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FIZER S SR/ K P S 2 - XA E T iE  JE M R G R B 38 i SER 5 e 5 PCR (QRT-PCR) Kzl SmGAD
FER IR . TERESmGADREA | My i[5 3 1k B AR pET32a-Sm GAD FITER AR pYL156-SmGAD , R JTVs #5175
FEHUTER (VIGS) B ARTTIRSmGAD , 23 /K AL BRI TESE I D fg , Rl dE A7 A R0k 15 R AR 3R R 0 HLO, JWhin
B ODyy, . A8k o [£5 5 1 ISm GADFEEH iy X (CDS ) 4K 41497 bp, SmMGADZE 4 F1 4981~ 2 FE IR SR FE AL AL, FHiS
Jr - 56512.01 Da, B SR 2 85.80, JE BT 650 990.80 , AFaAE R AN35.82, MO 36/ K R BN -0.221,
HEB WL R, SmMGADR 5554 KRG R TF AL SR 6 Y R (1 GAD IR 2R 35 A = BE A o )
Bl RIBEAE FHICOFE AT 25 5 R, SmGADFE R I 8l X A 8 SR TR Y i b e A= 2w i oo e i oo |
S T R B R AR R R AR . SRR EPCRAMITZE S R |, 8 /K AR FILS AN [RIASIAR b F = SmG A D
HAMFRBEEIEAZES . VIGSIRIES R Bon , DU R A K I0 T i 7 B 28 e G 4™ 5, ARSI 32 ™
T EA I AR R KB B . R ARG W SmGADE M 1E 1 M H, 0, H & 3 E B Z I hE [ 4516 1SmGAD
Fe PR 2 A7 7 7 A St S A R4 0O 4% o ) I R DR, e D S A A 458455 S ML e 3 R AR X K A 1)
WA SR FBIRIIF 2 SmGAD 11 HAT 1K R H,0, [ fE

KRR : M SmGADFER 5 We/KIhh ; REEA 2BV (VIGS ) JRERIA
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Functional study of SmGAD gene in Salix matsudana in response
to waterlogging stress
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Abstract:[ Objective] The study aimed to investigate the functions of SmGAD gene in Salix matsudana in response to
waterlogging stress, provide theoretical basis and candidate target genes for elucidating willow waterlogging tolerance
mechanism and breeding willows tolerant to waterlogging. [ Method] Using one-year-old willow branches as materials,
bioinformatic tools were employed to analyze physicochemical properties, conserved domains, protein domains, hydro-
philicity/hydrophobicity, and promoter cis-acting elements of the SmGAD protein, and a phylogenetic tree was con-
structed. Real-time fluorescence quantitative PCR (qQRT-PCR) was used to detect the expression changes of SmGAD gene.
The SmGAD gene was cloned, and the prokaryotic expression vector pET32a-SmGAD and silencing vector pYL156-
SmGAD were constructed. Virus-induced gene silencing (VIGS) technology was used to silence SmGAD, and the gene
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function was verified through waterlogging treatment. Meanwhile, prokaryotic expression was performed to induce pro-
tein expression, and the changes in bacterial culture ODgy ,, under H,O, stress were measured. [ Result] The coding
sequence (CDS) of SmGAD gene in Salix matsudana was 1497 bp in full length, and SmGAD protein consisted of 498
amino acid residues, with a theoretical molecular mass of 56512.01 Da, a theoretical isoelectric point of 5.80, an
aliphatic index of 90.80, an instability index of 35.82, and a grand average of hydropathicity hydrophobicity coefficient
of -0.221. Phylogenetic analysis revealed that the SmGAD protein shared high similarity with GAD homologous proteins
in six species, including Camellia sinensis L., Oryza sativa L., Arabidopsis thaliana L., and Gossypium hirsutum L.
Promoter cis-acting element analysis showed that the promoter region of SmGAD gene contained methyl jasmonate -respon-
sive elements, auxin-responsive elements, light-responsive elements, drought-responsive elements, prolamin-
metabolism-responsive elements, and so on. Real-time fluorescence quantitative PCR analysis results revealed that the
expression trends of SmGAD gene differed among various willow varieties after waterlogging treatment. VIGS experi-
ment results showed that the silenced lines exhibited more severer leaf abscission and decay under waterlogging stress,
with substantial peroxidative damage to cell membranes, along with poor root growth. Prokaryotic expression experi-
ments demonstrated that the SmGAD protein played an important role in scavenging H,O,. [ Conclusion]SmGAD gene, a
positive regulatory factor in regulatory network of Salix matsudana in response to waterlogging and hypoxia stresses, can
enhance plant resistance to waterlogging stress through mechanisms such as alleviating oxidative stress damage. Prokaryo-
tic expression experiments confirm that the SmGAD protein can scavenge H,O..

Key words: Salix matsudana; SmGAD gene; waterlogging stress; virus-induced gene silencing (VIGS) ; prokar-
yotic expression
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[ A58 7 S )52 M0 (Salix matsudana) VE R —Fh4it
PR AR ) Bl PR ) | e ELAR s i L (N A S
(e, 762 24 BB R R R 4 A 1o iy R
P ,2023) o IR H B RIAE TR PR R, A4 XL
[ AR, (078 W 2Rl P A OR I e 2 38 52 s /K e
TE A0 AR AR 2R 4 Sk 2 T, K
TR R R A B, R R R TIER A
ST BT HEA T G A (GBX 5255, 2021 ) o TEAANT:
WA 25 B AR & $5E I 32 3 7K 35 37 53 B T
A (XI5 ,2023) , I8 S B O BEFAE 4 (ROS)
EA A FEY R, YA A R RS
HAEMRIET: (Xu et al.,2024) . [0, MR ZH S5
TR WM A2 BEL, T S0 b 1 34y, 20l R AR R
/N AL ARG ZE (Du et al., 2024) /K IR0 8
SR 0GR , RS &R B AR A e R FL R
P, S R I T AR 5 I SR AR DRI K 435 ik w8 1 A2
FIBIR, e ERE MM S 7k . Ak, ek a2
WEIRAE PR P I T, A S0 1 B 1S I AT 23K
FE 25 B P A AN B, DT B0 4B 4 A
&8 (Li and Rao,2024) . MR LE L X 1 7K 3 i 2
A RSRTTE , Hal SR & ik, 52 B K
TE AR A R SR, RO Z A AR R I
BRI AP, PR AT 17 (de Souza et al.,
2017) . PR AT KM 408 F IR R A5 TR T A
FH B 1R O H AWK 0 3 T R LG

P AR RE 55 #E (Liu et al.,2001) . BCE R REIE I
LU RE MR B TE B, 386 560 R A S8 W e
1, 3B TG SR W 7 ) %o A 3 ol T (I 5 4
2022) . PRI, T RAIAR i R s 7K 3 AH O 35 B ) g
REAFFT , Xt T ) IAGIARS TR 348 2 AL ol A T 8 MDA 75
B2 S [ A 5E i S ) GAD B 1R S £
KEBEVIMIE, EMTFI L JHEMEE R i
Y)RIEFEEDIRE . XU I (drabidopsis thaliana
L) AT, GAD Z0% 5 AL R il e iR B 48 AN
FTE], FEAS A A 4K 7 B B 2t B A U S 4 (2R 7K
,2021) ., X /KFE(Oryza sativa L.) OsGAD2 i ik
Pk 2R B R AR RE R 58 K B, OsGAD2 FE R TE 7K
Je R R Rk R, AT VR KRR R ) A K K
B (K% ,2023) . GAD F: N dmtih 75 &R I JR 1 , %
il = B2 DA IR ML P 1 Sk %l PR 1, A SR R AR
W y- & T B (GABA) |, 1 4 & R It & i 1E &
GABA & 11 BRI il (TR 055, 2024) . GABAYE N
SR AR R IR AR TR (&R , v 45
it K B AR M OBV E FHE A = BRI (R 45,
2010). W5, GABA S E A —EHE.
YERT, AT R A0 A5 5 30 0, dE i sg midE ) A K R
BHo LIRE5EE R LS GABA MM
F 5 7%, GABA Rl S £ 466 Tk ACC 3L A
()33 (ki e 45, 2020) . GABA 5l 7% iR Fl 7R 2
B — AR, T B AT TR RAR B, I
FEARAE R R B W T 454 (Wang et al., 2025) .
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GAD S K AEAE Py e )0z E A= P 38 CAn il e aa |46
el 0 AR 4 S a0 4 ) h L R M E AR . 7R
AW IEE TR 20 BRI P B IR AR Az 20,
GABA A 15 4 B (%) 25 iz i , B ATRATE ) i 32 1)
i (ZEBEAE,2024) o XF 5 AN £6 M A [ 14 4 46
(Gossypium hirsutum L.) i B 7EFh 85 & W 0E4 T8
a5, A IR £8P A A Y GAD 114 2 GABA
Fr i Y5 (Dong et al.,2024) . 7SR SF P,
HLN1 2% GAD2 FEPR Ik, A g s SR T X 15
36 T 52 P (Liu et al., 2025) . EA BRI, 4
JETt N GABA XY 0 A R T K ARA I aa i it
RE I A AR FHER . XS /N (Triticum aesti-
vum L.) BIWF5E & B, SNt GABA T $7+46 N4z
Ao TR FE A (MR B2 0, 2023 ) o 7F 85 )X (Cucumis sativus
L) 4l i 52 2 EL i i AR GABA., ] i 24 T
Pl % 2738, IR BB A AR ORI (B3R5, 2024) .
R 30 41 W AN IR GABA., TR R K A B OGS
YEHRE I APt A AL RE 1 ORRIRSE,2025) . FEFR il
(Solanum lycopersicum L.) %)t . % T 45 J& Wrd B
SR N GABA T 22 fif )y i T 32 (145473 (Shoaib et
al.,2025). WAk, GABA & 5 —RIRIGIAHC,
FIMTEARE L K AE T GAD FE R 3k F il M4
REE IR WK a8 i B PR, F DY GAD %
PR AT 8 76 AR ) i) 1 9 7K S v A 45 D (W et all.,
2021) o [ABFFRPIA ST BT, A C GAD FEH TIRERY
SR FEAE TR PR A A & E B iy 38 R
JolR 30 55 TR 1 & T GAD 3 PR FE AR ZRAR 41 7 345 7K
Jiin 38 e B BIF DL [0 e ) S B ) R ) B T
e ST 2R BT A5 H 2 S Sm G A D & PR A i) 10 348 7K
JifpiE b R R E R T RE . R S 8O 8 i PCR 43
HEAS [RIAIIAR i o SmGAD &R () 33k K-, R R
B TR TR (VIGS) H AR TUER SmGAD B, JIf:
A 3 JRAZ 3 8 X6 R 1 R A ATT SmGAD 2
FITHEE , B 1 FE B 5240 SmGAD H2 D3 AE 0 137 7K k38
P ELDIRE LU 55 R T S A 4y
TR RN BRS AR
1 #MREFE
L1 tBadfst

BEARh — LM A%, A5 10 9901 .75
Wi 795 T30 172 TN 287 FERMI— 5, B TR
T T ARG B R SR A RS, R
EHR SR (HRZ90.5 om) BY K R 8 em 1 /NEZ
FANTAMEEIATRE: . FEFRIEEE N 25 °C, LR
16 hOG /8 h A

1.2 SmGAD EEHMFMBEHFRIRIEATH
NMRRGER BRI

FFH Expasy(http://web.expasy.org/) 53T SmGAD
B 1) S SE TR 41 I 5 AR BRAL R 1 5 FIIFH SWISS-
MODEL (https://swissmodel.expasy.org/) ¥4 2£ & 11 4%
Fa A5 7 5 3 3 NCBI (https://www. ncbi. nlm. nih. gov/)
3 M1 SmGAD £ H 19 £/ 5F 45 #4388 ; {8 ] ProtScale
(https://web.expasy.org/protscale/ ) 1£ £& 1. H. fiit Il
SmGAD 14 #5 B 45 44 38 e 2/ /K 7 - A NCBI 3 Hit
KXW (Camellia sinensis L.) 7K F& AU ES I+ FIAR AL 55
6 MR ) GAD £ 11)751 , FIl FH MEGA 11.0 {2 &
Gk B, i TBtools #HL SmGAD FE K 2 5 [X.
(CDS) _L-1f# 2000 bp J¥ 54 M JE 8+, £ PlantCARE
T IE B X =CAE R o, -8 14 TBtools #E47AT
AL
1.3 RNAREUK LR35 EE PCR A

K F TaKaRa MiniBEST 84 RNA £ B 57 &
(5 HEAYHE AR A RA ) JHERNA , i
T i W O G P VK RS M) RNA 58 Rk S5k i . 1
TaKaRa PrimeScript™ RT Reagent Kit with gDNA
Eraser (Perfect Real Time) [ £ H EEA ¥+ AR (AL 50)
A FRN F] P HR B RNA S2#E 550 cDNA A 48
IR IR M . WA Z& 20.0 uL: cDNA £ 4 1.0 uL,
SYBR Mix 10.0 pL, I\ Fii#5#14% 0.5 uL, R 7K
R ZE 20.0 uLo P AT 2 95 °CHIAE P 1 min;
95°C 105,60 °C 55,72 °C 12 s, HEAT 40 MG,
FEAR 3 EY 2R R 24 iR B R
AHXT Fe ki (A5, 2024) . BIMIFHIILEE 1.
1.4 SmGADEHET=[E

HRHE ELH1 9901 1) SmGAD KK 551 , {8 B) Oligo
TV 51 FL AR5 1 R, ZHET0 N 42
MER A YRR IR A R G L. LAR % 9% cDNA
MR AT PCR Y™, )W AR F 50.0 pL: cDNA $%
Bz 2.0 pL, b . FiF 514 4% 2.0 uL, 2xpfm PCR
Master-Mix 25.0 uL,ddH,0 M2 2 50.0 uL, ¥ 32
JF: 98 °CHIZE 1 2 min; 98 °C 105,62 °C 55,72 °C
10 s, #4736 MG ; 72 °CHEAH 2 min, PCR P72
b PSS , >R TaKaRa pMD™ 18-T Vector Cloning
Kit[ % H BEAEYHEAR (a7 A R 7% 5
B , ZEAE IR A MER A R AT IR BT IT , LARf A
e VR IE (1R4Z 45, 2024) . BIMIFSIILE 1.
1.5 SmGAD ERREHEHE

HR % pWMI101 2441 pET32a AR 114 15 ) 45 1iE
K SmGAD FHF, 8 Bl Oligo 7353 2 X k5|
W1, 53 B4 0 F1-101/R1-101 FIF1-156/R1-156. LA
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pMDI8-T-SmGAD UKL A it 4T PCR Y1, 2
K2 50.0 uL: Bkt 2.0 uL, b FilE5 14945 2.0 uL,
2xPfm PCR MasterMix 25.0 pL, ddH,0 #b & &
50.0 uLo P HEFR)T - 98 °CTHIAEM: 2 min; 98 °C 10 s,
62 °C 55,72 °C 5 s, #4736 ME R ; 72 °C 4 fif
2 min, SIFHIFR1,
1.6 SmGADEREH VIGSiXiE

B4 2 TF 86 7Y pY L156-SmGAD #4545 4k 2 4
FFA GV3101, [RIET i 45 & A pYL156 25 2k . pYL156-
SmPDS Fl pTRV 1 (4 By 5 ki ) i 4 FT 1 B b o %
pYL156-SmGAD . pYL156 25 % . pYL156-SmPDS #il
pTRV1 B £k 73 5l 2 B F % 50 pg/mL R P 55 &
25 pg/mL A9 LB AR #2328 °C 200
r/min §i% 37 55 3% 12 h 2 0Dy, . /T 1.5~2.0, FifiJi5 LA
4000 r/min 5O , TV 22 i B 2 0Ty
ODjy 2 1.5~2.0. F pTRV1 B 5355 pYL156 25
# . pYL156-SmPDS F1 pYL156-SmGAD B Wi #% 1+ 1
Lo A9 58 4R A0 A T S RS W, Herh pTRV
5 pYL156 %5 # R A W12 i pTRV2 (X R4 ),
pTRV1 5 pYL156-SmGAD B IR & W i & pTRV2-
SmGAD RIS ) o B IR A B 53 ) A 2400 9901
(R FIAR AR ZH 2, 18 13 59 pYL156-SmPDS i Fi bk
SRR B AR RS | 43 R EBORT HE 2 RN 0 2H A
A RNA , F| B2 B985 it PCR 35 IE H AR 11
TR WA B B BT @k % I , 2 18 Chen
S5 (2025) 1171, FE RIS A5 F T X 54400 9901 £ 47 s
KA B CHE BEAR IR T35 ), LA E— 2543 A7 2 R D R o
ST,
1.7 SmGAD EFHR#%5R 1% K B iE 14N E

it RS [ pMD18-T-SmGAD Sk 4~
4 SmGAD KR . g FHBR I N VI Bam HIF Xho 1
X} pET32a AR AT LM ALAL BE K SmGAD JEH Fr
B 2z R AL 2 KT 1A BL21 (DE3) &3z
AU, THSEPHTER TS, 251 10 mL LB 7

&1 SIMFIIER

Table 1 Primer sequence information

B (%50 pg/mL Z N HEFHR) MRS T, 37 °CIR 1
R . B AE 37 °C . 220 r/min 54 F 5 5% &2
ODyyy,n 294 0.4, %5511 0.1 mmol/L IPTG 75 545 (1%
ik . TEH K ODyy,m N 0.2 B A 0.1 mmol/L IPTG
(iFFAH) , LRI IIPTG 755 09 6 Wl % 18 (R
B, 1.5 hJ5 75 4 R E S 40 b3 S Es
3 mmol/L ) H,0,, & 0.5 h Il & B # ODgyp . (Wei et
al.,2024). SI¥IFHIILER 1,
1.8 Sitsoh

K H] GraphPad Prism #1780 45 40 B S8 11434
R &, A XU Student” s ¢ 46 56 P-4k 2H [8] 22 5 1)
BEMAKF-
2 BRE5HMH
2.1 SmGAD EEHIPCRY IEER

i 1 S 9 ' 22 i PCR M) 9901 1 cDNA
WY 88 SmGAD FE A 3R1FH CDS J¥ 41, Bt
KR 1497 bp., K% 75 5 R MIBER 4L SmGAD
FER Y CDS IR T HE X, 45 5 (& 1) 7R SmGAD
FLR T e b
2.2 BHISmGAD EENEYIERFNINER
2.2.1 SmGAD % & 3ALM 5 BE & LA T
SmGAD % [ FH 498 M2 JE R 5k S 40 it , FRie 53 F1t
456512.01 Da, 73 T 3N CopyHi0sNgyc 050, So,, T
$°07968, ProtParam Fiil /3 A1 7, FLHHIE A5 i o
95.80, IR 5% 0 90.80 , AFasE RN 35.82, M-
YIE/mkYE R B -0.221, FIRZEHR LM, SmGAD
H 0] e ELAT 3 W A5 R AR I I B B K
QIR S BT W | 852 (Val) AR = 13 d5e g
(8.8%) , 5 2 IR (Leu) I 2 (8.6%) , F: e &% (Cys)
Ak (1.2%)

K FH SOPMA T _H.7iill SmGAD 5 [ — 24254,
5 (K 2-A) SR o832 5€ 7 37.55%, TT A i o5
47.59%, B-HTE 15 14.86% , 2 W a- IR i@ FITCRLI 2 Hh

5|4 Primer

5|9 741 Primer sequence

qPCR-SmGAD-F
qPCR-SmGAD-R
SmGAD-F
SmGAD-R
pYL156-SmGAD-F
pYL156-SmGAD-R
pET32a-SmGAD-F
pET32a-SmGAD-R
SmPDS-F
SmPDS-R

5'-CCTTATTTCATCAACACT-3'
5'-ATATCTCGAGGCAAAGGT-3'
5-ATGGTTCTCTCCAAGACAGC-3'
5'-CTAGCACACTCCATTCATCT-3'
5'-TAAGGTTACCGAATTCGGCCAATAAAGAGAAGAGGGA-3'
5'-CGAGACGCGTGAGCTCCCAAAACACAGAGTCAAGTAG-3'
5'-CAGCCCAGATCTGGGTACCATGGTTCTCTCCAAGACAGC-3'
5'-TGGTGGTGGTGCTCGAGCTAGCACACTCCATTCATCT-3'
5'-AATCAATGGGCCATGCCCTG-3'
5'-GCGGAGAAGAGCGAAAGGAT-3'
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TR AW TR I, BT SWISS-MODEL iy

LERTIINEE A (F 2-B) 7, LA AOAS36XSZ1.1.A
SRR HE ST A EE 45 44 5 SmGAD 25 151 A AR B
P4 99.60% , 4B it ik 1 HE (GMQE) 4 0.93

3 NCBIEZ T B 1 SmGAD & P55 1 45 Fa daf,

M 1 2 3

5000 bp
3000 bp
2000 bp
1500 bp
1000 bp

750 bp

500 bp

1497 bp

250 bp
100 bp

1 SmGADEERIPCRIBLER
Fig. 1 PCR amplification results of SmGAD gene
M:DL5000 DNA Marker; 1~3: PCR ¥ 374
M:DL5000 DNA Marker; 1-3: PCR amplification product

&I SmGAD # [ % A 4% 20 8 I R B FR A M D) e
B, I f0 S W R L B (PLP) 454 67 45 B S B AR <T
FRIL (K] 2-C) , %45 B 5 AAT-1HE % (HKHi PLP ()
Fit 25 ) it AL LT REAE 25 BE W o B85 B 45 g 3 4
Hr4h 3 (K 2-D) 75 , SmGAD 45 [ JC 5 45 46 1
SEIB KA BT 45 R (K 2-E) B, 55 206 {37 & L iR
(Val) (R 538 B 75 (2.444) L 565 141 03 &R (Trp) 1
I AR (-3.611) , W] SmGAD # (B A P61
FEIE,

2.2.2 SmGADE @ A% L H MTAFRBHTF
FRKXAE R 54 REEEIrEs R (K 3-A)
R, BH19901 19 SmGAD & M5 & 5444 (Populus
trichocarpa) . 25 W FIAH AL 1) GAD [F] P 85 FH R 2% 0%
FREGE, ZHEFH TR (K 3-B) R, SmGAD
5 H Al 6 S RP ) GAD ] 585 11 3 BAT w5
AEARLE , 2 WA A 2 R M AR AN [ W o b i B R ST
Ja B AR e A g R (1 3-C) iR, H
Bl B SRR R I ey e AR ZR A R T

A | B
50 100 150 200 250 300 350 400 450
50 100 150 200 250 300 350 400 450
i EENGE —— pAFR )
a-helix Random coil B-sheet N
C 1 50 100 150 200 250 300 350 400 450 498
r Glu-decarb-GAD \
AAT_I superfamily
D 1.0 I e — E 3 Hydropath. / Kyte Doolittle
L | I
0.8 ’ n \‘\ | 1o
> : 1 i ‘ il ’,‘ b {14 f H| 11 / ” |
2 2 ‘. N “m ‘lj"‘ ’“ ] I . ‘ \l \| |‘ N
= 0.6 A 0“.""\|uJ h‘“ p‘ ;‘ J'WJM\ \U }1 1 }vw,]l‘” ‘\ i i \ M | ‘|
] TR R L L1
£ R -1 ! L " | | By J‘ i i ]l b
w 0.4 o P 1 M ( | ,
'I‘?i']' A 2 ‘ H ‘J‘ |
€ 0.2 ul‘ I |J
. 3} |
— Inside
0.0 -4
0 100 200 300 400 500 0 50 100 150 200 250 300 350 400 450
{ir & Position {iL & Position

2 SmGAD ZEHHIZKLEHI(A)

ZREM(B) RFEE(C) BRI (D) FSE/BK M (E) T

Fig.2 Prediction of secondary structure (A), tertiary structure (B), conserved domain (C), transmembrane domain (D), and
hydrophilicity/hydrophobicity (E) of SmGAD protein



- 1904 - W oF R k¥

Eicd 57 %

S 1 TG A T 5 7 T A R IS 1A e
e, FHor, ik%‘?ﬂﬁrjﬁﬁ#%ﬂ;‘ﬁﬂnr‘mﬁéﬁﬁf
PR SmGAD FEK PT 82 SAE YRS K I e 1
2.3 AR ST SmGAD £ E i 5z 78 7K B 59
RIEDER

FERTEAN B SRR o SmGAD i PR A 1) [ 15
JR 38 R R IR AR AR o3 ] PR BT 172 5 A
287 JHI 795 ERMI—S- A1 9901 #E/K 0.4 F1 12 h
() RNA , #E175C B 26 2 PCR 70 #r . 4554 (1K1 4)
IR, SmGAD FERAEA [F] S P (i B B A FAE 2

M 172 RN 795 H , SmGAD 3 [H ) ik #4
A AL, EIE K 0~4 h F AT R (HiE /K 4~12 h
PR B3 (P<0.01 5% P<0.001) bR, SEHEH)287.
M —S TN 9901 (Y SmGAD He R 68 KA
AHIA], BIE7K 4 h#5 0 hAf i 2 (P<0.01 5% P<0.001) I+
VALK 4~12 h 52 B, L 25 SRR, SmGAD
FEPRLEAS [ it AR i 157 78 7K Pl v 359 2 4% L)
PP
2.4 SmGAD E R E 3T 20t % e 71 5952 M

L pMDI18-T-SmGAD J5i ki 2y 852 B , 7 3 35 1%
216 bp ST SmGAD 3£ B (K1 5-A) o R0
2, S pYL156-SmPDS WA R FEE H A 5 11k %
A, SR 96 B PCRAMITAS B (E 6-A) R, 5
X BRZH AR L, 3T 2H SmGAD FE R A AF XS 25 35 [ it
L 50% , 72 B EE I UTERBSCRAE 50% DL o W5
SmGAD &R #E 7K Piria v g e, X 2 A R4 T

A c
H34E Gossypium hirsutum L.
{ ZM Camellia sinensis L.
K7 Glycine max L.
|: S0 Salix matsudana
ERH Populus trichocarpa

IS+ Arabidopsis thaliana L.
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Fig. 3 Analysis of phylogeny (A), conserved motif (B), and promoter cis-element (C) of SmGAD protein
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