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Introduction: Conservation biology
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Introduction: Conservation genetics

* how genetic analyses can help threatened species:
some examples...




Giraffa camelopardalis

Brown et al. (2007) Extensive population genetic structure in the giraffe, BMC Biology 5:57
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Figure 1 Introducing new males increases the genetic diversity and enables the adder population to recover. a, Total number and number
of recruited male adders captured in Smygehuk from 1981 to 1999. b, Southern-blot analysis of major histocompatability complex (VMHC)
class | genes in seven males sampled before the introduction of new males (left) and in seven recruited males sampled in 1999 (right).

Madsen et al. (1999) Restoration of an inbred adder population, Nature 402, 34-35




Introduction: Conservation genetics

* how genetic analyses can help threatened species:
some examples...

vV Vv Vv V9V V9V VY

measure inbreeding / outbreeding depression

loss of genetic diversity

fragmentation of population and reduction of gene flow
genetic drift

define management unit

understand aspects of species biology important
for their conservation




Introduction: Conservation genetics
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reintroduction from Frankham et al. (2002) Introduction to
Conservation Genetics, Cambridge University Press
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Introduction: why genetic diversity is important in
bopulations...

e genetic diversity reflects evolutionary potential

» genetic diversity required to evolve or to adapt to new environment or
environmental modifications.

» /" genetic difference between individual = ” fitness of the most adapted




Introduction: Why genetic diversity is important in
bopulations...

e genetic diversity reflect evolutionary potential

» example | - habitat selection: peppered moth
(Biston betularia) in UK
- dark and light forms
- night:active / day: resting on trees
= camouflage critical for survival
- light form: camouflaged on lichen-covered tree trunks
- Industrialisation: kill lichen by sulphur pollution
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Grant (1999) Fine tuning the peppered moth paradigm, Evolution 53, 980-984 i ’

Kettlewell (1973) The Evolution of Melanism, Clarendon Press, Oxford, UK
Majerus (1998) Melanism: Evolution in Action. Oxford University Press

Kettlewell (1958) A survey of the frequencies of Biston betularia (L.) (Lep.) and its melanic forms in Great Britain, Heredity 12,551-572
but see also: Rudge (2006) Myths about moths: a study in contrasts, Endeavour 30, 19-23
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Introduction: why genetic diversity is important in
bopulations...

* genetic diversity reflect evolutionary potential

» example 2 - disease resistance: resistance to myxoma virus in Australian
rabbits
- introduction of rabbits in Australia: 1860
- control measure: introduction of myxoma in 50’
= high mortality rate first years

- high selection for resistance
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Introduction: why genetic diversity is important in
bopulations...

e genetic diversity reflects evolutionary potential

» genetic diversity required to evolve or to adapt to new environment or
environmental modification.

» /" genetic difference between individual = ” fitness of the most adapted

* |oss of genetic diversity often associated with inbreeding, reduction
of reproductive fitness and extinction risk
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Introduction: Why genetic diversity is important in
bopulations...

* |oss of genetic diversity often associated with inbreeding, reduction
of reproductive fitness and extinction risk

» example 3 - captive fruit fly/housefly populations

- 60 captive fruit fly (Drosophila melanogaster) populations,
maintained during 210 generations

mean population size: 67 individuals
= |5/60 populations extinct after 210 generations

- 6 captive housefly (Musca domestica) populations,
maintained during 64 generations

population size: 50 individuals
= 5/6 populations extinct after 64 generations

Latter & Mulley (1995) Genetic Adaptation to Captivity and
Inbreeding Depression in Small Laboratory Populations of
Drosophila melanogaster, Genetics 139,255-266

Reed & Bryant (2000) Experimental tests of minimum viable
population size, Animal Conservation 3,7-14
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Introduction: Why genetic diversity is important in
bopulations...

* |oss of genetic diversity often associated with inbreeding, reduction
of reproductive fitness and extinction risk

» example 4 - large metapopulation
(Finland) of the Glanville fritillary
butterfly (Melitaea cinxia)

- 42 butterfly populations genotyped
in 1995

- survival and extinction recorded
in 1996

= 36 populations survived

- extinction rate high for populations
with lower heterozygosity
even corrected for demographic
and environmental variables
(pop. size, area, ...)

Saccheri et al. (1998) Inbreeding and extinction in a butterfly metapopulation, Nature 392, 491-494
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Genetic tools: DNA sampling

* invasive methods (dead animals)

» entire animal/plants (e.g. insects)

» internal tissue: liver, heart, ...

® non-invasive methods

» blood sample

» part of the body: hairs, feathers, scales, sloughed skin, ...

leafs, flowers, ...
» buccal swab
» faeces

4
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Genetic tools: DNA extraction

e first: lysis of the tissue/sample using proteinase
* numerous protocols

» standard Phenol/Chloroform (Sambrock et al. 1989)
® low cost / © high toxicity

» CTAB: more adapted to plants (or amphibians)

» CHELEX:
® quick / © not for long storage

» columns: several companies, e. g. Qiagen, Promega, Sigma,...
© expensive / ® high purity DNA
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Genetic tools: DNA amplification (PCR)
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Measuring genetic diversity

e different markers (regions)

under selection or not
lineage: maternal, paternal or both
easy/difficult to develop, use or analyse

cheap/expensive

» Proteins / Allozymes

» sequencing

» Restriction Fragment Length Polymorphism (RFLP)
Amplified Fragment Length Polymorphism (AFLP)

Random Amplified Polymorphic DNA (RAPD)
DNA fingerprints (minisatellites)

» microsatellites
Single Nucleotide Polymorphism (SNP)
Single Strand Conformational Polymorphism (SSCP)

18



Genetic markers: Proteins / Allozymes

* separate proteins according to their electric charge and molecular

weights
DNA coding for a protein| ..ATG CTT GAC GTT ... ..ATG CTT GGC GTT ...
mRNA| ..AUG CUU GAC GUU ... ..AUG CUU GGC GUU ..
amino acid composition| ...-met - leu - asp - val - ... ..-met - leu - gly - val - ...

* electrophoresis

@ only 30% of DNA base changes result in charge
changes: underestimation of genetic diversity

© need high tity of material (blood, kidney, li
no’rc]ergalIyl%se(}ﬂ??olryer?dggeergg species Y ver)
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Genetic markers: Sequencing

* “reading” DNA sequences

DNA Polymerase reads the template strand and synmthesizes a now second strand to match

3’ - YﬂCGCGGIﬂRCGGTRIGITCGRCCGIURGCTHCCGH% .
3' - ATGCGCCATTGCCATACARGCTGGCARATCGATGGETA CAR - 5°

IF 5% of the T nuckotides are actually dideoxy T, then eac h strand will terminate
when & gels a &dT on 1s growing end:

5" = TACGCGGTAARCGGIATGTITCGACCGTTTAGCTACCGAT
5' - TACGCGGTARCGGTATGTTCGRCCGTTTAGC T

5' « TACGCGGTAACGGTATGTTCGACCGTTTe

5" - TACGCGGTARCGGTATGITCGRCCGTTe

9" = TACGCGGTARCGGTATGTTCGRECGT.

5" - TACGCGGTRACGGTATGT Te

5' - TACGCGGTAACGGTATGTe

5" = TACGCGGTAACGGTATe

5" = TACGCGGTARCGGT

5" = TACGCGGTe

20



Genetic markers: Sequencing

* “reading” DNA sequences
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Genetic markers: Sequencing

* “reading” DNA sequences

© high cost
© problems with heterozygosity

© primers sequences must be known
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Genetic markers: Restriction Fragment Length
Polymorphism (RFLP)

* use define restriction enzymes to cut randomly in the whole
genome — numerous DNA fragments with diff. sizes

» differences at the restriction enzyme cutting site
e electrophoresis (agarose or other)

© need large amount of DNA; not for non-invasive methods
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Genetic markers: Random Amplified Polymorphic DNA
(RAPD)

* PCR reaction using random primers (10-20 bp), producing several
fragments with different length

* electrophoresis to see the different fragments

© repeatability of the results not
always good...

© dominant markers
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Genetic markers: dominance / co-dominance principle

AA Aa aa A: dominant / a; recessive
P: primer similar to the DNA seq.
---P___ P---- ---P___ P---- -=-P--emeoeee- PCR product
---P P---- P | - Peeee -

DNA fragment on a gel

no band

* dominance: when heterozygotes are not distinguishable from
homozygotes

» AA with PCR product, aa without PCR product, Aa with PCR product

e co-dominance: when heterozygotes are distinguishable from
homozygotes

» AA with low mobility, aa with high mobility, Aa with a medium mobility

— difficulties in the analyses

25



Genetic markers: Amplified Fragment Length
Polymorphism (AFLP)

e method close to RAPD

e DNA cut with a restriction
enzyme, and short DNA
fragments of known sequence
are attached to the cut ends

® more accurate than RFLP
no repeatable problems

© dominant markers
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Genetic markers: microsatellites

e also named STR (short tandem repeats) or
SSR (simple sequence repeats)

e tandem repeats of a short DNA segment (1-5 bp)

maternal origin ATATATATATATATATAT  (AT)s
paternal origin ATATATATATATATATATATAT (AT

* between two conserved regions flanking the microsatellites

stable | ATATATATATATATATAT | stable
stable | ATATATATATATATATATATAT | stable

e reason of the polymorphism: polymerase “slippage” or “stuttering”

1628+

|
|

! y
1555
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Genetic markers: microsatellites

* must found the conserved regions flanking the microsatellites

e separation using electrophoresis (agarose gel or sequencer)

1. 128 8 N EELS

©_ difficult to identify the conserved regions flanking the
microsatellites

bl 70 8. 89
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Genetic markers: other markers

e DNA fingerprints (minisatellites)

» core repeat sequences of 10-100 bp

@ highly variable / © high quantity of DNA, difficult to set-up / old method

e Single Nucleotide Polymorphism (SNP)

» punctual mutation in a gene, present in >1% of the population

® possible difference in the protein expression / © need sequencing

MLZREonS ‘ DNA s ampia 1707
A) ¢4.B580C>T 1.8580C>T
{ homozygote sample ) ¥
/ ‘ / v'\
\ V8 Vo \4'_4\-_ 74 VN e
ML kion S DHA zample 1553
B) g.8580C 9-8‘;',8“
wild type sequence
{ homozygote sample ) ‘ A
A e, :‘L’" i \ | S
M2 vt Fy T Y DN e 1%
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Genetic markers: other markers

e DNA fingerprints (minisatellites)

» core repeat sequences of 10-100 bp

@ highly variable / © high quantity of DNA, difficult to set-up / old method

e Single Nucleotide Polymorphism (SNP)

» punctual mutation in a gene, present in >1% of the population

® possible difference in the protein expression / © need sequencing

e Single Strand Conformational Polymorphism (SSCP)

» using difference of mobility for slightly different DNA fragments

® differentiation without sequencing / © difficult to set-up

GATTGCGTAGCGTACTAGCGACAGCTAG GATTGCGTACCGTACTAGCGACAGCTAG
GATTGCGTACCGTACTAGCGTCAGCTAG GATTGCGTACCGTACTAGCGTCAGCTAG

gel

30



Genetic markers: summary

first , . Level of Dominance / , hon-
Basis Polymorphism : : selection | development| cost invasive
use polymorphism | co-dominance :
sampling
Allozymes 1966 amlno-aC|.d ch.ange n low co-dominant | under none low no
polymorphism amino-acid
sequencing of PCR| nucleotide
sequencing 1975 dpgf?::;;:;:/ POI)}T;T;?ISM low/high co-dominant S:d(:r" nhone high yes
region deletion
no
RFLP 1970’s ¢ Randomly length of the medium co-dominant | (rarely limited moderate no
ragmented DNA fragments
under)
: amplifiable or no
RAPD 1990 Random amplified not amplifiable medium dominant (rarely limited low/ yes
DNA fragments moderate
fragment under)
Random amplified amplifiable or no moderate
AFLP 1995 not amplifiable medium dominant (rarely limited ) yes
DNA fragments / high
fragment under)
PCR amplification variation in the
. : end of | of a unique loci, , : long time,
microsatellites : . number of high co-dominant no : moderate | yes
|980’s | harbouring simple repeats high cost

sequences repeats
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Genetic markers: summary

first , . Level of Dominance / . hon-
Basis Polymorphism : : selection | development| cost invasive
use polymorphism | co-dominance :
sampling
Allozymes 1966 amlno-aC|‘d ch.ange n low co-dominant | under none low no
polymorphism amino-acid
sequencing of PCR| nucleotide
, product of a polymorphism, : : no or ,
sequencing 1975 defined gene/ inserts, low/high co-dominant under none high yes
region deletion
no
RFLP 1970’s ¢ Randomly length of the medium co-dominant | (rarely limited moderate no
ragmented DNA fragments
under)
: amplifiable or no
RAPD 1990 Random amplified not amplifiable medium dominant (rarely limited low/ yes
DNA fragments moderate
fragment under)
: amplifiable or no
AFLP 1995 Random amplified not amplifiable medium dominant (rarely limited mod.erate yes
DNA fragments / high
fragment under)
PCR amplification ation in th
: : end of | of a unique loci, variation in #ne : : long time,
microsatellites : L number of high co-dominant no : moderate | yes
1980’s | harbouring simple ju—— high cost

sequences repeats
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Mitochondrial markers

* numerous copies in a cell

e only maternal lineage / no (limited) heterozygosity

e animals: about 15-17k bp

» well known: sequencing from defined primers

» most interesting regions:

- Control region (highly variable non-coding region: intra population — species)
- cytochrome b (subspecies = genus)

- NADH dehydrogenase |-6 (subspecies = genus)

- COIl (species = order)

12S / 16S (species = order)

e plants: 200k bp to >2400k bp

» sequencing of some parts

» presence of microsatellites in the mtDNA

33



Mitochondrial analyses

e only maternal lineage / no (limited) heterozygosity
e limited mutation rate: 1-10% / million of years

e methods used: SEQUENCING

* reconstruction of lineage, relationship between genus, species:
PHYLOGENY

* relationship within a species, with implication of the geography
e.g. PHYLOGEOGRAPHY: geographical distribution of genealogical
lineages

34



Mitochondrial analyses: phylogenetic trees

* regrouping most similar haplotypes

1 AATGTACTAGATGT TG
2 AATGTACTAGATGT TG
3 AATGATCTAGATGT TG
4 AATGTACTTCAT ACTG
.5... AATGTACTTCAT. TCTG,
: 6 AATGTACTTCTTGTCTA;
. AATGTACTICTTGTCTAS
8 ATCGTAGACTGTGAAAT

o different methods:

maximum likelihood: the tree with the lowest probability
maximum parsimony: the less number of steps (mutations)

genetic distance (Neighbour joining): regrouping most similar haplotypes

vV v Vv Vv

Bayesian method: posterior probability, after simulating and keeping the
most probable trees

35



Mitochondrial analyses: network

* re-create all steps (mutation) between all haplotypes
with 2 minimum steps

B V. v. mensalis
[ V. v. vicugna

36



Nuclear markers

e paternal and maternal lineages: 2 copies = heterozygosity

®* mutation rate:
very low (e. g. coding region) to very high (e. g. microsatellites)

e use for

pedigree reconstruction (maternal-paternal lineages)
level of inbreeding

population differentiation

migration estimation

differentiated behaviour (migration, ...) between sexes

vV Vv Vv V9V V9V VY
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Nuclear markers: some definitions

 Locus:a segment of DNA, e.g. a microsatellites, coding for a
protein, ...

* Alleles: different forms of the same locus, e.g. different length of a
microsatellite, different amino-acidic chain in a protein, ...

e Heterozygote: an individual with two different allele at a locus
e.g. alleles A|A; for the locus A

* Average heterozygosity: mean of the heterozygosity at all
loci

* Allelic diversity: average number of alleles per locus

38



Nuclear markers

markers used

» microsatellites

when microsatellites already developed

no limitation by cost

more for animals (sometimes difficult to find in plants)
neutral markers

» AFLP

when no microsatellites already exist and cannot been developed (time, cost)
plants
dominance is not a problem

» RFLP

when no microsatellites already exist and cannot been developed (time, cost)
limit the cost

plants

dominance is not a problem

» RAPD, enzymes, sequencing, SSCP, fingerprints, ...

particular cases

39



Nuclear marker analyses: Hardy-Weinberg (HW)
equilibrium

* in large population, with random mating and no mutation,
migration or selection

e allele and genotypes frequencies in equilibrium

e e.g.locus with alleles A| and Ay, relative frequency of p and q,
where p+q=1
» proportion of AjA: (£p - o'p) pxp = p?
» proportion of AyAz: (£ q - 'q) qxq = g2
» proportion of AJA2: ($p - I'qAND £ q - o'p) 2* pxq = 2pq

40



Nuclear marker analyses: genetic diversity characteristics

e expected heterozygosity (gene diversity): He

» for p and q allele frequency: He =2pq

» for more alleles: He = 1-3>pi? for all alleles frequencies

e observed heterozygosity: Ho

» proportion of heterozygotes at a locus

 allelic richness: A (or Ar)

» average number of alleles per locus

41



Nuclear marker analyses: genetic diversity characteristics

e example |
AA AB BB total
number 27 23 5 55
genotype frequency 0.49 0.42 0.09 1.0

e estimation of alleles frequency:

p = [(2*27)+(1*23)] / [2¥55] = 0.70

q = [(2*5)+(1%23)] / [2*55] = 0.30

p+q=070+030=|
» expected heterozygosity: He

He = 1-3p2= | - [0.702 + 0.302] = |-[0.49+0.09] =1-0.58 = 0.42
» observed heterozygosity: Ho

no heterozygotes / total number = 23 / 55 = 0.42
» allelic richness: A (or Ar)

average number of alleles per locus = 2

42



Nuclear marker analyses: genetic diversity characteristics

e example 2

91/91 91/95 91/97 95/95 95/97 97/97 total
number 10 24 6 23 9 8 80
genotype frequency|  0.125 0.30 0.075 0.2875 0.1125 0.10 1.0

» estimation of alleles frequency:

- p = [(2¥10)+(1%24)+(1%6)] / [2*80] = 0.312

- q = [(2%23)+ (1%¥24)+(1*9)] / [2*80] = 0.494

- r = [(2%8)+ (1%6)+(1%9)] / [2*80] = 0.194

- p+q+r=0312+0.494 +0.194 = |
» expected heterozygosity: He

He = [-2pi2= 1 - [0.3122 + 0.4942 + 0.194%] =1-0.38 = 0.62

» observed heterozygosity: Ho

no heterozygotes / total number =24 + 6 +9 / 80 = 0.49

» allelic richness: A (or Ar)

average number of alleles per locus = 3
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Nuclear marker analyses: Deviations from Hardy-
Weinberg (HW) equilibrium

® causes

» inbreeding
» assortative and disassortative mating

» fragmented populations

44



Nuclear marker analyses: Deviations from Hardy-
Weinberg (HW) equilibrium

® causes

» inbreeding

- definition: mating with relatives

- with inbreeding: decrease of heterozygotes (compare to HW equilibrium)

e.g.: selfing genotype frequency
Gen AlA| AlA2 AcA;

0

P
Ii/\rb
\Jr

2 37.5
3 43.75 12.5 43.75

» assortative and disassortative mating

» fragmented populations

45



Nuclear marker analyses: Deviations from Hardy-
Weinberg (HW) equilibrium

® causes

» inbreeding

» assortative and disassortative mating

- preferential selection of mate with similar (assortative) or different (disassortative)
genotype
e.g.: human female selection:

disassortative odour preferences in human (Wedekind et al., 1995; Wedekind & Furi 1997; Thornhill
et al. 2003) = disassortative

MHC-disassortative mating observed between partners (Ober et al., 1997)
BUT: MHC-similar facial preferences

» fragmented populations

MHC (Major histocompatibility Complex): is a large genomic region or gene family found in most vertebrates. It plays an important role in the immune
system, autoimmunity, and reproductive success.
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Nuclear marker analyses: Deviations from Hardy-
Weinberg (HW) equilibrium

® causes

» inbreeding
» assortative and disassortative mating

» fragmented populations

- small isolated population fragments will differentiate at random due to genetic drift

e. g. Buri 1956: evolution of heterozygosity in bw’> allele over |9 generations in 105
replicate populations maintained with |6 parents per generations
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Generation Generation

] 12

ﬂ-r‘l‘l—.—rl——-

e e e i o o 13

4
5
6
7
8
9 I '
Number of 39 Number of 30T] 7
: 10 : L L _ 19
populations 0 PeArR-A-A=r=rRerr e populations 0 HF-=FPArAe——Ar-r———
.00 .13 .25 .38 .50 .63 .75 .88 1.00 .00 .13 .25 .38 .50 .63 .75 .88 1.00
Frequency of bw’> allele Frequency of bw75 allele
Copyright © 2004 Pearson Prentice Hall, Inc. Copyright © 2004 Pearson Prentice Hall, Inc.

Buri, 1956: frequency distribution of the bw’> allele over 19 generations in 105 replicate populations maintained with 16
parents per generations
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Small population problems: impact of the population size
on the genetic diversity

e stochasticity

» just by chance, some alleles (especially the rare ones) may not be passed
to the next generation and are consequently lost.
= frequency of alleles change over generation

qg=0. 375
r=0.125

=9

49
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Small population problems: impact of the population size
on the genetic diversity

e stochasticity

» just by chance, some alleles (especially the rare ones) may not be passed
to the next generation and are consequently lost.
= frequency of alleles change over generation

A A) A A) A A ) (aA) 9=0-375

2V r=0.125

| | l | :
&) _ p=0.75
g “? %ﬁ q=028
t |
» genetic drift: allele frequency change over generation, with a general
reduction of the global genetic diversity

IALAZ)

consequences:

® random changes in allele frequencies from one generation to the next one
® Joss of genetic diversity and fixation of alleles within populations

® diversification among replicate population from the same original sources (e. g. fragmented
populations)
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Small population problems: lost of genetic diversity

* reasons of the lost of genetic diversity in small populations

» genetic drift
» inbreeding reducing heterozygosity

» selection reducing genetic diversity by favouring one allele at the expense
of another = fixation

* impact:

» reduce the ability to evolve in response to environmental changes

e.g.: peppered moth in UK/ resistance to myxoma virus in Australian rabbits

54



Introduction: Why genetic diversity is important in
bopulations...

e genetic diversity reflect evolutionary potential

» example | - habitat selection: peppered moth in UK

- dark and light forms

- night: active / day: resting on trees

= camouflage critical for survival

- light form: camouflaged on lichen-covered tree trunks
- Industrialisation: kill lichen by sulphur pollution

= light form: visible / dark form: camouflaged
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Grant (1999) Fine tuning the peppered moth paradigm, Evolution 53, 980-984 T

Kettlewell (1973) The Evolution of Melanism, Clarendon Press, Oxford, UK

Majerus (1998) Melanism: Evolution in Action. Oxford University Press

Kettlewell (1958) A survey of the frequencies of Biston betularia (L.) (Lep.) and its melanic forms in Great Britain, Heredity 12,551-572
but see also: Rudge (2006) Myths about moths: a study in contrasts, Endeavour 30, 19-23
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Introduction: Why genetic diversity is important in
bopulations...

* genetic diversity reflect evolutionary potential

» example 2 - disease resistance: resistance to myxoma virus in Australian
rabbits
- introduction of rabbits in Australia: 1860
- control measure: introduction of myxoma in 50’
= high mortality rate first years

- high selection for resistance
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Small population problems: lost of genetic diversity

* reasons of the lost of genetic diversity in small populations

» genetic drift
» inbreeding reducing heterozygosity

» selection reducing genetic diversity by favouring one allele at the expense
of other = fixation

* impact:

» reduce the ability to evolve in response to environmental changes

» reduce the fithess
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Analysis of the relationship between allozyme
heterozygosity and fitness in the rare Gentiana
pneumonanthe L.

Oostermeijer et al. (1995) J. Evol. Biol. 8:739-759 (1995)
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Small population problems: lost of genetic diversity

* reasons of the lost of genetic diversity in small populations

» genetic drift
» inbreeding reducing heterozygosity

» selection reducing genetic diversity by favouring one allele at the expense
of another = fixation

* impact:

» reduce the ability to evolve in response to environmental changes

» reduce the fithess

¢ consequences:

» extinction of alleles

» extinction of populations or species

- e.g.Madsen et al. (1996, 1999, 2004) - near extinction
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Figure 1 Introducing new males increases the genetic diversity and enables the adder population to recover. a, Total number and number
of recruited male adders captured in Smygehuk from 1981 to 1999. b, Southern-blot analysis of major histocompatability complex (VMHC)
class | genes in seven males sampled before the introduction of new males (left) and in seven recruited males sampled in 1999 (right).

Madsen et al. (1999) Restoration of an inbred adder population, Nature 402, 34-35
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Small population problems: bottleneck

e bottleneck: large reduction of N in a period of time

» consequence: lost of genetic diversity, especially rare alleles

» impact depends on the population size during the
bottleneck and the duration of it (nb generation)

» e.g..northern elephant seal (Mirounga angustirostris)

large reduction of the population size due to hunting

20-30 survived in Isla Guadalupe
(probably only a single harem)

mtDNA:

® before 1892: >4 haplotypes (only 5 samples)
® after 1892: only 2 haplotypes (>150 samples)

20 allozymes:

® no diversity in the northern elephant seal

® normal level for the southern elephant seal (Mirounga leonina)

Bottleneck
£ 52
: ]
genetically
diverse n

original M [ ]
population

. genetically
simplified
population
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Small population problems: Inbreeding estimations

regarder ['estimation de
retF

inbreeding: mating of individuals related by ancestry
measured as the probability that two alleles at a locus ar
by descent (F). Recent copies of the same allele are refer

7
identical by descent, or autozygote
also named as pedigree inbreeding
A1;A2 A3:4 Relationship Description Example | r o ff’; ;fing
Parent / mother or father,
Offspring to son or daughter 284 /2 12
L

O 3 g@ Fullsibs | OffSPringofsame |30 4 | pl 4
parents

| ] | é) Half sibs offsprln.g with one not shown | |1/4 /8
G B parent in common

offspring of full

11

| st cousins ) 7 &8 | /4 /16
| sibs

{0
13 ffspring of |
é 2nd cousins | CTSPrNgOT ISt 5013 | /8 /64

cousins
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Small population problems: Theory of inbreeding in small

bopulations

in an hermaphroditic species
N = nb individuals
2N ancestral alleles

each individual at t: randomly sampling
with replacement of two alleles

e.g. A6 first sampled:
prob. that the second is A6 for | individual:
= |/2N

probability of sampling distinct alleles:
=1-1/2N

= probability of creating a zygote with both
alleles identical by descendent (F):

Fe= 1/2N + [1-1/2N]F.| €= previous inbreeding

= increase of inbreeding per generation:
A F=1/(2N)

Generation

A A
o

Gene
pool

Generation
t
1

1 L
2N 2N
(F=1) (F=F..)

similar alleles

distinct alleles
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Small population problems: Theory of inbreeding in small
bopulations

= probability of creating a zygote with both

alleles identical by descendent (F):
Fe= /2N + [1-1/2N]F

= increase of inbreeding per generation:

A F=1/(2N)
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Small population problems: Inbreeding depression

e population size reduction increase inbreeding rate in closed
populations = inbreeding results in a decline of the global fitness,
named as inbreeding depression

* purging

» elimination due to a strong negative selection on rare deleterious
recessive alleles
purging highly effective for alleles with large effects (e. g. lethal)
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Small population problems: Inbreeding depression

Charpentier et al. (2006), Life history correlates of inbreeding depression in

mandrills (Mandrillus sphinx), Molecular Ecology 15:21-28
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Fig. | Relationship between inbreeding
coefficients and growth in females. Figures
show mean * SE for each inbreeding value. (a)
Mass-for-age; (b) Crown-rump length -for-age
(= embryos length)
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Fig. 2 Cumulative survival curve showing age at
first reproduction in inbred (solid line) and
noninbred (dashed line) female mandrills. Crosses
indicate censored cases.
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Population differentiation

* high fragmentation of habitats

» instead of one continuous habitat (panmixia) = separated populations
without or with limited migration between them

e genetic differentiation between populations

» due to genetic drift, stochasticity, selection, etc...

* measuring population fragmentation: F-statistics (VWright, 1969)

panmictic population is one where all individuals are potential partners
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Population differentiation: F-statistics

* Fis: probability that two alleles in an individual are identical by
descent (= F averaged across all individuals)
intra-population

Fls®, Fis
e Fst:fixation index - probability that | >

two alleles from two populations are %O § - %Q
identical by descent between O
population structure
between populations

* Fi1: general genetic structure

* Fir = Fis+ Fst - (Fis)(FsT)




Population differentiation: F-statistics

* Fir =Fis + Fst - (Fis)(FsT)

or Fst = (Fir-Fis)/(1-Fis)

e but inbreeding and heterozygosity related:
F=1-(Ho/Hg)

Fis = I- (H/Hs)
Fst = |-(Hs/HT)
Fir = I-(H/HT)

Hi = observed heterozygosity averaged across all population fragments
Hs = expected heterozygosity averaged across all population fragments

Ht = expected heterozygosity for the total population (=Hc)
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Population differentiation: F-statistics

N\

* example
Genotypes
: Allele He F
Population | AJA| | AlA2 | AdA; frequency Ho =2pq | =I-(Ho/He)
Ai:p=0.5
I 0.25 | 050 | 0.25 Az q=0.5 0.5 0.5 0
Al p=0.5
2 0.4 0.2 0.4 Az g=0.5 0.2 0.5 0.6
combined: H, = 0.35 Ai:p=0.5 Hs = 0.5
A2:q=0.5 Hr = 0.5
Fst=0 Fis = 0.3
Fr=0.3
Hr = 2%p*q
|-HyH~

| -Hs/HT

=1-Hi/Hs
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Population differentiation: F-statistics

* example 2:

Genotypes
: Allele He F
Population | AJA| | AlA2 | AdA; frequency Ho =2pq | =I-(Ho/He)
Ai:p=0.5
I 0.25 | 0.50 | 0.25 Az q=0.5 0.5 0.5 0
Ai:p=0.2
2 0.14 | 0.12 | 0.74 As: g=0.8 0.12 | 0.32 0.625
combined: Hi =0.31 Ai:p=0.35 Hs = 0.41
A2:q=0.65 Hr = 0.455
Fst=0.099 Fis = 0.244
P = 2*AIA| tAIA, Fr=0319

=|-H/Hs

I-HyHT

| -Hs/Hr




Population differentiation: evolution over time

* when populations are isolated (no gene-flow):
increase of the genetic differentiation between populations (FsT)

0 100 200 300

Generation (t)
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Population differentiation: gene flow

e gene flow reduce the isolation

* gene flow must be sufficient to avoid genetic
differentiation

* measuring gene flow: very difficult on the field
rough estimation using the function:
Fst = |/(4Nem+1)
Ne= effective population size
m = migration rate

Nem = number of migrant per generation 1.

F 0.5 -

0.001 0.1 10 1000
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Relationship between inbreeding, heterozygosity,
genetic diversity and population size

* numerous relationships between these parameters

e theory (for random mating populations)

» relationship between inbreeding and heterozygosity
F= I-(HJ/Ho)

» relationship between increase of inbreeding per generation and population
size

A F=1/(2N)

» loss of genetic diversity = inbreeding coefficient

* in practice (rarely completely random mating in all pop.)

» large plant populations doing selfing: high inbreeding coefficient, low
heterozygosity but high overall genetic diversity (alleles randomly
distributed in the population but not within the individuals)

* relationship between inbreeding and loss of genetic diversity more
complex in species with regularly high level of inbreeding
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supplementary information

e books

» Frankham, Ballou & Briscoe (2002) Introduction to Conservation Genetics, Cambridge

University Press

» Allendorf & Luikart (2007) Conservation and the Genetics of Populations, Blackwell
Publishing

e articles

» inbreeding: Keller & Waller (2002) Inbreeding effects in wild populations, TRENDS in
Ecology & Evolution 17:230-241

» analyses softwares: Excoffier & Heckel (2006) Computer programs for population
genetics data analysis: a survival guide, Nature Reviews Genetics 7:745-758

e technical and analyses

» DNA manipulation (PCR, sequencing, etc.): http://www.dnai.org/b/index.html

» softwares: e. g. http://www.biology.lsu.edu/general/software.html
http://evolution.genetics.washington.edu/phylip/software.html
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