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Abstract

Grafting has been widely used to defense soil borne diseases and nematodes in vegetables production.
However, the underlying mechanism of grafting-improved disease resistance is largely unknown. In this study,
grafting cv. ‘Ledu’ scion to cv. Jingxin No. 5’ rootstocks improved the resistance of pepper to Phytophthora
capsici. To gain insights into the regulatory networks related to grafting, we performed transcriptome analysis
of grafting and control pepper plants with or without P. capsici inoculation. RNA-seq analysis revealed that P.
capsici infection largely re-programmed the pepper transcriptome and differentially expressed genes (DEGs)
functionally annotated to metabolism processes including photosynthesis, response to stimulus, enzyme
activity, and transcription were significantly enriched. Furthermore, the expression levels of most DEGs
induced by P. capsici infection, such as genes functionally related to plant hormone signal transduction, plant-
pathogen interaction, photosynthesis, reactive oxygen species, tend to recover to the control levels in grafting
pepper plants, which help pepper maintain moderate plant defense response and considerable accumulation
level of assimilation product, therefore fine-turning the dynamic balance between pepper growth-defense
tradeoffs. Taken together, our results suggest the dynamic transcriptional programming in grafting pepper that
underpin P. capsici disease and providing insight that the fine-tuning balance between growth and defense of

grafting pepper.
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Introduction

Pepper (Capsicum spp., mainly C. annuum L.), a member of the Solanaceae family, is an economically

and socially important crops worldwide (Penella ez 4/, 2017). In China, the cultivation area of pepper is more
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than 2.1 million ha and the annual output value is over 40 billion US dollars (Zou ez 4/., 2020). As excellent
sources of many essential nutrients for humans, the global demand of pepper fruits is growing and how to
increase crop production, fruit quality and the plant resistance to environmental stresses has drown more and
more attention (Yin ez /., 2021).

Late blight disease, caused by soil borne pathogen Phytophthora capsici, is one of the most devastating
diseases that seriously threaten the sustainable production of pepper (Shi ez 4/., 2021). Worldwide annually
losses due to this disease is more than 100 million dollars (Barchenger ez /., 2017). Numerous attempts have
been made to improve the disease resistance of pepper crops. Cultural practices such as crop rotation and
irrigation management are recommended, but pesticide is generally applied to control the diseases. However,
fungicide resistance development and phytotoxicity are problems (Zhang ez 4/, 2019b). Another way to
improve pepper resistance to soilborne diseases is resistant breeding, but that is very difficult to achieve and
requires much time and effort. Many researchers are focusing on alternative control methods.

Grafting is one of the most popular and valuable technique used to against soil borne diseases and
nematodes in vegetables production (Tsaballa ez al, 2013). Comparing with time-consuming breeding,
grafting is simple, convenience and environmental-friendly. Grafting of pepper has been proved to alleviate
negative effect of biotic (e.g., Phytophthora blight and bacterial wilt) and abiotic stresses (e.g., salt and low
temperature) (Jangeral., 2012; Gilardiez al., 2013). However, until now, pepper grafting has been less exploited
in improving pepper resistance since: (1) stresses tolerance pepper genotypes that can be used as stock are still
scarcity (Penella e al., 2017), (2) underlying mechanisms about grafting alleviates stress, which is crucial for
carrying out more phenotypical screenings of various rootstock-scion combinations (Naegele ez al., 2014).

In this study, we found that using cv. Jingxin No. 5’ as rootstocks can significantly improve the
resistance level of cv ‘Ledu’ scion to Phytophthora capsici, the cause agent of pepper late blight. However,
physiological and molecular mechanisms involved in scion and pepper rootstock interaction under
Phytophthora blight stress are still unknown. Thus, in this study, we performed a comparative transcriptome
analysis of the grafting and control pepper plants with or without P. capsici inoculation, which will to provide
guidelines for a more efficient and sustainable use of rootstocks Jingxin No. 5’ in improving resistance of

pepper to Phytophthora blight discase.

Materials and Methods

Plant material and pathogen inoculation

Healthy and uniform pepper (Capsicum annuum. L) seeds (susceptible cv. ‘Ledu’ scion and resistant cv.
Jingxin No. 5’ rootstocks, supplied by Qinghai Academy of Agriculture and Forestry Sciences, China) were
pre-germinated in an incubator, and then were planted in a solar greenhouse. When seedlings were grown into
4 to 6 leaves stage, seedlings with stem dimeter larger than 2 mm were chosen to perform the grafting. The split-
grafting was applied to construct hetero-grafted pepper seedlings. Briefly, the upper parts of rootstocks were
cut off, with the first pair of true leaves being left, and separate the stem from the middle with a 1 ¢m notch.
The lower part of scion was cut off and three to four true leaves were kept. Then the stem of scion was cut into
1 cm wedge and inserted into the notch of rootstock.

Grafting and nature growing pepper plants were cultured in green house for 20 days and then were used
for inoculation and sampling. For pathogen inoculation, Phyrophthora capsici isolate PcXN1314 was cultured
on RSA medium for two weeks, then was washed with cold sterile distilled water to harvest sporangia. Then
sporangia suspension was adjusted to 15,000 spores per mL and kept at 4 °C for 2 h to release motile zoospores.
The zoospores suspension was sprayed on pepper leaves. Three days after inoculation, three kinds of leaf
samples including P. capsici inoculation ‘Ledu’ scion with TJingxin No. 5" rootstocks, P. capsici inoculation
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‘Ledu’, and control of un-inoculation ‘Ledu’ were collected for RNA-seq sequencing. Each sample contains
three biological replications.

Paired-end strand-specific RNA sequencing

Total RNA was extracted from pepper samples using RNeasy Mini Kit (QIAGEN, Beijing, China) and
treated with RNase-free DNase I (Takara, Dalian, China) to degrade residual genomic DNA. RNA quality and
quantity were further validated by a Nanodrop 2000c Spectrophotometer (Thermo Fisher Scientific,
Waltham, MA, USA) and Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). Total
RNA was treated by the Ribo-Zero rRNA Removal Kit (Epicentre, Madison, W1, USA) to remove rRNA, and
then 1 pg of IRNA-depleted total RNA was used to prepare the sequencing library. Sequencing of each library
was conducted on the lllumina HiSeq 2500 platform to produce strand specific 150 bp pair-end reads. Reads
were deposited in NCBI SRA database under project accession PRINA728756.

Read mapping and transcriptome assembling

Sequencing raw reads were pre-processed to remove barcode and adaptor sequences, then to remove the
low-quality and shorter reads. Bowtie was used to filter out reads belonging to rRNAs. TopHat2 was used to
map clean reads to pepper reference genome Capsicum.annuum. L_Zunla-1_Release_2.0. Cufflinks was used
to assemble transcripts and calculate expression levels represented by FPKM values (fragments per kilobase of
exon per million fragments mapped) (Qin ez al., 2014). R package gmodels was used to perform principal
component analysis (PCA) and R package edgeR was used to identify significantly different expression genes
(filtering parameters FDR < 0.05 and |log2FC| > 1) (hrtp://www.rproject.org/).

Functional enrichment test of different expression genes (DEG)

To infer the potential biological functions of DEGs, Blast2GO was firstly used to functional annotate
pepper genes. And several commonly used databases including Nr, Pfam, KOG/COG, and Swiss-Prot were
also used to perform gene function annotation (Yin ez a/., 2018b). GO terms and KEGG pathways of the DEGs

were manually extracted and submitted to an online tool argriGO to obtain the GO functional clues of these

DEGs (Zhu ez al., 2019).

Validation of RNA-Seq Data by Quantitative Real-Time PCR (qRT-PCR)

RNA preparation with three biological replicates for each sample was conducted as described above. The
first-strand cDNA synthesis was performed using a Prime-Script™ II First Scrand cDNA synthesis kit (Takara
Bio, Dalian, China) according to the manufacturer’s instructions. The primer sets for each gene were designed
by Primer Premier 5.0, and their sequences are listed in Supplementary Files S1. qRT-PCR was carried out on
an ABI 7500 Real-Time PCR System (Thermo Fisher Scientific, Inc., Waltham, MA, USA) with SYBR Premix
Ex Taq" I kit (Takara). Expression was calculated as 2724“T and normalized to that of the reference gene Actin

(Jiang ez al., 2021).

Results and Discussion

Grafting Ledu’ scion to Jingxin No. S’ rootstocks improved the resistance performance of pepper plants to
Phytophthora capsici

Selection of P. capsici resistance cultivars and used them as rootstocks is a promising approach to decrease
the negative effects of pathogen on pepper (Gilardi ez 4/, 2013). In this study, we found Jingxin No. 5’ was a
potential rootstock that can be used to improve P. capsici resistance. As can be seen in Figure 1, disease symptom

appeared in leaves and stems of pepper cultivar ‘Ledu’ after five days of P. capsici spores being inoculated,
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suggesting that ‘Ledu’ is a susceptibility cultivar (LDS, ‘Ledu’ susceptibility). In contrast, grafting cv. ‘Ledu’

scion to cv. Jingxin No. 5’ rootstocks can largely improve the resistance to P. capsici (GR, grafting resistance).

Figure 1. Grafting enhances the resistance performance of pepper plants

CK, control plant; LDS, cv. ‘Ledu’ susceptibility to P. capsici; GR, grafting resistance plant (grafting cv. ‘Ledu’ scion to

cv. Jingxin No. 5’ rootstocks).

Summary of RNA-seq data

Although grafting has been reported to improve tolerance to environmental stresses, insights into the

molecular regulation mechanisms of grafting have remained future objectives. Furthermore, genes and gene

networks underlying resistant improvement mechanisms of grafted pepper to P. capsici are still unknown. In

this study, through RNA-seq analysis, 887 million 150-nt pair-end raw reads were obtained (Table 1). After

low quality reads filtering, ~886 million clean reads (99.90%) were produced and an average of ~98 million

reads was obtained for each sample. Using the TopHat2 software with default settings, a total of 703,453,864

reads (79.37%) were successfully mapped to the pepper genome, most of which were uniquely-mapped reads

(75.49%). Collectively, 22,072 genes showed expression signal in at least one sample, with the number of
expressed genes ranging from 14,481 (LDS-2) to 16,495 (CK-1) (Table 1, Supplementary Files S2). Besides, a
total of 30,800 new transcripts were assembled, with the number ranging from 25,850 in CK-2 to 27,106 in

CK-3.

Table 1. Overview of RNA-seq data and mapping results

RNA-seq reads Expressed genes
Sample Raw Clean (% of raw) Unique mapped (% of clean) | Known genes® | New transcripts ®
CK-1 | 105961146 | 105873258 (99.92%) 79371481 (74.97%) 16495 (46.68%) 26674
CK-2 75729778 | 75648984 (99.89%) 57697575 (76.27%) 14537 (41.14%) 25850
CK-3 | 106361480 | 106246668 (99.89%) 81842756 (77.04%) 15555 (44.02%) 27106
LDS-1 | 92577412 | 92501070 (99.92%) 70528216 (76.25%) 15989 (45.25%) 26651
LDS-2 | 107816886 | 107688840 (99.88%) 79007886 (73.37%) 14431 (40.98%) 25928
LDS-3 | 104151762 | 104038326 (99.89%) 78663110 (75.62%) 15890 (44.97%) 26364
GR-1 | 71297300 | 71211298 (99.88%) 53746784 (75.49%) 15302 (43.30%) 26184
GR-2 | 121011522 | 120906480 (99.91%) 90362253 (74.74%) 15292 (43.28%) 26706
GR-3 102311614 | 102197462 (99.89%) 78513865 (76.83%) 15827 (44.79%) 26871
Total | 887218900 | 886312386 (99.90%) | 669733926 (75.49%) | 22072 (62.46%) 30800

* Assembled genes belonging to known 35,335 genes reported by (Qin et al,, 2014).

study.

b new transcripts assembled in this
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Gene expression profiles and gRT-PCR validation

To validate the repeatability between biological replications and difference between treatments,
principal component analysis (PCA) was performed (Figure 2A) (Yin ez al., 2018b). The result showed that
the first and second principal components (PC1 and PC2) accounted for 70.9 and 16.3% variability in che
RNA-Seq dataset. Samples belong to three treatments were separately distributed and three biological
replications belong to same treatment were clustered together, indicating a stable and distinct response of
pepper plants to corresponding treatment. Then, gRT-PCR was conducted on a randomly selected seven genes
to confirm the expression profiling of RNA-seq data. Results showed that the gene expression patterns
determined by qRT-PCR were fairly consistent with that of RNA-seq analysis (R* = 0.96, Figure 2B, 2C),
which confirmed the reliability of RNA-seq.

To systematically explore the transcriptomic dynamics, we conducted pair-wised comparisons between
different treatments of interest (Figure 2D) and differentially expressed genes (DEGs) were identified. Totally,
8,861 DEGs genes were identified in different pairs of treatments, of which 2,990, 6,381 and 3,798 were found
between LDS and GR, CK and LDS, and CK and GR, respectively (Figure 2D). We then analyzed the putative

functions of these DEGs based on their associated annotations.
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Figure 2. RNA-seq data and genes expression analysis

(A) Principal component analysis. (B) Gene expression patterns determined by RNA-seq and qRT-PCR.
Capana00g002362, transporter precursor chloroplast phosphate;  Capana00g001883,  tetraspanin-8-like;
Capana00g003691, NHL domain-containing protein; Capana00¢004469, PAR1 protein; Capana00g002799,
chlorophyll a-b binding protein 1B; Capana01g000283, PR5-like protein; Capana00g003369, diacylglycerol kinase.
(C) Correlation analysis between log2(FPKM+1) values of RNA-seq and -ACt value of qRT-PCR. (D) Number of
differentially expressed genes.
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Transcriptomic response to P. capsici infection

Disease affects the photosynthesis of plant and induces the expression of genes that are functionally
associated with stress response. The effects of both biotic and abiotic stresses on pepper plants include a wide
range of physiological, metabolic and genomic changes that provoke alterations in photosynthesis, reactive
oxygen species (ROS) accumulation, and an imbalance uptake of nutrients (Penella ez 4/, 2017). In this study,
comparing to CK, P. capsici infection (LDS) caused thousands of genes up-/down-regulated (3,304/3,077) in
the leaves (Figure 1D). Most different expression genes were annotated to metabolic process, catalytic activity,
binding, cellular process, single-organism process, and cell part GO terms (Figure 3A). Interestingly, most
significant enrichment GO terms belonging to cellular component were associated with photosynthesis,
including plastid thylakoid (GO:0031976), plastid envelope (GO:0009526), chloroplast part (GO:0044434),
and chloroplast thylakoid (GO:0044434) (Figure 3B). Consistent with the pathogen infection, genes
belonging to response to stimulus (GO:0050896) was significant enriched. And genes associated with
biosynthetic (GO:0006779 porphyrin-containing compound biosynthetic process), energy (GO:0006739
NADP metabolic process), and plastid membrane organization (GO:0009668) were also significant enriched,
reflecting the main metabolism changes of pepper after infection by pathogen. GO and KEGG analysis of these
DEG genes suggested that molecular functions such as transcription (GO:0001071 nucleic acid binding
transcription factor activity), lyase (GO:0016830 carbon-carbon lyase activity), hydrolase (GO:0004553
hydrolase activity, hydrolyzing O-glycosyl compounds), oxidoreductase activity (GO:0016491), and
antioxidant activity (GO:0016209) were also significant enriched, reflecting the main changes of metabolism

processes after infection by pathogen (Figure 3C).

Grafting largely changes transcriptomic response of pepper to P. capsici infection

To reveal the effect of grafting on the pepper transcriptome under P. capsici infection, samples were
analyzed and 1,397 and 1,593 up- and down-regulated DEGs were identified (Figure 2D). Most DEGs were
annotated to metabolic process, catalytic activity, binding, cellular process, single-organism process, and cell
part GO terms (Figure 4A). Under the cellular component category, different expression genes were mainly
significantly enriched to GO terms related to photosystem (GO:0009521), chloroplast part (GO:0044434),
and plastid thylakoid (GO:0031976), implying the considerable change of photosystem between LDS and GR
pepper plants (Figure 4B). As to biological process category, GO terms related to metabolism and energy were
significantly enriched, including generation of precursor metabolites and energy (GO:0006091), NADP
metabolic process (GO:0006739), sulfur amino acid biosynthetic process (GO:0000097), and porphyrin-
containing compound biosynthetic process (GO:0006779). Under molecular function category, several
catalytic activities were enriched, such as hydrolase (GO:0016798, hydrolase activity, acting on glycosyl bonds),
lyase (GO:0016835, carbon-oxygen lyase activity), kinase (GO:0004672, protein kinase activity), transferase
(GO:0046912, transferase activity, transferring acyl groups, acyl groups converted into alkyl on transfer),
oxidoreductase (GO:0016627, oxidoreductase activity, acting on the CH-CH group of donors). Besides,
nucleic acid binding transcription factor activity (GO:0001071) and tetrapyrrole binding (GO:0046906) were
also significantly enriched. GO and KEGG analysis suggested that carbon metabolism, photosynthesis, plant
hormone signal transduction associated processes and pathways represent the main transcriptome changes

between the resistance GR and susceptibility LDS pepper (Figure 4B, 4C).
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Figure 3. Enrichment of different expression genes between CK and LDS

(A) GO terms statistics of different expression genes. (B) Enrichment of specific GO terms. (C) Enrichment of specific
KEGG pathways.

Resistance-improvement mechanisms of grafting

To better unravel the regulating effect of grafting under pathogen stress, we extracted DEGs between
CK and LDS samples, and explored their expression patterns in GR samples. Interestingly, the average
magnitude of the increased expression levels for the up-regulated DEGs (CK-vs-LDS) was decreased 51.46%
in comparison with the expression data in GR samples. Consistently, the averaged amplitude of change for the
down-regulated DEGs (CK-vs-LDS) was decreased 58.16% in grafting plants under pathogen inoculation
(Figure 5A). This result indicated that, after grafting cv. ‘Ledu’ scion to cv. Jingxin No. 5’ rootstocks, the
expression levels of most of the DEGs induced by P. capsici infection showed the trend to recover to the CK

expression levels in GR.
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Figure 4. Enrichment of different expression genes between LDS and GR

(A) GO terms statistics of different expression genes. (B) Enrichment of specific GO terms. (C) Enrichment of specific
KEGG pathways.

To clearly demonstrate the dynamic change, DEGs belonging to KO pathways including Plant-
pathogen interaction (ko04626), Plant hormone signal transduction (ko04075), Oxidative phosphorylation
(ko00190), Photosynthesis (ko00195) and DEGs functionally related to Reactive Oxygen Species scavenging
were specifically extracted and analyzed. In general, the expression levels of most DEGs, no matter up- or down-
regulated genes in LDS, tend to back to CK level in GR (Figure 5B-5F) (For convenience, these up- or down-
regulated CK-vs-LDS DEGs showing tendency to back to CK expression level in GR were defined as
UpToNormal or DownToNormal pattens).
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Figure 5. Effect of grafting on the expression dynamics of genes responded to P. capsici infection

(A) Overview dynamic change of all expression genes and DEGs. (B, C, D, F) Dynamic change of DEGs belonging to
corresponding KO pathway. (E) Peroxidase, catalase, ascorbate peroxidase, cationic peroxidase, and peroxiredoxin
DEGs involving in Reactive Oxygen Species scavenging. DownToNormal, down-regulated gene in LDS and
expression level tend to back to CK level in GR. Similar as UpToNormal. DownToUp, down-regulated gene in LDS
and expression level higher than CK in GR.

Plant-pathogen interaction (ko04626) pathway comprise genes involved in plant immunity and
pathogen infection, which is the basis for effective regulation of plant defense systems and successful resistance
to pathogens (Zhang ez 4., 2019a). WRKYs are transcription factors involved in plant stress resistance under
both biotic and abiotic stresses (Zhu ez al, 2019). In this scudy, WRKY transcription factors
Capana06g001506 and Capanal0g000754 showed “UpToNormal” pattern, which were up-regulated in both
LDS and GR, whereas the expression level in GR tend to back to the CKlevel (Figure 5SD). Capanal0g000754
is homologue to Arabidopsis WRKY22, which was rapidly and strongly induced upon submergence and
insertion mutants showed lower resistance to Pseudomonas syringae (Hsu et al., 2013). In this study,
Capanal0g000754 was 8-fold up-regulated in LDS and 5-fold up-regulated in GR, whereas the up-regulated
expression level was decreased 40% in GR comparing to LDS. Besides, calcium-binding protein CMLs are a
group of Ca**-dependent proteins that plays essential role in stress responses in the pathway of plant-pathogen
interaction (ko04626) (Mo ez al., 2018). Many lines of genes involved in calcium signaling were significantly

up-regulated under stress conditions. For example, CML45 was up-regulated by exogenous resistance inducer
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in rice (An ez al., 2019). CML49 was overexpressed in chili pepper after infected by Polyphagotarsonemus latus
(Patavardhan ez 4l., 2020). Here, four calcium-binding protein, Capana02¢003359 (homologue to CML45),
Capanal(0g002248 (homologue to CMLA49), Capana03¢00095S, and Capanal0g001171 showed
“UpToNormal” patterns. Arabidopsis CML18 was reported to be involved in salt stress signaling (Yamaguchi
et al., 2005). Capana02¢000597, homologue to CML18, was down-regulated in LDS and showed back to CK
levels in GR (DownToNormal pattern).

It is well-known that hormones, such as ethylene (ET), jasmonic acid (JA), and salicylic acid (SA), are
essential for plant immunity. These hormones play important roles in plant growth and development, as well
as plant disease resistance (Zhou ez al., 2018; Zhu ez al., 2019). Here, 49 DEGs were functionally annotated to
Plant hormone signal transduction (ko04075), including 25 up-regulated and 24 down-regulated genes that
showed the regulation patterns of back to CK in GR. Ethylene-responsive transcription factors (ERF) play key
roles in crop resistance to Phytophthora pathogens. For example, GmERFI13 increased resistance of soybean
to P. sojae (Zhao et al., 2017), while StERF3 negatively regulated resistance of potato to P. infestans (Tian ez al.,
2015), NbERF173 increasing resistance of tobacco to P. parasitica (Yu et al., 2020), CaAP2/ERF064 inducing
cell death and increasing resistance of pepper to P. capsici (Jin ez al., 2019). Consistently, in this study, we found
three ERFs, Capana03¢003309, Capana03¢004524, and Capana05¢001701, were significantly up-regulated
in LDS and showed “UpToNoraml” regulation pattern in GR (Figure 5B).

Oxidative phosphorylation plays a central role in the energy metabolism of plants (Farhat ez 4/., 2019).
It provides most of the ATP for plants to support life, and provide energy for plant stress responses (Wilson,
2017). Here we found four up-regulated and five down-regulated genes were functionally annotated to
Oxidative phosphorylation (ko00190) pathway (Figure 5F). Their expression levels in GR sample also showed
the tendency to back to the expression level in CK, especially for these genes functionally associated with ATP
synthase like Capana05¢001562, Capana06g001463, and Capana01g001875, implying the recovery of energy
metabolism in grafting pepper.

In higher plants, the production of reactive oxygen species (ROS) is a general defense event during plant-
pathogen interactions (Camejo ez a/., 2016). Following pathogen infection, genes encoding peroxidase (POD),
catalase (CAT), ascorbate peroxidase (APX), cationic peroxidase, and peroxiredoxin (Prx) comprise an
efficient defense system to achieve successful disease resistance (Mo ez 4/., 2018). Here, we found 26 DEGs, 13
up- and 13 down-regulated genes, showed the “UpToNormal” and “DownToNormal” expression patterns in
GR pepper plants, which was presumably related to fine-tuning the ROS event (Figure SE).

Robust defense response is efficient against biotrophic pathogens, whereas it does not protect plants
against necrotrophic pathogens infection (Govrin and Levine, 2000). Take the hypersensitive cell death as an
example, it was widely employed by plant in responding to pathogen infection (Yin et al., 2018a). However,
those necrotrophic fungi can exploit this host defense mechanism for their pathogenicity, which facilitate the
colonization of pathogen in host plants (Govrin and Levine, 2000). P. capsici is a hemi-biotrophic pathogen,
and the biotrophy to necrotrophy transition will happen after 24 to 48 hours of infection (Jupe e 4/., 2013).
In this study, large ratio of LDS-vs-CK DEGs were functionally annotated to Plant-pathogen interaction
(ko04626), Plant hormone signal transduction (ko04075), Oxidative phosphorylation (ko00190), and
Reactive Oxygen Species. Consistently, Jupe ez 4/. (2013) reported that large number of genes related to defense
response were differentially regulated during the transition, indicating the distinct transcriptional responses of
the host that accompanies the initiation of necrotrophy by P. capsici, implying a pathogen-derived cue that
causes host cell death. However, in this study, it should be noticed that these LDS-vs-CK DEGs generally
showed “UpToNormal” (UpBackNormal) and “DownToNormal” expression patterns in grafting resistance
pepper plants, which may due to the reason that grafting helps to maintain the balance between moderate plant
defense response and host cell death, thus prevent the transition from biotrophy to necrotrophy and finally
fine-tuning the resistance performance of grafting pepper.
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P. capsici infection commonly cause foliar chlorosis and necrosis, therefore seriously affect leaf
photosynthesis (Zhao ez al, 2011). Consistently, in this study, 29 DEGs functionally annotated to
Photosynthesis (ko00195) were identified and all of them were down-regulated in LDS, implying the
photosynthesis was decreased after infection. In contrast, among the 29 DEGs, 16 genes showed the tendency
back to the CK expression level in GR. In particularly, 13 DEGs showed higher expression levels in GR than
CK (Figure 5C) (Defined as DownToUp expression patterns), suggesting that photosynthesis was largely
recovered in grafting pepper under P. capsici infection, thus maintained a considerable accumulation level of
assimilation product in pepper to support growth and defense response under P. capsici infection.

Growth-defense tradeoffs are thought to occur in plants due to resource restrictions, which demand
prioritization towards either growth or defense, depending on external and internal factors (Huot ez 4., 2014).

Plants have evolved a precise mechanism for fine-tuning the balance between growth and defense, which
contributes to survival under adverse conditions (Li ez 4/, 2019). Interestingly, in this study, we found grafting
help pepper maintain moderate plant defense response and maintain considerable accumulation level of
assimilation product, thus fine-turning the dynamic balance between growth and defense tradeofs.

Conclusions

This study showed that grafting cv. ‘Ledu’ scion to cv. Jingxin No. 5’ rootstocks could largely improve
the resistance performance of pepper to P. capsici, indicating that Jingxin No. 5’ is a appreciate rootstocks for
control late blight disease by grafting. RNA-seq analysis suggested the dynamic transcriptional re-programming
of grafting pepper underpin P. capsici disease. Further analysis revealed that grafting improves the resistance
performance of pepper to P. capsici by fine-turning the growth-defense tradeoffs to maintain the balance

between moderate plant defense response and considerable accumulation level of assimilation product.
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