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Abstract: Jujube is an important non—wood tree species and fruit. Jujube witches’ broom is caused by phytoplasma,

which seriously threatens the high—quality development of the jujube industry. Previous studies have shown that the
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effector Zaofeng6 secreted by phytoplasma interacts with the target protein ZjTCP7 in jujube to induce witches’
broom symptoms. This study used subcellular localization, co—immunoprecipitation (Co—IP) and pull-down
experiments to verify the direct binding relationship between Zaofeng6 and ZjTCP7 and clarify their molecular
interaction mechanism. Online biological software was used to analyze the physicochemical properties and
structures of Zaofengb and ZjTCP7 proteins, and plant expression vectors and Escherichia coli prokaryotic
expression vectors of Zaofeng6 and ZjTCP7 were constructed. Subcellular localization experiments were performed
by transient expression in tobacco, and immunoprecipitation experiments were performed by co—expression in
tobacco leaves to verify the interaction of the two proteins in plant cells. Protein expression was induced in E. coli,
and pull-down experiments were performed to verify the interaction of the two proteins in vitro. The result showed
that the molecular weights of Zaofeng6 and ZjTCP7 were 9.3426 and 49.6553 kDa, respectively. Zaofengb was a
hydrophilic stable protein, while ZjTCP7 was a hydrophilic unstable protein. Subcellular localization results showed
that Zaofeng6b was localized in the cell membrane and nucleus, while ZjTCP7 was localized in the nucleus. The two
proteins were co—localized in the nucleus. Immunoprecipitation experiments showed that GFP-ZjTCP7 signals
could be detected in the FLAG antibody immunoprecipitation complex, indicating that the two proteins specifically
bind in plant cells. Pull-down experiments further confirmed that GST-ZJTCP7 could specifically adsorb His—
Zaofeng6, indicating that the two proteins directly bind in wvitro. It’s concluded that phytoplasma effector factors
Zaofeng6 and jujube ZjTCP7 interact in the nucleus, and these two proteins are capable of binding both in planta
and in vitro. This study lays the foundation for further analysis of the characteristic structures of interacting proteins,
as well as for developing targeted control strategies against plant diseases and advancing gene editing research.
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Tab.l  Primer sequence information

EILZERS ElkZE2d
Zaofeng6-F ATGGCTGCGTCTAAAAAC
Zaofeng6b—R CTTAACCCCAATCATCGAC

ZjTCP7-F ATGTTTCCATCAAACAG
ZjTCP7-R GCATAGGTTATGGGTGT

pSAK277-GFP-Zaofeng6—F
pSAK277-GFP-Zaofeng6—R
pSAK277-GFP-ZjTCP7-F
pSAK277-GFP-ZjTCP7-R
pCAM2300-mCherry—Zaofeng6—F
pCAM2300-mCherry—Zaofeng6—R
pSuper1300-GFP-Zaofeng6-F
pSuper1300-GFP-Zaofeng6-R
pCAM1300-3Flag-ZjTCP7-F
pCAM1300-3Flag-ZjTCP7-R
pET15(b)-F
pET15(b)-R
pET15(b)-Zaofeng6ASP -F
pET15(b)-Zaofeng6ASP —-R
pGEX-4T-1-TCP7-F
pGEX-4T-1-TCP7-R

GTGGATCCAAAGAATTCATGGCTGCGTCTAAAAAC

CTCCTTTACCCATGAATTCTTATTTTTTTAAATT

GTGGATCCAAAGAATTCATCCATGATGTTTCCATCAAACAG
CTCCTTTACCCATGAATTCTTAGCATAGGTTATGGGTGT
GCTTCGAATTCTGCAGTCGACATGGCTGCGTCTAAAAAC
GCCCTTGCTCACCATGGATCTTATTTTTTTAAATT
CACTAGTATTTAAATGTTTTAAATTATCAGGTTTTTTG
CAAATCGACTCTAGAAATGGCTGCGTCTAAAAACAAT
GAGGACAGGGTACCCGGGGATCCATGATGTTTCCATCAAACAG
GTCGACGGCGCGCCTCGAACTAGTGCATAGGTTATGGGTGTTGCAGATG

TAATACGACTCACTATAGGG
TGCTAGTTATTGCTCAGCGG
CCGCGCGGCAGCCATATGGCTGCGTCTAAAAAC
GCTTTGTTAGCAGCCGGATTATTTTTTTAAATT
CGTGGATCCCCGGAAATGATGTTTCCATCA
ACGATGCGGCCGCTCTTAGCATAGGTTATG
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Tab.2  Protein physicochemical properties information

HH 53 FH/kDa SEHL A pl NeWiEIE . AR FKIE 72 Y E {3
Zaofeng6 9.342 6 9.05 30.71 -1.316 08
ZjTCP7 49.655 3 6.84 61.01 -0.901 )08
x3 BEAZLKEHRTN
Tab.3  Protein physicochemical properties information
& oI % S % T H%
Zaofengb 56.25 8.75 35.0
ZjTCP7 17.54 2.51 79.95
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Fig.1  Protein structure prediction of Zaofeng6 and ZjTCP7

GFP  mCherry
GFP-Zaofengb - + GST-ZjTCPT - +
PSAK277=GFP=Zaofengb FLAG-ZTCP7  + + His—Zaofeng6 -+ "
GFP + GST +
PSAK277-GFP-Z{TCPT
= anti-GFP | o anti=GST = .
= anti-Fla, - = S CIRE p
SAKTT-Gr? : N A
g
& anti-GFP S anti-GST .
PSAK277-GFP-ZjTCPT T I ———
pCAMBIA2300-Zaofeng6b—Mcherry = anti-Flag ”i i anti-His ‘
- 8
1 GFP FIR G B 9O R FARAE s mCherry 78 mCherry %46 1R
() PRI YT (b) T Hz 588
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Fig.2  Subcellular localization of Zaofeng6 and ZjTCP7
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Fig.3  Verification of the interaction between Zaofeng6 and ZjTCP7
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