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Study on Cold-stress Tolerance of Transgenic Alfalfa
(Medicago sativa L. ) with AmDHN Gene

NIE Lizhen,GUO Jiufeng, LIU Hongkui, SIQIN Bater,SUN Jie, QIAO Huilei, LIU Yongzhi~
(Inner Mongolia Academy of Agricultural & Animal Husbandry Sciences, Huhhot 010031, China)

Abstract ; Alfalfa varieties ‘Zhongmu No. 2’ was acted as the wild-type material. Agrobacterium-mediated
method was used to introduce dehydrin gene(AmDHN) into alfalfa. PCR and southern blot methods were
used to detect the presence of AmDHN in transgenic alfalfa plants. The expressions of AmDHN and cold-
related genes were detected in transgenic plants of T, generations through RT-PCR and qRT-PCR. The
content of proline and MDA of two plants were detected. Cold resistance of the transgenic alfalfa plants
was detected by molecular level and physiological characteristics, which will provide a basis for new trans-
genic alfalfa material with resistance to cold stress. The main results are summarized as follows: (1) Expres-
sion of AmDHN was determined at different levels in transgenic alfalfa plants. (2) After being treated with
4 °C ,expressions of cold-related genes(CBF2,CBF3, ProDH and CAS17) were dramatically higher than
WT. Expressions of CBF2,CBF3 and CAS17 increased significantly after being treated 5 h,reached an ex-
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tremely significant level (P<C0. 05) ,as compared with WT plants. The level of ProDH transcripts reached

the maximum at 7 d after treatment by 4 °C , their maximum were 2.5,4,1. 6 and 3 times than WT ,respec-

tively. (3) The contents of both proline and MDA were increasing with extending treatment time. The con-

tent of proline of transgenic plants was significantly higher than that of WT. The content of MDA was sig-

nificantly lower than that of WT,both goes up to an extremely significant level at 14 d after the treatment.

These results suggested that transgenic plants may be more resistance to cold stress compared with WT.

These imply that AmDHN proteins may protect the enzyme activity and membrane systems from freezing

injury. Simultaneously, AmDHN may regulate indirectly cold tolerance of the plants through regulating the

expressions of cold-related genes.
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Table 1  Sequences of the primers used to
quantitative PCR analysis
519 2 %K 5197 51
Primer name Sequence of the primer
AmDEHN 5'-CATGCTAGCGCTGCCTTTTA-3'
ath 5'-AGCATGCATGTGCCTTTTTA-3'
. 5'-ACACTACTGGCTATGGAAG-3'
MsCASL? 5 CCTTCTTACTCAAAAACAG-3'
MsActi 5'-ACGAGCGTTTCAGATG-3'
sactn 5'- ACCTCCGATCCAGACA-3'

. 5'-GAAACTTAGATAAATGGGTG-3'
MsCBE2 5'-GTAGCAGAGGTGGAAATAG-3'
MsCBE3 5'-CAACGAGGAGATGCGATTA-3'

SEBE 5'-ATGCCATTGCAGCAACAT-3'

MsProDH 5'-ATCGCAATCTCAAAGGTT-3'

5-TGTTAATGGCTCTGGTCTC-3'
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Rk S RBERHU T AKX 2 20 =
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JUE -
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S g f PCR i 1+ AR KR H] Microsoft
Excel 2003,
2SR5
2.1 AmDHN EREizfEiL

I B A P 3R GR UK 2 pBIL2L, 5 A
3SR TR RAE R N AHF P T
AmDHN FEF 2K 603 bp(E] 1, A) ;% 4% T #4410
JeJE 4 A Sac 1 #il Spe 1 ¥ AmDHN FEPH 5 3%
KR pBII21 XA D) (B 1, B), $k )5 & 5% 1k
DHS o, #4318 4 24k pBI-DHNE 1,C) ; $ ik iE
W5 e ALK LBA4404 B Ak (B 1,D) 5 88 )5
MR EN FEK pBEDHN S AL H A b
H 25 ek Br TR M R P A A AR AR AR A



1730 (LTS [ A i N // = 34 4

M DHN pBI121

1000 bp
603 bp
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1300 bp :
1000 bp
B © D

MCK1 23456

Bl 1 2K AmDHN SR 5ERE B CFFA: A bR 3RS
M. DNA marker; A, PCR #3844 AmDHN F Bt ;B. AmDHN Fi#% & pBI121 g1 ; C. T 41 # /& pBI-DHN 4
D) 4552 s D. PCR % H 4 4044 pBI-DHN; E. HT 1 FFA: AR
Fig. 1 Amplification of AmDHN fragments and plasmids recombinant
A. Amplification of AmDHN fragments by PCR;B. AmDHN and pBI121 digested by restriction enzyme;C. Identification of the

recombinant plasmid pBI-DHN by enzyme digestion;D. Identification of the recombinant pBI-DHN by PCR;E. Resistant plant
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500 bp 603 bp

B2 #AEEE To TR BRI PCR A2
C. B X B (b 45 BE R 2 DNAD 5 1~6. fu A bk

Fig. 2 PCR analysis of T, resistant plants of M. sativa
C. Positive control(A. mongolicus genomic DNA) ;

1—6. Ty resistant plants
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1 2 3 4 5
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CK. A% B OB K 2 26K PCR =90 s W B X BR
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Fig. 3 Southern blot analysis of T, resistant
plants of M. sativa
CK. Positive control(AmDHN PCR product) ; W. Negative

control(non-transgenic) ;1 —6. Ty resistant plants
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PCR J7 &40 Hr 1 4 "CARIR B8 T & A& N IR AR I
A B CBF2,CBF3, ProDH F1 CAS17 1y 3
R 6) . 53R W . HAE TR P 38 AR OC AR
CBF2.CBF3 (A w R AL (& 6, A B), A
TE A E AT G L Ak BRI L 28 AE AR R N CBE2 A

M CK 1 2 4 5 6

AR FIX i
Relative expression level

i ¥k Plants

750 bp —p|

500bp—» 5 gRT-PCR 73 Bt i 4 K A # B

AmDHN 3£ [ () 37 5 K F
Wt BPAE TR R CAEFE S BR R 5 1.2 4~6. N[ A ZE
B F s AN IR/ 5 8 2% AN ) 0 5 3 PRk 22 )

4 RT-PCR 4347 To IR AmDHN 3k TE 0. 05 /P FAF7E k2% B
CK. X B (455 cDNA) ;1.2.4~6 55 W 515 To AOAE Fig.5 AmDHN expression level in the transgenic
Fig.4 RT-PCR analysis of AmDHN expression lines as determined by qRT-PCR
in transgenic plants of M. sativa Wt. Wild-type plant( non-transgenic) .1,2,4—6. Transgenic lines;
CK. Positive control(A. mongolicus cDNA) ; the different letters indicate the significant difference
1,2,4—6. T, transgenic plants among different transgenic plants at 0. 05 level
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Fig. 6 Expression profile analysis of stress-relative gene in the transgenic plants in response to cold stress
Wt. Wild-type plant; Line 5. Transgenic plant; A. Gene CBF2;B. Gene CBF3;C. Gene ProDH ; D. Gene CAS17;

The different letters indicate the significant difference between transgenic and non-transgenic plants at 0. 05 level. The same as below
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Fig. 7 Proline and MDA content in the transgenic plants in response to cold stress
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Wit ik AR A B FE v ProDH 1 3% 3K 5 B IR Ak
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