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AuHoTamms. B nanHoM uccienoBanun usydeHs! 3 dexTsl nepenoca (MHTporpec-
CHH) B SPOBYIO MSTKYIO IMIICHHIy (parMeHTa XpoMocoMmbl SD OT BuIa 371aKOBBIX
Aegilops tauschii Coss., CBI3aHHOI'O C pa3MepoM KOPHEBO# cucteMbl. MHTporpeccust
MIPUBOIUT K 3HAYUTEIFHOMY YBEIMYECHHUIO JUTMHBI M MAacChl KOpHEW. JlaHHbIN [IeHHbII
arpoOHOMHUYECKHUi MpU3HaK ObLI epeHecéH B sipoBoii copt CaparoBckast 29 (C29), ume-
0L MaJICHbKYIO ¥ C1a0yI0 KOPHEBYIO chcTeMy. [lepeHoc ocyIecTBIEH ¢ TOMOLIBIO
CKpeLIMBaHUs U 0TOOpa Ha 1eIeBOH npu3Hak. Pe3ynbrat oTOopa oka3aics yCHelHbIM,
MOMY4CHHbIC TMHUH OTIMYAIOTCS OOJBIION KOPHEBOH CHCTEMOI M MOT'YT OBITh JJOHO-
pamu OONBIIOro pa3mMepa KOpHeH B celeKuuu. MHTporpeccus 0HOBPEMEHHO OKa3aia
MOJIOKUTENbHBIN 3(dEKT Ha colepKaHWe KICHKOBHHBI B 3€pHE M NPOAYKTHBHOCTD
PACTEHUIA MIIECHUIIBL.
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Summary. Roots are an integral part of the plant organism. This is the main organ
that records the soil water status and transmits signals to the shoot. The architecture of
the root system determines strong rooting of the plant and effective absorption of nutri-
ents and water from the soil. In wheat (Triticum aestivum L., genomic formula
AABBDD), the genes that determine the parameters of the root system are still un-
known. It was shown that synthetic wheats obtained using the species Aegilops tauschii
Coss. have a large root system. The single chromosome substitution line of Chinese
Spring (CS) variety, carrying 5D chromosome from a synthetic wheat has a large root
system. On its basis, recombinant (introgressed) lines were obtained that carry frag-
ments of chromosome 5D of Ae. tauschii and have a large length and weight of roots
(see Fig. 1 and Table 1). The breeding goal of our studies was to transfer this valuable
trait to the spring variety Saratovskaya 29 (S29) with a small root system. In the course
of successive selections form hybrids between S29 and IL 5D-5 line, early maturing
families with a large root system were obtained. Their average root length was 1.4 times
higher than that of S29, and their weight was more than three times greater (see Table
2). At the same time, the lines showed a grain weight per plant two to five times greater
than that of S29 while maintaining the thousand-grain weight at the level of the parent
variety. Most of the lines inherited a high protein and gluten content in grain. The pres-
ence of such a gene in this region of introgression in chromosome 5D was predicted
earlier. One of the lines, along with a powerful root system and high gluten content,
demonstrated excellent physical properties of flour and dough and may be classified as
a strong wheat.

The article contains 1 Figure, 2 Tables, 6 References.

Keywords: introgression, root system, common wheat, productivity, gluten content

Fundings: This work was partially supported by Russian Scientific Foundation (Grant
No 23-26-10046) and Agreement with Novosibirsk Region p-59).

Acknowledgments: The Center for Collective Use of Plant Reproduction of the Insti-
tute of Cytology and Genetics SB RAS (budget project FWNR-2022-0017).

For citation: Pshenichnikova TA, Smirnova OG. Breeding effect of introgression into
chromosome 5D of common wheat (Triticum aestivum L.) from the species Aegilops
tauschii Coss. Vestnik Tomskogo gosudarstvennogo universiteta. Biologiya = Tomsk
State University Journal of Biology. 2025;69:147-152. doi: 10.17223/19988591/69/17

BBeneunne

Kopau — BaxkHelas 4acTh paCTUTENHHOT'0 OPraHN3Ma. ITO OCHOBHOM OpraH,
(UKCHPYIOMHN COCTOSIHAE BOTHOTO PEKMMa IOYBHI M TIEPEIATOIIN CHTHAEI T10-
Oery. ApXUTEKTypa KOPHEBOH CHCTEMBI OIIPENENsIeT IPOIHOE YKOPCHEHHE pac-
TeHUH U 3P PEKTUBHOE MOTIIOMEHIE ITUTATSIIEHBIX BEIIECTB U BOJIBI M3 TTOYBHI [ 1].
VY wsrkoi mmeHunsl (7riticum aestivum L., renomHas popmyna AABBDD,
2n=42, 6x =7), BTOpOH MO 3HAYUMOCTH CEIbCKOXO3IHCTBEHHON KYJIBTYPHI B
MUpe, TCHETHIECKIH KOHTPOJb ATOTO IPH3HAKA OrpaHnYeH WACHTH(UKAINEH B
psjie XpOMOCOM TIICHHUIIBI JIOKYCOB KOJTMYEeCTBEHHBIX Tpru3HaKkoB (QTL), cBsa3aH-
HBIX C Pa3IMYHBIMHA MTApaMeTpaMu KOpHEBOH cucteMsbl [2]. CHHTETHYECKHE TIIIIe-
HUIIBI C aHAJIOTHYHBIM TeKCAIUIONTHBIM TEHOMOM, Tl TOHOPOM TeHoMa D sBis-
FOTCS pas3iaudHbIe 00pasubl Buaa Aegilops tauschii Coss, CAUTAIOTCS BaXKHBIM HC-
TOYHHUKOM YITYUIICHHUS MATKOU MIIEHUIBL. BBIT0 0OTMEUEHO, UTO TAaKHEe CHHTETHKH
HMEIOT OOJBINYI0 KOpHEBYIO cucTeMmy [3]. PaHee Mbl 0OHApYXWMIIH, YTO JIOKYC
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Vrn-1, KOHTPONMPYIONINH SIPOBOM WMITM O3WMBIN THIT Pa3BUTHS, YIACTBYET B TeHeE-
THYECKOM KOHTPOJIE JUITMHBI K MacChl KOpHeW [4]. JlaHHBIA pe3ysibTaT ObLT MOJTy-
YeH C UCIIOJIb30BAHNUEM SIPOBBIX COPTOB — HOCHUTENEH JOMUHAHTHBIX aJlIeieH re-
HOB Vrn-Al w Vrn-Bl, a Takxke TUHUA C HHTPOTPECCUSIMH OT BUAOB-COPOANYICH
MIeHUIB. MBI TakKe MOKa3alid, 9TO WHTPOTPeccHsi XpoMocoMmbl 5D B reHOM
copra Yaitan3z CrnpuHT — MUPOBOM MOJENH JUIS M3yYEHUS TEHOMa IIIEHUIBI —
MIPUBOWT K 3HAYMTEIHHOMY YBEIHMYCHHIO JIUHBI U Macchl KopHer [5]. Llensio
TAHHOTO MCCIIeOBaHUS OBLIO IEPEHECTH IIEHHBI MPU3HAK U3 03UMOro 00pasima
B SIPOBOM POCCHICKHIA COPT U TI0Ka3aTh ero 3 (HEKThI Ha APyTHe arpOHOMUYCCKH
Ba)KHBIC TIOKA3ATEIIH.

MarepuaJibl U METOABI

B pabote ucronp30BaHbl TPU 03UMbIE HHTpOrpeccupoBanHble uanu NJI SD-5,
NI 5D-6 u MJI 5D-10 copra Yaitnuz Crpuar (UC) ¢ MHTpOrpecCHsIMH B paiioHe
rera Vrn-D1 xpomocomsl 5D [6], a Takke CEMBH ISITOrO TOKOJICHHS, TTOTyUeH-
HBIE CKpelnnBaHueM spoBoro copra Capartosckas 29 (C29) ¢ mmuueit UJ1 5D-5.
Ot cembu F5 (WR) momrydeHsl oTOOpOM B TIOCIIEIOBATEIBHBIX TTOKOJICHUSAX Ha
SIPOBOCTH M OOJNBIIYIO KOPHEBYIO CHCTEMY. B KauecTBe M3ydaeMBIX MPH3HAKOB
WCIIONIB30BATIN [UIMHY M CYyXyI0 Maccy KOpHEH. DKCIepUMEHTHI MPOBOAWINA B
YCIIOBUSIX THAPOMOHHON Terumibl MacTtuTyTa nnronornu u renetukun CO PAH.
VYcnoBust BeIpamMBaHusi paCTEHUN U y4ETa IPU3HAKOB omnrcanbl panee [4]. s
Ka)XIIOT0 TeHOTHITa OBUIO BRIPAIICHO MO 6 PACTEHUI B IBYX IIOBTOPHOCTSIX B Te-
YeHUE He MeHee TPEX TEIUTMYHBIX Ce30HOB. J{JIs OLEHKH JOCTOBEPHOCTH OTIIHYHIMA
MEKIY COPTOM-PEIUINEHTOM H JMHUSIMHA C HHTPOT PECCHSIMH NUCTIONB30BAJIH KPH-
tepuit CThIO/IEHTA.

Pe3yabTarhl ncciiefoBaHus U 00Cy:KIeHUE

VYBemueHne pa3mMepa KOPHEBOH CHCTEMBI ObIJIO CBS3aHO C HHTPOTPECCHEH B
paiioH rena Vin-D1 xpoMocoMsl 5D u 03UMBIM 00pa3oM u3Hu JiuHuid UJI 5D-5,
NI 5D-6 u NJI 5D-10. DddeKT 3Toil MHTPOrpecCHH MPOAESMOHCTPHPOBAH Ha
puc. 1 u B Tabn. 1. J[nuna kopHei#t yBennymiiack Ha 8 cM, a Macca — B 45 pas3. Tak
KaK JIMHUH SBJLIFOTCS MPOAYKTOM PEKOMOWHAIIMN MEXIy CHHTETHYCCKOU IIIe-
Huteil 1 coproM YC, TO TakuM ke 00pa3oM BO3MOXEH TEPEHOC 3TOM IICHHOMN
HHTPOTPECCUU B APOBOM copT. [l aToro ObUT Mconb30BaH copt CapaToBcKast
29 (C29) co cimaboii KOPHEBOW CHCTEMOI.

[Tocne ckpermmBanust ¢ nuHEer MJI SD-5 u naTukpaTHOr0 0TOOpa Ha IPOBOCTH
Y pa3Mep KOPHEBOM CUCTEMBI ObLTO mmoirydeHo 15 nmuauit WR. OHu xapakTepu3o-
BaJIMCh Pa3HOOOPa3HeEM IO IaTe IIBETEHHS OT PAHHUX JI0 CPEIHEPAHHUX U ITPOSIB-
TSI pa3HooOpasne Mo UIMHE U Macce KOpHEBOH cucteMbl. [1o Mmopdomormm mx
KOpHEBas cucTeMa Oblla cXOa ¢ KopHeBo# cucremoit simanu NJI SD-5. Ux or-
JIIYAII0 HEOTPaHWIEHHOE BTOPHYHOE BETBICHIE KOPHEH, KOTOpPOE HE IIpeKpalna-
JIOCh JTaKe ITOCTIe IIBETEHUS U CO3peBaHus 3epHa. B Tabi. 2 mpeacTaBieHsl cpel-
HHE 3HAYCHUS ABYX IEJIEBBIX TPU3HAKOB KOPHEBOW CHCTEMEI. [ITHA KOpHEH Tpe-
BBIMIAET Kak 3HadeHne copra C29, Tak U MHTPOrpECCUPOBaHHON JMHUA. Macca
KOpHel ObLIa 3HAUNTEIHHO BEIIIE, YEM y SPOBOTO COPTa, U MPHOIM3UTEIBHO CO-
orBercTBoBaja iuHUM WJI 5D-5.
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Puc. 1. Kopuesast cucrema copra-permnuenra Yaitnuz Crpunr (UC) (1)

u munmnit U1 SD-5 (2), W1 5D-6 (3) u UJ1 5D-10 (4) ¢ uarporpeccusiMu

B xpomocomy 5D ot Aegilops tauschii

[Fig. 1. Root system of the recipient variety Chinese Spring (1) and lines IL 5D-5 (2), IL 5D-6 (3)
and IL 5D-10 (4) with introgression into chromosome 5D from Aegilops tauschii)

Ta6auna 1 [Table 1]
Cpennee 3HaYeHHE JJIMHBI M MACChI KOPHeii Y JIMHMIA MATKO# IMIIEHUIBI ¢ UHTPOrpeccHei
B Xxpomocomy 5D ot Ae. tauschii (1JI) no cpaBHEHHIO ¢ COPTOM-PeLHIIMEHTOM
[Mean root length and weight in bread wheat lines with introgression into chromosome 5D
from Ae. tauschii (IL) compared to the recipient]

I'enoruns! [Genotypes] | nuHa kopHEH, cM [Root length, cm] | Macca kopHei, T [Root weight, g]
WJI 5D-5 [IL 5D-5] 28,0 £ 3,5%** 1,6 £0,4%*
WJI 5D-6 [IL 5D-6] 29,2 £ 2,6%** 1,4 +£0,8%*
WJI 5D-10 [IL 5D-10] 29,7 £ 3,0%** 2,4+0,5%
Ceemnent 21,74£2,3% 0,38 + 0,02

Tpumeuanue. YpOBHH 3HAYMMOCTH corjacHo kputeputo Quinepa: *** — p < 0,001;
** _p<0,01; * p<0,05.
[Note. Significance levels according to Fisher's criterion: *** - p <0.001; ** - p <0.01; * p <0.05].

Ta6nauna 2 [Table 2]
CpenHee 3HaYeHHe NIHHBI U MACChI KOPHEId, COlep:KaHus KJIeHKOBHHbDI,

a TaKyKe KOMIIOHEHTOB ypoxkasi y unuii WR ¢ unTporpeccueii B xpomocomy SD

oT Ae. tauschii u ux poauTebCKuX Gopm

[Average values of root length and weight, gluten content and yield components in lines WR
with introgression into chromosome 5D from Ae. fauschii] and their parental forms

Jnuna xop- | Macca kop- | Macca 3epHa Co;E‘epncaHne Macca 1 000

I'eHOTHIIBI HEeH, cM HEM, T C pacTeHusi, T KHCHK(;BHHH’ 3€peH, T

[Genotypes] [Root length, | [Root weight, | [Grain weight 0 [Thousand
cm] gl per plant, g] [Gluten grain weight, g]

content, %]
C29 [$29] 22,129 | 0,32+0,16 3,5+0,3 30,8 40,4
WJI5D-5 [IL 5D-5*]| 28,0+ 3,5 1,6 0,9 9,0+3,5 41,5+ 1,0 26,1+£2,6
Jluaun
[WR Lines WR] 33,0+£4,5 1,0+0,5 11,7+£2,0 37,5+£23 37,7£2,4

Tpumeuanue. * — sipoBusanus 60 AHEH.
[Note. * - 60 days vernalization].
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[NonoxxuTeTbHBIM, XOTS M HETIPEABUICHHBIM, CIICICTBHEM O0TOOpa Ha pazMep
KOPHEBOH CHCTEMBI OBIJIO 3HAUUTENFHOE YBEIUUICHIE CONEPKAHNS KICHKOBIHBI
B 3epHe (cM. Tabur. 2). OHO TIPEBBICKIIO 3HAYECHHUS 000uX poauTeneld. Taxxke mo-
JIOKATEITFHBIM M IIEHHBIM CBOHCTBOM HHTPOT'PECCHU CTAJI0 3HAUYUTEIHLHOE CPEl-
HEe yBENWYEHWE MPOAyKTUBHOCTH JinHMKM WR. ¥V HEHX yBenmunummace cpemHsist
Macca 3epHa ¢ pacTeHus Oojee ueM B 3 pasa 1o CpaBHEHHIO C SPOBBEIM COPTOM
C29 (cM. tabu. 2). IIpu atom cpemasis macca 1 000 3€peH Oblia commocTaBUMa C
coprom C29, KOTOPEIH XapaKTepU3yeTcsl COXpaHEHNEM ITOTO MMPU3HAKA B Pa3Iy-
HBIX YCIIOBUSX.

3akiroueHne

[NomydenHsle B pe3ynbTaTe SKCIIEPIMEHTA PE3YIBTATHI TO3BOIISTIOT TOBOPUTH
0 TepeHoce u3 Buaa Ae. tauschii CENEKIIMOHHO-IIEHHBIX T€HOB, KOTOPBIE YBEIIH-
YHBAIOT Pa3Mepbl KOPHEBOH CHCTEMBI M OMHOBPEMEHHO YIIYUIIAIOT TaKHUEe arpo-
HOMUYECKHE Ba)KHBIE MPU3HAKH, KaK MPOAYKTUBHOCTD PACTEHIS M COACPKaHHE
KIICHKOBHHBI B 3€pHE.
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