
Flammulina velutipes is one of the most popular
edible mushrooms, which is well known for its nu-
tritive value and unique flavor. It started to be cul-
tivated in China in the 8th century and now it ranks
fourth among edible mushrooms in terms of global
production and consumption (Leifa et al. 2001).
However, with more and more strains cultivated in
China, it often arises confusion in cultivation, so
that identical strains are given different names or
different strains are given the same name. Incor-
rectly designated strains can lead to great eco-
nomic losses for mushroom producers. Therefore,
it is imperative to search for effective methods to
identify the commercial lines of F. velutipes pre-
cisely. Morphological traits are traditionally used
for variety identification. However, their reliabil-
ity has been shown to be relatively restricted due
to the influence of environmental factors. In con-
trast, the use of molecular markers to distinguish
strains at the DNA level offers much promise for
the rapid identification and assessment of genetic
diversity of edible mushrooms. Compared with
other DNA marker systems – such as random am-

plified polymorphic DNA (RAPD), amplified
fragment length polymorphism (AFLP), and sim-
ple sequence repeats (SSRs) – the inter-simple se-
quence repeat (ISSR) marker system, based on
PCR, has its specific advantages: no prior se-
quence information, simple operation, high stabil-
ity, and abundance of genomic information. Thus,
ISSR markers have been proposed as a more eco-
nomical and reliable DNA marker system
(Zietkiewicz et al. 1994; Tsumura et al. 1996;
Fang and Roose 1997; Nagaoka and Ogihara
1997; Esselman et al. 1999; Virk et al. 2000;
Bornet and Branchard 2001). Moreover, ISSR
markers can be further converted into the more
specific sequence-characterized amplified region
(SCAR) markers (Albani et al. 2003). Qin et al.
(2006) reported on the combination of ISSR and
SCAR strategies for strain differentiation in
Lentinula edodes, an important edible mushroom.
However, to date there is no report available on
these makers for identifying strains of F. velutipes.

The objective of this study was to establish a
simple and reliable strain-diagnostic system for
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F. velutipes by using a PCR-based technique.
Seven strains of F. velutipes, presently cultivated
in China on a commercial scale, were analyzed by
the ISSR technique for the first time to assess the
genetic diversity of F. velutipes and to produce
strain-specific molecular markers. The strain-spe-
cific fragment was then converted into a SCAR
marker, which can distinguish strain No. 12 from
the other 6 strains.

All the strains were collected from different
parts of China: No. 1–2 from Shandong, 3–4 from
Beijing, 5 from Hebei, 6–11 from Jiangsu, 12–13
from Hubei, 14 from Liaoning, and 15–19 from
Fujian. They were authenticated in the Technol-
ogy Center of Edible Fungi Engineering,
Shandong Province, China. Genomic DNA was
extracted from each strain according to Noël and
Labarére’s (1987) protocol with minor modifica-
tions. Eight ISSR-PCR primers [(AG)8T, (AG)8C,
(CA)8GC, (CA)8GT, (TG)8AC, (AGC)6, (ATG)6,
CGT(AG)7] were screened from 20 primers syn-
thesized by Sangon Co., China. Amplification of
genomic DNA from 7 strains of F. velutipes

(No. 1, 3, 5, 6, 12, 14, and 16) was carried out with
a single primer. PCR was performed in a final vol-
ume of 25�l, containing 30 ng of genomic DNA,
0.4 �M of each primer, 1×PCR buffer, 1.5–2.0
mM of MgCl2, 100 �M of each dNTP, and 2.0 U of
Taq DNA polymerase. Amplification was per-
formed in a DNA thermal cycler (Bio-Rad,
MyCycler) with the following parameters: 94°C
for 5 min; 40 cycles of 94°C for 1 min, 50–60°C
for 1 min, and 72°C for 2 min; and a final exten-
sion at 72°C for 10 min. PCR products were ana-
lyzed by electrophoresis in agarose gel
(1.5%, w/v) in 1×TAE buffer, stained with
ethidium bromide, and photographed under UV
light.

The ISSR product specific to strain No. 12,
which was amplified by using primer ISSR9
[(CA)8GT], was excised from agarose gels, puri-
fied with a DNA Gel Extraction kit (Fastagen,
China), and ligated into a pGEM-T easy vector
(Promega, U.S.A.) according to the manufac-
turer’s instructions. The clone was sequenced by
using an ABI PRISMTM 377 DNA sequencer.
Based on the sequenced ISSR fragment, the
oligonucleotide primer pair FV601F (5’-AGT
ACA TAC AGT ACT GGA TTC ACG-3’) and
FV601R (5-TTA AGA GGG ATG CTA TCC
TCA GAC -3) was designed by using Primer 5.0
software and synthesized by Sangon Co., China.
Genomic DNA from all 19 strains was amplified
with the SCAR primer pair. Thermal cycling con-
ditions for amplification were optimized as: 94°C

for 5 min; 35 cycles at 94°C for 1 min, 65°C for 1
min, and 72°C for 2 min; and a final extension at
72°C for 10 min. PCR products were analyzed as
above. The sequence has been submitted to the
GenBank with accession No. EU309046.

The eight ISSR primers generated a total of 104
distinguishable bands, of which 81 (71.0%) were
polymorphic in the 7 strains examined. The num-
ber of polymorphic bands generated by a primer
varied between 7 and 12, and the size of the bands
ranged from 200 to 2000 bp. Among the selected
primers, primer ISSR9 amplified a bright and re-
producible band of approximately 750 bp, unique
to strain No. 12, which was indicated by the arrow
in Figure 1. This band was purified and sequenced.
BLAST results revealed that the characteristic
fragment had a fairly high [G+C] content (51.7%),
although it shared no significant homology with
the known nucleotide and protein databases.

On the basis of the sequence of the specific
fragment, one SCAR primer pair (FV601F and
FV601R) of 24 nt in length was designed. The
genomic DNA samples from the 7 selected strains
of F. velutipes were amplified by using the SCAR
primers, respectively, and there is nothing but a
single, distinct and bright band of approximately
600 bp, observed in DNA from strain No. 12. To
further check the validity of the SCAR marker,
genomic DNA from another 12 F. velutipes strains
were amplified with the primers FV612F and
FV612R, and in no case was a single DNA fragment
observed. This indicated that the SCAR marker is
reliable in F. velutipes strain identification.
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Figure 1. PCR profiles of the 7 selected strains of
F. velutipes analyzed with primer ISSR9.Lane numbers
correspond to strain numbers. M = DNA Marker
(DL-2000). The arrow indicates the band unique to strain

No. 12, which was converted into the SCAR marker



Although it is a promising molecular marker
for detecting the genomic polymorphism, ISSR
has some limitations as a diagnostic tool for practi-
cal applications. As shown in our results, not all
primers can get clear and reproducible bands, and
the band patterns are complex to distinguish all 7
strains independently. The complexity of data
scoring restricts the application of ISSR for diag-
nostic purposes. Besides, the universal primers
used for ISSR may affect amplification
reproducibility. Thus we considered a strategy of
converting markers identified in multilocus
marker systems into locus-specific markers
(Rakoczy-Trojanowska and Bolibok 2004).
SCAR is a genomic fragment located in a single
genetically defined locus, which can be amplified
by PCR with a pair of specific primers. Compared
with universal primers, the specific primers for
special regions prevent site competition among
primers, and make the results more stable and re-
producible (Paran and Michelmore 1993;
Fernandez et al. 2003; Dnyaneshwar et al. 2006;
He et al. 2007). Therefore, we decided to convert
the ISSR fragment generated during PCR with
primer ISSR9, which specifically tagged strain
No. 12, into a SCAR marker. The validity of the
SCAR marker was confirmed by using DNA sam-
ples from another 12 strains of F. velutipes ob-
tained from different parts of China, which
indicated that the SCAR marker here developed
can be a rapid and convenient method for monitor-
ing strain No. 12 of F. velutipes when screening
large numbers of samples.

In conclusion, we report here on the identifica-
tion of F. velutipes cultivars by using strain-spe-
cific SCAR markers developed from ISSR
markers for the first time. Our data provided the
foundation for a precise and rapid PCR-based
strain-diagnostic system for F. velutipes.
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