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Table S1. Sex chromosomes of rodents studied and CDK2 signals patterns

) Chromosome ~
Species x chromosomes
numbers

Sex bivalent®

. . X and Y have CDK2 positive
Synaptic XY bivalent. MLH]1 containing recombination
2n=42, Heteromorphic system. The centror.n.eric region of wdiilles 2. CD_KZ pesiive
Rattus NF=60 X: medium acrocentric the X participates in the telomeres. Asynaptic part of the X [1,.2]
norvegicus XY Q)QX Y: short acrocentric synapsis. The Y axis lies . has a large number of CDK2 /
’ ’ completely along the X in | signals. Y has on average 1 weak
the mid-late pachytene CDK?2 signal or it is completely
absent.
. . X and X have CDK?2 positive
on=54 Male and female large Synaptic male XX bivalent MLHI1 containing recombination
Ellobius NF=5 4' homomorphic / isomorphic with two telomeric SC nodules of the synaptic segments 3,4]
talpinus 39 XX/ (G-bands) acrocentric sex segments and extended and CDK?2 positive telomeres. ’
chromosomes central zone of asynapsis Asynaptic part of the X has a
large number of CDK2 signals.
) ) X and X have CDK2 positive
2n=52-48 Male and female large Synaptic male XX bivalent telomeres and regularly, but not
Ellobius NF=56 ! homomorphic / isomorphic with two telomeric SC always one CDK2 signal in the [4,5]
alaicus P XX, (G-bands) acrocentric sex segments and extended synaptic segments. Asynaptic !
? chromosomes central zone of asynapsis part of the X has a large number
of CDK2 signals.
2n=54-30 Male and female large Synaptic female XX Female XX bivalent has CDK2
Ellobius NF=56 ! homomorphic / isomorphic bivalent with delaved positive telomeres and 2-4 weak 3.4]
tancrei 4 (G-bands) acrocentric sex . y CDK2 signals in interstitial sites ’
3eXX chromosomes synapsis in the central area and delayed area.
Asynaptic achiasmatic XY
bivalent. There are X and Y have CDK?2 positive
Microtus 2n=46, Heteromorphic system. irregular SYCP3 telomeres. X has a large number
lis NF=84, X: medium metacentric thickenings along the X of CDK2 signals. Y has on [6,7]
aroa IXY, XX Y: short acrocentric and Y axes. The X and Y average 1 weak CDK2 signal or it
axes are always close to 1 Emmppllislly st
each other
Heteromorphic system. Synaptic XY bivalent with Xand Y have CDK2 positive
P, X: large submetacentric long synaptic segments sslomenes and wae QUL signel i
Cricetulus nes Y: large submetacentric and thick long asynaptic synaptic segment. Asynaptic
migratorius NF=44, X and Y chromosomes are axes that have numerous parts and SYCP3 loops/fragments | [8,9]
3XY,XX of the X and Y have 4-8 CDK2
the same length and SYCP3 loops and SYCP3 dots of different intensity and
different G-band patterns fragments size.
Synaptic XY bivalent with Al Wl COLS posiiive
N, I 2n=46-58, Heteromorphic system. centromere coorientation, | telomeres. Asynaptic part of the X
Annospazax NF=76-98, X: medium submetacentric The Y axis lies completely . has a large number of CDK2 [10]
leucodon X K § signals. Y has on average 1 weak
3XY,2XX Y: short subtelocentric along the X in the mid-late CDK2 signal or it is completely
pachytene absent.

Remarks: 2n — diploid number, NF — number of chromosome arms, SC — synaptonemal complex. * - see Figure S1
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Idiogram  Scheme of sex bivalent Sex bivalent
CDK2 SYCP3CDK2

Microtus Male asynaptic X
sex (XY) :
Sigmodontinae chromosomes

Gice Woue Male isomorphic
Cnceudae Neotominae Ellobius sex (XX)
: talpinus chromosomes with

Arvicolinae asynaptic zone

Male isomorphic
Ellobius sex (XX)
Gerbilinae alaicus chromosomes with - X
asynaptic zone

Deomyinag ) )
Female isomorphic ;. *

Lophiomyinae Ellobius sex (XX)

Nesomyinae tancrei chromosomes w!th
delayed synapsis

: i Dendromurinae
Eumuroida | . Synaptic

: i Cricetomyinae Cricetulus equal-lenght
X-and Y-

Petromystinae migratorius
chromosomes

Mystromyinae :
‘ Synaptic X- and Y-
Delanymyinae Rattus chromosomes with

Calomyscinae norvegicus opposite position

. of centromeres
— —<] Spalacinae \N
annospalax

"

Spalacidae

Rhizomyinae Synaptic X- and Y-
’ chromosomes with
Wycepaizcann leucodon | aligned position

) of centromeres
Platacanthomyinae

Figure S1. CDK2 distributions in prophase I sex chromosomes of different rodent taxa. The phylogenetic tree is taken from Steppan, Schenk, 2017 [11], doi:
10.1371/journal.pone.0183070.g001 (with modifications: resized, desaturated, recolored and deleted some taxa names) in accordance the Creative Commons Attribution License (CC
BY 4.0). Idiograms of G-banded sex chromosomes were drawn based on: 1. Mazurok et al., 1996 [6]; 2. Matveevsky et al., 2017 [4]; 3. Lavappa, 1977 [8]; 4. Hamta et al., 2006 [2]; 5.
Savi¢, 1., Soldatovié, 1984 [10] (G-banding is unknown). Each sex bivalent of the rodent can be seen in the whole nucleus: a in Figure S2a, b in Figure 4d, ¢ in Figure S2b, d in Figure
S2¢, e in Figure S2d, f in Figure S2e, g in Figure S2f. A yellow asterisk indicates the terminal synapsis of the sex chromosomes.



https://doi.org/10.1371/journal.pone.0183070.g001
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M. arvalis |SYCP3

&

E. tancrei,Q

N. leucodon

Figure S2. CDK2 distributions in pachytene meiocytes of different rodents. a-a”. Microtus arvalis; b-b". Ellobius
alaicus; c-¢”’. Ellobius tancrei; d-d”’. Cricetulus migratorius; e-e”. Rattus norvegicus; f-f”’. Nannospalax leucodon. a-b,
d-f — males; ¢ — female.



Figure S3. CDK?2 distributions in prophase I spermatocytes of Microtus arvalis. a. Early pachytene; b. Mid pachytene; c. Mid — Late pachytene; d. Early diplotene; e. Mid diplotene; f.
Late diplotene - Diakinesis.
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Figure S4. Multi round/multistep sequential immunostaining procedure. Immunostaining was carried out
sequentially in several rounds and steps. See detailed description in “Immunostaining procedure” subsection

(Materials and Methods section).
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Table S2. Rodent sex bivalents and CDK2 foci in spermatocytes at the early - mid pachytene stage

Average number

Number of Average

X .. Number of Average length of  Average number of = Number of CDK2
Species pucls length of the - of CDK2 foci in CDK?2 foci per the Y, um [M CDK2 fociinthe Y  foci per length of
o the X IMESEMI | 1 \gth of the X +SEM] [M £SEM] the Y
analyzed [M+SEM] (see Figure S5) 8 - -

1 2 8 4 5 6 7 8

A | Rattus norvegicus, 31 12.8:0.8 158:06, 123 6.49:0.37 142:0.17, 0.22
3 range: 10-22 range: 0-4

| e i 38 8.2+0.6 9-83£0.49, 1.19 10.05+0.7 X": 8.0810.39, 0.8
3 range: 6-18 range: 3-14

c | Ellobius alaicus, 16 8.15+0.76 s 0.97 9.84:0.63 Y 0.67
3 range: 4-13 range: 3-11

D Ellobius tancrei, 2 11.07+0.48 XX: 3.63+0.36, 0.33 _ See 4D =
Q range: 1-8

Nannospalax 10.37+0.74 1.2+0.16

E leucodon, 28 7.97+0.59 ! 1.3 3.31+0.26 g 0.36

a range: 6-19 range: 0-3
Cricetulus

E|  migratorius, 21 16.41£0.73 Ry 0.35 15.29:0.71 SRl 0.29
a range: 2-10 range: 1-9

G | Microtus aroalis, 44 10.76:0.8 R 05 3.580.29 . 03
3 range: 1-16 range: 0-3

# The nuclei with sex chromosomes were analyzed during the transition from early to mid pachytene stages when it is possible to identify individual axial elements in the sex bivalent. Sex bivalents with
fragments of axial elements and with complete synapsis of the X and Y and CDK?2 foci at the telomere sites were not taken into account. * The mole voles have two male X chromosomes; the calculations

took into account the second X chromosome with a chromatin dense body (ChB). ** The whole sex (XX) bivalent with delayed synapsis was taken into account for E. tancrei female. M — mean value. SEM
- the standard error of the mean.

Comparison of the number of CDK2 foci for some pairs:

Significant (P < 0.05): A4/B4, A4/B7, A4/C4, A4/C7, A4/D4, A4/E4, A4/F4, A4/G4, B4/B7; B4/C4, B4/C7, B4/D4, B4/E4, B4/F4, B4/G4, C4/D4, C4/E4, C4/F4, C4/G4, D4/E4/ D4/F4, D4/G4, E4/F4, E4/G4, B7/C7;
Not significant: C4/C7, F4/F7, F4/G4
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Figure S5. A number of CDK2 foci (M+SEM) per asynaptic part of the sex chromosome in pachytene meiocytes of different rodents. Sex chromosomes were analyzed during the
transition from early to mid pachytene stages when it is possible to identify individual axial elements in the sex bivalent. The whole bivalent was taken into account for E. tancrei
female. X* indicates male X with a chromatin-dense body for Ellobius. Data of CDK2 signals see Table S2. n — number of cells.
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Table S3. Colocalization and non-colocalization of SUN1 and CDK?2 foci in autosomal bivalents and sex bivalents

of rat and mole vole spermatocytes at the mid pachytene stage

Total . . . . . . Average number of
number Bivalents with Bivalents with non-colocalization bivalents with non
Species of colocalization of | of SUN1 and CDK2 [n (%), orange e
bivalents SUN1 and CDK2 color] nucleus [n+SEM]
12 (2,9%)
Rattus . 20 420 408 0.6+0.19
norvegicus (range: 0-4)

7(13%

Ellol.nus 20 540 533 0.35+0.12
talpinus (range: 0-2)

Remarks to diagrams: brown — colocalization, red — non-colocalization

Table S4. Colocalization and non-colocalization of MLH1 and CDK?2 foci in autosomal bivalents of rat and mole
vole spermatocytes at the mid pachytene stage

Total Autosomal . . Average number of
. . Autosomal bivalents with non- . .
number of bivalents with . . bivalents with non-
. . colocalization of MLH1 and . .
autosomal  colocalization of CDK2 [n (%), orange color] colocalization per
bivalents MLH1 and CDK2 ol 8 nucleus [n+SEM]
33 (5 5%)
Rattus' 30 600 567 1.1+0.23
norvegicus (range: 0-5)

18 (2.3%)

Ellobius 0.6+0.15
talpinus 30 780 762 9 (range: 0-3)

Remarks to diagrams: blue — colocalization, orange — non-colocalization
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