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“Nothing in biology 
makes sense except in 
the light of evolution” 

Theodosius Dobzhansky, 1973



“Nothing in evolution 
makes sense except in 
the light of population 

genetics” 

Jeffrey Ross-Ibarra 
(2010 citing his mentor)



What is population genetics?



It is the study of the evolutionary historical 
record of a group of individuals documented 

in the DNA of their descendants



Why population genetics?



1) Understand and refine theory



2) Understand the history of genes
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3) Understand the history of populations/
organisms
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Worldwide Human Relationships
Inferred from Genome-Wide
Patterns of Variation
Jun Z. Li,1,2*† Devin M. Absher,1,2* Hua Tang,1 Audrey M. Southwick,1,2 Amanda M. Casto,1
Sohini Ramachandran,4 Howard M. Cann,5 Gregory S. Barsh,1,3 Marcus Feldman,4‡
Luigi L. Cavalli-Sforza,1‡ Richard M. Myers1,2‡

Human genetic diversity is shaped by both demographic and biological factors and has fundamental
implications for understanding the genetic basis of diseases. We studied 938 unrelated individuals
from 51 populations of the Human Genome Diversity Panel at 650,000 common single-nucleotide
polymorphism loci. Individual ancestry and population substructure were detectable with very high
resolution. The relationship between haplotype heterozygosity and geography was consistent with
the hypothesis of a serial founder effect with a single origin in sub-Saharan Africa. In addition, we
observed a pattern of ancestral allele frequency distributions that reflects variation in population
dynamics among geographic regions. This data set allows the most comprehensive characterization
to date of human genetic variation.

In the past 30 years, the ability to study DNA
sequence variation has dramatically increased
our knowledge of the relationships among

and history of human populations. Analyses of
mitochondrial, Y chromosomal, and autosomal
markers have revealed geographical structuring
of human populations at the continental level (1–3)
and suggest that a small group of individuals mi-
grated out of eastern Africa and their descendants
subsequently expanded into most of today’s pop-
ulations (3–6). Despite this progress, these studies
were limited to a small fraction of the genome, to

limited populations, or both, and yield an in-
complete picture of the relative importance of
mutation, recombination, migration, demogra-
phy, selection, and random drift (7–10). To
substantially increase the genomic and popula-
tion coverage of past studies (e.g., the HapMap
Project), we have examined more than 650,000
single-nucleotide polymorphisms (SNPs) in
samples from the Human Genome Diversity
Panel (HGDP-CEPH), which represents 1064
fully consenting individuals from 51 popula-
tions from sub-Saharan Africa, North Africa,

Europe, the Middle East, South/Central Asia,
East Asia, Oceania, and the Americas (11). This
data set is freely available (12) and allows a
detailed characterization of worldwide genetic
variation.

We first studied genetic ancestry of each
individual without using his/her population
identity. This analysis considers each person’s
genome as having originated from K ancestral
but unobserved populations whose contributions
are described by K coefficients that sum to 1 for
each individual. To increase computational effi-
ciency, we developed new software, frappe, that
implements a maximum likelihood method (13)
to analyze all 642,690 autosomal SNPs in 938
unrelated and successfully genotyped HGDP-
CEPH individuals (14). Figure 1A shows the
results for K = 7; those for K = 2 through 6 are in
fig. S1. At K = 5, the 938 individuals segregate
into five continental groups, similar to those re-
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Table 2. PCR for MCV DNA in comparison control tissues (n = 84). For detailed description of tissues and tissue sites, see table S2. MCV positivities
marked with plus and minus symbols together are as in Table 1. For the various body site tissues, there were 59 samples; for the skin and skin tumor
tissues, the sample size was 25 (table S2).

MCV positivity
Various body site tissues

Total MCV negative (%) 54/59 (92)
Total MCV positive (%) 5/59 (8)

Appendix control 1 –/+
Appendix control 2 –/+
Gall bladder –/+
Bowel –/+
Hemorrhoid –/+

Skin and skin tumor tissues
Total MCV negative (%) 21/25 (84)
Total MCV positive (%) 4/25 (16)

Skin –/+
KS skin tumor 1 –/+
KS skin tumor 2 –/+
KS skin tumor 3 –/+
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REPORTS



4) Understand the relationship between organisms



5) Classify groups of living 
organisms



6) Understand the evolutionary forces that 
shape life forms



7) Reconstruct the history and the timing of 
evolutionary events



8) Find cool stuff!

Genome-wide 
Association studies 

(GWAS)



Redefining evolution



Evolution is the change in allele frequency at a 
locus in a population over time

Change in frequency Time



Allele frequencies? 

populations? 

Evolutionary forces act on individuals, 
correct? 

Why populations?



Evolutionary forces act on the individuals but 
the affects are seen in populations in the form 

of changes in allele frequency 

So what exactly do we do? 

We study the effects of evolutionary forces on 
the frequency of a mutant allele



One more thing about the changes

Molecular changes vs. Morphological changes

Small effects on fitness large effects on fitnessvs.



If they have small effects, then we will 
have to deal with chance 

We need models to understand 
stochastic/random forces



Disclaimer

 Figures, photos, and graphs in my lectures are 
collected using google searches.  I do not claim to have 

personally produced the material (except for some). I 
do cite only articles or books used. I thank all owners of 

the visual aid that I use and apologize for not citing 
each individual item.  If anybody finds the inclusion of 
their material in my lectures a violation of their copy 

rights, please contact me via email. 

hhalhaddad@gmail.com
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