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Species diversity of zygomycotan fungi in the Tibet
Autonomous Region

LI Zheng-Hong" PUBU Ci-Ren' LYU Mei-Lin*®* WANG Mu"" LIU Xiao-Yong®*

(1. Tibet Agriculture and Animal Husbandry Univerity, Linzhi, Tibet 860000, China)
(2. Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China)
(3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: [Background] Zygomycotan fungi are widely distributed in nature. While some members
are harmful, more zygomycotan fungi play an important role in industry, food, medicine, biological
control, and so on. They have just been reported sporadically in the Tibet and lack a systematic
survey. A large number of potential species need to be isolated, identified, understood, preserved and
exploited. [Objective] To understand the species diversity of zygomycotan fungi in the Tibet, and lay
a foundation for the control of harmful zygomycotan fungi and the utilization of beneficial ones in
this area. [Methods] Zygomycotan fungi isolated with plate dilute method from 701 samples in
19 representative counties all over the seven prefectures of Tibet, were identified morphologically
and molecularly, with SSU, ITS and LSU rDNA as markers. Based on these data, the biodiversity,
dominant and rare taxa of Tibetan zygomycotan fungi were analyzed. [Results] Tibetan zygomycotan
fungi obtained here were classified into 10 genera and 26 species. Among these species, five have
been reported in the Tibet, while 21 species are new to Tibet; Four species are even new to China,
which are Mortierella amoeboidea, M. globalpina, Mucor brunneogriseus and M. fuscus. The
diversity index analysis of Tibetan zygomycotan fungi showed significant differences in the number
and composition of species among regions. The most diverse four counties are Bome, Mainling,
Dangxung and Baxoi. Analyses of species and genera revealed two dominant zygomycotan genera in
the Tibet, Mortierella and Mucor, as well as three dominant species Mortierella alpina, Mucor
hiemalis, and Rhizopus stolonifer. Eight common genera are Absidia, Actinomucor, Cunninghamella,
Rhizomucor, Rhizopus, Syncephalastrum, Umbelopsis and Zygorhynchus. Common and rare species
are 9 and 14, respectively. [Conclusion] The zygomycotan fungi in the Tibet are rich and
significantly different in biodiversity among regions. Rare species account for more than half,
implying the importance of protecting the natural environment of Tibet.

Keywords: Zygomycota, New records, Biodiversity, Genetic diversity, Tibet
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el A EREAT ZMAE FRE, &%
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#, Hure R HoEs HAE G RETT 1 334
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s TARE) IR X (P8 s X
By B#m QAR ZEHER L VAR s T R
R i) BN ESSE . WARL).
Bl L X (R B L | 22 B (B R . T
ATEE . MREZE | ORARE . S (% 1).

*1 XEREREE

Table 1 Latitude and longitude of sampling counties

Hi X 2 i
Area Longitude Latitude
i E E91°06'4.18" N30°2829.12"
Dangxung
BT RE E91°43'50.53" N29°50'6.56"
Maizhokunggar
PR A E90°0'35.85" N31°24'32.05"
Baingoin
Hean B E93°40'46.70" N31°29'50.17"
Biru
K5 EL E88°50'15.51" N33°12'50.74"
Shuanghu
N1 B E96°55'4.21" N30°03'15.41"
Baxoi
S L E97°34'7.51" N30°40'14.02"
Chagyab
VIak B E98°13'6.35" N31°30'58.11"
Jomda
MESSEaI=R E90°23'52.72" N28°58'8.83"
Nagarze
b L E92°12'13.46 N29°03'49.95"
Qusum
REAREL E87°45'57.14" N28°23'27.56"
Dinggye
WA E E88°54'25.53" N27°29'11.41"
Yadong
FEhEL E85°09'34.18" N31°01'4.21"
Cogen
P2 E81°10'34.45" N30°17'43.57"
Purang
R EL E95°46'3.27" N29°51'32.35"
Bome
TARTEE E93°14'45.88" N29°53'10.74"
Gongbujiangda
FhE R E94°21'39.94" N29°38'17.66"
Linzhi
KR E E94°12'48.55" N29°13'2.98"
Mainling
B EL E95°19'59.51" N29°19'34.97"
Medog

1.2 FERFIFLES

Goldview | BUZIRYLKL, JLm REER AR
NH]; 2xEsTaq Master Mix, B k42 (CWBIO)HT
RIREPISEIRZH DNA $RBGLSH &, FE 22 B YRt
HARAF,

WETBEFENL, RO MBS A PR
PR, BB (R A RA R AR
i, TURETR LR RE M, b
24k JEFE (Nikon Corporation); H UK, dbai4
MRE AR RAE s BERSARAL, dbatE
BATHIKEARAR,; KaIEERME, k
IR -3 /A W) (Carl Zeiss AG); KLY 594, HrIHAn
fERHE A R A
1.3 EFRE

PDA (g/L): Th44%% 200.00, #ijZgHH 20.00, B
JI§ 15.00. 0.1% PDA (g/L): h%% 0.20, i
0.02, Bifg 1500, MEA (g/L): # #EW Y
20.00, 3§ 15.00, 0.1% MEA (g/L): 425
0.02, HifiE 15.00.

1.4 HFEE
141 B BFRSEE

PR B R R EE, WRE TR —E
FIFTAT RES TR BB 5 g, FOA KB A TR
Ao IIRATFES FRFRES g, JilA 500 mL () G
ZEMRIK, ZIRFLA 200 r/min B9FEELERE S BERERL
FRIZURE 10 min, WX 200 pl 2 IR0 E R IE T
F:f) 9 cm I PDA. 0.1% PDA. MEA. 0.1%
MEA 575t b, HBsEkiRfi, FET 5. 25 #
45 °C FEASESRAE I TIE SR . K% 2 d S fAEsiik
WA NSRS, N AT IRV DI P RS 2 AH N R
) 6 cm ~FULH TR R EERE— G 97 . RIS B
Ja . PRBURZZHIED: R, fEIE S RS I B
SR, CRATATE. TR JRIC. RTE. FEHLL
R T AR RS, IR A AU & &
AT B A A e e g O,

142 EMEAE
Xof TV 285 % 2 Ry A AT 1) TR PR R P B At 1A 7
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glifk. PKBGRTHE, BAS 1 mL KEKARE
TR Z IR 355 {1 At 58 BE T A sl il 2R R AR 1
T, PGSR T2 . W 100 pb 1T
B, BAFIKE 900 ub LEK MRS
Be. MBS 10°-107°4%, &IZHL 100 pL 7
TR, WMAGAIERGBO pg/mL R HE
%, 50 ng/mL FifgEEE=R)AY PDA EFEmd, M
3 mm BB RIS, EiREIERSE 12 h,
TSN A TR VA Z [T RS A AUy B AR R A B, ]I
Grid B RE BOHAT IE A R . AR G
WRAECh 10° 4%, FRIEFR 120 )5, HMR3h1E
PR e S MR R SR L P R i R O, 4k
B & B BT IR IO B . VIBOATR VR ARG
Fed, %= PDA WBIRE ARSI, N 10%
TCEHIMT 4 °C {5451
1.43 Tk DNA #=ZE

KRR 22 (CWBIO)H RIAE H L [ 41 DNA
PEEGRA N &, Z75 ™ 5 00 156 B 4 B4 s
DNA., FARERT MEA BI{AR IR F, S IR
F% 7-10 d J5, )RR U R B SR Y R
22, BT RKENELEY, AR A SR
J& . WFEEJ5 N A Buffer LP1 400 pL 1 RNase A 6 puL
P& 1 min, IR FHCE 10 min 5B024% . IIA
Buffer LP2 130 uL, &% 1 miniE%J. 12000 r/min &
L 5 min, B FIEREREHELE T, FIA
Buffer LP3 750 uL, F4MR5). ¥ Bk it i
SRR OB A WS WA, — IR
BEMSEHSW, P2 A . 12 000 r/min &5.0
1 min, B0 AR, N I R BT
WA . 1 AR A Buffer GW 500 pL,
12 000 r/min &.0> 1 min AT VE, AlEEE PR
JEEW, o R B A S R RS AR A . E I U
E—Y% ., 12000 r/min B.0> 2 min, AlFElcEE hrY
W W TR T BCE 10 min IR,
VW AT Bl — B B B A R, R B ]
WAL N Buffer GE B JGEA /K 100 pL, i N ilE:
5min, 12000 r/min &.0> 1 min, Y4 DNA &,

F-20 °C fRfEFH
1.4.4 ¥%#EIK DNA B9 PCR 418 & F
WGP NS5 (5-AACTTAAAGGAAT

TGACGGAAG-3)#il LR5 (5'-TCCTGAGGGAAACT
TCG-3)M, %5 Wy4 1) DNA F BB bl
DNA /NIFJE(SSU rDNA)K 3B i 4 . N %
[E]FE X (ITS rDNA)2HRF 41 LA SR HE(LSU rDNA)
5 S . 25 pl i PCR [ WA ZR . 2xMaster
Mix 125 pL, F. #5195 pmol/L)#5 1 ul, #i
B¢ 10 %A% DNA f5# 3 uL, JoiEZK 7.5 ul. PCR %
N Z&F: 95 °C 5 min; 95 °C 1 min, 55 °C 50 s,
72 °C 1 min, 33 /ME¥; 72 °C 10 min,

B3 uL (9 PCR y=HI7E 1.0% BifbHEEl: e
UK, HLUKGE MR 1XTAE, HL UK S 7EBERE A% 28 5h
SETRAGI - L IG5 9 PCR P #ipE S R IR 36
AP 2R A IR A F AL s A Rl AL S A
HE KR A A7 B A R HEA T o Sk T 3] Y i
AR ZMES X, W5 PR NS5 F1 LR5 Z
Hb, FEX B NS INREAN5 190, 435020 1TS4 (5'-TTCT
CCGCTTATTGATATGC-3")#l ITS5 (5-GGAAGTAA
AAGTCGTAACAAGG-3)*,
145 HFETEMRFELEDH

I FH# A Geneious 8.1 (http://Awww.geneious.com)
X 25 HEAT A S PR TAOER, SRE7E
NCBI (http:/Awww.ncbi.nlm.nih.gov)F1i#:4 T BLAST [
XF, VUFFVETERE 90% AN 97%/E S5 HifE.
L) iR 525 (Penicillium oxalicum) 4N, {4 PAUP
4.0b10 AR 4B (Neighbour-Joining method)t4)
ARG L BFEWIT ) 5 2 (Bootstrap) T &
1000 KX RGE R B IS S TG A 5
1.5 ZHMIHR

IR A FRIE S M TR E SR,
PLEL R BT, FRAREL . PR ECR R BN 2 5] /0
WG, BESEA VI EEE, il 4 (Shannon)
ZAEMEAREL(H) . 8 AR (Simpson’s) 2+ 45 £ (D)
MBS ERREE) i X AW EmE
REpEDEL,
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H'=—2PiInP;;

D=1-3P{;

Pi=Ni/N;

E=H'/InS

PR | FIIZELLH], NiFORER | PRk
Bk, N SRR BERE SR, S SRR i SR
1.6 RBEMINHEBEMSHF

It 540 a8 ol R A i o 3 4 B S 25 A )
MR UERERT . JB NI Ah R T AT R Rl
Y 3 >10% R g AR L 1%-10% 2k L
J&, <1%AMATIE; PIF N E AR 5 T A R
TR TR B 0 40 FE>10% 9 A 3 Fh, 19%-10%
HH IR, <1%RHH R

2 ZR545M
21 AEESEYHETE

WFFEILRTS 871 BRI G, HETIBAUEH
WP SE , EHL T & R AR E B Fh I 367 #ill &
SSU. ITS. LSU rDNA 341, T GenBank 17
BLAST AP & AT F45 5 4 ) 10 J&
F3L75 )% (Absidia) . i B 2)E (Actinomucor) . /)N
B EE & (Cunninghamella) . #4025 & (Mortierella) |
F % J& (Mucor) . #2 B % J& (Rhizomucor) . H % &
(Rhizopus) . %3k %5 J& (Syncephalastrum) . :JE % )&
(Umbelopsis) . 4%z & (Zygorhynchus).

TEYIFEEGE %l 26 Fl, Hop 5 ARG 2
TEVE A R, 21 AR PEEGENIC  . PUEA
RE L 5 AW R AR HEBUR S B
(Actinomucor elegans) . & & E % (Mucor
circinelloides) . RUIRTEEE(M. racemosus), Z7ZHE
# (Rhizomucor variabilis) Fl # 7 @ > B %
(Umbelopsis vinacea). PHRLHIICSM 21 AMFh535H]
JE RGALLE (Absidia glauca) . ZiiR/NvEAR I
(Cunninghamella elegans) . 7 LLI#{ 7% (Mortierella
alpina) . 28 IE Wi fli%E (M. amoeboidea) . KIE#i
#(M. elongata) . ER7E & 1L %E (M. globalpina).
ToER (M. hyalina) . FEAH#E 4% (M. indohii) .

N

} 3

4 R E (M. jenkinii) . IR /R K B 75 (M.
wolfii) . JX#3E %2 (Mucor brunneogriseus) . 5 i &5
(M. fragilis), K5 EZ (M. fuscus). %+ EH (M.
hiemalis) . 434 E%5 (M. plumbeus). HPHRTEE (M.
spinosus) . /AR AR % (Rhizopus arrhizus)., MRS ES
MOk 4t sk % (Syncephalastrum
racemosum) , £ FH1114JE 2 (Umbelopsis changbaiensis)
L% (Zygorhynchus moelleri)

TE 21 NPEREGHTC SR A 4 ADFES EE IR
wEk, B EHCsE, aalE . KRB AE
(Mortierella amoeboidea) . Ek 71 &5 1L %% £ 2 (M.
globalpina) . JK#5 % (Mucor brunneogriseus)Fili;
6 F 7 (M. fuscus).

22 BEESEZHMHEL

S HZ B G TR AR S, #or stk
FriRIR ) 871 AR TR E AL, HAREAZ
DI HHER 2). HHERT 4 Aipy ol e R
(119 #R). PRZ (116 #k). 2 H (110 #R)FYHEL
(110 #R)o HETERIS 4 (iR bEi ik B4 #K). b
a4 PR, B (2 BR) e 45 B (2 1R).

FEP R N Z MR (B 1): %
BooNmE L YR SEE L MRZE L T
R OKME D RFEFE D BT RE . Y
BB EARE. T2E MR LS
Booami g PR B

SR HEFAE L, FEJE K TR A S ]
(1), T A6 J&) Rk 3:51 5
50 EAREA-RFFANE LA, KAREG JE)hY)
Pl FF5155 6 47 bR E KRI85 2 47,
2t B4 &) IFoKCER RS 7 A R E K
ERIIESIES 3 i,

LA VL LT . WA R R G s, P s X
SREBEMIESH TR, i RIEE
DI SI AR 3. 2R EAHETERT 4 ffY
SRR R OB MR AAEE., BT
PER B | GOMEE R 45 BRI I TR A —, TRk
Hamb, W R

(R. stolonifer) .
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Figure 1 Statistics of genera and species in different counties of Tibet

23 MBEEELRE

P E SRR (R HEFERAER
(Mortierella, 30.8%)%E%%/&(Mucor, 30.8%), Mi&
Prfh 2t AR 61.6%; HACHH ILR, A5
%)@ (Rhizopus, 7.8%) . £-JE 4 J& (Umbelopsis, 7.8%) .
#1375 )8 (Absidia, 3.8%) . Jiltht E%5)& (Actinomucor,
3.8%) . /NFEARIN EJE (Cunninghamella, 3.8%). R E
#%J& (Rhizomucor , 3.8%) , 13k 7 & (Syncephalastrum,
3.8%) FlH£%5 8 (Zygorhynchus,  3.8%).
24 MREM. ERFMEHER

PO A%E G T (GR 5)IILHFr 3 4>, AFEHEAR
. SRR LB, AT 33 AE, H
N R B T BT A TR R B E A R
55.30%. & ULFM 9 4>, fUFEECIRERE . O
. i EE . BRER. PIREE . BT E
. WMOER. MOEHELKEEMASE, 20T
45 ANH H/NTREBREGS PEREITA AR A E A
Lo 42.51%. Hifi R ELEE 14 4>, o350 fE 4 Ik
g . BLIRIES . W aIEE . BRI L 0
REE . ZEMERE . KBER . KEELE . X
I RE . /N e R . BRI B

IRIR R | At g e K LI s, 404
T 16 N EL, H/NTREREL S P A RAREO A
Iyl 2.19%.
3 W54
31 WEESEIMES ST

PO B, S ), MRS, MU
B, HHEEH, PEEEEWHREIR, O
KB R IRE. YR Ak R RER i T
fiE, SBCREE I F R, RIS A AR AR |
FIEEAMZ S8 8. Se P A AR A R R /Y
5. AWV 19 MUK RIS RIS
Mras R, 2k . SRR E R R s,
SR Z G YR F AR R (3 2) Hir, U
HEYFEE R, PTRESIEIRAC . SZEIBEVERR IR
S W) T T2 S L TR 174 3 Dok 2 > Y i A D = 3 1
TGRS R AT 55 HAIREAZ B RE VR S 2 i H.
VSRR S B R HOR S, TRRE S 4
BRBCE DA K, AR T B IR AR S AL
i ELE R, 54 500 m, BTETREA
o, FEYDEIR PRI O] RERC A A IR, FEAR
WEFE HOZ A= B D A IX
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®3 ZHEMENER
Table 3 Diversity index

i X BRIEE FERRE SRR
Area Shannon index Simpson index  Pielou index
WraR L 2.181 0.847 0.770
Bome
kAR EL 1.667 0.797 0.931
Mainling
L hfE R 1.559 0.727 0.750
Dangxung
N5 E 1.528 0.731 0.696
Baxoi
22 1.379 0.747 0.995
Purang
S EL 1.377 0.656 0.708
Medog
= 1.350 0.691 0.754
Linzhi
BT RE 1.342 0.713 0.834
Maizhokunggar
T AR s E 1.339 0.653 0.747
Gongbujiangda
BETFH 1.256 0.652 0.781
Nagarze
RS 1.141 0.634 0.823
Cogen
PR 7. =N 1.040 0.625 0.946
Jomda
AL B 1.020 0.585 0.736
Qusum
pEiizR 0.716 0.469 0.652
Shuanghu
Fean B 0.562 0.375 0.811
Biru
4R E 0.401 0.173 0.289
Yadong
PR A 0.000 0.000 =
Baingoin
B 0.000 0.000 =
Chagyab
AEfaEIEL 0.000 0.000 =
Dinggye
Note: —: No data.
TEARRMIIE, P B AR SRR BRI
AR R B (2.181, 0.847), &K E

(1.667. 0.797), 5dHH I 25 ELAUDKAR B ¥y Fh Z 461
B, AlE—AEEE PR A S B RES gm
TR ZFEAREC S BRI A E, UiHX 3

x4 ARESEREAUMEE

Table 4  Species number within genera of Tibetan
zygomycotan fungi
= =
) i Sz‘zf?es Pei:r;f:ge
Category Genus number (%)
Hh#JE  E&EE Mucor 8 30.8
Dominant 4 412 & Mortierella 8 30.8
genera
#WULE  H%JE Rhizopus 2 7.8
Common  4-j7 J& Umbelopsis 2 7.8
genera
A3 %)% Absidia 1 3.8
WS B R Actinomucor 1 38
AN &9 1 3.8
Cunninghamella
HLEFE )8 Rhizomucor 1 3.8
Sk m 1 3.8
Syncephalastrum
%58 Zygorhynchus 1 38

HWREE o A —AR— DR . 2R
i 5 o 1 2 L ARORObR L8 AR e
(IHLIX, 2R EON R PES | 5 B
SE 2 B35 J& 9 04 b s T R B B — 1 b
X, X—MRERFTECLME L WY 2
REE R 2 1) 1 il A W A AT A AR A T R L T
7 i 380 A Y I T R i R b SE R R
AR AE P T R R B R BRI AR
ﬁ%[ZO—Zl]

5] BEARER — A VR slUAE 35 rh T A A 1A
(A3 BCARTIE , DR TR () 5 THI R U, 385 EFR K
MR, BEERRE . AR, E22 Biis
JEREER R, b 0.995, WA ULEHRE L Bk AR R
R E M B HURGE VLR B HORAR R, 435
7 0.946., 0.931; HSJEFREURALRET AR,
h0.289, VLW A ELAEYIREE R e K.
FARFEML RIS, BRI REHLERCR,

13 ZSS AR, T2 ™
S B FIUR A 4 T I 55 A REAS 31 5 T 74 78045 1
DX A W TE FeuE PR AR D 2538
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Table 5 Strain number and distribution of Tibetan zygomycotan fungi

25 Wb AL Ly sy WARITE=51
Category Species Strain number Percentage (%) County number

PLmh TR % Rhizopus stolonifer 231 26.61 19
Dominant = L9572 Mortierella alpin 143 16.47 9
spectes Yk -+ % Mucor hiemalis 106 1221 5
B LA ERTEFE Mucor racemosus 83 9.56 9
Common species To e 87155 Mortierella hyalina 59 6.80 3

5 i B Mucor fragilis 56 6.45 4

4B % Mucor circinelloides 50 5.76 10

PIEE 38 4.38 3

Rhizopus arrhizus

TSI £ 27 311 7

Actinomucor elegans

It {2 "B %5 Mucor fuscus 22 2.53 2

A6, 555 Mucor plumbeus 22 2.53 2

KIE 912 Mortierella elongata 12 1.38 5
Hi Ay i &4 R 3 0.35 1
Rare species Mortierella jenkinii

P 2 0.23 1

Zygorhynchus moelleri

R A PTEE 2 0.23 2

Umbelopsis vinacea

ARIE Sk 2 0.23 2

Syncephalastrum racemosum

HPREE 1 0.12 1

Mucor spinosus

LAMER 1 0.12 1

Rhizomucor variabilis

VR 1 0.12 1

Mucor brunneogriseus

IREGFRLILTE 1 0.12 1

Absidia glauca

FAE A 1 0.12 1

Mortierella amoeboidea

SR/ AR A 1 0.12 1

Cunninghamella elegans

Bl 1A 1 0.12 1

Mortierella globalpina

RIR R 1 0.12 1

Mortierella wolfii

B K & A 1 0.12 1

Mortierella indohii

KAWL 1 0.12 1

Umbelopsis changbaiensis
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32 BMBAEH

30 32 % BT AV S TR A R N I TR R B
KA X gt o0, Wk T 3 MLEmh.
9 AN RN 14 DNFRA RN 5). ZEHA TR
HAE LA BAUERI Lk, A3 AT 15 B A A A5 AR
FATRR, FEVRMESS 1) B AR IR IR EE 5 B A i
oK, WX, N ERRA AR
FERUHC. PR3P G 2 e 55 1 P A S+
Or SRR RS PP AR G s 50%
(14/26)ixX — = LAFLRFRAT,  BAZIN A P AE P
TEIRA AL . PRIECAORYT I, AEABIFSR 1 At
NLZIN K JG S AT R A TAE, S BUL B 2 05
AW, PR A PRI B 2 B TR R

ARG 43 B B TV A R E Y 2 AR R B
(Rhizomucor variabilis) . & & £ % (Mucor
circinelloides) . k%% (Mucor racemosus)14]
1 {6 40T 2% (Umbelopsis vinacea)®®, {H Bl 7 £
2% (Ambomucor ovalisporus)™! | <:J¥ 25 (Umbelopsis
nana)® | JK {5 /)N 35 # 9L % (Cunninghemella
bertholletiae)” & Fi I B 20 B9 5 . AR BS
£ 3R, RAFTREAZ 125040, HEdE T
CIESEY/ L
Bigt: Bt r AR FRMAMARFTAEAOFERE
BRI E IR RARBRA LA KR F AR R AR SIE S
M E 4T e A B, RS BRAR K 5 William Davis
P2 3 LA A9 15T
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