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Abstract We have optimized a simple and rapid prepa-

ration procedure for mushroom DNA extraction from col-

onies on media or from fruiting bodies for PCR

amplification. The protocol combines microwaving twice

for 1 min, cooling for 10 min, and centrifuging for 5 min.

By using this procedure, more than 100 samples of

mushroom DNA can be prepared within 1 h. The DNA

obtained can be used for (1) identifying mushroom species

by PCR and subsequent sequencing, (2) amplifying low

copy number genes (at least 2,000 bp), and (3) screening

genetic transformants. This technique will contribute to the

mycology of mushroom species.
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Polymerase chain reaction (PCR) has become a common tool

for field mycology. For example, internal transcribed spacer

(ITS) regions may be amplified by PCR and subsequently

sequenced for molecular phylogenetic analysis in various

mushroom species (Vilgalys and Sun 1994; Oda et al. 1999;

Wu et al. 2000; James et al. 2001). DNA sequences obtained

by PCR are now used for population genetics and biodiver-

sity research of mushroom species. The current DNA bar-

coding approach has also attracted attention (Meyer and

Paulay 2005; Hajibabaei et al. 2007; Min and Hickey 2007;

Chase and Fay 2009; Seifert 2009). DNA barcoding is a

novel system designed to provide rapid and accurate species

identification by using short, standardized gene regions

(barcodes) as internal species tags (Hebert and Gregory

2005). Mushrooms constitute at least 14,000 and perhaps as

many as 22,000 known species, most of which will be bar-

coded in the future (Lindequist et al. 2005). Thus, PCR and

subsequent DNA sequencing are now the essential tech-

niques of taxonomy, population genetics, molecular phy-

logenetics, and barcoding of mushroom species (Hajibabaei

et al. 2007). For these studies, the assembly of a large number

of tissue samples and the subsequent isolation and archiving

of genomic DNA are generally required. Simple and high-

throughput methods for isolation of genomic DNA from

mushroom tissue samples for PCR are urgently required.

PCR is important for molecular mycology. Genetic

transformation of several mushroom species has also

become possible (Binninger et al. 1987; Rhee et al. 1996;

Honda et al. 2000; Kuo et al. 2004). In experiments of

genetic transformation (e.g., gene replacements in fungi),

PCR-based screening of many transformants is generally

required (Shiotani and Tsuge 1995; Nayak et al. 2006;

Izumitsu et al. 2009). Thus, simple and rapid techniques for

PCR that allow the convenient screening of many trans-

formants of mushroom species are also needed.

Although PCR amplification can be performed directly

on various bacterial cultures, for fungi prior isolation of
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DNA is often preferred. Various currently available

methods for extracting fungal genomic DNA (Raeder and

Broda 1985; Leceilier and Silar 1994; Nakada et al. 1994)

require grinding (with or without liquid nitrogen) and

purification steps and, thus, are time consuming and not

suitable for analyzing a large number of samples. Simple

methods for preparation of genomic DNA for PCR are

available only for some model fungal species, e.g.,

Aspergillus nidulans and Magnaporthe grisea, but not in

mushroom species (Tendulkar et al. 2003; Suzuki et al.

2006).

Here, we have optimized a simple and rapid preparation

procedure of mushroom DNA extraction from colonies on

media or from fruiting bodies for PCR amplification

(Fig. 1). This procedure includes the following steps. First,

minute quantities of mycelium (0.1–1 lg) (Fig. 1) were

obtained from a colony on medium or from a fruiting body

(stipe) of a mushroom species using a sterilized toothpick.

The mycelium was suspended in 100 ll TE buffer in a 1.5-

ml tube. For extraction of DNA from colonies on a med-

ium, we used relative young colonies [4–6 days after

inoculation on potato dextrose agar (PDA) media] and

obtained mycelia from the edge of the colonies, taking care

not to include media. For extraction of DNA from fruiting

bodies, we used the stipe of relatively fresh fruiting bodies.

The tubes were microwaved (600 W) for 1 min. After

being stored at room temperature for 30 s, the tubes were

microwaved (600 W) again for another 1 min. The tubes

were cooled at -20�C for at least 10 min. The tubes were

then centrifuged at 10,000 rpm for 5 min. This step is

omissible in some cases. The supernatants can be directly

used for templates of PCR. Using this procedure, more than

100 samples of mushroom DNA can be prepared in 1 h. In

this study, we used an ExTaq (Takara Bio, Shiga, Japan)

PCR enzyme kit; similar results were also obtained using

KodDash (Toyobo, Osaka, Japan).

With the currently described method we obtained

genomic DNA from pure cultures of eight mushroom

species (Lentinula edodes, Grifola frondosa, Agaricus

bisporus, Pleurotus eryngii, Mycena chlorophos, Flam-

mulina velutipes, Hypsizygus marmoreus, and Pleurotus

pulmonarius) on PDA media. ITS regions were amplified

by PCR using the primer pair of ITS4 and ITS5 (Table 1)

(White et al. 1990). ITS regions were successfully ampli-

fied in all eight mushroom species (Fig. 2a). The amplicons

were suitable for DNA sequencing. Analysis of the DNA

sequences confirmed that the ITS regions of respective

mushroom species were successfully amplified from colo-

nies (not shown). The DNA was sequenced with the CEQ

2000 DNA Analysis System sequencer (Beckman Coulter)

manually, using a Dye Terminator CEQ-DTCS Quick Start

kit (Beckman Coulter).

In general, ITS spacer regions are present in high copy

numbers. We also examined low copy number genes Exg2

(GenBank accession number HQ906601) of L. edodes,

<30 sec> <3 min> <10 min> <5 min>

Minute mycelia were

obtained by toothpick

Mycelia in TE buffer

were microwaved 

twice for 1 min

Colony

Fruiting body

Cooling 

for 10 min

Centrifuging

at 10,000 rpm

for 5 min

PCR

Fig. 1 Scheme of DNA preparation procedures of mushroom species for polymerase chain reaction (PCR). Open circle in inset shows minute

mycelia being picked up

Table 1 Polymerase chain reaction (PCR) primers used in this study

ITS4 50-TCCTCCGCTTATTGATATGC-30

ITS5 50-GGAAGTAAAAGTCGTAACAAGG-30

HPH-inchk-f1 50-TGCTGCTCCATACAAGCCAACCACG-30

HPH-inchk-r1 50-TTCGACAGCGTCTCCGACCTGATGC-30

LeExg2-f1 50-TCGCAACGTCAAGGATTTCGGTGC-30

LeExg2-r1 50-TCTGATTTGTGTACCACTGTGCGC-30

LeExg2-r2 50-CCTGCAGGTATGGTGAGGGTCTGG-30

HmHsp70-f1 50-TGCGTGTCCGTCATGGAGGGCAAG-30

HmHsp70-r1 50-ACCACGATGGGTGTCACCATTCG-30

HmHsp70-r2 50-TCCTCCTTCTTCTCCTCAGACTCG-30

FvMIP-f1 50-CCTCCCTCATCGCATCTGCATCC-30

FvMIP-r1 50-TACTCGCTGCGCTACCGACTTCG-30

FvMIP-r2 50-TCATAGATCTCGCAGAGACGGTG-30
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HSP70 (GenBank accession number GQ246176) of

H. marmoreus, and Mip (GenBank accession number

HQ630589) of F. velutipes, for PCR (Fig. 2b). Two primer

pairs were designed for respective genes: one primer set, f1

and r1, is for amplification of short-length regions

(500–700 bp) of genes, and the other primer set, f1 and r2,

is for amplification of long-length regions (about 2,000 bp)

of genes (Table 1). All genomic regions examined were

successfully amplified by PCR (Fig. 2b), indicating that

our procedure of DNA preparation from colonies on media

is also suitable for amplifying low copy number genes by

PCR.

We also examined genomic DNA obtained from fruiting

bodies. Fruiting bodies of six mushroom species (L. edodes,

G. frondosa, A. bisporus, P. eryngii, F. velutipes, and

H. marmoreus) were obtained commercially. The genomic

DNA was prepared from both stipe and lamella of each

fruiting body. ITS regions were successfully amplified

from both stipe and lamella of all mushroom samples

(Fig. 3a). Similarly, we also investigated low copy number

genes for PCR. As with colonies on media, all genomic

regions examined were successfully amplified from both

stipe and lamella of fruiting bodies (Fig. 3b). These results

indicated that our method of DNA preparation from fruit-

ing bodies is also suitable for PCR analysis.

To further confirm the procedure, we explored 20

mushroom samples collected in the field (Table 2). Before

genomic DNA preparation, the mushroom samples were

not washed or decontaminated in any manner. Genomic

DNA was extracted directly from stipes and lamellae of

relatively fresh fruiting bodies. The remaining parts of the

fruiting bodies were dried in a dehydrator (48�C, 24 h) and

deposited as voucher specimens at the Natural History

Museum and Institute, Chiba (CBM). ITS regions were

amplified by PCR using the primer set of ITS4 and ITS5.
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(a) (b)Fig. 2 PCR of genomic DNA

prepared from colonies of

mushroom species on potato

dextrose agar (PDA) medium.

a Internal transcribed spacer

(ITS) regions were amplified by

PCR. b Low copy number genes

[Exg2 of Lentinula edodes,

HSP70 of Hypsizygus
marmoreus, and Mip of

Flammulina velutipes] were

amplified by PCR. M 100-bp

ladder marker (Nacalai Tesque,

Kyoto, Japan), S short-length

amplification, L long-length

amplification
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Fig. 3 PCR from genomic DNA prepared from fruiting bodies of

mushroom species. a ITS regions were amplified by PCR. b Low

copy number genes [Exg2 of L. edodes, HSP70 of H. marmoreus, and

Mip of F. velutipes] were amplified by PCR. M 100-bp ladder marker,

St sample from a stipe, La sample from a lamella, S short-length

amplification, L long-length amplification
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Figure 4 shows a part of the results of ITS amplifications.

In this experiment, ITS regions were successfully amplified

from stipes of 16 mushroom species, although several

samples could not be amplified from lamellae. We also

prepared genomic DNA in duplicate or triplicate from

stipes and lamellae of these 16 mushroom samples. ITS

Table 2 Identification of mushroom samples by BlastN search

Sample no. Voucher no. Identification by observation Best hit species by BlastN E value

1 CBM-FB-38800 Inocybe sp. Inocybe sphaerospora 5.0E-149

2 CBM-FB-38801 Amanita fuliginea Amanita fuliginea 0

3 CBM-FB-38802 Amanita sp. Amanita oberwinklerana 1.0E-60

4 CBM-FB-38803 Amanita aff. flavipes Amanita flavipes 0

5 CBM-FB-38804 Amanita farinose Amanita farinose 0

6 CBM-FB-38805 Amanita sp. Amanita imazekii 5.0E-149

7 CBM-FB-38806 Cantharellus cibarius Cantharellus cibarius 0

8 CBM-FB-38807 Russula subnigricans Russula subnigricans 0

9 CBM-FB-38808 Agrocybe cylindracea Agrocybe chaxingu 0

10 CBM-FB-38809 Inocybe sp. Uncultured Cortinariaceae 0

11 CBM-FB-38921 Amanita fritillaria Amanita fritillaria 0

12 CBM-FB-38922 Russula sp. Russula crustosa 0

13 CBM-FB-38923 Amanita sp. Amanita sp. 2 7.0E-73

14 CBM-FB-38924 Boletus sp. Boletus rubropunctus 9.0E-101

15 CBM-FB-38925 Russula mariae Russula mariae 0

16 CBM-FB-38926 Hymenopellis sp. Hymenopellis raphanipes 0

17 CBM-FB-38927 Amanita vaginata var. punctata Amanita vaginata 3.0E-122

18 CBM-FB-38928 Amanita sychnopyramis f. subannulata Amanita sychnopyramis f. subannulata 0

19 CBM-FB-38929 Russula cf. subnigricans Russula subnigricans 0

20 CBM-FB-38930 Tricholoma bakamatsutake Tricholoma bakamatsutake 0

St La St La St La St La St La St La St La St La
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8

St La St La St La St La St La St La St La St La
No. 9 No. 10 No. 11 No. 12 No. 13 No. 14 No. 15 No. 16

M

M

Fig. 4 PCR from genomic

DNA prepared from stipes and

lamellae of 16 wild mushroom

fruiting bodies collected in

Japan. ITS regions were

amplified by PCR. M 100-bp

ladder marker, St sample from a

stipe, La sample from a lamella,

S short-length amplification,

L long-length amplification, No.
q. v. sample no. in Table 2
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regions were successfully amplified from stipes in 95.3%

(41/43) and from lamellae in 73.5% (25/34), indicating that

our preparation procedure from a stipe is suitable for PCR

from mushroom samples collected in the field. The

amplicons were suitable for sequencing. We sequenced all

20 samples and searched using BlastN search in GenBank

(Table 2). The results of our tentative identification by

observation and the results from BlastN search resembled

each other, indicating that our procedure is also suitable for

DNA barcoding analysis.

Genetic transformation of mushroom species has been

possible for the past two decades (Binninger et al. 1987;

Rhee et al. 1996; Honda et al. 2000; Kuo et al. 2004).

Before this study, we had obtained genetic transformation

mutants in two mushroom species, H. marmoreus and

F. velutipes, using Agrobacterium tumefaciens-mediated

transformation (our unpublished data). In these experi-

ments, the hygromycin phosphotransferase (HPH) gene

was used as a selectable genetic marker (Carroll et al.

1994; Walton et al. 2005). Using the procedure previously

described, we prepared genomic DNA of the mutant strains

from colonies on PDA media and amplified the HPH gene

by PCR using primers HPH-inchk-f1 and HPH-inchk-r1

(Table 1). These regions were successfully amplified in all
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Fig. 5 PCR from genomic
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seven mutants of H. marmoreus and three mutants of

F. velutipes, whereas no amplicons were obtained in

respective wild-type strains (Fig. 5a). ITS regions were

successfully amplified in the respective wild-type strains

(Fig. 5b). These results clearly indicated that our procedure

of DNA extraction is suitable for screening genetic trans-

formants in mushroom species.

In conclusion, our procedure for preparing mushroom

DNA from colonies on media and fruiting bodies is suit-

able for (1) identifying mushroom species by PCR and

sequencing, (2) amplifying low copy number genes (at

least 2 kb), and (3) screening genetic transformants.
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