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Ilouck y1empakoHcepeamueHbIX 3/1eMEHIM08 y
npocmetiwux muna Apicomplexa

K/IIOYEBBIE CJIOBA
YavmpakoHcepsamusHblli  3snemeHm, npocmetiwue,  Apicomplexa,
Kaacmep.

AHHOTADUA
B cmamve obcyxicdaemcs kaacmepusayusi nocsedosamesbHocmel U
npedcmas/ieHbl pe3ysabmambl noucka Ha eé ocHoge
VAbMPAKOHCEPBAMUBHLIX ~ 3/IEMEHMO8 Yy  npocmelwux  muna
Apicomplexa.

B 2004 1 B reHoMax  IO3BOHOYHbIX  OBLIM OTKPbITHI
yJIbTPAaKOHCEpPBAaTUBHbIE 3JIeMEHTHI, CHaya/la KaKk TOYHble NOBTOPHI, 3aTeM KakK
IOBTOPBI, KOTOPbIe MOT'YT He3HAYUTEJIbHO OoTIM4aThcs [1]. [lepBoHavYabHO Obla
BblZlesieH 481 Takol y4acCTOK C cCOXpaHeHWeM CUHTeHUU. PyHKIMOHa/lbHas poJib
TaKUX 3JIEeMEHTOB [JI0 CUX IIOp He OIllpeJeJieHa, HO HUX OYeHb BbICOKas
KOHCEPBAaTUBHOCTb, CJIOXXHOCTb M cHelu(pUYECKoe pacloJyio)KeHue B TeHOMe
YKa3bIBalOT HAa BEPOATHYI0 pOJIb B PEryJslUU SKCIPECCUU [EeHOB 3YKAapHUOT.
YnbTpakoHCcepBaTUBHbIE 3JIEMEHTBHl pacCMaTPUBAKOTCA KAaK HOBble MCTOYHUKU
bunoreHernyeckod HMHOpMAUMUM B [EHOMax: OHHU MHOTOYHCJIEHHBI,
KOHCEPBAaTUBHbl U COOTHECeHbl Y JaJIéKUX BHUJOB, OHU IO3ULHUOHHO He
nepeceKkarwTcsl C OOJIBIIMHCTBOM T€HHBbIX CEeMEWCTB C OOJIbIIMM YHUCJI0M
NapajioroB, peAKO CcoJep>aT BCTaBKU MOOMWJIbHBIX 3JjieMeHTOB. [lofo6HbIe
XapaKTepPUCTUKHU YKa3blBAalOT Ha UX HacJeJJ0BaHUe OT OOIero npejka, }KeCcTKUu
XapakKTep CTaOMJMU3MpYIOILero oTo60opa U (QYHKLMOHAJIbHYI 3HAYMMOCThb
FeHOMHOro KOHTekcTa. C yBeJM4YeHUEeM pasMepa FeHoMa M CJ0XHOCTU €ro
OpraHusalyy, OT [JpOX>Ked K II03BOHOYHBIM, VBEJIWYHUBAETCA U  [0JIA
YJABTPAaKOHCEPBATUBHBIX 3JIEMEHTOB, IMPUXOAAIIMXCA HAa HEKOAUPYIOLLYIO
(BO3MOXKHO, pery/asiToOpHyl) 4dacTb reHoma. Hampumep, HaiizieHo 6osiee 5000
YHUKaJIbHBIX YJIbTPAaKOHCEPBAaTUBHbBIX 3JIEMEHTOB Yy IITUL, U peNTUIUH [2], 6bosee
2000 - y MyX ¥ TO3BOHOYHBIX [3]. YIbTpakoHCEPBAaTUBHbBIE N1OCI€10BATETbHOCTH
ONKCaHbl y Ap030QUJINJ U y MO3BOHOYHBIX >KUBOTHBIX C OJIM3KHMM YpPOBHEM
buIOoreHeTUYECKOTO pACX0XKJEeHUS BUJO0B, W3MEPEHHOr0 MO KOJUPYIOLUM
6esku obJsiactaAM. Kak AJIMHBI, Tak M 4MCIa yIbTPAaKOHCEPBATUBHBIX 3JIEMEHTOB
OKa3aJ/IMCb 00Jibllle Y MO3BOHOYHBIX. OJHAKO y NPOCTEMUIIUX TAKUe 3JIEMEHTHI /10
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CUX IOP He UCCJIe[J0BAJIVCD.

[I[pyuuHBl KOHCEPBAaTMBHOCTU OCTAKTCA HEW3BECTHBIMU. Bo3MOXHO,
YacTb W3 HUX fABJAETCA pe3yJbTaTOM TOPHU30HTAJIbHOTO IepeHoca OT
CHMOMOHTOB WJIM MapasUTUPYIOIIMX BUJOB C LIUPOKUM paCHpoCTpaHEHUEM.
[IpuMepoM BO03OyAUTENST MPOTO30MHBIX HHQPEKIHMH, HMEILEero BCECBETHOE
pacnpocTpaHeHue caykUT Toxoplasma gondii, KOTOPbIA OTHOCUTCS K HauboJiee
BaXKHBIM [IJI1 MeJWIMHbl U BEeTEPUHAPUU TpeJiCTaBUTeNAM TuUna Apicomplexa.
llepebpasibHbIM TOKCOMJIA3M03, KaK ONMOPTYHUCTUYECKUU apa3uTO3, 3aHUMAET
TpeTbe MeCTO B CTPYKTYype JieTaJbHbIX UCcX0A40B pu BUYU-unpeknuu.

OnucaHue ybTPAaKOHCEPBATUBHBIX YYACTKOB I103BOJISET [10Jy4aTh HOBbIE
CBeJleHUs1 0 PAcpPOCTPaHEHUH Bo36yauTe el MHPEKIUI U NyTAX 3apakeHus. B
CBOIO odyepe/ b 3To NO3BOJIUT 1eJieHanpaBJIEHHO NPOBOJUTH
NPOTUBO3MUEMHUOJOTUYECKUE MEPOTIPUATHS.

C Apyroi CTOPOHbBI, TAKKE YYAaCTKH MOTYT CJAYKUTh MapKépaMu (30HJaMH)
JUis1 omnpenesieHUsT QUIOTeHeTUYECKOTO MOJIOXKEHUS MaJIOU3yYeHHbIX BHU/IOB
6€eCro3BOHOYHbIX KMBOTHBIX. JTO OCOOEHHO aKTyajJbHO /[iJI1 BH/IOB,
COCTaBJISIOUIUX 300MJAHKTOH M B 3HAYUTEJNbHOW CTENEeHU OMpeJesIiuuxX
NPOAYKTHUBHOCTb BOJHBIX 9KOCUCTEM.

3a nocjejHee BpeMs 3HAYUTEJIbHO YBeJIMYUJI0Ch YUCJI0
CeKBEHUPOBAHHbIX T€HOMOB IPOCTEMIINUX, BKJIKOYAsA I[peJCcTaBUTes/er THUIA

Apicomplexa.
[eHOMHbIe fAaHHble Opasiuch W3 6a3bl AaHHbIX Eukaryotic Pathogen
Database Resources (http://eupathdb.org/). Hamu BbIIIOJIHEH

IIMPOKOMACIITAOHbBIN OUCK YJIbTPAKOHCEPBATUBHBIX 3J1IEMEHTOB JAJUHOK OT 90
ILH. U Bbllle. /{11 3TOro U3 COBOKYITHOCTH KOHCepBaTUBHBIX y4yacTkoB JIHK ans
aHajM3a OTOOpaHbl y4acTKH, MOJHOCTbIO coBmnajawigue y Toxoplasma gondii
ME49 u Neospora caninum.

Haiigeno 30 Takux y4aCTKOB, HO MOJaBJjsioliee GOJBLUIMHCTBO U3 HUX
NepeKpblBaeT KoAupywoliue ob6sacth. COOTBeTCTBYyWOLIMe TeHbl ObLIU
onpepesieHbl napHbIM BblpaBHuBaHueM JIHK nporuB [JHK [4]. HawubGonee
JUJIMHHBbIe $parMeHTh! (A0 697 M.H.) pacloJioKeHbl LEJUKOM B KOAUPYHOILeH
o6sactu reHa 28S pPHK Ha xpomocome IX WM B roMOJIOTHYHBIX TFeHaxX Ha
xpomocoMax IX u la. [locsegHue, BO3MOXHO, NIPeACTaB/ISIOT COO0U pe3yabTaThl
HeJlaBHUX AyninKauui reHos pPHK.

MeHee JJIMHHBIE KOHCEPBAaTHBHbBIE YYACTKU MEPEKPbIBAIOT KOAUPYIOIIUeE
obsactu  reHoB  TGME49_245620 (pubocoMubiii  Gesok  RPS27A),
TGME49_301250 (runortetuveckuit 6esok), TGME49_237130 (uutoxpoMm b),
TGME49_237120 (runotetudeckuit 6esok), TGME49_295710 (runoTeTU4ecKuit
6esnok), TGME49_242340 (pubocomubii Oesnok RPS29), TGME49_210690
(pubocomunblit 6esmok RPS6), TGME49_254915 (runoteTuyecKUd O6eJsiOK),
TGME49_296010 (bocdaTtumanuHozuToN-3-4-KMHA3A), TGME49_296000
(runotetrnyeckuit 6esok), TGME49_266785 (6esiok, cofepkalidii MOTUB zinc
finger Tuna CCCH), TGME49_286090 (dakTop mHupuanuu tpaHcasnuu SUIL),
TGME49_248480 (pubocomubiii 6enmok RPS9) u TGME49_231140 (pu60CcOMHBIH
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6es10xk RPS25).

[I9Th y/JbTpaKOHCEPBATHUBHBIX ydacTKoB U3 Toxoplasma gondii ME49 c
JavHaMu 166, 158, 143, 112 1 90 n.H. He NepeKPbIBAOT W3BECTHbIE T'E€HbI U
ABJIAIOTCA KaHJWJATaMUM Ha poJib YJbTPAaKOHCEPBATHUBHBIX HEKOJUPYIOIIUX
aseMeHTOB. KoopauHaTbl 3Tux ydacTkoB TGME49_chrV:2898396..2898561,
TGME49_chrV:2898399..2898556, TGME49_chrVIIb:3224157..3224299,
TGME49_chrlll:999998..1000109 u TGME49_chrVIla:371446..371535.

[lepBpli K3 HUX HauboJiee KOHCepBaTUBEH CpeAyd BHUJOB THUIA
Apicomplexa. TouHoe coBnaseHue HabsoAaeTcs y mrtammoB 1. gondii FOU, p89,
VAND, TgCATBr9, RUB, GAB2-2007-GAL-DOM2, CtCo5, GT1, ME49, VEG, a Takxe y
BUZ0B N. caninum Liverpool u Hammondia hammondi H.H.34. 3TOT 3/ieMeHT, HO
y2Ke C TpeMs 3aMeHaMHU HYKJIeOTUJO0B IpejcTaBJeH y Sarcocystis neurona SN3.
byiiv3kue mnocjieoBaTEJbHOCTH, HO C OOJIbIIMM YMCJOM 3aMeH, HaWJeHbl y
kokuuaun Eimeria maxima Weybridge u E. praecox Houghton u y nuponsiasmuz;
Babesia microti Rl, B. bovis T2Bo, Theileria equi WA, Th. orientalis Shintoku, Th.
parva Muguga, Th. annulata Ankara. 9TOT 3/71eMeHT C elé 6OJbIIUMU OTIUYUSAMU
(no cpaBHenuto ¢ T gondii) nHabmwogawTcs y Cryptosporidium hominis TU502, C.
parvum lowa Il u C. muris RN66. [locsieqoBaTeIbHOCTH 3TOrO 3JIEMEHTA C OJHON
Jlenenueit BblpaBHUBaAWOTCA y Plasmodium gallinaceum 8A, Pl vivax Sal-1, Pl
cynomolgi B, Pl knowlesi H, Pl falciparum 3D7, PL falciparum IT, Pl chabaudi
chabaudi, PL berghei ANKA, PL yoelii yoelii 17XNL u Pl yoelii yoelii YM. ¥
Plasmodium spp. 3TH INOC/JeJ0BaTeJbHOCTU XOPOLIO BBbIPABHUBANOTCH JpYyT C
JIpyroMm.

Takke HalZieHbl MOC/J€0BAaTEJIbHOCTU 3TOTO YJABTPAKOHCEPBATUBHOIO
3JleMeHTa C OJHOW Jiesieliuell y pa3/IMYHbIX BUAOB 3uWMepuit: Eimeria tenella
strain Houghton, E. maxima Weybridge, E. brunetti Houghton, E. necatrix
Houghton, E. falciformis Bayer Haberkorn 1970, E. mitis Houghton, E. acervulina
Houghton. [IpuMep BbipaBHUBaHUS NTOKa3aH Ha puc. 1.

T: 4 aattaaacttacctggecaggegeteggggtggctecacgeatcaccctgtegtagttegga 63

PERRERE Rt everonnrrnnd FERRREERR ey vl
E: 24397 aattaaacttacctggcaggcgcteggggtggetegteccatecacectgtegtagtecgga 24338

T: 64 gocagggocactgecactotgetg-ctgtgatgagetatgggeteccaateogggggtgocaacs 122
80 5 U 1 O O T O OO OO O O LERFEELL D)
E: 24337 geagagcactgeactecagotgtotgtaatgggctatgggectocatatgggggtgocaac 24278

T: 123 tgecagaatttotggtageggeaggttgegttegege 158
FEErerreernrr veepntnee teinnebibbnnl
E: 24277 tgcagaatttctgatagcggcatgttgogttogege 24242

Puc.1. BvipasHugsaHue y1bmpakoHcep8amusHuix 31emeHmos u3 Toxoplasma gondii ME49
u Eimeria acervulina Houghton (nokyc HG670352). [launa ebipasgHusanust 156 u3 166 nodaHHbIx
Ha 8xod npozpammul blast. Coenadaem 89% Hykaeomudos (140/156), deneyusa cocmoum u3
00H020 HyK/Aeomuda

Jpyrve HalJleHHble YJIbTPAaKOHCEPBATUBHbIE 3JIEMEHTHI TaKKe HMEIT
O/IM3KHMe 10 T0C/JeJ0BaTeJIbHOCTH Y4YacTKH B OOJIBIIMHCTBE BH/I0OB THIIA
Apicomplexa. KosinuecTBo HyK/1e0OTUIHBIX 3aMeH He 6oJiee 11%.

Jlns aHasM3a HaWJIeHHBIX KOHCEPBAaTHUBHBIX 3JIEMEHTOB ObLJI IMPOBEAEH
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IOMCK COOTBETCTBUH Mo 6ase gaHHbIx Rfam [5]. Tpu U3 paccMOTpeHHBIX MATH
KOHCEPBAaTUBHbIX 23jieMeHTOB B Tgondii ME49 (nBa mepeKpbIBAIOIUXCS
3jieMeHTa Ha XpomocoMe V U enjé oarH Ha Xxpomocome VIIb) romosiornunbl PHK
U1, yyacTBytollleld B CIJIAUCUHTEe U PEryJupylollel pasHoobpa3ue nsopopm [6-
7]. YeTBépThiii asemeHT (Ha xpomocoMe III) romosiornyen PHK U6, Takxke
y4yacTBywlleid B cruadcuHre [8-11]. CaMbli KOPOTKHUH 3JIeMEHT, KOTOPBIH
pacnosioxxeH Ha xpoMmocoMe VIla, He HuMeeT 3HAYUTEJBHOTO CXOJCTBA C
M3BECTHbIMU o6pasnaMu u3 6a3bl Rfam. PesysbraThl nmoucka B 6ase Rfam
NpUBeJIeHbI B TAOJIHIIE.

JnuHa [To3unuu B reHome T.gondii ME49 Rfam Bits score
166 TGME49_chrV:2898396..2898561 U1 89.8

158 TGME49_chrV:2898399..2898556 U1 80.9

143 TGME49_chrVIIb:3224157..3224299 U1l 69.6

112 TGME49_chrlll1:999998..1000109 U6 102.4

90 TGME49_chrVIla:371446..371535 N/A

OTMeTHuM, YTO NATh NepPeYrCAeHHbIX YIbTPAaKOHCEPBATUBHBIX 3JIEMEHTOB
cnequpUYHBI A5 TuIla Apicomplexa ¥ He 0GHapyKeHbl Y JPYyTUX NPOCTEUIIUX.
[TosToMy OHM MOIYT CHAYXUTb QUJIOreHeTUYeCKMMH MapKépaMu [Jsd
YCTAaHOBJIEHUsI IPUHA/JIE)KHOCTH BUL0B TAKCOHOMUYECKUM TpyIIaM.

B 6vonHdopMaTHKe 4aCTO pacCMaTpPUBAIOT B3BellleHHblE MHOTO/0/IbHbIE
rpadbl, 'y  KOTOpPbIX BeC  KaXJOro pebpa  OTpaxaeT  CXOZCTBO
M0CJ/IeZI0BAaTEbHOCTEN, MPUMMCAHHbBIX €ro KOHI[aM. /loJIM COOTBETCTBYIOT BU/IAM.
YNbTpaKOHCEPBAaTUBHBIM 3JIeMEHTAM COOTBETCTBYIOT TaKHhe mM-IJIOTHbIE
noArpadsl B3BelIEHHOTO MHOTOJO0JIBHOTO rpada, KOoTopble cojepxkaT pébpa
6oJsibuioro Beca. [lociegHue ycioBUSL MpeAnosaraloT 3aJaHHbIMUM HEKOTOpbIE
noporu. Takue noarpadsl Ha3bIBAIOT Kaacmepamu.

Ha 3Toi#1 ocHOBe poBeiéH NMOUCK YJIbTPAKOHCEPBATUBHBIX 3JIEMEHTOB JJIF
cnicka M3 10 xopomo cobpaHHBIX T€HOMOB CHOPOBUKOB: Toxoplasma gondii
ME49, Neospora caninum Liverpool, Sarcocystis neurona SN3, Eimeria tenella
Houghton, Cryptosporidium parvum lowa Il, Plasmodium falciparum 3D7, Babesia
bovis T2Bo, Theileria parva Muguga, Th. annulata Ankara wu Gregarina
niphandrodes. U3 HUX yYUTBIBaJIUCh TOJBKO KOHTUTH AarMHOM 500 1.H. 1 6oJiee.

[Ipy nomapHOM BBIpaBHUBAaHHWM Y4YaCTKOB JAJMHOU He MeHee 150 Im.H.
JlonycKaJiach BeJIMuMHa mTpada He 6osee 20 (npu wtpade 3a HecoBnageHue 1 1
nocrosiHHoM 1Ttpade 3a geneuuto 5.1). [IpakTudyecku BO BceX MNOAXOASLIUX
napax BCTpedasioch He 6oJsiee 3 aesenuid. KpoMe Toro, yuacTkd oT6UpaIvCh 1O
COKHOCTHU (K03dPULIMEHT CkaTus He 6oJsiee 2.5). Bcero noaxoasuyx mnap, T.e.
pébep npeaBapUTeibHOr0 rpada, Halioch 23887.

Jlanee nmpoBojuIach CKJeHKa BEPIIMH M3 OJHOr0 BH/A, YYaCTBYIOLIUX B
pa3/JMYHbIX pebpax, UCXO[s U3 BEeJUYMHbl IEePEKPBITUS COOTBETCTBYIOIUX
y4acTKOB reHoma (Hanpumep, 120).

Eciu Tpeb6oBaTh, 4TOObI KaxkJasl BepliMHA KJacTepa B rpade ObLIa
CMeXHa C 6 uau 6oJiee J0MHU (KOrAa apaMeTp aITOPUTMa MOMCKaA KJIaCcTepPOB
m=7), TO OTBETOM SIBJSIETC MyCTOE€ MHOXXeCTBO (HeET HU OJHOr0 KJacTepa).

868



Ecau »ke 0c/1abuTh 3TO TpeboBaHUe, TO HAUAYTCA KJIACTePhI C PeiCTaBUTENISIMHU
Bcex 10 pmosieil. Haubosiee vHTepeceH BapuUaHT m=3, B KOTOPOM HaijieHO 3
kJsactepa ¢ 10 Bugamu, no ogHoMy ¢ 9 ¥ 8 BUJaMu, 6 KaacTepoB C 7 BUJaMH, 3
KJlacTepa ¢ 6 BHAaMH, 5 kyactepoB ¢ 5 Bugamu, 1 kjactep ¢ 4 BUAaMu U 7
KJacTepoB ¢ 3 BuJaMu. OZJHaKO cpesid COOTBETCTBYIOIUX IOCAe10BATEbHOCTEN
BCTPEYAIOTCS yYaCTKU 60Jb1ION CyObeuHUIBI pubocoMHOM PHK.

JanbHelee H3y4yeHue YJABTPAaKOHCEPBATUBHbBIX 3JIEMEHTOB
npejrnoJsaraeT OZJHOBpPEMEHHOE H3y4yeHue N0CJIe[J0BaTEJbHOCTEN
daHKUpYIOLUX KX JIOKYCOB cerMeHTOB Hekogupywoueid /[HK B renomax.
AHanu3 MOJIHOTEHOMHBIX JJaHHBIX IO3BOJISIET U3y4aTb peJKHe SIBJIEHUS WU
coueTaHUs SIBJIEHUH, KOTOpble MPOJMBAIOT CBET Ha pa3JiMyHble aCHeKThl
MEXTeHHbIX B3aUMOJIeMCTBUN. Mes aHa/vM3a B CleAywOlleM: CUHepTuYecKUun
3MMCTA3 MeX/AYy BpeAHbIMU MyTalUsIMH B NpejesiaXx OJHOr0 TeHOTUIA J0/KEH
NPUBOAUTH K UBMEHEHUSIM B pacnpejieJleHUY YUC/la TaKUX MyTalluid HAa TEHOTHII.
KoHKpeTHO, MOCKOJIbKY CHUHEPrUYecKMd 3SMUCTa3 Ha MNPUCHOCOOJEHHOCTh
NPUBOAUT K H30UpaTelbHOMY JeWCTBUI0 OTOOpa MPOTUB 0COOEeH, HecylUX
60/1bIII0E€ YUCJI0 BPEJHBIX MYyTallM¥, OH JO0J/DKEH CHWXKATh AWUCIEPCUI0 YHca
BpeIHbIX MyTallMi Ha TEHOTUIl MO CPAaBHEHUID C OXUJAEMOW B OTCYTCTBUE
anucTasa. J[pyruMu cjoBaMy, IPU 3MKCTa3e 0COOM, Hecylde BpeAHble MyTalluU
Cpady BO MHOTHMX JIOKyCaX, JOJKHbI OBbITh OoJsiee peKU B MNONYJIALUH, YEM
0’KU/]AeTCHl.

JTo TeopeTUYECKOE NpeiCKa3aHUe MOXKHO IPOBEPUTD, UCII0JIb3YS JAaHHbIE
[0 TEHETHYEeCKOW HW3MEHUYMBOCTH B MPUPOAHBIX nonyasuusx. [lockoabky AJs
noJicyeTa YMcJia BpeJHbIX aJljieJied B TEHOTUIIE TPEOYIOTCS MOJIHbIe TEHOTHUIIbI, a
Jl1s1 OOHapy»KeHUsl CUTHaJIa 3MUCTa3a — aHa/u3 60JIbLUIMX BbIOOPOK I€HOTHUIIOB,
JlaHHble, HeOOXOoAUMble [AJis MOA0OHOr0 MCCAeJ0BaHUS, Hadalad MOSBJISATHCS
TOJIbKO HeJaBHO. A HMMEHHO HYXXHO pacCMaTpUBaTh pasJIMYHbIE KJIACChI
noJIMMOPPHU3MOB, IPOTHUB KOTOPHIX OKUJIAETCA JelCcTBUEe 0TO0pA PAa3HOM CHUJIbI:
OT MaKCUMaJIbHOrO (HalmpuMep, HOHCEHC-MYTalluM, paJiuKaJbHble MHUCCEHC-
MyTalldd B KOHCEPBAaTUBHBIX AaMMHOKHCJOTHBIX CaWTax, MyTalud B
YJABTPAKOHCEPBATHBHBIX HEKOAUPYIOIIMX TMO3UIUAX) [0 MHHUMAJbHOTO
(cuHoHMMHUYeckuMe MyTauuu). OTKJIOHEHUEe pacnpejiesieHUusl 4Yucaa BpejHbIX
aJlJieJie Ha TeHOM OT OXKUJAeMOTo OyJeT O3HayaTh JAEeUCTBUE CUHEPTHUYECKOTO
3MMCTa3a NPOTUB BPeJHBbIX MyTallUl HA YPOBHE BCETO reHOMa.

[ToMuMO 17106a/ILHOTO, B TEHOME TaKXe MOXeT JeMCTBOBATh JIOKAJbHbBIN
3MUCTAa3 MEeXJAy MyTaluUsIMU B MpejesaXx OJHOT0 QYHKIHUOHAJIbHOIO 3JIeMEHTA
(reHa, yJIbTPAaKOHCEPBATUBHOI'O HEKOJUPYIOIIEr0 3/IeMEeHTa, CaliTa CBsI3bIBAHUSA
¢dakTOopa TpaHCKPUILUHU U T.I.). CBOMCTBA JIOKAJbHOTO U IV106aJIbHOTO 3MUCTA33,
N0-BUAMMOMY, PaJiMKaJbHO PA3/IMYAOTCA: JIOKAJbHbIA 3MUCTA3 ONpeeseTcs
HE0OX0AUMOCThIO IEUCTBUSI QYHKI[MOHAJILHOTO 3JIeMEHTa KaK 1eJIoro.

B3aumogeiicTBUS ~ MeXJy  BpeJHbIMHM  a/lUleIIMU B MpejeJax
(OYHKIIMOHA/NIBHOTO 3JIeMeHTa MOTYT ObITh KaK CHHEPTMYeCKUMH, TaK U
AHTAroOHUCTUYECKUMU. AHTAarOHUCTUYECKUH (MOJIOKUTEbHbBIN) 3MUCTA3 MOXKHO
OXXU/JIaTh JIJIs1 MyTallui 60Jib110T0 3¢ PeKTa: HanpUMep, B CUTYallMU, KOT/la OfHA
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3aMeHa B KJIIOUeBOW MO3WIMUK CalWTa MOCAJKU TPAHCKPUILMOHHOrO $akTopa
MOKET MOJIHOCThIO «BBIKJIIOYAaTh» QYHKIUIO TAKOTO CalTa, TaK YTO Jlaj/ibHel1Iee
HaKoOIlJIeHMe MyTalMH B 3TOM calTe OyZeT JIMIIb O4YeHb CJab0 BpeAHbIM WJIU
Jlaxke HeWTpasibHbIM. C JApyroyd CTOpPOHBI, Cl1abOBpeAHble MyTallMXd MaJioro
s¢dexTa MOryT B3aUMOJENCTBOBATb CUHEPTrHUYECKH, TaK 4YTO NpUOOpeTeHUe
OJIHOM MyTalyU JeJsiaeT 6oJiee BpeJHbIMHA MYTalluM, HaKallJIMBaKOIHeCs MocJe
Heé. Ha oTaenbHbIX (QYHKUUOHAJBHBIX 3JIeMEHTax HabOJoAalcsd Kak
CUHepru4eckn, Tak M AaHTAarOHUCTUYECKHMU D3SMIHUCTa3; OLHAKO IIOHMMaHUe
BKJIaZIlda TOTO M Jipyroro ¢GpakTopa B U3MEeHYMBOCTb MOXXHO IMOJIyYUTb TOJIBKO
IOJTHOT€HOMHBIM aHaJIU30M.

Paboma ebinosiHeHa npu yacmu4Holi puHaHcosol noddeprcke POPH (npoekm 13-
04-40196-H).
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