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KHUPHII (noKTOPJIMK AMCCEPTANUACUHUHT AHHOTALMSICH)

JIuccepranusi MaB3yCMHMHI [10J13apOjauru Ba 3apyparu. byrynru kyHna
modaianlyB Kapa¢HU 4YyKypiaamuO Oopaetranu Tydalan KaxoH KHUIILIOK
Xy)Kanmuruaa OnoxaB(PCU3IMKHM TabMUHJIAII Ba yJIapHU OWOTHK 3apapiapiaH
(¢uTomarorennap, 3apapKyHaHAalap KaOW) XUMOs KWIUII OYyiiMda XaBoTHUpIAp
Kydaiiau. «llatoren opraHu3MiIapHUHT 3apapd JOyHE KHUILUIOK Xyxkanuruna 1,4
TPUWJUTMOH JloJutapra TeHr ned OaxosiaHaau. by rioOan suimu M4KU MaxCyJIOTHHHT
5% HU TAIIKAI dTaIm» .

MycTakniK HWuTapuia MamMJIakaTUMHU3a KUIUIOK XY)KaduTH SKHHIIAPU
XOCWJIJIOPIUTHHYU OIMIUpHUIIl Oopacuaa KeHI KaMPOBIIU UIIAp 0O OOpUIMOK/IA Ba
Oyr'yHTM KyHJla KUIUIOK XVKaJIWTd WOUIa0 YUKAPUIIU pEeCcryOnrKaMu3 HHILTUK
UKTHCOAWHM JapoOMaJuHUHT OWp KHCMHHHM TallKWia JTMOKIa. by Oopana
MaXTaYIAK COXAacHaa XaM HCIoXOoTiaap onmb Oopmiand, Maskyp HyHanwmiga
amajira OIIMPWITaH JAcTypUil 4Yopa-TagOoupiap acocuja MyaulsiH HaTwkaiapra,
KyMIlaJlaH, Fy3a MalJoOHJapu KUCKApTUPWINO, XOCWIIOPIUKHM YpTada 3-4
IIEHTHEPTa OIIMPHUIITA SPUTITHIIJIH.

XKaxoHna maxra €TUIITUPHUIN >KapacHUJA TYpJIM MaToreHsiap, XyCycaH fy3a
Bunt kacammru (Fusarium Ba Verticillium) Ba ¥y3a wiau3uga AT XOCHI
KuwiyBun Hemarona (Meloidogyne incognita;, RKN) Xocunaopiukka kKarra 3apap



KeNITUpMOKaa.  Hemaromanmap  ayHemarn — YCUMIIMKIAD — XOCHJIMHHU 14%
nykotunumura onubd kenagu Ba Oy TaxmuHaH 100 MwuMapn mosuiapra TEHT
nemakanp. «AKlllna nematoma OwiaH OOFNIHMK Fy3a XOCWIMHH WYKOTWIIHILIN
OXUPTH YH WU JaBOMHUA Ce3Wjapiu Jaapaxana opTraH Ba Oy TaxmuHaH 205
MIJITHOH JIOJUTApHM Tamkmn stamm»’. Iy HykTaum Ha3apaaH, MyaMMOHHHT
JON3apOJIUTH TIATOTeHJIapra Kapily Kypalluil, JTyHE Fy3a TaJKUKOTUHUHT MYXUM
Bazudaapuian oupu OYITaH Fy3a KaCaJUIMTUHY TapKaJIUIIUTra Kapiiy 3aMOHABUI
OMOTEXHOJIOTHS BOCHUTAJAPUHU TAJKUK OSTHUII Ba PUBOXKIAHTUpULIAUDP. byHnma
HEMaTojara Kapiiu KypallulTHUHT TEHETWK acoCHapuHH YpraHui Oyiuda
TAJIKUKOTJIapHU amajra OWMpUII KyHuJaruya u30XJaHaju: Fy3aJa MaroreHsiapra
YUJAMIIWIMKHE OCpyBYM TEHJIAPHM aHUKJAIl; YJIApHUHT Fy3a TEHOMMJIAru
TapkuOM Ba TY3WIMIIMHU acocjall; XpoMocomaiapaard YpHUHU aHMKJIAII;
naToreHyiapra 4YuJamiyd JIMHUSAJIAD OJUIAa 3aMOHABUM OWOTEXHOJOTHK Ba
T€HOMHK BOCUTAJIAPUHU TAKUK STHIIL.

V36ekucron Pecny6mukacuanmar 2000 fmn 31 asryctmarm 116-11 con
«Kulmok  xy>Kajaurd OJKUHIIAPUHM 3apakyHaHJajdap, Kaca/ulMKiap Ba OeroHa
yToappaH XUMOs KWIMII Tyrpucuia» ru Kowynu, Y3Gekucton Pecry6mkacu
Basupnap Maxxamacuaunar 2004 jiun 29 mapraarn 148-con «VYcnMiumkiapHu
XUMOSI KWJIMII XW3MaTH TYy3WJIMACMHU TAaKOMWUIAIITHPHUIL Ba CaMmapaJOpIUTHHU
OIIMPHUIIl YOpa-TaAOUpIapu TYFPUCHIA» TH Kapopu Xamaa Maskyp (aomusarra
TEerUNUId OOIIKa MEBEPUN-XYKYKHHM XyXoKaTiapaa OenruiaHrad BasudamapHu
amajira omupuinra ymoly IuccepTanus TaIAKUKOTH MyailsiH Japakaga Xu3mar
KWIAJIN.

"http://www.fao.org/docrep/018/i3300e/i3300e.pdf.
*http://www.apsnet.org/edcenter/intropp/lessons/Nematodes/Pages/RootknotNematode.aspx
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TaaKMKOTHUHT pecnyOauKa dan Ba TEeXHOJIOTUsJIapH
PHMBOXJIAHUIIMHUHT YCTYBOP HYHAJTUILIAPUTA OOFJIMKIMIA. Ma3Kyp TaIKUKOT
pecnyOnrka (paH Ba TEXHOJOTHSUIAp PUBOXKIAHUIIMHUHT V. « KHIIUTOK XY Kamury,
OMOTEXHOJIOTHS, IKOJIOTHS Ba aTpod-MyXUT Myxodazacu» YCTyBOp HyHaIUIIUTa
MyBO(DUK OakapuiraH.

Auccepranusi MaB3ycu OyHH4Ya XOPHMKUI MIMMU-TAIKMKOTJIAP HIAPXU.
Fyzana (Gossypium spp.) marorennapra YUJaMIIMJIMKHUHT MOJEKYJISIP-TEHETUK
TAAKUKOTIIApUTa UYHAJITUPWITaH WIMUKA HU3JAHUILUIAP KAXOHHUHI €TaK4Yd WIMHUN
MapKasjlapu Ba OJIMI TabluM Myaccacaiapu, kymianaH, Texas A&M University
(AKIL), Mississippi State University (AKII), University of California (AKIL),
University of Georgia (AKILI), CSIRO Plant Industry (ABctpammsi), United States
Department of Agriculture (AKIL), Northeast Institute of Geography and
Agroecology (Xwutoif) xamma Ienomuka Ba OuouHpopmarnka Mapkasuaa
(V36exncTon) o6 GOPHIMOK/IA.

Fyzana (Gossypium spp.) mnartoreHnapra YdWJAMIWIUKHAHT —MOJEKYJISP
TCHETHK TAIKUKOTIApUTa OWJ] )KaxOHJa OJM0 OOpwiraH TaIKUKOTIAp HAaTHXKACUIa
KAarop, JKyMJaJaH KyWHJarn WIMUN HATWKAJIAp OJMHTaH: HEMaToJa Ba BUIT
KACAJUIMTUHUHT y3ap0O aJOKaJOpJIUTM Ba HEMATONA-BWIT KOMIUIEKCUHU yTa



XaBQUIMJIMTH aHUKJIaHTaH Ba Oy Kacayuuk Owian Oornmuk Oup Heura JIHK
mapkepiapu  Tonwiarad  (California  University, AKIII); wmukpocaremiur
MapKepiapHu KyJulall OpKalu ypTa Tojaiu ry3aHuHr 11- Ba 14- xpomocomacuaa
RKN ra snpammunuk QTL nmapu xapurtanamrupunrad (United States Department
of Agriculture, AKII); »xyma xymma6 JHK wmapkepnapuman (SSR Ba AFLP
Mapkepiapu) doigananradn xonaa, 1221 F, aBnoau YCUMIMKIAPUHUA TEKITUPUII
opkanu Mi-C11/Mi-C14 nokycnapu anukianras (Georgia University, AKIL).

Hynena ry3ana (Gossypium spp.) narorenyiapra YuaMInIuKHUHT
MOJIEKYJISIP-TeHETUK TaIKUKU OViu4a Katop, )KyMiajaH KyiHuaara ycTyBop
HyHanuimapaa TaaKuKoTaap oubd O0pUIMOK/IA: TaTOreHIapra YuIaMININKHUHT
aHru rewnapunu anukiamn; JJIHK mapkepnapu epaamuna QTL xapuranan;
naToreHiIapra YujiaMiiy TeHJIapHu XpoMocoMaliapiard YpHUHH aHUKJIAILL;
NaTOreHJIapra YUIaMJiIu SSHTM OMOTEXHOJIOTUK HABJIAPHU OJIMLL.

MyaMMOHHHT YPraHUJITaHINK JAPAKACH. Y CUMIMKIIAPAA SHT KYI MabIyM
OynaraH 4YMAAMIIMIWK OWJIaH OOFfJaHTaH MYJTUTEH KJIacTep TeHJIAPHU XOPHKHMA
omnvnapian  B.J.DeYoung et al’ammkmaran; L.He et al.*romonmnan
aJuIoTeTpaIion Fy3aaa reHjaapHuHT TaBcudu Ba reHeTuk xaputanam NBS-LRR
YUAAMITIIIMK OKCHJUIAPUHU KOJyTamy aHukKtanran; X.D.Zhang at al.’a

-3 DeYoung BJ, Innes RW. Plant NBS-LRR proteins in pathogen sensing and host defense. Nat Immunol. 2006
Dec;7(12):1243-9.

*He L., Du C., Covaleda L., Xu Z., Robinson F.A., Yu J.Z., Kohel R.J., Zhang H.B. Cloning, characterization, and
evolution of the NBS-LLR-encoding resistance gene analogue family in polyploid cotton (G. hirsutum L.) // Mol
Plant Microbe Interact. 2004. 17:1234-1241.

5Zhang X.D., Callahan F.E., Jenkins J.N., Ma D-P., Karaca M., Saha S., Creech R.G. A novel root-specific gene,
MIC-3 with increased expression in nematode-resistant cotton (G. hirsutum L.) after root-knot nematode infection //
Biochim.Biophys.Acta. 2002. 1576:214-218.
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F.E.Callahan at al.°TomMoHHAaH FY3aHUHT IOKOPH JKCIIpecCHATaHyBIH HOEO MIC-3
OKCWJIM WJIJU3 HEMaToJacura 4uJamiid FY3aHUHT 3apapjaHraH TYKuMalapuja
anukmanrad; M.Wubben at al.’gmmammmnnk moTtuBiaapu ¢ku «NBS-LRR like»
JIOMEHJIapu OwiiaH OOFIHMK SMaciuruHu kKypcarud Oepau xamma MIC-3 reHu
OWJIACUHMHT JIAacTIa0KW XYyCYCHUATIApPUHM YCUMIIMK XHUMOSJIaHACTraH mauTaa
aHUKJIaau Ba Oy reHnap OoIIKa MabjiyM OYJraH XUMOs HYJUIapuiaH MYyCTaKuil
DKAHJINTY UCOOTIIaH/IN.

V36ekucronna  X.X0IMaToB TOMOHHMAAH HEMATolalapra uMAAMIH ypTa
tonanu «Fonmub» HaBu TeHeTHK kuxarnaH Yypranwirad. LI.Drambepauen
TOMOHUJAH Fusarium aBnoau NAaTOTCHJIAPUHUHT T€HOMHHHU MOJEKYJSP-TEeHETUK
ycy/utap OwiaH KOMIUIEKC HWIAGHTHU(UKAIUSJIAHTaH Xamaa Maxauiui Fy3a
Hapjlapura HucOaTaH Kyn yuypailuraH maroreH Typ Ba pacajapHUHT MATOTEHIIUK
XyCyCUATIApU ypraHuiraH. AMMO, Fy3aJa KacaJUIMKKa YuaaMiauiuk yuyH MIC-3
TeHUHM KJIACTEpJIaHTaH CyNepreHIapyu MaxauIMi Ba XallKapo Japakajia xaMm Xaju
TYIMK YpraHwiMmarad. Xo3upru kKyHuaa ryzana (Gossypium spp.) MaroreHiiapra
YUAAMIIIIMKHN  OenrunoBun MIC-3 kjacTep TEHJIAp OWJIAaCHMHU TaBcuuIam Ba



MOJIEKYJISIp DBOJIOLMSCUHU YpraHUIl Xam/a Oy TeHJIapHH Fy3a OMOTEXHOJIOTHICUAA
KYJu1am 1013ap0 niMui-aManuil axaMusTra ora.

J{uccepranusi MAaB3yCMHMHT JUCCEPTANMS 0a’KapWIraH WIMHN-TAAKUKOT
Myaccacacu WJIMHA-TAIKMKOT HIUIApH OwiaH Ooraukauru. Jluccepranus
TaIKUKOTIAapu [ eHoMuKa Ba OronH(pOpMaTHKa MapKa3u UIMUN-TAIKUKOT UIILIApU
pexacuauHr ©4-T149 «Mapkepnapra acociaHTraH CENEKLUMSHUA PUBOXKIAHTUPHII
Y4yH ¥Fy3a TEHOMUHHU TaAakuk stuun» (2007-2011 i), UZB2-3101-TA-09
«l'epMoIIa3MaHUHT WIAM3-IIMII HeMatoga Ba Dy3zapuyMm BWIT KacaJUITMKIApH
OwnaH moTeHIMan Kapunwmmruau Oaxonam Ba SNP acocuparu kaHmumgar TeH
MapkepiaapuHu unuiad gukuny (2009-2013 iit.) Ba DA-D10-T92 «Fy3a rennapu
yuyH Ty3uiaran cuHTeTuk RNA1 ngymiekcinapu acocugaru OWHAp TEHETHK
BEKTOpJiap ¢paaMuaa IOKopu cudaTiu TpaHCTeH Fy3a JauHusapu onuun (2009-
2011 #ii.) wMaB3ymapujgard (QyHIaMeHTal, aMaldii Ba XajdKapo Jouuxaiap
noupacuia baxxapusira.

TaakukoTHUHT Makcaaum MIC-3 TeHmapuHU Fy3a T€HOMUJArd TapKUOH,
TY3WIUIIM, XpOMOCOMaJIapAard YpHHHM XamJia aJUIOTETPAIUIOW]l Ba YJIAPHUHT
aKIoMIapura SKUH OYITraH AWIUION] TeHOMJIApJard MYTUTMKAIAS MEXaHU3MIIapH
Ba MOJICKYJISIP SBOJIFOIUSITIAHUIIT KYJIAMUHU aHUKJIAIIIaH uOopar.

TaakKMKOTHUHT Baszudasiapu:

Gossypium Typiapugard ajyloTETPAIUION] Ba YJIAPHUHI AXIOJIAPUra SKUH
xucoOnaHaauran AWIUION ] Fy3anapaard MIC-3 reHu owajapyuHU KJIOHJAI Ba
CEKBEHCJIAILL,

Gossypium typnapugaru MIC-3 reunapunu 6atadcui GUIOTEHETUK TaXJIUIT

KWIKII Ba Kjaccudukanusiabd, yiapHu cyOouianapra axxparuiir;

SCallahan F.E. Zhang X-D., Ma D-P., Jenkins J.N., Hayes R.W., Tucker M.L. Comparison of MIC-3 protein
accumulation in response to root-knot nematode infection in cotton lines displaying a range of resistance levels // J
Cotton Sci. — USA, 2004. 8:186-190.

"Wubben M.J., Callahan F.E., Hayes R.W., Jenkins J.N. Molecular characterization and temporal expression analyses
indicate that the MIC (Meloidogyne-induced cotton) gene family represents a novel group of root-specific
defense-related genes in upland cotton (G. hirsutum L.) // Planta. 2008. 228:111-123.
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ry3a reHomugarn MIC-3 reHnapu KeTMa-KEeTIMKIApUIa TaXMUHHU

rarloTUILUIApHU aHUKIam Ba MIC-3 TeH ab30JapUHUHT XpoMocoMaiap/a KiacTtep

X0JIaTU/1a >KOMJIAITyBUHH TACAUKJIANI YUYH KEJIaKAaKJard MapKepiiapra acoCjlaHraH
ceJieKuus nactypiaapu yuyH Qoiinanu 6ynran SNP mapkepiapunu unuiad YuKu;

MIC-3 reHnapuHu TaXMUHUW OKCHJI KETMa-KETIMKIAPUHUA Ba HYKJICOTUJIAP
aNIMAIIMHYBH TE3UKIapuHU TaBcudmam ownan MIC-3 reHnapuHu Fy3a TCHOMUHH
MOJIMTUIOUIU3ALUSTA YUpAIIUJaH OJIIMH Ba KEMMHTU MOJIEKYIISIP SBOJTIOLMSIIAHUIIT
TE3JIUTY, TEHJIAPHU NYIUITMKAIMACH, TEHOMIA CaKJIaHUO KOJIUII MEXaHU3MIIApUHU
YpraHuii,

MIC-3 rennapu MabJIyMOTJIApUra acoCIaHu0, Fy3a T€HOM DBOJIFOLUSICUHU
Vprauuii, xamaa Gossypium aBloguard TeHOMJIAp AUBEPreHIUsIIaHUIIH
BaKTJIADUHM KaiiTa 6axosan;

MIC-3 rennapu HyKJICOTUIJIAPUHN «CHHOHUM» Ba «HOCUHOHHM)
aJIMaIIMHYBU TE3JIMTUTa acOCIaHn0, HeMaro1a Ba OOIIKa KacaJThKiapra
YUJAMITAIMKHY OeNTUIaliIurad aJlaliTUB CEJEKIUs KapaCHUHU YPraHUIIL,



MIC-3 rennapu 3xcripeccusicuan Fusarium Ba Verticillium Buntu OunaH
3apapiIaHMII KapacHUAa YMJaMIIU Ba YMIaMCH3 FY3a T€HOTUIIAPUHU KHECH
Yprasui;

MIC-3 reHiapu opacHJaru CHerlcep KETMA-KEeTIMKJIApPHU aHUKJAIl Ba W1y
acocuaa y3ujaa MUHUMAaJ MTPOMOTOP PETHOHIIAPU TyTraH OWHAp TEeHETUK BEKTOpIIap
TY3UIl Xamja YJIapHU Mojaen YcuMiuk Arabidopsista TtpaHchopManus KHIAII
OpKaju Kelakakja fFy3a Ba YCHUMIIMKIApD OHOTEXHOJOTHUSICH YuyH Qoiiganu
MPOMOTOP KETMa-KEeTJIUKIApPHU aHUKJIAIIL,

YCcuMIMK rensiapu, xycycan MIC-3 rennapu QyHKUUSJIAPUHU YpraHUIl y4yH
y3una PHK nymiexkcrnapu TyTyBYM YCUMIIMK TEHJIAPUHUHT OWHApP BEKTOpJIApH
aCOCJIAPUHU TY3UII Ba ONTUMAJIIAIITHPHUILLL.

TagKHKOT 00beKTH. Y CUMIINK MaTepraity cudaTiaa Ky ramwionum G.
barbadense Pima 3-79 ([AD],-renom), G. tomentosum ([AD];-renom), G.
mustelinum ([AD],-renom) xamaa G. hirsutum ([AD],-reHOM) HUHT TYKKH3Ta
re”Hotumy, nry xymiiagan Clevewilt, M240, M315, Foau6, ST213, M8, Texac
Mapxkep-1 (TM-1) nuans Ba HaBIapu, TabcupuaH n3oauHus (Sisoline)map Ba KU3ui
myTaHT JuHus (REDM)napaan dolinananuirad. YHIaH Talllkapy, TaaKUKOT
yKapa¢HUra KUPUTHIITAH yuTa JTUTUION]] Typiap/iaH aBBaliJlaH MaBxkya Oynran AD
TeTpamaous Typaapuaunr A, (A-cyorenomn) Ba D, (D-cyOrenomu) reHommiapura
xKyna sikue 0ynran G. herbaceum (A -renom) Ba G. Raimondii (Ds-reHOM) Xamaa
F-renomu Adpuka eBBoiiu Typu G. longicalyx ninarunrad. MIC-3 reHIapuHAHT
XpoMOCOMaJIap/a >KOMIAITyBUHA aHUKJIAI YIyH TOIUMOPPUIMIIAPHU CKPUHUHT
KWK MY OMJIaH MOHOCOMHUK Ba MOHOTENMOIUCOMUK nuHusnapaa G. hirsutum
x G. barbadense nntep cnenuouk F,| nyparaiinapu Ba ynapra yxmam Oyiarad
oupnamuu MOHOCOMUK G. hirsutum X G. mustelinum nap kadu F| nyparaitnapuna
JeJeysJIapHA aHUKJIaIl TecTuaaH GoiaamaHuIIu.

TaakukoT nmpeamMerw 15 Ta TeTpamiou] Ba AMIUION] Fy3a T€HOTHUILIapHUaa
aHWKJIAaHTaH KacaJUTMKJIapra YUAaMIIHIIMKHU Oomkapamurad HoeO6 MIC-3 reHnapu
XucoOlaHaIu.
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TagkukKOTHUHI ycyapu. J[lucceprauusna MOJEKYIslp OWOJOTHSIHUHT
acocuit ycymtapu (JJHK axparuri, reHnapHu CEKBEHCIAI Ba KJIOHJAI), TEHETUK
Ty3WJIMaJTapHU TaxXJW KWIWI, (UIOTeHEeTHK KiacTeplialll, TeH KOHBEpIUSCU Ba
PEKOMOMHALIMACH, MOJIEKYJIAp DSBOJIOLMS JTUBEPICHIMICH BaKTH, MOJEKYJSp
Mapkepiap Ba OWHAp BEKTOpP KOHCTPYKUMSJIAPUHU MILIA0 YMKHIL, T€HETHUK
TpaHchopmarus xamaa OuonmHGOpMaTUKa Ba CTATUCTUK TaXJIMJIHUHT 3aMOHABHIMA
ycyiapuaa QoiiianaHuira.

TagKMKOTHUHT MIMUI SHTUJIMTH KyHuaruiapaad uoopar:

OMpHUHYM MapTa FY3aHHUHT 15 Ta ajuioTeTparuion]] Ba AUILION] FT€HOMIIApUIaH
MIC-3 cynepren ounacura Maucy0 169 ta unAMBUAYyaN reH ab30JIapu KIOHJIAHTaH,
CEKBEHC KWJIMHTaH Ba TaBCU(IIaHTaH;

ymly 169 Ta MIC-3 ren ab3omapu Taxjauiu acocuaa 15 Ta Fy3a
reHoturuiapuaa 4 tajgan 16 taraya reH ab3oapy MaBKy[LJIMTH Ba yiuap 2-10 Ttarada



cyOownanapra OynauHuIIM aHukianraH. bapua Gossypium typnapuma 169 Tta
MIC-3 rennapu KeTMa-KeTIUKIapy (PUIOreHeTUK KUXaT/IaH yMyMuid Mukopaa 17
Ta TeHOMJIapra Xoc Oyiran cybousanapra axpaTuiras;

aJUIOTETPAIUION]T TeHOMJIapuaa aHukiIaHnraH MIC-3 TeHIapUHUHT TaXJIWINA
acocuna A, Ba D, reHomnapra xoc Oynran 42 Ta ramioTHI KeTMa-KeTIMKIapu
uc6otnanrad. MIC-3 reunapura xoc SNP mapkepnapu sipaTuiirad Xamjia rarioTHIT
Ba cyOowia rypyxJjapu acocuaa A, renomaa 9 ta taxmunuit MIC-3 nokyciapu Ba
D,renomaa 3 Ta TaXMUHUUN JTOKyCIap aHUKJIAHTaH;

OupuHYM MapTa reHomuiapra xoc 6ynran MIC-3 rennapujiad OJIMHTaH Maxcyc
SNP mapkepnap sparwnran Ba MIC-3 rennapu ry3aHuHr 4- Ba 19-romenoruk
XPOMOCOMAJIAPU/IA KJIACTEP XONUAA )KOMJIAIITaHIUTY AHUKJIAHTaH;

OMpUHYM MapTa Fy3aHUHI 15 Ta TeTpamiou] Ba JIUILIOW] T€HOTHIUIApUIA
MIC-3 TeHNapyuHUHT HYKJICOTHIJIAp aJMallMHYBU TE3JIMTHU Ba MOJEKYISP
SBOJIOLINS KapacHIapy aHUKJIAHTaH;

MIC-3 rennapunu xojioBun JIHK kerma-ketnuknapumaru cuHonum (K,) Ba
HocuHonuM  (K,) HykmeotummapHu ypraya COHMHHM 0Oaxomam — acocuia
«XaMKOPJIMKIaru» OOLUIaHFUY 3BOJIOLMSA amaira omraHiadrura Kapamaid MIC-3
TeHJIapu «TYFUJUII Ba YIMM» 3BOJIIOLMOH MOJAENH OCTHAA 1-3K30HAA TO3aJO0BYU
Ba 2-3K30H/Ia JUBEPTEHIIMS CENIEKIUSICH TabCUPHIAa HBOJIOIUSIAHUO OOpTraHIuru
aHUKJIAHTaH;

WK 00op «rennapan amruukanusianummy MIC-3 rennapuHuHT 6apya
AYTTUKAIUSUTAHTaH Hy CXaJIapUHH CaKJIaHUO KOMUIIMHA TAbMUHIOBYN MEXaHU3M
cudaTuaa SKaHJINTY Ba FY3aHU XUMOSJIAHUII )Kapa¢HU 1a TCHIIAPHUHT STHTH
GYHKIUSTAPUHY «IIApHaIy YibKay MOIETU OCTUAA Maiao OYIUIIN aHUKIAHTaH;
xap xuia reHomnapnaa MIC-3 TeHnapyuHUHT AYTUTUKAIUACH TYPJIH TE3IUKIap/ia
conup OVnumu wucOOTIaHTaH. AJIIOTETPAIUION]T TeHomJapaa Xap ~1 MWIITHOH
nunma, A/F-remommapma xap ~2 mMwumoH uminga Ba D renomutappma xap ~8

MUJUTMOH Hujaa OUTTa JyTUTAKAIUS COMUP OVIIMIIY aHUKJIaHTaH;
MIC-3 reHnapUHUHT SKCIIPECCUSICH TaxXJuiura kypa Fusarium Ba Verticillium
BUJITUTA YKWJAMJIU T€HOTUIUIapya Oy TeHJIapHUHT (DA0s SKaHJINIY AaHUKJIAHTaH;
Ooupunun Mapta y3una MIC-3 rean unan3-cnenuuk IpoMOTOPUHU TyTran 2,5 k0
Y3YHJIMKIard pETMOHHUHT Te€HIapapo Crecep KeTMa-KeTIUKIapH
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KJIOHJIAHTaH, CEKBEHCJIAaHTaH Ba TaBCU(IaHTaH.

TanKUKOTHUHT aMaJIuii HATHKAJAPH Kyiinaarunapaan uoopar: MIC-3
rean JIHK naru kerma-ketnuknapu TaBcudiaHTraH Ba HaTWXKajlap 3aMOHAaBUM Fy3a
CeJIeKLMSICH, OMOTEXHOIOTUSICK OYiinya aManui JacTypiiapuja BWIT Ba
HeMarojara YuAaMIMINKHU OupHIiAa GoiJanaHuIl YUyH WIMHH acoc cudaruia
TaBCHS THIAIN;

MIC-3 renn yuyH SNP mapkepnap sipaTwiral Ba yjapAaH TYFpUIAH-TYFpU
FY3aHUHT Mapkepiapra acocnanrat cenekiusicuga (MAC) ssHru HaBiap sipaTuinaa
(doiinanaHuIl y4yH TaBCHUSI STUIIAIN;

MIC-3 npomoTopnapu KeTMa-keTiuru octugaru GUS wmapkep TreHuJiaH
ubopar Oup HeuTa OWHAP BEKTOpJjap Ty3WwiraH Xamuaa wMonen Arabidopsis



yeuMuHrura TpaHchopMAaIns KHIMHTaH. Y CUMIIMKIAp OGHOTEXHONOTHSCH YUYH yTa
doinanu 6yaraH wiau3 TYKuMacuaaruia uiianaurad MIC-3 reHUHUHT MUHUMA
MPOMOTOPH TaBCHS ITUIAIM;

VcuMukiaap OWOTEXHOJIOTHSICM Y4YyH TeHjgap (aoJUIMrMHU YpraHumiaa
doitnananunagurad cuHTETUK RNA1 BeKTOp KOHCTPYKIUSUIApU SpaTUiITaH Ba Fy3a
OMOTEXHOJIOTUSACH]IA SIHTY JIMHUSIIAP OJIMHTaH.

TagKMKOT HATHKAJAPUHUHT HWIIOHYWIMJIMIM 3aMOHaBUl yCcyn Ba
CHIAIIYBIAp €pJaMHa TacAUKJIaHTraH. MabJyMOTIap Bapualusuiap Tax 1WA
(ANOVA), monexynsp Bapuanusumiap taxawin (AMOVA), Wilcoxon Ttaxiwmm
Xam/ia 3aMOHaBHM cekBeHC Taxjmin anroputMiapu (Sequencher, ClustalX, Mega
4.1, BLASTX), d¢unoreneruk taxaun ycyau (UPGMA, Mega 4.1, NJ), ren
koHBepcus Ba pekoMmOmHamuoH TecT (GeneConv, DNASP, RDP3, SiScan) Ba
anmammanm  gapaxacu (KaKs Owman  Juke-Cantor Ty3arumnuiapu; KoJOHTa
acoCllaHraH Z-TecTiap) TaxJIIM KaOu KJIACCHK CTaTHCTHK yCyJiaplaH
dolinanann0, KaiTa WIUIAHTaH, TaxJIW1 KWJIWHTaH Ba TacaukiaHrad. Fy3a
TeHOMHUIA “‘CHHOHMM™~ HYKJICOTHJIADUHU HWHIIap JaBOMHIA Yy3rapub Oopuiu
=Ks/2T ¢opmynacu epramuia XucoOmaHraH.

TagKUKOT HATHKAJTAPUHMHI WIMHH Ba aMajuid axaMUATH. TagKuUKOT
HATWO)KAJIIADUHUHT WIMHH axamMusiTh OUPUHYM MapTa MOJICKYJSp HBOJIIOIMUS Ba
CEJIEKTUB Kywiap, IIyHUHIJIEK JUIUIOWU]I Ba TETpaIIoOn Fy3a Typiapuja Wik 0op
Tabpudanran «reH amrumdukanusicny MIC-3 TeHnmapu IyIUIMKAlWsIIaHTaH
HYCXaJJApUHUHT CaKJIaHUO KOJIMIIW aHUKJIAHTaHJIUTH, «bait and switchy (mapnanu
XYpak) MOAENH OCTHAA YCUMIIMKHUHT XUMOSBUN (DAOIUsATH NaBOMUIA SIHTU T'eH
GyHKIMSIApUHU  103ara  KeJITHUPYBYM MEXAaHU3MJIADHUHT  TabpUIaHTaHIUTH
XaKUJIary STHTY OWJTUM Ba TyIIyHYaIap OWIIaH U30XJIaHAIH.

TaaKUKOT HaATHXKAJTapUHUHT aMalluil axaMUATH Fy3aja KacajuIMKKa HHUcOaTraH
IOKOpY YHJIAMITUIMKHA TAbMUHJIOBYH, HXKOOU CEleKIUsIap acoCH/Ia IIaK/UTaHTaH
MIC-3 rennapuaan onuHran SNP mapkepnapu Fy3aHUHT BUJIT Ba HeMarojaliapra
YuJaMIId HaBJIapuHU sipatuiiia 3amoHaBuii MAC nactypnapuaa KyJUTaHUAJIUIIH,
OyHIaH TamIkapu, ycumiukiap Ouotexnonorusicuga MIC-3 TeH mpoMOTOpUIaH
Xap KaHjai reH QyHKIUsJIApUHU FYy3a Ba 0OImIKa YCUMIUKIAPHUHT WIAU3 KUCMHTa
KaliTa WYHaAITUPUILJA, TPAHCTEH XOJATIAPHUHT XaB()CU3JIUTHUHU TabMUHJIAIIIA
camapanu GOoNTATAHWINIY, TeHIAp (AOUTUTHHYM YpraHWAa KYJUTaHWIaIATaH
cuaTeTuK RNA1 BEKTOp KOHCTPYKIMSUTAPUHU SPATHIITAHINTH OWJIaH N30XJIaHA M.
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TagKMKOT HATHKAJAPUHUHT KOPUIl KuaumHumu. MIC-3 kiactep rexiap
OWJIACMHM TaBCU()JIAI Ba MOJICKYJISIp IBOJIOIMACUHU YPTaHUII XaM/ia yIapHH Fy3a
OMOTEXHOJIOTUACH 1A KYJUTalll JOMPACK/Ia OJTMHTaH HaTHKallap acocHaa:

VCUMIIUK Xy)Kaupajapula Te€H JKCIPECCUSICUHU CYCAaUTUPYBUM KHYUK
uaTeppepentus 6epysun PHK (siRNA) ycymn yuyn Y36exucron Pecry6mukacu
WNHuTtennekryan MyiaK areHTUIMTMHUHT uxtupo nareHTiapu (12.01.2011, Ne TAP
04300; 02.06.2011, Ne TAP 04383; 23.05.2011, Ne TAP 04360; 23.05.2011, Ne IAP
04361) onuuran. UnmMuii TaAKMKOT HATHXKaJapy YCUMIIMKIIAp OMOTEXHOJIOTUICH 1A
rennap, okymiagad ~ MIC-3  rennapu  (AOUIMTMHU  aHUKJIAIL,  BEKTOP



KOHCTPYKIMsUIAp TpaHCHOpMAIUSCH OPKaIW SHTU JIMHUSIIAP OJHII WMKOHUHU
Oepras;

MIC-3 xnacrep rennmapu AKII kunuiok xyxamurn JlenapraMeHTH
ToMOHUAaH  Monusmamtupuiarad  Ne6064-21000-014-00-D  «Mapxkepnapra
aCOCJIaHTaH Ba aHbAaHABUM CeJEKIMs EpAaMHaa Fy3aHU TEHETUK SIXIIWIANl Ba
rersiapau  Gossypium HUHT 3K30THK Typjapd OpacuJaH TuOpuijamnDy JoHuxacu
noupacuga Qoitgananunran  (2013-2018  iit.) (AKII Kunwiok — xyxkamuru
nenapraMmeHTUHUHT 2016 itnn 26 cenraOpnaru mabiaymoTromacu). MIC-3 knactep
rerwsnapugad GoigaNaHral xoJjija Hemarojaajapra YuJamiid JIMHUSUIAPHU OJUII
Xamia FY3aHUHT TMaroreHjiapra 4YWJaMIJIMIUTHHU SHaJa OUIMPUIL HMKOHUSITH
SpaTUJITaH.

TaaKUKOT HATHKAJAPUHMHI anpodammsicu. TaakukoT HaTwkaizapu 13 ta
WIMHi-aMaIuil aHxyManiapza, xkymianad, «Conference of American Society of
Agronomy» (New York, 2006), «Ycummmknap MONEKYISp OHOIOTHSCHHUHT
non3ap6 myammonapu» (TomkeHT, 2008), «Fy3aHuHT 1yHE TeHETHK XHIIMa
XUJUIUTH acoCHil Ba aManuii oruxanap acocuaa» (Tomxkent, 2010), «buonorus —
Hayka XXI Bexa» (Ilymuno, 2010), « AkTyasibHbIe TPOOIEMBI Pa3BUTHS
ounooprannuecko xumum» (Tamxkent, 2010), «International Cotton Genome
Initiative conference» (Canberra, 2010), «5™"World cotton Research Conference»
(Mumbai, 2011), «International Cotton Genome Initiative (ICGI) conference»
(Brasilia, 2006; Raleigh, 2012), «International Cotton conference» (Bremen, 2014),
«I'eHeTHKa, FeHOMHKA Ba OMOTEXHOJIOTUSIHUHT 3aMOHAaBUI MyaMMOIapH»
(Tomkent, 2016) maB3ynapunaru pecnyOnrka Ba XajlKapo WIMHI-aMaIuii
KOH(pepeHIsIapa Mabpy3a KypuHuuaa 0a¢H 3TUJITaH XaM/Ja anpoodanusiaHn
YTKa3UJITraH.

TagKUKOT HATH:KAJAPUHUHT JbJOH KWIMHMIIMN. [[ucceprainus MaB3ycH
Gyitmua »xkaMu 28 Ta WIMHI MII YON OSTHITAH, WIyIapAaH Y30eKHCTOH
Pecny6nukacu Onuii ATTectanusi KOMUCCUSICUHUHT JTOKTOPIIUK JUCCEepTalUsIapu
acoOCH{ MJIMHUNA HAaTWKAJAPUHU YOIl ATUII TABCHUS ATUITaH WiMui Hampaapaa 10 ta
MakoJja, JKyMmJIaJaH, 5 Tacu peclyOiuKa Ba 5 TacH XOPWKUU KypHAJLJIap/a Halp
TWITAH XaMmJla TaIKUKOTAa KYJUIaHWIraH ycyiiap Ounan O0fuK 4 Ta pecmyOnuka
MaTeHTH OJMHTaH.

JluccepTallUsIHUHT TY3WIHINKA Ba Xakmu. J[uccepranus TapkuOu KUPUII,
oemra 000, Xynoca, ¢oHganaHuiraH amabueTiap pyHUxard Ba uJOBajIapiaH
noopar. JluccepranussHuHT XakMu 171 OeTHU TAITKUI ATaaH.
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JTACCEPTAIIUSAHUHI ACOCUI MA3ZMYHHU

Kupum  kucMuga — amManra — OWIMPWITAH — WIMHUU-TaAKUKOTIAPHUHT
N073apOiIuru Ba 3apypard acocCiiaHraH, TaJAKUKOTHHHI Makcaau Ba Basudanapw,
O0OBEKT Ba mMpeAMeTaapu TaBcUGUIaHTaH, pecmyOnuka (QaH Ba TEXHOJOTHIApU
PUBOXJIAHUIIMHUAHT  yCTYBOp ~ WYHAJIMIIIApUra  MOCIMIM  KypCaTWIraH,
TaAKUKOTHUHT WIMHN SIHTUINTY Ba aMauil HaTWxkanapu OacH KWIMHTaH, OJIMHTaH



HATIDKAJIAPDHUHT WJIMHA Ba aMaliuii axaMusITH O4YuO OepuiraH, TaJKUKOT
HaTIDKAJIApUHU  amMalueTra TarOMK OTUII XamJa Hallp STWIraH uIUlap Ba
JUccepTalus Ty3WINIIN OYilnda MabJIyMOTIIap KeITHPHUIITaH.

JuccepTaiustHUHT «HugaMiauk reHJiapm Ba YHIAMJIHKJIAP
FeHOMMKACHHUHT IOTYKJapw» 1e0 HoMJaHTaH OupuHuyu 600uaa ry3a Oyitmda
0JIM0 OOpMIIraH MOJIEKYIISIP-TEHETUK TAKUKOTIAP KEJITUPUO YTUIITaH.

Veummukiiapaa ungaMiIMK TeHIApUHUHT TaBCU(H, MONEKYISP-3BOIIONMICH
Ba YCHMJHMKJIAp OWOTEXHONOTHUACHIA KYJIJIAHWIWIIN XaKUJard MabIyMOTIap,
ymly HyHaauIIgard acocuii MyammoJsap Ba yJAapHHU Xajl 3TULIIArd UMKOHUATIAP
caHab yTuiras.

Jucceprauusuuar  «Fy3aHUHr  KjaacTep TeHJApPUHM  YPraHUUIAArd
Marepuaj, IIAPOUT Ba ycayOaap» 1e0 HOMIIAaHTaH MKKMHYA  000M
TaJKUKOTIapaa GoinanaHmIral ycyiapra OaruiiaHaim.

bynna Vcumnuk wMarepuaminapu Ba (Qoitgananunran  pearentiap, JHK
axparum ycymwiapu, kionnam, JHK kerma-xernuknapuHud ykuin (CEKBEHC) Ba
yJapHM  3aMOHABUM  CTaTHCTHKa  ycy/ulapu  epAamMuaa  (PUIOreHeTHKa,
TamioTUIIAII, TE€H KOHBEPUMSCH, PEKOMOMHAIMS Ba MOJCKYISP 3BOIOIUS
acocupa onub OOpwiIraH TaxJui HaTWKalapu Oyimda Oaradcun MabIyMOT
KEJITUPUJITaH.

HMucceprauussHUHr «Gossypium TypuHUHT MIC-3 reHnapuau taBcuguann
Ba XpoMocoMa Oyiinua koijamyBu» 1e0 HomIaHTaH yuyuHuu 606una MIC-3 ren
OWJIACHHUHT >KOMIIaIran YpHHU, CTPYKTYpacu Ba TapKuOU YpraHuano, KIOHIaHTaH,
CEKBEHC KWIMHIaH, XaMJla aJuIoTEeTparyion Ba AUIUIOWJ Fy3a TeHOMJIapujia
TaBCU(DIaHTaH.

TaakukoTnap KyWuaaru HaTWKajlapHU Y3 HUHUra OJajIu:

MIC-3 renmn yuyH 15 Ta ry3a reHorunuHuHT Xap Oupunan [I13P ¢pmammma
OJIMHTaH TaxMuHaH 150 Ta MHAUMBHAYal KJIOHJAP MHCEPIUSCH CEKBEHC KUJIUHIU.
Gossypium typunuar MIC-3 rean amriuiukoniapu 653-713 H.k. opanuruaa 0Yiuo,
Oapua ajuIoTETpaIIon ] FTeHOTUILIapuIa aMITuKoHaap 653-706 u.x., G. herbaceum
typuna 703-713 u.x., G. raimondii Typuna 653-691 H.x. Ba
G. longicalyx Typuna 706 H.K. y3yHIMKIApHU Talkwi Kwirad (1->xkansan). bapua
yprauunrad Gossypium typiaapu yuyH kymiad [IHK kerma-keTnukimapuHUHT
Vy3apo kuecuit Taxjuiapu acocuaa MIC-3 reHUHMHT 721 H.OK. y3yHJIUTHIArd
TYJIUK KOHCEHCYC KE€TMAa-KETIUTU Ty3uingu. Gossypium typunaru MIC-3 TeHUHUHT
MHTPOH Ba 3K30H KucMiiapu MIC-3 reHHHUHT HyKJIEOTH]l Ba OKCHJI KETMa
KeTJIMKJIApH acocujia anHoTarus KuinHau (Zhang Ba 6omik., 2002).
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1-:xaaBana
Gossypium typuaaru MIC-3 reH oMJIaCMHUHI TaBCU(DH

I'emorun Arp3011 AMIIIIMKOH Nucepuus-nenenusim Ymymuit
ap Y3YHJIMKJIapU y3rapuiuiap SNP nap




COHU BapUALUSICH 5k30H | | uaTtpon | 3' UTR
Gh TMI 10 653 (D,) 9 - 15,29 16 (Ay),
706 (A, D) - - - 21 (Dy
Gh_Sisoline 11 653 (D,) 9 - 15,29 16 (Ay),
706 (AuDy) - - - 21 (Dy
Gh_ST213 11 653 (D,) 9 - 15,29 16 (A,
706 (AuDy) - i - 22 (Dy
Gh M8 12 697 (D,) 9 - 17 (Ay),
706 (AuDy) - i 20 (Dy
Gh_REDM 13 653 (D,) 9 - 15,29 17 (A,
706 (A,D,) - - - 21 (Dy
Gh_Golib 16 653 (D,) 9 - 15,29 21 (A,
682 (D,) 9 - 15 22 (DY
706 (A,D,) - - )
Gh_Clevewilt 13 653 (D)) 9 - 15,29 17 (A,
706 (AuDy) - i - 21 (Dy
Gh_M240 9 653 (D,) 9 - 15,29 16 (A,
706 (A,D,) - - - 21 (Dy
Gh_M315 15 653 (D,) 9 - 15,29 18 (Ay),
697 (D,) 9 - - 27 (Dy
706 (A,D,) - - )
Gb_3-79 11 653 (D,) 9 - 15,29 11 (A,
682 (D) 9 - 15 29 (D
706 (AuDy) ) i
G. tomentosum 9 653 (D) 9 - 15,29 10 (Ay),
706 (A, D)) - - - 24 (Dy
G. mustelinum 15 653 (D,) 9 - 15,29 12 (Ay),
668 (A,) 9% - 29 28 (D)
682 (D) 9 - 15
706 (A,, D)) ) ) )
G. herbaceum 9 703 - 12 6 19 (A)
707 - 8 6
709 - 6 6
713 - 8 -
G. raimondii 4 651 9 - 31 33 (D)
653 9 - 29

691




G. longicalyx 11 706 - - - 14 (F)

*IbpTHOOP OepuHr: G. mustelinum MIC-3 TeHUHUHT CTIEHU(PHUK AMITUKOHU A -T€HOMHHHT
OMpPHHYM DSK30HMZArM 9 H.OK. y3yHIMKIArM UHIENIM Tpuiulerra sra Oynu0, y Oormka
TeHOTHUIUIap/a Ky3aTwiaral Di-reHoMu yuyH crienuduk OyiaraH nHaeuiapra HucObaTaH I0Kopuiaa
woinamran; Gh — G. hirsutum; Gb — G. barbadense.

Tankuxkornapna ©Oapua Gossypium TyplapuaaH KyIuia0 TE€HOM KeTMa
KETJIUKJIAPUHUHT y3ap0 KUECUW TaxJWjiapura kKypa kywuparunap, seau MIC-3
reHuHAHT oKcwl komramanaurad 5’ UTR pernonuaa 11 H.K. y3yHIArura, ukku
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OKCHJI KojyioBud peruonyapuga 221-230 uH.okx. (3k30H 1) Ba 193 H.K. (9K30H 2),
STOHA OKCWJI KOJJIaMalliInraH WHTPOH peruoHuna 65-77 H.OK. Ba  OKCHI
xkomamaiiauran 3’ UTR permonnma 151-195 H.ox. y3yHnurura MmyBo(puK KelraHU
aHUKJIAHH.

Wupuk wuncepuus-menenust (indel) y3rapummiapu Tydaitiy Bapuarusiap
comup Oynran, Oynap ypranwiaraH fy3a reHotunumard MIC-3 T€H OWJIACUHUHT
0ab3u ab3onapuaa KysarwiraH. Macanan, G. herbaceum typunan (A-reHOM)
TallKapy YpraHwiran Oapya ¥y3a T€OTUIUIAPUHUHT OMPUHYM 3K30HUAA D reHomu
YUyH crieuuuk 9 H.K. y3yHIUTHAArd UHIET MaBXyIJTUTH aHUKIaHIH.
Axamusmiucu  1yku, G. mustelinum  At-reHoMHra Xoc OViraH KoJOH
TPUILIETIAPUHU FOKOPH HyHanumuaa (upstream) CUIDKUTYBYM 9 H.K. Y3YHJIMKIaru
uHaen tomwiau (1-xaasan).

[Mynunraek, G. hirsutum M8 nuHHsSAaH Tamkapu Oapya ajioTeTparuIon]
aBnomapuHudr 3’UTR pernonuga 15 H.ok. Ba 29 H.OK. y3yHIUTUAaH HOOpAT UKKU
WVMPUK WHIET MaBKyMJIWTW aHUKIAaHIA. byHma 29 H.OK. y3yHIWTMOAard HMHAEN
(cTpyKTypa Ba MKOWIAIIMIIK AaHUKJIAHTAH) aJUIOTETPAIIONIJIAPHUHT TaXMUHUM
D-renom axnonu xucobnanran G. raimondii Typura XaMm TeTHOUIMAMP. 15 H.K.
Y3YHJIUTHAAH HMOopar uHAeIap HOoeO OYnuO, ymap ¢akarrhuHa ajioTeTParuIon;]
TEeHOTUIIApUAA AHUKJIAHIA, aMMO YJap JAWIUIOUUIAPHUHT TaXMUHUN aXXI0IU
xucobnanran A Ba D renommapaa mymiako yupamanau. Fyzanunr AD renomunaru
(1-xanBan) MIC-3 ammukonnapuHuHr 3’UTR permonupa yupaiiauran uHIEN
HaMyHadapu Yypranwnu6O, 15 HoKx. Ba 29 HOK.  Y3YHIMKIArd UWHIEN
KOMOWHaNmsuTapuaaH noopar ssHaga Mypakkad amrumukonnapu G. mustelinum (3 ta
Typau turapu), G. barbadense Pima 3-79 nunusacu (ukku tunga) Ba G. hirsutum
TypkuMuHUHT Fonmu0® HaBnapuaa (MKKA TUIM) aHUKIaHIU. YOy >kapacHna G.
barbadense Pima 3-79 nunuscu Ba G. hirsutum TypkyMuHuHT Fonub HaBnapuaaru
MIC-3 unnen HamyHajapu (akar 15 H.OK. y3yHJIMKIArd aMIUIMKOH —HWHIEIJIapu
yxmam O0ynmub, Oy G. barbadense Ba Yomu® wHaBu Ypracumaru ¥3apo
JyparaiiaHuil coaup OynrannurugaH naigonar Oepanu. bomka tomonnman, G.
hirsutum TypuHUHT M8 nuHMsAcH Oapua TeH KJIOHUJAaH Xap KaHmail MIC-3 ren
ap3ocuHUHT 3’UTR peruonuaa 15 H.ok. €ku 29 H.OK.Y3YHIUKIArd HWHJIEIAp
tonuiaMaau. M8 nunuscuaan ¢akarruna 12 ta MIC-3 reH ab3oiapy aHUKJIAHTaH.



Wubben Ba 6omk. (2008) ToMoHugaH onu® OOpwWIIraH W3JIAHMILIAPAA FY3aHUHT
aitHan M8 reHotunugaru 15 Ta Typau T'eH ab30oyiapu TYFpucuaa O0acH ITHITAH.
bynura Ousnunr II3P ¢pmamupa amanra omupuwiIradl KJIOHJAIl TaxpuoOanapuaa
6ab3u MIC-3 reHu ab30JIApUHUHT aMIUTA(DHUKaAIUsTIaHMal KoJraHu cabad oyumm
MYMKHH.

Odunorpammana rewinapHuHr 169 Tta aw3omapu 17 ta Typnu cyOowmnanapra
axpartwirannuru kypcarungu (l-pacm). G. hirsutum renotunuaaru 110 ta ren
ap3osapu 12 Ta cyObomnanapra axparuian, oynapaan 1-9 rada 6ynran cyOowianap
Arenomra, 10-12 raua Oynranm »o3ca D,reHomra xoc Oyaran. 13- Ba
14-cy6omnanap G. herbaceum, 15- cyoouna G. longicalyx, 16- Ba 17- cybounanap
G. raimondii MIC-3 TeHW oujgacu y4YyH XoC Oynaraniauru aHukiaanau. G.
mustelinum MIC-3 renuHUHT Oupruna ab3ocu (MIC-3_14) nan tamkapu O0apua
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1-pacm. Gossypium typkymuHuHr 86 ta typau MIC-3 rennapu acocujaa
TY3WITaH «SIKUH KYIIHUWIAPDHUHT OUPJIALIYBH» YCYJIUAATH 3TPH (PUIIOTEHETHK
LIAKAPACH:
Byrcrpen kuiimatnapu (>50%) KypcaTuiras.
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ajioTeTparyion reH ab3onapu G. hirsutum 12-ounacura xuputwiaun (1-pacm).
bupok, MIC-3 14 A-renompaa tonwiran 13-cyOowmnara kuputungn. AD reHoMiu
FY3aJapHUHT TaXMUHUIN axaoyiapu xucoonanran G. herbaceum (A-renom) Ba G.
raimondii (D-renom) UKKU Typiu cyOomara sra Oynrad. bab3u Typiap ydyH Xoc
OynraH CyOOWIAIApHUHT MAaBXYIJIMTH XaM Ky3arwind. Macanan, 1-cyOouna
KacaJTMKKa YHUJaMCU3 W30NMHUsUIap XucoOmanran (S-m3omubus) ST213 Ba
Clevewilt Ounan Oupramukaa daxkarruna G. hirsutum Typujga aHUKIAHTH,
8-cyoouna 3ca M315-nmuausiaunr, xamaa 11-cybouna M8 Ba M315 ypra tonanu
Fy3a JIMHUSUTAPUHUHT HYKJI€OTH/] KEeTMa-KEeTIIMTMaH NOOpaT 3KaHINIY Ky3aTUJIAH.

Terpamtonn ry3aga MIC-3 TeHIApUHUHT TAIUIOTUILUIAPUHU aHUKJIAIL YYyH
G.hirsutum acocuna ty3wiran MIC-3 reHTapuHUHT «KYITHAJAPHUHT OUPIIAITyBI»
(Neigbour Joining) punorpammacunan dongananmiau. Yynku Oy Typ JTuHUsIIapAa
TYpAu TYPYXJapHUHI KEHI KaMpoOBIW Bakwuiapu MaBxkyd. G. hirsutum (AD)
rarloOTUIUIApU TAaXMUHUKW UWKKH vupuk — 1) Ay-resom Ba 2) D,-reHom
rarioTUIUIApU  TypyXHra axpartwiad. by rypyxjam JIuIUion Fy3aJlapHUHT
TaxMUHUN axaoaiapu Oynran G. herbaceum Ba G. raimondii KiacTepu3aiuscura
acocan amanira ommmpunau. G. herbaceum Ba G. raimondii KOHCEHCYC KeTMa
KeTIMKJIapUJIaH TaruioTUIUIap KajBaiuaa pedepeHc KeTMma-KeTiauk cudaruaa
dbonananunau  (nuccepramusira kKapaur). G.  hirsutum  MIC-3  reHnapu
cyOowmanmapuHUHT  Kiaccupukanmsicura (IOKopuaa KEeJITUPWITaH) MYBO(DUK
paBUIlIa HATWXKaIap WIyHW Kypcarnuku, G. hirsutum TYpKYMUHUHT A,-T€HOMHUJA
V¥praua 3,5 ayen €ku rarmiotun/nokyc oynran 9 ta, D-reHomuna sca yprada 3,3
TaxXMUHUWA ajuieNl €KUM TaluIOTHI/IOKyc Oynran 3 Ta TaxMUHUN JIOKyclapaaH
(rariotdn  TypyxJjap) HOOparTiurd aHUKJIaHId. TaxMUHUNA JIOKyclapaaru
rarioTUIUIAp €KUM TaXMHHHWI aJlJIeJUIapHUHT COHM A-reHomja 2 naH 6 rada Ba
Dt-renomaa 4 nan 6 raua Oynrannuru anukiaanau. Terpamioun MIC-3 reH keTMa

KEeTIUKIApUHUHT A,-reHoMuaa 25 ta SNP Ba D,-renomunia 26 Ta SNP napnan
TaIlIKUJI Tonranaury, yaapauar 113 (A, D), 162 (D) Ba 568 (D) xxolnamryBiapuaas
Talrkapy Oapyacu Ouaiesn SKaHIUTd MabiIyM Oy Iy,

Xap oup SNP yuyH HYKJI€OTH] KYPTIMTHHUHT YpTaya MUKIOpU A,-TeHOMIa
182,6 u.ox Ba Di-renomaa 108,8 H.ok. y3ynnurura teHr. TM-1 (G. hirsutum yayn
cranaapt nunug) Ba Pima 3-79 (G. barbadense ydyH Kyl TarjioWyid CTaHAAPT
auHUsA) Fy3a nunusanapuaa MIC-3 reHnapuHUHT aaoxXuaa GUIoreHeTUuKacu
(1-pacM) Ba ynmapHUHT CEKBEHC TaxJIMJUIapura acociaHuO, ymoly WKKHU Fy3a Typu
ypracuna noauMoppuaMiIapHu aHukiamaa myxum oynran GSP (renom crnienuduk
npaliMepiapu) Mapkepiaapu au3aiH KuiuHad. KelnHuanuk ymlOy KaHIuJaaT TeH
Mapkepjapu Jejienus TaxXJIWIM Y4YyH HODaTwigd. by 3ca MOHOCOMUK,
MoHotenoaucomuk, CS-B Ba NTN rubpupiapau y3 wW4ura ojiraH IUTOTEHETHK
KOJUICKUUSIHM CKPUHUHT KWJIMII opkanu amanra ommpunau (Stelly Ba Oomik.,
2005; Goutirez Ba 6omk., 2009). Xap wuKkajna oTa-OHa Typjapu YypTacuiaru
nonuMopdusmiap aespiu O6apua F, nyparaitmapna mamoen 6ynau. bupok, TM-1
Fy3a JUHUSICU A-TeHOMHJIAaH axparu® onuHraH MIC-3 TeHmapuHUHT 8 Ta Typiu



ab3onapugan 7 tacura xoc Oynran Oapua 8 Ta GSP amnennapu 4-xpomocoma (H04
MOHOCOMHMK) €KkM YHHMHI kanta enkacu (Te04Lo monorenomucomuk) OVitmya
MOHOCOMHUK Oynran runoaneymwiona F, ycummuknapna (G. hirsutum) yapamaim.
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2-pacm. G. hirsutum (TM-1), G. barbadense (Pima 3-79) Ba AD renomJin
FY3aJIADHUHT UKKHA TAXMUHUN JUIVION] a:xknoaaapuHunr MIC-3 rennapu
aCOCH/IA TY3WITaH «SAIKHH KYIIHUJIAPHUHT OMPJIAIIyBW» YCYJUAATH ITPH

(uiioreHeTHK HIAKAPACH:
[ox y3yunukmiapu, Oyrcrpen Kuiimariapu (>50%), XxpoMocomaia KoIairyBy Ba TCHOMHUHT
KeJINO YUKHUIIN KYpCaTHIITaH, COIATAM THPUII MaKCaUIa yaap paHmiap OWiaH aKpaTHIITaH.

[lyHunraex, ymoy MapKepJIapHUHT Oapuacu 4-xpomocomacu
anmawrtupuwiran  CS-B04 nuuuana xam G. hirsutum MIC-3  annennapyuHUHT
nykmuruan kypcarnu. bymapaan dapkiu paBumina, 6apua 8 ta GSP nmokycnapu
Oomka Oup HEYTa XPOMOCOMACH AMAIITUPWIITAH JTUHUSUTAP Ba 4-XpOMOCOMAHHHT
y3yH enkacu UYK (Hykcomnw) MoHotenmomucomuk F, Vcummukma (TeO4sh)



reTepo3urora Xonaraa OyaraHiur aHUKJIaHu.
Tymnanran Hatwxanap TM-1 juHudacuaumar 8 Ta  Ai-renom MIC-3

ap3osapugad 7 Tacu 4-XpOMOCOMAaHMHI KaJiTa €JIKACUIA >KOMJIAIUTaHIUTHHU
Kkypcatuo, ry3a renomuga MIC-3 reHaapuHUHT KJIACTEPIIH JKOMIalyBUaH
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nanonatr Oepaau (2-pacm). I'apuu, TM-1 Ba Pima 3-79 nunusuiapu ypracuaaru
D,-rerom MIC-3 ramnotunra xoc Oynran typiau GSP mapkepmapu aHWKIaHTaH
Oyncaga, ynap Jenenus TaxJIWUIapd, XamJa XpoMOCOMall —JIOKaJIM3alus
Taxpubanapuaa nmomumopd 3maciauruau kypcarau. 3-79 MIC-3 aw3omapuma y3apo
Oup-OMPHUHY KOIIJIOBUM CAUTIIADHUHT MaBXYIJIUTH, IMTOTCHETHK JnHUsUTapaa GSP
nonuMopdusMmiIapau  gapkiamHu - KuduHnamTupad.  Ammo, G. mustelinum
munusicu MIC-3 ab3omapuHuHT 0atadcui CeKBEHC TaxJusuiapu UKku typaaru GSP
npaiimepnapuan  (TM-1 Ba Pima 3-79 §ypracuma mnonudopmuk Oynmaran)
TY3UIIUMU3 Y4YyH ¢€paam Oepau. VYmly mpaiimepnap jgenenus TaxJIdiuaa
TeHOTHUNTa XOC OynraH aymeuiapHu aHukjaoBun O0ynub, TM-1 Ba G. mustelinum
MIC-3 ten ab3onmapu ypracuaa moiaumopdusmra sra. YdiamMud MOHOCOMHK F,
typaapapo NTN 12-19 Ba NTN 10-19 rubpugnapuna TM-1 amnenu Typnuua
erummMarad. Ymoy TM-1 amnenn SNP mapkepura xoc, ammo G. mustelinum
amtenura Moc 3mac. NTN 12-19 sBa NTN 10-19 ycumnuknapuna TM-1 nunusicura
xoc Oynaran 12- Ba 19- xamma 10- Ba 19-xpoMocoMajapHUHT y3yH €KW KalTa
eJIKajJapu HYKCOHJIM OYnu0, yiaapaa yuioy XpoMOCOMaJIapHUHT TeTUIIUIN KUCMIIApH
MaBxyq smac. bynap Oupranukna, TM-1 nunuscu Di-renom MIC-3 ab3onapunan
oupuaunar (MIC 3 10) 19-xpomocoManaru yerapacuHu aHukiiad Oepamu. bupok,
10- Ba 12-xpomocoManapu HYKCOHJIM OYyJIraH OWPHHYMA aBioJ  TypJiapapo
MoHocomuk nayparaiiapu (H10 Ba H12) cornom F, myparait kabu GSP MIC-3
mapkepiaapuHuar TM-1 Ba G. mustelinum annenapura s3ra OYJIraHJIWTA
AHUKJIAH]H.

Harwxanap  Di-renompnan  omunran  MIC-3  rteHu  ab3ocu  ymilOy
XpoMocoMalniapga sMmac, Oanku 19-xpomocomana >KOMIAIITaHIUTUHU KYpCaT/u.
[Iynunraek, sHa Owp Katop OOImKa XpoMocoMaliapy Oyiimda HYKCOHJIM OyiraH
runo-aneymions; F, Vcumnukimapu xam cornom F, nyparaii kabu SNP
MapkepiaapuHuar TM-1 Ba 3-79 nuHusnapuman yTraH aijeuiapura ara
Oynrannuru Mabiaym 0ynmu. G. hirsutum ¥y3a Typuaa xo3upda 19-xpoMocomMaHUHT
nacTaabku MOHOCOMUK JIMHHSICH WYKIUTH Oouc HaTmwkanap ymoy D-renom MIC-3
ab30CUHUHT G. hirsutum ¥y3a Typu 19-xpomocomacuga >KOWJAIITAHIUTUHU aHUK
OWJIHII UMKOHUHU Oepmaiiau.

MIC-3 TeHnmapw OSKCHPECCUSICHHUHT TaxXJIWJUIApU BIJIT TaTOTEHW OWJaH
3apapiiaHraH Ba 3apapiiaHMaral Oup KaHya Fy3a TeHOTUIUIapuaa oiub Oopuiiiu.
bynna MIC-3 rennapu Fusarium Ba Verticillium Ounan 3apapnaHraH TYKuMajaapaa
IOKOpH J1apakajia OBEPIKCIPECCUSIIAaHTaHN aHUKJIaHAu. OBepaIKCIpeccus YugamMiIn
TEHOTHUIUIapia Ce3WIapiu Japaxaaa IOKOpH OyiraHu aHuKIaHAW. YOy
MabyMoTinap MIC-3 rennapuHuHT HadakaT WIAW3a MU XOCHI KWTYBYH (Tajul
Hemaronacu) (RKN) Hemarona kacamnuruaa, 6ajdku KacayuTMKKa aloKaaop OyiaraH



okcusl (PR-protein) kabu Fy3aHMHT BUJIT KacaJUIUTH Ba OOINKa KacaJlTUKIIapJaH
XUMOSUTAHUIIINIAa MYXUM POJIb YIHAIIN KYpcaTuo OepuiiIu.

HucceprauussHuHr  «Gossypium typaapuga MIC-3 TeH OWJIACMHUHT
MOJIEKYJISIP 3BOJIONUsICH» 1e0 HOMJIaHTaH TYpTHUHUM 600uaa 15 Terpariouns Ba
JTUIUIOW Fy3a TEHOTUIUIApUAa HYKICOTH] ajlMalluHyBu Te3nuru Ba MIC-3
MYJABTUT€H OWJIACHHUHI MOJEKYJSp DSBOJIOLMICHM HaMyHaJlapu TYFpUCHIA
MabJIyMOT O€pHIIraH.
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TankukoTap Kynuaaru HaTUKaJIApPHU Y3 UUNUTa OJIAU:

bapua 169 Ta MIC-3 ren ap3onapunuHr uHTpoH Ba UTR cexBeHc
pervoHnapuHu o0 TalUlaHWIK Hartwkacuga MIC-3 TeH ab3ojapu  y4yH
xapakrepnu Oynran Ba ynapau komioBunm 131 ta JJHK cexBencu 15 Ta ¥y3a
TeHOTUIUIapUJIaH TONMWIAM, XaMmJa yjap KeMMHYaJUK TaXMUHUWA OKCUJ KOAJIOBYM
k/IHK cekBencnapu anoxuaa 56 ta rypyxjapra axpatwiad. Yoy komiopun JIHK
KkeTMa-keTiukiIapu kyn 6opa ClustalX mactypu epaamuna 423 H.OK. y3yHJIUTUra
MyBadpakuaTin TeHmmamTupwiau, Oy gactyp MIC-3 TeHnapuHUHT  OyTyH
KOJYIOBYM PETHMOHJIAPWHU, 11y >XKymiaaaH OupuHuM (231 H.k.) Ba ukkuHuM (192
H.K.) DK30HJapHU Kampab omaagu. by 56 Ta y3ura xoc taxmunuii kJIHK
KeTMa-KeTIHKIapu, Oapua 15 Fy3a TeHOTMIUIapuaa HazapAa TyTwiraH 29 xu
MaxCyC OKCWJI KeTMa-KEeTJIUKIAPUHU XOCWUJ KWIAH. YMyMmui onrauga, Gossypium
TYPKyMUHUHI TaxMUHUU MIC-3 OKCHJI KETMa-KEeTIMKIApJArd aMUHOKHCIIOTaJIap
dapku 141 amunokucnora nozunusuiapuaat (30%) 42 no3uuusicua aHUKIaHIH.

A{-TEHOMJIaH OJIMHTaH OKCWJI TypyxJjapura HucOaran D-reHoMJaH oJWHraH
taxmuaud MIC-3 okcwiapuaa Kymiaad aMMHOKHCIIOTa Y3rapuIluiapu pyil Oepras.
AmuHOKucIoTaMap y3rapumu TaxMuHuii MIC-3 okcuiimapuHuHT A- Ba F-renom
rypyxjapujia HucOaTaH KaMpoK Ky3artuiraH. byHnman dapkiu ymapok, sHT Kyn
COHJIM aMUHOKHUCJO0Ta y3rapunuiapu Ds- renomiin MIC-3 rennapuHuHr Oapua 4
TaXMUHUNA OKCUIUTApUJIA Ky3aTUIIAH.

[llynunraex, MIC-3 TeHIapu OWIACHHUHI MOJEKYJSAP  SBOJIOLUACH
Gossypium TEHOTHIUIApUHUHT 15 Ta TeTpamion] Ba [AWUIUIOWJ BapUaLHSICUTa
acocianu® ypranungu, Oymap Oupranukna (UIOTEHETHK >KUXATAaH TYPJIH €TTH
reHoOMJIapHM uQojaiaiiii Ba ynapAaH KYyIuHYa DSBOJIONMOH TaJAKUKOTIapAa
dboinananunagu. Cunonum (dg) Ba HocuHOoHUM (dy)  HykiIeoTuajap
aJIMAIIMHYBUHUHT Te3auru MIC-3 TeHJapUHUHT Xap UKKUHYMU SK30HU HKOOMI
TaHJIOB OOCHMMH OCTHAAQ SKAHJIUTMHA TaxXMHH KWIHIITa WMKOH Oepamau, Oy
BaKTHUHT Yy3uja QYHKIUAJIAPHU CaKjall Y4yH OMPUHYN SK30H KYUJU WU3OJSIUOH
TaHJIoOB OocuMu octuga Oynmamu (2-kamgsan). Hykieotuap amMammHyBU
ko3 duneHTIapura acocianub, Ou3 KyWujaard Xyjgocara KeJIJIuK, SbHU Kydd
M30JISIIUOH TAHJIOB OcTHIAa 1-Ba 2-3K30HAA AuBEpreHT TannoBaa MIC-3 reHnapu
«TYFWIMII Ba YIMM» JKapacHW epJaMHa 3BOJIONUAra yudpauau (2-xaasan).
OnuHran HaTwXamapra kypa, «reH amiUuukanuscu» wmexanusmu MIC-3
TCHJIADUHUHT WMKKHM XHUCca opTraH Oapua Hycxanapunu Gossypium reHomiapuaa
cakJjam y4yH epaam Oepaau, Oy ¥3 HaBOaruaa R-reH SBONIONMSICHHUHAT «IIapHaTu
VIKa» MoJienra ailHaH MyTaHO CUOIHD.



Masbnymotnap MIC-3 TEHIApUHUHT AYIUIMKAIUACU TYpJM Te3JUKiIapaa
coaup OYNraHuHM Kypcaraau, ajuloTeTparuioujiapiaa ~l1 MuwuiMoH wuiga Oup
maptra, A/F reHom tyminamuga ~2 MWUIMOH Huiga Oup mapra Ba D reHom
TyIuIaMuaa ~8 MIITHOH wina oup maprta (3-pacm). MIC-3 rennapu ousiacuaaru
y3rapunmap (GyHKIUOHAT TYpFYHIUKHHU (1-5K30HIA M3OJIAIMOH TAHJIOB OPKAJIN)
OIIUPHUII MaKCaauaa TYCKU HBOJIIOIMOH TAHJIOBHU aKC ITTHpAIH, 11y OuiiaH Oup
BaKT/a TypJid 3apapKyHaHJla Ba IMaroreHsjapra >kaBo0 OepuIll MaKcaauJIard siHrU
«y3rapTupyBun» (2-3K30HJAa [UMBEPreHT TAHJIOB OpPKajid) HIUIAHMAJIAp YYYyH
UMKOHUSITJIApHU KeHranTupaau. byHaai 3BOIOIMOH poJuiap TUnore3ara MyBo(puK
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2-KaaBaJ
Fyzanunr MIC-3 red onjiacu y4yH HyKJI€OTH aJIMAIIMHYBUHUHT TeHOTHII
HYHMIATH VPTadya KYPCATKHYJIAPH

I'enorumiiap I'enom A, D, Ymymmii*

dy | dg |dyidg | dy [ dg | dyidg | dy | ds | dyidg

Gh_TM-1 [AD], [ 0.80 | 2.19] 0.37 | 4.19 433 097 [1.85]2.57| 0.72
Gh_Sisoline [AD], 10.69]1.94| 036 |[4.19|433| 097 | 1.56 | 2.34 | 0.66
Gh_M315 [AD], 1 0.67 | 1.89| 0.35 [ 2.86|3.49| 0.82 | 1.57 [ 2.38 [ 0.66
Gh M8 [AD], 1 0.78 1 1.94| 0.40 [ 3.53|3.23| 1.09 | 1.36 | 2.14 | 0.64
Gh_Clevewilt [AD], [0.80 | 1.89 | 0.42 | 2.79 286 098 [1.612.16]| 0.74
Gh_Golib [AD], |1 0.66|2.24| 0.30 [4.19|433| 097 | 1.50 [ 2.55 0.59
Gh_M240 [AD], 10.76 | 2.09 | 0.36 | 4.19 433 097 [ 1.67|246| 0.68
Gh _ST213 [AD], | 0.58 | 2.04| 0.28 | 4.19|4.33| 097 [ 137|248 | 0.55
Gh_REDM [AD], [ 097 [ 1.97 | 0.49 | 4.04|3.74 | 1.08 [ 1.51 [ 2.37 | 0.64
Gb_Pima 3-79 [AD], | 0.31 ]| 1.04 | 0.30 | 2.84 276 | 1.03 [ 1.90 [ 1.87 | 1.02
G. mustelinum [AD], 10391 0.79| 049 (230|211 | 1.09 | 1.73 | 1.34 | 1.29
G. tomentosum [AD]; |1 0.49]0.83| 0.60 [ 290|284 | 1.02 | 1.78 [ 1.62 | 1.10
G. herbaceum A - - - - - - 0431041 ]| 1.05
G. raimondii D; - - - - - - 370 2.83 | 1.31
G. longicalyx F - - - - - - 0.35]2.37| 0.15
XammMma G. hirsutum [AD], |12.06]0.61| 0.30 |2.79237] 0.85 [ 1.32 239 0.55
Xamma Gossypium Typiapu - 1.90 ] 0.58 | 031 | 2.57(220| 0.86 | 1.80 [ 2.58 | 0.70




Acaarma: Gh — G.hirsutum; Gb — G.barbadense; Sisoline — yngaMcu3 u30nuHUS; * YMyMuid A,
Ba D, komOuHammsicu; dy — CHHOHUM HYKJICOTHIUIAp alMallMHyBH Te3NMuru; dy — HOCHMHOHUM
HYKJICOTHUIap AJIMAaIIMHyBH Te3NMUrH; dy:ds — HOCHHOHMM aJIMaIMHYBHUHI CHHOHHUM aJMAaIliHYBH
Kypcarknuura OynraH HHCOATH, NKKA KETMa-KETIMKHUHT OMp-OMpUIaH akpanuiuaaH Oomniad, seHA
Oy taxmuHaH dy:dg Owian Oapo0ap, HOCHHOHUM aJMAIIMHYBJIIAPHUHI CHHOHUM aJIMAlllMHYBJIApra
Oynran connap HucOary; KaiuwH Xapduapna 1 xypcarunranra HucOaran dy:dg KuiiMaTiapu IOKOPHPOK;
dy Ba dg kuiiMaTnapu 100x Ta KynaidTupuiaras.

XUCcOOMaHaau, sSbHU YOy HOEO YMAaMIWIMK TEHJIapyd OWJIAcu ab30Japu
TOMOHUJAH Gossypium TypKyMHa 3apapKyHaHJa Ba NaToreHjiapra Kapiiu
Kypala MociallyBuaH aQ3auIMKIapy OUlaH TabMUHJIAHA/IH.

JuccepranusHuar « MIC-3 reHapapo perMoHJIapHIaH WIAN3 crelupur
NPOMOTOPJIAPHHM  MOJIEKYJISIp TaBcu(uaml Ba MIAW3 Y4YyH crneuudpux
IKCNPECCHUAHN aMaJIra OLIMPUII MAKCAaAHIA WJIAHM3 CHeHU(PHUK MPOMOTOP
OMJIaH TeHeTHK KOHCTPYKUMSJIAp sipaTHily 1e0 HoMJaHraH OemuH4YM 000uma
Fy3a OMOTEXHOJIOTHACH KeJlakarn ydyH Qoiiganu OViarad, WIIW3 YYyH XOC,
MUHUMaI y3yHiukaaru MIC-3 reHu NpOMOTEPUHUHT HYKJI€OTH] KeTMa
kemukiIapu xamaa cuatetuk PHK nynnekcnap epaamuaa BEKTOp KOHCTPYKIUSCH
SpaTUIITaH.

TankukoTiap Kyiuaru HaTvKajaapHH Y3 HUWATa OJadu:
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3-pacM. Gossypium TUIIOU] Ba aJu10TeTpanaou typiaapunuar MIC-3 rean
owiiacujia rea AylivimkKanusicu HaMmyHacH:
(A) numuounn typnap: Gherb — G. herbaceum; Glong — G. longicalyx;Grai — G. raimondii; (B) —
ammorerparutona typiap: Gh TM1 — G. hirsutum TM-1, GB-379 — G. barbadense Pima 3-79;
Gmust — G. mustelinum, Ba Gtom — G. tomentosum. Jcjaarma: ymolOy H3JTaHUILIAPAA
doiinananmnran 6omka G. hirsutum reHoruruiapu (Sisoline, M315, Clevewilt, M240, ST213,
Golib, M8 Ba REDM) xam xyaau miyHjaall reH TyIUIMKalWsCcH HaMyHacura sra, yaap Oy epaa



kentupwiMarad. JluBeprennus Baktu 6axonapu (MYA) MIC-3 ab3omapuHHUHT Xy TIUKIApIara
CHHOHHMM aJIMAalllMHYBJapu TE3JIUTH KOAPPHULIEHTHHU Xap OMp reHoTun/Typiap yuyH 2,6 x 10-9
CHHOHHM aJIMAIINHYBJIAPHU CalT/iini HUcOaTuaaH Gpoiaananund XucoOnaHTaH.

MIC-3 renn knactepiaapuHuHr 2,5 kb reHnapapo peruoHnaapy aMILIMpuKanus
KWJIMHAY, KIoHIaHau Ba MIC-3 reHnapuHUHT OMPUHYM SK30H KUCMUJAH TY3UJITaH
npaiimepnap KypTauru €paaMuia HYKJICOTHUIAp KETMa-KeTIUTH aHUKJIaHAM.
Kymnad HykieoTuaiap KeTMa-KeTJIUTH ajallHMeHTIapu (Kueciamanapu) y4uyH
220-240 w.x. (tyrpu) Ba 130-154 H.x. (Teckapu) KOHCEHCYC MO3UIUACUAAH
¢doitnananmngu. Ymoy rennapapo MIC-3 reHu KeTMa-KeTIUTH TaXJIWIJIapUHUHT
HaTkacuaa TATA-Ookciaa MPOMOTOpP KETMa-KETIMIM XyCyCUSITIIApUHHU, Xamza
maToreH Ba WIAW3Ta XOC Kymiad Typlid MOTHUBIAD KETMa-KeTIIUTHHH
ueHTUUKAIMSIIAT UIMKOHUHN Oepau. Yoy 2,5 kb nmpomoTop keTMa
KeTJIMTUHUHT TYpiin (parMeHTIapUHH aMILTU(UKALKs KWW y9yH OUp HeuTa
npaiMep KyQPTIUKIapy Ty3UIIH.

by MuHHMMan NOpOMOTOpP pPETHOHJAPUHM AaHUKJIAUl YYyH HMMKOH SIpaTAH.
Ty3unran npaiimep Ky(QTIUKIApUHUHT OXUpUAA (HEPMEHT PECTPUKIIMOH CalTIapu
MaBxKyan Oynub, ymap GUS pernoprep T€HUMHHU y3uja TyTraH OuHap IUIa3MHja
BEKTOpUTa KUPUTHUIL YUYYH MyXUM XucoobnaHaau. busHunr taakukorumusaa MIC-3
TeHUHUHT 2562 H.x. npoMoTop gparmentu Hind I Ba BamHI pecTpukunon cait
afanTepIapuHy y3uaa TyTraH npaimMepap KyQTaura Ouinan Kainta
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aMIiuukanus KWIMHAA. S'-TepMUHAN ACJCHUSIAPUHUHT TYPJIU Y3YHJIHUKIArH
KHCKapTHpUJITaH TIPOMOTOp (parmMeHTiiapu xap Oupura Xoc Tmpaiimepiap
KypTauru €pmamuna Oup xui Tapsga amrumdukanus KwimHaa (4-pacm). Yoy
npoMoTop (dparMeHTiIapu oMMmaBuil (doinanaHwmimy MymMkuH Oynran pBI101
BeKTOpUra KUpUTUIIU, Oy GUS Te€HUHU KOJJIOBYM PETMOHHUHT IOKOPH KHUCMHA
woinamrad. Harmwkana pBI101-MIC3 Pr::GUS cepusuiin  OunHap BeKTOpiiapu
acocuaa Kyuuaarmwiap tysmwiau: P-2500 (- 2500/-1, 2500 u.x.), P-2200 (- 2200/-1,
2200 u.x.), P-1800 (-1882/-1, 1882 u.xk.), P-1600 (-1658/-1, 1658 u.x.), P-1300
(-1381/-1, 1381 n.x.), P-1000 (- 1057/-1, 1057 u.x.), P-700 (-708/-1, 708 H.XK.).
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4-pacm. MIC-3 npoMoTOpU (PYHKUMSICUHH TACAUKJIAIIL:
A — MIC-3 reHy IPOMOTOPHHUHT (hparMeHTIIapra aKpaTwiral HyKJICOTHI KeTMa-KeTIUT 1
[1,9-Marker A/Hind III, 2 Pr-2500, 3 Pr-2200, 4 Pr-1882, 5 Pr-1381, 6 Pr-1057, 7 Pr-708, 8
Pr-1658]; B Ba C — GUS mapkep reaunu y3uaa tytrad pBI101 Ounap BexTopura cyOKiIoHIaMI.
P-700::GUS HE 3KcipeccusuIOBYM TpaHCTeH apadbunoncuc ycumimkiapuaa GUS skcnpeccuscu
HaMyHacWHU TUCTOKuMEBHA OYsmr; (D) — 1 xadTanuk Tpancopmarus Kuummaran Huxonda; (E) —
Ha30par apabuO0TNCUC YCUMITUTH.

Bexropnap Agrobacterium tumefaciens Oaxtepusutapuauar LBA4404 mrammu
(Fy3a  Tpanchopmaumsicu yuyH) eku  GV3101 mrammura (apabuporicuc
TpaHchOpMAIMAICH YUyH) KUPUTHIIU, XaM/a apaOuIoncuc YCUMIUTUaa in planta
TpaHchopmarus Taxxpudanapu yrkazuinau. by MIC-3 npomoropununr 708 H.K.
Y3YHJIIUTUJATY MUHUMaJl PETMOHM Xap KaHAall T'eH AKCIPECCUSHU YCUMIMKHUHT
WIIW3 KUCMUTAa MYHANTUPUII YUyH eTapiu Oynummuaan napak oepaau. Bekropcus
TpaHchopmarus Tyruiamiapu Ounad Oupranuwkna, ymoy MIC-3 BekTop TyIiaMu
Coker-312 fy3a wHaBUHMHT >kamMu 1383 JOHA THUIMOKOTWI KecMallapura
TpaHcdopmarus KuinHral. Bekropeus Tymiam cudaruaa, sbHU caaOuil Ha3opar
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yuyH 125 n0oHa THIOKOTHI KecManapu cyB Ominan unuioB 6epmiau. CoMaTHK
perenepanus ycynuna GUS mapkep reHuHu 6omkapysuu MIC-3 TeHu IpoMOTOp
pEeruoHIapUHU Y3UJ1a TyTraH OMp Heua TPAHCTEH Fy3a YCUMIIUKIApH OJUHIN
(5-pacm) Ba yrmap HaBOaTIaru MOJIEKYJISIp Ba (GyHKIIMOHAT OOCKUWIapaa
TaBcu(am yuyH yerupunmorkaa. Unaus yuys cnenuduk 0ynran Oy HoeO
npomMoTop (akaTruHa YCUMIIMK WIAU3UIa Xap KaHaal TeH SKCIPECCUSICUHU
amaJira OLIMPHUII YUyH YCUMIIMKIIap OMOTEXHOJIOTUSCU coxacuaa ¢oinanu
oymumu myMkuH. [lynunraex, MIC-3 rennapu yuyH cuntetuk PHK



nyTuieKcnapuaad noopar OuHap BEKTOpJap acociapH sipaTuiirad Ba
ONTUMAJITAIITUPUITAH OYIu0, ynap ymoy rennap GaoJIMruHd YpraHuil yuyH
Tanepiad KynnuaraH.

5-pacm. MIC-3 cnennuk NpoMOTOP KOHCTPYKIUSUIAPH KYJ/UIAHUJITAH Fy3a
TpaHcGopMaAUACH BA COMATUK SMOpPUOTeHe3H:
A — r'HIIOKOTHIT KeCMaJlapHu; B - KaJLTYyCOTCHE3; C — comaTuk pereuecpansd KWIMHIaH 3M6pI/IOH
yenmnnkiap; D — unau3 Ba HUXoJ1ap puBOKIIaHUINN; E — TyIIpoKIIv TyBakiapra Ky4HpHIIL.

XVJIOCA

«F¥y3ana (Gossypium spp.) marorenjapra yngaMiImiukau oenrunoBun MIC-3
KJIaCTep T'eHJIap OWJIACMHHU KJIOHJIAI, TaBCU(JIAII Ba MOJIEKYJSAP 3BOJIIOLUSCUHU
ypranum xamjaa Oy TEHJaApHUHT Fy3a OHOTEXHOJOTUSACHIIATH  aXaMUSATH»
MaB3yCHJard ITOKTOPIUK AHUCCepTalusIch Oyinda onu® OopuiraH TaAKUKOTIAp
HaTWXKacuaa KyWuaaru xyjaocanap TakIuM 3TUIIN:

1. bupuHunm mapra KOMIUIEKC, MMpHK, (akaT Fy3a y4dyH Xoc OynraH Ba
WIIN3A dKCIpeccusyianyBun Gossypium Typu ajuIOTETPAIUION]] Ba AMILIOUI Fy3a
reHomsapuna MIC-3 TE€H OWIACMHUHT JKOWIallraH YpHU Ba CTPYKTypacu
AHUKJIaHM, KJIOHJIAH/IN XaMJa CEKBEHC KUIMH/IH.

2. 15 Ta ry3a reHoturuiapuaad xxamu 169 ta MIC-3 reHn ab30JapUHUHT Xap
oup renotun/typiapu 2-10 Ta cybounanapnas, 4-16 Taraya reH ab3ojapuaaH
nOopaT HKAHINTY OWIaH N30XJIaHA/IH.
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3. bapua MIC-3 renn ab3onmapu Hykjeotumiap noimudopmusmu (SNPs) Ba
TaXMUHUW TaIuIOTUIUIApU (UIOTEHETUK TypyX JKMXaTJAaH kamu 17 Ta TeHOM
criennduk cydounanapra MaHCyOIUTry OWIIaH TaCAUKJIaHAIH.

4. Annorerparions reHoMaapaad axparud onuHrad MIC-3 renu
ab30JIAPUHUHT KEHWHTHU TaXJIWJIapy HaTWKACKa aHuKJIaHraH A.-¢ku D-reHomiap
y4yH Xoc Oynran 42 raruiotun ketMa-ketnukinapaan MIC-3 reau crnenedux SNP
noaudopMU3MIAPHU aHUKJIAIIa (oi1aTaHuI TaBCUs ATHIIAIH.



5. bupunuun mapra MIC-3 acocuna renom cnenuduk SNP mapkepnapu
spaTWIraH Xamja TalyloTUIMK accouuanusuiapu Ba y3yH-II3P  Taxpubanapu
epnamuaa G.  hirsutum Ttypu 4- Ba 19-XpoMOCOMaJlapUHHHT  TOMEJIOT
cermeHTiapuaa MIC-3 reHn ab30JIApUHUHT KJIACTEPIIN KOWJTAITYBIIapU
UCOOTIIaH/IH.

6. bupuHun mapra 15 Ta TeTpariona Ba AUIUIONJ Fy3a T€HOTUILIApUJIA
HYKJICOTH] aJIMAIIMHYBU Te3nuru Ba MIC-3 MyJIBTUTE€H OWJIACUHUHI MOJIEKYJISP
spomtonmsicu acocnanrad. MIC-3 remn ownacuHuHr JIHK keTma-keTnuknapuHu
Kojytam yayH cuiHOHUM (dg) Ba HOCuHOHUM (dy) HYKJICOTHIAp alMalTiHyBUHUHT
ypradya MHUKIOPWHU Oaxojall OpKaJId Fy3a TeHOMHAA YOy TeH OWJIACUHUHT
CEJIEKTUB YEKJIOBJIAPU Ba MOJIEKYJISIP SBOJIIOLMUSCHA aHUKIIAHIH.

7. Monexynsip ABOJIOLMSHUHT oommaa TYypPFyHJIAIITUPYBYN
«XaMKOPJIUKIAaru» 3BOJIIONUS amaira omraH Oyicana, MIC-3 TeHlIapu «TyFUIIHII
Ba YJIMM» D3BOJIOLMOH MOJAEIM OCTHAA |-3K30HJa TO3aJIOBUM Ba 2-3K30HIA
JTUBEPTEeHIMIIOBUN CEIICKITUS TabCUPHUIA IBOJIOIUSIIAHUO OOpHUITN OMIaH
acocJaHaJIu.

8. Harmxanap «ren ammnuduxanusnanummy MIC-3 rtennapu Oapua
OyTUTMKALMSUIaHTaH  HYCXaJlapUHUHT  CakKjJIaHWO  KOJUIIMHM  TahbMUHJIOBYU
MEXaHu3M cudaruia dKaHINTA Ba FY3aHU XUMOSUTAHHMII Kapa¢HHUIa TCHIAPHUHT
SHTY  (PYHKIMSUTAPUHMA  «IIIapraiyd  YIKay MOJAEIHW OCTHAA SpaTWIHIIU OWiaH
M30XJIaHAIN.

9. MIC-3 reHnapuHUHT DyIUIMKALUICH aJUIOTETpaIIon]] TeHomiapaa xap ~1
MUUTHOH Wniaa, A/F renommapaa xap ~2 MIWIIHOH Huiaa Ba D reHommapaa xap
~8 MWUMOH Wuiajga OWTTa AYIJIMKAUS CONUp OVIWINA aHWKJIAHTaH TeH
OYyTUTMKALMSCK HaMyHacu Fy3a TEHOMH 3BOJIIOLUACHAA IMATOr€H BOCUTACHIIArd
CeJIeKITUS YKapaCHJIAPUHUHT POJIMHU TYLITYHHUII YUyH TaBCHUS dTUJIA]IH.

10. F'y3a HaBIapuHUHT YM1aMJId Ba YMAAMCHU3 TeHOTUIIapuaa Fusarium Ba
Verticillium Ovunan 3apapnanuiy xapacanna MIC-3 TeHTapuHUHT I0KOPU
Jnapaxanaru dKcrpeccusiianraniauru, MIC-3 reHnapuHUHT MyXUM axaMusaTra
ATaJIUru OWJIaH acocIaHaIu.

11. Uk mapoTaba Fy3a WIAN3M YUYyH XOC CUTHAN KeTMa-ketiaurura sra MIC 3
IIPOMOTOPHUHU ¥3 UUKTra OJIraH 2,5 KO y3yHJIMKIaru TreHaapapo crnencep peruoHu
KJIOHJIAHTaH, HYKJIEOTU] KETMA-KETJINTH CEKBEHC KWJIMHTaH Ba IPOMOTOP
MOTHBJIAPY TaBCU(JIaHTaH.

12. Fy3a unaus yuyH xoc, MuHuMan y3yHaukaaru MI/C-3 reHn mpOMOTOPUHUHT

HYKJICOTH]] KeTMa-KeTiukiaapu xamaa cuatetuk PHK gymiekcnapura sra 6up

HEYTa TeHETUK OWHAp BEKTOPJIAp TY3WIIH, TpaHChOpMaIHs KUJIUHIN Ba yiIap
YecuMIImKkiap OMOTEXHOJOTUSICH YUyH TaBCUS STUJIIH.
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PA3OBBI HAYUYHBIN COBET I1O ITIPUCYKJIEHWIO YYEHOHN
CTENEHHU JOKTOPA HAYK HA OCHOBE HAYYHOT'O COBETA
14.07.2016.B.15.01 IPU HHCTUTYTE TEHO®OHJIA
PACTUTEJIBHOI'O ¥ JKUBOTHOI'O MUPA, HALIMOHAJIbBHOM
YHUBEPCUTETE Y3BEKUCTAHA, HTHCTUTYTE TEHETUKHA U



3KCNEPUMETAJbHOW BUOJIOTUY PACTEHUN IIEHTP
I'EHOMUMKHU U BUONH®OPMATUKHU

BYPUEB 3ABAPJACT TO’KUBAEBUY

KJIOHUPOBAHUE, XAPAKTEPUCTUKA CEMENCTBA 'EHOB
MIC-3, ONPEJEJSIOINX YCTOHMUUBOCTBHK IATOTEHAM
XJIOITYATHHUKA (GOSSYPIUM SPP.) U U3YUHEHUE UX
MOJIEKYJISIPHOM DBOJIIOIIMN, A TAKXKE 3HAUEHUE DTHUX
I'EHOB B BHOTEXHOJIOI'MH

03.00.14 — I'eHoMuKa, NPOTEOMHUKA U OMOUH(OPMATHKA
(bnonoruyeckre HayKu)

ABTOPE®EPAT JOKTOPCKOM JIUCCEPTAIIUU

TAIIKEHT - 2016
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TeMa JOKTOPCKOI qUCCePTALIUM 3aperHCTPHPOBaHa B Bricuieil aTTecTAMOHHOI KOMHMCCUH
npu Kaonnere Munnctpos PecniyOnukn Y30exkuctan 3a Ne 14.07.2016/B2016.3.B158.

JloxTopckas muccepTarus BeinoiaHeHa B [{enTpe renomuky n 6monHpopmarnku AH PV3.
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BBEJIEHUE (AHHOTAaMs JOKTOPCKOM TUCCEPTAIMHI)



AKTYaJIbHOCTh M BOCTPe0OOBAHHOCTH TeMbl auccepranum. B cBs3u ¢
yoyOsieHreM o0anu3alii Ha CErOHSIIHUN JIeHb yCUJieHa 00€CIIOKOEHHOCTD B
obOecrieueHU OMOJIOTMYECKOM O€30MacHOCTH B MHPOBOM CEJIBCKOM XO3SWCTBE U
3aIUTe €ro OT OMoTHYeCcKuX (B BUIE (PUTOMATOTEHOB M BpeauTeneil) yrpos. «Bpen
NaTOTEeHHBIX OPraHU3MOB B MHPOBOM CEIIbCKOM XO3MCTBEe, OlieHeH B 1,4
TPWUTMOHA JA0JUIapoB. DTO paBHO 5% MI00adbHOM BaJOBOM BHYTpPEHHEH
TIPOTYKITHID .

3a roAbl HE3aBUCUMOCTH, B Hallleld CTpaHe BEIyTCS IIMPOKOMACIITAOHbBIC
paboOThl TIO TOBBIMICHUIO YPOXKAWHOCTH CEIbCKOXO3SUCTBEHHBIX KYJIBTYp W Ha
CETOJNHAIIHUI JE€Hb CEJIbCKOXO35IMCTBEHHOE IMPOU3BOJCTBO COCTABISET 4YacCTh
€XKETroJJHOT0 HSKOHOMUYECKOTro JioXofa cTpaHbl. [Ipm »3TOM oOCyIIEeCTBISIIOTCS
pedopMbl B OTpaciu XJIONKOBOJCTBA MU HAa OCHOBE MPOBOAUMBIX MPOTPAMMHBIX
Mep TMOJYYEHbl OMNpPEACIICHHBIE PE3YJIbTaThl, TO €CTh, COKpAIECHbI IUJIOIIAAN
MOCEBOB XJIOMMYATHUKA U YBEIMYEHA YPOKAHHOCTh B CPEIHEM Ha 3-4 LIeHTHEpa.

B mponecce npousBoacTBa XJIOMKa BO BCEM MHUPE Pa3HbIE MATOTEHbI, TaKUE
Kak, BUIT (Fusarium u Verticillium) n o06pa3ytoiias rajuibl B KOPHIX XJIOMTYaTHUKA
Hemarona (Meloidogyne incognita; RKN) nHaHocsT Oonbiiol Bpen ypoxaro. Ha
HEMaronbl mpuxoauTcs mnpumepHo 14% OT Bcex MHPOBBIX MOTEPh, UTO
BbIpakaeTcs B cymMmMe okoiio § 100 mupa. mosuiapoB B rof. «3HaYUTEIbHBIC TOTEPH
ypoxkas xiyonka B CHIA 3a mocnennue 10 neT m3-3a HEMATOABI OLICHUBAIOTCS
npuMepHO B 205 MIIH. I0mIapoB B Toay”. C 9TOH TOUKH 3peHus, mpodnema 60pbObI
C MATOr€HAMHu JCUCTBUTEIBHO SBISETCS OJHOW W3 BAXKHEUIIMX 3a7a4 MHUPOBBIX
UCCJICNOBaHUN  Ha  XJIOMYAaTHHKE, T[OJTOMY  HEOOXOIMMO  HCCIEeNOBaTh
pacmipocTpaHeHue Ooie3Hel, a TakKe pa3BUBaTh COBPEMEHHBIE METOJbI
ouorexHonoruu. IIpoBenaeHue uccaeqOBaHUNM MO U3YYEHUIO TEHETHYECKUX OCHOB
OOpbObI ¢ Hemaronoi OOOCHOBBIBAIOTCS CIEAYIOIIUM 00pa3oM: HEOOXOAUMO
BBISIBIICHUE TE€HOB; NPUAAIONIUX YCTOMYMBOCTh K IATOT€HAM Yy XJIOMYATHUKA;
000CHOBaHHE WX CTPYKTYphl M COCTaBa B T€HOME XJIOMMYATHHUKA; OMpEICICHUE
MEeCTa pacIHoJIOKEHHUSI Ha XPOMOCOMAX; HCCJEIOBAHUE COBPEMEHHBIX CPEICTB
OMOTEXHOJIOTUU U TEHOMUKHU JJIsl MOJy4YeHUsI YCTOMYMBBIX K MMaTOTeHaM JIMHUH.

JlaHHO€ NMCCepTallMOHHOE MCCIIEOBAHUE B ONMPEICICHHOW CTETIEHH CIIYKUT
BBITIOJIHEHUIO  3aja4, MPEIyCMOTPEHHBIX 3akoHOM PecnyOnuku Y30ekucran
Nel16-I1 «O 3amuTe celbCKOXO35MCTBEHHBIX PAaCTEHUN OT BpeauTesiei, 0one3Hei
u copusikoB» oT 31 aBrycra 2000 r., Ilocranosnennem Kabunera MuHUCTpPOB
PecniyOnuku Y36ekuctan Nel48 «O mepax mo cOBEpIIEHCTBOBAHUIO CTPYKTYPHI U
MOBBIMICHUIO Y()PEKTUBHOCTH CITYKOBI 3alTUTHI pacTeHui» ot 29 mapra 2004 r., a
TaK)Xe JIPYrUMU HOPMATHUBHO-IIPABOBBIMHM JIOKYMEHTAaMHU, MPUHSATHIMU B JAHHOMN
cepe.

CooTBeTcTBHE HCCJIEIOBAHUS PUOPUTETHHIM HANPABJIEHUSIM Pa3BUTHUS
HAYKH M TEeXHOJIOTHil pecnyOnuku. JlaHHOE HCCIIEOBAHUE BBINOJIHEHO B
COOTBETCTBUU C MPUOPUTETHBIM HAMPABICHUEM Pa3BUTHS HAYKU U TEXHOJOTUN

thttp://www.fao.org/docrep/018/i3300e/i3300e.pdf.
“http://www.apsnet.org/edcenter/intropp/lessons/Nematodes/Pages/R ootknotNematode.aspx
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V36ekucrana V. «CenbcKkoe X03iMCTBO, OMOTEXHOIOT U, SKOJIOTHS U 3alUTa
OKPYXKaIOUIEN CPEIIbD».

0030p 3apy0eKHBIX HAYYHBIX HCCICAOBAHUI 10 TeMe JUCCEPTALMH.
Hayunbie nccienoBanusi, HalpaBlIeHHbIE HA MOJIEKYJIIPHO-TEHETUYECKOe
U3y4YEeHHE YCTOMYMBOCTH XJon4yaTtHukKa (Gossypium Spp.) K IaToreHam
OCYUIECTBIISIFOTCS B BEAYIIMX HAyYHBIX EHTPAX U BBICHINX 00pa30BaTeIbHBIX
yUpeKICHUSIX MUpa, B ToM uncie, Texas A&M University (CIIA), Mississippi
State University (CIIIA), University of California (CIIIA), University of Georgia
(CIIIA), CSIRO Plant Industry (ABctpanusi), United States Department of
Agriculture (CIIIA), Northeast Institute of Geography and Agroecology (Kuraif), a
takoke B LlenTpe ['enomuku n 6monHpopmatuku (Y30eKucTaH).

B pesynbrare uccneaoBanuii, POBEACHHBIX B MUPE 1O MOJIEKYSIPHO
TeHETUYECKOMY U3YUYEHHUIO YCTOMUMBOCTH XJIomuaTHuKa (Gossypium spp.) K
maToreHaM MOJy4YeH Pl HAy9YHBIX PE3yIbTaTOB: BBISBICHA B3aUMOCBS3b MEKITY
HEMaToJaMH ¥ BUJITOM, OTTACHOCTH HEMATO/Ibl M BUJITA B KOMILJIEKCE, a TAKXKe
oOHapy>xeHbl Heckonbko JJHK-mapkepoB, cBsizaHHbIX ¢ 3TOM Oose3nbto (California
University, CIIIA); kapTupoBaiu, UCIIONIb3Ysl MUKpOCAaTeNIUTHBIE MapKkepbl, QTL
nokycel ycronunBoctd K RKN Ha xpomocomax 11 u 14 ynumana-xnonyarauka
(United States Department of Agriculture, CIIIA); BeisiBienst Mi-C11 u Mi-C14
JIOKYChI TIpH Kcnioib3oBanuu Oonbinoro yncia JIHK mapkepos (SSR u AFLP
Mapkepsl) U odcnenoBanuil 1221 F, ocobeit renernueckoi nomynsiuu (Georgia
University, CIITA).

B wMupe 10 MOJEKYISIPHO-TEHETHUYECKOMY HM3YYEHHIO YCTOWYMBOCTH
xnonuatHuka (Gossypium spp.) K TMaroreHaM 1O psay, MPUOPUTETHBIX
HAIPABJICHUM, MPOBOMATCS WCCIECIOBAaHUA, B TOM YHCJE: OMpelIelIeHue HOBBIX
reHoB ycrowunmBoctu K mnaroreHaM; QTL xkaptupoBanue ¢ mnomombio JJHK
MapKepOB; ONpeeTICHNEe MECTa PACTIONOKECHHS YCTOWYMBBIX TEHOB K TaTOreHaM Ha
XpoMOCOMax; TMOJy4YeHHE HOBBIX OHMOTEXHOJOTHYECKUX COPTOB, YCTOMYUBBIX K
naToreHam

Crenennb HU3YYEHHOCTH npooJieMbl. bosbmmHCTBO M3BECTHBIX
MYJIBTUTEHHBIX KJIACTEPHBIX TCHOB CBS3aHHBIX C YCTOWYHUBOCTBHIO, BBISBIICHBI
3apyOesxxHbpIME yuenbiMu B.J.DeYoung et al.’; xapakTepucTuka ¥ reHETHYECKOe
KapTUpoBaHue TreHOB, koaupyromux NBS-LRR 0Oenku ycToWuuMBOCTH, Yy
aJIOTETPAIIONIHOTO XJIomuaTHuKa onpenensnu L. He et al.*; Beicokas sxcrpeccns
YHUKaIILHOTO KOopeHb-crnenubuyanoro MIC-3 (Meloidogyne Induced Cotton-3)
Oenmka XJIOMYaTHUKA W3 TKAaHEW pacTeHu#, YCTOMYMBBIX K HEMarone, IpH
MH(UIIPOBAHUHI HEMATOIaMu Oblia BeisiBeHsl X.D.Zhang at al.”, F.E.Callahan at

*DeYoung BJ, Innes RW. Plant NBS-LRR proteins in pathogen sensing and host defense. Nat Immunol. 2006
Dec;7(12):1243-9.

*He L., Du C., Covaleda L., Xu Z., Robinson F.A., Yu J.Z., Kohel R.J., Zhang H.B. Cloning, characterization, and
evolution of the NBS-LLR-encoding resistance gene analogue family in polyploid cotton (G. hirsutum L.) // Mol
Plant Microbe Interact. 2004. 17:1234-1241.



5Zhang X.D., Callahan F.E., Jenkins J.N., Ma D-P., Karaca M., Saha S., Creech R.G. A novel root-specific gene,
MIC-3 with increased expression in nematode-resistant cotton (G. hirsutum L.) after root-knot nematode infection //
Biochim.Biophys.Acta. 2002. 1576:214-218
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al.’; Torma xax M.Wubben at al’mokasanm, YTO MOTHBBI yCTOWYMBOCTH WM
nomenbl «NBS-LRR like» He cBsizaHbl, KpoMe TOTO OHH OIPEACTUIU
MpeaBAPUTENbHBIE CBOWCTBA ceMeiictBa MIC-3 TE€HOB BO BpeMs 3allUTHBIX
peaKkuii pacTeHU U JI0Ka3ajy, YTO 3TU T'€Hbl HE3aBUCUMBI OT JIPYTUX U3BECTHBIX
3alIUTHBIX ITYTEH.

B VY30ekucrane reHeTMYECKOE€ H3yYEHHE YIUIaHJ-XJom4arHuka «[omuoy,
yCTOMYMBOTO K HeMmarojam, mpoBeneHo X.XonmaroBbiM. [I.9ramOepaueBbiM
KOMIUIGKCHO  UJEHTU(UIIMPOBAHBI  MOJEKYISIPHO-TEHETUIECKUMHU  METOIaMH
naToreHsl poja Fusarium, a TakKe U3y4YEHbl MTaTOTCHHBIE CBOWMCTBA BUJIOB M pac
MaTOT€HOB, BCTPEYAIOIIMXCS 3HAYUTEIBHO YaIll€ IO OTHOLICHUID K MECTHBIM
copram xjonyarHuka. OpfHaKo, KIJIACTEPHbIE CYNEPreHbl YCTOMYMBOCTU K
3a007€BaHMsIM Yy XJIOMMYATHHKA €II€ HE M3y4YeHbl TOJHOCThIO, KaK Ha
HallMOHAJIBHOM, TaK U Ha MEXIYHApOJAHOM YpOBHE. B TaHHBIII MOMEHT, C HAy4YHO
MPAKTUYECKOM TOYKE 3pEHHUS OYEHb BAKHO M3YYEHUE MOJICKYISIPHOM HBOIOLUM U
XapakTepUCTUKMA CEMENCTBA  KJAcTepHbIX TeHoB MIC-3, omnpeaenstomumx
YCTOMYMBOCTh K MaroreHaM Ha xJonuyatHuke (Gossypium spp.) a Takxke,
MPUMEHEHUE ITUX TEHOB B OMOTEXHOJIOTHH.

CBsi3b TEMBbI JUCCEPTANUM C HAYYHO-HCCJIE0BATEILCKUMHU padoTamMu
HAYYHO-HCCJIeA0BATEIbCKOI0 YUYpesKIeHHs, I1e BbINOJHEeHAa padora.
JuccepralimoHHOE UCCIIEA0BaHUE BBIOIHEHO B paMKax IJIaHa HAyYHO
HCCIIeIOBATENhCKUX PA0OT PYHIAaMEHTABHBIX, MPUKIIATHBIX U MEKTyHAPOTHBIX
npoekToB LlenTpa renomuku u 6monnpopmaruku: ®4-T149 «Uccnenopanue
CTPYKTYpPHI U (DyHKIIMHM T€HOMA XJIOMYaTHUKA JJIS pa3pabOTKu MapKep
accoruupoBanHoi cenekuun» (2007-2011 rr.); UZB2-3101-TA-09 «Ouenka
MMOTEHIIMAJIBHON T€PMOIIa3Mbl YCTOWYMBOCTU IPOTUB FAJJIOBOM HEMATOIBI U
¢dy3apro3HOTo BIIITA U pa3pabOTKa KaHAUJIATHBIX TEHETUYECKUX MAapPKEPOB,
ocHoBaHHBIX Ha SNP» (2009-2013 rr.); «ITomydeHune BHICOKOKau€CTBEHHBIX
TPAHCTEHHBIX JIMHUHN XJIOMYATHUKA C TIOMOIIbIO OMHAPHBIX T€HETUYECKUX
BEKTOPOB, OCHOBAaHHBIX Ha CHHTeTHYECKUX RNAI mymiekcax, CO3MaHHbIX IS
reHoB xjomuatHuka» (2009-2011 rr.).

Hesbio nccieoBaHNs SABISIETCS ONPEICICHUE COCTaBa, CTPYKTYPHI,
PaCIOIOKEHUsI HA XpOMOCOMax, a TaKyKe MEXaHU3MOB JyTUTUKAIIMU U
MOJIEKYJISIpHOM 3BOIIOIMU MIC-3 T€HOB y aJJTIOTETPAIJIONIHBIX U ONM3KHUX K HX
npeAKaM JTUIUIOUIHBIX T€HOMOB XJIOMYaTHHKA.

3amaum ucciaeI0BaHUA:

KJIOHUPOBaTh M CEKBEHHpPOBATh Bce wWieHbl cemencrBa MIC-3 reHOB
aJUIOTETPAIIONAHBIX M CUMTAIOMMXCA OMU3KUMHM K MX MpEeaKaM TUTLIOUIHBIX
T€HOMOB y BUAOB Gossypium;

BBITIOJIHUTH MOAPOOHBIN (DUITOT€HETUYECKUN aHAIU3 U KJIaCCU(UKAIUIO
MIC-3 reHoB Ha noaceMencTBa y BUioB Gossypiums



SCallahan F.E. Zhang X-D., Ma D-P., Jenkins J.N., Hayes R.W., Tucker M.L. Comparison of MIC-3 protein
accumulation in response to root-knot nematode infection in cotton lines displaying a range of resistance levels // J
Cotton Sci. — USA, 2004. 8:186-190.

"Wubben M.J., Callahan F.E., Hayes R.W., Jenkins J.N. Molecular characterization and temporal expression analyses
indicate that the MIC (Meloidogyne-induced cotton) gene family represents a novel group of root-specific
defense-related genes in upland cotton (G hirsutum L.) // Planta. 2008. 228:111-123.
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BBISIBUTH TPEANONOXKUTENbHbIE ramotunbl MIC-3 mocienoBaTelbHOCTEH B
reHoOMe XJoMmuYaTHUKa u paspaborarb SNP Mapkepbl mjis TOATBEPKACHUS
KJIACTepHOM JoKanu3anuu 4ieHoB M/C-3 TeHOB Ha CHEHU(PUUIECKUX XPOMOCOMAX,
MOJIE3HBIX ISt OyAYyIIUX MPOTPAMM MapKep-aCCOIMUPOBAHHOMN CEJIEKIINH;

OXapaKTepHU30BaTh MpeHANoiaraéMpie OEIKOBBIE IOCIEIOBATEILHOCTH H
CKOPOCTH HYKJICOTHUIHBIX 3aMEIIEHUN JUIsi HM3YyYeHHUs MOZENEed U CKOPOCTH
MOJIEKYJISIPHOM 3BOJIOLUMH, IYIUIMKAMA TE€HOB W MEXAaHHU3MOB MOAJEPKAHUS
MYJBTUT€HHOTO cemeiictBa MIC-3 10 U mocie aJIONOJUIUIOUIN3AalMd B TEHOME
XJIOMTYaTHUKA;

UCCJIeI0BATh IBOJIOIMIO TEHOMA XJIOMYaTHUKA Ha 0cHOBe uHdopmaruu MIC 3
T€HOB M MOBTOPHO OLICHUTh BPEMS AUBEPIECHIIMM T€HOMOB B pone Gossypium;
MCCJIEI0BaTh aalTUBHBIE CEJIEKIMOHHBIE TAaTTEPHBI HA OCHOBE CUHOHMMHWYHBIX U
HECMHOHUMMYHBIX KOA(DOUIIMEHTOB 3aMeIeHuUs, CIIOCOOCTBYIONTUX YCTOMYUBOCTH
K HEMaroJiaM U OOJIE3HSIM;

CPaBHUTENBHO HCClIeNoBaTh dKcnpeccuto MIC-3 reHoB npu MHOUIIMPOBAHUU
Fusarium u Verticillium y ycTOMYHUBBIX U HEYCTOMYHMBBIX TEHOTUIIOB XJIOMYATHHUKA;

BBISIBUTh ~ MEKIEHHBIE  CHEHCEpHBIE  TMOCIENOBATEIbHOCTH  MEXIY
HeckobkuMu MIC-3 TeHaMHM M Ha WX OCHOBE CO3/aTh OWHApHBIE BEKTOPHI,
coJiepkaiue B ced0e MUHUMAJIbHBIM MPOMOTOPHBIN PETMOH U TpaHC(hHOPMHUPOBATH
UX B MOJAEIbHOE pacteHue Arabidopsis nns omnpeneiaeHuss B JajbHEHIIEM
MOJIE3HBIX Ui OWOTEXHOJOTHMH XJIOMYAaTHUKA W PACTEHHH MPOMOTOPHBIX
MOCJICOBATEIbHOCTEH;

CKOHCTPYUPOBAaTh M ONTHUMHU3UPOBATH OCHOBBI OWHApPHBIX BEKTOPOB,
conepxkamux PHK pymnexcel, mns u3zydeHus (GyHKIMH PACTUTEIbHBIX T€HOB,
BKJto4uast MIC-3 TeHbl.

O0bekT wmccaenoBaHusi. B kadyecTBe  pacTUTENBHOIO  Marepualia
WCIIOIb30BaHbl YABOCHHBIN rarmoua Bujpa G. barbadense Pima 3-79 ([AD],-
reHoMm), G. tomentosum ([AD]s-renom), G. mustelinum ([AD],-renoMm) u 9
reHotunoB G. hirsutum ([AD],-renom), Bkmtouyass jguHuto u copra Clevewilt,
M240, M315, T'onu6, ST213, M8, Texas Marker-1 (TM-1), uyBcTBUTEIIbHBIC
n3onuHuM (Sisoline) u kpacuble myTanTHble JIuHUK (REDM). Kpome 3Toro, Tpems
JTUTUIOUJIaMU, BKJIIOYEHHBIMU B HcCcielnoBaHue, sBisuuch G. Herbaceum
(Aj-renom) u G. raimondii (Ds-TeHOM), TEHOMBI, KOTOpble HauOoJee
Onu3kopoAcTBEHHbl K A-(A-cyorenom) u D-(D-cyOreHom) reHoMam, HbIHE
cymectBytomux AD TerpamiongHbix BUI0B, U F-reHom adpukaHCKOrO JUKOTO
xnomyatiuka G. longicalyx. VIcnonb30BaHO JAENEHMOHHOE TECTUPOBAHME IS
ONpeNesIeHUs] XPOMOCOMHOM Jokanu3auuu MIC-3 TEHOB MyTeM CKpPUHHUHTA
NOJIMMOP(PHU3MOB Y MOHOCOMHBIX M MOHOTEJIOJIUCOMHBIX MHTepcnenupuyHbix F,



rubpunoB G. hirsutum x G. barbadense n aHanOTUYHBIX IEPBUYHBIX MOHOCOMHBIX
F, rubpunos G. hirsutum x G. mustelinum.

IIpeameToM uccaeaO0BaHUA SIBISIIOTCS yHUKaIbHblE TeHbl MIC-3, KOTOpBIE
YOPABISIOT YCTOMYUBOCTHIO K 3a00JIEBaHUSM, BBISIBICHHBIE U3 15 TETparionIHbIX
Y IUIUIOUIHBIX TEHOTUIIOB XJIOMYaTHHKA.

MeTtoabl ucciaenoBanus. B pabore ObuH HCTIOIB30BaHBI OCHOBHBIC METOIBI
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Moekyisipaoi 6uomnoruu (Beiaenenue [JHK, cexkBennpoBanue u KI0HUpOBaHUE
I'€HOB), aHAJIN3 TEHETUYECKOU CTPYKTYPHI, (PUIOreHEeTHUECKOE KIIaCTepUPOBAHHUE,
METO/Ibl TEHHON pEeKOMOMHAIMU U KOHBEPCUH, BPEMEHH MOJIEKYJISPHO
HBOJIIOLIMOHHON AUBEPTeHIINH, Pa3pabOTKu MapKepOB U OMHAPHBIX BEKTOPHBIX
KOHCTPYKIIMM, FTeHETUYECKOM TpaHC(hOpMaIiK, a TAK)KE COBPEMEHHBIE METO/IbI
OMOMH(OPMATUKU U CTATUCTUYECKOTO aHAJM3a.

HayuyHnasi HOBU3HA MCCJIEIOBAHUS 3aKIIFOYAETCS B TOM, UTO:

BIIEPBBIE  KIIOHUPOBAaHO, CEKBEHUPOBAHO M OXapaKTEPHU30BAHO 169
VWHIUBUYAJIBHBIX YJIEHOB, NPUHAUIEKAIINX K CyllepreHHoMy cemeictsy MIC-3
u3 15 annoreTparyionHbIX U TAIUIOUIHBIX T€HOTHUIIOB;

BBLISIBJICHO Ha OCHOBe aHamuza 169 MIC-3 renoB, uto B 15 reHorumax
XJOMYaTHUKa uMeETca oT 4 1o 16 uneHoB reHa, KoTopble nenarca Ha 2-10
nojacemercTBa. Y Bcex BUAOB Gossypium 3TU nocienoBarenbHoct 169 MIC-3
T€HOB ObUTH (PHIIOTEHETHUUECKHU Pa3/esieHbl B 0011eM KOJInYecTBe Ha 17 reHoM
CHEeU(PUUHBIX [T0JICEMENUCTB;

NOKa3aHO Ha OcHOBe aHamu3a MIC-3  TE€HOB, BBISBICHHBIX Yy
AJUIOTETPAILUIOUAHBIX BHJIOB, Hajduuyue 42 TamIOTUIHBIX MOCIEI0BaTeIbHOCTEM,
xapakTepHbIX s A 1 D-reHoMoB. beutn coznanbl SNP Mapkepbl, HI€HTUYHbBIC
MIC-3 reHaM ¥ Ha OCHOBE TaIUIOTUIHBIX M IMOJCEMENUCTBEHHBIX TPYII, ObUIH
ompenenensl 9 npenmonaraemeix MIC-3  10KycoB B A-reHomMe u 3
IIPEANOIAraeMbIX JIOKyca B Di-reHomMax ajutoTeTparionIHOTO XJIOMYaTHUKA;

BIiepBbie co3nanbl SNP Mapkepbl, NoJSydeHHbIE U3 TEHOM-CHENU(DUUHBIX
MIC-3 reHOB, U BbISBIECHO, UTO MIC-3 TeHbl pacloIOKEHbI B KJIACTEPHOM BHJIE Ha
4- 1 19-roMeoNnornYHbBIX XpOMOCOMaX XJIOMYATHUKA;

BIIEPBBIE  ONPEACIIEHBI CKOPOCTH HYKJIECOTHIHBIX 3aMEH M IPOLECCHI
MOJIEKYIsipHOM 3BOOIMU MIC-3 TeHOB y 15 TeTparioWaHBIX W AUIIOMIHBIX
TE€HOTHUIIOB XJIOITYaTHUKA;

BBISIBJIEHO HA OCHOBE OLIEHKH CPEAHEro 4Kciia CUHOHMMHUYHBIX (dg)
HECHUHOHUMHYHBIX (dy) HYKJICOTH]IHBIX 3aMEH  JUIl  KOAMPYIOLIUX
nocnenosarenbHocTerd JIHK cemeiictBa M/C-3 reHOB, 4TO HECMOTPS Ha PAHIOKO
«COBMECTHYIO» 3BOJIIOIMIO, cemelcTBo MIC-3 TE€HOB BHJIOB XJIOITYATHUKA
pa3BUBAETCS MyTEM HBOJIIOLUU «POXKIEHUS U CMEPTU» C U3OJUPYIOLUIUM OTOOPOM
B 9K30HE- | ¥ TMBEPreHTHOU CENEKIMEN B SK30HE-2;

BIIEPBBIE OMNpECIICHAa «aMIUIM(UKaIMs TeHa» KaK BO3MOXHBIM MEXaHU3M
coxpaHeHHs Bcex nayomupyronux konuid MIC-3 TEHOB M TOSBICHUE HOBBIX
GyHKIMII TEHOB B TMpollecce 3allUThl XJIOMYAaTHUKA B paMKax MOJAETH
«UCYe3aIIEN TPUMAHKI;



JIOKa3aHO, 4TO Ayrukauuu MIC-3 reHOB B pa3Iu4HbIX T€HOMaX MPOUCXOAUIH C
Pa3IMYHBIMU CKOPOCTSMU. BBIABIEHO, YTO OHA TyIUIMKALUs IIPOUCXOAMT OIHH
pa3 3a ~1 MWJIJTMOH JIET Y aJJIOTETPAIUIONn 1I0B, OMH pa3 B ~2 MuinoHa jeT y A/F
T€HOMOB, ¥ OJIUH Pa3 B ~8 MUJUIMOHOB JIET y D-reHOMOB;
1o a"anusy skcrpeccud MIC-3 TeHOB BbISIBJIEHA AKTUBHOCTb F€HOB Y
TC€HOTHIIOB, YCTOWYUBBIX K BUATY Fusarium w Verticillium,
BIIEpPBBIE KJIOHUPOBAaHA, CEKBEHUPOBAaHA U 0XapaKTEPU30BAHA MEKITECHHAs
crieficepHas ocjIe10BaTeNIbHOCTh peTMOoHa AMHOM B 2,5 kb, conepikaiias KopeHb-
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cneuuduunbii npomotop rena MIC-3.

IpakTHyeckmne pe3yabTaThl HCCIET0BAHNS 3aKIIFOUAIOTCS B CJICYIONIEM:
OoXapakTepu30BaHa MOCie0BaTeIbHOCTh ceMmelicTBa reHoB MIC-3 B JIHK, kotopas
PEKOMEHIyEeTCSl KaK OCHOBA JIJI1 UCHOJIb30BAaHUS B MIOBBIIIEHUN YCTOMYMBOCTHU K
BUWJITY U HEMATOJIE B MpOrpaMMax COBPEMEHHOM CEEKIIMU U OMOTEXHOJIOTUU
XJIOTTYATHUKA;

pazpaboransl SNP mapkeps! 1ist MIC-3 T€HOB, KOTOPbIE PEKOMEHAYIOTCS ISl
UCIIOIb30BaHUsI B MapKep-accounrpoBanHoil cenekunn (MAC) xyonyaTHUKa Uit
CO3JJaHUSI HOBBIX COPTOB;

COCTaBJIEHO HECKOJbKO OWHAPHBIX I€HETMYECKUX BEKTOPOB, COCTOSLIUX W3
MapkepHbIXx TeHoB GUS ¢ mocnenoBaTeabHOCTAMH TpoMoTopa MIC-3, KOTOpbIe
TpaHCc(OPpMUPOBaHBI B MoOJENbHOE pactenne Arabidopsis. PexomeHmyertcs,
KOpPEHb-CIIeNU(PUIHBIA MUHUMABHBIN poMoTop reHa MIC-3, aBIAIONINIICS OYEeHb
MOJIC3HBIM B OMOTEXHOJIOTUU PACTCHMUIA;

co3fanbl cuHTeTHdeckrne RNAI BEKTOpHbIE KOHCTPYKIHMH, HCIOIb3yeMbIe
PY U3YyYEHUW AKTUBHOCTH T€HOB B OMOTEXHOJIOTHMH PACTCHHI, TIOJYyYCHBI HOBBIC
JIMHUY B OMOTEXHOJIOTUH XJIOMMYaTHUKA.

JlocTOBepHOCTh Pe3yJbTATOB MCCJEeI0BAaHUSL OblIa TOATBEPXKACHA C
MOMOIIbI0 COBPEMEHHBIX METOJOB W TOAXO0J0B. JlaHHBIE OBLIM 00paOOTaHHI,
MpOAHATU3UPOBAHBl U YTBEPXKIECHBI C  HUCIIOJIB30BAHHEM  KJIACCUUYECKHUX
CTaTUCTUYECKUX METOJIOB, TAaKMX KaK BapUaIlMOHHBIM aHanmu3 daHHbIX (ANOVA),
aHanu3 MosexkyasipHoi Bapuaiuu (AMOVA),ananu3z Wilcoxona u coBpeMeHHbIE
aNropuTMbI aHanuza mnocienoBarenbHocTe (Sequencher, ClustalX, Mega 4.1,
BLASTX), meronsr pumorenernueckoro anammsa (UPGMA, Mega 4.1, NJ), TecTsr
reaHoll koHBepcuu W pekomOuHanmm (GeneConv, DNASP, RDP3, SiScan) u
ananu3 crteneHu 3amermnenus (KaKs ¢ mompaBkamu Juke-Cantor, Z-tecThl Ha
OCHOBE KOJIOHOB). V3MeHeHHWe CHUHOHMMHUYHBIX HYKJICOTHUJIOB B T'E€HOME
XJIOITYATHUKA B TEYCHUE MHOTHUX JIET paccunuThIBaiu o popmyne r= Ks/2T.

Hayunas u npakTuyeckasi 3HAYUMOCTH Pe3yJbTATOB MCCJIEI0BAHMS.
Hayunass ~ 3HauMMOCTb  PE3yJIBTATOB  HUCCIEOOBAHUS  WHTEPIPETUPYETCS
o0OecrieueHUEeM BIIEPBbIE TMOJTYYEHHBIX HOBEHIIMX 3HAHUM W TOHUMAHUU O
MOJICKYJIIPHOM SBOJIIOIINH, CEJIEKTUBHBIX CHJIAX, a TAKXKE BIIEPBbIC OOHAPYKEHHOMN
«ammmuKanMi  TEeHa», KaK BO3MOXXHOTO MEXaHW3Ma COXPAaHEHUS BCEX
ayniaukanuii  konud MIC-3 TeHOB Yy JUIUIOMAHBIX M TETPAIUIOUIHBIX BHUJOB
XJIOMYaTHUKA U TOSBJICHUEM HOBBIX (DYHKIIMI I'€HOB MpHU 3alllUTE XJIOMYaTHUKA B



paMKax MoJienu «ucuesaronielt npumankm» («bait and switchy).

[IpakTrueckas 3HAUUMOCTh Pa0OTHI 3aKito4aeTcsi B ToM, 4To SNP mapkepsl,
nonyyeHHsle U3 MIC-3 rTeHOB, CHOPMHUpPOBAHHbIE Ha OCHOBE IO3UTHBHOU
CeNIEKIIMM M O0EeCHEeYMBaIOIIUE MOBBIIICHHYIO YCTOMYMBOCTh XJIOMYATHUKA K
3a00JIeBaHUsAIM, MOTYT HCIOJIb30BaThCs g coBpeMeHHbIXx MAC mporpamMm npu
CO37IaHUM COPTOB, YCTOMYHMBBIX K HEMATOAaM M BUITY, a Takxke npomorop MIC-3
reHa, MOXeT ObIThb 3(PPEKTUBHO HCIMOJIL30BaH B OWOTEXHOJOTMH PACTEHUU IS
nepeHarnpaniieHus QyHKIUHN TI00bIX TEHOB K KOPHSM XJIOMYAaTHUKA U IPYTHX
pacTeHuii, B o0ecreueHnn 6e30MacHOCTH MHOTUX TPAHCTEHHBIX COOBITUN U
co3fganuemM cuHTeTu4ecknXx RNA1 BEKTOPHBIX KOHCTPYKIIHA, UCIIOIb3yEeMbIX B
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U3Y4YCHUH aKTUBHOCTHU T'€HOB.

BHenpenue pe3yabTaToB McceqoBanus. bnaromgaps usyyeHuto
MOJIEKYJISIPHOM IBOJIOIUYU M XapaKTEPUCTUKU CEMENCTBA KIIACTEPHBIX TEHOB
MIC-3, a Takxe Ha OCHOBE PE3yJIbTaToOB, NOJYYEHHBIX B PAMKAX MCIOJIb30BaHUS
ITUX F€HOB B OMOTEXHOJIOTUHU XJIOMYATHUKA!

nosyueHbl nareHTsl (12.01.2011, No TAP 04300; 02.06.2011, Ne IAP 04383;
23.05.2011, Ne IAP 04360; 23.05.2011, Ne IAP 04361) na wuzoOpereHue
WuTennektyanpHoro areHrcrBa PecmyOnmukn Y30ekucTaH Ha METOJ Majou
untepdpepupyromeidi  PHK (siRNA) nns momaBneHus TEHHOW SKCIpecCHu B
pacTUTENBHBIX KiIeTKaX. Pe3ynbrarel HAy4YHOTO MCCIIEIOBAHUS MO3BOJIMIA CO3/1aTh
HOBBIC JIMHMM TIyTeM TpaHC(OpPMAIlMd BEKTOPHBIX KOHCTPYKIIMA TC€HOB
OMOTEXHOJIOTUU PACTEHUH, HAPUMED, 3a CUET U3yuyeHus: akTuBHOCTH MIC-3
TCHOB;

kjactepHble reHbl MIC-3 ucnonb30BaHbl B paMkax npoekra Ne 6064-21000-
014-00-D «I'eneTnyeckoe yaydlleHUE XJIOMYAaTHUKA C TOMOIIBIO MapKep
aCCOIMUPOBAHHOMN M TPAJAUIIMOHHON CEJIEKIIUU, © UHTPOTPECCHSI TEHOB U3
9K30THUECKUX BUIOB Gossypiumy» (2013 — 2018 roasr), npodhuHAHCUPOBAHHOTO
HenapramentoMm cenbekoro xo3srictBa CIIA (cmpaBka United Statates Department
of Agriculture ot 26 cents6pst 2016 rona). [Ipu ncmoap30BaHUN KIIACTEPHBIX
reHoB MIC-3 co3gaHa BO3MOXKHOCTb MOJyY€HUsI YCTOMYMBBIX K HEMATOAAM JIMHUH,
a TaK)KE TIOBBINICHUS YCTOMUYNBOCTH XJIOMMYATHUKA K TATOTEHAM.

AnpoOauus pe3yJbTaroB padorbl. Pe3ynbrarsl McCIeIOBaHUS U3JI0KEHBI B
BU/JIC JICKIIMA ¥ MPONUIH anpodanuio Ha 13 MeXIyHApOIHBIX U PECITYOIUKaHCKUX
Hay4YHO-TIpaKTUUYeCKnX KoH(pepeHuusx, B ToM uucie «Conference of American
Society of Agronomy» (New York, 2006), «Ycumimkinap MONEKYISp
ounonoruscuauHr nom3apd myammonapw» (Tomkent, 2008), «Fy3anuar mgynHe
IFeHETHK XWIMa-XWJUINTH acoCuid Ba amanuil yowumxamap acocuna» (TomkeHr,
2010), «buonorus — nayka XXI Beka» (Ilymuno, 2010), «AkTyaabHble TpOOIEMBI
paszButus Ouoopranmdeckoit xumum» (Tamkent, 2010), «International Cotton
Genome Initiative conference» (Canberra, 2010), «5™ World cotton Research
Conference» (Mumbai, 2011), «International Cotton Genome Initiative (ICGI)
conference» (Brasilia, 2006; Raleigh, 2012), «International Cotton conference»
(Bremen, 2014), «l'eHeTuka, T€HOMHKAa Ba OHOTEXHOJOTUSIHUHT 3aMOHaBUM



myammosapu» (TomkeHt, 2016).

Ony0JMKOBAHHOCTHb pe3yabTaroB HccenoBanus. [lo Tteme aucceprannu
onyOJIMKOBaHO Bcero 28 HayyHbIX pa0boT. M3 Hux 10 Hay4HBIX CTareil, B TOM 4uCie
5 B pecnyONMKaHCKUX M 5 B 3apyO€KHBIX JKypHajaX, peKOMEHIOBaHHBIX Briciieit
aTTeCTallMOHHOW  Kommccuerd PecnyOmukm — Y30ekucran i myOnIuKamuu
OCHOBHBIX HAay4YHBIX PE3YJIBTATOB JIOKTOPCKUX NHMCCEPTALM, a TAKXKE MOJyYEHbI 4
pecnyOIMKaHCKUX MaTeHTa, CBA3aHHBIX C METOIaMH MCIIOJIb30BAaHHBIMU B JTAHHOM
pabore.

Crpykrypa u 00beM auccepramuu. CTpyKTypa JUCCEPTALIUU COCTOUT U3
BBE/ICHUS, IIATH [IaB, 3aKIIOYEHUS, CIINCKA UCTIOJIb30BAaHHOM JIUTEPATYPHI U
npuioxkenuit. OobeM naucceprainuu cocraniser 171 crpanuir.

33
OCHOBHOE COAEP/KAHME JUCCEPTALIUU

Bo Bsegennu 00OCHOBBIBA€TCS AaKTyaJlIbHOCTh M BOCTPEOOBAaHHOCTH
IPOBEJICHHOIO MCCIIEIOBAHUs, LEIb W 3aJa4d HCCIEHOBAaHMS, XapaKTEPU3YIOTCA
00OBEKT M TMpEeAMET, I0Ka3aHO COOTBETCTBUE MCCIIEOBAHUS MNPUOPUTETHBIM
HaIPaBJICHUSIM Pa3BUTHUSI HAYKU U TEXHOJIOTUU pecryOlIuKH, U3JaratoTcsl HaydyHas
HOBHU3HA WM IPAKTUYECKHUE PE3YyJbTAThl UCCICAOBAHUS, PACKPBIBAIOTCS HAy4YHAs U
MPAKTHYECKasl 3HAYMMOCThb IIOJIYYEHHBIX PE3YJIbTaTOB, BHEAPEHUE B IPAKTUKY
PE3yJIbTAaTOB MCCIIEIOBAHUS, CBEICHHUS 10 OMyOIMKOBAaHHBIM paboTaM U CTPYKTYpe
JIUCCEPTALNU.

B mepBoil maBe auccepranuu 1oj Ha3BaHWEM «l'e€HbI Pe3UCTEHTHOCTH U
yclexu TeHOMHMKH YCTOMYHMBOCTH» TPUBEICHBI MOJICKYJIIPHO-TEHETUYECKUE
UCCIIEOBAHUS, IPOBE/ICHHBIE 110 XJIOMYATHUKY.

[lepeuncnenbl, MCHOIB30BAHHE TE€HOB YCTOMYMBOCTH B OHOTEXHOJIOTHUU
pacTEHU, MOJIEKYJISIPHAS JBOJIIOLMS U MX XAPAKTEPUCTUKA, & TAKKE OCHOBHBIC
poOJIEMBbI JAHHOTO HAMPAaBIIEHUS, 00CYKICHBI BOBMOXKHBIC ITyTH X PEIICHUSI.

Bropas mmaBa auccepraumm nonx Ha3zBaHuem «MarepuaJibl, yCJAOBHSA H
METObl HCCJICAOBAHUS KJACTEPHBIX TE€HOB XJIOMYATHHUKA) [OCBSIIIACTCS
METOJIaM, UCITOJIb30BAHHBIM B UCCJIEOBAHHUE.

3ech TPUBEICHO [JIETAIBHOE OINMCAHUE PACTUTEIIBHOTO Marepuaia u
WCIMOJIb30BAHHBIX peareHToB, MeTonoB Beiaenenus JIHK, kimonupoBanus,
cekBeHupoBanus JHK wu aHanmmza mnociienoBarelibHOCTEW € HCIIOJIb30BAHUEM
METOJIOB (DUJIOTEHUHU, TaINIOTUIUPOBAHMS, T€HHOW KOHBEPCUHU, PEKOMOUHALIMHM U
MOJIEKYJISIPHOM  DBOJIOIMU C TPUMEHEHHEM COBPEMEHHBIX CTATHUCTUYECKHUX
MTOAXO/MIOB.

B Tperpeld mmaBe pauccepranMM NOJX HAa3BaHHEM «XaPAKTEPUCTHKA H
xpoMmocomMHas Jokanusauuss MIC-3 reHoB y BHAOB Gossypium» W3y4YEHbI
COCTaB, CTPYKTypa M pacnojiokeHue cemenctBa reHoB MIC-3, a Takxe,
KJIOHUPOBAHbI, CEKBCHHPOBAHbBl M OXApPaKTEPU30BAHBI AJUIOTETPAIUIOUAHBIE U
JTUTLTOUHBIE TEHOMBI XJIOIMYATHUKA.

WccnenoBanus BKIIOYAIOT B Ce€0s CIETYIONTUE PE3YIbTATHI:



[Tpumepno 150 MHAMBHIYATBHBIX KJIOHAJIBHBIX MUHCEPLUN, MOJTYYEHHBIX MPHU
nomouu [P, ans mponyktoB MIC-3 T€HOB CEKBEHUPOBAIM W3 KaXAOTO s 15
TEHOTUIOB XJIoMYaTHUKa. AMIukoHbl MIC-3 teHoB BuuoB poaa Gossypium
kojebanuce ot 653-706 m.o., Bkioyas 653-706 1m.0. IIMHBI aMIUTUKOHA Yy BCEX
AJUTOTETPAIIONAHBIX TeHOTUNOB, 703-713 1.0. ammiukoHoB y G. herbaceum,
653-691 n.0. ammuukoHoB y G. raimondii, u 706 1.H. amrinkoHoB y G. longicalyx
(Tabmuma 1).

MHOXeCTBEHHOE BhIpaBHUBAHUE MOCIIeI0BaTeIbHOCTH (hopmupyet MIC-3
MOJIHOPA3MEPHYIO KOHCEHCYCHYIO MTOCIEN0BATENBHOCTh B 721 1.0 [u1sl BCex
U3Y4YeHHBIX BUNOB Gossypium. UHTpoHHBIE U SK30HHBIE YacTh MIC-3 reHoB BUja
Gossypium ObUTM aHHOTUPOBaHHBI, coriacHO MIC-3 HyKJIEOTUTHON U OEIKOBOM
nocnenoBarenbHocTH (Zhang et. al., 2002).
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Tao0auna 1
XapakTepuctuka ceMmeiicrea MIC-3 renoB Bua0B Gossypium
I'enoTun Yucio Bapuanus NHceprmoHHO-AeNeIIMOHH O061mue
YJICHOB JJIUHBI bI€ HU3MCHEHMUS SNP
aMIUIHKOHA
9k30H 1 | unTpoH | 3'UTR

Gh_TM1 10 653 (D,) 9 - 15,29 16 (A)),
706 (A, D) ) i i 21 (Dy
Gh_Sisoline 11 653 (D,) 9 - 15,29 16 (A)),
706 (A, DY) ) i i 21 (DY
Gh ST213 11 653 (D,) 9 - 15,29 16 (A)),
706 (A, D) ) i i 22 (DY
Gh_M8 12 697 (D) 9 - - 17 (A,
706 (A, D) : : : 20 (D)
Gh_REDM 13 653 (D,) 9 - 15,29 17 (A)),
706 (A, D) : : : 21 (D)
Gh_Golib 16 653 (D,) 9 - 15,29 21 (A,
682 (D) 9 - 15 22 (D))

706 (A, D)) ) i i
Gh_Clevewilt 13 653 (D,) 9 - 15,29 17 (A),
706 (A, D) : : : 21 (D)
Gh_M240 9 653 (D) 9 - 15,29 16 (A)),
706 (A, D) : : : 21 (D)




Gh M315 15 653 (D,) 9 - 15,29 18 (A)),
697 (D,) ? - ) 27 (DY
706 (A, D) ) ) )
Gb_3-79 11 653 (D)) 9 - 15,29 11 (A,
682 (D,) 9 - 15 29 (D))
706 (A, D)) ) i
G. tomentosum 9 653 (D)) 9 - 15,29 10 (A,
706 (A, D)) - - i 24 (Dy
G. mustelinum 15 653 (D) 9 - 15,29 12 (A)),
668 (A) 99* - fz 28 (D)
682 (D,) i ] )
706 (A, D))
G. herbaceum 9 703 - 12 6 19 (A)
707 - 8 6
709 - 6 6
713 - 8 -
G. raimondii 4 651 9 - 31 33 (D)
653 9 - 29
691 - - -
G. longicalyx 11 706 - - - 14 (F)

*OQoOparute BHUMaHue: 9 1.0. BCTAaBOK B IEPBOM 5K30HE A,-Te€HOMa CHEIU(UIHOTO
amriukoHa MIC-3 rena G. mustelinum uMeeT TPUILIET, PaCHOIOKEHHBIN BBIIIE 110 CPAaBHEHUIO

IpyruMuA D- TeHOMHBIMH CrielH(PHUSCKIMH BCTaBKaMHU, HAOIIOMAEMbIMH Y JIPYTHMX TCHOTHUIIOB.
Gh — G. hirsutum; Gb — G. barbadense.
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MHOXECTBEHHOE BBIPABHUBAHME T€HOMHBIX MOCJIEAOBATEIIbHOCTEN W3 BCEX
BUnoB  Gossypium B HallleM HUCCICAOBAaHMM  TOKa3ajlo, 4YTO  HalU
MOCJIEeI0BAaTENIbHOCTH COOTBETCTBYIOT 11 m.0. u3 Hekonupyromeit 5 'UTR obnactwy,
IByM KomupyromuMm obmactsM B 221-230 m.o. (3x30H 1) m 193 m.o. (3x30H 2),
eNMHOW HEKOAMPYIOUIeH MHTPOHHOUW obnactu B 65-77 m.0. u Hekomupyromiei 3'
UTR o6mactu B 151-195 m.o. rena MIC-3. U3meHeHuss ObulM CBSI3aHBI C
OOJBIIMMH WHCEPIMOHHO-/IeNeIMOHHBIME (indel) n3meHneHusiMu, HaOIIOIaeMbIMU
y HEKOTOpbIX 4ieHOB cemeicTBa MIC-3 T€HOB B KaXKJIOM W3YYEHHOM T'€HOTHIIE
XJomyaTHuka. Hampumep, Bce W3y4YeHHBIE TEHOTHIBI  XJIOMYATHUKA, 3a
uckimouenueM G. herbaceum (A-renom), umenu crnenudpuyeckyro D-reHoMHYIO
BCTaBKY B 9 1.0. B MepBOM 7K30HE. MHTEpEeCHO OTMETUTh, UTO HAOJIIONAIOCH
MOSIBJICHUE CMEIIEHUS TOJIOKEHUs TpuIUieTa Ha 9 m.0. BBEpX B Mpeaenax
A-TeHoMa, CrpyNIUPOBAaHHBIX (CM (UIOTEHETHYECKass TPYIIHUPOBKA COTIIACHO
myTausiM SNP) no MIC-3 amnnukonam G. mustelinum (tabnuma 1).



Kpome Toro, Bce aJioTeTparyionIHbIE POJIOCIOBHBIE, 32 UCKIIOUEHUEM COpTa
M8 G. hirsutum, imenu aBe Apyrue KpymnmHbie BCTaBKU U3 15 map ocHoBaHuil u 29
nap ocHoBaHu#, HaijgeHHble B 3'UTR obGnactu, u3 koTtopbix 29 map ocHOBaHUM
BCTaBKM (KaK CTPYKTypa, TakK U TOJIO)KCHUE YCTAHOBJIEHBI) CBSI3aHBI C
MPEANONIOKUTENbHBIM D-TeHOMHBIM MPEIKOM ajuioTeTparuionsioB — G. raimondii.
BceraBka u3 15 map ocHoBaHuii OblUla YHHUKaNbHa W OOHApyKMBajlach TOJBKO Y
W3YYEHHBIX aJUIOTETPAIJIONAHBIX TEHOTUIIOB 1 HE ObLTa CBsI3aHA HU C A-, HU C
D-renoMoMm mpeanonaraeMbix JTUIIOUIHBIX MPEAKOB. M3ydast maTTepHbl BCTABKU B
3'UTR u3 MIC-3 ammnukonoB 3 AD xjomuatHuka (Tabmuima 1), Gonee ClIoXHbIC
aMIUTMKOHBI ¢ KoOMOWHainued BcTaBku 15 u 29 m.o. Obuin oOHapyxkeHbl y G.
mustelinum (3 pa3Hbix Tuna), tuauu Pima 3-79 G. barbadense (nBa Tuna) u copra
T'omu6 G. hirsutum (nBa Buga). [Ipu 3TOM narTepHsl BCTaBKU y JIMHUKA Pima
3-79 G. barbadense n copra T'omub G. hirsutum MIC-3 OBIIA CXOTHBIMH, TJE
TOJIbKO BO3HMKHOBEHHE AMIUIMKOHOB BCTaBKH C 15 1.0. ObUIO YHHKAJIBHBIM JIJIS
ATUX TEHOTUIIOB, Mpeanoiaras uHTporpeccuto mexay G. barbadense m coprom
[omu6. C apyroii cropossl, aubo 15, nubo 29 nmap ocHoBanuii BctaBku B 3'UTR
mo6oro u3z MIC-3 uneHoB He ObUIM HAWJEHBI CpeAM BceX KIOHOB copta M8 G.
hirsutum. Tonbko 12 unenoB renoB MIC-3 6vlmu 00Hapy)eHbl y M8. Wubben
u ap. (2008) coobmianu o 15 pa3au4HBIX YiieHaX U3 TOTO e TeHoTuna MS8. Oto
MOJKET OBITH CBSI3aHO C OTCYTCTBUEM HEKOTOPBIX U3 MIC-3 unenos npu [11[P
KJIOHUPOBAHHUH B 3TOH padore.

169 wunenoB MIC-3 reHOB ObUIM CrpynnupoBaHbl B 17 pas3iIMyHBIX
nofceMeicTB B pusiorpamme (pucyHok 1). 110 unenoB MIC-3 reHOB U3 TEHOTHUIIOB
G. hirsutum ObLTU CTPYyNIUPOBaHbI B 12 moaceMeNncTB, U3 KOTOPHIX MO/ICEMENCTBA
or 1 10 9, 6bu crienuuaeckumu 11 A,-reaoma u ot 10 1o 12 — mus D-renoma
(pucynok 1). Iloacemeiicta 13 u 14 6putn cnenuduyeckumu misa G. herbaceum,
noacemeiictBo 15 — mnst G. longicalyx, n moncemeiictBa 16 u 17 — mys cemeiicTBa
MIC-3 renoB G. raimondii. Bce amnorerpamiounnsie uinensl MIC-3 reHa, 3a
UCKJIFOUeHUEM ofaHoro wieHa w3 G.  mustelinum (MIC-3 14), Obun
crpynnupoBasbl B 12 noacemeiictB G. hirsutum (pucynok 1). Ognako, MIC-3 14
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Pucynok 1. KpuBasi pui0oreHeTH4€CKOI0 iepeBa MeTOA0M OJIHMKANIIINX cocelei,

noay4yenHas u3 86 paznuunbix MIC 3-renoB Bua0B Gossypium: Ilokasanbsl Gyrcrpen
3HayeHus (> 50%).



37
OBLT crpynmnupoBaH B paMmkax 13-ro mojacemeicTBa, HalieHHOTo y A-reHoma. Kak
G. herbaceum, Tak u G. raimondii, npeanonaraemeie A- u D-reHoMHBIE TIpeAKU
AD xjomuaTHuka, WMeENIH JBa PA3IUYHBIX MojaceMmeiicTBa. Halmromanock
NPUCYTCTBUE  HEKOTOPHIX  BUJOcmenuuuHblx  mojacemeiicts.  Hampumep,
noacemerictBo 1 Obuio  OOHapyxeHo Toiabko y G. hirsutum, BKIIOUYas
qyBCTBUTEIbHBIC M3omHNM (S-m3omuann), ST213 u Clevewilt, momncemeiicTBo 8
BKJIIOUaeT ToclenoBarenbHoctd  M315 u  moacemeiictBo 11 comepxut
noclyenoBarenbHoCcTH M8 1 M315 ynnana copTos.

Hns  unentudukanuu ramnotunoB MIC-3 TeHOB y  TETparuiouHOTO
XJIOITYATHUKA, W3-3a MIUPOKOTO MPEACTABUTEIBCTBA PA3TUYHBIX TPYIIT JIHHUH OT
ATOTO BHUJA B JIAHHOM HCCIICOBAaHUM OBLUTA MCIONIb30BaHbI (usorpammblr MIC-3
reHoB, noiyudeHHble U3 G. hirsutum Neigbour Joining. [amnmorunsl G. hirsutum
(AD) 6bUTH pa3zenieHbl Ha B MperonaraeMbie O0IbIITHE TPYIIIIHL:

1) A, reHomuele ramiotunsl U 2) D-reHOMHbIE TamjIOTHUIbI, COMIACHO
KJIacTepU3alUU COOTBETCTBYIOIIMMU IPEANoaraéMbIMA  JUTUIOUTHBIMHU
npenkamu, G. herbaceum u G. raimondii. KonceHcycHble nocnenoBaTenbHOCTH G.
herbaceum w G. raimondii WCTONB30BAINCHL B KadecTBE pedepeHCHBIX

MOCJIeIOBAaTEIbHOCTE B TaluIOTUNHBIX Tabnumax (cMm. auccepramuio). B
COOTBETCTBUHU C Kiaccudukaiuei nogacemeiictsa MIC-3 renoB y G. hirsutum
(cMOTpH  BBINIE), PE3YJbTAaThl  MOKa3aliW, YTO A-T€HOM HMeEI 9

MIPEAMONIOKUTEIBHBIX JIOKYCOB (TaIllJIOTUITHBIX TPYII) CO CPEAHUM 3HAUCHHUEM 3,5
aJjuieNs WIM TaljIoTUIA/IoOKyca, a D-TeHOM COCTOSI W3 3 TPEnroNOKUTEIbHBIX
JOKYyCOB (TaluIOTUMHBIX TPYyHI) €O CPeAHUM 3HadyeHueMm 3,3 amens Win
raroTunos/nokyca y G. hirsutum. YuWcio rarioTUNOB WIM TPEANnoiaaraeMblx

ajuteNiell Ha MpeArojaraeMblid JoKyc konebanack oT 2-6 B A-reHome 110 4-6 B D,

reHome. Terpamnougueie MIC-3 nocnenoBareilbHOCTH BkiItodanu 25 SNP B A,
reaoMme u 26 SNP B Dt-renome, e Bce ObUIM OHAJIICIBHBIMU, 3a HCKIIOUCHHUEM
no3utuu 113 (A, D), 162 (D) u 568 (D). Cpennee uncino nap ocHoBanuii Ha SNP B
AreHoMme 10 cpaBHeHMIO ¢ Dt- reHomom coctaBisuio 182,6 mo. u 108,8 m.o.,
COOTBETCTBEHHO.

CornacHo pa3zenbHOMY (PUIOT€HEeTHUYECKOMY aHaIu3y (PUCYHOK 2) U
ananuzy nocnenoBarenbHocT MIC-3 niist TM-1 (cranmaprtHas quaus i G.
hirsutum) v Pima 3-79 (aBoliHas ramiougHas cranaaptHas JuHus s G.
barbadense), st pa3nuueHUss MEKBUIOBBIX TEHOMHBIX TTOIUMOP(HU3MOB MEXKTY
TUMU ABYMS BUIaMH ObUTH pa3paboTanbl Heckoibko GSP mapkepoB. Otu
KaHIWJIaTHbIC TEHETUUECKUE MapKePhl 3aT€M ObLIN UCTIOIB30BaHbI IJI aHAIN3a
JeJelrid MyTeM CKPUHUHTA [IMTOTEHETUUECKUX JIMHUM, B TOM YUCII€ MOHOCOMHBIX,
MoHoTenoaucoMHubIx, CS-B, a Takxke NTN rudpunos (Stelly u ap., 2005; Goutirez
u ap., 2009).

O6a ponuTenbCKUX TUNA HNOJUMOPPU3MOB MPUCYTCTBOBAIN B OOJIBIIMHCTBE
rubpunos F,. Bmecre ¢ Tem, Bce Bocemb TM-1 GSP anneneit, mpencrasistoniux 7
n3 8 pa3nuuHbIX A-T€HOMOB, TmONy4YeHHbIXx u3 MIC-3 unenoB TM-1,



OTCYTCTBOBAJIM y THUIMOAHEYIUIOUIHBIX F| pacTenuii, KoTopble UMeIn HEXBATKY 110
xpomocome 4 G. hirsutum H04 MOHOCOMMK) WJIM KOPOTKOIO IJIe4a XPOMOCOMBI 4
(Te04L MOHOTETOIUCOMUK).
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Pucynok 2. KpuBasi puiioreHeTH4eCKoro jepeBa MeToa0oM OJHKAMIINX
coceneii, nosnydennasi u3 MIC-3 renoB G. hirsutum (TM-1), G. barbadense
(Pima 3-79), a Tak:ke ABYX NpeanoaaraeMbiX IMILIOUAHBIX IpeaKkoB AD
XJIOMYATHUKA:

JmHa BeTBH, OyTerpen 3HaueHUs (> 50%), XpOMOCOMHBIE TIO3HIIMH, U TEHOM TTPOUCXOKICHHUS
JUTS. IPOCTOTHI TIOKA3aHbI U IIBETOBBIM KOJIOM.

DYIUIOUJHBIE TUCOMHBIE XpoMocoM-3aMmelnieHHble muHun CS-B04 Takxke He
umenu te xe MIC-3 annenu G. hirsutum i BCeX 3TUX MapKepoB. B orinuume ot



aToro, Bce BoceMb GSP 50KycoB ObUIM TE€TEPO3UTOTHBIMH Yy BCEX IPYTUX
3aMENICHHBIX JJUHUM U Y MOHOTEIOUCOMHBIX 3ameleHHbIX F| pactennii (TeO4sh),
JUIICHHBIX JUIMHHOTO Tuieya XpoMocoMbl 4. COBOKYIHBIE PE3yabTaThl MOKa3alu,
yt0 7 3 8 Ai-renomoB MIC-3 unena TM-1 HaxonATcsl HA KOPOTKOM ILIeYe
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XpoMOcOoMbl 4, mpenrnonaras NOTEHIMAJIbHBIE J0KAa3aTelbCTBa [JIsl KIACTEPHOU
nokanuzauuu MIC- 3reHOB B TeHOME XJIOMYaTHUKa (PUCYHOK 2). XOTs ObUIO
HalJIeHO HecOoOTBeTCTBUE Mexay JuHHsIMU TM-1 u Pima 3-79 y HeckolbKuX
D;renomubix MIC-3 ramioTUIOB, OHM HE ObUTM MOIUMOP(PHBIMH TIPH
JEJCLIMOHHOM aHaJIW3€ M B 3KCHEPUMEHTaX MO0 XPOMOCOMHON JIOKaJU3aluu. JTO
OBLJIO CBSI3aHO C HAJMYUEM TEPEKPHIBAIOIINXCS CAWTOB B mpesenax JuHuu Pima
3-79 MIC-3 uneHoB, KOTOpbIe orpaHuuuBaroT Hac npu auddepeniuporke GSP
NOJIMMOP(PU3MOB Yy IIUTOTCHETUYECKUX JUHUN. BMecTe ¢ TeM, moapoOHbIi aHau3
nocnegoBarenbHocTd MIC-3 uneHoB, mnonydeHHbIX u3 G. mustelinum, momor
paszpaborarp aBa paznmuuHbix GSP mpaiimepa (He monumopdubix Mexay TM-1 u
Pima 3-79), xoropeie Obuin mnoauMopduHbiMH Mexay TM-1 u G. mustelinum
uneHamMu MIC-3 reHa, oOOHapyKuBas TE€HOTHUII-CIIEUU(PHUUECKUe ajuleNid MpHu
JIENCIIMOHHOM aHaju3e. Y TPETHYHBIX MOHOCOMHBIX F; MEXKBHIOBBIX THOPHIOB
12-19 NTN u 10-19 NTN muddepennupoBanHo orcyrcrBoBaia TM-1 anmens,
cnenuduunas nus ganHoro SNP mapkepa, Ho He amnens G. mustelinum. NTN
12-19 pacrenust cerMeHTaabHO AehUIUTHBIC 10 YacTsM TM-1 xpomocom 12 u 19,
B TOo Bpems kak NTN 10-19 — cermeHtanbHO AeduuuTHble N0 yacTsiM TM-1
xpomocoM 10 u 19. Bmecte oHn pasrpannuuBaroT oauH u3 D.-renomuoro MIC-3
utena (MIC 3 10) TM-1 nHa xpomocome 19. B ominume OT NEpBUYHBIX
MOHOCOMHBIX MEXBUIOBBIX THOpUA0B H10 u H12 sBistoTcs HeO0CTaTOUHBIMHU ISt
xpomocoM 10 u 12 G. hirsutum, vo coaepxkar TM-1 u GSP MIC-3 mapkeps! G.
mustelinum.

Pesynbrar nokassiBaet, uto 310T MIC-3 3ieMeHT, oTy4YeHHbIN u3 Dt-renoma,
HE HaXOJUTCS HU B OTHOW U3 ITUX XPOMOCOM, a TAK¥KE MOAJACPKUBACT
JoKanu3auuio Ha xpomocome 19. OcrtanpHble runoaneyrioninbie F| pactenus He
MMEJTM HEXBATOK IO IPYTUM XpOMOCOMaM, HO cofiepxkain kak TM-1, Tak u Pima
3-79 amnenu s 3Toro kKoHKpeTHoro SNP mMapkepa. XoTs nepBUYHbIE
MOHOCOMHMKHU JJI1 XpoMOCOMBI 19 eme He cymecTtBytor y G. hirsutum, TeM He
MEHEE, Pe3y/IbTaThl ICHO MOKA3bIBAIOT, YTO 3TOT D,-reHoMHbIN MIC-3 37€MEeHT
pacnosio’keH Ha Xxpomocome 19 G. hirsutum.

Ananu3 oskcnpeccun reHOoB MIC-3 TeHOB y psna HUHOUIMPOBAHHBIX H
HEMH(UIIMPOBAHHBIX BHJITOM T€HOTUIIOB XJIOMMYaTHHKA TMoOKasa, yTo reusl MIC-3
BBICOKO M30BITOYHO JKCIIPECCUPYIOTCS B TKaHSAX, MHPUIUPOBAHHBIX Fusarium w
Verticillium, m m30bITOYHAsT 3KcOpeccusi OblIa BBIPAKEHA BBIIIE Y YCTOMUYMBBIX
TE€HOTHUIIOB. JTHU JTaHHBIE YKa3bIBalOT Ha BaXXHOCTh MIC-3 reHoB He Toibko B RKN
naToreHese, Ho M, B kadecTBe PR-Oenka ¢ moreHmuanbHON 3aIUTHOM (yHKIIHEH
IIPU 3apaXKEHUH BUJITOM M, BO3MOXKHO, IPYTUMHU 00JIe3HEHN XJIOMYaTHUKA.

B uyerBeproii mmaBe gucceprauuu 1noa HazBaHueM «MoviekyasipHasi



ypononnst  cemeiicrea MIC-3 reHoB y BuAOB Gossypium» TPEACTABICHbI
JAHHBIE O CKOPOCTU OOMEHa HYKJICOTHIOB y 15 TEeTparuiouaHbIX U JUTIIIOUIHBIX
TCHOTHUIIOB XJIOMMYaTHUKA ¥ 0O0pa3Ibl MOJEKYISIPHON SBOIOIUU MYIBTUTEHHOTO
cemeiictea MIC-3.

WccnenoBanms BKITIOYAIOT B CE€0s CIIETYIONTUE PE3YIBTATHI:

[Tocne ynanenus unHTpoHHBIX M UTR obnactelt mociemoBaTebHOCTEH W3
Bcex 169 unenoB MIC-3 rena, Obuin chopmupoBanbl 131 oTIMYUTENBHBIE
xkonupytomue nociuenorarensoct JJHK nnst unenoB MIC-3 rena u3

40

15 reHOTHMNIOB, KOTOpBIE OBUIA AOMOJHUTENIBHO CTPYIIIUPOBAHBI B 56 paziInyHbIX
OCTMOK-KOMUPYIOIKUX — TpeanonaraeMeix — nocnegosarensHocTedt  kJIHK.  Otm
kogupyromue nocieaosarenbHoctd  JJHK  Oblim  ycmemHo — MHOTOKPaTHO
BbIpaBHEHbI 10 423 m.0. ¢ ucnoib3oBanueM ClustalX, koTopas 0XBaThIBa€T BCIO
xkoaupyroiy obnacte MIC- 3 reHoB, B TOM yucie nepBblid (231 m.H.) U BTOpoit
(192 mn.H.) 9K30HBL. OtH 56  OTIMYMUTEIBHBIX  IPEANOIOKUTEILHBIX
nocnenoBatenbHocTet kJIHK oOpasyror 29 omiMyuTenbHBIX MpencKa3aHHbBIX
OCJIKOBBIX TOCJEAOBATeIbHOCTEH y Bcex |5 TEeHOTUIOB XJiomuaTHUKa. B
COBOKYITHOCTH, pPa3iuyusl CpPEId aMUHOKHUCIOT ObUIM 3amedeHbl y 42 u3 141
aMuHOKUCTOTHBIX  mo3uruii  (30%) mpeamonmaraembix  MIC-3  GEIKOBBIX
nocienoBarenbHocTe  BUOB  Gossypium.  Wmenocs  Oonblliee  YUCIO
AMUHOKUCIIOTHBIX ~ W3MEHEHUH Yy  MNpeAnojoxuTenbHbix MIC-3  Oenkos,
NOJy4YeHHBIX W3 D-reHoMa, M0 CPaBHEHHUIO C TPYMION OENKOB, MOTYYCHHBIX U3
A-reHoMa. AMUHOKHUCIOTHBIE HW3MEHEHHUS ObUIM MEHEe BBIPAKEHBI Yy A; U
F-renomnoii rpynmel mnpennonaraemsix MIC-3 6enxoB. B omimmume ot 3TOroO,
HanOOoJbIIee YMCIO aMUHOKHCIOTHBIX M3MEHEHUH HAONI0aNoch y BCEX YEThIpEX
MPEANOIOKUTENBHBIX 0eKOB Ds-reHoMHbIX MIC-3 TeHOB.

Kpome Ttoro, Obuta u3yueHa MOJIEKYJISpHAs 3BOJIOLMS CEMENHCTBa TE€HOB
MIC-3 Ha OCHOBE aHalv3a €ro Bapualuu y 15 TeTpariouaHbIX U AUIIOUIHBIX
reHotunioB  Gossypium, KOTOpble B  COBOKYIHOCTM MPEACTABISIOT CEMb
(UIOreHeTHYECKH PAa3IMYHBIX TE€HOMOB, KOTOpbIE€ 4YacTO MCHOJIb3YIOTCS s
SBOJIIOIMOHHBIX  uccheaoBaHuil. CkKopocTh  CHHOHUMUYHBIX (dg) ©  He
CUHOHUMUYHBIX (dy) HYKICOTHIHBIX 3aMEH [O3BOJSIOT MPEANOIOKUTh, YTO
BTOPOW M3 JIBYX 3K30HOB MI/C-3 T€HOB HAXOAUTCS MO CUJIBHBIM MOJOXKUTEIbHBIM
JaBJIeHUEM OTOOpa, B TO BpeMsl KaK TMEpBbIA 5K30H ObLI TOJ CHIbHBIM
U30JIMPYIOIIUM OTOOPOM TSl coXpaHeHus PyHKuuu (Tabnuma 2).

Ha ocHoBe k03(ppuUIIMEHTOB HYKJICOTHIHBIX 3aMEH, Mbl MPUILIA K BBIBOY,
yt0 MIC-3 TEHBl 3BOIOLMOHHUPYIOT TOCPEICTBOM IIpoLEecca «POXKIEHUS U
CMEPTH» NPU CUIBHOM U30JIMPYIOLIEM OTOOpE B 9K30HE-1 U JUBEPTEHTHOM 0TOOpE
B 93K30He-2 (Tabmuua 2). IlodaydeHHble pe3ylbTaTbl CBUIETEIBCTBYIOT, YTO
MEXaHU3M «aMIUTU(PUKAIMK TEHa» IMOMOTaeT COXPaHUTh BCE YABOCHHBIC KOMUU
MIC-3 renoB B reHomax Gossypium, 9TO HaWIydlTIdM OOpa3oM COTIIACYETCS C
MOJIEJIbIO «MCUE3A0IIEH TPUMAHKW» SBOIOINUH R-reHa.

JlaHHble TIOKa3bIBalOT, 4TO AymMkaiuu MIC-3 TEHOB NPOUCXOAWIN C
pa3IMYHBIMM ~ CKOPOCTSIMH, OIMH pa3 3a ~1 wmwumon ner (MY) vy



aJUIOTETPAIJIONIOB, OJWH pa3 B ~2 MWUMOH JeT Yy A-/F-reHoMHBIX
¢uIOreHeTHYeCKUX BETBEW, W OAWH Pa3 B ~8 MWILIHMOH JieT y D- reHOMHBIX
¢unorenernyeckux BetBer (pucyHok 3). M3menenus B cemeiictBe MIC-3 reHOB,
KaKk  OKa3ajloCh, OTPaXKalOT  O3BOJIOIUOHHBIM  OTOOp Il  MOBBILICHUS
GYHKIIMOHATBHOM — YCTOMYMBOCTH (4Yepe3 H30JHMpYyHOUUi oTOOp B 3K30HE-1), a
Tak)Ke pacIIMpeHHe BO3MOXXHOCTEH I Pa3paOOTKH HOBBIX «IIEepPEKIOUaTeNIe
(3a cueT MUBEPreHTHOTO OTOOpa B AK30HE-2) ISl pearMpoBaHUs Ha pa3IUYHbIC
BpEIUTENIH U MAaTOreHbl. Takue 3BOJIOIMOHHBIE POJIU COBIAJIAIOT C TUIIOTE30M, UTO
YJIEHBl 3TOTO0 YHUKAJIBHOTO  CEMEICTBA T'€HOB YCTOWYMBOCTU OOECIIEYUBAIOT
MpUCIIOCOOUTENbHBIC TIpeumyIecTBa y  Gossypium B 00pb0e C BpEIUTEIISIMU U
aTOr€HaAMHU.
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Taoauna 2

CpenHue BHYTPHU-T€HOTUIIHBbIE OIEHKH HYKJIEOTHAHBIX 3aMeH JIJIfl ceMeiicTBa
MIC-3 reHOB XJIOMYATHUKA

I'enoTunbl I'enom A, D, HUroro*

dy | dg [dydg | dy | dg [ dyidg | dy | dg | dnidg
Gh_TM-1 [AD], [0.80|2.19 | 0.37 | 4.19 433 097 | 1.85|2.57| 0.72
Gh_Sisoline [AD], [0.69 | 194 0.36 | 4.19|4.33| 097 | 1.56 | 2.34 | 0.66
Gh_M315 [AD], [0.67 | 1.89 | 0.35 | 2.86 | 3.49| 0.82 | 1.57 | 2.38 | 0.66
Gh_MS8 [AD], [0.78 | 1.94 | 0.40 | 3.53 3.23| 1.09 | 1.36 | 2.14 | 0.64
Gh_Clevewilt [AD], [0.80 | 1.89 [ 0.42 | 2.79 286 | 098 | 1.61|2.16| 0.74
Gh_Golib [AD], [0.66 | 2.24 | 0.30 | 4.19 | 433 0.97 | 1.50 [ 2.55| 0.59
Gh_M240 [AD], [0.76 | 2.09 | 0.36 | 4.19 | 433 0.97 | 1.67 | 2.46 | 0.68
Gh_ST213 [AD], [0.58 | 2.04 [ 0.28 | 4.19 [ 4.33 | 097 | 1.37 | 2.48 | 0.55
Gh_REDM [AD], [097 | 1.97 | 0.49 | 4.04|3.74| 1.08 | 1.51 | 2.37 | 0.64
Gb_Pima 3-79 [AD], [0.31|1.04 | 0.30 |2.84|276( 1.03 | 1.90 [ 1.87 | 1.02
G. mustelinum [AD], [0.39]0.79 ( 0.49 | 230211 | 1.09 | 1.73 | 1.34 | 1.29
G. tomentosum [AD]; (0491083 | 0.60 | 290284 | 1.02 | 1.78 | 1.62 | 1.10
G. herbaceum A, - - - - - - 0431041 | 1.05
G. raimondii D; - - - - - - 3.70 | 2.83 | 1.31
G. longicalyx F - - - - - - 0.35237| 0.15
Bee G. hirsutum [AD], [2.06 |0.61 [ 0.30 |2.79 237 | 0.85 | 1.32|2.39| 0.55




Bce Gossypium Buppl - 1.90 1 0.58 [ 0.31 | 2.57]220| 0.86 | 1.80 | 2.58 | 0.70

Gh — G.hirsutum; Gb — G.barbadense,; Sisoline — uyBcTBUTENbHBIE W30MUHMM; *MTOro —
komMOuHaist A, u D; dg — CKOpPOCTh CMHOHMMHYHBIX HYKJIECOTHIHBIX 3aMeH; dy — CKOpOCTh
HECHHOHUMMYHBIX HYKJICOTUAHBIX 3aMeH; dy:dg — OTHOIIEHHE CKOPOCTH HECHMHOHMMHYHBIX 3aMEH
K CHHOHMMHYHBIM, Ha4MHAS C PACXOXKICHHS IBYX IOCIEAOBATEIBLHOCTEH, YTO NMPHUMEPHO PAaBHO
dy:dg, OTHOIIEHME dYHMCIa HECHHOHMMHYHBIX 3aMEH K CHHOHMMHYHBIM. I[Ipummeuanue: dTo
ckopocTH dy:dg, 3HaUeHNEe KOTOPBIX 0oJbIe 1, BRIACTICHBI JKUPHBIM MIpU(TOM; 3Ha4eHuUs dy 1 dg
yMHOKeHbI Ha 100x.

B marom 1maBe gumccepranuu  noj  HasBaHueM — «MoutekyJasipHas
XapPaKTePUCTUKA KOPeHb cCleuu(PUYHbIX NPOMOTOPOB M3 MIC-3 MeKreHHOro
PerMoHa M CO3JaHHMe TeHEeTHYEeCKHUX KOHCTPYKUHMH € KOpeHb cneuu(puuHbIM
NPOMOTOPOM /IUISl JOCTHKEHH KOPEHb crneur(pUYHON IKCIPECCUN» TOBOPUTCS
O CO3[aHMM BEKTOPHOM KOHCTPYKIMHM ¢ Iomomplo cuHTetndeckux PHK
OYIUIEKCOB M HYKJIEOTHIHOW ITOCIENOBATENbHOCTH MUHUMAJIBHOW JUIMHBI KOPEHB
cneneuanoro mpomoTtopa reHa MIC-3, mone3HpIXx B Oyaymem IS
OMOTEXHOJIOTUH XJIOMMYaTHHKA.

HccnenoBanns UMEIOT CIENYIOIIME PE3YIbTAThI:

2.5 xb mexrennsie peruoHbl MIC-3 reHHoro Kiactepa ObUlH aMIUIU(QUITIPOBAHBI,
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Gene daplication

Pucynok 3. IlarrepH ayniiukanuu reHoB B cemeiictee MIC-3 reHoB

AUILIOUIHBIX M AJUIOTETPAIIOUIHBIX BUAOB Gossypium:
(A) npummounnnsie Bunsl: Gherb — G. herbaceum, Glong — G. longicalyx, Grai — G. raimondii; (B)
— ayorerpamwtonaubie Buabl: Gh TM1 — G. hirsutum TM-1, GB-379 — G. barbadense Pima




3-79; Gmust—G. mustelinum, n Gtom—G. tomentosum. Ilpumeyanme: npyrue reHoTunsl G.
hirsutum (Sisoline, M315, Clevewilt, M240, ST213, I'onu6, M8 u REDM), ucnonb30BaHHbBIC

B 3TOM HCCJICIOBAHHH, UMEJIH T€ K€ MaTTePHbl TCHHOW AYIUIMKAI[MH, OHH HE BKJIFOYCHBI JUIS
NPOCTOTHl  PHCYHKa, OIICHKM BpeMeHW jauBepreHimu (MYA) ObUIM  pacCuuTaHbl ¢
UCTIONB30BaHUEM KOA(D(GUIIMEHTOB CHHOHMMHYHBIX 3aMEH B mapax wieHoB MIC-3 reHa Ha

TCHOTHII / BUJ] C MCIIOJIb30BaHHEM 2,6 X 10 CHHOHMMMYHBIX 3aMEH Ha CalT / TOJL.

KJIOHUPOBaHbl U CEKBEHHPOBAHBI C HCIOJIb30BAHUEM MPANMEPHBIX Map U3 MEPBOTO
sk30Ha MIC-3 renoB. beuia ucnonbs3oBaHa kKoHceHCycHas nosuius 220-240 1m.o.
(mpsmoro) wu  130-154  (oOpaTHOr0)  MHOXECTBEHHOTO  BBIPAaBHUBAHMUS
MMOCJIEeA0BaTEIILHOCTEN. AHann3 3Toil MexreHHot MIC-3 mocienoBaTeIbHOCTHU
MO3BOJIMJI MICHTUPUIUPOBATH XAPAKTEPUCTUKU MOCIEI0BATEIHHOCTH MPOMOTOPA
¢ TATA-O00OKCOM M MHOXECTBEHHBIE PAa3JIMYHBIE MOTHBBI IOCIEAOBATEILHOCTH,
CBSI3aHHBIE C KOPHEBOM CHEIU(PUYHOCThIO M matoreHoM. Heckoiabko map
npaiiMepoB ObUIO pa3pabOTaHHO Il aMIUTU(UKAIMK Pa3IUYHbIX (PArMeHTOB
3TOTO 2,5 T.I.O. IPOMOTOPHOM MOCHEA0BATEIBHOCTH.

OTO MO3BOJIUIO HACHTUPUIUPOBATH MUHUMAIbHBIA MPOMOTOPHBIA PETHOH.
PaccunranHble mapel npaMMepoB HMMEKOT PECTPUKLUMOHHBIE CaWThl HAa CBOUX
KOHIAX JJIsi BCTaBKM B MPEIBAPUTENbHBIN JBOWYHBIA IUIa3MUJIHBIA BEKTOD,
conepxamuii  GUS-penoprepHbiii reH. Bkparue, ¢parment mnpomoropa MIC-3
2562 1.0., OXapaKTepU30BAHHBIA B JAHHOW padoTe, ObUT BHOBb aMIUIM(ULIHUPOBAH
¢ mapoii mpaiimepoB, Hecymmx Hind III, a taxke BamHI amanTepst caiitoB
PECTPUKIINHU. YKOPOUEHHBIE (PparMEHThI MPOMOTOPA C PA3TUYHBIMU IJTUHAMU
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5'-KOHILIEBBIX JIeJeuii OBUIM aHAJIOTHYHBIM 00pa3oM aMIUTM(HUIMPOBAHBI C
KOKJIOM KOHKPETHON Tmapod mnpaiiMepoB (pUCYHOK 4). DT NPOMOTOPHBIE
dbparmMeHTsl ObUIM BCTpPOEHBI B oOmienocTynHbii Bexktop pBI101, mo GUS- rena
KOJMPYIOILIETO PETHMOHA, B PE3YJbTaTe YEro MojiyueHa cepus
pBI101-MIC3_Pr::GUS 6unapubix BekTOpoB, a uMeHHo: P-2500 (-2500 / -1, 2500
n.0.), P-2200 (-2200 / -1, 2200 m.o.), P-1800 (-1882 /-1, 1882 m.0.), P-1600 (-1658
/ -1, 1658 m.o.), P-1300 (-1381 / -1, 1381 m.o.), P-1000 (-1057 / -1, 1057 m.0.),
P-700 (-708 / -1, 708 m.0.). DTUBEKTOpHI ObUTH TIepeHeceHbl B mTamMM [LBA4404
(mms  mpeoOpaszoBanusixjonuatHuka) win  GV3101 (o Tpanchopmanmu
apabunorncuca) Agrobacterium tumefaciens v UCIOIL30BaH ISl in planta
Tpanchopmarun Arabidopsis. TpaHCTeHHbIE pacTeHUsT OTOWpayid, BbICEBas Ha
KaHaMHIIMH-COIeprKalllue Yallku carapoMm. TpaHCcreHHble pacteHusi Arabidopsis,
UMEIOINEe MHHHUMAaJbHBIM BEKTOp mpomoTopHor obnactu, pBI101-700::GUS,
nokazan skcrnpeccuro  GUS TONbKO B KOpPHE PpACTEHMs, Kak IOKa3aHO
onpenenenreM GUS mipu BhIpalllUBaHWU Ha arape (PpUCyHOK 4). DTO MO3BOJIMIO
MPEANnoNIOKUTh, YTO MHUHUMAajJbHas oOmacte mpomoTtopa MIC-3 B 708 m.o.
JIOCTaTO4YHA, YTOObI HAMpPaBUTh SKCIPECCUIO JIOOOT0 IreHa K KOPHSM pPACTEHHS.
[Tpu momorm 3tux MIC-3 BEeKTOpOB OBUIH MPeoOpa3oBaHbI B OOIIEH CIOKHOCTH
1383 runoxotuis Kokep-312, Bkitouast 6e3 BEKTOpHBIE MPEOOpPa30BaAHMSI.
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Pucynox 4.Bepupuxanus ¢ynkuuii MIC-3 npomoropa:
A — ¢pparmeHTHpOBaHHbIE MTocnenoBarenbHocT MIC-3 npomotopa [1,9 — mapkep A/HindlIII, 2
Pr-2500, 3 Pr-2200, 4 Pr-1882, 5 Pr-1381, 6 Pr-1057, 7 Pr-708, 8 Pr-1658]; B u C — cy6
kjoHupoBanue B pBI101 6unapuslii Bekrop ¢ GUS MapkepHbIM F€HOM; THCTOXMMUYECKOE
OKpallMBaHue dKcnpeccupyeMbix GUS maTrTepHOB B TPAHCTEHHBIX pacTeHusX Arabidopsis,
skcnipeccupyronux P-700::GUS: (D) 1 — HenenbHbIe TpacHGOpMUpOBaHHBIE POPOCTKH; (E)
KOHTpOJIbHBIE pacTeHus Arabidopsis.
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B xadecTBe oTpuIIaTeIbHOTO KOHTPOJISI 125 runokoTuiiel oopadarbiBaivi BOJOM.
HexoTopsie TpaHCTeHHBIE SMOPUOHBI PACTCHUI XJIOMTYAaTHUKA, HECYIITHE
npoMoTopHBIe obnactu MIC-3 reHa, nepeHarpasisione GyHKIMOHUPOBAHUE
MapkepHoro reHa GUS, OblUIM COMaTUUECKU PEreHepUPOBAHbI (PUCYHOK 5) JIst
JanabHENIIel XapakTepUCTUKHA Ha MOJIEKYISIPHOM U (DyHKIIMOHAJILHOM YPOBHE.
DTOT YHUKQIBHBIA KOPHEBOU IMMPOMOTOP OYZIET TOJIE3€H JIT OMOTEXHOJIOTHH
pacTeHui B LETAX IKCIPECCUU JIFOOOTO TeHa TOIBKO B KOPHIX pacTeHui. Takxe,
OB CKOHCTPYHPOBAHBI M ONITUMHU3UPOBAHBI OCHOBBI OMHAPHBIX BEKTOPOB
conepxkamue PHK nymiiekcbl pacTUTENbHBIX T€HOB, AJI U3yYeHUs PyHKIUH
pacTUTENIbHBIX TeHOB, BKIt04asi MIC-3 reHbl.



Pucynok 5. Tpanchopmanus XJIOMYATHUKA U COMATHYECKHA IMOpHOTreHe3 ¢

ucnojab3oBanuem MIC-3 cnenu@uYHbIX IPOMOTOPHBIX KOHCTPYKIMH: A —
YYacCTKHU TUIOKOTIIIS; B — kammycorenes; C — coMaTHYeCKH pereHepupoBaHHbie SMOpHroabl; D —
YKOpPEHEHHUE U MpopanuBanue; E — nepeHoc B Mo4YBy B TOPIIKaXx.

3AK/IIOYEHUE

Ha ocHoBe mNpoBEACHHBIX HCCIEAOBAHUM 1O JOKTOPCKOM JHMCCEpTAIlMK Ha
Temy «KIJIOHMpOBaHUE, XapaKTepUCTHKa cemeicTBa reHoB MIC-3, onpenessitommnx
YCTOMYMBOCTh K TaToreHam xjomndatHuka (Gossypium spp.) U HU3YyUYCHHE HX
MOJICKYJIIPHOM SBOJIIOIMU, a TAKXXE 3HAUCHHE STUX T€HOB B OHUOTEXHOJIOTHU
MpEACTABIICHBI CIEAYIOIINE BHIBOIbBI:

1. BnepBble KIOHHUPOBAaHbI, CEKBEHHUPOBAHBI M BBISBICHBI IOJIOXKEHUE,
CTPYKTypa U COACp)KaHUE KOMILJIEKCHOTO, KPYITHOTO, CIEIU(UUYHOTO TOJIBKO IS
XJIOIMYAaTHHUKA, W DJKCIPECCHUPYEMOTO B KOpHE cemeuctsa reHoB MIC-3 'y
AJUIOTETPAIUIOUIHBIX U TUIUIOUIHBIX BUIOB Gossypium.

2. 169 nocnenosarenpHocTeld reHoMHou JIHK unenoB M/C-3 renoB u3 15
TeHOTHIIOB XJIOMYaTHHUKA cOCTOAT M3 4 10 16 wieHoB reHa u3 2-10 mojacemeiicTB Ha
Ka)KJIbIli T€HOTHII/BHI,

3. Bce wienst MIC-3 T€HOB € UCTIOJIb30BAaHUEM HYKJIEOTHIHBIX
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nonumopdusmoB (SNP) u npeanonaraeMpiX rarmioTUNIOB ObUTH (PUIOTEHETUYECKH
CTPYIIHUPOBaHBI B 17 TeHOMHO crieruduueckux nmogaceMecTs. 4. Pekomenayercs
WCITIOJIb30BaHME 42 TaITIOTHITHBIX TIOCIIEIOBATEIIBHOCTEH, TTOTYIYCHHBIX B
pe3ynbTare aHaiu3a wieHoB MIC-3 TeHa u3 auioTeTPaImionaHOro A - win D -
TeHOMOB I onipeneeHus cneunuunsix ais rena MIC-3 SNP nonumop¢dusmos.

5. BnepBbie Ob1mu paszpabotanbl MIC-3 renoM-crenupuunbie SNP mapkeps
U C HCIOJNb30BAaHUEM TaIUIOTUIIMYECKUX acCCOIMalMidi M OSKCIIEPUMEHTOB C
mmHAEBIME [TIIP Obuta mokasaHa kimactepHas jokanm3aius dieHoB MIC-3 reHa B
TOMEOJIOTHYHBIX CeTMEHTaxX XpomocoM 4 u 19y G. hirsutum.



6. BniepBoie ObUTH OMpeeIeHbl CKOPOCTU HYKJICOTHIHBIX 3aMEH M MaTTEPHBI
MOJIEKYJISIDHOM  JBOJIIOLIMM ~ MYJIBTH-TEHHOro  cemeiictrea MIC-3 B 15
TETPAIIOUIHBIX M JUIUIOMAHBIX TE€HOTHUIAX XjomyarHuka. OILEHKOM CcpeaHero
yucia CUHOHUMUYHBIX (dg) M HECHHOHUMUYHBIX (dy) HYKICOTHIHBIX 3aMEH IS
konupytomux nocienosarenbHocTed JIHK cemeiictBa MIC-3 reHOB BBISIBICHBI
CEJICKIIMOHHBIE OTPAHUYECHUSI U MOJIEKYJISIpPHAsl 3BOJIOIUS CEMEMCTBA 3TOrO T'eHa B
TE€HOME XJIOMTYaTHUKA.

7. T'ensl MIC-3 3BOJIIOIUHUPYIOT B COOTBETCTBUU C MOJICNIBIO «POXKICHUS U
CMEPTH» MO BIMSHUEM HW30JUPYIONMETOo OTOOpa B 3K30HE-1 W IHMBEPreHTHOM
CENIEKIIMM B JK30HE-2, XOTS B Hayaje MOJIEKYJISIPHOW 3BOJIIOIMU MPOUCXOAMIA
CTAOWIIM3UPYIOIIAs] «COBMECTHAS IBOIOIHA.

8. PesynmbraThl TakkKe TMOSCHAIOT HAIUYUE «aMIUTM(PUKAIUA TEeHa» Kak
BO3MOXKHOTO MEXaHW3Ma COXpaHEeHUsl Bcex nyonmupyromux konud MIC-3 reHoB U
pa3pabOTKN HOBBIX (PYHKIIMII T€HOB B MPOIIECCE 3AIMTHl XJIOMYATHUKA B PaMKax
MOJIEIIH «HACUYE3AI0IIEH MIPUMAHKN.

9. llpoxoxaenue aymnukauuu MIC-3 TeHOB, OIMH pa3 3a ~1 MWUIMOH JIET Y
aJUIOTETPAIJIONAHBIX TEHOMOB, OJIMH pa3 B ~2 MWIIKMOHA JieT Y A / F reHomMoB, u
OJIUH pa3 B ~8 MUJUIMOHA JIeT Y D-reHOMOB, a Tak)Ke BBISIBJICHHAsI OLICHKA BPEMEHU
u oOpaser] JIyIUIMKAIlMd TEHOB PEKOMEHAYeTCS JUisi TOHUMAaHUS POJHU
MaTOreH-OMOCPEAOBAHHBIX MPOIIECCOB 0TOOPA B HBOJIIOIIMU T€HOMOB XJIOMTYATHHKA.

10. Bricokas skcnpeccus MIC-3 TeHOB BO BpeMsl 3apa)kKeHUsT MaTOT€HaMHU
Fusarium w Verticillium y yCTOMYMBBIX W HEYCTOWYMBBIX T€HOTUIIOB COPTOB
XJIOMYATHUKA, ACCOIMUPYETCSl CBAKHBIM 3HaueHueM MIC-3 TeHOoB.

11. BnepBeie Obula KJIOHMPOBAaHA W CEKBEHUPOBAHA HYKICOTHAHAS
MOCIEAOBATENbHOCTh, a TaKX€ OXapaKTepU30BaHbl MPOMOTOPHBIE MOTHBBI
MEXKTE€HHOTO crieiicepHoro perumona ayiuHout 2,5 kb, comepxkarmiero B cede MIC-3
IPOMOTOP C CUTHAJIEHON KOPEHb-CITEU(PUIHON TTOCIIET0BATETHHOCTBIO.

12. Co3nansbl ¥ TpaHc(oOpMUpPOBaHbI OMHAPHBIE TEHETUYECKHUE BEKTOPHI C
MUHHUMAaJIbHON HYKJIEOTUIHOM MOCIEN0BATEIbHOCTBIO TPOMOTOPA KOPEHb
crieieuunoro MIC-3 rena, coaepxamiero cuaternueckue PHK myrinekcsr,
KOTOPBIE PEKOMEHAYIOTCS JjIsl OMOTEXHOJIOTUH PACTCHU.
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INTRODUCTION (annotation of doctoral dissertation)

Topicality and relevance of the theme of the dissertation. Due to the
globalization, there are wurgently pressing concerns for world agricultural



production to provide bio-safety/bio-security of the world’s leading crop species
and safeguarding them from biotic (phytopathogens, pests) threats. “Biological
threats from harmful organisms in agricultural practice cost over $1.4 trillion in
crop damage, equaling 5% of global domestic product (GDP)”'.

During the years of independence, in our country extensive work has been
done to improve crop yields, and today agricultural production is part of the
country’s annual economic income. At the same time reforms in the cotton sector
are being carried out and certain results obtained on the basis of held program
measures, i.e. areas of cotton crops were reduced, and yields have been increased
by an average of 3-4 quintals.

World cotton production suffers from wilt diseases (Fusarium and
Verticillium) and root-knot (Meloidogyne incognita; RKN) nematodes. RKN
accounts for an estimated 14% of all worldwide plant losses, which is reflected in
the amount of about $100 billion dollars annually. “The significant cotton yield lost
in the USA during the last 10 years of period because of RKN estimated to be
about $205 million annually”®. The actuality of the problem in this context,
together with fighting wilt pathogens, is to study and develop modern
biotechnology tools against biological vectors conditioning to spread wilt diseases
in cotton. Conducting research on the genetic basis of nematode managment is
justified as follows: need to identify genes conferring resistance to pathogens in
cotton; study their structure and composition in the cotton genome; determining the
location on the chromosomes; study of modern biotechnology and genomics
approaches for creation of lines resistant to pathogens.

This dissertation investigation serves to some extent to address the tasks
defined by the Law of the Republic of Uzbekistan No 116-I “On protection of
agricultural plants against pests, diseases and weeds” of 31 August, 2000, the
Resolution No.148 of the Cabinet of Ministers of the Republic of Uzbekistan “On
measures of improving the structure and increasing the efficiency of plant
protection service” issued on March 29, 2004 as well as other legal documents
approved in this direction.

Relevance of the research to the priority areas of science and technology
development of the Republic. This research was carried out according to the
priority directions of science and technology development of Uzbekistan in “V:
Agriculture, biotechnology, ecology and environmental protection”.

Review of international researches on the topic of the dissertation. The
molecular-genetic basis of disease resistance of Gossypium genus, in particular,
resistance against nematode pests were studied by scientist and research groups of
the leading research centres and higher educational institutions of the world,
including Texas A&M University (USA), Mississippi State University (USA),

'http://www.fao.org/docrep/018/i3300e/i3300e.pdf.
“http://www.apsnet.org/edcenter/intropp/lessons/Nematodes/Pages/RootknotNematode.aspx
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University of California (USA), University of Georgia (USA), and United States



Department of Agriculture (USDA) of the USA, Plant Industry (Australia),
Northeast Institute of Geography and Agroecology (China) as well The Centre of
genomics and bioinformatics (Uzbekistan).

As a result of the researches carried out in the world on the molecular-genetic
study of cotton (Gossypium spp.) resistance to pathogens, a number of scientific
results have been obtained: there were revealed a connection between wilt disease
and nematode infection, threat of nematode-wilt disease complex, as well as
several DNA markers associated with this disease (University of California, USA);
using microsatellite markers the researchers of United States Department of
Agriculture (USA) have mapped RKN resistance QTLs on chromosomes 11 and
14 of Upland cotton; using a large number of DNA markers (SSR and AFLP) and
screening an additional 1221 F, individuals of genetic population for RKN
resistance the researchers from University of Georgia (USA) have identified the
Mi-C11 Mi-C14 loci.

In the world, the following studies on the molecular-genetic study of the
cotton (Gossypium spp.) resistance to pathogens (including the below mentioned
priority areas) are being carried out: identification of new genes of resistance to
pathogens; QTL mapping by DNA markers; determination of chromosomal
location of genes of resistance to pathogens; obtaining new biotechnological
cultivars resistant to pathogens.

The degree of study of the problem. Most of known resistance-associated
multi-gene clusters in plants were studied by foreign scientists — DeYoung B.J. et
al’.; He L. et al.'characterized and mapped the NBS-LRR protein encoding
resistance genes in allotetraploid cotton; Zhang X. D. et al.’and Callahan F. E. et
al.’, identified high expression of a unique root-specific cotton MIC-3 protein in
root-knot nematode (RKN) resistant plants during nematode infection; Wubben M.
et al.showed that MIC-3 multi-gene family not associated with any specific
resistant motifs or NBS-LRR like domains; identified the preliminary functional
features of the MIC-3 gene family during plant defense response and showed that it
is independent of other well-known defense pathways.

In Uzbekistan, a genetic study of upland cotton crop “Golib” resistant to
nematodes, was carried out by H. Kholmatov, Sh. Egamberdiev comprehensively
has identified the pathogens of Fusarium genus by molecular genetic methods, and

’DeYoung BJ, Innes RW. Plant NBS-LRR proteins in pathogen sensing and host defense. Nat Immunol. 2006 Dec;7
(12):1243-9.

“He L., Du C., Covaleda L., Xu Z., Robinson F.A., Yu J.Z., Kohel R.J., Zhang H.B. Cloning, characterization, and
evolution of the NBS-LLR-encoding resistance gene analogue family in polyploid cotton (G. hirsutum L.) // Mol
Plant Microbe Interact. 2004. 17:1234-1241.

5Zhang X.D., Callahan F.E., Jenkins J.N., Ma D-P., Karaca M., Saha S., Creech R.G. A novel root-specific gene,
MIC-3 with increased expression in nematode-resistant cotton (G. hirsutum L.) after root-knot nematode infection //
Biochim.Biophys.Acta. 2002. 1576:214-218.

SCallahan F.E. Zhang X-D., Ma D-P., Jenkins J.N., Hayes R.W., Tucker M.L. Comparison of MIC-3 protein
accumulation in response to root-knot nematode infection in cotton lines displaying a range of resistance levels // J
Cotton Sci. — USA, 2004. 8:186-190.

"Wubben M.J., Callahan F.E., Hayes R.W., Jenkins J.N. Molecular characterization and temporal expression analyses
indicate that the MIC (Meloidogyne-induced cotton) gene family represents a novel group of root-specific



defense-related genes in upland cotton (G. hirsutum L.) // Planta. 2008. 228:111-123.
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also was studied the pathogenic properties of pathogens species and races,
occurring more often in relation to the local cotton varieties. However, clustered
supergenes for disease resistance in cotton have not yet been studied in detail in
both national and international levels. Currently, with the scientific and practical
point of view it is very important to study the molecular evolution and
characteristics of the clustered family of MIC-3 genes which determine the
resistance to pathogens in cotton (Gossypium spp.) as well as the application of
these genes in biotechnology.

Connection of the theme of dissertation with the scientific-research works
of the higher educational institution, where the dissertation is conducted. The
dissertation research has been done in the Centre of Genomics and Bioinformatics
in accordance within the framework of fundamental, applied and international
projects: F4-T149 “Investigation of the structure and function of cotton genome for
the development of marker-assisted selection” (2007-2011); UZB2-31017-TA-09
“Evaluation of potential germplasm resistance against root-knot nematode and
Fusarium wilt diseases in cotton and development of SNP-based candidate gene
markers” (2009-2013); “Obtaining high quality cotton transgenic lines using
genetic binary vectors based on synthetic duplex RNAi established for cotton
genes” (2009-2011).

The aim of the research is to determine M/C-3 gene position, structure,
content, and complexities as well as molecular evolution and gene duplication
mechanisms in allotetraploid and putative ancestor-like diploid cotton genomes.
The main tasks of the study:

cloning and sequencing all members of MIC-3 genes from major putative
ancestor-like diploid and allotetraploid genomes of Gossypium species; performing
a detailed phylogenetic analysis and classification of MIC-3 genes into
sub-families in Gossypium species;

discovering the putative haplotypes of MIC-3 sequences in cotton genome and
developing the SNP markers to confirm clustered localizations of MIC-3 gene
members on specific cotton chromosomes useful for future marker-assisted
selection programs;

characterizing putative protein sequences and nucleotide substitution rates to
study patterns and rates of molecular evolution, gene duplication, and maintenance
mechanisms of MIC-3 multi-gene family before and after allopolyploidization in
cotton genome;

studying cotton genome evolution based on MIC-3 gene information and
re-estimate the divergence times of Gossypium genomes;

studying adaptive selection patterns based on “synonymous” and
“nonsynonymous” substitution rates contributing to nematode and disease
resistance;

studying MIC-3 gene expression during Fusiarium and Verticillium wilt
infection process in susceptible and resistant genotypes of cotton cultivars;
determining the intergenic spacer regions between several MIC-3 genes and on



their basis constructing binary vectors containing minimal promoter region, and
transforming them into model plant Arabidopsis to identify promoter sequences
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useful for future cotton and plant biotechnology;

constructing and optimizing binary vectors bearing synthetic RNAi duplexes
to study the function of plant genes including MIC-3.

The objects of the research. Plant materials used were doubled-haploid line
Pima 3-79 of G. barbadense ([AD], -genome), G. tomentosum ([AD]; -genome),
G. mustelinum ([AD], -genome), and nine genotypes of G. hirsutum ([AD];-
genome), including Clevewilt, M240, M315, Golib, ST213, M8, Texas Marker-1
(TM-1), susceptible isoline (Sisoline), and red mutant line (REDM). Three of the
diploids included in this study were G. herbaceum (A,-genome) and G. raimondii
(Ds-genome), the genomes of which are most closely related to the
A~ (A-subgenome) and D, _ (D-subgenome) genomes of the extant AD tetraploid
species, and the F-genome African wild cotton, G. longicalyx. We used deficiency
testing to delimit chromosomal locations of MIC-3 genes, by screening
polymorphisms against a set of monosomic and monotelodisomic interspecific
G. hirsutum x G. barbadense F | hybrids and analogous primary monosomic F,
hybrids G. hirsutum x G. mustelinum.

The subject of the research is the unique disease resistance MIC-3 gene
family from 15 tetraploid and diploid cotton genotypes.

The methods of the research work. In this work, all basic molecular biology
methods including DNA isolation, gene sequencing and cloning, genetic structure
analyses, phylogenetic clustering, tests for recombination and gene conversions,
molecular evolution divergence times as well as marker development, binary
vector constructions and genetic transformation methods as well as modern
bioinformatics and statistical tests were applied.

Scientific novelty of the research includes the following:

for the first time, a total of 169 individual members belonging to MIC-3
supergene family from 15 allotetraploid and diploid genomes were cloned,
sequenced and characterized;

a detailed sequence analysis of 169 MIC-3 gene found out that in 15 cotton
genotypes were detected 4 to 16 gene members with 2 to 10 subfamilies per
genotype/species. These 169 MIC-3 gene sequences from Gossypium species were
phylogenetically grouped into a total of 17 genome-specific subfamilies;

analysis of allotetraploid genome-derived MIC-3 gene members further
identified 42 haplotype sequences, specific to A- or D,-genomes, that helped to
identify MIC-3 gene specific SNPs. Based on haplotype and subfamily groups, 9
putative MIC-3 loci in A,-genome and 3 putative loci in D;-genome of
allotetraploid cottons were identified;

for the first time, MIC-3 derived genome specific SNP markers were
developed, and clustered localizations of MIC-3 gene members in homeologous
segments of chromosomes 4 and 19 of G. hirsutum were identified;



for the first time, nucleotide substitution rates and patterns of molecular
evolution of MIC-3 multi-gene family in 15 tetraploid and diploid cotton
genotypes were reported.

estimation of an average number of synonymous (dg) and nonsynonymous
(dy) nucleotide substitutions for coding DNA sequences of MIC-3 gene family
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detected that despite an early-course concerted evolution may be evident, MIC-3
gene family of cotton species are evolving under a “birth-and-death” evolution
with purifying selection in exon-1 and diversifying selection in exon-2.

for the first time “gene amplification” was suggested as a possible mechanism
to preserve all duplicated copies of MIC-3 genes and to develop new gene
functions during cotton plant defenses under “bait and switch” model.

the results indicated that MIC-3 gene duplication events occurred at various
rates, once per 1 million years (MY) in the allotetraploids, once per ~2 MY in the
A/F genome clade, and once per ~8 MY in the D-genome clade;

expression analysis detected that MIC-3 genes are highly expressed in
Fusiarium and Verticillium wilt resistant cotton genotypes;

for the first time, 2.5 kb intergenic spacer region, containing a MIC-3
promoter with root-specific signal sequence were cloned, sequenced and
characterized.

Practical results of the research:

MIC-3 gene sequences are recommended for modern cotton breeding and
biotechnology programs to develop wilt and nematode resistant as well as other
pathogen-related diseases of cotton;

SNP markers developed for MIC-3 genes are recommended for marker
assisted selection (MAS) of cotton to develop new cotton cultivars; several genetic
binary vectors consisting of GUS marker gene with the promoter sequences of
MIC-3 gene have been made and the vectors are transformed into the model plant
Arabidopsis. A minimal root-specific promoter of MIC-3 gene, which is very
useful in plant biotechnology, is recommended; synthetic RNA1 vector constructs
used in the study of gene activity in plant biotechnology have been created, new
lines of cotton biotechnology have been obtained.

The reliability of the obtained results is confirmed by the use of modern
approaches and methods. The data have been processed and analyzed using
classical statistical tools such as analysis of variance (ANOVA), analysis of
molecular variance (AMOVA), and Wilcoxon matched pairs signed-rank test,
modern sequence analysis (Sequencher, ClustalX, Mega 4.1, BLASTX)
algorithms, phylogenetic analysis methods (UPGMA, Mega 4.1, NJ), gene
conversion and recombination tests (GeneConv, DNASP, RDP3, SiScan), and
substitution rate (KaKs with Juke-Cantor corrections; codon-based Z-tests)
analyses. The number of synonymous substitutions per site per year for MIC-3
genes of cotton genomes were calculated using the expression r= Ks/2T.

Theoretical and practical significance of the research results. The
scientific significance of the research results are interpreted by providing novel



knowledge, understanding, and the detailed account of molecular evolution,
selective forces. For the first time, we discovered “gene amplification” and
mechanisms that retain all duplicate copies of MIC-3 genes in diploid and
tetraploid cotton species, and occurrence of new gene functions during plant
defenses in cotton under “bait and switch” model.

The practical significance of the work is that the MIC-3 derived SNP markers
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and MIC-3 sequences evolving under positive selection providing increased
disease resistance for cotton can be used for modern MAS programs to develop
nematode and wilt resistant varieties, MI/C-3 gene promoter can be effectively used
to redirect any gene function to plant roots including cotton that will provide safety
of many transgenic events, and developed synthetic RNAi constructions are used
in gene activity study.

Implementation of the research results. In response to the study of
molecular evolution and characteristics of the clustered family of MIC-3 genes as
well as on the basis of the results obtained under the use of these genes in
biotechnology of cotton:

patents for the invention (12.01.2011, Ne TAP 04300; 02.06.2011, Ne 1IAP
04383; 23.05.2011, Ne TAP 04360; 23.05.2011, No IAP 04361) on the method of
small interfering RNA (siRNA) for suppression of gene expression in plant cells
have been obtained from the Intelligent Agency of the Uzbekistan Republic. The
results of the scientific research have allowed to create new lines by transforming
the vector constructs of plant biotechnology genes, for example, by studying the
activity of MIC-3 gene;

clustered MIC-3 genes have been used in the project Ne 6064-21000-014-00-
D “The genetic improvement of cotton by using marker-associated and traditional
breeding and introgression of genes from exotic Gossypium species” (2013-2018),
funded by the US Department of Agriculture (reference United States Department
of Agriculture of 26 September 2016). By using clustered MIC-3 genes the
possibility of obtaining nematode resistant lines, as well as improving the cotton
resistance to pathogens has been created;

Testing of the research results. Basic results of the research were presented
in the form of lectures, and were approved at 13 international and local scientific
conferences including “Conference of American Society of Agronomy” (New
York, 2006), “Actual problems of molecular biology of plants” (Tashkent, 2008),
“World genetic diversity of cotton is the basis of basic and applied projects”
(Tashkent, 2010), “Biology — the Science of the 21st Century” (Pushino, 2010),
“Actual problems of development of bioorganic chemistry” (Tashkent, 2010),
“International Cotton Genome Initiative conference” (Canberra, 2010), “5™ World
cotton Research Conference” (Mumbai, 2011), “International Cotton Genome
Initiative (ICGI) Conference” (Brasilia, 2006; Raleigh, 2012), “International
Cotton Conference” (Bremen, 2014), “Modern problems of genetics, genomics and
biotechnology” (Tashkent, 2016).

Publication of the research results. A total of 28 scientific works were



published on the theme of the dissertation. Of these 10 scientific articles were
published in the journals recommended by the Supreme Attestation Commission of
the Republic of Uzbekistan for publishing basic scientific results of doctoral
dissertations, including 5 national and 5 international journals. In addition, 4
patents related to the methods used in this work were received.

The structure and volume of the dissertation. The dissertation consists of
an introduction, five chapters, a conclusion and a list of references. The size of the
dissertation is 171 pages.
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THE MAIN CONTENT OF THE DISSERTATION

In the introduction the topicality and relevance of the dissertation theme
were justified. The aims and objectives, the objects and subject of the dissertation
were formulated; and its conformity to the priority directions of science and
technology development of the Republic was shown. The scientific novelty and the
practical results of the study were set out, the reliability of the obtained results was
proved and their theoretical and practical significance were discussed. A summary
of the application of the research results and the structure of the dissertation were
given.

In the second chapter of the dissertation titled “Materials, conditions and
methods of investigation of clustered genes of cotton”, the detailed descriptions
of plant materials and used reagents, methods of DNA isolation, cloning,
sequencing, and sequence analyses using phylogenetic, haplotyping, gene
conversion, recombination, and molecular evolutionary tests with application
modern statistical approaches were given.

In the third chapter of the dissertation titled “Characterization and
chromosomal localization of MIC-3 genes of Gossypium species”, the
composition, structure and location of the gene family MIC-3 were investigated, as
well as allotetraploid and diploid genomes of cotton were cloned, sequenced and
characterized.

The studies include the following results:

Approximately, 150 individual PCR-derived clonal inserts for MIC-3 gene
products were sequenced from each of 15 cotton genotypes. The amplicons from
MIC-3 genes of Gossypium species ranged from 653-706 bp, including 653-706 bp
amplicon length in all allotetraploid genotypes, 703-713 bp amplicons in G.
herbaceum, 653-691 bp amplicons in G. raimondii, and 706 bp long amplicons in
G. longicalyx (Table 1).

Multiple sequence alignment formed 721 bp long MIC-3 full-length
consensus genomic sequences for all Gossypium species studied. Intronic and
exonic parts of the MIC-3 genes of Gossypium species were annotated according to
MIC-3 nucleotide and protein sequence (Zhang et al., 2002).

Multiple sequence alignment of the genomic sequences from all Gossypium
species in our study demonstrated that our sequences corresponded to 11 bp from
non-coding 5’UTR region, two coding regions of 221-230 bp (exon 1) and 193 bp



(exon 2), single noncoding intronic region of 65-77 bp, and noncoding 3> UTR
region of 151-195bp of MIC-3 gene. The variations were due to large insertion and
deletion (indel) changes observed in some members of M/C-3 gene family in each
studied cotton genotype. For example, all the studied cotton genotypes, except G.
herbaceum (A- genome), had the 9 bp D-genome specific indel in the first exon. It
is interesting to note that there was the occurrence of a triplet position shifting
toward upstream direction in 9 bp indel within A-genome grouped (according SNP
mutation, see phylogenetic grouping) on MIC-3 amplicons of G. mustelinum
(Table 1).
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Table 1
Characteristics of MIC-3 gene family of Gossypium species
Genotype Number of Amplicon length Indel changes Total
members variation SNP
exon 1 | intron 3
UTR
Gh_TM1 10 653 (D,) 9 - 15.29 1 16 (A)),
706 (A, Dy) - - - 21 (Dy
Gh_Sisoline 11 653 (D,) 9 - 15.29 1 16 (A)),
706 (AuDy) - - - 21(Dy
Gh_ST213 11 653 (D,) 9 - 15.29 | 16 (A)),
706 (A,D,) - - - 22 (Dy
Gh_M8 12 697 (D,) 9 - - 17 (A,
706 (A,D,) - - - 20 (Dy
Gh_REDM 13 653 (D,) 9 - 15.29 | 17 (A,
706 (A,D,) - - - 21 (Dy
Gh_Golib 16 653 (D,) 9 - 1529 1 21 (A,
682 (D,) 9 - 15 1 22Dy
706 (AuDy) i ) )
Gh_Clevewilt 13 653 (D,) 9 - 15.29 117 (A,
706 (A,D,) - - - 21 (Dy
Gh_M240 9 653 (D,) 9 - 15.29 116 (A)),
706 (A,D,) - - - 21 (Dy
Gh M315 15 653 (D,) 9 - 15.29 | 18 (A,
697 (D)) 9 - - 27 (Dy)
706 (AuDy) i ) )




Gb_3-79 11 653 (D,) 9 - 15.29 | 11 (A,
682 (D,) 9 - 15 29 (D,)
706 (A,Dy) i )
G. tomentosum 9 653 (D)) 9 - 15.29 1 10 (A,
706 (A, Dy) - - - 24 (D))
G. mustelinum 15 653 (D)) 9 - 1529 | 12 (A,
668 (A, 9% - 29 | 28(D)
682 (D,) 9 - 15
706 (A,, Dy ) ) )
G. herbaceum 9 703 - 12 6 19 (A)
707 - 8 6
709 - 6 6
713 - 8 -
G. raimondii 4 651 9 - 31 33 (D)
653 9 - 29
691 - - -
G. longicalyx 11 706 - - - 14 (F)

*Note: 9 bp indel in the first exon of A-genome specific MIC-3 gene amplicon of G.
mustelinum has a triplet upstream shift compared to other D,-genome specific indels observed in
other genotypes. Gh — G. hirsutum; Gb — G. barbadense.

Moreover, all allotetraploid lineages, except G. hirsutum cv. M8, had two
other major indels of 15 bp and 29 bp found in 3’UTR region, of which 29 bp indel
(both structure and position wise) shared with the putative D-genome ancestor to
allotetraploids, G. raimondii. The 15 bp indel was unique to only allotetraploid
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genotypes studied and were not shared with either A- or D-genome putative
diploid ancestors. Studying the indel pattern in 3’UTR of MIC-3 amplicons of AD
cottons (Table 1), more complex amplicons, with the combination of 15 and 29 bp
indel, were found in G. mustelinum (three different types), and G. barbadense Pima
3-79 (two types) and G. hirsutum cv. Golib (two types). In that, G. barbadense
Pima 3-79 and G. hirsutum cv. Golib MIC-3 indel patterns were similar where
occurrence of amplicons with 15 bpindel alone were unique to these genotypes,
suggesting introgression between G. barbadense and Golib lines. On the other
hand, either 15 or 29 bp indels in 3’'UTR of any of MI/C-3 members of the G.
hirsutum cv. M8 among all clones were not found. Only 12 MIC-3 gene members
were detected in M8. Wubben (2008) reported 15 distinct members from the same
M8 genotype. It could be due to missing of some of MIC-3 members in
PCR-cloning experiment of this work.




169 gene members were grouped into 17 different sub-families in the
phylogram (Figure 1). One hundred and ten members of G. hirsutum genotypes
were grouped into 12 sub-families, out of which subfamilies 1 to 9 were specific to
Ai-genome and 10 to 12 were specific to D,-genome (Figure 1). Subfamilies 13 and
14 were specific to G. herbaceum, subfamily 15 was specific to G. longicalyx, and
subfamilies 16 and 17 were specific to G. raimondii MIC-3 gene family. All
allotetraploid MIC-3 gene members, except one of G. mustelinum-derived member
(MIC-3 _14), were clustered within 12 sub-families of G. hirsutum (Figure 1).
However, MIC-3 14 was clustered within the 13th subfamily found in A-genome.
Both G. herbaceum and G. raimondii, the putative A- and D-genome ancestors to
AD cottons, had two distinct subfamilies. Species-specific presence of some sub
families was observed. For example, subfamily 1 was found only in G. hirsutum
including susceptible isoline (Sisoline), ST213, and Clevewilt, sub-family 8§
included sequences of M315, and subfamily 11 contained sequences of M8 and
M315 upland cultivars.

To identify haplotypes of MIC-3 genes in tetraploid cotton, G. hirsutum
derived NJ phylogram of MIC-3 genes were used because of wide representation of
a diverse group of lines from this species in this study. G. hirsutum (AD)
haplotypes were broadly divided into two putative broad groups: 1) A,-genome
haplotypes and 2) D,-genome haplotype according to clustering with respective
putative diploid ancestors, G. herbaceum and G. raimondii. The consensus
sequences of G. herbaceum and G. raimondii were used as the reference sequence
in the haplotype tables (see the dissertation). Consistent with subfamily
classifications of MIC-3 genes in G. hirsutum (see above), the results showed that
At-genome had 9 putative loci (haplotype group) with an average of 3.5 allele or
haplotype/ locus, and D,-genome consisted of 3 putative loci (haplotype groups)
with an average of 3.3 putative alleles or haplotypes/locus in G. hirsutum. The
number of haplotypes or putative alleles per putative locus ranged from 2-6 in
Agenome and 4-6 in Di-genome. The tetraploid MIC-3 sequences included 25
SNPs in the Ai-genome and 26 SNPs in the D,-genome, all biallelic, except
positions 113 (A, D), 162 (D) and 568 (D). The average number of bp per SNP in
the A.-genome versus
D,- genome was 182.6 bp and 108.8 bp, respectively.
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Figure 1. Curved Neighbour-Joining phylogenetic tree derived from 86 different
MIC-3 genes of Gossypium species:

Bootstrap values (>50%) are shown.
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According to a separate phylogenetic (Figure 2) and MIC-3 sequence analyses

of TM-1 (a standard line for G. hirsutum) and Pima 3-79 (a double haploid
standard line for G. barbadense), several GSP markers were designed to
distinguish the interspecific genomic polymorphisms between these two species.

&4 Gh_TMI (5]
Gh_ TMY (4]
o8~ Gh_TM1 (6]
Gah_TM1 (7))
Bb_3-79 (%) .
Gk TR (1) : MI
Gb_3-79 (4) ]
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Figure 2. Curved Neighbour-Joining phylogenetic tree derived from MIC-3
genes of G. hirsutum (TM-1), G. barbadense (Pima 3-79), and two putative
diploid ancestors of AD cottons:

Branch length, bootstrap support values (>50%), chromosomal positions, and genome origins are
shown and colour-coded for simplicity.

These candidate gene markers were then used for deletion analysis by
screening the cytogenetic stocks, including monosomic, monotelodisomic, CS-B,



and NTN hybrids (Stelly et al. 2005; Goutirez et al. 2009). Both parental types of
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polymorphisms were present in most of the F1 hybrids. However, all of eight TM-1
GSP alleles, representing 7 out of 8 different A,-genome-derived MIC-3 members
of TM-1, were absent from the hypoaneuploid F, plants that lacked G. hirsutum
chromosome-4 (H04 monosomic) or the short arm of chromosome 4 (TeO4Lo
monotelodisomic). The euploid disomic chromosome substitution line CS-B04
also lacked the same G. hirsutum MIC-3 alleles for all of these markers. In
contrast, all of the eight GSP loci were heterozygous in all of the other substitution
lines and in the monotelodisomic F, substitution plant (TeO4sh) deficient for the
long arm of chromosome-4. The results collectively indicated that 7 out of 8
Ai-genome MIC-3 members of TM-1 are in the short arm of chromosome 4,
implying potential evidence for clustered localization of MIC-3 genes in cotton
genome (Figure 2). Although several D,-genome MIC-3 haplotype specific GSPs
between TM-1 and 3-79 were found, they failed to be polymorphic in deletion
analysis and chromosomal localization experiments. This was due to existence of
overlapping sites within 3-79 MIC-3 members that limited us to differentiate GSP
polymorphisms in cytogenetic stocks. However, the detailed sequence analysis of
G. mustelinum-derived MIC-3 members helped to design two different GSP
primers (not polymorphic between TM-1 and Pima 3-79), that were polymorphic
between TM-1 and G. mustelinum MIC-3 gene members, detecting genotype
specific alleles in deletion analysis. Tertiary monosomic F, interspecific hybrids
NTN 12-19 and NTN 10-19 differentially lacked the TM-1 allele specific to this
SNP marker, but not the G. mustelinum allele. The NTN 12-19 plant is segmentally
deficient for parts of TM-1 chromosomes 12 and 19, whereas NTN10-19 is
segmentally deficient for parts of the TM-1 chromosomes 10 and 19. Together,
they delimit one of the D.-genome MIC-3 member (MIC 3 10) of TM-1 to
chromosome-19. In contrast, primary monosomic interspecific hybrids H10 and
H12 were deficient for G. hirsutum chromosomes 10 and 12, but contained the
TM-1 and G. mustelinum GSP MIC-3 markers.

The result indicated that this D,-genome-derived MIC-3 member is not
located in either of these chromosomes, and further supports the localization to
chromosome-19. The other hypoaneuploid F, plants lacked other chromosomes,
but contained both TM-1 and 3-79 alleles for this specific SNP marker. Although a
primary monosomic for chromosome-19 is not yet available for G. hirsutum, the
results nevertheless clearly indicate that this D-genome MIC-3 member is located
in chromosome 19 of G. hirsutum.

Gene expression analysis of MIC-3 genes in a number of wilt pathogen
infected and non-infected cotton genotypes revealed that MIC-3 genes were highly
overexpressed during Fusiarium and Verticillium infected tissues and the
overexpression was pronouncedly higher in resistant genotypes (data not shown;
see the dissertation). This data showed the importance of MIC-3 genes not only in
RKN pathogenesis but also, as a PR-protein, its potential guarding function in wilt



pathogenesis and possibly in other diseases of cotton.
In the fourth chapter of the dissertation titled “Molecular evolution of MIC-3
gene family in Gossypium species”, the data on nucleotide exchange rate at 15
tetraploid and diploid cotton genotypes and patterns of molecular evolution of
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multigene MIC-3 family were presented.

The studies include the following results:

After removal of intronic and UTR sequence regions from all 169 MIC-3 gene
members, 131 distinctive coding DNA sequences for MIC-3 gene members from
the 15 cotton genotypes were formed that were further grouped into 56 putatively
protein-coding distinct cDNA sequences. These coding DNA sequences were
successfully aligned to 423 bp multiple sequence alignment using ClustalX that
covers entire coding region of MIC-3 genes, including the first (231 bp) and
second (192 bp) exons. These 56 distinctive putative cDNA sequences generated
29 distinctively predicted protein sequences in all 15 cotton genotypes.
Collectively, amino acid differences were seen at 42 of 141 amino acid positions
(30%) of putative MIC-3 protein sequences of Gossypium species. There were
more amino acid changes in D,-genome-derived putative MIC-3 proteins compared
to the A,-genome-derived protein group. Amino acid changes were less
pronounced in the A;-and F-genome group of putative MIC-3 proteins. In contrast,
there were observed the greatest number of amino acid changes within just 4
putative proteins of Ds-genome MIC-3 genes.

Further, molecular evolution of the MIC-3 gene family was studied based on
the analysis of its variation in 15 tetraploid and diploid Gossypium genotypes that
collectively represent seven phylogenetically distinct genomes, which are often
used for evolutionary studies. Synonymous (dg) and non-synonymous (dy)
nucleotide substitution rates suggest that the second of the two exons of the MIC-3
genes has been under strong positive selection pressure, while the first exon has
been under strong purifying selection to preserve function (Table 2). Based on
nucleotide substitution rates, we conclude that MIC-3 genes are evolving by a
“birth-and-death” process under strong purifying selection in exon-1 and
diversifying selection in exon-2 (Table 2). The results suggest that a ‘“gene
amplification” mechanism has helped to retain all duplicate copies of MIC-3 genes
in the Gossypium genomes, which best fits with the “bait and switch” model of R
gene evolution. The data indicate MIC-3 gene duplication events occurred at
various rates, once per 1 million years (MY) in the allotetraploids, once per ~2 MY
in the A/F genome clade, and once per ~8 MY in the D-genome clade (Figure 3).
Variations in the MIC-3 gene family seem to reflect evolutionary selection for
increased functional stability (through purifying selection in exon-1), while also
expanding the capacity to develop novel “switch” pockets (through diversifying
selection in exon-2) for responding to diverse pests and pathogens. Such
evolutionary roles are congruent with the hypothesis that members of this unique
resistance gene family provide fitness advantages in Gossypium as it combats pests
and pathogens.



The fifth chapter of the dissertation titled “Molecular characterization of
root specific promoters from MIC-3 intergenic regions and developind genetic
genetic constructions with root-specific promoters for achieving root specific
expression” discusses the creation of vector designed using synthetic RNA
duplexes and the nucleotide sequence of a minimum length of root-specific gene
promoter MIC-3, which will be useful in the future for cotton biotechnology.
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Table 2
Average within-genotype nucleotide substitution estimates for MIC-3
gene family of cotton

Genotypes Geno A, D, Total*
me

dy | dg |dyidg| dy | dg | dyidg| dy | dg | dyidg

Gh_TM-1 [AD], [0.80(2.19| 0.37 |4.19 433 | 097 [1.85]2.57| 0.72
Gh_Sisoline [AD]; [0.69[1.94| 036 |4.19|433| 0.97 [ 1.56 2.34| 0.66
Gh _M315 [AD], [0.67[1.89 | 0.35 |2.86|3.49| 0.82 [ 1.57 2.38| 0.66
Gh_MS [AD], [0.78 [ 1.94 | 0.40 | 3.53 |3.23| 1.09 | 1.36(2.14| 0.64
Gh_Clevewilt [AD], [0.80 [ 1.89 | 0.42 |2.79|2.86| 0.98 [ 1.61 (2.16]| 0.74
Gh_Golib [AD], [0.66 [2.24| 0.30 | 4.19|4.33| 097 [1.50|2.55| 0.59
Gh_M240 [AD], [0.76 [2.09 | 0.36 | 4.19|4.33| 097 [1.67|2.46| 0.68
Gh_ST213 [AD], [0.58(2.04| 0.28 | 4.19|433| 097 [1.37|2.48] 0.55
Gh_REDM [AD], [0.97[1.97 | 0.49 | 4.04|3.74| 1.08 | 1.51 [2.37| 0.64
Gb_Pima 3-79 [AD], [0.31(1.04| 0.30 |2.84|2.76 | 1.03 [ 1.90 | 1.87 | 1.02
G. mustelinum [AD], [0.39(0.79 | 0.49 |2.30|2.11| 1.09 | 1.73 [ 1.34| 1.29
G. tomentosum [AD]; | 0.49(0.83 | 0.60 |2.90(2.84 | 1.02 | 1.78 | 1.62 [ 1.10
G. herbaceum A, - - - - - - 0.4310.41| 1.05
G. raimondii D; - - - - - - 3.70 |1 2.83 | 1.31
G. longicalyx F - - - - - - 0.3512.37] 0.15
All G. hirsutum [AD], [2.06 [ 0.61 | 0.30 |2.79|2.37| 0.85 [1.32(2.39] 0.55
All Gossypium species - 1.901 0.58 | 0.31 [2.57]2.20| 0.86 [ 1.80|2.58] 0.70

Gh — G. hirsutum; Gb — G. barbadense, Sisoline — Susceptible isoline; *Total - A and D,



combination; dg-synonymous nucleotide substitution rates; dy-non-synonymous nucleotide
substitution rates; dy:dg is the ratio of the rate of nonsynonymous to synonymous substitution
since divergence of two sequences, which is roughly equal to dy:dg, the ratio of the numbers of
nonsynonymous to synonymous substitutions. Note: that dy:dg rates greater than 1 shown in
bold faced letters; dy and dg values have been multiplied by 100x.

The researches have the following results:

A 2.5 Kb intergenic regions of MIC-3 gene clusters were amplified, cloned
and sequenced using a primer pair from the first exon of MIC-3 genes. The
consensus position of 220-240 bp (forward) and 130-154 (reverse) of multiple
sequence alignment was used. The analysis of this intergenic MIC-3 sequence
identified a promoter sequence signatures with TATA-box and many different
sequence motifs related to root-specificity and pathogen infection. Several primer
pairs were designed to amplify different fragments of this 2.5 kb promoter
sequence.

This allowed to identify a minimal promoter region. The designed primer
pairs have a restriction enzyme sites at their ends to be inserted into upstream of
binary plasmid vectors containing a GUS reporter gene. Briefly, a 2562 bp
promoter
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Figure 3. Gene duplication pattern in the MIC-3 gene family of diploid and
allotetraploid Gossypium species:
(A) diploid species: Gherb — G. herbaceum, Glong — G. longicalyx, Grai — G. raimondii; (B) —
allotetraploid species: Gh_ TM1 — G. hirsutum TM-1, GB-379 — G. barbadense Pima 3-79;
Gmust — G. mustelinum, and Gtom — G. tomentosum. Note: the other G. hirsutum genotypes
(Sisoline, M315, Clevewilt, M240, ST213, Golib, M8 and REDM) used in this study have the
same gene duplication pattern; they are not included for simplicity of the figure. Divergence time



estimates (MYA) were calculated using synonymous substitution rates in pairs of MIC-3 gene
members per genotype/species using 2.6 x 10-9synonymous substitutions per site/year.

fragment of MIC-3, characterized through our project, was re-amplified with a pair
of primers carrying an Hind III and a BamHI restriction site adapters. Shorter
promoter fragments with different lengths of 5'-terminal deletions were similarly
amplified with each specific primer pairs (Figure 4). These promoter fragments
were inserted into publicly available pBI101 vector, upstream of GUS gene coding
region, resulting in a series of pBI101-MIC3_Pr::GUS binary vectors, namely
P-2500 (-2500/-1, 2500 bp), P-2200 (-2200/-1, 2200 bp), P-1800 (-1882/-1, 1882
bp), P-1600 (-1658/-1, 1658 bp), P-1300 (-1381/-1, 1381 bp), P-1000 (-1057/-1,
1057 bp), P-700 (-708/-1, 708 bp). The vectors were transferred into
Agrobacterium  tumefaciens strain LBA4404 (for cotton transformation) or
GV3101 (for Arabidopsis transformation) and used for in planta Arabidopsis
transformation experiments. Transgenic plants were recovered selecting seedlings
on kanamycin

containing agar plates. Transgenic Arabidopsis plants bearing a minimal promoter
region vector, pBI101-700:: GUS, showed GUS expression in only root of the plant
when subjected to the GUS-assay during the growth in the agar plate (Figure 4).
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Figure 4. MIC-3 promoter function verification:

A—fragmented MIC-3 promoter sequences [1,9 — Marker A/Hind III, 2 Pr-2500, 3 Pr-2200, 4
Pr-1882, 5 Pr-1381, 6 Pr-1057, 7 Pr-708, 8 Pr-1658]; B and C— sub-cloning into pBI101 binary



vector with GUS marker gene; Histochemical staining of GUS expression pattern in transgenic
Arabidopsis plants expressing P-700::GUS: (D) 1-week-old transformed seedling; (E) control
Arabidopsis plants.

This suggested that the 708 bp minimal region of the MIC-3 promoter will be
sufficient to direct any gene expression to the roots of a plant. These MIC-3 vector
sets were transformed into a total of 1383 hypocotyl sections of Coker-312,
including no vector transformation sets. As a no vector, negative control, 125
hypocotyl sections were treated with water.

Several transgenic cotton embryo plants were somatically regenerated (Figure
5) that bear MIC-3 gene promoter regions driving GUS marker gene which are
being grown for further characterization in molecular and functional level. This
unique root specific promoter will be useful for plant biotechnology industry to
express any gene in plant roots only. Furthermore, binary vectors with syntetic
RNAi duplexes to study plant gen function, including MIC-3 genes, were
constructed and optimized to be used in plant biotechnology.
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Figure 5. Cotton transformation and somatic embryogenesis using MIC-3
specific promoter constructions:
A—hypocotyl sections; B— callusogenesis; C—somatically regenerated embryo plants; D— rooting
and shooting; E—transferring into soil pots.

CONCLUSION



On the basis of the performed investigation on the theme of this doctoral
dissertation “Cloning, characterization and investigation of molecular evolution of
pathogen-resistance cluster MIC-3 gene family in cotton (Gossypium ssp.) and its
significance for cotton biotechnology” the following conclusions were presented:

1. For the first time, the position, structure and content of the complex, large,
only cotton specific, and root expressed MIC-3 gene family of Gossypium species
were cloned, sequenced and characterized in allotetraploid and diploid cotton
genomes.

2. The results identified a total of 169 MIC-3 gene member genomic DNA
sequences from 15 cotton genotypes and revealed 4 to 16 gene members with 2 to
10 subfamilies per studied genotype/species.

3. All MIC-3 gene members were phylogenetically grouped into a total of 17
genome-specific subfamilies using nucleotide polymorphisms (SNPs) and putative
haplotypes.

4. The analysis of allotetraploid genome-derived MIC-3 gene members
further identified 42 haplotype sequences, specific to A,- or D, _ genomes, that
helped to identify MIC-3 gene specific SNPs.

5. For the first time, genome specific MIC-3-derived SNP markers were
developed, and haplotypic associations and long-PCR experiments have confirmed
clustered localizations of MIC-3 gene members in homeologous segments of
chromosomes 4 and 19 of G. hirsutum.

6. For the first time, nucleotide substitution rates and patterns of molecular
evolution of MIC-3 multigene family in 15 tetraploid and diploid cotton genotypes
were reported. Estimation of an average number of synonymous (dg) and
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nonsynonymous (dy) nucleotide substitutions for coding DNA sequences of MIC-3
gene family detected selective constraints and molecular evolution of this gene
family in cotton genomes.

7. The results suggested that, despite an early-course, “concerted” evolution
may be evident, MIC-3 gene family of cotton species were evolving under a “birth
and-death” evolution with purifying selection in exon-1 and diversifying selection
in exon-2.

8. The results also suggested “gene amplification” as a possible mechanism to
preserve all duplicate copies of MIC-3 genes and to develop new gene functions
during cotton plant defenses under “bait and switch” model.

9. The results indicated MIC-3 gene duplication events occurred at various
rates, once per ~1 million years (MY) in the allotetraploids, once per ~2 MY in the
A/F genome clade, and once per ~8§ MY in the D-genome clade. The identified
intriguing time estimate and gene duplication pattern should be useful to
understand the role of pathogen-mediated selection processes in the evolution of
cotton genomes;

10. It was shown that MIC-3 genes are highly expressed during Fusiarium and
Verticillium wilt infection process in susceptible and resistant genotypes of cotton



cultivars that show the significance of MI/C-3 genes during wilt diseases of cotton.

11. For the first time, 2.5 kb intergenic spacer region containing a MIC-3
promoter with root-specific signal sequence was cloned, sequenced and
characterized.

12. A set of several binary genetic vectors, driving GUS marker gene under
various lengths of MIC-3 promoter sequences, as well as binary vectors with
syntetic RNA1 duplexes to study plant gen function, including MIC-3 genes, were
constructed and transformed into model plant Arabidopsis that identified and
confirmed root specificity of minimally required MIC-3 gene promoter sequences
useful for future cotton biotechnology.
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