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A, LEMH Mg EA, KE%, FEE
IR K22 R SR, MR B TR 0%, MM 2 TS0 %, It
100083)

 E: 50 TY¥AHE (Ammopiptanthus mongolicus) %48  FAFE K AmZFPG EdRAEMa T ZRiE
Rk, 45 NoR AMZFPG ZARIE. T7. mihais BRiE, RNZEASS5ZMIaHXHES S
FINEN AidE— 2R AmMZFPG HIThAe, M@ T EZRKIEH A AmZFPG-pCAMBIA2300, R %2 [Al
e NJHE (Nicotiana tabacum L.), XFEIERIIHE T1 ARIATIEARYIME T, S5 R EoR, He Ik PR
FEVEL MR MRS TR

KT WA AMZFPG JER; HELRIHE, JEAEYNE

PESHES: S68 MHRFRERD: A XEHS: 0513-353X (2013) 04-0713-11

Overexpression of a Zinc-finger Protein Gene AmZFPG from Ammopiptanthus
mongolicus Confers Tolerance to Cold, Drought and Salt Stress in
Transgenic Tobacco

ZHI Guan-hua, SHI Jun-na, ZHAO Xiao-xin, LIU Sheng-li, CHEN Yu-zhen, and LU Cun-fu"

(College of Biological Sciences and Biotechnology, National Engineering Laboratory for Tree Breeding, Key Laboratory
of Genetics and Breeding in Forest Trees and Ornamental Plants of Education Ministry, Beijing Forestry University, Beijing
100083, China)

Abstract: The characterization of a novel gene designated AMZFPG from Ammopiptanthus
mongolicus was described here. AMZFPG encodes a zinc-finger protein that is induced after different types
of stresses, namely cold, desiccation, and salt. Overexpression of the gene in transgenic tobacco conferred
tolerance to cold, dehydration, and salt stress at the seed-germination/seedling stage as reflected by the
percentage of germination, the fresh weight of seedlings, and their growth pattern. Thus, AMZFPG seems
to be an important determinant of stress response.

Key words: Ammopiptanthus mongolicus; AmZFPG gene; transgenetic tobacco; abiotic stress
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1985; Leeetal.,, 1989). 4 XAHYEHRE LRI, 2 UM I KIS Y MR, 1
CLSRPTIS AR ) SO B W0 G RE /> (Saad et al., 2010).

Y4# (Ammopiptanthus mongolicus) 150 22 58 =205kt fr (Wei et al., 2012), @& EIETS
e X — (R 0 o ] P JREA , LA AR S A 0 1, DAL DA A 2 — i BEAR P 0 5 R 98 YA ) (Lia
etal., 2005, 2006; Caoetal., 2009; Guo etal., 2010; Liuetal., 2010; X|F¥ 2%, 2010; I &5,
2012; Song et al., 2013). M4, WAFHIEIFE, WFEL, HAIEE, FFeh, K, e
Grrath, ST VG b D i MR bR [l AR A F R A, R T R E RS A . RE R
AL LAER R (W 4, 2000; 25 JE 4%, 2004; R 4%, 2005 Ef AE, 2007).

SAEGREE (2011) C AP AT v BT BEE R R R AMZFPG 4K cDNA J¥41), HF ik A
AT TS 2200 . AR AE I IERE T, FIH real-time PCR A0l TiZIERAEMRHL . T2 &
N R, M AL R IA BRI T AMZFPG JE [R5 N b, 38 1717 50 46 i DR 5 G
5 SR ia B AR T, DU S S D TR AR RS moAROR L FET0 R AR A i 52 1 )
nRetE.

QY L SRS DARE

11 EYMR S IR 54

VAT IR TR AN 52 PR S X, 2010 4F 10 H 3R Fh 7 90 b mUbRoll K 2 oA 40 i
TR S S PP AT — RPeE KB ERA T, $EFER 3 dBeK 1R (TF
REFEBRAN), = (24 °C, 16 h /8 h B 859F 12 d, EMWIER B TR T e A B . AR AL
FREAEE N 4 °C, 2 EUEEE 0, 1. 20 4. 8 AT 16 d BN /e T 540 B HFRh 2 BBk G
ANBEK, 12 d Ja TR TEITECRE, 20 IELALEE 04 1. 2. 4. 8 Fl 16 d IS e EhALEE. FHMKRIE N
1% NaCl SR EERE 12 d K/ AE ST, ol i HORE, BUGREE 0. 1. 2. 4. 8 Fl 16 d 4]
MR, ORGSR A7 T - 80 ‘CHH .

1.2 5 RNA BY4RERAN S 38 R R L

AT HED RNA (I$EHU75:4% 1 Biomiga RNA $#EHGAF G4 BH R T, $REUS I RNA
S KRN, SEAEMERLE, 2 A T DNA Tk, )VId R promega RQ1 RNase-Free DNase
VLT, ARG ARTE promega M-MLV Reverse Transcriptase 15t W] - i3E4T [ 55 5% .

1.3 AmSTZF #9 real-time PCR Rk &

FEATRIRE S 1) RNA R 57~ IR e 20 5, 1FN real-time PCR [ARAR . #fE 1t #24% % TaRaKa
SYBR Premix Ex Taq ™ i G0 {8 UL 5818 RNARZR N 25 L, o 2 L AR, 0.5 pL 1E47 1]
514 (10 pmol - L™). 12.5 pL SYBR Premix Ex Taq™ (2x). KB #4%/K 9.5 uL. qPCR LAVL A5 Actin
JNWNZ (Shietal., 2012), AL AN S ACT W00 BEAFEME 3 MEE.

KR 514 ZFPGRS: 5-CACGGAAGTGGATGTTGGCTTGG-3'; ZFPGR3: 5-CTCCTTGGCATTGG
ATGCTGACC-3'- W% 5|4 Acn5: 5'-ACCTTGCTGGCCGTGATTTAACG-3'; Acn3: 5'-ATAGTGGACC
CACCACTAAGCACG-3'.

1.4 BirEFEZELEE
FIF Primer 5.0 #Ah5it 1 RS54 5'-TAGGATCCGGATGTGTGCCAAAATGTATCAG
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TT-3' (% BamH I BEYI7 5D Fl 5-TACTGCAGTAGTGCTGACTGGGAATGGAAGATA-3' (% Pst |
B D 4718 AMZFPG T8 S2HE, 3% pMDI18-T J&i il BamH 1 1 Pst T XU, [) INf X 7)
#iAk pCAMBIA2300, %87 ] T4 DNA JEREM % e 3kl & B4k AmZFPG-2300. A FF A S (it
B YL Bl AR AmZFPG-2300 3546 15 4 RUHH 5 b ( Anoop & Gupta, 2003) o F £ 200 mg - L™
BEEHFEA 150 mg - LRI R M MMEREIRIE (MS +2mg - L' 6-BA+0.5mg - L NAA) /M bk
SEPIRIR 21 d, SRIFHEAS 197 200 mg - L KA FA 150 mg - L RSB M ERLAERIEC12 MS)
HFAEMR.

15 HERBREMSTEE

H CTAB V4R HUCK AL LF 1 TO AL IEFM R - DNA, DAY IEAT PCR, Fiidk BH P4
¥k, 5190 1.4,

MR IE (24 °C, 16 h J6lH/8 h IS TO AEEILNMH L, 3R T1 R 1~ 20 200 mg - L™
RYNFE N MS FE TR, SRAT T1 AV EERIH R . T1 AR LRI RNA TR A S e s34 i
1.2 HE(T, ARJ5 LIRRE 20 fi%5 1K) cDNA SHBIREEAT PCR, DUMHH) NtActin 4 N2, AmZFPG LK 5]
Yrn 1.3,

1.6 #HEREMEERES
1.6.1 HFEM

HY AR R SRR T AR TR, FRF ] MS B3R5 . WS, BRI I
BT (a8 R BHE =2:2:1) hiEFE (24 °C, 16 h BI/8 h IS . WANH)E, &
A — S B A Y S B DR T1 ARG B, T - 20 CIUKAR TP H8EPi 90 min, 2 J5kE IE

WA, 1RSI, SRR SR TR IR, IR S M AT EEAL (Saad etal., 2010 .
1.62 Tk

By AR IR R T AP35, fR T H R CRAED A R IoK, BT WRE
J50.15 mol - L ) MS 553555 |, K595 (24 °C, 16 hOGIR/S h BRI 2 S Fh 1~ & 2E %, [w) it
AR FIRR R R FE R0 T AN H BRI MS Br R 3BT R

Fe 1,61 I T 1R 3RAT BT A B R B DR RS T ARGRR A, WA ) Rl KA S0 B A 2 B e
DRIRH R, PeHEVR A 15%0) PEG6000 ¥l (BEFLT-54) 1K, 3 d J5 suR#E 20%0%) PEG6000, %K
WEE, Ao Y AR R R S R DR 2 H I B R IR ZE2 00 05, RO R LR .

1.63 #ihMH

HF A0 R BRI R S T1 AR I 755, #BF T NaCLIKJE h 0.2 mol - L'y MS 85953 |, 8
F¢ (24°C, 16 G h/8 h B 6 SR 11K ZE 2,  [MIFEREAH IR R A1 870 T A% NaCl (1)
MS B FEIAE X

F I8 1.6.1 I 50 3RAF B AR R S B BE DRI, A H i 3 R 34— S50 2B AR J B JE R & T AR
AR, HEAT NaCl BB, 25 1 YOHWE A 0.05 mol - L () NaCl ¥, BEGHUOH 0.1.
0.2 F10.3 mol - L™ i NaCl Sleue, #8553 d B8 1 7% 0.3 mol - L™ ) NaCl ¥ . B KM%
JHE PR R FAAR AN, A2 DRI S R B A R 0K e 2 R e A 1 N 2 S A RO L AR

TiAh, JEPEEPAE A SO SE R T1 ARK A — Bk, R E 8L RS
FTHAR N 5 mm [FrEE o, BEETEMRAE A 0.4 mol - L™ ) NaCl ¥y, 1] kI [ 25 555 g [ i3
TAE R S AR I ZE B/ R AEXS R, 96 h JE st (3 A8 4k, 4008, I INEEEEIE (Saad et al.,
2010) HhfEntags, WIS E.
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21 FEEMBTIPEEM R H AMZFPG BIFRIEFFIE

FH real-time PCR 4l AMZFPG 7EfKiE . T-%. bl MR (B D,

£ 4 CHrHE T, AMZFPG [fRIEEAENNE 2 d I IA B, IS AT H A0 s i,
2 Ja BEAE W a I TR R KT AR IE T R R (B 1, AD

ETEBE T, ZERKRERAMIG)E 2 diEBIEK, BT 6 1%, Bin N, HA
XGRS, Zhia 8 d, HRBRJRIRFFEN I 4 5224 (Bl 1, B), HAETF402E 16 d )5
RIRREEATET, IR AESEEL RNA.

TEERIAN, AMZFPG FIZRIARTE 4 d FHARIR K, S 2 52, WG R, HERE T
WRIAE (B 1, O, PLEZREN, AmZFPG RIAZRE. T5. mibiAES, VDl
W25 Ty ATAMRE T-5 sdhPria s & M .

Sra 771 B
3 C
5 6
i %
s 4 5
.S 2
15 G s Es
== % %
=3
® 5
‘o 3t
oT .=
*E 2
S 2t 1
2
i b | ]
0 1 2 4 8 16 0 1 2 4 8 0 1 2 4 8 16
IR IE R R /d FRppantE/d R /d
Cold stress time Drought stress time Salt stress time

E1 KE (A, T8 (B). & (C) BHBT AMZFPG FEib & HM F P RIRIEFRHE
Fig. 1 Expression patterns of AmZFPG in leaves of Ammopiptanthus mongolicus seedlings after cold (A) ,
drought (B) andsalt (C) stresses were revealed by real-time PCR

2.2 % AmZFPG EEHE kR ATk

DU % e AMZFPG JERIH EE TO ACHIFR I FE R 2] DNA bR, it PCR L0 i PH A AR . L
i tH 10 AN EERIHRLRE &R, 7549 670 bp AbFasE § 38 H 5 H R/ — B w4 (B 2)
K AMZFPG L& B S AL R 4.

PR A 0 ] ik i BE R AL T1 ACHE R IY RNA, %5 UL cDNA A PCR, #1444
SR NERR B Fa vk o B A, 1 3 SRR T 3 AMREERIA R R IY IS R . R SRR e R
KSR, BRI AT AmMZFPG SRR, 10 3 NS RR R A T i3RI, KA
Fesk AP FUEBT T 3 AN EEDRE BE bR R AR T8 A
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=

M 1 2 3 4 5 6 7 8 9 10 +

1000 bp —
P 670 bp

2 TOR¥FEEPEEERFRLE DNAPCR #8437
M: DNA marker (DL15000) : 1~ 10: {REFFEHME: + FUTHL.
Fig. 2 PCR amplification of transgenic plant (TO progenies) genomic DNA with primers from AmZFPG gene
M: DNA marker (DL15000) ; 1-10: Candidate transgenic plants; +: Recombination plasmid.

WT T5 T7 T8

AmZFPG

Nidetin

3 T1HREEEERORER PCR i #ER
WT: BPARHE TS, T7. T8: FGFENHHRE 3 kR,
Fig. 3 Expression of AmZFPG gene in transgenic tobacco plants (T1 progenies)

were revealed by reverse transcription PCR
WT: Untransformed plant (control) ; T5, T7, T8: Three lines of candidate transgenic plants.

23 HEEMBEIEEMIERE
23.1 FEMSH

P H RN AR 2 - 20 "CARIRALEE 90 min, ZULE 1 ST, 6 DR AL AN B 2R 1 1 3
BAHWN SN, RAANMAZZ0, TR AR A S, MRS M (B4, AD. [RIINTKR
L, AEACBEHTER R — BRI OL T, A3 e S5k DR 08 P Aok 5% 1) B o i A B AR TR R ) 2 A2 % (]
5, A TSR EE S TEAR (KBS, B).
232 WFHAT

JHE R FAEARIN 0.15 mol - L HEEE GERLITH 19 MS 93k 9% 2 FJE, B ERUE
REFFAT 20%, T EEDIMH B 3 AR AR I AR AL 80% LA by AEAINH 85 IE G D (1) MS 15
I B IR ERAAE 90% LA (4, B; K 6). U AMZFPG 15 Bl T4 3L R b4 B T
RIS ER

H 15%01) PEG6000 e CBLAU-52) PAS R/ BF AR 1Y Je S BE DU 5 T1 ARG AR i, =R
AEPRRTACA R 25, 3 d )5 s Il 20%01) PEG6000 i, HEHE 2 d o & o] i 2=
7 (K4, C, FELMHBR AR WA B AT 8 A B2k, AEAREEST, mh &7, T AR R A
FRER, MR 2R, R CHIRK (B4, D), BREILRSRRZIAFAE—E £, HEAKLEL
S AR TR RO R A, I A DRI R e S R AR B e R
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A

- 20 CAEIRMHE AT
Before cold stress
of -20°C

- 20 CEIRMA R
After cold stress
of -20°C

B

MS HigEdE

MS medium

MS + HEFRERT IRk
MS medium
supplied with mannitol

D
PEGHEM 5

After the irrigation
of PEG

PEG & A

Before the irrigation
of PEG

WTI T5 T7 T8

PEGHM G
After the irrigation
of PEG

45 92 104 136

Hif:/em Root length

B4 (KR, TEHMER T1 R\ERE
A: 20 CREEEZhI; B: HEEEE BT PHashr: C, D: PEG #WRUHE (BT Mrhaghiy.

Fig. 4 The phenotype of T1 progenies tobacco lines after cold and drought stresses

A: Seedlings treated with - 20 ‘C; B: Mannitol (simulated drought) stress on seeds;
Cand D: Seedlings irrigated with PEG solution (simulated drought) .
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= - 20 CAHRT Before treated with - 20 °C

1 -20 ‘CxbTES  After treated with - 20 °C
A

0.6

R/ g

Fresh weight
THRE/ g
Dry weight

T T T T

8

E5 {RRMER T1 REESHE (A) ETH (B) RELWK
Fig.5 The change of fresh weight (A) and dry weight (B) of T1 progenies tobacco seedlings after cold stress

E MS

O MS +0.15 mol - L HE&Hlg
MS + 0.15 mol - L' mannitol

100
80
60

40

RHE/%
Germination

20

T7

6 FEMERE TIREEEFR

Fig. 6 The germination percentage of T1 progenies tobacco lines after drought stress

233 ELMSHT

JHE R TAEZR N 0.2 mol - L'NaCl [f) MS 15773t E1:J% 6 JilJa, BFA MR (0 25 R T 10%,
1M 3 ANMAEFERIH SR ROk R A0 R 2 v T AR A, Jorh T7 BRR I AR S sy, #RIE 70%. 1% T
RIASE NaCl () MS 159756 E - F R ZFREALE 90% LA F (K7, A; B8, A, Uil AmZFPG 1)
T EE R R AR

PRAS KN IR 25 7 R 3 JE DA & T AR, 20K N 0.05+ 0.1 1 0.2 mol - L™ /) NaCl ¥
WAKREHE 17K, 0.3 mol - L™ ¥) NaCl ¥ Wil 2 Yk, T DRI R B0 40 6 7 e b PR A W S A8 Ak
REARHEST, W &P RE, Y AR B R Ay W R R, AR, M EE (B 7, B). R
TEMRK, BARFEILDIN SRR R IAFAEE S, HRARLE AR AR ROk (K7, O,
N R DR R R0 ) R AR R A i R 1

5 A RRI L L PR 2 T1 AR5 76 0.4 mol - L™ ) NaCl ¥y H 1 96 h, B 2R RURR Bt
REEEHE, MR, MEEEREE R 3 MRRZ A e, R SRR RS . X
W, BRI ZE AR 3, TC IR M AR R O e R BRI R, AR R (B 7, D). B
OMTRBL, R (i RSB ILh 0.8 mg - g, M SRR, B A R R 5 A
(ISR B ISR 22 S B KR P PR 2 0.2 mg - gy 3 ANFEIEIDNAR SRR R I 5k B 4k 22 5 B BRI
B, AH BRI N TR AR R (K8, BD.
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A

MS HygEdk
MS medium

MS + NaClHf Ak
MS medium
supplied with NaCl

C
NaClyil i NaClyE# G
Before the After the irrigation
irrigation of of NaCl
NaCl

wWT 15  T7 T8

NaClil 5

After the
irrigation of
NaCl

5.0 105 8.5 8.1
#i4¢/em Root length

D

WT T5 T7 T8
ARIZHATI

MBI 96 h
Leaf disks of T1
progenies tobaccos
soaked in
water for 96 h
NaCHgfi i
TR 96 h
Leaf disks of T1
progenies tobaccos

soaked in NaCl
solution for 96 h

7 HEMER TI RBERE
A: NaClJHaffF; B, C: NaCl WiKFHES M D: NaCl ¥iiant Jy.
Fig. 7 The phenotype of T1 progenies tobacco lines after salt stress
A: NaCl stress on seeds; B and C: Seedlings irrigated with NaCl solution; D: Leaf disks soaked in NaCl solution.
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B OHO M0.4mol-L"NaCl

1.0
100 ? g 08
g 80 2% .
o : B
<2 2206
# 2 60 =
# g 2 4
KE 40 4 &
% 2
20 ;m; 5 02
0 0
WT TS T7 T8
8 HMMER T1 RIBEMTFLFE (A) MARFMHERREE (B)
Fig. 8 The germination percentage (A) and chlorophyll retention (B) of T1
progenies tobacco lines after salt stress
N \/\
3 Wig

ZFIAE R TR S SRR R AMERR . Kim 5 (2001) MK H s A 2] —A C2H2 M A
T SCOF-1, % Z(RMAF ABA 757414 ; ugano %5 (2003) WK, BAtfeHRiE
HAE ZPT2-3 (IR 2R T 5. Ha 8. YIS 555 S Wang 58 (2008) WH9T T M EERR
B SER PSTZ, 1%L M52 T 5 e v £ W08 15 7 3808 s 700 8 B RAMRIE (M e e 55, 2009),
SHT AL, AL RS oR, WA AMZFPG Z 2 RiEE a8k, AR IGR. 5.
FER NI, Ui AMZFPG FIRELE 2 M S SRR YA O, YD ZER S5 TR AE
BT AEAE DA B SN Hor, AmZFPG SZARIEAI 52 i 175 5 ik 5 e SR W e S s, X ]
RE 5 IZ MWK AE AT R B4 R AR R oK, ARIEAE K. ISk, R%MESE (20100 BRI
R —AMERE AR GmMRZFPL MRIEAMCZINE . 5. mithels, &2 omNnTE
ik, RFEHRE OIS S ARG RN, A 1030 (0 B 48 S St R b AR R,
N CIAE T IR E Y N R R T B S S CEREE AR, 2007). BRIk, HEDEY
SRMEYI AT, R BT A T BB S S RN AR ) e ) B A RN

VAT TR TR B, 7E AR A rh R B i B 11 ik DR B3 o FLHCP U e Joih e (1) 68 ) - Kim %5(2001)
KA o AR B — NEEFR B (I JE K SCOF-1, iZBE IR AE 0L g A+ R A rpoid 26 A 4 — 24 (g P etk i
WL, Wang 55 (2008) KILEAM (1) —ANEEFRH [ L K] PSTZ 7 R rp sk 3 1A A 2 5L BRI MH By i 4k
PEECHT AR 3, Lin 5 (2011) RIUE RIA TG FHer e & (156 AtTZFL fig W 25 48 s 4t
FEPERIPT R o ARBEFH, B AmZFPG BE PRI L (1 B S P 3 B AR R S e o, AR 5, 7%
SERIR MR Z iR BB, RI E Fr (8e . A D B3 LU AR R B/ o FEBT R R b v
[, % AmZFPG K& PRH R D (2 25 5 T B AR R A, 2 SR ILAE s R A 2 2 e Ak i AR
RULZEFE . NCBI R R, MHSA S A IR B 08, (HU2 5L 20 PCR A1 RT-PCR 5l
RIRAE B AL R o A 4 R AT, 1T 3 N AMZFPG L [RIAR R AT B IR S 4005, ULy
1 L DR AR VD & BEFR B LR AMZFPG, A M S N VR IR R R (I SR IR . AL, 3R
JH LTI P ()3 e ANIR VD 4T AMZFPG St Rk 1) 45

AMZFPG {EMH & rp ) S ik B ot 7 HE RIS T2 mshibamim sz, e ity
ZHEERTE D A5 T B RA R PR 45 R AR EIE . ARBFR S O 1 SCHR BRI, BEFR B R T
B msh e s S Sl s b O E B R, W RO IR R Rk, ki R A A B AL
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R, SReEPETE. KU, X AmZFPG BT SIAMA i T4 b &3 iy ridi M B 70 1L
(I TN E o/ SN EPES. /I UL e R SR Uik DR o (W B S
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