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Abstract 
Internal transcribed spacer (ITS) region of ribosomal DNA (rDNA) was amplified using Polymerase Chain 
Reaction (PCR) method in nineteen isolates of Phytophthora citrophthora from different locations of Japan, and 
was compared with other isolates of citrophthora and the genetically related species obtained from DNA 
database. Consensus tree of the rDNA-ITS region, constructed by maximum parsimony, reveled that all isolates 
clustered one clade independent of host plants, geographical distribution and isolation time, although there are 
some intra-isolate variation. 
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INTRODUCTION INTRODUCTION 
In oomycete, the genus Phytophthora forms an 
evolutionarily unique group of fungus-like plant 
pathogens that have the remarkable ability to 
manipulate biochemical, physiological and 
morphological processes in their host plants 
(Förster et al., 1990). P. citrophthora is widely 
distributed, so phyto-sanitary risk is unlikely to 
be a major consideration. 
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Genus Phytophthora comprises more than 80 
species. Traditional identification method in 
Phytophthora species requires time, labors and 
skills because there are many morphology 
similar species and along with their isolates. And 
the complex taxonomical treatments sometimes 
make miss-identification and taxonomic 
confusion (Kageyama et al., 2005). Although 
many morphological characteristics of 
Phytophthora spp. are stable, some have 
variations that overlap among species, which 
induce problems in identification, further 

underscore the importance of cataloging the 
genetic and phenotypic diversity of pathogens 
(Kang et al., 2002). Variation amongst isolates, 
first indicated by morphological characters, is 
now confirmed by more recent studies of 
molecular techniques. Molecular biological 
techniques have greatly enhanced species 
identification and circumscription (Chen et al., 
1992, Wang and White 1997, Matsumoto et al., 
1999, Martin 2000, Lévesque and de Cock 2004, 
and Kageyama et al., 2005). The rDNA ITS 
region that is a non-coding region evolves 
comparatively quickly, and can, therefore, be 
used for phylogenetic analyses of closely related 
species and genera (Chen et al., 1992, Wang and 
White, 1997 and Kageyama et al., 2005). 
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P. citrophthora causes citrus brown fruit rot, 
trunk gummosis, collar and root rot, leaf and 
shoot blight; symptoms vary with host and 
growing conditions. P. citrophthora is also 
reported to cause damping-off on a wide variety 
of nursery seedlings (CMI 1964). A good 
understanding of the phylogenetic relationships 
between P. citrophthora isolates is essential for 
comparative biological studies and for designing 
effective disease management strategies. 
Objectives of this research were to investigate  
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Table 1: Isolates of Phytophthora citrophthora species used in this study 
 

Designation 
of Isolates 

Host  Location  Sampling 
Year 

Symptom 

CH95PHE29 Eustoma grandiflorum 
(Lisianthuis) 

Tomiura Chiba, Japan 1995 Basal stem and root rot 

CH94HE11 Hedera canariensis (Algerian 
Ivy) 

Hibiyakoen, Tokyo, 
Japan   

1994 Leaf and stem blight 

CH94HE21 Hedera canariensis (Algerian 
Ivy) 

Hibiyakoen, Tokyo, 
Japan   

1994 Leaf and stem blight 

CH94HE23 Hedera canariensis (Algerian 
Ivy) 

Hibiyakoen, Tokyo, 
Japan   

1994 Leaf and stem blight 

CH90-15 Actinidia deliciosa (Kiwi) Katsuura, Chiba, Japan  1990 Basal trunk and root rot  

CH90-16 Actinidia deliciosa (Kiwi) Katsuura, Chiba, Japan  1990 Basal trunk and root rot  

CH90-18 Actinidia deliciosa (Kiwi) Katsuura, Chiba, Japan  1990 Basal trunk and root rot  

CH90-19 Actinidia deliciosa (Kiwi) Katsuura, Chiba, Japan  1990 Basal trunk and root rot  

CH90-21 Actinidia deliciosa (Kiwi) Katsuura, Chiba, Japan  1990 Basal trunk and root rot  

CH98U6B Citrus unshiu (Mandarin) Futtsu, Chiba, Japan  1998 Young leaf and stem blight 

CH98U7B Citrus unshiu (Mandarin) Futtsu, Chiba, Japan  1998 Young leaf and stem blight 

CH98Y6B Citrus junos (Yuzu) Futtsu, Chiba, Japan  1998 Young leaf and  stem blight 

CH98Y7B Citrus junos (Yuzu) Futtsu, Chiba, Japan  1998 Young leaf and  stem blight 

CH04U1B Citrus unshiu (Mandarin) Chikura Chiba, Japan  2004 Fruit rot 

CH04U2B Citrus unshiu (Mandarin) Chikura Chiba, Japan  2004 Fruit rot 

CH04U3B Citrus unshiu (Mandarin) Chikura Chiba, Japan  2004 Fruit rot 

CH90ICI Ficus carica (Higo) Maruyama, Chiba, 
Japan 

1990 Fruit rot 

CH92IC1 Ficus carica (Higo) Tateyama, Chiba, Japan  1992 Fruit rot 

CH88IC1 Ficus carica (Higo) Maruyama, Chiba, 
Japan 

1988 Fruit rot 

 

the homogeneity of the rDNA ITS region in P. 
citrophthora and to analyze the phylogenetic 
relationship among P. citrophthora isolates and 
also with related species. 

MATERIALS AND METHODS 

Isolates and culture 
Isolates originated from a wide range of host 
plants, in numerous geographical locations and 
were isolated in different year. Tested isolates 
and their brief information are listed in Table 1. 
All isolates were cultured on V8-agar (20% 
clarified V8 juice, 0.4% CaCO3, and 1.5% agar 
in distilled water) and maintained at 25ºC.  

DNA extraction 
DNA was extracted using the commercial DNA 
extraction solution (PrepMan Ultra Reagent, 
Applied Biosystems, Norwalk, CN, USA) 
according to the manufacture’s instruction. 

About 2cm2 of mycelium was scraped from 
about 1 week-old culture and transferred to 
1.5ml micro tube containing 100 μl of half 
strength of the solution. The solution was 
incubated at 100°C for 10 min. After 
centrifugation at 15000g for 3 min., the 
supernatant was used immediately or stored at 
−20 °C until further use.  

Primers and PCR amplification 
Complete ITS region of rDNA was amplified 
with universal primers ITS1 (5'-
TCCGTAGGTGAACCTGCG-3') as forward 
primer and ITS4 (5'-
TCCTCCGCTTATTGATATGC-3') as reverse 
primer (White et al., 1990). Twenty five 
microlitres of the PCR reaction mixture 
contained 1 μm of each primer, 1.25 units of 
rTaq DNA polymerase (Takara Bio, Shiga), 
0.2 mm dNTPs mixture, PCR buffer (10 mm 
Tris–HCl, pH 8.3, 50 mm KCl and 1.5 mm 
MgCl2), and 200 ng DNA template. 
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PCR was programmed with a 2700 DNA 
Thermal Cycler (Applied Biosystem, Norwalk, 
CN)  with an initial denaturing at 94 °C for 4min, 
followed by 35 cycles of 94 °C for 30 s, 55 °C 
for 30s, and 72°C for 1 min, with a final 
extension at 72°C for 10min. PCR products were 
electrophoresed in 2% agarose LO3 ((TaKaRa 
Bio, Siga, Japan)) gels was conducted in TAE 
buffer (40mM tris-HCL, pH 7.5, 19mM glacial 
acetic acid, and 2mM EDTA), stained with 
Ethidium bromide and visualized with uv light 
(Fig. 1).  

DNA purification and sequencing 
PCR products were purified using the Gene 
Elute PCR cleaning kit (SIGMA, Ronkonkoma, 
NY, USA). Sequencing PCR was performed 
with BigDye Terminator v3.1 Cycle Sequencing 
Reaction kit (Applied Biosystems) using the 
same primers in the initial PCR step, plus ITS2 
(5'-GCATCGATGAAGAACGCAGC-3') and 
ITS3 (5'-GCTGCGTTCTTCATCGATGC-3') for 
the ITS regions.  

Table 2: Difference in the sequences of the ITS regions 
within and among isolates of Phytophthora citrophthora 

Number Designation 
of Isolates Clones ITS sequence type 
CH98Y6B 2 2 

CH98Y7B 5 5 

CH04U1B 2 2 

CH04U2B 5 5 

 
Confusing isolates were cloned and then 
sequenced. PCR products were cloned in the 
pT7Blue T-vector (Takara Bio) with the Confirm 
kit (Takara Bio) according to the manufacturer's 
instruction. Ligated DNA was transformed in 
bacterial plasmid EcoRI (Escherichia coli). Big 
Dye™ Terminator Cycle Sequencing Ready 
Reaction kit (Applied Biosystems) was used for 
cycle sequencing with primers M13M4 (5'-
GTTTTCCCAGTCACGAC-3') and M13Rv (5'-
CAGGAAACAGCTATGAC-3') according to 
the manufacturer's instructions. The sequencing 
reaction mixture was purified by ethanol 
precipitation and run on an ABI 3100 DNA 
sequencer (Applied Biosystems). Consensus 
sequences were generated based on the forward 
and reverse primer sequences.  

Phylogenetic analysis 

Phylogenetic analysis of the ITS region was 
performed with the isolates of P. citrophthora 
and nine additional phytophthora species 
(obtained from NCBI, DNA data bank, Table 3) 
using P. capsici as out-group. Sequences were at  
first aligned using multiple sequence alignment 
program CLUSTAL-X (Thompson et al., 1997). 
Alignment gaps were treated as missing data. 
Phylogenetic analyses of the sequences were 
done under the MP criterion with PAUP version 
4.0 β10 (Swofford, 2001). Heuristic search was 
performed with ten replicates. Boot Strap 
analysis was implemented using 1,000 replicates 
of heuristic searches to determine the confidence 
levels of the inferred phylogenies. 
 
Table 3: Accession number and the citation of the 
Phytophthora isolates used in the phylogenetic comparison 
 

Species Accession Number 

P. citrophthora AF266785 

P. citrophthora EF193229* 

P. colocasiae AF266786 

P. botryosa DQ275188* 

P. citricola AF266788 

P. inflata AF266789 

P. nicotianae AF228085* 

P. infestans AF228084* 

P. cactorum AF087480* 

P. multivesiculata AF266790 

P. capsici AB217670 

 *, Unpublished data and submitted directly in 
the genomic database 

  

RESULTS 
A total, 19 isolates of Phytophthora citrophthora 
were studies in this experiment (Table 1). P. 
citrophthora strains were collected from varieties 
of host plants, different geographical locations in 
Japan and with a time gap. Sequencing of some 
isolates was not determined because there were 
many ambiguous sites and these isolate were 
sequenced after cloning. Clones of the rDNA 
ITS region were sequenced and the sequences 
were compared among clones and the direct 
sequenced isolates. Taking isolate of P. capsici 
as out group, phylogenetic tree was constructed 
by means of maximum parsimony analysis and  
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Figure 1: Agarose gel electrophoresis of PCR products of Phytophthora citrophthora isolates amplified with ITS1 and ITS4 
primers,  M, 100-bp DNA ladder marker,  

 

genetical relationship among isolates was 
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Isolates CH04U2B15, CH04U1B, and 
AY228569 placed in different locations in 
phylogenetic tree, though the isolates were from 
host plant Mandarin. Similarly isolates CH9018, 
CH9016, CH9015, CH9021 and AF266785 also 
placed in different location in same clade though 
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tree. Isolates did not show any distinct 
characteristics with the geographical location. 
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Switzerland, France Korea and Australia were 
intermingled with our Japanese isolates. Our data 
merged with data from other locations of world 
and bootstrap values were not strong for all 
branch points (Below 50). 
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Interesting findings were that they did not show 
any distinct similarities with their isolation ages. 
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in a clade but it is very clear to understand that 
intra isolate variations were found very frequent 
within isolates of P. citrophthora that is, within 
the P. citrophthora all the isolate showed 
variation with sequenced pattern. 
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Figure 2:  Phylogenetic tree infered based on the ITS sequences of the internal transcribed spacer region of rDNA in  the isolates 
of Phytophthora citrophthora collected from different location. Other isolates of P. citrophthora from world wide were used from 
the DNA database (marked with asterisk) P. capsici AB217670 included as an out group. Small alphabetic letter denotes the 
isolates that has been sequenced by cloning. The scale bar represents the number of nucleotide substitutions per site. 

 

Transcribed Spacer (ITS)  regions of rDNA. 
Cooke et al., (1999) reported sequencing the ITS 
region of over 180 isolates representing 50 
Phytophthora species. There was sufficient 
polymorphism in the ITS sequences to 
differentiate most species. Our analysis provided 
the first comprehensive phylogeny of P. 

citrophthora isolates and in which complete 
intra-isolate relationship were assessed based on 
their host range, geographical locations and their 
isolation time series using molecular evidence. 
This analysis of the ITS regions of rDNA were 
used to make phylogenetic relationships among 
19 isolates of  P. citrophthora with out group, 
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and was formed separate cluster with other 
Phytophthora species. All Isolates of P. 
citrophthora formed a distinct branch at the base 
of this clade showing no close affinities with any 
other species. 
 
Present study, did not show any significant 
distinct variation in rDNA ITS region in 
compared with isolates of P. citrophthora from 
DNA data bank. It means the variations were not 
related with geographical locations. Xu et al., 
(2007) reported that isolates of Phytophthora 
sojae, shows great difference the base 
constitution of ITS1 and ITS2 with their 
geographical location. But the isolates of P. 
citrophthora were different, and showed unique 
characteristics. RAPD banding patterns of ten 
isolates of P. quercina from eight sites in 
Germany, Hungary and Italy were almost 
identical and distinct from all the other species 
tested (Balc and Halmschlager 2003). Similarly 
Martin and Tooley (2004) reported that some of 
the species exhibited limited intra-specific 
polymorphism. Variability among the isolates of 
citrophthora specie has been well documented 
based on rDNA analysis. 
 
Second aim of this work to infer phylogenetic 
relationships between isolates of the P. 
citrophthora based on the host. It reveled that the 
isolates were non host specific and the isolates 
placed in different position in the phylogeny tree 
though their host’s plants were same. rDNA ITS 
fragment with isolation time and with host plants, 
were also identical, as were the sequenced 
isolates were isolated in different year and from 
different plant host materials. In a study 
evaluating isolates of P. megasperma, Forster 
and Coffey (1993) observed that a group of 
isolates of this species were broad host range 
isolates. Phylogenetic analysis of the ITS 
sequence data of P. citrophthora, confirmed its 
unique position in this section. Within the clade 
of P. citrophthora, isolates did not show any 
distinct group based on the isolation time and 
host plant. Positions of the isolates in the clade 
show a variation among each other. 
 
In P. citrophthora, only little intra isolate 
variation of rDNA ITS region, was found and 
these are confirmed by the sequence after 
cloning. Several reports in animal, plant, and 
fungi indicate that inter- and intra individual 
variation exists in the ITS region (O'Donnell and 
Cigelnik 1997, Harris and Crandall 2000, Wei 
et al., 2003, Kageyama et al., 2007) and that the 

degree varied from species to species (Tang et al., 
1996).One possibility is to explain the 
mechanisms generating this intra-isolate 
variation. Cross-breeding may overcome the 
effect of concerted evolution. Tang et al., (1996) 
suggested that cross-breeding among members 
of blackfly, Simulium damnosum, might 
introduce intra-species and intra-individual 
variation on the rDNA ITS region. P. 
citrophthora is seemed to outcross between the 
isolates. Heterokaryon is another possibility. 
Martin (1995, 2006) demonstrated that the 
heterothallic species Pythium sylvaticum showed 
karyotypic polymorphism in outcrossing using 
pulsed-field gel electrophoresis and suggested 
that homothallic species such as Pythium 
spinosum might also have the same mechanism 
to generate karyotypic polymorphism. According 
to this hypothesis, citrophthora should have a 
heterokaryon and each nucleus should have 
different sequences of the rDNA ITS region. 
 
Another possibility is inter-chromosomal 
variation. The chromosomal locations of 
duplicated genes may affect whether they 
undergo active recombination, as required for 
concerted evolution (Liao 1999). Each rDNA 
multicopy cluster in different chromosomes of P. 
citrophthora may have variable sequences, 
although the rDNA sequences may not have 
variation among the repeated rDNA within a 
chromosome. Further investigations are 
necessary to identify the reasons for the intra-
isolate variation of the rDNA ITS region in P. 
citrophthora using more P. citrophthora and 
related species isolates.  
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