Population Genetics

Genetic Influence




Natural Selection Review
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Population

Variation

Time

SU rVive There is genetic variation within a Overproduction of offspring
population which can be inherited leads to competition for survival

Reproduce

Adaptation

Individuals with beneficial adaptations are Over many generations, there is a
more likely to survive to pass on their genes change in allele frequency (evolution)




Microevolution

The generation-to-generation change in frequencies
of alleles within a population is called
microevolution. Its evolution on the smallest scale.

Mechanisms of microevolution:
* Natural Selection

Sexual Selection

Artificial Selection |

Genetic Drift

Gene Flow




Gregor Mendel

Mendelian genetics

m Character P neraTion @ A f
(heritable feature. 1.e., fur color) k2l Furcls :f:;;
3 Trait flowers l flowers
(variant for a character,i.e., brown) o
B True-bred F, Generation g&/
(all offspring of same variety) (hybrids) All plants had
purple flowers

m Hybridization -
(crossing of 2 different true-breds) Qﬁ

F, Generation

P generation (parents) Ratio 3:1 ;4\ iy E \l

F1 generation (first filial generation) )

y e,

705 plants 224 plants
had purple had white
flowers flowers
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What does inheritance mean?

L cam (A

Chromosome DNA  Gene Mutation




Genomics
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Chromosome Structure
DNA
Genes

» Variation

» Expression
Central Dogma
Human Genome Project
Applications
Current Research
Epigenetics
What Next




Chromosome

Karyotyping
Structure
Number
Bands
Location

Processes
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Problems

& Clinical Toaols, Inc.

One Chromosome

IHIIND®e

CLAIIIID@e

Two Identical Chromatids
One is an exact copy of the other and each
contains one DNA molecule,

P arm - short arm structure

Centromere — constricted point
of the chromosome

¢ arm - long arm structure

DNA molecule - long string like DNA

molecule fermed into a compact structure
by proteins called histones,




DNA

Location

Chromosome Nucleosome Structure

DNA
double
helix

Base Pair
Replication

Protein Synthesis
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Regions

» Exons

» Introns

» Transposons

» Telomeres




Human Genome Project (HGP)

What were the goals of the Human
Genome Project

Benefits of Human Genome Project
research

- improvements in medicine.

- microbial genome research for
fuel and environmental
cleanup.

- DNA forensics.

B Project goals were to
B [dennpy all the approxmmately 20.000-25_000/genes m human DNA,

B Determine the sequences of the 3 billion chemical base pairs that make up human
DNA.

Store this mtormmation 1 databases.,

B Improve tools for data analysis. - nn_proved agriculture and [
s . : : livestock.
B Transfer related technologies to the private sector, and bett derstandi ‘ Ui f
; g i : ; ; - Petier unaerstanding or evolution ¢ ;
B Address the ethical; legal. and social 1ssues (ELSI) that may arise from the project. LalL? 2 e
5 : : and human migration. <
" The Project also - more accurate risk assessment. iy \\\ e
. ; ; S ALY | | %
B aimmed to sequence the genomes of several other organisms that are 97 4 \ r]e_’

J‘\\

important to medical research, such as the mouse and the fruit fly.

www.sliderbase.com

International Research Effort



M u tat i O n S What is a Genetic Mutation?

A genetic mistake; a permanent change in the
DNA code, such that the code differs from its parents

» Define
» Organism involved

» Eukaroyotes: Plants, Animals

» Prokaryotes: Bacteria vs. Virus

» Chromosomes involved
» Causes Mutat
utations ...
» Rate
» Chromosome changes * are changes in the -
genetic material o
» End Results * can be good or bad y
P = * can be on a single -
gene or the whole o
> + chromosome

Chromosome

b -

Genes




Mutation Types

Duplication Inversion Deletion

:




Reproductive Changes

meiosis Il
sister chromaotids

interphase @
meiosis |
Crossing Over \@

—\

/|

Independent Assortment homologaus
chromosomes
Fertilization
Key
m Maternal set of
chromosomes Possibility Possibility 2

Paternal set of

chromosomes /'II\ /Il\
Two equally probable
\l arrangements of \“/
chromosomes at
/ \ metaphase | /
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Significance of Meiosis:

+* Genetic Variation caused by the possible
combinations of chromosomes during N
“Crossing Over” in Meiosis 1.
+* Crossing over increase genetic diversity
as the genes on the chromosomes :
combine in number of ways.

+* An alterationinthe DNA structure during 1 ' ' 4 UM &
meiosis cause mutations.

+* In most cases mutationsare maladaptive
and the new cell dies.

+* A small number of mutationsare viable ----- the cell survives.

If the mutant gamete combines with another gamete to produce
an offspring ---- the mutation can be passed to the next generation.

Structural vs. Numeric




Define term

Genetic
Homozygous %
Heterozygous %

Examples
Gene

Nucleotide
Geographic
Environment

Isolation




Data Sets

Table 1.1 Examples of types of data

Ouantitative

Continuous Discrete

Blood pressure, height, weight, age | Mumber of children
Mumber of attacks of asthma per week

Categorical Qualitative

Ordinal (Ordered categories) Mominal {Unordered cateqories)
(5rade of breast cancer sex [malefermnale)

Better, same, worse Alive or dead

Disagree, neutral, agree Blood group O, A, B, AB




Genetic Variation

Discrete Characters Quantitative Characters

» Differences in a defined form » Differences in range of forms

» One characteristic » Not one or the other

» Have trait or not (either / or) » Influences of several genes on a
» Single gene, different phenotypes characteristic

» examples
» examples P




Determining variations

Nucleotide

Gene
» PCR » DNA sequencing

Read alignment Optical map alignment

Assembly alignment

- - - -
Genetic Variation Analysis
—_——
Inversion PN R T —
e
—_—
/ S=3 | =y i g e W e
Indel —m— ] - -t
/ === ==
=—= = P—=
= E—=
Dual Color Endpoint Detection Melting Curve Analysis
for Genotyping for Product ldentification,
Mutation Detecti . -
an:wGerI; ScannI:;' Duplication -y - (- - -: ot —
m———

Different genotyping methods analyze fluorescent signals from different parts of a

Real-Time PCR run.




Genomic Evolution

> Comparative Analysis Chromosome Structure

Abnormalities

i,

» Results (:, -, +) Translocation  Deletion Inversion

» Shared characteristics

» Explains Divergence

» Phenotype differences
» Mutations

» Define

» Types
Isochromosome
» Meiosis Mistakes

» Duplication

» Inversions Insertion Ring

chromosome

» Breaks chromosome

Derivative




Hardy-Weinberg Principle

Population ——

>
» Allele/Gene frequency
>
>

Constant

No influences

| | Females
A (p) a (q)
Males A (p) AA (p2) Aa(pq)

a (a) Aa (pq) Aa(q2)




H-W Equilibrium

Hardy-Weinberg Principle

The onginal proportion of genotypes m a
population remains constant
if

population size 1s large

+ random mating 1s occurring

no mutations

* no genes are introduced or lost

no selection occurs

— means: all genotypes can survive and reproduce
equally well

genotype frequencies




LARGE BREEDING POPULATION

Large Breeding Population

Main distributions
of populatianin
California, 1997

an earthquake that kills three
peaple aut of a populationof 10
million has little effect an the
composition of the gene pool.

SHALL BREEDING POPULATION

Main distributions
of populationin

California, before
1500

an earthquake
that kills three people out of &
band of 20 individuals has a
significant effect on the
composzition of the gene pool.




Random Mating

EANDOM HATING

Coral polyps disperse their sperm
into the ocean currents. Contact
with aneqgg inanother coral is
completely up to chance,

ASSORTATIVE HATING

e LT
g




No allele frequency changes due to

mutations

NO MUTATIONS

composition of the gene pool
remains the same generation
after generation, if the other
conditions for Hardy-Weinberg
equilibrium are alsa met.

MUTATIONS

Mutations change the
composition of the gene pool,
Mew alleles are introduced,
and allelic frequencies change.




No migration: imigration or emigration

NO MIGRATION MIGREATION

R L

trees prevents changes in the from a neighbaring populatian
gene pool due to immigration of trees can cause a change in

and emigration. e, the compozition of the gene pool




No Natural Selection

NO SELECTION

SELECTION

Herbicide- Herbicide -
Fesistant sensitive

Inan enviranment without
herbicide, both herbicide -
resistant weeds and herbicide -
sensitive weeds can live and
Feproduce.

Herbicide - Herbicide -
resistant sensitive

Inanenvironment containing
herbicide, weeds that are
szensitive to herbicide die and thus
do not pass on their genes. Weeds
with the allele for herbicide
resistance are selected for.




Hardy-Weinberg “Rules™

» Influences

> 2n
_ » Genetic Drift
» Sexual reproduction
_ _ » Genetic Flow
» Non-overlapping generations
. » Mate Choice/Sexual Selection
» Mating is random
: : » Mutation
» Large population size
: : » Natural Selection
» Allele frequencies are = in sexes
: Meiotic Drive
» No influences... g
» Bottleneck
» Founder Effect
» Inbreeding




To estimate the frequency of alleles in a population, we
can use the Hardy-Weinberg equation. According to this
equation:

p = the frequency of the dominant allele (represented
here by A)

g = the frequency of the recessive allele (represented
here by a)

For a population in genetic equilibrium:

p +q=1.0 (The sum of the frequencies of both alleles is
100%.)

(p+g)y=1

SO

pe+2pq+g-=1

The three terms of this binomial expansion indicate the
frequencies of the three genotypes:

p? = frequency of AA (homozygous dominant)

2pq = frequency of Aa (heterozygous)

g2 = frequency of aa (homozygous recessive)

Allele frequency

Genotypes



Equation for Genotypes

HARDY WEINBERG  P+97 = p°+2pq+q°=1
EQUILIBRIUM Where:
— W p = the frequency of allele A
R o NIRATER s q > the frequency of allele a
- p = = the frequency of individual AA
p2 T 2pq + q2 - 1 q° = the frequency of individual aa
b 2pg = the frequency of individual Aa

genotype

\

Frequency of alleles
Frequency of genotypes




What about extra allele frequency?

3-allele case 4-allele case

» 3 alleles
» P+Q+R)?*=
> p? +Q2 +r2+2pq+ 2pr+29r

» 4 alleles
» P+Q+R+S5)2=
> p2 +02 +r12+s2+2pq+ 2pr+2qr

+2ps + 2Qs + 2rs




In Reality...

The conditions for |

ardy-Weinberg

equilibrium are never met in nature.

[ There are always some disturbing
influences in nature

4 Hardy-Weinberg equilibrium can be
approximated in the lab

O It has usefulness as a model for studying

real populations




Genetic Drift

Small populations
Loss of genetic variation

Decreased offspring

vV v v Vv

Increase frequency of harmful
alleles

» Examples
» Founder Effect
» Bottleneck

INC <
bb

" Fitness = .8

Selection alone weeds Bb
individuals out of the population.
This prevents the bb population
from evolving into a BB
population with higher fitness.

Population Fitness

100% B 50/50 B/b 100% b
Allele Frequency



Founder Effect

° . ® o ®
Ry e W2 Founder Effect i
° e
.. P ] .l
o *® oo
e e
Mother population New population

Small population, Isolation

Prevalence and Founder Effect

Original population Marked population
decrease, migration,
or isolation




uman Diseases related to the Founder effect
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Sickle Cell Anemia

Meleda (plantopalmar keratoderma)
Ellis-van Creveld syndrome
Fumarase Deficiency

Huntington’s Disease

Retinitis Pigmentosa

Deafness

Tay-Sachs

Maple Syrup Urine Disease (MSUD)

Brain section from
Hurtington's disea
dilatation of ventri
||.I|.

o i
Washington University,
Mo, LSe, ]



Bottleneck

Original Population

Population Bottleneck

» Original population size reduced

» Decreases genetic diversity

» Causes

» Habitat destruction

» Predation

» Environmental disaster

Bottleneck example

Northern Elephant Seals were

heavily hunted by man in the
early 19th century reducing
their population size to about
20 individuals. Today the
population has rebounded to
over 30,000 but the effects of
the bottleneck are evident in
their DNA. There is little
genetic variation among this
population when compared to
a population of Southern
Elephant seals that were not
heavily hunted.

e




Gene Flow = Movement In or out

A
Brown bear -ABC
Brown bear o
Brown bear T, 1
Gene Flow Poler bee { I
P( Barriers to gene flow Polar bear P R {“331
= Gene flow =movement - @l > Polar bear
of genes into or out of A e _
a population _ A o~/ A American black bear
Hinmigratinnand ) Asiatic black bear
emigration).
Sloth bear e L
Populations may gain 1 Sun bear e e -
or lose alleles through No gene flow 4[5 s Asiatic black bear
gene flow. Population B un bear
Migration into and out of Spectacled bear
Gene flow tends to population B _,,_[
reduce the a8 Spectacled bear
differences between ~ o) | e
populations because O Ga) (),
the gene pools . = - = v
become more similar. =

Spectacled bear (n=2) Sun bear (n=2)
-

Population A

Gene flow Population B
Population C

Transfer of alleles
Reduce genetic differences



a Vertical evolution b Horizontal evolution

Bacteria /-.

Plasmid

How does antibiotic resistance occur?

Conjugation

Transformation

Recipient
cell
) Phage w1700 !':N_‘HA".
High number of bacteria. Anlibiotics kill The resistant bacteria now Bacteria can even tranafer \. k5 injecting ——
A few of them are resistant bacteria causing the illness, have preferred conditions to  their drug-resistance to other DMNA
to antibiotics. as well as good bacteria grow and take over. bacteria, causing more )
protecting the body problems. Mutation z
fram infection. Transduction

“ ' Nature Reviews | Microbiology

MEISSERIA ACINETOBACTER STAPHYLOCOCCUS BURKHOLDERIA PSEUDOMOMNAS
VRSA GOMNORRHOEAE BAUMANMNII AUREUS [MRSA) CEPACIA AERUGINOSA

CLOSTRIDIUM ESCHERICHIA MYCOBACTERIUM KLEBSIELLA STREPTOCOCCUS
DIFFICILE COLI [E.COLI) TUBERCULOSIS PMNEUMOMNIAE PYOGEMES
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ECOLOGICAL SELECTION



Natural Selection

» Adaptive Selection . Darwin's Finches  euds/ Frut
4 ADAPTIVE RADIATION i )Q
» Creation of new genes :
» Favors some alleles '
» Reasons
» Dynamic

» Continuous

» Relative Fitness




Natural Selection Types
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Directional
Disruptive
Stabilizing

Balancing

frequency (follows fitness)

stabilizing selection

trait

directional selection

trait

disruptive selection

balancing selection



Sexual Selection

Sexual Selection

» Sexual selection is natural selection for mating
success.

* It can result in sexual dimorphism, marked
differences between the sexes in secondary sexual
characteristics.

* Male showiness due to mate choice can increase a
male’s chances of attracting a female, while
decreasing his chances of survival.

Copyright © 2008 Pearson Education Inc., publishing as Pearson Benjamin Cummings

Natural Selection
Favors traits that enhance survival, production of
young, efc.
Sexual selection
Favors traits that enhance ability to mate.
These traits may lead to lower individual survival

A subset of natural selection that acts through
inter- and intra-sexual interactions



Artificial Selection

Artificial selection

- Artificial selection: the process of selection
conducted under human direction

- For example, by allowing only like individuals

to breed, breeders have created the great
variety of dog breeds and crop plants.

§ Cauliflower

25 N
a

Chihuahua

Brussels iz
- Al
sprouts §2

(a) Ancestral wolf and derived dog breeds (b) Ancestral Brassica oleracea and derived crops




Ecological Selection

» Processes that act on inherited
traits

» Environmental Pressures

Chemical
substances

@eﬁes gcology —ll Smithsonian Study on |
| & & Decline of backyard bird population

Species  ppicenetics



https://nationalzoo.si.edu/news/new-smithsonian-study-links-declines-suburban-backyard-birds-presence-nonnative-plants
https://nationalzoo.si.edu/news/new-smithsonian-study-links-declines-suburban-backyard-birds-presence-nonnative-plants

Population Genetics

~ Population genetics refers to the study of evolution via
the observation and modeling of allele frequencies and
genetic change in populations of organisms.

| There are three parameters to keep i mind:

allele frequency: the proportion of a specific allele at a given
locus, considering that the population may contain from one
to many alleles at that locus.

- genotype frequency: the proportion of a specific genotype at
a given locus, considering that many different genotypes may
be possible.

phenotype frequency: the proportion of individuals in a
population that exhibit a given phenotype.
{57 MyShared




Central Dogma

DNA the molecule of life : f‘ \ s

Trillions of cells b
o

F : cell
chromosomes

Each cell:
= 46 human

chromosomes )

= 2 meters of ~
DNA ( TN

* 3 billionDNA \ + ;' \,
subunits (the DNA "
bases: A, T, C, G) 'ﬁ‘a_

Approximately
30,000 genes
code for proteins
that perform most
life functions

protein



Genes and Gene Expression

Transcription Transoription
DNA j“"'“‘ I':I_!I'-I':ﬂ ;Emn ltr.mpni:lu-h
» Genetic Code Redundancy
\ [T g T -
- » Highly Conserved Genes
reguiatory Initil transcription product
P— Sptoing » Number of Genes (e.g.)
. ‘ ‘ ' U | , » Grains: 32,000-42,000
humuqumm’ff'"
removed during Finished transcription product » Nematodes 20,000
splicing _~~ comtaining only axons
L » Humans 21,000
Tranalation ) )
» Recent Discoveries
Insliad Transianon )
product » New Fields
[armng & crumin)

Fosttranslational modification

\ » Evo-Devo
% Finished protein

» Proteomics




Epigenetics

DNA-Methylation Histone-Modifications
DR OEDE Methylation i

=
(me1-3) .

_éy(m) @)(me} } ' l . f e [
' i <=

L]
(me3) ‘"‘““ |

Epigenetic Mechanisms

» Epigenetic inheritance- daughter cells maintain NH, o NH ‘-;_;t-%;
memory of gene expression pattern of parent cells N > & N 7
* Histone modifications, DNA methylation, and positive A - A{J Acetylation

feedback loops contribute to epigenetic inheritance |

K27 K4

l. 0
Q 8 6 ==

POSITIVE
m;;?::émun R E!';:H\runou DN""""’" Egeoc:,s»\cn l ::":'I";
inactive chromati ACTIVATED protein A made
3
NEW DNA ﬁ NEW GENE .
CHROMATIN METHYLATION r EXPRESSION | ® intion Start Site (TSS:
.*m‘é‘m @"mm Q'(""" | T  Taciion
S ﬁeﬂe Promoter :
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Epigenetics
Epigenetics Regulation: the same set of genes but with

expressions (structures) of those genes during different
life stages

Honeybee Castes

Queen and worker bees are genetically
indistinguishable — what makes them different? o ar (2)

I

Envircnmental
Factors [Diet]
(Epigenetics)

Drone ()

Haploid




Orange Black fur
fur allele allele

(a) Calico cat

Epigenetics - example

1  In the early embryo,
all X chromosomes
are initially active.

Early embryo Two cell populations
in adult
Cell division
and random
X chromosome|
inactivation | Active X
X chromosomes Inactive X
2 In each embryonic
cell, random
inactivation occurs
for one of the X
Inactive
chromosomes, which ::':“':;of:" mni
[ |
becomes a Barr body. Allele for
black fur

Lot (008 P ot mtee 1a

bodies

ALELLLALELLE LN ALE LR LRI

3 As development
proceeds, the pattern
of X inactivation is
maintained during
cell division.

(b) Process of X inactivation



AGOUTI GENE

Unmethylated DNA

!

J

(1)
J

12

Yellow and obese mouse

R

Methylated DNA

!

Thin and brown mouse

A Tale of Two Mice

By Ml Chadcie | Provies B [ [7 | WIT0, nosrrabiTe

i ey v . Do Doy of Oty L ety ngopies W
FRREAEEN I ] OF i
ot g A Dy e
i

Y o ..|-_|'.|-|-

{ ? Methyl group}

Maternal Diet in Pregnancy @ -~

Classic example of CH3-dependent
Epigenetic Modification

O BPA | methylation of agouti gene

O When mothers fed BPA their babies were
yellow & obese

O When moms fed BPA + CH3-rich foods the
offspring were brown & healthy

O Supplementation counteracted exposure

O Demonstrates how environmental exposure in
utero can alter phenotypes in isogenetic pairs

Wrila pregrsrs. Both of Thee molus were el
Bisprra & (IR but DFFTRENT DIETS.

Thas svnirivass (F i /7 nake Tha e oF Bim oo

] ) ST RS i mewd s b el
sl

Waterland, Annu. Rew. Nutr. 2014;34:337-55
http:/flearn.genstics. utah. edufcomtentfepigeneticsfnutrition/



Epigenetics

Psychological l Diurnal/Seasonal
state correlations

# Social
Interactions

Alternative ——
medicine

Therapeutic

Disease
exposure

Toxic |
Chemical g—— to environmenta
s

Drugs
\ of Abuse \u
Exercise Financial Status $




A. DNA B. C. Histone
methylation || microRNAs || modifications

miRNA
mRNA

D. Heterochromatin || E. PIWIl-associated
interfering RNAs

-piRNA

Transposon
transcript

F. Oogenesis H. Mature brain

9

G. Spermatogenesis

Influences Shaping Health and Disease

Factors affecting the epigenetic programs Phenotypic effects of epigenetic modulation
- Diet regimens - Safe lifestyle - Delayed ageing,
- Stress — low disease risk
- MNutrition status - Harmful lifestyle = Accelerated ageing,
- Exposure to toxins (metals, solvents, high risk of immune disorders, infertility
and cancer
Adult

mm;-;;,'\
" @

Sperm
cell

air pollutants, dioxins, tobacco smoke)
- Pharmacological treatments

Embryonic

Fertilization m|mmy
Phenotypic effects on newborns
—. a - Safe gestation < Normal

Factors affecting the trans-
ganeratinnal transmission

Epigenetic reprogramming development

PGCs - gameles - Harmful gestation = Increased
ZygotefES cell methylome Zygote === ES cells risk of metabolic diseases, growth
Gamete-carried determinants anomalies, altered fertility,
DMA/histone methylation pattern diabetes type Il, cancer, neural
Sperm RMA pool disorders

Transmission through extracellular vesicles

Article on epigenetic regulation



https://www.frontiersin.org/articles/10.3389/fgene.2012.00096/full

Summary

f——————.

I Environmental

| Epigenetic Variation and/or
5 l Developmental
2 l Influences

Chromatin
modifications
or sRNAs

M___

Epigenetic variation: Heritable differences that are independent of
changes in DNA sequence

Chromatin modifications: Differences in the presence or types of
histones (variants) and modifications of DNA (methylation) or histones
(methylation, acetylation, etc) and small RNAs that are often
associated with epigenetic variation but can be influenced by genetic
variation or development / environment

Epigenome: The genome-wide distribution of chromatin modifications
or DNA methylation patterns that may include non-heritable changes
or genetically influenced patterns

Epialleles: Meiotically heritable allelic differences in chromatin state

Pure epialleles: Epialleles that have differences in chromatin state
that are independent of any genetic information

Facilitated epialleles: Epialleles for which a genetic difference (i.e.
transposon insertion) leads to the potential to adopt alternate
chromatin states

Obligate epialleles: Epialleles with altered chromatin state that is
fully dependent upon genetic variants (either cis or trans-acting
changes)



Applications

» Diagnostics
» Cancer Genome Atlas
» Congenital Disease
» Alter Gene Expression
» Stem Cell Research
» Tumor Biomarkers

» Therapeutics
» Targeted Gene Therapy
» Transgenic Cell Lines

» Pharmacogenomics

.................................... = T
S o~ mm

DESIGNER
’ NUCLEASE-BASED
GENETIC ENGINEERING

:ﬁ?‘ ;
a» 200 X000 J .
'qu‘.’wx b ]
] \ }
REPRDGRAMMMG DIFFERENTIATION D alere
induced pluripotent specialized
stem cells (iPSCs) differentiated cells
= EX VIVO GENE THERAPY J
CELL AND TISSUE ENGINEERING
TRANSPLANTATION MEDICINE

« Gene Correclion
« Transgenic Cell Lines

DRUG SCREENING ‘ TOXICITY TESTING  DISEASE MODELLING

= Transgenic Cell Lines + Transgenic Cell Lines + Transgenic Cell Lines
« Gene Knockouts or + Gene Knockouts or

Introduction of Specific Mutations Introduction of Specific Mutations
« Gene Correction « Gene Correction



What about....

» Genetic Kits

» Ancestry.com
23&me
Helix
MyHeritage
Gene2Me
Vitagene
GenelLife

HomeDNA

vV vV v v v v Vv

-

VS y
s Twins Ancestry kit link

» DNA profiling (STR analysis)



https://www.cbc.ca/news/technology/dna-ancestry-kits-twins-marketplace-1.4980976

Questions?
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