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1

AHHoTanus. Panee HaMu ObUI NPOBE/ICH aHAIU3 OPUEHTALMK MOJUTEHHBIX XPO-
MocoM (MopdoThn sizapa) B sApax TPOPOLUTOB y OIM3KOPOICTBEHHBIX BUOB IMOJ-
rpynmnsl melanogaster v rpymnsl virilis poga Drosophila. Beln BbISBICH HOBBIH BUIO0-
cretUUHBIN TpU3HAK — MOP(OTHN siiep TPODHOLKUTOB Y Apo30(huil, CXOAHBIN C BU-
JlaM{ MAIISIPUHHBIX KOMApoB. Y Apo30Qui 00HAPYKEHBI YeThIPe BUAOCHEL(DUIHBIX
Mopdosnoruueckux Tuna siapa: 1) ¢ ToKamIbHbIM XpOMOLIEHTPOM; 2) ¢ qudy3HBIM XPO-
MOLIEHTPOM; 3) C XpOMOCOMaMH, pacCcpe0TOUECHHBIMU B IPOCTPAHCTBE 5A71pa; 4) ¢ Xpo-
MOCOMaMH, MMEIOIMMH NPUKPEIUICHHUE K SIEPHOI 000104Ke. AHAIN3 COOCTBEHHBIX U
JIMTEPATYPHBIX JAHHBIX IIO3BOJIMJI BBIABUTH 3aKOHOMEPHOCTH Ie0rpayuueckoro pac-
[POCTPaHEHUsI BUIOB IOATPYNNbI melanogaster i TPyNIIbL Virilis ¢ IPU3HAKOM «MOp-
¢dorum sigep TpodoLUTOBY. Y CTAHOBIICHO, YTO HU3KAs TeMIIepaTypa U HHOPUIUHT, OKa-
3bIBAIOT BIMSHKUE HA CUHAIITHPOBAHUE TOMOJIOTMYHBIX XPOMOCOM B siIpax TPOQoLuTo
SIMYHUKOB B JMHUAX D. melanogaster. Bo3MoxHO, faHHbIE (AaKTOPhI B POLIECCE IBO-
JIIOLIMY OKa3bIBAJIM BIMSIHUE HA MpeoOpa3oBanue Mopdorumna saep Tpodouutos (mpo-
CTPAHCTBEHHOW OpraHU3alU XPOMOCOM B sipe) Y AP0o30QHI. DBOIOIUOHHBIE MPE00-
pasoBanus MopHoTHIA e TPODOLKUTOB Y BUIOB IPOUCXOIMIN 110 CXEME: OT JIOKAJIb-
HOT'0 XPOMOLICHTPA y (DMIOr€HETHYECKH MCXOIHBIX BUJIOB K €r0 YaCTUYHOMY, a 3aTeM
U K IIOJIHOMY MCYE3HOBEHMIO Y IIPOM3BOHBIX BUJOB, IIPU 3TOM Yy Psiia BUIOB XPOMO-
COMBI PAacCPEIOTOUCHBI B SAPE U KOHTAKTUPYIOT C SIEPHOI 000I0UKOH.

KiroueBble ci10Ba: B3aMHOE pACIONOXKEHHE XPOMOCOM B spax TPO(OLMTOB
(Mopdotunsl  simep), HMOMUTEHHbIE XpOMOcOMbl, Drosophilidae, Bumbsl moarpyrmmst
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Summary. One of the problems of systematics and phylogeny is the difficulty in
establishing species affiliation in difficult-to-define groups of species (cryptic species),
which are phenotypically similar to each other, but at the same time reproductively
isolated and differ in genome structure. For most two-winged insects, the formation of
giant polytene chromosomes with species-specific disc and interdisc structure is char-
acteristic of the nuclei of salivary glands, trophocytes, and malpighian vessels. Accord-
ing to the structure of chromosomes species differ and phylogenetic trees between
closely related species are built according to this feature. At the same time, there are
species in which the structure of polytene chromosomes practically does not differ, such
species are called homosequential. Therefore, it is difficult to establish phylogenetic
relationships between these species. However, a new species trait has been discovered
in malarial mosquitoes, by which homosequential species are also distinguished. This
is the mutual arrangement of chromosomes in the space of trophocyte nuclei. In this
connection, it is of great interest to study this phenomenon in other two-winged insects,
especially in homosequent and cryptic species. In this connection, it was of great inter-
est to study this phenomenon in other two-winged insects, especially in homosequent
and in cryptic species. For the first time, the orientation of polytene chromosomes in
the nuclei (nucleus morphotype) of the germinative cell system was analyzed in closely
related species of the melanogaster subgroup and virilis group of the genus Drosophila.
We have shown that a new species-specific trait, the nucleus morphotype, as well as
that previously identified in malaria mosquito species, also occurs in closely related
species of Drosophila. Four species-specific morphologic types of the nucleus were
found in Drosophila: 1. With a local chromocenter; 2. With a diffuse chromocenter;
3. With chromosomes scattered in the space of the nucleus; 4. With chromosomes at-
tached to the nuclear envelope (See Fig. I). The regularity of distribution of species of
melanogaster subgroup and virilis group by the feature “morphotype of trophocyte nu-
clei” correlating with phylogenetic centers of origin of species and geographical distri-
bution of Drosophila species ranges above sea level was revealed. It was found that
such factors as low temperature and inbreeding affect the synaptation of homologous
chromosomes in the nuclei of ovarian trophocytes in D. melanogaster lines. It is possi-
ble that these factors may influence changes in the nucleus morphotype (spatial organ-
ization of chromosomes in the nucleus), which may further lead to the formation of a
new species. Evolutionary transformations of the morphotype of trophocyte nuclei in
species followed the scheme: from a local chromocenter in phylogenetically original
species to its partial and then to its complete disappearance in derived species, while in
a number of species chromosomes are dispersed in the nucleus and are in contact with
the nuclear envelope.
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BBenenne

OnHotit u3 poOIeM CHCTEMaTHKH U (DHIIOTCHUH SBIISIETCS CJIOKHOCTH B yCTa-
HOBJICHUH BHIIOBOW MPUHAIICKHOCTH B TPYAHOOIIPENEIIEMBIX TPYIIIax BHIOB
(KpUTITHYECKHE BHUJIBI), KOTOPBIC PEHOTHITMUECKH CXOIHBI IPYT C JPYTOM, HO B
TO K€ BPEMSI PEIPONLYKTUBHO H30JUPOBAHEI M OTIMYAIOTCS 110 CTPYKTYpE TEHO-
MoB [1-3]. s ycTaHOBJIECHUS (DHIOT€HETHYECKOTO POJCTBA MEXKITY OIM3KOPO/I-
CTBCHHBIMH BUIAMH, a TAKKe IS YCTaHOBJICHUST TAKCOHOMUYIECKOT'0 CTaTyca aK-
TyaJbHBIMA METOIAMHU HCCICAOBAHUHN SIBIISIOTCS THOPHIOIOTHICCKIA aHAH3,
KapHOTUIHPOBAHUE, H3YUIECHHE CTPYKTYPHI XPOMOCOM, MOJICKYIISIPHO-IIATOT€HE-
THYECKHE METOIBI [4—06].

st OONBIIMHCTBA OBYKPBUIBIX HACEKOMBIX B sIpaX KIETOK CIIOHHBIX JKele3,
TPOQOINTOB, MABIIATHEBBIX COCYaX XapaKTepHO 00pa3oBaHUE TUTAHTCKUX IO~
JIUTEHHBIX XPOMOCOM C BHIOCIICIU(DUYHON TUCKOBOW W MEXIUCKOBOH CTPYKTY-
poii [7-10]. OcoOEHHOCTBIO 3TUX XPOMOCOM SIBJISIETCS TO, YTO T'OMOJIOTHYHBIC
XPOMOCOMBI CIIapeHBI APYyT ¢ ApyroM. [1o cTpykType XpoMOCOM BHABI pa3inya-
FOTCSI, ¥ TI0 STOMY IIPA3HAKY MTOCTPOEHBI (DHIIOTEHETHIECKAE IpeBa MEXKIY OIm3-
KOPOJCTBEHHBIMH BHIaMH. B Toxe BpeMs ecTh BHIBI, Y KOTOPHIX CTPYKTYypa I10-
JUTEHHBIX XPOMOCOM MPAKTHIECKH HE OTIMYACTCS, TAKHE BUIBI HA3BIBAIOTCS TO-
MOCEKBEHTHBIMH [8, 9]. [IoaTOMY MEX Iy STHMH BUJIAMH CIIO)KHO YCTAHOBUTH (U~
JIOT€HETHYIECKUEe B3anMOOTHOMIEeH!UI. OTHAKO y MaTSIPHITHBIX KOMapoB OBLI 00-
Hapy>XCH HOBBIH BHIOBOH MPH3HAK (B3aMMHOE PACIOIOKEHIE XPOMOCOM B IPO-
CTpaHCTBE AP TPOPOLUTOB), MO KOTOPOMY pPa3THUYAIOTCS TOMOCEKBEHTHBIC
BHIBI [11-13]. B CBA3M ¢ 3THM MPENCTaBIISAIO OONBIION HHTEPEC U3yUCHHE TaH-
HOTO (PeHOMEHA y IPYTUX IBYKPBUIBIX HACEKOMBIX, 0COOCHHO Y TOMOCEKBEHTHBIX
U Y KPUIITHIECKUX BUIOB.

BupnoBasi cnenuuuHOCTH B3aUMHOI0 PACOJIOKEHHSI XPOMOCOM
B si/ipax TpoounTon

W3yueHne mpocTpaHCTBEHHON OpraHU3al[lid XPOMOCOM B sIpax TPOQOIMTOB
OJIM3KOPOACTBEHHBIX BUIOB MOATPYIIBI melanogaster v TPYUINbI Virilis moka-
3aJ10, YTO MepepacipeielieHue MPULIEHTPOMEPHOr0 reTepOXPOMATHHA IO [IeYaM
XPOMOCOM TPODOITUTOR IPO30( T JINOO €ro STMMHHAIUS ITPH BUA000Pa30BAHUHI
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COIPOBOXKIACTCS PA3NIUIHBIMA XPOMOCOMHBIMHU IIEPECTPOHKAMH, IIepeMeIre-
HUEM MOOMIIBHBIX BJIEMEHTOB 110 TEHOMY, C TOMOIIBI0 KOTOPBIX MOXKET IPOUCXO-
JUTh PEOPraHU3alNsS XPOMOCOM B IPOCTpaHCTBE snep Tpodomutor [13-20].
B pesynpTarte SBONIONMOHHBIX MTPE0Opa30BaHUI ApXUTEKTYPHI siAep TPO(OIUTOB
y OJIM3KOPOACTBEHHBIX BUJIOB MOITIPYIIBI melanogaster v Tpymsl virilis obpa-
30BaITUCH YETHIPE MOP(OIOTHIECKHUX TUIIA B3ANMHOTO PACIIONOKEHUS XPOMOCOM
B sjpe: 1) ¢ JOKAJIBHBIM XPOMOLEHTPOM; 2) ¢ MU y3HBIM XPOMOIIEHTPOM;
3) ¢ OTCyTCTBHEM XPOMOILEHTPA; 4) ¢ MPUKPEIDICHUIMH XPOMOCOM IIPHIICHTPO-
MEPHBIMH pallOHaMH K siepHOi obonouke [21-23]. [To-BuAMMOMY, 3TH YeThIpe
MOP(]OIOTHYECKIX THTIA OPTaHU3ALNH SIIEP CBSI3aHEI ¢ KOJIHMYECTBOM I'eTEPOXPO-
MaTHHA B PHIICHTPOMEPHBIX paifoHaxX XpoMocoM [24]. Uem Gosblie rerepoxpo-
MaTHHA B IPALIEHTPOMEPHBIX paifoHAX XPOMOCOM, KaK Y (DHIOreHETHIECKH CTBO-
JOBBIX BUJOB D. orena, D. virilis u D. kanekoi, TeM 0onbiiie BEpOSTHOCTh 00pa-
30BaHHS XPOMOLIEHTPAIHLHOH OpraHI3alui XpOMOCOM B siape. M3BecTHO, 9TO BH-
JOCTIEU(IYHOCT 10 KOIMYECTBY W JIOKATU3aIHK TeTePOXPOMAaTHHA B TEHOME
MIPEATIONIaraeT ero aIalTHBHYI0 3HAYUMOCTh [24-28].

3akoHOMEPHOCTH reorpadguueckoro pacnpe/ejieHust BUA0B 1p030phui
o npu3Haky «Mopgortun sizep TpohounTOB»

Pazupie BUIBI Apo30(hUIT IO CBOEMY reorpauuecKoMy paclpoCTpaHEeHUIO Ha
MaTepHUKax 3aHUMAIOT CBOHM apeajbl B ONPEICNICHHBIX KIMMATHUYECKHX 30HAX
[25]. Ha ocHOBaHMM aHAJIM3a JIMTEPATYPHBIX H COOCTBEHHBIX JaHHBIX OBLIO H3Y-
YeHO, KaK MIPU3HAK «MOPHOTHI saep TPOPOIUTOB» KOPPEITUpyeT ¢ reorpaduye-
CKAM pacmpezeneHiueM BumoB [8, 9, 16, 23, 25]. DTo HEOOX0AUMO IS TOTO,
9TO0Bl YCTAHOBUTH 3aKOHOMEPHOCTH JBONIONHOHHOTO IIpeoOpa3oBaHUS MOp-
($hoTHTIOB siziep TPOPOIUTOB Y IPO30(HII, 3aBUCUMOT0 HE TOJIBKO OT BHYTPEHHHUX
(haKkTOpOB, HO M OT BHEITHUX (PAKTOPOB cpebl oOuTaHus. C yaeToM JIuTepaTyp-
HBIX JaHHBIX 110 Teorpa)uIeckoMy pacIpoCTPaHEHUIO BUAOB IPO30(IIL, IO JaH-
HBIM THIIEBBIX IPEANOYTECHHH MyX, AaHHBIX MO0 WHBEPCHOHHOMY IOJHMOp-
¢u3My, a TaKKe HAIINX JaHHBIX M0 MOPOTUTIAM sifiep TPO(OITUTOB HaMH ObLT
MIPOBEICH aHAJIN3 BOZMOXKHOTO 3BOJIIOIMOHHOTO IPeoOpa3oBaHMs apXUTEKTYPHI
simep TpOQOIUTOB Yy BHIIOB MOATPYIIIEI melanogaster v rpymisl virilis [16, 23].

Bruto ycraHoBieHO, 9TO BHIBI HACMUKH (PENHKTOBEIC, (HIIOr€HETHIECKH
CTBOJNIOBBIE BUABI D. orena, D. virilis), apeabl KOTOPBHIX 3aHIMAIOT TOPHBIE paii-
onbl Ha BbicoTe 2100—1609 M Hazt ypoBHEM MOPS IMEIOT XPOMOIICHTPATIBLHYIO Op-
rafu3anmto saep TpodoruToB [24]. Ciieayer OTMETHTb, YTO TEMIIEPATYPHBIN pe-
JKMM B TOPHBIX paiioHax koneosercs ot +8°C Houbto 10 +16°C nHem. Takas Tem-
mepatypa Js pa3BHTHS Jpo30(QHUiIbl JOCTATOYHO YyBCTBUTENbHas [25]. Us-
BECTHO, UTO y 0CO0€H, OOMTAIOIMNX B IKCTPEMAIBHBIX YCIOBHSIX, HAIpUMEp, B
MOMYJISIIASX CEBEPHBIX MIMPOT, TAC TEMIIEPaTyPhl OKPYKAIOMIEH cpembl TOCTH-
rafoT KCTPEMATBHOTO YPOBHS, TPOUCXOAUT U3MEHEHHE KOINIECTBA H JIOKAJI3a-
MY TETEPOXpOMATHHA B XpoMOocoMax [26, 27]. BeposaTHO, T03TOMY y CTBOJIOBBIX
BUIOB D. orena u D. virilis, 0OONTaIONINX B BEICOKOTOPhE IPH MOHIKEHHBIX TEM-
mepaTypax, COACPKHUTCS B TEHOME OONBIIOE KOJTMYECTBO T'€TEPOXpOMAaTHHA B
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xpomocomax [29, 30], 9To cBHIETENbCTBYET 00 alaliTHBHOM 3HAYEHUH TeTepo-
XpOMaTHHa.

Jpyrue BUAbI MyX, apealibl KOTOPBIX paclpocTpaHeHb! Ha OONBIINX TePPUTO-
pHsX BO3BBIIIEHHOCTH W paBHUH oT 0—1300 M Hax ypoBHeM Mops ¢ Hambolee
ONTUMATBHBIMA KIIMMATHIECKAMHE YCIIOBUSIMHE MIPU TEMIIEPATYPE, JOCTUTAIOIICH
+28°C, comepkaT B TEHOME TE€TEpPOXpOMATHHA MEHBIIE, YeM CTBOJIOBBIE BHUIBI
[31-32], 1 moaToMy BX MOP(OTHUTI sAep TPOPOIMTOB HE UMEET XPOMOIICHTPAITb-
Hol opranu3aryn. OTCIo/Ia CIEYET, YTO (PUIOTeHETHIECKH IPEBHIE CTBOJIOBBIC
BHJBI C BBICOKHM CONIEPYKAHUEM TeTepPOXpPOMATHHA B TEHOME U XPOMOLEHTPAIIb-
HOU opraHmu3anuei saep TpohOonnuTOB, KaK MPaBHIIO, OOMTAIOT B CYPOBBIX BEICO-
KOTOPHBIX KIIMMATHYECKUX YCIOBUSX OKpyXaromiei cpensl [7, 8]. B To Bpems kak
BHJBI C MEHBIINM KOJIMYECTBOM T€TEPOXPOMATHHA B TEHOME H C XPOMOCOMaMH,
paccpeIoTOYCHHBIME B MTPOCTPAHCTBE sAep TPo(OIUTOB, OOUTAIOT B Hanbomee
OJIaroNpUsATHOM TPOMMIESCKOM KITMMATE.

Taxum o0pa3zoM, IIpu BHI00OPa30BaHUN YKCTpEMalIbHAS TEMIIEpaTypa Moriia
SIBIISITBCSL OTHUM U3 BOKHBIX (PAaKTOPOB BO3IEHCTBIS OKPYIKAIOIIEH CpeIbl Ha pe-
OpraHU3aIrI0 XPOMOCOM B IIPOCTPAHCTBE siAep TpodomuToB y npozodui. Kpome
TOT'0, MO-BUANMOMY, HHOPUIMHT XapaKTEPHBIH IS MOMYJSIIAN BUIOB, pacipo-
CTpaHEHHBIX Ha Iepu(eprun apeasa, MOT TaKKe TOBIHATH HA apXUTEKTYPY sIIep
TPOQOINTOB ¥ MPUBECTH K ABOIIOIIMOHHBIM IIPeOOPa30BaHUSIM IIPOCTPAHCTBEH-
HOW OpraHW3aIllii XPOMOCOM B sApaxX TpohonuToB. B cBs3u ¢ 3TMM HaMu OBLT
MOCTABIICH DKCIIEPUMEHT C JUHISMU D. melanogaster, KOTOPBIN BBISIBIJ, YTO
HU3Kasl TeMIIepaTypa U MPOIOIDKUTEILHBIN HHOPUINHT OKA3hIBAIOT BIHMSHUE HA
OpraHM3aIHMI0 XPOMOCOM B siipax TpodoruToB [33].
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Puc. 1. Cxema 3BOJIOLIMOHHBIX [IPE0Opa30BaHuii MOP(OTHUIIOB siaep TPOPOLUTOB
y BHJIOB OATPYIIIbI melanogaster v BUAOB TPyIIbI virilis
[Fig. 1. The scheme of evolutionary transformations of morphotypes of trophocyte nuclei
in species of the melanogaster subgroup and species of the virilis group]
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BeposiTHO, Tpr BO3IEHCTBIH ATHX (PaKTOPOB HA TEHOM IPO30(IIT BHIOB IO~
TpyIIBl melanogaster v TpyIsl virilis IPONCXOINUIIO H3MEHEHNE KOIIMYECTBA T'e-
TEpOXPOMAaTHHA B IPHIIEHTPOMEPHBIX pailoHaX XpOMOCOM (C IOMOIIBI0 XPOMO-
COMHBIX TEPECTPOEK M IMEPEeMEIICHUS MOOWIBHBIX TeHETHYECKUX DIIEMEHTOB),
YTO MOTJIO MPUBECTH K U3MEHEHUIO MPOCTPAHCTBECHHON OpPraHU3allii XPOMOCOM
B s/Ipe ¢ 00pa30BaHUEM YETHIPEX MOP(POTOTHICSCKUX THITOB siapa [23]. DBomroIHs
TeHOMa JIpo30()MII IIIa B CTOPOHY YMEHBIICHHUS KOJIMYECTBA TETEPOXPOMATHHA
(B OCHOBHOM HPHUIICHTPOMEPHOTO), UTO, MO-BUANMOMY, IIPUBEIIO K MCUC3HOBE-
HUIO XPOMOIICHTPAIIHON OpPraHu3alui sapa y (GUIOreHeTHIeCKH IIPON3BOTHBIX
BHJIOB Jipo30dui (cM. puc. 1).

B ¢unorenese y npozoduin nmoarpynmsl melanogaster v Tpynisl virilis mpo-
SIBHJIACH OOIAsi TCHICHIUS SBONIONMOHHON pPEeOopraHm3aldl XPOMOCOM B IPO-
CTpPaHCTBE sIIep TPOPOINTOB: OT JIOKATTFHOTO XPOMOIIEHTPA y CTBOJIOBEIX BUIOB,
3areM K JuPy3HOMY XPOMOIICHTPY M K €r0 MOJHOMY MCUE3HOBEHHIO y Oolee
MOJIOJIBIX TPy Ipo3odur [21, 23].

3akirouenne

BbL10 OKa3aHo, YTO BBISABICHHBIN HPH3HAK — MOP(OTHUIL si1ep TPODOILUTOB,
TaK)Ke KaK paHee BbISABJICHHBIN Y BUIOB MaJSIPUUHBIX KOMApOB, UMEET BUIOBYIO
CHEU(PUIHOCTh U Y OJIM3KOPOACTBEHHBIX BHJIOB Jp0o30¢uil. BrisBiieHa 3aKOHO-
MEpHOCTh pacipe/ielieHrs BUAOB MOArpyIibl melanogaster v rpyninsl virilis mo
MPU3HAKY «MOPDOTHII si/iep TPODOLUTOBY, KOPPETUPYIOIIAS C IEHTPAMHU IIPOUC-
XOXK/ICHHS BUJOB U reorpauyecKiuM pachpe/eiieHHeM apealioB OTHOCHTEIBHO
YPOBHS MOPSL Y BUJIOB PO30(QHIL.
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