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Simple and Reliable DNA Extraction Method for the Dark Pigmented Fungus, 
Cercospora sojina
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This study used a modified cetyltrimethylammonium
bromide (CTAB) method to efficiently extract DNA from
the plant pathogenic fungus Cercospora sojina. Total
DNA yield obtained by this method was approximately
1 mg/g of mycelia (fresh weight), and the mean ratio of
A260/A280 and A260/A230 were 2.04 and 2.1, respec-
tively. The results of random amplified polymorphic
DNA (RAPD) analysis, digestion with restriction enzymes,
and Southern hybridization indicated that polysaccharides
were effectively removed by this method, and the
resulting DNA was sufficient for use in subsequent
molecular analysis.
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The molecular analyses of fungal DNA proved to be a

challenge because of problems caused by the abundance of

inhibitors, such as polysaccharides and phenolic compounds,

which are difficult to eliminate and inhibit the action of

enzymes (Sreenivasaprasad, 1999). Cercospora sojina, which

belongs to the family Mycosphaerellaceae, is a causal agent

of frogeye leaf spot in soybean (Hartman et al., 1999;

Goodwin et al., 2001). 

Numerous existing reports have described procedures for

the extraction and purification of fungal DNA (Möller et

al., 1992; Löeffler et al., 1997; Sreenivasaprasad, 1999;

Kuhad et al., 2004; Mahuku, 2004; Karakousis et al., 2006).

Although several methods for the isolation of DNA from

C. sojina already exist, most methods yield a low quantity

of DNA, which is usable only for polymerase chain reac-

tion (PCR) analysis and not for Southern hybridization.

In many studies, a lysis buffer containing cetyltrimethyl-

ammonium bromide (CTAB) was used to extract fungal

DNA by using the plant genomic DNA extraction method

(Möller et al., 1992; Sreenivasaprasad, 1999; Kuhad et al.,

2004). However, this procedure was complicated and time-

consuming because of its numerous extraction steps for

polysaccharide elimination, cell lysis, and extract transfer.

The DNA extraction method described in this study is

particularly suitable for the extraction of DNA from C.

sojina. The frozen material that is ground using an Auto-

Mill TK AM4 (Tokken Inc.) can be used immediately for

DNA isolation. We followed the protocols (Table 1) and

achieved a total DNA yield of 984.8±21.6 µg/g of C. sojina

mycelia (fresh weight). The absorbance ratio of A260 nm/

A280 nm ranged from 2.031 to 2.049, and the A260 nm/

A230 nm ratio ranged from 2.076 to 2.198, thereby indicat-

ing the absence of major contaminants like proteins and

polysaccharides (Table 2). We electrophoresed the DNA

extracted from C. sojina on 1% agarose gels and obtained

DNA with high molecular weight (Fig. 1A). 

The cell wall of many pathogenic fungi is resistant to

enzymatic cell wall disruption (Löeffler et al., 1997). Pro-

teinase K or lyticase treatment alone was less efficient than

grinding for cell wall degradation (Karakousis et al., 2006).

In a previous study, proteinase K was added to inactivate

proteins, and it disrupted the cell wall after grinding (Mahuku,

2004). However, proteinase K may act as a strong enzyme

inhibitor. Unlike in other procedures, in our proposed

method, fungal materials were frozen in liquid N2 prior to

extraction and was then ground using the Auto-Mill,

thereby eliminating the need for lyophilization. 

Phenolics and polysaccharides that contaminate DNA are

responsible for incomplete PCR amplification and inhibit

the action of restriction enzymes (Sreenivasaprasad, 1999).

Acidic polysaccharides, in particular, inhibit random am-

plified polymorphic DNA (RAPD) analysis (Pandey et al.,

1996). Polysaccharides account for about 80-90% of the

dry matter in fungal cell wall (Farkas 1979), and some

fungi produce high levels of polysaccharides in culture

(Möller et al., 1992). In sweet potato, DNA extraction using

CTAB has been known to eliminate polysaccharides (Kim

and Hamada, 2005). Removal of the acidic polysaccharides

by using CTAB may result in the formation of a strong

complex with high molar mass in the presence of 1.4 M

sodium chloride (Kuhad et al., 2004). To evaluate the

suitability of the isolated DNA for RAPD procedures, we

subjected the entire DNA to RAPD analysis. Because PCR

amplification is highly sensitive to impurities, it is highly
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important to produce clean DNA for the successful ampli-

fication of fungal DNA. We used the CTAB method to

amplify genomic DNA from 5 C. sojina isolates, and the

DNA produced distinct bands (Fig. 1B), indicating the

absence of polysaccharides. Polysaccharides also inhibit the

activity of restriction enzymes (Sreenivasaprasad, 1999).

When the DNA was digested with HindIII and XbaI, it was

completely digested (Fig. 1C) and was usable for Southern

hybridization. Southern hybridization with a digoxigenin

(DIG)-labeled probe produced distinct bands (Fig. 1D).

These results demonstrate that the purity and quality of

fugal genomic DNA was high enough for restriction enzyme

digestion. 

Phenol-chloroform extraction is commonly used to re-

move proteins from fungal genomic DNA (Sreenivasaprasad,

1999; Kuhad et al., 2004; Karakousis et al., 2006). Phenol

and chloroform are organic solvents that cause protein

precipitation after denaturation (Asakura et al., 1978). While

chloroform is only slightly soluble in water, phenol is more

soluble in water; therefore, the extracted DNA may be

contaminated by phenol. In our proposed protocol, chloro-

form/isoamyl alcohol without phenol had no detrimental

effect and was thus suitable for the extraction of fungal

genomic DNA of high quality. The extraction step was

simplified by using only chloroform/isoamyl alcohol (24:1,

v/v) and eliminating phenol. Hence, the frequency of cen-

trifugation was reduced. 

Polysaccharides are known to precipitate in 2-propanol

and ethanol (Manna et al., 1996). Moreover, it has been

observed that most of the DNA immediately forms thread-

Table 1. DNA extraction procedure and the approximated time required for each step

Procedure Time 

1

Culturing Cercospora sojina and harvesting
Cercospora sojina was incubated on 10% (v/v) V8 juice agar (100 ml of V8 juice, 1 g of CaCO3, and 15 g of agar
in 1 liter dH2O) for 10 days at 25oC. Agar blocks with mycelia from the edge of the colony were soaked in 10% V8
juice liquid media and voltexed vigorously for 1 minute. Mycelia suspension was incubated with shaking at 140
rpm for 5 days. Cultures were harvested by filtration through filter paper, washed five times with dH2O, squeezed
gently, and stored at −80oC.

5 days

2
Pulverization of fungal mycelia
Mycelia were grinded under liquid N2 using Auto-Mill and transferred to tube.

2-3 min

3

Cell lysisa 
Four-fold volumes of 2X CTAB buffer (1% CTAB, 100 mM Tris-HCl pH 9.5, 20 mM EDTA pH 8.0, 1.4 M NaCl
and 1% mercaptoethanol) and two-fold volumes of chloroform/isoamyl alcohol (24:1, v/v) were added.
The mixture was agitated for 30 min at 65 with occasional deflation. 

30 min

4

Cell debris and contaminants precipitation
Two-fold volume of chloroform/isoamyl alcohol was added, gently mixed, and centrifuged at 13000 rpm for 10
min at 4oC. 
If the supernatant was not clear, we recommend more chloroform/isoamyl alcohol to be added for higher purity of
DNA.

15 min

5
DNA precipitation
Clear supernatant was transferred to a new tube and an equal volume of 2-propanol was added. 
The mixture was gently mixed and allowed to precipitate at room temperature 

30 min

6

Preparation of DNA solution 
After the supernatant were discarded, 70% ethanol was added to the DNA pellet and centrifuged at 1300 rpm for 15
min at 4oC. 70% ethanol was discarded and pellet was dried on silica gel. Then, the DNA pellet was re-suspended
in distilled water or 1X TE containing 40 μg/ml RNase with no agitation. 

2 hr

aMöller et al. (1992), Sreenivasaprasad (1999) and Kuhad et al. (2004) used CTAB method to extract fungal DNA. Möller’s method contains
additional CTAB step to eliminate polysaccharide and use proteinase K. Sreenivasaprasad’s protocol includes several cycle of phenol-chloro-
form precipitation. Kuhad’s method also contains additional CTAB step for elimination of polysaccharide. These methods are time consuming
and complicated. In this method, cell lysis and elimination of polysaccharide were conducted in one step and mercaptoethanol was used to pre-
vent DNA degradation.

Table 2. Purity and yield of total DNA measured by spectrop-
hotometrically

Isolate No.
Absorbance Ratio Yield (μg/g)

OD 260/280 OD 260/230 Fresh weight

1 2.031 2.076 964

2 2.045 2.198 999

3 2.038 2.080 1,010

4 2.031 2.076 990

5 2.049 2.087 961
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like structures and can be separated using low-speed centri-

fugation at room temperature. Prolonged precipitation of

DNA in isopropanol either at –20 or at –80°C caused con-

tamination of the DNA with pigments and polysaccharides.

CTAB and isopropanol possibly form a strong structure

with high molar mass acidic polysaccharides (Kuhad et al.,

2004). The quality of DNA we obtained after incubation at

room temperature was higher than that obtained after

Table 3. Absorbance ratio and yield of total DNA from five
isolates under room temperature (RT) or −20oC incubation for 30
minutes in the procedure of isopropanol precipitation

Absorbance Ratio Yield (μg/g)
Fresh weightOD 260/280 OD 260/230

RT  2.039 ± 0.008a 2.103 ± 0.053 984.8 ± 21.6

−20oC 2.000 ± 0.009 1.945 ± 0.020 1031.6 ± 67.7

aValues are mean ± SD (n = 5)

Fig. 1. Agarose gel electrophosis of genomic DNA and PCR amplication from five C. sojina isolates. A. 2 μg of total DNA were loaded
on 1% agarose gel. B. PCR products amplified using arbitrary decamer primer were loaded. Polymerase chain reaction (PCR) was
performed in a total volume of 20 μl containing 30 ng of DNA and 5 pmole of arbitrary decamer primer (5'-ATCTGCGAGC-3') using
PCR PreMix (Bioneer). PCR conditions were as follows: 94°C for 3 minutes, 45 cycles of 94°C for 1 minute, 36°C for 1 minute, 72°C for
2 minutes, and 72°C for 5 minutes for final extension. PCR products were electrophoresed in a 1.5% agarose gel in 0.5X TAE.

Fig. 2. Agarose gel electrophoresis of digested DNA and southern hybridization of genomic DNA. A. Genomic DNA from five
Cercospora sojina isolates were digested with HindIII and XbaI. B. Hybridization analysis of the DNA from five isolates of Cercospora
sojina. In the Southern hybridization, total DNA (20 μg) was digested with HindIII and XbaI, fractionated via electrophoresis on 0.8%
agarose gel, transferred to positively charged Nylon membranes (Roche Molecular Biochemicals), then hybridized with probe specific to
common DNA fragment of five Cercospora sojina isolates obtained RAPD analysis. Pre-hybridization, hybridization, and detection were
performed according to the instructions of the DIG system (Roche Molecular Biochemicals).
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isopropanol precipitation involving 30-min incubation at

–20°C (Table 3). Complete DNA restriction analysis show-

ed that polysaccharides were absent in the extract (Fig. 1C).

In conclusion, we have presented a method for the rapid

isolation of fungal DNA that is free of contaminants, which

interfere with complete digestion by endonucleases and

PCR amplification. The extraction took approximately 3-4

h, including the time for resuspension of the dried DNA

pellet. Similar protocols have been previously described for

the extraction from Magnaporthe oryzae mycelia (Chi et

al., 2009). However, unlike the previous protocols, the ex-

traction step was simplified by using only chloroform/

isoamyl alcohol (24:1, v/v), thereby eliminating phenol; the

frequency of centrifugation was also reduced. This method

was also applied to Alternaria sp. and Fusarium sp. and

genomic DNA was successfully extracted. (data not shown)

Our procedure is ideal for the rapid isolation of fungal

DNA from many different species and is time- and cost-

effective (up to 24 samples can be processed simultaneously).
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