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1. Introduction  
Many environmental changes and alteration in the way of living has been experienced 
in the evolution of existing human populations. Starting 100,000 years ago with the 
emigration of Humans from Africa to the rest of the globe straining the human race to 
acclimatize to new environments and atmospheres, to 14,000 years ago where the 
population experienced a major global warming event increasing the world’s 
temperature to the actual level, the human race has showed many evolutionary 
changes and adaptations. They moved from a hunting society to a farming one, for 
example. Due the latter change, the new environment increased the risk of diseases 
caused by livestock. 
 
Due to all those modifications, there has been a natural selection of new genotypes 
that would be more appropriate to the new environment, mutations that would help 
the human race to overcome all those difficulties. 
Examples of such genes are: [1] 

·  G6PD which is a gene that helps for the resistance to malaria 
·  Lactase gene in response to dairy farming 
·  MCPH1 and ASPM that help for brain development 

 
In human beings, 99.9% of the bases are the same, but the remaining 0.1% is what 
makes a person unique. They code the different attributes, characteristics and traits of 
a person. The variations in the human genome that makes on sequence different than 
the other can either be harmful, harmless or latent. Harmful variations are likely to 
cause diabetes, cancer, heart disease, hemophilia and other diseases. Harmless 
variations are mainly variations in the phenotype of a person. Latent variations are 
found in coding and regulatory regions, they are known not to be harmful on their 
own but they become harmful under certain conditions. 
 

2. Human Genetic Variations 
 
There are two types of genetic mutations: 
 
Single Base mutation: substitution of one nucleotide with another. The Single 
Nucleotide Polymorphism (SNP) is one of the most common types of genetic 
variations. The international HapMAP project constitutes the basis for a major portion 
of the genetic diversity in the human race, having around 10,000,000 SNPs estimated. 
 
Insertion or deletion of one or more nucleotides:  
Tandem Repeat Polymorphisms and Insertion/Deletion Polymorphisms are examples. 
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3. SNP (Single Nucleotide Polymorphism) 
 

A SNP is defined as a single base change in a DNA sequence that occurs in a 
significant proportion (> 1%) of a large population. It might result in changing the 
DNA sequence. They can be found in coding and non-coding regions and they occur 
with a very high frequency: about 1 in 1200 bases on average, which results in 
approximately 10 million SNPs in the human genome. 
 

3.1 Haplotype 
 
A haplotype is a set of SNPs on a single chromatid that are statistically associated: 
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3.2 SNP Maps 

 
An SNP map is a map of the human genome that contains all possible SNPs. It is 
created by first sequencing the genomes of a large number of people and comparing 
the base sequences to find SNPs. 

 
 

3.3 Effect of SNPs on protein structures 
 

The protein structure may or may not be altered by the SNPs, it depends on the type 
of SNPs that occurs. In fact, there are two possible types: 
 
�  Synonymous or also known as silent mutations, are mutations that have no 

functional affect on the protein, thus doesn’t alter their structures. 



CS 374 Lecture 5 
Human Evolution  
Lecturer : Sharareh Noorbaloochi  Scribe: Wissam Kazan 
 

 
 

�   Non-synonymous: amino acid-altering mutations, those mutations alter the 
structure of a protein.(i.e. sickle cell anemia) 

 

      
Usually, genetic variants that alter protein functions are usually deleterious thus are 
less likely to become common or fixated. This is justified by the fact that the protein 
will lose its function and the organism that needs that function will be more likely to 
die. 
 
 



CS 374 Lecture 5 
Human Evolution  
Lecturer : Sharareh Noorbaloochi  Scribe: Wissam Kazan 
 

4. HapMap Project 
 
Most of the genetic variants that occurred in human beings are listed in the HapMap. 
It gives a description of the different mutations, their location in our DNA and their 
distribution among the different members within a given population and among 
populations in the different parts of the globe. The International HapMap Project uses 
data from four different population distributed around the globe to find those common 
haplotypes. 
It is based on the DNA of 270 people distributed from all around the world: 

·  Yoruba people in Ibadan, Nigeria (30 both-parent-and-adult-child trios),  
·  Japanese in Tokyo (45 unrelated individuals),  
·  Han Chinese in Beijing (45 unrelated individuals),  
·  CEPH (European) (30 trios).  

Based on those numbers, the Project will be able to find almost all haplotypes with 
frequencies of 5% or higher. 

 
 

4.1 Construction of the HapMap 
 
The HapMap is constructed in three steps: 
 
First, the SNPs are identified 
in the DNA samples. Then 
Adjacent SNPs that are 
inherited together are 
compiled into haplotypes. It 
also finds "tag" SNPs that 
uniquely identify those 
haplotypes�By genotyping 
the three tag SNPs shown in 
this figure, researchers can 
identify which of the four 
haplotypes shown here are 
present in each individual.  
The use of “tag” SNPs is 
justified by the fact that there 
the number of tag SNPs 
containing most of the 
relevant genetic variation 
pattern information is 
estimated to be between 
300K to 600K which is far 
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less than the total number of common SNPs (10 Million). 
Using the information on tag SNPs present in the HapMap, we can use that to link 
genetic variants to the risk for specific illnesses, which will lead to new methods of 
preventing, diagnosing, and treating disease. We would only need to focus on the relevant 
tag SNPs.  
 
Once the information on tag SNPs from the HapMap is available, researchers will be able 
to use them to locate genes involved in medically important traits. Consider the 
researcher trying to find genetic variants associated with high blood pressure. Instead of 
determining the identity of all SNPs in a person's DNA, the researcher would genotype a 
much smaller number of tag SNPs to determine the collection of haplotypes present in 
each subject. The researcher could focus on specific candidate genes that may be 
associated with a disease, or even look across the entire genome to find chromosomal 
regions that may be associated with a disease. If people with high blood pressure tend to 
share a particular haplotype, variants contributing to the disease might be somewhere 
within or near that haplotype.  
 

5. Genetic Variations 
 

5.1 Definitions 
 
�  Allele: One of two or more alternative forms of a gene or DNA sequence at a 

specific chromosomal location. For example, at the locus for an eye color, the 
allele might be coding for blue or brown eyes. 

 
�  Polymorphism: Arbitrary defined as existing when at least two alleles are in the 

population and the minor allele is at a 1% or greater frequency. 
 
�  Variant : An allele below the 1% frequency is sometimes called a variant . 
 
�  Fixation: The process by which one allele increases in a population until all other 

alleles go extinct and the locus becomes monomorphic. It is also referring to 
100% frequency. 

�  Hitchhiking : An allele that rises to a high frequency through positive selection at 
a linked locus is said to be “hitchhiking”. 

�  Selective Sweep: The reduction in diversity at loci linked to a recently fixed 
allele. 

�  Fixation:  The process by which one allele increases in a population until all other 
alleles go extinct and the locus becomes monomorphic. 
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5.2 Linkage Disequilibrium 

 
A linkage disequilibrium is defined as a nonrandom association between alleles at 
two or more loci, not necessary on the same chromosome, due to their tendency to be 
coinherited because of reduced recombination between them.  A common cause of 
LD is intra-genes fitness interaction or “by non-adaptive processes as population 
structure and inbreeding”. It is a phenomenon whereby genetic variants are 
associated: people who have one variant tend to have a second variant as well.  
LD describes a situation in which some combinations of alleles or genetic markers 
occur more or less frequently in a population than would be expected from a random 
formation of haplotypes from alleles based on their frequencies. 
 
To determine the extent of LD, we usually look at the recombination between the 
different genes in the genome: 

 
Example: 
 
Consider 2 neighboring loci A and B with two alleles 

�  A and a, and B and b- at each locus 
 
 If no association: p (AB) = pA x pB  
 
 If there is association:  D = PAB – PAx PB 
 
 Track LD: 
 Dt = (1-r)t x D0  
 r is the recombination rate 
 
 
 
 
 

Time = 
present 

2,000 gens. 
ago 

Mutation 

1,000 gens. 
ago 
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6. Neutral Evolution versus Positive Natural Select ion 
 

6.1 Neutral Evolution 
 
Evolution of the genome has been experienced to be neutral, that is most of the 
mutations have no effect on the fitness of the individual.Most of the genome is 
thought to be evolving neutrally, that is most of the mutations don’t have any effect 
on the fitness. Its frequency in the population changes randomly. This slow process is 
known as genetic drift.  

 
 
As we can see from the picture above, the mutation is not apparent in all future 
generations and there is no fixation. 
 

6.2 Positive Natural Selection  
 
The positive natural selection is a selective regime that favors the fixation of an allele 
that increases the fitness of its carrier. Due to the fact that it makes the carrier 
stronger, this will give it him more chances of survival and thus the spread is done 
faster and it can go all the way to fixation that is 100% frequency. The following is 
illustrated in the figure below: 

1 2 3 4 5 6 7 8 9 10 
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6.3 Detecting Selection 
 
In order to detect selections, we have five tests that can be divided into two 
categories: 
�  Difference between species 

1. High proportion of function altering mutations 
 
�  Within-species variation 

2. Low diversity 
3. Excess of derived alleles 
4. Differences between populations 
5. Long unbroken haplotypes 

 

6.3.1 High proportion of function altering mutation s 
 
Whenever a mutation alters the protein function, they are often deleterious and thus 
are less probable to achieve 100% frequency (fixation). On the other hand, silent 
mutations, having no functional effect on the protein, are more likely to reach 
fixation. However, over a prolonged period, positive selection can increase the 
fixation rate of beneficial function-altering mutations, those changes can be detected 
by comparing the rate of mutations between species. 
We can detect an increase by comparing the rate of nonsynonymous changes with the 
rate of synonymous changes, by comparison with the rate in other lineages or by 
comparison with intraspecies diversity. 
An example of this signature is found in the gene PRM1, mentioned earlier, which 
has 13 nonsynonymous and 1 synonymous differences between human and 
chimpanzee: 
 

1 2 3 4 5 6 7 8 9 10 
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It has a limited power, due to the fact that multiple selected changes are required 
before a gene stands out against the background neutral rate of change. Usually, we 
can detect only ongoing or recurrent selection.  
There are three common statistical tests to do that:  

�   Ka/Ks test 
�   Relative rate test 
�   McDonald-Kreitman test 

 
We will explain the Ka/Ks test here: 
 
The main idea behind the Ka/Ks test is that we are trying to contrast two types of 
substitution events. Ka stands for the non-synonymous rate and Ks stands for the 
synonymous rate both taken at each codon site. We focus on the ratio of those two 
rates (Ka/Ks). 
We can detect a purified selection whenever Ka/K s < 1, because in this case Ka 
decreases.  
A positive selection is detected whenever Ka/K s > 1, due to an increase in Ka. In fact, 
as we have seen, the positive selection results in the fast substitution of amino acids 
that is beneficial to the organism leading to mutations occurring at a higher rate than 
that of neutral mutations. 
 
 

6.3.2 Reduction in genetic diversity 
When an allele is spread in larger groups in the populations, alleles at nearby 
locations on the same chromosome experience a rise in the frequency, this is called 
Hitchhiking, and usually results to a selective sweep which in turn leads to a change 
of the pattern of genetic variation. The most common type of variant used is the 
SNPs.  
Whenever a complete selective sweep occurs, the alleles increase to fixation, and due 
to hitchhiking the linked variants also have an increase in frequency therefore 
resulting in less diversity in the immediate vicinity and results to a decrease of 
diversity in a larger region. Therefore, positive selection has a signature made of a 
region of low overall diversity with a lot of rare alleles.  

 Excess of function-altering mutations in PRM1 exon  2 

Synonymous  
mutation 
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The most common statistical tests are the following: 
�   Tajima’s D 
�   Hudson-Kreitman-Aguade (HKA) 
�   Fu and Li’s D* 

 
An example of this test can be seen in the Kell blood antigen cluster where we can 
observe a high frequency of rare alleles and a low diversity: 

 
 

6.3.3 High Frequency derived alleles ( age < 80K ye ars) 
New mutations cause the creation of derived alleles that tend to have lower allele 
frequency than their parent alleles. However, due to the hitchhiking effect that occurs 
in the regions nearby the beneficial alleles, derived alleles in those regions tend to 
have high frequencies. A signature of a region that contains many high-frequency 
derived alleles is thus sign of positive selection. 

 
Figure: Excess of high-frequency derived alleles at the Duffy red cell antigen (FY) gene 
 
 

6.3.4 Long Haplotypes 
Under positive selection, selective sweeps can result to a  unique signature atypical 
under neutral drift, that is, an allele that has both high frequency and a long 
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haplotypes (long range associations with other alleles. Those long haplotypes are not 
broken down by recombination. 
 

6.3.5 Difference between populations (age <50K to 7 5K years) 
Due to distinct environmental and cultural pressures in different geographical 
locations, positive selection may alter the frequency of an allele in one population but 
not in another. Thus big differences in allele frequencies between populations may 
indicate a locus that has undergone positive selection. 
An example is the FY*O allele, which confers resistance to P. vivax malaria, it is 
prevalent and even fixed in many African populations, but virtually absent outside 
Africa: 

  
 
Those differences can only arise when populations are at least partially isolated 
reproductively: for humans, we can only experience the differences after the major 
human migrations out of Africa some 50,000 to 70,000 years ago. 
Another example is the lactose intolerant allele. The region around LCT locus 
demonstrates large population difference between Europeans and non-Europeans 
which implies a strong selection for lactase persistence allele in Europeans 
 
6.3.5.2 Weakness of the test  
 
It is really hard to distinguish between genuine selection and the effect of 
demographic history (especially population bottleneck) on genetic variation. 
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6.3.6 Signature of Selections 

  
 
The above picture shows the time scales for the signatures of selection. The five 
signatures of selection persist over varying time scales. A rough estimate is shown of 
how long each is useful for detecting selection in humans.  

6.4 Genome-Wide Studies 
 
Due to the accessibility of an almost complete sequence of the 
human genome in addition “to an increase in genome sequence for 
species like chimpanzee, mouse, etc…” (2), made genome-wide 
studies promising. Between-species studies are limited in detecting 
selection at single genes but they provide understandings on 
theway the functions of genes evolve. For example, identified 
genes that are quickly evolving include sperm-related genes and 
genes responsible for the olfactory receptors (sense of smell). 
 

6.5 Finding selective sweeps 
 

6.5.1 Description 
In order to detect selective sweeps, scientists developed statistical tests to differentiate 
between patterns of genetic variation expected under neutrality and those expected under 
neutral selection. By applying statistical test to the whole genome, they are then able to 
detect possible regions for selection. (See picture below) 
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However, there is a problem that arises: We do not fully know the shape of the neutral 
distribution and how it’s affected by other factors such as demographic history. In 
order to overcome this problem, the best we can do is to use the statistic based on our 
existing simulations and apply them to our empirical genome-wide data sets, then 
identify the loci in the extreme tail. This region would be the most likely candidate for 
natural selection. This is illustrated in the figure below: 
 

  
 

6.5.2 Relationship between allele’s frequencies and  extent of linkage 
disequilibrium 
When there is no selections, the young alleles have usually low frequencies and long-
range linkage disequilibrium (i.e. long haplotydes) and the old alleles have either high or 
low frequencies and short-range LDs. In positive selection, we observes young alleles 
with high frequencies and long-range LDs. The following is an illustration of this 
concept: 
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The following graph shows that positive selection has both long-range LD and high 
frequency alleles: 
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Slide by: David Reich, Broad Institute  
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