Parentage analysis

Urceni otce, matky nebo obou

Jones AG, Ardren WR, 2003, Mol Ecol (invited review)




ProcC zjiSt'ovat paternitu?

m mimoparoveé oplozeni — otec vychovatel vs.
geneticky otec

m studium faktoru ovliviujicich fitness
(reprodukcCni uspesnost)

m vicenasobna paternita — analyzy parovaciho
systému (detekce promiskuity aj.)




History

jiz prvni studie genetickeho polymorfismu - geneticke
techniky mohou rozlisit nejisté otcovstvi — jedno z
hlavnich témat molekularni ekologie

chromosomal polymorphism

allozyme electrophoresis

DNA fingerprinting — overturn of existing paradigms in
behavioural ecology (birds)

statistical techniques for single-locus polymorphism
(allozymes) — departure from practice (i.e. DNA
fingerprinting)
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DNA fingerprinting, RAPD
absence of theoretical models




Vyuziti mikrosatelitu

(dnes nejCastéji pouzivané markery pro stanoveni paternity)

Spojeni teorie (statistické modely) a praxe
(vysoce polymorfni single-locus markery)

Tandemova opakovani kratkych motivu
Napr. (CTTT) , nebo( CA) ,

Vysoce polymorfni

Jednoducha dedicnost

found in many species (probably common)
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Alely se lisi delkou — analyza
dvou jedincu
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Priklad analyzy jednoho lokusu —
fragmentacni analyza PCR produktu

Genotyp (bp)

Matka: /

Otec: 131/134

Potomek 1: /134

Potomek 2: /137

Sledovany otec mohl zplodit potomka 1, ale zcela jisté neni otcem potomka 2




Proteinovy fingerprinting

Hohol severni
Andersson & Ahlund 2000

Proteiny z bilku vajec

iIsoelectric focusing
In immobilized pH gradients

Vnitrodruhovy hnizdni parazitismus

(vice néz polovina hnizd)

Zanasi si zfejme pribuzné samice

_ Relative frequency

O Host-parasite pairs
B3 Random pairs

Bandsharing values

Fig.2. Distribution of bandsharing valuesin the 29 pairs of host and primary
parasite in 1986 and in the 861 different random pairs that can be drawn
among the 42 other females not involved in host—parasite relationship with
each other. Bandsharing values are significantly higher for the host-parasite
pairs than for the randomly formed pairs (see Host-Parasite Relatedness).
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Fig. 1. Electrophoretic gel with albumen band patterns for the 12 eggs of a
goldeneye clutch parasitized by three females. There are five host eggs (lanes
marked H) and four, two, and one parasite eqggs (lanes marked 1, 2, and 3,
respectively). Bands that were scored for bandsharing analysis are marked with a
short dash in the margin. Several different bands occur in all 902 eggs and can
therefore be used as location references; they are marked with a longer dash.




Statistical methods of parentage analysis

* Exclusion
nekompatibilita mezi rodicem a potomkem -
zamitnuti rodiCovstvi

« Categorical and fractional likelihood
nelze vyloucit vice jedincu

* Parental reconstruction
z genotypu potomku z jedné rodiny rekonstrukce genotypu rodicu

srovnani se skupinou potencialnich rodicu nebo srovnani navzajem
mezi potomky k ureni ,multiple paternity”




UrcCeni paternity — exclusion principle

Matka Otec Mlade 1 Mlade 2
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an 3.7 - [210 57 fsa]

5]
_j\tmDErmect [ TR e — ﬂ\ndnw;nﬂe\p N _ _ EET
Je mozn¢ analyzovat
nckolik lokusu
najednou.
A -
I [
Paak Haight Tata ot ﬂ
e E

gl Start| uRNT | %58 310 Data Collection Soitw.. | [ GeneScan 3.7 - 1210 . G ass




Kolik je treba lokusu?

Nutny pocCet neni absolutni

Dano:
v poctem alel

v’ heterozygotnosti
v’ Cetnosti alel

v velikosti vzorku

idealni - hypervariabilni lokusy
staCi treba jen 3
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Nielsen et al. 2001
rizny pocet alel,
____ razny pocet moznych rodict
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number of loci

Tedy nejdfive je nutna pilotni studie dospélcu v populaci

— vypocet Exclusion probability




Exclusion probability

Pravdepodobnost, ze genotyp nahodne vybraneho
jedince nebude pasovat na potomka

Zavisi na poctu lokusu a alel
Jiné hodnoty pro prvniho a druheho rodice
Dobré jsou hodnoty okolo 0,99

Vypocita napriklad Cervus




Exclusion - complications

Mendelian rules of inheritance: genotyping errors, null
alleles, mutations - false exclusions in strict conditions

Extended family structure (pribuznost potencialnich
rodicu) — nejhorsi jsou sourozenci

Linked loci — decrease of variation
Loci on sex chromosomes

problems increase with increasing number of individuals
and loci

very usefull for experiments where all possible parents
are known




Mutace
Ibarguchi et al. 2004

Obvykle se zanedbavaji

Mohou vsak byt | pomerné Casté — vysoka
mutacni rychlost mikrosatelitu
(4.5x 102 -5.1 x 10 na lokus)

Navic CastéjSi u samcu (2 az 6x)

— VyloucCeni na zakladé jednoho lokusu muze
byt Spatne !




Reseni
Pouzit vice lokusu

Probability of resemblance (Pg)

Podivam se na ostatni lokusy a vypocitam s jakou
pravdepodobnosti mohou alely sdilet dva nepribuzni jedinci.

Pro = (28, — p°)°

Frocam = ‘ I[f’*" . )-
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Ibarguchi et al. 2004

22% mimoparova paternita bez korekce na mutace

7% mimoparova paternita s korekci
soulad s jinou pouzitou technikou




Categorical x fractional likelihood

* likelihood scores derived from progeny and nonexcluded
parents genotypes

« Categorical l.: potomek jako jednotka prirazen otci,
biologicky validni

* Fractional l.: potomek prirazen vsem kompatibilnim
otcum. Statisticky pfesnéjsi a proto nékdy vyhodnégjsi
(f.e. better for comparing the reproductive success of
different categories of males)




Categorical allocation

1) identifying one parent when the other is
Known

2) identifying one parent with no information
about the other parent

3) identifying a parental pair starting with no
prior information




Fractional allocation

» assigns some fraction (between 0 and 1) of each
offspring to all nonexcluded candidate parents

 the portion of an offspring allocated to a
particular candidate parent is proportional to its
likelihood of parenting the offspring compared to
all other nonexcluded candidate parents




Megaptera

novaeangliae
Nielsen et al. 2001

* Az 25 samcu se pokousi parit se samici

* Ruzné role samcu - dominantni spolecnik a
vyzyvatel, sekundarni spolecnici

* 6 mikrosatelitovych lokusu
* Fractional likelihood paternity method

* Dominantni samci maji asi 3x vice mladat
(je to ale neprukazné)




Categorical and fractional likelihood
- disadvantages

« male’s likelihood of paternity is positively related to his
homozygosity (homozygotes have higher likelihood to
have the same allele with the progeny) — be carefull
when estimating variance in reproductive success

« categorical — overestimate the reproductive success of
homozygotes and underestimate that of heterozygotes

 fractional — a priori equal probability of paternity
(required by the technique) underestimates variance in
reproductive success




Genotypic (parental) reconstruction

 reconstruction of parental genotypes from
progeny arrays of full- or halfsibs

» exhaustive algorithm
« extremely computationally intensive
* most often in fish parentage




Choosing the method

* sampling of unknown parents (all, some, none)
« sampling large groups of full- or halfsibs (yes, no)
* a priori known parents (both, one, neither)

_ys

preferred technique

! ‘ no sufficient markers

alternative technique

_y

choosing computer program




PocitaCové programy

» Cervus, Newpat, Probmax, Kinship, Famoz,
Papa, Parente, Patri, Gerud

 available online — see Jones & Ardren (2003)

* the most important differences — handling
sources of difficulty (null alleles, mutations,
scoring errors)
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 Kvalitni data z terenu!

* Nejlépe vsichni dospéelci z populace,
behavioralni a jina fenotypicka data,
mladata prirazena do rodin (matka +
socialni partner)

» Spatna data = Spatné vysledky




Stane se, ze nemohu ziskat vzorky vsech
dospelych jedincu z populace (potencialnich
rodiCu) nebo nelze fici, ktera mladata jsou z

jedné rodiny

 Nemusi se zdarit najit rodice vsem
potomkum

* | tak ale mohu zjistit ledacos
zajimaveho (multiple paternity)




Priklad
genotypy matky a embryi

lokus 1 lokus 2
Matka 100 150 300 350
1. embryo 100 115 300 320
2. embryo 150 120 350 310
3. embryo 120 100 350 365




Alely od matky

lokus 1 lokus 2
Matka 100 150 300 350
1. embryo 100 115 300 320
2. embryo 150 120 350 310
3. embryo 120 100 350 365

Na druhem lokusu vice nez dve alely,
které nejsou od matky — vice otcu

... nebo mutace — data nutno korigovat — viz Uria lomvia




Apodemus agrarius
mladata az od tfi samcu

,Multiple paternity“ zavisi na sezéné (populacni hustoté dostupnych samcu?)
- v |éte jiz prakticky neexistuji vrhy zplozené jednim samcem
- vyrazné mezidruhove rozdily v ramci rodu Apodemus




Orangutan

na Sumatre
(paternity)

* Napadny dimorfismus
(vystouplé tvare a hrdelni vaky u samcu)

* Predpoklad:

Samci bez napadnych znaku hormonalné suprimovani a
nemnozi se

« Mikrosatelity — 50 % mladat je od samcu bez
napadnych znaku — alternativni strategie




L. macrochirus

Lepomis (maternity)

« Samec (bourgeois male) hlida hnizdo s jikrami

* L. marginatus, L. punctaus, L. auritus
samec ma v hnizde jikry od nékolika samic

* L. macrochirus
tri typy samcu (alternativni reprodukCni strategie):

bourgeois (> 7 let, stavi hnizda)
mladi samci (vjizdéji do hnizd a vypoustéji spermie)
nesparovani stari samci (napodobuji samice)

20% potomku neni od bourgeois




Skladovani
spermii

Chrysemys picta

Dny u savcu

tydny u ptaku nebo hmyzu
mésice u mloku

roky u hadu a zelv

Chrysemys picta
mikrosatelity — po 3 roky mladata od stejneho otce, opakovane
pareni se stejnym otcem je nepravdepodobné




Ptaci

Rada druh(i povazovana
za monogamni (pévci)

Sialia sialis

Ale u 75 % druhu ptaku :
8-35 % mimoparovych mladat

mimoparova mladata

SkuteCné monogamni pevci — jen Emberiza schoeniclus
14% az 55% mimoparovych mladat
(Phylloscopus) -

__ Malurus cyaneus
‘8 az 72% mimoparovych mladat




Odhad % mimoparovych mladat

* DostatecCny
vzorek pro
odhad

%o Error around estimate

 Vice nez 200

0 00 400 600 200 1000
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Fig. 2 The magnitude of error around actual estimates of EPT
levels against the sample size of those studies. "% error’ on the
uertical axds refers to the magnitude of the difference between the
upper and lower 95% confidence intervals around an estimate.
The line plotted is this *% error’ for a hypothetical population with

a rate of 15% EPP across different sample sizes,




Photo Tavi Grepp

Samci z centra kolonie
uspesnéjsi (az 30x)
Samci reprodukcné
aktivni 10 let i déle

Pro vice nez polovinu
mladat nenalezeni oftci
— role pareni ve vode

Halichoerus grypus

tulen kuzelozuby
Wilmer et al. 1999

« Kolonie, dimorfismus—
polygynie

 Dve skotské kolonie North Rona
a Isle of May

* Vzorky ze zhruba deseti let
« 9 mikrosatelitovych lokusu
« IDENTITY, NEWPAT, CERVUS




Priklad: Maternita a paternita u netopyru

Pipistrellus nathusii — jizni Cechy (Jahelkova, Hulva, Bryja)




