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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

West African

Rothschild’s Reticulated

Masai

Angolan

*

il
Brown et al. (2007) Extensive population genetic structure in the giraffe, BMC Biology 5:57 D001 St —
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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 (VHC)
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...

measure inbreeding / outbreeding depression

loss of genetic diversity

fragmentation of population and reduction of gene flow
genetic drift

define management unit

v Vv Vv VvV Vv V9

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
populations...

* 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...

» 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

= |ight form: visible / dark form: camouflaged

Grant (1999) Fine tuning the peppered moth paradigm, Evolution 53, 980-984
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




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

- Virus virulence
B Rabbit susceptibility
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Introduction: why genetic diversity is important in
populations...

* 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

* loss 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
populations...

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

1“&\“\\\\ o
» example 3 - captive fruit fly/housefly populations 08 \ \ag\\\\ﬂRF
- 60 captive fruit fly (Drosophila melanogaster) populations, . \ ’
maintained during 210 generations i >l . .
mean population size: 67 individuals S o AN
= |5/60 populations extinct after 210 generations ) B\\
- 6 captive housefly (Musca domestica) populations, 02 o SR
maintained during 64 generations
population size: 50 individuals g

= 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

50 100 150 200 250
GENERATIONS
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Introduction: why genetic diversity is important in
populations...

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

GLOBAL MODEL SAMPLE MODEL
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Figure 2 For both global and sample models (Table 1), the upper panels show: (1)  factors and heterozygosity influence the extinction risk (for statistical analysis,

rage number of heterozygous loci in extinct (black) and surviving see Table 1). L

e relationship between the risk of loca

(2) the probability of extinction predicted by the models  extinction a ted by the global and sample models

sity compared with the observed hetero ty; (3)

for local population sizes of 1-5 larval

probability of extinction predicted by the full model, including heteroz

ge in regional density (V

(proportional to circle size). For the sample m ave draw

opriate rquartilev

ain the global model; and fixed atthe lower

2l, including ological quartile value of regional density (NV,ein) and median flower abundance in the

factors and heterozygosity. These figures illustrate that both the ecological sample model

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

* V )
~ b
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:

-
o NN

V-
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Genetic tools: DNA extraction

 first: lysis of the tissue/sample using proteinase

®* numerous PI’OtOCO'S

» 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

15




Genetic tools: DNA amplification (PCR)

ORNL-DW G 940M-17476
DNA Amplification Using Polymerase Chain Reaclion

Reaction mixture contains target TARGET DMNA
DNA sequence to se amplified,

two primers (P, P2) an MIIIIIIIIIIIIIIIIIII

heat-stable Tag pclymerase
A ® a9

Reaction mixture is heated

(-]

A %hougeegﬁ;unrfotgé % EERRRLARRRRRRRRRRLL

to 37°C allows primers to -u.{.u 3 W
hybr dize to complementary Lol dedleltelell
seqLences in target DNA

When heated to 72°C, Taq polymerase extends complemertary

strandss from primers
) 1 ”’?

( IIIIIIIIIIIIIII, G et S
m ]

\arget DMaA sequence L L ® x

DENATLRE RARARARNARRARRRIRRL

‘ 4 DA s
‘Q LU L
L il pvprIDzE e

PRIMERS

||||||l|||||| EXTEND l
arp T
i S dInm

LT, LT
I e o T

target DNA sequence

FIRST CYCLE

SECOND CYCLE

Source: DNA Science see Fig. 13.
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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)

17




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

Polyacrylamide gel electrophoresis

Small,

Small,
A

between two glass plates

Vertical slab gel

Polyacrylamide
polymer fibers

Side view Front view

A pigh positive charge

low positive charge

© only 30% of DNA base

changes: underestimation o? genetic diversity

hanges result in charge

r(;)og?ﬁgg”gi%lg e(}ﬂ??élrf.)'e r?f materiglS blood, kidney, liver)

dangered species
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Genetic markers: Sequencing

®-8®-®-ocH, o Base ®-®-®-ocH, o Base

* “reading” DNA sequences N

H OH H

dideoxynucleotide (ddNTP) deoxynucleotide (dNTP)

Al - - llal el 1
v
[;]T[;]GGTG[;]G

C—> dTTP

4 GATP
daCTP
(B) dGTP

y-g-!kaﬂ!!ﬂ;é_gmgn ""&Eﬁﬂéé!"é‘ _ﬁ.‘gﬁmnmgg_g f:-ﬁﬁ‘ﬁﬂaiéﬁ.@.ﬂ 3' - ATGCGCCATTGCCATACARGCTGGCARATCGATGGHET CAR - 5°
(C) ‘ﬁ,gmﬁmﬂ f?,‘sﬂ":lﬂﬂmﬂl_g@ rlic.ﬂtaﬁrg x«ci".ﬂtﬂ

s c cariuie SN

P fcll ‘I & IF 5% of the T nuclootides are actually dideoxy T, then each strand willterminate

ag S when & gets a ddT on &s growing end:

-~ TACGCGGTARCGGTATGTTCGRCCGTTTAGCTACCGAT.
' = TACGCGGTAACGGTATGTTCGACCGTTTAGCTe

~ TACGCGGTARCGGTATGTTCGACCGTTTe

=~ TACGCGGTARCGGTATGTTCGRCCGTTe

' = TACGCGGTAACGGTATGTTCGACCGT.

' = TACGCGGTAACGGTATGTTe

-~ TACGCGGTARCGGTATGTe

=~ TACGCGGTAACGGTATe

= TACGCGGTAACGGT.

' = TACGCGGTe

(©)

B e )

DNA Po lymerase roads the template strand and synthesizes a new second strand to match
+ddTTP +ddCTP +ddATP \deTP
— 3= mcscssmacscmwnccnccsnmocmccsa;% .
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Genetic markers: Sequencing

* “reading” DNA sequences

Single-strancled DMNA
to be sequenced 3
5
frrrrrrrrrrr
CTGACTTCGACAA
T

T

Add: 5
DMA polymerase | '
gaTe " —_—
dGTP TLL 1l 5
il c LLli 5
dTTP Ll 111 5
h)lus limiting amounts of ,
uorescently labeled AL L1 11 1.5
ddATP N T
I T T O
SS%T;': S Y I
c L L 11 111115
N HT29
I Y -
I I Y Y Y 3
Larger
fragments 3 5
G C
A T
Electophoresis C ses?,g:%; G
using laser to T of the A
activate the G emplate €
fluorescent dideoxy A standis T
gu%aggdt%s and a A T
e r
distnguish the g —»
colors G
T A
$ c LS174T
A
Smallg T A
fragments 5 3




Genetic markers: Sequencing

* “reading” DNA sequences

© high cost
© problems with heterozygosity

© primers sequences must be known

21




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

A— F
DNA TYPING v radiozctivity labeled DNA | .
| Vo 3
- caver n rane with prabe < - - Wl & e
ncubzaiz 7 = - g -
:""’- o=z
- ‘ S8 = ~o""
the DNA prake binds to | B b as = @ o -
- -
- 28 ==
T co-oase
-=3- “w T
':t...n : - _:
) :ll.-..-:_zz-
P f : ® -t®
pat : - "Tie
S
£

fri1srL e m

mut
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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

e electrophoresis to see the different fragments

Laccaria amethystina récolte 1998 - RAPD amorce 157 .
50(97) 58 59 62 69 70 71 72 74 77 78 79 M © repeatablllty of the results not

% always good...

1500

© dominant markers
1000

800

AR

600

400

;

>
»

[ 2 B
- e G - s e

47 .
et L B TS

200

100
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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--eeeeee- PCR product
--P_ P---- S | —

DNA fragment on a gel

L no band

e 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

24




Genetic markers: Amplified Fragment Length
Polymorphism (AFLP)

AFLP Procedure

e method close to RAPD

e DNA cut with a restriction I== = CIIAAD AATT -6’
enzyme, and short DNA Rasrieton Diaeet 1 cend

fragments of known sequence T o
are attached to the cut ends

Adapter Ligation EcoR 1 adapter ™MTTAA
Mse 1 adapter  TAlm
® more accurate than RFLP
AATTCNN-emmne e ———NNTTA
no repeatable problems TTAAGNN-———————— NNAAT
i PCR1 EcoR 1 primer E-AC
© dominant markers e itaticr
L 3
MEBAATTCAC —————— GGTTA RN
BN TTAAGT Gemm e e CCAAT [
PCR 2 E*-ACA
M-CCAC
+
P AATTCACA wemne-e -GCTGGTTARN
B TTAAG TG T——————CACCAATINR
Li-Cor Sequencer L

denaturing polyacrylamide gel electrophoresis
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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 (-5 bp)

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

e between two conserved regions flanking the microsatellites

stable | ATATATATATATATATAT | stable
stable | ATATATATATATATATATATAT | stable

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

16004
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Genetic markers: microsatellites

* must found the conserved regions flanking the microsatellites

e separation using electrophoresis (agarose gel or sequencer)

Primer A 1 28 .13 TS 61 /s 8 .49
\
E—P COCOCGCO00 ~F—==
_— GGCGCOCEC = —e Genotype - -
—B  CGUGLGLGEG, ~s—= 22" 32 33 .31
= e RS = LiTbee] - [
e ¢ SN e S T R e
=—P  CGCGCGLGLGLGUGEG  —f— o S : et -—
= — i :
- GLGLGCGOGCGUGOGE g S -
= CGCGCGUGRGLGCGLG, ===
g ] [ -
P GCGCGCGLGLGUGTIHGCGCGCGOGE ~g— == e e
e COCGCGCGCUCGCGCGCGEGCEEOCE e Ed
& ' o Gel Electrophoresis
= GOGOGOGCGOGCGCGCGCGCGCECGCC ~g—= -
m=—P  COCGCGCGLGCOCGCGCGCGLGIGLG <g—mm
TS T GOGEGLGEGT i N
v o ) e e
Microsacellice

© . difficult to identify the conserved regions flanking the
microsatellites
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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

 Single Nucleotide Polymorphism (SNP)

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

® possible difference in the protein expression / © need sequencing

A) ¢.8580C>T
{ homozygote sample)

B) g.8580C
wild type sequence
( homozygote sample )

C) 9.8580C>T & ¢.8580C>A
( heterozygote sample )

D) 4.8580C>T & ¢.8580C
( heterozygote sample)

M2 rtons DNA zampla 1707
T 2 T ¢ A

l‘l-35fUC>T

[\ ~ N NN A
\ /N f oy A YAVAVAVA
MV VAN SV AR SRR VERVERVER O
M 2rkons ~ DHAzampie 554
1.8580C
+
A G GG VSN VA Y A VAV . N
MY ¢ DNA sampe 1553
9.8580C>T1/4
¥ AN
]“.' VAV AN IPRYAYIRY 4. VoV AY A
L2 Imion S DHAzampie 1722
9.8580C>T
¥
NN AN /
XY dald N WM NV LAl
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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

 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

29




Genetic markers: summary

first , , Level of Dominance / , _hon-
Basis Polymorphism , : selection | development| cost invasive
use polymorphism | co-dominance .
sampling
Allozymes 1966 ammo-aa.d ch.ange n low co-dominant | under none low no
polymorphism amino-acid
sequencing of PCR| nucleotide
d f ism,
sequencing | 1975 dpgf?n:jzzn:/ Pobl;:;‘:zglsm low/high co-dominant Sr?dc;:: none high yes
region deletion
no
RFLP 1970’s f 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 modsarate yes
DNA fragments / high
fragment under)
PCR amplification tion in th
. . end of | of a unique loci, variation in the . . long time,
microsatellites 1980’ S number of high co-dominant no . moderate| yes
s | harbouring simple repeats high cost
sequences repeats P
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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

P most interesting regions:

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

NADH dehydrogenase 1-6 (subspecies = genus)

COl (species — order)

12S / 16S (species — order)

* plants: 200k bp to >2400k bp (chloroplastic DNA)

» sequencing of some parts

» presence of microsatellites in the chloroplastic DNA
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Mitochondrial analyses

e only maternal lineage / no (limited) heterozygosity
 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

32




Mitochondrial analyses: phylogenetic trees

* regrouping most similar haplotypes

1 AATGTACTAGATGTGTG
2 AATGTACTAGATGTETIG
3 AATGATCTAGATGETTG
4 AATGTACTTCATCACTG
5 AATGTACTTCATCICTG

TR AR A A SRR L T

: 6 AATGTACTTCTTGTCTA;
... AATGTACTICITGICTA
8 ATCGTAGACTGTGAAAT

¢ different methods:

» maximum likelihood: the tree with the highest probability
» maximum parsimony: the less number of steps (mutations)
» genetic distance (Neighbour joining): regrouping most similar haplotypes

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

33




Mitochondrial analyses: network

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

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

34




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

v Vv Vv Vv Vv 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, ...

» 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

36




Nuclear markers

e 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
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Nuclear marker analyses: Hardy-Weinberg (HW)
equilibrium

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

* allele and genotypes frequencies in equilibrium

e e.g. locus with alleles A| and Ay, relative frequency of p and q,

where p+q=|

» proportion of AjAi: ($p - o'p) p*p = p?
» proportion of AyAx: (¥ q - d'q) q¥q = q2
» proportion of AjA2: (2p - I"qAND £q- d'p) 2¥ p * q = 2pq

U N

08 [

0.6 [

Freguency

04 [

02

Alp)  aiq)

Alp) [Aa(p®)|4a (pg)

a(q) |4a (pg)| aa (g?)

P2 (Pap)

2pq (Pag \\

0.2

04 06 08 -
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Nuclear marker analyses: genetic diversity characteristics

e expected heterozygosity (gene diversity): He

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

» for more alleles: He = 1-3pi2 for all alleles frequencies
* observed heterozygosity: Ho
» proportion of heterozygotes at a locus

e allelic richness: A (or Ar)

» average number of alleles per locus

39




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

estimation of alleles frequency:

p = [(2*27)+(1%23)] / [2*55] = 0.70 OR p = [(2*0.49)+(1%0.42)] / 2
q = [(2*5)+(1¥23)] / [2*55] = 0.30 OR p = [(2¥0.09)+(1%0.42)] / 2
p+q=070+030=|

» expected heterozygosity: He
He = 1-Sp2 = | - [0.702 + 0.302] = 1-[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

» Population at the HW-equilibrium (compare He and Ho)
2pq = 2x0.70x0.30 = 0.42 = Ho

40




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+0494+0.194 = |

» expected heterozygosity: He

He = 1-Spi2 = | - [0.3122 + 0.4942 + 0.1942] =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

» Population not at the HW-equilibrium (compare He and Ho)

2pq + 2pr + 2qr = 2*0.312%0.494 +2%0.312*0.194 + 2*0.494%0.194 = 0.62 * H,

41




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

® causes

» inbreeding
» assortative and disassortative mating

» fragmented populations

42




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

® causes

» inbreeding

- definition: mating with relatives

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

e.g.: selfing genotype frequency
Gen AA AlA; AA;
: / Iio \
2 31‘5/ 25 \3i.5
3 43.75 12.5 43.75

» assortative and disassortative mating

» fragmented populations

43




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 19 generations in 105
replicate populations maintained with |6 parents per generations

05- € . @

0.4 ®oe
0.3 @
0.2 4 ....

0.1 4

Heterozygosity
(averaged over 107 populations)
2
Q

0.0 . -
0 5 10 15 20

Generation
Copyright @ 2004 Pearson Prentice Hall, Inc.
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Generation Generation
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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

* 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

p=0.5
q=0.375
r=0.125
r=0
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(b) Population size = 40
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Small population problems: impact of the population size
on the genetic diversity

* 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

Q g p=05
AA\ AA AA) iAA ) q=0.375

r=0.125

| | 1 :
® @ @ @ o
AA,) AA,) AA AA q=0.25

A

» genetic drift: allele frequency change over generation, with a general
reduction of the global genetic diversity

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 other = 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
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Introduction: why genetic diversity is important in
bopulations...

» 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

Grant (1999) Fine tuning the peppered moth paradigm, Evolution 53, 980-984
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

- Virus virulence
B Rabbit susceptibility

Tropic of

&#f
&
T,
N A+ —w +~% 0 X
S 3
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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 fitness

e.g.: Gentiana pneumonanthe (Oostermeijer et al, 1995)
see DH Reed, R Frankham (2003) for a review
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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)

Heterozygosity and fitness in Gentiana pneumonanthe 749
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Fig. 1. Relationship between the number of heterozygous loci per individual (out of seven assayed
polymorphic loci) and six components of individual fitness, (a) seedling weight, (b) adult weight, (c)
number of vegetative stems, (d) number of generative stems, (e} total number of stems, and (f) number
of flowers. Note that parameters (c} to (f) have been In-transformed. Regression lines are based on
values of individual plants and not on the class means shown in these graphs with their standard errors.
In the right hand corner of each graph, the correlation coefficient (r) and its probability (P) is given.
Below graph (e) the number of individuals per heterozygosity class (n) is shown. Only one individual
was heterozygous for 6 of the seven loci (hence this class has no standard error), and none were
heterozygous for all seven.
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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 (VHC)
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

: :
g '; Recovery
e bottleneck: large reduction of Ne in a period of time
» consequence: lost of genetic diversity, especially rare alleles e Extncton
Tme
» impact depends on the population size during the
bottleneck and the duration of it (nb generation) :
Bottleneck
» e.g.:.northern elephant seal (Mirounga angustirostris) | |
gene}u:ally. genetically
- large reduction of the population size due to hunting ol = e dalion
population

- 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)




Small population problems: Inbreeding estimations

* inbreeding: mating of individuals related by ancestry

measured as the probability that two alleles at a locus are identical
by descent (F). Recent copies of the same allele are referred to as

identical by descent, or autozygote

* also named as pedigree inbreeding

ALA AnA F of
1772 374 i ; ibti
®_ Relationship Description Example offspring
Paren:c/ mother or father, to 284 |2
’J_‘——/l\ Offspring son or daughter
O 3 4 D . offspring of same
Full sibs 3&4 1/4
i%; parents
O_AE o E __D Half sibs offsprirTg with one not shown 1/8
parent in common
E% m I'st cousins offspring of full sibs 7&8 I/16
é@ 2nd cousins offspring of lst 12 & 13 1/64

cousins
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Small population problems: Theory of inbreeding in small

populations

in an hermaphroditic species
N = nb individuals
2N ancestral alleles (diploid species)

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

e.g.A6 first sampled:

prob. that the second is A6 for | individual:

= 1/2N

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

= probability of creating a zygote with both

alleles identical by descendent (Fy):

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

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

Generation

%

Gene
pool

Generation
t
1

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

similar alleles

distinct alleles
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Small population problems: Theory of inbreeding in small

populations

= probability of creating a zygote with both

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

= increase of inbreeding per generation:
A F=1/(2N)
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Small population problems: Inbreeding depression

* population size reduction increase inbreeding rate in closed
populations = inbreeding results in a decline of the global fitness,

named as inbreeding depression
:|Inbreeding depression

Slope =-B
'Inbreeding load'

Log fitness (or fecundity/viability)

| | | |
0 0.25 0.5 0.75 1.0

] Inbreeding coefficient (F)
°
pu I’gl n g TRENDS in Ecology & Evolution

» 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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$ -0.020- . . . .
s Fig. 2 Cumulative survival curve showing age at
3 -0.040 first reproduction in inbred (solid line) and
¢ noninbred (dashed line) female mandrills. Crosses
= . .
g =060 indicate censored cases.

~0.080
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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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Population differentiation

* high fragmentation of habitats

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

» genetic differentiation between populations

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

* measuring population fragmentation: F-statistics (Wright, 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

e Fst:fixation index - probability that
two alleles from two populations are
identical by descent between
population structure
between populations

e Fit: general genetic structure

e Fir=Fs+ Fst - (Fis)(Fst)
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Population differentiation: F-statistics

e Fir=Fs+ Fst - (Fis)(FsT)
or Fst = (Fir-Fis)/(1-Fis)

* but inbreeding and heterozygosity related:
F=1-(Ho/He)

Fis = |- (H/Hs)
Fst = 1-(Hs/Hr7)
Fir = |-(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 (=He)
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Population differentiation: F-statistics

o example | size Pop | = size Pop 2
Genotypes
: Allele He F
Population | AjA| | AlA2 | A2A; frequency Ho =2pq | =1-(Ho/He)
Ai:p=0.5
I 0.25 | 0.50 | 0.25 Az g=0.5 0.5 0.5 0
Ai:p=0.5
2 0.4 0.2 0.4 Az q=0.5 0.2 0.5 0.6
mean: H = 0.35 Hs = 0.5
combined: Ai:p=0.5
Az:q=0.5 Hr=0.5
Fst=0 Fis=0.3
Fir=0.3
Hr = 2%p*
P = 1-Hy/Hs
I-H/HT
I-Hs/HT
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Population differentiation: F-statistics

* example 2:

Genotypes
. Allele He F
Population | AjA| | AlA2 | A2A; frequency Ho =2pq =1 -(Ho/He)
Ai:p=0.5
| 0.25 | 0.50 | 0.25 Az g=0.5 0.5 0.5 0
Ai:p=0.2
2 0.14 | 0.12 | 0.74 /ﬁAzt q=08 0.12 0.32 0.625
mean: Hi = 0.31 Hs = 0.41
combined: A:p=0.35
Az: q=0.65 Ht = 0.455
p = 2¥A1A| +A A2 Fst=0.099 Fis=0.244
Fr=0.319
=1-H/Hs
I -Hs/HT |-HyHT
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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 (1)
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Population differentiation: gene flow

* 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 = 1/(4Nem+1)

Ne= effective population size

m = migration rate

Nem = number of migrant per generation

1 -

F 0.5 -

0.001

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= 1-(Ho/He)
» 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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additional 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 [7:230-241

» 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.Isu.edu/general/software.html
http://evolution.genetics.washington.edu/phylip/software.html
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