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Cloning of the betaine aldehyde dehydrogenase family BvBADH?2 gene and its role
in plant salt tolerance

WEI Ming ', WU Xin-rui, WU Xuan, LI Hao, WU Guo-giang, ZHANG Wei-jie, CHENG Zi-yi
School of Life Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China

Abstract: Sugar beet (Beza vulgaris) is used as a pioneer crop for saline-alkali soil remediation in northern China. In
this context, there is significant theoretical value in investigating crop genetic improvement through the identification
of key salt-tolerance genes. Studies have shown that the betaine aldehyde dehydrogenase gene family BuBA DHs may
play a role in beet salt stress through facilitating glycine betaine biosynthetis. In this study, BuBADHZ was cloned
from the salt-tolerant sugar beet cultivar ‘Gantang 7’ and BuvBADHZ2-overexpressing Arabidopsis thaliana lines
were generated by Agrobacterium-mediated transformation to systematically analyze and confirm its salt-tolerance

mechanisms. Gene cloning and bioinformatics analysis showed that the full length of the BuBADH?Z coding sequence
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(CDS) is 1512 bp, encoding 503 amino acids. The relative molecular weight of the predicted protein is 54. 78 kDa,
the isoelectric point is 5.37, and the instability index is 31.62. It contains a conserved aldehyde dehydrogenase
domain (Aldedh, PF00171), and the promoter region has a variety of abiotic stress-responsive cis-acting elements.
In the salt-stress tolerant phenotype of transgenic A. thaliana under 150 mmol-L ' NaCl stress, the root length,
fresh weight and chlorophyll content of the higher expression transgenic lines OE, and OE, were significantly
increased by 129.1%, 125.0%, 104.8% and 137.5%, 126.3%, 107.2%, respectively, compared with the wild
type (P<C0.01). Further studies revealed that BuBADHs overexpression of transgenic plants effectively maintained
cell osmotic potential homeostasis by specifically accumulating osmotic protective substances such as glycine betaine,
proline, and soluble sugar. Concurrently, dynamic activation of antioxidant enzyme systems— superoxide dismutase,
peroxidase, and catalase —significantly reduced reactive oxygen species accumulation and alleviated membrane lipid
peroxidation. These findings indicate that BuBADHZ confers salt tolerance through an “osmotic-antioxidant
synergistic regulatory network” , marking the first functional validation of this gene’s conservation in model plants.
This study provides critical insight for the development of enzymatic gene resources aimed at enhancing crop salt
tolerance through molecular design breeding.

Key words: betaine aldehyde dehydrogenase; salt stress; osmotic adjustment; oxidative damage; antioxidant system

b an 2 29 VE Y A KA ROE B FEE IR T JESEiT, BB i 13, 8142 hm” L A2 B ER w AL
7 b H T ALY 10, 7 %0, Hod R 2 S e D BGE 142 hm, R A E SR Bk RO PR E R 2 . R
WY Na A1 CL AR T -8 08 3, B A P & WK RUME 5 A0, 3h B8 51 R M8 73 3 VR AL Bith , S 8o
J A B 5 AR R L DA R T AR SO AR SR AR T S R b aa R AR — 3R 80 A% it AL
il LGB TS R B E R BUEARE MM EE SR RET 0 Hoh 5% Y R IB 5 A M R L
2 15 A M T 55 AROBARAS SR AL 3 7k I 38 G B R g

AR R Y A S YA B A DL A A T A Il 2R (proline, Pro) H 2 2 #it 3 i (glycine
betaine, GB) . 7] ¥ £ # (soluble sugar, SS) . 7] # ¥ & F1 (soluble protein, SP) #il £ JT i (polyhydric alcohols,
Polyol) 48", GB J& — Bl 2 i 8 /K 35 1 A= W s, DR 8 SE 7 i 58 (Beta vulgaris) B thp oy B A 447 %0 BEsE &
B, GB 3l i 96 1998 35 & OR3P BTG PR AR R B O B A S8 1E S e T AR T RR AL 3 s AR A R A
i GB 5 F IE 68 8 i1 40 (choline monooxygenases, CMOs ) ¥ iH#ii ( choline ) f# £k & & 52 #8{ B (betaine aldehyde)
T 22 i 3% 0 1 b Sl (betaine aldehyde dehydrogenases, BADHs) & Ak A4 i, H i BADHSs 42 32 2 14 BR 3 fiff , ok 72
GB 7E4I L N (B Bk B SRR 1 e T8 B 3% (Spinacia oleracea) " Hh v 5| BADHs FE K, Bifi J5 78 81 358
K Z (Hordeum vulgare) ™ K& (Oryza sativa)"™* 3L T8 3% (Suaeda liaotungensis) "™ 55 #1 9) vh % 5 X v [ $17%
B ZK W . W R , BADHs A W AE VR 7 0 Wy i 56 M 0 D RE o B, 78 558 58 (Solanum tuberosum) Wit 3R ik
VU EE L (Atriplex canescens) AcBADH J& , %% 3k R A& HLO, MIH [ (malondialdehyde, MDA ) % i [k . Pro 3
2 fili S Ak 5 00 R RN AR B TR A BT R K B AR BT 1L 3R (Avriplex hortensis) i) ARBADH % A K 5.
(Glycine maz) J& AT it 5% 300 mmol-L " NaClhe " o {45 2 00 2, Fit S A6 o Sl 1y mg 454 4 , L BuBADHss 5k
PR 5% M s o S AE R 30 R 1) 2 R B =X 2 Bl w0 25 e T, L7 R P60 v 19 ) 6 6 F B R 4 AL AP AR PR AL A G
WESE, kB30 N BoWD40 W) id Rk g 7n 1 AR B 1 F 85 F1 B % IR (abscisic acid, ABA) &5 A 7E/E ] L 1X
i BuBADHs ) J) RE ff BT 42 4L 1 i 2,

filt 5 & 22 F} (Chenopodiaceae) AR AE FAARY) , iz RS TR EJL 7 T 52 T B IX o 1E S 328 = KO0
BHEY) B TR AL O #h Gl 250 R 9 S B VR 07 7 M AL T VB 2 B N AR U AT — i I 2 TE
B R T M R T 2% A AL R 4 4% T BuBADHs i fE 2 1A N4 B B4 4y . R e 5
it IS AT Hr 48 78, BuBADHs BN KA & 9 A b1, Horf BuBADHZ Ji 8 X 5 5 ABRE (TCA 25 ifp 361 1
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L TC A, I Bifl 6k A 3 B 14 T 0 B KPR N BE T U, AR S AT AR S SRR H OB 75 S bR, s
BuvBADH2 F:P il b RAT #5309 7 I ok 3k R G, 7R XMW L w8 9T (Arabidopsis thaliana) T 5 58 %0 Uk H 2R
il 368 TS 32 1 K AR AL, A A 0 T 43— 7 AR Ak DG e i R R R

1 HR5AHE

1.1 ##

ARBEFE T 20254F 5 78 22 M B TR 2= A0 S50 E W BAESC S0 & 58 il Mt 3RS S A HOBE 75 i HOR 4 R
W= ATl A RS W B L 48RS I B AR SRR T (Col-0) & B JH R RL 24K (pEarleyGate100, pEG100) 44 iy A< 52 5
AR . N 4 DNA 41k ik 7] & (Takara, 9768) \RNA # BUR 7| & (Takara, 9769) \J% 5 s ik #| & ( Takara,
RRO55A) . PrimeST AR IR % 5 {4 B DNA % 4 i ( Takara, RO55A) |\ In-Fusion [ J§ T 41 iff ( Takara, 638920) &
TB Green®% 6 a2 i 71 & (Takara, RR420A) 450 T 549 (TaKaRa) TR (K#E) A RAF . 76 LA T4EY
TR ey A IR 2 | (https: //www. sangon. com/) & W 51 #) ¥ %1 . GB.Pro.SS.MDA & & M i % b & i
(catalase, CAT) i % LW i (peroxidase, POD) F1 i 48 1k # 1 .1 (superoxide dismutase, SOD) 344t % 1k i
T PR A DU R & U I AR ) (mibio) BHE A B H] (https: //www. mlbio. en/) . AH ¥ A AL & (H.O.) FI
8 AT B (Opr ) 2 8UG oA D50 45 W [ b 50 % 3K 52 (Solarbio) BHZ A7 BR 2 & (https: //www. solarbio. en/) o
1.2 7
1.2.1 fHY R 5 8 5% 20234F 8 A, Bk FFRL AR IR K/ — SO HBE 75 R TS R T A L
WO AT SR AR 2 mmol- L' AHAR%5 0. 1 mmol- L' HiEREE 0. 25 mmol- L™ BEiR & 4% 0. 5 mmol-L ™' . & &Y
MR 8R4 0.5 mmol- L AlIEZ 92 mmol- L' & {45 18 mmol- L' HifR4%% 1. 6 mmol-L ' HifR4H 0. 6 mmol-L "
FEH AR E% 0. 7 mmol- L") ¥R A9 i A vp A K BRI 0 B 25 °C B2 20 °C L6 /15 R 01 16 h/8 h, A X ¥ 65 %,
3% 200 pmol-m s s AR IFAFH 70% ZBEIR L5 min, 5% AR 4 (0. 1% Triton X-100)#&3% 5 min, Jo 1 7K
MPE4~5R . SIHTE G MR T 1/2 MS BR R 722 (B 4y : MS Bk 2. 15 g- L ' BEHE 10 g- L "FI 3R 10
gL ), BEF4COKMIBEAIE3 d, G BHBER FRALIE R R E2~-3F BEMEBRE LGSR, il
BT R 40 B 22 °C R 18 °C /15 A 16 h/8 h, AN BE 70% , 658 200 pmol-m *+s '

1.2.2 BuBADH2 Wil Kl ik ka3 T2 2GR A 0 i B3¢ BuBADHs 5216 8% A 1 48
FE I 45 A T S FE N 4 BdE 2 (http: //bvseq. boku. ac. at/index. shtml) #1 () BuBADH2 (1.LOC104894203 ) #& & | 4k
WO R 8L ELE P 4w 5 )7 51 (coding sequences, CDS) . Phiz CDS 2+ itk Al Primer 5 8 F 31 1 & 5L A 4
S Y5 ¥ BuBADH2 F\/R, (% 1) o i FI A ) RNA 42 B0 57 & 48 B3 J8 8 K /N B 32 40 i 6 RNA, R A
PrimeScript™ i % s i F| & A5 L cDNA . LL eDNA AR , 1) J 8 5 5 240 [ W 1Y BUBADH2 F,/R, 5119734 H i1y
M. PCRIKZ (20 pl) : 2X PrimeSTAR LongSeq Premix 10 pL, 5[#14% 1 pLL (10 pmol-L ") ,cDNA £k 1 pL.,
ddH,0 7 pL.. PCR M FEFF:94 °C 1 min; 98 °C 205,68 °C 30 s (35/MEHR ) o 28 1% TS 5 e v vk 36 3iE S, i 3
[7) 5 F 285 1 B9 BETEFE 2 pEG100 #8844 (CaMV 35S Ji 3 73K 3 ) , 5% 4k DHSa Ji I 56 41E .

1.2.3 SRS I 09 38 A% B b B0 I 5 TR bk R % 0 H 00 5 5 TE B Y BH M A o R e AR g R T TR
GV3101, 2K X (Kan") /FIF (Rif ) /R KE R (Gen )Pk i e Jo , Pk ik FHM: 7o e AT B V% PCR &8 . ik
HUSE 8 IR0 1 R AT B B E ODyoo M 0. 8, R HIAE P 12 90 15 42 2 Col-0 75 5t 1 5 A= B LR IF , HLAK S I Zhang 55
() 77 5 C 1 PRV AR AR T A A Ok TR MR R T TR F 2 55 S #2140 mg- L' Basta iy 1/2
MS [ AR RE 75 58, L bk O 2k J5 o6 BHPE S I RS 278 35 rh kel A K o R B 1 Ak Bk R A9 3 JE i DNA, i i
] 5§ 5 V£ 51 W) (35SPro F/BuBADH2 R,) i 47T PCR %7 o %85y BH Pk 04 T, A5 6 TR A bk 3% 0 1% 37 3R A5 21 & bk
(T,

1.2.4 BuBADH?2 W& & ik 53 Wi FIH Primer 5 #{4 #% 1+ BuBADH2 ¥§ 57 () qRT-PCR 5| %) (BuBADH?2
qRT F/R) . R H Trizol ¥ $& HUHE J& P AN BT A= AU 400 R T 19 3 JE i 8L RNA, I 5% 5 & 0l cDNA L DL L I
AtActin NS KW, i HH TB Green® Premix Ex Taq™ i 7] & 7 QuantStudio® 3 I 52 i} %¢ ) & & PCR R 4t
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x1 FHAREASY

Table 1 Primers used in this study

514 % % Name of primer J¥%1 Sequence (5" —3") JT1#& Purpose
BuBADHZ2 F, ATGGCGATCCCAATACCT HE N v e
BvBADH? R, CAGTTTTGAGGGAGACTTGTAC Gene cloning
BuvBADHZ2F, gaggacacgctcgagATGGCGATCCCAATACCT A
BuBADHZ R, tttgtaatceccgggCAGTTTTGAGGGAGACTTGTAC Vector construction
BuBADHZ qRT F GTCCTGTTGTCAGCAAGGGA S0 5 B PCR
BuBADH?2 qRT R GCATGGACGTGGAGACATCA Quantitative real time PCR
AZACTIN qRT F AGATCCAGGACAAGGAAGGTATTC
AZACTIN qRT R CGCAGGACCAAGTGAAGAGTAG
35S Pro F GACGCACAATCCCACTATCC o L DR R R s
BuBADH2 R, CTCGTCATCGGAACTAAATG Identification of the transgene plants

Fe /NG P LRI O A JRE G T — A e " E (A H# . The lowercase sequences in the Table are homology arms specifically designed for “one-

” . .
step” cloning vector construction.

(Thermo Fisher, 32 &) 45l BoBADH2 fE ARl A #k A ik & . PCRIWARJF : 95°C 305;95°C 55,60 °C 10
s (AOMNEER) . Fafitli 2 0k . 95°C 155,60 °C 305,95 °C 15 s, AR R E B HE R 2 2% 84
BEARRE SR AREL .
1.2.5 #H a5 R85 RN KB — 0 5 B i g 3R 3K (overexpression, OE) F1HF A= i (wild type,
WT)#k R ICH i 2 & 150 mmol- L' NaCl# 1/2 MS 35 55 5657 4, 30 4 B 24 10 d, 399 ) WL 8¢ 3 e A 4% k2
RS R B IR/ B0 3 S8R B A R R T E B B 4R P (100~200 mmol- L' NaCl, % 48 h
# 3 50 mmol-1.7"),200 mmol- L' NaCl 4452 7 d J5 A M8 BORE o AN b BB =20 Bk, 2 31K,
1.2.6 JESAIRME 1/2 MS 85 3% 567 B 56 W 36 4 31 3¢ R4 ok B @ i (10 d) , BEMLIE B 5 #R &0 i, FH B RUA
FL 43 0 0 6 45 R R ARG (B, b B E 3IRE A
1.2.7 A BREE AR Poik K — 0.7 d R/NBYTCTR 2 129 10 Bk R H /N0 2 150 mmol- L' NaCli
1/2 MS #5353 JBrie kb BE 4 d J5 B MR AR AR A1 R F it 4 R GB \Pro .SS Al MDA %5 /L FRES AR B I 2 . R &
i35 $2 75 I 5 i 48 2 (mlbio, ml1095018) " & & 5 77 [k i @35 % GB (mlbio, ml076973) & & ; Bfi — i %
% Pro(mlbio, ml1094958) £ & 5 B HH — B R 1% I % SS (mlbio, m1095107) 7 & FIAR AL 5 He 2 i kI '€ MDA
(mlbio, ml094962) % f& . HAKEAE AT H MU B EOR AT, B0 E 3IREL .
1.2.8 B A ARG IE P FEARACFRIR 1. 2. 70 >R FHAH I A9 B 6 50 928 W B 7 (enzyme linked immunosorbent
assay, ELISA)E A CAT .POD .SOD WG . B BRBEFE W T HZ 0. 05 g 2 B AR &, A 3 mL vk 114 11
PEICGZ W (5 126 3 20 L& e A 19 100 mmol - L' B AR 41 2% vl , pHAE 7. 8) , 7o 432 3K 5 F 4 °C 8000 r-min '
B0 10 min, WOEE FIE W . 3 R B A= 9 2% B AR PR ELISA A I ) & X 3 W A9 CAT (mlbio, ml022785) |
POD(mlbio, ml095259) # SOD(mlbio, m1503401) i £ #E 17 5 43 7 , B A A0 BR % B 3 &
1.2.9 5% (reactive oxygen species, ROS)ZH 414k 24 PRI R FH RN~ 3B OE S WT LRl
P4 104k, 150 mmol- L' NaCl b3 4 d J5 R 8 & B AL /N — B it v JH T ROSH G 4, H.O0H1 O, 4351l 38
i = & HL B 2K % (diaminobenzidine, DADB) Al i 2 #4 U 2 M (nitroblue tetrazolium, NBT) i 347 4H 27 4k 2% 4L 6, Fll
ALALAR A B BCR /N JE AR LR A, IR T 1 g L' DAB 8 NBT 28 #h i (solarbio, G4815 il
G4816)12 h, 4o 2 W (19 £ B (95 %6 ) Xf ity 647 B €5 4 B 10~15 min, B 5 45 it PR A7 72 X T B B 4% 6058
S R Image] 2 (https: //imagej. net/ij/ ) % % (655 3 HEAT & B0 B
1.3 HEHH

5 Microsoft-excel 2019 . Graphpad Prism 8. A Plasmid Editor v 2. 0. 61 % 4 % 38 56 %0 4 F1 22l 8 2% . %
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I SPSS 26. 0847 5 A &R J5 22 0 M (ANOVA) , iz FIXB # £ 3 [l K2 56 (Duncan” s multiple range test) 53 #7°F- 13
{9 22 4 (P<<0. 05) , $cHi #4759 F- 2 ( + AR R (n=3) .

2 HBREHSH

2.1 BuBADH2 5% B % 74 5 3) #%‘ri/\#fr
PLCHBE 75 7cDNA A, 38 3 PCR LTI 38 H 25 1. 5 kb A9 HE M4 (B 1A) o 4 Sanger Il ¥ & NCBI
BLAST X 5633IF , % )7 51 5 Bl BoBADHZ2 ¢DNA 564 — %, F| H ProtParam £ £k T. 550 7 & B, Fo 40 1% 25 (1
B F ) 132 4 42 K 1512 bp, 4t 503 A & FE R , W 43 + & R 54. 78 kDa, Iﬁ%ﬁ/jfﬁﬁ (N 5.37, A EFRE N
31.62, )8 THRMERAE B 1 ; M P K HEHE 50 —0. 062, 3 7m H B 48 5Kk M. #E— B 36 T SMART %48 % 19 14
SER IR AT R IR A — A SR Y 2 T U ) A8 B (Aldedh, PFoom) i s A GB A i nl e i
PRI SRS 17 GB B4k (1811B) .

at ggegat gt caget at t c
A B ||||||||I|lH\\\\\\I\IH|||||||I|\IIH\\\\\\\\\H|||||I|H\\\\\\\\\\\\IIIIIIIIIIIIII\HHHHH
at ggogat PUTTUA PO VRN

15 | PHRAL FIDGEWKEPMKKNR\ PV P ST E
OpPccactpct gaagat gt ogat ot gcapt gt | geage gggeat ct got t ct ggagct cat cgagt
I el HmIIIIIIIII\II\\\\\\H\\\HIIIIIIIHJ\\\H\\\\\\IIIIIIIIIIIIIIHHHHHHH

2

rrrrr

2000 bp

ccagaaget ggt

ggoce:
| HHHHHHIIII

1000 bp
750 bp

ct 960
it 1 LT LT

I\ AAEF RLVKWECEKN
tctgaagtt cat tttta 1080
e LT

acgasaaaa{ ct gaagt cat  cascapcasegast gaggot tta 1
KI L KFIST N E

ogzg -2

1320

g <222

ageat agt gt  { ggacgt gagct { gaggaat ggoat
IH\\\\\H\\\HIIIIIIIIIIIIIIHHHHHHHIIIIIIIIH
acy

ctogacaat tacttg 1440
T

aagegt agt ggt t 1 ggacgt gaget t ggggaat ggggt ct cgacaat tact tg 1440

D

gaage
e PWGGIKRSGFGRELGEWGLDNYL
gtga 1512
IIIIHHHHHH LT
aat acaagt ct 1512
481 N I K Q KSPSKL

1 ByBADH25 TRERFBERF IS

Fig. 1 Molecular cloning and protein sequence analysis of BvBADH?2

A: BuBADH2 5§18 74, K/ 1512 bp: B: BUBADH2 2K 4% )3 51 43 H1 . M:DL2000 DNA 43 F AR #E s N B IR P PCR ™4 ZL G KL
FEWR T 5 Ry O AW P &5 5. TH . A: BuBADH?Z gene amplification product, size 1512 bp. B: Analysis of the full-length coding sequence of
BvBADH2. M: DNA marker DL.2000; N: Negative control; P: PCR product. Red crude amino acid sequence is aldehyde dehydrogenases conserved

domain. The same below.

2.2 BuBADHZ2it R ik #k &t % 7

i 3 ) R T 4 oK v B 35 1 BuBA DH2 58 % 4 1 1 91 4 AL 40 XT3 3K 2 1A pEGlOO (CaMV 35S 41 i 78!
JA B3R Bl ) 3 4 Ok FE AR G E  PCR ORI 5 56 UE 3% 45 19009 1 f 19 5 4 50k (11 2A) ol 3l R AP A 5 AR )7 12
Yk A W A B R 9 (WT) , T 101 ® 9T 48 Basta 411 14 0 18 5 PLR%IE,,\/‘QEL'H 54 BH P % b Bk &
(OE,~OE,) (Bl 2B). qRT-PCR 7 #1 7R , I A if 3R ik ¥k & BuBADH2 A XS Rk m B B2 5 T WT, IF k3
OE, M1 OE & , 40 3 WT L 611 F1 683 £ (P<<0. 05) , Btk 2 3X I > bk R #E AT )5 22 R T A T Re 35 31k (&1 2C) .
2.3 BuBADH?2 ¥ 5% A4 Wt 35 M 69 2 #E B 4

B 5 dR/NME A RIEHKR OE, . OE, M WT 4 ## £ & 150 mmol-L ' NaCl#9 1/2 MS ¥4z, £ 30 kb 2
10 dJ5 , R4 & R B R AR R B2 B30 O, OE M R AT WT, WT 2 8 " 255 s b R 3
HECIE 3A) o A 15 0 03 U0 UE 55, WT 450 % e A bk 2R TR R 3R 0 i 8 /N Ak 1 R BURR R 0 (181 3B) o R TR G K
B AT s R E T O, JOE 8 WT AR K 20 38 i 129. 1% . 137. 5% , BF 3£ 125. 0% .126. 3% , M4 K &
T 104. 8% .107. 2% , ¥ W 2 48 T 55 A= AU Ak (B 3C~E, P<<0.05) ., X458 KW, BoBADH2 1E H ¥ MY
F T 4
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Fig. 2 Construction of the BvBADH?2 overexpression vector and identification of transgenic plants

A BT M T-DNA X 378 % & Schematic diagram of the T-DNA region of the binary vector; MAS Ter: H & fifi 5 i 8§ £¢ 1. T Mannopine synthase
terminator; BlpR: 2& 4l 1 % Ik 8 ¥ 25 11 Bacteriocin-like peptide regulatory protein; MAS Pro: H # i & s B Ji 31 F Mannopine synthase promoter;
35S Pro: {EMBZE A6 M5 1 35S 5 31 F Cauliflower mosaic virus 35S promoter; OCS Ter: & 0% & W i 2 11 T Octopine synthase terminator. B 5% %&
K ¥k & PCR %7 PCR identification of transgenic lines; 1~5: 557 iy i ik Bk & OE, _; Five independent overexpression lines OE, ;N B4k x5 it
(W A A Ak DNA) Negative control (wild-type plant DNA); P B X} B (Jii A DNA) Positive control (plasmid DNA) ; C: %% 3£ M ¥k % BuBADH2
FiE# MY qQRT-PCR Kl qRT-PCR analysis of BuBADH? relative expression levels in different transgenic lines; WT: ¥/ % Wild type. AN [Rl/NE FH:
R FRE R 022 57 15 ] % K F (P<<0.05) . Different lowercase letters indicate significant differences among the lines (P<C0.05).
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Fig.3 Phenotypic analysis of overexpression plants under salt stress
A /NG S Hf 2 % B 5 A 40K R) bk & A) 22 5 3k B 3 K OF (P<<0.05) , F Al . Different lowercase letters indicate significant differences among

controls and treatments within different lines (P<C0.05), the same below.

2.4 BuBADHZ2 A4 %5 A% 4h F o9 4 %
BADHs W/ W2 188 2 & M GB, H H K R Ba A2 34 TRSE4AYbomiES . o ®idim,
S B R AL RS GB & i A 0] HE AL B34 & 2 5 0m , (EL P OE A8 Bk A9 35 8 S B &, 398 WT B 245, 31X Ui B
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Fig.4 Physiological and biochemical analysis of overexpression plants under salt stress
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Fig.5 Analysis of salt stress-induced antioxidant enzyme activities in overexpression plants
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Fig. 6 Analysis of salt stress-induced reactive oxygen species accumulation in overexpression plants
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