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Diversity of culturable yeasts in extreme environments of western
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Abstract: [Objective] To systematically investigate the diversity of culturable yeasts in extreme
environments (glaciers, salt lakes, deserts, etc.) of western China and explore yeast resources with
special stress resistance traits. [Methods] Multiple substrate samples were collected from
representative extreme environments. Eight media with different nutrient gradients were employed
in combination with direct dilution plating and enrichment culture methods for yeast isolation.
Strains were identified by 26S rDNA D1/D2 region sequence analysis. Multivariate statistical
analysis was carried out to assess species diversity and community structure differences across
habitats and culture methods. [Results] A total of 904 yeast strains were isolated, representing
77 species, 29 genera, 17 orders, 10 classes, 5 subphyla, and 2 phyla, including 11 potential new
species. Basidiomycota was the dominant phylum (90.5%), and Naganishia, Rhodotorula, and
Cystobasidium were the dominant genera. Distinct dominant species were observed among
different habitats. Naganishia adeliensis and Naganishia albida were widely distributed across all
investigated extreme environments, indicating strong broad-spectrum environmental adaptability.
Rhodotorula mucilaginosa and Cystobasidium slooffiae were dominant species in glaciers and salt
lakes. In addition, enrichment culture and oligotrophic media significantly improved the isolation
efficiency of rare species. [Conclusion] Extreme environments in western China harbor
remarkably rich yeast resources. While different extreme environments select for unique dominant
groups, certain broadly adaptable polyextremophilic species are shared across environments.
Extreme environments serve not only as a reservoir of new species but also potentially as an
environmental reservoir for opportunistic pathogenic yeasts.

Keywords: glacier; salt lake; desert; yeast diversity; isolation by dilution plating; enrichment
culture
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1 AR5

1.1 ##§

1.1.1 #HARRE

AR 2 X v [ R S LV R T U DX AR
TV AT AT RE S R A, AR B 5
UL 1, 2021 4F 4 H, MEEIE AR 0 Hb 40 K
SEEHBIX 11 ARAE SR T I8 $hilit
B KY) . MR K AEWEE R AR 2025 4F 6 H
A R LS 14 AN SREE SRR T UK I vk
0-5 cm FJZVKEE . 5-10 em VKOs . % t). Ehibl
GERWKR . DU . Ehak 3 . sk |
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R, IRIRKR . R L FER PR A L &
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M AR AT R LS, BT E80KE5E T
B SRR, ST AR T 4 °CUKFAN, JFER
Pk A7 B Bk 4> B . AN TR A 55 A B AL S B0
W32,

Sampling sites in extreme environments of western China and their habitat types

Sampling sites Region Coordinates  Altitude (m) Habitat types

GPS1 Tianshan Grand Valley, Urumqi City, Xinjiang 43°12'36"N 2124 High-altitude arid
87°07'12"E mountains

GPS2 Tianger Peak, Urumqi City, Xinjiang 43°07'12"N 3842 High-altitude glacier
86°48'36"E

GPS3 Dushanzi, Karamay City, Xinjiang 44°18'36"N 955 Mud volcano
84°51'00"E

GPS4 Jimsar County, Changji Hui Autonomous Prefecture, ~ 44°1724"N 529 Gobi desert

Xinjiang 89°09'36"E

GPS5 Heiyou Mountain, Karamay City, Xinjiang 45°36'36"N 395 Petroleum-contaminated
84°53"24"E soil

GPS6 Kazakh Autonomous County, Hami City, Xinjiang 43°46'48"N 1598 Salt lake
92°53"24"E

GPS7 Turpan City, Xinjiang 43°14"24"N 826 Gobi desert
90°45'36"E

GPS8 Gaochang District, Turpan City, Xinjiang 42°39'00"N =353 Aiding salt lake
89°20"24"E

(Fpgk)

P4 actamicro@im.ac.cn, 7 010-64807516



BRI | AR, 2026, 66(4) 1635
(C=))
Sampling sites Region Coordinates  Altitude (m) Habitat types
GPS9 Tenger Peak, Urumgqi City, Xinjiang 43°07'12"N 3829 High-altitude glacier
86°48'36"E
GPS10 Dabancheng District, Urumqi City, Xinjiang 43°22'12"N 1063 Dabancheng salt lake
88°08"24"E
GPS11 Yiwu County, Hami City, Xinjiang 43°36'36"N 1580 Barkol salt lake
92°47"24"E
GPS12 Yiwu County, Hami City, Xinjiang 43°36'36"N 1363 Gobi desert
92°38"24"E
GPS13 Jimsar County, Changji Hui Autonomous Prefecture, 44°04'12"N 651 Wetland marsh
Xinjiang 89°13'12"E
GPS14 Colorful Bay, Fukang City, Changji Hui Autonomous  44°45'36"N 460 Hot springs
Prefecture, Xinjiang 88°49'12"E
GPS15 North Slope of Mount Qomolangma, Dingri County, 28°07'48"N 5287 High-altitude cold and
Shigatse, Xizang 87°15'36"E arid mountain
GPS16 North Slope of Mount Qomolangma, Dingri County, 28°06'00"N 5427 High-altitude cold and
Shigatse, Xizang 87°16'48"E arid mountain
GPS17 East Slope of Mount Qomolangma, Dingri County, 28°0524"N 5658 High-altitude cold and
Shigatse, Xizang 87°18'36"E arid mountain
GPS18 Southwestern Dingjie County, Shigatse, Xizang 28°21'36"N 4256 High-altitude cold and
87°21'00"E arid mountain
GPS19 Southern Dingri County, Shigatse, Xizang 28°1424"N 4 880 High-altitude cold and
87°13'12"E arid mountain
GPS20 North Slope of Mount Qomolangma, Dingri County, 28°06'00"N 5283 High-altitude cold and
Shigatse, Xizang 87°16'12"E arid mountain
GPS21 Delingha City, Haixi Mongol and Xizang Autonomous 37°2027"N 2922 Gobi desert
Prefecture, Qinghai 97°13'00"E
GPS22 Delingha City, Haixi Mongol and Xizang Autonomous 37°23'02"N 3 042 Gobi desert
Prefecture, Qinghai 97°08'44"E
GPS23 Delingha City, Haixi Mongol and Xizang Autonomous 37°15'49"N 2 814 Saline-alkali land
Prefecture, Qinghai 96°51'15"E
GPS24 Tianjun County, Haixi Mongol and Xizang 37°34'51"N 3499 Gobi desert
Autonomous Prefecture, Qinghai 95°10'49"E
GPS25 Tianjun County, Haixi Mongol and Xizang 37°33'19"N 3370 Yardang/Danxia
Autonomous Prefecture, Qinghai 95°09'41"E landforms
GPS26 Tianjun County, Haixi Mongol and Xizang 37°31'09"N 3261 Yardang/Danxia
Autonomous Prefecture, Qinghai 95°08'54"E landforms
GPS27 Tianjun County, Haixi Mongol and Xizang 37°32"25"N 3354 Yardang/Danxia
Autonomous Prefecture, Qinghai 95°11"21"E landforms
GPS28 Tianjun County, Haixi Mongol and Xizang 37°31'54"N 3424 Yardang/Danxia
Autonomous Prefecture, Qinghai 95°1220"E landforms
GPS29 Da Qaidam, Haixi Mongol and Xizang Autonomous 38°1'36"N 2921 Gobi desert
Prefecture, Qinghai 94°39'13"E
GPS30 Delingha City, Haixi Mongol and Xizang Autonomous 37°57'35"N 2 754 Yardang landforms
Prefecture, Qinghai 94°1723"E
GPS31 Delingha City, Haixi Mongol and Xizang Autonomous 37°3727"N 3 198 Sandy area and saline-
Prefecture, Qinghai 93°46'19"E alkali land

http://journals.im.ac.cn/actamicrocn
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%2 TEMSEEELSY

Table 2 Physicochemical parameters of different extreme environments

Habitat Representative regions  pH Dryness index Salinity Mineralization  7/°C References
type and physical and (%o) (g/L)
chemical properties
Desert Qaidam Basin 7.65-8.85  10.65-26.44  0.21-34.32 [31-32]
Glacier Tianshan No. 1 Glacier ~6.4 [33]
Salt lake  Aiding Lake 7.49 336.47 [34]
Barkol Lake 7.60 204.76
Dabancheng Lake 7.80 275.00

1.1.2 EHFE

L B A PRI R EE R L (PDA) (g/L): B
A2 200.0, 4585 20.0, 3UIE 20.0; 1/2 PDA
F1 1/10 PDA 5 77 B £ 75 B S5 4 PDA 2 J5
1) S SRR R A R BE RS 1/5 22 R R B B
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4.0, &R 4.0, HEAM 0.2, Bk 20.0; 40
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(g/L): %M 10.0, BEREEHRY 1.0, HITHE 2.0,
g 20.0, ZE RN 0.001; o N7 21 1 97 4
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# o4 B 200, & B M 100, KHPO, 1.0,
MgS0,-7H,0 0.5, Hifg 16.0, & MHi<r 0.03,
SR B 0.002; K By B g 15 5% JE (corn meal
agar, CMA) (g/L): £ KJEH 25.0, Bl 20.0;
¥ [C B iR 1% 77 3L (Czapek Dox agar, CDA) (g/L):
JEME 10.0, KNO; 3.0, K,HPO, 1.0, KCI 0.5,
MgSO,:7H,0 1.0, FeS040.5, Fif§ 20.0; (K&
FREFFRFL(LNM) (g/L): DR EERY 0.05, A
1.5, A 1.0, NaCl 0.5, B &3 5 7E
121 °CK B 20 min, FFRHIZE 45 °)CLEFATMA
AR (LW 50 pg/mL) Fl 4k T & (LK Uk JE
50 pg/mL) A 20 R A= K
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15 3% BN 1 4 1A K 23 b 52 TR i A T 8 7
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Figure 1 Diversity of culturable yeasts in different extreme environments. A: Community structure of culturable
yeasts at class level; B: Community structure of culturable yeasts at order level; C: The heatmap for generic

diversity from different extreme environments.
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Figure 2 Diversity of culturable yeasts from glacier environment and comparison between isolation methods

|I‘L1|_I:|:._

and periods. A: Phylogenetic tree of culturable yeasts isolated at 10 °C and 25 °C using enrichment culture
method; B: Heatmap showing genus-level diversity of culturable yeasts obtained by enrichment culture and
dilution-plate isolation methods; C: Venn diagram showing the species number recovered at different enrichment

cultivation periods. 0-21 d indicate 0, 7, 14, and 21 days of enrichment cultivation, respectively.
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Figure 3  Diversity of culturable yeasts from salt lakes, deserts, and other extreme environments across different

substrates. A: Phylogenetic tree of culturable yeasts isolated from salt lake area from different substrates; B:

Phylogenetic tree of culturable yeasts isolated from desert across different substrates; C: Phylogenetic tree of

culturable yeasts isolated from other extreme environments, including hot spring, mud volcano, wetland, and cold

alpine zones, across different substrates.
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Figure 4 Composition of culturable yeast communities across different extreme environments. A: NMDS of
culturable yeast communities from different extreme environments based on Bray-Curtis metrics (The
significance of environmental effects on community dissimilarity was tested using ANOSIM); B: Venn diagram
showing the species number recovered from different extreme environments; C: Heatmap showing species-level

composition of culturable yeast communities across different extreme environments.
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Composition of culturable yeast communities isolated using media with different nutrient levels. A:

NMDS (The significance of nutrient effects on community dissimilarity was tested using ANOSIM); B: Venn

diagram showing the species number recovered using media with different nutrient levels; C: Heatmap showing

species numbers, with strains numbers in parentheses, isolated using media with different nutrient levels across

different substrates; D: Heatmap showing species-level composition of culturable yeast communities isolated

using media with different nutrient levels.
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BEARHIMHEE T Coniochaeta sp.. 5 MRAHIFEFH
Cystobasidium sp.. 3 Bk A F ¥ 5 JE .
Teunia sp.. 2 MRARFHE VY [REEER; Naganishia sp.,
1 BRARFNFN 22 ¥+ 1 Fibulobasidium sp. Fl 1 £
KRNI EIEE LY Suhomyces sp. (32 3). MR EH
Fexf 45 8, 7 ¥k Coniochaeta sp. B & F1 5 B
Cystobasidium sp. Ttk Al 73 5 %] 73k 4 D ETE
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AR DL I oA A% R — B, FRPIIX sk
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Teunia sp.. Naganishia sp..

Table 3 Putative novel yeast species isolated from extreme environments

Strains The most similar species (type strain) GenBank accession number Similarity (%)
P263-1 Coniochaeta caraganae NG _228849.1 98.66
P263-2 Coniochaeta caraganae NG_228849.1 98.84
P11-2 Coniochaeta discoidea NG_064120.1 98.29
P11-1 Coniochaeta lignicola MH855438.1 99.00
P20-1 Coniochaeta rankiniae MG491499.1 97.26
P20-2 Coniochaeta rankiniae NG_242134.1 97.67
P20-3 Coniochaeta rankiniae MG491499.1 97.06
P11-2 Cystobasidium calyptogenae NG 059004.1 96.96
001-2 Cystobasidium raffinophilum MKO050389.1 98.97
P1-12 Cystobasidium terricola LC203672.1 98.00
P1-13 Cystobasidium terricola MKO050390.1 96.26
617-5 Cystobasidium terricola MK050390.1 96.90
058-3 Naganishia albida HES572537.1 98.79
059-2 Naganishia albida KF646234.1 98.00
P256-7 Teunia korlaensis MKO050286.1 98.22
P263-7 Teunia korlaensis MK050286.1 98.40
P263-6 Teunia korlaensis MKO050286.1 98.22
P263-8 Fibulobasidium inconspicuum NG_057677.1 94.64
Bl1-1 Suhomyces pyralidae NG_054779.1 98.97
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