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Ectopic expression of the AmDREBIF gene from
Ammopiptanthus mongolicus enhances stress tolerance of
transgenic Arabidopsis

Kuangang Tang, Bo Dong, Xiaojun Wen, Yumei Yin, Min Xue, Zixian Su, and Maoyan Wang

College of Life Sciences, Inner Mongolia Agricultural University, Hohhot 010018, Inner Mongolia, China

Abstract:
plant stress tolerance. Ammopiptanthus mongolicus is an evergreen broadleaf shrub endemic to desert areas of northwest China,

Dehydration-responsive element binding proteins (DREBs) are an important class of transcription factors related to

and it has a very high tolerance to harsh environments. In order to reveal the functions and mechanisms of the AmDREBIF gene
from this species in enduring abiotic stresses, we performed subcellular localization test, expression pattern analysis, and stress
tolerance evaluation of transgenic Arabidopsis harboring this gene. The protein encoded by AmDREBIF was localized in the
nucleus. In laboratory-cultured 4. mongolicus seedlings, the expression of AmDREBIF was induced significantly by cold and
drought but very slightly by salt and heat stresses, and undetectable upon ABA treatment. In leaves of naturally growing shrubs in
the wild, the expression levels of the AmDREBIF gene were much higher during the late autumn, winter and early spring than in
other seasons. Moreover, the expression was abundant in roots and immature pods rather than other organs of the shrubs.
Constitutive expression of AmDREBIF in Arabidopsis induced the expression of several DREB-regulated stress-responsive genes
and improved the tolerance of transgenic lines to drought, high salinity and low temperature as well as oxidative stress. The
constitutive expression also caused growth retardation of the transgenics, which could be eliminated by the application of
gibberellin 3. Stress-inducible expression of AmDREBIF also enhanced the tolerance of transgenic Arabidopsis to all of the four
stresses mentioned above, without affecting its growth and development. These results suggest that AmDREBIF gene may play
positive regulatory roles in response to abiotic stresses through the ABA-independent signaling pathways.

Keywords: Ammopiptanthus mongolicus, dehydration-responsive element binding protein (DREB), gene expression, transgene,

stress tolerance
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flowering 1) #l1 AtFTLI (Freezing tolerant line 1)
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Y kM T DREBIF/DDFI1 X )¥%, {HH
{UXFiX 4 FhAE¥I Y DREBIF/DDFI F:R 47 T
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ey S Ol T i 1 e B e e 12 ) & 21
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AL RBE AL, T2 15 40 M 5T R %) 50 Pk A A i
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I PCR 5514 : 5-TCTCTAGACAACA
CAAACCAAACTTATCC-3'Hll 5-TCCCCGGGAA
ATGAAAAGCTCCACAAG-3', 3B A Xba 1 i
Sma 1 BV MIEEEEAAR 44 AmDREBIF
HifihX cDNA (K2 ik %51 2848), 40y 1k
I 3 R B BE T Rk AR pBI-GFP 1) 358 IR sh 15
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DH50 Ff-#EA TR 7% PCR il A1 Bk U] 48 7€ o ]
EE P AR V2 43 B 40U R O I R D 2R oA, A A
O N g = R N R DG B R 2 | AR {20 81
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1.2 X FHBALEFNE N
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S8 Yin %507 TR i AR B . (1) (RIR
AR BB 24 (3E [ Percival LT-36VL, T [A])
kT, BF M 4°C240.0°C 12h Fi1-6 'C 12 h,
£ 48 h, (2) M FEHMGEIRA ST 42 Co
48 h, AN RERE 8 h Pa/K—Uk, DLkt o+ 5 0iE .
(3) THRK: ¥ah A Eh, HHRKIE
VEARTE Y 1, BT 25 COBMEEFRAE P RS 48 he
(4) EE OB A I DEK 4 d, SR 5 B8 350 mmol/L
NaCl A —1K . (5) ABA: 4 ET 1xMS 8
TR PGSR 2 d, FECA S 100 pmol/L ABA 1Y
1xMS 533 E 48 h, AI/NVIZEWSA ., &
LIRS I FEALBRRT (0 h, XFRE) FALFRIFLASS 2.
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A RB 5 BT R W B A A A Tl DX VD A AT AT R
(14 a), BUFERTIEISAY 2014 429 HE 201547 H .
o T A WIIRORE—k, AETE T 2015 4F
4 FRHORE, RARIEESE T A 5 JRE
o AR TER A R G TR AE T-76 °Co
1.3 ¥%E= RT-PCR

M=76 CUREFE M ER U RNA JF#E 740
1k, PR B JE B ML 0 27 30 4% kil (TaKaRa)
4% cDNA 55— At , DIPAT AmACTIN
5, AmelF3 {F NS B H #1722 & RT-PCR, £
W AmDREBIF 5.3kt . AmDREBIF 5|¥9)h
5-GTATGTGGATGAAGTTGCGGG-3'Fll 5'-GGTT
GGACAAGGGAATGGTAG-3', AmACTIN F1 AmelF3
S1Wp 1R SCER[11]. SR FR S 10xEasy Tag FEZE ih
W 1.5 pL, dNTPs (2.5 mmol/L) 1.2 uL, F. T
51¥14 0.3 pL (10 pmol/L), Easy Taq i 0.15 pL
(5 U/uL),cDNA $i#z X pL, i ddH,0 #h & 15 pL,
SV AEFF A : 94 °C 3 min; 94 ‘C 30s, 61 C 30,
72 °C 30's, 35 MFEH; 72 °C 10 min; 4 CLRIE.
PR AT SR BEH R HLIK
1.4 HEYFTIESHEEE

PL 1.3 H 5 i cDNA AR, | AmDREBIF
A% X 514 5-CAAGATCTAACACAAACCAAA
CTTATCC-3" (i Bgl I fVIfi s5) 1 5-CGGTCA
CCAAGCTAGATTCGTATC-3' (il BstE Il B {;
R AT PCR. ¥4 38 R Brva b m ik At nt Ae R [
AR Y, SRR B ) B A W) 3R GA BK
pCOMBIA3301 (p3301) FI5:4k E. coli, ZH%
PCR 6 I 740 J5i0 o7 il 1) 458 5 AR A5 2H 0 8 38 A
p3301-355-AmDREBIF . 5 5 3 ik 81k p3301-
RD294-AmDREBIF #1845k, RD294 Ny
IR ST AtRD29A4 FER B A 5 58S 2 1P,

1.5 BEFTHELS s FEN

I VR Gl v A R AT AR ) R R 2 AR T AR
FEAKFFIE GV3101, AR IR 1R ik e AL B
HIHIFG ST (Ecotype Columbia 0). K54 b A R UEA T
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WL FE M B (Phosphinothricin, PPT, HA
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1.7.2 HHIXE
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BCEVENE R & TR, 2 RGTHAE R,
1.7.3  EALME A B AR A I 2

BB IRk B R 3 E A o kAT T R
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BFFAE 12 MS B335 53R 12 d, 3 000Es
B (A 350 mmol/L HE&EEY) ik (MILA 175 mmol/L
NaCl) FIKiR (4 °C) Wria T A3 3 h, B fr4e
UGN RNA JEifEA7 44k, F - E & RT-PCR £l
e IR (I 2.3.3) IFRIAE . AKINI 514
J 5'-GAGACCAACAAGAATGCCTTCCAAG-3'F
5'-CCGCATCCGATACACTCTTTCCC-3", HiAfth %
A5 [y [) SCR[11] o

IR DLIE R ST K SR i B AR R R
I (WT) RmXTRE . A 525 2 /il AT 3 IR
HE, BRER MR AR 50 kR 5L
20 ¥R, AP IES TS BT, R SAS
A H i Student’s r-test 2 TG FE MR R 5 WT
Z I 25 8 E M (P<0.05 Fl P<0.01).
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2.1 AmDREBIF 4m3%E B /YL 0 BaE L 7 4h

B S DR T 76 A0 A ATl LG SR T B
142 AmDREBIF %311 (241 aa)
() 30-54 P A —MEENES . b T ELRE
EENAEMMIAZL N, AT TR E T A W st 2238
Ak pBI-AmDREBIF-GFP F+¥5 LI/ I 52k it
&, W R AL F h 00O 15 5 F R 7 40 i
W, T2 #4A pBI-GFP #4596 5 504 T

A M IF

5.00

1.00
0.75

1 AmDREBIF w5 ZE QI paE L E
Fig. 1

YL, FB] AmDREBIF & [ E A T 40 A%
N (E 1),

2.2 AmDREBIF R RIEH
2.2.1 AmDREBIF TEMB AL B H H By R IR 5T
WA HAA MR ZE AT R, b T
AmDREBIF XFAEA Wy ihia e iy, 5 S6 o0 b 1 H:
FEAR IR AT 52 50K S e A BRI VD 45 4 R Y
kAR, K 2A AT, IEF A0F T LA
ANE| AmDREBIF W54, (HET R K 2-12h
AURIR AL EE 2-24 h W [R], AL SEARFLZB B Al I,
JUHAE 6 h F1 12 h BE AN St 5 7 g i A A
T, HF oK BAARMEsHm, mahE ABA X%
JE R JCF5 AR I AmDREBIF Rl GE 14 ABA
e 5 Tk S 5 EY G . E
BTN T 5 A A I
2.2.2 AmDREBIF TEEF5ME K AR B FA 7
DA e 28 R U T R AR R . Sl T 3R
Ml AmDREBIF TETH 32 2= 15 PRI 38 (1) 2 g
AL AT T HAEARR BN KA E
o SRR, SRR, N9 AMIE 11 A
¥ BRSIRY 23/13-9/-2 C), HHEFKEZ
Wik B e R, e — B R KR
SRR 3 AW (B/RRIRA-5/-16-4/-11 C);
M4 AWZETAY) (/Y 10/-3-28/18 C),
HA K B R = 4R R K ( 2B). Al L,

1F-GFP

Subcellular localization of the protein encoded by AmDREBIF. (A) Restriction analysis of the transient expression

vector. M: Trans 2K Plus DNA Marker; 1F: digestion products of the vector. (B) Subcellular localization. The GFP (control)
and 1F (AmDREBIF)-GFP proteins were transiently expressed in Arabidopsis mesophyll protoplasts and were observed
under a fluorescence microscope. The images under dark, bright and merged fields are presented. Bars=10 pm.
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ZEENTEMOR . &R ML E R R BT 5 TIH
B4y, AIREAE VAT IR E T IEIER R k&
HIRE

WA KB A5, AmDREBIF 1EMIR
B oK feim, HUORARBARIE, MAEHEL |
B FIAE R R ARACERE Sk (B 2C). BEAERERH],
IREEIN AT RE 2 BAE AR R AR I A T i Z M e
A B Bl R R

2.3 AmDREBIF 3% ERREITHIRESH

L E

2.3.1 AmDREBIF %3 R B4 KRN
TG RN AR M A, AUF5EE

T LN T % 5 AmDREBIF ([ INRE . 1 Sty

T H A E IR AR p3301-35S-AmDREBIF -4

IR T, i PPT ik F1 PCR A4S 2 29 bk

A Oh 2h 6h 12h 24h 48h

I (/ DREB!
D et 11 N
;. R ' B |
I /{111C TN
I ———{/: DREB
— — — — — — ey
M
p————— {111 TN
— e
— — — — — — Wl
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Cold
Heat

ABA

AmDREBIF
AmelF3

C R_T L F P
Amell3

B2 AmDREBIF EAXRREIHBHEYE. FREHFARE
FEHHRERENX

Fig. 2 Expression patterns of AmDREBIF in different
stress conditions, different seasons, and different plant
organs. (A) The expression changes of AmDREBIF in
laboratory-cultured A. mongolicus seedlings under
different stress and ABA treatments for 0 h (control) to
48 h. Dehy: dehydration. (B) The expression change of
AmDREBIF in young leaves of A. mongolicus shrubs
growing in the wild across different seasons. (C) The
expression levels of AmDREBIF in different organs of the

shrubs during the spring season. R: lateral roots; T: young
twigs; L: young leaves; F: flower buds; P: immature pods.

http://journals.im.ac.cn/cjben

T, R4, (HARZELHAERKZEE . i /b
TRek . RIBRREHIZZTFAE, B0 5 A9 A K
MG, Wi GA3 J5 ] FEATHBR LIS, K15 T,
RET (B 3A), 250 TR R A LIS, Wi
fiti GA3 JE3k18 T AR 1. X T, R &
RT-PCR #ill, & BUAS[RIBE 24 K B AR S
AmDREBIF Wik AR IEM K (K 3B). N
Tk 2 R R 1 R A K T R S, A
1 32K K p3301-RD29A4-AmDREBIF % Ak )
BiJF, 4 PPT ik . PCR ¥ F12f & & RT-PCR
K (Kmg) 433 6 4~ AmDREBIF 3k &% &
R, HARELEELEHRSE (K 30). @&
AmDREBIF Fik & B AR AL BB kR R (OE-2
1 OE-28; T MAHIAKAEH A &) ML

OE-26

14d 32d

B3 EEXHT AmDREBIFEERKAMERKIRR
MEEEREE

Fig. 3 Growth status and the transgene’s expression
levels in transgenic lines of AmDREBIF. (A) Constitutive
expression seedlings (24-day-old) before spraying GA3
(—GA) and after 20 d of spraying GA3 (+GA), respectively.
(B) Expression levels of AmDREBIF in different
constitutive expression lines. (C) The 14-day-old seedlings
and the 32-day-old plants of the stress-inducible expression
lines. WT: wild type; OE-2, OE-17 and OE-26:
constitutive  expression  lines; IE-2 and IE-6:
stress-inducible expression lines.
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BERiAESEIBRER (B2 F 1E-6) HE17 R
2.3.2 AmDREBIF ¥ FEF ¥R R Wt P 1 4

(1) T 52 R A Pl A T 1 5

Py KBS E SR (8 4) KB, FEEE bR
5 WT 1 1/2 MS 55558 B AR GLAHL, 3
TERHIN 300 mmol/L B 350 mmol/L H &2/ 1/2
MS FEFREE b, BUE R RHEE . ARAERK AT
ARk FERTR# (P<0.05 B P<0.01), £
FEIRR R T2 & a6 T e WT 58

BT R S SR BN, 7RSIk DEK 2 A
Jo, A HINZEE, 18-19d R EZEE, K
RIEHBK, WT ZH4hiET BAAE IR E
AR RS, T 3 PR PR R 2B A0 HAR
SRR, FERK 10 d J5, OE-2 #1 IE-2
Wk R ARG R0 9 82.7%F1 78.3%, WT 435k
21.8%%1 23.2%, 5B (& 5B. 5D #l 5E).

FE P AE 3 8% W 38 R R T AR N PR AR

A OE-2 WT  IE-2 OE-2

80

Germination rate (%)
N
o O
T T

o]
[T =}
T

12 MS 300 350
Mannitol (mmol/L)

Bl 4 AmDREBIF % ERIKkZ T TigR BN S 1ERITL
Fig. 4 Profiles of drought tolerance of the AmDREBIF transgenic lines at the seed germination stage. The phenotypes (A),

WT IE-2

| ﬁmfﬁt AR R 1)

(Reactive oxygen species, ROS), MIXJ 4 1 il
FAbIG . Hy0, Fl MDA 2 BB A e 455 1)
A P bR, R B SR S IR A
E SF Bon, TRABERT (0d) FILFERRM WT
R B RARA RS A AR, T543 10 d
Ja AR YL BE B 3G, U WT i 2
EHB ARG, RUH 1,0, W R T
FHEBER . IE SG AT, FEIEH &M, R
kR 5 WT # MDA 1 35 4% AR BT,
TEAEKALHE 10 d 5, 19 MDA % 3 8 B 3
L, L WT RREE (2.0 ) BF T OE-2
(0.7 1) F11E-2 (0.9 f%) BKZ (P<0.01).

(2) T ek P R 4 Pl 4 1 4

ERrR, FEERRYS WT TE 12 MS i
e EEACROOICI B 25 5, BESE 125 mmol/L
8¢ 175 mmol/L NaCl ¥ 1/2 MS 35355 b, Fii & nyug
KRB TG #E (2% P<0.05 5{ P<0.01) (K] 6)
FERTHIFGE NaCl kit —%0e , RIN
OE-2 WT IE-2

4 \
/ TTEE Ty ey

C OWT @ OE-2 ®OE-28 OIE-2 @IE-6
15¢

’g 12+ trh
il :7‘
= o [ 1
=3 i
5 6| VN |
3
£ 3t

|

TTI2MS 300 7350
Mannitol (mmol/L)

germination rates (B) and root lengths (C) after 6 d of germination on different media, respectively. WT: wild type; OE-2
and OE-28: constitutive expression lines; IE-2 and [E-6: stress-inducible expression lines; * and ** represent significant
differences between transgenic lines and wild type at P<0.05 and P<0.01 levels, respectively (the same below).
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Fig. 5 Profiles of drought and oxidative stress tolerances of the AmDREBIF transgenic lines at the seedling stage.
(A-E) Eighteen-day-old seedlings were suspended watering for 18 d, and afterwards, were watered again in a recovery
period. (A, C) Seedlings before the treatment. (B, D) Seedlings after 7 d of re-watering. (E) Survival rates of the
seedlings measured on the 10th day after re-watering. (F—G) The DAB staining of and MDA contents in leaves of the
seedlings after 10 d of suspending watering (0 d as the controls), respectively.

IE-2 OE-2

OE-2 WT IE-2

B OWT BOE-2 mOE-28 OIE-2 BIE-6
120 -
£ 100 3= it
[} —
2 80
: .
) %
E 40 %
P
5 20 |
|
& L , _
1/2 MS 125 175
NaCl (mmol/L)

Bl 6 AmDREBIF ¥%ERIKZRTTigR MM s ERI T
Fig. 6 Profiles of salt tolerance of the AmDREBIF transgenic lines at the seed germination stage. The phenotypes (A),
germination rates (B) and root lengths (C) after 6 d of germination on different media, respectively.
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Fig. 7 Profiles of salt and oxidative stress tolerances of the AmDREBIF transgenic lines at the seedling stage.
Twenty-day-old seedlings were watered with 250 mmol/L NaCl solution once and then were watered again regularly
with tap water. (A, C) Seedlings before the treatment. (B, D) Plants after 18 d of watering with the NaCl solution. (E)
Survival rates of the seedlings on the 14th day after watering with the NaCl solution. (F-G) The DAB staining of and
MDA contents in leaves of the seedlings after 5 d of watering with the NaCl solution (0 d as the controls), respectively.
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Fig. 8 Profiles of freezing and oxidative stress tolerances of the AmDREBIF transgenic lines at the seedling stage.
(A-E) Eighteen-day-old seedlings were exposed to —7 °C for 7 h after a pre-treatment at 4 °C for 24 h, then post-treated
at 4 °C for 12 h again. Afterwards, the seedlings were returned to normal growth conditions for recovery. (A, C)
Seedlings before the treatment. (B, D) Plants after 14 d of the treatment. (E) Survival rates of the seedlings on the 14th

day after the treatment. (F-G) The DAB staining of and MDA contents in leaves of the seedlings after exposure to 4 °C
for 48 h (0 h as the controls), respectively.
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Rk 2 i R k3t e WT Pl g, X —
ZE L2l AmDREBIF [ T 86 35L [ #k & thihia
Vi TALNE ST
3 3t
3.1 AmDREBIF £ ¥4 EER R IATIHLEE
AmDREBIF J& 3 A e FT 0138 5 RNA-seq # R
ML A T R ERMREA T R2ESREEN, %4
fy CBF/DREB1 A % 5% [ + , Jy #l /5%
AtDREBIF/DDFI1/FTL1 Fl/K#& OsDREBIF 1E Vb4
T B [ PR R 28 ASBFSEF 2 E it RT-PCR
WATRIB N, RIMAEV A Y AmDREBIF
F2 B2 AR AN T K W38 05 S, T 32 R A
FRAE SRS (8 2A). 7EEFAME KR AR EY

http://journals.im.ac.cn/cjben

o, ZIEEERCOR . AR EERRAT
W) Zik st TR ET (B 2B). HILEk
AmDREBIF 3R FE 22 MHE 15 5, ol
TR hE . X5 HAbHY) DREBIF/DDF1 #:H 1)
B8 % AR AR B 22 5 . Flan, IR IT
AtDREBIF/DDF1/FTL1 F3% . Phaseolus vulgaris
L. PvDREBIF #:H F2 7 g i+ 285 B hha
SR S (T (9w e N (1 | ERA B 7 ) B E MR
JNIZ3 B OsDREBIF M Z K . T5H
A A S BRI 2" K S GmDREBIF; 1
B Sl o (I I ) B MO 7 A 3
AmDREBIF &N AE#IRE I rh 238 W] LAHR & i 5
PE LA PE AT R (D 4-8), RBIRThRETE
AtDREBIF/DDFI1/FTLI . OsDREBIF 1 GmDREBIF:1
FE DR AT HAE T S 2 HE TN Y 3 2 A
FEAR R R R (s T I aa 15 S
K)o HJFE R Z —n[ fE1E T DREB K54 5 [ 1 HA
AE AL 09 e SR T AL, AT RUBEOTE Ja B b
DRE/CRT T WiF Z A6 A= Wi ia 5 5 JE I Rk
o 440 60 T2 8 A2 2% KL AR A T 538 A P AL AR BT A
WX 6 ANBLRIEHE AT TR B LI, T
WHEIEEEZEWEANT, ENELERKER
T A R TR AR (| 9), Mt
LR AR T R AR o ok 4 I PR 4 A 53 7K e
WG 4 & M 11 (AtRD29A . AtRD29B. AtCOR47
Ml AtRAB18) . KHHREN (AKINT) SfZ R &
JE (AtP5CST), EL 4z ol ] Hz b 0l 41 i e PR 3 1
R, MRG58 1 AR 4 e it 1258

ABA TEAH Y HEHT 0 5 b am vh 4 v A R A
o, e I E, JUHE T R a v
HEH A% ABA KIS 55 S e,
AW AR H] AmDREBIF % 5MJE ABA 755
Fik (E24A), #EM AT REE T ABA KA 5
SEHFERAEXNBEREREBETERZRANT., X5
AtDREBIF/DDF1 J HAAHY) 0 2% CBF/DREBI
AR T 5 OsDREBIF F PvDREBIF
A, B2 ABA B RS alfkE it



EER F/SRRRERGIVESE AmDREBIF ERIZSHEERIIRETTAIMHE 4339

ABA KW 55 i A2 R RE .

ROS JERP M ™= 9, 5% &4 T 3
P T X AR AN G 7 5 3 O LB g 40,
T8 | AR S 0 85 W aE 5 8L ROS 3 f1
A, TR EERE . A BTF DNA S5 K40
AR o HoO, 2 — R TE P Ak b S5 (E R
ETERY B ERGR ) ROS, MDA 2 S it & L Y
PR R Sk ST 5 AR 1A e A A IR T AN R S Y
SEMy S IhfE, TINEE ROS %40 AR Ay #4512,
AWFFE R, AmDREBIF W] L) FAR 5 55 v ia %%
LR R R H,0, fl MDA RUFLZE (K 5. | 7.
Bl 8), it A A RE T . IR 45 RAE L
[RYR %K AtDREBIF/DDFI1/FTLI. OsDREBIF .
VeDDF1., GmDREBIF;1 ¥l PvDREBIF " Lik
g 21T e AT RS AmDREBIF 15 % 3k
IRI R A T 3002 ) o S A Pt

3.2 AmDREBIF W giBIEK GA S2LE
5 KAE

AtDREBIF/DDFI1/FTLI 1 GmDREBIF;1 L\ J%
AtDREBIA %1% CBF/DREBI )3 [R5 8 3¢5 15
A S B S DA B B AR K K T A N RE
KPS , SNt GA3 ] i B e U 1121416410
i/ AtRD294 Z5 B 75 5 RS 2 Al ke St 2
MG kAP AR T RMAER (K 3), KW
AmDREBIF 5 AtDREBIF/DDF1/FTLI ! GmDREBIF:1
SR AEARPAT AR KT HIIEE

GAs 2 —REZEMEYRAERKER, v
AR T DELLA & [0 [ A T {1 36 A
YK X & . AtDREBIF/DDFI # AtDREBIA
%% CBF/DREBI 5L [F )8 3R 3k AT LA 165 7 GA
e, 5l DELLA EAMFR, Mimims
SERAERR AR K &7, R o L
ATFFE AR ARME GAs 5 = FE A AR AR 1L,
AN GA3 AT LATH BRHFE 3 PR bk 2 09 A K B 3%
A (FE 3A), HOHHEN AmDREBIF 1, A] GE 18 1 i
DiEtE GA B Em5#E DELLA EEAME, M
T B0 ik PR R R A 2 T A

. 010-64807509

REFERENCES

[1] Wang HY, Wang HL, Shao HB, et al. Recent
advances in utilizing transcription factors to
improve plant abiotic stress tolerance by transgenic
technology. Front Plant Sci, 2016, 7: 67.

[2] Baillo EH, Kimotho RN, Zhang ZB, et al.
Transcription factors associated with abiotic and
biotic stress tolerance and their potential for crops
improvement. Genes, 2019, 10(10): 771.

[3] Xu ZS, Chen M, Li LC, et al. Functions and
application of the AP2/ERF transcription factor
family in crop improvement. J Integr Plant Biol,
2011, 53(7): 570-585.

[4] Mizoi J, Shinozaki K, Yamaguchi-Shinozaki K.
AP2/ERF family transcription factors in plant
abiotic stress responses. Biochim Biophys Acta,
2012, 1819(2): 86-96.

[5] Agarwal PK, Gupta K, Lopato S, et al. Dehydration
responsive element binding transcription factors and
their applications for the engineering of stress
tolerance. J Exp Bot, 2017, 68(9): 2135-2148.

[6] Qin F, Sakuma Y, Li J, et al. Cloning and functional
analysis of a novel DREB1/CBF transcription factor
involved in cold-responsive gene expression in Zea
mays L.. Plant Cell 2004, 45(8):
1042-1052.

[71 Matsukura S, Mizoi J, Yoshida T, et al

Comprehensive analysis of rice DREB2-type genes

Physiol,

that encode transcription factors involved in the
expression of abiotic stress-responsive genes. Mol
Genet Genomics, 2010, 283(2): 185-196.

[8] Cui M, Zhang WIJ, Zhang Q, et al. Induced
over-expression of the transcription factor
OsDREB2A improves drought tolerance in rice.
Plant Physiol Biochem, 2011, 49(12): 1384-1391.

[9] Yang W, Liu XD, Chi XJ, et al. Dwarf apple
MbDREBI
temperature, drought, and salt stress via both
ABA-dependent and ABA-independent pathways.
Planta, 2011, 233(2): 219-229.

[10] Li XS, Zhang DY, Li HY, et al. EsDREB2B, a novel

truncated DREB2-type transcription factor in the

enhances plant tolerance to low

desert legume Eremosparton songoricum, enhances

tolerance to multiple abiotic stresses in yeast and

B: cjb@im.ac.cn



4340 ISSN 1000-3061 CN 11-1998/Q =4 #2434 Chin J Biotech

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

transgenic tobacco. BMC Plant Biol, 2014, 14: 44.
Yin YM, Jiang XX, Ren MY, et al. AmDREB2C,
from Ammopiptanthus mongolicus, enhances abiotic
stress tolerance and regulates fatty acid composition
in transgenic Arabidopsis. Plant Physiol Biochem,
2018, 130: 517-528.

Magome H, Yamaguchi S, Hanada A, et al. Dwarf
and delayed-flowering 1, a novel Arabidopsis
mutant deficient in gibberellin biosynthesis because
of overexpression of a putative AP2 transcription
factor. Plant J, 2004, 37(5): 720-729.

Magome H, Yamaguchi S, Hanada A, et al. The
DDF1
expression of a gibberellin-deactivating gene,

transcriptional ~ activator ~ upregulates
GA20x7, under high-salinity stress in Arabidopsis.
Plant J, 2008, 56(4): 613-626.

Kang HG, Kim J, Kim B, et al. Overexpression of
FTLI1/DDF1, an AP2 transcription factor, enhances
tolerance to cold, drought, and heat stresses in
Arabidopsis thaliana. Plant Sci, 2011, 180(4):
634-641.

Wang LB, Ma H, Lin J. Angiosperm-wide and
family-level analyses of AP2/ERF genes reveal
differential retention and sequence divergence after
whole-genome duplication. Front Plant Sci, 2019,
10: 196.

Kidokoro S, Watanabe K, Ohori T, et al. Soybean
DREBI1/CBF-type transcription factors function in
heat and drought as well as cold stress-responsive
gene expression. Plant J, 2015, 81(3): 505-518.
Wang QY, Guan YC, Wu YR, et al. Overexpression
of a rice OsDREBIF gene increases salt, drought,
and low temperature tolerance in both Arabidopsis
and rice. Plant Mol Biol, 2008, 67(6): 589-602.

Song GQ, Gao X. Transcriptomic changes reveal
gene networks responding to the overexpression of a
blueberry DWARF AND DELAYED FLOWERING 1
gene in transgenic blueberry plants. BMC Plant Biol,
2017, 17(1): 106.

Walworth A, Song GQ. The cold-regulated genes of
blueberry and their response to overexpression of
VeDDFI in several tissues. Int J Mol Sci, 2018,
19(6): 1553.

FAE, BTHEE, THl DAHEEMRERY
R AT, E A AE ), 2005, 21(12): 121-125.

http://journals.im.ac.cn/cjben

[21]

[22]

(23]

[24]

[25]

[26]

Wang H, Jia GX, Ding Q. Research progress of
abiotic stress tolerant mechanisms and application
prospect of Ammopiptanthus mongolicus Maxim.
Chin Agric Sci Bull, 2005, 21(12): 121-125 (in
Chinese).

MIETT, EME, XA, & DAFEHES ST
YA R AL BT IR 4, 2010, 11(6):
793-797.

Lin QF, Wang MY, Liu JJ, et al. Research progress
of cell and molecular biology of Ammopiptanthus. J
Plant Genet Resour, 2010, 11(6): 793-797 (in
Chinese).

Pang T, Ye CY, Xia XL, et al. De novo sequencing
and transcriptome analysis of the desert shrub,
cold
acclimation using Illumina/Solexa. BMC Genomics,
2013, 14: 488.

Wu YQ, Wei W, Pang XY, et al. Comparative
transcriptome profiling of a desert evergreen shrub,

Ammopiptanthus mongolicus, during

Ammopiptanthus mongolicus, in response to drought
and cold stresses. BMC Genomics, 2014, 15(1):
671.

wid, FIH K, @B, . Y47 CBF/DREBI #%
FH T cDNA Y TCRE ST 530, BRI 42 50
Y22, 2009, 28(6): 1043-1048.

Yang Q, Bai XF, Gao Y, et al. cDNA cloning of
CBF/DREBI1
Ammopiptanthus mongolicus and its sequence
analysis. Genom Appl Biol, 2009, 28(6): 1043-1048
(in Chinese).

Frrg, 554 AmDREB2 Fl AmRD22 A
D BEAE 5T [D]. WA R A 5l Al R,
2012.

Wang XF. Functional analyses of AmDREB2 and
AmRD22 genes from Ammopiptanthus mongloicus[D].

transcription factor of

Hohhot: Inner Mongolia Agricultural University,
2012 (in Chinese).

i, FOPM, Eoeg, % WA AmDREBIF
SR A TR RIS R AR (A
SREBFIR), 2014, 45(4): 378-384.

Dong B, Wang MY, Wang XF, et al. Cloning and
expression vector construction of AmDREBIF from
Ammopiptanthus mongolicus. J Inner Mongolia
Univ (Nat Sci Ed), 2014, 45(4): 378-384 (in
Chinese).



EER F/SRRRERGIVESE AmDREBIF ERIZSHEERIIRETTAIMHE 4341

[27]

(28]

[29]

(30]

[31]

[32]

dEg, mb, HEE, FOZNPAE
AmDREB2.1 BN B SE e KRR M. YIRS
i, 2015, 31(3): 108-114.

Li ZL, Gao F, Cao YZ, et al. Cloning and expression
of AmDREB2.1 in Ammopiptanthus
mongolicus. Biotechnol Bull, 2015, 31(3): 108-114
(in Chinese).

KEH, FEG, &K, FZNDAE
AmDREB2.2 KN B ve e SR B AR . )
JeRRR2, 2015, 54(16): 4065-4069.

Zhang ZW, Li ZL, Gao F, et al. Cloning of
AmDREB2.2 gene of Ammopiptanthus mongolicus

analysis

and construction of its plant expression vector.
Hubei Agric Sci, 2015, 54(16): 4065-4069 (in
Chinese).

/MR, ST 15 MR B K 335 43
Je AmDREBI YIRE%E[D]. WA AE: A5 AK
A RA, 2015.

Wen XJ. Expression analysis of fifteen candidate
stress-tolerant genes and functional identification of
AmDREBI1 from Ammopiptanthus Mongloicus[D].
Hohhot: Inner Mongolia Agricultural University,
2015 (in Chinese).

Ren MY, Wang ZL, Xue M, et al. Constitutive
expression of an A-5 subgroup member in the DREB
transcription factor subfamily from Ammopiptanthus

mongolicus enhanced abiotic stress tolerance and

anthocyanin accumulation in transgenic Arabidopsis.

PLoS ONE, 2019, 14(10): ¢0224296.

Yoo SD, Cho YH, Sheen J. Arabidopsis mesophyll
protoplasts: a versatile cell system for transient gene
expression analysis. Nat Protoc, 2007, 2(7):
1565-1572.

Romero-Puertas MC, Rodriguez-Serrano M, Corpas

FJ, et al. Cadmium-induced subcellular accumulation

. 010-64807509

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

of O, and H,0, in pea leaves. Plant Cell Environ,
2004, 27(9): 1122-1134.

Gill SS, Tuteja N. Reactive oxygen species and
antioxidant machinery in abiotic stress tolerance in
crop plants. Plant Physiol Biochem, 2010, 48(12):
909-930.

Konzen ER, Recchia GH, Cassieri F, et al. DREB
genes from common bean (Phaseolus vulgaris L.)
show broad to specific abiotic stress responses and
distinct levels of nucleotide diversity. Int J Genom,
2019, 2019: 9520642.

Kurkela S, Franck M. Cloning and characterization
of a cold- and ABA-inducible Arabidopsis gene.
Plant Mol Biol, 1990, 15(1): 137-144.
Puhakainen T, Hess MW, Maikeld P,
of multiple dehydrin
enhances tolerance to freezing stress in Arabidopsis.
Plant Mol Biol, 2004, 54(5): 743-753.

Msanne J, Lin JS, Stone JM, et al. Characterization

et al.

Overexpression genes

of abiotic stress-responsive Arabidopsis thaliana
RD294 and RD29B genes
transgenes. Planta, 2011, 234(1): 97-107.

Szabados L, Savouré A. Proline: a multifunctional
amino acid. Trends Plant Sci, 2010, 15(2): 89-97.
Agarwal PK, Jha B. Transcription factors in plants

and evaluation of

and ABA dependent and independent abiotic stress
signalling. Biol Plant, 2010, 54(2): 201-212.

He M, He CQ, Ding NZ. Abiotic stresses: general
defenses of land plants and chances for engineering
multistress tolerance. Front Plant Sci, 2018, 9: 1771.
Suo HC, Ma QB, Ye KX, et al. Overexpression of
AtDREBIA causes a severe dwarf phenotype by
decreasing endogenous gibberellin levels in soybean
[Glycine max (L.) Merr]. PLoS ONE, 2012, 7(9):
e45568.

(AR5 MW7)

B: cjb@im.ac.cn



