VCAMJINK BA XAWBOHOT OJIAMM T'EHO®OH/IM UHCTUTYTH,
V3BEKMCTOH MUJIIUA YHUBEPCUTETH, TEHETUKA BA
VCUMJIMKJIAP DKCIIEPUMEHTAJI BUOJOTUSAICU HHCTUTYTHU
XY3VPUJIATH ®AH JOKTOPH UMM JAPAYKACUHU BEPYBUYH
14.07.2016.B.15.01 PAKAMJIM MJIMHI1 KEHT AL ACOCUJIATH

BUP MAPTAJIMK WJIMWH KEHT AL

I'EHOMUKA BA BUOMH®OPMATUKA MAPKA3HU

BYPUEB 3ABAPJACT TOXKUBAEBHUY

FY3AJIA (GOSSYPIUM SPP.) TATOT'EHJIAPTA YU JAMJINJIUKHA
BEJI'NJIOBYU MIC-3 KIIACTEP 'EHJIAP OMJIACUHU KJIOHJIAIL,
TABCU®DJIAIII BA MOJIEKYJISAP DBOJIIOIUSICUHA YPTAHUIII
XAMJIA BY TEHJIAPHUHTI FY3A BUOTEXHOJIOTUSICUJIATHA
AXAMMUATH

03.00.14 — I'enomuka, NpoTeOMHKa Ba OHOMH(OPMATHKA
(Onomnorus dannapn)

JOKTOPJIMK JUCCEPTAIUACUHHUHI ABTOPE®EPATH

TOIIKEHT- 2016



YIK 577.21: 633. 511

JIOKTOpPJIMK qUCCepPTANUACH aBTOpedepaT MyHIaPHKACH
Oruasienune apropedepara 10KTOPCKON JUCCEPTALMHA
Content of the abstract of doctoral dissertation

Bypues 3abapaacr ToxubaeBu4

Fyzama (Gossypium spp.) maroreniapra yuaaMiIMiInKHU OenrmioBan MIC-3
KJacTep TEHJap OWIACHMHM KJOHJAll, TaBCHU(Jall Ba  MOJIEKYJSp
ABOJIIOLIMACUHU YpraHuil xamaa Oy T€HJApHUHT Fy3a OMOTEXHOJOTUsCUAAru
AXAMYITH . ...cuvveenetreentteenteeenuaeeeaseeesteesaaseesbeeesaseeeaaeeesseeeasseeeseeesasaeesaneesseeesaneeens

Bbypues 3adapaact ToxubaeBuy

KnonupoBanue, xapaktepuctuka cemeiicta renoB MIC-3, onpenenstomumx
YCTOMYUBOCTh K MaTOreHaM xjomdaTHuka (GOSSypium Spp.) W HM3ydeHHe ux
MOJIEKYJIIPHOM 3BOJIIOLINH, a TAK)KE 3HAUEHHE 3TUX T€HOB B OMOTEXHOJIOTHUM. ..

Buriev Zabardast Tojibaevich

Cloning, characterization and investigation of molecular evolution of
pathogen- resistance cluster MIC-3 gene family in cotton (Gossypium spp.)
and its significance for cotton biotechnology..................cooooiiiiiiial.

JBbJIOH KMJIMHIAH MIIAP PYHXATH
Cnucok ormyOJIMKOBaHHBIX pabOT
List of published WOrKS. ... ..o

25



VCAMJINK BA XAWBOHOT OJIAMM T'EHO®OH/IM UHCTUTYTH,
V3BEKMCTOH MUJIIUA YHUBEPCUTETH, TEHETUKA BA
VCUMJIMKJIAP DKCIIEPUMEHTAJI BUOJOTUSAICU HHCTUTYTHU
XY3VPUJIATH ®AH JOKTOPH UMM JAPAYKACUHU BEPYBUYH
14.07.2016.B.15.01 PAKAMJIM MJIMHI1 KEHT AL ACOCUJIATH

BUP MAPTAJIMK WJIMWH KEHT AL

I'EHOMUKA BA BUOMH®OPMATUKA MAPKA3HU

BYPUEB 3ABAPJACT TOXKUBAEBHUY

FY3AJIA (GOSSYPIUM SPP.) TATOT'EHJIAPTA YU JAMJINJIUKHA
BEJI'NJIOBYU MIC-3 KIIACTEP 'EHJIAP OMJIACUHU KJIOHJIAIL,
TABCU®DJIAIII BA MOJIEKYJISAP DBOJIIOIUSICUHA YPTAHUIII
XAMJIA BY TEHJIAPHUHTI FY3A BUOTEXHOJIOTUSICUJIATHA
AXAMMUATH

03.00.14 — I'enomuka, NpoTeOMHKa Ba OHOMH(OPMATHKA
(Onomnorus dannapn)

JOKTOPJIMK JUCCEPTAIUACUHHUHI ABTOPE®EPATH

TOWKEHT- 2016



JIOKTOPJIMK ~ JMCCEPTALMSCHHHMHT  MaB3ycH Y36ekucrton Pecny6amkacm  Basupaap
Maxkamacu xysypuaaru Oumii arrectauusi komuccusicuHuar Nel4.07.2016/B2016.3.B158 paxkam
Ons1aH pyixaTra oJMHIaH.

I[OKTOpHI/IK Auccepranusacu I'enomuka Ba 6I/IOI/IH(1)OpMaTI/IKa Mapkasuja amajira OmuvpuiIgn.

Huccepranms aBtopedeparn yu tmnaa (¥30ex, pyc, uHriam3) Mnmuii xenram BeO-caxudacu
(www.flora-fauna.uz)  xamma  «ZiyoNET»  axOopor-tabaum  Tapmorura  (WWW.ziyonet.uz)
YKOUJIAII TUPUIITaH.

HNnvmmuii macnaxaTyu: AbaypaxmonoB U6poxum FOmuneBuny
ouosorus (armapu ToKTopH, Ipodeccop

Pacmuii onnoHeHTIap: Myxamenos Pycram CyaranoBu4
ouosorust haHIapu TOKTOPH, podeccop

Typaukynosa lllaxioxon YTkypoBHA
Oouonorus hannapu JOKTOpU

Puzaea Copuss MamenoBHa
ononorus (haHIapu TOKTOPH, Ipodeccop

ETakyu TalIKWJIOT: MI/IK[)OGHOJIOFI/IH HHCTUTYTH

Jluccepramys XUMOACH YCHMIMK Ba XaWBOHOT OJaMH TeHODOHAM MHCTHTYTH, Y30EKHMCTOH
Muuii yauBepcuTeTH, ['eHeTHKa Ba YCHMIIMKIIAp SKCIEPUMEHTaNl OMOJIOTUSICH HHCTUTYTH XY3YpUAAru
14.07.2016.B.15.01 pakammu Wnmwuii kenram acocumaru oup mapranuk Wnvmmii kenramsuaT 2016 #imn
« » KyHU coaT ___ naru Maxiucuaa 0ymuob yramu. (Manmswmn: 100053, TomkeHnt
maxpu, Borumamon kyuacu, 232-yii. YCHMIMK Ba XaiBOHOT 0J1aMH IeHO(GOHIN HHCTUTYTH MaXKIIHCIap
3amu. Ten.: (+99871) 289-04-65, dhakc (+99871) 262-79-38, e-mail: igppa@academy.uz.).

JIOKTOP/IHK [HCCepTalMsCH OMIaH YCHMIMK Ba XaiBOHOT ONAMH TIeHO(DOHIM HMHCTHTYTH
AxOopoT-pecypc Mapkaszuia TaHHIIHII MYMKUH ( pakamu Ounan pyixatra OJHMHIaH). MaH3WI:
100053, Tomkent maxpu, boruramon ky4dacu, 232-yit, YXOI'U. Ten.: (+99871) 289-04-65.

Huccepranms aBropedeparn 2016 im « » KYHHU TapKaTUIIN.
(2016 #imm « » Jaru pakamua peectp 6aéHHOMACH)
K.III. To:xubaen

®aH JoKTOpH WIMHHN AapaxacuHu Oepysun Mnmwmii
KEHTraill paucH, 0.¢.x.

B.A. AxnioB
®daH JOKTOpH MIMHH jJapaxkacuHu OepyBun Mnmmwii
KEHTalll WIMHNA KOTHOH, 0.¢.H., KaTTa HIMHA XOJUM

HI.FOnycxoHnoB
®aH IOKTOpW WIMHH JapakacuHu O0epyBun Mnmuit
KEHTall Xy3ypHJIaru WIMHA ceMUHap paucH, 0.¢.1.,
npoceccop


http://www.flora-fauna.uz/
http://www.ziyonet.uz/
mailto:igppa@academy.uz

KHWPHUII (10KTOPJIHMK JHCCEPTANUACMHUHT AHHOTAIUSICH)

Juccepranysi MaB3yCHHUHT J0/13ap0JMrd Ba 3apypaTtu. byryHru kyHzaa
rofamiamyB skapaéHu dyKypJamuO Oopaétranu Tydalan KaxoH KHIILIOK
Xxykanurujaa OuoxaB(CHU3IMKHU TabMUHJIAII Ba YyJIapHU OWOTHK 3apapiapiaH
(buromnarorennap, 3apapKyHaHjajgap KaOW) XUMOS KWW OYiuda XaBOTHpJIAp
kydaiiiu. «l[latoren opraHuU3MJIApHUHT 3apapu AyHE KHUIUIOK Xykamuruaa 1,4
TPWLIMOH JI0oJU1apra TeHr Ae6 OaxonaHaau. by rio0an smu MUK MaxCyJIOTHHHT
5% HM TAIIKWI STAIm» -

MyCTakn/uMK WWJUTapuaa MaMJlaKaTHMH3[a KHILIOK XYKaduTH SKUHJIAPH
XOCHJIIOPIUTUHU OIIMPHII OOpacuaa KeHI KaMpOBIIX UIILIAp 0Ju0 OOPUIMOK/Ia Ba
OYr'yHTM KyHJa KUIUIOK XY’KaJuTH WIUIA0 YUKAPUIIN PEcryOJuKaMu3 WHIIIHK
UKTUCOAWN JapOMaJIMHUHT OWp KUCMHMHU TallKWiI dTMOKAa. by Oopana
MaxTayuiIuK coXacuaa XaM HCIOXOTiap ojaub Oopwiand, Ma3Kyp HyHaIMiiaa
amajira ONIMpWITaH JAacTypUil dopa-TaaOupiiap acocuja MyalsH HaTkajapra,
KyMIlaJiaH, Fy3a MaWJOHJIapH KUCKAPTUPWINO, XOCWJJIOPJIMKHU YpTraua 3-4
[IEHTHEPTa OIIMPUIITA SPUIIHIIIH.

XKaxoHna maxTa eTUIITHPHUIN Xapa€HHUIla Typiu MaTOTEHJAp, XyCycaH Fy3a
BT kacaymurn (Fusarium sa Verticillium) Ba fy3a wmnau3uma IOWIT XOCHII
kuiyBun Hemarona (Meloidogyne incognita; RKN) xocunmopinkka Katta 3apap
kentupmokaa. Hemaromamap  aynénmarm  Yeummmkiaap — XocunuHu  14%
nykotunumura oiaud kenaau Ba Oy TaxmuHan 100 mwumapn mosuiapra TEHT
nemakaup. «AKlIga Hemaroga OuiaH OOFJMK Fy3a XOCWIMHH WYKOTHIMIIU
OXUPIM VH WU JTaBOMHJA CE3WJapid Japaxaaa opTraH Ba Oy TaxmuHaH 205
MWJUTHOH JIOJUTApHU Tamkwia d3tagm» . llly Hykranm Ha3zapaad, MyaMMOHHHT
J0JI3apOJIMTH TMAaTOTCHJIApTra KapIik KypaIuiil, AyHE Fy3a TAAKUKOTHHHHT MYXUM
Bazudaapuan oupu OYiran ry3a KaCAIMTUHU TapKAJIUIIWTa KapIlIu 3aMOHAaBUI
OMOTEXHOJIOTHSI BOCHUTAJAPUHU TAJKUK OTHUII Ba PUBOXIAHTUpHUILIup. byHna
HEMaToJara Kapiid KYpallUITHUHT TEHETHK AacOoCIapuHH YpraHum Oyiinda
TaJKUKOTIAPHU amajra OUIMpPHIN KyWHuaaruya U30XJaHaau: Fy3aja MaToreHiapra
YUIAMIIMJIMKHY  OEpyBUM TEHJIADHW AaHUKJAII; YJIaApHUHT Fy3a TEHOMUAru
TapKuOM Ba TY3WIWIIMHU aCOCHAIl; XPOMOCOMAlapJard YpPHUHU aHUKJIAII,
MaTOTCHJIapTra YWAaMJId JIMHWSUIAD OJMINa 3aMOHaBHM OHOTEXHOJOTHK Ba
T€HOMHK BOCUTATIAPUHU TAJKUK ITHIIL.

V36exucron Pecny6mmkacuuuar 2000 #wn 31 asryctmarm 116-11 con
«Kunmmox  XyKanuru SKUHJIApUHHM 3apaKyHaHJanap, KacaJuiukiaap Ba Oerona
yInapmaH XUMOSl KWIMII TYFpucuaa» i KonyHu, Y36ekucroH PecrmyGmukacu
Basupnap Maxkamacuauar 2004 imn 29 mapraaru 148-con «YcnMamKiIapHu
XUMOSI KWJIUII XU3MATH TY3WJIMAaCHHHM TaKOMHWJIJIAIITHPHUII Ba camMapaJopJIUTHHU
OIIMPHUII Yopa-TaAOUpIapu TYFPUCHAA» TH KApOpH Xamjaa MasKyp ¢aoimsrra
TErUIUIA OOIIKAa MEBEPUN-XYKYKHIN XyXXKaTiapjaa OenruiaHrad BasudaiapHu
amajra OIMUPHUINTa Ym0y IuccepTarus TAaIKUKOTH MYyalsH Japakaga Xu3MmaT
KHJIAJTH.

1http://WWW.fao.org/docrep/018/i3300e/i3300e.pdf.
*http://www.apsnet.org/edcenter/intropp/lessons/Nematodes/Pages/RootknotNematode.aspx
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TagKUKOTHUHT pecny0Jinka ¢pan Ba TEeXHOJIOTHSAJIApH
PUBOXKJIAHUIIMHUHT  YCTYBOP WYVHAIMULIAPUTra OOFJHMKJIUIHA. Maszkyp
TaJKUKOT pecnyOiuka (aH Ba TEXHOJOTHUsUIAp pUBOXKIAHUIIMHUHT V. «Kunuiok
XYKamurv, OMOTEXHOJOTHS, IKOJIOTHS Ba aTpod-MyxXuT Mmyxodaszacu» YCTyBOP
nyHamummra MyBohuK 6axapuiraH.

JAuccepranusi MaB3ycu OyiiMuya XOPW:KHN WIMHA-TAAKUKOTIAP IIAPXH.
Fyzana (Gossypium spp.) maTtoreHjapra YdAaMIMIUKHUHT MOJICKYJISP-TCHETHUK
TAAKAKOTIApUTa WYHAUITUPWITAH WIMHUN W3JAHUILIAD KAXOHHUHT €TaK4Yd WIMHUN
MapKa3Jiapd Ba OJIMH TabJIMM Myaccacaiapu, kymiaaaH, 1exas A&M University
(AKIL), Mississippi State University (AKIII), University of California (AKII),
University of Georgia (AKII), CSIRO Plant Industry (Asctpamus), United States
Department of Agriculture (AKII), Northeast Institute of Geography and
Agroecology (Xwutoi) xamma I['enomuka Ba OuoumHpopmaThka Mapkasuaa
(V36exucTon) 0nub GOpHIMOKA.

Fyzana (Gossypium spp.) maToreHjapra YWAAMIIMIMKHAHT MOJICKYJISP-
TeHETHK TaJIKUKOTJIApUra OMJI )KaXoHAa o0 OOpWiTraH TaAKUKOTIap HaTHXKacuaa
KaTop, XKymusiaJlaH KyWuJard WJIMUKA HaTWXKalap OJIMHTaH: HeMaToJla Ba BUIT
KaCAJUTMTMHUHT y3apo aJlOKaJOpJUIM Ba HEMaTOJa-BWIT KOMIUICKCUHHA yTa
XaBOIUINTA aHUKJIaHTaH Ba Oy Kacauuk OunaH Oornmuk Oup Heuta JIHK
mapkepiapu tomwiran  (California  University, AKII); wmukpocaremaut
MapKepJapHU KYyJulall OpKajau ypTa Tojaiu Fy3aHuHr 11- Ba 14- xpomocomacuaa
RKN ra wnpammumuk QTL napu xapurtanamrupuiran (United States Department
of Agriculture, AKII); xynma xymnadb JHK mapkepnapuman (SSR Ba AFLP
Mapkepiapu) ¢oiaananran xonnaa, 1221 F, aBnoaum YCUMIIMKIApUHU TEKUIIUPHIL
opkamu Mi-C11/Mi-C14 nokycnapu anukianrat (Georgia University, AKILI).

Hyunéna ry3ama (Gossypium  sSpp.) maToreHiapra YuMJaMIIHJIAKHAHT
MOJICKYJISIp-TEHETUK TaJIKUKKA Oyiinya Karop, XKymijagaH Kyluaard ycTyBOD
HyHanmunuiapaa TaaAKUKoTIap ond OOpUIIMOKIA: aTOreHIapra YuIaMINIUKHUHT
aaru rennapuHu anukiam; JIHK wmapkepnapu €pnammpa QTL xapwuranain;
nmaToreHjaapra 4YWJIaMid TeHJapHU XpOMOCOMallapAard YpHUHU aHUKJIAILI,
NaTOreHJIapra YMUJAaMIIn SHTY OMOTEXHOJIOTUK HaBJIAPHH OJIMIIL.

MyaMMOHMHT YPraHWJITAHINK JAPAsKACH. Y CUMIIMKIIAP/A SHT Kyl MabIyM
Oynran yugaMIMJIMK OujlaH OOFJIaHTaH MYJTHUTEH KJIAcTep TEHJAPHH XOPWKUN
omnviapaan  B.J.DeYoung et al.® amuxmaran; L.He et al* tomonumman
aJuIoTeTpaIion ] Fy3aja reHjaapHuHT TaBcudu Ba reHetuk xaputaitam NBS-LRR
YUJIaMIMIMK OKCHIUIApMHU Kojutami  anukiaanrad; X.D.Zhang at al.” Ba

® 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.’ Tomonman Fy3aHMHT FOKOPH SKCTpeccHsiianyBun Hoé6 MIC-3
OKCWJIM WJIIU3 HeMarojacura 4yujamiid FY3aHUHT 3apaplilaHraH TYKuMmaiapuja
anukaaaran; M.Wubben at al.” ummammammk motuBiapu €ku «NBS-LRR like»
JOMEHJIapu OwiaH OOFJIMK SMaciuruHu kypcatud Oepau Xamaa MIC-3 renu
OWJIACHHUHT JACTIIa0KU XYCYCUSATIApUHU YCUMIIMK XUMOsUIaHAETraH ManTaa
aHUKJaau Ba Oy reniap OOIIKa MabJIyM OYiraH XuMosi WyiiapuiaH MYyCTaKuJl
AKAHJIUTH UCOOTIaHHN.

V36exncronma X.X0aIMaToB TOMOHMIAH HEMAaToOjaNapra YHAaMIH ypTa
tomamu «Fommb» HaBu TeHeTHMK xkuxarmaH Ypradwirad. [II.9ramGepaues
TOMOHHMJaH Fusarium aBioaM MaTOTCHJIAPUHUHT TEHOMHHHM MOJICKYJISIP-TCHETHK
ycymnap OWIaH KOMIUIEKC UACHTUGUKANMUIAHTAH Xamaa Maxauiiid Fy3a
HaBJIapuTa HUCOATaH Ky y4palauraH MaTOTeH Typ Ba pacajlapHUHT MaTOTCHIIHK
XyCyCcHSITIIapHu ypraHwirad. AMMO, Fy3aja Kacajulukka angamiuniuk yayH MIC-3
TeHUHU KJIacTepJlaHTaH CyNepreHiapy Maxaulhid Ba XalKapo Japaxkaza XxaM Xalu
TYIUK YpraHuwiMarad. X0o3upru KyHaa fryszama (GOSSypium spp.) maToreHsiapra
gyaamiukan oenrmwioBun MIC-3 knactep rennap ownacuHu TaBcudam Ba
MOJICKYJIIp  OSBOJIOUMACHUHM  YpraHum  xamga Oy  TeHJapHU  Fy3a
OMOTEXHOJIOTHICHIA KYJIIall 1013ap0 IMUN-aMalii axaMUsTra Jra.

Juccepranus MAaB3yCHHUHT JAUCCEPTANMS 0AKAPUITAH WIMHIA-TAAKUKOT
Myaccacacu WIMHA-TAAKMKOT HUIUIapu OwiaH OorjaumkJauru. Jluccepranus
TaIKUKOTIapu I eHoMrKa Ba OnomHGOpMaTHKa MapKa3u WIMUN-TAAKAKOT UIIapH
pexxacunuHr ®4-T149 «Mapkepnapra acociaHraH CEJICKUUSIHA PUBOKIAHTUPUIIT
y4yH Fy3a TeHOMHHM Tankuk oHtumy (2007-2011 iit.), UZB2-3101-TA-09
«"epmorIa3sMaHUHT WIAM3-IIHMIT HemaTona Ba Dy3apuyM BUAT KacaJUTMKIIApU
OwiaH MOTeHIMal Kapumumruiu Oaxosam Ba SNP acocupmarm kaHawaat reH
Mapkepiaapuan unuiad yukunn (2009-2013 iiit.) Ba DA-DP10-T92 «Fy3a rennapu
yuyH Ty3wiran cuHTeTHK RNAI1 jgymiekciapu acocujgard OuHAp TEeHETHK
BeKTOpiap €paaMuia 0Kopu cudaTin TpaHCTeH Fy3a JuHusmapu oiumny (2009-
2011 #i.) wmaB3ynapuaard (QyHIaMeHTaa, amMaldvii Ba XajaKapo JoWuxauap
noupacuaa OaxkapuiraH.

TaakukoTHUHT Makcaau MIC-3 renmapuHu Fy3a TE€HOMHUAArW TapKUOW,
TY3WIHIIHA, XPOMOCOMaapJard VpHUHM XamJa a/UIOTETPAIUION] Ba YJIapHHUHT
aXIoJuTapura SKuH OViIraH AUIUTON TeHOMJIApAard AYTUTUKAIUS MEXaHW3MIIapu
Ba MOJICKYJISIP ABOJIFOIUSIAHUII KYJIaMUHHA aHUKJTAIIIaH HOopart.

TaagKuKoTHUHT Basudaapu:

Gossypium Typiapuaard auIoTeTPaIUION Ba YJIApPHUHT aXA0JIapura sSKUH
xucobysanaauran aurmiony ryzanapaaru MIC-3 reHu ounanapuHy KIIOHJAII Ba
CEKBEHCJIAIIL;

Gossypium typnapugaru MIC-3 rennapunn 6atadcuin UIOreHETHK TaX U
KHWJIAII Ba Kiaccuukaiumsnald, yrapHu cydouanapra axpaTull,

®Callahan 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.



ry3a rTeHomumarn MIC-3 rennmapm KeTMa-KeTIMKIApHWAa TaxXMUHUN
raruioturiapau anukiam Ba MIC-3 ren ab3omapuHUHT XpoMocoMamap/ia KiacTep
XOJIaTUa >KOMIAITyBUHH TaCIMKJIAI YUyH KellaXakJard MapKepJiapra acocjiaHraH
CeJIeKIMA JacTypiapu yuyH doinanu 0yinran SNP mapkepiapuiu uiuiad YuKui;

MIC-3 rennapuHu TaXMHUHHM OKCHUJI KE€TMa-KETJIMKIAPUHU Ba HYKJICOTHUIIAP
aJIMaIMHYBU Te3NnukiapuHu Tapcudiam ounan MIC-3 rennapunu £y3a reHOMUHU
NOJIMIJIONIU3AIMSATa yUpalugad OJIIMH Ba KEHUHTH MOJIEKYJISIP SBOJIOLUSIIAHUIIT
TE3JUTH, TEHJIApHU TYTUTUKALUACH, TEHOM/Ia CAKJIaHUO KOJHUII MEXaHW3MJIAPHUHU
YpraHui,

MIC-3 rennapu MabJIyMOTJIapUTa acOCIaHUO, Fy3a TEHOM SBOJIONHUSICHHU
Ypraaum, xamga GOSSypium  aBiogumard TeHOMIJIAD TUBEPTCHIMSIIAHUIIH
BaKTJApUHU KaiiTa OaxoJsali;

MIC-3 reHmapu  HYKICOTHUIADUHA  «CHHOHMM» Ba  «HOCHHOHUM)
aIMalllMHYBU TE3JIMTUTa acociaHu0, HemaToJla Ba OOIIKa KacajuIMKiIapra
YUIAMITMIIMKHY OeNTUIaiIUTaH aJIaliTUB CEeNEKIH KapaéHUHU YpraHull,

MIC-3 renmapu skcnpeccuscunu Fusarium sa Verticillium Buwitu Ounan
3apapiiaHMIll SKapa€HUJa 4YdJaMiId Ba YUJAMCHU3 Fy3a TE€HOTUIUIAPUHU KUECUU
VpraHuii;

MIC-3 rennapu opacujiaru creiicep KeTMa-KeTJIUKIApHU aHMKJAll Ba Iy
acocujia ¥3uj1a MUHUMAJl TPOMOTOP PETUOHIApU TYTTaH OMHAP T'€HETHUK BEKTOPJIAp
TY3HWII Xamja yJaapHa Mozen ycumumk Arabidopsisra tpancdopmarus KUl
OpKau KeJaxakaa fFy3a Ba YCUMIIMKIApP OWOTEXHOJIOTHSCH Yy4yH doiinanu
MIPOMOTOP KETMa-KETIUKIAPHA aHUKJIAIIL,

yeumunk rernapu, xycycan MIC-3 rennapu GpyHKUMAIapuHA YpraHuin yayH
V3una PHK pynnexkcnapu TyTyBUM YCHMIIMK T€HJIAPUHUHT OWHAp BEKTOpJapH
acoCTIapVHU TY3HII Ba ONTUMAaJUTAIITHPHIII.

TaagKuKOT O00BLEKTH. Venmmk Marepuand cudartuga Kyml Tariouad
G. barbadense Pima 3-79 ([AD],-remom), G. tomentosum (JAD]s-renom),
G. mustelinum ([AD]s;-rerom) xamaa G. hirsutum ([AD];-reHoM) HUHT TYKKH3Ta
renotunu, 1y sxkymimamgad Clevewilt, M240, M315, Fomm6, ST213, M8, Texac
Mapxkep-1 (TM-1) nuHus Ba HaBiIapu, TabcupuaH u3oauHus (Sisoline)map Ba
ku3un  MyTtanT JuHus (REDM)mapnan  Qoiimananunrad. YHIaH —TalllKapw,
TaJKUKOT >KapaéHWTa KUPUTUITAH y4yTa JUIUIOW] TypJiapJaH aBBaIaH MaBXKY/l
oynran AD Tterpamions TypiaapuHuHr A; (A-cyorenomu) Ba Dy (D-cyOreHommu)
reHomiapura skyaa skuH Oynaran G. herbaceum (A;-renmom) Ba G. Raimondii
(Ds-renom) xamma F-rerommm Adpuka €sBoitn Typu G. longicalyx mmatuiras.
MIC-3  renmapuHUHr  XpomocoMajapja KOWJIAIIyBUHU  aHUKJIAIl  Y4YyH
NoJIMMOPGU3MIIADHU  CKPUHUHT KWW ~ WyauM  OWjlaH  MOHOCOMHK  Ba
MoHOTenmoaucomuk aunusutapaa G. hirsutum x G. barbadense untep cnernuduk
F, nyparaiinapu Ba ynapra yxmamn Oynran oupiamun MoHocomuk G. hirsutum X
G. mustelinum nap kabu F; myparaiinapuaa aejenusIapHU aHHMKJIAII TECTHIAaH
doitmananuIIm.

TagkukoT mpeamern 15 Ta TeTpamion] Ba JUIJION] Fy3a M€HOTUILIApUIA
aHUKJIaHTaH Kaca/UIMKIapra YuJaMIMiIuKHu Ooomkapanurad Ho€0 MIC-3 rennapu
XUCOOIaHAIH.
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TaakuKOoTHUHT ycy/uiapu. Jluccepranusiia MOJEKYJIAp OWOJOTUSHUHT
acocuil ycymnapu (JJHK axpaTtumi, rennapHu cekBeHCIaIl Ba KJIOHJIAIT), TEHETHK
Ty3WIMaJIApHUA TaxJIMJI KWIKII, (PUIOTEHETUK KiIacTeplalll, TeH KOHBEPIUSICH Ba
PEKOMOUMHAIMACH, MOJICKYJISIP DBOJIIOLMS JIUBEPTEeHIUSACH BaKTH, MOJEKYJISIp
MapKkepyiap Ba OWHAp BEKTOP KOHCTPYKIMSUIAPUHM HILUIA0 YHKHUII, TEHETHK
TpaHchopmMalus xamaa OronH(poOpMaTHKA Ba CTATUCTUK TaXJIMJIHUHT 3aMOHABUN
ycyJutapuan (oigaliaHuiraH.

TagKUKOTHUHT MJIMHUI SHTUJIMIY Kyiugaruiapian noopar:

OMpUHYM MapTa FY3aHHUHT 15 Ta amioTeTparion]] Ba TUIUION TeHOMIApUAaH
MIC-3 cymepren owunacura wmaHcyO0 169 Ta wuHOuUBHAyad TeH ab30JapH
KJIOHJIAHTaH, CEKBEHC KUJIMHTaH Ba TaBCU(IIaHTaH;

ymby 169 Ta MIC-3 ren am3omapu Taxawid acocuga 15 Ta Fy3a
reHoturiapuaa 4 tagaH 16 Tarada TeH ab30jiapu MaBXymaIurd Ba ymap 2-10
Taraya cyOowmiaiapra OYJUHMINM aHWKJIaHTaH. bapua GOssypium typiapuma 169
ta MIC-3 rennapu keTMa-KeTIMKIapy (PUIIOTEHETHK KUXATIaH YMYMHUN MUKIOp/a
17 Ta reHoMIapra xoc Oyiran cy0ouianapra axxpaTuiras;

ajutoTeTparion; reHomiapuna anukiaanran MIC-3 reHmapuHUHT TaxJIdiau
acocuna A; Ba D; renommnapra xoc Oynran 42 Ta ramioTUll KeTMa-KETJIMKIapu
ucootnanrad. MIC-3 rennapura xoc SNP mapkepiiapu sipaTuiirad Xamjia rarioTUI
Ba cyOomia rypyxjapu acocuna A renomaa 9 ta taxmunuit MIC-3 nokycnapu Ba
D;renomMia 3 Ta TaXMUHUM JIOKYyCJIap aHUKJIAHTaH;

OoupuHuM MapTa renomuiapra xoc 0ynran MIC-3 renmapuman onuHran Maxcyc
SNP wmapkepnap siparunrad Ba MIC-3 rennapu fFy3anuHr 4- Ba 19-romenoruk
XpoMocoMaiapuia KiacTep X0Ju/1a )KOUIAITaHIuTH aHUKJIaHTaH;

OMpUHYM MapTa FY3aHUHT 15 Ta TeTpamyion Ba AUIUIOM] T€HOTHUILIapUia
MIC-3 reHnapuHUHT HYKJICOTHIJIAp aJMAallMHyBH TE3JIMUTH Ba MOJICKYJIISIp
ABOJTIOIMS KapaCHIIapy aHUKJIAHTaH,

MIC-3 rennapunu komoBun JIHK kerma-ketnuknapumaaru cunonnMm (Kg) Ba
HocuHonuM  (K;) HykieoTHulapHM Vypraya COHMHM 0OaxoJjaml  acocuiaa
«XaMKOPJIMKIAruy» OONIIaHFUY JBOJIIOIMS aManra omraniurura Kapamain MIC-3
TCHJIAPU «TYFUJIUII Ba YJIMM» SBOJIONMOH MOJEIN OCTHAA 1-3K30HAa TO3aJI0BUU
Ba 2-DK30HJa JUBEPTCHIUS CEJEKIMICH TabCUPUJIA IBOTIONUIAHUO OOpraHIUTU
aHWKJIAHTaH;

wik 6op «rennapuu amruudukanusuianummy MIC-3 rennapunuHr Oapua
OYTUTAKAIUSIAHTaH HyCXaJapWHHA CaKJIaHWO KOJIMITUHHA TahbMHUHIOBUYN MEXAHHM3M
cudartuga SKAHIWTH Ba Fy3aHW XHUMOSJIAHUII >KapaéHHUJA TCHIAPHUHT SIHTH
(GYHKIUSUTApUHY «IIapHain YIDKay MOAETH OCTUAA a0 OYIUIIN aHUKJIaHTaH;

xap xui reHomapaa MIC-3 reHmapuHUHT TyTUTMKAIUSACH TYPJIM Te3UKIIap/a
conup Oynuiy ucOOTIaHTaH. AJIIOTETPAIUIONW]l TeHomjapaa xap ~1 MWUIHOH
vunna, A/F-renommapna xap ~2 mmuidoH Huinga Ba D renmommappma xap ~8
MUJUTHOH Wrjaa OUTTa AYTUTUKAIMS COMUP OYIIUINY aHUKJIAHTaH;

MIC-3 reanapuHUHT SKCIpeccusicr Taxauura kypa Fusarium sa Verticillium
BWITHTA YMJAMJIU TEHOTHUIUIapU/a Oy TeHIIApHUHT (Aol DKAHIIUTH aHUKJIaHTaH;

Ooupunun Mmaprta y3una MIC-3 renu mnnus-crienuuk TpOMOTOPHUHH TYTraH
2,5 0 y3YHIWKIArd pErHOHHWHT TEHJIapapo CHeicep KeTMa-KeTIHKIapu
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KJIOHJIAaHTaH, CEKBEHCJIAHTaH Ba TaBCU()JIAHTaH.

TagKUKOTHUHT aMaJIMii HATHXKAJIapH KyHuaruiapaad noopar:

MIC-3 renu JIHK parm keTMa-keTJIMKIapu TaBCU(JIAHTaH Ba HaTHXaiap
3aMOHABHM Fy3a CEJCKIMICH, OMOTEXHOJIOTHSACH OYyinya aMalui JacTypiiapuja
BUJIT Ba HEMarToJara YuJaMIwIMKHU omupuUiinga (GongamaHuil y9yH UIMUNA acoc
cudartuga TaBCcUs STUIAIHN;

MIC-3 renn yuyn SNP mapkeprnap sipaTwiran Ba ylapAaH TYFpUIaH-TYFpU
FY3aHUHT Mapkepiapra acocyanral cenekuuscuaa (MAC) ssHru HaBiiap paTUIIIA
doiianaHuIn yayH TaBCHUS dTHIIA]IH,

MIC-3 mnpomotopmapu ketma-keriauru octugaru GUS mapkep reHWmaH
ubopar Oup Hedra OWHAp BEKTOpiap Ty3wiraH Xamaa wmozen Arabidopsis
YcUMIMIHTa TpaHc)OpMAIUs KIIHHIAH. Y CUMIIMKIIAp GHOTEXHOIOTUACH YIYH yTa
doitmamu 6ynran winnu3 TykuMacuaarnaa unviaiauran MIC-3 reHMHUHT MUHAMAT
IPOMOTOPHU TABCHSI TUIIA]IH,

YCUMIIMKIIap OMOTEXHOJIOTHSICH Y4YyH TeHiap (aoJUIMrMHU —YpraHuiia
doitnananunaaurad cuHTETUK RNA1 BEKTOp KOHCTPYKIMSUIApU ApaTUiITaH Ba Fy3a
OMOTEXHOJIOTHACUIA STHTY JIMHUSJIAp OJIMHTaH.

TagkMKOT HATWKAJAPUHMHI WIIOHWIWINIM 3aMOHAaBUU ycyl Ba
¢upamryBnap €praMuia TacAuKIaHraH. MabiayMoTiap BapualMsuiap Tax AU
(ANOVA), monekynsap Bapuanusuiap Taxjauwin (AMOVA), Wilcoxon Taxjwiu
XamJia 3aMOHaBHil cekBeHC Taxymi anroputMiapu (Sequencher, ClustalX, Mega
4.1, BLASTX), ¢unoreneruk taxaun ycyiu (UPGMA, Mega 4.1, NJ), ren
KoHBepcus Ba pekomOuHanmoH Ttect (GeneConv, DNASP, RDP3, SiScan) Ba
anmammauin - gapaxacu (KaKs Ownan  Juke-Cantor Ty3aTtunuiapu; KOAOHTa
acocliaHral Z-TecTjlap) TaxXJWwiM KaOu KIACCUK CTaTHCTHK ycCyJulapJiaH
dolinananub, KalTa WIUIAHTaH, TaxXJWJd KWIMHTAaH Ba TacaukjaHraH. Fysa
reHOMHIa ‘“‘CHHOHUM™ HYKJICOTHUUIApUHU HWJUIap AaBoMuaa Yy3rapub Oopuiu
r=Ks/2T popmynacu épaamuaa XucoOIaHTaH.

TaagKUKOT HATHKAJAPUHMHI WIMHMH Ba aMajinil axaMMAITH. TaJIKAKOT
HATWOKAIAPUHUHT WIMHH axaMusiTd OUPUHYM MapTa MOJICKYJSp SBOJIONHUS Ba
CEJICKTUB Kyusap, IIyHUHTJIEK JAWIUION Ba TETPAIUION Fy3a Typliapuja Wik 0op
Tabpudanran «ren amrupukamusacn»y MIC-3 rewnapu  gymimukarusiaHraH
HyCXaJJapUHUHT CaKJaHUO KOJMIIKM aHWKJIaHTaHmury, «bait and switchy (mmapmanu
XYpaKk) MOJAEIHN OCTH]A YCUMIMKHUHT XMUMOSBUM (PaosMsATH JaBOMHUJIA SIHTU T'eH
byHKIUSATApUHU  03ara  KEJITUPYBYM MEXaHM3MJIAPHUHT  TabpUdIaHTaHIUTH
XaKHUJIary ssHru OWJIMM Ba TyllyH4anap OWiaH U30XJ1aHAIH.

TagkUKOT HaTWXKATApUHUHT aMaJIui axaMUsITH Fy3aJa KacajuIMKKa HUcOaTaH
IOKOPY YUIAMJIMJIMKHY TabMUHJIOBYH, MXKOOUHN CeNIeKIUsIap acoCua IakIJIaHTaH
MIC-3 rennapunan onunran SNP Mapkepiapu Fy3aHUHT BWIT Ba HeMarojaiapra
yuJaMid HaBJIapuHU sipatuiiga 3amoHaBuii MAC nmactypiapuaa KyJUIaHWIHIIH,
OyHnaH Tamkapu, ycumumkinap ouorexHomoruscuaa MIC-3 ren mpoMmoTopuaaH
Xap KaHjai reH QyHKIUIapUHT Fy3a Ba OOIIKAa YCUMIIMKIIAPHUHT WIIA3 KUCMHTA
KailiTa MYHANTUPUIIIA, TPAHCTCH XOJATIAPHUHT XaB(CHU3IWTUHU TabMUHJIAIIIA
camapanu (GoJaTaHUIUIIN, TeHIap (AOJUIMTUHU YPraHuiia KyJUTaHWJIaJuraH
cuHTeTUK RNA1 BeKTOp KOHCTPYKIUSUTAPUHA SPATUITAHIUTH OWIIaH N30XTaHAIH.
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TaagkuKOT HATHKAJAPUHUHT kopuii KuauHumu. MIC-3 knmactep renmap
OWJIACHHU TaBCHU(QJIAII Ba MOJIEKYJISP SBOIOIUSACUHU YPraHUIll Xam/1a yIIapHu Fy3a
OMOTEXHOJIOTHICUIA KYJUIalll IOMpACH]Ia OJIMHTaH HaTH>Kallap acoCHa:

YCUMIIMK ~ XyKailpanapuja TeH OKCIPECCUACUHM CYCAUTHUPYBUM KHUYHK
unTeppepenuus Gepypun PHK (siRNA) ycynn yuyn Y36exucron Pecny6imkacy
WHTemiekTyan MyJK areHTJIUTMHUHT uxTHpo nateHTiaapu (12.01.2011, Ne IAP
04300; 02.06.2011, No TAP 04383; 23.05.2011, Ne IAP 04360; 23.05.2011, Ne IAP
04361) onunran. Mnmuii TagKUKOT HATHXKaIapyu YCUMITMKIAp OMOTEXHOIOTUIACH 1A
rewmap, okymiuagan MIC-3  renmapum  (aoumMruHW  aHMKJIANL,  BEKTOP
KOHCTPYKUUSTIAp TpaHC(HOPMAIMACH OPKAIMU SIHTU JIMHUSJIAP OJMII WMKOHUHU
Oepran;

MIC-3 xmactep renmapu AKIIl xkummox xykanurn JlemaprameHTu
TOMOHHIaH  Monwmsutamtupmwirad — Ne6064-21000-014-00-D  «Mapkepinapra
acoCJIaHraH Ba aHbaHaBUW CeNIeKIMS EpAamMuaa FY3aHU TEHETHK SXIIWIAll Ba
rerapau GOSSYpiUM HHUHT 3K30THK TypJiapu opacHIaH THOpHAJIAI» JIOHHXACH
noupacuaa ¢oigananwiran  (2013-2018 i) (AKII Kunutox — xyrkanuru
nenaprameHTHHUHT 2016 #iun 26 centsaOpaaru Mabiaymoromacu). MIC-3 kmactep
rewnapuial (QoWganaHran xoJjjia HemaTojajapra 4YuAaMiIM JIMHUSUIAPHU OJIMII
Xamja FY3aHUHT TMaToreHjapra YUJaMIWINTAHUA SHAJa OIIMPHUII WMKOHUATH
SApaTUJITaH.

TaagkuKOT HATHKAJTAPUHUHT anpodanusacu. TagkuKoT HaTwkamapu 13 Ta
WIMUR-aMalnuil aHkyMannapaa, skymnanas, «Conference of American Society of
Agronomy» (New York, 2006), «Ycumimkinap MoJIeKyislp OHOJIOTHACHHUHL
nomapd myammosapu» (Tomkent, 2008), «Fy3aHuHr nyHE TeHETHK XuIMa-
XUJUIMTUA acocui Ba amanui oruxanap acocuna» (Tomkent, 2010), «buonorus —
Hayka XXI Beka» (Ilymuno, 2010), «AkryanbHble TpOOJEMBbI PpPa3BUTHUSA
ounooprannueckoit 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), «I'eHeTrKa, TCHOMHKA Ba OMOTEXHOJOTHUSHHHI 3aMOHABUH MyaMMOJaph»
(Tomkent, 2016) wmaB3ymapumard pecrnyOiukKa Ba XalKapo WIMHM-aMalIui
KoH(epeHIusIapaa Mabpy3a KYpuHUIIMAA 0a€H STWITaH Xamja ampoOarusaaH
YTKa3WITaH.

TaaKuKOT HATHXKAJAPUHUHI IYbJIOH KWJIMHMIIM. Jluccepramus maB3ycH
6yiinua xkamMp 28 Ta WIMHH WMII UON OSTWITAH, IIyJapiaH Y36eKHCTOH
PecrryOnukacu Onuit ATTecTanusi KOMUCCHSICHHUHT TOKTOPJIHMK TUCCEpTaIUsIapu
acoCui WJIMHM HaTWKaJapyuHU YOIl 3THUIL TaBCUS dTUJITAaH MIMUK Hampiapaa 10 ta
MaKoJIa, )KyMiaJlaH, S Tacu peciyOnauKa Ba 5 Tacu XOPIKUN KypHaJIapaa Harip
ATHIITaH XamJa TaJKUKOTAa KYJUIAaHUITaH ycyiuiap Ouinan OoFiuK 4 Ta peciyoiuka
MaTEeHTH OJIMHTaH.

JluccepTanusiHUHT TY3WJIMIIM Ba Xa:kMu. J(uccepramus TapkuOu KUPUII,
oemra 000, xynoca, (Qoigananuwiran anabuérnap pynWxaTd Ba WIIOBaJapAaH
ubopart. uccepraistHUHT Xa>KMuU 171 GeTHH Talkui 3Taiau.
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JJACCEPTAIIUSIHUHI ACOCUM MASMYHH

Kupum  xucMujga  amanra — OWIMPWITaH — WIMHN-TAIKUKOTIAPHUHT
J0J13apOMIyd Ba 3apypaTH acociaHTaH, TaJKUKOTHUHI MakcaJu Ba Baszudanapw,
0o0BEKT Ba MpeaMeTiiapu TaBcu(iiaHraH, pecnyOnuka (paH Ba TEXHOJOTHUsIIAPU
PUBOMIIAHUIIMHUHT  YCTYBOp  WMYHaJIMIUIApUIra  MOCIUIM  KYpCaTWJITaH,
TaJKUKOTHUHT WJIMUHN SHTUJIUTU Ba aMajuil HaTWXKanapu 0a€H KWJIMHTaH, OJIMHTaH
HATWKJIAPHUHT WJIMHM Ba aMaluid axaMusaTd ouuO OepuiraH, TaIKUKOT
HATIDKAJIapUHUA aManuérra TaTOMK OTUII XamjJa Hallp STWIraH HIap Ba
JUCCEPTALMS TY3WINIIM OYinYa MabJIyMOTJIap KEATUPHUIITaH.

JluccepTalvsitHUHT «Uunpamuiuk reHjaapu Ba YHMIAMJIHKJIAP
reHOMMKACHHUHT IOTYKJapw» Je0 HOMIIaHTaH OupuHuyu O00uma ry3a Oyiinua
0JINO OOpHIIraH MOJIEKYJISIP-TEHETHK TaJAKUKOTIAp KEITUPUO YTUIITAH.

Veummiknapaa 4upaMiIiK TeHJApUHEHT TaBCH(H, MONEKYJISP-IBONIOLIACH
Ba VCUMJIMKIAp OUOTEXHOJOTHACHIA KYJUIAHWIHIIN XaKUJard MabJIyMOTIap,
yim0y MyHamuImaara acocuii MyaMMoJsiap Ba yJIapHU Xajl dTUIIIard UMKOHHUSTIIAP
caHa0 YTuiTaH.

HucceprauussHuHr  «F'y3aHMHI  KjacTep TeHJaApUHM  YpraHviijgaru
MaTepualji, WmMAPOUT Ba Yycayoaap» 1e0 HOMJIAHTaH HWKKUHYKM 000U
TaJKUKOTIapaa poiananmirad ycyiapra OaruiiaHau.

bynna Vycumnmk warepuauiapu Ba (Qoimananuiran peareHtiap, JIHK
axpatum ycysuiapu, kionnam, JJHK keTma-keTnukiaapuHu YKuill (CEKBEHC) Ba
yJIapHU  3aMOHaBUM  CTAaTUCTUKA  ycyulapu  €paamMuaa  (UIOreHEeTHKa,
raruioTUIUIAll, T€H KOHBEPLUSCH, PEKOMOMHAIMS Ba MOJICKYJSP HBOJIIOIUS
acocuna oiud OopwiiraH TaxJWid HaTWXKalapu Oyiinua Oatadcusi MabIyMOT
KEJITUPUIITaH.

Huccepramusauar «Gossypium typuauar MIC-3 rennnapusu TaBcuduiam
Ba XpoMocoMa Oyiinya :koiliamyBu» 1e6 Homanrad yuunuu 606uaa MIC-3 ren
OWJIACHUHUHT KOWJIAIITaH YPHH, CTPYKTYpacH Ba TapKUOM YpraHwinO, KJIOHJIaHTaH,
CEKBEHC KWIMHTaH, XamjJa auIOTEeTpaIruyion] Ba JUIUIOWA Fy3a TEeHOMJIapuia
TaBCU(JIAHTaH.

TankukKoTIap KyHu1aru HaTWXKaJIApHU Y3 UUUTa OJau:

MIC-3 renu yuyn 15 Ta ¥y3a reHotunuHuHr Xap Ooupuman [I3P épmamuna
OJIMHTaH TaxMuHaH 150 Ta MHAMBHUAYal KIOHJAP WHCEPUUSICU CEKBEHC KWUJIMHIU.
Gossypium Typuauar MIC-3 renun ammmukonnapu 653-713 H.ok. opanuruaa 0yiuo,
Oapua  aJJIOTETparuIOW]l TIEHOTUIUIapuAa  aMIUIMKoHiap  653-706  H.K.,
G. herbaceum typuma 703-713 w.k., G. raimondii typuma 653-691 H.K. Ba
G. longicalyx Typunma 706 H.K. y3yHJIMKIApHH Tankui Kuiarad (1-xaasan). bapua
ypranwiarad Gossypium typiapu yuyH kymiad JIHK kerma-keTiaukiapuHUHT
y3apo kuécuit taxmwuiapu acocuna MIC-3 renununr 721 H.OK. y3yHJIMTHAArud
TYJIMK KOHCEHCYC KeTMa-KeTuru Ty3wiau. Gossypium typunaru MIC-3 reHuHUHT
UHTPOH Ba 9k30H Kucwimapu MIC-3 TeHMHMHT HYKJIEOTHJ Ba OKCHJI KeTMa-
KETJIMKJIAPU aCOCH]Ia aHHOTaIus KuiuHau (Zhang Ba 6omik., 2002).
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Gossypium typuaara MIC-3 ren onjiacHHUHT TaBcHH

1-xanBaJa

A AMILIUKOH I/IHcepuHﬂ-z{eneunﬂnn v o
'enoTun p30:1ap Y3YHJIMKIIapu y3rapuuuiap VYMIH
COHH - SNP nap
Bapualusicu 9k30H 1 | maTpOoH | 3'UTR
653 (Dy) 9 - 15,29 | 16 (Ay), 21
Gh_TM1 10
- 706 (A;, Dy) - - - (By
- 653 (Dy) 9 - 15,29 | 16 (A), 21
Gh_Sisoline 11 706 (A.D) i i ! (D)
653 (Dy) 9 - 15,29 | 16 (A), 22
Gh_ST213 11
— 706 (A,D)) - - - (By
697 (Dy) 9 - 17 (A, 20
Gh_M8 12
- 706 (A,D)) - - (By
653 (Dy) 9 - 15,29 | 17 (A, 21
Gh_REDM 13
- 706 (At,Dt) - - - (Dt)
653 (Dy) 9 - 15,29
Gh_Golib 16 682 (Dy) 9 i 15 |2 ((gt))’ 22
706 (A,Dy) - - - i
. 653 (Dy) 9 - 15,29 | 17 (A), 21
Gh_Clevewilt 13 706 (A,Dy) i i ! (D)
653 (Dy) 9 - 15,29 | 16 (Ay), 21
Gh_M240 9
- 706 (A,Dy) - - - (Dy
653 (Dy) 9 - 15,29
Gh_M315 15 697 (DY 9 i R ((gt))’ 27
706 (A,Dy) - - - !
653 (Dy) 9 - 15,29
Gb_3-79 11 682 (Dy) 9 - 15 1 (('gt)) 29
706 (A, Dy) - - !
653 (Dy) 9 - 15,29 | 10 (Ay), 24
G. tomentosum 9 706 (A, DY) i i ! )
653 (Dy) 9 - 15,29
. 668 (A g* - 29 12 (A, 28
G. mustelinum 15 682 (D) 9 i 15 (D)
706 (A, DY) - - -
703 - 12 6
707 - 8 6
G. herbaceum 9 709 i 6 5 19 (A)
713 - 8 -
651 9 - 31
G. raimondii 4 653 9 - 29 33 (D)
691 - - -
G. longicalyx 11 706 - - 14 (F)

*IpTHoop 6epunr: G. mustelinum MIC-3 reHuHHHT crielUPHUK aMIUTUKOHU A-T€HOMHHHT
OMpPHHYM OHK30HMJArd 9 H.OK. Y3YHJIUKIArd UWHAETM TpUIUieTra sra Oynaub, y Oomika
reHOTUIUIapAa Ky3aTuiaran Di-reHomMu yuyH cnienuduk Oyirad uHaeuiapra HucoaTad 10Kopuaa

soinamran;, Gh — G. hirsutum; Gb — G. barbadense.

Tankukotnapna Oapua GOSSypium TypiaapugaH Kymiaad T€HOM KeTMa-
KETJIIMKJIAPUHUHT y3apo KUECHU TaxJujulapura kypa kKyhuparunap, seHu MIC-3
reHMHuHr okcui kojanamaiauradn 5° UTR permonunpma 11 H.OK. y3yHIWrura, MKKu
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OKCWUJI KOJJIoBUM peruonnapuaa 221-230 H.x. (3k30H 1) Ba 193 H.k. (3K30H 2),
STOHAa OKCHJI KOJUlaMalliuraH WHTPOH peruoHuga 65-77 H.OK. Ba  OKCHI
komtamaiinuran 3° UTR permonnnga 151-195 H.ok. y3yHinurura MmyBoQUK KeJlraHu
AHUKJIAHH.

Wupuk uncepuus-nenenus (indel) ysrapummiapu Ttydaiian Bapuanmsiap
coqup OynraH, Oynap ypranwirad rysa reHotunugaru MIC-3 ren ounacuHHUHT
O0ab3u ab3omapuaa KysatwiraH. Macanan, G. herbaceum typuman (A-reHom)
TalllKapy ypraHuiaraH Oapua ry3a reOTUIUIAPUHUHT OMpUHYM 3K30HKMAA D reHomu
yayH cnenuduk 9 HOK. y3YHIMTHIATH WHIOCT MAaBXYyIJIUTH aHUKJIAH]IH.
Axamusariucn  mykda, G, mustelinum  At-reHomura xoc OynraH  KOJOH
TPUIUIETJIAPUHY IOKOpHU HyHaIHIIMAa (upstream) CUDKATYBYH 9 H.K. y3YHIIMKAAru
uHaen tomwian (1-xaaBan).

yauaraex, G. hirsutum M8 nuHMsIIaH Tamkapu Oapya auIOTeTPAILIONT
anoanapuauHr 3°’UTR peruonuaa 15 H.k. Ba 29 H.K. y3yHIUTHAaH HOOpAT UKKU
WUPUK WHACNI MaBXYyJJIUTH aHWKIaHau. byHmaa 29 H.oK. y3yHJIMTUIard HHJIET
(cTpykTypa Ba >KOWIAIIMINK AHUKJAHTaH) aJJIOTETPAIUIOU/IAPHUHT TaXMHUHHM
D-renom axxmonu xucobmanran G. raimondii Typura xam TETrHILIHAHP. 15 H.K.
y3yHJIUTUJAaH ubopar uHIeuiap Ho€0 O0ynub, ynmap dakaTrvHa ajuioTeTparion]l
TeHOTUIUIApUIA AHUKJIAHAW, aMMO YyJap TUIUIOWJJIAPHUHT TaXMUHUW aXKI0/U
xucobianradn A Ba D renomuapaa mytinako yupamanu. Fyzanuar AD reHomumaru
(1-xagBan) MIC-3 ammmkonnapuauar 3°’UTR pervoHuga ydpaluraH HHJIET
HaMyHanapu ypranwaumb, 15 Hok. Ba 29 HoK. y3YHIMKAAru UHAEI
KOMOMHAIMsUIapUIaH noopar siHana Mypakkad amrumkoriapu G. mustelinum (3 Ta
Typiu turuiapu), G. barbadense Pima 3-79 nunusicu (uxku Tumnna) Ba G. hirsutum
TypKUMUHUHT Fonub HaBmapuaa (UKKM THUIM) aHUKJIAHIUA. YOy »xkapaéHjia
G. barbadense Pima 3-79 nuamscu Ba G. hirsutum typkymunuar Fonub
HaBnapunaru MIC-3 ungen namynanapu daxkar 15 H.OK. y3yHJIMKAAru aMIUTHKOH
uHIeapy yxmam 0ynu6, 0y G. barbadense Ba Fonubd naBu ypracumaru y3apo
JNyparajlaHuIll COAUp OYynraHmurugaH ganonar Oepamu. bomika ToMoHmaH,
G. hirsutum typununar M8 nuausicu Oapua reH kioHugaH xap kangaii MIC-3 ren
ap3ocuHUHT 3’UTR peruvonupga 15 H.ox. €ku 29 H.OK.y3yHIMKIArd HHAEIIIAP
tonuaManu. M8 munuscuaan ¢akarruaa 12 ra MIC-3 ren ab3omapu aHUKIIaHTaH.
Wubben Ba 6omk. (2008) ToMoHuAaH 0auO OOpwWJraH W3JAHUIIUIAPAA FY3aHUHT
aiiHaH M8 reHotunumaru 15 Ta Typjid reH ab3ojapu TYFpucuja 0aéH STHUIITaH.
bynra Owsnunr II3P épnammpa amanra OmMpHIIraH KJIOHIAIl Ta)xpuodaniapuia
6ab3u MIC-3 renu ab301apuHUHT aMITMUKaUsIIaHMal KoJraHu cabad oymuim
MYMKHH.

®dunorpamMmmaaa reHjgapHuHr 169 ta ap3omapu 17 Ta Typaum cybowsianapra
akpatwiramumrd kypcatwian (1-pacm). G. hirsutum resotunumara 110 Ta reH
an3osapu 12 ta cybomnanapra axxpatwiay, Oynapaan 1-9 raga 6ynran cybounanap
Airenomra, 10-12 raua Oynaramum sca Dyrenomra xoc Oynran. 13- Ba
14-cy6omnanap G. herbaceum, 15- cybomna G. longicalyx, 16- Ba 17- cyboumnanap
G. raimondii MIC-3 renum owmnacu ydyH XoC OYITaHIUTH aHWKJIAHIH.
G. mustelinum MIC-3 rennnunar 6upruna as3ocu (MIC-3_14) nan Tamkapu 6apua
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1-pacm. Gossypium typkymunuar 86 ta Typim MIC-3 rennapm acocuaa
TY3WITaH «AKHH KYITHHJIAPHUHT OUPJIANTYBW» YCYJIUAATH 3TPH (PUIOTeHETHK

HIaKapacu:
Byrcrpen kuiimatnapu (>50%) xypcarumiras.
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aitoreTparuion; red av3omapu G. hirsutum 12-omnacura xuputwimm (1-pacm).
bupok, MIC-3_14 A-renomzaa Tonuirad 13-cybowmnara kuputuiaau. AD renomiu
Fy3aJlapHUHT TaXMHUHHE axcpomnapu xucooOnmanran G. herbaceum (A-renom) Ba
G. raimondii (D-renom) uKKH Typiau cyOomiara sra Oynrad. bab3u Typmap yuyH
Xoc Oynran cyOousamapHUHT MaBXYJUIMTHA XaM Ky3aTwind. Macanan, 1-cyOoua
KacaJUIMKKa YWJaMCU3 H30JMHMsUIap XucoOmanraH (S-uzonunusi) ST213 Ba
Clevewilt Ounan Oupranukaa (axkarruna G. hirsutum Typuma aHUKIAHIH,
8-cybomna 3ca M315-nunusuunr, xamaa 11-cybouna M8 Ba M315 ypra tonamu
FYy3a TUHUSUTADUHUHT HYKJICOTH]T KeTMa-KEeTIIMTUAaH HOOpaT SKAHINTH Ky3aTUIAH.

Terpamnoun Fy3ama MIC-3 reHnapuHUHT TalJIOTUIUIAPUHU aHUKJIANI yYyH
G.hirsutum acocuna ty3unran MIC-3 reHnapuHUHT «KYITHWIAPHUHT OUPIIATITYBUY
(Neigbour Joining) ¢punorpammacunan doitnananunau. YyHku Oy Typ JIMHHsUIapAa
TYpJIM TYPYXJApPHUHT KEHI KaMpoBJIM Bakmwuiapu Mamxyxa. G. hirsutum (AD)
raliOTUIUIAPU TaXMUHUN WKKW #upuk — 1) AprreHom Ba 2) DyreHom
rarioTUIUIApU TYypyXura axpatwiav. by rypyxmam aurmioun  Fy3aJapHUHT
TaXMHHHK axaoaaapu Oyiran G. herbaceum sa G. raimondii kiacrepu3aiusicura
acocan amanra ommpuiau. G. herbaceum sa G. raimondii xoHCEHCyc KeTMa-
KEeTIUKIApUAaH TalJIOTUILIAp >KaaBaiuja pedepeHc KeTMa-KeTJIMK cudaruaa
dorimananunan  (auccepramusara kapanr). G. hirsutum  MIC-3  rennapu
cyOomnalapuHUHT  Kilaccupukanuscura (IOKOpuja KeNTUPWIraH) MyBODUK
paBUIIJIa HaTWKaIap IIyHH KypcaTauku, G. hirsutum TypkyMUHUHT A{-TeHOMUIA
Vpraua 3,5 amien €ku ramioTur/nokyc 6ynran 9 ta, Di-renomuaa sca yprada 3,3
TaxXMUHHUN ajieNl €KW TaluIOTUI/JIOKyC OViaran 3 Ta TaXMHUHHUM JIOKyciap/iaH
(ramtotun  rypyxjap) uOOpaTIAMIM aHUKJIAHAW. TaXMUHUN JIOKyclapaard
ramjoTUIUIAp €KW TaXMWHHW aJUIEJUIADHUHT COHU AireHomza 2 naH 6 rada Ba
Dt-renomaa 4 nan 6 raga 6ynrannuru anukiaanay. Terpammona MIC-3 ren kerma-
KeTIUKJIapUHUHT A¢-reHomuaa 25 ta SNP Ba Dyrenomuaa 26 ta SNP napnan
TalmKuia —Tomrawnwrd, yiapauar 113 (A, D), 162 (D) Ba 568 (D)
YKOMITANTYBJIApUJIAH TallIKapyu Oapyacy Ouasuies YKaHIUTH MablyM OVIIIH.

Xap 6up SNP yuyH HykiaeoTHa Ky(QTIUTHHUHT YpTaya MUKIOPH A-TeHOM/Ia
182,6 H.ox Ba Di-renomaa 108,8 H.ox. y3yrmurura tenr. TM-1 (G. hirsutum yuayx
cranaapt nunHus) Ba Pima 3-79 (G. barbadense yuyn xyu rammonmm crangapt
muHus) fy3a guHusiapuna MIC-3  rennmapuHMHT  anoxuma  (QUIOTEeHETHUKACH
(1-pacm) Ba yJapHUHT CEKBEHC TaXJWJIApUTa acociaHuO, ymidy MKKU Fy3a TypH
ypTacuaa noaumMopdusMIapHu aHuKIamaa Mmyxum oynran GSP (renom crierudux
npaiiMepiiapi) Mapkepiapu Au3aiH KwimHau. Kenmnuanuk ymly KaHaugaT TeH
Mapkepiapu Jejenus TaxXJIWId Y49yH UWOulaTwiad. by 5sca  MOHOCOMUK,
MoHoTtenoaucoMuk, CS-B Ba NTN rubpupnapHu ¥3 vuura ojiraH LUTOT€HETHK
KOJUICKIIMSIHM CKPUHUHT KWIWII OpKaiu amanra omupuwiau (Stelly Ba Oomik.,
2005; Goutirez Ba Oomk., 2009). Xap wuKKama oTa-oHa TypJiapu YpTacujaru
nosmmMopuzmitap nespiau 6apua F; myparavinapna mamoén 6ynmu. bupok, TM-1
Fy3a nuHusAcH ArreHoMugad axpaTu® onunradn MIC-3 rennapuHusr 8 Ta Typiau
ap3oyapuaan 7 Tacura xoc oynran 6apya 8 ta GSP annemnapu 4-xpomocoma (HO4
MOHOCOMHUK) &ku yHWHT Kanta enkacu (TeO04Lo moHoTenmommcomuk) Oyiinua
MOHOCOMUK Oyiran runoaneyruionn F; yeummuknapaa (G. hirsutum) yapamamy.
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2-pacm. G. hirsutum (TM-1), G. barbadense (Pima 3-79) Ba AD renomiu
FY3QJIaDHUHT UKKU TAXMUHMEA qumuioua axaoanapuauur MIC-3 rennapu
acocua TY3WITraH «AKHH KYIIHUJIAPHUHT OMPJIAIIyBHY YCYJIUIAru dTPU

(unoreseTuk maKapacu:
[ox y3ymmuknapu, 6yrcTpen KuitmaTiapu (>50%), xpomocoMasa >KOMIaryBu Ba TeHOMHUHT
KeM0 YMKHIIKM KYPCATUIITaH, COAANAIITUPHIN MaKCaIuIa yjap paHriap OuiaH akpaTHiraH.

[IlyHuHrO€EK, yiioy MapKepJIapHUHT Oapuacu 4-xpomocomacu
amvarntupwiran CS-B04 nuamsga xam G. hirsutum MIC-3  amnemmapuHuAHT
uykmuruan kypcatau. bynapman dapkiu pasumina, 6apua 8 ta GSP mokycmapu
Oolrka OMp HEUTa XPOMOCOMACH aTMAIITUPUITaH JTUHUSIIAP Ba 4-XpOMOCOMAHUHT
y3yH enkacu UyK (HykcoHynm) wmoHoTenomucomuk F; yeummukma (TeO4sh)
reTepo3uroTa XojaaTAa OYIraHauru aHuKJIaH/IH.

Tynnanran natwxamap TM-1 nuauscunuar 8 Tta Agrenom MIC-3
ap3oyapuaH 7 Tacu 4-XpOMOCOMAaHHMHI KajiTa eJKacuia >KOWIaIraHIuTHHU
kypcatu0, fy3a renmomuga MIC-3 rennapuHUHr KiIacTepiid >KOWUJIANTYBUJIAH
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nanmonat Oepamu (2-pacm). [apun, TM-1 Ba Pima 3-79 nuuusutapu ypracuparu
Direnom MIC-3 ramnorunra xoc 6ynran Typau GSP mapkepnapu aHHMKIaHTaH
Oyncaga, ymap Jeneuus TaxJWUIapH, XamJa XpoMocoMal JIOKaJu3alus
Taxpuobanapuaa noauMmopd smaciuruau kypcatau. 3-79 MIC-3 an3onapuaa y3apo
OUp-OMPUHM KOIJIOBYM CAWUTIAPHUHT MAaBXKYJUIMTH, IUTOTEHETUK JIMHUsIIApa
GSP nomumopdusminapau (apkiamey Kuiuamamtapaa. Ammo, G. mustelinum
munusicu MIC-3 ab3onapuHuHr 6aTadcuil CeKBEHC TaxIHiiapu Ukku typaaru GSP
npaiimepiapuan  (TM-1 Ba Pima 3-79 ypracuma mnomudopmuk OyiMaran)
Ty3ulIUMU3 y49yH €&paam Oepaum. YmOy mnpaiiMepnap Ieienus TaxJIinaa
TCHOTHITTa XOC OYIraH ayuieiutapHu aHuKioBun O0yimmO, TM-1 Ba G. mustelinum
MIC-3 reH ab3omapu ypracuaa moiaumopdu3mMra sra. YdjiaM4d MOHOCOMUK
F1 typrapapo NTN 12-19 Ba NTN 10-19 rubpumnapuna TM-1 amnenu Typiaunda
etummMarad. Ymoy TM-1 amienmn SNP mapkepura xoc, ammo G. mustelinum
ayutenura moc 3mac. NTN 12-19 Ba NTN 10-19 yeumnuknapuaa TM-1 nunuscura
xoc Oynran 12- Ba 19- xamga 10- Ba 19-xpoMocomanapHUHT Y3yH E€KM KaJyTa
eNKajgapu HYKCOHJIM Oynub, yinapaa ymlOy XpOMOCOMAJIAPHUHT — TETUIILIH
KucMIIapu MaBxkyn smac. bymap Oupramukna, TM-1 nunuscu Diy-renom MIC-3
ab3oiapuaan oupunHuHr (MIC_3 10) 19-xpomocomManard derapacMHH aHHKJIA0
o6epamu. bupok, 10- Ba 12-xpoMocomaniapu HYKCOHJIM OYyJraH OMpPUHYHU aBJIOJ
Typaapapo MoHocoMmuk nyparaiinapu (H10 Ba H12) cornom F; nyparait kabu GSP
MIC-3 mapkepiapuauar TM-1 Ba G. mustelinum amnenapura sra OyaraHIurH
aHUKJIaH]IH.

Hatmwxanap Dyrenomman omuaran  MIC-3  r1eEm  abv3ocu  ymioy
XpoMocoMalniapia sMac, Oanku 19-xpoMmocoMaza >KOWJIAIITaHIUTUHU KYpcaTau.
[yHuHraek, sHa Oup KaTop OOIIKa Xpomocomaiapu Oyilmdya HyKCOHJM OyiraH
runo-aveymionn F; Vcumnuknapy xam cornom F;  ngyparait xabu SNP
MapkepiapuHuar TM-1 Ba 3-79 JuHussapugaH yTraH ajsiejuiapura  3ra
Oymranmmurn  Mabaym  Oymmum. G.  hirsutum  fy3a  Typuma  xo3upua
19-xpoMocOMaHUHT JacTIa0KKM MOHOCOMHUK JIMHHSICH WYKIUTH OOWC HaTHXKajiap
ymoy Dy-resom MIC-3 aw3ocununr G. hirsutum ryza typu 19-xpomocomacuia
YKOMIAITaHIUTHHYA aHUK OWJIUII UMKOHHHHU OepmMaiiau.

MIC-3 reHnmapu OSKCIPECCUSACUHMHT TaxJIWJJIapy BUJIT TATOTCHH OWiaH
3apapiiaHTaH Ba 3apapjaHMaraH Oup KaH4Ya Fy3a TeHOTHIUIapuaa oiubd OOpHiIu.
bynna MIC-3 rernapu Fusarium Ba Verticillium ounan 3apapianran Tykumanapaa
IOKOPH Jlapakaja OBEpIKCIPECCUsIIaHTaHn aHUKIaHau. OBEPIKCIIPECCHs YU IaMITH
TCHOTUIUIApAA Ce3WIapiyd Japaxkana IOKOpH OViraHu aHWKIaHgud. Yoy
MabaymoTiiap MIC-3 rennapuHuHr Hadakat WiIgU3/1a MU XOCUI KWTyBUd (Tajul
Hemartoaacu) (RKN) nHemaTona kacamiuruaa, 0aaku KacalIMKKa amoKajaop OyiraH
okcusl (PR-protein) kabu Fy3aHUHT BWIT KacajUIUTH Ba OOIIKAa KacaJUTMKJIapJaH
XUMOSTIAaHUILIAA MYXUM POJib YHHAIIN KYpcaTHO Oepuiiu.

JHuccepramusiauar - «Gossypium  typaapuaa MIC-3 reH  oMIacCHHMHT
MOJIEKYJISIP IBOJTIONUsICH» 1e0 HOMIIAHTaH TYypTuHYM 000uaa 15 terpammonsn Ba
TUTUIOW], Fy3a TEHOTHUIUIApUAAa HYKJIeOTH7] anmammayBu te3nuru Ba MIC-3
MYJIBTHTCH OWJACMHUHT MOJIEKYJISIp DBOJIOIMACKH HaMyHajapu TYFPHUCHIIA
MabJIyMOT OEpUJITaH.
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TagkukKoTIap KyHuIaru HaTHXKaJlapHU Y3 UUUTra OJau:

bapua 169 Tta MIC-3 ren ab3zonmapununr wunHTpoH Ba UTR cexBeHc
peruoHnapuHu ogu0 TanuiaHumy Hatwkacugaa MIC-3 reH ab3omapu  y4dyH
xapaktepiau Oynran Ba ynapHu kojaimoBuu 131 ta JIHK cexBencu 15 Ta ry3a
TreHOTUIUIAPUAAH TOMWIIIU, Xamaa yjlap KeMMHYAIUK TaXMUHUN OKCHUJ KOJIJIOBUU
k/IHK cexBeHcnapu anoxuma 56 Ta rypyxjapra axpaTwiad. YOy KoOJJIOBYH
JIHK kerma-kernukinapu kym Oopa ClustalX nmactypu &pmamuaa 423 H.K.
y3yHiaurura myBaddakusaTiu TeHraamtupuian, 0y mactyp MIC-3 rennmapuHuHT
OyTYyH KOJJIOBYM PETHOHJIAPWHU, MTy KymiiagaH oupuaun (231 H.K.) Ba HKKHHYA
(192 w.x.) sk30HIapHU Kampab omamu. by 56 ta y3mra xoc taxmmamii kJ[HK
KeTMa-KeTIHMKiIapu, Oapua 15 Fy3a reHorumuiapuyaa HazapAa TyTWIraH 29 Xui
Maxcyc OKCHJI KeTMa-KeTIUKIAPHHA XOCHI KW, YMyMuid onranaa, Gossypium
TypkyMHHHUHT TaxMuHUH MIC-3 oKCcm keTMma-KeTIHMKIapard aMHHOKHUCIOTaIap
dapku 141 amunokucnora nozunusapuaan (30%) 42 no3unuscuga aHUKIaHIH.

A-TeHOM/IaH OJIMHTaH OKCHJI TypyxJjapura HucOataH Dy-TeHOMJlaH OJMHTaH
taxmuHuit MIC-3 oxcumnapuaa kymiaabd aMUHOKUCIOTA Y3rapuuiapu pyi Oepras.
Amvunokucnotanap y3rapumu taxmuauii MIC-3 okcuimapunuar Aj- Ba F-reHom
rypyxjapuaa HucOaTaH KampoK Ky3aTwiraH. byHnan ¢dapkiau yiaapok, sHT Kyn
COHJIM aMUHOKHCIIOTa Y3rapunuiapu Ds- renomiaun MIC-3 rennapununr Oapua 4
TaXMUHUN OKCUILIApUa Ky3aTUIIIH.

Mynunargex, MIC-3 TeHnmapu OWIACHMHUHT MOJIEKYJSIP  SBOJIOIHICH
GOSSypium TreHOTUIUTAPUHUHT 15 Ta TeTparyiou] Ba JUIUIOWI BapHAIUSICHUTa
acocnaHuO YypraHwiau, Oynap Ouprainvkiaa (PUIOreHEeTHK >XKUXATIAaH TYypJIH €TTH
reHoMmjapHu udomanaiiin Ba yiapJaH KyNHHYA OHBOJIONHMOH TaJAKUKOTIApna
doiinananunaan. CunonmMm (ds) Ba  HocuHoHMM  (Oy)  HyKJICOTHIUIAp
anMammmHyBUHUHT Te3aurn MIC-3 TeHIapuHUHT Xap WKKWHYU 3K30HU MKOOHWI
TaHJIOB OOCHMMH OCTHJa JKaHJIWTMHA TaxXMWUH KWJIMINTa HMKOH Oepamu, Oy
BaKTHUHT V3u/a (PYHKIMSUIAPHU CaKJIall yuyH OMPUHYM SK30H KYWId HU30JISIUOH
TaHjaoB OocuMu octuaa Oymamu (2-kangsan). HykmeoTuanap anMammvHyBU
kodddunieHTIapura acocnanub, OM3 KyWuaarud xyjocara KeJIuK, ShHU Kywid
U30JISIIIMOH TaHJIOB ocTuaa 1-Ba 2-3k30HAa quBepredt Tamiosna MIC-3 renmapu
KTYFUJIMII Ba YIuMm» jkapaéHu épaamuaa SBoionusara ydpaiam (2-xamgsan).
OnuHran HaTwKamapra Kypa, «reH amrudukanuscn» wmexanmsmu MIC-3
TCHJIAPUHUHT MKKW XHCCa OpTraH Oapua HycxaimapuHu GOSSypium reHomuapuia
cakJiai yuyH épaam Oepasau, Oy ¥3 HaBOaTua R-reH SBOIOIUSCUHUHT «IIIapIiaiv
YiKa» MoJlenura ailHaH MyTaHOCUOIUp.

Masbnymorinap MIC-3 reHmapuHUHT AYIUIMKAIUACH TYPJIM TE3JIUKIapia
coaup OYIraHWHU KypcaTaau, ajloTeTparuioujapaa ~1 MWIIMoH Wwiga Oup
mapTta, A/F reHom Tymiamuga ~2 MWUIMOH Wunga Oup mapta Ba D renom
TYIuIamMuia ~8 MIWUTHOH Humma 6up mapta (3-pacm). MIC-3 rennapu ounacuaaru
yarapunuiap QyHKIIMOHAT TYPFyHJIUKHU (1-9K30HAA M30JAIUOH TaHJIOB OPKAJIH)
OIIUPUII MaKcaaua TYEKA SBOJIIONMOH TAHJIIOBHU aKC ITTHPAIH, Iy OwiaH Oup
BaKT/Ja TypJu 3apapKyHaH]la Ba MATOTCHJIApra »KaBOoO OCpHIN MaKCaaWuIard sHTU
«y3raptupyBum» (2-3K30HJa JIUBEPICHT TAHJIOB OpPKAJIM) HIUIAHMAalap Yy4YyH
MMKOHHUSITIIApHU KeHrauTupaau. byHai sBOIOIMOH poJiap rumoTe3ara MyBo(Q UK
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2-KaaBaJ
Fyzanunr MIC-3 ren onjiacu ydyyH HyKJI€0THI AJIMAIIMHYBUHUHI T€HOTHII
HYHMAATH YPTAaya KYpPCaTKUYJIapHu

I'enoTunaap I'enom At - Dy - YmymHi* -

du | ds |[dnids| dy | ds | dnids | dn | ds | dnids
Gh_TM-1 [AD]; | 080|219 | 0.37 | 419|433 | 097 185|257 | 0.72
Gh_Sisoline [AD]; | 069|194 | 0.36 | 4.19 | 433 | 097 | 156 | 2.34 | 0.66
Gh_M315 [AD], [ 0.67 | 189 | 0.35 | 2.86|3.49| 0.82 | 1.57 | 2.38 | 0.66
Gh_MS8 [AD]; |0.78 194 | 040 |353|323| 1.09 [1.36|2.14| 0.64
Gh_Clevewilt [AD], | 080|189 | 042 | 279|286 | 098 | 161|216 | 0.74
Gh_Golib [AD]; | 0.66 |2.24 | 0.30 [4.19 | 433 | 0.97 | 150 | 2.55| 0.59
Gh_M240 [AD]; |0.76 | 2.09 | 0.36 |4.19 |4.33| 0.97 |1.67|2.46 | 0.68
Gh_ST213 [AD], | 058 |2.04| 0.28 | 4.19 | 433 | 0.97 |1.37 | 248 | 0.55
Gh_REDM [AD], | 097 | 197 | 049 |4.04|3.74| 1.08 | 151|237 | 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]; |039|0.79| 049 (230|211 | 1.09 | 173|134 | 1.29
G. tomentosum [AD]; | 0.49|0.83| 0.60 | 290|284 | 1.02 |1.78|1.62| 1.10
G. herbaceum Ay - - - - - - 0.43 041 | 1.05
G. raimondii Ds - - - - - - 3.70 | 283 | 1.31
G. longicalyx F - - - - - - 0.35|237 | 0.15
Xamma G. hirsutum [AD], | 2.06 | 061 | 0.30 |2.79|237| 0.85 | 132|239 | 0.55
Xamma GOSSypium typiapu - 190|058 | 031 | 257|220 | 0.86 |1.80| 258 | 0.70

Acaarma: Gh — G.hirsutum; Gb — G.barbadense; Sisoline — unnamcus uzonunus; *Ymymuii A

Ba Dt KOM6I/IHaI_II/I$ICI/I; ds — CHHOHHMM HYKJICOTHUAJIAp aJIMAlIMHYBU TE3JIUTH, dN — HOCHHOHHUM
HYKJICOTH/IJIAp aJIMAIIMHYBH Te3nurH; dy:ds — HOCHHOHMM aJMAaIlMHYBHUHI CHHOHUM aJIMAlIMHYBU
KypcaTKuuura Oyiaran HUcOaTH, UKKW KeTMa-KeTIIMKHUHT OMp-OMpuaaH axpandmuiaad Oounuiad, SeHU
0y taxmuHaH dy:ds Owiman Gapobap, HOCHHOHHM aJMalIMHYBJIAPHHHI CHHOHHM aJIMAllMHYBJIapra
Oynran connap HucOath; Kanuu Xapdaapaa 1 kypcarnnranra Hucbatan dy:ds KuiiMaTiIapu IOKOPHPOK;
dn Ba ds kuitmaTiaapu 100X ra kynaitupuiras.

XucoOnaHaay, SbHU ymOy HOEO YMIAMIMIMK TEHJIApU OWIACH ab30Japu

tomMoHugaH GOSSYypiUM TypkyMuaa 3apapKyHaHIa Ba IaTOTCHJIapra Kapiiu

Kypalia MociainryB4yad ad3aJiukiapy OuiiaH TabMUHIaHAIH.

Hucceprauustnuar «MIC-3 rensiapapo peruoHJapuaaH WIAN3 criequpUK
NMPOMOTOPJAPHU MOJICKYJAP TaBcupaamr Ba WIAU3 YYyH croeuupuk
JKCIPECCUAHU aAMAJIra OWUPHUIN MAKCAAUAA WIAU3 cneurM@uK mpoMoTop
OWJIaH IreHeTHMK KOHCTPYKIUAJIAP sipaTumy ;10 HomiIaHTaH OemrH4Yd O600ua
Fy3a OMOTEXHOJOTUSICH KeJaxard ydyH Qoiganu OynraH, Wiau3 Yy4yH XOC,
mMuauMman y3ywnukaardk MIC-3  reHn mnpoMOTEpUHHMHI HYKIJIEOTH]I KeTMa-
keTukiIapu xamaa cuHtetuk PHK pynnekcnap €épaamuga BEKTOpP KOHCTPYKIUSCH
SIPATUJITAH.

TankukKoTIap KyHu1aru HaTHKaJlapHU Y3 UUUTra OJau:
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3-pacm. GOossypium qunsionx Ba ajsorerpanionx typjiapuauar MIC-3 renu

omjiacuaa rea AymjimKanusicu HaMyHaCI/I:

(A) mumuoun typnap: Gherb — G. herbaceum; Glong — G. longicalyx;Grai — G. raimondii; (B) —
amutorerparutons Typiap: Gh TM1 — G. hirsutum TM-1, GB-379 — G. barbadense Pima 3-79;
Gmust — G. mustelinum, Ba Gtom — G. tomentosum. Dcaarma: ymoOy H3IaHHILIAPIA
dorinananuiran 6omka G. hirsutum renoruriapu (Sisoline, M315, Clevewilt, M240, ST213,
Golib, M8 Ba REDM) xam xynau 1myHaaid reH AYIUIMKAIMsCH HaMyHacura sra, yiaap Oy epna
kenaTupuiMaras. Jluseprennus Baktu 6axomnapu (MY A) MIC-3 ab3onapuHuHT Xy TaukIapaaru
CUHOHUM QJIMAITMHYBIIAPH TE3TTUTH KOAIPPUIICHTHHH Xap Oup reHoTHrr/Typiaap yayH 2,6 X 10-9
CMHOHUM aJIMallIUHYBIApHU CalT/Hui HucOatuaan ¢oiiananud XucodIaHTaH.

MIC-3 renu knactepiapuaunr 2,5 Kb reHiapapo pernoHaapy aMruuuKaIvs
KWnHY, Kiornanay Ba MIC-3 rernmapuauHT OMPUHYY YK30H KUCMUAH TY3WITaH
npaiimepiap Kyprauru Epaamuaa HYKICOTHATIAp KETMa-KeTJIMTH aHWKJIAHM.
Kymna®b nHykmeoTumiap KeTMa-KeTIUTH alalHMEHTIapu (Kuéciaamanapu) ydyH
220-240 n.ok. (tyrpu) Ba 130-154 H.OK. (Teckapu) KOHCEHCYC MO3HIIUSICUIAH
doitmananunan. Ymoy rermmapapo MIC-3 renn keTma-KeTIHUru TaxJIMJUTAPUHUHT
Hatmxkacuga [TATA-Ookcia MpoMOTOp KETMa-KETIUTH XYCYCHUSTIAPUHH, XaM[a
MaTOTeH Ba WIIW3Ta XOC Kymiad Typaud MOTHUBIAP KETMa-KeTIWTHHU
uACHTUHUKAIMSIAIT UMKOHMHKA Oepau. Yoy 2,5 kb mpomorop kerma-
KETJIMTUHUHT Typiu (parMEeHTIapUHU aMIUTU(UKAIUS KAJTUII ydyH OUp HeuTa
npaitmep KyQQTIAUKIapU TY3WIIH.

by MuHHMam TpPOMOTOp PETHOHIAPWHM AHUKJIAIl y4yH HWMKOH SIPaT/IH.
Ty3unran npaiimep Ky(QTIUKIapUHUHT oXUpUAa GEPMEHT PECTPUKIIMOH CAUTIApH
Mapxyn 0Viau6, ymap GUS pernopTep TeHUMHH y3ujaa TyTraH OWHaAp IUIa3Muja
BEKTOPHIa KHPUTHUII YUYH MYXUM Xucobyianaau. busaunr tagkukotumusaa MIC-3
reHUHUHT 2562 H.k. mpomoTtop pparmentu Hind 111 Ba BamHI pectpukumon cait
ajanTeplapuHu  y3uaa TyTraH mpaidMmepnap okydriaurn OujaH — KaidTa
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aMIuUKaUs KAIMHAR. S'-TepMUHAT NETEHUsIIAPUHUHT TYpiId Y3YHIUKIArd
KHCKApTUPWITaH TPOMOTOp (parMeHTIapu xap Owumpura Xoc mnpaiimepiap
KypTiuru €paamuaa Oup xui Tap3ga aMmruiddukanus KuaiuHau (4-pacm). Yoy
npoMoTOp ¢parMeHTIapyu oMMaBuUi (Qoiinananunuimu MyMmkuH Oynran pBI101
BekTopura kuputuiaau, 0y GUS reHuHu KoJJIOBUM PETMOHHUHT IOKOpU KHUCMHUJA
xoinamrad. Hatmwkana pBI101-MIC3 Pr::GUS cepusimu OuHap BeKToOpiapu
acocuna Kyiunarmwiap ty3miau: P-2500 (- 2500/-1, 2500 u.x.), P-2200 (- 2200/-1,
2200 u.x.), P-1800 (-1882/-1, 1882 u.x.), P-1600 (-1658/-1, 1658 n.xk.), P-1300
(-1381/-1, 1381 n.x.), P-1000 (- 1057/-1, 1057 n.x.), P-700 (-708/-1, 708 H.Xx.).
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4-pacm. MIC-3 npomoTopu GyHKIUSICHHU TACAUKJIAII:
A — MIC-3 renn mpoMOTOPHMHHHT ()parMeHTIapra aXpaTWiraH HYKJICOTHJI KEeTMa-KeTJIUTH
[1,9-Marker A/Hind 11, 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 renunu y3uaa tyrrad pBI101 OuHap BekTopura CyOKJIOHIIAII.
P-700::GUS Hu skcnpeccusioBYM TpaHCTeH apabunorncuc yeummukinapuaa GUS skcnpeccusicu
HaMyHacuHU THUCTOKuMEBHMM OYysmi; (D) — 1 xadrtanuk Tpanchopmanus KUJIMHTAH HHUXO0JT4A;
(E) — Hazopar apabUIOICUC YCHMITUTH.

Bekropmap Agrobacterium tumefaciens oGakrepustiiapuauar LBA4404 tmramvu
(ry3a Tpanchopmanmsicu yuyH) ¢Exku GV3101 mrammura (apadumornicuc
TpaHchopMaIMICH YUyH) KHPUTHIIIU, Xamaa apadugorncuc yeumiaurua in planta
Tpanchopmarusa Taxpudanapu yTkazmwian. by MIC-3 mpomoropuauHT 708 H.OK.
Y3YHJIUTHIard MUHMMaJl PETHOHU Xap KaHJal T'€H SKCIPECCUSIHU YCUMIMKHUHT
WIIM3 KUCMUTa HYHANTUPUII YUyH eTapiu Oynuimmaan napak 6epaau. Bekropcus
TpaHcopmalus Tymiamiaapu Owinan Ooupranukna, ymoy MIC-3 Bekrop Tymnamu
Coker-312 ¥y3a HaBuHUHT >kamu 1383 JOHa THIIOKOTHJI KeCMalapura
TpaHcopmalus KuiauHrad. Bekropceus Tyminam cudatuna, spHU canOuil Hazopat

22



yayH 125 noHa THIOKOTHII KECMaJIapu CyB OMJIaH UIIUIOB OSPUIIIH.

Comaruk perenepanus ycyauaa GUS mapkep renunu 6omkapyBun MIC-3
r€HU TMPOMOTOP PETHOHJIAPUHU V3Hja TyTraH Oup He4Ya TpaHCTEH Fy3a
YCUMIIMKJIapU OJMHAM (5-pacMm) Ba yiap HaBOATIard MOJIEKYJSIp Ba (PyHKIIMOHAI
6ockuuiapaa TaBcuduam yuyH yecrupuimokaa. Unaus yuyn cnenuduk 6yiaran Oy
HOEO POMOTOpP (akaTrvHa YCUMIIMK WIM3KJA Xap KaHJaill reH 3KCIpPEeCCUsCUHU
amMajira OIIMPHUII YYyH YCUMIIMKIap OWMOTEXHOJOruscH coxacuaa (organu
oymum  mymkuH. ysunrnek, MIC-3 renmmapm yuyn cuntetuk PHK
AyTjIeKciaapugaH ubopar OWHAap  BEKTOpJap  acocliapu  spaTWiraH Ba
ONTUMAJUIAITUPWITaH Oynub, ynap ymly rennap (aoJIUTMHU YpraHuIl y4yH
Tanépnad KyHuaraH.

S5-pacm. MIC-3 cnenuguk npoMoTOp KOHCTPYKUMAJIAPH KYJIJIAHUJITAH Fy3a

TpaHcopManuscu Ba COMATHK SMOPUOTeHe3H
A — runokotun kecManapy; B — kamnycorenes; C — coMaTHK pereHeparysi KUJIMHIaH SMOPHOH
yeumimknap; D — ninnu3 Ba HUXO0JUIap PUBOXKIIAHUIIY; E — TynpoKiu TyBakiapra Ky4upuuml.

XVJIOCA

«Fy3ana (Gossypium spp.) marorennapra dyuaaMiIdinkau oearmioyn MIC-3
KJIaCTep TEHJap OWJIACHMHU KJIOHJAII, TaBCU(]IIAIl Ba MOJICKYISIP IBOJIONUICUHU
ypranum xamjaa Oy TEHJIApHUHT Fy3a OHOTEXHOJOTHSCHIATH aXaMHUSTH
MaB3yCHJIard JOKTOPJIMK JUCCepTalusIcu Oyinda oaubd OopuiaraH TaaKUKOTIAp
HaTWXKacuaa KyWHIara Xyjaocanap TaKIuM dTUIIIH:

1. Bupunun Maprta KOMIUIEKC, MHpHK, (akat Fy3a ydyH Xoc OYyiraH Ba
WIaU3a dKenpeccusuianyBun GOSSYpium Typu aJIOTETpaIuIon]] Ba JUILION] Fy3a
reHomiapuaa MIC-3 TeH OWJIacMHMHT J>KOWJAIraH YpHU Ba CTPYKTypacu
AQHUKJIAHY, KJIOHJIAHIU XaM/la CeKBEHC KUJIUHIH.

2. 15 Ta ry3a reHoturuiapuaan xxamu 169 ta MIC-3 renu ab3oJapUHUHT Xap
oup renotun/typnapu 2-10 Ta cybowmnamapman, 4-16 Taraya reH ab3ojapuiiaH
nOopaT PKAHIUTH OWJIaH U30XJIaHATH.
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3. bapua MIC-3 renu aw3onapu Hykieotuiap nonudopmusmu (SNPs) Ba
TaXMUHUN TalJIOTUILIApU (UIOTEHETUK TYpYyX JKMXaTJaH >kamMu 17 Ta TeHoM
crienuduk cyoouaasapra MaHCYyOJIUTy OMIIaH TaCAUKIIaHAIN.

4, Annorerparions; reHomiapaad — axpatu6 onuaran MIC-3  renu
ab30JIAPUHUHT KEHUHTH TaxJIMJIapu HaTKacuja aHukianraH Ar-éku Di-renomutap
yayH xoc Oynran 42 ramnoTtun kerma-kerinukiapaan MIC-3 rerau cnenedux SNP
noJipopMu3MIIapHU aHUKJIAMIAa QorJamaHuIl TaBCHUs STUIIAH.

5. bupuaun mapta MIC-3 acocuma reHom crnemudux SNP wmapkepnapu
ApaTWiITaH XamJla TaIlUIOTUIHK accoruanusiapu Ba y3yH-II3P Taxpubamapu
Epmamuma  G. hirsutum Typm 4- Ba 19-XpoMOCOMaJIapUHWHT TOMEJIOT
cermeHTiapuga MIC-3 reHM ab30NapUHUHT  KIACTEPIH  KOWJAIIyBIapu
UCOOTIIaH/IN.

6. bupunun mapta 15 Ta Terparuiona Ba AWIUIONA Fy3a TEHOTUIUTApUAA
HYKJICOTU]T alMamuHyBu Te31uru Ba MIC-3 MynbTUTEH OMIACHHUHT MOJIEKYJISIP
sBommonusicu acocyianrad. MIC-3 renaun ownacununr JIHK kerma-keTnukiapuHu
KojIam yayH cuHOHUM (0s) Ba HocuHOHUM (Oy) HYKICOTHAIAp aIMaIliHYBHHUHT
ypTaya MUKIOpPUHM Oaxojall OpKajdu Fy3a reHoMHujaa ymiOy TeH OWJIACMHHHT
CEJICKTUB YEKJIOBJIApU Ba MOJIEKYJISIP SBOIOIUSACH aHUKJIaHIH.

7. Monexynsp ABOJTIOIUSTHUHT oomuaa TypFYHJIAIITUPYBYU
«XaMKOPJIMKIArK» 3BOJIIONUS amaira omran O0yincana, MIC-3 rernapu «TyFHIIHIII
Ba YIMM» DBOJIOIMOH MOJENTH OCTHAA |-2K30HAA TO3aJIOBYM Ba 2-3K30H/AA
JUBEPTECHIMSIOBYM  CEJICKIIUS TabCUPHAA DSBOJIIONUJIAHUO OopuIu  OwaH
acoclaHa/Iu.

8. Hatmxanap «ren ammmdukamusuiannmmy MIC-3  renmapu  Gapua
OYTUTAKAIMSUTAHTaH  HyCXaJapWHWHT — CaKJaHWO  KOJMIIMHA  TabMUHJIOBUYH
MEXaHU3M cudaTtuaa dKaHIUTH Ba Fy3aHW XUMOSUIAHWII >Kapa€Huaa TeHJIapHWHT
SHTY  QYHKUIUSJIAPUHU  «IIapraid  YibKay MOJENW OCTUAA SpPaTUIUINN OuiaH
U30XJIaHAH.

9. MIC-3 rennapuHUHT JYIUTMKAIMACH aJJIOTETPAIION]l TeHOMJIapia Xap
~1 munnmuon Hunga, A/F reHomiapaa xap ~2 MIJUIMOH Hruia Ba D reHomumapa
Xap ~8 MWUIMOH Hwina OWTTa AYIJIUKALMS COAMP OVIWINM aHWKJIAHTaH TeH
OYTUTAKAIUSICH HaMYHacHu Fy3a TEHOMH DJBOJIIOIMACHIA TATOTeH BOCHUTACHAAaru
CEJICKITUS KapaCHIAPUHUHT POJIMHY TYIITYHHUII YUyH TaBCUS dTUTIAIH.

10. Fy3a HaBmapuHUHT YUJAaMIIM Ba YMJAMCH3 TCHOTHILIapuaa Fusarium Ba
Verticillium ©Owunan 3apapnanumm xapaéuuaa MIC-3  reHIapuHUHT  IOKOpH
napaxagaru oskcnpeccusuianranyurd, MIC-3 reHnapyuHUHT MyXHM axamusaTra
Srajauru OujIaH acocjIaHaIu.

11. ink mapoTaba ¥y3a uiaau3u Y4yH XOC CUTHal KeTMa-keraurura sra MIC-
3 IPOMOTOPHUHU ¥3 UUUra OJIraH 2,5 kO y3yHJIMKAAru reHinapapo Creicep peruoHu
KJIIOHJIAaHTaH, HYKJIEOTHJ KETMa-KeTJINTH CEKBEHC KWIMHTaH Ba IPOMOTOP
MOTHUBJIApH TaBCU(IIaHTaH.

12. ¥y3a wunau3 yuyH xoc, MuHHMan y3ywiukaaru MIC-3  renu
IIPOMOTOPUHMHI ~ HYKJIEOTHJ  KeTMa-KeTnukiapu xamaa cuHtetuk PHK
OyIJieKciapura 2dra Oup HeuyTa TEeHETMK OWHap BEKTOpJjap  TYy3WIIH,
Tpanchopmarys KWIWHIY Ba yiiap YCUMIIHKIAp OMOTEXHOJIOTHUSCH YIYH TaBCHS STHJIIH.
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BBE/IEHUE (AHHOTaUs JOKTOPCKOM TUCCEPTALIUM)

AKTYaJIbHOCTh W BOCTPeOOBAHHOCTH TeMbl auccepramuu. B cBs3u ¢
yrayOJaeHueM TiIo0ain3alii Ha CErOJHSIIHUN JeHb yCuiieHa 00€CIIOKOEHHOCTh B
oOecrieueHU OMOJOTUYECKONW OE30MaCHOCTH B MHPOBOM CEJILCKOM XO3SIMCTBE U
3aIllUTe ero OT OMOTUYECKHX (B BUIE (PUTOMATOICHOB U BpeauTtenei) yrpos. «Bpen
NATOT€HHBIX OPraHU3MOB B MHPOBOM CEJIBCKOM XO3SIHCTBE, OIICHEH B
1,4 TpwinuoHa noymapoB. OTo paBHO 5% rino0anbHON BajloOBOW BHYTpEHHEH
IPOTYKIIAM»

3a rompl HE3aBUCMMOCTH, B HAIllEH CTpaHE BEAyTCA MIMPOKOMACIITAOHBIC
paboTHl TIO TIOBBIMICHUIO YPOKAHHOCTH CEIIbCKOXO3SMCTBEHHBIX KYJIbTYp M Ha
CErOJHSALIHUN JI€Hb CEJIbCKOXO3MCTBEHHOE MPOU3BOJICTBO COCTABJISET 4YacTh
€XKErogHOr0 SKOHOMHUYECKOTO J0XoJa cTpaHbl. [Ipm 3ToM ocymiecTBISIIOTCS
pedopMbl B OTpaciy XJONKOBOJCTBA M HAa OCHOBE MPOBOJHUMBIX MPOTrPAMMHBIX
MEp TMOJY4YEHbl OMNpPENECIEHHBIE PE3YIbTAThI, TO €CTh, COKPAIIECHBI IUIOWIAIN
MIOCEBOB XJIOMYATHUKA U YBEJIMYEHA YPOKAMHOCTh B CpeHEM Ha 3-4 LIEeHTHEpa.

B nponecce mpon3BoacTBa XJIOMKAa BO BCEM MUPE pa3HbIE MATOrEHBI, TAKUE
kak, Bt (Fusarium u Verticillium) u oGpa3ytorast rajisl B KOPHIX XJIOMYaTHUKA
Hemarona (Meloidogyne incognita; RKN) wanocsT Gosbinoi Bpen ypokaro. Ha
HEMATOJbl Mpuxoaurcss npuMepHo 14% oOT BceX MHUPOBBIX MOTEPh, YTO
BhIpaxkaeTcst B cymme okoiio $ 100 Mip1. 70/U1apoB B roj1. «3HAYUTEIBHBIC TOTEPU
ypoxas xjonka B CIIA 3a nmocinennue 10 mer w3-3a HEMaTOAbl OLIEHUBAIOTCS
npuMepHo B 205 MITH. 071apoB B roa»°. C 9T0i TOUKH 3peHHs, IpodneMa GopsObI
C MAaTOT€HAMM ACHUCTBUTEIIBHO SIBJISICTCS OJHOM M3 BAXHEUIIMX 3a4a4 MHPOBBIX
UCCIEIOBAaHUM  HAa  XJIOMYaTHUKE, TO03TOMY  HEOOXOOUMO  HCCIIE0BaTh
pacnpocTpaHeHue Ooyie3HeH, a TakKe pa3BUBaThb COBPEMEHHBIE METObI
ouorexHosioruu. IIpoBeneHne uccnenoBaHuil MO0 U3YYEHUIO T'€HETUYECKUX OCHOB
O00ppOBI ¢ HEMaToM0MW OOOCHOBBIBAIOTCS CJEAYIOIIMM O00pa3oM: HEOOXOIUMO
BBISIBJICHUE TE€HOB; MPUJAIOIIUX YCTOWYMBOCTH K IAaTOT€HaM Yy XJIOMYaTHUKA,
000CHOBaHUE WX CTPYKTYpbl M COCTaBa B T'€HOME XJIOMMYATHWKA; OIpEJCICHHE
MECTa PAacCHOJIOKEHHsSI Ha XPOMOCOMAX; HCCIEAOBAaHUE COBPEMEHHBIX CPEJICTB
OMOTEXHOJIOTHH ¥ TEHOMUKH JUTSI TIOJyYEHUS YCTOMUMBBIX K TATOT€HAM JIMHUH.

JlaHHOE IHCCEPTAMOHHOE MCCIIEJOBAHUE B ONPEACIICHHON CTENEHU CIYKUT
BBITIOJIHEHUIO 3aJlay, MPEAyCMOTPEHHBIX 3akoHOM PecrmyOnmku VY30ekucran
Nel116-1l1 «O 3ammTe cenbCKOXO3IMCTBEHHBIX PACTEHUN OT BpeaUTENeH, Oose3Hen
u copuskoB» oT 31 asrycra 2000 r., IlocranoBnenuem Kabunera MuHuCTpoB
PecnyOonuku Y36ekucran Nel48 «O Mepax 1o cOBepUIEHCTBOBAHUIO CTPYKTYPHI U
NOBBIIIEHUIO A((HEKTUBHOCTH CIY>KOBI 3alIUTHI pacTeHui» ot 29 mapta 2004 r.,
a TaKXXe JPYyTMMU HOPMATHUBHO-TPABOBBIMHU JOKYMEHTAMH, MPUHATHIMU B JJAHHOU
coepe.

CooTBeTcTBHE HCCIEA0BAHUS NMPUOPUTETHBIM HANPABJIEHUSM PA3BUTHA
HAYKH M TeXHOJOrui pecny0jauku. J[aHHOEe HCCIIEIOBAaHUE BBINOJHEHO B
COOTBETCTBUM C NPUOPUTETHBIM HAIMPABICHUEM PA3BUTHSI HAYKHM U TEXHOJIOTHI

lhttp://WWW.fao.org/docrep/018/i3300e/ i3300e.pdf.
*http://www.apsnet.org/edcenter/intropp/lessons/Nematodes/Pages/RootknotNematode.aspx
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V36ekucrana V. «CelbCKO€ XO3SHMCTBO, OMOTEXHOJOTHS, SKOJOTHS W 3alluTa
OKPY>KaroIIeH CpeIb».

0030p 3apy0eKHBIX HAYYHBIX HMCCJICJOBAHMHM IO TeMe IHCCePTALUM.
Hayunbsie wWcciemoBaHusi, HalpaBICHHBIE HAa  MOJEKYJISIPHO-TEHETHYECKOE
U3ydeHHe yCTOW4YMBOCTH xjonuatHuka (GOSSypium Spp.) Kk maToreHam
OCYIIECTBIISIIOTCS B BEAYIIMX HAyYHBIX IIEHTPAaX M BBICHIMX 00pa30BaTEIbHBIX
YUPEKACHUAX MUpa, B ToM uucie, Texas A&M University (CILIA), Mississippi
State University (CIIIA), University of California (CILIA), University of Georgia
(CIJA), CSIRO Plant Industry (Asctpamus), United States Department of
Agriculture (CIIIA), Northeast Institute of Geography and Agroecology (Kuraif), a
taxke B LleaTpe ['eHomuku u 6monnpopmatuku (Y30eKucTan).

B pesynpraTe wnccnenoBaHui, MPOBENCHHBIX B MHpPE MO MOJEKYJISPHO-
TCHCTHYCCKOMY HM3YUYCHHIO YCTOMYHMBOCTH xJsomuatHuka (Gossypium spp.) x
NaTOr€HaM MOJYYEH Psii HAYYHBIX PE3yJbTATOB: BBISBICHA B3aUMOCBS3b MEXKIY
HEMAaTOJaMH W BWJITOM, OMACHOCTHM HEMATOIbl U BHJITa B KOMIUIEKCE, a TaKkKe
obOHapy»keHbl Heckoabko JIHK-MapkepoB, cBs3aHHBIX ¢ 3TOM Oosie3Hbto (California
University, CIIIA); kapTupoBaIH, UCIOJIb3Ysl MUKpOCATEe/UIMTHBIE Mapkepbl, QTL
nokycel ycroiunBocT kK RKN Ha xpomocomax 11 m 14 ymmannp-xjiomnyaTHUKA
(United States Department of Agriculture, CIIIA); BoisBiaensr Mi-C11 u Mi-C14
JIOKYChl TIpU ucnoiib3oBaHuu Oosbinoro yucia JJHK mapkepoB (SSR u AFLP
Mapkepsl) u obcnenoBanmii 1221 F, ocobeli renernyeckor momyssinun (Georgia
University, CIIIA).

B Mupe mo MOIEKyISpHO-TEHETHUYECKOMY HW3YYCHHIO YCTOMYHMBOCTH
xjormyatHuka (GOSSypium  spp.) K TmaToreHaM I0  psiay, NPUOPHUTETHBIX
HAIpPAaBIICHUH, MPOBOISTCS HCCIECIOBAHMUS, B TOM YHCIE: ONPEICICHHE HOBBIX
reHoB ycronmumBoctn Kk maroreHam; QTL kaprupoBanme ¢ mnomonipro JHK
MapKepOB; OINpPECICHHE MECTa PACIOJIOKEHHUS] YCTOMYMUBBIX T'€HOB K IMMAaTOT€HAM
Ha XPOMOCOMAX; MOJYyYE€HUE HOBBIX OMOTEXHOJIOTMUYECKUX COPTOB, YCTOWYMBBIX K
aToreHam

Crenenn U3YYEHHOCTH npood.JieMbl. bosbIIMHCTBO ~ HM3BECTHBIX
MYJBTUTEHHBIX KIJIACTEPHBIX TE€HOB CBA3aHHBIX C YCTOMYMBOCTHIO, BBISIBICHBI
3apyoexxnpiMu yuersiMu B.J.DeYoung et al.’; xapaKkTepuCTHKa M T'€HETHYECKOe
KapTupoBaHue TeHoB, kogupyoumx NBS-LRR 6enku ycroitumBocTH, Y
AJUTOTETPAILIONIHOTO XJI0maaTHIKa onpenensu L.He et al.*; Beicokas skcrpeccns
YHHKaJIBHOTO KopeHb-crienuduunoro MIC-3 (Meloidogyne Induced Cotton-3)
Oeika XJIOMYaTHUKAa W3 TKAHEW pacTeHWd, YCTOMYMBBIX K HEMaTole, NpH
MHOUIMPOBAHUU HeMaToaMu Obuia BeisiBIeHbI 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’ MOKa3aJId, YTO MOTHUBBI YCTOWYHMBOCTH WITU
nomenbl «NBS-LRR likey He cBsi3aHbl, KpoMe TOI0O OHH ONPEACIUIH
npeaBapuTeabHble cBoiicTBa cemeiicTBa MIC-3 TeHOB BO BpeMs 3alllMTHBIX
peakIuii pacTeHUN U JI0Ka3ajy, YTO ATU T'€Hbl HE3aBUCHUMBI OT JPYTUX M3BECTHBIX
3aIUTHBIX MTyTEeH.

B V30ekucrane reHeTHUYeCKOoe HW3YUYEHHE YIUIaHA-XJom4aTHUKA «I 0auo»,
yCTOMYMBOTO K HeMarojaM, MpoBeaeHo X.XonamaroBbiM. III.OrambepaneBbiM
KOMIUIEKCHO ~ MJACHTH(PHUITUPOBAHBI  MOJEKYJISIPHO-TEHETUICCKUMUA ~ METOJIaMU
maToreHsl poja Fusarium, a takke M3y4deHBI ITaTOTEHHBIC CBOMCTBA BHJIOB M pac
MAaTOTCHOB, BCTPEYAIONIUXCS 3HAYUTEIHHO Yallle IO OTHOIICHUIO K MECTHBIM
copram xyon4atHuka. OIHAKO, KIACTEPHBIC CYMEPreHbl YCTOWYHUBOCTH K
3a00€BaHUSAM Yy XJIOMYATHHKA €II¢ HE W3Y4YCHBI IIOJIHOCTHIO, KaK Ha
HaIlMOHAIBHOM, TaK U Ha MEXIYHAPOIHOM YpOBHE. B MaHHBIF MOMEHT, ¢ HAyYHO-
MPaKTHYECKON TOUKE 3PEHUS OUYCHBb BAXKHO M3YyUCHHE MOJICKYJISIPHOU ABOJIOLMH U
XapaKTepUCTHKH ceMmeicTBa kiactepHbix TeHoB MIC-3,  ompenensronmx
YCTOMYMBOCTh, K IaTroreHaM Ha xjomyaTHuke (GOSSypium Spp.) a Takxke,
IIPUMEHEHHE ITUX T€HOB B OMOTEXHOJIOTHUH.

CeBs3b TeMbl JUCCEPTAIMM € HAYYHO-HMCCJIEI0BATEILCKUMH pPadoTamMu
HAYYHO-UCCJIe0BATEIBbCKOT0  YYpe:KJIeHUs, TIJe BbINOJHeHAa padoTra.
JluccepTalluOHHOE HCCIEOBAHUE BBIMOJHEHO B paMKax IUlaHA Hay4HO-
HCCIIEIOBATENbCKUX PadboT (PyHIaMEHTAIbHBIX, MPUKIATHBIX ¥ MEKIYHAPOTHBIX
npoektoB llentpa reHomuku u Oumoumndopmaruku: D4-T149 «lMccnenoBanue
CTPYKTYphl W (YHKIHH Te€HOMa XJIOMMYaTHUKA I pa3paboTKh MapKep-
accoruupoBanHor cenekmum» (2007-2011 r1r.); UZB2-3101-TA-09 «Ouenka
MOTEHIIMAIBHON TIepMOIUIa3Mbl YCTOMYMBOCTH MNPOTHB TAJUIOBOM HEMATOIbl U
¢dy3apro3HOTO BHJITA W pa3pabOTKa KaHIUAATHBIX TEHETUYCCKUX MapKEpOB,
ocHoBaHHbIXx Ha SNP» (2009-2013 rr.); «IlomyueHrne BBICOKOKAYECTBEHHBIX
TPAHCTE€HHBIX JIMHUN XJIOMYAaTHUKA C IIOMOIIBI0 OWHAPHBIX T'CHETHYECKUX
BEKTOPOB, OCHOBaHHbIX Ha cHHTeTHYeckuX RNAI mymuiekcax, CO3ZaHHBIX IJIs
reHoB xjomuatHukay (2009-2011 rr.).

Heabo wucciea0BaHUNA SBISICTCS OINpPEICICHUE COCTaBa, CTPYKTYPHI,
pacmoJIOKEHUS Ha XpPOMOCOMaxX, a TakKe MEXaHU3MOB JYIUTUKAIMN |
MostekysspHo#t sBosronn MIC-3 reHoB y ammoTeTparuionHbIX U OJM3KUX K HX
npeaKaM AUTUIOUIHBIX TCHOMOB XJIOIMIaTHUKA.

3agaum UccJeI0BaAHNA:

KJIOHMPOBATh W CEKBEHHpOBaTh Bce wwieHbl cemeiictBa MIC-3 renoB
AJUTOTETPAIUIONIHBIX W CUHTAONIMXCS OJM3KMUMH K WX TMPEIKaM JUTUIOWTHBIX
reHoMOB Yy BuoB GOSSypium;

BBITIOJIHATH TIOAPOOHBIN  (UIOTEHETHYCCKUN aHAIM3 M KJIACCHU(PUKAIINIO
MIC-3 renoB Ha mojcemerictsa y BugoB Gossypium;

®Callahan 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 TPeANnojoxkuTeabHbie ramtotunsl MIC-3 mocnemnoBarensHOCTEH B
reHoMe xJon4yaTHuka u paszpaboratb SNP Mapkepbl Uisi MOATBEPKICHUSA
KiactepHoi jokanuzanuu yieHoB MIC-3 reHoB Ha crienpruyecKux XpoMocoMax,
MOJIE3HBIX JJIs OyIyIIMX IPOrpaMM MapKep-acCOLIMMPOBAHHOM CEJIEKINY;

OXapakTepU30BaTh IMpearnoiaraeMpie OEJIKOBBIE IOCJIEI0BATEILHOCTH U
CKOPOCTU HYKJICOTUJHBIX 3aMEIICHUN IS H3Y4YEHHUs MoJeNed M CKOpPOCTH
MOJIEKYJIIDHOW SBOJIONWHU, AYIUIMKALMA TEHOB W MEXAHU3MOB TMOJJIEPKaHUS
MynbpTHTeHHOTO cemeiictBa MIC-3 10 u mocie aytonoauIIOnIN3aiil B TCHOME
XJIOMTYATHUKA;

MCCJIEIOBATh 3BOJIOIUIO T€HOMA XJIOMYAaTHUKA Ha ocHoBe nH(popmaru MIC-
3 reHOB M TTOBTOPHO OIICHUTH BPEMS JIMBEPTCHIIMH TEHOMOB B poje Gossypium;

WCCIENOBAaTh  QJANTHBHBIC  CEJICKIIMOHHBIC  TATTEPHBI HAa  OCHOBE
CUHOHUMHUYIHBIX u HECHHOHUMUYIHBIX ko3 purmeHToB 3aMeIICHHUS,
CIIOCOOCTBYIOIIUX YCTOMYMBOCTH K HEMATOIaM U OOJIE3HSIM;

CpaBHUTENBHO ucciaenoBarh skcnpeccuto MIC-3 reHoB npu uHGUIIUPOBAHUU
Fusarium wu Verticillium y ycroiiuuBeIx W HEYCTOHYMBBIX T'€HOTHIIOB
XJIOMMYaTHUKA;

BBISIBUTh ~ MEXKIEHHBIE  CIIEMCEpHbIE  TOCIEIOBATEIBHOCTA  MEXKIY
HeckoibkuMu MIC-3 reHamMum W Ha UX OCHOBE C€O3/1aTb OWHApPHBIE BEKTOPHI,
coJiepkaliue B cebe MUHUMAJIbHBIM MPOMOTOPHBIM PErMOH U TpaHC(HOPMUPOBATH
uX B MojeiabHOe pacteHue Arabidopsis s onpeneneHus B JajdbHEHIIEM
MOJIC3HBIX TSI OWOTEXHOJOTHM XJIOMYaTHUKA W PACTCHHH TMPOMOTOPHBIX
MOCJIeI0BAaTEIbHOCTEH;

CKOHCTPYHMPOBaTh W ONTHUMH3UPOBATH OCHOBBI OWHAPHBIX BEKTOPOB,
comepxkammmx PHK mymutekcer, mis m3ydeHus (yHKIMH PaCTUTEIBHBIX TEHOB,
BKirouyast MIC-3 reHsl.

O0bexkT wuccaenoBanus. B kayecTBe  pacTUTENBHOIO  MaTrepuana
UCIIONIb30BaHbl yJABOeHHBIM rartonn Buma G. barbadense Pima 3-79 ([AD]e-
reaom), G. tomentosum ([AD]s-renom), G. mustelinum ([AD]s-renom) wu
9 renotunoB G. hirsutum ([AD];-renom), Bximtouas nunuio U copta Clevewilt,
M240, M315, T'onmu6, ST213, M8, Texas Marker-1 (TM-1), uyBCTBHUTEIbHBIE
n3onunuu (Sisoline) u kpacHsie mytanTHbie TuHUN (REDM). Kpome storo, Tpems
IUIUIOWAAMU, BKJIIOYEHHBLIMH B HCCIEOOBaHue, sBISUINCE G. Herbaceum
(Aj-rerom) wu  G. raimondii  (Ds-renom), TeHOMBI, KOTOpbIe Hauboliee
omuskopojactBeHHbl K Ai-(A-cyoreHoMm) u Dy-(D-cyOreHom) reHoOMam, HBIHE
cymecTtBytomux AD TeTparmiouHbIX BUIOB, U F-TeHOM adpukaHCKOTO JUKOTO
xmonuatiuka G. longicalyx. HMcrmonb30BaHO [ACNEIMOHHOE TECTHUPOBAHHUE IS
onpeneneHus xpomocoMHod Jokanuzauun MIC-3 reHoB mnyremM CKpuUHHHTa
MOJIMMOP(GU3MOB Y MOHOCOMHBIX W MOHOTEJOJUCOMHBIX HHTEPCHEIU(OUIHBIX
Fi rubpumoB G. hirsutum x G. barbadense u aHamoruuHbBIX MEPBUYUHBIX
MOHOCOMHEIX F; ropumos G. hirsutum X G. mustelinum.

IIpeaMeTom ucciaenoBanusi SBIAIOTCS YHUKanbHBbIe TeHBI MIC-3, xoTOpHIE
YOPABJISIIOT YCTOMYMBOCTHIO K 3a00JICBaHUSIM, BBISIBIICHHBIC U3 15 TETparionIHbIX
Y JUTUTOUIHBIX TEHOTUIIOB XJIOMMYATHUKA.

MeTtoabl ucciaenoBanms. B pabote ObuH UCITONTB30BAHBEI OCHOBHBIE METOBI
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MoueKyisipHoit 6uonorun (Boiaenenue JIHK, cexkBeHupoBaHue M KIOHHPOBAaHUE
I€HOB), aHAJIU3 T€HETHUYECKOU CTPYKTYpPhI, (PUIOreHETHUECKOE KIacTepUpOBaHUE,
METO/Ibl TEHHOW pEKOMOMHAIMM W KOHBEPCHM, BpPEMEHHU MOJEKYJISIPHO-
ABOJIIOIIMOHHOM JMBEPreHIIMU, Pa3padOTKH MapKepOB M OMHAPHBIX BEKTOPHBIX
KOHCTPYKIIMH, Te€HEeTHYeCKOW TpaHchopMaluu, a TaKKe COBPEMEHHBIE METOJbl
OMOMH(POPMATUKH U CTATUCTUYECKOTO aHAIN3a.

HayuyHnasi HOBU3HA HCCJIEIOBAHMS 3aKITIOYACTCS B TOM, YTO:

BIICPBBIC KJIOHUPOBAHO, CEKBCHHUPOBAHO U 0XapaKTEepPU30BAHO
169 wHAMBUAYaTbHBIX YJICHOB, MPUHAJICKAMNUX K CYNEPrEHHOMY CEMEHCTBY
MIC-3 u3 15 annmoteTparnionIHbIX U JUTUIOUIHBIX TCHOTHUIIOB;

BBISIBJIEHO Ha ocHoBe aHamm3a 169 MIC-3 renos, uto B 15 reHorumax
XJIOMMYaTHUKA WMEIOTCI OoT 4 1m0 16 wWwieHoB TeHa, KoTopeie aemarcs Ha 2-10
moacemeiicTBa. Y Bcex BHaoB GOSSypium st mocinemoBaTensHoctd 169 MIC-3
IeHOB ObLIM (DUIIOTEHETUYECKH pa3/iesieHbl B 00IIeM KoimuuecTBe Ha 17 reHom-
crenu@UIHBIX MOICEMEICTB;

nokazaHo Ha ocHoBe aHaimm3za MIC-3  reHOB, BBISBICHHBIX Y
AJUTOTETPAIUIONIHBIX BUJOB, Hajduuue 42 TarIOTUITHBIX TOCIE0BATEIbHOCTEH,
xapakTepHbIX s A 1 Di-renomoB. beutn coznanbl SNP Mapkepsl, UIeHTUYHBIC
MIC-3 renaM W Ha OCHOBE TaIJIOTUITHBIX M TOJCEMEHCTBEHHBIX TPYII, ObLIN
onpenenensl 9  mpemnonaraemeix  MIC-3  nokycoB B ArreHome U
3 mpeanonaaraeMbIx JIOKyca B Di-reHOMax autoTeTparuionIHOTO XJIOMYaTHAKA,;

BriepBbie co3ganbl SNP Mapkepbl, mojydeHHBIE W3 TE€HOM-CHEIU(UIHBIX
MIC-3 renos, u BbIsiBIeHO, 4TO0 MIC-3 TeHbI pacnoioKeHbl B KIIACTEPHOM BHUJC HA
4- 1 19-roMeosOrnyHBIX XPOMOCOMAX XJIOMYATHHUKA,;

BIICPBBIC OMPEACIICHBl CKOPOCTH HYKJICOTHIHBIX 3aMEH W  IPOIECCHI
Moutekyisipaoit aBomroru MIC-3 reHoB y 15 TeTpamiougHBIX U JUTUIOMIHBIX
T€HOTUIIOB XJIOMTYaTHUKA;

BBISIBICHO Ha OCHOBE OIICHKHA CpPEIHEro 4YHcia CHHOHUMHUYHBIX (Os) u
HCCHHOHMMHUYHBIX ~ (dN)  HYKJICOTHIHBIX ~ 3aME€H Ui KOAMPYHOIIUX
nocienoBatenbHocTel JIHK cemeiictBa MIC-3 reHoB, 4To HECMOTpS HA PaHIOIO
«COBMECTHYIO» 3BOJIIOIINIO, ceMelicTBo MIC-3 reHOB BHIOB XJIOMYAaTHHUKA
Pa3BUBACTCS MTyTEM JBOJIIOIHNH «POXKICHUS U CMEPTH» C U30JUPYIONUM 0TOOPOM
B DK30HE-1 M TMBEPIeHTHOM CEJIEKIINEH B DK30HE-2;

BIICPBBIC ONpEIecHa «aMIUTU(UKAIMSA TeHa» KaK BO3MOXKHBIH MEXaHHU3M
coxpaneHus: Bcex ayonupyromux komuii MIC-3 reHOB M TOsIBJI€HHME HOBBIX
GYHKIIMA TEHOB B TPOIECCE 3alUThl XJIOMYAaTHHKA B paMKax MOJEIH
«MCUYE3AI0IEN IPUMAHKIY;

nokazaHo, uro aAymmmkanuu MIC-3 TeHoB B pasmuMyHBIX TeHOMax
IPOUCXOIUIIN C PA3THYHBIMH CKOPOCTSAMHU. BBISBICHO, YTO OJHA IYTTUKAIIHS
MPOUCXOJUT OJWH pa3 3a ~1 MWUIMOH JIET y ajuIOTEeTPAIUIOWI0B, OJUH pa3 B
~2 musutnoHa JieT y A/F reHOMOB, U OIH pa3 B ~8 MHJUTMOHOB JIeT Y D-reHoMOB;

mo a”aym3y odkcnpeccun MIC-3 reHOB BBISIBIEHA AKTUBHOCTH TEHOB Y
TCHOTHUIIOB, YCTOMYMBHBIX K BuuITy Fusarium u Verticillium;

BIIEPBHIE KJIIOHUPOBAaHA, CEKBEHHPOBAHA W OXapaKTEPHU30BAHA MEKICHHAs
crieiicepHas oCIeA0BaTeIbHOCTh PernoHa JTMHOH B 2,5 Kb, comeprkamas kopeHb-
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cnenuduuHblii mpomotop rena MIC-3.

IIpakTHyeckue pe3ybTaThl HCCJIET0OBAHUSA 3aKIIOYAIOTCS B CIIEYIOLIEM:

OoXapakTepu3oBaHa IocienoBaTebHOCTh ceMeiicTBa renoB MIC-3 B JIHK,
KOTOpass pPEKOMEHJyeTCsl KaK OCHOBa IS MCIOJIb30BaHUS B IOBBIIICHUH
YCTOMYMBOCTU K BUJITY W HEMAToJ€ B MPOTPaMMax COBPEMEHHOW CENEeKUUU U
OMOTEXHOJIOTHH XJIOMYaTHUKA,

pazpabdoranbl SNP mapkeps! 111 MIC-3 reHOB, KOTOpBIE PEKOMEHAYIOTCS JIJIs
WCTIONL30BaHUs B MapKep-accounrpoBanHoil cenekunn (MAC) xjaonyatHUKa st
CO37[aHUSI HOBBIX COPTOB;

COCTaBJICHO HECKOJBKO OMHAPHBIX T'€HETUYECKUX BEKTOPOB, COCTOSIIUX W3
MapkepHbix reHoB GUS ¢ mocnegoBatenbHOCTsIME TipoMoTopa MIC-3, kotopsie
TpaHchopMmupoBaHsl B MojeiabHOe pactenme Arabidopsis. Pexomenmyercs,
KOpEHBb-CIEU)UIHBIN MUHUMATBHBIA TpoMoTop reHa MIC-3, sBrsromuiics oueHb
M0JIE3HBIM B OMOTEXHOJIOTUU PACTCHHUI;

co3nanbl cuHTeTndeckue RNA1 BEeKTOpHBIE KOHCTPYKIIMH, HCIOJb3yEeMbIe
IpY U3yYCHUH aKTUBHOCTH T'€HOB B OMOTEXHOJIOTMH PACTEHUMN, MOITYYEHBI HOBbBIC
JIUHUU B OMOTEXHOJIOTMH XJIOMMYATHUKA.

JloCTOBEPHOCTh Pe3yJIbTATOB HCCJIeI0BAHUSA OblIa TOATBEpPXKICHA C
MIOMOIIbI0 COBPEMEHHBIX METOJOB M T0JX0/10B. [laHHbIE ObUIM 00pabOTaHBI,
POAHATU3UPOBAHBI U YTBEPXKJEHbI C  HUCIOJB30BAHUEM  KIACCUYECKUX
CTAaTHCTUYCCKUX METOJIOB, TAKUX KaK BapHalMOHHBIA aHanmu3 naHHeIX (ANOVA),
aHaym3 MmoJekyisipaoit Bapuaruu (AMOVA),ananu3 Wilcoxona u coBpeMeHHbIC
aITOPUTMBI aHaNM3a mocienaoBareabHocTed (Sequencher, ClustalX, Mega 4.1,
BLASTX), metonb! ¢punorenerndeckoro ananuza (UPGMA, Mega 4.1, NJ), TecTsr
reHHol kouBepcuu W pekomOuHaimu (GeneConv, DNASP, RDP3, SiScan) u
anamu3 crenenn 3amenienus (KaKs ¢ mompaeBkamm Juke-Cantor, Z-tectsl Ha
OCHOBE KOJOHOB). IM3MeHeHHWE CHHOHUMHUYHBIX HYKJICOTHJIOB B TE€HOME
XJIOMMYATHUKA B TCUCHHE MHOTHX JIET pacCUUThIBaIM 10 opmyite r= Ks/2T.

Hayuynass ¥ npakTuyeckasi 3HAYMMOCTH Pe3yJIbTATOB HCCJIeI0BAHUS.
Hayunast ~ 3HayuMOCTh  pe3yJdbTAaTOB  HUCCJCAOBAHMUS  MHTEPIPETUPYETCA
oOecrieueHMEeM BIEPBbIC TMOJTYYEHHBIX HOBEWINUX 3HAHUW W TOHUMAHUA O
MOJICKYJIIPHOM ABOJIIOITUH, CEJICKTUBHBIX CHJIaX, a TAKKE BIIEPBbIE 0OHAPYKEHHOU
«amMmumM@uKau  TeHa», KakK BO3MOXXHOTO MEXaHHM3Ma COXPAaHEHHS BCeX
nymkanuil konuid MIC-3 reHoB y AMIUIOMIHBIX M TETPAIIOUIHBIX BUJIOB
XJIOITYaTHUKA W TTOSBJICHUEM HOBBIX (DYHKIIMI T€HOB IPH 3alIUTE XJIOMYATHUKA B
pamMKax Mojenu «ucue3aromieii mpumankm» («bait and switchy).

[IpakTrueckas 3HaYMMOCTh paboOTHI 3aKitovaercss B ToM, uTo SNP Mapkepsr,
nonyuyeHusle u3 MIC-3 reHoB, cdopMmHpoBaHHBIE Ha OCHOBE TO3UTHUBHOMN
CENICKIIMM W O0O0CCIICUMBAIONINE TOBBIMICHHYIO YCTOWYMBOCTH XJIOIMYAaTHUKA K
3a00J1€BaHUSM, MOTYT HCIIOJIB30BaThCA Il coBpeMeHHbIXx MAC mporpamMm mpu
CO3/IaHUU COPTOB, YCTOMUYMBBIX K HEMATOJIaM W BUJTY, a Takxke mpomorop MIC-3
reHa, MOXeT ObITh 3((HEKTUBHO HCIIONH30BAaH B OMOTEXHOJOTHUU PACTEHUN IS
nepeHanpaBieHuss (QyHKIHUI JTIOOBIX TEHOB K KOPHSAM XJIOMYATHHKA W APYTHX
pacTeHuii, B oOecrne4eHnu OE€30MaCHOCTH MHOTHX TPAaHCTEHHBIX COOBITHH H
co3nanueM cuHTeTH4eCKMX RNA1 BEKTOPHBIX KOHCTPYKIIM, HCIONb3yEeMbIX B
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M3Y4YEHUU aKTUBHOCTHU T€HOB.

BHuenpenne  pe3yabTaToB  HccjeloBaHMA.  brarojgaps  M3Yy4YEHUIO
MOJIEKYJIIDHOM DBOJIIOLIMM U XapPAKTEPUCTHKU CEMEWCTBA KJIACTEPHBIX T'E€HOB
MIC-3, a Takxke Ha OCHOBE PE3yJIbTATOB, MOJYYEHHBIX B paMKax HCIOJb30BaHUS
ATUX T'€HOB B OMOTEXHOJIOTMH XJIOMYaTHUKA:

nonydensl mareHTsl (12.01.2011, Ne IAP 04300; 02.06.2011, Ne IAP 04383;
23.05.2011, Ne IAP 04360; 23.05.2011, Neo IAP 04361) nHa wu30o0peTecHUE
WuTennektyansHoro areHtctBa PecryOnuku VY30ekuctaH Ha METOJ Majou
unteppepupytomeir PHK (SIRNA) mis momaBneHus TEHHOW OSKCIIPECCUU B
pPaCTUTENBHBIX KJIETKaX. Pe3ynbTaThl HAYYHOTO MCCIETOBAHUS MTO3BOIMIIN CO3AATh
HOBBIC JIMHUM TIyTeM TpaHCPOpMalUd BEKTOPHBIX KOHCTPYKIIMH T'E€HOB
OMOTEXHOJIOTMH PACTeHM, Hampumep, 3a cueT uzydeHus axtuBHoctu MIC-3
T'CHOB;

kiactepasie reHsl MIC-3 ncnons3oBanbl B pamkax npoekrta Ne 6064-21000-
014-00-D «I'enetndeckoe yIiydllIeHHE XJIOMYaTHUKA C TIOMOIIBIO MapKep-
aCCOIIMMPOBAHHON U TPAJUIMOHHON CEJNIEKIMU, W HWHTPOrPeccHus TE€HOB U3
9K30THUECKUX BHIOB Gossypiumy (2013 — 2018 rojsl), npodrHaHCHPOBAHHOTO
HenapramenTtom cenbckoro xo3sictBa CIIA (crmpaBka United Statates Department
of Agriculture ot 26 centsiops 2016 roma). Ilpu ucronb30BaHUU KIIACTEPHBIX
reHoB MIC-3 co3maHa BO3MOMKHOCTh TOJIYYEHHS YCTOMYHMBBIX K HEMaTojam
JUHUH, a TAKKE TIOBBIIIICHUS YCTOWYNBOCTH XJIOMYATHUKA K TTATOTCHAM.

AnpoOauus pe3yabTaToB padorhl. Pe3ynbraTel ncciieI0BaHNS U3J10KEHBI B
BUJIC JIEKIMK W MPOILIN anpodaruio Ha 13 MeXIyHapOAHBIX U PECIyOIUKaHCKUX
Hay4YHO-TIpakTUYeCcKuX KoH(pepeHuusx, B ToM uucie «Conference of American
Society of Agronomy» (New York, 2006), «YcHUMIMKIap MOJEKYIsp
ouonoruscuHuHr non3apd myammonapu» (Tomkent, 2008), «Fy3aHuHr nyHé
FEHETUK XWJIMa-XWUINTH acoCUi Ba aManuil Jyonumxanap acocuaa» (ToiikeHrT,
2010), «buosorus — nayka XXI Beka» (Ilymuno, 2010), « AkTyainbHbIC TPOOIEMBI
pa3BuTHs Ouoopranmyeckor 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), «I'eneTnka, IreHOMHKA Ba OHOTEXHOJOTMSHHHI 3aMOHABHIA
myammouapu» (TomkeHt, 2016).

Ony0/JMKOBAaHHOCTH pe3yabTaTOB HccienoBanus. [lo Teme auccepranuu
onmy0iIMKOBaHO Bcero 28 HayuHbIx pabor. M3 Hux 10 HayuHbIX cTarei, B TOM
quciie 5 B pecmyOJMKaHCKUX U 5 B 3apyOexHBIX >KypHajaX, peKOMEHIOBAHHBIX
Bricmieit arrectanmonHoi komuccued PecryOnuku Y30ekucrtan i myOauKanuu
OCHOBHBIX HAYYHBIX PE3yJbTaTOB JOKTOPCKUX AMCCEPTAIHiA, a TaKKe TMOTyYCHBI
4 pecryOJUKAaHCKUX TATeHTA, CBSI3aHHBIX C METOJAMH HCIIOJIb30BAHHBIMU B
JTaHHOM pabore.

Crpykrypa M 00bem auccepranmum. CTpyKTypa JHCCEpTAlMU COCTOMUT W3
BBEJICHHS, MATH TJIaB, 3aKJIFOYCHHS, CIMCKA HWCIOJIb30BAHHOW JIUTEPATyphl U
npuinoxkenuit. O0bvem nucceprauuu coctapuseT 171 crpanui.

33



OCHOBHOE COIEP KAHUE IUCCEPTALINU

Bo Bsenenunm 00OCHOBBIBAaETCS AaKTyalbHOCTh U  BOCTPEOOBAHHOCTH
IPOBEJICHHOT'O MCCIIEIOBAHUs, LIeNb U 3aJa4l UCCIEIOBAHUS, XapaKTEPU3YIOTCS
O0OBEKT U TMpeAMET, IMOKa3aHO COOTBETCTBHE MCCIICIOBAHUSI MPUOPUTETHBIM
HaIpaBJICHUSAM Pa3BUTHUSL HAYKU U TEXHOJOTUN PECIyOIMKH, U3J1araloTcsl Hay4yHas
HOBHU3HA U MPAKTHUUYECKUE PEe3ybTaThl UCCIEIOBAHUS, PACKPHIBAIOTCS Hay4yHas U
paKkTUYeCKass 3HAYMMOCThH TOJYYEHHBIX pE3yJIbTaTOB, BHEAPEHHE B TMPAKTHUKY
PE3yNbTaTOB MCCIICOBAHUS, CBEJICHUS 10 OIMyOJIMKOBAHHBIM pab0TaM B CTPYKTYpe
JTUCCEPTAIIHH.

B mepBoii rnaBe muccepTanuu moja Ha3BaHUeM «I'eHbl Pe3MCTEHTHOCTH U
yclexdu TFeHOMHUKH YCTOHYHMBOCTH» TIPUBEACHBI MOJICKYISIPHO-TEHETHICCKUE
WCCJICIOBAHMSI, MPOBEAEHHBIC 110 XJIOMTYATHHUKY.

[TepeuniciieHbl, WCHOMB30BaHUE TEHOB YCTOWYMBOCTH B OWOTEXHOJOTHHU
pacTeHul, MOJIKYJISIpHAsI SBOJIOLMA M MX XapPaKTEPUCTUKA, a TaKKE OCHOBHbBIC
po0JIeMbl JAHHOTO HAIIPABJICHUSI, 0OCY>KJIEHBI BO3MOKHbBIC ITyTH UX PEIICHUS.

Bropas rnmaBa auccepranuu moj HazBaHueM «MartepuaJibl, YCJOBHA U
METOJbl MCCJAEeJOBAHUS KJACTEPHBIX TE€HOB XJOMYATHUKAY IOCBSIIACTCS
METOJ1aM, UCIIOJIb30BaHHBIM B UCCIIEIOBAHUE.

31ech TMPUBECHO JIETATIbHOE OIKMCAHWE PACTUTEIBHOTO MaTepuana |
UCIIOJIb30BAaHHBIX peareHTtoB, MetoAoB Beiaenenus JIHK, xinonupoBanus,
cekBeHnpoBanus JIHK w anammsa mocnegoBaTenbHOCTENM € HMCHOJIB30BAHUEM
METOJO0B (PHIIOTCHHH, TaIUIOTUITUPOBAHUS, TEHHONH KOHBEPCHH, PEKOMOWHAIINHA 1
MOJICKYJIIPHON DBONIOIMA C TIPUMEHCHHEM COBPEMEHHBIX CTaTHCTHYECKHUX
MOIXO/IOB.

B Tperbeil rmaBe pgucceprauMM IOJ Ha3BaHUEM «XapPAKTEPUCTHKA U
xpomocomHasi Jokaam3anusa MIC-3 resoB y BuaoB GOSSypiumy H3ydeHBI
COCTaB, CTPYKTypa H pacrojoxeHue cemeiictea reHoB MIC-3, a Takxke,
KJIOHUPOBAHbBI, CEKBEHUPOBAHBI M OXAPAKTEPU30BAHBI AIJIOTETPAIUIOUIHBIE U
JUTUIOUTHBIE TEHOMBI XJIOMMYaTHUKA.

WccnenoBanus BKIIIOUAIOT B c€0s CIEAYIOMINE PE3YIbTATHI:

[TpumepHo 150 uHAMBUIYATBHBIX KIOHATBHBIX MHCEPIIUN, TTOJYUYCHHBIX TPU
nomotu [P, nns mpoxykroB MIC-3 reHoB ceKBEeHUPOBAIU W3 KaxA0ro s 15
TEHOTUIOB XjomdaTHuka. AMIIukoHsl MIC-3 renoB BumoB pomga Gossypium
kosnebanuck ot 653-706 m.o., Bkirovas 653-706 1m.0. AJMHBI aMIUIMKOHA Y BCEX
aJJIOTEeTPaIUIONIHbIX TreHoTHnoB, 703-713 mo. ammmkonoB y G. herbaceum,
653-691 m.o. ammmkonoB y G. raimondii, u 706 n.H. amuinkoHoB y G. longicalyx
(Tabnuma 1).

MHoOXeCcTBEHHOE BbIpaBHMBaHUE mociienoBarenbHoct dopmupyer MIC-3
MOJIHOPA3MEPHYIO KOHCEHCYCHYIO IIOCIEAOBAaTeIbHOCT, B 721 1.0 11 Bcex
u3ydeHHBIX BU0B GOSSypium. MuTpoHHbIe 1 5k30HHBIE yacT MIC-3 reHoB Buma
Gossypium Opur aHHOTHPOBaHHKI, coriacHo MIC-3 HykieoTHIHON M OEITKOBOM
nocieaoBareapHocTH (Zhang et. al., 2002).
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Taoauna 1

Xapakrepuctuka cemeiicrea MIC-3 resoB BugoB Gossypium

q WHcepuroHHO-1eIeIIHOHHBIC 5
eHoTuI HUCIIO Bapuanus nyiunsl H3MEHCHIIS Oomue
YJIEHOB aMIUIMKOHA - SNP
9k30H 1 | wmaTpoH | 3'UTR
653 (Dy) 9 - 15,29 | 16 (Ay), 21
Gh T™M1 10
- 706 (A;, Dy) - - - (Dy
- 653 (Dy) 9 - 15,29 | 16 (Ay), 21
Gh_Sisoline 11 706 (A, D)) X i ! (D)
653 (D) 9 - 15,29 | 16 (Ay), 22
Gh_ST213 11
B 706 (A, Dy) B B B (Dy)
697 (Dy) 9 - - 17 (A, 20
Gh_M8 12
- 706 (A, DY) - - - (Dy
653 (Dy) - 15,29 | 17 (Ay), 21
Gh_REDM 13
- 706 (A;, Dy) - - (Dy
653 (Dy) 9 - 15,29
Gh_Golib 16 682 (DY) 9 i 15 |2 ((g‘t))' 22
706 (A, Dy) - - - !
i 653 (D) 9 - 15,29 | 17 (Ay), 21
Gh_Clevewilt 13 706 (A, DY) ] ) ! (D)
653 (Dy) 9 - 15,29 | 16 (Ay), 21
Gh_M240 9
- 706 (A, Dy - - - (Dy
653 (Dy) 9 - 15,29
Gh_M315 15 697 (D) 9 - - 18 (('g))' 27
706 (A, Dy - - - !
653 (Dy) 9 - 15,29
Gb_3-79 11 682 (Dy) 9 - 55 | (('gt))’ 29
706 (A, Dy - - !
653 (Dy) 9 - 15,29 | 10 (A), 24
G. tomentosum 9 706 (A, DY) i ) ! (D)
653 (Dy) 9 - 15,29
. 668 (A 9* - 29 12 (A), 28
G. mustelinum 15 682 (D)) 9 ) 15 (D)
706 (At, Dt) - - -
703 - 12 6
707 - 8 6
G. herbaceum 9 709 6 6 19 (A)
713 - 8 -
651 9 - 31
G. raimondii 4 653 9 - 29 33 (D)
691 - - -
G. longicalyx 11 706 - - 14 (F)

*QO0paTuTe BHHUMAaHHMe. 9 1.0. BCTaBOK B IEPBOM 3K30HE Ar-reHoMmMa CIenu(puIHOro
amruinkoHa MIC-3 rena G. mustelinum umeeT TpUIIET, pacoNOKESHHBIH BBILIEC IO CPABHEHHIO

npyrumMu Di- TeHOMHBIMU crieli(PUYecKuMU BCTaBKaMU, HAOJIIOAaEMBbIMH Y APYTHX T€HOTHIIOB.
Gh — G. hirsutum; Gb — G. barbadense.
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MHOXECTBEHHOE BBIPABHUBAHWE TEHOMHBIX TMOCIEAOBATEIIBHOCTEH M3 BCEX
BujoB  GOSSypium B HalleM  HMCCIICJOBAaHWUM  II0Ka3ajgo, YTO  HAaIlX
TIOCTIEIOBATEIPHOCTH COOTBETCTBYIOT 11 1.0. u3 Hekoaupyromiei 5 'UTR obnacty,
IBYM KoaupyromuMm obnactsaM B 221-230 m.o. (3x30H 1) u 193 m.o. (3k30H 2),
€IMHON HEKOIAUPYIOIIEH HHTPOHHOM objiacTh B 65-77 1.0. U HEKOJIUPYIOIIEH
3" UTR o6mactu B 151-195 m.o. rena MIC-3. M3MeHeHnus ObUIM CBs3aHBI C
OOJIBIIIUMHU WHCEPLIMOHHO-JeeIMOHHbIMU (indel) n3MeHeHusIMu, HabII01aeMbIMU
y HEKOTOphIX uieHOB cemeiicTBa MIC-3 TeHOB B KaXOM HM3y4YE€HHOM T'€HOTHUIIC
XJIom4aTHUKA. Hampumep, Bce W3yYeHHBIC TEHOTHUITBI XJIOMMYAaTHUKA, 32
uckroueHuem G. herbaceum (A-renom), umenu cnernuduyueckyro D-reHOMHYIO
BCTaBKy B 9 1.0. B mepBOM dK30HE. MHTEpEeCHO OTMETHTh, YTO HAOIOAAIOCH
MOSBJICHUE CMEIIEHUS TIOJIOKEHUs TpHUIUIeTa Ha 9 1M.0. BBEpX B TMpeieiiax
A-reHoMa, CrpynnupoBaHHBIX (CM (UIOreHeTH4ecKas TpYNIHUPOBKA COrJIACHO
myTarusiM SNP) o MIC-3 ammmukonam G. mustelinum (tadmwuma 1).

Kpome Toro, Bce amoTeTparsionIHble POJOCIOBHEIE, 32 UCKIIOYEHUEM COpTa
M8 G. hirsutum, umenu aBe Ipyrue KpymHbIe BCTaBKU U3 15 map ocHoBaHMU U 29
nap ocHoBaHu#, HaiaeHHbie B 3'UTR obOmactu, u3 KOTopbix 29 map OCHOBaHUI
BCTaBKM (KaK CTPYKTypa, TaK U TOJOKEHHE YCTAaHOBIICHBI) CBSI3aHBI C
IPEII0I0KUATEIBHBIM D-reHoMHBIM TIpeakoM aiioreTpamiongoB — G. raimondii.
BceraBka u3 15 map ocHoBaHMil Obljla yHUKajdbHA U OOHAPYKUBAJIACh TOJBKO Y
M3YYCHHBIX aJUIOTETPATUIONAHBIX TCHOTUIIOB W HE Obla CBs3aHa HU ¢ A-, HH C
D-renomMom mpenonaraeMbIX TUTIOUIHBIX IPEAKOB. M3ydas maTTepHBI BCTaBKU B
3'UTR u3 MIC-3 ammmkonoB u3 AD xmomyatHuka (Tabmuma 1), 6oee ciaoKHbIC
aMIUIMKOHBI ¢ KoMOMHauued BcTaBku 15 u 29 m.o. Obuid OOHapyXeHbl Yy
G. mustelinum (3 pa3usix Tuna), muauu Pima 3-79 G. barbadense (nBa tuma) u
copta ['omu6 G. hirsutum (nBa Buna). [Ipu 3TOM maTTepHBI BCTaBKU y JIMHUM Pima
3-79 G. barbadense u copra T'omu6 G. hirsutum MIC-3 GblIu CXOAHBIMHU, T
TOJIbKO BO3HMKHOBEHHE aMILJTMKOHOB BCTaBKHU C 15 m.0. ObUIO YHUKAIBHBIM JIIsI
3THX TEHOTHUIIOB, Mpemnojaras UHTporpeccuio mMexay G. barbadense u coprom
IN'omu6. C apyroit ctoponsl, 1u6o 15, mu6o 29 map ocHoBanmii BctaBku B 3'UTR
moboro u3 MIC-3 uneHoB He ObLTM HaWACHBI CpelM BCEX KJIOHOB copTa M8
G. hirsutum. Tonbko 12 4nenoB renoB MIC-3 6butn 00Hapyx)eHb y M8. Wubben
u 1p. (2008) coobmranu o 15 pasnuyHBIX WiEHaX U3 TOTO ke TeHotuna MS§. Ot1o
MOXET OBITh CBSI3aHO C OTCYTCTBHMEM HeKOTOpbIx M3 MIC-3 unenoB npu I1LP-
KJIOHUPOBAHUHU B 3TOI padore.

169 wunenoB MIC-3 reHoB Obuld crpynmupoBaHbl B 17 pa3inMyuHBIX
nojaceMencTB B pustorpamme (pucyHok 1). 110 unenoB MIC-3 reHOB U3 reHOTUTIOB
G. hirsutum OpuTH crpynnupoBaHbl B 12 MOJACEMENCTB, U3 KOTOPBIX MOJACEMEHCTBA
ot 1 10 9, 6puH cnienuduueckumu g Ay-resoma u ot 10 1o 12 — gist Di-renoma
(pucynok 1). IToacemetictea 13 u 14 6putn cienmduueckumu s G. herbaceum,
noxcemerictBo 15 — ms G. longicalyx, u momcemetictBa 16 u 17 — g cemeiicTBa
MIC-3 renoB G. raimondii. Bce ammorerparuionmnsie wienst MIC-3 rena, 3a
uckimoyeHuem oxHoro wrena w3 G.  mustelinum  (MIC-3 14), Obum
crpymmupoBansl B 12 moacemeiicts G. hirsutum (pucynok 1). Ognako, MIC-3 14
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Pucynok 1. KpuBas ¢puiioreHeTH4ecKoro gepesa MeToaoM OJIMKalmmx

cocejeii, moryyenHasi u3 86 pasauunbix MIC 3-renoB BugoB Gossypium:
IToxa3zans! Oyrerpen 3HaueHus (> 50%).
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ObLT CrpyNnUpoBaH B pamkax 13-ro moacemelicTBa, HailieHHOTO Y A-reHoma. Kak
G. herbaceum, tax u G. raimondii, npeamnonaraemeie A- 1 D-reHOMHBIC MPEAKH
AD xyonmyaTHuKa, WMENM JiBa Ppa3IMYHBIX MojcemeiicTBa. Habmomanock
OPUCYTCTBUE  HEKOTOPBIX  BUAOCHENMPUYHBIX  mojacemeicTB.  Hampumep,
nojcemericteo 1 ObI0  OOHapykeHOo Toiabko y G. hirsutum, BxirOYas
YyBCTBUTENbHBIE M30dMHUU (S-uzonunun), ST213 u Clevewilt, noacemeiictBo 8
BKJIIOYAET TmocienoBaTteabHocTd  M315 wu  moacemerictBo 11 comepxut
nocinenoBareabHocTd M8 u M315 ynnang copTos.

Jnst  wnentudukanuu ramiotunoB  MIC-3 reHOB y  TETparuionMaHOTO
XJIOMMYaTHUKA, W3-32 MIUPOKOTO MPEACTABUTEIBCTBA PA3IMYHBIX TPYII JTUHUN OT
ATOTO BHJA B JAHHOM HCCIICIOBAHWUU OBUIM HCIOJIh30BaHbI (unorpammbel MIC-3
reHoB, moxydeHHsle w3 G. hirsutum Neigbour Joining. Tamutotumer G. hirsutum
(AD) Obum paszmeneHbl Ha JBE Mpeanojaraembie  OOJbIIME TPYMIBL:
1) A¢-TeHOMHBIC TarIoTUIBI M 2) Dy-TeHOMHBbIC TaIUIOTHIIBI, COIJIACHO
KJIACTEpPU3allMd  COOTBETCTBYIOIIMMHU  MPEINOJIATaeMbIMU  JTUTIJIOUIHBIMU
npeakamu, G. herbaceum u G. raimondii. KoHceHCycHBIE TOCIEIOBATEIBHOCTH
G. herbaceum u G. raimondii ucmoib30BaIMCh B KadyecTBE pedepeHCHBIX
MOCJIEIOBAaTEIBbHOCTE B TAaIUIOTUIIHBIX — Tabnumax (CM.  JIMCCEpTallHuIO).
B cootBercTBUM ¢ Kinaccudukammei noacemerictea MIC-3 rero y G. hirsutum
(cmotpu BBIIIIE), PE3yNbTAThI MoKa3aliu, 9T0  A{-TEHOM uMen
9 MpeanoNOKUTEIBHBIX JTOKYCOB (TAaIUIOTUITHBIX TPYII) CO CPEIHUM 3HAYCHHEM
3,5 anmens M ramioTumna/aokyca, a Di-reHom cocTos u3 3 mpeanoioKUTEIbHBIX
JIOKYCOB (TaIUIOTUIIHBIX TPYIIN) CO CPEIHUM 3HauYeHWeM 3,3 ajens Wiu
rarmioTuoB/aokyca y G. hirsutum. Ywuciao ramioTHIOB WM MpEarojiaraeMbIX
ajuTesielt Ha TIpearnoaraeMpli JIOKyc Konebanack ot 2-6 B Ai-reHome 10 4-6 B Di-
reHome. Terpamnoungasie MIC-3 mocnenoBatensrocTH BEmrodamu 25 SNP B Ay-
reaome u 26 SNP B Dt-reHome, rje Bce ObIIM OMAJIICIbHBIMM, 3a MCKIIIOUEHUEM
nozutuu 113 (A, D), 162 (D) u 568 (D). Cpeanee uncno nap ocHoBanuit Ha SNP B
AirredHome no cpaBHeHUto ¢ Dt- renomom coctapmisiiio 182,6 m.o. m 108,8 1m.o0.,
COOTBETCTBEHHO.

CormacHo pasnenbHOMY (PUIOTEHETHYECKOMY aHaiu3y (PUCYHOK 2) u
ananmu3y mnocaenoBarenbHocTH MIC-3 nmns TM-1 (crammapTHas JWHHS IS
G. hirsutum) u Pima 3-79 (mBoiiHas ramioWgHas CTaHIAPTHAS JIHHHS IS
G. Dbarbadense), mis pasiauyueHHS MEXBHIOBBIX T€HOMHBIX IOJTUMOP(HU3MOB
MEXAy 3TUMH JBYMS BUAaMH OblIK pa3paboTaHbl HecKoabko GSP MapkepoB. O1u
KaHJIUJATHbIC TCHETHUYECKHE MapKephl 3aTeM OBbUIM HMCIIOJIB30BAaHBI IS aHaIM3a
JENEMA MyTeM CKPHHHWHTA [IUTOTCHETUYECKUX JIMHUW, B TOM YUCJIE MOHOCOMHBIX,
MoHoTenoaucoMubix, CS-B, a Taxoke NTN rudpunos (Stelly u ap., 2005; Goutirez
u ap., 2009).

O6a poauTeNnbCKUX THUIA TOIMMOP(PHU3MOB TMPUCYTCTBOBAIU B OOJBIITMHCTBE
rudpuaoB F;. BMecte ¢ Tem, Bce Bocemb TM-1 GSP anneneit, nmpeacrapistomux 7 U3
8 pazmuuHbIX Ar-reHOMOB, Noay4eHHbIX U3 MIC-3 unenoB TM-1, orcyrcTBOBaNU y
THITOAHEYTUIONIHBIX F; pacTeHuii, KOTOpble WMENIM HEXBAaTKy MO Xpomocome 4
G. hirsutum HO04 wMoHOCOMHK) WM KOpOTKOro Inieda xpomocombl 4 (TeO4L
MOHOTEJIOUCOMHUK).
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Pucynok 2. KpuBasi puiioreHeTH4ecKoro jepesa MeToaoM OJIMKalmx
coceneii, moryuennasi u3 MIC-3 renos G. hirsutum (TM-1), G. barbadense
(Pima 3-79), a Tak:ke ABYX NpeanoJiaraeMbIX JUIJIOMIHBIX nmpeakoB AD

XJIOMYATHHUKA:
JlnuHa BeTBH, OyTcTpen 3HaueHus (> 50%), XpOMOCOMHBIE MTO3UIMH, K TEHOM IPOUCXOXKICHHS
JUISL IPOCTOTHI TIOKAa3aHbl U [IBETOBBIM KOJIOM.

DyIIonHBIE TUCOMHBIE XpoMocoM-3aMmereHHble uHun CS-B04 Taroke He
umenu te xe MIC-3 amrenn G. hirsutum mis Bcex 3THX MapkepoB. B oTimuune ot
aToro, Bce BoceMb GSP 10KycoB ObUIM T'€TEpO3UTOTHBIMU y BCEX IPYIHX
3aMelIEeHHbIX JIMHUN U Y MOHOTEJIOAUCOMHBIX 3aMellieHHbIX Fy pactenuii (Te04sh),
JUIIEHHBIX JJIMHHOTO Tuieda XpoMocoMbl 4. COBOKYITHBIE pe3yJIbTaThl MOKA3aJIH,
yto 7 u3 8 AgrenomoB MIC-3 unena TM-1 Haxomarcss Ha KOPOTKOM ILI€Ue
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XpOMOCOMBI 4, TIpefroaras MOTEHIIMATbHBIE JTOKa3aTeNbCTBA JJI KJIACTEPHOMN
nokanuzanuu MIC- 3reHoB B reHome xjomyaTHuka (puUCyHOK 2). XoTs ObLIO
HaiIeHO HecooTBeTcTBHE Mexay JuHusMu TM-1 u Pima 3-79 y HecKOJIbKHX
Direnomupix MIC-3 ramnotunoB, OHM He ObUIM TOJIUMOP(PHBIMU TPH
JIENICIIMIOHHOM aHallM3€ M B DKCIEPUMEHTaX MO XPOMOCOMHOM JOKaIM3alUuU. ITO
OBUIO CBS3aHO C HAJIMYHMEM IEPEKPBIBAIOIINXCS CAMTOB B Tpejeiax JUHUH Pima
3-79 MIC-3 unenoB, KoTOpble OrpaHUYUBaIOT Hac npu auddeperuporke GSP
MOJIMMOP(U3MOB Y IUTOTCHETHYECKUX JTUHUN. BMecTe ¢ TeM, moapoOHbIi aHamu3
nocnenoarenbHocT MIC-3 wnenoB, momydennbix u3 G. mustelinum, momor
pa3pabotath aBa pasnuuHbix GSP mpaiimepa (He monumopdHbIx Mexay TM-1 u
Pima 3-79), kotopeie Obum momuMopdHeIMH Mexay TM-1 m G. mustelinum
yrenamu MIC-3 rena, oOHapyxuBas TEHOTHIN-ClieUM(DUUECKUE alJIeNd TpU
JICNCIIMOHHOM aHajiu3e. Y TPEeTUYHBIX MOHOCOMHBIX F; MEXKBHIIOBBIX THOPHIOB
12-19 NTN u 10-19 NTN nuddepennupoBanno orcyrctBoBania TM-1 amens,
cnenupuynas s gaHHoro SNP mapkepa, Ho He amutenab G. mustelinum. NTN
12-19 pactenusi cermeHTaabHO AepUIUTHBIE TT0 YacTsiM TM-1 xpomocom 12 u 19,
B To Bpemsi kak NTN 10-19 — cermenTtansHo nedunutHbie 1m0 4YactaM TM-1
xpomocoMm 10 u 19. Bmecte onu pasrpannuuBaroT oauH u3 Dy-renomuoro MIC-3
yiena (MIC 3 10) TM-1 na xpomocome 19. B omimuume oOT mNEepBUYHBIX
MOHOCOMHBIX MEKBH10BbIX TuOpu10B H10 1 H12 gBnsitoTcss HEA0CTaTOYHBIMU TSI
xpomocoM 10 u 12 G. hirsutum, vo comepxkar TM-1 u GSP MIC-3 mapxkepsr
G. mustelinum.

Pesynprar mokaseiBaeT, uto »TOT MIC-3 »3reMeHT, TONydYeHHBId W3
Dt-renoMa, HEe HAaXOAUTCS HU B OJTHOM M3 STUX XPOMOCOM, a TaK)Ke MOIePKUBACT
JOKaIM3auio Ha XxpoMocoMe 19. OcranbHble TUIIOAHEYTUIONHBIE F1 pacTeHus He
UMEJNIM HeXBATOK IO JPYTUM XpoMocoMmam, HO coaepxanu kak TM-1, Tak u Pima
3-79 ammenu st 3Toro KoHkperHoro SNP  mapkepa. XoTs mepBUYHBIE
MOHOCOMHKH JJI1 XpOMOCOMBI 19 emme He cymectByroT y G. hirsutum, tem He
MEHEe, pe3yJbTaThl SCHO TOKa3bIBAIOT, 4YTO 3TOT Dy-reHoMmHBINM MIC-3 s1nemeHT
pacroyioskeH Ha xpomocome 19 G. hirsutum.

Anamu3 skcnpeccun reHoB MIC-3 reHoB y psiga WHOUIUPOBAHHBIX U
HEMH(HUIIMPOBAHHBIX BUJITOM T€HOTHUIIOB XJIOMYaTHUKA MoKa3al, 4to reasl MIC-3
BBICOKO H30BITOYHO SKCIPECCUPYIOTCSA B TKaHAX, MHPHUIMPOBaHHBIX Fusarium u
Verticillium, u u30biTOuHas dKcrpeccusi OblIa BhIpOKEHA BBINIC Y YCTOWYHMBBIX
T€HOTHUIIOB. DTHU JaHHbIE YKa3bIBatOT Ha BaxHOCTh MIC-3 renoB He Tonbko B RKN
naTtoreHese, Ho u, B kauectBe PR-0enka ¢ moTeHIMaNbHOM 3alMTHON (DyHKIHEH
IpH 3aPaKCHUH BIJITOM M, BO3MOXKHO, IPYTHMH O0JIC3HEH XJIOMIaTHUKA.

B yerBepToii raBe auccepTanuy moja HazBaHHeM «MoJieKyJIsIpHasi IBOJIIOIUS
cemeiictBa MIC-3 renoB y BuaoB GOSSypiumy mpecTaBiIeHbl JaHHBIC O CKOPOCTH
oOMeHa HyKJICOTHIOB y 15 TeTparuionIHbIX U JUILIOUTHBIX TEHOTUTIOB XJIOMYaTHUKA
1 00pasiibl MOJIEKYJISIPHOM ABOJIFOIIMH MyJIbTUTeHHOTO cemeirictBa MIC-3.

HccnenoBanus BKIIOYAIOT B ce0s CIEIYIOIINE PE3YIbTaThI:

[Tocne ynanenust matponHbix u UTR oOmacreir mociemoBarenbsHOCTEN U3
Bcex 169 unenoB MIC-3 rena, Obum copmupoBanbl 131 oTnuuuTenbHbIC
kogupytomue mnocnenoBarensHoctd  JIHK  mms  unenoB MIC-3 rena wu3

40



15 reHOTHNOB, KOTOPBIE OBUTH JOMOJHUTEIHLHO CTPYNIUPOBAHBI B 56 pa3IudHBIX
OCJIOK-KOJIMPYIOIIMX  TpeanonaraeMblx — nocienoBarensHoctedt  kJIHK. Otun
koaupytomue nocienoBarensHocTd  JJHK  Obimim ycmemHo  MHOTOKpaTHO
BbIpaBHEHBI 10 423 m.0. ¢ ucnosb3oBanueM ClustalX, koTopas oxBaThIBaeT BCIO
koaupyronryto oonacte MIC- 3 reHoB, B ToM uucie nepBbiid (231 m.H.) u BTOpOi
(192 mH.) 92Kk30HBL. OTH 56  OTIMYUTENBHBIX  MPEINOTOKUTEIHHBIX
nocienoBatenbHocTed KJIHK o0pasyror 29 oTnuuuTenbHBIX MpeAcKa3aHHBIX
OENKOBBIX TMOCHEAOBAaTEIbHOCTEH Yy BceX 15 TeHOTMNoB XJom4yaTHHKa. B
COBOKYITHOCTU, Pa3luyusi CPeAU aMUHOKUCIOT ObLIu 3ameueHbl y 42 uz 141
aMuHOKUCTOTHBIX ~ mo3utuid  (30%) mpenmomaraembrx  MIC-3  GenkoBBIX
mocienoBareabHocTe  BHaoB  GOsSypium.  Mwmenock — Oojblliee  YHCIIO
AMUHOKHCIIOTHBIX ~ M3MEHeHuHl y mpenanonoxutenbHbix  MIC-3  Genkos,
MOTy4eHHBIX U3 Di-TeHOMa, M0 CpaBHEHHWIO C TPYNION OEIKOB, TOJYYCHHBIX W3
AirreHoMa. AMUHOKUCIOTHBIE HM3MEHEHHS OBUIM MEHEe BBIpAXEHBI Yy Aj; H
F-renomuoit rpynmnel npennonaraembix MIC-3 GenkoB. B oTiuuue ot 3Toro,
HAuOOJbIIIEE YHCIIO AMUHOKUCIOTHBIX M3MEHEHHI HAOJI0/1aJIoCh Y BCEX YEThIPEX
PEANOJIOKUTEIbHBIX O0eKoB Ds-reHomMHBIX MIC-3 reHos.

Kpome Toro, Obuta u3yueHa MOJICKYJISIpHAsE SBOJIOIUS CEMEWCTBA TE€HOB
MIC-3 Ha ocHOBe aHanM3a €ro Bapuanuu y 15 TeTparsiouIHbIX U JUIUIOUTHBIX
reHoTurnoB  GOSSypium, KOTOpble B COBOKYITHOCTH TNPEACTABISIOT CEMb
(UIOTEHETHICCKA PA3IMYHBIX TEHOMOB, KOTOpPBIE YacTO WCHOJB3YIOTCS IS
ABOJIIOIIMOHHBIX  HcchenoBanuii. CkopocTh CMHOHUMUYHBIX (ds) ©  He
CUHOHUMHUYHBIX (dN) HYKICOTHIAHBIX 3aMEH TO3BOJISIOT MPEATONOXKHUTH, YTO
BTOpOi U3 NBYX 3k30HOB MIC-3 TeHOB HaXOAUTCS MO/ CHIIBHBIM TOJIOKUTEITEHBIM
JIaBjIcHUEM OTOOpa, B TO BpeMs KaK TMEPBbIM JK30H OBUT TIOA CHJIBHBIM
U30JIMPYIOIIMM OTOOPOM JIJIsi COXpaHeHus: GyHKIMH (Tabnuua 2).

Ha ocHoBe k03((PUIMEHTOB HYKJICOTHIHBIX 3aMEH, MbI MPUIUIA K BHIBOIY,
yro MIC-3 reHbl SBOJIOINUOHUPYIOT TOCPEICTBOM TIpOllecca «POXKICHUS U
CMEPTH» MPHU CHIHHOM U30JIMPYIOIIEM 0TOOpE B 9k30HE-1 U TUBEPreHTHOM 0TOOpe
B JK30He-2 (Tabmmma 2). IlomyueHHble pe3yibTaThl CBHIIETEILCTBYIOT, YTO
MEXaHU3M «aMIUTM()UKAIIMU TEHa)» TOMOTaeT COXPAaHUTh BCE YJABOCHHBIC KOMHH
MIC-3 renoB B reHomax GOSSypiuUm, 4TO HAWIyYIIAM OOpa3oM COTJacyercs C
MOJICIIbIO «HCUE3Ar0IIeH MPUMaHKW 3BOJoNnK R-TeHa.

JlanHuble mokasbiBatoT, uto ayrmumkanuu MIC-3 reHoB mpoucxomunu ¢
pa3IMYHBIMM  CKOPOCTAMM, OIuH pa3 3a ~1 wmwmumon ner (MY) vy
AIJIOTETPAIUIONIOB, OAWMH pa3 B ~2 MWUIMOH Jjer y A-/F-reHoMHBIX
(UIOTeHETHYCCKUX BETBEH, M OJMH pa3 B ~8 MWUIMOH JeT y D- reHOMHBIX
¢unorenernyeckux BerBeil (pucyHok 3). U3menenus B cemeiictee MIC-3 reHos,
KaK OKa3aJloCh, OTPAXKAOT ABOJIFOLMOHHBIN 0TOOp U1 MOBBIIIEHUS (HYHKIMOHATIBHON
YCTOWYMBOCTH (4Uepe3 H3OJMUPYIONWi OTOOp B 9K30HE-1), a Takke paclMpeHue
BO3MOKHOCTEH JIJIs1 pa3pabOTKX HOBBIX «IepeKITiovaTesieid» (3a CYeT JAMBEPreHTHOTO
oTOOpa B 3K30HE-2) [T PearupOBaHUs HA PA3IMYHbIC BPEIWTENN M MATOTCHBI. |aKue
SBOJIIOLIMOHHBIE POJIM COBMAJAIOT C TUMOTE30M, YTO WIEHbl 3TOMO0 YHUKAJIBHOIO
CEMEICTBA TeHOB YCTOMYMBOCTH 00ECTICUMBAIOT PUCIOCOOUTENIBHBIE IPEUMYIIIECTBA Y
Gossypium B 60pr0e ¢ BpeAUTEIISIMU U TTAaTOTCHAMH.
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Tao6auma 2
CpeaHue BHYTPH-T€HOTHITHbIE OIleHKHM HYKJIEOTHAHBIX 3aMeH JIIsl ceMeiicTBa
MIC-3 reHoB xJiom4aTHUKA

T'eHoTHIIBI I'enom As Dy HTroro*

dv | ds |dnids| dy | ds |[dnids | dy | ds | dn:ds
Gh_TM-1 [AD]; | 080|219 | 037 (419|433 | 097 | 185|257 | 0.72
Gh_Sisoline [AD], [ 0.69 | 1.94 | 0.36 | 4.19 | 433 | 097 | 156 | 2.34| 0.66
Gh_M315 [AD], | 0.67 | 189 | 0.35 | 286|349 | 082 | 157 |2.38| 0.66
Gh_M8 [AD]; | 0.78 | 1.94 | 0.40 | 353|323 | 1.09 | 136|214 | 0.64
Gh_Clevewilt [AD]; | 080|189 | 042 |279|286| 098 |1.61|216| 0.74
Gh_Golib [AD], | 0.66 | 224 | 0.30 | 4.19 | 433 | 097 | 150|255 | 0.59
Gh_M240 [AD], | 0.76 | 209 | 0.36 | 4.19 | 433 | 097 | 167 | 2.46 | 0.68
Gh_ST213 [AD], | 058 | 2.04 | 0.28 | 4.19 | 433 | 097 | 137|248 | 0.55
Gh_REDM [AD]; | 097|197 | 049 |4.04|3.74| 1.08 | 151|237 | 0.64
Gb_Pima 3-79 [AD]; [0.31|1.04| 030 | 284|276 | 1.03 | 190 |1.87| 1.02
G. mustelinum [AD]; {039 |0.79 | 049 | 230|211 | 1.09 |1.73|1.34| 1.29
G. tomentosum [AD]; | 0.49 | 0.83 | 0.60 [ 290|284 | 1.02 | 178|162 | 1.10
G. herbaceum A - - - - - - 0.43 1041 | 1.05
G. raimondii Ds - - - - - - 3.70 | 283 | 1.31
G. longicalyx F - - - - - - 035|237 | 0.15
Bce G. hirsutum [AD]; | 2.06 |0.61| 0.30 [ 279|237 | 0.85 | 132|239 | 0.55
Bce Gossypium Busi - 190|058 | 031 | 257|220 | 0.86 | 180|258 | 0.70

Gh — G.hirsutum; Gb — G.barbadense; Sisoline — uyBcTBUTENBHBIE M30MMHUK, *HTOrO —
komOuHaimst A; 1 Dy ds — CKOpPOCTh CHHOHMMHYHBIX HYKJICOTHAHBIX 3ameH; N — CKOpOCTh
HECHHOHUMHYHBIX HYKJICOTHIHBIX 3aMeH; (n:0ds — OTHOIIEHHE CKOPOCTH HECHHOHUMHYHBIX 3aMEH
K CMHOHHMHYHBIM, HaYMHAs C PACXOXICHHsS JBYX IMOCIEIOBATEIBHOCTEH, YTO MPHUMEPHO PaBHO
dn:ds, OTHOHmIEHWE 4YKMCIa HECHHOHHMHMYHBIX 3aMe€H K CHHOHUMHYHBIM. IIpmmMedanme. d9TO
ckopoctu dy:0s, 3HAUEHHE KOTOPBIX OoJbIie 1, BBIIEIEHBI KUPHBIM pU(pTOM; 3HaYeHus Oy 1 ds
yMHOkeHbI Ha 100x.

B msAron rmaBe aucceprauuu  noJ  HasBaHueMm  «MoJiekyasipHasi
XapPaAKTEePUCTUKA KOpeHb cnenupuyHbIX mpoMoTopoB u3 MIC-3 mexxkrenHoro
PermoHa W CO3JaHHMe TeHeTHYECKHMX KOHCTPYKIHUH € KOpPeHb crneuuGuuHbIM
NMPOMOTOPOM /IUISl AOCTHKEHHUS KOPeHb cneln(puIHON IKCIPeCcCHn» TOBOPUTCS
O CO3JJaHMM BEKTOPHOM KOHCTPYKIMH C nOMOIIbI0 cuHTeTnyeckux PHK
IYTIJIEKCOB U HYKJICOTUIHOW MOCIeI0BATEIIbHOCTH MUHUMAJIBHOMN JIMHBI KOPEHb
cunenepuunoro mpomoropa Terna MIC-3, mome3neix B OymaymeMm s
OMOTEXHOJIOTMH XJIOMYATHHUKA.

WccnenoBanust UMEIOT CEAYIONINME PE3YIbTATHI:

2.5 kb mexrennsie perrnonsl MIC-3 renHoro kiacrepa ObLIM aMILTH(GUIUPOBAHBI,
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Pucynoxk 3. IlarrepH nyniaukauuu reHoB B cemeiictBe MIC-3 renos

TUIUIONIHBIX H AJLJIOTETPAILIONIHBIX BHA0B GOSSypium:

(A) mummonansie Buabl: Gherb — G. herbaceum, Glong — G. longicalyx, Grai — G. raimondii;
(B) — amnorerparutonanbie Buabl: Gh_TM1 — G. hirsutum TM-1, GB-379 — G. barbadense Pima
3-79; Gmust-G. mustelinum, u Gtom-G. tomentosum. Ilpumeuyanme: Ipyrue T'CHOTHIIBI
G. hirsutum (Sisoline, M315, Clevewilt, M240, ST213, T'onu6, M8 u REDM), ucnonp3oBaHHbIe
B TOM HCCIIEJIOBAaHUU, UMENU T€ K€ MaTTEPHbI TeHHOW AYIUIMKAIMH, OHU HE BKIIOUYCHBI IS
MPOCTOTHl PUCYHKA, OLEHKH BpeMeHu auBepreHuun (MYA) Obuin paccuuTaHbl €
UCIONIb30BaHWEM Kod()(PUIIMEHTOB CHHOHMMHUYHBIX 3aMeH B mapax wieHoB MIC-3 rena Ha
T€HOTHUII / BUJI C UCIIOJIB30BaHUEM 2,6 X 10”° CHHOHMMUYHBIX 3aMEH Ha CaiiT / roj.

KJIOHUPOBAHbI U CEKBEHUPOBAHBI C UCIOIb30BAaHUEM MPAMEPHBIX Map U3 MEPBOTO
sk30Ha MIC-3 renoB. brina ucnonp3oBana koHceHcycHas mozuius 220-240 1.o.
(mpsimoro) wm  130-154  (oOpaTHOrO0)  MHO>KECTBEHHOTO  BBIPABHUBAHUS
nocneaoBareabHocTell. AHanu3 3Toi MexreHHod MIC-3 mocnenoBaTenbHOCTH
MO3BOJIMJ UACHTU(DULIHUPOBATH XapaKTEPUCTUKU MOCIEI0BATEIIbHOCTH MPOMOTOpA
¢ TATA-G0okcoM W MHOXECTBEHHBIE Pa3IMYHBIE MOTHBBHI IMOCIEIOBATEIHLHOCTH,
CBA3aHHBIE C KOpPHEBOM cHenupuyHOCThI0O M mnaTtoreHoM. Heckonbko map
npaiiMepoB OBLIO pa3paboTaHHO ISl aMIUTM(PHUKAIMN Pa3IMYHBIX (QparMeHTOB
3TOro 2,5 T.1.0. MPOMOTOPHOM MOCIIEI0BATEILHOCTH.

DT0 MO3BOJIWIO WACHTU(OUIMPOBATP MHUHUMAIBHBIA MPOMOTOPHBIA PETHOH.
Paccuurannepie mapel NpaiMepoB HMMEIOT PECTPUKLMOHHBIE CAaWThl HA CBOMX
KOHI[aX JUIsl BCTaBKM B TMPEABAPUTENBHBIN JBOWYHBINA TUTa3MHUIHBIA BEKTOP,
conepxaumit GUS-penoprepusbiii ren. Bkpatne, ¢parment mpomortopa MIC-3
2562 1m.0., OXapakTeprU30BaHHBIA B JAHHON paboTe, ObUT BHOBH aMIUTU(ULIMPOBAH
c mapou mnpaiimepoB, Hecymux Hind III, a Takke BamHI amanTepsr caiiToB
PECTPUKLIUU. YKOPOUYECHHBIE (parMEHThl MPOMOTOpPA C Pa3IMYHBIMH JIJTHHAMU
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S'-KOHIEBBIX JeNeuuidi ObUIM aHAJOTUYHBIM 00pa3oM amIui(UUIUPOBAHBI C
KOKJI0M KOHKpPETHOW Tapod mpaiiMepoB (pucyHok 4). OTH NPOMOTOPHBIC
(dbparmMeHTsl OBLTM BCTpOEHBI B 00mienoctynHbiii Bekrop pBI101, no GUS- rena
KOAUPYIOIIET0  peruoHa, B pe3yspTaTe€  4Yero  IoJlyueHa  cepus
pB1101-MIC3 Pr::GUS OunapHbIX BeKTOpOB, a mMeHHo: P-2500 (-2500 / -1, 2500
n.0.), P-2200 (-2200 / -1, 2200 m.o.), P-1800 (-1882 / -1, 1882 m.o0.), P-1600
(-1658 / -1, 1658 m.0.), P-1300 (-1381 / -1, 1381 m.o.), P-1000 (-1057 / -1, 1057
m.o.), P-700 (-708 / -1, 708 m.0.). DTUBEKTOPHI OBLIN TEPEHECEHBI B IIITaMM
LBA4404 (nna npeobpazoanusixiomyaTHuka) win GV3101 (ans tpanchopmanmu
apabumoricuca) Agrobacterium tumefaciens wm wmcmone3oBan s in planta
tpanchopmarm Arabidopsis. TpaHcreHHbIe pacTeHHsl OTOMpaiH, BbICEBas Ha
KaHaMHUIIMH-COJICpIKAIIMe YaIllK|u carapoM. TpaHcreHHble pactenus Arabidopsis,
MMEIOIIIMe MHHHUMAJbHBIA BEKTOp mpoMoTopHOM obmactu, pBI101-700::GUS,
nokazan oskcmpeccuto GUS  Tonbko B KOpPHE pacTeHHs, Kak II0Ka3aHO
onpenenenrneM GUS npu BbeIpammBanuu Ha arape (pUCYHOK 4). DTO MO3BOJIUIO
MPEANOJIOXKUTh, YTO MHUHUMalbHasg o6nactb mnpomoropa MIC-3 B 708 m.o.
J0CTaTOYHA, YTOOBI HAIPABUTh 3KCIPECCUIO JIFOOOTO T'€Ha K KOPHSIM PACTEHUS.
[Tpu momomu 3tux MIC-3 BekTopoB ObUTH TIPe0Opa30BaHbl B 0OIIEH CIIOKHOCTH
1383 runoxotmiis Kokep-312, Bkiroyast 6€3 BEKTOpHbIE MPeoOpa30BaHMUsL.

hM-‘ -4 2 ..3 4 8 AcMmam  Fases  Filee Fases rooes P -ee

iﬁ“,*?-

Pucynok 4.Bepuduxauus pyuxkumii MIC-3 npomoropa:
A — dparmentupoBantbie nocnenosarensHoctd MIC-3 mpomotopa [1,9 — mapkep AM/Hindlll,
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-
kioHupoBanue B PBI101 OGunapubiii Bektop ¢ GUS MapkepHbIM I€HOM; T'MCTOXHMHYECKOE
OKparmBaHue sKkcrpeccupyeMbix GUS marrepHOB B TpaHCreHHBIX pacteHusx Arabidopsis,
skcnpeccupytonmx P-700::GUS: (D) 1 — wHenenbHble TpacHGOPMHPOBAaHHBIE MPOPOCTKH;
(E) xouTponbsusie pactenus Arabidopsis.
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B xadecTBe oTpuniaTenbHOT0 KOHTPOIIS 125 runokoTwiielt 00padaThiBaId BOIOM.

Hekortopble TpaHCreHHbIE SMOPHOHBI PACTEHUM XJIOMYATHUKA, HECYIIHE
npomotopuble obnactu MIC-3 rena, nepenanpasisonye (QpyHKIIMOHHUPOBAHUE
MapkepHoro reHa GUS, ObuiM coMaTuyecku pereHepupoBaHbl (PUCYHOK S5) s
JanbHEHIIel XapaKTepUCTUKU Ha MOJIEKYJSIpHOM M (YHKIMOHAJIBLHOM YPOBHE.
OTOT YHHUKAJbHBIM KOPHEBOM MNpPOMOTOp OyJeT Mojie3eH il OMOTEXHOJIOTHH
pacTeHul B LEJSAX IKCIPECCHH JII000Tro reHa TOJbKO B KOPHSX pacTeHuid. Takxke,
OBLTM CKOHCTPYHMPOBAHBI M OINTHMU3UPOBAHBI OCHOBBI OMHAPHBIX BEKTOPOB
conepxkame PHK nymnekchl pacTUTENbHBIX TEHOB, ISl U3ydeHUs (QyHKUIUU
pacTUTENBHBIX TeHOB, BKio4asi MIC-3 reHsr.

Pucynok 5. Tpanchopmanus XJIONYATHUKA M COMATHYECKUI SIMOpPHUOTeHe3 ¢

ucnoJjib3oBanueM MIC-3 cneuuuyHbIX MPOMOTOPHBIX KOHCTPYKIIMIA
A — ygactku runokotuiisi; B — xammycorenes; C — coMaTHUECKH pereHeprupoOBaHHbIE SMOPUOIBI;
D — ykopeHeHue u npopaiiuBanue; E — nepeHoc B moyBy B rOpIIKax.

3AK/IIOYEHHUE

Ha ocHoBe mpoBeAEHHBIX HCCIEIOBAaHUNM MO JTOKTOPCKOW IHUCCEPTALUM Ha
temy «KnoHupoBaHue, xapakTepuctuka cemeiictea reHoB MIC-3, onpenensronux
YCTOMYMBOCTL K IaToreHam xJjomdyaTHuka (GOSSypium Spp.) W u3ydeHHEe uX
MOJICKYJISIPHOM 3BOJIIOIMU, a TaKXKe 3HAYCHHWE JTHUX I'€HOB B OHMOTEXHOJIOTHHY
MIPEIICTABJICHBI CJICTYIOIINE BBIBOIBI:

1. BriepBele KJIOHUPOBaHBI, CEKBCHHPOBAHBI W BBIABICHBI ITOJIOXKCHHE,
CTPYKTypa U COACPNKAHWE KOMIUIEKCHOTO, KPYITHOTO, CIEIU(PUIHOTO TOJBKO IS
XJIOMMYaTHUKA, M DKCIPECCUPYEeMOro B KOpHe cemelictBa TeHoB MIC-3 y
AJJIOTETPAIUIONIHBIX U JUILIONIHBIX BUA0B GOSSypium.

2. 169 mnocnenoBarenbHocTeid renomuoi JIHK unenoB MIC-3 renoB wu3
15 reHoTUNOB XJI0mM4aTHUKA cOCTOAT M3 4 1o 16 wienoB reda us 2-10 moacemMencTs
Ha KaKIbIH T€HOTHUI/BHI,

3.Bce wunenst MIC-3 TeHOB C HCHONB30BaHWEM  HYKICOTHIHBIX
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nosmmMopdu3moB (SNP) u mpeamnonaraemMpix rarmjaioTUnoB ObUTH (GUIOTEHETHICCKU
CrpynnupoBaHbl B 17 reHOMHO crieliuPUUecKuX MoJCEMENCTB.

4. PexoMeHyeTcsl UCMOJb30BaHUEe 42 TalIOTUIHBIX MOCIEN0BATEIBLHOCTEH,
MOJIYYCHHBIX B pe3ysibTare aHanuza wieHoB MIC-3 rena u3 amnorerpanionHoro
A nimu Dy- reHomoB mis ompeneneHus creunduyunbix ais rema MIC-3 SNP
OJTMMOP(PHU3MOB.

5. Brepsrie Ob11u pazpadotanbl MIC-3 renom-cnenuduaasie SNP Mapkepsl
U C WCIOJIb30BAaHUEM TaIlJIOTUITMYECKUX AaCCOIMAMA W OKCIEPUMEHTOB C
mmaAbIMA [T1IP Opla moka3ana kimactepHas jokammsarus wieHoB MIC-3 rena B
TOMEOJIOTHYHBIX cerMeHTax XxpomocoM 4 u 19 y G. hirsutum.

6. BiepBrie ObUTH OMpeeneHbl CKOPOCTH HYKJICOTHIHBIX 3aMEH U MaTTEPHBI
MOJICKYJIIDHOH  DBOJIIOIUU MYJIbTU-TEHHOTO ceMeicTBa MIC-3 B
15 TeTparymonaHBIX U IUIUIOWAHBIX T€HOTUIIAX XJONMYaTHUKA. OUEHKOW CPEeaHEro
Yyrciaa CHHOHUMHYHBIX (Os) ¥ HeCMHOHMMUYHBIX (Oy) HYKJICOTHIHBIX 3aMEH IS
konupyronux mocienopatenbHocTed JIHK cemetictea MIC-3 TeHOB BBISBIICHBI
CEJICKIIMOHHBIC OTPAaHUYCHUS U MOJICKYJISIpHAs SBOJIOIMS CEMENCTBA 3TOrO TeHa B
reHOME XJIOIMYaTHHUKA.

7. T'enbl MIC-3 3BOTIOLIMHUPYIOT B COOTBETCTBUM C MOJIEIBIO «POXKIACHUS U
CMEpPTH» TOJl BJIMSHUEM H30JUPYIOIIETO OTOOpa B HK30HE-1 M JUBEPreHTHOMN
CEJICKIIMM B DK30HE-2, XOTS B Haudajie MOJICKYJSIPHOM SBOJIONMU MPOUCXOIUIIA
CTAOMIIM3UPYIOMIA «COBMECTHASD IBOJIFOIIHS.

8. Pe3ynmbrarthl Takke TMOSCHSIOT HAJIMYMC «aMIDTU(UKAIIMM TEeHa» Kak
BO3MOXKHOTO MEXaHHW3Ma COXpaHeHHs Bcex nyomupyronmx konuit MIC-3 reHoB u
pa3pabOTKN HOBBIX (PYHKITMH T€HOB B MPOIIECCE 3aIMTHI XJOMYAaTHUKA B paMKax
MOJICNIA «ACYE3A0IIEH TPUMAHKN.

9. [Ipoxoxaenne ayrumkauun MIC-3 reHos, onuH pas 3a ~1 MWITHOH JIET Yy
AJJIOTETPAIUIOMIHBIX TCHOMOB, OJIMH pa3 B ~2 MuutMoHa et y A / F reHoMoOB, 1
OIUH pa3 B ~8 MwuMoHA JieT y D-reHomMoB, a Takke BbBISBICHHAS OIICHKA
BpEMEHU M 00pazel] NYIUIMKAIMd T€HOB PEKOMEHAYETCS IS MOHUMAaHUS POJH
MaTOTeH-0MOCPEIOBAHHBIX MPOIECCOB OTOOPA B BOJIOIMHA T€HOMOB XJIOMMYATHUKA.

10. Bricokast skcrnpeccuss MIC-3 reHOB BO BpeMs 3apa’k€HHUs MaTOTeHAMHU
Fusarium u Verticillium y ycToiuYMBBIX M HEYCTOHUYUBBIX TEHOTHUIIOB COPTOB
XJIOMMYaTHUKA, aCCOIMUPYETCs CBaKHBIM 3HaueHueM MIC-3 reHoB.

11. BnepBeie Obula KJIOHMpOBaHa M CEKBEHMpPOBAHA HYKJICOTHIHAS
MIOCJICIOBATEIPHOCTh, a TakKKe OXapaKTEPH30BaHbI TMPOMOTOPHBIE MOTHBEI
MEKTEHHOTr0 crercepHoro perunona miuHoi 2,5 Kb, comepxarero B cede MIC-3
IIPOMOTOP C CUTHAJIBHON KOPEHB-CIEITU(UIHON MTOCIEI0BATEIEHOCTBIO.

12. Co3znanbl U TpaHCPOPMUPOBAHBI OWHAPHBIE TE€HETUYECKUE BEKTOPHI C
MHUHUMQIBHON  HYKJIICOTUIHOM  IIOCJIEIOBATEIBHOCTBIO IPOMOTOPA KOPEHb-
cnenepuunoro MIC-3 rena, copepxaimero cunrerndeckue PHK mymexcsr,
KOTOPBIE PEKOMEHIYIOTCS [ OMOTEXHOJIOTUH PACTEHUH.
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INTRODUCTION (annotation of doctoral dissertation)

Topicality and relevance of the theme of the dissertation. Due to the
globalization, there are urgently 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-II “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),

thttp://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.

°Zhang 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.

®Callahan 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 MIC-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]s; -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
F1 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 Di-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 Di-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 (ds) and nonsynonymous
(dn) 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 RNAI 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, MIC-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 IAP 04300; 02.06.2011, Ne IAP
04383; 23.05.2011, Ne TAP 04360; 23.05.2011, Ne 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 MIC-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

Number of Amplicon length Indel changes . Total
Genotype - . 3
members variation exon 1l | intron UTR SNP
653 (Dy) 9 - 15.29 | 16 (Ay),
Gh_TMl 10 706 (At; Dt) - - - 21 (Dt)
- 653 (Dy) 9 - 15.29 | 16 (Ay),
Gh_Sisoline 11 706 (A,Dy) - - - 21 (Dy)
653 (Dy) 9 - 15.29 | 16 (A,
Gh_sT213 1 706 (A,D) : - - | 22(0)
697 (D) 9 - - 17 (A,
Gh_m8 12 706 (ADy) - - - | 20(Dy
653 (Dy) 9 - 15.29 | 17 (A,
Gh_REDM 13 706 (At;Dt) - - - 21 (Dt)
653 (Dy) 9 - 15.29
Gh_Golib 16 682 (D) R O A
706 (ALD) - - - ‘
. 653 (Dy) 9 - 15.29 | 17 (A,
Gh_Clevewilt 13 706 (AuD) ] ) ) 21 (D))
653 (Dy) 9 - 15.29 | 16 (Ay),
Gh_M24O 9 706 (At;Dt) - - - 21 (Dt)
653 (Dy) 9 - 15.29
Gh_M315 15 697 (D) 9 - - 125; (('gt))
706 (A,Dy) - - - '
653 (Dy) 9 - 15.29
Gb_3-79 11 682 (Dy) 9 - 15 12%9 (('gt))
706 (A,D) - - t
653 (Dy) 9 - 15.29 | 10 (A,
G. tomentosum 9 706 (A, DY) ] ) ) 24 (D))
653 (Dy) 9 - 15.29
. 668 (A) 9* - 29 12 (Ay),
G. mustelinum 15 682 (D)) 9 ) 15 28 (D)
706 (At, Dt) = = -
703 - 12 6
707 - 8 6
G. herbaceum 9 709 i 5 5 19 (A)
713 - 8 -
651 9 - 31
G. raimondii 4 653 9 - 29 33 (D)
691 - - -
G. longicalyx 11 706 - - - 14 (F)

*Note: 9 bp indel in the first exon of Ai-genome specific MIC-3 gene amplicon of
G. mustelinum has a triplet upstream shift compared to other Di-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 MIC-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
A«-genome and 10 to 12 were specific to Di-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) Ai-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 Ai-genome and 4-6 in
Di-genome. The tetraploid MIC-3 sequences included 25 SNPs in the Ai-genome
and 26 SNPs in the Di-genome, all biallelic, except positions 113 (A, D), 162 (D)
and 568 (D). The average number of bp per SNP in the Ai-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
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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.
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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 (HO4 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 Dgenome 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 Ds-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 Di-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 As-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 (ds) 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 Gre}]neo- A Dy Total*

dv | ds |dnids| dy | ds |dnids| dny | ds | dn:ids
Gh_TM-1 [AD], [0.80 219 | 0.37 |4.19|433| 097 [1.85|257 | 0.72
Gh_Sisoline [AD]; [0.69|1.94| 0.36 |4.19|4.33| 097 | 156|234 | 0.66
Gh_M315 [AD], [0.67 |1.89| 0.35 | 2.86|3.49| 0.82 | 157|238 | 0.66
Gh_M8 [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| 042 |279|2.86| 098 |1.61|216 | 0.74
Gh_Golib [AD], [0.66 |2.24 | 0.30 | 4.19|4.33| 0.97 |1.50 (255 | 0.59
Gh_M240 [AD], [0.76 | 2.09 | 0.36 |4.19|4.33| 0.97 |1.67 |2.46 | 0.68
Gh_ST213 [AD], [0.58 |2.04| 0.28 |4.19|4.33| 097 |1.37 (248 | 0.55
Gh_REDM [AD]; [0.97 |1.97 | 049 |4.04|3.74| 1.08 | 151|237 | 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]s {039 0.79| 049 | 230|211| 1.09 [1.73 134 | 1.29
G. tomentosum [AD]; | 049|083 | 0.60 | 290|284 | 1.02 |1.78|1.62| 1.10
G. herbaceum As - - - - - - 043|041 1.05
G. raimondii Ds - - - - - - 3.70 1 2.83 | 1.31
G. longicalyx F - - - - - - 0.35]237| 0.15
All G. hirsutum [AD], [2.06 |0.61| 0.30 | 279|237 | 0.85 [ 132|239 | 0.55
All Gossypium species - 190|058 | 0.31 | 257|220 | 0.86 | 1.80|2.58 | 0.70

Gh — G. hirsutum; Gb — G. barbadense; Sisoline — Susceptible isoline; *Total - A;and D;
combination; ds-synonymous nucleotide substitution rates; dn-non-synonymous nucleotide
substitution rates; dn:ds is the ratio of the rate of nonsynonymous to synonymous substitution
since divergence of two sequences, which is roughly equal to dn:ds, the ratio of the numbers of
nonsynonymous to synonymous substitutions. Note: that dy:ds rates greater than 1 shown in
bold faced letters; dy and ds 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 Il 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, pBI1101-700:: 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 I1I, 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 pBI1101 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 (ds) 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 MIC-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 RNAI 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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