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Momusayus u yenv: HeoOXOOUMBIM 3TanoM JUIS YBEIMYECHHS TPOU3BOJCTBA
CEJIbCKOXO3SIMCTBEHHBIX KOPMOBBIX KYJBTYp C BBICOKUM COJAEP)KaHHEM JIETKO
ycBOsieMOro  Oenka  sIBISIETCS — pacIIMpeHHe  TeHETHYECKOro  pa3HooOpas3us
BO3/ICTIBIBAEMBIX  3€pHOOOOOBBIX KyIbTYP, B YaCTHOCTH XOJIOJIOCTOMKOTO U
ckopocrenoro JironuHa y3komuctaoro (Lupinus angustifolius L.). Y pamuanuoHHbIi
MyTareHe3 — 3TO OAMH U3 caMbIX 3()()EKTUBHBIX METOAOB BHIBEICHHS HOBBIX COPTOB
3epHOO000BBIX  KYJIBTYp C PAa3MYHBIMH [EHHBIMH  CEIbCKOXO3SMCTBEHHBIMH
MPU3HAKAMH, TOCKOJBKY YacTOTa BO3HMKHOBEHHUS CHOHTAHHBIX MYTAIlMH JOBOJBHO
Hu3Kka [1]. B cBs3u ¢ 3TuM U1 pa3paboTKH MPOTOKONIA paIlallMOHHOTO MyTareHesa B
OTHOIICHUH OTEYECTBEHHBIX COPTOB JIIONMHA Y3KOJUCTHOTO HAa TpPUMEpPEe copTa
Benopo3opeiii 144 Obiia TpoBeneHA cepus PagMOOMONIOIMYECKUX SKCIICPUMEHTOB,
(duHaNIbHAS LENIb KOTOPBIX — OMpe/eIeHue ONTUMANBHBIX ISl HHAYKIUN MyTaluil 103
y-u3mydeHus. Takxke 1eNblo paboThl ABJSIIACH OLIEHKA BIUSHUS Y-U3IYUYCHUS B J03aX
25-1200Tp Ha mapameTpbl MPOpacTaHWsl, pPa3BUTHE M AaKTHBHOCTH (pepMEHTOB
AQHTHOKCHUJIAHTHOM cHcTeMbI popocTKoB L. angustifolius ns mpoBenenust psiaa apyrux
(byHIaMEHTaJIbHBIX PaAr00HOIOIHIECKUX UCCIIEIOBAHUH.

Memoowt u ancopummsr: Cyxue ceMeHa 0TEYeCTBEHHOTO COpPTa JFOMMHA Y3KOJIHCTHOTO
Bbenoposzoserit 144 (mobe3no npenocrasnenasie BHUM monuua — dunmman GT'BHY
«DHI] xopmonpou3BoacTBa U arpodkosiorud  uM. B.P. Bunbsmca», 1. bpsiHCK)
o0myyanu B o3ax 25, 50, 100, 200, 400, 800 u 1200 I'p npu mormHOocTH 10361 90 ['p/u
Ha yHUKaIbHOM HayyHOH ycranoBke ['VP-120 (%%Co, BHUHUPAD) B Tpex MOBTOPHOCTSAX
1o 30 cemsiH B KaxxoH. KynbTuBHUpOBaHNE KOHTPOJIBHBIX M OOYYEHHBIX CEMSH JIFOITMHA
Y3KOJIUCTHOTO TMPOBOJWIN B KOHTPOJHPYEMBIX YCIOBHSX KIMMATHYECKOH KaMephbl.
Conepxanne GepMEHTOB aHTHOKCHJIAHTHOW CUCTEMBI () aHAJIM3UPOBAIH IIPH TTOMOIIN
cunektpodoromerpa “NanoDrop OneC”. Cratuctuueckyio o0pabOTKy pe3ylbTaToB
OCYILECTBIISUIM HETapaMEeTPUYECKUMHU METOJaMH B CpeAax MporpamMMmupoBaHus R
(Bepcus 4.2.3) u Python (Bepcus 3.11).

Pe3zynomamur: B3BeweHHBId NPOLEHT NPOPACTaHUS CEMSIH JIIONMUHA Y3KOJMCTHOTO
CTaTUCTHYECKH 3HAYUMO YMEHBIIWICA C yBEIMYEHHEM J03bl. Tak, crarucTudeckas
3HayMMasl pa3HuIa BeigBieHa npu go3ax 50 u 100 I'p u npu no3ax B quanasone ot 400
mo 1200 I'p. C yBenmuueHWEM MO3BI TAK)KE CTATUCTHYCCKH 3HAYUMO YBEITUYIIIOCH
cpeaHee BpeMs MPOPACTaHUS CEMSH MO CPaBHEHHIO C KOHTPOJIBHOH TPYIOH, KpoMme
rpymmsl, obmydeHHoi B go3e 50 I'p. CKOppeKTHpOBaHHBIM WMHICKC OSHEPTHH
MPOPACTAHUS CEMSH I10/]] BIIMSTHUEM raMMa-H3JTyYeHUs] CTATUCTHYECKH 3HAYMMO CHUKCH
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MO0 CpPaBHEHHMIO C pPAaCTEHUSMH B KOHTponbHOW Tpynme. OueHka ¢a3 pa3BUTHS
MIPOPOCTKOB JIFOTIMHA Y3KOJIMCTHOTO Moka3zana, yTo n03bl 800 u 1200 I'p okasamu
HETaTUBHOE BIUSHME KaK Ha CKOPOCTH IIOSIBJIEHHMS] WCTHHHBIX JIMCTHEB, TaK M Ha
criocobnocTh L. angustifolius ux o6pa3oBsiBaTh. B KOHTpOIIE U B rpymnax, 00JyIeHHbIX
B no3ax 50, 100 u 200 I'p, uCTUHHBIC TUCTHS MOSIBUIINCH Ha 24 yaca paHbllie (Ha MSThIC
CYTKH TIpOpacTaHusi), YeM B TpyIIax, o0aydeHHbIX B no3ax 25 u 400 I'p (Ha mectbie
cyTku mipopactanusi). U Ha 48 yacoB paHblie, 9eM B rpymnmnax, o0mydeHHbIX B 103ax 800
n 1200 I'p (Ha ceapmble CYTKM NpopacTaHMs). AHalIW3 MoOKas3aTeledl akTUBHOCTH
(epMEHTOB aHTHOKCUAAHTHOM CUCTEMBI B TKaHSX MEPBbIX HCTUHHBIX JIUCTHEB JIOMHHA
Y3KOJUCTHOIO  IIOKa3aJl CTAaTHUCTHUYECKHM 3HAUYMMOE YBEIMUYCHHE AaKTUBHOCTH
ackop6Oarnepokcunassl (APX) B rpymnmax Bo3aeicTBuys y-u3ny4denus B 103ax 800 u 1200
I'p mo cpaBHeHHIO ¢ KOHTpoJIeM. AKTUBHOCTD Katajias3bl (CAT) Takke CTaTUCTHYECKH
3HaYMMO YBEIMYWIACH B TPyIIax BO3MEHCTBHUS y-m3nydeHus B no3e 50 I'p u B
nuarazone 103 ot 200 mo 1200 I'p. Urto kacaercsi akTHBHOCTH TBAasSKOJIOBOM TIEPOKCH-
nas3el (POX), To mokaszarenb aKTHBHOCTH JJAHHOTO (PePMEHTA CTATHCTHUECKH 3HAYUMO
MOBBIIIEH B TPYMIAX, MOBEPIIINXCS Y-U3JIy4YeHHUIO B AuamnazoHe 103 oT 50 no 1200 I'p.
Taxoke B pe3yspTaTe HKCIIEPUMEHTA BBISIBJICHA 71032 TaMMa-U3Iy4eHUs], BbI3bIBAIOLIAS
50 % ymenbiienue anuabl TunokoTHis (RD50) mis copra benopo3ossriii 144 monuHa
y3konuctHoro. Benmnunna RD50 cocraBuna 770 I'p.

Buvigoowi: Takum o6pazom, mo3sl Beime 400 I'p ams mronmnHA Y3KOJNMHCTHOTO TIPU
pa3paboTKe MPOTOKOJIOB PAJUALMOHHOIO MyTareHe3a OyIyT pacleHUBATbCA Kak
uHruoupytomue. s ganpHEHIINX PaguoOHOIOTHYECKUX HCCIEIOBaHUN PEKOMEH-
JlyeTCsl UCHOJb30BaTh N03bl B quanazoHe ot 100 mo 400 I'p.
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Motivation and Aim: An essential step to increase the production of high-protein easily
digestible forage crops is to expand the genetic diversity of cultivated grain legumes, in
particular, the cold-resistant and fast-ripening narrow-leafed lupine (Lupinus
angustifolius L.). Radiation mutagenesis is one of the most effective methods for
breeding new varieties of grain legumes with various valuable agricultural traits, as the
frequency of spontaneous mutations is quite low [1]. Therefore, a series of
radiobiological experiments was conducted to develop a protocol for radiation
mutagenesis regarding domestic varieties of narrow-leafed lupine, using the
Belorozovyi 144 variety as an example. The ultimate goal was to determine the optimal
doses of gamma radiation for inducing mutations. Additionally, the study aimed to assess
the impact of gamma radiation doses ranging from 25 to 1200 Gy on germination
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parameters, development, and antioxidant enzyme activity of L. angustifolius seedlings
for conducting a series of other fundamental radiobiological research studies.

Methods and Algorithms: Dry seeds of the domestic variety of narrow-leafed lupine,
Belorozovyi 144 (kindly provided by the All-Russian Research Institute of Lupine —
branch of the Federal Scientific Center for Feed Production and Agroecology named
after V.R. Williams, Bryansk) were irradiated at doses of 25, 50, 100, 200, 400, 800, and
1200 Gy with a dose rate of 90 Gy/h on the unique scientific setup GUR-120 (60Co,
VNIIRAER) in three replications of 30 seeds each. Cultivation of control and irradiated
narrow-leafed lupine seeds was carried out under controlled conditions in a climatic
chamber. The content of antioxidant system enzymes was analyzed using a NanoDrop
OneC spectrophotometer. Statistical analysis of the results was performed using non-
parametric methods in programming environments R (version 4.2.3) and Python
(version 3.11).

Results: The weighted percentage of germination of narrow-leafed lupine seeds
significantly decreased with increasing dose. A statistically significant difference was
found at doses of 50 and 100 Gy, as well as at doses ranging from 400 to 1200 Gy.
Additionally, with increasing dose, the average germination time of seeds significantly
increased compared to the control group, except for the group irradiated at 50 Gy. The
corrected seedling energy index under the influence of gamma radiation was
significantly reduced compared to plants in the control group. Assessment of the
development phases of narrow-leafed lupine seedlings showed that doses of 800 and
1200 Gy had a negative impact on the speed of true leaf emergence and the ability of
L. angustifolius to form them. In the control and groups irradiated at doses of 50, 100,
and 200 Gy, true leaves appeared 24 hours earlier (on the fifth day of germination) than
in groups irradiated at doses of 25 and 400 Gy (on the sixth day of germination). They
also appeared 48 hours earlier than in groups irradiated at doses of 800 and 1200 Gy (on
the seventh day of germination). Analysis of the activity of antioxidant system enzymes
in the tissues of the first true leaves of narrow-leafed lupine showed a significant increase
in ascorbate peroxidase (APX) activity in groups exposed to gamma radiation at doses
of 800 and 1200 Gy compared to the control. Catalase (CAT) activity also significantly
increased in groups exposed to gamma radiation at a dose of 50 Gy and in the dose range
from 200 to 1200 Gy. Regarding guaiacol peroxidase (POX) activity, the activity of this
enzyme was significantly increased in groups exposed to gamma radiation in the dose
range from 50 to 1200 Gy. Additionally, the experiment identified the gamma radiation
dose causing a 50 % reduction in hypocotyl length (RD50) for the Belorozovyi 144
variety of narrow-leafed lupine, with the RD50 value being 770 Gy.

Conclusion: Therefore, doses above 400 Gy for narrow-leafed lupine in the development
of radiation mutagenesis protocols will be considered inhibitory. For further
radiobiological studies, it is recommended to use doses in the range of 100 to 400 Gy.
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