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Fig. 1 The phenotype of resistant and susceptible
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Table I Phytoplasma contents of the germplasm after grafting invasion
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TE A A i BN - AR DNA R S AR, * 3878 5 1% R BT 3 A Le 25 53 5.3, P<<0.01. Note: Phytoplasma content unit is cells

per microliter of DNA sample. * indicates a significant difference compared with the previous period of the accession, P<<0.01.
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Fig. 2 Statistics of differentially expressed genes between resistant and susceptible groups
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Fig. 5 Plant and pathogen interaction pathway in jujube tree
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Fig. 6 Differential gene analysis of pathways related to phytoplasma infection in jujube trees
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nin; PetF: Ferredoxin. Fig.C: Flavonoid biosynthetic pathway : CHS: chalcone synthase; CHI: Chalcone isomerase; F3H: Flavonoid-3’ -hy-
droxylase; FLS: Flavonol synthase. The red markers in the figure represent the enzymes whose gene expression changes.

E7 AEREGMNEERESRNE XYL S IEMAMEEINEY S ISR DEG 317
Fig.7 DEG analysis of peroxisome, photosynthetic and flavonoid biosynthesis pathways in response to phytoplasma

infection in resistant and susceptible cultivars of jujube
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Fig.A: Gene clustering and module division based on WGCNA; Fig.B: The correlation and significance of resistance group and susceptible

group with modules; Fig.C: Visual analysis of high correlation modules.
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Fig. 8 Gene co-expression network and its core genes
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Table 2 Functional annotations of hub genes in different modules
B Module 103 K Hub gene FEH 7B Gene annotation
grey60 LOCI107404716 JI IR R y K Lipid phosphate phosphatase gamma-like
grey60 LOC107411356 ZEFEEM S5 Ubiquitin-like protein 5
grey60 LOCI107433126 RNA i+ MORF 3, £4714& Multiple organellar RNA editing factor 3, mitochondrial
AD- i atp I eI 50 BE L s B
grey60 Lociorisss6z g;ﬁgix ?\QiﬁP(i?eiii{dirﬁ i{;\]]m/\ﬂ'i;ﬁjiéfo%] i)l:ej,krfaiscript variant X1
grey60 LOC107413292 W24l 1, JEMER4K Pullulanase 1, chloroplastic-like
grey60 LOC107433012 UK 1 atdg27190 #f: Disease resistance protein At4g27190-like
grey60 LOC107435939 UPF0481 # 14 at3g4 7200 £ , 7 578 5 X2 UPF0481 protein At3g47200-like, transcript variant X2
grey60 LOC107421700 JIE 7% W3t ALEAER 1 2 Abscisic stress-ripening protein 2-like
grey60 LOC107435897 UK FERE 11 DSC1 Disease resistance-like protein DSC1
grey60 LOC107422092 G-box 454 T 1 £ G-box-binding factor 1-like
darkgrey LOC107412706 LysM &5 g3 52 (AR 3 LysM domain receptor-like kinase 3
darkgrey LOCI107415327 22 53R/ 70 A TR B 1 sty 13 Serine/threonine-protein kinase STY13-like
darkgrey LOC107407414 w2 R - B 1, a2 Cystathionine gamma-synthase 1, chloroplastic-like
darkgrey LOC107435119 Ak A K R T2 R M 2 1B Transforming growth factor-beta receptor-associated protein 1-like
darkgrey LOCI107411621 Sy ks 1 2A BE 5 578 5 X2 Sorting nexin 2A-like, transcript variant X2
darkgrey LOC107414800 B P2 T SF3a60 [ Splicing factor SF3a60 homolog
darkgrey LOC107420489 Tl fEAYIZ R BEKEE E2 Probable ubiquitin-conjugating enzyme E2
darkgrey LOC107415048 E37Z ZEEE BRELFE 2 E3 ubiquitin-protein ligase BRE1-like 2
darkgrey LOC107424096 PURFERE 1 DSC1 Disease resistance-like protein DSC1
darkgrey LOC107429173 PR A G a 10 JE LAE , 35 558 4K X1 Cinnamoyl-CoA reductase 1-like, transcript variant X1
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Study on differences in response to phytoplasma infection
in different resistant jujube germplasms

WANG Chao', XU Yaru', JIAO Lijun*, BO Wenhao', CAO Ming®, KONG Decang”’,
ZHANG Qiong*, PANG Xiaoming'

1.College of Biological Sciences and Technology, Beijing Forestry University, Beijing 100083, China;
2.Shuangjing Forestry Farm ,Aohan Banner ,Inner Mongolia Autonomous Region , Chifeng 024300, China ;
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Abstract Jujube witches’ broom disease is a significant threat to jujube trees. To reveal the key bio-
logical pathways associated with disease resistance in jujube germplasm in response to phytoplasma infec-
tion, a graft-inoculation method was used to evaluate the resistance of 324 jujube germplasm resources to
this disease. The study utilized disease-resistant germplasms ‘QS10’°, ‘UU12° , ‘EQ15’ and the suscepti-
ble germplasms ‘Zhongyangmuzao’ , ‘Hupingzao’ , ‘Luzhao 5’ as materials. The phytoplasma content in
leaf tissues was measured at 90 days and 120 days post-infection, and transcriptome sequencing was con-
ducted to elucidate the differential responses. The results showed that the concentration of phytoplasma in re-
sistant germplasm was low and gradually decreased after grafting , while the concentration of phytoplasma in
susceptible germplasm was higher and gradually increased over time. The DEGs of both resistant and sus-
ceptible germplasm were significantly enriched in pathways such as plant-pathogen interaction, plant hor-
mone signal transduction, and biosynthesis of secondary metabolites. Notable differences were observed in
the expression of genes related to peroxisome, photosynthetic pathway and flavonoid biosynthesis pathway.
WGCNA analysis revealed that core genes such as lipid phosphatase , RNA editing factor MORF 3, LysM
domain receptor-like kinase, and serine/threonine protein kinase sty13-like were associated with resistant
germplasm.Research indicated that in response to phytoplasma invasion, the differential expression of genes
involved in plant-pathogen interaction, synthesis of secondary metabolites, plant hormone signal transduc-
tion, and MAPK signaling pathways may contribute to the differential phenotypes observed between resis-
tant and susceptible germplasms. The peroxisome-related genes are upregulated in disease-resistant germ-
plasm, while photosynthetic genes are less affected by phytoplasma invasion, which may contribute to the
normal progression of energy metabolism and redox balance of resistant germplasm, thereby enhancing its
disease resistance. Additionally, secondary metabolites such as flavonoids and terpenes may play a role in
eliminating the damage caused by active oxygen.

Keywords jujube; jujube witches’ broom disease; phyplasma interaction; secondary metabolites ;
WGCNA
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