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Distribution of water samples in Lhalu Wetland.

Figure 1.
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F1. REEMKAREMEEESES BN
Table 1. Distribution of yeasts isolated from water samples in Lhalu Wetland
Occurrence  Relative

Species ! 2 34 > 6 7 8 910 i frequency/% abundance/%
Ascomycetes 2 6 7 5 7 45.45 16.0
Candida oleophilla 1 9.09 0.6
Candida Zeylanoides 2 2 18.18 2.4
Candida sake 1 1 3 4 36.36 53
Hanseniaspora uvarum 1 1 18.18 1.2
Hanseniaspora meyeri 1 9.09 0.6
Pichia nakasel 1 9.09 0.6
Pichia fermentans 1 7 1 27.27 53
Basidiomycetous 18 12 4 7 26 6 11 14 21 9 14 100.00 84.0
Cryptococcus oeirensis 1 9.09 0.6
Cryptococcus victoriae 1 9.09 0.6
Cystofibasidium infirmominiatum 2 1 1 27.27 2.4
Cystofibasidium macerans 1 4 1 1 2 3 2 72.72 8.9
Filobasidium elegans 1 9.09 0.6
Filobasidium magnum 1 1 1 1 8 1 3 2 72.72 10.7
Filobasidium stepposum 1 9.09 0.6
Filobasidium wieringae 1 9.09 0.6
Holtermanniella takashimae 1 1 1 3 36.36 3.6
Naganishia adeliensis 2 9.09 1.2
Naganishia albida 1 9.09 0.6
Naganishia albidosimillis 1 9.09 0.6
Naganishia friendimannii 4 4 1 1 1 4 54.54 8.9
Naganishia globosa 6 1 1 1 1 54.54 7.1
Papiliotrema flavescens 1 9.09 0.6
Rhodosporidiobolus colostri 1 9.09 0.6
Rhodotorula graminis 1 1 1 1 1 45.45 3.0
Rhodotorula kratochvilovae 1 9.09 0.6
Rhodotorula mucilaginosa 1 1 1 1 2 45.45 3.6
Sporidiobolus metaroseus 1 3 18.18 2.4
Udeniomyces puniceas 1 9.09 0.6
Udeniomyces pyricola 1 9.09 0.6
Ustilentyloma graminis 5 4 12 1 4 4 2 10 72.72 24.9
Vishniacozyma tephrensis 1 9.09 0.6

v N s U = 5 T 7 St B S
Cystofibasidium macerans . Filobasidium magnum
K. Ustilentyloma graminis HISR &, 75 8 4>
KEEH B AR, HIRA Naganishia globosa 1
Naganishia friendimannii, HITER 54.54%,

Candida oleophilla . Hanseniaspora meyeri 55 17 1~
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Table 2. Distribution of yeasts of different genera isolated from water samples in Lhalu Wetland
Occurrence Relative

Genera ! 2 3 4 > 6 7 8 ? 10 1 frequency/% abundance/%
Candida 1 3 7 36.36 8.3
Hanseniaspora 2 1 18.18 1.8
Pichia 1 1 7 1 36.36 5.9
Cryptococcus 1 1 18.18 1.2
Cystofibasidium 1 4 1 1 3 3 3 3 72.72 11.2
Holtermanniella 1 1 1 3 36.36 3.6
Filobasidium 1 2 1 1 9 1 3 1 2 81.81 12.4
Naganishia 10 4 1 2 2 2 2 6 1 1 90.90 18.3
Papiliotrema 1 9.09 0.6
Rhodosporidiobolus 1 9.09 0.6
Rhodotorula 2 1 3 1 2 3 54.54 7.1
Sporidiobolus 1 3 18.18 2.4
Udeniomyces 1 1 18.18 1.2
Ustilentyloma 5 4 12 1 4 4 2 10 72.72 24.9
Vishniacozyma 1 9.09 0.6

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



1172

Xiaofang Guo et al. | Acta Microbiologica Sinica, 2018, 58(7)

F 3. NERMEHFSKEABESEME Jaccard HHIELE RE
Table 3. Jaccard coefficient of yeasts among different sites in Lhalu Wetland

Sites 1 2 3 4 5 6 7 8 9 10 11

1 1

2 0.27 1

3 0.25 0.20 1

4 0.38 0.20 0.14 1

5 0.40 0.23 0.09 0.33 1

6 0.21 0.27 0.15 0.07 0.12 1

7 0.62 0.25 0.22 0.38 0.50 0.20 1

8 0.27 0.23 0.09 0.20 0.23 0.06 0.36 1

9 0.31 0.29 0.15 0.15 0.27 0.31 0.38 0.19 1

10 0.25 0.29 0.08 0.30 0.21 0.25 0.33 0.21 0.18 1

11 0.18 0.25 0.22 0.10 0.07 0.50 0.17 0.07 0.29 0.14 1

(2) HERALA R COKRRE R R KCFRES  ABLEERSIS 78%, MU ATATRCEEALA FEAUK I

AR 7 B [ P B T J K P A AR E S

% 4 NHEE AR SRR RE B R KA
PUERB BEER, BRI R JE Jaccard
FRIPE RSN 0.14-0.83; 5 51 7 SEE S A
JEARML0.83), 11 ZLFEATRIAEBLE REANF 0.50
F10.75 ZIa], HEEARRIEL B 20%; 31 4LHE ]

2.1.3  UEBHUK AR E SRR £ 5
SE o P K AR BB T AR SR . SR S
ATLAE Y, PSR 6 5 9 SRR AN BuR
Z, HkN 105, 25, 55 8 S/KHERF
MR 2, XS, 3 5 4 SoKFERE R A

HALE RECH 0.20-50.50, HEEANFMELHI N K, 084 5. BRI, 9 SR HE
56%; 12 dFEIIEEARRL, B 22%. Pz, KR 105, 8%, 35, 45H 11 5
ATRVE, PLER AR SR AR RE R R KA KRR BERT A, By 4 R
* 4. NETHEHSKKABEEEEZL Jaccard HHILE RE
Table 4. Jaccard coefficient of yeasts of different genera among different sites in Lhalu Wetland

Sites 1 2 3 4 5 6 7 8 9 10 11

1 1

2 0.38 1

3 0.14 0.43 1

4 0.50 0.22 0.14 1

5 0.43 0.33 0.25 0.43 1

6 0.22 0.50 0.25 0.11 0.20 1

7 0.67 0.38 0.29 0.50 0.83 0.18 1

8 0.38 0.44 0.38 0.22 0.50 0.18 0.50 1

9 0.40 0.50 0.30 0.30 0.56 0.36 0.56 0.60 1

10 0.44 0.44 0.20 0.33 0.40 0.45 0.44 0.25 0.42 1

11 0.29 0.29 0.33 0.14 0.25 0.67 0.29 0.22 0.30 0.33 1
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x5 NERMKAESEZDFEEY
Table 5. Diversity index of yeasts isolated from water samples in Lhalu Wetland
. Species  Genera Yeast Pigmented Non-pigmented Pigmented Simpson Shannon Pielou

Sites number  number counts/ yeast counts/  yeast counts/ yeasts/% index index evenness

(CFU/L) (CFU/L) (CFU/L) (D) (H" index (J')
1 6 5 4609de 759ef 3850d 16.47 0.63 0.98 0.20
2 8 6 4125ef 1078e 3047de 26.13 0.77 1.69 0.35
3 4 4 1474h 561fg 913g 38.06 0.73 1.19 0.32
4 4 4 26730a 8580a 18150a 32.10 0.68 1.35 0.20
5 8 6 10329b 3531b 6798b 34.19 0.59 0.69 0.13
6 11 6 6314c 3113c¢ 3201de 49.30 0.87 2.11 0.40
7 7 5 9350b 1980d 7370b 21.18 0.83 1.83 0.33
8 8 7 5632cd 682efg 4950c 12.11 0.83 1.55 0.30
9 11 9 2651gh 495fg 2156ef 18.67 0.86 2.07 0.48
10 9 8 2013gh 308g 1705fg 15.30 0.87 2.11 0.51
11 7 4 3168fg 748ef 2420ef 23.61 0.69 1.27 0.28

The data marked with different alphabets indicated that difference between sites was significant (P<0.05).

5 SIKEE HEN AR, PTLAE 1, Simpson Z2FEM:
F8HUCF Shannon-Wiener ZFEMEFE FFEAR —2L, X

SRy o oL G T P B TR 22 R AT R AT
SR IR Ter@ames: | ARLLEAmERE DL R T
B, IFRFH SPSS 19.0 ZXAFUEFT T AR BE 6
é%,mﬂif“%#@/%ﬁ M5 AL, 4 SoKFEEE

BT R, HUCh 5 5/ 7 5K, 3 5K
ﬁ@%,;ﬂéfﬁﬁ,ﬁ% 9 S HI 10 S/KFER A BT
%E,%Eﬁ?H%SAﬁﬁmm%ﬁﬁ@@ﬂ

SFEEBIERY, 4 SRS F TR, HUCh
59, 65, 7TEKFE, 10 BUKEEL (AR BT
FERAL, HHEARTER 3 5. 8 5 & 9 5 AMYHE
/KA (P<0.05) 5 ARLL O EERETE A R KA h 8o
() 53 A a4 5 21 B TR A — 3, 4 Sk
., HRh 55/ 7 SHEAL, 3 SOKFEHIZE N B
fIK(P<0.05). LI RFT & LU R (3R 6), 6 5
FERLL OB He Bl , Uk 3 SHE R,
FE 52T B B EL A eI (12.11%)

Simpson Z 48 %K . Shannon-Wiener Z £ 1
BRI Pielou ¥ EFEE /R (E 5), 6 S
10 SUKFE D s, HIK N 9 SKFE, 7 SH
8 S/KME D WL, 5 5KFE D (EM AR
6 S 10 5 2 PIKAE BfEdR s, HUCh 9 5K,

85

2 MEBELEGRY, 6 5H 10 5 2 DIKFEREEETR
FEEMEZAERR . WA EIRBUSBEHA A
[, I3 STLIAEH, 10 SFE SN a1 5y
A1, HKCh 9 SKEE, MXTINE 1 5 4 SKEE
R BE T O Al e AN 5]

2.2 P& KA E F SRR SR A
I

221 HEEBHKEEARFEREST: BT
UL N 7 SRR AR G R, ME T4
Gl AR 11 DERAFR PR EE , Wk 6 R, AT
DLhr b 11 AN KRR [ 3R PR A7 RS R R B 1Y
Ze5to S pH T, B0 107 R A B /K AL 1 5 I ik
P:(7.42-9.12), H 1 S5 pH i, 7 S
pH {HIRAK, 11 AS/KFEE] pH (ESEASER A7 1L B 3 22
F:(P<0.05); t EC. TDC #1 Salt Mi&, 11 /KEE
AR S —3, 11 0 10 S/KREIA 8 i T HAh ok
B, 6 SKFHERARCSRE 3. 4. 5 S/KFELIAMIK
FEE BRI 2% 725, Hodh BC H(213-362) ps/em,
TDS “A(151-257) mg/L, Salt “(98-168) mg/L; ki
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RAEENEZERRH, hrEgaK R S EZVaFE R
(2.30-6.70) mg/L, AN (1.57-19.40) mg/L, H
H 6 SHERIX 2 MERF(P<0.05), 8 SHEREAIH
A%, 10 SRS S AEIAR; 11 SHF SRR e,
3.7, 8.9 SHEAEAR, SAEEIH(0-0.23) mg/L;
BIEYMES TR, 7 SRR RS, HK
4 SRR, LA SR B 2R R b
T3 K AV ST TR O (4.45-7.75) mg/L, 8 ShE

N

SRR R, T SRR Ak R A v
H9(76.75-95.28) mg/L, 4 SHEAIZERE, 105
IKFE Ak 27 R A

2.2.2  hrE AR UK IR A B A AR S A
¥r: M 70LIEH, EC, TDS LK Salt 3 /N3
b P57 19 R ) 2 A S 3 TE A S (e R B0 1)
(P<0.01); TN 5 TP [1] &2 g 3 IEAHE(P<0.05); TSP
5 DO [A] 4 2.3 A & (P<0.01); COD 4 EC,

F*o6. HWERHMKAEUEAFERESR

Table 6. Difference analysis of environmental factors of water samples in Lhalu Wetland
No. pH EC/ TDS/ Salt/ Temp/ TN/ NH,"-N/ TP/ TSP/ DO/ COD/

(ps/cm) (mg/L) (mg/L) °C (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
1 9.12a 272.00cd 193.33cd 125.67cd 11.20c 4.60d 3.50def  0.20b 4.67c 6.97c 85.24¢
2  8.65b 246.00de 174.67de 113.33cde  11.33c 4.00f 2.70g 0.10cd 4.33c 7.09¢ 82.38i
3 827e 236.33ef 168.00ef  109.33ef 11.60b 4.00f 3.40ef 0.00e 2.67c 7.02¢ 88.10e
4  8.20e 241.00def 171.33def 111.67def 11.83a 4.60d 8.50b 0.20b 19.33b 591g 95.28a
5 8.45d 231.00ef 164.33ef 107.17ef 11.67ab  3.80g 4.93c 0.07d 4.67c 6.53f 88.73¢c
6 8.56c 213.67f 151.67f 98.53f 11.00d 6.70a 19.40a 0.13¢c 3.00c 7.42b 93.37b
7 7.42j) 289.33¢c 205.67c 132.67¢ 10.07g 4.10e 4.00d 0.00e 103.67a  4.45h 85.75f
8 7.691 271.33cd 193.33cd 125.00cd 9.70h 2.301 3.70de 0.00e 2.00c 7.75a 82.73h
9 7.78h 258.33cde 183.33de 118.33cde  10.37f 3.33h 3.03fg 0.00e 6.00c 6.82¢ 76.84k
10 8.06f 323.00b 229.33b 148.67b 10.57e 5.80b 1.57h 0.23b 10.33¢c 7.45b 78.41j
11 7.96g 362.33a 257.00a 168.00a 10.97d 5.30c 3.50def  0.30a 5.00c 7.03¢c 76.75k

EC: electric conductivity; TDS: total dissovled salt; Temp: temperature; TN: total nitrogen; NH, -N: ammonia nitrogen; TP: total
phosphorus; TSP: total suspended solids; DO: dissolved oxygen; COD: chemical oxygen demand. The data marked with different

alphabets indicated that difference was significant (P<0.05).

7. HERMKKIENEFE Pearson HHX1EFRE

Table 7. Pearson correlation coefficience of environmental factors of water samples in Lhalu Wetland
Factors pH EC TDS Salt Temp TN NH,-N TP TSP DO COD
pH 1
EC —0.386 1
TDS —0.388 1.000** 1
Salt —0.373 1.000*%*  1.000** 1
Temp 0.674* —-0.391 —0.394 -0.371 1
TN 0.341 0.139 0.134 0.145 0.301
NH,-N  0.237 -0.512 -0.514  -0.508 0.187 0.567 1
TP 0.366 0.527 0.525 0.541 0.337 0.678* 0.086 1
TSP —0.536 0.172 0.174 0.159 —-0.360 —0.052 —0.081 —0.269 1
DO 0.372 —-0.005 —0.006 0.001 —0.005 0.096 0.070 0.212 —0.893** 1
COD 0.333 -0.721*  -0.720* -0.711* 0.522 0.207 0.676* —0.095 0.094 -0.269 1

EC: electric conductivity; TDS: total dissovled salt; Temp: temperature; TN: total nitroge; NH,'-N: ammonia nitrogen; TP: total

phosphorus; TSP: total suspended solids; DO: dissolved oxygen; COD: chemical oxygen demand; *: There was a significant
correlation at the 0.05 level; **: There was a significant correlation at the 0.01 level.

actamicro@im.ac.cn



FANFFE | A FAR, 2018, 58(7)

1175

TDS DL J Salt 3 ~H AL R 5 [a] & W 2 A ¢
(P<-0.05), T 5K NH,-N [0 5 3 3 F A%
(P<0.05); pH 5 Temp [A] 2 I 2 1EAHIE(P<0.05);
Sl 2R A1 V9 TR ) O 08 A o 2 R D

2.2.3  HE TR MR UK R RE R TR AR 5]
AHRHES T 3R 8 BRI, FrE K AR B)
WS D, H'VL R JTE) 2 3 IE AR (P<0.05),
55 JRH A AR I E ARG (P<0.01), FERE R S
J' B BRI E A DG (P<0.05) ;s TR R R
1 T B TR T B DL IR £ o T B TR B R
] S 4% B IE A SE(P<0.01); D H'VA K JHHia]

=8.
Table 8.

0 AR R 25 A DG (P<0.01)

224 HEBMSHKEEAEFSBEEES
BEHETE BRI E AT : R 9 WLIEH, b
ka0 es] 383 NS A PYSE FANGN 28T iy
1] 5 5 2 1F A0 ¢ (P<0.05), AH 1 R % B K
0.681 F1 0.621, SLLEANEERE T2 W EIE
HHIE(P<0.01); Simpson ZAEEFE%L D 5 Temp [1]
L DU e (P<-0.05) 5 2T {0 B B T He 1] 5
EC. TDS LK Salt [i] 5 & 3 11 &(P<-0.05), i
5 R AU ] 2 1B 2 I E AR C(P<0.05); I

SR I BEAT W A S

&R KRB B E % 145 208 Pearson AKX R

Pearson correlation coefficient of yeast diversity index of water samples in Lhalu Wetland

Index Species Genera Yeast  Pigmented  Non-pigmented Simpson Shannon  Pielou evenness
number number counts yeast counts yeast counts index (D) index (H') index (J')

Species number 1

Genera number 0.799** 1

Yeast counts -0.424 -0.380 1

Pigmented yeast counts —0.345 -0.388 0.968** 1

Non-pigmented yeast counts —0.454 —0.367 0.992%* (.929%* 1

Simpson index (D) 0.607* 0.600 -0.335 -0.329 —-0.330 1

Shannon index (H') 0.631* 0.578 -0.221 -0.196 -0.228 0.954** 1

Pielou evenness index (J')  0.605*  0.653* -0.515 -0.476 -0.523 0.896**  0.908** 1

*: There was a significant correlation at the 0.05 level; **: There was a significant correlation at the 0.01 level.

9. WEERMKAKELERFESREESHFHEIEEIE Pearson HHXMERE

Table 9. Pearson correlation coefficient between yeast diversity index and environmental factors of water samples
in Lhalu Wetland

Factors Species Genera Yeast Pigmented  Non-pigmented Pigmented Simpson  Shannon  Pielou evenness

number number counts yeast counts yeast counts yeasts/% index (D) index (H') index (J')

pH -0.126  -0.230 -0.028  0.083 —-0.084 0.338 -0.511 —-0.406 —0.348

EC -0.027 -0.018 -0.301  —0.408 —-0.239 —0.619* 0.065 0.086 0.198

TDS -0.030 -0.018 —-0.299 —-0.408 -0.237 —0.623* 0.065 0.084 0.195

Salt -0.041 -0.036 -0.293  —0.398 —-0.233 —0.608* 0.044 0.066 0.178

Temp  -0.484 -0.546 0.374 0.505 0.299 0.615* —-0.698*  —0.563 —-0.507

TN 0.176  -0.189 —-0.004  0.155 —0.084 0.475 0.113 0.283 0.240

NH,-N 0.285 -0.142  0.305 0.472 0.213 0.760%* 0.18 0.241 —-0.005

TP -0.121 -0.282 0.137 0.179 0.113 -0.029 -0.291 —-0.102 —-0.099

TSP -0.134 -0.185 0.239 0.122 0.293 —-0.148 0.209 0.213 0.018

DO 0322  0.35 -0.497  -0.404 —0.533 —-0.016 0.129 0.061 0.254

COD -0.364 —-0.496 0.681* 0.767** 0.621* 0.711* -0.279 —-0.255 —0.489

EC: electric conductivity; TDS: total dissovled salt; Temp: temperature; TN: total nitrogen; NH, -N: ammonia nitrogen; TP: total

phosphorus; TSP: total suspended solids; DO: dissolved oxygen;
correlation at the 0.05 level; **: There was a significant correlation at

COD: chemical oxygen demand; *: There was a significant

the 0.01 level.
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Figure 2. PCA ordination diagram of yeast community
associated with environmental factors in Lhalu
Wetland. EC: electric conductivity; Temp: temperature;
TN: total nitroge; NH,'-N: ammonia nitrogen; TP:
total phosphorus; TSP: total suspended solids; DO:
dissolved oxygen; COD: chemical oxygen demand.
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Rt AR A Z i B IR M AR IR BE T 12 0
BET SRS R IR T AR LR S N R
RE TR meRE, IRk 1 Mo 28w b
FRIGTEREE Y Ustilentyloma graminis (Rhodotorula
glutinis), W% PFEHEMDEHER, REBH
B ARHCHU SR AN RIS, FRIHED , Ustilentyloma
graminis (Rhodotorula glutinis)X}484MNE PP RT
RESEH 2 0 A0 T i PR 4 o — IR A 4R,
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Table 10. Comparison of yeast community between Lhalu Wetland and plateau lakes in Yunnan province

Places Specis  Genera  Yeast counts/ Ja.ccard coefficient Common yeast species with Lhalu Wetland

number number (CFU/L) with Lhalu Wetland

Yangzonghai 48 15 124 0.13 Cryptococcus victoriae . Filobasidium magnum .

Lake!! Naganishia albida . Naganishia friendimannii .
Hanseniaspora uvarum . Pichia fermentans .
Rhodotorula graminis . Rhodotorula mucilaginosa .
Ustilentyloma graminis (Rhodotorula glutinis)

Qilu Lake! 27 14 551 0.12 Cryptococcus victoriae . Hanseniaspora uvarum .
Naganishia albida .Rhodotorula graminis .Rhodotorula
mucilaginosa. Ustilentyloma graminis

Fuxian 52 22 259 0.12 Cystofibasidium macerans . Filobasidium elegans .

Lake®” Naganishia albida . Naganishia friendimannii |
Naganishia globosa . Rhodotorula graminis .
Rhodotorula mucilaginosa . Udeniomyces pyricola .
Ustilentyloma graminis(Rhodotorula glutinis)

Chenghai 22 14 189 0.10 Cryptococcus oeirensis . Filobasidium magnum .

Lake® Naganishia albida . Rhodotorula mucilaginosa .
Ustilentyloma graminis(Rhodotorula glutinis)

Lhalu wetland 31 15 6950 - -
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Spatial dynamics of yeast community and its relationship with
environmental factors in Lhalu Wetland, Tibet

Xiaofang Guo, De Ji", Qiwei Long, Binjin Bai, Haojie Wang, Yapu Cao

School of Sciences, Tibet University, Lhasa 850000, Tibet Autonomous Region, China

Abstract: [Objective] We studied the yeast diversity in Lhalu Wetland and analyzed the influence of
environmental factors on yeast community. [Methods]| Yeasts were isolated by in-situ cultivation and analyzed by
the D1/D2 domain of large subunit (26S) ribosomal RNA and morphological characterization. [Results] In total
169 yeast isolates were identified to 15 genera and 31 species. Ustilentyloma graminis and Filobasidium
magnumgenus were the dominating species in the wetland. Moreover, Naganishia, Ustilentyloma, Filobasidium and
Cystofibasidium were the dominating genera. COD was significantly positive related to yeast abundance, and it had
significant influence on Ustilentyloma. [Conclusion] Yeasts were abundant and diverse among various sites in
Lhalu Wetland.

Keywords: Qinghai-Tibet plateau, Lhalu Wetland, yeast, diversity, environmental factors
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