(принята в печать  Acta Horticulture)
Analysis of the complete genomes of apricot and plum isolates of Plum pox virus from Kazakhstan 
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Abstract

Partial molecular characterization of isolates of Plum pox virus (PPV) from Kazakhstan was described in 2004 (Spiegel et al. 2004. Plant Dis. 88:973-979). The isolates were classified as members of the Dideron (D) strain based on; a) RFLP analysis of the 243 bp amplicon in the region of the C-terminus of the CP fragment, b) RFLP analysis of the 836 bp amplicon in the P3-6K1 coding region and c) analysis of the CP coding region. The plum isolates were detected in plum trees maintained in the plum selection-orchard of the Pomological Garden, Almaty, Kazakhstan. The apricot isolates were detected in wild apricot seedlings obtained originally from Zailiyski Alatou at the northern edge of the Tien-Shan Mountains, but maintained in the Pomological Garden, Almaty for about 15 years. Disease symptoms were observed on fruit from one of these infected apricot trees and on the leaves of the infected plum trees. PPV was never detected in any wild apricot plants growing in their natural habitat in Zailiyski Alatou. In this recent study, the virus genomes were sequenced completely and their analysis confirmed their identities as members of the D strain of PPV. Very interestingly in some cases the genomes of the apricot and plum isolates were very similar, with identities of approximately 99.7% (nt and aa). Phylogenetic analyses seem to indicate a close relationship of the Kazakhstan apricot and plum isolates to the PPV isolate BIII/2 (accession GU461890), a plum isolate from Slovakia. The Kazakhstan isolates and the Slovakia isolate are approximately 99% identical (nt and aa). The deletion event described by Spiegel et al. (2004) in the plum isolate P5R8 (KZPLa) was confirmed.
INTRODUCTION

Apricot (Prunus armeniaca) trees growing in the Zailiyski Alatou area at the northern edge of the Tien-Shan Mountains are considered a valuable source of germplasm for breeding programs that may be interested in developing cold tolerant/frost resistant and/or disease resistant cultivars (Spiegel et al., 2004). This area belongs to the Central Asian ecogeographical group of P. armeniaca and is considered to be among the oldest and richest in its biodiversity (Kostina, 1969). This represents valuable germplasm that should be protected and preserved. Unfortunately this valuable resource is threatened by cattle grazing, and by the cutting down of trees. 

To assist with the preservation of this germplasm, collections of apricot seedlings obtained originally from the Zailiyski Alatou area were established in the Pomological Garden, Almaty, Kazakhstan. Over many years the Almaty Pomological Gardens gathered an extensive collection of Prunus germplasm from around the world, including over 200 varieties of plum. Several years ago virus-like symptoms were observed on the leaves of some plum trees and on fruit from one apricot tree. Spiegel et al. (2004) used a range of molecular analysis and characterization tools, including protein (serology)-based and nucleic acid-based assays, to confirm the presence of Plum pox virus (PPV) in plum and apricot samples from the Pomological Gardens. Strain typing that included RFLP analysis targeting the 243 bp fragment in the coat protein coding region (Wetzel et al., 1991), the 836 bp fragment in the P3-6K1 region (Glasa et al., 2002) and sequencing of these RT-PCR amplicons showed that all isolates detected were members of the D strain (Spiegel et al., 2004).  
In this study the complete genomes of plum and apricot isolates of PPV from Almaty’s Pomological Gardens were determined to better characterize the virus isolates, to determine their relationships to each other and to PPV D isolates with sequences deposited in Genbank.

MATERIALS AND METHODS

Virus isolates

The Plum pox virus isolates from apricot and plum that were subjected to complete genome sequencing were obtained from plants growing in the Pomological Gardens, Almaty, Kazakhstan. Plant samples were prepared and shipped to the CFIA’s Sidney Laboratory as described by Spiegel et al. (2004).  The isolates used in generating complete genome sequences included isolates: A8R2 (from a wild apricot seedling), P5R8 (plum), P7R1 (plum), and P15R8 (plum). Some preliminary screening for the presence of PPV was conducted also using a variety of assays. These included the well validated diagnostic PPV-specific RT-PCR described by Wetzel et al. (1991) that targets the coat protein region and the RT-PCR assay described by Glasa et al. (2002) that targets the P3-6K1 region.
Total RNA Extractions

Total RNA was extracted from the dried plant samples (approximately 100 mg) using QIAGEN’s RNeasy Total RNA Plant Mini Kit (Cat No. 74904, QIAGEN Canada, Montreal, Quebec). The procedure used was essentially that described by the supplier.
Complementary (c) DNA Production, Cloning and Sequencing

For Sanger sequencing, complementary cDNA was generated using an approach similar to that described by Myrta et al. (2006). Amplified fragments were gel purified using QIAGEN’s MinElute gel Extraction Kit (Cat No. 28604) and the purified fragments were ligated into the pCR® 2.1 – TOPO® vector and cloned using Invitrogen’s TOPO® TA Cloning Kit (Cat No. 45-0641). Sequencing of the clones with the PPV derived inserts was carried out at the Nucleic Acid Protein Service Unit, UBC, Vancouver, BC, using an Applied Biosystems 3730s 48-capillary DNA Analyzer and POP-7 BigDye Terminator v3.1 Sequencing Chemistry. 
The complete genome sequence of the plum isolate P15R8 was determined using Next-Generation Sequencing (NGS). Total RNA was extracted using QIAGEN’s RNeasy Total RNA Plant Mini Kit but with a modified protocol as described by Kalinowska et al. (2012). Approximately 500 ng of total RNA from plum sample P15R8 was submitted to The Centre for Applied Genomics (TCAG), Toronto, Canada. The Illumina TruSeq RNA Library Prep Kit was used to enrich for poly (A) RNA which was used to create a cDNA library. Sequencing was carried out using the Illumina HiSeq 2500.
Sequence Analysis
Traces derived from Sanger sequencing were compiled and sequence analysis carried out using Clone Manager 9 Professional Edition © Scientific and Educational Software, Cary, NC, USA. For the NGS derived sequence data, trimmed reads were mapped to selected PPV D isolates allowing assembly of the complete genome of isolate P15R8. Phylogenetic analyses were carried out using the neighbour-joining method described by Saitou and Nei (1987). The trees created using the N-J tree option of Clustal X (Thompson et al., 1997). Bootstraps were out of 1000 replicates. Analysis was carried out also by the Bayesian method using MrBayes v3.2.6 (Ronquist et al., 2012).
RESULTS AND DISCUSSION

Initially four plum trees were found positive by RT-PCR and three of these plum isolates from three different sources were determined to contain a common 6 nt deletion event (Table 1). Only one of these plum isolates (P5R8) as well as two other plum isolates (P7R1, P15R8) and an apricot isolate (A8R2) were selected for full genome sequencing.

The wild apricot seedling A8R2 found to be positive for PPV when analysed by sequencing the virus isolate had a genome size consisting of 9786 nts (Table 2). In silico analysis for restriction enzyme sites of the genome of PPV A8R2 revealed a unique site, DdeI at position 6577 of the genome. The motifs associated with aphid transmission are present in PPV isolate A8R2 including; KITC and PTK motifs present in the deduced HC-Pro region of the virus genome, and the DAG motif in the deduced coat protein region.

The plum-derived PPV isolates P5R8, P7R1 and P15R8 have genome sizes of 9780, 9786, and 9786, respectively. The truncated genome of P5R8 observed reflects the deletion event in the coat protein coding region and confirms the deletion event first described by Spiegel et al. (2004). Figure 1 shows an alignment of the deduced amino acid sequences showing the position of isolate P5R8’s deletion event (2 proline residues) relative to the N-terminus of the coat protein of the virus. The DAG motif of three isolates (A8R2, P5R8 and P7R1) at amino acid positions 11-13 are indicated (Fig. 1). All plum isolates sequenced possess the various motifs described above that are associated with aphid transmission. Unique restriction sites were also identified (Table 2).
Phylogenetic analysis based on the complete genome and including the Kazakhstan PPV D isolates with complete genome sequences and representative PPV D isolates from various regions of the world revealed that the Kazakhstan isolates (apricot and plum) were all very closely related (Fig. 2), with or without the deletion event. Also, the Kazakhstan PPV isolates were most closely related to the D isolate BIII/2 from Slovakia (Fig. 2). These relationships were consistent when either the deduced polyprotein sequence was used, or the nt or deduced amino acid sequence of the RNA-dependent RNA polymerase and coat protein regions. The relationships were always supported by high bootstrap values (Figure 2).
Pairwise comparisons further supported the relationships observed in phylogenetic analysis. Percentage identity among Kazakhstan isolates were 99.8% for both nt and aa sequences; and were 91.1% and 99.2 – 99.8 % for the nt and aa sequences respectively when compared to the D isolate BIII/2 from Slovakia (Table 3). This is consistent with the pairwise distances observed and numbers of nucleotides that differ (Table 3).
Extensive and thorough screening in the past of wild apricot trees growing the Zailiyski Alatou area of the Tien-Shan Mountains has never revealed any PPV positive wild apricot plants. It would seem therefore that the PPV positive wild apricot in Almaty’s Pomological Gardens were likely the result of transmissions from PPV infected plum trees. The prevailing winds in the area of the Pomological Gardens are from North to South, and the apricot seedling block found positive for PPV was downwind to the south of plum trees that were found positive for PPV. Aphid transmission of PPV may have been aided by wind movement. All the Kazakhstan PPV D isolates were very closely related to each other (99.8% identity, and common phylogenetic grouping), including both apricot and plum isolates. This suggests a common origin. It is interesting also that the Kazakhstan PPV D isolates always grouped most closely to the PPV D isolate BIII/2 from Slovakia. It is possible that all these isolates may have a common origin, because of their genetic identity.
It may be impossible to determine the exact source of the PPV D isolate detected in the wild apricot seedling in the Pomological Gardens. It does, however, highlight the need for care in establishing and maintaining germplasm collections, in introducing new material in to these collections, the need for rigorous screening of new introductions and perhaps even quarantine of newly collected germplasm, especially for vector transmitted pathogens like PPV, if the inadvertent loss of valuable and in some cases rare germplasm is to be avoided.
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Tables

Table 1. Plum pox virus isolates detected in plums in Almaty’s Pomological Gardens with three isolates showing a 6 nt deletion in the 5’-terminus region of the coat protein codding region
	Variety
	ID No.
	Source
	  RT-PCR 

(243 bp amplicon)a
	RT-PCR 

(836 bp product)b
	Deletion Event

	 Alychagek
	P19R18
	  Russia
	           ++
	     ---
	     yes

	 Fidzhenka
	P2R15
	  Ukraine
	           ++
	     ---
	     yes

	Edinborgs
	P3R6
	Kyrgyzstan
	          +++
	    +++
	      no

	 Monphor
	 P5R8
	Kyrgyzstan
	          +++
	    -+-
	      yes


aRT-PCR as described by Wetzel et al. 1991.

bRT-PCR as described by Glasa et al. 2002.
Table 2. The Kazakhstan PPV D isolates with their complete genome sequences determined in this study
	Isolate
	Host
	Genome Size (nt)
	Isolate specific restriction sites

	 A8R2
	Wild apricot seedling
	   9786
	 Dde1 (nt 6577)

	 P5R8*
	     plum
	   9780
	 BsaH1 (nt 3613)

	 P7R1
	    plum
	  9786
	 Hpa1 (nt 8841)

	 P15R8
	    plum
	   9786
	 EcoR11 (nt 8688)


*Plum pox virus isolate P5R8 has a 6 nt deletion in the 5’-terminus of the coat protein coding region

Table 3. Pairwise comparisons of the nucleotide sequences (amino acid comparisons are in brackets) showing percentage identity (below diagonal line) and pairwise distances with number of nucleotides that differ (above diagonal line) of PPV isolates detected in apricot and plums in the Almaty Pomological Gardens, Kazakhstan and also the PPV D plum isolate BIII/2* from Slovakia.
[image: image1.emf]Isolate BIII/2 A8R2 P5R8 P7R1 P15R8

BIII/2

 85/9786  

8.6 x 10

-3 

 86/9780 

8.7 x 10

-3

 86/9786 

8.7 x 10

-3

87/9786  

9.0 x 10

-3  

A8R2

99.1        

(99.2)

 23/9780 

2.4 x 10

-3

 23/9786 

2.4 x 10

-3

24/9786  

2.5 x 10

-3

P5R8

 99.1   

(99.3)

 99.8   

(99.8)

 20/9780 

2.0 x 10

-3

15/9780  

1.5 x 10

-3

P7R1

99.1   

(99.2)

 99.8  

(99.8)

 99.8  

(99.8)

21/9786  

2.2 x 10

-3

P15R8

99.1        

(99.2)

99.8  

(99.8)

99.8  

(99.8)

99.8  

(99.8)


*GenBank Accession Number for BIII/2 is GU461890

Figures
Figure 1. Alignment of the deduced amino acid residues at the N-terminus of the coat protein that encompasses the position of the 2 aa (6 nt) deletion detected in some Kazakhstan PPV isolates
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Figure 2. Phylogenetic analysis with trees created using the N-J tree option of Clustal X (Thompson et al., 1997), and based on analysis of some complete genome sequences of Plum pox virus strain D isolates including the 4 Kazakhstan PPV D isolates with complete genome sequences. The percentage bootstrap values (out of 1000 replicates) are indicated. (Similar relationships were observed with Bayesian analysis (MrBayes v 3.2.6)
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