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sex is typically determined by
X and Y chromosomes
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Centromere

Organization of human and
chimpanzee Y chromosomes

27 protein-coding genes

1Mb I

Hughes et al., 2010

= MS5Y — Centromere

I=

Yq

Yp
¥q

euchromatin

[ X-transposed
Bl Other

Bl Fscudoautosomal
B Heterochromatic

I Ampliconic
[_] X-degenerate MY




SRY, Sex-determining Region on the chromosome Y
Sinclair et al., 1990, Koopman et al., 1991
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Cytogenetic Location:
Yp11.2, which is the short
(p) arm of the Y
chromosome at position
11.2

Molecular Location: base
pairs 2,786,855 to
2,787,741 onthe Y
chromosome (Homo
sapiens Annotation
Release 109,
GRCh38.p12) (NCBI)

Nigel Vivian, Robin Lovell-Badge, Peter Koopman
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Vertebrate sex determination:
evolutionary plasticity of a
fundamental switch 2017
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balance

Female-biased transcriptome, nearly
identical in XX and XY gonads

Vertebrate sex determination:
evolutionary plasticity of a
fundamental switch

Blanche Capel NATURE REVIEWS | GENETICS 2017




Evolution of sex determination =
transcriptional evolution

DEVELOPMENTAL DYNAMICS 242:307-319, 2013

SPECIAL ISSUE REVIEWS-A PEER REVIEWE

Transcriptional Evolution Underlying
Vertebrate Sexual Development

Nicole Valenzuela,* Jennifer L. Neuwald, and Robert Literman

CBX2 (chromobox homolog 2)

Chromatin modificaton

upregulation of male-related genes SRY, SOX9, SF1
negatively regulates female-related FOXL2

Sox9 male-biased and Aromatase female-biased
expression appear ancestral and virtually conserved
throughout vertebrates
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Microtus cabrerae

r’MraHTCKue nosioBble XpOMOCOMbI

y cCaMLiOB U CaMOK NPUCYTCTBYIOT HECKOJIbKO
konuu Sry (ncesporeHa) + pparmeHtol L1 n LTR

peTtpoanemeHtToBHa XunyY
Marchal et al., 2008

UcknoyvyeHusa u3 npasun

CnuwkKom MHoro Sry

Tokudaia muenninki

24 konuun Sry (nceBaoreHa)
Tonbko Ha Y

Murata et al., 2010
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Tokudaia osimensis

Tokudaia osimensis 2n=25, X0 ¢, &
T. tokunoshimensis 2n=45, X0 ¢, &

Ellobius lutescens 2n=17 X0 ¢, &
E. tancrei 2n=54-30 NF=56 XX ¢, &
E. talpinus 2n=54, NF=54 XX 2, &

Just et al. Nat. Genet., 1995 Fragment of Y was translocated to the X

Arakawa et al., 2002; Kuroiwa et al., 2010




Rodentia
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Ellobius tancrei

subgenus Ellobius
Ellobius talpinus
2n=54, NF=54, XX ¢, &
Ellobius tancrei
2n=54-30, NF=56, XX 9, 8
Ellobius alaicus
2n=52-48, NF=56, XX ¢, &

Cricetidae

Arvicolinae
genus Ellobius

subgenus Bramus

Ellobius fuscocapillus
2n=36, XY & XX @
Ellobius lutescens




Subterranean Arvicolinae

Ellobius lutescens

Ellobius tancrei
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Suborder Family Genus
Subfamily
E u a rc h o nto I i res Hystricognatha Bathyergidae
g Bathyerginae Bathyergus
Cryptomys
Fukomys
Georychus
Heliophobius
Heterocephalinae ~ Heterocephalus
Octodontidae
Octodontinae Crenomys
Pithanotomys
Spalacopus
Echimyidae
Heteropsomyinae  Carterodon
Clyomys
Ellobius Euryzygomatomys
Myomorpha Muridae
; s Arvicolinae A;'vg:ola
ic A Ellobius
¥ ‘%# - Hyperacrius
I = Microtus
Spalacopus Myospalax Prometheomnys
Sigmodontinae Aepeomys
. Akodon
' Blarinomnys
Chelemys
Euneomys
z Geoxus
Rhizomys Kunsia
Notiomys
Myospalacinae Eospalax
Myospalax
Spalacinae Nannospalax
/ Spalax
Ctenomys Clyomys Fukomys Tachyoryctes Rhizomyinae Cannomys
Rhizomys
Tachyoryctes
Geomyidae
Geomyinae Geonys
Orthogeomys
Pappogeomys
Thomomys
Zygogeomys
250 COBPEMEHHbIX BUAOB rPbI3YHOB Sciwomorpha  Aplodontidse  Aplodonta

38 ponos, 6 cemMencTs



Box 1

Classification of social and breeding systems encountered in subterranean rodents

Solitary Burrow system is occupied by a single adult animal,
mother cares for her offspring alone, young disperse
after weaning.

Social Burrow system is occupied by at least two adult animals.

Colonial (communal),

polygynous,
+ cooperatively breeding

Familial,

monogynous
(monogamous),

cooperatively breeding

Eusocial

Typically, more than one female breeds in a colony
simultaneously; nest-mates may or may not cooperate.

Typically, only one female breeds. Dispersal of the
offspring is delayed; as long as they live in the parental
nest they do not reproduce; they help in foraging,
extending, maintaining and defending the burrow
system and looking after younger siblings.

Most of the offspring never disperse and are lifelong
nonbreeding helpers.

Burda, 1990




JBosnilouuAa ycounasibHOCTH

LeHa OrpaHnyeHne pasMmHOXEHNS,
NHOPUANHT
NSIOCHI YyCTOMYMBbIE NULLEBBIE PECYPCHI,

3dllinTa OT XULWHNKOB

noaanepxaHume yCounarsibHOCTH

LieHa orpaHuyeHune pasmHoxeHuna (1% -
ronble 3emnekonbl, 8% - gamapCcKkuu
3emJsiekon)

NroChbI HenpsMmble nocrencTeus: Kin selection,

YCTONYMBbIE NULLEBLIE PECYPCHI,
3alynTa OT XULLHUKOB
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Sox9 gene regulation and the loss of the XY/XX
sex-determining mechanism in the mole vole
Ellobius lutescens

Stefan Bagheri-Fam - Rajini Sreenivasan -
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Chromosome Res, 2012

SOX/TCF SOX(R5)  SOX/TCF ' GATA

CCTTTGTTCCTAA--CCTGGGCAG-TATGGAGAARATAACAATACCTTCTTTCAGAAACTGTGGGGAATCTGAAAGGTAGGATTCCTGCTCTCCCAGATAAGAGCTGGCAG
CCTTTGTTCCTAA--CCTGGGCGG-TTTTCACAARATAACAATGCCTTCTTTCAGARACT -TTAGGGCTARGARAGAGARGACTCC~ACTCTCGCAGATARGGGCTGGCAG
CTTTTGTTCCTAA--CCTGGGCGEGTTTTCACAARATAACAATACCTTCTTTCAGAACCT - TTGGGACTAAGAAAGGTACAAATCC-TCTCTCCCAGATAAGGGCTGECAG
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CCTTTGTTCCTAA--CCTGGGCAG-TTTTCACAAMAATARCAATAC-TTCT S e e e -~ ==~ ===~ GGCTARGARAGGGA-GACTCT-CCTCTCCCAGATARGGGGTGGARG
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CCTTTGTTCCTAA--CCTACGTTG-CTTTGGAAGGGTAACAATACCTCCTTTCAGCCCCTGCCAGGAGGCTGAAAGGTGTTCTCCCTACCCTCCCAGATARGAGCTGGCAG

CCTTTGTTCTCAA--GCTTGGC (85bp) AAGGTAACAATACATCCTTTCAGGCACTGCCAAAG--======== CCCTACTCAAGCCCACTCCGATAAGACCTGGCAG
CCTTTGTTACTAAR-CCTGTGC (58bp) GGGAATACAATAGGTCCTTTCAGGCTGTGCCAAGC--——-—-——~ TTCTTCTCAAGCCCTCTCAGATAAGCGCTGGCAG
CCTTTGITCCGCTCTCCTGGGCTA-TACTGC-TCGGTARCAATACCTGCATTCAAGCTGTGCCARGCAGCACAACGCACGTACCCTACCAGTGT-AGATAAGAGTAGGCAG
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E. lutescens

E. tancrei
- XY/XX system
A14 —p Up-regulation __ unstable (XX males)
of Sox9 - SRY dependence
reduced
E. fuscocapillus
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expression in
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enhancer for mammalian sex
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Sox9 SOX9
! l
Amh AMH

The ER71 protein belongs to the ETS transcription factor family and is testis-
specifically expressed in adult mice



differentiation is conserved in the
SRY-absent mammal, Tokudaia

Received: 16 June 2016

Accepted: 16 August 2016 OSimenSis

Published: 09 September 2016 . .
ublishe eprember Tomofumi Otake! & Asato Kuroiwa?

Mouse Amami spiny rat
(Most placenta mammals) (T. osimensis, 2n=25, XO/XO)
New

J Sry _gene

Er71 |viaTESCO  ER71  |via Another

Sox9 SOX9

SEX DETERMINATION 1

Sex reversal following deletion
of a single distal enhancer of Sox9

Nitzan Gonen’, Chris R. Futtner?, Sophie Wood', S. Alexandra Garecia-Moreno?,
Isabella M. Salamone®*, Shiela C. Samson't, Ryohei Sekido®1, Francis Poulat®,
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Exclusion of SOX9 as the Testis Determining Factor in
Ellobius lutescens: Evidence for Another Testis Determining
Gene Besides SRY and SOX9

Incorporating Mouse Geaome °
Annette Baumstark,* Mikhail Akhverdyan,T Angela Schulze,* Ingrid Reisert,# Mammal’an
Walther Vogel,* and Walter Just* Gen ome
Genes and Phenotypes

Review Articl
eview Articie Characterization of Pisrt1/FoxI2 in Ellobius Iutescens and

exclusion as sex-determining genes

e“e nnmenl Sex Dev 2007;1:211-221

DOI: 10.1159/000104771 . L )
Annette Baumstark,” Horst Hameister,” Mikhayil Hakhverdyan,

Irina Bakloushinskaya,®> Walter Just!

Ellobius lutescens: Sex Determination and
Sex Chromosome

W.Just® A.Baumstark? A.SiB? A.Graphodatsky? W.Rens® N.Schéfer?
. Bakloushinskaya® H.Hameister® W.Vogel?

>  Firstly, polymorphic/biallelic markers were searched, and then screened in at least
three generations families of mole voles.

The same strategy was used in mole voles for the main genes of sex determination
network:
» SOX9, SF1, Sox3, Atrx, NrOb1, Ar, Nr5a1, FoxI2/Pisrt1, Dmrt1

(Baumstark et al., 2001; 2005; Just et al., 2002, 2007).

No one demonstrated co-segregation of marker alleles with sex of animals.

»> A primary sex determining function was excluded for all mentioned genes in E.
lutescens and E. tancrei, species with X0 or XX sex chromosomes in males and females.



Fluorescence in situ
hybridization with the
isolated Fox/2 phagemid
or the Pirst1 phagemid to
metaphase spreads of E.
lutescens chromosomes
(2n = 17). The signals
map to the same region
on chromosome 8.

Inarporating Wewse Grsme

Genome

Genes and Phenoly pes

Characterization of Pisrt1/FoxI2 in Ellobius lutescens and
exclusion as sex-determining genes

Annette Baumstark," Horst Hameister," Mikhayil Hakhverdyan,?
Irina Bakloushinskaya,®> Walter Just’

24025 24083
Foxlz 313 ‘5
Pisrtt 12 11
LU0 00 Q000
. | C
24077 24078 24080 24084 240a7 2498 &80Ty 24370 24371 24372 24373 24384
Foxl2 35 34 14 34 15 14 15 314 34 34 34 7
P! 13 TT i1 i1 23 it 13 i1 z1 13 21 77
| J fl)
r 1 ] (5 A) é) C
24382 24375 24381 24383 25357
Foxi2 53 34 3 34 51 i |
it 31 z1 21 1 31 21

Genotypes of E. lutescens animals after marker analysis at the
Foxl2 and Pisrt1 loci. The pedigree shows the three-generation
family with 20 animals. Animals with identical genotypes but with
different sex, e.g., 24084 (male) and 24398 (female) exclude sex-
specific haplotypes as well as animals with different genotype but
same sex (e.g., males 24084 and 24087; females 24079 and
24371). The third generation, which was obtained by inbreeding,
shows some animals with identical sex but different genotypes
(e.g., 24381 and 24383).
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Two Y Genes Can Replace the Entire XY
Y Chromosome for Assisted SRY
Reproduction in the Mouse |

Yasuhiro Yamauchi, Jonathan M. Riel, Zoia Stoytcheva, Monika A. ——  S(OX09 )

S NS\

testis determinant factor FGFQ Sibar
Sry Sex-determining Region on the FGFR2 genes
chromosome Y

spermatogonial proliferation factor |
Eif2s3y
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Article

Chromosomal Evolution in Mole Voles Ellobius Sry | Eif2s3y
(Cricetidae, Rodentia): Bizarre Sex Chromosomes,
Variable Autosomes and Meiosis
No Sry
Sergey Matveevsky 1* (), Oxana Kolomiets !, Alexey Bogdanov 2, Mikhayil Hakhverdyan 3 and
Irina Bakloushinskaya 2 Eif2s 3y is
E. lutescens maintained

X0 g ) in male and female
Q . 157267 Ellobius lutescens genomes
— s B 1k Fragments of the Sry
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XY 6\ /XXQ _ maintained
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X X e E0 genomes
o4t Ellobius talpinus
E. talpinus o
XXJ 0 . d No Sry
- - e 1403
. Ellobius tancrei
E. tancrei Eif2s3y is
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o genomes
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0.008



Evolution of sex determination =
transcriptional evolution

DEVELOPMENTAL DYNAMICS 242:307-319, 2013

SPECIAL ISSUE REVIEWS-A PEER REVIEWE

Transcriptional Evolution Underlying
Vertebrate Sexual Development

Nicole Valenzuela,* Jennifer L. Neuwald, and Robert Literman

CBX2 (chromobox homolog 2)

Chromatin modificaton

upregulation of male-related genes SRY, SOX9, SF1
negatively regulates female-related FOXL2

Sox9 male-biased and Aromatase female-biased
expression appear ancestral and virtually conserved
throughout vertebrates

epigenetics
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BIOLOGICAL Cambridge
REVIEWS Philosophical Society
1

Rev. (2017), pp.
\ \HHI v.12,

New-age ideas about age-old sex: separating

eofganets

Isogamy Anisogamy meiosis from mating could solve a century-old
(identical) ¥ large conundrum
d*'motile

TWD ar One or Michael Brandeis*
MOTe e

#

Multicellular
organisms
- Parthenogenesis ¢
o ‘ " : Apomixis ¢

Umcellular
organisms

Obligate  Selfingand  Obligate V"
outcrossing outcrossing  selfing  Facultative Obligate
arthenog.
. s ‘ ‘ ‘ parthenog. p g
‘ ‘ Common Common Rare ‘
: . Common Rare
Genetic Environmental

sex determination  sex determination

Meiosis

Meiosis is highly conserved and rigid, mating is extremely varied and flexible



PGCs

Translocation
mitotic expansion

Sexually undifferentiated gonads PGCs

Gonadal
sex differentiation

Testis Male pathway Female pathway

v Mitotic expansion
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Meiotic entry
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Mitotic arrest/Decelerated cell cycle Meiotic arrest

Stem cell
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Resume mitosis

Oocyte maturation
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* Spermiogenesis
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i Spermiation Ovulation
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[ Focus Article |
From cyst to tubule: innovations { & 2

in vertebrate spermatogenesis
shosei Yoshida®  WIREs Dev Biol 2016, §:119-131.
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Ellobius talpinus, females

Sexual dimorphism in prophase I of meiosis in the
Northern mole vole (Ellobius talpinus Pallas, 1770) with

SCP3 isomorphic (XX) chromosomes in males and females
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Sexual dimorphism in prophase I of meiosis in the

Northern mole vole (Ellobius talpinus Pallas, 1770) with

5 s isomorphic (XX) chromosomes in males and females
0O.L. Kolomiets !, S.N. Matveevsky?, 1. Y. Bakloushinskaya?
XX
15
214 1
24 .

: 31 E. talpinus, males
23 , 14* '

17
9 f \

18 19
- 8
25 6
10 ‘ 26 .16
’ 22
7 -
2
20, .
g 13
14

a - late zygotene. A closed sex bivalent with short paratelomeric SC fragments and
extensive zone of asynapsis between the axial elements of XX chromosomes.

b - pachytene. Two electron-dense nucleolus-like bodies at each of XX chromosomes axes.
c - diplotene. The compact sex bivalent has a complicated confi guration and is surrounded
by a “cloud” of electron-dense material.
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in Ellobius: How do male XX
chromosomes recombine and

"= undergo pachytene chromatin

inactivation? 5 E. talpinus, male
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Sergey Matveevsky?, Irina Bakloushinskaya® & Oxana Kolomiets!
A B

; I
// Teprptel
- I'..- -F" gy
\ﬂ a '.:i * e .
-i .:- - : .". -“

Schematic illustration of male Ellobius MSCI (meiotic sex chromosome inactivation)

A pachytene spermatocyte (A) and a sex (XX) bivalent (B) of a mole vole are shown.

The sex (XX) chromosomes form a sex body on the periphery of the nucleus. The chromatin of the sex body
undergoes reorganization. MSCI markers have different distributions: SUMO-1 (yellow), ATR (black dots),
ubiH2A (blue), H2AFX (violet). SUMO-1 marks a small nucleolus-like body of the meiotic XX. ATR and ubiH2A
are localized in the asynaptic area of the sex bivalent. y H2AFX covers the entire XX bivalent. MLH1 signals are
shown only for the sex chromosomes (black balls). The red balls indicate centromeres.
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SYC P3 20 ‘ Rapid chromosomal evolution in enigmatic mammal

» with XX in both sexes, the Alay mole vole Ellobius
\ alaicus Vorontsov et al., 1969 (Mammalia, Rodentia)
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transcription Sry | Eif2s3y

:  The chromatin of the  :

: X chromosome undergoes : ok

a multi-stage reorganization: : .

:  and is inactivated Eif2s3y is
transcriptionally. o maintained

Male X chromosome : in male and female
form a typical sex body : genomes

: Fragments of the Sry
and Eif2s3y are
? maintained
in male and female
genomes

The chromatin of the

No Sry
sex chromosomes
undergoes a multi-
stage reorganization _ _
and is inactivated Eif2s3y is
transcriptionally. maintained
Male XX : in male and female
chromosomes genomes
form a typical sex
body



Hypotheses l

171 Insights & Perspectives

Bioessays 38: 734-743, ® 2016

Did sex chromosome turnover
promote divergence of the major
mammal groups?

De novo sex chromosomes and drastic rearrangements may have posed reproductive
barriers between monotremes, marsupials and placental mammals

ennifer A. M. Graves™ -
e e A Evolution of SRY

S50X2 —function in CNS and germcells

HMG box
Breakage &

Fusion expression in bipotential gonad

Gonad promotor

—

SRY — new function in testis determination

B Evolution of XY
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The Y chromosomes of the great apes

13
7] . 1.2 -3
6] Pille Hallast * and Mark A. Jobling
2 0.4
| | o1 Human genetics, 2017
human chimpanzee bonobo gorilla orangutan orangutan
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Partial synapsis in male XX 5018 *((LIDSEN

OBM Genetics LIDSEN Publishing In

Complete synapsis in female XX

Review

Unusual Ways to Lose a Y Chromosome and Survive with Changed

Male sex bivalent forms typlcal sex bOdy Autosomes: a Story of Mole Voles Ellobius (Mammalia, Rodentia)

Irina Bakloushinskaya * *, Sergey Matveevsky ?

E.talpinus E.alaicus E.tancrei E.fuscocapillus E.lutescens

. Sry and Eif2s3Y fragments
maintain in female genome

Ellobius Bramus
O Y chromosome loss
. Eif2s3Y translocation
() TESCO deletion
Ancestor XX / XY Evolution of sex chromosomes

in mole voles E//obius



sex is typically determined by
X and Y chromosomes

’

sex is controlled by one
master-switch gene

"




Multi-component, mutually
antagonistic pathways

Sexual
differentiation
genes

223

Vertebrate sex determination:
evolutionary plasticity of a
fundamental switch

Blanche Capel
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CHROMOSOME

\. TERRITORIES
N Boveri, 1909

Species specific genome structure is a kind of predlsposmon to translocations
Changing of nuclear archltecture may lead to a hew genetic system of species

centromeric
domain

gene-poor
chromatin
nuclear lamina

T. Cremer & C. Cremer, 2001, Nature




Chromosome Res (2011) 19:901-909
DOI 10.1007/510577-011-9245-0

Fluorescence in situ hybridization (FISH)
image of a mouse nucleus

The polar organization of the chromosome is
revealed with the gene (exon)-dense portion
of the chromosome oriented away from
the nuclear periphery

Fluorescence in situ hybridization with high-complexity

repeat-free oligonucleotide probes generated by massively

parallel synthesis

Shelagh Boyle - Matthew J. Rodesch -
Heather A. Halvensleben - Jeffrey A. Jeddeloh -
Wendy A. Bickmore




Cis and trans
co-association

ensenpton et Chromatin loop (Fraser & Bickmore, 2007)
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Human Chr 18

(gene poor) Homologous to

Human Chr 18

white-handed gibﬂlﬂl‘l white-handed glbbﬂn (Tanabe et al 2002)
’

KOHCepBaAaTUBHOCTb XPOMOCOMH bl X



Meaburn, Misteli, 2007

Maonrandom
chromosome &
clusters .

Chromosomes occupy
nonrandom radial positions relative to
the centre of the nucleus

Centre = Radlal |:H:|-5Itl-l:|-|"| - Periphery

Activation
Repression
Imprinting

Co-regulation

Translocation ,

Changing the
relative arrangement of genome regions
(coloured rectangles) to bring them into close
proximity is functionally relevant for gene
activity, and for the formation of chromosomal
translocations

Species-specific genome structure is a kind of predisposition to translocations
Changing of nuclear architecture may lead to a new genetic system of species
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Evolution

Speciation by monobrachial centric fusions

(chromosomes / reproductive isolation /cryptic species/population genetics)

ROBERT J. BAKER* AND JOHN W. BickHAMT
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Genetics of mammalian meiosis:
regulation, dynamics and impact
on fertility

Mary Ann Handel* and John C. Schimenti* ol 9 o
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Embryos

Centromeres

2001 by the Geneucs Society of America

Female Meiosis Drives Karyotypic Evolution in Mammals

Fernando Pardo-Manuel de Villena* and Carmen Sapienza’

Female Mewotic Drive i Evolution

a) b)
/\ Partial nondisjunction Total nondisjunction
Mone Mone
138 208 227 101 13 1
14.16; P« 0.0001 48.40; P< 10-7 10.29; P<0.005
0 1 1 2 0 3

1151

Froure 2 —Chromosome seg-
regation in unbalanced prod-
ucts of female meiosis. Segrem-
fon in X0 female mice {a) and
segregation in chickens that
are halanced carmiers of chro-
mosome  fissions (b) are de-
picted. Top row of numbers in
each box 15 the number of me-
atic Frl'l!ll!l.lll!'lri containing the
chromosome depicted above,
In b, the top row of numbers
represents the sum of all unbal-
anced products with the indi-
cated number of centromeres.
Bottoen row  of numbers m
each box 1s the ;.;"'. followed by
the Fvalue for Hy: random seg-
regation.
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50x50
Breeding

strict inbreeding (sibs)

Parental fertility

P1 x P2 30 litters, 86 pups
(2,87 = 0.57)

Hybrid fertility

F1 44 litters, 71 pups

(1,61 = 0,84)
F2 45 litters, 98 pups
(2,18 = 0,83)
277 litters
F11 613 animals
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Chromosome synapsis in pachytene spermatocytes of E. tancrei
hybrids of different generations
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Chromosomics: Bridging the Gap between Genomes
and Chromosomes
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Figure 3. The integrative breakage model, a multilayer framework for the study of genome evolution
that takes into account the high-level structural organisation of genomes and the functional constraints
that accompany genome reshuffling [64]. Genomes are compartmentalised into different levels of
organisation that include: (i) chromosomal territories, (ii) ‘open’ (termed “A’)/ closed’ (termed ‘B’)
compartments inside chromosomal territories, (iii) topologically associated domains (TADs) and (iv)
looping interactions. TADs, which are delimited by insulating factors such as CTCF and cohesins,
harbour looping topologies that permit long-range interactions between target genes and their distal
enhancers, thus providing ‘regulatory neighbourhoods” within homologous syntenic blocks (HSBs).
In this context, the integrative breakage model proposes that genomic regions involved in evolutionary
reshuffling (evolutionary breakpoint regions, EBRs) which will likely be fixed within populations are (i)
those that contain open chromatin DNA configurations and epigenetic features that could promote
DNA accessibility and therefore genomic instability, and (ii) that do not disturb essential genes and/or
gene expression.



"The more we learn about the world, and the deeper our
learning, the more conscience, specific, and articulate will be
our knowledge of what we do not know, our knowledge of our

ignorance. For this, indeed, is the main source of our
ignorance--the fact that our knowledge can be only finite,
while our ighorance must necessarily be infinite." Karl Popper
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A Comparative Analysis of the Mole Vole Sibling
Species Ellobius tancrei and E. talpinus (Cricetidae,
Rodentia) through Chromosome Painting and
Examination of Synaptonemal Complex Structures
in Hybrids
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