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Community structure and diversity of the aquatic fungal in different areas of

Yamzhog Yumco Lake

HAO Zhao, WANG Yanhong, DE Ji, GUO Xiaofang *
School of Science, Tibet University, Lhasa 850000, China

Abstract: The aquatic fungal community is highly responsive to lake changes and greatly contributes to biogeochemical
processes in lake ecosystems. Based on high-throughput sequencing, we analyzed characteristics of aquatic fungal
community structure and diversity at different areas from the Yamzhog Yumco Lake, Kongmo CO Lake, and Chen CO Lake.
The results showed that the physicochemical properties of the water were different among the different areas. The fungal
community was mainly composed of Ascomycota, Mortierellomycota and Basidiomycota. The results of a-diversity index
analysis showed that the operational taxonomic units (OTU) number was significantly higher (P<0.05) in coastal area of
Yamzhog Yumco Lake than that in Yamzhog Yumco Lake center water, others a-diversity index were no significant
differences between the different areas. Non-metric multidimensional scaling (NMDS) analysis showed that the B-diversity
of the fungal communities were significantly different among the different areas ( P<0.05). The results of the agglomerative
clustering analysis showed that the aquatic fungal community structure was different between the various sites on each area,
aquatic fungal community structure was similar among the interchange between Kongmo Co Lake and Chen Co Lake.
Statistical analysis indicated that turbidity ( NTU), chemical oxygen demand ( COD), ammonia nitrogen ( NH;-N) and
total nitrogen (TN) were significantly positive related to aquatic fungal richness among different sites. The total phosphorus

(TP) and NH}-N were important factors influencing the community structure of aquatic fungal in the Yamzhog Yumco Lake.
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The aquatic fungal community from Yamzhog Yumco Lake showed high species richness, hydrologic conditions and

anthropogenic influenced were important factors for the aquatic fungal community.

Key Words: plateau lake; Yamzhog Yumco Lake; aquatic fungi; diversity; environmental factors
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Fig.1 Distribution of sampling sites in Yamzhog Yumco Lake
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Table 1 General situation of sampling sites in Yamzhog Yumco Lake

I 27 g i A
Location sites Altitude/m Longitude Latitude Habitat
1 4443 90°44'E 29°07'N TR R IZK
2 4442 90°35'E 29°11'N F IR B REH 5 R EK
3 4443 90°34'E 29°11'N PRI 55 R)EK
4 4439 90°22'E 29°05'N ARG DY F O H SRR 2K
5 4441 90°23'E 29°00'N 23 B VU A PO R B 1y vh s R 2K
6 4447 90°30'E 28°59'N 25 B AR MR 2K
7 4431 90°29'F, 28°57'N DLAEPEMNRZ K
8 4432 90°34'E 28°58'N LR ZR MR JZ K
9 4438 90°41'E 28°56'N F LR T FR LK
10 4442 90°42'F, 28°55'N AR AT S S0k
1.2 FRALPE B e

T .pH EC TDS VA K5 B i ] 22 DI e 250X ( Multi-Parameter PCSTestr TM35) i€, TN NHJ-N % 5 /B
4&?‘3*?93%1#&%@%f%%ﬁ' FHEABRA A AT 5E , Hod TN TP NH-N i ] UV5800 284 Al UL 23 % 6 3
EATI AR 7 V3 S A Ol Ao 6 V0 o 55 0 S B L B R i A3 D' o6 BE VR RN g FG ) 43 6 BE ¥ ; COD
A0 5 SR FH B A R AR T AR T, 0 B8 A0 R FH PR L €83 A R 5 IR HE R A T
1.3 DNA (14 HURI =g 38 il 7
B B ARAT BIRE S 6 AL RO R BUR AR E Y A FRA R, DNA AYHRBCR I CTAB 357 R 1% 50 i h
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BE RS LK K I DNA Y 4l B R Mk B, SR FH W Barcode B9 EL B OITS1 X 5| 4. ITS2- 2043R ( 5'-
GCTGCGTTCTTCATCGATGC-3") \ITS5-1737F (5'-GGAAGTAAAAGTCGTAACAAGG-3") LA M i 8 e A EL Bk A 7
PCR, PCR ¥ 3479l FH 2%35 NE HEEE RS FRL VKA I | AR % PCR P9k B A7 5 iR, 78 IR 215 6 2% 31
ERHEERS LUK AL I, H A5 457k i1 Qiagen 28 R B i [ 7] & IS =4, i A TruSeq™ DNA PCR-Free
Sample Preparation Kit #F17SCERYEL A 419 SCEZE 3T Qubit FT Q-PCR 2 i, SCEAH5 J5 f# A NovaSeq 6000
HEAT LML
1.4 BdEHr

HR4E Barcode J3 51 F1 51 49 7 4 DA i 368 2 5040 H 4 20 10 & FEAC BN , #K25 Barcode FNE| )T 41 I fifi
FLASH V1.2.7 85 FRo0E 7 9r% . PHER R RS Tags B0 (Raw Tags) i FH Qiime V1.9.1 K {F#EAT1d
U8, i Uparse V7.0.1001 FAEXT 3 8 5 BB 04T R 2, UL 97 % 19— B 3 90 RIS UH T HRAE 73 25 5100
( OTU , operational taxonomic units) , i Qiime V1.9.1 #4111 Blast Jrik45 4 Unit V7.2 B FE Y FERE
GYHT, eI DAREAS v e/ B e A bR A T — AR B

BT — LA B S B OTU B , i Qiime V1.9.1 AT - ZREMERYTTSE, AHICH: 0 DL K 22 Sk
S3HT R SPSS 20.0 FXA4AY Pearson AH G R B0 AR R 7 22 73T (ANOVA) | £ 8 43 #1ff ] Duncan
Kroiryk | 5e R A R AR & 24 RE /1 DL & ANOSIM Kz 3ef# ] R 4.0.1 #4817, T04 o0 Hr 1
CANOCO 5 B EAT , 2 B R 4.0.1 3144 B Origin 2019 %1 f4:3647

2 ERE5S

2.1 EEIER KRB BT

LR A SRR BRAG IR - s (18] 2) |, sK IR BE T 5, 8 5 RE AR AR Je i, o 25.2 °C L9 54
SRR AR, 9 10.7 °C 510 AMEEEUKAK pH AT 8.37—9.08 22 [ , 3 SRE fKIK pH (R , 8 S 5 I AH
XA, WK TR S SRR, M 15,6 5 8 9 SRS MARNT 4G, R 3; EC  TDS LUK £ ELA AR B
HIAR A RE 3 45 FE . EC 7E 523.67—2346.67 wS/cm Z[a] [ TDS & 371.67—1666.67 mg/L 2 [b] #HFE7E 0.25—
1.18 /L Z 18], Hor 3 5 2 10 SHE 5 EC AN S, 1 5 3 5 LU 10 SHE 5 TDS A& 8,1 5 3 5.9
SR 10 SRE S AR5 5 % 6 SHES EC TDS DL & EL B S A %A% ; 5t COD 15,9 SRk
AT, HAE R 6.72 mg/L,5 SFE S AN, HAE R 185.81 mg/L; 10 MEE S, 9 S4E 25 NH-N Al TN %
EIRAR, 20900 0.01 mg/L F10.25 mg/L,NH;-N £ &g B2 7 S FE 5, o0 0.05 mg/L, TN 7 &5 = 12 5
SRR, 0.61 mg/LEE TP 15,5 5 & 7 SR B, 0.06 mg/L, 1 5 FE 55 A ERAIK,  0.02
mg/L,

B XS AL IR T 22 SR i o (T 3) /AR pH (BT &, 2 s 20 B T 2 DXORT 2 s 2 40 000 [X 3 v
T3 BRI B XU T 2 X 1t BC U TDS DAKCGER BET 7, 26 s gl A5 1 1 X R o L gl 000 IX 1 (2 38 v T U0L
FES B DX VARV 2 X 34 0 3 v T s BRAE MY 2 X 36 TP T 3, 25 BRAE Y 12 X S IR VS 1 IX 00 2 5 2 i g 4
T X5 LA 3 PR 7 A% DX ) MU AT d 28 2% 5% (P>0.05) .,

2.2 G KR IE B 2 R AR E

H 2 2 AT, A LA AR SR A A I B 4649 4~ OTU, Hirfr 4 SE 5 OTU B L, 1M 9 SFE AL
Do BHREAR Coverage F8EIITE 9% I, Coverage $5 50545 FE SRR thZe (18] 4) Y368 | AU GE 9N IR E
IRBNE KT BB AR TP RUE IR G DL, b 3= & BEFR B AR ERE R0 LLUR IR, Ace $6515 Chao 1
TEEAA AL RS IR 7 5 55 4 SR SUKIRE TR £ & R 9 5 HE S 5K, Shannon 541 i
R4 55 T SRR IR EE 2 E R 9 SRR ZHEE NI, Simpson $5 AR B /KIR B H ZHEE e R R 7
S 4 FRES KRB SR RARE R 8 SR, A X F T R, E HEAR R X (CY ) OTU 4 i
FE TR X (YC) (P<0.05) , HoAth 4 o AR [R] IX dsk 0] () 22 SR {25 ( P>0.05)
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Fig.2 Aquatic environmental factors of different sites in Yamzhog Yumco Lake
R2 FHEHKEEH o ZHEEH
Table 2 The a—diversity indexes of aquatic fungal in Yamzhog Yumco Lake
o OTU Kkt C 8% £ 5 N ZREMEFR ST Richness and diversity index
J=3 5=} overage g o " - N Y . N i
Sites OTUs Coverage Ace ¥8%L Chao 1 5% Shannon ZEEMEFEEL Simpson ZREETE S
Ace Chao 1 Shannon Simpson
1 541 99.6 833.52 824.44 5.30 0.89
2 600 99.6 888.00 861.60 5.19 0.92
3 519 99.7 706.20 702.30 5.24 0.92
4 710 99.4 1225.39 1169.94 6.57 0.96
CY F14 Mean 593a 99.6a 913.28a 889.57a 5.58a 0.92a
5 526 99.1 1251.66 1224.23 5.25 0.92
6 364 99.6 858.05 809.63 5.12 0.87
CK P4 Mean 445ah 99.4a 1054.86a 1016.93a 5.19a 0.90a
7 558 99.1 1289.80 1266.67 6.35 0.97
8 478 99.6 756.98 771.86 3.73 0.70
CC ¥ Mean 518ab 99.4a 1023.39a 1019.27a 5.04a 0.84a
9 262 99.9 323.09 304.66 3.21 0.80
10 415 99.6 655.69 641.57 3.74 0.80
YC -3 Mean 339h 99.8a 489.39a 473.12a 3.48a 0.80a

CY: FHFEAENTF X Coastal area of Yamzhog Yumco Lake; CK: %5
Chen Co Lake; YC: R gEAR O X Yamzhog Yumco Lake center; R FEAR Z AR X B a8 7 P<0.05 KV F 2R 5%

2.3 FEIERUKRER A A4
Xt4¢ OTU AURIFFIHEATI R EE R, X TR K@K B i b A7 20 M & B, ol 1 24 B8 4 119 Jas R

AT X Coastal area of Kongmo Co Lake; CC: TS/ X Coastal area of
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Fig.3 Aquatic environmental factors of different regions in Yamzhog Yumco Lake
CY: FHLGEEET F X Coastal area of Yamzhog Yumco Lake; CK: 25 BRIV [X Coastal area of Kongmo Co Lake; CC . ULAEUT 7 X Coastal area of
Chen Co Lake; YC: “FHLZEFEHLMX Yamzhog Yumco Lake center; AS[E 7R AR X 6] 7E P<0.05 /K- L2257 3%

M ARSI T FUABEVE 52 OTU J& R HZAE, MRS R A oAb i o h Ay s 1% 1—10 SREETTKF
T ARZERERT & B Fe 50 5N 32.1% 77.3% 51.5% 46.6% .86.5% .81.2% 45.1% 30.3% 94.4% 97.3% , )&
TR ARFNZERE BT 5 B EE 153 5 K 52.2% . 83.7% .79.7% .78.1% .96.4% .98.0% .66.8% .41.4% 97.1% .
98.6% , AT ELWAAR LA FEASAR S - BE R E 1126 5 R 28 KL L8], BRI /K P BR R HIZE R A 0y b L K.
JE AN BRAFNZEHES M = BEHEZ FT 10 A8 B AR XS =3 B2 A AR HERR B 25 R Al 5 o

F GRS SRR CIER B R T F #5611 (Ascomycota) B fHE[ ] ( Mortierellomycota ) 1 ]
( Basidiomycota) 4% [ [ ] ( Chytridiomycota ) | & %% B ['] ( Mucoromycota ) . & 2% & '] ( Rozellomycota ) | BR % B ']
( Glomeromycota ) i HUAZ V[ ] ( Zoopagomycota) . F &l 5 T 1 s 4R A K AR 0 1 8 L TR AH X 3 B de = B 1128
HFHETET] (Ascomycota ) , TE 25 5SRO 3= BE 7 EL 43 51 12.8% ,26.6% ,72.6% ,16.9% ,47.2% .80.1%
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Fig.4 Rarefaction curves of aquatic fungal samples in Yamzhog Yumco Lake at cutoff level of 97 %

OTU: "#1E4r25 550 Operational taxonomic units

54.4% 90.3% .87.1% .63.0% ; Fe IR AP 0% 1] ( Mortierellomycota ) , 75 4% FE 5 A X = 5 5 23 9 K 52.4% |
13.7% .5.3% 33.1% .2.1% ,0.9% .0.3% .0.1% 2.5% 1.8% ; 3T 1] ( Basidiomycota ) FHX} 3 B 55 55 | 16 4 FF
JEARRE R 5 A 7.0% 51.1% 4.1% 12.2% 32.9% 15.3% 32.4% 5.4% 4.0% 21.5% , B 1H &K F
HARHEFRIE AT LA H (8] 5) |, Alternaria FIX} 3 ey , SRR R BUAE 5 5 8 S LA 9 SHE N, HAHIIAE 78% L
o HAKHK Mortierella , 5 W RIAE 1 51 4 S8, HAG 0K 74.5%F1 80.6% ., 25 35 .6 5 7 FHih
FERT R 5 E o B Dioszegia . Xalocoa , Russula . Cyberlindnera , HAE 5 5k 65.0% 40.3% 42.0% L) &
55.2% , 10 “SAf 25 E 1 JE K 4340 W %8k ¥ 5] | Alternaria | Cyberlindnera VA M. Helicoma ¥4 575 % /5 W) AH XF
FHE,

{8 Venn K2R JRR A FE 5 M 45 XIS AU OTU i, 45 5 an1& 6 75, SR A5 IX a1 7K 8 7 42
{HILH OTU Bl 36, £5X3k Venn KR, FHEHIE R X (CY) OTU $UR £, R 961 ; Hk A UL I 1+
X (CC), N 667;25 RHAEVE R IX (CK) OTU B4 £ , ly 610; F B 9EFE .0 X OTU B d5e /b, o 480, 4% X sk
A5 OTU $0h 197, 4359 5 F BRI X (CY ) OTU %X#Y 20.5% , 28 BERSIT 2 X (CK) OTU 5089 32.3% , Uik
YR IX (CC) OTU $11 29.5% , F R RS0 X (YC) OTU 01 41.0% . 4% KB HE OTU 3R, 2 5 78k
R (CY) SUUEHT R X (CC) A OTU HefilfRe i, i P DX OTU 21 46.0% 5 HoWR oy 23 BESE I 2 X (CK)
HUURETTRIX(CC) , WXL OTU 301 45.4% ; 25 BEEEIY X (CK) 5 3 5L 7AW .0 X (YC) 34 OTU L)
WA, 32.0%,

K HFEET OTU /K- Bray-Curtis #2519 3F B 2 22 4k KU ( NMDS, non-metric multidimensional scaling ) 43 #1
PUKCRAE .58 21 TR A IS (completelinkage agglomerative clustering ) #5321 AS [] i) X AR BLZ U Wy RE P& 45
FIL R (B 7) o AR B 248 ROE A3 T 25 5 B , AS R DX rb i) LA ot A O B 0 I 58— 25, ANOSIM #6556
MM ZEF TR AR ERFBERTHNZR(R=0.772,P=0.001) , BiHI /414 B, 4 N X EAL R Yy R ik 45
FFEAE—E (25 5 . AH HL A9 X IR RE 25,9 5 J% 10 B4F & B R B 2F s 2R .0 X (YC) (H BB M A=)
TEELEMEE—E 25, TSR A RREE RN, O T2 RS MU E A WIS 5 K 7 SRR B
A AR 5 S ELA s o (A REARL T TP O T8 DX S B A B 1) 6 5 B 8 S F s AT B s AR AL
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Fig.6 Venn diagram of aquatic fungal OTU levels in different sites and different regions
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