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Jjujuba var. spinosa from different sources and to identify key genes influencing the morphological variation in Z. jujuba var. spinosa
fruits and seeds. Methods Wild and grafted Z. jujuba var. spinosa fruits and seeds were used as materials. Phenotypic differences in
their appearance were analyzed using a phenotypic group approach. Transcriptome sequencing was performed using the Illumina HiSeq
platform. After data quality control, assembly, and gene annotation, differentially expressed genes (DEGs) were analyzed and screened.
Quantitative real-time PCR (qRT-PCR) was used to assess the expression levels of key genes in different tissues, under gibberellin
(GA3) and drought stress treatments. Results The transverse and longitudinal diameters, as well as the weight of grafted Z. jujuba
var. spinosa fruits, were significantly larger than those of wild Z. jujuba var. spinosa fruits. Similarly, the longitudinal diameter,
thickness, and weight of grafted Z. jujuba var. spinosa seeds were significantly higher than those of wild Z. jujuba var. spinosa seeds.
Transcriptome sequencing revealed that DEGs between grafted and wild Z. jujuba var. spinosa fruits and seeds were related to stress
response, transcriptional regulation, plant hormone signal transduction, and phenylpropanoid biosynthesis. Through qRT-PCR, core
DEGs influencing the morphological development of Z. jujuba var. spinosa fruits and seeds were identified, including WRKYS53,
WRKY40, TIFY9, NCED3, TSJT1, NRT3.1, BZIP9, TENI, BXL1, and LRX4. After treatment with 150 mg/L GAs, the expression levels
of WRKY53,LRX4, NRT3.1, and TIFY9 were significantly upregulated, whereas BZIP9 and NCED3 were significantly downregulated.
Under PEG-6000 drought stress, the expression levels of WRKY53, WRKY40, TEN1, TSJT1, and TIFY9 were significantly upregulated,
while those of BZIP9 and LRX4 were significantly down-regulated. Conclusion This study preliminarily elucidated the molecular
mechanisms underlying the morphological differences between grafted and wild Z. jujuba var. spinosa fruits and seeds. It also identified
key candidate genes influencing the morphological development of fruits and seeds and their expression patterns under different stress
conditions. These findings provide a theoretical basis and key targets for molecular breeding, environmental adaptability studies, and
resource improvement of Z. jujuba var. spinosa.

Key words: Ziziphus jujuba Mill. var. spinosa (Bunge) Hu ex H. F. Chow; wild; grafted; fruit; Ziziphi Spinosae Semen; gibberellin; drought
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Table 1 qRT-PCR primers

TR FEHID RS RS (53) REABIFS (53
NRT3.1 ZspiChr5G00102020 GGGTTCTCTTGGCTTCACT CGCGTAGCATAGCTTTACC
TSJT1 ZspiChr7G00090400 CAGCGGCTCAATTGTTTCG GACTCATTGTGGTGGGTGT
BZIP9 ZspiChr6G00041380 CGGAATTGGCTCTACAGGAG CTGTGAATCCATGGTTACGG
LRX4 ZspiChr12G00249270 CGCCCATTTTGGTACTACCTC GCTTGTTTCCAAGCTTGCAAT
TENI ZspiChr2G00166520 CCGGAGCATTGGTTGCTC GTTGAGGTCCATGCCATCG
NCED3 ZspiChr1G00006910 GGAATGCCTGGGAAGAACAG CTGCGATTGCCAAGTAAGC
BXL1 ZspiChr12G00264900 CACTGGAGAAGCTAGACAGC GAAGAGCCTCAGACCACCAC
WRKY40 ZspiChr6G00038170 CACTGGAGAAGCTAGACAGC GAAGAGCCTCAGACCACCAC
TIFY9 ZspiChr10G00226280 CTGTGATGAACAACCAGATGG TGGTCAGAGGAGCACTTTCC
WRKYS53 ZspiChr3G00243560 ATCTTCGTACGAAACCCGAG GGTCTGAATCCTGATCGCTT
UBQ ZspiChr10G00213160 TGGATGATTCTGGCAAAG GTAATGGCGGTCAAAGTG
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Fig.1 Morphological appearance of fruits (A) and seeds (B) of wild and grafted Z. jujuba var. spinosa



F8 B 2026F6H £57% BUY  Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 11

* 4343 »

®2 BEBRESHERTRINRMFESERSN (X£s,n=50)

Table 2 Morphological differences in fruits and seeds between grafted and wild Z. jujuba var. spinosa (X £ s, n = 50)

FiE/g

HE HYAt/cm 1% /cm
G 1.672440.037 7 1.496 6+0.017 2
QYG 1.060 4£0.016 4 0.891 6+0.0129
JJIR 0.7304+0.012 8 0.546 8 £0.009 1
QYR 0.668 0+0.012 6 0.524 6+0.009 2

2.719410.092 6
0.620 010.023 0
0.112940.022 5
0.045 140.002 4

=) /em

0.267 60.006 1
0.239440.004 8

(S

1.340 5+0.021 4
1.27734+0.017 7

N f#] reads PAMAKF & 1) reads, & IR1G 84.25
GB [ clean bases. &EZHHL 3 ANFEAL, W £ i
HIFMEG IR R, &M O WEA AN
98.0%, Oz bildE H 7 LLIFTE 94.1%LL F, GC & &
T 43.91%~45.24% (K 3) ; FIH HISAT2 ¥

=3

clean reads (JRUGEHEIEL 5 1) reads ) LLXT 3]
fR ] % % K 4 I, Total map X F AT
88.21% ~ 91.69% , Unique map Lt X} & A~ F
86.47%~89.75% (F 3) . L4534
o R L=, AR SR BT I bR

M # 3 B e 3 e it

Table 3 Sequencing data and alignment statistics

FE clean_bases 020/%  Q30/% GC_pct/% Total map (4 L4/%) Unique map (5/%)
Gl 7.22G 98.11 94.68 4391 42 469 684 (88.21) 41 636 217 (86.47)
G2 7.24G 98.17 94.99 44.08 43784 381 (90.77) 42 897 027 (88.93)
1JG3 7.43G 98.17 94.89 44.50 44986 581 (90.84) 43 893 690 (88.64)
JJR1 7.23G 98.15 94.83 45.03 43 821 058 (90.89) 42 897 346 (88.97)
JJIR2 7.06G 98.01 94.42 44.96 43159 143 (91.66) 42258 917 (89.75)
JJR3 6.06G 97.96 94.12 44.98 36 895992 (91.35) 36 160 623 (89.53)
QYGI 6.83G 98.15 94.86 44.73 40 889 458 (89.82) 39 648 795 (87.10)
QYG2 6.95G 98.15 94.87 44.54 41491 684 (89.57) 40517 792 (87.46)
QYG3 7.42G 98.34 95.26 44.69 45089 198 (91.10) 43902 299 (88.71)
QYRI1 6.86G 98.37 95.39 44.96 41919 584 (91.69) 41027 250 (89.74)
QYR2 6.99G 98.07 94.56 45.24 42543 497 (91.24) 41 634 352 (89.29)
QYR3 6.96G 98.10 94.77 45.07 42 185369 (90.90) 41322416 (89.04)

clean_bases A G EHRIT I8 5 IMBRIEEL; On0 K O30 9 Phred fH KT 20/30 MBI (5 BB SE I F 4) s GC_pet 24 cleanreads 11 G 5 C f 4 Fii
HF 4yt Total map /% Unique map 24 b B 2H b (1) reads %K M —17 B 1) reads %L

clean_bases: number of bases after filtering the raw data; 0»pand Qs: percentage of bases with a Phred score greater than 20 and 30 relative to the total

number of bases, respectively; GC_pct: percentage of G and C bases in the Clean reads out of the four base types; Total map and Unique_map: number

and percentage of reads mapped to the genome and unique locations in the reference genome, respectively.
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Fig. 2 Number of differentially expressed genes (A) and analysis of shared differentially expressed genes (B) between wild

and grafted Z. jujuba var. spinosa fruits and seeds

P4 (transmembrane transporter activity) A FEiRiETE

% (transcription regulator activity) H%; FHEIRES

B AR PR ARSI SR A2 [A] (1) DEGs 325508 R

SR (response to stimulus) « ¥ 3% 4% (regulation of

transcription, DNA-templated) « 4 K75 FEV)E Al
A PR R =0T

1L 2 ) 1 4% (regulation of cellular macromolecule

biosynthetic process ) K& 5 JB ¥ iz & H IE

(transmembrane transporter activity) A< (K 3)
KEGG F# 4%, QYRvsQYG. QYG

vs JJIG. JIR vs JJIG }% QYR vs JIR tLIAH &,
C

El3 QYR vs QYG (A)s JIR vs JJG (B). QYG vs JJG (C) & QYR vs JJR (D) EFFTIEERA GO EEN
Fig.3 GO enrichment analysis of differentially expressed genes in QYR vs QYG(A), JIR vs JIG(B), QYG vs JJG(C), and
QYR vs JIR(D)
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DEGs + %% % 2| A it M & [ fi N T (protein
processing in endoplasmic reticulum) . HHYJ¥E R
{55 % S (plant hormone signal transduction) -

A B
150 2004
100 100
50 = 0_
B b
0 -

KN bt KW E W & L ( phenylpropanoid
biosynthesis) & A8 4)-75 J5 /& HAE (plant-pathogen
interaction) 1 (& 4) .

C D

607 301
&40 = 20
< 7 <
20 10
b | En |

0 0

4 QYRvs QYG (A). JJIRvs JIG (B). QYG vs JJG (C) X QYR s JIR (D) ZRFILERE KEGG EENH
Fig. 4 KEGG enrichment analysis of differentially expressed genes in QYR vs QYG (A), JJR vs JJIG (B), QYG vs JJG (C),
and QYR vs JJR (D)
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