WB AL K22 R (A RBI2ER) - 2022, 48(4): 407-415. DOI: 10.13331/j.cnki.jhau.2022.04.005
Journal of Hunan Agricultural University(Natural Sciences)

51 E'-" E
BURISR, XV, BB, BREE. FOK 114 ZmbZIP JEH ¥ 458 MRIBFHE . WA 24 (4R

Fl2R), 2022, 48(4): 407-415.

JJALQ, LIUY, ZHAO QF, CHEN S. The identification of 11 ZmbZIPs of maize and their expression pattern E

analysis[J]. Journal of Hunan Agricultural University(Natural Sciences), 2022, 48(4): 407-415.

AWML . http://xb.hunau.edu.cn

EK 11 4 ZmbzIP ERE KL E R FTIAFFEDT TR

BORGR T, ORUREC, BB, BReE S
(LSRG 2B A 2t Bg, SO0 SRPH 5500185 2.3 X0V F R BB URML2EBE, WL 5524 314036;
3 ERGEAO B ERE R EYPTRT, TR #HL 524091)

 E IR ARS8 IR bRl R AL Y5 B 2055 QPCR A, 15 200 mmol/L NaCl,20%PEG6000 .
4 CARIEANAY A R A A= e iR, X 11 4> ZmbZIP FEFR AT A 015 B 2240 HT , HRI 5k B35 PR Ry 24P I |

TR ERE L BAESEI e N AR RGBT A RR T, 11 4> ZmbZIP BRI AT LA 43R 2 AN
qPCR 34 RN, RFEELR ZmbZIP FEPITE E KA R L SR R ARFEE, (7] — V20 A PR S 32K
PRI RIBE, [T ZmbZIP FEPITE FORAE K & B # R h AW D Re I IR PR bt . OB, . T2
RIRANE G = 8 14518, ZmbZIP FEPRZ BN &R 717z 045, WAl 1 WPy ZmbZIP1, ZmbZIP6
H1 ZmbZIP13 )23k i Al 52 NaCl ¥ BMME 75 1M LR (HxT 2k i B 2 £%), 32 PEG6000 Mra ] FiH; W
ZH 11 i) ZmbZIP38, ZmbZIP77., ZmbZIP112 1 ZmbZIP124 [FlAF3ZEE . PEG6000 FMEIEMAES L, S sise
Z B4 ZmbZIP1, ZmbZIP6 Al ZmbZIP134 B Ik, MEASARZ AT, X 3 MHEER IR F,
TXREIL R Y7 23 5 R 2530 B 3 i O 4 7

X OB OIE: K BV ERRGE, R WG, SRR S SERFE, SR
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The identification of 11 ZmbZIPs of maize and
their expression pattern analysis

JIA Ligiang ', LIU Yang?, ZHAO Qiufang®, CHEN Shu’

(1.School of Life Sciences, Guizhou Education University, Guiyang, Guizhou 550018, China; 2.College of Modern
Agriculture, Jiaxing Vocational and Technical College, Jiaxing, Zhejiang 314036, China; 3. South Subtropical Crop
Research Institute, Chinese Academy of Tropical Agricultural Sciences, Zhanjiang, Guangdong 524091, China)

Abstract: Using maize inbreed line Zheng58 for experimental material, bioinformatic and expression pattern analysis of
11 ZmbZIP genes were performed at the experimental conditions of 200 mmol/L NaCl, 20% PEG6000, 4 ‘C and nitrate
or ammonium deficiency stresses. The phylogenetic tree analysis showed that 11 ZmbZIPs could be subdivided into 2
subgroups. RT-PCR results revealed that different expression patten of ZmbZIP were detected in different tissues,
indicating different biological roles in plant growth and development. Under simulated salt, drought, low temperature and
nitrogen stress, ZmbZIP were widely regulated, ZmbZIP1, ZmbZIP6 and ZmbZIP13 of subgroup I were obviously
upregulated by salt by two fold, and inhibited by PEG6000, while ZmbZIP38, ZmbZIP77, ZmbZIP112 and ZmbZIP124 of
subgroup II were upregulated by salt, PEG6000 and low temperature stresses. And, ZmbZIP1, ZmbZIP6 and ZmbZIP134

were obviously downregulated by nitrate deficient stress, while upregulated by ammonium deficient stress, indicating

YFsHER: 2021-08-26 &EIEEA: 2022-06-06
EEWE: sNITE2BE 13 H (2021BS016)
fEHEN: HHE1976—), B, WALAREN, WL, flEdE, EENFEYS FEY5T, ligiangj@163.com
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different biological function roles of these genes in responsive to various stresses.

Keywords: maize; basic leucine zipper; gene family; adverse stress; gene identification; gene expression; phylogenetic tree
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1.2.3 RNAJRERE K AEF PCR 547

2y 0.1 g MARBMFFEMAL, WA PET
BERORE, SRR RNA Pl S 07 &4
WORE L RNA, #E4T RNA ¥ B 15 4l 37 46 il
(NanoDrop2000, ThermoScientific, Massachusetts,
USA), H DNase I (TaKaRa, Tokyo, Japan)iRZ:5k
BRI IR , 5% 5 cDNA(Prime—Script' ™ RT reagent
Kit with gDNA Eraser, TaKaRa), fifZ2 100 pg/uL,
VER 1R . FIHH Oligo 7, #L4lE ZmbZIP JFE[A 1Y

PRsy KBRS ES 19, DL Actin S INZEA
SIFHILE 1, S E 980 PCR JWAE Roche
Light Cycler 480 System(Roche, Basel, Switzerland)
Fi#47, idF) & Thermo Fisher Scientific, {4
% 10 pL, 145 2xSYBR Green Master MIX 5 uL .
RS I#(10 umol/L)# 1 pL, cDNA 1 uL Al
ddFL,0 2 pLo SR 2725 SRk TR 5. A
AEHE 3 A

F1 114 ZmbzIP EEMERRKEESH
Table 1 gRT-PCR primers for the expression analysis experiments of ZmbzZIP

L4 S L (53" T3
mbzIP1 GRMZM2G428184 GCAACGCCTATACCGTTCTACCAG CGGTGGATAATGGCAGGTCTGAG
ZmbZIP6 GRMZM2G353553 GCAGCTCCGTTGCCAGAACCAG GCAGGTAGTCGAGGTGTGCCATC
ZmbZ1P13 GRMZM2G175280 GCTACGACACTCTCAGCACAGTTG GCCATCGGTTACCTCCCCAGTC
ZmbZ1P32 GRMZM2G037910 GCGACTGCCTCTTCTCAACCTG CTTGCGCTCCTTAGACTTCGCTGC
ZmbZ1P38 GRMZM2G039828 GGGTTTCGTCTCTTGCCTCGCTG GCACGGCACCCTAAACCACCGAG
ZmbzIP77 GRMZM2G137046 ACGCCGACAAGGAGCACAAG GAGAGCCTCTCTTCCATCTCCGAG
ZmbZIP106 GRMZM2G043600 GCGAGGCACTTCGAACTCTGAAC CCTCGCCAGCCATTTGTTTCAGG
ZmbZIP112 GRMZM2G171912 AGAAGGCGTACCTGACGGAG TGCGCCGTCGTGTTCTTCAG
ZmbZIP124  GRMZM2G140355 GGAAAGGAAGAAGGCGTACCTGAG GCCTCTTCTGTTGTTGACAGTGGTG
ZmbZIP134 GRMZM2G473274 AGAACAACAACCGCAGACTCTCAAC CCGCCTCCCACCTTCAACGAC
ZmbZIP141  GRMZM2G425920 ATGGCGACGTTGGTGTGCCAC GAGCGAGCCGTGATGGTGGTG
1.3 IS 114> ZmbZIP B EicAi T 8 ZcdeafAk |, Hrr Chrl
TSl Excel 2003 T HURSE A BTAIZA . 3N, Chr2 F Ched 2577 2 B, Ched,
Chr5 ,Chr7 .Chr8 il Chr10 _E4545 1 PIEH(E 1-A).
2 HER55H 11 4> ZmbZIP REHEMNET T RKEZH 3~4 4,

2.1 11 MEXK ZmbzIP EEWEMERFE S

MFE 2 aTLIFEH, 11 4 ZmbZIP FHHKEN
138 ~479 aa, FEHFAXFEIEHN 15 190 ~ 51 650,

ZmbZIP6 1 ZmbzZIP112 HHK&&H 1 4,
ZmbZIP106 A 10 NN FF, ZmbZIP141 K & 2
ARG T(E 1-B), 11 4> ZmbZIP & N i A

%2 EXKZmbzIP EEMIEK MR

Table 2 The physical and chemical properties of ZmbZIP in maize

N HEAFR KuVaa AHX TR SR etk AR
GRMZM2G428184 ZmbZIP1 426 45300 6.44 Chr1:5816871-5819671 2
GRMZM2G353553 ZmbZ1P6 397 42 320 8.02 Chr 1:83544940-83547374 1
GRMZM2G175280 ZmbZIP13 465 49 710 7.53 Chr 1:199502427-199506388 2
GRMZM2G037910 ZmbZIP32 479 51650 9.39 Chr 2:200049082-200051424 1
GRMZM2G039828 ZmbZIP38 243 25680 10.78 Chr 3:10933798-10935205 2
GRMZM2G137046 ZmbzZIP77 170 18 720 10.62 Chr 5:115451296-115456402 2
GRMZM2G043600 ZmbZ1P106 456 49 080 9.55 Chr 7:145445635-145448907 1
GRMZM2G171912 ZmbZIP112 187 19 860 10.88 Chr 8:18247920-18249030 1
GRMZM2G140355 ZmbZIP124 138 15 190 10.94 Chr 9:87461762-87465060 1
GRMZM2G473274 ZmbZIP134 337 36 450 5.59 Chr 9:156679754-156681460 1
GRMZM2G425920 ZmbZIP141 264 29 070 7.99 Chr 10:123303091-123307977 1
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A
Chrl Chr2 Chr3 Chrs Chr7 Chr8 Chr9 Chrl0

ZmbZIP1 | 5.80 ZmbZIP38 y 10.90 ZmbZIP112 § 18.20
ZmbZIP6 | 83.50

Zmb2zIP124 | 87.50
ZmbIPTT [ 11880 ,  vor06]-140.40 Zmb2zIP134 | 156.70 ZmbzIP141 | 123.30
5 1 159.80 151.00
ZmbZIP13 | 199.50 ZmbZIP32 | 200.00 END ! 182.40 END ! 181.10 END END
END | 244.40 END ! 235.70 END ! 223.90

END ! 307.00
B

ZmbZIP1
ZmbZIP6
ZmbZIP13

 —
ZmbZIP32 — — —

ZmbZIP38
ZmbZIP77
ZmbZIP106
ZmbZIP112 —

ZmbZIP124 — H - T —
ZmbZIP134 —_————a

ZmbZIP141 —

0 kb 1 kb 2 kb 3kb 4 kb 5kb 6 kb 7 kb 8 kb 9 kb 10 kb
Legend:

CDS === ypstream/ downstream = Intron

C

HWItER

5l
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Fig. 1 The bioinformatic analysis result of ZmbZIP genes
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Fig. 2 Relative expression level of ZmbZIPs in different tissues in maize
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Fig. 3 Relative expression level of ZmbZIPs under 200 mmol/L NaCl, 20% PEG6000 and 4 °C stress

2.4 ZmbzZIP EENEHEASIMNESTMERNR
X e

& 4 a5, M A ZmbZIP Bep Ay FR kiR

%E‘Xﬁé1u\ﬁy%ﬁlu\ﬁﬂzﬂj}l_ﬂ/]$2uno E[Egﬂ I I:Fl ’
ZmbZIP1, ZmbZIP6 Fl1 ZmbZIP134 i 2 il A A ak 4%
AR B Z a i A kB L, AR Wk



FASEE 4 M TEHIEREE oK 114 ZmbZIP Fe R ) % K FE R ME /0 413
A 3 N FERERIA,, FEMHBALEE 24 h B, 3 WA I, FEMSASESASZ a0 T,

BRI FIR T RE T 90%; MMiF B S A= i

ZmbZIP77, ZmbZIP112 Fll ZmbZIP124 [ZRkE T

T 3 AN ER PR, TEMHEALEL 24 h i, H R, X 3 M IERTERS AR B = i Hh el e & 4%
Fkm BRI . S RIS TR & R I L A KRITIRE; FERSS A= M 20F T, ZmbzZIP38
B ERPRSFEE . D5 1 ANRIEIE ZmbZIP13 7R Al ZmbZIP141 Rk NRE, M S /8= ihin 2
CELTE A R B A R R = W3 e R B 58 N [R) 1) 3R BAE R, BoRiX 2 N SRR A
R, ISR Z b i S HRE, ZEH AR A Bk, BUR & AR B A S = Whaa i
BRIAIYE , T A5 R = 2 DO ) 2 3 PR ) 38 FAEARTE A2 TIRE
Vi R ) A S B W2 DR B T 44k
= 16 ./mimzm; ™ T: r afﬁzﬂﬁkzﬂﬂjﬁ %30 B it
% 12 ab OES A B hn N{ﬁ - B A B hin £ o O EGE Hht
£ 038 : 12 | eb : c g
5 04 b d 506 | c d g a 10 N
g 0 g 0 E 0 ca b c dc
0 1 6 24 0 1 6 24
i) /h I [E]/h i a]/h
g6 - iﬁ Rl T T— 2o B i S it
P ARG hin %16 | ousmszmn el FE T e
08 - = 20 Sos é
g 2 038 S
§ 04 g 204 f
15 0 E 0 g 0 Db cC cc
0 1 6 24 0 1 6 24 0 1 6 24
Hif ) /h s Al/h i ] /h
1.2 1.6
3 B Ak Z Bt 2 O Tt ’ BRAARZING
08 O S Z e 0'8 2 O#AR G2 G D AU Bt

ZmhZIP124 FiX Akt

(=]

i) /h

o 5.6

£ o BRI
Ra2

B

Z58

)

ald

N

=

N

24

1 6
] /h

RIFVING 5 37 3 B 2R TR ]

ac

ZmbZIP134 MiXi ik
[38)

i ] /h

[l — Wikt b B v (3R e 22 S A e R X (P<0.05).

B4 TEHRZEHTHES ZmbzIPs fURXFRIEE

Fig. 4 Relative expression level of ZmbZIPs of leaves in response to nitrogen stress in maize
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Fig.5 Relative expression level of ZmbZIPs of roots in response to nitrogen stress in maize
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