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Abstract

Anthracnose of tea plant (Camellia sinensis (L.) O. Kuntze), caused by the fungus Colletotrichum genus,
is the major leaf disease in China. To verify the gene molecular characterization, the pathogenesis-
related protein 1 (CsPR1) gene was cloned from two tea cultivars. The full length cDNA of CsPR1
consists of 483 bp open reading frame (ORF) encoding a polypeptide with 160 amino acids. Sequence
alignment against National Center for Biotechnology Information Search database (NCBI) showed that
CsPR1 shared 99.38%, 71.43%, 67.50% homology identity with Camellia sinensis reference genome
‘shuchazao’, Vitis vinifera and Quercus suber, respectively. It contains a dominate domain superfamily
of CAP (cysteine-rich secretory proteins, antigen 5, and pathogenesis-related 1 proteins) domain, which
accumulates after pathogen infection. The qRT-PCR results revealed that the gene expression level of
CsPR1 was remarkably increased in infected groups compared to control. The resistance cultivar
accumulated a higher level protein encoded by CsPR1 than that of susceptible cultivars. These results
suggest that CsPR1 plays a critical role in the interaction between host tea plant and Colletotrichum,
as well as acts as a signal or a defense marker associated with anthracnose resistance in tea plant.
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1. INTRODUCTION

In case of pathogen infection in host plant, a hypersensitive reaction (HR) occurred accompaning with
a great increase in defense proteins, e.g., Pathogenesis-related (PR) proteins [1]. According to
nomenclature suggested by Van Loon et al., several types of PR proteins comprise 17 family menbers
with proteins ID from PR1 to PR17 [2]. The dash (-) between PR and number was omitted for
uniformity. These proteins are small, secreted or extracellular, acidic or vacuole-targeted proteins with
antimicrobial and antifungal activities through contact toxicity and hydrolytic activities on cell walls in
vitro, encoded by PR genes induced after pathogen infection [3, 4]. The PR1 protein, which is a dominant
group of PR proteins, structurally has four a-helices, four p-strands and some conserved residues with
six cysteines [2]. The induction of PR1 protein, whose molecular weight ranging from 14 to 17 kDA,
can be found in many plants by pathogens and salicylic acid, acting as a signal of system acquired
resistance (SAR) and a marker for salicylic acid-mediated disease resistance [5, 6]. In general, SAR was
defined as a broad-spectrum plant disease resistance that induced after pathogen infections [3]. In
Arabidopsis, salicylic acid (SA) induced the expression of PR1, PR2, and PR5 strongly [7]. PR1 gene
plays an important role that mediates gene induction and plant immunization. PR-1 is the most
abundantly produced proteins in plants on pathogen attack, may acting as anti-fungal agents or be
involved in cell wall loosening (NCBI Proteins entry cl00133). Breen et al. reported that PR-1 proteins,
which targeted by plant pathogens, have sterol-binding activity and an embedded defence signalling
peptide [6]. However, the fuction and role of PR1 in plant defence remains poorly understood though.
Therefore, the study in raltion to PR1 needs urgent and it will be helpful for developing resistant crops
and plants.

Anthracnose is one of the most severe foliar fungal disease on tea plant. The yield loss induced by
anthracnose was estimated to range from 5% to 20% or even more, which exceeded to 50% in Fuding
country in 1992 [8]. Colletotrichum species are fungal pathogens that devastate tea plants described as
causing anthracnose diseases in China. Many species could survive well on aging leaves formed as dense
tiny black dots called sporocarp on the lesion in winter, which would be spread via water-splash
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dispersal of conidia [9]. Wounds after harvesting and cutting by machines, as well as hot and humid
conditions during raining season in June could facilitate disease transmission synergistically [10, 11].
Fungicides were still used to control anthracnose. To reduce the use of fungicides in tea field,
investigating physiological properties of resistance genes and proteins is important for understanding
disease control mechanisms and develop new disease control methods.

In the present study, a cDNA sequence of CsPR1 gene was cloned from anthracnose infected tea leaves
and its its sequence, structure, phylogeny was investigated. Its expression pattern and expression levels
in healthy and desease infected leaves throughout two cultivars were also analyezd. The study will
provide useful information for be breeding resistant cultivars with tea plant immunity against pathogens
using molecular marker assistant selection and molecular breeding methods.

2. MATERIALS AND METHODS
2.1.Plant Materials

Two tea cultivars ‘Fudingdabaicha’ (FD) and ‘Longjing43’ (LJ43) were used in this study. FD is a well-
known resistant tea cultivar to anthracnose and LJ43 is susceptible one, both of which were grown at
the Experimental Tea Farm of Zhejiang University, Hangzhou, China. For each cultivar, ten healthy
leaves and ten anthracnose infected leaves after petiole and speckle removal, were collected in tin foil
paper, frozen in liquid nitrogen immediately and stored in a refrigerator at -80 °C, respectively.

2.2.RNA extraction and first-strand cDNA generation

Total RNA was extracted from healthy and infected leaves of FD andLJ43, using RNAprep Pure Kit for
Polysaccharides & Polyphenolics rich plant (Tiangen Biotech Co., Ltd., China) according to the
manufacturer’s instruction. The integrity and concentration of RNA were measured by agarose gel
electrophoresis and Agilent 2100 Bioanalyzer (Agilent Technologies Inc., USA). First strand cDNA was
generated using PrimeScript RT reagent Kit with gDNA Eraser (TaKaRa, Japan) and stored at at -20 °C
for further analysis.

Primer name Primer sequence(5'-3")

totalCsPR1-F GGAAATCAAAATGGAGCTTTC

totalCsPR1-R CAAAAACCACCCTAGTATGG

gCsPR1-F TGTCGGATGCAGTGAAGATG

gCsPR1-R  ACCCTATTTGTGCGGTGTT

Actin-F CTTCCTCATGCTATCCTCCGTCTT

Actin-R ATTTCCCGTTCAGCAGTGGTG

Table 1. Primer sequences for CsPR1 gene

2.3.Cloning and sequencing of CsPR1 gene

The full-length CsPR1 gene was amplified by RT-PCR (Reverse Transcription-Polymerase Chain
Reaction) using primers (totalCsPR1) in Table 1. The primers were designed according to previous
transcriptome databases using PrimerSelect in DNAStar package (DNAStar Inc, USA). The RT-PCR
reactions were performed using the following conditions: reaction system comprising 2 pL. ¢cDNA, 0.5
pL primers each (20 Mm), 25 pL PrimeSTAR Max DNA Polymerase (TaKaRa, Japan), 22 uL. dd H»0O,
98 °C for 2 min, followed by 35 cycles of 98 °C for 10 s, 55 °C for 15 s, and 72 °C for 20 s, and a final
extension for 10 min at 72 °C. The products were fractionated by electrophoresis on 1.2% (w/v) agarose
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gel and extracted by MiniBSET Agrose Gel DNA Extraction Kit (TaKaRa, Japan). The obtained
amplicons were cloned into pMD18-T vector, transformed into E.coli and sequenced by Sangon Biotech
(Shanghai, China) Co., Ltd.

2.4.Sequence analysis

The nucleotide sequence of CsPR1 was identified using BLAST tools at National Center for
Biotechnology Information (NCBI, https://www.ncbi.nlm.nih.gov/). The deduced amino acid sequence
analysis and sequence alignment was performed using the software DNASTAR’s Lasergene package
(DNASTAR Inc, USA) and DNAMAN (Lynnon Corporation, Canada). The phylogenetic tree was
constructed by software MEGA7 [12] with high identity sequences over 20 species. The
physicochemical properties of proteins encoded by CsPR1 were analyzed using ProtParam tools
(http://expasy.org/tools), TargetP 1.1 Server and SingalP-5.0 Server (http://www.cbs.dtu.dk/services).
The secondary and tertiary structure were predicted using GOR IV (https://npsa-prabi.ibcp.fr) and I-
TASSER (Iterative Threading ASSEmbly Refinement) [13].

2.5. Gene expression analysis

To detect the expression of CsPR1 in FD and LJ43, quantitative real-time PCR (QRT-PCR) was
performed using primers (qCsPR1) in Table 1 with Actin as internal control StepOnePlus Real-Time
PCR System (Applied Biosystems, USA) by using SYBR Premix Ex TaqTM Il (TaKaRa, Japan), based
on the previous protocols [14]. The triplicate qRT-PCR analysis was calculated using the 2**“T method
[15] with the expression values normalized against that of FD_H. Relative gene expression data was
expressed as mean + SD.

1 ATGGAGCTTTCAAAAATTTCACTAGTAATTGTTTCCTTCATGGCCTTGATCATGGCTCAT
1 M|IE L s K I §S L vI v s FMAULTIMAH
61 CTCTCCTTAGCCCAAAATTCCCCACAAGACTTCCTTGCACCCCATAATGCAGCTCGTGCA
21 L S L A Q N S EE B "F LAl W is B A
121 GAAGTTGGGGTCCAGCCCGTGACGTGGAACGACACCGTTGCGGCATATGCCCTARACTAT
41 B NG SV P N e W N D N e R Y R e N Y
181 GCTACTCARAGAAGTGCTGATTGCAACATGCAACATTCTCAGGGACCATATGGTGAGAAC
61 ¢ e P £ e e - e p L g (e e O T S S & P S e S o
241 CTCGCTGGGGGCTCCGGTGAGTTGACAGTGTCGGATGCAGTGAAGATGTGGGTGGATGAG
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361 CAAGTTGTTTGGAGCAACACCGCACAAATAGGGTGTGCTAGGGTTCAGTGCCAGAATCAG
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421 GGGTGGTTTGTCACTTGCAACTATTATCCTCCAGGAAATTATGTGGGCGAACGGCCATAC
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Fig. 1. Nucleotide sequence and predicted amino acids sequence of CsPR1. Black boxes indicate the
start and stop codons. The grey region indicates the CAP domain.
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3. RESULTS AND DISCUSSION
3.1.CsPR1 sequence analysis

Using the RNA products, a specific primer pair (Table 1, total CsPR1-F/totalCsPR1-R) and RT-PCR,
the CsPR1 gene was cloned and sequenced. The amplified product consists of 483 bp open reading
frame (ORF), which encodes a protein with 160 amino acids (Fig.1). The sequeces of CsPR1 in LJ43
and FD are all the same and have been deposited in GenBank under accession number
MH454566.1(LJ43) and MH454567.1(FD). Specifically, the deduced protein contained the the CAP
domain (grey region in Fig.1), which comprised 137 amino acids in line with approximately 150 amino
acids [6]. CAP family proteins are secreted glycoproteins, highly stable in the extracellular fluid,
implicated and conseved in immune defense in bacteria, fungi, animals and plants over 2500 species [6,
16]. Genetic and biochemical evidence suggested that PR1 and CAP domains served to inhibit pathogen
growth through binding, sequestrating and extracting sterols from the pathogen membrane [16, 17].
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Fig. 2. Phylogenetic tree of homologous pathogenesis-related 1 proteins. Sequences are presented by

species name. The percentage of replicate trees in which the associated taxa clustered together in the

bootstrap test (2000 replicates) are shown next to the branches [18]. The evolutionary distances were
computed using the Poisson correction method, whose values are shown in the middle of the line.

Homology analysis aginst NCBI non-redundant protein sequences database using BLAST showed that
CsPR1 protein shared 99.38% identity with pathogenesis-related protein 1-like of Camellia sinensis
reference genome ‘shuchazao’ (XP_028054681.1), 71.43% identity with that of Vitis vinifera
(XP_002274307.1), 67.50% identity with that of Quercus suber (XP_023905814.1), 65.64% identity
with that of Olea europaea var. sylvestris (XP_022885095.1) and 59.48% identity with that of
Arabidopsis thaliana (CAA65420.1). The homologs found in the BLAST database were used to
construct a phylogenetic tree and sequences were selected to include available plant species as many as
possible and to avoid redundancies. As shown in Fig. 2, our results revealed that these plant PR1 proteins
were classified into two major branches and CsPR1 located in the underlying branch, indicating that
CsPR1 might had a similar protein structure, function and evolutionary relationship to that of Eucalyptus
grandis, Nicotiana attenuata, Olea europaea var. sylvestris. Based on sequence alignment with PR1
protein of Camellia sinensis and Arabidopsis thaliana, PR1, especially CAP domain were highly
conserved. The consensus of amino acids was indicated in Fig.3.
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Fig. 3. Sequence alignment of CsPR1 protein against Camellia sinensis (reference genome
‘shuchazao’) and Arabidopsis thaliana. Black regions indicate consensus of amino acids.

3.2. Protein prediction

Using ProtParam tools, The predicted molecular weight (MW) of CsPR1 protein is 17552.59 kDa, with
theoretical isoelectric point (pl) of 4.96, extinction coefficient of 37275 M™.cm™ (assuming all pairs of
Cys residues form cystines), instability index of 31.37 (considered as stable), aliphatic index of 71.94
and grand average of hydropathicity of -0.229. The strongest prediction (reliability class = 1) indicates
that CsPR1 is a secreted protein and contains a signal peptide through secretory pathways, where
cleavage site may be located between position 24 (Ala) and 25 (GIn). The secondary structure of CsPR1
is predicted to possess 30% alpha helixes, 15.62% extended strands and 54.37% random coils. Based
on the pair-wise structure similarity by I-TASSER, The three-dimensional structural model of CsPR1
was exhibited in Fig.4, revealing 5 a-helixes from N terminal to C terminal (Fig.4a) and 2 ligand binding
site residues (His72 and His118, Fig.4b) in complex with Zn?*. Alignment to match the model to all
structures in the PDB library showed CAP-domain protein from the human hookworm parasite Necator
americanus (PDB entry 3NT8) and pathogenesis-related protein P14a (PDB entry 1CFE) had the top 2
closest structural similarity [19, 20]. Similarly, it was reported that the conserved His residues are
capable of directly coordinating a zinc ion as observed in CAP domain [19]. It contains four alpha-
helixes and a short helix in the pathogenesis-related protein P14a, consistent to our findings [20].

Fig. 4. (a) Tertiary structure of CsPR1 protein based on I-TASSER. The colors from blue to red
represents N-terminal to C-terminal. (b) Zinc ion binding sites, shown in a yellow ball.
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3.3. Relative expression analysis

To detect the expression of CsPR1 in cultivars FD and LJ43, quantitative real-time PCR (QRT-PCR)
was performed. As shown in Fig.5, relative expression level of CsPRL1 in the anthracnose infected leaves
is significantly higher than healthy leaves among two cultivars. The increasement of CsPR1 level after
infection in FD is remarkably higher than that in LJ43, suggesting that CsPR1 acts as an important
guideline for resistance to pathogens. Previous study in tobacoo demonstrated that constitutive high-
level expression of PR-la resulted in tolerance to infection by Peronospora tabacina and Phytophthora
parasitica var. nicotianae [21]. The characterized PR1 proteins elevated expression and exhibited high
fungicidal activity in Arabidopsis thaliana, tomato, cereals, ect. [22-24]. These confirmed our findings
reasonable.
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Fig. 5. Relative expression analysis of CsPR1 in FD and LJ43.

4. CONCLUSIONS

In conculsion, the cloned CsPR1 consists of 483 bp ORF encoding a secreted protein with 160 amino
acids. CsPR1 protein containing a CAP domain may act as anti-fungal agents through sequestrating
sterols from pathogens to inhibit pathogen growth in the extracellular space. The upregulation of CsPR1
occurred when tea plant was infected by anthracnose was stronger in resistant tea cultivar than that in
anthracnose suspectable cultivar. It is concluded that the CsPR1 protein can be used as a defence marker
and distinguishable features for identifying resistance of tea cultivars to anthracnose.
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