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Studies on the Relationship between Fruit Aging Mechanism
and Endoglucanase Gene Family of Hibiscus esculentus L.

LI Yongping', CHEN Chaowen’, MA Huifei', KANG Yumei', BAI Changhui', XUE Zhuzheng'*, WEN Qingfan'*

('Fujian Key Laboratory of Vegetable Genetics and Breeding, Crops Research Institute, Fujian Academy of Agricultural Sciences,
Fuzhou 350013, China; *Quanzhou Agricultural Research Institute, Quanzhou 362212, China)

Abstract Hibiscus esculentus L. is very easy to age, and its harvest time and shelf life are very short. In
order to study the aging mechanism of Hibiscus esculentus L. fruit, the changes of cellulose content as well as the
cell cellulose structure were analysed during the fruit development and the postharvest period. It was found that
in the aging process of Hibiscus esculentus L. fruit, both the content of cellulose and the cell cellulose tissue were

increased. It was suggested that the increase of cellulose was the leading factor of the Hibiscus esculentus L. fruit
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aging. Endoglucanase genes in plants are closely related to cellulose synthesis. In this study, seven fragments which
were functionally annotated as endoglucanase gene family were screened from the RNA-seq database of Hibiscus
esculentus L. fruit transcriptome sequencing, and 7 full-length genes of endoglucanase gene family, endogluca-
nasel, endoglucanase3, endoglucanase6, endoglucanasel(), endoglucanasell, endoglucanase23 and endogluca-
nas25 were cloned and named as HeCELI, HeCEL3, HeCEL6, HeCELI10, HeCELII, HeCEL23 and HeCEL25 re-
spectively. All these genes belong to the GH9 family. Expression patterns of the these genes were carried out by qRT-
PCR (reverse transcript qunntitative PCR). It showed that expression patterns of HeCEL3, HeCELI1( and HeCEL25
were in the same, and HECELG6 was in concordance with HeCEL23, too. The expression of HeCEL25 was stable at
0-2 days after harvest, while the expression of the other 6 genes decreased sharply at 1 day after harvest. During the
development of Hibiscus esculentus L. fruit, the content of cellulose stored at room temperature after harvest was sig-
nificantly negatively correlated with the expression of HeCEL3, HeCEL10, HeCEL25, HeCEL6 and HeCEL23, and it
was speculated that HeCEL3, HeCEL10, HeCEL25, HeCEL6 and HeCEL23 played an important role in cellulose ac-

cumulation in Hibiscus esculentus L. fruit, which was closely related to the aging of Hibiscus esculentus L. fruit.
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Table 1 Primers used to verify and analyze the expression of endoglucanase gene in Hibiscus esculentus
fEH ElEZE2 SIFPFI(5—3") Tt °C 1S bp
Function Primer name Primer sequence (5'—3") Length of product /bp
For full length HCELI1-F TTA CAG GCTACA GCAGATT 479 1995
HCEL1-R GCA CGC CACTAATAC CAA 52.2
HCEL3-F AAT GGC AAA GAC CAAACT 49.7 1651
HCEL3-R GAA TGG GAATAATCAGACC 48.7
HCELG6-F CGAATC CCATCT TGT AGT 46.9 2499
HCEL6-R TTG CAG CAT CAC AAC AAC 50.2
HCEL10-F CAT GGG CTATCC TGG AGT 52.2 1633
HCEL10-R ACA GTC TAC GGC CAT TTA 54.8
HCELI11-F TAG TTT AGG AGG GAA GGG 49.0 1819
HCEL11-R TCT AGT AAG AGG CAA CCA AT 49.3
HCEL23-F ACTTCT CAT TTC CCTTGT TT 50.6 1597
HCEL23-R AGT CGG CTCTGACTT CTT 48.5
HCEL25-F CAA CCA CTA GCC CACAGC 53.9 2452
HCEL25-R CAC TCG ATC CAC CAC CAG 53.9
For the expression ~ CEL1-F GTC AGG GTGTTT CAGTTTG 49.6 157
of cellulase CELI-R GGT AAG TTG GGT TCT TGG 50.1
CEL3-F TGA GGG CAA CAAACG ATG 55.2 245
CEL3-R TTG GGT GGT TGA ATA CGG 543
CEL6-F TTG ATC GGA AAG GGT AGG 52.9 186
CEL6-R AG AAG CTG GAATGG TGC 52.8
CELI10-F CAT GCA ACA GGC AAT CAG 52.9 218
CEL10-R AGA CCG CACATAACA CCC 53.1
CELI1-F GGG ACAAGT ACA GAG GTAAA 49.1 157
CELI1-R GCATTG GCT ACG ACATAA 49.5
CEL23-F CAG CAT GGT TAA GGA GGG C 57.9 187
CEL23-R CCG CAG TTG ACC GTT TGT 57.1
CEL25-F GGC TTC TGC TTC CAT CGT 55.4 174
CEL25-R CCC AAA CAAACT CGT CCC 55.5
For the internal NA-F NA-R CAC CACTGC TGAACG GGAAAGAGGA 620 196
control CTT CTG GAC AAC GGA 62.0

2 BRI I AT, 3K 7 MR AIE 104> b 2
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G2: 1EJa2K; G4: fEJa4R; G6: HLJE6R; G8: HLJ58K; G10: 1EJ510K; TO: KJ5 0K; T1: KJG1K; T2: KJG2K; T3: RJE3K; T4: KJG4 K. a: £F
Ei
G2: after flowering 2 d; G4: after flowering 4 d; G6: after flowering 6 d; G8: after flowering 8 d; G10: after flowering 10 d; TO: postharvest 0 d; T1:
postharvest 1 d; T2: postharvest 2 d; T3: postharvest 3 d; T4: postharvest 4 d. a: cellulose.

Bl BEMERTEAAWYIRER

Fig.1 Paraffin section results of Hibiscus escuentus L. fruit tissue

R2 AMBRILBIRTALREE. RERBLEHNALE RS E(ng/100g)

Table 2 The cellulose content in Hibiscus esculentus fruit evelopment and postharvest (mg/100g)

qb 8 Y% fb#m Y%
Treatment Cellulose Treatment Cellulose
After flowering 2 d 240.18+1.95¢ Postharvest 0 d 274.33+1.19¢
After flowering 4 d 268.93+1.45¢ Postharvest 1 d 293.01+0.71¢
After flowering 6 d 274.06+2.21° Postharvest 2 d 307.09+3.25¢
After flowering 8 d 296.41£1.96 Postharvest 3 d 321.42+1.42°
After flowering 10 d 354.09+1.01° Postharvest 4 d 335.86+4.23°

a. by v dfUERZHEILE, P<0.01.

a, b, ¢, d stands for multiple comparison, P<0.01.
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Fig.2 RNA-seq expression analysis of endoglucanase genes of Hibiscus esculenus L. fruit

®3 BRMEAVIARBEEERRERELMR

Table 3 The protein physico-chemical analysis of the Hibiscus esculentus edoglucanase gene family

RS BEREHE S TE/MDa BEHLED  RIIRIEAD  BUKTEER(GRAVY)  ARENEIRAD)  AIRE(
Genetic Number of Molecular Theoretical Aliphatic Grand average of hydro-  Instability index Subcellular
code amino acids weight /Da (pI) index pathicity (GRAVY) an localization
HeCELI 504 55.97 9.25 76.69 -0.278 40.22 Plasma
membrane
HeCEL3 486 53.71 9.13 74.51 -0.220 37.09 Plasma
membrane
HeCEL6 626 69.63 9.62 72.06 -0.368 33.96 Plasma
membrane
HeCELI10 376 41.20 6.61 74.47 -0.275 39.67 Plasma
membrane
HeCELII 523 59.04 5.66 76.88 -0.340 34.59 Plasma
membrane
HeCEL23 491 54.34 5.04 76.13 -0.293 44.22 Plasma
membrane
HeCEL25 619 68.62 8.86 72.70 -0.361 3241 Plasma
membrane

SRAGT 5 T RKZE A ) A SR B I 5 IR A K A, A
ProtScale Tl M, 9 5 () &5 J¥376~626 aa, 7
5 N41~70 kDa, JIg 7 5 28 2 R 48 £ 7£72.06~93 .41,
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R4 BEREAERBEBEEREMRNARIEE ST H R ETHAEXMES

Table 4 Correlation analysis between mRNA expression of endoglucanase gene family

and cellulose content in Hibiscus esculentus

B K o= K e b RLK B
Genetic code Fruit after harvest Fruit development
HeCELI 0.530 8 0.528 2

HeCEL3 0.986 7** 0.812 9**
HeCELG6 0.886 4** 0.904 1**
HeCELI0 0.995 5% 0.842 8+
HeCELII 0.612 8* 0.793 8*
HeCEL23 0.989 7% 0.809 8**
HeCEL25 0.879 2%* 0.885 3%

RGN, # AR R E A K

* stands for significant correlation, ** stands for extremely significant correlation.
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