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Diversity of aquatic fungi in different areas of Lake Taihu
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Abstract; Polymerase Chain Reaction-Denaturing Gradient Gel Electrophoresis (PCR-DGGE) was applied to analyze the diversity
of aquatic fungi in the water and sediment of Lake Taihu. The results indicated that the diversity of aquatic fungi community in
Lake Taihu is highest on May, 2009. The fungi diversity indexes in the west region of the lake were lower than those in the east re-
gion, and the fungi diversity indexes in the center region of the lake were the lowest. Aquatic fungal genetic structure and commu-
nity composition of major groups had spatial difference in different areas of Lake Taihu. The fungal groups in the east of lake were
more than those in the west, and the groups in the center of lake were the least. Phylogenetic analyses mainly placed the majority
of the aquatic fungi in Lake Taihu within two fungal phyla, Ascomycota and Basidiomycota, which contained 8 fungal orders, ac-
counted for 57.7% and 26.9% of the sequences, respectively. The fungi, which were only found in the water of East Lake Taihu,
belonged to Saprolegniales of Oomycetes and those, which were only found in the sediment, belonged to Chytridiomycota and Zygo-
mycota. These groups, which had differences in the vertical distribution, accounted for 15.4% of the sequences. Cluster analysis
and Canonical Correlation analysis showed that fungal diversity had spatial differences in Lake Taihu. The differences were related
to different nutrient levels, wave disturbances and other factors.
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BRGNS S B s R T, B R S BUK IR MUE W 2 RV SO . R, M E M S R
e PR W 0 RS0 — 7K A= 25 2 et B 5 75 O B e
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0. 22 o 5 R TR I 5 A 2ml B 508 B 5 PRI 0. Sg BIRIIAREAS I 2ml (9 8008 HL. AR B FE
FIES LS B 0. 5ml $#2HUZE vp¥ [ 0. 1mol/L PBS (pH 8.0),0. Imol/L EDTA,0. Imol/L Tris-HCl ( pH
8.0),1.5mol/L NaCl,1.0% CTAB | FIZF-4E2 il | 2 i 5 181 B AN AR B K (29K 53 502 6.3 .1 1mg/ml) ,
37°C i Th, BEANA 50l 20% F¥) SDS,225t/min #&3% 30min J5 , £ — 65°C % 65°C 43> kil 3 ¥k, &Yk 30min.
i AR S AR R LA 50001/ min .0, 10min J5UWCEE BBV, DA SEIRE A B/ S5/ 5 B (25: 24: 1) 1R S,
10000r/min 0> Smin Ji5 ¥ EIEWEA S — R ELLE T, A SR S 05/ 500 mE (240 1) 4 LIS,
10000r/min Z5.0 Smin J57F_FiEW TNA 0. 6 R RN EE, 4°C i+ ULTE , 14000r/min B0 15min, 7 |3
W, 70% vk 2B Uk 2 W, AT, B 100l TE( 10mmol/L Tris, pH 7.6, lmmol/L EDTA ) 28 w5 4% , 15
F| 5 DNA FHAEH, BT - 20°C IR A7

F 1 RWIA I DORAE S BEA AR

Tab. 1 Characteristics of sampling sites in different areas of Lake Taihu

WX 532 XA 45 PERF A ZU

R E] Ml FFGRTE LB BT, JCK oA 31°28'35"N,120°11'40"E
M2 B EETE, R R 31°24'24"N, 120°08'45"E
Z3 TR, B EF 31°27'00"N, 120°01'41"E
7A TR, R TF 31°23'51"N, 120°01'55"E
W5 T A, A8 B, TCoK B oA 31°18'52"N, 119°56'42"E
W6 ToK B4 A, Db s P RE 31°13'44"N, 119°53'41"E
S7 BRFIE R P 31°06'28"N, 119°58'02"E
S8 ToKHE oA, il R TR 31°02'00"N, 120°02'22"E

IR D9 TR X, Dok AR F P22 4 A 31°05'22"N, 120°30'48"E
D10 e i e | W ] 31°01'18"N, 120°27'14"E
Ell K DR IR 7380 A 31°14’41"N, 120°19'53"E
E12 iR IR T3 A 31°10'37"N, 120°24'21"E
G13 D TR R 3 A 31°23'11"N, 120°17'43"E
Gl4 R E R IR T340 1 31°26'06"N, 120°22'37"E

X Cl5 KWL, R WK B 31°14'53"N, 120°10'14"E
C16 TR A W RIE 31°20'18"N, 120°10'49"E

1.4 7k 4 BB 28S rDNA-PCR 31

R PR 258 A7 28S xDNA JE[H HLAT S P 4 0B 8 5 14 UL T U2-GC Y SPRE i DNA LA T
YEAT PCR 384, B4 Ul 5'-GTGAAATTGTTGAAAGGGAA-3', Fi#B[4) U2 5'-GACTCCTTGGTCCGTGTT-
3N T RUEY v Befr DGGE a3 2 rh A 547 R, T AE U2 1Y 5" il b — 45 1< 40bp & & GC )35 :5'-
CGCCCGCCGCGCGCGGCGGGCCGGGCGGGGGCACGGGGGG-3'. # H i = 4} EL 1 28S rDNA [+ M\ 403 —
662bp 1)—B% 260bp HYJF51). 50l 19 52 AR 2, Hi2H 43 9. ddH,0 37. 5ul, 10 x PCR buffer (& Mg™" ) 5pl,
10mmol dNTP 1pl,10pmol ) | T #5144 2l ,0. Sl Taq B (SU/pl) 847 1 — 10ng. 319 554k 1 94°C T As
P 3min;94°C & H: 1min,54. 8°CiE k 40s,72°C #Ef# 1min,35 NMEIR, )7 72°C #EH 10min.
1.5 DGGE 4 #f

DGGE & ] D-Code system( Bio-Rad, USA) ,8% BTN K BERREEIE , A8 P46 5 S~ 45% — 70% (100% 7% P AH
T Tmol/L FREFN 40% 25 85+ H BERE ) , PCR 7= 4 i B 4t 7 30l (800ng ) . HLIK 554 H7:60°C , 1 x TAE
(40mmol/L Tris,20mmol/L yK Z,##2 ,1mmol/L Na,-EDTA ,pH 7.4) ,100V Hi,JE, #E4T 16h. Bk 25 3 5 A 20ml
SYBR Green T #2444} (Sigma) (1 x TAE % 10000 £%) Zuf, 30min, £5 Bio-Rad % 15 2 o400 8, FI FH e
J B AL 34X A4 Quantity One 3 #7745 S LUK S5 1 B SR BE , 43 #7222 B R R0 2 a3k 64T B 8l
&, AR RAE & 00 DA TR 200 7R Uk L, FUA S 450 063 3 R Tz ik il b e v 1
5% AAERGeitokit. A 213650 (Shannon-Wiener index ) S T4 EL ¥l 2 RE 1, FOH03 R LR 0 4
— AN B A A i B BT , O ELR AT A B OZ R RE A R A SR
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Bee SO R WR A B 20 v 7 e P Bk, PRBBCE T B 1 , T I P 514 MI3F MI3R 34T R PCR
B, BIEA H i Bl A S 3R R 2 LW AE T )7 45 SR AE GenBank %48 42 o fdf F§ BLASTn T HL 3k
AT X, 4 55 H 09 FE R 530 [R] IR A 5 1) 28S rDNA JF 51 2 GR35 K Mega. 4. 0 3, BT 3
4R34 ( Neighbour-joining ) 4 , #4) HE K 42 LA R G0 & & W R 58K B W& 40 B A5 B 2 304l A 125 (Boot-
strap ) 1000 W K
1.7 Gitoran
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DGGE [ , RAEAH [F] L A% A b 557 A TR HL A% Ak o 4B, Horp 1 AUFRA 4607, 0 AURAH BT A B
B SRR SR E U T AR AL 4H 3F- 34 5 ( Unweighted Pair-group Method with Arithmetic Means, UPG-
MA) JRIE53HT, AT 43 2 RE 5 (9 FH L5l 2% 52 B2 2.l 4F Canoco for Windows 4. 5 £ 5040 3143 Hr #1044
DGGE $58 20 5 1) — 4k 50 1 808 15 B e #E AT B #a 36t Wi 43 1 ( Detrended Correspondence Analysis, DCA) ,
BT R ECE 1 55— BE R BE R T 2, FREEAT CCA 43T, W — 20 M4 0 5 5 R K A e A v 9 3R 8
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[ 2 AN [ XK A 7K o B AL 2 4 AN ZZREVEFE R B2 3. 002 Fil 2. 962.
Fig.2 Phys.ico-.chemical parameters of xrvater samples T P BT P2 X (W6 ) A2 75 ( M) £ 405 3
in different areas of Lake Taihu B SRR 10 8 4 75 e ik 4 2 M 4E
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Besr Bl 2,202 F12.076. BAN AL T X (C15) &
B /b AA 6 Ikl TAR-E N ZREVEFRECH 1. 589
(E3,K4).

BRI TEE TR, AN [FHTDX P AH 4B T A5 K K 2 B
TR B R 230 5 D 3B 2 X (W5 W6) L5 g B A2 IX
(ST) W BB ALSAE 8 A1 X B AR 3T 5 AR K1 (D9)
FIBTH (G13) KA FLER A A B A — 25 (L 5) .
2.3 KEEREBHELEMENRERFHXR

CCA 4y Hrks DGGE k45 Rk S8 45 R &
T (B 6) , 23 b i e PR 58 28 o 1) B e e L Bl
fiff TR A R B T 25 AEL R R/INHE HH TR UF LA R A o 2
PESEAT 5245 1% DU 56 ( Monie-Carlo test) , HiHr TN (P =
0.016) .SD(P =0.008) 1 pH(P =0.016) ¥J BA5 95%
DL P BT BE T LA 7K A= 0GR A B e S A R, T
TP(P =0.242) AR5 7K A5 B0 EHE A e PR3 e, (E
AN UL AR SOl T A AR B, A ge s T
DR P 9 2 18 P i TR

TN.SD .pH 5% — i Be #IAH % (r = =0.75, r =
0.75M1r=0.69) , TP 545 — Al AI A2 (r=0.72) (A
6). ZEFRM KB R B AL R T B 3 5 K AR R R
HREEI TP R HEF , TN (TP SD | pH X 7K A B0 R8 B v 4
B R SR BRAE .

2.4 KIESTEMHRKEEREBFESHEMELLRNN

T 8 AN [T X K A 5 0t 1 AR A v oK AR BB
i) DGGE s BRULEAG 22 5. /KM 457 40 B LT 1 9] 1X 350
T S50 E £ 5 RIRI IX DU /K 4 3 DGGE 47
RIME, 27 B0 H 22 R . Kb RISt X TR (G
) & B £ A 20 4, H 18500 2. 996 ; T X T
T (CR) 5 B b AU R 6 2%, H $5 %01, 609 74
LR WITURRY) P A A EH & (R T).

AR X IR KA BRI i 45 R iR, iR
WyhoKk Az FCE B A ELA B s (] 25 Rk E TR
KPR VB =4 X (2, W S) PURR ) B8 21 18R
ML, B R AR 4R B =4~ X (D E G) &
B 5 0 X SRS A LR FL TR 4 AR (L 8)
2.5 KKEEHMBEBENRERE SN

XF 2009 45 A KBIRFISIX 16 A~/KFE ) DGGE
IS AT UL B, B 4500 20 45 (W1 — W20) , KT
SERET ¥ AR T H 13 5%, 3RAR I H R IR T 58 k5
9 HQO14566 — HQO14578 (55 2) 5 X KA 8 4N IX 3
JEUUR oKk 2 E T DGGE St 470 e [ml ke, [l
4671 20 £5(S1 - 820) , s BN FEREM P3R5 791 13 45, 3K
150 I B R T B & SR 45 HQO14579 — HQO14591
(%2).
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Fig.3 Aquatic fungi DGGE fingerprint of water

samples in different areas of Lake Taihu
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Fig. 4 Shannon-Wiener index of aquatic fungi of

water samples in different areas of Lake Taihu
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A 26 AFRIE AT 23 I AT We v B T I i By 3
T3P, 3X 8L )7 5 7E Genbank %4 /4 HLj/E 17 BLAST, [t
XA RN AU 12 0750 SEAR T 2R I ETE 288
rRNA J K7 471 HAT B0 A A (95% — 100% ) , T AT 6
75 (W1 W17 W18 S1 .83 ,S4) [ #H LB K F 90%
(3R 2) , X FHIK MK A B W FE PP 51 G 1R 238 R4
FEOMATSE.

FIFH BLAST He X i £ B 3T 2% il 5% 51) #1 Neighbour-
joining 437, X1 26 457 51T R G K B 43T A
REREW(E9) 4 RRIXR LT 5] EZ TG T E I
B F#ETE ] (Ascomycota) i) 5 4 H : M f# H ( Pleos-
porales) , Z i | H ( Helotiales ) | 2& 52 B . 49 — H
( Chaetosphaeriales) | ® H ( Orbiliales) f14 % H
(Capnodiales ) , 3t (5 BTy 7 41 (14 57. 7% ; $0+5& [] ( Ba-
sidiomycota) {3 4~ H : #ME T 1 W40 — H ( Malassezi-
ales) . #E[# H ( Thelephorales) . #&#5 & H ( Corticiales) , 3t
TR TAII 26.9% . A /N SREE TR )
( Chytridiomycota) ) /NG5 B H ( Spizellomycetales) | 2 &
11 ( Zygomycota ) H1 i) — 28 R 5 37 # & T ( Uncultured
zygomycete ) £l B[ # 44 ( Oomycetes ) 1) 7K 2 H ( Saproleg-
niales) , XL 5 ITE TP F10 15.4% .

3 it

3.1 DGGE 7e#illzk 4 H 8 S H4 5 EHI R A

PCR-DGGE 43145 & I3 5 A H i 76 3 E 4 7
HEASEATRSE P BT R R I A 4% R
A5 R G FR B DR TS AR BT o2 0 B 9 5 1 e 2
LSO IT . A SO U 288 TRNA S [ EAT
PCR-DGGE SMF5E AT A 7] 0 1X 7K A 2 B 2 B 4tk 10 728
A, R G T AL G W4 8 B 3 o T B SR U W Rl
A BRE B BRI, AT X R AR S R 10 00 T A 2 O
BT KAE B RS SR T — 407 (B AT AT Ak 2, (H 2
X T ERERE A 1) DNA S0 H7 8 47 7E — BE e b, th T
RS AR — M KRS i 2 H 2B, = e 4
(32245 B, T LAAR PRI H) e 600 80 1 B 2 0 2
FISIBE. AN, 43T KR B0 Al 5 AL 7T R 2 5% o) 1) 4%
WA ASCRIH DGGE 4 Mk & L Z et
B LTS S R e BRI K K J ) T RE R th T T ik
Sl TR K. BT LA, 233 5| B A0, 45 S 15 5
BRI SR, T LR R R S ) (DNA 3 8 N
AR
3.2 AEMRKEEBSHELERHN

1 DGGE [543 B 1T LA % R 7] 3 1X K A= 20
ZREVEAFAE 255, 1K AT BB 5 R XA 78 3 K S AR .
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Tab. 2 Sequence similarities to closest relatives and phylogenetic affiliations of DNA recovered from DGGE gel

iz R He X 3T G A (Bt 5) AHBLE (% )
W1 HQO014566 Saprolegnia litoralis( A¥235952) 87
w2 HQO014567 Corticium roseum( AY463401 ) 92
w3 HQO014568 Marchandiomyces buckii( DQ915472) 96
W5 HQO014569 Tomentella botryoides( AY586717) 91
w6 HQO014570 Uncultured Malassezia( EU046072) 98
w7 HQO014571 Alternaria tenuissima( FJ755240) 100
w8 HQO014572 Glonium pusillum( EU552134) 99
w9 HQO014573 Saccardoella rhizophorae( GU479799 ) 90
W11 HQO014574 Diplomitoporus crustulinus( AY333816) 91
W16 HQO014575 Botryotinia fuckeliana( AY544651) 97
w17 HQO014576 Saccardoella rhizophorae( GU479799 ) 38
W18 HQO014577 Botryosphaeria melanops( DQ377856) 88
w19 HQO014578 Cladosporium langeronii( DQ780380) 98
S1 HQO014579 Uncultured zygomycete ( EU490019 ) 86
S2 HQO014580 Botryotinia fuckeliana( AY544651) 98
S3 HQO14581 Rhizophlyctis rosea( EU379191) 77
4 HQO014582 Uncultured zygomycete ( EU490019 ) 82
S5 HQO014583 Corticium roseum( AY463401 ) 92
S8 HQO014584 Tomentella botryoides( AY586717) 91
S9 HQO014585 Glonium pusillum ( EU552134) 98
S10 HQO014586 Alternaria tenuissima( FJ755240) 100
S11 HQO014587 Didymella fucicola( EF177850) 100
S13 HQO014588 Dactylaria parvispora( EU107296) 85
S18 HQO014589 Catenulostroma protearum( GU214401) 93
S19 HQO014590 Cladosporium langeronii( DQ780380) 100
S20 HQO014591 Cladosporium sp. (GU017546) 99

2009 4F- 5 F Ay KA X AR TN R IR) E F7 KT, HG v 38 3R 4 ORI 500 1 D 3l o 7 DX g a9 e X A 222
Y AL, 3 A TR R RS SR T AR R 7 RS ROAE 8 AN X P AR Y AR 3 KOT I A A Y E
TR DX R SRR R K A BT 22 R AR T B R AR I A K. CCA 23 b A BUK AR TN TP (199 2 X
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