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Abstract In this study, sequence-related amplification

polymorphism (SRAP) and inter-simple sequence repeat

(ISSR) were analyzed for accessing the genetic diversity of

37 Monascus isolates and 14 control strains. According to

the dendrogram produced by SRAP data, all the tested

strains were grouped into four clusters at a 78% similarity

level. Comparatively, 51 tested strains were divided into

four major groups at a similarity level of 74% based on

the dendrogram generated via ISSR marker analysis. Based

on the two sets of dendrograms, Monascus aurantiacus,

M. purpureus, M. serorubescens, M. anka, and M. ruber

were clustered in the same clade; M. albidus, M. fuligi-

nosus, and M. barkeri were clustered with M. pilosus in a

second clade; and M. lunisporas and M. argentinensis

occurred together in a third cluster distinct from the other

Monascus species. The cluster result produced by SRAP

data shared great similarity with that by ISSR data with

minor differences in the subgroups, which is basically in

agreement with morphological observations. In general,

SRAP and ISSR are more simple, rapid, and efficient,

which may provide alternative molecular approaches to

studying genetic diversity, classification, and identification

of Monascus strains.

Keywords Cluster analysis � Molecular marker �
Polymorphism

Introduction

In East Asia, Monascus spp. has been widely used for

centuries to produce red yeast rice (RYR), also known as

Hongqu, red fermented rice (RFR), red Koji, red rice, or

anka, a kind of traditional fermentation food and a tradi-

tional Chinese medicine. Recent studies showed RYR

contained many kinds of useful compounds, such as

monacolins, c-aminobutyric acid, sterols, isoflavones, mono-

unsaturated fatty acids, protease, and a group of edible

pigments (Endo 1979; Erdogrul and Sebile 2004; Lin et al.

2008), which could promote the isolation of novel strains

for the use in food industries and medicine. Thus, it is

necessary to identify Monascus isolates either for strain

management or for protection of the breeder’s rights in

practice.

Traditionally, microbial identification is based on the

phenotypic characters including morphological, physio-

logical, and biochemical appearances. Based on cultural

characters, there are 9 species of Monascus that are

accepted internationally in the genus (Hawksworth and Pitt

1983; Barnard and Cannon 1987; Hocking and Pitt 1988;

Udagawa and Baba 1998; Cannon et al. 1995; Stchigel et al.

2004), which include M. pilosus, M. ruber, M. purpureus,

M. floridanus, M. eremophilus, M. pallens, M. sanguineus,

M. lunisporas, and M. argentinensis. However, more than

20 species of Monascus have been recorded in the literature

since the genus Monascus was erected in 1884 (Li and Guo

2003). In fact, some of them are synonyms (Park et al. 2004;

Chen et al. 2007), so the genetic identities of Monascus

species are still under debate or are even confusing, which is

unfavorable for further development of this edible and

medicinal fungi resource.

Molecular markers, independent of the cultural con-

ditions, provide a potential tool for discrimination of
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closely related genotypes (Bornet and Branchard 2001;

Budak et al. 2004; Liu et al. 2008). Currently, various

DNA molecular markers have been used to delimit

species boundaries and determine the genetic relation-

ships of different Monascus strains, such as random

amplified length polymorphic DNA (RAPD) (Lakrod

et al. 2000; Shinzato et al. 2009), amplification of DNA

sequences of D1/D2 region of the large subunit (Park

and Jong 2003), b-tubulin gene, internal transcribed

spacer (ITS) of rDNA (Park et al. 2004), and Monascus

retrotransposon (MRT) (Chen et al. 2007). These meth-

ods have their own advantages and disadvantages. For

instance, RAPD and ITS are simple to handle, but RAPD

has low reproducibility. The ITS region has limited

power for resolving the phylogenetic relationships within

the genus Monascus because of difficulty in alignment

across all taxa. Although phylogenetic analysis based on

the b-tubulin gene is consistent with alignments postu-

lated by DNA sequences of the D1/D2 region of the

large subunit, the resolution of these methods was

insufficient for differentiating M. ruber and M. pilosus.

MRT dependent on Southern blotting is a time-con-

suming process.

The inter-simple sequence repeat (ISSR) marker uses a

single primer to amplify DNA fragments between two

identical microsatellite repeat (SSR) regions oriented in

opposite directions. The primer contains a microsatellite

‘‘core’’ sequence anchored at the 50- or 30-end by a set of

2–4 purine or pyrimidine residues. Microsatellites are short

regions and dispersed throughout the eukaryotic genomes

(Zietkiewicz et al. 1994). In contrast to ISSR, the

sequence-related amplified polymorphism (SRAP) tech-

nique targets open reading frames (ORFs) in the genome

using a unique design of primer pairs. The forward primer

targets exons of ORF regions, and the reverse prime

anchored promoters and introns. The primers comprise a

core sequence of 13 or 14 bases, in which the 10 or 11

nucleotides at the 50-end are nonspecific (‘‘filler’’ sequen-

ces) and are followed by the sequence CCGG in the for-

ward primer and AATT in the reverse primer. The core

sequence is followed by three selective nucleotides at the

30-end of each primer (Li and Quiros 2001). In recent years,

ISSR and SRAP have been recognized as useful molecular

systems for studying fingerprint and genetic diversity in

fungi because of their simplicity, reproducibility, and

polymorphism (Grunig et al. 2001; Wang et al. 2005; Gryta

et al. 2006; Anh Nghia et al. 2008; Yu et al. 2008; Baysal

et al. 2009).

In this study, ISSR and SRAP were analyzed to access

the genetic diversity of Monascus strains isolated from

fermentation foods in China and to provide alternative

molecular approaches to differentiating and identifying

Monascus spp.

Materials and methods

Monascus isolates

The Monascus isolates and control strains used in this work

are listed in Table 1. 37 Monascus isolates were obtained

from a variety of food products collected from a wide range

of regions in China. The isolation process was as follows:

10 g of solid sample was put into the mortar and ground

into powder, which was transferred into 90 ml sterile

physiological saline with sterilized glass beads and 1%

lactic acid (V/V); then, the suspension was shaken evenly

and was spread on potato dextrose agar (PDA; QingDao

Hopebio-Technology, Qingdao, China) plates by the dilu-

tion plate method. After growing for 72 h at 308C, the red

colonies were inoculated onto PDA slants and repeated as

single spore cultures. The single colonies were kept on

PDA slants at 48C.

Morphological observations

To compare the phylogenetic analysis based on morpho-

logical characters with those based on the two sets of data

produced by ISSR and SRAP, we followed the protocol

described earlier (Li and Guo 2003) to observe the mor-

phological characters of colonies. Each of the strains was

inoculated separately on CYA (Chapek-yeast extract agar:

NaNO3, 3.0 g; K2HPO4, 1.0 g; KCl, 0.5 g; MgSO4�7H2O,

0.5 g; FeSO4�7H2O, 0.01 g; sucrose, 30.0 g; yeast extract,

5.0 g; agar, 15 g per liter; pH 6.0), WA [Walt agar: wort

(15�Bx), 1,000 ml; 15 g agar], and G25N (25% glycerol

nitrate agar: NaNO3, 3.0 g; K2HPO4, 1.0 g, KCl, 0.5 g;

MgSO4�7H2O, 0.5 g; FeSO4�7H2O, 0.01 g; yeast extract,

5.0 g; agar, 15 g; 250 g glycerol per liter; pH 6.0) at 258C
for 7 days. The morphological characters of colonies

(including the size, color, shape, and aerial hypha) and

microscopic characters (including hyphae, conidia, cleis-

tothecia, and ascospore) were observed.

SRAP and ISSR amplification

To carry out the SRAP and ISSR amplification, the geno-

mic DNA of Monascus strains was extracted according to

the following description. Briefly, Monascus strains were

incubated on PDA plates overlaid with cellophane mem-

branes at 308C for 7 days, then the mycelia were collected

and ground in liquid nitrogen with mortar and pestle, and

the total genomic DNA was extracted with cetyltrimeth-

ylammonium bromide (CTAB) buffer following Sambrook

and Russell (2001). The quality of the extracted DNA was

detected by BioPhotometer (Eppendorf 3151, Germany).

SRAP amplification was performed with 30 primer

combinations, including 5 of forward primers and 6 of
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Table 1 Monascus strains used in this study

Strain Species Origin

M-1 Monascus sp. Koji of Tuo brand in Sichuan Province, China

M-2 Monascus sp. Koji of Tuo brand in Sichuan Province, China

M-3 Monascus sp. Koji of Tuo brand in Sichuan Province, China

M-4 Monascus sp. RYRa of Jiacheng Biotechnology Company, Hubei Province, China

M-5 Monascus sp. RYR of Jiacheng Biotechnology Company, Hubei Province, China

M-6 Monascus sp. Koji of Sichuan Province, China

M-7 Monascus sp. Koji of Sichuan Province, China

M-8 Monascus sp. Koji of Sichuan Province, China

M-9 Monascus sp. Koji of Sichuan Province, China

M-10 Monascus sp. Koji of Sichuan Province, China

M-11 Monascus sp. Koji of Sichuan Province, China

M-12 Monascus sp. Koji of Sichuan Province, China

M-13 Monascus sp. Koji of Sichuan Province, China

M-14 Monascus sp. Koji of Sichuan Province, China

M-15 Monascus sp. Koji of Sichuan Province, China

M-16 Monascus sp. Koji of Sichuan Province, China

M-17 Monascus sp. RYR of Yiwu, Zhejiang Province, China

M-18 Monascus sp. RYR of Henan Province, China

M-19 Monascus sp. RYR of Henan Province, China

M-20 Monascus sp. RYR of Zhejiang Province, China

M-21 Monascus sp. Soybean sauce in Wuhan, Hubei Province China

M-22 Monascus sp. Soybean sauce in Wuhan, Hubei Province China

M-23 Monascus sp. Koji of Lanxi, Zhejiang Province, China

M-24 Monascus sp. Red soybean curd of Huanggang, Hubei Province, China

M-25 Monascus sp. RYR of Xianning Hubei Province, China

M-26 Monascus sp. RYR of Yunnan Province, China

M-27 Monascus sp. RYR of Xishui, Hubei province, China

M-28 Monascus sp. RYR of Hongkang, China

M-29 Monascus sp. RYR of Gutian, Fujian Province, China

M-30 Monascus sp. RYR of Guangxi Province, China

M-31 Monascus sp. RYR of Hubei Province, China

M-32 Monascus sp. RYR of Gutian, Fujian Province, China

M-33 Monascus sp. RYR of Zhejiang Province, China

M-34 Monascus sp. RYR of Fujian Province, China

M-35 Monascus sp. RYR of Pingyi, Shandong Province, China

M-36 Monascus sp. RYR of wuhan, Hubei Province, China

M-37 Monascus sp. RYR of wuhan, Hubei Province, China

OUT 2011 Monascus purpureus Department of Biotechnology of Osaka University in Japan

OUT 2012 Monascus barkeri Department of Biotechnology of Osaka University in Japan

OUT 2014 Monascus purpureus Department of Biotechnology of Osaka University in Japan

OUT 2015 Monascus purpureus Department of Biotechnology of Osaka University in Japan

OUT 2137 Monascus pilosus Department of Biotechnology of Osaka University in Japan

CICC5015 Monascus aurantiacus China Center of Industrial Culture Collection (Beijing, China)

CICC5016 Monascus serorubescens China Center of Industrial Culture Collection (Beijing, China)

CICC5017 Monascus albidus China Center of Industrial Culture Collection (Beijing, China)

CICC5020 Monascus fuliginosus China Center of Industrial Culture Collection (Beijing, China)

AS3.2666 Monascus anka Institute of Microbiology, Chinese Academy of Science (Beijing, China)

AS3.549 Monascus ruber Institute of Microbiology, Chinese Academy of Science (Beijing, China)
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reverse primers (Table 2), which were synthesized (AuGCT

Biotechnology, Beijing, China) according to the description

by Li and Quiros (2001). The polymerase chain reaction

(PCR) amplification for SRAP was carried out in a 20-ll

volume containing 30 ng template DNA, 40 ng forward

primer, 40 ng reverse primer, 1.0 ll dNTPs (2.0 mmol/l

each), 2.0 ll MgCl2 (20 mmol/l), 1 U Taq DNA polymer-

ase (Dingguo Biotechnology, Beijing, China), and 19 PCR

buffer. The program was carried out using a TGRADIENT

96 thermocycler (Whatman, Brentford Middlesex, UK)

including 5 min predenaturation at 948C for 5 min, 5 cycles

of PCR reaction at 948C for 1 min, 358C for 1 min, 728C for

1 min, then followed by an additional 35 cycles at 948C for

1 min, 508C for 1 min, 728C for 1 min, and a 10-min final

extension at 728C. The amplified products were analyzed by

electrophoresis in 1.5% (w/v) agarose gels (BioWest,

Spain) containing 0.5 lg/ml ethidium bromide.

ISSR amplification was performed with 14 ISSR primers

(see Table 2), which were synthesized (AuGCT Biotech-

nology) according to the public ISSR primers by Wolfe

Lab of University of British Columbia in Canada. PCR

amplification for ISSR was performed in a 20-ll volume

containing 30 ng template DNA, 40 ng primer, 2.0 ll

dNTPs (2.0 mmol/l each), 2.0 ll MgCl2 (20 mmol/l),

1.5 U Taq DNA polymerase (Dingguo Biotechnology), and

19 PCR buffer. The amplification was carried out using a

TGRADIENT 96 Thermocycler (Whatman) according to

the following steps: initial denaturation at 948C for 5 min,

40 cycles at 948C for 30 s, 528C for 45 s, 728C for 90 s,

and a 7-min final extension at 728C before maintaining the

mixture at 48C. The PCR products were analyzed by

electrophoresis on 1.5% agarose gel containing 0.5 lg/ml

ethidium bromide.

Data analysis

Amplified bands from each reaction of SRAP and ISSR

were scored as present (1) or absent (0), and only those

reproducible and unambiguous bands were considered.

Dice’s similarity coefficients between strains were calcu-

lated by the NTSYSpc 2.10. Cluster analysis was per-

formed using the UPGMA algorithm, and a dendrogram

was produced based on each simple matching matrix.

Results

Morphological observations

Based on macroscopic and microscopic characters, 35 Mon-

ascus isolates were divided into four groups, which were

M. anka, M. purpureus, M. pilosus, and M. barkeri,

Table 2 Primer sequences used for sequence-related amplification

polymorphism (SRAP) and inter-simple sequence repeat (ISSR)

analysis in this study

Primers Sequence (50–30)

SRAP primers

Forward

primers

me1: TGAGTCCAAACCGGATA

me2: TGAGTCCAAACCGGAGC

me3: TGAGTCCAAACCGGAAT

me4: TGAGTCCAAACCGGACC

me5: TGAGTCCAAACCGGAAG

Reverse

primers

em1: GACTGCGTACGAATTAAT

em2: GACTGCGTACGAATTTGC

em3:GACTG-CGTACGAATTGAC

em4: GACTGCGTACGAATTTGA

em5: GACTGCGTACGAATTAAC

em6: G-ACTGCGTACGAATTGCA

ISSR primers

808# (AG)8C

809# (AG)8G

810# (GA)8T

811# (GA)8C

822# (TC)8A

834# (AG)8YT

835# (AG)8YC

841# (GA)8YC

842# (GA)8YG

852# (TC)8RA

853# (TC)8RT

854# (TC)8RG

866# C(TCC)5TC

868# (GAA)6

R, (A or G); Y, (C or T)

Table 1 continued

Strain Species Origin

AS3.554 Monascus anka Institute of Microbiology, Chinese Academy of Science (Beijing, China)

CBS113675b Monascus lunisporas Central Bureauvoor Schimmel Cultures

CBS109402b Monascus argentinensis Central Bureauvoor Schimmel Cultures

a Red yeast rice
b Type strain
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respectively. The largest group was M. anka, consisting of 21

isolates, the second was M. purpureus, including 6 isolates, the

third was M. pilosus, including 5 isolates, and the smallest was

M. barkeri, consisting of 3 isolates. Neither the macroscopic

nor microscopic characters of M-3 and M-26 had similarity to

the control strains. It is worth noting that OUT 2015 was more

similar to M. pilosus than to M. purpureus based on its mor-

phological characters, including colony appearance and

microscopic morphology. The resulting groups and the mor-

phological traits of Monascus isolates are shown in Table 3.

SRAP polymorphism and genetic diversity

Eight primer combinations (me1-em2, me1-em4, me1-em5,

me2-em4, me3-em2, me3-em6, me4-em4, and me5-em6)

generating distinct bands were chosen from 30 pairs of SRAP

primers and used for the estimation of genetic similarities

among 51 tested Monascus strains. A total of 183 scorable

bands were produced, of which 173 were polymorphic

(94.5%), and the polymorphism ranged from a maximum of

100% (me3-em6 and me4-em4) to a minimum of 87% (me1-

em4). Fingerprints of all tested strains could be amplified

from 17 (me3-em6) to 29 (me5-em6) pieces of DNA frag-

ments, which varied in size from 150 to 2,500 bp, and an

average of 22.88 bands could be amplified with per primer

pair (Table 4). Examples of partial PCR fingerprint profiles

generated using the SRAP primers are shown in Fig. 1a.

The fingerprints revealed by eight pairs of selected

primers (Fig. 1a) were used for the cluster analysis. The

similarity coefficients of among the 51 tested strains ranged

from 0.46 to 1.00 (Fig. 2a) based on SRAP polymorphic

data using the SIMQUAI program in the NTSYSpc soft-

ware, and all the tested strains were grouped into four

clusters at a 78% similarity level. The first major cluster

consisted of 36 strains with four subgroups at the 88%

similarity level. The first subgroup consisted of 23 strains

having two control strains (AS3.5540, M. anka; AS3.2666,

M. anka) and 21 isolates (M-17–M-37); the second con-

sisted of 10 strains having four control strains (OUT 2011,

M. purpureus; OUT 2014, M. purpureus; CICC 5015,

M. aurantiacus; CICC 5016, M. serorubescens) and six

isolates (M-4 to M-6 and M-8 to M-10); the third consisted

of two isolates (M-13 and M-11); and control strain

AS3.5490 (M. ruber) clustered independently. The second

major cluster was formed by 13 strains consisting of five

control strains (CICC 5017, M. albidus; CICC 5020,

M. fuliginosus; OUT 2012, M. barkeri; OUT 2137,

M. pilosus; and OUT 2015, M. purpureus) and eight iso-

lates (M-1 to M-3, M-12, M-14, M-15, M-7, and M-16).

Control strains CBS 113675 (M. lunisporas) and CBS

109402 (M. argentinensis) were each placed in a separate

branch of a third and the fourth group, which may be the

result of their distant geo-relationship with other strains.

ISSR polymorphism

Seven primers (808#, 810#, 811#, 834#, 835#, 841#, and

842#) screened from 14 ISSR primers could generate more

diverse bands (Fig. 1b), with the number of amplified

fragments ranging from 11 (811#) to 21 (834#) and which

varied in size from 300 to 4,500 bp. A total of 108 bands

were yielded with seven primers and with an average of 15

polymorphic fragments per primer. Percentage polymor-

phism ranged from 92.3% (810#) to a maximum of 100%

(811#, 834#, 835#, and 842#), with an average of 97.1%

polymorphism (Table 4). Examples of partial PCR finger-

print profiles generated using the ISSR primers are showed

in Fig. 1b.

The dendrogram revealed that similarity coefficients

ranged from 0.48 to 1.00 according to the SIMQUAI pro-

gram in the NTSYSpc soft by ISSR fingerprints (Fig. 2b). 51

tested strains were divided into four major groups at a

similarity level of 74% based on the dendrogram generated

via ISSR marker analysis. Control strains including M. anka

(AS 3.5540 and AS 3.2666), M. purpureus (OUT 2011 and

OUT 2014), M. aurantiacus (CICC 5015), M. serorubescens

(CICC 5016), and M. ruber (AS 3.5490) and 28 isolates

(M-4 to M-6, M-8 to M-11, M-17 to M-37) were clustered

into the first group; the second group consisted of five con-

trol strains (M. barkeri OUT 2012; M. purpureus OUT 2015;

M. pilosus OUT 2137; M. albidus CICC 5017; M. fuligi-

nosus CICC 5020) and nine isolates (M-1 to M-3, M-7, M-12

to M-16), which was very similar to the results from SRAP

data with minor differences in the subgroups.

Discussion

In this work, 37 Monascus isolates were divided into five

groups according to Li and Guo’s morphology-base clas-

sification index (2003). About 86.5% of Monascus isolates

(32 strains) belong to M. anka, M. purpureus, and

M. pilosus, respectively, which are usually prepared for

RYR-related products in many countries of East Asia, and

only three isolates were very similar to M. barkeri. Clas-

sification by SRAP and ISSR was very similar to those by

morphological observations, but there were some diver-

gences. Morphologically, the cultural characters of M-3

was very similar to that of M-26, but they were clustered

into different group by SRAP and ISSR data, suggesting

that SRAP or ISSR has potential in differentiating mor-

phologically similar strains; M-13 (Monascus isolates)

morphologically identified as M. pilosus was grouped into

one clade with M. pilosus in the ISSR dendrogram, while it

was excluded from the M. pilosus clade in the SRAP

dendrogram, which seems to indicate that the result of

phylogenetic anaysis with ISSR data is basically in

228 Mycoscience (2011) 52:224–233
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agreement with those previously inferred by morphological

data, whereas SRAP is more sensitive for morphologically

undetectable differences. By the combination of morpho-

logical observations and dendrograms produced by two sets

of data (Table 3; Fig. 2), most Monascus isolates from

RYR were very similar to M. anka, suggesting that they are

very close to each other in genetic relationship. We sup-

posed those isolates from RYR may come from the same

parent. This result also demonstrates that Monascus iso-

lates from RYR have a relatively narrower genetic source,

which is in consistent with the conclusion of Lakrod et al.

(2000), who used RAPD to investigate the genetic variation

within a collection of Monascus isolates from RYR and red

soybean curd (tofu). Comparatively, 15 isolates from Koji

were clustered into different subgroups, respectively. We

deduced that the monophyletic cluster of isolates from

RYR and polyphyletic cluster of isolates from Koji may

result from their roles played in the products; for example,

RYR production required that the Monascus strain could

produce amylase with high activity, whereas the Monascus

strains in Koji should produce different kinds of esterases

that are beneficial to the formation of special flavors in the

wine. This result suggests that genetic similarity of Mon-

ascus isolates has a closer relationship with their origins

than with geographic factors. In regard to control strains,

there also were some dissimilarities in cluster position; for

instance, M. serorubescens was classified as M. pilosus

by Hawskworth and Pitt (1983), but we observed that

M. serorubescens CICC 5016 was more similar to

M. purpureus, and that M. purpureus OUT 2015 resembled

M. pilosus OUT 2137, and these results were in line with

the cluster analysis by SRAP and ISSR. Therefore, we

presumed M. serorubescens (CICC 5016) is the synonym

or variant of M. purpureus; M. purpureus OUT 2015 may

have been misidentified and should be reconsidered as

M. pilosus.

Based on dendrograms produced by SRAP and ISSR

data, M. aurantiacus (CICC 5015), M. serorubescens

(CICC 5016), and M. purpureus were placed into the same

subgroup, suggesting that they shared great similarities in

genetic background; M. albidus (CICC 5017), M. fuligi-

nosus (CICC5020), M. barkeri (OUT 2012), and M. pilosus

(OUT 2137) were grouped in the same clade. However, the

phylogenetic relationship inferred from the D1/D2 regions

of LSU rRNA genes (Park and Jong 2003) was incongruent

in regard to M. albidus, M. serorubescens, and M. fuligi-

nosus. Although there are remarkable differences between

M. pilosus and M. ruber, these two species could not be

differentiated by molecular markers based on the D1/D2

regions of LSU rRNA genes, the partial b-tubulin gene,

and MRT sequence (Park and Jong 2003; Park et al. 2004;

Chen et al. 2007), although the two species were clustered

into different clades according to the dendrograms by

SRAP and ISSR. The incongruent phylogenetic relation-

ships may be caused by these two reasons: (1) the molec-

ular markers are based on different principles, for instance,

Table 4 Total bands and

polymorphic bands resulting

from SRAP and ISSR,

respectively

# means number

Technique Primer Total

bands

Polymorphic

bands

Percentage of

polymorphism

SRAP me1-em2 19 17 89.5

me1-em4 23 20 87.0

me1-em5 24 22 91.7

me2-em4 30 30 100.0

me3-em2 18 17 94.4

me3-em6 17 17 100.0

me4-em4 23 23 100.0

me5-em6 29 27 93.1

Total 183 173

Average 22.875 21.625 94.5

ISSR 808# 14 13 92.9

810# 13 12 92.3

811# 11 11 100.0

834# 21 21 100.0

835# 12 12 100.0

841# 18 17 94.4

842# 19 19 100.0

Total 108 105

Average 15.43 15 97.1
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Fig. 1 Amplification products generated from tested strains with

different sequence-related amplification polymorphism (SRAP) and

inter-simple sequence repeat (ISSR) primers. 1–14, 14 control strains;

15–51, 30 Monascus isolates from a wide range of regions in China,

corresponding to M-1 to M-37. a Amplification products generated

from tested strains with different SRAP primers: (a) amplified

fingerprint by me1-em2; (b) amplified fingerprint by me1-em4.

b Amplification products generated from tested strains with ISSR

primers: (a) amplified fingerprint by primer 808#; (b) amplified

fingerprint by primer 835#
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SRAP and ISSR target the whole genomic DNA sequences,

whereas amplification of D1/D2 regions of LSU rRNA

genes and partial b-tubulin sequences is based on the

comparison of nucleotide sequence; and (2) the strains used

in this study were different from those in other studies. The

incongruent cluster results may indicate that molecular

markers based on different principles had certain scope of

applications.

Compared with ISSR and SRAP data (Table 4), SRAP

produced more polymorphic bands than ISSR, which may

indicate that SRAP is more informative, but the general

trend of the two dendrogams by SRAP and ISSR is very

similar in spite of minor inconsistencies in the position of

some subgroups; this is reasonable because ISSR and

SRAP aim to amplify a different region of genome. The

results presented here suggested that these two techniques

were suitable for genetic polymorphism research and

identification of unknown Monascus strains. So, SRAP and

ISSR would be alternative molecular approaches to the

classification and identification of Monascus strains on a

large scale or used as supplementary approach to tradi-

tional classification.

Acknowledgments We express our sincere gratitude to Yoshinobu

Kaneko, Ph.D., of the Department of Biotechnology of Osaka Uni-

versity in Japan for provision of the Monascus strains used in the

study. We thank Dr. Jeffrey K. Stone (Department of Botany and

Plant Pathology, Oregon State University, Corvallis, OR, USA) for

earlier review of the manuscript. We also express our gratitude to

Zeng Yi (a lecturer of the College of Foreign Languages in Huazhong

Agricultural University) for proofreading of the revised manuscript.

This work was financially supported by the National High Technol-

ogy Research and Development Program of People’s Republic of

China (863 program: No2006AA10Z1A3).

References

Anh Nghia NA, Kadir J, Sunderasan E, Puad Abdullah M, Malik A,

Napis S (2008) Morphological and inter simple sequence repeat

(ISSR) markers analyses of Corynespora cassiicola isolates from

rubber plantations in Malaysia. Mycopathologia 166:189–201

Barnard EL, Cannon PF (1987) A new species of Monascus from pine

tissues in Florida. Mycologia 79:479–484

Baysal O, Siragusa M, Ikten H, Polat I, Gumrukcu E, Yigit F, Carimi

F, Teixeira da Silva JA (2009) Fusarium oxysporum f. sp.

lycopersici races and their genetic discrimination by molecular

markers in West Mediterranean region of Turkey. Physiol Mol

Plant Pathol 79:68–75

Bornet B, Branchard M (2001) Non-anchored inter simple sequence

repeat (ISSR) markers: reproducible and specific tools for

genome fingerprinting. Plant Mol Biol Rep 19:209–215

Budak H, Shearman RC, Parmaksiz I, Gaussoin RE, Riordan TP,

Dweikat I (2004) Molecular characterization of buffalograss

germplasm using sequence-related amplified polymorphism

markers. Theor Appl Genet 108:328–334

Cannon PF, Abdullah SK, Abbas BA (1995) Two new species of

Monascus from Iraq, with a key to known species of the genus.

Mycol Res 99:659–662

Chen YP, Tseng CP, Liaw LL, Wang CL, Yuan GF (2007)

Characterization of MRT, a new non-LTR retrotransposon in

Monascus spp. Bot Stud 48:377–385

Endo A (1979) Monacolin K, a new hypocholesterolemic agent

produced by a Monascus species. J Antibiot (Tokyo) 32:852–854

Erdogrul O, Azirak S (2004) Review of studies on the red yeast rice

(Monascus purpureus). Turkish Electronic J Biotechnol 2:37–49

Grunig CR, Sieber TN, Holdenrieder O (2001) Characterisation of

dark septate endophytic fungi (DSE) using inter-simple-

sequence-repeat-anchored polymerase chain reaction (ISSR-

PCR) amplification. Mycol Res 105:24–32

Gryta H, Carriconde F, Charcosset JY (2006) Population dynamics of

the ectomycorrhizal fungal species Tricholoma populinum and

Tricholoma scalpturatum associated with black poplar under

differing environmental conditions. Environ Microbiol

8:773–786

Fig. 2 Dendrograms based on simple matching matrix from SRAP

fingerprints and ISSR fingerprints. a Dendrogram from SRAP

fingerprints: A1, A2, A3, and A4 represent the four different clusters

based on SRAP fingerprints at a 78% similarity level; I, II, III, and IV

represent the four subgroups in A1 cluster. b Dendrogram from ISSR

fingerprints: B1, B2, B3, and B4 represent the four different clusters

based on ISSR fingerprints at a 74% similarity level

232 Mycoscience (2011) 52:224–233

123



Hawksworth DL, Pitt JI (1983) A new taxonomy for Monascus
species based on cultural and microscopical characters. Aust J

Bot 31:51–61

Hocking AD, Pitt JI (1988) Two new species of xerophilic fungi and a

further record of Eurotium halophilicum. Mycologia 80:82–88

Lakrod K, Chaisrisook C, Yongsmith B, Skinner DZ (2000) RAPD

analysis of genetic variation within a collection of Monascus
spp. isolated from red rice (ang-kak) and sofu. Mycol Res

104:403–408

Li ZQ, Guo F (2003) Morphology and taxonomy of Monascus.

Chinese Light Industry Press, Beijing

Li G, Quiros CE (2001) Sequence-related amplified polymorphism

(SRAP), a new marker system based on a simple PCR reaction:

its application to mapping and gene tagging in Brassica. Theor

Appl Genet 103:455–461

Lin YL, Wang TH, Lee MH, Su NW (2008) Biologically active

components and nutraceuticals in the Monascus-fermented rice:

a review. Appl Microbiol Biotechnol 77:965–973

Liu LW, Zhao LP, Gong YQ, Wang MX, Chen LM, Yang JL, Wang

Y, Yu FM, Wang LZ (2008) DNA fingerprinting and genetic

diversity analysis of late-bolting radish cultivars with RAPD,

ISSR and SRAP markers. Sci Hortic 116:240–247

Park HG, Jong SC (2003) Molecular characterization of Monascus
strains based on the D1/D2 regions of LSU rRNA genes.

Mycoscience 44:25–32

Park HG, Elena KS, Jong SC (2004) Phylogenetic relationships of

Monascus species inferred from the ITS and the partial b-tubulin

gene. Bot Bull Acad Sin 45:325–330

Sambrook J, Russell DW (2001) Molecular cloning: a laboratory

manual. Cold Spring Harbor Laboratory Press, Cold Spring

Harbor, New York

Shinzato N, Namihira T, Tamaki Y, Tsukahara M, Matsui T (2009)

Application of random amplified polymorphic DNA (RAPD)

analysis coupled with microchip electrophoresis for high-reso-

lution identification of Monascus strains. Appl Microbiol

Biotechnol 82:1187–1193

Stchigel AM, Cano J, Abdullah SK, Guarro J (2004) New and

interesting species of Monascus from soil, with a key to the

known species. Stud Mycol 50:299–306

Udagawa SI, Baba H (1998) Monascus lunisporas: a new species

isolated from mouldy feeds. Cryptogam Mycol 19:269–276

Wang SB, Miao XX, Zhao WG, Huang B, Fan MZ, Li ZZ, Huang YP

(2005) Genetic diversity and population structure among strains

of the entomopathogenic fungus, Beauveria bassiana, as

revealed by inter-simple sequence repeats (ISSR). Mycol Res

109(12):1364–1372

Yu MB, Ma B, Luo X, Zheng LY, Xu XY, Yang ZR (2008)

Molecular diversity of Auricularia polytricha revealed by inter-

simple sequence repeat and sequence-related amplified poly-

morphism markers. Curr Microbiol 56:240–245

Zietkiewicz E, Rafalski A, Labuda D (1994) Genome of fingerprint-

ing by simple sequence repeat (SSR)-anchored polymerase chain

reaction amplification. Genomics 20:176–183

Mycoscience (2011) 52:224–233 233

123


	Genetic diversity analysis of Monascus strains using SRAP and ISSR markers
	Abstract
	Introduction
	Materials and methods
	Monascus isolates
	Morphological observations
	SRAP and ISSR amplification
	Data analysis

	Results
	Morphological observations
	SRAP polymorphism and genetic diversity
	ISSR polymorphism

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


