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

Human Evolution

Papers

1. Benjamin F. Voight, Sridhar Kudaravalli, Xiaoquared/ Jonathan K. Pritchard,
“A Map of Recent Positive Selection in the Humano@eh) PLOSBIology,
March 2006, Volume 4, Issue 3, e72.

2. P. C. Sabeti, S. F. Schaffner, B. Fry, J. LohmugeRe Varilly, O. Shamovsky, A.
Palma, T. S. Mikkelsen, D. Altshuler, E. S. Land@&ositive Natural Selection in
the Human Lineage’'www.sciencemag.otrdl6 June 2006

Table of Contents:

I [ 01 (o o [8 T £ o SRR 2
2. Human GenetiC VariatiONS...........ooooiiiccmmme ettt e 2
3. SNP (Single Nucleotide PolymorphisSm) ......cccccooiiiiiiiiiiiiiii e 3
G 00 I - o[ Y/ o = S 3
3.2 SNP MAPS .. ettt et e e e e e aaaaaeeeeera e aeaanes 4
3.3 Effect of SNPS 0N Protein StrUCIUMES....cceeeeeiiiiie i eeree e 4
o o F= 01V = T oI e o= od A TSR 6
4.1 Construction of the HapMap..........coiiicceeeeeiiiiiiiiie e e 6
5. GENELIC VAIALIONS ...t ceeeee e e ettt s e e e e e e e e e 7
5.1 DETINITIONS. ..ttt ettt et e e e e e e e e e e e e e e e e e e e e e e e e a e 7
5.2 Linkage DiseqUIlIDIIUM ... 8
6. Neutral Evolution versus Positive Natural S8TL...............cceeeeiiiiiiiiiiiici, 9
6.1 Neutral EVOIULION.......ccoooi et e e e e e eeeeannnes 9
6.2 Positive Natural SEleCtioN.............occcieeiiiiiii e 9
6.3 DeteCting SeIECHON ........uiiiii e 10
6.3.1 High proportion of function altering mutatfn.............ccccceeeeeeeeiiieeeeeeeiinnns 10
6.3.2 Reduction in genetiC dIVErSItY .........cceieriiiiiiiiiiiiiiiee e eee e 11
6.3.3 High Frequency derived alleles (age < 80BIFE..........cccvvvvvrrrerrvenniiiieneenn. 12
6.3.4 LONG HAPIOLYPES ... e 12
6.3.5 Difference between populations (age <50K5id years)........cccccvvvvvveiiennnnnn. 13
6.3.6 Signature of SEIECLIONS .......ccooo it 14
6.4 Genome-Wide STUAIES ........coooiiiiiiiiiee e 14
6.5 FINAING SEIECHIVE SWEEPS. .....uvuiiiiiiieieeeee ettt e e e e e e e eeeeeeeeeenneeeeeeeees 14
LGS0 I I =T o 1o PO URTR 14

6.5.2 Relationship between allele’s frequencieseadnt of linkage disequilibrium
......................................................................................................................... 15



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

1. Introduction

Many environmental changes and alteration in the efdiving has been experienced
in the evolution of existing human populations.riéatg 100,000 years ago with the
emigration of Humans from Africa to the rest of tllebe straining the human race to
acclimatize to new environments and atmospherels}, @00 years ago where the
population experienced a major global warming eveereasing the world’s
temperature to the actual level, the human racshased many evolutionary
changes and adaptations. They moved from a husticigty to a farming one, for
example. Due the latter change, the new environimergased the risk of diseases
caused by livestock.

Due to all those modifications, there has beentarabselection of new genotypes
that would be more appropriate to the new envirartinrautations 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 resistamoealaria

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 sarmh&éhdremaining 0.1% is what
makes a person unique. They code the differenbat#rs, characteristics and traits of
a person. The variations in the human genome thiemon sequence different than
the other can either be harmful, harmless or latéatmful variations are likely to
cause diabetes, cancer, heart disease, hemopidliather diseases. Harmless
variations are mainly variations in the phenotypa person. Latent variations are
found in coding and regulatory regions, they arevikm not to be harmful on their
own but they become harmful under certain condstion

2. Human Genetic Variations

There are two types of genetic mutations:

Single Base mutation:substitution of one nucleotide with another. Thegi
Nucleotide Polymorphism (SNP) is one of the moshemn types of genetic
variations. The international HapMAP project cotsés the basis for a major portion
of the genetic diversity in the human race, hasdraund 10,000,000 SNPs estimated.

Insertion or deletion of one or more nucleotides
Tandem Repeat Polymorphisms and Insertion/Del®mgmorphisms are examples.
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3. SNP (Single Nucleotide Polymorphism)

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

3.1 Haplotype

A haplotype is a set of SNPs on a single chronthtaitlare statistically associated:

SNP

2 SNPs
'

Chromosome | AACACECCA....
Chromosome2 AACACGCCA...,
Chromosomed AACATGCCA. ...
Chromosomed AACACGCCA. .

.

b Haplotypes

SNP SNP
. '
TTCGOGGTC.... AGTCGACCG....
TTCGAGGTC.... AGTCAACCE....
TTCGGGGTC. ... AGTCAACCG....
W TTCGEGGTC.... AGTCOACCG. ..,
|
| ///
“—-_\_“_ ll
H-._h‘_"‘_‘\- ,_-_/
W

Haplotype! CTCAAAGTACGGTTCAGGCA
Hapotype? TTGATTGCGCAACAGTAATA
Haplotyped CCCBATCTGTGATACTGETG

Haplofype 4
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3.2 SNP Maps

An SNP map is a map of the human genome that eenédli possible SNPs. It is

created by first sequencing the genomes of a laugger of people and comparing
the base sequences to find SNPs.

All chromosomes. SNP location
are sequenced

All SNPs are
recorded

-]
; SNP Data
= SNP #1, Chromosome 1, Position 20, G—+C

3.3 Effect of SNPs on protein structures

The protein structure may or may not be alterethBySNPs, it depends on the type
of SNPs that occurs. In fact, there are two possipes:

Synonymous or also known as silent mutations, ar@tions that have no
functional affect on the protein, thus doesn’tralkeir structures.
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DNA SNP
Cto G

RNA Codon

CUG to CUC

-otein
Leucine to Leucine

_______ No change
== in shape

AT e 4ok ¢ 02

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

Sickle cell anemia:
GLU

HBB - ..CAC CTG ACT CCT GTG GAG AAG TCT. ..
HBS ...CAC CTG ACT CCT GAG GAG AAG TCT. ..

VAL

single strand of narmal
f-globin gene

GTGCACCTGACTCCTGAGGAG —

GTGCACCTGACTCCTGTGGAG —

single strand of mutant ¥
f-globin gene single nucleotide
shanged {mutation)

Sum 5um

Usually, genetic variants that alter protein fuors are usually deleterious thus are
less likely to become common or fixated. This &ified by the fact that the protein
will lose its function and the organism that netrag function will be more likely to
die.
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4. HapMap Project

Most of the genetic variants that occurred in huipaings are listed in the HapMap.
It gives a description of the different mutatiotiir location in our DNA and their
distribution among the different members withiniaeg population and among
populations in the different parts of the globeeThternational HapMap Project uses
data from four different population distributed and the globe to find those common
haplotypes.
It is based on the DNA of 270 people distributemirall around the world:
Yoruba people in Ibadan, Nigeria (30 both-parem-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 abletibalmost 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 s SIP SNP SNP
in the DNA samples. Then i *
Adjacent SNPs that are
Icnohrﬁgitﬁa%ti?]?str?g&g{;pes. ¢ Cvorcsane! AACACGCCA....TTCOGOGTC.... AGTCEACCE. ...
also finds "tag" SNPs that Chromosome? AACACGCCA.... TTCGAGGTC.... AGTCAACCG....

uniquely identify those
haplotypesBy genotyping Chromosomed AACATGCCA.... TTCGGGGTC.... AGTCAACCG....

the three tag SNPs shown in  Chromosomed AACGACGCCA.... TTCGUGGTC, ... AGTCUACCG,, .,
this figure, researchers can [ |
identify which of the four e 5 g
haplotypes shown here are =03 \ P
present in each individual. R Bl

The use of “tag” SNPs is b Haplotypes rl "

justified by the fact that there i
the number of tag SNPs Hépiotype1 CTCAAAGTACGGTTCAGGCA

: y

containing most of the Haplotype? TTGATTGCGCAACAGTAATA
relevant genetic variation .

pattern information is Haplotyped CCCGATCTGTEATACTGGTG
estimated to be between Haplotype 4

300K to 600K which is far

¢ Tag SPs

2 N B -
e N —4 |-
= N Yy -
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less than the total number of common SNPs (10 dui)li

Using the information on tag SNPs present in thpNip, we can use that to link
genetic variants to the risk for specific illnessgkich will lead to new methods of
preventing, diagnosing, and treating disease. Wddvanly need to focus on the relevant
tag SNPs.

Once the information on tag SNPs from the HapMaav&lable, researchers will be able
to use them to locate genes involved in medicaflyadrtant traits. Consider the
researcher trying to find genetic variants assediatith high blood pressure. Instead of
determining the identity of all SNPs in a pers@i¥A, the researcher would genotype a
much smaller number of tag SNPs to determine tHeatmn of haplotypes present in
each subject. The researcher could focus on speaifididate genes that may be
associated with a disease, or even look acrossive genome to find chromosomal
regions that may be associated with a diseaseolblp with high blood pressure tend to
share a particular haplotype, variants contributothe 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 gen®MA sequence at a
specific chromosomal location. For example, atitises for an eye color, the
allele might be coding for blue or brown eyes.

Polymorphism: Arbitrary defined as existing when at least tilelas are in the
population and the minor allele is at a 1% or grefibquency.

Variant: An allele below the 1% frequency is sometimetedahvariant.

Fixation: The process by which one allele increases inpallation until all other
alleles go extinct and the locus becomes monomoriths also referring to
100% frequency.

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

Selective SweepThe reduction in diversity at loci linked to aceatly fixed
allele.

Fixation: The process by which one allele increases in alptpn until all other
alleles go extinct and the locus becomes monomorphi
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5.2 Linkage Disequilibrium

A linkage disequilibrium is defined as a nonrandassociation between alleles at
two or more loci, not necessary on the same chromesdue to their tendency to be
coinherited because of reduced recombination betwesm. A common cause of
LD is intra-genes fitness interaction or “by noraptive processes as population
structure and inbreeding”. It is a pnenomenon wihegenetic variants are
associated: people who have one variant tend te &aecond variant as well.

LD describes a situation in which some combinatioinglleles or genetic markers
occur more or less frequently in a population thaulld be expected from a random
formation of haplotypes from alleles based on tfremuencies.

To determine the extent of LD, we usually lookreg tecombination between the
different genes in the genome:

Mutation

2,000 gens.
ago

1,000 gens.
ago

Time =
present

Example:

3
=
e
"
"
 —

Consider 2 neighboring loci A and B with two alkele
A and a, and B and b- at each locus A

If no association: p (AB) = pA x pB

If there is association: D = PAB — PAx PB

Track LD:
Dt = (1-nt x DO
r is the recombination rate
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6. Neutral Evolution versus Positive Natural Select ion

6.1 Neutral Evolution

Evolution of the genome has been experienced teebeal, that is most of the
mutations have no effect on the fitness of thevidial.Most of the genome is
thought to be evolving neutrally, that is mostlé tmutations don’t have any effect
on the fitness. Its frequency in the populationnges randomly. This slow process is
known aggenetic drift.

As we can see from the picture above, the mutasioiot apparent in all future
generations and there is no fixation.

6.2 Positive Natural Selection

The positive natural selection is a selective regihat favors the fixation of an allele
that increases the fitness of its carrier. Dudnéofact that it makes the carrier
stronger, this will give it him more chances of\gual and thus the spread is done
faster and it can go all the way to fixation treflD0% frequency. The following is
illustrated in the figure below:
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6.3 Detecting Selection

In order to detect selections, we have five tdss ¢an 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 functioaytare often deleterious and thus

are less probable to achieve 100% frequency (6ratiOn the other hand, silent
mutations, having no functional effect on the pirgtare more likely to reach
fixation. However, over a prolonged period, pogtselection can increase the

fixation rate of beneficial function-altering mutats, those changes can be detected

by comparing the rate of mutations between species.

We can detect an increase by comparing the ratertsynonymous changes with the

rate of synonymous changes, by comparison withéteein other lineages or by
comparison with intraspecies diversity.

An example of this signature is found in the gBR&M1 mentioned earlier, which
has 13 nonsynonymous and 1 synonymous differeretegebn human and
chimpanzee:
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PRM1 Exon 2
sor H R REMA R ENR B R R RiC [CIR
Human
T CGCC A C

It has dimited power, due to the fact that multiple selected changesequired
before a gene stands out against the backgrounithheate of change. Usually, we
can detect only ongoing or recurrent selection.
There are three common statistical tests to do that

KJKs test

Relative rate test

McDonald-Kreitman test

We will explain the K/Ktest here:

The main idea behind theKs test is that we are trying to contrast two types o
substitution events. Ka stands for the non-synomygmate and Ks stands for the
synonymous rate both taken at each codon site.0dlesfon the ratio of those two
rates (K/Ks).

We can detect a purified selection whendvgK ¢ < 1, because in this case Ka
decreases.

A positive selection is detected whenekefKs > 1, due to an increase in Ka. In fact,
as we have seen, the positive selection resutteeifast substitution of amino acids
that is beneficial to the organism leading to matet 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 thaufadions, alleles at nearby
locations on the same chromosome experience arike frequency, this is called
Hitchhiking, and usually results to a selective sprevhich in turn leads to a change
of the pattern of genetic variation. The most comrype of variant used is the
SNPs.

Whenever a complete selective sweep occurs, tekeslincrease to fixation, and due
to hitchhiking the linked variants also have anr@ase in frequency therefore
resulting in less diversity in the immediate vigynand results to a decrease of
diversity in a larger region. Therefore, positiedestion has a signature made of a
region of low overall diversity with a lot of raetieles.
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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 Kelbthlantigen cluster where we can
observe a high frequency of rare alleles and adiwersity:

EPHB6 TRPV6 TRPV5 KEL

1 I tH—HiH  HH—-l
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6.3.3 High Frequency derived alleles ( age < 80K ye ars)

New mutations cause the creation of derived allélastend to have lower allele
frequency than their parent alleles. However, duihe hitchhiking effect that occurs
in the regions nearby the beneficial alleles, datialleles in those regions tend to
have high frequencies. A signature of a region tbatains many high-frequency
derived alleles is thus sign of positive selection.

FY*O
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Figure: 'Ex.cess of high-frequency derived alleles at tlié‘)Dred cell antigen (FY) gene

6.3.4 Long Haplotypes

Under positive selection, selective sweeps carltregsa unique signature atypical
under neutral drift, that is, an allele that hathldogh frequency and a long
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haplotypes (long range associations with othefesléelhose long haplotypes are not
broken down by recombination.

6.3.5 Difference between populations (age <60Kto 7 5K years)

Due to distinct environmental and cultural pressumedifferent geographical
locations, positive selection may alter the frequyenf an allele in one population but
not in another. Thus big differences in allele trexqcies between populations may
indicate a locus that has undergone positive setect

An example is th&Y*O allele, which confers resistanceRovivaxmalaria, it is
prevalent and even fixed in many African populasidout virtually absent outside
Africa:

Those differences can only arise when populatioestleast partially isolated
reproductively: for humans, we can only experietheedifferences after the major
human migrations out of Africa some 50,000 to 70,08ars ago.

Another example is the lactose intolerant allelge Tegion around LCT locus
demonstrates large population difference betweengaans and non-Europeans
which implies a strong selection for lactase pégsise allele in Europeans

6.3.5.2 Weakness of the test

It is really hard to distinguish between genuinles®n and the effect of
demographic history (especially population botttd)en genetic variation.



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

6.3.6 Signature of Selections

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

6.4 Genome-Wide Studies

Due to the accessibility of an almost complete seqa of the
human genome in addition “to an increase in gensageience for
species like chimpanzee, mouse, etd2), made genome-wide
studies promising. Between-species studies aréeldnin detecting
selection at single genes but they provide undedgtgs on
theway the functions of genes evolve. For examgéntified
genes that are quickly evolving include sperm-ezlajenes and
genes responsible for the olfactory receptors gsehsmell).

6.5 Finding selective sweeps

6.5.1 Description

In order to detect selective sweeps, scientisteldped statistical tests to differentiate
between patterns of genetic variation expected unelgtrality and those expected under
neutral selection. By applying statistical testite whole genome, they are then able to
detect possible regions for selection. (See pidietew)
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However, there is a problem that arisé& do not fully know the shape of the neutral
distribution and how it's affected by other factorssuch as demographic historyln
order to overcome this problem, the best we cais tlouse the statistic based on our
existing simulations and apply them to our empirggnome-wide data sets, then
identify the loci in the extreme tail. This regiaould be the most likely candidate for
natural selection. This is illustrated in the figurelow:

6.5.2 Relationship between allele’s frequencies and extent of linkage
disequilibrium

When there is no selections, the young alleles hawually low frequencies and long-
range linkage disequilibrium (i.e. long haplotydasyl the old alleles have either high or
low frequencies and short-range LDs. In positiMed®n, we observes young alleles
with high frequencies and long-range LDs. The follgy is an illustration of this
concept:
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The following graph shows that positive selectias both long-range LD and high
frequency alleles:

Slide by: David Reich, Broad Institute



