A oLOR KK F F IR, 2024, 41(2): 275-285
Journal of Zhejiang A&F University
doi: 10.11833/].issn.2095-0756.20230342

B bZIP EE SR LEEMEIRAAIE THRIESH
W B, KR4, B O, KEE, B H, ERE
(HT VAR AR MOl 5 A= MR R 24 B 2 TR L 2 W P AR B B R 5 5256 %, WiV el 311300)

ZE: [ B& ] T4 Phoebe bournei bZIP (PbbZIP) 4% F B F F kM 0 %2, 5472 BLEBR (ABA) 135 #9vf . K-F
(F& ] ATAMEEST %, T PobZIP AR RAMFTTARARALE R, S L FOEMF, AREZH, #HXR,
B FIRXAE A A Fe ABA LT o9 R A 54T, [BR]) MR 12 55 EHRELEZ R 3APOOZIPs 2B, 44 12T
%, FELEARNEMFERFLEZFEE, BRI ERGERT., POZIP AR SRR Amiet, AHBEOGRENH
110~835 AR ALBL, 4 5% 4.48~11.95, FARMA-1.19~0.19. HH T 12 &4 &.4key 27 3F PbbZIPs 3 B H f2 L &k
X %, A PbbZIP AW Ry ke £ 2AEX, PhbZIP AW Lk B 3T KRB E S A5 it ta X eg4E M Tk, HoF
ABA. K#B ., RABRFTEGAEAHKR S, AREAX L REAY: 2 mmol-L'ABA & 2 H 4 1~72 h, 174
PbbZIPs & B vt Fe Ak P Ak ABA S5 AR E WG F AL, $i& LA, ARARERZKFEFBKTHR, [H#]
63 A PhbZIPs AR A3 S R T, RRABARRAARNEH ., FERTALF R TR A A S HMAe £ 70, TR
PbbZIP W R R AL et 5 ABA 125, AL iAds ek A4pits2, B9 435

R MAh; bZIP £ik; A%ibAb; BLEBR (ABA); RiASH
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Identification and expression analysis of bZIP gene family under
ABA treatment in Phoebe bournei
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( State Key Laboratory of Subtropical Silviculture, College of Forestry and Biotechnology, Zhejiang A&F University,
Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] This study is aimed to identify the bZIP transcription factor family members from
Phoebe bournei and investigate the response levels of its members to abscisic acid (ABA) treatment. [Method]
A bioinformatic method was employed to identify the PbbZIPs family throughout the whole genome and to
analyze its physicochemical properties, gene structure, evolutionary relationships, cis-acting elements in
promoter, and the expression patterns under ABA treatment by RT-qPCR. [Result] A total of 63 PbbZIP genes
were identified from 12 chromosomes in P. bournei, divided into 12 subfamilies with significantly different in
gene structure and motifs, but highly conserved in the same subfamily. Most of the PbbZIPs were localized in
the nucleus, and their encoded protein were 110 — 835 amino acid in length, —1.19 — —0.19 in hydrophobicity,
and 4.48 — 11.95 in isoelectric point. The 27 pairs of PbbZIPs distributed on 12 chromosomes were featured
with collinearity existence, which was the main pattern of PbbZIPs family expansion. A variety of abiotic

stress-related action elements were found in the upstream promoter region of PbbZIPs, among which ABA,
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salicylic acid and methyl jasmonate were more abundant response elements and the genes expression of RT-
qPCR revealed that 17 PbbZIPs were induced differentially by ABA signals and generally up-regulated in
leaves and roots when P. bournei was treated with 2 mmol- L' ABA for 1 — 72 h, with the relative expression of
PbbZIPs in roots being generally lower than that in leaves. [Conclusion] The 63 PbbZIPs identified from the
P. bournei genome were unevenly distributed across the 12 chromosomes and highly similar in gene sequences,
whereas the chromosomal localization genetic structure and conserved motifs were evolutionarily diverse and
different between subgroups. The PbbZIPs in leaves and roots responded differently to ABA treatment and got
involved in the regulation of other abiotic processes. [Ch, 9 fig. 35 ref.]
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[ Phoebe bournei B3} 1E 8 — ARG PSERI TP, 02 “ B 22RAR” WIEAIF Z —, KR
TARHE . WL, VLS. WIEE . mE AR T, MM SO A R FAORAR . B
JE . RIS IR, RMIERARY G . A SURRES A B AR o MR AR A i SR L RIS, BLE R
Sy R 5 X 2 e AR R RS AR A, AR, TR IR AR AR A B W AR AR KRR
NS N N S

ek TR I —2K 5 R s FINAE TR 4 & . WIEDIRERE LI DNA 2558 1, XY
Z R A P A A B SR A E ), Hed mk e R B (bZIP) F s 2 H AT C R A TE
WG Z . Uit % Hs BEARSF I 3R R K 2 — 17, bZIP % 55 PR 2 e HECHL oy B AR < ) 485 4 SO i 44
(0, PRSF 28 P B A 4 2 e R A R A e DX SR N-X7-RUK B XS, H 60~80 MBBE4 A, C 3 N-
X7-R/K 8P I 20 DR, & &R @R AR, 75 DNA R PEgs & Nimse @R hikE
XEUE F e 2R, AHAR 7 AR N — Bk 2 B, HAS 7 AR IR, (A E R e X A 5
RS, DRI S IR AT R R | 901 3 R S 58 R S5 i 7K R R BT AR

bZIP ¥ sk N T IIREZHENE, 2S5 WAL (ABA), T5 . @b i G2 AR Eyhia . fi
W, ABA. FERMTSMA T, ZmbZIPT2 16 F K Zea mays 44528 B LR L, H SR R IA MM
I¥ Arabidopsis thaliana .35 M B AR RS, 38 9800 2R 7K T HAL A 3 328 U >Fe 18 50 7 ik PR v 22 B b Sk
R ERHES, . T5 . @i, (RIEA ABA WA T, ZmbZIPA 1E E KA W42 B A SR, HRH
T FRAIG NG T AR AR L, 6 B E 45 ABA G, B smAEARAIRIE AR AR Wi aa sE . K
4 Oryza sativa W) OsbZIPA2 V] 1E [l 845 ABA /3005 50 F, 38958 /K ik SRR 1 5 38 0 225 1)
R AE N, bZIP 38 T ANAC096 25 % 55 [N 7 H.AE , blp [A] $22 o B DA BRI 2 1 Y. 28 Cameellia
sinensis 1] CsbZIP18 7 ABA {5 5 IS I iy T4 8 1~ , Sl ik 2 R I X ABA (5 T HUBHE T
K. HUBTEIN TR DO ERCEE TR, FRARRIBRIARIE . bZIP 2 SR HAL E YAl e, nZagias s
RETEREA T ERFIEE DAL e HCHE BT RN AN A A A A A

bZIP FE[H ZE G A AL 2R, L RO AR IR R 25 22 5, B, hRgaT 75 RO N
Solanum lycopersicum 70 21 7KAG 89 MNP FoK 125 NP BRAG Populus trichocarpa 214 AP, i i)
il bZIP J& G EE AT, ORBR I T AR bZIP JERTIRERTE . Ptl, ASHTSEXT Al bZIP e sk A 7 5Kk
WA AT R R S, AT A AT, R OC R DL S ABA BT BRI K-, Y
bZIP ZEJ5 I 51 14 AL PR B B b AR 0 458 I 1) IR ML i i AL 2R il

1 MBS 7%

1.1 [E#E bZIP ik R EEFHETE RIEBXERS

M\ PFAM %45 % (https://pfam.xfam.org/) FRHUL & - F 454493 (PF00170., PF07716) ¥ st B /R B R &
FA A, iz 1] HMMER %% {4 7 ) 4f 55 PR 20 2 0 128 bZIP [6] J5 77 51 o 4 % 20 4R 45 1 B A e 9] 42 28
SMART %i #% & (https://smart.embl-heidelberg.de/) F1 32 [ E & A= ¥ £ AR {5 B 0 (NCBI) B 3 (https:/
www.ncbi.nlm.nih.gov/) BN &5 ¥ 3, Fah L BRIUA, K18 PbbzIP 3L R 51 . F| F Protparam %5 #i% J&
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(https://www.expasy.org/) #— L4341 PbbZIP & [ BEAL M BT, 38 o 4 49 W 40 b 2 57 (Plant-mPLoc) %5 4H 2
(http://www.csbio.sjtu.edu.cn) 3 17 I 24 Jl %& {57 57 #7, 38 & Prabi 045 /% (https:/npsa-prabi.ibep.fr/) 73 Bt
PbbZIP 1Y — R &5H .
1.2 @i bZIP B RERTFEFF EERER ST

iz H Jaview 4T ClustalW #ii th (19 2 1780 Lu X 85 R ii A7 2640, FEPRRSF 45 380 H Tbtools! #E471]
LAk, MEME suite £% 3% J% (https://meme-suite.org/) 53 H1 25 H ¥ 5 9 £ 57 3£ ¢, Fl F GSDS T. A
(http://gsds.gao-lab.org/) FELR 21l PhbZIP FE[FZ5F4 .
1.3 [E4E bZIP K R4 #T

M Ensembl Z(J5 4 (http://plants.ensembl.org/species.html) ZREAFE T . Tl . BRGILHHEIE, 8
it HMMER 3k BE H bZIP [FIVRFE R, #4 i R ALLSR AL (Bootstrap: 1 000 ¥X). i# i Evolview [ 3
(http://www.evolgenius.info/evolview) &tk R GL i1k . H TBtools A MCScanX T. B4 #1 PbbZIP 3K (Y
MR
1.4 ABA 4

TEWTTLARR IS 7 7 [ ke A S B 1Y 2 AR A I A R MK &R WY 1, # M 2 mmol- L 'ABA 152
WP RE AR, (R HESRTENRE, 0k 80 (Tween 80) Xt HRAL (ck)o R ATIURERT @IS, 23 il 76 Ab 3
1. 3. 12, 24, 48 1 72 h Huk J FAR, 357F 11:00 BURE, BANBF ) B & 15 BRI, 55 5 BRIRG1E
NAANEYFEE, 3RER, RREFF 6T T80 °C kKA.
1.5 BasFIRX1ERATHES

T A 6 A 411250 S B PR ZIP HE (K 4 5 X (CDS) L4 2 000 bp [¥51, #%2 % PlantCARE ¥ i
(https://bioinformatics.psb.ugent.be/webtools/plantcare/) 43 # 7 I FIAAE I JoF, Goit 5 85 Wi A G Y
YERTGHE, X ABA MR TG Z 1 PobZIP FER A TSR D /1, FF A e o b X
1.6 ERRKAEEREES W

A CTAB VA #EHGR it 5 RNA, 2 70508 1% BIBRRHEEE S H Uk A1 NanoDrop £l & 4% f& H T
JE WY . By RNA B 1 pg, %08 Vazyme 2\ ® #E4E HiScript™ 11 Reverse Transcriptase {71 & 2 ¥4 5%
A RUE B cDNA, JH ddH,0 Fii ke 5 555 . (8 NCBI it PbbZIP B RS 5451 4 I T S2 i 98 e
it PCR (RT-qPCR) S Jii . fifi ] RT-qPCR S 1w B L B¢ 10.00 wL A AR &, £33 1.00 uL cDNA., 0.25
uL EFUES I, 5.00 uL AT 3.50 uL ddH,0. P2k RT-qgPCR K W F2JF: 95 €€ 30s, 95 C 10's,
60 °C 30s, 40 MEH . HFE efla FEH (BES . KX682032) fEANS I, F 274 it 4% L R AH X
FAEPT, IR SPSS #EAT I 20T M E T LK

2 HRERH

2.1 B4 bZIP EREREHK REERBHER

FIH HMMER $R1F DA i) A 3 PR 20 000 28 3545 78 258 P41, 28 SMART Fl NCBI A48 J 56 1iE 25 44 35
SEREME, IRAUEEH 63 1 PbbZIP 5L, H YL AR E iy 4 4 PbbZIPO1~PbbZIP63, Jf 7 #7 HAE (1 ARME
HFALIERT . PbbZIP & K B/ T 110 (PbbZIP60)~835 (PbbZIP12) N KR, AHXT /0T K 13.05~88.65
kDa, “F-¥J% 39.76 kDa, #5145 H1 15l 4.48 (PbbZIP02)~11.95 (PbbZIP32), Hi/K 1 A—1.19 (PbbZIP58)~
—0.19 (PbbZIP16). 4l ffg 22 13 43 AT 45 F e W . 59 AR B e A F 40 fiA% , T PbbZIPO2 5 137 T 4H g i,
PbbZIP05 F1 PbbZIP12 i F IR, PbbZIP16 & fii FAMiIA .
2.2 PbbZIP RikH BHEALEMIE RFEF URERLEHH

Motif 73 AT 45 R KW . PobZIP JER R~ B P 8B, HORIEE % 22 = W @ . Motif 5 1 Motif 1 7
PobZIP Fe K KR iz AFAE (1 1), 43 ) A Bl P 495 g DX 3l A0 o 0 I e 45 A DX i, sk DX S ml LA AT
DNA FEstEgs &, REREEE (8 2). A WHERA Motif 6. Motif 10 A1 Motif 13; C WA S WK HF
A Motif 11; D WRAMRSTFIRFRER, F74 5T 5 Motif 2, Motif 3, Motif 4, Motif 7, Motif 9 Fll
Motif 12; F V454 Motif 15; 13V fE A Motif 6; G W5 554 Motif 8 Fl Motif 14, H, A, E.
F. G. J LGS HELE ST,
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Figure 1 Conserved motifs of PbbZIP family members
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Figure 2 Domains of PbbZIP family members
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64~ T 14 KW 11 S W% 10 4
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Figure 3 Gene structures of PbbZIP family members
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Figure 4 Phylogenetic analysis of bZIP family from P. bournei, P. trichocarpa, A. thaliana, and S. lycopersicum
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Figure 5 Chromosomal localization of PbbZIP family members
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Figure 6 Interspecific collinear relationships of PbbZIP family members
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Figure 7 Cis-acting elements associated with adversity stress in promoters of PbbZIPs
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XA EK L, N PobZIP FER AT REZ B R E S . IR . T FRE AR 05 5 SR A Y an i
NG B Z, e PobZIP 3Rk FIReAZ AR E M A AT, TE sl R A AR AR I S S5
YA KR F IR, B, BBk Actinidia deliciosa bZIP12 1E [0 845 ABA /38 AchnKCS FEHEH, {2k
RO A, 2R ER, 78 ABA. T2, HWa T, B Capsicum annuum W F bZIP-D .
B CaDILZY %2 FH, El it T ABA & . SALIF G B R 5 25 D 32 58 7K P Sl 1 i iy JEE DRI AT PR
OISy
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