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Abstract Two strains, GT-165" and GT-261, iso-
lated from plant leaves collected from Gutian Moun-
tain in Zhejiang province in China were identified as a
novel species of the genus Kondoa by the sequence
analysis of the internal transcribed spacer (ITS)
region, the D1/D2 domains of the large subunit of
rRNA (LSU rRNA) and the RNA polymerase II
second largest subunit (RPB2), complemented by
physiological tests. Phylogenetic analysis based on the
concatenated sequences of ITS, D1/D2 and RPB2
showed that the closest known relatives of the new
species are three undescribed Kondoa species and
Kondoa thailandica. The ITS and D1/D2 sequences of
the new species differ from the closely related species
by 11-22% and 2-9%, respectively. The name
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Kondoa gutianensis f.a. sp. nov. (MB 820648, holo-
type = CGMCC 2.5703"; isotype: CBS 148117 =
CGMCC 2.5703") is proposed to accommodate the
new taxon.
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Introduction

The genus Kondoa Y. Yamada, Nakagawa & Banno
was erected to accommodate a single species, Kondoa
malvinella (Fell & Hunter) Y. Yamada, Nakagawa &
Banno, which was transferred from the genus Rho-
dosporidium Banno based on significant differences in
the 5S and 26S rRNA nucleotide sequences to
Rhodosporidium toruloides, the type species of the
genus (Yamada et al. 1989, 1990). This species was
later reinvestigated and it was concluded that telios-
pores were not produced. Another trait differing from
typical Rhodosporidium species was the production of
forcibly discharged basidiospores. A new species,
Kondoa aeria, was proposed simultaneously (Fonseca
et al. 2000). Phylogenetic analyses based on rRNA
gene sequences indicated that some species of the
anamorphic genus Bensingtonia and the Kondoa
species formed a monophyletic group with strong
statistical support (Nakase and Suzuki 1987, 1988;
Van der Walt et al. 1989; Fungsin et al. 2001; Wang
et al. 2003; Bauer et al. 2006). The family Kondoaceae

@ Springer


http://orcid.org/0000-0002-6227-1987
http://dx.doi.org/10.1007/s10482-017-0936-1
http://crossmark.crossref.org/dialog/?doi=10.1007/s10482-017-0936-1&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10482-017-0936-1&amp;domain=pdf
https://doi.org/10.1007/s10482-017-0936-1

156

Antonie van Leeuwenhoek (2018) 111:155-160

was then proposed for this group which belongs to
Agaricostilbomycetes, Pucciniomycotina (Bauer et al.
2006). Recently, the basidiomycetous yeasts in Puc-
ciniomycotina were reclassified based on multigene
phylogeny and the two genera Kondoa and Bensing-
tonia in Kondoaceae were emended (Wang et al.
2015a, b). The genus Kondoa was expanded to include
nine species, including seven anamorphic species,
namely K. changbaiensis, K. miscanthi, K. phyllada,
K. sorbi, K. subrosea, K. thailandica and K. yuccicola
that previously belonged to the genus Bensingtonia
(Wang et al. 2015b). In a survey of phylloplane yeast
diversity in subtropical evergreen broad-leaved forest
of China, 49 leaf samples were collected in Gutian
Mountain, Zhejiang Province in July 2010. Approx-
imately 800 strains were isolated from those samples
and classified into 52 known species of 31 genera. One
novel Kondoa species represented by two strains was
identified. The name Kondoa gutianensis f.a. sp. nov.
is proposed.

Materials and methods

The two yeast strains, GT-165" and GT-261, belonging
to a novel species were isolated from plant leaves of
Uncaria rhynchophylla and Sapium sebiferum, respec-
tively, using the improved ballistoconidia-fall method
described by Nakase and Takashima (1993). They
were collected from Gutian Mountain (29°10'19.4""—
29°1741.4"N, 118°03’49.7"-118°11"12.2"E; annual
precipitation 1963.7 mm; annual average temperature
15.3 °C), Zhejiang Province, China. The phenotypic
and physiological characters were examined according
to the standard methods used in yeast taxonomy
(Kurtzman et al. 2011).

Genomic DNA was extracted from yeast cells that
were actively growing on YPD medium following the
protocol described by Makimura et al. (1994). The
E.Z.N.A.® Gel Extraction Kit (Omega Bio-tek, USA)
was used when high quality DNA templates were
required for PCR amplification of protein genes. The
ITS region (including the 5.8S rRNA gene) and D1/D2
domains of the LSU rRNA gene were amplified using
the protocols described previously (Bai et al. 2002).
The RPB2 genes were amplified and sequenced
according to Liu et al. (2015).

Multiple sequences alignment was performed using
MAFFT version 7 and the G-INS-I option (Standley
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2013). Maximum likelihood (ML) and Bayesian
analyses were conducted for separate and combined
nucleotide sequences using RAxML v8.1.X (Sta-
matakis 2014) with 1000 bootstrap replicates and
MrBayes 3.2.2 (Ronquist et al. 2012) with 5 million
generations, respectively. The best-fit evolution model
was analysed with jModeltest (Posada 2008), and
TIM2 + I + G model was suggested as the best
model for the combined sequences. The sequence
divergences were calculated using DnaSP v5.10
(Librado and Rozas 2009). The GenBank accession
numbers for the sequences of the ITS region, D1/D2
domain and RPB2 determined in this study are
KY767666-KY767669, respectively.

Results and discussion
Phylogenetic analysis

The two strains, GT-165" and GT-261, isolated from
different plant leaves possessed identical D1/D2 and
RPB?2 gene sequences, and differed from each other by
one substitution in the ITS region. The BLAST search
of the D1/D2 and ITS sequence against the GenBank
database revealed that the closest hits are three
undescribed Kondoa strains, namely TUB ZP352,
CBS8379 and AS483, with similarity below 98 and
86%, respectively. Phylogenetic analyses were done
based on single and concatenated sequences of the
ITS, D1/D2 and RPB?2 genes from the new strains and
type strains of related taxa using maximum likelihood
and Bayesian inference algorithms (Figs. 1, S1).
These two strains were located in the genus Kondoa,
Kondoaceae of Agaricostilbales (Fig. 1; Wang et al.
2015b). They were found to be closely related to three
undescribed Kondoa species represented by strains AS
483, CBS 8379 and TUB ZP352. GT-165" differed
from CBS 8379 and AS 483 by 15 nucleotides (nt) in
the D1/D2 domain, and differed from strain TUB
ZP352 by 14 nt. More than 11% nucleotide mis-
matches was found in the ITS region between GT-
165" and Kondoa sp. ‘myxariophila® CBS 8379.
Among the described species, strain GT-165" was
most closely related to K. thailandica, but differed
from the type strain of the latter by 9% and 22%
nucleotide mismatches in the D1/D2 and ITS
sequences, respectively. These results suggest that
the two new strains represent a novel Kondoa species,
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Kondoa aeria CBS 83527 (AF444562/AF189901/KJ708172)

66/nm Kondoa malvinella CGMCC 2.01946T (AF444498/AF189903/KJ708173)

100/1.0

Kondoa sorbi CGMCC 2.02303T (AY233343/AY233345/KJ708156)
Kondoa changbaiensis CGMCC 2.02310T (AY233339/AY233341/KJ708147)
Kondoa yuccicola JCM 62517 (AF444518/AF189897/KJ708161)

52/n 100/1.0 Kondoa miscanthi JCM 57337 (AF444516/AF 189891/KJ708149)

Kondoa subrosea JCM 57357 (AF444565/AF 189895/KJ708157)

Kondoa phyllada JCM 74767 (AF444514/AF189894/KJ708152)
100/1.0 Kondoa sp. TUB ZP352 (AY512854)

100/1.9

99/1.

0.1 100/1.0

Fig. 1 The phylogenetic relationships of the novel species
Kondoa gutianensis f.a. with related taxa in Agaricostilbales.
The tree backbone was constructed using maximum likelihood
analysis of the combined sequences of the ITS region (including
5.8S rRNA), LSU rRNA D1/D2 domains and RPB2 genes.

for which the name Kondoa gutianensis f.a. sp. nov. is
proposed.

Morphology, physiology and ecology

These two strains formed cream and butyrous colonies
like other Kondoa species. Ballistoconidia were
formed. Sexual structures were not observed in the
cultures of single strains or mixed strains on CMA agar.
The novel species can be distinguished from theclosely
related taxon K. thailandica by the ability to utilize
ethanol, citrate, inulin, DL-lactic acid, melibiose,
raffinose, ribitol, salicin, soluble starch, succinic acid
and nitrite (Table 1). In addition, the novel species can
grow in vitamin-free medium, unlike the other Kondoa
species. Thus we propose these two strains as a new
species, namely Kondoa gutianensis f.a. sp. nov.
Plant leaves have been found to be the main habitat of
Kondoa species (Nakase and Suzuki 1987, 1988; Van
der Walt et al. 1989; Fungsin et al. 2001; Wang et al.

98/1.0 Kondoa sp. ‘myxariophilla’ CBS 8379 (AF444596/AF189904)

100/1.0 Kondoa sp. AS 483. (FN428954)

M{Kondoa gutianensis f.a. CGMCC 2.5704 (KY767667/KY767669)

92/0.9 Kondoa gutianensis f.a. CGMCC 2.5703 (KY767666/KY767668)

~_ Kondoa thailandica JCM 10651T (AB040114/EF384207/KJ708159)

Bensingtonia naganoensis JCM 59787 (AF444558/AF189893/KJ708151)

Bensingtonia rectispora CGMCC 2.02635T (JN620351/JN620351)

Bensingtonia pseudonaganoensis CGMCC 2.02601T (DQ224375/DQ224374/KJ708153)

Bensingtonia bomiensis CGMCC 2.02670T (JN620355/JN620355)

Bensingtonia ciliata CGMCC 2.019457 (AF444563/AF189887/KF706536)

95/14_0'1 Sterigmatomyces pulcherrimum FO 29365 (GU291274/GU291289/FJ623647)

Sterigmatomyces hyphaenes CBS 7811 (AF444553/AF177406/KJ708145)

100/1 q Sterigmatomyces acuta JCM 1602 (AB038053/KP216512/KJ708208)
Sterigmatomyces elviae JCM 18227 (AF444551/AF177415/KJ708345)

10011.0 ——— Sterigmatomyces halophilus CGMCC 2.01935T (AF444556/AF177416)

Eseudobensingtonia ingoldii JCM 74457 (AF444519/AF 189888/KJ708148)

92/1.0 Pseudobensingtonia musae JCM 8801T (AF444569/AF 189892/KJ708150)

Ruinenia rubra CGMCC 2.01958T (AF444550/AF189992)

Jianyunia sakaguchii JCM 100477 (AF444626/AF363646/KJ708155)

Bootstrap percentages (BP) over 50% from 1000 replicates and
posterior probabilities (PP) of Bayesian inference above 0.9 are
shown respectively from left to right. Note: ns not supported (BP
< 50% or BP < 0.9); nm not monophyletic

2003). Kondoa species also appear in marine environ-
ments (Fell 1970; Laurenavichene et al. 1989; Fonseca
et al. 2000). The two strains of the novel species were
isolated from plant leaves in a subtropical evergreen
broad-leaved forest of southeast China. Kondoa gutia-
nensis f.a. sp. nov. seems to be a rare member of the
yeast community in the phyllosphere. These two strains
were only isolated from two samples of 49 different
plant leaf samples in our investigation. From the plant
leaf yielding the strains GT-165" and GT-261, a total of
98 and 20 yeast strains belonging to 12 and 3 described
species were isolated, respectively. More than half of the
strains were classified as Sporobolomyces carnicolor in
these two plant leave samples. The following yeast
species were isolated as well, namely Bannoa oga-
sawarensis, Bullera alba, Bulleribasidium pseudovari-
abilis, Derxomyces mrakii, Derxomyces
pseudoschimicola, Derxomyces ginlingensis, Dioszegia
zsoltii, Rhodotorula mucilaginosa, Saitozyma pod-
zolica, Sporobolomyces koalae and Vanrija humicola.
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Table 1 Physiological properties of the Kondoa species and closely related taxa

1 2 3° 4¢ 5¢ 6° 7 8¢ 9" 10°
Assimilation of carbon compounds
D-galactose I/w \ — + 1 - 1 — — —
Melibiose - + — — - — — — 1 —
Melezitose + + — — — — — _ _ +
Raffinose — + + I/w + 1 - v 1 -
L-arabinose w — v v 1w — — — — _
L-rhamnose - — + - — _ — _ _ 4
Ethanol + — v — — — _ _ _ 4
Ribitol 1 — N + Iw Iw /lw + + +
Citrate — + v + - - Iw — + -
pL-lactic - v + 1 — _ _ v 1 _
acid
Succinic — + + + — _ S + + +
acid
Salicin + — + + — — — W _ 4
Inulin + — - — — 1w — — _ _
Soluble - + + + - 1 - 1 - -
starch
Assimilation of nitrogen compounds
Nitrate + + + 1 — + + _ W +
Nitrite - + + v — + + _ W +
Other test
Vitamin-free + — — — — _ _ _ _ _

Species: 1, Kondoa gutianensis f.a. sp. nov.; 2, K. thailandica; 3, K. malvinella; 4, K. aeria; 5, K. sorbi; 6, K. changbaiensis; 7,

K. yuccicola; 8, K. subrosea; 9, K. miscanthi; 10, K. phyllada

+ positive, [ delayed positive, w weakly positive, /w delayed and weakly positive, s slow positive, — negative, v variable

? Results taken from Fungsin et al. (2001)

® Results taken from Fonseca (2011)

¢ Results taken from Fonseca et al. (2000)

4 Results taken from Wang et al. (2003)

¢ Results taken from Wang et al. (2003)

f Results taken from Nakase and Suzuki (1988)
¢ Results taken from Nakase and Suzuki (1987)
" Results taken from Nakase and Suzuki (1987)
! Results taken from Van der Walt et al. (1989)

Description of Kondoa gutianensis X.-Z. Liu, F.-
Y. Bai, M. Groenew. & T. Boekhout sp. nov.,
MycoBank number MB 820648

Etymology: The specific epithet gutianensis (gu.-
tian.en’sis. N.L. fem. adj.) refers to the geographical
origin of the type strain of this species.

After 8 days of growth on YM agar at 20 °C, cells
are ellipsoidal or cylindrical, 2.0-5.0 pm x
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6.0-9.0 um (Fig. 2a), and occur singly. Budding is
polar. The streak culture is cream-coloured, butyrous,
shiny, somewhat slimy with a smooth surface and an
entire margin. In Dalmau plate culture on corn meal
agar, septate hyphae are formed (Fig. 2b). No clamp
connections are observed. Ballistoconidia are pro-
duced on CMA agar and are reniform or allantoid,
2.0-4.5 pm x 5.5-10.0 pm (Fig. 2c¢). Fermentation
of glucose is negative. Glucose, galactose (delayed or
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Fig. 2 Morphology of Kondoa gutianensis f.a. CGMCC 2.5703". a Vegetative cells grown on YM agar for 8 days at 20 °C; b septate
hyphae grown on CMA agar for 8 days at 20 °C; ¢ ballistoconidia produced on corn meal agar for 8 days at 20 °C, bars 10 pm

weak), L-sorbose (variable), cellobiose (variable),
maltose, sucrose, trehalose, melezitose, D-arabinose
(variable), L-arabinose (weak), D-xylose (variable),
ethanol, galactitol (variable), p-glucitol (delayed),
glycerol, p-mannitol (delayed), ribitol (delayed), o-
methyl-p-glucoside (variable), salicin and inulin are
assimilated. Lactose, melibiose, raffinose, p-ribose, L-
rhamnose, erythritol, inositol, methanol, citrate, p-
glucuronic acid, pr-lactic acid, succinic acid, D-
glucosamine, hexadecane and soluble starch are not
assimilated. Ammonium sulfate and potassium nitrate
are assimilated. Sodium nitrite, L-lysine, ethylamine
hydrochloride and cadaverine dihydrochloride are not
assimilated. Growth in vitamin-free medium is posi-
tive. Starch-like compounds are not produced. Urease
activity is positive. Diazonium Blue B reaction is
positive. Growth at 25 and 30 °C is positive and at
32 °C is negative. Sexual structures are not observed
in the cultures of single strains or mixed strains on
CMA agar. The holotype strain, GT-165T, was
isolated from a leaf of Uncaria rhynchophylla col-
lected in Gutian Mountain, Zhejiang Province, China
in July 2010. This strain has been permanently
preserved in a metabolically inactive state in the
China Collection Center (CGMCC), Academia Sinica,
Beijing, China (CGMCC 2.5703") as lyophilized
culture. The isotype culture: CBS 14811T7 = CGMCC
2.5703".
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