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Cloning of Glutathione Peroxidase Gene from Cucumber and Expression Analysis after Infected by Pseudomonas syringae pv. Lachry-
mans
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Abstract [ Objective] To clone CsGPX gene and study the relationship between CsGPX gene and disease resistance of cucumber. [ Method ]
The CsGPX gene cDNA full-length sequence was cloned by RT-PCR technology. Characteristics including the physicochemical properties and
conserved domain of the deduced CsGPX protein were determined by a series of bioinformatics tools. qRT-PCR technology was performed to
measure the transcript levels of CsGPX gene induced by P. syringae pv. Lachrymans. [ Result ] The full-length nucleotide sequence of CsGPX
was 914 bp, containing a complete open reading frame of 513 bp which encoded a polypeptide of 170 amino acids. Bioinformatics analysis of the
amino acid sequence showed that the molecular weight of encoded protein was 19. 02 kD, and theoretical isoelectric point was 8. 66. This pro-
tein was a hydrophilic protein,without transmembrane and signal peptide sequence. The expression analyses of the gene by qRT-PCR showed
that the CsGPX expressd in Cucumber leaves. Induced by P. syringae pv. Lachrymans ,the transcript levels of CsGPX in cucumber leaves re-
markably increased with the extension of induction time. [ Conclusion ] This study laid a foundation for providing important basis for CsGPX gene

on disease resistance mechanism of cucumber.
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FAZER ARSI RNA B 40 BE FIHe BT
1.2.2  CsGPX 21 cDNA o, FRE T i a0y 2 it
Fr eDNA SO G e 3R e ko 48 (L Al GPX JE[A cD-
NA K383 514 CF1,.CR1(FE 1), LI# K ¢DNA 4
FEMGEST PCR 3% | ) AR £ (50 L) :2xPCR Mix 25 pL,
1E 514 CF1 .CR1(20 meol/L)% 1 uL,cDNA FELHR 2 wL, AN
EHE 4 ddH,0 £b 2, PCR ¥ 34 2% 4. 94 °C 10 A 4
5 min;94 °C 30 .57 C 40 s.72 °C 1 min, 35 MEH; &5
72 CHEAH 10 min, ¥ PCR P23 A= 928 w10
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Table 1 Primers used in this study

1P (5'—3")

Primer sequence

b EIE7 RN

Number  Primer name (5'—3")

1 CF1 AGAAGGAAGGGAAGACAGAG

2 CR1 GCGCAATGCATAGATGGGAGG

3 CF-qRT GTTCGTGAGTTTTAAAACCC

4 CR-qRT GGGAAAGGTTCTTCTTGTGGT

5 18S-F TAAGTAGCGTCCGTGTCGTG

6 185-R TTGCTGTTTGAGATTCCCTG

1.2.3 JF50 504, {8 NCBI A g 5 324E (open reading

frame ,ORF) #7724k )74 1) ORF, 43471 ORF Zfth i) 2 5L 1R
J¥ 3% Fl ExPASy IR 55 2% - 19 ProtParam tool % {4 (http: //
www. expasy. ch/cgi—bin/protparam) , CsGPX & 4 X (5
S JRA T 43 B1 43 591 R J§ TMHMM (http: //www. cbs. dtu.
dk/services/ TMHMM/ ) .Signalp5. O (http: /www. cds. dtu. dk/
services/signal. p/) . i1 NCBI H1 CDD 2% (https: //www.
ncbi. nlm. nih. gov/cdd/) %} CsGPX & FLFR 751 (1 {4 51 25 1y 3§,
175381 JH Netphos 3. 1 server (http: //www. cbs. dtu. dk/
services/NetPhos—3. 1/) Xt CsGPX S J: 18 741 3: 1T Vs £E i iR
A S BT 43 3 Plant —mPloc ( http: //www. csbio. sjtu.
edu. cn/bioinf/plant—multi/ ) F1 psort prediction ( https: //www.
psort. hge. jp/form. html) Xf CsGPX #4770 g & 137 73 B Hl
JH SOPMA ( https ; //npsa—prabi. ibcp. fi/cgi—bin/ sopma. html )
Xf CsGPX ZEERR T 51 AT R EEAE 43 BT, CsGPX =2 454
K SWISS—model ( https : //swissmodel. expasy. org/ ) Tl ,
1.2.4 FOGE R PCR 430, KA qRT-PCR J5 ik, X4 5]
A TR A SRS TR A [R) IR [6)375- 3 R 1 CsGPX BEDR A e 317
OUFFATASIN , 3 ) S U 4 0.8 .24 .48 72,96 h AL HLfY #K
2 RNA SR 556 B cDNA B 2l ¢DNA SR #8EAR , A
SYBR Premix ExTag™(2x) 10 wL, Bk gAY TRKEAR
FRAFI U F84F . 7 Agilent Mx3000P BUZIR Y 14 5L AE
AL 4T RT-PCR, ] T 7€ # PCR 1) CsGPX B: [ (145 5+
PE51#1 (CF—qRT .CR—qRT) K& 2754y (18S-F [185-R) WL 3%
1, PCR W44 :94 CHUAEME 30 s;94 °C 125,56 °C 30 s,
72 °C 30 5,40 ANMEFR, SEAR B Ky 81 °C, ¥ S8 U R

278 PN

2 #RS55H

2.1 S RNA RUREURAT  $REGE AT BB RNA R 25
SN 1 7R, 288 rRNA (155 K202 188 rRNA 1) 2 £, i3
HH 25T, RNA SESE PR AT s 2% R HE LA A IS 0D,/
ODy, HWfE N 1.88, 4 F 1. 8~2. 1, R BRI RNA 4l 5
&, i TR 2%

28S rRNA
18S rRNA

1 #HKE RNA fIERER
Fig.1 Electrophoresis results of total RNA of Cucumber
2.2 CsGPX ERFE 2K cDNA H3RE  LIHJK cDNA i
B, JRESES 92t 4T PCR 9738 iy 141 2 Al 01,78 1 000 bp
MHEARE] 1 4% CsGPX LN A4S S 7 B, 5 B /AR A5
PCR W elnifiealifl N 515 2K 914 bp #HYFFF1 .
M o1

2 000 bp
1 000 bp
750 bp
500 bp
250 bp
100 bp

7 :M. DL 2000;1. CsGPX %:[F cDNA 4K
Note : M. DL 2000; 1. Full-length ¢cDNA of CsGPX
2 CsGPX £F cDNA £KERHIKER

Fig.2 Electrophoresis results of full-length cDNA of Cucumber
2.3 CsGPX £KFFISH AR COPX 2 KM P&, #)
JiI NCBI M3l | # ORF Finder #E47 I [ BEAE £ 4% , % 2
CsGPX f#] cDNA JF51 424 914 bp, Hor a5 513 bp i TF b
TEHE, 23 bp 1y 5" HE BRI LA K& 378 bp 1Yy 3" AR B, Zifth
170 N EEMR B 46 B 5 1O ATG, KL% 5 50 TAA (K
3)o S ST GPXs Z 0T L, R BLA 3 MRS
PR e BRHIE S R 38053 351 VNVASKCGYT  ILAFPCNQF |
KWNFTKFL, [F]}ix 3 SRR GPX BRHETESER o
2.3.1 HALPERTSHT, 3@ Protparam Xf CsGPX #4743 #r
AN ) 7 R Gy Hiay N O, Sy, AH X 3 7 T 4t Oy
19.02 kD , 25, 25 (pl) 8. 66, A aZ 240N 24. 23, 5 H it
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AGAAGGAAGGGAAGACAGAGAAAATGGGTTCTTCTCAATCCGTCTCTGAGAAGTCCATTC
M 6§ 5 0 S V 5 E K S5 I
ATGAGTTCGTGGTGAAGGATGCCAGAGGACAAGACTTGGACCTTAGTATCTACCGGGGAA
HEFVV KDARGTU ODTULUDTULSTIYRG
AGGTTCTTCTTGTGGTGAATGTTGCTTCAAAATGTGGTTACACAGATTCTAATTATACCC
K vV L LIM N VA S KCGY TID SNYT
AACTCACTGAACTTTACACCAAATACAAAGAAAAAGGGTTAGAGATCTTGGCTTTTCCTT
Q L T ELYTIKYKEZKTGTLTEII L ATFP
GCAATCAGTTTTTGAATCAGGAACCTGGATCCAGCCAAGACGCTCAGGAATTTGCCTGTA
C N OQ FILNOQEVPTGSSODAUD OTETFATC
CAAGATTTAAAGCCGAGTATCCAATATTCCAAAAGGTAAATGTGAACGGCCCTAATACGG
TR F K AEY P I FOQ KWVNVNUGUPNT
CACCCGTCTATAAGTTTCTTAAAGCTAGTAAAACTGGATTCTTGGGGACTAGAATAAAGT
APV Y K F L KASIKTUGT FTULGTHRTIIK
GOAATTTCACGAAGTTCTTAGTTGACAAAGAAGGCCATGCCATCAAACGCTATGGCACAA
W N FTKF L VD K E GHATII KU RYGT
CCACTACTCCCCTGGCAATTGAGGCCGACATCAAGGAAGCACTTGGAGAAGTTTAAGGGG
T T TFPLATIEADTIIKTEALTGEV =
GTGAGCTTGTAATGTACCTGAACTAAGCTTAGTCTCTTCACATAGAGACATTATTAAGCA
AGATTTAGGTGTATTTATAAATTGAAACTGGTCATGTATGGATTATTTGACTGACTTCAG
CTCGATCAAATTAAGCCAGCCGTATCCCTCCAATGTATTATTTATCAACAATGGTGACAA
TGGAAGGATTACGAAAATTATAAGGCTTTTGTAGTACGCAAACTCCATGTTTTATGTTGG
TATAGTTGAAAGAAGTTTATGCGAAAGTGACAGTGTAATAATAAACATTTCACTACACCC
ATAGTACTGAAGAACAGTTTATATACATAGAGCACATTGAAGAAAATAACAATTGGGTTT

981  TAAAACTCACGAAC

T HEk P R IR, ARG A LT, i I RHE S B
Note: The arrow pointed to the start codon, # ” pointed to the termination codon and marked in blue as the characteristic domains

B3 CsGPX E[H cDNA F5I R HBH S ER

Fig.3 CsGPX gene cDNA sequence and its coding amino acid sequence

PR E (AR 40 DU M RRE B 1) o %8R R AR X 5 i
SRR Lys(10.0%,17 4~) Leu(8.2%,14 4~) . Thr
(7.6%,131>) o S AT AR FE (Asp+Glu) 24 19, B
IE LT AR (Arg+Lys ) o 22, SR/K T3 RECH -0. 369, Fil
% B R SRR 1, FERR T R 50k 78.00, TMHMM 2.0
SRR CsGPX JCis A5 F 3k, Signalp 5. 0 43 Hr4s S 2 B

VR A5 Ik, A5 CsGPX S5 ERAMUMIIT GPXs GO ML B
S TTCET T H B 2R s CsGPX 5 AIGPX4 Eifid
FERRANH A HL AL TR S I BT O B o 7 AR 1
B TIEEIDL(EE 2)  PRULRT LU I CsGPX 5 At-
GPX4 BT fig AT ALK Zh At

%2 CsGPX 57 GPXs BiL I RILE
Table 2 Comparison of physical and chemical properties between CsGPX and Arabidopsis thaliana GPXs

5 e L ,

EAEE MR Adct b HOF

GPX Number of Isoelectric Relative molecular Number of - Protein
. . . 3 . positively charged
amino acids point mass//x10 negatively charged o acids type
amino acids ammno acids

CsGPX 170 8. 66 19.02 19 22 FKE
AtGPX1 236 9.42 26.02 19 28 SRR
AtGPX2 169 5.60 18.94 22 21 SEKPE
AtGPX3 206 9.24 23.26 19 27 SEKME
AtGPX4 170 8.87 19.30 19 23 FEKE
AtGPX5 137 9.28 19.33 16 23 SRk
2.3.2  (REFESHIEL BERRALOL S AR AL AT I SRR AR SRR L

NCBI 1 CDD 7 5f CsGPX G IR 7 51 i) R~y 45 Ha 3823 B
ZER (K 4) o i R BT ik i 2 1 o B A LAY Y DR AT 45
¥18, GSH_Peroxidase , J& T 5838 JFL 25 8 48 i (thioredoxin
~like super family) , Ff| Netphos 3. 1 server %} CsGPX 2 L2
o 90 AT T TR B R AL s 20 A, O 245 R s VAR Y R
AL T Ser Thr Al Tyr 3 AN IERR L, Hor Ser 2 8, Thr
6, Tyr H7 3,48 17 ABEBRIEAL Ao 4 3 Plant-mPloc F1
psort prediction 347 CsGPX (15 4152 {3 , CsCPX 1] fE I

2.3.3 MY SRS, FH SOPMA Xt CsG-
PX SRR HIHEA T /00T, 2 SR R CsGPX 2 i To R
Mo B25E. B e AL JE P4 A ALk, v, 0 R ) 3 il
(41. 18% ) Sy T BELEAE) , TC R 45 A7 A2 1 5 007 FE AR 5% R
P TR MR S 6 IR

FH SWISS—model Xt CsGPX Y = k& ¥ it A7 F . 1Al
5(A) A, CsGPX A 4 4> o BRIERT 6 A B 778, S
GPX (W2 BLE5H—Z 1 5(B) v 3 ANy 8 Cbmic 12 21 bt
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E 4 CsGPX HfRFEMIH S
Fig.4 Putative conserved domains of CsGPX

4
N

B 5 CsGPX &EHR=FLEMTM
Fig.5 Tertiary structures prediction of CsGPX protein

2.4 HEN CsGPX EEMFTEFEDHT R qRT-PCR J5
TG E INAN B 1 £ B PR 15 AN RIS [ ) CsGPX SE A
FERMEIL . G5HNE 6 TR %I AE 0~96 h KA K-
SEIFETHE (0~24 h) JSFE(IR(24~48 h) BT (48~96 h) 11
AR, BARTE , CsGPX JE D295 A )5 (8~96 h) Y
FER R T IR fe i Tk X IR A R A 363.5 15, HIL
L, CsGPX J[R W {52 3 V40 T M £ X057 0375 52, ]
ZBEIH T RE S 5 BN DA MG T 1 B A, 7R AR AR e vh
BAEVEH
6001

500F
400+
300F
200F
0 - —
0 8 24 48 72 96
I'h

JRAEAT1E] Sampling time

ARRTEEF
Relative expression /| %

B 6 HNMEMAHFERT CGPX EEEMN K ik
Fig. 6 CsGPX expression after infected by Pseudomonas syringae
pv. Lachrymans in the leaves

3 WigEZER

GPXs SR A P 28 0 HE B I 1 4 A ph B B R0 , T
HEALAR DT IR (GSH) B2 AL AL R A B H Ik (GSSG) L # A
B 1 S8 IS TE 7 1 R SR AE 5 1, ) -t m] LA AR
H,0, B4, T ARAP A R 25 B SH REA T 32 480%™
WAL XA GPX BT L B . A BETE R,

GPX Z IR I i e — DR s, B I T Shi 5t
4 GPX R 17 iR UGA 2 11 % 5% T b 4 AL B 16 21 Jbe 2
' ERE R GPX RS A T, GPXs 1 gl
P b, I S MR (9 AL 5 2 A B AN %A
MBI BE S, YRR R R R R Ee
J& Y TR R SR R A R R A 3 B, 25
GPX [k Bl b 2s 3 . HURT, AP GPXs MR FE 248
e LE Y aE P A S REAE . S B o R ik NeGPX
PR RE B IR PSS B B3, 35 25 A 5 T R S
RPEY o TP 2Rk Le PHGPX & DA AT 2 5 Lt o5 i W
MRS AT GPXs 75 A W3t vb (9 S REFE T B
FERIXTE

AN A R 2 B — 26 7 B B M 3, T4
Sk, BT T 4 £ B LT A 4 [ 4% B0 X, 77 i
T RBORANEL E  UR I IE T, Rk 100%™, HHT
TR B A0 BT LA 2 B3 0 3 SR TR 4B i — D7 T 43
SRR RSEE , 53— A 23 s R i e 2 1k,
IR EBIARIMERE . BRI, A T %5 A S
AR TR B A A B A AR S %

R X T CsGPX £ cDNA 42 K R 91647 7
BRI, 35754 K cDNA 51 914 bp, £ 5% —> 513 bp 1Y
TR BSEHE , i f 170 ASE LR, 2 A RV A e, il 5
PURIIT GPXs LRI, CsGPX S Fg I+ HLAT AH LIy LA {7
SPEEH, oA B KRB RS A 17 ASBERRAL A A, —
K, EIERR 791 T BB IR AL 7 B 2 %R BT RE S R
PR 2B AR CsGPX [ 4 fr T LA % A
ATRES A VR A B AL R L B AL i (5 S 5
Ko MHE— T CsGPX 7 # NG J7 i 19 DI fE, TR A 4>
B0 P A B AR U F 251 CsGPX SED 3kt R
CsGPX (3235 10 2 4 5 , fe 1T 3k %) R 32 36 G 363. 5 17,
AR DR ] 6 A2 B TN TR A B T 18 e I ST
HBFFE CsGPX FEPRITEHE U 7 18T B S RE LA K b 5 K5
5L A R 5 S T AR AR
5% 3k
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