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gEn
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PRl AR A BR AR ) \DYCP-32B HL kAL (db 5t —
I#$) ) \Centrifuge 5810R Z5.0>#L ( Eppendorf, ZE[F ) |
Veriti 96-well Thermal Cycler PCR ¥ 3% {3 ( Applied
Biosystems, 32 [ ) . CFX96 Touch %¢ ) %€ i PCR X
( Bio-rad, £[H) ,

F R A B RNA S B0 & [ RARAE LR}
F (AR ABRAF ] DNA TSGR 6 (e JH e i
] BUREEAAR pMD19-T ( K% TaKaRa A #]) Green
Taq Mix (g 5L AMERE AL W RHAT IRA A (514 (7 5t
Sk A IR R 7)) S sl & HiSeript 11
Q RT SuperMix for qPCR( 7 5t i MEREA: IR A BR 2
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(i BUIRMERE A R FRA R o
1.2 Ak

A L PU7SHET 2017 4F 10 H 3 HAEFh THeds £ -
AT =1:1 (AR ) LR A iR BT, 20 d JERER
TR E 60 cmx40 emx20 em KA (LLUZR SRR I
HHE A R 7)) s EAT R SR B IR Hogland FRifE
WET7 o 7 d Jr A Rer AB AR 2E AT R B 38 (200 mmol - L7
NaCl) Ab3f, GhSHEE] 73550 1,412 h, IR ZER 0 4k
PREG IR MRAE A XS BE (CK) |, B B 3 IRAE Y2
HIL ORI i ARMIBEZE ST R R AR
-80°CLRA74 I, HITF RNA M4REUK cDNA 4,
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R EARIBUE RNA I S 5 s ialm) GO SR U EL RNA
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1.2.2 K3 GST AR 6 L ARG oS

W SRR (CRAAT) K IFPHE I GST FE K 531
BT 1 X514 GST-F Fl GST-R,J¥4143] 4 5'-ATGTC
TGAAGAAGTACTGTTGCTG-3' 1 5'-TTACTCTTCTATC
CCAAGCTTCTT-3", LAEE 1L DU 7S cDNA SRR 14"
. PCR NIRRT :94°C FUAEME 5 min; 94°C M 30 s,
55°C3R K 30 s, 72°CHEM 50 s, 3 35 ANMFER; 72°C SE AR
10 min, PCR ¥ 1 1. 2% B JiE A 88 e v vk [l i, 5
pMD19-T A& 4% , IH-4% 10 2= KT DHS« 421K
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RIEIREEA TR ST HE BT NS J3 1 o o 045 v S 2R A T
30T KL MEGAS X 2 Ge gt A A D0 1 F0 2 5, 2
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¥4 ( https : //npsa-prabi.ibep. fr/ cgi-bin/npsa_automat. pl?
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PRBE 3 AR TR, RIB KN 514 BD-SAND-F ;
5'-GCGTCAACGAATGTTCCAATTACCA-3'#1 BD-SAND-
R:5-TCTCTTCAGTCTCAACTTCATCAGCAT-3', ¥
AT LIPS 58 1 GST JE R 13 91 33 1 28 25 46
5|%) BD-GST-F :5'-GCTAGGATCGCACTGGAAGAGA-3’
F1 BD-GST-R :5'-GGTATCTCCTTCTCCGCATGA-3' , %
18 ChamQ SYBR qPCR Master Mix 377 &5 (945 4 150 B
AT ZOEE B PCR,
1.3 HIRESHH

LAKGR SAND e IR B SRR IBACHE R A S, R
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JEZ32 700 bp W B (& 1), FealiilsE 553 Hrk il
GILPURHER GST HH EA 1> 663 bp 1Y FF il ) 152
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GenBank , #1535 555 MH892343 Tl I 1% Jik X 2 5 1) 15359 5 35 8 ( Malus domestica , XP _008358506 ) . #k

B XS 431 i A 25. 58 kDa, 25 HL 5N 6.55, ( Prunus persica, XP _ 007200430 ) . AL ( Phoenix
bp M 1 dactylifera , XP_008775488) . ii#5: ( Elaeis guineensis , XP

_ 010923805 ) . % Jifi ( Solanum lycopersicum, XP _
004240536 ) . ¥ # ( Capsicum annuum, XP

016576141 ) . 5 4 2 ( Solanum tuberosum, XP _
006355799) . % D ( Raphanus sativus , XP_018455003) .
It 3% ( Brassica juncea, AAP58393) . i 3% ( Brassica
napus, XP _ 022547908 ) . ¥ JN ( Cucumis sativus,
KGN53533) #1 97 JN ( Momordica charantia, XP _
022142875) FEAHYI Y 1au 2E GST (9 E IR 5 91 47
BLAST X, R ILRGRAY GST HePH 4 i (1 &6 11741 55
HABFP I GST Z AR 91 [l I5 PR AR (7R 451 |
AAXFORSF o TERR FIAY N 3 & A A e H IR = 456 07

.M. DNA %?%ﬁ;{ﬁ(z 000 bp); 1. AsGST F:[H )ﬁ( G ,fj}vj_\:f\) ,C ﬁﬁ”ﬁﬁﬁﬂﬁﬁﬁﬁﬂ@@ﬁ%ﬁ%%%ﬁ
Note: M: DNA marker(2 000 bp). 1: AsGST gene. FHA) (E4),

B 1 X7 AsGST Z£EH RT-PCR ¥ 15Eik X K FR A A A ) i GST & HE MR T 5] ik 47 B4k

Fig.1 RT-PCR amplification patterns of AsGST VM, B3R 1 I , EAE Y GST & LR 5%

gene from garlic JEHOCR 213 ~ 222 A, A4 B 23,72 ~ 25. 67

kDa, fisih 2 B (F 000G 2 R, A I R 2 1 ) W
Z TRRIEEIEMR (A RA ARG AR ) , NG R =
FEMRICR 5 T 05 B R A HE IR, A [R) d BE Ry 91 iy 1
P25

2.2 K7 AsGST WIS B F 5 FnIB 4L R 7
B R AsGST BYREFERR 5 54T BLAST HoXT, 4%
WEIR,ZEHET tau 25 GST HE (K 3) . ¥izE

ATGTCTGAAGAAGTACTGTTGCTGGAAACATGGGTAAGCCCATTCGCCCACAGAGCTAGGATCGCACTGGAAGAG
1 M SEEVLLTLETWVSPFAHRARTIALEE
AAAGGGATCAAATTCATCACAAAGCAGGAGAATATCCACGATAAGAGCGACCTGCTTCTGAAATCGAATCCGATT
26 K G I KF ITZ KW QENTIHDI KT SDTLTLTLZE KT SNTPI
CACAAAACGATCCCGGTTTTGTTTCACAATGGCAAAGTTGTTTGTGAATCTACTTTGATCGTTGAGTACATCGAT
5 H K TTIPVLFHNSGIKVVCES STILTIUVETYTIH?D
GACGCTTGGAGTACCGTTGCTCCATTTTTCCCCAAAAACCCTTATGAGAAATACCAAGTTAAATTTTGGGCTAAC
% DA WSTVAPFTFPIKNPYETZ KYQVKTFWAN
TACGTTGAGAGCAAGGTATGGGGAGCTGGAGTGAAGATATGGCAAGAGAAAGGGGAAGCAAGGGAGGAAGCGAAA
101 Y VES KV WGAGYVY KTIWAQETZ KT GEARETEATK
AAGGCATACATCGACATTCTCAAGGTTTTAGAGACGGAGCTCGGAGACAAGAAGTACTTTGGAGGAGAGACGTTC
126 K AYy I DI LIKVLETETVLSGDTZ KT KYFS GG GETF
AACTACGTGGACATCGTGTTCTGTCCTTTCAATGTCTTTTTGTACACGTACGAGAAGCACGCGAACTTCAGTGCG
51 NYvDIVFCPFNVFLYTYET KU HANTFSA
GAGAAGGAGATACCGAAGCTGGTGGCTTATGCAAATCGGTGTTTGGAGAGGCCTAGCGTTGCAAAGACGTTGCCC
176 E K E I P KLV AYANRTCLERPSVAKTTLP
GATCCGAAGAAGACGTACGAGTACATCCTCGAGCTCAAGAAGAAGCTTGGGATAGAAGAGTAA
200 D P K KTYEYTULTETLTZ KTE KTI KTLTGTIEE *

B2 X5 AsGST EEMZERF I REHREHIERFT

Fig.2 Nucleotide acid sequences and predicted amino acid sequences of AsGST gene from garlic
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Fig.3 Prediction of conserved domain of amino acid sequences of AsGST from garlic

Kz Allium sativum ...MSEEVLLLETW GIKEITRQENIH. SOLIE VERBIDDAWSTV.AP 83
¥R Malus domestica . . .MEEVEVLGAW YIEENLV. SDLL ..NP 81
Bk Pruus persica ....MEmFGAN YIEEDLA. . .MZSDLL ..NP 81
8- Phoenix dactylifera MATARKGVVLLDEW YREENLW. SPLL ..NP 85
AR Elaeis guineenisis MATEXGEVLLLDLW EYREESLL. SPLL! ..NB 85
i Solamum lycopersicum . . . M3 . TRVHGEM ELVPVNMQAGDHIREPE; TOMSIZHTYADKGND 84

WX Capsicum annuum ...MA.IRVHGPI ELVEVNMQNGDHIKED TORSIZHTYADKGNQ 84
LA Solanum tuberosum ...MV.IRVHGPM ‘LVPVNMQSGD KEPE TORSIZHTYADKGTQ 84
¥ N Raphanus sativus . . .MAGIRVEGNA ELVNVELKDGEHZKED TOMSIZERYEGQGTN 85
I3 Brassica juncea . .MAGIRVEGSA LVNVELXDGEHZKEP TQMIZHRYEGQGIN 85
WISE Brassica napus . .MAGIRVEGNA LVNIDLXDGEHZKEP TOMIZHRYESQGTN 85
)R Cucumis sativus . MADQEVELLDEH YVEEDLR. 5L VENSIDEFWNDX.AP 24
# )X Momordica charantia .MADGEVRLLDFW EYVDEDLA. SPL DEVWNHK.AP 84

e ) . . * Hok -
Kaw Allium sativum EEEXNEYER. . . YQVRERANYVESEVAGAGVRT .. ... ..uuw WQEXGEAREEAKRAYIDIERVIBT. IVEC 158
3R Malus domestica BISDDEHER. . .BLARFWTRFICERG mg ............ FMADGEEHERAAREIRDVERIIREQ LALG 155
Bk Pruus persica BISDBEHER. . LAREWTKFIC 4G.LPFATE........... FMADGEEHEKABKEVKDLERIIBEG LALG 156
1§, Phoenix dactylifera LLESDPYER. . .AQAREWADEVD {VSECWTRE ... .vvvn... WRVKGEAQEEARKDMIEDLRLIRG. VLEM 160
R Elaeis guineenisis ELESDSYER. . . ARAREWACEVDREIYECGTRL........... WRLKGEAHDEARRDMIEIERLIG. IAFV 160
i Solamum lycopersicum  LLENDERR ..MlVMSVFMEVEA { FCPIGSKLGFEIVIKFMLGMVIDDAVVAENEERLGRLECVYSS . LHHA 170
B Capsicum annuum LLENDERK. . .MAIMSVAMEVEAQKFCPVGSKLAYEIATRPMMGKVIDDAVVAENEEKMGKLEDV YA . LHHA 170
ILEAEE Solanum tuberosum — LLENDEEX. . .MAIMSVAMEVEAQRELEIG :LGEEIVIKEMLGMVIDDAVVAENEEKLGKLIDV s. LHHA 170
# N Raphanus sativus LLEADYRNPAHYAIMAIGLEVEAHQFLPVASKLAWEQVFKNFYGLTTDRAVVAEEEARLARVECYIRA . LHHI 174
3K Brassica juncea LLEADSKNIAHYAIMAIGLEVEAHQFDPVASKLAWEQVEKNFYGLTTDQAVVAEEEARLARVECYIRA . LHHI 174
W3E Brassica napus LLEADSKNPAHYAIMAIGMEVEAHQFPVASKLVNEQVIKNEVGLTTDQAIVAEEEAKLARVECV YRA . LHHI 174
# K Cucumis sativus LLESHEYDR. Qnmvnnrgusn ; S WATXGEEHEAGKREFIEILRQLIG. IALI 159
K Momordica charantia  IEESBEYER. . hgzxamvnyn LYEPTRRI........... WESKGEEQEAGKREF IGILEQMIE. ISLI 159

e ) * k%
Kag Allium sativum BENVFLYTYERHA. .NFSREREEXLVA¥ANRCLERESVARTI PDPRRTYEYILELXKRKLGIEE . 220
R Malus domestica FIASSEGVIEQVVGVKVLHATE -Rr.chm’imxmmpngs . LHPDRMEVFYKQRREMILASRP 219
Bk Pruus persica FIASSEGVIEQLVGVKVLHANDEZRLCNN INNFKENPA IXQNELNHDQMFVYYRQRREMLIASRT 221
A Phoenix dactylifera PLSAWEYTEETCG. .NESVEREQsKLVANAKRCMERESY ;‘EHBPHKVYEYVCQLKKKLGVD. . 221
WAR Elacis guineenisis PFTAWFYSYETLG. .NFSTENEQSKLVAWAKRCMERESVTESE PEPYRVYEVVVKLKKREGVE . . 221
FAh Solamum lycopersicum  BSLEYLSGSRVES..... LFCARSEVSANVACILARBAWSKTEELSKG . « v e v vvnenennnnns 213
B Capsicum annuum BGLHYLSGTKVKS..... LEDARSHVIANCADVLARPAWSETEELNRG. « v o vvvnernnennns 213
B4 B Solanum tuberosum — BSLEYLMGSRVES. .. .. LEDAREHVSANCADILARPAWCKTEELSKG . ¢« v veenennennns 213
% N Raphanus sativus PVIQYLLGTPTRK..... LETERERVNEWVAEITKREAS I:c ..................... 213
I3 Brassica juncea PVIQYLLGTPTRK..... LETERERVNEWVAEITXREASCK IIQ ..................... 213
W3 Brassica napus EVVQYLLGTETRK. .. .. LETERSRVNEWVAEVTRREASQETER . . ..o evveennnnnnnnns 213
K Cucumis sativus GFYSWEYTYETVG. .KESIEAEQRXIT GxRCLQNEsvﬁ PDSKKIYDEVVQVQRALGII. . 220
¥ )X Momordica charantia ~ GECTWEDVYESEG. .NESIEAECJKLMGWVERCLQNESY rEp:pxxvanrvr.qwxxxLeL. .. 219

. # R8N GSH A0+ FIRBUKIRMZE &0,

Note : # indicates the GSH binding site. *
B4 X7 GST SEMEY GST KEBFIMEHILI

Fig.4 The alignment of amino acid sequences of GST from garlic and other plant species

2.3 X7 GST WIS EBEFE /KRG /K R
XEE I DU 7S GST JE R 5 1 & L 1R 7 5 i#E 47
BK YR/ BT, S5 R i 2R

123 (i 4%

indicates the substrate binding site.

TRl =003, AR R SRR FIBERY GST J& TR — 4
O3 AR AL AR GST & T [ — 40032, #1
PRI R GST J& T [/l —>43 32, BB Y

R (Glu) FE7KPEfa , O E 118 S 119 g H
IR (Gly) MR IR (Glu) ; i K Pk 5 58 A 5 W 5
157 D1 B SN E R (Phe) , HR AR 155 5 1) 5752 2
(lle) (ES5),
2.4 K55 GST 9t {L B4 4

FIE 6 AT A1, B PU S GST 5 RHEY 1kt
KRB R, AR S N JF3E TSR GST J&

PRHL T AR GST J& TR 1 A3,
2.5 K7 GST ZZRE&EHHSH

FIFHAELR B AF SOPMA 43 BF — 9 4544, 45 S £ W
AsGST & H i ' o — BRJiE 5 55.00%, 4 fifi 55
11.82% -5 5 5.45% , LA & #h &5 27. 73%,
PLEK GST(PDB ID:4chs. 1.B) A&, i i SWISS-
MODEL FELR R4 X} 2 85 (AT = &5 40 43 #r ,



1092 ¥R %O 3%
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Table 1 Comparison of composition and physico chemical features of amino acid
sequences of GST from different plant species
A T . A , e
w0 WRERE IR DR S E
UIEILES HH Theorerion] MR R I L 51 LR 1 SRR ]
Plant species Number of coretiea Theoretical pI ~ Rate of basic Rate of acidic Rate of aliphatic Rate of aromatic

K . relative molecular
amino acid

amino acid/% amino acid/%  amino acid/% amino acid/ %

mass/kDa
KF# A. sativum 220 25.58 6.55 16.9 15.0 76.0 11.0
W M. domestica 219 25.34 5.71 16.0 15.6 66.3 9.1
B P. persica 222 25.53 5.34 14.5 15.3 75.6 9.5
WA P. dactylifera 221 25.53 5.54 15.4 15. 8 75.6 8.6
IHAE E. guineensis 221 25.67 6.16 16.8 15.9 78.5 9.5
& S. lycopersicum 213 23.72 5.98 15.0 13.6 73.5 6.5
B C. annuum 213 23.77 6.39 15.5 13.1 76.6 6.6
A S tuberosum 213 23.83 5.98 15.0 13.6 76.0 6.5
% N R. sativus 213 24.19 6.67 16. 4 13.6 77.4 9.4
J3 B. juncea 213 24.08 6. 40 16.0 13.6 78.0 8.9
IH3E B. napus 213 24.09 6.67 16.4 13.6 78.0 8.0
#IK C. sativus 220 25. 46 5.90 15.0 14.5 75.7 10.0
1)K M. charantia 219 25.25 5.90 15.5 15.1 75. 1 8.7
S0 A AsGST FH fy 265 8 CK oW 284k | (H 6 % £ e
2 4Ur Glu(119) N e N I
2 ;g Gly(118) |/G1U(12?) ACFREFTRI A SE 4 | & L DU 7S 3 P GST PRI AR i =5 i)
Z 2
3 W n [y RURIFRA R R LA, B 4 b A F)
z Y v M w7 >
o ot SRR W vy BCrg, ARMSAALED 12 h B ASGST SR 12 R ()
%20 FIRBHREAE I 4 b A W R W ELIE 25 0 (1) 2 2k 25
S0y 36 T 166 20 AN
. S0r g
£ 431,8: le(155) Phe(157) A
=y K ) ‘
2 oo 3 e
St o hAL N
£ 10 'AW{\ A HU i V\{VM I Moy I\Vt
T —1.0
g oo U PV BF e 00 MBS P P
% 30] o - N
8 40l KBTS X A A5 A s s | A, ™
5.0

T 36 111 166 220

HEB Amino caid

Bl 5 KFR AsGST SEEFF 5 #RKERBGEKES 17
Fig.5 Analysis of hydrophilcity and hydrophobicity of

amino acid sequences of AsGST from garlic

Ui EE BT S a-IR A I ( BaBaBa) ,C JiH 8
A a—WEHEAE I, 18 1 — 2 10 DN EELIR 1 ¥ 5
SEMEGERE (L T)

B LB T AT GST £EERRIEST

H 8 AT, IEH 454, B 1 7S GST 7
=25 W FIAR A e 0R  TEAR th i ek B e, Lk
eI FEEEZE R ) Fe Ik AR, SR AL B 1 h B,

2.6

HR L B ELA A 0 I A R R
M GST. # %A 1k ¥ B 1kl ( superoxide dismutase,
SOD) . i & b & W ( catalase, CAT) 3 & 1k ¥y Wil
(peroxidase, POD) %1 5 0 {74 6 6.4 , R 5 47 204
TH BRAE A P 0 1% A A8 S At 1B Pl 6 1 B 400 B P 1Y
A EBY B, WA Y S 2 SO i ), B
W GST VR — A R IE I K, e AE KA R
I IR B AR AR A e e b R HE A RS R,
WE9E GST A By T B BAR 49 A= A FNHCAE 638 04 73 5411
il 6 e B E S AR AR AR RE ) B e R

GSTs —fB LA 25~27 kDa 1y 2 £V 3k LAR] P 55
PRI R A M, B WS & A 2 a5 [ S5 AN
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02

B N Rsativus(XP_018455003)

FF3K B juncea(AAP58393) +F R Cruciferae
W3 B.napus(XP_022547908)

,—ﬁ% M.domestica(XP_008358506)
PRl Rosaceae

! & P dactylifera(XP_008775488 ]
% actylifera(XP_ ) R Palmaceae

,—ﬁﬁ& C.sativus(KGN53533)
l—%"ﬁ& M .charantia(XP+022142875)

I—?ﬂl kR E.guineensis(XP_010923805)

FHIPRE Cucurbitaceae

K7z A.sativum BEHR Liliaeae

B C.annuum(XP_016576141)

i S.lycopersicum(XP_004240536) | Bkt Solanaceae
A Suberosum(XP_006355799)

B6 XAiSHMEY GST REBRFIHNRSGHMLK
Fig.6 Phylogenetic tree of GST from garlic and other plant species

7 AsGST EEHR=FKLEHTT
Fig.7 The deduced three-dimensional structure of AsGST

[ A 5B IR N i bl B 3T 8 Fl o BRERA 1 5 C s 322
o BEERG LT ARAIF ST BE AR AR 1 KRR AsGST 3 A
J&T tau 28 GST ZEGIOL , o it i 25 11 ot 55 HoA 12
FRAEIH GST J3 5 AR AL A AR, {H 7 25 48 b A X £}
51, N I B DRSF A G A R H R G AL80, C omiY H
DA TS A KR e 2 M 254 1 5 i AR o &5
REM N G EEH B IS M o BREM K
(BoBaBa),C Wi 8 A~ o BRHEA A, 3@ i 1 4~2 10
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Abstract; In order to investigate GST gene from garlic and structural features of its encoding protein and analyze its
expression in different tissues and under salt stress. The GST gene was cloned from Cangshan siliuban by RT-PCR
method. Bioinformatics software including BLAST, DNAMAN, ProtParam, MEGAS and Swiss-Model were used to
analyze its sequence characteristics, and real-time quantitative PCR was used to analyze the expression differences of
AsGST gene in garlic roots, bulbs, and leaves and its response to salt stress. The length of AsGST gene was 663 bp,
which encoded 220 amino acids. It was predicted that the molecular mass of its protein was 25. 58 kDa, and its pl was
6.55, which can be classified into the tau subgroup in GST family. Plant GSTs showed low similarity in sequence,
whereas highly conserved structure was observed. The GST active site was composed of a specific GSH binding site ( G-
site) at the N terminal domain and a nonspecific substrate binding site ( H-site) from the C terminal domain. The
evolutionary relationship of AsGST was more close to Solanaceae plants. Analysis on three-dimension structure revealed
that AsGST was made of three B-sheet strands and 11-a helixes. Real-time quantitative PCR analysis demonstrated that
AsGST was highest expressed in garlic was roots, following by leaves, the lowest expression was bulbs, showing evident
tissue specificity. The transcript level of GST reached the highest value after salt treatment for 4 h in every tissue,
indicating that this gene could respond to salt stress. The results of this study provide a theoretical basis for function
characterization of GST genes in garlic.

Keywords : Allium sativum L., salt stress, AsGST gene, gene cloning, expression analysis





