Yopnomopcokuti 6omaniunuil scypran — mom 18, Ne 3 (2022)

Centaurea

borysthenica  (Asteraceae): MoJeKyJsapHa

aHOTAWSl TA MOMYJISIHIHHA TeTEPOreHHICTh

Irop FOPIIIOBMY KOCTIKOB
BiTAJIIS IBAHIBHA {IIEHKO

MIHJIEA YEHD

KosTikoV I.Yu, DIDENKO V.I., CHEN M-L. (2022). Centaurea borysthenica (Asteraceae):
molecular annotation and population heterogeneity. Chornomors’k. bot. z., 18 (3): 222—
245. doi: 10.32999/ksu1990-553X/2022-18-3-2

Centaurea borysthenica is a local endemic of Ukraine. The phylogenetic position,
evolutionary history, and taxonomic status of this controversial species were clarified. The
independent status of Centaurea borysthenica as a part of C. arenaria agg. was recognized
based on molecular phylogenetic analysis of nuclear (ITS1-5.8S rRNA-ITS2) and
chloroplast (rpl32-trnL) sequences of four populations (including two from locus
classicus). The species-specific features of C. borysthenica were updated. We recognize the
hybridogenic origin of C. borysthenica from C. arenaria agg. (maternal genotype), and a
hypothetical species with a unique endemic Eastern European ribotype (paternal genotype).
The haplotype of all studied populations was identical to haplotype of C. arenaria and
C. odessana that differs from all known haplotypes of C. stoebe s.I. By ribotype,
C. borysthenica is an alloploid with a combination of two ITS alleles, one of them belongs
to the so-called Balkan ribotype inherent of C. arenaria and C. odessana (reference
sequence MW383495), the other belongs to the unique so-called Ukrainian ribotype 3
(reference sequence MW383493 with substitutions 83.Y>C, 458.Y>T). The studied
specimens with the phenotype «C. borysthenica» from four populations of Zaporizhzhya,
Mykolaiv, and Dnipropetrovsk regions were recognized as secondary hybrids between C.
borysthenica and different species of the Centaurea section (especially C. diffusa and C.
stoebe s.l.). All these secondary hybrids retain the C. borysthenica haplotype, and the
ribotype contains at least one of the alleles of this species is either Balkan or Eastern
Ukrainian (the so-called Ukrainian ribotype 3).

Key words: Acrolophus, clade, haplotype, hybrid, 1TS1, ITS2, location, population,
ribotype, rpl32-trnL

KoctikoB L1O., digeHko B.I., YeHs M. (2022). Centaurea borysthenica (Asteraceae):
MOJIEKYJISIPHA aHOTAUisl Ta NOMyJsililiHA rereporeHHicTb. Yopromopcok. 6om. .,
18 (3): 222-245. doi: 10.32999/ksu1990-553X/2022-18-3-2

Ha ocHoBi MonekynsipHo-¢inorenernynoro anamizy saepuux (ITS1-5.8S rRNA-ITS2) ta
xnoporutactaux (rpl32-trnl) mocizoBHOCTE#H 3pa3KiB YOTUPHOX MOMYIIAMIN (B TOMY YHCIT
JIBOX TOMyJIsIii 3 paiiony locus classicus) KpuTHYHOTO B TAKCOHOMIYHOMY BiqHOIICHHI
Bumy Centaurea borysthenica (Asteraceae) miaTBep/KEHO CaMOCTIHHUM BHIOBHI CTATYC
JaHoro takcony y ckmami C. arenaria agg. ta moToYHEHO HOro BHIOCTIEHH(iUHI O3HAKH.
Bcranosneno, mo C. borysthenica e Bumom ribpumoreHHOro MOXOMKEHHS, Y SIKOTO BHXiTHA
MaTepuHChKa (opMma Hamexuth 10 C. arenaria agg., a BuxigHa GaTbkiBchbKa opma — 10
TINOTEeTUYHOTO BUAY 3 VHIKAJBHUM CHICMIUYHHM CXiJTHO-€BPOIEUCHKAM PHOOTHIIOM.
IMokazano, mo Bci mocmimkeni nomyismii C. borysthenica marote omHakoBuit TarmoTHII,
imenrrannit mo C. arenaria ta C. odessana, skuii BiIMiHHWI Bl yCiX BiIOMMX TalIOTHITIB
C. stoebe s.l. 3a puborumom C. borysthenica € amrorumoinom 3 KoMOiHAIIEO ABOX anesnei
ITS, omHa 3 sKMX BiAMOBimae T.3B. GaJKaHCbKOMY pubOTHITY, MpuTamanHomy C. arenaria
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ta C.odessana (pebepentnuii cikBenc MW383495), npyra — yHIKaJbHOMY T.3B.
ykpaincekoMy puboruny 3 (pedepentHuii cikBeHc MW383493 i3 zaminamu 83.Y>C,
458.Y>T). Hocmimkeni exksemmisipu 3 ¢enorunom «C. borysthenica» i3 wotuprox
TonyiAniil 3 TeputOpiii 3amopi3pkoi, MukonaiBcekoi Ta JHimporeTpoBcbkoi obmacTel
Oyau TmpexacTaBieHi BTOpWHHUMHU Tibpumamu mix C. borysthenica ta pisHuMEH BHIaMH
cekmii Centaurea (B mepury uepry, C. diffusa ta C. stoebe s.l.). Bci Taki BTopunHi ribpuan
30epiratoth ramtorun C. borysthenica, a pubotun — xoua 6 oxHy 3 aneneil JTaHOTO BUAY —
a00 OanKaHCBKY, a00 CXiTHO-YKpaiHCBKY (T.3B. yKpaiHChKH pudoTun 3).

Kmiouosi cnosa: cnosa: eannomun, 2ibpud, xnaoa, J1oKanimem, RORYIAYis, pudomun,
Acrolophus, ITS1, ITS2, rpl32-trnL

Centaurea borysthenica Gruner 6ysa onrcana y 1868 porri 3a MaTepiaiiom, 3i0paHum
Jleononbiom ®. I'pronepom 13.09.1865 poky «Ha migHeceHuX piBHUHaAX Ouist bopucheny
nmoonmu3y M. OnekcanapiBchk» [GRUNER, 1868]. Xoua THUNOBHIA JOKAJITET HABEJICHO JIHIIE
npuOIM3HO, cTapa Ha3Ba M. 3amopiioks (OJekcaHApIBChK) BKa3ye, 110 BIH 3HAXOJUBCS Ha
niBomy Oepesi JlHinpa, a TonorpadiyHa NpUMITKa J03BOJISIE MPUITYCTUTH, 110 30Ip TUIIOBOTO
Marepiany Oust 3amopiikoks OyB 3/iMCHEHHM a00 Ha HWOTO MIBHIUHIA OKOJHMIN (MICIIEBICTh
[TaBno-Kiukac), a6o 6u1s miBIEHHOT OKOJMIII TOpyY 3 TupsioM piuku Cyxa MockoBka. O6u1Bi
i MICIEBOCTI Hapa3i 3a0ymoBaHl Ta BXOJATh JO TPOM3OHH Ta «CIAJbHOTO» paloOHY
3anopixksa. [onorun 36epiraetbes y ['epbapii boraniunoro Hceturyty im. B.JI. Komaposa
PAH (Cankr-IlerepOypr) [SHIYAN et al., 2010], i3otun — y I'epbapii My3ero mpupoIHOi
ictopii M. I'epmnin, Himeuunna (3pazok BM001043218).

J.M. Tobpouaera y ®mopi YPCP [DOBROCHAEVA, 1965] posrisaae C. borysthenica
SIK eHJeMIYHUMA BHJ TicKiB Oaceiiny [[uinpa ta [liBgerHoro byry, sikuif BXOAWTH 10 MIPOIY
Acrolophus (Cass.) Dobrocz., i pazom 3 C. majorovii Dumb., C. odessana Prodan Ta
C. savranica Klok. yreoproe psm «Arenaria (Hayek) Dumb.». Ilpore y eBpomeiichkux
BHJIaHHSX, 30KpeMa, Y MOHorpadiuniii 06opodii poxy Centaurea L., BuxonaHoi Jloctamem
[Dostal, 1976], Bosomika AHIMPOBChKA HABOAMTHLCS JHIE sSK oauH 3 migBuaie C. arenaria
M. Bieb. (C. arenaria subsp. borysthenica (Grun.) Dostal).

B ocramHbomy BapiaHTi cuctemu poxy Centaurea, 3ampornoHOBaHOMY TIPYIIOO
icmancekux OortanikiB mix kepiBauirBom N. Garcia-Jacas [HILPOLD et al., 2014b] na ocHoBi
MAacIITabHOro aHajaizy MOJIeKyIsipHO-(iTtoreneTnunnx maanux, C. borysthenica mposizopro
BiHEeCceHa 10 MHPKyM-cepemsemHomopcrkoi kiaaau (CMC-clade) migpomy Centaurea, B
MeKax AKol BKIodyeHa 1o cekiii Centaurea (Bimmoimae mizpogam Acrolophus Ta Phalolepis
(Cass.) Dobrocz. y po3yminni .M. JloOpouaeBoi) Ta 30epekeHa y CTaTycli CaMOCTIHHOTO
BHJly, HE3BXKAIOYM HA BIACYTHICTH SIK MOJICKYISIPHUX, TaK 1 KapioJOTTYHUX AaHUX. Takoxk
nposizopuo C. borysthenica sxirouena g0 arperaty C. arenaria agg.

Hapasi oaun 3 ykpaincekux OortanikiB O. Ilungep [SHYNDER, 2021] Ha ocHOBi
IIMPOKOI  €KCTPAIoJIALil  Pe3y/IbTaTiB  IMTOJIOTIYHUX Ta  MOJICKYJISIPHO-TCHETUYHUX
nocmimkens C. stoebe L. s.l. 3akopaonnux aBtopiB [MRAZ et al., 2012] Ta mocunanHs Ha
ocobucty nymKy oaHoro 3 Hux (P. Mrdz) npo moxiuBuii reHetrHuHuii 38 130k C. arenaria 3
JEeIKAMH ~ TeTpamioinauMu  nutotunamu  «C. sStoebe 4x», BHCIOBHB CHEKYIATHBHE
OpUIYIICHHS, To-repie, nmpo HanexHicte C. borysthenica mo C. stoebe s.l., mo npyre, mpo
iimoBipHy KoHcmermpiunicts C. borysthenica ta terpamoinnux murorumiB «C. stoebe 4x» i
3alpONOHYBaB  pO3MUsAaTH npuHaitumi  nicoctenoBi momyssinii  C.  borysthenica sk
C. stoebe 4x.

TakuM YHHOM, OCHOBHI JHMCKyCiliHi mnuTanHs, moB‘s3ani 3 C. borysthenica,
crocyroThes HactymHoTo: 1) un € C. borysthenica ninBumom C. arenaria; 2) uu BXOJAUTh BOHA
no cxianay C. arenaria agg.; 3) un MOXHa po3riisjaTH JaHui TakcoH y ckiani C. stoebe s.1.;
4) 4M € MiJCTaBU BBAXKATH BOJIOIIKY JHIIPOBCHKY TETPAIUIOiMHUM IuTOTHIIOM «C. Stoebe 4x».
[Momryky BiAmoBied Ha IIi NHUTAaHHS Ha OCHOBI MOJIEKYJISPHO-TEHETHMYHOTO aHalli3y
XJIOPOTUIACTHUX TMOCIIIOBHOCTEH creiicepy rpl32-trnL Ta smepHUX MOCTIIOBHOCTEH JIOKYCY
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ITS1-5.8S rDNA-ITS2 (mamami y ceHCi «JIOKyc» BiH mo3Ha4yaeTbecsi sk |TS) 3paskiB 3
qoTuphoX JokaiiteriB C. borystenica 3 Tepuropii crenoBoi 30HM YKpaiHu, JBa 3 SKHX
pO3TaIlioBaHi B MeXax paloHy, sKuii 3a mpoTtosioroM Bkitodae locus classicus, npucBsueHo
1€ TIOBIIOMJICHHS.

[TyGmikanii 3 JaHUMHU MOJEKYISIPHO-TEHETHYHOTO CHPSMYBaHHS, sIKi O J03BOJIMIN
Xo4a O 4YacTKOBO 3°SCyBaTH HaBEJCHI BHIIE IUCKYCIifHI MNHTaHHS IIOJO CTaTyCy
C. borysthenica, napasi BincytHi. [Ipore B NCBI gemnoHoBaHO 4OTHpPH MOCITIAOBHOCTI TPhOX
3pa3KiB I[bOTO BHIY: &) XJIOPOILIACTHOTO TeHy Marypasu K (matK, kox moctymy KT249948)
ta siaepHoi mocuigoBHocTi ITS (KT249754) repbapuoro 3pazka GLM67657 (The Herbarium
Senckenbergianum, Gorlitz), 3i0panoro y 1996 p. y 3axigniii €Bpomi (Germany, Sachsen)
naneko 3a Mmexkamu apeairy [CHOI, THINES, 2015]; 6) snepHi nmocminoBHocTti I[TS (MW383494,
MW383493) nBox 3pa3kiB 31 CTENOBOI 30HU YKpaiHU, OTpUMaH1 aBTOpaMH JITaHO1 CTaTTI.

Marepianu i MeToaU A0CTiTKEHD

Mamepian. 3pazku C. borysthenica (Bci — y reHepaTHBHOMY CTaHi, i Yac [BITIHHS)
Oynu 310paHi B YOTHUPHOX JIOKAJITETaX.

Jlokamirer 1 (borGA). 3paszox 14.07.14-33: 3amnopispka o0macts, HarioHambHH
npupoaauii mapk «Bemmkwit Jlyr», octpiB ['ycsumii, 47.5496 N, 35.2061 E, 14.07.2014,
310paB I. KocrikoB. HesanepHoBaHi Ta ci1abko 3aJepHOBaHI aliOBiajibHI MilIaHI Ky4yTr'ypH
octpoBa ['ycsumii y KaxoBCchbKOMY BOJIOCXOBHIII, B TUTIOBOMY JIOKAJIITETI PIIKICHOT IEPIIOBOT
osiomikk C. konkae Klok. CeksenoBano mocmimoBHocti ITS (1BOKpaTHa TOBTOPHICTS,
cikBerc borGA: MW383494) ta rpl32-trnL (cikBerc borGA-h).

Jlokamirer 2 (borR). 3pasox 13.07.14-6: 3amopizbka 00JacTh, OKOJHII cea
Jlucoripka, mpaBuii 6eper Jlninpa, 47.6608 N, 35.1080 E, 13.07.2014, 3i6pana B. [lineHko.
Cnabko 3amepHOBaHI MICKUA CYy(O31IMHOTO TMOXODKEHHS IMiJ] KPYTUMH CXUJIaMU Ha TIPaBOMY
Oepesi JIHimpa B KUTBKOX COTHSX METPIB BiJ JIOKAJIITETY PIAKICHOT MEPIOBOT BOJOIIKH
C. appendicata Klok. CexsenoBano mocmimoBHocti ITS (cikBenc borR) Ta rpl32-trnL
(cikBenc borR-h).

Jlokamirer 3 (borK). 3pasox 13.08.14-2: JIHimpomeTpoBChbKa 00JacTh, OKOJIHII
cenuia Mmicbkoro tuny Kypwriska, 48.558 N, 34.608 E, 13.08.2014, 3i6panu B. dinenxo, I.
KocrikoB. He3anepHoBani antoBiasibHI MiCKK Ha JiBoMY Oepe3i JHinmpa Ha mimaHii apeHi, e
3pocraroTh mooauHokKi exzeMinisipu C. konkae. CeksenoBano mocmigoBrocti ITS (aBokpaTHa
MOBTOPHICTH, cikBeHC borK: MW383493) Ta rpl32-trnL (cikBerc borK-h).

Jlokamiter 4 (borBK). 3pasok 12.07.14-14: XepcoHcbka 00J1aCTh, OKOJIHIN cCeia
bo6poBuit Kyr, 47.0878 N, 32.9236 E, 12.07.2014, 3i6pana B. J[linenko. Buxoau
MIACTUNIAIOYMX MIMIAHUX MOPOJ Ha BUCOKOMY IMpaBomy Oepesi p. IHrymeup Hemomanik Bif
nokamiteriB, ae 3poctae C.paczoskii Kotov ex Klok. ta C. diffusa Lam. CekBenoBaHo
nociigoBHicts ITS (cikBenc borBK) ta wxoportkuit (240 1m.0.) craproBuii 5’-¢pparMeHt
nociigoBHocti rpl32-trnL, imentuunuit 10 borGA-h i 10 MoJeKyIApHO-(PLIOr€HETUIHOTO
aHai3y He BKIIOYCHHIA.

Kpim Toro, mis 3‘scyBanns murtanb mpo 3B‘s3ku C. borysthenica 3 arperarom
C. arenaria agg. ta 3 C. stoebe s.l. no ananizy Oysno 3anyueno nocninorocri ITS ta rpl32-
trnL 3paskiB C. odessana ta C. stoebe L. 3 tepuropii Ykpainu:

Jlokamiter C. odessana (ode). 3pasok 10.07.14-2: XepcoHcbka 006macTb,
Hamionansnuit npupoanuii mapk «/xapunranekuii», octpis Jpxapunray, 46.0352 N, 32.9367
E, 10.07.2014, 3i6pana B. [dinenko. IIpumopchki cnabko 3aaepHoBaHi micku. CeKBEHOBAHO
nociimoBHocTi ITS (cikBenc ode: MW383495) ta rpl32-trnL (cikBenc ode-h).

Jlokamirer C. stoebe (sto5). 3pasox Ne 115: XmenbHuitbka oGnacth, Kam’sHelb-
[Tonunecekuit paiion, ceno BepOka, Hanionansauit npupoauuii napk «lloginsceki ToBTpm»,
Tostpa Bep0Oerpka, 48.8087 N, 26.6026 E, 11.07.2013, 3i6pas 1. Moiicienko. CtemnoBuii cxum
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3 BamHAKOBUMH BijcioHeHHsaMH. CekBeHoBaHo mocmigoBHicTh ITS (cikBenc Stob:
MW383497).

Jlokamirer C. stoebe (sto6). 3pasox Ne 116: XmenbHuiibka oGnacth, Kam’sHelb-
[oninecekuit paiton, ceno Hirun, Hanionansauii npupoanuii napk «Iloximeceki ToBTpm»,
Hiruaceka Totpa, 48.8464 N, 26.5853 E, 11.07.2013, 3i06paB 1. Moiicienko. CTemoBuii CXH
3 BamHAKOBUMH BijcioHeHHsMH. CekBeHoBaHO mociigoBHOCTi ITS (cikBeHc St06:
MW383498) Ta rpl32-trnL (cikBenc sto6-h).

Inentudikamis 3paskis C. borysthenica ta C. odessana B mosiboBHX yMmMOBax Oysia
niATBepKeHa aBTopuTeTHUMH OoTtaHikamu [.I. Molicienkom (XepcoHCHKHI NepKaBHHUN
yuiBepcurer) ta B.I1. Konomiituykom (KuiBcbkuii HamioHanpHHN yHiBepcuTeT iMeHi Tapaca
[lleBuenka); 3pasku C. Stoebe Oymu 3i0paHni, iZeHTHU(IKOBaHI Ta MepelaHi HaM Ha aHaNi3
npo@. I.I. MoiicienkoM. OnpaiiboBaHi 3pa3ku 30epiratoTbcs y NpuBaTHINA KoJIeK1ii repOapHuxX
3paskiB B.I. [linenxko.

Buoinenna JIHK, amnnigixauia, cexeenyeanns. Totanpny JIHK Bunimsum 3
BUCYILIEHUX JI0 TOBITPSAHO-CyXoro cTaHy @parmeHTiB Juctkis CTAB-meromom [DOYLE,
DOYLE, 1987] 3a mMoaudikoBaHOW [yisi repOapHuUX 3pas3kiB Meroaukoro [TARIEIEV et al.,
2011]. Ammidikarmiro nmpoBoauiu 3a [Chassot et al., 2001] na tepmormkiepi Techne. s
amrutidikarii mocmigoBaocTi ITS1-5.85 rRNA-ITS2 BUKOpUCTOBYBAIIM TPAIUITiHHI IpaiiMepr
ITS1-F ta ITS4-R [WHITE et al., 1990], mns rpl32-trnL — npaiimepu rpl32-F Ta trnL (UAG)-
R [SHAwW et al, 2007]. CexkBeHyBaHHs 3iilicHeHO B Kommadii Macrogen Inc.
(http://www.Macrogen.com/, Hinepnanan) 3a HOmoMoror mnpaiMepiB, BUKOPUCTAHHUX IS
OTPUMAaHHS aMIUTIKOHIB.

PenaryBanHsi 34iliCHIOBaIM TUISXOM BI3yaldbHOI IHCIIEKI[Ii XpoMarorpaMm 3a
nonomororo mporpamu  BioEdit (www.mbio.ncsu.edu/bioedit/bioedit.html), mopiBHIOIOYN
XpoMarorpaMu TpsMoi Ta 3BOpoTHOI mocmimoBHocTeit [HALL, 1999]. Heoanosnauno
imenTudikoBaHi HYKICOTHAM HaBeaeHi 3rimHo o kiacudikarii [UPAC [https://iupac.org/].
[TooanHOKI caliTH 3 HEOTHO3HAYHO IMCHTU(HIKOBAHUMH HYKJICOTHIAMH, SIKI HA XpOMAaToTrpami
3HAXOWINCHh B OTOYEHHI OBrux (Outeme 10) pparMeHTiB 3 0JJHO3HAYHO 1MeHTHU()IKOBAHUMH
HYKJICOTHUAAMH, IHTEPIPETYBAIU SK CAWTH 3 OJHOHYKICOTHAHMM mojiMopdizmom (SNP).
Ockinbku SNP criocTepiranuch BUKITIOYHO Ha XpoMarorpamax cikBeHciB ITS, 1 Oynu BincyTHI
Ha xpomarorpamax rpl32-trnL, to wnasBuicte SNP Hamami iHTepnpeTyBaid SK IPOSB
IHTPareHOMHOTO MOIIMOP(}i3MYy, 00YMOBIIEHOTO T€TepO3UTOTHICTIO |TS-70KyCYy aHaNIOrid4HO
710 HaBeJICHOTO B JiiTeparypi miaxomy [MATRYNIUK et al., 2018; KARPENKO et al., 2018].

Aporaniro nmociigosaocreir ITS1-5.8S rRNA-ITS2 s3nificHoBaiM 3rigHO MOAEN
3anponoHoBaHoi it Asteraceac [GOERTZEN et al., 2003]. BiamosimHo 10 Ii€ro Mozeni,
cTapToBa aHoTyroua nocninoBHicTs ITS1 Bignosinana 5’-TCGAASCCT. Kinuea aHotyro4a
nocinoBHICTh ITS2 5°-GATGYTTCGACC BusHaueHa 3a caiitoMm pectpukiiii C1 BigmoBigHO
no moxem [CAISOVA et al., 2013]. Awnotamito mocaigoBHocte#t rpl32-trnL s3ailicHroBanm
[UIAXOM TOPIBHSHHS OPUTIHAJIBHHUX TIOCIIJOBHOCTEH 3 TOBHUM IUIACTHJIHUM T'E€HOMOM
C. diffusa (KJ690264), mis skoro BimoMi HOCTiIOBHOCTI IreHiB Ta creiicepiB [ TURNER,
GRASSA, 2014].

@Dopmysannsa  macugie Odannux. BubipKky CIKBEHCIB IS  MOJIEKYISPHO-
¢buI0TeHeTHYHOT0 aHali3y (GopMyBalld HACTYITHUM YHHOM.

Jlst mocnimoBHocTe rpl32-trnl y MacuB gaHux Oynau BKJIFOYEHI: a) BCI OpUTIHANBHI
ciksercu C. borysthenica ta inmmx npencraBHukiB migcekiii Centaurea 3 tepuropii Ykpainu
(C. odessana, C. stoebe); 6) opurinanbHi CiKBEHCH THX TPEACTaBHUKIB migcekiiiin Centaurea
ta Phalolepis, sixi 3poctanu B nokamirerax pasom abo nopyu i3 C. borysthenica (C. konkae,
C. appendicata, C. paczoskii); B) nemonoBani B NCBI mocaimoBHOCTI BCIX MpeICTaBHUKIB
mincekuin Centaurea ta Phalolepis, sxi 3a pesynbratamu BLAST-momyky BHSBHIHCH
inentrnunumu a0 C. borysthenica; r) nemonosani B NCBI mocmigoBHOCTI BCiX BHIIB MiICEKIIiT
Centaurea, sxi oTpuMaHi 3 MaTepiany HIIMX KpaiH, IpoTe 3riIHO 10 (IOPUCTUYHUX CIUCKIB
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Ta6mauns 1

Onepaniiini TakcoHOMiuHi oqMHMLI Ta iX cikBeHCH, BKIIOYeHi 10 MacuBy aanux ITS ta rpl32-trnL

Table 1

Operational taxonomic units and their sequences included in the ITS and rpl32-trnL dataset

pubotun abo

ode

ITS: xox Sinaui rpl32-trnL: kox
Bup, migcexuis (B ayxkax, 3a Hilpold & al., noctymy abo KOMOIHAIL noctymy abo
2014b), kpaina Ta/abo i305sT OpHTiHAIBHHI e OpHTiHANBEHUN ramoTH
. pubotumis (3a .
CIKBCHC HASBHOCTI SNP) CIKBCHC

1 2 3 4 5
C. affinis Friv. (C): Bonrapist KJ665890 rbtl+rbt32 KJ679586 h2
C. aggregata DC. (C): Typeuunna - - KJ679592 h24
C. alba L. ssp. alba (W): ITopryrauist KJ665903 rbt51 KJ679599 h15
C. ambigua Guss. (C): Iraist KJ665906 rbt1l KJ679602 h11
C. anthemifolia Hub.-Mor. (C): Typeuunna KJ665910 rbt42+rbt43 KJ679606 h26
C. aphrodisea Boiss. (P): Typeuunna - - KJ679607 h36
C. appendicata Klok. (P): Vkpaina (l.cl.), S10 KX950819 rbt22+rbt29 appl-h h8
C. arenaria Willd. (C): Typeuunna (bajkanu) KJ665920 rbt1+rbt35 KJ679616 h4
C. argentea L. ssp. argentea (C): Kpur KJ665921 rbt13 KJ679617 h23
C. aristata Hoffmanns & Link (W): Icianist KJ665926 rbt51 KJ679622 h14
C. aziziana Rech.f. (P): Ipan DQ319089 rbt31 KJ679631 h4
C. borysthenica Gruner (C): Vkpaina MW383493 rbt27+rbt24 borK-h h4
(Kypunieka), borK
C. borysthenica (C): Ykpaina (Po3ymiBka), borR2 borR2 rbt26+rbt27 borR-h h4
C. borysthenica (C): Ykpaina (o-B I'ycstunit), MW383494 rbtl+rbtl13 borGA-h h4
borGA
C. borysthenica (C): Ykpaina (booposuii Kyr), borBK rbtl - -
borBK
C. borysthenica (C): Himeuuwuna (?!) KT249754 rbt55+rbt56 - -
C. breviceps lljin (P): Vkpaina, JIHinmponeTpoBCchK KJ665944 rbt20+rbt21 KJ679642 h6
(@)
C. brulla Greuter (P): Iranis KJ665945 rbt11+rbt13 KJ679643 h28
C. calolepis Boiss. (W): Typeuunna KJ665949 rbt44 KJ679647 hl
C. cariensiformis Hub.-Mor. (C): Typeuunna KJ665950 rbt43 KJ679649 h24
C. cineraria L. ssp. cineraria (C): Itauis KJ665962 rbt13+rbt1l KJ679661 h18
C. corymbosa Pourr. (C): ®panriis KJ665968 rbt16 KJ679670 h12
C. costae Willk. (W): Icnianis KJ665971 rbt50 KJ679673 h12
C. cuneifolia Sm. (C): Typeuyunna KJ665976 rbtl+rbt34 KJ679679 h31
C. cuneifolia (C): Typeuunna KJ665976 rbtl+rbt34 KJ679679 h31
C. deusta Ten. (P): Bonrapis KJ665983 rbtll KJ679686 h7
C. deusta (P): I'pewist - - KT259451 h31
C. deusta (P): Itauis - - KJ679689 h28
C. deusta (P): Itaiist KJ665987 rbtll KJ679690 h35
C. diffusa Lam. (C): Apmenis KJ665995 rbtll KJ679698 h31
C. diffusa (C): Vkpaina (bobposwuii Kyr), difBK MW383496 rbt11+rbt12 - -
C. diffusa (C): Typeuunna KJ665996 rbt13 KJ679699 h31
C. donetzica Klok. (P): Vkpaina JF913986 rbt23 KJ679701 h4

JF913987 rbt25

C. grisebachii (Nyman) Heldr. (C): I'periist KJ666007 rbtl KJ679713 h30
C. gymnocarpa Moris & De Not. (C): Itanis KJ666008 rbt52 KJ679714 h10
C. konkae Klok.(P): Ykpaina (l.cl.), konGA KX950820 rbt22+rbt30 konGA-h h19
C. konkae (P): Ykpaina (Kypmiiska), konK KX950821 rbt22+rbt30 konK-h h4
C. leucophaea Jord. ssp. leucophaea (W): Icnanis KJ666039 rbt53 KJ679747 h13
C. limbata ssp. lusitana (Arenés) E. Lopez & KJ666044 rbt51 KJ679752 h16
Devesa (W): Iopryranis
C. luschaniana Heimerl ex Stapf (W): Typeuunna KJ666047 rbt44 KJ679755 h27
(Kimp)
C. lycia Boiss. (P): Typeuunna KJ666048 rbt45+rbt43 KJ679756 h24
C. maculosa Lam. (C): CLIIA - - MN228501 h31
C. margarita-alba Klok.(P): Ykpaina KJ666049 rbt21 KJ679758 h20
C. margaritacea Ten. (P): Vkpaina KJ666050 rbt20 KJ679759 h3
C. odessana Prodan (C): Ykpaina ([>xaprirau), MW383495 rbtl ode-h h4
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1 2 3 4 5
C. paczoskii Kotov ex Klok. (P): Ykpaina (l.cl.) KJ666058 rbtl+rbt32 KJ679768 h4
C. paniculata L. ssp. paniculata (W): Icranis - - KJ679773 h13
C. pannonica (Heuff.) Hayek (JP): Yexis? MN918909 rbt56 - -
C. pentadactyli Brullo & al. (P): Irauist - - KJ679785 h1l
C. phrygia L. ssp. phrygia (JP): PymyHis KF721045 rbt55 - -
C. princeps Boiss. & Heldr. (P): I'pemist - - KJ679794 h29
C. protogerberi Klok. (P): Ykpaina KJ666081 rbt26 KJ679795 h21
C. protomargaritacea Klok. (P): Vkpaina (l.cl.) KJ666082 rbt20 KJ679796 h7
C. pseudoleucolepis (P): Ykpaina (l.cl.) KJ666084 rbt11+rbt36 KJ679798 h31
C. pseudoleucolepis Kleop. (P): Ykpaina (l.cl.), MW364632 rbtll+rbt14 plei-hpt h21
plei
C. pseudomaculosa Dobrocz. (C): Pocist KJ666085 rbt13 KJ679799 h31
C. sarandinakiae lllar. (P): Ykpaina KJ666093 rbtl KJ679807 h9
(Kpum,Kapanar)
C. semijusta Juz. (P): Ykpaina (Kpum, Yatup-Jlar) DQ319162 rbt3 KJ679811 h4
C. spinosa L. (C): I'penis (Kpwur) KJ666100 rbtll KJ679815 h22
C. sterilis Steven (P): Ykpaina (Kpum, DQ319167 rbt28 KJ679823 h31
ITnarepcrke)
C. stoebe L. (C): Ascrpis KJ666108 rbt13+rbt37 KJ679824 h29
C. stoebe (C): Iranis KJ666109 rbt38 KJ679825 h31
C. stoebe (C): Kocoso - - KJ679827 h24
C. stoebe (C): Cepbist KJ666112 rbtl KJ679828 h32
C. stoebe (C): Cnosenis KJ666113 rbt13 KJ679829 h31
C. stoebe (C): Ykpaina (IToxineceki ToBTpH), St05 MW383497 rbt11+rbt13 - -
C. stoebe (C): Ykpaina (IToxinbceki ToBTpH), St06 MW383498 rbt13 sto6-h h31
C. stoebe (C): Ykpaina (Yyrose), S23a 2x JF914031 rbt46+rbt47 - -
C. stoebe (C): Ykpaina (Uyrose), S23b_2x JF914032 rbt48 - -
C. stoebe ssp. australis (A. Kern.) Greuter (C): KJ666114 rbt13 KJ679830 h29
Yropumza
C. tenoreana Willk. (P): Itaist KF032420 rbt39+rbt40 KJ679834 h17
C. vankovii Klok. (P): Ykpaina (Kpum, demepmxi) JF914074 rbt28 KJ679841 h5
C. virgata Lam. (W): Typeuunna KJ666123 rbt44 KJ679843 h25
C. zeybekii Wagenitz (C): Typeuunna KJ666127 rbt41l KJ679850 h34
C. akamantis T.Georgiadis & Hadjik. (rpl32-trnL - - KJ679593 outgroup
outgroup)
C. benedicta (L.) L. (ITS outgroup) DQ319091 outgroup - -

3pOCTaKTh, y TOMY YHCII, B YKpaiHi; ) TPYIy CIKBEHCIB, SKi MIPEACTABIISIIOTS OCHOBHI KJIa/Id
migcekniin Centurea ta Phalolepis cBiroBoi ¢uopi Ha riobansHOMY (GiTOreHETHYHOMY JIEpeBi
ramotumis [HILPOLD et al., 2014a] (ta6:. 1). Sk 3oBHimHIO rpyma 6yia0 oopano C. akamantis
T. Georgiadis & Hadjik., KJ679593. Otpumana Bubipka 0e3 ypaxyBaHHS 30BHINIHBOT IPYyIy
BKJIFOUYasia 67 mocimigoBHOCTeH 57 onepariiHux tTakcoHoMiuHuX oauHuIs (OTO), npu oMy
nunie 36 nocnigoBHOCTEN Oynu yHIKaTbHUMU.

Jlo BUOIpKM CIKBEHCIB, BUKOPHCTAHOI UIS MOJIEKYISIPHO-(UIOTEHETUYHOTO aHaNi3y
nociigoBHocti ITS ©Oyno Brimodeno, mo-mepire, Bei mociimoBHocti  C. borysthenica
(opurinanbai Ta nenoHoBany B NCBI nocninoBuicte KT249754 3 Himeuunnu), no-apyre, BCi
nociigoBHocTi ITS TuX 3paskis, ski Oyau BUKOpHCTaHi npu aHamizi rpl32-trnL, 3a BuHATKOM
nocIiIoBHOCTEH, siki Manu MHOHHHI SNP 1 He Moriu Oyrtu in silica po3mexoBaHni Ha aneni
YUCTUX JiHINA; mo-TpeTte, Bci naenoHoBaHi B NCBI cikBeHcu mnpencTaBHHUKIB MiACeKITii
Centaurea 3 Tepuropii VYkpainu; mno-uerBepte, nemnoHoBaHi B NCBI mnocmigoBHOCTI
npencraBHuKiB miacekiiin Centaurea ta Phalolepis, siki 3a pesynsratamu BLAST-momyky
BUABWIKCH imeHTHunumu 10 C. borysthenica, ame ne Oynu cexBenoBani 3a rpl32-trnL; mo-
n‘ste, aenonoBaHi B NCBI mocnizoBHocTi BuaiB mincekuii Centaurea, siki oTpumani 3
MaTepiay IHIIUX KpaiH, MpoTe 3riHO 0 (IOPUCTUYHHUX CHUCKIB 3pOCTalOTh, Y TOMY YHUCIII,
B VYKpaiHi; MO-IIIOCTE, T'PYyNy CIKBEHCIB, fKi MPEACTAaBJIAIOTH OCHOBHI KJIAAM MiJCEKIiN
Centurea ta Phalolepis cBitoBoi ¢uopi Ha rimo6ansHOMY (iIOTeHETUIHOMY JIepeBi pUOOTHITIB
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Tabauus 2
Pedepentni raniorunu, ix Ha3eu 3a Hilpold et al. (2014a), npeacraBiieHicTh 32 KUILKICTIO BiIOMHUX CiKBeHCIB
TA TAKCOHIB, HASIBHICTh Y MacuBi JaHuX (BCbOro 35 ramiorunis, Busijiennx y 127 OTO)
Table 2
Reference haplotypes, their names according to Hilpold et al. (2014a), representation by the number of
known sequences and taxa, presence in the dataset (a total of 35 haplotypes detected in 127 OTs)

FI:I(I)J'L[[O Pedepentmnii < IKBEHC Ta Ha3Ba Seq/ 3 HUX BKJIIOYEHI JI0 MaCUBY JaHUX (TaKCOH Ta CIKBEHC)
— ramtoruiy 3a Hilpold & al. (2014) | Tax*
hl KJ679647, CJP-E: Anatolian 1/1 C. calolepis KJ679647
h2 KJ679586, CIP-CM 1/1 C. affinis KJ679586
h3 KJ679759, CIJP-CM: Ukraine 1/1 C. margaritacea KJ679759
h4 KJ679616, CIJP-CM: Ukraine 10/8 | C. arenaria KJ679616, C. borysthenica borGA-h, C. borysthenica
borK-h, C. borysthenica borR-h, C. odessana ode-h, C. konkae
konK-h, C. paczoskii KJ679768, C. donetzica KJ679701,
C. semijusta KJ679811, C. aziziana KJ679631
h5 KJ679841, CJP-CM: Ukraine 1/1 C. vankovii KJ679841
h6 KJ679642, CJP-CM: Ukraine 1/1 C. breviceps KJ679642
h7 KJ679796, CJP-CM: Ukraine 2/2 C. protomargaritacea KJ679796, C.deusta KJ679686
h8 appl-h, CJP-CM 1/1 C. appendicata appl-h
h9 KJ679807, CIP-CM 1/1 C. sarandinakiae KJ679807
h10 KJ679714, CJP-CM 1/1 C. gymnocarpa KJ679714
h1l | KJ679602, CJIP-CM 6/6 C. ambigua KJ679602, C.pentadactyli KJ679785
h12 | KJ679670, CJP-CM: Ligurian 8/6 C. corymbosa KJ679670, C.costae KJ679673
h13 | KJ679773, CIP-CM: Ligurian 2/2 C. paniculata ssp. paniculata KJ679773, C.leucophaea ssp.
leucophaea KJ679747
h14 KJ679622, CJP-CM: Iberian 77 C. aristata KJ679622
h15 | KJ679599, CJP-CM: Iberian 22/15 | C. alba ssp. alba KJ679599
h16 | KJ679630, CIP-CM: Iberian 35/8 | C. limbata ssp. lusitana KJ679752
h1l7 | KJ679834, CJP-CM 11 C. tenoreana KJ679834
h18 | KJ679669, CIP-CM 4/4 C. cineraria ssp. cineraria KJ679661
h19 | konGA-h, CJP-CM 11 C. konkae konGA-h
h20 | KJ679758, CJP-CM 11 C. margarita-alba KJ679758
h21 | KJ679795, CJP-3 2/2 C. protogerberi KJ679795, C. pseudoleucolepis plei-h
h22 | KJ679815, CJP-CR 11 C. spinosa KJ679815
h23 | KJ679617, CJP-CR 4/2 C. argentea ssp. argentea KJ679617
h24 KJ679592, CJP-E: Anatolian 6/6 C. aggregata KJ679592, C.stoebe KJ679827, C.lycia KJ679756,
C. cariensiformis KJ679649
h26 KJ679606, CJP-E: Anatolian 1/1 C. anthemifolia KJ679606
h25 KJ679843, CJP-E: Anatolian 1/1 C. virgata KJ679843
h27 | KJ679755, CJP-E: Turkey-Cyprus 4/4 C. luschaniana KJ679755
h36 | KJ679607, CIP-E: Turkey-Cyprus 11 C. aphrodisea KJ679607
h28 | KJ679643, CJP-E: Greek 4/3 C. brulla KJ679643, C.deusta IT KJ679689
h29 KJ679794, CJP-E: Greek 8/8 C. princeps KJ679794, C.stoebe KJ679824, C.stoebe ssp.
australis KJ679830
h30 KJ679713, CJP-E: Greek 1/1 C. grisebachii KJ679713
h31 KJ679799, CJP-E: Eastern- 32/24 | C. pseudomaculosa KJ679799, C. diffusa KJ679698, KJ679699,
European C. cuneifolia KJ679679, C. stoebe sto6-h, KJ679825, KJ679829,
C. pseudoleucolepis KJ679798, C. deusta KT259451, C. sterilis
KJ679823, C. maculosa MN228501
h32 KJ679828, CJP-E: Eastern- 1/1 C. stoebe KJ679828
European
h33 KJ679826, CJP-E: Eastern- 1/1 C. stoebe KJ679826
European
h34 KJ679850, CJP-E: Eastern- 1/1 C. zeybekii KJ679850
European
h35 KJ679690, CJP-E: Eastern- 1/1 C. deusta KJ679690
European

Ckopouennst (BiamosiaHo 1o Ha3s ramtorumis 3a Hilpold et al., 2014a): CJP — ramorunu rpymu Centaurea & Jacea-Phrygia
(Centaurea & Jacea-Phrygia group); CJP-E — cximni ramiorunu CJP-rpymu (Eastern haplotypes), CIP-CM — umpkym-
cepemsemuomopcerki ramtorunu CIP-rpymu (C-Mediterranean haplotypes), CIP-CR — kpurcekuit rammorun CJP-rpymu
(Crete haplotype).

* Seq/Tax — KiNbKiCTh BHSBJICHHX MOCITIJIOBHOCTEH naHOro ramortuiy (opur. Ta aenonoBanux B NCBI) ta kinbkicrs
TAKCOHIB, Y SIKMX BHSBJICHO JaHHUH T'aIUIOTHUII
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Centaurea borysthenica (Asteraceae): MonekyJsipHa aHOTAIlisl Ta NOMYNALiHHA TeTepPOreHHICTh

[HiLPOLD et al., 2014a; MOYSIYENKO et al., 2014] (tabu. 1). SIk 30BHIiIHIO Tpymy OyIIO
obpano C. benedicta (L.) L., DQ319091.

Hassaicts SNP BBakaiu 03HaKOIO MOTEHIIHHOTO awtomioiga [SOLTIS, SOLTIS, 2009].
3riHO /10 TOTJSAAIB BKAa3aHUX JOCTITHUKIB, ONEpaliiiHi TAKCOHOMIUHI OJUHHMIN 3 PI3HUMH
aIesIMU pO3TIIAIAIOTECS K ayutorioign, a OTO 6e3 SNP — sk aBTormnoinu [SOLTIS, SOLTIS,
2009]. Tepminu ayutoruioin Ta aBToruioin BxuTi 3rimHo «A Dictionary of Genetics» [KING et
al., 2007]. TlocmimoBHocTi, siki Mamu Outeire aBox SNP, 3 amanisy Bumamsuia. Ti
MOCHIAOBHOCTI, sIKi Manmu Jmmie mooauHoki SNP, po3MmexoByBanm Ha aneni 3
abTCPHATUBHUMY BapiaHTaMH HYKJICOTHIIB Yy moiiMopduomy caiiti [MARTYNIUK et al.,
2018]. Koxny aienp mnpu (GUIOTEHETHYHOMY aHaji3i oOpoOIsIM  SK  CaMOCTIHHY
MOCIIIOBHICTh (CIKBEHCH ayiesield MO3HaueHl MICHsS KOAY JAOCTYNy a00 OpPUTIHAJIBHOTO KOy
MOCIIIZIOBHOCTI IHIAEKCOM «-al» abo «-a2y).

Inentnuni nocnigoBHocti rpl32-trnL ado ITS pizaux OTO 00’eaHyBaIM B TaIUIOTUIIH
abo pubotunu, BignoBinHO. KoXHUIl yHIKanbHMHM TramaoTUN Ta pPUOOTUII OTPUMYBAB
nopsiikoBuii Homep 3 mpedikcom «h» (haplotype) abo «rbt» (ribotype) (tadmn. 2-3).

Monexynapuo-ghinocenemuuni depesa OynyBanu 3a MeTo/IoM balieCiBCbKOTO aHami3y
BHCHOBKY 3a JIOTIOMOTOI0 mporpamHoro makera MrBayes 3.2 [RONQUIST, HUELSENBECK,
2003]. OntumanbHy MOJENb €BOJIOIIT MOCII0BHOCTEH, fKa OMUCYE MAacHUBH JaHUX rpl32-
trnL Ta ITS oOupanu Ha OCHOBI aHami3a KOKHOro MacuBy 3a kputepiem BIC [Lukashov,
2009] y mporpamax MEGA6 ta MEGA10 [TAMURA et al., 2013; KUMAR et al., 2018]. s
MmacuBy Ipl32-trnL ontumanbroO BusiBHIIach Moaeab GTR+G, mus ITS — K2+G. Tlpu ananizi
KUTBKICTh iTTeparliii craHoBmia 4 miH, 06a30Bi ycraHoBKkH, Bimmidai Bim default settings,
Bkmoyanun  samplefreq = 100, diagnfreq = 1000. J[lns Bidyamisaimii JICHAPHTIB
BukopuctoByBanu FigTree v.1.4.3 [RAMBAUT, 2016].

Mooentoeanna emopunnoi cmpykmypu |TSI ma 1TS2. Mopneni BTOpHUHHOI
ctpykrypu ITS1 ta ITS2 OymyBamu mpsiMUM CKJIaJIaHHSM TPAHCKPHUIITIB 3a JOMOMOTOIO
MFOLD [ZUKER, 2003] nutsxoM mocaigoBHOI 30ipku cripaieil y BiIMOBIIHOCTI 10 MOJEII,
3ampornoHoBaHoi s Asteraceac [GOERTZEN et al.,, 2003]. Orpumani mMojeni BTOPUHHHX
ctpykryp ITS1 ta ITS2 BizyanizyBanu 3a monomoroto Pseudoviewer 3.0 [ BYUN, KYUNGSOOK,
2006].

[Ipu anamizi oTpUMaHUX JAHWUX OyJIM BUKOPHUCTAH1 TPH IMIXOJU: a) MPSIMHH IMOIIYK
1ICHTHYHUX 200 OJIM3BKHUX CIKBEHCIB y 0a31 HYKJIICOTHIHUX IOCTIIOBHOCTEH, IETIOHOBAHUX B
NCBI (BLAST-momyk 3a amropurMmom MEGABLAST [http://blast.ncbi.nlm.nih.gov]); ©)
aHa i3 TMOJIOXEHHs oTpuMaHuXx mnociimoBHocteid C. borysthenica wa MonekymsipHO-
(buTOreHeTUUHUX JIepeBax pUOOTHUIIIB Ta TaIJIOTUIIIB BOJOMIOK cekuii Centaurea [B po3ymiHH1
HILPOLD et al., 2014a], mo 3pocTatoTs B YKpaiHi Ta Ha «BETUKOMY» (PLIOT€HETUYHOMY JIEpEBi
nigpoay Centaurea, ony0ikoBaHOMY IpyIoO0 icranchbkux 6otanikie [HILPOLD et al., 2014a];
B) MOPIBHSUIBHUI aHami3 BTOPUHHOI cTpykTypu TpaHckpuntiB ITS1 ta ITS2 pubotumis
C. borystenica 3 iHmuMu, MOTEHIIHHO OJM3LKUMH MpeACcTaBHUKaMH migcekiiin Acrolophus ra
Phalolepis.

Pe3yabTaTH 10ociiiKeHb

Mopdoaoriuna rereporennicts C. borysthenica. Xoua Bci 4oTHpH 3pa3ku BiAIoOBi-
nanu omucy C. borysthenica, mpote BoHM He OynH MOBHICTIO ieHTHYHHMHU. HaiicyrreBimie
BiIpi3HsBCs 3pa3ok 3 cena Jlucoripka (DOrR) — mupmumu Ta KOPOTHIMMH JIMCTOYKAMHU
00ropTku, OUIBIIOI0 KUIBKICTIO TOPOYOK Ha 30BHILIHIX Ta CEpPeNHIX JIMCTOYKAX OOTOPTKH,
JOCUTHh BEIMKUMU IUTIBYACTUMHU ByIIKamMH. KOIMKM Ta 0OrOpTKH TPHOX IHIINX 3pa3KiB OyiIu
JOCHTh CXOKUMH 1 B oMy HaraayBaiau C. odessana, ocobmuBo 3pa3ok 3 octpoBa ['ycsunit
(3a TeMHHMH, Maiike YopHUMH BepxiBkamu npunatkiB) (Puc. 1-2). Ipore Bix C. odessana
BCI 3pa3Ky BIIPI3HIMCh MEHIIMMH HACIHUHAMU Ta KOPOTIIHM 4younkom (Puc. 3).
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Taomus 3

Pedepentni pudorunmy, ix Ha3su 3a Hilpold et al. (2014a), npencraBJieHicTb 32 KUIBKICTIO BiTOMHMX CIKBEHCIB Ta
TAKCOHIB, HAABHICTHL y MacuBi Janux (167 cikBeHcis, Bcboro 36 pudorumis, npeacrasiaenux y 110 OTO)

Table 3

Reference ribotypes, their names according to Hilpold et al. (2014a), representation by the number of known
sequences and taxa, presence in the dataset (167 sequences, a total of 36 ribotypes, represented in 110 OTs)

Kon .. .
60- Pe(bepeHTHI/II/I_mKBeHc Ta Ha3Ba pUOOTHITY 32 Seq/ 3 HUX BKJIFOUEHI JI0 .MaCI/IBy JAaHUX (TaKCOH Ta
pH Hilpold & al. (2014) Tax* CikBeHc)
THILY
1 2 3 4
rbt23 | JF913986, Eastern ribotype: Ukraine-1 1/1 C. donetzica JF913986
rbt22 | JF913988, Eastern ribotype: Ukraine-1 4/3 C. appendicata KX950819-al
C. konkae KX950820-a1 konGA
C. konkae KX950821-al konK
rbt26 | KJ666081, Eastern ribotype: Ukraine-1 312 C. protogerberi KJ666081
C. borysthenica borR2-al
rbt25 | JF913987, Eastern ribotype: Ukraine-1 C. donetzica JF913987
rbt27 | MW383493-al (83.C, 458.T) (Eastern ribotype: 2/1 C. borysthenica MW383493-al,
C.borysthenica) C. borysthenica borR2-a2
rbt24 | MW383493-a2 (83.T, 458.C) (Eastern ribotype: 11 C. borysthenica MW383493-a2
C.borysthenica)
rbt21 | KJ666049, Eastern ribotype: Ukraine-2 2/2 C. margarita-alba KJ666049
C. breviceps KJ665944-a2
rbt20 | KJ666082, Eastern ribotype: Ukraine-2 4/2 C. protomargaritacea KJ666082,
C. margaritacea KJ666050,
C. breviceps KJ665944-al
rbt29 | KJ961608, Eastern ribotype: Ukraine-2 2/2 C. appendicata KX950819-a2
rbt30 | KX950820-a2, Eastern ribotype: Ukraine-2 2/1 C. konkae KX950820-a2,
C. konkae KX950821-a2
rbt43 | KJ665950, Eastern ribotype: Turkey 3/3 C. cariensiformis KJ665950,
C. lycia KJ666048-a2,
C. anthemifolia KJ665910-a2
rbt42 | KJ665910-al (392.Y>C), Eastern ribotype: 1/1 C. anthemifolia KJ665910-al (C) TR (rbt42)
Turkey
rbt45 | KJ666048-al (41.Y>C), Eastern ribotype: Turkey 1/1 C. lycia KJ666048-al
rbt28 | DQ319167, Eastern ribotype 5/4 C. sterilis DQ319167,
C. vankovii JF914074
rbt31 | DQ319089, Eastern ribotype 11 C. aziziana DQ319089
rbtl MW383495, Eastern ribotype: Balkan 18/15 | C. arenaria KJ665920-al, C. odessana
MW383495, C. borysthenica borBK, C.
borysthenica MW383494-al, C. grisebachii
KJ666007, C. stoebe KJ666112,
C. affinis KJ665890-al, C. cuneifolia KJ665976-
al, C. paczoskii KJ666058-al, C. sarandinakiae
KJ666093
rbt3 | DQ319162, Eastern ribotype: Balkan 11 C. semijusta DQ319162
rbt34 | KJ665976-a2 (178.Y>T), Eastern ribotype: 3/3 C. cuneifolia KJ665976-a2, C. affinis KJ665890-
Balkan a2, C. paczoskii KJ666058-a2
rbt35 | KJ665920-a2 (540.Y>T), Eastern ribotype: 11 C. arenaria KJ665920-a2
Balkan
rbtll | KJ666100, Eastern ribotype 17/11 | C. diffusa KJ665995, C. diffusa MW383496-al,
C. spinosa KJ666100, C. cineraria ssp. cineraria
KJ665962-al, C. ambigua KJ665906, C. stoebe
MW383497-al, C. deusta KJ665987, C. deusta
KJ665983, C. brulla KJ665945-a1,
C. pseudoleucolepis KJ666084-al,
C. pseudoleucolepis MW364632-al
rbt10 | AM114328, Eastern ribotype 2/1 C.pseudoleucolepis AM114328
rbt39 | KF032420-al (45.Y>C), Eastern ribotype: 11 C. tenoreana KF032420-al
Adriatic
rbt40 | KF032420-a2 (45.Y>T), Eastern ribotype: 11 C. tenoreana KF032420-a2
Adriatic

230



Centaurea borysthenica (Asteraceae): MonekyJsipHa aHOTAIlisl Ta NOMYNALiHHA TeTepPOreHHICTh

1 2 3 4
rbtl3 | KJ665996, Eastern ribotype (6a3ambHa 37/12 | C. borysthenica MW383494-a2, C.
«rpebiHKay) pseudomaculosa KJ666085,

C. stoebe M\W383498, C. stoebe MW383497-a2,
C. stoebe KJ666113,

C. stoebe KJ666108-al, C. stoebe ssp. australis
KJ666114, C. stoebe JF914031-a2,

C. cineraria ssp. cineraria KJ665962-a2, C.
argentea ssp. argentea KJ665921,

C. diffusa KJ665996,

C. brulla KJ665945-a2

rbtl2 | MW383496-a2 (141.Y>C, 261.Y>T), Eastern 1/1 C. diffusa MW383496-a2

ribotype (6a3anpHa «pebiHKay)
rbtd7 | JF914031-al (610.Y>C), C.stoebe, Eastern 11 C. stoebe JF914031-al

ribotype (6a3anbHa «rpeGiHkay
rbt48 | JF914032, Eastern ribotype (6azanbHa 2/1 C. stoebe JF914032

«@rpebiHKay
rbtl4 | MW364632-a2 ( 157.Y>C, 472.R>A), Eastern 11 C. pseudoleucolepis MW364632-a2

ribotype (6a3anpHa «TpebiHKay)
rbt36 | KJ666084-a2 (105.Y>C, 420.K>T), Eastern 11 C. pseudoleucolepis KJ666084-a2

ribotype (6a3anpHa «rpebiHKay)
rbt44 | KJ665949, Eastern ribotype (6asanbna 5/5 C. luschaniana KJ666047,
«rpebinkay, incepis 40.G)* C. virgata KJ666123, C. calolepis KJ665949
rbt50 | KJ665971, Western ribotype: Iberian 5/1 C. costae KJ665971 (WR rbt Lig.)
rbt51 | KJ666044, Western ribotype: Iberian 29/18 | C. limbata ssp. lusitana KJ666044,
C. aristata KJ665926, C. alba ssp. alba
KJ665903

rbt52 | KJ666008 , Western ribotype 1/1 C. gymnocarpa KJ666008

rbts3 | KJ666039, Western ribotype 2/2 C. leucophaea ssp. leucophaea KJ666039

rbts5 | KF721045, Jacea-Phrygia group 8/7 C. phrygia ssp. phrygia KF721045,
C. borysthenica KT249754-al

rbts6 | MN918909, Jacea-Phrygia group 1/1 C. pannonica MN918909

rbts7 | KT249754-a2 (13.Y>T, 91-92.YY>CT), Jacea- 1/1 C. borysthenica KT249754-a2

Phrygia group

* rbt4d4 — iimoBipHHI XiMepHHI pHOOTHI 3 KOMOiHaIlier0 o3Hak 3axigHoro puborumy (Western ribotype, subsect.
Willkommia) 3a ITS1 (incepuis 40.G) Ta cxignoro puborumy rbtl3 (Eastern ribotype, subsect. Centaurea Ta subsect.
Phalolepis) 6a3anbHOl «rpeGiHKI.

Big C. stoebe 3pasku C. borysthenica ta C. odessana moOpe Bimpi3HsIHCH K 3a
KOIIIMKAaMH, INCTOYKaMK OOrOPTKHU Ta MPHIATKaMH, TaK i 3a HacinuHamu (Puc. 1-4).

I'anaorun C. borysthenica. Hapasi 3a nmitepaTypHHUMH Ta OPHTIHAIBHHMH JaHUMHU
Uil mpencrtaBHUKIB ceknii Centaurea 3 Teputopii Ykpaini Bimoma 21 xyoporuiacTHa
nociimoBHicTs rpl32-trnL (tabn. 2). Lis Bubipka oxommoe 3 Buau migcekmii Centaurea:
C. borysthenica (3 cikBencu), C. odessana (1) ta C. stoebe (1) Ta 14 BuxiB mimcexirii
Phalolepis (16 cikBenciB). Oxpemi XJIOPOIJIACTHI MOCTIZOBHOCTI HE €  IUIKOM
BUJIOCTICIIU(PIYHUMU — BCHOTO IIi MOCHIJOBHOCTI MPEACTaBISAIOTh nuiie 11 yHIKambHUX
raruIoTUITIB 1 B M&XaX BUOIPKHM HE JIMINE Pi3HI BUAU OJHIET MiJCEKIii, ajie W MpeICTaBHUKU
PI3HUX IIICEKIii HEPIAKO MAarOTh IAEHTHYHHN raluloTHIL 30Kpema, ramiotun «hl» Beix
TpbOX cekBeHOBaHuX 3paskiB C. borysthenica e imentuynum mo raminotumy C. odessana 3
Centaurea subsect. ta C. konkae 3 oxommup Kypumiku, C. paczoskii 3 locus classicus,
C. donetzica Klok., C. semijusta Juz. 3 Phalolepis subsect. ®inorenernunuii anami3z 3a
MapKepHO mociiaoBHicTio rpl32-trnL mokasye, 1o rammotunu BUAIB miacekiidn Centaurea
ta Phalolepis BxoasaTs mioHaiiMeHIIe 10 BOCbMH YMOBHO-CECTPUHCHKUX KJIAJ Ta JiHiH (puc.
5).

Iarutotun C. borysthenica 3 BHCOKOIO MATPUMKOIO BKIIOYAETHCS B Kiamy 1, ska y
HiLpOLD et al. (2014a) na3Bana «Ukraine haplotype». Bci Hocil rammotumiB i€l kiaau 3
nigceknii Centaurea nanexats BukirouHo 1o C. arenaria agg. (C. arenaria 3 baikaHchkol
yactuau Typeuuwnu, C. borysthenica, C. odessana). B miacekuii Phalolepis rammorunu
kinanu «Ukraine haplotype» BusBiIsitoTbCs y OUIbIIOT KUTBKOCT1 BUAIB. OKpiM IIECTH BHUIB 3
ramiotunow, ineatiurnm 1o C. borysthenica (C. paczoskii, C. konkae, C. donetzica, C. semijusta,
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Puc. 1. Kommku gocrmimkeHux 3paskiB: borR, borK, borGA, borBK — C. borysthenica (JIucoripka,
KypuniBka, octpis I'ycsumii, Bo6poBuii Kyr, Bianmosinno); ode — C. odessana (:kapuirau); sto6 —
C. stoebe (Hiruncobka Tostpa). Illkana 1 cm.

Fig. 1. Baskets of the studied samples: borR, borK, borGA, borBK - C. borysthenica (Lysohirka,
Kurylivka, Husyachy Island, Bobrovy Kut, respectively); ode — C. odessana (Dzharylgach); sto6 —
C. stoebe (Niginska Tovtra). Scale 1 cm.

C. vankovii Klok. ta C. aziziana Rech. 3 ipancekoi npoginiii Cxingauii Asep0Oaiipkan), 10 1aHOi
KIIaJAu BXOJSATh 3pa3kd TPbOX BUIIB IMEPIOBHX BOJOMIOK 3 OaceifHy Iurynbis ta JlHimpa
(C. margaritacea Ten., C. protomargaritacea Klok., C. breviceps Iljin.) Ta ogxoro 3 bankan
(momymsintist C. deusta Ten., KJ679686 3 teputopii Boxrapii). Koauuit npeactaBHUK rpymnu
C. stoebe s.1. no xmaau «Ukraine haplotype» He moTparuise.

Harowmicte C. stoebe s.l. mpeacTaBieHa TramuioTHIaMH TPHOX MIAKIAL KiIaad 7.
binemicte OTO 3 «C. stoebe s.l.», BKIOUaO4YM €IMHOTO CeKBeHOBaHOro 3a rpl32-trnlL
npencraBauka C. stoebe 3 Teputopii Ykpainu (305t Sto6 3 [oainbebkux TOBTP) BXOIUTH 10
nigknaagn «CxigHo-€sponelicekuii ramotum». [ami OTO C. stoebe s.l. morpammsioTs 10
cyOknan «"pernbKuil TammoTum» Ta « AHaTOMHCHKHUH TarIOTHII.
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Puc. 2. 3oBHilHi, cepeqHi Ta BHYTPIlHI JIHCTOYKH 00ropTKH AociaimxkeHnx 3pa3kiB: borR, borK, borGA,
borBK - C. borysthenica (JIucoripka, Kypuiiska, octpis I'ycsiumii, Booposuii KyT, Binmosiano); ode —
C. odessana (Ixapuira4); sto6 — C. stoebe (Hirnncbka ToTpa). Illkana 1 cm.

Fig. 2. Outer, middle and inner leaves of the wrapper of the studied samples: borR, borK, borGA, borBK
— C. borysthenica (Lysohirka, Kurylivka, Husyachy Island, Bobrovy Kut, respectively); ode — C. odessana
(Dzharylgach); sto6 — C. stoebe (Niginska Tovtra). Scale 1 cm.

Takum uuHOM, (UIOreHETHYHMII aHai3 XJIOPOIUIACTHOI mociizoBHOcTI rpl32-trnL
noka3sye HactynHe. [lo-nepiiie, 3a rarioTHIIOM MiATBEPKYyeThes HalexHicTh C. borysthenica
pazom 3 C. odessana mo arperary C. arenaria aggr. Ilo-apyre, MOBHICTIO HE MiATBEPIKYETHCS
Hanexwicte C. borysthenica mo C. stoebe s.l., mo, B cBoro uepry, 3amepedye MpUITYLICHHS
npo Hanexwicte C. borysthenica mo TterpamnoinxHoro murotumy C. stoebe 4x. IMo-tpere,
IICHTUYHICTh TaIUIOTHIIIB BOJIOHIOK arperary C. arenaria aggr. 3 ramioTUIaMu IiIOTO psity
Bosiomiok  mifcekitii Phalolepis we n03Bosise oTpuMaTH BIANOBiAP Ha MUTAHHS, Y €
C. borysthenica camocriiinum BugoM, 4 BoHa € ogHuM 3 miasuais C. arenaria.

Pudorunu C. borysthenica. TTocrinosuicts ITS mpencraBuukiB mincekirii Centaurea 3
Teputopii Ykpainu Hapasi BcraHoBieHa Jymmie st 10-u 3paskiB 4-x Buais (C. borysthenica,
C. odessana, C. stoebe, C. diffusa), 3 sikux 5 3pa3skiB npencraBieHi HMOBIPHUMHU aBTOILIOIAMH, Y
AKX JaHui Mapkep He mictuth SNP. V pemru (5 3paskiB) ITS mictuts 1-3 SNP, i, Takum
YUHOM, JAEMOHCTpye o3Haku ayutoruioinHux OTO. 3 ypaxyBaHHSAM MOCIITOBHOCTEH aBTOILIOIIB
Ta ajnenedl aJuIoIUIOINIB 3arajoM y mpeicTaBHUKIB mifcekuii Centaurea 3 teputopii Ykpainu
BUsiBIIEHO 9 puboTturmis (rbt26, rbt27, rbt24, rbtl, rbt13, rbt11, rbt12, rbt47, rbt48) (Tabm. 3).
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Puc. 3. Hacinunu nociimkennx 3paskis: borK, borBK — C. borysthenica (KypuiiBka, Booposmii KyT,
BinnoBinno); ode — C. odessana (Jxapuirauy); sto6 — C. stoebe (Hirmncbka Tostpa). Llina moxiiaku — 1 mm.
Fig. 3. Seeds of the studied samples: borK, borBK — C. borysthenica (Kurylivka, Bobrovy Kut,
respectively); ode — C. odessana (Dzharylgach); sto6 — C. stoebe (Niginska Tovtra). The price of division is
1 mm.

IMocnimosuocri ITS y cekBenoBanux 3paskie C. borysthenica ve Oyiau ineHTHYHEME i
Majld BIIMIHM Yy KOXXHOTO 3paska. IlepeBipka YHIKaJIBHOCTI OTPUMaHUX CIKBEHCIB 3a
norniomororo BLAST mokasaina, 1o JBi MOMYJISIIi: 3 OKOJIHI ceia JIMCOTIpKU Ta 3 OKOJIHIb
cenuima Micbkoro Ttuny KypwiiBKM — € YHIKaIbHAUMH 1 HE IJEHTHUYHI JO >KOJHOI 3
nernionoBanux y NCBI mocnimosrocteit Centaurea.

VY nBox iHmUX 3pa3kiB — 3 octpoBa ['ycsumii Ta 3 okonuib cena boOposuii Kyt —
nociigoBHocti ITS, orpumani 3 toransroi JIHK, He yHikanbHi. 3okpema, C. borysthenica 3
okoja. c. boOpoeuit Kyr mae ITS, imentnmuny nmo Oaratbox i3osstiB Centaurea 3 o0060x
migcekniii (Centaurea subsect. Ta Phalolepis subsect.): 3arajgom BusiBieHo 25 igeHTHYHHX
cikBenciB, Bkmodaroun C. arenaria (KJ665920) ta C. odessana (MW383495), sxi
BiAmoBinanu pudotumy rbtl (tabm. 3).

IocninoBHicte ITS y 3pa3ka 3 ocrpoBa I'ycsiumit € 1I€HTMUHOIO 10 TPHOX 3pPa3KiB
C. paczoskii 3 okoin. ¢. booposuii Kyr (MW369988, MW369992, MW369993) Ta 3pa3ska
Centaurea sp. (MW374121) 3 nmaro Ax-Kaiis y Kpumy. Binmitimo, B okonuusx cena
Boo6poguit Kyr, ne 3pocrana momyssinis C. paczoskii (rbt1+rbt13), 3pocranu Takox C. diffusa
3 KkoMmOiHartiero pudboTumis rbt1+rbt12 Ta C. borysthenica 3 pudorunom rbtl. Ha miato Ak-
Kaiisi, ne abcomotnum nominantom Oyna C. diffusa, 3pasok Centaurea sp. maB Mopdomnoriuni
o3naku riopuy C. diffusa x C. sterilis Steven 3 komGinartieto puboTumis rbt1+rbt13.

3a nHasBHicTio SNP B ITS 6inbiricts 3paskie C. borysthenica 3 teputopii Ykpainu
Oyna mpezacraBieHa awtorioimamu. Tak, 3pa3ok 3 ['ycsdoro ocrtpoBa MaB KOMOIHAIIIIO
puboTtumiB rbtl+rbtl3, 3pazok 3 okommup cena Jlucoripku — kombOiHamito rbt26+rbt27, 3
OKOJIUIIh cenuia Micbkoro tumy KypumiBku — rbt24-+rbt27. Jlumie 3pa3ok 3 OKOJHIL cena
Bo6poBuit Kyt MaB 03Haku aBTomuioina 3 pudotumnom rbtl.

dinoreHeTHYHUN aHaNI3 3a MapkepHoro nocnitoBHicTIo ITS mokasye, mo puboTunu
C. borysthenica BxosiTh 10 IBOX BEIMKUX KA Ta 0a3albHOT «PeOIHKI) PUOOTHUIIIB CEKIIil
Centaurea (puc. 6).
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Puc. 4. Centaurea borysthenica 3 oxoanus KypumiBku — HaiiynikaasHimmii Bapiant C. borysthenica 3
ramaorunom h4, xapakrepuum mis C. arenaria agg. Ta yHiKaJabHHM TpeTiM YKPaiHCHKHM PHOOTHIIOM
(rbt27+rbt24) — oaun 3 TPHOX NEPBUHHUX BapiaHTIB AaAHOr0 BUAY.

Fig. 4. Centaurea borysthenica from the vicinity of Kurylivka is the most unique variant of C. borysthenica
with haplotype h4, characteristic of C. arenaria agg. and a unique third Ukrainian ribotype (rbt27+rbt24)

— one of the three primary variants of this species.
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C.arenaria KJ679616 (C) TR: Bankanm (h4) !
C.borysthenica borGA-h (C) UA: 3np.. MNycawi (h4) A
C.bozuhonka borK-h (C) UA: AHn., Kyrgunlau (hd) C.arenaria agsg. i
C.borysthenica borR-h (C) UA: 3np., Nucoripka (hd) '
C.odessana ode-h (C) UA: Xpc,, Bxapunray (h4) !
¢ Ckonkae KonK-h (P)UA: in. Kypwniexa (h4) ~ ~~~~~~~~~ "~~~ """ 77°°°°7
1 - Cp kil KJ679768 (P) UA: Muk., H-rpeamcee (hd) = -
C.donetzica KJ679701 (P) UA: [oH. (h4) ~— YRpailHCbKHMH ranaoTin
C.semijusta KJ679811 (P) UA: Kpum, Yamupaar (h4)
C.vankovii KJ679841 (P) UA: Kpum, flemepaxi (hS)
C.aziziana KJ679631 (P) IR: Cx.AzepBangxaH (h4)
C.margaritacea KJ679759 (P) UA: Muk. (h3)
[— C. mMcops KJE79642 (P) UA: fIun, (h6)
KJB679796 (P) UA: Muk. (h7)
; C. dausta KJ679686 (P)BG (h7)
2> C.appendicata app1-h (P) UA: 3np., KypiLtinka (hS)
3> C.sarandinakiae KJ679807 (P) UA: Kpum, Kapapar (h9)

095 C.gymnocarpa KJE79714 (C) IT (h10)

4> —{I: C.ambigua KJ679602 (C) IT (h11)
C pentadactyll KJ679785 (P) IT (h11)

C.corymbosa KJ679670 (C) FR (h12)
C.costae KJ679673 (P) ES (h12) " o -
C_paniculata ssp.paniculata KJ679773 (C) ES (h13) } Alirypincekui ranaoTHn
Cleucophaea sspleucophaea KJ679747 (Willk) ES (h13)
i 1 C.aristata KJ679622 (C) ES (h14) e piis <
——] 0w C.alba ssp.alba KJ679599 (P) PT (h15) 16epilcbkuii ranaoTn
. C.limbata ssp.lusitana KJ679752 (C) PT (h16)
C konkae konGA-h (P) UA: 3np., Mycaumn (h19)
C.margarita-alba KJ679758 (P) UA: Muk. (h20) . %
C.tenoreana KJ679834 (P) IT (h17) CIP-CM (lines 3-6)
C.cineraria ssp.cineraria KJ679661 (C) IT (h18)
C.diffusa KJ679698 (C) AM (h31) =]
C.diffusa KJ679699 (C) TR (h31)
C.cuneifolia KJE79679 (C) TR: Bankaww (h31)
| C.pseud il KJ679799 (C) RU (h31)
i C. ﬂoobo $106-h (C) UA: XsH., Hirvscoxa (h31)
i C.stoebe KJ679828 (C) RS: Cepbin (h32)
g C.stoebe KJ679829 (C) S (h31) C.stoebe s (1)
\
|
i
|

0.9%

5»

7>

1

E CxigHo-

| = €BponencbrRMi
1

1

C.stoebe KJ679826 (C) IT (h33)

C.stosbe KJ679825 (C) IT (h31)

C zeybekil KJ679850 (C) Tr (h34)

= C maculosa MN228501 (C) US (hd9). - _________

C.deusta KT259451 () GR (h31)

C.deusta KJ679690 (P) IT (35)

C el KIG73823 (P) A, K Mnvpeans (131

loucolepis KJ679738 (P) UA: fow. (h31) _

""" S ioubt RISTo6A Cyar sy e 3
C stosbe ssp sustralis KJ679830 () HU (h2gy  C-stoebe sl (21| rpeypruis

C.grisebachii KJ679713 (C) GR (h30) |

C piincops KBTS0 (P) GRIAR) -~~~ -~~~ -~ ----"==-=-- ] e

065 _EL.: C.brulla KJ679643 (P) IT (h28)
C.deusta KJ679689 (P) IT (h28)
L: C.aphrodisea KJ679607 (P) TR (h36) . o
C.luschaniana KJ679755 (P) TR (h27) Typeupro-Kinpcbkui ransomin
c_: C.anthemifolia KJ679606 (C) TR (h26)

ranaoT™n

= "C Stosbe KJ579827 (C) XK: Kocoso (n24) Cstoebe sl. (3) )
l—— caggregatakss79592 () TRM24) T
——— Clycla KI679756 (P) TR (h24)
C cuhnslocmls KJG79649 (C) Tr (h24)
l is plei-h (P) UA: flow. (h21)

C plologtrboﬂ KJ$79795 (P) UA: Nyr. (h21)

C.spinosa KJ679815 (C) GR: Kpnr (h22) -
_: c.afgonln subsp.argentea x.'v(:ns(:'? (C) GR: Kpur (h23) } Kpurcoruid rannomin
C affinis KJ679586 (C) BG (h2)

C calolepis KJ679647 (C) TR (h1)
C.akamantis KJ679593 (outgroup)

AHATONIRCBEMH rANA0THA

08

g-»

Puc. 5. Moaoxenns: C. borysthenica wa monexyJsipHo-(piioreHeTHUHOMY [epeBi ramIoTHUMIB MiAceKIii
Centaurea Ta Phalolepis (sect. Centaurea) mpeacraBuukiB (pyiopu Ykpainu Ta OCHOBHHX KJIaJ CBiTOBOI
(dJopu 32 xJaopomiacTHow mocaixoBHicTio rpl32-trnl.  (BaiieciBebkmii anamis, momear GTR+G).
Homepamu 3i cTpiikol0 MO3HAYeHO YMOBHO-CECTPMHCBHKI OCHOBHi KJyiagu Ta Jinii. Ha3Bu ramjiorunis
Hagezeni 3a Hilpold et al., 2014a. ¥ pamkax no3nadeHo mocJjizoBHocti TakconiB 3 C. arenaria agg. ta
C. stoebe s.l. B gy:kkax micjsi HA3BM TAKCOHY Ta KOAY JAOCTYNY 260 OPUTiHAJIBLHOIO KOAY CIKBEHCY BKa3aHO
MiICeKIiI0, /10 KO HAJIEKUTH HABeJleHAa omepauiiina TakcoHomiuna omunuusa (C — Centaurea, P —
Phalolepis), kon kpainu (mis i30anaTiB 3 YKpaiHu — CKOpoYeHHs 00/IacTi Ta MyHKT 360pYy), B IyXKKax —
HOMep YHIKaJIBHOIO ramiotTumy micas Jirepu «h». Ha rinkax neHApUTy HaBeJeHa MiATPMMKa Kjajx 3a
3HAYeHHSM MocTepiopHoi iMOBipHOCT.

* Tincexuii Centaurea ta Phalolepis cexmii Centaurea 3a cucremoro Hilpold et al. (2014a) BinnosinaroTn
migpogam Acrolophus ta Phalolepis cucrem .M. JToopouaesoi (1965) Ta J. Dostal (1976).

** ABTOPM BH/IiB Ta BHYTPilIHGOBU/I0BMX TAKCOHIB, MO3HAYEHUX HA PHC. 5 Ta puc.6, HaBeaeHi y Tad1. 1
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Fig. 5. The position of C. borysthenica on the molecular phylogenetic tree of haplotypes of subsections
Centaurea and Phalolepis (sect. Centaurea) of representatives of the flora of Ukraine and the main clades
of the world flora according to the chloroplast sequence rpl32-trnL (Bayesian analysis, GTR+G model).
Numbers with an arrow indicate conditional sister major clades and lineages. Haplotype names are given
according to Hilpold et al., 2014a. Sequences of taxa from C. arenaria agg and C. stoebe s.I. are marked in
the frames. and C. stoebe s.I. In parentheses after the name of the taxon and the accession code or the
original sequence code, the subsection to which the given operational taxonomic unit belongs (C —
Centaurea, P — Phalolepis), the country code (for isolates from Ukraine — region abbreviation and
collection point) is indicated in parentheses, in parentheses — unique haplotype number after the letter
"h". On the branches of the dendrite, the support of the clades is indicated by the value of the posterior
probability.

* The subsections Centaurea and Phalolepis of the section Centaurea according to the system of
Hilpold et al. (2014a) correspond to the subgenera Acrolophus and Phalolepis of the systems of
D.M. Dobrochaeva (1965) and J. Dostal (1976).

**The authors of the species and intraspecific taxa marked in Fig. 5 and Fig. 6, given in Table 1.

[lepuia xnanga, apean KOi OXOIUIIOE MIBAEHHE, cXilHe Ta MiBHIUHE [IpmuopHOMOD s,
BKJIIOUA€ KUTbKa cyOkian Ta jniHid. Hocii pubotunis onniei cyOxnanu (Typenpki pubotunu —
«Turkey ribotype» 3a HILPOLD et al., 2014a) 3poctatoTh B AHATOJI, OKpEMHX JIHIA — Y
niBeHHO-cxinHii vacTuHi Kaska3y (C. aziziana) ta B Kpumy (C. vankovii, C. sterilis), a
TphoX cyOkman (Ykpainceki pubotunu 1, 2, 3) — Ha Tepurtopii CTEnoBOi 30HU YKpaiHu
[HiLPOLD et al., 2014a; DIDENKO et al., 2017]. LlikaBo, mo aui C. stoebe s.1., ani C. arenaria
HE MalOTh PHOOTHUIIIB Ta ajeyieH, Kl O HajIeKalIu 10 MepIIoi KIa Iu.

3 n‘satu pubotumis, BuseieHux y C. borysthenica, no nepioi kinaau notparvise Tpu
puboTunu. PuGotun rbt26 mnpencraBmse cyokmany «Ykpainceki pubotumm 1» («Eastern
ribotype: Ukraine 1» 3a Hilpold et al., 2014a). /o mi€i cyOkmaau Haiexarb PHOOTHITH
nepioBux Bosiomok, ski M.B. KmokoB [KLOKOvV, 1935] Tta .M. J[loGpouaeBa
[DOBROCHAEVA, 1965] Binnecnu no psai «Gerberianae Klok.» ta «Appendicatae Klok.».
PuGotunr rbt26 mae C. protogerberi Klok., i BiH Ke mpeacTaBise IMepIIy aieib
C. borysthenica 3 okou. c. JIucoripka. IlikaBo, 1110 B IIbOMY K JIOKAJITETI 3pOCTaia MOIMYJISIis
C. appendicata, sxa wmama komOiHamiro puboTHIIB «YKpaiHChKUE puboTHm 1» Ta
«Ykpaincekuii pubotun 2» [DIDENKO et al., 2018]. Tomy He BHKIIOYEHO, IO JOHOPOM
nepiioro ykpaincekoro puborumy C. borysthenica, sika 3a mopdosoriero mpuaaTKiB Mana
JesKi o3Haku riopuay 3 mpeacraBHukom mifcekiii Phalolepis, Bucrymas came mmimok C.
appendicata.

JlBa immi pubotumu — rbt24 Tta rbt27 yrBoproroTeh HOBY cyOkaamy «YKpaiHCBKi
puboTumu 3». Bussieni Bukiarouno y C. borysthenica, me npeacrasieni abo OHIEO alIeIUTIO
(rbt27 y 3paska 3 okou. Jlucoripku), abo oboma anensmu (rbt27 ta rbt24 y 3paska 3 okou
Kypuniskmu).

Bigminu mix rbt24 ta rbt27 obymosneni myrarisimu B caiitax 67 1TS1 (helix 1)
(puc. 7) Ta 22 ITS2 (helix 1) (puc. 8), mpu SKMX, THM HE MEHII, OOHIBAa PUOOTHIIH
00°‘enHyI0ThCs B 0J1HY Kiaay (puc. 5-6). Lle Bka3sye, mo auBepreniiis rbt24 ta rbt27 Binbysace
came yepe3 MyTallii B IUX caiiTax B Mexkax aanoi jiHii, a SNP 83.Y ta 458.Y nmocnigoBHOCTI
MW383493, mio BinmoBigatots ITS1 68.Y Ta ITS2 22.Y, y 3pa3ka 3 okon. KypuniBku MaroTh
HeriOpunHy npupoay (non-hybrid SNP, B po3yminni KARBSTEIN et al., 2022).

Hpyra knanga, mpo skoi notpamisstoth pubotunu C. borysthenica, 3a HILPOLD et al.
(2014) — ue «Eastern ribotypes: Balkany. ITpote apean HOCIiB puOOTHITIB AaHOT KT i 3HAYHO
HIMpIINH, 1, okpiM bankan, Bkimtouae nmiBHiuHO-3axiaHe [IpnuopHomop s Ta Kpum. Hait6inbim
macoBuil pubotun knamu — rbtl. ¥ C. borysthenica 3 okon. c¢. bo6osuii Kyt BusiBieHo e
rbtl. ¥V C. borysthenica 3 o-Ba I'ycsumit pubotunom rbtl npencrasiena oqHa 3 ABOX anenen.
Pubotum rbtl maroTe Bci cexBenoBani Buau C. arenaria agg. (C. arenaria, C. odessana,
C. borysthenica 3 o-Ba I'ycstumii Ta 3 okon. c. booposuii Kyr). Lleii puboTun BHUsBIEHHI
TaKoXK y OankaHchkux momyssiii C. stoebe s. |, ane e 3Haiinenwii y C. stoebe 3 repuropii Ykpainmu.
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Puc. 6. Tlosoxennst C. borysthenica na mosiexyJisipHo-(ijioreHeTHUHOMY JepeBi pubGoTUmiB miapoay
Centaurea B Me:xkax cekuiii Centaurea ta Phrygia 3a simepHoro nociaigoBuictio ITS (BaiieciBebkmii anais,
monesab K2+G). Haspu pudoruni Haseneni 3a Hilpold et al., 2014a. B pamMkax mo3Ha4eHo NOCJIiA0BHOCTI
takcoHiB 3 C. arenaria agg. ta C. stoebe s.l. B qyskkax micjisi HA3BH TAKCOHY BKA3aHO KOJA JOCTYmy ago
opuriHAJBHMIA KO cikBeHCYy (ajiesi — 3 MO3HAYKOW «-al» abo «-a2y), miacekuiio, A0 AKOI HAJEKUTH
HaBejleHa onepamniiiHa Takconomiuna omuuuus (C — Centaurea, P — Phalolepis, Willk — Willkommia, JP —
Phrygia), xon kpainu (st i3019TiB 3 YKpaiHu — CKOpPOYeHHsI 00,1aCTi Ta MYHKT 360pYy), B Iy’KKaX — HOMep
YHiKaJabHOro pudoruny 3 ingexcom «rbt». Ha riikax neHApuTy HaBeJeHa MiATPHMKA KJIaA 32 3HAYEHHAM
nocTepiopHoi iiMoBipHOCTI, Koau Tpyn Ta cyokiaax pudorunis: C — Centaurea group (sect. Centaurea), JP
— Jacea-Phrygia group (sect. Phrygia), ER — Eastern ribotypes (subsect. Centaurea, subsect. Phalolepis),
WR — Western ribotypes (subsect. Willkommia).

* IMigcexuii Centaurea ta Phalolepis cexuii Centaurea 3a cucremoro Hilpold et al. (2014a) BinnosinawTs
niapoaam Acrolophus ta Phalolepis cuctem .M. Jloopouaenoi (1965) Ta J. Dostal (1976).

** ABTOPH BU/IB Ta BHYTPilIHHOBUIOBUX TAKCOHIB, O3HAYEHHUX HA PHC. 5 Ta puc. 6, HaBexeHi y Tadmmi 1.

Fig. 6. The position of C. borysthenica on the molecular phylogenetic tree of ribotypes of the subgenus
Centaurea within the sections Centaurea and Phrygia according to the nuclear ITS sequence (Bayesian
analysis, model K2+G). Ribotype names are given according to Hilpold et al., 2014a. Sequences of taxa
from C. arenaria agg and C. stoebe s.I. are indicated in the frames. and C. stoebe s.l. In parentheses after
the name of the taxon is the accession code or the original sequence code (alleles are marked '*-al" or *'-
a2"), the subsection to which the given operational taxonomic unit belongs (C — Centaurea, P — Phalolepis,
Willk —Willkommia, JP — Phrygia), country code (for isolates from Ukraine — region abbreviation and
collection point), unique ribotype number with index “rbt” in brackets. On the branches of the dendrite,
the support of clades according to the value of the posterior probability, the codes of groups and subclades
of ribotypes are indicated: C - Centaurea group (sect. Centaurea), JP — Jacea-Phrygia group
(sect. Phrygia), ER - Eastern ribotypes (subsect. Centaurea, subsect. Phalolepis), WR — Western ribotypes
(subsect. Willkommia).

* The subsections Centaurea and Phalolepis of the section Centaurea according to the system of Hilpold et
al. (2014a) correspond to the subgenera Acrolophus and Phalolepis of the systems of D. M. Dobrochaeva
(1965) and J. Dostal (1976).

**The authors of the species and intraspecific taxa marked in Fig. 5 and Fig. 6, given in Table 1.

I'pyna pubGotumiB Tak 3BaHOi 0a3anbHOI «TpeOIHKM», IO SIKOT yBIMIIA OHA ajelb
C. borysthenica 3 octpoBa I'ycsiumii, npuTamMaHHa BeIHKil KiTbKOCTI JOKAILHUX IMOIMYJISLIi
pisHuX BHIIB 5K 3 migcekmii Centaurea, Tak i 3 miacekii Phalolepis, mo 3pocrarors B Maiii
Azii Ta 3axinnii, LlenTpanbhiii Ta Cxigaii €pomni. HaliGinemn MacoBuii puboTHI Y I1iH TpyIi
— e rbt13. Bin BusBnenuit y Oimpimocti OTO 6asanbHOi «rpebinku». [Hmmi puboTHu B
OazanbHiii rpymi npeacrasicHi y HesHauHol Kitbkocti OTO, i, iiMoBipHO, € Bapiantamu rbtl3.
PuGotun rbtl3 — me ocHoBHUiIT puboTwH, skuii npeacrasiacuuii y C. stoebe s.l., Ta ogun 3
nBox ocHoBHuX pubotumis C. diffusa — To6To HaibiTeIn MacoBux BuAiB mifcekii Centaurea,
SKi, 0 TOTO  TIOKAa3aJli BUCOKHH 1HBa31MHHMK TMOTEHIIIAJ, 1 B 0aratboX KpaiHaxX BXOJATH JI0
nepeniky HeOe3neyHuX KapaHTHHHUX 00 °€KTIB.

Crocono nocnigoBHocTi ITS repbapnoro 3pazka GLM67657, 3i06panoro y 1996 poi
y 3axigniii €pomi (Germany, Sachsen), nemonosanoi y NCBI six C. borysthenica 3 komxom
noctyny KT249754 [CHoOI, THINES, 2015], TOo pe3ynapTaTé (UIOTEHETHYHOTO aHali3y
OJTHO3HAYHO HE MiATBEP/KYIOTh HAJCKHOCTI JaHoro 3paska ani mo C. borysthenica, ani 10
cekmii Centaurea Bsarami. IlocmimoBuicte «C. borysthenicay KT249754 wuanexuthb
npezacTaBHUKY cekiii Phrygia Pers. (1.38. Jacea-Phrygia group), 6musskoro 1o C. phrygia L.
abo C. pannonica (Heuff) Hayek, sxuii Oy ab0o MOMHIKOBO imeHTH(IKOBaHHIA, abo
MMOMHIJIKOBO E€THKETOBaHMW. BHCHOBOK MiACHUIIOEThCS 1 THM, 1m0 3pazok GLM67657 Oys
3i0panuii manmeko 3a Mexkamu apeany C. borysthenica, sxa BBakaeTbcsi JIOKAIbHHM
yKpaiHChbKUM eHzeMikoM [DOBROCHAEVA, 1965]. Takum uuHOM, (DiIOreHETHUHUH aHai3
saepHoi mocniioBHOCTI I TS mokasye HacTymHe.

[Mo-nepme, 3a cyoknagamu I TS C. borysthenica po3ainsersest Ha ABi TpyNH MOIYJTSIIN:

a) TOMOIUIOIM Ta TeTepOIUIOi MPUIHAMHI 3 OJIHIEIO ANeIITIO 3 CyOKIamu «YKpalHChKi
pudoturm 3y (rbt24 ta rbt27); puboTrnu wiei cyoknam BusBneHi Hapasi oumre y C. borysthenica;
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Puc. 7. Moaeanr BTopuHHOI cTpykTypu ITS1 puéorumis

cyOknagu «YkpaiHceki puGorunu 3» Ta ii

BiIMiHM 32 OKpeMUMH cmipajsMu Bia iHmmx puGoTumiB, BusiBJIeHHX y 3paskiB C.arenaria agg. ta i

riopuais.

Fig. 7. The model of the secondary structure of 1TS1 ribotypes of the subclade ""Ukrainian ribotypes 3"
and its separation by individual helices from other ribotypes found in samples of C. arenaria agg. and its

hybrids.

0) roMorIoinK Ta reTeporuioim 3 MacoBuUM puboTuroM rbtl 3 cyOknamn «bankaHChKi
puboTunN» (BUSABIICHUI Y pi3HKX BUIIB, B T.4. 3 C. arenaria agg.).

[To-mpyre, y rereporuioinnux 3paskiB C. borysthenica apyra anens moxe Oyru
npeAcTaBlieHa ab0 EHJIEMIYHUM PHOOTHIIOM cyOKmaan «YKpaiHchki puboTumu 1» (rbt26),
XapakTepHUM JUIA CXiJHO-YKPAiHCHKMX MEpJIOBUX BOJIOIIOK Ta TMOXIIHUM Bil HHX
riopunorenaum OTO, abo MacoBuM pudoTHIIOM OazanbHOI «rpebinkm» (rbt13), xapakTrepHum
JuIs OaraThox BUiB, BKiIrodaroun C. stoebe s.l. Ta C. diffusa.
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Oo0roBopenns

[Mutanus npo te, un Bxoxuth C. borysthenica B C. arenaria agg., Mae oJHO3HAYHO
MO3UTUBHY BIIIOBI/Ib, OCKUIbKK B Mexax mizncekuii Centaurea ramorun h4 (Tak 3BaHa kiazia
«Ukraine haplotype» 3a HILPOLD et al., 2014a) nputamaHHMii JUIIE BUAAM [[bOTO arperary i
He nputamanuuii C. stoebe s.1.

[Mutanus mpo e, uu € C. borysthenica camocTiiiHUM BUIOM B MEXKax IIbOTO arperary,
4K 11e camocTidamid minsun C. arenaria, mos‘s3aHuii 3 MUTaHHIM MPO crielpiKy puOOTHITIB
ux OTO. Tak, mis C. arenaria ta cnopigaenoro 3 Heto C. odessana xapakTepHO 03HAKOIO €
HasBHICTh MPHUHAHHMI OJHIET aymeni Tak 3BaHOI OankaHChbkoro pubotumy rbtl. Ipu oMy
C. arenaria mae nBi aneni Oankancekoro pubotumy (rbtl rta rbt35), ski Bigpi3HSOTBCS
YHIKaJIbHOIO HamiBKoMreHcaTopHoto 3aminoro 1TS2 140.C>T (hCBC) B Tpertiit cripami 1TS2
(Puc. 8). C. odessana € romormioinom, y sIKOro oOuIBi ajeni mpezctaBieHi pudboTumom rbtl.
SNP ITS2 140.Y, 3a skum C. arenaria impizaserscs Bigx C. odessana, He Mae O3HaK
riopuHOT: mo-nepiie, aBToruioiny 3 pudotunom rbt35 ado amtomnoinu 3 anemtro rbt35 napasi
HE BHUABJCHI; mo-apyre, rbtl Ta rbt35 moTparistors B OJHY MOJEKYISIPHY Kiaay — 0 T.3B.
Oankancekoro pudotuny. Hassuicte y C. arenaria amemi rbt35, ska € moxigHoro Bixg rbtl i
XapaKTepU3yeThCS MYTAII€l0, 10 Ma€ JOCHTh BUCOKMH TakcoHomiunuii cratyc — hCBC —
BinmexxoBye nany OTO Bix C. odessana Ha BUIOBOMY piBHI.

Skmo npunyctuty, mo C. borysthenica e migsumom C. arenaria, o Tpeba ovikyBar,
o il puOOTHUTT TaKOXXK Mae OyTH MPEACTaBICHUM aJleJsiMH, 1[0 HAJIeXKaTh O OaTKaHCHKOI
rpynu puboTHmiB, cnopigHenux 3 rbtl. Tlpore curyanis y Bumaaky C. borysthenica
CKJIaHIIIA.

Tak, nomyssist 3 booposoro Kyra (6aceitn Iurynsis), moaiono o C. odessana, mae
BUKIIOYHO Ibtl, Xxoua MOp(}OIOTIYHO BiAPI3HIETHCSA BiI OCTAHHBOI MCHIIMMH PO3MIpaMHU
CIM‘STHOK Ta KOPOTIIMMHU 4yOkamu. 3a (EHOTHIOM TPEICTABHHUKHU Ili€i MOMyJsiii moope
y3roKyroThes 3 omrcom C. borysthenica, 3a BuHATKOM CBITJIOr0, a HE )OBTYBaTO-0yporo,
3a0apBIIeHHS IEHTAJILHOT TBEPA01 YaCTHHHU NMPHUAATKIB (puUC. 2).

[Momymnsmist 3 okois. cMT. KypmitiBka (puc. 4), posramoBanoi moomausy M. Kam‘sHebke,
Ma€ 30BCiM iHIIMK puboThIl 3 anenasmu rbt24 ta rbt27 3 cyoknaam « Ykpainceki puboThIn 3»,
sKa (DUTOTEHETUYHO BimjajeHa Bim KiIaad OalKaHCHKUX PHOOTHINB 1 HE IMOKA3ye MPSIMOTO
3B‘s13Ky 3 HEUMH. Bixg ommcy C. borysthenica i momyssiiis mpakTHYHO HE BiIpi3HSIETHCS i
MOp¢oJIOTTYHO TI0AI0HA A0 MOMYJIALT 3 OKOIHIlL cena booposuii KyT.

[Momyssist 3 okoymik cena JImcoripku mia 3anopibKKaM 3a MOPO(OJIOTiEr0 TPUIATKIB
Mae O3Haku TiOpuay 3 Hociem mopdotumy Phalolepis, iimosipno — 3 C. appendicata, sxa
3poctana nopyd (puc. 2). O6uasi OTO: C. borysthenica ta C. appendicata — amnormmoinm,
MaroTh OJIHY cX0Xy anens TS, ska npencrasnse puboTun cyOknaan «ykpaiHChKi puOOTUIIN
1», xapaktepHy [uia aBTOIUIOiNiB psany «Gerberianaey», Buniienoro M.B. Kiokosum
[KLokov, 1935] ta JI.M. Jlo6pouaeBoro [DOBROCHAEVA, 1965]. TIpore 3a ramioTHIIOM Ta
APYroro ajeuiio puOOTHIy momyssiii cyrreBo BimpisHsioThes: C. borysthenica mae
ykpaincbkuit ramotun h4 ta amens rbt27 3 cyOkmamm «YkpaiHchbki puOOTHIHN 3», TOMI SIK
C. appendicata — ynikanbHuit rammorun h8 ta anens 3 cyoknaau «YKpaiHChKi pudboTUnn 2»,
xapakTepHy s psaay «Eumargaritaceae Klok.».

IMomynsuist 3 octpoBa ['ycstumit B KaxoBChbKOMY BOJOCXOBMIII 3a MOP(OJIOTIE0
Bifpi3HsieThess Bim omucy C. borysthenica 3a temuHum, Mmaiike YopHHM 3a0apBICHHIM
LEHTPAJIIbHOI TBEP/OT YAaCTMHM MPHJATKIB, IO HAJa€ KOUIMKAM JESKUX PHUC CXOXKOCTI 3
C.odessana ta C. stoebe s.s. (puc. 1-2). JlocnimkeHui eKk3eMIUISp Ii€i mOmyssiii MaB
yKpaiHChKuil rammotun h4 ta pubOTHI ayuTomioiza 3 KOMOIHamier aneneil OalKaHCHKOTO
pubotuny rbtl, xapakreprnoro s C. arenaria agg. Ta MacoBOrO aHATOJIHCHKO-
eBporeiicbkkoro pudotuny rbtl3, xapakrepHoro s Outkiocti aBTorutonoinis 3 C. stoebe s.1.
ta C. diffusa. Tooto ¢genorun ta pudotun C. borysthenica 3 ocrposa I'ycsumit BkazyBanu Ha
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MOXOJKCHHS I[i€T TOMYJISIiT BHACTIIOK Ti0puan3aitii Mix npeacraBHukamu C. arenaria agg. 3
onxHoro 0oky, ta C. stoebe s.l. ado C. diffusa, 3 inmoro. JloHOpOM SHICKITITHHH, BUXOAYH 3

ramwtotury h4, 6yna OTO 3 C. arenaria agg.

SIKimo 3 aHamizy BUKIIOUWTH MOMYJIAMIi, SKi 32 GEeHOTHIIOM Ta 3a pUOOTHIIOM MAaIOTh
O3HAKW PEIeHTHHUX TiOpuiB (ToO6To 3 ocTpoBa 'ycsumii Ta okoymib cena Jlucoripka), TO
MOKHA OKPECIUTH MPaBIONOMIOHNN crieHapii eBosmomiiHoi icropii C. borysthenica Ta

MOSICHUTH 11 MOMYJALIAHY T€TepPOreHHICTh. 3a UM
BHacnifok riopuamsanii OTO, mo Hanexana no C.
C.odessana) 3 «Acrolophus»-moaiOHumM  HOcieM
«YkpalHCcbKi puboTHIIH 3%, SKUH OYB JOHOPOM IMHUIIKY
BOJIOIIIKOIO, TAIUIOTHII SIKOT HEBimoMui. SIK HacIimoOK,

cienapiem C. borysthenica sunmkia
arenaria agg. (MoxJinMBO, OJM3BKOT 0
VHIKQJIBHOTO ~ PUOOTHITY —CYOKIaIH
— TIMOTETUYHOIO MPOTO-AHIIPOBCHKOIO
YTBOPWJIACh AJJIOIJIOIHA MOMYJIALIS 3

ratoTunioM h4 ta xomoOiHamiero «bankancekuit pudotun» (rbtl) + «Yxkpaincbkuii puOOTHIT

3» (tumy rbt27).
Ca CAU A c .
& 3 : A £ Al uCa vCa
vG Helix 3 c6 c6G Yo" G _A G _A
U4 ce cCG VA UG UG
G¢ c6G oG &0 Ua UA
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GV & GC GC G- U U U v
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Puc. 8. Moaeanr BTropunHoi cTtpyktypu ITS2 puGorumiB cyOkiaamm «Ykpaincbki pudotumu 3» Ta ii
BiIMiHM 32 OKpeMUMH cHipajsiMu Bia iHmMX puGoTumis, BusiBJAeHHX y 3paskiB C. arenaria agg. ta i

riopunis.

Fig. 8. The model of the secondary structure of 1TS2 ribotypes of the subclade ""Ukrainian ribotypes 3"
and its separation by separate helices from other ribotypes found in samples of C. arenaria agg. and its

hybrids.
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ABTOTEHETHYHI MpPOIECH B MeXax Ii€l Momynsauii mpu OJAHAKOBOMY BH)KHMBaHHI
TOMO3HMIOTHUX Ta TeTepo3uroTHux 3a I TS HamankiBe mamu chopmyBatu rereporeHny 3a ITS
HOMYJISILI0 3 0COOUH 3 rarioTunoM h4 ta TppoMa BapiaHTaMH PUOOTHITIB: TOMO3HIOT 3 rbtl,
rerepo3urot 3 rbtl+rbt27 ta romosurot 3 rbt27. Po3cenenns BUXiqHOT MOMyIISIil Ta OB sI3aHi
3 HUM QJanTHBHA pajialis Ta Apeid TeHiB Malu NMPHUBECTH 10 PO3MEXKYBAHHS BUXITHOI
MOTYJISAIIT HAa TPU MOXIIHI BapiaHTH 31 CXOKUMH (PEHOTHUIIAMH Ta IIEHTUYHUMU TaIUIOTHIIAMH,
ayle BiqMIHHUMH 3a dactotamu |TS-ameneld pubGoTwmamu, 1o, BJIACHE, 1 CIIOCTEPIra€ThCs
Hapasi.

BapianT 3 nmepeBakaHHSM TOMO3UTOT 3 OaJKaHChKUM puboTurioM rbtl BusiBICHHIA y
MIBJICHHO-3aXiIHI 4YacTWHiI Ha mickax I[Hryners (okos. c¢. boOpomuit Kyrt), Bapiant 3
nepeBaKaHHSIM TOMO3HMIOT 3 TPETIM YKpaiHChbkuM puboTumioM (rbt27 ta rbt24) — va miBHIY Bix
locus classicus — Ha JIHinpoBchkux mickax Outss M. KaMm‘siHChbke (OKOJIHIN CeNUIa MIiChKOTO
tuny KypuniBka). Moo, mooiau3sy locus classicus ciin ouikyBaTH i 3HaXiIOK TPETHOTO
BapiaHTa — 3 KOMOiHaIli€l0 OaJKaHCHKOTO Ta TPEThOro yKpaiHchbkoro puboTumiB. Ha 1e
BKa3ylOTh 3Haxijiku BTopuHHHX riOpumie C. borysthenica moGmu3y 3amopikks: B
riopugorenaux nonynsmisx amens C. borysthenica ma octposi I'ycsiwomy mpeacraBicHa
OankaHchbkuM puboTurioM rbtl, a Ha mpaBoMy Oepesi B okoJHIIX cena KypuiiBka — TpeTim
yKpaiHchkuM pubotumnom rbt27. Tlpote Hapasi TpeTiii BapiaHT iCHYe JIMIIE «HA KIHYHKY
nepay.

Takum uurom, C. arenaria ta C. borysthenica maroTh pi3HY €BOJIOIIIHY iCTOPIFO.
3okpema, C. borysthenica Bunukina sk riopumorenna OTO, me AOHOPOM SHIEKITITHHA
Buctynana OTO, 6mu3bka abo inenTryna o C. arenaria, mpore goHopom muiky oysiaa OTO 3
YHIKaJIbHUM TPETIM yYKpaiHChbKUM pHOOTHIIOM, IKHii He Mae BimHoineHHs g0 C. arenaria agg.
To6to C. borysthenica ne moxe BBakatucs migBuom C. arenaria.

Ani 3a rammorumom, ani 3a pubotmmamu C. borysthenica we memoHcTpye 3
C. stoebe s.l. Hiskoi cropigHeHOCTI, sika O A03BOJIHMJIA PO3MIISIATH TEPIINY y CKIaai IPYroi.
Pisui OTO 3 wmopdorumom C. stoebe wmarote Amnartomiiiceki, ['perpki abo CximHo-
€BpOIEHChKI TalIOTUIN 3 KJIaM, sika B Mexax cekiii Centaurea omHO3HA4YHO BIAMEKOBaHA
Big Kiaad, 10 skoi Hamexwuth ramrotun C. borysthenica. Kpim Toro, y C. stoebe s.l.
ocHoBHMM € rbt13 Ta copigHeni 3 HuM puboTHIN «0a3aapHOI rpedinku», y C. borysthenica —
OankaHChbKi puboTunu Ta «YKpainceki pubotunu 3». Y mexax C. stoebe s.l. puborun rbtl
Manu juire OankaHchkuii engemik C. grisebachii (Nyman) Heldr. (3 rammorumom h30) ta
omuH 3 i3osaTiB C. stoebe 3 Cep6ii (3 rammorumom h32), sixi He moB‘s3ani 3 C. borysthenica
aHl1 3a TalJIOTUIIOM, aHi 33 apeajioM.

Ockinbku Hisiko1 criopigaenocti C. borysthenica 3 C. stoebe ue nmpocrexyeTbes, HeMae
MiZICTaB BBAXKATH MEPIY aH1 TETPAIUIOITHUM, aHi OY/Ib-SKUM 1HIITUM ITUTOTUIIOM OCTaHHBOI.

BucHoBku

1. Centaurea borysthenica € camocTiiHUM BHIOM, IO HAJICKUTH JO arperary
C. arenaria agg. i 3a cucremoro HILPOLD et al. (2014b) Bxomuts mo mimcekiii Centaurea
Lupkym-cepensemHomopenkoi kinaau (CMC-clade) minpony Centaurea.

2. 3a xmopormiactHoo mociigoBHicTio rpl32-trnL mis C. borysthenica xapakrephuit
T.3B. YKpaiHchkuil ramiotun h4, inentuunuit no C. arenaria ta C. odessana, mo BiAmoBigae
pedepentomy cikBency KJ679616 C. arenaria; y mnpezacraBuukis C. stoebe s.l. mei
TarIoTHII BiACYTHIH.

3. 3a spepHoro mocminoHicTio ITS mas C. borysthenica xapakrepHi komOiHarii
anenelt Oankancbkoro pubortuny rbtl (pedepentHmii cikBenc MW383495 C. odessana) ta
Bunocnermdigaoro pudotumy rbt27 (pedepentnmii cikeenc MW383493 C. borysthenica:
anenb 83.C, 458.T) HoBOi cyOknmaaun «YkpaiHcbki pubotunu 3». Lli kombOinamii 3a ITS
MOXYTh OyTH TMpeacTaBlieHi romos3urotamu 3 rbtl, rereposurotamm 3 rbtl+rbt27 ta
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romo3uroramMu 3 tbt27, mpum 1bOMYy TOMO3HMTOTH 3a MOPQOJIOTIEI0 HE BIAPIZHAIOTHCS 1
BiamoBigaroTh onucy C. borysthenica.

4. Centaurea borysthenica e ribpumgoreHHHM BHIOM, Y SIKOTO BUXiJHA MaTepUHCHKA
dopma Hanexana no C. arenaria agg. (IoHOp rarioTuiy Ta OaJKaHCHKOI ajieni puOoTHITY),
BuXinHa OaThKiBChKa (hopma Oyna mpexacraBieHa OTO 3 TpeTiM ykpaiHCBKUM pHOOTHIIOM
(moHOp aneni «YKpaiHChKi pubOTHIIH 35).

5. ¥V C. stoebe s.I. pubortunu cyOkmamu «YkpaiHcbki puOOTHIHM 3» HE BUSBIICHI,
puboTHM OaNKaHCHKOI KJIQAW BiZJOMI JIMIIE y ABOX MPEJICTaBHUKIB 3 Teputopii bankaH, ki,
npote, MaroTh iHmi, HbK C. borysthenica, rammortunu. Takum umuom, C. borysthenica
(GUIOreHeTHYHO  BiAJalieHa Big OyAb-SIKUX ONEpallifHMX TaKCOHOMIYHUX OJIUHHIIh
C. stoebe s.l. i mponosurtiss posrasgati Oyab-ski jgokanbHi momyssiii C. borysthenica sk
terpamioindi nutotunu C. stoebe e momunkoBoro.

6. Centaurea borysthenica 3maTHa yTBOpIOBaTH MDKBHJIOBI TiOpHIX 3 HOCIIMHU
puboTHmiB cyokmaan «YkpaiHnceki pubotunu 1» (30kpema, 3 C. appendicata mincekiii
Phalolepis) ta puGotumy 6a3anpHOi «rpebinku» rbtl3, sxumit B mincekuii Centaurea
xapakrepuuii s C. stoebe s.l. ta C. diffusa.
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