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Identification of the GPX gene family in Vigna radiata
and its response to abiotic stress
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Abstract ; [ Objectives ] This research used bioinformatics methods to screen and identify the GPX gene family in Vigna radiata( mung
bean) ,and to explore its expression pattern and function in abiotic stress. [ Methods ] The isoelectric point, molecular weight,
collinearity and cis-acting elements of the GPX gene family in mung bean were analyzed by bioinformatics methods. The expression
patterns of the GPX gene family in mung bean and its expression levels under different abiotic stresses,and hormones were further
analyzed by transcriptome data. Transcriptome sequencing and RT-qPCR were used to further analyze the tissue expression patterns
and the expression levels of GPX gene family in V. radiata under different stress and hormones. [ Results] Total of 8 GPX genes
were identified in mung bean genome ,which were unevenly distributed on chromosome 1/2/3/5/10. According to the gene structure
and motif analysis,the eight GPX genes had similar structures,all containing six intronic regions,,and most of the GPX members had
UTR regions. Transcriptome and RT-qPCR analysis showed that multiple GPX members were able to respond to a variety of stress.
Based on the expression of GPX in different tissues, different GPX members were specifically expressed in different tissues. GPX
expression in mung bean was low and might be strongly induced under stress. [ Conclusions] The GPX gene family of mung bean
responded to a variety of abiotic stresses,and different GPX members responded to different types of stress.
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Table 1 Basic information of GPX gene and physicochemical properties of its encoded protein in Vigna radiata

P 24 Bk FERB S PSRN DALY FILMRILIL B AR I3 7 ik S HAREKE

Gene name Gene ID Chromosome position Number of amino acid residues Relative molecular weight pl GRAVY
VrGPX1 EVM0003792 10 180 20 194 5.43 -0.439
VrGPX2 EVM0006272 1 171 19 473 4.98 -0.485
VrGPX3 EVMO0007343 1 236 26 028 8.99 -0.281
VrGPX4 EVMO0007687 10 170 19 097 5.11 -0.352
VrGPX5 EVM0022712 3 170 19 049 9.71 -0.329
VrGPX6 EVM0026713 2 170 19 031 9.44 -0.461
VrGPX7 EVMO0032892 5 263 29 796 9.75 -0.329
VrGPX8 EVMO0033862 1 198 22 580 6.61 -0.189
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Fig.1 Location and distribution of GPX genes on chromosomes of V. radiata
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Fig. 2 Integrated phylogenetic tree of GPX among V. radiata ,Oryza sativa and Arabidopsis thaliana
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Fig. 3 Structure of GPX gene among V. radiata ,0. sativa and A. thaliana and motif of its encoded protein
2.4 #E GPX HERAFRKBHELESN
SN (B 4) R R BUIEA 10 XE 37 ILE MR R 2R, 709008 ViGPX3 5 AlGPX6/8 VrGPX6 55
AtGPX4/5 VrGPXS5 5 AtGPX4/5 VrGPX7 5 AtGPX4/7 VrGPX4 5 AtGPX6/8., F:ZE 3 R UL H 2454 T hE
FAAL, AT BE i [R]— A Se AL ok .

Chr5 Chr3 Chr4 Chr1 Chr2

D € D ) ¢ ) @ D ¢ ) ¢ ) D ¢ ) ¢ )
LGO1 LG02 LGO03 LG04 LG05 LG06 LGO7 LG08 LG09 LG10 LG11

B4 SEMBETT GPX BEELEEXR
Fig. 4 The collinearity analysis of GPX genes between V. radiata and A. thaliana
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Fig. 5 The cis-acting elements analysis of GPX promoter region in V. radiata
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JURA ARSI (BL. 2 5B 5 H I =TT B2, 456 MYB 225 T 53 i S M =CAE F O B3, DR A5 7 1 A I T
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A. Growth and development related cis element[ Al. Common cis-acting element in promoter and enhancer regions; A2. cis-acting regulatory
element related to meristem expression; A3. MYBHvl binding site; A4. Binding site of AT-rich DNA binding protein ( ATBP-1) ; A5. Element for
maximal elicitor-mediated activation;A6. cis-regulatory element involved in endosperm expression ] ;B. cis-acting elements related to stress such as low
temperature and dought(B1. cis-acting element involved in defense and stress responsiveness;B2. MYB binding site involved in drought-inducibility;
B3. cis-acting regulatory element essential for the anaerobic induction;B4. cis-acting element involved in low-temperature responsiveness;B5. Wound-
responsive element) ;C. cis-acting element involved in hormone ( C1. Gibberellin-responsive element;C2. cis-acting element involved in salicylic acid
responsiveness ; C3. cis-acting element involved in the abscisic acid responsiveness; C4. Auxin-responsive element; C5. cis-acting regulatory element

involved in the MeJA-responsiveness ; C6. cis-acting element involved in gibberellin-responsiveness) .

R2 %E GPX EAXEBBRUIEIHHITMS T
Table 2 Prediction of GPX protein phosphorylation modification in V. radiata

B AR (VALY AU R A P AR e RN g eI
Gene name  Position Predict phosphorylated residues Kinase Peptide Score Threshold
VrGPX1 7 T CK1 MASQSNTKSSVHDF 0.377 0 0.099 6
VrGPX1 50 Y TK CGLTNSNYTELNQVY 0.996 1 0.897 0
VrGPX1 57 Y TK YTELNQVYDKYKGKG 0.968 9 0.897 0
VrGPX1 115 Y TK GDNAAPLYKFLKSSK 0.948 9 0.897 0
VrGPX1 149 Y TK DGNVVDRYAPTTSPL 0.901 0 0.897 0
VrGPX2 154 T AGC VDRYYPTTSPLSLER 0.049 1 0.047 8
VrGPX3 7 T CK1 MLSSSTTRIFIHTT 0.108 2 0.099 6
VrGPX3 73 T CK1 RTDHTMATSSAKSVH 0.138 7 0.099 6
VrGPX3 178 S CK1 KVDVNGDSADPLYKY 0.134 9 0.099 6
VrGPX3 118 Y TK CGLTNSNYTELSQLY 0.991 8 0.897 0
VrGPX3 183 Y TK GDSADPLYKYLKSSK 0.986 7 0.897 0
VrGPX3 217 Y TK EGKVVDRYAPTTSPL 0.968 1 0.897 0
VrGPX4 110 S CK1 DKIEVNGSNSAPLYK 0.164 8 0.099 6
VrGPX4 13 Y TK SKDPKSVYDFSVKDA 0.966 0 0.897 0
VrGPX4 51 Y TK CGLTNSNYTELNELY 0.987 6 0.897 0
VrGPX4 150 Y TK KGQVVGRYYPTTSPL 0.926 1 0.897 0
VrGPX5 8 S CK1 MGASQSISENSIHEF 0.425 8 0.099 6
VrGPX5 11 S CK1 SQSISENSIHEFTVK 0.354 1 0.099 6
VrGPX5 110 S CK1 GKIRVNGSDSAPVFK 0.105 7 0.099 6
VrGPX6 55 T AGC NSNYTQLTELYSRYK 0.088 5 0.047 8
VrGPX6 8 S CK1 MGAAESVSENSIHEF 0.272 3 0.099 6
VrGPX6 11 S CK1 AESVSENSIHEFSVK 0.306 5 0.099 6
VrGPX6 155 S RGC KRYGPTTSPLSIEND 0.115 8 0.097 0
VrGPX6 51 Y TK CGFTNSNYTQLTELY 0.957 3 0.897 0
VrGPX7 39 T CMGC AFSTTFFTPLHDFTH 0.180 9 0.151 0
VrGPX7 107 Y TK AATEKTIYDFTVKDI 0.911 8 0.897 0
VrGPX7 145 Y TK CGLTSSNYSELSRLY 0.947 9 0.897 0
VrGPX8 184 S CMGC ERYAPTTSPLKIEKD 0.497 4 0.151 0
VrGPX8 184 S RGC ERYAPTTSPLKIEKD 0.120 3 0.097 0
VrGPX8 42 Y TK EQSSKSIYDFTVKDI 0.9159 0.897 0
VrGPX8 80 Y TK CGLTQTNYKELNVLY 0.967 9 0.897 0
VrGPX8 87 Y TK YKELNVLYDKYKNQG 0.938 0 0.897 0

T TK . T8 ZRR AR Tyrosine kinase; CK1 ; &85 I 1 Casein kinase 1;AGC: AGC £ I Protein kinase AGC; RGC ; TR MU
& Receptor guanylate cyclases; CMGC : CMGC 34} CMGC kinase.
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2.7 #RE GPX WALAHRMERIERABMEMHELE THRIERE

FTHRGT CPX G E P I Fe R i 0 Rt — 5" (AR 25 I SARZRIEAT T 46 S Al 7 b, 4553
(B 6-A) /R . GPX3 Fll GPX8 WY FIK=F FEAE T AT AL 4Uh 5y , DR uﬂﬁﬁigé’ﬂlﬂ fE, 10 GPX
RIGHARFIRFE LG, OPX R F R4 W6 A AL Rk RS, BN, 6PX2/3 TEMR Kk
HEGR, MTEARS T R IB A BN ; GPX4 AR h A i B, X/ PR AR AE K s E AR
AR Jpraen IR R — AR . X UREH GPX FRG I A5 A T REAE AR [RI AL R 3548 M FE S B T RE

HE— 25X L EA TS R 3 R 35 28 A B e e S A LA AIF Y GPX R 4% i 03 I 23k AR
fb. S5 (K 6-B) IR . GPX2/4/6 FIEEAE PEG FEMB BN R 28] 8 ME, cPX3/7 WA Z 5
A R I GPXS FEB B I T Rk E &, GPX7 AERL A A 3R Rk i B A, R
GPX WA L E 25, ABA ZbFRFEI GPX3/6 Wik i ; GPX2/4 WIFIRTE ABA AbH T 32 2 H i, 1
GPX8 WITE ABA AbPE RN Z BB B 5T, 78 ABA BT, GPX7 WRiIA 82 BEME , X5 PEG LH# Ty

ZE IR IE AR
A B
GPX2 GPX2
GPX3 8 GPX3 2
1
GPX4 6 GPX4
0
GPX6 4 GPX6 1
GPX7 2 - 5
GPXS
GPXS
g E 3§ £ -
2 = = I3s)
% n A g LM) 8 % g ° < %
& a2 2 3 o ¢

B 6 VrGPX EARIAL(A)MAFAIE(B) FHRIEE
Fig. 6 Expression levels of VrGPX in different tissues( A)and treatments(B)
& A ) H B AR AT log, (foldchange ) J5 19 FPKM {8 ; 181 B A1 (4 Ho il RARZEHEAT Z-score 1 1] U3 — 1L 5 (9 FPKM {H,
Scale bar in picture A represents FPKM values after log, ( foldchange ) ;Scale bar in picture B represents FPKM values after Z-score row
normalization. CK; %FFZH Control group; PEG: %2 “ b4 PEG treatment group;NaCl: ZAL4MAL L] NaCl treatment group;
ABA RIS R AL BEZH ABA treatment group; Cold ; AL BEZH Cold treatment group; GA3; 77 %5 AL BHZH Gibberellin treatment group;
MeJA ; AR FH AL FEL] Methyl jasmonate treatment group. | [A] The same as follows.
2.8 GPX EARMEFFHZETH RT-qPCR 737
it RT-qPCR X5 R AU BE AT 50 0E . 25 5% (1 7) W, RT-qPCR 2 Hr 455 S i si 21 5009 3 AR —
i, Hrb, 6PX2/4/6 TEER A BB AR ABA PR R () ik m i Wl SR, 6PX3/7 FKik e
ZABEEE B ABA 155, GPXS [NRIRXNAE B EMHE A ABA AEF A 5T

LS Ggrx2 6r

GPX3 s L5 GPX4

!y ﬂﬂ

CK PEG NaCl ABA NaCl AB CK PEG NaCl ABA

AR Fe b bt
Relative expression level

L5 grxs aroeex7 o, 47 Grxs

1.0

0.5+
1 |- |-
Kk
0.0 0
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Qb PR Treatment Lfi Treatment Kb HR Treatment
7 GPX EAE B IE TR RT-qPCR Rix D H7
Fig.7 RT-qPCR expression analysis of GPX under different stress treatments

AT
Relative expression level
[\S)

T

* P<0.05, ** P<0.01.
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AR LR L A L35 8 21 8 A GPX BE I 5% i I, IF N AR YR A 44 1 6PX1—GPXS, T
GPX ZIGED Rt o8 iy 45 R 245 b TR Y KRB AR I b, ARG RS2 T KA A e I 1)
IR RIS T CPX KRN E A RS L T LR, LIRS G GPX B AT REHE Lt —2 5%,
AW RIVR RS R GPX ZRIG B B F A B A7 /e ] B 25 57, Xt Ui oPX R RSN S HEA R
Gk BEHTCH, MAMNTEE G GPX B H B S B IR T 70, & B GPX1—GPX8 ¥ 1l fg % K& A= B 1R
At , HEB B AL AT AEAR S IR HEDN GPX e o 5 W iR Ak il e X He AR DI e G A & 2
S, AR RZ A A T 418 1 CBEE SR 1 () S ARIE R R T B0, 255 iR GPX &R
ANEAIX 2 &0

GPX PR 13t DX I B A i 0 DG T Jin i i 7 38038 el 107 DA R B SR 145 5 B oo, iIX ] GPX 2RI
FIEATRESE— P AR R B AR R KR D) a5 St 4140 M al A1, GPX2/3 16 MeJA AbHE A
A S R S, [T GPX2/3 5 B IX Sl 5 A K G MeJA WG, 56 MeJ A AR T B8 1 33 22 0 137 G 14
M 6PX2/3 73 | GPX4 FHATEB BN A A ABA ALFE R 52 B3R ZUNH] | [RE S 2 F 4 6 sk
(9 ABA Wi B G, L HEDN GPX4 7835 B Wil T A R IE M HI AR T BE 5 ABA B%%E M ki fy 6>
GPX6 BIRAEB B0 N A w7, {H 2 HAE ABA Zb3 R AHHAE S FRIK, Zhou I HFFE R, 0sGPX]
BN N 323 PhE | (ER XS F R e DL S ABA A PR A AR MR, . YE RS 0sGPX1 kB = H AR
(I REVEE (1, I GPX6 FE4k B bt & HE AL T BE | X (H S5 LR ABFIT . LAk, Gaber 450 % PR ik 4
AtGPX8 (A HI R T AEFANA T (4 A A7 3R 0 S B AR, FAUa T 28 A8 (AR 4 A0 DT 5 R (Il SRk
KV 2 TR AtGPXS REAS I N ABA A0 D) K H #8 B Fr B4 s il . 4f & GPX2/4 5 AtGPX8 113%
G R T HEkE GPX2/4 WAER ABA RSB NG , 763X 2 FhAb B R B Fak A8 fh i b J2— 50,
BRI GPX2/4 HE5E T Pl e BAT 5 AiGPXS MU T RE "

25 b AR R R AE 5 B 7 ik LT 2] 8 ANk GPX FEIA 3 o % S 4l LA . RT-qPCR X
GPX MYZN LRk I JWpae AR i 1 A TS B 9T 45 SR M G 5. GPX FE IR S5 I A W) 2 D RE AR 9 B 4L T iy
WAL, SR, 4 B SE N D BRI T IR R R o0 3%, H RTARXE7E 2% 5 A i S AR (R Lt ek bR, TR Ik
KT L5 GPX A TIRE K Hm B Fi (55 19 7 F AL 5830 75 5 ghilk— b kot
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