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Ilocnioncennss eukonano 045 idenmudpikauyii nap npaii-
Mepie 00 KoHcepeamusHux OiNAHOK eeHie cmiikocmi R
do 6opowHucmoi pocu ma [HWUX NAMO2eHI8 NuleHUU,
ebeKkmueHUX 041 BUABACHHS NOAIMOPPIBMY V CheKmpax
aMNAIKOHI6 MidC 3pasKamu, KOHMPACMHUMU 3a CMiIlKic-
mio do bopowHucmoi pocu. Cmitikumu 3paszkamu 6yau
ampiounnoio Aspomika (eenom AABBTT) i cmeopeni Ha
tioeo ocHosi ainii nuenuyi (AABBDD). Busénrenus nosi-
MOPHUX KOMNOHEHmMI@ cneKkmpie dacmb 3M02y BUKOPUC-
moegyeamu 6i0nogioni napu npavimepie 045 OUIHIOEAHHS
NnepcneKmueHOCMI CY4acHUX Copmie nuleHuyi m’axoi 6ymu
peyunicHmom eeHa (eeHig) cmillkocmi, w0 moxce Oymu
nepedanuii 6i0 Aspomiku 00 2eHemu4Ho020 NyAy NUEHUUI
M’aKoi wepez cmamesy eibpuduzauiro. Memoo docaioxcen-
Ha — IIJIP na eenomniii IHK docaioncenux eenomunie 3
3aCMOCYBAHHAM Nap Npaumepie, po3podseHux 3 UKOPUC-
MAHHAM NOCAIO08HOCMEN HYKAeOMUOI8 Y KOHCEPEAMUBHUX
dinankax eenié cmitikocmi do bopowHucmoi pocu, a ma-
KOXNC BUPOOJNCEHUX npalimepie 00 KOHCepeamueHux Oi-
NAHOK PI3HUX 2eHié cmilikocmi 045 008iNbHO20 KOMOIHY-
eanus ix 6 napu 3a memodom RGAP. Ilokazano, wo eu-
Kopucmarnua memoda RGAP dae binvwie inghopmauii npo
HAA6HUU NOoAiMOppizm 8 00CAiONCeHUX 2eHOMAax y Nopig-
HAHHI 3 BUKOPUCMAHHAM Npaiimepie 00 KOHCEPEAMUBHUX
nocaidosnocmeil eenie Pm. Haiibinbuy eapiabenvHicmo
cnocmepieanu 3 npaumepamu, CmeopeHuMuy 00 0ilsHOK, U0
kooyioms LRR-domenu 6Ginkie cmitixocmi. Ix moocna eu-
Kopucmogyeamu 6 KOMOIHaYisIX 3 IHWUMU npavimepamu 3a
memodom RGAP, oas 36invuenus Kinbkocmi egpeKmueHux
I/ P-mapkepie eenie cmitikocmi.

Karouoei caoea: inmpoepecueni ainii, Amblyopyrum muti-
cum, nuweHuys m’aka, cmiikicms 0o bopowHucmoi pocu,
eenu cmitikocmi, memod RGAP, I1/IP-mapkepu.

Beryn. I'eHU CTiMKOCTI 4O ITAaTOTE€HIB MAalOTh KOH-
CepBaTUBHI JIMISIHKM, $SIKi KOOYIOTh HYKJICOTMI-
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3B’s13yBayibHI foMeHM (NBS), nosropu, Oarari
Ha JjeiuuH (LRR), kxinazuni momenu (Ercolano
et al., 2022). 3anexxHo Bim reHy IpeACTaBIIEHICTh
LIMX JOUISHOK € pizHow. Moxe BapiloBaTv i HyK-
JIGOTUAHUM ckian 3ragaHux aiigHok (Kang et
al.,, 2020). B reHowmi mieHMLI M’SIKOI YUMAJO
reHiB CTilikocTi R 3abe3nedyioTh il 3aXUCT Bin
pi3HOMaHITHUX 30yTHUKIB XBopoO. YacTtmHa ix
MepeHeceHa OO0 TeHOMY IMIIEHUIll Bix OJIM3bKO-
CMHOPiTIHEHUX BUJIB 4Yepe3 iHTPOrpecHUBHY TiOpu-
mu3aiito. 'enn R MOXyTh OyTHM IPUCYTHI y CKa-
Ji 4YYTAMBUX TE€HOTUIIB, HE CHPUSIOUU PO3BU-
TKY CTIAKOCTI Ha piBHi ¢eHoTuIry (Simeone et
al., 2020). I'enu NBS-LRR okanizoBaHi Ha BCix
XpOMOCOMaX TIeKCaIlJIOIIHOIO TI€HOMY IIILIEHMIII.
IToza 3anexXHOCTiI Bilm CBO€I €(PEKTMBHOCTI BOHU
30epiraloThb XapakTepHy CTPYKTYpY, TaK 1110 KOH-
CEepBaTUBHI AUISHKW T€HIB MOCTYIHI IS aMILTi-
¢ikarii i MOXyTb OYTM BUKOPUCTAHI JIJis1 CTBOPEH-
HS MapKepHOi cHUcTeMu 3 3actocyBaHHIM I1JIP
3 mpaiiMepamMu, 110 (JIaHKYIOTh TaKi ITOCJIiIOB-
HocTi. OOHMM 3 METO[iB CTBOPEHHSI MapKepHUX
cucteM € RGAP (Resistance Gene Analog
Polymorphism), sxkuii mae 3mMory oTpuMyBaTu
noJjiiMmopHi Ta 6araTOKOMMOHEHTHi crekTpu. B
OgHY KOMOIHAIIil0 MOXHa IIOEIHYBAaTU IIpaiiMe-
pu, CTBOPEHi 10 Pi3HUX I€HIB CTiHKOCTi Ta pi3-
HUX KOIYyBaJIbHMX YacTUH. MOXJIUBICTh TaKOIO
MOEAHAHHS OOYMOBJIEHE IIOIIOHOI0 CTPYKTYpPOIO
R-TeHiB Ta HYKJEOTMIHMM CKJIaJOM KOHCepBa-
tuBHUX AiassHOK (Chen et al., 1988; Vendelbo
et al., 2021). g Toro, 100 BUKOPUCTOBYBATHU
el miaxim mjisi CTBOPEHHSI MapKepHOI CUCTEMM,
sIKy MOXHa OyJio 6 3acTOCOBYBaTM sl OINTHUMi-
3allil Ipoliecy nepeaadi Yy>KMHHUX TeHiB CTiliKoc-
Ti JO TeHOMY ILIEeHULi M’SKOi, MOTPiOHO mOCJIi-
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JUTU BUXiTHUI MaTepiaJl Ha HasIBHICTb IMOJiMOp-
(hizMy KOMIMOHEHTIB CXpelllyBaHHS 3a CIEeKTpamMu
aMIUTIKOHIB, SKi OTPUMYIOThCS 3 IIpaiiMepaMu JI0
KOHCEPBAaTUBHUX HiJISTHOK I'eHiB CTIMKOCTI.

B cratTi npencrtaBieHi pe3yabTaTh MOPiBHSIHHS
TeHOMHO-3aMillleHoro amdiguiuioiza ABpoTika 3
reHomoM AABBTT, cTBOopeHux Ha Oro OCHOBI
CTIiKMX 1O OOpOIIHMCTOI pocu (30YOTHUK TIpud
Blumeria graminis) reKcarlOifHUX JIiHiil TILHeHU-
i M’JKOi Ta KiJIbKOX Cy4aCHMUX COPTIiB MIIEHMIIL
M’SIKOi TSl 3’SICYBaHHSI MOXJIMBOCTI BUKOPUCTO-
ByBaTu pe3yabTatu ouiHku RGAP mns ontumi-
3alii poGOTM 3 TiOpUAHUMHU TMOMYJSLISIMU  BiJ
CXpellyBaHHS CTIMKUX JiHiA 3 KOMepUiMHUMU
copTaMM TILIEHULi M’SIKOi.

Marepiaau i meToau. Y gociigkKeHHI BUKOPHUC-
TaJIu: JECSATh I'eKCaIIOIMHUX iHTPOTPECUBHUX Ji-
Hilt cepii «tica» — moximHUX ABpoTiku (Iephimen-
ko et al., 2015), reHomHO-3aMillleHUI amMdingu-
mwioig Aspotrika (AABBTT, 2n = 42), coptu
nueHuli M’skoi Triticum aestivum (AABBDD,
2n = 42) cenekuii CenekuiiHO-reHeTUYHOIO
incrutyry HAAH Bpana, I1anna, Jleneka, Ongecs-
ka 267, Cengnka, Tipa, Hikonis ta KpacHo-
mapcekoro HIICT im. ILII. JlykK’'ssHeHka —
ABpopa. CopTu MuIeHULI M KOl Pi3HOI Mipoio
BpakaroTbCsI OOpOILIHUCTOI pocoro (3—4 Oanu
3a 9 GajbHOIO 1IKAaJNOI0), aMpigumioing ABpoOTiKa
Ta JiHil F, Big #oro cxpeulyBaHHs 3 COPTOM
ABpopa cTiliki 10 Blumeria graminis f. sp. tritici
(Bgf) BIIpoa0OBX POKiB CIIOCTEPEKEHb.

Jns BUBYEHHSI POCIMHHOTO MaTepialy IMociy-
TroByBaJIuCsl KOMOiHAlliIMK MpaiiMepiB, CTBOpe-
HUMM 10 KOHCEPBAaTUBHMX MOCIiTOBHOCTE! TeHiB
CTiAKOCTi 10 OOPOILIHMCTOI POCH Ta iHIIMUX IATO-
reHiB (LUCT HeMaron, Pseudomonas syringae, Xan-
thomonas oryzae pv. oryzae). ONTUMANIbHI TeM-
nepatypu Tridpuausaiii mpaiiMepiB 3 T€HOMHOIO
JHK migbupanm 3a gormomMororo rpagieHtHoi T1JIP.
Hna 30inblieHHs creuugiyHOCTI  amIutigikarii
BukopucroByBanu Touchdown PCR (TD-PCR).
IMponykTu amrutidikauii posginsum y 1,9%-BoMy
arapo3HoMy rejii.

s kiacTepu3allil KOXHOIo 3 OJIOKiB IeHO-
tumiB (1) «ABpoTika Ta IHTPOIPECHUBHI JiHil» Ta
(2) «ABpoTika Ta T€HOTUIM TILIEHULI M’SIKOI» Ha
MiACTaBi BU3HAYEHHSI Pi3HOMAHITHOCTI 3a KOM-
MOHEHTAMU €JeKTPOPOPETUUHUX CIIEKTPiB, OTPU-
MaHUuX 3 NlapaMu BUPOXKEHUX MpaiiMepiB, BUKO-

4

puctaHo mporpamHe 3abesneyeHHs STRUCTU-
RE 2.3.4 (https://Imme.ac.cn/StructureSelector/).

Pesyabratn i odroBopennsa. [1opiBHSIHHS TeHO-
TUTIB 3a CITEKTpaMu, OTPUMAaHUMU 3 TipaiiMepa-
Mu no0 TreHiB Pm. Ilpailimepu po3poOseHi 3
BUKOPHUCTAHHIM HYKJICOTUTHMX ITOCTiTOBHOCTEM
reHiB criiikocti Pm2, Pm3, Pm4b, PmS§, Pm2l,
Pm24, Pm4l, noctynHux y GenBank (https://
www.ncbi.nlm.nih.gov/genbank/), 3a nonomorow
nporpamu Primer3 (https://primer3.ut.ee/). CtBO-
peHo 20 map mnpaiiMepiB, sIKi 00MEXYITb KOHCEp-
BaTUBHI TOCIiZOBHOCTI BKa3aHUX reHiB (Tabm. 1).

VY enekTpoopeTUYHUX CIEKTPaX aMILIIKOHIB,
OTpMMaHUX 3 TpaiiMepamMu A0 TeHiB Pm, crnoc-
TepiraJii OCHOBHI KOMITOHEHTU CIIEKTPY Ta Mi-
HOpHi. ¥ cKJIaJi TeHOMIB IOCIiIXKyBaHUX COPTiB,
3a BUHSITKOM copty Onmecbka 267, 3 BUKOPHUCTaH-
HSIM KoMOiHauii mpaitMepiB Pm2-2 igeHTU(diKo-
BaHO ITOC/IiIOBHOCTI, sIKi KOAy10Th N-KiHIIEBY Mdi-
JSIHKY Pm2. T'eHOTUIIM BiApi3HSUIMCSI 32 MiHOP-
HUMU Ta MaXXOPHMMM KOMIIOHEHTaMM, SK 3a
iIXHBOIO PYXJMBICTIO, TaK i 3a ajbTepHATUBHOIO
HasBHICTh/BincyTHiCcTL KommmoHeHTy. JJHK ABpo-
TiKM aMmIutidikalii 3 mpalimMepaMu 10 reHa PmZ2
HE Ja€, 110 IIIIKOM TTOSICHIOETBCSI CKJIaIOM ii Te-
HOMY: TeH PmZ2 3HaxomuThbcst y XxpoMocoMi 5DS
(Manser et al., 2021), a cyérenHom D y reHomi
ABportiku (AABBTT) BiacyTHiii.

3 KoMOiHaLisIMU TIpaiiMepiB 10 Pi3HUX YaCTUH
reHy PmJ3 oTpuMaHO MNPOAYKTU amrutidikariliii 3
JHK Bcix mocmimkeHux 3paskiB. bymu imeHtu-
¢ikoBaHi MOCIiMOBHOCTI, $IKi KOIYIOTb JAOMEHU
NB-ARC (Pm3-5) ta LRR (Pm3-1 — Pm3-4,
Pm3-6). 3 koMGiHamismun Pm3-1-L — Pm3-4 y
BCiX COPTIB IMIIIEHUIII M’ SIKOI HasgBHUI JIMIIIE OOUH
KOMIIOHEHT y CHeKTpi, MoHOMopdHUiT (puc. 1).
3 JJHK AsBpoTiku He Bmajiocsl OTpUMATU IIPO-
nykty amiutidikanii 3 Pm3-5 (puc. 1, a). Pm3-5
JI03BOJIsIE imeHTU(iKyBaTH MojdiMopdi3M 3a ¢par-
MEHTOM MEHILIOTO PO3Mipy, SIKMi € y ABpopu,
MpoTe BiACYTHilA y pewtu coptiB. 3 Pm3-1 Ta
Pm3-2, Pm3-4 nmoxiMopdizMy MiX iHTporpecmB-
HUMU JIiHiSIMA Ta ABpPOTIKOIO HE CIIOCTepiraiu
(puc. 1, 6). IlomiMopdi3M 3a pPyXJIUBICTIO Mi-
HOPHHMX KOMIIOHEHTIB CIIEKTPY BUSBJICHO 3 3a-
crocyBaHHSIM TpaiiMepiB Pm3-3. JIHK niniid
tical007, tical075, tical084, tica 1130, ticall87,
tical189, tical094 yTBOpIOE MiHOpPHI AMILIIKOHM 3
OibIIOI0 PYXJIMBICTIO, HiX Y CIeKTpax ABPOTiKU
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Tabauys 1. TIpaiiMmepu 10 TeHiB CTIAKOCTI A0 OOPOMIHMCTOI POCH MINEHHI M’ SIKOT

ITpaiimep IMocnimoBHICTD Bwmict G+C, % HEZ“;;:SEF;YQ&IC

Pm2
Pm2-1 L TACTTGGGTCACTGCAGCTG 55 59,35
R GATCGGAGTAGCAGAGCACC 60 61,40
Pm2-2 L CAGGGAAATCTGTGGCGACT 55 59,35
R GCTGGCTGCTGGTAGAAGAA 55 59,35
Pm2-3 L TTCTTCTACCAGCAGCCAGC 55 59,35
R TCGACTCCCATCACCTTTGC 55 59,35
Pm2-4 L CTGGAGTCCGCATCCATACC 60 61,40
R GTAGCAGCCATCGTTCAGGT 55 59,35

aneni Pm3

Pm3-1 L GGGCTGCAGGTTCTGAAGAT 55 59,35
R TCGACAGCAGCATCCCATTIT 50 57,30
Pm3-2 L AGTTGCCATCCTCACCCATG 55 59,35
R AGCAGGGCAGCCTGTAATTT 50 57,30
Pm3-3 L CCACTGGCCAGAGAATGTGT 55 59,35
R AATGCTCTCTTGCAGCTGGT 50 57,30
Pm3-4 L GGGCTGCAGGTTCTGAAGAT 55 59,35
R TCGACAGCAGCATCCCATTIT 50 57,30
Pm3-5 L TCGACGTCATCACCGATGTC 55 59,35
R GGCCAGGGAGTTCACATCAA 55 59,35
Pm3-6 L GGCACTGGGCTCTGTACTTT 55 59,35
R GATGCTGCAATGGGCTGAAC 55 59,35
Pm3-7 L GTTGCTGCTCTGGGTTTGTG 55 59,35
R CACTGCTTCATGTGCGATGG 55 59,35

Pm4
Pmdb-1 L AGATTGGACGCGGTGGATTT 50 57,30
R CTCCTTCGCGAACTTCTGGT 55 59,35
Pm4b-2 L TCCGTCAGCAAATGGTTCGA 50 57,30
R GTACGACGCTCACCACTAGG 60 61,40

Pm21
Pm21-1 L CCCCACATTGTTCATCGGGA 55 59,35
R GCTAATTGTAGCGGGCTTGC 55 59,35
Pm21-2 L GAGCTAGCAAGGGCAACAGA 55 59,35
R CCGTGTCACTTGTCCTCGAA 55 59,35

Pm24
Pm24- WTK-1 L TCCAAGTGACGAAGAACCCG 55 59,35
R CAATTGGACAACCTGCACGG 55 59,35
Pm24- WTK-2 L CTGCAGCATCACTTTGGCAG 55 59,35
R TAGCAGAGCAGTTGTTCGGG 55 59,4

Pm4l
Pm41-1 L GTAGGTGGCATCAAGGGCTT 55 59,4
R CGCATTTGATGGCATCCCAG 55 59,4
Pm41-2 L CACCCATCGCCGTGATCATA 55 59,4
R TTTCTTCAGCCGCCTTCGAT 50 57,3
Pm41-3 L GCCTGCGCAAGTAACATCTG 55 59,4
R TATGATCACGGCGATGGGTG 55 59,4
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Pm3-1-L + Pm3-1-R
1 2 3 4 5 6 7 8 9 10 11 12 13

Pm3-7-L + Pm3-7-R
1 2 3

Pm3-3-L + Pm3-3-R
1 2 3 4 5 6 7 8 9 10 11 12 13

Puc. 1. EnexrpodopernuHe po3niieHHsI IPOAYKTIB aMrutidikaliii 3 npaiitmepamu 1o Pm. a, 6. 1 — ABporTika; 2 —
Aspopa; 3 — Tipa; 4 — Ilanna; 5 — Jleneka; 6 — Onmecobka 267. 6, e. 1 — ABportika; 2 — tica 1007; 3 — tical049;
4 — tical058; 5 — tical063(2018); 6 — tical063(2021); 7 — tical075(2018); 8 — tical075(2021); 9 — tical084; 10 —

tical130; 11 — 1187; 12 — tical089; 13 — tical094

ta ABpopu. Ll kxomOiHaLisg TmpaiiMepiB draHKye
OIHY 3 IIJISTHOK TeHy, sKa KOAye OaraTi Ha Jeii-
LIMH TIOBTOpPU, $SIKi BBaXKarOThb HaMOiIblI Bapia-
OeTbHUMM YacTMHaMU OiJKiB criiikocTi. Ile Oyio
MiATBEPIKEHO MPSIMUM CEKBEHYBAaHHSIM reHa PmJ3
(Plyhun, 2024), a Takox pe3yjabTaTaMM amILTigi-
Kkauii JHK ninii tical063 m1BoX MOCiZOBHUX Te-
Hepauiit (puc. 1, ¢). 3 JHK minii tical075 am-
mricpikanii He Oymo. 3 JIHK coptiB omecbkoi ce-
JIeKIil i1eHTU(¢IiKOBAaHO OIUH MAaXKOPHUI KOM-
MOHEHT, MOHOMOP(MHUIA.

3a crnekTpamMu, OTpUMaHMMU 3 TpaiiMepamu
Pm3-7, ABpopa Ta ABpOTiKa HE pPO3Pi3HSIOTH-
cs, aje BIiAPI3HSIOTbCS Big HU3KW JIiHiA, 1
SIKUX iIeHTU(IKOBAHO OIMH BaxKUUl KOMITOHEHT
(tical187), abo nBa (tical049, tical058, tical063
(2018), tical075). 3a MiHOpHUMU KOMIIOHEHTAMU
PO3pPi3HAIOThCS reHOTUNU ABpoTikM, Tipu Ta AB-
popu (ouB. puc. 1, 6).

3 npaiimepamu Pm4b-1, mo ¢raaHkyooTh yac-
TUHY TeHy, sSKa KOIye JIOMEH, IOHIOHUI 1o
MNPOTEeIHKIHA3M, BiAPI3HSIUCH CIIEKTPU COPTIB AB-
popa i Tipa: JTHK ocTaHHBOro IreHOTHUIIy aMII-
JIi(hiKy€EThCS 3 MOSIBOIO ABOX JAOJATKOBUX MPOIYK-
TiB y nopiBHsHHI 3 JIHK ABpopu. 3 ABpOTiKOIO

6

MPOAYKTY HE OTpUMaHO. 3 mpaiiMepaMM [0 iH-
1I0i YaCTUHU TeHy, sika Koaye C-kiHueBy doc-
¢opubo3unTpancdepasy POCIMH, IIPOAYKTY He
OTPUMaHO.

st momyky reny PmZ2] y reHoMax BHKO-
PUCTOBYBaJM ABi mapu mpaiiMmepiB. 3 mpaiimepa-
Mu Pm21-1 ineHtudikoaHo 3 ¢parmeHTH 3 pis-
Hoto pyxmmBicTio Jmire 3 JHK copry Aspopa.
B reHotumax coptiB mocainoBHOCTI reHy Pm24
He igeHTUdiKyBain. ['eH cekBeHOBaHO 3i 3pa3ka
KuTalickkoro MicueBoro reHoturty (landrace)
Hulutou (Lu et al., 2020). Tomy Pm24 Moxe i
He OyTHM y COpPTIiB €BpPOINEHMCHKOI YaCTMHU KOH-
TUHEHTY ab0 WMOro MociJOBHICTb, 3 SIKOIO MalOTh
riopyauszyBatucs TipaiiMepu, 3a3Hajlla 3MiH. 3
npaitMepamu Pm41 He OTpUMAaHO MPOAYKTIB aMII-
Jidikallii, npuIaTHUX IS aHaJli3y.

Otxe, mpaiiMepu OO pi3HUX [iJITHOK TEHIB
criiikocti Pm2, Pm3, Pm21, Pm41, Pm4b naBanu
amrutidikanito 3 JJHK okpeMux copriB, ABpoTiKu
i criikux JiHii. TTocnigoBHOCTEN, XapaKTepHUX
s Pm24, y ckiafi JOCHiIXyBaHUX T€HOMiB He
BUSIBUJIM. 3BepTae Ha cebe yBary (pakT BigCyTHOC-
Ti 30iry crnekTpiB ABpPOTiKM i ABpopu, KOJu 3a-
JIy9alOThCSl TIpaliMepH IO TEHIB, JIOKAIi30BaHUX B
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cyoreHomax A i B, cniibHMX [J1 LIMX T€HOTMUIIIB.
Amxe ABpOTiKa € TeHOMHO-3aMillleHUM aM®igu-
IUIOIIOM, CTBOPEHMM 4Yepe3 3aMillleHHsI cyore-
Homy D copty ABpopa Ha reHoM T AUKOPOCIOro
ponuya miueHuli Amblyopirum muticum. 3 omgHO-
ro OOKy, 1Ie MOXHa BBaXaTW IMiITBEPIKEHHIM
HasIBHOCTI nepeOynoB B cyoreHomax AB ABpoTiku
CTOCOBHO TakuX ABpOpH. 3 iHIIOro GOKY OTpH-
MaHi pe3yJbTaTh JeMOHCTPYIOTh, 1110 Crpoba 3B’s-
33T CTiMKICTb ABpOTIKM Ta OTpMMaHUX 3a il
Y4acTIO iHTPOrpeCMBHUX JIiHili He Moxe 0asy-
BaTUCS BUKJIIOYHO Ha reHax Pm, 3ajly4eHUX A0
JOCTiIXKEHHSI.

ITopiBHSIHHSI T€HOTUILIB 3a CIIEKTpaMu, OTpU-
MaHUMM 3a MeToaukow RGAP. Jlpyrum migxo-
JIOM g imeHTM(iKalii MHocaigoBHOCTEl B Tre-
HOMi, JOTUYHMUX A0 (pOpMyBaHHS CTiKHUX T€HO-
TUMiB, Oyso (QopMyBaHHsS map mpaliMepiB A0
KOHCEPBATUBHUX IMOCJIiIOBHOCTEH T'eHiB CTiliKOC-
Ti IO Pi3HUX MaTOTeHiB (LUMCT HemaTon, P. syrin-
gae, Xanthomonas oryzae pv. oryzae), SIK 1ie MPO-
noHyeTrbcsd Metonukolo RGAP, HamineHolo Ha
nomyK mnoxiMopdi3My aHajoriB TEHIB CTiHKOCTI
(Resistance Gene Analog Polymorphism, RGAP)
(Chen et al., 1998). ¥ napu noeaHyBanu AeB’SITb
BUPOIKEHMX IIpaiiMepiB, B3SATUX 3 JITEpaTypPHUX
mkepen (Shtefiuk et al., 2016; Chen et al., 1998;
Yan et al., 2007; Cheng et al., 2010; Shi, 2001). JTo
KOHKpPETHOI KOMOiHallii MpaiitMepiB MOIJIN 3aTy4u -
TU JBa MPSIMUX MpaiiMepu ado 1Ba 3BOPOTHUX, a00

npaiiMepu, ki (pIaHKyIOTb pi3Hi KOHCEpBAaTHMBHI
JIUISSTHKY TeHiB criiikocTi. Cepen, KOHCepBaTUBHUX
MOCJIiAOBHOCTEl OyaM 3aly4yeHi ITOCIIiTOBHOCTI,
dKi KOAYIOTh ITOBTOpM, Oarari Ha jnednuH. Bu-
KOpPUCTaHO TeHU cTilikocti g0 Bgt Pm& (PmS§-
LRR-R, Pm8-LRR-L), no Xanthomonas oryzae
pv. oryzae (XLRRrev), no Pseudomonas syringae
(RLRRrev, RLRRfor), criiikocTi 10 LMCT Hema-
toa (Cre3Lr-F)). o ocTaHHbOTO TeHYy BUKOpPUC-
TOBYBJIM TaKOX IMpaiiMepH, CTBOPEHi A0 Pi3HMX
yacTuH KiHaszHoro goMeHa — Cre3k3 ta Cre3-P-
loop (P-metnsa kiHazHoro aomeHy). Pm8-MHD-
L OyB cTBOpeHMIA [0 MOCHiTOBHOCTI, sIKa KOAYE
KapbokcurepMmiHanpbHuil KiHeub ARC2 (yactuHa
AT®a3zu NB-ARC) Tta € BHCOKOKOHCEpPBAaTHUB-
HOIO OiJSIHKOIO 3 METiOHiHY, TiCTUAMHY Ta ac-
mapraty (methionine-histidine-aspartate, MHD)
(Slootweg et al., 2013). KombinHaii, siki maBaim
YCIIIIHY aMmIuTipikaliii, HaBeaeHo y Taou. 2.
EnextpodopeTuHi CIeKTpU MHPOAYKTIB aMIl-
Jigikauii, orpumani 3a Meronukor RGAP, Bu-
SIBUWJIUCH 0araTOKOMIIOHEHTHUMHU. ToMmy iX omnu-
CyBajiv 3a JBIIKOBOIO CHUCTEMOIO: «1» — HasIBHUIA
KOMMNOHeHT, «0» — BiacytHii. Ilpuxkiagy Kinb-
KOX CIIEKTpiB 3 0araTboX, OTpUMAHMX 3 Pi3HUMU
KOMOIHALIiSIMU TIpaiiMepiB, HaBeACHUI Ha puc. 2
Ta y Taba. 3. PisHULA MiXX reHOTUIIaMU MPOSIBIISI-
Jlacsl y Bapiallii 3a HasIBHIiCTIO/BiICYTHICTIO TEB-
HUX KOMIOHEHTiB. B GaraTbox BMITagkax Iomap-
HUI PO3TJISA CIEKTPiB Ha€e 3Mory audepeHIliroBa-

Tabauys 2. Tlepenik komoOinaniii npaiivepiB Ta ixHix Temneparyp riopunusanii 3 JIHK-marpunero

J:‘T Komb6iHarii mpaiimepiB [T jﬁl Komb6iHarii mpaiimepiB ol
1 Pm8-LRR-R + Pm8-LRR-L 58,4 ta TD-PCR Pm8-LRR-L + RLRRrev 54,2
2  Pm8-LRR-R + Pm8-MHD-L 56,7 Pm8-LRR-R +Cre3k3 57
3 Cre3k3 + Cre3Lr-F 54,2 Pm8-LRR-R + Cre3-P-loop 53,7
4  RLRRrev + Cre3_P-loop 54,2 Pm8-LRR-R + XLRRrev 53,7
5 RLRRfor + Cre3_P-loop 53,7 Cre3k3 + Pm8-MHD-L 53,7
6  RLRRrev + XLRRrev 53,7 Cre3k3 + XLRRrev 53,7
7  Cre3LrF + XLRRrev 53,7 Cre3LrF +Pm8-MHD-L 61,4
8  Cre3LrF + Cre3_P-loop 53,7 Cre3LrF + Cre3_P-loop 60,8
9  Cre3k3 + Cre3_P-loop 56,7 Pm8-LRR-R + Pm8-MHD-L 59,9
10 Cre3k3 + XLRRrev 56,7 RLRRfor + XLRRrev 56,7
11  Pm8-LRR-R + Cre3-Lr-F 53,7 Cre3k3 + RLRRfor 56,7
12 RLRRrev + RLRRfor 53,7 Pm8-LRR-L + XLRRrev 56,7
13 RLRRrev + Cre3Lr-F 58,4
Ilpumimka. t__, — TeMnepatypa ribpuamsauii npaiimepis 3 IHK-marpuuero.
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Puc. 2. EnextpodopeTnuHi cCrieKTpu NMpoayKTiB amrutidikanii 3 kombiHauiero npaiimepiB RLRRrev + XLRRrev i
JAHK Asporiku (1) Ta inTporpecuBHux JiHiit (2—13). M — mapkep monexkyasipHux mac 100bp DNA Ladder (So-

lis Biodyne)

TU Pi3Hi F€HOTUIIM, OTXE BiIKPUBAE MOXJIUBICTb
OTPUMYBAaTU 1 aHajli3yBaTW TiOpUIAHI MOMYJsILii
BiJl CXpElIlyBaHHSI KOHTPACTHUX (PEHOTUIIIB OJHO-
yacHo 3a RGAP-cnekTpamMu Ta CTilKiCTIO 10
OOPOITHUCTOI POCH.

byno mnpoaHanizoBaHO CHEKTPU AaMILIiKOHIB,
oTpuMaHuX 3 25 mapamMu mparimepiB (Tabi. 2).
Hnsg nopiBHSAHHSI chopMyBaid ABa OJ0KU 3pa3-
KiB: 1) ABpoOTiKa i BCi iHTpOIpEeCUBHI JIiHii «tica»,
sKi BX€ OTpPMMaHO Bill cxpelllyBaHHS ABpOTiKa x
ABpopa i € cTiiikumu; 2) ABpoTika i BCi COpTH
MIIEHUII M’ SIKOIi, SIKi Opaji y4acTh y CXpelllyBaHHi
3 Hew B cnpobax mnepemsatu A0 T€HETUUYHOTO
MyJly MIIEHUIi M’SIKOi TeHETWYHi MOCIiIOBHOCTI
ABpOTIiKM, 5IKi 3aisgHi B 3a0e3IeueHHi 11 cTilikoc-
Ti. YcepearHi KoXHOro 0Jioka CreKTpy aMILTiKO-
HiB 3a KOXHOIO Mapolo MpaiiMepiB MOpiBHIOBAIU
MomnapHo.

8

Haii6inbiny nomibHIiCTh ovikyBaid OaunMTH MiX
cnekTpamMu ABpopu Ta ABpOTiKM, amXe BOHM Ma-
I0Th JIBa CHiJbHUX CYOr€HOMM 3 TpbOX. 3 TIpaii-
mepamu RLRRrev + Cre3 P-loop, Cre3LrF +
+ XLRRrev, Cre3k3 + Cre3 P-loop, Cre3k3
+ XLRRrev, RLRRrev + RLRRfor, Cre3k3 +
+ RLRRfor ta Pm8-LRR-L + XLRRrev piznu-
1S MiX BKa3aHWMHW T€HOTUMNAMM 100 OLIHKU
1/0 cTOCOBHO OKpeMUX KOMITOHEHTIB Oyira MiHi-
MajibHa. 3a niisHKamMu reHy Pmé, dnaHkoBaHM-
mu npaiimepamMmu Pm8-LRR-R + Pm8-MHD-L,
ABpopa Ta ABpOTiKa He BiApi3HSIOTHCI. 3a BU-
KopuctaHHsM mnpaiiMepiB Pm8-LRR-L + XLRRrev
JHK ABpopu yTBOpIOE Oijbllie aMILIIKOHIB, HiX
OHK Asporiku. 3 mnpaiimepamu RLRRfor +
+ Cre3_P-loop, Pm8-LRR-R + Cre3-Lr-F, PmS§-
LRR-L + RLRRrev, Pm8-LRR-R + Cre3k3,
Cre3k3 + Pm8-MHD-L, Cre3k3 + XLRRrev,
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Tabauysa 3. Omnc enekrpodopeTHIHUX cneKTpiB mpoaykti ammtidikanii IHK ABpoTiku i copTiB mmeHnni mM’sIKoi,
oTpuMaHuX 3 KoMOiHauiclo npaiimepiB Pm8-LRR-L + XLRRrev. 1 — KoMnoHeHT HasiBHMii, ) — KOMIIOHEHT

BiICYTHii

Tenotun

H OMEpP KOMITOHECHTa

CleKTpa ABportika | ABpopa Tipa

IManna

Opnecbka

267 HikoHnist

Jleneka CensgHka Bnana

SO DO OO OO DO DD OO = —
O OO OO OO OO0 OO M —
SO ODOD DD OO O OO DO O ===

DO DN DD = et it et et ek ek ke
N OO AdAANND DN — P XPIANNR LN —

—_O OO0 DD DD DO OO ==

[=NeleoNeleololeololslolaleolo e o e oo el o e N o)
[=NelaoNeleoloNeoloeolaleolo e oo o el o N N
[=NelaNeleoleoleololelolaoNeolao e laoe e e el o Ne N

O ot et O O Ot bt et bt ik ek O et O O = O e e
S OO OO OO OO O OO OO O ———

Cre3LrF +Pm8-MHD-L ta RLRRfor + XLRRrev
cnektp kKommnoHeHTiB JHK ABpopu BiapizHse-
ThCSI BiJl TAaKOTO ABpPOTiKM ogHUM (-ayenem.

s MopiBHSJIBHOTO BUMBYEHHSI CIIEKTPiB aMIl-
JikoHiB JIHK iHTporpecuBHuUX JiHiii Ta ABpOTi-
K1 Oylo BUKOpPUCTAaHO Juile 14 KomOiHalii
npaiiMmepiB i3 25 mepeBipeHUX. MU yHUKaIU Ta-
KuX KOMOiHalliii, 110 IIoKa3yBajiM HeiHgopMa-
TUBHY Pi3HUILIIO y CieKTpi aMrutikoHiB. HeiHdop-
MATMBHOIO TOBOIUTHCS BBAXXKATHU Pi3HUIIIO, KOJIH
y mapi 0/1 BimcyTHicTh amiutikoHa («0») Xapak-
Tepu3ye ABpOTIiKy, a «1» — ABpopy.

IHTporpecuBHi JiHii B CHEKTpaxX aMILIIKOHIB
JHK 3 BimiOpaHuMu mapamMy MOpaiMepiB mAe-
MOHCTpYBajJd OuIblIy BapiaGiabHICTh ITOPiBHSHO
3 0aTbKiBCbKMMM TE€HOTUIIaMM, ABPOTIKOK Ta
ABpoporo. Ile MoxHa IIOSICHUTA HasSIBHICTIO B
IXHiX FeHOMaxX Pi3HOro 0O0CSry 4Y>KMHHOIO XpO-
MaTWHy, sSKUii OyB oTpuMmaHuil Bim T reHomy
ABpOTikU. BiH Mir BUKJIMKaTU MEBHUI piBeHb Tre-
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HOMHOI HECTaOiJIbHOCTi, HACIIAKKA SIKOI MM MO-
KEMO CIIOCTepiraTd Ha CHeKTpaxX aMILIiKOHIB.
Xo4 Taki BiIMIHHOCTI y e€JeKTpo(OpEeTUUHUX
CMEKTpaX CHOCTEPiraroTbcs, Ha PiBHI (eHOTUIy
3a O3HAKOIO iHTepecy i ABportika, i JIiHii € CTiii-
KMMU 10 OOPOIIHUCTOI POCH.

Hepinko BuHMKana cuTyallis, KOJM CTiiika
iHTporpecMBHa JIiHisl 3 MEBHOI Mapow Mpaiime-
piB He JaBajla MpONYKTiB aMrutidikalii, B ToOM
yac, gk JIHK uyTnuBux 10 OGOPOILIHMCTOLI pocHu
COPTIB MIIEHULI M’SIKOI yTBOpIOBaja aMILIiKOHU.
JlaBHO BCTaHOBJIEHO, 10 MiX MPOIyKTaMU TeHiB
CTIMKOCTi MOXJIMBa B3a€EMO/lisl Ha pPiBHi OiJIKiB,
1 HacJiZKOM TakKol B3aEMOii MOxe OyTu BTpara
CTilikocTi mo 30ymHuka. Hampuxian, Take sBUILE
OIMMUCaHO ISl Pi3HUX (DYHKLIOHAJBHUX aJiefliB
Pm3, Konu TMPOAYKTU IXHBOI €KCIpecil B3aEMO-
JiI0Th 3 IIPOAyKTaMM ekcmpecii PméS. B pesynb-
TaTi B3aEMO[ii OiNKiB yTBOPIOIOTbCS He(PYHKIIiO-
HaJIbHi KOMIUIEKCH, i pOCIMHA MOXe OyTU CHpHii-

9
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HaTmBo no maroreHy (Hurni et al., 2014).
TomMy MOXJIMBUM € IPUIIYLIEHHS, IO CTiMKiCTh
ampigumnioiga Ta CTBOPEHMX 3a MOIro ydacTio JIi-
Hiii MOX€ BUHUKATU HE TiJIbKM 4Yepe3 HaOyTT:
MHOCJiZOBHOCTE! I'eHiB CTIMKOCTI, aje i yepe3 ix-
HIO BTpaTy abo yepe3 MOEMHAHHS 1IUX IBOX SIBUIIL.

Coptu mieHuLi M’SIKOi OJHO3HAYHO MOXHAa
BiApi3HUTU BiA ABpOTiKa 3a pe3yjabTaTaMM aMIl-
nmigikanii 3 npaitMepamu Cre3LrF + XLRRrev,
Cre3LrF + Cre3 P-loop, Pm8-LRR-R + Cre3-
Lr-F, Cre3LrF +Pm8-MHD-L: 3 JTHK Aspori-
ku amiutidikanisa BincytHs. IIpore Taka cutyalis
€ HeiH(pOpMaTUBHOIO IJIs1 aHAIi3y MOIYJISILii, sSIKi
PO3IIETUTIOIOTBCS 32 ITOCTIIKYBaHOIO O3HAKOIO.
He moxHa 3B’43aTu (peHOTUM «CTiiiKa pOCIMHAa»
3 TIEBHMM KOMIIOHEHTOM CIIEKTpa, OTPUMaHUM
Bil ABpOTiKM, AXepeja CTIMKOCTI B Hallliii po-
6oti. PizHuIro 3a nBiiikoBoio cuctemoro 1/0 mix
ABpOTIKOIO i copTamMu TIIILIEHMUII M’SIKOI OJeChb-
KOl cejeKklil oTpuMaiaud 3 IlapaMM IIpaiiMepiB
Cre3k3 + RLRRfor, RLRRrev + Cre3 P-loop,
Cre3LrF + XLRRrev, Pm8-LRR-R + Cre3LrF,
Pm8-LRR-L + RLRRrev, RLRRfor + XLRRrev,
Cre3k3 + RLRRfor, Pm8-LRR-L + XLRRrev.
Ile mae 3mory B chekTpax amiulikoHiB JHK
HalllaAKiB Bil CXpellyBaHHS ABpOTIKA 3 COp-
TaMU IMUIIEHULl BUIUIUTUM HALIAOKIB 3 aMIUIIKO-
HaMM, BJIacCTUBMMU ABpoTili. 3 mpaiitMepamu
Pm8-LRR-R + Pm8-MHD-L, RLRRfor +
Cre3_P-loop, Cre3LrF + Cre3 P-loop, Cre3k3 +
+ Cre3 P-loop, RLRRrev + RLRRfor orpuma-
JIU CIIeKTpH, MojiMopdhHi MiX copTamu i ABpo-
TiKOIO JIMIIIE 3a OMHUM KOMIIOHEHTOM, IPUYOMY
BapiaHT «0» OyB ImpUTaMaHHUI IIePEBAXXHO CIIEK-
Tpy ABportiku. Criekrpu amrutikoHiB JJTHK ABpo-
TiKM i COpTiB, OTpMMaHi 3 mapamMu IIpaiiMepiB
Cre3LrF + Cre3 P-loop ta Cre3k3 + Pm8-MHD-L
iHTepecy miIsl poOOTH HE CTAaHOBWIM 4Yepe3 3a-
MaJjly KiJIbKiCTb aMIUIIKOHIB i BiACYTHICTb MOJi-
Mopdizmy.

CTpyKTypyBaHHS MHOXWHM T€HOTMIIIB 3a Te-
HETUYHUM I10JiMOpP(}Ii3MOM 1IOJ0 aMILIIKOHIB,
OTPUMAaHUX 3 BUPOMKEHUMU IpaiiMmepaMu. Buko-
pucTtoBylour TmporpaMmHe 3abe3neueHHst STRUC-
TURE 2.3.4, oynyBanu CTpyKTypy nonyisuiii (1)
Aspotika + iHTporpecuBHi JiHii Ta (2) ABpOTi-
Ka + CcOpTM MIICHUL M’SIKOI 3a pe3ysibTaTaMu
€J1eKTpo(POPETUYHOIO PO3MiICHHS MPOAYKTIB aMII-
Jidikawii 3 KoMOiHaLiSIMU BUPOJKEHUX IIpaiiMe-
piB 10 Pi3HUX KOHCEPBAaTUBHMX IIOCIiIOBHOCTEM

10

reHiB cTifikocti. s mepiuoi momyJssiii BUKO-
pucTtasim KombOiHallii mpaliMepiB Mix HoMmepamMu
1—-10 i3 Tabn. 1, maa apyroi —2,4,5,7—15,18,
20,24,25 3 Ti€i K TaOIMLII.

IIporpamue 3abe3nedyeHHs1, ctBopeHe IIpiuap-
noM Ta criBaBropamu (Pritchard et al., 2000) nae
3MOry i1eHTU(IKOBYBaTM TE€HETUYHO OJHOPIAHI
rpynu (KJIacTepu, CyOImomyJjsiiii) ocoOMH 3a
JomnoMoron anroputmy baeca. PosminenHs Ha
cyormonysiili BiZOyBa€TbCs 3 BUKOPHUCTAHHSIM
MOJIEKYJIIPHUX MapKepiB, B HaIlIOMY BUIIaIKy —
1le KOHCEpBAaTUBHI TMOCIiJOBHOCTI T€HiB CTiliKOC-
Ti. Bu3Hauaerbcst KinbKicTh cyomomymsaumiin K.
Po3paxoByeTbcst jlorapudmMiuHa WMOBIpHICTb 1151
KoxxHOro 3HauyeHHs K, 1100 omiHuTH Oiabln MO-
BipHY KiJIbKiCTh KilacTepiB. HamaeTbcsi KiJibKicHa
OlliHKa MMOBIPHOCTI BiIHECEHHSI KOXHOI 0COOM-
HU 10 MeBHOi1 cybnonyasuii (kmactepy). Otpu-
MaHi pe3yJabTaTU € HAOMMKEHMMM OO CIpaBX-
HBOI OLIIHKM KiJIbKOCTI KJIacTepiB, TOOTO HE €
a0COJIIOTHOIO OLIiHKOIO.

BukopucToByBain pe3yJbTaTyd PO3AUIEHHS amIl-
JIIKOHiB, TIepeBeIeHi Y NBIHKOBY cuctemy, ae «0» —
KOMIIOHEHT CHEKTPY BiICYTHil, «1» — KOMIIOHEHT
€. IpuitmManu NpunyileHHs, 1110 OJUH ajejib KO-
JIy€ OIMH KOMITOHeHT cnekTpy. Otxe, mas 10
KoMOiHawii momymauii (1) mpamoBanm 3 65 KoM-
MOHEHTaMM 1Jis 13 TeHOTUIIB, BKIIIOYAIOUM aM-
digunnoin ABporika.

s 3HaXOIKeHHS KiIbKOCTi cyornonysitiit K,
Ha Ky MOXYTh OyTU MiZpO3OiIEHI MOCIIiIKyBaHi
opraHisamMu, BcTaHoOBOBajau Burn-in period (me-
pioa BUropaHHS1) — 3, KiJbKiCTIO IOBTOpPIB s
koxHoro 3HayeHHsa K (Big 1 mo 13) — 10 000
MCMC (Markov Chain Monte Carlo). Burn-in
period — TepMiH, SIKMiI ONKMCYE BUKUOAAHHS Jesi-
KMX TIOBTOpiB (iTepalliii) Ha IMOYaTKy 3amyckKy
MCMC. Ona xoxnHoro K mpoBommmu 10 Hesza-
JIEXXHUX TMOBTOPIB. 7151 MOLIYKY ONTUMAaIbHOI Kilb-
kocti rpyn (AK) BuxopucroByBamiu CLUMPAK
(Cluster Markov Packager Across K) (https://clum
pak.tau.ac.il/bestK.html), cTBopeHmit 3a MeTOmM-
koo Evanno ta coiBaBTopiB (Evanno et al., 2005).

3 BUKOPUCTAHHSM OINKUCAHOTO MPOTrPaMHOIO
3a0e3nevyeHHs aHajizyBaau nonynsuii (1) ta (2)
3 METOI0 MEPEeBIpUTU: UM € OAHAKOBUMMU ABpO-
TiKa Ta IHTPOrPECHBHI JIiHil, ii IMOXigHi, 4M BiI-
PIBHSIETbCS PE3UCTEHTHUU aMbigumioin Bim 4yyT-
JIMBUX COPTIiB 32 CYKYMHICTIO MOJiMOPMHUX aMIl-
JIIKOHiB.
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ABpOTiKa € JXepejoM TMOCHiIOBHOCTEH, SKi
MOXYTh OYTM MOB’s3aHi 3i CTiliKicTiIO 10 00-
POIIHUCTOI pOCHU, TOMY BMHUKAE IMUTAHHSI — YU
MOXYTh ABpOTiKa Ta COPTU MIUEHUII M’ SIKOL
YTBOPIOBaTM OJHY MOMNYJsLil0 3a IMpoaHasi3oBa-
HUMM TOCIIZOBHOCTSIMU HYKJICOTHAIB. AMILTi(i-
Kauis BigoyBasacsa 3 JHK uyrnuBux Ta pesuc-
TEHTHUX TEHOTMUIIiB 3 pi3HUMU pe3yJibTaTaMu
oo cnektpiB amrmutidikauii. IMpuitmManu ix 3a
OIHY TOIYJISLIi0, OCKiJIbKM ABpOTiKa MIiCTUTb
reHoMu A ta B Big copTy mineHMIi M’sIKOi ABpo-
pa, OTXe BXOAUTb 0 T€HETUYHOrO MyJay MIIEHU-
i M’dgkoi. B 11boMy BUNAAKy BUKOPUCTOBYBAJIU
MOJEb 3 JOMIIIKaMM, OCKIBKM 3a TaKol MOJesi
MPUITYCKAIOTh, 110 OCOOMHM MAalOTh T€HETUYHMUIA
matepian He Bim ogHoro mpenka. JlilicHo, ABpo-
Tika Mae cyoreHom T Big IMKOPOCJIOTO AUTLUION-
HOro BHUIy. A B copTax IIUEHUII M’SIKOi 3aMiCTh
HBOTO y HagBHOCTI cyoreHom D. Bcworo Bu-
KOpHUCTaHO 16 KoMmOiHaliil IpaiiMepiB, 3arajibHa
KiJIbKIiCTh 3alliSHUX B PO3paxXyHKaX KOMIIOHEHTIB
cnekTpy — 133.

BukopucroByBanu 3HaueHHs K Bim 1 go 6,
JUIS. KOXKHOI KiJIBKOCTiI cyOornomnyJsiuiii poOusin no
10 moBTopiB. ONTUMAJIBHUM € PO3MOIiJA MOMYJs-
il Ha JBi cyOmomyssilii, xouya po3noaiyl MMo-
BipHOCTEM MiApO3diIbHOCTI Ha ABI rpynu Ta He-
MiApOo3AUIbHOI MOoNyJsLii € Maiike OJIHaKOBUM.
Posnonis opraHi3aMiB Ha KjacTtepu BinOyBa€eThbCs
3a BHpaxyBaHMMHU MMOBIPHOCTSIMU, 1[0 OpraHi3M
HaJeXUThb caMe [0 LbOro Kiactepy. I'paHuyHa
UMOBIpHICTb OYyTU BiIHECEHWM [0 KJjacTepy [HO-
piBHioe 0,5.

ITpu posnoniji Ha ABi cybmomyJsiii o4ikyBa-
JIU OTpUMATU PE3yJIbTaT 3 00’€MHAHHSIM ABPOTi-
K1 Ta copty ABpopa B OIHY rpymy, abo (opmy-
BaHHs cybnonyJsuii 3 omHoi ABpoTiku. OmgHak
pe3yabtar OyB iHIIKM. B oguH Ki1actep o0’enHa-
Hi ABpotika Ta copT Tipa cenexuii CI'T (puc. 3).
Pemta copTiB onmechbkoi cesexiii Ta ABpopa
00’eHaHi y iHIy cyonornyJsiio. CroBmnyacTa mia-
rpama noOyjaoBaHa Ha OCHOBI onTuMaibHOI K.

Ho nepioro kjacrepy Bxoautb 0,335 3arajib-
HoI nomyJisiiii, g0 apyroro — 0,665. CyOmomysiiii
B CBOIX Me€Xax € FOMOI€HHMMM Ta BUcOKomude-
peHLiiioBaHi MK co0oro. Jluie aeski reHOTUIIN
poOJIsATh MiHIMAJIbHUI BHECOK B iHIIMI KjacTep.

VY nocnigkeHHi BUKOPMCTaHI COPTU, CTBOPEHi
y pi3HUX 3aKiagax, TOOTO BOHM OTpUMaHi B pe-
3yJbTaTi Pi3HUX CeJeKLiMHUX mnporpaM: ABpO-
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imoM ABpoTika Ta copTamu TiIeHulli M’siKoi: 1 —ABpo-

Tika, 2 — ABpopa, 3 — Tipa, 4 — Ilanna, 5 — Jleneka,

6 — Omecbka 267

pa — Kpacnomapcekuit HAICI, iHumi coptu —
OnecbkKuii  CeNeKUiMHO-TeHETUYHUIM  iHCTUTYT.
IIpoTe i oTpMMaHHSI COPTIB 3a PI3HUMHU CeJIeK-
HiMHUMHK IIporpaMaMy He AO3BOJWIO iX pO3di-
JIMTA Ha pi3HI CyOMNOIyJsLii 3 BUKOPUCTaHUMM
MOJIEKYJIIPHUMU Mapkepamu. MOXJIMBO 1ie TOsiC-
HIOETbCI TUM, IO POCAMHHMWI Marepian AOCIHi-
KYyBaJld 3a KOHCEPBATUBHUMH MUISSHKAMU TE€HIB
CTiliKOCTi A0 OOpPOLIHMCTOI POCHU, a I'€HHU CTili-
KOCTi, HaBiTh SKIIO BOHW 1 BTpPaTWUIMW CBOIO
e(eKTUBHICTh, € B T€HOMaX BCiX Cy4aCHUX COp-
TiB mueHuui. ITpoTe cepen mocaimKyBaHUX POC-
JUH € CcTiikuit amigumioin. MoxHa mOpumyc-
TUTHU, 10 TOCTIAOBHOCTI, fKi imeHTUiIKyBaIu
3 JOCTYIIHMMM KOMOIHAIlisIMU IIpaliMepiB, HE €
KPUTUYHUM 11 (OpPMYBaHHSI CTilAKOro eHo-
tuiry. KpiMm Toro, B Mogelli BUKOPUCTOBYBAIU
JIMIIIe HYKJICOTUOHI ITOCIiIOBHOCTI, a IXHS HasB-
HICTb Yy T€HOMi He 3aBXIM IIOB’s13aHa 3 (OpMy-
BaHHSIM IeBHOro (eHOTUITy 3a CTIilKiCTIO uepe3
iCHYBaHHS €MireHeTUYHUX 3MiH, B3a€EMOJIIN Mix
OpOoAYKTaMU I'€HiB, HAasBHOCTI pi3HUX pac MaTo-
TeHIB 3a MOJbOBUX YMOB BMPOIIYBaHHSI 3pa3KiB.
OTxe, 32 OTPUMAHUMU pe3yabTaTaMu KOMIIOHEH-
TH CIIEKTpiB aMILTIKOHiB, OTPMMaHWUX 3 BHUPOI-
KEHMMHU MpaiiMepaMM [0 T€HIiB CTIAKOCTI He
Jal0Th MOXJIMBOCTI BiTOKPEMUTHU B Pi3Hi KJacTe-
pU pEe3UCTEHTHUI aMGigUIUIOiN Ta YyTJIUBI COPTU
MIIEHUL M’SKOi.
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Puc. 4. CrpykTrypa nomnyJsilii, yTBOPEHOI TeHOTUIIAMU 3 Pi3HOIO KiIBKICTIO T€HETUUYHOTO MaTepiaily Bin Am. muti-
cum (aMimuIUIOin Ta IHTPOTPECUBHI JIiHii, CTBOPEHi 3a 1oro y4acri): 1 — amdingumioin ABporika, 2 — tical007,
3 — tical049, 4 — tical058, 5 — tical063(2018), 6 — tical063(2021), 7 — tical075(2018), 8 — tical075(2021), 9 —
tical084, 10 — tical130, 11 — ticall187, 12 — tical089, 13 — tical094

¥V Bumnanky ABpPOTiKM Ta il JIiHiii BUKOPUCTO-
BYBaJIM MojeJib 0e3 momilnok. JdocaimkyBaHi JiHil
CTBOPEHi 3 BUKOPUCTAHHSIM ABPOTIKM Ta COPTY
ABpopa, ToOTO BOHM MalOTh CIIiUIbHI 0aThKiBChKi
reHotunu. Ili JiHii moOupanu 3a CTIMKICTIO 1O
OOPOIIHUCTOI POCU MPOTITOM POKIB CHoCTepe-
>)K€Hb i BOHM MalTb B CBOEMY I'€HOMi YaCcTUHY
TeHeTUYHOTro MaTepiany Bill Am. muticum, TOHOpa
cyorenomy T ABpotiku. Tomy BBaxkaTuMeMo, 1110
JKOJHA 3 LIMX JIiHIi HE € CTOPOHHBOIO Y TOIYJIS-
uii. I y 1mpoMy BUIaaKy HaWOiIbll HMOBIpHUM
BUSIBUBCS PO3MOMAI OpraHi3MiB B NIBI CyOmoIry-
asuii (puc. 4). AMdigumnioin ABpoTika, iHTpo-
rpecuBHi JiHii tical049, tical089, tical094 ytBo-
pIOIOTH Tepuly cybrnonyssuito ado kiuacrep. Jpyry
cyomomymsiilo — iHTporpecuBHi JiHii tical007,
tical075(2018), tical075(2021), tical130, tica 187.
BHecok 10 000x cyOmomyJsiiiA moamTh JIiHil
tical058, tical063(2018), 1063(2021), 1084.

Yactka o0coOMH, fKa BXOOWUTh OO IIEPIIOl
cyononysuii — 0,559, apyroi — 0,441. Pozpaxo-
BaHa OYiKyBaHa TETEPO3UTOTHICTH MiX OCOOM-
HaM{ B OIHIM CyOIIOmyJIsiwii [js1 IIepIuoi JOpiB-
Hioe 0,1827, nns gpyroi — 0,2633.

Xoya iHTpPOrpecuBHi JIiHii OyjJu CTBOpeHi 3
BUKOPUCTAHHSAM OJHOTO M TOro X amdiaurio-
ina, ajge He BCi 3 HUX IOTpanuid y OIHY CyO-
nomyJsitio 3 ambiguiuioinoMm. Lle roBopuUTh IIpo
Iudepenianiio MiXK IUMU OpraHi3MaMH, Xo4a Ha
CTIMKIiCTb JIiHi/A 10 OOPOILIHMUCTOI POCH BOHA i HE
prumBae. Ilimpo3miapHiCTh Ha CyOmoImyssiiii Ha
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OCHOBI KOHCEpPBAaTHMBHUX MOCJIJOBHOCTEl TI'€HIB
CTIKOCTiI TMiATBEpIXYE Te, IO JiHil OTpUMaIn
Bin am@iguIrioiga pidHY KiJIbKiCTb T'€HETUYHO-
ro Marepiajly TpUHalMHi TakKoro, IO CKJajaa€e
JOCIIXKyBaHi MOCTiTOBHOCTI.

BucnoBku. JlociiiXeHHSI POCIMHHOTIO Mare-
piany 3 BuKopucTaHHSIM MeTonuku RGAP nae
Oinplie iHpopMalii Mpo MHpeAcTaBICHICTh Hijs-
HOK y T€HOMi, SIKi MOXYTb OYyTWU 3adisiHUMU Yy
PO3BUTKY CTIiHKOCTi, OCKUJIBKM €JIeKTpodOpeTHy-
Hi CHeKTpu € 0araTOKOMIIOHEHTHHMMU 1 IIOJi-
MopdHuMuU. Taki cHeKTpu MOXYTb OYyTH BUKO-
pUCTaHi IS BIiACAIAKOBYBAaHHS B MOITYJISILIISIX,
IO PO3LICIUIIOIOTLCS, 3B’I3KY MK MEeBHUMU
aMIUTIKOHaMM CIIEKTPiB 1 O3HAKOIO CTiMKiCTh IO
OopolIHKuCcTOI pocu. BukopucTaHHs mpaiiMepiB
JI0 KOHCEpPBAaTMBHUX IIOCIiIOBHOCTE TeHIiB Pm
nmajo MeHIIe iHdopmaiii. HaitGinpiry Bapiabenn-
HICTh CIIOCTepiraayd 3 IpaiiMepaMM CTBOPEHUMU
no LRR. Ix MoxHa BUKOpUCTOBYBaTH B KOMOi-
HalliIX 3 iHIIMMWA TpaiiMepaMu 3a METOAOM
RGAP, nns 30inblIeHHsI KiAbKOCTI e€(pPeKTUBHUX
TTJIP-mapkepiB TeHiB CTilIKOCTi.

Jlompumanna emuunux cmandapmie. 1151 ctaTts He
MICTUTh OYAb-SIKUX JOCIIIKEHb 3a y4acTIO JIIoAei
abo TBapuH, SIK 00’€KTIB JOCIIiIKEHHSI.
Konghaixm inmepecie. ABTOpU 3asIBJISIIOTH PO Bifl-
CYTHIiCTbh KOH(JIIKTY iHTEpeciB.

Dinancysanns. JoCTiIKeHHS 4aCTKOBO (piHAHCY-
Bajocs 3a paxyHokK rpanty IlmuryH B.B. Bim bia-
roxiitHoro ®onnpy BimpomkenHss KMA (2022 p.).
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CONSERVED REGIONS OF RESISTANCE
GENES AS A SOURCE OF NUCLEOTIDE
POLYMORPHISMS IN WHEAT HEXAPLOIDS
STUDIES

V.V. Plyhun, M.Z. Antonyuk, T.K. Ternovska

National University of Kyiv-Mohyla Academy,
2 Skovorody vul., Kyiv, 04070, Ukraine

E-mail: v.plyhun@ukma.edu.ua, antonyuk.m@ukma.
edu.ua, ternovska@ukma.edu.ua

The study was performed to identify primer pairs to
conserved regions of R resistance genes to powdery
mildew and other wheat pathogens effective in detecting
polymorphism in amplicon spectra between samples
contrasting in powdery mildew resistance. The resistant
samples were the amphidiploid Aurotica (AABBTT
genome) and wheat lines developed on its basis
(AABBBDD). Detection of polymorphic components of
spectra will make it possible to use appropriate primer
pairs to assess the prospects of modern varieties of
common wheat to be a recipient of the resistance gene(s)
that can be transferred from Aurotica to the genetic
pool of common wheat through sexual hybridization.
The research method is PCR on genomic DNA of the
studied genotypes using primer pairs developed using
nucleotide sequences in conserved regions of powdery
mildew resistance genes, as well as degenerate primers
to conservative regions of different resistance genes
for arbitrary pairing of them using the RGAP method.
The use of the RGAP method was shown to provide
more information about the polymorphism present in
the studied genomes compared to the use of primers to
conserved sequences of Pm genes. They can be used in
combinations with other RGAP primers to increase the
number of effective PCR markers of resistance genes.
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