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K AR, FIBRE N XTH % e A7 7
WIS 22 S0 ZERARE T T F e R I XTH23 &
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1.1 WKIEMHR AT WA TE 93-114° F
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PR B A BEIR g — N (). SRR
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{i Ff} RNase-Free ) 4% 22 & W 1 [ & Wk 3F 47 [
FE, FESLEE 1.5 h 5 AV EE R 0.01 mol- L' 1%
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70% TR 2 L T AT K A B, A Uk T K Ak
5 min, Zb3E BFE S E T 70% ST, 4 C
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73)Cat #RP3301, #EH 4 B RNA HEBURH & ] 4
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B, 04T 5% 55 A B cDNA, H] TaKaRa it 7
B 5 cDNA, —20°C FARAF . (ELRERE ik
Z A E U
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HbActin *& N 2 3 [H, HbActin_F: 5'-gattccgttgcee
agaagtc-3', HbActin_R: 5'-caccactcagcacaatgttacc-3’,
i H TaKaRa(FE 4= 9) ik 7 & [Cat# RR820A, TB
Green Premix Ex TaqTM II(Tli RNaseH Plus)], DA
HbXTH23F: TCCAAAGAGCCAGCCAATG, HbXT-
H23 R: TGTCTTCACAAGCCCACCC N 5|4y, i
JH Bio-Rad 1 5k PCRAY, 2Rk P 20k 47 2 ik
5. RAMMIRE 3N EYFEESL, FEEHN R
R 220 3. FH Origin 9.0 #4FEAT 503
S FRIFAER
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fif IEAE FAA [8 6 W1 e, B8 B2 I RS K, JF T
70% RS TR . WIEANY R, AU
PR 25 2ok 8 2225 50K [20] Tk, JF AT
Fr#& . R AlleleID 6.0 #fF, i@ 5K ) mRNA
FEAE BT IREH R, IREHK BEFE 30~44 bp Z
] o FEERENHY 5/ AR & A 5-FAM Y % 't 5k A
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(Carboxyfluorescein-5-succimidylester) 24 5 -FAM-
AATATATTTGTATGGAGAATATAAGGGTCT
CCACTAAGAT-3', fE BRI T, %2R A
i % 4. mRNA-FISH 2 J8 - JH#iafi " (19 73k,
i 33 9t i (52 BXS1TR-32FA1-A03) W
%2, {# ] Image-Pro Plus 6.0 #4877 G REE .
1.5 EYERESH W 7EL TAEIERH
HbXTH23(LOC110641156, XM_021792777 )i 17
7 M1 o F) I ExPASy ProtParam tool(http:/web.
expasy.org/protparam/) 53 1 HbXTH23 ) 3 1k, %
Jii . M| ExPASy ProtScale(http://web.expasy.org/
protscale/) 43 #fr HbXTH23 & 5 18 7 1) 1) 2 7K 1
FI FH ngLOC (http://genome.unmc.edu/ngLOC/index.
html) 1 Plant-mPLoc (http://www.csbio.sjtu.edu.cn/
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YR E LS L, A TMHMM Server v. 2.0(http://
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FLWR 740 0 2 R 25 ), A SRR T 4 ) G 2k
T FH SOPMA(https://npsa-prabl.1bcp.fr/cg1-b1n/
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AT EZAEVIRET . HENZEEHAEAR T f
ol 7 - ) 08 ) R v 3k T B 5 S5O A T
BHREHZ —.

ARk

LSOF __ ipes
25
125} AR

i 100}
P
#® 075}
=y
o050}

0.25+

MMC Te MSP
NEV-&=10E
B 2 HbXTH23 R:FTEMAE AR K& & Rk b
MMC: /NMEFEEANIEETHE; Te: PUAMARTH; MSP: /)
TR A B 93-114°; 01 F: © #BF 7-33-97 7,

2.3 HbXTH23 EFEFTIAR RNA KRR 547
XF I 93-114° (HEVEARE ) 1A 7-33-97 (1
ALE) PO oA 3 BAAZ /N 3 B4 e AR R A T A e


http://web.expasy.org/protparam/
http://web.expasy.org/protparam/
http://web.expasy.org/protscale/
http://web.expasy.org/protscale/
http://genome.unmc.edu/ngLOC/index.html
http://genome.unmc.edu/ngLOC/index.html
http://www.csbio.sjtu.edu.cn/bioinf/plant-multi/
http://www.csbio.sjtu.edu.cn/bioinf/plant-multi/
http://www.cbs.dtu.dk/services/
http://www.cbs.dtu.dk/services/
https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_sopma.html
https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_sopma.html
https://swissmodel.expasy.org/
https://swissmodel.expasy.org/
http://www.cbs.dtu.dk/services/SignalP/
http://www.cbs.dtu.dk/services/SignalP/
http://web.expasy.org/protparam/
http://web.expasy.org/protparam/
http://web.expasy.org/protscale/
http://web.expasy.org/protscale/
http://genome.unmc.edu/ngLOC/index.html
http://genome.unmc.edu/ngLOC/index.html
http://www.csbio.sjtu.edu.cn/bioinf/plant-multi/
http://www.csbio.sjtu.edu.cn/bioinf/plant-multi/
http://www.cbs.dtu.dk/services/
http://www.cbs.dtu.dk/services/
https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_sopma.html
https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_sopma.html
https://swissmodel.expasy.org/
https://swissmodel.expasy.org/
http://www.cbs.dtu.dk/services/SignalP/
http://www.cbs.dtu.dk/services/SignalP/

# 6 1] XULL AR5 EL PRI AN 7 AR AR BE IR HXTH23 (14234 333

Y1 A, FIFH mRNA-FISH $ AR % HbXTH23 A ff
AR 20 B b ) ek HEA TR . 25 SRR AN ie
FEMEAT ML E MR, fEAEZRE | 22
(FF) B3R S] HXTH23 JEP 25k (& 3) . X

FE0H HPXTH23 JE T BE FE BAEME 22 (HE) . 462y
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a Fil d 4 DAPI 40, b Fil e UG5S, ¢ Fl £ NAEE K a, by ¢ BT 7-33-97° ([ F), d. e, FHETF 93-114° (A H) ;

N: 16, B 4624 , F: 22 () .

2.4 HbXTH23 BEEHEMERFESH

2.41 HDXTH23 % B %/ & & BT 2
Fe L mpoRALTRR R TR T T A AR
B, HbXTH23 & H A 286 & HE AR, 16 F
22 AR IR T, BRI i 2R (Pyl, O). il
2R (Sec, U) A 2 5 HbXTH23 & [ 4t
Gh, HABE LRI S 5 TixE A g, Hoh 225
M2 (Ser, S) S in i 11.9%, 442 (His, H) F Ak
Ak 1%(E 4) . A5 F20 31.95 kDa, Hlig %
L 7.62, M2 5K GRAVY H—0.288, 44
[ 0.00%

I 3.50%
Val (V) | . 13053703/0
Trp... — 7.30%
[ 0.00%
Pyl (O) 11.90%
3 3.80%
Pro (P) | Tr00 6.60%
Met. .. fr—5 0% olios
Leu (L) = 5.60% 170
His (H) ;7“10(7 7.70%
Glu () = —5.60%
CyS (C) e 5.90%
Asn (N) 2.80% >0%
2 5.609
Ala (A)[ 0 e
0 0.05 0.10 0.15

Fl 4 HbXTH23 (Y5 FEFR4 Y,

W2 e 9 s A oy A e SUELLA R (] 5), S sk Pk 2R
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242 HDXTH2Z3 A B % AeyZa Lo
HbXTH23 Z LR T 51) 1) 255 IS 235 44 FoU 0 235 SR 42 B,
HbXTH23 2 BE 1R T 51) 115 R WA e 2 ik i ok S 40 ot
B AR AE R 15.50, 25 FHT 60 > 2 JE g rh 125 1 4%
e 1) 2 R 1 A T BB M 15.36, N-term {37 IS 41
i J5TN F A ABE R 0.468 (1] 6), A& TSR .
LR T 5 G A R T g5 R B R
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#XP_021648469.1 5 RIZ i 2 JL R 58 SLECR I ER(E: 15.501 51
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17.13%, JE Bl AE {65 %) 2 L 192 (Extended strand ) 7
85 1, i [t 29.72%, 17 MR ZERIE 1, p-i ffi (Beta
turn), 5 . 5.94%, JE BTSN 45 i (Random coil)
FIEIERRAT 135 4, itk 47.20%(% 7). HbXTH23
=Y aE Ry S5 (5] 8)F B, HbXTH23 & 1)
SYERERIE TS T 56.44% MR HF, BI 161 A4
SERR, AIAEEER 92%. A HDXTH23 BENAFIEE T oo g oy

5 2 K BUISS 5 (7 9) 219, HDXTH23 BA & SRR
T KBS R 8 U107 55067 T4 26 RIS 27 542 H

LRI, AU MEGA Hygk HbXTH23 #1950

fl AL [ 11 A0 T (T 10), 245 50 o

HbXTH23 & [ 5 H| & 2 1.8 11 (Mucuna pruriens i
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HNZLAR A LV AR B PEAS T AR I FE DY) HDXTH23 F)ARIE 555

(1) KAG7023398.1 {5/

0.17

(9) NP 194311.1 {5 4F

0.13

0.14

(11)
0.03

0.11

(4) PKAS51387.1 IRHIL %

(3) PWZ21054.1 £k

0.25
(5) KAG1364473.1 A] 1]

(8) XP 020699176.1 &% iz £1 figh

0.14

0.10

0.050

(2) KAG7023398.1 Hi|BHE T
0.01 (6) KAG7023398.1 I PG5 ekt

(7) XP 019259007.1 PREDICTED %

B 10 AFEYFhE] XTH23 & H R 44T

RDY03917.1). 4 % & H (Nicotiana attenuata
XP_019259007.1) 325 K R
3 i ®

K R WE N G T I K BB (xyloglucan
endotransglucosylase/hydrolase, XTH) &4 4 41l Jifd
W T AR 1ok R v ) SC SRR, 2 — P 4 R RE AL St i, 7E
21 B A ] SR 1 DT R P A B A e A v L
AEEAEM ., XTH E AR A0 K b
{LREREFA S A0 B R, T H 25 Al i RE 5 i, REfE 5
Al 20 L RE b ELA R ik 20 B RE T AR FH ol XoF
B FEICE R4, g5 ], KA R AR
SRR B DL KOS AR L 7 o A A S A R AR
1k, BRI T EOKE A LU IE R 2 i9ESY,
KB XTH Z 5 EE RS fE. YOKAYAMA
AP IFTE AR WY XTH &R T o o 13 74 12 | iih 3% P
NE. A KR EMYEER, 555K B, Uil] XTH
AIRES 5P E N A K NIESEEH . HE 5509
W5 & B, SR IT ALXTH23 HE K 3 15 7K -1 i
VTR ABA LT B 2 LR AERIR ST Tl se R
fig BR 3 I3 N XET ik SR e, DA
AT AR R R, AR E R XTH B 52 A4
WEDLRIAIR . AOTFEH, HDXTH23 FENTERR I
REEPEAR B By MEAE 2R3k B, I 1Y Rk
A RE XTI 7 BRI = N i S5 R 15 5 1Y %
AR, TEAE MR IE LR A I 0 = T AE ]
B R Y Feak i AL BA S TR Al 2

ek, (HAE IR AL TP L A ik o I IR
FLIE A R R LA AR 52 205 5 Mt )5 HE 0 A
2R, LA ) — > B R A BRI A7 R 4R
PRI, WA S P LRI R FE R AL £k . %
SRR SRR FL A P SR TR T R A S
JEFLAH DG I L 2 P eV e B — 25
HEVEART 1 & 52 B 2 R0 N FZ i, Kb e
Wy EE K AE 22 (B B S B & R BUREEAR T . 7EXT
o NOEER T R AN B AL T, /N T
Ky EAGEEFL A G, B RZE M, fE24%i 04,
1625 K /INA AR AP, 40U FE JF 28 28 {K msl. dexl.
nefl . rpgl . npu. efd Fl arfl17 #RRETE WAL BE BRI
P FEAER RE R T 5w 5 R R TR, K
TR 28 AR 1R wdal i A6 24 BE £ 0 J2TH A%, /M
TERERE, FEAAREL T FH, &80
AE LA, TKFEPAE RE R P4 R
B, BG4, B2z b 0S4 NI A T, X
AREEANE RITHUR | NS, (22K D RS
A F B H Y, 7E R IF o & B T-DNA i
AGASAK Salk 118481 #R R MFE A, Tk 1 #k
VAR T 240K, %5878 Aty 56K FNE #5H, 3i if
TELLASREAR K S8 LA 1 AR B, ARWFSY
Wi X HhXTH23 FER AR50 HT, & BLIZ FE R
TELGRE R AR 22 (b)) A ik, RINRIERFEALLLHE
S IR 2 RE B 3R S0 T RE 2 1 UM AE R A S A
Z—. HbXTH23 E A FALIERR . Sk, 5
SR B REAEF KR (S5 A TN 7R HbXTH23 4
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14 286 DRI, K EH, BAESIK B TA
PR, SRR EEN  MEEARRECR
B o AWFTEEE R N oI R HE A T 20T L
TIPS, I AR (1 7 b T AR SR R4
Pl

S 3R

(1] ELRI, Mok b, 222008, 45 HAYIMEVEAS & I B K
FIOFSEERE 0], TR AL BE2E, 2019, 48(5): 1 -9.

[2] MEI S, LIU T, WANG Z. Comparative transcriptome
profile of the cytoplasmic male sterile and fertile floral
buds of radish (Raphanus sativus L.) [J]. International
Journal of Molecular Sciences, 2016, 17: 42.

[3] YAN J, ZHANG H, ZHENG Y, et al. Comparative ex-
pression profiling of miRNAs between the cytoplasmic
male sterile line Meixiang A and its maintainer line
Meixiang B during rice anther development [J]. Planta,
2014, 241(1): 109 — 123.

[4] RHEE S J, SEO M, JANG Y J, et al. Transcriptome pro-
filing of differentially expressed genes in floral buds and
flowers of male sterile and fertile lines in watermelon [J].
BMC Genomics, 2015, 16: 914.

[5] RAJESHWARI R, SIVARAMAKRISHNAN S, SMITH
R L, et al. RFLP analysis of mitochondrial DNA from
cytoplasmic male-sterile lines of pearl millet [J]. Theor
Appl Genet, 1994, 88: 441 — 448.

[6] ISLAM M, STUDER B, MOLLER I M, et al. Genetics
and biology of cytoplasmic male sterility and its applica-
tions in forage and turf grass breeding [J]. Plant Breed-
ing, 2014, 133(3): 299 — 312.

[7] ATTANAYAKED P S T, DHARMARATNE S C. Pre-
liminary observations on flowering, pollen germination
and fruit-set in Hevea species [J]. Journal of the Rubber
Research Institute of Sri Lanka, 1984, 62: 41 — 46.

[8] HARIHAR G, YEANG H. The low fruit set that follows
conventional hand pollination in Hevea brasiliensis: in-
sufficiency of pollen as a cause [J]. Journal of the Rub-
ber Research Institute of Malaysia, 1984, 32: 20 — 29.

[9] PRIYADARSHAN P, CLEMENT-DEMANGE A.
Breeding Hevea rubber: formal and molecular genetics
[J]. Advances in Genetics, 2004, 52: 51 — 115.

[10] RAO B S. Pollinating of Hevea in Malaya [J]. Journal
of the Rubber Research Institute of Malaysia, 1961, 17:
14-18.

(11 ZRE, A e, TR, & R HT ihFh 2 8F 77-2
W 77-4 19402 4 K A A A 0] i AR
A4, 2009, 17(6): 602 — 605.

[12] COSGROVE D J. Growth or the plant cell wall [J]. Nat
Rev Mol Cell Bio, 2005, 6(11): 850 — 61.

(137 ALmEHE, TEOT, MR R, 55, 20 B o ) SC Bl A 7 2R
Y PR R K A (XTH) RO FE R (7], el
Y AR2£H7, 2010, 18(3): 604-609.

(14] Bz, BAILAE, 28 H R, 55 . A1) 20 M0 BE ER A Tl A A 2R

PR R il /K el (XTHD) AR 58 30 2 (90 rp Ak
FiE i, 2016, 32(18): 83 — 88.

[15] XUP P, FANG S, CHEN H Y, et al. The brassinoster-
oid-responsive xyloglucan endotransglucosylase/hydro-
lase 19 (XTH19) and XTH23 genes are involved in lat-
eral root development under salt stress in
Arabidopsis[J]. The Plant Journal(1), 2020, DOI:
10.1111/tp;.14905.

(16] BRZARE, EoE9E, IVEX, 55, 1K ZmXTH23 R SEkE
IR B HOT ER 30 AT S s 1 (D7 ARl A=
AR, 2019, 27(9): 1533 — 1541.

(17] B, SKUTEL, 255508, 55, GmXTH23 HEP Y vl Kt
S S e L] VLV Ok Ko ol 2020, 42(5):
898 —905.

(18] #i /=, BUKHE, EX, 55, XTH JEPI KL G757
BAEREA R AL 37 30y 2R3k 04 (1] ) PU A4, 2021,
41(4): 514 - 521.

[19] LIF, WANG Y, GAO H Q, et al. Comparative tran-
scriptome analysis reveals differential gene expression
in sterile and fertile rubber tree varieties during flower
bud differentiation [J]. Journal of Plant Physiology,
2021, 265: 1539 — 1546.

[20] My, 253052, X362, 45 i 467 A W00 R il 7
AR D). AR bRl B R 2 2 4, 2020, 40(3):
53 -59.

(217 A%, XVLLAR, 56—, 5. PRI A 75 A0
KA HhGEXT Wy 5 be 5 3R3K 00 L], 70 THM &
1, 2022,20(7): 2179 — 2187.

[22] POTTER I, FRY S C. Changes in xyloglucan endo-
transglycosylase (XET) activity during hormone-in-
duced growth in lettuce and cucumber hypocotyls and
spinach cell suspension cultures [J]. J Exp Bot, 1994,
45: 1703 — 1710.

[23] SMITH R C, MATTHEWS P R, SCHUNMANN P H D.
The regulation of leaf elongation and xyloglucan endo-
transglycosylase by gibberellin in ‘Himalaya ’> barley
(Hordeum vulgare L.) [J]. J Exp Bot, 1996, 47(302):
1395 — 1404.

[24] REDGWELL R J, FRY S C. Xyloglucan endotransglyc-
osylase activity increases during kiwifruit (Actinidia de-
liciosa) ripening (implications for fruit softening) [J].
Plant Physiol, 1993, 103(4): 1399 — 1406.

[25] MIEDES E, LORENCES E P. Xyloglucan endotrans-
glucosylase/hydrolases (XTHs) during tomato fruit
growth and ripening [J]. J Plant Physiol, 2009, 166(5):
489 — 498.

[26] SAABI N, SACHS M M. A flooding-induced xyloglu-
can endotransglycosylase homolog in maize in respons-
ive to ethylene and associated with aerenchyma [J].
Plant Physiol, 1996, 112: 385 — 391.

[27] YOKOYAMA R, NISHITANI K A. A comprehensive
expression analysis of all members of a gene family en-
coding cell- wall enzymes allowed us to predict cis- reg-
ulatory regions involved in cell wall construction in spe-
cific organs of Arabidopsis [J]. Plant Cell Physiol,


https://doi.org/10.3390/ijms17010042
https://doi.org/10.3390/ijms17010042
https://doi.org/10.1186/s12864-015-2186-9
https://doi.org/10.1111/pbr.12155
https://doi.org/10.1111/pbr.12155
https://doi.org/10.1111/pbr.12155
https://doi.org/10.3969/j.issn.1005-3395.2009.06.015
https://doi.org/10.3969/j.issn.1005-3395.2009.06.015
https://doi.org/10.1038/nrm1746
https://doi.org/10.1038/nrm1746
https://doi.org/10.11924/j.issn.1000-6850.casb15120059
https://doi.org/10.11924/j.issn.1000-6850.casb15120059
http://dx.doi.org/10.1111/tpj.14905
https://doi.org/10.11931/guihaia.gxzw201904029
https://doi.org/10.1093/jxb/45.Special_Issue.1703
https://doi.org/10.1104/pp.103.4.1399
https://doi.org/10.1016/j.jplph.2008.07.003
https://doi.org/10.1104/pp.112.1.385
https://doi.org/10.1093/pcp/pce154
https://doi.org/10.3390/ijms17010042
https://doi.org/10.3390/ijms17010042
https://doi.org/10.1186/s12864-015-2186-9
https://doi.org/10.1111/pbr.12155
https://doi.org/10.1111/pbr.12155
https://doi.org/10.1111/pbr.12155
https://doi.org/10.3969/j.issn.1005-3395.2009.06.015
https://doi.org/10.3969/j.issn.1005-3395.2009.06.015
https://doi.org/10.1038/nrm1746
https://doi.org/10.1038/nrm1746
https://doi.org/10.11924/j.issn.1000-6850.casb15120059
https://doi.org/10.11924/j.issn.1000-6850.casb15120059
http://dx.doi.org/10.1111/tpj.14905
https://doi.org/10.11931/guihaia.gxzw201904029
https://doi.org/10.1093/jxb/45.Special_Issue.1703
https://doi.org/10.1104/pp.103.4.1399
https://doi.org/10.1016/j.jplph.2008.07.003
https://doi.org/10.1104/pp.112.1.385
https://doi.org/10.1093/pcp/pce154

i 6 10 LT AR5 VR M AN B AR AR IE LR HbXTH23 1315 557

2001, 42: 1025 — 1033. [31] JUNGKH, HAN MJ, LEE D Y, et al. Wax-deficient an-
[28] HE J X, FUJIOKA S, LI T C, Sterols regulate develop- therl is involved in cuticle and wax production in rice
ment and gene expression in Arabidopsis[J]. Plant anther walls and is required for pollen development [J].

Plant Cell, 2006, 18: 3015 — 3032.

(32] /b, Bz, m ek, KARETT AL V. AN E
FY W H R ML L AR LB [I]. VR P24,
1994(1): 13 - 17.

Physiol, 2003, 131: 1258-1269.
[20] Ji/IMR, 2, AL, 45, & MIEVEA B R A EARTE
RAE S 2 0 g L0V 95 ROl B2, 2008(2):

133 -135. (330 BAUH, BRIR, 2584, 45 IR IFHEME R 7 251 e 1
(30] SKYTYT, %, BT, 5. MR E PR BE I3 AR S EALHT 1], MY 0 25 5 IR 2= 4, 2012,
BERLT]. A ARIE IR, 2019, 35(6): 138 — 146. 34(2): 164 — 170.

Expression analysis of candidate gene HbXTH23 related to male

sterility in Hevea brasiliensis

LIU Hongdong'?, DANG Yimin', WANG Ying', GAO Hegiong', ZHUANG Nansheng'
(1. College of Tropical Crops, Hainan University, Haikou, Hainan 570228;
2. Rubber Research Institute, Chinese Academy of Tropical Agricultural Sciences, Haikou, Hainan 571101, China)

Abstract: Xyloglucan endotransglucosylase/hydrolase (X7H) is a key enzyme in plant cell wall remodeling and
plays an important role in plant growth and development. Previously, we screened the differentially expressed
gene XTH23 related to the male sterility in Hevea brasiliensis by transcriptome sequencing. The HbXTH23
gene expression in different organic tissues and male flowers at different development stages was then analyzed
by using qRT-PCR, and the location of specific expression of HhbXTH23 gene in the male flowers was analyzed
by using mRNA fluorescence in situ hybridization (mRNA-FISH). The qRT-PCR results showed that
HbXTH?23 gene expression was significantly higher in male flowers of male sterile varieties (MS) than in male
flowers of male fertile varieties (MF), and also significantly higher than in other tissues, and was almost not
expressed in latex. HhXTH23 gene expression in MF at the three stages, microspore mother cell, tetrad and
mononuclear microspore, presented a rising trend, and the expression in MS increased first and then decreased.
And the highest difference in expression between MF and MS was at the tetrad stage. The results obtained by
mRNA - FISH showed that HbXTH23 gene was mainly expressed in filaments (style) and the anther wall. It
was speculated that the abnormal expression in the filaments (style) and anther wall may be one of the causes of
male flower sterility. The open reading frame of HhXTH23 was 861 bp, and encoded a polypeptide of 286
amino acids with a relative molecular weight of 31.95 kDa and a theoretical isoelectric point of 7.62. The grand
average hydropathy (GRAVY) score of the protein was —0.288, and the hydropathy values of amino acids in
the sequence were mostly distributed below zero, which indicated that the protein was hydrophilic
(hydrophobic). Subcellular localization predicted that HbXTH23 protein existed in cell wall and cytoplasm. It
had a signal peptide, and the shear site of the signal peptide was located between the 26th and 27th amino acids.
HbXTH?23 was closely related to Mucuna pruriens and Nicotiana attenuata protein. Thes study can provide a
scientific basis for the further study of the molecular mechanism of male sterility and the breeding of Hevea

brasiliensis.
Keywords: Hevea brasiliensis; HhXTH23; QRT- PCR; RNA - FISH; bioinformatics analysis
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