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Background: The fungus-like organism Pythium insidiosum is the causative agent of a life-threatening tropical infectious
disease, pythiosis, which has high rates of morbidity and mortality. A lack of reliable diagnostic tools and effective treatments
for pythiosis presents a major challenge to healthcare professionals. Unfortunately, surgical removal of infected organs
remains the default treatment for pythiosis. P. insidiosum is an understudied organism. In-depth study of the pathogen at
the molecular level could lead to better means of infection control. High quality genomic DNA (gDNA) is needed for
molecular biology-based research and application development, such as: PCR-assisted diagnosis, population studies,
phylogenetic analysis, and molecular genetics assays.

Objective: To evaluate quality and quantity of the P. insidiosum gDNA extracted by three separate protocols intended for
fungal gDNA preparation.

Material and Method: Seven P. insidiosum isolates were subjected to gDNA extraction by using conventional-extraction,
rapid-extraction, and salt-extraction protocols.

Results: The conventional protocol offered the best gDNA in terms of quality and quantity, and could be scaled up. The
rapid-extraction protocol had a short turnaround time, but the quality and quantity of the gDNA obtained were limited. The
salt-extraction protocol was simple, rapid, and efficient, making it appealing for high throughput preparation of small-scale
gDNA samples.

Conclusion: Compared to rapid-extraction protocol, both conventional-extraction and salt-extraction protocols provided
a better quality and quantity of gDNA, suitable for molecular studies of P. insidiosum. In contrast to the other two methods,
the salt-extraction protocol does not require the use of hazardous and expensive materials such as phenol, chloroform, or
liquid nitrogen.
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Pythium insidiosum is an aquatic, fungus-like, an animal, it can invade host tissue and initiate an

oomycete microorganism that causes a life-threatening
infectious disease, called pythiosis, in humans and
animals living in tropical and subtropical areas of
the worldV. P. insidiosum inhabits swampy areas,
where it colonizes water plants®. The organism
generates a specialized structure, called a zoospore®.
When a zoospore comes in to contact with a human or
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infection characterized by high rates of morbidity
and mortality®®. Diagnosis of pythiosis is difficult
and conventional antifungal drugs are ineffective.
Extensive surgical removal of infected tissues
(typically eyes or legs) is the primary treatment option
for pythiosis. The dearth of reliable diagnostic tools
and effective treatments remains a severe healthcare
problem for pythiosis.

P insidiosum 1is relatively understudied.
Information on biology, evolution, and pathogenesis
of P, insidiosum is lacking. A more in depth study of
P. insidiosum at the molecular level could lead to a
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better understanding of the disease and thus better
infection control and management. High quality
genetic material (DNA and RNA) is required for a wide
variety of molecular-based experiments and applications,
such as, genome sequencing, molecular genetics study,
PCR-assisted diagnosis, population genetic study, and
phylogenetic analysis. Genomic DNA (gDNA) of P,
insidiosum may be prepared by several methods®™.
For example, Vanittanakom et al developed a rapid
gDNA extraction protocol (rapid-extraction) for
molecular identification of P, insidiosum™. Chaiprasert
etal® and Pannanusorn et al® modified the conventional
gDNA extraction protocol (conventional-extraction)
of Jackson et al® for molecular typing of some
P insidiosum strains. Information on the quality and
quantity of gDNA extracted by these methods has not
been published.

Aljanabi et al reported the universal and rapid
salt-extraction protocol for the isolation of gDNA®.
Their method provides high quality gDNA, suitable
for PCR-based experiments. Unlike other methods,
gDNA extraction protocol of Aljanabi et al does not
require phenol, chloroform, and liquid nitrogen, which
are expensive and environmentally hazardous
reagents. In the present study, the authors aimed at
modifying the protocol of Aljanabi et al® for extraction
of P. insidiosum gDNA. The authors also aimed at
comparing the quality of gDNA extracted by the
modified protocol of Aljanabi et al (salt-extraction)
with that of the rapid-extraction” and the conventional-
extraction®® protocols.

Material and Method
Microorganisms and culture condition

Seven P. insidiosum isolates from patients
with pythiosis (n =4), animals (n = 2) and environment
(n = 1) (Isolate T1-7; Table 1) were recruited in
this study. All isolates were confirmed by culture
identification with zoospore induction®!?. The
microorganisms were sub-cultured on Sabouraud
dextrose agar once a month. For preparation of
large-scale gDNA, 10 small plugs (0.5x0.5 cm) of
7-day old mycelium-attached agar were transferred to
100 ml of Sabouraud dextrose broth, and incubated
with shaking at 37°C for 10 days. For preparation of
small-scale gDNA, P. insidiosum hyphae were
cultivated in a Petri dish with 10 ml of Sabouraud
dextrose broth and incubated at room temperature for
10 days. All mycelial mats were harvested, washed
with distilled water, filtrated through filter paper
(Whatman No.1), and stored at -30°C until use.
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Table 1. Quality and quantity of extracted genomic DNA of seven P. insidiosum strains. Concentrations were estimated by the UV absorbance (NanoDrop spectrophotometer)

and the fluorescence-based (Qubit fluorometer) measurements. DNA yields (DNA obtained/mass of mycelium) were calculated based on the DNA concentration

measured by the Qubit fluorometer

A260/280 Ratio

DNA yield (ng/mg)

Concentration (ng/ul): Qubit (NanoDrop)

Source

Strain ID  Reference ID

Salt Rapid
extraction extraction

Conventional

Salt Rapid

extraction extraction

Conventional

Rapid
extraction
79 (1,023)

Salt

extraction

Conventional

extraction

extraction

extraction

2.0
2.0

2.1

2.0
2.1

1.9
1.8
1.8
1.9
1.9
1.8
1.8
1.8
0.0

47 136

67
149

39 (757)
190 (1,590) 41 (1,330)

336 (373)
540 (574)
271 (283)
257 (297)
225 (351)

Environment
MCCI18/P12 Human (eye)

CRO2
Pi-S/P35

T1

47

192

T2

2.1

43 (1,994) 122 112 55
101

48 (1,181)

93 (584)

86 (384)
199 (1,652) 53 (994)

Human (leg)

T3

2.0
2.0

2.0
2.1

2.1

72
60
49

146
260

Mosquito

CBS777.84

T4

2.1

53
183

CBS673.85  Human (skin)

TS

2.1

99
162
145

27 (360)

52 (418)
139 (683)
114 (867)

510 (557)
121 (199)
323 (376)
153 (141)

Horse

CBS702.83

P6

T6

39 2.1

65

28

34 (1,646)
46 (1,218)
17 (520)

Human (leg)

T7

2.0
0.1

2.1

100

Mean
SD

0.0

33

69

55

64 (532)
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DNA extraction

The harvested mycelial mats of P, insidiosum
were subjected to gDNA extraction by three different
protocols: conventional-extraction, rapid-extraction,
and salt-extraction. The conventional-extraction
protocol was performed using the modified method of
Jackson et al®%®. Briefly, 200 to 1,000 mg of mycelia
was ground to a fine powder in the presence of liquid
nitrogen. The powder was transferred to a 50-ml
conical tube. Twenty ml of extraction buffer [100 mM
Tris-HCI (pH 8.0), 100 mM EDTA, 250 mM NacCl,
40 pg/ml proteinase K and 1% SDS] per 1 g of the
mycelial power was added to the tube. The mixture
was incubated at 55°C overnight. DNA was extracted
with phenol:chloroform:isoamyl alcohol (25:24:1),
followed by chloroform:isoamyl alcohol (96:4). An
equal volume of ice-cold isopropanol was used to
precipitate DNA. The DNA pellet was washed with
70% ethanol, air dried, dissolved in 500 pl TE
buffer, and treated with RNase for one hour (final
concentration, 50 pg/ml). The DNA sample was further
extracted with chloroform:isoamyl alcohol (96:4),
and precipitated with 0.1 volume of 3M sodium acetate
and one volume of ice-cold isopropanol. The pellet
was washed twice with 70% ethanol, air dried, and
dissolved in 50 to 100 ul TE buffer.

The rapid-extraction protocol was performed
according to the method of Vanittanakom. Briefly,
0.5 ml of lysis buffer [1.5% SDS and 0.25 M Tris
(pH 8.0)] was added to 50 to 100 mg of harvested
mycelia, boiled for 30 minutes and vortexed for two
minutes. DNA was then isolated with an equal volume
of phenol: chloroform: isoamyl alcohol (25:24:1) and
precipitated with absolute ethanol. A DNA pellet was
air dried and dissolved in 50 pl TE buffer.

The salt-extraction protocol was performed
using the modified methods of Aljanabi et al®.
Myecelial mats (50-100 mg) were transferred to a
sterile microtube containing glass beads (diameter,
710-1,180 mm; Sigma) and 400 pl of the salt
homogenizing buffer [0.4 M NaCl, 10 mM Tris-HCl
(pH8.0), 2 mM EDTA] and homogenized using
TissueLyzer MM301 (Qiagen, Germany) with the
following setting: two minutes at 30 Hz. Forty-five ul
of 17% SDS and 8 pl of 20 mg/ml proteinase K were
added to the cell lysate, gently mixed, and incubated
at 56°C for two hours (or overnight). Next, 0.3 ml of
6 M NaCl was added to the sample. The mixture was
vortexed for 30 seconds, and centrifuged (10,000 x g)
for 30 minutes. Supernatant was collected, mixed with
an equal volume of isopropanol, and kept at -20°C for
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one hour. The sample was centrifuged (10,000 x g) at
4°C for 20 minutes. The pellet was washed with 70%
ethanol, air dried, and dissolved in 100 pl sterile water.

The concentration and purity of all DNA
samples was estimated by measurement of optical
density at 260 nm and 280 nm wavelengths using a
NanoDrop® 2000 spectrophotometer (Thermo Scientific)
and by fluorescence-based measurement using a
Qubit® 2.0 fluorometer (Invitrogen). DNA integrity
was evaluated by 1% agarose gel electrophoresis. All
DNA samples were stored at -30°C until use.

Polymerase chain reaction

PCR amplification of several P. insidiosum
genes was performed. The target genes included
ribosomal RNA gene (rDNA; accession number,
AY486144.1), a putative exo-1,3-beta glucanase-
encoding gene (EXOI; accession number,
GU994093.1)D, and a putative RXLR effector-
encoding gene (UN04715; submitted to the DNA Data
Bank of Japan under accession number FX531705)
(Table 2). Two sets of primers were used to amplify
233-bp (Primers: ITSpyl and ITSpy2) and 931-bp
(Primers: ITS1 and ITS4) amplicons from rDNA
(Table 2). The primers Dx3 and Dx4 were used to
amplify a 550-bp amplicon from EXO/ (Table 2). The
primers RXLR 1 and RXLR2 were designed to amplify
UNO04715 with a projected amplicon size of 1,575 bp
(Table 2). PCR amplification was carried out in a
reaction volume of 50 pl, containing 5 pmol each of
forward and reverse primers, 1.25 U of Taq polymerase
(Fermentas), 0.2 mM deoxynucleotide triphosphate
mixture, 10 mM Tris-HCI (pH 8.8) with 50 mM KCl,
1-2 mM MgCl2, and 100 to 200 ng of DNA template
(Table 2). A hot start PCR protocol was performed with
an initial denaturation at 95°C for three to six minutes,
followed by 25 to 30 cycles of denaturation (95°C) for
30 to 45 seconds, annealing (50-60°C) for 30 seconds,
and extension (72°C) for 30 to 120 seconds (Table 2).
The amplification reaction was finished with a final
extension (72°C) for 10 minutes. Amplicons were
analyzed by 1% agarose gel electrophoresis, in which
5to 10 pl of each PCR product was loaded in loading
buffer. Gels were stained with ethidium bromide and
visualized by Gel Doc XR+ (Bio-Rad, USA).

Statistical analysis

Data were presented as mean and standard
deviation (SD) for DNA concentration and DNA yield.
These statistical values were calculated using the
Microsoft EXCEL2013 program.
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Results
Quality and quantity of extracted gDNA

gDNA extraction time (turnaround time) for
rapid-extract protocol was four hours, salt-extract
protocol was about six to seven hours, and conventional-
extract protocol was one to two days. Based on
fluorescence measurements, the conventional-
extraction protocol provided the highest DNA
concentration (mean (SD) 323 (153) ng/ul, range
121-540 ng/pl), followed by the salt-extraction
(mean (SD) 114 (64) ng/ul, range 39-199 ng/ul) and
the rapid-extraction (mean (SD) 46 (17) ng/ul, range
27 to 79 ng/ul) protocols (Table 1). However, the
salt-extraction protocol provided the highest total
yield (DNA obtained/mass of mycelium) (mean (SD)
145 (69) ng/mg, range 47-260 ng/ul), followed by
conventional-extraction (mean (SD) 100 (55) ng/mg,
range 28 to 183 ng/ul) and rapid-extraction (mean
65 (33) ng/mg, range 39-136 ng/ul) (Table 1).
A260/A280 ratios of the DNA extracted by the
conventional-extraction protocol (~1.8-1.9) were lower
than the ratios of the other two protocols (~2.0-2.1)
(Table 1). DNA integrity was evaluated by agarose
gel electrophoresis. High molecular weight DNA (size
>23 kb) was observed in all samples prepared by the
conventional- and salt-extraction protocols (Fig. 1). In
contrast, this high molecular weight DNA was absent
in all samples prepared by the rapid-extraction protocol
(Fig. 1). Degraded DNA (characterized as a smear of
low molecular weight material) was minimal in gDNA
extracted by the conventional-extraction protocol,
noticeable in gDNA extracted by the salt-extraction
protocol, and prominent in gDNA extracted by the
rapid-extraction protocol.

PCR amplification of target genes

When using the gDNA templates prepared by
the conventional-extraction protocol, all primer sets
(ITSpyl1/2, ITS1/4, Dx3/4, and RXLR1/2; Table 2)
successfully amplified target genes: UN04715 (Fig. 2A),
rDNA (Fig. 2B, D), and EXO! (Fig. 2C). When testing
gDNA templates prepared by the salt-extraction
protocol, all primer sets produced relatively intense
bands except for the primers RXLR1/2, which provided
faint bands for the T3 and T6 templates (Fig. 2A). Most
ofthe gDNA templates prepared by the rapid-extraction
protocol produced faint bands using primers ITSpy1/2
(Fig. 2D); the Dx3/4 primers amplified the expected
amplicon from five out of seven templates tested
(Fig. 2C); the ITS1/4 primers successfully amplified
a product from only the T1, T2 and T7 templates
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forward primer; R = reverse primer)

Table 2. Primer sequences and polymerase chain reaction (PCR) conditions for amplification of P. insidiosum genes (F

Anealling PCR extension
temperature (°C)

Template amount

Amplicon size

Sequence

Primer

Target gene

time (sec)

(ng)
100

(bp)

30

60

233

5’-CTGCGGAAGGATCATTACC-3’
5’-GTCCTCGGAGTATAGATCAG-3’

5’ -TCCGTAGGTGAACCTGCGG-3’
5’ -TCCTCCGCTTATTGATATGC-3’

ITSpy2 (R)

ITSpyl (F)
ITS1 (F)

rDNA

30

55

100

931

rDNA

ITS4 (R)
Dx3 (F)

57 60

100

550

5’-GCGAGTTCTGGCTCGACTTTA-3’
5’-ACAAGCGCCAAAAAGTCCCA-3’

EXO1I

Dx4 (R)

120

50

200

1,575

5’-GCCCATGGCCTCTTCGTCCATGAGCTCGCTC-3’
5’-GCGAATTCGCACGACGGGCGGCTCGT-3’

UN04715

RXLRI (F)
RXLR2 (R)
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(Fig. 2B); and the RXLR1/2 primers failed to produce
an amplicon from all templates tested (Fig. 2A).

Discussion

In the present study, conventional-extraction,
salt-extraction, and rapid-extraction protocols were
used to extract the gDNA of P. insidiosum. These
protocols were characterized with regard to efficiency
and suitability of the gDNA produced for downstream
applications. The high A260/A280 ratio (~1.8-2.1) of
the gDNA extracted by all three methods indicates
minimal protein contamination (Glasel 1995) (Table 1).
Salt-extract

Conventional-extract Rapid-extract

M_T1 T2 T3 T4 75 T6 T7 T1 T2 T3 T4 1576 T7 T1 T2 T3 T4 15 T6 T7

An agarose gel showing genomic DNA of P.
insidiosum isolate T1-7, prepared by conventional-
extraction, salt-extraction, and rapid-extraction
protocols (M = molecular weight markers).

23,130 bp--| MNNNHH““
9,416 bp - [

6,557 bp— I

4,361 bp~

2,322bp—|

2,027 bp™

Fig. 1

Conventional-extract Salt-extract

Rapid-extract
TI T2 T3 T4 T5 T6T7 T1 T2 T3 T4 T5 T6 77 T T2 T3 T4 T5 T6 17

A.

1,575 bp -~

B.
931 bp—-
C.
550 bp —
e n“u
ig. 2

PCR amplification of P. insidiosum genes using
the DNA templates prepared by conventional-
extraction, salt-extraction, and rapid-extraction
protocols: A. the putative RXLR-effector encoding
gene (UN04715) amplified by the primers RXLR1
and RXLR2; B. the ribosomal DNA gene (rDNA)
amplified by the primers ITS1 and ITS4; C. the
putative exo-1,3-beta glucanase-encoding gene
(EXOI) amplified by the primers Dx3 and Dx4;
and D. rDNA4 amplified by the primers ITSpy1 and
ITSpy?2.

Fi
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DNA concentrations reported by UV absorbance
measurement (NanoDrop spectrophotometer)
tended to exceed estimations by fluorescence-based
measurements (Qubit fluorometer) (Table 1), possibly
because UV absorbance measures DNA and RNA
together, while the fluorescence-based method
specifically reports DNA concentration>!3). Thus,
fluorometric estimation of gDNA concentration was
preferred in the present study.

The authors compared the quality and quantity
of all extracted gDNA samples. The conventional-
extraction protocol maximized both concentration and
DNA integrity (Table 1, Fig. 1), making this protocol
more suitable for a large-scale, high quality gDNA
preparation. However, the conventional-extraction
protocol demanded a great deal of hyphal material
(i.e., 200-1,000 mg), more extraction steps, a larger
volume of reagents, and required liquid nitrogen.
Alternatively, the salt-extraction and rapid-extraction
protocols can be used to extract gDNA from smaller
quantities of mycelia (i.e., 50-100 mg). Unlike with
conventional-extraction, these two protocols required
fewer reagents and a shorter extraction time (four hours
for rapid-extract; about six to seven hours for salt-
extract; one to two days for conventional-extract). For
smaller-scale gDNA extractions, the salt-extraction
protocol was preferred because it provided higher
DNA concentration (114 vs. 46 ng/ul), yield (145 vs.
65 ng/mg), and integrity (Fig. 1). Moreover, the salt-
extraction protocol did not require phenol, chloroform,
or liquid nitrogen.

To further evaluate gDNA quality, PCR
amplifications targeting three different genes
(rDNA, EXO1, and UN04715) of P. insidiosum were
performed, using all sets of primers (Table 2).
Amplicon sizes ranged from ~200 to ~1,700 bp
(Table 2). It was observed that impaired integrity of
the gDNA generated by the rapid-extraction protocol
markedly limited the success of PCR amplifications,
particularly with respect to long amplicons (>550 bp)
(Fig. 2). The gDNA templates extracted by the
conventional-extraction and salt-extraction protocols
may be used to amplify an amplicon size of at least
1.7 kb (Fig. 2), indicating that these two protocols
are appropriate for PCR-based applications.

In conclusion, the conventional-extraction
protocol provided the highest quality and quantity of
P insidiosum gDNA. This protocol was suitable for
large-scale preparation of high quality gDNA. The
salt-extract was a simple, rapid, and efficient protocol,
making it useful for high throughput, small-scale
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preparation of gDNA for many molecular-biological
experiments and applications. Although the rapid-
extract protocol had the shortest turnaround time, the
gDNA obtained was of limited quality and quantity.
These observations may instruct investigators and aid
their determination of which extraction protocol is
optimal for a given application, dependent upon quality
and quantity of gDNA desired, availability of materials
and equipment, and allowable turnaround time.

What is already known on this topic?

High-quality gDNA material is required for
a wide variety of molecular-based experiments and
applications (i.e., genome sequencing, molecular
genetics study, PCR-assisted diagnosis, population
genetic study, and phylogenetic analysis) of micro-
organisms of interest, including the understudied
pathogen Pythium insidiosum. P. insidiosum gDNA
can be prepared by several methods®”. For example,
Vanittanakom et al have developed a rapid gDNA
extraction protocol (rapid-extraction) for molecular
identification of P, insidiosum'”. Chaiprasert et al® and
Pannanusorn et al® have modified the conventional
gDNA extraction protocol (conventional-extraction)
of Jackson et al® for molecular typing of some
P insidiosum strains. All of these methods require the
use of hazardous and expensive materials such as
phenol, chloroform, or liquid nitrogen. Information on
quality and quantity of the gDNA extracted by these
methods has not been described nor published. Such
information is important for determination of which
gDNA extraction protocol is more suitable for a given
experiment, which would depend on the quality and
quantity desired, the availability of materials and
equipment, and allowable turnaround time.

What this study adds?

The present study provided two new and
useful information to the field of P. insidiosum study:

(1) In the current study, a new P. insidiosum
gDNA extraction protocol (salt-extraction) was
successfully developed, by modifying and optimizing
the method of Aljanabi et al®, who report the universal
and rapid salt-extraction protocol for isolation of
gDNA from a variety of other organisms. An advantage
of this salt-extraction method over the other
P insidiosum gDNA extraction methods is that it does
not require the use of hazardous and expensive materials
such as phenol, chloroform, and liquid nitrogen.

(2) The current study comprehensively
described and compared the quality and quantity
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(including integrity, amount, yield, and turnaround
time) of P. insidiosum gDNA extracted by conventional-
extraction [Pannanusorn et al® and Chaiprasert et al®],
rapid-extraction [Vanittanakom et al™], and salt-
extraction [this study] protocols. This study showed
that the rapid-extraction protocol had a short
turnaround time, but quality and quantity of the gDNA
obtained were limited. The conventional-extraction
protocol provided the best gDNA in terms of quality
and quantity, but it was time consuming. The salt-
extraction protocol was simple, rapid, and efficient,
making it suitable for high throughput preparation of
small-scale gDNA samples.

Acknowledgement

The present study was supported by the
Thailand Research Fund-The Commission on
Higher Education-Mahidol University Grant
(T Krajaejun), the Mahidol University Research Grant
(T Krajaejun), the Ramathibodi Hospital Research
Grant (T Lohnoo), and the Royal Golden Jubilee PhD
Scholarships from the Thailand Research Fund
(T Lerksuthirat, A Keeratijarut). The authors are
grateful to Angkana Chaiprasert for providing the
clinical samples.

Potential conflicts of interest
None.

References

1. Mendoza L, Ajello L, McGinnis MR. Infection
caused by the oomycete pathogen Pythium
insidiosum. J Mycol Med 1996; 6: 151-64.

2. Mendoza L, Hernandez F, Ajello L. Life cycle of
the human and animal oomycete pathogen
Pythium insidiosum. J Clin Microbiol 1993; 31:
2967-73.

3. Mendoza L, Prendas J. A method to obtain rapid
zoosporogenesis of Pythium insidiosum.
Mycopathologia 1988; 104: 59-62.

4. Krajaejun T, Sathapatayavongs B, Pracharktam R,
Nitiyanant P, Leelachaikul P, Wanachiwanawin
W, et al. Clinical and epidemiological analyses of
human pythiosis in Thailand. Clin Infect Dis 2006;
43: 569-76.

5. Pannanusorn S, Chaiprasert A, Prariyachatigul C,
Krajaejun T, Vanittanakom N, Chindamporn A,
et al. Random amplified polymorphic DNA typing
and phylogeny of Pythium insidiosum clinical
isolates in Thailand. Southeast Asian J Trop Med
Public Health 2007; 38: 383-91.

347



6. Chaiprasert A, Krajaejun T, Pannanusorn S, 25:4692-3.
Prariyachatigul C, Wanachiwanawin W, 10. Chaiprasert A, Samerpitak K, Wanachiwanawin

Sathapatayavongs B, et al. Pythium insidiosum W, Thasnakorn P. Induction of zoospore formation
Thai isolates: molecular phylogenetic analysis. in Thai isolates of Pythium insidiosum. Mycoses
Asian Biomed 2009; 3: 623-33. 1990; 33: 317-23.

7. Vanittanakom N, Supabandhu J, Khamwan C, 11. Krajaejun T, Keeratijarut A, Sriwanichrak K,
Praparattanapan J, Thirach S, Prasertwitayakij N, Lowhnoo T, Rujirawat T, Petchthong T, et al. The
et al. Identification of emerging human-pathogenic 74-kilodalton immunodominant antigen of the
Pythium insidiosum by serological and molecular pathogenic oomycete Pythium insidiosum is a
assay-based methods. J Clin Microbiol 2004; 42: putative exo-1,3-beta-glucanase. Clin Vaccine
3970-4. Immunol 2010; 17: 1203-10.

8. Jackson CJ, Barton RC, Evans EG. Species 12. Glasel JA. Validity of nucleic acid purities
identification and strain differentiation of monitored by 260nm/280nm absorbance ratios.
dermatophyte fungi by analysis of ribosomal-DNA Biotechniques 1995; 18: 62-3.
intergenic spacer regions. J Clin Microbiol 1999;  13. Singer VL, Jones LJ, Yue ST, Haugland RP.
37:931-6. Characterization of PicoGreen reagent and

9. Aljanabi SM, Martinez I. Universal and rapid development of a fluorescence-based solution
salt-extraction of high quality genomic DNA for assay for double-stranded DNA quantitation.
PCR-based techniques. Nucleic Acids Res 1997; Anal Biochem 1997; 249: 228-38.

msfssvngylseansninmsana genomic DNA veut¥e Pythium insidiosum @135

aQ 4

o AsTY a A v o o o N /. Ay o o a o
naue Zﬁ?’iy, WITH 93391, 5AITAY JOTITITH, INUNT 8384, NANY z)nyqnﬁimu, QUNT HINNY, [ﬁlﬁu fLan,

q

a r v an 4 [ %4 o a v . =) L4 o g
WINA dOUUAD, WITHINTA INATENE, DT NTADIA, Tristan T Brandhorst, 55WNY N3SHISIUNT

a -4 . . . ya I ‘&V d'dcu 4 1 . . 4’ I a 4%’ ¥ 4’4
ivad: Pythium insidiosum (Thuvenddnyazames: aunsanalsn pythiosis suilulsadaveluvniouiiniu

1]
a

quusgs lsatganaismsitedeuasmssneniisiaSiuazilszansam masnymanlutoguude masdaiadiui
a 4 ' % oq¥ a A oy P a &4 o Aa & . -
Amveaen 1wy anmuazy Jomlmaaanuims lugthenmsansegnainln:desia ve P. insidiosum Uil
=< 2/ =< P4 ~ a s 4’ ~f 4911 1 14 P4 ad as
mafnylesnn lnemmzmsAnymuaginerszavluanadaiuiugiudemaidnlabauasmsaunyismsiloiy
aa_ o o X ;o AaX . < = v 1o & ¥ o = s .
m3diede uazmasnwgthelna g 74Ty agnlsnmumsanmdinarduiudeserdomadiagizy genomic DNA
1 ! 14
(gDNA) ninamwgaianalaoinise
Jagiszaad: iovsziunummuazSnames gDNA fiadaldeinde P. insidiosum #ag3smsnuaned1eny 3 35
Jaquasisms: 1¥e P. insidiosum 1131 7 @eivg gnaavsaunielinagevilssansnmmsana gDNA #1835
conventional-extraction, rapid-extraction ua< salt-extraction
= o ¥ aa . . o A o P o add  ,  ax
WaMIANY1: MsaAAARI8I5 conventional-extraction Id gDNA fisipaummuazisuuangadiemeouiuizoy diuls
. . cny e A we i P aad s .
rapid-extraction aunsamlasiasinga uald gDNA nidnammuazysunmuiniiison luvaiznis salt-extraction
4
uuannsamlade 535 uazld gDNA aanmgs Jumunzamivmsanin gDNA aindregnamaunlaa
~ ~ o ad . . | 2 oaa . . . o
ﬂ?l/: lilf)tl/?ﬂllmt’lllﬂil?ﬁ rapld—extractlon VSWYIINIB conventional-extraction uas salt-extraction ?‘H@ﬂlﬂ7W
d’ o v U ) s =< aa o a 4V . o g U dy
uaz15anames gDNA farialanndt uazvmnzdmsumsanyiuazIdedomsaade P. insidiosum u1An71 uenani

35 salt-extraction §3lul¥msindunyuazdsaimunslumsann gDNA 1¥u phenol, chloroform wazlulasiaumal

348 J Med Assoc Thai Vol. 97 No. 3 2014



