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Abstract

Floral yeasts are generally recognized to exhibit high metabolic activities. We isolated
437 yeast strains from 45 flower samples collected from different plants in the Beijing
Olympic Forest Park, a unique urban ecosystem harboring diverse plants, which facilitated
a thorough survey of floral yeast diversity. Based on a sequence analysis of the D1/D2
domain of the large subunit ribosomal RNA gene (LSU rRNA) and the internal transcribed
spacer region (ITS), these strains were assigned to 69 species, with Filobasidium magnum,
Starmerella bombicola, Teunia globosa, Aureobasidium pini, and Kwoniella ovata being the domi-
nant taxa. Ten representative strains were characterized comprehensively and identified as
two novel genera and four novel species. Integrating the molecular data, genome informa-
tion, and phenotypic/physiological traits, the ten novel yeast strains were described as six
novel yeast taxa, including two novel species of two novel genera, Fanglaniella lipolytica
gen. nov. sp. nov., Polychromogenomyces tardus gen. nov. sp. nov., and four novel species
as Pseudotremella jasmini sp. nov., Teunia pruni sp. nov., Kurtzmanomyces yulaniae sp. nov.,
and Trigonosporomyces otomorphus sp. nov. Furthermore, qualitative profiling of the lipolytic
activity across all six novel taxa was conducted using Tween 20 and Tween 80 plate cul-
ture assays, and the lipolytic functional genes were subsequently predicted. Our findings
highlighted the high diversity of flower-inhabitant yeast strains and the potential lipolytic
activity of floral yeasts.
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1. Introduction

Lipolytic enzymes are hydrolytic biocatalysts with extensive applications across di-
verse industrial fields [1,2]. They primarily catalyze the hydrolysis of ester bonds in
long-chain acylglycerols at the oil-water interface. Lipolytic activity can be widely pro-
duced by plants, animals, and microorganisms [3]. Notably, microbial lipolytic enzymes
are more suitable for industrial use than their plant and animal counterparts, owing to their
high yield, easy genetic manipulation, versatile catalytic properties, and year-round stable
supply unaffected by seasonal fluctuations [4].

Fungi secrete lipolytic enzymes to utilize lipid substrates in their natural habitats. As
ubiquitous enzymes, lipolytic enzymes exhibit distinct substrate specificity and strong
stability across diverse physicochemical conditions, making them highly valuable for
industrial exploitation [5]. Furthermore, many fungal lipolytic enzymes are secreted
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extracellularly, which reduces production costs and renders fungi superior to bacteria as
industrial enzyme sources. Lipolytic enzymes from ascomycetous yeasts, including Candida
rugosa, Candida albicans, Candida viswanathii, Yarrowia deformans or Yarrowia lipolytica, and
Pseudozyma antarctica have been extensively investigated [6-10].

Currently, microbial diversity associated with floral nectar has become a popular
research area, due to its great potential in biocontrol and pollination enhancement [11].
Floral microbiomes harbor a rich diversity of fungi and bacteria, which exert key functions
in plant-insect interactions [12-14]. Both culture-dependent and culture-independent
studies have revealed that the floral microbial community is dominated by a small number
of yeast and bacterial genera. Among nectar-specialized yeasts, Metschnikowia is the most
prevalent genus, followed by Starmerella and Wickerhamiella, all belonging to the phylum
Ascomycota. Specifically, Metschnikowia reukaufii is recognized as the most ubiquitous nectar
specialist across global ecosystems. Additionally, the generalist genera Aureobasidium
(Ascomycota) and Cryptococcus (Basidiomycota) are also widely present in nectar, yet generally
occur at lower abundances [15]. As nectar is an aqueous secretion containing high sugars,
as well as amino acids, vitamins, lipids, and alkaloids [16,17], flowers are considered to be
suitable biological substrates to isolate osmotolerant yeasts or lipolytic yeasts [17].

Herein, we isolated yeasts from floral samples collected throughout the Beijing
Olympic Forest Park. This work aimed to characterize the diversity of flower-colonizing
yeasts distributed in the park and to screen novel strains with valuable bioactive properties.
The recovered isolates will expand the germplasm resources of floral-resident yeasts and
provide promising candidates for the exploration of novel biocatalytic enzymes.

2. Materials and Methods
2.1. Sampling and Isolation of Yeast Strains

Flower samples were collected from the Beijing Olympic Forest Park, China
(40.0177° N, 116.3861° E) in April 2019 and April 2025. In total, 45 samples represent-
ing 21 flower species were acquired, including Yulania denudata, Yulania liliiflora, Jasminum
nudiflorum, Prunus persica Albo-plena’, Prunus persica ‘Kikumomo’, and Syringa oblata, as well
as other flower varieties. All samples were collected with sterile tools, placed into sterile
plastic bags, kept at 4 °C, and transported to the laboratory for immediate processing.

Approximately 5 g of petal or stamen samples were suspended in 100 mL of sterile
0.5% NaCl solution, vigorously shaken for 10 min, followed by soaking for 3 h. This
suspension was serially diluted to a concentration of 107>, and 200 pL aliquots were
plated onto yeast extract-malt extract (YM) agar plates (1% yeast extract, 2% malt extract,
0.4% glucose, and 2% agar) and potato dextrose agar (PDA, 0.4% potato extract, 2% glucose,
and 2% agar) plates. Each medium was supplemented with 100 ug/mL of ampicillin
and 100 ug/mL of streptomycin sulfate. The plates were incubated at 25 °C until visible
colonies formed. Different yeast morphotypes were purified by re-streaking on PDA
plates. The purified yeast strains were preserved at the China General Microbiological
Culture Collection Center (CGMCC), Beijing, China, using lyophilization (freeze-drying)
and cryopreservation in 10% glycerol at —80 °C.

2.2. Molecular Phylogenetic Analysis

Genomic DNA was extracted using a commercial DNA Extraction Kit (AirLab BioDev).
The D1/D2 domain of the large subunit (LSU) rRNA gene was amplified by PCR with
the primers NL1/NL4, following the protocol of Kurtzman and Robnett [18]. PCR was
performed with an initial predenaturation at 94 °C for 1 min, followed by 35 amplifica-
tion cycles consisting of denaturation at 94 °C for 1 min, annealing at 52 °C for 45 s, and
elongation at 72 °C for 45 s, with a final extension step at 72 °C for 5 min. The internal
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transcribed spacer (ITS) region was amplified using the primers ITS1 and ITS4 as described
by White et al. [19]. The PCR profile included an initial predenaturation at 95 °C for 5 min,
followed by 35 amplification cycles consisting of denaturation at 95 °C for 30 s, annealing
at 55 °C for 45 s, and elongation at 72 °C for 45 s, with a final extension step at 72 °C for
5 min [20]. All acquired sequences were subjected to BLAST searches against the Gen-
Bank database (https:/ /blast.ncbi.nlm.nih.gov; accessed on 5 February 2026). Reference
sequences of related type strains were retrieved from GenBank, aligned in MEGA 7.0 [21],
and manually edited as needed. Given intragenomic polymorphism within the fungal ITS
region [22], phylogenetic analyses of the novel strains were performed using the concate-
nated D1/D2 domain and ITS region, or the combined D1/D2 and ITS sequence datasets.
Phylogenetic trees were constructed using the maximum likelihood (ML) method [23] in
MEGA 7.0. Prior to the ML phylogenetic tree reconstruction, the best-fit evolution model
was determined via jModelTest using the Bayesian Information Criterion (BIC) [24]. Branch
support was assessed by bootstrap analysis with 1000 replicates [25]. Only bootstrap values
greater than 50% were displayed on the phylogenetic trees [26].

2.3. Whole Genome Sequencing and Annotation

Genome sequencing was performed on the Illumina NovaSeq X plus platform (Inc.,
San Diego, CA, USA) at Majorbio Science and Technology Ltd. (Beijing, China), employing
a paired-end sequencing approach. Raw reads were subjected to quality control prior
to de novo assembly with SOAPdenovo v2.0 (BGI Hong Kong Research Institute, Hong
Kong, China; http://soap.genomics.org.cn/soapdenovo.html, 14 May 2026). The com-
pleteness of the draft genome assemblies was assessed using CEGMA (UC Davis Genome
Center, Davis, CA, USA; http:/ /korflab.ucdavis.edu/datasets/cegma/, 14 May 2026). The
genomic DNA quality was verified via agarose gel electrophoresis and quantified using
a Nanophotometer NP80 Mobile (Implen GmbH, Munich, Germany). Qualified DNA
samples were sent to Majorbio Bio Ltd. (Beijing, China) for whole-genome sequencing.
DNA fragmentation was conducted using the Covaris M220 system (Covaris, Inc., Woburn,
MA, USA), and paired-end libraries were sequenced on the Illumina NovaSeq X Plus
platform. Raw reads were filtered with the NGS QC Toolkit v2.3 (National Institute of Plant
Genome Research, New Delhi, India; http:/ /www.nipgr.res.in/ngsqctoolkit.html, 14 May
2026) to remove vector and adapter sequences. Quality control criteria were defined as
follows: Phred quality score > 20, and over 80% of each read retained as high-quality bases.
Clean reads were then assembled de novo using SOAPdenovo v2.0 [27]. The complete-
ness of the draft genome assemblies was evaluated using both BUSCO v4 (University of
Geneva & Swiss Institute of Bioinformatics, Geneva, Switzerland; https:/ /busco.ezlab.org/,
14 May 2026) and CEGMA pipelines (UC Davis Genome Center, Davis, CA, USA;
http:/ /korflab.ucdavis.edu/datasets/cegma/, 14 May 2026) [28].

Genome annotation was conducted by homology searches against the Virulence-
related genes were identified by sequence alignment against the Database of Fungal Viru-
lence Factors (DFVF, University of Nebraska, Lincoln, NE, USA; http:/ /sysbio.unl.edu/
DFVF/, 14 May 2026) using DIAMOND v2.0 (Max Planck Institute for Developmental Biol-
ogy, Tibingen, Germany; https://github.com/bbuchfink/diamond, 14 May 2026). Antibi-
otic resistance genes (ARGs) were predicted from the Comprehensive Antibiotic Resistance
Database (CARDv1.1.3, McMaster University, Hamilton, ON, Canada; http://arpcard.
Mcmaster.ca, 14 May 2026). Secreted proteins were predicted using SignalP (Technical
University of Denmark, Lyngby, Denmark; http:/ /www.cbs.dtu.dk/services/SignalP, 14
May 2026). Transporter proteins were annotated via the Transporter Classification Database
(TCDB; University of California, San Diego, CA, USA; http://www.tcdb.org/, 14 May
2026). Transmembrane protein-coding genes were identified using TMHMM (Technical
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University of Denmark, Lyngby, Denmark; http:/ /www.cbs.dtu.dk/services/ TMHMM/,
14 May 2026).

2.4. Phenotypical Characterization

Morphological, biochemical, and physiological characterizations were carried out
following the standard methods described by Kurtzman et al. [29]. Carbon assimilation was
tested in a liquid medium of yeast nitrogen base (Difco, 291940), and nitrogen assimilation
assays were performed using a liquid yeast carbon base (Difco, 239110), with starved
inocula employed for the latter [30]. Carbohydrate fermentation was determined using
Durham tubes at 25 °C [31]. To observe pseudohyphae formation, pre-cultured strains
were cultivated on both corn meal agar (CMA, 2.5% corn starch, and 2% agar) and PDA at
25 °C for 2 weeks, employing a cover glass to create an oxygen-limited environment [32].
Temperature tolerance was assessed by culturing strains on YM agar. Cell morphology was
examined via light microscopy and scanning electron microscopy (SEM, SU8180, Hitachi,
Tokyo, Japan) after incubation on PDA at 25 °C for 3 days.

Sexual structure induction was conducted by culturing individually and in combina-
tion on YM agar, PDA, and CMA at 25 °C for up to 2 months with periodic observation [33].
Ballistoconidium production of all novel species was tested via the inverted-plate method
on CMA at 25 °C [34]. After incubating for 3 to 14 days, slides were prepared and observed
under microscope to detect any discharged spores [35].

2.5. Extracellular Enzyme Activity Assays

Extracellular enzyme activities were determined after the strains were cultivated for
2 weeks of growth at 25 °C, following the enzymatic assay procedures described below.
(1) Amylolytic activity: strains were grown on YM agar containing 0.2% soluble starch. Plates
were overlaid with 1 mL of iodine solution. A clear halo around colonies against a purple back-
ground indicated positive enzymatic activity [36]; (2) Cellulase activity: Cultivation was per-
formed on YM agar supplemented with 0.5% carboxymethylcellulose [37]. Plates were flooded
with 1 mg/mL Congo red solution and left for 15 min before the dye was poured off. The plates
were then soaked in 1 M NaCl solution for another 15 min. A clear halo on the red-stained agar
confirmed cellulolytic activity [38]; (3) Protease activity: Protease activity was assessed on YM
agar supplemented with 2% casein. After incubation of the strains, a positive reaction was indi-
cated by a clear zone surrounding the colony in the opaque medium [39]; (4) Chitinase activity:
Strains were cultured on YM agar with 2.5% purified chitin. Chitinase activity was identified
by the formation of a clear halo zone surrounding colonies [40]; (5) Lipolytic activity: Strains
were cultured on medium composed of 1% Bacto Peptone, 0.5% NaCl, 0.01% CaCl,#2H,0,
2% agar, and 1% Tween 20. Lipolytic activity was evidenced by a white precipitate encircling
colonies [36]; (6) Xylanase activity: Isolates were grown on YM agar containing 0.5% xylan. A
clear halo around the colonies indicated positive xylanase activity [41]; (7) Pectinase activity:
Strains were cultured on 0.67% YNB medium supplemented with 1% pectin. After following
plates with 1% hexadecyltrimethylammonium bromide solution, a clear zone against a red
background confirmed pectinase activity [40]; (8) Esterase activity: Strains were cultured on
a medium containing 1% Bacto Peptone, 0.5% NaCl, 0.01% CaCl,#2H,0, 2% agar, and 1%
Tween 80 [42]. Esterase activity was determined by the appearance of a white precipitate
encircling colonies.

3. Results
3.1. Diversity of Isolated Floral Yeast Strains

A total of 437 yeast strains were isolated from 45 collected flower samples and as-
signed to 69 yeast species, including 12 ascomycetous and 57 basidiomycetous species.
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The dominant genera were Starmerella, Teunia, Kwoniella, Aureobasidium, Vishinacozyma,
Cystobasidium, Dioszegia, and Cytofilobasidium.

The isolation counts of the yeast species recovered from various ornamental flower
hosts are shown in Figure 1, which revealed striking divergence in yeast community
diversity among the floral hosts. The dichotomy between host-endemic unique yeasts and
cross-host shared yeasts was clearly revealed.

ChiPlot

Figure 1. The yeast strains isolated from flowers of different plants.

Prunus persica *Albo-plena’ harbored the highest yeast diversity and quantity, with a total of
21 taxa and a maximum of 21 isolates of a single yeast taxon, followed by Taraxacum mongolicum
with a total of 15 yeast taxa. Yeast communities isolated from the flowers of different Prunus
persica cultivars exhibited distinct differences. This indicates that closely related ornamental
flowers do not possess more similar yeast community structures, and no significant correlation
was detected between plant phylogenetic relatedness and floral yeast assemblages. A large suite
of yeast taxa were host-specific, only isolated from a single floral species. The high-abundance
signature of unique yeasts exclusive to Prunus persica ‘Albo-plena’ include Starmerella floricola and
Teunia globosa. Kwoniella ovata was uniquely enriched on Prunus persica ‘Kikumomo’. Host-specific
rare yeasts also covered Kondoa yuccicola, Cystofilobasidium capitatum, Sporobolomyces renuinensis,
and Rhodosporidiobolus taibaiensis, among others, each restricted to individual hosts. By contrast,
only a small number of generalist shared yeasts colonize multiple flower hosts at low isolate
counts (1-5 strains), including Aureobasidium namibiae, Aureobasidium pini, Papiliotrema flavescens,
Hannaella luteola, Meyerozyma caribbica, Symmetrospora coprosmae, and Filobasidium chernovii, among
others. No yeast taxon was recovered from all plant hosts. Overall, each floral yeast community
was dominated by host-specific endemic species, while shared generalist yeasts exist merely as
minor accessory members, indicating the strong host selectivity of floral yeasts.

Based on the ITS and D1/D2 LSU rDNA sequence comparisons, ten isolates were
preliminarily assigned to six putative novel species; phylogenetic reconstruction and
polyphasic phenotypic characterizations further validated their novel taxonomic status.
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Comprehensive data covering the isolation source and the colonial and cellular morpholog-
ical characteristics of these novel strains are compiled in Figure 2.

Figure 2. The isolation sources (al,bl,c1,d1,el,f1), colonies on PDA after 7-10 days at 25 °C
(a2,b2,c2,d2,e2,f2), cell morphology observed by light microscope (a3,b3,c3,d3,e3,£3) and SEM
(a4,b4,c4,d4,e4,4) after 3 days of growth on PDA at 25 °C. (al-a4) Fanglaniella lipolytica CGMCC
2.6218; (b1-b4) Polychromogenomyces tardus CGMCC 2.8784; (c1-c4) Pseudotremella jasmini CGMCC
2.6068; (d1-d4) Teunia pruni CGMCC 2.8783; (el-e4) Kurtzmanomyces yulanine CGMCC 2.8812;
(f1-£4) Trigonosporomyces otomorphus CGMCC 2.6214. Scale bars: 10 um (a3,b3,c3,d3,e3,£3,{4); 5 um
(a4,b4,c4,d4,e4). (a1,b1,f1): flowers of Prunus persica ‘Albo-plena’; (c1): flowers of Jasminum nudiflorum;
(d1): flowers of Prunus persica ‘Kikumomo’; (el): flowers of Yulania liliiflora.

3.2. Phylogenetic Analyses of the Novel Yeast Taxa

As the ten novel isolates exhibited significant sequence differences in both the D1/D2
domain and the ITS regions from all known species, they were proposed as six novel species
of two novel genera and four known genera.

The strain CGMCC 2.6218 (original code S2A6) was isolated from the flowers of
Prunus persica "Albo-plena’. Pairwise D1/D2 LSU sequence comparisons revealed identities
ranging from 93.60% to 94.46% against the closely related type strains Yurkovia longicylin-
drica CGMCC 2.5603" (94.46%), Pseudohyphozyma lulangensis CGMCC 2.2612T (94.36%),
Glaciozyma watsonii CBS 10986" (94.28%), Chrysozyma griseoflava CBS 7284T (93.68%), and
Chrysozyma sambuci CGMCC 2.2618T (93.60%). The ITS-based alignments yielded even
lower sequence similarities (86-88%), with representative species of Yamadamyces, Pseu-
dohyphozyma, and Fellozyma. Despite the disparate similarity values, the BLASTN results
consistently affiliated this strain within the class Microbotryomycetes. Combined low inter-
specific sequence identity and weak phylogenetic nodal support justified the establishment
of a novel genus to accommodate CGMCC 2.6218, for which the name Fanglaniella lipolytica
gen. nov. sp. nov. is designated. Multiple unpublished NCBI-deposited strains, including
NB124-2 (from sorghum roots), S1-5 (from a Xizang plant sample) and JL 221 (from the
phyllosphere of Cardamine hirsuta), clustered robustly with CGMCC 2.6218 into a single
monophyletic lineage, confirming their conspecific status (Figure 3a).
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100
.

Phenoliferia glacialis CBS 10436" (NR154358/NG058369)
Phenoliferia psychrophenolica CBS 10438" (NR154289/NG066183)
98 Oberwinklerozyma dicranopteridis CGMCC 2.3441™ (NR174791/MK050426)
t Oberwinklerozyma yarrowii CBS 74177 (NR073328/NG058357)
Glaciozyma watsonii CBS 10986 (NR155146/NG058294)
98 Curvibasidium cygneicollum CBS 45517 (NR111077/NG042376)
® Curvibasidium nothofagi CBS 8166" (NR073292/NG069005)
o Pseudoleucosporidium fasciculatum CBS 87867 (NR155333/KY108282)
© " Sampaiozyma vanillica CBS 7404T (NR073315/NG058399)
t Sampaiozyma ingeniosa CBS 4240" (NR111080/AF189934)
Leucosporidium muscorum CBS 69217 (NR073286/KY108280)
Leucosporidium egoroviorum KBP Y-6804T (NR186988/0M038460)
99 Leucosporidium fellii CBS 72877 (NR073276/AY512856)
9 Pseudohyphozyma lulangensis CGMCC 2.2612" (NR174800/MK050442)
7‘ Pseudohyphozyma hydrangeae CGMCC 2.2796" (NR174801/MK050443)
® Pseudohyphozyma pustula CBS 6527" (NR073288/NG058378)
Yunzhangia auriculariae CBS 6379" (NR073275/NG 058445)
Chrysozyma griseoflava CBS 72847 (NR073303/NG058746)
o Chrysozyma cylindrica CGMCC 2.3455T (NR174797/MK050439)
Chryso_yma sambuci CGMCC 2.2618T (NR174793/MK050431)
Chrysozyma sorbariae CGMCC 2.2768" (NR174795/MK050435)
57 Slooffia tsugae CBS 5038 (NR155840/KY109660)
\ Hamumotva lignophila CBS 7109 (NR111078/NG070402)
* Hamamotoa singularis CBS 5109 (KY103496/KY107777)
65 - Fellozyma cerberi DSM 1029617 (NR173420/FN428972 )
Fellozyma telluris DSM 102968" (NR173419/FN428971)
Fellozyma inositophila CBS 7310" (NR073305/NG066180)
e Fellozyma antarctica CPCC 3003017 (OM980453/0M980542)
Fellozyma pinalis VKM Y-2963T (NR186990/0M666053)
ol 4 Bannozyma arctica JCM 132907 (NR153630/NG058612)
Bannozyma yamatoana CBS 72437 (NR167940/NG070544)
o Yurkovia longicylindrica CGMCC 2.5603" (NR174799/MK050441)
99 Yurkovza nerthusi DSMZ 267887 (NR173424/FN428970)
Yurlmwa mendeliana PYCC 6884T (NR147642/KU187888)
Yurkovia castaneae CGMCC 2.6909" (NR200498/NG245475)
96 - Fanglaniella lipolytica gen. nov., sp. nov. CGMCC 2.6218" (PX225953/PV981755)
98 : isolate NB124-2 (0Q434130/0Q434130)
o isolate S1-5 (MW534871/MW534894)
isolate JL201 (0Q388269/0Q411308)
9% Spencerozyma siamensis DMKU13-2" (LC315095/L.C195008)
* 100 Spencerozyma pinggiaoensis NYNU 178247" (MG255729/MG255703)
* Spencem'yma acididurans CGMCC 2.5825" (NR185556/NG228800)
99° Spencerozyma crocea CBS 2029" (NR103609/NG057723)
Vonarxula javanica CBS 5236" (NR111079/KY110052)
52, Colacogloea eucalyptica CBS 8499T (NR111685/KY106941)
Colacogloea subericola CECT 11976" (NR137680/NG060065)
Colacogloea retinophila CBS 8446" (NR154830/NG058994)
Colacogloea aletridis CGMCC 2.2766" (NR174802/MK050450)
100 | Ustilentyloma fluitans RB 900 (AY212990/AF009882)
Ustilentyloma graminis CBS 6403T (NR073285/NG057729)
5 Bauerago abstrusa HUV 18526 (DQ238719/EF621955)
o Microbotryozyma collariae ATCC MYA-4666" (NR111681/NG042600)
Microbotryozyma swertiae CGMCC 2.3533" (NR174790/MK050424)
Aurantiosporium scleriae SOMF 30248 (MT636671/MT636661)
Fulvisporium restifaciens no. 306 (MT636672/MT636663)
99 Sporobolomyces blumeae JCM 102127 (NR137641/AY070007)
* Sporobolomyces reniformis CGMCC 2.5627" (NR174786/MK050408)
Sporobolomyces johnsonii CBS 54707 (NR077090/NG042343)
Rhodotorula mucilaginosa CBS 316" (NR073296/KY109056)
31 ol Rhodotorula alborubescens CBS 482" (NR153197/NG068967)
ol o Rhodotorula dairenensis CBS 4406" (KY104735/NG057644)
. Rhodotorula sphaerocarpa CBS 5939" (NR073269/KY109155)
% Rhodotorula paludigena CBS 6566T (NR073265/KY109142)
100 Rhod idiobolus fuzh is CGMCC 2.4435" (NR174784/MK050404)
o o Rhodosparldlobolus lusitaniae CBS 7604" (NR077091/KY108964)
. * Rhodosporidiobolus fluvialis CBS 6568" (NR077089/KY108963)
Rhod idiobol kiae CBS 9095" (NR077115/NG058385)
Rhodasporldlobolusplaryc[adl CGMCC 2.3118" (NR174782/MK050401)
Yunzhangia sonckii CBS 67137 (NR073326/NG057670)
Trigonosporomyces otomorphus sp. nov. CGMCC 2.62147 (PX225952/PV981754)
Trigonosporomyces hylophilus CBS 6226 (NR154536/NG058423)
100 Rosettozyma cystopteridis CGMCC 2.2615" (NR174038/MK050398)
.Roseﬂo:yma petaloides CGMCC 2.3446" (NR174037/MK050395)
100 Jaminaea lantanae CGMCC 2.3529" (MN901709/MN901709)
® Sympodiomycopsis europaea CGMCC 2.31197 (MN901717/MN901717)
9, 58 Filobasidium dingjieense CGMCC 2.5649" (NR174759/MK050342)
100 J Solicoccozyma aeria CBS 1557 (NR155841/NG067315)
Solicoccozyma zizaniae DSM 1040317 (NR168770/MH718302)
? 100 Geastrum benitoi MA-Fungi 873247 (NR132912/NG060665)
* Geastrum papinuttii MA-Fungi 83764T (NR137855/NG060654)
88 o Geastrum kuharii MA-Fungi 837957 (NR132897/NG060656)
92° Geastrum meridionale MA- -Fungi 873257 (NR132896/NG060655)
Robertozyma ningxiaensis CGMCC 2.4451" (NR174035/MK050392)
Begerowomyces foliicola CGMCC 2.3164" (NR174036/MK050394)
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56 Symmclrospora joanclarkeae BRIP 76361a (PQ866158/PQ866160)
S) mmetrospora vermiculata CBS 90927 (NR077114/NG057633)
9, ? Symmetrospora marina CBS 2365" (NR073272/AF189944)
" Symmetrospora pseudomarina CBS 140577 (NR171799/KJ701217)
98 Symmetrospora proteacearum BRIP 45084" (NR174932/MZ930245)
o Symmetrospora symmetrica CBS 97277 (NR158993/NG057632)
96, Symmetrospora suhii CBS 14094" (NR171798/NG075154)
Symmetrospora pini CICC 336017 (0Q851927/0Q851926)
9, Symmetrospora gracilis CBS 71T (NR0O73318/NG057671)
9, o Symmetrospora clarorosea CBS 140557 (NR173721/NG075192)
51 97 Symmetrospora eucalypti BRIP 28188" (NR174933/NG079568)
Symmetrospora foliicola CBS 80757 (NR073283/NG058410)
Symmetrospora salmoneus CGMCC 2.6801T (OM417187/0M417187)
33 S} mmetrospora oryzicola CBS 7228 (NR073300/NG069416)
S) 'mmetrospora coprosmae CBS 7899 (NR073317/AF189980)
Symmetrospora rhododendri CGMCC 2.2613" (NR174779/MK050388)

Pab chromogenomyces tardus gen. nov. sp. nov. CGMCC 2.8784" (PX225958/PV981763)

100, Buckleyzyma aurantiaca CBS 317" (NR073293/NG058618)
BuckleyZ) ma pseudoauranlmca CGMCC 2.6834" (OP470304/0P470208)
100, Buckleyzyma armeniaca CBS 8076 (NRO73284/AF189920)
Buckleyzyma phyllomatis CBS 71987 (NR077097/NG066173)
o Buckleyzyma kluyveri-nielii CBS 7168" (NR073298/AF189988)
75" Buckleyzyma salicina CBS 69837 (NR153595/NG058619)
93, Sakaguchia meli CBS 10797" (NR155775/AY 158654)
Sakaguchia lamellibrachiae CBS 95987 (NR155767/NG058396)
97. Sakaguchia melibiophila JCM 81627 (NR174883/NG079627)
100 Sakaguchia oryzae CBS 97457 (KY 105307/NG058397)
®  Sakaguchia cladiensis CBS 10878" (NR155829/NG066185)
94  Sakaguchia dacryoidea CBS 63537 (NR073323/NG058395)
Begerowomyces foliicola CGMCC 2.3164" (NR174036/MK050394)
Robertozyma ningxiaensis CGMCC 2.4451" (NR174035/MK050392)
85 Begerowomyces aurantius CBS 162417 (LC597190/L.C597189)

9, C ystobasidium raffinophilum CGMCC 2.3822" (NR174780/MK050389)

Cystobasidium terricola CGMCC 2.3823" (NR174781/MK050390)
100° C ystobasidium benthicum CBS 91247 (NR171726/NG059003)
o Cystobasidium laryngis CBS 22217 (NR154833/KY107432)
95 Cystobasidium ritchiei CBS 123247 (NR154854/1.M644066)
Erythrobasidium proteacearum BRIP 668717 (NR175760/NG079572)
Erythrobasidium yunnanense CGMCC 2.2090" (NR155098/NG059190)
Erythrobasidium primogenitum BRIP 72389¢" (NR182613/0P598058)
100, Erythrobasidium eucalypti CBS 191767 (PV133514/PV133516)
82, Erylhrobastdmm hasegawianum JCM 15457 (NR111008/AF131058)
66 Erythrobasidium turpiniae NYUN 21104357 (OM014199/0M014196)
g Erythrobasidium nanyangense NYNU 208200" (MW362360/MW362359)
Erythrobasidium elongatum CBS 8080" (NR073306/AF189983)
08 100, Erythrobasidium leptospermi BRIP 668537 (NR175759/NG079571)
. Er) throbasidium penningtoniae BRIP 76695a" (PQ806954/PQ792645)
63 Bannoa bischofiae JCM 10338 (NR153592/NG058609)
Bannoa ogasawarensis CBS 90387 (AB035717/NG058699)
98 Bannoa foliicolaNYNU 2082377 (MW365541/MW365544)
|00 ® Bannoa pseudofoliicola NYUN 2110469 (OM014200/0M014198)
7 Bannoa macarangae BRIP 282727 (NR175756/NG079569)
st° ® Bannoa syzygii CBS 90407 (NR154870/NG058700)
Bannoa ellipsoidea NYUN 2110396" (OM014197/0M014195)
o Bannoa guamensis CBS 161277 (MK287350/MK255006)
98 o Bannoa hahajimensis JCM 10336" (AB035897/NG042311)
Bannoa tropicalis CBS 16087 (MK287360/MK255016)
Naohidea sebacea CBS 84777 (NR121324/NG042442)

0.050
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53— Papiliotrema bandonii CBS 91077 ([NR 121465/KY108730)

Papiliotrema siamensis DMKU SP85T (NR155608/NG060062)
Papiliotrema nemorosa CBS 9606" (KY104472/KY108741)
Papiliotrema perniciosa VKM Y-2905" (NR137653/NG060063)
Papiliotrema catalpae CGMCC 2.6897" (OP470271/0P470175)
Papiliotrema fudaokuniae BRIP 76370a" (PQ279216/PQ279209)
Papiliotrema japonica CBS 2013 (NR155613/NG057690)
Papiliotrema rajasthanensis CBS 10406" (NR155678/NG0358366)
Papiliotrema laurentii CBS 1397 (AF410468/NG056281
57— Papiliotrema odontotermitis CBS 141817 (KU883277/KU883278)
75¢ Papiliotrema aurea CBS 318" (NR130650/NG148937)
62 Papiliotrema horticola KBP Y-6685" (NR182874/MW579431)
Papiliotrema terrestris CBS 108107 (NR073350/NG058367)
Papiliotrema leoncinii CBS 139187 (KP203864/KJ608554)
Papiliotrema tapputi BRIP 75038a" (NR187102/NG229127)
971(g Papiliotrema miconiae CBS 83587 (AF444387/AF444698)
77% Papiliotrema plantarum DMKU CP801" QJRIMSGULCNOJJS)
hynchogastrema tunnelae CBS 80247 (NR111074/NG042390)
97" Rhynchogastrema visegradensis CBS 125057 (NR111591/NG058389)
Rhynchogastrema coronatum DSM 28188 (LN870267/LN870267)
Rhynchogastrema noutii CBS 8364 (AF444391/AF444700
Rhynchogastrema fermentans CBS 123997 (NR155732/NG058388)
Rhynchog, gensis CBS 12474 (NR166792/IN564592)
861~ Rhynchogastrema aquatica CBS 125277 (IN790616/KC171328)
Rhynchogastrema complexa CBS 115707 (NR111476/NG042525)
Rhynchogastrema glucofermentans CBS 103817 (NR119978/NG042404)
Psmdolmmellﬁaclimlar CBS 109157 (NR158875/NG060058)
100 Pseudotremella sp. Wud89 (PP982337/PP995645)
Pseudotremella sp. Wu648 (PP982338/PP995646)
Pseudotremella ]Pnsnlai sp. nov. CGMCC 2.6068" (PV981753/PX225951)
Pseudotremella jasmini sp. nov. CGMCC 2.6066 (PV981752/PX225950)
Pseudotremella hippophaes CGMCC 2.6838" (OP470285/0P470189)
Pseudotremella allantoinivorans CBS 9604 (NR137662/NG057722
Pseudotremella lichenophila CPCC 3000917 (OM980383/0M980472)
Pseudotremella nivalis Dai20670 (OL655317/0L677107)
Pseudotremella moriformis CBS 7810 (NR155685/NG058379)
Pseudotremella navarinensis RGM 3659" (0Q448493/PQ362941)
Pseudotremella rhododendri CGMCC 2.6854 (OP470282/0P470186)
1% ¢— Bullera alba CBS 5007 (NR111083/NG042387)
Bullera unica CBS 8290 (NR073256/NG058615)

Cnyptococcus amylolentus CBS 60397 (NR111372/NG042481)

81

63
o

89’
65

0.050

(©

Teunia littoralis CGMCC 2.64617 (OR577141/0R577145)
Teunia siamensis NBRC 1140117 (LC440108/LC420623)
Teunia mussaendrae NYNU 232327 (OQ851888/0Q851887)
9~ Teunia quercus CGMCC 2.6859T (OP470291/0P470195)
Teunia gingyuanensis NYNU 224757 (OP269841/0P269842)

Teunia cuniculi CBS 103097 (NR137887/KY 106982)
Teunia tronadorensis DSM 269947 (NR 165990/MF959620)
Teunia globosa CGMCC 2.5648" (NR174733/MK050288)

Teunia betulae CBS 138967 (NR158392/NG068521)

95 ™ Teunia turchettiae KBP Y-6607" (MT470198/MT470198)

Teunia helanensis CGMCC 2.4450" (NR174732/MK050287)
00 ; Teunia acericola NYUN 21111417 (OM017172/0M017170)
Teunia rhododendri CGMCC 2.6896" (OP470292/0P470196)
Teunia rosae CGMCC 2.58337 (MK942578/ MK942561)
Teunia rudbeckiae CGMCC 2.58407 (MK942577/MK942559)
Teunia nitrariae CGMCC 2.67977 (OM417183/0M417183)

Teunia korlaensis CGMCC 2.3835" (NR174731/MK050286)

56 Teunia chimonanthi CGMCC 2.6916" (OP470289/0P470193)

98 Teunia myricariae CGMCC 2.6846" (OP470287/0P470191)
Kwoniella sp. 23 (MZ734351/MZ734350)

99

Teunia pruni sp. nov. CGMCC 2.8779 (PX225954/PV981759)
Teunia pruni sp. nov. CGMCC 2.8783" (PX225957/PV981762)
Teunia pruni sp. nov. CGMCC 2.8780 (PX225955/PV981760)
Kwoniella sp. 7 (MZ733389/MZ733296)
Kwoniella sp. 21A (MZ734342/MZ734329)
100, Teunia betulicola CGMCC 2.71957 (OP470263/0P470167)
Teunia parabetulicola CGMCC 2.68527 (OP470264/0P470168)

Teunia heritierae CGMCC 2.6856" (OP470290/0P470194)
Kwoniella shandongensis CBS 12478 (NR156242/IN160602)

96 Kwoniella lonicerae CGMCC 2.68837 (OP470260/0P470164)
88— Kwoniella newhampshirensis CBS 139177 (NR156292/NG068520)
Kwoniella fici DBVPG 101227 (NR174641/NG078670)
Kwoniella heveanensis CBS 569" (NR073210/NG058327)
r— Kwoniella shivajii CBS 113747 (NR165977/NG042515)
86 Kwoniella dejecticola CBS 101177 (NR111374/NG042483)
- Kwoniella pini VKM Y-2958T (NR111269/NG042453)
Kwoniella botswanensis CBS 127167 (NR119822/HF545769)
Kwoniella europaea PYCC 61627 (NR197462/AY 167602)
sal$ Kwoniella mangrovensis CBS 8507 (NR0O73332/NG042391)
Kwoniella bestiolae CBS 101187 (NR111373/NG042482)
Kwoniella dendrophila CBS 6074T (NR073257/AF189870)
Kwoniella ovata CGMCC 2.34397 (NR174734/MK050289)
Kwoniella endophytica CBS 153597 (NR170734/MH237945)
Kwoniella hippophaes CGMCC 2.6893 (OP470262/0P470166)
Cryptococcus amylolentus CBS 6039 (NR111372/NG042481)

(d)
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0.10

57 Ruinenia dracophylli CBS 7900T (NR073320/AF189982)
Ruinenia fanjingshanensis CGMCC 2.45427 (NR174774/MK050372)
Ruinenia rubra CBS 75127 (NR155733/AF189992)
Ruinenia pyrrosiae CBS 112737 (NR144766/NG060783)
Ruinenia diospyri JCM 121577 (NR144768/NG064303)
Ruinenia lunata CGMCC 2.44267 (NR182793/KP020113)
sty Ruinenia bangxiensis CGMCC 2.3454T (NR174775/MK050373)
$ 97— Ruinenia clavata CGMCC 2.23187 (NR155708/AY364839)
Crittendenia heterodermiae LPB Etayo 327117 (OM521991/NG154010)
100 | ¢ Crittendenia lecidellae UBC Bjork 179997 (MT520705/NG153922)
Crittendenia lichenicola E Coppins 21517 (OM521994/0M521974)
Crittendenia hypotrachynae PO Etayo 310937 (NR184921/NG153921)
Crittendenia kakouettae BR van den Boom 58956 (NR184966/NG154011)
Crittendenia parvispora BR DI047" (NR184967/NG154012)
Crittendenia physconiae G AM11337 (NR184922/NG153923)
96r Kurtzmanomyces shapotouensis CBS 127077 (NR155216/NG057975)
Kurtzmanomyces tardus CBS 74217 (NR073311/NG042357)
Kurtzmanomyces insolitus CBS 83777 (NR073322/NG042355)
Kurtzmanomyces guiyangensis NYNU 23983T (OR961459/0R958742)
Kurtzmanomyces yulaniae sp. nov. CGMCC 2.8812" (PX225959/PV981765)
Kurtzmanomyces nectairei CBS 64057 (NR073266/KY108195)
Cystobasidiopsis lactophilus CBS 75277 (NR073299/NG058726)
9% C ystobasidiopsis lophatheri CBS 112727 (NR144767/NG058719)
Cystobasidiopsis nirenbergiae TUB 019163" (NR158377/NG058767)
Ballistosporomyces sasicola CBS 72857 (NR077095/NG058696)
Ballistosporomyces changbaiensis CBS 10124 (NR186912/KP020105)
Ballistosporomyces bomiensis CGMCC 2.26617 (KP020108/KP020108)
68 § Ballistosporomyces taupoensis CBS 7898 (NR077093/NG058698)
Ballistosporomyces xanthus CBS 75137 (NR153596/KY106152)
Bensingtonia ciliata CBS 75147 (NR073308/NG042363)
99{ l(")tKnndml arboricola CGMCC 2.2621T (NR174767/MK050357)
Kondoa chamaenerii CGMCC 2.26527 (NR174765/MK050354)
I(XIE Slooffia tsugae CBS 5038T (NR155840/K Y 109660)

13

99
77

95

91

Microbotryozyma swertiae CGMCC 2.3533" (NR174790/MK050424)
65 — Pseudoleucosporidium fasciculatum CBS 8786" (NR155333/KY 108282)
Kurtzmanomyces lichenum DBVPG 80777 (PP781924/PP831005)
Cabalodontia delicata SP 5125847 (NR174056/MT849297)
100 Fomitopsis serialis GB KHL 120107 (NR154676/JX109844)
Lividopora facilis H 72003517 (OR262154/0R262154)
59— Bjerkandera centroamericana voucher BRNM 771949 (NR198012/KT305933)
Crystallicutis damiettensis ABS UN63" (NR172196/MW508515)
Mixia osmundae JCM 221827 (NR119614/NG068726)

(e)

Figure 3. Maximum likelihood phylogenetic tree based on the concatenated sequences of the D1/D2
domain of LSU rRNA and ITS region showing the relationships of these novel strains with their related
species. (a) Fanglaniella lipolytica CGMCC 2.6218 and Trigonosporomyces otomorphus CGMCC 2.6214.
Robertozyma ningxiaensis CGMCC 2.44517 and Begerowomyces foliicola CGMCC 2.3164T were used as
the outgroup. Scale bar represents 0.05 substitutions per nucleotide position. (b) Polychromogenomyces
tardus CGMCC 2.8784. Naohidea sebacea CBS 8477" was used as the outgroup. Scale bar represents
0.05 substitutions per nucleotide position. (¢) Pseudotremella jasmini CGMCC 2.6068. Cryptococcus
amylolentus CBS 6039T was used as the outgroup. Scale bar represents 0.05 substitutions per nucleotide
position. (d) Teunia pruni CGMCC 2.8783. Cryptococcus amylolentus CBS 60397 was used as the
outgroup. Scale bar represents 0.05 substitutions per nucleotide position. (e) Kurtzmanomyces yulaniae
CGMCC 2.8812. Mixia osmundae JCM 221827 was used as the outgroup. Scale bar represents
0.1 substitutions per nucleotide position. Bootstrap values from 1000 replications are shown at
branch points.

The strain CGMCC 2.8784 (original code BHBT-Y41) was isolated from Prunus persica
‘Albo-plena’. The D1/D2 LSU sequence comparison showed 98.45-98.77% identity between
this strain and type strains of Symmetrospora, including S. rhododendri CGMCC 2.26137, S.
salmoneus CGMCC 2.68017, S. coprosmae CBS 78997, S. foliicola CBS 8075", and S. oryzicola
CBS 7228T. By contrast, the ITS BLASTN results yielded pairwise similarities below
90% against all valid Symmetrospora species. Notably, a consistent 30 bp deletion was
identified in the LSU sequence of CGMCC 2.8784 when aligned with its Symmetrospora
relatives. Maximum likelihood phylogeny built on the concatenated ITS and D1/D2 LSU
datasets placed CGMCC 2.8784 as a well-separated outgroup forming an independent
monophyletic lineage outside the Symmetrospora clade (Figure 3b). Such molecular evidence
firmly supported the establishment of a separate genus distinct from Symmetrospora, for
which we propose the name Polychromogenomyces tardus gen. nov., sp. nov.
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The strains CGMCC 2.6068 (original code YGRX8-1) and CGMCC 2.6066 (original
code YGRX1-2), were recovered from different flower specimens of Jasminum nudiflorum.
Their identical D1/D2 LSU and ITS sequences confirmed conspecificity. The sequence
alignment results of the D1/D2 and ITS sequences indicated that the two strains exhibited
the closest phylogenetic relationship with Pseudotremella lacticolor CBS 10915". Specifically,
they differed from it by 20 nucleotide discrepancies (3.53%, 17 substitutions and 3 indels)
across the D1/D2 domain and 68 mismatches (11.67%, 50 substitutions and 18 indels)
within the ITS region. In the ML-tree reconstructed based on the concatenated sequences
of the D1/D2 domains of the LSU rRNA gene and the ITS region, the strains CGMCC
2.6068 and CGMCC 2.6066 grouped with unpublished isolates Wu 489 and Wu 648 into
a robust monophyletic clade, which further clustered with Pseudotremella lacticolor CBS
10915T (Figure 3c). The result strongly supported that the two strains represent a novel
species, for which the name Pseudotremella jasmini sp. nov. was proposed, with CGMCC
2.6068 designated as the holotype strain.

Four strains, including CGMCC 2.8779 (original code BHBT-P11), CGMCC 2.8780
(original code BHBT-P15), CGMCC 2.8781 (original code JHT-P15), and CGMCC 2.8783
(original code JHT-P17), were recovered from Prunus persica “‘Albo-plena” (CGMCC 2.8779
and CGMCC 2.8780) and Prunus persica ‘Kikumomo” (CGMCC 2.8781 and CGMCC 2.8783),
respectively. These isolates shared identical D1/D2 LSU and ITS sequences or differed by
merely one to two nucleotide positions, corroborating their conspecific status. Sequence
comparisons of the D1/D2 and ITS regions revealed that they differed from the nearest
relative Teunia heritierae CGMCC 2.6856" by 7 nucleotide substitutions (1.25%) within the
D1/D2 domain and 15 variable sites (2.65%, 13 substitutions and two indels) across the
ITS region. Larger sequence divergence was detected against other congeneric taxa: 8
D1/D2 substitutions (1.57%) plus 33 ITS variations (5.66%, 30 substitutions and 3 indels)
relative to Teunia betulicola CGMCC 2.7195T, and 9 D1/D2 substitutions (1.61%) plus 42 ITS
polymorphisms (7.05%, 37 substitutions and 5 indels) versus Teunia parabetulicola CGMCC
2.6852". In the ML phylogenetic tree reconstructed based on the concatenated D1/D2 LSU
and ITS region, the four isolates first clustered with the unpublished strain Kwoniella sp. 23
and subsequently formed a well-supported monophyletic clade with their closest relatives
in the genus Teunia, Teunia heritierae CGMCC 2.68561, Teunia betulicola CGMCC 2.7195T, and
Teunia parabetulicola CGMCC 2.6852" (Figure 3d), plus two unpublished isolates Kwoniella
sp. strain 7 and strain 21A. All aforementioned reference isolates were recovered from
tree leaf samples collected in Xizang. Consistent with pairwise sequence divergence and
phylogenetic evidence, the four strains constituted a novel species within Teunia. We
therefore proposed the name Teunia pruni sp. nov., with CGMCC 2.8783 assigned as
the holotype.

The strain CGMCC 2.8812 (original code YLH-Y2), isolated from Yulania liliiflora,
was phylogenetically affiliated to the genus Kurtzmanomyces. In the concatenated D1/D2
LSU-ITS ML tree, it formed a well-supported subclade with K. nectairei CBS 6405T before
grouping consecutively with K. insolitus CBS 83771, K. shapotouensis CBS 127077, K. tardus
CBS 74217, and K. guiyangensis NYNU 239837 (Figure 3e). Pairwise sequence comparisons
against its nearest neighbor, K. nectairei CBS 64057, revealed 19 nucleotide substitutions
(3.37%) across the D1/D2 domain and 111 variable sites within the ITS region (17.12%,
93 substitutions plus 18 indels). Such substantial molecular divergence confirmed CGMCC
2.8812 as an undescribed member of Kurtzmanomyces, for which we propose the name
Kurtzmanomyces yulaniae sp. nov.

The strain CGMCC 2.6214 (original code S6A3), isolated from the flowers of Prunus
persica ‘Albo-plena’, fell into the Trigonosporomyces lineage and formed a tight subclade
with Tri. hylophilus CBS 6226' in the ML phylogenetic tree based on the concatenated
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D1/D2 LSU and ITS sequences (Figure 3a). A pairwise sequence comparison against
this nearest relative revealed 32 nucleotide substitutions (5.34%) in the D1/D2 domain
and 88 variable positions in the ITS region (10.95%, 67 substitutions and 21 indels). The
considerable molecular divergence robustly supports the establishment of a novel species,
Trigonosporomyces otomorphus sp. nov., accommodating strain CGMCC 2.6214.

3.3. Extracellular Enzyme Profiling

Eight extracellular enzyme assays (amylase, cellulase, protease, chitinase, lipolytic en-
zyme, xylanase, pectinase, and esterase) were performed across the six novel yeast species.
All six isolates yielded positive hydrolysis against Tween 20 and Tween 80 substrates,
confirming their capacity to synthesize extracellular lipolytic enzymes (Figure 4). None
of the strains displayed detectable activity for amylase, cellulase, chitinase, xylanase, or
pectinase. Furthermore, extracellular protease activity was detected in Fanglaniella lipolytica
CGMCC 2.6218, Trigonosporomyces otomorphus CGMCC 2.6214, and Pseudotremella jasmini
CGMCC 2.6068, though the activity was relatively weak (Figure S3).

E F

Figure 4. Qualitative results of the extracellular lipolytic activity assays of novel yeast isolates after
two weeks of cultivation. For each group (A-F), the left showed the results on Tween 20 plates,
and the right showed the results on Tween 80 plates. (A) Fanglaniella lipolytica CGMCC 2.6218;
(B) Polychromogenomyces tardus CGMCC 2.8784; (C) Pseudotremella jasmini CGMCC 2.6068; (D) Teunia
pruni CGMCC 2.8783; (E) Kurtzmanomyces yulanine CGMCC 2.8812; (F) Trigonosporomyces otomorphus
CGMCC 2.6214.

3.4. Genome Sequence Analysis and Genome Features

The draft genomes of the type strains of six proposed novel species—Fanglaniella
lipolytica CGMCC 2.6218", Polychromogenomyces tardus CGMCC 2.8784", Pseudotremella
jasmini CGMCC 2.6068", Teunia pruni CGMCC 2.8783", Kurtzmanomyces yulaniae CGMCC
2.88127, and Trigonosporomyces otomorphus CGMCC 2.6214T—were sequenced (Table 1),
with sequencing coverage depths of 327, 218, 108 x, 282 x, 360, and 454 x, respectively.
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Table 1. Genome sequence data of the type strains of six novel species.

Strains Accession Number Genome Size (Mb) Se;;l:::;ce GC Content Gene No.
CGMCC 2.6068 JBTBFMO000000000 21.1 108 % 52% 7371
CGMCC 2.6214 JBTBFNO000000000 12.1 454 % 52.5% 4553
CGMCC 2.6218 JBTBFO000000000 17.6 327x 55.5% 4931
CGMCC 2.8783 JBTBFJ000000000 20.8 282 % 55.5% 6415
CGMCC 2.8784 JBTBFQ000000000 23.5 218x 54.5% 6495
CGMCC 2.8812 JBTBFP000000000 18.2 360x 56.5% 7842

Fanglaniella lipolytica CGMCC 2.6218" had a genome size of 17.6 Mb and a GC content
of 55.5%. Its draft genome consisted of 324 contigs (>1000 bp) with a total length of
17,616,076 bp; the largest contig was 802,846 bp, and the contig N50 value was 165,752 bp.

Polychromogenomyces tardus CGMCC 2.8784T possessed a genome size of 23.5 Mb
and a GC content of 54.5%. The draft genome comprised 322 contigs (>1000 bp) totaling
23,477,971 bp, with the largest contig of 852,679 bp and a contig N50 value of 205,933 bp.

Pseudotremella jasmini CGMCC 2.6068T had a genome size of 21.1 Mb and a GC content
of 52%. Its draft genome included 63 contigs (>1000 bp) with a total length of 21,071,928 bp;
the largest contig was 2,188,978 bp, and the contig N50 value was 856,280 bp.

Teunia pruni CGMCC 2.8783" had a genome size of 20.8 Mb and a GC content of 55.5%.
The draft genome consisted of 156 contigs (>1000 bp) totaling 20,808,089 bp, with the largest
contig of 1,515,199 bp and a contig N50 value of 446,252 bp.

Kurtzmanomyces yulaniae CGMCC 2.8812T possessed a genome size of 18.2 Mb and a
GC content of 56.5%. Its draft genome included 165 contigs (>1000 bp) with a total length of
18,214,608 bp; the largest contig was 1,112,172 bp, and the contig N50 value was 462,428 bp.

Trigonosporomyces otomorphus CGMCC 2.6214" had a genome size of 12.1 Mb and a GC
content of 52.5%. The draft genome comprised 111 contigs (>1000 bp) totaling 12,110,825 bp,
with the largest contig of 1,381,140 bp and a contig N50 value of 298,846 bp.

A genomic analysis of the ITS region revealed that strains Pseudotremella jasmini
CGMCC 2.6068", Trigonosporomyces otomorphus CGMCC 2.6214T, and Teunia pruni CGMCC
2.8783T each possessed only one copy of the ITS region, indicating an absence of in-
tragenomic polymorphism that would compromise species delimitation in the present
study. The numbers of predicted protein-coding genes in Fanglaniella lipolytica CGMCC
2.6218%, Polychromogenomyces tardus CGMCC 2.8784", Pseudotremella jasmini CGMCC
2.6068", Teunia pruni CGMCC 2.8783", Kurtzmanomyces yulaniae CGMCC 2.88127, and
Trigonosporomyces otomorphus CGMCC 2.6214T were 4931, 6495, 7371, 6415, 7842, and 4553,
respectively. The corresponding numbers of predicted tRNA genes were 76, 71, 62, 64, 15,
and 99, respectively.

3.5. Genome Annotation and Predicted Genes Responsible for Lipolytic Enzymes

Genome annotation was conducted for all six novel strains, followed by systematic
profiling of carbohydrate-active enzymes (CAZymes). As illustrated in Figure 5a, their
CAZyme repertoires were dominated by abundant glycoside hydrolase (GH) genes, a
conserved trait commonly observed across conventional yeasts. In particular, Teunia pruni
CGMCC 2.8783", Pseudotremella jasmini CGMCC 2.6068", and Polychromogenomyces tardus
CGMCC 2.8784" possessed the highest GH copy numbers, implying strong genetic potential
for polysaccharide degradation via glycosidic bond cleavage (Figure 5a). Among the
identified GH families, GH5 was the most abundant clade, whose core function was the
hydrolysis of B-glucan. Another prominent characteristic specific to these novel strains
was the widespread distribution of CE10 family members in their genomes (Figure 5b).
CE10 enzymes were characterized by broad-spectrum lipolytic activity, and they mediated
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Teu. pruni CGMCC 2.8783

K. yulaniae CGMCC 2.8812

F. lipolytica CGMCC 2.6218

Pol. tardus CGMCC 2.8784

key physiological processes including carbon source utilization, lipid metabolism, and
xenobiotic detoxification via a serine hydrolase catalytic mechanism, thereby acting as
pivotal enzymes that enable yeast to adapt to heterogeneous environments. Notably,
previously reported yeast strains harboring CE10 family members, such as Yarrowia lipolytica
YALIOE15568p and Candida tropicalis CEL1, typically exhibited robust lipolytic activities.
This finding, to a certain extent, elucidated the underlying mechanism responsible for the
lipolytic activity of these novel yeast strains.
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Figure 5. CAZyme gene family profiles: (a) Stacked bar plot of CAZyme category distribution;
(b) Heatmap of carbohydrate-active enzyme (CAZyme) families including glycoside hydrolase (GH),
glycosyltransferase (GT), carbohydrate esterase (CE) and auxiliary activity (AA) identified in the six
novel yeast strains.

In order to predict which genes potentially contributed to the lipolytic activity of these
strains, we systematically analyzed the responsible genes based on the Swiss-Prot and
NR databases. As the results indicated, beyond the CE10 family genes, we additionally
identified other candidate genes potentially responsible for the lipolytic activities of these
strains through systematic screening against the Swiss-Prot and NR databases. As shown in
Table 2, all six strains harbored TGL genes encoding triacylglycerol lipase, which mediated
the hydrolysis of long-chain fatty acid esters. Moreover, five of these strains, with the
exception of Teunia pruni CGMCC 2.8783, carried genes encoding hormone-sensitive lipase
(HSL) (Table 2). These HSLs exhibited broad-spectrum lipolytic activity and represented one
of the key genes responsible for the degradation of Tween 20/80 by the strains. In addition,
Kurtzmanomyces yulanine CGMCC 2.8812 harbored the gene protein C1039.03 (SPAC1039.03),
which was an uncharacterized a/f hydrolase superfamily protein in Schizosaccharomyces
pombe, putatively involved in hydrolytic reactions, such as ester/amidase activity and
potentially regulated by nutrient or environmental stress. The virulence factor and the
antibiotic resistance gene presented in the genome of these novel yeast strains are listed in
Tables S3 and S4.

Notably, the identification of these homologous genes merely provided bioinformatic
predictions, and we have clearly stated that additional functional experiments are necessary
to verify their involvement in the Tween-degrading lipolytic activity.
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Table 2. Genes potentially linked to lipolytic activities in genomes of these six novel species.

Gene ID Gene Name Swiss-Prot Description
Fanglaniella lipolytica CGMCC 2.6218
gene2153 lip Uncharacterized protein C57A7.05
gene2612 lip Lipase B
gene3107 TCL Triacylglycerol lipase 2
gene2424 HSL Hormone-sensitive lipase
Polychromogenomyces tardus CGMCC 2.8784
gene3033 TCL Triacylglycerol lipase 2
gene5698 TCL Triacylglycerol lipase 2
gene2736 HSL Hormone-sensitive lipase
Pseudotremella jasmini CGMCC 2.6068
gene2700 TCL Triacylglycerol lipase 2
gene5178 TCL Triacylglycerol lipase 2
gene5866 HSL Hormone-sensitive lipase
Teunia pruni CGMCC 2.8783
gene2448 TCL Triacylglycerol lipase 2
gene2967 TCL Triacylglycerol lipase 2
Kurtzmanomyces yulaniae CGMCC 2.8812
gene5741 TCL Triacylglycerol lipase 2
gene6514 TCL Triacylglycerol lipase 2
gene4040 LIPE AB hydrolase superfamily protein C1039.03
Trigonosporomyces otomorphus CGMCC 2.6214
gene0310 TCL Triacylglycerol lipase 2
gene2453 TCL Triacylglycerol lipase 2
gene3248 HSL Hormone-sensitive lipase

3.6. Taxonomic Description of New Species

Description of Fanglaniella lipolytica gen. nov. sp. nov.

Fanglaniella A.H. Li & YJ. Liao, gen. nov.

Fungal Names: FN 573040

Etymology: Fang,.lan.i.el'la. N.L. fem. n. Fanglaniella, named in honor of Mr. Fanglan
Dai for his outstanding contributions to mycology in China.

Type species: Fanglaniella lipolytica

Fanglaniella lipolytica A.H. Li & Y.J. Liao, sp. nov.

Fungal Names: FN 573041

Etymology: li.po.ly’ti.ca. Gr. neut. n. lipos, fat; Gr. masc. adj. lytikos, dissolving; N.L.
fem. adj. lipolytica, dissolving fat or lipid.

Culture characteristics: After growth on PDA for 3 days at 25 °C, cells were ovoid
to ellipsoidal, 2.7—4.1 um X 3.6-5.4 um, and occurred singly or in pairs. Budding was
polar (Figure 2). After 1 month at 25 °C in YM broth cultures, a sediment and a ring
were present. On YM agar, after 7 days at 25 °C, the streak culture was yellowish-cream,
butyrous, glistening, and smooth with the entire margin. On Dalmau plates after 2 weeks
at 25 °C, on CMA, pseudohyphae were not observed. Sexual structures were not observed
on 5% MEA, CMA, PDA, YCB, and YM agar. On CMA, ballistoconidia were not produced.

The physiological characteristics of the new species and the other five novel species
were listed in Table 3.
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Table 3. Physiological and biochemical characteristics of the six novel taxa.

Pse.

E lipolytica Pol. tardus jasmini Teu. pruni K. yulaniae Tri. otomorphus
Fermentation of
Glucose — — — — — —
Galactose - — — - — -
Sucrose - - - - - -
Maltose - — — - — -
Lactose - - - — - -
Raffinose - — — - — -
Assimilation of carbon compounds
Glucose + + + + + +
Galactose — + + w w —
L-sorbose - + + + — —
Sucrose + w + + + w
Maltose + w + + + -
Cellobiose w + + + + -
Trehalose + + + + + -
Lactose — — w + + -
Melibiose - w + + — —
Raffinose + w + + + -
Melezitose + w + + + -
Inulin - w w - - -
Soluble starch + w — + + -
D-Xylose - + + + + -
D-Ribose - + w + w -
L-Arabinose — — + + + -
L-Rhamnose — w + + — —
Methanol — w — — — —
Ethanol - - + + + +
Glycerol - + + + w +
Erythritol - — — - w -
Ribitol - — + + + —
Galactitol - - + + - -
D-Mannitol w + + + + +
Sorbitol w + + + w +
Methyl-a-D-Glucoside + w + + + -
Salicin + + + + w —
DL-Lactate w - - + - -
Succinic acid + — w + w +
Citrate + - - w - w
Inositol - — + — — +
Assimilation of nitrogen compounds
Nitrate + w w + + +
Nitrite — - — — — -
L-Lysine + + + + + +
Ethylamine + w w + . B
hydrochloride
Cadaverine + + + + + w
Creatine + w w + w w
Creatinine + + + + + +
Other tests
Vitamin-free + + + + + +
50% glucose + — + + — +
60% glucose + — + + - w
10% NaCl + 5% glucose + — + w - -
Urease activity + + + + + +
Diazonium Blue B + + + + + +
Temperature tolerance
30°C + w + + w +
32°C + — + + — +
35°C + - w - - +
37°C - — — — — w
40 °C — — — — — —

Note: +, positive; —, negative; w, weakly positive.
The holotype, CGMCC 2.6218", was isolated from the flowers of Prunus persica *Albo-

plena’ collected from the Beijing Olympic Forest Park, China, and has been deposited in a
metabolically inactive state in the CGMCC, Beijing, China. The ex-type culture has been
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deposited in the Japan Collection of Microorganisms (JCM), Koyadai, Japan, as JCM 38231.
The GenBank/EMBL/DDB]J accession numbers for the 26S rRNA gene D1/D2 domain and
the ITS sequence of strain CGMCC 2.6218" are PV981755 and PX225953. The raw genome
data of CGMCC 2.6218" have been deposited in GenBank under the BioSample accession
numbers SAMNS52392630 and the BioProject accession number PRJNA1338043. This Whole
Genome Shotgun project has been deposited at DDB]/ENA /GenBank under the accession
JBTBFO000000000.

Description of Polychromogenomyces tardus gen. nov. sp. nov.

Polychromogenomyces A.H. Li & Y.J. Liao, sp. now.

Fungal Names: FN 573042

Etymology: Po.ly.chro.mo.ge.no.my’ces. Gr. masc. adj. polys, many; Gr. neut. n.
chroma, color; Gr. ind. v. gennao, produce; Gr. masc. n. mykes, fungus; N.L. masc. n.
Polychromogenomyces, a yeast that produces many pigments.

Type species: Polychromogenomyces tardus

Polychromogenomyces tardus A.H. Li & Y.J. Liao, sp. nov.

Fungal Names: FN 573043

Etymology: tar’dus. L. masc. adj. tardus, slow, since it grows more slowly than the
other five species.

Culture characteristics: After growth on PDA for 3 days at 25 °C, cells were subglobose,
ellipsoidal, and oval, 3.4-5.1 pm X 4.8-6.5 um, single or in pairs. Budding was polar
(Figure 2). After 1 month at 25 °C in YM broth cultures, a sediment was present. On YM
agar, after 7 days at 25 °C, the streak culture was pink, butyrous, smooth, and glistening.
The margin was entire. Pseudohyphae were not produced on CMA slide cultures after
2 weeks at 25 °C. Sexual structures were not observed on 5% MEA, CMA, PDA, YCB, and
YM agar. On CMA, ballistoconidia were not produced (Table 3).

The holotype, CGMCC 2.87 84T was isolated from the flowers of Prunus persica “Albo-
plena’ collected from the Beijing Olympic Forest Park, China, and has been deposited in a
metabolically inactive state in the CGMCC, Beijing, China. The ex-type culture has been
deposited in the Japan Collection of Microorganisms (JCM), Koyadai, Japan, as JCM 38239.
The GenBank/EMBL/DDB]J accession numbers for the 26S rRNA gene D1/D2 domain and
the ITS sequence of strain CGMCC 2.8784T are PV981763 and PX225958. The raw genome
data of CGMCC 2.8784" have been deposited in GenBank under the BioSample accession
numbers SAMNS52395896 and the BioProject accession number PRJINA1338122. This Whole
Genome Shotgun project has been deposited at DDB]/ENA /GenBank under the accession
JBTBFQ000000000.

Pseudotremella jasmini A.H. Li & YJ. Liao, sp. nov.

Fungal Names: FN 573036

Etymology: jas. mi'ni. L. gen. n. jasmini, of Jasminum, since it has been isolated from
the flower of Jasminum nudiflorum.

Culture characteristics: After growth on PDA for 3 days at 25 °C, the cells were
ellipsoidal to oval, 2.2-3.7 pm x 2.9-4.6 um, and occurred singly or as budded pairs.
Budding was polar (Figure 2). After 1 month at 25 °C in YM broth cultures, a sediment
and a ring were present. On YM agar, after 7 days at 25 °C, the streak culture was whitish-
cream, butyrous, glistening, and smooth with the entire margin. Pseudohyphae were not
produced on CMA slide cultures after 2 weeks at 25 °C. Sexual structures were not observed
on 5% MEA, CMA, PDA, YCB, and YM agar. On CMA, ballistoconidia were not produced
(Table 3).

Physiologically, Pseudotremella jasmini differed from its closest relatives Pse. lacticolor in
its ability to assimilate nitrate, ethylamine hydrochloride, and cadaverine, and its inability
to assimilate soluble starch, erythritol, and citrate. Additionally, Pseudotremella jasmini
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could grow in a medium supplemented with 50% glucose and at 35 °C, conditions under
which Pse. lacticolor failed to grow.

The holotype, CGMCC 2.6068T, was isolated from the flowers of Jasminum nudiflo-
rum collected from the Beijing Olympic Forest Park, China, and has been deposited in a
metabolically inactive state in the CGMCC, Beijing, China. The ex-type culture has been
deposited in the Japan Collection of Microorganisms (JCM), Koyadai, Japan, as JCM 38229.
The GenBank/EMBL/DDB]J accession numbers for the 26S rRNA gene D1/D2 domain and
the ITS sequence of strain CGMCC 2.6068" are PV981753 and PX225951. The raw genome
data of CGMCC 2.6068" have been deposited in GenBank under the BioSample accession
numbers SAMN52392628 and the BioProject accession number PRJNA1338041. This Whole
Genome Shotgun project has been deposited at DDB]/ENA /GenBank under the accession
JBTBFEMO000000000.

Teunia pruni A.H. Li & Y.J. Liao, sp. nov.

Fungal Names: FN 573037

Etymology: pru'ni. L. gen. n. pruni, of Prunus, since it has been isolated from the
flower of Prunus persica ‘Kikumomo’.

Culture characteristics: After growth on PDA for 3 days at 25 °C, cells were ellipsoidal
and oval, 3.1-4.8 pm x 4.1-6.2 um, single or in pairs. Budding was polar (Figure 2). After 1
month at 25 °C in YM broth cultures, a sediment was present. On YM agar, after 7 days
at 25 °C, the streak culture was whitish-cream, butyrous, smooth, and glistening. The
margin was entire. In Dalmau plate culture on CMA, pseudohyphae were not formed.
Sexual structures were not observed on5% MEA, CMA, PDA, YCB, and YM agar. On CMA,
ballistoconidia were not produced (Table 3).

Physiologically, Teunia pruni differed from its close relatives Teunia heritierae, Teunia
betulicola, and Teunia parabetulicola by being able to assimilate galactose, melibiose, raffinose,
ribitol, DL-lactate, and citrate, but unable to assimilate inulin. In addition, Teunia pruni
could grow at 32 °C, whereas the aforementioned relatives could not.

The holotype, CGMCC 2.8783T, was isolated from the flowers of Prunus persica ‘Kiku-
momo” collected from the Beijing Olympic Forest Park, China, and has been deposited in a
metabolically inactive state in the CGMCC, Beijing, China. The ex-type culture has been
deposited in the Japan Collection of Microorganisms (JCM), Koyadai, Japan, as JCM 38238.
The GenBank/EMBL/DDB]J accession numbers for the 26S rRNA gene D1/D2 domain and
the ITS sequence of strain CGMCC 2.8783" are PV981762 and PX225957. The raw genome
data of CGMCC 2.8783" have been deposited in GenBank under the BioSample accession
numbers SAMNS51794166 and the BioProject accession number PRINA1333365. This Whole
Genome Shotgun project has been deposited at DDB]/ENA /GenBank under the accession
JBTBEJ000000000.

Kurtzmanomyces yulaniae A.-H. Li & Y.J. Liao, sp. nowv.

Fungal Names: FN 573038

Etymology: yu.la'ni.ae. N.L. gen. n. yulaniae, of Yulania, since it has been isolated from
the flower of Yulania liliiflora.

Culture characteristics: After growth on PDA for 3 days at 25 °C, cells were subglobose,
ellipsoidal, and globose, 2.6-5.0 um X 3.2-5.4 um, single or in pairs. Budding was polar
(Figure 2). After 1 month at 25 °C in YM broth cultures, a sediment and a ring were present.
On YM agar, after 7 days at 25 °C, the streak culture was whitish-cream to pale yellowish-
cream, butyrous, smooth, and with an entire margin. Pseudohyphae were not produced on
CMA slide cultures after 2 weeks at 25 °C. Sexual structures were not observed on 5% MEA,
CMA, PDA, YCB, and YM agar. On CMA, ballistoconidia were not produced (Table 3).

Physiologically, Kurtzmanomyces yulaniae differed from its closest relative K. nectairei in
its ability to assimilate galactose, sucrose, maltose, cellobiose, lactose, raffinose, melezitose,
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soluble starch, D-ribose, L-arabinose, glycerol, erythritol, methyl-a-D-glucoside, and salicin,
and its inability to assimilate DL-lactate. Furthermore, Kurtzmanomyces yulaniae could grow
in a vitamin-free medium, while K. nectairei could not.

The holotype, CGMCC 2.8812T, was isolated from the flowers of Yulania liliiflora
collected from the Beijing Olympic Forest Park, China, and has been deposited in a metabol-
ically inactive state in the CGMCC, Beijing, China. The ex-type culture has been deposited
in the Japan Collection of Microorganisms (JCM), Koyadai, Japan, as JCM 38241. The
GenBank/EMBL/DDBJ accession numbers for the 265 rRNA gene D1/D2 domain and
the ITS sequence of strain CGMCC 2.8812" are PV981765 and PX225959. The raw genome
data of CGMCC 2.8812" have been deposited in GenBank under the BioSample accession
numbers SAMN52392631 and the BioProject accession number PRJNA1338044. This Whole
Genome Shotgun project has been deposited at DDB]/ENA /GenBank under the accession
JBTBFP000000000.

Trigonosporomyces otomorphus A.H. Li & Y.J. Liao, sp. nov.

Fungal Names: FN 573039

Etymology: o.to.mor phus. Gr. neut. n. ous (gen. ofos), the ear; Gr. fem. n. morphe,
shape; N.L. masc. adj. ofomorphus, ear-shaped, from its colony morphology.

Culture characteristics: After growth on PDA for 3 days at 25 °C, the cells were
ellipsoidal or cylindrical, 1.3-2.1 pm x 5.2-19.1 pm, occasionally irregular, and occurred
singly, in pairs, or short chains (Figure 2). After 1 month at 25 °C in YM broth cultures, a
sediment and a ring were present. On YM agar, after 7 days at 25 °C, the streak culture
was whitish-cream, crispulate, raised, restricted, and dull. The margin was lobate. After
culturing the strain for 2 weeks in a Dalmau plate on CMA, pseudohyphae were observed.
Sexual structures were not observed on YCB, 5% MEA, YM, PDA, and CMA. Ballistoconidia
were not produced on CMA (Table 3).

Physiologically, Trigonosporomyces otomorphus differed from its closest relative
Trigonosporomyces hylophilus in its ability to assimilate sucrose, citrate, inositol, and ni-
trate, and its inability to assimilate L-sorbose and D-ribose. In addition, Trigonosporomyces
otomorphus could grow in a vitamin-free medium and at 37 °C, while Trigonosporomyces
hylophilus could not.

The holotype, CGMCC 2.6214", was isolated from the flowers of Prunus persica ‘Albo-
plena’ collected from the Beijing Olympic Forest Park, China, and has been deposited in a
metabolically inactive state in the CGMCC, Beijing, China. The ex-type culture has been
deposited in the Japan Collection of Microorganisms (JCM), Koyadai, Japan, as JCM 38230.
The GenBank/EMBL/DDB]J accession numbers for the 26S rRNA gene D1/D2 domain and
the ITS sequence of strain CGMCC 2.6214" are PV981754 and PX225952. The raw genome
data of CGMCC 2.6214T have been deposited in GenBank under the BioSample accession
numbers SAMNS52392629 and the BioProject accession number PRJNA1338042. This Whole
Genome Shotgun project has been deposited at DDB]/ENA /GenBank under the accession
JBTBEN000000000.

4. Discussion

Flowers serve as a common habitat for yeasts, with the majority of isolates origi-
nating from floral nectar, a niche characterized by high cellular density [43,44] yet low
species richness [44,45]. Over the past decade, investigations into yeast diversity associated
with flowers and their insect visitors have led to the description of more than 50 novel
species. These taxa have predominantly belonged to the genera Wickerhamiella [46—49],
Metschnikowia [50-53], Starmerella [54-59], Kodamaea [60,61], Naganishia [62], Fonsecazyma [63],
and Teunia [64]. In the present study, host-specialized endemic species dominated floral
yeast communities across all sampled plants, while shared generalist yeasts only occurred
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as minor accessory taxa, demonstrating the strong host selectivity of flower-associated
yeasts, consistent with previous reports [17]. Furthermore, our results revealed anthro-
pogenic influences on floral yeast assemblages within the Beijing Olympic Forest Park,
supported by the recovery of Aureobasidium and Cryptococcus. Meanwhile, typical nectar-
specialized yeast genera, such as Metschnikowia and Starmerella, were consistently detected
at low relative abundances.

Nevertheless, the ecological and evolutionary mechanisms underlying this unique
community structure with high density and low richness remain poorly understood. We
suppose that nectar, as a high-sugar and hyperosmotic extreme habitat, serves as a powerful
environmental filter, allowing only a limited set of yeast lineages with specific physiological
adaptations, such as tolerance to elevated osmotic pressure and high sugar concentrations,
to successfully colonize. To support this hypothesis, four of the six strains examined in
this study demonstrated growth under 60% glucose conditions, including Fanglaniella
lipolytica CGMCC 2.62187, jasmini CGMCC 2.6068", Teunia pruni CGMCC 2.8783T, and
Trigonosporomyces otomorphus CGMCC 2.62147.

Furthermore, to successfully colonize floral niches, to compete with other microbes,
and to sustain their mutualistic associations with pollinator insects within the nutrition-
ally unbalanced nectar microenvironment, these specialized yeasts likely deploy diverse
nutrient acquisition strategies. Central to such adaptations is the secretion of extracellular
enzymes to break down and utilize complex organic compounds in the environment. This
functional capacity not only broadened their nutritional niche but reinforced their key
ecological role in floral systems. We hypothesized that extracellular enzymes, including
lipolytic enzymes and proteases, played distinct roles within the nectar microecosystem.
For instance, lipolytic enzymes not only catalyzed the hydrolysis of lipids, but drove
reactions crucial for synthesizing volatile aromatic esters, key compounds that attract
pollinators. In this way, lipolytic enzymes might be involved in mediating the tripartite
interactions among yeast, plants, and insects.

In the present study, all six novel species were confirmed to exhibit lipolytic activ-
ities. Besides validation via physiological experiments, genomic analyses further con-
firmed these metabolic capabilities. Moreover, genes encoding triacylglycerol lipases (TGL)
and hormone-sensitive lipases (HSL) were also annotated in these novel strains. Collec-
tively, these findings indicated that the long-chain fatty acid ester hydrolysis capacity of
these strains was potentially attributed to the combined effects of the CE 10 family, TGL
and HSL.

Currently, the efficient lipolytic producers reported in the literature are predominantly
concentrated in genera such as Candida, Cryptococcus, Rhodotorula, Yarrowia, Pichia, and
Saccharomyces [65,60]. Yeasts capable of producing lipolytica activity are predominantly
reported in genera such as Hanseniaspora, Candida, Metschnikowia, Pichia, Wickerhamomyces,
and Torulaspora [67]. Our findings indicate that the ability to produce lipolytic enzyme may
be more widespread among yeasts than previously recognized. Furthermore, extracellular
protease activity was detected in F. lipolytica, Tri. otomorphus, and Pse. Jasmini, though the
activity was relatively weak. It is reported that protease-producing yeasts were mainly
found in genera such as Wickerhamomyces, Candida, Metschnikowia, Yarrowia, Rhodotorula,
and Cryptococcus [68,69]. The enzyme activity profiles of these novel species revealed a
highly specialized catabolic phenotype, in which lipid and ester substrates were prefer-
entially acquired and utilized rather than proteins. This metabolic strategy allowed the
yeasts to efficiently exploit unique nutritional resources within the nectar microhabitat
while mitigating adverse effects on floral hosts, consequently stabilizing the mutualistic
tripartite interaction among flowers, yeasts, and pollinators. Further research dissecting
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the functional roles of yeast extracellular enzymes within floral microecosystems is of
great value.

5. Conclusions

This study focused on a variety of flower samples which harbor diverse microbial
taxa, including ecologically significant yeast species. A substantial number of flower
samples were collected from the Beijing Olympic Forest Park. Yeast diversity within these
collected samples was analyzed using the dilution-to-spread plating method, leading to
the identification of 69 yeast species, which included two novel genera and four novel
species. Furthermore, traditional yeast identification was performed for ten newly isolated
strains representing six novel species. The results revealed the diversity of floral yeasts
in the Beijing Olympic Forest Park. An extracellular enzyme activity assessment revealed
that lipolytic activities were detected in all six novel species. Further genomic analysis
demonstrated that these lipolytic activities potentially correlated with the synergistic
functions of the CE10 family of CAZymes, alongside genes encoding triacylglycerol lipase
(TGL) and hormone-sensitive lipase (HSL).
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