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Identification and Expression Analysis of the Expansin Gene Family

in Wax Gourd (Benincasa hispida Cogn.)

YE Xinru, ZHANG Hui, WANG Bin, WEN Qingfang*

(Vegetable Research Centre, Fujian Key Laboratory of Vegetable Genetics and Breeding, Fujian Engineering Research Center
for Vegetables, Crops Research Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350013, China)

Abstract The thickness of wax gourd (Benincasa hispida Cogn.) flesh is one of the key factors affecting
fruit size and yield, and is closely related to fruit cell expansion. Expansin is a type of cell wall remodeling protein
that plays an important role in fruit expansion and other aspects. This study identified and analyzed members of the
BhEXP gene family in wax gourd based on whole-genome sequencing results, investigating their expression pat-
terns and regulatory mechanisms during wax gourd flesh development. Through microscopic observation of cell
structures in wax gourd fruits with varying flesh thickness using sectioning methods, a significant correlation was

found between fruit cell area and flesh thickness indicators. Identification of members of the wax gourd BhEXP
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gene family using biological methods, and analysis of chromosome localization, co-linearity, conserved motifs,
gene structure, promoter cis-acting elements, and phylogeny of family members. Results indicate that 38 BhEXP
family members were identified in the wax gourd genome, distributed across 11 chromosomes and grouped into
four subfamilies, with significant collinearity observed among members. Phylogenetic analysis indicates that the
wax gourd BhEXP gene family were closely related to cucumber (Cucumis sativus L.) and loofah (Luffa cylindrica
L.). Promoter element prediction analysis revealed that the promoters of wax gourd BAEXP genes contain numerous
elements responsive to light, methyl jasmonate, anaerobic induction, abscisic acid responses, and gibberellin. The
expression characteristics of BAEXP genes during wax gourd fruit development were analyzed using qRT-PCR (re-
al-time quantitative PCR) technology. Results indicate that BAEXPA13, BhEXPAIS, BhEXLA6 and BhEXPB2 may

play roles in wax gourd fruit development. This study provides a reference basis for further elucidating the biologi-

cal functions of extensin genes in fruit development.
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Table 1 Resources for wax gourd with different flesh thickness
EE RS
Material Flesh thickness
T-1 5.8 cm
S-1 4.4 cm
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Table 2 Primer sequences of real-time quantitative PCR

H [ 1L 514(5'—3") S FIH(5'—3")

Gene Forward primer (5'—3") Reverse primer (5'—3")

Actin CCA AGA AGC TCT CCC TGG TG CCAATC TGC CCT GGATGG TT
EXLA2 TGG TGA CTT CTG GAT ATG ATG GA TGT TCT GTT GGA CAACCTTCTT
EXLA4 GGT GCA TGT GGG TAT GGA AA ACC CAT TCC TTG TCG GTA GA
EXLA6 AAT GGT GGT TAC TTC TGG ATA CGA GGCAACTCT CTT TGG CAATGT
EXLAS CGT CTCTTC TGT TACTGC TTG T CAT AAC CAC ATG CTC CTC CAT AT
EXLAII CTT CTT CGT TCT CGT GAT CTC TT CCAAGG AAC CATAGC CAC AA
EXLBI CGT TGT CGT TGA GAATGT TGT TG ACT TGA ACT CCA GTG TCG TAG ATA
EXLB2 AGA TCC CAT GGA GCT GTT TG CCA CCATCCATC TTC CAT ATC C
EXPA2 TGG GAT GTG ATT CTG CTC TTG AGT CCATTG TTG AAT AAG GCT GTA
EXPA4 GGA TGA GCA TGA GCC GTAAC CTG ACC GAACTG CCAATTAGAA
EXPAS GTG CGG TCA GTG TTT CAA GA ATT GTT GTT TGG TAG AGC GTA GTT
EXPA6 CAG TCAAGG ATATGG AAC GAACA AAT TAG TGG CAG TGA CGATGATT
EXPA7 CGA GAT GTC AGAAGC AGC ATT CCA CTAATT CAC CAT CCATTC CAA
EXPAI2 CAT AGT GAA GGC AAG CGT GAA GGA GAG TGA CTG ACC AAC CA
EXPAI3 GCA AGC AAT GTC AAG GAA CTG GGCACCACT GTAAGT CTG TC
EXPA14 TAT CGT GAA GGT GAG CGT GAA CGT TGAAGG AGG TGG AAG TC
EXPAI6 TTG ACC TTG CCATGC CTATG CCT GAT TCC TCC TTG CTT CC
EXPA17 ATG AGA CAG CAT CCGAAACAAT GTT CCA CAAGCG TAG CCATT
EXPA1S TGG AGG TAG TGG TGA TGT GAA AAG AGG AAG GAA CAA CAT TGA CAA
EXPA20 ACATCT TCT TGG TGG CAT TGG TCA GTT CCATAG CCG TTC GTA
EXPA22 ACT TCA CTT CCT CTT CAC TGT TG CTG CCT TCA CTA AAT CGC CAT A
EXPB1 AGG TGA AGT GCT CTG GAG AA CCG AGA CTG CGAAGT TCATC
EXPB2 ACG GAC TCC ATG TAG GTA TCG AAC CAA TAT CTC CAT CTC CAT CCT
EXPB3 GGA GTG GCT GGA TAT GAA CC ATT AAG GCG GGAAGT GTAAGT G
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Fig.1 Differences in the cell morphology between two wax gourd flesh slices
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Table 3 Cytomorphological parameters of two wax gourd resources

R YIRS 2 ML 58 YA I AR VNGRS 2t 3022 R L
Material Length Width Area Perimeter Roundness Aspect ratio
T-1 423.44 243.05° 72 993.38* 1265.59° 1.97° 1.84°

S-1 318.59" 180.53° 43 371.74° 936.49 1.69* 1.83°

[l —4EAR AN FVING SRR AR P<0.05 KT 22 5 025 AR IR/ E T RESORAEP<0.05 K Z AN i3
The same index with different lowercase letters indicate significant difference at P<0.05 level; identical lowercase letters indicate no significant

differences at the P<0.05 level.

T4 ZNFFRARSHSRABEEHERXME

Table 4 Correlation between cellular parameters and flesh thickness in wax gourd resources

b 4 5 RIS NS (NSRS giliolialles RS
Index Cell width Cell length Area Perimeter Roundness Fruit thickness
Cell width 1.000 0.825%* 0.775%* 0.571%** -0.137 0.369*

Cell length 0.825%* 1.000 0.785%* 0.748** 0.24 0.421*

Area 0.775%%* 0.785%* 1.000 0.861%** 0.111 0.447*
Perimeter 0.571%%* 0.748** 0.861%** 1.000 0.578** 0.416*
Roundness -0.137 0.24 0.111 0.578%* 1.000 0.196

Fruit thickness 0.369* 0.421* 0.447* 0.416* 0.196 1.000

AHIC A REOE A AN B AL & 2 (R AH OCRR BE LA * .\ #*43 JI ZRIRAEP<0.05FIP<0.0 1 /K AH OGP 35 o
The correlation coefficient measures the degree of association between the variables on the horizontal axis and the vertical axis of a table; *, ** indicate

significant correlations at the £<0.05 and P<0.01 probability levels, respectively.
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Fig.2 Distribution of Expansin gene family on wax gourd chromosomes
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Table 5 Physicochemical properties of members of wax gourd Expansin gene family
HERBH WD IR A B N TRED PoRR BRI AR
Gene Gene ID Number of amino acids PI Molecular quality /Da Fnstablhty e Subcellular foca-
index GRAVY tion

EXPA13 GWHTBIVO033667 248 9.10 26 270.36 34.94 —0.054 Cell wall
EXPAS GWHTBIVO0029699 244 8.81 26 482.84 40.70 —0.051 Cell wall
EXPAG6 GWHTBIVO026442 244 6.86 26 088.19 32.42 —0.086 Cell wall
EXPA2 GWHTBJIVOO018215 252 8.86 26 680.05 32.03 —0.065 Cell wall
EXPAT1 GWHTBIVO0032499 250 8.64 27 142.59 34.05 -0.078 Cell wall
EXPA10 GWHTBIVO030336 245 8.43 26 356.60 34.73 —0.060 Cell wall
EXPA4 GWHTBJIVO0022840 261 9.48 28 239.04 29.67 —0.036 Cell wall
EXPA14 GWHTBJIVO034779 259 9.55 27 847.78 32.68 0.019 Cell wall
EXPA12 GWHTBJIVO0032994 257 9.40 27 868.74 40.23 —0.047 Cell wall
EXPA16 GWHTBJIVO008920 258 9.65 27 945.87 3491 -0.017 Cell wall
EXPA9 GWHTBJIVO0029953 263 9.38 28 324.19 34.67 0.012 Cell wall
EXPA15 GWHTBIVO035434 241 9.07 25601.13 34.20 0.054 Cell wall
EXPAS GWHTBIVO0024043 259 9.27 28 148.80 19.37 -0.122 Cell wall
EXPA3 GWHTBIVO0022322 289 9.63 32 086.73 36.93 -0.329 Cell wall
EXPA1 GWHTBIVO006427 263 8.87 29 574.80 29.14 —0.141 Cell wall
EXPA22 GWHTBJIVOO015992 269 8.35 28969.80 40.87 —0.093 Cell wall
EXPA7 GWHTBIVO028646 254 6.43 28 068.73 34.94 -0.176 Cell wall
EXPA18 GWHTBJVOO011951 265 9.28 29 478.56 42.72 —0.043 Cell wall
EXPA19 GWHTBIVO012644 264 9.63 28 998.32 31.07 —-0.002 Cell wall
EXPBI1 GWHTBIVO004703 268 5.12 28 205.48 44.16 -0.019 Cell wall
EXPB2 GWHTBIVO028982 268 9.02 29 310.63 24.95 —0.123 Cell wall
EXPB3 GWHTBIVO009347 269 8.68 29 460.61 29.93 -0.159 Cell wall
EXLAS GWHTBIVO028740 263 8.43 29 108.15 30.12 —0.140 Cell wall
EXLBI1 GWHTBJIVO027330 255 5.04 27 832.44 40.68 —0.113 Cell wall
EXLAI1 GWHTBIVO028743 266 8.23 30021.4 40.10 —0.204 Cell wall
EXLA3 GWHTBJIVO028730 262 8.25 29125.23 31.53 —0.098 Cell wall
EXLAS GWHTBJVO028732 230 8.05 25505.10 29.98 —-0.185 Cell wall
EXLA7 GWHTBIVO028737 266 8.98 29 983.38 33.97 -0.314 Cell wall
EXLA4 GWHTBIVO028731 264 8.24 29 616.95 32.87 —0.189 Cell wall
EXPA20 GWHTBJVO014933 258 9.39 28 116.04 35.24 0.022 Cell wall
EXLA2 GWHTBJIVO028728 265 7.95 29 657.00 29.87 —0.165 Cell wall
EXLA6 GWHTBJIVO028733 278 8.26 30911.12 38.04 —0.142 Cell wall
EXPA17 GWHTBJIVOO011419 265 9.70 29254.73 33.36 0.001 Cell wall
EXLA10 GWHTBIVO028742 264 5.98 30 001.13 33.40 —0.306 Cell wall
EXLB2 GWHTBJIVO027385 252 6.50 28 028.75 27.15 -0.134 Cell wall
EXLA9 GWHTBIVO028741 265 9.16 30 434.25 37.13 —0.266 Cell wall
EXLA1 GWHTBIVO019656 261 8.79 29 414.13 34.88 —0.085 Cell wall
EXPA21 GWHTBJIVO014932 303 9.39 33 566.43 40.23 0.083 Cell wall

FHALRE N 43.58% 0 £ . 55 Ji% B 2 76 3E AL 43 3l
BN 52, 224 BhEXPA. 21/ CsEXPA. 104
AtEXPAFI 184~ LcEXPA 7 N—2; 3/~ BhEXPB. 3
AN CsEXPB. 54 AtEXPBAII 34> LcEXPB4) A—3;
HEZTFEEN, 111 BhEXLA. 77 CsEXLA. 34
AtEXLAFI274 LeEXLA % N —2%; 21"BhEXLB. 2
ANCSsEXLB. 1/ AtEXLBF1 24 LcEXLBS A —2K,

Bim TR, & N5 5 INAE & W50 A5 7 0 B s 5 A
RONEER, B Y DL EXPATE KRS E R Z (55
K] 57.89%F1 63.64%), 1 EXLBIY 5 i 5 bt i
No A B, FEZHOI G, AN, 26
27 ZFREXPREEEERALEFRIESH
FIFH QRT-PCRX} 384 R BREXPTE R A K B A



T NS5 &Y R AR A 2 PR S S 8 e RiB o

3069

4
2
8 0
2 6*”7/ @6’%\10
£, & WP
“ £ C?\ ﬁﬁ\\@(
Y A
OB\AEXP
ShExpy, y "()
BhEXPy ;5
BhEXP41) 5_

—BhEXPR]
i
o~
S

M@Fe{/
%
2
“%
Fig.3 Intraspecific covariance analysis of wax gourd Expansin gene family
. o Chrl Chr2 Chr3 Chr4 Chr5 Chr6 Chr7 Chr8 Chr9 Chrl10 Chrll Chrl2
Benincasa hispida Cogn.C D @ D @ D € D @ D C D @ C D @ D & B @ @
Arabidop hal, Heynh.c )1\9“
E4 Z(SHETT REQERNLLMESH
Fig.4 The collinearity analysis of Expansin genes between wax gourd and Arabidopsis
x6 LY REAEAEEHIEH
Table 6 Analysis of replication events of Expansin gene in wax gourd
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Fig.7 Phylogenetic tree of Expansin proteins in wax gourd (Bh), Arabidopsis (At), cacumber (Cs) and sponge gourd (Lc)
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Fig.8 Expression analysis of wax gourd Expansin genes in fruit flesh development
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