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Kz Zg &M BE, T/ FRVR R A S 5
B E K R T KU a i) D ge ks A
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TR I R AR IR R 8 C~12 TCRYIRE
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KA HSP (142 A T S gt 3 R ) Bsf 28 Rk s =
SCEE DA g 2 A i 58 b L, 38 3 [R5 51
TR AR A HSP F Y cDNA J¥ 51, R A W15 B
277 1 e DR 1) R L G i 1) #RR v B 1 PR
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XA GAPDH NS () PCR Y™ BT < DNA JFi 7t
FIH Primer Quest tool 33151415751 , GAPDH F HSP
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7E. RT-qPCRJWARZ (20 wL) A : eDNAARHR 2 ul.
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HSP PR 548 L HRAE HSP B K b T [F)— 43 32 HLIF)
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61 CTCTCTCGACATTTGGGATCCCTTCAAGGATTTTCCTTCCTCCTCGCTGTCTGCARATTT
20 S L STTFGIPSRTITFTLZPZPRTCLDOAGQTI

130 140 150 160 170 180
121 CCCAGAGTTTTCTAGGGAAAACTCTGCCTTCTTAAGCACCCGAATCGATTGGAAGGAGAC
40 S @ s FLGKTTLTPS *APESTIGTR RR R

190 200 210 220 230 240
181  CCCAGAAGCCCATGTATTCAAGGCGGATGTTCCAGGGCTCAGGAAAGAAGAAGTGAAGGT
60 P Q K P M Y S RRMTFOQGS G KKZK * R
250 260 270 280 290 300

241 GGAAGTTGAAGATGATCGGGTGCTTCAGATCAGCGGTGAGAGGAACGTGGAGAAGGAGGA
8) W K L X M I G CFR SAVRGTTWRTRR

310 320 330 340 350 360
301 CARGAACGATACGTGGCATCGGGTTGAGCGCAGCAGCGGGAAGTTCTTGAGGAGGTTTAG
100 T R T I R G I G L S AAAG S S * G G L

370 380 390 400 410 420
361 GCTTCCAGAGAATGCCAAATTGGATAAGATTAAGGCTGGCATGGAGAATGGGGTTCTTAC
120 6 F Q R, M P N W I RLRULAWR RMGTFL

430 440 450 460 470
421 TGTCACTGTICCTAAAGAGGAGGTCAAAAAGCCCGATGTAAAGTATTTTGGAARATCA
140 L. s L F L K R R S KS PM * S I L EN
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HSP

XM 048469097 .2 Ziziphus jujuba

XM 048467845.2 Ziziphus jujuba

XM 060811814.1 Ziziphus jujuba

XM 050420019.1 Quercus robur

XM 050434185.1 Quercus robur

XM 050434140.1 Quercus robur

XM 021826753.2 Hevea brasiliensis
XM 021794114.2 Hevea brasiliensis
XM 002312862.4 Populus trichocarpa
XM 052449446.1 Populus trichocarpa
XM 062088127.1 Populus nigra

XM 052449445.1 Populus trichocarpa
XM 062088663.1 Populus nigra

XM 056319867.1 Syzygium oleosum
XM 030591612.2 Syzygium oleosum
XM 030591396.2 Syzygium oleosum

100 100 XM 010034753.3 Eucalyptus grandis
XM 039303926.1 Eucalyptus grandis
?EEXM 030668631.2 Rhodamnia argentea
93 XM 030668297.2 Rhodamnia argentea

5 BETERHSPERRFIIMEZNRSH U

23 AFMUZTEAEEMREEXSHT
& RT-qPCR M 72 45 S A ge 1434 , HSP 3k
FEAS [) b o i A A 22 08 R IR AR S 3R V ISk
A ARHS A TR A S F R VISER R V2,61
A AR IA AR S R VIR HSP 3L N Rk e i , AR 57 &
V2 Rk (E 6), 28 5 & VI 5 HAb A i HSP
FEHNFREAWKESR . X HSP I AE AR A [H
HAIEATRIRZE T, WA KR >R >
RASER>FE(E 7). MR EREWELE,
ARAR R L B HSP PR 3 3kt v T Hofh 2H
A, 7 BRI ) A R AR R IR HEY 1 113.03%.
S AR A v HSP L R e 3k B JC B I 25 5, iR f
AN HSP B R R ihtm JTC W i 25 5 . X HSP A
FEARARTR & B AR 21825 500, 45 81 HSP 3
PRI 7 e 220 0 2R o e v, L P B 28 5 7 SR SR IR
RIRESF AR WA % A5 HSP 3L ik &
B R (& 8)
.
6r T

il
< 4
&
gy
oo
)

—_
T

[=}

0-4 ' B-4 ' 5?4 ' D-4 IYY-4 ' V-4 '

Eo6 ARmMEARERASPEFANRIEIELER

E:0-4: KA B-4: BFAVI; S-4: BHF £ V2; D-4:
kR YY-4: FARBRR; V-4: TFZ V3,

O-4p O-4r 0-dy 0-4d 0-4b

B7 AEARARAATHSPERPIRIEELER
E:0-4p: &K ; O-4r: RA; O-dy: »F A ; 0-4d: & F;

0-4b: XA,
16 £
14 T
. 12 |
H 0k
X 10 .
®o8r -
4k
2 i P
0 | | | |
O-1 0-2 0-3 0-4 0-5

B8 AEAERME HSP EANRIEELER
E0-1: HEM; 0-2: G#H; 0-3: ¥4 H; 0-4: Mk
BARER; O-5. MM AEE,

3 g

Z IR, PR Y A KR T X
b LA EEAE Y HSP R R TERR IR B JRK
PIRIT K EZ MY A AR, b
B A YL R I T B R i 1Y), HSP REd2 = 2L R
TEXFV R i 52 120, 78 B oK HSP RBAS £ &5 it
SRR A2 R . AR ERRIG L 2 4 E A E
B VTR, AR AR 7 b T I o A T )
FAEHURE PO R PUIEPESE . A A e
I R SR 5 L IR S oy BT e % 5 DR A G 2R
WIS LA Je I R . R T A R HSP
(1) B A Joit S JH i R 35 PR 174 B 28 iR A=, S LA
i SR AT SR Ry bRt g R 5 4 v R T O v AR AR
T AR HSP N 1 cDNA 751, H- 3047 T R K A9 st
23 RN T, A7 B Ttk — 2D W58 HSP 3L A (1)
W IRE

TR ST EREAT A — BRSPS
o AR Ji Sk ARG T B AR R, Ho
A T R T SR TR A AR
X T Sk R AR R LA B B A B R
1R A Jg T A A e B Sl B A PRk
AT FIARE Jg S AL B Az (8] R A S HH [A) 1E &
(1) 3 FWARAAR S5 2 A BT T HSP B Y 38 2



68 HE 2R AR (A IRBEA AR

545 3%

ST, A5 R W] L AT R B 00 R Bl &R
(AN AR 22 V2 V3 FEFA: B R 48 ) HSP HE R i 3=
IR A TG, AR T 2 A 2 1 R A R
(g Sk e AR SR V1) EEH ek A A o

HH A7 H HSP20 3 R 0% g % 135~373 A4~ 24 5
B2, E 5 TN 15.17-41.71 kDa'®! | 3% 5% HSP
2 DR 2 i 1) 0 R B P TR AR T, (H P o S R 45
FL SR AT, 8 HSP 5 PR Gt R 174) 2 i PR 55 R 05K
12.22, 1A A7 HSP20 J5% PR G 1% 2 1) 2 R i 45 H at
414.53-10.07, /R4 HSP A9#%.0 DI RELEY) Fhla] =
PRSF AH i T E b o B2 b BR B OR [A] , e 26 4 b )
HSP 7] g ifE Ak 851 B I BE , DT B8 4 i IR 55 F 4%
PIFh ) A PR OR

HSP SERITE SR Bz AR SRR AR S5 AN
[ 2 2 B AT ek RS P, i i B IR 3Rk i
I T HAL L, R 5 R A S R AR
FER R FE 22 AN B 5 A RE A T
W2 7~ HSP AL T4k . S0 MAEE 24 T
5 L BN R R A 8Uh R GA
i LT X S AR A5 A — . HSP90 J& A
R 35 BRI S W B, e IR P A TR HSP9O 7R3 R
FAh SRk R P AR AR R B R AR A
b AR A TR AR I 43 A L Ul
21 MR SR S AP B, ITARR, T Ak
S AR AL , B At S0 B B 1A 18 E B R, R
IG5 R, ARG R A A e 2 By
Bt AW oE A HSP LR e =i T S AR b
SR ESREY ARPIE SR TAF E
H I HSP 5L F ) B b s 5 B AR SR
i I HSP JE DR 3 3K o de g, 3% I XY AT SR I i i
R T 3 B3 et i, HSP 3 ik s & i BT, 2
REAJGRIXEEI D TR, 54T 0 Brd
Re—, nIUL, HSP LR AW B W aa i —Fp
B (E AR I — 2 F B S R B A ) TR
7T 27,

4 iR

A B 5T 4 PCR ¥ 5w B AR A% AR HSP HE K 1Y
cDNA JF51 K FE A 478 bp, ifith 154 P& IER , 43 F
HR/INK 17.29 kDa S5 HL 5 12,22, A . X L3
A 5T 3BT HSP - 34 55 7K 1 B0(E S —0.308 , iy SE 7K
PEZE 1, HSP ANTRE RECH 81.04, i i ik 2 A2 45
R 75.45, 340 5 407 T AE SRR . RE IRk

oA s A HSP LD 5 AR | FAAE SR G R R L
AT o T8 B PR Y A s AR A R B HSP AR
TEGURMELF 8 i B b ORI R s
oy RARBER WS A ik iy, ROR KRR R Ris
TR

SE Lk

[1]JLI D Q, YUE D D, LIU D, et al. Phytochemical and
chemotaxonomic study on Ziziphus jujuba mill. (Rhamnaceae )
[J]. Biochemical Systematics and Ecology,2020,91:104058.

(2 X2, E 3R E . B b SRR 0T 7048 A [T ). SRm)
#41¢,2019,36(10) : 1369-1381.

[3]LIU M J, WANG J R, WANG L L, et al. The historical and
current research progress on jujube—a superfruit for the
future[ J |. Horticulture Research,2020,7:119.

(4 Wt N R R, 45 . 208 g 37 25 AR08
ZHER) B G IR A XA [T ], 2 A4 CH AR
“#H1) ,2004,23(3) : 38-40.

(5]t ss, H/AN T, S e AR R SR vk 0], db
I Z,2009(12):102-104.

L6 IR, 24 R TEAR 111 70 2B 2= g S5 7R FIAL &I BT
PERELT]. A ARl ,2019,31(3) :270-278.

(71 00, ko, Al . PREE Aot )], 4E
LR (A ARARR) ,2008,27(1) : 72-75.

[8]LI J, XIANG C Y, YANG J, et al. Interaction of HSP20
with a viral RdRp changes its sub—cellular localization and
distribution pattern in plants [J]. Scientific Reports, 2015,
5:14016.

[9]SHAN Q, MA F, WEI J, et al. Physiological functions of
heat shock proteins [J]. Current Protein & Peptide Science,
2020;21(8):751-760.

(101 £, W&, . IR S O B Sy i i

FEVEWFFEHIEIE) ]. PHALAE Y 742, 2007,27(2) :421-428.
[11]BERKA M, KOPECKA R,BERKOVA V,et al. Regulation of
heat shock proteins 70 and their role in plant immunity [J].
Journal of Experimental Botany,2022,73(7):1894-1909.

12155 By . 8 /N ERAR 5 2 11 (NDHSP20) 5 P Bl ) 9
FERVEARRISELD ], G40 WL R, 2023,

(13 4540, o [0, R AR A0, 45 /Ny T VRS R T S5 5
ifely]. Bl ,2017,29(1) : 55-61.

[14]MUKHOPADHYAY R, BORO P, KARMAKAR K, et al.
Advances in the understanding of heat shock proteins and
their functions in reducing abiotic stress in plants [1].
Journal of Plant Biochemistry and Biotechnology, 2024,
33(4):474-491.

[15]MONDAL S, KARMAKAR S, PANDA D, et al. Crucial

plant processes under heat stress and tolerance through

heat shock proteins[]]. Plant Stress,2023,10:100227.



513 B Bk A ORI HSP R Y vE b B ) 25 ik i S 69

[16]SUN X B,ZHU J F, LI X, et al. AsHSP26.8a, a creeping
bentgrass small heat shock protein integrates different signal-
ing pathways to modulate plant abiotic stress response [J].
BMC Plant Biology,2020,20(1) :184.

[17]WUJT,GAO T,HU J N, et al. Research advances in func-
tion and regulation mechanisms of plant small heat shock
proteins (sHSPs) under environmental stresses [J]. Sci-
ence of the Total Environment, 2022 ,825:154054.

L1821 2=, BNV ARV L 55 AR sHSP HE PR ZR i 2k
WAPTL) ] R4, 2021, 42(12) : 34243432,

[19INETO V G, BARBOSA R R, CAROSIO M G A, et al.
Sequence analysis of Ricinus communis small heat—shock
protein (sHSP) subfamily and its role in abiotic stress
responses [ J]. Industrial Crops and Products, 2020, 152:
112541.

[20JESCOBAR M R, FEUSSNER I, VALLE E M. Mitochondrial
small heat shock proteins are essential for normal growth of
Arabidopsis thaliana [J]. Frontiers in Plant Science, 2021,
12:600426.

(2148w BRT LRGBS 25 il ia T ABA 4% sHSP26
X R AR AR G AP R I ). IR ARl R 2241, 2019,

(22 JEBT5 , 20 , X e, 45 . ik T ARG Hpi 28 5 4%
V2 HUA PR BRSP4 5 [T ). v R 7 SRR, 2024,
53(6):225-232.

(233K 8L . HHAE HSP20 %1 3 K %6 72 I i o7
IR HTD ] K- {%Tﬁi?ikji%,mm.

[24]DE SOUZA RESENDE ] S, DOS SANTOS T B, DE
SOUZA S G H. Small heat shock protein (Hsp20) gene

family in Phaseolus vulgaris L.: Genome—wide identifica-

379 P A7 e

tion, evolutionary and expression analysis[]]. Plant Gene,
2022,31:100370.

[25]FENG X H,ZHANG H X,ALI M, et al. A small heat shock
protein CaHsp25.9 positively regulates heat, salt, and drought
stress tolerance in pepper ( Capsicum annuum L.) [J]. Plant
Physiology and Biochemistry,2019,142:151-162.

(26 [k ag 3C, EHMCPE  RFRE, 55 . IR HSPIO FEIR LN %
Fe it a & AR ML), Bl 24, 2021, 48(5) :
849-859.

[27 ]PANZADE K P,KALE SS,CHAVAN N R, et al. Genome—
wide analysis of Hsp70 and Hspl100 gene families in Ziziphus
Jujuba [J]. Cell Stress and Chaperones, 2021, 26 (2) :
341-353.

53(6):831-838. [EEHRE ZEE

Cloning and spatio—temporal expression patterns analysis of HSP gene of
“Muzao” Ziziphus jujuba Mill.
YANG Lu',CHEN Mengfan',ZHOU Hailin',HU Junhua', CHEN Guoliang',
WANG Jianhua’, WANG Yanfeng', LI Xianfang"

(1. Shaanxi Key Laboratory of Research and Utilization of Resource Plants on the Loess Plateau, School of Life
Sciences, Yan an University; 2. Yan’an Heyuan Biotechnology Co., LTD, Yan’an 716000, China)
Abstract: Heat shock proteins (HSPs) expressed by plants in adverse environments or special periods of develop-
ment can help resist stress and protect plant cells. The article took “Muzao” . “Gouto zao” | round sour jujube, V1
V2. V3. different tissues in “Muzao” and fruits of different periods of “Muzao” as experimental materials, HSP
gene encoding heat shock protein was cloned from “Muzao” at the brittle stage of ripening, and its sequence
characteristics were analyzed by bioinformatics method, and its spatio—temporal expression pattern was analyzed by
RT-qPCR. The results showed that the HSP gene was 478 bp in length, encoding 154 amino acids, with a
presumed molecular weight size of 17.29 kDa, an isoelectric point of 12.22, indicating an alkaline nature. The coef-
ficient of protein instability was 81.04, the value of average hydrophilicity was —0.308, suggesting a hydrophilic
protein. The index of aliphatic amino acid was 75.45. Spatio—temporal expression pattern analysis showed that the
expression of the HSP gene was low in the varieties with good crack resistance, high in the leaves, high in the
crispy ripening stage when fruit cracking was easy to occur, and decreased significantly after fruit cracking oc-
curred. The expression of date HSP gene was higher in the variant line V1, the leaves of jujube, and the fruits of

jujube at the crispy ripening stage.
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