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Photographs showing the sampling sites on the glacier surface (A), subglacial sediments (B) and

Figure 1.
supraglacial cryoconite (C).
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1. akJIERE KL FARED AR 4 A IR 45 1 LB

Table 1. Physicochemical properties of supraglacial cryoconite and subglacial sediments

Sample SM*/% pH(water : AP/(mg/kg) AK/(mg/kg) NO; -N/ OM*/% TN*/%  TP*/% TK*/%
soil=2.5:1) (mg/kg)

Supraglacial ~ Mean 45.56 7.02 11.94 195.60 88.11 8.40 0.38 0.110 2.77
cryoconite

SD 12.45 0.45 3.46 56.68 32.48 4.34 0.07 0.035 0.54
Subglacial Mean 3245 1.5 2.57 144.50 8.90 1.37 0.03 0.072 3.55
sediments

SD 10.80 0.23 0.32 32.65 3.54 0.36 0.012 0.014 0.08

*: Physical and chemical characteristics under dry weight conditions.

2. HoBEEEEERRA
Figure 2. Morphological characteristics of colony of some yeast strains. A: YD-15, Sporobolomyces ruberrimus;
B: C8, Cystobasidium larynges; C: C9, Cystofilobasidium macerans; D: RS-5, Papiliotrema flavescens; E: Cl11,
Dioszegia hungarica; F: YS-6, Leucosporidium muscorum; G: C53, Filobasidium stepposus; H: C80,
Sporobolomyces metaroseus.

B3 #oESEMAENZENEY
Figure 3. Optical microscope observation of vegetative cells of some yeast strains. A: DS-14, Naganishia albidus;
B: C35 Vishniacozyma tephrensis; C: C2, Vishniacozyma victoriae; D: RD-6, Vishniacozyma carnescens.
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A BRI R B RR RO ITS FEoI R0, il ATHZERI5r (3 2), [E 4y CS(A) K DS(B)BEEEIA
ffi /] NCBI (National Center of Biotechnology  J& /K LAHEE LML AL, [RIRFIERR 25 #RICER
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4. DKJIFRME K E(A) R EADAR R (B)BE & & Bk T L BB R AR

Figure 4. Relative abundance of the yeast genus form supraglacial cryoconite (A) and subglacial sediments (B).
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#2. K1 SKNFREREPEGEMHEMNS S

Table 2. Occurrence and distribution of yeast species in different habitats of Glaciers No. 1 in the Tianshan

Mountains

) ) ) Habitats (No.
Species ?yz;s:r)lr}lf}rlnm e Class (Sz:zlensg:r; number) Similarity/% —ofisolates) II:I(z)t.ai)f isolates

CS DS

Basidiomycota
Agaricomycotina
Naganishia adeliensis ~ Cryptococcus adeliensis Filobasidiales C56(MF062219) 99 8 8
Naganishia albidus Cryptococcus albidus  Filobasidiales DS-14(MF062213) 100 1 1
Naganishia liquefaciens Cryptococcus liquefaciens Filobasidiales C73(MF062229) 100 6 3 9
Filobasidium magnus Cryptococcus magnus  Filobasidiales YD-1(MF062227) 99 1 2 3
Filobasidium stepposus Cryptococcus stepposus Filobasidiales C53(MF062197) 99 2 2
Filobasidium elegan Filobasidiales YD-3(MF062225) 100 2 2
Filobasidium floriforme Filobasidiales C67(MF062187) 99 1 1
Papiliotrema flavescens Cryptococcus flavescens Tremellales RS-5(MF062194) 99 1 1
Vishniacozyma carnescens Cryptococcus carnescens Tremellales RD-6(MF062205) 99 4 4
carnescens carnescens
Z;Z:Zi;zyma Cryptococcus tephrensis Tremellales C35(MF062236) 99 7 7
Vishniacozyma victoriae Cryptococcus victoriae Tremellales C2(MF062235) 100 26 12 38
Dioszegia hungarica Cryptococcus hungaricus Tremellales CI11(MF062232) 98 2 2
Cystofilobasidium Cryptococcus macerans Cystofilobasidiales CO(MF062233) 99 1 1
magnus
Mrakia gelida Cystofilobasidiales 2;?;); 2220) 100 5 5
Mprakia aquatica Mprakiella aquatica Cystofilobasidiales C79(MF062228) 99 3 3
Mrakia cryoconiti Mrakiella cryoconiti Cystofilobasidiales RD-8(MF062226) 99 1 1
Pucciniomycotina
Leucosporidium Leucosporidiella Microbotryales  YS-6(MF062190) 99 1 !
muscorum muscorum
Sporobolomyces Sporidiobolus sp. Moniliales C70(MF062230) 99 501 6
metaroseus
Sporobolomyces Schizonellamela Moniliales YD-15(MF062202) 100 2 2
ruberrimus nogramma
Phenoliferia glacialis ~ Rhodotorula glacialis ~ Erythrobasidiale C52(MF062201) 99 2 1 3
Cystobasidium laryngis  Rhodotorula laryngis Erythrobasidiale C8(MF062208) 99 4 4
Cystobasidium minuta ~ Rhodotorula minuta Erythrobasidiale C21(MF062212) 99 1 3 4
Ascomycota
Candida akabanensis Gemmamycetes DS-1(MF062215) 99 19 19
Candida rugosa Gemmamycetes DS-26(MF062223) 99 18 18
Yarrowia lipolytica RD-15(MF062199) 99 1 1
Aureobasidium pullulans C20(MF062189) 100 1 1 2

70 82 152
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PR TR TR P P S i R R B (K 5). i E
5 U A 3 25 1 Ak 43 #7 3% (Phylogenetic  rank
boundary optimisation, PRBO)FIHH IS4 Hr s
(General mixed Yule coalescent, GMYC)LA fz DI i
71 (Bayesian method) %5 43 M1 5 ¥, KR H- 49
(Tremellomycetes) [ B AT EHHIHIE (K 2). H
RGLR BTN, 25 AR UK IR R SR TR AR 20
SR )& T F H '] (Basidiomycota) A1 1 4 [ | ]
(Ascomycota) 2 PN IKF- RS kKB LR

i3t @R (E 4), Vishniacozyma victoriae (5Lt
Higok, IUHE@ER, Hih CS FENLE R
37.14%, 5 DS FEah SR 14.63%. {X/E DS #
i FR B Y Candida akabanensis 1 Candida rugosa,
5350 A7 DS FfAREE 10.92%H1 10.34%. 78 2 4FE
At (CS/DS) H 14 43 5
(8.57%/3.66%) . Filobasidium magnus (1.43%/2.44%).
Sporobolomyces (7.14%/1.22%) .
Phenoliferia glacialis (2.86%/1.22%). Cystobasidium
larynges  (5.71%/4.88%) .
(1.43%/3.66%)  Fi
(1.43%/1.22%) , fLTE CS FEih 73 85 Naganishia

>k Naganishia liquefaciens

metaroseus

Cystobasidium minuta

Aureobasidium  pullulans

adeliensis (11.43%) . Filobasidium

(2.86%) .

stepposus
Filobasidium floriforme (1.43%) .

Vishniacozyma tephrensis (10.00%) . Dioszegia
hungarica (2.86%) . Cystofilobasidium macerans
(1.43%) . (4.23%) A
Sporobolomyces metaroseus (7.14%). 7£ DS ¥ iy /7
73 B 45 #

Filobasidium

Mrakia  aquatic
Naganishia albidus (1.25%) .
elegan

flavescens (1.22%) .

(2.44%) . Papiliotrema

Vishniacozyma carnescens

(4.88%) . Mrakia gelida (6.09%) . Mrakia cryoconiti
(1.22%) . Leucosporidium muscorum (1.22%) .
Sporobolomyces ruberrimus (2.44%) Fl Yarrowia
lipolytica (1.22%)

XAV T P A 2R B RR EA T ITS LR P 5 43 #
S AL, RO 18 MR, P Cco b C
macerans S3 [AJEERIE 100%, FRGKFREIE;
C7. RD-8 Ml YS-31 73J& TRl —A#bs, 5
Mrakia REYER:R ; C73. DS-14 fil C56 4y)@ T
[Wl— 4657, 5 Naganishia [RIJEVER S, FLL
JEH 99%; C67. YD-1, YD-3, C53 Hh—%K,
5 Filobasidium R RFAEA; WK RS-5 5 P
flavescens AUMCT7794 HILLE A 100%; C11 Hjh
B —A3%, 5 D. hungarica CBS 5124 [q] {54
e, AR 100%; C11, YD-15 F1 C20 4325
AT AN, 50915 Dioszegia . Aureobasidium
M Yarrowia R R F T . WEEBUURIZE 70815
FIM R YS-6 5 L. muscorum YFB256 [l I
i, AU 99%, SukBErargi iy C8, C21,
C52 WK TEMNEEH T ] . RD-15, DS-1 Al
DS-26 B MIRHRIIBUZ Ry @ ik, Ry —3K,
FET A,

2.4 VKV BERE B B Bl A IRE ST E

P AERF (R 3), 25 HRATEEEEE D 2 BRTA
MBS AR 10 °C, 17 MReiE A KR E
15°C, 6 BtkiRiE A KRIEE N 20 °C, 56%MHI Rk
125 °CAFIEAEK . mHEhsem b, HAT C52 miE
TR RAIL, 4% RIRRIHERIE N 6.5%, C67.YS-6
DS-26 MR e, 7E 8% B2 Tt ] 2218
At
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Figure 5.

100 & RD-15 (MF062199)
L Yarrowia lipolytica WM 894 (KP132933)

48; A DS-1 (MF062215)

Candida akabanensis PMM09-2528L (KP131657)
99| A& DS-26 (MF062199)

Candida rugosa ONF19B (KF479404)

ITS rRNA EAFIBEERZABR

Ascomycota

Pucciniomycotina

Agaricomycotina

Neighbour-joining tree showing the phylogenetic relationships among yeast strains ITS gene partial

sequences and related sequences acquired from GenBank. Numbers at the nodes indicate the bootstrap values based
on neighbour-joining analyses of 1000 resampled datasets. Bar 0.05 at the bottom is the sequence digergence.
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Table 3. Growth characteristics and morphological characteristics and extracellular enzymatic activity of partial

cold-adapted yeasts difference habitats of Glacier No.1 in the Tianshan Mountains

Morphological properties

Growth characteristics

Enzymatic activity

Strain Colony color Colony Range Range Protease Lipase Amylase
Y size/mm temp/°C NaCl/% activity activity activity
Cs6 White 12 4-20°-30 0-6.5 - - -
DS-14 Pink 2-3 4-15-30 0-6.5 - - +
C73 White 2-4 4-15-25 0-6.5 +++ - -
YD-1 White 2-4 4-15-25 0-6.5 ++ ++ ++
Cs3 white 12 4-15-25 0-4.0 - ++ -
YD-3 Yellow 34 4-20-25 0-6.5 - - -
C67 yellow 2-3 4-15-30 0-8.0 - - -
RS-5 Yellow 2-3 4-15-25 0-6.5 - - +++
RD-6 White 1-2 4-20-25 0-6.5 - ++ +
C35 yellow 2-3 4-15-25 0-6.5 - ++ ++
C2 yellow 2-3 4-15-30 0-6.5 - ++ -
Cl11 Orange 3-4 4-15-30 0-6.5 - + —
Cc9 Pink 2-4 4-20-30 0-6.5 - +++ —
YD-31 White 1-2 4-15-20 0-6.5 - - -
C79 White 2-3 4-15-25 0-6.5 - - ++
RD-8 Yellow 2-3 4-10-25 0-6.5 - + +
YS-6 Yellow 34 4-20-30 0-8.0 - - ++
YD-15 Yellow 2-3 4-15-30 0-6.5 - - +
Cs2 White 3-5 4-15-25 0-6.5 4+ +++ -
C8 Pink 34 4-15-25 0-6.5 - - -
C21 Pink 34 4-10-25 0-6.5 - - -
DS-1 Yellow 2-3 4-15-25 0-6.5 - - ++
DS-26 Orange 2-3 4-15-20 0-8.0 +++ — —
RD-15 White 2-3 10-20-30 0-6.5 ++ + o
C20 White 12 4-15-25 0-6.5 - +++ -

+: diameter 5-9 mm; ++: diameter 10~15 mm; +++: diameter =1.6 cm. *: The optimal growth temperature.

2.5 PEERTRTEREE P R R AR AT SRR

25 MRAGIREEEE =2 R o (3R 3), 11 Mo™=TE s
B, 11 BRS REIIRE, S MR, R BT
A 3 B EEEERE, 3R C73. C52, DS-26,
A A AT R P s P P AR A o T g
BB 3 AR I, 08I €9, C52.

C20, C20 P HEHE R I . TE/" TEM IRk
H1, RS-5. RD-15 iX 2 MR HEE R, 175
TUVE R AZE B AR T 16 mm, HiHr YD-1 Al
RD-15 ¥4 il . S AREFITERH . RD-6, C35,
RD-8 1 €52 H 7y 2 Fifiig, Hap ks 2™
Horb iy — Pl B, R RYE TS LA 6,
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6. EHRTRSNEEE R
Figure 6. Photographs of yeast strains producing extracellular enzymes. Protease activity: A: C73, Naganishia
liquefaciens; B: RD-15, Yarrowia lipolytica; C: C52, Phenoliferia glacialis. Lipase activity: D: C9,

Cystofilobasidium magnus; E: C2, Vishniacozyma victoriae; F: C20, Aureobasidium pullulans. Amylase activity: H:

RS-5, Papiliotrema flavescens; 1: RD-6, Vishniacozyma carnescens; G: RD-15, Yarrowia lipolytica.

3 it

IR ERANLYIT . O P RUR: K Bl A )
LEETE R R O EAE AR R R AR . kA A TE
KA 1A IL i 32 22 A SR B RUE D 1A Bl
Yy oK) BB AR M ERAR R XS A SR i L 3 rp B A
BB, Uk RBCK B S et ek IR
MK 2SR, IR =P AL &R,
WEEREN AR, RIEBED, A%
PR DA A GRS . W) AT U1k
1T G F AR A L RESR (16D (9 A HILBR A SR
P DN BT DG W B 1 N1 0 7 S e
SRR SRAE RS, SNSRI | vk
JFRYIORcy TN i\ eV S iR Ry WL BRI A DL VAN
FIZRBR 2B KR HR, f% . RSR It Bl Rl K 215
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AHYI G RERFE TR, TR PG,
NS AFHEMA IR A KBRS

A SEISE S 4 TSR] ) o i R SR Ak R
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B A, AR AR N R R A 2 M X Y
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Phylogeny and diversity of culturable yeasts in supraglacial
cryoconite and subglacial sediments of the Glacier No.1 in
Tianshan Mountains

Ruirui Zhang', Mei Xue?®, Ningning Li', Yamei Jin®, Xiaojing Wei’, Yongqing Ni*"

" School of Life Sciences, Shihezi University, Shihezi 832000, Xinjiang Uygur Autonomous Region, China
? School of Food Sciences, Shihezi University, Shihezi 832000, Xinjiang Uygur Autonomous Region, China

Abstract: [Objective] The objective of this study was to elucidate the phylogenetic group and diversity of structure
composition of culturable yeasts isolated from supraglacial cryoconites and subglacial sediments of the Glacier
No.1 in Tianshan Mountains and to analyze the physiological and biochemical characteristics of different low
temperature yeasts. [Methods] Culturable yeasts were detected on rose Bengal agar (RB), clichloran 18% glycerol
agar (DG18), malt extract yeast extract soytone agar (MYP) and yeast-malt extract agar (YMP) media. The
phylogenetic position of yeasts was determined by internal transcribed spacer (ITS) gene sequence. The
physiological and biochemical tests included optimal growth temperature, salinity tolerance and enzymatic
activities. [Results] A total of 152 culturable yeasts were isolated from supraglacial cryoconites and subglacial
sediments. The results of National Center of Biotechnology Information (NCBI) alignment of internal transcribed
spacer (ITS) rRNA gene sequence and Rep-PCR fingerprinting showed that the yeast groups included
Basidiomycota and Ascomycota, belonging to 14 genera and 26 species. Among them, 88 strains were
Pucciniomycotina, 24 strains were Agariomycotina, and 40 strains were Ascomycota. Vishniacozyma victoriae was
the dominant strain (21.84%). The optimum growth temperature for 17 yeasts was at 15 °C, 2 strains at 10 °C and 6
strains at 20 °C. The analysis of lipase, protease and amylase activity showed that 11 of the 25 low temperature
yeasts produced lipase and 11 produced amylase and 5 produced protease, 6 strains did not produce any enzymes.
[Conclusion] The results of this study provide valuable data for the research of community structure and
physiological characteristics of cryogenic yeasts in glaciers.

Keywords: glaciers in the Tianshan Mountains, cryocnite, subglacial sediments, culturable yeasts, diversity,

enzyme activity
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