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The genes related to lignin biosynthesis pathway regulate juice sac granu-

lation in Guanxi pomelo
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Abstract: [Objective] Guanxi pomelo is one of the representative subtropical fruits, which produced in
Pinghe county, Fujian province of China. However, the juice sac granulation is a physiological disease
in the ripening period of the pomelo, which can seriously affect the taste and nutritional value of the
fruits. In this study, the pomelo juice sacs in 4 different growth and development stages were used as ex-
perimental materials. In order to reveal the molecular regulation mechanism of lignin biosynthesis dur-
ing juice sac granulation, the differentially expressed key genes related to lignin biosynthesis were
screened through transcriptome data, and the expression characteristics of the genes during fruit juice
sac granulation were studied. [Methods] Guanxi pomelo fruits on 135, 165, 195 and 215 days after an-

thesis in 2018 were collected as experimental materials. The juice sac granulation rates of the pomelo in
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different periods were calculated, and the juice sac slices were observed used microscope for cell wall.
The genes related to the lignin biosynthesis pathway screened from transcriptome data were analyzed,
the accuracy of transcriptome data was verified by qRT-PCR, and the expressions of the genes related to
the lignin biosynthesis pathway were also analyzed. Then the enzyme activities related to the key genes
of the lignin biosynthesis and the lignin content were determined. [Results] There was no juice sac
granulation in the fruit development stage of Guanxi pomelo before 195 days after anthesis, but the
juice sac granulation rate gradually increased and the lignin content of the juice sac also showed a sig-
nificant increase trend on 195 days after anthesis. These results showed that the fruit juice sac granulat-
ed with the accumulation of lignin content. The microscopic observation results showed that the cell
walls of the inner side cells in the fruit juice sacs on 195 days after anthesis were dyed red by safranin
O staining compared with those prior to 195 days after anthesis, when the juice cells were lignified and
the lignin content increased slightly. The cell walls in the inner cells and the epidermic cells of the fruit
juice sacs were red and the color was deeper on 215 days after anthesis than those on 195 days after an-
thesis. These results confirmed that the lignification of the juice cells aggravated significantly from 195
to 215 days after anthesis. Thirteen differentially expressed lignin biosynthesis pathway genes were se-
lected from the transcriptome of the juice sac at 4 developmental stages. The 13 genes showed an up-
ward trend with the process of fruit development and maturation, including CrPAL1, CrPAL3, CrC4H1,
CrC4H2, Cr4CL, CrHCTI, CrCCR3, CrCAD3, CrCOMT4, CrPOD2, CrPODG6, CrPOD7 and
CrPODS8, especially from 195 to 215 days after anthesis. Furthermore, the expressions of these genes
on 215 days after anthesis were up-regulated by 2 to 9 times compared with those on 195 days after an-
thesis. QRT-PCR results confirmed that 9 of the 13 genes had similar expression pattern in the fruit juice
sac with the transcriptome sequencing dada, including CrPALI, CrPAL3, CrC4HI, CrC4H2, Cr4CL,
CrCCR3, CrCAD3, CrPOD2 and CrPOD7. However, qRT-PCR results of the other 4 genes, including
CrHCTI, CrCOMT4, CrPOD6 and CrPODS, were slightly inconsistent with the transcriptome sequenc-
ing data at 4 developmental stages of pomelo fruit, but their relative expression levels were rapidly up-
regulated from 195 to 215 days after anthesis with significantly difference, which were consistent with
the data. The enzyme activities of PAL, C4H, 4CL, CAD and POD related to lignin biosynthesis path-
way were determined. The results showed that the activities of these 5 enzymes in the fruit juice sac
were consistent with the expressions of the genes related to lignin biosynthesis pathway and the content
of lignin during 4 different growth and development stages, indicating that these enzymes played an im-
portant role in lignin synthesis. [Conclusion] The juice sac granulation rate increased with the accumu-
lation of lignin content, especially at the mature stage in Guanxi pomelo fruit. Nine genes in the pomelo
juice sac including CrPALI, CrPAL3, CrC4HI, CrC4H2, Cr4CL, CrCCR3, CrCAD3, CrPOD2 and
CrPOD7 were the key regulatory genes of the lignin biosynthesis pathway. The significantly up-regulat-
ed expressions of these genes regulated the activity of important enzymes in lignin biosynthesis path-
way, such as PAL, C4H, 4CL, CAD and POD, would promote the accumulation of lignin content in
pomelo juice sacs and cause juice sac granulation of Guanxi pomelo. In the present study, the relation-
ship between the expressions of the genes of juice sac lignin biosynthesis pathway and the juice sac
granulation during the fruit development and maturation of Guanxi pomelo was systematically investi-
gated at molecular and physiological levels, which would provide a theoretical basis for the variety im-
provement and molecular breeding of Guanxi pomelo in the future.
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Table 1 Primers of internal reference gene and 13 target genes related to lingnin biosynthesis

in Guanxi pomelo juice sacs
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R AUEE cDNA. {# f ChamQ Universal SYBR qPCR
Master Mix 157l & £ &' Q% i€ & PCRAX il E

2 HiIR50H

B R EE, 21 EEEHMRITNURRARAREIENEN
17 EHiTRARRES BB XEEE N E FEIER BMUOR LA F AR H A, 165 195 d

2y 5% % PAL.C4H.4CL.CAD F POD KR 2 i pty 5t sk e 5 W95 WLy kA, (ELZETE S5 195 d 2
) 96 ) U T X 3R AR ST AT S B Y M W L D B

PAL.C4H.4CL.CAD F1POD #Z B -l & Hoyd vk . B MR S A R VTR R R S R R B N
1.8 #IEALE HOIEALSE 195 f1215 dit b K BIAR R R & E iR E

KR 2220 it B R A A LRI BN, B n& 1), X e st B I 7E S5 kS s Ak K R B AT,
F WPS #4347 B8 48 11 (2019) , SPSS 19.0 #47 Bl & AR 2R IR R syt BoRi Ak R il 2 38, R

2 B AT SV BORLAL AT e AR 2R e B R A SR .
8 r a 1.4 ¢ a
7t I —

e\\° 1.2
g 6 S0 b be 5
S5t =g
i b %32 05 |
o= 4 s
o X2 06 f
g 3} < E
B & B o4 |
£ 27 S
E 1 r 02
0 L L L J L y 0.0 | | ' | | ' L )
135 165 195 215 135 165 195 215
1% J5 B} 18] Time after anthesis/d 1€ J5 i 18] Time after anthesis/d

1 EREMRTTEEERMABARESENTL

Fig. 1 Changes of the rates of fruit juice sac granulation and lignin contents of Guanxi pomelo
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