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Abstract

Genetic study was carried out among 76 isolates of Phytophthora citricola obtained
from trees and shrubs belonging to 12 different plant genera grown in more than 10
nurseries. DNA was extracted from pure pathogen cultures and amplified by the
PCR technique using ISSR and RAPD primers. The isolates clustered in two main
groups. In one of them two subgroups were present. One of those subgroups con-
tained isolates mostly from the family Ericaceae and the second mostly from conifer-
ous plants. Close similarity between isolates from the same nursery was not a rule.
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Introduction

Phytophthora citricola Sawada is a multi-host, soil-borne pathogen posing an in-
creasing threat to trees and shrubs (Erwin and Ribeiro 1996). Its harmfulness to
horticultural and forest nurseries as well as to the natural environment has in-
creased together with the general introduction of industrial technology to nursery
production and with the growth of an unrestricted cross-border market. This patho-
gen has been reported as one of the most often isolated pathogens in Polish orna-
mental nurseries (Orlikowski and Szkuta 2002) and is known to be genetically
highly diverse (Brasier and Hansen 1992). It has been proposed that the reason for
its high diversity could be dispersion in ancient times, isolation of biological species
and hybridization between this and other Phytophthora species. We would like to
know if there is specialization for pathogenesis of different hosts. As the first step,
we have been analysing genetic similarity on the basis of DNA polymorphism.
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Material and methods

76 isolates of P. citricola were obtained from symptomatic plants (listed in Table
1) in the time frame 1995-2004. Systematic classification was made on the basis of
PCR amplifications with specific primers CITR1 and CITR2 (Schubert et al. 1999).
DNA was extracted from pure cultures using the method of Aljanabi and Martinez
(1997), modified by Wiejacha et al. (2002). Eight arbitrary primers, which pro-
duced rich profiles containing polymorphic and reproducible bands, were chosen
for analyses (Table 2). Amplifications were performed by GeneAmp PCR System
9700 (PE Applied Biosystems) in 13 ul volumes. The thermal profile for RAPD am-
plifications was performed in 45 cycles: 94°C for 15 s, 36°C for 30 s, 72°C for 74 s.
The thermal profile for ISSR was performed in 43 cycles: 95°C for 30 s, 55°C for 30
s, 72°C for 90 s. Reaction mixtures were those given by Wiejacha et al. (2002). The
PCR products were electrophoresed in a 1.4% agarose gel at 4 V/cm of gel and
were stained with ethidium bromide. Each of the PCR reactions was carried out at
least twice. Only the bands with sizes from 300 to 2300 bp were analyzed. For a
statistical analysis, the bands were coded in the binary form, 1 for the presence or O
for the absence, for each isolate and primer. To determine genetic similarities
(GS), after a visual examination for the bands’ presence/absence, the PHYLIP 3.61
Package (Felsenstein 2004) was used. GS was analyzed by the distance-based
method introduced by Nei and Li (1979). The distance matrices produced by
PHYLIP RESTDIST were used as input in the PHYLIP NEIGHBOR program to
construct UPGMA-based phylogenetic trees. The UPGMA option constructs a tree

Table 1
Isolates of Phytophthora citricola obtained from nurseries
(numbers 71 and 76 are referential isolates)
. o - Host plants ]
No. of isolate ; - :
i family species
S SR’ AU

71 ‘Taxaceae Taxus baccata L.
176 Rutaceae Citrus sinensis (L.) Osbeck
41, 51, 57, 58, 63, 97-99, 102, 113, 156 qupressaceae Chamaecyparis lawsoniana (Murr.) Parl
42, 44, 48, 50 \ Thuja occidentalis L.
46 : Thuja plicata Donn ex D. Don
43,45, 47, 52-55, 64, 83-89, 91, 93-96, 110, :Ericaceae Rhododendron sp. ]
117, 123-129, 131, 132, 141-143, 147, 148, |
169, 175, 181-184, 209-212, 215, 216 : l
225 : Azalea sp. t
135, 150, 165 Vaccinium vitis-idaea L. i
49, 59 Pinaceae Abies concolor Gord. & Glend.
60 Picea omorica Pancic.
109 Fagaceae Fagus sylvatica L. t
56 Oleaceae Fraxinus sp. ;




Genetic differences between isolates of Phytophthora citricola... 159

Table 2

Nucleotide sequences of primers, the number of scorable bands
and the number and percentage of polymorphic bands obtained
in PCR reactions with templates of Phytophthora citricola

Prlm.ers No. of scorable bands Polymorphic bands '

code nucleotide sequence 5’ to 3’ No. %
C92 AGG CAC CCTTCG 10 10 100
AL4 DBD GA,,, 6 6 100
AL6 ACq G 8 7 87
ALS DBD AC,, ‘ 7 5 71
808 AGyg, C ‘ 7 6 85
842 GA., G | 5 5 100
889 DBD AC,, | 8 6 75
890 VHV GT,, \ 13 11 85
Total { 64 56
Average ‘{ 8 7 88

by successive (agglomerative) clustering using an average-linkage method of clus-
tering. The tree was drawn using the program TREEVIEW (Page 1996).

Results

The number of reproducible bands analyzed was 3206. Separate primers pro-
duced from 5 to 13 bands (Table 2). The percentage of polymorphic bands consti-
tuted from 71 to 100% (Table 2).

The isolates were distributed within two clusters (Fig. 1). The majority of iso-
lates were in cluster 1. This cluster was divided into two sub-clusters, A and B.
Sub-cluster A contained about 80% of the isolates obtained from plants belonging
to the family Ericaceae and only single isolates from Fraxinus, Fagus and Abies, as well
as reference isolates from Taxus and Citrus, although they were mostly different
from the rest. Sub-cluster B included isolates obtained mostly from coniferous
plants — Chamaecyparis, Thuja, Abies and Picea. Isolates from ericaceous plants repre-
sented only 32%. In cluster II, which was significantly different in the level of ge-
netic similarity, there were six isolates from Rhododendron sp. and C. lawsoniana.

Discussion

Our previous results obtained from a smaller representation (24) of P. citricola
isolates (Wiejacha et al. in press) and those presented in this paper confirm the
high genetic diversity within this species, which was reported earlier on the basis
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Fig. 1. Phylogram of genetic relationships between 75 isolates of Phytophthora citricola.
Numbers represent isolates listed in Table 1
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of isoenzymes (Oudemans and Coffey 1988) and mtDNA polymorphism (Forster
et al. 1990, Forster and Coffey 1991). Depending on the host plant and climatic
zone, similarity levels were between 0.32-0.96 (Forster and Coffey 1991).
Oudemans and Coffey (1988) found four groups in their isolate representation, re-
ferring to geographical regions. One of the groups was connected with avocado
from California, while another referred to tree crops from California and citrus
crops from Australia. All isolates analyzed here were obtained from hosts of our
climatic zone, to which the pathogen has adapted very well, although some geo-
graphical specificity can not be excluded, as at least a part was imported with plant
material from different European countries. Such a high DNA polymorphism sug-
gests a possibility of specification in pathogenesis against main groups of nursery
plants, for example ericaceous and coniferous. This knowledge is important in ra-
tional nursery organization. We plan to study a level of virulence of isolates from
different clusters and groups of plants with the goal to know more about interac-
tion between hosts listed here and the pathogen.
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