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Diversity of culturable yeasts and its correlation with
environmental factors in Yilong Lake after wetland
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Abstract: [Objective] To investigate the diversity of culturable yeasts and the correlation with
environmental factors in Yilong Lake after wetland restoration. [Methods] The DNA of culturable
yeasts in Yilong Lake was extracted and sequenced. Based on the D1/D2 domains of 26S rRNA gene,
morphological characteristics, and physiological and biochemical properties, the yeasts were identified.
The total organic carbon (TOC), total nitrogen (TN), total phosphorus (TP), total hardness (TH), and
conductivity (Cond) of each water sample were determined. R 4.0.5 and Canoco 5 were used to analyze
the diversity of culturable yeasts, and the correlation with environmental factors. [Results] A total of
519 culturable yeast isolates were obtained from Yilong Lake after wetland restoration, which belonged
to 1 potential new specie and 42 species in 24 genera. Rhodotorula mucilaginosa (320 strains, 52.29%),
Cutaneotrichosporon dermatis (40, 7.71%), and Aureobasidium melanogenum (37, 7.13%) were the
dominant species in Yilong Lake. [Conclusion] Culturable yeast resources were abundant in Yilong
Lake after wetland restoration, and its community structure had changed greatly after the restoration.
The diversity of culturable yeasts was higher in the northwest of the lake than in the southeast. TN
showed a negative correlation with the diversity of culturable yeasts and a positive correlation with the
dominant groups in Yilong Lake and it is the main environmental factor affecting the distribution of

culturable yeasts in Yilong Lake.

Keywords: plateau lake; Yilong Lake; wetland restoration; yeast; diversity; environmental factors
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Figure 1 Sampling sites of Yilong Lake water.
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Table 1 Distribution of culturable yeasts among different sites in Yilong Lake

Species Sampling sites Subtotal Isolation
A A O L S AT S frequency
Ascomycetous
Candida pseudolambica 2 2 0.38
Candida solani 1 1 0.19
Debaryomyces hansenii 1 1 0.19
Galactomyces citri-aurantii 3 3 0.58
Galactomyces candidum 7 1.35
Hanseniaspora opuntiae 7 7 1.35
Kazachstania bulderi 4 4 0.77
Pichia kudriavzevii 11 1 12 2.31
Wickerhamomyces anomalus 1 1 0.19
Yarrowia lipolytica 1 1 0.19
Basidiomycetes
Apiotrichum laibachii 1 1 0.19
Bullera alba 1 1 0.19
Cutaneotrichosporon dermatis 40 40 7.71
Cryptococcus sp. 1 1 0.19
Cystobasidium minutum 1 1 0.19
Filobasidium elegans 1 1 0.19
Filobasidium floriforme 1 1 0.19
Filobasidium magnum 1 1 0.19
Filobasidium uniguttulatum 1 1 2 0.38
Hannaella kunmingensis 2 1 3 0.58
Hannaella pagnoccae 2 2 0.38
Hannaella phetchabunensis 1 1 0.19
Hannaella phyllophila 1 1 0.19
Hannaella sinensis 2 2 0.38
Naganishia albida 2 2 0.38
Papiliotrema aurea 1 1 0.19
Papiliotrema flavescens 2 1 1 4 0.77
Papiliotrema pseudoalba 1 1 0.19
Rhodosporidiobolus ruineniae 2 2 0.38
Rhodotorula diobovata 19 1 1 21 4.05
Rhodotorula glutinis 2 2 0.38
Rhodotorula graminis 8 1 1 10 1.93
Rhodotorula mucilaginosa 87 61 34 45 47 46 320 61.66
Rhodotorula taiwanensis 1 1 0.19
Sampaiozyma vanillica 2 1 3 0.58
Sporobolomyces japonicus 2 2 0.38
Sporobolomyces koalae 1 1 2 0.38
Sporobolomyces phaffii 2 1 3 0.58
Sporidiobolus pararoseus 1 2 1 2 6 1.16
Vishniacozyma carnescens 1 1 0.19
Yeast-like
Aureobasidium melanogenum 4 1 8 6 7 3 6 2 37 7.13
Aureobasidium namibiae 1 1 3 0.58
Aureobasidium pullulans 1 1 0.19
Total 30 129 16 16 70 47 51 100 60 519 1.00

<l actamicro@im.ac.cn, & 010-64807516



1727

TS | AR, 2022, 62(5)

WK 42 BRATSRFRIERETE AR ERR (R FRERBER AT A>3 38, B Iamet) | 3
ROKECRNWFKTR 42 DR SEAER  BERASEEEEE, (BRSO DT REEER £,

i) 26S rRNA J:[H D1/D2 #y 8 R 48 & B (A 2). £ 1GRER, EREMNRERES,
PG 1 RIE 2 BoRmgs R, SRk BRZHME T REBR 439 %, 84.59%), HEN

"J‘ :\
-
% 2 g
a < <
. :’\SCDH]\ cetous =3 5 ;‘:\
» —_ =< <
. o I~ ~ B
B Yeast-like 2 g A &
= z & - &
= a @ = &
o Y o \'\;"? N N
Sz §fzyg F & 2
2 3 S
S

W Basidiomycetes

»
B
S o 3 3 ..
4. S L § ¥ &
S S5 EFF TS5 ¢ .
o, 5258585088 & o8 ‘k\
r/”f(, L2 QE"' = ¥ rs? N f\s‘ \\,:\ >‘Q‘\-’ C& iﬁq\g-o
2 Y & § Ca .
/Jf// v \\‘\\\- & \»‘Q\ FUZIET @f‘\
= IR A N R
& - = . 'S N D & ‘\\\\ ’@% ot .
//I('/// El & < \6\\0 AP \\L\‘\ R i -
| = B .
@ " 2 S -Cé\ \\L\‘ R qk‘* -\\“‘* ) \\Q(‘ \\‘lb
@, & B e ‘
’/’/a,,/ £ & W & g 9\\? . \\
& L ol L .
ety N \\y\‘ n AW gel qmgm‘
' ~ . Pl
2y P * W ‘{“\\"—‘ n ™ g~ » e
s, ael A0 o
iy 4 ““\l \I\L
i W M agod T punen
O el
l oAla b )
Gala, tom w "“”- =
. & Har 4082 N
S 1y, 7 Ed yzes3d (MZ A R
B ‘ i n laibac hii CB2
e _lpiuh'tz-hm
YM28373 (Mz540820) ,‘310 % YM28573 (MZ540823)
Pichia kudriavzevii NRRL Y-5396 (EF550222) 54 96 Cutaneotrichosporon dermatis CBS 2043 (AY143555)
YM283533 (MZS40813) i % 165 = YM28500 (Mzs40805)
At (UTI063)— % PI =
: : h 5 f | SAShia afbid, cne
| e zAS \ % % YM2gs3, ida CBS 1145 (AF0754
o p2esd 877 o . i 28536 (750 5474)
M 115097 2 (2 by, 836)
H %
E
5

%
00
oo

£33z
¥ E 2
£§3 8
:-zx»
£ N =
S e = - =
O T2 2=
o vy & <N DS o = =
N F Y e § 5 55 € 3§
§ § g3 & £7F28 2
W & (S o =
N & SN O 9w d 4 2
© ¥ § s S B85S A 2
& W & § ~ © = 0 3
& & = ¥ =
& § & 5 S
N = Ny g =

& § 5 g

g & = s

& = F g

N N o

§ 5 P

N N =

§ § 3

§ 3

& 3 3

S 5

& $

= =

S

=

x

2 EF 26S rRNA E[E D1/D2 XI5 F %5 F neighbor-joining 3% #4 3 7] 1% 75 B B B BY R St 1
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Table 2 Jaccard coefficient of culturable yeasts among different sites in Yilong Lake at the species level

Sites 1* 2" 3* 4" 5" 6" 7" 8" 9"
1#

2" 0.0556

3" 0.055 6 0.230 8

4" 0.062 5 0.166 7 0.167 7

5 0.0000  0.3000 0.083 3 0.100 0

6" 0.0588  0.2500 0.153 8 0.181 8 0.333 3
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9" 0.045 5 0.250 0 0.052 6 0.058 8 02143  0.1176 0.133 3 0.250 0
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Figure 3 Alpha diversity indexes of culturable
yeasts at different sites after wetland restoration in
Yilong Lake.
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Table 3 Environmental factors of lake water at the sampling sites in Yilong Lake

Sampling sites

Factors 1 o 3# 4 5t 6" 7 g 9"
TOC/(mg/L) 18 17 18 16 21 24 25 28 29
TN/(mg/L) 1.57 1.55 1.53 1.77 2.25 2.34 2.33 2.26 2.28
TP/(mg/L) 0.05 0.03 0.03 0.04 0.05 0.05 0.05 0.07 0.10
TH/(mg/L) 219 211 220 207 210 225 218 213 211
Cond/(us/cm) 502 414 438 424 426 462 463 463 469
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Figure 4 Pearson correlation between culturable
yeasts the diversity indexes, number of species,
number of genera, and environmental factors of
sampling sites in Yilong Lake. *: P<0.05,
significant correlation; **: P<0.01, extremely
significant correlation; the ordinate indicates that
the darker the color, the larger the value of the
correlation coefficient; Red and blue represent
positive correlation and negative correlation,
respectively; the size of the ellipse indicates the
strength of the correlation, the thinner the ellipse,
the greater the correlation, and vice versa, the
smaller the correlation; S.num: number of species;
G.num: number of genera; TOC, TN, TH, TP and
Cond represent the environmental factors; the
matrix numbers in the lower left corner represent
the correlation coefficient; Simpson and Shannon
represent the Simpson diversity index and
Shannon-winner diversity index, respectively.
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Figure 5 PCA analysis of culturable yeasts community distribution associated with environmental factors in
Yilong Lake. A: PCA analysis of environmental factors associated with genus level of yeasts in Yilong Lake;
B: PCA analysis of TN associated with dominant species of yeasts in Yilong Lake; TOC: total organic carbon;
TN: total nitrogen; TP: total phosphorus; Cond: conductivity; TH: total hardness; Cry: Cryptococcus; Cu:
Cutaneotrichosporon; Ga:. Galactomyces; Han: Hannaella; Ka: Kazachstania; Pa: Papiliotrema; Pi: Pichia,
Rhs: Rhodosporidiobolus; Rht: Rhodotorula; Sa: Sampaiozyma; Spo: Sporidiobolus; Au: Aureobasidium.
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Table 4 Comparison of culturable yeasts among after and before wetland restoration in Yilong Lake and
other plateau water environments

Species

YL2

YL1

QL

XL

FL

YZ

LW

YY

DC

EH

CL

Candida pseudolambica
Candida solani
Debaryomyces hansenii
Galactomyces citri-aurantii
Galactomyces candidum
Hanseniaspora opuntiae
Kazachstania bulderi
Pichia kudriavzevii
Wickerhamomyces anomalus
Yarrowia lipolytica
Apiotrichum laibachii
Bullera alba
Cutaneotrichosporon dermatis
Cystobasidium minutum
Filobasidium elegans
Filobasidium floriforme
Filobasidium magnum
Filobasidium uniguttulatum
Hannaella kunmingensis
Hannaella pagnoccae
Hannaella phetchabunensis
Hannaella phyllophila
Hannaella sinensis
Naganishia albida
Papiliotrema aurea
Papiliotrema flavescens
Papiliotrema pseudoalba
Rhodosporidiobolus ruineniae
Rhodotorula diobovata
Rhodotorula glutinis
Rhodotorula graminis
Rhodotorula mucilaginosa
Rhodotorula taiwanensis
Sampaiozyma vanillica
Sporobolomyces japonicus
Sporobolomyces koalae
Sporidiobolus pararoseus
Sporobolomyces phaffii
Vishniacozyma carnescens
Aureobasidium melanogenum
Aureobasidium namibiae

Aureobasidium pullulans

T T T T T e e S e T e S S e T T T T T S T S SR S

+

+ + +

+

+

+ o+ o+ o+

+

+

+ o+ + + o+ o+

+

+

+

+

+

+ o+

o+ o+

+

+ o+

+

+ +

+ + + +

+ + o+

+
+
+

+

+

YL2: after wetland restoration in Yilong Lake; YL1: before wetland restoration in Yilong Lake; QL:

Qilu Lake; XL:

Xingyun

Lake: FL: Fuxian Lake; YZ: Yangzonghai Lake; LW: Lalu Wetland; YY: Yamzhog Yumco Lake; DC: Dianchi Lake; EH: Erhai;

CL: Chenghai Lake; +: common species; —: non-common species.
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Plateau water enviroment
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Figure 6 Species similarity of culturable yeasts among Yilong Lake after wetland restoration and Yilong
Lake before wetland restoration and other plateau water environments. YL1: before wetland restoration in
Yilong Lake; QL: Qilu Lake; XL: Xingyun Lake: FL: Fuxian Lake; YZ: Yangzonghai Lake; LW: Lalu
Wetland; YY: Yamzhog Yumco Lake; DC: Dianchi Lake; EH: Erhai; CL: Chenghai Lake.
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