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Draft genome sequence of Rhizopus delemar SSU VMBB-02 isolated
from alcohol fermentation starter culture
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Filamentous fungi and yeasts were isolated from banh men, a
fermentation starter culture for the production of traditional liquor
in Vietnam. The genus Rhizopus was a major group of fungi,
including Rhizopus oryzae, Rhizopus delemar, and Rhizopus
microsporus isolated from banh men. Among twenty-five
Rhizopus strains isolated, R. delemar SSU VMBB-02 (KCTC
46675) strain that highly produces hydrolytic enzymes, was
selected for constructing the draft genome. The whole genome
was sequenced, assembled and analyzed using I1lumina HiSeq
platform technology. As a result of genome analysis, the draft
genome was assembled with the size of 37.9 Mb containing
34.4% G + C content and 12,076 protein-coding genes. Through
additional analyses, the number of genes encoding carbohydrate-
active enzymes and proteolytic enzymes, and the number of
secondary metabolite biosynthesis gene clusters were revealed.
The results of this study will provide useful genomic information
that can be compared with other Rhizopus species originated
from fermentation starter culture.
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Rhizopus oryzae is a generally known as safe (GRAS)
filamentous fungus, commonly associated with production of

some oriental traditional foods (Londofio-Hernandez et al.,
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2017). Rhizopus delemar has been differentiated as a species of
R. oryzae producing fumaric-malic acid (Abe et al., 2007). In
this study, we isolated R. delemar SSU VMBB-02 from banh
men made in Daklak province, Vietnam. The R. delemar SSU
VMBB-02 strain was grown on potato dextrose agar solid
medium for 5 days at 25°C and its hyphal mass was collected.
The genomic DNA was extracted and purified by using the
modified cetyl trimethylammonium bromide method from
freeze-dired hyphae (Leslie and Summerell, 2006). The whole
genome sequencing was performed by Theragen Bio Institute.
The library for sequencing was made by using a TruSeq DNA
PCR-free library preparation kit according to the manufacturer’s
instructions and sequenced on the Illumina HiSeq 2500
platform (Illumina). As a result of a sequencing, total reads of
17,026,137,418 bp were obtained, and the coverage was
447-fold. The sequence reads were assembled by de novo by
SPAdes assembler (Bankevich et al., 2012), which resulted in
5,705 contigs and the whole genome size of 37.9 Mb (N50, 16
kb). The G + C content of the assembled draft genome was
34.4%.

Draft genome annotation was performed by using Funannotate
pipeline v1.8.9 (Palmer and Stajich, 2017). First, 11.68% of
repetitive sequences were masked by RepeatMasker (open-4.0.7)

and RepeatModeler (open-1.0.11) (Tarailo-Graovac and Chen,
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Table 1. Draft genome features of Rhizopus delemar SSU VMBB-02

Table 2. List of 14 secondary metabolite biosynthetic gene clusters

Features Value
Draft genome size, bp 37,902,973
GC content, % 34.4
Number of contigs 5,705
Number of contigs = 2 kb 3,067
Contig Ns, bp 16,092
Protein coding genes 12,076
Number of genes having InterPro domains 9,149
Coverage of InterPro, % 76
Number of gene ontology assigned 6,709
Number of genes involved in CAZymes 325
Number of protease genes by MEROPS 370
Number of secondary metabolite gene clusters 14

2004). The ab initio gene models for the contigs were predicted
by using the GeneMark-ES (v4.38) (Ter-Hovhannisyan ef al.,
2008), GlimmerHMM (v3.0.4) (Majoros et al., 2004) and
AUGUSTUS (v3.3.3) (Keller et al., 2011) programs. Evidence-
based gene models were made by aligning the contigs with the
protein sequence database (UniProtKB) using DIAMOND
(v2.0.14) (Buchfink et al., 2021) and then polishing using
Exonerate (v2.4.0) (Slater and Birney, 2005). EVidenceModeler
(v1.1.1) (Haas et al., 2008) as implemented in the Funannotate
pipeline was used to generate the consensus models from the ab
initio and evidence-based gene models. The consensus models
were functionally annotated after removing short lengths,
transposable elements and gaps. A total of 12,076 gene models
were used for making 97,106 valid annotations by carrying out
sequence similarity searches against the Pfam (v34.0), InterPro
(v79.0), BUSCO (v2.0), EggNOG (v4.5), MEROPS (v12.0)
and CAZyme (v9.0) databases. We predicted 12,076 protein-
coding genes. Among them, 9,149 genes have InterPro domains,
of which 6,709 were categorized to Gene Ontology (GO).
Further analyses of the genes encoding carbohydrate-active
enzymes revealed that 325 genes were involved in CAZymes
(21 auxiliary activities, 56 carbohydrate esterases, 7 carbohydrate-
binding modules, 118 glycoside hydrolases, 116 glycosyl trans-
ferases, and 7 polysaccharide lyases) and 370 genes in proteolytic
enzymes (36 aspartic peptidases, 78 cysteine peptidases, 109
metallo peptidases, 7 protease inhibitors, 108 serine peptidases
and 32 threonine peptidases) (Table 1). In addition, 549 genes

encoding the secreted transcripts were predicted by using the
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No. Contig number mestzgzili(tjgyype Nsu;ljotlde locg:;m
1 ROVContig0012.1 Siderophore 3,838 16,018
2 ROVContig0078.1 Terpene 26,853 41,211
3 ROVContig0123.1 Terpene 1 16,888
4 ROVContig0129.1 Fungal-RiPP 1 34,725
5 ROVContig0291.1 Terpene 11,848 25,530
6 ROVContig0318.1 Terpene 1 16,870
7 ROVContig0413.1 NRPS 1 22,108
8 ROVContig0611.1 Terpene 1 13,711
9 ROVContig0615.1 Terpene 1 14,098
10 ROVContig0813.1 NRPS-like 1 14,269
11 ROVContig0861.1 Terpene 590 13,605
12 ROVContigl115.1 Terpene 1 10,774
13 ROVContigl162.1 NRPS-like 1 10,337
14 ROVContig2258.1 NRPS-like 1 4,049

SignalP secretome prediction program (v4.1) (Armenteros et
al.,2019). Thirty tRNA genes were predicted by using tRNAscan-
SE (v2.0.9) (Lowe and Eddy, 1997). Additionally, fourteen
secondary metabolite biosynthesis gene clusters (with 21 bio-
synthetic enzymes and 15 smCOGs) were found by using
antiSMASH 5.0.0 (Blin et al., 2019), which may be involved in
unknown secondary metabolisms including terpene, sidrophore
and non ribosamal peptide synthesis (NRPS) (Table 2).

Nucleotide sequence accession number

The draft genome sequence of R. delemar SSU VMBB-02
(KCTC 46675) has been deposited in GenBank under the
accession number JAFCNC000000000.
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