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SCOPE OF POPULATION GENETICS

\\

O
\\

Population genetics is the study of hdw
Mendel’s laws and other genefit principles
apply to the entire popul%c?&ns

Such a study is essenﬂaT to a proper
understanding qf 8volution, because,
fundamentally, evolution is the result of
progres%\)& changes in the genetic composition
of a pdpulation



Aims of population genetics

Population genetics seek to understand and predict the ef&cts on
populations of such genetic phenomena as: o

Segregation \)\'\
Recombination-\v
Mutagdh(
taking into account such ecéjzbical and evolotionary factors as
o (Population size
X s Mating pattern
\§ oGeographic distribution of individuals
Migration

Natural selection



Population Genetics o
0

« Concerned with the distribution and gener, t’fen to
generation transmission of alleles Wltlw population.

(
» Deals with genetic variatipngu’é'to polymorphic loci,

where more than one aI&Ié IS present at those loci.

<
» Essence of I\/IQn&Iian Inheritance is directly applied to the

populatiog, controlling the distribution of genotypes within
the pop@lation and the transmission of existing variation to
sub3eguent generations.



Natural population

A group of
individuals of a
specific spatial
reference that
belong to the
same species ang
can actually or<\ i
ootentially © &
interbr&d.




Genetic description of

populations o

\O

X
e Necessary to have some convehient

guantitative measure of génetic variation

e Basic measures: . &
\
— Genotype frequeécy

— Allele freqLon(cy

. Allq@ = one of several alternative forms of a gene
O

Q
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Panmictic Model

Assumptions made in developing the model for predicting genotype frequencies

O N O O b W DN P

These

If all ass

. Diploid organism \\
. Sexual reproduction \\

. Generations are non overlapping \

. Mating is random \‘O

. Population size is infinite \.<

. No migration among dpLﬁatlons

. Mutation is extre@el§

CAll genotypgs @ually fit, no natural selection

O

rare

h "
uRiption constitute the Hardy Weinberg model

mptions are met, allele and genotype frequencies

would remain the same over time (over different
reproductive cycles).



Measures of Genetic Diversity,
Differentiation & Distance



Allele Frequencies o

\O

Allele frequencies are calculated usingsthe observed

genotypes in a sample: \ O

\(

Freq(allele) = (2 x Obs. HomoZ&q&es) + (Obs. Heterozygotes)
2 x Individuals Sampled




Can we derive genotype
frequencies from alle)e

: \
frequencies~

.\V

. . (
e Two basic assump’rg)ﬁs:

— Mendel’s law g mdependent segregation

— Randomgﬁting (frequency of mating is
giv‘e"n By frequency of genotypes involved)

O

Q



Random mating of individuals =

random union of gameotes

\\

Predicting genotype frequencies from knowladge of allele
frequencies is quite straightforward, but\tﬁre are few
complications. \(

Genotype frequencies are d tén%ned in part by mating pattern.
One of the simplest and mo§ important mating pattern is
random mating, in wacﬂ mating takes place at random with
respect to the gerR under consideration.

N
With randoi) mating, the chance that one individual mates with
anotherSraving a prescribed genotype is equal to the frequency
of that genotype in the population



Basic genetic diversity
parameters

e Three basic:

\\

O

\'\

\

e (1) percent polymorphic loci \©

P=N,/r

N

.« ©

<

(Np:number of ponmorphi@o}i, r: total number of loci

e (2) average nurab%r of alleles per locus (allelic

richness S

N
. @F%simi/r

(m.: number of alleles of the i locus)



Basic genetic diversity

parameters o ¢

h ¥
.

e (3) average (expected) hst’e‘r%zygosity (under

Hardy-Weinberg) 6\'

(m:number of aIIeIeé}?: frequency of the tou it
allele at a locus)g

O
K
o ¥ m

S H.o=1-) (fi)

i=1




POPULATION STRUCT(l)JcRE

\
b
e We have focused on variation Within a
. . 0.
population, what about yakiation among
populations? .
>

° Populatiop\s@‘nature can be somewhat

connected by migration, yet still be

sogeﬁlhat independent = metapopulation



Population Substructure

Q

\0

e Many species naturally subdividle themselves
into herds, flocks, colonigé}schools etc.

. %
e Patchy enwronmen;csa:an also cause
subdivision o

e Subc ivisi0{1 de%reases heterozygosity and

generates genetic differentiation via:

6 © » Natural selection

» Genetic drift




Mean heterozygosities at population

level o

o
\\
e Heterozygosity = mean percemage of

heterozygous individuals(peplocus

e Assuming H-W, heter,gbygosity (H) = 2pq
where p and g rear'bsent mean allele
frequencies ¢

e H. =sum Qfgll subpopulation
heter82ygosities divided by the total
nughber of subpopulations



Wright’s Fixation Index
\.\ ?
e Equals the reduction in hstérozygosity
expected with randorg Pating at one
: N :
level of populatiqrehierarchy relative

to another rrloré inclusive level.

&O

Q o"’FST = (H;—Hg)/ H;



POPULATION STRUCTURE

\0

e \We commonly measure populstion structure
using fixation indices or li—'statistics.

X : L.
e \We can measure ameng population variation

using Fst "
(

’\
o Fst=g, / [a(1-q)]

variance in allele \

average allele frequency

frequency among populations



Interpreting Fg;

\\
o

\
p "
e Can range from O (no ge@ﬂc
differentiation) to lg'{x'étion of

alternative alleleg)®
L O
e Wright's Guigdelines:
(- O.(ﬁ,ﬂttle differentiation
o Q)O’B —0.15, moderate

60.15 —0.25, great
> (.25, very great




Gsy o
o
\\
e G.;: multi-allelic analog%e\bf Fo; (Nei
1986,1987) S \

\ S

Gy =Dgr/Hy = (Hy = Hg)/Hy
&

whg’r‘é D¢ is the average gene diversity
beﬁeen subpopulations



® Dgr =H;—Hq \,

% Ggr = Dgr/ Hy h

*H;=1-Ggp 0"

h ¥

o
* G sHBws the proportion of total genetic
diversity that resides within populations



0
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\0

e O: unbiased estimator of Fst tlm}corrects
for error associated with ir\c‘BmpIete
sampling of a populatianﬁ (Weir and
Cockerham 1984)6\ ©

- i

(ﬂ=a+b+c’

¢ ©

e a= between pop variance, b= between individuals
withingpops, c= between gametes within

indWiduals



Rgr, Ggr,and 8 o

\O

.. *
e R : explicitly accounts for mutdtion rates

at microsatellite loci (Sla(tk.iﬁ995)

Rer =(S7 - SW)/S'[ g\
\

e R is the fraction of the total variance of
allele size(h@t is between populations

e Sis tl};"avg. sum of squares of difference in

allede sizes



AMOVA (Analysis of Molecular

Variance) o

o
\'\

e Method of estimating populat®n
differentiation directly fr{)i\n molecular data
(e.g. RFLP, direct se.qge’hce data, or
phylogenetic tregy)®

e The variancgycbmponents are used to
caIcuIatg ﬁhi-statistics which are analogous
to&/@ght’s F-statistics

Dgr = (0%, + 0%)/ 0%



Genetic Distance (D)

e Quantitative measure of genetic divgrgence
between two sequences, individuz}ls, or
taxa O

.\‘O

\(

* Relative estimate of the time that has
passed since two%opulations existed as a

single, par{ngc‘fic population
p &

° Un{&s%f D depend on the kind of molecular
data collected (allozymes, nucleotide
sequences, etc.)



Two Most Commonly used

Distance Measures

\\
o

\
e Nei’s genetic distance (Nei, 19623’
e Cavalli-Sforza chord meaél}re (Cavalli-Sforza
and Edwards, 1967) 6\'
>
e Nei’s assumgs‘that differences arise due to

mutation 8nd genetic drift, C-S and RWC

ass\gr&e\genetic drift only



Nei’s Genetic Distange

\\

e D=-In/ O
~ O
where I =2xy; [ (2x? éy,})‘”
L) 6

\
e For multiple{oc?, use the arithmetic

means a&rc?ss all loci

h "
° Int\grpreted as mean humber of codon
substitutions per locus



Assumptions for Nei’s

Distance o
\.\ °
e All loci have same rate of&éutral
mutation \(

. I\/Iutatlon-genegc\(?rift equilibrium
e Stable effegt{(ve population size
. X
IAMO&
Q



Cavalli-Sforza Chord Distance

e populations are conceptualized as existing as p@ints in a
m-dimensional Euclidean space which are Qp@cified by m
allele frequencies (i.e. m equals the totaMaumber of
alleles in both populations). The disignte is the angle

between these points: \
\.( ( P
“« © DIENE
6%rd(xl,xz)=1 )
\/Z'xglfz-lezj
O ¢ \ J=1 j=1 |
K

e xiand yiare tike frequencies of the ith allele in populations x and y

° Assum§ genetic drift only (no mutation)

e Geometric distance b/w points in multi-dimensional
space



Testing Significance of

Distance Measures

\O

e Bootstrap: generation of mqngnew data
sets by resampling origin@I\data with
replacement. 6\'

A |

e For each bootstrap data set, obtain

estimates ofparameters of interest and
their va{iafhces

° Ge@epates confidences intervals of
parameter estimates.



Relaxation of the Panmictic Model:

Genetic Drit



GENETIC DRIFT

Reduction in population size, especially substantial red%gtlons
initiate the process of random genetic drift

In this process, a restricted and variant sample Qf}he genes
present in the parental population survives iR¥o the next
generation . O

The random changes in allelic freqyeRcies that occur due to
sampling error, including the losg,oT"alleles, are called random
genetic drift A \

When a large popula®ions reduced in size such as during a
bottleneck, genet’f\: drift becomes important because of the two
following nalﬁ'effects:

Q

e Loss of alleles
e Erosion of heterozygosity, or genetic variance



Loss of alleles

\\
The expected loss depends on thegist‘ﬁbution

of allele frequencies O

Allele frequency distributiop‘s‘%nge from being
uniform or “even”, with.allele equally
frequent, to highly skewed, with few
frequent aIIeIe(s ahd many rare ones

For loci withgsithilar allelic richness (number of
alleles)&the loss of alleles resulting from
raRom genetic drift is much less when
distributions are even than is the loss from
skewed distribution



POPULATION SIZE

The magnitude of random drift is directly msafﬁred by

the effective population size \.\

The effective population size of an‘gc\?tml population is
the number of individual in a théeretical ideal
population having the sangz%agnitude of random
genetic drift as the acgbl population

We aren’t necessarjly concerned about the census
population sizg (ﬂc)

We reallb\/ﬁant to know how many individuals are
contrifuting to the next generation

Effective Population Size = N,



SMALL POPULATION SIZE

 Small populations are characterize@d gy drift

and population bottlenecks o"
. O
\ g1y o ks R Cnmponin B Dot oo oty o gy
Genetic Drift=Bottleneck Effect
@
POPULATION &l
genetically o € genetically
SIZE diverse simplified /
oighalll [ population it
mulationa
o D o
A\ N
L TIME Wi
. Qe

Bottleneck  Surv vin? Nl

GENERATION population (drastic reduction Individuals ~generation
In population)
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SMALL POPULATION SIZE

» New populations are sometimes associated with fou J effects:
when a few individuals from a source populations fo\néa new
population, this population may not be represegtative of the
genetic make-up of the original population.Wis is known as the
founder effect \( \

» There the founder effect is a fgrrﬁ’of drift. A severe population
bottleneck (temporary reduct@®n in size), which occurs in nature
when a small group of em¥grants from an established subpopulation

founds a new populiticg.

X

C O
- | S




SMALL POPULATION SIZE

* Founder effect is a form of genetic drift thatﬁtay
occur in leading edge populations \'\

\
A

e A severe population bottlene(k\(tempora ry reduction
in size) often occurs in nagure when a small group of
emigrants from an es&:\blished (sub)population

founds a new population

P O
-~ Rounder's

effect
-

Mothe?p—o;iﬂlation Founder population
at original place at new place
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EFFECTIVE POPULATION SIZE

 We aren’t necessarily concerned about the cegsus
population size (N,) \ O

e We really want to know how many ind\}duals are
contributing to the next generathm

e Effective Population Size = Ng.

e Ne is defined as the mgrlber of individuals that will
contribute genes tQ the next generation by means of
crossbreeding,‘(SQwall Wright)

e Ne of an adual population is the number of individuals
ina tl@oretical ideal population having the same
magnitude of random genetic drift as the actual
population



EFFECTIVE POPULATION SIZE N,

\\
Since the effective population size is the\cﬂjcial

variable in determining the impa &F drift, it
Is important to know the relatignship
between effective size (Neka})d census size
(N_) of a population. 6\

6 \
When effectiv%p()pulation size is small (e.g.,
N<50), th&n genetic drift becomes much more

impc&;t’&nt than selection (Motoo Kimura) and

ptys a paramount role in the evolutionary
process (Doulgas Falconer)



EFFECTIVE POPULATION S(o)IZE N,

\\
e Since N, can be half, much smal r\dr by orders
of magnitude less than N, ugder a number of
different scenarios, it forn¥%s a very important

genetic parameter (ngseII Lande)

<
e N isa parame?er in estimating genetic drift
effect% N

Q

— Simple example: small European mountainous villages



N_ESTIMATON

\
* There are several ways to estima’sfe N,

e Sex ratio (M:F) < \©
h &

. ©
N, = (4NmeNf)/(NndeNF),
where Nm and Nf is theQumber of functional male and female in the
population, respa@yively

\\
O

500 N ahd 500 F; N, = 1000
50WVlales and 950 Females; N, =190



N,ESTIMATION o

\'\

e Variance in family size © \
<
h "

Ne = 4Nc/{c®+2
e cé( )

\

o ¢ Variance in family size

K
Varia\gcc§ 10, population of 120, Ne=40



N,ESTIMATION

e Fluctuation in population size between Remerations

e A population is likely to vary in size wjthtime. If N, is
the size at time i during a sequenc@or t generations,
the effective size is the harmoqic\mean, and not the
arithmetic mean of the sizgs’%luring this period

\

1/Ne=1/t(1/N+14N,+...+1/N,)
% o

Such a medlis strongly dependent on the smallest N, in the
segyef®e. Hence any generation of extremely small

population size, or bottleneck, is very important in
determining the amount of genetic drift in the whole

sequences.



N,ESTIMATION

e Fluctuations in population size '\

O

\'\

e Example (t in generations): ,\\o
N. = 2000 9/10 years & 20 1{1‘0years;

N, =105.2 = a S

800

600 (
O

Population Size S;z
N

0 T T T T T T T T T 1
E o 1 2 3 4 5 6 7 8 9 10

N, ——




N, ESTIMATION

e |t is notoriously difficult to estimate Ne in natgxal
populations based on demographic modq[s?a nd

currently the most widely used apprQ@a‘\es employ

genetic markers. \ O

\(

- . .« D
e |n addition, genetic estirsators appear more

conservative than (z'emographic models.

&O

e Coalescen®e theory proved useful in the prediction of
0

Ne, inShe evolutionary context for predicting genetic
variability at the molecular level.




Erosion of heterozygosity

Q
Another effect on genetic dl\/eﬁlty

through genetic drift is avdacrease in
heterozygosity <\
X

\ S
_ (1O
H = (121N, ) H,
O
R Original Heterozygosity

8o /



INBREEDING

e When a population is small, especiallydf‘bnly a
few individuals are reproducing, tIge¥e IS an
increased likelihood of matingd'aﬁlong close

relatives, or inbreeding <\

* Inbreeding in a popujag&m acts to reduce the
effective populatiog Size
— N,=N/(1+F), were F is the inbreeding coefficient
e Because inoKv%uals in outbreed populations
tend toocéﬂrry “lethal recessives” (lethal when
home@eygous), inbreeding can reduce fithess in

a population, termed inbreeding depression.



