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ABSTRACT
Amylomyces rouxii is commonly found as amylolytic fungi in tapai fermentation. However, its
diversity is rarely reported despite being often used for food production in Southeast Asia.
This research aims to analyze the genetic diversity and the distribution pattern of A. rouxii
from Ragi tapai in Java Island, Indonesia. We isolated the fungus from samples obtained
from Ragi tapai producing centers in Bandung, Sumedang, Muntilan, Blora, Yogyakarta, and
Bondowoso. The obtained isolates were molecularly identified based on the ribosomal
regions ITS1/ITS2 and D1/D2, then analyzed for phylogenetic tree reconstruction, genetic dis-
tance, genetic variation, and haplotype networking. Six isolates showed specific morpho-
logical traits of A. rouxii. However, phylogenetic tree reconstruction on the ribosomal genes
showed that the isolates were grouped into two different clades related to two species.
Clade A included BDG, SMD, and MTL isolates related to A. rouxii, whereas clade B included
YOG, BLR, and BDS isolates related to Mucor indicus. The genetic distances between clades
for ITS1/ITS2 and D1/D2 were 0.6145 and 0.1556, respectively. In conclusion, we confirmed
the genetic diversity of molds from Ragi tapai in Java Island and showed that the isolates
are not only related to A. rouxii as reported before.
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1. Introduction

Indonesia is famous for fermented food products,
such as tapai. In Java Island, different kinds of tapai
can be found, such as peyeum from West Java, tapai
ketan from Central Java, and tapai manis from East
Java [1]. The production of traditional fermented
food through the saccharification and fermentation
process. Those processes include the addition of the
microbial-filled inoculum with amylolytic and fer-
mentative properties. In Indonesia, these types of
inoculum are called Ragi tapai.

Ragi tapai is the dry starter culture containing a
mixture of pure microorganism culture, rice flour,
and spices such as pepper, garlic, cinnamon, cay-
enne, and water. It is usually circle-shaped, dry, and
white-colored, about 2.5 cm and 0.5 in thickness.
The small-scale industry often manufactures ragi
for tapai, other fermented foods, and beverages pro-
duction [2,3].

The fermentation process in ragi involves two
groups of microorganisms, the group responsible
for breaking down the starch into glucose and
the group which converts glucose into ethanol [4].

The amylolytic and fermentative microbes which
had been successfully isolated from Ragi tapai in
Indonesia, including Amylomyces rouxii, Rhizopus
oryzae, Endomycopsis burtonii, Mucor spp.,
Candida utilis, Saccharomyces cerevisiae, and
some lactic acid bacteria, such as Pediococcus pento-
saceus, Lactobacillus plentarum, and L. fermen-
tum [5–7,8,9,10].

Amylomyces is a monotypic genus with only one
species, A. rouxii, which can break down starch to
glucose. This mold produces the amyloglucosidase
enzyme for fermentation and grows on raw sub-
strates. However, it is unable to sporulate [11]. This
species has specific characteristics, including its
inability to form sporangia, and often produces
abortive sporangia (sporangia without spores) and
its abundance of chlamydospores. Amylomyces
rouxii is known with other synonyms, including
Chlamydomucor rouxii, C. oryzae, C. racemosus, C.
rouxianus, and Rhizopus chlamydosporus [12].

Amylomyces rouxii had a vast dispersal due to its
usage in ragi as a starter inoculum for tapai produc-
tion. However, research about genetic diversity and
distribution patterns of A. rouxii is still limited. The
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most recent research to our knowledge about the
genetic diversity of A. rouxii in Java Island was
reported in 2012 about the isolation of amylolytic
mold from Ragi tapai "66" and "SAE," which identi-
fied the presence of A. rouxii in the samples [13].

The recent trend of genetic diversity analysis is
the usage of DNA barcoding methods. This method
is often used to rapidly identify species using a short
sequence DNA as its identifier [14]. This method
can accurately analyze the fungal diversity by using
DNA sequences from ribosomal DNA (rDNA). This
region includes the Internal Transcribed Spacer
(ITS) genes and 28S rRNA genes. The ITS region
consists of ITS1 located between 18S rRNA to 5.8S
rRNA, and ITS2 located between 5.8S rRNA and
28S rRNA. Meanwhile, the 28S rRNA contains D1/
D2 region as an identifier for DNA barcoding [15].

The advantages of using DNA sequences for fun-
gal phylogenetic analysis are its relatively short frag-
ments, low variability, and ease of amplification
[16]. These DNA regions usually give better tax-
onomy resolution than coding regions previously
used. The simultaneous use of ITS1/ITS2 and D1/
D2 improved the success rate for identification at
the species level, especially between closely related
species [17].

Proper investigation of the genetic diversity and
distribution pattern of A. rouxii is necessary to
enrich the knowledge about Ragi tapai and improve
the quality of tapai on Java Island. Although certain
information about A. rouxii had been reported ear-
lier, identification using DNA barcoding based on
ribosomal regions ITS1/ITS2 and D1/D2 is needed
to analyze the phylogenetic relationship between A.
rouxii various places in Java Islands. In the present
study, A. rouxii from Ragi tapai have been isolated,
characterized, identified by molecular techniques,

further studied its genetic diversity, and recon-
structed its phylogenetic trees based on ribosomal
genes ITS1/ITS2 and D1/D2.

2. Materials and methods

2.1. Samples collection

The Ragi tapai were collected from six different
tape-producing cities on Java Island. The locations
for sample collection including Pasar Gegerkalong,
Bandung, West Java; Pasar Tanjung, Sumedang,
West Java; Pasar Muntilan, Muntilan, Central Java;
Pasar Blora, Blora, Central Java; traditional market
in Yogyakarta, D.I. Yogyakarta; and Pasar Kali
Nangkaan, Bondowoso, East Java, the map is shown
in Figure 1. All the collected Ragi tapai were stored
in plastic zipper bags and put inside the boxes until
the next steps.

2.2. Samples preparation

One gram of Ragi tapai was cultured in 5mL
potato dextrose broth (PDB) media and homogen-
ized for 1min. Then, the cultures were incubated at
room temperature for 3–7 d for initial screening.
The screening results were transferred to potato
dextrose agar (PDA) in a petri dish by dot method
and incubated for 3–7 d until the stable isolates
were obtained.

2.3. Microscopic and macroscopic identification

The identification was conducted on all stable iso-
lates from PDA to confirm the presence of A.
rouxii. Macroscopic identification included color,
diameter, and texture of colonies. Microscopic iden-
tification was performed by observing the isolates

Figure 1. Location of Ragi tapai sample collection sites in Java Island.1. Bandung, 2. Sumedang, 3. Muntilan, 4. Yogyakarta, 5.
Blora, 6. Bondowoso. Map from Google Maps.
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previously stained with glycerol and Trypan blue
under the microscope. Microscopic identification
included the presence of abortive sporangia, chlamy-
dospores, and coenocytic [12].

2.4. DNA analysis

Genomic DNA extraction was performed using
Quick-DNA Fungal/Bacterial Miniprep kit (Zymo
Research) under the original protocol. Extracted
DNA concentration and purity were tested using
Nanodrop. Then, 1 mL of extracted DNA was placed
on Nanodrop and absorbed on 260/280 nm and
260/230 nm. DNA amplification was performed on
ribosomal DNA ITS1/ITS2 and D1/D2 regions. ITS1/
ITS2 region was amplified with universal primers
ITS-1 (50-TCCGTCGGTGAACCTGCGG-30) and
ITS-4 (50-TCCTCCGCTTATTGATATGC-30). D1/D2
region was amplified with universal primers NL-1
(50-GCATATCAATAAGCGGAGGAAAAG-30) and
NL-4 (50-GGTCCGTGTTTCAAGACGG-30) [17].

The amplification was conducted in 25 lL reac-
tion using PCR Master Mix consisting of 9.5 mL
ddH2O, 12.5 mL MyTaq Red Mix 2x (Bioline),
approximately 10 ng (1 mL) DNA template, and
0.4 lM (1mL) of each primer. The PCR parameters
were as follows: initial denaturation at 95 �C for
3min; 35 cycles of 95 �C for 10 s, 52 �C for 30 s, and
72 �C for 45 s; and final hold at 4 �C. Electrophoretic
analysis of the PCR products was conducted to
reveal the size of DNA bands. The amplicons were
subjected to bi-directional sequencing for nucleoti-
des sequencing and conducted in First Base Sdn
Bhd (Malaysia) using the Big Dye Terminator
(Applied Biosystems) and the ABI 3730xl Genetic
Analyzer (Applied Biosystems).

2.5. Sequences analysis and alignment

DNA sequences of ITS1/ITS2 and D1/D2 regions
were edited with GeneStudio (GeneStudio, Inc.,
Georgia, USA) and SeqMan (DNASTAR Inc.,
Madison, USA) to create consensus sequences. The
consensus sequences were analyzed with Nucleotide
BLAST (https://blast.ncbi.nlm.nih.gov/ Blast.cgi) to

predict the corresponding species from isolates. The
sequenced nucleotides and sequences from the
NCBI database were combined with Rhizopus oryzae
sequences as an outgroup. Multiple sequences align-
ments were performed using MESQUITE [18]. The
DNA sequences of this study’s ITS1/ITS2 and D1/
D2 regions had been assigned to the GenBank data-
base under accession Nos. MZ851361–MZ851366
and MZ841799–MZ841804, respectively.

2.6. Phylogenetic analysis

The combined sequences of ITS1/ITS2 and D1/D2
region were analyzed with the Kimura-2-parameter
(K2P) model in MEGA X to estimate the genetic
distances. Phylogenetic trees were reconstructed
using the Neighbor-Joining (NJ) method with 1000
bootstrap value and K2P model in MEGA X.
Rhizopus oryzae 126.05 (HQ435095), and R. oryzae
FSU 8743 (JN939136) were set as the outgroup for
ITS1/ITS2 and D1/D2 phylogenetic analysis, respect-
ively. Genetic variation between clade, including
haplotypes, polymorphic sites, parsimony sites,
haplotype diversity, and nucleotide diversity, were
analyzed with DnaSP 5.10.01 [19]. The distribution
pattern of isolates was performed with Principal
Coordinate Analysis (PCoA) in GenAlEx 6.5
(Genetic Analysis in Excel) [20].

3. Results

3.1. Morphological characteristics of isolates

Six isolates were observed, showing the characteris-
tics of A. rouxii. Macroscopic and microscopic iden-
tification were subjected to Ragi tapai isolates to
detect any matching traits with specific characteris-
tics of A. rouxii. Colonies growth on potato dextrose
agar (PDA) showed brownish gray to white colonies
and light cream on reverse. Microscopic features of
A. rouxii include abortive sporangia, abundant chla-
mydospores, and coenocytic hyphae [12]. The mor-
phological characteristics of Ragi tapai isolates are
shown in Table 1.

Six isolates grown in PDA showed similar colo-
nies’ characteristics with A. rouxii previously

Table 1. Macroscopic and microscopic characteristics of Ragi tapai isolatesa.
Characters BDG SMD MTL YOG BLR BDS

Macroscopic
1. Colony color White White White White Black with white margin Greyish white with white margin
2. Reverse color Light cream Light cream Light cream Light cream Dull cream Light cream
3. Diameter 8 cm 8 cm 8 cm 8 cm 8 cm 8 cm
4. Texture Floccose Floccose Floccose Floccose Fibrous Floccose

Microscopic
1. Abortive sporangia þ þ þ þ þ þ
2. Terminal chlamydospore þ þ þ þ þ þ
3. Intercalary chlamydospore – þ þ þ þ þ
4. Septa � � � � � �

a þ: present; �: absent.
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described by (12]. All isolates showed colonies’ color
ranging from black with a white margin on BLR to
grayish-white on BDS to white colonies on other
isolates. On the reverse, all isolates showed light
cream color, aside from slightly duller cream on
BLR. BLR also showed different fibrous texture
rather than floccose as observed on other isolates.
These different macroscopic features of BLR might
indicate the presence of different strains of A. rouxii
or other molds in Ragi tapai.

The presence of abortive sporangia is a specific
characteristic of A. rouxii. An abortive sporangium
is a type of sporangia formed by the failure of
sporulation during spores formation [12]. This char-
acteristic is a unique trait only possessed by the
monotypic genera of A. rouxii mold. All isolates
were observed to form abortive sporangia in the
upper hemisphere of the sporangium. The sightings
of abortive sporangia in Ragi tapai isolates are
shown in Figure 2.

Aside from the presence of abortive sporangia,
A. rouxii possesses other morphological characters.
Macroscopically, A. rouxii colonies consist of white
or brownish-gray mycelia. Microscopically, A.
rouxii hyphae are coenocytic hyphae without septa
which belong to the Zygomycetes group. A. rouxii
also possesses an abundance of chlamydospores for

asexual reproduction and zygospores for sexual
reproduction. Some A. rouxii also showed the for-
mation of Y-shaped spore-like bodies [12].
Microscopic features of Ragi tapai isolates are
shown in Figure 3.

3.2. NCBI Blast results

Query cover values for the selected identical species
based on BLAST results must be � 80% [21].
Consequently, homolog species must possess simi-
larity values above 99.6% for the ITS region and
99.8% for the LSU region [22]. The top BLAST
results based on the highest query cover and simi-
larity values of ribosomal genes ITS1/ITS2 and D1/
D2 are shown in Tables 2 and 3.

BLAST results showed different groups of isolates
based on their homolog species for both ITS1/ITS2
and D1/D2. The group consisted of SMD, BDG,
and MTL were identical to Amylomyces rouxii, while
the other group consisted of BLR, BDS, and YOG
were identical to Mucor indicus. In addition, YOG
isolate on ribosomal region ITS1/ITS2 showed the
most identical homolog species to Mucor indicus
F5-02 and Rhizomucor sp. Rm-33 with
100% similarity.

Figure 2. Abortive sporangia of Ragi tapai isolates (400x). (A) BDG, (B) SMD, (C) MTL, (D) BLR, (E) YOG, (F) BDS.
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Figure 3. Microscopic features of Ragi tapai isolates. (A) oval abortive sporangia with enlarged apophyses SMD (400x); (B)
Coenocytic hypha YOG (400x); (C) Zygospore YOG (400x); (D) Chlamydospores BLR (100x); (E) Intercalary chlamydospores BDS
(400x); (F) Y-shaped spore-like bodies BLR (400x).

Table 2. NCBI BLAST results of ITS1/ITS2 region of ribosomal DNA.
Isolate Homolog species Query cover Similarity Accession number Reference

BDG Amylomyces rouxii 98% 98.06% AY238888 [23]
Amylomyces rouxii SDM29 95% 99.49% AY228094 [23]

MTL Amylomyces rouxii 99% 98.06% AY238888 [23]
Amylomyces rouxii 95% 99.32% AB181331 [24]

SMD Amylomyces rouxii 96% 99.83% AY238888 [23]
Amylomyces rouxii 94% 100.00% JX393890 [25]

BLR Rhizomucor sp. Rm-33 99% 99.52% EF583634 [26]
Mucor indicus F5-02 99% 99.52% JN561265 [27]

BDS Rhizomucor sp. Rm-33 99% 99.50% EF583634 [26]
Mucor indicus AOM7 99% 99.33% MK396498 [28]

YOG Mucor indicus F5-02 99% 100.00% JN561265 [27]
Rhizomucor sp. Rm-33 99% 100.00% EF583634 [26]

Table 3. NCBI BLAST results of D1/D2 region of ribosomal DNA.
Isolate Homologue species Query cover Similarity Accession number Reference

BDG Amylomyces rouxii CBS 438.76 92% 99.54% AB250194 [29]
Amylomyces rouxii 92% 99.24% AF157174 [30]

MTL Amylomyces rouxii CBS 438.76 93% 99.54% AB250194 [29]
Amylomyces rouxii 92% 99.24% AF157174 [30]

SMD Amylomyces rouxii CBS 438.76 93% 100.00% AB250194 [29]
Amylomyces rouxii 92% 99.69% AF157174 [30]

BLR Mucor indicus CBS 423.71 98% 99.03% MH871967 [22]
Mucor indicus Q1088 98% 98.89% KT359360 [31]

BDS Mucor indicus CBS 423.71 98% 99.31% MH871967 [22]
Mucor indicus CBS 226.29 96% 99.58% NG057878 [32]

YOG Mucor indicus Q1088 99% 98.91% KT359360 [31]
Mucor indicus CBS 424.71 99% 98.50% MH871968 [22]
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3.3. Phylogenetic tree of ITS1/ITS2 and D1/
D2 sequences

Phylogenetic tree reconstruction of ribosomal gene
ITS1/ITS2 in Figure 4 showed the formation of two
distinctive clades. Clade A consisted of BDG, MTL,
and SMD isolates that formed a monophyletic group
with A. rouxii (JX393890), A. rouxii SDM29
(AY228094), and A. rouxii (AY238888) with average
genetic distances 0.0006. Clade B consisted of BLR,
BDS, and YOG isolates that formed a monophyletic
group with Mucor indicus F5-02 (JN561265), M.
indicus AOM7 (MK396498), and Rhizomucor sp.
Rm-33 (EF583634) with zero average genetic distan-
ces. Both clades were separated by average genetic
distances of 0.6145. The genetic distances of riboso-
mal region ITS1/ITS2 are presented in Table S1.

Phylogenetic tree reconstruction of ribosomal gene
D1/D2 in Figure 5 showed similar results as ITS1/ITS2.
The phylogenetic tree of ribosomal gene D1/D2 formed
two distinctive clades between Ragi tapai isolates. Clade
A consisted of BDG, MTL, and SMD isolates that

formed a monophyletic group with A. rouxii CBS
438.76 (AB250194) and A. rouxii (AF157174) with
average genetic distances 0.0033. Clade B consisted of
BLR, BDS, and YOG isolates that formed a monophy-
letic group with M. indicus CBS 424.71 (MH871968),
M. indicus CBS 423.71 (MH871967), M. indicus Q1088
(KT359360), and M. indicus CBS 226.29 (NG057878)
with average genetic distances 0.0025. Both clades were
separated by average genetic distances of 0.1556. The
genetic distances of ribosomal region ITS1/ITS2 are
shown in Supplementary Table S2.

Figure 4. Phylogenetic tree of ITS1/ITS2 region using the Neighbor-Joining (NJ) method and Kimura-2-parameter (K2P) with
1000 bootstrap value.

Figure 5. Phylogenetic tree of D1/D2 region using the Neighbor-Joining (NJ) method and Kimura-2-parameter (K2P) with
1000 bootstrap value.

Table 4. Genetic variation between clades of ITS1/ITS2 and
D1/D2 regions of ribosomal DNA.

Parameters

ITS1/ITS2 D1/D2

Clade A Clade B Clade A Clade B

Fragment length 565 bp 565 bp 564 bp 564 bp
Monomorphic sites 558 bp 556 bp 560 bp 560 bp
Polymorphic sites 7 bp 9 bp 4 bp 4 bp
Parsimony sites 0 bp 1 bp 2 bp 1 bp
Haplotypes 3 3 3 4
Haplotype diversity 0.600 0.600 0.800 0.810
Nucleotide diversity 0.00413 0.00566 0.00355 0.00253
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3.4. Genetic variation

The results of genetic variation analysis showed
higher variation in ribosomal region ITS1/ITS2
compared to the D1/D2 region based on the num-
ber of polymorphic sites and nucleotides diversity.
The total fragment length of ribosomal region ITS1/
ITS2 is 565 bp for both clades. As for ribosomal
gene D1/D2, the total fragment length for both
clades is 564 bp. Genetic variation between clades of
ribosomal regions ITS1/ITS2 and D1/D2 is shown
in Table 4.

ITS1/ITS2 sequences showed more polymorphic
sites in clade B than clade A. Clade A possessed
fewer polymorphic sites 7 bp, with lower nucleotides
diversity 0.00413. In contrast, clade B possessed 9 bp
polymorphic sites with nucleotide diversity 0.00566.
Both clades possessed the same haplotype and
haplotype diversity with 3 haplotypes and 0.600
haplotype diversity.

Ribosomal gene D1/D2 showed less significant
genetic variation between clades than ITS1/ITS2.
Both clades in ribosomal gene D1/D2 possessed the
same numbers of polymorphic sites, 4 bp. The

difference was shown in clade A for more parsi-
mony sites and nucleotide diversity. However, clade
B possessed more haplotypes and higher haplotype
diversity than clade A.

3.5. Distribution pattern of Ragi tapai isolates

The distribution pattern of Ragi tapai isolates with
PCoA supported the phylogenetic tree reconstruc-
tion by forming two similar clades. PCoA results of
ribosomal region ITS1/ITS2 in Figure 6 showed the
formation of two clades in quadrants II and III.
Quadrant II showed the distribution of clade B that
consisted of BLR, YOG and BDS isolate with M.
indicus F5-02 (JN561265), M. indicus AOM7
(MK396498), and Rhizomucor sp. Rm-33
(EF583634). In quadrant III, clade A consisted of
SMD, BDG and MTL isolates with A. rouxii
(JX393890), A. rouxii SDM29 (AY228094), and A.
rouxii (AY238888). Both clades were separated from
R. oryzae 126.05 (HQ435095) as the outgroup.

The distribution pattern of Ragi tapai isolates of
ribosomal gene D1/D2 showed similar results with

Figure 6. Distribution pattern of ragi isolates using Principal Coordinates Analysis (PCoA) based on ribosomal genes ITS1/ITS2.

Figure 7. Distribution pattern of ragi isolates using Principal Coordinates Analysis (PCoA) based on ribosomal genes D1/D2.
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ITS1/ITS2. PCoA results of ribosomal gene D1/D2 in
Figure 7 showed the formation of two clades clustered
in different quadrants. Quadrant III showed clade B
distribution consisting of YOG, BLR, and BDS isolates
with M. indicus CBS 424.71 (MH871968), M. indicus
CBS 423.71 (MH871967), M. indicus Q1088
(KT359360), and M. indicus CBS 226.29 (NG057878).
Quadrant IV showed the distribution of clade A con-
sisted of BDG, SMD, and MTL isolates with A. rouxii
CBS 438.76 (AB250194) and A. rouxii (AF157174).
Both clades were separated from R. oryzae FSU 8743
(JN939136) as the outgroup.

4. Discussion

This study investigated the genetic diversity and dis-
tribution pattern of molds from Ragi tapai in Java
Island based on ribosomal regions ITS1/ITS2 and
D1/D2. Six isolates showed similar macroscopic and
microscopic features to A. rouxii. Between all iso-
lates, BLR and BDS showed different morphological
characteristics in colonies’ color and texture from
the others. The characteristics of those isolates
might indicate the presence of different strains of A.
rouxii or other molds in Ragi tapai which are
closely-related to A. rouxii, such as R. oryzae,
Rhizopus spp., Mucor javanicus, and Mucor circinel-
loides [33].

Higher genetic diversity was observed in the ribo-
somal region ITS1/ITS2 based on the genetic vari-
ation analysis. ITS1/ITS2 region possessed more
polymorphic sites and higher nucleotides diversity
on both clades than ribosomal gene D1/D2. These
results showed that the ribosomal region ITS1/ITS2
is a better marker to identify closely related species,
including intraspecies diversity between strains in a
species [34]. It is linked to the fact that the ITS1/
ITS2 region is a non-coding region of small subunit
(SSU) rDNA, while the D1/D2 region is a coding
region of large subunit (LSU) rDNA. It means that
ribosomal gene D1/D2 is more conserved than
ITS1/ITS2, causing higher substitution rates and
genetic variation in ITS1/ITS2 region [35].

Based on sequence analysis of ribosomal regions
ITS1/ITS2 and D1/D2, different mold species were
identified from the isolates, presumably identified as
entirely A. rouxii isolates. Phylogenetic tree recon-
struction on both ribosomal genes showed that iso-
lates from ragi were grouped into two different
clades related to two mold species. Clade A con-
sisted of BDG, MTL, and SMD which related to A.
rouxii. Meanwhile, BLR, BDS, and YOG isolates
were grouped in Clade B which is related to Mucor
indicus. The genetic distances between clades for
both ribosomal regions ITS1/ITS2 and D1/D2 were
0.6145 and 0.1556, respectively. Genetic distances

between both clades exceeded the mean interspecific
genetic distances for fungal species identification at
0.0094 [36], which implied that both clades could be
identified as different species.

Previous researchers stated that M. indicus was
the synonym of A. rouxii and therefore considered
the same species [37,38]. It was also widely known
to possess fermentative properties and often used as
starters in beer and traditional fermented foods pro-
duction, such as tape, tempe, and alcoholic drinks
[4,39,40]. However, our results showed that the gen-
etic distance of ribosomal regions ITS1/ITS2 and
D1/D2 between A. rouxii and M. indicus clades
exceeded the species and genus threshold despite
possessing similar characteristics. Thus, based on
this study, A. rouxii and M. indicus belong to differ-
ent species and questioned the current taxonomic
standing of M. indicus.

Mucor indicus is a dimorphic member of
Mucorales that possesses filamentous form and
yeast-like form. It shared a similar characteristic
with A. rouxii regarding the presence of abortive
sporangia. This similar morphological adaptation
might be related to their usage in traditional fer-
mented food production [41]. It had been reported
that M. indicus grown at 40 �C for seven days failed
to sporulate and started to produce abortive sporan-
gia [42]. A similar condition might occur during
fermentation by the CO2 production that increases
the temperature and leads to abortive sporangia for-
mation in M. indicus.

The issue regarding taxonomic standing of A.
rouxii did not only occur in this present study
between A. rouxii and M. indicus [43] was the first
one who suggested the reclassification of the taxa
based on rDNA ITS sequence similarity between A.
rouxii and R. oryzae. It also stated that some strains
of R. oryzae had undergone morphological or
physiological variations that resulted in A. rouxii
characteristics. Zheng et al. [44] supported this idea
by stating that the long-term adaptation to the fer-
mentative environment caused degeneration that
resulted in the morphological changes of A. rouxii
and did not occur naturally as varietal characteris-
tics. Amylomyces rouxii could also be considered the
mutant form of the non-sporangiospores-forming
strains of R. oryzae or Rhizopus delemar [41].

This study also reported the distribution patterns
of molds in Ragi tapai using PCoA, resulting in two
distinctly separated clusters on different quadrants.
The patterns supported the phylogenetic tree by
forming similar clades that related to A. rouxii and
M. indicus in similar patterns. The formation of pat-
terns suggested the presence of geographical distri-
bution between isolates across Java Island. Ragi
tapai isolates collected from western Java in Clade A
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were clustered with A. rouxii, while the eastern Java
isolates in Clade B tend to cluster with M. indicus.
This result matched the previous finding identifying
A. rouxii (formerly Chlamydomucor oryzae) from
the ragi sample collected from Bandung, West Java
[45]. Thus, this study pointed out the distinctive
distribution pattern between molds species that are
present in Ragi tapai in Java Island and the possibil-
ity of similar findings in other samples of Ragi
tapai elsewhere.

5. Conclusion

Universal primers ITS-1/ITS-4 and NL-1/NL-4 were
able to identify M. indicus and A. rouxii as different
species and proved versatility to identify closely
related species. Based on the results, ribosomal
regions ITS1/ITS2 and D1/D2 could be used to
study the genetic diversity and distribution pattern
of molds from Ragi tapai in Java Island.
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