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ABSTRACT 

Pathogenic fungi cause dying off of apple tree and giving negative impact to farmers. The objective of this study was to 
identify tree pathogenic fungi isolates from apple tree in the Batu City and to know phylogenetic relationship of the 
isolates based on the DNA sequences. The method in this study included subculture of three pathogenic fungi isolates 
(M1, M4, and MB1) using V8 Juice Agar medium for one to three days, continued with DNA isolation, amplification 
using ITS5/ITS4 primer, purification, sequencing, and sequence homology analysis of DNA amplicons of each isolates 
with reference isolates. The results showed similarity value of DNA sequence of the three isolates M1, M4, and MB1 of 
more than 99%. The three isolates M1, M4, and MB1 have a similarity value of DNA sequence with species of Pythium 
splendens of 99.84%, 99.67% and 99.83%, respectively. On the other hand similarity value between those isolates with 
Phytophthora was less than 76%. It was concluded that the three isolates are Py. splendens. 
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1. Introduction 

Pathogenic fungi are one of the causes of herbaceous 
plants and woody plants diseases. It causes rotting of the 
roots, stems base, death of plants, which in turn give ne- 
gative impact to farmers [1]. One example of the path- 
ogenic fungi that attack plant is Phytophthora [2]. More 
than 66% of root diseases and more than 90% of stem 
base rot diseases of woody plants caused by it [3]. Se- 
veral species of Phytophthora also cause natural eco- 
systems damage and change the composition of flora [2]. 
In addition, the development of agro-industry in Aus- 
tralia is affected by this pathogen, especially in the agro- 
fruit crops and ornamental plants [1]. Approximately more 
than $250 million per year was spent by farmers to over- 
come it [1]. 

In many countries, some types of Phytophthora have 
been identified in apple crop, like P. cactorum, P. dre- 
chsleri, P. cryptogea, P. citricola, P. cambivora, and P. 
arecae [3]. There are also other spesies of pathogenic 
fungi which were often associated with Phytophthora, 
such as Pythium, for example Pythium ultimum causes 
collar rot diseases like Phytophthora cactorum [4]. Py- 
thium and Phytophthora are Pythiaceae. It causes the 
death of the plant, has a broad host range, and causes 
much harm to farmer [5]. This fungi causes of root di- 
sease in plants, the death of the seeds and small plants, as 
well as significantly decrease in the ability of roots to  

obtain nutrients from the soil because structural damage 
[6]. Several species of Pythium cause disease on apple 
crops, such as Py. splendens in California and Florida [6], 
Py. rostratifingens, Py. undulatum, Py. sterilum in Tu- 
nisia [7], Py. intermedium, Py. irregulare, Py. Hetero- 
thallicum, Py. Sylvaticum, and Py. MM1 (aff. Macrospo- 
rum) at Washington [8]. 

Nugrahani [9] obtained four pathogenic fungi isolates 
from apple crops. Those isolates were suspected to be 
members of Phytophthora [9]. However, the phenotypes 
of those isolates were not able to identify the species 
name. Therefore, it is necessary to identify the phyloge- 
netic relationship with Phytophtora species to know the 
species name of those isolates based on DNA sequences 
as well as knowing phylogenetic relationship of three iso- 
lates with reference isolates (members of the Phytoph- 
thora and other group, like members of the Pythium). 

The development process of analysis and study of 
phytopathogenic fungi increased along with the increase 
of members of Phytophthora found in recent years [10]. 
The development of molecular techniques provides great 
opportunities for the development of a sensitive detection 
device, specific, effective and efficient method [11]. Poly- 
merase Chain Reaction (PCR) is a methods and devices 
used in the detection of molecular approaches, which 
serves in vitro DNA amplification. The product of PCR 
can be sequenced then used to differentiate organisms at 
the level of genus, species and even the specific genotype 
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[10]. 
The existence of conservative areas, such as genes en- 

coding ribosomal RNA (rRNA) 18 S, 5.8 S, and 28 S sim- 
plify the process of phylogenetic identification [12]. 
There were areas known as the internal transcribed spa- 
cer (ITS) among the genes encoding structural protein 
[13]. ITS region mutates and a significant variation be- 
tween species can be determined from the area [13]. 
ITS4 and ITS5 in this study were expected to amplify the 
ITS1 and ITS2 (universal DNA barcode marker for fungi) 
[14], 5.8 S rDNA complete sequence, 18 S rDNA and 
28S rDNA partial sequence [15]. It was used for identify 
the specific name of the species of the isolates analyzed. 

Development of those methods is very useful to under- 
stand the phylogenetic relationship among isolates [11]. 
Furthermore, it also supports to determine appropriate 
methods for controlling those pathogens. Infection among 
groups of different taxonomic fungi has variation and 
association with the tissue of hosts infected and also nu- 
trients needed by pathogens for its growing. So, closely 
related pathogens will have similar handling methods. 
The advantages of this research are the existence of a 
proper diagnosis of pathogenic fungi, development of 
biological control methods of pathogens using microbial 
antagonists (like Trichoderma sp.), reduction of pesti- 
cides application on farms, and increasing agricultural 
and plantation production. 

2. Materials and Methods 

2.1. The Source of Pathogenic Fungi Isolate 

Pathogenic fungi isolates used in this study were ob- 
tained from Nugrahani research [9]. They were isolated 
from soil samples under canopy of apple plants (from 
five different sides) which showed symptoms of diseases 
caused by the pathogenic fungi. Pathogenic fungi were 
isolated by modified baiting method [9]. 

2.2. DNA Isolation of Pathogenic Fungi 

Three isolates of pathogenic fungi (M1, M4, and MB1) 
was sub cultured in V8 juice medium. Each isolates were 
sampled and inoculated in 25 ml of medium Jungle Juice 
(V8 Juice instead of medium order) then incubated in a 
shaker incubator at 28˚C with speed of 120 rpm for three 
days. DNA genome was isolated from the mass of fungi 
mycelium after incubated for three days using a modified 
method [16]. 

2.3. Amplification of DNA Sequences Pathogenic  
Fungi 

ITS region was amplified using ITS5  
(5’-GGAAGTAAAAGTCGTAACAAGG-3’) and ITS4 
(5’-TCCTCCGCTTATTGATATGC-3’) [12]. Composi- 

tion of the compounds used for the amplification of DNA 
sequences (Table 1) [17] with modifications to the DNA 
sequence amplification reaction condition are shown in 
Table 2. The primers ITS5 and ITS4 will produced a 
single band of approximately 900 bp [18]. The PCR re- 
sult were visualized by electrophoresis and documented 
by UV transluminator [16]. 

2.4. DNA Sequencing Pathogenic Fungi 

Purification and sequencing of DNA amplicons perform- 
ed at Macrogen, South Korea. 

2.5. Phylogenetic Analysis 

Data sequences of all fungi isolates, several isolates of 
the reference sequence (Phytophthora) and reference iso- 
lates as outgroup (Pythium and Peronospora) from the 
GeneBank (http://www.ncbi.nlm.nih.gov) were presented 
in FASTA format. Alignment of DNA sequences was 
done using ClustalW program. Phylogeny tree was con- 
structed using Phylogeny in MEGA 5.03 program with 
1000 bootstrap, inversion using Maximum Likelihood me- 
thods and evolutionary distance were analyzed according 
to Tamura-Nei model [16]. 

3. Result 

Amplification of DNA sequences by primers ITS5 and 
ITS4 produced amplicons of 900 bp (Figure 1). These 
results have similar with the results of other research. 
 
Table 1. Composition of the compounds used for the ampli- 
fication of DNA sequences. 

No. Solution Volume (μl) Concentration 

1 ddH2O 6  

2 PCR mix (i-TaqTM) 15  

3 Primer Forward (ITS5) 3 30 pmol 

4 Primer Reverse (ITS4) 3 30 pmol 

5 Template DNA 3 <1 μg 

Total 30  

 
Table 2. The DNA sequence amplification reaction condi- 
tion. 

No. Reaction Temperature (˚C) Time (min)

1 Pre denaturation 95 3 

2 30 cycles: denaturation 94 0,5 

 Annealing 55 0,3 

 Extention 71 1 

3 Post extention 72 7 
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Based on the analysis, it is known that the three iso- 
lates belong to the same species (Figure 2). The results 
of DNA sequences show isolates M1 had similarity value 
of 99.73% with isolates MB1 (difference in evolutionary 
distance of 0.0027) and 99.46% with M4 isolates (the dif- 
ferences in the evolutionary distance of 0.0054). M4 
 

 

Figure 1. DNA amplicons with primer ITS4/ITS5. M1, M4 
and MB1 is a pathogenic fungi isolates, while m is a marker 
(GeneRuler™ DNA Ladder Mix 100). 
 

 

Figure 2. Phylogeny tree of pathogenic fungi and isolates 
members of the Phytophthora, Pythium, and Peronospora 
based on maximum likelihood algorithm with Tamura-Nei 
method of analysis. 

isolates had a similarity value of 99.19% with MB1 iso- 
lates (differences in the evolutionary distance of 0.0081). 
Phylogeny tree showed that the three isolates were be- 
long to genera Pythium and species of Pythium splendens 
with similarity values of more than 99%, while the si- 
milarity value of those isolates with Phytophthora were 
less than 76% (Figure 2).  

This study also reviewed several morphological cha- 
racters of pathogenic fungi isolates (M1, M4 and MB1) 
which showed the characters of Phytophthora and Py- 
thium which was used by Nugrahani [9]. Dendogram 
which was built based on morphological data showed 
that those isolates had similarity value of 88% with Phy- 
tophthora and Pythium (Figure 3). 

4. Discussion 

At present, amplification of DNA sequence by primers 
ITS5 and ITS4 similar with the results of Cooke et al. 
[18] which is always produce a single band around 900 
bp. It is consisted of small sub unit (SSU) 18S partial se- 
quence, the ITS1, ITS2, 5.8S rDNA complete sequence, 
and large subunit (LSU) 28S rDNA partial sequence [15]. 

The DNA sequence data was utilized to construct phy- 
logenetic tree using Maximum Likelihood method [19]. 
This method uses a calculation to find a tree that has the 
best calculation of the variation in data sequence. It 
based on the amount of sequence change or mutation that 
provides variations in sequences [20]. It was used to de- 
termine the relationship among the sequences which 
more diverse [20]. Maximum Likelihood methods con- 
sidered to be most suitable to analyze the data because 
the rapid reproduction of pathogenic fungi which made 
possible the mutation and rapid changes as well so it can 
easily be used to distinguish the three isolates [20]. 

The results of DNA sequences show isolates M1 had 
similarity value of 99.73% with isolates MB1 and 
99.46% with M4 isolates. M4 isolates had a similarity 
value of 99.19% with MB1 isolates. Phylogeny tree 
showed that the three isolates were belong to genera Py- 
thium and species of Pythium splendens with similarity 
values of more than 99%, while the similarity value of 
those isolates with Phytophthora were less than 76% 
 

 

Figure 3. Dendogram of phenotype similarity of pathogenic 
fungi, Phytophthora and Pythium. 
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(Figure 2). Similarity value of 100% indicates that the 
test isolates were single strain and if the similarity value 
of 99% indicates similar species, whereas the similarity 
value of 89% - 99% is included into similar genus [19, 
21]. DNA sequence differences in one species only rang- 
ed between 0.2% - 1% [19,21].  

The analysis showed that three isolates are Pythium 
splendens and it was distinguished strain specific, be- 
cause the similarity value of three isolates only 99%. 
Species were included in one strain if they have a si- 
milarity value of 100% [19]. Determination of a strain 
isolates required more than one pair of primer to obtain 
the valid results, although the ITS region is one of DNA 
barcode marker for fungi. However, ITS regions, SSU 
and LSU in the barcode gap analysis of inter-specific and 
intra-specific variation [14], were not show good results 
despite the high success rate of amplification. Barcode 
gap analysis showed that the ability of ITS to indicate an 
average gap in barcode at inter-spesific variation of 
0.372664 and intraspecific variation of 0.025013. There- 
fore, primers that may be used for further identification 
of the strain or the intra-specific level were needed. 

The morphological analysis shows there are error re- 
sult. Base on the species concept [22], if the interspe- 
cific similarity value of isolates phenotype more than 
50%, the isolates were grouped into one Genus, and if 
the similarity value more than 80% the isolates were 
grouped into one Species. However the morphological 
character identified in this research were not enough for 
distinguishing those isolates. So, the similarity value of 
88% can not be used to determine the species. 

Morphological character which using in identification 
affect the result of phenetic classification. Morphological 
character identified [9] such as round, single, papillate 
sporangium with size variation; unbranched, smooth- 
walled, and 2.5 - 5 µm width sporangiophore; and round 
or oval intercalary clamidiosphore with diameter of 15 
µm (Figure 4) can be used for identifying the species 
(Phytophtora or Phytium). On the other hand some cha- 
racters such as the upright grow of mycelium, repro- 
ductive structures, the thickness of sporangium wall, pig- 
mentation of sporangium, the existance of papillae, the 
evidence of septate hyphae, and cytoplasm character can 
not be used for identification. According to other resear- 
cher [23], morphological character specific for Genus 
Phytophthora including nonseptate hyphae, sexual re- 
production structure with biflagellate zoospore, posses 
sexual organs in the form of antheridium and oogonium, 
the sporangiosphore can not be distinguished from its 
mycelium, and posses ovoid sporangium in the shape of 
lemon and had papillae. The evidence of papillate spo- 
rangium is the specific character of Phytophthora sp. 
which distinguished it from Pythium sp. Only several 
member of primitive Phytophthora that was not found to  

have papillate sporangium (Figures 5 and 6). 
Those observation lead to the conclusion that the iso- 

lates identified more likely to be the member of Genus 
Pythium based on the morphological character such as 
rounded sporangium and the absent of papillate spo- 
rangium (Figure 4). Taxonomy determination using mor- 
phological character for species identification need a long 
time, intensity of researchers and have high error pro- 
bability [25]. However the physiological and bio chemical  
 

 

Figure 4. Morphological of nonpapillate sporangium; (a) 
M1, (b) M4, (c) MB1 [9], (d) Pythium splendens (magnifica- 
tion 400×) [24]. 
 

 

Figure 5. Morphological sporangium of Phytophthora [26]; 
(A) Papillate sporangium of P. cactorum, (B) Semipapillate 
sporangium of P. citricola, (C) Nonpapillate sporangium of 
P. pistaciae, (D) Narrow exit pore of P.cactorum, (E) Me- 
dium exit pore of P.citricola, (F) Wide exit pore of P. la- 
teralis. 
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Figure 6. Morphological antheridium of Phytophthora [26] 
(A) Paragynous antheridium of P. citricola. (B) Amphigy- 
nous one-cell antheridium of P. inundata. (C) Amphigynous 
two-cell antheridium of P. Cambivora. 
 
test are needed to be done in future studies, so it could be 
further validation for the conclusion. 

There are some key character for traditional classifi- 
cation of Phytophthora [27] such as morphological of 
sporangium (papillate, semipapillate, and nonpapillate) 
combination character of antheridium type (amphigynous 
and paragynous) (Figures 5 and 6), and reproduction 
system (homothallic and heterothallic). Error in charac- 
terization of those isolates [23] could be the result of fai- 
lure in identification of some character of Phytophthora 
and Pythium. Therefore, in this research phylogenetic re- 
lationship based on molecular identification was used to 
determine the true name of the pathogenic fungi. 

Phytophthora produces asexual spores at suitable en- 
vironmental conditions. Asexual spores are called spo- 
rangia that are formed in sporangium. Sporangium has 
variation of the shape like ovoid, obovoid, ellipsoid, li- 
moniform (like lemon) and pyriform (like pear). Spo- 
rangia would germinate and form germ tubes in contact 
with plants [5]. Sexual spores are called zoospores that 
are produced through the fusion of antheridium and oo- 
gonium. Zoospores can be spread by splashing water 
flow at ground level. These spores have flagella that can 
help the movement to approach the host [28]. On the 
other hand Pythium produces spherical bodies called co- 
nidia (asexual reproduction or vegetative spores) which 
are easily separated and serves to help its spread. Es- 
pecially, Pythium splendens is not like other Pythium 
species that have a structure or swimming motile zoo- 
spores, but when germinate to form germ tubes that can 
be used to penetrate or infected the host tissue. In addi- 
tion, the thick-walled sexual spores (oospore) are only 
formed when the sexual reproduction happen. Oospore 
allows the fungi to survive in unfavorable conditions [29]. 

Plants attacked by Phytophthora characterized by the 
rot in the stem bark. In addition, the infected plant part 
would be browned rot. The infection can extend to the 
roots and to the stems base start from external part, 
causing the death of plant. Sometimes, it was not wide- 
spread, but the skin on the affected plants will rot, be- 
come dry and detached. It leads to cancer cell develop- 

ment [30]. Phytophthora attack annual plants and seedl- 
ing of perennial plants. Old crops which are attacked by 
Phytophthora would show symptoms such as leaf num- 
ber decreased, leaf yellowing and death of twigs or 
branches. It also showed the death of small roots and the 
presence of necrotic brown lesions form on the old roots. 
The root systems of young or old plants are destroyed, 
followed by the death of the plant [3]. The typical symp- 
toms caused by Pythium attacks can be seen in the morn- 
ing by the present of spider threads—like hypha with 
drops of dew hanging. It often attacks young plants near 
the soil which causes leaf spot which eventually will 
grow to be a wide spot [30]. It commonly causes seed rot 
as well as pre- and post-emergence damping-off of plants. 
Pythium causes lobed stems 1 - 15 cm and also results in 
root-lobed that significantly reduce root length. In addi- 
tion, the effect of it causes the bark totally broken and 
has hollow stem pith. The young stems of woody plants 
will collapse. Eventually plants become blacked rotten 
and the roots of infected plants will brown and watery. It 
causes a seed rot, damping-off, and seedling root rot, 
caused a watery and soft decay of older plants in wet 
soils. Pythium attack can also be found in warm tem- 
peratures and subtropical regions, and it has a wide host 
range and is not only founded on the plant parasite [30]. 

Handlings of pathogenic fungi have generally been 
carried out by spraying a systemic fungicide. Systemic 
fungicide worked its way into the vascular system of 
plant that inhibited infection into plant tissue. However, 
the use of systemic fungicide continuously leads to pos- 
sibility of development of new strains of pathogenic 
fungi. In addition, it can also cause environmental pol- 
lution and mortality of non-target organisms in the sur- 
rounding environment. Therefore, this result can support 
the development of biological control methods using spe- 
cific microbial antagonists and proper management to 
overcome the attacks of pathogens and also to understand 
the sensitivity of those pathogenic fungi caused by addi- 
tional of organic compound and environmental stress. 

Molecular biology gives impact more and more heavi- 
ly on mycology [11]. Species identification based on phe- 
notypic identification is often time-consuming, need high 
passion of the researchers and have high error probability 
[25], and it is also has subjective nature of phenotypic 
characteristics, which are readily influenced by culture 
conditions [11]. Conversely, molecular phylogenetic iden- 
tification involving gene sequencing is more objective, 
uninfluenced by growth conditions, and capable of dis- 
criminating between fungi that fail to produce distinctive 
morphological features [11]. 

5. Conclusion 

Conclusions from this study were three isolates of pa- 
thogenic fungi (M1, M4 and MB1) are similar species 
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with DNA sequence similarity value of more than 99%. 
These three isolates are closely related and members of 
Pythium splendens with DNA sequence similarity value 
of more than 99%. 
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