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Yeast diversity in water bodies and its correlations with
physicochemical factors of Napahai plateau wetland, Yunnan
Province
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Abstract: [Objective] To study the population diversity, spatial distribution characteristics,
and correlations with physicochemical factors of yeasts in the Napahai plateau wetland.
[Methods] Yeast strains were isolated from the water samples of the Napahai plateau wetland
by membrane filtration and plate culture. The strains were identified based on the D1/D2
sequences of the 26S rRNA gene and morphological characteristics. R 4.2.2 and Canoco 5 were
used to analyze the yeast diversity and its correlations with physicochemical factors. [Results]
A total of 565 yeast strains were isolated from the water bodies in the Napahai plateau wetland
and identified as 36 species of 21 genera. The dominant species were Rhodotorula
mucilaginosa, Meyerozyma guilliermondii, and Rhodotorula graminis. Total nitrogen was the
main physicochemical factor affecting the yeast count, which presented a negative correlation.
[Conclusion] The water bodies of Napahai plateau wetland harbor abundant yeast resources
which present significant spatial heterogeneity. Human activities and total nitrogen have
significant impacts on the yeast count. The yeast community composition in the water bodies of
the Napahai plateau wetland is significantly different from that in other plateau freshwater
lakes and has unique yeast resources that require further research.

Keywords: Napahai plateau wetland; yeasts; diversity; physicochemical factors
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Table 1 Basic data of sampling points in the Napahai

Sites Longitude Latitude Altitude (m) Overview of the surrounding environment of the sampling point

WAO02 99°39'49"E  27°52'55"N 3 283.30 It’s a tourist area and a racecourse, with a large number of tourists

WAO03  99°3827"E  27°53'48"N 3 273.20 It’s a tourist area

WAO04 99°38'9"E 27°54'8"N 3284.60 It’s a mountainous area, and far from where people live

WAO5 99°37'S2"E  27°5426"N 3 285.80 It’s a place where few people live, and there is foam in the water

WAO06 99°37'43"E  27°54'18"N 3 285.69 It’s a planted forest, and far from where people live

WAO07 99°37'48"E  27°53'50"N 3 274.55 It’s a natural pine forest, and far from where people live

WAO08 99°37'43"E  27°53'36"N 3 272.30 It’s the mouth of the Naqu River, and far from where people live

WAQ09  99°3726"E  27°53'53"N 3 272.30 It’s the cape of Napahai, with poor water mobility and mostly stagnant
water, and there are people living nearby

WA10 99°37'17"E  27°53'8"N 3 272.30 It’s a spring hole in the water, with mountain spring water emerging,
and far from the place where people live

WALl  99°37'52"E  27°51'43"N 3 272.30 There are many emergent plants in the water, and far from where
people live

WAI12 99°38'4"E 27°49'S9"N 3 283.30 It’s a place with a large number of aquatic plants, and close to where

people gather
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(OR083772—0OR083835, OR917881-OR917889),
SEA TR M ASFRIE RN 26S TRNA D1/D2 X
BN 5rHT, Ko B ARG R RE T o R 4 h
214N @, 36 MR 2), IR CFU #4714t
TEHE 36 DR Bk 5 A AR X R PR 268
rRNA D1/D2 X375 i R G
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FH 20 T T B A 1 R BRI R R .
2 ATHN, KRR R TR AR IEAT 166 FR,
H 8 A& 12 4F; HT w399 #k, I
13 M@ 24 Dl ROERGRMEE: . 7E95MH
Vi v D b T AT AR AR i ) 4 B B - R A
BEFFH TR, Hor 0 TR e B 2 SR

T 2N PV vy D N e K A T S TRT A P R 45
1, Naganishia J&fi 4 #l; RN E
(Candida). 4% JE w K #+H) )& (Vishniacozyma)

*2 HiRgsEEHKABREBEMENS S

FI21 B & (Rhodotorula) 2 A 3 MR BRIG
Pz bk J& (Yarrowia) . i85 JE (Geotrichum) . 28
i J8 (Ustilago) . Papiliotrema. & H & &
(Cystobasidium) L k& £k 38k I £ )& (Fil obasi dium)
3R 3] 2 AR I HR IR BEJE (Meyerozyma) |
Kurtzmaniella DA} #% 1 £k J& (Lodderomyces)
a4t 11 DA AR 1 AR, Horp
Rhodotorula J& i 3 /N Fl 4 B AR 5 261 1k,
ITERCR(F) N 46.20%, A4 = I ik
BB E 3 HAIKOE Meyerozyma J& , %8
1A 18 B B RREGR S 102 #,IF y 18.05%.
APV v i b 7S P T ) DI A Ay G 21 1
+}(Rhodotorula mucilaginosa) (IF=33.63%) . Zl,
52 1 B [ 8% £ (Meyerozyma guilliermondii)
(IF=18.05%) AR AL £} (Rhodotorula graminis)
(IF=12.04%)>} ; fiftBig HE 2 4E V. ¥ 1k (Yarrowia

Table 2 Distribution of yeasts in water from Napahai plateau wetland

Species Sampling sites Subtotal OF  IF
WA02 WAO03 WA04 WAO05 WA06 WAO7 WAO8 WA09 WAI0 WALl WAI2 (%) (%)

Ascomycetous

Barnettozyma 2 1 3 18.18 0.35

californica

Candida 1 1 1 3 27.27 0.53

pseudointermedia

Candidatropicalis 1 2 3 18.18 0.53

Candida zeylanoides 6 6 9.10 1.06

Debaryomyces 1 1 9.10 0.18

fabryi

Geotrichum 6 1 7 18.18 1.24

bryndzae

Geotrichumsilvicola 1 2 1 4 27.27 0.71

Kurtzmaniella 1 2 3 18.18 0.53

quercitrusa

Lodderomyces 3 2 2 14 21 36.36 3.72

elongisporus

Meyerozyma 27 1 1 1 17 23 31 1 102 72.73 18.05

guilliermondii

Yarrowia lipolytica 1 1 9.10 0.18
(#548)

http://journals.im.ac.cn/actamicrocn
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(£ 2)

Species Sampling sites Subtotal OF IF
WA02 WA03 WA04 WAO05 WA06 WAO07 WA08 WA09 WAI0O WAIl WAI2 (%) (%)

Yarrowia odoensis 10 2 12 18.18 1.95
Basidiomycetous
Apiotrichum laibachii 5 1 6 18.18 1.06
Cutaneotrichosporon 2 4 6 18.18 1.06
dermatis
Cystobasidium 4 4 9.10 0.71
lysinophilum
Cystobasidium 5 1 6 18.18 1.06
dooffiae
Cydtofilobasidium 1 1 9.10 0.18
infirmominiatum
Filobasidium 1 1 2 18.18 0.35
magnum
Filobasidium 1 1 9.10 0.18
wieringae
Hannaella luteola 3 3 9.10 0.53
Meira nashicola 2 4 7 3 3 2 21 54.55 3.72
Moesziomyces 13 8 10 31 27.27 5.49
aphidis
Naganishia 1 1 9.10 0.18
addliensis
Naganishiaalbida 1 1 2 1 4 9 4545 1.59
Naganishia cerealis 1 1 9.10 0.18
Naganishia diffluens 1 1 2 18.18 0.35
Papiliotrema 1 1 17 6 25 36.36 4.42
aspenensis
Papiliotrema 7 3 2 12 27.27 2.48
flavescens
Rhodotorula 5 4 5 20 7 7 4 11 1 4 68 90.91 12.04
graminis
Rhodotorula 26 20 13 4 17 12 20 19 18 9 32 190 100.0 33.63
mucilaginosa 0
Rhodotorula 1 2 3 18.18 0.53
toruloides
Ustilago filiformis 1 1 9.10 0.18
Ustilago longissima 1 1 9.10 0.18
Vishniacozyma 2 2 9.10 0.35
carnescens
Vishniacozyma 2 2 9.10 0.35
taibaiensis
Vishniacozyma 1 1 9.10 0.18
victoriae
Total 57 73 53 31 35 59 78 88 23 22 46 565
CFU (units/L) 3100 3800 700 200 615 7243 8472 8372 3143 2529 6586 3100

P4 actamicro@im.ac.cn, 7 010-64807516
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neighbor-joining analysis based on the D1/D2 region sequence of 26S rRNA gene. Numbers in parentheses
are GenBank accession numbers; Numbers at the nodes are bootstrap values obtained after 1 000 replicates,

and bootstrap values higher than 50% are shown.
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Meyerozyma guilliermondii 4 &z Meira nashicola
B OF 4358 90.91%. 72.73%. 54.55%; Tifsk
I AN £ (Hannaella luteola) . Vishniacozyma
victoriae, Cystobasidium lysinophilum 5§ 14 {~Fj
AUHE 1 AFES BT EARE], OF 205100 9.10%. 7E
%M@mﬁmﬂm%@ﬁﬁﬁg$,%%ﬂAﬂ
T WAOS F s B I i e 2 , CFU Sy 8 472 4/L;
HUKSEEEIT N A P FE KL WA09 A,
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FESS ) CFU 2>, 43928 200, 615 i1 700 4~/L.
2.1.2 WHIRESFRTHESEAMMBUMES
XoF 20 T 3 T A A K AR S R T 1Y
Jaccard FRRIPESAT T 4001 (5% 3). N3 3 B diats
Y, AR R L b K A B TRT A A DL
FEEFE 0.05-0.57; [FIATRIE X ) WA02 FF 14
1 WAO3 K 53k B Hh 4580 11.(0.50-0.75), 5 1
H1.82%; A KB WA02 i Flim 2§ A
FUEAEHLAY WA04, WAT0 FE 545 22 4HFE L]
AHARLEE S op BE A AH L (0.25-0.50) , b Il Sy
40.00%; 32 ZLFE A ASAE{RL(0.00-0.25),
He i)k 58.18%, Hip Ay 3 2 A S e E): R Jaccard
AL 22 BTG 0.00-0.10, M S22, g4

Vi v i b AR A R R RE TR AE R OKE E oA
TR R 2E 5% .

WAO02 £ 5 T WAO03 AE k2] Fh BEAR L,
XA FE SRR AL F ke X B, A2 B 2 1)
NNTES T B RE s R A AR
0 MYTELL, woEs A BT HLilh L ) WA04 Fl
FEIE DU K R 2 1 WAL2 1A
WIERAK, N 0.05, X FERE A IR AS (R 28 4%
i, HAESWAZEG K, BRILZA, szﬁ
MBS AR S AR, WAL 5
FE S I B T RS AR LA, H WAL Ff
FERLESRIIPI S ENCES - I E AU 2 L7/ HE N
IFOKAEY . BRI, AECTF ILABAE S, DK
YA F A WAL FE 5 R B 55 2 K A A
Y, HESERAN.

213 HHESREHBEES HMERESHT

il F R 4.2.2 7153 90 6 w8 I 1 7K 1 e B
H 2R S WK 2 BTk, WAO04., WAO3
M WA09 HEAEFERRE, HIKJE WA0T FI
WALl Feri. ZHMIREER, WA04 H X
Shannon-Wiener ZFEEFE 80 5, HAUK & WA09 .
WAO03., WALl., WAO7 F1 WA02 F£45, WA10 Al
WA12 F5 Shannon-Wiener 22 FEM: 8 501K

F3 PEESREITHIKKESEMEFL Jaccard HHIUE RE

Table 3  Jaccard coefficient of yeasts in water from Napahai plateau wetland

Sites WAO02 WAO03 WA04 WAO05 WAO06 WAO07 WAO08 WA09 WA10 WA11 WAI12
WAO02 1

WAO03 0.57 1

WA04 0.27 0.25 1

WAO5 0.21 0.36 0.19 1

WAO06 0.23 0.29 0.26 0.44 1

WAO07 0.13 0.18 0.18 0.25 0.27 1

WAO08 0.20 0.18 0.13 0.15 0.17 0.45 1

WAO09 0.16 0.26 0.20 0.36 0.38 0.43 0.43 1

WA10 0.25 0.31 0.15 0.33 0.22 0.18 0.18 0.21 1

WAI11 0.20 0.43 0.18 0.25 0.27 0.23 0.23 0.33 0.44 1

WA12 0.09 0.17 0.05 0.13 0.14 0.11 0.11 0.08 0.40 0.25 1
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Figure 2 Double y diagram of diversity index of
yeasts in the Napahai plateau wetland.
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Table 4 Physicochemical factors of water in the Napahai plateau wetland

Sites T/°C Turb pH TP (mg/L) TN (mg/L) TOC (mg/L) TH (mg/L) EC (uS/cm)
WAO02 11.0c 7.01bc 7.67c 0.06bc 0.99b 30.73c¢ 189.00ab 343.00aab
WAO03 15.0ab 6.51bc 7.90b 0.06bc 0.75bc 37.97bc 131.00b 257.00bc
WA04 16.0a 26.77ab 7.90b 0.09b 1.02ab 39.93ab 134.33ab 274.00b
WAO05 16.0a 12.61ab 7.80bc 0.26a 2.06a 42.87ab 132.00ab 289.33ab
WAO06 16.0a 34.07a 7.90b 0.14ab 1.29ab 40.63ab 136.00ab 283.00ab
WAO07 16.0a 13.01ab 7.90b 0.11ab 0.97bc 41.07ab 124.33bc 279.33ab
WAO08 16.0a 8.05b 8.00ab 0.07bc 0.71bc 38.07bc 127.00bc 277.00ab
WAO09 16.0a 12.71ab 8.07ab 0.13ab 0.69bc 39.63bc 144.00ab 273.00bc
WAI10 15.0ab 6.25bc 8.10a 0.10ab 0.56¢ 39.70b 117.00bc 267.33bc
WALl 15.0ab 4.30c 8.10a 0.06¢ 0.77bc 35.80bc 115.33¢ 251.00c
WA12 14.5b 21.90ab 7.90b 0.10ab 1.13ab 70.60a 228.00a 465.00a

The letters in the table indicate size and significant differences: “a” is the largest, “ab” is the second largest, and decreases in

sequence from beginning to end; There is a significant difference between “a” “b” and “c”, with a P-value of <0.05. “ab”

indicates that there is no significant difference between “a” and “b”, while “bc” indicates that there is no significant difference

between “b” and “c”, but there is a significant difference between “a” and “ab”, and so on.
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Figure 3 Spearman correlation analysis between CFU, species number, diversity index, and physicochemical

factors of water in the Napahai plateau wetland. *:
P<0.001, very extremely significant correlation; the ordinate on the right

significant correlation; ***:

P<0.05, significant correlation; **: P<0.01, extremely
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Figure 4 PCA analysis of yeasts and physicochemical factors in the water from Napahai plateau wetland.
A: PCA analysis of yeasts diversity and physicochemical factors in the water from Napahai plateau wetland.
B: PCA analysis of yeasts community distribution associated and physicochemical factors in the water from
Napahai plateau wetland.
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Figure 5 Similarity of culturable yeasts species in the Napahai plateau wetland and other plateau water
environments. YW2: After wetland restoration in Yilong Lake; YW1: Before wetland restoration in Yilong
Lake; QL: Qilu Lake; XL: Xingyun Lake: FL: Fuxian Lake; YL: Yangzonghai Lake; LW: Lalu Wetland; YY:
Yamzhog Yumco Lake; DL: Dianchi Lake; EL: Erhai Lake; CL: Chenghai Lake.
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