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CanaxytannoB 1.b., XypuryT 2.3., Pajpkanos @.C., Toxxubaesa [I.11., Apsymanos A.11l., AdxykapumoB A.A.
V3BEKMCTOHATU YPTA OCHUE V3YM CEJEKIUSACH HABJIAPUHUHI TAPKUBU

Vmby makonana Y36ekucTon ammenorpaduk Komrekiusacuaard Ypra Ocué y3yM HaBIapu CEEKIHMSCH XIJI-
Ma-XWTHra 6axonanau. Taakuk sTmiiaéTran HaBap MOp(hoJIoTuK Oenrmiap acocuaa TeKmpuwian. Hasmapau nact-
a0k OaxoJamn HaTWKaJadapyu acoCHia, yIapHUHT TAXMUHHUN 03yKaBHH Ba TIDKOpAT KMHMaTH Xama ynapaaH ¢oii-
JallaHuII HyHaIuIIapy Oyiinya MabIyMOTIIap OJWH/IH.

CanaxytannoB 1.b., XypuryT 2.3., Pajpkanos @.C., Toxxubaesa /I.11., Apsymanos A.11l., AdxykapumoB A.A.
COPTOBOI COCTAB BUHOT'PAJIA CPEJJHEA3UATCKOM CEJIEKILIMU B Y3BEKMCTAHE

B L[aHHOﬁ pa60Te IMMPpUBCJICHA OIICHKAa COPTOBOT'O0 COCTaBa BUHOIpaga Cpel[HeaSPIaTCKOﬁ CCIICKII MU U3 y36€KCKOﬁ
aMnenorpa(bI/IquKof/i KOJUICKIIMU BUHOI'paja. I/ICCJ'ICZ[yeMI)IC COopTa aHaJIU3UPOBATIUCH 1TO MOp(i)OJ'IOFI/I‘ICCKI/IM IMpu3Ha-
kaMm. B pe3yibTare ObLIN MOJYYCHBI JaHHBIC, 11O Hpel[BapHTeJ'[LHOﬁ OILICHKC, COPTOB, UX npeanonaraeMofzi HPIHICBOfI n
TOBapHOﬁ IEHHOCTH U HAITPABJICHHOCTU UCIIOJIb30BaHMS.

Salakhutdinov 1.B., Khurshut E.E., Rajapov F.S., Bikmetova D.I., Arzumanov A.Sh., Abdukarimov A.A.
THE COMPOSITION OF GRAPE VARIETIES OF CENTRAL ASIATIC SELECTION IN UZBEKISTAN

This paper provides an assessment of the composition of Central Asian selection grapes of Uzbek ampelographic
collection. The studied varieties were evaluated according to some morphological characters. In result, preliminary
data for observed varieties were obtained such as estimated nutritional and commercial value and direction of use.

Bunorpan — onHO U3 IpeBHENIINX BO3JENBIBAEMbIX pacTeHU. KynbTuBHpyeTCs yke Ha MPOTSHKEHUU
6-9 TBICSY JIET U SBJISETCS] HCTOYHMKOM HAallMOHAIBHOTO G0orarcTBa MHOTHX CTpaH mupa [1].

Cpennsist A3us - OIMH U3 IEHTPOB 10 BBIPALIMBAHUIO BUHOTPaia. 32 MHOTHE CTOJIETHS 37eCh OBbLIH CO3-
JaHbl B OOJIBILIOM Pa3HOOOpa3NH BEIMKOJICIIHBIE MECTHBIE COPTa BUHOTPaa C 3aMevaTelIbHbIMI TEXHOJIO-
THYECKMMH KaueCTBaMH M OTIMYHBIMH BKYCOBBIMH XapaKTEPUCTHUKaMHU. 371€Ch BO3AEIBIBAIOTCS YIIBTPACKO-
pocrienbie ¥ Mo3aHecnenble, 6ecCeMsHHbIE H PUTOAHbIC AN [UINTEIBHOTO 3UMHETO XPaHeHHs, OTHOCH-
TEJILHO YCTOWYMBBIE K HU3KUM TEMIIepaTrypaM U TpUOHBIM Oose3HsIM copTa. Jlydmre o0pasibl BOCTOUHON
9KOJIOTO-TeorpaduuecKoil TPYNIBI 0 HACTOSIIETO BPEMEHH CYMTAIOTCS HE PEB30HICHHBIMU B MUPOBOM
COPTUMEHTE TI0 LIEJIOMY PsILy OMOJIOTHUECKUX U XO3IHCTBEHHBIX MPU3HAKOB [2].

OOBeKTOM HCCIeJOBaHMs B TaHHOM paboTe sBISETCS OLEHKa COPTHMEHTa BUHOTpajia CpeaHea3uar-
CKOH ceJIeKIMU U3 KoJleKunn Hay4qHo-nccienoBarensckoro HHCTUTyTa pacrenueBonactsa (HUMP MCBX
PVY3). B o0mieli ciioxkHOCTH OBLIO MPOaHAIU3UPOBAHO 344 y30€KCKHX M TaJDKHKCKUX copTa. Llenpro wc-
CJIEZIOBaHUH SABJIJICSA aHAIM3 UX MPEAINoIaraéMoi MUIEeBOH ¥ TOBAPHOM IIEHHOCTH WJIM HalpaBIE€HHOCTH
HCIOJIB30BAHUSA MO KAY€CTBEHHBIM U KOJIMYECTBEHHBIM MPU3HAKaM.

Jnst otOopa LENeBBIX COPTOB HCIONB30BAIM 15 NECKPUIITOPOB MEXaHWYECKOIO COCTaBa TI'PO3AU
(Tabm. 1). DTOT THI IECKPHUIITOPOB, B OTIIMYHU OT aMIIeIOrpaduIecKux, 1aeT BOSMOKHOCTh OLEHHUTH TO-
BapHbIE CBOMCTBA HCCIIEYEMBIX COPTOB.

Bb11 npoBeieH aHaMU3 KaTaJoKHBIX 3anucei B koyutekuun BuHorpaga HUMP MCX PVY3. Beero Ob110
npocMoTpeHo cBbiie 1350 3amuceid. Kputepuem or6opa 00pa3loB CIIyKWIIM CTpaHa MPOUCXOXKICHHUS U
HaJIM4YKMEe OMHUCAHUS MO JACCKPUITOPaM MEXaHWYECKOTo cocTaBa rpo3nu. OnmucaHue KOJUIEKIMOHHBIX 00-



PasIoB 10 JAHHBIM JCCKPUTITOPAM MPOBOAUIOCH ¢ 1949 mo HacTosmmii MOMEHT. B mocnemyromieM cTa-
TUCTUYECKOM aHAJIM3€ UCTIONB30BATUCH YCPETHEHHBIC 3HAYCHHUS TI0 BCEM rojiaM Omucanus. B utore Obutn
oroOpanbl 181 copt y30ekckoii u 163 copTa TaP)KUKCKOW CECKIIHH.

Tabmuna 1.
Cnucok 1eCKpUITOPOB, 0 KOTOPbIM ONHMCHIBAJIUCH HCC/IeyeMble 00pa3ubI

Ne Jdeckpunrtop

1 Cpennuii Bec rpo3au (rpamm)

2 CpenHee Kon-Bo (STOJ/TpO3/1b)

3 Cpenuuii anvHa rpo3au (cMm)

4 Cpennuii mupuHa Tpo3au (CM)

5 Cok (%)

6 Msikotb (%)

7 Koxwumna (%)

8 Bec Bcex cemsi (%)

9 Bec rpedns (%)

10 Bec 100 sirox (rpamm)

11 Bec 100 cemsn (rpamm)

12 PasgasinuBanue siron

13 OTpBIB SITOT

14 Caxap (%)

15 Kucnornocts (r/m)

Janee ObUT pOBeNIEH CTATUCTHYECKHUN aHAIHM3 JJIS OIEHKH pa3HOoO00pas3wsi (eHOTHIIOB U IIpe/IBapH-
TEJIbHOW OIIEHKH, WX MPEJIoaraeMoi MuileBo W TOBApPHOW IEHHOCTH WJIM HANpPaBJIE€HHOCTU HCIONb-
30BaHUs. CTaTUCTHYECKUH aHAN3 NMIPU3HAKOB M MOCTPOCHHE PE3YIBTHPYIOMNX JHarpaMM MPOBOIMIN B
cucteme R [3].

W3navanbHO OBUT TIPOBENEH aHAJIM3 10 COOTHOIICHHIO COAEPIKAHMSA caxapa M KHCIOTHOCTH B COKE
WCCIEeNyeMBIX cOpTOB. JIJIT MPOM3BOJCTBA CyXHUX BUH K COPTaM BHHOTPAJA TPEABSBISIOTCS CIEeIyIOIIne
TpeboBanus: comepkanue caxapa 17-21% u comepxanue KucioTsl 7-10 r/1. OgHAKO 71T MHOTHX TEXHU-
YECKUX COPTOB ITH MOKA3aTeNH SIBISIOTCS HEMHOTO HIDKE. [109TOMY OCHOBHBIM OTOOPOYHBIM KPUTEPHUEM
HaMH" OBLJIO BRIOpAHO CoAepKaHne KUCIOTHI (>6 T/11) u coneprkanue caxapa (16 - 22%). B pesynsrare copra
YCIIOBHO OBUTH pa3/ieeHbl Ha BUHHBIE, YHUBEPCAIbHBIC U CTONOBBIE (pHC. 1).

- _| ~ YabekncTaH
= CTONoERIS
o * YHiEepcankHsle
o | + BWHHble
o . TamHHKICTaH
o = oy O CTonoBble
o | £ 9 YHrneepcankHsle
- o iy & BWHHBIE
= A %0 ¢
; o .,3 A O o - - DA
| Pt -
= [m] & [ ] ﬁ- "EE L] %-Da 1
o % ool
T = [m I e =] 1 a_
= o" 2 i 4 Ny o 2 -~
SR . 4 2 u w5 a0 [n L
g o » IEIQ_EE . - e = i
= o . o -
AT @D - ﬁ°&l°‘g = .
»l ]
— [m] - oo L]
= n éﬂ- D-D a0 @ oo -
- [ ] =l - L]
&
f—
ry
-
= 4
T T T T
15 20 25 an
Caxap, %

Puc. 1. Pacnipenenenue copToB 1o napameTpam copepkanus caxapa (%) u KucaoTsl (T/71).



B pesyinbrare mosrydeHa npornopiys MoTeHIMATbHO BUHHBIX K CTOJIOBBIM Kak 26% k 74% y y30€KCKHUX,
1 60% x 40% y TaZ)KUKCKHUX COPTOB.

Taxoke A1 BUHHBIX COPTOB MPEABSBIACTCS U TAKOH KPUTEPHM, KaK MPOMOPIMS COACPIKAHUS KUCIOTHI
10 OTHOLIEHUIO K caxapy, YTO MOXKET ONPEACIATh TUI COPTA U B KOHEUHOM UTOTE BKYCOBBIC KA4ECTBA BUHA.
[To cooTHOIIEHUIO COMEpKaHMsI KUCIIOThI/CaXxapa copTa YCIIOBHO MOXKHO pasnenuth Tak (Puc. 2): 1:1 —
[TocpenctBennnie; 1:2 — 'apmonuunsie; 1:3 — Jleceptusie; 1:4 u Boie — Crnaakue;

Takum 00pa3oM IMOJ KPUTEPUU Ka4eCTBEHHOTO MaTepuaia Jijis MPOU3BOJICTBA CYXHMX BHH IONAJacT
muib 20 y30ekckux (11%) u 32 tamxukckux copra (22%). Tem He MeHee, OOJNBITUHCTBO COPTOB, TOTIAB-
IIME B Pa3psiJl BUHHBIX U YHUBEPCAIBHBIX, COTJIACHO HAIIEMYy aHAJIM3y MOTYT OBITh HUCIIOIb30BAHBI IS
MIPOU3BOJICTBA JCCEPTHHIX BUH U KOHBSYHBIX CIIUPTOB.
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Puc. 2. Pactipenenenue COPTOB O COOTHOILICHUIO coiepykanus caxapa (%) u KUciaoThI (T/71).

[TomuMo caxapHuCTOCTH M KHUCIOTHOCTH HEMAJIOBAKHBIM KPUTEPUEM JJISi BUHHBIX COPTOB TAKXKE SB-
JSIETCsl BBICOKOE COZIep KaHne coKa (Kak MPaBHIIO, TAaHHBIN MOKA3aTellb JOJIKEH HaXOAWTCS MPUMEPHO Ha
ypoBHe 70-90% ot obuieii Maccsl arozsl). C 3Tol 1Henplo ObUIO PACCMOTPEHO paclpeaeieHue ucciemye-
MBIX COPTOB 110 KPUTEPHSIM COACPKaHUE COKA U MSIKOTH OT 001Iel Macchl Sirop! (puc. 3).

ry YabekncTaH

CTonoeksle
YHHESPCaNEHEIR
EwHHEIE

40
n
[ |

TagHMKUCTaH

CTonoeesle
YHHEEPCANEHEIE
BWHHbIE

30
|

WAKOTE, %o

20

10

50 55 B0 B85 70 75 80

Cok, %

Puc. 3. Pactipenenenre copToB 1Mo TIPOIIEHTHOMY COIEPIKAaHHUIO COKA U MSKOTH OT OOIIEH MacChl SITOIIBI.



B pesynwrarte mpoBe/ieHHBIX BBIIIE aHATU30B BUIHO, YTO OOJBIIMHCTBO COPTOB BUHOTPaAa Y30EKCKOM
cenextm (73%) TPUTOMHBI Uil yIOTpeOIeHNsT B CBeKEM BHUJIE, TIPOM3BOJCTBA COKA, a TAKXKe CYIICHHON
npoaykuuu, 19% MoryT OBITH MCTIOJIB30BaHBI KaK YHHMBEPCAIbHBIE cOpTa, U TONbKO 14 coptoB (4%) u3
WCCIIEZIOBAaHHBIX MOTYT OBITh KIIACCH(HUIIMPOBAHBI KAK YUCTO BUHHEIE.

B cirydae TampkUKCKOTO COPTUMEHTA BUAHO MTPeodiiailanie COPTOB BUHHOM HapaBiIeHHOCTH (puc.4). A
camo pacmpeziefieHle BRIIISAUT CIeayomuM oopazom: 60% MOTyT OBITh MCTIOIB30BAHKI IS YIOTpeOITe-
HHUS B CBEXXEM BH/JIE, IPOU3BOACTBA COKA, & TAKXKE CYLUEHHOU npoaykuuu, 18% Kak yHUBepcalbHbIE COpPTa
u 22% Kak YUCTO BUHHBIE.

Kak BuIHO W3 pe3ynbTaroB, M0 CPABHEHHWIO C TA/DKUKCKHIMH COPTaMH y Y30€KCKHX COPTOB JHIIb 14
COPTOB TIOATAIAIOT IO Pa3psil BUHHBIX, TAIDKHUKCKAE COPTUMEHT BKIIFOUaeT B ceOs 6obire 00pasmos (32
COpTa) MPENCTABISIOMNX HHTepec A BuHOMeus (puc 4). Ho ¢ npyroit cTOpoHBI y30eKCKUiI COPTUMEHT
OoIbIIIe TIPECTaBIIEH CTOJIOBBIMHA COPTaMH (HEKOTOpPbIE U3 KOTOPBIX SBISIOTCS KPYITHOILIOAHBIMH ), KHIII-
MUIIAMH U U3IOMaMH.

TapxumkncTaH Y3bekuctaH

Pearson
residuals:
m- 25

- 20

Cronosble

yHI/IBepCaﬂbH ble
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BuHHbIe = 24

| ] p-value =
0.00065457

Puc. 4. CpaBHuTENBHOE pacnpesesieHe COPTOB TAKUKCKON U y30EKCKOM CEeJIeKIINH
0 THITY WX HCIIOJIb30BAHUSI.

HOJ'Iy‘ieHHLIe PE3YIBTATHI MMOJIC3HBI I IOHUMAHUA COPTOBOI'O COCTaBa CPpEAHCA3ZUATCKUX COPTOB, Ma-
J'IOPI3y‘leHHBIfI B JAaHHOM acCIICKTC, a CaMU OAaHHBIC MOT'YT OBITH IMPUMCHCHBI KaK JJId r[0/:[60pa COpPTOB C
LCJIbIO IMOJTYUCHU 0oJlee KaueCTBECHHBIX BUHOMATCPUAJIOB C MPUBJICUCHUEM MCCTHBIX COPTOB, KOTOPBIC,
B OTIIMYUEC OT eBpOHeﬁCKHX COpPTOB, Hanbosee aaanTUPOBAHbI K KIIMMAaTHYCCKUM YCJIIOBUAM y36€KI/ICTaHa,
WJIN UCIIOJIBb30BaHUsA UX B CCICKIHMOHHBIX DKCIICPUMCHTAX MJIS MOJYYCHUS HOBBIX BBICOKOKAUCCTBCHHBIX
COpPTOB BHHOT'pajaa.
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Kamburova V.S., Ubaydullayeva X.A., Abdurakhmonov L.Y.

FITOXROM A1 GENNING RNK INTERFERENTSIYASI G’O’ZANING FOTOSINTETIK FERMENTLAR
FAOLLIGIGA TA’SIRI

G’0’zaning gen-nokaut liniyalari va navlarida fotosintez parametrlaini (kvant chiqishi, fotosintetik pirmentlarning
tarkibi—a va b xlorofillar, antotsianlar va karotinoidlar, Kalvin sikli fermentlarning — ribulozo-1,5-bifosfatkarboksilaza
va fosfoyenolpiruvat karboksilaza — faolligi) qiyosiy o’rganilgan.

KamOyposa B.C., Yo6aiinymraea X.A., Aoaypaxmonos U.10O.

BJIMAHUE PHK UHTEPOEPEHIIUU TEHA ®UTOXPOMA Al HA AKTUBHOCTH ®EPMEHTOB
OOTOCHUHTETUYECKOTI'O AIIITAPATA XJIOITHATHHUKA

Bb110 IpOBE/IEHO CpaBHUTENBLHOE N3YyUYCHUE MTApaMETPOB POTOCHHTETHUECKOW CHCTEMbI (KBAHTOBBIH BBIXOJ, CO-
JepkaHre (POTOCHHTETHYECKUX IMUTMEHTOB — XJIOPO(MIIIOB a U b, aHTOIMAHOB ¥ KapOTHHOUIOB, aKTUBHOCTH (ep-
MeHTOB nukia Kanssuna — pudynoso-1,5-6uchocdarkapbokcunassl u GpochoeHOIHUpyBaT KapOOKCHIA3bl) Y T€H-HO-
KayTHBIX JJMHUH U COPTOB XJIOMTYATHHUKA.

Kamburova V.S., Ubaydullayeva Kh.A., Abdurakhmonov 1.Y.

INFLUENCE OF RNA INTERFERENCE OF THE PHYTOCHROME A1 GENE ON THE ACTIVITY OF
PHOTOSYNTHETIC APPARATUS ENZYMES

A comparative study of the parameters of the photosynthetic system (quantum yield, the content of photosynthetic
pigments - chlorophylls a and b, anthocyanins and carotenoids, the activity of the Calvin cycle enzymes - ribulose-
1,5-bisphosphate carboxylase and phosphoenolpyruvate carboxylase) in gene-knockout cotton varieties and lines was
carried out.

doTocHHTE3 SBISIETCS OAHUM M3 HanOoJiee YyBCTBUTEIBHBIX K KOJCOAHMSM YCIOBHH OKpYyKaromieh
Cpebl IPOIIECCOB B pacTUTENbHON KieTke. [Ipu 3ToM n3MeHeHus: PyHKIHUN POTOCHHTETHYECKOTO arapa-
Ta BO3HHMKAIOT JOCTATOYHO OBICTPO, YK€ B MepBOH (haze Hecnenn(uueckoro oTBETa PacTeHUH Ha CTpecc
U MOTYT CIY)KUTh HHIMKATOPOM MX aAanTalroHHOTO ToTeHuuana [1, 2]. JlefictBue paznnyHbIX GakTopoB
Ha (pOTOCHHTETHYECKHH alnapar peannu3yercs yepe3 Bech KOMITIEKC GU3NUECKUX, POTOXUMUICCKHUX U IH-
3MMaTHYECKUX peakIfii, BOSHUKAIOINE U3MEHEHHSI BO MHOI'OM YHUBEPCAJIBHBI, UX PE3yJAbTaTOM B LIEJIOM
SIBIIIETCS] TOpPMOXKeHHe (poTocuHTe3a [3 — 5.

BwMmecte ¢ Tem, HMEIOTCS JIMTEpaTypHbIC JaHHBIE O TOM, YTO COACpIKaHHE U cocTosiHue guToxpoma B
y XJIOMYaTHUKa 00ycClIaBIuBaeT 0oyiee BHICOKYIO YCTBUYHYIO MPOBOAUMOCTH, CKOPOCTh TPAHCIUPALIMH U
CKOPOCTH (POTOCHMHTE3a B pacyeTe Ha eIUHHMIY TUIOLIAIH JIHCTa, & TAK)KEe MOBBIIICHHOE coepkaHue ¢o-
TOCHHTETUYECKUX MUTMEHTOB U YD-MOMIOMAIONINX TUTMEHTOB (B OCHOBHOM (hitaBoHOU/IBI) [6]. Kpome
toro, pe3yisrarel KEGG ananu3za tpanckpuntoB 142 /10T, npoBenennoro y RNAI nuHuMi Xjgonm4aTHUKa
¢ cailiieHcuHrom rena PHYA 1, moka3an yyacTre TeHOB, CBA3aHHBIX ¢ (PUKcallel yrieposa, B peann3anun
3¢ dekToB HOKayTa JAaHHOTO reHa [7].

B cBsi3u C BBIIEU3IOKEHHBIM, a TAKXKE YUUTBIBas (PaKT, 4TO TeH-HOKayTHBIE copTa cepun [Topmok 06-
JIaIat0T TOBBILICHHON YpOXKaliHOCTBIO, OBLTO HHTEPECHBIM UCCIIEJ0BAaTh H3MEHEHUSI (POTOCHHTETHYECKON
AKTUBHOCTH PA3JIMYHBIX COPTOB XJIOMUYATHHKA, BKJItouas copra cepuu [lopok.

st onpeneneHuss OTOCUHTETHYECKOH aKTHBHOCTH T€HOTUIIOB XJIOMYaTHUKA MCIIOIB30BAJICS METOI,
OCHOBAaHHBIH Ha U3MEPEHHH MTApaMeTPOB (PIyopecleHIINU XJIopoduiia Ipu BO30YKICHHN UMITYJILCHO-aM-
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IUTUTYIHO-MOAYIUPOBAaHHBIM CBETOM C momorisio PAM-dyopumerpa MINI-PAM (Watlz, ['epmanmus).
O(PeKTUBHOCT (POTOCHHTE3a OICHUBAIN IT0 MTOKA3aTEI0 KBAHTOBOTO BBIXOMA (DOTOXMMHYECKOTO IPO-
necca B ¢porocucreme 11— mapamerpy «YIELD», kotopsiii paccautsiBaetcs o gopmyne: YIELD= (F’M-
F)/F’M), tne F-uHTEHCHUBHOCTH (IIyOpecleHIINN Ha JaHHBIA MOMEHT BpeMmeHH, a F’M-MakcumanbHas
WHTEHCUBHOCTH, HarboJiee TOTHO XapakTepusytomas 3 (GpeKTHBHOCTh IEpBUYHON, CBETOBOM (a3bl (oTo-
CUHTE3a.

Jus onpenenenns akTuBHOCTH pHOyo30-1,5-0udocdarkapobokcnnassr (RuBPC) sxerpakiuto dep-
MEHTa MTPOBOIMIIN BUIOM3MEHEHHBIM MeTooM Sayre et al. (1979) [8]. AxkruBHocTh RUBPC onpenensiu mo
metoxy Camp et al. (1982) [9]. lnst onpenenenns aktuBHOCTH Ppochoenonmmpysat kapookcuiassl (PEPC)
o 0,2 r xaxxaoro oOpasia 3aMOpakiBajl B )KUIKOM a30Te M PACTHPAIH B CTYTIKE C KBapPIIEBHIM MECKOM B
5 mu cpenbl BeiesenHus, conepikamei 50 MM tpuc-HCI (pH 8.0), 1 MM MgCl,, 0,01 MM D/ITA, 10 MmxM
MepKanrTodTaHona. [oMoreHar GUIBTPYyIOT Yepe3 KanpoH u ¢puibTpar neatpudyrupyor npu 20 000 g B
tedenue 15 muH nipu 4° C. CynepHaTaHT UCTIONB3YIOT AJISl OnpeneieHns (hepMEeHTaTHBHONW aKTUBHOCTH
PEPC. Jlns onpenenenust aktuBHocTd PEPC o usmenenuto ontuueckon miotHoctu HAJIH npu 340 uHMm
PEAKIMOHHYIO CPEy COCTABIAIOT U3 cienyromux peaktuBos: mpuc-HCl 6ypep — 100 mxM, MgCl, — 5
MkM, NaHCO, - 50 mxM, HAJTH — 0,25 mxM, ®EII - 10 MxM, skcrpakt — 1 M. O6mmii 06bem — 3 mi1.
B xoHTpONBHYIO TPOOY BHOCAT BCE, 3a HCKItoueHneM cyocrpara (DEIT).

s ompenenieHust conepkaHus XJIopoduiia Opainy AUCKH JINCTOBOM TKAaHU JUAMETPOM 4 MM, BBIpe-
3aHHBIX U3 8 MapayyIeNlbHO YIIOKEHHBIX JINCThEB (KaXKIbIA U3 KOTOPBIX COOpaH C OTIENBHOTO PACTEHHUS) C
Y9aCTKOB JIMCTOBOM TUIACTHHKH, HE COAEPIKAINX KPYITHBIE TTPOBOSIINE KIIIKH. J[MCKH SKCTparupoBairch
B 80% (00/00) amieToHe B TeueHne 24 4 B TEMHOTE IPH KOMHATHOW Temmeparype. OnTuueckas miIoTHOCTh
aKcTpakTa n3mMepsinacek npu 470, 645 u 663 aHM. CopeprkaHne XJIOpO(PHIUIOB PACCUUTHIBAIIOCH TI0 CIEAYIO-
M hopmysam:

Chl a (mr x r! ceiporo Beca) = (12,72 x D_)— (2,58 x D
Chl b (mr x 1! cerporo Beca) = (22,87 x D, ) — (4,67 xD

Jis onipeieniennst KapOTUHOWIOB M KCAHTO(HIIIIOB HABECKY JINCThEB, paBHYyto 0,5 T, TIIaTeIhHO pPacTH-
patoT B cyxoii happopoBoii cTymke ¢ 1-2 T 6e3BOAHOTO CEPHOKUCIIOTO HATPHUS 1 HEOOIBIIINM KOJTHYECTBOM
YTIIEKHUCIIOTO KAJBITUS IO CYXOTO 3€JICHOTO MOPOIIKa. MI3MeTFIeHHbIN pacTUTENbHBIM MaTeprual MepeHoCcsT
Ha CTEKIITHHBIN (QMIBTP M HACTAHMBAIOT B TEUCHHE 5 MUH C 3—5 MIT pacTBOPHUTENS (CMECh 3THIIOBOTO CITHP-
Ta U aneToHa B oTHomeHuH 3:1). HeGompmmMy mopIiusiMu pacTBOPUTEIS U3 PACTUTEIHHOTO MOPOIITKA Ha
(bmIBTpe BBIMBIBAIOT BCE MUTMEHTHI B MIPOOMPKY, BCTaBIEHHYIO B K00y byHsena. [y okoHYaTenpbHOM
9KCTPAKIIMHA TUTMEHTOB IMIOPOIIOK POMBIBAIOT MOPITUEH STHIOBOTO CIIUPTA. DKCTPAKT KOHIICHTPUPYIOT Ha
poropHOM ncrnaputene. KomudecTBeHHOE OIpeesieHne KapOTHHOUIOB W KCAHTO(IILIOB MTPOBOJIAT MOCIIE
pasnenenus merogoM TCX Ha mumactHKax Merck, HCTIONB3ys B Ka4eCTBE MOIBIKHON (ha3bl cMeCh METPO-
neiHoro »¢upa, xIo0pohopmMa 1 H3OMPOITUIOBOTO CIUPTa B cooTHOMIEHNH 9 :7 :1 06/06 [10]. OnTHueckyto
IJIOTHOCTH PACTBOPOB KaPOTHHA M KCAHTO(MMIITOB U3MEPSIOT Ha CIIEKTPO(OTOMETPE TIPH CIIEAYIONIHNX JIJTH-
Hax BOJH: KapoTuH (B arneTone) — 450, kcanTopmis (B areTone) — 445 M.

LupxamHbIie 9ackl - 3T0 MEXaHU3M, KOTOPBIH MO3BOJISET OPTaHU3MY aJIalITUPOBATh MHOTHE TPAHCKPHII-
[IMOHHBIE, PU3UOJIOTHUECKHe U OMOXMMIYECKHE TPONECCHl K €CTeCTBEHHBIM CyTOUHBIM mmkiam [11, 12].
W3 nuTepaTypbl U3BECTHO, YTO Pa3iIMYHbIE SKOPHU3UOIOTHUECKHAE MPU3HAKK (HampuMep, oOIme YpOBHU
ycoenus CO,, ypoBeHb yIIeBOAHOTO 0OMeHa M 3P(HEKTUBHOCTL (POTOCHMHTESA) 3aBUCAT OT LUPKAHBIX
yacoB [ 13, 14]. bonee KOHKPETHO, IIMPKATHBIE PUTMBI, KOTOPBIE OJU3KA K 24 YacaMm ¥ pe30HUPYIOT C ITUKIIa-
MU OKPY)KafoIei Cpelbl, BEpOsSTHO, ONTHMU3ZHUPYIOT CYyTOUHBINA X0/ razooomena [15]. TpanckpunToMHbIE
WCCIIEZIOBaHUS HA TUIIMYHBIX TeHOTHITAX Arabidopsis Takke yKa3bIBalOT HA TO, YTO KITFOUYEBHIE T€HBI, CBA-
3aHHBIE ¢ TazooOmMeHoM U (yHkmmerr DC 11, perymupyrorcs Ha ocHOBE CyTOuHBIX puTMOB [15]. Kpome
TOTO, KOJMYECTBEHHOE M3MEHEHHUE IMPKaIHBIX YacOB CBI3aHO C (POTOCHHTE3UPYIOUINMH MPU3HAKAMHU B
Cerperupyronnx MOTOMCTBAX U B KYJIBTypax Tuna Brassica rapa w Hordeum vulgare [15, 16]. Takum 00-
pa3oM, IUPKAIHBIE Yachl CTAHOBSITCS BAXKHBIM PETYISITOPOM Ta3000MeHa U mapameTpoB (hryopecIieHInn
xyopodmia. TeM HE MeHee ero BIHsSHHE Ha OMO(DHM3MUYECKYI0 aKTHBHOCTh 00enX (hOTOCHUCTEM OcTaeTcs
IJIOXO OXapaKTePH30BaHBIM, B PE3YJIBTATE YETO BOMPOCH MEXaHUCTHUYECKOW CBS3M MEXKAY IUPKaTHBIMU
yacaMmH ¥ Ta30BBIM OOMEHOM Ha YPOBHE JIMCTHEB, a TAK)Ke (DOTO3AIIUTHI OCTAIOTCS Hepa3penieHHbMH [ 17].

B cBs13u ¢ 9THM, TIENTBI0 CCTIENOBAHUS SBISIIACH XaPaKTEPUCTHKA ITUPKATHBIX PUTMOB (ITyOPECIIEHITUT
XJIopoduIIIa, COEePIKaHus KITFOUEeBBIX ITUTMEHTOB U aKTHBHOCTH KITFOUEBBIX (DepMeHTOB IiKiIa KaibpBuHa y

8

663 645)

645 663)



MOTU(HUITMPOBAHHBIX U HEMOIU(DUITUPOBAHHBIX COPTOB XJtomuarHuka (Gossypium hirsutum).

Jis ompeneneHns mpeneNbHBIX BO3MOKHOCTEH A(PQPEKTHBHOTO YCBOCHHS KBAaHTOB CBeTa (POTOCHH-
TETUYECKHUM allapaToM CPaBHUBAEMbBIX T€HOTHIIOB PACTEHUH HAMHU OBLI MIPOBEICH aHAJIN3 IHUPKaJHBIX
pUTMOB mapamerpa kBaHTOBOTO Bbixofa YEILD. Jlns 3Tux 3KCcriepriMeHTOB OBLTH MCTIONB30BaHBI MOJIO-
JIbI€ JINCTHS XJIOMYaTHUKA Ha CTaINH [[BeTeHH. [loydeHHbIe pe3ylbTaThl MoKa3aid, YTO POCT KBAHTOBOTO
BbIXofla (hotocuctemsl I Habmomancs B TeMHOE BpeMs CYTOK, JOCTUTasi MaKCUMyMa B IMOJIHOYH (pHc. 1,
A). Ilocie Bocxona conHIa (Ha4MHAsA ¢ 4 9acoB yTpa) U TI0 MEpe POCTa MHTEHCHBHOCTH CBETA BBISBIISIICS
cnag napamerpa YIELD, nocturas munuMmyMa B noiaeHb. C HaCTYIUICHUEM TEMHOTBI 3TOT MOKa3aTellb
BHOBB BO3pacTal U K 24 dacaMm TpUOIIKAJCS K CBOEMY IpEeTbHOMY 3HAUe€HUI0. DTH JaHHBIE XOPOIIO
KOPPETUPYIOT C INTEPaTyPHBIMH JAHHBIME O ITUKIMYECKOM U3MEHEHUN aKTHBHOCTH (DOTOCHHTETHYECKOTO
anmnapara XJIOMYaTHUKA B 3aBUCUMOCTH OT BpeMeHH cyTok [15, 18].
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Puc. 1. Cyroynasie puTMBI TapaMETPOB aKTHBHOCTH (POTOCHHTETHYECKOTO ariapara
y reH-HokayTHOro coprta [lopiok-1. A — u3MeHeHHe KBaHTOBOTO BbIX0O/la, B — M3MeHeHue OTHOILICHUS
xnopodmmia a/b. [1o ocu aberuce — Bpems cyTok. 1 — Hoib cerperant, 2 — Kokep-312,3 -T 1-7,4-T
31-10, 5 — AH-basByt-2, 6 — ITopiok-1. p < 0,05



[Ipu 5TOM HEOOXOIUMO OTMETHUTH, YTO, HECMOTPS Ha CXOJCTBO OOIIEH HAIPaBIEHHOCTH ITUPKATHBIX
puUTMOB y KOHTpONbHBIX 1 RNAI pactenunii, HaOMOMaI0Ch 3HAYUTEIBHOE pa3Tuine B aOCOMOTHBIX 3HA-
yennsix nmapamerpa YEILD. Tak, y pacrennii RNAi copToB HaOMONaI0Ch CTATHCTUYECKH JTOCTOBEPHOE
OoJiee BEICOKOE 3HAYEHHUE TTapaMeTpa KBaHTOBOTO BBIXO/[a, YeEM Y HETPAHC(OPMHUPOBAHHBIX PACTEHHH, YTO
MTO3BOJISIET MPEJIOJI0KHUTE OONBIITYI0 YCTOMYUBOCTh K (DOTOMHTHOUPOBAHUIO U, BCIEJCTBHE ITOTO, OOJb-
mast dPPEeKTUBHOCTH paboOThl (POTOCHHTETHYECKOTO ammapara, 4TO XOPOIIO KOPPEeIupyeT ¢ JaHHBIMH O
MOBBIIIEHHON YPOKalHOCTHU JaHHBIX COPTOB [19].

Kpome Toro, puT™MBl ()OTOCHHTE3a MOYKHO OOBSCHUTH CHHTE30M / Jerpamanueld Xjaopoduiia U ero
CBSI3BIBAIOIINX OEIKOB, KOTOPBIN HAONIOMANCA y psAlda pacTeHHi, TAe conep:kaHue (OTOCEHCHOMITN3NPY-
fomero komriekca Il mocturaer MakcuMyma B TMOJIEHB, COBITJIAIONIETO C MHHUMAIBHBIM OTHOIICHHEM
xsopodma a/b [18]. B cBs3u ¢ aTiM OBLITO HCCIIeIOBAaHO BIMSHUE HOKayTa reHa (hutoxpoma Al Ha comep-
JKaHMe ¥ COOTHOIICHNE XJIOPO(DUILIOB B JIMCThSIX XJIOMYaTHUKA. [lomyueHHbIe pe3ynbTaThl MoKa3aid, YTo
oTHOIIeHNe XJIopoprutoB a/b Takke UMeeT IMUPKATHYIO [MUKINIHOCTh, JOCTUTAst MAKCUMyMa B TTOJTHOYh
(puc. 1, B).

[Ipu nccnenoBaHusAX MUTMEHTHOTO ammapara 1mo cootHomeHuto xjopodummo (Chl a/b), cymsar we
TOJIBKO O UyBCTBUTEIHHOCTH PA3IMUHBIX (popM XJopoduiuia Kk TeHCTBHIO HEOIAronmpUATHBIX (PaKTOPOB, HO
W OILICHHWBAIOT CTENICHL COXpaHHOCTH (oTocucTeM. Cunraercs, 9rto cHIkeHue mokasarenst Chl a/b moxer
CBHJICTEIHCTBOBATE O TOBpeXkAcHUAX OenkoB komruiekca ®C II u cBSI3aHHOW ¢ 3TUM Jerpagartueii XJo-
podmta a [15]. YBennueHue e 3TOr0 OTHOIIEHHS TOBOPUT O OObIIe (PyHKIIMOHATHFHOW aKTUBHOCTH
cBerocobuparomux komruiekcoB kak ®C I, tak u @CII u BeicokuMm cootHomerneM OC [I/OC 1 [15, 18].

Taxum obpazom, HaOmonaemass y RNAi copToB MeHbIIasi aMIUTATY/Ia KOJIEOaHWH OTHOIIEHHS XJIOPO-
(nmoB a/b MOXKET CBUAETEIHCTBOBATH O OOIBIIIEH, IO CPABHEHUIO C KOHTPOJIBHBIMH PAaCTeHUSMH, YCTOM-
YUBOCTH (POTOCHHTETHICCKOTO armapara 1, Kak CieIcTBHe, 00bIel 3(PeKTHBHOCTH (OTOCHHTE3A.

Bompoc o Towm, siBrisieTcst i (POTOMHTHONPOBAaHUE PACTEHHUN CTpecC-peakinell WM 3TO PeTryasITOPHBIN
TMIPOIIeCC, HAPaBJICHHBIN Ha COTJIACOBAHUE CBETOBBIX peaKIuii (DOTOCHHTE3a CO CIOKHOU M Pa3BETBICHHOM
MTOCJIEZIOBATEIFHOCTRIO PEaKIiuii MeTadoIM3Ma, JI0 CHX TOp OCTaeTcs JUCKycCHOHHBIM [ 15, 20]. IIpu aTom
(hoTOMHrHOMPOBaHNE YACTO CBA3AHO C MOBPEXKICHHEM (POTOCHHTETHYECKOTO ammapara MpH JUTHTEITbHON
BBICOKOI OcBetmeHHOCTH. OHIM 13 Hanbollee 4acTo MOBPEKAAEMBIX KOMIIOHEHTOB, KaK MPEAIONarakoT,
sisiercs 6enok D1 peaknmonHoro nertpa Gotocuctemsl 11 [21]. B HacTosmee Bpemst o4eBUIHO, 9TO (Ho-
TOMHTHONPOBaHUE, BOZHUKAIOIIEE B PE3ybTaTe COUETaHMs BBICOKOH TIIOTHOCTH CBETOBOTO TMOTOKA C APY-
ruMu (pakTopaMu cTpecca, TAaKUMH Kak 3acyxa, TEMIEepaTypHBIH CTpecc, 3aCOJIEHUE, OKa3bIBAeT BaXKHOE
BIIMSTHYE HAa PACTCHUS B €CTECTBEHHBIX YCIIOBUAX. Y pacTeHuil umeercs psa (GOTOaTaNTHBHBIX U (OTO3a-
IIUTHBIX MEXaHU3MOB Ha PA3JIMYHBIX YPOBHSIX: OT BCETO PACTEHHUS JI0 IUCTHEB W THIIAKOUTHOW MEMOpaHBI
XJIOPOTIIIACTOB, ITO3BOJIIONINX U30eraTh MUHIUMH3HPOBATH ()OTOMHTHOMPOBAHHIE TIPU BBICOKOH OCBEICH-
HocTH. K OTHOMY M3 TakMX MEXaHHU3MOB MOXKHO OTHECTH HaJIMUWe B XJIOPOILIACTaX KapOTHHOUIOB, KOTO-
pBIe 00eCTIeunBaIOT PENIAoNINil BKIa B OTO3AMUTY XJIoporiacTtos [20].

B cBs3u ¢ 9TiM, Hamu OBLTO UCCIIEIOBAaH YPOBEHb aHTOIIMAHOB M KAPOTHHOMWIOB B JICTHAX XJIOMMYAT-
HUKa TPaHC(HOPMHUPOBAHHBIX M HETPaHC(HOPMUPOBAHHBIX COPTOB. Pe3ynmbrarel McclemoBaHUA MOKA3aIIN
Ooee BBICOKOE coziepykaHne aHTonnaHoB (Ha 25%) u kaporuHou0B (Ha 20%) B mucThsix RNAi-copToB
XJIOITYaTHHUKA 110 CPABHEHUIO ¢ KOHTPOJIBHBIMH (pHC. 2).

[TomyueHHBIE PE3yIBTATHI XOPOIIIO COMTACYIOTCS ¢ (DEHOTUITMYECKOH 0COOEHHOCTRIO TAHHBIX COPTOB —
HACBIIIEHHON MUTMEHTAIINEH TMCTheB (T.H. «aHTOIIMAHOBBIN 3arap»), KOTOPBIH MPHUCYTCTBYET Ha JIUCTHSIX
9TUX TEHOTHUIIOB Ha MPOTSLKEHUH (DPM3MOIIOTUYECKH aKTUBHOTO mepuona pactenuit [19]. [lo-Buammomy,
MIOBBIIIIEHHOE COJIEpYKaHNE MUTMEHTOB B JHUCThIX RNAI-COPTOB XJIOMUATHHUKA JIeTaeT MX OOoJiee yCTOM-
YUBBIMU K (POTOMHTHOMPOBAHUIO, M, KaK CIIEACTBHE, 00ECIIEUNBAET OTHOCHUTEIBHO BHICOKUMH MOTEHITHAI
(hOTOCHHTETHYECKOTO arnmapara y XJI0M4aTHHKA, IT0 CPABHEHHIO C UCXOAHBIMH T€HOTHITAMH.

VY BBICIIUX pacTeHUi CyIIeCTBYEeT OOMIMPHAs U CKOOPIUHUPOBAHHAS [IUPKATHAS PETYISAIINS METa00IH-
YECKHUX My TeH, CBA3aHHbIX ¢ pukcanuei CO,. [lupkaaHbie 4achl KOOPAMHUPYIOT TPAHCKPHUIILHUIO KOMITOHEH-
TOB (hOTOPEAaKTHBHOTO TYTH, KOTOPBIE JIOKAIM30BAHBI B XJIOPOIUIACTaX, MUTOXOHIPHUAX M TIEPOKCHUCOMAX.
TpaHCKPHUIITHI, KOAUPYIONINE KOMIIOHEHTHI IIKiIa KambBruHA, pEeryaupyroTCsl IUKINYECKH, & BPEMEHHBIE
3arackl KpaxMaia yrpaBiISioTCS UMEHHO IUPKAIHBIM XpoHOMeTprupoBanueM. [loatomy mpencrasmsercs,
YTO KOMIUTIEKCHAS IIUPKaHAas PETYISINS, a He OIMH KOHKPETHBIA MyTh WK T'eH, 00yCIOBIMBAET yBEINYe-
HHE NPOAYKTUBHOCTH PACTEHUH, KOTOPOE BO3ZHUKAET B PE3YJIbTATE CyTOYHOIO PeryaupoBanus [22].
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Puc. 2. Conepxanue KapOTHHOUIOB U KCAHTO(PHUILIOB y T€H-HOKAyTHOTO copTa xyondaTHuka [Topnok-1.
1 — Kokep-312, 2 — nonb cerperant, 3 — T 1-7,4 —T 31-10, 5 — AH-basByt-2, 6 — [lopnok-1. Jlanusie
npuBeaeHs! B % oT koHTpois. P < 0,05

Cropocts pukcanun CO, pubynoso-1,5-6ucpocharkapbokcunasoii (RuBPC) npexcrasnser codoi
MOTEHINANBbHYIO KOHTPOJIBHYIO TOUKY JJISl COSMHEHHsI IIUPKaJHBIX 4acoB ¢ (oTtocuHTe30M. Llnpkannsie
kosiebanus pukcamun CO, IPOUCXOAAT HE3aBUCUMO OT PUTMOB YCTBUYHOTO OTKPBITHSI, HOCKOJIBKY YUCTas!
¢uxcanusa CO, koneOnercs B yCIOBHAX, KOTIa KOHLIEHTpamus Mexka1eTounoro CO, u yCTbUYHON MPOBO-
JMMOCTH TIOCTOSTHHA [22].

Ha ocHoBanum 5THX JaHHBIX ObUIa MCCIEJOBaHA CyTOYHAs aKTHBHOCTH OCHOBHBIX (DEPMEHTOB IIHK-
na KanpBuna — pulyno3o-1,5-6uchocdarkapookcunazsl (RuBPC) u dochoenonmupysar kapOokcuia-
361 (PEPC) y pa3ziuyHbIX IeH-HOKAayTHBIX M HCXOMHBIX (HETpac(hOpPMUPOBAHHBIX) COPTOB XJIOMYATHUKA
(puc. 3).

I'padux yposus aktuBHOCTH RUBPC B cyTouHO# AnHamuke B a3y OyTOHM3AIMK — Havajla [BETCHHUS
HMeI «CEJIOBUIHBIN» XapakTep M Y BCEX HUCCIEJOBAaHHBIX HAMHU COPTOB, HauMHas C § 4, YpPOBEHb aKTHB-
Hoct RuBPC noBbImmancs n 1octuran MakCUMaiabHON BeTUYHMHBI K 9-10 4, HE3HAUNTENBHO CHIXKASACH K
14-15 4, BHOBB IPAKTHUECKHU AOCTUTAsI MakcuMyMa K 18-19 4, a 3aTeM MmIaBHO CHIDKANICA 0 MUHUMYMa B
HOYHOE Bpems (puc. 3, A).

[Tpu 5TOM MexTy MOTU(PHUIMPOBAHHBIMU U UCXOTHBIMH COPTaMH OBbLIM BBISBICHBI JOCTOBEPHBIC Pa3-
nmuus pu ypoBHe 3HaunMoctu P < 0.05. Tak, y copra [lopnok-1 pasznuna B aktuBHOcTH RuBPC Ob1n1a Ha
15% BoImie, yem y ucxonHoro copra Kokep-312, ncrnonb3oBanHoro uis Tpancopmanuu, u Ha 10% Bolie,
4yeM y poruTenbekoro copta AH-basByT-2 (puc. 3, A), 4To XOpOLIO KOPPETUPYET ¢ JaHHBIMH O O0JIee BbI-
COKOH ypO’KaHOCTHU AaHHBIX cOpTOB [19].

[Ipu nccnenoBanuy akTUBHOCTH JApyroro gepmenTa uukina Kanssuna — PEPC 6b1u10 00HapyxkeHo, 4To
€ro aKTUBHOCTB Y BCEX MCCIICIOBAHHBIX COPTOB OblIa CYIIECTBEHHO HIKe akTuBHOCTH RUBPC, uTo mo3so-
JIAET OTHECTHU XJIOMYATHUK K pacTenusm ¢ C,-tunom orocuntesa (puc. 3, B), 410 xopomio koppenupyer ¢
JIUTepaTypHbIME JaHHbIMU [23]. OnHako akTHBHOCTH qaHHOTO (hepmenTa (PEPC) y reH-HOKayTHBIX COPTOB
ObLIa TOCTOBEPHO BHIIIE, YeM Y HEMOAM(PUIIMPOBAHHBIX COPTOB, YTO COINIACHO MMEIOIIUMCSI JIUTEpaTyp-
HBIM JIaHHBIM MOXKET OKa3blBaTh BIMSHHUE Ha JOHTAIMIO BOJIOKHA xjomuyatHuka [24]. Kpome Toro, ¢ep-
MeHTaTuBHas akTUBHOCTh PEPC nmena 4eTko BeIpaXX€HHYIO IIUPKAHYIO 3aBUCUMOCTD, JOCTUTAst MaKCH-
MyMa B [IOJIIEHb U CHIKASCh MPAKTHYECKH JI0 HyJS B ITOJHOUB (puc. 3, B).

Wzmenenus: kapOOKCHIa3HOH aKTUBHOCTH ()EPMEHTOB B TEUEHHE JHSI MOTYT OBITH CBS3aHBI C HHJIO-
TeHHBIMHU (haKTOpaMu: ¢ (yHKIMOHUPOBAHWEM YCTBUYHOTO amapara, Onpeelsonero CKOpocTb MOCTy-
mienns 1 auddysun CO,-noToka K HeHTpaM KapOOKCHIMPOBaHMs; ¢ MHTEHCUBHOCTBIO CAMOTO MPOLECCca
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kapOokcunmupoBanus B nukie Kanppuna-bencona; co ckopocthio perenepanuu akuenropa CO, — pubyio-
30-1,5-6ucdocdara; ¢ HaKOIICHHEM KpaxMaia B XJIOPOIUIACTaX M €r0 METa0OoMM3alNeH B TEUCHUE BCETO
JHS ¥ T.7. OrpaHUYIHUBAIOIINM HITH YCHITHBAIOIUM akTHBHOCTE RUBPC (hakTopoM MOKET BRICTYTUTB JTFO00H
13 BBIIIENEPEYNCICHHBIX KOMITOHEHTOB (DOTOCHHTETHYECKOTO anmnapara. Tak, ToCTIKeHIe MaKCHMaTbHON
kapOokcwmiazHoi aktuBHOCTH pepmenTa RuBPC k 10 4 u 18 4, BO3MOXHO, CBA3aHO C TEM, YTO OTKPHITOCTD
1 Huskoe nudysnonnoe conporusinenne ycrbun CO -TIOTOKY NPUBOAWIN K YBETMIECHUIO KOHLIEHTPALMH
CO, B MEXKJIETHUKAX JINCTA M B LIEHTPAX KapOOKCHIIMPOBAHHMS, & 9TO, B CBOKO OYEPE/Ib, 00YCIOBHIIO MO-
BoinieHre akTuBHOCTH RuBPC n ckopoctn perenepaumnn akuenrtopa CO, — pubynoso-1,5-6ucdocdara.
HesnaunrenpHoe cHmkeHne ypoBHsa akTHBHOCTH RUBPC x 15 4, BO3MOXHO, OOBSCHSIETCS MTOBBIIIICHHEM
TeMIepaTypbl BO3yXa B JTHEBHOE BPEMs, UTO MPHUBOANUT K 3aKPBITHIO YCTHUYHOH IENH, C HAKOTICHHEM

0OJIBIIOTO KOJIMYECTBA Kpaxmala B XJIOPOIUIACcTax, NpensarcTByromum goctyn CO, K neHTpaM KapOOKCH-
JTUPOBAHUS.
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B MkMOItb CO,/(Mr ceiporo Beca * muH). P < 0,05
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Takum 06pa30M, CYMMHUPYs BCE€ NAHHBIE MOXKHO OTMETHUTBH, YTO JMHAMHUKA BCEX UCCICAOBAHHBIX IIa-

pameTpoB (OTOCHHTE3a HOCHIIA YETKO BBIPAKEHHBIM IHUPKAJHBIA XapaKTep, 4TO XOPOIIO COIJIacyeTcs C
nmaHHBIME TuTeparypsl [15, 18]. Kpome Toro, pe3ynbrarsl nccienoBanus BiusHus wHcepmn RNAI Bek-
TOPHOW KOHCTPYKIMH K TeHYy ¢uToxpoma Al mokaszand, 4To TaHHAs BCTaBKa OKa3bIBAET MOJOKHUTEIHHOE
BIHSHIE Ha (DOTOCUTETUYECKYIO aKTUBHOCTH T€H-HOKAYTHBIX PACTEHHH MO0 CPAaBHEHHUIO C KOHTPOJIHHBIMU
PaCTeHHSMU.
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OF COTTON NAM FOUNDERS

khalmuradova.maftuna@mail.ru

Center of Genomics and Bioinformatics AS RUz

M.M. Xolmuradova, O.S. Turayev, I.S. Normamatov, J.K. Norbekov, S.M. Nabiyev, F.N. Kushanov

G‘O‘ZANING UAK POPULYATSIYASI BOSHLANG‘ICH NAMUNALARINING QURG‘OQCHILIKKA
CHIDAMLILIGINI STATISTIK BAHOLASH

Magqolada g‘o‘zaning uyali assotsiativ kartalashtirish (UAK) populyatsiyasi boshlang‘ich ashyolarining
qurg‘oqchilikka chidamliligi bo‘yicha olib borilgan tadqiqot natijalari yoritilgan. GLM statistik modeli tahlillari
asosida ota-ona namunalari o‘rganilgan fenotipik belgilar bo‘yicha o°zaro keskin farqlanishi namoyon bo‘ldi. Olingan
natijalar asosida tegishli UAK populyatsiyasi tanlab olinadi va g‘o‘zaning qurg‘oqchilikka chidamlilik belgilari bilan
genetik bog‘langan DNK markerlarini identifikasiya qilishda foydalaniladi.

M.M. Xommypanosa, O.C. Typaes, .C. Hopmamaros, XK.K. Hop6exos, C.M. Habues, ®.H. Kymranos

CTATUCTHUYECKA S OLIEHKA 3ACYXOYCTOMUYUBOCTU UCXOAHBIX ®OPM I'AK IOITYIIALIUNA
XJIOITYATHUKA

B craTtbe M3NMOKEHBI PE3yNbTaThl THE3J0BOTO acconmarnBHoro kaptuposanus (I'AK) B nccinenoBanum 3acyxoy-
CTOHYMBOCTH POAUTENBCKUX (popM XJomyaTHHKa. Ha ocHOBaHNY aHanmm3a craTucTuieckoi Mmoaenu GLM pomuTemns-
CKHe 00pa3mbl MOKa3all 3HAYUTEIbHbBIC PA3Ininsl MEKIY N3YyIeHHBIMH (PEHOTHITMYECKUMHU npu3Hakamu. Ha ocHo-
BaHUH MOJTYYCHHBIX PE3YIIbTaTOB OyIyT 0TOOpaHbl cooTBeTCTRYyIomue momyisin I AK u npentudumnposans! JJHK-
MapKepsl, CBA3aHHBIE C 3aCyXOYCTOMYMBOCTBIO XJIOMYaNHHKA.

M.M. Kholmuradova, O.S. Turaev, I.S. Normamatov, J.K. Norbekov, S.M. Nabiev, F.N. Kushanov
STATISTICAL EVALUATION OF DROUGHT TOLERANCE OF COTTON NAM FOUNDERS

This paper highlights the results of the study on drought tolerance of parental genotypes of cotton-nested asso-
ciation mapping population (NAM). The results of the GLM statistical analysis showed that the parental genotypes
of NAM population sharply differ from each other by various phenotypic traits. The appropriate NAM populations
will be selected and identification of DNA markers that associated with drought tolerance of cotton based on obtained
results.

Cotton (Gossipium ssp) is one of the most important natural fiber crops in the world. Water scarcity
that effects drought stress in plants is one of the major issues facing humanity today [1]. Drought or water
scarcity is complex phenomenon that negative effects to the cotton plant physiology, grows and yield [2].
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Adequate and timely supply of water is main factor for normal growing and developing of cotton plant.
Water is necessary source throughout the life of cotton plant for normal functioning of all vital processes
(biochemical and physiological), from germination to maturity.

The lack of rain and insufficient irrigation water causes serious problems in the irrigation of cotton
in arid and semi-arid regions. Drought is considered the most critical factor among the abiotic stresses
that negative effects to the cotton fiber quality and yield [3]. Drought stress negative effects to the turgor
pressure, division and growth of cotton plant cells. Irrigation during the flowering and development of
cotton bolls are the most important stages that determine cotton yield [4]. Therefore, to study the drought
resistance of cotton (G.hirsutum L) is not only theoretical interest, but also practical significance in the
sector.

There are several achievements made by scientists as a result of studying the molecular basis of
drought resistance in cotton. However, many identified DNA markers (QTLs) are non-functional for the
reason of they mapped on genetically limited “biparental” mapping populations [5]. Diverse mapping
approaches have been developed to identify of DNA markers associated with economically important traits
of plants. The nested association mapping (NAM) has the potential for greater power of QTL detection,
more accurate estimation of QTL effects, better resolution of QTL positions compared with other tools [6].
The implementation of this technology to the molecular-genetic studies of cotton will allow mapping of
economically important and unique genetic loci in cotton.

According to the NAM strategy, to identify of agronomic important genomic regions in cotton,
requires development of multi-parental mapping population by crossing common parent with multiple
diverse genotypes, as well, molecular and phenotypic evaluate of parental genotypes (founders) in the field
condition [7].

The main purpose of this research was to determine the phenotypic variation of drought tolerance of
cotton genotypes using statistical methods. Creating of drought tolerant varieties using molecular selection
methods is an effective approach to addressing one of the most pressing problems, such as water scarcity
in agriculture.

The main objectives of this research is phenotypic evaluation and statistical analysis of cotton NAM
founders aim to determine their diversity in the field condition. As well, estimation of variations of breeding
founders of NAM population based on the results obtained.

To achieve the goals of the study we conducted variety of morpho-biological observations in the cotton
plants, as well used statistical programs aim to evaluate the reliability of obtained data.

Field experiments design. The field experiments were conducted at the Special seed-growing unit of
The Center of Genomics and Bioinformatics. The experimental samples sawn in three replications with
randomizing method in two conditions, optimal and water scarcity regimes. The experimental plants were
irrigated under the “1x2x1” (one times irrigation until the blossom, two times irrigation during the blossom
and one times irrigation after the blossom of plants) irrigation scheme in optimal regime and under the
“0x1x0” (only one times irrigation of plants during the blossom) irrigation scheme in water scarcity regime.

The phenotypic assessment and statistician analysis. The morphological and biological data such as,
plant height, number of bolls, number of monopodial and simpodial branches, height of the first simpodial
branch were collected during the budding and crop ripening of plant vegetation. All collected data were
statistically analyzed using GLM (General Linear Model) of ANOVA (ANalysis Of VAriances).

The 20 cotton NAM founders, such as Namangan-77 (as a common parent), KK-1796, KK-1795,
L-1000, C-9006, KK-1086, Catamarca 811, C-9008, L-N1, L-141, Hapicala 19, 0-030, C-4769, L-45,
Zangi-Ota, Saenr Pena 85, C-2025, KK-602, SAD-35-11 and C-417 (19 divers founders) that characterized
by LD (linkage disequilibrium) parameters, unique QTL alleles, different fiber quality and several other
morpho-biological traits were used in this study.

The results of the statistical analysis showed that some experimental samples have almost the same
parameters in both optimal and water scarcity regime. In particular, L-45 and SAD-35-11 cotton genotypes
less differ from each other by the plant height in both irrigation regime. However, the height of L-N1 and
L-141 lines were significantly higher in optimal regime than water scarcity.

The trait of height of the first simpodia has positive correlation with yield’s early maturity. In this
study, the height of the first simpodia of cotton plants was lower in drought condition than plants in optimal
irrigated regime.
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Naturally, abiotic stresses, such as water scarcity causes early flowering and early maturity in cotton
normal condition. However, water scarcity negative effects to the yield and fiber quality traits.

Knowing the inheritance of monopodial branching traits of cotton NAM population from which parent
is an important to the mapping of genomic regions or genes that may be attend in controlling this trait.
Therefore, different morpho-biological observations were conducted in the founders of NAM population.
Each of the parental genotypes showed different results in two different environments according to the
monopodial branches.

The lowest indicator was shown in L-45 by monopodial branching, there was no any monopodial
branch in plants that grown in drought condition, and there was an average of 1 monopodia in plants that
grown in optimal condition. The highest level was an average of 2.1 on the L-N1, while the water deficit
was 0.6.

When analyzed the number of sympodial branches that effects cotton yield the Namangan-77 cultivar
which is common parent of NAM population was shown the highest indicator by this trait.

This variety had an average of 12.5 branches in drought condition and 15.5 branches when it was
grown in optimal condition. The Zangi-Ota cotton line showed the lowest indicators, such as, 9.5 in optimal
regime, 7.1 in water scarcity regime.

The number of bolls is one of the most important indicator of cotton yield. The cultivar Namangan-77
was shown the highest potential by the number of bolls in both regime (20 in optimal and 12 in water
scarcity) and the lowest was shown in KK-1795 (6 and 10 respectively), Zangi-Ota (10 and 9 respectively),
SAD-35-11 (12 in both irrigation regime) and S-417 (12 and 10 respectively) cotton lines.

The study showed that the number of bolls of experimental samples varied under optimal and drought
conditions, as well, identified genotypes with the highest characteristics under the drought.

In summary, the founders of NAM population showed different level of resistance in drought condition.
This allow us properly choose of respective NAM population for genetic mapping of QTLs that associated
with cotton drought tolerance. It is necessary correctly selecting of wide genetic segregating NAM families
to fine map of interested economically important traits in cotton.

According to the results of analysis showed contrast by the trait of plant height between the common
parent Namangan-77 and KK-1796, KK-1795, L-1000, C-9006, KK-1086, Catamarca 811, C-9008 and
C-417 NAM founders. Accordingly, the genetic segregated NAM families obtained based on respective
parental genotypes further increases efficiency of mapping genes that attended to control the trait of plant
height;

There is a great efficiency to map of height of the first fruit branch in use of NAM families that derived
through crossing Namangan-77 with KK-1795, C-9008, Hapicala 19, 0-030, C-4769, L-45, Zangi-Ota,
Saenr Pena 85, C-2025, KK-602, SAD-35-11 and C-417 because of highly segregation between parental
genotypes;

The sharp distinctions between Namangan-77 and 0-030, L-45, Zangi-Ota, C-417 lines give an
advantage in mapping of genes related to the trait of number of monopodial branches using NAM families
that derived respective founders;

The use of NAM families that obtained based on the common parent and KK-1086, Hapicala 19, 0-030,
C-4769, Zangi-Ota, Saenr Pena 85, C-2025, KK-602, C-417 lines in identification of genes participating in
the control of the number of sympodial branches shows a high potential due to differences between NAM
founders;

The sharp differences between Namangan-77 and 2, 3, 5 and 6 lines by the number of cotton bolls lead
to extensive genetic segregation of the respective NAM families and increase the reliability of the genetic
mapping of this trait.

The obtained results can allow us to molecular evaluate and genetic tagging of cotton drought resistance
based on NAM population. The diversity of drought resistance in parental genotypes causes the wide
genetic segregation of NAM population by this trait and further increases the potential for genetic mapping.
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Kamburova V.S., Akhunov A.A., Xashimova N.R., Darmanov M.M., Babaeva D.T.,
Usmanov D.E., Mamatkulova G.F.

PORLOQ-4 G’O°’ZA NAVNING GEN EKSPRESSIYA VA ANTIOKSIDANT FERMENTLAR FAOLLIGIGA
BIOSTIMULYATORLARNING TA’SIRI

Porlog-4 g’o’za navning o’sish va rivojlanishiga, gen ekspressiyasiga va antioksidant fermentlarning faolligiga
ta’siri o’rganilgan. Natijalar shuni ko’rsatdiki, DAG-1 va Bioduks preparatlar barcha o’rganilgan ko’rsatkichalarga
ijjobiy ta’sir qilgan.

Kambyposa B.C., AxynoB A.A., Xammmoa H.P., JlapmanoB M.M., babaesa /. T.,
VYemanos J1.9., Mamarkynosa [.O.

BJIMAHWE BMOCTUMVIIATOPOB HA 3KCIIPECCHUIO TEHOB 1 AKTUBHOCTbD
AHTUOKCHUIAAHTHBIX ®EPMEHTOB V XJIOITHATHUKA COPTA ITIOPJIOK-4

Bb110 M3yueHo BInsHUE OHOCTUMYIISITOPOB HA POCT U Pa3BUTHE, YPOBEHB IKCIIPECCHH TCHOB M aKTUBHOCTh aHTH-
OKCHIAHTHBIX (PepMEHTOB XJIomuaTHHKa copta [lopmok-4. Pe3ymerars! mokaszanu, uto npemnapatsl JAI-1 u buomyxke
OKa3bIBAJIN TTOJIOKUTEIBHBIN 3(h(hEKT Ha BCE NCCIEIOBAaHHBIC TAPAMETPHI.

Kamburova V.S., Akhunov A.A., Xashimova N.R., Darmanov M.M., Babaeva D.T.,
Usmanov D.E., Mamatkulova G.F.

INFLUENCE OF BIOSTIMULANTS ON THE GENE EXPRESSION AND THE ANTIOXIDANT
ENZYMES ACTIVITY IN POPLOQ-4 COTTON VARIETY

The effect of biostimulants on growth and development, the gene expression level and the antioxidant enzymes
activity of cotton variety Porlog-4 was studied. The results showed that the preparations DAG-1 and Biodux had a
positive effect on all the studied parameters.
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W3BecTHO, CONMEBOii cTpecc BBI3BIBAET AUCOAIAHC KIETOYHBIX HOHOB, YTO MIPUBOIUT K HOHHOW TOKCHY-
HOCTH, OCMOTHYECKOMY CTPECCY M BBIpaOOTKe aKTUBHBEIX (opMm kuciopona (ADK), aro Bauser Ha pocT
pactenuii, ux mopdonoruto u BebKkuBaHKE [1, 2]. ColleBoii cTpecc BBI3BIBACT Ype3MEpHOE 0Opa3oBaHUE
ADK, Takux Kak CyNEepOKCHUAHBIC aHUOHBI, MEPEKUCh BOAOPOJAA M TMIAPOKCUJIbHBIE paaukansl [3 — 7].
CoseycToOWYMBBIE PACTEHHSI MOTYT HE TOJBKO Oosiee AP PEeKTHBHO PEryInpoBaTh IBMKEHNE HOHOB U BOPBI,
HO TaKXe JTOJHKHBI UMETh JIyUIIyI0 aHTHOKCHIAHTHYIO cuctemy s d¢ddexkruBHoro ynanenus ADK. Y
OOJNBITMHCTBA pacTeHHIA OoJiee BRICOKHE YPOBHN aKTHBHOCTH aHTHOKCHAAHTHBIX (DEPMEHTOB paccMaTpu-
BaIOTCS KaK OJJMH U3 BOBMOYKHBIX MEXaHU3MOB YCTOWYMBOCTH K aOMOTHYECKUM cTpeccam [3 — 7].

B Toxe BpeMs cymecTByeT HECKOIBKO SKOJIOTHYECKH Oe30TMacHBIX CXeM IS YIyUIIeHUs TPOYKTHB-
HOCTH CEITbCKOXO35MICTBEHHBIX KYIBTYpP MPH PAa3TUNYHBIX a0MOTHYECKHUX cTpeccax. OMHO U3 TaKuX MpHMe-
HEHUI BKITIOYAET YKPETUIEHHE CUCTEM €CTECTBEHHOH 3aIUThl PACTECHHUH 32 CYET MCIIOJIb30BaHUS MTOJIE3HBIX
MUKpPOOOB H MIPUPOIHBIX OHOCTUMYISTOPOB [8, 9].

B cBsi3u ¢ BBIMIEN3I0)KEHHBIM, OCHOBHOM II€NTBI0 MCCIIEOBAaHUS OBLJIO HWCCIIEOBaHUE BIHMSHAS OMO-
CTHUMYIIITOPOB Ha DKCIIPECCHIO TEHOB (DEPMEHTOB aHTHOKCHIAHTHOW CHCTEMBI y T€H-HOKAayTHOTO COpTa
xyorryaTHuKa [1opnok-4 B yCIoBHsIX, BRIPAIIEHHOTO B YCI0BUAX ChIpIaphbHHCKON 001aCTH.

OOBexToM mccieoBanns ObUT COPT XJtomuarHrka [lopmok-4, mpuHaIeKauid K THITY XJIOMYaTHHKA
G. hirsutum, n ouonpenapats! JJAI'-1 u buonykc, ncnoias3oBaHHbIe U1 00pabOTKH MPHU BHIPAITUBAHIH
aToro copta B ycinoBusix CeipaapsuHckoii obmactu. [lpenapar JIAl'-1 Ha 0cHOBe TIIUIIMPPU3NHOBOMN KHC-
T0THI U3 KOpHE# conoaxu Glycyrrhirza glabra L. b1 mommyden B UHcTHTyTE OMoOprannyeckoit xumuu AH
PV3. [Ipenapar buonykce ucnosp30Baiu B KaU€CTBE CTAHAAPTA.

[ToneBbie AKCTIEPUMEHTHI TSI BRIOPAHHBIX OMOCTUMYIATOPOB OBLTH BBHITIOJHEHBI C TTIOMOIIBIO PAH/IO-
MH3HPOBAHHOTO TTOJTHOTO OJIOYHOTO AM3aifHa ¢ Tpems MOBTOpHOCTAMH. OOpaboTka ceMsiH MPOBOIUIACH
IMyTeM 3aMadyuBaHU CEMSH B PacTBOpPE OMOCTUMYIATOpa COIIACHO MHCTPYKIWHU Tpom3BoauTens. Kpome
TOTO, B TIPOIIECCE BETeTallMU IIPOBOAMIACH 00pabOTKa KyCTOB XJIOITUATHUKA CyCIIeH3nel npenapara. B ka-
YeCcTBEe KOHTPOJISI MCTIOIh30BaIIMCh HEOOpaboTaHHBIE ceMeHa XJomyarHuka. MeHoTunmyeckue Halmome-
HUS TIPOBOVIIMCH HA SKCTIEPUMEHTAIHHOM yJacTKe.

Obpabomka ceman 0ns buoxumuueckux ucciedoganuti. OTOICHHBIE CEMEHA XJIOIMYAaTHHKA OBLTH BHI-
JepkaHbl B TedeHune 8§ 4 B BomHoM pactBope (107 M) mpenapara JIAT-1 u Buonyke (B KOHIEHTpanuu
0,03%, pekoMeHAyeMBbIi H3rOTOBUTENIEM). 3aT€M CEMEHa, 3aBEPHYThIE B OyMa)kKHbIE «PYJIOHBD» TOMEIIAIIH
B OTHEeNbHBIE cocyasl ¢ pactBopoM NaCl, koHTpoibHBIE - B Boxmy. [locie 7 cyTok mM3ydanu akTHBHOCTH
(hepMeHTOB.

Coneprxanue Oenka onpezensun mo meroxny Jloypu [10]. Onpenenernne akruBHocTrn POD mpoBonu-
mu criektpodoTomeTprudecku o Metony bosipkmaa (1951) [11]. O6mryro aktuBHOCTE SOD ompenemnsim
criekTpodoromerprudecku npu amrHe BoaHBI 560 HM (NBT) comracro Giannopolitis u Ries (1977) [12] ¢
HEKOTOPBIMH MoaudukarusaMu [ 13]. AKTHBHOCTD KaTajia3bl OMPEACIISIA B COOTBETCTBUH ¢ MeToaoM Aebi
(1971) [14].

Toranpras PHK Brimenena ¢ momompro metoga Wu et al. (2002) [15]. Uncrora PHK Obuta mpoBepena
MIPUCYTCTBHEM M HHTEHCHBHOCTHIO pubocomansHol PHK B 1% arapo3nom remne, conepsxammm 2,2 M dop-
MaJbJeruaa B mpucyrctBun oOpommucroro stuaus. Oopassr PHK Ovumn o6paboransr pepmentom /IHKaza
I (Ambion, USA), me comepxamum PHKazy cornmacHO WHCTPYKIIMH TTPOU3BOMUTENS W OBUIA OYUIICHBI
JIOTIOJTHUTEIIEHBIM 3TaIlOM OYHCTKH C IIOMOIIEI0 (perom-xmopodopma (5:1; Ambion) u nmpenUmuTauy Ta-
HosioM. Konmentparus obmeit PHK 6nm1a mamepena Ha criekrpodotomerpe (GENESYS 10UV, Thermo
Scientific, USA).

Jl1st ompeneneHus SKCIPECCHN TeHa MCIOoIb30BaH MeTon konmdectBeHHOM TIL[P ¢ oOpatHoit TpaHC-
KPHIIHEN ¢ HCIIONb30BaHUEM OTIpeNieIeHNs aMIITMKOHOB Ha ocHOBe SYBR Green n Habopa LightCycler®
480 SYBR Green I Master (Roche) co cnenyrommm muknmgecknM npoduneM: 95° C B TeueHne 5 MuH,
3arem 45 nukioB: 10 ¢ ipu 95° C, 15 ¢ npu 60° C u 15 ¢ npu 72° C. Kaxnas peakimonHas cmech qRT-
PCR cognepxana 10 mxn SYBR Green I Master (Roche, bazens, [lseiimapwust), 1 MK mpsiMmoro mpaitmepa
(10 MxM), 1 mxn o6parnoro npaiimepa (10 MmxM), 2 mxn kIHK (4-xpatnoe paszoasienue) u 6 mxn ddH,O.
Tpanckpunt rera youkButuHa 7 xmomdatHuka (GhUBQ7) ucmonb3oBanu s HOpMalnu3aud YpOBHEH
skcnpeccun npoaykroB OT-IILIP [16]. Bce peakiun ObUTH BBITTOTHEHBI C TPEMS TOBTOPHOCTAMHU. MeTox
2-AACt GBIT MCTIONB30BaH LISl pacyeTa OTHOCHUTEIbHOU 3Kcnpeccud muddepeHnnansHo SKCIPeCcCHPOBaH-
HBIX TeHOB [17]. Bce mpaiimeps! ObutH pa3paboTaHbl ¢ MCHOIB30BAHUEM CIICIHAIBHOTO MPOTrPaMMHOTO
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obecrieuenust Primer3web version 4.0.0 (http:/primer3.ut.ee/) m Primer Blast (http://www.ncbi.nlm.nih.
gov/tools/primer-blast/).
B pabore O0b1mH HicioTb30BaHkI paiimeps! it RT-PCR, npeacrasnennsie B Tabm. 1.
Tabmuma 1.
IIpaiiMepbl, HCIOIb30BaAHHBbIE /151 KoindecTBeHHOro RT-PCR

No E;;;;l;;l: Ipaiimepuas I(I;),CLI)ZI;OBaTeJILHOCTL Koxupyembiii Geoxk
1. |GhSODI-f |CATCTCTCACGCACTCTGTC Lirosomssas Cu/Zn cymepokCi-
2. |GhSODI-r |CCTTAGCCATTTCTGTCTGTG ueMyTaza |
3. |GhAPXI-f |TCGTTGCCGTTGAGATTAC
4 |GhAPXI-r TGGTAGCATCAGGAAGACG [uto3ombHas ackopbaTnepokcuaasa |
5. |GhCATI-f |TGATAAGTTGCTCCAGACTCG
6. |GhCATl-r |CTTCGTGGTGATTGTTGTGA Karanasa nsopopwa 1
7. |GhSOD-f  |TCCTCTCTCCGGGCCACACT IutosonsHas Cu/Zn cymepoKCii-
8. |GhSOD-r  |ACTCCGCTCACCAGGACCAA JCMyTa3a
9. |GhPODI-f |CCAATCTGGGTCCGGCAAACC

[epoxcnaasa nzodopma 1

10. |GhPODI-r CCAGGGGTCCCGTCACGTTT
11. |GhCAT-f GCCTGTTGGCCGCTTGGTTT
Karamaza
12. |GhCAT-r GGAACCACAATGGCAGGGCAAA
13. |GhAPX-f AGCGTGGCACTCAGCTGGAA
[luTo3ompHas ackopOaTIepoKCHIa3a
14. |GhAPX-r CAACGGCAACGACACCAGCAA
15. |GhGPX-f CAGTGCATTGTGGAAGGCAGGAA
I'myraruonnepokcuaasa 2
16. |GhGPX-r GGGAGGCGTCTTCAGCCATGT
17. |GhGR-f CAGTGCATTGTGGAAGGCAGGAA
I'mytatnonpenykrasa
18. |GhGR-r GGGAGGCGTCTTCAGCCATGT
19. |GhUBI-f GAGACGTAGTTAGAAAGGAAG
VYOuKBUTHH
20. |GhUBI-r AGTACGTTCCCATTCCGGAAC

Bce nannsre ObuH MOABEPTHYTH quctiepcronHoMy aHann3y (ANOVA) ¢ ncrob30BaHIeM TTakeTa Mpo-
rpamm OriginPro 7.0. JlaHHbIe IpencTaBIeHbl Kak CPEIHSS + CTaHaapTHAS OMTHOKA U3 3 OMOIOTHIECKUX U
3 TeXHUYECKHX MTOBTOPOB. 3HAYUMOCTD Pa3IUInil MEKAY CPEIHUMH 3HAYCHUSIMH OTPEIEIISIITH C TIOMOIIBIO
tecta Tyku. Pazmuans B P < 0,05 cuntanuch 3HAYNMBIMH.

Pactutensubie depMeHTH, 0COOEHHO aHTHOKCHAAHTHBIC (DEPMEHTHI, HTPAIOT IEHTPATBHYIO POIb B
Pa3TMYHBIX (PU3HOIOTHYECKUX TPOIECCaxX Ha MPOTSHKEHUH KU3HEHHOTO ITMKIIA PACTeHUHA — OT IIpopacTa-
HUS 10 cTapeHust [3 — 7], ¥ OIleHKa aKTUBHOCTH aHTHOKCHIAHTHBIX (hepmerToB (SOD, POD u CAT) HE06-
XOIIMMO TS TTPOSICHEHHA Al TUBHBIX BOSMOJKHOCTEH PACTEHUH K CTPECCOBBIM BO3JICHCTBHSIM.

B cBs13u ¢ 3THM, TIepen MOJIeBBIMU UCCIEAOBAHUSIMHE 110 BBISBICHUIO AP PeKTa pa3TuIHbIX CTUMYIISATO-
POB Ha POCT-Pa3BUTHE W ypPOXKANHOCTH XJlomyatHuKa copta Ilopiok-4 Obuta mpoBeneHa CpaBHUTENbHAS
oleHKa ()YHKIIMOHMPOBAHHUA aHTHOKCHAAHTHOW CHUCTEMBI B 7-CYTOYHBIX MPOPOCTKAX, CEMEHa KOTOPBIX
OnlTn 00pabdoTans! mpenaparamu JAIl-1 buonayke B yenosmsax 100 MM NaCl 3aconenus (tadm. 2).

Pe3ynbraTs! ncciaenoBaHuil TOKa3aau pa3IMIHBIN XapakTep B akTHBHOCTH SOD B yCIIOBHSAX 3acolre-
Hus (Tabn. 2): O6omblmas akTHBHOCTH (pepMeHTa HaOomanach MPH HCIONB30BaHUM mpemnapara JIAI-1.
Ompeneneuue akTuBHOCTH POD moka3ano, 9To HanOobIas akTHBHOCTE ()epPMEHTA BBISBIICHA Y TIPOPOCT-
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KOB TpentoOpaboTaHHBIX mpenaparoM bromykce, Bepocmnx Ha QoHe 3aconeHus (Tadim. 2). B Toxe Bpems
oTMedanach Bbicokas aktTuBHOCTh CAT mpu nefictBun JIAl'-1 B ycnmoBusix coneBoro crpecca (Tadm. 2).

Tabmuma 2
AKTHUBHOCTH AHTHOKCHIAHTHBIX (pePMEHTOB
npu Aeiictum ouocTumyJsitopos B ycjaosusix 100 MM NaCl 3aconennst
AKTHBHOCTB (hepMEHTOB (e/1/MTI 0eJIKa)

Ne BapuanTsl onbiTa SOD POD CAT
1 KonTtpons (Bona) 21,6+0,92 112,9+6,88 72,5+2,87

JAT-1 120,8+7,23 105,6+7,21 93,4+1,28
3 buonykc 26,0+1,55 374,6+9,36 64,1+3,40

Taxum obpazom, mpepodpadboTka ceMsH xiomyarauka [lopinok-4 npemaparamu JIAI'-1 u buonayke oka-
3pIBaJla CTUMYJIMPYIOILEE BIUSHUE HA aHTHOKCHUAAHTHYIO CHCTEMY MPOpocTKoB copTa Ilopiok-4 Ha done
100 MM NaCl 3aconenus: Tak npenapar JAI'-1 uagyuuposan aktuBHOcTs SOD u CAT, B TO BpeMst Kak
buonykc npenMyIecTBEHHO CTUMYIIHPOBa aKTUBHOCTL POD.

Ha cnenyromem stame ucciefnoBaHui ObLIM MPOBEICHBI (PECHOTUIMYECKUE HCCIICIOBAHUS BIUSHUS
OMOCTUMYNIATOPOB HA POCT U pa3BUTHE XJomuaTHUKa copTa [{opnok-4 B ycI0BUSIX TOJIEBOTO 3KCIEPUMEH-
ta B ChIpAapbHUHCKON 00JIACTH, TOYBHI B KOTOPOH OTIIMYAIOTCS] YMEPEHHOH CTeNeHbto 3acoseHust. [Ipu stom
OBUIO MOKA3aHO, YTO 00paboTKa OMOCTUMYIISITOPAMH CTATHUECKH JOCTOBEPHO M3MEHSIJIA BCXOXKECTh CEMSIH
XJIOITYaTHHKA (Taoi. 3).

Tabnuna 3
Biusinue 0MOCTUMYJISITOPOB HA BCXO0KECTh CeMsIH XJon4yaTrHuka copra I[lopJiok-4
e Mpenapar Jlara nocesa Jara nosiBjieHnst CpenHee 41McJ10 BCX0/10B
NepPBbIX BCXO/10B Ha reKTap
1 KonTponn 01.05.2019 07.05.2019 202 +£4
2 | JAT-1 01.05.2019 06.05.2019 218+3
3 | buonyke 01.05.2019 06.05.2019 198+ 6

Tak, oOpaboTka cemsH xionuarHuka copra Ilopiok-4 npenaparom JIAI'-1 yBenuumnia cpeqHIo BCXo-
XKeCcTh ceMsiH Ha 8% 10 CpPaBHEHHIO C KOHTPOJIBHBIME HeoOpaOoTaHHBIMH ceMeHaMu. Toraa kak oopadoTka
npenaparoM buogykc cTaTuCTHYECKH JOCTOBEPHO HE MOBIHsIIA HA BCXOKECTh CeMsH (Tabda. 3).

Kpome Toro, pe3yibraThsl HCCIIEIOBaHUS NIOKA3aIH, 4YT0 0OpaboTaHHbBIE MpenapaTaMu 00pa3ibl UMENn
0oJiee BBICOKOE KOJMUECTBO ILIOI0IEMEHTOB 110 CPAaBHEHMIO ¢ KOHTPOJILHBIMU. Bmecte ¢ Tem y 00pabo-
TaHHBIX 00pa310B HadIIOAaN0Ch Ooliee paHHee POPMUPOBAHUE MIEPBOTO HACTOSILETO JINCTA, Oy TOHU3ALINS,
LBETCHUE U CO3peBaHUE XJomnkKa. OKOHUYATENbHBIC PE3YNIbTaThl MMOKA3ald, YTO 00pasibl, 00paboTaHHbIC
Ouonpenaparamu, UIMeIH OoJiee BHICOKMI BBIXO/ BOJIOKHA, YeM KOHTPOJIbHBIE 00pa3ubl (Tad. 4).

[Ipu sToM 00paboTka npenaparoM JJAI'-1 cymecTBeHHO yBenuunBaia Kak o0lIee YHCiIo KOpOoOOoUeK,
TaK ¥ ypoxaiHOCTh xyonyarHuka copra [lopnok-4. Torna xak o6paboTka npenapatom Anogyke yBeiInuu-
Basia 00IIee YUCI0 KOPOOOUYEK U YPOKaHHOCTh MEHEe 3HAYUTENbHO (Tad. 4).

Tabmnuna 4
Biinsinne 0MOCTUMYJISITOPOB HA MapaMeTPbl Pa3BUTHS XJIoMYaTHHKA copTa [TopJok-4
n . = <
o) g E § g < % % = \;
= % <o 5 2 o e § S = A
o = S v % F o a g H Q g
No s = = ] ts) 9) oY =
= g © =g o Se) 2 = o) e
g = o 2 o g & o 2 3 & B
= 5y S S L 2 5 & m 2 %
(SN = = (@) = O 8—4
Q =n =y =n ‘g =
KonTposb 100+ 4 12,0+£2,2 [102+5 {950,0+10,0 93+1,1 46+0,6 [43+3,8
JAT-1 105+2 |13,0£1,5 |115+3 [1100,0+ 15,0 |9,6+0,8 5,0£04 |52+3,3
3 |buoaykc 104+5 |133+2,6 |87+6 [1010,0+17,0 [11,6+1,5 |4,9+0,7 [47+4,2
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B mampHelimemM ObUT TpOBeIeH JTa00paTOPHBIN aHAIN3 Psa MapaMeTPOB KadecTBa BoJIokHA. COTITacHO
pesyibpTaTaM aHaiiu3a ObIIO BBISIBJICHO, 9TO 00pa3ilbl, 00padoTaHHBIE MpenapaTaMu, UMeH 00Jiee BEBICOKAN
BBIX0J] BoJokHA B Maccy 1000 cemsiH 10 CpaBHEHHIO C KOHTPOJBHBIMH HEOOpaOOTaHHBIMH 00pa3IaMy.
Tax, mpu 06padoTtke npenaparom JIAI'-1 Berxon BosmokHa, Macca 1000 ceMsH 1 ITMTHA BOJIOKHA OBLITH CTa-
THCTUYECKH BBIIIE, 4eM B KOHTpoJIe (Tabi. 5).

Tabmuma 5
Biausinue 0MOCTUMYJISITOPOB HA PsiJi IapaMeTPOB Ka4ecTBA BOJIOKHA XJonm4yaTHuka copra [lopiok-4

Ne IIpenapar
|

Bec 1000 cemsin, r Boixoa BosiokHa, % | JliauHa BOJIOKHA, MM

Hasopar 112,0 £2,2 33,9+ 0,9 35,8+ 0,21
2 | nar-1 1155+1.8 352407 36,1 £0,15
3 buonyke 113,0+ 1,9 34,5+0,9 35,9+0,18

[enpio MaNbHEHINMX WCCIEIOBaHUI OBLIO BBISBICHHE HAJIMYHS 3aBUCHMOCTH MEXIY (peHoTurmye-
CKUMH TIPOSIBICHUSMU BIUSHUS OMOCTUMYIIATOPOB U H3MEHEHHUSIMHU YPOBHSI DKCIIPECCHU TEHOB aHTHOKCH-
JIAHTHOW CHUCTEMBI, KOTOPasi, KaK U3BECTHO U3 JIUTEPATyPbl, MUHIMU3UPYET OKUCIUTEIBHBIC TOBPEKIICHNS,
BBI3BaHHBIC TIPOIYIIMPOBAHNEM aKTHBHBIX (HOPM KHCIIOpOsa BO BpeMsi cosieBoro crpecca [3 — 7.

Jlnist TOCTHIKEHUSI ATOH 1LIeJIM Ha TIEPBOM dTare MOJIEKYJISIPHO-TeHETHUECKUX UCCIICIOBAHHM, HCIIONb-
3y in silico TP, Obi MACHTHQHUIUPOBAHBI KAaHIWAATHBIC TeHBI, © HA UX OCHOBE OBUIM CKOHCTPYHPO-
BaHbI ['eH-CIIEUPUIHBIE TIPAaiiMepBl ¢ MTOMOIIBIO TPOrpaMMHOro obecrieuenust Primer3web version 4.0.0
(http://primer3.ut.ee/) (Tabu. 1). B nanpHeliieM CKOHCTPYUPOBaHHbIC ITpaiMephl ObUIN MCIIOJIb30BaHbI IS
OTIPE/ICNICHNs] YPOBHS AKCIIPECCUU TEHOB aHTHOKCHUIAHTHON CHCTEMBI B PEAKIIUK OJTHOIIATOBOW 00paTHOM
TPaHCKPHITIHH.

[Ipu onpeneneHny ypoBHS SKCIPECCHU TE€HOB aHTHOKCHIAHTHBIX ()ePMEHTOB ObLIO OOHAPYIKEHO CTa-
TUCTUYECKH 3HAYMMOE U3MEHEHHE DKCIIPECCUH COOTBETCTBYIOIIMX TCHOB I0J] BIMSHUEM OWOCTUMYIISTO-
poB (tabam. 6).

Tabmuma 6
Bausinne 6M0CTHMYJISITOPOB HA YPOBEHDb IKCIPECCHH I€HOB AHTHOKCUIAHTHON CHCTEMBbI
xJiomyarHuka copra I[lopJok-4

Oépaseu Hazeanue zenoe Tgt Cp Ref. Cp Omnouwienue
Muwensv | Pegpepenc | Cpeonee Cpeonee Tgt/Ref. Hopm

KouTtpoasn SODI1 UBCI1 32.9242.5 |42.68+£3.1 [2.91E4+0.52E4 |1.00+0.05
JAT-1 SOD1 UBCI1 25.76+1.8 |40.84+2.5 |4.51E4+1.18E4 |1.55+0.07
Buoxykce SOD1 UBCI1 27.97+1.9 |42.8443.2 |3.11E4+0.74E4 |1.07+0.04
KonTtpoasn PODI1 UBC1 31.90+£2.3 [42.68+£3.1 |2824.4+127.1 |1.00+0.03
JAT-1 PODI1 UBCI1 30.13£2.1 |40.84+2.4 [3730.6+241.6 |2.60+0.1
Buoxykce POD1 UBCI1 31.57€2.2 |42.84+£3.3 [2742.7+115.3 |2.93+0.15
Kontpoas CAT UBCI 28.77£2.0 |42.66£3.1 |277.57+£51.2 1.00+£0.04
JAT-1 CAT UBCI 26.27+1.8 [41.94+1.9 |1.66E4+0.41E4 |13.17+1.2
Buoxyke CAT UBCI 28.73£1.9 [44.40+2.9 |2.32E4+0.72E4 |17.24+2.3
KonTtpoan APX UBC1 29.27£2.0 [40.92+2.7 |1376.8+98.4 1.00£0.06
JAT-1 APX UBC1 28.10+1.7 [42.4342.9 |2.53E4+0.41E4 |11.32+0.9
Buonyke APX UBCl1 29.43+2.1 [42.20+2.8 |2.85E4+0.47E4 |25.01+1.2
Kontpoasn GPX UBC1 34.86+2.7 |40.53£2.6 |66.16+13.5 1.00+0.05
JAT-1 GPX UBC1 35.72+2.4 |42.43+3.0 |[131.01+22.8 2.00+0.09
Buonyke GPX UBCl1 37.92+3.1 |44.20+£3.4 |81.70+21.3 1.60+0.07
Kontpoan GR UBC1 34.64+2.3 |42.24+£3.1 [253.81+£31.4 1.00+0.04
JATI-1 GR UBC1 35.2342.5 (41.94+£2.9 |173.43+27.2 0.56+0.04
Buoayke GR UBC1 37.47+£3.1 |44.40+£3.2 | 134.23+22.8 0.90+0.05
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YpoBHU 3KcTIpeccuy TeHOB ObUTM HOPMAaJM30BaHbI ¢ UCTIONBh30BaHMeM reHa youksutuHa GhUBQ7 B
kayecTBe 3TanoHa. 3Hauenue P < 0,05. SOD — cynepokcunucmyrasa, POD — nepokcunaza, CAT — karana-
3a, APX — ackopbarnepokcunasza, GPX — rimyranonnepoxcugasa, GR — rimyrarnonpenykrasa.

Kak BuaHO M3 Tabnm. 6, ypoBeHb dKCIpeccHu TeHa cynepokcuancmyTtassl (SOD) GhSOD y obpas-
0B xjomyatHuka copra Ilopmok-4, oopadoranusix npenaparamu JIAI'-1 u buoaykc, ObT yBenudeH 1o
cpaBHEHHIO ¢ pedepeHc-oOpa3aMu, He MMOABEpTraBIIMMHCT 00padboTke. SOD 00BIYHO cunTaeTcs MEePBOM
JIMHUEH CUCTEMbl AHTHOKCUIAHTHOM 3auThl [4, 18]. SOD urpaet ueHTpaibHYIO POJb B 3aILUTE PACTCHUIA
OT TOKCHYECKOTO BO3IEHCTBUS aKTUBHBIX (popm kuciopoaa [18, 19]. Kpome Toro, ObLTO0 yCTAHOBIEHO, YTO
oBepakcnpeccust SOD B HEKOTOPBIX TPAHCT€HHBIX PACTEHUSIX MOBBIIAET UX YCTOMUHUBOCTD K cTpeccy [19
— 21]. CrregoBarenbHO, MOyYEeHHBIC PE3yabTaThl 10 YBEIHUEHHIO YPOBHS dKcnpeccun reHa GhSOD mon
BIUSHHEM OMOCTUMYIIATOPOB CBUETEIHCTBYIOT O BIUSHUY JaHHBIX TpenapaToB Ha akTHBHOCTH SOD, uTto
COIIaCyeTCsl C UMEIOILMMUCS JINTEPATYPHBIMU JaHHbIMU [22, 23].

Hecrnermuduaeckre nepoxcnnasel (POD) oTtHOCATCS K MyabTH(YHKIHOHAIEHEIM (GepMerTaM [24] u
00€3BpeXUBAIOT MTEPOKCHI BOAOPOIA, UCTIONB3YS IS ATOTO pa3lndHble BoccTaHoBUTENH [18]. OHM sB-
JISTIOTCSL TOMOCOJIEPIKAIIIMHU TIIMKOTIpoTenHaMu. [lepokcunasbl KOAUPYIOTCS OONBIIMM KOJMYECTBOM Te-
HOB [24]. Panee B nmuTepaType OBIIO MOKa3aHO, YTO MEPOKCHA3BI KaK MYIBTH(QYHKINOHATBHBIN (hepMEHT
YYacTBYIOT B aJjanTalluy pacTeHUH K 3acoieHuto [4, 25 — 28]. Ha ocHOBaHUM 3THX JaHHBIX U PE3YJIbTATOBR
10 BIIMSHUIO0 OMOCTHMYJISITOPOB HA YPOBEHB dKcnpeccur reHa GASOD Mbl IpOBEH MCCIIETOBAHUS BITHS-
HUS TaHHBIX MIPETapaToB Ha YPOBeHb dKcnpeccnu reHa GhPOD. Pe3ynbrarsl MccienoBaHus TOKAa3aId, YTO
ypoBeHb dKcnipeccuu reHa GhPOD non BnusaueM npenaparoB JIAI'-1 1 buoayke craTucTH4ecKu 0CTO-
BepHO yBenuumJcs (Tabi. 6). DTH TaHHBIE XOPOIIO KOPPETUPYIOT C JAHHBIMH JUTEparyps [22, 23].

Karanaza (CAT) sBasercs remocomepxamuM (GepMeHToM, Katanusupyrommm pasnokenue H,O,.
Karanaza nokanu3oBaHa NpeuMyILIECTBEHHO B MEPOKCUCOMAX, INIMOKCUCOMAax M MUTOXOHIpusX [18, 29].
B otBer Ha coneBoii cTpecc MOBBIIIEHNE aKTHBHOCTH KaTaja3bl 3apeTUCTPUPOBAHO y Pa3IMIHBIX pacTe-
HUH, BKITFOYast xiom4aTHUK [4, 18]. OCHOBBIBasCh Ha 3TUX JaHHBIX JIUTEPATYPHI, HAMH OBLIO UCCIIETOBAHO
n3MeHeHne YpoBHA dkcnipeccun reHa GhCAT y xnomdarHuka copra Ilopnok-4 mox BosaeiicTBrem Omo-
ctumynsaTopoB. Kak BuaHO U3 Tabn. 6, pacTeHUH XJIOMYAaTHUKA, MOJBEPraBIINXCS 00paboTKe OHOCTHMY-
nsropamu JIAT'-1 u bromykce, HabmOMaI0Ch 3HAYUTENBHOE YBETMUEeHUE YPOBHA dKcrnipeccun reHa GhCAT
[0 CPaBHEHHIO C KOHTPOJHHBIMU HEOOPAOOTAaHHBIMHU PACTEHHSAMH. JTH JTaHHBIE XOPOIIO COTIIACYIOTCS C
HAMEIOIIUMHUCS JIMTEPATYPHBIMU JaHHBIMU [22, 23].

Acxopbarnepokcunasza (APX) obespexusaer H,O, ¢ ydactuem ackop6unoBoit kuciotel [30]. Ona
JIOKaJIM30BaHa B XJIOPOILJIACTaX, IUTOIIa3Me, MUTOXOHIPUSX, Iepokcucomax u anoruiacte [31]. APX mpu-
HUMAaeT y4yacTHe B aHTHOKCHJIAHTHOW 3alllTe PACTEHUI B YCIOBHUSIX COJEBOTO CTpecca, OIHAKO Xapak-
Tep M3MECHECHMSI aKTUBHOCTH (PepPMEHTA 3aBHCHUT OT BHAOBBIX ocobeHHOoCTeH [4, 27, 32 — 35]. Ha ocHoBa-
HUU ATUX JaHHBIX HaMH ObLTO M3ydeHo BiusHUE npenapatoB JJAI-1 u bruoayke Ha ypoBeHb dKCIpeccuu
reHa GhAPX y xnomyarauka copta [lopmok-4. [Ipu aToM OBLTO BBIABIEHO, YTO YPOBEHB HKCIPECCHU TeHA
GhAPX 'y o6pa3noB, o6padorannbix Onoctumymnsatopamu JIAT-1 u buoayke, O CYIIIECTBEHHO BEIIIIE, YEM
Yy KOHTPOJIBHBIX HEOOpaOOTaHHBIX 00pa3IoB (Ta0I. 6). DTH Pe3yIIBTaThl XOPOIIO KOPPETHPYIOT C UMEIOIIH-
MHUCS IUTEPATYPHBIMU TaHHbIMU [22, 23].

I'myrarnonnepokcuaassl (GPX) npeacrapisaior coboit ceMelCTBO KITFOUEBBIX (PEPMEHTOB, YIaCTBYIO-
ITUX B 00€3BPEKUBAHNHN KaK IIEPOKCHIA BOXOPOAA, TaK M TUIMHIHBIX TepokcuoB [ 18]. GPX mokanmm3oBana
B XJIOPOIIIACTAaX, MUTOXOHJIPHSIX, TIEPOKCHCOMAaX M KIIETOYHBIX cTeHKax [36]. [myrarnonpenykraza (GR)
o0ecrneunBaeT MmoAep KaHne Imylla BOCCTaHOBIEHHOTO TiryTatiuoHa [ 18, 20]. ['myrarnonpemykrasa ToKanu-
30BaHa B XJIOPOTIIACTAX, MIEPOKCUCOMAX, MUTOXOHApUAX 1 1uro3ode [ 18]. MmeroTcs cBenenns o0 yqactun
(hepmeHTOB MeTaboMM3Ma IITyTaTHOHA B aJIallTAllNN PAaCTeHUH K 3aconeHuto [33, 37 — 39]. OcHoBbIBasCh Ha
9TUX AaHHBIX JIATEPATYPHI, HAMH OBLJIO UCCIIEIOBAHO BIHMSIHUE OMOCTUMYIIATOPOB Ha YPOBEHD SKCIIPECCUU
reHoB GhGPX u GhGR y copra xnomuararka [lopiok-4, BEIpalleHHOTO B YCIOBUSIX €CTECTBEHHOTO 3aC0-
neHust cpeanert creneHu B CrIpIapbHHCKON 00NMacTh. Pe3ynbrarsl ccnenoBaHms OKa3aiu, YTO BIHSHUC
OMOCTUMYIATOPOB Ha YPOBEHb IKCIPECCHH T'eHOB (epMEHTOB MeTaboIu3Ma IyTaTHoHa OBLTO pa3HOHA-
rpaBieHHBIM (Ta0I. 6). Tak, ypoBeHb 3kcnipeccuu reHa GhGPX cTaTHCTHYECKH 3HAYMMO TTOBBIIIAIICS TIPU
00paboTKe ceMsH XJIOMYaTHHUKA MperaparaMy 10 CPaBHEHHIO C KOHTPOJIBHBIMU oOpasnamu. B To Bpems
KaK ypoBeHb dKcrpeccuu reHa GhGR mon BosaeiictBueM ouoctumynsatopoB JAI'-1 u buongyke Hecyte-
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CTBEHHO yMeHbIIasucs (Tadd. 6).

Taxum 00pa3om, OITyUYEHHBIE Pe3yabTaThl CBHAETENHCTBYIOT O TIOJIOKUTEIHHOM BIUSHUU OHOCTUMY-
nsatopoB JIAI'-1 u buogykc Ha ypoBeHB DKCIIPECCHH T€HOB aHTHOKCHIAHTHBIX (DEPMEHTOB, YTO XOPOIIIO
KOPPETUpPYeT C TaHHBIMU TI0 aKTUBHOCTH (DEPMEHTOB.

CyMMupys IpUBEJICHHBIE B CTaThe JAaHHBIE, CIIEAYET OTMETHTh, YTO (DEHOTUITMYECKHE JTAHHBIE IO T10-
JIOKUTEITFHOMY BIIMSTHHIO OMOCTUMYIISITOPOB Ha POCT M Pa3BUTHE XJIOMMYATHUKA (00Jiee paHHSS BCXOKECTh,
(hopMupoBaHKE IEPBOTO HACTOSIIETO JMCTA, Oy TOHU3AINS, [IBETEHUE U CO3PEBAHME XJIOIKA), a TAKXKE YPo-
YKAITHOCTB ¥ Psifl TapaMeTPOB KadecTBa BOJIOKHA, OBUIH MOATBEPIKIEHBI MOJEKYISIPHO-TEHETHIECKIMH 1
OMOXMMUYECKUMH pe3ybTaTaMu, CBUIETEIBCTBYS O TOM, 4TO d((EeKT mpernaparoB peannsyercs yke Ha
MOJIEKYJISIPHOM ypPOBHE.
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MAXAJUIUA AHOP HABJIAPUHU YAHIJIAHTHUPUIL KOBUJIMATUHU AHUKJIAILL

Mapkasaa Ypra Ocué aHOp HABTAPUHMHT TypJIH I'yJl KUHCIAPUHUHT (ePTUILIHK Ba (OTATAHTHPUII KOOUITHSTH)
CTEPIUTUK XyCYCHUSITHHH TaJIOMK KWIMII Oyiinua Oup Katop muutap onud Oopuiamoxaa. YaHr criopaiapu Xucodu Ba
MOpPQOJIOTHK OeNnrninapn MUKPOCKOI OCTHJIA TaJKUK KWJIMHIM. MabIyMoTiIap Ba YaHT criopayiapu (epTUILITHIHHA
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HaBM YaHT JIOHAJIAPHHHU (EePTHILIMK KOOWMATHHY aHnkiamaa FDA sputmacu Hazoparra HucOaraH SHI aHUK HaTH-
KaJjiap OJUH]IH.
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OIMTPEAEJIEHUE XNU3HECIIOCOBHOCTHU IIbLIJIIBIIbI MECTHBIX COPTOB I'PAHATA

B nienTpe Bexercst paboTa ¢ pa3UUHBIMHM THIIAM MY)KCKOH M JKEHCKOHM CTEPHIBHOCTH M (PEPTHIILHOCTH, B TOM
YHCIIe C OPUTHHAIBHBIM THIIO MYXCKOH ()epTHIIBHOCTH Y TpaHara. J{ist mojcyera u u3ydeHus MOpQoIOrHYECKHUX TIPH-
3HAKOB IBUTBIEBBIX 36PEH 00pa3Ibl MPOCMATPUBAIIH T10]] MUKPOCKOIIOM. J{iIsl TOATBEPKICHHST TOCTOBEPHOCTH JIaH-
HBIX M OTIpe/ieNieHns (PepTHIIBHOCTH IBUIBIIBI OBIII IPOBE/ICH OMBIT IT0 IPOPAIMBAHMIO MTBUIBLIEBBIX 36PEH Ha 3 Pa3HbIX
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DETERMINATION OF POLLEN VIABILITY OF LOCAL POMEGRANATE VARIETIES

The center is working to determine various types (male and female flower) viability, including the original type of
male fertility in the pomegranate cultivar. To count and study the morphological features of pollen grains, the samples
were examined under a microscope. To confirm the reliability of the data and determine the viability of pollen, an
experiment was carried out on germinating pollen grains on 3 different nutrient media by the method, solution - BK
(Brewbaker and Kwack (BK), agarose, FDA solution. Tuya Tish, when treated with FDA solutions, showed more
accurate results compared as control.

The world of plant kingdom strikingly beautiful with its tropical palnts as avacado (Persea america-
na), fig (Ficus carica), pomegranate (Punica), orange (Citrus X sinensis), mandarin (Citrus reticulata),
lemon (Citrus limon), grapefruit (Citrus paradis), olive (Olea europaea L), persimmon (Diospyros), jujube
(Ziziphus jujuba Mill), pistacia (Pistacia), mespilus medlar (Mespilus), laurus (Laurus).

In the condition of Uzbekistan pomegranate (Punica granatum) is widely cultivated throughout all
regions and it has been cultivated since ancient times. P. granatum is grown for its large and juicy fruits,
which is attractive with its red color, and due to its high adaptation to all kinds of soil and climate, (includ-
ing tolerance of drought, salt, iron chlorosis and active calcium carbonate) and production process has been
reached on the industrial level.

Uzbekistan is a sun Republic with an extreme continental climate that expressed in sharp amplitudes
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with an average difference of 11° C between day and night, and it leads to some problems in the cultivation
of high quality pomegranates. The sharply cross of temperature is negatively affected and leads to split
of pomegranate fruits or lower temperature in the winter season till minus 25° C lead to plant death. To
meet export market standards, the fruit has to be of a certain size; this is related to pollination success and
consequently to seed number [Derin and Eti 2001]. The domestication over the thousands of years, pome-
granates have gathered many genetical changes in their genome, allowing the species to adapt, spread, and
successfully grow in different ecological conditions. Pollens in these terms have a significant contribution
to their genetic makeup [1,3].

There are some reports about pomegranate pollen studies, determining pollen morphology (Erdtman,
1971; Zhao and Xiao0,1996; Yin et al., 2011), pollen tube growth (Gadzeet al., 2011), in vitro germination
capability (Derin and Eti,2001; Engin and Hepaksoy, 2003, Engin and Gokbayrak, 2017), in vitro germina-
tion with different hormones (Engin and Gokbayrak, 2015; Engin and Gokbayrak, 2016); in situ viability
(Gokbayrak and Engin, 2018).

In the nature Pomegranate (Punica granatum L.) has two types of flowers, a condition referred to as and
romonoecy. In other words, hermaphrodite flowers (bisexual) and male flowers (functional male flowers)
develop on the same plant. Sometimes, the same pomegranate tree can carry three types of flowers, namely
hermaphrodite, male and intermediate forms [4].

In vitro germination involves germinating the pollen on artificial media and determining germinability
and pollen tube growth. Agar, sucrose and boron (B) are the most widely used medium for determining in
vitro pollen germination and tube growth [5]. Pomegranate pollen is reported to have a higher germination
rate in 15% sugar-containing germination medium compared to 10% sugar-containing medium [6].

There are few studies on the reproduction biology of pomegranate. Effective factors to germination,
production and viability of pollens are not known enough [5]. Pomegranate is an andromonoecious species
having two type flowers on the same plant, in other words, hermaphrodite flowers (bisexual) and male
flowers (functional male flowers) that develop on the same plant. In vitro study of pollen viability, germina-
tion is an important in modern taxonomy. There are no reports In vitro pollen viability, germination among
Asian pomegranate cultivars. This research aimed to study pollen viability one of the Asian pomegranate
cultivar of “Tuya Tish”.

For in vitro studies was selected 4- years old Punica granatum L cultivar of “Tuya Tish”, and the plants
have been grown at the experimental field of Center of Genomics and Bioinformatics. The formation of
pomegranate flowers buds and pollen occurred from the beginning of April until the end of May. To avoid
physiological deterioration and out pollination flowers bud was bagged with white paper 58% transmission
of sun light. To determine pollen viability, bisexual and functional male flowers were collected into plastic
box with ice from the early hours 6:00 till 17:00 from healthy plants. Before storing in a refrigerator flowers
buds fixed in a solution (C2H50H- 70%, CHCI- 30%, and C2H402- 10%, FeCl3- 1 gramm) for 48 h, then
transferred to 70% (v/v) ethanol into brown glass vials. Vials were stored in a refrigerator at +4 °C until
examined.

Anthers were slowly detached from the flowers with forceps under MSZ5000 microscope (90x, China).
Anthers after sterilization with FAA (37% formaldehyde, 70% ethanol, 98% acetic acid in a ratio of 10:80:10
v/v) which preserved in 70% ethanol for 24 h, transferred into the medium for studying pollen germination
under in vitro condition. For estimating pollen viability/ germination was using three mediums, Brewbaker,
FDA (fluorescent diacetat) test and as control taken agar method agar -0,2 mg/mL, sucrose - 10 mg/mL and
H3BO3 -5 ppm (Forlani and Rotundo, 1977).

Brewbaker and Kwack (BK) medium contains H3BO3-0,1mg/mL, Ca(NO3)- 4H20 - 0,3 mg/mL,
MgS0O4- 7 H20 -0,2 mg/mL, KNO3 -0,1 mg/mL, sucrose -10 mg/mL, agar - 0,5 mg/mL; pH 6.5. FDA
(Fluorescent diacetat-Thermo Fisher®) 2 mg fluorescent diacetat and 1.71 g sucrose in 10 ml dH20. Agar
method contains — agar 0,2 mg/mL, sucrose+ 10 mg/mL and H3BO3 -5 ppm.

In order to develop a methodology to evaluate pollen quality, it is necessary to establish different stages
that make it possible to estimate quality in terms of viability and germination through the optimization of in
vitro pollen germination [6]. The appearance of Asian “Tuya tish” pomegranate cultivar flower buds in the
axils was noticed from middle of April and this period finished end of May (photo 1).

Tuya tish had two types flowers on the same tree, hermaphrodite flowers (bisexual) and male flowers
(functional male flowers). Flower bud length reached at 3 cm on 12-14 May in both bisexual and functional
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Photo 1. Developing stage of “Tuya tish” flower bud, a- 0,4 —cm (25 April), b- 5,5 cm (12 May).

male flowers and there were no differences between both flower bud in the develop intensity. But the
number between bisexual and functional male flower ratios had different quantity, a functional male was
significantly more than bisexual. The blooming period in the selected hermaphrodite flowers and functional
male flowers lasted 16 days over study period (photo 2).

Photo 2. Developing stage of “Tuya tish” cultivar, (selected bisexual flower), (from left to right) 25 Aprel
— 12 May. A- length 1.5 cm, weight- 0,032 rpamm, B-length 5,5 cm, weight 9,071 gr.

Collected flowers in a different time of a day reflected significant differences pollen viability in in vitro
condition, despite composition of solution. Collection of selected flowers for pollen viability study was or-
ganized in 22 may, and maximum high temperature and the lowest humidity was detected at 15:00 (Fig. 1).
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When we evaluated the effect of in vitro medium on the viability of pomegranate pollen, a statistically
significant difference was found between male and hermaphrodite flowers (1 table).
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Table 1
Analysis of the viability of pomegranate pollen collected from experimental field Tuya Tish cultivar,
in 22 May and at eleven time points (staminate flower)

6 7 8 9| 10| 11| 12| 13]14| 15| 16| Median
Brewbaker 5141592 |71.5[73.9|71.9]59.5][46.740.6 |31 |31.0]31.0 51.5
Control 39.9140.4|53.9[53.948.5]43.3[39.0[31.9]29]24.8|24.7 39.9
FDA 54.1163.9|75.0[77.0|75.167.5]|54.248.8|32|32.0]32.0 54.4
Medians 514 (592 |71.5|739|71.9|59.5|46.7|40.6 | 31 |31.0 | 31.0 NA
(by hours)

According to many research papers, agar —media with sucrose could not illustrate all potential percent-
ages of pollen viability. Significant differences in the viability of pomegranate pollen grains were detected
among l1times of a day (Table 1). The FDA and Brewbacker solution showed higher pollen viability than
variety Agar with with sucrose& H3BO3 which is selected as control. Pollen in FDA and Brewbacker solu-
tion showed viability values of 94,9 % and 84%, lower percent of viability detected in a control medium,
77,5%, when flowers of pomegranate were collected at 9:00 am, and temperature of day reached to 24°C
and humidity 46%.

Pollen at the higher viability started in all three medium, which is collected pomegranate flowers from
7:00 am, temperature rate began to increase from 18 °C to 24 °C and relative humidity decreased from 63%
to 44%, in FDA variant pollen viability percent was detected form 84,3% to 86,3%, in Breabacker solution
between 82% -84,9% respectively. The lowest percent of pollen viability was counted in control variant
66-73% at the same time of a day.

Flowers collected at 12:00 h, when temperature and relative humidity were approximately 30.1°C
and 34%; respectively, were more unviable in three medium, FDA-77%, Breabacker -74%, agar medium
66,9%, than pollen collected at 10:00h and 11:00h, when temperature ranged between 27.6 and 28.7°C and
relative humidity ranged between 27.6% and 28.2%, FDA-89,7%, 85,9%, Breabacker-85,3,3%, 82%, agar
medium 79,3%, 73% (Fig. 2).
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Fig. 2. Tuya tish cultivar- male flower’s pollen viability rate.

Pollen grains obtained from the male flowers at 15:00 and 16:00 when temperature and humidity of a
day were 30.3°C - 29,1°C and relative humidity 35%, showed the lowest viability in control agar media
(control) 40,3 %. Pollen viability value between two hours were same in control media, when FDA illustrat-
ed 60,1 %, at 15:00, and the lowest pollen viability 55,5% at 16:00, and in the second Brewbaker medium
pollen viability ranged 54% in first time and the lowest 46,3% in the end of afternoon.

We also tested pollen viability and in vitro germination of bisexual on pomegranate variety ‘Tuya Tish
(Table 3) using three medium. According to result pollen germination in in vitro condition the three medium
test and the results did not exhibit any statistically significant differences, although staminate (male) flowers
had slightly higher viable pollens (Fig. 3).
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Table 2

Analysis of the viability obtained pollen from pomegranate bisexual flowers, Tuya Tish cultivar,
in 22 May and at eleven time points

hours 6 7 8 9] 10| 11 12| 13| 14| 15| 16| Median
Brewbaker | 55.2 | 67.0 | 75.0 | 81.1 | 70.0 | 58.0 | 40.0 [ 36.1 [ 36.0 | 36.0 | 36.0 | 55.2
Control 47.5151.8559]60.8|52.9|48.1|42.1|409|37.6|374|374| 475
FDA 56.1 [69.7 | 76.0 | 87.1 | 79.0 | 64.0 | 51.0 | 45.0 [ 45.0 | 45.0 | 45.0 | 56.1
Medians 55.2167.0 | 74.7 | 81.1 | 70.0 | 58.0 | 42.1 | 409 | 37.6 | 37.4 | 37.4| NA
(by hours)

We also tested pollen viability and in vitro germination of bisexual on pomegranate variety ‘Tuya Tish
(Table 2) using three mediums. The evaluation of the effect of the solution on the percentage of viability in-
dicates that the percentage of viability both staminate and bisexual flowers remained constant till at 9:00 am
when the temperature of the day reached to 24°C and humidity 46%. Bisexual flower pollen viability in agar
media ranged 63-35%, the highest point detected 77,5%, and the lowest 35% with 31 °C and relative hu-
midity 35%. With regards to the FDA, the highest percent 91% was detected at 9:00 am when Brewbacker
demonstrated 84%, and the lowest rate of FDA was at 16:00 with 52.7%, this value in the second medium
was 42% (Fig. 3).
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Fig. 3. Tuya tish cultivar- bisexual flower’s pollen viability rate.

Conclusion. The in vitro study of pomegranate pollen grains viability can provide relevant information
on the best day and time of the day for pollen collection. Thus, it might help to improve the efficiency of
fruit breeding, and provide information on pollen germination and viability that allow future pollen usage

in the field.
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Imamhodjaeva A.S., Kadirova Sh.B., Mamadjanov A.

BIOTECHNOLOGIC G’O’ZA VA UNING AVLODLARIDAGI NPT II GENINI NASLIDAN NASLIDA
NAMOYON BULISHI

Magqolada biotechnologic o’simlik yaratishda foydalanilgan selektiv marker genlarining ayrimlari to’grisida
gisqa adabiyot sharhi keltirilgan. Shuningdek g’o’za hujayralarni transformatciya qilish uchun tayyorlangan
genkonstrukciyacidagi neomycin phosphotransferaza II (npt II) geni xaqida ma’lumot berilgan. Porlock seriyali
g’0’za navlarida mazkur gen keying avlodda nomuvofiglikni namoyon etadi.

Nmamxomxkaesa A.C., Kagpipona I11.b., Mamamkanos A.
BUOTEXHOJIOTMYECKUI XJIOITYATHUK U HACJIEJJOBAHUE NPT 11 TEHA B ETO IIOTOMCTBE

B crarbe npuBOIUTCS KpaTKUi 0030p 0 HEKOTOPBIX CEIEKTUBHBIX MAPKEPHBIX T'€HAX, NCTIOIB3YEMbIX B OHOTEX-
HOJIOTHH PAacTeHHI, a Tak)Ke O HacleIOBaHWM reHa HeoMmuuuHpochoTpanchepassr 11 (npt 1I), BKIIOYCHHOM B TEH-
KOHCTPYKITHIO, KOTOPO# TpaHCc(hOpMUPOBAHEI KJISTKH XJIoMYaTHUKA. B coprax cepun [1opiok JaHHBINA TeH MPOSBIISET
HECTAOMIIBHBIN XapaKTep HACIEAOBAHUSL.

Imamhodjaeva A.S., Kadirova Sh.B., Mamadjanov A.
BIOTECHNOLOGICAL COTTON AND INHERITANCE OF THE NPT 11 GENE IN ITS OFFSPRING

The article provides a brief overview of some selective marker genes used in plant biotechnology, as well as the
inheritance of the neomycin phosphotransferase II (np? II) gene included in the gene construct that transformed cotton
cells. In varieties of the Porlock series, this gene exhibits an unstable inheritance pattern.

Pa3BuTHe u coBepIIEHCTBOBAaHHE METOJIOB T€HETHYECKON MHKEHEPHH, a TaKkkKe pa3padoTka METOIOB
MepeHoca reHeTHYECKOT0 MaTepralia B PaCTUTENBHYIO KIIETKY W METOJIOB PETreHepaIfy 13 OT/IENbHBIX Kile-
TOK TIOJTHOIIEHHBIX TPaHC(HOPMAHTOB (B YCIOBHSIX i1 Vitro), TIO3BOJIIIO TIPOU3BECTH MOAM(HUKAIINIO TEHO-
MOB psiia BUAOB pacTeHHiA. VIcIionp30BaHIEM CTIEIHaIbHBIX METOIOB TeHETHUYECKON WHKEHEPHH: TEXHO-
norueii pekomOnHAHTHBIX JIHK, KToHMpOBaHMS TeHOB, M arpo0akTepHaIbHON TpaHChOpMAITHU CAEIAI0
BO3MOYKHBIM HCIIOJIB30BAHNE B CEJIEKIIUH PACTEHHIA BCETO MHOTO00pa3usl IIEHHBIX TEHOB, CYIIECTBYIOIIIX
B IPUPOJIE, YTO MPHUBENIO K MHTEHCUBHOMY Pa3BUTHIO MPOU3BOJICTBEHHOTO BEHIPAIIMBAHUS T€HETHYECKU
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MOITU(UITMPOBAHHBIX CEIBCKOXO3SHCTBEHHBIX KyabTyp [1]. Ilpm cozmannn OMOTEXHOIOTHYECKHX pacTe-
HUW U WX BHEJPEHUH B CEIBCKOE XO3SHCTBO B KAYECTBE KOMMEPUECKHUX KYIBTYp Hambosiee BaKHBIM MO-
MEHTOM SIBJISIETCSI JOCTH)KEHHE BBICOKOTO M CTaOMIIBHOTO YPOBHS DKCIIPECCHH TIEPEHECEHHBIX IIeNIEBhIX
TeHOB, KaK CPeIN UCXOAHBIX TPaHC(OPMAHTOB M MX IMOTOMKOB OT CaMOOIBUICHHUS, TaK U y THOPUIOB OT
nx ckpemmBanusi. OHAKO HA HOpMaIIbHOE (DYHKITMOHUPOBAHHE MTEPEHECEHHBIX TEHOM (9KCIIPECCHI0) BHY-
TPEHHHE 3al[UTHBIE MEXaHU3MBbI KIETKH, IPUOOpEeTeHHbIe B Xofe Bomonnud. OIWH U3 TaKUX MEXaHU3-
MOB — METHJIUPOBaHUE, MPUCOSANHEHNE METHIILHOW TPYIIBI K MHOXXECTBEHHBIM ToBTOpam, C-G Gora-
ThI€ MTPOKAPHOTHYECKUM ydacTKaM MyabTUMEpHU30BaHHBIE KOMIUIEKCHI, COCTOSIINE U3 HECKOIBKUX KOTIHN
T-JIHKpa3neneHHsIX (hparMeHTaMHu BEKTOpHOU U pacturenbHoi JIHK, Mefiormueckn HeCTaOMIBHEI, YTO
MOKET TIPUBECTH K SKCITM3MH IMPUBHECEHHOTO TeHa (TpaHcreHa) [2,3,4].

C touku 3peHust OM00E30NaCHOCTH TPAaHCTEHHBIE PACTEHUS HE JOIDKHBI COMEpKaTh T€HOB yCTONYH-
BOCTH K aHTUOMOTHKAM U APYTUX «MTOCTOpoHHUX» PpparmenTtoB JTHK, koTopsie MOTyT OBITh TIEpeHECEHBI
BMmecTe ¢ BektopHoi JIHK. OmHako ucnons3oBaHne CeleKTHBHBIC MapKepPHBIE TeHHBIC CHCTEMBI 00JIerda-
0T TpaHC(OPMAIMOHHBIN 3Tall CO3/IaHUsl OMOTEXHOJOTHIECKHX T€HOTHIIOB U TMO3BOJISIET OTHOCHTEIHHO
MIPOCTO WACHTU(HUITUPOBATh HYXKHBIE KIETKH OOBbEKTOB HCCiIeqoBaHNi. be3 nx, 0e3 CelleKTUBHBIX Te€HOB,
pacTHTENbHBIE KIETKH C MHTETPUPOBAHHBIM T€HETHUECKHM BEKTOPOM, MTPOCTO HEBO3MOXHO OTHICKATh B
OTPOMHOM KOJIMYECTBE KJIETOK POIUTEIBCKOTO TeHOTHIA.ECTh 1Ba OCHOBHBIX KIIACCHl TAKUX T€HOB: T'€HBI
YCTOMYMBOCTH K aHTHOMOTHKAM W K repOuruaamM. BeiOop TOro WM MHOTO M3 HUX 3aBHCHT OT OOBEKTa
TparcpopMaInu 1 3a1ad. [ XJormyaTHuka B «KacceTe dKCIPECCH» OBLT UCTIONB30BaH TeH HEOMHUITH(OC-
(dhoprancdepassl (npt 11), obecriednBaromnii KIIETKaM yCTOMYUBOCTD K KAHAMUITIHY.

I'erpl ycTOWYMBOCTA K aHTHOMOTHKAM HWCIIONB3YIOTCS B Ba)KHBIX JTalax IPOM3BOJCTBA pacTe-
HUR-TpaHchopmanToB: 1) mpeamnoceBHas TpanchopMmarys st oT0opa 6akTepHii BO BpeMs pyTHHHBIX OTIe-
pamnuii MOJIeKYIIpHOH OHOJIOTHH M MaHHWITYJUPOBAHUH TPAaHCTEHAMH TPH CO3JaHWH BEKTOPOB JKCIIpEC-
CUM; U 2) BO BpeMs CaMOro Tporiecca 0T0opa KIETOK pacTeHUs, B KOTOPbIE CTAOMILHO WHTETPHPOBAHBI
BBEJEHHBIE T€H-KOHCTPYKIMU. Ho KakoBO WX COCTOSIHHE B TIOCIIEAYIOUIMX dTanax IOCIe pereHepalui,
KakoBa MX (YHKIIMOHAIFHOCTh W HACIEIOBAHUI — BOTIPOC, IIOHUMAEMbIH YUYEHBIMHU B CBSI3U C TIpoOIeMa-
MU OM00E€30TMaCHOCTH TPAHCTEHHBIX 00HeKTOB[S]. [IocTOsSTHHOE MPUCYTCTBHE ATUX CEIEKTHBHBIX MaPKEPOB
(reHoB yctoitunBocTH) a Takxke u JIHK dykepomHOTO MPONCXOXKACHNS, 0COOCHHO B MHIIEBBIX KYIBTYPaX,
BBI3BIBAET BCE OOMIBITYIO 00€CITOKOEHHOCTh 00mecTBeHHOCTH. Co3anne 6e3ceNeKTHBHO-MapKePHOTO T'eH-
HO-WHXEHEPHOTO PAaCTeHHS SBIISETCS OJHUM M3 HOBBIX IIPOEKTOB B 00JIACTH OMOTEXHOIOTUYECKUX HUCCIIe-
JIOBAaHUM pacTeHUH.

OObeKTOM HaIMX HCCIeOBaHUN ObUT XJomuarHUK cepur [loprnok, nomyuenHsiMu TexHonoruern PHK-
nHTep(EepeHI Ha OCHOBE OTEYECTBEHHBIX COpTOB[0]. B pe3ymbrare reHeTHUecKoil TpaHC(OpMAalUH CO-
proB AH-basByT-2, C-6524, Tamkent-6 u Hamanran-77 nposBuiics 3 ¢GeKT BO3AeHCTBHS Ha TeH (PUTOXpOoMa
(PHYAI) n monmy4eHO yiydIlleHle arpOHOMHUYECKUX XapaKkTepucTuk. [ xmomyaTanka ceprn [loprok xa-
pakTepHa paHHECIIEIOCTh, BHICOKO-YPOKAHMHOCTh, XOPOIIO pa3BUTas KOpHEBas CHCTEMa, YIJIMHEHHE BO-
JIOKHA, 10 CPABHEHUIO K POJUTEILCKUM copTam [7].

B ren-xoHCTpYyKINY AJ1s TpaHC(HOPMAIIAN KJIETOK XJIOMMYATHUKA B BEKTOPE, KaK 00s3aTebHBIN SJIEMEHT
OyayIeil ceJeKIy Ha cpeiaX BBIpalliBaHus, TPUCYTCTBYeT #npt 11 reH, obecneunBaronuii yCTOHINBOCTh
K KaHaMHUIIHY [8].OMHaKO YyKepoIHbIe TeHBI B TEHOME TPaHC(HOPMUPOBAHHBIX OOBEKTOB CTAJIO BBI3HIBATH
OITaceHWe W MIMPOKO OOCYKAAThCS CpeAr OOINEeCTBEHHOCTH ¢ TOYKU 3pEHUs HempeackazyeMoro ¢ dexra,
BO3MOKHOI'O TOPU30HTAIBHOTO NEPEHOCA IT€HOB YCTOMYMBOCTH B ipyrue reHoMsl U T.4. [9,10]. Ha ocHoBa-
HUH TOTO CTaJIM MTPOBOTUTHCS UCCIIEAOBAHUS 10 MTOMYUYEHHIO Oe3MapKepHbIX (0e3 CEIIEKTUBHOTO MapKepa)
TparcGopMaHTOB. VI OMTHOBpEMEHHO C ATHM Pa3BUBAIOTCS TEXHOJOTHH ylajdeHHs (BBICEUSHHS FITH DKCIIH-
3UM) OTUX reHos [11].

Hamu BeImonHsieTcs paboTa 1Mo TO¥CKY B MOIMYISIAAX OMOTEXHOIOTMYECKOTO XJIOMYaTHUKA TEeHOTHITOB, HE
HECYIIMX I'eH KaHAMHUIIMHYCTOHYHBOCTH, C TIOCIIETYIOIIAM UX Pa3MHOKEHHEM, 1 TIOJTyYeHUH TaK Ha3bIBAEMOTO
Orobe30macHOro copra (CONIacHO TPEeOOBaHMSIM MEXKTyHAPOJHON KOMMepLuanu3anun). B xome stiux padot
BBISIBJICHHBIE HAMU JTAHHBIE CBUICTETIHCTBYIOT O HACIIEIOBAaHHUM TeHa npt 11 B TOCIeAyIONIX TeHepaIusX.

Paboter mpoBenieHbl Ha OMOTEXHOJIOTHIECKUX COPTaxX XJIOMYaTHUKA cepur 11opiioK, momydeHHbIX TeXHH-
xoii PHK-unTepdepentun (PHYAI RNAiQ). B Xome paboT UCTIONB30BaHEI METOMBI BhIEIeH!s TeHoMHon JIHK
W3 JIACThEB XJIomyaTtHuKa (0a30BeIii MeToa — ¢ peareHToM STAB), ITLIP (TmonmMepas3Has IermHas peaKiys) ¢
caifr-cnienmraapivME ipaiimepamu (st 35S, PDK u kan reHoB), mpomxykrs! ammmudukarmu n JIHK nposeps-
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i 3nekTpodopesom B arapo3Hom reine (0,9% u 1,5 % ).

XJ0MYaTHUK BBICEBAJIM KAK B ITOJIEBBIX, TAK U B TEIUIMYHBIX YCIOBHAX C COONIOAEHUEM arpOTEeXHHUYE-
cKuX Meponpuatuil. UnnuBuyaapHbie 0TO00PbI OT CaMOOIIBIICHNS aHAIU3UPOBAIN 10 TPeOyeMbIM Xapak-
TEpPUCTUKAM (BBIXOJ] M JUIMHY BOJIOKHA, BEC XJIOTKa-chipiia, Bec 1000 ceMsiH, 9UCIIO CEeMSIH U T.11.).

Kak npuseneno Bbiue copra cepun [Iopiaok Mo NPOUCXOKACHUID HMEIOT Pa3HbIX POJUTENECH.
XnomyarHuk copra [lopmok-1 co3man Ha 6a3e mecTHOTO copra AH-basByT-2, OHUM W3 POAMTENEH CO-
pra Ilopmnok -2 66Ut copt xnomyaranka C-6524, u3 copra TamkeHT-6 Obi1 omyyeH [lopmok-3, a Ha ocHOBe
Hamanran-77 coznan [lopnok-4. B reHoTHITE KQ3KI0TO U3 BEIIIETIPUBEIEHHBIX TIOPTOB ceprn [lopiok mposepe-
HO HaJIM4ue TeH-KOHCTPYKLHUH, KOTopas 1 Aana 3hPeKT nHTepepeHInH, BEIPA3UBILEHCS B YIy4IlIeHUH HEKO-
TOPBIX XO35HICTBEHHO-LICHHBIX XapaKTEepUCTHK. [IpencTaBisu1 nHTEpeC XapaKTep HACIECIOBAHHS CEIEKTUBHOTO
reHa HeomuiH(oCchoTpanchepass 11 B momyssimumsax 3THX COPTOB.

C 5T10ii 1Ienbio OBIT MPOBECH MOJEKYISIPHO-TeHEeTHIeCKHi ananu3 Ha ocHoBe [1L[P-ckpuamHTa pac-
TeHU# ans onpenenerns B ux reHome BektopHoir PHYAT RNAI korctpykuumu. [pu TP ucrmons3oBanb!
napsl npaiivepoB (PDK-F/OST R).

M 1234 56 728 910m C M

600 bp
400 bp
200 bp
100 bp

25 bp

Puc. 1. Dnexrpodoperpamma ammmuduuupoBannsix npoxykros [P ¢ npaiimepamu PDK-F/ OST R
(B 1,5%-10M arapozHom reine). M — mapkep; m — mactep mix; C — HOJIb-CErperant

[lonmy4eHHble pe3ynbTaThl aMIIM(DUKALMK SBISAIOTCS CBHICTEIBCTBOM INPHCYTCTBUSI XapaKTEPHBIX
JUIsl TEH-KOHCTPYKIMN Yy4acTKOB B T€HOME XJIOMMYAaTHHUKA, TaK KaK COINIACHO CXEMe CTPYKTYyp (pparmenra
reH-KOHCTpYKLMH, Bbi3biBatowiero 3¢ ekt PHK unrepdepenunn, B Hux nmeercst npomotopa, reusl PHYA
1 B mpaBusnbHOM (F) 11 peBepcHoM (R) cocrosinum n mexxay HUMHU - HHTpoHHAs dacTh (PDK) u 3aBepaer
¢parment tepmunarop (OCS) [12]. Hanee, st 1ACHTU(PUKALUKN CEIEKTUBHOIO MAapKEPHOTO TeHa MOCTaB-
nena [1LP ¢ npaiimepom i reHa yCTOMYMBOCTH K KaHAMULIMHY.

i

===

Puc. 2. Onexrpodoperpamma npoaykros ammiuduranuu [P ¢ npaiimepom kan
(AHK xnonuarnuka copta Ilopnok-2)
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B Gomnpmieit wactu 00pas3IoB MOTYYEHBI MPOAYKTHI aMIUTN(UKAIINH, YTO CBHJIETEILCTBYET O HATHIUH Y
HCCIIeyeMBIX 00pa3IoB XJIOMYAaTHUKA y9acTKa reHoMa, TJe MpucyTcTByeT TeH npt 11. U Tonpko B HECKOb-
KHX MMpo0ax HeT CHHTe3a MPOAYKTOB amiumpukanuu. O600mas pes3ynsrarsl Tpex moBropHocteid I[P,
MONy4YMIIH, 9TO B cpenHeM st 10,39% o0pa3ioB amruinuKaui He HaOIonaaoch. J{ist momy sy XJ1or-
yarHuka coprta [lopmok-3 Takux o6pasios 0s110 20,8%. IIpr MOHUTOPHHTE TpeX TOBTOPHOCTEH 00pa3IioB
JHK xmongarauka copra llopmok-4, B cpenaeM st 6,81% o6pasnoB peaknus [P nmena HeratuBHBIN
pe3yabraT. MOHUTOPHHT IIPOBOAUTCS BTOPOH TOJ M PE3YIIBTATHI

MpoueHT "6e3kaHaMULMHOBDBIX" pacTeHu B
nonynaumm 6MOTEXHONOTMYECKUX COPTOB

Xnon4yaTtHMKa

15

10
5 '
Mopnok-1 Mopnok- 2 Mopnok-3 Mopnok- 4

Takum 00pa3zoM, B MPOAHATU3UPOBAHHBIX CITYYalHBIX BBIOOPKAX MOIMYJISIIUKN y OOJbIIel 4acTH Ouo-
TEXHOJIOTUYECKUX pacTeHui npt Il reH skcnpeccupoBascst CTaOWIbHO, U €r0 HAaCIeI0OBaHUE HAOIIONAI0Ch
BOT y’K€ B BOCBMOI TeHepanuu (rmoces copra). OHaKO Kakoii 3aKOHOMEPHOCTH MOXKET IMTOTYUHSITHCS TAKOS
HAaCJIEIOBAaHUE UYKEPOIHBIX TCHETUUECKUX PIIEMEHTOB, IPEICTOUT B MEPCIICKTUBE Y3HATD.

[To nuTeparypHbIM UCTOUHUKAM, TIPU U3yUSHUH CTAOUIBLHOCTH Hacie[oBaHue reHa npt 11 B cnyyaitHO!
BBIOOPKE HE3aBUCUMO IOJIYYCHHBIX TPAHCTCHHBIX PACTCHUI Ta0aKa, yUeHbIMHU BBISBICHO, YTO OH B IIEPBBIC
ITOKOJICHUSI THOPUIOB 3TOT MapKep IKCIPECCUPOBAIICS CTAOUIBHO M HACIICAOBAJICS B COOTBETCTBUU C 3aKO-
HamMu MeHzenst AJii MOHO- U TUTHOpuIHOTO TUTOB pactierwieHus [13, 14]. OqHako B MOCIEIYOIINUX T0-
KOJICHVSIX TPAaHC(OPMAHTOB UMH BBISIBIICH MO3aUYHBIM XapaKTep MPOSBICHUS CEICKTUBHOIO MAapPKEPHOTO
reHa B KJICTKaX COMaTHYECKON TKaHH JTUCTOBOW TUTACTUHKHU Y TPAHCTEHHOTO pacTteHus Tabaka Nu [15]. Tlo
MHEHHIO YUEHBIX, OTKIOHEHHUS OT OKMJACMbIX PACIIEIUICHUH, BIUIOTh IO MOJIHOM OTEPH AKCIIPECCUU TTEpEeHE-
CEHHBIX T€HOB MPOUCXOIUT B 3aBUCUMOCTHU OT UHTErPAIIMU PA3HOTO YKCIIa KOIUM TPAaHCTEHOB B TEHOME TPaHC-
(hopmanToB. CoracHO MPUBOAMMON MU KJIaCCU(HUKAIIMK TpyNil HacienoBanus npt 11, 5,9% nomynsuu co-
CTaBJISIIOT T€HOTHUIILI C OTKJIOHEHHEM OT MEHJIEJIEBCKOTO THIIa HaclienoBaHus, U 1,9% - MOKeT BBISBUTHCS
MIOJIHAS TIOTEPsl IKCIIPECCUHU TPAHCTCHOB. J[J1 MOATBEPKACHUSI TAKOTO MPEANON0KEHUS B TPUMEHEHUH K
XJIOMTYATHHUKY CIIEAYET ONPEACIUTh YUCIIO HHCEPIUN Y OMOTEXHOIOTHYECKIX COPTOB.
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MOLECULAR AND PHENOTYPIC ASSESSMENT OF UPLAND COTTON GENOTYPES
IN SALINITY STRESS
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Normamatov I.S., Turaev O.S., Kholmuradova M.M., Makamov A.X., Kushanov F.N.

SHO‘RLANISH STRESSIDA O‘RTA TOLALI G'O‘ZA GENOTIPLARINI MOLEKULYAR
VA FENOTIPIK BAHOLASH

Magqolamizda, g‘o‘zaning UAK (uyali assotsiativ kartalashtirish) populyatsiyasi boshlang‘ich namunalarining
sho‘rga chidamliligini molekulyar va fenotipik jihatdan baholash natijalari keltirilgan. Chidamlilikni molekulyar
baholashda dunyo olimlarining bu borada erishgan yutuqlari asosida aniqlangan chidamlilik DNK markerlaridan
foydalanildi. Dala tajribalari ikki hudud Sirdaryo viloyatining sho‘rlangan muhitida va Toshkent viloyatida optimal
muhitda amalga oshirildi. Ma‘lumotlarning statistik tahlili ANOVA statistik paketida amalga oshirildi.

Hopmamaros U.C., Typaes O.C., Xonmmypamosa M.M., MakamoB A.X., Kymranos @.H.

MOJIEKVIISAIPHAS 1 PEHOTUIIMYECKA S OUEHKA TEHOTUITIOB CPEJHEBOJIOKHUCTOI'O
XJIOITYATHUKA ITPU COJIEBOM CTPECCE

B Hamiell crarbe M3JIOKEHBI PE3yNbTaThl MOJEKYISAPHBIX W (PEHOTHUINYECKNX OIEHOK COJEYyCTOHYMBOCTH OC-
HoBareneit TAK (THe3nmoro acconmnatuBHOTO KapTHpoBaHuUs). IIpu MonekysipHO OreHKe MBI ucmonb3oBanu JJHK-
MapKepsl, CBSA3aHHBIE C COJIEYCTONUMBOCTHIO. [losIeBbIe OMBITHI POBOAMINCH B JABYX PETMOHAX 3aCOJICHHBIX TOYB
ChIpIapbHHCKOH 00JaCTH ¥ B ONTUMAJIBHBIX YCIOBHAX TaIIKeHTCKOI oOmacTH. AHaJIN3 JaHHBIX MPOBOIMIICA C HC-
nosp3oBanueM ANOVA.
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MOLECULAR AND PHENOTYPIC ASSESSMENT OF UPLAND COTTON GENOTYPES
IN SALINITY STRESS

Our paper highlights the results of molecular and phenotypic assessments of the salinity tolerance of cotton NAM
(nested association mapping) founders. In the molecular assessment, we used DNA markers associated with salinity
tolerance. Field experiments were conducted in two regions the saline soil of Syrdarya region and in the optimal en-
vironment of Tashkent region. The data analysis was performed using ANOVA.

Since the beginning of civilization, human activity posing has been a threat to the stability and resil-
ience of the planet. Human impact on the environment can have strong negative consequences [1]. Soil
salinization is one of the biggest issues negative affecting agricultural crop production all over the world
[2, 3, 4, 5]. More than five hundred million hectares of land used for crop production and agriculture are
losing their fertility due to salinization [6]. Existing difficulties of global food security can only be solved
by restoring the productivity of these saline soils or by developing of salt-tolerant crop varieties. Two main
approaches are used in plant breeding processes to improve the salinity tolerance of agricultural crops: 1)
direct selection from plants grown under the natural conditions or under the salinity stress; 2) to increase of
resistance to salinity stress based on existing resistant genes of plants using genomic approaches [7]. The
soil salinity has a negative impact to the various physiological and metabolic processes in plants, as well as
the assimilation of organic compounds in plant cells. As a result, the susceptibility of plants to the various
extreme conditions increases, which leads sharply decrease plant productivity and quality.

Today, taking into account the above-mentioned, it is necessary to develop simple and inexpensive bi-
ological methods that increase the resistance of plants to salinity stress, as well it is required to create new
varieties of agricultural crops that can grow in highly saline soils. One of the main tasks facing scientists is
to create salinity resistant crop varieties through the employment of new molecular-genetic approaches to
identify salt-tolerance genes.

As noted in the previous articles, the scientists of the Center of Genomics and Bioinformatics have
developed nested association mapping (NAM) population to dissect the genetic architecture of Upland cot-
ton [8]. The main objective of this study is phenotypically and molecularly evaluation of salinity tolerance
of the parental genotypes of NAM population (NAM founders). 20 Upland cotton germplasm accessions
(NAM founders - Namangan-77, KK-1796, KK-1795, L-1000, C-9006, KK-1086, Catamarca 811, C-9008,
L-N1, L-141, Hapicala 19, 0-030, C-4769, L-45, Zangi-Ota, Saenr pena 85, C-2025, KK-602, SAD-35-11,
C-417) were used as research materials.

Molecular-genetic approaches. The fresh leaves were collected from each plant samples individually.
The genomic DNA was extracted from leaf tissues using modified CTAB method [9]. The quality and
quantity of genomic DNA was identified in 0.9% agarose gel compare with lambda (A) phage DNA concen-
tration. PCR analysis were conducted using DNA markers that associated with salinity tolerance in cotton.
PCR analysis were performed to determine the polymorphisms between common parent Namangan-77
and 19 parental genotypes, as well the allelic status of parents were scored directly by the presence or ab-
sence of amplicon. Out of twelve DNA markers associated with salinity tolerance, BNL3140 [10] and
BNL3594 [11] were polymorphic between common parent Namangan-77 and parental genotypes (Fig. 1).

Field works, phenotypic data collection and analysis. The research samples were planted in two regions,
experimental field of the Special seed-growing unit of the Center for Genomics and Bioinformatics and
Cotton Breeding, Seed Production and Agrotechnologies Research Institute Syrdarya Branch, using a ran-
domized complete block design in three replications and was maintained in the same agro-technical regime.

Several important morpho-biological parameters were studied in the field condition, such as the number
of monopodial and sympodial branches, branching type, the number of bolls, boll weight, the degree of
stem hair, height of the first sympodia (Hs), he weight of 1000 seeds, fiber staple length and fiber percent-
age. All collected data prepared to the analysis in Microsoft® Office EXCEL 2019, and were analyzed us-
ing ANOVA, One Way ANOVA and GLM (general linear model) of NCSS 19 statistical software package.

The staple fiber length of Namangan-77 was 30 mm in the optimal environment (Tashkent) and was 34
mm in the saline environment (Syrdarya). The saline soil had a negative effect to the the staple fiber length
of Namangan-77. One of the important agronomic traits is 1000 seed weight. As a result, the research sam-

35




ples was diverse by this trait. According to the results, the lowest rate was 92 g in L-1000 that grown in
saline soil and the highest rate was 140 g in Zangi Ota in optimal condition. The lowest value was 98.5 g in
KK-1796, and the highest value was 143.5 g in the optimal environment.
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Fig. 1. Electrophoregram of NAM founders using (A) BNL3140 and (B) BNL3594 DNA marker that as-
sociated with salinity tolerance. M — Molecular-weight size marker; 1-Namangan-77, 2-KK-1796, 3-KK-
1795, 4-L-1000, 5-C-9006, 6-KK-1086, 7-Catamarca 811, 8-C-9008, 9-L-N1, 10-L-141, 11-Hapicala 19,
12-0-030, 13-C-4769, 14-L-45, 15-Zangi-Ota, 16-Saenr pena 85, 17-C-2025, 18-KK-602, 19-SAD-35-11,
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Fig. 2. Comparison of “fiber length” of NAM founders in different experimental conditions.
1-Namangan-77, 2-KK-1796, 3-KK-1795, 4-L-1000, 5-C-9006, 6-KK-1086, 7-Catamarca 8§11, 8-C-9008,
9-L-N1, 10-L-141, 11-Hapicala 19, 12-0-030, 13-C-4769, 14-L-45, 15-Zangi-Ota, 16-Saenr pena 85,
17-C-2025, 18-KK-602, 19-SAD-35-11, 20-C-417.

Comparing samples from both environments, Namangan -77, KK-1086, Catamarca 811, C-9008, L-45,
Saenr pena 85, C-2025, and C-417 were almost not differing by this trait. This means that the samples are
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slightly more resistant to the salinity than other genotypes. According to the results obtained by fiber per-
centage, the highest rate was 37-38% in L-1000 and L-45 genotypes respectively in saline soil, L-1000,
L-45, Saenr pena 85, C-2025, SAD-35-11 and C-417 showed 38-39% in optimal condition.
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Fig. 3. Correlation analysis of 1000 seed weight of NAM founders that grown in two environment.

The results of correlation analysis showed that the 1000 seed weight was positive correlated with fiber
length and boll weight. It is assumed that as the seed cotton yield increases, the boll weight and fiber length
will also increase, thus boll weight has a direct influence on cotton yield.

In summary, the fiber length of common parent Namangan-77 were decreased in salinity condition.
However, the fiber length of C-9006, KK-1086, Hapicala 19, Zangi-Ota and KK-602 were stable, as well
Catamarca 811, 0-030, C-4769 and C-2025 were increased. These diversities of NAM founders will allow
to fine map of genomic regions that attending to control of fiber length in cotton using respective NAM
families.

The parental forms of NAM population with contrast indicators will become an invaluable resource for
future molecular genetic mapping in cotton. Parental genotypes grown under the different conditions also
serve to identify QTLs that are genetically linked to the traits such as salt and drought tolerance.

REFERENCES

1. G. Varallyay. Soil data-base for long-term field experiments and sustainable land use Agrokémia és
Talajt., 43 (1994), pp. 269-290
2. Association Analysis of Salt Tolerance in Asiatic cotton (Gossypium arboretum) with SNP Markers.

37



10.

I1.

Tussipkan Dilnur, Zhen Peng, Zhaoe Pan, Koffi Kibalou Palanga, Yinhua Jia, Wenfang Gong, Xiongming
Du. Int J Mol Sci. 2019 May:; 20(9): 2168. Published online 2019 May 1. doi: 10.3390/ijms20092168.
PMCID: PMC6540053

Peng Z., He S., Sun J., Xu F, Jia Y., Pan Z., Wang L. An Efficient Approach to Identify Salt
Tolerance of Upland Cotton at Seedling Stage. Acta Agron. Sin. 2014;40:476-486. doi: 10.3724/
SP.J.1006.2014.00476.

Jia Y.H., Sun J.L., Wang X.W., Zhou Z.L., Pan Z.E., He S.P., Pang B.Y. Molecular Diversity and
Association Analysis of Drought and Salt Tolerance in Gossypium hirsutum L. Germplasm. J. Integr.
Agric. 2014;13:1845-1853. doi: 10.1016/S2095-3119(13)60668-1.

Rasool S., Ahmad A., Siddiqi T. O., Ahmad P. (2013). Changes in growth, lipid peroxidation and some
key antioxidant enzymes in chickpea genotypes under salt stress. Acta Physiol. Plant. 35 1039-1050.
10.1007/s11738-012-1142-4

Imadi S. R., Kazi A. G., Ahanger M. A., Gucel S. and Ahmad P. 2015 Plant transcriptomics and re-
sponses to environmental stress: an overview. J. Genet. 94, 525-537

Ashraf, Muhammad & Aisha, Nudrat. (2009). Improving salinity tolerance of plants through conven-
tional breeding and genetic engineering: An analytical comparison. Biotechnology advances. 27. 744-
52.10.1016/j.biotechadv.2009.05.026.

O.C. Typaes, A.A. Tynanos, M.M. Jlapmanos, A.X. MakamoB,®.H. Kymanos, A.C. IMamxonxaesa,
[1.3. lllepmaros, 3.T. bypues, A.T. AnputoBa, A. AdnykapumoB, N.FO. AdaypaxmonoB. Pa3paboTka
TIOTYJISAIIUI THE3/I0BOTO aCCOIMATUBHOTO KAPTHUPOBAHUS XJIOMYATHUKA IS MCCIIETOBAHMS arPOHOMH-
YECKUX BKHBIX MPU3HAKOB. Y30eKcKuil Ononornyecknii xxyprai. 2016 . Ct.21-26.

Paterson, A.H., Brubaker, C.L. & Wendel, J.F. A rapid method for extraction of cotton (Gossypium spp.)
genomic DNA suitable for RFLP or PCR analysis. Plant Mol Biol Rep 11, 122—-127 (1993). https://doi.
org/10.1007/BF02670470

Muhammad Saeed, Guo Wangzhen and Zhang Tianzhen. Assosiation mapping for salinity tolerance in
cotton (Gossypium hirsutum L.) germplasm from US and diverse regions of China. Australian Journal
of Crop Science (AJCS) 8(3):338-346 (2014). ISSN:1835-2707.

Abdelraheem Abdelraheem, Vasu Kuraparthy, Jinfa Zhang. Identification of Drought and Salt Tolerant
Cotton Germplasm and Associated Markers in the U.S. Upland Germplasm Pool. American Society of
Agronomy, November 7, 2016. poster number 163-1322. Phoenix Convention Center North, Exhibit
Hall CDE.

HOPOB T.M., BYPUEB 3.T., VBAWIVIJTAEBA X.A., ABIYPAXMOHOB H.1O0.

CO3JJAHUE BUOTEXHOJOI'MYECKUX JUHUMN XJTOMYATHUKA, YCTOMYUBBIX

K BOJIE3HSM, C UCITOJIb3OBAHUEM TEXHOJOI'MU PHK UHTEPO®EPEHILIUU
(RNAi) 1 UX UHTPOT'PECCHUSA B MECTHBIE COPTA

zabar75@yahoo.com

Lentp renomuku 1 6monndopmarnku AH PY3

Norov T.M., Buriev Z.T., Ubaydullaeva X.A., Abduraxmonov I.Yu.

RNAi TEXNOLOGIYASIDAN FOYDALANIB VILT KASALIGIGA CHIDAMLI BIOTEXNOLOGIK
LINIYALAR YARATISH VA MAHALLIY NAVLARGA INTROGRESSIYA QILISH

Tadqiqotda g’o’zada vilt kasalligini qo’zg’atuvchi fitopatogen zamburug’i (Fusarium oxysporum f. sp.

vasinfectum) ning makro va mikrokonidiy hosil qilishda ishtirok etadigan FOSTUA genining RNAi texnologiyasi
yordamida nokaut qilish yoritilgan. O’zida pSyn-FoSTUA vektor konstruktsiyasini tutgan genotiplar mahalliy navlar
bilan o’zaro duragaylanib olingan gibrid liniyalarni kasallik qo’zg’atuvchi fitopatogen mikroorganizmga chidamliligi
o’rganilgan.
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CO3JAHUE BUOTEXHOJIOT'MYECKUX JIUMHUI XJIOIMYATHUKA, YCTOMUYMBBIX K BOJIE3HSM, C
NCITIOJIb3OBAHMEM TEXHOJIOT'MN PHK UHTEP®EPEHIINU (RNAi) U X UHTPOI'PECCHUS
B MECTHBIE COPTA

B wuccrienoBaHuM OIMMCaHbl JMHUM, B KOTOPBIX C moMolbio TexHonornn PHK uHTepdepeHmyn Obuin «HOKay-
tupoBab» TeH FOSTUA. DToT TeH ydacTByeT B 00pa3oBaHHE MHUKPO M MaKpO-KOHHIWH (UTOMATOreHHOTro Trpuda
(Fusarium oxysporum f. sp. Vasinfectum), BeI3bIBatoIIero 00JIe3Hb YBAOaHUS y XJIOMMYaTHUKA. [ CHOTHITBI THOPHTHBIX
JIMHUH, COJepIKallue BEKTOPHYI0 KOHCTpyKuuio pSyn-FOSTUA, a Takxke CKpelieHHbIe ¢ MECTHBIMH MECTHBIMH CO-
pramu, ObUTH U3y4YeHBI Ha YCTOHYMBAOCTD K O0JIC3HETBOPHBIM (PUTONATOI€HHBIM MUKPOOPIaHH3MaM.

Norov T.M., Buriev Z.T., Ubaydullaeva Kh.A., Abduraxmonov I.Yu.

ESTABLISHMENT OF BIOTECHNOLOGICAL LINES RESISTANT TO WILT DISEASE USING RNAi
TECHNOLOGY AND INTROGRESSION TO LOCAL VARIETIES

In this study we described that RNAi technology of the FOSTUA gene, which is involved in the macro and
microconidia production of the phytopathogenic fungus (Fusarium oxysporum f. sp. Vasinfectum), which causes wilt
disease in cotton. Genotypes containing the pSyn-FoSTUA vector construct were cross-bred with local varieties, and
the resistance of the obtained hybrid lines to phytopathogenic microorganisms was studied.

XJIOMUYaTHUK SIBJISICTCSI OMHON M3 JMIUPYIOUIMX B MUPE TOBApHBIX KYJIBTYp, IPUHOCSIIINX B OIOIKET
XJIOTIKOCEIOLIMX CTPaH OrPOMHYIO NpuObUIb. [103TOMY celeKunoHHbIE TPOrpaMMBbl 3TUX CTPaH, B TOM YHC-
Jie 1 Y30eKucTaHa, HalpasJIeHbl Ha CO3JIaHNE HOBBIX U BHICOKOKAUECTBEHHBIX COPTOB XJIOMMYaTHUKA, YCTOM-
YMBBIX K PA3JIMUHBIM OMOTHYECKUM U a0MOTHYECKUM (pakTopaM OKpyxKaromei cpeasl. OqHako, HECMOTPS
Ha YCHJIUS CEJICKIIMOHEPOB, €KETOIHO Ha MOJISIX U3-3a MAaTOI€HOB TEPSAIOTCSI OTPOMHBIC IUIOIIAAN TOCEBOB
xyornyatHuka. OJHUM U3 TaKUX MATOTeHOB siBisiercs Fusarium oxysporum f.sp. vasinfectum (FOV), xo-
TOpBII BbI3bIBAaET BUIT XxjomuyaTHuka [1]. B Hacrosmee Bpemst B CLIA yrposa pacnpoctpanenuss FOV
HUMeeT MEePBOCTEIICHHOE 3HAYCHNE, TaK KaK Ha XJIONKOBbIX noisix Kamudopuuu Obuta oOHapykeHa HOBast
BhICOKOMaTorenHas 4-s paca FOV [2]. Bee 310 ykaspiBaeT Ha HEOOXOIMMOCTh YCKOPEHHSI CO3/IaHUST HOBBIX
YCTOWYMBBIX K BHJITY COPTOB XJIOITYAaTHUKA.

Lenpto naHHON pabOTHI SIBIASETCS CO3JaHME OMOTEXHOJOIMYECKHX JIMHUNA XJIOMYaTHHUKA, COIepkKa-
mmx RNAi BekTOpHYI0 KOHCTpYKIyIo reHa FoSTUA rpuba, mo3BoIstonas NoJAaBIsATh SKCIPECCHIO dTOTO
IeHa B PACTUTENIbHBIX KJIETKaX M CIIOCOOCTBYIOLIAs YCTOMUMBOCTH XJIOIMYATHUKA K (Dy3apHO3HOMY BHITY
(Fusarium oxysporum f.sp. vasinfectum). Kpome Toro, 1eipto paboThl SBJISIETCSI OLIEHKa OTHOCUTEIbHOM
YCTOWYMBOCTH K (PUTOIIATOTeHHBIM MHMKPOOPIaHW3MaM 3THX JIMHUH, a TAKKE€ MHTPOTrPECcCUs LIEHHBIX XO-
3SICTBEHHBIX ITPU3HAKOB MECTHBIM COPTaM XJIOMYAaTHHKA.

B pamxkax naHHoro mccnenoBaHus yueHbIMU LleHTpa ObuTH MCcIie1oBaHbl HECKOJIBKO TeHOB Fusarium
oxysporum (FOV), KoTopble UrpatoT Ba’KHYIO POJIb B OHTOI€He3€ JaHHOTO naroreHa. OTHUM U3 TaKUX Ie-
HOB siBisieTcst TeH FoSTUA, perynupyromuii 00pa3oBaHue MUKPO M MaKpO-KOHHIUHN (y3apro3HOTO rprda
[3]. DTOT reH ObLT yKe CeKBEHUPOBaH B HaIlel Jaboparopun u3 reHoMa MecTHoH pacsl rpuda FOV. Kpome
TOro, U3 reHomMa MecTHOH pacsl FOV Mbl KIIOHUpOBaiu U CeKBeHUpOBau red Lael [4], koTopblil peryau-
PYET CHHTE3 pAJa BTOPUIHBIX METOOOINTOB IaTOI€Ha TaKUX, Kak OMKaBepHH, (yMOHM3HUHBI, (y3apruo3Has
KHACIIOTA U (y3apuHbl. DTH I'eHbl WM UX (parMeHThl ObUTH BBIOPaHbl KaK KaHIWAATHBIEC IOCIEA0BATEIIb-
HOCTHU JJISl CO3[aHusl OMHAPHBIX BEKTOPHBIX KOHCTPYKUMH, KOTOpbIE BbI3bIBAIOT RNAI reHoB-MHILICHEH,
TEM CaMbIM MOJABIIsIs (PYHKIIMU JaHHBIX T€HOB [5]. B paMKax MUIOTHBIX HCCIEAOBaHUN OBbLI MOMYYeH Pl
RNAI BeKTOpHBIX KOHCTPYKITHH IS JTAHHBIX TEHOB.

Marepuaibl 1 MeTOABI. B KauecTBe TOHOPHOTrO T€HOTHIA OBUIM HCIOJIB30BaHbl OMOTEXHOIOTHYECKHE
smanu T,-T, HoKoseHust, cofeprkaline BEKTOPHYIO KOHCTPYKIHIO pSyn-FoSTUA, a B KaueCTBe pELMITUEH-
Ta OBLIH B3ATHI MecTHBIE copTa (byxopo-6, Byxopo-102, PaBrak-1, PaBHak-2). KOHTpOIEHEIM pacTeHHEM
CITy’)KUJIM YCTOWYMBBIC U Cpe/iHe-ycTonYmBBIE K BTy copTa (TomkeHT-1 1 108-D). JIns reHoTUnpoBaHus
ObL1 ctionb30BaHbl MeTobI LILIP 1 renb-onexTpodopesa JIHK obpasnos, momyuennsx metonom CTAB u3
BBILLICONMCAHHBIX PACTEHUH.

3apaskeHne pacTeHui Bo30yauTensimu 6onaeszneit. OO0pasisl pacTeHUH ObIIH 3apakeHbl B (PUTOTPOHHBIX
ycnoBusx 316 mraMmMaMyu MUKPOOPTaHU3MOB Fusarium oxysporum f. sp. vasinfectum (FOV) u3 xonekuun
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WHcTHTYTa TeHeTHKH U DKCTIepuMeHTanbHOH Onomorun AH PVY3. 3apaxenne ¢utonatoreHHIMA TpudaMu
MIPOUCXONT Yepe3 BOPCHHKH U JIaJIee MO MPOBOJISAIINM TKAHSIM KOPHEBOH CHCTEMBI.

O1eHKa yCTOMYNBOCTH K OOJIE3HIM M CTAaTUCTHYECKUN aHAIN3 Pe3yAabTaToB. McciaemoBanus 0 OleHKe
OMOTEXHOJIOTHUECKHX JIMHUN Ha YCTOWYMBOCTH K OOJIE3HH BMIITA OBLTH ITPOBEACHEI B Taboparopuu LlenTpa
reHoMuKH. [Ipru3HaKy 3a00IeBaHUS OIICHUBAIOTCS IO 5 OAJIbLHOM IIIKaIe.

Pesynbrare! oneHKH ObLTH TpoaHamU3upoBaHbl ¢ uctonb3oBanneM ANOVA (GLM - General Linear
Model).

Pe3ynbraTh! cTaTHCTUYECKOTO aHAIIN3A TOKA3aJIH, YTO TP 3apakeHuH (y3apruo3HBIM BHITOM PACTEHUS
FosTUA T, u FosTUA T, snsnucey Haubonee yctonuuBbiMu K Oosesusam (1,5-1 Gamna no S-6amibHoM
mkane), a copt 108-® 6pu1 Hauboree He yCTOMYMBEIM K Oomne3HsM (4-6armra).

Means of Wilting_score

4,00+ —

1,50 I

FoSTUA (T3)1
FoSTUA (T4)1
C-312

Null Seg (T3)
Byxopo-6 -
Tomkent-1 1
108-® -

Puc. 1. GLM-ananu3 o0pa3noB, 3apaXeHHBIX (Dy3apHO3HBIM BHIITOM.
1 - FoSTUAT,; 2 - FOSTUAT,; 3 - C-312; 4 - Homs cerperant T,; 5 - Byxopo-6;
6 - Tomkent-1; 7 - 108-@.

Tabnuua 1.
YeToiYMBOCTH HCCIEYeMOr0 PACTHTEIbHOT0 MaTepraJia K MOPaskeHn 10 (Py3apruo3HbIM BI/I.]'IT(I)IM
O6pasib! CpenHee 3HaYeHHE CrangapTtHoe 3@)(1)CKT
CTETIEHNU 3apPAKEHHOCTH orkioHeHue (SE) YCTOHYNBOCTH

FoSTUA T3 1,8 0,4 1,5
FoSTUA T4 1,7 0,4 1,4
C-312 3 0,5 2,7
Homnb cerperant T2 2,6 0,4 23
Byxopo-6 3,1 0,4 2,8
Tomkent-1 2,8 0,4 2,5
108-® 4 0,4 3,7

Hccnenyembie 00pasibl ObUTH TaKKe MPOAHATM3UPOBAHEI ¢ TOMOIIIBIO0 ogHOcTopoHHEro ANOVA (One-
Way ANOVA) 1 B MHOXXECTBEHHOM TeCTe cTaThucThdeckoro aHanmsa Kpyckama Yommmca (Kruskal-Wallis
Multiple-Comparison Z-Value Test). Pesynbrars! ananmusa nokasanu, uro pacrenus FosTUA T, u FosTUA
T, Taxke OblIn Oosee yCTOWYMBBI K (Dy3apHO3HBIMY BHIITY 110 CPABHEHMIO C KOHTPOJIBHBIMH 00pasnaMu
byxapa-6, C-312 u 108-® (1abmn. 2). beuio noarsepskaeHo, 4ro Honb-cerperanthl FOSTUA T, n FosTUAT,
(He nMerolIe HeOOXOAMMOTO aJlIessl TeHa B TEHOME), ObUIM yCTOHYMBEE K OOJIE3HIM YeM PAaCTEHUS copTa
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TanikeHT-1. DTO MPOTHBOPEUUT NEPBOHAYATLHOMY MPEITOIOKESHUIO O TOM, YTO HOJTb-CETPEraHThI JTOJKHBI
OBITH MEHEE YCTOMYMBBIMY, T.€. JIOJDKHBI OBLTH TTOKa3aTh 00paTHOE.

Tabmnnma 2.
Tect anaan3 Kpyckana Yosuinca ycroi4nBoCTH K (Py3apHO3HOMY BUJITY
> > = < P
(@l
CreneHb g EC) = % ‘E % § 3
3apaKeHHOCTHU &= &= @) T g § 5 —
o | fa) =}
[ [ o =
FosTUA T3 0 0,2853 1,3037 0,92 1,8136 1,353 3,1539%*
FosTUA T4 0,2853 0 1,599 1,2516 2,174 1,7007 3,5577**
C-312 1,3037 1,599 0 0,5184 0,3024 0,1188 1,5336
Hox cerpe- 0,92 12516 | 0,5184 0 0,9478 | 04614 | 2,3694
ragr T2
Byxopo-6 1,8136 2,174 0,3024 0,9478 0 0,4863 1,4216
Tomkent-1 1,355 1,7007 0,1188 0,4614 0,4863 0 1,908
108-d 3,1539%* | 3,5577%* 1,5336 2,3694 1,4216 1,908 0

* Tunnuneii Tect: Ecnu 3nauenune 7> 1,9600, MequaHbl 3HAYUTEITLHO PA3INYAFOTCS.
** Tect bongeponnu: ecnu 3HaueHne Z> 3,0381, MennaHbl 3HAYUTETBHO PA3IMYAIOTCS.

[Mokonenus T, u T,, KOTOpbIE COAEPIKAT I'€HETUYECKYIO KOHCTPYKImMIO pSyn-FoSTUA, mnokasanu
YCTOWYMBOCTH K (pUTONATOreHHBIM rpubaM u nosmyuwin 1,5-1 6amia coorBeTcTBeHHO. JIMHMM Xiomyar-
Huka C-312, BeIOpaHHBIE B Ka4eCTBE KOHTPOJIBHOTO PACTEeHUs, U JMHHUU ¢ KOHCTpYyKIueid pSyn-FoSTUA,
KOTOpbIE MOABEPIIIUCH Cerperaluny, AeMOHCTPUPOBAIN HEYCTOHUMBOCTh U OLICHEHBI B 2,5-2 Oaia coot-
BeTCTBEHHO. Y caxkeHueB 108-®, xoTopeie cunTaloTcsi Hauboee CHIIBHBIM MHIUKATOPOM (puTOonaroreH-
HOTO MHKPOOpPIraHW3Ma, BBI3BIBAIOILEIO BHJIT, Yepe3 5—6 AHEeH mocie 3apaxeHus] TPUOKOBBIM MHILEIHEM
MOSIBUJINCH CUMIITOMBI, U CESIHIIBI TIOTEPSIIA TYPrOPHOCTb.

1 2 3

1 2 ‘1 2 13

Puc. 2. PacTenust xjomuaTHIKA TOCIIe HHOKYIILITUN TpuooM Fusarium oxysporum f.sp. vasinfectum.
1- FosTUA T, (ne3apakeHHbIE pacTeHUs, JUCT, cTebensb); 2— FosTUA Null Seg T,
(3apaxeHHbIE pacTeHus, JIUCT, cTedenns); 3— C-312(3apakeHHbIE PaCTEHHUS, JIHCT, CTEOEIb).
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[Ipu cpaBHEHMM TaKMX MPHU3HAKOB KaK IUIOMIAJb MTOBEPXHOCTH JICTA, POCT PACTEHWH, cyxas Macca
JUCTa, CyXas Macca KyCTa 3apaXeHHbIX pacTeHuid T, IOKoNIeHus, KOTOpbIE MMEIT KOHCTPYKIMIO pSyn-
FoSTUA, u tex, xotopsie He uMetoT (C-312 (KOHTPOJIB)), C paCTEHUSIMH, TIOCAKEHHBIMH Ha He3apaKeH-
HYIO TIOYBY, OBIJIO BBISBJICHO, YTO M Y HUX MHOTO CXOXHX IPU3HAKOB CO 3I0POBBIMU PAaCTEHUSIMH, KPOME
TOTO BBISIBIIEHO, uTO TKaHU pacteHuit C-312, Fostua Null Seg 6b111 00€3B0XKEeHBI 32 CYET (PUTOMIATOTEHOB
(puc. 1). [Ipuznaku 3a001eBaHUSA HAOTIONATUCEH B TKAHSAX BCEX PACTCHHIA.

B nensx uHTpOTpEeccHu BRINIEyKa3aHHON TeHHOW KOHCTPYKIIMK B MECTHBIE COPTa MOTYYEHHBIE BHIITO-
yCTOIUNBEIE OMOTEXHOIIOTHYECKUE JIMHUU CKPEIUBAIN C COPTOM PaBHaK-2, CO3aHHBIM B HAIlIeM IIEHTpe
C TIPUMEHEHUEM TEXHOJIOTHH MapKep-aCCOIMUPOBAHHOW CEJNEKIIUH, M COPTOM byxapa, KOTOpBIA HTpaeT
3HAYUTEIBHYIO POJIb XJIONKOBOICTBE B PECITYONMKH, HO HE SBISETCS YCTOWYMBBIM K BUATY. ['uOpubl F,
OBLIH TIOCaXKSHBI B TIOYBY ISl N3YYEHHUS YCTOMIUBOCTH K OOJIE3HSAM, B Ka4€CTBE KOHTPOJIS OBLIH TT0CaXKEHBI
pacTeHusi-JOHOPHI U pelMnueHThl U uHus C-312.

O6pasus! BeiceBas 4 pasa (3 skciepuMenTa, 1| KOHTPOIIb) B 5 TOBTOpaxX, a MCKyCCTBEHHOE 3apakeHHe
rprOOM MPOM3BOIMIN HA CTAAWH 2-3 HACTOSAIINX JHCTheB. Uepes 2 Henenu (14 mHe) mocie 3apakeHUs
JIUCTBSI IPOSIBIISIT CUMITTOMBI OOJIE3HH U OIIEHUBAJIHCH 110 S-0amumsHOM mkase. CoracHo pe3ynbTaraM, TH-
Opunel nokonenus F, Papnak-1 x FOSTUA n PaBnak-2 x FOSTUA noka3anu yCTOHYMBOCTB IO CPABHEHUIO
C JIOHOPHBIM H PEIIECCUBHBIM T€HOTHITAMHU.

YcTraHOBIIEHO, YTO THUOPHUIBI, TIOMYYECHHBIE B PE3yNbTaTe CKPEINBaHus ¢ copToM byxapa, KOTopbIil He-
yCTONYMB K O0JIE3HAM, HO BHICEBAETCS HA OOJBININX TUIOMIA/IAX B FOXKHBIX pailoHaX PECITyOINKH, OKa3aIniCh
Oonee ycroiiunBbIME K (uTONaroreHy. beuto ompeneneHo, 4To BEIOpaHHBIE B Ka4€CTBE KOHTPOJIA COpTa
Byxapa-6 u byxapa-102 n nmuaun C-312 mposBUIM CHMIITOMBI 3a00J1eBaeMOCTH B 2,5-3 Oama mo 5-6ain-
apHoM mKane. Y FOSTUA (T,) u ruGpuaos s1ot nokasarens cocrapiset 0-1 6amn. I1o mo3BoseT 3aKio-
YUTh, YTO Y ITUX PACTCHUH MO/ BIUSHHEM BO30OYIAHUTENS COXpaHUIIACh TyPrOPHOCTH (pHC. 2).

Puc. 3. 'ubpunst byxapa-6 x FOSTUA u cumntomsl 3a0051€Ba€MOCTH Y KOHTPOJIBHBIX 00pa3LoB.
1. a-C-312 ue 3apaxen (0 6amr), b-C-312 3apaxen (4 6amn);
2. a-FoSTUA (T,) ne 3apaxen (0 6amwr), b-FoSTUA (T,) 3apaxen (0 6amwn);
3. a-byxopo-6 He 3apaxen (0 6amn). b-bByxopo-6 3apaxen (5 6amn);
4. a-byxopo-6 x FOSTUA F, ne 3apaxen (0 6amn). b-byxopo-6 x FOSTUA F, 3apaxen (0 6ain).

Takum o6pa3zom, TexHonorust RNAi criocoOHa MOBIUSATE HA yCTOMYUBOCTD K Pa3IMYHBIM OMOTUYECKUM
(B wactHOCTH, Fusarium oxysporum) u aDUOTUYECKUM CTpPECCaM B Pe3yJbTaTe YaCTUYHOTO WM MOJHOTO
MPEKPAIICHHUS] AKTUBHOCTU OIPEACICHHBIX T€HOB, YYACTBYIOIIMX B PETYSLUU LIEHHBIX XO3UCTBEHHBIX
MPU3HAKOB pacTeHU xjomuaTHuKa. Buenpennas xoHcTpykius pSyn-FOSTUA, mo3Bonuna yMEHBIIUTD
skcnpeccuto rena FoSTUA rpuba Fusarium oxysporum f.sp. vasinfectum, 410 IpuBEIO K YCTOWYHBOCTHU K
0oJ1e3HU. DTH JTMHUY ObLTH ITOCAKEHBI HA DKCIICPUMEHTAIILHOM I10JIC M CKPEIEHBI C CO3JJaHHBIMU B IICHTPE
copramu PaBHak u MecTHbIMU Oyxapckumu copramu. [lomyueHHbIe THOPUIHBIC TUHUU TAKKE TIPOSBIISLITA
YCTOHYMBOCTh K (PUTOTIATOTCHHBIM rprlam.
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Xusenov N.N., Turayev O.S., Umedova M.E., Orziqulova B.I., Boyqobilov U.A., Kushanov F.N.

O‘RTA TOLALI G*O‘ZAGA TOLA SIFATI, VILT VA HASHAROTLARGA CHIDAMLILIK BELGILARINI
GENETIK PIRAMIDALASH

Magqolada, g‘o‘zaning tola sifati, vilt kasallikari va hasharotlarga chidamlilik belgilarini bir genotipga genetik
jamlash bo‘yicha olib borilgan tadqiqot natijalari keltirilgan. Tolas sifati, kasallik va zararkunandalarga chidamlilikni
molekulyar baholashda dunyo va yurtimiz olimlarining bu borada erishgan yutuqlari asosida aniqlangan chidamlilik
DNK markerlaridan foydalanildi. Ma‘lumotlarning statistik tahlili ANOVA statistik paketi va Microsoft Excel
dasturida amalga oshirildi.

XycenoB H.H., Typaes O.C., Ymenoa M.E., Op3sukynosa b.11., boiiko6mnos Y.A., Kymanos ©.H.

T'EHETUYECKOE ITMPAMUJIMPOBAHUE ITPU3HAKOB KAUECTBA BOJIOKHA, YCTOMYMBOCTU
K BUJITY 1 HACEKOMBIM YV CPEJHEBOJIOKHNCTOI'O XJIOITHATHUKA

B naHHOI cTaTbhe M3JIOKEHBI PE3yNbTaThl '€HETHYECKOTO NMUPAMHUIMPOBAHMS NPH3HAKOB KauyecTBa BOJIOKHA,
YCTOHYHMBOCTH K BHITY ¥ HACEKOMBIM Y CPEIHEBOJOKHUCTOTO XJIOIMYATHHKA. J[JIsi MOJNEKYISIPHON OLIGHKH KadyecTBa
BOJIOKHA, YCTOIYMBOCTb K OOJIC3HSIM M BPEANUTEISIM OBUIN MCHONB30BaHbl MexayHaponusle JJHK mapkepsl, a Taxke
MapKepsl pa3paboTaHHBIE HA OCHOBE MOCTIKEHHH HammxX y4eHbIX. CTaTHcTHUeckas o0paboTKa JaHHBIX IPOBOIHU-
nack maketoM ANOVA u mporpammoit Microsoft Excel.

Xusenov N.N., Turayev O.S., Umedova M.E., Orziqulova B.I., Boyqobilov U.A., Kushanov F.N.

GENETIC PYRAMIDING OF FIBER QUALITY TRAITS, WILT AND INSECT RESISTANCE
INTO UPLAND COTTON

This paper highlights the results of genetic pyramiding of fiber quality, wilt, and sucking pest resistance traits
into upland cotton. In the molecular assessment, we used DNA markers associated with fiber quality, wilt, and insect
resistance. The data analysis was performed using ANOVA and Microsoft Excel.
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Cotton is the most important natural fiber source that is mainly grown as an important cash crop in more
than 70 countries including USA, China and Uzbekistan [1]. Therefore, scientists are conducting extensive
research on improving of cotton fiber quality and yield, as well cotton drought tolerance, pathogen and
insect resistance. Improving this kind of cotton traits demands to use of modern breeding technologies.
DNA-markers technology is one of the more stable and accurate techniques in plant breeding. Molecular
breeding is more efficient than conventional breeding methods with its resource savings and it takes less
time to create new varieties. Another advantage of this technology is that it enhances the possibilities of
creating new cultivars with complex traits by combining several interested traits-responsive genes or quan-
titative trait loci (QTL) into one genotype.

Abdurakhmonov et al. have reported genetic diversity, population characteristics, the extent of linkage
disequilibrium (LD), and assosiation mapping of fiber quality traits in G. hirsutum germplasm grown in two
diverse environments, Uzbekistan and Mexico. An average of ~20 SSR markers was associated with main
fiber quality traits in two environments [2]. The marker-assisted selection technology were implemented to
the cotton breeding using DN A markers associated with main fiber quality traits that identified in previously
research (association mapping aproach) [3, 4, 5].

Indian scientists were identified cotton sucking pest (jussid) resistance and yield related QTL using SNP
(single nucleotide polymorphism) markers. Simple interval mapping and single marker analysis were used
and identified 11 and 24 associated QTLs, respectively. However, composite interval mapping detected
only seven QTLs, of which five were associated with jassid injury resistance and leaf pubescence with 8.83-
11.64% phenotypic variance explained. One QTL each for seed cotton yield and boll weight was detected
[6]. Mi Ni were developed transgenic cotton pyramids that combine protection from Bt and RNAi against
Helicoverpa armigera, one of the most destructive pests of cotton [7].

Many genes and QTL have been identified for resistance to the fusarium and verticillium wilt in cotton.
Guo at al. developed cotton inbred populations by pyramiding Verticillium wilt resistance related QTLs.
By performing multiple comparison analysis and examining the effects of each allele, they detected four
elite QTLs (NAU905, NAU2754, NAU3053 and NAU6598) significant for Verticillium wilt resistance,
pyramiding these elite alleles increased the disease resistance of inbred lines [8]. Wang et al., identified
fusarium wilt resistance related QTLs using two intraspecific (cross between Gossypium hirsutum L.) and
interspecific (cross between Gossypium hirsutum L. and Gossypium bardence L.) F, populations [9]. Thus,
they recommended an opportunity to understand the genetic control of resistance to FW in G. hirsutum and
G. barbadence, as well as to conduct MAS in breeding programs to develop FW resistant cultivars.

However, the molecular studies were not implemented on the creation of new varieties with high fiber
quality, wilt, and insect resistance using marker-assisted gene pyramiding in cotton. The main goal of our
study is to combine fiber quality, wilt and insect resistance traits into a single genotype using DNA marker
technology.

In this study, we used upland cotton germplasm accessions as donor genotypes, such as fusarium wilt
resistant genotypes Las Brenas 347, L-237025N517, Cokers -124, Mebane B-1, Tamcot sp, PD 648, DPZ
554085, L-4112-1, RS — 89 and Pramukh. As well, used verticillium wilt resistant genotyps Stoneville
213-2208, Hopi jones 79-4480, Rex, PD 747, Meade 14-2, PD 6520, Typ 4 AVB 5, Type 4 AVB6 and
Deltopine 14. Moreover, the sucking pest resistant genotypes were used as donors C-4790, Stoneville 2 B,
C-4790, Acala 3080, New Impr, Paymaster 111, 289A/43, C-8266, Type 4 g H3 g Montseral Sea Island,
Upland, Ryad 285N6/108+109, Ryad 548 Ne6/33, C-1305 and Fibre Verte. Elite cotton cultivars Ravnak-1,
Ravnak-2, L-1, L-2, L-3, L-4, Baraka, Sakhovat, Tafakkur with superior fiber quality were used as recipient
genotypes, and Sulton, Bukhara-6, Bukhara-102, Omad, Namangan-77, L-25, Stoneville-508, S-42-517,
Duli were used as control genotypes.

Molecular approaches. The genomic DNA extraction from the fresh cotton leaf tissues was performed
using CTAB (cetyl trimethyl ammonium bromide) method with some modifications. The DNA concen-
tration was determined visually by comparing lambda phage DNA with the exact concentration using the
gel-electrophoresis. The PCR amplicons were detected using 3.5% agarose in the Alpha Imager gel-docu-
mentation system. Genotyping was performed according to Reddy et al. (2001).

Molecular selection carried out using BNL1604 that associated with fiber quality traits, BNL3255 and
JESPR220 fusarium wilt resistance related DNA markers and BNL2646, BNL3502 and NAU1014 DNA
markers associated with verticillium wilt resistance, as well we used BNL1693 and BNL2884 DNA mark-
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ers related pest resistance in cotton.

Phenotypic and statistical evaluations. Morphological and biological aspects, fiber quality traits, verti-
cillium wilt and sucking pest resistance of cotton genotypes were observed in the field and laboratory con-
ditions. The verticillium wilt resistance of cotton genotypes were tested in the experimental field of Cotton
breeding, seed production and cultivation agrotechnologies research institute as Randomized Complete
Block Design (RCBD) with three replications. As well, the fusarium wilt and sucking pest resistance of
cotton genotypes were tested in the laboratories of Plant resistance and Marker assisted selection of The
Center of Genomics and Bioinformatics.

The results of statistical analysis showed that Ravnaqg-1, Las Brenas 347, Mabane B-1, Tupe 4 and
Hopijones 79 were highly resistant to the verticillium wilt pathogen. However, Stonevilles 508, Duli,
Tamcot sp., S-4-517 were susceptible to the verticillium wilt, and other genotypes showed moderate resis-
tance the current pathogen (alpha = 0.05).

The number of studies showed that the density of cotton leaf and stem trichomes positively correlated
with sucking pest resistance in cotton. The sixteen sucking pest resistant accessions were selected from the
Upland cotton germplasm. The spider mites (7etranychus turkestani) caused white to yellow speckles to
form on the upper surface of the cotton leaves were evaluated on a scale from one to five (Fig.1).

0I|III.IIIII..|II
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Fig. 1. Artificial infestation and damage evaluation of sucking pest resistant cotton genotypes. 1-C-8022,
2-Omad, 3-Stoneville 2 B, 4-C-4790, 5-Acala 3080, 6-New Impr, 7-Paymaster 111, 8-289A/43, 9-C-8266,
10-Type 4 g, 11-Upland, 1-Ryad 285, 13-Ryad 548, 14-Namangan-77, 15-C-1305, 16-Fibre Verte.

wn

B~

Foliar symptoms
[§8] W

—_

According to the analysis, New Impire, Fibre Verte, Ryad 285, Ryad 548 were showed high resistance
to the spider mites, Stoneville 2 B, Acala 3080, Paymaster 111, C-8266, Type 4 g and Upland were showed
medium resistance, as well as Omad, Namangan-77 and C-1305 varieties had different levels of suscepti-
bility.

Statistical analysis showed that the fiber length and strength of cotton varieties that derived through
molecular breeding technology were higher than other genotypes (Fig. 2). This means that the fiber qual-
ity traits of hybrid genotypes obtained based on them. The fiber quality traits of Las Brenas 347, Mabane
B-1 and Hopijones 79 were relatively low, which have high resistance to the verticillium wilt. However,
Ravnaqg-1 and Tupe 4, which were both resistant, have high fiber quality.

According to the results of analysis, nineteen wilt resistant cotton genotypes that have five wilt resis-
tance QTL in their genome have been involved to cross with Ravnak-1, Ravnak-2, -1, L-2, -3, L-4 that
derived though molecular breeding approach aim to implement of marker assisted gene pyramiding.

Eighteen multiple parental highbred combinations with high fiber quality and wilt have been developed
including eight combinations with Ravnak-1, six with Ravnak-2, two with L-1, from one combination with
L-2 and L-3. As well, twenty-two hybrid combinations were obtained aim to combine fiber quality and
sucking pest resistance related QTL into one genotype.
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Fig. 2. Fiber quality traits of cotton genotypes. A-Fiber length (inch), B-Fiber strength.
1-237025N517, 2-Buxoro-6, 3-Cokers-124, 4-Deltopine-14, 5-DPZ-554085, 6-Duli, 7-Hopi-

jones-79-4480, 8-L-1, 9-L-2, 10-L-25, 11-L-3, 12-L-4, 13-L-4112-1, 14-Las-Brenas-347, 15-Meade-14-2,
16-Mebane-B-1, 17-PD747, 18-PD-648, 19-PD-6520, 20-Pramukh, 21-Ravnag-1, 22-Ravnag-2, 23-Rex,
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24-RS-89, 25-S-42-517, 26-Stoneville-213-2208, 27-Stoneville-508, 28-Tamcot sp, 29-Typ4 AVBS,
30-Typ-4 AVB-6.
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UKIJINK CIIOPT TYPJIAPU CITOPTUUJIAPUAA TE3JIMK BA KYUHUHI PUBOXIIAHUIIINTA
MOMMUJI BYJITAH TEHETUK MAPKEPJIAPHU AHUKJIALII

Viny wiia BeIoCHopT, SHIHI aTJIeTHKa Ba AIIKAK AIIHII CIIOPT Typilapy OWIaH IIyFyJUIaHyBYH CIIOPTUHIIAp/Ia
ACE, PPAR xamaa ACTN reH noauMophu3MIapuHH YPraHUII HaTHKAJIAPH KeITUPWIITaH.

PAXVMIMOBA H.M., COJIMEB A.b.

ONPEAEJIEHUE TEHETUYECKUX MAPKEPOB, ACCOLJUMPOBAHHBIX
C ITPEAPACITIOJIOXKEHHOCTBIO K PA3BUTHIO BBICTPOTBI 1 CHUJIBI Y CIIOPTCMEHOB
MUKINYECKNX BUAOB CIIOPTA

B pabote npuBezneHs! pe3ynbrarhl uccienoBanus moauMmopdusmos reHoB, ACE, PPAR u ACTN y ciopTcMeHOB,
3aHUMAIOIINXCSI BEJIOCIIOPTOM, JIETKOH aTJICTUKOM 1 rpediei.

RAKHIMOVA N.M., SOLIEV A.B.

DETERMINATION OF GENETIC MARKERS ASSOCIATED WITH A PREDISPOSITION TO THE
DEVELOPMENT OF SPEED AND STRENGTH IN CYCLICAL SPORTS ATHLETES

This paper presents the results of a study of gene polymorphisms of ACE, PPAR and ACTN in athletes engaged
in cycling, athletics and rowing

B Hacrosiiiee Bpemsi IpU3HAHHBIM SIBJSIETCS TOT (DaKT, YTO CIIOPTHBHASI OJAPEHHOCTh HACJICICTBEHHO
00yCJIOBJICHA ¥ BRICOKHX CIIOPTUBHBIX PE3yJIBTaTOB MOXKET JIOCTHYB JIUIIIH TATAHTIUBEIIN YeJIOBEK, 001a 1a-
FOIIUI OTpe/IeTICHHBIM HA0OPOM I'eHETUYECKUX MPEANOCHIIOK K JJAHHOM JCSITEIHHOCTH. CTO CIIOPTUBHBIC
pe3yIbTaThl BO MHOTOM OMPENESCTCSl CTENCHBIO BRIPAXXEHHOCTH Y aTJIeTa TAKUX KaueCTB KaK BBIHOCIHU-
BOCTh, CKOPOCTb, CHJIa, KOOPAMHAINS, THOKOCTb, @ TAKIKE UX codeTaHueM [ 1]. YenemHocTh B KX/ I0M BHJIC
criopra TpeOyeT HaJM4Ms OTJICJIbHBIX CIIOPTUBHBIX KadecTB. Tak, eciu crpuHTepaM-0eryHaMm TpeOyeTcs
HaJMYUe CKOPOCTHBIX KaueCTB, TO Mapa)OHIIaM — OeTyHaM B JUTUTEIBHYO TUCTAHIIUIO — BBIHOCIUBOCTD U
1p. [2]. Tombko B yCIOBHSX ONTUMAJIbHONH KOMOMHAIIMY 3TUX KAY€CTB U MPU CO3JAaHUU aJIEKBaTHOTO TPe-
HUPOBOYHOTO IMPOIECCa C YUETOM ITHX Ka4eCTB MOKHO JOOUTHCS XOPOIIMX CIIOPTHBHBIX PE3yabTaTOB. A
3TH CIIOPTHBHBIC KaUueCTBA TCHETUYCCKH JeTepMUuHUpoBansl [3]. [ToaTomy n3ydenus nmonmmmophusMa reHoB
OTBETCTBEHHBIC 32 CIIOPTUBHBIC KAU€CTBA SIBISCTCSA OJHUM U3 MIPUOPUTETHBIX HAMPABICHUHN B CIIOPTUBHOM
MEJUAIMHLI ¥ TEHETHKH.

Hean uccaenopanusi. CpaBHUTEIHLHOE U3YUCHUE PACTIPEACICHUS YAaCTOT aJlJICIe U TCHOTUIIOB TEHOB
ACE, PPARG u ACTN3 y croOpTCMEHOB-BEJIOCUTICTUCTOB, JIETKOATIETOB U TPeOILIOB B CPAaBHUTEIHLHOM
acIICKTe.

Bnaronapst pacimmppoBke cTpyKTypbl TeHOMA Y€JI0BEKa CTaj0 BO3MOXKHBIM BEISIBJICHUE CIICKTpa FeHEe-
TUYECKUX MapKEPOB, aCCOIMMPOBAHHBIX C PA3BUTHEM U MPOSBICHUEM (DU3NYCCKUX KAYECTB, 3HAUUMBIMU
B YCJIOBUSIX CIIOPTUBHOM AESITENLHOCTH [4]

K HacrosiiieMy MOMEHTY OIIHCaHO KaK MUHHMYM 6 TIOJTUMOP(U3MOB T'€HOB, aCCOIIMMPOBAHHBIX C IIPEJI-
PACTIONOKEHHOCTBIO K 3aHATHSIM BUJIaMU CIIOPTA, HAIPABJICHHBIMU Ha Pa3BUTHE ObICTPOTHI M CHIIBI (TAOIL.).
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I'eneTnyeckmne Mapkepsbl, acCOUMPOBAHHBIE € MPEAPACIOT0KEHHOCTHIO
K 3aHATHAM BHIAMH CIIOPTA, HANPABJICHHBIMHI HA pa3BUTHE OBICTPOTHI U CHJIBI 1O [5] ¢ gom.

I'en Jlokajm3auus IHosimmopdusm Mapkep 0bICTPOTHI/CHJIBI
ACE 17g23.3 Alul/D D

ACTN3 11q13.1 Arg577Ter (rs1815739 C/T) R577

AR Xqll.2-ql12 (CAG)n L (=22)

HIF1A 14921-q24 Pro582Ser (rs11549465 C/T) 582Ser

PPARA 22q13.31 rs4253778 G/C rs4253778 C

PPARG 3p25 Prol2Ala (151801282 C/G) 12Ala

K uncity reHoB KaHINMAATOB OTBETCTBEHHBIN 32 BEIHOCIMBOCTH OpraHn3Ma K (PM3NUECKUM Harpy3kam u
THIIOKCHU OTHOCHUTCS I'€H aHrHoTeH3uHnpespatomero ¢pepmenta - ACE [6]. AHrHOTEH3MHIIPEeBpaILAOINI
¢depment (ACE) BoIcTynaeT B KauecTBE KIIIOUEBOI'O PETYNISATOPAa B aKTMBHOCTU PEHHH-aHTHOTEH3MHOBOM
cucremsl. B rene ACE (noxanuzanust: 17q23.3) oOHapyXeH MHCEPLUUOHHO-IEICHUOHHBIN TOTUMOPHHU3M
(I/D; nanuuue unu orcyrctBue 287 m.H. B 16-M HHTpOHE), Tpu kKoTopoM Haimnuue ACE D annenst accouu-
HUpOBaHO ¢ Oosee BHICOKUM ypoBHeM LupKynupytomero ACE u Gonee BbICOKOI aKTMBHOCTBIO TKaHEBOTO
¢depmenra [7, 8]. Dtot addext Mmoxker ObITH cBI3aH ¢ ACE-onocpenoBaHHol akTuBanueil pakTopa pocrta
anruotensuHa-1l u moBwIIeHHOHN nerpagauneil OpaaukuHuHA (MHrUOUTOpa pocta) [9]. 3mech BakHO OT-
MeTuTh, uT0 ACE D amnens accouuupyeTcsl ¢ MPUPOCTOM JTUHAMHUYECKOW CHIIBI M MBIIIEYHON Macchl, a
ACE 1 annenps — ¢ npupocToM H3oMeTpudeckoi cuibl. Takum obpaszom, ACE D amiens accouunpyercs ¢
pa3BUTHEM OBICTPOTHI, CHJIbI M MBILICYHOH MacChI.

W3BecTHO, 4TO TEHBI aKTUBUPYEMBIX nponudeparopamu nepokcucoM (PPAR), oTHocsmmecs k cemeit-
CTBY SIIEPHBIX PELENTOPOB, YUACTBYIOT B 00pa30oBaHMH OEJIKOB, 00JIaAal0MINX CBOMCTBOM CIICLH(pHUICCKH
cBA3bIBaThCs ¢ PPAR-uyBCTBUTENBHBIMU 3JIEMEHTAMHU IIPOMOTOPOB T'€HOB JKUPOBOTO U YITIEBOJHOIO Me-
TaboMU3Ma U PEryIupoBaTh UX TpaHcKpunuuio [1]. Ha ceronusmHmii feHb n3BeCTHHI 3 BUAA 3TUX TPaHC-
kpunuuoHHbIX OenkoB cemerictBa PPAR: PPARa, PPARy u PPARS. Otu Oenku, Oyayun TpaHCKpUILIU-
OHHBIMH (haKTOPaMH, KOHTPOJIMPYIOT SKCIIPECCHIO HECKOIBKHX JAECATKOB I'€HOB, YUAaCTBYIOIUX B OOMEHE
JKUPOB M yINIeBOOB. [Ipy 3TOM HaCBIIEHHbIE U HEHACHIIIEHHBIE JUIMHHOLIEIIOYEYHbIE KUPHBIE KHACIOTHI
(°KK), nx npou3BoIHbIC, CHHTETUUECKHE CPEICTBA B BUJE JICKAPCTBEHHBIX NpenapaTtoB (pudparsl, THa30-
JMIUHEINOHBI ), JCUKOTPUEHBI U AP.) MOTYT BBICTYIIATh B POJIM JIUTAHIOB. DTU I'€Hbl SKCIPECCUPYIOTCS B
TEX TKaHAX, IJ€ MPOUCXOIUT YCHJICHHBIH KaTaOO0IM3M KHUPOB, B YACTHOCTH B MEJICHHBIX MBIIICYHBIX BO-
JIOKHAX, TIEYeHH, cepia u Oypoii xkupoBoii Tkanu. [lo manueiM O. Braissant u coasr. [10], B MbImIax ren
PPARA skcnipeccupyercs B 7 pa3 OoJbliie, YeM B )KUPOBOM TKaHHU.

Uccnenosanue Kramer D.K. u coaBrt. [11], cBUAeTEeabCTBYET O NOBBILIEHHOM 3KcIipeccuu reHa PPARA
B CKEJIETHBIX MBIIIIAX MIUTHBIX BEJIOTOHIIMKOB HA JAJMHHBIE IUCTAHIIMH IO CPABHEHUIO C KOHTPOJIbHOU
rpynnoii. B To ke BpeMs B MHOKap/ie B YCIOBHUAX dKCIIEPUMEHTA KaK CHI)KEHHUE, TaK U MOBBIIIECHUE 3KC-
npeccun rena PPARA BoI3biBaeT ero runeprpoduro u kapaunomuonaruio [12].

HUccnenoparensmu Ob110 10Ka3aHo, uTo G amnens rena PPARA accounupyercs ¢ npeoOnagaHiueM Mea-
JICHHBIX MBILICYHBIX BOJIOKOH Yy (pU3MYECKH aKTUBHBIX MY>X4MH [13].

UzBectHO, uTo TeH ACTN3 yuacTByeT B peryisiiiuy aKTHBHOCTH ajlb(a-aKTHHUH CBS3bIBAIOLIETO OEII-
Ka, OTHOCSIILIETOCS K CIIEKTPUHOBOMY cemelcTBy OenkoB [14]. ITo nanabiv D.G.MacArthur u K.N.North
[15], anbha-akTHHUHBI B MBILILAX OMIOPHO-ABUIATEIILHOTO annapara GopMUpyeT BeIyLHid JOMUHAHTHBIN
OCJIKOBBII KOMIIOHEHT Z-JIMHUK CapKoMepa M CTaOMIIM3UPYET COKPATUTENIFHBIN anmapar MBILICYHOTO BO-
nokHa. M3opopma anbda-akTHHUHA 2 SBISETCS JOMUHAHTHOW M30(OPMOI MBIIIL] CEpALIA U OKHCIUTEIb-
HBIX MBIIICYHBIX BOJIOKOH CKesleTa 4esoBeka. B To ke Bpems B.Vincent u coasrt. [16], ycTaHOBIEHO, YTO
nzodopma anbda-akTHHUHA 3 B OOJIBIICH CTEHEHU 3KCIPECCUPYETCS B OBICTPBIX IIMKOIUTHYECKUX MbI-
LICYHBIX BOJIOKHAX, 10 CPABHEHHIO B OBICTPBIX OKUCIUTEIBHBIX, U MPAKTHUECKU HE HKCIIPECCUPYETCS B
MEIJICHHBIX MBILIICYHBIX BOJIOKHAX. [loaTOMy HemocTaTok anb(a-akTHHHHA-3 B OBICTPOCOKPAILAIOIINXCS
MBIIIEYHBIX BOJIOKHAX MOYKET CTATh MPHUUYMHON HU3KOIO YPOBHS PAa3BUTHUS CKOPOCTHO-CHIJIOBBIX KauecTB
yesnoBeka [17-19].

B cBs13u ¢ U3M0KEHHBIM B HACTOSILICH paboTe HaMM ObUIAa M3ydeHa 4acTOTa paclpeieieHUs allieib-
HO-reHOTHIHBIX BapuaHToB reHa ACE, G2528C (rs4253778) u G> A(GLY482SER) (rs8192678) nomnu-
mopdusmoB rena PPAR u ACTN3 y mpencraButeneil HUKINYECKUX BUIOB CHOPTA - BEJIOCHIICANCTOB,
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JIETKOATIIETOB M IPeOIIOB.

MarepuaJibl 1 MeTO/IBI Hecae0BaHusA. VccrnenoBanust MpOBOIMIIMCE HA OCHOBE BEIOOPKH CIIOPTCMeE-
HOB B 2019 rony. KonuuectBo cnoprecmenoB cocrasisiio 60 yenosek, B Bo3pacre 18-30 net. 13 Hux 20
CIIOPTCMEHOB, 3aHUMAIOIIHUXCS Tpediieii Ha Oaiimapke u kaHod, 20 - CIOPTCMEHOB JierkoarieToB u 20 - Be-
nocureaucToB. [Ipu oTOope KOHKPETHBIX JIMIT HE YYUTHIBAIN UX HAIIMOHAIBHYIO TIPUHA/IIIEKHOCTD. 3a00p
omonornyeckoro Marepuana s Beigenenus JJHK ocymiecTsiasum ¢ yaeToM yCTaHOBIEHHOTO TOPSIIKA T10
paBaM 4eJIOBEKa, KOTOPbII NPOU3BOAMIN C HUCBbMEHHOTO COINIACHSI UCTIBITYEMBIX [6].

Coop 00pa3moB KpOBU CIIOPTCMEHOB Pa3HOU CIEIUATN3alNN M KBaTU(GUKAIINKA TTPOBOAMIICS Ha 6a3e
CIIOPTUBHEBIX (emepanuii Y30ekncTaHa: JeTKas aTjieTHKa, BEJOCIOpPT, Tpelmst Ha Oalimapke M KaHOD.
Benosnas xpoBs B koudecTBe 1,5 mMi1 Ob1a oToOpana B 3 Mt pactopa DJITA u XpaHuiack Ipu TeMIrepa-
Type -20°C.

Brimenenne JIHK w3 memsHOH KpOBM TIPOBOAMIIOCH Ha Habopax peareHTa Pubo-mpen (Poccwms).
Jerexumu momumopdu3ma Bcex reHoB onpenessumi MetogoM Real-Time TP (rabopom kommarum-TIpons3-
Bomutenss OO0 HIT® «JIutex» Mocksa, Poccust).

st mpoBenenus [11P-ammmndukaniy B peaasHOM BpeMeHH ucoib3oBaan GeneAmp® I[P — ABI
7500 Fast Real-Time PCR ¢ 96-sueeunnbiM OmokoM. IIporpamMma aMImmuduKanuu B peaJbHOM BPEMEHH
Brirouana 100 cex nmpenBaputenbHOi neHarypauuu npu 95°C ogaokpatHo, ipu 95°C — 15 cex u pu 64°C
— 40 cek Britoyana 45 noeropoB. B nporpammy BBenu nerekropsl FAM u JOE. Ilony4yeHHble pe3yabTraThbl
JIOKYMEHTHPOBAJINCh B BHJIE pOcTa KPUBHIX 10 AByM nerektopam FAM u JOE B rpadudeckom pexxnme Ha
COOTBETCTBYIOIIEH porpamme (puc.1).

Ioayuennslie pe3yabTaThl. Pe3ynbrarThl aHaMM3a 4acTOT Pacpe/esieHus] aJIeTbHO-TeHOTUITHBIX Ba-
puanToB reHa ACE y cnOpTCMEHOB, HE3aBUCUMO OT U3y4YaeMbIX BUJIOB CIIOPTA, MPEACTABICHBI HA PUC. 2.
Kak BuHO 13 TpeicTaBIeHHBIX TaHHBIX, CPEIN 00CIeT0BAaHHBIX CIIOPTCMEHOB, HE3aBUCHMO OT BH/IA CTIOP-
ta, HOcuTenu Ins/Ins reHornia cocraBmino 26,6%, a renoruniom Ins/Del — 56,7%. B To ke Bpems1, cpenn
HUX ynenbHbIH Bec HocuTeneil Del/Del rernotumna rera ACE cocraswr mumib 16,7%. CnenoBarenbHO, pe-
3yIABTaThI UCCIIEOBAHUS CBHJIETENHCTBYIOT 00 accornuanuu nomuMopdmma ACE ¢ mpeapacnonokeHHo-
CTBIO K 3aHSATHSIM CIIOPTOM, PaclpeelIeHHON CIeNyoIUM 00pa3oM: amenb Ins, oTBedaromas 3a BEIHOC-
JIUBOCTh, TIPEBAJIMPYET Y 00CIIEIOBAaHHBIX CIIOPTCMEHOB TI0 CpaBHEHUIO ¢ amutenbio Del, oTBeuarormieii 3a
cwty u OpicTpoty. Ho Hambomnee pacripocTpaHEeHHBIM CPEU CIIOPTCMEHOB JIaHHBIX BHJIOB CITOPTA SBIISETCS
TeTepO3UroTHRIN reHoturr Ins/Del.
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Puc. 1. Pesynwsrar nposenenus [1LIP B pexume peansnom Bpemenu reHoB ACE Ins/Del: A — romo3su-
rotHbIi reHoTun Ins/Ins; b — rerepo3urorHeiii renorun — Ins/Del, B — romo3urotHslii renorun Del/Del,
PPARA: A- romo3urotsslii reHotun G/G; b- rereposurorusiii renotutt — G/C u B-roMmo3uroTHsliii reHo-

tun-C/C, ACTN3 C18705T: A — romo3urotHbiii reHotunt CC; b — rerepo3urorasii renorun CT
u B — romo3urotHslit renotun TT.
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J1s Hac TIpeCTaBIIsI ONpeIeTICHHBIN HHTepeC N3yUeHHNe YacTOT pactpeAeNIeHHs ajieeld H3y4aeMoro
TeHa B 3aBUCHMOCTH OT OTACNBHBIX BUAOB criopTa. Kak BUAHO U3 MPEICTaBIEHHBIX TaHHBIX, Y CIOPTCME-
HOB - TpeO1IOB ynenbHbIN Bec HocuTenei Ins/Ins renorumHoro Bapuanta rera ACE cocrasun 40,0%, Ins/
Del renotumaoro Bapmanta Takxke 40,0% u Del/ Del renoruna mannoro rena -20,0%. B to ke Bpems
CpeIH JIETKOATIeTOB (OETYHOB) ylenbHBIN Bec criopTrcMeHoB ¢ Ins/Ins renorunom reHa ACE Obut B 8 pa3
HWKE TaKOBBIX y CIIOPTCMEHOB-TPeOIoB, a Ins/Del u Del/Del renoTuns! cymecTBeHHO HE OTINYAINCh. B
TO € BPeMs CpEIH BEJIOCHIICANCTOB CIIOPTCMEHOB- HocHuTenel Ins/Ins reHoTHTIAa OBLTO B 7 pa3 BEIIIE 110
CPaBHEHHIO C TAKOBBIMHU Y JIETKOATIIETOB M OBLIO COTIOCTABUMO C TEHOTHUIIAMH TPEOIIOB. A yIENbHBINA BEC
cnoprecmernoB Hocuteneld Del/Del renoruna rera ACE ObIT cOITOCTaBUM C TaKOBBIMH Y JIETKOATIETOB U
ObLT HIKE Ha 25,0% 10 CpaBHEHUIO C TAKOBBIMHU Y TPEOIIOB.

CrnenoBarenbHO, CPEAH MCCIIEIOBAHHBIX CIIOPTCMEHOB, HE3aBHCHMO OT BHJa CIIOPTa, HANOOJIee 4acTo
BcTpevaroTcst Hocutenn Ins/Del rereposurornoro renoruma reHa ACE. B To e Bpems 9acToTa BCTpedae-
Moctu Hocutenel Ins/Ins  Del/Del reHOTHITOB HAXOAWTCS B ONPEnSICHHOW 3aBUCHMOCTH OT M3yYaeMbIX
BHJIOB criopTa. X ynenbHBIN Bec Hamboiee BBHICOK Cpean TrpelIloB M BCTpedyaercs y 2/3 CIIOPTCMEHOB.
[TouTn Takas e KapTHHA UMEET MECTO TI0 OTHOIIIEHUIO K TEHOTHUIIAM BEJIOCHIIEIIICTOB.

Ha cerogusmauii 1eHs cauTaeTcsl yCTAaHOBICHHBIM, YTO Ha0O0JIee N3y9eHHBIM MOTUMOP(PU3MOM TeHa
PPARG ssnsiercs Prol2Ala momumopdusm (rs1801282 C/G), npeactapustomniuii co00i 3aMeHy HyKJIEOTH-
na C Ha G B 34 noyiokeHUH dK30HA B, 4TO MPUBOAUT K 3aMEIIIEHUIO MPOJIMHA HA aJJaHUH B aMUHOKUCIIOT-
HOM Tronoxxennu 12 m3odopmer 6enka PPARY2.

80
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Puc. 2. Pactipenenenue renorunos rena ACE cpeau cnoprcMeHoB rped1oB, JerkoarieToB
Y BEJOCUTIENUCTOB (B %).

Amnanu3z yactotr pacrpenenenus reHotuno C34G2 (rs1801282) monumopdusma rena PPAR Taxxke
nokasbiBaeT, uTo reHoTun CC, OTBETCTBEHHBIHN 32 OKMCICHUE JIMIIMIO0B U MBIILICUYHYIO BEIHOCIUBOCTD, ObI-
CTPOTY, B3PBIBHYIO CHIJIy UMEET MECTO Y MOJABIISIOIIETr0 OOJIBIIMHCTBA CIIOPTCMEHOB HE3aBHCUMO OT 3a-
HUMAaeMOro BHJIa CIIOPTA U MPEBATUPYET y JerkoarieToB-85%, ycrynas rpeduam u Benocuneauctam-70%
(puc.3). A CG reTepO3UroTHbIM T€HOTHII H3y4aeMOro I'eHa BCTPEUaeTcs Y KaXKAOro ISITOro CIIOPTCMEHa:
Benocuneauctsl-30%, rpedupl-25%, aerkoametsl-15%. B To sxe Bpems GG reHOTHII BCTpeyalicsl y eau-
HUYHBIX CIOPTCMEHOB-TPEO1I0B-5%.

Kak 6b110 m3noxxeHo Beimie G amnens rena PPARA acconumpyercs ¢ mpeo0iaiaHueM MeIJICHHBIX MbI-
LICYHBIX BOJIOKOH, BHICOKMMH NOKA3aTEIsIMU MBILIICYHON BBIHOCIMBOCTH U oTHowmeHueM MIIK (makcu-
ManbHOe noTpediaenue kuciaopona) k YCC, a Takke ¢ HU3KUM PUCKOM pa3BUTHS oxkupeHust [20-23].

CrenoBarenbHo, y OOJBIIMHCTBA 00CIEI0BAHHBIX CHOPTCMEHOB 3TH KAa4eCTBa TEHETHYECKH JIETEPMU-
HUPOBaHBL. MOXHO MPEAIOJIIOKHUTD, YTO 3TH CIIOPTCMEHBI MOTYT JaBaTh JyYIIHE CIIOPTUBHBIC PE3YJIBTAThI
B KOPOTKHUX JUCTaHUUsX. JlelcTBUTENbHO, UCClIeAOBaHKE TpoBeAcHHbIE Ipynnoi N. Eynon u coasrt. [24],
y U3PamJIbCKUX aTJIeTOB MoKasaiH, 4yTo yactora GG renoruna rena PPARA cpeau craiiepoB OblIo BbIIe
10 CPAaBHEHUIO CO CIIPUHTEpaMU. BMecTe ¢ TeM Henb3s CYUTaTh OKOHYATEIbHBIM IPOTHO3 O TOM, YTO O0JIb-
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LIMHCTBA 0OCJIE€AOBaHHBIX CIIOPTCMEHOB MOTYT I0Ka3aTh JIYUIIHE PE3YJIbTaThl B KOPOTKUX AWCTAHLUSX.
Kak Ob110 yKa3aHo BbILIE TPAHCKPUIILMOHHBIE (DAKTOPBI PEryIUPYIOT KCIPECCUI0 HECKOIBKUX JIECSTKOB
reHoB u3 cemelictBa PPARA, moBbITIast akTHBHOCTB OJIHUX M TIOAABIISAS IPYTHX. B cBsA3H ¢ aTM Tpedyercs
OIIEHKa WX aKTUBHOCTH (MX METHUJIMPOBAHUS) — IMUTEHETHYECKOTO CTaryca croprcMeHa [25]. Dto mo3Bo-
JIII0-0bl, IPU HOCHUTEJIBCTBE CIIOPTCMEHOM OIPENEJIEHHOIO ajjielsi CIIOPTUBHOIO I'e€Ha, B TOW MM MHOU
CTEIIEHH TOYHOCTHU NMPOrHO3UPOBATH €TI0 CIIOPTUBHBIE PE3YNIbTAThI.
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Puc. 3. Pacnipenenenne reroruna C34G2(rs1801282) (B) rena PPAR cpeau cmoprcmMeHOB rpedIioB,
JIETKOATIICTOB M BEJIOCUTIETUCTOB (B %0).

Pe3ynbrarsl mpoBeneHHBIX UCCIETOBAHIA CBUIETEIBCTBYIOT O TOM, YTO YaCTOTA TE€TEPO3UTOTHBIX Te-
HOTHUIIOB HMCCieayeMbIx nomnMopdu3moB rena PPARA Takke omryTumo BeicoKa. VccienoBanus, mpoBe-
nennabie D.M. Flavell u coaBr. [26], mo3BOJsET MPEANONIOKNATE, 4TO 3aMeHa Hykineotnaa G Ha C B moJoxe-
Hun 2528 rena PPARA compoBoxmaeTcst co CHIDKEHHUEM 3KCIIPECCHH TeHa U 00yCIIaBINBaeT HApYyIICHHE
PETYASIUY JIMTTUAHOTO U YIJIEBOAHOTO 0OMEHOB. boree Toro, n3ydeHne HOCUTENhCTBA TaHHOTO TeHOTHIIA
cpenu OONBHBIX U 37I0OPOBBIX TOKa3bIBacT, 4To HocuTenu C amnens PPARA nMeroT cpaBHUTEIIBHO BBICOKHIA
PHUCK pa3BUTHA aT€pPOCKIIEpPO3a, caxapHOTo auabdeTa 2-ro THIA U HIIeMHYecKoii 6one3nu cepana [27]. B To
JKe BpeMs ucciieoBadue mposeaeHubie Y. Jamshidi u coaBT. [28] cBHIETENHCTBYET O TOM, UTO Y HOCUTENICH
rerotumna G/C mpupocT Macch JICBOTO JKeyIovKka B 2 pasa, a y Hocutene renotuna C/C B 3 pasa GobIire
o cpaBHEHHIO HocuTelssMu reHotumna G/G. CrnenoBarenbHO, €CIU YUECTh, YTO THMEPTPOdUus MHOKapaa
o0ycroBiIeHa co CHIDKeHUEM dKcnpeccuu reHa PPARA u ymensmenuem oxucienus KK, To BmosiHe Be-
posaTtHo, uyto runeprpopudeckuii apdexr C amnens cBa3an co cHmkenneM ocBoenus KK muokaprom n
MTOBBIIIICHUEM HCTIOIB30BAHMS TIIIOKO3BI [T €r0 SHEPTeTHUECKUX HYX/I.

Nzydenune B3anmocsszu mexay Prol2Ala momumopdusmom rera PPARG u mmomaapio momnepeyHoro
CEUEHUS MBIIIEYHBIX BOJIOKOH TTOKA3bIBAET, UTO Y aKTUBHBIX MYXKYWH HAIMYHUS JAHHOTO aJljIelisl acCOLUH-
poBaJics ¢ OOBIIEH TTONIAABIO MTOTIEPEYHOTO CEYSHN ST MEUIEHHBIX MBIIIIEYHBIX BOJIOKOH [29], ¢ BRICOKUMHU
3HAYEHNSIMHU MHJIEKCA MacChl TeJla y CIIOPTCMEHOB U MaKCHMAaJIbHOW TIPOU3BOJILHOM CHITBI M €€ TIPUPOCTOM
B OTBET Ha (M3MYECKHe HATPy3KH CHiioBoil HampasieHHocTH [30]. CrenoBaTenbHO, HAMU TOTyYeHHBIC
pe3yBTaThl CBUIETENBCTBYIOT O TOM, YTO CPE/IN U3YUCHHBIX CIIOPTCMEHOB JJOBOJILHO BBICOK Y/IETbHBIN BEC
TeX, y KOTOPBIX MBIIIIEYHAs! BBIHOCIUBOCTH, 00YCIIOBIEHHBIN 3a CUET MHTEHCHU(UKAIIUN OKUCICHHS KUPOB
MMeeT MPUOPUTETHOE 3HAYEHHE. XOTS, TPH ITOM ECTh OTPEAETICHHOE YUCIIO CTIOPTCMEHOB, Y KOTOPBIX BO3-
MOYKHO MMEET MECTO CHIIOBBIE KauecTBa. OTHAKO MX YIEIHHBIN BEC 3aMETHO MEHBIIIE, YeM CIIOPTCMEHBI C
MTOTEHITHATBHOM BEIHOCITUBOCTH.

Hamnbonee m3y4eHHBIM T€HETHYECKHM MapKepoM (PH3MYecKkoil paboTOCTIOCOOHOCTH SBISIETCS TOJH-
Mopdu3mel rena anbpa aktuauHa-3 (ACTN3), ygacTByromero B peryisiiui COKpaTUTENFHOTO armapa-
Ta MBIIICYHBIX BOJIOKOH M B Pa3BUTHE CKOPOCTHO-CHIIOBBIX KadecTB uenioBeka [14]. Pesymprarel anammsa
4acTOT pacIpeesieHus ajuleIbHO-TeHOTUITHBIX BapuanToB reHa ACTN3 y coprcMeHOoB, HE3aBUCUMO OT
M3yYaeMBIX BHJIOB CIIOPTa MpeAcTaBiIeHbl Ha puc. 4. Kak BUIHO W3 MpeaCTaBIeHHBIX JaHHBIX, CPEeId 00-
CJIEIOBAaHHBIX CIIOPTCMEHOB, HE3aBUCHMO OT BUAa cropta, Hocutenn C/C renoruma cocrasuwim 36,7%, a
rerotuna C/T — 53,3%. B To ke Bpewms1, cpenu HUX ynenbHbIN Bec Hocutenen T/T renotuna rena ACTN3
coctasun numbk 10,0%. CrenoBarenbHO, pe3ylnbTaThl UCCICIOBAHUS CBUICTEIBCTBYIOT 00 aCCOIMAIINH
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nonumopduzma ACTN3 ¢ mpenpacionoKeHHOCTBIO K 3aHATHSAM CIIOPTOM, pacipeelIeHHON CIIeTyOIInM
oOpaszom: amurens C, oTBeHaromas 3a CHIIy U OBICTPOTY, IPEBaJIMpyeT ¥ 00CIeIOBaHHBIX CITOPTCMEHOB I10
cpaBHEHHIO ¢ ayutensio T, oTBevaromiei 3a BEIHOCIMBOCTh. Ho HanboIee pactipocTpaHeHHBIM CPEH CIIop-
TCMEHOB JaHHBIX BUIOB CIIOPTA SBIIICTCS reTepo3uroTHbIi renoturr C/T.

J1s Hac TIpeCTaBIIsI ONpeIeTICHHBIN HHTepeC N3yUeHHe YacTOT pactpeAeIeHHs ajieeld H3y4yaeMoro
TeHa B 3aBUCHMOCTH OT OTAENBHBIX BHJIOB CIIOpPTa. Pe3ynbTaThl STOro aHajm3a MpeJICTaBIeHbl Ha puc. 4.
Kak BuHO M3 MpencTaBieHHBIX JaHHBIX, Y CTIOPTCMEHOB - TpelIioB ynenbHbIH Bec HocuTeneil C/C reHo-
turrHoro Bapuanta rena ACTN3 cocrasmir 25,0%, C/T rerorunHoro Bapuanta — 65,0% u T/T renoruma
nmanHoro reHa -10,0%. B To ke BpeMs cpenu jerkoatieToB (OETYHOB) yIeNbHBIN Bec criopTcMeHoB ¢ C/C
rerotuniom reHa ACTN3 6puto B 1,6 pa3a BbIllie TAKOBUX Y CIIOPTCMEHOB-TPped1oB, a C/T reroturr 6b110,
Hao0opoT, HIKe Ha 23%, coorBeTcTBeHHO. A T/T reHOTHI paKTHYEeCKH OB OMUHAKOBBIM. B TO ke Bpems
CpeIy BeIOCHIIENCTOB criopTcMeHbl HocuTenn C/C reHoTrria ObUIOo ellle BBIIIE ¢ TAKOBBIMU Y TPedIIoB (B
1,8 pa3za) 1 OBLIIO COMIOCTABUMO C JIETKOATIIETaMH. A yAeTbHBINA BeC ciopTcMeHoB Hocuteneit T/T renorumna
reHa ACTN3 ObI10 OMMHAKOBBIM KaK C TPEOIaMu, TaK ¥ JISTKOATIETaMHU.

CrnenoBarenbHO, Cpein 00CIIETOBaHHBIX CIIOPTCMEHOB, HE3aBICHMO OT BHJa CIIOPTA, HANOOJIee YacTo
BcTpevaercst Hocutenu C/T rerepo3urornoro renoruna reHa ACTN3 1 0fMHAKOBO YacTO BCTpEUaeTcs HO-
cutenu T/T renoTuma nzygaemoro resa. B 1o xe Bpemst yactora Bcrpedaemoctr Hocutenerd C/C reHorumna
HaXOJUTCS B OIPEIEIIEHHON 3aBUCUMOCTH OT M3y4aeMbIX BUIOB criopTa. VX ynenbHbIN Bec Hanboiee BbI-
COK CpeNy BEJIOCUTIETMCTOB U JIETKOATIETOB.

PesynbraThl HalMX KMcCIeI0BaHUN CBUAETENBCTBYET 0 ToM, uTo C aymens u CC renotun reHa ACTN3
JIOBOJIBHO YacCTO BCTPEYAETCS CpPely OOCIIEOBAaHHBIX CIIOPTCMEHOB. XOTs, MPH 3TOM CYIIECTBYET OIpe-
JIEIEHHBIC pa3Indue B 3aBHCHMOCTH OT M3ydaeMbIX BUAOB crioprta. Cpemu 2/3 u Oojblle CIIOPTCMEHOB
3aHUMAIOIINXCS JIETKOH aTIIeTUKOW M BEJIOCHOPTOM MMEIOT MPEIPaCONOKEHHOCTh CKOPOCTHO-CHIIOBBIM
MIPOSIBICHUSAM. B TO e BpeMs mo100HbIe KadeCcTBa MOXKET MPOSBUTH JIUIIb KAXKIBIH YeTBEPTHIN CIOPTCMEH,
3aHUMAIOIITHICS Tpeoei.

5
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Puc. 4. Pactipenenenne renoturnos rena ACTN3 cpeau cnoprcMeHOB rpedIIoB, JErKOaTiIeToB
Y BEJNOCUTIENUCTOB (B %).

Heo6xoamMo oTMETHTh, YTO OTCYTCTBHE B CKEJIETHBIX MbIIILAX Oesika alb(a- akTHHUHA 3 HE O3HAYaeT
HAJIMYMHU MATOJIOTHH WM MPOTHUBOIOKA3aHUS K 3aHATHIO cIOpTOM. Tak Kak, anb(a-aKTHHUH-2 YaCTHYHO
KOMIICHCUPYET OTCYTCTBHE alib(a- aKTHHUHA 3 B Z-TUCKaX OBICTPOCOKPALIAIOIINXCS MBIIICYHBIX BOJIOKOH.
Opnaxo, Hanuuue R577 annenst rena ACTN3 accounupoBaHo ¢ BBICOKMM CKOPOCTHO-CUJIOBBIM MTOTEHIIHA-
nom. Kak nokaseiBaeT pesynbrarsl uccnenoBanus A.M. Druzhevskaya u coasr. [18], mouru 14% Hacenenue
Poccun sBisirorest Hocutenssmu TT (XX) reHOTHIIa U UX CKEJIETHOW MYCKYJIAaType NMPaKTUYeCKU OTCYT-
cTByeT Oeslok anbda-aktuHuHA 3. M B Hammx uccnenoBaHusx Taxke y 10% crnopTCMEHOB, HE3aBUCHMO
OT M3y4aeMoro Buaa cnopra, umeer mecto HocurenbeTBO TT (XX) renoruna ACTN3. [leiicTBuTensHo,
I10 IaHHBIM psijia uccienoBareneii mokasano, 4ro yactora ACTN3 TT(XX) reHoTuna 3Ha4MMO MEHBIIIE Y
CIIOPTCMEHOB JlaHHOW HampasieHHocTH. Heobxonumo nomuepkuyTh, uro XX(TT) renorun rena ACTN3
HE SBJSIETCS. apXUBAKHBIM MHAMKATOPOM OTCYTCTBHSI BOBMOXKHOCTH HPOSIBICHUS JTYUIINX PE3YJIbTaTOB B
CIPUHTE U CUIIOBBIX BUAax criopra [1]. IlonTBepikaeHnem 3Toro sBiIsieTcsl, XOTs-0bl pe3ybTaThl IBYX CIIOp-
TCMEHOB C TAKHM € T€HOTUIIOM, KOTOPBIC BXOJST B JIUTY CHOPTa: OJUH U3 HUX — MUPOBOM pEeKOpACMEH
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B METAaHUU MOJIOTA, APYTOi — ABYKPATHBIA OJUMIUNCKANA YEMIIHMOH B IpbDKKax B IUHY [18]. Mcxons usz
9TOT0 MOXKHO CUMTATh, YTO YACTOTHASI XapaKTEPUCTUKA aJlJIeIbHO-TEHOTUITHbIX BapuaHToB reHa ACTN3
BBISIBJICHHBIX Y 00CIIEIOBAaHHBIX CIIOPTCMEHOB ITO3BOJISIET TO-MHOMY TTOHSATH CIIOPTHBHBIE XapaKTEPUCTUKN
¥ 0COOCHHOCTH OpraHu3Ma CIIOPTCMEHA C Y4eTOM HOCHTEIHCTBO TE€HOTHUIIOB H3y4aeMOT0 T'eHa.

Taxum 00pa3oM pe3ynbTaThl MPOBEACHHBIX UCCIIEOBAHNH CBUIETEIHCTBYIOT O TOM, YTO CPEIH CIIOp-
TCMEHOB, 3aHUMAIOILMXCS U3YyYEeHHBIMA BUJAMU CIOPTA, JOBOJIBHO BBICOK yIeibHbIM Bec HocuTenei CT
(RX) - rereposurornoro u CC (RR) - romo3uroraoro BapuantoB reHotumna rena ACTN3, oTBETCTBEHHOTO
3a pa3BUTHE CKOPOCTHO-CHIIOBBIX Ka4eCTB CIIOpTCMeHa. BMecTe ¢ TeM ISl CIIOPTUBHOM YCTIEITHOCTH TPe-
OyeTcs HATM4YUe ONpEeeNIeHHBIX aJulel M TEHOTUIIOB JJAHHOTO Te€Ha Y CTIOPTCMEHA, CXO/Is U3 BUA CIIOpTa
1 00yCIIOBIIEHHBIX UM CITeITU(UIeCKIX TPeOOBaHNH K (U3NIeCKUM KauecTBaM. [leiicTBuTepHO, Hanboee
BBICOKOE HOCHUTENBCTBO cpenu u3ydeHHbIX BuAoB crnopra CC renotuna ACTN3 okazanocs cpeau coop-
TCMEHOB BEJIOCHITEANCTOB M JIETKOATIETOB.

3akarouenne. [lomydeHHbIE pe3yabTaThl 1 0030D IUTEPATYPHBIX TaHHBIX TOKA3BIBAET, YTO CPEAH CIIOP-
TCMEHOB, 3aHUMAIOIINXCS TUKIMYECKAMHU BHIaMH CTIOpTa HanOoJee BHICOK yAeTbHBIN Bec HocuTenei Ins/
Del - rerepo3urorroro u Ins/Ins - TOMO3UTOTHOTO BapHaHTOB (32 HCKIIFOUSHHUEM JICTKOATIIETOB) TEHOTHITA
rena ACE. boiiee Toro, yactoTta pacnpeneiaeHuid ajaiebHO-reHOTUITHOTO BapuaHToB rena ACE naxoaut-
Csl B ONpeeNIeHHON 3aBHCHMOCTH OT M3y4aeMbIX BHIOB criopTa. Cpeau CIIOpTCMEHOB HanOOJee BBICOK
nporeHT HocutenbeTBa Ins/Ins, a tawke Del/Del renornma rena ACE cpenm ciopTcMeHOB-TpeOIoB. Y
CIIOPTCMEHOB, 3aHUMAIOIINXCS IIUKIMYECKUMHU BHIAMH CIIOPTa HanOoJiee BEICOK Y/IENbHBIN BeC HOCUTENeH
C/C- roMO3UTOTHOTO BapHaHTOB TeHoTuna rmommopdusmMoB reHa PPARA C34G2PPARG2 u moutu oam-
HAKOBO YacTO PacCIpeeNIeHbl CPEI BEIOCHIIECTOB, JIETKOATIETOB U IpedroB. YacToTa pacnpeneieHnit
PPARA (CC) u amrensHO-TEHOTHITHOTO BapHaHTa HanOojIee BEICOKA CPEIHU JIETKOATIETOB, 0 CPAaBHEHUIO
¢ rpeduamu u Benocurneaucramu, PPARA(CG)-y BenocunenuctoB. Cpenu CIOPTCMEHOB, 3aHUMAIOIITIXCS
BEJIOCTIOPTOM, JIETKOW aTJIETHKOHN W rpedineii Hanbonee Boicok ynenbHbIN Bec HocuTenei CT (RX) - rere-
posurotHoro u CC (RR) - romo3urorHoro Bapuantos renorura reia ACTN3, mo cpaBaennto TT(XX) ro-
MosurotHoro reHotuma. Yacrora pacnpenencaniit ACTN3C(R) m ACTN3CC(RR) amreasHO-TeHOTHITHOTO
BapHaHTa HanboJiee BHICOKA CPEIU BEIOCUIIETUCTOB H JIETKOATIIETOB, TI0O CPABHEHUIO C TpedliamMu.

Taxum 00pa3om, TOTy4YEeHHBIE NaHHBIE SBISIOTCS CBOCOOPA3HBIM TIO/CIIOPHEM MPH OIEHKe (U3nde-
CKHX BO3MO)KHOCTEH W TEPCIEKTHB 10 CIIOPTHUBHON YCIIENTHOCTH aTieTOB B M3Y4YaeMbIX BHIaX CIIOpTA.
Bonee Toro 3T0 ykaszpiBaeT Ha HEOOXOAMMOCTh ydeTa MOJYyYSHHBIX TeHETUYECKNUX JIeTEPMUHAHT TIPH TUIa-
HUPOBAaHUHM W (POPMHUPOBAHWU HWHIAMBHUAYATHHBIX TPEHHUPOBOYHBIX IMPOTPAMM B IPEICOPEBHOBATEIBHBIX
dTarax uX MOATOTOBKH.
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