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HACJIETOBAHUE MAPKEPHBIX IPU3BHAKOB ¥
PACTEHUM LINUM HUMILE MILL.

A.B. Turosa, A.!. Copoka, B.U. JleBuenko, T.A. Tapanen

Hnemumym macauunvix kynomyp HAAH

B cTtaTtbe npuBOAMTCA oOnucaHMe xapakTepa HacregoBaHUsi HEKOTOPbIX
MapKepHbIX NMPU3HAKOB B nokoneHusax Fi un F2 MyTaHTHbIX NUHUMA NbHa,
MONy4YeHHbIX NoA BUSIHUEM pa3HbIX XMMUYECKUX MyTareHoB Y AIBYX COPTOB
NibHa MacnuyHoro — Aicbepr n ConHeuyHbin. MoaTBepKAeH AOMUHAHTHbLIN
MOHOTreHHbIM TUN HacnefoBaHUA MyTaLUM «3UrsaroobpasHbiii cTebenby» y
nuHun MC-22. MoAaTtBepKAeHO, YTO OKpacka CeMsiH JibHa KOHTponupyeTtcs
MNOJSINFeHHO U HacrnegyeTcs NO TUNY AOMMHAHTHOrO anucTasa. YCTaHOBNEHO,
YTO KOpUYHEBasA OKpacKa CeMsAH AOMMUHUpPYET Hapj XeNToM M ropynyHom, a
)enTas oKpacka iBNsieTcs peLeCCUBHON NO OTHOLUEHUIO K FOPUYMYHON.

Kntouesvie cnoea: nen, noxonenue F,, mokonenue F,, pacmerienne, mMapKepHbIi
MpU3HaK, MyTaHTHas JIMHUS, XapakTep HACleAOBaHUS, OKpacka CEMEHH,
3Ur3aroo0pasHbIi cTeOelb.

Beedenue. B mocnenHee BpeMs B IPAKTHYECKOW CENEKIMHM MHOTHUX
CEITbCKOXO3UCTBEHHBIX KYJIBTYp Hapsay ¢ THOpuam3anield U oroopom BcE Oodbliee
3Ha4YeHUE MpHOOpeTaeT METOJl MHIIyITUPOBAHHOTO MyTareHesa, ¢ MoMOIIbI0 KOTOPOTO B
Mupe co3gaHo MHoxecTBO copToB. (Kharkwal et al. 2004; Bahadur et al. 2015).
Wcnonb3ys MHIYIMPOBAHHBIA MyTarcHe3 MOXHO 3HAYUTEIBHO PACIIMPHTh PaMKH
CENIEKIIMOHHOTO TPOIlecca, IOCTPOSHHOTO Ha CIIOHTAHHBIX MYyTalMsX. 3aladeit
MHIyIIHIPOBAHHOI'O MyTareHesa sBJsIeTCs YBEIMUYCHUE YaCTOThI MOSIBJICHUS PACTEHUH C
YAYYIICHHBIMA TMPHU3HAKAMH M TIONy4eHHE HAa WX OCHOBE HOBBIX IEPCIEKTUBHBIX
coproB. Takue W3MEHEHUS U YIY4IICHHS MOTYT MOSBISATBCA dYepe3 TMpsSMoe
UCIOJIb30BaHUE (PM3MYECKOr0 MM XHMHUYECKOro MyTareHesa, WM HempsMoe
UCIIOJIb30BAHUE MYTAHTHOW JIMHUH WM THOpHIA B KAYeCTBE POJUTEIHCKUX (HOPM MpH
CKpelMBaHUsX. BOJIBIIMHCTBO 3apyOSKHBIX YUCHBIX COBETYET HCIOIb30BATh MYyTAHThI
B Ka4eCTBE POAUTEIHLCKUX KOMITOHEHTOB TpH ckpemuBanusax (Kharkwal et al. 2001).

W3ydeHue HaclenoBaHHs MAapKEpPHBIX MPU3HAKOB JIbHA  MACIUYHOIO
MPEACTABIIACT MHTEPEC KaK JJIi TEOPCTHYECKUX OOOOIIECHUM, TaKk WU JUIS PELICHHS
MPAKTHYECKUX 3a]a4, MOCKOJIbKY Pe3yJIbTATUBHOCTh MCHETHYECKON U CEeNeKIIMOHHOM
paboTel B OOJBIION CTEMEHH OMPENENseTCs MOTHOTOH WH(POPMAIIUK O TEHETHIECKOM
koHTpoie npuszHakos (Lyakh et al. 2009).

Onmnako B JUTepaType HCCIENOBAaHMN TI0 H3YYEHHIO HacJeOBaHUS
MOP(OIOTHIECKAX TPU3HAKOB JIbHA MACIMYHOTO BCTPEYAETCS OYCHb Mayo. YUeHBIC,
M3yYaBIIMEe JICH B PA3jMYHBIX CTPaHAX, HE CMOIJH COOpaTh B CBOMX KOJUICKIIHSX
JOCTaTOYHOE MHOrooOpasue NpU3HAKOB. Bcero k HacrosiiemMy BpEMEHU OMNHMCaHO
okosio 130 reHOB IbHA, TOYTH TIIOJOBUHA KOTOPBIX KOHTPOIUPYET IIPOSBICHUE
okpackd u (popMbl YacTeid BeTKa M ceMsiH. K coxkaneHuto, TeCTbl Ha aJlleu3M MEXITy
HUMHU HHMKOT/Ia HE MPOBOIMIIM M Ceiiyac HEBO3MOXKHO CKa3aTh, CKOJIBKO YHHUKAJIbHBIX
reHoB uaeHTU(UIUpoBaHo. M3ydeHue HacieqoBaHHs OOJBIIMHCTBA XO3SHCTBEHHO
LEHHBIX MPU3HAKOB, KPOME YCTOMYMBOCTH K HEKOTOPHIM OOJIE3HSM, BBISBUIIO TOJIBKO
MOJIMTeHHBIM Tun HacienoBanus (Arny 1936; Keijzer, Metz. 1993, Rowland, Wilen
1998; Brach 2007; Porokhovinova 2012).
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Taxk, E. Tejklova (2002) npu 00paboTKe ABYX JHMHMIA JbHAa MyTareHoM OMC
MOJIy4yMJia MYTallMI0 THIA «3UI3aroo0pa3Hblil cTeOenb». ['eHeTHYecKkHit aHaamu3
MYTaHTHBIX JITHUWA TIOKa3aJl MOHOTGHHOE HACIlIeIOBaHUE M3MEHEHHON (OopMBI CTEOISI.
AlTenb MyTallMu «3Ur3aroo0pa3Hblil crebenb» JOMHHUPYET Hall aiieleM JHKOTrO
THTA, OMPEIENSIONIero credelb NPSMOro THIA. | OMO3HTOTHBIE MYTAHTBI HUMEIOT
3Ur3arooOpasHblil  (BeIOMIMIICS) cTebellb, TeTepO3UTOTHBIC PACTCHUS COTHYTHIC, a
cre0eIb TOMO3HTOTHBIX PEIECCHBHBIX PACTEHHI — MPSIMOH.

Kpome wu3MeHEHHO#H CTPYKTYyphl cTeONsl, YETKHM MapKEpHBIM IPH3HAKOM
SIBJIAETCSI OKpacka CeMsH. JTOT MPHU3HAK YK€ BBEACH B PsAJ KOMMEPUYECKHUX COPTOB
JaHHOW KyNbTyphL. [lepBbie paboThl 10 U3YyYEHUIO TEHETHYECKOTO KOHTPOJSI OKPAaCKH
ceMsiH ObUIM ONMyONHMKOBAaHBI B Hawane pa3BuTHa reHetmku T. Tammes (1928).
Bonpuioit Bkiag B u3y4yeHHe XapaKkTepa HACIeqOBaHUS OKPAacKU CeMsiH ObLI cienaH B
paborax F.Plonka (1971), J. Dubois ¢ coast. (1979), O. Mittapali u G. Rowland
(2003), xoTopble TPOBENM TCHETUYECKHH aHamnm3 O TEHOB OKPAaCKH CEMSH.
JlanbHeiiiiee pa3BuTre 3TOT Bopoc nonyumi B padore B.O. Jlsxa ¢ coasr. (2008). B
pabore E.A TlopoxoBunosuii (2012) 6bu1 onmcan psin reHoB (reH s/, TeH sfbsl, reH
pbc3, reH pbcl, TeH fe u p.), KOTOPBIC OMPENSISIFOT OKPACKY CEMSH M THIIOKOTHIS, U
HMMEIOT IIJICHOTPOHOE ACHCTBHE.

Lenpto maHHON paboOTHI OBLIO M3Y4YWTh XapaKTep HACIEIOBaHHUS HEKOTOPHIX
MapKepHBIX MPU3HAKOB Y MYTAHTHBIX JIMHUH JIbHA, MTOMYYEHHBIX MOJI BIUSHUEM HOBBIX
1 KJIACCUYECKHX XMMHUYECKIUX MyTareHoB.

Mamepuanet u memoovl ucciedoganusa. B ornene TeHETUKH U
OouorexHonmoruH MHCTHTYyTa MACIMYHBIX KYJIBTYp JJS TIONYYEHHS MYTaHTHOTO
HCXOIHOr0 MaTepuaja ObUIM HCIoNb30BaHbl HOBbIC (-2, AI-6, AI'-7 u AI'-9) u
knaccuueckue (JIMC u OMC) xummndeckue mytarenbl. Myrarensl cepun I ansorcst
MPOU3BOJHBIMH JUMETHICYIb(aTa. B Hammx ompITax HCMOIb30BaIM HEKOTOPHIE W3
wux (A-2, Ar-6, Ar-7, AI'-9), mob6e3no npenocrasicHubie [1.I. JlyabHeBbIM, —
coTpynHukoM MHcTHTyTa OHoopranmyeckoi xumun U Heprexumun HAH Vkpaunsl. B
paboTre UCIoNb30BAIN JiBa COpTa JibHAa MacauuHoro — Aficoepr u Conneunsrii. Copt
AiicOepr co3maH METOIOM HHIYIUPOBAHHOTO MyTareHe3a MyTéM oOpaboTKH raMma-
nydyamu cemsH copta llman B HuctuTyTe Macnmunbix kynetyp (MMK) HAAH
VYxpaunsl. JlaHHbIA cOpT UMeeT Oelbie JIENEeCTKH, KPEMOBBIE MBUTbHUKA U KOPHYHEBYIO
okpacky cemsiH. Copt ConHeuHBIH, ceneKuuu MHCTUTYTa T€HEeTHKH U IIUTONOTHUU
HAH bemapycu, ornumdaercsi HU3KHUM coaepkanueM (MeHee 2 %) JTMHOJIEHOBOM
KACHOTHL. Y copra ColHEeYHBIH IIBETKH TONyOble C (PUOIETOBBIM OTTEHKOM, TONyObIe
MBUTBHUKY M JKENTasi OKpacka CeMsIH.

Jlnst u3ydeHus: xapakrepa HaclleOBaHUs MapKEPHBIX MPU3HAKOB HAMU OBUIH
MPOBENICHBI CKPEHIMBAaHUS TIONyYEHHBIX MYTAaHTHBIX JIMHUA MEXIy cO00H U ¢
KOHTPOJBHBIMU OOpa3iamu. M3yuanu Takue MpuU3HaKW KakK 3Ur3aroo0pasHblil cTeOernb
U OKpacka ceMmsH. ['mOpuaHbie cemeHa F; BbiceBaJIM Ha TIOJNEBBIX y4YacTKax JUist
mosy4yeHus ciexaytomero mnokonenus. B F, mpoBogmnu ananus pacuieniieHust 1o
yKa3aHHBIM TpH3HaKaM. JOCTOBEPHOCTh COOTBETCTBUS (DAKTHUECKHX JIAHHBIX
TEOPETHUECKUM MOJIENAM OLIEHUBAIIH 110 KPUTEPUIO XU-KBaApaT.

Pe3ynomamel uccinedosanuit u ux oocyycoenue. Ilpu o0paboTKe MyTarecHOM
OMC B xonuentpammu 0,5 % y copra CoiaHeuHBIH MolyyeHa MyTanTHag JuHusg MC-
22, KoTopasi HeceT B ce0c MYTAallMI0 M3MEHEHHS CTPYKTYpBI CTeOJis, B pe3yibTare
KOTOpOH cTebenb MmprodpeTaeT 3ursaro-aeopMupoBanHow0 ¢Gopmy. M3 Tadmuisr 1
BHUJIHO, YTO TpH CKpemnBaHuM JUHUU MC-22 ¢ KOHTpPOJEM BCE pacTEHHUS HMEIH
3ur3aroodpasublii credens, a B F pacuieruienue nmo ¢peHotuny ObUIO B COOTHOIICHUH 3
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pacteHHs C 3HMr3arooOpasHeiM crebiaeM u 1 pacTeHHe ¢ TpsSAMBIM cTebiieM. JTo
CBUJICTCILCTBYET O TOM, 4YTO MYTaHTHLIﬁ aAJUICIb JOMHUHUPYET Haa aJlJICJIEM IIPAMOIO
cTebmns. TakuMm 00pa3oM, HCCIICAOBAHHBIA MapKEPHBIH IMPU3HAK 3MI3aroo0pa3Horo
CTeONIsl ompenensercs HallMdueM OJHOrO T'eHa, HACIeAyeTcsi MOHOTEHHO W HOCUT
JOMHUHAHTHBIN XapakTep.

Tabauua 1
HacnenoBanue MyTaluM CTPYKTYPBI €cTe0JIs1 y IbHA MACTHYHOTO

B dakTHyeckoe M
KomOunaumsa | ®eHorunm cero . pacuierniesue B F, oneie 5
pacTeHuH, paciuen- X
CKpeIMBAHUS F, e MYTaHT- | HOpMANb- | =
’ HBIE HBIE
3ursaro-
MC-22 > asmmiit | 306 236 70 31 | 074
Koutpomns creGens
KO;‘/ITS?;; x w 156 120 36 31 | 031

[Ipumeuanmue: X205=3,84

Kpome Toro, B pesyiabTare oOpaOOTKM JibHAa MACIUYHOIO XUMHYECKUMHU
MyTareHaMH y KeNTOCEeMsTHHOTo copTa CONHEeUHBI OBUIM BBIJIETICHBI MYTAHTHI, Y
KOTOPBIX OKpacka CeMsIH MEHsUIach Ha KOPUYHEBYIO, TOPUYUYHYIO U NECTpyro. JlaHHbIE
MapKepHble MpPHU3HAKH, KPOME TECTPOl OKpacKh CEeMsSH, YeTKO HaCIeJOBaJIUCh B
CJIEIYIOUIEM ITOKOJIEHUH.

W3 Tabmuupel 2 BUAHO, YTO TPU CKPEIIMBAHHUM JKEITOCEMSIHHOTO COpTa
ConHeYHbIN ¢ TUHHUAMH, TOJYYEeHHBIMHA TPU 00pabOTKE XMMUYECKHMMH MYyTareHaMH,
KOTOpbIE MMEIOT KOPUYHEBYIO OKpacky cemsH (MC-4 u MC-32), y rubpunos F,
JOMUHUPOBaa KOPUYHEBash OKpacka ceMsH, a B F, HaOmronanu pacieruienue 12:3:1,
rae 12/16 — pacTeHus: ¢ KOpUYHEBBIMU ceMeHamH, 3/16 — ¢ ropunvnumu u 1/16 — ¢
KENTHIMU.

[Ipu ckpemuBannu auHIM MC-16 ¢ TopunYHON OKPacKOW CeMsH ¢ KOHTPOJIeM
B F| noMuHupoBaa ropunvHas okpacka ceMsiH, a B F, Beigensioch 2 () eHOTHITHYECKIX
KJIacca: ¢ TOPUMYHOM U JKEITON OKPacKOW CeMsSH B COOTHoIeHnH 3:1.

KopuuneBast okpacka cemsH iuHnu MC-4 noMuHHpoOBasia HaJ TOPYMYHOU
OKpackol, cBoiicrBeHHOi JwmHUE MC-16, a B F, HaOmogamu pacmervieHue B
cooTHoIIeHnH 3 (kopudHeBast) K 1 (ropundHas okpacka).

[lonBoas mTOr pe3ynbTaTOB HMCCIENOBaHUS paciueruieHuid B F, mo mpusHaky
OKpacKd CeMSH, MOXKHO CJenaTh BBIBOJ, YTO HMEET MECTO B3aUMOJIEHCTBHE
HEaJUICNIbHBIX TEHOB, KOTOpPOE B OOJBIIMHCTBE CIy4aeB IPOUCXOMUT TIO THILY
JOMHUHAHTHOTO AMHCTa3a. B pe3ynprare BhinenseTcs ABa TUIIA OKPACKU — KOpUYHeBas,
Y TOPYUYHASL.

U3BecTHO, YTO MpHU3HAK OKPACKHW CEMSH CIIEIJIEH C OKPAacKOH JIeTecTKOB
BEHYMKA. BOJBIIMHCTBO 00pa3loB JibHA C TONYyOOi OKpPACKOW JIEMECTKOB BEHUYMKA
UMEET TEMHYIO OKPAacKy CeMsH, a pPacTeHUs C OeI0i OKPacKO JIETTeCTKOB — CBETIYIO.

B pesynprate o0OpabOTKHM CEMSH JIbHa XMMHYSCKMMH MyTarceHaMHd HaMu
pacCIIMpPEeH CIEKTp JUHHUH, TPOM3BOAHBIX OT copToB Alicoepr u CONHEUYHBIH,
Pa3IMYAONIMXCS 110 OKPAcKe CEMSH | IIBETKOB. Tak, cpein 0eno- 1 po30BOIBETKOBBIX
JUHAN, KPOME JKENTOH OKpAacKH CeMsH, OBUIM BBIICNEHBI 00pas3ibl ¢ TOPYHMYHON
OKpACKOM M pa3HOro THIA MECTPBIMU CEMEHAMHU.
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Tabauna 2
HacnenoBanue OKpacky ceMsiH Y MyTAHTOB JIbHA MACTHYHOI0

deHotun Bcero daxTHyeckoe Mognens
Poxurenu T'ubpuab pacr., pacliernseHue pacien- Xz
IT. BF JIeHUA
P, P, Fo Fy ’ o F,
MC-4 K N — (164) xopuunesas:
KOpHY- P P 226 | (45) ropunyHas: 12:3:1 0,93
KenTast HeBast HeBast
HeBas (17) xentas
K MC-4 — (326) xopuuHeBas:
KOpUY- | KenTas P 435 | (79) ropunyHas: 12:3:1 0,37
Kenrast HeBast
HeBast (30) xenTas
MC-32 K U — (227) xopuyHeBas:
KOpHY- P P 310 | (62) ropunuHas: 12:3:1 0,52
KenTast HeBast HeBast
HeBas (21) xentas
K MC-32 — (143) xopuyneBas:
KOpUY- | KenTas P 189 | (37) ropunyHas: 12:3:1 0,75
KenTast HeBast
HeBast (9) xenras
MC-16
K ropud- | ropyu- (135) ropununast: )
ro§2;m- KemTast YHast YHast 185 (50) xenras 31 0.41
;\Acq-ljf Ii\/lcp::_ ropud- | KOpHY- 178 (130) xopuunesas: 31 037
OpHIHH- op YyHas HeBast (48) ropunyHas: ' ’
Hast HeBast

HpHMeanHe: X205 df=1 :3,84; XZ()5 df:2:5,99

Bvisoowt

ITonTBEepxka€H NOMHUHAHTHBIA MOHOTE€HHBIM THIl HAcJeOBaHUS IpPU3HAKA
3ur3aroodpasublii crebens y tnann MC-22.

IToaTBEepxAE€HO, YTO OKpacka CEMSH JbHAa KOHTPOJIUPYETCA TOJUTEHHO U B
pAnie cay4daeB MPOUCXOAUT MO TUITY JOMUHAHTHOTO AIKCTa3a.

Y CTaHOBJIEHO, YTO KOPUYHEBAas OKpAacKa CEMSIH JIOMHHHUPYET Haj KEITOW M
FOPYMYHOM, a JKeNTasi OKpackKa sIBJISIETCS PELECCUBHOM 110 OTHOLIEHUIO K TOPYNYHOM.
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YCHHAAKYBAHHSA MAPKEPHUX O3HAK
Y POCJIUH LINUM HUMILE MILL.

A.B. Tirosa, A.l. Copoka, B.1. JleBuenko, T.A. Tapanen

Inemumym onitinux kynemyp HAAH

Y cTaTTi HAaBOAUTLCA ONUC XapaKTepy ycnaaKyBaHHS AEAKAX MapKepHUX
o3HaK B nokoniHHAx F1 i F2 y MyTaHTHUX niHin nNbOHy, oTpumaHux nig
BMNSIMBOM PIi3HMX XiMiYHUX MyTareHiB y ABOX COpPTIB FIbOHY OfiMHOro -
Anc6epr i CoHa4yHun. [liaTBepAKEeHO AOMIHAHTHUA MOHOFeHHWN Tun
ycnagKyBaHHA  MyTauii  «3ursaronopi6bHe crte6no» y niHii  MC-22.
MiaTBepAXKeHO, WO 3a6apBnNeHHA HaCiHHA NbOHY KOHTPOMKETLCA NOSireHHO
i BipOyBaeTbcA 3a TMMOM [AoMiHaHTHoro enictasy. BcTaHoBneHo, wWo
KOpU4YHeBe 3abapBneHHA HaciHHA AOMIHYE Hah XXOBTUM i FipYU4HUM, a
XXOBTe 3a6apBreHHs € peLleCUBHMM MO BigHOLIEHHIO A0 FMpPYMYHOro.

Knrouoei crosa: nboH, nokoininHs Fy, mokoninus F,, po3iienieHHs, MapKepHa 03HaKa,
MyTaHTHa JIiHiS, XapaKTep YCIaJIKyBaHHs, 3a0apBIICHHS HACIHHS, 3WI3aromnojioHe
cTedIIo.

INHERITANCE OF MARKER CHARACTERISTICS
IN LINUM HUMILE MILL. PLANTS

A.V. Tigova, A.L. Soroka, V.I. Levchenko, T.A. Taranets
Institute of Oilseed Crops NAAS

Nowadays for the practical breeding of many agricultural crops, along
with hybridization and selection the method of induced mutagenesis is
used. It is becoming increasingly important in the modern world and
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contributed already to developing many new varieties. Using induced
mutagenesis one can significantly expand the scope of the conventional
breeding process based on spontaneous mutations. The task of induced
mutagenesis is to increase the frequency of appearance of plants with
improved traits and to obtain on their basis new promising varieties. Such
changes and improvements can appear through the direct use of physical or
chemical mutagenesis, or the indirect use of a mutant line or hybrid as a
parental component in crosses. Most foreign scientists tend to advise using
mutant accessions as parental samples for crosses.

However, information of the inheritance of the morphological
characteristics in oil flax is very limited. Scientists, who studied flax in
different countries, could not collect in their collections a sufficient variety
of traits. Altogether, about 130 genes in flax have been described, almost
half of which being responsible for the manifestation of the color and shape
of flower and seed. Unfortunately, tests for allelism between them have
never been performed and it is now impossible to say how many unique
genes have been identified. The study of the inheritance of most of the
economically valuable traits, except for resistance to certain diseases,
revealed only a polygenic type of inheritance.

The aim of this work was to study the nature of the inheritance of
some marker traits in the mutant flax lines obtained under the influence of
new and classical chemical mutagens. In the department of Genetics and
Biotechnology of the Institute of Oilseed Crops NAAS there were used new
(DG-2, DG-6, DG-7, and DG-9) and classical (DMS and EMS) chemical
mutagens to obtain the mutant donor material. Mutagens of DG series are
derivatives of dimethyl sulfate. In the current work two varieties of oil flax —
Iceberg and Solnechny — were used.

To study the nature of inheritance of marker traits, we carried out
crosses of the obtained mutant lines between themselves and with the
control samples. We studied such traits as zigzag stem and seed color. F4
hybrid seeds were sown in the field for the next generation. In the F;
segregation analysis was performed. The reliability of the correspondence
of the actual data with the theoretical models was evaluated by the xz-test.

It was confirmed the dominant monogenic type of inheritance of the
zigzag stem mutation in the MC-22 line. It was confirmed that the color of
flax seeds is controlled polygenically and occurs according to the type of
dominant epistasis. It was established that the brown color of seeds
dominates over yellow and mustard color, and yellow color is recessive with
respect to mustard color.

Key words: flax, F, generation, F, generation, segregation, marker trait, mutant line,
inheritance pattern, seed color, zigzag stem.
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