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Abstract: The internal transcribed spacer (ITS) region (ITS1, ITS2 and 5.8S rDNA) of the nuclear ribosomal DNA (nrDNA) was 
amplified via the PCR method in seventeen different isolates of Phytophthora sojae using the common primers of the ITS of fungi. 
Around 800 bp-1,000 bp fragments were obtained based on the DL2000 marker and the sequences of the PCR products were tested. 
Taking isolate USA as outgroup, the phylogenetic tree was constructed by means of maximum parsimony analysis, and the genetic 
evolution among isolates was analyzed. The results showed that there is a great difference between the base constitution of ITS1 and 
ITS2 among various isolates. The seventeen isolates are classified into three groups, and the isolates from the same region belong to 
the same group, which shows the variation in geography. 
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Phytophthora root rot caused by Phytophthora 

sojae is a serious soil-borne fungi disease endanger-
ing soybean production[1]. It was first discovered in 
Indian state in the United States in 1948, and then in 

about 20 countries throughout the world[2-4]. Owing to 
the separation technique, P. sojae was not found in 
China until Shen et al.[5] isolated the pathogen in 
Heilongjiang Province in 1991 for the first time. 
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Thereafter, the phytophthora root rot occurred widely 
and affected the soybean production of Heilongjiang 
Province[6]. 

Phytophthora root rot is a pathogen with the 
characteristics of host specification. By the interaction 
process with the hosts, the pathogenicity and viru-
lence evolved continually, and at least fifty-five races 
have been identified worldwide. Analysis of the ge-
netic diversity of P. sojae is significant and meaning-
ful for disclosing its virulence variation. It is not only 
localization but is also difficult to determine the ge-
netic diversity of P. sojae at the DNA level, if only the 
differential hosts with different resistance genes are 
used in virulence screening and race identification. 
With the development of molecular biology, ITS, 
RAPD, SSR, and RFLP have been used widely in 
studying the genetic background of microbe and the 
genetic similarity and diversity of interspecies and 
intraspecies[7-9]; the ITS (Internal Transcribed Spacer) 
technique is broadly used as a molecular marker for 
the identification of the interspecies or intraspecies to 
reveal the phylogenetic evolution relationship among 
isolates within a species or from different geographic 
regions and for species identification because of its 
high diversity. In this study, the pathogen of P. sojae 
from infected soybean plants that originated from 
various regions of Heilongjiang Province was isolated, 
identified, and purified. ITS analysis was carried out 
using the isolates separated in this study and those 
from the North America to study their genetic varia-
tion and phylogenetic relationship. 

1  Materials and Methods 

1. 1  Collection of infected plant sample and isola-
tion, purification, and identification of 
pathogen 

1.1.1  Infected plant sample collection 
The soybean plants with evident PRR symptoms 

were mainly collected from three locations (i.e., 
Jixian, Jiansanjiang, Jiamusi County) of Heilongjiang 

Province, China, from July to August in 2005. Plant 
stems with lesions of 10 ± 15 cm length were kept in 
a cool room (4℃) for maximum of 3 d before isola-
tion. 
1.1.2  Pathogen isolation 

P. sojae was isolated from 26 infected plants 
with typical PRR symptoms collected from the dis-
tricts mentioned above by means of infected tissue 
separation. Four or five cross sections were made at 
the transition areas between the lesions and the 
healthy tissues. These sections were thoroughly 
flushed under tap water for about 1 h and immersed in 
70% ethanol for 5 sec, the ethanol was then rinsed off 
with sterilized distilled water for three times. Follow-
ing blotting up the surface water with sterilized filter 
paper, the sections were quickly passed through the 
outer blaze of alcohol burner twice, and finally put on 
the CA solid selection medium[10]. The tissues were 
incubated at 25℃ in an incubator.  
1.1.3  Pathogen purification and identification 

The pathogen colony was inspected under an in-
version microscope of 15×10 amplification after 3 d, 
and a mark was made when P. sojae was observed. 
The pathogen within the selection part was transited 
to the CA solid selection medium. The purification 
process was repeated for 6-7 times. The mycelium 

was put into the distilled water for 24-36 h at 25℃ to 
observe the zoospore. The isolate was identified as P. 
sojae if it is according with the following characteris-
tics. i.e., the asexual sporangium could be seen like an 
inversion pear, and the hypha was almost a right angle 
and had no separation, and the oospore was almost 
round on the CA solid selection medium. The zoo-
spore could be seen in water.  
1.1.4  Single spore separation and pathogen preser-

vation 
The zoospore of optimal concentration was 

transferred to the cell culture plate based on the 
method of Zuo et al[11]. The single zoospore separa-
tion was carried out under the inversion microscope 
after 2-3 days. The mycelium that originated from 
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single spore separation was transited to normal CA 
medium after culturing for 5-6 days. The hypha was 

preserved at 4℃ when the mycelium was full.  

1.2  Sequence analysis of P. sojae 

1.2.1  Isolates for testing 
The isolates for testing are listed in Table 1, 

which includes 8 isolates separated in this study and 9 
North-America isolates provided by the Agriculture 
and Agri-Food Canada or the Greenhouse and Proc-
essing Crops Research Centre and the August First 
Land Reclamation University. 
1.2.2  Primers 

Common primers of ITS1 and ITS4 of epiphyte 
ribosome DNA were used in this study. The sequence 
of the primers ITS1 and ITS4 were 5′-TCCGTAGG- 
TGAACCTGCGG-3′ and 5′-TCCTCCGCTTATTGA- 
TATGC-3′, respectively. 
1.2.3  DNA Extraction  

P. sojae isolates were initially grown on clarified 

V8 agar plates at 24℃ for 7 days. Five to ten agar 
plugs (6 mm) with mycelium were cultured in 150 mL 
sterile clarified 20% V8 liquid in 250 mL flasks at 
24℃ and 100 r/min for 7-14 days. The mycelia were 
then harvested by vacuum filtration through no.4 filter 
papers. The harvested mycelia were washed three 
times with sterile distilled water and then stored at -70℃. DNA extraction was carried out as described 
by Panabieres et al[12]. 
1.2.4  DNA amplification 

The volume of the PCR reaction system was 25 μL, which contained 2.5 μL 10×buffer, 2.5 μL MgCl2 
(5 mmol/L), 1 μL dNTP (2.5 mmol/L), 0.25 μL for-
ward and reverse primers (20 μmol/L), 0.25 μL Tag 
polymerase (10 U/μL), and 3 μL template DNA (15 
ng/μL). The PCR program consisted of 30 cycles of 
denaturing at 95℃ for 1 min, annealing at 55℃ for 30 

s, and extension at 72℃ for 1 min. The final cycle had 

a 10 min extension step at 72℃. The PCR products  
Table 1  Taxa of Phytophthora sojae for studying nrDNA ITS 

No. Isolate Locality Voucher 

1 D35Race7 North America Yu KF 

2 R1 North America Yu KF 

3 R4 North America Yu KF 

4 R7 North America Yu KF 

5 XUP_100 North America Yu KF 

6 XUP_101 North America Yu KF 

7 XUP_102 North America Yu KF 

8 XUP_103 North America Yu KF 

9 XUP_104 North America Yu KF 

10 USA China Zhang SZ 

11 XUP_5 China Zhang SZ 

12 XUP_47 China Zhang SZ 

13 XUP_weizhi China Zhang SZ 

14 Hs_3 China Zhang SZ 

15 Hs_6 China Zhang SZ 

16 Ps411 China Zhang SZ 

17 W1 China Zhang SZ 
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were sequenced after purification using the purifica-
tion agent box (Promega). 
1.2.5  Sequence analysis 

Analogue was detected with BLAST on the 
server on NCBI (httP://www.ncbi.nih.gov). The ITS 
sequence of all the isolates was saved as phylip for-
mat after calibration using the ClustalX software. The 
maximum parsimony tree was made by dnapars soft-
ware.  

2  Results 

2. 1  Pathogen isolation, purification and identi- 
fication 

The infected plants with typical PRR symptoms 
were picked up from the soybean field (Fig. 1A): the 
leaf stalks were drooping, the leaves were yellow but 
were not falling off, and the entire plant was wither-
ing. Brown lesions spread to the upper node, and fi-
nally the cortex and vascular bundle changed to 
chocolate color.  

Eight isolates were obtained after pathogen cul-
ture, purification, and single-spore separation (Fig. 
1B). The mycelium was white looking like felt, and 
the mycelium grew blooming on the CA medium (Fig. 
1C). The hypha had many nuclus with right-angle 
branch and no papillate. The base of the hypha was 
shrinking, and the width was 3-9 μm, and most of the 
hypha was curving (Fig. 1D). The sporangium ap-
peared to be an inversion pear. The size of the spo-
rangium was 42-65×32-53 μm (Fig. 1 E). The spo-
rangium germinated to form vesicle: the vesicle was 
thin, with several zoospores inside. The zoospores 
were oval, one end or two ends were blunt round, 
with one flagellum in front and the other at the end. 
The oospore was round, and the diameter was 30-35 
μm (Fig. 1 F). The results showed that these isolates 
agreed with the characteristics of P. sojae. 

2. 2  rDNA ITS amplification and sequence analy-
sis 

Using primer specific for ITS, a single band 800 

 

Fig. 1  The isolation, purification and identification of P. sojae 
A: Typical infected soybean plant; B:The colony of P. sojae on the CA solid selection medium; C:The hypha of P. sojae(15×10); 

D:The hypha of P. sojae originating from single-spore separation(15×20); E: Asexual sporangium of P. sojae like inversion pear 

(15×40); F: Oospore of P. sojae (15×40). 
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bp to 1,000 bp in length was amplified from 8 Chi-
nese isolates and 9 North American isolates. The ana-
logue of the PCR products of the 17 isolates was de-
tected using the BLAST on NCBI server. The ana-
logue of the sequence is above 94% when compared 
to that from GenBank, and 83% by means of DNA-
MAN software.  

The length of the ITS region (including ITS-1, 
5.8S, and ITS-2) varied greatly, and the concrete se-
quence length is shown in Table 2. The length of 
ITS-1 ranged from 208 bp to 329 bp, and the average 
length was 268.84 bp. The percentage of the (C+G) 
content of ITS-1 ranged from 48.1% to 56.8% with an 
average of 52.52%. The length of ITS-2 varied from 
396 bp to 748 bp, and the (C+G) content was above 
50%. The 5.8S region was very conservative, its 
length was 134 bp, and the percentage of the (C+G) 
content was 50%. 

A variation occurred in the ITS sequence among 
the 17 isolates based on the map of ITS and 5.8S 
rDNA (Fig. 2), and the scope from 1 to 100 bp of the 
ITS1 region also varied greatly. The ITS1 region from 
1-50 bp of D35Race7, Hs_3, Hs_6, Ps411, XUP_104, 
XUP_100, XUP_101, USA, W1, XUP_5, and 
XUP_47 was completely deleted. The non-dele- tion 
sequence of R1, R4, XUP_103, and R7 was the same. 
The base sequence from 51-100 bp of R1, XUP_102, 
XUP_103, and R7 was identical, but there was base 
displacemant and transition in the sites of other iso-
lates. Insertion and deletion occurred frequently in the 
latter part of the ITS2 region of 17 isolates, which 
indicates that the sites with phylogeny evolution in-
formation are mainly distributed on the ITS-2 region. 

In addition, base displacement and transition are the 
main evolution forms for ITS-1, and frequent base 
insertion and deletion are the main evolution forms 
for ITS-2. 

2. 3  Phylogeny evolution relationship among 
groups of P. sojae 

A maximum parsimony phylogeny tree was 
made based on the ITS sequence including the 5.8S 
region using Phylip3.5 analysis software (Fig. 3). The 
value on the branch was 1,000 multiple self-expan- 
sion, and these isolates were classified into 4 groups 
according to the phylogeny evolution results. Four 
isolates from China were all grouped into the 4th sys-
tem, and there was a relationship between W1 and Hs 
6, which acquires the sustainability of bootstrap 
(99%). These were also close to XUP_47 (100%). 
There were 6 isolates in the 3rd pedigree, and all 
these isolates originated from North America, with the 
exception of Ps411 from China. The second pedigree 
consisted of both Chinese and North American iso-
lates. The results indicate that the distribution of Chi-
nese isolates is wide and the genetic variation is com-
plicated. Most of the isolates from the same district 
are grouped into the same pedigree, which shows that 
there exists geographic difference among P. sojae. 

3  Discussion 

Crawford et al.[8] and Cooke et al.[13] tested the 
sequence of ITS of P. sojae and other phytophthora 
pathogen from some other crops, but the number of 
pathogen of soybean phytophthora root rot in their 
study was relatively few. Zhang et al.[14] reported that  

Table 2  Sequence analysis of nrDNA ITS and 5.8S regions in Phytophthora sojae isolates 

 ITS-1 5.8S ITS-2 

 Length %(G+C) Length %(G+C) Length %(G+C) 

Maximum 329 56.8 134 50 748 57.6 

Minimum 208 48.1 134 50 396 52.4 

Mean 268.84 52.52 134 50 572.32 55.34 
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Fig. 2  The map of ITS and 5.8S rDNA sequence of Phytophthora sojae 
“.”means nucleotide deletion. 

 
there was an ITS base sequence variation among dif-
ferent isolates in P. sojae. The intraspecies identifica-
tion of P. sojae isolates from North America and 
China was done in this study. When compared to the 
former research results, the number of isolates was 
relatively great and the geography distribution was 
relatively wide, which could contribute to the origin 
and evolution of P. sojae in China. The phylogenetic 
relationship of P. sojae isolates from North-America 
and China was examined, and the results showed that 
there are variation sites on the rDNA ITS sequence in 

different isolates, and there is genetic differentiation 
in various degrees.   

There exists ITS sequence diversity among P. 
sojae individuals in this study. Cooke et al.[13] con-
cluded that the ITS sequence of P. sojae was very 
conservative and had no variation. In this study, after 
comparation of the ITS sequence of 17 isolates with 
those registered on the Genbank, there was ITS se-
quence variation among different P. sojae isolates, 
which showed that there was tiny variation among   
P. sojae individuals of the same intraspecies.
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Fig. 3  Phylogeny tree of Phytophthora sojae based on the sequence of ITS+5.8S 
 

Whisson et al.[7] deduced that P. sojae in Austra-
lia was probably introduced from America based on 
the analysis of the genetic relationship between     
P. sojae from Australia and that from America using 
the RFLP technique. The genetic variation of P. sojae 
in China was more complicated than that in North 
America, and had a relatively unique genetic back-
ground. The diversity and uniqueness of P.sojae in 
heredity in this study were similar to the previous re-
port[15], and it can be detected that P. sojae from 
China probably has independent origination. 

The results showed that there is a corresponding 
variation degree among the ITS sequence of different 
isolates. The isolates can be carved up different pedi-
gree based on the ITS sequence. Therefore, ITS se-
quence analysis is an effective measure for studying 
the phylogenetic evolution and bio-geography of    
P. sojae. 
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