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Annotammsi. Cosi — 1[eHHass OEITKOBO-MAaciIWYHAs KyJbTypa, Jarolias BBHICOKOKAYECTBEHHBIM OCNOK M pacTHTeNbHOE Macio. Ha
XUMHUYECKUIH COCTaB CEMSIH BIMSIOT YCIOBHSI OKPYIKAIOIIEH Cpebl, a HeONaronpusTHbIC H3MEHEHHUsI YCIOBHII MOTYT MOBJIHATH M Ha
COJIepIKaHKe 3aMacHbBIX OCJIKOB CeMsIH U UX cooTHouIeHHe. [leb paboThl — MpoBecTH qu3aiiH mpaiiMepoB K JIOKycaM TITHIHHUHOB U [3-
koHDMIMHAHOB con (GY1-3, GY4-5, CG1,3-4), hakropoB TpaHCKpUIIUH, BiustonmxX Ha ux HakoruieHue (LEC1-A, LEC1-B, LEC2,
ABI3-1, ABI3-2 u FUSCA3) u reHos-mapkepoB ctpecca (MKK3, MPK6, CAT, MAPK7, MAPK1/2). Bemomuero in silico
MOJIeTIMPOBaHKE Map MpaiMepoB C ONpeIeIeHHBIMU TapaMeTpaMH (IJIMHA IPOIYKTa, TEMIIepaTyphl OTKUIa U IUIABJICHNS ), aHAIN3 Ha
npenMer o0pa3oBaHUs BTOPUYHBIX CTPYKTYpP M IPOBEpKa CHEHU(PUUHOCTH WX CBSI3BIBAHUS C IEJIEBBHIMU IOCIEIOBATEILHOCTIMU.
TlokazaHo, 4TO MOJy4IEHHBIE IPaiiMepPhl COOTBETCTBYIOT TPEOOBAHUSIM CIICHU(MUIHOCTH U He 00Pa30BBIBAIOT CTAOHIBHBIE BTOPUYHBIC
CTPYKTYpHI B ycnoBusix [IL[P. VX MoskHO OyZeT MCI0JIb30BaTh B UCCIIEJOBAHNH SKCIIPECCHH ITUX T'eHOB MeTotoM KITLP miis n3yuenus
OTBETa PACTCHHII COU Ha TaKue abHoTHIecKre (GaKTOPbI CPEIbl, KaK 3aCyXa U 3aCOJICHHE, a TAKXKE AJISI M3y IeHHS HAKOTUICHUSI OCHOBHBIX
3aMacHbIX OEJIKOB CEMSTH COU B 3THX CTPECCOBBIX YCIOBUSAX.

KaroueBble cjioBa: cosi, aOMOTHYECKHIA CTpece, dKcrpeccus reHoB, KIIL[P B peaqbHOM BpeMeHH, 3amacHbie OCNKN CEMSH.
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Abstract. Soybean is a valuable protein-oilseed crop producing high-quality protein and vegetable oil. The chemical composition of
seeds is influenced by environmental conditions, and adverse changes in these conditions can also affect the content of seed storage
proteins and their ratios. The aim of this study was to design primers for soybean glycinin and B-conglycinin loci (GY1-3, GY4-5,
CG1,3-4), transcription factors affecting their accumulation (LEC1-A, LEC1-B, LEC2, ABI3-1, ABI3-2, and FUSCA3), and stress
marker genes (MKK3, MPK6, CAT, MAPK7, and MAPK1/2). In silico modeling of primer pairs with specific parameters (product
length, annealing and melting temperatures) was performed, secondary structure formation was analyzed, and the specificity of their
binding to target sequences was tested. The resulting primers were shown to meet specificity requirements and do not form stable
secondary structures under PCR conditions. They can be used to study the expression of these genes using qPCR to investigate the
response of soybean plants to abiotic environmental factors such as drought and salinity, as well as to study the accumulation of
essential storage proteins in soybean seeds under these stressful conditions.
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1. BBenenue

Cos — monymnsipHass O€KOBO-MaCIMYHAs KyJIbTypa, UMEET MIUPOKHHA CHEKTp MpPUMEHEHHS.
W3BecTHO, 4TO copepxkaHue Oellka B CeMEHaxX COHM 3aBHUCHT HE TOJILKO OT T€HOTHIIA COPTa, HO U OT
palioHa BO3JENBIBaHMS KYJIbTYpbl M BIHsSHUS Kiaumarta [1]. ['mobGanmpHOE HM3MEHEHHE KiIMMaTta
BBI3BIBACT TaKWE MPOOJIEMBI, KaK 3aCOJICHHE MOYB M 3aCyXa, YTO HAKJIAbIBACT JTOMOJHUTEIbHBIE
OTpaHUYCHHs] HAa MPOHU3BOICTBO cou [2]. Takue aOMOTHYECKHE CTPEcCOBBIE (DAKTOPHI yrpoXKaroT
pPOCTY U MPOAYKTUBHOCTH CEIIbCKOXO3SIMCTBEHHBIX KYJIBTYP, YTO OOBIYHO MPHUBOAUT K MOTEPSM
ypoXasi SKOHOMHYECKH Ba)XKHBIX KYJIbTYp, BKIrodas coro [3]. PacreHuss pearupyroT Ha 3TH
CTPECCOBbIE€ YCIOBUS M AJaNTUPYIOTCS K HHUM, AKTHUBUPYS CTPECC-3aBUCUMBIE IYTH, KOTOpPBIE
BKJIIOYAIOT BOCIPHUATHE ¢ TIepeAady CUTHAJOB, PETYJSIIHI0 DJKCIOPECCHU TEHOB, a TaKXKe
Omoxumudeckue u (pusmonornueckue peakiuu. CUTHAJIbHBIE MYyTH, B TOM YKCIJE CBS3aHHBIE C
pa3NUYHBIMU (PUTOrOPMOHAMH, MPOIECCAMH BTOPUYHOI'O METa0OoNM3Ma M aKTHBHBIMU (popmamu
kuciopona (ADK), BaxHbI 411 BBKMBAHUS PACTEHUM B YCIIOBHSX JKOJOTHYECKOro crpecca [4].
N3ydyeHne aaiTHBHBIX PEAKIIMN paCTEHUN Ha aOMOTHYECKHE CTPECCHl — ObICTpOpacTyias 00J1acTh
uccienoBanuii. MI3MeHeHHs SKCIIPeCcCUU TeHOB, BEI3BAaHHBIE A0MOTHYECKUMU CTPECCaMU, CIOKHBI 1
MHOTOIpaHHsI [3].

KomnuecrBennas I[P (monmumepasHas unenHas peakuus)) B PpeajlbHOM BpPEMEHU —
YyBCTBUTEIBHBIM U TOUHBINA METOT JIJIs1 aHaM3a Aud GepeHnnansHoi skcnpeccun TeHoB [3], [S]. dus
npoBenenus IIIIP TpeOyercs mnombop Hamboiee MOAXOMANIMX TAp TMpaiMEepoB, KOTOPHIC
cnenu@uuecku CBA3BIBAIOTCA C IEJIEBBIMH IOcienoBarensHocTIMU uHTepecyronmx MPHK u nHe
00pa3yloT BTOPUYHBIX CTPYKTYP, TAKHX KaK MIMUJIBKH, TOMO- U T€T€POIUMEPHL. DTO BakHAsl 4acCTh

npoBeaenus [P, or Hee 3aBucuT 3QHEeKTUBHOCT U TOYHOCThH aHAIM3a [6].

2. IloctanoBka 3agaum (Llean ucciaenoBanms)

[enbro paboTHI OBLIIO CO3/IaHKE MPAWMEPOB ISl OCHOBHBIX 3aITaCHBIX OEJIKOB COEBBIX CEMSH
— muHUHOB U P-kourmuiuauHOB (GY1-3, GY4-5, CG1,3-4), TpaHCKPHUIIIMOHHBIX (DAKTOPOB,
BIMSIIOIIMX Ha HakorieHue O0enka B cemenax (LEC1-A, LEC1-B, LEC2, ABI3-1, ABI3-2 u FUSCA3)
u reHoB-mapkepoB crpecca (MKK3, MPK6, CAT, MAPK7, MAPK1/2).
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3. MeToabl 1 MaTePHAJIBI HCCJIET0OBAHUS

In silico momenupoBanue map mpaiitMepOB BBIMOJHEHO C HCIOJH30BAHHEM OTKPHITOrO
nporpammuoro obecrneuenus «Unipro UGENEy». IlocnemoBaTelbHOCTH TPaHCKPHUIITOB OBLIH
nonyyensl ¢ caidtoB NCBI u KEGG, mnocie dero ObIJIO BBINOJIHEHO BBbIpAaBHHUBAHUE
MOCTIEIOBATEIbHOCTEH JJIsl TOMCKa KOHCepBAaTUBHBIX (00muX) ydacTtkoB. JlmuHa npogykra 80-200
nap HykineoTunoB. llodydeHHbIe Mapsl MpaiiMepoB MPOAHAIM3UPOBAIN HA MpeaMeT 00pa30BaHUS
BTOPUYHBIX CTPYKTYP (LIMUIBKH, TETEPO- U TOMOIUMEPHI) ¢ momolnsio nHcrpymenta OligoAnalyzer.
In silico-mpoBepky crnenupuUUHOCTH MPOBENIM C MCIOJb30BaHHEM HHCTpymeHTa Primer-BLAST B
6a3e nanubix NCBI. [ls xaxaoii u3 map npaiiMepoB Obljla paccyuTaHa TemrepaTtypa omkura (Ta) u
raBsieHust (Tm). BombIIMHCTBO M3 HUX — MpaliMepbl «O0LIEro Ha3HAYCHHS», KOTOPbIE (PIIAHKHPYIOT

cpa3y HECKOJIbKO IEJICBBIX 00JIaCTEH.

4. Ilony4eHHbIE pPe3yJIbTaThI

B Tabnuie 1 mpencraBiieHbl MOCIENOBATEIBHOCTH U TeMIiepaTypa miaBiieHus (Tm) nmpsMoro

¥ o0paTHOTrO MpaiiMepoB, TemrepaTypa oTxkura (Ta) mapel, a TakKe JJIMHA aMIUIMKOHA B IMapax

HYKJICOTHOB.
Tabaununa 1. [Taper mpaiiMepos.
Jlokycol | IlocaenoBaTrebHOCTH MPSIMOTO IMocnenoBaTreabHOCTH Jdnuna,
npaiivepa; Tmu Ta, °C oOpaTHoro npaiimepa; Tmu IL.H.
Ta, °C

bera- GAGAACAACCAGAGGAACT | AAAGGACCCTTTCTTCCCT 197
KOHTIJIUI] TCCT, 59.93; 61.86 T; 56.22;61.86
UHUHbI
CG1,
CG3u

CG4

I'manpan | TGGAACCCTAACAACAAGC | CGTTGGTGTAGGAAGGTC 97

el GY1, C; 58.01; 60.48 T; 56.38; 60.48

GY2n
GY3
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[ 'muiman
Hel GY4
n GY5

GGAACTCTCAACACCCTGAG
:57.54: 60.83

AGTAAGATGGCAAGTGGA
GG; 56.91; 60.83

90

transcript
ion factor
LEC1-A

GAGACAATCCAAGAGTGCG
T, 57.91; 63.67

GCGGTGAAGGTACATGGT
TA; 57.61; 63.67

171

nuclear
transcript
ion factor
Y subunit
B-6-like
LEC1-B

ACCGTTGACCATGTACCTTC,;
57.53; 62.02

GCGTATTCCACAGTCCTCT
T, 57.33; 62.02

96

B3
domain-
containin
g -
transcript
ion factor
LEC2

GTATCCCTTTCCAACAGGAC,;
55.43; 59.35

TGTCTCCATCTCTCCCTTG
T;57.37;59.35

117

B3
domain-
containin
g -
transcript
ion factor

ABI3-1

GATAGGTTGATGAGGTTGGG
; 95.2; 60.6

CCACTATGATGCCTGTGAT
G; 55.98; 60.6

101

B3
domain-
containin

g -
transcript
ion factor

ABI3-2

AGTAGATTTCGGCACACTGG
; 57.61;59.2

TCAACCTCTTCTGTTCTCC
C,; 56.48; 59.2

93

B3
domain-
containin

GAACTTTAGCAACAGGTGG
AGGG; 61.37; 63.45

TGGCTGCGTGTGAATAGG;
57.38; 63.45

176
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g -
transcript

ion factor
FUSCA3

MKK3 CTGGGTTGGAGGAATTGA; | AGAATCACAAGGGTCCAA; 92
(mitogen 57.25; 61.92 56.39; 61.92
activated

protein

kinase
kinase 3)

MPK6 TGGCAGGTTCATCCAATA,; GCTCATTCGTCTCCGAGT; 134
(mitogen 58.36; 65.65 61.68; 65.65
activated

protein
kinase 6)

CAT CTTCAAGGTATGATCCTGT; | AAAGCATCAACCCATCGG; 181
(catalase) 56.45; 67.1 60.59; 67.1

MAPK 7 | ATAAGCGTTCTTGGAAGCCA | GCTGAGAGAAGTGTCTGC 112
(mitogen ;61.14; 63.32 C,; 61.39; 63.32
activated
protein
kinase 7)

MAPK | GCCACCTTCACCATGAGAAT | CGGAGCAACTGAAAGAGG 181
1/2 ;61.51;64.18 AA; 61.42;64.18
(mitogen
activated
protein
Kinase
1/2)
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5. BeIBOBI

[TokazaHo, 4TO TIpaiiMepsl COOTBETCTBYIOT TPEOOBAHMSIM CIEHU(PUIHOCTH U HE CKIOHHBI K

00pa3oBaHMIO CTAOMIIBHBIX BTOPUYHBIX CTPYKTYP B ycnoBuax [1L[P. Ix MoxHO OyzaeT ucrosib30BaTh

B HUCCIICAOBAHUU IKCIIPCCCUU 3TUX I'CHOB MCTOI0M KHHP AJI1 U3YUYCHHUA OTBCTA paCTeHI/Iﬁ COH Ha

34CyXYy M 34COJICHUC, 4 TAKIKEC NJI1 U3YUCHHA HAKOIICHUA OCHOBHBIX 3aITdCHBIX O€EJIKOB CEMSH COU B

9TUX CTPCCCOBLIX YCIIOBUMAX.
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