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Amplification of glutathione reductase gene and its response
to continuous cropping stress in soybean
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(1. College of Life Science and Biotechnology, Heilongjiang Bayi Agricultural University, Daging, Heilongjiang 163319, China;
2. College of Agriculture, Heilongjiang Bayi Agricultural University, Daging, Heilongjiang 163319, China)

Abstract: The CDS of four GR genes were obtained in the soybean database Phytozome. The GR genes were
cloned by RT-PCR using RNA from leaf and root as templates, respectively. The sizes of Glymal0g03740 and Gly-
ma02g16010 were both 1 638 bp, indicating similar gene structures. The gene structures of Glymal6g27210 and
Glyma02g08180 were similar with 1 506 bp. Phylogenetic analysis showed that Glymal0g03740/Glyma02g16010 and
Glymal6g27210/ Glyma02g08180 were clustered in different branches, while they were all closely related to Vigna un-
guiculata, Phaseolus acutifolius and Phaseolus vulgaris, respectively. The four GRs had the same domains with FAD/
NAD binding_ dom and Pyr_ Nucl dis_ OxRdcase_ Dimer. The tertiary structure showed that the conformations of
Glyma16g27210 and Glyma02g08180 were similar, while those of Glymal0g03740 and Glyma02g16010 exhibited simi-
larity as well. All four GRs existed in homodimers, with identical interacting proteins, including two thioredoxin re-
ductases and eight thioredoxins. The RT-qPCR method was used to analyze the response of GRs to continuous crop-
ping stress. The results showed that under continuous cropping stress, the GRs expression of sensitive variety HF55

was initiated earlier in roots, within 15 days after emergence, but it was activated later in leaves. The expression still
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showed an upward trend at 45 days after emergence. In the resistant variety KX8, the expression of GRs in roots and

leaves reached their highest levels between 15 days and 45 days after emergence. At 30 days, the total expression of

GRs in roots and leaves increased by 19.03 times and 2.50 times, respectively.

Keywords: soybean; glutathione reductase; continuous cropping stress; gene amplification; gene expres-

sion
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Wi, S5 RN 1 s, K cDNA #
AR 10 A5 AR N A, R AR 10 pL, 4%
Taq Master Mix 5 pL, 5% F(10 wmol - L™") M54
R(10 pmol + L") %% 0.4 pL, # 4 ¢DNA 1 pL,
ddH,0 3.2 pL, PCR 2514 95C 3 min,#RJ5 95°C
15 s.55%C 15 5.72°C 30s,{H¥ 35 5 72°C 5 min,
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Table 1  Primer information for GRs gene cloning
SER K 1M 53 PIERIE/ bp
Gene name Primer sequences 5'—?3’ Length

. F. ATGGCGACATCGCTCTCCGTT
ClymalOg03740 b P AAACCCCTGCTGCAGTTTTTGE 1638

F. ATGGCGACGTCGCTCTCTGTTT
ClymaO2g16010 o 1A AACCCCTGCTGCAGCTTTTG 1638

F: ATGGCTAGGAAGATGCTTATCGAT
Clymal6g27210 B 1A CAAATTGGTCTTGGGTTTGAC 1306

S|

", ATGGCTAGGAAGATGCTTATCGAC
Clyma02g08180 b T ACAAATTGGTCTTGGGTTTGG 1306

1.5 WHESIRE

T Glymal0g03740 5 Glyma02g16010 ] CDS
55 FH BL 1 5 3K 96.76% , Glymal6g27210 5 Gly-
ma02g08180 1] CDS JF I HAUE 135 96.75% , AN AT
A A RESEET A O X AL R 5 | itk A T
FRMEY R R AR I E B2 Glymal0g03740

5 Glyma02g16010 3 ik 5 Z Fl, Glymal6g27210 5
Glyma02g08180 F2ik . Z Fl, A ik G Wi 2L K 2 [] 4
AR 22 5, 5 X8 53 S B e T R DR 1 P 7 A
WX, 519 35 BNk 2 s, WS 3R A Lsh &
FI3E Actin, ¥ cDNA FEELVFRE 5 A51E IR, I
N EARFL 10 wL, f1 45 SybrGreen qPCR Master Mix
5 wL, 514 F(10 pM) #1514 R(10 uM) 4% 0.2 pL,
BiHR ¢DNA 1 pL,ddH,0 3.6 wL, PCR /4 95°C
3 min, #RJ5 95°C 15 s.60°C 30 s {3 45 ¥k, FIXFE
ikt DL 270 Y ROR, o ACE = (Cryggepe —
Ctygzps) + AACE= (ACtgqppy = ACk gy ) , Ct AT
NS N AT 5 BIIR U B I T 28 g A A A

2 ER 55
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TEK 57 phytozome U FE i 48 2% i 2 45 e 1
KR R BR 4 4, 15 Bk 3 iR, AR5
W F R A GlymalOg03740 . Glyma02g16010 . Gly-
mal6g27210 Fl Glyma02g08180, /3 i T 10 5 2 5|
16 5 F1 2 5 Y fR  FE G A K b iR 0 A7 an 1A
TA( UL 64 BT) Fiton . KR 450 R LR 22 7 91 He ot
WE 1B .C (L 64 1) iR, Glymal0g03740 FE K Fl
Glyma02g16010 JEPR Y &4 10 MR T ,9 SN
T, A& T8/, 4 7 5] (CDS) LM 96.
76% , #5 [ 2 HE 1R T 50 19 A AL R 97.43% ; Gly-
mal6g27210 FEHF Glyma02g08180 H: K54 16
ANHMEF 15 AT, BN FARK, CDS FHLHE
4 96.75% , # [ U SE TR T 5 AR IPE R 96.61%
4 > GRs S AT 5 AN 73.37% , ¥ HA
PRST RO IE 2% 1 R 4 1 00 4R Ak 3 I 1 T 1 7 A
(E1C),
22 KE GRs EHRZHUL D

DABA A ) £ K R RS Sy S0 ) 2 3R e ik
TEM i 2 fis, K 4 4 GRs E AR AT,
Glymal0g03740 F1 Glyma02g16010 &k — 2% Gly-
mal6g27210 Fl Glyma02g08180 & h—2 /37l 5 H
Y GRs & FAAS IR 2 RIS 4332, A
IR GRs EH I UL JeM TS5
FGFFR AT, Glymal0g03740/Glyma02g16010 55
ST A I 3 RN 25 5L 0 T3 A AR AL 3K 94.15%
Glymal6g27210/Glyma02g08180 5 8T &7 4 -3¢ &
MZET ARSI A RIME L 95.18% , DL |45 5 & W fr
FIPIFT GRs B BLAE B XS A rh 4k Ak
AN A AR, FLF FI AR 0T 0 AR 38 5 25 045
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Table 2 Primer information for fluorescence quantitative PCR

B AT SIHFA 5' -3 P HI L /bp
Gene name Primer sequences 5'—3’ Length
. ) F.: TATTTTGAACAATGCTGGGGTCA
Glymal0g03740/ Glyma02g16010 R. AATCAAGGGCAGCATCTGAATCTA 185
F. AACGTGTGTTATTCGTGGTTGTG
Glymal6g27210/ Glyma02g08180 R ATCCGOTTGTAAAGTCOATTTANTC 186
Acti F: GGTGGTTCTATCTTGGCATC 139
an R: CTTTCGCTTCAATAACCCTA )
F3 KEGRsEARRER
Table 3  Information of GRs protein member in soybean
NCBI ¥ &5 Phytozome %K 1| 44 frE ARMREH
NCBI accession number Gene alias in phytozome Location AA number
XP_003536837.1 Glymal0g03740 Chr10:2807234..2812723reverse 545
NP_001238006.2 Glyma02g16010 Chr02:14645359..14650975 forward 545
XP_006599444.1 Glymal6g27210 Chr16:31591570..31606167 reverse 501
XP_003518318.1 Glyma02g08180 Chr02:6473402..6488550 reverse 501
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Fig.2 Phylogenetic analysis of GRs in soybean
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Glymal6g27210 @ | HPSAAEEFVTNREN TRV CRTe S\USs Kpon AN 501
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Note: Red box in figure C showing conserved pyridine nucleotide-disulphide oxidoreductase active sites.
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Fig.1 Chromosomal localization of soybean GRs genes, GRs genes structure
and multiple sequence alignment of GRs proteins
/E[ S A S \‘ M2
1 68 390 545 M EAREE AR50 102 0.558 , 38 i £ SoyKB (ht-
| | I
Ay /:‘ N .
Glymal0g03740 [T [T - tps://soykb.org) ## % . 715 ¥4 S it 401k 25 11 ( Thiore-
410 518 :
e 390 545 doxin, Trx) o
Glyma02g16010 [T I ™ 2.5 KE GRs ERFE¥ 1g
T
) =1 N e
. o LI 0 HFUAR 418U cDNA B4R,
| | I\ i
Glymal6¢27210 [T] " DNA R G843 3 1T Glymal0g03740 (1 638 bp) .
373 4w Glyma02g16010 (1 638 bp) . Glymal6g27210 (1506
127 353 501
| ! N e ok
Glyma02g08120 [] . " bp) Fl Glyma02g08180( 1 506 bp) FEH 4 14 . Hi k&5
373 482

FAD/NAD%4} % 1 FAD/NAD-binding_dom
TRALEEHIIE Pyr_nucl-diS_OxRdtase_dimer

B3 KE GRs WIIRELEMEBTER

Fig.3 Functional domain diagram of GRs in soybean
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Table 4  Tertiary structure models and relative information of GRs in soybean

GS) e R AL 53 % Y75 KA 22 P A =)
Protein name eTM-score eRMSD( A) P value 3D structure
A NA[)bindinLL dom
t
Glymal0g03740 0.68+0.12 8.2+4.4 0.75
Glyma02g16010 0.64+0.13 8.9+4.6 0.56
Glymal6g27210 0.75+0.11 6.8+4.0 0.48
'NAP-binding dom
)
Glyma02g08180 0.79+0.09 6.1+£3.8 0.5 oo,
501 54
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Fig.4 Interaction protein prediction of soybean GRs
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Uk AP KXS, AR A B GRs L H 7 T 5 30
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Tk ETHE 12.58 175, Glymal6g27210/ Glyma02g08180
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