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The transcription factor PheNACS83 positively regulates the Valsa canker

resistance in apple and pear
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Abstract: [Objectivel Valsa canker, caused by Valsa pyri (Vp), is a highly destructive trunk disease of
pear trees, causing significant economic losses to the global pear industry. Characterized by a long incu-
bation period, high pathogenicity, and rapid spread, this pathogen mainly invades the phloem of pear
trees through wounds or stomata. It disrupts the transportation of water and nutrients, leading to the
withering of trees, decline in yield, deterioration of fruit quality, the death of entire plants, and even the
destruction of orchards. Existing prevention and control methods still have problems. Therefore, resis-
tance breeding has become an effective solution to the problems. It is urgent to screen for major disease-
resistant genes and study their mechanisms. When the immune system of plants is activated upon patho-
gen infection during their growth and development, cellular transcriptional reprogramming occurs to
regulate the expression of defense-related genes. As a vital plant-specific transcription factor family,
NAC factors are significantly involved in this process. Previous studies have shown that NAC transcrip-
tion factors are involved in a wide range of plant physiological processes and responses to various envi-
ronmental stresses. They have achieved remarkable results in enhancing plant stress resistance. Howev-
er, reports on the identification and analysis of NAC transcription factors in pears are scarce. This study
aims to identify NAC transcription factors related to Valsa canker resistance, providing a theoretical ba-

sis for molecular breeding for disease resistance. [Methods] Based on transcriptome data, we screened
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PbeNACS3 (Chr9.g47397) and performed bioinformatics analysis on it. The NAM-typical structural do-
mains of PheNACS3 were further identified using the online tools SMART. Predicting cis-acting ele-
ments using the online tool PlantCARE. Additionally, the phylogenetic relationship between PbeNACS3
and other plant homologous genes was analyzed by multiple sequence alignment and phylogenetic tree
construction. To identify the potential roles of PheNACS3 in resistance to Valsa canker, we treated the
suspension cells of Duli-GO03 with 20% VpM and analyzed them using qRT-PCR to detect the expres-
sion pattern of PhbeNACS3 to signals from the JValsa canker pathogens. Subsequently, the CDS of
PbeNACS3 was amplified and inserted into the pFGC5941 expression vector. The resulting recombinant
plasmid was then introduced into Agrobacterium tumefaciens GV3101 using the freeze-thaw method.
This approach was employed to elucidate the role of PheNACS3 in conferring resistance to Valsa can-
ker. To elucidate the role of PbeNACS83 in combating Valsa canker, we conducted transient expression
experiments in the fruits of Huangguan pears (Pyrus bretschneideri) and Yanfu 3 apples (Malus xdomes-
tica), and stable expression in the suspension cells of “Duli-G03”. Moreover, we carried out infection
tests on the fruits and suspension cells using Valsa pyri (Vp). The difference in PheNACSE3 overexpres-
sion in resistance to Valsa canker was studied. The Multifunctional Microplate Reader was used to as-
say its cellular activity after treatment with VpM. The expression levels of immune response- related
genes, including those involved in pattern-triggered immunity (PTI), jasmonic acid (JA) signaling, phy-
toalexin production, and reactive oxygen species (ROS) pathways, were examined by qRT-PCR follow-
ing the overexpression of this gene. [Results] The expression analysis results indicated that that the P
betulifolia transcription factor PheNACS83 (Chr9.g47397) was significantly up-regulated in response to
the induction by Valsa pyri Metabolites (VpM). Bioinformatics analysis indicated that PbeNACS83 be-
longs to the NAC family of transcription factors, and contains a typical NAM domain. In addition, the
promoter region is rich in elements related to methyl jasmonate (MeJA), abscisic acid (ABA) signaling
pathways, anaerobic induction, as well as other elements associated with plant disease resistance. Evolu-
tionary analysis indicates that PheNACS3 exhibits the highest homology with ma48275-v1.1-pbr of P.
bretschneideri. Upon treatment with 20% VpM, the FPKM value of PbeNACS3 exhibited a rapid in-
crease. As determined by qRT-PCR, the expression level of PheNACS83 increased from 19.51 at 0 h to
211.2, 150.12, and 121.32 after 1, 3, and 6 h of treatment, respectively. Transient expression of
PbeNACS3 in Huangguan pears and Yanfu3 apples significantly reduced the spreading rate of Valsa pyri
(Vp). Further qRT-PCR assays confirmed that the target gene was overexpressed as we expected on the
infiltrate site of fruits. PheNACS3 was transfected into the DuliG03 suspension cells, and three well-
grown overexpression cell lines were obtained. Functional analysis demonstrated that PheNAC83-OE
cells were more resistant to Vp and VpM compared to the control. After inoculation with Vp, the spread
rate of Valsa canker disease was significantly inhibited. Compared with the control, the PbeNACS3-
OET1 cell line had at spread rate decreased by up to 57.9%, 67.6%, and 73.1% at 48, 60 and 72 h, respec-
tively. Upon treatment with VpM, the activity levels in the PbeNAC83-overexpressing cell lines were el-
evated compared to those in the wild-type cells. Gene expression analysis revealed that key genes relat-
ed to reactive oxygen species (ROS) and phytoalexin signaling pathways were significantly induced in
the PbeNACS83 overexpression cell lines.[Conclusion]To summarize, PheNACS83 is a typical NAC tran-
scription factor associated with resistance to Valsa canker in pears, which is significantly upregulated
under VpM induction, and its overexpression positively regulates the resistance of apples, pears, and Du-
1iGO03 suspension cells to Valsa canker. ROS and phytohormone signaling pathways mainly participate

in the immune response regulated by PheNACS3. These results are of great significance for a deeper un-
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derstanding of the mechanisms of Valsa canker disease resistance in pears. It will help to develop new

disease resistance strategies, improve the disease resistance of pear trees, and promote the sustainable

development of the pear industry.
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Table 1 Genes and primer information associated to qRT-PCR

HELR A4 B ERFI4(5%-37) SR 514 (57-37)

Gene name Forward primer (5'-3") Reverse primer (5'-3")

qRT-PbeNACS3 GGATCCGGAAGACGTTGGTT CCCAGTTCCCGGATTCCTTT

Actin TTCAGATACTGTTGTGGAGCCTTAC AGTAACTCCAGACATTGTTGCAGAG
WRKY22 CATATCCAAGGGGATATTACAGATG GTGACTATAAAAATATTCGGGTCGG
PRIb GACACACCCCAAGACTACCTCAAG GTCACCAGTGCTCATGGCAAG
WRKY33 GGATGATGGCTTCAATTGGAG ACTGAGGCTTAGGATGGTTGTGA
RBOHD TACGTGGAGATCACTCTCGACATC CCGCTTCAGCTCCTGAGAGAC
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_|: MABA039145
MD09G1006400
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A. PbeNACS83 [ R G K E 74T, B IURE I B R H 240 BB Bk Ay 148 L T 1 32 B. PbeNACS3 [FIfR <1 S5 R4 3 #r «

C. PbeNACS3 (1 = AE FH o 7o .

A. Phylogenetic analysis of PbeNACS in: Arabidopsis thaliana Populus trichocarpa~ Rubus occidentalisRosa chinensis Fragaria vesca- Prunus

persica~Prunus armeniaca- Pyrus bretschneideri-Malus baccata-Malus * domestica. B. Conserved domain analysis of PbeNAC83. C. Cis-acting el-

ement prediction of PbeNACS3.

Bl 1 PbeNACS3 BASHURFINRGRE 7
Fig. 1 Basic parameters and the sequence phylogenetic analysis of PheNAC83
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A. PbeNACS3 Wil N5 1249515 5 (R IE 3 M7 : Fl 20% Valsa pyri Metabolite (VpMD &3 Pyrus betulifolia #3740 J5 i RNA-seq 3515 113
FPKM ff;B. qRT-PCR. FPKM : T/ EE 1) 3455 E1 JT WU S fragments. H05 9 FI9ME (SD) =3, * P<<0.05,** P<<0.01. KA,

A. The expression analysis of PbeNACS83 respond to Valsa canker signals: the FPKM value of Pyrus betulifolia suspension cells were treated with

20% Valsa pyri Metabolite (VpM) and detected by RNA-seq. B. qRT-PCR. FPKM (Fragments quantity per kilobase of the exon model for every mil-

lion mapped fragments). The date were mean (£SD), n=3. * P<<0.05, ** P<<0.01. The same below.
2 PbeNACS3 MG IEFRIESHIRIE DT
Fig. 2 The expression of PheNACS3 in response to Valsa canker signals
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