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The patterns of flavonoids accumulation and the expression of biosynthe-
sis related genes during the course of maturation of the Chinese jujube

fruit

LI Xi, SHI Qianqgian, ZHU Dajun, DU Jiangtao, LI Xingang’

(College of Forestry, Northwest Agriculture & Forestry University/Key Comprehensive Laboratory of Forestry, Shaanxi Province, Yang-
ling 712100, Shaanxi, China)

Abstract: [Objective] Chinese jujube (Ziziphus jujuba Mill.) is an economic forest fruit tree in the
Rhamnaceae. The jujube production in China accounts for more than 90% in the world. Jujube fruits are
rich in flavonoids. The study aimed to explore the accumulation pattern of the flavonoids and the ex-
pression of related genes during the ripening of jujube fruit, and provide a basis for the development
and utilization of functional components in jujube fruits. [Methods]The experimental materials ‘ Jishan-
banzao’ and ‘Junzao’ were obtained from the Jujube Experimental Station of Northwest A & F Univer-
sity in Qingjian, Shaanxi, China. The jujube fruits at different stages (white maturity, beginning- red,
half-red, red maturity, full maturity, dry date period) were separated into peel and pulp. The samples
were immediately frozen in liquid nitrogen and stored in the ultra low temperature refrigerator
at =80 ‘C. The contents of total flavonoids and total flavanols in the peel and the pulp of two jujube vari-
eties at different degree of maturation were determined by spectrophotometry, and the change of each

flavonoid component content was detected by HPLC. qRT-PCR was used to analyze the expression of
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flavonoid synthesis-related genes. [Results] During the whole maturation process of ‘Jishanbanzao’
and ‘Junzao’, the content of total flavonoids in the peel and the pulp showed a continuous downward
trend as the fruit matured, and it increased slightly in the dry date period. The content of total flavonoids
of ‘Jishanbanzao’ was higher than that of ‘Junzao’ in all stages. The total flavonoids content in the pulp
of the two varieties was much lower than that of the peel (the difference was 3.27 to 36.90 times). The to-
tal flavanols content in the peel of the two varieties was the highest in the white maturity period, and de-
creased slowly at the beginning red stage, and reduced greatly in the half-red stage and full red stage.
The loweast content was found in the dry date period, only about 1.5% of the initial ripening content.
During the ripening process, the total flavanol content in the pulp was always lower than that of the peel
but it increased in the dry date period which was higher than that in the peel. Four kinds of flavanols and
five kinds of flavonols were detected in the peel and pulp of ‘Jishanbanzao’ and ‘Junzao’ by HPLC.
Flavanols were catechin, epicatechin, procyanidin B1 and procyanidin B2. The contents of catechin in
the two varieties were the highest in the peels and pulps, the content of proanthocyanidin B2 in the peel
was the lowest, and the contents of epicatechin and proanthocyanidin B2 in the pulp were lower. The
four flavanol substances in the peels gradually decreased with the ripeness of the fruits and the contents
decreased to the minimum value at the stage of dry date. The change trends of the four flavanol compo-
nents in the pulps from white maturity stage to the full maturity stage were consistent with the peels,
showing a continuous decline, but it increased significantly in the dry date period. Quercetin and its gly-
coside derivatives were the main flavonols. Quercetin and its glycosides showed a downward trend as a
whole from the white maturity stage to the full maturity stage in the peels of the two jujube varieties, but
the contents of some substances increased slightly when they were half-red or full-red. The contents of
all flavonol components in the pulps were significantly lower than that in the peel, and gradually de-
creased from the white maturity stage, but the content increased in the dry date period. qRT-PCR analy-
sis found that the changes in the expression of flavonoid synthesis-related genes in the peels of the two
jujubes were basically the same. There was a downward trend from the white maturity to the full maturi-
ty stage, but the expression varied with the varieties and the different maturity periods. The correlation
analysis results showed that the downstream genes (F3H, F3’ H, FLS, ANR, LAR, UFGT) were signifi-
cantly or extremely significantly related to the content of flavonoids and the components. [Conclusion]
The accumulation patterns of flavonoids in the two jujube varieties during maturation were basically the
same with slight differences. The contents of the total flavonoids in the peel were higher than that in the
pulp (the difference was about 20 times). The accumulation of flavonoids was the highest in the early
stage of fruit ripening, and it decreased with the ripening of the fruit. Structural genes showed a down-
ward trend as the fruit ripening, and downstream genes were significantly correlated with the flavonoid
content. The structural genes F3H and F3’ H might play a key role in promoting the synthesis and accu-
mulation of flavonoids, and LAR might be the key regulatory gene in the flavanol pathway.

Key words: Chinese jujube (Ziziphus jujuba Mill.); Fruits; Flavonoids; Accumulation pattern; Gene ex-

pression
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Fig. 1 The fruits of ‘Jishanbanzao’ and ‘Junzao’ at different stages of maturity
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Table 2 Correlation analysis of flavonoids and related gene expression levels

PAL 4CL CHS CHI F3H F3’H LAR ANR FLS UFGT
TFC JS 0.833 0.514 0.889* 0.857 0.982%* 0.914* 0.935% 0.857 0.994%* 0.794
1z 0.515 0.851 0.412 0.471 0.889* 0.903* 0.961** 0.963** 0.895* 0.730
TFAC JS 0.813 0.458 0.868 0.815 0.973%* 0.909* 0.931* 0.852 0.990%* 0.753
Iz 0.310 0.867 0.232 0.283 0.841 0.841 0.980%** 0.955%** 0.838 0.713
C JS 0.846 0.472 0.890* 0.822 0.982%* 0.939* 0.957* 0.891%* 0.981%** 0.742
1z 0.354 0.774 0.214 0.290 0.917* 0.912* 0.999%* 0.930* 0.808 0.772
EC IS 0.854 0.499 0.899* 0.837 0.983** 0.935%* 0.953* 0.883* 0.982%* 0.767
1z 0.316 0.856 0.226 0.280 0.852 0.852 0.988** 0.958* 0.841 0.728
PB1 JS 0.822 0.488 0.879* 0.820 0.965%** 0.899* 0.920* 0.835 0.980%** 0.778
1z 0.335 0.827 0.230 0.293 0.880* 0.878 0.995%* 0.946* 0.823 0.739
PB2 IS 0.765 0.319 0.809 0.721 0.950* 0.911%* 0.932%* 0.871 0.967** 0.621
1z 0.295 0.725 0.119 0.203 0.921* 0.908* 0.993** 0.914* 0.798 0.791

Q JS 0.919%* 0.687 0.960%* 0.949%* 0.983** 0.934%* 0.944%* 0.882* 0.956%* 0.888%*

1z 0.537 0.610 0.264 0.318 0.682 0.696 0.693 0.839 0.950* 0.930*

Q-3-G IS 0.783 0.703 0.848 0.937* 0.881* 0.780 0.796 0.719 0.889* 0.903*
1z 0.904* 0.525 0.985%* 0.984** 0.416 0.489 0.384 0.452 0.458 0.361

Q-3-Glu JS 0.689 0.948* 0.728 0.842 0.544 0.467 0.462 0.397 0.484 0.934%*

JZ 0.535 0.632 0.268 0.323 0.697 0.711 0.715 0.857 0.959* 0.932%

Q-3-R JS 0.798 0.880* 0.856 0.928* 0.759 0.662 0.669 0.578 0.732 0.995%*
1z 0.460 0.588 0.173 0.228 0.659 0.667 0.680 0.827 0.941* 0.922%
Q-3-Rha JS 0.745 0.897* 0.801 0.911* 0.690 0.592 0.597 0.516 0.660 0.974%*

Iz 0.341 0.331 0.055 0.081 0.327 0.336 0.322 0.548 0.755 0.742

VE IS BRI AL JZ. 3R AL, TRC. S 35 ; TFAC. BB KERT ; C. LA EC. 2 JLZA K PBL. JEIEH K B1;PB2. JR{EH &R B2;Q. it % :Q-3-
G. it Bz Z2-3- 2 SLBELF ; Q-3-Glu. Mt i -3 A HEH ; Q-3-R. Mt j R -3-EFMETF ; Q-3-Rha. Mt Z-3- R ZAHETF . * RN EFEMR(p <0.05),%*

AR EM I (p<0.01),

Note: JS. Jishanbanzao; JZ. Junzao; TFC. Total flavonoids content; TFAC. Total flavanols content; C. Catechin; EC. Epicatechin; PB1. Procyanidin
B1; PB2. Procyanidin B2; Q. Quercetin; Q-3-G. Quercetin-3-galactoside; Q-3-Glu. Quercitrin-3-glucoside; Q-3-R. Quercetin-3-rutinoside; Q-3-Rha.

Quercetin-3-rhamnoside. * indicates significant correlation (p < 0.05),** indicates extremely significant correlation (p < 0.01).
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