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Soybean transcription factor GmMYC2L is involved in the regulation of
plant salt tolerance
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Abstract: Transcription factors play an important role in the response and regulation of plants to adversity stress. In
order to explore the function of soybean bHLH transcription factor family member GmMYC2L in plant salt tolerance, the
conserved domains of soybean GmMYC2L protein and MYC2 proteins of sweet potato, tomato, sesame, Nicotiana benthami-
ana and Arabidopsis thaliana were analyzed by sequence homology comparison. The expression pattern of soybean Gm-
MYC2L gene induced by salt stress was detected by semi-quantitative PCR. The subcellular localization of GmMYC2L pro-
tein was analyzed by transient expression in tobacco leaves. GmMYC2L gene transgenic Arabidopsis thaliana plants were ob-
tained by floral dip method. The response and mechanism of wild-type and transgenic Arabidopsis thaliana plants to salt
stress were analyzed. The results showed that soybean GmMYC2L protein had a typical conserved domain of the bHLH fami-
ly and the protein was localized in the nucleus. Under salt stress, the expression of GmMYC2L gene in soybean roots and
leaves was significantly up-regulated. Under salt stress, the contents of malondialdehyde and hydrogen peroxide in the leav-

es of GmMYC2L overexpressing Arabidopsis thaliana plants were significantly lower than those of wild-type Arabidopsis thali-

ana plants, and the superoxide dismutase (SOD) activity
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SRBIEIE 4T H (20221730274) significantly increased. The relative expression levels of
BN k(1981-) ) WIRTAM A 4, BlEE, TS antioxidant enzyme genes AtSOD and AtPOD were also sig-
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plants through antioxidant pathway. The results of this study provide candidate genes for genetic improvement of salt toler-

ance in soybean and other crops.
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Table 1 Primers used in this study
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GmUBI3-F  GTGTAATGTTGGATGTGTTCCC KAEIERFR K
GmUBI3-R ~ ACACAATTGAGTTCAACACAAACCG HEIF R AAKF
AtACTIN2-F CAACTATGTTCTCAGGTATTGCAGA  FZIEZER A KF-
AtACTIN2-R  GTCATGGAAACGATGTCTCTTTAGT — FZIEFER Fik/KF-
GmMYC2L-F  CTCACTCTGGCTCAACCCTG i EST ioallll
GmMYC2L-R  CAGCAGCACTAGGGGTATCG BTy ivalll
AtSOD-F TGGAACTGCCACCTTCACAA FEEZRRA
AtSOD-R TTCCGAGGTCATCAGGGTCT BTN ioalll|
AtPOD-F TAACCAACCAGACGAGACGC BTy ivalll
AtPOD-R TCGAATCTTGCAGGAGAGGC S ESry ivalll
Hyg-F CCGCTCGAAGTAGCGCGTCT e E ST ioalll]
Hyg-R TTGACTGGAGCGAGGCGATG &SP ialll]

GmMYC2L-F  ACTAGTATGACCGAGTACCGGATGA  F:HFHI 5k

GmMYC2L-R  ACTAGTCTATCGTTGTTCATCGCCA  K:[H 3 vifk
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Hyg 1E 51 A 10 5194 0.5 pL DNA #ifR 1.0
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AR 35S JH 2 T iE, AR SR R Rk # Ak 35S-
CmMYC2L( K 4A) . A R Rl m T 4 i
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ItMYC2 - GLVEGNVTEYAEWYYMVSMTKSFAAPDDLIVQTFDSGSY IWLSDSNQVQF YHSDRAKEAHLHGINTLVCFSTSAGVIELGSSDSTHEHWELLQ- IGRSIFNAQNTSLPQT-- -
SiIMYC2 IEVLFGESCGGDVTESEWFYMASVTKTFEAADDLVFRAFSTASNVYLAGHQELQFSDCERTKEAQLHGITTLVWVPTSFGVVELGSSDLIKEDWGLMQLIGKSLLNANYGTNYDP-
SIMYC2 FGFNDISETNNNVTDTEWFYMVSMPQCFVADDDLVIRAYTSASHVWLASYYELQIYNCERAKEANLHGIRTIVCISTTSGVVELGSSDVIQENWEFVQFI-RSLFG-SNNNMNTT-
NtMYC2  ----- TTKVONNISOTELFYMVSVPKYFVADNELIVRAYNPTSYIWLNNYHELQLYNYDRAKEAHLHGIRTLVCIPTPSGVVELGSSEIIQENWDLVRLS-RSLFGLSNKNINTS---
AtMYC2 GVAPSDDAVDEEVTDTEWFFLVSMTQSFACGAGLAGKAFATGNAVIWVSGSDQL SGSGCERAKQGGVFGMHTIACIPSANGVVEVGSTEPIRQSSDLINKV-RILFNFDGGAGDLS-GLNWNLDPDQGENDPS-MWINDPIGTPGSNEPGN
GmMY C2L PSASVDD-VDEEVTDTEWFFLVSMTQSFVNGSGLPGQAFFNSSPVIWAGPDRLSESVCERAHQGQMFGLQTLVCIPSANGVVELASTEVIFQNPDLMNKV-RDLFNFNNNPETGSWALNCVATTDQGENDPSSLWLNPEIRDSSTVAPPN

TIMYC2  --eemmemmeeeem e cmeeee e n o - - - -QSQDLFPFSQDLNQC L SPIDFRLGDPHQEKEKESCRAVDLHGPNSDIKKEVLVINDLSPDS - - - = = == == === = m e e e e o - GNSDFFETTLTHQSAM
SiIMYC2 - -GNSDVSGNPFGPDHST
SIMYC2 --GISDFENDDSLTINNV
NtMYC2 - -GNSDSFENESSTINNI
AtMYC2  GAPSSSSQLFSKSIQFENGSSSTITENPNLDPTPSPVHSQTQNPKFNNTFSRELNFSTSSSTLVKPRSGEILNFGDEGKRS - SGNPDPSSYSGQTQF ENKRKRSMVLNEDKVLSFGDKTA- - - -GESDHSDLEASVVKE-
GmMYC2L sT------- VNKTLQFETPGSSTLTDTPSA- - - - AAVHVPKSNGQ- - GFFSRELNFSNS - - - - LKPESGEILSFGESKKSSYNGSFFPGVVATEENNKKRSPVSRSSIDDGMLSF TSLPAANIKSGSGGAGAGGGDSDHSDL EASMVKQA
HLHZ: ik
ItMYC2 VG- - -5 -RKRSRKGAL TGREMAM- - - IHVEAERQRREK LNHRF YALRSVVPNVSKIMDKASLLADAVTY INRLKAKVEDL ENK LGTPGEN - - QUSRKRIMEIMHDAQSTTT - - = = - = STVDHVMGGGCAFGAMDVEVK I IGSEAMIRVHSP
SiMYC2  IKTLPS-RKRARNSENVGRNQLMTPANHVEAERQRREKLNQRFYALRSIVPNVSRMDKASLLADAVTYIKELKAKISGLEAKCRVESLK - ~QEPRTGLLE-MYDTKSTFS==-- -~ TVDFTRSASGCVI - -MDVEVKILGSEAMIRVQSP
SIMYC2  MNGSIK-RAKKGDSSHIRREMAMD- -VHVEAERKRREKLNHRFYALRSVVPYVSKMDKASLLGDAVTYINELKAKIKNLESK LIEPQKKHILMEQHDSHSASSTIVTDHG= == - - - ANNKSLFSSNGVRNGMETEVKIIGSEGVIRVQSL
NtMYC2  INRPIK-RERKAGSSRTTGTEMAK- -NHVEAERQRREKLNNRFYALRSVVPNVSKMDRASLLADAVTYINELKAKVEELESNKILPQKPKGQCATNSVQSVPSTVV- -NR- - = ==~ ANNSF - === ===~ EMEVEVKIIGLEAMVRVRSP
AtMYC2  ----VAVEKRPKKRGRKPANGREEPLNHVEAERQRREKLNQRFYALRAVPNVSKMDKASL LGDATAY INELKSKVVKTESEKLQIKNQLEEVK - - LELAGRKASAS - - - - - = = == GGDMSSSCSSIKPVGMETEVKIIGHDAMIRVESS

GmMY C2], DSRVMEPEKRPRKRGRKPANGREEPLNHVEAERQRREKLNQRFYALRAVPNVSKMDKASLLGDAISYINELKLKLNGLDSEKGE LEKQLDSAKKELELATKNPPPPPPPPPGLPPSNNEEAKKTTTKLADLEIEVKIIGWDAMIRIQCS

ItMYC2 DVNYPAARLMNVLREMELKIHHASVSSVRDLMLQDVVIRVPDGL TNEEDALKAVILRRLQA- - -

SIMYC2  DVNYPCARLHNVLGDLEFQISHASVSSVRDVMFQDVIIRVPDGLPSEE -ALKTAILRKMRV- - -

SIMYC2  DMNYPCTRLHNAMKEMKFQIYHASISSVKDLMLQDIVIRVPEEFSNEE - TLKSATISKLSVMEN

NtMYC2  DMNYPCARLMNVLRELELQUNHASVSSVKNLMLQDVVLRVPNEVANEE -VLKSVILKRLSVAN=

AtMYC2 KRNHPAARLMSALMDLEL EVNHASMSVVNDLMIQQATVKMGFRIYTQE -QLRASLISKIG-- -~

GMmMY C2L KKNHPAARLMAALKDLDLEVHHASVSVVNDLMIQQATVNMGNKFYTQE -QLL SALSSKVGDEQR

IIMYC2: =202 MYC2 2 [ SIMYC2 . 5 4 MYC2 15 SIMYC2: 25K MYC2 ZE 1 ; NIMYC2 . A% [RHH 55 MYC2 2 1 AMYC2: SR T MYC2
HH;GmMYC2L: K MYC2 R A%,

B 1 FRE#EY MYC2 EEHSERFTI b

Fig.1 Amino acid sequence alignment of MYC2 protein in different plants
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Fig.2 Expression of GmMYC2L gene in roots and leaves of soybean under salt stress

GFP %
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3 XE GmMYC2L &AM TR E i
Fig.3 Subcellular localization of soybean GmMYC2L protein
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Fig.4 Construction mode of GmMYC2L gene expression vector and screening and identification of transgenic plants
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Fig.5 Effects of salt stress on root growth of different Arabidopsis thaliana plants
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Fig.6 The performance of salt tolerance of different Arabidop-

sis thaliana plants under salt stress
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Table 2 Malondialdehyde content and hydrogen peroxide content
in leaves of different Arabidopsis thaliana plants under salt

stress

i H,0, 8 h ket

A NDAREC RO AL AT
WT CK 2.34¢ 3.12¢ 0.56a
NaCl 9.21a 6.45a 0.24c

OE CK 2.37¢ 2.99¢ 0.57a
NaCl 4.13b 4.88h 0.38b

W B R R F AR ; OF . i 63k CmMYC2L WIS ST FaME . CK. ¥
FK R AL B s NaCl: 150 mmol/L NaCl 7K ISR b Ab B . [i]— 51 % 4t
JE AN/ ING b R A L) A 7R B 3 25 57 (P<0.05)

2.5 GmMYCL SIS EBEEREERARIES

/K HEBEXT IR LR FT WT A OE MFH SOD %
PN POD TEPEY TCH B 22 55 £R A A0 B OF
H SOD TEE R POD 36 VE = TR A BUAR bR, 5 S
PEFXS R, 26 38 Ab B, 3 63k GmMYC2L 401 RE T Hl
PE(OE) M FH AtSOD FE A FI AtPOD FE K i AH XS 2
Ao 3 TR AR SRR (WT) (K 3)

®3 HEIF WT #1 O My B S {LEE (SOD) fnid &L
5 (POD) EEREEFHENFRIEE

Table 3 Activities of superoxide dismutase (SOD) and peroxidase

(POD) and relative expression levels of their genes in the

leaves of WT and OE Arabidopsis thaliana plants

breL ahgm SOD W POD R AtSOADJ%% AtPQDJ%[E]
(U/g) (U/g) AHXT R AR X Rk
WT  CK  178.88c 41 550c 1.00¢ 1.00c
NaCl 222.90b 51 100b 2.51b 5.25b
OE CK  182.05¢c 4l 240c 1.26¢ 1.35¢
NaCl 249.90a 58 540a 5.93a 11.43a

W, B /E B R S iRk ; O . 31 7235 CmMYC2L BIFGJFHivk, CK.i%
FKAEWEAL 73 NaCl ;150 mmol/L NaCl 7K 5 VA Be e b B, I — 51) $ic 4
TR NIV S B AR A7 % 2 5 (P<0.05)
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