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W RS s RS, Lt o bRk, i 2026
PEG6000 1 20 mmol/L NaCl ¥ ¥ 43 Wil #5481 T 52 0
EhHRE  CREEALEEO0.2.4.6.8 h UM KL, SR A5 U
AW EHER, J5 T —80 CHR A& M. btk
WHE 3N FEL .

1.2 EHEHE PavEXPA2 B FE R 5 &

FAREY) 2208 22 1 RNA $2 BUL ) & (S E R
AN, PETRE D) SRR A RNA,
A MutiscanGO ( Thermo , 3 [E ) F1 IR EE I B K X
RNA 7 &t #F 47 2 W, IF A PrimeScript TMRT re-
agent Kit with gDNA Eraser i | & (TaKaRa, H 4<)
XF E B SRR S RNA #E47 cDNA S 188 A A, {1 H
P2 3 A cDNA 9 58 3 1 JF F —20 “CHE 77
#H.

TERIAZE B RE PR 2H B8040 P rh 48 2 EE R Y CDS 7
51, F F Primer Premier 544 % 145 5% 5 ¥ PavEX-
PA22-F:CACATGCTGACCTGTCCTCC ,PavEX-
PA2-R: CC GCCTAACCTCCTAAC TCTAAT,
P E A T AW TR IR A WA .

PL cDNA S, # ] F iR & il 1913817 PCR
P4, PCR N AR R N : ddH,O 3 pl., & B mix
(TaKaRa, HA)5 pl,cDNA 1 uL, EJFEAF 514
0.5 pl, 3£ 10 pl., PCR S FE 4 - 94 “CHIAS 1
5 min; 94 “CAE 1 30 5,60 ‘CiB k 155,72 ‘CHEMH 10 s,
35 URAEIR s B Ji 72 “CHEMH 7 min, 1% B EEE I
HL KRN 4 185 PCR 7™ W 40 B2, FH B R o6 g el i
G xE B 4 BEAT U, o T s B i E
PEASY-Blunt Cloning Kit ( 4 4, dt 50) 3 4% 1k
DH5a KIAFFH# , 37 ‘CiE L 1 h 5 I 100~200 pL
A=A T Kan BUrk o9 LB L, T 37 “Cid e ks
I, e VR S PR TR VR AT T I PCR Y IE , X
o6 1 1 FH Mk SO RE R AT RE % B PR B W 2 i
A T A TR R BT .

1.3 PavEXPA2EBEMEWERES

F NCBI 7E £k 43 #r T. B ORF Finder (http://
www.ncbi.nlm.nih. gov/gorf/gorf. Html) 548 DNA i9
FFHCE EHE , 38 i DNAMAN #0047 86 1 5 B
NCBI Blastp # 47 4 F1 5t [5] ¥ ¥ x5, # H]
MEGAS. 1 # g i AL B ) FH 7E 4 4 TMHMM
Server v. 2.0 (http://www. cbs. dtu. dk /services/
TMHMM/ ) %} PavEXPA2 25 [ 114 15 JE 25 44y Sk adk £ 7 151
I, F ProtParam (https://web. expasy. org/ prot-
param/ ) 43 Mt PavEXPA2 & H 1 43 F it 5 155 HL 55

SRR IRALAE BT, FIAEZ 53 7 T H SignalP 4.1 Serv-
er (http://www. cbs.dtu.dk/services /SignalP-4.1/)
53 Bt PavEXPA2 5 [ Jir 2 % 1 22 55 72 )7 91 19 1 5
Jik , F H Cell PLoc2.0 (http://www.csbio. sjtu.edu.
cn/bioinf /Cell-PLoc-2/ ) #F47 . 20 i 2 {57 50
1.4 QqRT-PCR%M#7

MR 52 e 314519 PavEXPA2 2R F51) , ] prim-
er 5BIHR SRS, 51 W) ¥ 4] PavEXPA2-Y-F !
CTTCTTTCTCATCTCCTCTGCC, PavEXPA2-
Y-R: CCAAGGAACCATACC CACAA, 7£ I 74
TAY TRA RN S . LLEIHEBEAS 7] 20 21
cDNA N, LA PavRSP3 fil PavEF1-a2 A N 2 3
B B9 51 K : PavEF1- a2-F: ATCCAGAG-
TAGCA GAACCAATCAC, PavEF1- a2-R: GT-
TAGGCATCCAGTCCCAGAAT, #£ CFX 96TM
Real-Time System (Bio-rad, 3¢ [# ) 5Z i} 2¢ 6 & &
PCRAX F 4T o R =250k B PR - 94 “CT Y™
510 min; 94 °C AEHE 15 s, 60 “Cil k 30 s, 72 “CHE f
30 s, 40 MG o SR 2788 k1 R TR B A X R

Ly g
2 HRE5HMH

2.1 FHEHPavEXPA2RES £ MERFEDH

DARHAEBERAN cDNA SN | i i PCR &3 4%
51U AR BOR/N—30 &0 H Y &
A7 [, 45 R R e A K B SR 1035 bp, FF
Ji %) 32 #E (ORF) &y 852 bp, %4 % 283 4~ & #
R (1)

¥ H ProtParam 23§71 8] 1, PavEXPA2 & [ [l 43
TN Ci366 Hai25 Nazs0 408515 gsf BN 8.90, 53'?)33
17259 30.81 ku, PavEXPA2 % [ A4 7 Ha, fif 5% 5E
B (Asp+Glu) Ry 214>, IEHL 5% FE AL (Arg+Lys) A
290, B AN B A IE LT . IR S
B ISR 0 B R R Ala(9.9%0) H &R Gly
(8.8%) #2241k Ser(8.8%) S &R Leu(8.8% ) Flji
BIR Lys(6.4%) . SHHMATE RZECR 41.88, X%
BHZE R TARE R A, LR IR S B K M 5
FI(GRAVY )& —0.139, Fr LUIZ 8 F R K MR8

K F SignalP 4.1 Server 7£ £k il lll 75 %1 PavEX-
PA2 B FIAEAE LAME 5 IK, BAG 5 AR 7 S T
41~42(F 2) . FITELEA: TMHMM Server v.2.0 Fil
) 5 238 R 3, 45 SR B, PavEXPA2 WIS IEE 1,
A 24 s IR TE 25 # (1 3) o A A Cell PLoc 2.0
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1 ATGGCTTTCCCTTCCTTTTACTATAAACTTTCTGCAACTAATTCTGATCAGCAAAATCAAAACTCCAAAATGGCTTTGTTTCTTTGCTTTCTCTTCT TCTTTCTCATCTCCTCTGCCTCT

1 MmAF P S FYY KILSATNSDOQOQNOQNSI KMATLT FTILTZCZFILFFF L I

130 140 150 160 170 180

S 8 A S8

190 200 210 220 230 240

121 GCTTGTGACCGCTGTACGCACCAATCCAAGGCAGCCTAT TTCTCCACAGCCTCTGCACT T TCATCTGGGGCTTGTGGGTATGGTTCCTTGGCCTTGGGACT TGGTGGAGGGCACCTTGCA

4] A C DR C T H Q S8 KA A Y F S T A S A L

s s 6 A CGYG S L AL GUL GGGH L A

250 260 270 280 290 300 310 320 330 340 350 360

241 GCTGGTGTGCCTTCCCTCTACAAAGATGGAGCTGGCTGTGGTGCATGCTTCCAGATAAGATGCAAGAACACGACTCT TTGCACAAAACAAGGGACCAGAATTACTTTGACTGATCTCAAT
81 A GV P SLY KDGAGT CGA ACU FOQTIRT CIKNTTTILTCTIEKZOQGT RTITILTDIL N

370 380 390 400 410 420 430 440 450 460 470 480

361 AAAAGTAATCAGACAGATTTTGTTCTCAGCAGCAGAGCTTTCATGGCCATGGCTCARAAGGGTTTGGGCCAAGACATTTTGAGACGCGGCATTGT CGATGTGGAATATAAGAGGGTACCA
121 K s N Q TDF VL S S RAVFMAMAO QI K GLGOQDTITULIRIRSGTIUVDVEYI KU RVP

490 500 510 520 530 540 550 560 570 580 590 600

481 TGTGAATACAAAAACCAAAATCTAGCCTTGCGTGTGGAAGAATCGAGCCAAAAGCCACAT TACTTAGCAATCAARATTCTGTATCAAGGTGGTCAGACAGAAATAGTAGCCATTGATGTT
161 cC E Y K NOQNL AL RV E E S S Q K P H Y L A I K I LY Q G G Q T E I v A 1 D Vv

610 620 630 640 650 660 670 680 690 700 710 720

601 GCTCAGGTCGGTTCTTCAAATTGGAGTTTCCTGACTCGAAACAATGGGGCAATCTGGGACACGAGTAGGGT TCCGGCAGGGGACCTACAGTTCCGGT TCTTGGTGACGGCCGGGTACGAT
201 A Q VGS S NWSF LT RNNSGA ATIWWDTS SRV PAGDTULOTFT RT FTLUVTA AGTYTD

730 740 750 760 770 780 790 800 810 820 830 840

721 GGGAAGACGGTTTGGGCAAAGAATGTGCTCCCTGCTAACTGGAAACCTGGGGTGATATATGACACAAAAGTTCAAATCAGTGACATTGCAAAAGATGGT TGCTCTCCTTGTGATGATGGG
241GKTVWAKNVLPANWKPGVIYDTKVQISDIAKDGCSPCDDG
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Bl 1 PavEXPA2ERE ORF F3I R HEHEERESFT
Fig.1 ORF sequence and encoded amino acid sequence of PavEXPA2 gene
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C-score(raw cleavage site score) : FH X 4 J& 75 Ry By VI o5, % 5
VEAE R B YIS U5 138 1A 562 5 S-score (signal peptide score) ;
JH X335 A 2 75 A A5 Ik IX 8 5 Y-score (combined cleavage
site score) : F F 3k e 24 i1 43 C-score {4 25 5L 15200

(raw cleavage site score) of the ordinate: Used to distinguish wheth-

C-score

er it is a cleavage site, and the highest peak is the first amino acid af-
ter the cleavage site (that is, the first amino acid of the mature pro-
tein) , an amino acid residue) ; S-score (signal peptide score) : Used
to distinguish whether the corresponding position is a signal peptide
region; Y-score (combined cleavage site score) : The geometric
mean of C-score and S-score, used to avoid the influence of multiple
high score C-score values on the results.

E 2 PavEXPA2ZERAKIE ST
Fig. 2 Signal peptide prediction of PavEXPAZ2 protein
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¥ PavEXPA2 % [N ¥ 51 78 NCBI [ 3t | i1y
BLAST [AiER 2R, & ¥ SR 2P B A B 1
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B3 PavEXPA2 & H /BRI
Fig. 3 Prediction of the transmembrane domain
of PavEXPA2 protein
ca) Mg (Prunus mume )™ J& £ 11 3 DA [R]85 s, 43
R 97.49% . 97.47% 1 96.91% , If H & B PavEX-
PA2A R RS, &4 DPBB _LIR~FA5H

FIF DNAMAN # R4 PavEXPA 2 3K (1 1T
58] 152 HE B 15 L 2 BE R P 9, O 7 31 5 30 A A
PavEXPAZ & [ [] P51 55 s 1) 24 55 1R T 91 4 A7 Xk
L, B EE K g 2 B R 7 51 S0k L Bk FIARE D
BRI T 90 ]I PE R 3 i o 95.5804
95.56 % #194.76 % .

FIH MEGAS. 1A% EHE BRI 45 1 PavEX-
PA2 5 BLAST £ 545 8 HoAh Wy #h (A 47 4 5
B ) R E A RIT Y K W R gL
B, 25 58 % B ARk PavEXPA2 5 PmEXPA2 () |
PAEXPA2 (i ¥k ) 1 PpEXPA2 (B ) 7 51 MU T2 B fi%
5, ARG R R (K 4),

2.3 PavEXPA2HIAL 45 RIMERIE

PavEXPA2 (£ TR S B0 BIVRE B 75 2 20,
WZE AEZF AR, i AR CRAR LR SE A R IR 2
SO, TE G A 3RA e ey, BE S RO BRI
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TEo 575 2 75 L ven Vg RIS IOt v SR st 5 1R AR
o U B O 7 SRAVR L5 2 Y SR v W RS I 7 SR S
9 1VE R R R RS rh R IR RAR. MRS 17k
TR 1o W T R BFS 2 i R W IR R AR AE AR L
Th T e e BRI v SRS B 2 Y AR I E R R SE 4
WA L I DL R 25 v ARG RS 31 235 (81 5) .
I, PavEXPA2 FE N 3 B2 7F il K L4 |
TER AR IF A h ik, BE X S U £k 5
BRI RO 7 1 R BRI 2, ph A D 2% B T g
2 5 AR Bk 2 20 VR ARG IR 4, 0 LS A R R
FHG

GrEXPA2

SRR A Species of EXPA: GrEXPA2: #i4E Gossypium ; Ga-
EXPAZ2: KA Bombax; GREXPA2: [l Al Gossypium hirsutum;
HSEXPA2: K . Hibiscus syriacus; DZEXPAZ2: #f3% Durio zibethi-
nus; MrEXPATL: # #§ Myrica rubra; SSEXPAL: % 4 52 Spatholobus
suberectus; CCEXPA2: K 5. Cajanus cajan; CCEXPAL: #H4% Citrus;
PVEXPAZ2: BT A ¥ F Pistacia vera; PeEXPA2: §1 ¥ Populus eu-
phratica; PIEXPA2 %W Populus; JCEXPAL: §f B Jatropha cur-
cas; XbEXPA2 HbEXPA2: 8K Hevea brasiliensis; MeEXPA2: K
B Manihot esculenta ; AtTEXPAL:FRBEBE Actinidia chinensis; QIEX-
PAL: FH#k Quercus fabri; MnEXPAL: 5 Morus; PGEXPA2: f1 14
Punica granatum ; RaEXPA2 : B A Rhodamnia; SOEXPAZ: 3ifi ik
Syzygium jambos; FVEXPA2: ¥ % Fragaria X ananassa; RcEX-
PA2: 7 7 Rosa chinensis; PuXPcEXPAL: B¢ Pyrus spp.; MAEX-
PA2: 32 Malus; PaVEXPAZ2: M Prunus aviwm; PmEXPA2: #
Prunus; PAEXPA2: Ji Bk Amygdalus communis; PPEXPAZ2: #k
Amygdalus persica.

4 FHEHE PavEXPA2 RSt 43 H
Fig. 4 Phylogenetic tree analysis of sweet
cherry PavEXPAZ2 and the «-expansins
of other plant species

2.4  PavEXPA23t3E £ Wi R M &

1E 20% PEG6000 #1 20 mmol/L NaCl 4t 3 5
PavEXPA2 BRI AR X ik s 45 R (K1 6) Bon , 75T
FLAEHE(20% PEG6000 4B 44 F , PavEXPA2 3
PR e 3h 2 i T, 76 A B 6 h i A 6 0k 4 1k F) 04
{8, Tl £5 36 (20 mmol/1 NaClab#) T H e ik i
W TE 6 hik BIWEAE . 1M 76 P & 3235 1 138 B (E AT,
TR0 T i AL P 2Rk 2 T AR A
AR AR 7E R T 52 Kk M 38 3 B vl 3 PavEX-
PA2 B DA 2 38 1M Wi 7 396 1% 138 . R B PavEX-
PA2 7 PEREHCAR -IE 2B 9 W 30 B 7T 8 5 OC S
FH, JC LR X T T 5 e A i 107 A5 A B 4
22.8F
22.2F
21.6¢

21.0F
20.4F

0.56}
0.42F
0.28F
0.14

0.00 S
~
5§

HXFF2 35 H Relative expression

FETTETEIIITI
214 Tissues

CAL 55 1 FR I RILHE I 75 5300 5 ONL: 25 194 28 iR W 1E 6 2R A 5
CA2Z: 55 2 7 4 5 06 BIVRE T 95 SRAT 5 ON2.2 585 2 7 2 g 068 L 3 2RLA7 5
Fb: B2 FLJEIFAES  FNT 57 1320 m i B B P R 52 FALL 56
TR W TE 3 R 92 N2 B 2 JR R W TE 3 R 90 FAL 5 2 1
e g BIVHSE JE 7 SR 52 5 Ped: A1 A 5 Pe2 s AN A s Lel S0
Le2: i 5 St: 25, CAL: Abscising carpopodium in the first peak
of fruitlet abscission; CN1: Retention carpopodium in the peak of
fruitlet abscission; CA2: Abscising carpopodium in the second peak
of fruitlet abscission; CN2: Retention carpopodium in the second peak
of fruitlet abscission; Fb: Flower bud; FL: Flower; FN1: Reten-
tion fruitlet in the first peak; FA1: Abscising fruitlet in the first peak;
FN2: Retention fruitlet in the second peak; FAZ2: Retention fruitlet
in the second peak; Pel: Young leal petiole; Pe2: Old leaf petiole;
Lel: Young leaf; Le2: Old leaf; St: Stem.

5 FHEk PavEXPAERARERERIESH
Fig.5 Differential expression of PavEXPA2

gene in sweet cherry
3 i it
AW TR SOk 1 1A i 2 1 i PR 5
A PavEXPA2, Ho g 3 S50k b A 258

BB A& LR 790 B ) [, PavEXPA2 2 5
EITEEAk # B V% AR 1, JU H R AR % s 7 5 &
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Fig.6 Expression of PavEXPAZ2 gene in
sweet cherry under salt and drought treatments
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3.1 PavEXPA2ERE S5HEYZFE %

e oAby Al e 510G A RS AR K A
HUC SR R YRR 5 R S AR A O
Cho " E LU FF I LA AR SE36 0 W 1 IR R A
S5 T M I B 2 . Ah , Tucker 5517
RIS e BRAE R V& AR B X rh T R SR LA
F L VO R (Sambucus nigra 1.) B A6 %
IR TR B B IX h i sk AR 1 2 s BT IR bR IC
TR, It ELAE 7 Z B B A B Bead i 2 s K
Fy A, o X P gy R R N SniEap2
M SniExpd b ZFES S W, ¥ & A Y &
HIR SR A T EHEAEN .

AT TR B 1A FIEA 97 R B 1 Pav-
EXPA2, il i qRT-PCR %& #t PavEXPAZ2 78 J§ 24 1)
anE M oy Vs AR m Rk AR S B AR A

3.2 PavEXPA2ERE 53E4£ B

PR R e A b AR 7R
A0 B 5t 36 35 TaEXPA2 e H R 48 125 bk v 5122
T RERARE S R BOE o [RRE Y AR R g Rk
TaEXPB23 3, #2755 17 M0 A 0 S fe A0 6 i a2
MEES . FE TR /INEI R R I
ek BRI R AT R R N
R T 78k . Dai 5 R A7 it Rk A &
P RE AR RAEXPA4, B33 7 bR AP e 78
FER AR, RN B AU PR B 3 ZmEX-
PATHIFEE LA, FABIRE R Y R E A S5
VIR P PR DG . AR IEH PavEXPA2 ik e+
R IEaN ) STE NSl o IS N D B R0 k2 2 S O L R 3
SR e SR ST A P R R A B G E A

F T 5 1 S I R % e B v ) I b R 2%
TF AR K RS R B A G — s r PR i
PR AE 4 R B B 1) S L 7 8 420 2 11 24 5 M TR AR
S J (1 — > T 0 [ S i G - RHAR B AR B R 0 4
T TG IH LA BR . FE e e i, 9 R
P = 50 T A 0 A R 114 2 LA T 4 B 1)
ZEAIE PTTT  fif P30 o 00 B 3 4 A 0 An Y
A A AE 39 5% W30 R T AR AR 2 Ak X R AR
P 35 R %) D) REAIF 55 A B 1 7 400 M )22 1 A 4
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Cloning and expression of expansin PavEXPA?2 gene in sweet cherries

ZHANG Yan, QIU Zhilang, SHEN Luonan, WEN Xiaopeng

The Key Laboratory of Plant Resource Conservation and Germplasm Innovation in Mountainous
Region(Ministry of Education)/Institute of Agro-Bioengineering/College of Life Sciences,
Guizhou University, Guiyang 550025, China

Abstract Expansin is a kind of protein widely found in plants.It may relax the cell wall and plays an
important role in the growth and development, and the stress response of plants. The PavEXPAZ2 gene was
cloned and bioinformatically analyzed to uncover the structure and function of expansingene (EXPA ) in
sweet cherries. The gene expression in different tissues including stems, flower buds, blooming flowers,
young leaves, old leaves, petioles of young leaves, petioles of old leaves, normal fruit stalks at the 2 abscis-
sion peaks and about to abscission, the normal fruits at 2 abscission peaks and shedding , and under the abiot-
ic stresses including using 20% PEG6000 and 20 mmol/I. NaCl solutions to simulate drought and salt
stress for 0,2,4,6,and 8 h was profiled. The results showed that the full length of PavEXPAZ was 1 035
bp with the open reading frame (ORF) of 852 bp, encoding 283 amino acids. The putative protein has an
isoelectric point of 8.90 and a molecular mass of 30.81 ku, containing two transmembrane helical structures
and a signal peptide. The results of subcellular location showed that the protein of gene was located in the
cell wall. The results of tissue expression analysis showed that the expression level of PavEXPAZ was high-
er in the easily abscised tissues of sweet cherry including flowers, stalks, fruits and petioles , with the highest
level in petioles about to abscission.Compared with the samples untreated , the expression of PavEXPAZ in
the drought-treated samples increased, and the expression reached the highest at 6 h, and then decreased.
Under the salt stress, the expression level of PavEXPAZ decreased first, then increased and then decreased ,
and the expression level reached the highest at 6 h.Therefore , sweet cherries may resist stress by promoting
abscission through the up-regulation of PavEXPAZ2 gene.It will lay a theoretical foundation for further un-
derstanding the role of PavEXPAZ in the growth and development of sweet cherries.

Keywords sweet cherry; pavEXPAZ; gene cloning; bioinformatics; abiotic stress; organ abscission
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