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MOJIEKYNAPHAA 3BOJTHOLUNA

MonekynapHas 3BOOLMA 3TO NPOLECC M3MEHEHNN B COCTaBe
nocsiefoBare/ibHOCTEN NHPOPMaLMOHHbIX Mosiekyn - AHK,
PHK 1 6enkoB - B NOKONEHUSAX.

OCHOBHbIe BOMPOChI MOEKYNSAPHOW 3BOJTIOLMN - CKOPOCTb U CTEMEHb BNIUSAHUSA
HYK/TEOTUAHbIX 3aMEH, HEUTPasIbHOCTb 3BOJTIKOLMN WU ECTECTBEHHLIN OTOOP,
reHeTnyeckasi npupoaa CrioXHbIX MPU3HAKOB, TEHETUYECKME OCHOBBI
Bnaoo6pasoBaHud, 1 ap.
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CTpyKTYypa 1 (OyHKLMN FEHOB

[eHbl 6enok-kogmnpyroume
PHK kogunpyroLine reHbl

* pPHK

* TPHK
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Irkutsk 2016




[eHeTnyeckumn Koa,

Second base

T C A G

Phe (F) Ser (S) | TAT TGT  Cys (C)
Phe (F) Ser (S) | TAC TGC

Leu (L) Ser (S) | TAA TGA  STOP
Lewu (L) Ser (S) | TAG | TGG  Trp (W)
Leu (L) Pro (P} | CAT CGT  Arg (R)
Leu (L) Pro (P} | CAC CGC  Arg (R)
Leu (L) Pro (P) CGA  Arg (R)
Leu (L) Pro (P) CGG  Arg (R)
Tle (1) Thr {T) AGT  Ser(S)
Ie (1) Thr (T) AGC  Ser(S)
Ile (1) Thr(T) AGA Arg (R)
Met (M) START Thr(T) | | AGG __ Arg (R)
val (V) Ala (A) GGT  Gly (G)
val (V) Ala (A) GGC Gy (G)
val (V) Ala (A) GGA  Gly (G)
val (V) Ala (A) GGG Gy (G)

CWUHOHUMWYHbIE 3aMEeHbI

HeCcMHOHMMUYHbIE 3aMeHbI




[eHeTnyeckumn Koa,

NH, 0

N4\|;N NZ >SN HN
S )\I/[‘>

I*"'N N I*‘N N HEN/I%N

purine adenine guanine
1 2 3

NH; o) o)

| =N | NH | NH
N/&O N’go N’go
H H H

cytosine thymine uracil
4 5 6




CTpyKTypa 1 3Bosouna mutoxoHapuansHon AHK

12SrRNA
Heavy Strand

16SrRNA

Mitochondrial DNA
16, 569bp

Light Strand

coxii

ATPaseb6
ATPase8




CTpykTypa mutoxoHapuasbHon AHK

KonbueBasa monekyna




CTpykTypa mutoxoHapuasbHon AHK

B OCHOBHOM, KO/bLieBasi Mosiekyna

m
Mitochondrial DNA
16, 569bp

Light Strand

Ccoxii

\
coxil ATPases
ATPases

JInHenHas

Y HeKoTopbIX

- IHdpy30pnin

- OHOK/TETOYHbIX BOAOPOCNEMN
- KHnpapwni




CTpykTypa mutoxoHapuasbHon AHK

Pa3smep

* Y GONbLUNHCTBA XUBOTHbIX 16 — 17 T.M.H.
* Y pacTeHunin n rpnéoB — 3HaAUNTENIbHO OO/IbLLE

Y 60/1bLUIMHCTBA XXNBOTHbIX 37 reHOB sy

28 reHoB koaupytoTca nerkon (C 6oraton) uenbto,
9 reHoB — Tsxesnoii (G 6oraroit), i

13 reHa — KoAMPYHOT BesKn,
22 — TPHK
2 — pPHK

12SrRNA

Human
Mitochondrial DNA
16, 569bp

Light Strand
~

coxi

ATPaseb
ATPase8

Heavy Strand




IBoNUMA MUToXoHApuanbHon AHK

Hacnepnyetcs o MaTepuUHCKON IMHNN

Mitochondrial DNA
16, 569bp

Light Strand
it




IBoNUMA MUToXoHApuanbHon AHK

B OCHOBHOM, Hac/1eayeTcA no MaTepI/IHCKOI7I NTNMHNN

My)CKoe HacnegoBaHue oTMeyeHo aAsid
HEKOTOpPbIX
- MonnckoB
- HacekoMbIX

EAVMHWYHBIE Cc/lydan oTMedeHbl MblILLEN, AOMallHUX KYp U

Mitochondrial DNA
16, 569bp

Light Strand
it

Ccoxii

\
coxil ATPases
ATPases

HesioBeKa




IBoNUMA MUToXoHApuanbHon AHK

CKOpPOCTb 3BO/OLUK, B CPpeAHEM, Ha NOPSIZIOK BbiLLE,
yeM B SI1I€PHOM reHoMe.

Mitochondrial DNA
16, 569bp

Light Strand
it

Ccoxii

\
coxil ATPases
ATPases




IBoNUMA MUToXoHApuanbHon AHK

Bonpocel

Mitochondrial DNA
16, 569bp

Ko-aBonwoums ¢ saepHbIM reHOMOM

Light Strand
e~

Ccoxii

T
ATPase6

coxil e
ATPases




IBoNUMA MUToXoHApuanbHon AHK

Bonpocel

Posib CUHOHUMWNYHbIX 3aMeH

Mitochondrial DNA
—o—Conserved . gl

—=-Paired

o
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Light Strand
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IBoNUMA MUToXoHApuanbHon AHK

Kudla G, Murray AW, Tollervey D, Plotkin JB.
Science. 2009;324:255-258.

Coding-Sequence Determinants of
Gene Expression in Escherichia coli

) BOEMCE VR Bh 10 AR, BO0%

http://www.sciencedaily.com/releases/2009/04/090409142258.htm




Baikal Oilfishes Cytb

Big Baikal oilfish,
BGa and

IAnc:estor

BGa

Bgp
SG

@ The frequecies of the main haplotypes
@ The nucleotide diversity

Little Baikal oilfish, SG




IBoNUMA MUToXoHApuanbHon AHK

Bonpockl octanuch

16SrRNA

Human
Mitochondrial DNA
16, 569bp
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PROCEEDINGS | Comment on “Population Size Does
Not Influence Mitochondrial Genetic

Diversity in Animals”

Connie J. M

or Proc. R. Soc. I
THE ROYAL doi: 0. 1098rspb. 2000.075

I REPORTS SOCIETY Published aniin]

Population Size Does Not Influence Climate shaped the worldwide distribution

Mitochondrial Genetic Diversity of h";z'l‘.;i::c‘:':“dt :"‘ DNA
in Animals

+*, Lori-Jayne Lawson Handley”, Thibaut Jombart!,
Eric Bazin, Sylvain Glémin, Nicolas Galtier*

Light Strand
e~

igan,'* Andrew Kitchen," Michael M. Miyamoto®

Ccoxii

ATPaseS
ATPase8

Bazin et ol. (Reports, 28 April, 2006, p. 570) found no relationship between mitochondrial
DNA (mtDNA) diversity and population size when comparing across Large groups of animals. We
show empirically that species with smaller papulations, as represented by eutherian mammals,
exhibit a positive correlation between mDNA and allozyme variation, suggesting that mIDNA
diversity may correlate with population size in these animals.

azin et al. (1) did not find & p
Br ationship between mitochondri
DNA (miDNA) diversity and popula-

and migrat
also underl

theless, this

next step it

population sizc, and its significance warrants
further testing with other groups and more
to humans. We edited the alignments for mis-  detailed analyses.

placed gaps, caleulsted both synonymous and  In animal groups with large populations,
total miDNA diversities for coding scquences  c.g.. inverlcbrales, sclective swecps can fre-

Frangois Balloux'
Hua Liu? and Andrea Manica®*

 Deparament of Infectious Disease Epidemiology, Imperial College Faculty of Medicine, MRC Gentre for Outbreak
Analysis and Modelling, St Mary’s Campus, Norfolk Place, Londose W2 1PG, UK
’mpmmm of Biological Sciences, University of Huil, Gottingham Road, Hull HUS 7RX, UK
‘Department of Genetics, and * Department of Zoology, Universiey of mem
Doscning Sereer, Cambridge CB2 FET, UK

Within-species genetic diversity is thought to reflect papulation size, history, ecology, and ability
1o adapt. Using a comprehensive collection of polymorphism data sets covering ~3000 animal
species, we show that the widely used mitochondrial DNA (mtDNA) marker does not reflect
species abundance or ecology: mONA diversity is not higher in invertebrates than in vertebrates,

in marine than in terrestrial species, or in small than in large organisms. Nuclear loci, in
contrast, ft these intuitive expectations. The unexpected mitachondrial diversity distribution is
explained by recurrent adaptive evolution, challenging the neutral theory of molecular evolution
and questioning the relevance of mtDNA in biodiversity and conservation studies.

enctic diversity is 2 central concept
an evolutionary biology that has been
linked 1o organismal complenity (/),
coosystem recovery (2), and specics ability 1o
respond to covironmental changes (3). A lack of
diwm, is typically considered as evidence for
I or declining, potentially endangered pop-
a0, 5. Population genetics theory tells us
that, for a neutral locus, the expecied polymos-
i at et i s proportion-
al o the effective population size, the equivalent
sumber of breeders in an ideal, panmictic pop-
ulation. Other factors can of course affoct the
genctic polymorphism, including population
structure (5), population bottlenceks (3), and
natural sclection [cither directly or through ge-
netic linkage (7, ). life cycle (%), and mating
systems (J0). These muliple influences com-
,,l.m: wny attempt to interpret the genctic
diversity of one particular species in terms of
population size (11). Population size, however,
presumably varies by several onders of magni-
tude between specics and taxa, so that one
would typically predict that abundant specics
should be. an average, more polymorphic than
scarce ones despite the noise introduced by
other cvolutionary forecs
Meta-analyses of allozyme polymorphism
studics were mostly consistent with this
theoretical prediction (12, /3). In particular, in-
vertehrate animals were fund to be more poly-
morphic, o average, than vencbrates (13). 1t
was noted, however, that the expected pro-
portional relationship between diversity and
effective population size was rarely met (/4).
DNA-based markers have now replaced allo-
zymes in population genclics studics. Ameng
these, the supposedly nonrecombining and evo-
Iutionary nearly neutral mitochondrial DNA
(muDNA) has been the most widely used marker

of populstion history and diversity (15, 16), the
general belicf being that miDNA. diversity
should reflect effective population size more
accurately than allozymes (17). In this study.
we approach the taxonomic and ccological de-
terminants of effective population siz by analyz-
ing the distrbution of the genetic polymorphism
across animal taxa, focusing on mIDNA and
comparing it to llozymes and nuckear DNA data

Three cxhaustive within-specics polymor-
phism data scts were used: an allozyme data set
(912 spesies) taken from the compilation by
Nevo ef al. (12), a nuclear sequence data sct
(417 specics), and 2 mitochondrial sequence
data set (1683 species), the latter two both built
from the Polymorphix datahasc (18, 19). We
finst calculated the average genetic diversity in
cight largely representod animal taxa (hereafier
called ™ groups™). The allozyme and muclcar data
sets yielded highly similar results (Fig. 1): The

Fig. 1. Average allozymic,
nuclear DNA, and mtDNA
diversity in eight animal taxa.
x axis: allozyme average het-
eluzygoslw y axis: circles,
DNA average synony-

ot diversity {kendall test:
©=0.87, P < 0.05); squares,
mIDNA average synanymous
diversity (kendall test: © =
—0.14, net significant. Ma:
Mammalia (allozymes: 184
es; r species;
mIDNA: 350 species); S: Sau-
rmm (renmes and birds:
phibia

(51.4 9%; an (bony fish
and cantlaginous fish: 183, 22,
270); & Insecta (156, 73, 511);
C: Crustacea (122, 2, 78, E:
{sea stars and

CNRS UNR 5171-Génome, Papularions, Ineractions,
Adaglation-Unkersié Monipsllier 2 39095 Montpeller
Cete 5, Frant

“T mham correspandence should be addressed, E-mail:
galier@univ-martp2.fr
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wiching: 15, 14, 47); and Mo:
Mollusca (48, 9, 125). The nu-
clear averages of me Tittle-
represented Am
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There is d the T DNA (miDNA) evolves
neutrally. There have been previous claims for natural sclection on human meDINA based on an excess of
non-synonymous mutaions and higher evolutionary persistence of specific mitochondrial mutations in
Arctic populations. However, these findings were not supported by the reanalysis of larger datasets.
Using a geographical framework, we perform the first direct test of the relative extent to which climate
and past demography have shaped the current spatial distribution of mtDNA sequences worldwide.
We show that populations living in colder environments have lower mitochondrial diversity and that
the genetic differentiation between pairs of populations correlates with differcnce in temperature.
These associations were unique to mtDNA; we could not find a similar pattcr in any other genetic
marker. We were able to ideniify two corrclatcd non-synoaymous point mutations in the ND3 and
ATPG genes characterized by a clear sssociation with temperature, which appear 1o be plausible targets
of namral selection producing the association with climate. The same mutations have been previously
shown to be assaciated with variation in mitochondrial pH and calcium dynamics. Our results indicate
that natural sclection mediated by climate has contributcd to shape the current distribution of mtDNA
sequences in humans.

Keywords: meDNA; selection; climate; temperature; human evolurion;
single nucleoride polymerphisms

1. INTRODUCTION

within populations (Kryazhimskiy & Plotkin 2008}

Mitochondrial DNA (mtDNA) remains by far the most
widely used genetic marker in studies of human popu-
lations. One sssumption behind inferences on past
human demographic history is the selective neutality of
the genetic markers employed. There have been claims
for natural selection affecting mtDNA, with temperature
being highlighted as a possible sclecrive force in 4 variety
of taxa (Ballard & Whitlock 2004) including humans
(Torroni er al. 2001; Mishmar er al. 2003 Ruiz-Pesini
er al. 2004). Howeser, this has been rejected by several
studics, which concluded that human mDNA sequence
variation has not been significantly shaped by climate
(Elson e al. 2004; Kivisild er al. 2006; Amo & Brand
2007; Ingman & Gyllensten 2007; Sun et al. 2007).
The tests 30 far have mainly relicd on ratios of synon-
ymous and non-synonymous mutations (NS ratios)
and 10 a lesser cxtent on the evolutionary persistence of

Here we take 3 radically different approach b
directly modelling the distribution of worldwide mitol
chondrial sequence diversity with geography and climati|
variables.

The mast likely origin of anatomically modern humar]

sub-Saharan Africa, where the most ancier}

remains (dated to approximately 200000 years) hav
been found (McDougall er al. 2005). It is generall
accepied that the human population started expandin
s range 50000-70000 years ago and then colonizes
the entire globe with little or no interbrecding with pr
viously established archaic human species (Stringer
Andrews 1988; Macaulay e al. 2005; Liu e al. 2
Fagundes et al. 2007; Hellenthal et al. 2008; Deshpand|
e al. 2009). A signature of this expansion can be secs
in the smooth clinal geographical distribution of au
somal polymorphisms (Handley er al. 2007). Geneti

s e rec.
Inicrestingly, it has since been shown that dN/dS ratios
are largely inadequate when testing for natural selection

* Authors for cormespondence (allowx@imperial ek, am315E
cam.ac.ok),
doi.crg/10.

1098/e3ph 2009.0752 ox via

between populations increases essentiall
lincarly with geographical distance along landmasse
(Relethford 2004; Manica et al. 2005;

e al. 200%; Romera er al. 2008) and geographical distanc|
from sub-Saharan Africa is an cxcellent predictor of th
genetic diversity of individual populations throughou
the world (Prugnolle &r al. 2005a). We can capitlize

Received 30 April 2000
Accepéed 16 June 2009
5 = o= o=

Allozyme heterozygosity (H)

four species) and Crustacea (hwo species) are shown but were not used for the

these strong correlations between geneti

This journal i © 2009 The Royal Socic

tion size as predicted from population genetics
theory for animal groups with larger versus
smaller populations, c.g., invertcbrates versus
vertchrates. In contrast, this relationship holds
for nuclear DNA and allozyme markers. The
authors propose that the expected relationship
is not found for mtDNA because recurrent
sclective sweeps have reduced miDNA diver-
sity and thereby homegenized mitochondrial
variation across animal groups.

In an accompanying arficle, Eyre-Walker
(2) noted that humans are an exception to this
mDNA patiern beeause of their smaller pop-
ulation size. Specifically, he cites the many
studics of human miDNA, autosomes, and Y
chromosomes that have converged on a final
estimate of ~10,000 individuals (males and
females) [summarized in (3)]. Various studies
of the X chromosome have also led to a
similar estimate of ~10,000 (4, 5). further cor-
roborating the utility of mtDNA for popul
tion size estimation in humans. In species with
smaller populations, selective sweeps are less
likely 10 occur because fewer beneficial muta-
tions arisc and scloction is less efficient, There-
fore, in species like humans, selective sweeps
become less of a concem when estimating
population size from mtDNA.

As an initial test of this hypothesis, we
extended Bazin i al.’s analysis with a focus
on the 47 species of cutherian (placental)
mammals in their mDNA data sct for which
allozyme heterozygosities (H) were also
available (6). We focused on cuherian mam-
mals because of their expected smaller popu-
lation sizes as well as their ntation
in both databascs and closcr phylogencic tics

"Depariment of Anthrepology. Bor 103610, University of
Flonda, Gaineswille, FL 32610, USh.“Depariment of Zoology.
B 118525, Universty o Forda, Gainesille, FL 32610, USA.
“To wham correspondence should be adressed. -
muligan@arthia.ufledu
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(s and 7). and then plotied mean xg and &

against average H for cach order (Fig. 1). A

significant positive comrclation was found

between both 7 and mr versus H (Kendall

test, 1= 0.86 and 0.84, P < 0.005 for each
Ths, 4

quently reduce miDNA diversity such that the
specics” standing variation primarily reflects
the time since its last “genetic draft” (/). How-
ever, many animal groups of broad interest 1o
both the scintil community and the general

between miDNA divensity and allozyme hetero-
zygosity, suggesting thal the former comclaics
with population size as docs the latter (1)
Intcrestingly. the order with the greatest miDNA
and allozyme varisbility (Rodentia) is the one

groups that we predict mDNA will remain a
vahusble genctic marker for the study of pop-
ulation history and demography.

a3 004 005
H (allozymes)

006 007 008 049 010

Fig. 1. Arcsine square oot plot of mean = versus H for eight erders of eutherian mammals
{numbers of species are given in parentheses). A nearly identical relationship exists for mean x;
versus H (x = 0.84, £ < 0.005). Furthermore, our results are robust in that P remains <0.005 when
three pairs of orders with nearly identical = or H diversities, i.e., Artiodactyla/Chiropter, Carnivoral
Insectivora, and Chiroptera/Primates are counted as ties in the Kendall tests. Individual g and m;
estimates for each species were based on the Nei-Gojobori method with a Jukes-Cantor correction
and on the Kimura two-parameter distance with a gamma distribution {a = 0.5), respectively (7).
Otherwise, our methods followed those of Bazin et al. (1),

s sciancaman ara




IBoNUMA MUToXoHApuanbHon AHK

Cnacnoo 3a BHUMmaHue!




Synonymous vs. Non-synonymous
Ibstitutior

Pairwise species comparisons: non-Baikalian
vs. Baikalian
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BalkasibCKne roToMAaHKuN
Baikal oilfishes

C.dybowski

C.baicalesisl

@ - Northern Baikal

O - Middle Baikal
@ - South Baikal




Baikal Oilfishes mitochondrial genome
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Thank you!




BalkasibCKne ronIoMaHKun
Baikal oilfishes




BHYTPU 1 MEXBUOOBbLIE FTEHETUYECKME B3AaMMOOTHOLLEHNS
Within and Between Species Genetic Variation

MwunToxoHapuanbHaa AHK Mpenok
Mitochondrial DNA Ancestor

[eH yntoxpoma b
Cytchrome b Gene

Two genetic groups of BG that differ by
two nucleotide substitutions in the
mitochondrial cytochrome b gene were
found (Teterina et al., 2010). One group
was represented by the line of ancestral
haplotypes (BGa), and another group of
BG (BG-paraphyletic or BGp) and SG
derived from the central haplotype of
BGa.

i
. TE -
"'\-\._\__ __‘_.-"

. - Circle diameters are proportional to the frequencies of the main haplotypes.

O - Circle diameters are proportional to the respective values of nucleotide diversity ().




YucneHHocTb npeactaButenen rpynn BGa n BGp
The number of representatives of groups BGa and BGp

AHanuns
OZIHOHYK/1e0TUAHOIO
nonuMmopgusma
SNP analysis

BGa/BGp = 50/50

B ntobom mecTe, B 1to60e Bpem4d, B N0OGOM Bo3pacTe
In any place, at any time, at any age




3amMeHbl Mexay oCHOBHbIMUM ransiotunamm BGa n BGp
Substitutions between the main haplotypes of BGa and BGp




MogaennposaHne BTOPUYHON CTPYKTYPbl MPHK
The mRNA secondary structure prediction

OCHOBHbI€ rannoTumbl
The main haplotypes

UnaFold v3.8




TecT LeHTPOOEXHOro OTK/TIOHEHNS 3aMEH HYK/1e0TUA0B
Test of Centrifugal Substitution Bias

MwunToxoHapuanbHaa AHK Mpenok
Mitochondrial DNA Ancestor

[eH yntoxpoma b
Cytchrome b Gene

We analysed the amount and
distribution of synonymous
mutations, affecting the GC

composition (mutations to
weak (W) - A,T or to strong (S)
- G,C nucleotides), according
to their directions from the
central to peripheral
haplotypes




TecT LeHTPOOEXHOro OTK/TIOHEHNS 3aMEH HYK/1e0TUA0B
Test of Centrifugal Substitution Bias




TecT LeHTPOOEXHOro OTK/TIOHEHNS 3aMEH HYK/1e0TUA0B
Test of Centrifugal Substitution Bias

Sliding Windows

Nucleotide diversity
(1) along the Cytb

Bold solid lines indicate W - S
mutations, and thin dashed lines
indicate S —» W mutations.
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MogaennposaHne BTOPUYHON CTPYKTYPbl MPHK
The mRNA secondary structure prediction

Consensus NJ tree
based on genetic
distances between
MRNA secondary
structures

(31 runs of RnaFold and

RNAdistance programs

were performed with

temperature ranging from 1 eyt

to 4 °C and steps equal to ~— EU699791
0.1°C)

GenBank A.N. - BGa

- BGp
GenBankAN. = SG
x - the main haplotypes

_

EU&SBngg
EU6997382
EU699797|
EU699779

MEGA5
RNAdistance (Vienna RNA Package).




CUHOHMMMYHbIE 3aMEHbI B/INSAOT Ha 3KMNPECCUI0
Silent Mutations Influence Protein Production




BbiBOALI
Conclusions

We have found some signs of selection, whose action may be
related to the regulation of mtDNA gene expression through
alterations of mMRNA secondary structure. mtDNA gene
expression regulation is still poorly understood, and virtually

nothing is known about regulation at the mRNA level. If our
suppositions are correct, golomyankas can serve as a valuable
data source for the study of these processes.
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