

Inbreeding coefficient (F)

TRENDS in Ecology & Evolution




‘ Florida panther — fixace skodlivych alel
(drift + inbreeding)

cryptochordismus, poruchy vyvoje
ocasnich obratlu, srsti a spermii — témér
fixovany genetlckym driftem

pozitivni | negativni dopady introdukce
teoreticky testovany (Hedrick 1995)

introdukce osmi pum z Texasu (,genetic
rescue”) — v nasledujici generaci bylo 20
% genetické informace z Texasu

ocas — 7 % vs. 88 %
srst — 24 % vs. 93 %
cryptochordism — 0 % vs. 68 %

Hybrid superiority (heterosis) — rychle
Sifeni introdukovanych alel

Puma concolor couguar




Geneticka zachrana (,,genetic rescue®)

population size

(@)

cougar

—_
S
=

bighorn sheep

(c)

adders

80—

60 —

40

20

(n=8F)

T T T
1985 1990 1995

(f‘!:SM) (i1=]F)

(n=3F, 3M)

T
2000

(n=3F)

|

T
2005

30—

25—

I I I
1980 1985 1990

I
1995

(n=20M)

I
2000

T T T
1980 1985 1990

T
1995

T
2000

Vander Wal et al. 2012




,,Purging™

Acinonyx jubatus

= Druhy s vyraznym snizenim
geneticke variability - prosly
,2hrdlem lahve"

= gepardi - snizeni genetickeé
variability o vice nez 90 %

= presto se pocty vyrazne zvedly

= ,purging‘ — odstraneni skodlivych
alel v dusledku zvySené selekce
na homozygoty

1. Inbreeding: AAAA aa aa
2. Selekce: AAAA g 94
3. ,,Purging”: AAAA

Extrémne vyjimecné pripady




Stanoveni inbredni deprese

Pomoci analyzy paternity
zname reprodukcni uspech
jedincu (= fitness)

Lze tento uspech vztahnout k
mife inbreedingu?

Jsou vice inbredni jedinci malo
uspesni?

Log fitness (or fecundity/viability)

Inbreeding depression

Slope =-B
'Inbreeding load’

I I ! I
0.25 0.5 0.75 1.0

Inbreeding coefficient (F)

TRENDS in Ecology & Evolution




Stanoveni inbredni deprese

Log fitness (or fecundity/viability)

proporéni redukce fitness
inbredniho a outbredniho
potomstva

Jlnbreedng depression

Slope = B
"Inbreeding load'

I I I |
0 0.25 0.5 0.75 1.0

Inbreeding coefficient (F)

TRENDS in Ecology & Evolution

redukce velikosti vrhu

fitness in "selfed" progeny

ajS

0=1-

o fitness in "outcrossed" progeny

Pf.: Srovnani inbrednich (F = 0.25) a outbrednich domacich mysi

- inbredni maji 11% redukci velikosti vrhu, ale prezivani do
dospélosti je v laboratofi je srovnatelné

- ve venkovnich oplocenkach je nicméné snizeno prezivani
inbrednich mysi o 81% u samcu a 22% u samic

redukce venkovniho prezivani

Inbreeding o intenzité F=0.25 zpusobuje 57% sniZeni fithness




Jak méfit nakolik je jedinec inbredni?
Tedy jak pfibuzni byli rodice

Hitchings and Beebee
J. Evol. Biol. 1998

—

w3

abnormalitles

0.2 0.4 06 08 1
Individual heterozygosity

' Hedrick et al.
M volution 2001

¢ lubomur hlasck
wwaw:hlasekicom
Bufa bufo dal28i

» Rodokmeny -z rodokmen( se usoudi, zda se kfizi ptibuzni

= Heterozygotnost (,,heterozygosity-fitness correlations*)
(primeérna heterozygotnost pres vice lokusu)




Jak méfit nakolik je jedinec postizen inbreedingem?
Tedy jak pfibuzni byli rodice.

= SH - standardizovana heterozygotnost
vazeni pres prumérnou heterozygotnost na lokusu




‘ Korekce pres frekvenci heterozygotl na lokusu

Lokus 1

AA Hg 0.15
AA
AA BB AA —~AA
AA AA AA

AA
AA

— standardizovana (vazena) heterozygotnost




Jak méfit nakolik je jedinec postizen inbreedingem?
Tedy jak ptibuzni byli rodice.

= d? rozdil velikosti alel
|ze opét vazit (standardizovat) pres prumérné rozdily




Velikost alel a evoluce mikrosatelita

identita alel (stejné x rizné) vs. rozdil délek alel (poCtu opakovani)

Indikuji podobne dlouhée alely na jednom lokusu blizSiho spoleCného
predka nez alely rozdilnych delek?

Rodice nepribuzni

Rodiée pfibuzni




Teoretické mutacni modely

Dva extrémy

IAM - infinitive allele —

model

(Pfi mutaci ztrata nebo ziskani
libovolného pocCtu opakovani.
Vzdy vznika nova alela, ktera

doposud v populaci nebyla) e [TTCTTT

SMM - stepwise

mutation model
(Mutace zpusobeny pouze

ztratou nebo ziskanim jediného
opakovani motivu. Mutaci muze
vzniknout alela, ktera je jiz v
populaci pritomna)




2 - Jak to merit?

meand’ = IZ(ia —iv)’
n iz

i, a i, jsou délky alel na lokusu i (v poCtu repeatu)
n lokusu

Vetsi rozdil v delce alel svedci o mensi pribuznosti
predku jedince.

Standardizace vydélenim nejvyssi hodnotou (— hodnoty 0 az 1)




‘ Mean d?

= Lze pouzit jen pokud plati
stepwise mutation model

(alely se liSi jen poCtem opakovani motivu, napf. u tetranukleotidového
mikrosatelitu vzdy pfesné jen o nasobky 4)

= Nelze tedy u slozenych mikrosatelitu!
Napf. (CA), (CAA).

= Nelze pri vyskytu ,indels” ve ,flanking regions”

(delece a inserce v oblastech ohranicCujicich mikrosatelitovy lokus)




Jak méfit nakolik je jedinec postizen inbreedingem?

Tedy jak ptibuzni byli rodice.

= IR internal relatedness

(,pfibuznost” dle alel na daném lokusu = shoda alel vaZzena pres
frekvenci alely)




‘ |dentity by state

Stejné alely na lokusu

AD BE CF AA
2 priciny:
Identity by state IBS (stejny stav) AB AE CA| |CA
Identity by descent IBD (stejny puvod) AA

o Pozoruji vzdy identity by state

o Zjistuji pravdépodobnost pro IBD Identity by descent

, AC +{ BD
o Jde o recentni IBD!
V8echny alely maiji spoleény puvod, byt tfeba hodné davny.
o Vzacnéjsi alely od obou rodi¢t — IBD AR AD

AA




Stejna alela na lokusu - korekce pres frekvenci alel na lokusu

AA AB
Frekvence B 0,1 AA
Frekvence A 0,9

AA BB AA AA

AA AB
AA AA AA
AA AA AA
AA AA
AA
AA AA

Sdileni alely A muze byt jen nahoda
Sdileni alely B — vétSi pravdépodobnost, ze si rodiCe byli pfibuzni




IR internal relatedness

Sdileni alely na lokusu
Vazeno pres frekvenci alely

Vzacneéjsi alely maji vetsi vahu
(2H =) 1)
(2N =% f)

H pocet homozygotnich lokusu
N pocet lokusu
f. frekvence i-té alely

Program RELATEDNESS - Mac
Makro v Excelu (Amos et al. 2001)




Dalsi meéfitka individualni heterozygotnosti

= Homozygosity by loci index (HL) (Aparicio et al.
2006) — vhodny pfi vySSich hodnotach heterozygotnostsi
(napr. mikrosatelity)

60 7
Z Efr 50| 29.6
HL =
SEYE
g 17.8 7.7
where E; and E; are the expected heterozygosities of the s 30 14
loci that an individual bears in homozygosis (1) and in E s
s F - . = = 9.5
heterozygosis (}), respectively. This index varies between ()
when all loci are heterozygous and 1 when all loci are 101 a5 42
2.4
homozygous. Intermediate values depend on the expected 0.6
0 = .
heterozygosity of the loa involved in homozygosis or 0.05 0.15 025 035 045 055 065 075 0.85 0.95
. i " . Mean heterozygosity
heterozygosis. A locus will have more weight in HL when
) p . : Fig. 3 Distribution of expected heterozygosity for microsatellite
their alleles are more EVEH-IY fI‘i:‘(_]UI:‘I'It, and there are more markers published for insects and vertebrates in Molecular Ecology

alleles in the locus. Naotes (2005).




SH, IR a d?

navzajem korelovany
Amos et al. 2001

Dataset:
Tuleni, kulohlavci,
3 druhy albatrosu

Thalassarche
chrysostoma

. ".”7 .

Thalassarche
melanophrys

Globicephala

smdardized mean & standadized hetaczygosity

sandadized mean &

{7l

- 0,533

— L ]
1— L]
[ ]
JRaSH
015 ! i ! 0.5
04
L A i l6d
03—
-
' .
.
.

P - .235

stmdardized heterorygosiy




2 400{ e
350 - ¢ -
§ S E
% 300 - 8 ¢
- o
250 &
200 e °
o <]
= 2452 mladat, 5-7 mikrosatelitovyc A
lokusU, SH, IR, d? 010 P00, NS P<0.10  P<0,001
0,08 i
= SH a IR korelovany, d? slabé §o ; | } |
korelace a nic nevysvetluje g3 ;
g8 oo+ a
. , o]
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‘ Acrocephalus arundinacens
Hansson et al. 2001

~ T

= Silna filopatrie

= Jizni Svédsko, populace zaloZena
v roce 1978

= 5 mikrosatelitovych lokusu

= d?2, srovnani navratnosti sourozencu
(nejvetsi umrtnost v prvnim roce)

= Vraci se jedinci s vy$Sim d?

0.2 - -

ot
—t
1

=

individual mean d-
heterozygosity

mean (+s.¢) difference between recruited and non-recruited sibs

Figure 2. Mean difference { £s.e.) in individual
heterozygasity (left) and the mean 4* (right) between
recruited and non-recruited great reed warbler siblings.
Recruited individuals scored both higher individual
heterozygosity and a higher mean & than their non-recruited

siblings. The mean & is based on log,g-transformed & (see
§2).




‘ Rana temporaria ve Skandinavi
Lesbarreres et al. 2005

= 8 mikrosatelitovych lokusu
= Prezivani mladat pozitivné
korelovano
s heterozygotnosti

= Stejny vztah ve 4 populacich

= Heterozygosity-fitness
correlations (,HFC")




Emberiza schoentclus
Kleven & Lifjeld 2005

= 9 mikrosatelitovych lokusu

s SH ad?

= Samci uspesni v mimoparovych
kopulacich x podvedeni samci

= Mladata z mimoparovych kopulaci
X parova mladata

= Zadny rozdil v heterozygotnosti
a d?




‘ SH a inbreeding

Slate et al. 2004, Pemberton 2004

= Jak dobre
heterozygotnost meri
inbreeding?

= 101 mikrosatelitovych
lokusu u 590 ovci

= Vztah existuje, ale je
prekvapive slaby

= Pokud mozno —
pouzit radeji rodokmeny
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Inbreeding cosfficient {f)
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Fgura 1. Obsarved relationchip betweaan individual inbreading oosfficient | {from
a T4gensration padigresl and standardized mean heterozygosity acrosE an

avarage of 101 microsstellite loai among 590 Coopworth sheap Owis aries |F =
0031 P<000001 |. Reproduced , with parmissi on, fram [8)].




Simulace a lidé
Balloux et al. 2004

= Korelace silné az pri ~200 lokusech

= Slaba korelace mezi heterozygotnosti na ruznych
lokusech
(400 markeru v ruznych lidskych populacich, 1000
jedincu z 52 populaci)

= Pozitivni vysledky znamenaji pravdepodobnéji:
o vazbu na konkrétni lokusy pod selekci

o Extrémni pripady — napf. silna polygamie, vyrazna
strukturovanost populace




‘ Problémy

= Publikacni zkresleni (publication bias)
Negativni vysledky se vetsinou nepublikuji.

= Dostatecna data (pocet lokusu a jedincu)

= Odhad celkové heterozygotnosti

o Celkova heterozygotnost (,general effect”) — nejlepSi asi IR nebo
HL

o Vazba na konkrétni lokusy (,local effect”)

= Nejednoznacny vztah genetické variability a fithess




Adaptivni variabilita

Lokalni adaptace a outbredni deprese




Adaptivni variabilita

rozdilna prostredi — diverzifikujici selekce —

lokalni adaptace (napt. obrana proti lokalnim patogentim,
potravni vztahy, klimatické podminky atd.),

Outbredni deprese

Intrinsic — geneticka inkompatibilita (Dobzhansky-
Muller incompatibility — epistaticke interakce mezi
alelami vice lokusu) — selekce proti hybridum,
napr. v hybridnich zénach

Extrinsic — naruseni lokalnich adaptaci

NEMICHAT HODNE VZDALENE POPULACE !l




Priklad outbredni deprese
- kozorozec alpsky (Capra ibex ibex)

= 1922 — zachrana kozorozcu v
Gran Paradiso NP a pokus o
vytvoreni zalozni populace v
Tatrach

= Vv tomto programu pouzity i
zvirata ze Sinaje (Capra ibex
nubiana) a z Egypta (Capra
aegagrus) — snadna produkce
F1 hybridu

= hybridi méli fiji na podzim (ne v
zimé), mladata se rodila v unoru
a cela populace brzy vymrela




Specialni vzorkovaci
metody

Neinvazivni genetika




Non-invasive genetic methods in
conservation genetics

= by definition ,conservation of rare
and endangered animals” — not
possible to kill or even disturb
them

= need of methods allowing
collection of genetic data without
direct contact

» non-invasive genetic methods




‘ Pouziti neinvazivnich metod

= skryte zijici zvirata — jednoduse ziskatelné
vzorky (trus, chlupy, ...)

m vzacne, ohrozené a chranéeneé druhy - trus,
mocC — zadne restrikce napr. CITES

= Mminimalni vliv na chovani zvirat —

pouzitelné pri studiu chovani (prostorova
aktivita atd.)
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‘ Zdroje DNA - trus
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‘ Zdroje DNA - chlupy

= vlasovy folikul (,kofinek")
= specialni lepidlové pasti, ostnaty drat

Svist
medved
rys
srnec

www.naturfota.cz © Jifi Bohdal




Zdroje DNA - peri

- opét folikul — ,kofinek” jednotlivého pera

- lepSi vytrzené pero (= pasti) nez vypelichané pero (Casto velmi staré)

tetrivek
(Tetrao tetrix)

www.naturfoto.cz

tetrev (Tetrao urogallus)

© Jiii Bohdal

orel kralovsky
(Aquila heliaca)




Zdroje DNA - ostatni

MOC - vzacné (Hausknecht et al. 2006 and
references therein)

vice materialu nez trus (frekvence moceni je 6 x
vySSi nez defekace)

vici — 33 vzorku s méfitelnou DNA koncentraci —
14 (42%) shodnych vysledkl pro vSechny
analyzované znaky

svle€ena kulize - plaz
ptacCi skorapky

bunky bukalni sliznice
u vyvrzku potravy




... uméla ,bug-eqggs"”

- krevsajici plostice Triatominae
(Heteroptera)

- hodnoceni urovné stresu

- pouzitelna jako ,méne invazivni®
metoda v ochranarské genetice

Becker et al. 2006




Postup analyzy DNA, napt. ze vzorki trusu

vzorkovani cerstvého (= 18 hod.) materialu
(96% etanol, SilicaGel aj.)

\7
izolace DNA

(komercni kity pro vzacnou DNA)

PCR (vysoce kvalitni enzymy)

- staCi jedna bunnka s DNA
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Nevyhody a jejich reseni
- nizka kvalita/kvantita DNA - nizka uspésnost zjisteni

spravneho genotypu a vysoke riziko kontaminaci

» vyloucCeni genotypizacnich chyb a snizeni rizika kontaminace

Detail Spicky BT10E

> identifikace faktort pro uspésnou analyzu




Increase of genotyping success rate

= multi-samples, multi-extracts (Goosens et al. 2000)

= PCR - multiple-tubes approach (Taberlet et al. 1996)
= cost and time-consuming _
= pilot studies are reasonable &

/ Dolphins - tissues vs. fresh faeces

100% probability of obtaining at least two
correct genotypes when analysing 8 samples

Number of replicate genotypes

(Parsons 2001)




Genotyping errors I.

allelic drop-out

very low concentration of
DNA in samples - only one
allele in heterozygotes is
amplified

multiple tube approach

statistical correction

'

;

>
—— >

I B

Heterozygote 100/104
(8 different PCRs)




Genotyping errors IT.

false alleles

PCR artefacts — rarely
replicated when using ,multiple-
tubes” approach

co-amplification of microbial
DNA from faeces (Bradley &
Vigilant 2002) — confusions with
,real” alleles

gorilla Clostridium

—>

s

00

E
g8

Homozygote 100/100
(8 different PCRs)




Zvyseni koncentrace DNA

= pre-amplifikace (Bellemain

& Taberlet 2004)

CACACA

Multiplex preamplifikace
vSech lokusu — zvySeni
koncentrace
mikrosatelitové DNA

CACACA

X

Semi-nested PCR pro 1-3
lokusy

Proportion positive results

0 CIPCR (Morin et al. 2000)

0.50

* - —ea - a8

0 100 200 300 400 500 600 700 800 900 1000
Template amount (pg)

L L 2

Allelic dropout

Genotypizace pouze ,,dobrych® vzorku




‘ Effect of locus

Amplification success (%)
=

Alelic drop-out (%)

i 1= Jiki 11| |

Median allele size (bp)
(Buchan et al. 2005)

AN

Degraded DNA — amplification of
short fragments is preferred




‘ Influence of diet on faecal DNA

amplification —
H___ _‘}4‘ #1 ‘
= poorly known ”

= Murphy et al. 2003 — brown
bears

= salmons in the diet —
significant decrease of
amplification success

= herbivores — better results
than carnivores




‘ Vliv typu vzorku a teploty

= vydry — masozravci specializovani

na ryby

= Vliv typu vzorku: vyluCky analnich
Zlaz (82%) vs. trus (34%) u
zmrazeneho trusu

= vyrazny vliv teploty - velmi rychla
degradace DNA v teplém prostredi

PCRH amplification success rate




Effect of PCR inhibitors (faeces)

many inhibitors in faeces (products of digestion,
chemicals in plants) — addition of special reagents
(BSA), hot-start etc., dilution of template etc.

DNA from faeces PCR is OK — problem

— no PCR ' / with DNA quality or quantity
_ / no PCR — problem

DNA from tissues Mix both extracts with inhibitors

— PCRis OK




‘ High contamination risk

= avoiding of ,laboratory”

contamination (tips with filters,
separated pre- and post-PCR laboratories,
UV sterilisation, etc.)

= ,mixed samples” — problems in social
species (communal latrines, marking in fixed
sites) or in sampling at broad intervals (,hair
traps®) — usually identified by 3 or more
alleles/sample; problem in species with low
genetic variability

= primates — contamination with
human DNA

Detail picky BT10E '




‘ Tracking of the endangered Pyrenean
brown bear population

= hair and faeces
= 24 microsatellite loci

= one yearling, three
adult males, one adult
female

= spatial activity

= suggestions for
conservation
management

Taberlet et al. 1997, Molecular Ecology




Priklady:
IDENTIFIKACE DRUHU
(DNA barcoding)




'Tdentifikace druhl - ,DNA barcoding”

= cytochrom b (mt DNA — mnoho kopii
v jedné bunce) — 189 bp PCR
produkt (100% uspesnost
amplifikace ze vzorku trusu

= Stepeni restrikCnimi enzymy:
= vydra 80 a 189 bp
= norek 101 a 189 bp
= tchor 127 a 189 bp




‘ Forenzni analyzy

= nelegalni lov a obchod

= rostouci obchod s vydfimi kozeSinami v Asii (Kambodza, Indie,
Cina, Nepal, Rusko; Kruuk 2006, Yoxon 2007, IOSF)
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Jezevci chlupy v luxusnich holicich stétkdch

= Domingo-Roura et al., Biological Conservation
(20006)

Jezevec lesni (Meles meles) Jezevec bélohrdly (Arctonyx collaris)

= 4 stetky z 8 pochazely z jezevce lesniho

= 3z nich z Holandska, kde je ilegalni "drzet, prodavat, transportovat
nebo pouzivat ke komerénim ucelum mrtvé jezevce lesni nebo
produkty z nich odvozené"

|dentifikace druht




identifikace chranénych druhu v ruznych produktg
(napfr. tygri vs. asijska medicina)

= analyzy mtDNA - velrybi maso legalné prodavane v J
Korei a Japonsku — i chranéné druhy velryb, delfini,
svinuchy, ale i ovCi a koriské maso (Baker et al. 1996,
2000)




)

-

Wasser et al. 2004), identifikace ,bush-meat” — nelegalni lov velkych
savcu v Africe (Malisa et al. 2006)




Priklady:
IDENTIFIKACE POPULACI A JEJICH
VZAJEMNYCH VZTAHU




= silny pokles pocCetnosti v
minulém stoleti

= fragmentace populaci

ile:

= odhad populacni pocCetnosti
ze vzorku trusu

populacne-geneticka
analyza — stanoveni barier
toku genu, Ne, "bottlenecks”
atd.

O

Hajkova et al. 2007, J. Zool.




= silny pokles pocCetnosti v
minulém stoleti

= fragmentace populaci

ile:

= odhad populacni pocCetnosti
ze vzorku trusu

O

populacne-geneticka
analyza — stanoveni barier
toku genu, Ne, "bottlenecks”
atd.

Hajkova et al. 2007, J. Zool.




vev / v V4 NV [
Vydra ricni ve stredni Evropé |
= silny pokles po&etnosti v "
minulém stoleti
= fragmentace populaci
ile:
= odhad populaéni pocCetnosti
ze vzorku trusu

O

populacne-geneticka
analyza — stanoveni bariér
toku genu, Ne, "bottlenecks”
atd.

Hajkova et al. 2007, J. Zool.




‘ Hybridizace - sekundarni kontakt dvou populaci

Zemanova et al., submitted




Hybridizace - sekundarni kontakt dvou populaci

R. r. tatrica R. r. rupicapra

Tatry Nizké Tatry Vel. Fatra Slovensky raj

Structure, K= 2

Structure, K= 3

BAPS, K =3 | il

Zemanova et al., submitted




Priklady:
IDENTIFIKACE POHILAVI




‘ Identification of sex

= sexual structure of population
= genetically determined sex

= markers: mammals — SRY, amelogenin; birds —
CHD

= species-specific markers must be used (otherwise
cross-amplification with species in the diet)

Murphy et al. 2003




Priklady:
IDENTIFIKACE JEDINCU




'Identification of individuals

= multilocus microsatellite B . )
fingerprinting — power estimated Fupy = Z pi * Z Z 2p:p;)

as ,probability of identity” (Pp))
(Waits et al. 2001)

Py =025+(0.5% p2)+|0.5C3 p2)*|- (0253 p!)
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= pilot studies with tissue samples
are required to identify Py in a
studied population

000




'Identifikace jedinc

= prostorova aktivita




Identifikovani jedinci - Horndd, NP Slovensky Raj

e SR1 ® SR6

e SR?2

| . | * SR 3
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S 1 km .
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e 30.12. 2003

Prostorova aktivita
v horském prostredi




Non-invasive CMR studies

Velikost populace

,Capture-Mark-Recapture” (review in
Lukacs & Burnham 2005)

Opakované vzorkovani stejného zvirete
Prezivani, populacni dynamika atd.

Closed population models, open
population models, Robust design
models

Korekce na genotypizacni chyby

Trus — analyza individualni variability v
potrave (pf. kojoti - Fedriani & Kohn 2001)

Populaéni dynamika kojotu
(Prugh et al. 2005)




Brown bears (Ursus arctos) in Scandinavia
(Hakon Solberg et al. 2006, Biological Conservation)
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= oObservations —
underestimate
numbers

= non-invasive CMR is
cheaper and more
precise than
helicoptere census




'Diet of the extinct Ground Sloth
(Nothrotheriops shastensis)

= Poinar et al. (1998) —
Science

= 20 000 years ago

= chemical modification of
DNA in ancient faeces
before PCR

= identification of species and
phylogeny to modern
mammals

= cpDNA — diet of the Ground
Sloth




—\ COST Action CA18134 C o [—]
-/ 4 G-BiKE IN'SCIENCE & TECHNOLOGY
G-BIKE Genomic Blodiversity Knowledge for

Resilient Ecosystems

The Challenge: establish the use of genomics as a standard tool for monitoring
and managing wild and ex-situ populations of plants and animals.

The main direction of G-BiKE:

v' to promote genomics as routine in managing
natural systems in face of global change

v" to develop standardized monitoring tools and
guides in practical settings

Management
Committee

o N The major actions include:
\/’_/ - setting up fruitful communication between
VSRS Scientists and Practitioners
/33 European countries - traipin.g students al."nd Practit.ion(.ers
/ 60 MC members - designing standardized monitoring protocols

v Start 2019- end 2023 - crea‘gng concre’Fe outputs (case StL.JdIes, best
practice and policy proposals, public outreach)

www.cost.eu/actions/CA18134 @gbike_cost n @gbikecost




