
Short Communication

　Recently fungal genome sequences using massive-
ly parallel DNA sequencers have been published (Di-
Guistini et al., 2009; Martinez et al., 2009; Nishida et 
al., 2011; Nowrousian et al., 2010). The aim of this ar-
ticle is to describe the draft genome sequence of the 
anamorphic yeast Saitoella complicata in the subphy-
lum Taphrinomycotina and briefl y discuss the phylo-
genetic and evolutionary implications.
　The phylum Ascomycota consists of three subphyla 
Taphrinomycotina, Saccharomycotina, and Pezizomy-
cotina (Hibbett et al., 2007). The subphylum Taphrino-
mycotina consists of the following four classes: 
Neolectomycetes, Pneumocystidomycetes, Schizo-
saccharomycetes, and Taphrinomycetes (Hibbett et 
al., 2007). Although the genus Saitoella belongs to the 
Taphrinomycotina, it does not belong to any class 
(Hibbett et al., 2007). The genus Saitoella consists of a 
single species, Saitoella complicata. We believe that 
this fungus is a key fungus to elucidate the phyloge-
netic relationships among the Taphrinomycotina.
　Saitoella was described as a new yeast genus with 
the type species S. complicata in 1987 (Goto et al., 

1987). This anamorphic, saprobic yeast shares some 
characteristics with the yeast taxa of both phyla Asco-
mycota and Basidiomycota. For example, the negative 
diazonium blue B (DBB) reaction and negative extra-
cellular DNase activity resemble characteristics of as-
comycetous yeasts, whereas the positive urease activ-
ity, major ubiquinone system Q-10, and enteroblastic 
budding resemble those of basidiomycetous yeasts 
(Goto et al., 1987; Sugiyama et al., 1985). The 18S 
rDNA sequence comparison-based analysis showed 
that Saitoella and Taphrina form a monophyletic lin-
eage that diverged prior to the separation of other as-
comycetes (Nishida and Sugiyama, 1993).
　S. complicata Goto, Sugiy., Hamam. & Komag. 
NBRC 10748 (= JCM 7358, = IAM 12963; type strain) 
was used in this study. After the strain had been culti-
vated in YM broth (yeast extract, 3 g; malt extract, 3 g; 
peptone, 5 g; dextrose, 10 g; water, 1 L) at 25°C for 
3 days, the cells were washed 3 times using TE buffer 
(pH 8.0). The genome DNA was extracted from 7 × 
109 cells and purifi ed using a QIAamp DNA Micro Kit 
(QIAGEN).
　The genome sequencing was performed using the 
massively parallel DNA sequencer Roche GS FLX Tita-
nium. The result of sequencing is summarized in Table 
1. The assemblies of the reads were performed using 
the assembler software Newbler version 2.3 (454 se-
quencing, Roche). Assembly of the sequence data re-
sulted in 7,981 contigs (12,981,880 bases). Those 
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7,981 DNA sequences have been deposited in the 
DDBJ database, under the accession numbers 
BACD01000001‒BACD01007981.
　The BLASTX program in the Fungal Genomes Cen-
tral on the NCBI (http://www.ncbi.nlm.nih.gov/projects/
genome/guide/fungi/) was used in the DNA sequence 
similarity search for all proteins of the 67 organisms 
(Table 2).

　The BLASTX search revealed that 5,789 of the 7,981 
contigs had protein-coding sequences with E-value <‗ 
10-5. Among the 5,789 sequences, 3,743 (64.7%), 616 
(10.6%), 673 (11.6%), and 755 (13.0%) had the highest 
similarity with proteins of the Pezizomycotina, Saccha-
romycotina, Taphrinomycotina, and Basidiomycota, 
respectively (Fig. 1). At the genus level, 685 (11.8%) 
and 673 (11.6%) had the highest similarity with pro-
teins of Aspergillus and Schizosaccharomyces, re-
spectively. Those results indicate that the gene content 
of the S. complicata genome has higher affi nity to the 
Pezizomycotina than the Saccharomycotina or Taph-

33 species from Perizomycotina:
Ajellomyces capsulatus

Ajellomyces dermatitidis

Arthroderma benhamiae

Arthroderma gypseum

Arthroderma otae

Aspergillus clavatus

Aspergillus fl avus

Aspergillus nidulans

Aspergillus niger

Aspergillus terreus

Botryotinia fuckeliana

Chaetomium globosum

Coccidioides immitis

Coccidioides posadasii

Gibberella zeae

Glomerella graminicola

Magnaporthe oryzae

Nectria haematococca

Neosartorya fi scheri

Neosartorya fumigata

Neurospora crassa

Paracoccidioides brasiliensis

Penicillium chrysogenum

Penicillium marneffei

Phaeosphaeria nodorum

Podospora anserina

Pyrenophora teres

Pyrenophora tritici-repentis

Sclerotinia sclerotiorum

Talaromyces stipitatus

Trichophyton verrucosum

Uncinocarpus reesii

Verticillium albo-atrum

18 from Saccharomycotina:
Ashbya gossypii

Candida albicans

Candida dubliniensis

Candida glabrata

Candida tropicalis

Clavispora lusitaniae

Debaryomyces hansenii

Kluyveromyces lactis

Lachancea thermotolerans

Lodderomyces elongisporus

Meyerozyma guilliermondii

Pichia angusta

Pichia pastoris

Saccharomyces cerevisiae

Scheffersomyces stipitis

Vanderwaltozyma polyspora

Yarrowia lipolytica

Zygosaccharomyces rouxii

2 from Taphrinomycotina:
Schizosaccharomyces japonicus

Schizosaccharomyces pombe

10 from Basidiomycota:
Coprinopsis cinerea

Cryptococcus gattii

Cryptococcus neoformans

Laccaria bicolor

Malassezia globosa

Moniliophthora perniciosa

Postia placenta

Puccinia graminis

Schizophyllum commune

Ustilago maydis

4 from Microsporidia:
Encephalitozoon cuniculi

Encephalitozoon intestinalis

Enterocytozoon bieneusi

Nosema ceranae

Table 2.　Fungal species names used in the comparative study.Table 1.　Summary of the Saitoella complicata genome 
sequencing.

Total number of reads = 409,958
Total number of bases = 95,080,586

Number of aligned reads = 391,807 (95.57%)
Number of aligned bases = 91,856,020 (96.61%)
Number of assembled reads = 380,278
Number of partial reads = 11,310
Number of singleton reads = 5,568
Number of repeat reads = 323
Number of outlier reads = 5,221
Number of too short reads = 7,258

Total contigs in the assembly
Number of contigs = 7,981
Number of bases = 12,981,880

Fig. 1.　Pie chart of the genera with which each contig of 
Saitoella complicata had the highest similarity.
　The BLASTX program on the NCBI (http://blast.ncbi.nlm.nih.
gov/Blast.cgi) was used in the DNA sequence similarity search. 
A total of 5,789 DNA fragments encoding proteins (E-value <‗ 
10-5) were obtained.
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rinomycotina. However, in the Taphrinomycotina, only 
Schizosaccharomyces genome information is avail-
able. Based on the ribosomal RNA, RNA polymerase, 
and β-tubulin genes comparison, the genus Saitoella 
is more closely related to the genera Protomyces and 
Taphrina lineage than that of the genera Neolecta, 
Pneumocystis, or Schizosaccharomyces (Sugiyama et 
al., 2006). If the Taphrina and Protomyces genome se-
quences were determined, the result would be differ-
ent.
　It was unexpected that the S. complicata genome 
had signifi cantly higher similarity with the Pezizomyco-
tina genomes than the Saccharomycotina genomes 
because Taphrinomycotina (including Saitoella) had 
diverged from an ascomycetous common ancestor 
before Pezizomycotina and Saccharomycotina 
branched off in the course of evolution (Liu et al., 2009; 
Nishida and Sugiyama, 1993; Sugiyama et al., 2006). 
One possibility is that Taphrinomycotina is not mono-
phyletic (Nishida and Sugiyama, 1994).
　Although 64.7% of the 5,789 contigs had the highest 
similarity with proteins of the Pezizomycotina, the per-
centage is very different between functionally different 
proteins. For example, among the 17 contigs that had 
the highest similarity with DNA polymerase subunits, 
14 contigs (82.4%) had similarity with those of Pezizo-
mycotina (Fig. 2). On the other hand, among the 30 
contigs that had the highest similarity with RNA poly-

merase subunits, 19 contigs (63.3%) had similarity 
with those of Taphrinomycotina and only 7 contigs 
(23.3%) had similarity with those of Pezizomycotina 
(Fig. 2). In addition, among the 49 contigs that had the 
highest similarity with ribosomal proteins, 22 contigs 
(44.9%) had similarity with those of Pezizomycotina 
(Fig. 2). Those results strongly suggest that the 
Saitoella genome consists of evolutionarily heteroge-
neous genes.
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