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Fok s ampi 5 R ZmbZIP71 (Y vale 536k a0t

NEAE A, x5 B2 L, REEL 98N ZRFLE #°
(AR AFE YRS, BK 4007162 p ER B EBR YR T ITH ,JL K 100081)

WE:-MNEKKF B L ACNISS b £ %35 T L if 343648 £ 69 bZIP( Basic Leucine Zipper Protein) % B ZmbZIP71, Zm-
bZIP71 % B &5 FF 34 W ik 4E 5 471bp, 5 55 156 AR A% AT 5 FEH 17.59 kDa, ¥ & £ pl 35 9.24, ZmbZIP7l B & &4 A H
A b HARTE DZIP %K, ZmbZIP7] ABRBEXNIBEOLE2AIETFFILARLTF, AREHZEAZEPCRF
kM ZmbZIP7] bR EZARFAARFPHARER AR AR AWM ETHAABMN BRAA HAREZRY SAAR
FBEFPHAAA A TASRFBRPHARIRS, 5 HAAELFL KER ABABEAFLALL REBLT
PARK, Bipd ZnbZIP7] XA THAEZKGEI AR EHPT LA ETLMEA,

EZ 3 FES BIVALE S $EFE XX D AT &2 9

Isolation and Expression Analysis of a Stress-responsive Gene
ZmbZIP71 in Maize ( Zea mays L. )
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Abstract: A bZIP ( Basic Leucine Zipper Protein) gene, ZmbZIP71, was isolated from maize inbred line
CN165. Sequence analysis showed that ZmbZIP71 included a 471bp open reading frame (ORF) encoding a poly-
peptide of 156 amino acids with predicted molecular mass of 17.59 kDa and pl of 9.24. The deduced protein of
ZmbZIP71 was predicted to contain the bZIP structural domain, which was highly conserved in eukaryotes. The ge-
nomic DNA of ZmbZIP71 was composed of two exons and one intron in its coding region. The results of real-time
PCR analysis indicated that ZmbZIP71 was up-regulated by drought, cold (4°C) and ABA, and down-regulated by
NaCl treatment in seedlings. The tissue-specific expression analysis suggested that ZmbZIP71 was constitutively ex-
pressed in maize different tissues and expressed much higher in tassels and female ear than that in other organs.
These results suggested that ZmbZIP71 might function as an early stress-responsive gene..
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M—XkEO,MTE25FSHYEREZENRA
B B &M T,bZIP #FHE TS ABA
BREE® B s F X 8 ABRE ( ABA-responsive
element) I X/EFATTHZE AR AT T RERKE
B, ERREIFPRAT 75 A bZIP HREF,
HFRELEHEAMIBEHER, WIK 04T
%, AR bZIP FEFRATES5/HFL
BEEMRELE HYWEKEE XESER RE
B A M AN A Y 8 L LA K ABA B USR5
EMESHEL, RPATXKETES SHEM
M ABA 5552, fim, EXEFHENLY
H R WIBY B, ABIS BRI 1% ABA M, T %
ik ABI5 3 [H 6E 32 % 5% 2 R BI B IF X ABA I SR
¥, 3 ik ABF3 Fl ABF4 R B IR B AL EEIF
%t ABA HSURYE MRk BT . o E
KRG T F a5 ABF3 AU T U RAG KBNS
#, BB RBRAKRERERE T ABIS
WIRAIBIIF X ABA B BUBRYE: | 38 BEAE bk X 3 4 B
BETZHET , [ERMEEPIEN, 7 bZIP # 3
BT 0 B A B T A R B T — 28 5 8 B A %
B FEF,H . AbZIP24 £ HEMFREFHF
S 3¢ 2 , 7 300 385 107 265 ol 360 R0 4 o S HE O 2 0 4 8
BEHEAY, EREHERT 131 4 bZIP R HE
F 3 H AR 10 MEFE K, i GmbZIP44, GmbZ-
IP62 Ft GmbZIP78 3 BB TFHE S.C MG WK%,
AR IT it ik, 2 B4R 7 #% 2 5 401 B Y 3 #h FO K
B8 i

HEIX bZIP R EFEREH FEHORRE
BEEPAERBEIFAKRES, 28 E XK RN E
Do AHFEMNEKRPIET KR 0sbZIP7] %A
BRI ZmbZIP71 3 ¥ X B HE E KA AR
RaSMaTRRIEXET TOSHER, i
— 3 B T BE 06 F 36 52 H R

1 #REAF*

1.1 #EYHHELE
R KGR B X &K CNI6S #F,75%
ZEHHE Imin, A 0. 5% K FBR 1 # 20min, T
ERABKERS ~6 R . BRTEEBEANET
TEEIK FAISKBZEFUKHRBREH
(28C, 16h 6/ 22C, 8h W) 1595 , 8 3d BK—K,
HAERZEZ0- IR 5 KA E, Rk,
# F KRB B A 200mmol/L NaCl (935 3% i s K 1R
REHHEBTICEHT: BEMALH K

HRMB BT 20% PEG6000 ;& B AL 3 A
100pmol/L ABA Wi KM F, 7E B8 4 2 O,
0.5.1.3.6.9.12 F1 24h B} 43 5 BUHE & ) 3 = ¥ 43
MR, BREEKE 77T -80C A TRBE RNA,

PLKH S IEEAEKE CN165 K8, REH 2
BRMR B Rl AL, R AR
JG, % F -80C A THRIE RNA,
1.2 RNARRIEE—4% cDNA ISR

Ji& RNA B 77| & ( Trizol Reagent, Invitro-
gen ) R BUE BUEE S5 9 5 RNA, 3£ A DNase [ ( TaKa-
Ra, K% ) difb, #% M M-MLV R#% FiAF & (In-
vitrogen ) $RVE 6B 455 W55 — &% cDNA,{E R EEH Y
14 K % ¥ € B PCR(real-time quantitative PCR, qRT-
PCR) B4R o
1.3 ZmbzIP7]1 IS . F

RECLMEK KRG 0sbZIP71 #H FF 5 ( Gen-
Bank %35 :NM_001069358 ) # 17 BLAST it Xt ( ht-
tp://www. ncbi. nlm. nih. gov/blast) 347 , B E E X
MIFRIRFS, H K B ZmbZIP71 , 3 1 B it 4
5509, FR:5-AAACATCGCCGTCGCCT-3', RP:5'-
AAACATCGCCGTCGCCT-3', PCR & fFH 94C WA
# 5min;94°C 30s,58°C 30s,72C 40s,30 f~G 3 ;
72C #E{d 10min, K18 ZmbZIP7]1 EHEHEBEX LK,
PCR =¥ & 1% JEARFEBE B B Ik M M /5, (Bl B Y
%47, 5 pMDI8-T | {k (TaKaRa, K% ) E 8, ¥t
KI#F 8 TOP10 J5 , £ WM PCR i ) Atk 5 k&, 2
fIFFIBE, B2 3 K,
1.4 ZmbZIP7] BEMERAFFITMESH

E ZmbZIP71 B A 1 5'-UTR ( Untranslated re-
gions , JEZRAS X ) F1 3'-UTR # it 5{ 4 FP.5'-TAAC-
CCGCCTTGTCCAGT-3' #1 RP; 5'-TATGCCACAGC-
CACCTTC-3", LA EK H3X % CN165 Mt F A 4
DNA R#if, i# 4T PCR ¥ 3%, BFH 94C M #
5min;94°C 30s,58°C 30s,72°C 80s,32 ME##H;72C
FE 4 10min, K7 ZmbZIP7] EERBX M ERA L
Ko PCR =2 1% B Bs v8 5 B i Tk K 3 )5, 81 ik
HW %W, 5 pMDIS-T B iA & RiL KB &
TOPI10 J5 , 2B PCR % i FHYE ST BE, #4751 W
E,'EH 3 K.
LS 4S¥ERESH

FIF NCBI fl MaizeGDB #4TFF I E K (X
AR LS EER—-REH(FER. 4 FE)
WM H 7L T B ExPASy (http://us. expasy. org/
tools/ protparam. html) S ; XA AN B FHA Y F
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Wi By GSDS 7E £k 7 F¥ (http://gsds. cbi. pku. edu.
cn/index. php?input = seq) 58 B ; ¥ i Clustalx1. 83 #1
DNAMAN 47 £ 1 51 b 3 #0 E 4k 48 43 4 s I A T™-
HMM 7 4 B ¢ (http://www. cbs. dtu. dk/services/
TargetP/) #1 WOLFPSORT ( http://wolfpsort. org/) 52
LY. 46 B € o2 T ; B A NCBI % 4% P &F CDART
( Conserved Domain Architecture Retrieval Tool, ht-
tp://www. ncbi. nlm. nih. gov/Structure/lexington/lex-
ington. cgi?emd = rps) #ATRFEH IR o
1.6 LATZZXE R PCR 547

7 B RT-PCR 4 #7 & B ik 9l & 1% 91 45 ( TaKa-
Ra, Ki% ) #47. ## qRT-PCR 5| WRIHER, &
H Primer premier 5.0 % it ZmbZIP71 3PN ¥ 7
8| ¥ ( qFP: 5'-CTCCGCTTTCTCCTCCTCTC-3" f1
qRP:5'-AGTTTGCCTGTGGTGACAAC-3") , ¥ ¥ i
BB X 124bp, DL E K GAPDH ( glyceraldehyde-
3-phosphate dehydrogenase) NS B H,FH 59
3% FP;5'-CCCTTCATCACCACGGACTAC-3'fi1 RP;
5'-AACCTTCTTGGCACCACCCT-3', 20pL PCR ¥~
Wik & &:10uL 2 x SYBR Premix Ex Taq ( TaKa-

Ra, K#),IE.KFA5IY& 0. 2umol/L FHAR cD-
NA 50 ~ 100 ng, 7 qRT-PCR & fi 96 7L 4% ( Ax-
ygen, EH ) ME & 5 0 IE (Axygen, XH) , %
J¢ 5 8 PCR {¥ ABI7300 ( ABI Prism, 2 H) # 17
qRT-PCR 417 , B R GB3 KREH. PCREFH
95%C 2min;95C 55,58°C 15s,72°C 20s, 3t 40 1%
B, EEREBAN RIS 22 HESH Zm-
bZIP71 HHEM M R EEEHIFHEE,

2 ZREHM

2.1 ZmbZIP7]1 B H cDNA iy [E) iR 5= K1 ¥ 5 9 47

FE 5 43 #7 %2 80 , ZmbZIP71 %t ( GenBank B 3
5 :BT067053) i 4 15 X { i 4 471bp, 4 75 156 4
HEM WU HEBELHEX S TFEHA 17.59kDa,
S pl N 9.24, EEX ZmbZIP71 FH BT i B
MEANRTFEBB SRR, L SHBAK bZIP
EHWE(EL), ZEOLE N ROETEES . B
RAZREMINASEHES, KPRERNFELEHRS
BEXEFHEE, THELEHBR ZunbZIP71 EH
EMTARE S,

ATCTCAAGTESECACTTCETCCEERTCEAGCCEETCEETECRANGTTCTAGATCCEGACEATEACCTAGATETCCAEECCCAG
M $ §$ &€ T S $ 6 S SR WU QS SR SEUDEOLDULE s _G,
ATCCACACCACCAGRARCCEGACCANCCAGTCCRATCEEEAGTCAGETCGEAGETCTAGGCAACCLARGCARGARCARCCTT
M ERRRKRBRKTESNRETSARRSR[Q R K QFE H t]

- o " e e em e > v G0 W 4 %m A UL TR L W Ge W B W W AR AR N Me e e e e G Ge e e

(D oLl v s ¢ v v Qft] x D g N kK gt s M a L s 1{T/Ss @ M

CYTGTCECACTGCAAGCGCACARCTCTCTTCTGCAGACCCAGRAGATEGACCTEGACACCAGGCTEEETGCCCTGACEGAE
L U a Q & @ N S V qQ 7T @ K H E P S R L G & T E
ATCCTCTGGIACATEAACTCAACCACCAGCACCACCACTECTCCTACAARTCCAGCTATCGECARCGACTTCACAGCATEE
I L ¥ Y M NS ST ST ST APT NP A NANGESETFT AW
RGCAGRGCCTCTEGRTATTCTTGETGRAACCAGCTACACCECCATAGACCTGTACCAATECTTCTAG
S R A S P I L G ECE T S ¥ S AI LY QEECF =
1 ZmbZIP7] ERNRBEFIRATBEERF T
Fig.1 Thecoding region and deduced amino acid sequence of ZmbZIP71
HPRXBIREWESAE, DEBI IREEX,
EABSNRERNESEN ROEARTEARTEFF
The basic region is indicated by dotted line, the hinge regions is presented by rectangle,

the leucine zipper is shown by straight line,and the leucine is emphasized by bluish boxes

2.2 GEFEELEXMELHESH

HBEFE ZmbZIPT1 B EH 5K A bZIP EH
WEZLR MWETEE 89 KA bZIP EEH Zm-
bZIP71 FEE AL B (B 2) , 45 RERH, ZmbZIPT1 F
5 OsbZIP71 R4 X R BE , MLl 65.4% (B 3) o
2.3 ZmbZIP7] B A DNA FIMF ¥R 2

ZmbZIP7] X H 4B X DNA FHIZE AKX &
CN165 g2+ K 1050bp(H 4) , WEFE2 M4BT
MILAAEF, HI4BFKES R 181bp #
290bp, #H#—H WK KB ZmbZIP71 ¥ H#E CN165

M B73 B — B R 99.9% , & ZHEIRE
— P BEKER (B 5), & MaizeGDB Xt 231,
ZmbZIP7]1 3 HM FEKE 7 Yok Bin 7. 02 4,
2.4 ZmbZIP7] BERHFHEBHNEIIERAT
Ha o

ZmbZIP71 3R 5 31 F FF 51 PCR F=4y s 3k 45
ERE6,WFLREE, Y ¥ B 2603bp, 5
WFF—B, MAE3 FAELTN KA PlantCARE
Xt ZmbZIP71 #P 5 3 F IR R AE A #HT BN,
S RBNE 1R, ZmbZIP7] A BT &F TATA-
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box fl CAAT-box % 531 TR BT, RE KK
ZmbZIP7] ZEREHTHESHKE . FR . REEFE
A Yy 9 55 oy 38 H R AR R T . iR S LR 45

XA TLH, EXGR KFIRFERXS
BREAERRMKAERTHE, B, ERRSK
R R H S XA T
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OsbZIPEl vz1p03

o
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o5
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B2 EX ZmbZIPT1 KB OsbZIP & A Myt 4 8t 5 #ff
Fig. 2 Phylogenetic relationship among the ZmbZIP71 and OsbZIP proteins

7N * an *

0sbzZIP71 : RSEDULNLUACMEKKRKRRKE SNRESARRS R LSMALSLTTGNLVA -1
ZmbZIP71 : : 2 SRR S04 IDOMNIEOLSMALSITEOHLVA . S 1)
SSKILLLLILAHEI+RKEFFRANFEcARFKSR FRUohLD L13 ovHGLALoN 2LSHALSLT . SHL AV
- lFO
0sbZIP71 : RECERGROIN - E —————— PE 153
2eb2IP71 : REXSERYSReLa - 156
QAN VLT oEL 3RL ALT .T.L HN TS 3 T 3 A DL G 355 IDLY QCF

3 EX ZmbZIPT1 F A 5K EH OsbZIP71 T A FF 5 1L 3t 53 #F
Fig.3 Amino acid alignmentbetween maize ZmbZIP71 and rice OsbZIP71
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Ao b 2.5 ZmbZIP71 BEEEXARBEFHRESH
D S

B R SE 9% Y6 € & PCR 3l ZmbZIP71 3N TE

4 ZmbZIP7] ERAMNEFHNIBTFEHN

Fig. 4 The intron and exon structure of ZmbZIP71
HERFRIET . REREHNETF

The exons are shown inblack-shaded boxes

FEXRMZBER ZE B R R L T
REWOL(ET), REH,ZmbZIP7] EREE K
HEBAERPREIRER EEARPRZ B

and the intron is shown in line *%ﬁgﬁ{&o
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Fig.5 Comparison of ZmbZIP71 genomic DNA in maize inbred lines B73 and CN165
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§3 0
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ARRET
Tissues or organs

B7 ZmbZIP7] EEEEKARALGHREMR
Fig.7 Expression analysis of ZmbZIP71 in
different tissues in maize

22 BPIM 3 438 S MR 6. M,
BN D ZmbZIP7] AWM RKKFES
HHALARETSH, EXNBELUGERE SDRR. TR
1; Silk; 2; Ear leaves; 3: Roots; 4; Stems; 5: Tassels;

6 EXZmbZIP7]l RERFFH HLER

Fig.6 PCR products of ZmbZIP71 promoter

6: Female ear. The transcript level in silk was used as the
calibrator and was given as 1. All the values are means + SD

(n = 3), and SD is shown as error bar. The same as below
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2.6 ZmbZIP71 3[R B % ¥ 15 byiB R & 9 H

BABIRRFES ,KFE 0sbZIP7] RS HHZ
ARMELNES LRARED, AXHRT EX
ZmbZIP71 R EM A TRREIER, 25 H
PEG(E Z — M, F & 6000, ¥k & 20% ) . K&
(4C) £ (200mmol/L) F1 ABA(100pmol/L) At B E
Kk B3 & CN165 =H- 41, Xt ZmbZIP7]1 B H %
HEFRMREERHATER, GRMA 8 iR,
£ PEG A BT, ZmbZIP71 3B 76 48 b T Bl B 10 i
SRFIBB(LAES2HEIBELRARE;TH
RKOSMHAHBETRARE), M LM ELH
1h /5 Ei@2.45 £0.71 4%, BlAbH 24h REBER,
KPR 5.49 £0.93 £,

ERBAC)EBEHT ,ZnbZIP7]1 B R 7 H#
BRI ERIBELHBHELES BARERTE
BB ERAREBEE, BEELENRKER,E
47 3h 5 LEABB B KF, X EK 2.74 £
0.14 {5,

FE NaCl b T, Xt LRV RA L
ETHMEIBYE. KPP RO ELE ILET
JEA P % B AY 0.04 +£0.001 ;4 b #8472 40 B
0.5h FEME A BN T EKE, X HK 0.07 +
0.01 1%,

ZmbZIP71 3 7E W B A1 IR 8 & ABA AL A,
HWEBIHRIBELEEN TGS BRAEMRD
REBAEDEN LR EX#EY . E ABA 443 6h it
REABREE AP EK4.81 £0.17 45,

PLEgE R £ ZmbZIP7] R 1E B % T B
38 ABA RMKB M E R RA LARXEYE, MELR

Bhia kb TR R T E R A
3 g

bZIP #RETFRABEDTEBHFEMN—K
BREF. XK ERETFERDERRTNE
ey R PRAERMEM. AHRNEXRSD
I R T —A 3% 30 35 M 38 i 3 Rk ) bZIP KK
EH AEVGELESNERERNA, KRR FHENE
B 5K 0sbZIP7] BARFFI—B B w, RA M
I f) bZIP G5 #0938, , gt & & ZmbZIP71,

ZmbZIP71 £RBEFHFHFFIP EHMRE . HE.
RE BB KB KA FERSENE.
KEEMXBMAERTH. EMRERBR Zm-
bZIP71 %K 7E PEG .3 . W2 M1 ABA R T HFR X
R, ZHMHRLERER 0sbZIP7] ERAZT

W H E#5S Shoots

O # Roots

T 1 T T T T

O = NW At N

0 1 3 6 12 24
PEG 4% (h)
Hours of PEG treatment

ZmbZIP71 BRI FL B
Relative expression of ZmbZIP71

0 1 3 6 12 24

{RiB AL ()
Hours of Cold treatment

ZmbZIP71 FE MM ZAR
Relative expression of ZmbZIP71

0 o 05 1 3 6 12 24

NaCl 43 (h)
Hours of NaCl treatment

ZmbzIP7] R RA R
Relative expression of ZmbZIP71

S = N W A O
T T

0 1 3 6 12 24

ABA ¥ (h)
Hours of ABA treatment

ZmbzZIP71 BRI EL R
Relative expression of ZmbZIP71

8 ZmbZIP7]1 EREFAEEDERLETHRZIMAR
Fig.8 Expression pattern of ZmbZIP71 under
different abiotic treatments
XX GAPDH £EJN S EE ,0h ZXF A,
HaxtREBEEXN ]

The maize GAPDH gene was used as the internal
control for normalization of the template cDNA.

The transcriptional level at time Oh
(untreated control) was used as the calibrator whose ZmbZIP71

mRNA level was given as 1
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B RARELERAMEFERRS ARZHERNH
FRE, SREAMHLL,06ZIP7] ERAZEK,
EAKAMERRE, MBLAARNERES LAR
B BBIKRH,ZmbZIP7] RRE TR BN
FEBRAHREI RS X-FREH EXRAEY
P ,6ZIPT1 H I L B 8 FAMR 15 S 43 F B 7]
RAAAHMRELKX, HIb,ZmbZIP7] ZH £
BRARRRN FESREERES B,

ZmbZIP71 #HE ABA &4 F  FERFERAN
LA REHEY, B ZmbZIP7] R 7T 8 R E
ABA kbR B RIE R EAE AW, R KR
FHYPHFREROIEY T bZIP F WK 693 H 7
HEWEAEL ABA 558 R S SHY A F &
el e 6w B o 5 4%, TEAR IR M8 R AE T, Zm-
bZIP71 BRI RA LKA B ;7 PEC 40
TR ERER L HAREBHERARLBHES,
WERMSMBBHEEARBEN T RREBSE. F
B ABTRGR BN bZIP7] TR 25 RALH
RERE MR AL 22 7P 2 223K B R 70 WE BB A i g
REBMMBEE. HI bZIP7] R AR RA Y
BHARREN R, HETH S TR BN
AR AR R RN 38 R K R

AT BIF BT ZmbZIP71 R T, A iR
BMOLEWETERARK HATHREIFNEX, B
HUIEFES 3 46 & 4k R, XF ZmbZIP71 % B 7 Jf % 386
SEBE R DI RS 5 (5 S R R M 4
TEMBEAMBIR .
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