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1) origin of the variability among individuals in populations
2) change in this variability from generation to generation (for this
transfer, heritability is essential)

Population genetics — uses
mathematical theory and empirical
studies to understand the genetical
basis of naturally occuring variation
and the dynamics of genetic changes
within and among populations




Studium vnitrodruhoveé variability lykozrouta
smrkového (/ps typographus, L.)
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Studium vnitrodruhoveé variability lykozZrouta
smrkového (/ps typographus, L.)

Hlavni cile :

- druh /. typographus tvori jedna velka populace anebo
malé lokalni populace ?

- muzeme od sebe lokalni populace odlidit a odhadnout
velikost migrace mezi nimi ?

LykoZrout smrkovy jako Skddce lesnich porostd

Hledani vhodnych markerd

alozymy - nedostatek heterozygotd a naruseni HWE na
lokélni Grovni, rozliseni Skandinavie a stredni

Evropy, velka panmikticka& populace

- malé variabilita, podarilo se objasnit koloniza¢ni
cesty /. typographus po posledni dobé ledové,
fylogenetika rodu /ps

RAPD - variabilita prilis vysoka, mensi stupern migrace,
fylogenetika rodu Ips

mikrosatelity - nepodarilo se izolovat dostatecny pocéet

nDNA - isolace genl pro G6PD a Amy




Alozymova analyza

Alozym - enzym (protein) kédovany jednim lokusem, ktery se vyskytuje ve vice
dédi¢nych forméach, které nazyvame alely. Tyto alely se od sebe lisi svou
primarni strukturou a vykazuji odliSnou pohyblivost na elektroforéze.

heterozygotes

AB AB

Protein electrophoresis

Starch or agar gel

— > Direction of travel

Polymorphism

Heterozygosity

Lewontin and Hubby (1966}
Harris( 1966)

Stanoveni Urovné vnitrodruhové variability
lykozrouta smrkoveho (/ps typographus, L.)
na zakladé alozymu

Autorka:

Lucie Kuéerova

Cil préace

* Vytypovat a experimentalné odzkouset maximalni
pocet polymorfnich alozymovych markerd.

* Prozkoumat genetickou stukturu populaci lykoZrouta

smrkového na nizsi zemépisné Grovni (na Uzemi CR)
metodou alozymové elektroforézy.




Metodika " Vyzkou$ené alozymové markery

I " - e Alozymy s zadnou nebo velice Uspésné detekované alozymy :
* Vertikalni polyakrylamidova diskontinualni o «a-Amyléza EC 3.2.1.1 (2 lokusy)

elektroforéza (PAG) nativnich protein{ *Katalaza EC 1.11.1.6 «Glukéza-6-fosfatdehydrogenaza
*Glukokindza EC 2.7.1.2 EC 1.1.1.49 (1 lokus)
P . p . . eHexokindza EC 2.7.1.1 *Maldtdehydrogenaza
. Speclflcke substratové barveni na detekci «1zocitrat-dehydrogenaza EC 1.1.1.37 (1 lokus)
enzymu EC 1.1.1.42 *Enzym kyseliny jable&né
- , . eLeucin-aminopeptidaza EC 1.1.1.40 (1 lokus
» Nespecifické barveni (CoomassieBlue) EC 34111 I -Fosfogluko(izomer;za
na detekci obecnych proteinu e eLaktat-dehydrogenaza EC 5.3.1.9 (1 lokus)
2 EC 1.1.1.27 eFosfoglukomutaza
Mannosa-fosfatizomeraza EC 5.4.2.2 (1 lokus)
EC 5.3.1.8 *Proteiny bez enzymatické
*Fosfoglyceratkinaza EC aktivity (PT) (3 lokusy)
5422
eFosforylaza EC 2.4.1.1

; ’ . éechy g

Profily vybranych markeru Krkonose

SM - Spindler@v Miyn
KH - Kozi Hrbety

a-Amylaza 1 a 2 (monomery, 2 lokusy, Amyl - 7 alel, Amy2 - 8 alel)

Sumava -Modrava
5 : e . RP - Roklansky prisek
L e A S . RH - U cesty k Roklanské
— T N ————— P g i FT T AU PR hajovné
w i LY CH - Cerna hora
Jindrichohradecko
C - CiméF

Malatdehydrogenaza (dimer, 1 lokus, 5 alel) REIl S 0ske samoty

100 km
Morava :
Vzajemna vzdalenost : 2,65 - 356 km Beskydy
VK - Velké Karlovice
Nadmorska vyska : 521 - 1390 m n.m.
Bilé Karpaty
BK - Vapenky




- Hardy-Weinbergova rovnovaha a testy homogenity

Na arovni lokalit :
Kozi hirbety (Krkono3e) - nerovnovaha a nedostatek heterozygotd
(F;MDH = 0,231, F;PT1 = 0,659)
Ostatni lokality - v rovnovaze
Na Urovni oblasti :
- test homogenity zamita prislusnost k jedné panmiktické populaci témér ve
vSech oblastech, regionech i v celkové populaci

Vysvétleni

 Sumava - vysoké po&etni stavy lykoZrouta

» existence prirozenych bariér (borové lesy na Jindrichohradecku,
rozdil v klimatu v KrkonoSich)

e struktura krajiny

* mozny vliv lokalni selekce

Klesa geneticka diverzita s nadmorskou vyskou?

- testovani zavislosti genetické diverzity na nadmorské vysce
pomoci linearni regrese

AMY?2 (R =0,291) PT3 (R = 0,589)

0 25 500 750 1000 1250 1500 0 25 500 750 1000 1250 1500
Nadmorska vyska (m n.m.) Nadmorska vyska (m n.m.)

Rbzné alozymové lokusy se chovaji riznym zplisobem

a celkova diverzita nevykazuje zadny trend.

Priimérny poéet alel na lokus A = 4,20

Podil polymorfnich lokust (s 95% kritériem polymorfismu) P = 0,3
(s 99% kritériem polymorfismu) P =0,8

Heterozygosita (observed heterozygosity) H, = 0,108

Geneticka diverzita (expected heterozygosity) H, = 0,111

Hodnota v préci Pavlicka et al. (1997) H, = 0,184
Mira genetické diferenciace : Fg; = 0,0185
Geneticky tok : Nm = 13,3 (9,57)

Poc¢et detekovanych privatnich alel =4

Pokles heterozygosity béhem ¢asového obdobi 9 let zplisobeny
fluktuacemi pocetnosti.

Geneticka vzdalenost

Vliv geografické vzdalenosti Vliv nadmorské vysky

PT1 (R =0,477) PT3 (R =0,533)

o . 5
0 100 200 300 400 500 600 700 800 900 1000
A nadmorskych vysek (m)

zéavislost genetické vzdalenosti na vzdalenosti geografické a na
nadmorské vysce pomoci linearni regrese je prikazna jen v
ojedinélych pripadech = mozny “founder effect”




Budoucnost ??7??

® Byl zaznamenan pokles genetické diverzity, ktery
mizeme vysvétlit fluktuacemi v poéetnostech
lykozrouta smrkového.

republiky je podrozdélena do mensich subpopulaci
vlivem lokalnich podminek.

® Velky vliv na rozdéleni do subpopulaci ma také faze
popula¢niho cyklu (premnoZeni, Ustup)

R Shlukovaci analyza od sebe odlisila riizna mista
pdvodniho rozsireni a oblasti, kam byl /ps typographus
druhotné introdukovan.

The null model in evolutionary genetics

Population genetic inference

Let us suppose

Nothing interesting ever happens in biology. Evolutionary parameters Population Sample
; ; ; Stochastic Stochastic
The Wright-Fisher population model Evolutionary Sampling
process @ ® process
Selection @ @.\
. . T ATGCATGGGCTATTGGACCT
H . . v ATGGATGGGCTATIGCARCCT
Assumptions N v v . v Mutation -0 ® e
o T 2 3 S @ @_0 ATGCATEGEGECAATTGEACTT
«» sexual reproduction without selfing ® T: [P .Y O e e - @ @.// A TARCTATTAC AT
*random mating with respect to Q ® e Q ® @ @
genotype O—»C 050 O ©!/'/../
« non-overlapping generations Q00 —+0 o Recombination ® @ ® ® ®
« constant diploid size of N (2N alleles) ® 4:0 O—+0 5 p p O ! ® @ :
* no migration or selection b *—0 ® b Migration : @ :
 mutations occur at at constant rate O Y: © ﬂ O *e O H @ i
@] O 200 ] ; @
o —+9-+8 *OC L
D—»0C “0—@ ] I
Inference




Polymorphism
-at the gene level, a locus is said to be polymorphic if the most
common allele has a frequency of less than 0.99

-in DNA sekvence, every nucleotide site can be considered to be an

allele:
polymorphic site = existence of more than one nucleotide at this
position within population (species)

divergence = means site which is monomorphic (fixed) within species

but different between species.

Species - line

D. melanogaster - USA TTATTTGGC
Africa TTAGTTGGC

D. simulans - USA GTATCTTGC
Africa GTAGTTTGC

D. yakuba -1 GTGGTTGGC
2 GTGGTTGGC

Poly/Div d dpp d

Statistics of polymorphism

Il
wn

Number of distinct haplotypes H

Patterns of variation at the DNA level

* Synonymous & nonsynonymous mutations

Val Arg Gln Val
GTA AGA CAA GTA
\ GTA A CAG GTA
Val Arg Gln Val
e.g. D. simulans Tl =0.010 per site
Mo — 0.038
e =0.023

noncoding
* Nucleotide variation v. protein variation?

| Humans 1) melanogaster

Allozyme 6% 14%

Nucleotide 0.1% 1%

Fate of the new mutation in a population
(Motoo Kimura — Neutral theory)
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Features of the neutral theory

The majority of changes in proteins and at the level DNA which are fixed between
species, or segregate within species, are of no selective importance

The rate of substitution is equal to the rate of neutral mutation

k = f;.'c’mm/ ﬂ

The level of polymorphism in a population is a function of the effective population size

The coalescent theory

(J.F.C. Kingman)

- describes the genealogical relationships among individuals in a Wright-
Fisher population

- all information about underlying evolutionary processes is in the underlying
gene genealogy

Most recent common ancestor (MRCA)

coalescence
G
and the neutral mutation rate
®
n=4N u Isl< 1/(4N,)
[ J
*  Polymorphisms are transient rather than balanced
y I [ e [ : :
\
NOW NOW :
Frequency Balanced Transient
| | Ancestral lineages
] I
! ! Present day
|
Time )
fime
Selection: what are we looking for?
Phylogenetic method
—_ “ P w +  What types of selection might we consider?
5 8 5 8 5 — Directional selection (selective sweeps)
2 2, 2 2 2 — Balancing selection
w [%2] [#5] wl

Bursts of amino-acid
changing substitutions
(ky/kg = 1 for branch)

-

Clock-like accumulation of neutral,
synonymous changes

— Local adaptation (local selective sweeps)

There are many ways of summarising data, how do we know which aspects will be
most sensitive to the action of selection?

— Models of selection

— Formulation of test statistic

How can we be sure that a deviation from the assumed model is due to selection?
— Comparison to reference loci

— Comparison across multiple populations

— @ priori Knowledge




Balancing selection

+  Alleles that are maintained at a constant frequency by natural selection are called
balanced mutations
— Mutations causing malaria-resistant haemaglebinopathies
— Alcohol dehydrogenase in Drosophila melanogaster

Hb*

— 00—
Hb [

+  Neutral mutations that occur at linked sites on one background can only cross onto
the other by recombination
« Balancing selection leads to an increase in local diversity and strong haplotype
structure
— Like structured populations

The hitch-hiking effect of beneficial mutations

——00— —O0———00— o O

—0—00— < O

—0—0—0— o O O0—0—

e e 7 o o = O O

——0—0—0— < < ec—0———
O O O O

The mutation sweeps
to high frequency,

A new advantageous

mutation appears in

the population dragging linked
mutations, and
reducing variability in
the region

Standard neutral Strong linkage

model applies disequilibrium, high
frequency derived
mutations

Diversity recovers
slowly: the first
mutations to appear
are at low frequency

Skewed allele
frequency spectrum,
low diversity

Local adaptation

»  Localised selective sweep due to geographically restricted selection pressure
— e.g. malaria, drug or pesticide treatment

———O0— —0——00—
— 00— — 00—
Popl |:—D—Q—D— ——0—0—
—— o ———0
——0— = —O0————— 00—
—o—Oo— — 00—
—— —e 00—
Pop2 |:—O—C} —e 00—
—o—O— — e 00—
—e— o —— —e—0——

+  Leads to local reduction of variability, strong linkage disequilibrium and strong
geographical structuring of genetic variability around the locus of importance

Distinguishing selection from demographic effects

+  Demographic processes can mimic selection
— Population growth can look like selective sweeps

— Population subdivision can look like balanced selection

—r
S -

«  Differences between loci can distinguish between genome
local effect of natural selection

—_

S

-wide effects and the

— BUT need to know about variance of demographic processes......




In the schemes of
individual genes, boxes
represent exons, non-
coding parts are
indicated by shading and
introns by forked lines.

« small family of developmental genes identified by Kirkpatrick
et al. (1995) and Kawamura et al. (1999)

e Idgfi-3 are localized in a tight cluster in region 36A, Chit is
in 53D, /dgf5 in 55C and [dgf4 is in 9A

e products of those genes are small secreted chitinase-related
proteins without chitinase enzymatic activity

e ldgfl and Idgf3: - only ~4 kbp apart
- intriguing organisation of introns
(/dgf3 has the first one shorter, /dgfi
has only one intron)

Methods and materials

»>Flies :
D.melanogaster — 20 isogenic lines from one local population
(Montblanc, Spain)

outgroups (from Drosophila Stock Center, Texas) - D. simulans
- D. yakuba

» PCR amplification of the targets ( /dgfl and /dgf3)
> direct sequencing of the PCR product
> alignment of the sequences

> statistical analysis of the sequences (MEGA, DNAsp)




Alignment of sequences and formatting in Nexus

#NEXUS
[File generated by DnaSP Ver. 4.00.5, from file: idgfl.nex I1X 16, 2004]

begin data;
dimensions ntax=22 nchar=2032;
format datatype=DNA interleave gap=- missing=" ;
matrix

10 20 30 40 50 60 70 80
[ * - * * * * * *
line01 ATTCGTGAAACTGTATTAGCTGACAGGGCATCACAAACAAACGCAATAAAGTCGGAAAACATTGACAGGAACTACGTAATGCCTGAAAAC
line08 ATTCGTGAAACTGTATTAGCTGACAGGGCATCACAAACAAACGCAATAAAGTCGGAAAACATTGACAGGAACTACGTAATGCCTGAAAAC
linel3 ATTCGTGAAACTGTATTAGCTGACAGGGCATCACAAACAAACGCAATAAAGTCGGAAAACATTGACAGGAACTACGTAATGCCTGAAAAC
linel5 ATTCGTGAAACTGTATTAGCTGACAGGGCATCACAAACAAACGCAATAAAGTCGGAAAACATTGACAGGAACTACGTAATGCCTGAAAAC
line25 ATTCGTGAAACTGTATTAGCTGACAGGGCATCACAAACAAACGCAATAAAGTCGGAAAACATTGACAGGAACTACGTAATGCCTGAAAAC
line29 ATTCGTGAAACTGTATTAGCTGACAGGGCATCACAAACAAACGCAATAAAGTCGGAAAACATTGACAGGAACTACGTAATGCCTGAAAAC
line33 ATTCGTGAAACTGTATTAGCTGACAGGGCATCACAAACAAACGCAATAAAGTCGGAAAACATTGACAGGAACTACGTAATGCCTGAAAAC
line34 ATTCGTGAAACTGTATTAGCTGACAGGGCATCACAAACAAACGCAATAAAGTCGGAAAACATTGACAGGAACTACGTAATGCCTGAAAAC
line36 ATTCGTGAAACTGTATTAGCTGACAGGGCATCACAAACAAACGCAATAAAGTCGGAAAACATTGACAGGAACTACGTAATGCCTGAAAAC
1ine37 ATTCGTGAAACTGTATTAGCTGACAGGGCATCACAAACAAACGCAATAAAGTCGGAAAACATTGACAGGAACTACGTAATGCCTGAAAAC
l1ine39 ATTCGTGAAACTGTATTAGCTGACAGGGCATCACAAACAAACGCAATAAAGTCGGAAAACATTGACAGGAACTACGTAATGCCTGAAAAC
line40 ATTCGTGAAACTGTATTAGCTGACAGGGCATCACAAACAAACGCAATAAAGTCGGAAAACATTGACAGGAACTACGTAATGCCTGAAAAC
line45 ATTCGTGAAACTGTATTAGCTGACAGGGCATCACAAACAAACGCAATAAAGTCGGAAAACATTGACAGGAACTACGTAATGCCTGAAAAC
line46 ATTCGTGAAACTGTATTAGCTGACAGGGCATCACAAACAAACGCAATAAAGTCGGAAAACATTGACAGGAACTACGTAATGCCTGAAAAC
line47 ATTCGTGAAACTGTATTAGCTGACAGGGCATCACAAACAAACGCAATAAAGTCGGAAAACATTGACAGGAACTACGTAATGCCTGAAAAC
line48 ATTCGTGAAACTGTATTAGCTGACAGGGCATCACAAACAAACGCAATAAAGTCGGAAAACATTGACAGGAACTACGTAATGCCTGAAAAC
line52 ATTCGTGAAACTGTATTAGCTGACAGGGCATCACAAACAAACGCAATAAAGTCGGAAAACATTGACAGGAACTACGTAATGCCTGAAAAC
line58 ATTCGTGAAACTGTATTAGCTGACAGGGCATCACAAACAAACGCAATAAAGTCGGAAAACATTGACAGGAACTACGTAATGCCTGAAAAC
line63 ATTCGTGAAACTGTATTAGCTGACAGGGCATCACAAACAAACGCAATAAAGTCGGAAAACATTGACAGGAACTACGTAATGCCTGAAAAC
1ine80 ATTCGTGAAACTGTATTAGCTGACAGGGCATCACAAACAAACGCAATAAAGTCGGAAAACATTGACAGGAACTACGTAATGCCTGAAAAC
simidl ATTCGTGAAACTGTATTAGCTGACAGGGCATCACAAACAAACGCAATAAAGTCGGAAAACATTGACAGGAACTACGTAATGCCTGAAAAC
yakidl ATTCGTGAAACTGAATTAGCTGACAGGGCATCACAAACAAACGAAATAAAGTCGGAAAACATTGACAGAAACTACGTAATGCCTGGAAAC

I1DGFlyak

IDGF1mel

IDGF1sim

IDGF3yak

IDGF3mel

IDGF3sim

Phylogenetic tree of the /dgf family based on amino-acid sequences (maximum
parsimony method, 10.000 boostrap replications; MEGA software)

Conclusions

* Phylogenetic analysis, codon bias and G+C content of
Idgfs show that the genes in the tight cluster in 2L are
much more similar to each other than to the rest, but
this pattern does not hold for the genes in 2R.

e From the exon/intron structure it can be assumed
that the ancestral gene had at least two introns and
the loss of an intron in /dgflis a recent eve

e Recovery of adequate homologs for at least two
genes from this family from D. simulans and D. yakuba
manifests that the origin of this gene family predates
the split of these species.

Levels of nucleotide diversity of fdgfi and ldgf3

# of lines

bp (gaps excluded)

S (segregating sites) 69 64

Tiora (PEY SitE) 0.01286 0.00852

B, (PEF site) 0.01021 0.00763

H (number of haplotypes) 17 14

Hd (haplotype diversity) 0.989 0.979

R (recombination rate per bp) 0.02520 0.01324

Kiotar (divergence) 0.04745 0.04762




Distribution of polymorphism and divergence .

T — K Poly P g _ Tests of neutrality

(sliding window profile, window size =100, step =25;
gaps excluded; boxes represent coding regions,
horizontal lines noncoding regions)

Test Idgfl Idgf3

Ka/Ks 0.0902 0.0841
MK ns ns
HKA (silent sites) * ns
Tajima’s D 1.05697 ns 0.47322 ns
Fu/Li D (with outgroup) 1.66939 * 0.35377 ns
F (with outgroup) 1.78931 * 0.48419 ns

diversity

pattern of nucleotide variability excess of syn. neutral
polymorphisms

mode of evolution balancing selection | neutral

H ——

yak

line25
line63

div ersity

linel

line3s haplotype G

line45
line80 linel3
P line37

linels
line34

line39 ;
T T T T T T line46 line29

line40
250 500 750 1000 1250 1500 1750 2000 bp line47

—il ) . linees

line52
Numbers adjacent to each branch are the line58

numbers of inferred mutational steps haplotype A :@negs
ine




Conclusions

» [Idgfland Idgf3 have higher levels of
polymorphism than the average amount in D.
melanogaster genes, and the distribution of

polymorphisms across the loci is not uniform.

» The neutrality tests indicated that /dgf3 evolves
neutrally, while /dgf1 is under balancing selection

» As /dgfland Idgf3are only ~ 4 kbp apart, it is
quite surprising that they are probably under
different selective constraints.

» Phylogenetic approach - screening more distant
species - finding the original ancestral gene and
dating the duplications

 Population genetics approach - screening the
patterns of polymorphism and divergency of all
Idgfs in two distant populations

Martina Zurovcovd martina@entu.cas.cz




