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Cloning and Drought Resistance Function Analysis of Maize

Stress Response Gene ZmbZIP15
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Abstract: Twenty—seven bZIP genes involved in the response to drought—rewater stress were screened from
transcriptome data, and ZmbZIP15 was found to be at the core node by constructing co—expression network map.
The gene is located on chromosome 5, encoding 176 amino acids and contains a highly conserved bZIP domain,
which is a hydrophilic protein. The analysis of the protein evolution tree showed that the protein was the closest rela-
tive to miscanthus and sorghum, and the furthest relative to barley and wheat. Cis—element analysis of the 2 K pro-
moter upstream of ATG of ZmbZIP15 gene revealed multiple binding elements involved in the regulation of abscisic
acid, low temperature, and drought. The results from real-time quantitative fluorescence PCR(qRT-PCR) showed
that ZmbZIP15 was a constitutive expression gene, which was highly expressed in female panicle and lowest in
young stem. Under drought, high temperature, salt and nitrogen stress, the expression of ZmbZIP15 gene was signifi-
cantly up regulated, indicating that ZmbZIP15 gene actively participated in and regulated abiotic stress pathways. It
was found that overexpression of ZmbZIP15 gene could improve the drought resistance of Arabidopsis thaliana seed-
lings under drought stress. Subcellular localization analysis revealed that the protein encoded by this gene is located
in the nucleus.
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Fig.1 Co—expression network of differentially expressed genes
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Fig.2  Expression of RNA-seq and qRT-PCR of ZmbZIP15 gene after drought and rehydration
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Fig.6  Expression of ZmbZIP15 gene under drought, high temperature, NaCl and nitrogen stress

A7 col MIFLIENFPRIT KA —EH RiF. T5Ha
AEERT d i, KB col HARRAE K SZ 2™ FA] , 722
B, LR AL R IR R Wi BN, (B85 T [
TEH AR col FERR (7). LA ES5HRUEHT 75T 57



3 LRI R S SUIEE )

J3 i N KL Rl Zmb ZIP 15 By va i SHt LT RE 59

e AR BRR 3 33K ZmbZIP15 JE DR RE WS 1 v 40 B

IFPLRE

2.8 ZmbZIP15E FE 4m#5%E 8 /Y IL 20 i 7E iz
KT 2 WUE ZmbZIP15 85 [ 78 40 i T i 7

R AT AR E . 1] 8 SR R, W IR TR
20 M A AN S RS BE e Sk D OL AR5, TS g
RETE A AR R B 2x (0O (5 5
Ry HE R T AR, R TR AN

, Wl W 3235 PR 2

N il AL

- BRI

E7 FEBBET ZmbZIP15%ERB BN ERE
Fig.7 Seedling phenotypes of Arabidopsis thaliana transgenic ZmbZIP15 under drought stress

Green fluorescence Bright field

Merged

pMDC83-GFP

ZmbZIP15-pMDC83-GFP

8 ZmbZIP15 {2 A 7E fi
Fig.8 Subcellular localization of ZmbZIP15

3 iS5

hZIP FE 1 S5 AL P A iy el R vp 4y 3 5 R mf
B, N BZIP 5SS T8 & PR il i 4%
T AR T B X AR R R ) b Z1P % s PR P A T 25
eI HIRE . WF9E R, bZIP B I KR AE ALY ()
AR LA R I 3 B e Ao i i 2 E AR
o A SCGH I 57 s P I+ 00 3R LAY &
ﬂébZIPﬁEI ZmbZIP15, 3 Xz 3 H 47 A= W45 A
“orHTe LAEOK A 22 R 8713 ik g ikl , 40+

5o R RUTR B2 T R, R RZ
FER P ki s i SRR L N m Jr it — 20
Y UE 12K D TS 5 ) FH ST 40 £ 12 Ak
DR 75 M HP A 47 B, X B 9 485 SR R R R TR ST
ZmbZIP15 3R A=W D e de it TRk k8

Ja s R B R A S ®l . AR
W, Tk ZmbZIP4 B H 1 5 3 X 3840 % ABRE JT
4 .CB3 JCH: \GARE JTf4 MeJ A 254 A AR LY
JUE  ARE JCH, 60 ZmbZIP4 23K Tl HESZ ABA |
JAGA Y% TR AE A A", ZmbZIP81 3 [H



60 £ ok B 324

()i oh F & A ABRE JoF i 1 5 e 15 5 1
DRE TG, 2% 3L H 1 235 1T B2 ABA MIha (5
ST, ZmbZIP71 FE N S 8 FAEAE S S IR
IRE KGR GRFTR TR JCNE R B S
Sh6 T, i R T Rem N AR A P s i AL
WA 3 A B U R 2 A iR R Y AR WE SR X Zm-
bZIP15 FE NI 8= Te o B 4 28 o %3
BKIFETE MeJA 255 ot AR TR B F DL &2 54
KR RERFLEA IO 255, ZmbZIP1S HR 5
ZmbZIP81 . ZmbZIP71 .ZmbZIP4 A1 AR A I =T
o B ZmbZIP15 3R W] RE 5 HiAth bZ1P S5 3 [l
FELEAR RSO AL A= P D g

F K ZmbZIP77 F FAE E A= 1) ik 380 4k 33K P
T, m i TR ABA WA T 5 S AR R R R
Ik, A 3 R AR 1 2R IR KT A3 IR R AL K-
1.8.4.5. 4.2 %, #h e X iZ 3 K UG i 2 35 SAE A .
1 FRIE ZmbZIP77 1 SR AU RS I AR AR T A5 Fi A= 2
FEPRARUL THFAE AL [R)B , 1 FRIR RB A S R T 7
TS50 R T 2, ZmbZIP72 4E ABA (T
BT, Fak g B3 RE RN T, Rk
FBWE N 5 1t 23K ZmbZIP72 15 I T &
XF ABA 5 i ik SRR T B A AL A ST IE
B, ZmbZIP15 5 A ) ik 78 £k g T8 =i
h EO B EAE S, I H AR R A iR
RFTH mild ERra . 540, i1 3R58 ZmbZIP15
e B L R ST 4l B P S RE O i T AR A,
Lk KR RE 4 U o BT M 4R T Zm-
bZIP15 BER DI RERY PRATE -

— R, e 53 R - R 2 A B 40 A A o7 248 L
ARt A A% , A sh RS 23k . i AT
ST FEW, R Z R0 F K bZIP & 1 K5 & 7 T 20 My
¥, W ZmbZIP77 . ZmbZIP22% . ZmbZIP104™ . Zm-
bZIP16™  ZmbZIP4 55 . {HABLA — B8 K5 Y 5 2
T HABZNNL RS , 41 ZmbZIP60 5E 57 T 5 W, 1% 5L A
TE BT W5 515 S th B E IR SR R AN
5T D) 7 35 5 7 i, A JBE A — 0 g D0 1, B A bZIP
5 Key 358 1) — it N 1) 200 0 AZE A SR R T S TR 1)
K ARG AR R, ZmbZIP 15 F R & 1 T 240 i
¥, SR ZHEDZIP & 1 R — 3, TE4H A% 1
KIETIRE .

Zi LR AR I FR B IF SR T 14> bZIP
E ARG ZmbZIP1S , B qRT-PCR Flid 34
e SE PR R AR X2 3L PR B P i gy 64T T 20 B MO
Z%, I W20 M K BRI HEA T T, AR
B, ZmbZIP15 F5 [F e % FER ) 1 396 B Jpipae |, O Hoaok

FR T LIS S T BT R RE T, ZmbZIP 15 FE R 2

— AR AL . ARBFITEE R AR AN 5T %L

R () A W2 S RE S AL T AT IME R S 5 8005, ol A1)

TP AR AL T A SRS

B3k -

[1] SAH S K, REDDY K R, LI J X. Abscisic acid and abiotic stress tol-
erance in crop plants[J]. Frontiers in Plant Science, 2016, 7: 571.

[2] HUANG G T, MA S L, BAI L P, et al. Signal transduction during
cold, salt, and drought stresses in plants[J]. Molecular Biology Re-
ports, 2012, 39(2): 969-987.

[3] KALAIVANI K, NADARAJAH. ROS homeostasis in abiotic stress

—_

tolerance in plants|]J]. International Journal of Molecular Sciences,
2020, 21(15): 5208.

CARLOS M H, JOHN ] F. Identification and validation of promoters
and cis— acting regulatory elements[J]. Plant Science, 2014, 217-
218.

XVE B 8L SO AE L bZIP SR TR A KR K
A A= Wy 300 B i 7 A AE (] . @7 VAR 2441, 2019, 31(7): 1205
1214 .

LIU H J, XU H, QIU W Y, et al. Roles of bZIP transcription factors
in plant growth and development and abiotic stress response[J]. Acta
Agriculturae Zhejiangensis, 2019, 31(7): 1205-1214. (in Chinese)
[6] TU XY, MEJIA G M K, VALDES F A, et al. Reconstructing the

[4

[}

5

[t}

maize leaf regulatory network using ChIP-seq data of 104 transcrip-
tion factors|J]. Nature Communications, 2020, 11(1): 5089.

[7] NIJHAWAN A, JAIN M, TYAGI A K, et al. Genomic survey and
gene expression analysis of the basic leucine zipper transcription fac-
tor family in rice[J]. Plant Physiology, 2008, 146(2): 333-350.

[8] ZHAO K, CHEN S, YAO W ], et al. Genome—wide analysis and ex-
pression profile of the bZIP gene family in poplar[]J]. BMC Plant Biol-
ogy, 2021, 21(1): 122.

[9] LIM C W, JOO H, LEE S C, et al. Post—translational modifications of
bZIP transcription factors in abscisic acid signaling and drought re-
sponses|J]. Current Genomics, 2021, 22(1): 4-15.

[10] LIZ Y, FUD Y, WANG X, et al. The transcription factor bZIP68

negatively regulates cold tolerance in maize[]]. Plant Cell, 2022, 34
(8): 2833-2851.

[11] MINSOO NOH, MAHMUDUL H, KWANG W ], et al. A Stress—Re-
sponsive CaM—Binding transcription factor, bZIP4, confers abiotic
stress resistance in Arabidopsis[J]. Journal of Plant Biology, 2021
(Republish): 1-12.

[12] BIC X, YU Y H, DONG C H, et al. The bZIP transcription factor
TabZIP15 improves salt stress tolerance in wheat[J]. Plant Biotech-
nology Journal, 2020, 19(2): 209-211.

[13] CHAIM N, FAN R B, HUANG Y M, et al. GmbZIP152, a Soybean
bZIP transcription factor, confers multiple biotic and abiotic stress
responses in plant[J]. International Journal of Molecular Sciences,
2022, 23(18): 10935.

[14] CAO R J, ZHAO S L, JIAO G A, et al. OPAQUE3, encoding a
transmembrane bZIP transcription factor, regulates endosperm stor-
age protein and starch biosynthesis in rice[J]. Plant Communica-

tions, 2022, 3(6): 100463.



3] BG4 E KA S BE D ZmbZIP 15 () vE e S SR I RE 61

[15] HENRIQUES A R, FARIAS D R, COSTA O A. Identification and
characterization of the bZIP transcription factor involved in zinc ho-
meostasis in cereals[J]. Genetics and Molecular Research: GMR,
2017, 16(2): gmr16029558.

[16] WANG Q, GUO C, LI Z Y, et al. Identification and analysis of bZIP
family genes in Potato and their potential roles in stress responses
[J]. Frontiers in Plant Science, 2021, 12: 637343.

[17] LIVAK K J, SCHMITTGEN T D. Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2(=Delta Delta
C(T)) method[J]. Methods, 2001, 25(4): 402-408.

[18] MA HZ, LIU C, LI Z X, et al. ZmbZIP4 contributes to stress resis-
tance in maize by regulating ABA synthesis and root development
[J]. Plant Physiology, 2018, 178(2): 753-770.

[19] E 56, BHai, BYevE, 55 . K K A WJE bZIP 3 s P+ JE A

ZmbZIP81 W FEkE FRIK S IIRE T[] . FEW)“#4H, 2014,4009):
1549-1556 .
WANG C, YANG Y G, LU W T, et al. Cloning, expression, and
functional analysis of an a subfamily bZIP transcription factor gene
ZmbZIP81 in maize[J]. Acta Agronomica Sinica, 2014, 40(9):
1549-1556. (in Chinese)

[20] XUEF;, 3 A, kR, 45 | K im N 5L () ZmbZIP7 1
1 e B 5 F KA HTI] . A AL BE IR AE I, 2011, 12(5): 775~
781 .

LIU Y D, YING S, ZHANG D F, et al. Isolation and expression

analysis of a stress—responsive gene ZmbZIP71 in maize(Zea mays
L.)[J]. Journal of Plant Genetic Resources, 2011, 12(5): 775-781.
(in Chinese)

(211 38 B . TREESEN T ZmbZIP77 Tl S RERTEFSEID] . M
IR, 2021

[22] YING S, ZHANG D F, FU J, et al. Cloning and characterization of
a maize bZIP transcription factor, ZmbZIP72, confers drought and
salt tolerance in transgenic Arabidopsis[J]. Planta, 2012, 235(2):
253-266.

[23] LI C B, YUE Y H, CHEN H J, et al. The ZmbZIP22 transcription
factor regulates 27-kD y—Zein gene transcription during maize en-
dosperm development[J]. Plant Cell, 2018, 30(10): 2402-2424.

[24] J& W . SN ZmbZIP104 4 5 ABA 45 TR GE R B I
I3 FHLRIREFEID] . 8GR : Ul R, 2018 .

[25] BERS . FOK ZmbZIP16 4% K T TN RELERE(D] . M0 Vi
MR, 2015

[26] WANG B, ZHENG J, LIU Y J, et al. Cloning and characterization
of the stress—induced bZIP gene ZmbZIP60 from maize[J]. Molecu-
lar Biology Reports, 2012, 39(5): 6319-6327.

[27] CHEN Y N, SLABAUGH E, BRANDIZZI F. Membrane—tethered
transcription factors in Arabidopsis thaliana: novel regulators in
stress response and development[J]. Current Opinion in Plant Biolo-
gy, 2008, 11(6): 695-701.

(T AE S # - A L)



