
Mum	   Dad	  

Other	  cousin	  

Aunt	  Uncle	  

Cousin	  

M.	  Grandmother	  M.	  Granddad	  Inbreeding.	  	  

What	  is	  the	  probability	  that	  the	  cousins	  share	  0,	  1,	  or	  2	  alleles	  idenBcal	  by	  descent?	  
	  
What	  is	  probability	  that	  the	  child	  of	  first	  cousins	  is	  homozygous	  by	  descent?	  
	  
What’s	  the	  probability	  that	  the	  child	  of	  first	  cousins	  Is	  heterozygote?	  
	  
	  

Inbreeding	  loop	  



Generalized	  HW	  	  

AA	   	   	   	   	  Aa	   	   	   	   	   	  aa	  
(1-‐F)p2+Fp	   	  (1-‐F)2p(1-‐p) 	   	  (1-‐F)(1-‐p)2	  +F(1-‐p)	  

Inbreeding	  coefficient	  F	  =	  
probability	  that	  an	  individual	  
inherits	  two	  alleles	  idenBcal	  by	  
descent	  at	  a	  locus	  

Inbreeding:	  
Increases	  proporBon	  of	  homozygotes	  
Decreases	  proporBon	  of	  heterozygotes	  

Note	  no	  change	  in	  
allele	  frequency.	  	  
Only	  genotype	  frequency	  

Notes:	  EquaBon	  3	  &	  4,	  page	  9.	  	  



EsBmaBng	  Inbreeding	  coefficients	  
Notes:	  EquaBons	  5&6,	  pages	  9-‐10.	  	  

Imagine	  that	  we	  knew	  the	  populaBon	  frequency	  
Of	  the	  blue	  colour	  allele	  to	  be	  0.1.	  
	  
If	  we	  observed	  that	  only	  10%	  	  
of	  the	  populaBon	  are	  heterozygotes	  (blue/white	  allele),	  	  
what	  is	  our	  esBmate	  of	  the	  inbreeding	  coefficient?	  
	  
	  



PopulaBon	  structure	  

•  Inbreeding	  is	  just	  one	  form	  of	  assortaBve	  
maBng.	  	  

•  A	  common	  form	  of	  assortaBve	  maBng:	  
populaBon	  structure	  or	  populaBon	  subdivision,	  
where	  maBng	  takes	  place	  within	  sub-‐groups	  of	  
the	  whole	  populaBon.	  



F	  staBsBcs	  as	  a	  measure	  of	  populaBon	  
structure	  

•  Wright	  (1943,	  1951)	  defined	  FXY	  as:	  
•  the	  correlaBon	  between	  random	  gametes,	  drawn	  
from	  the	  same	  X,	  relaBve	  to	  Y.	  

•  Measures	  the	  reducBon	  in	  heterozygosity	  of	  X	  
relaBve	  to	  that	  expected	  in	  Y.	  

•  Oden	  in	  hierarchical	  manner:	  FIS,FST,and	  FIT	  

•  There	  are	  a	  number	  of	  different	  esBmators	  of	  F	  
staBsBcs.	  



We	  summarize	  the	  differences	  in	  allele	  	  
frequencies	  across	  populaBons	  by	  F	  staBsBcs	  

Hartl	  and	  Clark	  



allele	  freq	   Heterozygosity	  (HS=2pSqS)	   FST=	  1-‐HS/HT	  
0.106	   0.190	   0.383	  
0.224	   0.348	   -‐0.132	  
0.411	   0.484	   -‐0.577	  
0.014	   0.028	   0.910	  

Average	   0.189	   0.262	   0.146	  

HT	  =	  2pT(1-‐pT)	  =	  2x0.189x(1-‐0.189)	  =0.307	  
	  
FST	  =	  1-‐HS/HT=0.146	  	  

Taken	  from	  Wright	  1943	  

Imagine	  that	  in	  the	  top	  populaBon	  we	  observe	  that	  Individual	  Heterozygosity	  is	  actually	  0.1	  
What	  Is	  FIS	  and	  FIT	  ?	  



•  FST = proportion of the variance due to 
between-population (rather than within-
population) differences.  

•  Low values of FST indicate that on average 
differences are found among individuals 
from the same population rather than in 
one population but not the other. 

EquaBon	  13,	  page	  12	  	  



If you look at polymorphic sites in a sample of Maasai and Inuits, most 
differences are found among individuals from the same population rather 
than in one population but not the other. 

 

In other words, the genomes of these two Inuits is only slightly more (~15%) 
similar to one another than are the genomes of an Inuit and a Maasai. 



Reference	  PopulaBons	  

IdenBfy	  origins	  of	  individuals	  	  
each	  with	  a	  single	  ancestry	  

Approaches:	  Based	  on	  Hardy-‐Weinberg	  genotype	  proporBons	  
Adapted	  from	  John	  Novembre	  slide	  

SecBon	  1.7.1	  of	  notes	  	  



Reference	  PopulaBons	  (known	  or	  unknown)	  

IdenBfy	  ancestry proportions	  for	  
individuals	  with	  admixed	  ancestry	  

Approaches:	  Structure	  (MCMC,	  Bayesian)	  	  
Or	  ADMIXTURE	  (quadraBc	  programming)	  

Adapted	  from	  John	  Novembre	  slide	  

SecBon	  1.7.1	  of	  notes	  	  



South Asia, East Asia, Oceania, and America.
Only 7.4% of these 4199 alleles were exclu-
sive to one region; region-specific alleles
were usually rare, with a median relative
frequency of 1.0% in their region of occur-
rence (11).

Despite small among-population variance
components and the rarity of “private” al-
leles, analysis of multilocus genotypes allows
inference of genetic ancestry without relying
on information about sampling locations of
individuals (12–14). We applied a model-
based clustering algorithm that, loosely
speaking, identifies subgroups that have dis-
tinctive allele frequencies. This procedure,
implemented in the computer program struc-
ture (14), places individuals into K clusters,
where K is chosen in advance but can be
varied across independent runs of the algo-
rithm. Individuals can have membership in
multiple clusters, with membership coeffi-
cients summing to 1 across clusters.

In the worldwide sample, individuals
from the same predefined population nearly
always shared similar membership coeffi-

cients in inferred clusters (Fig. 1). At K ! 2
the clusters were anchored by Africa and
America, regions separated by a relatively
large genetic distance (table S1). Each in-
crease in K split one of the clusters obtained
with the previous value. At K ! 5, clusters
corresponded largely to major geographic re-
gions. However, the next cluster at K ! 6 did
not match a major region but consisted large-
ly of individuals of the isolated Kalash group,
who speak an Indo-European language and
live in northwest Pakistan (Fig. 1 and table
S2). In several populations, individuals had
partial membership in multiple clusters, with
similar membership coefficients for most in-
dividuals. These populations might reflect
continuous gradations in allele frequencies
across regions or admixture of neighboring

groups. Unlike other populations from Paki-
stan, Kalash showed no membership in East
Asia at K ! 5, consistent with their suggested
European or Middle Eastern origin (15).

In America and Oceania, regions with low
heterozygosity (table S3), inferred clusters
corresponded closely to predefined popula-
tions (Fig. 2). These regions had the largest
among-population variance components, and
they required the fewest loci to obtain the
clusters observed with the full data. Inferred
clusters for Africa and the Middle East were
also consistent across runs but did not all
correspond to predefined groups. For the oth-
er samples, among-population variance com-
ponents were below 2%, and independent
structure runs were less consistent. For K !

3, similarity coefficients for pairs of runs
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Table 1. Analysis of molecular variance (AMOVA). Eurasia, which encompasses Europe, the Middle East,
and Central/South Asia, is treated as one region in the five-region AMOVA but is subdivided in the
seven-region design. The World-B97 sample mimics a previous study (6).

Sample
Number
of

regions

Number
of

populations

Variance components and 95% confidence intervals (%)

Within populations
Among
populations
within regions

Among
regions

World 1 52 94.6 (94.3, 94.8) 5.4 (5.2, 5.7)
World 5 52 93.2 (92.9, 93.5) 2.5 (2.4, 2.6) 4.3 (4.0, 4.7)
World 7 52 94.1 (93.8, 94.3) 2.4 (2.3, 2.5) 3.6 (3.3, 3.9)
World-B97 5 14 89.8 (89.3, 90.2) 5.0 (4.8, 5.3) 5.2 (4.7, 5.7)
Africa 1 6 96.9 (96.7, 97.1) 3.1 (2.9, 3.3)
Eurasia 1 21 98.5 (98.4, 98.6) 1.5 (1.4, 1.6)
Eurasia 3 21 98.3 (98.2, 98.4) 1.2 (1.1, 1.3) 0.5 (0.4, 0.6)
Europe 1 8 99.3 (99.1, 99.4) 0.7 (0.6, 0.9)
Middle East 1 4 98.7 (98.6, 98.8) 1.3 (1.2, 1.4)
Central/South Asia 1 9 98.6 (98.5, 98.8) 1.4 (1.2, 1.5)

East Asia 1 18 98.7 (98.6, 98.9) 1.3 (1.1, 1.4)
Oceania 1 2 93.6 (92.8, 94.3) 6.4 (5.7, 7.2)
America 1 5 88.4 (87.7, 89.0) 11.6 (11.0, 12.3)

Fig. 1. Estimated population structure. Each individual is represented by a
thin vertical line, which is partitioned into K colored segments that represent
the individual’s estimated membership fractions in K clusters. Black lines
separate individuals of different populations. Populations are labeled below
the figure, with their regional affiliations above it. Ten structure runs at each

K produced nearly identical individual membership coefficients, having pair-
wise similarity coefficients above 0.97, with the exceptions of comparisons
involving four runs at K! 3 that separated East Asia instead of Eurasia, and
one run at K ! 6 that separated Karitiana instead of Kalash. The figure
shown for a given K is based on the highest probability run at that K.
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