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KHUPHUII (10KTOPJIHK JUccCepTALUACH AHHOTAILUACH)

Juccepranusi MaB3yCHHHHI [0J13apOJjuMru Ba 3apypaTtud. byryHru KyHna
naxTta Wmad YUKApWII CaHOATH PHUBOXKJIAHUINKM OwmiaH Oy coxama y3ura Xoc
MyaMMoOJIap XaMm fo3zara kenMmoknaa. lllyHmail »HT HupuK MyaMMmomapaad Oupu Oy
duronarored 3aMOypyriapaup. [laxTa ¢poHam MabIyMOTIapura Kypa maToreHiap
KEeITHPUO YMKAPYBUHM MaxTa Kacauukiapu Tydainu 12% xocui 3apap KypMOKIa.
byHnaH wKTHCONM pWBOXJAHTaH JdaBjiaTiiap Xam MycTacHo sMmac. JKymmazgaH,
dakarruna AKIuuar y3uwgarm wykorunuiap 11,7%, bpasuwnmus Ba Adpuxa
nasnaTnapuaa 50%, XuHaucTonaa sca Oy kypcatknd 20% HH TALIKWI STMOKAA.

Fusarium aBmoxunaru 3amMOypy¥iaap Tabuatia KeHT TapKajiran O0yiuoO, yimap Oy
TYPKyM 3aMOYpyFIapHUHT KaTTa Ba OMOJIOTUK XWUJIMa-XMJI TYPYXWHU TAIIKUI dTaJH.
[y Typaaru 3aMmOypysiiapHUHT akcapustu ¢purotpoduap 6ynuo, ynap 120 nan 3uén
YCUMIMK TYpJIApUHM 3apapnad, KyIrdHa MaMmiakaTiap, KyMIajaH, Y30eKHCTOH
KHIIUIOK XY)KaJWrura XaM KaTrta MKTUCOAMI 3U€H eTKa3MOoKaa. Fusarium aemoauaaru
MaToreH 3aMOypyFjlap HWHIUWBUIyal YCUMIMKHHU 3apapiIaHTUPUIN KOOMIHSATHUTA
acocmanran formae specialis (f.sp.) uxTHcocnamiraH IIaKulapura OYJIHHAIM.
XO03Upru BakTAa HMXTUCOCHAIITaH 3amMOypyf makuiapuauar 80 maH 3uén TypH
MaBXKYy/I.

Wnrapu Verticilium typaarn 3amMOypyF fy3a KaCaJUIMTHHHUHT — aCOCHH
KY3FaTyBUHMCH XMCOOJaHTaHIUIH cababau Fy3a cenmekmuscH, acoca, Verticilium
BWJITHTA YHIaMJIM HaBJIAPHU SPATHUINTa KapaTwiraH 37u. bUpoK keluHTH Hrniapaa
Typiiu OMOTUK OMHWJUIap (MKJIMM Ba CYB PEKMMUHMHI Y3rapuilud KaOuiap) TabCUpU
Tyailin MaMJIakKaTMHMU3HUHT naToreH GoHuaa xaMm ysrapunuiap pyi oepmoxaa. [y
cababnmm Oyrynru kyHma Fusarium aBmogu NATOTCHJIAPUHUHT  MaxcCyc
dhopmanapuHu uaeHTUPUKALUSIANT 1073ap0 MyaMMoJiapJaH Oupu XUCOoOIaHaH.

Fy3anunar wadakat wmarmuka tonamu (Gossypium barbadense), Gamkm ypra
TOJIAJIM HaBlapuaa XaMm (¢y3apro3 BUITH KEHI TapKainuO Oopaértrannuru Ba byxopo
BWIOSITUAA IIy BakTra Kajaap Fy3aJa Ky3aTWiIMaral WIIW3 YHUPHUIIUTA OJU0
kenaauran Fusarium solani maroren Typu aHHKJIaHTaH.

MyaMMOHUHT 1013apOJIUTH SHA [TyHIaH KOOpaTKH, pecmyOnrkaMusaa HadakaTt
FY3aHMHT BWJITIa YHJIaMJIM HaBJIAPUHW SpaTUIl, Oalkh MaMJIAKaTHMH3HUHT
¢uronaTtoreH GOHWUHU WACHTUPUKAIUAIANI, XaB()IM W3OIATIAPHU aHUKJIAII,
VJIApHUHT TATOTEHJIUTMHH aHWK OaxoJail, TMaTOTeH XapuTajap sSpaTHIl Xamga
TaBCHSUIAP UIUIA0 YMKUIIT YTa MyXUMJIHP.

V36ekucron Pecriy6nukacu Basupnap Maxxamacunauuar 2004 iinn 29 mMapTaaru
148-con «Y cUMIIMKIIapHH XUMOSI KUJTAIII XU3MaTu TY3UJIMAaCUHU
TaKOMWJIJIAIITAPUIT ~ Ba  CaMapaJOpJUTHHH  OIIMPHIN  Yopa-Taaoupiapu
Tyrpucuganru Kapopuma xamaa maskyp (aonusitra TETUILIH OOINKa MEbEpHUiA-
XYKYKHM XyXoKatiapaa OenrujiaHraH BasudaiapHd amajira OIIupHIiga ymoy
JUCCEPTAINS TAIKMKOTH MYaiisiH Tapaxkaja Xu3MatT KUIaiu.

' Amanda N. Cianchetta et al. Survey of Fusarium oxysporum f. sp. vasinfectum in the United
States. The Journal of Cotton Science 19:328-336. The Cotton Foundation 2015.



TaakMKOTHUHT pecnyOjJuka (aH Ba TEXHOJOTHSJIAPH PHUBOKJIAHUIIU
YCTYBOp HYyHAJAMIUIApUra OOFJIMKJIUIA. Ma3Kkyp TaIKUKOT peciyOivka ¢aH Ba
TEXHOJIOTUSUIAp PUBOXJIAHUIMIUMHUHT V. «KUIUIOK Xy Kanurd, OHOTEXHOJIOTHS,
9KOJIOTUSL Ba arpod-MyxXuT Myxodaszacu» YCTyBOp WYHaIUIIMIa MYyBO(MUK
Oa)kapuJIraH.

JAuccepranusi MaB3ycH OyilMya XOPpMKMH WIMHA-TAAKUKOTJIAP HIAPXH.

Fusarium apmomu BakWUIQPUHUHT  MOJICKYJISP-TCHETHK  TaJIKUKOTJIapHUra
WYHANTUPWITAaH WIMHM H3JaHULUIAD XKaXOHHUHI €TAKYM WIMHUM Mapkasjgapu Ba
OJIUi TabIUM MyaccacayiapH, >Xymuagad, lexas A&M University, Mississippi
University, Washington State University (AKILL), Nanjing Agriculture University
(Xwuroit), CIRAD (®pannuus) xamaa CSIRO (ABctpanus)na 01ud OOpuiIMoKa.

Fy3a mnarorennapuamn wuaeHtudukanusuiam Ba yTta XaBguu ¢dopMarapuHu
aHUKJaIra OWJ JaxoHaa oJaud OopwiraH TagKUKOTIAp HaATHXKacuaa Karop,
KyMJIaJlad, KyuuJaaru WiMHAN HaTHUKajlap OJIMHIaH: MaTorennap reHoMu yuyH RFLP,
RAPD, SCAR JHK wmapkepnap kosiekiusicu sipatuwirad (UC Davis University of
California, Broad Institute, AKIII); Fusarium aBioju BakKM/UIAPHHUHT MabJIyMOTJIap
6azacu sparuwirad (CBS KNAW Fusarium MLST Database, ['omnanaus); narorex
reHomsapuHuHr JIHK keTma-keTMkimapu aHHUKJIaHTaH (CEKBEHC) Ba OJMHTaH
HaTWXajlap acocuaa Typjap XakKuJard mabiiymoTiap Oazacu sipatuirad (Mips
Helmholtz Zentrum Miinchen, I'epmanus).

Jynéna fy3a maTOreHJIapd TEHOMUHU MOJEKYJISp-TEHETUK YCylap OuiaH
KOMIUIEKC TagKWK KWIMII Oyiinya Karop, KymJaJaH, Kyluaaru yCTyBOp
HyHanumuiapna TagkuKoTiaap onubd Oopuiamokma: F.circinatum, F.graminearum,
F.proliferatum, F.verticillioideS reHOMUHHMHr TYJIWK HYKJICOTH] KEeTMa-KEeTJIUTHHU
aHuKam; (Qyszapuo3 BHUAT pacajapura YHJAMIIMINK TEHJIAPUHU aCCOIMATHB
XapuTaail.

MyaMMOHHHI YPraHWIraHJIMK gapaxkacu. XOpWwiiuk ojumiap Fusarium
aBJIONM TMATOTCHJIAPUHUA MOJIEKYJISIp HUACHTU(UKAIMIIANL YCYJJIapu: OKCHILIap
XWIMa-XUUIATH (M303UM), PECTPUKIMOH (parMeHTIap MOAUMOpGOU3IMU Y3YHIUTH
(RFLP), Tacommuduii  ammumbumusuianran  nomumopd  JIHK  (RAPD),
aMIUTUUKAIMSUIaHTaH KUCM y3yHiurd nonuMopdusmu (AFLP) 6mnan Abd-Elsalam,
Elias Ba Wang myrymnanumran. AKII (O’Donnell K., K.Skovgaard), Mucp (Abd-
Elsalam K.), Xuroi (X.Chen, Y.Kim, B.Wang), Mekcuka (O.S.Garsia), 'epmanusiaa
(F.Schnider) Fusarium apiiogu HM30JSTIApUHU HYKTAIWd MyTalusjiapra acocjaaHraH
Mapkepsiap (SNP), 6up Hycxanu rennap €paamMuja CEKBEHC KWIUILI KaOW HIIapH
amanra owmmpwirad. M/IX mamnakatiapuia naToreHJIapHy YpraHuil Ba yjap OuiaH
Kypamuin  MyaMMmoiapura  Oarunuianran — tagkukotinapuu  [.5.KypOGaHos,
C.®.CunopoBa, UN.AxmypanoB, M. .MeHnuKeeBIapHUHT WIMHH acapJjiapuia
Ky3aTHIII MyMKHH.

Mamnakatumuszaa onubd 6opunran taakukoriaapaa H.H.Hasupos, A.W.I'ycena,
H.I'.3anpomertoBa, JI.B.Ilonsikoa, I'.C.KapaeBa, A.Mapymnos, b.O.XacaHoB Ba
JILA.I'myxoBajapHUHT WJIMHN uiuiapd Fusarium aejoawra owuj TaTOr€HJIApHH
aHbaHABUU yCyJutap €paaMuia Yprauuin Ba uAeHTHUKAIMsUIamTra OaruIIaHraH.

Juccepranuss MaB3yCHHUHI JHCCEPTAIUS OaKAPWITAaH MIMHUH-TAAKUKOT
Myaccacacl WIMMA-TaAKUKOT HILJIapu Owjaan Ooraukauru. Jluccepramms
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TagkuKoTH ['eHoMuka Ba OumomHbpopmaruka wMapkazuga UZB2-31016-TA-09
«Fusarium oxysporum f. sp. vasinfectum (FOV) ¢y3apno3 BuAT KacaJJIUTHHUHT
mukaopuin  Oenrmimapu  (QTL) reH/IoKycClIapuHMHT MOJIEKYJsAsp TaBcudU Ba
acconpanusacu» xainkapo jornxacu (2010-2012) Ba N5-DK-0-30702 «V36exucTon
XyAyauaa Tapkajaran Fusarium spp. Typ Ba pacajapuHU MOHHMTOPWHI KWJIMII Ba
aHUKJIAIIHUAHT  dKcnpece  yeymu»y  (2014-2015) noitmxanapura MyBOQHK — OJIHO
OopuraH.

TankuKOTHHHT Makcagm Fusarium aBmoaW NaTOrCHJIAPUHUHT TEHOMUHHU
MOJICKYJIIP-TEHETHK yCYyJuTap OnjaH KOMIUICKC HASHTH(UKAIUSIIAI, MaXaJUTHid Fy3a
HaBlapura HucOaTaH KyN YYpOBUM TATOTEH TYp Ba pacajJapHUHT IMaTOTCHIINK
XyCycusiTAapUHH OaxoJaniaad noopar.

TagKuKoTHUHT Basudaiapu:

TCHETHK WACHTHU(UKAIWMS KUIUIl y9yH Oup Hycxamu rewmap (TEF-1a, BT,
rDNA, NIR) 6yi#ingya Fusarium asioaunaru narorerwinap JJHKcunu pe-cexBencnar;

NaTOreHJIApHU JKajal HWJeHTU(UKAIUsIall y4yH OUpTHHA HYKICOTH]
nonumopdusmu  (SNP) Ba cnenmbuxk ammens (ASPCR) 3aMoHaBHii TeHOM
HHCTPYMEHTJIApUTra acocjaHraH Mapkepiap unurad gukuir. Fusarium oxysporum
f.sp vasinfectum maroreHu pacacuHu *ajaaj aHUKJIAII YIyH IpaiMepiap Ty3HII;

V36exucton Pecny6bnmkacu Fy3a TeHOGOHIM KOJUICKIMACHIAH (y3apHo3
BUiITra  Oapkapopiuk  Oenrucu — OYiiMya  cerperamusulaHyBUd — T€HETHK
MOMYJISAASIIAPHU SPATHIIL;

mosekysip JIHK mapkepnapunan Qoiinananran xonna ry3aHuHT (y3apuo3
BWJITTa YHJAMJIMUTHK JIOKYCHHU T€HETHK XapUTaJIall;

NaTOrCH-YCUMIIMK ~ ypTacWIaru y3apo TabCUpHHM ypranumi, Fusarium
aBJIOMUJATH OHT BHUPYJEHT W3OJATIAPHM aHUKJIAIl Ba pecrnyonmka Oyinda
MaTOTCHJIAP TAPKATUITUHUHT TTATOTEH XapyuTaJapUHH UIIA0 YUKHIIL,

Fy3a HaBJIAQPUHUHT TATOTCHJApra YWJIAMIIMJIMTHHU OIIUPHUII YIYH HOM3OJ]
renaapuu ouonHgpopmatuk (in silico) uaeHTndukanusian.

TaakuKOTHUHT 00beKkTH cudarnaa ['eHeTHKa Ba YCUMITMKIIAP SKCIIEPUMEHTAIT
Ouonorvscu  MHCTUTYTHHUHT  Fy3a  (UTOMAaToreHysiapy  Ba  TeHO(POHIU
KOJUICKIMSICHIaH OJIMHraH Fusarium apimoguaard maToreH 3amMOypyfiap Ba rys3a
reHOTHUIIapu1ad GoNIaTaHuIITaH.

TaakKMKOTHHHT mpeaMeTH Fusarium apioan BakM/UTAPUHUHT FY3a YCHUMITUTHTA
HUCOaTaH BUPYJICHTIUK Ba «XaBQIMIIUK» JlapakacMHU Oaxosaill, (pUTonaToreHiapHu
WIeHTUPUKAIMSATIAIIA caMapaid yCyJulap HIiad YUKHUID OpKaiu  ¢y3apuos
MaTOTCHJIAPUHY Ba KUCMaH Fy3a BWITH KaCaJUTMKIIAPU TAPKATUIIHMHN Ha30paT KUAJIUIIT
XUCOOJIaHaIN.

TankukoTHUHT ycyJuiapu. Jluccepramusi 1o3acujaH  oiaub Oopuiran
W3JIaHWIIIapJia Fy3a TEeHEeTHKacH Ba CEJICKIMSACHHHHT KJIACCHK YCayOmapw,
MOJICKYJIAp  (PUTOMATOJOTHUS, IIYHWUHTNIEK, MOJICKYJsIp TeHETHKa, TEeHOMHKa,
CTaTUCTHKAa Ba OMOMH(OPMATUKAHWHT 3aMOHABHM ycyiulapunaH (oigaiaHuiITaH.
[Marorennuk uHnexcu Oyiimua kmacrep taxiamna STATISTICA 8,0 (StatSoft, Inc.,
www.statsoft.com) mactypu, mMapkep JOKycliap TaxJIWJIH, OWpJalrad TypyxJjap
tamkun dtum, QTL xapuramam JoinMap 3.0, MapQTL 4.0, QGene 4.3.2 Ba
Windows QTL Cartographer (v. 2.5 011) Iactypiaapu Xamja
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(GUTONAaTOTCHIAPHUHT Fy3a YCUMIMKIApU OpacHUlIaru y3apo TabCUPUHU Oaxojall
NCSS — 2003 Ba PASS — 2002 craTucTuk aHanuziap JacTypiapH MakeTilapuaH
doiinanannminb 6a)kapuiras.

TagKMKOTHHUHI WJIMHUIl SHIWJIMTH Kyluaaruiapiad noopar:

wik Oop Fusarium amnoaumaru MmaTtoreHJiap TEHOMH TaXJIMJI KHJIMHTaH,
naToreHjaapHuHr Myxum Oup Hycxanu rennapunu (TEF-1a, BT, rDNA, NIR,
PHO) pe-cekBeHncnam amanra ommupuiran, 6era tyOynun (BT) renu Hykieotun
KeTMa-KeTJIurura acocanud Fusarium oxysporum f.sp vasinfectum typunusr 2-,
3-, 8-pacanapu Ba A Ba B maTtorennap rypyXuHu uaeHTHU(UKAIUAIALNITA KOIUD
yHuBepcan SNP npaiimMepiiapu uinad YuKUIra;

atenb-crienuduk [13P (ASPCR) meroau acocuma Fusarium oxysporum f.sp.
vasinfectum typunuHr 3- Ba 8-pacanapuHu uAeHTUGUKANMIIANITA KOJAUP TIpaiMep
KyPTIauknap Uiuiad YUKUIraH;

V36ekucronna Fusarium apnoxu BakummapuHuHr 6 Ta Typu (Fusarium
solani, Fusarium equiseti, Fusarium sporotrichioides, Fusarium fujikuroi,
Fusarium proliferatum, Fusarium oxysporum f.sp vasinfectum) wmonexysp
TaKCOHOMUK KUXATJaH UICHTU(DUKAIMSATIAHTaH,

Fusarium oxysporum f.sp vasinfectu auur Y36ekucronna tapkairan 3-, 4- Ba
6-pacanapu aHUKJIaHTaH;

FY3aHUHT KEHI' KyJlaMJa SKWJaJuraH HaBjiapura HucOatan Fusarium aBmoau
MaTOTCHJIAPUHUHT BUPYJICHTINK Japa)xacu OaxoJlaHTaH;

naToreHauiuK 0atadcun 6aéH >TuanoO, UIK O0p MOJEKYISP-TEHETUK yCyuiap
OwutaH Fy3aHHMHT SHT XaBguu maTorennapu: Fusarium oxysporum f.sp vasinfectum
HUHT 3 Ta pacacH Xamja Y30EKHCTOH YdYyH SHTM TATOTeH Typ XHCOOJIaHTaH
Fusarium solani anuknanras;

dby3apuo3 BwiITra yujgamiurura kypa 3:1 HucOataa cerperamusiaHyBud
«Mebane Bl» X «11970» reHeTuk monyasuuscH spaTUiral Ba 237 ta nmoaumopd
JIOKYyCJlap aHWKJIaHTaH;

FY3aHUHT BUJITra HUCOATaH YMAAMIIMJIMTUTA >KaBOO O€pyBUM IMOTEHIIHA
reHJIap aHUKJIAHTaH;

FEHETUK XApUTANAIITHUPUIN  yTKa3uauO, BUITra YMJAAMIWINK  OuWJIaH
acconmanusimanyBun  BNL1145 259, BNL3442 112 nokycinapu aHUKJIaHTaH
xamaa in silico T3P yrka3unu6b, ymoOy mapkepiapra sSKAH OWJAIITaH HOM30]1
rernap ononHopMaTUK ycysuiap épaaMuaa aHUKIAHTaH;

MaTOTeH XapuTajap Wnulad YMKWITaH Ba TYPJIAPHUHT TapKaJIWIIA XaKuIa
reorpauk KoopAuHaTagapra 0eiaru Kyuuira.

TagKUKOTHUHT aMaJIMii HATHXKAJIAPH KyHuaruiapaad noopar:

Oup Hycxamum reHmap EpaaMuAa CEKBEHC KWJIHIL, OHp HYKJICOTH
nonumopdusmu Ba amwiens cnenuduk [I3P ycymnmapu Epmamuna V36ekucron
Xyqoynauaa TapKajiraH TaTOTeHJIapHUHT QopMa, paca Ba Typiiapd TE3KOp
uneHTuuKanusiamn opkanu rex cneruduk SNP Mapkepiap unutad yukuiras;

FY3aHUHT OKCIIEpUMEHTAN TomyJsiusiapu Ownan onubd Oopunran QTL
TaxJmuuiap Hatwkacuga FOVra HucOaran umpamim Oenruiap OujaH OWpPHKKaH
KYTu1ab Mapkepiiap Ba MyXHUM HOM30/1 TCHJIAp aHUKJIAHTaH;



¥3 BakTuAa XaB(uHM MaToreH Typiapura HucOataH >bTHOOPHU KapaTuo,
yJIapHU aHMKJAIl MUMKOHUHM OEpyBYM TE3KOp, camapaly JUAarHOCTHUKyMJIap Ba
yCyJulap UILIad YUKUJITaH;

3apapJiaHrad Xyayaiapjaa y €ku Oy maToreH TypJiapura 4yujamiid HaBJIapHU
SKHUII OpKaJu Fy3a XOCHIJOPJHMIHIa MXOOHWI TabCUp OSTHUINra KyMakjIalulyBYu
naToreHaap XapuTacu UIuiad YUKUJITaH;

ry3a YaTUIITHpUII KoMmOuHaiusiapu acocuaa «Mebane Bly» X «11970»
BIJITTA YHUJIAMIIM TONYJISIUUSIIAD SIPATUIITaH.

TagKuKOT HATHKAJTAPHUHT MINOHWINWJIUTH. Wiga Kyuianuwiran 3aMOHaBuH,
Oup-OupuHN TYIAUPUO TYpyBUM MOJIEKYJIAP-TEHETUK YCy/lap Ba CHJIAUIyBIap
€plaMH/la acOCIAHTaHJIUTU; OJIMHIaH HaTWXajlap aHbaHABUN CTATUCTHUK yCyJulap
(UPGMA Ba NJ) épnamuia TEKIIAPHITAHIATH XaMJ1a MaTOTCHIMK WHACKCH KJIacTep
TaxJIWJI KWJIMHTAHJIWTH Ba (PUTOMATOTEHIAPHUHI Fy3a YCUMIIMKIApH Opacujiaru
V3apo TtabcupuHu Oaxonam yuyyH ANOVA (BapuaHTiap TaxJWid) TECTU
KYJJIaHWITAHIIUTYA, IIYHUHTJEK, MapKep JOKyclap TaxJiiiki Ba OwupJliaiiran
rypyxJjap tamkui 3Tum Xxamga QTL xapuranaml 3aMOHaBUI CTaTUCTUK aHAIU3
nactypiapu (JoinMap 3.0, MapQTL 4.0, QGene 4.3.2, Windows QTL
Cartographer) épaaMuia amanra OMMPHITAHINTA OUIIaH U30XJIaHAIH.

TaagKUKOT HATHKAJAPUHMHI WIMHMH Ba aMajJuil axaMUATH. TaJIKuKOT
HATIWKAJIAPUHUHT WIMHKA axaMmusatd Fusarium Typkymuaard maTOTCHJIapHU
aHUKJIAIl YYyH MOJIEKYJISIp-T€HETUK ycyJulapAaH (oiganaHuIl NATOTEHHUHT TYpP
Ba pacajlapMHHU KyJla aHUK Ba WIIOHWIM HUJECHTU(PUKAIUIANI UMKOHUHU Oepajii.
Ceneknuonep oJumjaap OKopUaaru ycyigaH ¢oigananu0d aifHaH Kaiicu
KacaJUIMKKa KapllM Kypalluil KEepPaKJIUTMHU OuiuO OoJIMIUIapU Ba MAaTOTE€HHUHT
aHUK TUIHWIa aH4ya 4YUJaMJid HaBJIApHU spaTUILJIApU XaMJa yJapHU pecnyOJnka
SKUH MaiJIOHJIapUra camapaiiy KOUJalTUPULIIapd MyMKHH.

TaakuKOT HaATMOKAIApUHUHT aMaliuii aXaMHsITH WILIA0 YUKWITaH MaToTeHIap
JMAarHOCTUKACUHUHT SHTM METOJUJIApU XaM Jiajia, XaMm J1abopaTopus MapouTiapuia
ac000-ycKkyHa  Ba  pEaKTUBJIAPHUHT  MHUHHMMal  0a3acu  MaBXYyJIUTHAA
MaToOreHJIapHU JKyJla Te3 Ba UKTUCOAuW MaHdaaTnu uIeHTU UKAIUSTAIT
MMKOHUHH Oepaau. ByHUHT HaTWkacuja MabJiyM MaTOreHra €K YHUHI pacacura
YUJIaMJIM HABJIAPHU SKUII OPKAIM KUILIOK XYKAJIMK SKUHIAPUHUHT 3apapiiaHUIl
xaBpuHU Kamadtupuim €xku O6apTtapad 3T MyMKuH. [laTorennap xapuTacHHUHT
KylIUM4a MabiyMmMoTiap OwnaH Tynaupu® OOpUIMIIM HATHKAcUIa KeJa)xakaa
KUIUIOK ~ XYKalurd  NATOrEHJApUHUHT  XyAymiap  OunaH  OOfJaHraH
ononHdopMaTuk axO0pOTiIap TU3UMHHHU APATHUII UMKOHU Maiigo Oynamu. Ymoly
TU3UMJIa XYAyJ, NaTOT€H XamJia HaBJIapHUHT YUJAMIIMJIMTH KaOW MabJyMOTIIap
*KamsiannO, Oy y3 HaBOaTuMJa KULUIOK XY>KaIUTd SKUHJIAPUHUHT 3apapiaHull
xaBQUHM KaMaliTupumm €ku Oaprapad »HTumM, HaTUxkaga PecnyOnukamus
UKTUCOIUN (PapOBOHIIUTH JaPAXKACUHUHT OIIUIITUTA YPUIITUIIT MyMKHH.

TaagKUKOT HATHKAJTAPUHHUHI KOPUMM KWJIMHHIIM. Jluccepranus TagKUKOTH
XKapa€HuJla OJIMHTaH KyHuJaru HaTuKajaap aMaauérra sKOpHuil KUITMHTaH:

sparuiarad  Fusarium oxysporum f.sp vasinfectumuunr 5 Tta pacacuHH
uaentuukanusuioBurn  SNP  mpaiimepnap  AKII  Kunwiok  xyxanuru
nemapramenTiHUHT Crop Science Research Laboratory, Genetics and Precision
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Agriculture  Research  Unit maGopatopusizapy  TOMOHHAAH  NATOTCHJIAPHU
UACHTU(UKAMUIAI SKapa€HUra OUJl WIMHU-TaJKUKOTIapAa QoiiaJaHuiIMOKaa
(United Statates Department of Agriculturenunr 2012 #wun 30 sHBapaaru
MabJIyMOTOMACH);

unuiad yukuiaran ASPCR mnpaiimepnap AKI Kumnok xyxanuk genapTaMeHTH
TOMOHHIaH «AOHUOTHK Ba OMOTHK OMILIAPHUHT Jlajla Ba MCCUKXOHA IAPOUTIIAPH
Herusuaa ry3aHuHr @y3apuo3 Buirra (FOV) nucbatan yugaMiauiauruad 6axosamn
novmxacuaa  (3096-21000-019-02-con) oitmananmmran  (USDA-Agricultural
Research Service, JIa66oxk, Texac, 2015 #wmr 12 oxtsa6ps). FOV_BT AS R3 amiens
cnenupuk npaiMepuaan ¢oitnananrad xoiuga FOVA renotunuaunaTr 3- Ba 8-pacacu
TE3KOp AaHWKJAHTaH XamjJa MOJIMSIBHN Ba BakT OwiaH OOFIMK XapakaTJIapHU
Ce3WIapiu Japaxaaa KaMauTUPUII UMKOHUSITH SpaTUIITaH.

TagKMKOT HATHXKAJAPUHUHI anpodaumsicu. Jluccepranyss UIIMHUHT
HaTKanapu Kymiad wiMuii-amanuil aHxymaniapjaa, skymianad, 2013 iwmn 25
HosiOpna TomkeHt maxpuga OYynubd Yyrtran «JlocTUkEHHS W TEPCHEKTUBBI
AKCIEPUMEHTAIBLHON OMOJOTHM pacTeHUM» uaMuil KoHpepenuuscuna, 2013 iun
15-16 HOs16pb KyHIapu TomKeHT maxpuaa 0ynubd yTraH « AKTyaJbHbIE MPOOJIEMbI
pa3BUTHSI OMOOPTAaHMYECKON XMMHUU» XalKapo WIMHUK-amaauil kKoHpepeHIuacuia,
2014 iiun TomkeHT wraxpupa Oyiau6 yrram «Y3P DA  ém  onumiap
koHbepeHuusicunaa, 2015 Hun 7-8 mail kynmapu TomkeHT BuioATHaa OYnubd
yIraH «YCHMIMKIAPHH 3apapiid OPraHU3MIAPIAH XUMOS KWIHIIAA OHOJIOTHK
YCYJUIAPHUHT CcaMapaJOpJUruHU  OLIMPUIIT MyaMMOJIapu Ba HCTUKOOJUIapH»
UIMHM-aManuid  KoH(epeHuusicuaa,  MIYHUHTJEK, Fy3a  XUMOSICH  Ba
OMOTEeXHOJIOTUsIcUTra OaFMIIaHTaH OWp KaTop WIMHUN aH)XyMaHjiapjaa Mabpy3a
KYpUHHUIIMAA Oa€H STUIITaH XaMm1a anpoOalnusiad YTKa3uiraH.

TagKuKOT HATHKAJAPUHUHT JBJOH KWIMHMIINM. [luccepramusi maB3ycu
6yitnua sxaMu 28 Ta WIMMIL UII YOI STHIIraH, IIyapaaH Y30ekucTon Pecrny6inkacu
Omuii ATtrectanyisi KOMUCCUSCUHUHT JTIOKTOPJIUK AUCCEPTAUSIIAPU ACOCHI HMIIMHIA
HaTWXKAJIApPUHUA YOI DTHII TaBCUS JTWITaH WiaMuK Hampaapaa 10 ta wmakona,
KymianaH, 8 Tacu pecnyOiIrKa Ba 2 TaCH XOPYIKUM KypHAJUIap/a HaIlp dTUJITaH.

JuccepTanMsiHUHT TY3WJIMIIM Ba Xaskmu. [luccepramus TapkuOW KHUPHII,
erTuTa 000, Xysoca, ¢hoigananuiarad afadueéTiap pynxaTa Ba uioBaiapjaH uoopar.
JluccepranustHUHT XakMHu 191 OeTHH TalTKuII STaIu.
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JIACCEPTAIIUSIHUHI ACOCUM MASMYHH

Kupum xucmuna yTkazwiraH TaJIKUKOTIAPHUHT JI0JI3apOJMrd Ba 3apypaTu
acocliaHraH, TaJKUKOTHUHI Makcaju Ba Basudanapu, OOBEKT Ba MpeaMeTiapu
TaBcu(IaHral, pecnyoianka gaH Ba TEXHOJOTHUSIIAPU PHUBOKIAHUIIMHUHT YCTYBOP
NYHAIIUIUIAPUTa MOCIIUTU KYPCATUJIITaH, TAAKUKOTHUHI MJIMHM STHTUJIMTY BAa amMajun
HaTWXKayapu 0a€H KWJIMHTAH, OJIMHIaH HATW)KAJAPHUHT WIMHI Ba aMajuil axaMusaTu
oun0 OepuiraH, TaAKUKOT HaTHKAJIAPUHU aMaluETra >KOPUN KUJIUIL, HAIIp STUITaH
WIUIAp Ba JUCCEPTALMS TY3WINIIN OYHHYa MAabIyMOTJIAp KEJITUPHUIITAH.

JluccepranussHUHT «FuSarium aBJIOAMHUHT MOJIEKYJISIP-T€HETHK TaXJIUJII)
ne®6  HOMuaHran OupuH4YMm  OoOmma  Fusarium  aBioaw  BaKWIIApUHH
UICHTH(UKAIMIAI TAPUXH, MOJIEKYJISIP-TEHETUK YCYJUIAPHUHT KYJUIAHUJIUIIN Ba
MHUKOTOKCUH MPOAYUEHTIApU XaKUJard MabJIyMOTIap EpUTUATaH. Yoy
HYHaIMIIara acocuii MyaMMoJiap Ba yJapHH XaJl STUIIJAard UMKOHUATIAp caHal
YTUJITaH.

JluccepranussHUHT «Fusarium apJjoaM BaKHJUIADMHUHI AINECH, YPraHMII
ycayoaapu Ba mapoutw» 1¢0 HOMJIAHTaH MKKMHUM OoOumma Fusarium asiosu
MaToreH TypJjapu Ba pacallapuHM HACHTU(UKAIUIANI YIyH T€HOTHIUIAI Xamja
NaTOreH TE€HOMJIAPUHM CEKBEeHC Kuiauil Oartadcun TaBcuduanrad. Ilatoren
Typjapd Ba pacajapuHd HACHTHHUKANMsIam y4yH Fusarium  Spp.HUHT
V36eKnCcTOH KOIeKINACHIaH QO anaHnIraH.

HuccepraiiussHUHT «@PUJIOTeHeTHK AHAJM3 BAa TeHETHMK XHMJIMA-XHJIJINK
Aapaskacu» 10 HOMJIaHTaH y4YMHYM 000Maa KyWuaaru HaTvKaiaap KeJITHPHUIITaH:
¢duTomaToreHIIApHUHT V30K KoJuleKnusicuaara Fusarium spp. wu3onsTiIapuHA
uaeHTHUKaUMsIa y4yH OyTyH >KaXxOH OYyilmua WuruiaraH MyailsH pacaBuil
MaHcyOnukka sra FOV wuzonatmapu JIHKcupan ¢oitgananunran. I'edra xoc
oynran npaitmepnapnan doitnanann6 TEF—1a, BT, NIR Ba rDNA kabu TypTTa
Oup HyCXaJl Te€HJIAPHUHT HYKJICOTUJIap KETMa-KETIUTH aHUKJIAHTaH;

FOV namyHamapuHUHT Typra MaHCYyOJHMTMHU aHUKJAII y4yH OUp HycXalu
TEHJIAPHUHI CEKBEHCJIAHTaH HYKJICOTHJIAPH KETMa-KETJIHMKIApu JyHE TeHiap
6anku (NCBI)maru mabiaymotnapra Ououndopmatuk ycyn BLAST épmammma
COJIMIITUPUJITAH;

CONIMIITUPUIN HaTWXajdapu Oyinua 4 Ta TeH acocuga (QUIOTEHETUK
HaTUXKaJlap TaxJIUJIU YTKa3UJIraH;

¢unoreHeTUK IIaxkapa JapaxTiapd yI4aHMaraH ypradya apu@MeTux
xyptnam (UPGMA) Ba kymHwiapauHr skuaiuru (NJ)  Ouounpopmatux
aJATOpUTMIIAp acocHua Ty3UJITaH.

Kyitnga Gapua Typrana rennap Oyinuya (UIOTEHETHK aHAIW3 HaTHXalapu
KEeJITUPHWITaH:

BT zenu oOyuuua udenmugpuxayus. YMyMaH oJyiranja, Fusarium spp.HUHT
KUPK TYpTTa n30isiTu BT reHn KucMaH KeTMa-KeTIuTu Oyiinya aHaiu3 KUJWH]IN.
Kymmab xerma-kernukiapuu Takkociam Ba UPGMA wmetoam OunaH 1mraxkapa
TYy3UIl TAAKUK OTHIAETTaH HaMYHaJapHUHT OeliTa Kiactepra OYJIWHUIIUHU
kypcarnu. 1-kmactep Fusarium solani au udomanoBun NUKKUTA U30JIATIAH HOOPAT.
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2-kmactep Fusarium sporotrichioides (532 w3osat)um udoma >tyBum 11 Ta
M30JITHU ¥3 nunra onaau. Koxranmapu Fusarium equiseti 6yiu0, yinap Gibberella
zeae xomruiekcura Mancy0. 3-kmactep «VCG1112» rypyxura mMaHcyO Oyiras
Fusarium oxysporum f.sp.vasinfectum (FOV)uu, 4-kmacrep G. fujikuroi
KoMILiekcura mancyo Fusarium proliferatumuu ndomamosun 10 Ta u30aATHH, 5-
kiaactep F.oxysporum f.sp.vasinfectumra mancy6 20 Ta H30JATHH Y3 HUKUra OJajH.

Keitun NJ Meroau O6yitnya YTKa3wirad aHajiu3 XaM (DHIOreHeTHK ITaKapaHUHT
yX1Iam TOnoJorusICUHY KypcaTau. byHaa gakaTt ucTucHo cudaruia yauHIH KiiacTep
Fovl9 VCG1112 uzonar ypuura FOV ra mancy0 Fovl12 GrC uzonar axpaniau.
Tamkn rypyx cudartuga FusariUmHuHT KOJNTaH HaMyHAJIapUAaH TEHETHK
y3oknamran F. solani (319 Ba 520) namynanapunan ¢oinananunin. byana xam 5
Ta kjactep Kysatunaau. Kmactepmapapo macoda HamyHanapapo (apKJIapHUHT
dbomsnapuaa keatupwinbO, ynap 2—-12% radaHW TamKua JTAU. BaxomaHkw,
KJIacTepyiap Muyuja reHeTuk tadoByTiap ypraya 0-2% HH TamKuia dT1aau. 3—5-
KJIACTEpJapHUHT u3oJaTiIapu aHda skuH. Illynucu ospTHOOpra JOMHKKH,
Fovl9 VCG1112 Ba Fovl12 GrC wnamynanapu FOV wusonarmapunan ubopar
o0ynub, Oy HaMyHajlap Wirapu aMepUKaIuK OJUMIIap TOMOHHUJAH TaBcU(IJIaHTaH.
bynaan tamkapu 4-kiaactep Fusarium proliferatum Bakummapunu 3 uumra ojaan
Ba Oy xon wmaskyp TypHuHr FOV OwuiiaH aH4YarmHa TeHETHK SKUHJIUTHUHU
KypcaTtagu. S-kjactep KaTTa KU3MKUII — yUFOTOM, 3€po, YHaa y30ex
koJumekuuacugaru FOV HaMyHa, IIYHUHIAEK, MabllyM pacaBHil MaHCYOJHMKIaru
n3onaTinap rypyxJjamrad. [apum FOV  wusonstimapum opamurujgard TEHETUK
TaQoByTIap YHUYAJIMK axamuaATiIn Oynmaca-na, BT reH keTMa-KeTIUTrd aHaau3u
YYMHYH pacara MaHCy0 HaMyHallapHU aHWK HACHTH(GUKAIUAIAIl WMKOHUHU
oepau. 316, 491, 527 Ba 534 uzonstrnap opanuk reHetuk mMacoda 0-1% nan
ubopar Oynran 3-pacara (Fovl6612 Race3, Fov3 Race3) mancy6 wuszonsatiap
Ounan MakOyn Typyxjganau. HamyHanapHUHT TaKCOHOMHUK MAHCYOJIHWIU aHaIu3
KWINHAETraH KeTMa-KeTiaukiapHuir BLAST anroputmura kymaknamyBun NCBI
XaJKapo TeHEeTHUK OaHKW OMJIaH Kuéciall BOCUTACH1a aHUKJIaHIH.

TEF-Ila cenu 6ytiuva uoenmucpuxayusnaw. Fusarium Spp.HUHT YTTH3
cakku3Ta mioysTinapu [EF-1o reHMHUHr KUCMaH KeTMa-KeTIuru Oyinda aHaius
keI, Ketma-ketnukinapau kyminad kuécmam Ba UPGMA ycynupa maxapa
TY3UII TaAKUK dTaéTraH HaMmyHamap 3 Ta Kjactepra OVIMHUIIUHM Kypcatau. |-
kiactep Fusarium solani Hu udonanoBun MKKUTA MU30JIATAAH UOOpaT. 2-KIacTep
Gibberella fujikuroi var. intermedia (Fusarium proliferatum)nan u6opar 13 Ta
u3oiaTHH, 3-kaactep F. oxysporum f.sp.vasinfectum (FOV)uunr 23 ta U3019THHA
Y3 U4ura oJiaau.

NJ Mertonupa yTka3uiaraH aHajiu3 XxaM (UIOTEHETHK IIa)kKapaHUHT YXIIall
TOTIOJIOTUATA 3ra JKaHWHU Kypcatnu. Tamku rypyx cudaruma Fusariumausr
KOJITaH HaMyHaJapuJaH TeHeTuK y3okjamran F. solani (319 Ba 520)
HamyHanapuaan ¢ounananmwinu. Knactepiaapapo Macoda HaMmyHamapapo
dbapxnapaunr dousnapuaa kenrupmwimob, ynap 7% nan 20% radaHu TamIKuiI dTIU.
Baxonanku, kinactepiap nuuga reHetuk tadgoByTiaap ypraya 0,1-1% Hu Tamkui
stau. [llynunraek, BT rean muconmna my Hapca anukinanauku, F. proliferatum
TypuHUHT Bakuiutapu F. solani mamynamapura kaparanga FOVra reHeTtuk siKuH.
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KonaBepca, yunHun knactepaa xaM y36ek kosiekuuscuaan FOV nHamynanapw,
XaM MabJIYM pacayiapjaaru pedepeHT u3oisatiap rypyxiaamran. 316, 327, 347, 460,
527 Ba 534-uzonstnap Fov3 Race3 (AY714102.1) uzonarnap Ounan Oup Xui
rypyxJjamrad Ba ynap ypracujmaru reHetuk macoda <1% HHM TalKuia 3Taju.
bynnan Ttamkapu 328 Ba 496-U300ATIApHUHT TYPTUHYM pacara MaHCYO
Fov66 Race4 (AY714101.1) pedepentr HamyHa OuiIaH SKUH (UIOTCHETHUK
aJ0KaJla SKaAHIIUTU Ky3aTUIIIH.

NIR cen oOyuuua uoenmugpuxayusi. NIR TeHHUHT KHCMaH KETMa-KETIUTH
Oyrinua Fusarium sSpp. HHHT KHUpPK OWTTa W30JaATH aHanu3 Kuauaau. UPGMA
Metonunan ¢oigananu® YTKa3wiran (QUIOTCHETUK aHadu3 TaIKUK dSTHIAETraH
HaMyHanap 3 Ta kjactepra OYIMHHUIIMHMA Kypcatau. 1-kmactep 532-uzonar Oyiinya
ndonanann6®, yauar BLAST anroputmmman ¢oiigananu® YTKa3uiraH aHaIA3U
NIR renn xerma-keriaurd Oyimga Fusarium graminearum OwjaH YXIIAIUITMTHHA
kypcatau. 2-knactep Fusarium fujikuroi (Gibberella fujikuroi)man u6opar 13 ta
M30JIITHU 3 wnuumra osaau. [TEF-lo renum ananm3uaa wMaskyp HaMmyHaiap
Gibberella fujikuroi var. intermedia (Fusarium proliferatum) cudatuna Hamoén
oynnuku, ymap G. fujikuroi matoren komiuiekcura Mancy0. 3-kimactep F.
oxysporum f.sp.vasinfectum (FOV)ra mancy6 27 Ta U30JISTHH ¥3 HUUTa OJIA/IH.

NJ wmeroampa YTka3wiral aHaiu3 XaMm (PUIOTEHETHK Ia)kapa YXIiarml
TOTIOJIOTUSIHA Kypcatau. Tamku Typyx cudaThaa TeHeTHK jXKuxaraan Fusarium
HUHI KOJITaH HaMyHalapuJaH TE€HETUK OJHI Yy30K Oynran 532-uzonatnad
doiinananunau. Knactepnap opanmurugaru macoda HamyHaliapapo TadoBYTIIap
dbousuna udonananud, 5% nan 22% ravyanu tamkuia 3trad. Kiactepiap nanaaru
renetuk tadoByTiaap 0-7% mpoupacuaa Oynub, Ypraua kuiimat 2% HHU TaIIKUI
ATraH. YUMHYM KJIacTepAa XaM Y30€K KOJIEKIUACUIAH, XaM MabliyM pacalapHUHT
pedepent mzonsTaapugan udbopar FOV namyHanapu rypyxjamrad. Tabkugianml
xousku, F. solani namyHanapu xam yduHuH Kinactepia rypyxJjarrad. by xom NIR
TeHU Japakacujia aHa NIy UKKHU TypHHU amania dhapkiaad Oyiamaiinu, JeraH TaXxMUH
yuyH acoc O6ymanu. bu3z NIR reHu kucman keTMa-KeTIUTH Oyinua HaMyHallapHU
ku€cnam OunaH yuyuHYM paca Xamaa «C» rypyxura MmaHCcy0 HamyHaJapHU
uneHtuukanusanaauk. Lllyaucu npukkatra casoBopku, UPGMA wMeToauman
dorinanann6® ananu3 yrkaswiragaa 316, 347, 491 Ba 527-uzonstnap 6up xuiijaa
Fov16612 Race3 (3-paca) wusomsatu Owman, 496 Ba 526-HamyHamap 93ca
Fov112 GroupC (C rypyx) uzonisatd OWsaH TypyXJamau. XyJaad my BakTaa NJ
aHAIM3WAAH CYHT ymiOy u3oJsTiaap Oupraiukiaa rypyxJjamaun Ba FOV yuuHum
pacara mancy0 Fov16612 Race3 Ba Fov3 Race3 uzonarnapu Ouiian GuioreHeTHK
oornanunuiap xocun kuiaau. byan C rypyxura 3- Ba S-pacamap XaM MaHCYy0
OYIUIITM MYMKUHJIUTHA OWJIaH U30XJIalll MyMKHH.

[llyngan cyHr kerma-ketauknap BLAST anroputmm épmammpa NCBI
XaJKapo TeHEeTHUK OaHKW OMJIaH KUECITaHIH.

rDNA cenunu ITS pecuonu 6yuuua uoenmugurayusraw. Y mmyman, Fusarium
SppHUHT KUpK odaTthuTa u30JsaTH rDNA renu ITS peruoHMHMHT KHUCMaH KeTMa-
KeTuru Oyiinda ananu3 KuiauHau. Kymmab keTMma-kKeTaukiIapHU Ku€ciam xamja
UPGMA wmetonu OunaH maxkapa Ty3WII TaAKUK STHIAETraH HaMyHajap Oerra
KJacTepra OYnuHUIIMHKM Kypcatau. l-kmacrep Fusarium solaniam wmdonanoun
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WKKWTA U30JIATAaH noopat. 2-kinactepaa Fusarium fujikuroi typunan ubopart 12 ta
U30JISIT TypyXJiamrad. Yuundu kiaactepra 404-usomsat (Fusarium sporotrichioides)
maHcy0. 4-kmactepaa Fusarium  equiseti  Typkymmmarn 11 Ta HaMmyHa
rypyxJjaiirad. 5-kiacrep Fusatium oxysporum f.sp.vasinfectum (FOV)uunr 20 ta
U30JIATUHU ¥3 MUUTa OJIaJIU.

NJ wmeroampa YTKa3wiral aHaliu3 XaMm Vyximam (UIOTEHEeTHK Imaxkapa
TOTIOJIOTUSIHA KypcaTau. bupok OyHna 532-uzonar anoxuga axkpanub, Fusarium
acuminatum OuyaH TOMOJIOTHUSIHH Kypcatau. Tamku rypyx cudaruma
FusariumauHr KOoJITaH HaMyHaJlapujaH reHeTWK y3okmamran F. solani (319 Ba
520) mamyHamapugan QoimanaHunau. AWHH Xoima xaMm Ou3 Oemra KiacTepHU
Ky3atamu3. Kiactepmapapo wacoda HamyHamapapo GapkiaapHuHr (ousuma
udonananu6d, 4-13% HuU TamKUI TAM, aWHU BaKTAa KJacTepiiap MUu]a TeHETHK
tadoByTiap ypraua 0—2% nmoupacunaa 6Viaau. S-kiactep KaTra KU3UKUIIT YUFOTAH,
YyHKH YyHAa XaM ¥y30ex komiekuusicugaru FOV nHamyHanmapu, xam Mabiym
pacaBuil MaHCYOJIMKKA dTa U30JIATIAp TYPYyXJIaIITraH.

bemmmHun  kimactepgard  M3OJSATIAPHUHT  KUECHM — aHanmm3u  Y30ek
HaMyHaJapuHUHT Fusarium oxysporum typu OwWiaH YXIIANLIATHHH KYpCaTiH,
JICKUH TYJIMKPOK TaKCOHOMHMS Ky3aTuiaMmanu. by xomar Fusatium oxysporum f.sp.
vasinfectum BT, TEF-la Ba NIR renmapHUHT KeTMa-KeTIMKIapuaaH (apKiu
paBuIIa ynmi0y FTeHHUHT KeTMa-KeTIUTru O0yitnya mydaccan xapakTepiaHMau.

UPGMA Ba NJ metomiapu €paamMujia YTKa3uiaraH (PUIOTEHETUK aHaIU3
489-uzonar  OupuHum  pacara MaHcy0 Fov2 Racel w3omstm  Ounan
KJIACTEpJIaHUIIMHU, 526-U3018T 3ca 2-pacanan noopar Fovl6611 Race2 uzonstu
OuaH KJIacTepJIaHUUIMHUA KYPCATIH.

Hamynanapaunr takcoHoMuk MaHcyomuru BLAST anroputmu €pnammuna
NCBI xankapo reHeTuk OaHKM OWJIaH aHAJIN3 KWJIMHAETTaH KeTMa-KEeTIUKJIapHU
KHECHAaIl acoCcuga aHUKJIaHIU.

HucceprauussHuar «llaTorenjiapHu Te3kop HACHTH(HUKALMSIALL Ba yJiap
YCTHIAH MOHUTOPHUHI 0JIM0 OOpPHUII MAKCAAUAA 3aMOHABUI IeHOM €HanryBJjap
Ba red cnemudux SNP mapkepiaap nmiad ymkuim» 10 HOMJIAHTAH TYPTUHYHU
000una Kyvumarunap TaBcuduianran: Oup Hycxanu reHmap [ tyoymun (BT),
pubocoman JIHK (rDNA), anonranustHusar tpancisiuon oM ( TEF-1a), autpar
penykraza (NIR) Ba ¢ochar mnepmaza (PHO) yuyn mnpalimepiapHuHT
xybrmuknapunan organanu6d Fusarium oxysporum f.sp. vasinfectumuunr 15 Ta
HaMyHacl YYyH OJMHTaH MaxCyJOTJIApHUHT HYKJICOTHI KeTMa-KEeTJIUKIapu
aHWKJIaHUO, aMruuKaus YyTkazunan. HykneoTua keTMa-KeTIHKIapHU KHECTaIl
Hykieotua anMamysiap (SNP), xymnanan, HO€O Oup Hycxanw TeHiap KeTMma-
KeTJIIMKJIapU WYWJArd Y3rapuiljapHUd aHWKJIall WMKOHMHM Oepau. AHa 1y
anMamyBilapHUHT Oab3uiapu FOVHuHr y €xm Oy Typyxura xoc Oyirax
MUXTUCOCIIAIITAH MAaKJIN XUCOOTaHaH.

OnuHran HaTWXajlap acocuja OuUp KaTop MpaWMmepiap HILIad YHKWIIH Ba
ymby  mpaimMepiap (bUTOMaTOTeHHUHT aHUK  TYyp €Ku  pacaBuid
UJICHTU(PUKAIMSICHHNA aMajira OIIMPUIl WMKOHUHHM Oepaau. Wmmad yukuirad
npaiiMepiapHM  TeCTJall HaTWKacuaa TaIKUK ATUIAETraH MaTOreHJIapHH
uaeHTU(pUKaIUsIIaga OKOPU CHEHU(UKINKHE KYpcaTyBUM TYpTTa Mpaiimep
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omumra wmyBaddak OymuHauM. Kymmaman, SNP FOV2 A 33 me G_
ATCGATACCCTTGGA CGAA npaiimepu Mykagmam 1- Ba 6-pacanapna
dapknanmaran FOV 2-paca, myHuHraek, B rypyXuHu aHuKIa UMKOHUHUA OepJid.
bomka SNP mpaiimep FOV3 Univ SNP TGTGAGCTTGGGAATTCTTG 3
FOV pacacunu wmyBadpdakustin uaeHtudukauusiagu. Ymoly mnpaiimepaan
¢doinananum Ouzra wukkuta Amepuka uzonatu: FOV3 AY714088 Ba
FOV16612 AY 714092 uu, myHuHraex, 3-pacara MaHcyo OYyiran mkkuTa y30ek
M30JIATUHH Oup rypyxra Oupuktupumn uMmkoHuHu Oepau. FOVE C 30 mer _C_
CTCTTCATTGTAAGTTG xamga  FOVSNPII A 30 mer A
ACGACTCGAAACGTGCCCGC mnpaiitmepnapu 8-paca Ba A rypyxHHU Teruuuinda
uneHTuuKanusiam uMkoHnan 6epan. Hatmwkana FOV 2-, 3-, 8-pacanap xamma A
Ba B (FOV_112) rypyxnapuu wuAeHTU(UKANUAIANI UMKOHMHH OepyBYHU
npaliMepap unniad yukuaau (1-xaasan).
1-skaaBaJ
Pacanapun uapeHTuguKanusaIaml MMKOHUHU Oepaauran puTonaToreHap
TeHOMHU/IATr HOE0 HYKJIeOTHAJIap

paiimepiap HOMHU

N3zonsatnap

SNP_FOV 3 A 35mer

SNP_FOV 3 A 32mer

SNP_FOV2_A _33mer_G

316 R1
316 R2

316 R3

347
FOV36198_R6
FOV_Aus?2
FOV2 R1
FOV3_R3
ATCC RACE 8 1 10| G
FOV 1661 R3
FOV 112

FOV 113

FOV 124

R4 66

FOV 16611 R2

>\ > > >
— (||
— (||
ele)e)le)
— |||

>

OOO0O 00O OO O|O W |E|G6 | SNP_FOV2_A 30mer_G

bupruna HykJieoTH] ~ aJIMallMHYBU AaHUKJIAHAJUTaH aBBAJITH  METOJ
MPUHITAIUTA acoClaHuO (IyopecleHT — OelrujaaHraH HyKJeoTwaiap €paamuna
FOVHunr y €ku Oy reHOTUNIMHM aHHUKJIOBYH, Y3UAa MaKCaJIdu HYKJIEOTHIra 3Ta
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OynMaraH, KETMa-KeTJIWKHUA JAUCKPUMHUHATIIOBUHM MpalMepJIapHU HWIIA0 YHUKHUII
TABCHS STHIIIN.

bomikaua aitranga, ymoOy MeTojja, ojaTAa, TaJKUK ATUJIAETraH MaTpHUK
JHKra tyna moc kenaguraH OWTTa OJUTOHYKIJIEOTH] TpaiiMep Ba 3’ -HUXOSBUIM
Hykieotua MmyTtanT amienu JHKHuHr Terummu HykineoTuaura MyBopUK KelyBUd
MYKOOMJI TIpaiiMep, SbHU EBBOMM THUI aJUIENISICK YUYYH Xap JIOMM MakOyin Oyiran
npaiimep Kyutanunaau. [lpaiiMepnapHunr OyHaal yUFyHIMTHAA SIXIIA TaHJIaHTaH
mapoutaa [I3P maxcynmor peakuus apamammacuga €spovin tumm JHK smac,
6anku mytant JHK matpuna cudatuma MapxyuIUruaardHa BYXKyATa KeJaaH.
Kybrnamran 6apua Oupukmanap xam [I3Puu Opoxupmamga Oup Xuia camapa
oepmatimu. IlyauHr yuyyH Oy MeTOA  CHHYMKIA0  YpraHmirauyrdHa
onTuMayamTupuman Tanad staau. [lynnmait kunub, Tyrpu npaiimep BT-3 ren
bparmenTd yuyH crneuuuk OYiaran mnpaiiMepiap HUNUIA0 YUKHIIU, TECKapH
npaiMep Y3uHUHT 3’-Huxosicujaa «A» wuHOpMaTHUB (Makcayii) HYKICOTUIU
MaBxkymmrun tydainu dakar FOVHuHr 3-pacacu yuyH aiienb-crenu@uk
Oynanuran kKwin6 Tty3uiau. [lpadimepnap kydaupu® roMinaruiiga, arap Oera
TyOyJIMH TEHUHHUHT 3’-HUXOSICHUJA HYKJICOTHJ KETMa-KETIUTH «A» HYKJICOTH]
KeTMa-KeTJIUTura Moc KeiMaca, amruindukanus TepMUHUpIaHaau. Ba, akcuHua,
aMIUTMpUKAIMS MaxCyJOTIAPUHUHT MaBXYJJIMTH Ma3Kyp HamyHamga Fusarium
oxysporum f.sp. vasinfectum typu 3-pacacCMHUHI HaTOreHHW OOPJIUTHIAH JaJI0JIaT
oepanu (1-pacwm).

1000

500
300

BT IOT 21722 23 24 "25726727 287297303

1-pacm. Fusarium oxysporum f. sp. vasinfectum 3-pacacu yuyH cnenudpuk
FOV_BT_AS _R3 npaiimepuaan ¢oitnananud yrkasmwiran AC_II13P
3JIeKTPOoperpaMmMacu.
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[IpaiimepnapHuHT cienuGUKIUTH Typau pacanapra maucyo FOV uzonstiapu
reiom JIHKcuma, mynunrgex, Fusarium spp. Oomika BaKWJUIAPHWHHHT
U30JIATIapUia TEKIUPWIIK. ByHIaH Tamkapy KyWAUPUITHUHT ONITUMAJ XapopaTH
Ba [I13PHu yTkazum mapoutinapu taunanau. [lynunraek, 3amoypyrnu JHKuunr
ontuMan JIHK koHumeHtpamusicu 5 HI/MKJI HU TalIKWI JTUIIM AaHUKJIAH]IH.
Onnuarm  unuiapaa FOV  munenuiicupan  axpatn6  onunran  JIHK
KOHIICHTpalusIapu Xakujaa xabap Oepunran 0ynub, mukaopu 50 ur man 100 Hr
opanuknaa, ounodapus, [13Pau myBadakusTinu YTKa3zum yuyyH eTapiid MUKAOpAA
OyiraH.

Onektpodope3 HaTWXKaIapuiaaH KYpUHHO TypuOIWKH, 8 Ta TECTIIAHTaH
HamyHanapaad FOV 3-pacacu Bakwutapu OynraH 4 TacujgardHa amiuiudukamus
y1au. bymap FOV 316 (3-pacanunr ¥30ex sxorunu), FOV 347 (3-pacanunr y30ek
skotunu), FOV 3 (3-pacanunr Amepuka skotunu) Ba FOV 16612 (3-pacanuHr
Amepuka oskotunu). Koaran HamyHamap (4-, 8-pacaHMHr Bakwiapu) «A»
MakcaJiiu HykiaeoTu nykauru oouc [13P maxcynor ky3atuiMani.

bynnan tamkapu FOVHu GeBocuTa 3apapiianran ycumuiukiapaa (Uiagusiap,
AMPOKJIAp Ba ypyFiap) HACHTU(GHKALMAIAIITA YPUHHO KYPUIAM. YTKa3HIraH
aHall3 3apapiiaHraH YCUMIMKIApHUHT TYyKuMmanapuga FOVHuM anuk Oenruiaii
UMKOHMHM Oepau. Hamanran—77 HaBuaa 3apapiaHraH Ba 3apapiiaHMaraH
Veumnukiapaa aHainu3 YyTkazwiau. BT ren keTrma-kernuru acocujia unuiad
gukmirad npaimep xydpriuk BT-5 (5>-CTCTAGACTGCTTTCTGGCAGACC-
3’ Ba FOV_BT AS R3 (5’-GTGTAGTGACCCTTGGCCCAA-3’) xam y4yuHYHU
pacaga FOV maBxyaIuruHu aHuK Oenruiaiu.

[ynpait xkunub, Oynmal EnpamyB npanaga Xamja ac000-yCcKyHajap Ba
PEaKTUBJIAPHUHI MHUHUMan O0a3acu MaBxya OVyiaran sabopaTtopus LIapoUTHAA
MaTOTCHJIAPHU T3 Ba TEXKaMJIU UICHTUPUKALIUIAI UMKOHUHYN Oepajiu.

HuccepranusasHuHr «TagKMK 3THIA€TraH HAMYHAJAPHHUHI MATOTC€HJIUK
AapaskajJlapuHu YpraHuumn» 1e0 HoMJIaHTaH OemmH4Yu 0o0uja Kyiujgarumiap
Gatagcun  EpuTMIraH:  Y30EKHCTOH — KOJUIGKIMSACHZArd  Fusarium  spp.
M30JIITIIAPHUHT Typ Ba paca Oyiimya MaHCyONWrd Ba yJIapHUHT alpumiapu
NAaTOTCHIMTMHM aHUKJIAIl WIUIapu XaMm oaub Oopwaau. Ymymad, Fusarium xap
XUl TypAaapuHuHr 13 Ta w3onsTm 3 XWJI mapaMmeTpiap: HU30JSTIapUHUHT
VHYBUAHJINKKA, YPYFHUHT YHHUINWTA, HOBIAJAPHUHT Y3YHJWUTWTA, WIAU3IAD
JCUIIMHUHT 3apapiaHUIIMra TAabCUPH OyiiMdya Y30EKUCTOHAA OSKHIASTraH
ry3anuHr (G. hirsutum L.) T1yprra TWKOpaT HaBHAa MalcajJMKKada Ba
MaicaluKIaH KeHUHTH OOCKuYJIapaa aHaiau3 YTKa3uiau.

UuruTHUHT yHUO YMKHIIMIA HA30paT YCUMIIMKIIapUra HHUCOATaH BUPYJICHT
M30JIITap KyHuaaruiapaan uoopar:

C—6524 napra nucbaran 316- (F. oxysporum f.sp.vasinfectum), mynunrmiex,
319, 503, 519 Ba 520- (F. solani) uzonstnap kyuau (84—100%) canbuii Tabcup
kypcatau, 328, 460- (F. oxysporum f.sp. vasinfectum), 379, 473- (F. solani), 404-
(F. sporotrichioides) xamma 509- (F. fujikuroi var. intermedia) u3onsariap ypraya
(57-75%), 422 Ba 502-uzonstiap mybraaui (<51%) Tabcup Kypcariu;

C—4727 nasra Hucbatan 316 Ba 460- (Fov), mynunragek, 319, 503 Ba 520-
m3oistaap (F. solani) aur arpeccus (81-100%), 328 (FOV), 379, 422, 473 Ba 519-
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(F. solani), 502 Ba 509- (F. fujikuroi var. intermedia) xamma 404- (F.
sporotrichioides) uzomnstiap ypraua (55%—75%) Tabcup KypcaTiu;

Hamanran—77 naBura aucbatan F. oxysporum f. sp. vasinfectum — 316, 328,
F. solani — 319, 379, 503, 519 Ba 520-namynainap sur kyuiu (77%—-100%) Tabcup
kypcarnu. Konran wuzonstinap yurutT yHuO Yeummra ypraua (57-70% yHran
YUTUTIAP) TAbCUP KYpCaTau;

Owman naBura nucobaran 316- (FOV) Ba 319, 503, 519, 520-uzonstnap (F.
solani) sur kyunmu (77-100%) tabcup stau. 460 (FOV), 473 (F. solani) Ba 502-
mzonsataap (F. fujikuroi var. intermedia) anga cycr (<61%) Hatmxa Oepau. Oman
HaBW yuruTiIapuHuHr yewmmura 328 (FOV), 379, 422 (F. solani) Ba 509- (F.
fujikuroi var. intermedia) cycr (<38%) Tabcup kypcarmu. 404-uzomsar (F.
sporotrichioides) mMa3kyp HaB YMUTHTIAPUHUHT YHHO YUKHIIUTA YMyMaH TabCUP
KypcaTMazu.

HOxopuna kentupuiarad MabiyMmoTiap/iaH KypuHUO Typubauku, xap Oup HaB
yuyH 316, 319, 503, 519 Ba 520-u3onsTiap dSHr arpeccuB xucobnaHaau. XycycaH,
520-U30JIAT HKCIEPUMEHT/AA KYJUIAaHUITAH TYPTTAa HABHUHT Oapyacuja HUII YPUII
O0ockuuu apadacuga YUTUTIAPHU XaJoKaTra ydyparad. DBHUpPOK YUTUTIAPHUHT
YHYBYAHIIUTUTA KY4YJId TabCUpP KYpcaTUIIU OYinYa SHT BHUPYJICHT HU3OJISATIAPHU
aHUKJAIl Y4yyH Ou3 ypraua KypcaTkuujap 03acujiaH YMYMJIAIITUPWITaH aHaIU3
yTkazauk. Maskyp aHanu3 HaTwkanapura kypa 316 (FOV), 319, 503, 519 Ba 520-
w3onsatiaapu (F. solani) sHr arpeccuB Oyam0O, TecTnaH yTka3uiaéTraH HaBiapja
VHUIIJIAH OJNAWHTH Oockuuna wurutiaapHuHr 82—-100% wHU XajdoK ATUIIWHH
kypcatou. 328, 460 (FOV) u 379, 473- (F. solani) Ba 502-u3omnstmap (F. fujikuroi
var. intermedia) ypra BupyJieHTIMKKAa (YUrUTIapHUHT 51% naH 3uéam Xalok
oynamn) sra 422- (F. solani), 404- (F. sporotrichioides) Ba 509- (F. fujikuroi var.
intermedia) m3onaATIApHU KydcH3 BHUpPYJIEHTIAp (OMOH Kojirad gurutiap <51%)
TypyXura KUpUTUIIT MYMKHH.

[IyHUHTIeK, YUTUT YHTaHWUJIaH KEWHMHTH OOCKHYa XaM TYpTTa Fy3a HaBUJIa
M30JISITIap TabCUPHU YPraHWIAHW. YJIADHUHT MATOTCHJIUTH HAa30paT NapaMmeTpliapu
cudaTua HIONATIAPHUHT YCUMTanap Ba WIAW3JIAP Y3YHJIUTUTA TabCUPH
Ky3aTUJIIN.

Veumra y3YHJIUKIapH Oyiinya Kyluaarnia HaTuKajiap OJIUHIM:

C—6524 naB ycHMTalapUHUHI PHUBOXJIAHWUIIMIA KY4Jd TabCUP KypcaTyBud
uszonsaTiap skymiacura 316, 328 (FOV), 319, 503, 519 Ba 520- (F. solani)uu
KUPUTUII MYMKHUH, 3€p0, Ma3Kyp U30JATJIap YATUTIAPHUHT KaTTa KUCMUHU XaJIOK
aTau, 520-U30JISITH MUCOJUJA YHUIIJAH OJJIUHTH OOCKUYJa Ma3Kyp HaBHUHT
Oapua ynruTiaapu Xanokatrra yapaau. 460-uzonst (FOV) nasopargarura HucoataH
VCUMIIMKJIAPHUHT YCHUIII KOOWISTHHM MYKOTUIIWra ypTraya TabCHp KypcaTHUIIU
(48%) anuknanau. F. solani Bakvnapu 6yimum 379, 422, 473 -uzonatinapau 404-
(F. sporotrichioides) xamma 502- (F. fujikuroi var. intermedia) uzonstinapau C—
6524 HaB yCUMTaJIapHHUHI YCHIIMIAa Ky4YCU3 TabCHUp KypcaTyBuu (Ha3opaTaarura
Hucbatan <30%) uzonstiaap Toudacura KUPUTUIIT MYMKHUH;

316 Ba 460- (FOV), mynunraek, 319, 520- (F. solani) uzonstinapau C—4727
HaBU YCUMTAJIAPUHUHI YCHIIWIa XKUIJIWM TabCUp KypcaTyBuM (HA30paTaarura
HucOatan 53—-100%) u3onsaTiap Katopura Kuputum MyMmkuH. F. solanira mancy6
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473-u3004T Fy3a MalicaJapuHUHT YCUIIMHU Ha3opaTAarura KaparaHja Kapuio
2 Mmapta (48%) macaiitupamu. Typrra umsonsat: 328 (FOV), 503- (F. solani),
509- (F. fujikuroi var. intermedia) sa 404- (F. sporotrichioides) maiicanapHuHTr
Ycuiura cyct Tabcup Kypcarran (>33%). 379, 422- (F. solani), 502- (F.fujikuroi
var. intermedia) HaB MalicaJapMHUHI YCHIIWIra >KHAIAKW 3apap KypcaTMarad
(£17% wnazopatmarura HucoOaran). 519-uzonsar (F.solani) sca ymlOy HaB
MaiicanapyuHUHT ycuiura aespiu (3%) tabcup sT™MaraH;

Hamanran—77 wnaura 520-m3osate (F. solani) »HTr arpeccuB TabCcup
KypcaTu0d, Ma3Kyp HaBHUHT ycull AaBpuja maicanapHudr 100% xanok Oynummra
o6 kennu, myHuHTACK, 316, 328 (FOV) 319, 503 Ba 519-m30matinapu (F. solani)
XaM HaszopaTrjarura HucOaTaH MailcamapHUHT Ycumura skuanuii (<88%) 3apap
etkasrad. 460 (FOV), 379, 422 (F. solani) Ba 404- (F. sporotrichioides)
u30JTIap Maiicanap OYMMHUHT ycumura MybTaaWJl TabCUp KypcaTTaH
(Hazopatnarura HucOatan 36—42%). Maiicanap OyiuHUHT y3yHaurura 509-u3o0ist
(F. fujikuroi var. intermedia) cycr tascup kypcarran (17%). Hamanran—77
HaBHU/JIa KOJITaH U30JITIap KUAIuN camapa 0epmanu (>6%).

Oman HaBuaa Maiicanap OVHMHUHT YCUIIIUTA U30JATIAPHUHT TabCUP OCITHCU
Oyiinya Ku3MKapiu caMapa Ky3aTwiad. HoBoamapHUHT YCUIIMTa XKUJIIUNA TabCUP
Kypcraauran u3onsTiaapra (Hazopatgarura Hucbatan 76—100%) Tabcup
kypcaranuran 316 (FOV), 319, 503, 519 Ba 520- (F. solani) uzonstiap maHcyo
O0ynmuO, y yTran xoniaTiapJaruJaH YUTUTIAp YHTyHUra Kajgap yurutiaapaua 100%
xanok »tau. Konram 328, 460 (FOV), 473 (F. solani) Ba 404-uzonsatiap (F.
sporotrichioides) Oman HaBu y4yH Oy mapameTpra KHIJIUH TabCHp KypcaTMmaraH,
3epo, Hazoparra HucOataH tadoByT 3% naH 10% ravanu tamkwun strad. 422 (F.
solani) 502 Ba 509-m3omstmapu (F. fujikuroi var. intermedia) maskyp HaB
Maiicajmapura ymymaH 3apap etkasmanu (<1%). bupox Tavkummam >xousku, 379
(F. solani) Ba 509-u3onsarnap (F. fujikuroi var. intermedia) OyryHnmaii Teckapu
camapa Oepau. by wu3onstnap, akcuMH4Ya, Ha3zopaTJard 3apapliaHMaraH
ycumumkiapra HucOaTaH MaiicamapHUHr OY¥l uy3ummra, macamad, 379 Ba 502-
M30JISITJIap Ha3zopaTiaarura Kaparanga mavcamapHunr 3% Ba 14% Oyl uy3uiura
0JI0 KeJTraH.

OnuHran  HaTwXajgapra Kypa  IIOXYaJapHUHT  VCHUII  JapakaCUHU
Haszoparaarura Hucobatan 70-99% macaitupuiira oaubd kenysuu 316 (FOV), 319,
503 Ba 520- (F. solani) uzongtiap sur natoren xucodnanaau. 328 (FOV) Ba 519-
uszoasatiap (F. solani) ypraya BupyneHT 0Yau0, HOBIAJAPHUHT YCHUII JapakaCuHU
50% nan 3uén mnacautupu6 rwoOopamu. Cyct BupyineHtiap (Yeumuu <50%
kamaitupanan) typkymura 460-m3onar (FOV)Hu kuputum wmymkuH. Konran
M30JITIIap Maicanap ycumuHu yprtada 18% ra macaiitupu®d, aTapiau Kuaadi
TabCUP KypcaTMaras.

Fusarium spp.ra maHcy0 (HUTONMATOTCHJIAPHUHI IMATOICHIIMK Jdapa)kKaCuHU
AHUKJIAITHUHT ~ acOCHM  ME30HW  YJApHUHT  3apapjlaHMaral  Ha3opaTiaru
ycuMmiMKIiapra HucOaTaH 3apapiaHraH YCUMIUKIApAa WIAU3JIAPHUHT YCUITUHU
uHrubOupnam xkoommstuaup. [y cababnu Tagkuk dTUIaéTraH HaMyHAJIap aHa Iy
Me30H OVyinya kypub uukuinau. by rokopuaa kypud yTuiaraH mnapamerpiap
YUTUTIAPHUHT YHYBYAHJIWK Ba YCUMTAIAPHWHT Y3YHJIWTHHU aHTJIATyBYH
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napaMeTpiap smac, OMPOK HU3OJATIAPHUHT Fy3a WIAU3IAPU PUBOXKIAHUIIHMHU
MHTUOWpIIAI KOOMTUATHUHUHT aHAIM3W XaMJla MaTOTeHJIap WHISKCHMHHU aHHKJIall
TaIKUKOT aHa 1Ty OOCKHYMHUHT HATH)KAJIA ME30HU OYI1a Oaiu.

ysaait Kumb, H30JISTIAp YIYH Ma3Kyp ME30HHH aHUKJIAII XaM TYpTTa Fy3a
HABUHWHT Xap Oupmaa ajoxuaa-ajdoxyja Xamja Oupraaukaa YTKa3HIIH.
[TaToreHnuk MHACKCH TYPT OaJIM IIKaia Oyitnua 6axoJaHau.

3apapnaHraH YCHUMIMKIAp Ba Ha3opaTJard 3apapiiaHMarad yCHMITUKIIAp
WIAN3TAPHUHT Y3YHJIUKIAPUHU yiodam KyWHJarujapHd aHUKJIall WMKOHHHH
oepau:

C—6524 wmaBu yuyn 316, 328 (FOV), 319,503, 519 Ba 520- (F. solani)
U30JIATIIAPY WIIM3NIAPHUHT YCUIIMTA SHT KaTTa candwii Tabcup kypcarau. F. solani
ra Mancy0 473-u30yT Ma3kyp Oenru Oyiinya ypraya HaTUXKaHU KYpCcaTAau, UWIAU3Iap
53,5% 3apapnanau. KosraH wu30mATiHap WIOW3NIAPHUHT YCUIIUIA CYCT TabCUP
kypcatn6, C—6524 HaB Ycumumkiap uinausnapu ycumunu 37,7% wHruOupiagu.
bupok Tagkuk sTwiran Oapya M30JSATIAp Ma3Kyp HaB y4yH y €ku Oy Jnapaxkana
MaToreH XyucoOJaHaIu,

C—4727 naBra nucodaran 316, 460 (FOV) Ba 520- (F. solani) uzonstnapu
YCUMTalapHUHT WIAW3 PUBOXKIAHUIIUHU HT Kywin (82—100%) wuHruOupiaras.
Konran wsomsatnap 319, 379, 473, 503 (F. solani) Ba 404-usonsariap
(F. sporotrichioides) ym0y HaB y4yH CycT XHcOOJIaHTaH (MJIIU3JIap PUBOKUHUHT
cycaitumm 33-47%). 328 (FOV), 422, 519 (F. solani), 502 xamaa 509-(F. fujikuroi
var. intermedia) wuzomsTIAp Ma3Kyp KypcaTkud OViW4Ya OSKUIAWA HATHKa
kypcarmanu (14—28%), mrynunr yuyH ynapau C—4727 HaBra TaTOMKaH HONATOTCH
M30JISITIap KaTOpUTra KUPUTUIIT MYMKHH,

Hamanran—77 wnaBuga 316, 328- (FOV) Ba F. solani — 319, 503, 519,
520-uzonsaTnap unau3 puBoxkUHU uimra sHr kyn — 70-100% iyn xyitmagu. F.
fujikuroi var. Intermediara mancy6 509-u3onat ymoOy HaB yuyH ypTada (<60%)
Kypcatkua Oepau. Maskyp ananu3ga ukku u3onsat: F. solani 379, 422- xamma 404-
(F. sporotrichioides) u3onsaTaapHUHT CYCT MATOTEHIUTH aHuKIaHau. Konran 460,
473, 502-uzonarnap Hamanran—77 naB yuyH HonatoreH (<24%) xucoOmaHaau.

OMan HaBU YCUMTAJaApUHUHT WIIU3 PUBOXKIAHUIIMHN WHTUOUpIIAII aHAIU3U
KyWugara HatwxainapHu Oepnu: ymOy nHaBra Hucb6aran FOV 316-uzonst Ba F.
solani —319, 503,519, 520-uzonarnap tokopu (88—100%) mMaTOTCHIUKHH
kypcatou. 328 (FOV), 379, 422, 473 (F. solani), 404 (F. sporotrichioides), 460-
(FOV) uzonarnap Ma3kyp HaB yuyyH HomatoreH Oymau. Konran xap xui Typaaru
M30JIITJIap  HOomaToreH Oynumpan Tamkapu Owmang  HaBU  ycuMTallapu
WIM3JIAPUHUHT kKajaan puBoxutanumura o6 kennu: F. fujikuroi var. intermedia
502 Ba 509-uzonsatnapu uiaau3napHUHr Terunuinda 2% Ba 5,6% y3aitumura o6
Kenmu. YTIraH aHanm3ga GyaraHuuek, 6y X0 MasKyp 3aMOypyFIapHHHT ¥CHMIINK
TOPMOHJIAPH XOCHUJI KWJIUIIM EKH yJap WNUiad YMKAPUIUIIA YCUMIMKHHUHT V31
TOMOHHJIaH parOaTIaHUIIN OUJIaH OOFIIHK.

Texkmmprnaétran YCUMIUK WITU3IAPUHUHT YCUIITMHA WHTUOUPIAIIHUHT IIIY
Tap3dga OJWHTaH MabilymMoTiapu ¢ous3 wudoaacuma 4 Oammm mkaiga Oyinda
TETUIUIM KaTeropusuiapra KoHBeptupiangu. bynma 1 — martoren (0-30%
uHruOupIanran); 2 — cyct naroreH (31-50%); 3 — ypraua narorex (51-70%) Ba 4
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— kywm mnatoreH (<70%). VYmOy wmabiyMmoTiap TypTaja HaB y4yH
YypTavanamTUpUIrad Ba MaTOTCHIMKHUHT YMYMUN UHACKCH YMKAPUIITAH.

[Tatorennuk uHAEKCH OYiiMya KylMM4Ya KJacTep aHaJIM3M XaM HaMyHallapHU
NaTOreH Ba HOMATOTEHJIApra aKpPaTUIIHUHT aHUK MaH3apacuHu Oepau. OJMHraH
¢uIoOreHeTHK MIa)kapa HWKKUTa acoCui Kiactepra OynuHran OYnu0, TeHETUK
Macoda TATOTCHIMK HWHJACKCH Oyimya wu3onsatiaap TadoByTd (Qousnapaa
udonananud, 0 man to 100 dowmsravanu Tamkua 3Taaud. bupunum kiacrep 4
MaTOTEeHJINK WHJEKCUTA dra OyiraH HM30JATIIApHH Ba 3 Ta Kydiau matoreH 316
(FOV), 520- (F. solani) xamma ¥ypraua maroren 319, 503, 519- (F. solani)
M30JATIApHU ¥3 nunra onaau. Ukkunuu knactep cyct natored Fov 328 Ba 460-
u3onsaTinapuu, myHuHrnek, F. fujikuroi var. Intermedia ra mancy6 379, 422, 473-
(F. solani), 404 (F. sporotrichioides), 502, 509-naTtoreH H30JSTIApHU y3 WYUTa
onangu. Tabkumiam >KOM3KH, MATOTEHIMK HMHAEKCH OyiiM4a MaToreH H30JsITiap
CYCT MaTOreH Ba HoMaToreH uzonsatiapaan 97% ¢dapk kuiras (2-pacm).

319

328

0,41

502

509

A b

2-pacMm. Fusarium spp. ra maucy6 13 ta uzoastauar UPGMA ananusm.
A — FY3aHMHT TecTJaHa&TraH HaBJapy Ba JMHUsUIapUra HUCOATaH HM3OJATIAPHUHI MAaTOTEHIIMK
MHJEKCH OYinYa TaKCHUMJIAHUIIMHU KypcaTyBuM JeHAporpamma; b — ¢purtonarorennapHuHr y30ek
KOJIJIKIMsICUTa MaHCyO CyCT Ba HOINATOreH HaMyHajapJaH MaTOTeH W3OJIATIAPHUHT Y30KJIUTUHU
KypcaTyB4d TOMHUpP OTMaraH maxapa. IOKopu BUpPYNEHTIWIAp — KU3WI, YpTa BUPYJICHTIWIAD —
CapuK, CycT BUPYJEHTJINIAP — KYK Ba HONATOTEHJIAp — SLIMIL.

Mysgait xumm6, 316 (FOV) Ba 520- (F. solani) m3onstimap ypra Tonanu
ry3ara HucOaTaH Ky4M MAaTOreHJu XxucoOmaHaau. AiHukca, 520-uzonsart Gapua

21



TYpTayia HaBJa YWTHT YHUINIUIAH OJIIMH YUTUTHU Xanok 3tam. F. solani — 319,
503, 519-uzonatrnap NATOTCHJIMK WHICKCUHUHT YpTa KHHMATHHH KYpcaTau.
FOVuunr nkkn HamyHacu — 328 Ba 460-u3onsatiap natoreHnuru cyct. Koisraxn
U30JIATJIAp aHallu3 HaTWXKacura Kypa Vypra Tollanmu Fy3ara HucOarad
HOTIATOTCHHUP.

HuccepraiustHuHr  «['eHeTHK  MONMyJsIMUsIap MILIA0 YMKHID  Ba
YMJAAMJIMJIMK JIOKYCJIAPUHH TeHeTHMK XapUuTAJAINTHPUID 10 HOMJIAHTaH
ONTHUHYM O00mnma Kyiumaruigap 0a€H HTUIATAH: BUJITra YMJaMIAIUTH OViinuya Oup-
Oupunan QapkiIaHyBUM SKCIEPUMEHTAN MOMYJSIUAIAp OMUII Yy4yyH ¥30eKk Fy3a
repmiviazMacu KoJuiekiusicuian 18 ta YycuMiuk (KOJUIEKIMICU KaTajaorura OMHOAH
10 Ta ympmamum Ba 8 Ta TabcHpyaH) TaHiIad oMMHIM. 2] Ta YATHIITHPUIL
KOMOMHAIVMsUIApU  yTKa3WiauO, mrymapaaH kevmadanuk «Mebane Bly X «11970»
KOMOMHAIMACH aXpaTud ONHMHAM, YyHKH Oapya OoliKa KOMOMHaUuMsjIapAa BUJITIA
YUIAMIIIIUK Oerucu Oyinda sKKoJ cerperamus HyKJIMruau kypcarau. by dakTHuHT
MOXMSTH IIYHJAKH, XaM YHJaMJId, XaM TabcupyaH 18 Ta VCUMIIMK «BHIITra
YUIaMIIn» Ba «BWITTa TabCHUpPUYaH» ME30HJIapu Oyinua Kartajor €3yBiapu acocuiaa
capasiab onuHTraH. 3epo, KOJUJICKIMSHUHT KYITMHA HaMyHajmapu Oyiinua
MabiaymMoTiaap OyHaan 10-20 #wwuiap MyKajagaM KHPUTWITAH, IIyHUHT YYYyH
BWITHUHT TaOWaTW XaKuJard aHuK MabIyMoT ((y3apuos3, BEpTHUIMILIE3 Ba XO0Ka30)
Ma3Kyp Kauajiapaa huyk.

®y3aprno3 uHPEKIUABUN XalokaTAaaH ¢oHganaHud peal mapouTiapa
VTKazuiran OJSKCrnepuMeHT 21 Ta KOMOWHAIUMANaH KEHUHTH TaJAKUKOTIIapja
dolinananum yuyyH spokiu (akar 1 Ta momyiasuMsHU aHUKJIAll UMKOHUHU Oepiu.
Tannab onuHraH nomyJsius kelnnuanuk Fo, 4 aBioj onuiga hovaanaHuiau.

OKCIepUMEHTaN TOMYJISIMS Ba HA30paT YCUMIMKJIAPHUHT WKKA XUJIMa-XUJ
IAPOUT/A SAIIOBYAHJIUTUHUHT aHAIM3U KyWHUJIard HaTWKaHu Oepau:. TaOUud BUIT
IapOUTHAa YATHTIIAPHUHT YHUIIH XKyJa CycT keunau. F3 monynanusiaa maptiu To3a
«Taxp.nama—1» Ba «Taxp.gama—2» Tabumii BuinT mapouTtuaa «Mebane Bl» X
«11970» momynsanusaa uuruiap Kymumya papuiiaa FOV316 uzonar Ounan cyHbHi
3apapiJaHTUpUITaHAa yHMaraH 4urutiap Mukigopu terunuimya 3% Ba 21% Hu
tamkui 3Tad. ONMHraH MabIyMOTJIapJaH KYpUHHO TypUOAMKH, IKCIEPUMEHTAT
MOMYJISIAS Ba Ha3opaT YCHUMIIMKIApUJa TEHT Japakaja YUTUTIAPHUHT YHUIIIM Ba
uHpexusaBui PoHra OOFIMK paBUIla YHMal XaJlOKaTra y4pamuaa Kydiu TadoByT
ky3aTwiaan. «Taxkp.nana—2»na  Ttadbumii  ¢gonma G.hyrsutum TypuHUHr HaB
HaMyHaJlapyu opacuja XaJloK Oyiran YCUMIIMKIaApHUHT ypTada mMukaopu 43,5% Hu
TaIKUI DTN,

«Mebane B1» x «11970» nonynsiuscuaa BUWITIAAH TaAbCUPJIAHUIINTA K¥pa KEHT
Mukécaark GeHOTUITMK Bapuanusiiap Ky3aruiau. HasOatnaru ananus yuyH «Mebane
Bl» X «11970» nonynsiusicu TaHJIaHIH.

Fs «Mebane Bl» X «11970» nomynasius yCUMIMKIApH/Ia BEreTalus JaBpUHHUHT
oxupuaa, Kycakiap mumub ouwna Oomnwiarad naBpjaa FOV kacammukiapu Kywid
paBHUIIa CUT/IaH HAMOEH OYaau.

F; momynsusacuaa 4YaTUIIUIINAH XOCWJ OYNraH amomMaT aXpaTHIll aHaJu3d
nHpexusaBuii GoHra OOFIWK paBuIAa Oenruiap xap Xwi Tap3ja HaMOEH OYmamu.
YyHonuu, «Taxp.nana—1» mapoutuaa 45% ycuMiaukaa BUITHUHT TYpid Japaxaaa
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HaMOEH Oynuiu Ky3atuinan. «Taxp.nana—2» tabuuit BUnT Gonuaa 79% ycumnukaa
BUJITHUHT TYPJIM Jlapaka/ia HAMOEH OYIuiM Ky3aTuiau (3-pacm).

«Taxp.nana—1» Ba «Taxp.gana—2»na Tabuuit Ba Ha30paT YCUMIIMKIApUIa BUIIT
HaMOEH OYiMII napakacuHu ypTada Oaxonamr «Mebane—1» terumuinuya 1 Ba 3,3
napaxara (5 6amwmk mkana O0Viinua. bynna 1 — cormom ycumimk, 2 — CycT HaMOEH
oy, 3 — ypraya HaMOEH OYnuIl, 4 — KywIid HaMo€H Oynwuil, 5 — YCUMIUKHUHT
xanok oymumm); «11970» terunumua — 2 Ba 4; 3—79 — 1 Ba 2; TM-1 — 1 Ba 1,3; C-
4727 — 3 Ba 2,7 SKaHJIUTHHU KYpCaT/Iu.

/
F; “Mebane B1” x “11970”
=
I
o
Q
o
©
[~
x
=
[~
=
=
(=)
>
Kyunu Ypraua Kydcus 3apapnaHmaraH
BTaxp.ganal 3 8 75 98
ETaxp.nana2 82 19 14 31
N~ J

3-pacm. F3 («Mebane B1l» x «11970») nonyasiuusicu YCUMJINKIAPUHUHT
HH(peKuUuABUN (POHra OOFINK PAaBUILAA 3apapJjaHUII Japakacu Oyiuuda

TAKCHUMJIAaHUIIIH.
«Taxp.nana—1» — CcyHpHii KacaIaHTUPHIN KyJutaHwirad cod ¢on; «Taxp.nana—2» — CyHbpuid
KacaJJIaHTUPHII KYJUTAHWITaH TaOUUi BUITIN (OH.

TecT yTkazuna€rran nonynanusaa YCUMIUKIAPHUHT UKKUA Typyxra (TYpFyH Ba
HOTYPFYH) IIAPTIM TaKCUMJIAHWINK, OyHJa CYCT, ypTa Ba Ky4Id 3apapiaHTaH
YCUMIIMKIap HOTYPFYH TypyXra, 3apapiiaHMaraH YCUMJIMKIAp UKKUHYA — TYPFYH
rypyxra Oupmamrtupwirad. «Taxp.nana—2» Tabuuii BWITIM (QOHIAru rypyxJap
YCUMIIMKIapUHUHT coHU Teruuuinya 115 Ba 31 uu Tamkun >tau. bBynnail xonarna
aHaMN3 KUJWHAETraH TMOMYJANMSAa BWIT OWIaH 3apapiaHuinl Oyiinda (EeHOTHUITUK
napyajaHum Taouuit BuaTiM Qo mapoutuna 3:1 (x2=1,11; p<0,05)ra sxuu
HucOatna pyit 6epanu. Baxonanku, cod pon «Taxp.nana—1» Ba cyHbUH 3apapiaHuIll
apoOUTIapyia YCUMIIMKIIAp TakcumiaHumi 86 Ba 98 Hu Tamkun strad. by 1:1
(x2=0,78; p<0,05) mapyanaHuIIra MOC Keaaiau.

«Taxp.nana—1» Ba «Taxp.mana—2» l-skcnepuMeHTasn nomynsnusga x2
KUNMaTH:

12=> (En—Eo:x)2/ Eox (1)
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dbopmynacu 6yiinya XucoOIaHaIu.

G. hirsutum HuHr Qy3aprno3 BHITIa YUJAAMIIMIMIHA OWIIaH Yy3apo OOFJIaHraH
FeHEeTUK MMHTAKAJIapHU aHUKJIAIl YYyH BWITra YMJaMIWIMK Oenrucu Oyitnua
cerperupiioBun skcnepuMentan Fz momymsmus «Mebane Bly x «11970» GH, CIR,
CM, BNL, TMB, NAU Ba JESPR xomiekuusumapHUHT MHUKpPOCATEIUIUTIApHUIAH
doiimananrad XoJiJla TeHOTUIUIaHaU. Xo3uprada 775 Ta Xy(PT MHUKpOCATEITUTIN
npaiimepnapaan  QoinanaHwiIuKy, yiaapaadn 105 Tacu KapuHAOUI YCHUMIIMKIAp
YypTacuaa nonuMopPu3MHU KYpCaTau.

Anugnanrad 105 ta mpaiiMepiuk KypTiapJaH BHITra YHIAMIMIUK O€ITrHCH
OwtaH y3apo OOFJIaHTaH MapKepJIApHU aHUKJIAII YIYH IKCIIEPUMEHTAI TOMYJISIIASHA
QTL xapuTamamTUpHIl XaMJla MAaTallldIl TypyXJap aHaau3ujaaH G(oilgaIaHuIIn.
AHUKIaHTaH Mapkepiapgadn 105 Ta MUKpOCAaTeUIMTIAM mpaiMep Kydriaap
NOMYJSIUMJIApHU  XapuTanamra spab, 237 Ta noaumMopd JOKyciap TONWIAH.
Marammui aHanu3u Ba reHeTuk xaputa Ty3uin JoinMap 3,0 nmactypu €pnamuna
amaJra OImMPUJIIIN.

Marammin aHanu3y YTKa3ull Y9yH MoauMopd JoKycliap yu rypyxra OViaiuHIm:

1. dakar «Mebane Blwyaa ammmdunupnanagurads  Jokycmaap  (1:1
takcumianuiaa) xamaa (3:1 éku 1:3) TakcumMiIaHyBUM FeTEPO3UTOT JIOKYCIap.

2. ®akar «11970» na (1:1 TakcumtanyBYM) amIutuguIpaanaauran xamaa (3:1
¢k 1:3) reTepo3uroT JOKyciap.

3. bapua onuHran noaumop@ JoKyciap.

Maskyp mabiaymotriap acocuaa 45 Ta moiaumopd Mapkepiapra acocjaaHraH
MATAIIUIITHUHT TeHETUK XapuTacu OJIMHAM (S-pacMm).

Ketiunrn QTL xaputanam BuiITra 4YdJaMJIMJIMK Oelrucu OujaH  Yy3apo
OOFfnaHTaH JIOKycllapHu aHukiam uMKoHWUHU Oepnu. QTL anmanuz Windows QTL
Cartographer v. 2.5 011 nmactypuna untepBauiapau (CIM) apanam Xapuranamn
Metoau Epnamuaa yrkazwiaaud. CIM xapuranam HaTuWKacuaa 3 Ta MaTallUIl
rypyxJjapuia BIITTa YHMAaMIUINK Oenrucu OuiaH y3apo OofrnaHraH 6 Ta HOM30]]
Mapkepiap anukiaanau. bupok ['C1 maTammi rypyXu SHT UIIOHYIN HaTHXa Oepu.
Yuna (LOD = 5,3) Buiurra unpamimmidk OwiiaH matamrad acocuit QTL muHTaka
BNL 3442 129 Ba BNL1145 259 mapkepnapu opacuna 6yiau.

HucceprauussHuar «F'y3a HaB HaAMyHAJaPUHMHI BWITra YMAAMJIMJIUTUHU
SXIIMJIAI YYYH HOM301 TeHJIapHH OHOMH(OpPMATHK HAeHTUPUKATMAIALI
HuIapw» 1e0 HOMJIAHTaH eTTMHYM 000uaa Kyhujarwiap Oa€H STWITaH: MasKyp
JUCccepTalysl UIK JIoupacua Oup Hycxaiau TeHnapjan Qoiinananumn Ouian 0OFIIUK
afipuM YeKJIaHUILIApHU Oaprapad STUII YYyH TaaKMKOT dSThiaérradn Fusairum
M3OJIATIIADUHUHT ~ HaMyHaJlapy  Xap  TypJAud  TaKCOHOMHK  TypyXJIapHH
UAeHTUUKAIMSIANI  WKOHUATIAPUHA  KeHTaThpum yayH yHuBepcan JIHK
Mapkepiap, xycycad, RAPD épnamuna reHoTuniianau. Y MymMaH, F€HOTUILIAI YUYyH
Fusarium spp. c¢wutonaroren 3aMOypyFIapuHUHT 12 Ta W30JSATH YpTacuaard
dapkiapad  mApPT  KATUO — KysSAWTaH — aMIuiduKanus  MaxcCyJOTIApUHU
uneHTudukanusaam Makcaauaa 73 ta RAPD mpaiimepnapunan doimamanmnan (4-
pacm).

Kenrycu nnutapu yuyH xam typaap (pacaiap)apo, xam Bugocneuuduk (Typiap
forma specialis) HOE6 MmaxcynoTinapHH aMILDTUQUIUSAIOBYN IpaiMepiap TaHIab
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onmuHu. By ¢parmMenTnap rengan ar0piIaHuO HYKICOTH KETMA-KETIMKHNA aHUKJIaI
Oyiinya aHanu3 KWIMII YYyH BeKTopja KionnaHad. Harmwkama 13 Ta HOED
dbparMeHTiap axpatud onuHIUM. Maskyp (QparMeHTIapHUHT HYKJIEOTH] KeTMma-
KETJIIMKJIAPUHU aHUKJIAIl XaJKapo MabJIyMOTJIap TeHEeTHK Oa3zacu OwiIaH KUECHid
aHanu3 yrtasuil, wyHUHrAeK, kednHru SCAR ananu3 onud Oopum yuyn 13 Tta
npaiMep KyPTIUKIApUHU UILIa0 YMKUII UIMKOHUHU Oepau.

234 56 89 1011121314 23456 89 1011121312 34 5¢6 89 1011121314 23456 80 10112131

4-pacm. Fusarium spp. 12 uzoastuauar RAPD ananu3sm.

AHa mry HykieoTun ketma-keinkiaapau BLAST ananu3 Bocutacuaa xaiakapo
reHeTuK OaHk  OwiaH  KuEclaml  Y4yH  HYKJICOTHA  KEeTMa-KeTIUKIaApHU
AHHOTAIIMSUTAHTAH OKCUJI KeTMa-KEeTJIMKJIApUTa Kapiid KUEcal UMKOHUHUA OepyBUYr
BLAST X  amropurmugan  ¢oipamanwian. Hartmwxkama  alipum RAPD
aAMIUTMKOHJIAPHUHT (YHKIIMOHAT MAaHCYOIUTUHU aHUK1amra MmyBaddax OyIuHIu.

duTonaroreHyiapra UMJAAMIWIUK Oaximl ATyBUM XYKaUH  YCUMIIHMKIIAp
TeHJIADUHUHT WACHTU(DUKAIMICH TAaTOTCHJIApHU Ha30paT KWJIUII YYyH HOM30.
TeHJIAPHUHT y3ra €HAanyBu Xxucoonanaau. AHa myHaai éngamysinapaad oupu QTL
HaTIWKAcHJla WACHTHU(UKAIMIIAHTaH Mapkep ydacTkajmapHuHr In Silico ananmsu
xama Xy KaluH YCuMiukiap OeNruiapuHy acColMaTUB XapuTalalllTUPULIIND.

MapkepiaHrad ydacTKajapaa >KOWIalraH YCUMIIMKIAPHUHI [aTOreHjapra
YUIaMIIMIIATH XaMJla TeHETHK XapUTaHUHT WH()OPMATUBIUTHHHA OLIUPHUIITA MACHYII
OyiraH mOTEHIMan TeHJapHu aHuWkigam yayH Gossipium  raimondii  Tyiuk
FeHOMUHUHT  HYKJIEOTHJ  KETMa-KeTJIUTMJaH Ba  HOM3OJ  MapKepjapHU
ammmmbunupnamaa 6 Ta mpaiimep xKypTimkiaapaaH ¢oiinananwinu. Hatmkana
BWJITra YUAAMJIMJIMTH OWJIaH SHT MyXuM OorianraH ukku jokyc BNL1145 259 Ba
BNL3442 112 6yiinua mapkepiiaHraH MUHTaKaJapTMHAa aHHOTAlWsJIaHIu. Mapkep
MHHTAKAaCH OKCHJIHHU aJIKOTOJIbJICTUApOreHasra, ¢pocdarasara, Kajablui OOFJIOBYN Ba
OCMOTHH YXIIIall OKCUJITa KOAJIOBYM IeHJIapra ra.
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XVYJIOCAJIAP

«Y306eKMCTOHIa  FY3aHM  3apapiaHTHpPyBUM  Fusarium  TypKymumjaaru
NaTOrEHJIAPHUHT MOJICKYJISIp HMACHTUPUKAIUACK Ba TaBcUpU» MaB3yCHUIaru
JTOKTOPJIUK JuccepTanuiacu Oyinda onub OopuiraH TaJKUKOTIAp HaTHXKacHuaa
KyWHaard Xyjocajaap TaKIuM STUIIU:

1. TIaTOreHNapHUHT Typ HACHTUDHMKALMACH YTKA3WIraH. Y30eKMCTOHHHHT
¢urtomaroren douuma 6 ta Typ (Fusarium solani, Fusarium oxysporum f.sp
vasinfectum, Fusarium equisity, Fusarium proliferatum, Fusarium fujikuroi Ba
Fusarium sporotrichioides) maBxxyiiru aHUKIaHTaH.

2. HNnax OGop Oup Hycxamu reHjmap OYinda CeKBEHCIAIl METOANAaH
doiinananné  V3Gexmcromma Tapkamran FOV  3-,  4- Ba  6-pacamap
UIeHTU(UKAIUSTaHTaH.

3. BupyneHT u3onsTiIap aHUKIaHaAu. Maxamwmii HaBmap yuyyH F. oxysporum
f.sp. vasinfectumuunr yunnuu pacacu (316-u3o0iat) Ba F. solani Typu Bakwinapu
(503, 519 Ba, aiinukca, 520-u30a58TIaap) SHT KaTTa XaB( TYFAUPHUIINA UCOOTIIAHTaH.

4. Typrra Oup HyCXadu TEHJIAp acoCHJa HYKIEOTHU]l KeTMa-KETIHUKJIap
aAHUKJAHTaH. YJapHUHT HYKJEOTH] KeTMma-keTiaukiapu acocuaa SNP Ba ASPCR
MeToiapu épaaMmuia cnenuduk mpaimepriap Typu Ba pacac UILIad YMKUIITaH.

5. Fy3a varnmrupum komOuHarmsiapu acocuga «Mebane Bly x «11970»
BIJITTA YUIAMIIM TIOMYJISIIUS SIPATUIITaH .

6. Fy3anunr kartop Oomka OenrujmapuHud (OUPUHYM IIOX YUKHUIIH
OaTaHJIMTH, YCUMIIMK OajaHJIMIHA, CAMITOAUSAIAD COHH, IIOXJIAPHHUHT Y3YHJIUTH)
JIETEPMHUHIIOBYH JIOKyCJIap aHUKJIaHTaH.

7. XapuTajJaHraH MAapPKEPJIAPHUHT FY3aHUHT BWJITra YUJAMJIIMJIMTH OWJIaH
OofiaHuII JgapaxkacuHu aHukiaam ydyH QTL awamus yrkasmiaradn. Fusarium
oxysporum f.sp vasinfectumra umpmamiu Jiokyciapra sra OyiraH OOFJIaHHWIIHUHT
y4Ta TypyXy aHUKJIaHTaH.

8. Omnuuran reHetuk xaputanap Ba QTL ananu3 acocuaa Fy3aHUHT
MapKepiapra acocjaHTaH CEJICKIMsIa, IMYHUHTIEeK, HOM30J TeHJIapHU aKpaTHIll
Ba Oartadcun Yypranum ydyH noTeHOHan GouganaHuIl MYMKUH OyiaraH
MapKepiapy aHUKJIaHTaH.

9. in silico aHanmu3 yTkaswiraH, MKKHJIaM4d MeTa0OJUTIap, MUKOTOKCHHIIAP
CHHTE3U XaMmJa FY3aHUHT TaIllKu Tabcupiiapra (MaToreH OWaH 3apapJIaHUIIIN)
YUIAMIIWINTA Y4yH kaBooOrap Fusariumuunr 11 ta renu, GOSSypiumuuHr 4 ta
I'CHU aHWKJIAHTaH.
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BBEJAEHUE (AHHOTAUUSA JOKTOPCKOW TUCCEPTAIIMH)

AKTYyaJIbHOCTL M  BOCTPeOOBAHHOCTHL TeMbl jaucceprauum. Ha
CETOJHSIIIHUM I€Hb Pa3BUTHUE XJIOMIKOBOJCTBA UTPAET BAXKHYIO POJIb B IKOHOMUKE
rocygapctB. OpHodl u3 OONbIIMX NTPOOJEM  XJIONKOBOJCTBA  SIBJISIFOTCS
¢utonaroreHHsie Tpudbl. «CoracHO JaHHBIM XJIOMKOBOTO (hOHa K3-3a Oose3Hen
XJIOMYAaTHUKA, BBI3BIBAEMBIX MATOT€HAMH, CTpajaeT nmpubauzutenabHo 12% Bcero
ypoxas». Tonbko B CIIA exeronusie notepu cocTtaBisitoT 11,7%, B bpazunuu u
AQpPHKAHCKUX CTPAHAX MOTEPH MOTYT KocTurath 50%, a B Mumnu 20% .

['puObI poma Fusarium mmpoko pacnpocTpaHEHbI B MPUPOAE U MPEACTABISIOT
OOLIMPHYI0, OMOJOTUYECKH HEOJHOPOJIHYIO TPYIIy rpuOOB. BONBIIMHCTBO U3 HUX
aBJsi0TC  putoTpodamu, mopaxaroT cBbime 120 BUIOB pacTeHHil M HAHOCST
3HAYUTENbHBIA HKOHOMHYECKHI yIIepO CEIbCKOMY XO3SHWCTBY MHOTHX CTpaH,
BKIIFOUas U Y30ekuctad. [latrorennsie rpubsl poma Fusarium crpynmupoBaHbl B
cnenuanusupoBanieie  Gopmbr formae specialis (f.sp.), ocHoBaHHBIE Ha HX
CITOCOOHOCTH BBI3bIBATh NOPAKEHNE KOHKPETHOTO pacTeHus. B Hacrosiee BpeMs
HacuuThiBaeTcs 0osee 80 TUMOB cieMaTU3UPOBAHHBIX (DOpM.

Jlo HelaBHEr0 BpEMEHHU OCHOBHBIM BO30yAuUTENIEM 3a00J€BaHUS XJIOMYaTHUKA
cunTancs rpub Buma Verticilium, B cBA3u ¢ 3TUM BCS CENEKIUSA XJIOMYaTHUKA
OpPHUEHTUPOBAJIACh B CTOPOHY CO3JIaHUs COPTOB, ycroiumBeix k Verticilium. Ho B
MOCJIETHUE TOJbl B CBSI3U C BO3JIEUCTBUEM PA3JTUYHBIX OMOTUUECKUX (HAKTOPOB
(M3MEHEeHHEe KIUMAaTUYECKOTO peXrMma, HapylieHHEe BOJHOTO peXuUMa H Jp.)
MPOU3OIIIN W3MEHEHUS U B MAaTOreHHOM (poHe Hamiel cTtpaHbl. B cBs3u ¢ 3THM
3aja4a MO MACHTUPUKAIMU CIEIUATU3UPOBAHHBIX (OPM TMMATOTEHOB poja
Fusarium octaércst BecbMa aKTyabHOW ISl HAIlIeH CTPaHBbI.

Bcé wame cooOmiaercss 0 HapacTaHUM M PAcCHpOCTpaHEHUH (y3apHO3HOIO
BHJITA HE TOJIBKO Ha TOHKOBOJIOKHHCTBIe (GOSsypium barbadense), Ho u Ha
CPEOHEBOJIOKHUCTBIE copTa XxJiomyatHuka. B bByxapckoih oOnactu Obuin
0OHapy»eHbl HOBBIE, HE BUJIAHHBIC JJO CUX MOP Ha XJOMYATHUKE BUJIbI TATOTCHOB,
takue kak Fusarium solani, BeI3bIBaOIIME KOPHEBYIO THUIIb.

B cBeTe cKa3aHHOTO BbIIIE AaKTyaJIbHOH MPOOJEMON XJIOMKOBOJCTBA
CTAaHOBUTCS HE TOJBKO CO3J]JaHME YCTOWUYMBBIX K BUJITY COPTOB XJIOMYATHUKA, HO U
OJIHOBPEMEHHO C ATUM HAeHTU(]UKaIua (PuTOnareHHoro (oHa Haiiei CTpaHbI,
BBISIBJICHUE OMACHBIX M30JIATOB M IpaMOTHAas OIEHKAa MX MaTOTEHHOCTH, CO3/JaHUe
MaTOTEHHBIX KapT U PEKOMEHIAIIH.

JlaHHOE JUCCEepTAllMOHHOE HCCIIEIOBAHUE B OINPEICICHHON CTENEeHU CIY>KUT
BBITIOJIHEHUIO 3aj/lay, mpenycMoTpeHHbix [loctanoBnennem Kabunera MunuctpoB
PecnnyOnuku VY306exucran ot 29 wmapra 2004 1. Ne 148 «O wmepax 1o
COBEpIICHCTBOBAHUIO CTPYKTYpbl M MOBBIMIEHUIO 3(PPEKTUBHOCTH  CIYKObI
3alUTHl PACTEHUM», a TakKXKe JAPYTMMHU HOPMATUBHO-TIPABOBBIMU JTOKYMEHTaMH,
MPUHITBIMU B TaHHOU cdepe.

' Amanda N. Cianchetta et al. Survey of Fusarium oxysporum f. sp. vasinfectum in the United
States. The Journal of Cotton Science 19:328-336. The Cotton Foundation 2015.
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CooTBeTcTBHE HCCJIEI0BAHUSI NMPHOPUTETHHIM HANPABJIEHUSM Pa3BUTHA
HAYKHM ¥ TeXHOJOTWi pecmyojauku. J[aHHOE HCCIEIOBAaHUE BBIIIOJHEHO B
COOTBETCTBUM C NPUOPUTETHBIM HAMPABICHUEM pa3BUTUS HAYKW U TEXHOJOTUMN
pecnyonmuku — V. «CelbCckoe XO35IMCTBO, OMOTEXHOJOTHS, SKOJOTHUS M 3aluTa
OKPYXKAaIOIeH CPeabD».

0030p 3apy0exHBIX HAYYHBIX HCCIACJOBAHMHA 10 TeMe JHCCEPTALMH.
MonekyaspHO-TeHeTUYEeCKHE HMCCICIOBaHMs TpeAcTaBuTeNneld poxa  Fusarium
OCYIIECTBJISIOTCS B BEAYIIMX HAYYHBIX IIEHTPAX M BBICIIUX OOpa30BaTEIbHBIX
yUpeXKICHUAX MHpa, B ToM umciie B Texas A&M University, Mississippi University,
Washington State University (CIIIA), Nanjing Agriculture University (Kutait),
CIRAD (®panums) a takxke CSIRO (ABcTpanus) BegyTcs OOLIMpPHBIE HAay4HBIE
paboTHI.

B pesynprare ucciemoBaHWi, MPOBEACHHBIX B MHPE IO HACHTU(DHUKAIIUN H
BBISIBIICHHUIO Hau0oJiee BUPYJIEHTHBIX (DOPM MATOr€HOB XJIOMYATHUKA, MOJYyYEH DS
Hay4HBIX pe3yJbTaTOB, B TOM umciie co3faHa koyuekuus JHK mapkepoB—RFLP,
RAPD, SCAR mns uaentudukanuu natoreHoB (UC Davis University of California,
Broad Institute, CIIIA), renetnyeckas 6a3a manHbix ponxa Fusarium (CBS KNAW
Fusarium MLST Database, Tommanmus), a Takke ©O0a3a JaHHBIX IOJHBIX
CEKBEHUPOBAHHBIX  IOCJIEAOBATEILHOCTEN TeHOMOB  ¢urtomaroreHoB  (Mips
Helmholtz Zentrum Miinchen, I'epmanus).

B mupe mo KOMIUIEKCHOMY H3YYCHHIO T'€HOMa IaTOTCHOB XJIOMYaTHUKA C
MMOMOIBI0  MOJIEKYJSIPHO-TCHETHYECKUX  METOJOB IO PAAYy TMPHOPHUTETHHIX
HaIpaBJICHUN TIPOBOIATCS HWCCIACAOBAHHUSA, B TOM YHCIIC ONpPEACICHUE IOJHBIX
HYKJICOTHIHBIX TOCJIEIOBAaTeIbHOCTeH reHomoB F.circinatum, F.graminearum,
F.proliferatum, F.verticillioides; accormaTuBHOE KapTUPOBAHUE T'EHOB YCTONUHNBOCTH
K pacaM (hy3apruo3HOTO BUJITA.

CreneHb U3y4eHHOCTH NMPoOJieMbl. B HaydHbIX paboTax 3apyOeKHBIX yUEHBIX
Abd-Elsalam, Elias 1 Wang u3ydeHa MoseKyjspHas HIcHTH(UKALKSA MaTOreHOB
pona Fusarium mpu moMoInyd METOJOB: OEIKOBOTO (M303WMHBIN), OJIUMOpPdHU3Ma
JUTMH pecTpuKIMoHbIX ¢parmentoB (RFLP), mpousBosbHO aMImn@uiiupoBaHHON
nonumopduoit JIHK (RAPD), nomumopdusma mimH amMmauduiimpoBaHHOTO
¢parmenta (AFLP). MUccnemoBanumsi ¢ ucnosib3oBanuem  SNP-mapkepos,
CEKBEHUPOBAHMUS 110 PA3IUYHBIM OJHOKOIMMMHBIM I'eHaM Ha M30J1sTax poaa Fusarium
nposojauian B CIIIA (O’Donnell K, Skovgaard K.), Erunte (Abd-Elsalam K.), Kutae
(Chen X., Kim Y., Wang B.), Mekcuke (Garsia O.S.), 'epmanuu (Schnider F.).

HccnenoBanus, MOCBSAIICHHBIE HEKOTOPHIM aCTICKTaM H3Y4YCHHUS NATOTEHOB U
00prObl ¢ HUMU B cTtpaHax CHI', HaOGmrogarorcs B HaydHbIX HpousBeaeHusx 1.5
Kyp6anosa, C.®. Cunoposoii, 1. Akmypanosa, M.5. MeninukeeBa.

HccnenoBanusi, MpoBeIEHHBIE B HaIeH CTpaHe 10 WACHTUDUKALUA U
W3yYEeHUIO  MAaTOreHoB  poja  Fusarium  mpu  MOMOIIM  KJIACCHYECKUX
MHUKPOOHOJIOTUYECKUX METO0B, mocBsieHsl padotsl H.H. Hazuponra, A.U. I'yceBoii,
H.T" 3anpomeToBoit, JI.B. ITonsikosoit, I'.C. Kapaesoii, A. Mapynosa, b.0O. Xacanosa,
JI.A T'nyxoBoii.

CBsi3b TeMbl JHCCEPTANMH € HAYYHO-HCCJIEN0BATEILCKUMHU padoTamu
HAYYHO-HCCJIEIOBATEIbCKOT0  y4peskJdeHusl, I/Je  BbINOJHeHA  pabora.
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HuccepranuonHas pabora BeinoigHeHa B LleHTpe reHoMuku M OMOMH(POPMATHKU B
pamkax MexayHapoaHoro mpoekta UZB2-31016-TA-09 «MonexkymnsipHas
XapakTepUCTUKAa W AacCOIMallMsl TEeHOB/JOKYCOB KOJUYECTBEHHBIX IPU3HAKOB
(QTL) nns 3aboneBanus ¢y3apuo3HsiM BuiaToM Fusarium oxysporum f. sp.
vasinfectum (FOV), B cotpyanuuectBe ¢ JlemapTaMeHTOM CEIbCKOIO XO03s1CTBa
CHIA (2010-2012 rr.) u uaHoBauuonHoro npoekra U5—OK-0-30702 «kcmnpecc-
METOJT MOHUTOPUHTA M ONpEAEICHUS BUIOBOW M PACOBOM MPUHAMLICKHOCTH
Fusarium spp. B pernonax Y3oekucrtana» (2014—2015 rr.).

[eabi0 HcceT0BAHUSA SBISCTCS KOMIUIEKCHOE MOJICKYJISIPHO-TEHETHIECKOE
UCCJIeIOBaHNE T€HOMAa MAaTOreHOB poaa Fusarium u orneHka MmaToreHOCTH YacTo
BCTPEYAEMBIX pac M BUIOB IO OTHONICHHWIO K IIMPOKO PAaOHHPOBAHHBIM COPTaM
XJIOMMYaTHUKA.

3agauu uccjieJOBaHUS:

Pe-cexBennpoBanue JIHK marorenoB poma Fusarium mo OZHOKOMHHHBIM
renam (TEF-la, BT, rDNA, NIR) nns npoBeneHus TeHETHYECKOU
UJIeHTUUKAIIUH;

pa3paboTKka COBPEMEHHBIX TE€HOMHBIX HMHCTPYMEHTOB Ha ocHoBe SNP
(monmumopdusm eaunuuHoro Hykieotuna) u ASPCR (amnens crenuduyHbIX)
MapKepoB Il ObICTpOHl MAeHTU(UKAIIUK TTaTOreHOB. Pa3paboTka mpaiiMepoB ist
OBICTpOH JACTEeKIIMHU pac marorenHa Fusarium oxysporum f.sp vasinfectum;

CO3/JaHUE€ TEHETHYECKOM TOMYJSALUU, CETPETUPYIOMIEM 10 MPU3HAKY
YCTOHYMBOCTH K (Py3apHO3HOMY BHUIITY, W3 KOJUICKIIMA TeHO(OHTA XJIOMYaTHHUKA
PecnyOnuku Y30ekucras;

TeHETHYECKOe KapTHUPOBAaHWE JIOKYCOB YCTOWYMBOCTH XJOMYATHHUKA K
(dhy3apuo3HOMY BUIITY C UCIOJIb30BaHUEM MoJiekyJsspHbiX JIHK-mapkepos;

M3ydYCHUE B3aUMOJCHUCTBUS MEXKIYy MAaTOTCHOM M PACTCHHEM, BBISBICHUE
HanOoJiee BUPYJICHTHBIX M30JIATOB poja Fusarium, co3manue KapT MaToOreHHOCTH
U paclpoCTPaHEHU MAaTOTEHOB 0 PECIYOIUKE;

ononndopmaruueckas (in silico) maeHTUdUKaNKMI KaHIUAATHBIX TEHOB IS
YIIYUIIEHHUS] YCTOWYUBOCTH COPTOB XJIOMMUYATHUKA K MATOTCHAM.

O0BbeKTOM MCCJIeI0BAHMS SBJSIOTCS NMATOTeHHBbIC TpUOBI pojga Fusarium u
TEHOTHUIIB XJIOMMYATHUKA, B3ATHIE W3 KOJUICKIUH (PUTOMATOrEHOB U TEeHO(OHIA
xjomyatHuka W3 WHCTUTYTa TEHETHMKM ¢ OKCIEPUMEHTAJbHOW OHOJIOTHUU
pPACTEHUHU.

IIpeanmeroM mccjieloBaHMs SBIISICTCSA OIICHKA BUPYJICHTHOCTH M CTEIICHU
«OIMacHOCTH» (uUTONareHoB pojaa Fusarium 1o OTHOIICHHIO K XJIOMYaTHHUKY,
pa3paboTka 3¢ ¢deKTUBHOrO MeTona MiaeHTH(uKanuu ¢utonareHoB (Bua, formae
specialis, pacel) mias KOHTpOJS pacHpocTpaHeHHs (y3apHO3HBIX IATOTCHOB B
I1eJIOM W BUJITA XJIOMMYATHUKA B YACTHOCTH.

MeTtoabl ucciiefoBanus. B uccienoBanny ObUTH UCTIOJIB30BAHBI KIIACCUUECKHE
METO/bl TEHETUKH W CEJICKIIMU XJIOMYaTHUKA, MOJEKYJISIpPHOW (UTOMATOJIOTHH, a
TaK)XK€ COBPEMEHHBIE TTOAXO0/Ibl MOJICKYJISIPHONW TeHETUKU M TEHOMHKHU, CTATUCTUKHU U
onoundopmatuku. [l KiacTepHOro aHaiW3a MO HHIAEKCY MaTOT€HHOCTH ObLia
ucnosip3oBana nporpamma STATISTICA 8.0 (StatSoft, Inc., www.statsoft.com),
JUIS. aHalW3a MapKEepHBIX JIOKYCOB W TPYMI cClHemieHus, a Ttakke a1 QTL
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KapTUpOBaHMs OBIIM HCIOJB30BaHbl mporpammel JoinMap 3.0, MapQTL 4.0,
QGene 4.3.2 u Windows QTL Cartographer (v. 2.5 011), nns oueHKHA BIMSHUS
(UTOMATOTEHOB HA pacTeHUs ObLI UCIOJb30BAH MAKET CTATUCTUYECKUX MPOTpaMM
NCSS 2003 u PASS 2002.

Hay4Hasi HOBU3HA MCCJIEIOBAHUSA 3aKJIIOYAETCSA B TOM, YTO:

BIICPBBIC IPOBEJCH aHaJIM3 TEeHOMa TMaToreHoB poxaa Fusarium, pe-
CEKBCHUPOBaAHbl Ba)KHbIC OJHOKONUIHBIE reHbl natoreHoB (TEF-1a, BT, rDNA,
NIR, PHO). Omnupascb Ha HYKJICOTHUIHBIE IOCJEAOBATEIbHOCTU TeHa OeTa-
tyoynmuHa (BT) paspaboransl yHuBepcaiabHble SNP-mpaliMepsl, crnocoOHBIC
uaeHTHPUIMpOBaTh pacy 2, 3, 8 u rpynmel A u B matorena Buma Fusarium
oxysporum f.sp vasinfectum;

pa3paboTaHbl TpaliMEepHBIC TIAPHI, CTIOCOOHBIC UACHTU(PUIIUPOBATEL 3 U 8 PaCHI
Bupa Fusarium oxysporum f.sp. vasinfectum, Ha ocHOBe MeToda ajIeiib-
crneuuduueckoro I[P (ASPCR);

MOJICKYJIIPHO ~ TaKCOHOMHYECKH  HWACHTHQHUIMpPOBaH pox  Fusarium,
npeAcTaBiacHHbIN B Y30ekuctane 6 Bumamu (Fusarium solani, Fusarium equiseti,
Fusarium sporotrichioides, Fusarium fujikuroi, Fusarium proliferatum, Fusarium
oxysporum f.sp vasinfectum);

ompenenensl 3, 4 m 6 pacel Fusarium oxysporum f.sp vasinfectum,
pacnpocTpaHéHHbIE B Y30€KUCTaHe;

MpPOBEJICHA OIlEHKA BHPYJICHTHOCTH BHJIOB poja Fusarium rmo oTHOIICHHIO K
HIMPOKO KYJbTUBUPYEMBIM COPTaM XJIOMYATHUKA;

onMcaHa TMaTOMEHHOCTh M  BBISIBJICHB HauboJiee OMNacHble MaTOTEHBI
xjomyaTHuka: 3 paca Fusarium oxysporum f.sp vasinfectum u HOBBI BHI
rnmaroresa s Ysoexkucrana Fusarium solani;

co3lana reHeruueckas nonynsnusa «Mebane B1» x «11970», cerperupytomas
M0 YCTOWYMBOCTH K (y3apHO3HOMY BHUJITY B COOTHOIICHHH 3:1, m 0OHapy>KEHBI
237 nonuMop(PHBIX JTOKYCOB;

ONpelesieHbl MOTCHUUANbHBIE TE€HbI, OTBEYAIOIIME 3a YCTOWYHBOCTH
XJIOTTYaTHUKA K BUIITY,

IpPOBEJECHO TIE€HETUYECKOE KApTUPOBAHUE, BBIABICHBI JBa  JIOKyca
BNL1145 259 u BNL3442 112, accouuupoBaHHBIE C YCTOMYUBOCTHIO K BHIITY,
npu oMoty in Silico TP u 6umonHdopmMaTHUeCKHMX METOJ0B OBLIU BBISBICHBI
T'eHbI, PACIOJI0KEHHbIE B MAPKUPOBAHHBIX PETrHOHAX;

pa3paboTaHbl MATOTEHHBIE KApThl C HAHECEHHUEM METOK O PaciHpOCTpaHEHUU
BUJI0B Ha reorpaduyeckue KOOpAUHATHI.

IIpakTHyeckue pe3ybTaThl HCCJIET0BAHUSA 3aKIIOYAIOTCS B CIEAYIOLIEM:

UJEHTU(PUITMPOBAHBI CHEIUAIU3UPOBAHHbBIE (DOPMBI, pachl U BU/bI MaTOTCHOB,
pacrpoCTpaHEHHbIX Ha TEPPUTOpUM Y30€KHMCTaHa, TPU TIOMOIIM METOOB
CEKBEHUPOBAHMSI IO OJHOKOMHWHBIM TE€HAM, MOJUMOPHUIMY  EAUHUIHOTO
HYKJICOTH/Ia U ajuienb-cnenuduaeckomy [LP;

QTL aHanmu3oMm, TPOBEACHHBIM C JKCIEPUMEHTAJIbHON  MOMyJsinueit
XJIOMYaTHUKA, BBISIBJICHBI HOBbIE KAaHIWAATHBIE T'€HbI U MApKEphl, CIECIJICHHBIE C
npu3HakoMm yctoitunBoct Kk FOV;
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paspaboTtanbl TpaMepbl W  METOJIbI, TO3BOJISIIONINE CBOCBPEMEHHO
pearupoBaTh U JETEKTUPOBATh HanboJee OMacHbIe MATOIE€Hbl Ha PAHHUX CTAUsAX;

pa3paboTaHa KapTa NAaTOMEHHOCTH, IMO3BOJISIONIAS pa3MellaTh copTa Ha
3apaXE€HHBIX TEPPUTOPUSIX, COIIACHO YCTOMYMBOCTH K TOMY WJIM UHOMY NATOTEHY,
TE€M CaMbIM TOBBIIIAS YPOKANHOCTB;

Ha OCHOBe KOMOMHAUMM CKpemuBaHus xjondaTHuka «Mebane Bl» x
«11970» 6b11a co3aaHa MOMYJISAIMS, YCTOWYHUBAS K BUJITY.

JloCTOBEPHOCTH Pe3yJbTATOB MCCJeI0BaHUs. Pe3ynbTaThl HCCIIEIOBaHUS
ObTM  TIOATBEPXKJICHBI C IOMOIIBI0 COBPEMEHHBIX, B3aWMOJOIMOJHSIIONTUX
MOJIEKYJISIPHO-TCHETUIECKUX METOJIOB U MOIXO0B;

JTaHHBIE OBUTM OOpabOTaHBI TPH TMOMOIIM KJIACCHYECKHX CTATUCTHYCCKUX
Meto0B (UPGMA wu NJ), knacTepHblii aHaiu3 HWHAEKCA MNAaTOT€HOCTU ObLI
paccuntan coriiacHo ANOVA (aHanu3 BapuaHTOB) TECTy, YUYUTHIBAs CTEIECHBb
BIUSIHUSA (PUTONMATONEHOB HAa PACTEHUsSI, aHAJIU3 MapKEPHBIX JOKYCOB, CO3JlaHHE
rpynn cuemienus u nociuenywomiee QTL kapTupoBaHue MpoBOIUIA MPU TOMOIIU
nporpamm  (JoinMap 3.0, MapQTL 4.0, QGene 4.3.2 u Windows QTL
Cartographer v. 2.5 011), 49TOo mNOATBEpP)KIACT JOCTOBEPHOCTH IMMOJIYYCHHBIX
pe3yJIbTaTOB.

Hayuynass u mnpakTuyeckasi 3HAYUMOCTb Pe3yJIbTATOB HCCJIeI0BAHMSI.
Haydnast 3Ha4UMOCTh PE3yJIbTaTOB MCCIEIOBAHUS OMPENEISETCS HCIOJIb30BaHUEM
MOJICKYJISIPHO-TEHETHYECKUX METOJIOB IS BBISIBJICHUS MAaTOreHOB poaa Fusarium,
YTO IIO3BOJUT TOYHO W BEPHO HACHTU(PUIIMPOBATH BHUILI W pPachl IMATOTCHA,
MO3BOJIUT CEJIEKIMOHEepaM 3HaTh ¢ KaKOW OOJIE3HBIO UM MPEICTOUT UMETh JICJIO U
pa3pabaTeiBaTh WM pa3MemiaTh copTa, 00Jiee YCTOWYMBBIC K KOHKPETHOMY THITY
MaToreHa.

[IpakTueckas 3HAYMMOCTh pPa0bOTHl 3aKIIOYACTCI B HOBBIX METOJaX
JUAarHOCTUKMA  TATOTE€HOB, KOTOPBIE TMO3BOJST MPOBOAUTH  OBICTpYIO U
SKOHOMHUYECKHU BBITOJHYI0 HJCHTH(UKAIMIO MAaTOTEHOB KaK B TMOJEBBIX, TaK U B
1a00paTOPHBIX YCJIOBUSAX NPU HAJIUYUM MUHHMAJIbHOW 0a3bl 00OpYIOBAaHUS U
PEaKTUBOB, CHU3UThH U MPEAOTBPATUTH YIPO3Y 3aPAKEHUS CEIbCKOXO3IUCTBEHHBIX
KyJbTYp pa3MEIICHHEM YCTOWUYUBBIX COPTOB B 3aBUCUMOCTH OT MaTOTE€HHOTO
¢doHa. Pe3ynbTaThl NOMOJHEHHUS MATOTCHHBIX KapT HOBBIMHU JAHHBIMU TO3BOJISIT
co3marh B OyaymemM HWHOOPMAIMOHHYIO OHOMH(POPMATHUYECKYIO CHCTEMY
CEITbCKOXO3IMCTBCHHBIX MATOTCHOB, CBSI3aHHBIX C PErHOHAMH, B KOTOPOW OyIyT
MIPEICTABJICHBI BCE JaHHBIC O MECTHOCTH, ITATOI'€HE M YCTOWYUBOCTH COPTOB, TEM
CaMbIM CHHM3WB W TMPEIOTBPATHUB YIPO3y 3apa)kKeHUsl CEIbCKOXO3SHCTBEHHBIX
KYJBTYp, MTOBBICHB SKOHOMUYECKOE 0JIar0COCTOSTHUE HAIIeH peciyOJIuKH.

BHeapenue pesyabraroB ucciaexoBaHus. Pe3ynabraThl auccepTanvoOHHOU
paboThI, BHEIPCHHBIC B IIPAKTUKY:

paspaborannbie SNP-mpaiimepsl, uaeHTuduIUpyomue 5 pac Fusarium
oxysporum f.sp vasinfectum, ucnonb3ytorcs B mabopatopun Crop Science Research
Laboratory, Genetics and Precision Agriculture Research Unit (Muccucumu, CIIIA),
B HAYYHO-HCCIIEOBATENILCKUX paboTaxX Mo MASHTU(UKAIIMN MAaTOTEHOB (CIpaBKa OT
United Statates Department of Agriculture, 30.01.2012 r.);
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paspabotanubie ASPCR-npaiimeps! 0b1TH HCTIONB30BaHbl B MpoekTe (Ne3096—
21000-019-02) «Ouenka abOMOTUYECKUX U OMOTHYECKUX (DaKTOPOB B TEIUIMYHBIX U
MOJIEBBIX YCIIOBUSX JJIs OLEHKH YCTOMYMBOCTH XJIOMUATHUKA K (Dy3aprO3HOMY BUIITY
(FOV)» (USDA Cuiyx0bl celbCKOXO3IMCTBEHHBIX HccheaoBanuii, Jlabook, Texac,
12 oktsa6ps 2015 roma). Annenb-cneuuduueckuid mnpaiimep FOV_ BT AS R3
MO3BOJIMJI OBICTPO U TOYHO OMPENEIUTh aMEPUKAHCKUN TeHOTUN 3 U § pac maToreHa
Fusarium oxysporum f.sp vasinfectum, 4ro mo3BOJHIO CYIIECTBEHHO COKPATUThH U
COKOHOMUTH BPEMEHHBIE U (PMHAHCOBBIE PECYPCHI.

AnpobGanusi  pe3yabTatoB  HcciaegoBaHus. OCHOBHBIE  PE3yJIbTAThI
UCCIIEIOBAHUSA H3JO0KEHBI B BHJAE JIEKIMM U TPOLUIM ampoOanuio Ha
KoHpepeHIuIX: «JlOCTIKEHUS W TMEePCHEKTUBBI IKCIEPUMEHTAIBLHONW OMOJIOTHU
pactenuii», Tamkent, 21 wHosiOps 2013 r., «AKTyalbHBIE NMPOOJIEMBI Pa3BUTHUS
Onmoopranndeckod xumun». TamkeHT, 15-16 Hos0ps 2013 r., «Kondepennuu
Monomblx yueHsix AH PV3», Tamkent 2014 r., «YcuMIHKIapHH 3apapiu
OpraHM3MJIapJIaH XHUMOS KWIHIIIA OUOJOTHK YCYJUIAPHUHT caMapaJopIuTruHu
OIIMPHUIII MyaMMOJIapu Ba UCTUKOOJapuy. Tamkent, 7—8 mas, 2015 T.

Ony0JnKOBAHHOCTH Pe3yJbTATOB MccJenoBanus. [lo Teme nuccepraiuu
onyOJMKOBaHbl Bcero 28 HayuHblx pabor. M3 Hux 10 HaydHBIX cTateil, B TOM
yucie 8 B pecnyOJMKaHCKUX U 2 B 3apyOeKHBIX KypHajaxX, PeKOMEHIOBaHHBIX
Bricuieit atrecrarimonnoit komuccuet Pecniyonuku Y30ekuctan st myoiauKaiuu
OCHOBHBIX HayYHBIX PE3YJIbTATOB JOKTOPCKUX AUCCEPTAIUH.

CTpykTypa u 00beM auccepramuu. CTpyKTypa JucCepTallid COCTOUT U3
BBEJCHUS, CEMU TJIaB, 3aKIIOUCHHUsI, CIIHCKA JIUTEPATYyphl, MpHiIoxkeHun. O0bem
auccepranuu cocrasisieT 191 crpanuny.
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OCHOBHOE COAEPXKXAHUE JUCCEPTAIIUU

Bo BBemeHMM O00OCHOBBIBAC€TCS  aKTyaJlbHOCTh W  BOCTPEOOBAHHOCTH
IPOBEJAECHHOIO MCCJIEAOBaHUA, LENb W 3aJa4d HCCIIECIOBAHUS, XapaKTEPU3YIOTCA
OOBEKT M TMpEeAMET, I[0KAa3aHO COOTBETCTBUE HCCICAOBAHUS MPUOPUTETHBIM
HaAIpaBJICHUSAM Pa3BUTHS HAYKH U TEXHOJIOTMM pecryOJIMKHU, U3JIaraloTcs HaydHas
HOBH3HA WM NPAKTUYECKUE PE3YyJIbTaThl HCCIEAOBAHUSA, PACKPBIBAIOTCS Hay4yHas U
NpaKkTHYECKass 3HAYMMOCTh TOJYYEHHBIX PE3YJIbTAaTOB, BHEIPEHHE B IPAKTUKY
PE3yNbTaTOB MCCIEAOBAHMS, CBEICHUS O OMyOJMKOBAaHHBIM pabOTaM U CTPYKTYpE
JTUCCEPTALINH.

B 1(50):10)74 rjiaBe IUACCepTaluuU «MoJiekyJIIpHO-TeHeTHYEeCKHUe
uccjaenoBanus poaa Fusarium»  packpeIBaloTCS  BONPOCHI  HCTOPHH — HX
UJICHTUPUKALNK, TPUMEHEHUS  MOJICKYJSPHO-TEHETUUECKUX  METOJ0B U
NpPOAYLEHTaX MHUKOTOKCHUHOB. IlepeuunciieHbl OCHOBHBIE MPOOJIEMBI JAHHOTO
HarpaBJeHUs, 00CYK/I€Hbl BO3MOXKHbBIC ITYTH X PEIICHUS.

Bo Bropon rmaBe aguceprauuu «Marepuas, YCJIOBUA U MeTOAbI
HcCael0oBaHUsl  MpeacTaBUTeNieil poma  Fusarium»  JeTalibHO — ONMKMCAHO
reHotunupoBanue U JIHK cexBeHupoBaHue reHOMOB TpPUOHBIX IMATOTEHOB IS
BUJIOBOM M pacoBoi ujaeHTU(UKanuu. s ompeneneHus BUIOBOW U pacoBOU
NPUHAJICKHOCTH OBUIM MCIIOJIB30BaHbl M30JATHI Fusarium spp. u3 y30ekcKoi
KOJUJIEKIIUU (PUTOMATOTEHOB.

B Ttpetbeit rimaBe auccepranny «OUIOTeHETHYECKHIT aHAJHU3 U CTelNeHb
reHEeTHYEeCKOr0 Pa3Hoo0pa3usi» NPUBEACHBI CIEAYIOIINE PE3YIbTATHI.

Jlns uaeHTHGUKANMK H30JIATOB Fusarium spp. uM3 y30€KCKOW KOJIICKIIHH
¢uronarorenoB Mbl ucnoibzoBadu JHK wuzonstoB FOV ¢ u3BectHOU pacoBoii
MPUHAJICKHOCTBIO, COOpPaHHBIX 1O BCEeMY MHUPY. MBI NPOCEKBEHUPOBAIU
MOCJIEN0BATENBLHOCTH YeThIpeX ogHOKOoNMuKHbIX TeHOB — TEF-1a, BT, NIR u rDNA
— C UCTOJIb30BaHMEM TeHCnennuduuHbIX mpaiMepoB. [lonyueHHbIE HYKJICOTUIHBIC
MOCJIEI0BATEIBLHOCTH ObLIH CpaBHEHBI c ony0JIMKOBAaHHBIMU
MOCJIEIOBATEIBHOCTSIMA ~ BbIIEYKa3aHHbIX TeHOoB mnpu  nomomu  BLAST
MexJyHapogHoro renetrudeckoro Oanka NCBI (blast.ncbi.nlm.nih.gov) s
ONpelesieHUuss WX BUJOBOM NPUHAMICKHOCTH. Huke npuBeAeHbl pe3yJbTaThbl
(UIIOTEHETHYECKOTO aHaJIM3a M0 BCEM YETHIPEM I'eHaM.

Hoenmugpurxayus no BT ceny. B o0miell CI0KHOCTH COPOK YETHIPE M30JIITa
Fusarium spp. ObLIM TpPOAHAIM3UPOBAHBI MO YACTHYHOM IMOCIEI0BATEILHOCTH
reHa BT. MHOXECTBEHHOE CpaBHEHHE MOCJIEAOBATEIBHOCTEM W MOCTPOCHUE
nepeBa wmerogom UPGMA nmnokazano, 4YTOo HccieAyeMble HaMH 0Opaslbl
pasnensioTcess Ha nATh kiactepoB. Kmactep | mpeacraBiieH AByMs HM30JSITaMU
Fusarium solani. Knacrep 2 Bxirouaer B cebs 11 wm3omsTtoB Fusarium
sporotrichioides (m3omsat 532), a ocrampHbie Fusarium equiseti, kotopsie
otHocsaTcs Kk komruiekcy Gibberella zeae. Kmacrep 3 Bkirouaer B ceOsi M30JAT
Fusarium oxysporum f.sp.vasinfectum (FOV), oTHocsmuiics K Tpymme
«VCG1112». Knactep 4 BkiaodaeT B cebs 10 msomstoB Fusarium proliferatum,
otHocsimuxcs Kk komruiekcy G. fujikuroi. Kiacrep 5 Bxmtowaer B ceds 20
U30JIATOB, oTHOCAIUXCs K F.oxysporum f.sp.vasinfectum.
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IIpoBenennrpin pamee aHaim3 wMeTtogoM NJ  Takke DoOKaszaln CXOXKYHO
TOMOJIOTHIO (PUIIOTEHETHYECKOT0 JIEpeBa, 3a HUCKIIOUYEHUEM TOro, YTO B TPETH
kiactep Bmecto wuzonara Fovl9 VCGI1112 Beigenuics usonsat Fovl12 GrC,
Takke oTHocammiicas Kk FOV. B kadecTBe BHEIIHEW TPyNIbl HCIOJb30BAIUCH
obpasisl F. solani (319 u 520), reHeTHYECKH OTAAICHHBIC OT OCTAIbHBIX 00Pa3IOB
Fusarium. B naHHOM cily4ae MbI Takke HaOJIFOJaeM MATh KiacTepoB. PaccrosHue
MEXIY KJacTepaMu MPEACTABICHO B MPOLEHTaX OTIWYUA MEXIYy oOpa3lamu H
coctaBysio 2—12%, B TO BpeMsi KaKk BHYTPHU KJIACTEPOB TCHETUUECKHUE PA3TUIUS B
cpenneM Haxoawnuchk B mpenenax 0—2%. bonee Oau3kuMu ObLIM U30JISTHI U3 3—5
kiactepoB. [IpumeuarensHo 1O, yTo 00pa3usl  Fovl9 VCGI1112 u Fovll12 GrC
ABISAIOTCA m3oiaramMu  FOV, Tak OHM ObUIM  OXapaKTepH30BaHBI paHEe
aMEpUKAaHCKUMH Yy4YeHbIMH. Kpome Toro kiactep 4 BKIIOYaeT B celds
npeacTaButeneld Buma Fusarium proliferatum, uto Takke ykaspiBaeT Ha OoJiee
0nM3Koe TeHeThdecKkoe poAcTBO naHHoro Buga ¢ FOV. HaubGonbmmit mHTEpEc
MPEJCTaBIsA KJacTep 5, Tak Kak B HEM crpynmnupoBaiuch obpassl FOV kak u3
y30€KCKOM KOJIJIEKIIUU, TaK M M30JATHl C U3BECTHOM PACOBOM MPUHAIIECKHOCTHIO.
N xoTs reHetwyeckue OTIAMYUS Mexay wuzoistamu FOV Opuin He CTOIB
3HAUUTEJIbHBI, AaHAJIN3 TochenoBaTtenbHocTH BT TeHa TO3BOJIMI  YETKO
UIeHTUGUIIMPOBATh 00pa3ilbl, OTHOCSIINECS K TpeTheil pace. TakcoHoMHYecKas
MPUHAJIC)KHOCTh 00pas3oB MPOU3BEJCHA IyTEM CpaBHEHUS aHAJIU3UPYEMbBIX
MOCJIEIOBATEIBHOCTEN ¢ MEXIYHAPOIHBIM TreHeTuueckum 6ankoM NCBI momornu
anroputmMa BLAST.

Hoeumugpuxayus no TEF-1a ceny. Tpuanats BoceMb H30JITOB Fusarium spp.
ObUIM MpPOaHAIU3UPOBAHBI IO YACTUYHOM mocieaoBaTeNlbHOCTH TeHa [EF-1a.
MHOXXECTBEHHOE CpaBHEHHME MOCJIE0BATEIbHOCTEM U TMOCTPOCHUE JIepeBa
MetonoMm UPGMA mnoka3zano, 4yTo HCCieayeMble 00pasilbl pa3ieistoTcs Ha 3
kiactepa. Knactep 1 mpencrtaBien AByMs U30JATaMu, MPEICTABISIONIMMUA COOOH
Fusarium solani. Knactep 2 BximtouaeT 13 H30JTOB, MPEACTABISIONIMX COOOM
Gibberella fujikuroi var. intermedia (Fusarium proliferatum). Kiactep 3 coctosin
u3 23 u304TOB, npeactasisomux F. oxysporum f.sp.vasinfectum (FOV).

[IpoBenenHubi pasiee aHanu3 MeToaoM NJ Takke TMOKa3al CXOXYIO
TOMOJIOTUIO  (PUIOTEHETHUECKOTO JepeBa. B kadecTBe BHEIIHEH TPYIIbI
ucnoJsib3oBauchk obpasiel F. solani (319 u 520), reHeTHYeCKH OTAAJCHHBIE OT
ocTaJIbHBIX 00pasmnoB Fusarium. PaccrosiHre MEXIy KiaacTepaMu IMPEACTaBICHO B
MPOLIEHTAaX OTJIMYUA MEXAy oOpasuamu u cocTaBisiiio 7-20%, B TO BpeMs Kak
BHYTPHU KJIACTEPOB I€HETHUECKHUE PA3IMYUs B CPEIHEM HAXOAUJIWCh B Mpeieiax
1%. Kak B cnyuae ¢ BT renom, BugHo, uto npeactaButenu Buaa F. proliferatum
reHetudecku Onmmxke k FOV, yem o0Opasiel, npeactasisomue F. solani. Takxe B
TPEThEeM KJIacTepe CrpynnupoBainchk oopasibl FOV kak u3 y30€KCKOM KOJIJICKIINH,
TaK ¥ peepeHTHbIC U30JATHI U3BECTHBIX pac. M3omsater 316, 327, 347, 460, 527 u
534 opHO3HAuHO TpynnupoBaituch ¢ wuzoasitoM Fov3 Race3 (AY714102.1),
reHetTuueckoe paccrosHue (I'P) mexay kotopsimu coctaBuino <1%. Kpome storo
HaOJIFOJaINCh TECHBbIE (DHIIOTCHETHYECKHE CBA3M H30aATOB 328 u 496 ¢
pedepentueiMm  obOpasiom  Fov66 Race4d (AY714101.1), otHOCSIMMCS K
YETBEPTOM pace.
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Hoeumugpuxayus no NIR eceny. Copox oxmH wu3oyar Fusarium spp.
IpOaHaJIu3upPOBaH o YaCTUYHOM  IIOCJIEIO0BATEIBbHOCTH rea  NIR.
OUIOTEHETUUECKU aHanu3 ¢ ucnoiab3oBaHueM Metona UPGMA mokasan, 4To
uccienyeMble HamMu oOpasubl  pasupenstores Ha 3 knactepa. Kiacrep 1
IOpEICTaBICH M30JITOM 532, aHalnu3 KOTOPOrO C HCMOJIb30BAHHEM AJTOPUTMA
BLAST mnoxkaszan, uro mo nocienosarenbHocTd reHa NIR on cxox ¢ Fusarium
graminearum. Kimacrep 2 BkiaoyaeT 13 H30/59TOB, MNPEACTABISIONUX COOOM
Fusarium fujikuroi (Gibberella fujikuroi). B cmyuae ananu3a rena TEF-10 31H ke
obpasmsl npencraBisuin coboir Gibberella fujikuroi var. intermedia (Fusarium
proliferatum), koropeie oTHocmiuch k mnaroreHomy komruiekcy G. fujikuroi.
Kiractep 3 Bxitouaer 27 u30yaTOB, oTHOCSAIIMXCS K F. oxysporum f.sp.vasinfectum
(FOV).

IIpoBenenHbpll pamee aHamu3 MeToAoM NJ  Takke MOKa3al CXOXKYHO
TOMOJIOTHIO  (PUIOTEHETHYECKOTO JiepeBa. B  kauecTBe BHEIIHEW TPYIIIIbI
MCIIOJIb30BAJICST M30JIAT 532, reHeTu4ecku Haubojiee OTJAJCHHBIH OT OCTaJIbHBIX
obpasioB Fusarium. PaccTossHue Mexay KiacTepamH MPEACTaBICHO B MPOLEHTAX
OTJIMYMS MEXIy oOpa3naMu M COCTaBIsIO OT 5 10 22%. ['eHeTHueckue pa3andus
BHYTPH KJIACTEPOB HAXOJWIIKCh B mpenenax 7%, a cpeaHee 3Ha4€HUE COCTAaBIISIIO
2%. B Tperbem kiacTepe crpymnmnupoBaiuch obOpasnbl FOV kak u3 y30exkckoi
KOJUIGKIIMU, Tak W pedepeHTHbIE HU30JAThl HM3BECTHBIX pac. CreayeT Takxke
OTMETUTBH, 4TO oOpasmbl F. solani Takke rpynmupoBalMch B TPEThEM KiacTepe.
CpaBHeHueM 00pa3loB IO YacTUYHOW TocieaoBatedbHOCTH TeHa NIR  Mbl
uIeHTUGUUUpoBaIn 00pa3iibl, OTHOCSIIMECS K TpeThel pace u rpynme «Cy». [lanee
MOCJIEIOBATEILHOCTH OBLIM CPAaBHEHBI C MEXKIYHAPOIHBIM T€HETUYECKUM OaHKOM
NCBI npu nomomu anroputma BLAST.

Hoenmuguxayus no ITS pecuony rDNA cena. B oOiielt CIOXKHOCTH COPOK
miecTb M30JTOB Fusarium spp. ObUTM TMpoOaHAJIM3UPOBAHBI 10 YACTHYHOMN
nocinegoBarenbHocTd ITS pernona reHa rDNA. MHOXeCTBEHHOE CpaBHEHHUE
noclieoBaTeNbHOCTE U mocTtpoeHue aepesa metonom UPGMA mnokazano, 4to
ucclielyeMble HaMd OOpaslbl pa3fefiaioTcs Ha maTh kKiactepoB. Kiactep 1
IpeACTaBiICH ABYMs M30JIITaMU, MpeacTaBisionumu Fusarium solani. B kmactep
2 crpymnupoBanuch 12 u3071TOB, npeAcTaBisommux Bua Fusarium fujikuroi. B
Tpetuii kjactep Beigenamncs wuzomar 404 (Fusarium sporotrichioides). B
YEeTBEPTOM KJjacTepe crpynnupoBaiuchk 11 obOparoB, oTHocsmuxcs k Fusarium
equiseti. Kmacrep 5 Bxmouwaer B cebs 20 wm3omsroB Fusatium oxysporum
f.sp.vasinfectum (FOV).

[IpoBenenupi pasiee aHanu3 MeTogoM NJ  Takke TMOKas3al CXOXYIO
TOMOJIOTHIO (UJIOTeHeTHYecKoro naepeBa. OaHAKO 37eCh B OTIEJIBHBIA KAl
BBIICIIUJICS U30JIAT 532, KOTOPHIH Moka3ai romosioruto ¢ Fusarium acuminatum. B
KauyecTBE BHEIIHEW TIPYIIbl HMCIOJb30Balnuch obOpasmsl F. solani (319 u 520),
TCHETHYECKH OTJaJCHHBIE OT OCTalbHBIX 00pas3ioB Fusarium. B manHoMm ciyuae
MBI TakXxe HaOmgaeM TMATh KJIacTepoB. PaccTosHue MeEXIy KiacTepaMu
MPECTABICHO B MPOIEHTAX OTIWYUS MEXTy oOpasmamu u coctaBisuio 4—13%, B
TO BpeMs KaKk BHYTPHU KJIACTEPOB I'€HETUYECKUE PA3IUUYUs B CPEIHEM HAXOJIUIHUCH
B npeaenax 2%. Haubonpmuii nHTEpEC MpeACTaBIsAN KjacTep S5, Tak Kak B HEM
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crpynmupoBanuch 006pa3sl FOV kak n3 y30€KCKOW KOJIJIEKITUU, TaK U M30JATHI C
U3BECTHOM pacoBOM MPUHAMIIECKHOCTBIO.

CpaBHUTENBHBIN aHAIU3 H30JTOB U3 MATOrO KjacTepa IoKaszajl, 4YTO
y30eKCKHe 00pas3lbl MMEIN aHAJOTHI0 ¢ BHAOM Fusarium oxysporum, Ho Ooiee
noApoOHasi TaKCOHOMHSI He HaOJoaanach, 3TO, OYEBUIIHO. CBS3aHO C TEM, 4YTO
Fusatium oxysporum f.sp.vasinfectum mnoapoOHO He XapaKTepHU30BaiCs IO
MOCJIEA0BATEILHOCTH JTAHHOTO T'€Ha B OTJIWYUE OT IMOCIEI0BATEIHLHOCTEH T'€HOB
BT, TEF-1a u NIR.

TakCOHOMUYECKYI0 NPHHAIIEKHOCTh OOpa3lOB OINPENEISUIM CPAaBHEHUEM
AHAJIM3UPYEMBIX  IOCJIEIOBATEIBHOCTEN C MEXAYHApOJIHBIM TIE€HETHYECKUM
6ankom NCBI npu nomomu anroputma BLAST.

B yerBepToil rnaBe nuccepTauuu npeacraBieHa «PaspadoTka coBpeMeHHBbIX
FeHOMHBIX IOAX0J0B U reH-cnenupuueckux SNP-mapkepoB st ObICTpOH
WIEHTH(PUKANNHA M1 MOHUTOPUHTA BUJITOBBIX ATOT€HOB).

Hcnonp3ys KoMMepUyeckue napbl NpaiMepoB sl OJHOKONHMIHBIX T'€HOB [3-
tyoynuHa (BT), pubocomanshoit JJHK (rDNA), TpancnaimuonHoro @dakropa
sanonranuu (TEF-1a), autpar penykrassl (NIR) u dpochar nepmaszer (PHO), mbr
MPOU3BENIN AMIUIM(PUKALINIO U ONPEACIEHUE HYKJIEOTUIHBIX MOCIEI0BATEIbHOCTEN
MOJIYYCHHBIX TIPOAYKTOB /it 15 o6pasor Fusarium oxysporum f.sp. vasinfectum.
CpaBHeHHE HYKJICOTHIHBIX IOCIEJOBATEIBHOCTEH IO3BOJUIO OOHAPYKUTH
HaJluuyue HYKJICOTUAHbIX 3aMeH (SNP), B TOM uyuciie U yHUKaJIbHBIX, BHYTpPHU
MOCJIE0OBATEIBHOCTEN 3TUX OJHOKONMMWHBIX T€HOB. HekoTopwie M3 3TUX 3aMeEH
ObIM MPHUCYIIM KOHKpPETHO TOM wuinm uHOM rpynme FOV  (Buny,
crielrMaIn3upoBanHoil popme, pace).

Ha ocHOBe moiy4eHHBIX NTaHHBIX ObLT pa3paboTaH psAll NpamMepoB, KOTOPBIN
MO3BOJMA OBl OCYIIECTBUTh TOYHYIO BHUJOBYIO WJIM PACOBYIO HACHTU(DHUKALMIO
¢utonarorena. B pesynbraTe TecTUpOBaHUS pa3paOOTAHHBIX MpailMEpOB Mbl
NOJIyYWJIM 4eThIpe IMpaliMepa, IMOKAa3aBIIUX BBICOKYIO CHEUU(PUUYHOCTH MpHU
UJEeHTU(PUKALUY UCCIIElyEMbIX TATOTEHOB.

Tak, HanpumMmep, npaiimep SNP FOV2 A 33me G
ATCGATACCCTTGGACGAA 1no3BoJs1 TOYHO HeTeKTUpoBaTh pacy FOV 2,
paHee He OTJIMYUMYIO OT pac 1 u 6, a Takxke u rpynny B.

Hpyroit SNP mpaiimep FOV3 Univ SNP TGTGAGCTTGGGAATTCTTG
ycnemno uiaeHtudunuponan pacy 3 FOV. Hcnonb3oBanue aaHHOro mnpaiimepa
MO3BOJIMJIO HaM CTPyNIUpOBaTh B OJHY TIpynnmy JiBa aMEPUKAHCKHUX
FOV3 AY714088 u FOV16612 AY 714092, a Takxke nBa y30€KCKHUX H30JITa,
KOoTOopble oOTHOocuiuch Kk pace 3. Ilpaiimepsr FOV8 C 30mer _C_

CTCTTCATTGTAAGTTG u FOVSNP11 A 30mer A
ACGACTCGAAACGTGCCCGC II03BOJIAIIN UJIEHTUULIUPOBATD
COOTBETCTBEHHO pacy § u rpynny A.

B pesymbrate  Obutm  pa3paboTaHbl  mpadMephl,  TO3BOJIAIONINE

uaeHTruIMposath pacel FOV 2, 3, 8 u rpynmet A u B (FOV_112) (ta6u. 1).
JlanHple mpaiimMepbl ObUIM pa3paboTaHbl [Js aHanu3a ¢ Habopom SNaPshot

Multiplex ¢ wucnonp30oBaHWEM KamUIIpHOTO 3iekTpodopeza. OmHum u3

OYEBHUIHBIX TMPEUMYIIECTB JJAaHHOTO METOJa C WCIOJIb30BAHUEM CO3JaHHBIX
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npaMepoB SBJSETCS OBbICTpas BHU3yajbHAs JETEKIHS (OIEHKA) TOJYYEHHBIX
pe3ynbraToB. llosiBleHMe Ha MeCTe I1EeJIeBOr0 HYKIEOTHA, Hampumep, «A»
moboro apyroro Hykiaeotuga —«G», «T» umu «C» — Oyner cpa3y HpOsBISATHCS
M3MEHEHUEM I[IBE€TAa Ha KapTUHE pa3JejeHUs] HYKJICOTHUIOB MHpH 3IeKTpodopese,
YTO B CBOIO OYEpeab SBIACTCS OJHO3HAYHBIM I[IOKAa3aTeJIeM OTPUIIATEIBHOTO
pe3yJsibTaTa Mo JaHHOMY IMpaiimepy.

Jns ynpouieHus HACHTUPUKAIMKA MaTOTEHOB M TMPEOJOJICHHS MpoOIeM,
CBSI3aHHBIX C HEOOXOIMMOCTHIO 3aKYIKH JOPOTOTOo O0OPYIOBaHUS W HE MEHEE
JOPOTUX PACXOIHBIX MaTEpPUAIOB W PEAKTHBOB, MBI TMPOBEIH pPabOTHI 0
pa3pabotke He MeHee 3(P(PEKTHBHOrO, HO MEHEE 3aTpPaTHOTO MeToAa s
UeHTU(DUKAMKA BUAOBOM M pacoOBOM MpUHAIICKHOCTH Fusarium spp.

Ta6auua 1.

YHUKaJIbHbIE HYKJI€0TH/IbI B TeHOMe (PpUTONATOTeHOB, MO3BOJISIIOIINE

WAEeHTH(PUUHMPOBATH Pachl.

HasBanue
mpaiiMepoB

WzongaTer

SNP _FOV 3 A 32mer

SNP_FOV2_A _ 33mer_G

316 _R1

316 _R2
316_R3

347
FOV36198_R6
FOV_Aus2
FOV2 R1
FOV3 R3
ATCC RACE 8 1 10
FOV_1661 R3
FOV 112

FOV 113

FOV 124

R4 66
FOV_16611 R2

>| >|>| > SNP_FOV 3 A_35mer

| =[]
o|olo|o
| =[]

QOO D|O| @G| O|SNP_FOV2 A 30mer G
|
|

OcHOBBIBasACh Ha MPUHIUIE MPEABIAYIIET0 METOJa, TAe ACTEKTUPYIOTCS
€MHUYHbIE HYKIJIECOTHIHBIE 3aMEHbl, NPU MOMOIIH (DIYyOPECUEHTHO-MEUYEHBIX
HYKJIEOTHUJIOB, OblJla TpeasiodKeHa pa3paboTka TMpailMepoB, KOTOphIE Obl
JUCKPUMUHUPOBAJIM II0CJIEI0BATEIBHOCTH, HE HECYLIUE LENEBOM HYKIEOTHU,
ONpeEeAIOMNI TOT WK UHOU reHotun FOV.

Mpl  pazpabotanu  mpaliMepbl, Tae NpAMOW  mpaiiMep  sIBIsSETCA
cnenupuueckum ans  ¢parmenta reHa BT-3, a oOpaTtHbiii mpaiimep
CKOHCTPYHPOBAaH TaK, YTO SIBJIAETCS ajljIeNib-CIIEIU(PUYHBIM TOJBKO IJs 3 pachl
FOV OGnaromaps comepxanuto nHGOPMATHBHOTO (I1€JI€BOTO) HYKJICOTHAA «A» Ha
ceoeM 3' konue. Ilpu omxure mpaiimepon, eciu Ha 3' KoHIlE reHa B-TyOyiauHa
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MOCJIEIOBATEIbHOCTh ~ HYKJIEOTHJA HE  COOTBETCTBYET  3asBICHHOM  «Aw,
ammnpukanus — TepMuHupyercs. M,  HaoOOpoT, HalWyhe  IPOAYKTOB
aMIUTU(QUKAIMUA CBUAETEIBCTBYET O TOM, YTO B JJAHHOU MPOOE HAXOIUTCS MATOTEeH
3 pacsl Buza Fusarium oxysporum f.sp. vasinfectum (puc. 1).

bruta taxke ompeneneHa ontumainbHas koHieHTpanus JJHK rpubnoit JJHK,
KOTOpasi COCTaBuiIa 5 HI/MKII.

Kak BuaHO U3 pe3ynbTaToB 3eKTpodopesa, U3 8 TeCTUPOBAHHBIX 00pa3IoB
aMIUTAUKAIMS TPOILIa TONBKO y 4, KOTOpbIE OBUIM MPENCTABUTEIISIMUA 3 PACh
FOV. Oto FOV316 (y36ekckmii sxotun pacel 3), FOV347 (y30ekckuili 3KOTHI
pacel 3), FOV3 (amepuxanckuii skotun pacel 3) u FOV16612 (amepuxanckuit
PKOTHN packl 3). Y oCTalbHBIX 00pa3moB (mpenctaButeneii pac 4-8) wu3-3a
OTCYTCTBHS 1I€JIeBOT0 HykieoTuaa «Ay», [IL[P-npoaykra He 6bLI10.

!' 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

g1
&

i)

Puc. 1. C-)neKTpoq)operpaMa AC_IIIP. npoBeaeHHOIO ¢ l/lcul'IO.]'Ib30BaHl/IeM
npaiimepa FOV_BT_AS R3, cnennguunoro pace 3 Fusarium oxysporum f. sp.
vasinfectum.

Kpome Toro mel momsitTanuck uaeHtudguimporats FOV HenmocpencTtBeHHO B
3apaXeHHBbIX PAcTeHUsX (KOpHSX, JUCThAX M ceMsHax). [IpoBenéHHbIN aHaMM3
TaK>X€ TO3BOJIMI 4YeTKO onpeaenuTs FOV B TkaHsX 3apakKE€HHBIX pPACTCHUM .
AHanu3 MNpPOBOJMJIM C 3apAKEHHBIMU M HE 3apaXKE€HHBIMU PACTECHUSIMHU COpTa
Hamanran—77. [IpaiimepHas napa BT-5 (5'-
GCTCTAGACTGCTTTCTGGCAGACC 3" u FOV_BT AS R3 (5
GTGTAGTGACCCTTGGCCCAA-3"), pa3paboTanHas HamMd Ha OCHOBE
nocnenoBarenbHocTH BT rena, takxke scHo ompexaensna Hanmuune FOV tpetweit
pachl.
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JlauHblii MeTon W pa3paboTaHHBIE HaMH TpaiiMepbl PEKOMEHAYIOTCS s
owicTpoii uneHTudukamuu 3 pacst FOV.

B naToit rnaBe auccepranuu «IlaToreHHOCTH HMccJiexyeMbIX 00pa3suoB U
pac NaToreHoB» MOJAPOOHO ONMUCAHO CJIeayIolee.

[ToMmumo ompeaeneHus BUIOBOM U PacoBOW MNPUHAIIEHKHOCTH H30JSATOB
Fusarium spp. u3 y30eKCKO# KOJCKIMU (UTOMATOICHOB, MBI TaK)Ke IPOBEIH
paboOThI IO ONPEEICHUIO MATOTEHHOCTH HEKOTOPBIX UX HUX. B 001eit cioxHocTH
13 wW30nATOB pa3nUYHBIX BUAOB Fusarium ObUTM MPOAHATU3HPOBAHBI 1O TPEM
pa3MYHBIM TapaMeTpaM, TaKUM KaK BIWUSHHUE HW30JISTOB HAa BCXOXKECTh U
MpopacTaHWe CEeMsH, JIMHA To0era W YrHEeTeHHE pOCTa KOpPHEW y deThIpex
KOMMepUYeckux coptoB xjomdarauka (G. hirsutum L.), Bo3menbiBaecMBIX B
VY30ekucTane Ha JOBCXOJA0BOW U MOCIEBCXOA0BOM CTaAMIX.

N3onstamu, Hanboiee BIUSIONIMMH Ha MPOPACTaHUE CEMSH MO CPAaBHEHHIO C
KOHTPOJIEM, IPYTUMHU CJIOBaMHU, HauboJsiee BUPYICHTHBIMU OBbLIU CIICIYIOIIHE.

I[To ortHomenuro k coprty C—6524 naubonbmee (84-100%) yruereHue
nmpopacTaHusl ceMsH BbI3bIBaU u30yaThl 316 (F. oxysporum f.sp.vasinfectum), a
takoke 319, 503, 519 u 520 (F. solani). Cpennee Baumsaue (57-75%) Ha
npopacTaHue CceMsH okasbpiBamu u3omsaThl 328, 460 (F. oxysporum f.sp.
vasinfectum), 379, 473 (F. solani), 404 (F. sporotrichioides) u 509 (F. fujikuroi
var. intermedia). Ymepennoe (<51%) BiausiHue oka3bIiBaJd U30JAThI 422 u 502.

OtHocutenpHo copta C—4727 wHambonee arpeccuBHbIMH (81-100%)
okazanuch u30JAThl 316 u 460 (Fov), a Taxxke 319, 503 u 520 (F. solani). Cpennee
(55%-75%) Bnusuue mokazamu 328 (FOV), 379, 422, 473 u 519 (F. solani), 502
u 509 (F. fujikuroi var. intermedia) u 404 (F. sporotrichioides).

Ha mnpopacranue cemsH copra Hamanran—77 wnawmbGosbmee (77%—100%)
BIIMSIHHE TIOKa3aau oopasiel F. oxysporum f. sp. vasinfectum — 316, 328, F. solani
— 319, 379, 503, 519 u 520. OctanbHbie WM30JATHl MoKazanmu cpeanee (57—70%
MIPOPOCIINX CEMSIH) BIUSHHUE HA CIIOCOOHOCTh MPOpPACTaHUS CEMSIH.

Hns copra Oman naubonwiiee (77-100%) BiausiHMe mokKa3aaud U30JATHL 316
(FOV) u 319, 503, 519, 520 (F. solani). bonee cnadsiii (<61%) 3pdext mokazanu
uzossatel 460 (FOV),473 (F. solani) u 502 (F. fujikuroi var. intermedia). Cna6oe
(<38%) BnusHME Ha MpopacTaHWe ceMsH copTta Omaj OKa3bIBaM H30JATHl 328
(FOV), 379, 422 (F. solani) u 509 (F. fujikuroi var. intermedia). Uzonsat 404 (F.
sporotrichioides) He oka3pIBaJl HUKAKOTO BIMSHHUS Ha BCXOXKECTh CEMSH JaHHOTO
coprTa.

Kak BUIHO W3 NMPUBEACHHBIX BHIIIC JaHHBIX, U KaXJI0TO copTa Hambojee
arpecCUBHBIMU OBUIM MpeuMyinecTBeHHo wu3oysTel 316, 319, 503, 519 u 52,
0c00eHHO u30JAT 520, KOTOPBIM BBI3BIBAI THOEIH CEMSH Ha MPEIBCXOJI0BOM
CTaIUHM BCEX YETHIPEX COPTOB, MCIIOJIB30BAaHHBIX B JKcrepuMeHTe. OaHAKO s
ompeneieHUs W YTOYHCHHsS Hauboliee BUPYJICHTHBIX H30JSTOB IO MPU3HAKY
YTHETEHHS BCXOXKECTH CEMSH MBI MPOBEJIM 0000IIEHHBIN aHAIN3 M0 YCPEIHECHHBIM
MOKa3aTeIsIM.

Mpb1 Takxke HAOMIOJAmW 3a BIUSHHEM HAIIUX H30JISITOB HAa YEThIpE cOpTa
XJIOMMYaTHUKA W Ha TMOCIEBCXOJOBOM cTaguu. B kadecTBe mapameTpoB 3a
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KOHTPOJIEM WX IAaTOTCHHOCTH MBI pacCMaTpUBAId WX BO3JACHCTBUE HA JJIUHY
IPOPOCTKOB.

[To mapameTpy IJIMHBI MPOPOCTKA HAOIIOIAJIOCH CIIEIYIOIIEE.

O6nagaromumMu HauboJIbIIEH CIIOCOOHOCTHIO K YTHETEHHUIO POCTA MPOPOCTKOB
copta C—6524 moxxHO cunutaTh u3o0ysaThl 316, 328 (FOV), 319, 503, 519 u 520 (F.
solani), Tak kak 3TH H30JIATHl NPHBEIM K TUOENIM OOJBIIMHCTBO, a B Ciyd4ac
uzonara 520 Bcex ceMsH JaHHOIO copTa Ha JOBCX0a0BOM cramuu. CpenHioo
CIOCOOHOCTH K IMOJIABJICHUIO POCTa PACTEHHUS MO OTHOIICHUIO K KOHTpoJto (48%)
nokazan wu3oaar 460 (FOV). Wzonarer 379, 422, 473, saBusiomnmecs
npeactasutensmu F. solani, 404 (F. sporotrichioides) u 502 (F. fujikuroi var.
intermedia), MOXXHO OTHeCTH K KaTeropuum ciabo Bimsonmx (<30% 1o
OTHOIIEHHUIO K KOHTPOJIIO) Ha POCT MPOpPOCcTKOB copTta C—6524.

K wusonsaram, cymectBeHHO (53—-100% 1o OTHONIEHUIO K KOHTPOJIIO)
BIIUSIIOIIUX HA POCT MPOPOCTKOB copTta C—4727, MOKHO OTHECTH H30JATHI 316 u
460 (FOV), a taxxe 319, 520 (F. solani). Yraerenue pocta mpoOpOCTKOB MTOYTH B 2
pasa 1o OTHOIIEHUIO K KOHTPOJIIO (48%) BhI3bIBaeT M30JAT 473, oTHOCAIIUIICS K F.
solani. Cna6siii 3 dexT Ha pocT MPopocTKOB (>33%) 0Ka3bIBAIOT YETHIPE U30JISATa
— 328 (FOV), 503 (F. solani), 509 (F. fujikuroi var. intermedia) u 404 (F.
sporotrichioides). Uzomnster 379, 422 (F. solani), 502 (F. fujikuroi var. intermedia)
CyHmIeCTBEHHO He yrHetanu pocta (<17% 1o OTHOWIEHHWIO K KOHTPOJIIO)
npopoctkoB coprta C—4727, a m3omar 519 (F. solani) mpaktuuecku (3%) He
YTHETaJI pOCT MPOPOCTKOB TAHHOTO COPTA.

[To otHOomIeHUIO K copty Hamanran—77 HauboJliee arpeCCUBHBIMU SIBJISIOTCS
uzosatel 520 (F. solani), Ber3BaBmmii 100% cMepTh IPOPOCTKOB IAHHOTO COpPTa Ha
cTajauu mpopactanus, a Takke 316 u 328 (FOV) u 319, 503 u 519 (F. solani),
Takxke cymecTBeHHO (<88%) yrueraBlid€ pPOCT MPOPOCTKOB MO OTHOIICHUIO K
koHTpoJt0. M3onarer 460 (FOV), 379, 422 (F. solani) u 404 (F. sporotrichioides)
yMepeHHO (36—42% K KOHTpPOJIIO) BIMSIM Ha JJIUHY TpopocTkoB. Crnaboe (17%)
BJIUSHUE Ha JUIMHY MPOPOCTKOB mokasan uzoisat 509 (F. fujikuroi var. intermedia).
OcrtanpHBle HM30JATHI HE TIOKa3ajdu cymecTBeHHOro sddexra (>6%) Ha copTe
Hamanran—77.

[lo mpusHaky BIHMSHUS HM30JATOB Ha MJIMHY MpopocTka y copta Oman
HaOmronancs natepecHslit 3 dext. K n3zonsram, cymecTBEHHO BIUSIONIMM Ha POCT
nobera (76—-100% k koHTpost0), otHocsTea 316 (FOV), 319, 503, 519 u 520 (F.
solani), koTopbIii, Kak W B TPEeABLAYNIMX ciydasx, Bbi3Ban 100%-Hyr rudenb
ceMsiH 10 ux npopactanms. OctaneHbie u3oyaTel — 328, 460 (FOV), 473 (F.
solani) u 404 (F. sporotrichioides) — He oka3pIBald CTOJb CYIIECTBEHHOTO
BIIMSHHS HA ATOT mapameTp ais copta OMal, Tak Kak pa3HHIIA MO0 OTHOIICHHUIO K
KOHTpPOJIO cocTarisuia oT 3% no 10%, a u3onsarer 422 (F. solani), 502 u 509 (F.
fujikuroi var. intermedia) BooOie He yrHeraaud MPoOpocTkH 3Toro copta (<1%).
OpaHako cieayeTr OTMEeTUTh, uto u3oiatel 379 (F. solani) u 509 (F. fujikuroi var.
intermedia) mokaszajau MPSAMO MPOTHBOIMOJOXKHBIA 3PGheKkT. DTH  HU30JATHI,
HaMpOTUB, BBI3BIBAIM YJIMHEHUE MPOPOCTKOB MO CPABHEHHUIO C KOHTPOJHHBIMU
He3apaXeHHbIMU pacTteHussMu. Hanpumep, wuzonsatel 379 u 502 BwI3bIBAIK
YAJIMHEHHE TPOPOCTKOB HA 3% 1 14% 10 OTHOLIEHUIO K KOHTPOJIIO.
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Ilo mammM AaHHBIM, HauOoOJiee MATOTCHHBIMU SBJISIOTCS HM30IATHI — 316
(FOV), 319, 503 u 520 (F. solani), nomaBnstomux poct moderoB Ha 70-99% 1o
OTHOIICHHIO K KOHTposto. CpelHEeBUPYJICHTHBIMU (IOJIaBJICHHE pOCTa IMOOETOB
oonee 50%) sBisrorcs wm3oaaTtel 328 (FOV) wm 519 (F. solani). K
c1aboBUpYeHTHBIM (moaaBieHue pocta <50%) MoxxkHO oTHecTH u3oJAT 460
(Fov). OctaBmuecss U30J49Thl HE OKa3bIBaJIW CYIIECTBEHHOT'O BIIUSHUS, IMOJABIISSA
pPOCT MPOPOCTKOB B cpeAHeM Ha 18 %.

[Tonydenubie TakuM o00Opa3oM JaHHBIE B  MPOIEHTHOM BBIPAKCHUU
WHTUOUPOBAHUS POCTA KOPHEH Y TECTUPYEMBIX PAaCTEHHH OB KOHBEPTHUPOBAHBI
B COOTBETCTBYIOIME KaTEropuu 1o 4-OanbHOUW mmiKasie, rae | — HemaToreHHbIC
(marmOupoBanme Ha 0-30%); 2 — cnabGomatorenneie (31-50%); 3 -
cpenuenarorernbie (51-70%) u 4 — cunpHo maroreHHele (< 70%). OTu naHHbBIE
OBLIM YCpPEIHEHBI IJII BCEX YETHIPEX COPTOB, W OBUI BBIBEICH OOMIMA HHICKC
MMaTOTE€HHOCTH.

JIOTIOTHUTEIBPHBIM KIACTEPHBIM aHAlU3 IO HMHAEKCY IaTOTEHHOCTH TaKXe
MoKaszajg 4YeTKyI KapTUHY pachpefelieHus oO0pas3lloB Ha IaTOreHHbIE U
HenaToreHHslie. [lomyueHHoe GUIOreHeTUYEeCKOoe JAEPEeBO MOApa3Aeisioch Ha JiBa
OCHOBHBIX KJIacTe€pa, TCHETUUYECKOE PACCTOSHHUE, BBIPAXKCHHOE B IIPOIEHTAX
pa3nuyusg HM30J9TOB 10 HMHJAEKCY MAaTOr€HHOCTH, cocTaBisyio oT 0 go 100%.
[lepBbIii KacTep BKJIOYAN B ceOS M3OIATHI ¢ MHIACKCOM MAaTOreHHOCTH 4 u 3
cuibHOTIaTOreHHbIe — U30J1AThl 316 (FOV) m 520 (F. solani) u cpenHenaToreHHbIe
— moyarel 319, 503 u 519 (F. solani). Bropoii kiactep BKIOYan B ceOs
cirabomatoreHasie — u30aAThl Fov 328 u 460, a Tak)ke HEMAaTOTCHHBIC M30JSITHl —
379, 422, 473 (F. solani), 404 (F. sporotrichioides) u 502, 509, otHocsmuecs k F.
fujikuroi var. intermedia. Cnexyer OTMETHTb, YTO IO HMHJCKCY IMaTOICHHOCTH
MaTOTeHHBIC U30JISAThI OTJIUYAINCH OT ¢J1ab0 MaTOTeHHBIX U HEMAaTOTeHHBIX Ha 97%
(puc. 2).

Takum obpazom, CHUJIBHOTIATOT €HHBIMH 1o OTHOIIICHHIO K
CPEIHEBOJIOKHUCTOMY XJIOMUaTHUKY siBisitorcst uzonar 316 (FOV) u uzonst F.
solani 520, ocobenno wm3onar 520, BbI3BaBIIMN THOEIb CEMSH BCEX YETHIPEX
COPTOB eIe Ha mpeascxomoBoi craguu. M3omsrer F. solani 319, 503, 519
MOKa3bIBAIOT CpeHEE 3HaueHUE HHAeKca mnatoreHHocTtH. CirabomaToreHHbIMU
aBisaoTcss ABa obOpasna FOV — wumsomsater 328 u 460. OcranbHble H30JSATH B
pe3ysbTaTe SBISIOTCS HEMATOTCHHBIMU IO OTHOIICHUIO K CPEIHEBOJOKHHCTOMY
XJIOMMYAaTHUKY.

B mecroii rnaBe auccepranuu «Co3aqaHHe TeHeTHYECKMX MOMYJISIIUil 1
reHeTHYeCKOe KAPTHPOBAHME JIOKYCOB YCTOHYMBOCTHY OITUCAHO CIICTYFOIIICE.

JIJIsi osydeHusT SKCIIEPUMEHTAIBHBIX TOIMYJISIIUN, CETPETHPYIONIUX IO TMPU3HAKY
YCTOWYMBOCTH K BHJITY M3 Y30€KCKOH KOJUISKIIMM TePMOTLIa3Mbl XJIOMYaTHUKA OBLITH
BbIOpanbl 18 pacrenuit (10 ycToiumBBIX M 8 UyBCTBUTENBHBIX K BUJTY COTJIACHO
Karanory koyekuuu). [IpoBenu 21 KOMOWHAIMIO CKpENIMBAHWUN, M3 KOTOPHIX B
nanbHeiem ortodpamu komOuHammio «Mebane Bl» X «11970», tak kak BO Bcex
OCTAJIbHBIX KOMOWHAIIMAX OTCYTCTBOBAJA BBIPAKEHHAS CErperanus 1Mo MpPHU3HAKY
YCTOMYMBOCTH K BHITY. OTOT (akT o0ObACHAETCSs TeM, uTo oroop 18 Kak
YCTOWUYMBBIX, TaK W YYBCTBUTEIBHBIX PACTEHUN MPOU3BOAWICS HA OCHOBAHHUH
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KaTaJOKHBIX 3alUCE MO KPUTEPUSIM «YyCTOMUMBBIE K BUITY» U «UYBCTBUTEJIbHBIE K
BUNTY». Tak kak BHeceHHe HWH(OpPMAIMM 1O MHOTMM oOpa3liaM KOJUIEKIIUU
ocyuiecTBisuioch 6onee 10-20 neT Hazaa, TO KOHKpeTHas MHGOpMAIUsS O NPUPOJIe
BuiTa (Py3aprO3HBINA MM BEPTUIMILIC3HBIN U T.11.) B 3TUX 3aMUCSAX OTCYTCTBOBAJA.

[IpoBeneHre »SKCOEpUMEHTa B PEAIbHBIX YCIOBUSIX C HCIOJIb30BAHUEM
¢Gy3apuo3HOrO0 MHQPEKIMOHHOTO (OHA TMO3BOJWIO BBISIBUTH M3 21 KoMOWHanuu
TOJILKO | MOMYJSALNIO, MOAXOJSILYIO JIJIs JalbHEHIINX ucciaenoBaHui. BriOpannas
MOMYJISIIUSA Jlajiee UCIOoIb30Banach Ajisl nojaydeHus F, 4 mokoneHusl.

319

503

Puc. 2. UPGMA anaau3 13 uzoasiToB, oTHOCsmmxcest kK Fusarium spp.
(A) — Jdenaporpamma, mokassIBalomas pacrpeieleHne H30MSTOB M0 MHAEKCY X MaTOTeHHOCTH B

OTHOIIEHWU TECTUPYEMBIX COPTOB U JIMHUM xyonuaTtHuka; (b) — HeykopeHeHHOe JepeBo,
MOKAa3bIBAIOLIEEe YAAJEHHOCTh MaTOT€HHBIX HM30JIATOB OT CJIa00- W HEMaTOreHHBIX 00paslioB U3
y30e1Koil KoeKuu (PUTONaToreHoB. BHICOKOBUPYIEHTHBIE — KPacHBIN, CPeTHEBUPYJICHTHBIE —
KEIIThIH, CITa00BUPYIEHTHbIE — CHHUM U HENAaTOTe€HHbIE — 3€JICHBIN.

AHanu3 BBDKMBAEMOCTH OSKCIEPUMEHTAIBHON MOMYISIIMUM U KOHTPOJBHBIX
pacTeHMid B JBYX pa3jM4YHbIX YCIOBHUSX IIOKa3all CleIylollue pe3yabTaTel. B
YCJIOBHSIX €CTECTBEHHOTO BHJITOBOTO (DOHA MpopacTaHre CeMsiH ObLIO OY€HB CIIa0BbIM.
B F; monymsaumsix Ha ycioBHO 4ucTOM (poHE «IKCm.moie—1» U B YCIOBHSX
€CTeCTBEHHOTO  BWITOBOro  (oHa  «OKCILIOJE—2» €  JONOJHUTEIHHBIM
UCKYCCTBEHHBIM 3apakeHUEeM ceMsiH m3oysstoM FOV Ne316 B nomynsiun «Mebane
Bl» X «11970» xonu4ecTBO HEMPOPOCHIUX CEMSIH COCTABHJIO COOTBETCTBEHHO 3% U
21%. U3 mosy4eHHBIX NaHHBIX BHUJIHO, YTO Yy HKCIEPUMEHTAIbHBIX MOMYJSIIUN U
KOHTPOJBHBIX PACTEHUH B PaBHOM CTENEHU HAONIOAAIOTCA CHIIbHBIE Pa3iuyus B
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MPOPACTAaHUU CEMSTH U YTHETEHUU MPOPOCTKOB BIUIOTH JI0 UX TMOETH B 3aBUCUMOCTH
or uH@ekuuoHHoro c¢ona. Tak, cpeaHee 3HAUEHHWE MOTHOIIMX PACTEHUN Cpenu
coptoobpasioB Buaa G. hyrsutum Ha ecTecTBEHHOM (poHE «IKCIT.TI0JIE—2)» COCTABHIIO
43,5%.

B nomymsumm «Mebane Bl» X «11970» wabmoganach —IIMpOKas
(dbeHoTUNIMYECKas BapHualus IO BOCIPUUMYUBOCTH K BUATYy. g JanbHeiero
aHaJlM3a HaMu ObLIa BeIOpaHa nomyisinus «Mebane B1y X «11970».

Haubonee BeipakeHHbIE BHEIIHME MposiBieHus 3aboneBanus FOV y pacrenuit
nomyisinuu Fz «Mebane Bl» X «11970» maOmoganuch B KOHIIE BEreTAIIMOHHOTO
MepHo/ia, BO BPEMs CO3PEBAHUS U PACKPBITUS KOPOOOUEK.

AHanmu3 pacHieTuieHus TpU3HaKa B MOMYyJsnud Fi OT CKpemmBaHUS TOKa3ai
PasIUYHYI0 KapTUHY TMPOSBICHUS NpPH3HAKA B 3aBUCUMOCTH OT WH(EKIIMOHHOTO
¢ona. Tak, B yclnoBusax «IKcm.moje—1» mposiBIieHWE BUITA B Pa3IMYHONW CTENECHU
orMeueHo y 45% pactenuil. Ha ecrecTBeHHOM BWJITOBOM (hoHE B «IKCII.IOJIE—2)»
MPOSIBJICHUE BUJITA B Pa3IMYHOM cTereHn Habmoaanock y 79% (puc. 3).

Cpennsisi olleHKa CTEMEHU MPOSIBICHUS BUITA Y POJAUTEIBCKUX U KOHTPOJBHBIX
pacteHuit B «Jkcm.noiie—1» u «3kcn.nmose—2» nokasania, 4to coptT Mebane—1 umen
cTeneHb cooTBeTcTBeHHO 1 M 3,3 (cornacHo 5-OanpHO# mikane, rae 1 — 370poBoe
pacteHue, 2 — ciiaboe mposBieHHe, 3 — cpenHee, 4 — CHIbHOE, 5 — pacTeHue
noru6s10); 11970 — coorBerctBeHHo 2 1 4; 3—7/9 -1 u 2; TM-1 -1 u 1,3; C4727 -
COOTBETCTBEHHO 3 M 2,7.

= F; “Mebane B1” x “11970"

3
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CuneHoe CpegHee Cnaboe He nopameHH

m3Ken. none 1 3 8 75 98
H 3Kcn. none 2 82 15 14 31

Puc. 3. Pacnpenesienne pacrennit nonyasuuu F3 (Mebane B1 X 11970) no

CTENEeHM 3aparKeHUs B 3aBUCMMOCTH OT MHPEKIMOHHOIO (poHa.
«Qkcn.none—1» — yucThid POH C IPUMEHEHHEM UCKYCCTBEHHOI'O 3apaKeHus;

«DKCI.IO0JIE—2» — €CTCCTBEHHBIM BUIITOBBIM q)OH C IPpUMCHCHUCM HCKYCCTBCHHOTO 3apaKCHUS .
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VYca0BHOE pacnpeielieHHe pacTeHUd B TECTUPYEMOM MOIMYJISLMU Ha 2 TPYIIbI
(ycToiturBbIe U HEYCTOMYMBBIE), T€ cIa00, CpeHE U CHUIIbHOIIOPAKEHHBIE PACTEHHUS
0oOBbEIMHEHBl B TPYIIy HEYCTOWYUBHIC, a HEMOpPaXEHHbIE PACTEHUS BO BTOPYIO
Ipynny — YyCTOWYHMBBIE, TO KOJMYECTBO PACTEHHUM B TpYyIax Ha €CTECTBEHHOM
BUITOBOM (PoHE «IKCIH. moje—2» cocTapisieT cooTBeTcTBeHHO 115 m 31. B Takom
ciydyae (DEHOTHUIIMYECKOE paACHICIUICHHE IO CTENEHU TMOPaKeHHs BHITOM B
aHAIM3UPYyEeMOW TMOMNYyJSALMM B YCIOBUAX €CTECTBEHHOIO BWJITOBOTO (poHa
MIPOUCXOJHUT B COOTHOIIEHHH Omm3koM K 3:1 (x2=1,11; p<0,05), B TO Bpems Kak B
ycinoBusiXx 49uctoro (Qora («Ikem.  mone—1») M UCKYCCTBEHHOTO —3apaKCHHS
pacrpeiesieHue pacTeHul coctaBuio 86 u 98, 4To COOTBETCTBYET paciierieHuto 1:1
(x2=0,78; p<0,05).

Brranciienue 3HaveHus y2 B SKCIEpUMEHTAIBHOM nomyssiun 1 (Oker. mone—1)
1 (DKCII. 11os1e—2) OCYIIECTBISUIN 10 opMyJie

12=Y (En—Eo0:x)2/ Eox. (1)

JU1s1 BBISIBJIEHUSI TEHETUYECKUX PETMOHOB, ACCOLMMPOBAHHBIX C YCTOMUHUBOCTBHIO
G. hirsutum x (¢y3apuo3HOMy BHITY, O3KCIEpUMCHTaNbHas Fz momymsius
«MebaneB1» x «11970», cerperupyrolias 1o nMpu3HaKy BHITOYCTOHYHMBOCTH, ObLIa
T€HOTUIIMPOBAaHA C UCIOJb30BaHMEM MuKpocareuToB u3 koiekiuuid GH, CIR,
CM, BNL, TMB, NAU u JESPR. Ha HacTtosmmi MOMEHT OBIJIO MCIIOJL30BaHO 775
nap MHUKPOCATEIUIUTHBIX MpaiiMepoB, u3 KOTOphix 105 mokazamu mnoiumMophusm
MEK]ly POJAUTEIbCKUMH PACTCHUSIMU.

BrisBnennbie Hamu 105 mpaliMepHBIX Map ObUTH HCIIOJNB30BAHBI I aHAIM3a
rpynn cuemieauss U QTL kapTUpoBaHHS SKCIEPUMEHTAIBHOW MOMYISUAA IS
BBISIBJICHHS MApKEpPOB, aCCOLMPOBAHHBIX C MPU3HAKOM YCTOMYMBOCTH K BuiATy. M3
BBISIBJICHHBIX MapkepoB 105 MUKpOCATEINTUTHBIX MpaiMEepHBIX Hap ObUIA MPUTOIHBI
JUIsl KapTUPOBAaHUS TMOMYJALMU W OoOHapyxuBanu 237 NOIUMOP(HBIX JOKYCOB.
AHanu3 CLEMIeHUs U MOCTPOCHHE MeHETUYECKOM KapThl MPOBOAMIMA MPU MOMOIIU
nporpammel JoinMap 3.0.

JIist mpoBeieHUsT aHAIKM3a CUEIUICHHS MOIMMOP(HBIE JTOKYChI OBUIH pa3/ieieHbI
Ha TPU TPYIIIIbL:

1. Jlokycel, ammuudunmupyembie Toibko B «MebaneBly (¢ pacnpenenenuem 1:1),
Y TE€TEPO3UTOTHBIE JIOKYCHI ¢ pactpeaeneHueM (3:1 wm 1:3);

2. Jlokycel, ammmdumupyembie Toapko B «11970» (c pacnpenenenuem 1:1), u
reTEPO3UTOTHBIE JIOKYCHI ¢ pacupenesienrem (3:1 unu 1:3);

3. Bce monyuennsie moaumMopdHbIE TOKYCHI.

Ha ocHoBaHMU 3THX AaHHBIX OblIa MOJTy4YeHA FEHETHYECKas KapTa CIETUICHHS,

BKJTIOUaromias 10 rpynmn crenseHus, OCHOBaHHBIX Ha 45 MOJuMOpPGHBIX MapKepax.
[Tocnenyromee QTL kapTupoBaHue MO3BOJWIO ONPEACTUTH JIOKYCHI,
aCCOIMUPOBAaHHbBIC ¢ MPHU3HAKOM BuiTOoycToMunMBOCTH. QTL ananu3 Obul mpoBeacH
IIPH TIOMOIIA METO/a CMEIIaHHOTO KapTupoBaHus uHTepBaaoB (CIM) B mporpamme
Windows QTLCartographer v. 2.5 011. B pesynbrare CIM kapTupoBaHusi ObUIH
BBIABICHbl O KAHAWJATHBIX MAapKEpOB, ACCOLUMHUPOBAHHBIX C  IPU3HAKOM
BUJITOYCTOMYMBOCTU B TpeX Tpymmax cuersieHus. OqHako HanOoiee JOCTOBEPHBIN

46



pe3yabTar nokazana rpymnma cuemienus ['Cl, B koropoit ocHoBHOl QTL peruos,
CUEIUIeHHBIA ¢ BuiITOycToMunuBOCThIO (LOD = 5.3). Haxoauics Mexay MapKepaMmu
BNL 3442 129 u BNL1145 259.

B cenpMon rmaBe aguccepraunu «buouHdgopMaTuyeckas HIACHTUPUKALMSA
KAHAUAATHBIX TEeHOB [UI  YJY4YIIeHUS BWITOYCTOMYMBOCTH  COPTOB
XJIOMMYATHUKA» TPEICTABIEHO CIEAYIOIIEE.

B pamkax naHHOW AuMccepTallMOHHOM paboThl JJi MPEOAOJICHUS HEKOTOPBIX
OTPAaHUYCHHM, CBSI3aHHBIX C MCIOJB30BAHUEM OJIHOKOIMHUMHBIX TE€HOB, OOpa3IlbI
UCCIIEyeMbIX HW30JIATOB  FuSairum ObUIM  TCHOTHIMPOBAHBI TPHU  TIOMOIIH
ynuBepcanbHbIX JJHK-Mapkepos, a umenno RAPD, nnsa pacmmpenns BO3MOXKHOCTH
UICHTU(GUKAIIMN PA3IMYHBIX TaKCOHOMHYECKUX Tpymnm. B oOmieit crmoxHocTH s
TCHOTUIUPOHUST HamMu ObUIM  Wcmoib3oBaHbl 73 RAPD  mpaiimepoB s
UIAEHTU(UKAIMU TPOAYKTOB aMIUIM(PHUKALIMK, O0YCIOBIMBAIOIIUE PA3THUUASL MEKITY
12 u3oasTamMu puTONATOreHHBIX TprboB Fusarium spp. (puc. 4).

Jnst  nmanpHedmedt  pa®OThl Mbl  BbIOpanu  IpallMepbl,  KOTOpHIE
aMIUTMGUIMPOBAIM  YHUKAJIbHBIE TPOJYKThl Kak BHYTPU BHUIOB (packl), Tak H
Bugocnenuduyeckue (Buasl, forma specialis). OTu GpparMeHTsI OBUTH 3ITFOUPOBAHBI
W3 Tejsl U IPOKIOHUPOBAHBI B BEKTOPE ISl aHAIU3a 110 OIIPEACIICHUIO HYKIICOTH THOU
[1OCJIEI0BATEIbHOCTH.

2 34 56 89 1011121314 234 56 89 10111213142 34 56 89 1011121314 23456389 1011DBYM

Puc. 4. RAPD anamm3 12 uzoasroB Fusarium spp.

B pesyaprate Hamu ObuIM  0TOOpaHbl 13  yHMKambHBIX (DparMeHTOB.
[locnenyromee  omnpeAesieHHE  HYKICOTHIHBIX  IOCJIEIOBAaTEIbHOCTEM  ATHUX
(GbparMeHTOB MO3BOJIMJIO HaM MPOBECTH CPABHUTEIBHBIN aHAIU3 C MEXAYHAPOIHBIMU
reHeTUYECKUMHU 0a3aMy JIaHHBIX, a TaKke pa3padorats 13 mpaliMepHBIX map AJs
npoBeaecHus nanbHeimero SCAR-ananusa.

JInsgs  cpaBHEHHMS ~ 3TUX  HYKJIECOTHUIHBIX  IOCIEJOBATENBHOCTEH €
MEXIyHAPOJAHBIMA TEHETUYECKMMH OaHkamu mocpenctBomM BLAST-ananmuza Mbl
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ucrnonb3oBan airoput™ BLAST X, no3Boisiomuii CpaBHUBATh HYKJIEOTHIHBIC
MOCJIEIOBATEIHLHOCTA TPOTUB aHHOTUPOBAHHBIX OEJIKOBBIX MOCIE0BaTEIbHOCTEH. B
pe3yibTaTe HaM YJajdoCh ONPENEIUTh (PYHKIIMOHAIBHYIO MPUHAMJIEKHOCTD
HEKOTOpBHIX RAPD aMIInKoHOB.

ApyruM mnoaxogom Juisi TOWCKAa KaHAWAATHBIX TE€HOB JUISI KOHTPOJS 3a
NaTOT€HAMHU SIBJIAETCS UJICHTU(UKAIMS T€HOB PACTEHUI-X0351€B, 00YCIOBIUBAIOIINX
yCTOHYMBOCTh K (uTomartoreHamM. OmMH M3 TakuxX moaxomoB — in silico amamms
MapKepHBIX y4aCTKOB, HACHTU(UIIUPOBAHHBIX B pe3ynbTaTte QTL, n accormaTuBHOE
KapTUPOBAHUE NIPU3HAKOB YCTOMYMBOCTU PACTEHUN-XO035IEB.

Jlns onpenesieHusl MOTEHIMANIBHBIX T€HOB, PACHOJIOAKEHHBIX B MAPKUPOBAHHBIX

y4acTKaX, OTBETCTBEHHBIX 3a YCTOMYMBOCTH PACTEHUSI K MATOTEHY, U TMOBBIIMICHUS
WH(OOPMATUBHOCTH TEHETHYECKOW KapThl OBUIM WCIOJIB30BAHBl HYKJICOTHIHAS
MOCJIC0BATEILHOCTD MOTHOTO reHoma Gossipium raimondii u 6 mpaiiMepHBIX Map,
aMIUTUUIUPYIOMKUX KaHIUIaTHBIE MapKePHhI.
B pesynbraTe OBUIM aHHOTHUPOBAHBI TOJIBKO PETHOHBI, MAPKUPOBAHHBIE IO JIBYM
nokycam BNL1145 259 u BNL3442 112, nauGosiee 3Ha4UMO aCCOILIMHUPOBAHHBIX C
YCTOMYUBOCTBIO K BUATY. MapKepHbIi peTHOH COAEpkKal T'eHbI, KOJAUPYIOITUE OeIKU
ANKOTOJIBACTUPOreHasy, AuCyiIbduauzomepasy, MetuwitpaHcdepasy KodeiHoi
KHUCIIOTHI, (hochaTasy, KaTbIIMICBA3BIBAOIINI U OCMOTHHIIOIOOHBIN OEITOK.
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3AK/IIOYEHUE

Ha ocHoBe mpoBEenEHHBIX MCCIENOBAHUM IO JOKTOPCKOM IHCCEpPTALMHA Ha
Temy «MomnekynsipHas HACHTUDUKAUSA W XapaKTepUCTHKA TATOTEHOB poja
Fusarium, mopakaromux XJOMYaTHHK B  Y30€KHCTaHE»  IPECTaBIICHBI
CHEAYIOIINE BBIBOBI.

1. IlpoBenena BumoBas UJACHTU(UKALMS TATOTCHOB. BbIsBIEHO, 4YTO B
duTomaroreHHOM (oHe Y30eKHCTaHe MPUCYTCTBYIOT 6 BHaoB Fusarium solani,
Fusarium oxysporum f.sp. vasinfectum, Fusarium equisity, Fusarium proliferatum,
Fusarium fujikuroi u Fusarium sporotrichioides.

2. BniepBbie, UCMONb3ys METOJbl CEKBEHUPOBAHUS MO OJHOKOMHUIHBIM T€HaM,
obuin  uaeHtuduuupoBansl pacet FOV 3, 4 u 6, pacnpocTpaHEHHbIE B
V30ekucrane.

3. BeisiBieHBl BHPYJICHTHBIC HW30JSATHI. Y CTAaHOBICHO, YTO HaMOOJBIIYIO
OMAacCHOCTb JJI1 MECTHBIX COpPTOB IMPEACTAaBIAOT (UTOmaToreHHeie rpudbr F.
oxysporum f. sp. vasinfectum tpertbeit pacel (M30aaT 316) U MpPEACTABUTEIIH BUA
F. solani (u3omsater 503, 519 u ocobenno 520).

4. OmnpeneneHbl  HYKJICOTHUJHBIE  MOCJIEAOBATEIbHOCTA IO  YETHIPEM
OJTHOKOMUMUHBIM I'€HaM, Ha OCHOBE HYKJICOTUIHBIX TOCJIE0BATEIbHOCTEN KOTOPHIX
pa3paboTaHbl BUJ U paca crnenuduuHbie mpaiiMepsl ¢ oMo b0 MeTo0B SNP u
ASPCR.

5.Ha ocHoBe koMOuWHAIU{  CKpelIMBaHUS  XJIOMMYAaTHUKA  CO3J/laHA
BIUITOyCTOWUYMBas nomyisiuu Mebane B1 x 11970.

6. Onpenenensl  JOKYCHI, JCTEPMUHHUPYIOIIME Ppsif JPYrUX TMPU3HAKOB
XJIOMMYaTHUKA (BBICOTA 3aKJAJKH TMEPBOWM BETBH, BHICOTA PACTEHUS, KOJIHMYECTBO
CUMIIOIUM, TMHA BETBEH).

/. Ilposenen  QTL-ananu3  mus  onpeAeneHUss  CTENEHH  CICIUICHUS
KapTUPOBAHHBIX MAapKEPOB C YCTOMUMBOCTHIO XJOMYATHUKA K BWITY. OnpeaeneHbl
TPU TPYIIBI CHEIUICHUS, COJEpKallke JOKYChl ycToiumBocTH K Fusarium
oxysporum f.sp. vasinfectum.

8. Ha ocHOBaHWM moaydeHHBIX TeHeTH4YeckuX kapT u QTL-anann3a BBISIBICHBI
MapKepbl,  KOTOpbI€  MOTEHIIMAJIBbHO  MOTYT  OBITh  MCIIOJb30BaHbl B
MapKEepaCCOUMUPOBAHHON CEJIEKIIMU XJIOMMYATHHUKA, a TaKXe€ Js BbIJCICHUA U
JNETAIBHOTO U3YUYEHHUS] KaHIUIATHBIX T€HOB.

9. IIposenen in silico anamu3. Ompeaeneno 11 renoB Fusarium u 4 rena
Gossypiu, oTBeuarolmre 3a CHHTE3 BTOPHYHBIX META0OIUTOB, MHUKOTOKCHHOB MU
YCTOMYMBOCTh  XJIOMYATHUKA K  BHEIIHUM  Pa3pakuTessM  (MOpakeHue
MaTOreHaMH ).
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INTRODUCTION (abstract of doctoral dissertation)

Topicality and relevance of the theme of the dissertation. Today, cotton
industry plays an important role in the economy of many developed countries. One of
the main enemies of cotton are harmful fungi. According to the information of Cotton
Foundation, “cotton diseases caused by pathogens are affecting 12% of the crop.” In
the USA alone the annual loss can reach 11.7%, in Brazil and African countries —
50%, and in India — 20%. *

The fungi of Fusarium species are widely spread in the nature, which make
the biggest and different biologic group of such fungi. Most of the fungi of the
following genus are phytotrophs which can affect more than 120 species of plants
and cause significant economic damage to agriculture in many countries, including
Uzbekistan. Pathogenic Fusarium species are grouped into specialized forms
formae specialis (f. sp.), based on their ability to cause damage to a particular
plant. Currently, there are more than 80 types of specialized forms.

Before, Verticilium mushroom species was considered to be the major
causative agent of the cotton disease, in view of this all selections of cotton have
been oriented towards the creation of varieties resistant to Verticilium. But in
recent years, due to the impact of different biotic factors (climate change regime,
violation of the water regime, etc.), there have been changes in the pathogenic
background of our country. Therefore, the issue of identifying the special forms of
pathogenic Fusarium species in our country is still very critical.

Mostly, the growth and spread of Fusarium wilt is reported not only on fine-
fibre (Gossypium barbadense), but also on the average-fibre cotton varieties. The
new unknown kinds of pathogens like Fusarium solani were found on the cotton
plant in Bukhara region, which can cause root decay.

As was mentioned above, the actual problem of cotton is not only creating wilt
resistant varieties of cotton, but, at the same time, are also identifying plant pathogenic
background of our country, revealing dangerous isolates and assessing their
pathogenicity exactly, making pathogenic maps and working out recommendations.

This dissertation research to some extent serves to carry out the tasks
provided in the Resolution of the Cabinet of Ministers of the Republic of
Uzbekistan No148 “On measures of improving the structure and increasing the
efficiency of plant protection service” of March 29, 2004, as well as in other legal
documents adopted in this area.

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 the republic V. “Agriculture,
biotechnology, ecology and environmental protection™.

Review of international researches on the topic of the dissertation.
Molecular genetic studies of the genus Fusarium are carried out in the leading

‘Amanda N. Cianchetta et al. Survey of Fusarium oxysporum f. sp. vasinfectum in the United States.
The Journal of Cotton Science 19:328-336. The Cotton Foundation 2015.
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research centres and higher educational institutions of the world, including, Texas A
& M University, Mississippi University, Washington State University (USA),
Nanjing Agriculture University (China), CIRAD (France) and CSIRO (Australia).

As a result of the researches carried out in the world on the identification of
cotton pathogens and detection of their most virulent forms, a series of research
results were obtained, for example, a collection of DNA markers-RFLP, RAPD,
SCAR was set up to identify pathogen genomes (UC Davis University of
California, Broad Institute, USA), a database of the types of Fusarium species
(CBS KNAW Fusarium MLST database, the Netherlands), as well as a database of
complete sequenced genome sequence of plant pathogens (Mips Helmholtz
Zentrum Miinchen, Germany) were created.

A comprehensive study of the genome of cotton pathogens using molecular
genetic techniques is being carried in the world out in a number of priority areas,
including: the definition of complete nucleotide sequences of the genomes
F.circinatum, F.graminearum, F.proliferatum, F.verticillioides and assosiative
mapping of genes resistant to Fusarium wilt races.

The degree of study of the problem. Such foreign scientists as Abd-Elsalam,
Elias and Wang studied the molecular identification of Fusarium pathogens by the
following methods: protein (isozyme) varieties, restriction fragment length
polymorphism (RFLP), random amplified polymorphic DNA (of RAPD) and
amplified fragment length polymorphism (the AFLP). The studies using SNP
markers by sequencing single-copy genes of various isolates of genus Fusarium
were performed in the United States (O’Donnell K, Skovgaard K.), Egypt (Abd-
Elsalam K.), China (Chen X, Kim Y, Wang B), Mexico (Garsia OS) and Germany
(Schnider F). The studies on some aspects of pathogens and their control in the
CIS countries are observed in the scientific works of G. Kurbanov, S. Sidorova, I.
Akmuradov and M. Menlikeeva.

In the studies carried out in our country in the works of N. Nazirov, A.
Guseva, N. Zaprometova, L. Polyakova, G. Karaeva, A. Marupov, B. Hasanov and
L. Glukhova are devoted to the identification and study of Fusarium pathogens
using traditional microbiological methods.

Connection of the theme of dissertation with the scientific-research works
of the higher educational institution, where the dissertation is conducted: The
dissertational research has been done in the Centre of Genomics and Bioinformatics
in accordance with the international project UZB2-31016-TA-09 “Molecular
characterization and association of genes / quantitative trait loci (QTL) for Fusarium
wilt disease [Fusarium oxysporum f. sp. vasinfectum (FOV)]” and the project [S—FK—
0-30702 “Express method of monitoring and identifying the types and races of
Fusarium spp spread in the territory of Uzbekistan (for 2014-2015)”.

The aims of the research are comprehensive molecular genetic identification
of the genome of Fusarium pathogens and evaluation of the pathogenecity of
frequently encountered races and species in relation to the local varieties of cotton.
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The tasks of the research:

re-sequencing the DNA of Fusarium pathogens of single-copy genes (TEF-
la, BT, rDNA, NIR) for genetic identification;

developing modern genomic tools based on the SNP (single nucleotide
polymorphism) and ASPCR (allele-specific) markers for the rapid identification of
pathogens. Developing the primers for the rapid detection of pathogenic races of
Fusarium oxysporum f.sp vasinfectum;

creating the genetic populations segregating for the resistance to Fusarium
wilt of cotton from the collection of the gene pool of the Republic of Uzbekistan;

genetic mapping of loci sustainability of cotton to Fusarium wilt using
molecular DNA markers;

studying the reaction of pathogen-plant, identifying the most virulent isolates
of Fusarium pathogens and creating the maps of the distribution of pathogens in
the republic;

bioinformatical identification (in silico) of candidate genes for improving the
sustainability of cotton varieties to pathogens.

The objects of the research were pathogenic fungi of Fusarium species and
genotypes of cotton taken from the collection of plant pathogens and gene pool of
the Institute of Genetics and Experimental Biology of Plants.

The subject of the research is assessing the virulence and “danger” degree of
plant pathogen genus Fusarium in regard to cotton and developing effective
methods of identifying plant pathogens to control the spread of pathogens of
Fusarium and, partially, the diseases of cotton wilt.

The methods of the research work. In the study the classical methods of
genetics and breeding of cotton, molecular plant pathology, as well as modern
approaches of molecular genetics and genomics, bioinformatics and statistics were
used. For the cluster analysis of pathogenicity index the software STATISTICA 8.0
(StatSoft, Inc., www.statsoft.com), for the analysis of marker loci and linkage groups
and for QTL mapping the programs JoinMap 3.0, 4.0 MapQTL, QGene 4.3.2 and
Windows QTL Cartographer (v. 2.5 011) and for evaluating the effect of plant
pathogens on cotton plants the statistical analysis program packages NCSS 2003 and
PASS 2002 were used.

Scientific novelty of the research is as follows:

For the first time the analysis of the genome of Fusarium pathogens was
done, and re-sequencing of important single-copy genes of pathogens (TEF-1a,
BT, rDNA, NIR, PHO) was carried out. Based on the nucleotide sequence of a
beta tubulin gene (BT), SNP universal primers were designed that are capable of
identifying the races 2, 3, 8, and group A and B forms of the pathogens of
Fusarium oxysporum f.sp vasinfectum.

Primer pairs with the ability to identify 3 and 8 race species Fusarium
oxysporum f.sp. vasinfectum were developed on the basis of the method of allele-
specific PCR (ASPCR).

In Uzbekistan 6 species of genus Fusarium (Fusarium solani, Fusarium
equiseti, Fusarium sporotrichioides, Fusarium fujikuroi, Fusarium proliferatum,
Fusarium oxysporum f.sp vasinfectum) were identified molecular taxonomically.

55



The races 3, 4 and 6 of Fusarium oxysporum f.sp vasinfectum were
determined common in Uzbekistan.

The virulence degree of the pathogens of Fusarium species in relation to the
widely cultivated varieties of cotton was shown.

For the first time the detailed pathogenicity and the most dangerous
pathogens of cotton as follows were identified through molecular genetic methods:
3 race Fusarium oxysporum f.sp vasinfectum and new pathogen species for
Uzbekistan Fusarium solani.

Genetic population of “Mebane B1” x “11970” was created segregating for
resistance to Fusarium wilt in the ratio of 3:1, and 237 polymorphic locuses were
found.

Potential genes resistant to cotton wilt were identified.

Genetic mapping was conducted, and we identified two locuses
BNL1145 259 and BNL3442 112 associated with the resistance to wilt. Using in
silico PCR we identified the candidate genes located near these markers through
bioinformatical methods.

Pathogenic maps were designed with the application of labels on the
distribution of species in geographic coordinates.

Practical results of the research are as follows:

Specific gene SNP markers were developed with the help of the methods of
sequencing single-copy genes, single nucleotide polymorphism and allele specific
PCR and through rapid identification of the specialized forms, races and types of
pathogens common in Uzbekistan.

QTL analysis conducted with the experimental populations of cotton allowed to
identify new important candidate genes and markers coupled with samples resistance
to FOV.

The primers and methods were developed that allow responding promptly and
detecting the most dangerous pathogens in the early stages.

The map of pathogenicity was developed that allows putting varieties in
contaminated areas according to their resistance to a particular pathogen, thereby
increasing the productivity.

On the basis of cotton cross-breeding combinations “Mebane B1” x “11970” a
population resistant to wilt was created.

The reliability of the obtained results is confirmed by the fact that the research
results have been proved through modern, complementary molecular genetic methods
and approaches, the data have been processed using classical statistical methods
(UPGMA and NJ), the cluster analysis of pathogenicity index has been done according
to ANOVA (analysis of options) test considering the degree of influence of plant
pathogens on plants, and the marker loci analysis, establishment of linkage groups and
subsequent QTL mapping were performed using the programmes JoinMap 3.0,
MapQTL 4.0, QGene 4.3.2 and Windows QTL Cartographer v. 2.5 011.

Theoretical and practical significance of the research results. The scientific
significance of the research results is determined by the use of molecular genetic
techniques to identify the pathogens of Fusarium wilt that will allow identifying
the species and races of the pathogen accurately and correctly. That will give
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breeders an opportunity to know what kind of disease they have to deal with and
develop or plant varieties which are more resistant to a particular type of
pathogens.

The practical significance of the research results is in the new pathogen
diagnostic methods that allow for fast and cost-effective identification of
pathogens in both field and laboratory conditions in the presence of a minimum
base of equipment and reagents. As a result, by planting the varieties resistant to a
particular pathogen and its race, it is possible to reduce and prevent the threat of
contamination of crops. Making additions to pathogenic maps with new data will
give an opportunity to create an informational bioinformatics system in the future
that is associated with the agricultural pathogens of regions. In this system, there
will be collected all the data on the areas, pathogens and the resistance of varieties,
thereby reducing and preventing the threat of contamination of crops and
increasing the economic well-being of our Republic.

Implementation of the research results. The following results obtained during
the dissertational research are put into practice:

The developed SNP primers that identify the 5 races of Fusarium oxysporum
f.sp vasinfectum are being used in the laboratories of Crop Science Research
Laboratory, Genetics and Precision Agriculture Research Unit (Mississippi, USA) in
the process of doing researches on the identification of pathogens (reference from the
United States Department of Agriculture, 30.01 .2012);

The developed ASPCR primers were used in the project (No3096-21000-019-
02) “Evaluation of abiotic and biotic factors in the greenhouse and field conditions to
assess the sustainability of cotton to Fusarium wilt (FOV)”, (USDA — Agricultural
Research Service, Lubbock, TX October 12, 2015). The allele specific primer
FOV_BT_AS R3 allowed to quickly and accurately determine the American
genotype 3 and 8 races of the pathogen Fusarium oxysporum f.sp vasinfectum, which
made it possible to significantly reduce and save time and financial resources.

Approbation of the research results. Basic results of the research were
presented in the form of lectures and were tested in such conferences as
“Achievements and Prospects of Plant Experimental Biology” (Tashkent, 21
November 2013), “Actual problems of Development of Bioorganic Chemistry”
(Tashkent, 15-16 November 2013), “Conference of Young Scientists of the
Academy of Sciences of Uzbekistan” (Tashkent, 2014), “The Problems and
Prospects of Increasing the Efficiency of Biologic Methods in Protecting the
Plants from Harmful Organisms” (Tashkent region, 7-8 May 2015), as well as in a
number of scientific conferences devoted to cotton protection and biotechnology.

Publication of the research results. On the theme of the dissertation a total of
28 scientific papers were published, 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 8 national and 2 international journals.

The structure and volume of the dissertation. The dissertation consists of the
introduction, seven chapters, conclusion and a list of references and appendices. The
size of the dissertation is 191 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, 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 disclosed, a summary of the
application of the research results and the structure of the dissertation were given.

The first chapter of the dissertation entitled “Molecular genetic analysis of
Fusarium species” reveals the history of identification, characteristics and genetic
diversity of Fusarium species, the use of molecular genetic methods, and lists the
main problems in this area and discussed possible solutions.

In the second chapter of the dissertation entitled “The material conditions and
methods of research of the genus Fusarium” genotyping and DNA sequencing of
the genomes of pathogenic fungi is described in detail to identify the pathogenic
types and races of Fusarium species. In order to determine the pathogenic types and
races, the isolates of Fusarium spp. from the collection of Uzbekistan were used.

In the third chapter of the dissertation entitled “Phylogenetic analysis and the
degree of genetic diversity” the following results are presented:

To identify the plant pathogens of the isolates of Fusarium spp. from the
collection of Uzbekistan, we used DNA isolates with known FOV race collected
worldwide. We determined the four single copy gene sequences as the TEF-1a,
BT, NIR and rDNA using gene-specific primers.

In order to determine the types of FOV samples, the nucleotide sequences of
the sequenced single copy genes were compared with the information of the
international genebank (NCBI) using the bioinformatical BLAST method.

According to the results of the comparison, the analysis of phylogenetic
results was carried out on the basis of the 4 genes.

Phylogenetic trees were constructed on the basis of the bioinformatical
algorithms of UPGMA and NJ.

Below are the results of the phylogenetic analysis for all four genes:

Identification of BT gene. A total of forty-four isolates of Fusarium spp. were
analyzed by partial sequence of the gene BT. Multiple sequence comparisons and
tree construction method UPGMA showed that the studied samples are divided
into five clusters. Cluster 1 is represented by two isolates representing Fusarium
solani. Cluster 2 includes 11 isolates representing Fusarium sporotrichioides (532
isolate), and other Fusarium equiseti, which refer to a complex of Gibberella zeae.
Cluster 3 includes Fusarium oxysporum f.sp.vasinfectum isolate (FOV) belonging
to the group “VCG1112”. Cluster 4 includes 10 isolates representing Fusarium
proliferatum, relating to complex G. fujikuroi. Cluster 5 includes 20 isolates
belonging to F.oxysporum f.sp.vasinfectum.

Further analysis conducted by NJ also showed similar topology of the
phylogenetic tree, except that instead of the third cluster Fovl9 VCG1112 isolate
another Fov112_ GrC isolate was extracted, also related to as FOV. As an external
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group F. solani samples (319 and 520) were used, which are genetically distant
from the rest of the samples Fusarium. In this case, we can also see five clusters.
The distance between the clusters represented the difference between the samples
by the percentage, and was between 2% — 12%, while within clusters the genetic
differences on average ranged from 0% — 2%. The isolates from clusters 3-5 are
closer. Fov112 GrC and Fov19 VCG1112 samples are FOV isolates, according to
American scientists. Besides that, cluster 4 includes the representatives of the
species Fusarium proliferatum, which also demonstrates closer genetic
relationship with this type of FOV. Cluster 5 was one of the most interesting, as
FOV images, both collections and isolates from Uzbekistan were grouped with
known races. Although the genetic differences between FOV isolates were not so
significant, the analysis of gene sequences of BT allowed clearly identifying the
samples relating to the third race. The isolates 316, 491, 527 and 534 clearly
clustered with the isolates belonging to race 3 (Fov16612 Race3, Fov3_Race3),
whose genetic distance (GR) was 0%-1%. The taxonomic affiliation of samples
was produced by the relatively stable analyzed sequences with international NCBI
genebank using BLAST algorithm.

Identification with TEF—/a gene. Thirty-eight Fusarium spp. isolates were
analyzed by partial sequence of the gene TEF—1a. Multiple sequence alignment
and tree construction, according to UPGMA method, showed that the studied
samples are divided into three clusters. Cluster 1 is represented by two isolates
representing Fusarium solani. Cluster 2 includes 13 isolates representing
Gibberella fujikuroi var. intermedia (Fusarium proliferatum). Cluster 3 includes
23 isolates of F. oxysporum f.sp. vasinfectum (FOV).

Further analysis conducted by NJ method also showed similar topology of the
phylogenetic tree. As an external group, F. solani samples (319 and 520) were
used, which are genetically distant from the rest of Fusarium samples. The
distance between the clusters represented the difference between the samples by
the percentage, and was between 7% — 20%, while inside the clusters the genetic
differences on average were between 0% and 1%. Also, on the example of the BT
gene it was found that the members of the species F. proliferatum were genetically
close to the FOV in comparison with the samples representing F. solani. Both the
FOV samples from the Uzbek collection and referent isolates of known races were
grouped in the third cluster. Isolates 316, 327, 347, 460, 527 and 534 are clearly
clustered with isolates Fov3_Race3 (AY714102.1), the genetic distance (GD)
between which was <1%. In addition, there was a close phylogenetic connection
between isolates 328 and 496 with a reference sample Fov66 Race4
(AY714101.1) relating to the fourth race.

Identification with NIR gene. Forty-one Fusarium spp. isolates were analyzed
by partial sequence of NIR gene. Phylogenetic analysis using UPGMA method
showed that the studied samples are divided into three clusters. Cluster 1 is isolate
532. With the analysis using the BLAST algorithm it was revealed that the gene
sequence is similar to the NIR Fusarium graminearum. Cluster 2 includes 13
isolates representing Fusarium fujikuroi (Gibberella fujikuroi). In the case of the
analysis of TEF-1a gene, the same samples were presenting Gibberella fujikuroi
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var. intermedia (Fusarium proliferatum), which belong to the pathogenic complex
G. fujikuroi. Cluster 3 includes 27 isolates belonging to F. oxysporum
f.sp.vasinfectum (FOV).

Further analysis conducted by NJ method also showed similar topology of the
phylogenetic tree. As an external group, isolate 532 was used, which is genetically
distant from the rest of Fusarium samples. The distance between the clusters
represented the difference between the samples by the percentage, and ranged
from 5% — 22%. The genetic variation within the cluster was in the range of 0% to
7%, and the mean value was 2%. Both the FOV samples from the Uzbek
collection and referent isolates of known races were grouped in the third cluster. It
should also be noted that F. solani samples were also grouped in the third cluster,
which suggests that distinguishing these two kinds at the level of NIR gene is
practically impossible. By comparing the samples of partial NIR gene sequences,
other samples belonging to the third race and group “C” were identified. It is
specific that when doing analysis using UPGMA method, isolates 316, 347, 491
and 527 were grouped with Fov16612 Race3 isolates (race 3), and samples 496
and 526 were grouped with Fov112_ GroupC isolates (group C). After NJ analysis
these isolates were grouped together and formed phylogenetic relationships with
Fov16612 Race3 and Fov3 Race3 isolates belonging to the third race FOV. This
Is because C group can be related to races 3 and 5.

Further sequences were compared with international NCBI genebank using
BLAST algorithm.

Identification of rDNA gene with ITS region. Forty-six isolates of Fusarium
spp. in total were analyzed by partial sequence of ITS region rDNA gene. Multiple
sequence comparisons and tree construction using UPGMA method showed that
the studied samples were divided into five clusters. Cluster 1 is represented by two
isolates representing Fusarium solani. 12 isolates representing Fusarium fujikuroi
species are grouped into cluster 2. Isolate 404 (Fusarium sporotrichioides) was
extracted in the third cluster. 11 samples relating to Fusarium equiseti were
grouped in the fourth cluster. Cluster 5 includes 20 isolates Fusatium oxysporum
f.sp.vasinfectum (FOV).

Further analysis conducted using NJ method also showed similar topology of the
phylogenetic tree. However, there was a separate isolate 532, which showed
homology with Fusarium acuminatum. As an external group, F. solani samples (319
and 520) were used, which are genetically distant from the rest of Fusarium samples.
In this case, we also observed five clusters. The distance between the clusters
represented the difference between the samples by the percentage, and ranged from
4% — 13%, while within the clusters the genetic differences on average were between
0% — 2%. Cluster 5 was one of the most interesting, as both the FOV samples from
the Uzbek collection and isolates with known races were grouped there.

The comparative analysis of isolates from the fifth cluster revealed that the
samples had Uzbek analogy with Fusarium oxysporum species, but more detailed
taxonomy was not observed. It is obviously due to the fact that Fusatium
oxysporum f.sp.vasinfectum was not characterized by the sequence of the gene,
unlike BT, TEF-1a and NIR gene sequences.
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Phylogenetic analysis using UPGMA and NJ methods showed that isolate 489
clustered with Fov2_Racel isolate, referring to the first race, and isolate 526 is
connected with Fov16611 Race? isolate, representing the 2nd race.

The taxonomy of samples was done by comparing the analyzed sequences
with international NCBI genebank using BLAST algorithm.

In the forth chapter of the dissertation titled “Development of modern genomic
approaches and gene-specific SNP markers for the rapid identification and
monitoring of wilt pathogens”, the following are presented:

The amplification and determination of nucleotide sequences of the products
for 15 samples of Fusarium oxysporum f.sp. vasinfectum were made using primer
pairs for the P-tubulin (BT) single copy gene, ribosomal DNA (rDNA),
translational elongation factor (TEF-1a), nitrate reductase (NIR) and phosphate
permaza (PHQO). The comparison of the nucleotide sequences helped to detect
nucleotide substitutions (SNP), including the unique sequences of this single copy
gene sequences. Some of these changes were inherent specifically to a particular
group of FOV (type, specialized form, race).

Based on the following results, we developed a series of primers that would
help to make accurate identification of species or racial plant pathogens. As a
result of testing the designed primers, we obtained four primers which showed
high specificity in identifying the studied pathogens.

For  example, the primer  SNP FOV2 A 33me  G_
ATCGATACCCTTGGACGAA could accurately detect the FOV race 2, as well as
group B, which were previously indistinguishable in races 1 and 6.

Another SNP primer FOV3 Univ SNP TGTGAGCTTGGGAATTCTTG
successfully identified race 3 FOV. The use of this primer allowed us to group
together two American isolates — FOV3_AY714088 and FOV16612 AY 714,092
— and two Uzbek isolates that belonged to race 3. Primers FOV8 C 30mer C _
CTCTTCATTGTAAGTTG and FOVSNP11 A 30mer A
ACGACTCGAAACGTGCCCGC helped to identify the race of group A and 8,
respectively.

As a result, the primers were designed that allowed for the identification of
FOV races 2, 3, 8, and A and B (FOV_112) (Table 1).

Based on the principle of the previous method, where single nucleotide
substitutions were detected, we proposed the development of primers that define a
particular FOV genotype, discriminate the sequences and do not carry a target
nucleotide, using fluorescently labelled nucleotides.

As a rule, oligo nucleotide primer is normally used in this method, which is
fully complementary to the template DNA under investigation and the counter
primer whose 3'-terminal nucleotide is complementary to the corresponding
nucleotide of the DNA mutant allele, which is not always complementary to the
wild type of allele. With this combination of primers in well-chosen conditions,
the PCR product is produced only in the presence of the reaction mixture as a
template, the DNA of mutant, but not wild-type DNA. Therefore, the formation of
the product of allele specific PCR indicates a mutation in the target DNA at the
target locus. However, the use of allele-specific primers for detecting the
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mutations should be taken into consideration that not all combinations of
mismatched matrix 3'-terminal nucleotides are equally effective in blocking the
PCR. Therefore, this method requires careful optimization. Thus, we designed the
primers wherein the forward primer is specific for the gene fragment BT-3, and
the reverse primer is designed so that allele-specific is only for 3 race FOV due to
the informative content (target) nucleotide “A” at its 3' end. Upon annealing the
primers, if the nucleotide sequence does not correspond to the sequence of
nucleotide “A” at the end of the 3' end of the gene beta tubulin, the amplification
Is terminated. And vice versa, the presence of amplification products indicates that
there is a pathogen of Fusarium oxysporum f.sp. vasinfectum race 3 in this sample

(Fig. 1).

Table 1
The unique nucleotides in the genome of plant pathogens, enabling the
identification of race.
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FOV3 R3 A G —
ATCC_RACE 8 1 10 G G -
FOV_1661 R3 G _
FOV_112 G _
FOV 113 G _
FOV 124 G _
R4 66 G -
FOV_ 16611 R2 A

Specificity of the primers was verified at the genomic DNA of FOV isolates,
which belong to different races, as well as other representatives of the isolates
Fusarium spp. Moreover, the optimal annealing temperature and PCR conditions
were selected. The optimal DNA concentration of fungal DNA was 5 ng/ml.
Previous studies reported about the concentrations of DNA extracted from the
mycelium FOV that they ranged from 50 ng to 100 ng and were enough for a
successful PCR procedure.

As we can see from the results of electrophoresis of 8 tested samples, only 4
of them got amplification, which are the representatives of the FOV race 3. They
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are FOV316 (Uzbek ecotype of race 3), FOV347 (Uzbek ecotype of race 3), FOV3
(American ecotype of race 3) and FOV16612 (American ecotype of race 3). The
remaining samples (representatives of races 4-8) had no PCR product as “A”
target nucleotide had not been found.

In addition, we attempted to identify FOV directly in the infected plants
(roots, leaves and seeds). The analysis also allowed defining FOV in the tissues of
the infected plants. The analysis was conducted with the infected and non—infected
plants using Namangan-77 species. The primer pair of BT-5 (6-
GCTCTAGACTGCTTTCTGGCAGACC -3) and FOV_ BT AS R3 (5-
GTGTAGTGACCCTTGGCCCAA-3) developed on the basis of BT gene
sequence also clearly defined that there is FOV in race 3.
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Figure 1. Electrophoregram AS_PCR conducted using FOV_BT_AS R 3
primer, specific race 3 Fusarium oxysporum f. sp. vasinfectum

Thus, this approach helps to make very fast and safe identification of
pathogens in both field and laboratory conditions with a minimum base of
equipment and reagents.

In the fifth chapter of the dissertation titled “Studying the pathogenicity of
the samples being researched”, the following are presented in detail:

In addition to identifying the species and race isolates of Fusarium spp. from
the Uzbek collection, we also conducted research to determine the pathogenicity
of some of them. 13 different types of Fusarium isolates in total were analyzed by
three different parameters, such as the effect of isolates on germination and seed
germination, length of shoot, and root growth inhibition in four commercial
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varieties of cotton (G. hirsutum L.) cultivated in Uzbekistan before and after
germination stages.

The isolates which have the strongest effect on seed germination as compared
to controls, in other words the most virulent are as follows:

In relation to C-6524 variety, induced isolate 316 (F. oxysporum
f.sp.vasinfectum), as well as isolates 319, 503, 519 and 520 (F. solani) were the
largest inhibition of germination (84%-100%). Average impact (57%-75%) on the
germination of seeds was provided by isolates 328, 460 (F.oxysporum f.sp.
vasinfectum), 379, 473 (F. solani), 404 (F. sporotrichioides) and 509 (F. fujikuroi
var. intermedia). Moderate impact (<51%) was provided by isolates 422 and 502.

In relation to C-4727 variety, the most aggressive (81%-100%) were isolates
316 and 460 (Fov), as well as isolates 319, 503 and 520 (F. solani). Isolates 328
(FOV), 379, 422, 473 and 519 (F. solani), 502 and 509 (F. fujikuroi var. Intermedia)
and 404 (F. sporotrichioides) showed the average impact (55% —75%).

F. oxysporum f. sp. vasinfectum — 316, 328, F. solani — 319, 379, 503, 519 and
520 samples showed the greatest impact on the germination of seeds of Namangan—
77 varieties (77% —100%). The remaining isolates showed an average impact on the
ability of seed germination (57%—70% of germinated seeds).

On Omad varieties the greatest impact (77%-100%) had isolates 316 (FOV)
and 319, 503, 519, 520 (F. solani). The weaker effect (<61%) showed isolates 460
(FOV), 473 (F. solani) and 502 (F. fujikuroi var. Intermedia). Little effect on seed
germination (<38%) of Omad varieties provided isolates 328 (FOV), 379, 422 (F.
solani) and 509 (F. fujikuroi var. Intermedia). Isolate 404 (F. sporotrichioides)
had no effect on the germination of seeds of the variety.

According to this, isolates 316, 319, 503, 519 and 520 are considered the most
aggressive for each class. Especially, isolate 520 caused the death of the seed in
pre-emergence stage of all the four varieties used in the experiment. However, in
order to define and clarify the most virulent isolates of oppression on the basis of
seed germination, we conducted a generalized analysis of averages.

The result of this analysis confirmed that the most aggressive are isolates 316
(FOV), 319, 503, 519 and 520 (F. solani), causing death of 82%-100% of the
seeds in the pre-emergence stage of the tested varieties. High virulence (more than
51% of the seeds died) had isolates 328, 460 (FOV) and 379, 473 (F. solani) and
502 (F. fujikuroi var. intermedia). Weak virulent (<51% survival seeds) are
isolates 422 (F. solani), 404 (F. sporotrichioides) and 509 (F. fujikuroi var.
intermedia).

We also observed the influence of our isolates on four varieties of cotton after
the germination stage. We considered the impact on the length of sprouts and
length of roots as parameters for the control of their pathogenicity.

According to the length parameter of seedlings, we observed the following:
isolates 316, 328 (FOV), 319, 503, 519 and 520 (F. solani) had the greatest ability
to inhibit the growth of seedling varieties C—6524, since these isolates led to the
death of the majority seeds. In the case of isolate 520, it led to the death of all the
seeds of the class in the pre-emergence stage. Isolate 460 (FOV) showed average
ability to inhibit the growth of plants in relation to the control (48%). Isolates 379,
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422, 473 which are the representatives of F. solani, isolates 404 (F.
sporotrichioides) and 502 (F. fujikuroi var. Intermedia) can be categorized as
having weak effect (<30% relative to control) on the growth of C—6524 variety
seedlings.

Isolates 316 and 460 (FOV) and 319, 520 (F. solani) had significant impact (53—
100%, relative to the control) on the growth of seedling varieties. Isolate 473 F.
solani had the ability to inhibit the growth of the seedlings almost 2 times compared
to the control (48%). Four isolates 328 (FOV), 503 (F. solani), 509 (F. fujikuroi var.
intermedia) and 404 (F. sporotrichioides) had slight effect on seedling growth
(>33%). Isolates 379, 422 (F. solani), 502 (F. fujikuroi var. intermedia) did not
significantly inhibit the growth (<17% in relation to the control) of seedling varieties
C-4727. Isolate 519 (F. solani) almost (3%) did not inhibit the growth of seedlings of
the variety.

In regard to the variety of Namangan-77, isolate 520 (F. solani) was the most
aggressive, which caused the death of 100% of the class seedlings at the stage of
germination, as well as isolates 316 and 328 (FOV) and 319, 503 and 519 (F.
solani) significantly inhibited the growth of the seedlings in relation to the control
(<88%). Isolates 460 (FOV), 379, 422 (F. solani) and 404 (F. sporotrichioides)
had moderate impact on the length of seedlings (36%-42% of the control). Isolate
509 (F. fujikuroi var. intermedia) had a slight impact (17%) on the length of the
seedlings. The rest of the isolates showed no significant effect (>6%) on
Namangan—77 variety.

An interesting effect was observed on the length of the isolates at Omad
seedling varieties. Isolates 316 (FOV), 319, 503, 519 and 520 (F. solani) had
significant effect on the shoot growth (76% —-100% of the control), which, as in
previous cases, caused 100% mortality of seeds before the germination. The
remaining 328, 460 (FOV), 473 (F. solani) and 404 isolates (F. sporotrichioides) do
not have such a significant impact on this parameter of Omad variety, as the
difference in relation to the control ranged from 3% to 10%. But isolates 422 (F.
solani), 502 and 509 (F. fujikuroi var. intermedia) did not oppress the sprouts in this
class (<1%). However, it should be noted that isolates 379 (F. solani) and 509 (F.
fujikuroi var. intermedia) showed the opposite effect. The following isolates
oppositely caused the elongation of seedlings as compared to non-infected control
plants. For example, isolates 379 and 502 caused the elongation of the seedlings for
3% and 14% in relation to the control.

Based on the abovementioned, it can be assumed that these isolates can also
produce plant growth hormones or other useful products or cause the formation of
stress hormones in plants (e.g. ethylene) that cause increased synthesis of growth
hormone by the host plant. Several studies have reported that a growth hormone
gibberellins produced a plant pathogenic fungus F. moniliforme. They also
reported that F.solani is also a producer of GA3 (gibberellin) at a high level (Alix
Jacklin et al., 2000; Neena Mitter and others, 2002; Bhalla et al., 2009). Shahid
Ahamad et al., (2006) also reported that the fungus F. solani produced gibberel
acid. Since isolate 379 is related to F. solani group, this effect is due to these
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observations. Isolate 509 is a representative of F. fujikuroi var. intermedia, which
can produce similar substances like F. solani.

In regard to the above, we are observing a different manifestation of the effect
on seedling length parameter of the samples we analyzed, depending on the
infected varieties of cotton. In order to determine the most aggressive isolates on
the basis of impact on the length of seedlings, we conducted a pooled analysis of
the average length of the infected plants.

According to the results, the most pathogenic were isolates 316 (FOV), 319, 503
and 520 (F. solani), leading to the suppression of the growth of shoots by 70%—-99%
in relation to the control. Mesogenic (shoot growth inhibition more than 50%) are
isolates 328 (FOV) and 519 (F. solani). Slight virulent (growth inhibition <50%) can
be attributed to isolate 460 (Fov). The remaining isolates did not have significant
effect by suppressing the growth of seedlings on average by 18%.

The main criterion for determining the level of pathogenicity of plant
pathogens belonging to Fusarium spp. is their ability to inhibit the growth of roots
in the infected plants as compared with the uninfected controls, that’s why we
examined the study samples according to this criterion. This does not mean that
the following parameters such as seed germination and seedling length are not
informative, but the analysis of the ability of isolates to inhibit the growth of roots
of cotton plants and pathogenicity index is resultant criteria of this research phase.

Thus, the determination criterion of our isolates was conducted with each of
the four varieties of cotton both individually and collectively. The pathogenicity
index has been evaluated according to four-point scale.

Measuring the length of the roots of infected plants and their non-infected
controls revealed the following:

For variety C—6524 the strongest inhibition of root growth (<95%) was caused
by isolates 316, 328 (FOV), 319, 503, 519 and 520 (F. solani). Isolate 473 relating
to F. solani showed the average value for the given trait, inhibition of roots by
53.5%. The remaining isolates had little effect on the root growth by inhibiting the
growth of roots of seedling varieties C-6524 by 37.7%. However, all the tested
isolates are pathogenic for the class in a varying degree.

In regard to C-4727 variety, isolates 316, 460 (FOV) and 520 (F. solani)
inhibited the most significant growth of roots of seedlings (82% — 100%). The rest
isolates 319, 379, 473, 503 (F. solani) and 404 (F. sporotrichioides) were weak
pathogen of the class (inhibition of root growth by 33% — 47%). Isolates 328
(FOV), 422, 519 (F. solani), 502 and 509 (F. fujikuroi var. intermedia) showed no
significant effect on this index (14% — 28%) and can be attributed to non-
pathogenic isolates in regard to C 4727 class.

In Namangan—77 variety, the largest inhibition of root growth 70%-100%
were caused by isolates 316, 328 (FOV) and isolates of F. solani — 319, 503, 519
and 520. The average (<60%) of the class showed isolate 509 related to F.
fujikuroi var. intermedia. Weak pathogenic in this analysis were two isolates of F.
solani 379, 422 and isolate 404 (F. sporotrichioides). The remaining isolates 460,
473 and 502 were non-pathogenic (<24%) for the variety of Namangan—77.
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The analysis of inhibition of root growth in the seedlings of Omad variety
showed the following results: isolate FOV 316 and isolates F. solani 319, 503, 519
and 520 were the most pathogenic (88% —100%) to this class. Isolates 328 (FOV),
379, 422, 473 (F. solani), 404 (F. sporotrichioides) and 460 (FOV) were non-
pathogenic to the variety. The remaining isolates of different types of fungus were
not only non-pathogenic, but also caused the intensive growth of roots of the
seedlings of Omad variety. Isolates of F. fujikuroi var. Intermedia 502 and 509
caused the root elongation by 2% and 5.6%. As in the previous case, it was due to the
ability of these fungi to produce plant hormones, or stimulate the development of the
plant itself.

The data received on the percentage of growth inhibition of the roots of the test
plants were converted into the corresponding category of 4 point scale, where 1 is
pathogenic (0%—-30% inhibition), 2 — low pathogenic (31%-50%), 3 — medium
pathogenic (51%-70%), and 4 — strongly pathogenic (< 70%). These data were
averaged for all the four varieties, and the general index of pathogenicity was
determined.

Additional cluster analysis of the pathogenicity index also showed a clear
picture of the distribution of samples for pathogenic and non-pathogenic. The
resulting phylogenetic tree is divided into two main clusters, where the difference
of the isolates is expressed as percentage in relation to the genetic distance
pathogenicity index and ranged from 0% to 100%. The first cluster includes 4
isolates with pathogenicity index and 3 high-pathogenic isolates 316 (FOV) and
520 (F. solani), and medium-pathogenic isolates 319, 503 and 519 (F. solani). The
second cluster includes low pathogenic FOV isolates 328 and 460, as well as non-
pathogenic isolates 379, 422, 473 (F. solani), 404 (F. sporotrichioides) and 502,
509 related to F. fujikuroi var. intermedia. Note that the pathogenicity index of
pathogenic isolates differed slightly from pathogenic and non-pathogenic by 97%
(Fig. 2).

Thus, highly pathogenic were isolate 316 (FOV) and isolate F. solani 520.
Especially, isolate 520 caused the death of all the four varieties of seeds at the pre-
emergence stage. Isolates F. solani 319, 503 and 519 demonstrated the average
value of the pathogenicity index. Low pathogenic were the two samples of FOV —
isolates 328 and 460. The rest were non-pathogenic according to the obtained
results.

In the sixth chapter of the dissertation titled “Creating the genetic populations
and genetic mapping of loci sustainability”, the following are described:

In order to obtain experimental populations differing from each other in terms of
the resistance to wilt, 18 plants were selected from the Uzbek cotton germplasm
collection (10 resistant and 8 susceptible to wilt according to the catalogue of the
collection). We carried out 21 cross-breeding combinations; of these “Mebane B1” x
“11970” combination was selected later, as in all the other combinations there was no
evident segregation of resistance to wilt. This fact can be explained that the selection
of 18 stable and sensitive plants was made on the basis of the catalogue entries on the
criteria of “wilt-resistant” and “susceptible to wilt”. Since the information on many
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sample collections were entered more than 10-20 years ago, specific information
about the nature of wilt (Verticillium or Fusarium, etc.) in these records was missing.

Figure 2. UPGMA analysis of 13 isolates belonging to Fusarium spp.

(A) The dendrogram showing the distribution of isolates by their pathogenicity index test in relation
to the cotton varieties and lines. (B) Unrooted tree shows the removal of pathogenic isolates of low-
and non-pathogenic samples from the Uzbek collection of plant pathogens. Highly virulent — red,
medium virulent — yellow, low virulent — blue and non-pathogenic — green

The experiment carried out in real conditions with Fusarium infection
background revealed only 1 population, which was suitable for further research, out
of 21 combinations. The selected population was used for the generation of F2—4.

A survival analysis of the experimental populations and control plants under two
different conditions showed the following results. In terms of natural wilt background
the germination was very weak. When the seeds of F3 “Mebane B1” x “11970”
populations with a relatively clean background “Exp.field 1 and with a natural wilt
background “Exp.field 2” were additionally and artificially contaminated with isolate
FOV — 316, the amount of the inhibited seeds was about 3% and 21%, respectively.
From the obtained data a strong difference can be observed in the experimental
populations and control plants in terms of the level of germination and inhibition of
the seedlings until their death depending on the infectious background. In “Exp.field
2”, the average amount of the dead plants among the species of G. hyrsutum with the
natural background was 43.5%.

In “Mebane B1” x “11970” population, wide phenotypic variations were
observed in relation to the susceptibility to wilt. For further analysis, we selected
“Mebane B1” x “11970” population.
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The most expressed symptoms of the diseases FOV were observed in the plants
of F3 “Mebane B1” x “11970” population at the end of the growing season, during
the maturation and opening phases of cotton bolls.

An analysis of the cleavage trait in F3 population, which appeared after cross-
breeding, showed a different picture of characteristics, depending on the infectious
background. So, in the case of “Exp.filed 17, the symptoms of wilt in varying degrees
were observed in 45% of the plants. In “Exp.field 2” with the natural wilt
background, wilt symptoms were observed in different degrees in 79% of the plants
(Fig. 3).

In “Exp.field 1" and “Exp.field 2”, the average assessment of wilt symptoms in
the experimental and control plants showed that Mebane—1 had grades 1 and 3.3,
respectively (according to 5-point scale, where 1 — healthy plant; 2 — with weak
symptoms; 3 — average; 4 — strong; 5 — plant died) and 11970 had 2 and 4,
respectively; 3-79 —1and 2; TM-1 -1, and 1,3; C-4727 — 3 and 2.7, respectively.
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Figure 3. Distribution of F3 plant populations (Mebane 1-BX 11970) according

to the degree of infection in regard to the infectious background
“Exp.field 1” — clean background with the use of artificial infection; “Exp.filed 2” — natural wilt
background with the use of artificial infection.

The plants in the tested population were divided into 2 groups (stable and
unstable), where weakly, moderately and severely affected plants were combined in
an unstable group, and unaffected plants in a stable group. So the number of plants in
the groups of “Exp.field 2” with the natural wilt background was 115 and 31,
respectively. In this case, phenotypic fission by the degree of wilt contamination in
the analyzed populations, the ratio is close to 3:1 (y2 = 1,11; p < 0.05) in the natural
wilt background, whereas in the clean background of “Exp.field 1” and under
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artificial infection conditions, the distribution of plants was 86 and 98 corresponding
to the fission of 1:1 (%2 =0,78; p < 0.05).

The calculation of the values in the experimental populations 2 (1) “Exp.filed
1’ and “Exp.field 2” was performed according to the following formula:

12=> (En-Eoj)2/ Eoj (1)

In order to identify the genetic regions associated with the resistance of G.
hirsutum to Fusarium wilt, F3 experimental population “MebaneB1” x “11970”
segregated on the basis of wilt was genotyped using the microsatellites from the
collections of: GH, CIR, CM, BNL, TMB, NAU and JESPR. At the moment, 775
pairs of microsatellite primers have been used, 105 of which showed polymorphism
between the parent plants.

We identified 105 primer pairs used for the analysis of linkage groups and QTL
mapping of the experimental population to identify the markers associated with a sign
of resistance to wilt. 105 microsatellite marker primer pairs out of the identified
markers were found suitable for mapping the populations, and 237 polymorphic loci
were found. Linkage analysis and construction of the genetic map were performed
using Join Map 3.0 program.

To conduct the analysis of coupling, the polymorphic loci were divided into
three groups as follows:

1. Loci amplifiable only with “MebaneB1” (distribution 1:1) and heterozygous
loci distribution (3:1 or 1:3);

2. Loci amplifiable only with “11970” (with a distribution of 1:1) and
heterozygous loci distribution (3:1 or 1:3);

3. All the received polymorphic loci.

Based on these data, a genetic linkage map was received, including 45
polymorphic markers.

Subsequent QTL-mapping helped to determine the loci associated with the sign
of wilt. QTL analysis was conducted using the method of mixed interval mapping
(CIM) with the help of the program Windows QTL Cartographer v. 2.5 011. As a
result of CIM mapping, we revealed six candidate markers associated with a
resistance feature to wilt in 3 groups of coupling. However, GS1 linkage group
showed the most reliable results, where the main QTL region coupled with wilt
resistance (LOD = 5.3) was between the markers BNL 3442 129 and BNL1145 259.

In the seventh chapter of the dissertation titled “Bioinformatical identification
of candidate genes for the improvement of wilt-resistant varieties of cotton”, the
following are presented:

As part of this dissertation, in order to overcome some of the limitations
associated with the use of single copy genes, the studied samples of Fusairum
isolates were genotyped using universal DNA markers, namely RAPD, to enhance
the ability to identify different taxonomic groups. In total we used 73 RAPD primers
for genotyping to identify the amplification products causing differences between the
12 isolates of pathogenic fungi Fusarium spp (Fig. 4).

For further work we chose the primers that amplified unique products within
species (race) and species-specific (species, forma specialis). The following

70



fragments were eluted from the gel and cloned in vector analysis to determine the
nucleotide sequence.

2 34 56 89 101111314 23456 89 10111213142 34 56 89 101111314 23456 39 1011D13M

Figure 4. RAPD analysis of 12 Fusarium spp. isolates

As a result, we selected 13 unique pieces. Subsequent determination of the
nucleotide sequences of these fragments enabled us to make a comparative analysis
with the international genetic database, and develop 13 primer pairs for further SCAR
analysis.

In order to compare these nucleotide sequences with the international genebanks
through BLAST analysis, we used BLAST algorithm X, which allowed us to
compare the nucleotide sequences against the annotated protein sequences. As a
result, we were able to determine the functional affiliation of some RAPD amplicons.

Another approach to search for candidate genes for the control of pathogens is
the identification of genes causing the host plant resistance to pathogens. One of them
—in silico areas marker analysis identified as a result of QTL— associative mapping of
the signs of host plants.

To identify the potential genes located in the marked areas which are responsible
for increasing the resistance of plants to pathogens and high-informativity of genetic
maps, the nucleotide sequence of the complete genome Gossipium raimondii and 6
primer pairs amplifying candidate markers were used. As a result, only the regions
marked by two loci BNL1145 259 and BNL3442 112 which were most significantly
associated with the resistance to wilt were annotated. The marker region contained
the genes coding the proteins for alcohol dehydrogenase, phosphatase, calcium-
binding and osmotin-like protein.
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CONCLUSION

As a result of the researches carried out on the theme of the doctoral
dissertation “Molecular identification and characterization of pathogens genus
Fusarium affecting cotton in Uzbekistan”, the following conclusions were
presented:

1. The identification of species of pathogens was carried out. In the
phytopathogenic background of Uzbekistan, 6 species were revealed (Fusarium
solani, Fusarium oxysporum f.sp vasinfectum, Fusarium equisity, Fusarium
proliferatum, Fusarium fujikuroi and Fusarium sporotrichioides).

2. For the first time, using the method of sequencing by single copy genes
FOV races 3, 4 and 6 have been identified, which are common in Uzbekistan,.

3. Virulent isolates were revealed. It was found that the most pathogenic fungi
are F. oxysporum f. sp. vasinfectum race 3 (isolate 316) and F. solani (isolates
503, 519 and 520, in particular).

4. Nucleotide sequences were identified on the basis of four single-copy genes.
On the basis of their nucleotide sequences specific primer types and races were
designed using SNP and ASPCR methods.

5. On the basis of cotton cross-breeding combinations wilt resistant
populations of “Mebane B1” x “11970” were created.

6. The locuses determining a number of cotton signs (first branch height, plant
height, number of sympodium, branch length) were identified.

7. QTL-analysis was conducted to determine the degree of coupling of the
mapped markers with cotton resistant to wilt. Three linkage groups containing the
locuses resistant to Fusarium oxysporum f.sp vasinfectum were identified.

8. Based on the obtained genetic maps and QTL-analysis the markers were
identified that can be potentially used in marker-associated cotton breeding, as
well as for the isolation and detailed study of candidate genes.

9. in silico analysis was carried out. 11 genes of Fusarium and 4 genes of
Gossypium were determined, which are responsible for the synthesis of secondary
metabolites and mycotoxins, and cotton resistance to external stimuli
(contamination with pathogens).
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