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HN.A. AptemoB

Llenmpanvuoiii cubupckuti 6omanuveckuii cao CO PAH, e. Hosocubupck, Poccus

Hcnonb3oBaHue KpaeBbIX MECTOHAXO0KIEHU BUI0B
JJIS YTOYHEHMsI 3anaiHOH rpanulbl Airae-Enuceiickoii
(¢ropucTuyeckoil NPOBUHUUM

Pabora BbInoaHEHa B paMKax rocyJapcTBEHHOro 3a/1anus L{eHTpanabHOro cubupckoro
6otannueckoro cana CO PAH Ha 2021 r. o npoekry «buosoruyeckoe pasHooOpazue KpUnToraMmHbIX
OPraHM3MOB U COCYAMCTHIX pacTeHnid CeBepHON A3UM U CONPEIEIIBHBIX TEPPUTOPHIA, HX
9KoJIOro-reorpaduueckas XapakTepucTHKa # MOHUTOPUHD» (AAAA-A21-121011290024-5)

Paszpaboman u anpobuposan memoo gropucmuyeckoeo pavoHUpPO8aHUs, 8
OCHOBE KOMOPO20 JIeXHCUM UCNONb308AHUE KPAEBbIX MECMOHAXOHCOCHUN MOYEUHbIX
apeanos. Cihopmynuposanvl npeonodicenus no YmoyHeHuIo 3anaoHot epanuysl Armae-
Enuceiicroti  propucmuueckoi nposunyuu, pasoensiioujeli pasHUHHble U 20pHble
meppumopuu Ha roee 3anaonoti Cubupu. FOxchyio uacmo epanuysl ciedyem npogecmu
3anaonee ompo2os Anmaickux 2op, cesepryto uacms — no p. Enuceil.

KiroueBble cioBa: Quiopuctuyeckoe pailOHMPOBAHME, TOYCHYHBIE —apeallbl;
reokonupoanue; Cubups; Asunarckas Poccus

Jas uurupoBanusi: Apremos M. A. Vcnions3oBaHue KpaeBbIX MECTOHAXOXKICHUN
BUIIOB /I YTOYHEHHs 3amaaHoN rpaHuibl Anrae-EHuceiickoil ¢aopuctiHueckoi
npoBuHuuu // BectHrk ToMckoro rocyaapcTBeHHOro yHuBepcutera. buomorns. 2021.
Ne 55. C. 6-18. doi: 10.17223/19988591/55/1

BBenenue

droprucTHUecKoe paHOHUPOBAHKE MPEICTABIACT COOOW HEOOXOMMMBIA JTar
B YNOPSAOUYMBAHUH 3HAHHUN O reorpaguueckoM paclpeesieHuH TaKCOHOB pac-
TeHHH. MToroM paiioHHpOBAaHWS BBICTYIAET CXEMa TeorpapuUecKHX BBIICIIOB
(puroxopuit), OTIMYAIOIIUXCA APYT OT JIpyra MO COCTaBYy U CTPYKType (GIIOpHI.

CymiecTByeT HECKOJIBKO ITOIXOAOB K BBIACTICHUIO (DUTOXOPHHA M CO3TaHHIO
cxeM (UTOXOPUH, UCTIONIB3YEMbIX BO (IIOPUCTUYECKUX paboTax: MO OCHOBHBIM
of01mereorpaMuecKiM MOAPA3ICICHUSIM, YCTAHOBICHHBIM C YUETOM KPYIHBIX
peuHBIX 0acceHOB WJIM TOPHBIX CTpaH [1]; mo Xapakrepy pacTUTENBHOCTH C y4e-
TOM T€OJIOTHYECKOTO CTPOCHHUS U peiibeda n3ydaeMor Tepputopud [2, 3]; mo Ha-
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JIUYHIO SHJIEMUYHBIX TAKCOHOB [4, 5]; HA OCHOBaHUM CPaBHEHUS (PIOP KITFOUEBBIX
TEPPUTOPUI — paboUNX PIOPHUCTUUECKUX PAallOHOB, aIMUHUCTPATUBHBIX SAHHUII,
KOHKpeTHBIX (riop [6—10]; 1o monocam crymieHuid rpanui apeayios [11, 12] umu
JIUHUSIM COBIaJIeHUsI TpaHul] apeayos [13].

Cremyer OTMETHTB, UTO CpaBHEHHE (DIIOp KITIOUEBBIX TEPPUTOPHNA MTO3BOISIET
rpyNIMPOBaTh 00Jiee CXOMHBIE U Pa3JeNsiTh MeHee CXOAHbIe (IIophl (HHU3UKO-TeO0-
rpapUeCKIX BBIACIOB WM aJMUHICTPATHBHBIX €IUHUIL, HO HE OTBEYaeT Ha BO-
mpoc o rpaHunax ¢puToxopuii. Yarie BCero OHU MPOBOIATCS YCIOBHO, MEpPIICH-
JUKYJISIPHO JIMHUSAM HamMeHbInero cxoxactsa ¢uop [14]. A.C. PeBymkun [15]
yKa3bIBaeT, YTO JJIsl IPOBECHHS TPAHUI] MEXY OKPYraMu U palioHaMH LieIeco-
00pa3HO HUCIIONB30BaTh B KAY€CTBE BCIIOMOTATEIBHBIX IPH3HAKOB 0COOCHHOCTH
penbeda, nangmadra u knumara. JI.M. MansliieB ¢ coaBropamu [7] B KauecTBe
TpaHdIl MeXAy ¢uToXopmsiMu A3marckoil Poccnu paccmarpuBaioT pyOexu pa-
004nx (IOPUCTHUUECKUX PAOHOB, a MOCKOJIBKY BO MHOTHX CIIy4asx B KauecTBe
TaKUX pallOHOB IPUHUMAIOTCS AAMUHUCTPAaTUBHbIE equHULbI (Hanpumep, Hoso-
cubupckast u Tomckas obnactu, Pecriyonuku Antait u Xakacusi), TO B KauecTBe
(IOPHCTHYECKUX TPAHHUIl MEXYy HUMH IIPHHAMAIOTCS aIMUHUCTPAaTHBHBIE Tpa-
HUIBI MEX Ty cyObekTamu Poccuiickoit @enepanuu. B pesynsrare rpaHutis GuTo-
XOpUH, BbIIIENsIEMbIE pa3HbIMU aBTOpPAaMH Ha OCHOBaHUM aHAJIOTMUYHBIX IIOAXO/0B,
MOTYT CYHIECTBEHHO oTiMyarbes. Tak, Ha cxeme A.C. PeBymikuna [15] ropabie
tepputopun FOxuo# Cubupu or Cananpa u 3anamHoro Anras 1o Bocrodnoro
Casina BxomsaT B coctaB Anrae-CasHCKOH (DIOpPUCTHYECKON MPOBHUHLWH, TOT/AA
KaK Ha KapTe (QIopUCTHYECKOTO JejieHus Asmarckoit Poccuu JI.U. Manbimesa
¢ coaptopamu [7, 16] rpannna mexnay 3amaJHOCHOMPCKOW reMHOOpeanbHON U
Anrae-EHncelickoli TOpHO-TeMUOOpeanbHOH (IOPUCTHUSCKUMH MPOBHHITUSIMH
otaensieT 3anagHblii Antail u Canaup OT IPYrux, pacloyIOKEHHBIX BOCTOUHEE,
ropHBIX cucteM FOxHol Cubupw.

Bonee ouyeBMIHBIM MpeACTaBIseTCs odepuMBaHHE (DUTOXOPHH MO TOIOCaM
CTYIICHUH TpaHHIl apeasioB JIHOO JIMHUSAM COBIAACHUS UX rpaHun. OZHAKO 3TO
MperonaraeT NpoBeJeHHe I'PAHUI] apeaioB Ha OCHOBAaHMH M3BECTHBIX MECTO-
HaXO)KICHUI BUIOB M CYIIECTBCHHO 3aBHCHUT OT KOJIMYECTBA (PaKTUIECKUX JTaH-
HBIX ¥ CTENeHH n3yueHHocTu Tepputopuu [17]. Taxke Ha hopmy apeana BIuseT
BBIOpaHHAs METOJMKA OKOHTYPHBAHHUS KPaeBbIX MecToHaxoxkIeHur [18]. Kpome
TOTO, BHISBIICHHE TMHUI COBMAIEHUS TPAHULL apEajioB BO3MOXKHO 110 BU/IaM, Y/IOB-
JIETBOPSIOIINM PAAY YCIOBUH U B CHIIy 3TOTO COCTaBJISIOIIMM MEHBUIYIO 4acTh
(opel. DTO, B MEPBYIO OYEPE/b, XOPOILIO U3YYEHHBIC BU/IbI, BXOJIINE B COCTAB
OOBIYHBIX JUIS JAHHOU TeppUTOpuH coobriects [13].

B Hactosimielt paboTe npeanokeHo UCIOIb30BaTh AJIS OMpeeNieHUs] TPaHuIl
(uTOXOpHl HE apeanbl W CTYHICHUS WX TPaHHUII, a JIUIIb HanOoJee 3amagHble U
BOCTOYHBIE MECTOHAXOXICHUS BUIOB M CKOILICHHS STHX KpaeBbIX Todek. Llenb
paboTHI — MpUMEHEHNEe HOBOTO METONA [UIS YTOUHCHUS 3alaJHON TpaHUIBl All-
tae-Enuceiickoit pnopuctuueckoit nposuniu (WbAYP).
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Marepuajbl 1 METOAUKH HCCJIET0BAHUS

Jns onpeneneHus KpalHMX 3alaJHBIX M BOCTOYHBIX MECTOHAXOXKICHUHN
HCTIONIB30BAaHBI TOYEHUHBIE KapThI apeasnioB 2 569 BUAOB W MOABHIOB COCYIHU-
CTBIX PacTeHUH, OMyOIMKOBaHHbBIE B KOJUIEKTUBHOM MoHOTpaduu «Pnopa Cu-
oupm» [19].

MecToHaxo)K/IeHHsI HAa TOUEYHBIX KapTax T€OKOAUPOBAHbI CPEICTBAMHI HACTOMb-
HoM reomH(popmaronHoi crctembl (ITIC) ArcView GIS 3.2a u momynst ArcView
Spatial Analyst 2.0a (peructpanuonnsie Homepa nunensuii 843181116338 u
849601104159). Metomuka u pe3yibTaThl TC€OKOAMPOBAHUS OIMyOIMKOBAaHBI B
Global Biodiversity Information Facility (GBIF) [20]. T'eokomupoBaHHbIE KO-
OpIMHATHI MECTOHAXOKJICHUI ¥ ITOMOJHATENBHBIC NaHHBIC (Ha3BaHHE TAaKCOHA,

HOMEp TOMa U KapThl) MOMEIICHBI B TAONUIBI 0a3bl TAHHBIX MECTOHAXOMKICHHIMA
(DBLoc) B MS Access.

60°

50°

105°

Puc. 1. I'paruns! puroxopuii [Fig. 1. Phytochoria boundaries]:
— rpanuna Mexay 3anagHoir Cubupsio u Bocrounoit Cubupsto Bo «®Prnope CCCCP»
[Boundary between Western Siberia and Eastern Siberia in the Flora of the USSR] [1];
s — AnTac-CastHcKast pIoprucTHYeCcKast IPOBUHIMA [Altai-Sayan floristic Province] [15];
== — Antac-EHunceiickas ¢ropucrudeckas mpoBUHIHNSA [Altai-Yenisei floristic Province] [16]

O6mee uncio crpok B Tabiumax DBLoc, COOTBETCTBYIONIMX MECTOHAXOXK-
JICHUSIM Ha TOYEUHBIX KapTax apeanoB Bo «Dmope Cubupm» [19], cocraBmio
169854. [TockonbKy T1e)Tb paOboTHI 3aKiTFo4Yasiachk B koppekina WbAYP, u3 DBLoc
JUISL KaXJIOTO BUJA WM MOJBHUJIA, IIPEICTABICHHOIO Ooiee 4eM AByMs TOUKAMHU,
0TOOpaHbI KpaifHue 3amagHble 1 BOCTOYHBIE MECTOHAXOXKICHHMS, TTOTAIAIO0IIIE B
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koHTYp 49°—62°N u 80°-100°E. MepuauonansHas MpoTSHKEHHOCTh KOHTYpa CO-
OTBETCTBYET MEPUAUOHATLHON MPOTshkeHHOCTH WDAY P, a miupoTHas npoTsikeH-
HOCTh — PACCTOSHHUIO MPUOIM3UTENsHO B 10° K 3amamy ¥ BOCTOKY oT Hee. OTOop
kpaitHux Touek u3 DBLoc BrimomnHsiics ¢ momolisio nporpamm B Visual Basic for
Applications [21, 22], HamucaHHbIX aBTOpoM. Ha ganHOM 3Tamne Obina chopmu-
poBaHa 0a3a JaHHBIX KpaeBbIX MecToHaxoxneHuit (DBMarLoc), Biitouaromas
naHgble 0 1654 Toukax.

Jis 6onee neranbHOro paccMoTpeHus WbAYP B ee I00KHOM, IIGHTPanbHOU U
ceBepHOU YacTsax u3 DBMarLoc BIOpaHbI YacTHBIE MacCHBBI TOUCK, IO IAt0-
IIMe B IEPEKPHIBAIOIUECS KOHTYPBI MEHbIIIETO pa3Mepa. [locaeqHre NoKphIBaoT
otaenbHbIe yaacTku WbAY P 6o HaxonsTcs BOIM3H Hee:

— KOHTYp | — 1oxHbIN ydacTok WbAYP (50°-54°N, 80-90°E);

— KOHTYpHI 2, 3 — NleHTpasibHbINH yaacTok WbAYP (54°—58°N, 82°—88°E; 52°—
58°N, 87°-91°E);

— KOHTYp 4 — ceBepHbIit yuacTok WbAYP (57°—62°N, 80°-95°E) (puc. 1)

Juns Busyanusanuu rpanun ¢putoxopuii ucnonas3oBana 'MC NextGIS QGIS.

[t BU3yanu3ay KpaeBbIX MECTOHAXOXKICHUH, IIONAIAt0NINX B KOHTYpPBI, a TaK-
e I IPOBEPKU TUIIOTE3bI O MOJHOM IMPOCTPAaHCTBEHHOM CIIydalfHOCTH Iporiecca,
TIOPOKIAFOIIETO TOYEUHBIH 00pa3 pacipemesicHusT KPaeBhIX MECTOHAXOMKIICHHH, FIC-
MOJIb30BaH MaKeT spatstat Cpesibl CTAaTUCTUYECKOro ImporpamMmupoBanus R [23]. s
BU3yaITI3allil MECTOHAXOXKICHUH NIpIMeHeHa (QYHKIWS plot.ppp, I IPOBEPKH TH-
MOTE3bI O MOTHOM MPOCTPAHCTBEHHOMN CITy4aiHOCTH HCIIONB30BaH KPUTEPHIt §° Ha OC-
HOBE KBaJ[PaToB, pealn30BaHHbIN B (yHKIMH quadrat.test [23, 24].

Pe3ysbTaTsl HcciieqoBaHNus U 00Cy:KIeHIe

AHanu3 KOJIMYeCTBa U pacHpeieieHus KpaeBbIX MECTOHAXOKIEHUH BUIOB B
KOHTYpaX, COOTBETCTBYIOIINX IOKHOMY, IEHTPAIbHOMY U CEBEPHOMY yUacTKam
WDbAYP, nmorpe©oBait uX OTAETHHOTO PACCMOTPEHHUS H 00CYXKICHUS.

FOsicnotit yuacmox WbhAYP

Uucno kpallHHUX 3aMaJHbIX ¥ BOCTOYHBIX MECTOHAX0KICHHUMN COCYIUCTBIX pac-
TeHHUi B koHTYpe 1 (puc. 2) coctaBuio §27 Touek. [IpoBepka runoressl o ciayyaii-
HOM pacrpe/ieJIeHin Touek B KoHType 1 ams cetku 10%4 kBamparoB co CTOpOHON
B 1° 1aeT ypoBeHb 3HaUUMOCTH MeHbIe 2,2e—16, uto menble 0,001 u nmo3posnser
OTKJIOHUTH HYJIEBYIO TUIIOTE3Y O MOJHOW MPOCTPAHCTBEHHOW CITy4ailHOCTH.

OTKIIOHEHHE OT CIIy4aifHOTO pacIpenesieHus] TOYeK MPOSBISETCS B UX CKO-
IJICHUU B 10r0-3aM1aJHOM 4acTH KOHTYpa, COOTBETCTBYIOIEH ropaM ATast BIOJIb
rocynapctBeHHo rpanuiibl PO. CromieHne Todek BeIXoIUT 3a 84°E — kpaiiHioro
3amanyto Touky Anrae-Enuncerickoit mpoBuHIny. ClieyeT OTMETHTD, YTO 3aMa -
Has 4acTh CKOTUICHHUS COBIMAJIAET C TOPHO YacTbi0 ANTACKOTO Kpasi U BBIXOTUT
3a rpanniny Anrae-Enuceiickoit npoBunimu no JI.W. ManeimeBy ¢ coaBropamu
[16], Oombiie cooTBEeTCTBYS rpaHuie Anrae-CasHCKON MPOBUHIIMU, OUEPUEHHON
A.C. PeBymikunsim [15] (cm. puc. 1).
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Konryp 4 [Frame 4]
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Puc. 2. Konrtypsl, mokpeiBatommue otaenababie yuactkd WbAYP u yuactok k 3amany
oT Hee (¢ yka3aHHEM KpaeBbIX MECTOHAXO)KAECHHU BUIOB/TIOABUIOB):
[Fig. 2. Frames covering parts of the WbAYP and a frame to the west of it
(with marginal localities of species/subspecies)]:
KonTyp 1 — 50°— 54° c.o1., 80—90° B.A. [Frame 1 — 50°- 54°N, 80-90°E];
Kontyp 2 — 54°-58° c.m1., 80°-88° B.11. [Frame 2 — 54°-58°N, 80°—88°E];
Kontyp 3— 52°-58° c.u1., 87°-91° B.xA. [Frame 3— 52°-58°N, 87°-91°E];
Kontyp 4 — 56°—62° c.m1., 80°-96° B.1. [Frame 4 — 56°—62°N, 80°-96°E];
@ — KpaeBBbIC 3aIaIHBIC/BOCTOYHBIC MECTOHAXOKACHUS [Marginal western/eastern localities]

Tak, B mpenenax Anraiickoro kpas Ha THUrepeKckoM XpeOTe HaXosITCs KpaiHue
3anajgHble cHOUpCKUe MecToHaxoxeHus Schulzia crinita (Pall.) Spreng., Lloydia
serotina (L.) Rchb., Salix vestita Pursh, Minuartia biflora (L.) Schinz et Thell.,
Smelowskia calycina (Stephan) C.A. Mey., Saxifraga terektensis Bunge, Sibbaldia
procumbens L., Hedysarum theinum Krasnob., Doronicum altaicum Pall. [25].

OueBugHO, uTto Anrtae-Enucelickas ¢mopucTuyeckas NPOBHHLHUSA JOJDKHA
BKJIFOYATH 3allajgHble OTpord AnTaiickux rop, a WbAYP, o JI.M. MaisimeBy ¢
coapTopamu [16], B cBOel 10)KHOI YacTH JOJKHA COBNAAATh C TpaHULeH ArTae-
Castackoit mpoBuniny, o A.C. PeBymkuny [15].

Lenmpanvuuii yuacmox WhAYP

CyIIeCTBYIOT pa3HbIe TOUYKH 3pEHUS Ha (IIOPUCTUISCKYIO TPaHUILy CeBepHee AJl-
tas. A.C. Peymikus [15] npoBoaut rpanuily Antae-CasHCKOM IPOBUHIMH TaKUM 00-
pazom, 9to B ee coctas BxomuT Cananpckuii kpsok. JL.V. Manbmes ¢ coaropamu [16]
LeHTpalbHy0 YacTb WbAY P ipoBozsT BocTouHee, o rpanuie Xakacuu 1 Kemepos-
CKO¥ 00JIaCTH, UTO B OIPEICTICHHON MEpE COOTBETCTBYET MEPHIMOHATEHOMY TOPHOMY
TIOTHSTHIO, COCTosAIIEMY M3 ADakaHcKoro xpeOta u xpedra KysHelkuii Anaray (cM.
puc. 1). [yt mpoBepKH STUX TOUEK 3PEHHUSI PACCMOTPEHBI [IBa KOHTYPa, M3 KOTOPBIX
3ana/Heli (KOHTYp 2) BKIIodaeT Caaupckuii Kpshk, a BOCTOUHBIHN (KOHTYp 3) — dhpar-
MeHTBI AGakaHCKOTO XpeOTa 1 xpeora Ky3nenkuit Anaray.

Yucno kpaeBbIX MECTOHAXOXKIEHUH B KOHTYpe 2 COCTaBHIIO 52 TOYKH (pHC. 2,
koHTYp 2). [IpoBepka THITOTE3bl O TIOJTHON MPOCTPAHCTBECHHOH CIIy4allHOCTH B
pacrpeeNieHnd KpaeBbIX MECTOHAXOKICHUH B KOHTYpe 2 Ui ceTKU 64 kBaapa-
TOB €O CTOpOHOM B 1° maet yposens 3Hauumoctu 0,045, uto mensmie 0,05 u He 10-
3BOJISIET MIPUHSATH THIIOTE3Y O MOJHOM MPOCTPaHCTBEHHOH CIy4alfHOCTH B pacmpe-
JeTICHIH KPaeBhIX TOUCK B JAHHOM KOHType. OHako oOparmaer Ha ceOst BHUMaHHe
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OMM30CTh YPOBHSI 3HAYMMOCTH K ITOPOTOBOMY 3HAUCHHUIO, IIPEBEIICHAEC KOTOPOTO
M03BOJISIET AOMYCTUTH CIIydaifHOE PacIIpeie/IeHUEe MECTOHAX0XK/ICHUH B KOHTYpeE 2.

Urcmo KpaeBbIX MECTOHAXOXKJIEHUH B KOHTYype 3 coctaBmio 128 Touek (cm.
puc. 2, koHTyp 3). IIpoBepka I'HIOTE3B! O CIy4alfHOM paclpeAeiIeHUHN TOUYEK B
KOHType 3 miis ceTKu 4X6 KBaJpaToB CO CTOPOHOU B 1° maeT ypoBeHb 3HAYMMO-
cti 6,237e—10, uro Mensbie 0,001 1 MO3BOJSAET OTKIIOHUTH HYJIEBYIO THIIOTE3Y O
TIOJTHOW MPOCTPAHCTBEHHOM CIIyYallHOCTH.

CkorieHre KpaeBbIX MECTOHAXOXKACHUH B mpeaenax koopauHat 52—-53°N u
89-90°E cooTBeTcTByeT 3ajeraHiio0 AOaKaHCKOTO XpeOTa U XpeOTOB MEHBIIIETO
MaciTaba Ha cThike AGakaHCKoro xpeoTa u xpeoTa 3anaasslii CasH B I0XKHOM ya-
ctu PecrryOnmkn Xakacwusi, CpaBHUTEIILHO HETAJICKO OT rpaHullbl ¢ KemepoBckoii
obnacteio. KpaitHue 3amannelie Touku 3peck uMeroT Aconitum biflorum Fisch. ex
DC., Oxytropis kusnetzovii Krylov et Steinb., Conioselinum longifolium Turcz.

CrorieHne Touek B npenenax koopauHatr 54-56°N u 89-91°E cooTBeTcTBYeT
CEBEPHOW OKOHEYHOCTH PecmyOiuku Xakacwus, ¢ 3amafHON TpaHuIeH, POXos-
mieil mpuMepHo BAoib Mepuauana 89°F mo orporam xpebta KysHeukwuii Anaray.
Kpaitnue 3anamHbie MeCTOHaXOXKIeHUsI 31ech UMEIOT Salix saxatilis Turcz. ex
Ledeb., Betula divaricata Ledeb., Veronica alpina L. s. str.

[IpuHrMas Bo BHIMaHUE CYIIECTBCHHOE MPeo0IagaHie KpaeBbIX MECTOHAXO0XK-
JICHUEH B KOHTYypE 3 1O CPaBHEHHUIO C KOHTYPOM 2, a TakKe OOJBIIYI0 Pa3HUILY
B 3HAYCHMSIX YPOBHEH 3HAYMMOCTH IIPU MPOBEPKE THIIOTE3HI O COOTBETCTBUH TO-
YeYHbIX 00pPa30B MECTOHAXOXKACHUH B KOHTYpax 2 U 3 TIOJIHOW MPOCTPaHCTBEHHOM
CIIy9aifHOCTH, TTO-BUIUMOMY, CJIeTyeT MPUHSTH Touky 3peHust B.JI. Komaposa [1] u
JL.U. Manslesa ¢ coaBTopami [ 16] u mpoecTu (propHCTUYIECKYIO IPAaHUILY B KOH-
Type 3: B uHTEpBatie 52—-56°N, npumepHo Baoiabs mepuauana §89°E. Cnemxyer otme-
THUTb, YTO, KPOME YIOMSHYTHIX, CYIIECTBYIOT Pa3HbIe TOUKH 3PEHHUS Ha pacCMOTpe-
Hue Camanpckoro Kpshka B COCcTaBe TOM v nHOHM ¢guroxopuu. Tak, [1.H. Kpbutos
[26] u AJL. TaxtamksH [4] BrmovatoT Canaupckuil Kpsbk B coctaB Antae-CasiH-
ckoit mpoBuHIH. Oqaako H.H. Jlamuackuit [27], ormeuast, ato Cananp HaXOmuTCs
Ha ceBepo-3anaze Anrae-CasiHCKOM TOpHON CUCTEMBI, HA OCHOBaHUU reorpagduue-
CKOTO aHaJIM3a XapakTepu3yeT ero (uiopy kKak HamOolee BOCTOYHBIN yMEpEHHO-
KOHTHHEHTAJIbHBIM HU3KOTOPHBIA BAPHAHT aTJIaHTHYECKHUX (Iop.

Cegepnuii yuacmox WhAYP

Jannbiit yuactok rpanuiibl JI.W. Manbies ¢ coaBropamu [ 16] mpoBoasT o aamMu-
HHUCTPATHBHOW IpaHuIle MeX Ty TOMCKOI 001acThiO M KpacHOSpCKAM KpaeM, KOTopast
MPOXOAUT B Mexaypeube O6u u Enuces, o 3adonoueHHoi Ketcko-ThIMckoli paBHUHE.

Urcmo KpaeBbIX MECTOHAXOXKIEHUH B KOHType 4 coctaBisieT 56 Touyek. [Ipo-
BEepKa TUIOTE3bl O CIYyYailHOM paclpeleleHUH KPaeBbIX MECTOHAXOXKIECHUH B
KoHType 4 s ceTku 15%5 KBaapaToB co CTOPOHOH B 1° maeT ypoBeHb 3HAYMMO-
ctu 0,11, uro Gomnbme 0,05 U MO3BOJSAET NPUHATH HYJIEBYIO THIIOTE3Y O MOJHOM
MPOCTPAHCTBEHHOM CITy4ailHOCTH.

CpaBHHUTEIBHO HEOOJIBIIOE YUCIO KPAEeBBIX MECTOHAXOKICHUH U HMX CIIy-
qaiiHOE paclpeelieHne He MO3BOISIET HAMETHTh (JIOPUCTHYECKYIO TPaHHILy IO
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KpaeBbIM TOoUYKaM. TeM He MeHee oOpamaer Ha ceOs BHUMaHHE MOYTH IOIHOE
OTCYTCTBUE KPAeBBIX MECTOHAXOKICHUI B MECTE MPOXOMKICHUS CEBEPHOU YaACTH
WDAYP Ha yuactke B mpenenax 58°—62°N u 84°—88°E (cm. puc. 2, KoHTYp 4).
B TO e BpeMs OmnpenelieHHOE YHCIIO KPAaeBbIX MECTOHAXOXKICHUU TITOTEET K
pexam OO6b, Enuceii n ux npurokam. Takoe pacrpe/eieHue KpaeBbIX MECTOHA-
XOXJICHUH, TI0-BHUMOMY, 00YCIIOBIICHO TE€M, YTO KOJUIEKTOPHI ITyTEIISCTBOBAIH
HauboJiee yI00HBIM JICTOM PEYHBIM TPAHCIIOPTOM.

[To BCei BUTUMOCTH, CEBEPHBIN YIaCTOK 3aIaHOM TPAHUIIBI TPOBUHIIUH TIPU
HUMEIOIIEeMCsl KOJTMYECTBE TaHHBIX CIIeyeT IpoBOauTh Beien 3a B.JI. KomapoBemM
[1] mo reorpaduyeckoMy MpHHIUITY O p. EHKCEH, KOTOpast OTAenseT pacioio-
JKEHHBIE K 3amany ot Hee Enuceiickyro n Ketcko-ThIMCKyr0 paBHUHBI OT pacmo-
JIO)KEHHBIX BOCTOUYHee EHHUCeWcKoro kpsbka m 3aaHrapckoro miato. Bocrounee
Enmncest B 5TOM IIMPOTHOM WHTEpBAJE JEkKAT KpaifHUE 3aIlaJHbIC MECTOHAXO0XK-
nenus Lilium pensylvanicum Ker-Gawl., Filipendula palmata (Pall.) Maxim. u
Chrysanthemum zawadskii Herbrich subsp. peleiolepis (Trautv.) Zuev.

3akirouenne

Ha ocHOBaHNY NPEI0KEHHOTO METO/[a, B OCHOBE KOTOPOTO JIEKUT MCIIONIb30-
BaHUE KPAECBBIX MECTOHAXOXKJACHUN BUAOB, IPUHUMAEMBIX B KAYECTBE MapKEPOB
TPaHHUII apeajioB, CIeAyeT CKOPPEKTUPOBATh 3aNaHyI0 rpaHuly Anrtae-EHnceii-
CKOM MPOBWHINY, PA3IEISIONIYI0 PABHUHHBIC W TOPHBIE TEPPUTOPHUH HA FOTE 3a-
nagHoi Cubupu. B 10xHOM 9acTH rpaHUIa TOKHA MIPOXOAUTH 3allaJHEE CBOETO
HACTOSIIETO TOJIOKEHHUS, YTOOBI B COCTAB MPOBUHIIMH BOIUIN 3aIlaHbIe OTPOTH
Adnraiickux rop. CeBepHas 4acCTh IPaHHUIIBI, MO-BUAUMOMY, JOJDKHA MPOXOIUTH
no p. Exuceil.

Aemop 6razooapen cmapuemy undxcenepy [{CEC CO PAH A.B. Ezopogoii 3a nomows npu
pabome ¢ I'HC, a maxorce eedywum nayunvim compyounuxam LJCEC CO PAH 0-py 6uon. nayx
H.U. Maxyrunoti u 0-py 6uon. nayk O.FO. Iucapenko 3a o6cysicoenue pykonucu.
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Using marginal species localities for the revision of the western
boundary of the Altai-Yenisei floristic Province

Floristic regionalization is a necessary stage of the investigation of plant taxa
distribution. The result of floristic regionalization is a scheme of geographic units
(phytochoria), which differ by composition and structure of their floras. There are
several approaches to distinguish phytochoria and their boundaries: by geographical
features of the investigated territory; by vegetation and taking into account the relief
of the territory; by endemic taxa; by comparing the floras of the key territories; by
concentration of range boundaries and by lines of the range boundaries coincidence.
For drawing phytochoria boundaries, this paper proposes to use the westernmost and the
easternmost species localities on dot distribution maps and clusters of these localities
rather than ranges and concentrations of range boundaries. The research specifies the
western boundary of the Altai-Yenisei floristic Province (WbAYP).

Published dot distribution maps of 2569 vascular plant species and subspecies
of Siberian flora were used to reveal marginal western and eastern localities.
They were geocoded by means of Geographic Information System ArcView GIS
3.2a (registration number is 843181116338) and the module ArcView Spatial
Analyst 2.0a (registration number is 849601104159). The coordinates of geocoded
localities and supplementary data (taxon name, numbers of map and locality)
were entered into the Localities Database tables in MS Access (DBLoc). The
total number of entries in the database tables was 169854. The marginal western
and eastern localities in the limits of 49°-62°N and 80°-100°E were selected for
each species/subspecies from the DBLoc. The latitudinal extent of the frame
corresponds to the latitudinal length of the WbAYP, and the longitudinal extent
corresponds to the distance of approximately 10° to the west and to the east from
the border. Selection of the marginal localities was made by means of computer
programmes written by the author in the Visual Basic for Applications. At this
stage, the Marginal Localities Database was made (DBMarLoc), which comprised
data on 1654 dots. Then, for more detailed consideration of the southern, central
and northern parts of the boundary, data corresponding to the localities from
smaller overlapping frames along the boundary were selected (See Fig. 1). GIS
NextGIS QGIS was used to visualize some floristic boundaries in Asiatic Russia.
The R free software environment for statistical computing and graphics was used
to visualize marginal localities inside the selected frames, as well as to test their
patterns against Complete Spatial Randomness (CSR) hypothesis. CSR hypothesis
was tested by y? test (quadrat.test function in spatstat package in R).
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Southern part of WbAYP. Testing CSR hypothesis for marginal localities in
frame 1 (827 dots, a grid of 10x4 squares with side of 1°) (See Fig. 2) gives the p-value
less than 2.2e—16, that is less than 0.001 and allows us to reject the null hypothesis of
complete spatial randomness of the distribution of dots in the frame. The deviation
from the random distribution of marginal localities is manifested in their accumulation
in the southwestern part of the frame, corresponding to the Altai Mountains. The
dot cluster extends beyond the westernmost point of the Altai-Yenisei Province at
84°E. There, at the Tigerekskiy Ridge, there are the westernmost Siberian localities
of Schulzia crinita (Pall.) Spreng., Lloydia serotina (L.) Rchb., Salix vestita Pursh,
Minuartia biflora (L.) Schinz et Thell., Smelowskia calycina (Stephan) C.A. Mey.,
Saxifraga terektensis Bunge, Sibbaldia procumbens L., Hedysarum theinum Krasnob.,
and Doronicum altaicum Pall. Obviously, the Altai-Yenisei floristic Province should
include the Western Altai Mountains of Altai Krai and the province boundary shoud be
located more to the west than that drawn earlier.

Central part of WbAYP. Testing CSR hypothesis for marginal localities in
frame 2 (52 dots, a grid of 6x4 squares with side of 1°) gives the p-value 0.045, that is
less than 0.05 and does not allow us to accept the null hypothesis of complete spatial
randomness of the distribution of dots in the frame. However, attention is drawn to
the closeness of the p-value to the threshold level, the excess of which would allow
accepting the random distribution of dots in the frame. Testing CSR hypothesis for
marginal localities in frame 3 (128 dots, a grid of 4x6 squares with side of 1°) gives the
p-value of 6.237e—10, that is less than 0.001 and allows us to reject the null hypothesis
of complete spatial randomness. The cluster of marginal localities in coordinates 52°-
53°N and 89°-90°E corresponds to the Abakan Ridge and ridges of smaller scale at the
junction of the Abakan Ridge and the Western Sayan Ridge at the southern part of the
Republic of Khakassia. There, the marginal localities of Aconitum biflorum Fisch. ex
DC., Oxytropis kusnetzovii Krylov et Steinb., and Conioselinum longifolium Turcz are
found. The cluster of dots in coordinates 54°-56°N and 89°-91°E corresponds to the
northern part of the Republic of Khakassia with its western boundary approximately
along the meridian 89°E by the slopes of the Kuznetsk Alatau Ridge. The marginal
western localities are found there of Salix saxatilis Turcz. ex Ledeb., Betula divaricata
Ledeb., Veronica alpina L. s. str. Apparently, WbAYP in its central part should be
delineated approximately along the 89°E meridian.

Northern part of WbAYEP. Testing CSR hypothesis for marginal localities in
frame 4 (56 dots, a grid of 15%5 squares with side of 1°) gives the p-value of 0.11, that
is more than 0.05 and allows us to accept the null hypothesis of complete dot spatial
randomness in the frame. Comparatively small number of marginal dots and their random
distribution does not allow us to outline floristic boundary by marginal localities in this
region. Nevertheless it is noteworthy that some marginal localities tend to the Ob’ and
Yenisei Rivers and their tributaires. Apparently, the northern part of the WbAYP should
be drawn according to the geographical principle by the Yenisei River, which flow among
plain and mountain territories: the Yenisei and Ketsko-Tumskaya plains to the west of the
river, the Yenisei Ridge and Zaangar Plateau to the east of it. For example, the marginal
western localities of Lilium pensylvanicum Ker-Gawl., Filipendula palmata (Pall.)
Maxim. and Chrysanthemum zawadskii Herbrich subsp. peleiolepis (Trautv.) Zuev. are
marked for specified meridional interval to the east of the Yenisei River.

The paper contains 2 Figure and 27 References

Key words: floristic regionalization; dot distribution maps; geocoding; Siberia;
Asiatic Russia
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A.B. Knumos' %, b.B. IIpomkun®

'000 UndxA-koncanmune, 2. Hogoxysueyx, Poccust
23anaono-Cubupckoe omoenenue Hncmumyma neca um. B.H. Cykauesa
CO PAH — gpunuan @edepanvro2o uccied08amenbCckozo yeHmpa
«Kpacnoapcxuii nayunvii yenmp CO PAH», e. Hosocubupck, Poccus
SOKOY BO Kysb6acckuii uncmumym O@CHH Poccuu, . Hosoxysneyk, Poccus

Mopdoaorusi Populus suaveolens Fisch.
B nonyasinusix Cesepo-Boctoka Poccnu

HccnenoBanust nposesieHbl B pamMkax 0a3oBeix npoektos @UL] KHL] CO PAH
(Ne AAAA-A17-117101820003-0) u HoBocubupckoro TAY (Ne AAAA-A17-117112470021-9).

Ilpedcmasnenvl  pesynomamvl  U3YHEHUsL  USMEHYUBOCIU — MOPPONOSUYECKUX
npusHaKos ezemamueHvlx opeanoé P, suaveolens 6 nonyrsyusx Hyxomckozo
A8MOHOMHO20 OKpyed. [Is UCKNIOUEHUS 603PACHOU USMEHYUBOCIU COOP 2epOapHO20
Mamepuana npogeden MoONbKO ¢ YKOPOUEHHbIX NoDe208 HHCHOU CMOPOHLL CpeoHell
uacmu KpoHvl penpoOYKMUBHO 3PElbiX 0epegbes C YUemoM KAOHOBOU CMPYKnypbl
Hacasxcoenutl. IIpu smom usyuen KOMnAeKc npUsHaKo8: popma 1ucmogol nAacmuHKuU,
ee BepXVWKU U OCHOBAHUSA, HAMUYUE OA3ANbHBIX JHCeNE30K, ONYUIEHUe YepeulKd.
Yemanosneno, umo ona aucmves P, suaveolens xapaxmepHna npeumyuyecmeenno
obpamuoaiyesuonas Gopma niacmuHku, pedxce naunmuyeckas. Ilpeobraoaiom
NAACMUHKU C PE3KO 3A0CMPEHHOU BEePXYWKOU, HO BCMPEYAIOMCS U C NOCMENEHHO
3aocmpennou. Ocroganue 00bIYHO OKPY2I10-KAUHOBUOHOE UNU KIUHOBUOHOE C 8bleMKOU
6 Mecme nepexooa uepewika 6 JUCMO8YI0 NIACMUHKY. Bce ykasammwie npusnaxu
AGNAIOMCA XAPAKMEPHBIMU OJiAl OAHHO20 MAKCOHA. OOHAKO OHU HE MAK USMEHUUBYL, 8
YACTNHOCU, HA 9HOO2EHHOM YPOSHE (8 npedenax 0codu) He 8apbupyem Gopma 0CHOBAHU
U 8epXYWKY TUCMOB0U nracmunku. Ha 00nom pacmenuu MOXCHO HAOIOOAMb TUCHIbSL
U ¢ pasHou opmoil nIAcCmMUuHKY, HO 0OHA U3 HUX 8ce20a npeodnadaem. B uzyuennvix
NONYIAYUAX 8Ce 0COOU UMENU ONYUIEHHble YePewKy U XapaKmep paseumus mpuxom
He 6apbUpoBAl HA IHOO2EHHOM YposHe. [IpusHax «Hanuuue OA3GIAbHbIX HCENE30K»
8APbLUPOBATL KAK HA IHOO2EHHOM, MAK U HA UHOUBUOYATLHOM (6HYMPUNONYIAYUOHHOM)
yposusx. Eeo nosenenue 6 nonyrayusx Cesepo-Bocmoka Poccuu, na Haw 832140,
00ycnoeneHo opestell unmpozpeccusnoll cubpuousayuetl P. suaveolens c P. balsamifera
Ha meppumopuu bepuneuu. Hanuuue 6a3anbHbix Heené30K 6 COBPEMEHHbIX NONYIAYUAX
P. suaveolens Cesepo-Bocmoxa Poccuu MOdCHO paccmampugams Kax c8u0emensCcmeo
cywecmeosanusi eOUHo020 cuneameona (syngameon) Populus ma omoenvHvix smanax
asomoyuu poda. Cnabas ougghepenyuayus u3yueHHvIX NONYAAYUL YKA3bIGAem HA
Mo, Ymo coepemeHHble MONONbHUKU HA UCCIEO08AHHOU MEPPUMOPUY — Pe3VIbmam
NnOCMIeOHUKOBOU PEKOIOHUZAYUU.

KuroueBsle ciioBa: Populus suaveolens; W3MEHYHBOCTH, MOP(QOIOTHYECKUE
NIPU3HAKH; HOMYISALKS; Oa3aibHbIe XKENE3KH; HHTPOrPECCUBHAS THOPHIU3ALIUS
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Beenenne

Tomonb aymmcteiit (Populus suaveolens Fisch., cekuus Tacamahaca Mill.) —
TOPHO-IOJIMHHBIN BHUI, 3aCEIAIONINI TPHPYCIOBBIC AJUTIOBUATTBHBIC OTIOKCHHS U
TIPUYPOYEHHBIA K TIOWMEHHON W IEPBOM HAAMONMEHHOU Teppacam pek [1]. 3to
OJIVH 13 HauboJee MIMPOKO paclpoCTPaHEHHBIX TOWMEHHBIX BUJIOB poaa Populus L.
B EBpazuu. Ero apean npoctupaercs ot BepxoBuid p. EHncel 1o ceepa SAnonuu,
Kopeu, Monronuu u Kuras Ha tore, 10 UyKOTCKOTO MOJIyOCTpOBa Ha CEBEpE.

HecMmotps Ha o0mmpHOE pacipocTpaHEeHUE U IICHHBIC XO3SCTBEHHBIE CBOM-
cTBa, P. suaveolens octaeTrcsa Majno u3ydeHHbIM [1]. B nuTeparype onucaHus Tak-
COHA, KaK ITPaBHJIO, OTPAHWIHUBAIOTCS (DIOPUCTUIECKUMH CBOIKAMH H OIIpEIe-
nutensamMu [2—7], 3a uckimodenneM Monorpaduu B.T. Bakynuna [1], B koTOpOo#t
aBTOp ITOCTapajcsS MAKCUMAaJIbHO MHAPOKO 0000IINTS UMEIOIIHECs] MATePHAIIEI TIO
MOp(hoIOTHH, aHATOMUH, YKOJIOTUH, OCOOCHHOCTAM POCTa U NMPUMEHEHUIO B Ce-
nexrmy. OJHAKO MHOTHE BOIIPOCHI, HECMOTPSI Ha MCCIICIOBAHUS, TPESATIPUHSTHIC
B TIOCTIETHUE TOJIbI, OCTAIOTCS MO-MIPEKHEMY OTKPBITHIMH, B YACTHOCTH, 3TO Ka-
caeTcst m3MeHYMBOCTH P. suaveolens [1, 8-11], ero rubpunusammu ¢ P. laurifolia
Leded. [9, 11], o0bemMa caMOro TaKCOHA U CUCTEMATUIECKON CaMOCTOSITEIBHOCTH
P. maximowiczii A. Henry u P. koreana Rehd. [8, 12]. OTBeTHTs Ha 3TU BOMPO-
CBhl MO)KHO TOJIBKO MMes YeTKHE MPEACTABICHUS O BapuaOeIbHOCTH MPU3HAKOB,
KOTOPBIE CUUTAIOTCS BHAOCTICIM(DUIECKUMHE Uil P, suaveolens W, B IEpBYyIO ode-
penb, BEreTaTUBHBIX OPraHoOB, IOCKOJIbKY OTIIMYHS TOOETOB U 0COOEHHO JIUCTHEB
y Populus oI0XKeHbI B OCHOBY KITIOUEH OTpeeTuTeNeil i CBOJIOK.

Ob6nanast OOMIMPHBIM SKOJOTMYECKH T'€TePOreHHBIM apeayioM, P. suaveolens
JOIDKEH OTIIMYAThCS 3HAYUTENFHON N3MEHIMBOCTEIO H, B YACTHOCTH, MOPQOIIO0-
TUYECKUX MPU3HAKOB BETETaTUBHBIX OPraHOB. M 5TO HEOMHOKPATHO MOTYEPKUBA-
IOT aBTOPHI, KaCaBIIHECs STOTO BOIPOCA, MPUIEM, ONEpUPYs, KaK MpaBHIIO, Tep-
OapHBIMU COOpaMH C Pa3IMYHBIX TEPPUTOPHIA apeana, OHHU MBITAIUCH BBHIIBUTH
Kakne-1u00 reorpapuuecKie 3aKOHOMEPHOCTH B €€ IposIBIeHIsIX. KoreuHo, oT-
puLaTh HaIU4YMe reorpauyeckoil K3MEHYUBOCTHU MIPHU TaKOM OOILIMPHOM apealie
a0COIOTHO HEBEPHO, M PEaIM3yeMOe HAlpaBICHUE WUCCIEIOBAHUN MMEET CBOIO
neHHocTh. OnHaKo, Kak MbI yke orMedand [13], nmpu uzyuenunu poxa Populus L.
MIEPBOCTENICHHOE 3HAUYCHNE UMEET IPaBIIBHEIH cOop repbapus. Toipko mpu yc-
JIOBHH, YTO OH BEJIETCA CO B3POCIIBIX IEPEBBEB, C YKOPOUEHHBIX TTOOETOB CpeIHEe
9acTH KPOHBI, MOTyICHHBIC MaTepHalbl MOKHO MCIONB30BAThH ISl CPABHUTEIIh-
Horo aHanuza. Kak moka3piBaeT Halll ONbIT paboThI C repOapHBIMU MaTepHalaMu
Pa3HBIX KOJUIEKIWH, OOIbIIas 9acTh N3 HUX STHM TPEOOBaHUSAM HE COOTBETCTBY-
er. Eme A.K. CkBopuoB u H.b. bensuuna [8] ormeuanu, uto y P. suaveolens
W3MEHYUBOCTD JIBOSIKAS: TCHOTHITMUECKAs (MEXKUHIUBHUIyalbHAs) 1 BO3PACTHAS,
MpUYeM TIOCTIeTHSS CBA3aHa HE TOJIBKO C BO3PACTOM JIepeBa, HO U ero yacteid. OHH
K€ YKa3bIBaJIM, YTO «U3MEHUYMBOCTD IPOSBILLIACH B 3HAYUTEIHFHON Mepe mapai-
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JIETIHHO, B Pa3HBIX YacTsxX apeanay. [lociemnee, 6e3yciiOBHO, OTpaXkaeT OOIBIIYIO
POJIb BHYTPUIOMY/SIIUOHHOTO pa3Hoo0pasust y P, suaveolens. 3HaunTenbHas A0
BHYTPUIONYJSILUOHHOW M3MEHYMBOCTU OTMEYEHA PsiioM aBTOpoB y P nigra L.
[14-17], P. laurifolia [18, 19] u B uenom y BunoB Populus [20]. IloaToMy ToOIBKO
oCIIe U3y4YeHHs BAPbUPOBAHMS IIPU3HAKOB HA YPOBHE MOMYJISIIUA MOXKHO paccMa-
TPUBATH CHEIU(UKY MEKXIOMYISIIHOHHON U3MEHIUBOCTH. 1 371€Ch, K COKAJICHUIO,
MBI CTOJIKHYJICH TIPAKTHYECKHU C TIOTHBIM OTCYTCTBHEM JaHHBIX TI0 3TOMY BOIIPOCY
y P. suaveolens. Tonpko B pabore M.B. KoctuHoii ¢ coaBT. [9] npuBeneHa cpas-
HUTEJIbHAS XapaKTepPUCTUKA JTUCTHEB Tpex Homyisimid u3 VpkyTckoi obrmactu u
Bypsitiu, HO 6€3 MOP(HOMETPHUECKOTO aHANIN3A.

Kakne xe Mopgonornieckrne NpH3HAKA BETE€TATHBHBIX OPTaHOB ITO3BOJISIOT
uaeHTU(UIUpoBaTh P. suaveolens xak TakCOH? BOIBIIMHCTBO aBTOPOB OTMEUa-
IOT B Ka9eCTBE OCHOBHBIX IIPH3HAKOB JIMCTOBOH IIACTHHKH: 1) HAMOOIBIIYIO €e
HIMPUHY OOBIYHO IOCEPEANHE €€ JITUHBI WIIM HEMHOTO BBIIIE; 2) PE3KO CTAHYTYIO
BEPXYIIKY B KOPOTKOE 3a0CTPEHNE; 3) CEPALIEBUIHOCTh OCHOBaHUS; 4) HAIMYINE
BBIEMKH B MECTE IIepexo/ia Yepellka B JINCTOBYIO INIacTHHKY [1, 8, 11]. Caenosa-
TENBHO, IpU uAeHTH(GUKAIMN P. suaveolens BaxXHBI popMa JINCTOBOI IUIACTHHKH,
ee ocHoBaHMA U Bepxymku. Onnako HO.A. HacumoBuu ¢ coabt. [11] yka3biBa-
0T, YTO JIMCThSI HA YKOPOUCHHBIX MOOErax B3pOCIOro JepeBa MOTYT OBITH TPeX
THUIIOB: 1) KpyIHBIC U KPYINbIE C MOYTH MPOJABICHHON BEPXYyLIKO; 2) TUIHY-
HBIE, T.€. OBaJIbHBIE WJIM OOPATHOSMIIEBUIHBIC C BHE3AITHO 320CTPEHHON KOPOTKOM
BEPXYILKOii; 3) stiiieBUAHBIC C MOCTENEHHO Cy>KHBatoIIencs BepxyKkoiil. To ecTs
Ba)KHBIC JUIS BEISIBJICHUS BU/Ia MIPU3HAKN OTIIMYAIOTCS TOBOJIBHO BBICOKOW DHJIO-
TeHHOI U3MEHUUBOCTBIO.

OTHOCHTEIIFHO «HOBBIM)» IPU3HAKOM, XapaKTepu3ytommM P. suaveolens, siB-
JIsieTcsl Hanu4ye XelIE30K B OCHOBAaHUHU JHMCTOBOM miacTUHKHU [9]. B Gonee pan-
HUX paboTax MJaHHBIX O pa3BUTHHU Y P. suaveolens 6a3ambHBIX jKeIE30K (FKEIEIKH
CBEpXY Ha CTBIKE YEpELIKa U JINCTOBOI IUNIACTUHKH) HE IPUBOIIIOCH, 60JIee TOro,
B cBozike «CocyaucTeix pacteHuil coBerckoro [lampaero Bocroka» B.A. Hemo-
JY’)KKO [6] B KiTrOUe 7S OTpeNeIeHus: BU0B poaa Populus yka3plBaeT OTCYTCTBUE
JKENE30K KaK XapaKTEPHBIN MPU3HAK BCEX <JIYLIUCTBIX» TOMOJIEW pernoHa. Hc-
cienosanust M.B. Koctunoit ¢ coaBt. [9] momynsmuii B MpkyTckoil obnactu u
BypsaTuu nokasany, uro 1/3 repOapHBIX JTHCTHEB COOPOB HMEIOT XOTS OBI IT0 OHO-
My JIHCTY C kené3kamu Ha nobere. Yare xen€3ku HEOOIbIINE, HO BCTPEUaroTCs
repbapHBIe 00pa3mbl, Y KOTOPHIX MPAKTHICCKH Ha BCEX JICTBSIX IPHCYTCTBYIOT
JIOBOJIBHO KPYITHBIE KETIE3KH.

[ockomeKy HEKOTOpBIE TPYAHOCTH B M3YYCHHUH BHYTPHBHIOBOH H3MEHUHBO-
CTU y BUAOB pona Populus MOXeT BHOCUTb MeXBUa0Bas rubpunusanus [11], To
HCCIe0BaHNe BapHaOeIFHOCTH B TOMYJIALNSAX, YIAICHHBIX OT €€ COBPEMEHHBIX
30H, IPEJCTaBSIET TEOPETUUECKUI U MpaKkTHUeckuil uHTepec. OTHUM U3 TAKUX
peruoHoB apeana P. suaveolens sensiercsi CeBepo-Boctok Poccun. Ha teppuro-
pux UyKOTCKOrO aBTOHOMHOTO OKpyTa P. suaveolens pacipocTpaHeH B MOIMax pex
Ha TIEPUOINYCCKHU 3aTOIUIAEMBIX ydacTkax, o0pasys ¢ Chosenia arbutifolia (Pall.)



22 A.B. Knumos, b.B. IIpowkun

A.K. Skvortsov TormoseBo-4o3eHueBbIe Jieca. Ha ceBep oH npoHmkaet 1o p. Ilertsi-
Melb 3a 69° c. 111., caMble BOCTOYHBIE TOIOIEBO-Y03EHUEBBIE POILUIIBI HAOTIOIAIOTCS B
OacceitHe p. DKUTHIKH (TIPUTOK p. AMIy3ma), BepXxoBbsx pek Kanuanan, bon. Ocuno-
Bast. TOMONBPHUKH STOrO PErMOHA OCTAIOTCS MPAKTHIESCKH HE M3yYeHHBIMH [ 1].

Lens nanHOTO MCCIEOOBAHUS — OXapaKTEPU30BaTh H3MEHUYUBOCTH MOpdoio-
THYECKUX TPU3HAKOB BEr€TATUBHBIX OPraHoB P. suaveolens B momymsuusax Yy-
KOTCKOTO aBTOHOMHOTO OKpyTa.

Marepuajbl 1 METOANUKH HCCJIEI0BAHUS

Uccnenosanus nonyisuuit P suaveolens nposenens! B 2020 r. B bummOuH-
CKOM paiioHe UyKOTCKOro aBTOHOMHOIO okpyra. PalioH uccienoBaHuil Xapak-
TEpU3YeTCS HU3KOTOPHBIM peNbeOM: C YBEITHUSCHHEM BBEICOTHI MECTHOCTH IIPO-
CJIC)KUBAETCSl CMEHA IMOSCOB PACTUTEIBHOCTHU. JIecHbIE COOOIIECTBAa 3aHUMAIOT
pEeYHBIC TONWHBI M HIDKHIE YacTH CKIOHOB comoK. Hambonee mmpoko pactpo-
CTpaHEHB! JIMCTBCHHUYHBIEC PEIKOJICChsI C HECOMKHYTBIM JIPEBOCTOEM M3 Larix
cajanderi Mayr. C yBemMUCHHEM BBICOTHI IOSIC JINCTBEHHHYHBIX PEIKOJICCHIA
CMEHSETCA IOATOJBIIOBBIM MOSCOM — KPYNHOCTJIAHUKOBBIMHU COOOIECTBAMU C
nomuHupoBanueM Pinus pumila (Pall.) Regel. Ha BepmmHax comok ¢gopmupy-
eTcs PaCTUTENIBHOCTh TOJIBLIOBOTO MOsICA: KYCTapHUUKOBO-JTUIIAHUKOBBIE U 3€-
JIEHOMOIITHO-JIMIIAWHUKOBbIE TYHIpPHL. B nonuHax pek 3HauMTENbHbIE IJIOLIAIN
3aHUMAIOT KyCTApHUKOBBIE OCOKOBO-IYIIMIIEBBIE TyHApoOonorta. Ilo moiimam
PEeK Ha IMecYaHO-TAICYHBIX CyOCTpaTax HEMIMPOKUMHE ITOJIOCaMH BIONb pycia
IIPOU3PACTAIOT TOMOJIEBO-4O3€HUEBbIE Jeca. Kak mokas3any Hamu HaOIrOCHUS,
P. suaveolens mmpoxo HCIIONB3yeTCs B 03CICHEHNUH HACEIICHHBIX IMYHKTOB Uy-
KOTCKOTO aBTOHOMHOTI'0 OKpyra 1 Marasianckoit o6nacty. PacteHust MeCcTHBIX 110-
MYJISIIANA OTIMYAOTCS BEICOKOH 3MMOCTOHKOCTBIO, OBICTPBIM POCTOM B CYPOBBIX
YCIIOBUSIX PETMOHA U 4aCTO KOMIAKTHON KOJIOHOBUHOM KPOHOM.

Tpu u3 uccnenoBaHHbIX nomyisinuid: «banmvka», «Tammar» u «Ilecuanka» —
pacronoxeHsl Ha mupore CeBepHOTO MOISIPHOTO Kpyra B MoWMax OJHOUMEH-
HBIX peK B OacceiiHe p. bonbimoit AHroil. Bce oHM W30MMpOBaHEI JAPYT OT Apyra
ropHbiMH MaccuBaMu. Camasi ceBepHas nomyssinusa «bunmubuno» npuypodeHa kK
npaBomy Oepery p. bonbmioit Kenepseem (6acceiin p. Manbiii AHIOM) Ha TpaHUIIE
r. bunuOuno, oHa yaaneHa ot ocranbHbIX Ha 200 kM. Bee momynsiuy BeIOpaHbl B
TOITOJIEBO-Y03CHUEBBIX MIONMEHHBIX Jiecax (Tabi. 1).

J1s UCKITIOYEHHs] BO3PAcTHON M3MEHUYMBOCTH cOOp repOapHOro Marepuana
MIPOBEICH TOJIBKO C YKOPOUCHHBIX ITOOCTOB FOXKHOM CTOPOHBI CPEIHEH JaCTH KPO-
HBI PENPOIYKTUBHO 3pEIbIX JepeBbeB. [Ipy 5TOM yuUTBIBAIM CKIIOHHOCTH Oallb-
3aMHUYECKUX TOTIOJIEH K 00pa30BaHHUIO KIIOHOB, IOBTOPHBIX COOPOB BHYTPH KIIOHA
TIarenbHo u3beranu. C kaxoi ocobu oTéupanyu mo 15 NOTHOCTBIO Pa3BUTHIX,
HETIOBPEXKIEHHBIX JUCTheB [21]. Ha kakmoM nmucte m3MepeHsl OCHOBHBIE MOP-
(omeTpHuecKre MPU3HAKN U PacCUUTAHbI IPOU3BOAHBIE (MHJIEKCHI). Beero mus
Mopdosorudeckoro uccienoBanus npusiedeHo 1 800 ucTheB.



Mopgponozua Populus suaveolens Fisch. 23

Tabnuna 1 [Table 1]
Mecra cOopa moJieBOro Mmarepuasa
[Places of field material collection]

Hazpanue Teorpaduueckue Konugectso nepe-
MOIYJIAUN KOOpAMHATHI BHCB/JIUCTHEB, IIT. Tun neca
[The name [Geographic [The number [Forest type]
of the population] coordinates] of trees / leaves, psc.]
Tononépo-uo3eHNEBbII
Bbunmbuno 68°03'44"N 30/450 Ky CTapHHqKOBO'ma:
[Bilibino] 166°27'57"E KOBO-pa3HOTp?BHI>II/I
[Poplar-chosenia sub-
shrub-cereal-forb]
Tononépo-uo3eHu-
Baumka 66°32'39"N 30/450 CBbIC KycTapHPI‘IK(i—
[Baimka] 164°15'50"E BO- pa3HOTpaBHLIH
[Poplar-chosenia
dwarf shrub-herb]
Tononépo-uo3eHu-
Tamiar 66°30'46"N 30/450 CBBIC KyCTapHI/I‘IK(\)'-
[Tallag] 164°28'22"E BO- paSHOTpaBH.BII/I
[Poplar-chosenia
dwarf shrub-herb]
Tononépo-uo3eHu-
Iecuanka 66°38'56"N 30/450 CBbIC KyCTapHI/I‘-IK(\)’-
[Peschanka] 164°22'42"E BO- pa3HOTpaBHLIH
[Poplar-chosenia
dwarf shrub-herb]

Mopddonoruueckue npusHaku P. suaveolens UCcienoBalli ¢ UCIOIb30BaHU-
€M CpaBHHTEIBHO-MOpdomornaeckoro merona. Omnucanue MOpPQOIOTHH TPO-
BeqeHo o An.A. @exopoBy c coabT. [22]. IIpu 3TOM H3y4eH KOMIUIEKC MpH-
3HAKOB: ()OpMa JIMCTOBOH IUIaCTHHKH, €€ BEPXyIIKH W OCHOBAHHS, HAINIHE
0a3aJbHBIX KENE30K, omylIeHus yepeika. OnpeneneHue GOpMbI IPOBEEHO MO
uHaekcy A/L [23], toe A — paccTosiHEEe MEXIY CaMO# IUPOKOH Y4aCThIO JTUCTO-
BOH TUIACTMHKH M €€ OCHOBaHHEM (MM), L — AyiMHA MUCTOBOM MIIaCTUHKH (MM),
HCTIONB3YS cnenyronue nauana3onsl: < 0,25 — tpeyronpras; 0,25-0,35 — siine-
BUIHO-TpeyroibHas; 0,35-0,45 — gituesuanas; 0,45-0,55 — snauntuueckas;
0,55-0,65 — obparnostiiieBuanas; 0,65-0,75 — BBICOKO OOpaTHOSHIICBUIHAS,
>0,75 — 0OpaTHO-TpEyTOIbHAS.

Omnymenne gepenika JIFcTa UCCIEIOBAHO C IIOMOIIBI0 CTEPEOCKOITNIECKOTO
mukpockorna MBC-10 (JI3OC, Poccus) (x16,3). Crenenb pa3BUTHsI TPUXOM Olle-
HUBAIIH 110 IIKaJie: | — 9eperrok ToJblid, TPUXOM HET; 2 — PEIKO OITYIIEeH, BOJIOCKA
paccesiHbl 10 TIOBEPXHOCTH; 3 — TyCTO OIyIIEH, BOJIOCKH MOKpbIBatoT 50% mo-
BepxHOCTH [24].

Juid kaxmoil MOmyJsAuy pacCYUTaHbl YacTOTHl MOpd M MOKa3zaTelu, Xapak-
TepU3YIOIe GEHOTUITHYSCKYI0 U3MEHYHBOCTh, HCIIOIB3Ysl 0000IIECHHbBIC TOKa-
3arenu, npemioxeHHsie JILA. XXuBotockum [25], B.II. IlyTeHUXUHBIM C COaBT.
[26], C.B. boponHnkoBoii ¢ coasrt. [27].
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YacrtoTsl Mopd ompeneneHs! o ¢popmyiie [25]
I, (1)
N
7€ 72 — KOJIMYECTBO CIIy4acB OOHAPYKEHUS HCCIIEAyEeMBIX MOp( B BBIOOpKE; N —
o0mmii 00beM BHIOOPKH.
OmuOKy 4acTOT ONpeAeNsIn o GpopMyrne
p(1-p)
Sp= [P @
J71s1 OLIEHKY YPOBHEH H3MEHUYNBOCTH M CPABHEHUS OMYIISAIHIA 110 TOIUMOP(d-
HbIM (DEHOTHUIIMUECKUM TIPU3HAKAM KCITONB30BaH MOKa3arenb (MHIEKC) BHYTPH-
MOMYASIIUOHHOTO pa3HooOpasus JXKusotosckoro (W) [25]

2
w=(/p1+fp2+ -+ fpm)". (3)
e p,, ..., p, — 9acTOThl MOP( B MOMYIIALMH.
Omubxa (Sp) onpeaenena no ¢popmyie [25]

5,= [Hmmw), @

7€ m — KOJIIMYeCcTBO Mop( B momyasiuu; N — oOmuil 00beM BBIOOPKHU B MOIMYJIs-
M.

OneHKy pazHOOOpa3us MPU3HAKOB HAa KAXXIOM JAEpeBe, BHYTPU- U MEXKIIOIY-

JSIIMOHHOM YPOBHSX OCYIIECTBILUIH C IOMOIIBI0 HHPOPMAIIOHHOH Meps! Lllen-

HoHa (H) [26] N
H=—Zpi Inp;, (5)
i=1

rne H — unnexc lllennona, p, — nons i-ro BapuaHTa npu3Haka B BeIOOpKe; N —
o0IIee KOJIMYECTBO BAPHAHTOB, BELSIBIICHHBIX B BEIOOpKe. [Ipn aTOM paccumranst
ClIelyIOIIHE TI0KA3aTelu.
Wnnexe pasnooOpasus B nommynsuuu (H,) [27]
Hy = (Hy + +Hp)/N (6)

rne H, ..., H —unnexc pasnoo6pasus 1y ocobu; N — o0umit 00beM BHIOOPKH
B TIOITYJISIIHH.
Wnnexe pasnooOpasus 1jis cyMMapHoii Beibopku (M) [27]

Hy = (Hy + - Hy)/N (7
e H , ..., H —unnekce pasnoobpasus st ocodu; N — o6mui 00beM CyMMapHO#
BBIOOPKH.
Cpenree 3Ha4eHNME MHEKCA Pa3sHOOOpasys BRIOOPKH (H ) mist mommyssimii [27]
H, = (Hg + - H})/n, (®)

TJIE # — KOJIMYECTBO MCCIICAOBAHHBIX MTOMYIISIIIHA.
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Wnneke pasnooOpasus BEIOOPKM BHYTPH MOMysumi (F) [27]
Fy = Hy/Hey (€]

Wnnexe MexnonynsiuoHHOro pasnoobpasus (F, ) [27]
Fwn = (HCM - HH)/HCM : (10)

Cratucruyeckass 00pa0dOTKa IOIYyYCHHBIX NaHHBIX BBHIIIOJHEHA C HOMOIIBIO
nporpamm Excel u SPSS 23.0 [28].

Pe3ysabTarsl Hccaeq0BaHNS U 00CYKIeHTE

TononeBo-u03eHUEBBIE JIeca B HCCIEN0BAHHOM palloHEe IMPOU3PACTAIOT Y3KOii
MIOJIOCOH Ha aJUTIOBHAJIBHBIX MECYaHO-TAICYHBIX OTIIOKEHMAX B ITOMMax peK (puc.
1). ApeBocToii 00pa3oBaH TononeM IymHcTeM (P, suaveolens) u uo3eHuei TONOK-
HAHKOMCTHOH (Ch. arbutifolia), Beicotoii 12—14 m, nuametpom Torons 16-20 cm,
yo3zeHuu 26-30 cM. CTBOJIBI TOMONS ManocOexucThIe, NpsiMble. Kopa B HIDKHEH
YaCTH IPOIOITOBATO-TPEIINHOBATAsI Ha BEICOTY 1—1,5 M, BBIIIE I1aaKas 6enoBaTo-
cepast. KpoHa 00bIYHO KOMIIAKTHAsI, Y CTApbIX JEPEBbEB PACKUIUCTAs], BETBH CPE-
Hel TommuHbl. OYUIIEHHOCTh OT CYXHMX BETBeH xopomras. KycTapHUKOBEI spyc
uMeeT cpeaHyro BeICOTy 110 cM, TycToil u HachILIEHHBIN, OObIUHBI Ribes triste
Pall., Lonicera caerulea L., Duschekia fruticosa (Rupr.) Pouzar, Salix krylovii
E.L. Wolf, S. pulchra Cham., S. schwerinii E.L. Wolf u 1p. B TpaBsiHO-KycTapHUY-
KOM sIpyce pe3KO TOMHUHUPYIOT KHSDKCHHKA OOBIKHOBEHHAS, MaJIMHA apKTHICCKas
(Rubus arcticus L.) nnu Beiinuk Jlanrcnopda (Calamagrostis langsdorffii (Link)
Trin.). MoXOBO-THIITAWHUKOBBIN SpyC HE pa3BUT. DIOpPUCTUYESCKUN COCTaB 3THUX
COOOIECTB HACUUTHIBAECT 25—35 TAaKCOHOB BBICIIUX COCYIUCTBIX pAacTeHUIl Ha
mpoOHyto miomans (20 x 20 m). TononeBo-403eHUEBBIE Jieca — HEIOJITOBEYHBIC
coo0IIEeCTBa, B HUX OBICTPO Pa3BUBAETCSl MOIIHBIN noapoct Larix cajanderi. To-
TIOJTEHUKH I10 MEPE TOTO, KaK OHH BBIXOIST M3 30HBI 3aTOIUICHHUS, B BO3PACTE OKOJIO
40-50 net HauuHAIOT MOrubath (cM. puc. 1). CHauana y nepeBa 3achIXaeT U 3aTeM
00JIaMBIBaeTCs BEPIIMHA KPOHBI, OTIA/IaI0T KPYITHBIE BETBH, M IIOCTETIEHHO OHO BCE
oTMHpaeT. EquHnuHbIe KpynHBIC AepeBbs P suaveolens BBICOTON 25 M U quame-
TpoM 50—60 cM oTMEJaTUCh TOIBKO HA OCTPOBax p. banmka.

IoiimMBI HCCIIEIOBAaHHOTO PETHOHA XapaKTEPHU3YHOTCsS OONBIION CKOPOCTHIO
QIDTIOBHAJBHBIX MPOIIECCOB, a UX PACTHTEIHFHOCTE NMPHUCIOCA0INBACTCS K YCIIO-
BUSIM NIEPUOMYECKOTO MOATOILICHUS U OJieAeHEeHHs. Pycio yacTo HeycToiunBOe
1 CBOOOMHO «TYJISET» IO MONHHE. B 3THX SKCTpeManbHBIX YCIOBHUAX IPHPYCIIO-
BbIE raJICUHO-NIECUaHbIC HAHOCKHI OJIIDKE K ype3y BOJBI 3acelsieT Y03eHHsl, Ha 00-
Jiee BBICOKHMX yYacTKaxX CENMUTCS TOMoNb. CesHIBI 000MX BHIOB OBICTPO PacTyT
U TIO/IBEPTaOTCs JKECTKOMY BO3JACHCTBHIO MOJIOBOAbS. bojblias 4acTh moOeros
TOTOJS TIPU 3TOM EKETOIHO «CPE3aeTCsh JBIOM, B OTBET OTPACTAIOT HOBBIC, H
pacTeHue mpuoOpeTaeT KycTOBUAHYIO ¢opMy. Ha 3ToM 3Tame MOXXHO HEpeaKo
HaOMIOaTh, KOTAa KPYITHBIE CTBOIUKH AJHHON 110 3—4 M norpebaroTcs ajuTioBUEM
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B TE€UEHHE OJJHOTO CE30HA M OT HUX B TEUEHHE HECKOJBbKHX MOCIEIYIOMINX JIeT
OTPACTAIOT BEPTUKAIBHbIE OOETH, B pe3yibrare GopMUpYeTCs JTHHEHHBIH KIOH
[29]. Bo Bcex uccneJ0BaHHBIX HACAXJACHUSX P, suaveolens KIOHOBast CTPYKTypa
ObLIa XOPOLIO BBIPAXKEHA, M 9TO YYHTHIBAIOCH PH cOOpE MATEPHAIIOB IS H3Y-
YeHHs N3MEHYMBOCTH.

Puc. 1. Tononeso-4o3eHuensbie Nieca p. baumka (poro A.B. Kinnmona)
[Fig. 1. Poplar-chosenia forests of the Baimka river. Photo by Andrei Klimov]

[TockonbpKy CpOKM HAIIMX HCCIIEAOBAHUI COBIIANHN C TIEPHOIOM ILIOJOHOIIE-
Hus U co3peBanus cemsH (¢ 10.07 mo 20.07.2020 1.), 5TO MO3BOIWIO U3YYUTh
MOJIOBYIO CTPYKTYpPY HCCIENOBAaHHBIX MOMyJsiuid. B HuX pes3ko mpeobmamanm
Myxkckue ocodu (70-85%), kak U B MCCIEOBAaHHBIX HAMHU paHee HaCAKIACHUAX
P. laurifolia [30].

PaccmoTpuM 0cobeHHOCTH MOP(OJIOT MY BETETATUBHBIX OPraHoB P, suaveolens.
Jns Hero, Kak M IS JPYTHX MPEACTAaBUTENEH CEeKINH 0arb3aMUIeCKUE TOMONS
(Tacamahaca), xapaktrepHa nuddepeHnuanms YKOpOUeHHBIX M0OET0B KPOHBI Ha
JIeNTOOIaCThI U IUCKOONIACTHI. YIITMHEHHBIC TIOOETH Y BCeX 0c00e B M3YYCHHBIX
MOMYJISAUSX [WIMHAPHYSCKUE IO BCEH JITHHE.

Bo Bcex mccrenoBaHHBIX HACAKICHUAX HAOMIOMamach o0masi KapTHHA — JH-
CTOBBIC IUIACTUHKH HA YKOPOUCHHBIX TOOErax 0ObIYHO 3arHYTHI IO KpasiM BBEPX
U CIIOKEHBl B BHUJE «JIONOYKH». DTO, BEPOSTHO, OOYCIOBICHO OTCYTCTBHEM
YCTBUIl Ha BEpXHEH cTOpoHe IIacTUHKH [1, 31], u Takoe «cioxkeHue» obnerya-
eT TpaHcupanuo. Bo3MOKHO, 3TO SBISETCS BAKHOW ajanTtaiiei B cyOapKTH-
YecKkuXx ycioBusx peruona. s P suaveolens BO Bcex NMOMYNSIMAX XapakTep-
HBI Be ()OPMBI JIHUCTOBON IUIACTUHKH: OOpaTHOAWICBHIHAS M DIUIMIITHYECCKAS
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(tabi. 2). Kak u y viccieqoBaHHBIX HAMU JIPYTUX BUIOB Populus, Ha SHIOTCHHOM
YpOBHE MOXXHO HaOIOaTh cpasy HecKosbko (opM, HO mpeobmagaet ogHa [23]
— oOparHOsiIIeBU/IHAS, ¢ MAKCUMAJIBHOM [IMPUHOW BBIIIE CEPEIHHBI €€ JUTHHBI
(57-70%). B xaxxaoi U3 U3y4eHHBIX MOMYIALNN HAOMIONANNUCH OT/IENbHBIE pac-
TEHUSI C Y3KUMH JINCThSIMHU, IPEUMYIIECTBEHHO MPOJIOJITOBAaTO 00PaTHOSHIICBUI-
veiMu (3,5-10%). Ha ¢oHe cocemHux nepeBbeB OHU PE3KO KOHTPACTUPOBAJIH,
MOCKOJIBKY IIPH CJIOKEHHOM IIACTUHKE X KPOHA [IPOCMATPUBAIIACK, IIOYTH KaK B
0€3JINCTHOM COCTOSTHHH.

Tabnuna 2 [Table 2]
BerpedaeMocTh NPU3HAKOB B MOMYJISIHUSIX O HECMEIEHHOI OLeHKe YacTOT
[The frequency of occurrence of traits in populations by unbiased frequency estimate] (p £ Sp)

ITonynsauuu [Populations]
H%zi}:? K %Egzgfg Bunnbuno baumka Tammar | Ilecuanka
[Bilibino] [Baimka] [Tallag] | [Peschanka]
Snmanmaueckas | 194/0,431 | 193/0,428|169/0,366 | 139/0,309
®dopma nHcTO- [Elliptical] + 0,023 + 0,023 +0,021 +0,021
o e Obparnosit- 256/0.568 |257/0.572|281/0,625| 311/0.691
P LeBRIHA +0,023 £0,023 | £0,023 | +0,022
[Obovate]
® Kopotxo 25/0,834 | 26/0,866 | 24/0,800 | 24/0,800
OpMa BEPXYII- 3aocTpeHHa £0,067 | £0,062 | £0,073 | +0,073
KU TUIACTUHKHA [Short pointed]
[Blade top shape] 3aocTpenHast 5/0,166 4/0,134 | 6/0,200 | 6/0,200
[Pointed] +0,067 £0,062 | £0,073 | +0,073
KTuHOBUIHAS 13/0,433 | 18/0,600 | 10/0,333 | 14/0,466
®dopma 0CHOBa- [Wedge-shaped] + 0,090 + 0,089 + 0,086 +0,091
[’;‘;“ggcmlfa““] Oxpyrito-Kmi- 17/0,567 | 12/0,400 | 20/0,667 | 16/0,534
© base shape HOBRHas +0,090 +£0,089 | £0,086 | +0,091
[Rounded-wedge]
] _ _ _ _
o 5 11/0,366 | 28/0,933 | 10/0,333 | 12/0,400
[Prelt}i]g;:Hllft?e::;ecEKa +0,087 +0,045 | £0,086 | +0,089
p 3 19/0,634 | 2/0,067 | 20/0,667 | 18/0,600
+0,087 £0,045 | £0,086 | +0,089
0 235/ 0,522 | 153/0,340| 84/0,186 | 95/0.211
JTuctes 1 70/0,155 | 78/0,173 | 64/0,142 | 40/0,088
¢ KenE3KaMu 2 145/0,322 | 212/0,471]297/0,660 | 305/0,677
[Leaves with glands] 3 - 7/0,015 | 4/0,008 | 10/0,022
4 — — 1/0,002 —
Bonee uem y 50% 25/0,833 | 30/1,000
[More than 50%)] 16/0,534 1 2000667 | " 467 | 10,000
Kenéskn Menee uem y 50% 5/0,167
[Glands] [Less than 50%] 11/0,366 7/0,233 + 0,067 B
He Bbipaxenst
[Not expressed] 3/0,10 3/0,10 B B

Ipumeuanue. p — yactora Mmopd, Sp — omrrbKa 4acToThl MOPQ.
[Note. p - Morph frequency, Sp - Morph frequency error].
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Ha ykopoueHHBIX moOerax B CpeHE JacTH KPOHBI y BCEX JINCTHEB OIHOTO
JiepeBa Bcerla BeIpaykeHa TOJIBKO OlHA (popMa BEPXYIIKH U OCHOBAHUS JIUCTOBOM
IUTAaCTHHKU. Bo Bcex M3ydeHHBIX NONMYIIISIX P. suaveolens mpeobiagami ocoon
C KOPOTKO 3a0CTPEHHOM (PE3KO 3a0CTPEHHOM) BEPXYyIIKOW, HO Y 4—6 JepeBbeB B
HACaKICHHUH JIFICThS] UMEJIH IIOCTETICHHO 3a0CTpeHHy0 (opmy. Tosbko B mormyss-
uuu «banmkay npeodnagany pacTeHHs ¢ KIMHOBUIHBIM OCHOBaHUEM JIMCTOBOM
IJTACTUHKH, B OCTAIBHBIX — C OKPYIVIO-KIIMHOBHIHBIM (CM. Ta0m. 2).

Kak yxxe ormeuanocs, MOp(horornieckuMy MpU3HaKaMu JINCTA, XapaKTepHBI-
Mu it P suaveolens, SBISIOTCS B pa3HOM Mepe BBEIpaKCHHAS! CEPALCBUIHOCTD
OCHOBaHMsI JIUCTOBOH IJIACTUHKY M HaJIM4Ke HeOombIoi BeieMkH [1, 8]. Beiemka
B OCHOBaHHH JINCTHEB YKOPOUCHHBIX MOOETOB BHIpA)KEHA JOBOIBHO YaCTO, OCO-
OCHHO Y JIUCTHEB C OKPYIJICHHO-KIIMHOBUIHBIM OCHOBaHHEM, HEPEAKO OHA Tepe-
KpBIBaeTCs 3aKpYIJICHHBIMH JonacTsmu [8]. Hamuume ee, Ha Ham B3Dsm, oO0y-
CJIOBJICHO XapaKTepoM Iepexojia Yepellka B JIUCTOBYIO IUTACTUHKY. [leso B TOM,
9TO YepemoK y P. suaveolens pacrionaraercs B pa3HbIX INIOCKOCTAX C TUIACTHHKOM
Y BXOIUT B HEE IMOJ] YIJIOM CHHU3Y Ha HEKOTOPOM PACCTOSHUH OT Kpasi OCHOBaHUS
(puc. 2). XKeno0ok, BRIpaXCHHBIH Ha BEpXHEW CTOPOHE YepelliKa, MPOJ0JDKaeT
MPOCMATPUBATBCA Ha HEKOTOPOM PACCTOSIHUM Ha TJIABHOW JKWJIKE, MTOCTETIEHHO
KOHHYECKH CYXKasCh. 3IECh )K€, B MECTE BXOXKICHHS XEIT0OKa, OTBETBILTIOTCS
nepBble OOKOBBIE KHIIKU.

Puc. 2. JIuctest ykopoueHHBIX 1o0eroB Populus suaveolens (doto A.B. KimmoBsa)
[Fig. 2. Leaves of Populus suaveolens shortened shoots. Photo by Andrei Klimov]

OTHOCUTENBHO OMyIIIeHHs uepenka y P. suaveolens B nomynsiuu «banmkay
pe3ko mpeobmamaioT ocodbu ¢ peakuM omymeHueM (93,3%), B OCTaNBHBIX — C
rycteiM (60—66%). Ha sHIOTeHHOM ypOBHE XapaKTep OIyIIEHHUs HE BapbHpYeET.
JIHCTBS C TOJMBIMH YEpeIIKaMH B HCCIIEIOBAaHHBIX MOMYJISIIUSIX HE 00HAPYKCHBI.
TpHUXOMBI OHOKJIETOYHBIE, W, KaK IPaBHIIO, MPMKATHl K 4Yeperky. OHU 00bIY-
HBI Ha HIDKHEH MOBEPXHOCTH BIOJN KWJIOK, PEKE BCTPEUAIOTCS M Ha BEpXHEH
CTOpPOHE JIUCTOBOM macTuHkH. [locneqHsst y Bcex ocoOeil MENKOMOPIUHUCTAS,
«mIarpeHeBasD).
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VYpOBHH H3MEHUYHBOCTH PACCMOTPEHHBIX MOP(OIOTHYSCKUX MPU3HAKOB B
HCCIICIOBAHHBIX MOMYISIIIX OTIUYAIOTCS MO PA3BUTHIO 0a3alibHBIX JKEIE30K
(tabi. 3, 4). Ha sHI0TeHHOM YPOBHE 3TOT MPU3HAK CHIIBHO BApbUPYET OT TIOJTHOTO
OTCYTCTBUSA 10 1—4 5kené30K B OCHOBAaHUM IUIACTHHKY. OIHAKO TOJBKO B IOIYJIs-
musx «bunmbuao» n «banmkay ormedens o 3 ocobu (10%), THCTBS KOTOPBIX UX
HE UMEJIH U, HAPOTUB, B «Ilecuanke» Ha BceX pacTEHHUAX MPEOOIagaiy JIUCThS
C pa3BUTHIMH Xkell€3kaMu (cM. Tab. 2). B mepBbIX IBYX HacaXJICHUSIX OTMEYCHO
Y HanOoIbIlee KOJUMYESCTBO JCPEBBEB, Y KOTOPBIX KEIE3KH ObUIM Pa3BUTHI MECHEE
yeM Ha 50% muctbeB. OOBIYHBI JIMCTOBBIC TUTACTHHKH ¢ 2 xené3kamu (ot 32,2 1o
67,7% B nomynsiuu) ¥ oxHoi (ot 8,8 1o 17,3%) (cm. puc. 3). ons nucteeB 6e3
HUX B MOMYJBIIUSAX Kojiebanach oT 18,6 mo 52,2%. JIUCTBsI ¢ TpeMsl U YETHIPbMS
KenE3KaMU OTMEUEHBI SIMHUYHO BO BCEX MOMYJIIIHUAX, KpoMe «Brmbuno.

Tabauma 3 [Table 3]
YpoBHM U3MEHYHBOCTH IPU3HAKOB B nonyasauusax Populus suaveolens
1o unjaexcy ’KuBoroBckoro
[Variation levels of traits in Populus suaveolens populations according to Zhivotovsky index] (p + Sp)

IIpuznak [Trait]
dopma dopma dopma
. OnymieHue
HO]'IyJ'Ii[L[I/II/I JIMCTOBOH OCHOBaHUIA BeryLHKI/I N — Ba?)aJII)HI)IC
[Populations] | pmacTuHKH TUIACTHHKU IUIACTUHKHU [PF:: fiole JKETE3KH
[Leaf blade [Blade base [Blade top ubescence] [Basal glands]
shape] shape] shape] P
fggﬁfﬁ;‘o 1,985 + 0,008 | 1,988 + 0,028 | 1,742 + 0,122 | 1,960 + 0,051 | 2,722 + 0,158
fggx‘lz:] 1,988 + 0,007 | 1,976 + 0,039 | 1,679 + 0,134 | 1,495 + 0,158 | 2,604 = 0,185
[T%ng]r 1,943 + 0,007 | 1,940 + 0,062 | 1,798 + 0,110 | 1,940 + 0,062 | 1,742 + 0,122
gﬁ;’:}f‘;‘& 1,920 + 0,008 | 1,993 + 0,021 | 1,798 + 0,110 | 1,976 + 0,039 | 1,000 + 0,000

IIpumeuanue. |\ — TOKa3aTellb BHYTPUIIOMYISIMOHHOTO pa3HooOpa3us JKuBoToBckoro; Sp —
omnoOKa nokasaresns JKUBOTOBCKOTO.
[Note. p - Indicator of the intrapopulation diversity of Zhivotovsky; Su - Error of Zhivotovsky’s exponent].

Habnromaemast BapraGenbHOCTD pa3BUTHS 0a3aIbHBIX XKEIE30K, Ha HAI B3IV,
YKa3bIBACT, YTO 3TO HE BHAOCHEIM(pUIeCKuil mpusHak P. suaveolens, u ero mosiB-
JICHHWE B MOMYJIAIHUAX ceBepo-BocToka Poccuu TpeOyer moscHenus. U.A. UnbuH-
ckas [32] oTMeuaeT, 4TO y psiia MUOLICHOBBIX TAKCOHOB CeKLUM lacamahaca, B
yactHOCTH, P. baikovskajae Baranova ex Fot., npouspacrasiero B [Ipumopse, B
OCHOBAHHUH JIUCTA BCET/Ia UMEJACh Mapa OTHOCHTENBHO KPYITHBIX kené30K. OnHaKo
COBPEMEHHEIN P, suaveolens He pOACTBEH 3TOMY TaKCOHY, U II03TOMY TPYAHO pac-
CMaTpHBaTh HAJTMYHE 0A3aIbHBIX KENE30K B MOMYIISIUIX PETHOHA KaK aTaBU3M.

Cpenu COBpeMEHHBIX TAKCOHOB CeKInu Tacamahaca 6a3anbHbIE KEIE3KH Xa-
pakTepHsbI Uit aMmepukanckux P, trichocarpa Torrey & A. Gray u P. balsamifera
L. [33], a Taxke rumanaiickoro P. ciliata Wallich ex Royle.
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Tabnuna 4 [Table 4]
DeHoTHIIHYECKOE Pa3HOOOPa3ue BHYTPU U MexkAy nonyasiuusimu Populus suaveolens
no unjaexcy lllennona
[Phenotypic diversity within and between Populus suaveolens
populations according to the Shannon’s index]

[IpusnHax [Trait] H_ H, F. F
®dopma THCTOBOM TIIACTUHKH
[Leaf blade shape] 0,958 0,954 0,995 0,005
dopma 0CHOBaHHS TUTACTHHKH
[Blade base shape] 0,994 0,967 0,972 0,028
dopma BepXyIIKH TIIACTUHKH 0.669 0.664 0.992 0.008
[Blade top shape] ’ ’ ? ’
Onymienue yepenika 0,999 0,797 0,797 0,203
[Petiole pubescence]
BbazanbHble xené3ku
[Basal glands] 0,975 0,802 0,822 0,178
Cpennee
[Mean] 0,919 0,836 0,909 0,091

IIpumeuanue. H  — wHIeKC pa3HOOOpasus JUIs CyMMapHOH BBIOOpPKH; H — cpennee 3HaueHmne
UHJIEKCA Pa3HO00pa3ns BRIOOPKH JIs oMy suuii; F — unaexe pasHooOpasust BEIOOPKH BHYTPH
nomynsuii; F - — MHAEKC MEXIOMYIALMHOHHOTO Pa3HOo00pasus.

[Note. H_, - Diversity Index for the total sample; H - Mean value of the Diversity Index of the sample
for populations; F_- Diversity Index of the sample within the populations; F - Index of Interpopulation
Diversity].

Puc. 3. OcHoBaHHe THCTOBBIX IUTACTUHOK Populus suaveolens
¢ nByMms GazanbHbIMH jkené3kamu (porto B.B. [Iponikuna)
[Fig. 3. Base of Populus suaveolens leaf blades with two basal glands. Photo by Boris Proshkin]

OnHako MPHHAUIEKHOCTH MOCIENHETO K CEeKIHH 0anb3aMHIeCKUX TOTOIeH
comHutensHa [34]. [onynsauu P. balsamifera B HacTosiIee BpeMsi COXPaHIIIICh
B BoCTOUHOHM Wactu Yykorckoro momyoctpoBa [35, 36]. B mux Tomoms mpen-
CTaBJIEH B BUJE HU3KOTO MPIMOCTOSYEr0 KYCTapHUKA, (DEPTUNIBHBIE CIIOCOOHO-
CTH KOTOPOTO OTPaHWYCHBI B CHILY €KETOJHOTO OTMHPAaHUS BEpXyIIeK MOOEroB.
ITo muenuto A.E. Karenuna [35], P. balsamifera nponuk Ha UykoTCKH HONIy-
OCTpPOB IyTEM IIO3TAITHOTO TepeceneHns ¢ Asicku depe3 bepuHruiickuii Moct
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CYIIN ¥ COXPAHWICS B BETETATHBHOM COCTOSIHHH CO BPEMEHH THOEIH €ro TUIOHO-
HOCSIIUX JEPEBHEB. ITO MONTBEPKIACTCS HATUYUEM HUCKOMIAEMBIX JIMCTHEB U T10-
oeroB P. balsamifera na teppuroprn beprHTHU BO BpeMs MOCIIEIHETO JICAHUKO-
Boro nepuofa [37, 38]. CaMble paHHHE MCKOTIAEMbIE OCTATKH JIUCTHEB M TIOOETrOB
P balsamifera, mo pagvioyriiepoIHbIM JaHHBIM, OTHOCATCS K mepuomy 50 000—
35 000 1. 1. B 310 Bpems bepunrus 6bu1a M301MpOBaHa OT ocTanbHOM yactu Ce-
BEpHOH AMEpHKN KOHTHHEHTAIBHBIME JensHbiMA mmtamu [37, 39]. Pa3znenenne
nonyauuil P. balsamifera B CeBepHol AMepHKe B pe3ysibTaTe pa3BUTHUS TTOKPOB-
HOTO OJICICHEHWSI HAaJaJloCh B CPEIHEM IUICHCTOLICHE, a 3aceieHne nM bepuHrim
MIPOM30IILIIO, BEPOSITHO, ellle J0 oneaeHeHus [38]. Bo BpeMs OCIeaHero JeaHUKO-
BOTO MakCHMyMa Ha TePpUTOpUH bepMHIMH TOMUHHPOBAIH TPABSHUCTHIC M Tpa-
BSHUCTO-KYCTapHUUYKOBBIE TYHIpHI [40], B 3T0 Bpems momyisuuu P. balsamifera
37IeCh MOTIIM CYIIECTBOBATh B BUJIE HEOOIBIIIX H30JIMPOBAHHBIX HACAXKICHUMH, KaK,
HarpuMep, B COBpeMeHHOW apkTuueckoil Assicke [41]. C 18 000 1. H. OH BHOBb
MIOCTOSTHHO (PUKCHpYeTCs B OTIOXKEHIAX. Pe3koe motemnenne knmmara 12,5 Teic. 1.
H. BBI3BAJIO 3HAYUTENLHYIO TIEPECTPONKY pacTuTeIbHOrO NoKpoBa bepunruu. [Tep-
BBIE TIOCTIENIETHAKOBEIE Jieca mosBIsitoTes 11 Thic. 1. H. B mHTepBane 11-9 Toic. m.
H. PacIpoCTPaHsIOTCs JINCTOIAIHBIE Jeca, OCHOBHOM Jiecoobpasyroreil nopoaoi
siersicst Tortonb [40]. [To naraeiM L.B. Brubaker et al. [42], Mop¢h0I0THS TIBUTBITHI
YKa3bIBa€eT, YTO MpeoOIIalarolM BUOM Tonoms Obl1 P, balsamifera.

OtHocuTennbHO HcTOpHH P suaveolens cymiecTBYeT HECKONBKO MHEHHH.
A H. Kpumrtoposua [43] cuurTan TOHONb MYIIHCTBIA PETUKTOM TPETHUHO-
ro Bpemenu. [lo manasiM M.A. Uneunckoii [44], ncTtopusi MPEAKOBHIX BHUIOB
P. suaveolens mpocnexuBaeTcsi ¢ paHHET0 MHUOLICHA U OTPaHUYMBACTCS TEPPU-
topueii Jlanpaero Bocroka. CoBpeMeHHEBIH P. suaveolens TOCTOBEPHO U3BECTEH
IO pe3yNbTaTaM MajJeoKapIOIIOTHUECKUX UCCIIENOBAHMI HCKOAeMOM (GIophl Ha
TEepPPUTOpUN BepXHEKOIBIMCKOTO OacceiiHa, OTHOCSIIEHCS K IEPEX0THOMY TIepH-
Ofly OT IUICHCTOIIEHA K roJioleHy. [10 paaroyriiepoHbIM TaHHBIM, ¢ (OPMHUPO-
BaHwue mpoucxonuio B uarepsane 11 140-10 460 m.u. [45].

Ha mam B3z, nosiBneHue 6a3aibHBIX JKENE30K B MOMyISUsX P, suaveolens
Cesepo-Boctoka Poccnn o0ycnoBiieHO JpeBHEH WHTPOTPECCHBHOW THOpHUIN3a-
e (BO3MOXKHO, HEOJTHOKPATHOM) yKa3aHHOTO TakcoHa ¢ P. balsamifera B mnmo-
LIeH-TUIeCTONEHEe Ha TeppuTtopun bepunruu. B pesynsrare ncue3sHoBenus bepun-
THHACKOTO MOCTA CYIIH MPEKPATUITH CYIIECTBOBATh 30HA THOPUIN3AINK U KOHTAKT
apeayioB JAHHBIX BHJOB. Hanmmdne 0a3aibHBIX kKeNE€30K — NMPU3HAK, TOTyYCHHBIH
B pe3y/bTaTe HHTPOIPECCUHU TOIOJIEM AYIIUCTBIM OT P. balsamifera, mOCTENIEHHO
pacIpoCTpaHMIICS B pe3yiIbTaTe BHYTPHBHIOBOTO CKPEITMBAHMUS C BOCTOKA BIITYOb
koHTHHEeHTa. ClieoBaTeNbHO, HAMMYME 0a3aIbHBIX KENE30K KaK MPHU3HAKA B CO-
BpeMeHHBIX monyssmusax P suaveolens CeBepo-Boctoka Poccun MokHO paccma-
TPUBATh KaK CBHJCTEIILCTBO CYIIECTBOBaHUS EBpa3uiicko-AMepUKaHCKOTO CHHTa-
MeoHa (syngameon) [11, 46] Ha OTHENBHBIX ATANax SBOIOIMU POAA.

Kak u y npyrux ucciieIoBaHHBIX BHIOB TOMONS, Y P. suaveolens ypoBeHb BHY-
TPHUIIOITYIAUOHHOTO Pa3HOOOpa3usl 3HAYUTENHHO BEIIIE MEXIIOMYJSIIHOHHOTO.
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Hons mociemnHero, HECMOTPSI Ha M30JMPOBAHHOCTh M YIAICHHOCTh M3yYCHHBIX
nomyssinuid, coctasuna 9,1% (cm. tabn. 4). Ctons He3HaunTenbHas aupdepeH-
IIUPOBKA TIOMYJIIN, Ha HAIIl B3I, CBHIACTEIBCTBYET O TOM, YTO COBPEMEHHEIE
TONOJBHUKH Ha Tepputopun Cesepo-Boctoka Poccuu — 310 pesynsrar noctien-
HUKOBOH PEKOJIOHM3ANH 13 OoJIee I0KHBIX pETHOHOB, Kyaa P. suaveolens ObLI BBI-
HY)XE€H OTCTYIIaTh B IepHoAbl moxononanus. [lonoOHas e xapTiHa Halona-
eTcst Ha Aursicke cpenu nonyisiuuit P balsamifera [38] n XxapakrepHa JJis OKpavH
apeana BunoB Populus [17, 47]. B snoxu onefeHeHUs MCXOAHOE TEHETHYECKOe
pa3HooOpa3ue 3HAYUTEIIEHO CHIXKAETCS B CHITYy PE3KOTO COKpAIIeHUS dPPEeKTHUB-
HBIX pa3MepoB momyisiiui. HeGonbIiye nonyssiuy UMEIOT HU3KOE TeHETHYECKOe
pasHooOpa3ue B pe3ylibTaTe TaKUX MPOIECCOB, KAK TEHETHYCCKUN Apeid, OyThI-
JIOYHBIE TOPJIBINIKY ¥ UHOpuUAMHT. [IpH mocieayromneM pacceeHu , B CIIydae oT-
CYTCTBUS (hparMEHTAIINH U JIOKAJILHOM aganTanui, TudQepeHInays MOy
ocraercs ¢1aboil BClIeICTBHE CHIIBHOTO AeHCTBUS 3 (ekTa OCHOBATENS.

BriBoabI

1. dns nuctheB P. suaveolens xapakTepHa NMPEUMYIIECTBEHHO O0OpaTHOSM-
HneBUIHas GopMma INIACTHHKH, pexe dmmnTdeckas. [Ipeobmamaior miacTHHKH
C KOPOTKO (pe3K0) 3a0CTPEHHON BEPXYIIKOM, HO BCTPEUAIOTCS M C MOCTEIIEHHO
3aocTpeHHol. OcHOBaHME OOBIYHO OKPYIIO-KIMHOBHAHOE WIIH KIMHOBHIHOE C
BBIEMKOI B MECTe Iepexo/ia Yepelka B IMCTOBYIO TUIACTHHKY.

2. Ha sHporeHHOM ypoBHE HE BapbupyeT popMa OCHOBAHHUS U BEPXYIIKH JH-
CTOBOI TUIaCTUHKY. Ha 0THOM pacTeHnu MOXKHO HaOMIOAATh IUCThA U ¢ O0paTHO-
SIAIIEBUTHOM, U C ILTUITHICCKON (hopMaMH TUIACTHHOK, HO OJIHA M3 HUX BCETIa
npeodafacT.

3. B u3y4eHHBIX NOMYISIHIAX BCE 0COOU XapaKTePH30BAINCH HAUIHNEM OITy-
LIeHU YepelllKa, U ero XapakTep He U3MEHSUICA Ha SHJOT€HHOM YpPOBHE.

4. TlpusHak «Hajuuue Oa3zajbHBIX KEJIE30K» B OCHOBAHUH JIMCTOBOW IUTA-
CTHHKH BapbHPOBAJl ¥ Ha YHIIOTEHHOM, U Ha MHIUBUAYaJbHOM ypoBHAX. Ero mo-
sieieHne B nomymsiiisix CeBepo-Bocroka Pocenn, Ha Hamr B3, o0yclIOBICHO
JIpeBHEN WHTpOrpeccuBHON rubpuamzanuen P. suaveolens ¢ P. balsamifera na
Tepputopuu bepuHrum.

5. Cnabas quddepeHnmanyss H3y4eHHbIX MOMYIALUN, HECMOTPS HA UX 3HAYH-
TEJIbHYIO YAAJEHHOCTh, YKa3bIBaeT Ha TO, YTO COBPEMEHHBIE TONOJIBHUKU HA Tep-
puropun CeBepo-Boctoka Poccun — pe3ynbTar moCTIeTHUKOBON PEKOJIOHU3AIINH.
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Populus suaveolens Fisch. morphology in the populations of the North-East of Russia

The fragrant poplar (Populus suaveolens Fisch, section Tacamahaca Mill.) is a
mountain-valley species inhabiting riverine alluvial deposits and confined to floodplain
and first floodplain terraces of rivers from the upper Yenisei to northern Japan, Korea,
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Mongolia and China in the south to the Chukchi Peninsula in the north. Despite its wide
distribution, it remains the least studied and almost unused to “green building” even
within its range. Data on intraspecific variability of P. suaveolens are fragmentary, and
studies of the variability of species-specific traits at the population level are insufficient.
Such trait as basal glands (glands from above at the junction of petiole and blade) has
been recorded recently and only in one part of the range. As a consequence, there is no
clear understanding of the scope of the taxon, the boundaries of its range and natural
hybridization with neighboring species of the Tacamahaca section. Since hybridization
introduces some difficulties in studying intraspecific variability in species of the genus
Populus, it is of theoretical and practical interest to study variability in populations
remote from its current zones. One of such regions of P. suaveolens range is Chukotka
Autonomous Okrug, where it grows in the floodplains of rivers in periodically flooded
areas, forming with Chosenia arbutifolia (Pall.) A.K. Skvortsov poplar-chosenia
forests. The aim of this study is to characterize the variability of morphological traits
of vegetative organs of P. suaveolens in populations of Chukotka Autonomous Okrug.

We studied P. suaveolens populations in 2020 in Bilibinsk district of Chukotka
Autonomous Okrug. The study area is characterized by a low-mountain relief:
with increasing altitude of the terrain a change in vegetation belts is traced. Forest
communities occupy river valleys and the lower parts of the slopes of hills. Poplar-
chosenia forests grow on sandy-pebble substrates along the river floodplains in small
strips. As our observations have shown, P. suaveolens is widely used in landscaping
of settlements of Chukotka Autonomous Okrug and Magadan Region. Three of the
studied populations: “Baimka”, “Tallag” and “Peschanka” are located at the latitude of
the Arctic Circle in the floodplains of the eponymous rivers in the river basin Bolshoi
Anyui. All of them are isolated from each other by mountains. The northernmost
population “Bilibino” is confined to the right bank of the Bolshoi Keperveem River
(Maly Anyuy River basin) on the border of Bilibino, it is 200 km distant from the
others. All populations were sampled in poplar-chosenia floodplain forests with varying
degrees of anthropogenic transformation of the territory (Table 1).

To exclude age variability, we collected herbarium material only from shortened
shoots of the southern side of the middle part of the crown of reproductively mature
trees. The tendency of balsamic poplars to form clones was taken into account, and
repeated collections within a clone were carefully avoided. From each individual,
fifteen fully developed, undamaged leaves were taken. The main morphometric traits,
as well as the derivatives (indices) were measured on each leaf. A total of 1800 leaves
were used for morphological study. We studied a complex of traits: blade shape, its apex
and base, presence of basal glands, and petiole pubescence.

Poplar-chosenia forests in the studied area grow in a narrow strip on alluvial
sandy-pebble deposits in the floodplains of rivers (See Fig. 1). The stand formed by
P. suaveolens is 12-14 m high, 16-20 cm in diameter; trunks are straight and with low
taper. Bark in a lower part is oblong-cracked at the height of 1-1.5 m, above it is smooth
and whitish-gray. The crown is usually compact, spreading in older trees; branches are
of medium thickness. Clearance from dry branches is good. Leaf blades on shortened
shoots are bent upwards at the edges and folded in the form of a “boat” in all the studied
plantings. This is probably due to the absence of stomata on the upper side of the blades
and this “folding” facilitates transpiration. Perhaps it is an important adaptation in the
subarctic conditions of the region. P. suaveolens in all four populations is characterized
by two blade forms: obovate and elliptic (See Table 2). As in other Populus species
investigated, several forms can be observed at the endogenous level (within the
individual), but one - obovate, with the maximum width above the middle of its length
(57-70%) prevails. On shortened shoots in the middle part of the crown, all leaves of
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one tree always have only one shape of the apex and base of the leaf blade. In all studied
populations of P. suaveolens, individuals with a shortly pointed (sharply pointed) apex
dominated, but in 4-6 trees in the plantation the leaves had a gradually pointed shape.
Only in Baimka population, plants with a wedge-shaped base of the leaf blade prevailed,
in the rest these were roundly wedge-shaped ones (See Table 2). As noted above, one
of the morphological traits of leaves characteristic of P. suaveolens is a differently
expressed cordate base of the blade and the presence of a small notch. The notch at the
base of leaves of shortened shoots is a quite frequent trait, especially in leaves with a
rounded wedge-shaped base; it often overlaps with rounded lobes. In our opinion, it
is caused by the character of petiole-to-leafplate transition. The fact is that the petiole
of P. suaveolens is located in different planes with the blade and enters it at an angle
from below, at some distance from the base edge (See Fig. 2). The groove, expressed
on the upper side of the petiole, continues to be seen at some distance on the main vein,
gradually tapering conically. Here, the first lateral veins branch off at the place where
the groove enters. The levels of variability of the considered morphological traits in the
populations studied differ in the development of basal glands (See Tables 3 and 4). At
the endogenous level, this trait varies greatly from complete absence to 1-4 glands at the
base of the blade. However, only in populations “Bilibino” and “Baimka”, 3 individuals
(10%) with leaves without glands were noted, and on the contrary, in “Peschanka”
leaves with developed glands prevailed on all plants (See Table 2). In the first two
plantations, the greatest number of trees with developed glands on less than 50% of
leaves was noted. Leaf blades with two glands (32.2% to 67.7% in the population) and
one (8.8% to 17.3%) were typical (See Fig. 3). The proportion of leaves without them
in the populations ranged from 18.6% to 52.2%. Leaves with three and four glands
were noted singularly in all populations except “Bilibino”. Consequently, the sign of
the presence of basal glands varies both at the endogenous and individual levels. In our
opinion, its occurrence in the populations of North-East Russia is caused by ancient
introgressive hybridization (possibly repeated) of this taxon with P. balsamifera in the
Pliocene-Pleistocene on the territory of Beringia. Obtained as a result of introgression
by the fragrant poplar, this trait gradually spread as a result of intraspecific interbreeding
from the east deep into the continent. Consequently, the presence of basal glands as a
trait in modern populations of P. suaveolens of North-East Russia can be considered
as evidence of the existence of Eurasian-American syngameon at certain stages of
evolution of the genus. Weak differentiation of the studied populations, despite their
considerable remoteness, indicates that modern poplars in the territory of North-East
Russia are the result of postglacial recolonization.

The paper contains 3 Figures, 4 Tables and 47 References.

Key words: Populus suaveolens; variability, morphological traits; population;
basal glands; introgressive hybridization
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KJVIETOYHASA BUOJIOI'UA U TEHETUKA

VK 632.754.1:575.174
doi: 10.17223/19988591/55/3

E.H. Becenuna', B.A. Kuin’

!Dedepanvublil Hayunvlil yenmp Ouono2udeckoll 3auumsl pacmenuti, 2. Kpacnooap, Poccus
’Kybanckuii 2ocydapcmeennwiii ynugepcumem, 2. Kpacrnooap, Poccust

JHK-nosmmop¢dusm n reHeTndyeckoe pasHoodpasue nomyasinuu
ayooBoii kpyxeBHuubl (Corythucha arcuata Say)
B KpacHonapckom kpae

Hccnedosanue 6binoineHo npu ghunancosou noddepoicke Poccutickoeo ghonoa
QyHoamenmanvHuix ucciedosanuti u admunucmpayuu Kpacnooapcroeo kpas
(Hayunwiii npoexm Ne 19-44-233009 p_mon_a) u 6 pamxax IocydapcmeeHHo2o 3a0anus
Munucmepcmea nayku u svicute2o o6pazosarust PO (mema Ne 0686-2019-0012).

Ilposeden  RAPD-III[P-ananuz  2eoepagpuueckux  8blOOPOK  HACEKOMBIX
Kpacnooapcrozo xpas uz apeanos 0ybosou xpyowcesnuyvl (Corythucha arcuata
Say) 6 neconapxoswix 30nax Kpacnooapa, Tuxopeyxa, Kpvimcka, Couu. Ommeuenvl
svicokue yposuu JIHK-nonumopgusma (P = 100%) u eenemuueckozo paznoobpazus
(H = 0,26-0,29, no Nei) ¢ nonynayuu C. arcuata. Iloxkazano, umo 6onvuyio uacmo
2eHemuYecKoll USMEeHYUBOCMU COCMABULA USMEHYUBOCMb G6HYMPU NONYIAYUOHHBIX
epynnupogok (93,2%,), moeoa kak Ha 00M0 USMEHYUBOCTU MEeNHCOY HUMU NPUXOOULOCH
6,8% om obweti uzmeHuU80CMU. BblasieHbl 3HAUUMENbHBIL YPOBGEHb NOMOKA 2€HO8
MeNCOY HYMPUNONYIAYUOHHIMU 2PYRNUPOGKAMuU Hacekomwlx (Nm = 6,98) u evicokas
CMenenb 2eHemuyecko2o cxoocmea medcoy wumu enympu nonyiayuu (GI = 0,942—
0,998). BeposmHo, npoanaiu3uposantvie 8bl00PKU HACEKOMbBIX NPEOCMAsIsIIom coooul
GHYMPUNONYTAYUOHHBLE SDYNNUPOSKU U3 OOHOU NONYAAYUU 0YOO0BOLL KPYIHCEBHUYDL.

KuarwueBbie caoBa: Corythucha arcuata; wnacexombie; I11[P; RAPD-ananms;
reHETUYECKask U3MEHYHUBOCTD; BHY TPUTIONYJISIIHOHHBIE TPYIITUPOBKH

Coxkpamenusi: GI — reHernyeckass HMAEGHTHYHOCTb [Genetic Identity];
GD — renernueckue pacctosiHus [Genetic Distances].

Jas uurupoBanusi: becemmna E.H., Kuip B.M. JHK-nomumopdusm u
TCHETHYECKOE pa3HooOpasue Monylsiuu 1y0oBoi kpyxxeBHHLBI (Corythucha arcuata
Say) B Kpacnomapckom kpae // BectHuk ToMCKOTO rocyapCTBEHHOTO YHUBEPCHTETA.
Bronorus. 2021. Ne 55. C. 42-XX. doi: 10.17223/19988591/55/3

BBenenue
Kmom nmybGomas kpyxepuuna Corythucha arcuata Say (Heteroptera:
Tingidae) — onmacHbIf MHBAa3UBHBIN BUA, poAuHA KoToporo CeBepHas AMepuka
[1]. OrcyrcTBUE 3(PPEKTHBHBIX CPEICTB U METOIOB OOPHOBI ¢ HUM IMPHBEIO K
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TOMY, UTO aBCHTUBHEII BPEAUTEIh OCTABIII MO YIPO3y CYIIECTBOBAHUE Ape-
BECHBIX 9KOCTHUCTEM CTpaH 3ananHoi, Bocrounoit, FOxxHoit EBponbl u [Tepenneit
Asun [2—4]. TTocne mepBoro ero ooHapyxeHust B 2015 . Ha Tepputopuu Poccun
B KpacHomapckoM kpae KIION 3HAYUTENBHO PACIIMpHIl CBOH (hOpMHUPYIOLIUIiCS
WHBAa3HOHHBINA apeaj, U B TCUCHUE JBYX JIET €r0 BPEIOHOCHOCTD MpHoOpera Xa-
pakrep mangemuu [5—7]. K HacTosimeMy BpeMeHH BpeIuTeNb CTPEMUTENBHO pac-
npoctpanmics Ha CeBepHoM KaBkase, paccMaTpiBaeMoM B aIMHHHACTPATHBHBIX
rpanunax KpacHogapckoro kpas, Pecniyonuku Ajpires, a Takke MpUIETAIOIINX
tepputopuii CTaBponoibckoro kpas, PoctoBckoii obmactu, Pecriyonmuk Kapadae-
Bo-Uepkecus u Adxazus [8—10].

[Tmomans 09aroB €ro MaccoBOTO Pa3MHOKEHHS TOJIBKO B TOCYJApPCTBEHHBIX
Jiecax Ha TeppuTopuu Kpas yxe B 2016 1. mpeBbicuia 372 ThIC. ra, a IUIOMIAIb UH-
Ba3wH, omnpenaersieMas 1mo kpaitanM Haxonkam C. arcuata, nocturna 1 300 Tric. Ta
(mpu 5TOM 0OO1Ias oAb JecoB KpacHomapckoro kpas cocrasinsier 1 683,1 ToIc.
ra), B 2017 r. — 620 Teic. Ta, B 2018 . — 742 1HIC. Ta [10-11]. C 1 mions 2017 .
KJIOM JTyOOBasi Kpy>KEeBHHIIA BHECEH B IEPEYeHb KapaHTHHHBIX 00BEKTOB Ha Tep-
putopun Poccuiickoit @eneparmm [12].

Jy0oBast Kpy>KEeBHHUIIA TOBPEKIAACT LIENbIHA PsIJ] IEHHEHIINX APEBECHBIX U KY-
craparkoBbiX nopox [10—11, 13—15]. OrpomMHasi BpeJOHOCHOCTh KJIOMA, OTpe-
JensieMasi TIONHBIM TOPaXCHUEM BCEH JIUCTOBOM MOBEPXHOCTH, MPHUBOJHUT K
HapymIeHuIo (OTOCHHTE3a, YTO MpEKpallaeT MOIOIMIEHHE YIICKUCIOro ra3a u
BBIJICJICHHE KUCIIOPONa, HOPMAJIBbHBIA POCT W Pa3BUTHE PACTEHHUH U BJIEYeT Ha-
pytuieHue paBHoOBecHs 3kocrucTeM [16]. 3a BereTannoHHBINA TEPHOJ] Pa3BUBAIOTCS
3—4 renepauuu Bpeautens [10, 17]. MacmrrabHoit unBasuu C. arcuata Ha Ce-
BepHOM KaBkasze CriocoOCTBYIOT INIACTUIHOCTE CE30HHOTO IUKJIA, MUTPAlOHHAS
AKTHBHOCTH ¥ MOJH(Arus NMaro, a TakXKe pa3BUTasi TPAHCIIOPTHAS HHOPACTPYK-
Typa, MOAICP KUBAIOIIAS 3HAYUTEIHFHBIN TPY30IIOTOK M3 HOTCHIIAIBHBIX UCTOY-
HUKOB 3aB03a YY>KEPOJIHBIX BPEJIHBIX OPTaHU3MOB K €CTECTBEHHBIM Jiecam [10].

7151 ycrenrHoro 0CyIIecTBIICHHS IIPOTPaMM 10 3alIUTe PACTEHUH OT BpeauTe-
Niei HeoOXOMMO H3ydueHHE OMOJIOTHY U TeHETHUKH TOMYJISIUN BPESAHBIX HACEKO-
MBIX. 3HaHHUE MOMYIIINOHHON TeHETHKH IIOMOXKET YCOBEPIICHCTBOBATE THATHO-
CTHKY, OIPE/ICIIUTh MYTH BTOPKEHHSI, MUTPAIIMU BUA U pa3pabOTaTh MEXaHU3MBI
UX TPEIOTBPAIICHUS.

B nuteparype umeroTcst 1aHHBIE O CEKBEHHPOBAHUM IIOJHOTO MUTOXOHIPHU-
AIBHOTO T€HOMA TUTaTaHOBOM KpyxeBHUIBI Corythucha ciliata (Say, 1832) [18],
a Tak)Ke€ MUTOXOHJPUAIBHOTO TEHOMA U CETMEHTa SAepHOro puOOCOMHOIO reHa
JPYroro TIPEeICTaBUTEINs 3TOro cemeiictBa Pseudacysta perseae (Heidemann,
1908) [19]. ®unoreneTnyeckue uccienoBanus ceMmeictsa Tingidae, Brirodas
Bunsl C. ciliata w Stephanitis pyri (F., 1775), nIpoBeaeHbl aBTOpaMH Ha OCHOBE
CPaBHHUTENILHOTO aHaIM3a TOCJeI0BATEIbHOCTH HYKJICOTHIOB YYacTKOB SiAEp-
HBIX U MHUTOXOHJApHANLHBIX TeHOB (COI, Leu-tRNA, COII, 16S n 28S rRNA)
[20]. B mapyrom uccienoanuu ¢ ucnons3oBanueM FISH-kaptupoBanus ¢ map-
kepoM 18S pJIHK wusyuensl Stephanitis caucasica (Kiritshenko, 1939), S. pyri,
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Physatocheila confinis (Horvath, 1905), Lasiacantha capucina (Germar, 1836),
Dictyla rotundata (Herrich-Schéffer, 1835) u Dictyla echii (Schrank, 1782) [21].

Jnst onpenenenus myteit murpanun u uHBa3uu C. ciliata poBeneHO U3yde-
HUE TeHETUYECKOH CTPYKTYpBI a3MaTCKUX U €BPONEHCKUX MOMYJSIIUI MIaTaHo-
BOM KPY>KEBHUIIBI C MIOMOIIBIO aHAIN3a MUTOXOHJPUAIIBHBIX MOCIIENI0BATEIBHO-
creit JIHK u muxpocarennutos [22]. IIpoBeieHHBIH aHANIN3 TOATBEPIUI IIIHPOKO
PacIpoCTpaHEHHYI0 BTOPUYHYIO MHBA3UIO, NPOHUCXOAALIYI0 OT NEPBUYHONW HH-
Ba3UBHOM MOIYNAIUY, YTO HAOMIOAANIOCH [IPU PACCENEHUH APYTUX MHBA3UBHBIX
HACEKOMBIX, BKitovasi Frankliniella occidentalis (Perg., 1895) [23], Solenopsis
invicta (Buren, 1972) [24] u Diabrotica virgifera virgifera (LeConte, 1858) [25].

CoBpeMeHHBIE TEHOMHBIE MOAXOABI MOTYT MPEAOCTABUTh BO3ZMOKHOCTD JJIS
pa3paboTKU HOBBIX CTPATEruil yIpaBlIeHUs YUCICHHOCTHIO HACEKOMBIX, KOTOPBIE
MPEACTaBIAIOT HEIOCPEACTBEHHYIO YTpo3y I OKpyxarouen cpensl. Tak, y mia-
TAaHOBON KPY>KEBHHUI[BI U3YUEHBI YPOBHHU 3KCIPECCUU T'€HOB, KOHTPOJIUPYIOLIHE
ocobeHHOCTH MeTaMop(h03a ¥ MEXaHW3MbI HOJIOBOH JIeTepMHUHALNH. DTH T€HBI,
OTBCUAIOIIHE 32 CHHTE3 FOBEHUIBHBIX TOPMOHOB, XEMOCEHCOPHOTO U KyTUKYIISP-
HOTO OENKOB, MOTYT CIIy)KHTb MOJIEKYIPHBIMU MUIICHAMH IJIs1 HOBBIX HHCEKTH-
u0B [26].

AHanu3 M3MEHYUBOCTH TEHETHYECKOH CTPYKTYphl MOIYISIUUHA, KaK OIHOTO
U3 HaNpapJIeHUH MOMYIAHOHHON T€HEeTUKU HACEKOMBIX, BKJIIOYAET OIEHKY Te-
HeTHdeckoro pasnooOpasms, JHK-nommMopdusma n reHeTHIecKoro cxXoncTBa
n3ydaeMbIX OOBEKTOB. OMUH U3 MOAXOAOB K M3YUEHUIO T€HETHUKH MOMYJISIHHA —
HCIIONB30BaHUE MOJIEKYISIPHBIX MapKepoB, MPECTaBIIAIOMNX TOIMMOp(HEIE MO~
crnenosarensHocTH JJHK, KOoTOpBIE MOTYT OBITH OOHAPYKEHBI C HOMOILBIO PA3IHY-
HbIX Moaudukanuii metona [1LP, Bkmouas RAPD-PCR (randomly amplified DNA
polymerase chain reaction) — ciyuaifHeiM oOpa3zom ammmupunuposanHas JHK
[27]. JaHHBIH TOAXOA OTHOCUTENEHO MPOCT B CPABHEHUH C IPYTHMH BapHAHTAMHA
ILIP, Tax kak He TpeOyeT 3HAHUs NepBUYHOU mocnemoBarensHocTH JIHK [28].
ITpoGiemsl ¢ OTHOCHTENFHO HU3KOI BOCTIPOM3BOANMOCTBIO 3TOTO METOIA MOTYT
ObITh ycTpaHeHbl moabdopoM Bbicokocnermpuunbix k JJHK RAPD-npaiimepos
[29-30]. [Togo0HBIH MOAXOM € YCIEXOM MPUMEHSIECTCS TP CPAaBHUTEIIHEHOM aHa-
m3e JIHK-nonumopdusma He TOIBKO Pa3IMUHBIX BUIOB KJIOMOB, HO U APYTHX
OTPSAZI0B HACEKOMBIX, YTO TO3BOJISET U3y4aTh T€HETHKY HOMYJSLUI BpeIHbIX Ha-
CEKOMBIX Hapsily C UCIIOIb30BaHUEM APYTruX MapkepHbIx cucteM I1I[P [31-32].

Lens paGoThl — M3y4eHHE MOICKYIIPHO-TEHETHIECKOH CTPYKTYpPBI JIOKallb-
HBIX momyssiuuii 1y6oBoi kpyxeBHHLBI C. arcuata B KpacHomapckoM Kpae Mo
RAPD-mapxkepam AJis OIIEHKH UX TEHETHYECKOTO CXOJICTBA.

MarepuaJjbl H METOAMKHI HCCJIE0BAHUS
UccnenoBanus nposeaens! B 2020 1. Ha TEPPUTOPHUSIX WHBA3UBHOTO PACIIPO-

CTpaHeHwUsl KJomna 1y0oBas KpykeBHHIIA B KpacHomapckom kpae: ropoaa Kpacho-
nap, Tuxopenk, Kpeimck u Coun. OOBEKT UCCIIeIOBaHHA — BRIOOPKY HACEKOMBIX
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(n=20) W3 TPUPOTHON MOMYJIAIUU TyOOBOH KpPY>KEBHHIIBI BBHIOpAHHBIX JIOKa-
nuteToB. OOIIee KOITUYECTBO HCCIIEAOBaHHBIX 00pa3uoB — 240. CO6op KIomoB
C. arcuata oCcymeCTBIEH Ha MOJIENBHBIX IEPEBBsIX My0a uepemrdaToro (Quercus
robur L.). Beibopka nepeBseB — 10 1y00B U3 Ka)KI0TO JTOKAJIUTETA.

JlaGopaTopHbIe HCCIIeIOBaHUs BBITOJHEHBI Ha 0a3e CeKTopa OMOTEXHOJIOTHH
OI'BHY «®enepanbHblil HayyHBIH LEHTP OUONOTHUYECKON 3aIUTHI PACTEHUID)
(r. Kpacnonap). Breinenenue JIHK u3 menbix ocobeil HACEKOMBIX (MMAaro), aMIuId-
¢ukamus (RAPD-PCR) u snextpodopes mpoBeneHsl M0 pa3pabOTaHHONW HaMH
panee mMetomuke [33]. RAPD-ammndukanms nposeneHa B 25 MK peaKIMOHHON
cmec, coneprkamiert 10 MM Tris-HCI, pH 9,0; 50 MM KCI; 3,0 MM MgCl,; 50 MkM
kaxmoro dNTP; 0,8 MxM mpaiimepa; 0,5 en. Tag-nonmumepassr u 20 vr JIHK. Bee
KOMIIOHEHTHI B3AThI U3 Habopa Jis amrundukanuu («Cunekcy, Poceus).

B RAPD-PCR wucnons3oBanbl Beicokocnenuduunpie ams JHK kimoma ay-
60Boi1 KpykeBHUIBI Tpaitmepbl: OPA07, OPA09, OPA18 («EBporen», Poccus)
[34-36].

Ammmudukarys nposesneHa Ha npudope «iCycler» («Bio Rady», CIIIA), B cie-
IOYIOMNX PeXUMax:

1) 3 MuHYTHI IpeBapuTeNbHas NeHaTypanus npu 94 °C;

2) 36 UKIIOB:

— 20 cexyna aenatypauus npu 94 °C;

— 20 cexyna omxur nipu 36 °C;

— 60 cexynna snonrauus mpu 72 °C;

3) 10 MuHYT KOHEUHBIH cuHTE3 MpH 72 °C.

Ammmuduiuposannsie  pparmentst JJHK pasgenensl snexrpodopeszom B
1,8%-10M arapo3nom rene B 6ypepe TBE (45 MM Tpuc-6opara u 1 MM D/ITA) ¢
JaTbHEHIINM OKpaliuBaHueM OpoMucTsM sTHaueM (0,5 Mxr/mi). IIpogyKTh! am-
WIA(UKAIIH BU3YATN3UPOBAHBI C TIOMOIIBIO CHCTEMBI TeNIb-T0KYMEHTHPOBAHHS
GelDoc XR+ («Bio Rad», CIIA). B xadectBe mMapkepa MOJEKYISIPHOTO Beca
JHK wucnions3oban Gene Ruler 100 bp DNA Ladder («Thermo Fisher Scientificy,
CLIA).

Onenka JJHK-nomnmopdusma, TeHETHIECKOT0 pa3HO00pa3Hs M TEHETHIECKO-
r'O CXOZICTBA MPOBEEHA 0 NH(OPMAIIMOHHBIM HHJekcaM Nei u Shannon ¢ momo-
b0 KommbrotepHoit nmporpammel POPGENE (version 1.31) [37]. CrarucTuue-
CKasi 3HAYMMOCTbH Pa3IMYNid MEXY CPEAHUMHU 3HAYCHUSMHU 10 BEIOOPKE OllCHEHA
o t-kputepuro CterofenTa (p < 0,05).

Pe3ysbTaThl HcciieqoBaHus U 00CY:KIeHe

OnHO U3 HanpaBIICHUH MTOITYIAINOHHON TeHETHKN HACEKOMBIX — N3yUCHHUE U3-
MEHYHUBOCTH T€HETHYECKON CTPYKTYPBI MOMYISIHIA, YTO BKIIFOYAET B €05l OLIEHKY
reHeTnyeckoro paznoodpasms, JHK-momumopdnsma u reHeTHIecKoro CX0CcTBa
U3y4aeMbIX 00BEKTOB. DTO MO3BOISET CYAUTh O IIOTOKE I'€HOB, T.6. 0OMEHE reHe-
THYECKUM MaTepHaoM BHYTPH HOMYISIINA WM MEXKAY MOMYISIISIMA, U OTIpe-
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JICNIATh CTETIEHb MX TeHETHUECKON qudepeHIIHaliu: TPEACTABISIFOT OHH OO0
pasHble MOMYJNAUY WIN OJHY €IHHYIO MOMYNSAIUIO U SBISIOTCS B 3TOM ClIydae
BHYTPHITOITYIAIIAOHHBIMA TPYIIIAPOBKAMH.

C ucnons3zoBanueM RAPD-PCR-cucteMbl MapKUpOBaHUs U3yueHa MOJIEKY-
JSIPHO-TEHETHYECKasl CTPYKTypa JIOKANBHBIX MOITYISAIUA TyOOBOH KpPYyKEBHHUIIBI
B KpacHonapckom kpae. Ilposenen RAPD-ananu3 reorpaguieckux BBIOOPOK Ha-
cekoMbIx U3 ToponoB KpacHonmap, Tuxopernk, Kpeivck u Coun. B oOmieid ciiox-
HOCTH C UCIIOJIb30BaHHEM TpeX npaiimepos noinyueHo 39 RAPD-nokycos (puc. 1,
Taom. 1).

ILH. |
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Puc. 1. Dnexrpodoperpammsl npoaykroB RAPD-PCR Corythucha arcuata B 1,8% araposnom
rene ¢ npaiimepamu OPA07, OPA09 u OPA18. Hopoxku — ammnukons! JJTHK HacekoMbix
pa3nuyHbIX reorpaduueckux Beioopok: 1-5 — r. Tuxopenk; 610 — r. KpacHonap;

11-15 — r. Kpbimek; 16-20 — . Count. M — MapKepbl MOJIEKYJIIPHBIX Macc, I1.H.

[Fig. 1. Electropherograms of RAPD-PCR products of Corythucha arcuata
in 1.8% agarose gel with primers OPA07, OPA09 and OPA18.

Lanes - DNA amplicons of insects from various geographic samples: 1-5 - Tikhoretsk;

6-10 - Krasnodar; 11-15 - Krymsk; 16-20 - Sochi. M - Molecular weight markers, bp]
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Tabmuna 1 [Table 1]
Yuciio JioKycoB Ha npaiimep u pasmepsl IHK-pparmentos
B RAPD-anammse Corythucha arcuata
[Number of loci per primer and sizes of DNA fragments in RAPD analysis of Corythucha arcuatal

RAPD- IlocnenoBarenbHOCTH Pazmeprr IHK-
N o Yucno nokycos
npaiimep HYKJICOTHIIOB 5'-3

. (parMeHToB, 1.H.
[RAPD-primer] | [Sequence of nucleotides 5'-3'] [Number of loci]

[Sizes of DNA fragments, bp]

OPA 07 GAAACGGGTG 14 ~1500-200
OPA 09 GGGTAACGCC 12 ~1500-200
OPA 18 AGGTGACCGT 13 ~1400-300

MornekynsipHo-reHeTudeckuii anamu3 C. arcuata BBISBHI B 1IJIOM BBICOKHE YPOB-
uu JJHK-nomamopduzma (P = 100%) u rereruueckoro pazHooopasus (H =0,26-0,29,
o Nei) B momysisiiiun 1yO0oBO#t Kpy>KEBHHI[bI U OTCYTCTBHE Pa3IHUHii MEXY BbI-
OopKaMHM Mo STUM ToKazareism (Tabm. 2-3).

Tabnuna 2 [Table 2]
I'enernueckoe paznoodpasue u JIHK-nosumopdusmM BHyTpHIONYJIsIHHOHHBIX
rpynnupoBok Corythucha arcuata no RAPD-j1oxycam (n=39)
[Genetic diversity and DNA polymorphism of Corythucha arcuata
intra-population groupings at RAPD loci (n=39)]

BayTtpunonynsuuonHas

TPYHIIIPOBKA P (%) Na+SD* Ne+SD* H+£SD* +SD*
[Intra-population grouping]
Kpacronapckas 97,4 1,97+0,16 | 1,47+0,31 | 0,29+0,15 | 0,45+0,19
[Krasnodar]
Tuxopenxas
Tikboretsk] 92,3 1,9240,27 | 1,44+0,31 | 0,27+0,16 | 0,42+0,21
Kprimcias 89,7 1,9040,31 | 1,42+0,31 | 0,26+0,16 | 0,41+0,22
[Krymsk]
[Cszjﬁi’]““a" 87,2 1,8740,34 | 1,47+0,36 | 0,28+0,18 | 0,42+0,24

Ipumeuanue. * t (bam‘StOS — CTaTHCTHYECKH HE 3HAUYMMBbIe paznnyust; P — % momumopdHBIX JTOKy-
COB B OMYJISIIHOHHOM rpymIUpoBKe; Na — auciio ajuieneii Ha 1okyc; Ne — 3 dekTuBHOE Ynciio
aiienei Ha Jokyc; H — remernueckoe pazHooOpasue mo Nei; | — reHeTndeckoe pasHooOpasue
o Shannon; +SD — craHIapTHOE OTKIOHEHHE.

[Note. * tye<tos - Differences are not significant; P - Percentage of polymorphic loci in a population
grouping; Na - The number of alleles per locus; Ne - Effective number of alleles per locus; H - Genetic
diversity by Nei; I - Genetic diversity by Shannon; +£SD - Standard deviation].

B cBoro ouepesib, aHATN3 TEHETUIECKUX PA3INIUN MEKITY UCCICAYSMbIMHU BbI-
OOpKaMU HACEKOMBIX BBISBUII TAKXKE BBICOKYIO CTEIICHb CXOICTBA MEXIY HUMH
(renetnyeckas uneHTHYHOCTh (GI) = 0,942-0,998; reHeTHyeckoe paccTOsSHUE
(GD) = 0,003-0,060) (Tab. 4).
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Tabauma 3 [Table 3]
CymMmapHasi reHeTHYecKasi '3MEHYHMBOCTh MONMYJIAIUH
Corythucha arcuata B KpacHonapckom kpae
[Total genetic variability of the Corythucha arcuata population in Krasnodar Krai]
Ilokazarens o
[ndicator] P (%) Na Ne Ht Hs Gst Nm
3HavyeHue
-+ + + +
[Value] (-SD) 100,0 | 2,0+0,0 [1,47+0,30|0,295+0,020|0,275+0,017| 0,07 6,98

Ipumeuanue. P — % monuMoOp(HBIX JIOKyCOB IO BCeM BBIOOpKaM; Na — WHCIIO ayuienied Ha
nokyc; Ne — addekTuBHOE 9rcino anenei Ha Jokyc; Ht — obmee reHeTHaeckoe pasHooOpasue
B momysuuu 1o Nei; Hs — cpenHee reHeTmueckoe pazHooOpa3ue BHYTPH TOMYJISIAOHHBIX
rpymnupoBok mo Nei; Gst — ko puuueHT reaernaeckoit auddepennmarmu mo Nei; Nm — mo-
Ka3aTellb I0TOKA TEHOB MEK Ty MOMYJIIMAOHHBIMY IPYIITIPOBKAMU.
[Note. P - Percentage of polymorphic loci in all samples; Na - The number of alleles per locus; Ne -
Effective number of alleles per locus; Ht - Total genetic diversity in a population by Nei; Hs - Average
genetic diversity within population groupings by Nei; Gst - Genetic differentiation coefficient by Nei; Nm -
Indicator of gene flow between population groupings].

Ta6numa 4 [Table 4]

I'eneTuueckasi uaentuyHocTs (GI) (Hag AMaroHa bI0) U reHeTHYECKHeE pac-
crosinusi (GD) (moa 1uaroHa/bI0) MeskAy BHYTPUIIONMYJISIHHOHHBIMH
rpynnupoBKaMu Ay00Boii Kpy:keBHHIbI B KpacHonapckoM kpae
[Genetic identity (GI) (above the diagonal) and genetic distances (GD) (below the diagonal)
between oak lace bug intra-population groupings in Krasnodar Krai|

BayTpunonynsmu-
onnast rpynnupoBka | Kpacnomapckas | Tuxopenkas Kpbivmckas CounHcKas
[Intra-population [Krasnodar] [Tikhoretsk] [Krymsk] [Sochi]
grouping]

Kpacnomapckas

[Krasnodar] 0,973 0,962 0,942

Tuxopeuxkas

[Tikhoretsk] 0,027 0,998 0,981

Kpbivmckas

[Krymsk] 0,039 0,003 0.984

CounHckas

[Sochi] 0,060 0,019 0,016

HanGonee 0aM3kuMH B T€HETMYECKOM OTHOUIGHHH OKa3aJMCh THXOpEIKas
U KpBIMCKasi BHYTPUIONYISIIMOHHBIE TPYNIIHPOBKU (TCHETHYECKAs WACHTHU-
HocTh (GI) = 0,998; renernueckoe paccrosuue (GD) = 0,003). Dto Takxke ne-
MOHCTPHUPOBAJI M KJIACTEPHBIN aHAIN3 NAaHHBIX, II€ OTH JBE BRIOOPKH OTCTOSIIH
OTAENBHO OT JpYruxX U obpazoBanu oauH kiactep (puc. 2). [Ipu 3ToM BEIOOPKH
n3 KpacHomapa u Couu B Oorbliield CTereHu oTudaiich ot apyrux (GI = 0,942;
GD = 0,06). Bo3M0OXXHO, 3TO CBS3aHO ¢ OONBIIMM reorpapuIecKuM pacCTOSHHEM
MEXIY HAMH.

OTH naHHbIE O3BOJISIOT MIPEANIONIOKUTD, YTO HCCleyeMble Teorpaduueckue
BEIOOpKH HacekoMbIX C. arcuata TPENCTaBISIOT COO0M BHYTPUIOMYIISIIOHHEIE
IPYIIUPOBKY OJHOW TOMYJISIIHH.
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2.11
Kpacroaapckas [Krasnodar]
0.13 Taxopenkas [Tikhoretsk]
0.76
0.13
KpbiMckas [Krymsk]
1.22
0.89 CounHcKad [Sochi]

Puc. 2. JlenaporpamMma reHeTHUECKUX PACCTOSIHUN MEX]y KilacTepamMH
BHYTPHITOMYJIAIUOHHEIX TpynmupoBok Corythucha arcuata 8 KpacHomapckoM kpae
[Fig. 2. Dendrogram of genetic distances between clusters of Corythucha arcuata
intra-population groupings in Krasnodar Krai]

JaHHBI BBIBOI TMOATBEPIKAACTCS TAKKE TEM, YTO TCHETHYECKOE pa3HO-
obpasue (mo Nei) BHyTpH 4eTbipex reorpaduueckux Beidoopok (Hs = 0,275) co-
cTaBuio 93,2% oT 00Iero reHeTHYeCKoro pasHooOpasys B MOMYNISILUHN KIOHIOB
(Ht = 0,295). D10 yKka3blBaeT Ha 3HAYMTEIBHBIA YPOBEHD ITOTOKA TCHOB MEXIY
HUMH, YTO MIOATBEPKIAIOT U PACUCTHBIC TAHHBIC: YPOBEHb TEHETUYCCKOTO IIOTOKA
coctaBma Nm = 6,98 (cM. Tabi. 3). Takoit ypoBeHb ITOTOKA T'EHOB SIBJISICTCS 3HAUH-
TENBHBIM TPENATCTBHEM s AU GEepeHINANNN BHYTPUNOMYIIAIIHOHHBIX TPYII-
MTUPOBOK U SBJLIETCS ONPEICILIONIM (haKTOPOM, BIUSIOIINM Ha TEHETHUECKYIO
CTpYKTYpy monyisiiuud. OTHOCUTEIPHO HHU3KOE 3HAa4YCHHE KOA(QHUIMEHTa TeHe-
traeckoit muddepennanuu (Gst = 0,07) moaTBepKIaeT TOT (aKT, YTO TOIBKO
6,8% OT cCyMMapHOIi reHeTHUeCKO N3MEHUYMBOCTH MOMY/ISILUH Ma/1aeT Ha JIOJI0
U3MEHYHBOCTH MEXKAY BHYTPHIIONY/SIIIAOHHBIMHI TPYIIITHPOBKAMH, OTIPEICIISIIO-
e quddepeHnuanuo Mexay Humu [22, 38].

CxoHbIe JaHHBIE MTOTYYEeHB HAMH paHee MPH aHaJI3¢e IPYroro MHBA3UBHOTO
BHJA KJIONIOB U3 ceMeiicTa Tingidae — mnaranoBoit kpy>keBHuLb! C. ciliata [39].
BrIsIBIICHBI 3HAUNTENBHBIN TIOTOK TEHOB MEXKTY JIOKATEHBIMH MTOITYJISIIIUASIMH 3TO-
ro Buza B KpacHonmapckom kpae (Nm = 4,56) n BbICOKasi CTEIIeHb T€HETHYECKOTO
cxozactea Mexxay HumH (GI = 0,909 — 0,948).

Taxum 00pa3om, TPOBEICHHBII MOJIEKYJIIPHO-TeHETHYECKUH aHAIIN3 reorpadu-
geckux BEIOOpok C. arcuata B KpacHOZapckoM Kpae BBISIBHII TEHETHUESCKOE CXOM-
CTBO HCCIIETyeMbIX BBIOOPOK HACEKOMBIX. [1oTydeHHbIe TaHHBIE CBUICTEIHCTBYIOT
0 TOM, YTO BEIOOPKH U3 JIOKAJIBHBIX IOMYIIIHN TyOOBO# Kpy>keBHUIE! KpacHo-
JIAPCKOT0 Kpasi MPEACTABISIOT BHYTPUIOMY/ISIIUOHHBIE TPYIITHPOBKU OIHOM T10-
mymsimuu C. arcuata. B ¢BoOIO odepenp, HeAaBHsIA HHBA3US TyOOBOH KPY>KEBHHIIBI
TpeOyeT JaJIbHEHIIIero KOHTPOJI pacpoCTpaHeHHs ITOTo BHAa Ha tore Poccun.

3akr0uenune

RAPD-ananu3 nokansusix nomnyssinmii Corythucha arcuata B KpacHogapckom
Kpae BBIIBIUI BhIcokue ypoBHU [JHK-mommmopdusma (P = 100%), rerermaeckoro
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cxonctBa Mexy HumH (Gl = 0,942—0,998) 1 BHYTPHIIOMYIISIIMOHHOTO TeHETHYECKO-
ro pazHooOpazus (H = 0,26-0,29). ITokazaHo, 4To onpeaensronmM GakTopoM, BIHs-
IOIMM HAa TEHETUYECKYIO CTPYKTYpY HMOMYIIAINHY, SIBISETCS 3HAYUTENbHBIA YPOBCHb
MOTOKA TEHOB MKy BHYTPUIIOMY/IAIIMOHHBIMYU IpynmupoBkamu (Nm = 6,98), mpe-
MIATCTBYIOIIMY UX I depeHmanyy. bombiyto yacTh TeHETHYECKONH H3MEHUHBOCTH
COCTaBUJIa U3MEHYUBOCTh BHYTPH NMOMYJIAIIMOHHBIX TPyIIUPOBOK (93,2%), Torma kak
Ha JIOJTF0 M3MEHYMBOCTH MKy HUMH TIPHUXOIIOCH 6,8% OT 00IIIei N3MEHIHBOCTH.
YCTaHOBNEHO, YTO IPOAHAIM3UPOBAHHBIE BBIOOPKHM HACEKOMBIX (KpacHOmapcKas,
THXOpEIKasi, KPBIMCKasl, COUMHCKAs) MPEICTABISIOT COO0H BHYTPHIIOMYISIIIHOHHBIE
TPYNIHPOBKY U3 OJHOI MOMYJISIIUU KPY>KEBHUIBI TyOOBOIL
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DNA polymorphism and genetic diversity of the oak lace bug
(Corythucha arcuata Say) population in Krasnodar Krai

One of the directions of insect population genetics is the study of the variability of
the genetic structure of populations, which includes the assessment of genetic diversity,
DNA polymorphism and genetic similarity of the studied objects. This makes it possible
to judge the flow of genes, i.e. exchange of genetic material within a population or
between populations, and determine the degree of their genetic differentiation, i.e.
they represent different populations or one population, and in this case, they are intra-
population groupings. The aim of this work was to study the molecular genetic structure
of local populations of the oak lace bug C. arcuata in Krasnodar Krai using RAPD
markers to assess their genetic similarity.

We carried out the studies in the territories of the invasive distribution of the
oak lace bug in Krasnodar Krai in 2020. The object of the research was a sample of
insects (n = 20) from the areas of oak lace bug in the forest park zones of Krasnodar,
Tikhoretsk, Krymsk and Sochi. The total number of samples examined was 240. We
collected C. arcuata bugs on model trees of English oak (Quercus robur L.). The
selection of trees was 10 oak trees from each locality. Isolation of DNA from whole
insects (adults), amplification RAPD-PCR (random amplified polymorphic DNA) and
electrophoresis were carried out according to the method we had developed earlier
(Kil, 2009). Amplification was performed in 25 mcl reaction mix containing 10 mM
Tris-HCI, pH 9.0; 50 mM KCI; 3.0 mM MgCl,; 50 uM of each dNTP; 0.8uM primer;
0.5 U Taq polymerase and 20 ng DNA. We evaluated DNA polymorphism of the studied
samples from the population of bugs using three primers highly specific for the DNA of
the oak lace bug: OPA07, OPA09, OPA18 (See Fig. I and Table ). We assessed genetic
diversity and genetic similarity using the Nei and Shannon information indices with the
help of POPGENE computer program (version 1.31) (Yeh et al., 1999). The statistical
significance of the differences between the mean values for the sample was determined
by the Student’s #-test (p < 0.05).

Molecular genetic analysis of C. arcuata revealed high levels of DNA polymorphism
and genetic diversity in the oak lace bug population and the absence of significant
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differences between the samples for these parameters (See Table 2). The studies
have shown that the closest in genetic terms are the samples from Tikhoretsk and
Krymsk (genetic identity (GI) = 0.998; genetic distance (GD) = 0.003), and the most
genetically distant from others are the Krasnodar and Sochi intra-population groupings
(GI = 0.942; GD = 0.06) (See Table 4). This was also demonstrated by the cluster
analysis of data (See Fig. 2). Genetic diversity, estimated by Nei index, within four
geographic samples (Hs = 0.275) was 93.2% of the total genetic diversity in the lace
bug population (Ht = 0.295) (See Table 3). This indicates a significant level of gene flow
between intra-population groupings (Nm = 6.98), which prevents their differentiation.
The low value of the coefficient of genetic differentiation (Gst = 0.07) indicates that
only 6.8% of the total genetic variability of the population is accounted for by the
variability between intra-population groupings. Based on this, we can conclude that the
analyzed insect samples represent intra-population groupings from one population of
oak lace bugs, C. arcuata.

The paper contains 2 Figures, 4 Tables and 39 References.

Key words: Corythucha arcuata; insects; PCR; RAPD analysis; genetic variability;
intra-population groupings

Abbreviations: GI - Genetic Identity; GD - Genetic Distances.
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Becmnuk Tomckozo zocyoapcmeennozo ynusepcumema. buonozua. 2021. Ne 55. C. 58-76

VIIK 574.21
doi: 10.17223/19988591/55/4

9.A. Cuerun', A.C. Bapxaros', B.B. Kuceies?,
C.P. IOcynos!, E.A. Cueruna'

!Hayuno-uccnedosamensckuil yeHmp 2eHOMHOU cenekyuu
Eenzopoockozo zocydapcmeentozo nayuonansho2o
uccnedosamenbCcko2o ynugepcumema, 2. benreopoo, Poccus
2 Unemumym nayk o 3emne Beneopoockozo 20cy0apcmeennoeo HayuoHanbHo2o
uccnedosamenbCcko2o ynugepcumema, 2. beneopoo, Poccus

Ouenka crenenu noppeskaeausi reaomuoi JIHK nomyssiumia
o3epHoii asarymku (Pelophylax ridibundus Pallas, 1771)
Bearoponackoii arsiomepanuun Mmetoaom {HK-komer

Memooom zenv-anexmpoghopesa uszonupogannvix kiemox ([HK-xomem) oyernen
ypogenv nogpexcoenus JJTHK 6 nonynayusx oseprou aaeywxu (Pelophylax ridibundus),
obumarowux 6 2. benzopode u eco okpecmuocmsax 6 nynKmax ¢ paziuyHblM yposHem
anmponozennozo npecca. CoenacHo NONyYeHHbLIM OAHHBIM, 60 6CeX UCCLe0YeMblX
nonynayuax cpeouee 3uauenue unoexca JJHK-xomem (DDI) ne npesvicuno nepeoco
nopoea Oezpadayuu. Tem ne menee paccuumannsie 3suavenus DDI noseonunu
8bICIMPOUMb 2padayuoHHylo wkay ypoeHs paspyuienus JJHK 6 ucciedyemvix epynnax
aseywex, 20e 3Hauenuss DDI ¢ naubonee 3acpsasnenuvix pationax (om 0,416+0,031
0o 0,521£0,098) npessouinu omuocumenvho yucmoie meppumopuu (0,057+0,011).
Ommeueno, umo 6 nyHKmax, 8 KOmopwix obumarom ocobu ¢ gvicokumu 3uavenuamu DDI,
npucymcmeyem 6ulCokas KOHYEHMpayus HUmpumos, 3Ha4umensHo Npesuiulaiouux
npeoenvio 0onycmumble KOHYeHmpayuu.

KuroueBble cnoBa: Pelophylax ridibundus; ypOaHM3MpOBaHHAs TEPPUTOPHS;
TeHOTOKCHYHbIE MoiuTioTanTsl; MeTon JJHK-komet; GrnonHaukaTop

Coxpauienus [Abbreviations]: DDI — nnnexc JIHK-xomer [DDI - DNA damage index
(comet assay)]; [IIK — mpeaensHO nomycTuMas KOHLEHTpauus [Maximum permissible
concentration].

Jas uutupoanusi: Crerun D.A., bapxaros A.C., Kucenes B.B., IOcynos C.P.,
Cueruna E.A. Ouenka crenenu noBpexacHus reHomuoi JIHK momymsuuii o3epHoit
asirywikd (Pelophylax ridibundus Pallas, 1771) Benropoackoit arioMepanni METOIOM
JHK-xomer // Bectruk ToMCKOro rocynapcTBeHHOro ynusepcurera. buomorus. 2021.
Ne 55. C. 58-76. doi: 10.17223/19988591/55/4

BBenenue

AHTpPOIIOTeHHOE 3arpsi3HEHHE BOAHBIX OOBEKTOB — Cepbe3Has mpobiema
YCTOWYHMBOCTH BOAHBIX 3KocUCTeM [1]. OCHOBHBIC HCTOUHHMKH 3arps3HEHHUS BOJI-
HBIX OOBEKTOB — CTOYHBIC BOJBI, CMBIBBI CEJIbCKOXO3SIMCTBEHHBIX YIOOPEHHH,
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MIECTHITUIOB M aBTOMOOWJIBHBIX JTOpor [2]. 3arps3HUTENHN, BHECCHHbIC B BOJHBIC
9KOCUCTEMBI, MPUBOAT K TEOXMMUYECKUM HM3MEHEHHUSIM, 4TO, B CBOIO Ouepesb,
CHIDKAET Ka4eCTBO (hH3UKO-XHMHUYECKUX TTApaMeTPOB BOTHBIX 00bEKTOB [3]. MHO-
r'ue U3 NOJUTIOTAHTOB, 00J1a/Jas BBICOKOM yCTOHYMBOCTBIO, IPECTABICHBI ONACHbI-
MU MyTareHaMH U KaHLeporeHaMu. BbpI3BaHHBIE MU HapylEHUs B CTPYKType U
csoiictBax JJHK u PHK opranusmMoB MOIyT UMETh OTHAJICHHBIE IIOCIEACTBUS U
CKa3bIBATHCS HA )KU3HEAESITETHLHOCTH MOCIEAYIONNX OKONIeHHH [4, 5].

Jiis 0ObeKTUBHOW M KaueCTBEHHOW OIEHKH BO3IACUCTBUS T€HOTOKCHYHBIX
MIOJUTIOTAHTOB MCIIONB3YIOTCS pa3InIHbIe BUIBI-OMOMHANKAaTOpEl. Hanboee nn-
(hOpMaTUBHBIMU CPEIM HUX SIBIISIOTCS TUAPOOMOHTHI, TAK KaK BOJHBIE OOBEKTHI
B [IEPBYIO OYEPEb IOABEPTAIOTCS BO3AEHCTBUIO IIMPOKOTO CIIEKTPa 3arps3HUTE-
neit okpykaromei cpesl [6, 7]. becxBocThle 3eMHOBOAHBIE, SIBIISISICH CBSI3YIOIUM
3BEHOM B NHIIEBHIX IICTIAX, OXBAaTHIBAIONINX BOAHBIC M Ha3eMHEBIE COOOIIECTBa,
BBICTYTAIOT B Ka4€CTBE BAYKHOTO KOMIIOHEHTa OMOTHI BOAHO-OOJOTHBIX YTrOJUi
[8]. ToHKas u MpOHHUIIAEMAs KOXKa, a TAKKe xKaOepHOE JbIXaHUE Ha JTNIHMHOYHON
CTaJIM¥ TIO3BOJISIFOT 3TON TPYIIIE KUBOTHBIX aKTUBHO HAKaIUIMBATh MOJITIOTAHTHI
B opranusme [9].

B HayuHOI! tuTeparype onucaH psii METOJOB OLIEHKH CTCIIEHU MOBPEXKICHUS
JHK: ananu3 xpomocoMHBIX abeppanmii [10], 0OMEH CEeCTpUHCKUX XpOMAaTHJI
[11], menouHast smrorus [12], ananus mukposiaep [13] u ap. OnHako B mocieaHue
rozbl Hanboliee BOCTPEOOBAaHHBIM I ATHUX Tesied siBisieTcs meton JJHK-komet
(Comet assay), KOTOPbIi IO3BOJISIET OLIEHUBATH IIOBPEXK/ICHUS TEHETUIECKOTO Ma-
TepHajga B pe3ylbTare JercTBUs OONBIIOro criekTpa MyrareHoB [14—16]. Tlpe-
UMYIIECTBAMU METOJA SIBIISIOTCSI €0 JAOCTYIHOCTh M CIIOCOOHOCTh OOHAPYKU-
BaTh HavdaJbHEIC U Hecrenudraeckue noBpexaeans JJHK B pa3nuuHbIX TKaHAX.
[Ipu 5TOM MOBpEXACHUS SIIEPHBIX HYKIEHHOBBIX KHUCIIOT MPOCMATPUBAIOTCSA Ha
YpOBHE OTHENBHBIX KJIETOK, YTO AETAaeT €T IPHTOMHBIM IS OONBIINHCTBA TH-
OB HYKapUOTHUECKUX OpraHu3MoB. KpoMe Toro, MeTon 061a1aeT BEICOKON dyB-
CTBHUTEIFHOCTHIO, UTO ITO3BOIIET OOHAPYKUBATH PEAKIINH OPTAaHI3MOB Ha CaMbIX
PaHHUX ATanax BO3JACUCTBUS FeéHOTOKCUKAHTOB [17]. I'enb-anexrpodopes usonu-
POBAHHBIX KJIETOK' MPUMEHSIOT B PA3IMYHBIX O0IACTSAX HCCIIEIOBAHHU, TIIABHBIM
00pa3oM, IpU OIEHKE 0E30MACHOCTH XUMHUECKUX BEIIECTB U JICKAPCTBEHHBIX
CPENCTB, I BBIBIICHUA cTernieHu dddekruBHocTH pemapanun JJHK, a Taxke B
OMOMOHUTOPUHIE MIPUPOIHBIX Momyssinuit [18]. JlaHHbI MeTOX TO3BOMISIET OOHA-
pyxuTth pa3pbiBel nenei [IHK, koTopbie mpu MPOBEISHUH Tellb-3JIeKTpodope3sa
00pa3yIoT TaKk Ha3bIBAEMBIC XBOCTHI, MIIM «KOMETb. [Ipu 3TOM pa3Mep Habmo1a-
€MOTO0 XBOCTa YKa3bIBa€T Ha cTeneHb nmoBpexaenus JJHK [19].

B npoBezieHHOM HaMU paHee NpeBapUTEILHOM UCCIIEAOBAHUH C TOMOIIBIO METO-
na JIHK-komeT BbIsSIBIICHO cTarucTidecky 3Hadnmoe (p < 0,05) yBernueHne nHIeKca
JHK-koMeT B 0[]HOI OMYJISIIUY 03€pHOMN JATYIIKHY, OOHTAIOIIEH B YCIOBUSIX aHTPO-
rioreHHoro 3arpsiHenws [20]. B nansHelemM 3T uecieTIoBaHuS IPOIOIKEHBI.

! Tenp-amexTpohope3 U30JHMPOBAHHBIX KIETOK SIBIsIETCSE cHHOHUMOM Metona JTHK-komer.
[The Comet Assay also called single cell gel electrophoresis].
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Lenp manHOM paboOTHl — OMEHUTH ¢ MmoMoInkio MeTona JIHK-komer ypoBeHb
nospexaenus JJHK B nonymsauusx P. ridibundus, oburaromux B I. benropozae u
€ro OKPECTHOCTSIX.

Marepuajbl 1 METOAUKH HCCJIET0BAHUS

OOmnekT mccnenoBanus — o3epHas nsarymka (Pelophylax ridibundus Pallas,
1771). NanHbli BUA afalTUPOBAH K XH3HU B YCIOBUSIX aHTPOIIOTEHHOTO BIIUS-
HUS ¥ aKTUBHO 3acenseT TpaHnchopMupoBaHHbIe OHOTOITBI [8]. OTOOD KUBOTHBIX
mpoBoJieH B 6 Toukax I. benropona u ero oxpectHoctelt (puc. 1, Tabm. 1). [pu
OIMMCAaHNH OMOTOIOB MCIIONB30BaHa KIIACCH(UKAMOHHAS CXeMa, MPEATIOKEeHHAS
B.JI. Bepmuununsim [21].

Bce paboThl ¢ MOMOMBITHEIME XUBOTHBIMH B HCCIICIOBAaHHH IPOBEACHBI B
COOTBETCTBUH C MEXJIYHapOJHBIMU ITHYECKMMHU CTaHAapTamu [22]. U3 kax-
JOH TOYKM HCCIEIOBaHMS OTOOPAHO MO 5 TOJIOBO3PENBIX 0CO0eH, 94To cocTas-
JISU10 HEOONBIIYIO YacTh HOMyISUU. JKUBOTHBIX Iepe] BCKPhITHEM HAPKOTU3U-
pOBaNN AUATHIOBBHIM 3(UpoM. BBHUIY BBICOKOW TyBCTBUTEIHHOCTH METOAA IS
MPEAOTBPALICHUS MOTY4YEHUs JOKHOIOIOKHUTENBHBIX U JOKHOOTPULATEIbHBIX
Pe3yIBTaTOB aHAJIN3 TPOBOIIUIN B JeHE cOopa. B kadecTBe marepmana mis wc-
CJICIOBAHUSI UCIIOIB30BAIN II€4E€Hb KUBOTHOTO: JAHHBIN OpraH 00nagaeT BHICO-
KOW YyBCTBHUTEIBHOCTBIO K JICHCTBUIO T€HOTOKCHKAHTOB H SIBISIETCS OCHOBHBIM
MeCTOM OHOTpaHC(hOpMaIMK KCEHOOHOTUKOB [23].

Tabnuna 1 [Table 1]
IIynkTsl cOopa
[Collection sites]

HasBanue
No VHKTA Onucanne 6uoromna Koopaunarsl
[ Collgction site] [Description of the biotope] [Coordinates]
Cesepckuit p. Cesepckuii [lonen, r. bexropon. 50°3531.5"N
1 Jloner IpombllLIeHHAs 3aCTPOIKa 36°3613 5' 6'E
[Seversky Donets] [Seversky Donets river, Belgorod. Industrial buildings] i

e M e oot v

O k h o 1 n
[Oskochnoc] [Oskochnoye pond, Belgorod. Low-rise development] 36°3329.6"E
| o [ et s o s o

. (e} U n
[Yachnevskiy] [Yachnevskiy pond, Belgorod. Low-rise development] 36°34'48.2"E

p. Pazymnas, benroponckuii paiion. OkpecTHOCTb
4 CeBprokoBo c. CeBprokoBo. 3eieHast 30Ha 50°36'55.3"N
[Sevrukovo] [Razumnaya river, Belgorod municipal district. 36°46'21.9"E
The vicinity of Sevrukovo village. Green area]

R pr— R I EETET

R o ' "n
[Razumnoc] [Razumnaya river mouth, Belgorod. Low-rise development] 36°38'57.5"E
6 Besenka p. Besenka, . Benropoa. MuorostaxHas 3actpoiika | 50°35'36.8"N
[Vezelka] [Vezelka river, Belgorod. High-rise development] 36°34'09.1"E
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Puc. 1. Ilynxret c6opa Pelophylax ridibundus: 1 — CeBepckuii Jonern; 2 — OckodHOE;
3 — SluneBckuii; 4 — CeBprokoBo; 5 — PazymHoe; 6 — Besenka
[Fig. 1. Collection sites Pelophylax ridibundus: 1 - Seversky Donets; 2 - Oskochnoe;
3 - Yachnevskiy; 4 - Sevrukovo; 5 - Razumnoe; 6 - Vezelka]

[lo 3aBepmeHNN YBTaHA3MH JKUBOTHOTO HE3aMEUTUTEIHHO IIPOBOIIIIN BCKPHI-
THE U BBIJENICHNE aHanu3upyemMoro oprana. Tkans (150-200 mMr) romoreHu3upo-
BaJIA HAa JIbJY, 3aT€M ICPEHOCHIH B MPOOUPKH ¢ 2 MIJI CBEKEIPUTOTOBICHHOTO
oxnaxnaeHHoro a0 +4 °C ¢ocdarno-coneBoro oydepa (pH 7,5), conepxariero
20 mM 1MHATPHEBOM COJM STHIICHAMAMHUHTETpayKCycHOM kucnoTel (EDTA-Na,)
u 10% mumeruncynsdpoxeus (JAMCO), nBaxkasl OTMBIBAIN OT KIETOK KPOBH U
pacTHpalii CTEKIISTHHOHN MaJoukol B cBexeM Oydepe. g ocaxaeHus: KPYIMHBIX
(parMeHTOB TKaHH MTPOOUPKH BHIICPKUBAIN 5 MUH IIPU KOMHATHOM TEMITEpaTy-
pe, TocIIe Yero NepeHoCiIy 1,5 MII BEpXHETO CIIOoSI B MUKPOIIEHTPU(YKHBIE TIPO-
6upxu u HeHTpudyruposanu B MukpoueHtpudyre 5415 R («Eppendort», I'epma-
aus) ipu 1000 g B Teuenue 10 mun nipu +4 °C. CynepHaTaHT YIS, 0Ca0K
KJIETOK pa3Boauiu B 1 My oxnaxkaerHoro 1o +4 °C gocdarHoro coneroro Oydepa.
st momy4yenust MukponpenaparoB 60 MK KJIETOYHOH CYCIIEH3UH CMEIINBAIN C
240 mxn 1% pactsopa serkomnaskoi arapossl (T <42 °C) B pocparHo-coneBom
Oytepe. 3aTteM B IEHTPAIBHYIO 9aCTh IPEIMETHOTO CTEKIIA C TOHKHM CJIOEM ara-
Po3bI HaHOCHIIH 60 MKJI arapo3HOTO TeJisl C KJIETOYHOM CYCIeH3UeH U HaKpbIBAIN
MTOKPOBHBIM CTEKJIOM, HE JTOITycKasi 00pa3oBaHus my3bIpeil. [IpenmeTHbIe cTekTa
oxjaxkaanu 10 MuH, Imocje 4ero akKypaTHO CHHUMAjJM MOKpPOBHBIE cTekia. [lo-
CJIC/TYTOIITIIE OTEPALHH TPOBOAMIN B 3aTEMHEHHOM IoMereHnr. CTekia 3aiu-
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Balll OXJXKACHHBIM 70 +4 °C MM3upyIonM pacTBopoM, coaepxamum 10 MM
tpuc-HCl (pH 10), 2,5 M NaCl, 100 MM SITA-Na, u 1% Tpuron X-100 ¢ 10%
JAMCO, KoTOpHIif T0OABISITH HEMOCPENCTBEHHO Mepe] UCIIONIb30BaHueM. JIn3uc
npoBoawiid He MeHee | 4. [1o okoOH4YaHWU JM3HCa MPOBOIWIN AIEKTPodopes B
tpuc-JITA-GoparHom annekrpoarom Oydepe (TBE) B Tedenne 20 MuH ¢ Hanps-
xeHueM u3 pacuera 1 B/cm. o okonuanuu snekrpodopesa npenaparsl GUKCH-
poBamm 70% 3tanonom B TedeHue 15 mun [23, 24].

[ okpalivBaHUs MpenapaToB MCIOJIb30BANIA BOAHBIN PacTBOpP KpacUTENs
SYBR Green I B coornomennn 1:10 000. OkpamieHnasie npenaparsl aHAIH3HU-
poBany Ha JIOMUHECLIEHTHOM TPUHOKYIApHOM Mukpockone MUKME]I-2 AO
(«JIomoy, Poccus).

[onyuyennsie M300paskeHUS aHAJIM3UPOBAIM B MPOrPaMMHOM OOECTIEYeHUH
CometScore V. 2.0. Ha xaxkxmom mpenapare ananuzupoBanu He meHee 100 xire-
TOYHBIX AJep, KOTOPbIE MOAPA3ACIsUTN HAa 5 THUIOB B 3aBUCHUMOCTU OT CTEIIEHH
paspymenus JJHK: 0 — 6e3 moBpexnenus (<5%); 1 — HeCymecTBEHHOE TTOBPEK-
nenue (5-20%), 2 — ymepenHoe nospexaenue (20-40%); 3 — BbICOKOE TOBpexIe-
aue (40-80%); 4 — makcumanbHOE oBpekaeHue (>80%). OTAETBHO YIUTHIBAIH
KIIETKH, HaxXoAsAuuecs B cocTosHuu anontosa. Crenenp nospexaennoctu JJTHK
OIICHHMBAJIN C UCIIONB30BaHueM Kputepus Kpackemna—Yoiica, KOTOPBIA B JaHHOK
MeTonuke HazbiBaeTcs «uHneke JHK-komet» (DDI), o popmyne [24, 25]

(Ong + 1ng + 2n, 4+ 3n3 + 4n,)

3 )
e n, — n, — aucino «JIHK-komer» kaxmoro tuma [The number of “DNA comets” of
each type]; £ — cyMMa MOICYUTAHHBIX KJIETOK [Total of cells counted].

Jia pacuera 3Hayenuit DDI, cpennux nokasareneir DDI u ux morpemso-
CTEM, CTAaTHCTUYECKOW 00pabOTKU JaHHBIX McHonb3oBam MS Excel 2010. Jlan-
Heie DDI nmpencrapneHsl B BUIE CPETHUX 3HAYEHUH U UX CTaHIAPTHBIX OMIMOOK
(M=£m,,). /lng onpenenenus CTaTUCTUMECKOH 3HAYMMOCTH Pa3IMIMi H3y9aeMbIX
HOIMYNALUN UCTIONB30BaIN OAHO(DAKTOPHBIN AUcHepcHOoHHbIH aHamu3 (ANOVA),
OTIMYMSI CYUTAIM CTATUCTUYECKH 3HaUnMbIMU Tipu p < 0,05.

DDI

Pe3ynbTaThl HcciieqoBaHus U 00CY:KIeHIe

JIJIs OLIEHKH COCTOSIHHSI €CTECTBEHHBIX COOOIIECTB B Pa3IMYHBIX JaHIIagd-
Tax HEOOXOAUMO OCYIIECTBIISTh MOHUTOPHHT HACEISIOMINX WX nomyssuii. Oco-
OCHHO 3TO KacaeTcs BHIOB OMOMHIUKATOPOB aHTPOIIOTEHHOTO BO3ICHCTBHS, KO-
TOPBIMHU ce0s1 XOPOIIO 3apPEKOMEHI0BAJIN OECXBOCTHIE 36MHOBOIHBIE.

[Tomy4yeHHBIE B pe3yJIbTaTe UCCIICIOBAHHMS TaHHBIC ITPECTABICHBI B Ta0I. 2—4.
B u3yuyaeMbIX monyssusx OTMEUYEHBI pa ¢ pa3IUuHBIM YPOBHEM MOBPEKICHHS
JHK (puc. 2, 3). HanGonpmee 3nauenue DDI orMedeHo B myHKTE «Pa3zymHOe», a
HauMeHbllee — B MyHKTe «CeBproKOBO». CTOUT OTMETUTH, YTO B MyHKTe «Pa3ym-
HOE» HaIllM MPeIbIIyIIne UccieqoBanns BeIsiBUIN ypoeHb DDI = 0,141+0,021
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[20]. CToyb HHM3KHE 3HAYCHWSI, BEPOSTHO, CBA3aHBI C METOIUYECKOW ONMIMOKOH,
TaKk Kak B Npensiayliel pabore B JaHHOM IyHKTE MPOaHATU3WPOBAHBI HETo-
JIOBO3pEIIbIC KUBOTHBIE (CETOJIETKH). B HacTosimeM mccinenqoBaHuu 3Ta onmbka
yCTpaHeHa M 1715l aHaJIM3a UCIIOJIb30BaHbI TOJIBKO TIOJIOBO3pEble 0COOH. DTH 1aH-
HBIC TTOJTBEPIKIAIOT BHIBOJIBI, COTIACHO KOTOPBIM C BO3PACTOM B TEJI€ JKUBOTHBIX
HaOIoMaeTcsd yBeUYEeHHUE KOHIIEHTPALWU TOKCHYHBIX BEIIECTB, YTO COMPOBO-
JKTACTCS U3MEHEHHUSMH B CTPYKTYpe (DYHKIIMOHHPOBAHUS KIETOK U pa3pyIlIeHH-
em sinepnoit JIHK [26].

Tabauma 2 [Table 2]

Cpennue 3nayenust DDI B ucciienyeMbIX myHKTax
[Mean values of DNA damage index (comet assay) at the studied sites] (M=m,)

Cesepckuit Slanes- Cespro-
OckouHoe . Pa-3ymuoe | Besenka
ITynkr Jonen CKUH KOBO
. [Osko- [Razum- [Vezel-
[Site] [Seversky chnoe] [Yach- [Sevru- noe] ka]
Donets] nevskiy] kovo]
DDI 0,454 0,472 0,186 0,057 0,521 0,416
+0,049 +0,061 +0,038 +0,011 +0,098 +0,031
N 512 520 506 585 521 523
Na 7 4 - - 9 6

Ipumeuanue. DDI — unnexkc JITHK xomer, N — konu4ecTBO IpOaHAIU3UPOBAHHBIX KIIETOK;

Na — KOJIM4eCTBO KJIETOK B COCTOSIHUM aIloITo3a.
[Note. DDI - DNA damage index (comet assay); N - Number of cells analysed; Na - Number of cells in the
state of apoptosis].

OnnodakropHbIii quciepcronHbIi aHam3 (ANOVA) BBISIBUIT CTaTHCTHYSCKHU 3Ha-
ynMble omyust (p < 0,05) n3yueHHsIx rpymmn no uaaexcy JHK-komer (cm. Tab. 3).

Tabauma 3 [Table 3]
Pesyabrarsl ogHOpaKTOPHOrO JucnepcoHHOro ananauza (ANOVA) 3navenunii DDI
[Results of one-way analysis of variance (ANOVA) of DNA damage index values]

Hcrounuk Bapuanuu F-kputnueckoe
[Source of variation] 88 df MS F P [F-critical]
Mezcny rpynnamu 0865 | 5 |0173
[Between groups]
B 9,876 | <0,001 2,621
HYTPH TPYIIIT
[Within groups] 0,421 24 0,017

Ipumeuanue. SS — cymma KBaipaToB oTkiIoHeHuit; df — crenens cBobobl; MS — aucnepcus;
F — kpurepuit ®umiepa; p — ypoBeHb 3HaUUMOCTH; F-KpuTHUECKOE — CTAaHAAPTHOE 3HAYECHUE
xputepus Gumepa npu p = 0,05.

[Note. SS - Sum of squares; df - Degrees of freedom; MS - Mean square; F - Fisher criterion; p - significance
level; F-critical - Standard value of Fisher’s criterion at p = 0.05].

B Tabn. 4 npencrapieHsl NOMapHbIe CpaBHEHUs cpenHux 3HaueHuit DDI uc-
CJIEAyEMBIX HOIYJSIIUI C TOMOIIBIO KpuTepus dumepa.
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Tabnuna 4 [Table 4]
Honapusblie cpaBHenus cpenHux 3Hayenunii DDI ucciaenyembix nomynsuui
[Pairwise comparisons of the mean DNA comet assay values of the populations studied]

Hassanue Cenepexnii OckouHoe | SluneBcKuit Cenpio- Pazymnoe B "
MYHKTa Honen [Oskoch- | [Yachnev- KOBO [Razum- eseika
[Site] [Seversky noe] skiy] [Sevru- noe] [Vezelka]

Donets] kovo]
Cesepckuit
Honer
[Seversky Donets]
OckouHOE
[Oskochnoe] 0,125
SuneBckuit « %
[Yachnevskiy] 14,609 15,884
Cesprokoso 47332¢ | 45,642% | 10,555+
[Sevrukovo]
Pasymroe 0,503 0,198 | 9,964* | 21,688*
[Razumnoe]
Besenka 0,147 0,611 | 21,115% |120,076% | 1,011
[Vezelka]

Tpumeuenue.™ — cTaTHCTUUECKH 3HaYNMEBIe pa3mmaus (p < 0,05).
[Note. *The differences are significant (p < 0.05)].

CornacHO MOJXYYEHHBIM JaHHBIM, BO BCEX HCCIETYEMBIX MOITYISIIIX Cpell-
Hue 3HaueHHss DDI He mpeBBIIIAIOT IEPBOTO YPOBHS pa3pyLIeHUs. DTO MOXKET
CBHUIIETEIHCTBOBATD, C OJHOM CTOPOHBI, 00 OTCYTCTBUH 3/1€Ch OOJBIINX KOHIICH-
TpaLUii FTeHOTOKCHYHBIX MOJITFOTAHTOB (UTO BEChbMa COMHUTENBHO), @ C APYroi —
00 3¢ hexkTuBHOI paboTe permapaTiBHON CHCTEMBI 03EpHBIX JIATYIICK. TeM He Me-
Hee paccunTaHHble 3HadueHus: DDI mo3BoIuIN BEICTPOUTE IPAIAMOHHYIO LKAy
yposus paspymenust JJHK B ucciemyeMbIx rpymmnax JITyIIeK B 3aBUCHMOCTH OT
CTETCHHU 3arpsI3HEHUS U ONM30CTHU JKWIIBIX U IPOMBIIIICHHBIX ocTpoek. [Ipume-
4aTeNbHO, YTO BCE UCCIENYEMBIE ITYHKTHI IO cpeaHeMy 3HadeHuro DDI crartuctu-
yecku 3Ha4uMO (p < 0,05) mpeB30ILIM HaMEHee 3arpsa3HeHHbIH ydacTok «CeB-
PIOKOBO», KOTOPBIH HAXOMUTCS B 3€JI€HON 30HE M HA 3HAYUTEIFHOM YOaJICHUN OT
ypOaHU3UPOBAHHBIX TEPPUTOPHIA.

W3BecTHO, UTO T€HOTOKCHYHBIM BO3/ICHCTBHEM OONANAIOT Pa3IHMIHbIC XUMH-
YeCKHE COCTUHEHHsI, KOTOpbIE 00Pa3yroTCs IPU MPOMBIIITIEHHOM MPOU3BOJICTBE
[27]. K HUM OTHOCST psii MOMUIUKINIECKAX apOMATHYECKUX YIIIEBOAOPOIOB,
TSDKEJIbIE METaJUIBl, & TaKXKe OKCUABI Cephl, yrepona u asota [28-30]. Bruny
OTCYTCTBHUSI Y aBTOPOB BO3MOXKHOCTH IIPOBEICHUS XUMHUYECKOTO aHAJIM3a BOIBI
JUISL BBISIBIICHUS KOHLIEHTPAIlMU T€HOTOKCHUYHBIX 3arpsi3HUTENEH (B YaCTHOCTH,
COCIMHEHNH a30Ta), MBI IPOAHAIM3UPOBAIIN JTAHHEIC IO 3arPsA3HCHUIO MOBEPX-
HOCTHBIX BOJI B HEKOTOPBIX MCCIIEYEMBIX IIYHKTaX U3 OTKPBITHIX JTUTEPATypPHBIX
ncrouHukoB [31-35]. B pe3ynbrare aHanu3a TUTEpaTypHBIX TaHHBIX THAPOXHMH-
YEeCKOTO0 MOHUTOPHHIA HaMHU YCTAHOBJICHA CTEIEHb a30THOTO 3arpsi3HEHUS PeK
Cesepckuit J{onern, Besenka u Pazymnas B npenenax benropoackoro paiioHa.
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Puc. 2. Knerku ¢ pasnuuHoii crenensto nospexaenus JHK:
1 — Hepa3pyeHHoe apo; 2 — BTOpast cTaaus paspymenus. ABrop poro D.A. CHernn
[Fig. 2. Cells with varying degrees of DNA damage:
1 - Cells with no DNA fragmentation - Undestroyed nucleus.
2 - The second stage of destruction of the nucleus. Photo by Eduard A Snegin]

Puc. 3. Slapo kneTku B COCTOSHUHU anonTosa: / — siApo KIETKH
B COCTOSTHMH arloINTo3a; 2 — HepaspyuieHHoe s1apo. Arop ¢goto A.C. bapxaros
[Fig. 3. Cell nucleus in a state of apoptosis.
1 - Cell nucleus in the state of apoptosis; 2. Cells with no DNA fragmentation -
Undestroyed nucleus. Photo by Anatoliy S Barkhatov]
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Tak, HanpuMep, B POMBIIIJICHHOM paiioHe Topoja (myHKT «CeBepckuii Jlo-
Hel») oOHapyxeHo Bbicokoe 3HadeHue DDI — 0,454, mpu 3ToM conepkaHue HU-
tparos (NO,") coctanser B cpenneM 1,61 MI/i, 4T0 He MPEBBINIAET MPENETHHO
nomyctumyto koHteHtpanuio (IIJJK — 40 mr/m). OgHako conepkaHue HUTPUTOB
(NO,) xonebanocs or 0,654 no 0,695 mr/m, uro npesbicuio ITJIK (0,08 mr/m) B
8 pa3. Caenyer OTMETUTh, UTO B JaHHOM peke B ceBepHOIl uactu benropoackoro
paiiona 3a nocneanue 8—10 et HabmonaeTcs pocT coaepxanus HUTparos (NO,")
U cyMMBI 00111ero azora Ha 50—-60%, 4To CBA3aHO C aKTUBHBIM PA3BUTHEM SKUBOT-
HOBOJTYECKOH OTPACIIH B BEPXOBBSIX PEKH.

B nynkre «Besenka», rae 3nadeHrne DDI onno u3 cambix Beicokux (0,416),
B OJIHOMMEHHOW peKe HaOII0qasoch BapbHPOBAaHWE KOHIICHTPALUH HHUTPHUTOB
(NO,) ot 0,483 5o 1,583 mr/i1, uro npakTuyecku B 20 pas NpeBbIIAECT 3HAYECHUE
ITAK. Ipu stom comeprxanne Hurparos (NO,") IIJK He npeBbicuio (3Ha4eHUs
BapbupoBaiu ot 1,144 1o 6,349 mr/m).

Hau6onemee 3nadenne DDI 3adukcupoBano B ycthe p. Pasymnas (IyHKT
«PazymHuoey) (DDI = 0,521). Ilo jaHHBIM IHUTEpaTyphl, B 3TON TOUKE, TAKXKE U B
pexax Cesepckuii JloHen 1 Be3enka, HaOIIOMAIOTCSI CHCTEMAaTHYECKUE MTPEBBITIIS-
aust [JIK o conepxanuto uurputos B Tpu pasa (NO,, ot 0,124 1o 0,259 mr/n).
B mocrarouno 6oipmoM konmdecTBe HAOMIONAIOTCS 31€Ch W KOHIICHTPALUS HU-
tparos (NO,-, ot 5,021 no 5,743 mr/n), onnako npesbimenus I1JIK mo aum ne
BEISIBJICHO.

[MomoOHbIe 3HAYEHUs 3arpsI3HAIONINX BEMIECTB B p. PasyMHas Hampsmyro
CBSI3aHBI C TEM, YTO IpeodIamaromas 9acTb BOZ0COOpHOI TeppuTOpHun ITOU
PEKHU 3aHsATa «HEKAHAJIM30BAHHOM» YacTHOM 3acTpOMKOM, a Takke MallHEew,
KyZa €KEroJHO BHOCSTCS a30THBIC YAOOPEHUs, TIOITOMY ITOKa3aTeH 3arpsi3-
HEHHsI 3]IeCh BO3PACTAIOT MO Mepe MPOABUIKEHHUS OT MCTOKA PEKU K YCThIO,
rne oHa Buagaet B p. CeBepckuii [lonen. B BepxoBne pexn (myHKT «CeBpIOKO-
BO»), IJIe OTCYTCTBYIOT SIBHBIE 3arpA3HUTENH, HaOII0MaeTCst OBICTpOE TeUeHHUE,
YTO CIIOCOOCTBYET IIPOIIECCY CAMOOYHIIECHUS peku. B nampHeifmeM, koraa Te-
YEHHE PEKU CTAHOBUTCS CIOKOMHBIM, OHA MEPEXOJUT B 30HY WHTCHCHBHOMW
TOPOJICKOM 3aCTPOMKHU C BBICOKOM JOJEW MPOMBINUIEHHBIX NMPEANPUITHN, T
TOPOJICKHE TEPPUTOPUHU BHOCSIT CBOM BKJIaJ B a30THOE 3arps3HEHUE BOJHOMU
Cpelbl BIUIOTh 10 yCThs. JJaHHBIN (haKT oTY4acTH OOBACHICT HanOOIbIIee KO-
JIUYECTBO TMOBPEKIACHHBIX fAJIep y HCCIENOBaHHBIX oco0eil B myHkTe «Pa3-
YMHOE», HECMOTPS Ha €T0 yAaJeHHOCTh OT IPOMEBIIIJICHHOTO paiioHa ropofa.
Kpome Toro, B obpasnax u3 JaHHOrO0 MyHKTa OTMEUYEHO HauWOOJbIIee KOJIH-
YeCTBO KJIETOK B COCTOSHHUM amomnTo3a. [1o panee onmyOIMKOBaHHBIM JTaHHBIM
[36], ocobu, oOuTaIKe B yKa3aHHOM JIOKAJIUTETE, UMEIOT HU3KKE IToKa3aTe-
JU WHIEKCA MEYCHU. DTO COOTBETCTBYET KOHIICTIIINH, ITOTYIHBIICH pa3BUTHE
B paborax C.C. [lIpapua, cornacHO KOTOPOH B yCIOBUSX 3arpsI3HEHHBIX BOJIO-
€MOB HaONIOaeTCs MOBHIIICHNE DHEPTETHUECKUX 3aTpar («IHepreTHiecKas
myara») IJs aJanTUBHOM peakIMyu OPraHU3MOB B M3MEHSIOUIMXCS YCIOBHUIX
cpenbl oobutanus [37-39].



Ouenka cmenenu nospexcoenun zenomnou [[HK 67

CTOUT OTMETHTH, UTO TTONyYCHHBIC HAMH JTaHHBIE COTIOCTABUMEI C pe3yJIbTa-
TaMH JIPyTUX HUCCIENOBAHHI KOMIUIEKCA CPETHECBPOICHCKUX 3EJCHBIX JIATYIICK
(P. esculentus complex), KOTOpbIe 3apeKOMEHIOBAIH ce0s Kak OTIIMYHBIC OHO-
WH/INKATOPBI BBUY MX BBICOKON UYBCTBHUTEIHLHOCTH K (DaKTOpaM OKpYKArOIIeH
cpenpl [40]. Tak, ucciaenoanus B LlenTpansHoit AHaronuu (Typius) mokasan,
uyto y P. ridibundus Habnrogaercsi JOCTOBEpHOE YBEIUYECHHUE YPOBHS MOBpEXKIe-
Hus JIHK B uzydaeMbIx rpymax mo cpaBHEHHUIO ¢ KOHTponeM [41]. Ananorudanoe
uccienoBanmne Ha npumepe P. esculentus L., 1758 npoBeneno B 1. Heanone (MUta-
TIUs1), B KOTOPOM OTOOP TTPO0 TIPOBOMIIN BOJIM3H HE3aKOHHBIX CBAJIIOK M YYACTKOB
C UHTCHCHUBHBIM 3€MJIC/ICIIHEM, B KQ4ECTBE KOHTPOJISI HCIIOIh30BAIN KUBOTHBIX,
coziepKanxcs B JabopaTtopuy Ipu ONTHMANBHBIX YCIOBUSAX. B cBoelt pabote
ABTOPBI OTMEUAIOT, YTO HPUPOIHBIC MOMYJISIIAN TOABEPIKSHBI BO3JCHCTBHIO TCHO-
TOKCHYHBIX 3arpsi3HUTENICH, CBA3aHHOMY C TIPOOJIEMOM OTXOI0B, C OJHOM CTOPO-
HBI, U FHTEHCUBHBIM CEJIbCKUM X03UCTBOM — C Ipyroi [42].

3akirouenne

Takum 00pa3oM, B HACTOSIIEM UCCIICIOBAHUHU BBISBICHO MOBBIIICHHE CTEIIe-
uu pazpymenust JJHK B momymsinusx 03epHbIX JISTYHIEK Ha aHTPOIIOT€HHO-U3Me-
HEHHBIX TEPPUTOPHSIX T. benropona u ero okpectHoctei. [Ipu 3TOM MOBHIICHHE
YPOBHSI TOKCHYHBIX BELIECTB MOXET CIIOCOOCTBOBATh CHIKCHHUIO JKH3HECIIOCO0-
HOCTH 0CO0el KaKk aHaIH3UPYeMOTo BUJIA, TAK M JAPYTUX BUIOB IHIPOOHOHTOB,
YTO HETAaTUBHO CKaXETCs B IEJIOM Ha OMopa3HO00pa3uu peruoHa.
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Estimation of genomic DNA damage in populations of the marsh frog
(Pelophylax ridibundus Pallas, 1771) of the Belgorod agglomeration by DNA comet assay

Anthropogenic pollution of water bodies is a serious problem for the sustainability
of aquatic ecosystems. The main sources of pollution of water bodies are wastewater,
washouts from agricultural fertilizers, pesticides and roads. Many of highly persistent
pollutants are dangerous mutagens and carcinogens. The disruption they cause to the
DNA and RNA structure and properties of organisms can have long-term consequences
and can affect the livelihood of future generations. Among existing DNA damage
estimation methods, DNA comet assay is the most widespread due to its accuracy and
reliability. In our study, the marsh frog (Pelophylax ridibundus Pallas, 1771) was chosen
as an object of study. This species is adapted to life under anthropogenic influence and
actively inhabits transformed biotopes. The aim of our work was to estimate the level
of DNA damage by DNA comet assay of P. ridibundus inhabiting Belgorod city and
its suburbs.

We studied a total of 6 marsh frog populations, with collection sites differing
in the degree of anthropogenic pressure (See Table I and Fig. 1), and we selected
5 individuals of P. ridibundus from each locality. The experimental animals were
handled in accordance with international ethical standards. Animal liver was used
as the material for the study and analysis was performed on the day of collection.
Tissue was homogenized in phosphate-salt buffer (pH 7.5) containing 20 mM EDTA-
Na2 and 10% dimethyl sulfoxide (DMSO) at +4 °C. To precipitate large fragments,
tubes were incubated for 5 min at room temperature before transferring 1.5 ml
of the top layer to microcentrifuge tubes and centrifuged in a 5415 R Eppendorf
microcentrifuge (Germany) at 1000 g for 10 min at +4 °C. The supernatant was
removed and the cell precipitate was diluted in 1 ml of phosphate salt buffer cooled
to +4 °C. To obtain microarrays, 60 pl of cell suspension was mixed with 240 ul
of 1% fusible agarose solution (t<42 °C). The lysis was performed for at least one
hour at +4 °C (lysis buffer: 10mM Tris-HCI (pH 10) 2.5M NaCl, 100 mM EDTA-
Na2 and 1% Triton X-100 with 10% DMSO). Electrophoresis was performed
in a darkened room in Tris-EDTA-borate electrode buffer (TBE) for 20 min at a
voltage of 1V/cm. At the end of electrophoresis, the preparations were fixed with
70% ethanol for 15 min. The preparations were stained with SYBR Creen I dye,
with subsequent analysis using a luminescent trinocular microscope MIKMED-2 of
Lomo (Russia), with at least 100 cells analyzed from each preparation, which were
divided into 5 types; cells in the state of apoptosis were counted separately (Durnev,
et al., 2006). The degree of DNA damage was estimated using the Kruskel-Wallis
criterion (“DNA comet index”) (Struwe et al., 2007; Filippov, 2014). To determine
the statistical significance of differences between the studied populations we used
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one-way analysis of variance (ANOVA); statistically significant differences were
considered at p < 0.05.

According to the data obtained, in all studied populations, the mean value of the
DNA damage index (DDI) did not exceed the first threshold of DNA degradation
(See Table 2). This may indicate, on the one hand, the absence of high concentrations
of genotoxic pollutants here (which is highly doubtful) and, on the other hand,
the efficient operation of the reparative system of marsh frog. Nevertheless, the
calculated DDI values made it possible to construct a gradational scale of DNA
destruction level in the studied groups of frogs depending on the degree of pollution
and proximity of residential and industrial buildings (See Table 2-4). Various
chemical compounds from industrial production, particularly nitrogen compounds,
are known to have genotoxic effects. Due to the lack of possibility to perform
chemical analysis of water to identify concentrations of genotoxic pollutants, we
analysed data on surface water pollution in some of the investigated locations from
open literature sources. As a result of this analysis, we revealed the dynamics of
surface water pollution. All investigated points by the mean value of the statistical
DDI surpassed reliably the least polluted site “Sevrukovo”, which is located in the
green zone and at a considerable distance from urbanized areas (See Table 2-4).
High values of DDI were fixed in a zone of industrial and multi-storey buildings,
localities “Seversky Donets” (DDI = 0.454) and “Veselka” (DDI =0.416). Exceeding
maximum permissible concentration of nitrogen compounds is observed in the above
mentioned rivers. Noteworthy is the fact that the highest value of the DDI (0.521)
was recorded in the estuary of the Razumnaya River remote from the industrial
part of the city (“Razumnoye”). It should be noted that in this locality there is the
greatest number of damaged cells, including apoptosis (See Table 2, Fig. 2 and 3).
The highest DDI value is due to the high level of pollutants, since the predominant
part of the river is occupied by “non-sewered” private low-rise buildings, as well as
arable land. At the same time in the upper part of the river (“Sevryukovo”) due to the
lack of obvious pollutants and the intensive current contributing to self-purification
of the river, we recorded the minimum value of the DDI (0.057) and the absence of
cells in the state of apoptosis.

Thus, the present study revealed an increase in the degree of DNA destruction
in populations of marsh frogs in the impacted areas of the city of Belgorod and its
surroundings. At the same time, increased levels of toxic substances may contribute to
a decrease in the viability of individuals of both analyzed species and other hydrobiont
species, which will negatively affect the biodiversity of the region as a whole.

The paper contains 3 Figures, 4 Tables and 42 References.

Key words: Pelophylax ridibundus; comet assay; urbanized area; genotoxic
pollutants; bioindicator

Abbreviations: DDI - DNA damage index (comet assay)]; MPC - Maximum
permissible concentration [IT/IK In Russian].
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Huemumym ¢usuonoeuu Komu HL] YpO PAH, Pecnyonuxa Komu, 2. Coikmuigxap, Poccus

O0béMHbBIE XapaKTEePUCTUKU (PYHKIIUM BHELIHET 0
AbIXaHUS Y JbKHUKOB-TOHIIMKOB B F0I0BOM IIUKJIe

PaGora BbINoIHEHA 3a CUET CPeJCTB CyOCHANH Ha BhINONIHEHUE [0CynapcTBEHHOTO
samanus Ne 'P AAAA-A17-117012310157-7, NeT'P AAAA-A17-117012310153-9.

Bnepevie 6 200060M yukie 'y  6bICOKOKEANUPUYUPOBAHHBIX — TbIHCHUKOG-
2OHWUKOB, UYTIEHOB COOPHBIX KOMAHO pecuona u Poccuu, usyuena yyHkyus eHeutnezo
ovixanust (FER): OvixamenvHulli U  MUHymuwill 00vembvl ObIXAHUSA, HCUSHEHHAS
U QopcuposanHas HCUSHEHHAS eMKOCMU JleeKux, pesepeHvle 00vembl 800Xa U
86100Xa, 00beMbl QOPCUPOBAHHO2O 6bl00XA 3a Nepevle NONCEKYHObl U CEeKVHOY,
unoexc Tugno. Ilposedeno 179 obcnedosanuii 70 cnopmemenog 6 go3pacme
20,5+4,4 2. Pesynomamul ucciedosanuii 00pabomanvl Memooamu napamempuyeckoll
cmamucmuxu ¢ npumerenuem xpumepues Duuepa, Cmovrooenma u Cmwrodenma c
nonpaskoii bonghepponu. Makcumanvhvle 3HaueHUs 1€204HbIX 0OBEMOB Y TbIHCHUKOG-
COHWUKOB BbIABNIEHbL C HOAOPA NO MApm, MUHUMATbHbIE — C UIOHA NO OKMAODb.
Huanazonsl 20006020 Opetiha nokazameneti FER cocmasnsiiom om 11,5 0o 56,3% u
Hauboee 8bIPadtCceHbl 0I5l pe3ePEHbIX 00bEMO06 800XA U 8bL1O0XA, ObIXAENbHO20 00beMa.
V 16121cHUKO06-20HUUKO8 NO CPABHEHUIO C MYHCUUHAMU, He 3AHUMAIOWUMUCS CNOPIIOM,
VBenuueHbl ObIXAmeibHblll 00beM, HCUSHEHHAA U (OPCUPOBAHHAS eMKOCMU TIe2KUX,
pe3sepsHbie 06beMbl 800Xa U 8b100XA, 00beM POPCUPOBAHHO20 8bI00XA 3A NOACEKYHObI
u cexynoy, unoexc Tugpno u ymenvuien mumnymuviti 06vem ObIXAHUS, AOANMAYUS
PECNUpamopHoll cucmemsvl K XOI0OHOMY Nepuody 200d HAYUHAEMCS paHblie HA 08a
Mecsya, a nepuoo boiee KOMPOPMHO20 cOCMOsIHUS PYHKYUU OIUmMCsi 0obule Ha 0OUH
mecay.

KirouyeBble ciioBa:  peMoienMpoBaHHMEe (YHKUMH  BHEIIHETO  JIbIXaHMS;
THIEPBEHTUISLNS; JIETOYHbIE 0OBEMBI

Coxpamenus [Abbreviations]: FER — ¢yHkuuns BHemHero npixanus [function of
external respiration]; Vt — npIxaTenbpHbIA 00beM [tidal volume]; MV — MUHYTHBII 00beM
JbIXaHus [minute volume of respiration]; VC — )KH3HEHHAs: EMKOCTb JIETKHUX [vital capacity];
FVC — ¢dopcupoBanHas >XKM3HEHHAs €MKOCTh JErkux [forced vital capacity]; IRV —
pe3epBHEBIN 00beM BIOXa [inspiratory reserve volume]; ERV — pesepBHBIi 00beM BeIgOXa
[expiratory reserve volume]; FEVO0.5 — o0bem (opcupoBaHHOTO BBIJOXA 32 MEpPBBIC
noscekyHbl [forced expiratory volume in 0.5 second]; FEV1 — o6bem ¢opcupoBaHHOTO
BBIJIOXA 3@ MEPBYIO cekynay [forced expiratory volume in 1 second], FEV1/FVC — unnexc
Tudduo [Tiffeneau-Pinelli index].
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Jsi nutupoBanus: Bapmamosa H.I', Boiiko E.P. O0beMHBIE XapaKTepHCTHKU
(YHKIMY BHELIHETO JBIXaHHS Y JIBDKHUKOB-TOHIIMKOB B TOIOBOM Iukie // BecTHuk
Tomckoro rocynapcTBeHHOro yHUBepcutera. buonmorns. 2021. Ne 55. C. 77-96. doi:
10.17223/19988591/55/5

BBenenune

Pecnmparoprast cuctema — TIEpBEBIi ATal B IIETIH JOCTaBKH KHCIOPOAA Op-
ranu3My uenoseka [1]. C oHOM CTOPOHBI, OHA CIIYHUT HEOTHEMIIEMON YacThIO
KOMIIJICKCA BHACIIEPATBHEBIX CHCTEM, OOCITYKHBAIOIINX 0OMEH BEUIECTB, M HIPACT
Ba)KHEHIITyI0 pojib B MOJAEPKAHUU MOCTOSHCTBA BHYTpeHHEH cpensl. C apyroi
CTOPOHBI, CHCTEMa JbIXaHUS — HAHOOJIee «OTKPHITAsD): OHA HETPEPHIBHO U TECHO
B3aMMOJICHCTBYET C OKpysKatouleii cpenoit [2] u Ha CeBepe UCIBITHIBAET BIUSHUE
IIEJIOTO KOMITIIEKCa HeOIaronprusaTHBIX Ty IbMOHOTPOITHBIX (pakTopos [3].

CocTosiHHE CHCTEMbI BHEIIHETO JIBIXaHUS SBISETCS OJHUM M3 BaKHEMIIHMX
(hakTOpoB, O00YCIOBIMBAIOIINX (QYHKIMOHAIBHBIE BO3MOXXHOCTH OpraHM3Ma
CIIOPTCMEHOB U 3((EeKTUBHOCThL CIIOPTUBHOM NesitenbHOCTH [4]. [lokaszarenu ee
(YHKIIMOHUPOBAHUS Y CEBEPSH-CIIOPTCMEHOB MOIYIIUPYIOTCSI HE TOJNBKO TPEHH-
POBOYHBIM IIPOIECCOM, HO U KIMMaTo-reorpapudeckumu (pakropamu. ¥ crop-
TCMEHOB, TPEHHUPYIOIINX a3pOOHBIC BOSMOKHOCTU B YCIIOBUSAX XOJOIHOTO KITH-
Mara, 10 CPABHEHMIO C HETPEHUPOBAHHBIMHU JIIOJbMU YBEIUUEHBI aIbBEOISIPHAS
BEHTWJISIIIUSL 1 KU3HEHHAS €MKOCTh JIETKHUX [ 1], BBICOKasi pacpoCTpaHEHHOCTh
PECIUPATOPHBIX CUMIITOMOB U THIIEPPEAKTUBHOCTh JIBIXAaTEIbHOM CUCTEMBI, B
Ouorntarax OPOHXOB Y JIBDKHUKOB MPHUCYTCTBYIOT NPH3HAKA HEHTPO(YUILHOTO U
JTUM(OIUTAPHOTO BOCIATICHUS C PEMOAICTUPOBAHNUEM JBIXaTENbHBIX MyTeH [5].

JanHble MUTEpaTyphl M0 U3YYCHUIO (DYHKIMH BHEITHETO JIBIXaHUS Y JBDKHH-
KOB-TOHIIIMKOB B TOJJOBOM LIMKJIE OTCYTCTBYIOT, UMerOTcs pabdotsl [1, 3—4, 6], 3a-
TParuBaloIIne CE30HBI WM YacTh MecsmeB roga. Craruueckue oObeMBI OHHA-
KOBO Ba)KHBI JJIs1 OIICHKUA OOCTPYKTHBHBIX U PECTPUKTHBHBIX BEHTHJISIIMOHHBIX
HapymieHui [7].

Lenp naHHOM pabOTHI — UCCIEJOBAaHUE OOBEMHBIX XapPAKTEPUCTUK (PYHKIIUU
BHEIITHETO JBIXaHUS B TOJOBOM LUKIE Y JBDKHHKOB-TOHIITMKOB, IPOKUBAIOIINX
U TpeHUpyoIuxcs Ha Tepputopun EBponelickoro CeBepa, 4T0 BaXKHO IS T10-
HUMAaHUS MEXaHU3MOB aIalITAllUH K YCIOBUSIM CPEbI IIPU CIIOPTHBHOU JEATEIIh-
HOCTH, a TAKXKE BIUSHUA YCIOBHUH Cpe/ibl Ha yCIEIHOCTh TPEHUPOBOUHOIO U CO-
PEBHOBATEIHFHOTO MPOIIECCOB.

Marepuajbl 1 METOAUKH HCCJIET0BAHUS

HccnenoBanus mpoBeaeHBl B COOTBETCTBUH € IMIPUHIMIIAMHA XEJIbCUHCKOU Je-
knapaiy 1964 1. ¢ u3MeHeHUsAMH, NPUHATHIMU Ha [eHepanbHbIX Accambiesx
BMA ¢ 1975 mo 2013 . Metonst omodpensr Komuterom mo onostuke M Komu
HII ¥pO PAH (r. CeixtsIBKap, Poccust). Bee cnopreMens! oamnucany 100poBoIIb-
HOoe MH(OPMUPOBAHHOE comtacue Ha oOcienoBaHre. OYHKINIO BHEIIHETO IbIXa-
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wus (FER) onpenensim Ha MukpomnporieccopaoM crimporpade CIIM-01-«P-J1»
«Bcecoro3HbIi HAyYHO-HCCIIENOBATEIbCKUN HHCTHTYT MEIUIIUHCKOTO MPUO0Opo-
ctpoenus» (Poccus) exxemecsyno ¢ 2012 mo 2019 r. y oHO# U TOH e TPYIIIBI
JBDKHUKOB-TOHIIMKOB [ski racers] (70 denosek, 179 oOcnenoBanmii) B Bo3pacte
16-34 ner (20,5+4,4 Toma) B MOJNOXEHUU CUAsL. POCT W Maccy Tena m3Mepsuin
MEIUIMHCKUM BecopocTomepom (Poccust). My KUMHBI — 4iICHBI COOPHBIX KOMAaH/]T
Pecnry6mukn Komu u Poccnu, nmpokuBaiu Ha Tepputopun EBponeiickoro Cese-
pa (62°c.m., 51° B.A.) IPaKTHUECKH C POXKACHUS, UMENU TEPBBI CIOPTUBHBII
pas3psid, 3BaHUS KAaHIUAATOB M MacTepoB cropra. PocT JIBDKHUKOB-TOHIITHKOB
coctaBun 175,9+0,6 cm, macca tena 69,4+0,7 k. B rogoBoM 1MKIIE U3YyYEHBI:
JeIxateNbHblid (Vt) 1 MUHYTHBIA 00beMbl Jbixanus (MV), xxusnenHas (VC) u
tdhopcupoBanHas xxuzHeHHas (FVC) eMKkoCTH JIerkux, pe3epBHbIE 00bEMBI BIOXA
(IRV) u Beigoxa (ERV), 06beMbl pOpcHPOBaHHOTO BBIZIOXA 32 TIEPBbIC TOJICEKYH-
1wl (FEVO0.5) u cexynny (FEV1), unaexc Tudpduo (FEV1/FVC). Pesynbrarst 06-
paboTaHBI CTAaTHCTHUECKH C IpuUMeHeHHeM KpurtepueB @urmepa, CThioneHTa U
CrprofieHTa ¢ nonpaBkoit bordepponu. JlanHbie MpeICTaBICHEI B BHIIE CPEIHEH
apu()METHIECKOH BEJMIMHBI U OIMMOKM cpennei (M +m, ).

Pe3yabTarsl HccieqoBaHus U 00Cy:KIeHNe

IIokazarenn FER B 3HauuTenbHON Mepe 3aBUCAT OT AHTPOIIOMETPUYECKUX
0COOCHHOCTEH (Macchl Teja, pocTa), mojia U Bo3pacTa [7—8], aTHHYecKoi npu-
HAJJISKHOCTH M (PU3MIECKON aKTUBHOCTH [7]. Y CIOPTCMEHOB-IBDKHHUKOB [3],
ypoxxenueB EBponeiickoro Cesepa, mpu uccienoBannu FER B pa3Hble Mecslibl
(ceHTs0pE, THBape, arpelie U HIoJIe) B IMHAMHUKE CE30HOB I'ojla TPOUCXOAIT (PyHK-
LUOHAJIbHBIC IEPECTPONKU B CUCTEME BHEIIIHETO AbIXaHHUS.

JpIxaTeabHbIii 00beM Y THDKHUKOB-TOHIIIMKOB MMEN CTaTUCTUYECKH 3HAUH-
Mble pasznuuus (p < 0,05, F-xputepuii) B roqoBoM 1ukie (Tadm. 1).

CpenneronoBoit Vt y cnopremenoB coctaBmin 1,011+0,041 11, yto OosbIie
Ha 13,9% (p < 0,001), uem y MyxuuH aHanoru4duoro Bospacta (19,0+0,9 1) u
CXOIHBIX aHTPOIIOMETPUUYECKUX XapakTepucTuk (poct 175,5+0,9 cm, macca
tena 69,9+6,0 xr) paboTarOIUX B ATOM K€ PETMOHE Ha OTKPBITOM BO31yXe (Ts-
KECTh Tpyna 3, HANPsHKCHHOCTH 2), HO HE 3aHUMAIOIIUXCA croptoM [9]. Mak-
cuMmanbeHBId Vt B HOsi0pe Oonbiie Ha 0,378 11 (30,6%), yeM MUHUMAJIbHBINA Vt
B ceHTs0pe (p < 0,05). 3HaueHus Vt, MoIydYeHHBIC B HAIIEM HCCIICAOBAHWH, B
OONBIIMHCTBE CITyyacB MPEBBHINIAIOT NMPUBOAUMEIE B JuTeparype [4, 8, 10-11].
Yeenndenne Vt 00b19HO yirydniaeT 3(h(heKTHBHOCTh ra3000MeHa B JISTKHX 32 CUET
pocTa anbBEOISIPHOIN BEHTUIALUY, BEIMUHHY KOTOPOH OIpeAenseT napIuaibHoe
JaBJICHUE YTICKUCIOTHl B aJbBEOJIaX, U YMEHBIICHHU (DYHKIMOHAIEHOTO MEPT-
BOro npoctpaHctsa [11-12]. B 3umumii nepuon [6] BenuunHa Vt peryaupyercs
0 TeMITepaType ajJbBEOJLIPHON Tra30BOM CMeCH, KOTopas 00yCIIOBIEHA COOTHO-
HIeHHEeM MeXTy Vt U (QYHKIMOHAJIBHOI OCTaTO4YHON eMKOCThIO Jerkux. Hapy-
IIEHHE 3TOTO COOTHOIIEHHS BEAET K IMEePEOXIKACHUIO PECIIIPATOPHON TKAaHH H
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Pa3BUTHUIO BOCIIAJIUTEILHOIO IpoLiecca. MexaHu3M orpaHudeHus Vt B X0J0QHOE
BpeMs Ioj1a, IO-BUANMOMY, CBsI3aH ¢ OPOHXHATIBHOM MPOXOAUMOCTBIO, IIOCKOJIBKY
3UMOMU TIOSIBIISIETCSI BhIpaskeHHas 3aBucuMocTh Vt oT FEV1: nmpu ymensmennn
FEV1 u cHmxeHnu OpOHXUAIBHOI NPOXOAUMOCTH Vt 3HAYUTEIBFHO YMEHBIIACT-
Csl, a YaCcTOTA JbIXaHM, HA000POT, yBeTu4InBaeTcs [6].

Ta6mnuma 1 [Table 1]
JlpIXaTeIbHbIA 1 MUHYTHBI 00beMbl AbIXaHHS, )KU3HEHHAs U popcupoBaHHAs
JKU3HEHHAsd eMKOCTH JIETKUX Y JIBIIKHUKOB-TOHIIMKOB B I'O0BOM IHKJI€E
[Tidal (Vt) and minute (MV) volumes of respiration, vital (VC) and forced
vital (FVC) capacity of the lungs of ski racers in the annual cycle] (M = m,, , n)

Mecsipl
(HOMep) Vt, L MYV, L/min VC, L FVC,L
[Months # # fizd Hit#
(number)]
1 0,963+0,064; 13,15+0,82; 6,247+0,181; 5,388+0,228;
18 17 19 19
5 1,205+0,141; 16,24+0,88; 6,917+0,254; 6,292+0,278;
11 12&& 12%9& & & 11*10
3 0,858+0,068; 11,43+0,83; 6,372+0,267, 5,431+0,257;
17 17 16 17
4 1,001+0,109; 12,72+1,12; 6,500+0,190; 5,939+0,211;
17 17 17 17*10
5 0,948+0,094; 12,07+1,40; 6,459+0,243; 5,639+0,302;
14 14 14 14
6 0,879+0,039; 12,67+0,49; 6,335+0,161; 5,535+0,162;
18 18 19 19
7 0,940+0,109; 12,89+1,48; 6,007+0,326; 5,274+0,221;
10 10 9 10
1,058+0,122; 11,83+1,25; 6,091+0,220; 5,420+0,348;
8 8 7 8 8
9 0,859+0,091; 11,42+1,06; 5,743+0,186; 5,209+0,187;
16& 16&& 16¥2&&& 16%12&&&
10 1,047+0,061; 14,18+0,87,; 5,974+0,133; 4,954+0,134;
20 19 20 20*2.4,12
1 1,237+0,140; 14,16+1,12; 6,257+0,212; 5,748+0,234;
13& 13 10 13
12 1,131+0,89; 14,81+1,00; 6,800+0,220; 6,430+0,240
18 18 10 10%9,10&& &

IIpumeuanue. Mecsiupl (HoMep) — HyMmeparust MecsiueB ¢ sHBaps (1) mo nexadps (12). ### —
p <0,001, ## — p < 0,01 u# — p <0,05 (F — xputepuii, CTAaTUCTHUECKU 3HAYMMbIC U3MEHECHUS
MoKas3areJst B rojoBoM 1ukie); * —p < 0,05 (t — xpurepwuii ¢ nonpaskoit bondeppouu, unppamn
MOCJIe 3Be3104eK 0003HaAUEHBI MECSIIbI 00CICI0BAHH S, C KOTOPBIMH ITOKA3aTellb JAHHOTO MECsI-
11a UMEET CTAaTUCTHYECKH 3HAYMMBble pasnmuuns), &&& —p < 0,001, && —p < 0,01, & —p < 0,05
(t — KkpuTepui, CpaBHEHHUE MEXIY MAKCUMAJIBHBIM U MUHUMAJIbHBIM 3HAYEHUSIMU TTOKa3aTes).
[Note. Months (number) is a month number from January (1) to December (12). ### is p < 0.001; ## is
p<0.01 and #is p <0.05 (F - criterion, significant changes in the indicator in the annual cycle); * is p <0.05
(¢ is the Bonferroni correction criterion, the numbers after the stars indicate the months of the survey with
which the indicator of a given month has significant differences), &&& is p < 0.001, && is p < 0.01, &
is p < 0.05 (z is the criterion, comparison between the maximum and minimum values of the indicator)].
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MunyTHBI 00beM abixanus (MV) Haubonee sipko otoOpaxaer (QyHKIIHO-
HaJIbHBIE 0COOCHHOCTH arnapara BHenHero apixanust [ 10] u kak mokasarenb, Tec-
HO CBSI3aHHBIN ¢ I3MEHEHUSMH Vi, U 4aCTOTOM JIbIXaHUs HanOoJiee TOYHO OTpeie-
JISIET CTETICHD aaNTaI[lK U BEIPAXXEHHOCTh MPHUCIOCOOUTELHBIX MEXaHI3MOB [3].

VY cropremenoB MV cocrasun 13,13+0,45 11 1 B TOIOBOM IHKIIE pa3TUIaIICS
(p < 0,05, F-xpurepuit) (tabn. 1, puc. 1). Haubonsmme 3nauenuss MV 3aperu-
CTPUPOBaHBI B ()eBpajic, HAUMEHBIIINE — B CEHTAOpE (pa3HUIlA B TOIOBOM ITUKJIC
coctaBuna 4,82 ii/muH, nunu 29,7%, p <0,01), 94To coBnamaeT co CpoKamu B TpyI-
e My>KIHH, HEe 3aHUMAIOIINXCSI CIOPTOM, HO OOJIBINE IO CTETIEHH BHIPaKEHHOCTH
peakuuu (pasnuua 20,5% y HecoprcmeHnos, p < 0,001) [9].

1

17
12 16 2

—@==N\V, 1/MHH y criopTcMeroB [MV, L / min in athletes]

=@=MV, 1/MHH y He cnopTcMenoB [MV, L / min in non-athletes]

Puc. 1. MuHyTHBIH 00beM IbIXaHHS Y JTBDKHUKOB-TOHIIIUKOB M MYX4HUH,
HE 3aHUMAIOLINXCS CIIOPTOM, B rofioBoM nukie (p < 0,05).
[—12 — nymepanust MecsleB ¢ ssHBaps (/) mo aexabps (12).
BepruxanbHslii ctonben undp (10—17) — n/mun
[Fig. 1. Minute volume of respiration in ski racers and non-athletic men
in the annual cycle (p < 0.05). Numbers 1-12 indicate month numbers from January (1)
to December (12). Vertical bar of numbers (10-17) indicates liters/min]

VY cropTcMeHOB cpeHerofoBoe 3HaueHue MV menbiie Ha 9,1%, ueM y Myx-
YUH aHAJIOTUYHOTO BO3pacTa, pabOTaloIUX B 3TOM XK€ PETHOHE Ha OTKPHITOM
BO3JyXe, HO He 3aHUMaromuXxcs croptoM [9]. B deBpaie, HosOpe u nekadpe BbI-
sIBJICHA TEHICHLUS K YBEIUYEHHUI0O MV y JTBIKHUKOB-TOHIIUKOB 110 CPAaBHEHUIO
C My’KYMHaMH, HE 3aHIMAIOIUMHUCS CIOPTOM. B 11eJI0M y TBDKHUKOB-TOHIIIMKOB
MYV 6onbumie Ha 12,2-25,7%, 4eM y CTyeHTOB ApxaHreabcka, Ha 22,3%, 4eM y
nun 18-23 net, mocrostHHO TpokuBaronux Ha EBpomneiickom Cesepe [13] 1 uem
y xuTenei 6onee kompopTHoro kiaumMata [11, 14]. bonee Huszkue 3HaueHust MV
y CIIOPTCMEHOB, 110 CPaBHEHHIO C HE 3aHMMAIOLINMUCS CIIOPTOM, 00ycIoBIIe-
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HBI, TIO-BHJIUMOMY, YBEJIIMYEHUEM ad3pOOHONW MOITHOCTH, 3D (PEKTOM TaKTaTHBIX
TPEHUPOBOK M OoJiee paHHEH B rOJJOBOM IIMKJIE aJanTalleil K XOJIOAHOMY Iie-
puony roga. [To manHeIM UTEpaTypHI [6], 3MMOIT TTOBBINIAETCSI COMTPOTHUBIICHHE
BO3JIyXOHOCHBIX MyTeH, U orpaHnueHue MV yMeHbIIaeT OXJIaXJACHHUE JIETKUX.
HccnegoBannss MV B rogoBOM LUKJIE MO3BOJMIM YTOYHHUTH MECSLBI MAKCH-
MaJbHOTO U MUHUMAJIbHOTO 3HaY€HUs ToKa3aTels (COOTBETCTBEHHO, (eBpab
U CeHTS0pH), TOTIa KaK 110 TaHHBIM JIPYTHX HCCIIeNoBaTeNei CEe30HHBIX IUKIOB
[6] aTO N1ETO M 3UMa.

MunnmansHoe 3HadeHne MV B centsiope (11,42+4,11 n/mMuH) cratuctude-
cku 3Ha4uMO (p < 0,05) He OTIIMYaeTCs OT TAKOBOTO y MBDKHUKOB HoBOoCHOUMpCKa
CO CXOIHBIMH aHTPOIIOMETPUUECKIUMH MapaMeTpaMu 1 Bo3pactoMm [11]. YmeHs-
menre MV B JieTHee BpeMsi MOXKET OBITh CBA3aHO C YMEHbIIIEHHEM KOJHYECTBA
(OYHKIIMOHHPYIOIIUX allHHYCOB [6].

YBenuueHne MV CBA3aHO C pa3BUTHEM THIEPBEHTUIALMOHHOTO CHHApPOMA
y ceBepsH [9, 15], KOTOpBIA coveTaeTCs C MOBBIIICHHBIM IMOTPEOIICHUEM KHC-
JIOpOfia, CHIDKEHHEM IOKazaTene OpoHxXxManabHOM mpoxoxumoctu [15] u omnpe-
JIeNIIeTCs KOMITGHCATOPHON TIepecTPOUKOM MPOIEeCCOB KU3HEOOSCIICUeHUS Ha
O6uoxumudeckoM ypoBHe. OHO CBUAETENHCTBYET OO0 YBETWYEHHUU KOIUYECTBA
(DYHKIIMOHUPYIOIIMX aJbBEO] M OOYCIIOBJICHO, TIABHBIM 00pa3oM, T'HIIepKaI-
HUYECKUM CTHUMYJIOM, KOTODBII CBSI3bIBA€T JIbIXaHHE C MHTEHCHUBHOCTHIO Me-
tabonu3Ma. CTaTHCTHYECKH 3HAYMMOE IMTOBBIIICHIE KOJIMYECTBA, BBIICICHHOTO
CO, y xureneir CeBepa, NMOATBEPKAAET, BEPOATHO, CMEMIEHUE KHUCIOTHO-IIIE-
nouHOTO paBHOBecwsi B cTtopoHy amumo3a. C FER cBs3aH He TONMBKO Ta3o0BBIN
COCTaB KPOBH, HO U €€ KHCIOTHO-OCHOBHOH Oananc [2]. [Ipu MeTaboianueckoM
alu03€ YMEHBIIACTCSI OTHOIIEHUE HCO*3/PC02, YTO TPUBOAUT K CHIKCHHIO
pH. Konnenrpanus HCO™, MOXKET CHHXKATBCS B PE3YIBTATE HAKOIUIEHHUS B KPO-
BH KHCJIOT, HAIIPAMEp IpH TKAHEBOH THITOKCHH, IPUBOISIIECH K IIOBHIIIIEHHOMY
00pa30BaHUI0 MOJOYHOHM KUCHOTHL. [lOBBILIEHHE YPOBHA JIaKTaTa y CEBEPSH B
XOJIOAHOE BpEMs Trofia corjiacyercs ¢ AaHHBIMH JUTeparypsl [16] u sBusercs
MoKa3aTelsieM JIaKTaTallu103a B ONpeielieHHbIe Ce30HbI rofa. Merabonuueckuit
aIMI03 KOMIICHCHPYETCS JISTKUMU: YBEIMUUBACTCS BEHTHIISIHNSA, YTO IPUBOAUT
k camwkennto PCO, u Bocctanosnenuto coornomenuss HCO,/PCO,. OcHoBHBIM
CTHMYJISITOPOM IBIXaHUS B JaHHOM CIIydae CIY)KHT JeiictBue nonos H' Ha me-
pudepuueckue xemopenentopsl [17]. [unepBeHTHIIALNSA, ABIAACH OAHUM U3 Me-
XaHU3MOB JIMKBUAALNH METa0OIMIESCKOTO allA03a U YHEPTETHICCKH 3aTPATHBIM
MPOLIECCOM, MOXET yKa3bIBaTh Ha MPHUOPUTETHOCTh KOMIIEHCATOPHBIX PEaKIUi
OpraHu3Ma: B IEPBYIO OYepeb, MOANEPKAHNE KHCIOTHO-IIEIIOYHOTO PaBHOBE-
CHs, @ BO BTOPYIO — TeMIIEpaTypHOTro romeocrasa. bojee Bricokue 3HaueHus Vt
u MV y ceBepsiH MOTYT CBUICTEIIECTBOBATE O HAPYIICHUN «IPUHIIUIIA SKOHOMH-
3anuu» (QYHKIHMU IXaHUS ¥ KOCBEHHO YKa3bIBaTh HA MOTEPIO YHEPreTUUYECKUX
pe3epBoB oprarm3ma [17].

MaxkcumanbsHoe yBenuueHue MV 3uMoi corsacyercs ¢ InTeparypHbIMU AaH-
HbIMH [3]. JlnuTenpHAs] TUIIOKCEMUS, YCHIIMBAIOMIASCS B XOJIOJHOE BPEMsI TOa
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y CeBepsH, MOBBIIIAET CBOOOMHO-pPaTUKANBHEIE IPOLECCH M CHIDKAET COIep-
KaHWE aHTHOKCHUJAHTOB B opraHusme [18], a Take MpU BBICOKHUX CKOPOCTAX
BEHTIJIAIIUH BEPXHHUX JBIXaTENBHBIX yTEH BO BpeMs PU3MUECKUX YIIPaKHEHHH
(6onee 280 1/MHH) BEpOSTHOCTb NMOTEPHU BOABI U3 HUXKHHUX ABIXaTEIbHBIX ITy-
Tel sBrsgercs: 3HaunTenpHOM [19]. C mMOMOIIBI0 TETIOBOTO KaPTHPOBAHHS MPH
YBEJIMYEHUU BEHTUJISIIIUU MTPOAEMOHCTPUPOBaHO [19] cHIkeHue TeMmeparypsl
OT BEpPXHEH JacTH Tpaxeu A0 CyOCerMEeHTapHBIX OpoHXOB. OXIIaXKIeHHE TbIXa-
TEJIbHBIX MyTEeH MOXKET CTUMYIUPOBATh PELENTOPH B HUX, BBI3BIBAs peduiek-
TOpHOE CyXeHne OpoHxoB. Kpome Toro, m3-3a Ba30KOHCTPUKIINH OpOHXHATH-
HOTO KpOBOOOpaIlleHHUsI, BEI3BAHHOTO XOJOJHBIM BO3yXOM, MOXET BOSHUKHYTh
BTOpUYHAsl peaKTUBHAs TUIIEPEMUS C TOCIEAYIOLUUM OTEKOM U CY)KEHHEM JIbl-
xarenbHBIX myTel [19]. HexoTopsie ¢akTopsl OKpyKaromeld cpeibl MOTYT elle
Oonpmie yCcyryOuTh BO3ACHCTBIE MHTEHCHBHON TPEHHPOBKH Ha BIXATEIBHBIC
myTH. XOJIOIHBIN BO3AYX U PECTUPATOPHBIE HHPEKIUHU Y JTBDKHUKOB OKa3bIBAIOT
HeOIArONPHUSITHOE BIIUSHUE Ha COCTOSHUE JIBIXATeNbHBIX MyTeH [19] u criopTHB-
HBII pe3yibTar.

Kuznennasi emkocTsb Jerkux (VC) onpenensier MaKCUMaJIEHO BO3MOXKHYIO
[IyOHMHY JIBIXaHUS U TIOSTOMY SIBJISETCS BAYXKHBIM MOKa3aTeneM (QyHKIMOHATBHBIX
BosmoxkHOcTed FER [10]. Pasnuunst VC y TbDKHUKOB-TOHIIMKOB B TOJJOBOM ITH-
KJIe cTaTUCTUYecKH 3HauuMBlI (p < 0,05, F-kputepuit) (Tabm. 1, puc. 2).

CpenneronoBoe 3HaueHne VC y cmopremenoB 6,309+0,091 i1, Gonbmie Ha
0,779 1 (14,1%) (p < 0,001), uem y My>k4rH, HE 3aHUMAIOLIUXCS criopToM [9]. Mak-
cuMainbHas cpenHeMecsdaas VC BBIIBICHA B (eBpaie, MUHIMAIIBHAS — B CEHTS-
Ope, pa3HUIla MeXIy BenumuuHamu coctaBwia 1,174 1 (17,0%) (p < 0,001) (cm.
Tabn. 1). Y JIBDKHUKOB-TOHIIUKOB BO Bce Mecslbl VC Oolbllie HHIUBUIYATBHO
paccUUTaHHOM € Y4€TOM pOCTa, MacChl Tella U Bo3pacta HopMblI [20]. Y My»K4uuH, He
3aHuMaronxcs croproMm, VC Gonbiiie HopMbl [20] BO Bce MeCSIIIbI ¢ TEHISHIAEH
K YMEHBILICHHIO MEHbIIE HOPMBI B aBrycTe U ceHTs0pe. To ecTh y COpPTCMEHOB
poucXosIT Oojiee riyookue amantuBHbie u3MeHeHus VC. 3Hauenust VC y JIbDK-
HUKOB-TOHIIIUKOB (CM. PHC. 2) MPEBBIILIANIN TaKOBbIC, IPUBENICHHBIE B JIUTEpaType
[20], B TOM ymcTe U 1S JIAI, pabOTarOIIUX B XOJIOMHOM KimMare [3, 9], B 3uMHee
Bpems [3, 10] 1 3aHUMAIOMIKUXCS JTBDKHBIMU TOHKaMu [4]. Y 00ciea0BaHHOTO HAMH
koHTHHTeHTa VC B pasHble Mecspl konedanach ot 112,9% (centsops) mo 135,7%
(peBpanb) nomxHbIX 3HadeHuil [20], HO coxpaHsuia Ooliblliee 3HAYEHHUE, YeM Y
TIPaKTHYECKHU 3[IOPOBBIX PyCCKuX, skureneid Hagpiva [18], Mmyxxunnu ot 21 roma oo
46 net Ykpaunsl [8].

[To manubIM JuTEparyphl [3], CIOPTCMEHBI-TBLKHAKH MAaCCOBBIX Pas3psiioB,
ypoxeHIsl EBponeiickoro CeBepa, OCEHbBIO U JIETOM UMEOT Vt, paBHbI 17,0%
VC, 3umoii u BecHolt — 1o 23,5% VC. Hamm ucciaenoBaHus mokaszaiad, 9To B
stHBape ucnons3oBanue Vt B VC gocruraer 15,0%, B urone — 15,6%, a B Mecsiibl
C MakCUMallbHOM ((eBpaib) U MUHHMAaIbHOU (CeHTI0ph) VC — COOTBETCTBEHHO
17,4 u 15,0%, cnepoBarensHO, B pe3epBe MPU CIIOKOWHOM JIBIXaHUH HaXOIUTCS
ot 82,6 no 85,0% VC.
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JuddysnonHas crmocoOHOCTh MPONOPIIMOHAIEHA EMKOCTH JIETKUAX, H HEJ0-
CTaTtok Kuciopoxa Bei3biBaeT npupoct VC. Hapactanue Benmuumubsl VC OT Te-
IUIOTO K XOJIOMHOMY BPEMEHH Tofa CIOCOOCTBYET YBEIWYCHHIO IBIXaTEIHHOM
MOBEPXHOCTH JIETKUX M TEM CaMbIM CO3aeT YCIIOBHs AJisi Oonee 3PeKTUBHOTO
MIPUCTIOCOONICHNS JITOYHON BEHTIUIIMA K YIOBIETBOPEHHIO MOBEIMICHHBIX Me-
Tabonuyeckux noTpedHocTell oprannsma 3umoit [10], a y cmiopTcMeHOB-CeBepsiH,
0 CPaBHEHUIO C XKHUTEIIMH OoJiee KoMpopTHOTO KitmMarta, yBenmaeHne VC sB-
JSIETCS aTANTUBHOM peaKlueid, IO3BOJISIIONICH YITyUIIUTh TapaMeTPhl KOHIUIHO-
HUPOBAHUS BO3IyXa.

T

6.5

VG, L

5.5

4.5

1 2 3 4 5 6 7 8 9 10 11 12
Months
W CnoptcMeHs! [Athletes] ® He crroptcmens! [Non-athletes] Hopma [Norm]

Puc. 2. )Kuznennas emxocts jerkux (VC) B TOIOBOM IHKIIE Y JTBDKHAKOB-TOHIIIKOB
(p < 0,05) 1 Mmy>xunH, He 3aHUMaronuxcs criopToM (p < 0,001). Hudpamu /—12 o ocn X
0003HaYEHBI MECSIIBI C THBAPS IO JeKaOph; M0 ocH Y — )KU3HEHHAS eMKOCTb JIETKHUX (J1)
[Fig. 2. Vital lung capacity (VC) in the annual cycle of ski racers (p < 0.05) and non-athletes (p <0.001).
Numbers 1-12 on the X-axis - Months from January to December;
on the Y-axis - Vital lung capacity (VC)]

dopcupoBaHHasi ;KU3HEeHHAsA eMKoOCTh Jerkux (FVC) y mbDKHUKOB-TOHIIN-
koB Oosbiie Ha 0,945 1 (20,3%, p < 0,001), yem y MONIOABIX MY>YHH, HE 3aHUMA-
FOIUXCSI CIIOPTOM, B cpeHeM paBHsutack 5,605+0,094 11, B romoBoM IUKIIE pas-
nudanack (p < 0,001) (cm. Tabm. 1) [9]. Haubonbiiee cpennemMecsiuHoe 3HAYCHUE
FVC y Mmyx4nH BEISIBIICHO B Ieka0pe, HAUMEHBIIIEee — B OKTSOpE; pa3HUIla COCTa-
Buna 1,476 11 (23,0%). Y cnoprcmenoB FVC B gexabpe Oonblie, yem B ceHTIOpe
1 OKTA0pE, a B OKTAOpE MeHbIIE, 4eM B (heBpalle, arpene u aekaope.

Junamuka FVC 3aBHCHT OT C€30HHBIX U3MEHEHUH BHeIIHeH cpenbl [4]. YV 00-
CJIEIOBaHHBIX HAMH CIIOPTCMEeHOB 3HadeHus1 FVC B romoBoM muKie Koiedalich
ot 105,3% (okts16ps) 10 130,1% (nexadpb) momxHbIX BenuyuH [20], uTo Gosnblie
ToKa3aresien, mpeanaraeMbix psiioM aBtopos [4, 8, 21]. V yenoBexka FVC mens-
me VC [20, 22] 3a cueT cyxeHus mpocBera Menkux OponxoB Ha 200-300 mia
[22]. ¥ o0OcnemoBaHHBIX HAMH CIIOPTCMEHOB IPH (POPCHPOBAHHOM BBIIOXE 3Ta
pasHmIa B cpeqHeM qocturaet 704 mul, SBISACH, TO-BHIUMOMY, IIPH3HAKOM 00-
CTPYKLUH ABIXaTEIBHBIX IIyTeH y CEBEPSIH, HE TOCTUTAIOMIEH KIIMHUYECKN 3HAYH-
MBIX BEJIMYUH. Y JTBDKHUKOB-TOHIIMKOB FVC Gobliie TOKHBIX 3HAYCHUIA, YeM Y
XKUTeNer KoMpopTHOTO KiuMara, U pasauia Mexay VC u FVC (704 mi ipoTus
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200-300 M1 B HOpME), BEpOSTHO, CBUACTEIBCTBYET O HATMYNU OpOHXOCIAa3Ma 1
OOCTPYKTHBHBIX sIBICHUN. CIOPTCMEHB! (JIBDKHBIE TOHKH, OMATIOH), 3aHUMAI0-
1yecst 3MMHUMU BUJIaMU CIIOPTa, TOBCEJHEBHASI aKTUBHOCTH KOTOPBIX CBA3aHA C
MOBTOPAIOUIMMHUCS MHTEHCUBHBIMH HArpy3KaMH B YCJIOBHUSX HU3KUX BIAXKHOCTH
U TEMIIEPATypbl OKPYKAIOLIEH Cpelbl, COCTABIAIOT IPYNILy PUCKa [0 Pa3BUTHIO
CUHIIpOoMa OpOHX000CTpyKIMU. Beaymmm mMexaHu3MoM pa3BUTHS OpOHXOCHa3-
Ma, BBI3BAHHOTO (PU3NUECKON HArpy3KoH, SBISIETCS MOBBIICHUE OCMOJISIPHOCTH
30J141, BBICTHJIAIOMIETO PECHUTYATHIN SMUTENINH PECTUPATOPHOTO TPaKTa, C Mocie-
JOyIOLIEH Aerpanyssiue TyUHBIX KJIETOK U COKpaIllEHUEM IIIaJJKOH MyCKYJIaTypbl
OpOHXOB. Y CIIOPTCMEHOB C JUArHOCTHUPOBAHHBIM OPOHXOCHAa3MOM OINpeENeieH
Ootee HU3KUH HCXOMHBIA ypoBeHb NO B BBIIBIXaeMOM Bo3ayxe [23].

Pe3sepBHblii 00bem Baoxa (IRV). Pe3epBHbie 00beMbI BI0Xa U BBIIOXA OIPe-
JETSIOT CITIOCOOHOCT IBIXaTeNbHONH MYCKYIaTyphl YBEIHYMBATH KOIHYIECTBO
BEHTHJIMPYEMOT'O BO3/1yXa, U CeBepsiHE 00J1aatoT OOJbIel BOZMOXKHOCTBIO ISt
yBenu4eHHs JeroyHor BeHTwsime [10, 22]. B romoBoM 1uKIE y CIOPTCMEHOB
IRV craructudecku 3HaunmMo paznmuyaics (p < 0,05, F-kputepuit) u B cpeqHemMm
pasnsuics 1,914+0,123 i (Tadm. 2).

Tabnuna 2 [Table 2]
PesepBHbie 00bembl Broxa (IRV) u Boigoxa (ERV), 06bem popcupoBaHHOro
BbI10Xa 3a nepBble nojacekynabl (FEV0.5) u cekynay (FEV1), unnexc
Tudduo (FEV1/FVC) y JbIKHMKOB-TOHIIHKOB B I'0/I0BOM LIHKJI¢
[Inspiratory (IRV) and expiratory (ERV) reserve volumes, forced expiratory
volume in the first half second (FEV0.5) and the second (FEV1),
Tiffeneau-Pinelli index (FEV1/FVC) in ski racers in the annual cycle] (M +m,, , n)

Mecss
(nomep) IRV, L ERV, L FEVO0.5,L FEV1, L FEV1/
[Months # # H#it # FvC
(number)]
| 1,794+0,268; | 4,136+0,252; 3,548+0,161; 4,853+0,183; 80,5+2.9;
19 19 18 18 18
2 1,994+0,293; | 4,701+£0,431; 3,737+0,177; 5,455+0,239; 79,8+2,0;
11 12& 10 11*10&&& 11
3 2,575+0,312; | 3,010+0,324; 3,290+0,223; 4,734+0,201, 76,1£2,3;
16&& 17 16 17 17
4 2,103+0,239; | 4,043+0,308; 3,426+0,239; 4,980+0,205; 77,9+3,2;
15 16 14 16 15
5 1,539+0,336; | 4,687+0,398; 3,823+0,130; 5,164+0,255; 80,2+3,3;
14 14 13 14 14
6 1,756+0,340; | 4,396+0,244; 2,766+0,315; 4,638+0,156; 76,5+2,5;
18 19 19 19 17
7 2,217+0,348; | 3,327+0,458,; 3,557+0,144; 4,688+0,197, 75,5+3,6;
10 10& 9 10 9
8 1,126+0,185; | 4,411+0,240; 3,479+0,286; 4,813+0,291; 78,7£2,6;
T1&& 8 8 8 8
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OxoHuaHue Tabs. 2 [Table 2 (end)]
Mecsis
(H0MEp) IRV, L ERV, L FEVO0.5,L FEV1, L FEV1/
[Months # #it ## # FvC
(number)]
9 1,301+0,254; | 4,013+0,309; 3,300+0,141; 4,655+0,169; 81,3+1,9;
15 16 15 15 15&
10 2,126+0,117; | 3,485+0,245; 2,928+0,255; 4,438+0,145; 74,8+£2.4;
19 20 19 19*2&&& 18&
1 2,483+0,355; | 3,463+0,431; 2,879+0,385; 4,926+0,187,; 77,3£3,3;
13 13 13& 12 12
12 1,955+0,295; | 4,277+0,474; 3,893+0,222; 5,328+0,265; 78,5+3,3;
10 10 9& 10 10

Ipumeyanue. Mecsnpl (HoMep) — HymMepauusi Mecsues ¢ sHBaps (1) mo nexadps (12). ##H —
p <0,001, # — p <0,01 u # — p <0,05 (F — xputepnii, craTUCTUYECKHU 3HAYUMBIC U3MEHEHUS
MoKa3areJist B ronoBoM nukie); * — p < 0,05 (t — kpurepwuii ¢ nonpaskoit Boudepponu, unppamu
rocJe 3Be3104eK 0003HaueHBI MECSIIbI 00CIeI0BaHHS, ¢ KOTOPBIMH IT0Ka3aTelb JAHHOTO MECs-
11a UMeeT CTaTUCTHYECKH 3HaUuMble paznnuus), &&& — p <0,001, && — p <0,01, & — p <0,05
(t — KpuTepHUil, CpaBHEHNUE MEXY MAaKCUMAJIbHBIM 1 MUHUMAJIbHBIM 3HAYEHUSIMU TTOKa3aTelis).
[Note. Months (number) is a month number from January (1) to December (12). ### is p < 0.001; ## is
p<0.01 and #is p <0.05 (F - criterion, significant changes in the indicator in the annual cycle); * is p <0.05
(¢ is the Bonferroni correction criterion, the numbers after the stars indicate the months of the survey with
which the indicator of a given month has significant differences), &&& is p < 0.001, && is p < 0.01, &
is p < 0.05 (z is the criterion, comparison between the maximum and minimum values of the indicator)].

Haubonbmee cpennemecsiunoe 3Hauenune IRV xapakrepHo ans mapra, Hau-
MeHbIIee — TS aBryCTa, pasHuia cocrtaBmia 1,449 i (56,3%). Y T5DKHUKOB-TOH-
mukoB IRV 6onsme Ha 0,224 1 (13,3%, p < 0,05), ueM y MONOIBIX MYy>KUUH-HE-
crioprcMeHoB [9], u menbire Ha 0,937 M1, 4eM y IPaKTHIECKH 3JOPOBBIX MYKIUH
ot 21 rona o 46 net, xuteneil Ykpaunsl [8] u JIbDKHUKOB UenssOMHCKA, Kpome
Mapra—arnpens, Ul U OKTA0ps—Hos0ps [4]. Becno#t (mMaprt) IRV Gombiire Ha
17,7% (cm. Tabmn. 2), ueM y cTyAeHTOB ApxaHrenscka [10], a 1eToM — MeHbIIIe Ha
27,9%. Asropsl [3, 10], B ONIMYME OT HAIIETO UCCICOBAHMUS, HE BBISIBUIIN CE30H-
HOTO M3MEHEHUS MoKa3areis. Y CIopTcMeHOB B Hamiel Beioopke IRV cocraBun
30,3% VC, gto Gomnbie, ueM B padote R. Selig [14].

Pe3sepBHblii 00bem Bbiioxa (ERV). B ronosom nukne ERV 3aBucen ot ce-
30HHBIX U3MEHEHHNU BHENTHEH cpefbl [4] u 3Ha9MMO paznudancs mo F-kpureputo
(» <0,01). Y obcnenoBaHHBIX HaMU JBIKHUKOB-TOHIIKMKOB ERV cocraBun B cpen-
HeM 3,996+0,147 i1, uro Oombire Ha 1,486 11 (59,2%, p < 0,001), 4eM y MOJIOIBIX
MYXUHH, HE 3aHHUMAIOIuXcs crnoptoM [9], Oonbue Ha 1,196 1, yeM y Myx4uH
18-23 neTt, mocrossHHO TpoxuBaromux Ha EBporetickom CeBepe [13], OosbIie
Ha 2,044 1, yeM y My>X4uH YKpauHHI [§]. MakcUManbHOE CpeHEMECSYHOE 3Ha-
YCHUE ITTOKa3aTellsl XapakTepHo Uil (eBpajst, MUHUMaIbHOS — ISl MapTa, pas-
Huna cocraBuna 1,691 1 (36,0%, p < 0,05). Cpennemecsiunas BenuunHa ERV y
crnoprcMeHoB 63,3% VC, yTo npeBbIllano IPUBOJUMBIE JaHHBIE B JIUTEPATYpE
[14, 22]. 3umoii (peBpans) ERV Boime Ha 34,9% (cM. Tabm. 2), a BecHO# (MapT) —
Ha 8,0%, yeM y cTynenToB Apxanrenbcka [10]. CymecTByer npencraBieHue 0o
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YpOBHE JBIXaHUs, paccyuTaHHOM 1Mo ¢opmyne ERV/IRV [22]. Ecnu ypoBeHb
JBIXaHUS HWKE eNUHUIBI (T.e. 00beM BBIJOXa MEHbILE, YeM B0Xa), TO d(dek-
TUBHOCTH BEHTIJISILIMK OONBINE, U HA0OOPOT. YPOBEHB IBIXaHUS Y JBDKHHKOB-
TOHIIMKOB 2,1, 4TO, BEpOATHO, CBUJETENLCTBYET O HEAOCTATOUHO 3(PPEKTUBHOM
BEHTWIILINH Y 00CIECTOBAHHBIX HAMH JIAII.

CornacHo uccnenosanusm B.1O. Kynukosa u JI.b. Kum (1987), anantuBHble
m3meHeHus FER y mpuesxux Ha CeBepo-Bocroke nmporekaroT B 1Be (a3, B nep-
BOHl (pa3e B TeueHHE MEPBOTO rojia MPOUCXOAMT IMepepaclpeieieHue JIErOUHbIX
00beMOB, TIpH KOTOpoM 4acTh ERV mepexomuT B ocTtaTodHbIi 00beM. YMEHbB-
menue ERV conposoxnaercs ymensuienueM IRV, B pe3ynsrare 4ero pe3epBbl
BEHTWIAIIMU CHUKAIOTCS HaroloBUHY. Bo Bropoii (aze amantanmu IRV u ERV
MOCTETIEHHO BOCCTaHABIUBAIOTCS. bBojbmioii ocraTrouHblii 0oO0beM M Oosblias
(YHKIIMOHATIFHASL OCTATOYHASI EMKOCTD JIETKIX HE TONBKO MPETOXPAHSIOT JIErod-
HYIO TKaHb OT CIIy4aHOTO OXJIaKICHHUS, HO U TO3BOJIIOT CTA0MIBHO YBEIHYH-
BaTh Vt B ciiydae HeoOXoauMocTH [15]. ¥ MyX4YMH ¥ CIIOPTCMEHOB B YCJIOBHSAX
Cesepa 00beM B10Xa B OOJIBIIMHCTBE CIIy4acB MEHBIIIE, 2 00bEM BbIJI0Xa — O0JIb-
1€ HOPMBI, YTO MOKET OBITH CBSI3aHO C aJalTHBHOM peakuei Ha MPOoKIBaHUE B
XOJIOJTHOM KJIMarte.

O6bem ¢opcupoBanHOro BbIi0Xa 3a nepsbie noscekyuanl (FEV0.5). Un-
TerpaJibHbIM TOKa3arejeM OpOHXHaJbHON MPOXOAMMOCTU W yCHJIMS, pa3BHBae-
MOTO JBIXaTeIbHBIMU MBIIIIIAMH, SBISETCS BEIHMYNHA 00BeMa (pOpCHpOBAHHOTO
Bbioxa. Y cnoprcMmeHoB FEV0.5 B cpennem 3,386+0,095 1 u cratucTudecku
3HaunMo (p < 0,01) paznuyancs B ToJOoBOM mukie (cM. Tabi. 2). Hanbonpmmit
cpenHemecsuHelii FEV0.5 xapaxkrepeH st nexadpsi, HAUMEHBIINN — AJIST UIOHS,
TOIOBEIE KosleOaHus oka3arens coctaswin 1,127 1 (28,9%). [lomydennsie Hamu
BenuuuHbl FEV(.5 ams IpDKHUKOB-TOHIIMKOB, MPOXKHUBAIOIMX Ha EBporneiickom
Cesepe, O6oipire Ha 25,9% (p < 0,001), ueM y MyX4IHH, HE 3aHUMAIOIIUXCS CIIOP-
oM [9], m y myxunn 18-23 ner Apxanrenbcka [13], HO COOTBETCTBOBAIN 3HaUe-
HUIO 3TOTO MTOKa3aTesst sl My»4JnH Maramana [21].

O0beM ¢popcupoBaHHOTO BbI0Xa 3a nepBylo cekynay (FEV1). U3 Bcex
nokaszareiei GyHknun apixanus FEV1 sBnsercs HanOonee BakHbIM [24-25].
OH OTHOCUTENFHO HE3aBUCUM OT YCHJIHS, IPUIOKEHHOTO BO BpeMsi MaHEeBpa BbI-
J0Xa, ¥ OTpa)kaeT CBOIMCTBA JIETKHUX W IBIXaTeNbHBIX IMyTel. JT0 Hamboiee BOC-
MPOU3BOJIUMBIN, YaCTO HCIIONB3yeMbI W camblii HH(OPMATUBHBIA MOKa3aTelb
cpoMeTpuH [24], OTpaxaeT COCTOSHHAE MPOXOIUMOCTH OPOHXOB, MOKET CHU-
KaTbCS KaK MPH OOCTPYKTHBHBIX, TaK U MPH PECTPUKTUBHBIX BEHTHIISIIHOHHBIX
HapymieHusix [25].

V¥ nepkaukoB-roHmukoB FEV1 B cpennem 4,889+0,087 1 u pasnuyaics B ro-
noBoM 1mkie (p < 0,05, F-kputepuii). MakcuMaibHBI 1 MHHAUMAJIBHBIA €r0 Ba-
PHAHTHI B (heBpajie U OKTIOpe TaKke MMENIH CTaTUCTUYeCKU 3HaunMsIe (p < 0,001,
t-KpuTepuit) paznuans apyr ¢ apyrom Ha 1,017 1 (18,6%) (Tabmn. 2, puc. 3) u co-
crasisum ot 105,6 mo 131,3% momxkHbix 3Hadenuit [20].
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e===FEV1, 1y croprcMenos [FEVI, L in athletes]
— FEV1, n 'y HecnioprcmeHoB [FEV1, L in non-athletes]

Puc. 3. O6beM popcupoBaHHOTO BEIOXA 32 MEPBYIO CEKYHIY Y JIbDKHHUKOB-TOHIIMKOB
(p <0,05) u Mmyx4uH, He 3aHUMarOLIXcs ciopToM (p < 0,01), B rogoBOM LIUKIIE.
1—-12 — nymepanus mMecaLeB ¢ ssHBaps (/) mo nexadps (12).
BeprukanbHslii cronber wudp (3—7) — auTpst
[Fig. 3. The forced expiratory volume in the first second (FEV1) in ski racers (p < 0.05)
and non-athletic men (p < 0.01) in the annual cycle. Numbers 1-12 indicate month numbers
from January (1) to December (12). Vertical bar of numbers (3, 4, 5, 6 and 7) indicates liters)]

B kadecTBe 0OBEKTHBHOIO NMOATBEPKACHHUsI OPOHXOCHAa3Ma paccMaTpUBacT-
ca camkenue FEV1 na 10% u 6onee [23]. B Hammx ucClIeAOBaHHUIX TOAOBOM
npeitd nmokazarens coctasun 18,6%, mpuueM KpoMme ampens—Masi U HOIOps—Je-
kabps FEV1 mensmie wa 11,0-15,0%, gem B ¢eBpane, oqHAKO B HaIIeM CIydae
9TO HE MOXET paccMaTpHUBaThCs KaK pa3BUTHE OPOHXOCIHA3Ma, a CKOpee BCEro
9TO POCT TPEHHUPOBAHHOCTH JIBIXaTCIBHOM CHCTEMBI U aIalTalluH €€ K TIOTOIHBIM
YCIIOBUSIM peruoHa. Y CHOPTCMEHOB, 0OcienoBaHHbIX HaMu FEV1 Oonblie Ha
0,759 mx (18,4%, p < 0,001), veM y My>X4YHH aHAJIOTUYIHOTO BO3pacTa M pPocTa,
HE 3aHUMAIOIIUXCS cropToM [9], U MpaKTU4eCcKH 3I0pOBBIX MYy>k4uH 21 roga —
46 net Ykpauns! [8]. Y mepkaukoB-roHmukoB FEV1 cocrasun 77,4% VC, uto
MOATBEPKAACTCA U yKe OIyOIMKOBaHHBIMU paboTtamu [9, 14, 20].

[Moxkazarenu FEV0.5 u FEV 1 conepxar nH(bpopMaImro o IpensSTCTBHA IS TI0-
TOKa BO3AyXa. OHM MOTYT OBITh MEHBIIIE P MPOIECCaX, CHUKAIOMIUX CKOPOCTh
BBIJIOXA, NPY YMEHBIICHHH OOIIeH €MKOCTH JIeTKHX. Y 00CJIeOBaHHOW HaMH
rpynnsl Myx4nH 3HaueHus FEV1 Gonblie nomkHbix BeauynH [20] Ha 6,9-23,3%.
YV mononeix xuteneit Maranana (828 ner) FEV1 maxomuncs B mpenenax J0mK-
HbeIx 3HaueHuid [21]. Ilpu uccrnenoBaHUM METOJOM CIIUPOMETPUHU 18 SIUTHBIX
JIBKHUKOB-TOHIIIMKOB TIOCTIE MTPOXOXKAEHUS 2,5 KM noka3zano cHmkenne FEV1 Ha
10% y 9 ucnbityemsix. [To MHEHHIO aBTOPOB [26], OPOHXOKOHCTPUKTHUBHAS TUC-
(hyHKIUS U PU3UIECKOM HArpy3Ke OTIMYASTCS OT TAKOBOH P OpOHXUATLHOM
acTMe, eIle He UMEeeT YETKOIO OINpPEJEICHUsI U MOocie ATUTENbHON (pu3ndeckon
Harpy3Kd MOXeET BJIMATH Ha paboTtocniocobHoCTh. OnmHako [27] pacnpocTpaHeH-
HOCTh OpOHXOCHAa3Ma Cpeay JBDKHUKOB M OMATIOHHCTOB, BHI3BAHHOTO (hH3HUE-
CKOM Harpy3Kkoi, HEBBICOKa M COCTaBIsieT MeHee 6,5%.

HNupexce Tupduo (FEV1/FVC) — BaxHbIH cIUpOMETPUUECKUIl TTOKa3aTeNs,
0COOCHHO TIpHU HeoOxomuMocTH auddepeHIupoBaTh OOCTPYKTUBHBIE H pe-
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CTPUKTUBHBIC HapymieHus [24]. B romoroMm mnmkite naaeke Tudduo (B cpeaHeM
78,1£1,2%) He uMel cTaTUCTUYECKUX pa3nuuuii HU 1o F, Hu 1o t-kputepusaM (cM.
Tab. 2) ¥ COOTBETCTBOBAJI 3HAUCHHM JUIS 370POBOTO YeioBeka: 75—-85% [24],
umu 75-83% [18].

MaxkcumanpHOe CpeTHEMECSIHOE €r0 3HAYCHHE 3aperHCTPUPOBAHO B CEH-
T0pe, MUHUMaJbHOE — B OKTAOpE, TOMOBBIC KOJNICOAHUS HMHIEKCA COCTABUIIM
11,5%. Y npbKHUKOB-TOHIINKOB MHJEKC Tuddro Gonbme Ha 2,6 enunutwl (3,4%,
p <0,05), uem y HecriopTcMeHOB [9].

JlerouHast BEHTWIALUS 3aBUCUT OT COTIPOTHBIICHIS JBIXAaTEIBHBIX ITyTEH BO3-
JQYLUTHOMY MOTOKY U PacTsDKUMOCTH (KOMIUTAEHTHOCTH ) JIETKUX U TPYAHOM KIETKH
[7]. 3BectHO [28], 9TO ANMUTHBIE CIIOPTCMEHBI, TPEHUPYIOIIHUECS] Ha BBIHOCIH-
BOCTb, UCTIBITHIBAIOT CE30HHBIC KOJICOAHNUS PEAKTUBHOCTH ABIXaTEIbHBIX MyTEH.
KoHkpeTHBIE CTHMYITBI, KOTOPBIE BRI3BIBAIOT 3TO, HEM3BECTHEI, HO IPEIIONAaraeT-
Csl, UTO 3TO CBA3AHO C BO3ACHCTBHEM XOJOIHOTO CYXOro BO3/yXa W/HIIU BAbIXae-
MBIX pasapaxurenei [28]. OTMedeHo MOBBIIICHUE OPOHXHUATBHON PEAaKTHBHOCTH
B COPEBHOBATENIBHBIN CE30H Y JTBKHUKOB-TOHIIUKOB B IEPUO TPOXOXKICHUS UMH
BOCHHOH CITY>KOBI IO CPAaBHEHHIO C OOBIYHBIMHU NIPU3HIBHUKAMH. Y JBDKHUKOB B
COpPEBHOBATENbHBIN MEpUO/ B OPOHXaX UMETUCH TUM(OHUIHBIEC arperaTsl U NpH-
3HAKH OPOHXWAIBHOTO peMojeupoBanus [19].

Takum 06pa3oM, y TpeHUPYIOLIHMXCA JTDKHUKOB-TOHIIUKOB FER HcmbIThIBaeT
BIIMSTHHE KaK MOTOJHO-KIMMAaTHUECKIX YCIOBUH PETHOHA, TaK ¥ TPEHUPOBOYHOTO
nponecca. B panneit Haieit pabote [9] y MOJIOABIX MY YUH, HE 3aHUMAIOIIUXCS
CIIOPTOM, B TOZIOBOM ITHKJIE BEISIBJICHO BIIMSIHIE MecsIIa Kak (hakTopa Ha 00beMHEIe
xapakrepuctuku FER. HaunGosnpliiee BIusiHME KIMMAaTHYECKUE YCIOBUS Mecsa
okazeiBasii Ha VC, FVC u MV (cootBerctBenno, 15,7; 15,5 n 12,6%; p < 0,05—
0,01). Uanexc Tudpdro m EVR He uMenu CTaTUCTUYECKH 3HAUYUMBIX BIHSHUH
Mecsia oocrmenoanus. Ha ocranpnsie mokazarenu: Vt, IRV, FEV0.5 u FEV1 —
BIMSIHUE Mecsia kak (akropa cocraBisuio 7,5-9,9% (p < 0,05-0,01). V nbok-
HUKOB-TOHIIIKOB TPEHUPOBOYHBIH MPOILECC OKA3bIBaJ HAMOOINBIIIEES BIMSIHUE O
CPaBHEHHIO C HE 3aHUMAIOIIUMMUCS CIIOPTOM, BbI3bIBas yBenunueHue EVR —59,2%,
FEV0.5-25,9%, FVC —20,3%, a Taxoke FEV1 — 18,4%, VC — 14,1%, Vt —13,9%,
IRV - 13,3%, unnexc Tudgduo — 3,4% u ymensiienue MV Ha 9,1%.

VY NBDKHAKOB-TOHIIMKOB 4 M3 9 ToKa3areseil TOCTUIIN CBOETO NMHKa B (eB-
pane, y My>X4HH, HE 3aHUMAIOIIUXCS CIOPTOM, — B JekaOpe u ampese (10 Tpu
rokasarensi). MuHuManbpHble 3HaueHus mokaszareneii FER y cmoprcmenoB xa-
PaKkTepHBI I CEHTAOPSA—OKTAOps (1Mo 3 mokaszaressi), y HECIOPTCMEHOB — JJIst
ceHTa0ps (4 mokazarens u3 9). [To-BuauMoMy, y JTBDKHHKOB-TOHIIIMKOB, ITOCTO-
SITHHO BBITIOJHSIIOIIMX MaKCHUMaJibHble (PU3NUECKHe Harpy3Kd Ha OTKPHITOM BO3-
nyxe, agantanusg FER k XomomHOMy mepuofy roga mpoOMCXOOUT Ha ABa Mecsna
pasblIe ((eBpans), 4eM y My>KUMH-HECIIOpPTCMEHOB (anpens). Hanbonee 6maro-
MpUATHEIC yCIOoBUS il pyHKIMoHupoBanus FER B o0enx rpymnmax xapakTepHBI
JUI CeHTSOps, a y CHOPTCMEHOB MPOJOHTUPYIOTCS U Ha OKTAOph. [lo MHeHMIO
I.C. llumkuHa ¢ coaBT. [6], QYHKIMOHATHHYIO OPTaHU3AIUI0 CHCTEMBI BHEIIIHE-
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IO JIBIXaHUs B JIETHEE BPeMsl ToJla MOKHO CUUTATh 0a30BOH, MOCKOJIBKY YPOBCHb
9HEPreTUYECKHUX MPOLECCOB B OPraHU3MeE B 3TO BpeMs caMblil HU3KUH [6]. MBI xe
Ha OCHOBE M3y4deHHs rogoBoro mukia FER cuuraem, 4ro 3TO mepuos mo3gHeEro
JIeTa U PaHHEH OCeHHU.

BriBoaBI

1. MakcuManbHbIe 3HAUEHHS JISTOYHBIX 00BEMOB Y JILDKHUKOB-TOHIIIUKOB BBI-
SIBJICHBI B XOJIOAHOE BpeMs Toaa (C HOSOpS 10 MapT), MUHIMAJIBGHBIE — B TEILIOE
(c uroHs 1o OKTIOPB). JlnanazoHsl TOAOBOroO Apeiia mokaszarenaeit COCTaBIAIOT OT
11,5 mo 56,3% u Hanboee BEIpaXEHBI IS pe3epPBHBIX 00HEMOB BJI0XA U BBIJIOXA,
NBIXaTeNLHOr0 00beMa.

2. JInst TBDKHUKOB-TOHIIMKOB, TIPOKUBAIONINX W TPEHUPYIOMMXCS B YCIOBHSIX
CeBepa, 10 CPaBHEHHUIO C MYXYMHAMY, HE 3aHUMAFOIIUMUCS CIIOPTOM, XapaKTEPHBI
YBEJIMICHHBIC TBIXaTENBHBIN 00heM, KI3HEHHAS 1 ()OPCUPOBAHHAS EMKOCTH JICTKUX,
pe3epBHbIE 00BEMBI BlIOXA U BBIZI0XA, 00beM (POPCUPOBAHHOTO BBIIOXA 32 MOJICEKYH-
JIbl U CeKyHTY, HHIIeKC Trh(dHO M yMEHBICHHBI MUHYTHBIH 00hEM JbIXaHHS.

3. V JIBDKHUKOB-TOHIIMKOB, IO CPABHEHHUIO ¢ MYXXYMHAMH, HE 3aHHUMAIOIIU-
MHUCSI CTIOPTOM, aalTaIHs PECIUPATOPHON CHCTEMBI K XOJIOIHOMY IEPHOIY ToIa
HAYMHACTCS PaHbIIE Ha JBa Mecslla, a Imepuoj 0ojaee KOMPOPTHOTO COCTOSHHUS
(YHKITHH JIIATCS TOJBIIE HA OJIH MECSII.

4. VY COPpTCMEHOB B TEUEHHE TOIOBOTO MOTOHO-KIMMATHIECKOTO IIUKJIIA TIPO-
ucxoauT OoJiee TIIyOOKOE PEMONEITHPOBAHUE JBIXATEILHOW CHCTEMBI, 00YCIIOB-
JICHHOE TPEHHPOBOYHBIM IIPOILECCOM, IO CPABHEHHIO C MYXYHMHAMH-HECIIOP-
TCMCHAMH.
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Volumetric characteristics of the external respiration
function in ski racers in the annual cycle

The state of the external respiration system is one of the most important factors
determining the functional capabilities of the body of athletes and the effectiveness of
sports activities. Indicators of its functioning among northerner athletes are modulated
not only by the training process, but also by climatic and geographical factors.
Literature data on the study of the function of external respiration in ski racers in the
annual cycle are absent, there are only works considering seasons or some months of
the year. Therefore, the aim of our work is to study the volumetric characteristics of
the function of external respiration in the annual cycle of ski racers living and training
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in the European North, which is important for understanding the mechanisms of
adaptation to environmental conditions during sports activities, as well as the influence
of environmental conditions on the success of training and competitive processes.

Seventy people aged 16-34 years (20.2+0.6 years) participated in the study.
Participants were professional athletes living in the territory of the European North
(62 °N, 51 °E) practically since birth. Studies were carried out monthly for 7 years.
Every subject’s height and body weight were measured during the tests. External
respiration function (FEV) was determined using microprocessor spirograph SPM-
01-"R-D” of the All-Union Scientific Research Institute of Medical Instruments and
Equipment (Russia) in a sitting position. The height of ski racers was 175.9+0.6 cm;
their body weight was 69.4+0.7 kg. In the annual cycle, the following was studied:
tidal volume of respiration (Vt) and minute volume of respiration (MV), vital (VC)
and forced vital (FVC) lung capacity, inspiratory (IRV) and expiratory (ERV) reserve
volumes, forced expiratory volume in 0.5 second (FEV0.5) and forced expiratory
volume in 1 second (FEV1), as well as Tiffeneau-Pinelli index (FEV1/FVC). The
obtained data were processed using Fisher’s and Student’s tests with the Bonferroni
correction. Data were presented as arithmetic mean and mean error (M + m,,). The
studies were conducted in accordance with the principles of the Declaration of Helsinki
1964, as modified by the WMA General Assemblies from 1975 to 2013. The methods
were approved by the bioethics committee of the Komi Scientific Centre, Ural Branch,
Russian Academy of Sciences (Syktyvkar, Russia).

For ski racers, for the first time, the values of volumetric characteristics of the function
of external respiration were determined and the ranges of annual changes in these indicators
were identified, which are from 56.3 to 11.5% and are most pronounced for inspiratory and
expiratory reserve volumes, as well as the tidal volume. We established that ski racers who
live and train in the North, compared to non-athletic men, are characterized by increased
tidal volume (12.6%), vital capacity (15.7%) and forced vital capacity (15.5%), inspiratory
and expiratory reserve volumes (59.2%), forced expiratory volume in a half-second and a
second (0.5-25.9%,), Tiffeneau-Pirelli index (3.4%) and reduced minute ventilation (9.1%)
(See Tables 1 and 2). The annual dynamics of indicators of the function of external respiration
made it possible to determine February as the month with maximum adaptation to the
climatic conditions of the cold period of the year against the background of the competitive
period and September-October as months favorable for the function of the respiratory system
against the background of the preparatory training period (See Fig. I and 2). Apparently, for
ski racers, the adaptation of the respiratory system to the cold period of the year occurs two
months earlier than for non-athletic men, and the period of a more comfortable functional
state lasts one month longer. Athletes during the annual weather - climate cycle have a deeper
remodeling of the respiratory system, compared to non-athletic men, due to living in a cold
climate and the training process. The identified features of the functioning of the respiratory
system in ski racers allow more purposeful planning of the training process and measures of
health correction in the North.

Key words: external respiration function remodeling; hyperventilation; lung
volume
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Haxonuienue u Tokcudeckue 3PpPexrnl
Oopcoaep:xamMx npenaparoB B moxesasix SW-620

Pabora BbinonHeHa npu nopaepxke rpanra PODU Ne 18-29-01007 ¢ ucrnonb3oBaHUEM 000pYJ0BaHUS
LKIT «IleHTp reHeTHyeckux pecypcoB abopaTopHbix xuBoTHbIX» OULL U1ul" CO PAH,
noxaepxanHoro Muuo6puayku Poccun (YaukanpHbiii uaentudukarop npoekra RFMEFI62117X0015)

Jna nocnedyrowezo npumenenus 00p-HeUmpoHO3aX6amHoU mepanuu nposedeHad
npeosapumenvHas — OYeHKd — MOKCUYHOCMU U HAKOWAEHUs  GopCcooepircauux
npenapamos Ha MOOelU  KOIOPEKMANbHOU A0eHOKApYuHoMbl uyenoseka SW-
620 in vitro u in vivo. O6Hapysxceno, umo unKybayua xiemox SW-620 c
bopghenunananunom u 6opkanmamom 6 meuerue 24 u 48 u ¢ konyenmpayusx '’B 10—
320 mxe/mn ne oxazvleaem yumomoxcuueckoeo spgexma. Buympusennoe gsedenue
boppenunananuna 6 xonyenmpayuu 350 me/xe u 6opxanmama 6 KOHYeHMpayuu
100 me/ke ummynooepuyumnvim moiwiam SCID maxoce oxkazanocs 6e30nacHviM, U 8
meueHue nepuooa HabarooeHus (2 mec) remanvHocmu He Hada0oarocy. Ilo oanHvim
namomopQonocutecko2o  UCCIe008aHUs  MAKPOCKONUYECKUX U CIPYKIMYPHbIX
usmenenutl 6 opeawax wue obuapysceno. bBuopacnpedenenue B oyeneno na
ummynooepuyumuoix  mviwax SCID ¢ eemepomonuyeckumu  NOOKOMCHHIMU
kcenoepagpmamu SW-620. Ilocne 6sedenus enympusenno npenapamos BPA u BSH &
6e30nacHbIX 003UPOBKAX MAKCUMANbHAS KoHyenmpayus '°B é onyxonu sagukcuposana
na epemennotl mouke 2 4 0nss BPA u 1 u ons BSH u cocmasuna 8,7 u 5,7mre/2
coomeememeenno. [na docmudicenus nyuuie2o nakonienus '’B ¢ onyxonu mpeGyemcs
nposedenue OONOTHUMENbHLIX UCCIE008aHULl Ollsl ONpedesienuss ONMUMANbHBIX KaK
KOHYeHmpayuu, max u cnocobos 66edenust 60pcoOepIHcAuUx npenapamos.

KuroueBble cjioBa: Oop-HEHTpoHO3axBaTHas Tepamus; Kietku SW-620;
6opdennnananuy; GopkanTar

Coxpamenusi: BH3T — Oop-HeliTpoHo3axBaTHass Tepanus; BPA —
6opdennnanannn; BSH — 6opkamnrar.
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BBenenune

Ilo nanHeIM BeemupHOI opraHu3aiuy 31paBOOXPAaHEHUS], KOJIOPEKTANbHBII
pax BXOOWT B TPOMKY JIHIEPOB IO NMPHYMHAM CMEPTH CPEeaH MPOYNX OHKOJOTHU-
yeckux 3aboneBanuil [1]. JlaHHBIN BUJ OHKOIATOJIOTUHM CTOUT Ha BTOPOM MECTE
o pacupoctparnerHrocty B CIIIA, mo naHHBIM AMEPHUKAaHCKOTO OHKOJIOTHYECKOTO
cooO1mecTsa [2], 1 320071€Ba€MOCTh B APYTUX SKOHOMUYECKH PA3BUTHIX CTPaHAX
mpomoiwKaeT pacté. KoopeKTanbHBIM pak COMPOBOXKAACTCS CHMITOMAMH Ha
MO3HUX CTAAUAX, MO3TOMY YaCTO BpayaM MPUXOJUTCS OOPOTHCS C paclpocTpa-
HEHHBIM OITyXOJIeBBIM TiporieccoM. bop-uaeittponoszaxsarHas Tepanus (BH3T) —
3T0 opMa OUHAPHOIL JTyueBoil Tepanuy, OCHOBaHHAs Ha BBICOKON CIIOCOOHOCTH
HEPaJANOaKTUBHOTO simpa ''B momiomars TeIIoBOH HEHTPOH, B Pe3yJbTaTe Yero
00pa3yroTcst (-4acTHIla U sapo JTuTHA-7. JlaHHbie mpoaykThl peakuun “B(n,a)’Li
HUMEIOT BBICOKHI TEMIT TOPMOXKCHHS M Mallylo JUIHHY Ipo0era, TaKuM 00pa3oM,
BBIJICJICHHAS! SHEPTUs OTpaHUUYUBAETCs pazmepoM oaHoil kinetku [3]. BH3T panee
aKTHBHO TIPHMEHSIACH JUIS JICUCHHUS AlUeHTOB CO 3JI0KAaYeCTBCHHBIMHU TIIHOMa-
MU [4], menaHomoli [5], pakoM ronoBbl u 1ieu [6]. Onucan Takxke psaj OHKOJIO-
THYECKHUX 3a00JICBaHUM, KOTOPBIC TBITAINCH JIeUnTh Ipu romomyd BH3T: mera-
CTa3bl B TI€UEHb, PEIUIUBUPYIOIIUE OIIyXOJIU MOJIOYHBIX JK€Je3, MEHUHI'MOMa U
menaHoMa BynbBHI [7—10]. Jlns ompenenenust Bo3mokHOCTH npoBeaenns bH3T
Ha YCKOPHUTENbHOM MCTOUHHKE HEHTPOHOB B KaueCTBE OMNLUU JCUCHUS MallUeH-
TOB C JMarHO30M KOJIOPEKTAIBHEIH paK HeOOXOANMO MIPOBECTH IpeIBapUTEIHHEIC
UCCIIEIOBaHUS Ha KJIETKaX U JJabOpaTOpHBIX *KHUBOTHBIX. Ha mepBom a3rame He-
00XOIMMO MIPOBECTH OIIEHKY 0€30ITaCHOCTH IPHUMEHIEMBIX IIPETIapaToB in Vitro u
in vivo, a TaKxe U3y4uTh Onopacmpeenenue 'B B opranusme s onpeseaeHus
BpPEMEHH MAaKCUMAaJbHOW KOHIIEHTPAIMHU €r0 B OIMYXOJIM U MHHHUMAJIBHOTO B Op-
raHax ¥ kposu. Tako#l moaxon mo3BoiseT Mogo0paTh ONTUMANIBHBIC JTO3bI OOp-
COZIEpIKAIINX MPENapaToB U BpeMs Uil 00IydeHns1, KOTa HanOOobIIee JIy9IeBoe
BO3/leiicTBHE IPUXOANTCS HA OIIYXOJIEBbIC KJIETKH, HAKOMHUBILINE MAKCUMyM Oopa.

B GonpmuncTBe padoT no BH3T npencrariieHsl cepTUQUIMPOBaHHBIE 60PCO-
Jeprkamue npenaparsl L-p-Oopdenunananus (BPA) u 6opkantar Harpus (BSH).
Komanmoit mon pykoBomctBoM A. Soloway B CIIIA [11] mepBbIM CHHTE3UpOBaH
BSH, kotopsiii umeet B cBoeM coctaBe 12 atomoB '’B. OcoOGeHHOCTBIO ero Ha-
KOIUTCHUS SIBIISIETCS TO, UTO COACPKaHHSA OOpa B OMYXOJIH W B KPOBH IIPHOIH-
3UTENIBHO CONOCTABUMBI, OJJHAKO COOTHOLICHUE KOHIIEHTPAIH B OIyXOJIEBOU U
OKpY)KaloIIeH 370pOBOM TKAaHSAX COCTABISET 3/1 M SBISETCS MOIXOAAIINM IUIS
nposegeHuss BH3T. MexaHusM HakoIIeHUs! 60pa B OITyXOJH — MACCUBHAS TU}-
(y3us gepe3 OImyXoJIb-acCOIMUPOBaHHbIe Kamwuripsl. Mcenenosarenn n3 CILIA
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BBomuin BSH BHYTpHMBEHHO W BHYTPHKAapPOTHAHO KPBICAM C BHYTPHMO3TOBOU
omyxoJbto F98. IIpu mpuMeHeHnn npemnapaTa B KOHIEHTpAuud 65 MI/KI MacChl
TeJa JIETAbHBIX CIy4YaeB W MPU3HAKOB TOKCHYHOCTH He ormcano [12]. B ucce-
noBaHusx Morris et al. oTMeueHo, 4yTo pu BHyTpuBeHHOM BBeaeHnu BSH B no3e
100 MI/KT eTaNBbHBIX CIyYaeB Takke He HaOltomanoch, oqHako no3a 200 Mr/kr
OKa3bIBaJach JeTajdbHOM 11t Kphic [13].

BPA, xoTopslii Ha4amu TPUMEHSITH ISl JICUCHHsSI MMAIIMEHTOB C MEIaHOMOU
B 1987 r. [14], conepxur Tonbko 1 arom '°B B cBoeii crpykrype. Umest ero uc-
MIOJIH30BaHMS OCHOBAaHA Ha OBBIIICHHOM 3aXBaTe MPEANICCTBEHHUKOB MEJTaHNHA
MenaHoMo# [15]. OgHako OTMEUYEHO TaK)Ke ero HAKOIUIEHUE B OCCITUTMEHTHBIX
OITyXOJISIX, YTO TI03BOJIHIIO HCTIOJIB30BATH €T0 JUIS TEPAITHH APYTHX 370Ka4eCTBEH-
HBIX HOBOOOpa3oBaHmii [16]. Yuensie u3 CILIA u3o00penu Monenb A IporHosa
(apmakokuHeTHKH BPA, BBOIMMOTO ManMeHTaM BHYTPUBEHHO. B cBoeii padoTe
OHH TIpeJIaratoT UCIOJIb30BaTh npemnapar B 1o3upoBke 350 mr/kr [17]. GuHckue
y4eHble Tox pykoBoactBoMm L. Kankaanranta ucmnonb3oBanu BPA B moze 290-
450 MI/KT B KIIMHUYECKUX HCCIIEJOBAHUIX, OTHAKO [IPH BHYTPHUBEHHOM BBEICHUH
MaKCUMaIIbHOW JI03UPOBKH OTMEUEHBI TOOOYHBIE 3 dekThI [18].

Lenp nanHOM paboOTHI — ompeesieHue 0e30MacHbIX KOHIEHTpAM mpernapa-
toB BPA 1 BSH mist kirerounoi muann SW-620 u onerka 6uopacipenesienus °B
MOCJIe BBEJICHHS 3TUX IpenapaToB UMMyHonehuuTHbIM Mbltiam SCID ¢ retepo-
tormyeckumu SW-620 kceHorpadTamu.

Marepuajbl 1 METOAUKH HCCJIET0BAHUS

IIpenapatebl. B uccnenoBannu ucnoib3oBanbl BPA u BSH, oGoramenHbie
uzotornoM B (> 99,5%, Katchem Ltd., Yexust). Pactop BPA roToBuin Ha 1eno-
HU30BaHHOM Bojie ¢ TobaBriieHneM GppykTo3bl (Sigma-Aldrich, CIIIA) B MonsipHOM
u36biTke [19]. Konuenrpaius '°B B roroBoM pacTBope coctanisuia 3 350 MKr/miL.
BSH pactBopsimu B pactBope Hatpust ximopuna 0,9% (Renewal, Poccus), ¢ xon-
uentpanueii '°B 13 630 mxr/mit. [TomydeHHbIe paCcTBOPBI XPAHHIIN B XOIOIHIbHH-
ke mipu Temmeparype +4 °C.

HccnenoBanue uutorokcuunoctu BPA u BSH in vitro. Jlunus xierok ko-
JIOPEKTATBHOM aJIeHOKapIIMHOMEI uesioBeka (SW-620) nonydena B LIKIT «Llertp
TeHETUYECKHX pecypcoB laboparopHbixX xkuBoTHBIX» MLIUT CO PAH (MuCcTHTYT
nutoorud 1 reaetukd CO PAH, . HoBocuGupcek). Jlns onpenenenus 6e3ormac-
Hol koHIeHTpaluu npenaparos BPA u BSH npumener MTT-tect. Knetku BbI-
ceBaiu B 96-1yHOUHBIH tutaHmeT 1o 2% 10* knetok/myHky. Uepes cyTkd B pa3HbIe
JIYHKH 100aBJIeHbI penaparsl 60pa 0 KOHEUHBIX KOHIeHTpanuii ''B B pactBope:
10, 20, 40, 80, 160, 320, 640, 1 280 MKI/MJI TI0 5 TTOBTOPOB JIJIS KAXKI0H SKCIICpH-
MEHTAJIbHOM TOYKH, KIIETKH HHKYOUPOBAaJIH B IBYX BPEMEHHBIX HHTEpBaslax — 24
u 48 4. KoHTpOib — KIIETKH, KOTOPBIE MHKYOHpOBaaK 0e3 mpemnaparoB. 3aTeM B
KaXAyI0 JIYHKY 100aBmsuid 1o 20 Mk pactBopa [3- (4,5-AMMeTHUITHA305-2-11)
-5- (3-xapbokcumeTokcudenmn) -2- (4-cynmshodennn) -2H] Terpasonus ¢ mera-
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synbdarom (ernazuna (Cell Titer 96® AQueous One Solution, Promega, CIIIA).
[Inanmetsr unky6buposamu B CO,-uHKyOarope B TEUYEHHE 2 4, ONTHYECKYHO
IJIOTHOCTh PAcCTBOPOB OINpENeNSIM Ha TulaHmeTHoM puaepe «BioRad iMark
Microplate reader» (CLLIA) npu nnuHe BonaHbl 490 HM. JlaHHBIE IpECTaBICHBI
KaK IPOLEHT BEDKHBAEMOCTH OTHOCHUTEIHHO KOHTPOJIA.

ToKkcHYHOCTH MPH BHYTPUBEHHOM BBeJIeHHH NpeNapaToB fopa MbIIIamM
SCID B cTaHAApPTHBIX KOHIEHTPAUMAX. DKCIIEPUMEHTHl BBIIIOIHEHBI C CO-
OJroieHNeM MPUHIUIIOB T'YMaHHOTO OTHOLIEHHS K )XMBOTHBIM B COOTBETCTBUH C
mupektuBoi EBporietickoro coobmectsa (86/609/EEC) u cOOTBETCTBYIOT TPHH-
munam PykoBozCTBa 110 yXOIy M UCIIONB30BaHHMIO JIAOOPATOPHBIX KUBOTHBIX, U3~
nmanaoro «US NIH» (Ne 85-23, mepecmorpeno B 1985 1n).

Jus onpenenenus TokcuuHocTy npenaparoB BPA u BSH B crangapTHbIX (110
JaHHBIM JIUTEPATypHl) HO3UPOBKAX IPOBOIIUIN MX BHYTPHBEHHOE BBEICHHE (B
peTpoopOUTaNBHBINH CHHYC) JKMBOTHBIM, 10 3 0cOOM Ha Kaxk/1bli npenapar. JKu-
BOTHBIM W3 KOHTPOJBHOW TPYNITHI BHYTPUBEHHO BBOIMIHN Harpus xiopua 0,9%
(Renewal, Poccust). Tpu paza B HefeNI0 PErHCTPUPOBATU CIEAYIOIINE Mapame-
TPBI: COCTOSIHHE KOXXKHBIX TIOKPOBOB, MECTAa MHBEKIIUH, IBUTATCIHHYIO aKTHB-
HOCTb U HoBesieHHe. Yepes 2 Mec nociie Havaaa SKCIepuMeHTa MbIIIel oaBepra-
JI¥ TTAaHOBOH 9BTaHA3WH B COOTBETCTBHH C TPEOOBaHISIMU TYMaHHOTO OTHOIIICHUS
K )KUBOTHBIM C HIOCJIETYIOIINM 3a00pOM OpraHOB: ITOYKH, IEYEHb, JIETKHE, MO3T U
cepJrie, KOTOpble (PUKCHPOBAJIH B pacTBOpEe (hOopMalbaeTH A,

Buopacnpenesenne ''B npu BHyTpUBEeHHOM BBeleHHMM nmpenapatoB BPA
1 BSH mbimam ¢ nogko:xkabiMu kceHorpadpramu SW-620. B pabote ucrons-
30BaHa KyJIbTypa OITyXOJIEBBIX KJIETOK KOJOPEKTAIBHOM aJIeHOKapIIMHOMBI Yelio-
Beka SW-620, momyuennas u3 L[KII «L{eHTp reHetndeckux pecypcor iabopa-
TOpHBIX *kUBOTHEIX» UIINUI" CO PAH. Knetku kynsruBuposanu B cpege DMEM/
F12 (1:1) (buonot, Poccus), conepkareit 10% ¢eranpaoii ceiBopotku (Gybco,
CIIA), 50 mkr/mi rentamunuza cyasgara (Jansxumbapm, Poccus).

HccenoBanue BBHIMOMHEHO Ha MMMYHOACDHUIUTHBIX camiax Meimeidr SCID
(SHO-Prkdc*Hr"") SPF-craryca B Bo3pacTe 6—7 Hex C TeTepOTOMHYECKOM Ommy-
XOJIBIO, TIOMYYEHHOH IMOCe MHBEKIIMU CYCIEeH3MH, comepxariei 1x107 kietok
SW-620 moaxoxHO B 061acTh mpaBoro 6eapa. KuBoTHBIX cofepxkanu B LleH-
Tpe TEHETHYECKUX PECypcoB TabOpaTopHBIX KXMBOTHBIX Ha Oa3e LIKIT «SPF-
BuBapuii» (MLUIT CO PAH) ogHOmoIBIMU ceMeHBIME TPYIIIIaMH 1O 2—5 oco0eit
B MHIUBHUIYalIbHO BeHTHIIMpYyeMbIX KireTkax (IVC) cucremsr Opti Mice (Animal
Care Systems) B KOHTPOJUPYEMBIX YCIOBHSIX: CBETOBOM PEXHME (CBET/TEMHOTA
14/10) ¢ pacceerom B 01:00, mpu Temneparype 22—26 °C, OTHOCUTEIHLHON BIIaX-
Hoctu 30-60%. Kopm Ssniff (I'epmanust) u Boga nocie o6paTHoro ocmoca, 00o-
ramieHHas MUHEPaIbHON cMechio «CeBepsiHKay, KHBOTHBIM IPEIOCTABIUIICH
ad libitum. Beex ®UBOTHBIX Pa3AesIWiIM Ha 5 TPyMI Ha KaxIblid mpenapat oopa
(4 sxcniepuMeHTaNTbHBIC U 1 KOHTPOJIBHAS), TIO 3 caMIla MBIIICH B KaXIOU TpyIIIIe.
ITo moctmxennn kcenorpadpramu 0o6semoB 300-500 mm? minu 8-9 MM B 1uametpe
HaYMHAIY BBEJCHNE MBIIIIAM H3yJaeMbIX mpemnaparos. [Ipemaparst 6opa BBoAMIH
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BHYTPHUBEHHO B peTpoopOuTanbHbIi cuHyc: BPA B koHIeHTparuu 350 MKI/T U
BSH — 100 mxr/kr. Yepes 1, 2, 3 u 4 4 nocie UHBEKINH )KUBOTHBIX TIOABEPTaJIH
9BTAHA3UH B COOTBETCTBHH C TPEOOBAHMSIMH T'YMAaHHOTO OTHOIICHHS K >KHUBOT-
HBIM, IPOBOJIMIIM 3a00p OpraHoB (KpOBb, MO3T, OMYXOJIb, I0YKH, [I€YEHb), KOTO-
pbie 3amopaxuBanu 1 xpanwiu npu —20 °C.

[IpoGomoaroroBky yactu Marepuana (KpoBb, MOYKH) MPOBOAWIM METOJOM
MOKpOTO O30JICHHS C INPUMEHEHHEM KOHIICHTPHPOBAHHOW a30THOW KHCIIOTHI
HNO, («oc.4.» 27-5) n narpesanus g0 90 °C na Dry Block Heater 2 («IKA»,
[epmanmst), s MpoOOIIOATOTOBKH 00pa3IOB ¢ BEICOKHM CONEPKAHUEM YKHPOB
(MO3T, 0MyX0Jb, TIe4YeHb) UCIIOIB30BAIM MUKPOBOJIHOBYIO Ieub MARS-5 (CIIA)
u aBroknasbl HP-500 u cmecs HNO, n 30%-no# H,0, (1:0,2).

Jlnst otieHKH KOHIeHTpanuu ’B B 06pasiiax mpuMeHsIH METO] aTOMHO-3MHUC-
CHUOHHOW CIIEKTPOMETPHUH C WHAYKTHBHO-CBsi3aHHOW mmazmon (ADC UCII) na
cnekTpometpe Bricokoro paspemeHus iCAP-6500 («Thermoy, CIIIA) 8 UHX CO
PAH (MuacturyT Heopranndeckoit xumun uM. A.B. Hukomaesa CO PAH, r. Hoso-
cubupck, Poccus).

Cratuctraeckass 00padOTKa HKCIEPHIMEHTAIBHBIX IaHHBIX BBIONHEHA C IO-
MoIIbI0 TiporpamMmHoro odecrieueHuns Microsoft Excel u makera STATISTICA 8
C HCIIOJIb30BAHHWEM HENapaMeTpudyecKoro kputepuss ManHa—YutHu npu 95%
(p < 0,05). 3HaueHuss 0ObEMOB OITyXOJH MpHUBENCHBI Kak cpeaHee (M) u cran-
naptHoe otkioHenue (SD).

Pe3ynbTarsl HcciieqoBaHNus U 00CyKIeHe

HccaenoBanue nurorokcuynoctu BPA u BSH in vitro. Ins nposenenus
BH3T neobxoammo BbIOpaTh mpenapar U OLEHUTh ero 0e30macHoCTh. s 3Toro
aBTOPBI HCHONB30BAIM MTT-TECT, KOTOpBI MMO3BOJSAET BBISIBUTh PAHHUE LIUTO-
ToKcudeckue 3(h(eKThl mpenapaTos, CoAepKamx 0op.

Pannne murotokcuueckue apdextel npenapara BSH ormedeHs! pu KOHIICH-
tpauuu '°B 640 mxr/mi mocie uakybanuu 24 (p = 0,009) u 48 gacos (p = 0,009),
KOTIJIa BEDKHBAEMOCTh KJIETOK cHU3mMIach A0 87 u 80,5% coorBeTcTBeHHO. MakcH-
MasbHO 6e3omacHoi koHUeHTpauueit BSH s in vitro uccnenoBanuii MOXHO CUu-
tath 103y 320 Mxr/mi '°B, Tak Kak BBDKHBAEMOCTh KJIETOK B OIMBITHBIX TPYIIIAX
MIPU 3TOM CTAaTUCTUYECKH 3HAYMMO HE OTIMYANIach OT KOHTPOJIBHOW U COCTaBHIIA
96 1 95,5% myst 24 u 48 1 HHKYOAINH ¢ IIperapaToM COOTBETCTBEHHO. J{iis mpera-
para BPA niepBble cTaTHCTUYECKH 3HAUUMBbIE OTJIMYMUS TI0 BEBDKUBAEMOCTH KIIETOK
B ONBITHBIX M KOHTPOJIBHBIX TPYIIAax MOSBUIMCH TPH KOHIEeHTpaiwu '°B B pac-
TBOpe 320 MKI/MI Kak nocie 24, Tak u 48 4 uHKyOanuu ¢ npenaparom. I1pu stom
MIPOIICHT BBDKUBIIHMX KJIETOK — 65 (p = 0,016) u 51 (p = 0,009) cooTBETCTBEHHO.
BesonacHas koHueHTpanus Ha ypoBHE 320 MKI/MII, KOTJ]a BBKHBA€MOCTh CTaTH-
CTHYECKH 3HaUMMO HE CHIDKAJIach M yMEHBIIANach He Oonee ueM Ha 9% (puc. 1).

Panee HaMu nipoBeieHBI UCCIENOBAHUS IUTOTOKCHYHOCTH 3TUX OOpCoAepKa-
LIMX I[IpernapaTroB Ha IpYyTUX KJIETOYHBIX JUHUSIX. B pesynbrare mokasaHo, 4To
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it muard U87 mro01acTOMBI 4eI0BEKAa MAKCUMAIILHON 0€30IMacHON KOHIIEH-
tparweii ''B npu uaky6armu ¢ BPA B Teuenue 24 4 sBisetcs 103a 160 MKr/mi, a
npu ucnonb3oBanuu BSH — 80 mMkr/mi [20].
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Puc. 1. Onpenenenue 10303aBUCUMBIX IUTOTOKCHUYECKUX 3()(HEKTOB MpenapaTon
BPA u BSH npu nomomtn MTT-tecta yepe3 24 u 48 4 ¢ Hayana
unky6auun (M+SD) (*p < 0,05; **p < 0,01)

[Fig. 1. Determination of dose-dependent cytotoxic effects of BPA and BSH drugs using
MTT test 24 and 48 hours after the start of incubation (M£SD) (*p < 0,05; **p < 0,01)]

[Mo-Bumumomy, muaus US7 Gojiee dyBCTBHTENBHA K IpernaparaM Oopa, dem
SW-620. Kpome Toro, n3y4eHsl TaKkKe MO3AHNE HUTOTOKCHUecKue apdextsr BPA
v BSH Ha nuHUIO MTHOOIACTOMBI ITPH TIOMOIIH KJIOHOTEHHOTO TecTa. B pesynb-
TaTe YCTAHOBJICHO, YTO MAKCHMAlbHO Oe3omacHa KoHieHTpauus '°B 40 mMkr/mn
[20]. Hpyras rpynma y9eHbIX, HCTONb3ys KJIOHOTCHHBIN aHajIN3 BBISIBHIIA, YTO
unkyb6anus kietok U251, T98G u V-79 ¢ BPA B konrentpanuu ''B 100 Mxr/mi B
TeueHHe 2 9 He MIPUBOIMIA K CHIDKEHHUIO Tpoudepariu KieTok [21].

B uccnenosanuu, nposeaeHHoM U. De Simone et al. Ha IUHUSIX YenoBede-
ckoit actpormroMbl D384, Heitpobmactomel SH-SYSY u nepBuyHbIX (hudpoodia-
crax F26, Taxoke usydanu murorokcuuHocTh BPA npu nomomu MTT-tecra, u
00OHapy)XeHO, 4TO MHKYOanus KJIeTOK B TeueHue 24 u 48 4 B koHuenrpamun ''B
40-100 MKI/MJI 3HAYUTENIFHO CHUXKAJIA JKU3HECTIOCOOHOCTD OITyXOJIEBBIX JIMHUH,
B TO BpeMs KaK KU3HECIIOCOOHOCTh PrOPOOIACTOB CHHYKAIACH TOJBKO TPHU KOH-
nentpanuu °B 100 mxr/mi [22].

OnpenesieHne TOKCHYHOCTH MpenapaToB 0opa Npu BHYTPHUBEHHOM BBe-
Aennu Mmbimam SCID B cTaHIapTHBIX KOHIEeHTpanusaX. OleHKa TOKCHYHOCTH
MIpenaparoB in vivo BBISBIIIA BO3MOKHOCTH BHYTPHBEHHOTO BBeieHNsI BPA B 1o0-
3upoBke 350 mr/kr maccsl Tena, BSH — 100 mr/kr maccs! Tena. Uepes 2 Mec nocne
BBEJICHUS IIPENapaToB JICTATFHOCTH He HAOONAI0Ch, aKTUBHOCTD KUBOTHBIX U3
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OIIBITHBIX TPYIII COOTBETCTBOBAJIA AKTUBHOCTH B KOHTPOJIbHOH Tpymre. [lo nan-
HBIM TUCTOJIOTUYECKOTO UCCIEN0BaHUA, MOP(OIOTHIECKIX U3MEHEHHH AUCTPO-
(ugeckoro mopsaKa depe3 2 Mec IOCIe BBEIACHUS INPETapaToB HE 0OHApYKEHO

(puc. 2).

Puc. 2. Tkanesble cpe3bl Mpiiei SCID: / — nouka. [TonHokpoBue cocy0B; 2 — II€YEHb.
TenaroruTs!l 6€3 CyIIECTBEHHBIX TaTOJIOTHYECKUX M3MeHeHHH. LIeHTpanbHbIe BEHbI
paclMpeHsl, IOJHOKPOBHBI; 3 — jierkue. [101HOKpoBHEe COCYI0B HHTEPCTHLIUSA
U MEXaJIbBEOJIIPHBIX NIEPEropoiok; 4 — Mo3r. MUHMMAaJIbHBII NEpULIEIUTIONPHBIH
otek; 5 — cepaue. B kamepax kpoBs. Arop poto O.U. ConoBbeBa
[Fig. 2. Tissue sections of SCID mice: 1 - Kidney. Congestion of blood vessels; 2 - Liver.
Hepatocytes without significant pathological changes. Central veins dilated and plethoric;

3 - Lungs. Congestion of the vessels of the interstitium and interalveolar septa; 4 - Brain. Minimal
pericellular edema; 5 - Heart. Some blood in the cardiac chambers. Photo by Olga I. Solovieva]

TecTupoBaHue OuopacnpenejeHust '°B npu BHYTPHBEHHOM BBeIeHUU
npenapatoB BPA n BSH mbimmam ¢ noako:xxHbIMH KceHorpapramu SW-620.
B npenpinymux ucciae oBaHUSAX YCTaHOBJIEHO, YTO JJIs YCIIELIHOTO IPOBEIEHUS
BH3T Heo6x0AuMO MONYyYHTH KOHIIEHTpalHio ''B B 0Myx0J1eBOi TKAHU PABHYIO
20-35 MKr/T, a cooTHOIeHHE '°B 0IyX0J16/0KpyIKaroIas 310p0Bast TKAHb JOKHO
coctaButh 3/1 [23].

Omnpenenuiy AMHAMHUKY HakolUieHHs '°B B OIyXoyid, KPOBH M OpraHax Io-
clie BBE/ICHUS MPENaparoB B CTAHIAPTHBIX KOHIIEHTpaLUsaX. B Hamem skcnepu-
mente, ucrnonb3yst meton ADC HCII, MbI onpeaensiii TUHAMUKY HaKOTLICHUS
UB B omyxoiu, KPOBH U OpraHax IOC/ic BHYTPUBEHHOTO BBEICHHS MPENapaTton
B CTaHAApPTHBIX KOHIeHTpanusx. B pesymprare mis BPA makcumansHOE Hako-
wienne '°B omyXxosieBoi TKaHbIO 3apETHCTPUPOBAHO JJIsl BPEMEHHBIX TOYeK | u
2 9 1 coctaBuio 8,0 U 8,7 MKI/T COOTBETCTBEHHO. [Ipy 3TOM COOTHOIIIEHHE KOH-
nenTpanuii B B 06pasnax omyXoJid U KpOBH ompezeneHo kak 0,6 st Touku | u
u 1,7 ams rouku 2 4. Taxke oOHapysKeHO, 4TO GosbIie Beero '°B HakammBaeTcs
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B MMOYKaX Ha BCEM MPOTSHKEHUM dKcrnepuMeHTa (puc. 3). Bpemennas touka 2 4
MOXKET CUMTAThCS OTEHIMAIBHO Hanboee moaxosiien ans nposeaenns bH3T,
OHAKO KOHIIEHTpanus 0opa B OITyX0JICBOH TKaHH HEJOCTAaTOYHA.
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Puc. 3. buopacnpenenenue '°B B opranax unrepeca mpimeit SCID
rocJie BHYTpUBeHHON uHbeKun BPA Ha BpeMeHHBIX Toukax /, 2, 3 u 4

[Fig. 3. Biodistribution of '°B in organs of interest of SCID mice
after intravenous injection of BPA for time points of 1, 2, 3 and 4 hours]

[Tocne BBenenus BSH 3HaunTensHOro N1Ka HaKOMJIEHUS OIyXOJIblO HE OTMe-
4yeHo. MakcuManbHast KoHLeHTpatus ''B B omyxonu cocraBuna 5,7 MKr/T. Bob-
nre Bcero ''B HaKaIuTMBaIH [T€YeHb, IIOYKH B KPOBL (puC. 4).
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[Fig. 4. Biodistribution of '°B in organs of interest of SCID mice
after intravenous injection of BSH for time points of 1, 2, 3 and 4 hours]
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[Mo-BunnmoMmy, nampHENIINEe HCCIISTOBAHIS IO YBEIWICHHUIO JO3KI IIpenapara
U BBIOOPY MHOTO MYTH BBEACHHS MOTYT MMO3BOJIUTH YBEIHMYUTh HakoruieHue ''B
OITyXOJIBIO M YMEHBIIUTE €70 KOHIICHTPALHUIO B OKPYKAIOMINX TKAHSIX.

B pabore [24] aBTOopbI M3y4anu HakomuieHne '°B Ha Mojen HoK0)KHOTO KCEHO-
rpadra U87 y memeir SCID nocie BHyTpuBeHHOTO BBeneHunss BPA n BSH u takoke
BBISIBUIN OOJIBIIYIO CEJIEKTUBHOCTh B HAKOIUIEHHH OOpa OIMyXONbIO MOCHE BBEJIE-
uust 6opdenmnanannna. Tak, mis BPA conepskanne '°B cocraBumo 12 u 11 mMxr/r
OITyXOJH JUISt BpEMEHHBIX ToUeK 1 U 2 4 COOTBETCTBEHHO. MaKCUMaIbHOE OTHOIIIE-
HHe KoHIleHTpanui '°B B 06pasiax omyxoiu u Kposu 1,6 st Touku 2 4. it BSH
MaKCHMaJlbHOE OTHOIICHHE KOoHIIeHTpalwmii '°B B omyxomu u kpoBu coctasiio 1,1
Ha BPEMEHHOW TOYKe 3 4, OMHAKO aOCONIOTHOE CoAepKaHhe 00pa B OIyXOIH IIPH
3TOM cocTaBuiio 3 MKI/T. BosmoxkHo, BPA sBisieTcst 6osiee nepcreKTUBHBIM Tpe-
maparom 115t BH3T mpu ero BHyTpuBeHHOM BBeieHnH, yeM BSH.

I'pynna ydensix u3 SInoHuu uccienoBalia HAKOIIEHHE O00pa MOCie BBEJCHUS
BSH B m03e 100 MI/Kr B XBOCTOBYIO BEHY KpbicaM ¢ kceHorpadtoM 9L riimomel.
Bytuonun cynsdoxcumun (Buthionine sulfoximine) ucnons3oBainu B 3KCHEpH-
MEHTAJIBHOW TPYIIe KaK BEMIECTBO, IOTEHIMATIRHO YIyUIIAroiee HaKOIUICHIE
6opa B omyxonu. BeisiBieHo, 4To KOHIEHTpalws ''B B omyxomnu it BpeMEHHOIM
TOYKH 3 9 COCTaBWJIa 5 MKI/T OITyXOJICBOH TKaHH, B TO BpeMs Kak B rpymnmne BSH
+ OyTHOHMH CyIb(OKCHMUH HaKOIJIEHHEe O60pa B OIMyXONH YBETHUMIOCH U CO-
craBmiio 26 Mxr/r. [Iposenernnoe G. Morris et al. ucciienoBaHre Ha KPbICHHOM
Mozen TiiMoMbl C6 BBIIBIIIO 3HA4YMTEIBHO Oonee BBICOKOe HakoruieHue ''B B
oITyXoJi Tociie BBeneHuss BPA ¢ mpeaBapuTenbsHBIM BHYTPHOPIONIHHHBIM BBE-
JieHueM Ipemnapata JleBojgona o CpaBHEHUIO ¢ IPYIION KUBOTHBIX, KOTOPBIM
JaHHBIN nperapat He BBogwics [13]. Takum oOpa3oM, MO-BUIMMOMY, JabHEH-
M€ UCCJIEA0BAHUS [0 YBEIUYEHUIO JJO3bI Ipernapara U BHIOOpY HHOTO IIyTH BBE-
JICHUSI MOTYT MO3BOJIUTh YBEIIUYUTh HakoruieHHe ''B OMyXoNbio M yMEHBIIHUTh
€ro KOHIIEHTPAIMIO B OKPYKAIOIIUX TKaHAX. Vcronbp30BaHue OMOIHUTEIBHBIX
MpenaparoB, yIy4IIalonIuX IPOHUKHOBEHHE O0pa B OITyXO0JIb, MOYKET TaKKe OBITH
3¢ (PEKTUBHBIM U TOJDKHO IPUHUMATECSI BO BHUMaHUe [25].

3akjr0uenune

Omnpenenenue Oe30MacHBIX KOHIIEHTpAIMi OopkanTara u 60pdeHuIarIaHuHa
Ha Kietkn SW-620 mokaszaiio, 4To HHKyOaIusl KIECTOK B TeueHue 24 u 48 4 ¢ naH-
HBIMH TpenaparaMi B KoHueHTpanusx '°B 10-320 MKr/Mi He OKa3bIBaeT 3HAYH-
TEJNBHOTO IUTOTOKCHYECKOTO 3¢ dexTa. BHyTprBEeHHOE BBE/ICHHE BBIIICYTIOMSIHYTHIX
npenaparoB uMmyHoneduiutaeiM MbimaM SCID B go3ax 350 mr BPA/kr u 100 mMr
BSH/kr Maccsl Tenma )KHBOTHOTO SBIISIETCSI O€30MacHBIM, OJHAKO HE IMPHBOINT K
JOCTAaTOYHOMY HakoIUleHHI0 '’B B omyxomeBoi TKaHH. ABTOPBI MPEIIIOIATraloT,
YTO U3MEHEHHE ITyTH BBEJCHHS U TIOBBIIICHHE JO3UPOBOK M HCIIOIH30BAHUE KOM-
OuHaNMil IpenapaToB MOXKET MOBBICUTH 3(h(EKTUBHOCTL HAKOILUIEHUS O0pa.
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Accumulation and toxic effects of boron-containing drugs in SW-620 models

According to the World Health Organization, colorectal cancer is one of the three leading
causes of death among other tumors. Boron neutron capture therapy (BNCT) is a promising
method for the treatment of oncological diseases. It is an experimental method of radiation
therapy which is based on the capture reaction of a thermal neutron by an isotope B and
results in the '’B(n, a)’Li fission reaction. The high linear energy transfer from alpha particle
and "Li nucleus has a short path length, thus the energy released is limited to the size of one cell.
Previously, BNCT was actively used to treat patients with glioblastoma, melanoma, head and
neck cancer, and other malignant neoplasms of various localization. The aim of this work is to
determine the safe concentrations of boronphenylalanine (BPA) and sodium borocaptate (BSH)
drugs for the SW-620 cell line and to assess the B biodistribution after administration of these
compaunds to immunodeficient SCID mice with heterotopic SW-620 xenografts.

To evaluate the possibility of using BNCT as a therapy for patients with colorectal cancer,
we carried out preliminary in vitro and in vivo studies on the model of human colorectal
adenocarcinoma SW-620. Firstly, the cytotoxicity of boron compounds BPA and BSH at ''B
concentrations of 10-1280 pg/ml was investigated using MTT test. All animal experiments were
conducted in accordance with the principles of humane treatment of animals in compliance
with the directive of the European Community (86/609 / EEC) and correspond to the principles
of the Guide for the Care and Use of Laboratory Animals (NIH USA, No 85-23, rev. 1985).
To determine the toxicity of BPA and BSH in standard dosages, drugs were intravenously
injected into the retroorbital sinus: BPA at a concentration of 350 mg/kg and BSH at 100 mg/
kg. The control group of animals were injected intravenously with sodium chloride 0.9%. After
2 months of observation planned euthanasia was done, organs (kidneys, liver, lungs, brain and
heart) were sampled for pathomorphological study. Biodistribution of B in the tumor and
organs of interest was performed on mice with SW-620 heterotopic xenograft. Boron containing
drugs were injected at the dosages described earlier intravenously into the retroorbital sinus.
Euthanasia was performed 1, 2, 3, and 4 hours after injection, tumor tissue, blood, brain, liver
and kidneys were sampled. The boron concentration was analyzed by inductively coupled
plasma atomic emission spectrometry (ICP AES).

As a result of the MTT test, we revealed that incubation of SW-620 cells with BPA and
BSH for 24 and 48 hours at ’B concentrations of 10-320 pg/ml had no cytotoxic effect. When
incubated for 48 hours with BPA at a concentration of 320 pg/ml, survival rate did not differ
significantly from control. The maximum safe concentration for BSH can also be considered
320 pg/ml of '°B, since the cell survival in the experimental groups was 96 and 95.5% for 24
and 48 hours of incubation with the drug, respectively. The first significant cytotoxic effects
were noted during incubation with both boron-containing drugs at a '°’B concentration of 640
pg/ml. For the BPA group, the percentage of survived cells was 65 (incubation for 24 hours)
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and 51 (48 hours), BSH had less cytotoxic effect: cell survival decreased to 87% and 80.5%
at points 24 and 48 hours, respectively (See Fig. 1). Intravenous administration of BPA at a
concentration of 350 mg/kg and BSH at a concentration of 100 mg/kg to SCID mice turned out
to be safe: no pathological reactions were detected within 2 months of observation, all animals
were alive. According to the pathomorphological study, no macroscopic and structural changes
in the organs were found (See Fig. 2). The biodistribution of '’B was assessed in SCID mice with
subcutaneous xenografts SW-620 after intravenous administration of boron drugs at standard
concentrations. As a result of the analysis, we found out that after intravenous administration
of BPA at a safe dosage, the maximum concentration of !B in the tumor was recorded at the
time points of 1 and 2 hours (8.0 and 8.7 pg/g, respectively). In this case, the concentration ratio
of !B in the tumor and blood samples was determined as 0.6 for the 1 hour point and 1.7 for
the 2 hour point. We also demonstrated that the kidneys were the organ with the highest boron
accumulation throughout the experiment (See Fig. 3). Thus, the time point of 2 hours can be
considered potentially the most suitable for BNCT, but the concentration of boron in the tumor
tissue is not sufficient. For BSH the maximum concentration was recorded at the time point of
1 hour (5.7 pg/g). The liver, kidneys and blood contained the highest concentration of ''B (See
Fig. 4).

Thus, apparently, further investigations on increasing the dose of the drugs and choosing
different ways of boron agents administration can increase the accumulation of '°B by the tumor
and reduce its concentration in the surrounding tissues and blood. The use of additional drugs
that improve the penetration of boron into the tumor may also be effective and should be taken
into account.

The paper contains 4 Figures and 25 References.

Key words: boron neutron capture therapy; human colon adenocarcinoma SW-620 cell
line; BSH; BPA
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®U3NO0JIOTIUA U BUOXUMUS PACTEHUI

VK 581.1
doi: 10.17223/19988591/55/7

M.K. Kaabip6aes', U.®. I'osoBankas', M.JK. Carkanos?

!Hayuonanonoiii uccneoosamenvckuti ToMcKkuil 20cy0apcmeeniblil yHugepcumen,
2. Tomck, Poccus
’Eepasutickuil Hayuonanehwil ynugepcumem um. JI.H. 'ymunesa, 2. Hyp-Cynman, Kazaxcman

OcobennocTn Mopdorenesa u MeTad0JIM3Ma pereHEePaAHTOB
in vitro, N0JIy4eHHBIX U3 Pa3HbIX ()parMeHTOB NModera kaprodes

Hccneoosanst ocobennocmu pezenepayuu KCNAAHMOS, NONYUEHHbIX C PAZHBIX
yuacmkos nobeza Solanum tuberosum L. cpeonecnenozo copma Jlyzosckou in vitro.
Onpedenena ounamuka npoyeccog puzozene3da (nosgiexue u pocm ao8eHMUEHbIX
KopHell) u @opmuposanus nobeea (packpvimue RnOYeK, pacmsaxceHus nobeza u
@opmuposanue HOBbIX TUCHbES) PELEHEPAHMOSE U3 NOUEK Y MUKPOKIOHO8 3-20 U 5-20
Apycos mamepunckux pacmenui. M3yuenst pocmoguie u usuonocuieckue napamempul
pecenepanmog kapmogens. Dkcnaanmel KyIemMuuUpoganu in vitro na numamensHotl
cpede Mypacuze—Cryea, na ceemy 200-230 mrmons m~c™. Dxennanmer, nonyuennoie
u3 cpeoneil wacmu nobeca MamepuHcKo20 pACMeHus, panvlue 0CCMAHABIUBANU
YympayeHHvlli nobez 3a cuem HPOOYHCOEHUS NOYKU. DKCHIAHMbL, NOMVHYEHHble U3
AnuKanbHOU Yacmu UCXOOHO20 DPACMENUA, aKmugHee QOpMUposanru KOPHE8yIo
cucmemy. Ha 39-e cymku pecenepanmul u3 nouex anukaivbhozo skcnianma (AR)
omauyanucy Oonee KpynHuolMU pasmMepamu, 4em peceHepaHmuvl U3 noiex cpeonezo
akcnnauma (MR); yeenuuuganuco o0vbém KOpHell, OIUHA U KOIUYECMBO APYCO8
nobez08, cymmapnas niowjaos aucmves. OmHouwenue cyxou maccol nobeza K KOpHIO
y AR evue no cpasuenuto ¢ MR. Ilpu smom 6 cpednux nucmosax AR oonapyscero
CHUDICEHUEe UNMEHCUBHOCU NePeKUCHO20 OKUCTIeHUs TUNUO008, YpOoGHell c80000H020
nponuHa u cymmol grasonoudos na 22%, 28% u 2-Kpamuo cOOmeemcmeeHHo no
cpasnenuio ¢ MR. Obcyscoaemesa mexanusm pezenepayuu MUKPOKIOHOG U yUACTHUA
8 JMUX npoyeccax IHOO02EHHLIX AYKCUHOB, UMEIOWUX 2paoueHm 8 0cCeGoll Hacmu
pacmenus, U omoensbHblx Memabonumos. Hcnonvsosanue pe3ynomamos ucciedoeanutl
noseonsiem pazpabomams cnocobbl YCKOpeHUs peceHepayuu MUKpOKIOHO8 Kapmogdens
U nOBbLUEHUA KOIDPuyuenma pasmnodicenls pacmeHul.

KuroueBble cioBa: Solanum tuberosum; pereHepanyss; NEPEeKUCHOE OKUCIICHUE
JIMIN/IOB; aHTHOKCHAAHTBI; (POTOCHHTETHUECKUE ITUTMEHTBI

CoxpauieHus [Abbreviations]: AdR — agBeHTHBHBIE KOpHHU [Adventive roots]; AR —
pereHepaHT, oMy4IeHHBIN N3 anuKanbHOro parmenta nodera [Regenerant obtained from
the apical shoot fragment]; MR — perenepaHt, nosry4eHHbI 13 cpejHero GpparMenra nodera
[Regenerant obtained from the middle shoot fragment]; MS — nmurarensHas cpena Mypacure—
Ckyra [Culture medium Murashige-Skuga]; IAA — ung0MMNI-3-yKCYycHasA KucaoTa [Indole-
3-acetic acid]; Ck — nurokunussl [Cytokinins]; LPO — nepekncHoe OKHCICHUE JTUIHI0B
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[Lipid peroxidation]; MDA — masioHOBbI# tuanbaerus [Malondialdegide]; ROS — akTuBHBIC
(dhopmel kucioposa [Reactive oxygen species]; Flav — ¢aBoron st [Flavonoids].

Joasi murupoBanusi: Kanpipobaes M.K., Tomosamkas W.d., Carkanor M.K.
OcobenHocTn Mopdoreneza u Merabonu3Ma pPEreHepaHTOB in Vitro, MONTYyYEHHBIX
13 pasHeIX (parmMeHToB nodera kaprodens // Bectank ToMmckoro rocygapcTBEHHOTO
yHuBepcuteta. buonorus. 2021. Ne 55. C. 114-134. doi: 10.17223/19988591/55/7

BBenenue

OpHuM u3 Haubosee OBICTPHIX CIIOCOOOB Pa3MHOKEHHUS! PACTCHUN CITYKUT
OMOTEXHOJIOTHYECKUH CITOCO0 alMKaILHOW MEpUCTEMBl. MUKPOKIOHAIBHOE pa3-
MHOXEHHE 03/JOPOBIICHHBIX PACTEHHI KapTo(]es Mo3BOJISAET MOMYyUUTh OOJIBIIOE
KOJIMYIECTBO KJIIOHOB, COXPAHSIONINX BCE XapaKTCPHCTHUKH COPTA, a B TIOCIEAYIO-
ieM Ha OCHOBE MX PETeHEPAHTOB IOJIYYUTh B YCIOBUSAX THAPOIIOHUKH CEMEH-
HOW Marepuan (MUHHU-KIyOHHM). Cpenr BaxKHBIX NMPOOJIEM MHUKPOKIOHAIBHOTO
Pa3MHOKEHHUSI pacTeHU KapTodels BBIIACIAIOT JBE: CKOPOCTb pereHepanuu
MHUKPOKJIOHOB (YKOpEHEHHE MUKPOKIIOHOB M Pa3BUTHE PETCHEPAHTORB) in Vitro U
BEJIMYMHY KodpPHUIMEeHTa pa3MHOKEHUS (KOIMYECTBO sipycoB). Ha perenepanmio
MHUKPOKJIOHOB PAaCTEHHUI CYIIECTBEHHOE BIMSHIE OKa3bIBacT (pakTop TpaBMUPO-
BaHus mobera. B oTBeTHOM peakiyu Ha AeUCTBUE ATOTO (haKTOpa KIHOYEBYIO POIb
WTPAIOT pacTUTENbHBIC TOPMOHHI [1]. Hanboee BaXXHBIMH PeryJIASTOpaMH pOCTa
pacTeHuit ciyxar (UTOrOpMOHBI ayKCUHBI 1 TUTOKUHUHBI (Ck) [2].

AYKCHHBI TIPEIICTABISIIOT COOOM KiIacC HE3aMEHHMBIX (PUTOTOPMOHOB, yda-
CTBYIOIIMX B MHOTOYHCIIEHHBIX acleKTax pPoCTa W pa3BUTHA pacTeHuil. Cpeau
TIpEeICTaBUTENEH Kilacca HanboJee aKTUBHO JCHCTBYIOMIEH SIBISICTCS WHIOMUII-
3-ykcycHas kucnoTa (IAA) [3]. AykCHHBI CHHTE3UPYIOTCSI HE TOJIBKO B Ioderax
(MepucteMa mo0OEToB, CeMSIONM, MOJIOJBIC JTUCThS, 00IagaroNe HauOOoIbIIeH
AKTUBHOCTBIO KJIIETOYHOTO JICJICHHUS), HO U B KOHYHMKaX KOpHei [4, 5]. AyKcHHBI,
oOpasyronmecs: B KOpHIX, HEOOXOAUMBI JUIsl HOPMaJIbHOTO UX Pa3BUTHS U UTpa-
10T OIHY U3 LEHTPAJIbHBIX POJIEH B OpraHU3allid OKOHYATEIbHON apXUTEKTYphI
KOpHS. DTH TOPMOHBI BIHSIOT Ha MPOXOXKICHUE OpTaHOTeHe3a, NEHCTBYIOT Kak
JIOKaJIbHBIA MHIYKTUBHBIM CUTHAJ, KOTOPBII MepernporpaMMHUpyeT KIETKH, y4a-
CTBYIOIIHME B 3aKIJIaJKe MPUMOpANEB OOKOBBIX KopemkoB [5, 6]. HaubGonee xo-
pOIIO OXapaKTepU30BAHHBIMU d(PPEeKTaMU U3MEHEHUsI (PEHOTHUIIOB KOPHEH, CBS-
3aHHBIMH C ayKCHHAMH, SBIJIIOTCS T0303aBHCUMOE YBEIMUCHUE JITHHBI KOPHEBBIX
BOJIOCKOB 3MUJIEPMAIIEHOTO TIPOUCXOXKACHHUS, OuMoAanbHbIN 3P eKT KOHIIEHTpa-
UM ayKCHHOB HAa JUTMHY IEPBUYHOTO KOPHS, J0303aBICHMOE YBEITHUCHUE KOJIH-
YecTBa 3a4aTKOB OOKOBBIX KOpPHEW M peakius Ha TpaBUTauuio. JMHaMu4eckue
W3MEHEHUsI KOHIIEHTPAIMH 1 TIOTOKa ayKCHHOB BO3IECHUCTBYIOT Ha (POPMHUPOBAHIE
anuKanbHO-0a3abHON ocH pacTeHus [7].

AxtuBHBIe CK TIpeACTaBIsAIOT co00H NMPOU3BOAHBIC alcHHHA C M30MPEHOUI-
HOU WJIM apOMaTu4eckoil OOKOBOI IEMbI0, MPUCOCIMHEHHON K TOJIOXKEeHUI0 NS-
asieHHOBOTO KonbIifa. Ck, OOHapy>KeHHBIE B PACTCHHUAX, BKIIOYAIOT H30TICHTCHH-
nanenuH (iP), mpanc-3earun (t2), yuc-3eatut (cZ) u auruaposeatus [8]. Coctas
Ck B pa3HBIX TKaHAX MOXET pa3nndaThbes. Tak, B KCHIeMe TOMUHHUPYIOT {7 U pH-
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003un mparnc-3eatrna (ZR), a Bo (iosme npeobinagaroT Npon3BoaHbIe iP-THITa
[9]. IlpeumymiecTBo Tex uau UHBIX Ck B MPOBOASIIMX CHUCTEMaxX pacTeHHui o0y-
CIIOBJICHO pa3HOH KCIpeccrel KaTaTuTHISCKUX TPaHCMEMOPaHHBIX OeITKOB-pe-
unentopoB Ck B opranax [10]. I'en peuentopa CRE1/AHK4 (Cytokinin Response
1/Arabidopsis Histidine Kinase 4) akTHBHO sKkcmpeccupyercs B KopHsaX, AHK?2
9KCIIPECCUPYETCs MPUMEPHO B OJMHAKOBOW CTENEHH B PO3ETOYHBIX JICTBIX U
kopHsx [11], Torna kak AHK3 — B OCHOBHOM B TI00ere ¥ KOHTPOJIUpPYET MeTabo-
JIMUYECKHe mporecchl B TUCThIX [10]. Perentops! xapakTepu3yoTcsl HEOJUHAKO-
BBIM CPOJICTBOM K pa3HbIM TOPMOHAM IIUTOKHHUHOBOTO psiaa. Peenrropst CRE1/
AHK4 u AHK?2 umetror 6onee BbICOKOE CpoAcTBO K ¢Z u iP, Torna kak AHK3
— muruaposearnHy. C moMomnipio ooMena pasHeIMH Ck MOXKET OCyIIeCTBIATHCS
«HATPABICHHOE» B3aUMOJICHCTBUEC MEKITY PA3HBIMU YNAJICHHBIMH YaCTIMH Pac-
TUTENBHOTO oprann3Ma. CoBMecTHO ¢ aykcuHoM Ck CTUMYIHPYIOT elieHne Kiie-
TOK B allMKJILHOM MepHcTeMe obera, MepucTeMax MasyIlIHbIX [T04YeK 1 KaMOuwu,
HO TOJIABJIAIOT aKTHBHOCTh MEpHCTeM B KopHe pacteHus [9]. Ck cTUMyIUpyroT
POCT JIMCTOBOM IUIACTUHBI 32 CUET PACTSHKEHUS KIICTOK; YCHIIMBAIOT (DOTOCUHTE3
3a CUeT CTHUMYILIIUH AU PEepeHIHANNN XIOPOIUIACTOB W OTKPHIBAHHS YCTHUII,
a TakXKe 33JepKUBAOT CTapeHHe JUCTbeB. OHU YCHIUBAIOT aTTParupyroLIylo
CIIOCOOHOCTH OPTaHOB U TKaHEW, akKTHBHPYIOT 00pa30BaHIE IIUTMEHTOB B KJIET-
KaXx, BBI3BIBAIOT ()OPMUPOBAHUE TOOETOB B KyIbType HeauhepeHIUPOBAHHBIX
tkaHeil [9]. Ck y4acTByIoT B (hOPMUPOBAHHUN COCYIHUCTON CHCTEMBI H PEaKIHIX
n30eraHus TCHHU, BIHUSIOT Ha IUPKATHbIC (CyTOYHBIC) PUTMBI, PETYIHPYIOT HOTIIO-
[ICHUE BAKHEUIIINX SIIEMEHTOB U3 TIOYBBL. YBEIHMUCHUE COICPKAHUS YHIOTCHHBIX
iP 1 ZR B MUCTBIX ¥ KOPHSX TOJIOKHUTEIHHO BIUACT HA PErYIHUPOBAHUE OCMOCA,
3¢ deKTHBHOE UCTIONB30BaHUE BOJBI, IMOJICP)KAHUE HHTCHCUBHOCTH (DOTOCHHTE-
3a M HAKOTUIEHHUE BCIIEACTBUE ATOTO 0OJjblle MUTaTeNbHbIX BemecTs [8]. Ck yua-
CTBYIOT B 3aIIUTE PACTEHHUI OT HEOIArOMPUATHBIX A0NOTHYECKUX B OMOTHIECKIX
(hakTopoB okpyxaroieit cpesi [9]. Beicokue ypoBau Ck ciocoOCTBYIOT yiaBiu-
BaHmro ROS 3a cuer HaKoIUIEHUS aHTHOKCHIAHTOB U AKTHBAI[IH aHTHOKCHUIAHT-
HBIX (PepPMEHTOB B KOpHAX U moberax [8]. Kpome Toro, BbIcOKast KOHIIEHTpaIUs
OeH3MIIaICHIHA BHI3BIBACT HAKOILICHUE OCMOJINTA MIPOJIMHA.

Jdpyrum QakTopoM, peryaupyronyM CKOPOCTb pereHepalii MHUKPOKIOHOB,
MOJXKET CITY>)KHTH BO3PAacT MCXOTHOTO pacTeHHs win ero metamepos [1, 12]. Tlo-
cllefloBaTeIbHAs 3aKJIaJka MeTaMepoB Ha Tobere pacTeHuil onpeaenser Bo3pact
JIICTHEB Pa3HBIX SPYCOB U UX TOPMOHAJIBHEINA CTAaTyC, 00YCIIOBIHBAs CIICII(PUKY
ux pocta u Merabonu3Ma. Panee HaMH MOKa3aHbI TPaUEHTHI COJEPIKAHUS TIep-
BUYHBIX W BTOPUYHBIX META0OJHNTOB B JIHCTBSIX Lactuca sativa pa3HBIX SIPYCOB
[12]. OcTaércst 10 KOHLIA HEBBISICHEHHOI 3aBUCHMOCTh pereHepanuu (parMeHToB
pacTeHus kapTodes, MOIyIeHHBIX ¢ pa3HbIX APYCOB Mobera, OT 0coOeHHOCTEH
ux MeTabonusma.

Lens maHHOTO HCCIEAOBAHUS — U3yUCHHE CICIH(UKU PETCHEPAIIH MHUKPO-
KJIOHOB, MOp(oreHe3a 1 METab0IU3Ma UX PEreHEPAHTOB B 3aBUCUMOCTH OT I10JI0-
xeHus GpparMeHToB pactenus Solanum tuberosum L. in vitro, B3STBIX B KaUeCTBE
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AKCIUIaHTOB. Hamu npoBepeHa rumoresa o TOM, YTO UMEKOIIUNACAS TOPMOHAIBHBIN
IpaJleHT ayKCHHOB BIIOJb OCH cTeOs KapTodenst 00yCcIoBIMBaeT U3MEHEHHUS pe-
TeHEepaIuy CPEAHUX U alMKaIBHBIX YePEHKOB (MUKPOKIOHOB), a TaKXKe 0COOeH-
HOCTH (DOPMHUPOBAHUS UX PETEHEPAHTOB.

Marepuajbl 1 METOAUKH HCCJIET0BAHUS

OOBEKTOM HCCIIeIOBAHUS CITY)KWIH pacteHus Solanum tuberosum L. cpenne-
cnenoro copra Jlyropckoil. MHOTOKpaTHOE KJIOHUPOBaHHE O30POBIECHHBIX Ma-
TEPUHCKHUX PETCHEPaHTOB S. fuberosum, moay4eHHBIX U3 Beepocceniickoro Hayd-
HO-HCCIIEZI0BATEIILCKOTO MHCTUTYTa KapTodenpHoro xo3siictea um. A.I. Jlopxa
(1. KopeneBo, Poccust), O3BOHIIIO MOIYIUTH SKCIIEPUMEHTATBHBIE MUKPOKIIOHBL.
B xone skcriepuMeHTa BhIpe3aiy CpeIHUIN U anKaJIbHBINA (parMeHTsl u3 nodera
S5-sipycHBIX 21-THEBHBIX pacTeHUH KapTodeins. @parMeHTs! (IKCIUIAHTHI), B3SITHIE
¢ 3-10 U 5-T0 sIPycOB MoOera, COCTOSIIM U3 MEXKJI0y3/IHs, TIOUYKH U JrcTa. B kaue-
CTBE OIBITHBIX KJIOHOB BEIOpPAHBI alMKaIbHBIC YEPEHKH, colepiKamue Oompliee
KOJIMYECTBO SHAOTEHHBIX ayKCHHOB, B CBSI3U C MPOCTPAHCTBEHHBIM Pa3ieIecHUEM
MeCTa CHHTE3a M OCHOBHOTO JEHCTBHSI 3TUX TOPMOHOB B pacTeHHH. B kauecTBe
KOHTPOJISI — YEPEHKHU, BbIPE3aHHBIC U3 CepeANHBI To0era. MUKpPOKIIOHBI KyJIbTH-
BHPOBAJIM Ha TBEPOH arapn3oBaHHOi 50%-HOoU O€3ropMOHATBFHOM MHTATEIHHOM
cpeae Mypacure—Ckyra (MS) ¢ nobasnenuem 3% caxapo3bl 1 BATAMHHOB THA-
MHHA, HIKOTHHOBOH KHCIIOTHI M TUpUI0KCHHA [ 13] Ha CBETY C MIOTHOCTHIO TTOTO-
ka magaoiux horonoB AP — 200-230 mxmoins M2¢c™!, ipu 16-uacoBom (oTore-
puone u Temrieparype Boayxa 20—22 °C. B kauecTBe UCTOYHHUKA CBETA CITY KA
moMuHectieHTHbIe Oenble tamibl TL-D 58W/54-765 G13 («Philipsy, [lonbmia).
OTHOCHUTENFHYI0 MHTCHCHBHOCTh CBETa M3MEPSUIM C TOMOINBIO CIIEKTPOMETpa
AvaSpec-102/256/1024/2048, Bepcus 6.2 («Avantes BV», Hunepnanner).

B teuenne 3 Hemenb KyMBTUBHPOBAaHHS MHUKPOKIOHOB ONHUCHIBAN (DEHOIO-
THI0 MX pereHepanuu (popMHpOBaHUE KOpPHEH M pa3BUTHE MOOETOB M3 MOYEK).
dopmupoBaHue aJIBEHTUBHBIX KopHEH (AdR) orieHHBaIHN 110 KOJIMYECTBY H JJTHHE
3ayatkoB AdR. AHanmu3upoBaiu AUHAMUKY POCTOBBIX NMapaMeTpoB (KOIUYECTBO
U CyMMapHYIO JUIHHY KOpHEH, KOJMUECTBO SIPYCOB H JJIMHY MOOETOB) MOJOIBIX
pacTteHuii B mpoOupkax. B koHIle KylIbTMBHpPOBaHUS Ha 39-€ CyTKM pereHepaH-
THI U3BJICKAJIN U3 IPOOUPOK U OTIPEIEIIUTH X POCTOBBIE (Maccy OpraHoB, 00BEM
KOpHEH, JUIMHy mobera U KOIM4eCTBO SIPYCOB, IIOMIAAb JTUCTHEB) U OMOXUMUYE-
CKkHe mapaMeTpbl. [l ompenercHus ChIpOM M CyXOil OMOMacchl pereHEepaHTOB
WCIOJIb30BaM IPpaBUMETPUUECKUI MeToA. V3MepeHHe IUIOmaa MOBEPXHOCTH
JIUCTHEB TIPOBOJIMIIM C UCIIOJIb30BaHUEM mporpaMmel «Moticam 2300» (Mcnianws)
Ha (ororpadusx, caelaHHbIX ¢ TOMOIIBI0 HU(POBOI KaMephl Yepe3 MUKPOCKOT
«Micros» (ABctpus). B nHcThAX cpemHUX SpycoB, (GUKCHPOBAHHBIX KUIKHM
a30TOM, U3MEPSAIN MHTEHCHUBHOCThH NepeKucHOro okucieHus aununos (LPO) u
coziepKaHne CBOOOTHOTO MPOJIMHA. B CIMPTOBOM AKCTPAKTE ONPENEISIIN COAEP-
»aHue POTOCUHTETUYECKUX TUTMEHTOB. B BO3IyIIIHO-CYyXOM Marepuase ornpee-
JSUTH CyMMapHoe cofiepskaHue (JIaBOHOUAOB M aHTOLIHAHOB.
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HNurencuBaocts LPO onpenensiny mo cofep:kaHuio MalOHOBOTO JTHAIIbJIE-
runa (MDA) ¢ moMomsio ero peakuuu ¢ Tuodapoutyposoi kuciotoit (TBK)
u 00pa3zoBaHUs PO30BOTO XpoMoreHa [ 14]. HaBecky pacTUTenbHOTO MaTepuaia
MU3Menpyany B mpucyTcTBUH 20%-HOW TPUXJIOPYKCYCHOU KHCIIOTHI, 3aT€M DKC-
TPaKT OCBOOOKIAIN OT HEPACTBOPHMBIX KOMITOHEHTOB IICHTPH(YTHPOBAHH-
em Ha nenrpuogyre «Centrifuge 5430R» («Eppendorf», I'epmanus) B TeueHue
15 mun nipu gx12 000 u Temneparype 4 °C. OTOHpa y CynepHATaHT U C €ro
aIMKBOTON mpoBonuiu peakiuto ¢ TBK Ha BoasHoi Oane B Teuenune 30 MHUH
mpu Temieparype 98 °C. OnTHYECKyI0 TIOTHOCTh MONYYEHHBIX OKPAIIEeHHBIX
pacTBopoB u3Mepsun Ha ciekTpodoTomeTpe «Genesys 10S UV-Visy («Thermo
Electron», I'epmanus) npu aByX muirHax BoJH (532 1 600 HM) ¥ pacCUUTHIBAIH
conepxkanue MDA.

YpoBeHB CBOOOHOTO TPOIMHA OIPENEIISUIA Ha OCHOBE PEAKITIH C HUHTHUIPH-
HOM B KHcIoii cpene [15]. PacTuTenbHblii MaTepral TIIATETFHO W3MENBUAIH B
MPUCYTCTBUN AUCTIUINPOBAHHOHN BOIBI, IEHTPU(BYTUPOBAIN B TeueHne 17 MuH
mpu gx10 000 u Temneparype 4 °C. OTOupanu aluKBOTY CylepHaTaHTa, J00aB-
JISUTM AMCTWIIMPOBAHHYIO BOAY, YKCYCHYIO KUCJIOTY U HUHTHUAPUHOBBIM PEaKTUB.
[onyyeHHYI0 peakIOHHYIO0 CMeCh HHKYOMpOBaId B TeueHue 1 4 mpu Temmepa-
Type 95-100 °C, 3aTtem oxiaxXaaiu B EMKOCTH CO JIHJOM. MI3Mepsiii ONTHYIEeCKyI0
IUIOTHOCTH NPH JUTUHE BONHBL 520 HM.

Coneprkanre (pOTOCHHTETHIECKUX IATMEHTOB OIPEACIIUIN CIIEKTPO(oTOME-
TPUUYECKU B IKCTPAKTAX, MOTYUYEHHBIX C TOMOILBI0 96%-HOT0 STHIIOBOTO CITUPTA,
110 €r0 ONTUYECKOW TIOTHOCTH TIpH AnnHax BoiH 470, 644 u 662 HM 1 COOTBET-
CTBEHHO PACCUHMTHIBAIIN YPOBEHb KAPOTHHOMIOB, XJIopoduiia b 1 xinopodpuina a
o popmyram, npeanoxenasiM Lichtenthaler [16].

Onpenenenue copepxkanusi cymmbl (piasonousioB (Flav) ocymectsnsim Ha
OCHOBE MX KOMIUIEKCOOOPA30BaHUS C XJIOPHIOM ANTIOMHHHS M TIOCIEAYIOIIETO
M3MEPEHHUs ONTHYECKOU TIIOTHOCTU OKpallleHHBIX pacTBopoB [17]. HaBecky cy-
XOT'0 PaCTUTEIBHOTO ChIPbs TPHKIBI IKCTparupoBanu 70%-HbIM ATUIIOBBIM CIHP-
TOM Ha KHITALICH BOJASHON OaHe, SKCTPaKThl OObEAUHIN. AJIMKBOTY 3KCTpaKTa
BBIIEP)KUBAIM B TeueHue 40 MUH B IPUCYTCTBUU XJIOPUCTOTO AJTIOMMHUA U YK-
CYCHOM KHCIIOTBI. PacTBOp cpaBHEHHMS, HE COAEPIKALIHA XJIOPUCTOTO AIFOMUHMUS,
TOTOBWJIM [UTS KakIoW mpoOBI oTaenbHO. [locie mpoXokIeHnsT peakiiy ompe-
JIEJISJTH ONITUYECKYIO IIOTHOCTD OIBITHOTO PacTBOPa M CTAHAApPTHOTO pacTBOpa
pytuHa nipu A=415 HM. Berumcisiin cymmapHoe conepkanue Flav B mepecuere
Ha PyTUH 1 a0COIIOTHO CYXO€ ChIPbE.

i onpeneneHus copep)kaHusl aHTOLIMAHOB HABECKY PACTUTENBHOIO CHIPhS
TPIKABI SKCTparupoBaiu 1%-HO#l coNsiHON KHCIOTOW mpHu Temmeparype 40—
45 °C, o0benMHEHHBIN dKCTpaKT HeHTpudyrupoBain npu gx10 000 B TeueHue
10 muH. ONTHYECKYIO TUIOTHOCTH CyTIEpHAaTaHTa U3MEPSUIH Ha CHEeKTpodoToMe-
Tpe NpH AauHE BOMHBI 510 HM OTHOCHUTEIBHO pacTBOpa cpaBHEHUs — 1%-HbII
cOJISIHOM KucnoTel. CyMMy aHTOLIMAHOB BBIUMCIISAJIM B TMEepecueTe Ha LMAHUIWH-
3,5-murimKo3u] B aOCOTIOTHO CyXOoM chipbe [17].
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B skcniepumente ncronb3oBanu 100 MaTepuHCKHUX pacTeHHH, U3 KOTOPBIX TI0-
nmyyanu 1o 100 anukanbHBIX U CPEAHUX MUKPOKIIOHOB. MUKPOKIIOHBI TOMEIIATN
Ha cpeay MS B nmpoOupKkax M KyJIETHBHPOBAIU B OCBETHTEIBHOMN ycTaHOBKe. [0
Mepe KyJIbTUBHPOBAHHS OTMEYAIN COCTOSHHE MHUKPOKJIOHOB U 110 MPOIIECTBUU
4 cyTOK 0TOpaKOBBIBAIH KJIOHBI, He JaBiire KopHH (10—20 KIIOHOB U3 pa3HbIX Ba-
puaHToB). B nanbHeitmem HaOmoaeHNS TPOBOAUIH 3a 40 MUKPOKIIOHAMU ¢ OITu3-
KHMH POCTOBBIMH peakiusMH. Y 39-ITHEBHBIX PETCHEPAHTOB U3MEPEHUS POCTO-
BBIX MTApaMeTPOB NPOBOAWIH Yy 20 MUKPOKIIOHOB, ipyrue 20 1 OCTalbHbIC B3ATHI
IUTSL OIpeieNIeHIs OMOXMMUIECKUX TapaMeTPOB, IOCKONBKY B AKCIIEPUMEHTE HC-
MOJIb30BAIU TOIBKO JIUCThA. DKCIIEPUMEHT NIPOBEJICH B MATH OMOIIOTHUECKUX T10-
BTOPHOCTSIX, COCTOSAIINX U3 3—5 JINCTHEB, U B TPEX aHATUTHICCKUX U3MEPCHHUSX.

i cpaBHEHMsI SKCTIEPUMEHTAIbHBIX JaHHBIX, MOJYUHSIOLINXCS 3aKOHY HOP-
MaJIFHOTO PacIpelesieHus, NCIOIB30BaIN IapaMeTpuaeckuii kpurepuii CThio-
JIeHTa. 3HaueHWs {-KpUTepHUsl HaxomAunu st 95%-HOro ypoBHS 3HAUUMOCTH
(p <0,05). Ha pucynkax npejcraBieHsl cpeiHue apudmerndeckre 3HadeHNs (M)
¢ JoBepuTenbHBIMU HHTepBaiaMu (M+£1,96 SEM) ans 20—40 u 5 6nonoruyeckux
MTOBTOPHOCTEH M 3 aHATUTHIECKUX TIPH OIIPEACTICHIH COOTBETCTBEHHO MOPQOIIO0-
THYECKUX U OMOXMMUYECKUX apaMeTpoB.

PesysabTarsl Hccaeq0BaHuS U 00CYKICHIE

B xonme mzyueHusi pereHepaTHBHBIX CIIOCOOHOCTEH MHUKPOKJIOHOB, TOJTY4€H-
HBIX C Pa3HBIX APYCOB KapTodemns copra JIyTOBCKOH, UCIIOIB30BAIN METOA MU-
KPOKJIOHAJIFHOTO Pa3MHOXKEHHS pacTeHUil. DTOT METO OCHOBaH Ha aKTHUBAIUH
YK€ CYIIECTBYIOUINX Y PACTCHHUS TTOOETOBBIX MEPUCTEM ITyTEM CHSTHS alliKallb-
HOTO JOMUHHUPOBAHUS M MHAYKIUU PU30TeHe3a B pe3yNbTare IOpaHeHUs IPH ye-
perxoBaHNH. KOpHHU TOSBISIOTCS paHbIIe, IIOCKOIBKY HMEIOT BKHOE 3HAYCHUE
JUIS pocTa pacTeHuid, obecneunBasi GyHKIIUH TOTIOIIEHHUS BOABI M IUTATEIBHBIX
BEIIECTB, a TAaKKe 3aKPEIUICHUs pacTeHHs B cyOcTpare. B cBs3u ¢ aTHM KopHe-
Basi CUCTEMa PACTECHUS SBISETCS BAXKHBIM 1IETIEBBIM MIPU3HAKOM JJIS YTyUIICHHS
YPOXKaWHOCTH.

[Ipu moMenieHnn MUKPOKJIOHOB Pa3HBIX SAPYCOB KapTodemns Ha OJMHAKOBYIO
MUTaTeIbHYIO cpeny (caxapo3ocoaeprkallyto arapu3oBaHHyio 50%-Hylo cpeny
MS) nabnrofanu OTIMYUS MO BPEMEHH M CKOPOCTH (POpPMUPOBAHHS aJBEHTHUB-
HbIX KopHe# (AdR) u moberos (puc. 1, A-D). Buzyannzanuio KopHel y 4epeHKOB
Kaprodens oTMe4yanu Ha 4—5-¢ CYTKH, YTO COIlacyeTcs C BPEMEHHOHW MIKaJIOH
dbopmupoBanus AdR y TomaroB (mHAYKIHS — 0—3 OHS, MHADWAIMS — 3—5 JIHEH,
a pactspkenre AdR u Bbixoa u3 crebist — Ha 5-i1 nens) [18]. Bonee akTuBHOE 00-
pa3oBaHMEe KOPHEH U WX pacTsHKEHHE IIPOUCXOIIIIO TTOCKE 7 CYTOK KyJIBTHBHPO-
BaHUS y KIIOHOB M3 arleKca, 10 CPaBHEHHIO C KJIOHAMH CpelHero sapyca (puc. 1,
A, B). K 10-M cyTkaMm KyJbTHBHPOBaHUS Y allMKALHBIX KIIOHOB ()OPMHPOBATIOCH
7 KOpHEH, Toraa KaK y CpeHux — 4 KOpHS, UX 00Ias JJIMHa COCTaBHIa COOTBET-
ctBerHo 9,04+0,36 u 6,56+0,26 cMm. M3BectHO, uto AdR dopmupyrorcs nocie
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BOCTIPHATHS TPABMHUPYIOIIETO Pa3fpaXkKUTENsI U3 KIETOK 0a3abHOTO CJIOS IepH-
LUK/ y CTEONEBBIX UYEPEHKOB TOMATOB, KOTOPbIE CHaudaga (OPMUPYIOT HEYIIO-
PAIOYCHHBIA KIETOUHBIA KIIACTEP, B UTOTE MPEBPAIIAIONIUICS B KYIOJIO00Opas-
Helit npumopauit AdR [18]. BosmoxxHO popmupoBanue AdR u u3 Apyrux Tunos
KIETOK M TKaHEH B 3aBUCHMOCTH OT Buia pactenuid [19]. ITosBnenne AdR Ha
MOBEPXHOCTH CTEOJIS CONMPOBOXKIAETCSI 3alpOrpaMMUPOBAHHON T'MOETBIO SMU-
JIepMabHBIX KIeTok [18].

Y MHKpOKIJIOHOB CPEJHETO SIpyca paHbllle HAYMHAIUCH PACKPBITUE TOUEK U
POCT TIEPBOTO MEXKIOY3IHs 1mobera, 4eM y amuKalbHOTO MHKpOKJIOHa (pHc. 1,
C, D). CornacHo HalllUM NPEJBAPUTENBHBIM JAHHBIM 110 PereHepalnuu MHUKpO-
KJIOHOB Pa3HBIX SIPyCOB, I0KA3aHO, YTO YEM JaJIbLIE€ HAXOAMJICS MHUKPOKIOH OT
arekca, TeM paHblIle IPoOykKanach y HETo MOYKa (JaHHbIE HE IPUBE/ICHBI). AHa-
JIOTUYHBIE JaHHbIE NIOJYYEHbI IPY CPABHEHUH PETeHEepallui MUKPOKJIOHOB, IOy~
YEHHBIX C 3-TO U 5-T0 SIPycOB, A0 21-X CyTOK.
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Puc. 1. [lunamuka poCTOBBIX TApaMETPOB y alUKaIbHBIX (/) ¥ cpeqHuX (2) pereHepaHToB
Solanum tuberosum L. Ha Ha4aIbHBIX JTanax ux popmuposanus (M+1,96 SEM):
A — xonU4YeCcTBO KOpHEH, B — cyMMapHas AJMHa KopHel, C — KOJIMYECTBO SPyCOB,
D — mimmHa mobera
[Fig. 1. Dynamics of growth parameters in apical (/) and middle (2) Solanum
tuberosum L. regenerants at the initial stages of their formation (M+1,96 SEM):
A - Number of roots, psc.; B - Roots length, cm; C - Number of layers, psc.; D - Shoot length, cm]
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CremyeTr OTMETHTH TIPOSBICHHE NOHOPHO-aKIETITOPHBIX CBSA3EH MEXIy Op-
ranamMu npu (HOpMHUpPOBaHUU pereHepanToB. IIpeobramarommii pocT KOpHEBOM
CUCTEMBI (KOJIMIEeCTBO U JUTHHA KOpHE#) (cM. puc. 1, A, B) y amuKaIbHOTO MHUKPO-
KJIOHA BBI3BIBAJI TOPMOXKEHHE POCTa U pa3BUTHUS MoOera (JUIMHA mobera u Kou-
4ecTBO spycoB) (cm. puc. 1, D, C). B To Bpemst Kak y CpeJHET0 MHKPOKJIOHA TTPO-
UCXOJWJIa TMPOTUBOIONIOAKHAS 3aKOHOMEPHOCTh: Ipeobiajal pocT mobera mpu
TOPMOXKCHUH POCTA KOPHSL.

B cBsi3u C CcymecTBYIOIIMM TOPMOHAJIBHBIM TPaJie€HTOM ayKCHHOB BJOJb
ocH CTeOJIs IPH KIIOHHPOBAHUHM MAaTEPUHCKHUX PacTeHUi 00pa3yloTcsl MeTame-
PBL C HEOJHOPOAHBIM TOPMOHANBHBIM IyJIOM. I'pagueHThl CO3Aat0TCs 3a CUéT
0a3uIeTaIbHOTO TPAHCIOPTAa ayKCHHOB, CHHTE3MPOBAHHBIX B amekce modera.
OTH I'paUeHThl KOHTPOIUPYIOT OpPraHOI€He3, MOAACPKHUBAs alUKaIbHOE JI0-
MUHHPOBAaHNE B TOPMO3s pa3BUTHE OOKOBBIX IMOYeK. M3BeCTHO, YTO neiicTBHe
TOPMOHOB NOTYMHSETCS 030BOMY 3(PQEKTY, UTO JIETKO MOATBEPXKIACTCS (-
(EKTUBHOCTHIO ACHCTBUS MX PA3MTUYHBIX KOHIICHTPAIMK Ha pOCT Pa3sHBIX Opra-
HOB Y IpopocTkoB Arabidopsis thaliana [20]. C yBeau4eHneM KOHLEHTPAIHH
sKk30oreHHast IAA akTuBHpOBasia pacTsHDKEHUE 2IEMEHTOB mmobera (THIOKOTHIIS ’
cemsiioneil), HO TOpMO3UJIa PacTsHKEHUE KOPHS MPOpocTKoB aukoro tuma Col.
Ans ompeneneHus cyapOBI KIETOK IIOMHMO KOHIICHTPAIlMK TaK)Ke BajKE€H THII
aykcuHa. Hammpumep, sk3oreHHas 1-HadranunykcycHas kuciora (NAA) ctumy-
TUPYeT YIIHHEHUE KIETOK, a 2,4-TnXI0pPEHOKCHYKCYCHas KUCIIOTa BEI3BIBACT
ux aenenue [21].

TopmoHaTBHEII CTAaTyC KIIOHOB MOXKET BIIHSATH Ha X YKOPCHEHHE U MPOOyX-
JeHue noukd. Ha oCHOBe M3BECTHBIX AAHHBIX MBI MOJIArajii, YTO €CNIU B amlu-
KaJbHOM MeTamepe Oonbire IAA, To, clienoBaTeabHO, M pH30TeHe3 OyIeT MpoXo-
JUTH ¢ OOJIbIIEI CKOPOCTBIO, TOINA KaK CPeAHUM KIOH OyAeT coaepKaTh MEHbIIIE
ayKCHHOB, a CIIeIOBATEIbHO, IPOOYKACHIE IOYKH OYIeT IPOUCXOAUTH PAHBINE U
JuinHa obera Oyzaet 6omnpire. OHAKO caMO MOpaHEHHE JOTOTHUTEIBHO U3MEHS-
€T TOPMOHAIIBHEIH OaaHc YepeHka. B cOOTBETCTBUY ¢ JaHHBIMHE, OTYUYEeHHBIMA
Ha YepeHKaxX TOMara, FOpMOHAJIbHBIN OataHC MEHSETCs yxe uepe3 5 4, Haj Me-
cToM ucceuenus crebnst (00,5 cm) HakarmuBaeTcs [AA 1Mo CpaBHEHHUIO BEPXHHM
ydacTkoM (2-2,5 cM). B cBs3u ¢ 3TUM aBTOpBI CUUTAIOT, YTO JIOKAJIbHBIE MAKCH-
MYyMBI ayKCHHA CriocoOcTByroT oOpazoBanuio AdR [18]. Beiren 3a m3meHeHneM
cozepxkanus A A nokazaHsl camble BBICOKKE ypoBHU Z nipu 12 1 120 4, 4T0 cOOT-
BETCTBOBaJIO (azaM MHAYKIMU U yamuHeHHs AdR coorBercTBeHHO. OOpadboTKa
4epeHKoB dKk30reHHoN 10 MkM [AA npuBoguia K yBEIUUIEHUIO COJEpKaHUS Z B
MaKCHMyMax, COOTBETCTBYIOIINX KOHTPOIIO, H HAOIIONAINCH JOMOITHUTEIHHEIE
MakcUMyMBI Ha 36 u 72 u, coorBeTcTBytomue ¢asze naunuanuu AdR. IIpu Ha-
pYIIEHHH TMOJIIpHOTO TpaHcnopta (00padorka NPA — 1-N-Naphthylphthalamic
acid) B uepeHKax CHMXEH ypoBeHb Z. Ha 0CHOBE 3THX JaHHBIX aBTOPHI MPEATIO-
JIOKWJIH, 9TO B3aNMOJICHCTBHE ayKCHHBIINTOKUHHUHEL, a HE a0COIOTHBIE YPOBHH
9THX TOPMOHOB perynupytoT pazButue AdR. Baxxnyro pons B oOpasoBanun AdR
MOXKET UIPaTh U STHICH, IOCKOIBKY HaJI MECTOM pa3pe3a y OCHOBAHMS HCCEUeH-



122 M.K. Kaovipoaes, H.D. I'onosauyxan, M.7K. Camkanos

HOro creOmss tomMara IAA HakamMBaJiach aMHHOIMKJIOIPOITaH-1-kKapOOHOBAs
KHcToTa (Mpe/ecTBeHHHUK 3TuieHa) [18].

Kpome Toro, cortacHo THIIOTE3€ pereHepanuu KopHel de novo Ha nucte [2]
caMo MOpaHEeHHe BHI3bIBAET 00pa30BaHUE CUTHAJIA, KOTOPBIH MepeaaeTcs B KieT-
KM, MPeoOpa3yroIyie CUTHAIBI U aKTUBUpYIOIUe cuHTe3 IAA. DTHM CHUTHAIB-
HBIM BEILECTBOM MOKET BBICTYIATh XKACMHUHOBas kucioTa [22]. Tpancnopr [AA
K KOMITETCHTHBIM KJIETKaM, 00€CIIeUNBAIOIINM PEreHepanunio, 00yCIOBINBACT H3-
MEHEHHSI UX MIPOrpaMM pa3BUTHS MOJI YIIPABICHHEM ayKCHHA.

B mamewm ciygae pereneparuisi KOpHEH KapTodeis MpouCXoaAniIa Ha ypOBHE
ydacTKa cTeOs, BCIEACTBUE JTOTO K MpEAINoyiaraeMblM MeXaHW3MaM, MpeJio-
JKEHHBIM [2], mobarisercss cuaTe3 CK U cymiecTByromunid 6a3uneTaabHbIH TOTOK
TOPMOHOB U3 OCEBOM YaCTH MUKPOKIIOHA U mpuieratomiero aucra [18]. M3mene-
HHE BO BPEMEHH IIPOIECCOB PEreHepanny MHUKPOKIOHOB KapTodess ¢ pa3HBIX
SIPyCOB PacTEHHsI MOIJIO OBITH CBA3aHO HE TOJBKO C CONEp)KaHHUEM ayKCHHOB, HO
U C pa3HOH CKOPOCTEHIO TpaHcmopTa IAA mo pa3HBIM TPaHCIIOPTHEIM CHCTEMaM,
MOAKIIIOUAIOIUMCS K MepeHocy ropMmoHa. Ilpu 3ToM pacnpeneneHue aykcuHa ¢
MTOMOIIIBIO TIOJIAPHOTO TPAHCIIOPTa KMEET MHOTO MEHBIIYIO CKOpOCTh (10 MM / 1),
YeM TPAHCIOPT Ha OOMNbIINE PACCTOSHUS C HCIONb30BaHUEeM (iodMbl (7 cM / 9
B KOpHE) [5]. 32 OTTOK ayKCHHA y TOMAaroOB OTBEYAIOT MEPEHOCYMKH CEMEWCTBa
PIN u cynepcemeiictBo AT®-cBs3bIBatoMX KacceTHbIX nepeHocunkos (ABC)
npeumMyinectBeHHO B-tuma (ABCB) [18]. Paa aBTOpoB OTMEYaroT BaKHOCTH
ABCBI19 ans obpazosanust AdR [18, 21]. CemetictBo renoB AUXINI / LIKE-
AUXI (AUX/ LAX) xonupyeT CUMIIOpTEphI TpUTOKA aykcruHa. benku PIN urparor
BaXXHYIO pOJIb B TIOJIIPHOM TPAHCIIOPTE ayKCHHA M3-3a UX aCUMMETPUYHOH CyO-
knetogHoi jtokanm3aun. SIPIN3, SIPIN4 u SIPIN7 Baxkasl ais uHaykun AdR,
toraa kak SIPIN2, mo-BuanMoMY, BaXeH Al HHAYKIUHN U BO3HUKHOBeHHI AdR
[18]. Kpome TpaHCIOpTa ayKCHHOB, AJ1s (DOPMUPOBAHHS OPTraHOB Ba)KHO BBICBO-
OOXJIeHHE ayKCHHOB U3 3aIlacHBIX (OPM, TAKUX KaK WHAOJ-3-MacisHas KUCIIOTa
(IBA) win xonbroratel IAA [21].

[lepen neneHueM KIETOK MEPUITUKIA MHOTHE TE€HBI, CBI3aHHBIE C KJIETOYHBIM
IIUKIIOM, TaKHe KaK T'eHBI IIUKINHA U IUKIMH-3aBUCUMON KHHA3HI, SKCIIPECCUPY-
10TCS B 00pabOTaHHBIX ayKCUHOM KOpHAX Arabidopsis, 4TO MO3BOISIET MPEATIO-
JIOXKHTh, YTO ayKCHH criocoOcTByeT mHUIMannd AdR, mo aHamoruu ¢ GOKOBBIM
KOpHEM, ITyTeM aKTHBAllM{ T€HOB, CBSI3aHHBIX C KJIIETOYHBIM IIUKJIOM [5]. Benen 3a
n3MeHeHneM ypoBHeil IAA u Ck, perymupyromux nocieayomee pasBuTue Kop-
Hel, CTUMYIIUPYIOTCS IIIMKOJIN3 U IeHTo30(ochaTHbIi myTh [22].

Cremyromiee 3B€HO B MEXaHU3ME pPereHepanuy KOpHei y MUKPOKIOHOB KapTo-
(enst — ¢ GoJbleii BEpOATHOCTHIO BIUsHIE [AA Ha MOOMIM3AINIO ACCUMUIIATOB
W3 BEpXHHX YacTel yepeHka (ydacTka cTeOms W JIMCTa), YTO COIIacyercs ¢ JaH-
HBIMH T10 YKOPCHEHHIO YePEHKOB TMIOKOTHIIS Phaseolus vulgaris [23]. ABTopamu
YCTaHOBJIEHO, YTO YCKOPEHHE YKOPEHEHHUS YEPCHKOB 3aKITI0UAIOCH B YBETHICHUH
JOCTYIHOCTH caxapa B MecTe 00pa30BaHUs KOpHel. VICTOYHHK acCUMUIISATOB —
muctes P vulgaris, TOCKONMBKY UX yAaJeHHE YMEHBIIIIO 0Opa3oBaHre KOpHEH B
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THIIOKOTWIIE, B TO BPeMs KaK yAaJeHHe BEPXYyIIEYHOH MOYKU OKa3bIBAJIO MEHEE
BpenoHocHoe BiusiHue. [IposiBnenue s¢pdexra [AA B HHAYIIUPOBAaHUU OOJIBILIETO
KOJIMYEeCTBa KOPHEH 3aBHCENO OT INIOMAAN JHCTHEB W OKa3aJocCh JIydlle, Koraa
NPHCYTCTBOBANU BCE JUCThS. “C-acCHMUIATHI (caxap) MEUICHHO HaKalllnBa-
JIMCh B OCHOBAaHWH YEPEHKOB B TeUeHHE 4 JHE Mocie HCCeYeHH s, OTHAKO JK30-
reHHbI A A 3HaUNTENbHO YBEINYHBAI 3TO HAKOIUIEHHE K 24-4aCOBOMY IEPHOLY
OJTHOBPEMEHHO ¢ 00pa3oBaHHeM KopHel [23].

B HacTosiiiee BpeMsl YCTaHOBJICHO B3aHMMOJCHCTBHE MEXIY MyTSMH OTBETA
Ha JIeiCTBYE TIIIOKO3bI M ayKCHHA B PETYSuu pocta KopHei [24]. Tompko rimro-
K032 MOXET Ha YPOBHE TPAHCKPUIIMU peryaupoBats 376 (62%) renos u3 604
T€HOB, Ha KOoTOpbIe BIuseT IAA. [moko3a MOXKET BIHATH Ha T€HBI, KOAUPYIOMINE
¢depments! 6uocuntesa IAA (YUCCA), Genku-niepeHocunku aykcuaa PIN, pe-
menTopbl TIR1 n xomnoneHTsl curHanuara IAA — AUX / IAA, GH3 u SAUR,
YTO MO3BOJISIET NMPEATONAraTh BIMSHUE TIIIOKO3bI Ha POCT U Pa3BUTHE KOPHEH pac-
TEHUH HE TOJIBKO KaK TPO(PHUIECKOTO BEIIECTBA, HO U KaK PeTyisaTopa, B3anMOIeH-
CTBYIOIIETO C Iepejadeii CUTHAJIOB ¥ TPAHCIIOPTOM ayKCHHOB.
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Puc. 2. Buemnuii Buz (4) u Mmopdororuueckre napamerpsl (B—F) 39-1HEBHBIX CpeIHUX
(MR) u anukanbubix (AR) perenepanros Solanum tuberosum L. in vitro (M+1,96 SEM);
1 — xopeHb, 2 — ctebenb, 3 — MUCThs, 4 — mober, 5 — pacTeHue.
* — cTAaTUCTHYECKU 3HAYMMble oTiin4ms oT Bapuanta MR (p < 0,05)
[Fig. 2. Appearance (4) and morphological parameters (B-F) in 39-day-old middle (MR)
and apical (AR) regenerants of Solanum tuberosum L. in vitro (M+1,96 SEM):
I - Root, 2 - Stem, 3 - Leaf, 4 - Shoot, 5 — Plant. *Statistically significant differences from MR (p < 0.05)]

AHamu3 POCTOBBIX MapaMeTpoB y 39-IHEBHBIX PErCHEPAHTOB KapToQels
(puc. 2, A), mony4yeHHbIX U3 anmukanbHBIX (AR) u cpenaux spycoB (MR) mare-
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PUHCKUX 21-JTHEBHBIX pacTeHH KapTodes, mokaszai, uro AR npeBocxonsat MR
0 pa3MepaM. YCTaHOBIIEHO, 4To y AR 00b€M KopHE#, 1rHa nobdera, KoTu4ecTBO
SIPyCOB ¥ CyMMapHasi IUIOILAb JIMCTHEB YBEIMUUBAINCH COOTBETCTBEHHO Ha 25,
14, 11 u 20% no cpasHenuro ¢ MR (puc. 2, B—E).

DToMy TpeAIecTBOBajIo Oojiee akKTHBHOE KopHeoOpaszoBaHue y AR k 10-m
CyTKaM KyJIbTUBUpPOBaHUS (CM. puc. 1, 4, B). YBenuueHue pazmepoB AR cBs3aHO
C M3HAYaJIbHO NOBHIIIEHHBIM YPOBHEM 3HJOT€HHBIX ayKCUHOB, KOTOPBIE B COUETa-
HUH C JPYTYMMU TOPMOHAMHU UT'PAIOT BaXKHYIO POJIb B IIOCTPOECHUU TeJla PACTCHUSL.
[Tonmyuenusle Hamu naHHbIe 10 [AA-3aBHUCHMOMY POCTY Tak k€ COIJIACYIOTCS C
JAHHBIMH O BIMSHHUM APYTHUX SHIOTEHHBIX ayKCHHOB, TakuX kKak NAA u IBA,
KOTOpBIE TAK)KE YUACTBYIOT B PEry/IALUH ASJICHUS U POCTa KJIETOK, pa3BUTHUS KOp-
Hell, (opMHUPOBaHUS JUCTHEB U AIUKAIBHOTO JOMUHHUPOBaHUS U AuddepeHnna-
MY COCYIMCTHIX TKaHeH [25].

CpaBHUTEIbHBIA aHAIN3 HAKOIUIEHUS CYMMAapHOH CyXoil Macchl pereHepaH-
TaMH¥ BBLIBIJI, YTO IIPU OIMHAKOBOM yIiIeBoqHOM muTanud (3% caxaposa) u J10-
crynaoctd CO, perenepantsl (pactenus, puc. 2, F) Habupasnu Onu3kyro 6uomac-
cy. OnHaKko HEOJHO3HAYHO IPOMCXOIWIO IIepepaclpesieieHue CyXoro BellecTBa
MEXJy OpraHaMM B PACTCHUH. B COOTBETCTBUM C JAHHBIMH, NPEJCTABICHHBIMU
Ha puc. 2, F, moka3ano, uto AR nmenn MeHbIIyIO CyXyto Maccy KopHs (Ha 34%)
otHocHuTenbHO MR, HO Oonbinyto 6uomaccy nobera (Ha 13,4%) 3a cu€T ITUCTOBOM
MOBEPXHOCTH. B pe3ynmerare oTHONIEHHE CyX0H Macchl modera K KOPHIO BEIIIE Y
AR 1o cpasrenuto ¢ MR.

B kynsType pereHepaHTOB KapTOQEIIst i Vitro IMEeT MECTO IIPEUMYIIECTBEHHO
reTepoTPOdHBII POCT, TOCKOIbKY HU3KHH YPOBEHb Fa3000MEHA MEXKAY BHEIIHEH
cpenoii M pacTeHHeM 00eCIIeUnBaeT b 5—6% (OTOCHHTETHUCCKIX IIOTPEOHO-
cTeit mpoOupouHoro pacteHus [26]. ITonTBepxaeHrEeM 3TOMY (AKTy CIYy>KWIH U
HaIlM JaHHbIe. bonee aktuBHBIN pocT AR mpowncxonni Ha (OHE HU3KOTO coep-
MKAHUS BCeX TPyNI (POTOCHHTETUUECKUX IMMIMEHTOB U OTHOIIEHUS XJIOPOGhMILI a/
xnopoduin b (puc. 3, E). B nporiecce ¢poTocuHTE3a pereHEpaHTOB B MIPOOHPKE
npoucxomut ycBoenue CO,, BBIIEISIOMIETOCs MPU FeTepOTPOGHOM POCTE, PABHO
KaK BBIIEISICMBIN KUCIOPOI MOJKET CIIOCOOCTBOBATH rerepoTpodHoMy pocty. [o
mHeHuto JLH. IlormiHa ¢ coaBT., «reTepoTpodHblii U aBTOTPO(dHBII CrIOCOOBI
MUTaHUS OKa3bIBAIOTCA B 3HAYMTEJILHOW CTENEHH 3aMKHYTHIMU ApYT Ha Jpyra u
MOIIHOCTb (DOTOCHHTETHYECKOTO POCTA HE MOXKET IPEBBIIIATH TETEPOTPOQHBIIN.

N3ydenne (pU3HONOTIIECKOTO COCTOSHUS CPEHUX JICTHEB ITOKA3aJI0 UX Pa3IIi-
YHe y PEreHEePaHTOB, MOTyYEHHBIX M3 MHUKPOKIOHOB PA3HBIX SIPyCOB MaTEPUHCKHX
pactenuii. Y nuctbeB AR ymeHbImnach Ha 22% WHTEHCUBHOCTb IIEPEKUCHOTO OKUC-
JieHust TMIUIoB (conepskanne MDA) otHocutensHO MR, 4TO CBUIIETENHCTBOBAIO O
(hopmupoBanry y MR Gorbiniero okucImrenbHoro craryca (puc. 3, A). [lpuauHoit
YBEJIMYEHNUSI OKUCIUTEIIHHOIO CTaTyca JINCTHEB MOIVIA CITY>KUTh HHTEHCHUBHOCTH IPO-
[IECCOB, MPOU3BOMIAIINX akTHBHBIE GopMbl kuciopoaa (ROS). [TockonbKy U3BeCTHO,
yto uctouHukamu ROS ciyxar nporiecchbl ()OTOCHHTE3a U AbIXaHUs [27], TO Clemyer
OXKUJIaTh YBEIMYEHHSI MHTEHCUBHOCTH 3THX IporieccoB y MR.
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Puc. 3. Conepxanue MeradonutoB B cpequnx (MR) u anukanbubix (AR) 39-1HeB-
HBIX perenepanTax Solanum tuberosum L. in vitro (M*1,96 SEM): masioHOBO-
ro quansaeruna (4), ceodoxnoro nponuna (B), cymmsl raBoHonos (C),
aHTOIMAaHOB (D) 1 POTOCHHTETHYECKUX MUTMEHTOB (E): I — xnopodwmt a, 2 — xiaopoduut b,
3 — KapOTUHOUIBL, 4 — XJIOPOPHILT a/ XITOpOoPHILT b. * — CTATUCTUIECCKH 3HAYUMBIC
ommuus oT Bapuanta MR (p < 0,05)
[Fig. 3. The content of metabolites in middle (MR) and apical (AR) 39-day-old regenerants
of Solanum tuberosum L. in vitro (M=1,96 SEM): 4 - Malondialdehyde; B - Free proline;
C - Flavonoids; D - Anthocyanins; E - Photosynthetic pigments; / - Chlorophyll a; 2 - Chlorophyll b;
3 - Carotenoids; 4 - Chlorophyll a / Chlorophyll .
*Statistically significant differences from MR (p < 0.05)]

O ayumem ¢popmupoBaHur POTOCHHTETHIECKOTO ammapara y MR cBunerens-
CTBOBAJIO HE TOJIEKO OOJIBIIEe KOTHYSCTBO (POTOCHHTETUICCKHUX ITMTMEHTOB (XJIO-
podmiut a, xopoduiut b, KAPOTUHOUIBI) U OTHOIIECHHUE XJIOPOPUILIA a K XIIOPO-
¢unny b (cMm. puc. 3, E), HO 1 oBBILIeHHOE TTpon3BoAcTBO ROS (cMm. puc. 3, A4).
ROS o6nmanarot BRICOKOH OKHCIUTEIHHON CIOCOOHOCTHIO U B CITydae Ype3MEPHO-
ro 00pa30BaHuUs MOBPEKIAIOT KOMIIOHEHTHI KIICTKH, B TOM YUCIie U TAnuasl. Of-
HAaKo B HOPME pacTUTENbHAsI KJIEeTKa CocoOHa KOHTPOIHPOBaTh ypoBeHb ROS,
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KOTOPBIE MOTYT B3aUMOJIEIHCTBOBATh C AMHUTCHETHICCKUMH MOIU(PHKATOpPAMH H
TOPMOHAMHU B PETYISALIMU MPOIECCOB pa3BUTUA pacTeHui [28]. Cuutaercs, 4To
ROS BrIcTynarT Kak BaKHBIC W HEOOXOMUMBIE (BaKTOPHI [Tl posrdepanui 1
muddepeHIpoBKH KiieTok [28]. B HacTosmiee BpeMs pa3BUBAIOTCS MIpeCTaBlIe-
HUS 0 (PU3MOIIOTHUECKUX M MOJIEKYISIPHBIX B3aUMOJACHCTBUAX ayKCHHOB U ROS
[29]. IIpexxne Bcero, MoKa3aHa CHOCOOHOCTh AyKCHHOB PETYJIHPOBaTh YPOBHU
ROS, o0ycnoBieHHast TOBBIIIEHHEM SKCIIPECCHU MHOJKECTBA TCHOB, CBS3aHHBIX C
abuotuyeckuM ctpeccoM (RABI8, RD22, RD29A4, RD29B, DREB2A w DREB2B),
1 TTOJIOKUTETIHLHBIM BIIMSTHIEM Ha aKTHBHOCTH aHTHOKCHIAHTHBIX (PepMEHTOB [8].
VYmeHnsbienue uaTeHcuBHOCTH LPO y akTuBHO pacTymux AR Morio cuze-
TEIECTBOBATH O MOBHIIICHUN ayKCHHAMH aKTUBHOCTH He(DepPMEHTATUBHBIX U (ep-
MEHTaTUBHBIX aHTUOKCHIAHTOB. DTO IPEANON0KEHUE COITIACyeTCs C Pe3ynbTaTa-
MU ucciienoBanuid A. Piotrowska-Niczyporuk u A. Bajguz, B KOTOpBIX TIOKa3aHO
BIIMSHHUE 3K30T€HHBIX MPUPOJHBIX ayKCHHOB Ha METa0O0JIM3M 3€JICHOI MUKpPOBO-
nopociu Chlorella vulgaris, 9To BRIpaaJioCh B MOBBIIICHUN YPOBHEH ackopOara,
DIyTaTHOHA, CYIEePOKCUANCMYTa3bl, aCKOpOaTIepoKcuaassl U Karanassl [25].
AHanm3 comepikaHHs CBOOOTHOTO IPOJIHA y PETEHEPAHTOB KapTOQes, mo-
JIy4eHHBIX U3 MHUKPOKJIOHOB Pa3HBIX ApyCOB, IOKa3al, 4Tto y AR mpoucxoaumno
CHIDKEHHE aKKyMYJLIIUH cBOOOMHOTO mpoimHa Ha 28% oTHocuTensbHO MR (oM.
puc. 3, B). MOXXHO NPEANOIOKUTb, YTO UCTOIIEHUE YPOBHS CBOOOIHOTO MPONIHU-
Ha TIPOUCXOMIIIO B mporecce ynanerns ROS wmm aktuBammm psiga (GepMEeHTOB,
CBSI3aHHOM C BBIMOJIHCHUEM MIPOJIMHOM (DYHKIIUH IIANIEPOHA, KOTOPBIH B3auMoaeii-
CTBOBAJI ¢ OEIKaMH W TIOAJIEPKHUBAT X (DYHKIMOHAIBHYIO KoHpopMarwo [30].
B 10 xe Bpemst Oornee akTUBHBIN pocT AR kaprodens MOr CONpOBOXKIATHCS U
OOJIBIIIMM KCITONIb30BaHUEM TIPOJIHA B KaueCTBE MCTOYHMKA a30Ta, yeM MR. Ha
of00HOE SBIEHNE YKA3bIBAIOT U APYTUE aBTOPBI, B UCCIEAOBAHUIX KOTOPBIX YPO-
BEHb MPOJIMHA CHU3WIICS B OTBET Ha Ne(UIUT a30Ta B P vulgaris u3-3a CTUMYIIS-
UM IpoJuHAeruaporeHassl [31]. M3BeCTHO, UTO 3K30T€HHBIN MPOIUH AEHCTBYET
KaK UCTOYHHK a30Ta IS Pa3IMYHBIX MOP(HOTeHETHIECKUX IPOIECCOB, TAKUX KaK
SMOpUOTeHe3 U OPraHOTEeHE3, PA3IHMYAIOLIUXCS 110 OTPEOHOCTH B a30Te (0COOeH-
HO B (hopMe TIPOJTUHA), KOTOPBIN TakKe JeHCTBYeT Kak ocMoperyistop [31].
Cpenu BTOPUUHBIX METa00JINTOB, UTPAIOIIUX BAXHYIO POJIb B KAYECTBE aHTU-
OKCHJIAaHTOB, MOJKHO Ha3BaTh (aBoHoups! (Flav). CpaBHUTEIBHBIN aHAIHM3 TI0-
KazaJ, 4To 1o cymMMapHoMy cozepxanuto Flav MR aBykparho mpesbimanu AR
(cm. puc. 3, C). ITO MOIJIO CBHIETEILCTBOBATh O Pa3HOM BO3PACTe METAMEPOB,
B3SITHIX JUI1 MUKPOKJIOHAJIBLHOTO Pa3MHOXKEHMS, UM MHTEHCUBHOCTH UX POCTO-
BEIX IIPOIIECCOB. B Hamem paHHEM HCCIIeTOBaHHUH YCTAaHOBICHA BO3pPACTHAS 3a-
BUCUMOCTb akkyMmyisiiuu Flav B muctesx L. sativa [12]. Conepsxanue Flav Beime
BO B3POCIBIX U CTAPEIOMINX JINCTHSX TI0 CPABHEHHIO C MOJIOJBIMHE JINCTHIMH. DTH
JJAHHBIE CBUAETEILCTBOBAIIN 00 YCUICHUH BTOPUYHOIO METa00IM3Ma C 3aBeplie-
HHEM aKTHBHOTO pocTa JucTa. [loka3zaHo Takke, UTO MO MEpE CTapEeHUS pacTe-
HUM pereHeparoHHasl CIOCOOHOCTh KOpHEH MOCTENEHHO CHIDKAeTCa. Y MOJO-
neIx pactenuid pakropsl Tpanckpunmuu AP2 / ERF (APETALA2 / ETHYLENE
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RESPONSE FACTOR), sxitouast ABSCISIC ACID REPRESSOR1 u ERF109,
OBICTPO UHAYLUPYIOTCS PAHOI! U CITy’KaT CUTHAJIaMU, BBI3BIBAIOLIUMU OHOCUHTE3
aykcuHa [1], B To Bpems kak y crapeix pacternii SPL2, SPL10 u SPL11 nanps-
MYIO CBSI3BIBAIOTCA € MpoMoTopamu AP2 / ERF 1 0cnabnsoT UX UHAYKIHUIO, TEM
CaMBbIM TTO/IABIISI HAKOTUIEHUE ayKCHHa B pane [1].

[To ypoBHIO aHTOLMaHOB JUCTBs cpeanero spyca y MR u AR kaprtode-
7 HE OTIMYAJHNCh, YTO MOKHO OOBSCHHATH OAMHAKOBOH NOCTYIHOCTBHIO Ca-
XapoB U3 MHUTATEIbHOH cpenbl (cM. puc. 3, D) U OAMHAKOBBIMHU YCIOBUSMHU
ocsemnieHus. Jyis caxapo3bl IOKa3aHa HE TOIBKO CyOCTpaTHAas poJib B CHHTE-
3¢ aHTOLMAHOB, HO U PETYJATOPHAs, IIOCKOJIbKY OHA aKTUBUPYET I'eH PAP]
(Production of Anthocyanin Pigmentation 1) depe3 caxapo3zocnenudude-
CKMH CUTHaJBHBIM IyTh [31], @ Takke 3KCIpPEecCHIO KOAUPYIOIUX (epMEH-
THI CUHTe3a aHTonuaHoB reHoB DFR (Dihydroflavonol-4-Reductase), LDOX
(Leucoanthocyanidin Dioxygenase) u UF3GT (UDPGlucose: Flavonoid
3-O-Glucosyltransferase).

INonmyuyeHHble NaHHBIE MOKA3bIBAIOT BO3MOXKHOCTh MCXOJHOTO TOPMOHAJIb-
HOT'O CTaTyca MUKPOKJIOHOB U3MEHSATh OCJIEN0BATEIbHOCTh 1 HHTEHCUBHOCTD
IIPOLIECCOB UX PETreHEpalMy, BKJIIOYas OpPraHOI€He3, HHTEHCUBHOCTh POCTa U
MeTabonmu3Ma pacTeHui. Vcrmoap30BaHne alMKaIbHBIX MUKPOKIOHOB 0COOCHHO
BaXXHO IIPU HEOOXOAMMOCTH HOBBIIIECHUS KO3 (hHUINEHTA Pa3MHOXKCHUS pacTe-
HHM.

IIpennonaraerca n3y4eHUe KOJIUYECTBEHHOIO M3MEHEHUS 3HJOIEHHOIO rop-
MOHAJBEHOTO CTaTyca CPEAHUX M alMKAIFHBIX MUKPOKIOHOB pacTeHUH KapTode-
JI5l IO/ ICMCTBUEM 9K30TeHHOM [AA.

3akjouenne

B mporecce mccienoBaHus YCTAHOBJIEHHI CHEM(pHKA pereHepaluy MHKPO-
KJIOHOB, TIOTy4YEeHHBIX M3 Pa3HbIX ()parMeHTOB IOOEra MaTepUHCKOTO pacTeHHs, a
TaKke 0COOEHHOCTH Mop(oreHe3a 1 MeTaboau3Ma pereHepanTos S. fuberosum L.,
MONyYEeHHBIX U3 3THX MUKPOKIOHOB. KII0OHBI, TOMy4eHHbIe U3 CpeHel 9acTH mo-
Oera MaTepHHCKOTO PacTeHUs, paHbllle BOCCTaHABINBAIM YyTPa4eHHBIH Mooer 3a
cdyeT MpoOyXaeHns Noukd. KITOHBI, MoTydeHHbIe U3 anMKaIbHOW YacTH HCXOJ-
HOTO PacTeHHsi, aKTHBHee (OPMHUPOBAIN KOPHEBYIO CUCTEMY, YTO B HOCIHIEIYIO-
IIeM OTPa3mIoCh Ha (JOPMHUPOBAHUN PETEHEPAHTOB C OONBIIMMH POCTOBBIMH I1a-
paMeTpaMi OTHOCHUTEIBHO KJIOHOB U3 CPeIHHX spycoB. [1OBBILIEHHBIH YPOBEHb
sHIoreHHON [AA B anuKalbHOW YacTH 1MoOera akTHBUPOBANl pU30TEHE3 KIOHOB
Ha Ha4aJIbHOM STalle UX pereHepaliy, a TaKkKe B Ha CHIPKEHHUE MHTEHCHB-
Hoctr LPO, ymeHbIIeHHE cotep kaHnsl CBOOOTHOTO TPOJIMHA U (pIIaBOHOUIOB Ha
MO3HUX JTallaX Pa3BUTHA pereHepaHToB. OOCYKIAIOTCS MEXaHU3MBI, JIeXKallne
B OCHOBE Pa3JINYHOI CKOPOCTH pETeHEepalii MUKPOYEPEHKOB, B3SATHIX C PA3HBIX
sipycoB mobera S. tuberosum.
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Features of regenerants morphogenesis and metabolism in vitro,
obtained from different fragments of potato shoots

Micropropagation is one of the fastest ways of plant propagation. This method allows
obtaining a large number of clones that retain all characteristics of the species and varieties
of plants. Among the important problems of micropropagation of potato plants, two can be
distinguished: the rate of microclones regeneration (rooting of microclones and the development
of regenerants) in vitro and the value of the propagation factor (number of layers). The plant
hormones auxins and cytokinins, whose content changes along the longitudinal axis of the
plant, play a key role in the regeneration of cuttings. The aim of this research was to study the
specificity of micropropagation, morphogenesis and metabolism of Solanum tuberosum L.
regenerants in vitro, depending on the initial explants position in the plant.

The objects of the study were plants of S. tuberosum L. of the mid-season cultivar
Lugovskoy. During the experiment, cuttings (explants) taken from layers 3 and 5 of the
shoot consisted of internodes, buds and leaves. We chose apical cuttings containing a
greater amount of endogenous auxins due to the spatial separation of the site of synthesis
and the main action of these hormones in the plant as experienced clones. Cuttings from
the middle of the shoot were those of control. We cultured cuttings on hormone-free
solid agar 50% nutrient medium Murashige-Skoog (MS) supplemented with 3% sucrose
and vitamins. The flux density of incident photons of the PAR was 200-230 pmol / (m?
-s), with a 16-hour photoperiod and an air temperature of 20-22°C. Luminescent white
lamps TL-D 58 W /54-765 G13 (Philips, Poland) were used as a light source. The relative
light intensity was measured using an AvaSpec-102/256/1024/2048 spectrometer
version 6.2 (Avantes BV, Netherlands). During 3 weeks of culturing microclones in test
tubes, we described the phenology of their regeneration. We assessed the formation of
adventive roots (AdR) by the dynamics of changes in the number and length of AdR
primordia. The formation of regenerants was assessed by the dynamics of changes in
the number of layers and the length of shoots. At the end of cultivation on the 39th
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day, we removed the regenerants from the test tubes and determined their growth and
biochemical parameters. We used the gravimetric method to determine the wet and dry
biomass of the regenerants. We measured the leaf surface area using the Moticam 2300
software (Spain) on photographs taken with a digital camera. The intensity of lipid
peroxidation (LPO) and the content of free proline were measured in the leaves of the
middle layers fixed with liquid nitrogen. The content of photosynthetic pigments was
determined in the alcoholic extract. In the air dry material, the total content of flavonoids
and anthocyanins was determined. We carried out the measurements using a Genesys
10S UV-Vis spectrophotometer (Thermo Electron, Germany). The significance of the
differences between the samples was assessed using Student’s #-test (p<0.05). Figures
show data as the mean of the repetitions and their confidence interval (M+1.96SEM).
All experiments were performed in 20-40 (growth parameters) and five (physiological
parameters) biological and three analytical replicates.

We noted the emergence of roots in potato cuttings on the 4th-5th day. More active root
formation and their elongation occurred after seven days of cultivation in apical clones,
compared with clones obtained from the middle layer. By the 10th day of cultivation, the
apical clones had formed seven roots, while the middle ones had four roots, their total
length was 9.04+0.36 and 6.56+0.26 cm, respectively (See Fig. 1, A-B). In the cuttings of
the middle layer, bud opening and growth of the first shoot internode started earlier than
in the apical microclone (See Fig. I, C-D). The manifestation of donor-acceptor bonds
between organs during the formation of regenerants should be noted. The predominant
growth of the root system in the apical microclone caused inhibition of the growth and
development of the shoot. In the middle microclone, the opposite pattern took place: shoot
growth prevailed when the root growth was inhibited. We studied the growth parameters
of 39-day-old potato regenerants obtained from apical (AR) and medium (MR) shoot
cuttings of potato mother plants (See Fig. 2, A). In AR, root volume, shoot length, number
of layers, and the total leaf area increased by 25, 14, 11 and 20% (p<0.05), respectively
compared to MR (See Fig. 2, B-E). The regenerants had the same total dry biomass (See
Fig. 2, F). However, the redistribution of dry matter between the organs in the plant was
ambiguous. We showed that ARs had a 34% (p<0.05) lower dry root mass relative to
MR, but a 13.4% higher shoot biomass due to the leaf surface. As a result, the shoot-
to-root dry mass ratio was higher in AR compared to MR. In vitro potato regenerants
showed predominantly heterotrophic growth since more active AR growth occurred
against the background of a low content of all groups of photosynthetic pigments and
the chlorophyll a / chlorophyll b ratio (See Fig. 3, E). We studied the physiological state
of the regenerants by the biochemical parameters of the middle leaves. In AR leaves,
the intensity of LPO relative to MR decreased by 22% (p<0.05), which indicated the
formation of a higher oxidative status in MR. AR has a reduced content of free proline by
28% (p<0.05) compared to MR (See Fig. 3, A-B). The total flavonoids content in MR was
twice that in AR (See Fig. 3, C). This could indicate a decrease in the intensity of their
growth processes. The level of anthocyanins in the MR and AR did not differ.

The data obtained show the ability of the initial hormonal status of microclones
to change the sequence and intensity of their regeneration processes, including
organogenesis, growth rate and plant metabolism. The use of apical micro-clones is
especially important when it is necessary to increase the reproductive rate of plants.
The mechanisms underlying the different rates of regeneration of microscopic cuttings
taken from different layers of the S. fuberosum shoot are discussed.

The paper contains 3 Figures and 31 References.

Key words: Solanum tuberosum; regeneration; lipid peroxidation; antioxidants;
photosynthetic pigments

The Authors declare no conflict of interest.



132 M.K. Kaovipoaes, H.D. I'onosauxaa, M.7K. Camkanoe

10.

11

12.

13.

14.

15.

16.

References

Ye B-B, Shang G-D, Pan Y, Xu Z-G, Zhou C-M, Mao Y-B, Bao N, Sun L, Xu T, Wang J-W.
AP2/ERF transcription factors integrate age and wound signals for root regeneration. The
Plant Cell. 2020;32:226-241. doi: 10.1105/tpc.19.00378

XuL. De novo root regeneration from leaf explants: wounding, auxin, and cell fate transition.
Current Opinion in Plant Biology. 2018;41:39-45. doi: 10.1016/j.pbi.2017.08.004

Finet C, Jaillais Y. Auxology: when auxin meets plant evo-devo. Developmental Biology.
2012;369(1):19-31. doi: 10.1016/j.ydbio.2012.05.039

Ljung K, Bhalerao RP, Sandberg G. Sites and homeostatic control of auxin biosynthesis
in Arabidopsis during vegetative growth. Plant Journal. 2001;28(4):465-474. doi:
10.1046/j.1365-313x.2001.01173.x

Overvoorde P, Fukaki H, Beeckman T. Auxin control of root development. Cold Spring
Harbor Perspectives in Biology. 2010;2(6):a001537. doi: 10.1101/cshperspect.a001537
Swarup K, Benkova E, Swarup R, Casimiro I, Peret B, Yang Y, Parry G, Nielsen E, De Smet
I, Vanneste S, Levesque MP, Carrier D, James N, Calvo V, Ljung K, Kramer E, Roberts R,
Graham N, Marillonnet S, Patel K, Jones JD et al. Bennett the auxin influx carrier LAX3
promotes lateral root emergence. Nature Cell Biology. 2008;10:946-954. doi: 10.1038/
ncb1754

Bowman JL, Floyd SK. Patterning and polarity in seed plant shoots. Annual Review of
Plant Science. 2008;59:67-88. doi: 10.1146/annurev.arplant.57.032905.105356

Bielach A, Hrtyan M, Tognetti VB. Plants under stress: involvement of auxin and cytokinin.
International Journal of Molecular Sciences. 2017;18(7):1427. doi: 10.3390/ijms 18071427
Oshchepkov MS, Kalistratova AV, Savel’yeva YeM, Romanov GA, Bystrova NA,
Kochetkov KA. Natural and synthetic cytokinins and their applications in biotechnology,
agrochemistry and medicine. Uspekhi Khimii = Russian Chemical Reviews.2020;89(8):787-
810. doi: 10.1070/RCR4921 In Russian, English Summary

Lomin SN, Krivosheyev DM, Steklov MYu, Osolodkin DI, Romanov GA. Receptor
properties and features of cytokinin signaling. Acta Naturae. 2012;4(3):34-48. doi:
10.32607/20758251-2012-4-3-31-45 In Russian, English Summary.

. Higuchi M, Pischke MS, Mahonen AP, Miyawaki K, Hashimoto Y, Seki M, Kobayashi M,

Shinozaki K, Kato T, Tabata S, Helariutta Y, Sussman MR, Kakimoto T. In planta functions
of the Arabidopsis cytokinin receptor family. Proceedings of the National Academy of
Sciences. 2004;101(23):8821-8826. doi: 10.1073/pnas.0402887101

GolovatskayalF, BoykoEV, Vidershpan AN, Laptev NI. Age-dependent morphophysiological
changes and biochemical composition of Lactuca sativa L. plants influenced by Se and solar
radiation of varying intensity. Agricultural Biology. 2018;53(5):1025-1036. doi: 10.15389/
agrobiology.2018.5.1025eng

Golovatskaya IF, Kadyrbayev MK, Satkanov MZh, Plyusnin IN. Specifics of action
of 24-epibrassinolide on the morphophysiological reactions of potato regenerants
with different IAA levels in vitro. In: Novyye i netraditsionnyye rasteniya i perspektivy
ikh ispol’zovaniya: sbornik nauchnykh trudov po materialam XIII Mezhdunarodnogo
simpoziuma [New and unconventional plants and prospects for their use. Proceedings of
the XIII International Simposium]. Author’s edition. Moscow: RUDN Publ.; 2019. pp. 59-
61. doi: 10.22363/09509-2019-59-61 In Russian

Buege JA, Aust SD. Microsomal lipid peroxidation. Methods in Enzymology. 1978;52:302-
310. doi: 10.1016/s0076-6879(78)52032-6

Bates LS, Waldran RP, Teare ID. Rapid determination of free proline for water stress
studies. Plant and Soil. 1973;39:205-212. doi: 10.1007/BF00018060

Lichtenthaler HK. Chlorophylls and carotenoids: pigments of photosynthetic biomembranes.
Methods in Enzymology. 1987;148:350-382. doi: 10.1016/0076-6879(87)48036-1


https://dx.doi.org/10.1105%2Ftpc.19.00378
https://doi.org/10.1016/j.pbi.2017.08.004
https://doi.org/10.1016/j.ydbio.2012.05.039
https://doi.org/10.1046/j.1365-313x.2001.01173.x
https://dx.doi.org/10.1101%2Fcshperspect.a001537
https://doi.org/10.1038/ncb1754
https://doi.org/10.1038/ncb1754
https://doi.org/10.1146/annurev.arplant.57.032905.105356
https://dx.doi.org/10.3390%2Fijms18071427
https://doi.org/10.1070/RCR4921
https://doi.org/10.32607/20758251-2012-4-3-31-45
https://doi.org/10.1073/pnas.0402887101
http://www.agrobiology.ru/5-2018golovatskaya-eng.html
http://www.agrobiology.ru/5-2018golovatskaya-eng.html
https://vniissok.ru/wp-content/uploads/2020/04/materialy_simpoziuma_1.pdf
https://doi.org/10.1016/s0076-6879(78)52032-6
https://doi.org/10.1007/BF00018060
https://doi.org/10.1016/0076-6879(87)48036-1

Ocobennocmu mopgpozenesza u memadonuzma pezeHepanmogs in vitro 133

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Gosudarstvennaya farmakopeya SSSR: Vyp. 2. Obshchiye metody analiza. Lekarstvennoye
rastitel’noye syr’ye [State Pharmacopoeia of the USSR: Vol. 2. General methods of analysis.
Medicinal plant raw materials]. XI iss. Mashkovskiy MD, editor. Moscow: Meditsina Publ.;
1989. 400 p. In Russian

Guan L, Tayengwa R, Cheng Z (Max), Peer WA, Murphy AS, Zhao M. Auxin regulates
adventitious root formation in tomato cuttings. BMC Plant Biology. 2019;19(1):435. doi:
10.1186/s12870-019-2002-9

Lakehal A, Bellini C. Control of adventitious root formation: Insights into synergistic
and antagonistic hormonal interactions. Physiologia Plantarum. 2019;165:90-100. doi:
10.1111/ppl.12823

Golovatskaya IF, Boyko EV, Karnachuk RA. Role of melatonin in the regulation of
IAA-dependent plant reactions under different lighting conditions. Vestnik Tomskogo
gosudarstvennogo universiteta. Biologiya = Tomsk State University Journal of Biology.
2017;37:144-160. doi: 10.17223/19988591/37/8 In Russian, English Summary.
Verstraeten I, Schotte S, Geelen D. Hypocotyl adventitious root organogenesis differs
from lateral root development. Frontiers in Plant Science. 2014;5:495. doi: 10.3389/
fpls.2014.00495

Ahkami AH, Melzer M, Ghaffari MR, Pollmann S, Javid MG, Shahinnia F, Hajirezaei
MR, Druege U. Distribution of indole-3-acetic acid in Petunia hybrid shoot tip cuttings
and relationship between auxin transport, carbohydrate metabolism and adventitious root
formation. Planta. 2013;238:499-517. doi: 10.1007/s00425-013-1907-z

Altman A, Wareing PF. The effect of IAA on sugar accumulation and basipetal transport
of “C-labelled assimilates in relation to root formation in Phaseolus vulgaris cuttings.
Physiologia Plantarum. 1975;33:32-38. doi: 10.1111/j.1399-3054.1975.tb03760.x

Mishra BS, Singh M, Aggrawal P, Laxm A. Glucose and auxin signaling interaction in
controlling Arabidopsis thaliana seedlings root growth and development. PLoS ONE.
2009;4(2):¢4502. doi: 10.1371/journal.pone.0004502

Piotrowska-Niczyporuk A, Bajguz A. The effect of natural and synthetic auxins on the growth,
metabolite content and antioxidant response of green alga Chlorella vulgaris (Trebouxiophyceac).
Plant Growth Regulation. 2014;73(1):57-66. doi: 10.1007/s10725-013-9867-7

Tsoglin LN, Melik-Sarkisov OS, Andreyenko TI, Rozanov VV. Gazoobmen i fotosintez
rasteniy kartofelya v usloviyakh in vitro [Gas exchange and photosynthesis of potato plants
in vitro. Doklady Akademii Nauk. 1991;316(1):1020-1024. In Russian

Gill SS, Tuteja N. Reactive oxygen species and antioxidant machinery in abiotic stress
tolerance in crop plants. Plant Physiology and Biochemistry. 2010;48(12):909-930. doi:
10.1016/j.plaphy.2010.08.016

Huang H, Ullah F, Zhou D-X, Yi M, Zhao Yu. Mechanisms of ROS regulation of plant
development and stress responses. Frontiers in Plant Science. 2019;10:800. doi: 10.3389/
fpls.2019.00800

Pasternak T, Potters G, Caubergs R, Jansen MAK. Complementary interactions between
oxidative stress and auxins control plant growth responses at plant, organ, and cellular
level. Journal of Experimental Botany. 2005;56(418):1991-2001. doi: 10.1093/jxb/eri196
Hayat S, Hayat Q, Alyemeni MN, Wani AS, Pichtel J, Ahmad A. Role of proline under
changing environments: a review. Plant Signaling and Behavior. 2012;7(11):1456-1466.
doi: 10.4161/psb.21949

Sanchez E, Garcia PC, Lopez-Lefebre LR, Rivero RM, Ruiz JM, Romero L. Proline
metabolism in response to nitrogen deficiency in French Bean plants (Phaseolus vulgaris
L. cv Strike). Plant Growth Regulation. 2002;36:261-265. doi: 10.1023/A:1016583430792

Received 13 March 2021, Revised 07 July 2021;
Accepted 27 July 2021; Published 29 September 2021.


https://doi.org/10.1186/s12870-019-2002-9
https://doi.org/10.1111/ppl.12823
http://journals.tsu.ru/biology/en/&journal_page=archive&id=1545&article_id=34471
http://dx.doi.org/10.3389/fpls.2014.00495
http://dx.doi.org/10.3389/fpls.2014.00495
https://doi.org/10.1007/s00425-013-1907-z
https://doi.org/10.1111/j.1399-3054.1975.tb03760.x
https://doi.org/10.1371/journal.pone.0004502
https://doi.org/10.1007/s10725-013-9867-7
https://www.sciencedirect.com/science/article/abs/pii/S0981942810001798?via%3Dihub
https://doi.org/10.3389/fpls.2019.00800
https://doi.org/10.3389/fpls.2019.00800
https://doi.org/10.1093/jxb/eri196
https://doi.org/10.4161/psb.21949
http://dx.doi.org/10.1023/A:1016583430792

134 M.K. Kaowipoaes, U.dD. I'onosauxasn, M.2K. Camkanos

Author info:

Kadyrbaev Maksat K, Post-graduate Student, Department of Plant Physiology, Biotechnology and
Bioinformatics, Institute of Biology, Tomsk State University, 36 Lenin Ave., Tomsk 634050, Russian
Federation.

E-mail: Kadyrbaev.maks@mail.ru

Golovatskaya Irina F, Dr. Sci. (Biol.), Professor, Department of Plant Physiology, Biotechnology and
Bioinformatics, Institute of Biology, Tomsk State University, 36 Lenin Ave., Tomsk 634050, Russian Fed-
eration.

ORCID iD: https://orcid.org/0000-0002-1919-1893

E-mail: golovatskaya.irina@mail.ru

Satkanov Mereke Z, Bachelor, Department of Biotechnology and Microbiology, L.N. Gumilyov Eurasian
National University, 13/3 Kazhymukan Str., Nur-Sultan 3010008, Republic of Kazakhstan.

E-mail: 19mereke99@mail.ru


mailto:kadyrbaev.maks@mail.ru
https://orcid.org/0000-0002-1919-1893
mailto:golovatskaya.irina@mail.ru
mailto:19mereke99@mail.ru

Becmnuk Tomckozo zocyoapcmeennozo ynusepcumema. buonozua. 2021. Ne 55. C. 135-165

VK 581.1: 577.13
doi: 10.17223/19988591/55/8

FO.E. Koaymnaes' 2, T.O. fcrped’, A.K. Iloaskos!, A.Il. Imurpues’

! XapbKro6cKkuil HayuUOHANbLHBIN A2PAPHbLIL YHUSEPCUMem
um. B.B. Jloxyuaesa, 2. Xapvkos, Yxpauna
2Xapokosckuil nayuonanvuviil ynusepcumem um. B.H. Kapasuna, 2. Xapvkos, Ykpauna
SUnemumym kiemounou Ouono2uu u 2eHemuyeckol
unacenepuu HAH Ykpaunvl, e. Kues, Ykpauna

CanuumioBasi kuciaota 1 GopMHPOBaHHE AJANITHBHBIX
peakumii pacTeHHii HA a0HOTHYeCKHe CTPeCcCOPBI:
POJIb KOMIIOHEHTOB CUTHAJILHOM CeTH

Canuyunosas xucioma (CK) — kaouesoti humocopmon, 0CobeHHO 6adCHbLIL
0151 3anycKka npospamm adanmayuu pacmerull K oelicmeuro cmpeccopos. B 063ope
npugedenvl CceedeHuss 0 OeIKax, KOmopvle CHOCOOHbL CBA3bIBAMbCS € IMUM
Gumozopmonom u moeym npunumMamv ydacmue 6 MPAHCOYKYUU €20 CUSHANO8
6 cenemuyeckuti annapam. QOcoboe 6HUMAHUe YOENeHO pONU AKMUGHBIX DOopm
KUCTIOpOOd, UOHO8 Kanbyus, OKCUOA a30oma U cepo8ooopoda Kak NOCPEeOHUKO8
6 peanuzayuu Qusuonocuveckux spgpexmos CK. Oxapaxmepuzosano enusiHue
9HOo2enHol u 3x302eHHoU CK Ha (yHKyuoHuposanue aumuoKCUOAHMHOU CUCHeMDbL,
HaKonieHue COBMECMUMbIX OCMOAUMOS, CUHMeE3 CMpPeccosvix 0Oenkos, pabomy
YCMbUUHO20 Annapama u opyeue npoyeccol, GadiCHvle Olsi A0anmayuu pacmeHull
K nebnazonpusmubim akmopam. Paccmompenvl 803modicHocmu npakmuyeckozo
ucnonvzosanus CK u ee kombunayuii ¢ 00HOPAMU CUSHATLHBIX MONEKY OJi5 NOGbIUECHIUSL
YCMOUMUBOCIIU PACMEHUL K OelICIEUI0 AOUOMUYECKUX CIPECCOPO8.

KiroueBble cJIOBa: CaHIUIOBAs KUCIOTA; (DUTOTOPMOHBI; aKTHBHBIC (HOPMBI
KHCJIOpOJa; KaJbIHiA; OKCHJIl a30Ta; CEpPOBOJOPOJ]; AHTHOKCHUIAHTHAs CHUCTEMA;
YCTOHYHBOCTH

Coxpamenust [Abbreviations]: CNGC-kaHasbl — KaJIbLIUEBbIE KaHAJIbI, 3aBUCUMbIE
OT LIUKINYECKUX HYKIeOTUN0B [CNGC channels - Cyclic nucleotide-gated calcium channels];
MAP-kuHa3pl — MUTOI€HAKTUBUPYEMbIE IIPOTEUHKHHA3bl [MAP kinases - Mitogen-
activated protein kinases]; NOS — NO-cunTa3a [NO synthase]; NPR — Heakcnipeccop reHos,
CBSI3aHHBIX C MATOreHe30M [Non expressor of pathogenesis related]; PTIO —2-dbennn-4,4,5,5-
TeTPaMEeTHINMUIA30I1H- | -OKCHII-3-0KCH [2-phenyl-4,4,5,5-tetramethylimidazoline-
1-oxyl-3-oxide]; ABK — abcuu3oBast kuciora [ABA - Abscisic acid]; ADK — akTuBHBIE
¢dopmel kucnopona [ROS - Reactive oxygen species]; BTIL — Oesku TerioBoro moka
[HSP - Heat shock proteins]; HITH — Hutponpyccun Hatpus [SNP - Sodium nitroprusside];
[I9T" — nonustunenmukois [PEG - Polyethylene glycol]; CK — canuuuioBast kuciora
[SA - Salicylic acid]; CO/] — cynepokcuanucmyTasa [SOD - Superoxide dismutase]; DT TA —
STHIIEHIIMKOIIB-OHC(2-aMUHOA THII-3up)TeTpaykcycHass kuciora [EGTA - Ethylene
glycol-bis(2-aminoethylether)-N,N,N’,N'-tetraacetic acid].

Jst muruposanus: Komynaes 10.E., Sctpe6 T.O., [Tonsikos A K., Imurpues A.I1.
CaymmmioBast kuciaora W (OPMHPOBAHHE ANaNTHUBHBIX pEaKkUWi pacTeHWH Ha
aOMOTHYECKHE CTPECCOpBl: pOJb KOMIIOHEHTOB CHTHaIbHOW cetn // BecTHHK
Tomckoro rocynapcTBenHoro ynusepcurera. bruonorus. 2021. Ne 55. C. 135-165. doi:
10.17223/19988591/55/8
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BBenenune

B Hacrosmiee Bpems canummioByto kucnoty (CK) cumraror pacturenbHbIM
ropmoHOM [1, 2]. OcHOBaHUEM AJISL STOTO SIBISETCS €€ Y4acTHE B PETYISIUU
MHOTHX (PH3HOIOTHYECKUX MPOTPaMM H IPOIECCOB, B YACTHOCTH, IPOPACTAHHS
CEMsH, [IBETCHUS, CHHTE3a APYTUX FTOPMOHOB, ()OTOCHHTE3a, JbIXaHUS, TPAHCIIH-
pannu, TepMoTeHe3a, peakuy Ha HHOUIMPOBAaHHE ITaTOTCHAMH U aJanTalnu K
JEHCTBUIO Pa3IMYHBIX cTpeccopoB [1-3].

B 90-e roxpl nmpouuioro cTojeTus U B Hayajle HbIHEUIHETO MHTEHCUBHO HC-
cienosanack poiab CK B ycroifunBocTu pacteHuit k matoreHam [1, 2]. Ognako 3a
MOCTICTHNE AECATHICTHS HAKOIUICH OONBIION MAacCHB SKCIIEPUMEHTAIBHBIX J1aH-
HBIX, CBUJETENLCTBYIOMUX 00 yuacTun CK B aJanTUBHBIX peakUusX pacTeHUH
Ha JielicTBHEe aOHOTHYECKHX CTpeccopoB [2, 3]. B HacTosIee BpeMs SHI0TeHHAs
CK paccmarpuBaeTcst B KaueCTBE yJacTHHKA OTBETa PAaCTCHUI Ha JeHCTBUE JKC-
TpEMaNbHBIX TeMIepaTyp [3—5], COIeBOro  OCMOTHYECKOTO CTPECCOB [6, 7], 030-
Ha [8] u Apyrux HeONaronpuaATHbIX (haKTOPOB.

ITytn cunre3a CK y pacTeHuil JoCTaTOYHO XOPOIIO M3y4eHbl. B HacTosmee
BpEMs BBIICIISIIOT JIBE OT/AeTbHBIE BeTBU cuHTe3a CK: n30xopu3marHblii U heHmII-
MpONaHOWAHBIN TTyTH [2, 3]. OnHako B 00eHX BETBSX HCIOJIB3YETCS XOPH3MAT,
MOJTYy4EHHbIH U3 MMKUMOBOM KuCHOTHL. M3BecTHO, uto cunTe3 CK y pactreHuit
aKTUBHUPYETCS MPH IEHCTBUN CTPECCOPOB PARTUIHON IPUPOH [2, 3].

OobmmupHas (peHOMEHOIOr s 3aIUTHOrO BIUsHUA 3k30reHHoM CK Ha pacre-
HUS, TOABEPTHYTHIE JEHCTBHIO a0MOTHIECKUX CTPECCOPOB PA3IMIHON TIPUPOIHI,
B TIOCTIEIHUE TOJIbI HEOJAHOKPATHO 0000manack B 0630pHbIX cBoakax [3, 9, 10].
OpHako O CUX MOpP OTCYTCTBYIOT LIEJIOCTHBIE NPEACTABIECHUS O MEXaHHU3Max
TpaHcaykuuu curHainoB CK, oOycrmopiamBaromux (opMupoBaHHE aJalTUBHBIX
peakiuii pacTeHU Ha aOMOTHYECKUE CTpeccophbl. B mocnenHee BpeMsi IOMUMO
HOBBIX JAaHHBIX 00 y4acTHW B aJalTHUBHBIX PEAKIMAX PACTEHUH TaKWUX «KJac-
CHYECKUX)» CHTHAJBHBIX ITOCPEIHUKOB, KaK HOHBI KaJbLIUS U aKTUBHBIC (POPMBI
kucnopoaa (ADK), mosBiAOTCA CBEACHUS O BaXKHOW CUTHAIBHOW POJM B pac-
TUTENBHBIX KJIETKaX ra30TPaHCMUTTEPOB — SHAOTEHHBIX [a3000pa3HbIX CUI'HAJIb-
HBIX MOJIEKYJI, KOTOpBIE IPOAYLUPYIOT *KUBbIe opranu3msl [11, 12]. K ocHOBHBIM
ra3oTpaHCMUTTEpaM OTHOCAT MOHOOKcH a3oTa (NO) [12], MOHOOKCHT yTiepoaa
(CO) [13] u cepoomopon (H,S) [14, 15]. X yuacTue B KJIE€TOYHBIX CUTHAIBHBIX
W PETYIATOPHBIX MpoIeccax 00yCIOBICHO CITIOCOOHOCTHIO CBOOOTHO MPOHUKATH
yepe3 Ouoiorudeckue MeMOpaHbl U B3aHMOJCHCTBOBaTh ¢ MHOXKECTBEHHBIMU
MUIICHAMH — OMoMakpomosiekynamu [11]. B mocnemsaue roabl MOsSBUINCH CBEle-
HUSI O BOBJICUCHUU Ta30TPAHCMUTTEPOB B TPAHCAYKIHIO CUTHAJIOB (PUTOTOPMO-
HOB. C pyroif CTOPOHBI, U3MEHEHHE KOHLIEHTPALUU Ia30TPAHCMUTTEPOB MOKET
BBI3BIBATh CIBUTU B COIEP)KAaHUHM COEJUHEHWH C TOPMOHAJIBHON aKTUBHOCTBHIO
[16]. OmHako cBeaeHuit o pyHKIHOHATBHBIX CBA3siX CK ¢ raszorpancmutTepaMu
MOKa MaJio, OHU HOCSIT B OCHOBHOM SMIIMPUYECKHI XapakTep U ci1ado 06001IEeHbI.

OcHOBHAas IIeNTb HACTOSIIETO 0030pa — aHaJIM3 HOBBIX JAHHBIX 0 MEXaHU3Max
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B3aumoyeicTBusl CK ¢ KIt0ueBbIMU KOMIIOHEHTAMHU CUTHATBHON CETH PACTUTEIb-
HBIX KIeTOK (noHaMu Kanblust, ADK u razorpancmurrepamu) npu GpopMupoBa-
HUU CAJIMITWIIAT-3aBUCUMBIX aJIaITHBHBIX PEaKIid pacTeHUH Ha JiciicTBHe a0Ho-
TUYECKHUX CTPECCOPOB.

Penenuus u Tpancaykuus curiana CKy pacrenmii

UYetkue npeacTaBieHus o Mexanumax Bocnpusitis CK pacTUTeNbHBIMU KIIET-
KaMH JI0 cuX nop He chopmupoBanuchk [17]. KirroueBbIM TpaHCKPHUITIIMOHHBIM
perynsatopoM nepegauu curtaioB CK cuutaercs 6emok NPR1 (non expressor
of pathogenesis related). Bzaumogeiicteue CK ¢ 3TUM GeITKOM MPOUCXOINUT KaK
MUHUMYM JIByMs CLIOCOOaMU: IyTeM MPSIMOTO CBS3BIBAHUS U Yepe3 BhI3bIBAEMbIC
CK u3meHeHus! peoKc-roMeocTasa KIETOK, MpuBosire K nepexoqxy NPR1 u3
COCTOSIHMS ouromepa B opmy MoHOMepa [18, 19].

Monomepras popma NPR1 mepememaercs B sipo, Te B3aUMOJCHCTBYET C
¢axropamu Tpanckpuniuu TGA. ITo IPUBOAMT K aKTUBALIMU SKCIIPECCUU T'€HOB,
CBSI3aHHBIX ¢ TIatoreHe3oM (pathogenesis-related — PR) [17]. Bonipoc o 3HaueHnn
mpoleccos, onocpenoBanHblx NPR1, muist peanuzanuu npoTeKTOpHBIX 3P (eKToB
CK mpu feiicTBUU aOMOTHYECKHX CTPECCOPOB OCTAETCS MOKa OTKPBHITBIM (CM.
Hke). IlokazaHo, 4TO perymanust TpaHcKpunuuu reHa PR ¢ nomombio NPRI
BKITIOYACT alleTHIMPOBAHKE THCTOHOB C yYaCTHEM THCTOHALETHITPAHC(Epa3bI
cemeiicrea CBP/p300 [20].

B nacrosimee Bpemsi cumraercs, uto NPR1 y pacrennii He equHCTBEHHBIN
6enok, crneruduuno cessbiBaronuii CK. Ilapomorm NPR1 — NPR2, NPR3 u
NPR4 — taxoke 001amar0T crtocoOHOCThIO K cBsi3biBanuio CK [17]. B memom xe ¢
HCIOJIb30BAHUEM MOJIEKYISIPHO-OMOXUMHUYECKOTO CKPUHUHTA COCTABJIEH CITUCOK
n3 noutu 100 kargumaroB Ha ponb CK-cBs3piBatomux OenkoB [21]. B xauecTBe
nepsoro CK-cBs3bIBarolero 6enka B kiieTkax Tabaka Obuia uIeHTH(GUIMPOBaHA
katanaza [22]. Ces3piBanne CK ¢ karanga3od MpUBOIWIO K MHTHOWPOBAHUIO €€
akTuBHOCTH 110 pasnoxenuto H,0,. CK raxke nogasisia akTHBHOCTb acKopOar-
MIEPOKCHUIa3kI, elie OJHOTO (pepMeHTa, 00e3BPEKUBAOIIETO H202 [23]. B cBs3m
C 9TUM IpeaIoiaraiy, YTO HHrHOUpPOBaHNE aHTHOKCUAAHTHBIX ()EPMEHTOB MO/
nericteueM CK MOTeHIMANbHO MOXET MPUBECTH K HAKOTUICHUIO H202, a 3areM
MEPOKCU BOIOPOAA MOXKET aKTUBUPOBATH AKCIPECCHIO 3AIIUTHBIX T'€HOB U pa3-
BHTHE CHCTEMHOH YCTOMYMBOCTH K matoreHam [24]. OmxHako 3QQeKThl HHTHOU-
poBanus CK 3TUX (QepMEHTOB 3aMETHO MPOSBISIOTCA B KOHLEHTPALUSIX, SIBHO
MIPEBHIIIAIONINX (PU3NOTOTUIECKHE, YTO CTABHT II0JI COMHEHHE BKJIAJ] TAKOTO Me-
XaHU3Ma B peanu3anuio ¢pusnonoruueckux s¢pdexron CK.

B o0030pe Pokotylo et al. [17] obcyxnmaercs ydactme B cBsi3piBanuu CK
METHJIICTEpa3bl, KapOOAaHTHIPa3bl, HECKONbKUX H30()EPMEHTOB IIyTaTHOH
S-tpancdepasbl, xmoporactHoro THopemokcnHa-ml (TRXml), HekoTopbix
(dhepmenToB rukina Kpebea u psaga npyrux O€KoB, B TOM YHCIE C HEM3BECTHBIMU
¢yHKIISIMEA. Bee 3Tr 6enku NMEIOT pa3IHYHyIo H B HEKOTOPHIX CIIydasx BEChbMa
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BEICOKYIO apmHHOCTE 0 oTHOmeHuto kK CK. [Ipeanoxkena rumore3a MHOTOY3-
JIOBOTO (AeneHTpann3oBanHoro) Bocnpusats CK pacturtensHoii kinetkoit. [Ipen-
[0JIaraeTcsi, YTo B 3aBUCUMOCTH OT TeKyiei koHueHTpauun CK B kierke, oHa
OyzeT B3aMO/ICHCTBOBATH C ONPEeICHHBIM HA0OPOM CBsI3BIBAIOIUX OeKoB. Ta-
KuM o0pazoM, perynupytomuii Bkiaag CK Oyner pa3mugarbest B 3aBHCHMOCTH OT
ee koHeHTpauuu [17]. EcrecTtBeHHo, BKiIaa HOBbIX CK-cBsA3bIBarOmNX OENKOB B
npomneccsl CK-curaanmara TpedyeT SKCIIepUMEHTAIBHOTO HCCIIETOBAHUS.

B HacTosiiiee Bpemsi HauOoJee MPU3HAHHOW CUMTAETCS MOJIENb CBSI3bIBA-
mus CK, Brirouaromas B ceds Habop 6emkoB NPR [25]. CornacHo 3Toit Mone-
nu, ipu Hu3kor koHNeHTpauuu CK B kiietkax 6emok NPR1 obpasyer onuromep
u ocraerca B mutosode (puc. 1). Ilpu stom 6enmku NPR3 m NPR4 cBszpiBatoT
ocrarousblii NPR1 B siipe U OrpaHUYMBAIOT €T0 (PYHKIIMOHANIBHYIO aKTUBHOCTb.
IIpu noBeimennn kornentpanuu CK NPR1 mepexoaut B cocTosiHne MOHOMeEpa
Y TIpoHUKaeT B Aapo. MonoMmepusauusa NPR1 tpeOyeT pa3pbiBa qucynbGuaHOM
cBa3u. [lokazano, uro cBs3piBanmne CK crocoOctByet peomuromepu3amnu NPR1.
Tem He meHee Tonbko CK HemocTaTouHO 1Ist 3amycka MoHoMmepusauuud NPR1
[19]. Ilpenarmonaraercs, YT0 HEOOXOAUMOE JIJISL ATOTO MPEeBpalleHUue AUCYIbPHIa
B cynbruapuiibHbie rpymnisl B NPR1 MoxeT ObITh 00yCIOBICHO IPEABAPUTENb-
HBEIMU pefokc-miporeccamu, ynpasisiembivu CK. OnHako ux mpupoga ocraercs
HeBbIsIcHeHHOU. Onucan 3¢ dekt B3aumozeiicTBus ¢ NPR1 aByX HUTO30IBHBIX
tropenokcuHoB — TRX-h3 u TRX-hS. ¥ myranToB trx-h3 u trx-h5 He mpouc-
xoauia UHAyKIus cunte3a Oenka PR 1 (pathogenesis related 1) sx3orenHoit CK
[26]. Bo3aM0OXHO, 9TO THOPETOKCHHBI aKTUBHPYIOTCS oA aekictBueM CK, omnako
9TO MOKA 3KCHEPUMEHTAIBHO HE JI0Ka3aHo. B To jxe BpeMs MoKa3aHo, 4To XJI0pPo-
miactHeId THOpeAokcuH-m1 (TRXm1) obnamaeT criocoGHOCTBIO cBsi3bIBaTh CK
[21]. Tak wnu uHauye, cuuTaercd, yTo s MoHoMepu3auuu NPR1 B mutozone
JOJDKEH OBITh TOCTATOYHEIH Myl BOCCTaHOBHTENEH (cM. puc. 1).

INomumo penokc-3aBucumoil Monomepuszanuu NPR1, nox neiictBueM noBbI-
menHoi koHneHTpaun CK omokupyercs aktuBHOCTh NPR3 1 NPR4, xoTtopbie
B orcyTcTBUe CK BBICTYHaIOT B KauecTBe penpeccopoB akTuBHOcTH NPR1. Ta-
kuM 00OpaszomM, 6mokupoBka NPR3 u NPR4 npuBomuT K akTHBAIMK SKCIPECCUH
CK-unayuupyembix reHoB. Cunrtaercs, uto ocHOBHbIE (pyHkimu NPR3 u NPR4
CBsI3aHBI C co3MaHueM TpaaueHTa kKoHueHtparuu NPR1, HemocpencTBeHHo pe-
ryaupytomiero sxcnpeccuto CK-uyBcTBUTENBHBIX TeHOB [27]. Cpenu BaskHBIX
KOMITOHEHTOB CUTHAJIMHTA, Haxoasmuxcs Huxke NPR1, kpoMe ynoMsHYTHIX (ak-
TOPOB PEryjsiiui TpaHcKpunuuu cemerictBa TGA, — TpaHCKpUIIIMOHHBIE (aK-
topsl WRKY u psn MAP-knna3 (mitogen-activated protein kinase), B Tom dmcie
MPK3, MPK4 u MPK6 [27, 28].

O perynsitopHbx (pyHKIHAX 0enka NPR2 moka m3BecTHO oueHb Mayo. Ycra-
HOBJICHO, YTO OH (u3udecku B3aumogaeicTyer ¢ NPR1 in vitro, a in planta cBepx-
skcnpeccusi NPR2 Moxer BBI3BIBaTh (DEHOTHITMYESCKUE MPOSBICHUS neduIuTa
NPR1 [29]. Oanako poinb ces3piBanusi CK Bo B3aumoneiicTeuu Mexay NPRI u
NPR2 ocraercs HensBecTHO. B 1enom mpearmonaraercs, 4to 0oNbIIoi HabOp
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CK-cBs3pIBaronx OEIKOB MOXKET JHOO0 yJacTBOBaTh B IIPOIECCAX, CBI3aHHBIX
¢ obecnieduenueM ¢yHkuuid NPR1, nubo neiicTBOBaTh B CUTHAJBHBIX MyTSX, HE
cBs3aHHBIX ¢ NPR1 [17].

a b
Hmskas xornertpammns CK Bricokas kornentpanns CK
[Low SA] [High SA]

&V P

Boccrarosutenn
(-SH)
H[Ig;gfs gi-]n’ L[[g;gigﬁb [Reducing agents|
SAnpo
[Nucleus]

“@‘@ -
[Nucleus]

Penpeccus AxTuBauus
TGAs J— [Repressed] ‘ [Am\ ated]
@ DNA

Puc. 1. Mozens Brusaus CK Ha skenpeccuto reHoB ¢ yuactueM 6enkoB NPR:

a — nipu Hu3koit koHreHTpau CK NPR1 o6pa3syet oiuromep u octaercs B UTO30I1E,
NPR3 u NPR4 cs3biBatoT ocratounslii NPR1 B siipe u nmpeaoTBpaniaioT ero akTuBHOCTb;
b — npu BeIcokoit koHneHTpanny CK u Hammany Boccranosureneit NPR1 cranoBurcs
MOHOMEPHBIM U IIpoHHUKaeT B s71po. Taxxke CK B sape csasbiBaetrcs ¢ NPR3 u NPR4,
9TOOBI OJIOKMPOBATH UX aKTHBHOCTH Kak penpeccopoB NPR1. CBo6oxusiii NPR1 aktuBupyer
TpaHCKpHIIHOHHbIE (pakTopsl TGA, KOTOpBIE B CBOIO OUepeIb AKTUBHPYIOT
npomotopsl ¢ TGACG nocneoBaTeIbHOCTBIO HYKIEOTUA0B
[Fig. 1. Model of SA influence on expression of genes with NPR proteins participation. (a) at low
SA concentration, NPR1 forms an oligomer and remains in the cytosol, NPR3 and NPR4 bind
residual NPR1 in the nucleus and prevent its activity. (b) at high SA concentration and presence
of reducing agents, NPR1 becomes a monomer and enters the nucleus. Also, SA in the nucleus
binds NPR3 and NPR4 to block their activity as NPR1 repressors. Free NPR1 activates TGA
transcription factors, which, in turn activate promoters with TGACG nucleotide sequence]

B3aumoneiicrBue CK ¢ Ki1104eBbIMU Y4aCTHUKAMHA
CHUIHAJILHOM CeTH PACTUTEJILHBIX KJIETOK
Kanvyuii siBnsieTcss yHUBEpPCAIbHBIM HOCPEIHUKOM B KJIETOUYHBIX PEAKIUIX
PaCTHUTENBHBIX U )KUBOTHBIX OpraHu3mMoB [30]. OH BBINOJHSET POJb CBA3YIOLIE-
TO 3BCHA [UII MHOTHX CHTHAJBHBIX IyTeH M oOecrieunBaeT (yHKINOHHNPOBAHIE
oO11el CUTHAIBHOM ceTn pacTuTenbHOU kietku [31, 32]. Ecth ocHOBaHMS mona-
raTh, YTO MOHBI KANBIN B CHTHAJBHBIX IETsIX HaxomaTcs kak Hivke CK (3ameii-
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CTBOBAHBI B TPAHCAYKIIMNH €€ CHT'HAJOB), TAK U BEIMIE (TIPHYACTHB K WHIYKIHA
cunre3a CK). Tak, npu runeprepmun Hanbojee paHHEH peakiueil pacTUTEhb-
HBIX KJIETOK SIBIISICTCS OTKpBIBaHHWE KaiubIHeBBIX kananoB Tuma CNGC (cyclic
nucleotide-gated calcium channels). IloctynieHue depe3 HUX KanbLUsl B IUTO-
3011b NIPUBOJWT K AKTHUBALUH KAIbMOAYJIHMHA, a 3aTeM 3aBHCHMBIX OT KaJbMO-
IyJIUHA U KaJblUs MPOTCHMHKUHA3. DTU OEIKH-CEHCOPHI KaJIbIUs MOMYTHPYIOT
AKTUBHOCThH TPAHCKpUNIIMOHHBIX (pakTopoB CBP60g 1 CAMTA3/SR1, koTopbie
SIBISIFOTCSL TIO3UTHBHBIMU PETYIATOPAMH SKCIPECCUU TeHA H30XOPU3MATCHUHTA-
3b1 — ICSI(IsoChorismate synthase) 1 Ipyrux reHOB, 00eCIICYMBAIONIUX MIPOIIECC
cunte3a CK [33].

C npyroii cTopoHsl, npuMeHeHne dk30renHoi CK mubo moBkIIeHue ee coaep-
JKaHUS B KJIETKAX 33 CYET CTPECC-MHAYIMPYEMOTO YCHICHUS CUHTE3a MPUBOJIT
K pPOCTY KOHIIEHTpAIIMH MHUTO30I6HOTO Kambiws [34]. Tak, B MHCTHSIX pacTeHHUN
Vitis vinifera, obpaboraunsix CK, cogepxanue nuro3onbaoro Ca?* B KJIeTKax Me-
30¢muIa OBLTO BHIIIE, YeM B KOHTpoJIe. [locie X0r00Boro Witk TeIIoBOro CTpec-
ca 'y pactenuii, oopadboranubix CK, MOBBINICHNE COEPIKAHMS KAIBIUS B IIUTO30-
ne ObuTo OoJiee CYNMIECTBEHHBIM, YeM y HeoOpaboraHHBIX. [Ipu 3TOM 0HO OBLIO
00paTUMBIM U HE TPUBOAMIO K MOBPEKICHUSIM KIETOUHBIX CTPYKTYp [34]. [lpu
BBICOKOTEMIIEpaTypHBIX cTpeccax u AerictBuu 3k3orenHoit CK Ha Ulva prolifera
npoucxoauio onocpenosaHHoe CNGC-kaHamaMu M3MEHEHUE KallbIIUEBOTO To-
MeocTas3a, CIeICTBHAMH KOTOporo Obutn akTuBais MAP-kmHazHOTO Kackana,
NO-curHanuira ¥ B KOHSYHOM UTOTe TAKHUX 3alIMTHBIX MPOIIECCOB KaK IKCIIpec-
CHUSl TEHOB THOPEIOKCHHOB, Pa3NUYHBIX (hopMm cymnepokcumaucmyTassl (CO/I),
DIy TaTHOHIEPOKCHAa3bl U OenkoB TerioBoro moka (BTLH) [35]. Takum obpaszom,
CK-uHAyIMpyeMblid CHHTE3 CTPECCOBBIX OCJIKOB Y PACTEHHH SIBISETCS KaJIbIIHH-
3aBUCHMBIM IPOLIECCOM.

Onnoit u3 peaknuii, Bei3siBaeMbIx CK ¥ BaXHBIX IJIT YyCTOWYMBOCTH pac-
TEHUN K 3acyxe, sBISETCsA 3akpbiBaHue ycThull. B padore Khokon et al.
[36] mokazaHO, 4TO TpH 0OpabOTKe SIHUIECPMHUCA JIUCThEB apabuaorcuca
500 mxM CK ocuunnsuuu [Ca”]lmT npoucxoaunu B 19% 3aMbIKaromux Kie-
TOK, a 6onee 80% 3aMBIKAIOIIMX KJIETOK HE IOKAa3aJiM 3aMETHOIO IOBEIIIE-
nus [Ca*] . OmHako B 3TOi ke paboTe 0OHAPYKEHO, UTO XEJIATOP KalbIHs
OTI'TA (3TUNEHTIUKOIB-0MC(2-aMUHOATIII-3 (DU )TETpayKCyCHAs KHUCJIOTa) H
ONOKaTOp KaJNbLMEBBIX KaHaNOB pasnu4Hbix TunoB LaCl, sHauntensHo mo-
napmsun - CK-mHaynupoBaHHOE 3aKpbIBaHWE YCTHUI. ABTOPHI 3aKIIOUYU-
JIM, 9TO BHEKJIETOYHBIH CBOGOMHBIN Ca’" MOXeT y4acTBOBaThH B MOJIYIISIUH
CK-uHIynupoBaHHOTO 3aKpBIBaHHUA YCTHHI. B Gonee mo3gHmx paboTrax co-
o0mraercsi, 4To MPOLECC OTKPHIBAHUS AHWOHHBIX KAHAJIOB MEIJIICHHOTO THUIIA
(SLAC1), o0yciioBnuBaroIIni 3aKkpbiBaHne yCThUIl NIpH jaeiicTBuu CK, Tpedy-
€T YYacCTHs KaJbIMi-3aBUCUMBIX TIPOTEHHKUHA3 [37].

Axmuenvle ghopmul kuciopooa. AOK B pacTUTEIBHBIX KIIETKaX 00pa3yroTcs B
pEaKIMAX OIHO-, IBYX- U TPEXIICKTPOHHOTO BOCCTAHOBJICHHS KUCIOPONA B pe-
3yJIBTaTe CIIOHTAHHOTO U (PepPMEHTATUBHOTO OKUCIICHHUS Pa3IMIHBIX CyOCTPaToB,
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a Takke B (pOTOMHAYyIUpyeMbIX peaknusx [38]. Cuuraercs, uro u3 Bcex ADK
HauOONBIINNA CUTHAIBHBIN MOTEHIHA UMEET MEPOKCUA BOAOPOAA — MOJIEKya
C OTHOCHTEIHHO TPOAOIDKUTEIBHBEIM BPEMEHEM JKHU3HH, CIIOCOOHAs MPOHUKATDH
4yepe3 KJIETOUHble MeMOpPaHBb!, B TOM YHCcIe TyTeM 00JerdeHHo Tuddys3uu ¢ mo-
MOIIIBIO aKBarmoOpruHOB [39].

Ilepoxcun Bomopona u, BO3MOKHO, apyrue ADK paccmarpusarorcsa B Kade-
CTBE BOXHBIX TIOCPEIHUKOB B peanu3anuu puznonorndeckux spdpexron CK [3].
C npyroit ctoponsl, CK cunTaercst KIFOUEBBIM KOMIIOHEHTOM B CUCTEME TPaHC-
nyknud U amroindukanuy curdanoB ADK [4]. Tlpu atom obpazoBanue ADK B
MEPOKCUCOMAX M XJOPOIJIACTaX PACTUTENbHBIX KIETOK pacCMaTpUBAcTCs Kak
Bo3MOxHBIH Tpurrep cuaTe3a CK [3, 5]. Takum 00pa3oM, cUUTASTCS, YTO OJIUH U3
myTel peanusanuy CUrHaIbHBIX 3¢ dexToB ADK cBs3aH ¢ UX CHOCOOHOCTHIO UH-
nyuuposarb cuHTe3 CK. OcoO0eHHO BaKHBIM 3TOT MEXaHU3M CUMTACTCS MU Bop-
MUPOBAaHUH CUCTEMHON HHIyIIUPOBAHHON yCTOHYNBOCTH PACTCHUI! K TaTOTEHAM.
B atom cnyyae komrekcublit curdan AOK/CK uHayupyer psj 3alluTHBIX pe-
akuuii, B ToM ymcie cunte3 PR-6enkoB [40]. B To jxe BpeMsi ajanTUBHBIE MPO-
LECCHl y PACTEHU, CBA3aHHBIC C YCTOHYMBOCTRIO K a0HOTHYECKIM CTpeccopam
U HHAYLIHpPyEMBbIe IEPOKCUAOM BOIOPOAA, O-BUIUMOMY, MOTYT OCYIIECTBIISATHCS
u 6e3 yyactust CK. Tak, n3yuenne peaknuu aHTHOKCUIAHTHONW CUCTEMBI B OTBET
Ha 00paboTKy MEPOKCUAOM BOAOPOAA U ACHCTBUE COIEBOTO CTpecca y apabuon-
cuca aukoro tumna (Col-0) u canunuiar-1eUIUTHBIX pacTeHUH, TpaHCHOpMUpo-
BaHHBIX T€HOM OaKTEepHAIBbHON CaluIUIaTTuaApokcuiassl (Nah(G), mokasaio, 4to
3TH TpaHC(HOPMAHTHI 00ananu OoJiee BEICOKO 0a30BOM CONEYCTOHYHBOCTHIO, &
UX PE3UCTEHTHOCTH NpU 00paborke sk3orenHsiM H,O, unmynmposanace Gosee
3aMETHO, YeM PACTCHUI TUKOTO TUMA. JTO HPOSBILLIIOCH B COXPAHEHHHU y pacTe-
Huil NahG mipu coIeBOM cTpecce POCTOBBIX MOKA3aTeNel U IMyna XJI0po(hUILIOB,
OIHM3KHX K OECCTPECCOBOMY KOHTPOIIO, BEICOKOM aKTHBHOCTH aHTHOKCHAAHTHBIX
¢epmenToB [41]. He uckiarodeHo, 4TO OAHONW U3 MPHUYUH BHIPAXKCHHOW CIOCO0-
HOCTH CAMIMIATACUIUTHEIX pacTeHnd NahG K TMOAIepKaHUIO OKHUCIUTEIIh-
HO-BOCCTAaHOBHUTEJIBHOTO TOMEOCTA3a SIBJIAETCS BBICOKAas KOHCTUTYTHBHAS aK-
THUBHOCTPH TBAsKOJIIICPOKCHIA3Bl. B CBOIO oUepenp, yCIOBHEM A HOAICPKAHHS
BBICOKOM aKTMBHOCTHU NEPOKCHJA3 Yy 3THX PAaCTEHUH MOXXET OBITh MOBBIIICHHOE
cojiepkaHue Karexona [42], cmtocOOHOTO BBICTYTATh B POJIM BOCCTAHOBUTEISI IIPH
o6e3spexuBanu H,O, B IEPOKCHIA3HBIX PEAKIIHUAX.

Kak yxe ormedanocs, HauboJee paHHSS THIIOTE3a O MEXaHW3Max peajm3a-
uuu d¢ppexkror CK 6azupoBasiack Ha JaHHBIX O €€ CIIOCOOHOCTH MHTUOUPOBAThH
KaTajasy U TeM CaMBIM CIIOCOOCTBOBATH HAKOIUICHHWIO IEPOKCHIA BOIOpOIA B
kieTkax. OfHaKo mo3Hee ObLIO0 0OHAPYKEHO, UTO TaKue A(P(EKTHI MPOSBIAIOTCS
IIPY ZOCTATOYHO BHICOKHX KoHIeHTpanusx CK u He y BCex HCClIeayeMBIX BHIOB
pactenuii [43]. B cBsi3u ¢ 3TUM B paje padoT U3ydaiu BKJIAL APYTUX (pepMeHTOB
B TIOBBIIICHHE COMEPIKAaHISI TIEPOKCHIAa BOIOPOAa B PACTUTENBHBIX KIETKaX IpH
neiictBun CK. OOHapyskeHO, 4yTo 00paboTKa KyAbTYyphl KJIETOK apUKAHCKOTO
npoca CK BBI3BIBalla OKUCIUTEIHHYIO BCIIBIIIKY, O0YCIOBICHHYIO B OCHOBHOM
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yBenuuenneMm aktuBHOCcTH HAJI®H-okcunaszer [44]. Ox3orennass CK BEI3bIBa-
Jla yCWJIEHHE TeHEepaluy CYNepOKCUIHOTO pajuKaia U MEpPOKCHIa BOLOPOAA B
KIIETKaX JIUCThEB parica [45]. DTOT 3P PEKT COMmpOBOKTAICS MOBHIIIICHUEM aKTHB-
Hoctu HAJI®H-okcuaassl. YcuieHue reHepanuy CyepoKCUIHOIO aHUOH-palu-
Kajla KOJIEONTHIAMU MIIEHULBl, Tpoucxonsiee nox BiusHueMm CK, yraeranocs
unruouropamu HAJIOH-okcnaassl uMuaazonom u o-HadromaoMm [46]. C mpyroit
CTOPOHBI, Ha 3TOM K€ 00BEKTE IOKa3aHO YaCTHYHOE yCTPAHCHHE BHI3BIBAEMOTO
CK addexra ycunenns reaepaunn AOK u ”HTrHOUTOpOM MEPOKCUAA3BI CATUITHII-
THIPOKCaMOBOH Kuciiotoi [47]. Takum 00pa3oM, €CTh OCHOBAaHHS ToJararb, 4To
B CK-unayuupoBanHoMm ycuieHuu oOpa3oBaHusi ADK Ha MOBEpXHOCTH KJIETOK
KOJICOTITHIICH 3a/IeCTBOBaHBI Kak MUHUMYM JaBa (hepmenTa — HA JIOH-okcnasza
Y BHEKJIeTOUHas nepokcuaasa. Pons CK B perynsnuu akTHBHOCTH BHEKIIETOUHBIX
¢dopm nepoxcuaas, renepupyromux ADPK, mokazana u B 6ojiee paHHUX HCCIIEI0-
BaHusx [48, 49].

Ha 3aMpIkarommx KIIeTKax SHHISpMICa apaOumolcuca IMOKa3aHO, YTO BBI-
3piBaeMoe CK ycuiieHHe reHeparuy CynepoKCHIHOTO aHHOH-paguKaia OIoKu-
POBANOCh MHTHOUTOPOM MEPOKCHAA3Hl CATHIIITHIPOKCAMOBOM KHCIIOTOH, a
unrubutop HAJI®H-okcugass! 1udeHUNEeHHOIOHUYM TIOYTH HE BIUSI Ha TOT
a¢dext [36]. YeuineHue reHepaiy CyrepoKCHIHOTO pajruKala 1 MepoKCHaa BO-
JI0pOJia 3aMBIKAIOIIMMH KJIETKAMHU C y4acTUEM MEPOKCUAA3bI ABISIETCS HEO0OXO-
JUMBIM JUTS TIPOSIBIIEHUS () deKTa 3aKpbIBaHUs YCTHHI Tpu 00padotke CK [36,
50, 51]. C apyroii cTopoHsl, B paboTe [52] moka3aHo, YTO BbI3bIBaeMoe 00pa-
0otkoit CK 3akpbiBaHHE YCTBHIl Y apaOHIONCHCA YCTPAHSIOCh WHTHOUTOPOM
HAJI®H-okcuaassl q1upeHUIeHHOTOHUYMOM U HE MPOSBISIIOCh Y MYTaHTOB 10
Katayutuaeckoir cyowenuuuine HAJIOH-okcunasel rbohD, rbohF wu rbohDF.
ITpu stoMm BBI3BIBaeMble CK a¢exTs yecunenus renepanun AOK u 3akpriBaHUs
YCTBHUI] HUBEIHPOBAIUCEH NIeHCTBHEM OyTaHoMNa-1 — MHTHONTOpA, 3aBHCUMOTO OT
¢ochonunassr D o6pazosanust GpochaTunHoNi KUCIOTH. ABTOPBI IPEANONIAratoT,
gro BbBBIBacMoe CK moBwImenne akTuBHOCTH (ocdonmmassl D u HakoruieHne
¢docharuanoil kucnorel mpuBoAaT K axruBanuu HAJI®H-okcupassl u ycuie-
Huto reHepanun ADK, KoTopble HEOOXOMUMBI JUIS PETYJIATOPHBIX 3PQPEKTOB,
o0ecTeunBaOINX 3aKpbIBaHuEe YCThUIL [52]. TakuMm 0O6pa3oM, B paboTax pa3HbIX
aBTOPOB, BHITIOJIHEHHBIX Ha pacTeHUSAX apabumoncuca [36, 50-52], caenaHo 3a-
KIIIOUEHHUE O PA3IMYHbIX MeXaHu3Max ycuieHus renepaunn ADK nox aelictBuem
CK — cBsI3aHHBIX C aKTHBHOCTBIO mepokcuaasbl 6o HAJIOH-okcunasel. [Ipu-
YUHBI TAaKUX Pa3Uyiii OOBbACHUTH MOKa CIOXKHO. B nccienoBanuu [36] addex-
ToI TeHepannu ADK B smmnepmrice MUCTKa (GUKCHPOBANINCH THCTOXUMUYECKAMHU
MeTogamu yepe3 30 MuH nocne Hauyana aeiicteus CK, B To BpeMs kak B paboTe
[52] mpuBoAATCSA AaHHBIE, MOJyYEHHbIE XEMUIIOMUHECLIEHTHBIMU METOAAMHU B
TeueHue nepBbiX 15 MuH BozzaeiicTBus CK. He nckioueHo, 4ToO B BHI3HIBAEMOM
CK ycwuiennu renepanun AOK Ha KI1eTOYHON TOBEPXHOCTH MOTYT OBITH 3a1eH-
CTBOBaHBI Kak nepokcunasa, Tak 1 HAJI®H-okcunasa, HoO MX BKJIa1 MOXKET OBbITh
Pa3iIMYHBIM B 3aBUCUMOCTH OT BPEMEHH.
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Yennenne o0pa3oBaHUsI MEPOKCHIA BOIOPOAA B PACTHTENBHBIX KIETKAX IO
neicteueM CK Takxe MOXET ObITh CBS3aHO C MHTHOMPOBAHUEM CYKIUHAT/IC-
THUAPOTEHA3bl B MUTOXOHApHUAX [53]. BosmoxkHo, uTO paszHpie Mexanm3mbl CK-
WHAYLIUPOBAaHHOTO ycusieHus reHepanun ADK pacTuTenbHbIMU KIETKaMU MOTYT
HaXOAUTHCS B (DYHKIIMOHAJIHHOM B3aMMOACHCTBHU MEXIY COOOH, OZHAKO HTOT
BOIIPOC OCTAETCS HEUCCIIEJOBAaHHBIM.

Oxcuo azoma (NO) SIBISETCS OJHUM M3 BOKHEUIIIMX KOMIIOHEHTOB CUTHAJTh-
HOM CETH KJIETOK pacTeHU U >kuBOTHBIX [54]. NO y pacTeHHil MOXXEeT 00pa30BbI-
BaTLCS 110 BOCCTAHOBHUTENBHBIM I IO OKHCIUTEIBHBIM IMyTsM [55]. BoccTano-
BUTEJIBHBIN MYTh MPE/IIONaraeT UCIO0Ib30BAHUE B KAUECTBE CYOCTPAaTOB HUTpPATA
WM HUTPHUTA B PEAKNMAX, KaTaIM3WPYyEMBIX HUTPATPEOyKTa30d, CBS3aHHOH c
I1a3MaTudeckoil MeMOpaHoit HUTpUT-NO-peyKTa3oi U JOKaJIH30BaHHOM B Ie-
pOKCHCOMax KCaHTHHOKCHUIOpEAyKTa3ou [56, 57].

VY pacreHuit MexaHU3M 00pa30BaHUs OKCHUJIA a30Ta OKUCIUTEIBHBIM TyTEM U3
L-apruanHa 10 cux mMop ocTaeTcs MpeAMETOM TUCKYCCHH, TIOCKOIBKY TOMOJIOTH
NO-cunTa3s! (NOS) KHBOTHBIX 00HApY’KEHBI TOJBKO Y 3€JIEHBIX BOAOPOCIEH, HO
He y BeIcmux pacTtennit [58]. B HacTosee Bpemst cuuTaeTcsi, 4To Ha3eMHBIE pac-
TeHUs He UMEIOT TUTUYHON NOS ®KUBOTHBIX. OIHAKO BO3MOXHO, UYTO Y BBICIIUX
pacTeHHii B IEPOKCHCOMaX MUMEIOTCsl Oenku, oTingHble oT NOS, HO criocoOHEIe
reHepupoBatb NO, ucnonb3yst L-apriuHuH B kadecTBe cyOcTpara. JTa peakuus,
Kak U Karammupyemass NO-CHHTa30i1 KHBOTHBIX, MOXKET IIPOUCXOIUTE TIPH Ha-
nuunn HAJIOH, ®MH, A/, kaneMoyinHa 1 HOHOB Kanbius [55, 58].

Mexny okcunom a3ora M CK kak CHTHAIBHBIMH MOJIEKYJIAMU CYIIECTBYIOT
CIIOXKHBIE CBSI3U, XapPAKTEP KOTOPBIX OCTAETCA BO MHOT'OM HEBBIACHEHHBIM. C ofHOM
CTOPOHEI, OKCH a30Ta, Hapsny ¢ ADK, paccMarpuBaeTcsi B KaeCTBE MOCPEIHIKA
B peanuzanuu gusunonorunyeckux dpdexros CK [54]. B To xe BpeMs: OTaenbHbIE
3¢ deKTHI OKCHIa a30Ta KaK CUTHAIEHOH MOJICKYIIBI TAKKE MOTYT HPOSIBISITHCS TIPH
nocpenauyectse CK. JlocTatouHo gaBHO U3BeCcTeH 3 eKT MOBBILICHUS COIepIKa-
nus CK B kierkax Tabaka moj BiamsHueM 3k3oreHHoro NO [59]. ITokazaHo, 4To
y pacTeHuil Tabaka, TpaHC(OPMUPOBAHHBIX TEHOM OaKTepUATBbHOMN CaMIUIATIH-
npokcwiasel (NahG), on BmusiareM oHopa NO He pa3BHBaIach YCTOMUHBOCTH K
BUpycy Tabaunoi Mo3auku [60]. Tpancdopmarus pacteHuil Tabaka JUKOro TUIA
rerHoM HelporanbHOH NO-cuaTass! (nNOS) MIEKOMUTAIOMINX BbI3bIBAJIA PA3BUTHE
pesucteHTHOCTU K Phytophthora parasitica var. nicotianae [61]. OqHako nBOIAi-
HbIe TpaHchopMmaHThl Tabaka nNOS/NahG He TIPOSIBISUTA YCTOWYUBOCTH K ATOMY
naroreny. ¥ TpanchopMmaHTOB apabujoncuca NahG, B OTIM4YHMe OT paCTeHUH Iu-
koro Tuma (Col-0), moj BIUSHEEM 3K30I€HHOTO OKCHJIAa a30Ta He aKTHBHPOBAJIACH
JKCIIpeccus TeHOB, Konupyonmx PR-6enxu [62]. C apyroii CTOpOHBI, Y CaHIIU-
naTnepUIUTHRIX pacTeHUH OTMeJanach 3aBHCHMAas oT A {D-prbo36l HHIYKIHSL
(heHMIIaTaHHHAMMOHHUITHA3E] TIO]] BIMSHUEM JOHOPOB OKCHJA a30Ta, YTO CBUJIE-
TENBCTBYET O HAIMYHHK MyTer Tpancaykimu curaana NO, He cszanabix ¢ CK [63].

Jus BesicHeHust Bo3MoxkHoro ydactust CK B nepenade curHana NO, uHayu-
PYIOIIETro pa3BUTHE COJIEYCTONYNBOCTH PAaCTEHHH, MBI CPDaBHIBAJIH PEAKIIHIO pac-
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TeHMI apaOuIoTICHCca JUKOTO TUTIa ¥ TpaHchopMaHToB NahG Ha 06paboTKy JIOHO-
poM okcHa a30Ta HuTpompyccuaom Harpust (HITH) u gelictBue coneBoro ctpecca
[64]. Oxkazasioch, uto 00padoTKa JoHOPOM NO HHIYITUpOBaJia COJIEYCTOMYMBOCTh
pacTeHuil 000X TeHOTHIIOB, YTO BBIPAXKaJOCh B CHMXKEHHU WHTHOMPOBAHUS MX
pocTa, YMEHBIICHUN OKHCIHUTEIBHBIX TOBPSKICHUN M COXpaHEHHH ITyJia XJO-
poduiioB B nmuctThsix. Iposenenue Takoro sddexra nonopa NO y camunmiar-
IeQUIUTHHIX pacTeHuid NahG maeT OCHOBAaHUS IIOJIarath, YTO MHIYIIMPOBAHIE
MPOTEKTOPHBIX CUCTEM, 33/]eHCTBOBAHHBIX B PEAKIIUU Ha COJIEBOM CTPECC, IPOUC-
XOIHT B OCHOBHOM Ue€pe3 CaJIHIMIATHE3aBUCUMBIC CUTHAIBHEIC IyTH. 3aMETUM,
yT0 B pabote Grun et al. [65] ¢ ucrnonb3oBaHreM TpaHCPOPMAHTOB apabuorncuca
NahG 6110 TTOKa3aHO HE 3aBUCHMOE OT CAHIIOBON KHCIOTH HHAYIIUPOBAaHUE
OKCHJIOM a30Ta T'e€Ha aJIbTePHATUBHOI OKCHAA3bl, Y4aCTBYIOLIEH B oOeceueHHH
3aIIUTH PACTEHUH OT OKUCIUTEIEHOTO CTpecca.

Oxcupn a3ora, MO-BUIMMOMY, SBISETCS BaXHBIM YYaCTHHUKOM TPAaHCIYKIMU
curnaioB CK. IToka3zano nossienne koanuectsa NO B orBeT Ha aeiicteue CK
y pacteHuit cou [66] u xeHbiueHs [67]. B To xe Bpems mpu obpaborke CK B
KOPHSX TOMAaTOB, OABEPTHYTHIX COJICBOMY CTPECCY, OTMEYaIoCh CHIDKEHHE CO-
JeprkaHus okcuja asoTa [68]. [lokazaHo, 4T0 06pabOTKa MPOPOCTKOB MIICHUIIBI
CK BBI3BIBajIa TPAaH3UTOPHOE (B TEUCHHE ITEPBEIX IBYX YaCOB) ITOBHIIICHUE B HIX
cozpepxkanus NO [69]. ITo Bceit BepoSTHOCTH, IEPOKCU BOJOPOJA B CUTHAJIb-
HOU TenH, (PyHKIMOHMPOBABIIEH B NAHHBIX SKCHEPHIMEHTAIBHBIX YCIOBHSX,
pacnonioker Bbie NO, MOCKOJNIBKY CaNWIMIATHHIYIIUPOBAHHOE MOBBIILICHUE
comepxanuss NO B KOpHAX yCTpaHsIoch 00paboTkoii ckasenkepom H O, -
METHIITHOMOYEeBHHOM [69]. M3BecTHO, 4TO TOJ] BIMSHHEM IEpOKCHIa BOIOPOJa
MOXXET aKTHBHUPOBATHCS IO KpaifHell Mepe OMH U3 OCHOBHBIX (DepMEHTATHBHBIX
uctounnkoB NO — Hutparpeaykrasza [70]. [To-Bugumomy, nepoKCHl BOIOpOIa U
OKCHJI a30Ta BBICTYIAIOT B POIM MOCPEOHUKOB B mHAynupoBanuu CK peakiuid,
HEOOXOIMMBIX JUIS Pa3BUTHS TEIJI0YCTONYMBOCTH IPOPOCTKOB MIlleHUIIBL. VX 00-
paboTKa aHTHOKCHIAHTOM, TUMETHITHOMOUEBUHON U ckaBeHkepoM NO PTIO
(2-phenyl-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide) ycrpansna s¢dexr
MTOBBIIICHNS] BEDKUBAHUS POPOCTKOB IMIIEHHUIIBI TIOCIIE TEIIOBOTO CTPECCa, BEI-
3bIBaeMbIi 3k3orenHo CK [69].

[Noxoxwue pe3yasTarsl OBUTH MONXYYeHBI ¥ IpH uHAyIHpoBanuu CK ycroian-
BOCTH HPOPOCTKOB KyKYypy3bl K OCMOTHYECKOMY CTpeccy, Bbi3biBaeMoMy [10T
6000. ITog Bmussauem CK oTMe4anocs 3HAYMTENHHOE TIOBHIIIICHUE B HUX COAEP-
*aHusg okcuaa azota [71, 72]. IIpu atom o6padotka CK ycumnuBana HakoIIeHHE
MPOJIMHA W CaxapoB B MPOPOCTKaX, MoBhImana akTuBHOCTh H-AT®a3p1, a cka-
Benkep NO PTIO ycerpansan stu adpdexrst CK [71]. Taxxe BozaeiictBue CK
CIIOCOOCTBOBAJIO COXPAHEHHIO B YCIOBHUIX OCMOTHYECKOTO CTpECcCa SKCIPECCHU
reHoB 1 akTuBHOCTH PYBUCKO 1 onHo 13 hopM KapOoaHTHapa3kl, a B IPUCYT-
CTBHM CKaBEHKEpa OKCHA a30Ta 3TH dPPEKTH HEe MPOSBISLIUCH [72].

006 yuactun NO B peanuzaiuu ¢pusuonorudeckux spdexros CK caunerens-
CTBYIOT PE3YJIBTaThl, TOTyICHHBIE TIPH M3YICHIH BIIMSHUS CTPECCOBBIX KOHIICH-
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tpaunii CO, na pacrenns Camellia sinensis L. YcTaHOBIEHO, 9TO 3TOT CTPECCO-
BbIi1 (hakTOp BBI3BIBAJ MOBHILIEHUE coiepkanus B pacTeHusx CK, okcuaa azora u
(raBononoB [73]. Ox3oreHnbie CK u joHop NO HITH Taxke BBI3bIBAIN HAKO-
mwieHue ¢gpruaBoHOUI0B. AHTaroHucT cuHTe3a CK makimoOyTpas3on U cKaBeHKEp
NO PTIO npensTcTBOBaJIM HAKOIUICHWIO (DIIABOHOWIIOB B OTBET Ha JCHCTBHE
MOBBIIICHHBIX KOHIEHTpAIMi yrekuciaoTsl. [lpu aToM 00paboTka pacTeHuit na-
K100y Tpa3oioM cHuMaa 3¢ ¢ekT noBbIeHus coaepxkanus NO, B To BpeMs Kak
cesazbiBanre NO ¢ momomrsio PTIO He Bnusuio Ha copepkanune CK. Takum 06-
pasom, NO sBnsiercs mocpeaankoM B CK-3aBUCMMOM HaKOIJICHUH (IIABOHOUIOB
pactenusmu C. sinensis [73].

Oxcnp a3ota, HapsAy ¢ IEPOKCHUAOM BOJOPOAA M HOHAMH KaJIBIHSI, MOJKET IIPH-
HUMaTh ydactue B BbizbiBaeMoM CK 3akpbiBanun yctbull. 3BectHo, uto NO, Kak
n CK, OBICTpO HAKAITMBACTCS B PACTCHUSIX TIPH WHPHUITUPOBAHUH WM 00paboTKe
AIIMCUTOPAMH, aKTUBUPYS 3aLIUTHBIE TEHBI, @ B HEKOTOPBIX CITy4asix BbI3bIBAsI peakK-
[0 CBEPXIYBCTBUTENBHOCTH [74]. Yuactne NO B camumuiiar-uHIyIHPOBaHHOM
3aKpbIBaHUU YCTBUI] Y Vicia faba moxa3zaHo MHTUOUTOpPHBIM MetonoM. IloznHee
MPSIMBIMA METOZIaMH ObIIO ycTaHOBIEHO, 4To CK BBRI3BIBaNA YBETIUCHUE KOITMYE-
ctBa NO B 3aMBIKalOIIMX KJeTKax apabumorcuca [75]. 10T 3pdeKT moaHOCThIO
ycTpaHsics ckaBeHmKepoM okcuaa azora PTIO u wactnyno marnOutopamu NO-
cuHTa3bl KUBOTHBIX (L-NAME) u HuTpatpemykrasbl (Bolb(hpaMaTroM HaTpus).
[pu TOM yKa3aHHBIE MHTHOUTOPHI IIPAKTHYECKU MTOTHOCTHIO HUBEIIMPOBAH BEI-
3BIBAEMOE CANIMIMIIATOM 3aKpbiBaHue ycThull. Yuactue NO, oOpa3yrormierocs Boc-
CTaHOBHUTEIFHBIM IIyTE€M, B MHIAYIIMPOBAHUN 3aKPBHIBAHUS YCTBHHI] TIOATBEPIKICHO
Y C UCTIOJIb30BAHUEM MYTAHTOB [0 HUTpaTpenyKTaze. Y pacTeHuil apabuporncuca
nial v nia2 3aMpikanue ycThuIl oy BiussaueM CK nposiBisutoch ciabee, yeM y Jd-
KOT'O THIA, 8 y ABOMHBIX MyTaHTOB nial/nia2 He MPOSIBISLIOCH Boob1e [75]. Takxke
WHTUOUTOPHBIM METOJIOM ITOKa3aHa poib porerHkrHa3, I M® u A JID-pu6o3bt
B BbI3biBaeMoM CK Hakomiennu NO 1 3aKpbIBaHUH YCTBUIL Y pacTeHui A. thaliana.

Ha yuactue NO B peanuzanuu ctpecc-nporekroproro aevictsusi CK xocBen-
HO MOTYT yKa3bIBaTh U MHOTOYMCIICEHHBIC JaHHBIE 00 YCHJIEHHUH 3aIUTHBIX d-
(hexroB ipu coBMecTHOM npumenenun CK u qoHopa okcuna azora HITH mst nn-
JQYLUUPOBaHUs YCTOMUMBOCTH PACTUTENLHBIX OOBEKTOB K CTPECCOpaM Pa3IU4HOM
npupozpl. Tak, mpu coBMecTHO# 00padoTke CK u moropom NO HITH pacrenuit
Lablab purpureus L., BRIpalllUBa€MbIX B yCJIOBUAX THIIEPTEPMUH, ObLITH 3a(UKCH-
POBaHBI MOBHIICHHOE CONEpKaHUE (POTOCHHTETHISCKUX MUTMEHTOB B JIUCTHSX,
MEHbIlIasi MHTEHCUBHOCTh OKUCIUTENBHOIO CTpecca, 00jiee BHICOKHE 3HAYCHHS
AKTUBHOCTH aHTHOKCHJIAHTHBIX pepmenToB (CO/l, karana3ssl, ackopOaTiepoKcH-
J1a3bl ¥ Iy TaTUOHPELYKTa3bl), COJEPKAHUS aCKOPOMHOBOW KUCIIOTHI U Ty TaTHO-
Ha, 4eM y pacteHnid, oopadoranabix CK n HITH mo otnensHocTH [76].

Coobimaercs o nmonoxkutensHoM BiusiHuK komOuHanuu CK u gonopa NO Ha
YCTOHYHMBOCTh pacTeHUil K HU3KHM Temrieparypam. B pabdore Esim u Atici [77]
MoKa3aHo 0oJjiee MOJIHOE MPENIOTBpAlIeHUE TOCTENCTBUI XOJIO0A0MHIyIUPOBaH-
Horo (3-mHeBHOe neiictBue Temmeparyp 2—5 °C) OKHCIMTEIBHOTO CTpecca y
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HEMOPO30YCTOHYHBOTO (SIPOBOTO) COpTa MINEHHUIBI pU (QoapHO 00paboTKe
xomOuHanueit CK u HITH. Taxxe uccnenoBaHo BIUsSHUE MTPaliMUHTa CEMSH O3H-
Mot msrkoit nmennibl CK u gonopom NO HITH mo otaenpHOCTH B COBMECTHO
Ha (GOPMHUPOBAHUE MOPO30YCTOMUHNBOCTH STHOJIMPOBAHHBIX MTPOPOCTKOB MIIECHH-
IIBI TIPH UX 3aKAJTMBAHUH [IPU HU3KHUX MOJOKHUTENBHBIX TeMIreparypax. [lokazano
MOBBIIICHNE BBIKUBAHHUS IIPOPOCTKOB IMOCIIE MPOMOpakuBaHus npu —6 u —8 °C
o, BimsstHueM kak CK, Tak w HITH [78]. Eme Gonee 3aMeTHBIM OBUT ITPOTEK-
TOpHBIH 3¢ ekt 06padoTku cemsH «kokTteinem» CK u HITH. Ilpu coBmMecTHOM
ucnoip3oBanuu CK u goHopa NO B mpopocTkax HaONIOJald JOTOTHUTEIEHOES
noBbitieHre akTuBHOCTH COJl 1 comepikaHus caxapos.

[penmoceBnas obpadorka cemsn mmennisl CK cHIDKana yraerenne pocra
pacteHuit npu nmouBeHHo 3acyxe [79]. Takol e 3(h(eKT BHI3BIBAIO ONPBICKUBA-
HUE TIepes1 3aCyXor pacTBopaMu ToHOpa okcuaa azora HITH. 3amuTHoe netictBre
YCHIIUBAJIOCH TIPU codeTaHuu 00paboTku ceMsiH CK B HU3KMX KOHIIEHTPALIUAX C
onprickuBanueMm pacrennit HITH [79]. Takas oO6paboTka MomuguIposaia ax-
TUBHOCTb aHTUOKCHJAHTHBIX ()epMEHTOB U HAKOIICHHE TPOJIMHA B JIUCThsX. [1o-
XOJKHI€ PE3Y/BTaThl OBUIH MOTYIEHBI TP H3YIeHIH KOMONMHIPOBAHHOTO JCHCTBHS
CK u HITH na pactenus Carthamus tinctorius L. B yCIIOBHSIX MOJIEIBHOM 3aCyXH,
coznaBaemoit neiicteueM [191 [80]. KomOunnposanuoe Bo3neiicreue CK u HITH
MIPUBOAMJIO K OoJiee CyIeCTBEHHOMY MOBBIIIeHHIO akTuBHOCTH CO/] 1 KaTtanaszel
0 CpaBHEHHUIO ¢ AP PeKTaMu KaxIoro (hakropa 1Mo OTIeIBHOCTH. B To ke Bpemst
cofiep KaHue MPOJIMHA B YCIOBUAX 00€3BOKUBAHNSA B BADHAHTE C KOMOMHHUPOBAH-
HbIM AeiictBueM CK u HITH 6buto Hike, yeM B BapuanTe Tojibko ¢ CK.

Yeunenue neiictBust CK Ha pacTeHHs pa3HbIX BUJOB B MIPUCYTCTBUU JJOHOpA
NO nokazaHo U B YCIOBHAX COJIEBOTO cTpecca. Tak, CMArdeHHe pOCTHHTHONPYIO-
LIEro AeHCTBUS 3aCONEHuUs Ha pacTeHus BUrHBI B pucytcteun CK u HITH 65110
0oJyiee 3aMETHBIM, YeM TIpU 00pabOTKe KaKIbIM COCTUHEHHUEM B OTACIBHOCTH.
Bonee cymiecTBeHHBIM Takke OBUIO MOJIOKUTENbHOE BiugHUEe KomMOuHamu CK
u noHopa NO Ha ToKa3areNiu CoAepKaHHs MUTMEHTOB, (POTOCHHTETHYECKOH aK-
TUBHOCTH, COZIEPKaHUs IPOJNHA, IUIMHOETaNHA U CaXapoB, aKTUBHOCTH aHTH-
OKCHJIAaHTHBIX (DEPMEHTOB M HU3KOMOJICKYJIAPHBIX aHTHOKCHIAHTOB [81]. Taxxke
«xokteitnby u3 CK u HITH oka3zbiBan 6osiee 3aMeTHOE IO CPABHEHUIO € KaXKIBIM
COCIMHEHNEM TI0 OTICIBHOCTH CTPECC-IIPOTEKTOPHOE AEHCTBHE HA PAaCTCHUS
ropoxa B YCJIOBHUSIX 3aCOJICHHUS, YTO MPOSIBISIIOCH B Oojiee 3aMETHOM MHTHOUPO-
BaHWM Pa3BHUTHs OKHUCIUTEIRHOTO CTpecca W Ooliee CymIeCTBEHHOM WHIYIHPO-
BaHUM aKTUBHOCTH aHTHOKCUIAHTHBIX ()EPMEHTOB U HAKOIUIEHUS] COBMECTUMBIX
ocMouToB [82].

Ceposooopoo. Hapsimy ¢ OKCHIOM a30Ta K KJIFOYEBBIM MOJIEKYIaM-Ta30TpaHC-
MHUTTEPAM B KJIETKAaX PaCTEHUH H )KMBOTHBIX OTHOCHTCS ceposonopon (H,S) [14,
83]. OnuuM u3 OCHOBHBIX IyTel cunTe3a H S y pactenuit cunraercs npespaiie-
HUe L-1ucTenHa B UPyBaT ¢ BBICBOOOXKICHUEM CEPOBOAOPOIa U aMMOHUS [84].
Orta peakuusi Karajausupyercs L-mucrenHaecyabPTruapazoil, KOTopas MOXKET
OBITH JIOKAIM30BaHA B IUTOIIIa3Me, INTACTHAAX M MUTOXOHAPHAX. Takke BO3MOXK-
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HO 00pa3oBaHHe CepoBOAOpONa U3 D-IMcTenHA 1Mo ISHCTBHEM HaXOISAIIEHCs B
nutoruiazmMe D-uucrennaecynbdruapasst [85].

K nacrosmemy BpeMeHH IIOKa3aHO yCHIEHHE CHHTE3a CEPOBOIOPOIA Y PacTe-
HUM IpHu AEHCTBUU CTPECCOPOB Pa3IUUHON MPUPOEI [86], a TaKkKe BO3MOXKHOCTb
UHIyIMPOBaHUA yCTONUMBOCTH 3K30reHHbM H S [14, 15]. Tlo nannemM Tpanc-
KPUIITOMHKH, CEPOBOIOPO]] KaK CUTHAJILHBIN MTOCPEAHUK MOXKET OBITh 3a]1eHCTBO-
BaH B TPAHCIYKINH CUTHAJIOB MPAKTHYECKH BCEX KJIACCOB (PUTOTOPMOHOB: ayKCH-
Ha, ABK, tMTOKMHIMHOB, rTHO0EPETTMHOB, STHUIIEHA, CATUIUIOBON 1 dKACMOHOBOM
kucior [87].

B pa6ore Li et al. [88] mokazaHo, 4TO HHIYLIUPOBAHUE UX TEIUIOYCTONYUBOCTU
sk3orerHol CK commpoBOkIanoch MOBBIIEHHEM COACpP)KaHHS CEpOBOIOPOIa B
noberax. Taxke ¢ UCHOIB30BaHUEM NMPOPOCTKOB KYKYpYy3bl TOKAa3aH CHHEPrHUe-
CKUH 3P PEKT aKTUBAINN aHTHOKCHIaHTHON CHCTEMBI IPH COBMECTHOM JICHCTBHH
CK u noHopa ceposogopoza NaHS [89]. B Hamux skcriepuMeHTax 0OHapyKEHO,
9t0 npu Bo3zaeiicTBuu CK MHIyIINpOoBaHNIO aKTHBHOCTH aHTHOKCHIAHTHEIX (ep-
MEHTOB B KOPHSX MPOPOCTKOB MIIEHHIIBI MPEIIISCTBOBAIO MOBBIIICHUE SHO0-
TeHHOTO cojepkanus cepoBomoposa [90]. [Ipu 3Tom 0O6paboTka HHTHOHTOPAMH
L-uucrennnecynbdruapassl IpensTCTBOBaIa aKTUBAIMA aHTHOKCUJAHTHOH CH-
CTEMBI U Pa3BUTHIO TETUIOYCTONYMBOCTH IIPOPOCTKOB IO BIMSHUEM CaJIHIIHIIO-
BOM KHCJIOTBI. DTO CBUAETENLCTBYET 0 ponu H,S kak mocpennuka B peanusanuu
€€ CTPEeCC-TIPOTEKTOPHBIX 3P PeKToB.

JlelicTBHe HU3KHX TEMIIEpaTyp Ha HPOPOCTKH OTyplia BBI3BIBAIO TPAH3UTOPHOE
noBbItiieHue B HUX coxepxkanus CK [91]. Mx ob6paborka CK ycunmBana Hakoruie-
HUE TpaHCKpUNToB L- u D-mucrennnecynshruapas, NoBbliana uX akTHBHOCTh U
TeHEPalrIo CEPOBOIOPONIA, B TO BpeMs Kak oOpaboTtka nonopom H,S rumpocyis-
¢unom Hatpus He BiaMsia Ha copepxkanue CK. Ok3orenHoe BozzaeiictBue CK u
NaHS cwmsiruano nposiBieHre OKHCIUTENFHOTO CTPECCa, BEIZBIBAEMOTO JCHCTBHEM
Hu3Kkux TeMieparyp. [pu stom a3 dextsr CK He TposBISITUCH B IPUCYTCTBUH CKa-
BEHIDKEpa CEpPOBOIOPOIa THIIOTAYpPHHA, B TO BpeMsl Kak MHrHONTOp cuHTe3a CK
MaKJI00yTPa30Jl He BIMSI Ha MPOSBIEHUE CTPECC-IIPOTEKTOPHOTO IS CTBYS JOHO-
pa HZS [91]. ABTOpPHBI AETAIOT BBIBOJL O TOM, YTO B CUTHAJILHOU IETIH, HHIYIHPYTO-
mieit pa3BUTHE XOIO0YCTOHINBOCTH OTypLa, CepoBoAopo Haxoaurcs Hike CK.

Dddexr maaynmposanust CK ycToWdrMBOCTH pacTeHWi mepra K 0CMOTHYe-
CKOMY CTpecCy TakXke OKa3aJICsl 3aBUCHMBIM OT cepoBojopoaa [92]. Obpabotka
pacrennii CK moBpImana B HUX coIepikaHHE CEpPOBONOPOAA, aKTUBHOCTE (ep-
MEHTOB aCKOpa0aT-ITyTaTHOHOBOTO IIUKJIA U OTHOCUTENBHOE COJIEP KaHNE BOJBI B
mucThsX. OTH 3¢ dexTsl CK He IposIBISIIMCE B IPUCYTCTBUN CKaBEHKEpa cepo-
BOJIOpOJia THIIOTAypUHA, HO YCUIMBAIUCH IIPU OAHOBPEMEHHOII 00paboTke pac-
teHuit NaHS.

Taxxe B MpUCYTCTBHU JOHOpa cepoBojopoaa NaHS ycumusanock crpecc-
nporexTopHoe neiictBue CK Ha pacTeHHs KyKypy3bl, TOIBEPTHYTHIE TOKCHYE-
CKOMY BIIMSIHUIO CBUHIIA, YTO MPOSBISIIOCH B YMEHBIICHHH €0 HAKOIJICHHUS H
MTOBBIIIICHUH cojiepkanus rmunuaOeTanHa [93]. [IpumeuarenbHo, 4TO 00paboT-
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Ka mpopocTkoB Kykypy3sl kak CK, tak m NaHS BrI3pIiBana moBwilieHHE B HUX
cozepkaHus okcuaa aszora [94]. Kak orMedanoch BhIIE, OKCHI a30Ta SBISETCS
MMOCPEIHUKOM B peain3alliid MHOTHX (husunonorudeckux spdpexto CK. B To xe
BpeMs BO3MOXHOE (yHKIIMOHaIbHOE B3aumozelicTeue mexkay NO u H,S xax cur-
HaJIFHBIMH IOCPEIHUKAMH B peanu3anuu neiicteust CK ocraercs HencenemoBan-
HbeiM. He n3yuena noka u csasb H,S ¢ 1pyrumMu KOMIIOHEHTaMH CHTHAJILHON CETH
(A®K, Ca*) B npouecce nepemauun curuanos CK.

NADPH-
oxydase

IeneBbie Oenkm, B ToM gncie TFs
[Target proteins, including TFs]

N

H3menenne
W3MeHeHne akTHBHOCTU
[Change of activity] SKCIpeccn TeHOB
[Change of gene expression|

~

DU3HOTOTHYECKHI OTBET
[Physiological response]

Puc. 2. YyacTue CHrHaJIBHBIX OCPEIHUKOB B Pealn3aluy (PU3HOTOTHYSCKUX
(ctpecc-nporekTopHbIX) 3dpexroB CK. CNGCs — cyclic nucleotide-gated calcium kanansr;
PO — BreknerouyHas nepokcuaasa; L/D-CDS — L/D-nucrennnecynbhruapasa;

NOS — NO-cunta3a; NR — Hutparpenykrasza; ROS — aktuBHbIE (HOpPMBI KHCIIOPO/a;

SA — canununoas kucnora, TFs — TpaHCKkpUNIMOHHbBIE GaKTOPBI.

[Fig. 2. Signal mediators’ participation in realization of physiological (stress-protective) SA effects.
CNGCs - Cyclic nucleotide-gated calcium channels; EPO - Extracellular peroxidase
L/D-CDS — — L/D-cysteine desulfhydrase; NOS - NO synthase; NR - Nitrate reductase;

ROS - Reactive oxygen species; SA - Salicylic acid; TFs - Transcription factors]

DynKyuoHanbHoe 83auUMoOelicmaue NOCPeOHUKO8 Npu nepeoaue CUSHAN08
CK. Kak oTMme4anoch BBIIIE, K HACTOSIIEMY BPEMEHH B peaju3alld CTPecC-
npoTekTopHBIX AP dexroB CK mokazaHo yyacTre HOHOB KaIbIIHs, TOCTYTIAIOIINX
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npeumymiecTBeHHO ¢ momoisio CNGC-kananos, ADK, renepupyeMprx pasHbIMA
tdepmentamu (HA IOH-okcrna3oi, BHEKIETOUHOM EPOKCUIA301 U Ap.), OKCHIA
a3oTa, 00pa3yIoIerocs 1Mo BOCCTAHOBUTEIFHOMY M OKHCIHTEIBFHOMY IyTSIM, a
TaK)Ke CepoBOJOPOAA, KOTOPHBI cuHTe3upyeTcs L/D-unucrennnecynbdruapazamu
(puc. 2).

OnHako CBSI3U MEXIy OOJBIIMHCTBOM ATHX MOCPEAHUKOB MPU TPAHCIYKIUH
curHanoB CK wmccrenoBansl HeOCTaToOuHO. BO MHOTHX ciydasx He HM3BECTHA
MOCJIEOBATEIBHOCTh PACIIONOKEHUSI ATHX MOCPEIHUKOB B CHUTHAJIBHBIX IETSIX,
KOTOpBIE 00€CIeYNBAIOT HEOOXOANMOE JUISA afalTalluy K AEHCTBHIO CTPECCOPOB
tdhopmupoBanre CK-nHAYIMPOBAaHHBIX M3MEHEHUH B KieTKax. HeumzyuyeHHbIMH
OCTaIOTCS CBSI3M C JPYTMIMH MECCEHDKEpaMH CEpOBOIOPONA KaK CHTHAIHLHOTO
MOCPEAHNKA, YYacTBYIOLIET0 B IposiBieHNH (usnonornveckux s3¢gdexros CK,
XOT$ K HACTOAIIEMY BPEMEHH H3BECTHO O €T0 (PyHKIMOHAIEHOM B3aNMOICHCTBIH
¢ nonamu kanbuus, ADOK, okcuaom azora (cM., Hanpumep, [11, 14, 31]). Cosep-
IIEHHO OTKPBITHIM OCTAETCS BOIPOC O BOZMOKHOM YUaCTHH MOHOOKCHA YIIIEPO-
na, seysrowerocs tpetbuM (nocse NO u H,S) rasorpancmutrepom, B peanusa-
uu JIn60 Mogudukanun puznonorndeckux d3pdexror CK. [Ipu aToMm ero cBszu
¢ NO u ADK, xoTopble yCTaHOBIIEHBI B Mociieanee Bpems [11], MOTyT cly>KUTb
CepBEe3HBIM OCHOBAaHWEM I MpearnoiokeHns o0 ydactuun CO B CHTHaJIBHBIX
mpolieccax, csi3aHHbIX ¢ aeicteruem CK.

3akrouenune

MHOro4ucneHHble JAaHHBIE MOKA3bIBAIOT IOBBIIICHUE IHJOTEHHOIO COMEp-
xaaus CK y pacteHmii, mpudeM Ha JOBOJBHO paHHHUX JTalax CTPECCOBOH pe-
akiuy. O4yeHb OOJBIION MACCHB JAHHBIX CBUAETEILCTBYET 00 MHIYIUPOBAHUU
CK ycToiunBOCTH pacTeHH Pa3HBIX TAKCOHOMUYECKUX TPYIII K a0HOTHIECKUM
cTpeccopaM paznuuHoil npuponsl. Ilox Bausauem CK npoucxomuT axTuBanus
KITIOYEBBIX MPOTEKTOPHBIX CHCTEM pACTeHHH — AaHTHOKCHIAHTHOH, CHHTE3a
ctpeccoBbix OenkoB (BTILI, neruapunos, PR-0enkoB), HAKOIUIEHUS MYIbTH(QYHK-
IUOHATBHBIX HI3KOMOJICKYISIPHBIX COCIIMHEHHH, BRIIONHIIOMNX MEMOPaHOIIpO-
TEKTOPHBIE, OCMONPOTEKTOPHBIC, AHTHUJCHATypallMOHHBIC, AHTHOKCHUIAHTHBIC
(byHKIMY (IPOJHH, TTMIIUHOSTaWH, caxapa, BTOPUYHBIC METAOOINTHI).

CK npuHuMaeT y4acTHe B aKTUBAIlUd MHOTUX CUTHAIBHBIX IMyTel. OHa cBsi3a-
Ha C TAKAMH KJIFOUEBBIMH CHTHAIBHBIMH IIOCPEAHUKaMH, Kak Kanbimid, ADOK, NO.
B nocneaHue rozgsl CTano U3BECTHO 00 €€ (PyHKIMOHANBHBIX CBSI35IX C CEPOBOMIO-
POZOM — Ba)KHBIM Ta30TPAHCMHUTTEPOM PACTHTENBHBIX KieToK. P adppextor CK
peanusyercs ¢ ydactueM MAP-kHHa3HOTO Kackaja U APYroro cTpeccoBoro (u-
toropmoHa — ABK. IIpu 3TOM mocnenoBaTenbHOCTh PACIOIIOKEHUS CUTHAIBHBIX
MOCPETHUKOB B Liemsix nepenaun curianos CK, 0coOeHHOCTH UX (DYHKIIMOHAIIb-
HOTO B3aUMOJICUCTBHUS MEXIy COOOW OCTAIOTCS BO MHOTOM HEsICHBIMH. MHOXe-
cTB0 CK-CBA3bIBAIONIUX OCJIKOB MOXKET YKa3bIBaTh Ha pa3HbIE IyTH IIEpeaull ee
curaanoB. OJHAKO HENB3sI UCKITIOUHTH, 4To B3anMozaelicteue CK ¢ HekoTopeimMu
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OenKamMy HE WMEET OTHOUICHHWS K COOCTBEHHO CHUTHAJBHBIM Iporeccam. He-
SICHBIMH OCTAIOTCSI TaKXKE BO3MOXKHBIE (DYHKI[HOHANBHBIE CBSI3U MOTEHIHAJIb-
HBIX OenkoB-perenTopoB CK 1 HeOSIKOBEIX KOMIIOHEHTOB CHUTHAIBHOM TpaHC-
Oyknuu. B gacTHOCTH, ONpeAEeHHO YCTaHOBIEH (PaKT penokc-MonupuKauu
KIIF0YeBoro Oeinka canunuiarHoro cursaimara NPR1. OgHako ee MexXaHU3MBI
U MOCJIE0BaTEIbHOCTh COOBITHH, Mpoucxoasamux ¢ yaactueM ADK, NO u Boc-
CTAaHOBUTEISIMU ¥ MPHUBOAANINX K TaKOW MOAM(HUKALINU, H3BECTHHI IAJCKO HE
IIOJIHOCTBIO.

MOXHO HanesTbCs, YTO BBIICHEHHE MEXaHH3MOB (DYHKIIMOHAJIBHOTO B3a-
umopeiictBuss CK ¢ ApyruMH KOMIIOHEHTaMM CHUTHAJIbHOM CETH CO3MACT Te-
OpPETHYECKYI0 OCHOBY Ul IPAaKTUYECKOTO IPUMEHEHHS B PacCTEHHEBOICTBE
CTpEeCC-IPOTEKTOPHBIX «KOKTelnei», cocrosmux n3 CK u 10HOPOB CUTHATIBHBIX
MojteKyn, ycumaromux ee aeicteue (NO, H, S u jp.). Hepbicokas ctonmocts
u 3Konorudeckas 6e3onacHocts CK kKak IPUPOIHOTO COEAUHEHHUS HE BBI3BIBAIOT
COMHEHHH B BO3MOKHOCTSIX PaCIIHPEHNUS CPEPHI e¢ MPAKTHIECKOTO TPUMEHEHIS,
IIPEKIE BCErO KaK PErysiTOpa pocTa CTPECC-NPOTEKTOPHOIO JEUCTBUS.
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Salicylic acid and formation of plant adaptive responses
to abiotic stressors: role of signaling network components

Salicylic acid (SA) is one of the key phytohormones. A lot of signaling pathways
are activated under its influence. SA takes part in regulation of physiological processes
such as seed germination, flowering, synthesis of other hormones, photosynthesis,
respiration, transpiration, thermogenesis, responses to infection with pathogens, as
well as in adaptation to action of various stressors. Numerous data show an increase
in endogenous SA content in plants at the early stages of stress response. Under SA
influence, there is antioxidant system activation, as well as synthesis of stress proteins
(heat shock proteins, dehydrins, PR- (pathogenesis related) proteins), and accumulation
of multifunctional low-molecular-weight protective compounds (proline, glycine
betaine, sugars, secondary metabolites). Also, SA has an ability to induce stomatal
closure in plants.

We discussed the role of NPR1 protein, which is considered a key transcriptional
regulator of SA signaling. We noted that the interaction of SA with this protein occurs
in at least two ways: through direct binding and through SA-induced changes in cell
redox homeostasis, leading to the NPR1 transition from an oligomer state to a monomer
form. For NPR1 monomerization in the cytosol, there must be a sufficient pool of
reducing agents, but their nature is not fully understood. At a low SA concentration
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in cells, NPR1 protein forms an oligomer and remains in the cytosol (See Fig. I).
Wherein proteins NPR3 and NPR4 bind residual NPR1 in the nucleus and limit its
functional activity. With an increase in the SA concentration, NPR1 transforms into
a monomer state and penetrates into the nucleus. In addition to the redox-dependent
monomerization of NPR1, the increased SA concentration blocks the activity of NPR3
and NPR4, which in the absence of SA act as repressors of transcription regulated by
the TGACG-binding factor in SA-sensitive promoters. Thus, blocking NPR3 and NPR4
leads to the activation of the expression of SA-induced genes. However, the list of
SA-binding proteins is not limited to NPR. Data on the participation in SA binding of
methylesterase, carbonic anhydrase, several isoenzymes of glutathione S-transferase,
chloroplast thioredoxin-m1, some enzymes of the Krebs cycle, and a number of other
proteins, including those with unknown functions, have been obtained. In this regard,
the hypothesis of multinodular (decentralized) SA perception by a plant cell is discussed.

In addition to specific proteins, calcium ions, reactive oxygen species (ROS), nitric
oxide and hydrogen sulfide are involved in SA signaling (See Fig. 2). However, the
relationships between most of these mediators during SA signal transduction have not
been sufficiently studied. We found out that calcium ions in signaling chains are located
both below the SA (involved in the transduction of its signals) and above (involved in
the induction of SA synthesis). We considered the participation of cationic channels
of the CNGC type (cyclic nucleotide-gated calcium channels) in the activation of SA
synthesis in plant cells under an action of stressors. The entry of calcium through them
into the cytosol leads to the activation of calmodulin, and then protein kinases dependent
on calmodulin and calcium. These calcium sensor proteins modulate the activity of
transcription factors CBP60g and CAMTA3/SR1, which are positive regulators of the
expression of isochorismate synthase gene and other genes that provide the process of
SA synthesis. On the other hand, treatment of plants with exogenous SA or an increase
in its content in cells due to stress-induced enhancement of synthesis leads to an increase
in the concentration of cytosolic calcium, which is necessary for transduction of the SA
signal into the genetic apparatus and the realization of its physiological effects.

SA can also be involved in the implementation of action of signaling mediators
such as ROS and nitric oxide. In this case, however, not all of their physiological effects
are realized with the participation of SA. In particular, our work provides examples
of the successful induction of salt tolerance of salicylate-deficient transformants of
Arabidopsis NahG by the action of hydrogen peroxide and the nitric oxide donor
sodium nitroprusside.

On the other hand, ROS, nitric oxide and hydrogen sulfide can act as intermediaries
in the implementation of the SA action. This review analyzes new information on the
effect of SA on functioning of enzymatic systems that generate ROS (NADPH oxidase,
extracellular peroxidase), hydrogen sulfide (L- and D-cysteine desulthydrases) and that
synthesize nitric oxide by the reductive and oxidative pathways.

We considered the effects of enhancing stress-protective effect of SA on plants
when combined with donors of signaling molecules-gasotransmitters. We noted that the
low cost and environmental safety of SA as a natural compound should contribute to
the expansion of the scope of its practical application, primarily as a growth regulator
of stress-protective action.

The paper contains 2 Figures and 94 References.

Key words: salicylic acid; phytohormones; reactive oxygen species; calcium; nitric
oxide; hydrogen sulfide; antioxidant system; resistance
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Mortality of the mussel Mytilus galloprovincialis
(Lamark, 1819) depending on sex

The mussel Mytilus galloprovincialis is one of the most popular species for cultivation
globally and is one of the most abundant mollusc species in the Black Sea. In recent
decades, there have been changes in the sex structures of the Black Sea settlements of
M. galloprovincialis, trending towards an increase in the number of males. However,
data on the effects of male and female mortality on the sex ratio in the population
of M. galloprovincialis are insufficient. Therefore, this study aimed to assess how sex
impacts the mortality of M. galloprovincialis. Mussels with shell lengths of either 30 or
55 mm were selected during the mass spring spawning. A total of 580 specimens were
collected for the study. The separation of molluscs by sex was performed individually
for each specimen via temperature stimulation of spawning. Each mussel was labelled
according to its sex. The mortality of the mussels was studied in natural and laboratory
experiments. In the natural experiment, different-sized females and males were selected
and placed in cages that were hung in polluted harbour water. After 6 months, the
number of dead mussels was recorded. In the laboratory experiment, sex-labelled
mussels were placed in aquariums. The laboratory experiment was terminated after
the death of 50% of the mussels. The mortality of females was found to be significantly
higher than that of males. In the natural experiment, the mortality of females compared
to males in the 55 mm size group was 23% higher and 18% higher in the 30 mm size
group. In the laboratory experiment, the mortality of females in both size groups was
16% higher than that of males. Therefore, it was established that one of the reasons
for the increase in the number of males in the settlements of M. galloprovincialis in the
Black Sea is the higher mortality rate of females compared to males.
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Introduction

The mortality rate is one of the most important population parameters. It is
necessary for assessing the state of various types of hydrobionts, as it largely
determines the features of the size-age structure of a population, the production
properties of organisms, and the lifetime and survival of hydrobionts [1-3]. The
mussel M. galloprovincialis is one of the most important marine resources for
aquaculture in boreal ocean waters [4]. It is one of the most abundant species of
the Black Sea [5-6].

Previous research has primarily focused on the study of the mortality of
molluscs based on age and size, as well as the issues of mollusc survival in various
habitats [1, 7-10]. However, there are limited studies examining the mortality of
M. galloprovincialis depending on sex. The relationship between the sex ratio
of a population and the survival rate of the different sexes is an interesting yet
insufficiently studied phenomenon. Until the 2000s, most researchers observed
a balanced sex ratio equal to 1:1 (9:3) in M. galloprovincialis settlements in the
Black Sea [5, 11-12]. However, over the last decades, the ecosystem of the Black
Sea has undergone considerable natural and anthropogenic changes [13-14]. This
has led to a transformation of the sexual structures in both natural and artificial
settlements of M. galloprovincialis, trending towards an increase in the number
of males [15-16]. In unfavourable environmental conditions, the sex ratio can
reach 1:7 (?:8) [15, 17]. The sex-dependent mortality of mussels can influence
the shift in the sex ratio of M. galloprovincialis populations. This can lead to
negative consequences for populations of M. galloprovincialis in the Black Sea.
In recent years, there has been a decrease in the number of M. galloprovincialis in
the northern Black Sea, as well another species of mussel, Mytilaster lineatus, in
natural settlements [18]. The current study suggests that the unbalanced number
of male individuals in the coastal waters of Crimea may be due to the increased
mortality of M. galloprovincialis females.

Thus, the main aim of the current study was to assess the sex-dependent mor-
tality of M. galloprovincialis in natural and laboratory conditions.

Materials and methods

Material sampling area and research objects

The mortality of M. galloprovincialis was studied in natural and laboratory
experiments in 2017 and 2018, respectively. Mussels with shell sizes of 55.7 =
2.9 and 30 + 1.6 mm were used, as it enabled any variability along the length
of the shell to be excluded. Furthermore, the choice of these sizes is due to mol-
luscs with a shell length of 30 mm being able to reproduce and, therefore, able
to have their sex determined. 55 mm molluscs are of commercial size and have a
practical interest to farmers. For the current study, mussels from a mussel-oyster
farm located at the outer roadstead of Sevastopol were collected from a depth
of 3 — 4 metres. The natural experiment took place at the mussel-oyster farm
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(44°37°13.4”N; 33°30’13.6”E), in a semi-enclosed harbour (44°36’56.4°N;
33°30°10.6”E; Fig. 1).
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Fig. 1. The map of the study area

The waters at the mussel-and-oyster farm are classified as mesotrophic [19].
Feed resources at the marine farm are favourable for the growth and development
of molluscs [20].

The water area of the adjacent semi-enclosed harbour is occasionally polluted
by household wastewater, resulting in increases in water trophicity. The maximum
nitrate concentration was recorded as 250 pg-L", the phosphate concentration as
400 pg L, the coliform index as 1000 L', and the total bacterial count (TBC)
as 910 mL'[21]. The concentration of the nutrients was 8 times higher than in
the conditionally clear coastal areas of the sea, and organic pollution indicators
exceeded the threshold limit values by 9 — 10 times [22]. The concentration of the
nutrients was determined by standard hydrochemical methods [23].

Experimental work

The M. galloprovincialis population was sampled during the mass spring
spawning period. Artificial spawning was carried out to determine the sex of the
mussels. The spawning was temperature—stimulated in laboratory conditions for
each individual mussel to discriminate their sex [6]. To stimulate spawning, each
mollusc was placed in a separate 250 mL container. The water in the container
was heated up to between 20°C — 24°C with the temperature measured using a
meteorological thermometer TM-10 (Termopribor, Klin, Russia). The sex of each
mollusc was determined after spawning using a Jenaval microscope (Carl Zeiss
Jena, Germany). Hermaphrodites were discarded [24].
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For individual identification of molluscs, the marking method was used.
A marking denoting whether a mollusc was female or male was engraved on each
mollusc shell using a Sturm GM2316 handheld electric engraver. This method
reduced the laboriousness of the labelling process and increased the reliability of
the research, as mollusc identification is not affected by prolonged exposure in the
marine environment.

In the natural experiment, 100 individual females and 100 individual males
of each size (30 mm or 55 mm) were put in four separate Ostriga-5 cages (Isti-
tuto Delta Ecologia Applicata, Italy) and placed in a semi-closed polluted harbour
(Fig. 1). At the same time, the same number of cages and mussels were placed
in relatively clean water on the mussel-oyster farm. The duration of sea exposure
was six months for each cage of mussels (from April to October). After 6 months,
the number of dead mussels was counted.

The laboratory experiments examining the mortality of mussels were carried
out in triplicate. The experiment was conducted in six aquariums, with each aquar-
ium considered an individual experiment. Three aquariums contained 30 mm
mussels, and three aquariums contained 55 mm mussels. Oxygen content in the
aquariums was measured monthly using the Winkler method [23]. The oxygen
content for the studied period was in the range of 4 — 4.5 pg-L!. In each aquarium,
there were 15 males and 15 females, labelled according to their sex. The molluscs
were placed in separate 20 L aquariums filled with seawater. The water was taken
from the mussel-oyster farm. Water in the aquarium was replaced after the death
of any individual mollusc, and there was no feeding or aeration. Each experiment
lasted until 50% of the molluscs in the aquarium died. The duration of the experi-
ments ranged from 1 — 6 months. The aquariums were in a semi-basement un-
heated laboratory room in order to prevent rapid death of the mussels due to any
rise in temperature, and the water temperature was measured daily. The mortality
of mussels was calculated as the fraction of dead molluscs compared to the total
number of molluscs. The individual age of the mussels was determined using the
method of sclerochronology [25]. This method is based on the calculation of the
seasonal growth layers in a shell when it is cut. The cut shows alternating light and
dark layers of calcium carbonate. Summer layers are dark, and winter layers are
light. A pair of stripes (dark and light) is formed in one year. This method makes
it possible to determine age with accuracy within six months. The age of mussels
with a shell size of 30 mm was in the range of 6 months, whereas the age range of
the 55 mm mussels was 1 — 1.5 years.

Data analysis

580 samples of mussels were investigated in total. In the natural experiment,
the results were processed by a pseudo-random number sampling method [26].
Up to 33 molluscs were randomly sampled from each cage, and each sample was
analysed individually. The results are presented as mean (M), standard deviation
(S), and confidence interval (Ax). An unpaired Student’s 7-test was used for statis-
tical evaluation (P < 0.05).
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Results of the research

Mortality of mussels in a natural experiment

High mortality of M. galloprovincialis was observed in the natural experi-
ment in both harbour cages, regardless of mussel size. The mortality of females
compared to males was 23% higher in the 55 mm size group, while in the 30 mm
size group, it was 18% higher. There was no significant difference in mortality of
mussels based on the size of the mussels (Fig. 2).
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Fig. 2. Mortality of M. galloprovincialis depending
on sex and size in the natural experiment, 2017.
Data are presented as means (M)

In the clear water area at the mussel-oyster farm, mussel mortality was low.
In the 55 mm size group, 4 females died. In the 30 mm size group, 2 males and 4
females died.

Mortality of mussels in the laboratory experiment

In the laboratory experiment, the mortality rate of females of both sizes was
16% higher than males (P < 0.01). Additionally, females began to die first. There
was no significant difference in the mortality of mussels depending on size (Fig. 3).

The mortality of mussels in each aquarium varied. The onset of death depend-
ed on the viability of the molluscs and the water temperature. Molluscs lived up
to 6 months under laboratory conditions. However, weakened mussels that died in
the aquariums poisoned the water with the decay products from their dead tissues
after 14 days [27]. Mussels in the experimental aquariums began to die gradu-
ally (within two to three weeks). The mortality of mussels increased sharply if the
water temperature in the aquariums exceeded 22°C. Figure 4 shows the mortality
of mussels with a shell size of 55 mm in the longest experiment.
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Fig. 3. Mortality of the mussel M. galloprovincialis depending
on sex and size in the laboratory experiment, 2018
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Fig. 4. Monthly mortality of M. galloprovincialis with a shell
size of 55 mm in the laboratory experiment, 2018.

Discussion of the research

The survival of molluscs is influenced by such factors such as age, size, the
density of aggregations, temperature, salinity, and water pollution [8, 9, 28-30].

The high mortality of mussels (35%) in the harbour during the natural experi-
ment was associated with the unfavourable conditions in this area, such as limited
water exchange and wastewater discharge. High mortality under the influence of
untreated municipal wastewater was also observed in freshwater mussels Am-
blema plicata (Say, 1817) and Corbicula fluminea (Muller, 1774) of the Colo-



172 Natalya S. Chelyadina, Mark A. Popov

rado River located in eastern Travis County, Texas [9]. In the clear waters of the
mussel-oyster farm, the mortality of mussels was 4% — 6%. The conditions for
growing mussels at a mussel-oyster farm were favourable for the development of
suspended conchioculture.

In the laboratory experiment, environmental conditions influenced the mortal-
ity of mussels. The oxygen content in the aquariums was at the lower limit of the
total limit value [31] and had no effect on mussel mortality. Therefore, the big-
gest impact may have been a lack of nutrition. During the experiment, mussels
lived off their internal body resources for an extended period of time. It is known,
with prolonged exposure to unfavourable factors, the mechanisms of anaerobic
resynthesis of adenosine triphosphate, using carbohydrate and protein substrates,
is activated in mussels [32]. Over time, the body’s resources, therefore, become
depleted. In the last two months of the experiment, molluscs that were still alive
were not attached to the walls of the aquarium or to each other by a byssus. Some
mussel shells were opened slightly. After the death of a mussel, their tissue was
observed to be thin and had a cadaverous smell. It is well-known that as molluscs
increase in age (size), so too does their individual mortality [8]. This phenomenon
has been described in populations of Mytilus edulis (Linnaeus, 1758) off the coast
of Canada [33] and in Macoma balthica (Linnaeus, 1758) in the northern Baltic Sea
and Hudson Bay [34]. A significant difference in the mortality of M. galloprovin-
cialis depending on age (size) was not observed in the laboratory experiment (p >
0.01). In the current study, a slight increase in the rate of elimination in larger
mussels was observed. This could be due to a small difference in the age of the
mussels studied. The influence that the density of mussel aggregations and water
salinity has on mortality has been noted in previous literature. However, these fac-
tors can be disregarded in the current study, as the experiments were conducted in
aquariums and cages, where mussels did not experience dense aggregations. The
salinity of water in the experiments also did not affect mortality, as the salinity of
the mussel-oyster farm from 2001 — 2018 was in the range of 17.25% —18.40%
[35]. The optimal salinity range for M. galloprovincialis is 12% — 25% [5].

Sex ratios of mollusc populations are often presented as the proportion of
males and females among adult individuals. Typically, these ratios do not account
for mortality, size, or other features that could potentially affect the ratio. There-
fore, disregarded differential sex-dependent mortality can cause misrepresenta-
tion of the sex ratio in adult molluscs [36].

In the current study, significant differences in the mortality of mussels depend-
ing on sex were observed, with the mortality of females found to be higher. The
uneven death and survival between sexes are common among animals. However,
females are usually more viable. One of the popular explanations for the differ-
ence in life expectancy between the sexes is that the heterogametic sex lives less
than the homogametic one due to the recessive X—linked deleterious mutations
negatively affecting the lifetime of the heterogametic sex [37]. However, the sex
of mussels is not genetically determined [38]. Thus, the differences in the sur-
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vival rates of male and female mussels is thought to be associated with the high
energy expenditures needing for oogenesis [30, 39]. Myrand et al. [40] noted that
after spawning, the mussel M. edulis, which is found in the southern bay of the
Magdalena Islands, had low post-spawning glycogen content, which weakened
their vitality. Similar results were obtained experimentally in the freshwater bi-
valve mollusc of the genus Unio [41]. In the current study, it was demonstrated
that female mussels are more sensitive to unfavourable environmental conditions,
with the mortality of M. galloprovincialis females from natural Black Sea settle-
ments being higher than that of males during prolonged anoxia [1]. Furthermore,
a lower female survival rate was previously noted in the White Sea Hydrobia
ulvae mollusc populations (Pennant 1777) due to a decrease in water salinity and
temperature [30]. A shift in the sexual structure, trending towards an increase in
the number of males, has also been observed in Macoma calcarea populations
(Gmelin, 1790) from the Barents and Pechora seas due to the high mortality rate
of females [42].

Conclusion

In the natural experiment of the current study, the mortality of females
compared to males in the polluted harbour was 23% higher in the 55 mm group and
18% higher in the 30 mm group. However, both males and females experienced
high mortality rates of up to 35% in the harbour, which was associated with the
unfavourable conditions of the area. In the conditionally clear water area of the
mussel-oyster farm, the mussel mortality was comparable lower, at 4% — 6%. In
the laboratory experiment, the mortality of females of both sizes was 16% higher
than that of males. It was also observed that females began to die first in the
laboratory experiment. Therefore, in both the natural and laboratory experiments,
the mortality of females was significantly higher than that of males.

Differential mortality is important for studying the state of dynamic equilibrium
in the population of M. galloprovincialis. These studies can be useful and
applicable to other species of bivalve molluscs. One of the reasons for the increase
in the number of males in the settlement of the mussel M. galloprovincialis of the
Black Sea is the high mortality of females compared to males. However, the study
of sex-dependent mortality requires further, more detailed research.
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