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Abstract LakeDianchi 5 i a seribus eutrophication state However the water quality varies spatially in the bhke In order to explore the spatial
dstrbution of bacterbplankton comm unity can positions (BCCs), aswell as o dentify the key facors that affect the dstrbution of BCCs 9 surface water
sanplswere nvestigated abng the trophic gradient in the summer of 2009 by tem ial restriction fragnent length pokmomphisn (T-RFLP). In totl
fifty-tw o tem inal restriction fragnents (T-RFs) were detected i all ssmples The nine samples had different bacterial can positions and predom inant
types But the Shannon-W einer d wersity indices and evenness in all the sanpleswere bw, which ndicated that the ecobgical status of Lak eD ianchiw as
fragile Mulidinensional scalng (MDS) analyss indicated that he smpls that scattered closely had sin ihr water qualities verified by cluster analyss
using UPGM A (unw eighted pair— group method using averages). M eanwhily the BBCs of 9 sanples could be divided nto bur clusters The result of
canonical correspond ing analyss (CCA) also illun nated the envionm ental factors affecting the BCC, anongwhich NH} N, totalnitrogen, NO; N and
Chhwere themost nfluential fictors though, pH and temperature a ko had a certain influen ce
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Fig 1 Map of the sanplk sites
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Tablk 1 The physical and chem ical properties of the water sanples
DO / NHj N/ TP/
T /C
& (mg L7") (mg L™1) (mg L™)
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D4 1 31 Q0 072 0. 040 177 44
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D6 1 68 Q0 119 0. 045 16 7 46
D7 2 14 Q0 065 0. 050 177 48
D8 1 44 0 34 0. 040 14 8 46
D9 129 0 064 0. 036 14 8 46
3 2IF Ui WA AL T T-RFLP
, 9 52 T . 2 . 2 , 9
RFs s ShannonW ener
52 . 8 (69 70 , (D4) | (D9) |
163 194 196 225 260 290bp) 2 761 1 9123 ,
, 8 o (D4) ,  Q 8808 (D9) .
) 0. 6897. ,
(be), 27 (D3) ( )
(DY) , 16
2 30~ W Shammon-WeinerZAEMiFR%r 03457 EIREL
T able 2 The dstrbution of different dan nant bacteria at the 55k
sanp ke sites -
/bp i 20
,%3 1.5
25 69, 218 227 237 Jz
23 69, 70 196 227, 237 10
16 69, 70 213 237, 26Q 301 =
23 69, 70 260 DI D2 D3 Di D5 D6 D7 D8 D9
25 217, 260 RAE S
27 69, 237 26Q 301 2
26 69,70 181 223, 260 Fig 2 Analyss of the gene dwemsity of bacteriophnkion
22 69, 70 223 260 comm uniies
16 69, 181 26Q 290
33 Fi AR AR LR = 1B o A AT
(D) (D2) ; . 0~ 1 T-RFLP
, , T=-RF 218bp MDS s 3 4
, T-RF 3.9 .D4 D5
70  196bp s Q79 ,D4 D5 R
: 2 — (D6) D4 D5 :
(D5) (260 bp). .D1 D2



2 303
, D1 D2 ) Q 33 TRFs 260bp
. DI 8 :
0. 35 D2 8
0.45 D1 D2 D9 15+ .
D9
3, , 9
4 ,DI1D2D9 , D3 D4 D5 D6 D7 o D2
D8 ~
205 -
D5 § o’
D4 5 o0 0D4
D7
D7 ® D5
Dg ®
D6 05 = *D6
D8 * DI
[ ]
— D3 ok
D9 ’ ] 1 1 ] ] ] ]
- -1 o1 2 3 4
D2 Dimension 1
L 1 1 1 |D1
20% 40% 0% 80% 100% 4 MDS

LRSS /o

3
Fig 3 Cluster analys& of bacteriop nk on canm unity canposiions

by UPGM A

MDS , 9

(4. ;
RSQ 0 05416 Q9913
4 )
, 9 4,

I (D1) I (D2)
T-RF s( 52 64 183 216 218
281 318 326 375 401 403 406 620 bp)

2 2

T-RF's

)

IV (D3~D8 DY) 7

2 . ?

?

TRFs 60 136 157 178 208 215 222 223
234 258 264 266. 278 283 301, 325 385 627 bp,

218 196 227 237bp D1 D2

Fig 4 Two-dinensionalMDS map of bacteriop bnk on canmunity

compositions

34 FEAEWAEARETEET HHE RSN

Monte Carlo Pemutation Test ,
6 (NH;-N TN NO;-N Chla #H
) (AX1) (p< 0 05)
(p< Q05 .
(CCA) 4 75. %o
87. S - , CCA
, 6
( 3) 6
.4
) (AXT1) (Q 471),
3 : , AX1
, AX1
(0.999), ( - )
43 %o .
3 CCA

Tabl 3 The CCA results beween environmental factors and the

bacteriop hnk bn canmun ities

r

AX1 Q 471 Q 99 37. 4% 43 Yo
AX2 Q0 245 Q 95 56. Y% 66 0%
AX3 0 137 0 928 67. 8% 78 &
AX4 Q 096 Q0 972 75. 4% 87 o
1259
r 6



304 31
CCA ( 5),
) . 5 , 6
: ,NH; N TN NO; N Chla AXI ,
, R 0 9653 Q 9547 O 8493
10 - 0. 6960, H (T) AX1 ,
0sk D2 — (0 8853 - ( 4948,
s .9
, 1
- .D1 D2 5 s
=
< ’ ’ 7
o o 2 D9
) ( 3.
1.5 6
AX1 ,
5 CCA (1 T-RFs 52 64 37 318 401 406bp
. ® ) D1 , TRFs 197 216 249bp
Fig 5 CCA oudination biplot between sanplk sites and ( T197 T216 T249) D2
envionm ental factors in Lake Dianchi( 1  environmental 6 '
factors @ sanple siles)
1o T30
T216 @ T197
D2
08 |
06 |
T292
A
04 |
: g  T281
5 T228 ATis3
< A
02 |
T191 T227
163 18l i
T196™ T192 g9 713
T260 an 1225 |r290 T237
0 :
9 @ T325 Ty
T157 RS 8" Awo
T20s T3S D6 1
T223 T278 AAD 7T30160 faN A
02 | S TeMDT T60 T8 T298 T403 7378 1373
T222 A T401 e
T257 1620 FT406
38 T64
T326
—-0.4 | | | | |
-0.4 -0.2 0 02 0.4 0.6 08 1.0
AXI
6 CCA (A (T-RF), ® )

Fig 6 CCA ordination biplot betveen san pling sies and bacteriop lankton species i Lake Dianchi( A tem nal restriction fragnents (T-RFs), @

samp le sies)



305

4 (D iscussons)

1%
(Amann et al , 1995). T-RFLP
, 16S RNA
, DNA
PCR ( Farrelly et al
1995) T-RFLP ) )
T-RFLP ,
DNA 6 PCR
, 9
(D6) 27 T
RFs
(Weietal, 2008), ,
) . , 9
( , 2000),
(2007)
M DS
( , 2007 Kostan pk
etal , 2005). )
R 5 3m,
309 5km’.
3. 60, 96. 4% ,
, 1~2 1 , 3
~8 .4 ,

, 9
, (DN)
(DIP) N P,
( , 2007).  CCA ,
’ ( NHZ_N
TN NO; N) )
( , 2003).
Chla (
, 2009). Chh 9 ,
(20~ 30an), Chla
( , 2008).
( Lindstm, 2001 Van
Hemen et al, 2008). M uylaert(2000) 4
, Doucette( 1995)
; pH . Chla
CO, , pH ( )
2003),
5 (Conclusbns)
1) 2009, , 8 9



306

31

) 10 : :
, , (D1 D2)
(D3~ D7) ,
T-RFLP ,
52 T-RFs
MDS ,
: 9
4

2)CCA ,NH; N TN NO; N

a(Chla) H

cEL (1964, K Bl HE B, LE T
W, ZENEREAENF EXREAFHE. E- mail
yhuang® pku edu cn

(R eferences):

Amann R | LudwigW, Schleifer K H. 1995 Phylogenetic dentification
and in siw detection of individualmicrob al celkw ithout cultivation
[ JI- M crobio bg cal Reviews 59 143-169
R R , . 2009
[J]. , 39(4): 592-596
Bai] ShiY, Songl, et al 2009. The rehtionship betw een the distribution
draracteristics and the environmental facors of planktonic bacteria
bimass in NorthwestY elbw Sea[ J]. Joumal of Ocean Universiy of
Chia 39( 4): 592-596( n Chiese)
. 2000. [D].
39-50
Cai J L 2009. Regonalizd classificaton of water-land coupling
ecosystan function at lake watershed scale theory, m ethodology and
its app lication[ D]. Beijng Peking Universiy 39-50( in Chnese)
Doucette G J 1995. Interaction between bacteria and hamful akae a
review[ J]. NawralToxing 3 65-74
DonnerG, SdwarzK Hoppe H G, et al 1996 Profiling the succession of
bacterial populatons n pehgic chemoclines|[ J]. A rch Hydwob bl
Spec Issues Advanc Lmno] 48 714
R . 2003. [J].
, 16(4): 116-119
DuW F, Zhou Z Y. 2003. Canments on processes for ramoval nitogen
and phosgphorous i uitban wastevater [ J]. Pollution Contol
T echnology, 16(4): 116-119( in Chinese)
R R . 2007
[J] , 27( 11): 1823-1829
FengS QinB Q, G ao G 2007. The response of the b acterial canm unity to
water eutrophication| J]. A cta Scientiae Circumstantine 27( 11):
1823-1829( in Chinese)
Farrelly V, Rainey F A, Stackebrandt E. 1995. Effect of genane size and

m gene copy number on PCR an plification of16S RNA genes fran
a mixture of bacternl species [ J].
M icroblogy, 61(7): 2798-2801

K mskal JB. 1964 Multi-dim ensional scaling by optin zing goodness of fit

Applied Envionmental

to a nonm etric hypothesis[ J|. Psychanetrka 29( 1): 1-27

K ostanjak R, Lapanj A, Dwbone D, etal 2005. Bacterial canmun ity
structure analyses to assess pollution of water and sedinents in the
Lake Shkodra/Skadayr Bakan Peninsul[ J]. Environment Science
Pollution Research 12(6): 361368

R . 2007
[J] , 26(6): 9-18

LiY, Li D J 2007 The rehtionship between the phnkiobacteria
distrbution and the environmental fictors in the Y angtse River
eswary[ J]. M arine Science Bulletin 26(6): 9-18( in Chnese)

Lindstran E S 2001. Investigatng nfliential faciors on bacteriop lnk ton

canmuniy canpositon results fron  a field swdy of fwve
mesotrophic hkes[ J]. M icrob blogical Eco bgy, 42 598-605

LuY Q Yao T D, Zhu L P, et al 2009. B acterial diversity of freshwater
alpne hke Puma Yumco on the Tibetan Phteau [ J].
Gean icrobiobgy Joumal 26 131145

s s , . 2008
[J]. , 17(2): 515519

L JWuH JMaX L etal 2008 The analyss of cyanobacteria
distrbutional mpact factors in the kkes of Wuhan City [ J].
Ecobgical Environment 17(2): 515-519( in Chinese)

Muy bert K Van DefGucht K Bhenans N, etal . 2000. Reltionship
betw een b acterial canmunity can position and b otiam—up versus top—
dovn variblks n fur eutrophic shallow lkkes [ J]. Applied
Env rom en talM icrob o bgy, 66 4740-4750

PaerlH W, Dyble ] M oisander P H, et al 2003 M icrobial indicators of
aquatic ecosystan change current applications to eutrophication
studies[ J]. M b blogical Ecobgy, 46 233-246

. 2000 M ]
. 56-73

Ren N Q 2000. Pollution Control M icrobio bgy[M ]. Habin: Harbin
Institute of Technobgy Press 56- 73 ( in Chinese)

VanHemen E ] MoonjW, Van Aeerveld M P, etal 1999 Detrius-
dependent devebpnent of the microbial canmuniy N an
experimental systan: qualitative analysis by denaturing gradient gel
ekctiophoresis[ J]. Applied and Environment M icrobiobgy, 65
2478-2484

ViimR P, Gonmakz A M, Cardoso A M, etal 2008 Rehtionships
betw een bacteril desity and environmental variabls i a tropical
marine envioment Rib de Janeio [ J]. Environmentl
M croblogy, 10 189-199

s , . 2003.
[ ]I ( ), 49(2): 217220

WangX L, Lu X T, Wu Y J 2003 Analysis of water environment
characterstics and purification ability of Honghu Lake wet bnd in
Jianghan Plan[ J]. Joumal of W uhan U niversity (Natural Science
Edition), 49(2): 217-220( in Chmese)

W eiC L, Bao SM, Zhu XY, et al 2008 Spatio-ten poral varitions of the
bacteriop hnk on canmunity can position i Chachu Lake Chna
[ J]. Process in Natural Science 18 1115-1122



