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Abstract: [Objectivel Ziziphus jujuba Mill. ‘Lingwuchangzao’ belongs to Rhamnaceae Jujube. Its
fruits are rich in protein, sugar and other nutrients, and have high economic value and market develop-
ment potential. It uasually propagated by root tillers and grafting. The study aimed to reveal the differ-
ences of soluble sugar metabolism in the fruits of Lingwuchangzao propagated by different propagaion
methods through studying on the changes of soluble sugar content in different developmental stages of
the fruits of Lingwuchangzao propagated by root tillers and grafting in order to provide a scientific ba-

sis for improving fruit quality. [Methods] The investigation was carried ou at the white ripening stage
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(NB vs JB), coloring stage (NZ vs JZ), and mature stage (NC vs JC) on the fruits of Lingwuchangzao
propagated by root suckers and grafting as experimental materials, . The contents of glucose, fructose,
sucrose and soluble sugar in the fruits of the three periods were determined respectively. Combined
with transcriptome data analysis, significant differential genes were screened from four key sugar me-
tabolism pathways, glycolysis/gluconeogenesis (ko00010), starch and sucrose metabolism (ko00500),
fructose and mannose metabolism (ko00051), and amino sugar and nucleotide sugar metabolism
(ko000520) with FDR<<0.05 and |log,FC|=1 as the standard. By integrating phenotypic data with tran-
scriptome data for WGCNA analysis, key differential genes regulating soluble sugar synthesis and me-
tabolism at different developmental stages of Lingwuchangzao fruits were identified, followed by qRT-
PCR verification to ensure the reliability of the results. [Results] The soluble sugars in Lingwuchang-
zao included sucrose, fructose, glucose and others. The fructose was the main sugar accumulated at
white ripe stage and coloring stage, while sucrose was the main sugar at mature stage. However, sugar
accumulation exhibited significant developmental stage specificity in the fruits of Lingwuchangzao
propagated with different methods. At the white ripe stage, the soluble sugar content of the fruits from
Lingwuchangzao propagated by grafting was 17.55% higher than that from root tillers. At the coloring
stage and maturity stage, the soluble sugar content of fruits from the Lingwuchangzao propagated by
root tillers was 24.38% and 27.91% higher than that from grafted trees, respectively. At the coloring and
mature stages, the sucrose content in the fruits fruits from Lingwuchangzao propagated by propagated
by root tiller was 50.63% and 49.32% higher than that from grafted trees, respectively. At the coloring
stage, the fructose content of in the fruits fruits from root tiller propagated trees was 20.25% higher than
that from grafted trees. At the mature stage, the fructose content in the fruits from grafted trees was
13.32% higher than that from root tiller propagated trees. As the fruit grew and developed, the glucose
content in the fruits from grafting propagated trees was 36.08%, 20.67%, and 26.85% higher than from
the trees propagated by root tiller, respectively. 24 significantly differentially expressed genes (DEGs)
were screened. Among them, the genes EP3 (ncbi_107406053), BAM1 (ncbi_107422617), BGLU1I (nc-
bi_107426268), PGMP (ncbi_107414395) showed higher expression level, and the difference of the
gene expressions between the coloring period and the maturity period was significant, indicating the po-
tential for further fluorescence quantitative analysis. Through GO functional enrichment analysis, it was
found that there were significant differences in carbohydrate metabolism, hydrolytic enzyme activity
and secondary metabolite synthesis between the trees propagated by two different methods. These dif-
ferences might be closely related to the adaptability of trees and the fruit quality. The analysis of soluble
sugar metabolism pathways and differential genes revealed that the gene PGMP (ncbi_107414395) ap-
peared multiple times in the metabolic pathways, indicating that this gene might play an important role
in regulating soluble sugars in Lingwuchangzao and could serve as a key candidate gene for further vali-
dation studies. Additionally, weighted gene co-expression network analysis (WGCNA) showed that the
black, brown, and green modules were significantly associated with soluble sugar metabolism. Genes in
the black module exhibited a strong positive correlation with fructose, with a correlation coefficient of
0.87; genes in the brown and green modules showed strong positive correlations with soluble sugar and
sucrose, with correlation coefficients of 0.71, 0.86, 0.74, and 0.83, respectively. Finally, the genes ncbi_
112492650 and HERC?2 (ncbi_107420452), which exhibited the highest connectivity and high expres-
sion level in the black module, were selected as key candidate genes for subsequent validation. Through
the fluorescence quantitative analysis (QRT-PCR), it was found that the trend of gene expression levels

in the fruits from the trees grafted by root-tiller was basically consistent with the transcriptome sequenc-



5523 IR A IRBEAN I R A ST P I o B A A L 2 SR R A i 311

ing results at the white ripe stage, coloring stage and mature stage, indicating that the transcriptome data

had high reliability. [Conclusion] This study revealed the difference of soluble sugar metabolism in the

fruits of Lingwuchangzao propagated by two differnt methods , providing an important theoretical basis

for optimizing the propagation mode of Lingwuchangzao. The genes ncbi_ 112492650, HERC2 (ncbi_
107420452) and PGMP (ncbi_107414395) would play a key role in regulating soluble sugar metabo-

lism of Lingwuchangzao, and could be used as subsequent key verification genes.

Key words: Ziziphus jujuba Mill. ‘Lingwuchangzao’; Root tiller propagation; Grafting propagation;

Soluble sugars; Differential genes
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PR

Gene name

EM5(5-3

Forward primer (5'-3")

S 514 (5-3"

Reverse primer (5'-3")

EP3 (ncbi_107406053)
PGMP (ncbi_107414395)
BAMI (ncbi_107422617)
BGLUII (ncbi_107426268)
nebi_112492650

HERC?2 (ncbi_107420452)
PEXI3 (ncbi_107406518)

GTGACACCAACTATCCACAGTATCC
TCGCCACAACTCCATTTCAGAAC
GCACGGGCTCAAAGTTCAGG
ACTGGTTAAGGGTTCGTTTGACTTC
CGAACGGCATCTAATGGCAATTCC
TGCTTTGTCTCCTCTGCCGATTTC
GGGTGGTTATGGAATGGGCATGG

TCCCAGCTAGTGCGTAATTGTAATTC
GGTAGCAGGAGAAGAAGAAGAAGAAG
TCTCGGTCTCTGTCAATCTCTTCC
TGCTGCGTCTGCGGTGTAG
CCACAGTTGTTGAGGGGCTGATG
CCACTCCTTCCCCTACCCCAAG
AAACCCTGGTGGAGATGGAGGAC
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Fig.1 Changes of morphological indexes in different development stages of root tillers and grafted Lingwuchangzao fruits
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Fig. 3 Correlation analysis between root tillers and fruit quality traits of grafted Lingwuchangzao
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Table 2 Differential gene expression table of root tillering and grafting propagation of Lingwuchangzao

N e a=N
feffzng EID) log.FC gynibol B NB iz NZ e NC
ncbi 107404967 -5.12  CHIT3 0.84+032¢  0.02:0.01c 101.76+32.43a 14.15¢3.56¢c 72.18+26.69 ab 31.86+8.04 be
nebi_ 107412669 227  BGLUI2 12240242 025¢0.07a  0.05:0.02b  0.06£0.04b  0.0040.00b  0.00£0.00 b
ncbi 107410359 -3.99  BACOVA 02659 02240.05a  0.18£0.07a  0.14£0.03ab  0.01:0.01b  0.08£0.05ab  0.11£0.02 ab
ncbi 107406053 -1.79  EP3 272544922 27.89+7.95a 347.8858.42a 100.77+41.96 a 314.64487.96 a 446.72444.38 a
nebi_107430147  -1.10 At1g64390 394844882 31.15£1493a 3.7241.06a  1.73:027a  0.87+0.18a  0.19:0.02a
ncbi_ 107416873 -1.15  MUR4 17434373 15.58:1.44b 41331639 ab 18.68:0.98 ab 34.6646.59 ab  25.04+0.60 ab
ncbi 107414574 —2.15  TPPD 024+0.01b  028:0.06b  2.17+0.67a  0.494020b  1.05£0.19b  0.98+0.13 b
ncbi 107420179 -124  AGPSI 294:0.13bc  2.794025bc  537£0.70a  22840.52c  4.10£047ab  1.47+0.46 ¢
ncbi 107422617 -1.04  BAMI 27794372 ¢ 3230+1.58 ¢ 189.71443.46a 92.4448.35 be 148.84+43.78 ab 100.57+15.05 be
ncbi 107418468 -1.01  Os06g0675700  2.59+0.30cd 222+047cd 3314034c  1.64+024d  450:042b  12.83:021a
ncbi 107430723 -1.01  FBP 38.934632b  53.0242.73a  5.0142.64d  1692+3.66¢  1.44:049d  0.41+0.08d
ncbi 112489059 -1.03  BACOVA 02659 5471+7.28a 56.83:11.76a 2247+126b  9.65+1.41bc 8.724147bc  3.06+1.49 ¢
ncbi 107426021 -1.03  ISA2 150841352 162440802  1.1840.29¢  1049+1.11b  1.05¢0.11c  0.50£0.05 ¢
ncbi 107429424 -1.08  LTA2 4484091 c  3314023c 14.98:251a  833+043b  4.6240.61c  221+04lc
ncbi 107415022 -1.09  At3gl3560 8204090  7.78+121a  1.0840.53b  1.86+0.17b  1.03+022b  0.35£0.01b
ncbi 107426268 -1.15  BGLUI1 87.5448.15a  95.0842.56a 43.424323b 100.75+8.71a 21.9242.82¢ 1041228 ¢
ncbi 107405417 -120  gmppA 79.43+11.76 b 109.4849.59a  2.47+027c  15.86£2.53¢  2.61+033¢  1.12+0.08 ¢
ncbi 107414395 -131  PGMP 212741322 23.6842.22a  9.86+091b 22.97+2.10a 10.10£1.93b  3.83£0.77c¢
ncbi 107421001  -134  Atlgl1820 6.83:2.00a  6.77:085a  097+026b  2.44:023b  1.11031b  0.27£0.04b
nebi 107416348 -1.53  RHMI 644+140a 64240832  423+0.86bc  3.83+0.11bc  3.154022bc  1.47+0.16¢
nebi 107412550  -1.54  EI-BETA-2  19.49+320bc 17.0941.73bc 68.19+6.08a 75.36+3.96a 27.48+5.52b  11.8142.00 ¢
nebi_107432603  -2.19  RHMI 229144426 21.90:2.35b  44.98:2.09b  27.59+2.74b 101.7430.82a 35.37+4.63 b
ncbi 107425056 228 glpV 847+0.12b  8.61:051b  3.65:021c  10.15:043a  3.5140.16¢  1.74£0.14d
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Fig. 4 Differential gene enrichment analysis of root tiller and grafted Lingwuchangzao fruits
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