POPULATION
GENETICS



POPULATION GENETICS studies the genetic
composition of populations and how it changes with

time.

It includes the study of forces that induce evolution (the

change of the genetic constitution) of populations
through time: genetic drift, mutation, gene flow and

selection.



R. A. Fisher

“...they had said everything of truly fundamental importance about the
theory of genetic change in populations and it is due mainly to man’s

infinite capacity to make more and more out of less and less, that the
rest of us are not currently among the unemployed.”

R. C. Lewontin (1963)



IMPORTANT CONCEPTS IN POPULATION

GENETICS

Genome
Gene

Locus

Allele
Genotype
Homozygote
Heterozygote
Haploid
Diploid
Polyploid

Autosomes

X and Y chromosomes
MtDNA

cpDNA

Linkage disequilibrium
Independency
Recombination
Haplotype

Gene family
Pseudogenes
Exons

Introns
Promotors
Flanking regions



IMPORTANT CONCEPTS IN STATISTICS

Deterministic and stochastic models

Parameters
Monte Carlo Simulations

Sample

Estimates
Randomness
Mean

Variance

Standard deviation

Arithmetic mean
Harmonic mean

Binomial Distribution
Multinomial Distribution
Poisson Distribution

Null hypothesis
Type | and Il errors



STRUCTURE OF
GENOMES



STRUCTURE AND INHERITENCE

The structure and inheritance of genomes described
here will be biased towards the most common pattern in
mammals.

One must be aware that there Is variation across
organisms and that patterns of diversity also depend on
this.

For example:

- Ploidy;

- Sex determination,;

- Cytoplasmic compartments of inheritance;
- Etc.



OVERVIEW OF THE GENOME

Mitochondrion —
100s to 1000s

/per cell
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501'1 i ,-"-
. . @ 3 '
Diploid, )
somatic cell

Nuclear genome miDNA
¢ 3200 Mbp (haploid * 16569 bp

genome size) e 2—10 copies per
2 copies per diploid cell mitochondrion, 1000s of
o 46 linear molecules copies per cell

(chromosomes) per diploid cell | | « Circular molecule




DNA

Purines

Nucleotide: Base: adenine
deoxyadenosine N
triphosphate
(dATP)

Nucleotide:
deoxyguanosine
triphosphate
(dGTP)

Pyrimidines

Nucleotide:
deoxythymidine
triphosphate
(dTTP)

Nucleotide:
deoxycytidine
triphosphate
(dCTP)

5"end

3'end

3'end

5" end

The succession of the nucleotides in a DNA molecule is
a DNA SEQUENCE (e.g. AGCTATTTCCAGGA).
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B. mtDNA ! oy

A. MITOCHONDRION

mtDNA  Outer membrane
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GENES

Most of the DNA present in a genome has no specific
function, but some segments contain the instructions for
the synthesis of proteins (or sometimes RNA): GENES.



Transcription
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NONCODING DNA

About 98.5% of the DNA does not contain coding
sequences:

- Single copy DNA (e.g. most of the introns);

- Repetitive elements (e.g. tandem repeats;
Interspersed elements).



INHERITANCE OF
GENETIC ELEMENTS



INHERITANCE
OF GENOMIC
REGIONS

Soma - diploid
Female Male
somatic cell somatic cell

Chromosomal constitution: 46, XX Chromosomal constitution: 46, XY
* Autosomes: chromasomes 1-22, « Autosomes: chromosomes 122,

2 copies of each per diploid cell 2 copies of each per diploid cell
* Sex chromosomes: two X * Sex chromosomes: one X, one Y
chromosomes chromosome

\.* MtDNA: 1000s of copies per cell = mtDNA: 1000s of copies per cell

Divide by mitosis to give daughter cells
with the same complement of DNA

By

Qogenesis & Spermatogenesis

Cell divisions by mitosis and meiosis,

which halves the chromosome

number and involves
recombination

Germ-line — haploid
Female gamete: Ovum

Male gamete: Sperm

Chromosomal constitution: 23, X Chromosomal constitution: 23, X or 23,
+ Autosomes: chromosomes 1-22, = Autosomes: chromosomes 1-22,

* Sex chromosomes: one X chromosome  » Sex chromosomes: one X or one Y
* mtDNA: 100000s copies per ovum, * mtDNA: ~50-75 copies per sperm,
in cytoplasm in midpiece
All gametes genetically different

Chromosomal constitution: 46, XX
¢ Autosomes: chromosomes 1-22,
1 copy of each from each parent

* Sex chromosomes: two X chromosomes
one from each parent
+ mtDNA: from mother

Chromosomal constitution: 46, XY
» Autosomes: chromosomes 1-22,
1 copy from each parent

Y from father
* mtDNA: from mother

Female i

|
@ Gromﬁ and
devel gment

* Sex chromosomes: X from mother,




INHERITANCE OF GENOMIC REGIONS




CONCEPTS
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GENETIC VARIATION



MUTATION

- Is the ultimate source of genetic variation.
- It refers to any change that produces a new allele;

- Only mutations that occur in the germ-line are passed
to the next generation;

- Types of mutation:
- Inversions and translocations;
- Duplications, insertions, deletions;

- Substitutions.

- It covers a broad spectrum, from the substitution of
single nucleotide In the genome to changes In
chromosome number.



MUTATION
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BASE SUBSTITUTIONS

- Is the simplest difference between homologous DNA
sequences.

- Are cause by 1) misincorporation of nucleotides during
replication or 1i) chemical or physical mutagenesis.

- The originated polymorphisms are called “Single
Nucleotide Polymorphisms” — SNPs (where single base
Insertions or deletions are also included).



BASE SUBSTITUTIONS

-Transition vs. transversion:
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- Synonymous VS. NoNn-synonymous.



SNPs WITHIN GENES

Mutation Effect
Slr_lgle-base |ns_ertion _ Premature
causing frame-shift and | are Tcc ACT GCG GTC CTG GAR BAC CCA GGC TTG GGG CAG GAA ACT CTC TGA CTT TGG CAG.... |tarmination —

premature termination | Met Ser Thr Ala Val Leu Glu Asn Pro Gly Leu Gly Gln Glu Thr Leu STOP
— nonsense mutation

loss-of-function

11 Depends on position —
3-base deletion | ATG TCC ACT GCA GTC CTG AAC CCA GGC TTG GGC AGG AARAR CTC TCT GAC TIT GGA CAG.... likely to be deleterious,
— amino acid deletion | Met Ser Thr Ala Vval Le:?fAsn Pro Gly Leu Gly Arg Lys Leu Ser Asp Phe Gly Gln.... but can be neutral
GAA -
Non-conservative 11 Depends on position —
amino acid substitution | ATE TCC ACT GCG GTC CTG GAA AAC CTA GGC TTG GGC AGG AAR CTC TCT GAC TTT GGA CAG.... |likely fo be deleterious,
i N Met Ser Thr Ala Val Leu Glu Asn Leu Gly Leu Gly Arg Lys Leu Ser Asp Phe Gly Gln....
- mis-sense mutation ¥ Y arg Ly P but can be neutral
Conservative Tend to be less deleterious

f i - ATG TCC ACT GCG GTC GTG GAA AAC CCA GGC TTG GGEC AGGE AAA CTC TCT GAC TTT GGA CAG.... f
ammq acid SUbStITUt!OI‘I Met Ser Thr aAla Val val Glu Asn Pro Gly Leu Gly Arg Lys Leu Ser Asp Phe Gly Gln.... than non-conservative
- mis-sense mutation change

Silent-site (synonymous) | ATG¢ TCC ACT GCA GTC CTG GAA BAC CCA GGC TTG GGC AGG AMA CTC TCT GAC TTT GGA CAG....
substitution | Met Ser Thr Ala Val Leu Glu Asn Pro Gly Leu Gly Arg Lys Leu Ser Asp Phe Gly Gln.... Usually no effect
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VARIABLE NUMBER OF TANDEM REPEATS

10000‘ - Telomere

repeats
1500~ B

2 Minisatellites
£ 1000

-

2> |

o 500|

O

® 100}

Q

D

C

Micro-
50 satellites

o

Satellites

rDNA

genic
I repeats

I TSPY genic
repeats

1 5 10 100

1000 10000 100000

Repeat unit length (bp)



MICROSATELLITES (STRS)

18 (7
16
14
12 |

10|

Number of loci
Qo

6 | |

4

8B llll.ll'l'“ l
sy g

Mb from 21pter 130

Repeat
unit length

B 5 bp
Ml 4 bp
@24 3 bp

2 bp



OTHER MUTATIONS

- Transposable element insertions:
- LINEs
- SINEs

- Structural mutations:

- Large Inversions, deletions, duplications, lenght
variations...



RECOMBINATION

- Reciprocal transfer of genetic information.

= w a ]

n

Crossing-over and recombination during meiosis



GENE CONVERSION

- Nonreciprocal transfer of
genetic information.
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DETECTING GENETIC
VARIATION



CLASSICAL-BALANCE VIEWS OF
GENOME STRUCTURE
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PROTEIN ELECTROPHORESIS

Slots for Bands (visible after
samples suitable treatment)

Direction of
movement " Power supply

Buffer
solution

Electrode




PROTEIN ELECTROPHORESIS
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PROTEIN ELECTROPHORESIS
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PROTEIN ISOELECTIC FOCUSING




PROTEIN ISOELECTIC FOCUSING
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POLIMERASE CHAIN REACTION (PCR)
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VARIABLE NUMBER OF TANDEM REPEATS
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RESTRICTION FRAGMENT LENGHT
POLYMORPHISM

Sample 1 Sample 2
GAATC GTATC
CTTAG CATAG

l Incubate both samples with l
a restriction enzyme

G

GTATC
—CTTA CATAG
Sample 1 got cut into
AATC = 2 fragments.
G Sample 2 didn't get cut.
l Sample Sample
1 2

If we use a gel to separate E—
these by size, we get this:
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OTHER SNPs GENOTYPING PROCEDURES
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SEQUENCING

“ o b bondl




SEQUENCING

CATS loci| PCR

CATS PCR products

Genomncllibrary

Genomic library

Sequencing Sequencing
(individuals and (clones)
DNA pools)
GAACTTTGTGGGTTT
BLAST sequences

PCR primer design
PCR amplification
Sequence (individuals)

4 Identify SNPs

21¢
20>




HIGH THROUGHPUT SEQUENCING

a
DMA library preparation

! o e === Ligation B . «Genome fragmented
B W C — o by nebulization
o selsctin o dering; no colony
RS — - isolate A picking
4 ————— fragments E «sstNA library created
—— only} with adaptors
Jd \ B B fragments selected
= A ] using avidin-biotin
purification
gDNA g sstDMA library
b

Emulsion PCR

el

Anneal sstDMA to an excess of  Emulsify beads and PCR

Clonal amplification occurs Break microreactors and

DMA capture beads reagents in water-in-oil inside microreactors enrich for DNA-positive
microreactons beads

sstDMA library g Bead-amplified sstDMA library

C

Sequencing

Amplified sstDNA library beads

-

Well diameter: average of 44 pm
~A00,000 reads obtained in parallel

-4 single cloned amplified sstDNA
bead is deposited per well

P Duality filtered basas

» 454

Hlumina

DNA

veee
p1

]
s 85 =
e 223 £ 2ose

Adapters

Prepare genomic DNA sample

Randomly fragment genomic DNA
and ligate adapters to both ends of
the fragments.

.ety Nuclectides

Bridge amplification
Add unlabeled nucleotides
and enzyme to initiate solid-
phase bridge amplification.

) e — i/‘?épmr
/ DNA fragment

"
Y

LJ./ Dense lawn
-7 of primers

H
!Si
t LT 11 Attach DNA to surface

b i i Bind single-stranded fragments
Ll randomly to the inside surface
i of the flow cell channels.

T e

i
’Aawre the double

stranded molecules




ALLELIC VS. SEQUENCE DATA
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QUANTITATIVE TRAIT LOCI
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fied. Members of a species pair are adapted to difterent niches
within a lake, with corresponding changes in feeding morphology
and defensive armour occurring in parallel in the different lakes
(Fig. 1)% The benthic species feeds on invertebrates near shore and
has a great reduction in the amount of body armour, increased body
depth, and a decreased number of gill rakers for filtering ingested
food. The limnetic species more closely resembles an ancestral
marine fish, with more extensive body armour, a longer and more
streamlined body, and an increased number of gill rakers. Despite
reproductive isolation between the two species in the wild®"®, it is
possible to establish productive matings between the two species
under laboratory conditions®. The resulting F, hybrids are viable
and fertile, making it possible to carry out a formal genetic analysis
of the number and location of loci responsible for the adaptive

morphological differences between these naturally occurring verte-
brate species.

Limnetic

Gasterosteus aculeatus
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