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Table 1. Sampling sites information in Yamzhog
Yumco Lake

Sites  Elevation/m Longitude Latitude
1 4443 90°44'E 29°07'N
2 4442 90°35'E 29°11'N
3 4443 90°34'E 29°11'N
4 4439 90°22'E 29°05'N
5 4441 90°23'E 29°00'N
6 4447 90°30'E 28°59'N
7 4431 90°29'E 28°57'N
8 4432 90°34'E 28°58'N
9 4438 90°41'E 28°56'N
10 4442 90°42'E 28°55'N
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2 HERFpAT

2.1 FEER SR SUK KT IR B A B S A
i

2.1.1  FEZEREH SUKRT BB E K
W ARRDL . -G KA R AL B R 297 B
WeRER, )BT 16 M@ 25 AR 2). Hrp
Cryptococcus J& 6 %', Naganishia J& 4 1~Ff,

Filobasidium J& 2 1, HAR @ Lo 255 1 AFh

ST 25 AFPEIEERE R BRI, V. victoriae

F2 FHEHE

IR IR 5 (90%) . 1 9 AMFES BB ],
KN C. heimaeyensis Fll F. stepposum, 1E 6 THER,
kR, T A, pullulans . C. adeliensis 55 7 |~
FALTE 1 DFERP R B3] . AR FEBE R B,
25 FhEEEERIYR, V. victoriae MXTEFERE, N
24.6%, HIK N S. cerevisiae Fll C. heimaeyensis,
STEREERR 152%F1 14.8%, 1 A. pullulans.
C. adeliensis 55 5 FPREEL AT B H) 1 Bk, AHXFF
JEAUH 0.3%. £55 70 b i IR KO 28wl
FRLGER KA AT B FRBERE R LD V. victoriae,

B RKEEMKTE LA EFRBEEENSH

Table 2. Species distribution of culturable yeasts among different sites in Yamzhog Yumco Lake
Strains Sampling sites Occurrence Relative
1 2 3 4 5 6 7 8 9 10 frequency/% abundance/%

Aureobasidium pullulans 1 10 0.34
Cryptococcus adeliensis 1 10 0.34
Cryptococcus chernovii 3 1 1 1 40 2.02
Cryptococcus foliicola 3 1 2 30 2.02
Cryptococcus heimaeyensis 1 8 3 3 1 28 60 14.81
Cryptococcus oeirensis 1 1 20 0.67
Cryptococcus uzbekistanensis 3 1 20 1.35
Cystobasidium minutum 1 1 20 0.67
Cystofilobasidium macerans 1 1 3 1 40 2.02
Debaryomyces hansenii 3 1 20 1.35
Dioszegia fristingensis 10 3.03
Filobasidium magnum 17 1 2 40 7.41
Filobasidium stepposum 2 6 5 5 3 1 60 7.41
Holtermanniella takashimae 1 10 0.34
Lodderomyces elongisporus 1 1 1 30 1.01
Microbotryozyma collariae 1 10 0.34
Naganishia albida 1 12 3 1 2 50 6.40
Naganishia albidosimilis 1 1 1 1 1 50 1.68
Naganishia diffluens 1 1 4 1 40 2.36
Naganishia globosa 1 1 2 1 40 1.68
Pichia fermentans 1 10 0.34
Rhodotorula mucilaginosa 1 3 1 30 1.68
Saccharomyces cerevisiae 2 5 1 1 36 50 15.15
Solicoccozyma aeria 10 1.01
Vishniacozyma victoriae 4 14 21 18 2 5 2 6 1 90 24.58
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Bl 0-0.57; X 6 SHE A 8 S ARIA S| h 4
AHL0.50-0.75), FLBiIR 2.2%; 20 ZHAE A5 R AH A
JE Sk o BEASARRI(0.25-0.50), LR 44.4%; 24 41
PE 5 R B A AHRL(0-0.25), LBl A 53.3%, Hirf
A 6 HFEAS R Jaccard AHLUEE R0 F N
0-0.10, EMATIF , FELIERT & HF SUK IR BELE
TERIAKP EAFTEROR I 22 5%
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BERERE 1), 3 SHADREREZ, 2 5.
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R3. FEERJIHFRKKERBKELAEREGEMNSH
Table 3. Genera distribution of culturable yeasts among different sites in Yamzhog Yumco Lake
Strains Sampling sites Occurrence Relative
1 2 3 4 5 6 7 8 9 10 frequency/% abundance/%

Aureobasidium 1 10 0.34
Cryptococcus 7 9 7 5 1 32 2 70 21.21
Cystobasidium 1 1 20 0.67
Cystofilobasidium 1 1 3 1 40 2.02
Debaryomyces 3 1 20 1.35
Dioszegia 9 10 3.03
Filobasidium 9 7 7 5 2 3 1 70 14.81
Holtermanniella 1 10 0.34
Lodderomyces 1 1 1 30 1.01
Microbotryozyma 1 10 0.34
Naganishia 1 1 15 4 1 3 9 2 80 12.12
Pichia 1 10 0.34
Rhodotorula 1 3 1 30 1.68
Saccharomyces 2 5 1 1 36 50 15.15
Solicoccozyma 3 10 1.01
Vishniacozyma 4 14 21 8 2 5 2 6 1 90 24.58
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R4 FEEERIHRKKAIZFEEE Jaccard 18
E R
Table 4.
among different sites in Yamzhog Yumco Lake

Sites 1 2 3 4 5 6 7 8 9 10
1

0.27 1

0.40 041 1

0.20 0.24 0.28 1

0.07 0.38 0.33 0.31 1

0.09 0.07 0.31 0.17 0.10 1

0.10 0.27 0.23 0.30 0.25 0.17 1

0.15 0.13 0.43 0.21 0.17 0.57 0.11 1

0.29 0.31 0.44 0.25 0.21 0.08 0.30 0.13 1

0.15 0.13 0.33 0.21 0.17 0.38 0.11 0.40 0.13 1

Jaccard coefficient of culturable yeasts
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Figure 1. Diversity indexes of culturable yeasts in different sites from Yamzhog Yumco Lake. A: yeast species

number and genera number; B: yeast counts; C: yeast diversity indexes. H': Shannon index; D: Simpson index; J':
Pielou evenness index; The data marked with different alphabets indicated that difference between sites was

significant (P<0.05).
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Table 5. Species distribution of culturable yeasts among different regions in Yamzhog Yumco Lake

Strains CY CK CC YC Occurrence frequency/% Relative abundance/%
Aureobasidium pullulans 1 25 0.34
Cryptococcus adeliensis 1 25 0.34
Cryptococcus chernovii 4 1 1 75 2.02
Cryptococcus foliicola 3 1 2 75 2.02
Cryptococcus heimaeyensis 12 3 1 28 100 14.81
Cryptococcus oeirensis 1 1 50 0.67
Cryptococcus uzbekistanensis 3 1 50 1.35
Cystobasidium minutum 1 1 50 0.67
Cystofilobasidium macerans 1 50 2.02
Debaryomyces hansenii 4 25 1.35
Dioszegia fristingensis 9 25 3.03
Filobasidium magnum 20 2 50 7.41
Filobasidium stepposum 18 3 1 75 7.41
Holtermanniella takashimae 1 25 0.34
Lodderomyces elongisporus 2 1 50 1.01
Microbotryozyma collariae 1 25 0.34
Naganishia albida 16 1 2 75 6.40
Naganishia albidosimilis 3 1 1 75 1.68
Naganishia diffluens 1 1 4 1 100 2.36
Naganishia globosa 1 1 2 1 100 1.68
Pichia fermentans 1 25 0.34
Rhodotorula mucilaginosa 4 1 50 1.68
Saccharomyces cerevisiae 7 1 37 75 15.15
Solicoccozyma aeria 3 25 1.01
Vishniacozyma victoriae 39 20 7 7 100 24.58

CY: coastal area of Yamzhog Yumco Lake; CK: coastal area of Kongmo Co Lake; CC: coastal area of Chen Co Lake; YC:

Yamzhog Yumco Lake center.

V. victoriae X 4 P H BT R e, 7E 4 X
Wk, A pullulans . C. adeliensis %5 8 1 #
HIBAR A, A 1A s

222 FREIER KR X AT 5 57 A 1 R K
AR . F 6 BHEEW, Cryptococcus |
Filobasidium . Naganishia. Vishniacozyma 4 1> J&
P BE TR ) BR84S KU A 4 B i
Aureobasidium . Debaryomyces %5 7 1~ J& H BLI%

AR, #HRAE AR i,

2.2.3  FELZERS KRS X FT B o B A v AE 0
MM R YERE A XK R B2 Jaccard AH
UEE R B R (FR 7)), £ DX S e B R AH RLUBE Y T Ry
0.32-0.61, A sLZERE U 2 DRI L GRS i)
O DGR B H B AR A-(0.61), Hodx 5 AL g
ASHIRL(0.25-0.50), HBIh 83.3%. AR,
L GER A5 XUK AR B BE B A A — i 22 5
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Fo6. FREERBXEBKAKERBKFLAERABEENSH
Table 6. Genera distribution of culturable yeasts among different regions in Yamzhog Yumco Lake

Genus CY CK CC YC Occurrence frequency/% Relativeabundance/%
Aureobasidium 1 25 0.34

Cryptococcus 23 5 1 34 100 21.21
Cystobasidium 1 1 50 0.67
Cystofilobasidium 1 50 2.02

Debaryomyces 4 25 1.35

Dioszegia 25 3.03

Filobasidium 38 2 3 1 100 14.81
Holtermanniella 25 0.34

Lodderomyces 2 1 50 1.01
Microbotryozyma 25 0.34

Naganishia 21 4 9 2 100 12.12

Pichia 25 0.34

Rhodotorula 1 50 1.68
Saccharomyces 7 1 37 75 15.15
Solicoccozyma 3 25 1.01

Vishniacozyma 39 20 7 7 100 24.58

CY: coastal area of Yamzhog Yumco Lake; CK: coastal area of Kongmo Co Lake; CC: coastal area of Chen Co Lake; YC:

Yamzhog Yumco Lake center.

T XEEEEZIXEBKEKAIEFEBEMKE
Jaccard HHIAE R

Table 7. Jaccard coefficient of culturable yeasts
among different regions in Yamzhog Yumco Lake
Regions CY CK CC YC
CY 1
CK 0.39 1
CC 0.35 0.46 1
YC 0.61 0.32 0.33 1

CY: coastal area of Yamzhog Yumco Lake; CK: coastal area
of Kongmo Co Lake; CC: coastal area of Chen Co Lake; YC:
Yamzhog Yumco Lake center.
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A W EMEEF(P>0.05), NYFE FkRE, Dt
T DR /N T SRR I 17 X (P<0.05), &
B LORF, 25 B R XRS5 41
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2. FHEERSXEKEKAIEFESES FMRELY
Figure 2. Diversity indexes of culturable yeasts in different regions from Yamzhog Yumco Lake. A: yeast species
number and genera number; B: yeast counts; C: yeast diversity indexes. CY: coastal area of Yamzhog Yumco Lake;
CK: coastal area of Kongmo Co Lake; CC: coastal area of Chen Co Lake; YC: Yamzhog Yumco Lake center; H':
Shannon index; D: Simpson index; J': Piclou evenness index. The data marked with different alphabets indicated that
difference between sites was significant (P<0.05).
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3. FREERBIHAKKELEFERMESH

Figure 3. Aquatic environmental factors of different sites in Yamzhog Yumco Lake. T: temperature; EC: electric conductivity;
TDS: total dissolved salt; NTU: turbidity; COD: chemical oxygen demand; TP: total phosphorus; TN: total nitrogen; NH,"-N:
ammonia nitrogen. The data marked with different alphabets indicated that difference was significant (P<0.05).

http://journals.im.ac.cn/actamicrocn



1278

Zhao Hao et al. | Acta Microbiologica Sinica, 2021, 61(5)

10 MEES NTU o8 3-15, Hidb 5 SREAROK,
6 SHERUF 9 S R/ s 5 COD H TP {HI 5 ,
5 SRV T S R S T HALRE A, Hob 10
FE S COD TN 6.72-185.81 mg/L, 5 SHE L
w, YO 75, 9 SREASRAR, 10 A
TP JE MM 0.02-0.06 mg/L, 5 5FES A 7 SFE S
I, 1S RERRAR; B TN A1 NH,-N T &,
9 SHE X AMEIRAL; 5 SHER TN (HR e,
10 M FEf TN JEHEN 0.25-0.61 mg/L, 7 54
NH,-N fH i, 10 NFE S NH-N 5 Fl R
0.01-0.04 mg/L.

232 FHEHSRKBAKEEAETFERES
Hr: i#i Duncan 5515534 BLEERS 45 X M
IKFRAL R F 1 22 (& 4), RTLAE Y, F s g,
W R XN E SR )0 X pH B 2 B T U I
X Al 2s BEHE T R [X(P<0.05); EC. TDS. Salt H
A AR 2SR H, ¥90h SRR T 7 XA 5
FERE IO X 02 & TURE I R X, DU R X R
F T A BB YT R X (P<0.05); 1 2F 5L ZERS 1T 1+
X TP Wi A F TOHE U Rt DR 28 BERS VT 2 X
(P<0.05) 0 4 A~ DX 35 Ho B A PR 1 3 i
E L

1800 1.50
a a a
1500 1257, a
b 31200 b 1.00
& 2 b
£ 900 £0.75
A 3
= 600 0.50
C C c
H 300 H 0.25 H
0 0.00
CYCK CC YC CYCK CCYC CYCK CC YC
0.6 0.05
a a 05 .
ab ata 0.04 =
] ~o04 a 2
— an
E" £ 003
= 0.2 o
Z
0.1 0.01 ﬁ
0.0 0.00
CYCK CCYC CYCK CCYC CYCK CC YC

4. FRERZIXEBKFELEFERESH

20¢ 10 2500
a a
187 9 7 b b
161 a 8 2000
141 7 .
L2 a 6 £ 1500
Z10f L5 é
gl 4 9 1000
6 3
41 2 500
24 1
0 0 0
CYCK CCYC CYCK CCYC
11 . 207, 0.07
10 ™ )
ol & 100 0.06
Sta _ 0.05
7 g 80 a
D6 %D B0 0.04
= = 60 a g
A3 a g = 0.03
3 © . 0.02
2 20 a 0.01
| lila
0 0 0.00
CYCKCC YC CYCK CCYC
Figure 4.

Aquatic environmental factors of different regions in Yamzhog Yumco Lake. CY: coastal area of

Yamzhog Yumco Lake; CK: coastal area of Kongmo Co Lake; CC: coastal area of Chen Co Lake; YC: Yamzhog
Yumco Lake center; T: temperature; EC: electric conductivity; TDS: total dissolved salt; NTU: turbidity; COD:
chemical oxygen demand; TP: total phosphorus; TN: total nitrogen; NH, -N: ammonia nitrogen. The data
marked with different alphabets indicated that difference was significant (P<0.05).
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Figure 5.

Pearson correlation coefficient between culturable yeasts diversity index and environmental factors of

different sites in Yamzhog Yumco Lake. T: temperature; EC: electric conductivity; TDS: total dissolved salt;
NTU: turbidity; COD: chemical oxygen demand; TP: total phosphorus; TN: total nitrogen; NH, -N: ammonia
nitrogen; H': Shannon index; D: Simpson index; J': Pielou evenness index; *: There was a significant correlation
at the 0.05 level; **: There was a significant correlation at the 0.01 level.
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Pearson correlation coefficient between culturable yeasts diversity index and environmental factors of
different regions in Yamzhog Yumco Lake. T: temperature; EC: electric conductivity; TDS: total dissolved salt;
NTU: turbidity; COD: chemical oxygen demand; TP: total phosphorus; TN: total nitrogen; NH, -N: ammonia
nitrogen; H': Shannon index; D: Simpson index; J": Pielou evenness index; *: There was a significant correlation
at the 0.05 level; **: There was a significant correlation at the 0.01 level.
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Table 8.
Yunnan province

Comparison of culturable yeasts distribution between Yamzhog Yumco Lake and plateau lakes in

Sites Specis Genera Yeast Jaccard coefficient with Common yeast species with Yamzhog Yumco
number number counts/(CFU/L) Yamzhog Yumco Lake Lake

Chenghai 22 14 189 0.11 Aureobasidium pullulans, Cryptococcus

Lakel"! albidus, Cryptococcus oeirensis, Debaryomyces
hansenii, Rhodotorula mucilaginosa

Fuxian 52 22 259 0.09 Aureobasidium pullulans, Cryptococcus

Lake ' albidus, Cryptococcus heimaeyensis,
Cystofilobasidium macerans, Debaryomyces
hansenii, Lodderomyces elongisporus,
Rhodotorula mucilaginosa

Qilu Lake!! 27 14 551 0.10 Aureobasidium pullulans, Cryptococcus
albidus, Cryptococcus foliicola, Cryptococcus
uzbekistanensis, Rhodotorula mucilaginosa

Yangzonghai 48 15 124 0.06 Aureobasidium pullulans, Cryptococcus

Lake ' albidus, Cryptococcus uzbekistanensis,
Rhodotorula mucilaginosa

Xingyun 37 18 1298 0.09 Aureobasidium pullulans, Debaryomyces

Lake [ hansenii, Naganishia albida, Pichia
fermentans, Rhodotorula mucilaginosa

Yamzhog 25 16 397 - -

Yumco Lake

JEh 397 CFU/L, IR TE=IFLES, HeT
PeAlsh . B . PHoSWE, 3K — 5 T 5 X 2E 3T 1
PR E MR R R A, J5— 5 5 B IR B
MBS R IE R A K. BT B = RRE ot
FEBCA M E B EBT, Fr DA A 4 S
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¥ EC 4350 1081.93, 760.58., 346.63 us/cm,
M- F -1 EC 2 1784.60 ps/cm, B LUK
JEH T BC 1925 5 DA K F L gERS A R 1Y AL
S [F] S 2T e S A LA R R T
MEEMZES. PRI S 5 A Ebin
FiiE Jaccard MRUEESN 0.06-0.11, 4k BEA
L. 6 FHRIILA RN A pullulans. N. albida
(C. albidus) . R. mucilaginosa. ¥ THAM 5 45
S, R AR KRR A B RE T 14 A, Horp
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Diversity of culturable yeasts in Yamzhog Yumco Lake

. E
Zhao Hao, Yanhong Wang, Yanyan Zheng, Xiaofang Guo , Ji De’
School of Science, Tibet University, Lhasa 850000, Tibet, China

Abstract: [Objective] To investigate culturable yeast diversity in Yamzhog Yumco Lake and analyze the influence
of environmental factors on yeast diversity. [Methods] Yeasts were isolated by membrane filtration flat culture.
Identification was based on sequence analysis of ITS domains of rRNA gene, combining with traditional
classification method. SPSS 20.0 and CANOCO 5 were used to examine correlations between culturable yeast
diversity and environmental factors. [Results] In total of 297 yeast strains were isolated, these strains were
identified as 25 species in 16 genera. Vishniacozyma was the dominating genera in the Lake. Vishniacozyma
victoriae was the dominating species. Statistical analysis indicated that pH, electric conductivity (EC), total
dissolved salt (TDS) and salt were significantly positive related to yeast species number and genera number among
different sites, total phosphorus (TP) is significantly negative related to yeast genera number among different sites
and different regions, TP is significantly negative related to yeast species number among different regions,
additionally, pH and TP were important factors influencing the community structure of yeast in the Yamzhog
Yumco Lake. [Conclusion] The yeast community from Yamzhog Yumco Lake showed high species richness, the
yeast community structure was different at different sites, and anthropogenical influenced is an important factor for
the yeast community. The relationship between yeast community and human activities deserves further study.
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