Population Subdivision

Homework 3 due next Tuesday
» First Violation of HWE was population substructure.
» Fisameasureof inbreeding on the individual level.

) Inbreeding —the production of offspring by individualsthat share
a.common ancestor .

A) Terms
1) Consanguineous—individualsthat have one or more
ancestorsin common.

2) Inbreeding —individuals ar e consanguineous

3) Identical by descent (IBD) — copiesof thesame (i.e, 1
allele) gene (copied in the previous gener ation)

4) Identical by state (IBS) — genesindistinguishablein effect
or form but not IBD

5) Allozygous—homozygotesthat carry genesIBS

6) Autozygous—homozygotesthat carry genes|BD
OH A
B) Pedigree Analysis—when the family history of an individual is
known an accur ate estimate of the degree of inbreeding can be
determined
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Isindividual X inbreed and if so, by how much?

1) Removeall unnecessarily individuals
E
d e

£

a,a’,d,and eareall allelesthat are being transmitted

2) Calculateindividual transmission probabilities
F, = the probability that individual X isautozygous
= Inbreeding coefficient
F,. = P(d, e IBD)
=P(a,a:IBD& d,a: IBD & e a': 1BD)

P(d, a: IBD) = %

P(e a': IBD)=E2

P(a, a': IBD) =isalittlemore complicated (but not much)
Consider: Thegenotype of individual A is a0,

a, & could be o,

a, & could be a.,

a, & could be,; & O, and O, = O, with probability F,

a, & could be o, & O, and O, = O, with probability F,
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These areall the possiblewasthat a& a' can be autozygous
and areequal in frequency.

1
+ =F
2A

NI, NI

(1+F)
So combining all probabilities:

Fx
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X=X—=(1+F
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(1+Fy)

assuming individual A isnot inbred

Il

3) InGeneral:

('jn—l
Fy = ?25 (1+F,) wheren = number of individualsin the path
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4) Morecomplicated example
NG
Ci\k ‘/D

X

Note: parentsof X have two common ancestors, A and B.

a) include all pathsfrom one parent of X to the common
ancestor and back to the other parent of X.

b) use only one parent of X.
¢) individualsareincluded only once per path.

d) pathsswitch directionsrelativetoarrows ONLY at
the common ancestor (and only once).

€) inbreeding coefficient of individualsin the pathsare
only included for the common ancestors.

Paths:

3
R4:CAD:%(1+E)

13
FX_z:CBD:E 1+F,)

Fx = FX-l + Fx-z

1
Il
Il
NS
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5) General, general formula:
4 a0
F,=dc¢==+ (1+F,)
X i:1g2q( A)l

Where A isthe number of ancestorsand n isthe number of
individuals (excluding the focal one) in the path.

6) Even morecomplicated:

B Common Ancestors=A & B

A
l >< Path n F
C D HFCADE 6

20 _ 1

/\ HGCADE 6 85%3(“&)_64

F G : oo (1+F) = =

\H/ A HFCBE 5 ?Zg(“a):giz
/

\X HGCBE 5 ?2%(“':8):3%

C) Sex-linked genes (i.e.,, X linked)
1) Omit all male =>male paths

2) n=number of femalesin the path only (i.e., the
probability of getting an X from a maleand NOT then
being a male to male path = 1.0)

$ag0"
F =aAdc—= (1+F,).
X izlgéq( A)|
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Note: F, isalso the coefficient of consanguinity (F;) for the parents of X.

In other words:. F,z = the probability that a genefrom H isIBD to one
from E

r; = the coefficient of relationship (useful for male—male
calculations, etc)

2F.
ry = - =2F;ifl and J arenot inbreed and EFij if |
(1+ Fi)(1+Fj) >

and J are maximally inbreed

OH 6.2 —fairly quickly after inbreeding it isunlikely to have alleles IBD
(i.e., Fy approaches 0.0 quickly without inbreeding

D) Inbreeding on The Population L evel

Pure Selfing:
Genotype AA Aa aa
Frequency U \% w
Selfing A{D AED aam
Offspring AA EAA, 1Aa, 1aa aa
4 2 4
1 1 1
Frequenc U+ =V =V W+ =V
. y 4 2 4

In each generation of pure selfing the frequency of the heter ozygotes
decr eases by 52 every generation and the frequency of each

homozygotes incr eases by %V
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Written differently:

F=HoH here Ho = 2pq (i.e., expected heter ozygote
(6]
frequency) and H, = observed heter ozygote
frequency.
_Ho H,
H O H (@]
=1- i
H

H =Ho(1-F)=2pq(1-F)
In other words:
AF(Aa) =2pq (1-F)
AF(AA) = p*+ pgF
AF(aa) = g + pgF
Consider:

P(AA) = P(AA | allozygous) + P(AA | autozygous)
=p*(1-F) +pF
=p®-p°F +pF
=p*+pF(1-p)
=p?+ pgF
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Thus: Genotype ratios change from one generation to the next asa
function of the magnitude of inbreeding

Notes:
1)
2)
3)
4)

00=<F=<10

F=0.0isHWE

F = 1.0 isall homozygotes (quickly)
Ap =0.0
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