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The phylogenetic positioning of the non-pathogenic genus Spiromastix in the Onygenales was studied based on large 
subunit rDNA (LSU rDNA) partial sequences (ca. 570 bp.). Four Spiromastix species and 28 representative taxa of the 
Onygenales were newly sequenced. Phylogenetic trees were constructed by the neighbor-joining (N J) method and 
evaluated by the maximum parsimony (MP) method with the data of 13 taxa retrieved from DNA databases. 
Spiromastix and dimorphic systemic pathogens, Ajellomyces and Paracoccidioides, appear to be a monophyletic group 
with 74% bootstrap probability (BP) in the NJ tree constructed with the representative taxa of the Onygenales. The 
tree topology was concordant with the NJ tree based on SSU rDNA sequences of our previous work and corresponded to 
the classification system of the Onygenales by Currah (1985) and its minor modification by Udagawa (1997) with the 
exception of the classification of the Onygenaceae. The Onygeneceae sensu Udagawa may still be polyphyletic, since 
three independent lineages were recognized. The taxa forming helicoid peridial appendages were localized to two 
clades on the tree. The topology of the NJ tree constructed with Spiromastix and its close relatives suggested that the 
helicoid peridial appendages were apomorphic and acquired independently in the two clades of the Onygenales. 

Key Words large subunit rDNA; Onygenales; phylogeny; Spiromastix. 

In our previous paper (Sugiyama et al., 1999), we ana- 
lyzed the phylogenetic relationships of 22 onygenalean 
taxa based on their SSU rDNA sequences. Although 
the obtained neighbor-joining (N J) tree revealed the 
phylogenetic structure of the Onygenales, Spiromastix 
warcupii was not included in any clade, but appeared as 
an independent branch on the NJ tree. Thus, the actual 
phylogenetic position of this genus remains uncertain. 
Spiromastix Kuehn & Orr (Kuehn and Orr, 1962) is an 
onygenalean genus, members of which have been isolat- 
ed from tropical and temperate regions. It is character- 
ized by brown ascomata with hyphal peridia, thick-walled 
and helicoid or curved peridial appendages, and oblate 
ascospores with minutely pitted surface, and no ana- 
morph has yet been demonstrated. Currently, five spe- 
cies are classified in this genus: S. warcupii, S. tentacula- 
turn, S. grisea, S. saturnispora Uchiyama, Udagawa & 
Kamiya and S. sphaerospora Udagawa & Uchiyama. 
These species are distinguished by morphological differ- 
ences in their peridial appendages, ascospore shape and 
ornamentation (Table 1). 

In the Onygenales, Spirornastix was classified into 
the Onygenaceae based on its punctate ascospores and 
keratinolytic ability (Currah, 1985). However, Scott et 
al. (1993) reported that three species of Spiromastix (S. 
grisea, S. tentaculaturn and S. warcupi/~ did not decom- 
pose hair in vitro. Recently, Udagawa (1997) redefined 

the Amauroascaceae yon Arx (yon Arx, 1987) as a mem- 
ber of the Onygenales based on its possession of a Q-10 
(H2) ubiquinone system and relatively low karitonolytic 
ability. He classified Spiromastix into the family with 
Amauroascus J. Schroet, Amaurascopsis Guarro, Gen~ 
& de Vroey and Auxarthron Orr & Kuehn. 

The purpose of this study is to investigate the 
phylogenetic position of Spiromastix by using a molecu- 
lar technique. We adopted LSU rDNA partial sequences 
that contained D1 and D2 regions, which are known to 
be suitable for phylogenetic analysis at the genus or spe- 
cies level in the Onygenales (LeClerc et al., 1994; Gu~ho 
et al., 1997), and re-evaluated the phylogenetic structure 
of the Onygenales based on the SSU rDNA sequences 
(Sugiyama et al., 1999). Thirty-two onygenalean taxa 
including four species of Spiromastix were examined to 
clarify their phylogenetic relationships. 

Materials and Methods 

Strains examined The LSU rDNA sequences of 
representative strains of 32 species in 25 genera were 
determined in this study (Table 2). Twenty-seven of 
these strains were supplied from CBS (Centraalbureau 
voor Schimmelcultures, Baarn, the Netherlands). All of 
the strains whose SSU rDNA sequence was determined 
by Sugiyama et al. (1999) were also used in this study. 
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Table 1. Comparison of of Spiromastix species with JCM 11276. 

Ascoma Ascus Ascospore Source/Habitat Species {/Lm) Peridial appendage {Fm) {ffm) 

S. grisea a) 50-200 helidoid 6-9x 5-7 2.8-4.0x 2-2,5 gazelle Africa 
(2-8 turns) lenticular to oblate dung 
smooth-walled pitted along equatorial 

zone 
S. saturnispora b~ 100-240 curved orsinuous 8-14.5x5.5-9 3.2-4.8x 2.5-3 soil Indonesia 

smooth-walled oblate with an equatorial 
rim 
pitted* 

S. sphaerospora cl (75-)150-250 slightly curved or 9-13.5 x 8-10 4-5 x 3.5-5 soil Japan 
wavy globose 
coarsely reticulate to punctate 
roughened 

S. tentaculatum d) 45-70 slightly curved or 7.5-8 x 5-6 2.5-3.5 • 2-2.2 soil Africa 
wavy, inflated at ends oblate 
smooth-walled irregulary pitted 

S. warcupiP ) 50-100 curved or helicoid 7-7.7x5-5.5 2.5-2.9x 2-2.5 soil Australia, Malaysia, 
(1-2 turns) oblate Indonesia, Africa 
smooth-walled pitted with 

ditches on polar region* 
Spiromastixsp. JCM11276 f) 40-120 curved or wavy 6.1-6.8x4.7-5.0 2.1-3.1• soil U.S.A. 

smooth-walled oblate 
regularly pitted* 

Morphological data were cited from: a) Currah and Locquin-Linard, 1988; b) Uchiyama et al., 1995; c~ Udagawa and Uchiyama, 1999; 
d~ Guarro et al., 1993; et Kuehn and Orr, 1962; fl Morphological descriptions and measurements were done by the present authors. 

*: SEM observation was done by the present authors. 

Four Spiromastix species, S. grisea, S. tentaculatum, S. 
warcupii and Spiromastix sp. JCM 11276 were used to 
confirm the phylogenetic position of the genus. The 
strain JCM 11276 was isolated by the authors from a 
soil sample collected in Florida, U.S.A. and identified as 
a Spiromastix species based on the generic key of the 
Onygenales (Currah, 1988). The ascospore ornamenta- 
tion of JCM 11276 is distinguishable from that of the 
ex-type strain of S. warcupiiCBS 576.63 under SEM obser- 
vation, although the other morphological data of this 
strain were within the range of the original description 
of S. warcupii (Table 1 ). Arthroderma incurvatum JCM 
11274 was isolated from soil collected in Kanagawa 
prefecture, Japan and identified by reference to the 
description of Otani (1998). Coccidioides immits 3257 
was isolated and identified based on its morphology on a 
Petri dish by Dr. R. Talbot in Kern County Health Depart- 
ment, Bakersfield, California, U.S.A. and used in the 
genetic analysis of an epidemic population structure of 
C. immitis by Fisher et al. (2000). Malbranchea sp. JCM 
11275 was isolated as a contaminant of the strain of 
Histoplasrna capsulatum Darling (EH366) from a bat 
intestine by Taylor et al. (1999), and we received it from 
Dr. T. Kasuga of Roche Molecular Systems, California, 
U.S.A. The sequence of this strain was determined and 
suggested that the strain was a close relative of S. 
warcupii. However, the culture of JCM 11275 pro- 
duced only arthroconidia, and we identified the strain as 
a species of the genus Malbranchea by use of the generic 
key of Sigler and Carmichael (1976) and Oorschot 
(1980). 
Extraction, PCR amplification, purification and sequenc- 
ing of LSU rDNA genes The cultivation of fungal strains 

and the extraction and purification of DNA from their 
mycelia were performed as described by Sugiyama et al. 
(1999). The total DNA samples extracted from Uncino- 
carpus reesii, Coccidioides imrnitis and Malbranchea 
sp. JCM 11275 were provided by Dr. T. Kasuga. 

The LSU rDNA sequences were determined by gene 
amplification using polymerase chain reaction (PCR). 
The PCR conditions were identical to those of Sugiyama 
et al. (1999) and the fol lowing primer pairs were used, as 
in O'Donnell (1993): NL1 [5'-GCATATCAATAAGCGGA 
GGAAAAG-3'] and NL4 [5'-GGTCCGTGTTTCAAGACG 
G-3']. 

Amplicons corresponding to positions 153-767 of 
the complete LSU rDNA sequence data of Saccharo- 
myces cerevisiae Meyen ex E.C. Hansen (Georgiev 
et al., 1981, Accession No. J01355) were purified by 
using a QIAquick PCR purification kit (QIAgen, Hilden, 
Germany). Automated DNA sequencing reactions were 
performed using ABI PRISM TM Cycle Sequencing Kits 
(Perkin Elmer Applied Biosystems, Foster, CA, U.S.A.) with 
1 or 5ffl of amplicons and each primer for PCR, then 
processed and analyzed by ABI PRISM@ 377 automated 
sequencers (PE Applied Biosystems). Obtained se- 
quence data were checked, and complementary se- 
quence data were connected by using the sequence edit- 
ing software Genetyx-SV/R ver. 4.0 for Windows. 
Phylogenetic analyses Data on 13 LSU rDNA se- 
quences were retrieved from the nucleotide sequence 
databases (GenBank/EMBL/DDBJ) to complement the 
sequence data obtained here (Table 3). For all data, less 
reliable regions of both ends of rDNA fragments were 
excluded manually, and a ca. 570- bp region of each 
sequence was adopted for phylogenetic analyses. Multi- 
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Table 2. Species and strains of Spiromastix and other onygenalean taxa sequenced in this study. 
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Families Species a) Strain No. b) Accession No. 

Amauroascaceae Amauroascus kuehn# yon Arx CBS 539.72 T AB040691 

Auxarthron compactum Orr & Plunker CBS 200.64 m AB040692 

Spiromastix grisea Currah & Locquin-Linard CBS 128.88 m AB040677 

Spiromastix tentaculatum Guarro Gen6 & de Vroey CBS 184.92 T AB040678 

Spiromastix warcupii Kuehn & Orr CBS 576.63 m AB040679 

Spiromastix sp. JCM 11276 AB040680 

Arthroderma ciferriiVarsavsky & Ajello a) CBS 272.66 m AB040681 

(Chrysosporium georgiae) 

Arthrodermataceae 

Arthroderma incurvatum (Dawson & Gentles) Weitzman, McGinnis, JCM 11274 

Padhye & Ajello 

Ctenomyces serratus Eidam CBS 187.61NT AB040683 

Gymnoascaceae Gymnascella aurantiaca Peck a) CBS 655.71T AB040684 

(Arachniotus verruculosus) 
Gymnoascoideus petalosporus Orr, Roy & Ghosh") 

( Gyrnnoascus petalosporus) 
Gymnoascus reessii Baranetzky 

Rollandina hyalinospora (Kuehn, Orr & Ghosh) Roy, Orr & Ghosh ") 

(Gymnascella hyalinospora) 
Myxotrichaceae Byssoascus striatosporus (Barron & Booth) von Arx CBS 642.66 m AB040688 

Myxotrichum deflexum Berk. CBS 228.61NT AB040689 

Pseudogymnoascus roseus Raillo var. roseus CBS 395.65 NT AB040690 

Onygenaceae Arachnornyces nodosetosus Sigler & Abbott a) CBS 313.90 AB053452 

(Onychocola canadensis) 
Aphanoascus mephitalis (Malloch & Cain) Cano & Guarro a) 

(Neoxenophila foetida) 
Aphanoascus terreus (Randhawa & Sandhu) Apinis ") 

(Chrysosporium indicum) 
Apinisia graminicola La Touche 

Apinisia racovitzae (Lagarde) Guarro, Cano & Vroey ") 

~Arachnotheca albicans) 
Ascocalvatia alveolata Malloch & Cain 

Pectinotrichum Ilanense Varsavsky & Orr 

Renispora flavissima Sigler, Gaur, Lichtwardt & Carmichael 

Shanorella spirotricha Benjamin 

Uncinocarpus reesii Sigler & Orr 

Xanthothecium peruvianum (Cain) von Arx & Samson 

Coccidioides immitis Stiles 

Geomyces pannorum (Link) Sigler & Carmichael var. pannorum 
Malbranchea aurantiaca Sigler & Carmichael 

Malbranchea sp. 

Oidiodendron tenuissimum (Peck) Hughes 

Mitosporic fungi 

related to Onygenales 

AB040682 

CBS 252.72 AB040685 

CBS 410.72 AB040686 

CBS 548.72 AB040687 

CBS 453.75 AB040693 

CBS 342.64 T AB040694 

CBS 721.68 T AB040695 

CBS 156.77 AB040696 

CBS 777.70 AB040697 

CBS 882.71T AB040698 

CBS 708.79 AB040699 

CBS 305.56 AB040700 

UAMH 2002 c) AB040701 

CBS 112.54 AB053453 

3257 c) AB040702 

CBS 108,14 AB040703 

CBS 127,77 T AB040704 

JCM 11275 d) AB040705 

CBS 238,31 AB040706 

a) Teleomorph names are shown. Species names used in CBS catalogue are indicated in parenthesis. 
b) Cultures were derived from: CBS, Centraalbureau voor Schimmelcultures, Baarn, the Netherlands; UAMH, University of Alberta Mold 

Herbarium and Culture Collection; JCM 11274 and JCM 11276 were isolated by the present authors and deposited in JCM, Japan 
Collection of MicrOorganisms (RIKEN). T, ex-type; NT, ex-neotype. 

c) DNA sample was derived from Dr. T. Kasuga. 
d) Culture and DNA sample were derived from Dr. T. Kasuga. Culture was deposited in JCM. 

pie a l ignment  of  all sequences,  and cons t ruc t ion  of the  
ne ighbor- jo in ing t ree (Sai tou and Nei, 1987)  based on 
K imura 's  t w o - p a r a m e t e r  me thod  (Kimura,  1980)  we re  
pe r fo rmed  using the p rograms Clustal  X ver.  1.8 for  Win- 
d o w s  9 5 / 9 8 ,  the  GUI vers ion of  Clustal  W (Thompson et  

al., 1994) .  Boots t rap analys is (Felsenstein, 1985)  was  
also per fo rmed by Clustal  X for  eva lua t ing  NJ t ree topo -  
logy w i t h  1 ,000  random sampl ings.  For the  m a x i m u m  
pars imony  (MP) analysis,  PAUP ver  3 .1 .1  (Swof ford ,  
1993)  was  used for  heur is t ic  search and boo ts t rap  analy-  
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Table 3. Reference LSU rDNA sequences derived from the databases. 

Order Family Species Accession No. 

Onygenales Arthrodermataceae Arthroderma benhamiae Ajello & Cheng AF038359 
Gymnoascaceae Gyrnnascella citrina (Massee & Salmon) Orr, Ghosh & Roy U17915 
Onygenaceae Ajellomyces capsulatus (Kwon-Chung) McGinnis & Katz AF071950 

Ajellomyces crescens Sigler a) AF071864 
(Emmonsia crescens) 

Ajellomyces dermatitidis McDonough & Lewis 
Aphanoascus fulvescens (Cooke) Apinis 
Auxarthron californiense Orr & Kuehn 
Nannizziopsis albicans (Apinis) Guarro, Cano & de Vroey a) 

(Amauroascus albicans) 
Paracoccidioides brasiliensis (Splendore) Almeida 
Emericella rugluosa (Thom& Raper) Benjamin 
Eupenicillium inusitatum Scott 
Talaromyces helicus (Raper & Fennell) C. R. Benjam. var. helicus 
Aspergillus flavus Link 

Mitosporic fungus related to Onygenales 
Eurotiales Trichocomaceae 

Mitosporic fungus related to Eurotiales 

AF038358 
AF038357 
AF038352 
U17914 

U81263 
U29680 
AF033431 
AF033396 
AF027863 

a) Species names used in DNA databases are indicated in parenthesis. 

sis. This search was repeated several times from differ- 
ent random starting points to make certain the most 
parsimonious tree was found. In both phylogenetic 
analyses for all onygenalean taxa, species in the Myx- 
otrichaceae were employed as an outgroup, since the 
previous SSU and LSU rDNA sequence analysis showed 
that their phylogenetic position was much closer to those 
of the Leotiales or the Erysiphales rather than to the other 
onygenalean taxa (Mori et al., 2000; Sugiyama et al., 
1999). 

Results 

Figure 1 shows the phylogenetic tree constructed with 
the LSU rDNA sequence data of 42 representative taxa of 
the Onygenales and the Eurotiales. In the multiple align- 
ment of these data, 238 sites were variable and 195 sites 
were parsimony-informative in 571 sites. The topology 
of the MP tree was congruent with that of the NJ tree, 
and thus only the bootstrap probability (BP) values of the 
MP tree are indicated on the NJ tree. In the phylogenetic 
tree, plectomycetous taxa were divided into two major 
clades, I and I1. Clade I corresponded to the Eurotiales. 
The Onygenales except for the Myxotrichaceae con- 
stitute a recognizable monophyletic group as clade II 
(BP=74~ in N J; BP=54~ in MP). 

Two subclades (lla and lib) were distinguished in 
ciade I1. Clade Ila consisted of two genera of the 
Onygenales, Ajellomyces McDonough & Lewis, Spiro- 
mastix, and related mitosporic genera, Malbranchea 
Saccardo and Paracoccidioides Almeida. The BP of the 
clade Ila was 74~ in the NJ tree and 56~ in the MP 
analysis. 

Three families of the Onygenales (Gymnoascaceae, 
Amauroascaceae, and Arthrodermataceae) correspond- 
ed to the subclades in clade lib (Fig. 1), although the 
BP value of each subclade was less than 86~ in the NJ 
tree and much weaker in the MP analysis. 

In the case of the Amauroascaceae, the observed 
monophyly of this lineage agreed well with the results of 
the SSU rDNA sequence analysis by Sugiyama et al. 
(1999). Renispora flavissima was included in this line- 
age, although it was classified into the Onygenaceae 
(Currah, 1985). This result was also consistent with 
that of Sugiyama et al. (1999). 

The taxa in the Onygenaceae were separated into 
two independent subclades in clade lib. Apinisia 
graminicola, A. racovitzae, Nannizziopsis albicans and 
Shanorella spirotricha formed an independent clade 
(Onygenaceae 2) with the Arthrodermataceae apart from 
the other onygenaceous taxa (Onygenaceae 3), although 
the bootstrap support of the clade was weak (BP=67~ 
in NJ and 56~ in MP). 

Coccidioides immitis, another known dimorphic 
pathogen, was included in the clade of Onygenaceae 2 
with Uncinocarpus reesii. This result was coincident 
with the analysis of the SSU rDNA sequences by Pan 
et al. (1994) and with the morphological examination by 
Sigler et al. (1998). 

Pectinotrichum Ilanense was also included in the 
clade of Onygenaceae 2, as in the results of the previous 
SSU rDNA sequences analysis (Sugiyama et al., 1999), 
although it was transferred to Auxarthron by Currah 
(1994). 

Figure 2 shows the phylogenetic tree constructed 
with 13 selected taxa to focus on the phylogenetic 
relationships among Spiromastix species and related 
taxa. Ajellomyces crescens, Arachnomyces nodoseto- 
sus and Xanthothecium peruvianum were newly added 
to the data set, since they were included in clade Ila in the 
preliminary phylogenetic analysis (Sugiyama, unpub- 
lished data). In the multiple alignment of 565 sites in 
total, 148 sites were variable and 97 sites were par- 
simony-informative. The topologies of the NJ and the 
MP trees were congruent, and the BP values of the boot- 
strap consensus of the MP trees are shown in the same 
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1. Phylogenetic tree inferred from LSU rDNA partial sequence data. NJ tree topology and branch lengths are shown. A more 
than 60~ bootstrap probability (1,000 replicates) is indicated from both the NJ analysis (above internodes) and the full heuristic 
search of maximum parsimony (MP) analysis (below internodes). Darkened branches indicate 8 0 ~  or greater bootstrap support in 
both analyses. The tree statistics for the MP analysis are as follows: tree length of bootstrap consensus----- 1014 steps; Consisten- 
cy Index=0.356;  Retention Index=0.604;  Rescaled Consistency Index=0.215.  a) Taxon forming helicoid or loose spiral peridial 
appendages; b) Taxon forming uncinate peridial appendages. 
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2. Phylogenetic tree based on LSU rDNA sequences of Spirornastix and nine related taxa. Tree topology and BP values are 
indicated in the same manner as in Fig. 1. The tree statistics for the MP analysis are as follows: tree length of bootstrap con- 
sensus=270 steps; Consistency Index=0.670; Retention Index=0.656; Rescaled Consistency Index=0.440. a) Taxon forming 
spiral peridial appendages; b) Taxon forming loose spiral to wavy peridial appendages; c) Taxon forming curved peridial appendages 
with inflated ends; d) Taxon forming long, slender peridial appendages. 

manner as in Fig. 1. 
In Fig. 2, the monophy ly  of clade Ila from the Eu- 

rotiales was well  supported by both the NJ and the MP 
bootstrap analyses. Four subclades were recognizable 
in clade Ila. Subclade Ila-1 consisted of Arachnomyces 
nodosetosus, which causes toenai l  and skin infect ion, 
and a non-pathogenic species, Xanthothecium peruvia- 
nurn, Spiromastix tentaculatum was dist inguishable 
from the other Spriomastix species (subclade Ila-2), 
Subclade Ila-3 included S. warcupii, Spirornastix sp. JCM 
11276 and Malbranchea sp. JCM 11275.  Spiromastix 
warcupii and Spirornastix sp. JCM 11276,  w i th  a se- 
quence similari ty of 96 .8%,  were clearly dist inguishable 
on the phylogenet ic tree. Subclade Ila-4 included three 
Ajellomyces species, S. grisea and ParacOcidioides 
brasiliensis. 

Discussion 

In this study, LSU rDNA sequence analyses revealed the 
phylogenet ic posit ioning of Spiromastix (Figs. 1, 2). The 
tree topo logy was consistent w i th  the phylogenet ic trees 

shown in previous molecular studies (LeClerc et al., 
1994;  Pan et al., 1994;  Sugiyama et al., 1999). In addi- 
t ion, the results provided some interesting new data on 
the phylogenet ic relationships in this order, 
Phylogenetic relationships among Spiromastix and relat- 
ed taxa The dimorphic systemic pathogens, such as 
Ajellornyces and Paracoccidioides, are known to be 
phylogenet ical ly dist inct f rom the other onygenalean 
taxa (LeClerc et al., 1994; Bowman et al., 1996; Sugiya- 
ma et al., 1999). However,  our present results indicated 
that non-pathogenic Spiromastix species are also includ- 
ed in the clade of Ajellornyces and Paracoccidioides. 
Similarly, another pathogenic taxon,  Arachnomyces 
nodosetosus (= Onychocola canadensis), a known agent 
of Onychomycosis,  and a non-pathogenic taxon, Xan- 
thothecium peruvianum, were included in clade Ila (Fig. 
2). Therefore, each major l ineage in the Onygenales (lla 
and lib) contains skin (or nail) pathogens, dimorphic 
pathogens and non-pathogenic taxa. 

Table 4 compares the phenotypic characters of Ajel- 
Iomyces and Spiromastix. Both genera were similar in 
the morphology of ascospores and the helicoid peridial 
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Table 4. Comparison of morphological and other characteristics of Ajellomyces and Spiromastix. 

419 

Character Ajettomyces ~ Spirornastix b~ 

ascomata color white to yellowish brown brown to grayish brown or reddish brown 
size < 350 f~m < 240 ~m 
peridial appendages helicoid helicoid to curved or wavy 

ascospores color hyaline pale brown to brown or hyaline 
shape spherical discoid to lenticulate or spherical 
size < 2 ~m 2-5 ~m 
ornamentation minutely pitted or muriculate pitted 

anamorph Blastomyces lacking 
Histoplasma 
Emmonsia 

sexuality heterothallic probably homothallic 

dimorphism § - 
pathogenicity + -- 

a) Unified data from the references of A. 
matitidis (Kwon-Chung, 1975). 

b) Unified data from the reference listed in 

crescens (Sigler, 1996), A, capsulatus (Kwon-Chung, 1972) and A. der- 

Table 1. 

appendages of ascomata. However, dimorphism (yeast 
phase growth at 37~ and pathogenicity to human or 
animals were not reported in any species of Spiromastix. 
The phenotypic differences between Spirornastix and the 
dimorphic pathogens suggest two hypotheses: 1) Ajel- 
Iomyces is a highly specialized taxon that acts as a 
human pathogen; or 2) many intermediate taxa remain to 
be discovered or analyzed, 

Figures 1 and 2 demonstrate that Malbranchea sp. 
JCM 11275 is a close relative of S, warcupii and 
Spiromastix sp. JCM 11276. This is noteworthy be- 
cause no species with anamorphs has yet been reported 
in Spiromastix. This fact supports the latter hypothesis 
of the phylogenetic structure of clade Ila. More compre- 
hensive exploration of unknown taxa and phylogenetic 
analysis incorporating their sequence data are necessary 
for understanding the phylogenetic structure of clade Ila. 

On the other hand, Malbranchea-type anamorphs are 
commonly produced by the species in the Amauroas- 
caceae (Currah, 1985; Udagawa, 1977), and the fact 
that Malbranchea species formed a clade with Amauroas- 
cus and Auxarthron in both of SSU and LSU rDNA trees 
(Sugiyama et al., 1999; Fig. 1 ) supports their phylogenet- 
ic relationships. Recently, Vidal et al. (2000) reviewed 
the genus Chrysosporium, which is also known as a 
major anamorphic genus in the Onygenales. They con- 
structed a phylogenetic tree based on ITS1-5.8S-ITS2 
rDNA sequences with their teleomophic taxa and report- 
ed the existence of several independent lineages in the 
genus. A similar study on Malbranchea and its teleo- 
morphs will be needed to clarify their phylogenetic struc- 
ture. 

Udagawa (1997) treated Spiromastix as a member 
of the Amauroascaceae based on its Q-10 (H2) ubiqui- 
none system and weak kelatinophylic ability, although 
the data of individual species were not shown. We 
confirmed that the ubiquinone of S. warcupfi was Q-IO 
(H2) (Sugiyama, unpublished data). Interestingly, Ajel- 

Iomyces capsulatus and A. crescens (=Emmonsia parva) 
possess Q-10 (H2) (Fukushima et al., 1993; Takizawa et 
al., 1994), but P. brasiliensis and Ajellornyces dermatiti- 
dis have Q-10 (Fukushima et al., 1991). This diversity 
means that the ubiquinone system cannot be used as a 
common character of members of clade Ila. 
Phylogenetic structure of the Onygenales Current clas- 
sification systems of the Onygenales by Currah (1985) 
and Udagawa (1997) are based on comprehensive 
studies of phenotypic characters, such as ascospore 
ornamentation, substratum preferences, morphology of 
anamorph and ubiquinone system. In Fig. 1, each sub- 
clade corresponds to a family of the Onygenales, except 
for the Onygenaceae. It is remarkable that, despite their 
morphological differences, Apinisia, IVannizziopsis and 
Shanorella in the Onygenaceae (Onygenaceae 2) are 
close relatives of the Arthrodermataceae. The arthro- 
dermataceous taxa are characterized by their smooth 
surface ascospores and multiseptate macroconidia, and 
they are easily distinguishable from the onygenaceous 
taxa. This clade (Onygenaceae 2) is the third lineage to 
be newly found in the Onygenaceae by molecular tech- 
niques. Re-evaluation of the phenotypic characters of 
these clades is therefore required for the phylogenetic 
classification of the onygenaceous taxa. 

LSU and SSU rDNA analyses showed different tree 
topologies related to the Gymnoascaceae. The phylo- 
genetic tree derived by LSU rDNA analysis indicated that 
the Gymnoascaceae is the latest diversified lineage in 
the Onygenales, whereas SSU rDNA analysis indicated 
that it is the earliest (Sugiyama et al., 1999). The BP 
values for clade lib were more reliable in the LSU rDNA 
analysis (96~ in N J; 92~ in MP) than in the SSU rDNA 
analysis (less than 50~ However, the BP values of the 
nodes between the Gymnoascaceae, the Amauroas- 
caceae and the Onygenaceae (Onygenaceae 3) were still 
insufficient in this study. Therefore, further phylogene- 
tic studies based on other genes or alternate analysis 
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methods are needed to confirm the t ime course of their 
diversif ication. 

As already ment ioned, Vidal et al. (2000) analyzed 
the phylogenet ic relationships of the genus Chrysospo- 
rium with major onygenalean taxa by ITS1-5.8S-ITS2 
rDNA sequences. Their phylogenet ic trees exhibi ted 
good correspondence wi th the trees based on the SSU 
rDNA sequences (Sugiyama et al., 1999) and the LSU 
rDNA sequences in this study, w i th  the except ion of the 
posit ions of Nannizziopsis albicans and Pectinotrichum 
Ilanense. Their result for P, /lanense was part icularly 
interesting, because the taxon was clustered wi th the 
arthrodermataceous taxa. We are now examining the 
rDNA sequences and morphology of two  other strains of 
P. Ilanense and Nanniziopsis albicans NRRL 5441 in order 
to confirm their phylogenet ic posit ions. 
Phylogenetic relationships among the onygenalean taxa 
w i th  helicoid peridial appendages Several taxa in the 
Onygenales are known to produce helicoid peridial ap- 
pendages on their ascomata similar to Ajellomyces and 
Spiromastix. These are Arthroderma Currey ex Berkeley 
emend. Weitzman, McGinnis, Padhye & Ajello, Apinisia 
La Touche, Polytolypa Scott & Malloch, Shanorella 
Benjamin and Uncinocarpus Sigler & Orr (only U. queens- 
landicus (Apinis & R. G. Rees) Sigler). These taxa have 
been discussed together  (Orr, 1976;  Currah, 1988;  
Guarro and Cano, 1991) or wi th  the taxa forming un- 
cinate peridial appendages (Scott et al., 1993). 

Our tree showed that the taxa forming helicoid 
peridial appendages were localized to clade Ila and the 
subclade that included the Onygenaceae 3 and the Ar- 
throdermataceae (Fig. 1). The tree also suggested that 
clade Ila was the earliest di f ferent iated lineage from the 
rest of the Onygenales. We can therefore presume that, 
in the Onygenales, these appendages are plesiomorphic. 
However,  Currah (1985) stated that reduced or mesh-like 
peridia were found in all four famil ies of the Onygenales, 
and proposed that these structures were developed in- 
dependent ly as an adaptat ion to similar environmental  
condit ions, such as animal-dependent dispersal. If this 
is so, the helicoid peridial appendages are also derived 
from convergence evolut ion,  al though their nutr i t ional 
strategy and habitats of these taxa are diversif ied (non- 
pathogenic, dermatophyt ic,  or systemic to animal or- 
gans). 

In Fig. 2, each subclade is characterized by morpho- 
logical differences in the peridial appendages. The taxa 
in the clade Ila-1 form long, slender appendages that are 
not coiled, but that sometimes contain apical curves. 
Spiromastix tentaculatum forms wider appendages than 
those of clade Ila-1. The taxa in clade Ila-3 form long, 
wavy  or loosely helical appendages. Typical spiral 
appendages are characterist ic in clade Ila-4. Thus, the 
peridial appendages in clade Ila show a series of develop- 
ments that reflects its phylogenet ic structure. The 
topo logy of the tree also suggests that the long, slender 
appendages in clade Ila-1 are the most ancestral form. 
Consequent ly,  helicoid peridial appendages produced on 
the ascomata of the onygenalean taxa like Spiromastix 
are apomorphic in clade Ila and acquired independent ly in 

both clade Ila and clade lib after these clades were diver- 
sified. 

In conclusion, LSU rDNA sequence analyses of the 
onygenalean taxa showed a strong association between 
the non-pathogenic genus Spiromastix and the pathogen- 
ic genera Ajellomyces and Paracoccidioides. It is also 
suggested that  the helicoid peridial appendages are apo- 
morphic in the Onygenales and evolved independent ly in 
clade Ila and clade lib. The phylogenet ic structure of 
this order is coincident w i th  current classif ication sys- 
tems of the Onygenales by Currah (1985) and Udagawa 
(1997) except  for the Onygenaceae. The onygenaceous 
taxa are polyphylet ic,  and at least three independent line- 
ages are recognized. Further new species explorat ion, 
phylogenet ic studies based on other genes and the cladis- 
tic re-evaluation of their phenotypic characters wil l be 
needed to establish a new classif ication system in the 
Onygenales. 
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