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1.1 FERRE

PURFE AT 2014 4 6 20010k H 2 m I vhdk
W X BF SR (QQ) . ZEHA IR SR (JMQL) . A7 4H Ik SR
(JMQR). &8 55(GMQP) K B4 I 57 (M) TP T
B, FERT 50 mL W& LB, REMNFE
G AR A PR R, T T Uk e Il SE e E
B T80 °C VKA ORAE, T 2L FI 4 DNA 942
B, R T 9T 3R — S b Ak DR 2806 BT A 15

Wi, AHFFEIE A PR X H pH . IR . S* & NH,™
SR R I W RS FERRE, IFXS R Rk
FrIEALIE , Bz 1 B,
1.2 FEZEFEZH DNA $#E

25 10.0 g MRV LA RSRS, H TR
RS . BRI 0.5 g WFEERIRES, I
Fast DNA® Spin Kit for Soil (MP Biomedicals)1- 13
DNA $2 B &, AR 5 hh 42 - alifb AR T
YA Y 3L R 4 5. DNA BRI DNA S8 3
WEL L, A5 1% 0 B HEWEEE I L Uk ks
T EEEL LR 41 DNA,
1.3 ITS ZEE KP4 % Nlumina HiSeq 7538 &7

B T EL A 1TS2 XAESE IR L J& P S bl F
AP A TR R SRR RN 2
FEPEVR B, RRAECHERA I Hh PREEAE i B0 A P VR
Sk, DA TS PR 5714 5 |9 1TS2-F : GCATC
GATGAAGAACGCAGC; ITS2-R: ATATGTAGGA
TGAAGAACGYAGYRAA i T-9 ¥ ELI 1TS2 IX,
TP BOR[RIRE AL 89 ITS2-F 5 ¥RS T 7 Pt
[ barcode J¥ 41, LLIX B [E R IE R ITS 741 .PCR
S 94 °C S min; 94 °C 1 min, 53°C45s,
72 °C 1 min, 35 ME¥H; 72 °C 5 min, PCR )
A % (25 pL): 2xPCR buffer 12.5 puL, dNTPs
(10 mmol/L) 0.5 uL, 2K 41 DNA 100 ng, ITS2-F/R

x1. ARERHEER

Table 1. Geochemical information of hot spring
samples

Sample pH T/°C e(S)/(pug/L)  ¢(NH,")/(mg/L)
QQ 6.22  75.6 4 0.97

M 7.88 75.1 202 0.13

IMQL 9.00 90.4 4990 1.26

GMQP  9.05 84.5 3480 1.19

JIMQR  9.09 83.4 3010 1.66
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(50 pmol/L) 4% 1 pL, Tag (5 U/uL) 0.5 uL % 8.5 uL
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D, 3 g fi I iR & kAT Alifl . X PCR 7=k
FroE T I —Ab A EE 1TS I FE SC)% , F) H Tlumina
HiSeq2500 -4 HE4 7 v 0 F iy .
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FENLASRIFA 807 5 (tags), FEFATRITRAEHE,

M Pk H unique tag FE411' 3T Naive Bayesian
W25 4% RDP classifier XJ ¢80 #E4 790 Fh
fit, 4% Confidence Threshold (bootstrapping) =4

N 0.5 FEATHIRN 2. MGE 7% I AR XS
AR A BT R R HE XS, IR X R 2R BT

OTUs)#A T,
THE A A +5 % (Shannon Index) . ACE #8%{. Chaol
?Eﬁ&i@%iﬁ((loverage) M OTU £ ik
RS, A RIESFZ2H K . FIH Canoco %X
153 A AR BR A TR - 0 B VR 1 s, A
Bray-Curtis 4347 #5558 P X 505 1 7% 5 il 1) i
HE.

(Operational Taxonomic Units,

2 ERTAHN
2.1 WpER
ERAEGITIGE, 5 DPUREEN Ptk

343484 ZXARUFHI(ER 2), HA M GMQP ., JMQL,
JMQR .M & QQ /435I 3k45 80026 .60813,82345
86815 133485 £ 50751, T 97% A EEH OTUs
BR300 3003, 3669, 2689, 4099 il 4198, £H%:
s R Bz ) Fr B BE NS0 24 344-360 bp, ACE
18 BAE 10200.5-18936.6, npShannon F5%(1E
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Table 2.
Sample Tags

Sequencing data of hot spring samples
OTUs N50 ACE

npShannon Coverage/%

GMQP 80026 3003 356 11268.8 4.1 97.9
JMQL 60813 3669 355 13757.0 4.1 96.5
JMQR 82345 2689 352 10200.5 3.6 98.0
M 86815 4099 360 14869.2 5.6 97.2
QQ 33485 4198 344 18936.6 5.6 92.2

3.6-5.6 ZIa], SCBREERAE 92.2%-98.0%, B
AR AY OTU REFEAS S Wi A5 1A 5 bR T B SRR
ooty L DA AR 7% 2H o
22 BEwPRERESHEREER RS HT
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5 APURMES PG E] 5 DI, s T
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26 W25 (Zygomycota) . 4 # [ ](Chytridiomycota)
K ERFET ] (Glomeromycota), HH DA BER AL H
R, 2915 OTUs B4 83.6%, HTHIRZZAN
16.1%, HAZHFFILETEIN 0.1%. M EidFEs
K] 20 444, Hirp R 4X(Dothideomycetes) . L
HER ZN(Eurotiomycetes) , 2E7C 1 2¥(Sordariomycetes) |
A= TR 4¥ (A garicomycetes) J i 1) 4K (Saccharomycetes)
SRR, 435 OTUs (1 30%. 26%. 22%.
13%H1 4%,

B T AR FERHASN, 5 ASFIR pAEAGI
# 66 1~H, fER 1-A 1, A IMQR H3R15 47 4>
H , Agaricales , Eurotiales , Pleosporales , Capnodiales
K Trichosphaeriales A PL#ME, 7351 iZ AR H
W OTU ) 27%., 25%. 21%. 6%} 5%; f£ IMQL
SRR 46 B, RHEIEHEU Burotiales (60%)
Hypocreales (8%). Pleosporales (7%). Capnodiales
(6%) . Agaricales (6%); #g M iRtk 45 41~ H ,
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Order-(A), genus-level (B) distribution of fungi in hot samples from Tengchong, Yunnan. At each rank,

fungal sequences that were not identified into anyone in databases were ‘Unclassified’; rare groups shown as ‘others’.

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



1318

Kaihui Liu et al. | Acta Microbiologica Sinica, 2017, 57(9)

23 AR EENESAENES T

A OTU iy F B8 , AR A e @ K7 ok
A FER) OTU 73RS, FFEALIE B (b6 32 S e
ANTRIRE G RO I RIRE 5 AR | 22 Sk R Wy A R 2
KBEERFEAR KR . AT A IR F
JE AR 30 NEEE, M R IEF 20 A E
(&1 2), IMQL 1 QQ ZE&E N —A7r3, Hifts 3 4>
HURME GMQP., JMQR K M 735l [al i3 S22 5K o
JMQL F11 QQ 43#|VL Penicillium 1 Cladosporium
£, GMQP LI Engyodontium FJFEH i,
JMQR F1 M 433 VA Schizophyllum 1 Cladosporium
R BT b A R IR AR b

BEFEI, HRZHETRHETEAFRRE G ) F
JE HAT AR
2.4 FERTXHUR E AR SR

T A I i BOR SRR B Y T
XF FLREVE RS SR RS2 R, ASBIEFE R T ML R 1 73
Br, Z53RANE 3 FiR . ORI S NHL L i
J¥E I pH RAEHTL Z BB, RIVIX 4 Fp
PRI T2 [8] A BE HAT DR800 5 A4 TMQR . JMQL
M [d] NH, FSEPER R, QQ Al GMQP [+l pH 4
FeMf iR ; Alternaria . Nigrospora. Penicillium .
Phoma F Schizophyllum [5) NH, & & A8 AH M B
&, Cladosporium [R)JkFBE A8 {0 AH G M B iy

Devriesia

Schizophyllum i (5)
Phoma 0.5
Nigrospora 0
Alternaria ~05
Auricularia 1.0
Candida _15
Rhodotorula i

Aureobasidium
Cryptococcus
Fusarium
Chaetomium
Diaporthe

Cladosporium
Trichosporon
Penidiella
Aspergillus

Saccharomyces
Phialemonium
Phaeoseptoria
Devriesia

Sterigmatomyces
Phaeosphaeriopsis
Cochliobolus

r
L

M JMQR  GMQP

- Penicillium
Entyloma
Paraconiothyrium
Microsphaeropsis

Engyodontium
Magnusiomyces

QQ IMQL

2. TRBRREREEARESN

Figure 2.
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Heatmap of different samples from hot springs in Tengchong, Yunnan.
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Figure 4. Bray-Curtis dissimilarity of pH and fungal
dominant genera.

RDA showing associations between environmental variables and fungal genera.
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High-throughput sequencing to reveal fungal diversity in hot
springs of Rehai at Tengchong in Yunnan

Kaihui Liu', Xiaowei Dingl*, Bo Zhangl, Xiaofei Tangl, Min Xiao?, Wendong Xian?,
Wenjun Li*

' School of Biological Science and Engineering, Shaanxi University of Technology, Hanzhong 723001, Shaanxi Province, China
? State Key Laboratory of Biocontrol, School of Life Sciences, Sun Yat-Sen University, Guangzhou 510275, Guangdong Province, China

Abstract: [Objective] Fungal diversity and community structures were revealed in Rehai hot springs in Tengchong,
Yunnan, and effects of sediment geochemical properties on fungal distribution were analyzed. [Methods] Fungal
ITS genes were detected in the sediment metagenomes by high-throughput pyrosequencing and bioinformatic
analysis. [Results] Total 343484 valid reads from 5 hot springs were obtained, and these reads included 5 phyla, 20
classes, and 66 orders. The hot springs Jiemeiquan right (JMQR), Jiemeiquan left (JMQL), Hamazui (M), Qiaoquan
(QQ) and Gumingquan (GMQP) were dominated by communities such as Agaricales, Eurotiales, Capnodiales, and
Hypocreales. A total of 365 genera were discovered in the hot springs studied. There were total 212 genera detected
in JMQR, 197 in JMQL, 222 in M, 270 in QQ, and 179 in GMQP. Schizophyllum was a dominant genus of fungal
community in JMQR, and Penicillium was highly frequent in JMQL. Cladosporium dominanted fungal community
in M and QQ, and Engyodontium was highly rich in GMQP. The geochemical variables such as NH, ", temperature,
and pH, exerted effects on distribution of different dominant fungi in the hot springs. The pH in the hot springs had
significant effect on fungal community composition. [Conclusion] Rehai hot springs in Tengchong, Yunnan, harbor
surprisingly fungal diversity. Fungi in different samples had distinct community structures. The pH in the hot
springs could be one of the factors determining the fungal community.

Keywords: Tengchong hot spring, fungal diversity, pyrosequencing
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