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PRI REIR, M bZIP36 & (A5 HAM S+ bZIP 5 [ B A ML, #EA R bZIP Z5H48k. qRT-PCR
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Cloning and drought resistance function of BpbZIP36 gene in Betula platyphylla

Wang Yanmin'**, Xiang Mingyue', Li Jing®, Yin Zhihui’, Li Zhenghua’, Guo Chengbo’, Gao Caiqiu', Bai Hui’, Li Haixia’

(1.a.College of Forestry; b.State Key Laboratory of Tree Genetics and Breeding, Northeast Forestry University, Harbin 150040,
Heilongjiang, China; 2. Forestry Research Academy of Heilongjiang Province, Harbin 150081, Heilongjiang, China;
3.Forest Research Institute of Heilongjiang Province, Key Laboratory of Fast-Growing Tree Cultivating of Heilongjiang Province,
Harbin 150081, Heilongjiang, China)

Abstract: [Objective] By cloning the BpbZIP36 gene, constructing a plant expression vector, and obtaining stable transgenic birch
plants, this study aimed to investigate the drought resistance function of the BpbZIP36 gene. [ Method] Using birch as the experimental
material, the BpbZIP36 gene was cloned from birch cDNA as the template. Bioinformatics analysis was performed on the gene, and the
pROK2-BpbZIP36 plant expression vector was constructed and introduced into birch seedlings to obtain transgenic birch overexpressing
BpbZIP36. The transgenic birch plants and wild-type were subjected to drought stress to study the drought resistance function of the
BpbZIP36 gene. [Result] A bZIP gene was obtained from the birch genome database, with an open reading frame (ORF) of 1 269 bp
encoding 422 amino acids. The results of multiple sequence alignment showed that the BpbZIP36 protein was similar to the bZIP protein
of other plants and a conserved bZIP structural domain. qRT-PCR results showed that the BphZIP36 gene was expressed in roots, stems,
and leaves. In stems and leaves, the expression level of BpbZIP36 peaked at 72 h, while in roots, the highest expression was observed at
24 h of stress treatment, indicating that the BpbZIP36 gene could be induced by drought stress. Physiological index and histochemical
staining analyses revealed that under drought stress, the transgenic birch overexpressing BpbZIP36 exhibited lower MDA, H,O, content,
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and relative electrical conductivity compared to wild-type plants, indicating better cell membrane integrity. The SOD, POD and CAT

activities, as well as relative water content, were higher in the transgenic birch. DAB staining showed the lightest coloration in the three

overexpression lines, suggesting lower H,0, accumulation and reduced cellular damage. These results demonstrated that the drought

resistance capacity of the transgenic birch overexpressing BpbZIP36 was stronger than that of wild-type. [ Conclusion] Overexpression

of the BpbZIP36 gene enhances the drought resistance capability of transgenic birch.

Keywords: Betula platyphylla; BpbZIP36 gene; gene cloning; drought-resistance function
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1.1 B BpbZIP36 B EHI T pE

FE A 5 R 2H B P b 4R B — 2% bZIP36
SR FE A, f# H ORF Finder Chttp://www. ncbi.
nlm.nih.gov/gorfhtml) T H & Wiz 5 K & K 5
SERE BT IS AE, 1 — 2P & 1T 514 BpbZIP36-F
A BpbZIP36-R (3 1) , LLEHE cDNA AR
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Table 1 Primer sequence

5¥)4 K Primer name

F%1 (5" —3") Sequence (5" — 3')

F i Purpose

BpbZIP36-F ATGAACTTGAAGAATTTCGGG
BpbZIP36-R TTACCATGGACCACTGAGTG
pROK2-BpbZIP36-F TCGAGCTCGGTACCCATGAACTTGAAGAATTTCGGG -
pROK2-BpbZIP36-R CTCTAGAGGATCCCCTTACCATGGACCACTGAGTG
pROK2 F GGCGAACGTGGCGAGAAAGG
PROK2 R ACAGGTTTCCCGACTGGAAAGC
BpbZIP36-RT-F ATGAACTTGAAGAATTTCGG
BpbZIP36-RT-R GCCATAATGCTCTGAGCA
Ubiquitin F TCTGACAGGGAAGACCATA N
Ubiquitin R TCAATTAGAGCTGACCACC HIIIER RIPCR
Tubulin F TGGCTCGAATGCACTGTTGG

Tubulin R

TCAACCGCCTTGTCTCTCAGG
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EE, PCR B J5 F B VO A I 7 30 E . ARA7FH
PE 50 B $E BB R, R 44 : pMDIS-T-
BpbZIP36.

1.2 FH9th

BpbZIP36 F=[A [ T 74 5 B2 HE (ORF) 1) 2% iy
K F NCBI 35 77 /) ORF Finder #£/%. ProtParam
£ ¥ (http://au.expasy.org/tools/protparam.html) H
TERASTE. PR, RS S E BT,
FIEFR )55« B/K PR 73 AR A Expasy .- Chttp:/
au.expasy.org/tools) H1 42 fit [] ProtScale ¥ 1, f&
SEEER A R Pfam 27.0 Chttp://pfam.sanger.
ac.uk/) F protein blast Chttp://blast.ncbi.nlm.nih.gov/
Blast.cgi) #fF#E17, 2 /751 LXK H BioEdit 2K 4+,
MEGA BRI E RGR W

1.3 BpbZIP36 EEFRIEERN T

4G BpbZIP36 B 45 &, Wit & 514
BpbZIP36-RT-F. BpbZIP36-RT-R, W & 3L K H
ME Tubulin. Ubiquitin 32K (VE4U{E B ILE 1D ,
HEAT SEI 5% )% %€ = RT-PCR (Quantitative real-time
PCR, qRT-PCR) 73#fr. X EAMER HEAT 5 g,
PEHURR . 25, M =AU IG RNA, A %
B B RNA 05558 cDNA, c¢DNA £ N qRT-
PCR #5#, il BppZIP36 FKl ()64 15 . qRT-
PCR [ Vi fA & K R e O E#a i s U ik, RA
2R R R AR RIS R, WE 3 IREL.

1.4 BpbZIP36 I FRIEHAHIE

BIEI M G MER EM B A R A A Chttps://
www.genewiz.com.cn/) & B R I BT % 9 4,
Pl pMDI8-T-BpbZIP36 J5i %i A 1 #, pROK2-
BpbZIP36-F. pROK2-BpbZIP36-R N3|1¥ (BI¥IF
FIWZ 1, 34T PCR, 5l N pROK2 Jii #i 4k 141k
Kty ) RN R AN A R ISAK R T R NAR T 5 5%
SCHR [14], B PCR 774, FH BRI N VIEE Smal
X pROK2 FURLHEAT BRI o 345 I B o i 4 7=
WIAT KA S 4k, PHME 7B PCR ARSI S, &
EH A o B 3% 28 5 ] < E R AR P BB PR =1
F o IR R 0 U s T £ R LB R A AR AR
P A M B EHAL05 ™, DRAFEARFF 1 B, Ak
THIC B Rl B T 5 2 2 R

1.5 % BpbZIP36 EEEAMERIIKS

DA M R R S AMEAR, 38 AR AT R A
SRR AR R ARG, 3RAS AL BpbZIP36
BRI R, BRI AT 4 PR
D =25 HAEBACR KA ORAE Y EHA105 4T
B R, AR E OD HZ8 0.1 B TR 4ent
Fo JEAIAEEH 1) e AR AR G R, B
RN 0.5 cm X 0.5 cm; B HEE N BRI
1RG4 5 min, R HEH 150 uM LEE T EFEICAs) .
2) WEEEFE: BUHR GBI R, F KR BB AR T
M R G KE R E WPM [ A 73 (b 1 97 2
(1.0 mg/L 6-BA) I, FHUFHiFRILfEIE % 2 ~
3de 3) JeEEFE: EESEEFIE A N LR
200 mg/L {13k 55 2 (Cef) MR & (Car) .
LR PE 50 mg/L RAPFE R (Kan) , EWEREFRF
W BRI R E SRR b, BETaA=d
R (28 °C, MMEREFRFAM 16 /8 h) o 4) fifiik:
H A KRB 1 A 4 233 B A s R B p gk R
K BKZE 2~ 3 em AR FFE] WPM K772
Wl Kan 6 1o 360K B SE D (I MEREL A, 15 2
UMk .

1.6 %% BpbZIP36 EFE AMEE

FEHUIE /R DNA #:47 PCR #6301, &4 BpbZIP36
B DR 1) Ay B P e B TRl A MR &R, il — 2B i Rk
B BL R (4 MERR 2R th BpbZIP36 KA ) ik B HEAT
qRT-PCR. EAKIIFEAN: PLEAMER cDNA JyxtfE,
UL BpbZIP36 #:[H % & 51 ¥ AN 2 51 ¥ ik 4T qRT-
PCR (5|¥ Ky R TR 1.3) , 40 M7 o e U 3
PRl AR 2 T I A

1.7 ¥ BpbZIP36 EE B EEE ST

¥ BpbZIP36 ik 2325 [ MEAE MR A BT A2 2 (9 MEAE
B E L, EATAEEPER-FAE,
¥4 BpbZIP36 ik 3215 AR R AN BT A= 7Y 9 MEAE PR sk
177 dFRMhE, WSS ERNT 2R, RIEL
2 Giit i R EREE ", It BpbZIP36 FEHd 3%
I8 AR AR R BT A Y MR R 3R AT A B AR AL FR A
W5 Je B Lk 2 e 0 o it U

2 HR50

2.1 BpbZIP36 EEFHE-R O

DL 5 i 4b 2 24 h 1) cDNA AR, FIH
BpbZIP36-F. BpbZIP36-R N5|¥), il PCR ¥ 1
PAF12kb ELRRE R B (E D .
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Table 2 Drought index classification

3% Grade JER Symptom
0% Grade o TPRUFELIEH, Mr,;ﬂgﬁfm%’ JonA
1 %% Grade 1 e N LA W
2 % Grade 2 R4 ﬂfkjﬁ%ﬂﬁﬁﬂgﬁﬁ’ﬁﬁﬂ%
3 %% Grade 3 Jfﬁfffkﬂﬂ#jiﬁwﬁi@ﬁﬁé?gﬂzi K 4
4 %% Grade 4 REM AL, AR ERSE
2 000 bp
1000 bp
750 bp
500 bp

250 bp

100 bp

M: DNA Marker DL 2000; 1: BpbZIP36 PCR #8774
M: DNA Marker DL 2000; 1: BpbZIP36 PCR products.

1 BpbZIP36 R EHITEE
Fig. 1 Cloning of BpbZIP36

I e Tl WAk s T i e ey B e, o
FERN T 8k AR B, AR DU B Bk
FH M 78 B2, PCRIGE G2 FEM P, W7 45 R B
N, ESEE] T Bk ER R GRS HE 1269 bp,
9 i 422 2 HE R, 12 ] ExPASy 3 1 (hitps:/
au.expasy.org/resources/protparam) X 1% 3 K 4 i ()
BT T 3 A E A B ) T A, SR

(pD : 921, ZrF&= (MW) : 44.84 kDa. 1 H
fark e (Asp+Glu) : 39, IEHLfafhkAE (Arg+Lys) :
44, 4y 1 3: C1920H3103N5790621819. A fa &
A D = 49.18. “FHHiKME (GRAVY) : -0.569,

1 75 150
Query seq.,

Specific hits
Superfanilies

HEWT R 5L (AD : 67.25. FEAFFILLXT 00T Chttp://
pfam.sanger.ac.uk/search/sequence) K I, JF %l C
Uij 340 ~ 406 ZHEE R [T 51 Z (M A7AE— /> bZIP 4514
B (E2 .

F|  H Blast #2 /& C(http://www.ncbi.nlm.nih.
gov/BLAST/) 4% bZIP [ %), i%&# 5 BpbZIP36
FHACLFE BE g 1R B At 6 B A [F) AR 4 (1) bZIP F A
FIEWR AT £ 7 5 S, 43 i N AtbZIP36
(Q9M7Q4.1) . OsBZIP23 (Q6Z312.1) . AtbZIP35
(Q9M7Q5.1) . OsbZIP46 (Q69TWS5.1) . AtbZIP67

(Q8RYD6.1) . AtbZIP15 (QIFMM7.1)

KA Clustal B EAT FIUE 1 BRI, E
bZIP36 & 17 51| 5 HoAth 6 FAE Y 1) bZIP & (11
] 5 1 2 ) N: 56% 69%- 48%- 66%- 41%-
36%, [FIUEE R = R O KRG OsbZIP23,  [A]JE 1 Ky
69% (B 3) . AR bZIP36 & 15 H A
(1) bZIP Hx [ B A AL, & A LR SF [ bZIP 45
g RGN EIR, FIHE BpbZIP36 S5 I+
AZIP36 # R N —K, KGR RKE (K4 .

2.2 BpbZIP36 EEFRIXER D

X I L P AT R T R AL, R qRT-
PCR B F0T 5008 1 #E BpbZIP36 JEKI1E FIHEAS
FH LR (AR 25 ) A [ i a4k 2 e ]
(6 12+ 24, 48, 72h) TFHREEN. R ER,
EEAMEAR . 25, i BpbZIP36 LK ik,
[E 2R h BpbZIP36 R RIS AR 72 h ik 2]
WefE, EARTHMMEALTE 24 h N KB R R E, £V
BpbZIP36 FE R e T F W i Rk (5 .

2.3 BpbZIP36 L FRIEE R EE

PLBH M 55 % pMD18-T-BpbZIP36 JF ki NHEHR
pROK2-BpbZIP36-F. pROK2-BpbZIP36-R A 5| ¥
HH4T PCR 714, PCR 729 & 45 pROK2 Ji #i 2k
PE AR K ity 1) 5] R AN T 4. [T pROK2 Ji

L 28 A6 R S (14 [ 95 EL A 7 21 (19 PCR 74, %
pROK2 #fABEAT B lY) (FIFH Smal WYIEE) o %
BEAE AR B EE AR AT
T PCR LI B Dl Je - B HXBH A 5w IR RE U P, RE

2 BpbZIP36 ER R T EEAIH TN
Fig.2 Predicted conserved domain diagram of BpbZIP36
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190 200 210

T e
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AtbzIP15 NINGGSIH

280 290 300
e

J TS I ..
BpbZIP36 M HOMPQLGSPGMRGGIVGIED SCLIQSAALQGGG g
AtbZIP36 F OMG-———— QINSPGIRG e VSXEDQSATN -~~~ — -

0sbZIP23 FPP-—-—-——————mmm— - %pL

AtbZIP35

AtbZIP15 RKQIR-——========~

BpbZIP36
AtbZIP36
OsbZIP23
AtbZIP35
OsbZIP46
AtbZIP67
AtbZIP15

BpbZIP36
AtbZIP36
0sbzIP23
AtbZIP35
0sbZIP46
AtbZIP67
AtbZIP15

KQAEVTEAAEVNMVNR -------

OsbZIP46 VA-——————————————————— 'AM --------
AtbZIP67 —==—===———m—mm———— e c eLHCQNQ -----

VEKVVERRQRRMIRNRESAARSRARKQAYT{ELEAEVAKLKE
iERVVERRQRRMIKNRESAARSKRERKQAYIMELEAEVARLKHE
EKVVERRQZRMIKNRESAARSRARKQAYTHELEAEIS: LKIR
VEKVVERRQRRMIRNRESAARSRARKQAYQIMELEAEVAKLKE@Y
Ej#Y ERRQRRMIKNRESAZARSRARG QA Y T\ ELEESRNN 1 fi 5o N3 LIS ohay
RIIKNRESAARSRARKQAR TMEN F\EIA LEIoR40E LI KIO) N EIAKIZ O VoFlel VR aSy Aol 3

240 250 260 270

RIAES QE‘S SSNLPINVNGVRSDQTQLSR VT
LGAETA) SLOV®GSSLPINVNG--ARTTYQQ QQQ i 'KQPG

ELQKK(J

AR H R R LR R IE . KT A U BRI L, AbZIP36 (QIM7Q4.1) . OsbZIP23 (Q6Z312.1) . AtbZIP35 (QIM7Q5.1)
OsbZIP46 (Q69TWS5.1) . AtbZIP67 (Q8RYD6.1) . AtbZIP15 (QIFMMT7.1)

3 SEFIE

Fig.3 Multiple sequence alignment map

BpbZIP36

AtbZIP36

OsbZIP23

OsbZIP46

AtbZIP35

AtbZIP15

AtbZIP67

4 H#E BpbZIP36 EHMRFGHILHIHAE
Fig. 4 Phylogenetic tree analysis of BpbZIP36 protein

M R B R (pROK2-BpbZIP36 it 6 i5%K
O BEATARAT B B AL, XA AT B B 4T PCR £
M CE 6D, PRAT AR B B VRAS I RS g FR) AR AT B T

2.4 % BpbZIP36 EERHEAIIKIE

FFH ARAT B T A Y 8 A% e A4k &R, DA
FHE R R O AMER, KRt Rk gk
pROK2-BpbZIP36 3 N Wp A= Y (A ME AL 55 7, 3Rk A5
FI#t BpbZIP36 BRI id Rk vk R FIH RIS =
(Kan) JiEdiit Ak (B 7A ~C) o $#H
Hitk DNA #t47 PCR &ill, &4 BpbZIP36 3K 1
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g1 & £12
LR g i %10
25 EE4 e 6
© 2 = e 2
0 0 0
WT 6 12 24 &8 07 WT 6 12 24 48 T2 WT 6 12 24 48 7
F 2 38 8] Drought stress duration /h F 2 38 8] Drought stress duration /h F 2 38 8] Drought stress duration /h
5 qRT-PCR i F 2B T BpbZIP36 HEEFRIEEN
Fig. 5 Expression analysis of BpbZIP36 under drought stress via qRT-PCR
N PR e ) AR AR MERR A 72.72% B RG4S, O, AR

HE— 2 ik R0 e BE K MR &R BpbZIP36
F M) 2 3K & 3 47 qQRT-PCR 4> #1, % ¥k R
BpbZIP36 F:RFRIA = MK 7D Fran, &5 pROK2-
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Fig. 8 Analysis of stress resistance of transgenic birch plants under drought stress
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Fig. 10 Analysis of ROS levels of transgenic lines and wild type under drought stress
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