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Outline of the lecture

Brief introduction to genetic variability
* Basic methods of genetic variability detection

 Examples of polymorphism at different types of sites with
different effects

e Recombination

* Natural selection — principles and methods of detection in
molecular data
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Molecular variation | /=

* Phenotypic variability XT12X  VEBY
— observed traits s

— interaction of genotype & environment T ey T
ONA — B5% e D0
e Genotypic variability o =
— germline encoded differences in NA RNA -%-g ??Eg
sequences ororeny G VAL
MORMAL MUTANT

« Somatic variability i o

— somatic mutations

— germline encoded sequences rearranged in
somatic cells

— increase of pre-existing variability
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Heritability

Heritability

- how much of the variation in a trait is due to variation in genetic factors
- H?=V,/V, V,=proportion of phenotypic variation
V. = proportion of variation due to genetic factors

offspring phenctypic value

mid-parent phenclypic value
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Heritability in host-parasite interactions

Slash pine (Pinus elliotii) - Fungal rust (Cronartium quercuum)

h2=0.31

32-65%



Molecular variation

* Interspecific vs. Intraspecific mﬁ,ﬂfﬁ
v

— Principally the same, difference in gene flow

* Interpopulation vs. Intrapopulation H’!m@ ‘.ﬁﬂ

* Polymorphism

Definition:

— The condition in which th sequence shows variation
between individualin a population.”{Patthy 2008)

— Convention: genetic variability with minor allele frequency >
0.01

How many common SNPs diversify living humans?
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Polymorphism

Genotypic variability ~ Genetic polymorphism
— Human vs. Chimpanzee — 1.2% divergence
— Human vs. Neanderthal — 0.50% divergence
— Humans vs. Human — variability in 0.10% positions (frequency > 1%)

éAII humans are from 99.9% genetlcally |dent|cal

g .
BUT human genome >3‘000°000°000 bp

—0.10% > 3‘000‘000 bps are commonly variable in humans
- many more are variable with frequency < 1%

% — mostly no phenotypic effect — 3%-5% SNPs functional

CHARLES , _
Il § UNIVERSITY - ca. 100°‘000 common functional SNPs




Polymorphism

Markers of genetic variability:

Single nucleotide polymorphism (SNP) and short indels
> 99.9% of variants

Human genome — ca. 5 million common SNPs (8M over 5%; >80M known)
Every 6kb on average, linkage between neighbouring loci

- Short tandem repeats (STRs) = microsatellites

- short (usually 2-5 bp) sequences repeated in genome

- highly variable in length

- usually neutral

In a typical genome contains ~ 2500 structural variants:

* Insertions (Alu, L1, SVA): ~ 1000

 Copy number variants (CNVs): 160; 4.8-9.7% of the human
genome

- larger than 50 bp, often longer sequences (1kb-1Mb) and genes

* Large deletions: 1 000

* |nversions: 10
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Polymorphism

Markers of genetic variability:

Single nucleotide polymorphism (SNP) and short indels
> 99.9% of variants

Human genome — ca. 5 million common SNPs (8M over 5%; >80M known)
Every 6kb on average, linkage between neighbouring loci
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Techniques of SNP detection

Basic methods of SNP detection:

- Sequencing — Sanger / 2nd generation / 3rd generation
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Techniques of SNP detection

$100M On.
$10M
$1M Moore's Law
$100K

$10K

m) National Human Genome
Research Institute
$1K

genome.gov/sequencingcosts

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
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Techniques of SNP detection

Basic methods of SNP detection:

- Single strand conformation polymorphism (SSCP) and related
approaches (e.g. Reference strand conformation analysis, RSCA)
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Techniques of SNP detection

Basic methods of SNP detection:

- High resolution melting (temperature) analysis (HRMA)

— PCR =2warming from 50°C up to 95°C = real-time fluorescent detection
of double-stranded DNA

B. Normalized Melting Curves
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Techniques of SNP detection

Basic methods of SNP detection:

- primer extension—based method ’ |ll' j l
- multiplexing capability (up to 10-plex) L AN . 1 # A

- sensitive allele-frequency detection (typically 5%)

- analysis - GeneMapper Anneal Primer

oY o
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Target DNA—NNNNNNAGCCTGGTACTGACTAAGGCNNNNNNN

Labeling Chemistry ddGTP
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Technigues of SNP detection

Basic methods of SNP detection:
- SNP microarrays (SNP chip)
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Technigues of SNP detection

Microarrays

- Probes (or reporters or oligos) = picomoles (101> moles) of a specific
DNA sequence — synthesised and attached covalently to the chip
surface

- tens of thousands of probes per chip
= hybridize cDNA or cRNA (~ anti-sense RNA) sample (Target)

- detection of fluorophore-, silver-, or chemiluminescence-labeled
targets to determine relative abundance of nucleic acid sequences in
the target = quantification

y i
labelled target (sample)
fixed probes *

different features
(e.g. bind different genes)

Fully complementary Partially complementary
strands bind stronaly  strands bind weakly



http://upload.wikimedia.org/wikipedia/en/a/a8/NA_hybrid.svg

Techniques of SNP detection

One-channel (colour) detection Two-channel (colour) detection

- relative abundance when compared - two different fluorophores:
to other samples (on the same slide) - Laser > e.g. Cy3 (570 nm = orange) and
- aberrant samples cannot affect raw Cy5 (emission of 670 nm = red)
data - control probes = normalization
Cells of person 1/condition 1 Cancer cells Normal cells

RNA isolation RNA isolation
v v r
TmRNA TTmRNA “mRNA
Reverse Reverse
transcriptase transcriptase
d labeling i labeling 3
“Green Fluorescent” Targets "Red Fluorescent” Targets “Green Fluorescent” Targets

Combine targets

microarray microarray

 J

Hybridize to l Hybridize to
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Techniques of SNP detection

Usage

- Gene expression microarrays — control vs. treatment
- SNP microarray (SNP chip) —allele A vs. allele B

- Comparative genomic hybridization

- Alternative splicing (Exon arrays)

Applicable only to species with complete genome (model species)

218 % CHARLES
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Techniques of SNP detection

. N | Double-stranded DNA
Exome sequencing

Target-enrichment strategies:

- Array-based capture

®
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Techniques of SNP detection

a)

Molecular Inversion Probes (MIP) . g linker ext s

Target-enrichment
- Resequencing (NGS)

Niedzicka et al. 2016




Techniques of SNP detection

fiig N oD e N

ChiP-seq L \§ a0 N\
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Well and what now?
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Quantitative trait loci (QTLs)

Congenic animals and strains

- animals / strains in which a specific and defined part of the genome from one
inbred strain (strain A) is introgressed on the genetic background of second

inbred strain (strain B)  \yBRED STRAIN A INBRED STRAIN B
lzslll!!lﬂﬂ ﬂS‘ﬁmngfi‘“
10— |
1213 14 1516 17 18 189 20 X 1213 141516171819 20 X

CONGENIC STRAIN B.AS

I

12343 67 8 910N
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UNIVERSITY 121314151617 181920 X




Quantitative trait loci (QTLs)

Quantitative traits - polygenic effects on phenotype

e QTL mapping — effect of SNPs
* Mus musculus (e.g. C57BL/6)
— susceptible to Y. pestis (10> CFU =<8% survival)

* Mus spretus (SEG/Pas)
— resistant to Y. pestis (102 CFU = >70% survival)

- SEG
-+ FVB/N

-o- BALB/cBy
—— CAST
—— B6

-4 SJL

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Blanchet et al. 2011 Days after injection




Quantitative trait loci (QTLs)

QTL mapping in mice using 322 backcrosses
* B6XSEG F1 females + B6 males = F2 progeny
— 721 polymorphic markers covering the entire genome

e guantitative trait loci (QTLs) on chromosomes 3, 4 and 6, with
dominant SEG protective alleles:

Lo Bé BSB SEG
— Y. pestis resistance loci (Yprl1-3)
/ 7 Z
— each QTL contributes with ~20% i /// 7m_ .
> 67% in total i 2 V77 VI
— large chromosomal segments il ) Vi .
(between 50 and 84 Mb) e, .
° Candidate geneS' # mice 111 3F 38 29 34 42 37 49 HD 69
) 100 -+
— Yprll: Pglyrp3, Pglyrp4 (AMPs), IL-6% 90 1 = =5
80 A
— Yprl2: Tir4, IFNs 70 — i -+

— Yprl3: Nod1, IL-17R subunits, IL-23R i - o
40 - +

30
CHARLES 20 1 +

SV AR Blanchet et al. 2011 ") ==

Survival (%)




Genome-wide association studies

. .. . Infectious bursal disease (IBDV) antibody titres
Indigenous Ethiopian chicken Affx-51084536 — missense variant within the

ecotype Horro XK-related protein 8 (XKR8) gene

a - / _, Affx-51878048 - region for IBDV response on

(-‘)’ : (// chromosome 9: two putative candidate genes -

— - protein tyrosine phosphatase nonreceptor
R type 1 (PTPN1)

T A - nuclear factor of activated T-cells cytoplasmic
calcineurin-dependent 2 (NFATC2)

- logio(p)

Most significant SNPs were located in
: . T T T T intergenic or intronic regions!

1 2 3 4 5 6 7 B9 11 13 16 20 27

Chromosome

Psifidi et al. 2016

Table 3 Significant SNPs identified for traits in Horro chickens

Trait SNP Location GWAS Additive Dominance Phenotypic p q
Chr (bp) P-value effect effect variance
(P-value) (P-value) (%)
IBDV Aff-SAMe-51526157%2 5(15315358) 255F—08 0.033 (0.05) 0.035 (0.09) 2 0.03* 0.97
AfAff-51242536% 3 (3148207) 1.96E—07 0.033 (0.01) —0.074(0.14) 10 0.12* 0.88
Affx-5308 = 2(139341263) 547E—07 0.065 (8E—05) —0.047 (0.02) 21 007 0.93
Affx-51878048%° 9 (866678) 1.6BE—06 0.0270.04) 0.034 (0.05) 2 007 0.93
Affi-51183095%8 28 (581149) BA7E—07 —0.025 (0.04) Q117 (0.01) 2 003 0.97*
2, C H A R L E S Af-50756295° 18 (5404597) 1.25F—06 —0.003(0.37) 0.032 (0.00) rd a3 0.87*
Affx-51884018° Z(15058127) 231E—06 0.043 (6E—0.4) —0.025 (0.07) 12 0.08* 0.92
UNIVERSITY A L 1 )
Affx-51084536% 23 (1467133) 2.72E-06 0.072 (0.002) —0.048 (0.05) 18 0.04 0.96

Affx-50584797%F 12 {19824359) 3.88E—06 0.025 (0.027) (0.000 (0.38) 4 0.09* 0.91



Polymorphism in coding regions

What applies to nhon-synonymous
substitutions?
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Where is the detected polymorphism localised?

Polymorphism types:

- Single nucleotide polymorphism (SNPs)
- Indels —insertions & deletions

- Rearrangem

ents

Look at position:

- Non-coding — more common
- Coding — synonymous (silent) vs. non-synonymous (missense & nonsense)

~1:1
- Regulatory regions

@6@%
2 CHARLES
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Patthy 2008

Transcription initiation site

Exon 1

Promoter region

Initiation codon

5’ Untranslated region

Exon 2

Intron 1

Intron 2

Polyadenylation site

Exon 3

Stop codon

3’ Untranslated region




Polymorphism Iin regulatory regions

Promoter sequence
- combination of SNP database (NCBI) and expression microarrays

Human antioxidant response elements (AREs)

- cis-acting enhancer sequences found in the promoter regions of many genes
that encode antioxidant and Phase Il detoxification enzymes/proteins

Smoking Increases Oxidative Damage

Cancer Mouth (3%}

Pancraas (4%
r Lung Stomach (%)

Esophagus (5%)
Leukemia (1%) La 7%,

- Prostate il

- Cervix

Heart Disease

Bladder {3%) —
Stroke Kidney (29) |
Arthritis Cervix (19%) —
Diabetes Lung (78%)

Percentae of tolal 159600 Indridiesl cases. Al numben sre rounced




Polymorphism in regulatory regions

Promoter sequence
- combination of SNP database (NCBI) and expression microarrays

Human antioxidant response elements (AREs)

1 ] 1 ] ] ] 1 ] | ] 1
S246k S2d7k 5248k S2dok 5250k S251k 5262k S283k 5254k 5285k 5256k 5257k

Entrez genes
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[P P e Hemoglobin epsilon 1 (HBE1)
rsZ2213165¢-) rs3F007F1(-) re7l301100+) ralidEEeTa-) re7o3e221(+)
‘@ T £ L A
_53?5‘30?0(-3 ESELE?GO?(-) Es? 18610+
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rs7130110,
532156918(—)
-4732 bp
=¥ 3 °f3 o3 o3
L
@
II w0 w0 o - 0 -
|
o 8 2] o B
8

g o | o g\ﬁ\ ot % :
(=] g 8 g
S *_f 8 Bl |8 N . ° . H B °

: i I ¢ J e i of i g

o (=] [=] o
cC cT 1L GG GC cC cC CcG GG ™ TC cC



Polymorphism in coding regions

Synonymous vs. non-synonymous substitutions:

- Translate to amino acid sequence

= TTTTITTTTI'|"|"|"|'I'|"|"|"|'I'|"|"|"|'|'|"|"|"|'I'|"|"|"|'|'|"|"|"|'I'|"|"|"|'I'|"|"|"|'I'|"|"|"|'I'|"|"|"|'|'|"|"|"|'|'|"|"|"|'ITTTTITTTTITTTTITTTTITTTT

=1 10 20 a0 40 30 a0
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GASOTLEE—F 0 =« o s s s 2w m o m s m o mmm o mm s mmomaomowmomoaomowomoaomowowomomomowomoawomoEowowomomowoawmoEomowswowomowowowomoEowowowmowoEoEowomowomowwowomowowowwomowowowowow oo
e 0 = el = P e et e e e s e cmm e e sammmnn==
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Software:

- e.g. Genious, BioEdit, web tools:

ExPASy x’ geneious

- show variable sites (FaBox)

12 31'%%
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g UNIVERSITY

- count

EXPASY <

N -
wiss Institute of

Bioinformatics




Polymorphism In coding regions

In coding regions may influence protein structure:

- Electrostatic forces
- charges — within protein, surface electrostatic potential

Polarity

Charge

Polar

Non-polar

Negative

Positive

Leucine

Glutamic acid

+

Cysteine

[ [ _
Hydroxylic
. \‘i. \ ‘:-‘I}f
0 4

H;ﬁ—cl:—cf > Smal

Ho Alip

+ /,’/D
Hfl—C—c
o ° a/ﬁ./cidic

Amino Acids D aspartic acid (asp)  lisoleucine (ile) 2 _
A alanine (ala) C cysteine (cys) L leucine (leu) f_'—il.-‘h':if e Q
R arginine (arq) Q glutamine (gin) K lysine (lys) wontaining

M metioneine (met)
F phenyalanine (phe)
P proline (pro)

8 serine (ser)

T threonine (thr)

W trytophan (lrp)

Y tyrosine (tyr)

E glutamic acid (glu)
G glycine (aly)
H histidine (his)

N asparagine (asn)
Aromatic

-2 CHARLES
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Polymorphism In coding regions

TLRs-ligand:
* Dimerisation

— Homodimerisation
— Heterodimerisation

e G-LPS > MD-2/TLR4»
e Bound based on |

O-antigen

Core polysaccharide

R

Disaccharide
diphosphate

Lipid A
Fatty acids

Botos et al. 2009



Polymorphism in coding regions

Pseudomonas aeruginosa

e opportunistic bacterium
* during infection

— Down-regulates the flagellin expression

— Increases > decreases the acylation state of LPS lipid A

Hexa-acylated Penta-acylated
PA lipid A PA lipid A

Aminoarabinose
NH,

oH
HOA ——3 O OH COH

. o Human TLR4-MD-2
oHl ® o - o . o
o gHocﬁbe/O L HO Pomo Ho SHOC_ = o >0 «CF LPS
Q@ P~ T m&o\\ o Mo o +CFI188
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Polymorphism in coding regions

* Lipid IVa = precursor in Lipid A synthesis

e agonist in horse and mouse but an
antagonist in humans and cat

* TLR4: R385G in the glycan-free flank of
the horse TLR4 solenoid confers the ability
to signal in response to lipid IVa

C _ 140;
120
100 -
80 -
60 -

Relative Luciferase Activity (%)

Walsh et al. 2008



Polymorphism in coding regions

In coding regions may influence protein structure:

Tty 5’1%
7

. Hydrophobic
/ interaction

Hi CHa =—— Folypeptide
backbone

Van der Waals interactions

- charged groups induce dipole = dipole-dipole
interaction

Disulphide bonds
- oxidation of the sulfhydryl groups on cysteine

>E—

o

3
£

Hydrogen

g

l
o
=

= CH;—85=5—CHz—
Disulfide bridge

——n—N=0 IO
&

I
- CH:—CHi—CHa— CH;=NH3* 10—C—CHz—

Hydrogen bonds e
- two electronegative atoms compete for the same H
atom
Hydrophobic interactions ’
- non-polar groups cannot interact with polar groups & € '@ _»
water = keep together "eg’-‘:ﬁ >
role of posttranslational modifications G0 B
1]

- functional groups — e.g. acetate, phosphate, Polypeptide Chain

) : .
CHARLES various lipids and carbohydrates @ Hydrophilic Residues

UNIVERSITY
# Hydrophobic Residues



Polymorphism in coding regions

Protein structure prediction
Software: -
« SMART — domain architecture <4

100 200

—_—m

i-T-T-i-}li—T— i-} i-i-} I
e T 01 0| T ) A ArA —
’-"'?”-” C ;x *@I QJR

* Specialised domain prediction tools
(SignalP, LRR-finder, DAS-Tmfilter, etc.)

* 3D modelling -

OAIphaFole f;; '\AI o
Modeller - F

* -TASSER = extbost

2
CHARLES
UNIVERSITY




Polymorphism in coding regions

Vinkler et al. 2014

ad PePeTLR4 AnAnTLR4 HoSaTLR4

%
e

N
L3

'
o
#
o

CHARLES Surface electrostatic potential in avian-mammal TLR4s

UNIVERSITY  Software: PDB2PQR Server = visualisation in Jmol



Polymorphism in coding regions

Surface electrostatic potential
Software:

- PDB2PQR Server

- PIPSA

hrTLR4_exo

igTLR4_exo

Electrostatic Distance D, = 1}2 - 28l

A/

GalaTLR4_exq

PePeTLR4_exd

MeGaTLR4 _ex

— pmTLR4_exo

faTLR4_exo

aaTLR4_exo

IsSTLR4_exo

ceTLR4_exo

pdTLR4_exo

3vQ2_mod

3va1l_mod

3FXI_mod

HoSaTLR4_exd Color Key

MuMuTLR4_ex

CHARLES : : :
1.0 05 0.0

UNIVERSITY ' ' ‘ °
m) 0 G'\?‘alue1




Polymorphism in coding regions

Phylogenetic species tree TLR5 LBR surface charge

L— Peat ! FsHu |
I: Pave FaEl -
k & - " \
FaEl PaMa

. = -
:fi:P- T"
) (]

SiVa

s aa= i eoooeeae

L
0




Alleles

Software:

’ DnaSP-PHASE

=1
=
GgTLE4 DMA lpart.
CR-2012GG0013
CR-2012GG0014
AR-2012G50002
FX-2012GG0030
F¥-2012G6G60031
JE-2012GG0033
JE-2012GG0034

-1
=
FJS15527.1-1 [b
OL—-2012GE0013-1
OL—-2012GE0013-2
COL—2012GE0014-1
COL—-2012G50014-2
ARE-Z01ZGE0002-1
AR-Z201Z2G330002-2
FE-2012G0030-1
F¥-2012@30030-2
F—-2012GE0031-1
F¥—-2012GE0031-2
JE-20123z0033-1
JE-2012GE0033-2
JE-2012350034-1
JE-Z2012GE00324-2

CHARLES
UNIVERSITY
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Genetic recombination

Two DNA molecules exchange genetic information = new DNA variant
* Neighbouring SNPs in linkage = haplotypes
* Linkage disequilibrium

= degree of genotype (combination of alleles on several loci) frequency

deviation from the expected independent assortment

— lowers with distance (probability of recombination increases)

— 1cM (=1% frequency of crossover) = 1Mb, but not uniform

— considered in association studies

— Recombination hot spots = regions
(1-2kb) with 10x higher
recombination than surroundings —
humans ca. 50000 hot spots

— genomes in blocks (haplotype
blocks), 5-100kb

* Tag SNPs — SNPs selected to identify
. individual haplotypes .

rsT14180
839747
s3BBA5
159641562
538846
1510246585
rs10243024
s2283053
1s2402118
52023748
1621

rs38855
5388

7
e rs10215153

Block 1 (3 kb) Block 3 (7 kb)
2 3

14 15




Genetic recombination

Software:

— http://www.datamonkey.org/ - GARD

BPs ? AIC, ? A AIC, ?
0

1 157.556
2 83.4092
3 29.2955

EE—— EE—
homologous chromosomes a [
replicate and synapse lo l
A

form a bivalent C
bivalent { A -
—
a c
homalogous chromasomes 1
undergo crossing-over
e A g
a c
homologous chromesomes
caontain heterogeneous regions
A C
A [
a C

n‘g b
DATAMONKEY

Segments ?

1-2526

1378
i7ssf ]
75 |

Two of the gametes are parental types

o S —. 2 111211111222
................................... SO i
i gy 5011848222254844373
. —r ' 1475897389608027421
.......................................... .
A'= B el ian s A A
—— 15 G.C...TAC.0.GCA. . .C
;A C P o ¢ P

H 19 G.C...TAC.C....T..C



http://www.datamonkey.org/

Genotype evolution: neutral or adaptive?

Random changes in allele

Genetic frequencies
drift ~

.,
S

Gene flow

Migration Inbreeding

Selection
Evolution of adaptive traits

through increased fitness of
better adapted individuals




Polymorphism in coding regions

Which processes decrease genetic
variation in a population?

2 CHARLES
[y UNIVERSITY



Genotype evolution: neutral or adaptive?

Drift is random

- Neutral theory is a
null hypothesis

Migration

Adaptive variability
Selection is deterministic

Lack of variability

Genetic
drift

Inbreeding

Selection

50



Genetic drift

Fluctuations of allele frequencies in time

Great reed warbler (Acrocephalus arundinaceus)

— MHCI

— Comparison of frequency changes in 23 MHC alleles and 23 microsatellite
alleles in time

— Non-random fluctuation of frequencies of 2 alleles in time

—> evidence for variability in selection

MHC ' Msat
1 _
o 05
E ' B4b 0.8 r
g_ 0.4 0.6 | AAR4-118
o 0.3
= 0.4 |
@ 0.2
g 0.1 02
< 0
B5 BE &7 88 B9 90 99 G2 43 85 86 87 88 89 90 91 92 93

Westerdahl et al. 2004



Selection types

Selection on host genes: T
* Negative = Stabilising = Purifying | |y/
.. . . [
— Elimination of deleterious )\
— Sha”ower genealogy Stabilizing Sedection
T\~ NAN
* Disruptive = Diversifying /NN \T
— Polymorphism maintenance SN\ {D %\J
- — = . d AN
— Deeper genealogy ., Druptive Selection N\W\ NS
| \"1 frr | AK AIR\\@\ A/IKL ) /)9 AN
L) . . | ] |
* Positive = Directional 3 J Y
. . = .' ".,
— Fixation of advantageous & AN
b : .
— Shallower genealogy prectionaleecton
Trait r
Table 10.5 Effects of various evolutionary processes on genetic variation (modified after Nielsen 2005).
Process Degree of genetic variation' Frequency spectrum?
Within species Between species Ratio (B/W)?
Mutation accumulation + + No effect No effect
Negative directional selection - - (=) More low-frequency alleles
Positive directional selection +or - + + More high-frequency alleles
Balancing selection + +0r - - More medium-frequency alleles

Selective sweeps - No effect, or (+) + More low-frequency alleles




Distribution of allele frequencies

Tajima’s D test

 Compares observed nucleotide heterozygosity (6m) and observed
number of polymorphic sites corrected for sample size (Bw)

At equilibrium Ot = Bw o

Bt - 6w M Positive selection
. —
Var D §' 0 M Neutral evolution
— D>0if 6>6w ué- 20 Balancing selection
Q
— D<O0 if Bri<Bw 0
1234567 8 91011121314151617181920
* Excess of low-frequency alleles Allele

- more SNP sites than heterozygosity (6n<6w)

- D<0 = positive or negative selection (or population expansion)
* Intermediate allele frequencies

- High heterozygosity per SNP
— D>0 = balancing selection (or population contraction)
* Roughly +2<D or D<-2 is likely to be significant

53



Divergence vs. polymorphism

Ratio Polymorphism : Divergence is the same for
different loci under neutrality

HKA-test (Hudson-Kreitman-Aquadé)

- Expected levels of divergence and polymorphism vs. observed levels of
divergence and polymorphism at several loci (at least 2)

- Distinguish locus-specific selection from population-level effects

- Due to linkage disequilibrium the selection may not be on the tested site
but somewhere in the neighbourhood

MK-test (MacDonald-Kreitman)

- Comparison of dN and dS within species and among species

= compares two types of sites within the same locus! (same genealogy)
- X?test or Fisher’s exact test

o CHARLES
UNIVERSITY




McDonald-Kreitman Test

Human variability vs. chimpanzee

exon-specific PCR amplification of 11,624 genes in 39 humans and one chimp
Variability in 10,767 genes (92.6%), 8,292 had >1 NS SNP or fixed difference

9.0% under rapid amino acid evolution
13.5% with low divergence between human and chimp

Negative selection in cytoskeletal proteins, vesicle transport and
related functions

Positive selection in transcription factors, mRNA transcription,
receptors and immunity

a Divergence | SNPs | Alignment

Synonymous 34,089 15,750 3.35 Mb

_ Non-
3,000 + SYNOoNymous 20,467 . 8.46 Mb
1,000 HI
o- == L |:|j:. D:Eh e O U:[h
3 6 7 8 =9

Number of genes

Bustamante et al. 2005 o 1 2 3 4

Murmber of differences



Population differentiation

CD5

* isalymphocyte surface co-receptor

e scavenger receptor cysteine-rich (SRCR) superfamily
* Poorly known function:

— cell-to-cell immune interactions
— recognition of fungal B-glucans
e 27 polymorphic sites:
— comprising 17 intronic, 3 synonymous, 7 nonsynonymous substitutions
— selection for A471V substitution in cytoplasmatic region

- differences in MAPK cascade activation
- higher IL-8 in V471

Carnero-Montoro et al. 2012



Selective sweep

CD5

39 Swrwi

38 Karitiana
37 Colombian
i Maya

15 Pima

34 Papuan
33 Melanesian
32 Japanese
3 Cambelian
30 Yokt

29 Han

28 § China

27 NE China
26 NW China
25 Sindin

24 Pathan

23 Makrani
22 Kalosh

21 Hazara
20 Burusho
19 Braihwi

18 Balochi

17 Rusrian

16 Adygei

13 Italian

14 Sardinian
13 Orcadian
12 Buasqgue

1 French

10 Dirnze

9 Bedowin

§ Palestinian
7 Mozabite

6 Yoruba

3 Sam

4 Mandenka
3 Mbuti Pvgmies
2 Biaka Pygriies
i Bamu

152229177

O C allele (Ala)

@ 7ot v

CHARLES
UNIVERSITY

ettt 11111

Carnero-Montoro et al. 2012



Selective sweep

Hi3
Ha ¢ Hi6
CD5
SNPIT SNP20
[ 1 YRI
Ht2 Htl
Bl FUR rs11230602
B CHB/IPT Ht9 4325224 w
@]
|;}.Rh
57108787
rs3T4R43
Htl5 ¢ Ht8 %H 57
rs1148 rs171 55634 :
137106643 34897610
rsd245224 571033157
Ht7 1512364279
] Ik ra124
OH122
98] 1054 157981
2229177 rs1 2364279
o 157103357
Hit21

2 CHARLES
UNIVERSITY

Hit23

(00172

rs7A5TIR03

Haplotype network
— Low diversity in East Asia
= recent selective sweep

Ht26

sl 14893974
Genetic hitchhiking

O Advantageous mutation

1
—4

Q

-+ e

Ht24

* Positive selection

SNP2

00000 J) o) dJT

N
o
=
N

Carnero-Montoro et al.



Fixation index (F¢g)

- measure of population differentiation due to genetic structure

- based on the variance of allele frequencies between
populations / probability of Identity by descent

Evolution of Darwin’s finches’ beaks

d 15-kb windows

1‘ i
< Ei‘
L |

; D AKR1D1
; RDH14 Csmimis . GALNZ " Foxel sV2C CNTHARS
10 Y Sp— . FGF10 KIAA1429  STK3 4 EXOC2
PPP4R4, GSC s PLEKHF1 vPsi3e Y
DLK1, DIO3 MGAT4C, EPYC, SLCEATS SUPT3H
RASSFS, LRRAICT, ALX1

< L i
r

p Geospiza
1 G. magnirostris_G ’ N 207 ALX1 genOtype—;

P=885x107
1.54
2 G. difficilis_W ’
3 G. difficilis_P " ;
. Tiaris bicolor & |
- B8 BP ep

Genotype Lamichhaney et al. 2015

1.04

0.5

0.0 I

Beak shape score
{degree of pointednass)

S
il




Fixation index (F¢) & GWAS

Genome-wide association studies (GWAS).

Signatures of selection Before selection After selection
[+ - . @ o
o
Differentiation (F¢;) = e %e
] [9) (4]
00®0 ©00°000,30°%°%6,6"° © oo e o e ° e
o o
Frequency of the - ® ° = Bt ®ee° o
derived allele ® © o 0 ©o ] -y 0 g
oo oo o e®oo . ©. e °
o o L [ WL
Haplotype length: o coo ©08° ®e e - e o00° o
integrated haplotype = o o g co®o o—- = o ©
score e °
Haplotype length:
]
cross-population ee®® °%elee
extended haplotype e © ® o0
homozygosity “°°a=°°°°°°°°°°°°°°°u e © 200
L]
Composite score -
e oo oconecocoocooccoceosooan coeoepeo0e0@R | 00000000
Genome position Genome position

Karlsson et al. 2014



Pattern of variablility in sequences

nsSNP/ssSNP ratio Lys Ala Asp Cys
- dN/dS |‘I‘I‘|‘I

IIIIIIIIIIIIM
MNMM AAGGCCGATTGTY
AAGGCGGACTGT #®
AAAGCTGATTGT &
AAGGCTGGTTGG _#
AAAGACGCGTGT »f
AAAGCGGACTGC %

AGAGAGGAGTGC #

DO dN 8 _
leM<]><Il><[ds 8 =1
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Pattern of variablility in sequences

nsSNP/ssSNP ratio Lys Ala Asp Cys
- dN/dS |‘I‘I‘|‘I

IIIIIIIIIIIIM
MNMM AAGGCCGATTGTY
AAGGCGGACTGT #®
AAAGCTGATTGT &
AAGGCTGGTTGC _#
AAAGACGATTGT =
AAAGCGGACTGC %

AGAGCGGACTGC #

DXOC AN . 3
leM<]><Il><[ds 9 <1
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Pattern of variablility in sequences

nsSNP/ssSNP ratio Lys Ala Asp Cys
- dN/dS |‘I‘I‘|‘I

IIIIIIIIIIIIM
MNMM AAGGCCGATTGTY
AAGGGCGATTGT #%
AAGGGTGATTGT &
AAGGCTGGTTGG _#
AAAGACGCGTGT »f
AAAGAGGAGTGC %

AGAGAGGAGTGC #

DXOC dN _ 8
leM<]><Il><[ds -3 >1
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Pattern of variability in sequences

Ratio of non-synonymous (dy=Ka) substitutions to
synonymous (d.~Ks) substitutions

e Ka/Ks=w
— per locus
— per site
— Interspecific & intraspecific
— neutral: Ka/Ks=1, positive: Ka/Ks>1, negative: Ka/Ks<1
— little power to detect weak positive selection
— power increases with sample size (species number)

Software:
- PAML

- http://www.datamonkey.org/ - interspecific: SLAC / FEL / FUBAR
(maximum likelihood methods) and branch-specific models (MEME)

) CHARLES
5 UNIVERSITY

S

DATAMONKEY


http://www.datamonkey.org/

Distinct selection at different sites

Selection in different domains

* MHCIand MHCII

— The dy/d was higher in antigen-binding sites (ABS) than in

non-ABS

— Differentiating selection on antigen binding features

MHC Region Sites dnlds ' P
Class | Exon 2 ABS 2.87 <0.01
Non-ABS 1.00 0.71
All 1.60 0.04
Exon 3 ABS 1.20 0.51
Non-ABS 0.15 <0.01
All 0.38 0.02
Class |I-DRB Exon 2 ABS 1.40 0.35
Non-ABS 0.31 0.06
All 0.69 0.25

Castro-Prieto et al. 2011



Pattern of variability in sequences

30

20

10

0

-10

-20

-30

Fornuskova et al. 2013

normalized dN-dS

-40

-50

-60 +

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

— lineage-specific effects and
codon-specific effects
(MEME)

AL
!v_;‘:‘._‘,)
3 CHARLES
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Genome searches

Ka/Ks usage for pathogen elicitor detection

G bacteria core genome
— genes represented in all studied species (6)
— 1'322 orthologous

* Ka>Ks
— 35% of the core genes had at least one positively selected
— 56 proteins exhibited significant signatures of positive selection

 comparison with selection in soil-inhabiting bacteria
— 48 proteins positively selected in pathogenic and not in non-pathogenic
* positively selected sites in clusters
— 45 loci S%i

— Functional testing in A. thaliana

) 1
\ |

y

2
CHARLES
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Footprints of selective events in genes

Advantages:

* Detection of events with small but biologically relevant selection
coefficients

e Selection on evolutionary not ecological time scale (= selection in the
past)

* Testing selection in genes without knowledge of the phenotype
* May allow detection of genes responsible for emergence of novel traits

Disadvantages:

 Demographic changes may give similar results as selection if only 1 gene
observed

 When selection is found, linking with phenotype is difficult

- We know about selection but we do not
understand its functional consequences

- Linking detected selection with phenotype is a

o3
2 .
CHARLES major challenge
UNIVERSITY




Nature conservation efforts

Florida panthers (Puma concolor coryi)

Inbred population in Florida
— in 1995 translocation of 8 female pumas from Texas (P. c¢. stanleyana)

- Fitness improvement

Counts by genotype %

100 Age
fo Rkt
3 pumas
5w CFPXTX-F
2 - 1
5
3" L Other
£ c
oL {
0 A 1986 1989 1992 1995 1998 2001 2004 2007
= i Survivorship
Two pre-1995 groups (CFP and EVG)  z, o
2 = CFPxTX-F, & EVGXTX-F,
TX females = TX-backcross (TX-BC) : - ~
. . 21 E
admixed Florida panthers (AdmFPs) : 00
fﬁﬂ - TX-BC and EVG-BC
_ 20
B D cFPand CFP-BC

Johnson et al. 2010 1986 1989 1952 19'55 1998 2001 2004 2007 0 2 4 Age (y) 6 8 10



Conclusion

* There are multiple techniques to detect genetic variation

What can | do with sequence data to reveal functional differences
between individuals / populations / species?

1. Check the position of your SNPs

2. Model protein structures and predict functional effects of
substitutions

3. lIdentify alleles and non-synonymous protein variants and
assess their frequencies in distinct populations

4. Detect recombination

5. Detect selection and recognize adaptive evolution

CHARLES
UNIVERSITY



Practical training

* The latest urging e-mail has been sent today by Zuznana
Starostova

= ACTION REQUIRED !!!!!
* Fill in information on the preference of the training time:
* 2 May:

- Morning?

- Afternoon?
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