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Analysis of ascorbic acid in jujube/sour jujube and identification of key

function genes

BI Jingxin', WU Mengjia', ZHANG Yuewu’, ZHANG Chunmei"

('College of Forestry, Shandong Agricultural University/State Forestry and Grasslan Administration Key Laboratory of Silvicultre in
Downstream Areas of the Yellow River; Tai’ an 271018, Shandong, China; *Weishan County Liangcheng Comprehensive Agricultural Ser-
vice Center, Weishan 272100, Shandong, China)

Abstract: [Objective] Ascorbic acid (AsA) plays a positive role in cell activity and antioxidant func-
tion, and is also necessary for human body. Jujube and sour jujube fruits are rich in AsA, but they differ
in AsA content. In this paper, we measured and compared ascorbic acid content in jujube and sour ju-
jube, clarified AsA accumulation pattern in jujube and sour jujube, analyzed the transcriptome data of
different varieties of jujube and sour jujube fruits and drought-treated jujube fruits, and identified the
key functional genes affecting AsA accumulation. [Methods] The AsA content at young fruit stage,
white ripening stage, half red stage and full red stage was measured in Jinsi No. 4 and Taishan Sour Ju-
jube as the representative variety of jujube and sour jujube respectively, and their AsA accumulation pat-
terns at different developmental stages were compared. The AsA content in 26 jujube and 42 sour jujube

varieties was determined, and the differences in AsA content among the genotypes were compared. AsA
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was determined with a high performance liquid chromatography (HPLC) equipped with an Agilnet C18
column and an UV DetectorL-2400. With the transcriptome data of fruits of 5 jujube and 5 sour jujube
varieties obtained previously as reference, the key genes affecting the accumulation of AsA in jujube
and sour jujube fruits were analyzed. The contents of organic acids, ascorbic acid and soluble sugars de-
termined previously were used as quality traits, and the weighted gene co-expression network analysis
(WGCNA) was performed on 30 transcriptome data of the 10 different samples, so as to investigate the
relationship between AsA accumulation and organic acid content. Based on the transcriptome data previ-
ously obtained from jujube fruit at white ripening stage and half red stage exposed to moderate drought
stress and severe stress, the key genes involving response of AsA metabolism to drought stress were
studied. [Results] The accumulation trend of AsA in jujube and sour jujube fruits was the same. AsA
was lowest at the young fruit stage, gradually increased during the development process and reached the
highest at the white ripening stage, and then decreased slightly as the fruit matured. AsA content in sour
jujube was higher than in jujube in all periods except for the young fruit stage. The average AsA content
of cultivated jujube was significantly lower than that of sour jujube, and the range of AsA content in cul-
tivated jujubes was relatively narrow, while that in sour jujubes population was relatively large. Cluster
analysis of transcriptome data of fruits of the 10 jujube and sour jujube varieties showed that the expres-
sion levels of LGalDH, MIOX4, GME-2 and VTC2 were higher in sour jujubes than in cultivated ju-
jubes, while the expression levels of genes GME-1 and MDARS and AsA oxidation genes APX1, APX2
and APXT were higher in cultivated jujubes. WGCNA showed that the ascorbic acid content and organic
acid content were positively correlated with the gene expression in the bright green module. Further
analysis of the genes in the module showed that they included calcium-transporting ATPase 1, calcium-
transporting ATPase 3, one vacuole membrane proton pump called ATPase 10, and one NADP-depen-
dent malolase. It was speculated that acidity influenced the stability of AsA. Transcriptome data from
drought stress experiment showed that in the control fruits the expression levels of 1-galactose pathway
genes LGalDH, GME-2 and LGalLDH and recycle genes MDAR4 and DHAR1 were higher in the white
ripening stage than in the half red stage. Although the key genes that affect ASA accumulation in the
white ripening stage and the half red stages were not exactly the same, the expression levels of MDARS,
MIOX4 and MIOXI were significantly increased after drought stress. It was speculated that the myo-ino-
sitol pathway and recycling pathway played an important role in drought stress. [Conclusion] AsA was
the lowest in the young fruit stage, reached the highest level in the white ripening stage, and gradually
declined in the ripening stage. The average AsA content in sour jujubes was significantly higher than in
cultivated jujubes. The key genes associated with the difference in AsA accumulation between jujubes
and sour jujubes included LGalDH, MIOX4, GME-2 and VTC?2. It was hypothesized that acidic environ-
ment affects AsA accumulation, and the key metabolic pathways in response to drought stress might be
myo-inositol pathway and recycling pathway.

Key words: Jujube; Sour jujube; Ascorbic acid; Drought stress
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Fig.3 AsA contents in jujube and sour jujube varieties

790.955, B2 A DY 73 o B 72 O 3.238, 1% 45 R 3R
B, BRI AsA & 5 0 AT A B o s R R AR 1)
AsA FEAHX L H R R, AL R aE
FONIR AR LR LR AT 7% ] g R A 7E 2 |4k i
FEH 1) AsA T 2R B it P 1 £ (3R AR A
2.3 ERSREE AT IFIE R R LI IR M AR FR R K5 HE
KEFTILERA

IR AR AsA & 52 5 (8L FEal,
28 5 5 L AsA T SE 1R S AR AN 5 A 2 Rl A
SR SRR AT M. 45 S AsA A UL g
TS, 5L 2 24 A AsA & ORI A G [, AL dE
5 LR AR 2 51 1 4 GDP-H 22 P A ik i 1k
fif (GMP) .2 /> GDP-H #& ¥%-3" , 57 - 2 [v] ¢ 14 1§

(GME) .2/~ GDP-L-}- AL WE-1-BE B B FR i (VTC) 1
A L2 FURE-1 BEER B IR (GPP) 1 A L-2P- FLAE I &
M (LGalDHD « 1 A L-F- FLFE IR - 1, 4- N i i & g
(GLDH) , 5 AsA F# fift 1 ¢ (1 7 A 1 S 4k ¥ Tl
(APX) .11 AO.2 /> MDAR.2 > DHAR, 5 L ¥ i&
A KA 4 A WU (MIOX) » Hrp — e B[R]
(R A 6 6 35 B FPKM<<5.0, 1A N 1% 55 R 3 A R &
K AEEI 2. BEIREE R (B 4R, FE
LGalDHMIOX4GME-2.VTC2 {E iz & rh ik L AE
RpF g, RE I GME-1.MDARS {3875 4h &
KA, He AsA S AL FE Rl APXT . APX2 APXTHE
AR

AN N T RN AsA BB PRI ES, B



1828 xrOW

54025

Group

GME-1
APXT
APX1 1

APX2
-1
|

Group
> I Jujube

Sour jujube

MDARS
LGALDH
APX3.1
MDAR4
GPP
MIOX4

123456 7 8 910111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
1~3. HUEEER A 1 5 _1~3:4~6. PRI A 16 5_1~3:7~9. &/ F IR 9 5 _1~3;10~12. (S IE XA 8 5 _1~3:13~15. JF R IR A 8 5 _1~3;
16. B AL 3L K 3R IE B P HAE 5 17~19. 3R 1~3;20~22. FLIFA 1~3;23~25. T PHE 1~3;26~28. ZEARVE 1~3;29~31. BRE/NA 1~3;32. 4%

B B R IA R fE .

1-3. Suan 1 guoyuan_1-3; 4-6. S-Jinan No.16 _1-3; 7-9. S-Jinniu9_1-3; 10-12. S-Daiyue8 1-3; 13-15. S-Jinan No.8 1-3; 16. Sour jujube T; 17-
19. Hamazao 1-3; 20-22. Kongfuzao_1-3; 23-25. Ningyangzao_1-3; 26-28. Yingbuluo 1-3; 29-31. Xianxianxiaozao 1-3; 32. Jujube T.
4 EMEEEEERIEARE

Fig. 4 Gene expression heat map for jujube and sour jujube
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Fig. 6 Heat map of gene expression in drought treatments of jujube at different stages
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