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ABSTRACT. DNA isolation from some fungal organisms is difficult
because they have cell walls or capsules that are relatively unsusceptible
to lysis. Beginning with a yeast Saccharomyces cerevisiae genomic
DNA isolation method, we developed a 30-min DNA isolation protocol
for filamentous fungi by combining cell wall digestion with cell disruption
by glass beads. High-quality DNA was isolated with good yield from the
hyphae of Crinipellis perniciosa, which causes witches’ broom dis-
ease in cacao, from three other filamentous fungi, Lentinus edodes,
Agaricus blazei, Trichoderma stromaticum, and from the yeast S. ce-
revisiae. Genomic DNA was suitable for PCR of specific actin primers
of C. perniciosa, allowing it to be differentiated from fungal contami-
nants, including its natural competitor, T. stromaticum.
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INTRODUCTION

The basidiomycete fungus Crinipellis perniciosa (Stahel) Singer is the cause of witches’
broom disease of cacao (Theobroma cacao L.), which has drastically decreased cacao pro-
duction in most of the western hemisphere (Griffith, 2004). C. perniciosa is endemic to the
Amazon basin region of South America; this phytopathogenic fungus has spread to cacao plan-
tations throughout the Americas and the Caribbean islands (Pereira et al., 1996; Purdy and
Schmidt, 1996). The genome of C. perniciosa has been partially sequenced, allowing molecular
analysis of genes of interest. Although great effort has been made during the last 10 years to
understand the biological and molecular basis of witches’ broom infection (Andebrhan et al.,
1999; Scarpari et al., 2005; Rincones et al., 2006; Meinhardt et al., 2006), we lack standardized
and specific protocols for the routine molecular biology research of this organism, which are
commonly available in yeast research. Current methods of DNA extraction from C. perniciosa
and other fungal pathogens are either time-consuming and require toxic chemicals or are based
on expensive technologies (Muller et al., 1998; Faggi et al., 2005; Borman et al., 2006; Cheng
and Jiang, 2006). They include use of SDS/CTAB/proteinase K (Wilson, 1990), SDS lysis (Syn
and Swarup, 2000), lysozyme /SDS (Flamm et al., 1984), high-speed cell disruption (Muller et
al., 1998), and bead-vortexing/SDS lysis (Sambrook and Russel, 2001). Additionally, some give
poor yields of DNA, as cell walls or capsules are difficult to lyse (Muller et al., 1998).

The major challenge for isolation of DNA of good quality and quantity from fungi lies in
breaking the rigid cell walls, as they are often resistant to traditional DNA extraction procedures
(Fredricks et al., 2005). Fungal nucleases and high polysaccharide contents add to the difficul-
ties in isolating DNA from filamentous fungi (Zhang et al., 1996; Muller et al., 1998). All meth-
ods have in common the use of detergents such as SDS for cell wall lysis, and this often inhibits
further purification manipulations. As an alternative to lysis by SDS, toxic chemicals, e.g., phe-
nol, have been used (Cheng and Jiang, 2006). According to Fredricks et al. (2005) no single
extraction method amongst those currently available is optimal for all analyzed fungi.

We developed an alternative and rapid DNA isolation method adapted from a yeast
protocol (Sambrook and Russel, 2001) that was successfully applied to C. perniciosa, three
other filamentous fungi, and baker yeast. We also examined whether specific primers that were
designed for the actin gene of C. perniciosa can be used to differentiate this fungus from other
filamentous fungi, baker yeast, and from its natural competitor, Trichoderma stromaticum.

MATERIAL AND METHODS

Crinipellis perniciosa growth conditions and media were as described by Filho et al.
(2006). Lentinus edodes and Agaricus blazei were grown at 28°C in medium containing 0.1%
KH

2
PO

4
, 0.05% MgSO

4
 7H

2
O, 0.5% peptone, 1% glucose, 0.01% chloramphenicol, and 1.5%

agar, pH 5.6. T. stromaticum was grown at 25°C in 3.9% potato-dextrose-agar media (Difco).
Using a sterile toothpick, hyphae of C. perniciosa and of the other fungi (0.1-1.0 mg)

were scraped from a 7-15-day-old agar plate, transferred to a microcentrifuge tube and sus-
pended in 200 µL buffer (2% Triton X-100, 1% SDS, 100 mM NaCl, 10 mM Tris-HCl, pH 8.0,
1 mM Na

2
EDTA). When DNA was extracted from C. perniciosa that had been grown in liquid

culture, with shaking (Filho et al., 2006), the balls that had formed were washed three times with
cold-sterile distilled water and the DNA extraction buffer had 10-fold EDTA, 200 µL phenol-
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chloroform-alcohol isoamylic (25:24:1) mixture and 0.3 g sterile glass beads (Sigma, G1277).
The suspension was vortexed at top setting for 5 min. To each tube, 200 µL Tris-EDTA, pH 8.0,
was added mixed, and the suspension was centrifuged for 5 min at 13,500 rpm. The supernatant
was transferred to a new microcentrifuge tube, and the nucleic acids were precipitated by
adding 1 mL absolute ethanol. Suspensions were mixed and centrifuged for 2 min (13,500 rpm).
The pellet was resuspended in 400 µL Tris-EDTA, pH 8, 3 µL RNAse (10 mg/mL) and incu-
bated for 5 min at 37°C. Then, 10 µL ammonium acetate (4 M) and 1 mL absolute ethanol were
added and gently mixed. This mixture was centrifuged for 3 min at 13,500 rpm and the superna-
tant discarded. The DNA pellet was dried in airflow for 15 min and finally resuspended in 40 µL
distilled sterile water. The genomic DNA was verified by 1% agarose gel electrophoresis.

PCR of actin

The extracted DNA was used for PCR, which was performed in 25-µL reaction vol-
umes containing: 20 ng genomic DNA, 100 µM dNTPs, 1 mM MgCl

2
, 2.5 µL 10X PCR buffer

(10 mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl
2
, pH 8.3), 0.2 µM of each primer pair and 1 U

Taq DNA polymerase (Invitrogen®); distilled water was added to complete the final volume of
the reaction. Cycling conditions were: initial denaturation step at 95°C for 3 min, followed by 30
cycles, each consisting of 95°C for 50 s, annealing temperature 58°C for 50 s, and 72°C for 1
min, with a final extension at 72°C for 7 min.

C. perniciosa-specific actin primers (forward: CCACAATggAggACgAAgTCg; re-
verse: CCCgACATAggAgTCCTTCTg) were added to the DNA extracts of the five different
fungi and single reactions were performed in an Eppendorf MasterCycler® Thermocycler. The
quality of the PCR reactions was monitored in 1% Tris-acetate-EDTA-agarose gel, and bands
were visualized by staining with ethidium bromide. Images were made and stored with the
Kodak-EDAS® system.

RESULTS AND DISCUSSION

Since the currently available DNA extraction protocols are rather costly and time-
consuming (Wilson, 1990; Syn and Swarup, 2000; Sambrook and Russel, 2001), we adapted a
rapid DNA isolation method from yeast (Burke et al., 2000), combining chemical reagent diges-
tion with mechanical (glass beads) shearing for lysing the hyphae of C. perniciosa and three
other hyphal fungi, followed by DNA isolation. The whole procedure required approximately
30-40 min and was not specific for C. perniciosa, as it also allowed rapid isolation of genomic
DNA from A. blazei, T. stromaticum and L. edodes. In all cases, we obtained good yields of
high-quality genomic DNA (Figure 1). As expected, the protocol also worked with the yeast
Saccharomyces cerevisiae (Figure 1, lane 11).

This DNA extraction method has several advantages: a) the number of DNA extrac-
tion steps is minimal, b) it is low-cost, as only small amounts of chemicals and little equipment
are employed, and c) it is efficient because as little as 0.05 g of C. perniciosa mycelium gives
good DNA yields (Figure 1, lane 1). Using the same quantities of the reagents, up to 1.0 g C.
perniciosa hyphae can be processed for extraction of genomic DNA (Figure 1, lanes 1 to 6);
however, the quantity of extracted genomic DNA is not proportional to the input of hyphal mass.
DNA extraction from C. perniciosa grown in liquid media necessitated slightly altered proce-
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Figure 1. Agarose gel electrophoresis of extracted genomic DNA (1.0%): Lane 1, 0.05 g Crinipellis perniciosa; lane 2, 0.1
g C. perniciosa; lane 3, 0.2 g C. perniciosa; lane 4,  λ/EcoRI/HindIII; lane 5, 0.1 g C. perniciosa; lane 6, 0.5 g C.
perniciosa; lane 7, 1.0 g C. perniciosa; lanes 8 and 9,  λ/EcoRI/HindIII; lane 10, 0.2 g liquid grown C. perniciosa; lane 11,
1 x 108 Saccharomyces cerevisiae cells; lane 12, 0.1 g Agaricus blazei; lane 13, 0.1 g Lentinus edodes, and lane 14, 0.1
g Trichoderma stromaticum.

dures (see Material and Methods), but yielded about the same amounts of DNA (Figure 1, lane
10). Nevertheless, the quantity as well as the quality of the extracted genomic DNA was high
enough to perform hundreds of PCR-based reactions (Figure 2) and also to be used for other
DNA manipulation techniques (Northern blot analysis, DNA library construction, etc.; data not
shown). Further simplification of the protocol, i.e., omission of the phenol-chloroform step, re-
duced the yield of genomic DNA to zero (data not shown).

Figure 2. PCR products using Crinipellis perniciosa-specific actin primer. Lane 1, 0.05 g C. perniciosa; lane 2, 0.1 g C.
perniciosa; lane 3, 0.2 g C. perniciosa; lane 4,  λ 100 bp; lane 5, 0.1 g C. perniciosa; lane 6, 0.5 g C. perniciosa; lane 7,
1.0 g C. perniciosa; lane 8,  λ 100 bp; lane 9, 0.1 g C. perniciosa; lane 10, 1 x 108 Saccharomyces cerevisiae cells; lane
11, 0.1 g Agaricus blazei; lane 12, 0.1 g Lentinus edodes, and lane 13, 0.1 g Trichoderma stromaticum.

One of the main problems with in vitro cultivation of C. perniciosa, especially when
starting growth from basidiospores, is contamination with other fungi (some of which are very
similar morphologically) or bacteria. We found that C. perniciosa can easily be differentiated
from other possible fungal contaminants by specific PCR amplification of the conserved region
of the fungal actin gene (Figure 2, lanes 1 to 7). Amplification with actin primers occurred only
with DNA of C. perniciosa and not with the DNA from A. blazei, L. edodes, T. stromaticum,
or S. cerevisiae, extracted with the same protocol (Figure 2, lanes 9 to 13), thus confirming
species-specificity of the actin gene.

In summary, we developed a fast and reliable genomic DNA extraction protocol for
four filamentous fungi, which facilitates work with C. perniciosa. The C. perniciosa-specific
actin primers permit reliable discrimination between C. perniciosa and other filamentous fungi.
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