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tO>kHOamepurKaHCKMe rpbi3yHbl poaa TyKo-Tyko (Ctenomys) npeacTaB-
NAT CO60I MHTEPeCHYIo Mofenb BuaoobpasoBaHus. Mx ctporas
TEPPUTOPUANbHOCTb M OQNHOYUHDBIV 06pPa3 KM3HW Mo 3eMnel,
CUJIbHO (bpaFMeHTVIpOBaHHbIe apearnbl, HU3KaAa MUrpaunoHHanA
AKTUBHOCTb NOCAYXWUV MPUYMHAMU UX OUYEHb ObICTPOI pagnaLmn.

B HacToALwee Bpema onncaHo okono 60 Bugos 31oro poga. Ero npep-
CTaBuTENe o6HaPYKMBAIOT B CaMblX Pa3HbIX MECTOOOUTAHMAX,

OT rop B AHZAX 40 NPUBPEXHbIX AoH ATNAHTUKK, OT BIaXKHbIX CTenei
Mamnbl 4o nycTbiHb Yako. TyKo-TYKO OTIMYAITCA OYEHb BbICOKAM
YPOBHEM XPOMOCOMHOFO MOIMMOPOM3MA 1 MONTUMNM3MA Ha OCHOBE
PO6EpPTCOHOBCKMX M MONHO-MNIEYEBbIX PELMMNPOKHBIX TPAHCIOKALMIA
n VIHBepCVIVI N NO3TOMY MOTyT 6bITb MCNOJIb30BaHbl ANA TeCTUpoBaHMA
|Pa3HbIX BEPCUI F’MNoTe3bl XPOMOCOMHOIO B1goobpa3oBaHus. Knaccu-
yeckas BepCUsi 3TON rmnoTesbl AeNaeT akUeHT Ha CTePUIbHOCTY rMb-
praoB, 06yCNOBNEHHON HEMPABUAbHBIM UM HEMOMHBIM CMHAMNCUCOM
XPOMOCOM Y reTepOo3unroT Nno NePecTpoiKam, rmbenbio 3apoablLLEeBbIX
KNEeTOK, HeMnpaBUIIbHOW cerperaumen XpoMoCcom 1 reHepaumen
HecbanaHCMPOBaHHBIX rameT. B pamKkax COBpeMeHHOW Bepcum Xpo-
MOCOMHOrO BMA00O6pa3oBaHNA NpeArnonaraeTcs, YTo CoKpalleHme
NoTOoKa reHOB Yepes XPOMOCOMHbIE FMMOPUAHbIE 30HbI 00YCIOBNEHO
noAasfieHneM pekoMbrHaLmn y rMbprAOB BOKPYT TOUEK pa3pbliBa
nepecTpoek, pasnunyaroLmx poauTenbckme Buabl. [llonesble nccneno-
BaHVA He BbIABUIIV CUJIbHbBIX HEraTUBHbIX 3GHEKTOB XPOMOCOMHOM
reTepo3nroTHOCTN Ha I'IpVICI'IOCO6J'IeHHOCTb. ot pe3ynbtatbl NOCTa-
BU/IN NOA COMHEHME BaMAHOCTb KIACCUYECKON BepCU FMnoTe3bl.
AHanu3 noBefeHNs XpOMOCOM B Npodase Melo3a y reteposmrot

Nno nepecTporikam BbISIBA Y HUX 3HAaUMMble 3MEHEHNA B YacToTe

1 pacrnpefeneHnn peKoMorHaLumm: Cynpeccuio KpocCuHrosepa

B palloHe ToUeK pa3pblBa 1 AUCTANN3aLMI0 XMa3M. DTN N3MEHeHUA
MOTryT MOAYNMpPOBaTb NMOTOK reHOB MeXAY XPOMOCOMHbIMK pacamu

1 yCUnvBaTh AMBEPreHL M0, BO3HUKLLYIO 33 CYET MPOCTPaHCTBEHHOW
M30MAL4MN. TN AaHHble NOATBEPKAAIOT PEKOMOMHALIMOHHYIO MOAENb
XPOMOCOMHOTO BMAO06Pa3oBaHuA.
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Tuco-tucos, South American rodents of the genus
Ctenomys represent an interesting model of speciation.
Their strict territorial and solitary life under the earth,
vast but highly fragmented habitats, low migration
activity were the causes of their very fast radiation.
About 60 species of this genus have been described.
They are found in a variety of habitats, from the
mountains of the Andes to the coastal dunes of

the Atlantic, from humid steppes of Pampas to dry
deserts of Chaco. Tuco-tucos have a very high level

of chromosomal polymorphism and polytypism
based on Robertsonian and whole-arm reciprocal
translocations and inversions, and can therefore

be used to test different versions of chromosomal
speciation hypothesis. The classic version of this hypo-
thesis emphasizes the sterility of the hybrids, due to
incorrect or incomplete chromosome synapsis in
heterozygotes for rearrangements, germ cells death,
chromosome nondisjunction and the generation

of unbalanced gametes. The modern version of chro-
mosomal speciation hypothesis suggests that the
reduction of gene flow across chromosomal hybrid
zones is due to the suppression of recombination

in hybrids around the break points of rearrangements
distinguishing the parental species. Field studies have
not revealed strong negative effects of chromosomal
heterozygosity on the fitness of the carriers. These
results cast doubt on the validity of the classic version
of the hypothesis. Analysis of chromosome behavior
in the meiotic prophase in the chromosomal hetero-
zygotes revealed significant changes in the frequency
and distribution of recombination: crossingover
suppression around the breakpoint and chiasma
distalization. These changes can modulate the flow

of genes between chromosomal races and amplify
the divergence which has arisen due to spatial isola-
tion. These data confirm the recombinational model
of chromosomal speciation.

Key words: speciation; tuco-tuco; chromosomes;
immunolocalization; meiosis; recombination.



POLECChl, KOTOPbIC BCAYT K IMOABJICHUIO HOBLIX BH-

JIOB — BHJI000Pa30BaHHIO, UTPAIOT [IEHTPAIBHYIO POJIb

B 9BOITIONINH OMOpazHooOpasust. OcoOeHHO MHTEPECHBI
1 CJIOKHBI JId UCCJIEAOBaHUA CaMbIC paHHUC CTaAUU BUOO-
oOpasoBanust. Ha 3TuX 3Tanax TpyJHO ONPEAEIUTD, KOT/A, T/Ie
Y TIOYEMY Ta WJIM MHAs MOMYJSIHS WIN TPYIIa TTOMYJISIUH
CTaHOBUTCSI HE3aBUCUMOM BOJIIOIIMOHHON JTMHUEH, B KaKou
MIEPHOJ] ¥ Ha KaKOW TEPPUTOPUU Ta WM WHAsI TUHUS OTIEIs-
eTCs OT OCTAlbHBIX MOMYISIMNA CBOETO BHJIAa M BBIXOANUT Ha
YHUKaJIbHYIO 9BOJIOLMOHHYIO TPAEKTOPHIO U KaKKe (haKTopbl
UTPAIOT PEIIAIONIYIO POJIB B 3TOM mporiecce. CampiMu HHPOP-
MAaTHUBHBIMU JUIS PEIICHHS TAKOTO POJia BOIPOCOB SBIISIOTCS
Cllyyal OTHOCHTENILHO HEJIaBHEr0 BUI000pa30BaHUsI, KO/
TPaHMIBI BUJIOB PA3MBITHL M CJIOKHO Pa3rPaHUYUTH CTaTyC
JIOKJIBHBIX MOMYJISIMH, WX TPHHAUIEKHOCTh OHOMY WIIN
Ppa3HbIM BUOAAM.

Jns m3ydeHns myTeil M MeXaHM3MOB BHI000pa30BaHUA
0COOBII MHTEPEC PEJICTABISAET OTPSI/L IPBI3YHOB, TOCKOJIBKY
OHH COCTAaBJIAKOT OKOJIO ITOJIOBHHBI BCEX BHU/I0B MJICKOIIUTA-
IOIINX, OTIMCAHHBIX Ha ceronusmHui neHsb (Wilson, Reeder,
2005). B maHHOI cTaThbe MBI PacCCMOTPUM OCOOCHHOCTH
BUZ000pa30BaHMs y I0)KHOAMEPUKAHCKUX I'PhI3YHOB poja
Tyko-Tyko (Ctenomys) (puc. 1), eTHHCTBEHHOTO poja B Ce-
meiictBe Ctenomyidae (Hystricognathi, Rodentia), o6parus
0co00e BHIMaHKE Ha POJIb XPOMOCOMHBIX [IEPECTPOCK B 3TOM
mpo1ecce.

PacnpocTpaHeHue n 06pas KN3Hu

poaa Ctenomys

TyKo-TyKO — IOJTHOCTBIO MoA3eMHbIe obuTarenn. OHM Mpo-
BOZSIT OOJIBILYIO YaCTh CBOETO BPEMEHH I10]] 3eMJIei, He3aBH-
CHMO OT THIIa CPeIbl OOMTAaHUS U MECTOIONIOKEHUS (puc. 2).
Hopsl o0ecrieunBaroT TyKO-TYKO OZHOPOIHOM cpenoH, rie
TeMIIepaTypa 1 BIKHOCTh OCTAIOTCS IIOCTOSTHHBIMU IIPH JIF0-
6p1x BHEeTHUX ycoBusx (Reig et al., 1990; Busch et al., 2000).

[IpencraBurenu poxa Ctenomys HACEISIOT BCIO IOXKHYIO
yacTh IOxHOU Amepuku, Bkitouas bpasunuio, bonusuio,
Iepy, [laparsaii, Ypyrsaii, Yunm u Aprentuny. Mx oOHapy-
JKMBAIOT B CAMBIX Pa3HBIX MECTOOOWTaHMsX, OT LleHTpains-
Hoanjickoii [Tynsl Ha BeicoTe 4000 M HaJ ypOBHEM MODsI 10
MpHUOPEKHBIX AIOH ATIAHTHKH, OT BIAXHBIX cTerneil [lamms
no mycteiab Yako u Monrte (puc. 3).

Tyko-TyKo BcTpedaroTcsi B Ipupoe B pparMeHTHPOBAHHBIX
cpenax ¥ UMEIOT OrPaHMUEHHYIO CIIOCOOHOCTD K PACCETICHHUIO
(Busch etal., 2000). Onu, kak mpaBuiI0, 00pasyroT HeOOIbIINE
MOMYJISIMY (IEMBI) C HU3KOM TeHETHYECKOW N3MEHUYHBOCTHIO
BHYTPH IPYII U BBICOKOH MEXITOMY/ISILIMOHHOM TUBEPreHIIMEN
(Wlasiuk et al., 2003). BoibIIMHCTBO BUIOB OMUHOYHEIC C BHI-
Pa)KeHHBIM TEPPUTOPHAIBHBIM TToBeeHneM. Kaxknas ocoOb
JKUBET B MHJIMBUAYAJILHOM, CTPOTO OXpaHsIeMOi CUCTEME HOP.
HckiroueHne cocTaBislOT TOJIBKO CAMKH U X ITOTOMCTBO
HEKOTOpOe BpeMsi 1ociie oTbeMa. M3BecTHO Beero jiBa couu-
aNbHBIX BUJA TYKO-Tyko. Y C. peruanus camMIibl OAUHOYHBIE,
a caMku 00pazytot kostonuu. Y C. sociabilis OT IByX 710 IIECTH
B3pOCIIBIX CAMOK M B3pOCIIbIH CaMel] COBMECTHO HACEJSIOT
CHCTEMY HOp, YYacTBYIOT B (pypaskMpOBKE, KOIIKE M OXpaHe
HOp. Y 3TOT0 BHJIa OMCaHa CHCTEMa TPEBOXKHOI CHTHAIN3a-
I[UH B OTBET Ha MPOHUKHOBeHME XUIHUKOB (Pearson, Christie,
1985; Lacey et al., 1997; Lacey, Wieczorek, 2004). Takoit
00pa3 JKU3HM BEJET K CHIIBHOIM T'eHETHYECKOM M MpOCTpaH-

CTBEHHOH CTPYKTYPUPOBAHHOCTHU MOMYIALUN TYyKO-TYKO,
3HAYNTENFHON BHYTPH- U MEKBUIOBOW TUBEPTEHITIH 32 CIET
npetica renos (Reig et al., 1990; Lessa, Cook, 1998; Lessa,
2000; Slamovits et al., 2001; Mora et al., 2006).

SBONIOLOHHAA NCTOPUSA N COBPEMEHHAA
AusepreHuusa poga Ctenomys

B nmaneoHTON0rHuecKoi JNeTONUCH MPENCTaBUTENN CEMEN-
crBa Ctenomyidae BriepBbIe MOSBISIOTCS B KOHIIE MHOIICHA.
B KxoHIIe TIMOLIeHa OHU J€EMOHCTPUPYIOT OTYETIIMBOE yBE-
JMYEHHE Pa3HO00pa3usi, 332 KOTOPBIM CIEAyeT BHIMHpAHUE
BCEX POJIOB 32 UCKITtoueHueM poza Ctenomys. B muieiictorieHe
HaGHlO[laeTCH WHTEHCUBHBIN KJIaJOT€HE3 U 3HAYUUTCJIbHAsA
nmuBepcudukanus Tyko-Tyko (Reig et al., 1990; Verzi, 2008;
Verzi et al., 2010).

[ockonbky pon Ctenomys NOSBUICS B KOHIE IJIMOLICHA,
€ro HBIHEITHEee BHIOBOE Pa3sHOOOpa3ne MOXKET OBITh 00BsIC-
HEHO TOJIbKO OYCHb BBHICOKUMHU TEMITAMH BHI000pa30BaHUS
(Reguero et al., 2007; Verzi et al., 2010; Parada et al., 2011).
Ha ocHOBe MONEKYJISIpHBIX JaHHBIX BO3pacT poaa Ctenomys
omeHuBaeTcs kak 3,7 muH net (Castillo et al., 2005). 3to
X0poHuIio coriacyercda € MajJCeOHTOJOTHYCCKUMU JaHHBIMU,
KOTOpBIE CBHJIETEIBCTBYET O TOM, YTO PACXOXKICHHE MEKITY
Ctenomyidae n Octodontidae mponsonuio He paHee 4eMm
9 mutn siet Hazan (Verzi, 1999, 2002; Verzi et al., 2010).

Pon Ctenomys Bxirouaet B ceds oxoio 60 BUIOB M, TAKIM
o0pazom, IpeacTaBisieT co0oi Hanbonee Ooraryro BUAaMHU
IpyIITy Cpey noa3eMubIx rpei3yHoB (Reig et al., 1990; Lessa,
Cook, 1998; Castillo et al., 2005; Woods, Kilpatrick, 2005).
Hexoropsie dhopmbl pona Ctenomys 10 CHUX MOP HE UMEIOT
(hopmanbHOTO onrcaHusi. MHOTHE HOMUHAIBHBIC BHIbI ObLIN
0XapaKTepH30BaHbI 110 OJHOMY HITH HECKOJIILKUM 00pa3iiam.
Ora knaccudukaiys Obljla OCHOBaHA TIIABHBIM 00pa3oM Ha
aHaJM3e MOP(OJIIOTHYECKUX TPU3HAKOB, TAKMX KaK 0COOCH-
HOCTH MOP(OJIOTHH Yeperia, OKpacKu Mexa U pa3Mmepa Tela.
Co BpeMmeHeM sl KIACCU(PUKAIUK CTAIHU HCIOJIb30BaTh
ocobennoctu kapuotumnos (Reig, Kiblisky, 1969), mopdo-
noruto cnepmaro3zonnoB (Feito, Gallardo, 1982), gacToTs
AIJIO3UMHBIX JIOKycoB (Sage et al., 1986) u MonekynspHbIX
mapkepoB (Lessa, Cook, 1998; Mascheretti et al., 2000;
Giménez et al., 2002; Castillo et al., 2005; Mirol et al., 2010;
Parada et al., 2011).

B npenenax pona Ctenomys Ha OCHOBe Ouoreorpaduue-
CKUX, MOP(OJIIOTHYECKIX U MOJICKYIISIPHBIX XapaKTePHCTHK
BBIJICIISIFOT HECKOJIBKO OTYETIMBBIX (DHJIOTCHETHUESCKUX JINHUH
(Reig et al., 1990). [IepBble MOMBITKH OMPEAEIUTH (HIOTE-
HETHYECKUE OTHOLICHUSI MEX/y Pa3IMYHbIMHU JIMHUSMH Ha
OCHOBE aHAJIN3a TOCIIEIOBATEILHOCTEH MUTOXOHAPHATIEHOTO
uToxpoma b He yBenuanuck ycnexom (Lessa, Cook, 1998;
Mascheretti et al., 2000). O61acTs HEONPEAECTCHHOCTH Jie-
JKUT B OCHOBE JIAaHHOHW Kiajbl. DuioreHus uMeer Gopmy
3BE3/Ibl, UTO YKa3bIBa€T Ha B3PHIBHOE BUA000pazoBaHUE
Y MOYTH OTHOBPEMEHHOE TOSIBJICHUE HECKOJIBKHUX KPYITHBIX
¢dunorenernuecknx ymHUR (Lessa, Cook, 1998). HemaBHO
A. Tapana u corpynnuku (Parada et al., 2011) nccnenosanu
(unmoreHeTnyeckue cBsI3u 38 BUAOB M 12 HEOMHMCaHHBIX
(bopM TYKO-TYKO, HCIOJIB3Ys 83 MOJHBIC MOCIIEI0BATEIb-
HOCTH MUTOXOHAPUAJIBHOI'O IUTOXpOMa b OHu HaIIIA BO-
CeMb OTHOCHUTEJILHO XOPOIIO MOAJEPKHUBAEMBIX BUIOBBIX
rpymit: boliviensis, magellanicus, frater, opimus, torquatus,
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Xpomocombl 1 BUR006pa3oBaHie y TYKO-TYKO
(Ctenomys, Hystricognathi, Rodentia)

Puc. 1. Tyko-Tyko C. dorbignyi, KoppueHTec, ApreHTrHa.

®oTo M.X. Tomec DepHaHfec.

Puc. 2. Tyko-Tyko C. flamarioni B TunnuyHom mectoobutaHuu, Puo lpange
no Cyn, bpasunua.

®orto K. Tumm (Claudio Timm http://flickr.com/photos/32674493@
NO04/5346736979. 9To n3obparkeHne pacnpoCcTpaHAETCA Nof NvLeH3ven
Creative Commons Attribution-Share Alike 2.0 Generic).

tucumanus, mendocinus v talarum, KOTOpble OBUTH HAa3BaHbI
M0 UIMEHHU CaMBbIX CTaphIX BUIOB B Kaxk1oi rpymie. OTHoIIIe-
HHS BHYTPH OOJIBIINHCTBA BUIOBBIX IPYIIIL, 38 HCKIIIOYEHHEM
JIBYX TIOCJICTHHX, UMEITH CIIa0y0 MOACPIKKY. DTH PE3yIbTaThI
MOATBEPIKAAIOT MPEIBIAYIIHE BBIBOIABI O BHICOKHX TEMITax
IUBepCH(UKALIMU B OCHOBE KJIaJbl TyKO-TYKO, XOTSl IPHYHHA
9TOW TUBEPCHU(DUKALIMN OCTACTCS HESICHOM.
DKCTpaopJArHapHas CKOPOCTh BHI000pA30BaHUs CpeIu
TYKO-TYKO, [1O-BHJHUMOMY, OOyCIIOBJICHa COBMECTHBIM JIeH-
CTBUEM MHOTHX (hakTopoB. K HUM OTHOCAT CHITBHO hparMeH-
THPOBAHHBIC apeasibl, )KCCTKYIO MPOCTPAHCTBEHHYIO U30JIs-
LU0 JIOKAJIBHBIX MOMYJLIIUHA, OrpaHUYEHHYIO TIOJBHKHOCTD
Y HHU3KUIl YpOBEHb MUrpAlMil, HU3KYIO 3)(HEKTHBHYIO YHC-
JICHHOCTH MOMYIISIINiL, CTPOTYIO TEPPUTOPHATHLHOCTH OTHUX
BUJIOB U PHTUJIHYIO CHCTEMY COLIHAIIBHO-CTPYKTYPHPOBAHHBIX
Opaunbix cBszedt (Reig et al., 1990). OgauM U3 BakKHEHITMX
(hakTOpOB GBICTPOTO BHI000PA30BaHHS MHOTHE aBTOPBI CUH-
TAIOT BBICOKYIO BHYTPH- U MEKBHOBYIO KAPHOTHUITNYECKYIO
rereporeHHocTh (Ortells, 1995).
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Puc. 3. Kapta TMnoBbix TeppuTopuin Buaos poga Ctenomys, N0 AaHHbIM
http://vertebrates.si.edu/msw/mswcfapp/msw/ (3anpoc 06.07.2016).

1 - C. leucodon, 2 - C. steinbachi, 3 - C. opimus, 4 - C. brasiliensis, 5 — C. dorsalis,
6 - C.sylvanus, 7 - C. fulvus, 8 - C. argentinus, 9 - C. tuconax, 10 - C. dorbignyi,
11 - C. flamarioni, 12 - C. roigi, 13 - C. minutus, 14 - C. perrensi, 15 - C. torquatus,
16 — C. azarae, 17 - C. bergi, 18 - C. tucumanus, 19 - C. mendocinus, 20 - C. rion-
egrensis, 21 - C. pundti, 22 - C. pearsoni, 23 - C. australis, 24 - C. talarum,

25 - C. porteousi, 26 - C. sociabilis, 27 - C. haigi, 28 - C. colburni, 29 - C. magel-
lanicus.

Kapta co3gaHa c ncnonb3osaHvem cepsumca Google Kaptbl ©. KapTtorpadu-
yeckue faHHble © 2016, Google nsobpaxeHua © 2016 NASA, Terra Metrics.
KapTa poctynHa no agpecy https://www.google.com/maps/d/viewer?mid=1
of YXIPZO0d8e6byUMi7vkdrjM40

KapmomnmquKaﬂ N3MeH4YNBOCTb
poaa Ctenomys
Tyko-Tyko 00pa3yloT OAHY M3 CaMbIX KapHOTHUIINYECKHU
Pa3sHOOOpPa3HbIX KJaJ] MIECKOIMHUTAOIINX, U3BECTHBIX K Ha-
CTOSIIIIEMY BPEMEHH. VX TUIIIONTHBIE XPOMOCOMHBIEC YHCIIa
BapbUpyIOT B nanaszone ot 2n = 10y C. steinbachi no 2n =70
y C. dorbignyin C. pearsoni (Kiblisky et al., 1977; Gallardo,
1991; Reig et al., 1992; Ortells, 1995; Argiielles et al., 2001).
BoJIbIIMHCTBO BHIOB MMEET CTaOWIIbHBIN BUIOCIICLH-
(uunblit kapuorur. OMHAKO CYHIECTBYIOT IPYIIbI BHIOB
C OJIMHAKOBBIM YHCIIOM XpoMocoM. Tak, 2n = 48 oOnapyxe-
Ho y C. mendocinus, C. porteousi, C. australis, C. azarae,



Chromosomes and speciation in tuco-tuco
(Ctenomys, Hystricognathi, Rodentia)

C. flamarioni (Massarini et al., 1991; Freitas, 1994; Massarini,
Freitas, 2005), 2n =26 —y C. opimus, C. fulvus u C. robustus
(Gallardo, 1979). C npyroii cTOpoHBI, TpyIIIia BUIOB "perrensi’
BEChbMa I'eTepOreHHa 110 KapuoTHIaM. [MIUIOMHOE YUCIIO
XpoMOcCOM B 3Toi Tpymmne BapeupyeT oT 40 mo 70. U3men-
YMBOCTH KapHOTHIIA y TYKO-TyKO 0OyCIIOBIIeHa (hHKcaIen
Pa3IMUHBIX XPOMOCOMHBIX MEPECTPOEK: POOEPTCOHOBCKHUX
TPAHCIIOKALMH, IEPULIEHTPUUECKUX HHBEPCUM U U3MEHEHUI
reTepoxpomarrHa (100aBeHns WK aeneini C-I03UTHBHOTO
marepuana) (Reig, Kiblisky, 1969; Cook et al., 1990; Ortells et
al., 1990; Giménez et al., 2002; Novello, Villar, 2006). bonee
TOTO, XPOMOCOMHBIH TOJIMMOP(HU3M HAOIIONAETCSI U BHYTPH
MHOTHX BHJIOB Tyko-Tyko (Massarini et al., 2002; Freitas,
2007; Caraballo et al., 2012; Lopes et al., 2013). Taxoe mu-
POKOE KapHOTHITHYECKOE Pa3HO00pa3He MOCITY>KHII0 OCHOBOM
JUISL TIPEATIONOKEHUM, 4YTO UMEHHO OHO U CTaJIO IPUYMHOU
OBICTPOTO BUI000PA30BAHUSA Y TYKO-TYKO.

XpOMOCOMHbIe nepecTponiku

n vaoo6pa303aH|/|e B poge Ctenomys

T'umore3a xpoMocoMHOTO BUA000pa30BaHUS IpeIoara-
eT, uTo (PUKCalMs Pa3INYHBIX XPOMOCOMHBIX TIEPECTPOCK
B Pa3JINYHBIX JIOKAIBHBIX MOMYJISIHUIX OJHOTO BHJA MOXKET
crmoco0CTBOBaTh BHI000Pa30BaHUIO. TpaguIliOHHAS BEp-
CHS DTOM TMIIOTE3bI Jicj1ajla aKE€HT Ha CTCPUIIBHOCTU HIIU
CHIDKCHHUH TUIOJIOBUTOCTH TMOPH/IOB, KOTOPbIE MOIJIU OBITH
BBI3BAaHbI HEMTPABUIILHBIM HJIM HETOIHBIM CHHAIICHCOM XPO-
MOCOM, YYacTBYIOIIUX B MEPECTPOHKAX, KOTOPbIC, B CBOIO
o4epe/ib, MOTITH [IPUBONTH K THOEIHN 3apOJIbIIIEBIX KIETOK
WM HEMPABUJIBHOU CEerperaluu XpOMOCOM U TeHEPAIMU He-
cbanmancupoBanubix ramet (White, 1968, 1969, 1977, 1978;
King, 1987, 1995). CoBpeMeHHast BEpCHsI TUIIOTE3BI XPOMO-
COMHOTO BHJIOO0pA30BaHUs JICTACT aKICHT HE HA CTEPUIIb-
HOCTh WJIM CHIDKCHHYIO MPUCIOCOOJICHHOCTh TE€TEPO3UIOT,
a Ha MOJIaBJIEHUEe PEKOMOMHAIIMKM BOKPYT TOYEK Pa3pbiBa
MEPECTPOEK Y TETEPO3UTOT, KOTOPOE, B CBOIO OYEPE/Ih, BEACT
K COKPAIIICHHUIO TIOTOKA I'CHOB Yepe3 XPOMOCOMHbBIC THOPHU/I-
ueie 30HHI (Rieseberg, 2001; Livingstone, Rieseberg, 2004;
Faria, Navarro, 2010; Jackson, 2011).

Ora rumnoTe3a ObUIa POBEPCHA HA PA3IUUHBIX BUAX pac-
TEHHUH 1 )KUBOTHBIX. B HCCIIEIOBAHHUSX HAa MIICKOITUTAFOIINX
MIPOIEMOHCTPHUPOBAHO CHMYKEHUE TPUCTIOCOOICHHOCTH TH-
6pI/II[OB MCXKAY KapUOTHUITUYCCKHU PAa3JIMYHBIMU NOMYIAIUAMA
nmn noasuaamu (Axenovich et al., 1998; Rogatcheva et al.,
1998; Castiglia, Capanna, 1999, 2000; Capanna, Castiglia,
2004; Borodin et al., 2006; Castiglia, 2014). Ognako cienyer
OTMETHUTD, YTO B T€X CIIy4asx, KOrjia ObLI MPOBEICH ACTallb-
HBIA TEHCTHUYECKUI aHaim3, ObLIO HAlEKHO IOKa3aHO, Y4TO
rHOpUIHAS CTEPHIBHOCTh ONPENesiiach TCHETUYCCKOM He-
COBMECTUMOCTbIO, & HE XPOMOCOMHO# I'€TepO3UTOTHOCTHIO
(Mercer et al., 1992; Axenovich et al., 1998; Borodin et al.,
2006; Bhattacharyya et al., 2013). D11 pe3ynbraTsl MOXKHO
paccMmarpuBaTh Kak apryMeHThI POTHB KJIACCHYECKOTO Ba-
pHaHTa THIIOTE3BI XPOMOCOMHOTO BHI000pa3oBaHus. B To
K€ BpEMs MOJTYUCHBI CBUACTECIILCTBA B IOJIB3Y COBpeMeHHOﬁ
BepcHU 3TO runoTe3bl. CyIieCTBEHHbIC H3MEHEHHS B PEKOM-
OuHAIMK HAOIOATUCH Y MBIIIEH U 3eMJIEPOEK — HOCHTEIIEH
MPOCTBIX U CIOKHBIX TETEPO3UTOT MO POOCPTCOHOBCKUM
TPAHCIOKAUAM TI0 CpPAaBHEHHIO ¢ Tomo3uroramu (Searle,
1986, 1993; Wallace et al., 1992; Bidau et al., 2001; Dumas,
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Britton-Davidian, 2002; Borodin et al., 2008; Merico et al.,
2013; Dumas et al., 2015).
Hecmotpst Ha oueBHHYIO PUBICKATEIBHOCTh THIIOTE3BI
0 TOM, YTO XPOMOCOMHBIH ITOJTMMOPHH3M, HIMPOKO PACIIPO-
CTPaHEHHBIH CPe/IN TYKO-TYKO, SIBIISIETCSI TPUYHHON OBICTPOTO
BHI000pa30BaHuUs B 3TOM POJIE, TPEATIPUHSTO Ha YIUBICHUE
MaJIo TMOMBITOK IIPOBEPUTH 3Ty TMIIOTE3Y U BBIICHHUTH POJIb,
KOTOPYIO XPOMOCOMHBIE NEPECTPONHKH MOTYT WIrparh B Te-
HETUYECKOM CTPYKTYPHPOBAHUH TOMYISALNA U BHJIOB poja
Ctenomys. JleranpHoe HCCIIeIOBaHUE BKIIa1a XPOMOCOMHOM
JMBEPTEHIINH B TEHETHYECKYI0 TU((EpEHINAINI0 TIPHPO-
HBIX MOMYJIALUHA Obl10 ipoBeseHo Ha C. minutus. ITOT BT
HaceJsIeT y3Kylo MpUOpEeKHYI0 paBHUHY Ha tore bpasmimm,
KOTOpasi IMEET CJIOKHYIO T'eO0JIOTHYECKylo ncroputo. OHa
pasJeneHa celvac 1 pasiensiiach B pa3Hble IIEPUOAbI B TIPO-
IIJIOM HECKOJbKHUMH MOTEHIUAIBHBIMU TeorpaduuecKuMu
6aprepamu (puc. 3, 13). Kapuorun C. minutus BecbMa 1o-
mumopden. Ha ceroans onmcano 45 pa3iniHbIX KAPHOTHIIOB.
JlunnonHOE YKMCIO BapbUpyeT B Auana3zoHe oT 42 no 50,
a 9MCIIo TuIed ayTocoM — oT 68 o 80. BHyTpu BuIa BeIIEIS-
eTcsl BOCEMb IaparaTpruyuecKy pacupeieNIeHHBIX XPOMOCOM-
HBIX pac, KOTOpble 00pa3yloT IeCTh THOPUIHBIX 30H, B HUX
1 HaOIIIOAaeTCsl CaMOe BBICOKOE Pa3sHOOOpa3ne KapHOTHIIOB
(Freitas, 1997; Gava, Freitas, 2002, 2003; Freygang et al.,
2004; Castilho et al., 2012). ITpu 3tom 27 = 50 HaxoAUTCS HA
CEBEPHOM H IO’KHOM KOHIIAX apeara, IOCTENEHHO YMEHbINAsICh
K CepeIMHE pactpeaeseHus 10 2n = 42 3a c4eT poOepTCOHOB-
CKHUX ¥ TaHJEMHbBIX CIUSHUI/ pa3eJICHUI 1 OJTHOH NepuIieH-
Tprueckoit maBepcun. A. I'aBa u T. @peiitac (Gava, Freitas,
2002, 2003), nccnenyst ofnHy M3 THOPHIHBIX 30H, HE OOHa-
PYXWJIM HH CTEPHIIBHOCTH XPOMOCOMHBIX I'€TEPO3HMIOT, HU
SBHOTO CHIDKCHMS WX mpucnocobinennoctu y C. minutus.
[Iupokoe ¢uiroreorpaduueckoe NCCIe0BAaHUE JTaHHOTO
BUJIa HE BBISIBUJIO CYIIIECTBEHHOTO BKJIA/1a IMTOTCHETUUECKUX
XapaKTEPUCTHK JIOKAIBHBIX MOMYIISAINI Ha UX TEHETHUECKYIO
noapasaeneHHocTs (Lopes et al., 2013). B ucciienoBanmsx Ha
C. pearsoni Taxxe He HallIeHO CTEPUIIbHOCTH MM CHHKEHHS
MPUCTIOCOOICHHOCTH Y TETEPO3UTOT 10 XPOMOCOMHBIM TIepe-
crpoiikam (Tomasco et al., 2007). Takum 00pazom, pe3yabTaTsl
TOJIEBBIX HAOMIOCHUI IOCTABHIIM M0JI COMHEHHE BaJIMHOCTb
KJIACCHUYECKOW BEPCUU THIIOTE3bl, KOTOpas 0a3upoBaiach
Ha MIPE/TIOIOKECHUH O CTePHIIBHOCTH HIIM HETraTHBHOM TreTe-
po3Hce 1O MPUCTIOCOOJICHHOCTH Y CTPYKTYPHBIX T€TEPO3UTOT.
B 3TOM KOHTEKCTE 0CO0YI0 aKTyaThbHOCTH IPHOOPENH HC-
ciie1oBaHus 9 PEKTOB reTePO3UTOTHOCTH ITO XPOMOCOMHBIM
[IEPECTPOMKAaM Ha IIOBEJCHUE XPOMOCOM B MEHO03€ y TyKO-
Tyko. Ham m3BecTHBI 1Be pabotsl Takoro poxa (Lanzone et
al., 2007; Basheva et al., 2014). C. Jlau30He ¢ KoJIeraMu
(Lanzone et al., 2007) npoBepsuTd MPEAMOIOKCHUE O TOM,
YTO TUOPUIBI MEKIY Pa3HBIMH XPOMOCOMHBIMHU pacaMu
C. perrensi (puc. 3, 14), pa3nn4aronMUcs IO XpOMOCOMHBIM
nepecTporkaM, MOryT 00J1aaTh CHIPKEHHOH TI0JIOBUTOCTHIO
W3-32 HapyIICHWH B CIIApHBAHUH XPOMOCOM. B GompmimH-
CTBE CHEPMATOIMTOB y TE€TEPO3UTOT MO POOSPTCOHOBCKUM
TPAHCIIOKALUSM OHH OOHApYXMJIM HOPMAJIbHBIA CHHAIICUC
TOMOJIOTHYHBIX XPOMOCOM. B pesikux ciryuasix y reTepo3urot
M0 HECKOJBKUM TPAHCIOKALUSAM HaOJIo1aIcs YaCTHYHBIN
ACHHAIICUC B IIPULIEHTPOMEPHBIX pailoHax. Yucio xuasm
y IIPOCTBIX POOEPTCOHOBCKUX TETEPO3HUTOT, MOTYUIECHHBIX U3
MPUPOIHBIX TOMYISIUKA BuaoBol rpynmsl C. perrensi, He
Seontoyna n BugoobpasoBaHue
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Puc. 4. mmyHonokanusauma SYCP3 n yH2A. X Ha pacnnacTtaHHbIx crepmatoumuTax C. talarum, reTepo3vroTHOro no fBymMm pobepTCOHOBCKMM CIIUAHMAM
C MOHOGPaxranbHOWM FOMOJIOTNeit: a — PaHHAA NaxnTeHa; 6 — CPeAHAd; 8 — NO3HASA.

CTpenku ykasbiBaloT Ha KBagpusaneHT A1/RbA1B3/RbB2B3/B3, XY — nonosoi 6usaneHT. Maciutab 5 Mkm. U3 (Basheva et al.,, 2014), ¢ paspelueHus Springer © 2014.

Puc. 5. UmmyHonokanmsauua SYCP3 n MLH1 Ha pacnnacTaHHbIX cnep-
maTouutax C. talarum, reTepo3uroTHOro no AByM po6epTCOHOBCKUM
CNIMSHUAM C MOHOGPaxManbHOM roMonormen.

®oTo E.A. bawesoi. [MpAMOYrosibHUKaM1 OTMeYeHbl CUHANTUYeCKNe KOH-
durypaumm kBagpusaneHtos A1T/RbA1B3/RbB2B3/B3 n nx cxematnyeckne
n306paxeHnsa. MacwTtab 5 MKM.

OTIMYANIOCH OT YHCIIa, OMPEACICHHOTO Y HOPMAIbHBIX TOMO-
3UTOT 0 aKPOLEHTPUUYECKUM XPOMOCOMaM. ABTOPHI TPUIILTH
K BBIBOJLY, YTO HAKOTICHHE POOEPTCOHOBCKUX TPAHCIOKAITHN
B JIOKAJIBHBIX MOIYJISAINSIX HE SBISICTCS IPUINHON JHBEPTCH-
1uu B rpynme BunoB C. perrensi.

DOTOT BBIBOJ MOATBEPKIAETCS HU3KOM MOJEKYIIPHOU
mudepeHIManueii U HaTHIHUEeM yKa3aHUH Ha TIOTOK TCHOB
MCXKIY pa3JIMYHBIMU NOMYJIALIUAMN C. perrensi, UMCHOIIIMMU
Bapuanuio B unuciie xpomocom ot 42 o 70. [1pu aToM okaza-
JIOCh, YTO MaparnaTpuIeCKUe MOMYIISIIAHN, Pa3INIAIONIHECS TI0
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YHUCITy XPOMOCOM, JIEMOHCTPUPYIOT OOJIbIlIee TEHETHUECKOES
CXOJICTBO, Y€M AJIONATPUYCCKUE TIOMYJISIINH, UICHTHYHbBIC
o kapuotunam (Giménez et al., 2002; Mirol et al., 2010;
Fernandez et al., 2012).

Bropas pabota 1o uyueHnio 3(h()eKToB reTepO3UrOTHOCTH
10 XPOMOCOMHBIM [IEPECTPOIiKaM Ha ITOBEICHHE XPOMOCOM B
Meto3e Obta BeimostHeHa Ha C. talarum (Bashevaetal., 2014).
DTOT BUJI BCTpeyaeTcs BIIOJIb T0Oepexbst IPOBUHIMHK bysHoC-
Alipec B Aprentuse (puc. 3, 24) u Taxoke XapakTepusyercs
M3MEHYMBOCTBIO KAPUOTHUIIA 33 CYET CEPHU POOSPTCOHOBCKHX
u monmHo-IeueBbIx Tpancmokarmii (Reig, Kiblisky, 1969;
Massarini et al., 1991, 2002; Ortells, 1995). B ominune ot
BUJIOB U nonysisitid Tpymbl C. perrensi, yOMSIHYThIX BBIIIIE,
MIOTOK T€HOB MEX/Ty HeKOoTopbiMH nontyssiumsivu C. talarum,
M0-BUIMIMOMY, OIPaHHYEH, O YeM CBHETENILCTBYET aHAJIH3
MOJIEKYIISIpHBIX MapkepoB (Mora et al., 2013).

E.A. bamega u komutern (Basheva et al., 2014) uccnemoanu
CUHAIICHC, PEKOMOMHAIIMIO U MEHOTHUYECKYI0 HHAKTUBALIHIO
TPAHCKPHITIUH XPOMOCOM B MY)KCKOM MeEHO03€ y MPOCTHIX
U CIIOKHBIX TE€TEPO3UTOT MO0 POOEPTCOHOBCKHUM M TOIHO-
TUICUEBBIM PELIUIPOKHBIM TPAHCIOKAIMSM, BBIICJICHHBIX H3
Tpex npupoansix nonysiimi C. talarum ¢ NCIonb30BaHUEM
MMMYHOJIOKAJIN3AIMN OEIKOB OOKOBBIX JIEMEHTOB CHHAIITO-
HemHoro komiuiekca (SYCP3), 3penbix pekoMOMHAIIMOHHBIX
y3enkoB (MLH1) 1 pocopumposansoro riuctona (YH2A . X)
(puc. 4).

B OoJIbIIMHCTBE KJIETOK Y CTPYKTYPHBIX I'€T€PO3UTOT
C. talarum uccnenoBatenu HaOIIOMANH aCHHAIICHC BOKPYT
TOYEK pa3pbliBa MEPECTPOCK. AHAIOTHYHOE HapyIIeHHEe 00-
HapyxeHo y C. perrensi, TeTepO3UTrOTHBIX MO HECKOJIbKUM
POOEPTCOHOBCKUM TPAHCIOKAIUSIM. XOTS 4acTOTa KIETOK
C aCHHAIICHCOM HMMeJa TEH/ICHIMIO K CHIDKCHHIO 110 Mepe
[IPOTPECCHH MTaXUTEHBI, JJaKe Ha ee MO3JHUX CTausiX Ooiee
TOJIOBUHBI CTIEPMATOIIMTOB C KBa/IPHUBAIICHTAMHU UMEJIH HeCTa-
peHHble palioHbl. OHAKO OTHOCUTEIBHBIN pa3Mep HecTlapeH-
HBIX PaOHOB CHHAIITOHEMHOTI'0 KOMITJIEKCa ObLT HEOOJIBILINM.
AcuHaricuc ObUT OTPaHHUYSH KOPOTKHMH TUIeUaMU aKpOIICH-
TPHUKOB U TIPHLEHTPOMEPHBIMHU paiiOHaMH METALCHTPHUKOB.



Chromosomes and speciation in tuco-tuco
(Ctenomys, Hystricognathi, Rodentia)

DochopunmpoBannbiit YH2A. X moyTy NONMHOCTBIO HCUe3al
U3 paifOHOB acHHAICUCA K KOHILy TaXUTEHBI.

OOMmmMpHBII aCHHAICHC B TAXUTEHE MOXKET BBI3BaTh MEHO-
TUYECKUI CalllIeHCHHI HECTTAPEHHOI'O XpOMAaTHHA U IPUBECTU
K OCTaHOBKE MeH03a 13-3a TOJaBICHHUS TPAHCKPHUITLIUH BaK-
Helmmx MeoTrnueckux reHoB (Baarends et al., 2005; Turner
et al., 2005). OnHako uccienoBanus Ha Mbiiax (Burgoyne et
al., 2009; Manterola et al., 2009; Page et al., 2012) moxasza-
JIM, 9TO KOHTPOJbHBIE MexaHn3Mbl (checkpoint) maxureHs
MOT'YyT UTHOPHUPOBATh OIPAaHUYEHHYIO CTEIICHb aCHHAIICHCA.
MpbI nosiaraéM, 4TO HE3HAUUTENbHBIA M IPEXOASINN acH-
HaIlCHC B TPUIICHTPOMEPHBIX PETHOHAX MYJIHTHBAJICHTOB
y cTpyKTypHBIX retepo3uroT C. falarum (Basheva etal., 2014)
u C. perrensi (Lanzone et al., 2007) Bpsix 11 MOXKET BBI3BaTh
rHOEIb 3apOABINIEBHIX KJICTOK U YMEHBIIHUTH TUIOOBUTOCTh
reTepPO3UTOT.

Nmmynonoxanmm3amms 6eaxa MLH1 mo3Bonmna E.A. ba-
meBo# ¢ komeramu (Basheva et al., 2014) Buzyannznposarsb
caifTel pekoMOuHauu (puc. 5). Mcnonb3ys 3TOT MOAXOA,
HCCIIEZIOBATENIN OOHAPYKHUIM JOCTOBEPHOE CHMKEHHE dac-
TOTBl PEKOMOWHAIMK B MPUIICHTPOMEPHBIX 00JACTSIX TPH-
U MyJibTHBalieHTOB. OHM Tak)Ke HaOJII0Nalu TEHACHIIMIO
K CHIDKCHHIO KOJIMIECTBA KPOCCOBEPOB Ha IJIEU0 OT aKPOIICH-
TPUYECKUX TOMO3UTOT K T€TEPO3UTOTaM M METAIICHTPUYECKAM
TOMO3HIOTaM U AUCTAIM3ALHIO PACIIPEIENICHUS] KPOCCOBEPOB
y T€TEpO3UTOT M METAIIEHTPUUECKUX FOMO3HIOT II0 CpaBHE-
HUIO C aKpOLIEHTpHUYeCKHMMHU roMmo3uroramu (Basheva et al.,
2014).

OTH 3G HEKTH MOTYT UTPaTh CYIIECTBEHHYIO POJIb B OTPa-
HUYCHUH TIOTOKA T'€HOB Yepe3 TMOpHUAHBIC 30HBI MEXIY
pasHbIMH XpoMocoMHbIME pacamu C. talarum nByms pas-
TUYHBIME crioco0amu. C OTHON CTOPOHBI, TOJABICHHUE pe-
KOMOMHAIIMHA BOKPYT IIEHTPOMEPHI MOXKET KOHCEPBUPOBATH
HEpaBHOBECHUE IO CLEIUICHHIO MEXAY aJUIeNIsIMH, PacIioso-
JKeHHBIMH B TIEPUIICHTPOMEPHOI 0071aCTH, ¥ CIOCOOCTBOBAThH
JajgbHEHIIed NUBEPreHIINN TeHETHUECKOTO COIepKaHUs
ponuTenbckux XpoMocoM. C Apyroi CTOPOHbI, YMEHBILIEHHE
KOJINYECTBA KPOCCOBEPOB B ONPE/IETIEHHBIX IJIeUaX MyJIbTHBA-
JICHTOB MOKET YBEIIMYUTB YACTOTY HEPACXOXKICHHSI XPOMOCOM
B MeTadase | mMelio3a, koTopasi U TaK BBICOKA y CIIOKHBIX
TeTepPO3UTOT C MOHOOpaXHaIbHOW TOMOJIOTHEN. DTO, B CBOIO
odepesib, MOXKET CHU3UTD TUIOZIOBUTOCTH XPOMOCOMHBIX TeTe-
PO3UTOT U OTPAHUYUNTH MMOTOK T'€HOB MEKY KapUOTHUITNYCCKU
Pa3TUIHBIMU TOMYJISIIUSMH.

3ak/oueHne

Bunbl v TokasIbHBIE OMYIISLUHI TYKO-TYKO IIPEACTABIISAIOT CO-
0011 KpaifHe HHTEPECHYIO MOJICIb LTS UCCIICIOBAHIS ITPOIICC-
ca BI/I)ZL006pa3OBaHI/ISI # ero mexannsmoB. CoyeTaHue IKOJIO-
THYCCKHUX, MOJICKYHﬂpHO-FeHeTI/I‘-ICCKI/IX U MUTOICHETUYCCKUX
MMOAXOA0B IMMO3BOJINJIO BBIABUTH 'CHCTUYCCKYHO IOAPA3ACITICH-
HOCTB JIOKAJIbBHBIX HOHyJISIL[Hﬁ, qacTO HE COBHaIlaIOHJ,yIO HU
C BUJOBBIMHA FpaHPILlaMPI, HHU C I’paHI/ILIaMI/I XpOMOCOMHbIX pac.
Jlo cux mop He 0OHAPYKEHO CYIIECTBEHHBIX 3(D(HEeKTOB Xpo-
MOCOMHBIX nepeCTpoeK Ha (I)epTI/IJ'lLHOCTb Ux r eTCPOSI/IF OTHBIX
HOCUTEJIEN. 3TO CTAaBHUT 11O COMHCHUE BAJIMAHOCTH T'MIIOTE3bI
XPOMOCOMHOTO BH1000pa30BaHMs B €€ KJIaCCHUECKON (hopme
JUIsl OOBSICHEHHS BBICOKHX CKOPOCTEH BMI000pa3oBaHUS
B pone Ctenomys. Beicokas 9acTtoTa (pUKCAIIH Pa3THIHBIX
XpPOMOCOMHBIX NEPECTPOCK B JIOKAJbHBIX MOMYIALNUAX
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TYKO-TYKO OOYCJIOBJIEHa O4Ye€Hb HM3KOW 3((eKTHBHON Ymc-
JIEHHOCTBIO JIEMOB M PEAKOCTHIO MHUrpanuu. MccnenoBanus
MIOBEJICHNSI XPOMOCOM B MEI{03€ Y CTPYKTYPHBIX T€TEPO3UTOT
TMOKa3bIBAIOT, YTO AJIbTCpHATUBHAA (bymcauml XpOMOCOMHBIX
HEepeCTPOEK MOXKET JIOKAIBHO MEHATH YacTOTy U pacIpe-
JIeTIeHne PeKOMOWHAIMOHHBIX COOBITHH 1O TeHOMY. Takum
00pa3zoM, XpOMOCOMHbIE NIEPECTPOUKH HE MOT'YT BBICTYIATh
B POJIH ITyCKOBOT'O MEXaHHW3Ma BUI000Pa30BaHUs y TYKO-TYKO,
HO MOTYT YCKOPSITB 3TOT ITPOLIECC, MOAYIINPYSI HHTEHCUBHOCTD
MOTOKA F'€HOB B ONPE/ICIICHHBIX PallOHaX reHOMa.
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