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MsDREB1 Overexpression Improves Tolerance to Salt Stress in Transgenic
Glycine max L.

LI Da-hong,JIANG Bing-shen, WU Hai-yan, LI Hong-yan
( College of Biology and Food Engineering, Huanghuai University , Zhumadian 463000 , China)

Abstract: Transcriptional regulation is one of the important factors in plant adaption to abiotic stress. Transcription factors
play a critical role in regulating downstream genes expression in stress signaling pathway and the plant acclimation to adverse
environments. Among transcription factors involved in abiotic stress response, DREB represents a large protein family which
displays diverse roles in various biological processes. In this study, MsDREB1 was cloned into the 35S promoter and the
rd29A promoter. The two vectors were transferred into soybean genome by Agrobacterium mediated. The transgenic plants were
detected by Southern blot. Difference in gene expression of 15- day-old seedlings under 200 mmol-L ™' NaCl stress conditions
was analyzed by RT-PCR in different time, and the content of chlorophyll, MDA content, SOD, H,0,, relative root length
and relative length of the above-ground parts of plants were determined. The results showed that there were significant differ-
ences in the regulation of MsDREB]1 expression between the two promoters. MsDREB1 gene was overexpressed under the regu-
lation of CaMV-35S promoter, but the expression was lower under the regulation of rd29A promoter under non stress. Under
salt stress, the expression level of rd29A : MsDREB1 was higher than that of 35S: MsDREB1. Overexpression of MsDREB1 in-
hibited the normal growth of plant. Both of the two transgenic lines had a certain ability to salt tolerance, but there were some
differences. The effect of salt resistance of rd29A . MsDREB1 was more obvious. The chlorophyll content, proline content,
SOD activity of rd29A : MsDREBI1 were significantly higher than those of 35S: MsDREBI1, while H,0, and MDA content were
significantly lower than that of 35S: MsDREB1 overexpression. Therefore, MsDREBI1 functioned as a transcript regulator con-
tributing to osmotic regulation in soybean plant under NaCl stress.
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Primer sequences

24 FK Name

5|H) 7% Primer sequence(5'-3")

wd29A (F)-Pl1
rd29A (R)-P2
MsDREBI (F) -P3
MsDREBI ( R)-P4
RT-qPCR MsDREBI (F)-P5
RT-qPCR MsDREBI (R)-P6
RT-qPCR ACTIN2(F)-P7

RT-qPCR ACTIN2(R)-P8

CGGATCCGCCATAGATGCAATTCAATCAAACT

GGGTACCCCAAAGATTTTTTTCTTTCCAATAGAAG

CGGTACCACACCATTTTCCACTCTATCC

GCTGCAGTTTCCTATTCTACGATCCAAA
CCCTTTGACGCATCATCACC
TTCCTCCCTGCTCGCTTCTT
TGATGGTGTGAGTCACACTGTACC

GGACAATGGATGGGCCAGACTC

ﬂHI—'ﬁE—IH
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14Hl—i

MsDREB1 NOS

H

rd29A MsDREBl NOS

B 1 EHAREHEEEEE

Fig.1 Construction of transgenic plant expression vector
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Fig.3 Change of MsDREEB1 genes expression in wild
type (WT), 35S-, rd- lines under salt stress treatment
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0
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* indicate the significant difference at 0. 05 level of transgenic plant with wild type in the same con-

dition. The same below.
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Fig.4 Comparison on the phenotype, relative root length and relative length

of the above-ground of transgenic plants and its wild type under salt stress
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Fig.5 Changes of the chlorophyll content,proline, H,O,and malondialdehyde

content in seedlings of transgenic soybean in salt stress treatment for 3 days
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Fig.6 Effects of NaCl stress on the leaf disc bleaching in soybean leaves
SRAEEABE A0 AT A2 AE 0 e B ST
4, DREB1 BYZR3A8 EZPARIETE =, A g+ 50
EhETES, DREB2 F 241 5 FEh e i S m
AR S T o AR R R 2 B ST

AV

3 A

i
DREB1 3 P 1E 5 JE R BR N R 2o £ 3% 08 o
AR BE S AT I 4 4 R X IR L e R AT



22 NS 1

DREB KGRI NAEA R P Fh v Z 3 D e A —
EZEST RSS2 N T i N, B DREBI
FER I A IR TR T, vTRERIE 5 T F Ak
B AH S ;1 DREB2 FER W n] RESKIEAHC . AHIf
553 MsDREB1 F: /435 FH 1d-29A F1 35S J& 35 15K
8], i ARG IER A, 25 5L &3, MsDREB1 5 51 1
ZEMAFES , RIS RAEBERERE T
WS ARAEA Y SRR CBF/DREBT LA (G
o 2B,

TR mE RRAT  E Y SR EREN
e M 2 TR 25 W) Jo ok o e b FLER B I T e
YitEER A S Rer A A I E T, B R AR N R
A=A EA S AR —, ERE%E RN
Fes A L — i g g, SOD Ak F HEAH 7
A EABREE—E B4k, B e AR A 0 B 1k
A CBE PER/INGY H, O, Hy O, 1 — 20 3 H 2 A G
Tt A0 A X0 2 I TG 3 K RN AR e o, e 2
R R PT B A AR S i 1 (SOD) |37 25 il & iR % =
B TN HEAE AR, PR AR R Y H, O, MR B I 3
IRTXTHR(IELS) o SRITES G T, F S P K G 4
FR U m AR KRG (B 4) Tt R &% = (1K 4,
K 6) 15 25 T AN W7 14 0 8 Bt 8016 590 8 A W R AER 1)
TEMEEACE . X ebgs Byl 7E ¥ MsDREB1 &K K
SOl E Rt SOD e i i 2 R AR, DA iy FLHEAR
W REE T

Jig it S A R 0 R SR K ROS 3 43 72
MDA JZ 5 it S Ak =9, PRI MDA 55 4 v 1% e ik
THERRE 2 ROS #i4 FEBE K/, AWFIE R, %
FEFEAR MDA 5 & o 1K T X ] g R 6 S R A
PRI 32 ROS 5475 A0 AR 3 2 g 2 /N T X6 B A A o

B FEAE Y AN FE R ) Rk 2 Z Fh &R
HISZI, T 8h TR & s e MR . SRR Y
AL LA 37 (CaMV ) 35S J 8l 73K 3l 11 T Ui
LRIk, W SO L N TEM Y48 B LA A
KEMBE RS ELA, MY Eah e REERE K,
SZRAE W) 0 1F 5 AR, DA T o A% 36 DR AR ) A K 22
M FHAREE /N, EBR SR B 5 R RS, X5E
2 ST RIE gy 4 B e W, TR 4 LI 3 T CaMV35S i
2 DREB1A i 3L R U o7 H BB AS AR L& B 122
HEANRFEE, AU E R RS SRS 3
Fn vd29A JE s F 9K DREB LR #k, a4 5%
AR A i DREB R Frakid 638 SER XHE YA
BRI 70 R BFgE R, MsDREBT J: M it 21k
AL CaMV35S i3 8l 23k ke 75 5 24 5 sl
T rd29A BT RIRIR . PN Y T2 4 Rk
Rt — 0 AR T, 15 H i1 35S Ms-
DREB1 H1 rd29A . MsDREB1 %% 3L K 8 ¥ 8k 3£ 47 200
mmol+ ™' NaCl 38385, 35S i3 3 1 A0 56 B A
) MsDREB1 1Y 3k 16 IE R AL, 1M 1d29A .
MsDREB1 B 7n7E1E 5 S50 T 285K, B & $h e

WeSEREIN, MsDREBT 23K m 4.3 5 (&13) . A
NI vd29A J5 3738 3y GUS 7E 4 & o 7+ 5 5k
ot e ek i AE AR A T Rk Es . Rl
AIBTFEIAE vd29 A-TPT 5| A e i aa i it
LR AR B T TR B AN AR A PN T A
BRI, vd29A J5 379K S AiCDPK1 B K 3Rk 1Y)
FRIEIN h AR 4 R 2 rh ALlCDPKT LR Ik H
U, WA T8 A 25 T, AL AR h AcCDPKL JE
PRISEACANZR IR s [R] i A2 B 35S 4] A«CDPK1 e 2 [
TEARAE PEG e AR , 56 D ok W W 22
ARBFFELE R X LW 5T — B FEA BT ik A B
rd29 A : MsDREB1 J3 [N A Wy 7 AF W aa 2% 4 F ik
PIRATRITHI IR , 1% AT BE 2 B2 th T i Frp AR
ABA BIFFTE. HAEP LR MR 2510 T MR
ABA BUERH i l B W BOH 58 195 T R A R 8 7
M N Ui rd29A N 22 01 9T R W AE S A
T,*(E%}i&i%ﬁ%ﬂ*ﬁ% ABA 2 L IE &A1
‘Fg 4243 .

4 &£ it

I, ¥ MsDREB1 JE [H R 5 i 2% 88 i Al
Vet b RE A7, ELAE LN AR &R vd-n £ A RRIER Y i}
SRR T 35Sn, AU, rd29A J5 B FR 2R A
MsDREB1 JE [K ) fff T, w] LAAT R4 w8 R SRy it 48
P, MR E AL 7 AR AU & e, 1d29A BB T 5
MsDREB1 w] 3L [a] i ] A it R VERIF 7T

S Uk

[1] Zhou L, Wang C, Liu R, et al. Constitutive overexpression of soy-
bean plasma membrane intrinsic protein GmPIP1 ;6 confers salt tol-
erance[ J]. BMC Plant Biology, 2014, 14(1) :1-13.

[2] Boyer J S. Plant productivity and environment [ J]. Science,
1982, 218(4571) :443-448.

[3] Maas E V, Hoffman G J. Crop salt tolerance current assessmen
[J]. Journal of the Irrigation and Drainage Division, 1977, 103
(2): 115-134.

[4] Pathan M'S, Lee J D, Shannon J G, et al. Recent advances in
breeding for drought and salt stress tolerance in soybean[ M]//Ad-
vances in molecular breeding toward drought and salt tolerant
crops. Springer Netherlands, 2007 ; 739-773.

[5] Liu Q, Kasuga M, Sakuma Y, et al. Two transcription factors,
DREBI and DREB2, with an EREBP/AP2 DNA binding domain
separate two cellular signal transduction pathways in drought- and
low-temperature-responsive gene expression, respectively, in Ara-
bidopsis [ J]. Plant Cell, 1998, 10 1391-1406.

[6] Srivasta A, Mehta S, Lindlof A, et al. Over-represented promoter
motifs in abiotic stress-induced DREB genes of rice and sorghum
and their probable role in regulation of gene expression[ J]. Plant
Signaling & Behavior, 2010, 5(7) : 775-784.

[7] Dubouzet J G, Sakuma Y, Ito Y, et al. OsDREB genes in rice,
Oryza sativa L. , encode transcription activators that function in
drought-, high-salt- and cold-responsive gene expression [ J ].
Plant Journal, 2003, 33.751-763.

[8] Cong LI,GuoM Y, Han L B. Overexpression of OjDREB gene in-

creases lolerance to salt in transgenic tobacco[ J]. Acta Tabacaria



14

ARLLAE 4% MsDREB1 JE PR i 5: F A3 5 K G s £0 1k 23

[10]

[11]

[12]

[13]

[14]

[15]

[16

[

[17

[

[18]

[19]

[20]

[24]

[25]

Sinica, 2012(4) .72-76.

Shen Y G, Zhang W K, Yan D Q, et al. Characterization of a
DRE-binding transcription factor from a halophyte Atriplex hortensis
[J]. Theoretical Applied Genetics, 2003,107; 155-161.

Oh S J, Song ST, Kim Y S, et al. Arabidopsis CBF3/DREBI A
and ABF3 in transgenic rice increased tolerance to abiotic stress
without stunting growth [ J]. Plant Physiology, 2005, 138.
341-351.

Hsieh T H, Lee J T,Charng Y Y, et al. Tomato plants ectopically
expressing Arabidopsis CBF1 show enhanced resistance to water
deficit stress[ J]. Plant Physiology, 2002, 130 618-626.

Ito Y, Katsura K, Maruyama K, et al. Functional analysis of rice
DREB1/CBF-type transcription factors involved in cold-responsive
gene expression in transgenic rice [ J]. Plant Cell Physiology,
2006, 47 141-153.

Kasuga M, Liu Q, Miura S, et al. Improving plant drought, salt,
and freezing tolerance by gene transfer of a single stress-inducible
transcription factor [ J ]. Nature Biotechnology, 1999, 17.
287-291.

Pellegrineschi A, Reynolds M, Pacheco M, et al. Stressed-in-
duced expression in wheat of the Arabidopsis thaliana DREB1A
gene delays water stress symptoms under greenhouse conditions
[J]. Genome, 2004, 47 493-500.

Haake V, Cook D, Riechmann J L, et al. Transcription factor
CBF4 is a regulator of drought adaptation in Arabidopsis[ J]. Plant
Physiology, 2002, 130(2) :639-648.

Siddiqua M, Nassuth A. Vitis CBF1 and Vitis CBF4 differ in their
effect on Arabidopsis abiotic stress tolerance, development and
gene expression [ J ]. Plant Cell Environment, 2011, 34,
1345-1359.

Lyu Z Y, Zhao C M, Xue Y G. Cloning and expression analysis of
grape’s stress inducible promoter[ J]. Acta Agriculturae Boreali-
Sinica. 2016, 31(1): 77-82.

Kasuga M, Miura S, Shinozaki K, et al. A combination of the Ar-
abidopsis DREB1A gene and stress-inducible rd29A promoter im-
proved drought- and low temperature stress tolerance in tobacco by
gene transfer[ J]. Plant Cell Physiology, 2004 ,45(3) :346-350.
Fu D L, Huang B R, Xiao Y M, et al. Overexpression of barley
hval gene in creeping bentgrass for improving drought tolerance
[J]. Plant Cell Report, 2007, 26(4) :4674717.

Chen J Q, Meng X P, Zhang Y ,et al. Over-expression of OsDREB
genes lead to enhanced drought tolerance in rice[ J]. Biotechnolo-
gy Letters, 2008,30(12) :2191-2198.

Bhatnagar-Mathur P, Devi M J, Vadez V, et al. Differential an-
tioxidative responses in transgenic peanut bear no relationship to
their superior transpiration efficiency under drought stress [ J ].
Journal of Plant Physiology, 2009, 166(11) :1207-1217.
Westgate M E, Peterson C M. Flower and pod development in wa-
ter-deficient soybeans ( Glycine max L. Merr) [J]. Journal of Ex-
perimental Botany, 1993, 44(258) .109-117.

Murraym G, Thompson W F. Rapid isolation of high molecular
weight plant DNA [ J]. 1980, 8:
4321-4325.

Sombrook J, Russell D W. Molecular cloning a laboratory manual
[M].
2002, 487-513.

LiD H, Liu H, Yang Y L, et al. Down-regulated expression of

Nucleic Acids Research,

Huang P T, Translated. 3™ ed. Beijing: Science Press,

RACK1 gene by RNA interference enhances drought tolerance in
rice[ J]. Rice Science, 2009, 16(1) :14-20.

Gao J F. Experimental instruction of plant physiology [ M ].
jing: Higher Education Press, 2006 : 211 - 213, 217.

Bei-

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Chen M,XuZ S, Ma Y Z. Cold-induced modulation and function-
al analyses of the DRE-binding transcription factor gene, Gm-
DREB3, in soybean ( Glycine max L. ) [J]. Journal of Experi-
mental Botany , 2009, 60(1): 121-135.

Mallikarjuna G, Mallikarjuna K, Reddy M K, et al. Expression of
OsDREB2A transcription factor confers enhanced dehydration and
salt stress tolerance in rice ( Oryza sativa L. ) [J]. Biotechnology
Letters, 2011, 33(8) :1689-1697.

Zandkarimi H, Ebadi A, Salami S A, et al. Analyzing the expres-
AREB/ABF, and DREB/CBF, genes under
drought and salinity stresses in grape ( Vitis vinifera 1. ) [J]. Plos
One, 2015, 10(7) : e0134288.

Zhou M L, MaJ T, Pang J I, et al. Regulation of plant stress re-

sion profile of,

sponse by dehydration responsive element binding ( DREB) tran-
scription factors[ J]. African Journal of Biotechnology, 2010, 9
(54) :9255-9269.

Li Z ,Wurtzel E T. The ltk gene family encodes novel receptor-like
kinases with temporal xpression in developing maize endosperm
[J]. Plant Molecular Biology 1998, 37 749-761.

LiDF, Zhang Y Q, Hu X N, et al. Transcriptional profiling of
Medicago truncatula under salt stress identified a novel CBF tran-
scription factor MtCBF4 that plays an important role in abiotic
stress responses| J|. BMC Plant Biology, 2011,11(1) ;1-19.
Peng Y L, Wang Y S, Cheng H, et al. Characterization and ex-
pression analysis of three CBF/DREBI transcriptional factor genes
from mangrove Avicennia marina[J]. Aquatic Toxicology, 2013,
141.68-76.

Peng Y L, Wang Y S, Cheng H, et al. Characterization and ex-
pression analysis of a gene encoding CBF/DREBI transcription
factor from mangrove Aegiceras corniculatum[ J]. Ecotoxicology,
2015, 24(7) :1-11.

Zhu J K. Salt and drought stress signal transduction in plants[ J].
Annual Review of Plant Biology, 2002, 53(53) :247-273.

Xiong L, Schumaker K S, Zhu J K. Cell signaling during cold,
drought, and salt stress[ J]. The Plant Cell, 2002, 14(S 1) .
165-183.

Krasensky J, Jonak C. Drought, salt and temperature stress-in-
duced metabolic rearrangements and regulatory networks[ J]. Jour-
nal of Experimental Botany, 2012, 63(4) : 1593-1608.

Liu Q, Kasuga M, Sakuma Y, et al. Two transcription factors,
DREBI and DREB2, with an EREBP/AP2 DNA binding domain
separate two cellular signal transduction pathways in drought-and
low-temperature-responsive gene expression, respectively, in Ara-
bidopsis[ J]. The Plant Cell, 1998, 10(8) : 1391-1406.

Tao Y, Wang Y G, Li HJ, et al. Upstream Messengers of ab-
scisic acid signaling pathway in plant[ J]. Journal of Nuclear Agri-
cultural Sciences, 2016(9) 9.

Li X L, Yang C P, Qu M, et al. Study on cloning of rd29A pro-
moter and enhancing stress tolerance of tobacco[ J]. Molecular
Plant Breeding, 2007, 5(1) . 3742.

Qiu W, Liu M, Qiao G, et al. An isopentyl transferase gene driv-
en by the stress-inducible rd29a promoter improves salinity stress
tolerance in transgenic tobacco[ J]. Plant Molecular Biology Re-
porter, 2012, 30(3) : 1-10.

Nie LZ, Yu X X, Li G J, et al. Study on transgenic potato con-
tained AtCDPK1 gene drived by Rd29A Promoter[ J]. China Bio-
technology, 2015, 35(11) :13-22.

Zhao P, Li M,Ji Z F, et al. Counter-measures of drought physiol-
ogy response in plant[ J]. Chinese Agricultural Science Bulletin,

2016,32(15) :86-92.



