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Abstract

The genus Kockiozyma was introduced as the ninth and the monotypic genus in the family
Lipomycetaceae. On the other hand, a number of anamorphic species were reported as
Myxozyma. This paper deals with the phylogenetic relationships between the teleomorphic
species, Kockiozyma suomiensis and the anamorphic species. To constitute a taxonomic-
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homogeneous-natured genus, 1) the several species concerned have to be tightly coupled
with one another phylogenetically. 2) To make the several species tightly coupled, the
branch lengths have to be short or the calculated sequence similarities have to be 98% or
more in the 18S rRNA gene sequences among the species. Thus, the following seven
Myxozyma species were accommodated to the genus Kockiozyma as Kockiozyma geophila
f.a., Kockiozyma sirexii f.a., Kockiozyma neotropica f.a., Kockiozyma vanderwaltii f.a.,
Kockiozyma mucilagina f.a., Kockiozyma neglecta f.a. and Kockiozyma melibiosi f.a.

Supplementary Abstract

The genus Kockiozyma Jindamorakot, Yukphan et Yamada (2012)

1) Kockiozyma suomienesis (Smitth, van der Walt et Yamada) Jindamorakot, Yukphan et Yamada
(2012)

2) Kockiozyma melibiosi f.a. (Shifrine et Phaff) Vu, Yukphan, Tanasupawat et Yamada (2022)

3) Kockiozyma mucilagina f.a. (Phaff, Starmer, Miranda et Miller) Vu, Yukphan, Tanasupawat et Yamada
(2022)

4) Kockiozyma geophila f.a. (van der Walt, Yamada et Nakase) Yamada, Vu, Yukphan et Tanasupawat
(2022)

5) Kockiozyma sirexii f.a. (Spaaij et Weber) Yamada, Vu, Yukphan et Tanasupawat (2022)

6) Kockiozyma neotropica f.a. (Spaaij et Weber) Vu, Yukphan, Tanasupawat et Yamada (2022)

7) Kockiozyma vanderwaltii f.a. (Spaaij, Weber et Smith) Vu, Yukphan, Tanasupawat et Yamada (2022)

8) Kockiozyma neglecta f.a. (Spaaij, van der Walt et Weber-Spaaij) Vu, Yukphan, Tanasupawat et Yamada
(2022)

The genus Kockiozyma Jindamorakot, Yukphan et Yamada (2012)
1) Kockiozyma suomienesis (Smitth, van der Walt et Yamada) Jindamorakot, Yukphan et Yamada
(2012)
The genus Myxozyma van der Walt, Weijman et von Arx (1981)
2) Myxozyma melibiosi (Shifrine et Phaff) van der Walt, Weijman et von Arx (1981)
3) Mixozyma mucilagina (Phaff, Starmer, Miranda et Miller) van der Walt, Weijman et von Arx (1981)
4) Myxozyma geophila van der Walt, Yamada et Nakase (1987)
5) Myxozyma sirexii Spaaij et Weber (1990)
6) Myxozyma neotropica Spaaij et Weber (1992)
7) Myxozyma vanderwaltii Spaaij, Weber et Smith (1992)
8) Myxozyma neglecta Spaaij, van der Walt et Weber-Spaaij (1998)

The three phylogenetic trees based on the concatenated four-gene sequences comprised
of 18S rRNA, 26S rRNA, mitochondrial small subunit rRNA and EF-1a were

2
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constructed for the Lipomycetaceous yeasts by the neighbour-joining, the maximum
parsimony and the maximum likelihood methods (Jindamorakot et al. 2012). In the three,
the Lipomyces species and the Dipodascopsis species newly designated by Kurtzman et al.
(2007) were not tightly coupled with one another but loosely coupled and changed their
phylogenetic positions in the trees. In contrast, the phylogenetic positions of Zygozyma
suomiensis (= Lipomyces suomiensis) and its related anamorphic species were not changed
in their topology, as found in the species within the genus Lipomyces sensu stricto.

In the five phylogenetic trees based on the 18S rRNA gene (1,627 bases), 26S rRNA
gene (3,147 bases), mitochondrial small subunit rRNA gene (155 bases), EF-1a gene
(662 bases) and concatenated four-gene sequences for Zygozyma and Myxozyma species
derived from the neighbour-joining method, Zygozyma suomiensis and its related seven
Myxozyma species produced a common cluster, respectively (Jindamorakot et al. 2012).

The genus Kockiozyma Jindamorakot et al. was introduced in the family Lipomyceta-
ceae as the ninth and monotypic genus for Zygozyma suomiensis in the family Lipo-
mycetaceae (Jindamorakot et al. 2012). The only teleomorphic species, Kockiozyma
suomiensis was characterized by ubiquinone-8 (Q-8 or Q8), along with Zygozyma
oligophaga (van der Walt et al. 1987; Smith et al. 1989). On the other hand, the several
anamorphic species that were equipped with Q-8 were additionally reported within the
genus Myxozyma (Kurtzman and Smith 2011).

This paper is concerned with the phylogenetic relationships between Kockiozyma
suomiensis and the several anamorphic Myxozyma species using the 18S rRNA gene
sequences. As a result, the generic name of Kockiozyma was given to the seven Myxozyma
species equipped with Q-8 and showing 98% or more pair-wise sequence similarities.

All the sequence data were cited from Kurtzman et al. (2007) and Kurtzman (2003).
The 18S rRNA gene sequences were aligned either indivisually or totally, as described
previously (Jindamorakot et al 2012).

In the 18S rRNA gene sequences, the seven Myxozyma species showed very high pair-
wise sequence similarities (99.8 - 98.7%) to Kockiozyma suomiensis; Myxozyma geophila,
Myxozyma sirexii, Myxozyma neotropica, Myxozyma vanderwltii, Myxozyma mucilagina,
Myxozyma neglecta and Myxozyma melibiosi (Table 1). They were all Q8-equipped
without any exception and were included in the cluster of Kockiozyma suomiensis (Fig. 1).

The other Q8-equipped Myxozyma species were three; Myxozyma monticola (95.7%),
Myxozyma kluyveri (96.50%) and Myxozyma udenii (96.5%) (data not shown). The
remaining two Myxozyma species were Q9-equipped; Myxozyma lipomycoides (96.3%)
and Myxozyma nipponensis (95.0%) (data not shown). Zygozyma oligophaga and

3
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Myxozyma monticola constituted a different cluster from Kockiozyma suomiensis. The
calculated pair-wise sequence similarity was 95.0% between the two species (data not
shown), indicating that the species could not constitute the common teleomorphic genus
Zygozyma along with Zigozyma oligophaga.

In the assimilation of carbon sources for growth, Kockiozyma suomiens and the seven
Myxozyma species on the whole represented a similar pattern to one another, except for
Myxozyma neotropica. Especially, there were few species assimilating trehalose (Table 1).
In contrast, Myxozyma monticola utilized a relatively large number of carbon sauces, e.g.,
trehalose and L-rhamnose. On the other hand, there were a few of carbon sources
assimilated by Zygozyma oligophaga, e.g., glucose, galactose, glycerol, galactitol and D-
glucitol.

To constitute a taxonomic-homogeneous natured genus, 1) the several species
concerned have to be tightly coupled with one another phylogenetically. 2) To make the
several species tightly coupled, the branch lengths have to be short in the phylogenetic tree
or the calculated sequence similarities have to be 98% or more among the species in the
18S rRNA gene sequences (Yamada et al. 2022; Vu et al. 2021, 2022).

From the results obtained above, the following new combinations are introduced in the
genus (Lachance 2012; Yamada et al. 2022).

The genus Kockiozyma Jindamorakot, Yukphan et Yamada (MB 587737)

1. Kockiozyma suomieneis (Smith, van der Walt et Yamada) Jindamorakot, Yukphan et
Yamada (2012) MB 587754
Basionym: Zygozyma suomiensis Smith, van der Walt et Yamada (1990)
Synonym. Lipomyces suomiensis (Smith, van der Walt et Yamada) Kurtzman,
Albertyn et Basehoar-Powers (2007).
2. Kockiozyma melibiosi f.a. (Shifrine et Phaff) comb. nov.
Basionym: Torulopsis melibiosum Shifrine et Phaff, Mycologia, 41: 53, 1956.
Synonym: Myxozyma melibiosi (Shifrine et Phaff) van der Walt, Weijman et von Arx
(1981)
The type strain is CBS 2102.
MycoBank number is ///////].
3. Kockiozyma mucilagina f.a. (Phaft, Starmer, Miranda et Miller) comb. nov.
Basionym: Candida mucilagina Phaff, Starmer, Miranda et Miller, Int. J. Syst.
Bacteriol. 30: 598 (1980).
Synonym: Myxozyma mucilagina (Phaff, Starmer, Miranda et Miller) van der Walt,
Weijman et Miller (1981).
The type strain is CBS 7071.
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MycoBank number is //////.
4. Kockiozyma geophila f.a. (van der Walt, Yamada et Nakase) Yamada, Vu, Yukphan et
Tanasupawat (2022)
Basionym: Myxozyma geophila van der Walt, Yamada et Nakase (1987).
5. Kockiozyma sirexii f.a. (Spaaij et Weber) Yamada, Vu, Yukphan et Tanasupawat
(2022)
Basionym: Myxozyma sirexii Spaaij et Weber (1992).
6. Kockiozyma neotropica f.a. (Spaaij et Weber) comb. nov.
Basionym: Myxozyma neotropica f.a. Spaaij et Weber, Antonie van Leeuwenhoek,
62: 263, 1992
The type strain is CBS 7953.
MycoBank number is ////.
7. Kockiozyma vanderwaltii f.a. (Spaaij, Weber et Smith) comb. nov.
Basionym: Myxozyma vanderwaltii Spaaij, Weber et Smith, Antonie van
Leeuwenhoek 63: 19, 1993.
The type strain is CBS 7793.
MycoBank number is /////.
8. Kockiozyma neglecta f.a. (Spaaij, van der Walt et Weber-Spaaij) comb. nov.
Basionym: Myxozyma vanderwaltii Spaaij, van der Walt et Weber-Spaaij, Antonie
van Leeuwenhoek 73: 144, 1998.
The type strain is CBS 7058.
MycoBank numbrt is /////.

Yamazaki et al. (2020) reported 12 anamorphic Lipomyces species. Considering the
phylogenetic positions of the species, the six species are to be accommodated to the genus
Kockiozyma as Kockiozyma kiyosumica f.a., Kockiozyma yaeyamensis f.a., Kockiozyma
takeshimensis f.a., Kockiozyma haiminakanus f.a., Kockiozyma chibensis f.a. and
Kockiozyma iriomotensis f.a. (Yamada et al. 2022).
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Table 1. The phylogenetic and the phenotypic characteristics of Kockiozyma suomiensis and its related Myxozyma species.

Species 1 2 3 4 5 6 7 8 9 10

Sequence similar- | 100 99.4 99.8 99.5 99.2 98.7 98.7 99.6 95.7 94.7
ity (%0)*

Assimilation of

carbon source?*
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Sucrose - +w -
Raffinose - - -
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L-Rhamnose
D-Xylose
L-Arabinose
D-Arabiinose
D-Ribose
Glycerol
Erythritol
Ribitol
Galactitol -
D-Mannitol +
D-Glucitol +

+
+
n
n
+
+
"

+
+

+

!

!

<+
[

+ 4+ +++ +

+ 4w o< 4o

+ 4+ < o+

' I

e

A<
.

+ +
+
+
+ +
+ +

+ o+ o+

+
o+
e e
<t
<<+t +
e R
e e

S e e
e i S o S SR S S
'

+
+
+
+
+
+

+
+
'
w
'
'
+

w/-
s

+ v + +
+ '

'

'

'
+ @«

+

+
+
'

+

Pair-wise sequence similarities between K. suomiensis and the respective species in the 18S rRNA gene sequences (1,627 bases)
(Jindamraakot et al. 2012)
2* Assimilation of carbon sources for growth (cited from Smith and Kurtzman 2011 and Kurtzman and Smith 2011).
1. Kockiozyma suomiensis; 2. Myxozyma geophila; 3. Myxozyma sirexii; 4. Myxozyma neotropica; 5. Myxozyma vanderwitii; 6.
222 Myxozyma mucilagina; 7. Myxozyma neglecta; 8. Myxozyma melibiosi; 9. Myxozyma monticola; 10. Zygozyma oligophaga.

223
224
225
226
227
228
229
230
231
232
233
234
235
236
237




238
239
240
241

242
243
244
245

Kockiozyma sirexii f.a. NRRL-Y-27626* (DQ519025)

33| L Kockiozyma suomiensis NRRL Y-17356" (DQ519031)

56 Kockiozyma melibiosif.a. NRRL Y-117817 (DQ519019)
Kockiozyma geophila f.a. NRRL Y-172527 (DQ519016)
Kockiozyma mucilagina f.a. NRRL Y-11823T (DQ519021)
| Kockiozyma neglecta f.a. NRRL Y-27508" (DQ519022)
31 64|, Kockiozyma neotropica f.a. NRRL Y-17859* (DQ519023)

- 62 _Kockiozyma vanderwaltii f.a. NRRL Y-177277 (DQ519027)

Zygozyma arxiiNRRL Y-179217 (DQ519028)

29, Zygozyma smithiae NRRL Y-179227 (DQ519030)
43 Myxozyma kiuyveriNRRL Y-172777 (DQ519017)
vy 82 Myxozyma udenii NRRL Y-173877 (DQ519026)
— Myxozyma lipomycoides NRRL Y-17253T(DQ519018)
87 Myxozyma nipponensis NRRL Y-27625A (DQ519024)

Myxozyma monticola NRRL Y-177267 (DQ519020)
Zygozyma oligophaga NRRL Y-172477 (DQ519029)
Saccharomyces cerevisiae NRRL Y-12632NT (Z75578)

KI’\UC
0.01

Fig. 1. The phylogenetic tree based on the 18S rRNA gene sequences derived from the
neighbour-joining method (Jindamorakot et al. 2012).



