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3.3068; FkZ= (2007-09) Xy /NF] 3. 1246, 5 4b, B =K EE A KL #2837 B-Proteobacteria, Actinobacteria , Cytophaga/
Flexibacter/Bacteroides ( CFB) 2#£F0 Cyanobacteria, X 2655014 B K LU #k—2 WA Y1 fa BE PR K FRR LS 2%

KR oK AEEE A S PR

XEHES:1000-0933(2009)07-3919-09 HRESLHHKE:Q945 CERFRIAFG:A

The bacterial diversity in different seasons of Miyun Reservoir

WANG Xiao-Dan', ZHAI Zhen-Hua', ZHAO Shuang', DAI Yu-Hua’, WANG Jing-Shi’, ZHAO Shou-Yan’, LI
Yan-Hong"* *

1 College of Life Science, Capital Normal University, Beijing 100037, China

2 Beijing Water Authority, Beijing 100038, China

3. Beijing Administration Office of Miyun Reservoir, Beijing 101512, China

Acta Ecologica Sinica 2009 ,29(7) :3919 ~ 3927.

Abstract; In this study, we evaluated the bacterial populations in Miyun Reservoir in different seasons from Nov. 2006 to
Nov. 2007 to determine the overall water quality of the reservoir. The bacterial counts in water samples collected from the
reservoir were determined by flow cytometry and by culture in LB medium. In addition, the bacterial diversity and dominant
groups were also evaluated by PCR-DGGE. The results revealed that the bacterial counts were different according to the
season, but that the average counts, which were determined to be 10* per ml by flow cytometry and 10— 10> CFU per ml by
culture in LB medium, were below the national standards for resource water. In addition, determination of the bacterial
Shannon-Weaver diversity index revealed that the diversity also varied by season. Specifically, diversity was very low in
winter ( approximately 3.0 in November 2006 and 2007 ), but increased to as high as 3.3068 in the spring and summer
(April and July, 2007) , after which it began to decrease, with a value of 3. 1246 being observed in autumn ( September
2007 ). Furthermore, the dominant groups of bacteria observed in Miyun Reservoir included B-Proteobacteria,
Actinobacteria, Cytophaga/ Flexibacter/Bacteroides (CFB) phylum and Cyanobacteria. Taken together, the results of this

study will help to understand future changes in the water quality of Miyun Reservior.
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% /K BEAL AL e LA b AW L TR 13, ORI R AR 15788 km®, REEZF 43.75 x10° m’,
BAROKGE N 45 m'" | BA R B BB R AOK R, HOKRAK B EEX R EMAREE 2% K
JRFFESRRE . AR, AU T A TR B IR, N F ARG, b B A 7™ B B R A kK R KR T 5
A TUAE N 2 0ot 35 K R /K R B8 O R 2 2 R I KUK IR 1) B B Rt R R I % 4 S 4 iy T s A
BBTEH, U IE N T TN SR X 25 25 7K BE/K SRR 0 i e T Fn s 1

KR — AR RS RYE, BN AEYAUE KRB FIFEY RIS, B REZ0MEY . BT
A B R MR (T e i Be 7 , IR AE /K f rh e B 2% 5 3 PR, 7K JBE S 3R 5 302 0 R 8
BEMBUAEEBEDRRR . RME TR EDETIR/N, LR SRRk B2 BT
LTS HTEERE , HETAMNTN 25 7K B K AR b Bl A ) A 5% 22 B TR FE PRI AEL ) SRR e 3 ) b, T X 7K A e
A R GBI FE D, IR SRSt AR P AR T R A 40 T B S — S BR[O > T A S 7k Ak 40
B AR R R IR SR WARE o

FEE AR 4 F AV FH AR W) R B, — BB AR 0728 1446 BE S Jist B 9K ( denaturing gradient gel electrophoresis,
DGGE) ™! 35¢ 8 3 2238 (fluorescence in situ hybridization, FISH) SR ukKR 14 A B BF 2853 R (terminal
restriction fragment length polymorphism, T-RFLP) %%, 3= %538 i 78 3 R /K B F FI ik A= ¥ 16S tDNA J¢ % i) 2%
SR FIET A MR R G & AR R B2 2 B I TR A RS r i 2Rk B2 e T
—SORA SR R Y . AT AR @ B SR M T A 0T R A 6 TE T R K BB K A
BB H AR B, X 2006 ~ 2007 4N [RIZE T K (A 40T 6 ARV I R BER S EAT T AT, A A
RN T KAV RS AL, i — 2D TR T R 2 K PR K AR 0 B 5 L
1 R

DAL B K AT G BURE S0 B AE TR 3L (E 116°49'49", N 40°28'34") (iR 3 (E
116°57'52" N 40°2653") F14:74 (E 116°58'28" N 40°30'22") , T AT FHUKHE N 20 ~30 m, 433
T 3 JRBURE s AL AKEGR AU ERZ . 4350F 2006 4 11 5 ,2007 45 4 J,2007 487 A ,2007 49 A #2007
11 ATERFE RUCR FIBUK AR BUKFE 1000 ml(43-54R1Eh 06-11,07-04, 07-07, 07-09 F107-11, BAREHEAF
BIE 1) BATEMA , ERHE 4 2000 H GRS 8E SLRVHATREMR . B M 3 k.

*1 FHRBHLRER

Table 1 The information of sampling sites in this research

TORE b HURERE Sampling depth(m) JKIR Water temperature( C)

Sampling site 06-11 07-04 07-07 07-09 07-11 06-11 07-04 07-07 07-09 07-11

FI £ %2 Surface 0.5 0.5 0.5 0.5 0.5 11.5 8 26.5 24.5 12
12 Middle 14 12 9 13 15 11 6 22.5 20.5 11.5

T2 lower 28 24 18 24 30 9.5 5 12 10 10
WSR2 0.5 0.5 0.5 0.5 0.5 12.1 10 27 25 12.1

= 12 12 14 11 12 12 9 19.5 18 12

T2 23 24 27 23 23 10 6 11.5 14 10

R X2 0.5 0.5 0.5 0.5 0.5 11.7 9 27.5 24.5 12

2 MIRAE
2.1 A M SO s B AR R i R AR M B E

B 100 wl FRI0AE S0 AAZBR 448} Syto16 ( Molecular Probes)0.2 wl, BBEE5&4 T FE IR E 20 min G 1A
B4 X} 114058 ( TruCount tube, BD, USA) H, I3 A £ Jo B /K A& 4 19 3 =X 48 Mfd {X ( FACSAria, £ [E BD) it
B TR S B IEREUAI B BN Beads BIZKEUEK, UG T H 3 ANFATRE S AR Yk H R9F
B FEMPREYA ISR iR AR AHEEE (4/ml) = FKIAHIEL x Beads &5/ (Beads ZRIUEL x HEA
7)o X, X THEUE ) Beads B8 49348,
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2.2 BiRENEMEREESRA

B S IR R LB B RS FREE , AR (25 pe/ml) (Merck) AN E I EK . BRI A
[FIvR BERRBE , 20551 0 JE R 10 4% W R 100 % A% 1000 £ . A MBREEER SO pl A IR A TF4R | ,37°C
B BRI 48h, MEICREE MR , 5o iHE B &R A PR % (CFU/ml)

2.3 PCR-DGGE JiiEn s m 2Rk
2.3.1 4 DNA fy$RE

BURE 4 1000 ml, 1 0. 22 pum FYBHFLUEIRTE 25 il B 2% (AP-9908S, K BUARFE BT U A IR A 7 ) 1
TR IERNER . RERIEIEBTRE 5] B T Matrix E Tube H1( Q-Biogene) , % Fij Biol01 Fast DNA
Spin Kit for Soil %77 & ( Q-Biogene ) $&HUFE i i) DNA,FF 1 0.8 % A BRIEWEEENE F vk A
2.3.2 PCRy"#

K 16S rDNA /) V3 X 45 B9 1 5[4 : GC338F (CGC CCG CCG CGC CCC CGC CCC GGC CCG
CCG CCC CCG CCC ACT CCT ACG GGA GGC AGC) ™™ 1 530R (GTA TTA CCG CGG CTG CTG) X4 5 i
DNA #4784, 50 pl PCR & :5 ul 10 x PCR buffer,2.5 mmol/L dNTP,10 pmol/L GC 338F,10 pwmol/L
530R, DNA 254 50 ng,1.25 U Taq [, F ddH,0 #2250 ul TR {KZ . PCR K R#LF:95 C 2 min;30 4~
JEFFALEE 95 C 1 min; 64 °C 30 s; 72 C 30 5;72 C 30 min,4C{-4F. FEFH 1. 5% BiS MR B 3k K PCR
HIRCR
2.3.3 PCR Wi P16 BE BE B f 7K ( DGGE ) 2347

PCR [ i F=#5% F] Bio-Rad £ ] Deode™ {5 (R 5825 KWl 3R Ge 847 43 , ARSIk B 915 BBl e 84 30% ~
60% o HAUKARAFAHLE 130 V,60 C, B3k 7 h, K Z A | x TAE(pH #°4 8.5) o MUK S5 R K B ot
F4R Y (Sigma) ) Y605 BRI F 289K 100 F94#{X 334 , Quantity One 4. 31(Bio-Rad Company ) {43 #
DGGE W8S &I 1 o e Ja v i 40 B 7 7 1) SRR PR SR B0, I X B P AR AP AT R 3E 0T 407 Shannon-
Weaver ZFEPEIEH: H = - Y, PnP, , PSR i 60 IR BE (i S SR BE RO U3 S SRRV AR DL SR 2540
HrEEAR & DGGE & vh /5 N FE i A [R] 4547 1 538 BE A IE 7% 3R, #% BB Unweighted Pair-Group Method using
Arithmeric averages (UPGMA ) B3 %t 4N i (0 A% H7 I3 38047 40 B REVE AR RUPE AT
2.4 RHAREHHT

¥ DGGE B¢ F IFHMEAR T EEE TEE N T, REFEB I T E WM ER LB, A 10 pul KEH
EETIK, 60 CRIE, B 2 pl FENBMRZEST PCR ¥4 . R M7 2K 2lifb /5 /9 PCR =45 pMD18-T
#Hfk(TAKARA Co. ) % $ FE b ik BBERE" " o BENLIKE 3 A PAYVETERE, SEAT FHIME (B iRy TR
AFGE) , FF 51K ] DNAStar #4044 b () EditSeq %, I N TR J5 % 5% 2] GenBank, #4751 F| H] Clustal
W KIS , LA Thermoproteus tenax 16S rDNA J751] ( Accession No. M35966) /E R 4Ms8E , SR F MEGA 3.1 #{4:
H )45 B3 ( Neighbor joining, NJ) ¥ , AR ¥E Kimura 8% B 25y B2 (LA ™), B 5 1145 (Bootstraps) 1000 K
3 R
3.1 BfARBUKIAHAE YR BT

I AR S 4 A A 5 25 R B, 2006 4F 11 H 2 2007 4E 11 A & 4E 5 SR BUK R A M %k B £
10 BB, BARI T AR (K 2) . ZHEFHAZ(2006-11) Fi%ZE(2007-04 ) A4 P 5K
FEEA R ; HZ2(2007-07) FFaRiE £, R 20T BRI S B2 (2007-09) 4k 22 2, 15 B 0 2= rp 1 i KAEL
#2007 4 11 H, X [El#% 3] 5 2006 45 11 A FEAFLRIKF; AAFRKZERE , [F—O R R ZE A Z B
Y% E FEZE Y 2L R S B I BB IR BERR, T T 2 2R AL R BEA R B/ o A, [R]—Z= 35 AN [ BURE
RIEA 25, BARI N AW 2 T, aiaE T & 2ZH,
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F2 FAEFTHEVHEBRGEZHE (4/ml)
Table 2 The total microbe counts of different sampling sites in different seasons ( Numbers/ml)

I [f] SF HH HT B Ll T e

Time Bai surface Bai middle Bai lower Chao surface Chao middle Chao lower Jin surface
2006-11 5.2 x10* 5.5 x10* 4.4 x10* 2.7 x10* 2.2 x10* 3.4 x10* 4.8 x10*
2007-04 1.0x10° 1.8 x10* 4.3 x10* 2.2 x10* 2.4 x10* 3.1 x10* 4.1 x10*
2007-07 5.8 x10* 6.4 x10* 4.4 x10* 4.7 x10* 4.5 x10* 3.1 x10* 3.6 x10*
2007-09 9.2 x10* 2.17 x10° 5.2 x10* 6.2 x10* 7.6 x10* 7.1 x10* 7.4 x10*
2007-11 4.8 x10* 5.0 x10* 3.0 x10* 1.8 x10* 2.2 x10* 2.6 x10* 3.7 x10*

AP LB [ RS FRIE X /KA S A0 B TR 4 SRR (3R 3) - EIT 30 ) 30U 29 3 AN HURE s 7
H A B B & B2 10° ~ 10° CFU/ml, Hor &2 (2006- 1) B 8535 i i 40 B B 75 20 H 5 £ , 25 (2007-04)
TRIRWRD s 2 (2007-07) MOIT 4 2, BBk Z(2007-09 ) B, FEAAE 5 HE 0 A6 E B ZU{E ;2007 4F 11 A B3I
R VR RS 2006 4F 11 A EERERYIE , HRIBEIE R KF

®3 FRFFFARABRER/EFHAEHE (CFU/ml)

Table 3 The counts of culturable bacterial community of different sampling sites in four seasons( CFU/ml)

i [f] M HH HT B T W &%

Time Bai surface Bai middle Bai lower Chao surface Chao middle Chao lower Jin surface
2006-11 0.91 x 10° 1.83 x10° 9.55 x 10° 1.00 x 10 0.49 x10° 3.43 x10° 1.20 x 10°
2007-04 1.23 x 103 - - - - - -
2007-07 3.31 x10° 0.46 x 10° 3.36 x10° 0.22 x 10° 0.35 x10° 0.14 x10° 0.24 x10°
2007-09 0.60 x 10° 0.38 x 10° 0.31 x 10° 1.01 x10° 0.48 x 103 0.87 x 10° 0.58 x 10°
2007-11 0.96 x 10° 1.87 x10° 9.53 x 10° 0.98 x 10° 0.49 x10° 2.83 x10° 2.10 x10°

3.2 E SRR B A TR AR DL B T AR 1L

IR ZE M S DNA, FI ] DGGE Jiexf 16S rRNA JE[H V3 X438 7= ¥y 47 4085, B i 98 s &l i
(B 1) R ZER—Z9 , A RALEA RGBS RS R B Ik P L T 2500, A T W EA +
B AR b KB A TE A AR S rh A B (BRI i Z (B A A — 2 22 57, FEERIA BRI
BHURSN R RKEREESR . AFRZET, RO R F—RER TS FKEREZH . B uie,
N TR) 4 215 FEURE IR BE X7 %o 7K A o A BT R 5 45 4 S o

5t%F DGGE B &5 4 ) Shannon-Weaver ZAEMEFEEL, £r5 4 T R B (18 2) , 422 (2006-11) FEIX K
A SF- 347 Shannon-Weaver 224% M8 U481, o 2. 9803 245 ; FHZ (2007-04) A Fr 3 k., Al ik 3. 1805; E &
(2007-07) 8k&E 1 K, 45k 3. 3068, T Fk Z= (2007-09 ) Shannon-Weaver 22+ 14 18 $0F B/ I #a &, S h
3. 1246 ;3] 2007 4F 11 7, FE M4 EE 1 AR MR B SRR B0 FRIR AR, 35 3. 0138 245,

Xof B o ) L S A T A R AV SRR R SR IS A 5 R AN IET 3, 2006 4E 11 H (18 3a) , E{AT 300 3
FIN 498 3 AN RIBURE S 40 R T AR A 26% 5 3R S 3IURNENNRT 2300 3 AN [RITR BE A it 1) 2 TR R 7
I3 ANBRAE—E RIS 51 R 33% 1 41% , 41855 FNAT 32 30U it (R BRE VR S5 A0 B Dl 43200, AR R 35% 52007
4 H(E3b) 7 H(E 3c)F9 A (& 3d),3 PARBE SR #EE A RIEY R T8 40% 5 &30 58 £
Irp E A B 5 BRI G50 T3 52% LA b 5 B S 3004 [R] 0% BE A o ) 400 T R 9 45 A AR DU T , 0T 300
RS B EIRZ AR X 60% 7245 ;2007 4 11 A (K 3e) ,3 NANRIBURE sURF: i 22 18] 240 T 7
V&S5 22 8 K MR R 20% , B4 5 2006 4F 11 A EUEAEE . B AT I, 422 (2006- 11 F12007-11)
BURE AL B0 2 R T S5 A0 FO WA K ; 22 (2007-04) (E ZE(2007-07) ARk ZE (2007-09) 3 A [RIEBURE 52 4
BRI RE T AR, AK RN A R A TR AR LR e B 5 R I 8
3.3 EWnKEKERHAE

KRR ZETTKFER AR DGGE B35 BER 2 4 e fa BENLIE R 3 AN FeRE I (18 2) , KR 4r457 RAg 3
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BE EEOET M W T &% AR Eb AT WE mE mT c

Ok E EE R w W ak ¢

HE H BT8R Wb 8FeR

4% Bai surface
v Bai middle
T Bai lower
Wi# Chao surface
#it Chao middle
# T~ Chao lower
4x 3% Jin surface

Bl RFEZETIE R DCGE 4B Kk

Fig.1 DGGE Profiles of the bacterial communities from samples in different seasons
a: 2006 4F 11 A#Ef;b: 2007 4F 4 A ;c: 2007 457 ARENR;d: 2007 4 9 Ak e: 2007 4 11 A#ER

—FPFFIGER, W AR AR 2 ~ 3 R R . K FFI% R E| GenBank (B RS FJ390416 ~ FJ390461, J¥ 5l suf
SHE - MEF SR 2 DB R EOER, JE— M FERRRBZ BT HES) G, # T REREW T
HrRZL (B 4): 2006 4E 11 AMESPEERN 1 ~4 FHERTERRBILE, EN155]5 B-Proteobacteria |
Actinobacteria , Cytophaga/ Flexibacter/ Bacteroides ( CFB) FlI Cyanobacteria S i 40 i [ VR M5, R X 5 4
R 2006 4F 11 H % = K FEK R i R S5 35 477 5.6 1 7 AR B 2570, 11455
Actinobacteria Ffl B-Proteobacteria 2 it 41 B AH MR 7 , BRI , VA [RIBURE B M DR E A TR S A R, 1L
SA B K LB AT RE AN R K 2007 4F 4 A BRI 2R AR AR IC R 8 ~ 12( 2) o R .8
59 SR N EA IR B4R, EATS B-Proteobacteria 28 ) 4 B [RI YR ML 5L, 10 S0 11 S 7
|5 Cyanobacteria FI CFB 2SR B [RIVR MR , F B R BT ENAE0, 12 S0 U T8,
5 Actinobacteria [ [R] JE PE 8 5 2007 4F 7 H#E#E 10 FRER R AW (B 2) MRENWHE 5 o-
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Proteobacteria, Actinobacteria, B-Proteobacteria, CFB, 40
Firmicutes #I y-Proteobacteria 27 i) 4 B ¥ 5] [7] Y5 PE %8¢ < 35
B CE 4) R BB RBE 8 32007 489 w2 100 R
ARG K DGCE B R T 7 KMEBRFHAY 25 20f
(£6), BB TEES 55 B-Proteobacteria , Actinobac- ﬁ g 15
teria, Cyanobacteria Fi1 CFB K8t FF 3 W R EHER E. H = :)'(5) :
BT R, 2R At 05 2K O S K 4 EE
2006-11  2007-04 2007-07 2007-09 2007-11

¥ &y B-Proteobacteria, Actinobacteria, Cytophaga/ Flexi-
bacter/Bacteroides ( CFB) 28#£Fll Cyanobacteria, 7F B Z&=
(2007-07) ¥ 2] T o-Proteobacteria , y-Proteobacteria B2 AR DA 1) Shannon-Weaver ZEFHEIRAI 345
. 24k
B . A H — TN —1 .
ﬂ:ﬂ Firmicutes ;‘FP% g—:‘ﬁ B(J éEH % ’ 'f— %E Z< IEJ é w ﬂ Z: IEJ ﬁL Fig. 2 Changes of Shannon-Weaver index (H) of bacteria in different
R, FREO IS HEAN o ) B R 5k L B AT

H ] Date

seasons

a b
0.26 0.50 0.75 1.00 0.41 0.60 0.80 1.00
[ T T 1 [ T T 1
Fi Wik
4|0‘33 0.58 aF 0446052 e
0.26 H#E 0.41 W
&R HF
0.35 " 0.56 -
‘l' — W — e
g Wit i B
c d
043 050 060 070 080 1.00 043 050 060 070  0.80 1.00
T T T T T 1 I T T T T 1
0.58 :;;:; 0.58 ;:;
ois 0.61 1% " — osl -
W e
;| 0.51 il E' 0.51 "
: &% &%

{057 - 057 o

0.20 0.50 0.75 1.00

&k H % Bai surface
0.30 e i Bai middle

4| 0.61 e EIF Bai lower

0.20 #3 Chao surface

M #WiH Chao middle
033 #F Chao lower
041 43¢ Jin surface

B3 N[ Z 0 R o A B A R AU SRR AT

Fig.3 The cluster analysis of bacterial communities in four seasons
a ;2006 4E 11 AEES: ;b:2007 4E 4 H 5 5¢:2007 467 HREN 3d:2007 459 A EER: ;e:2007 4E 11 ARER
4 itig
4.1 F{RTAEEE KA SRR
SR AR AOE R LB 3 SRR R MM E , EN¥MEZE Ak, il F 22l T
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99  AB219497 (Flavobacterium sp.) 1
22 CytophagalFiexibacter/Baceroides

10_1;14 1;19 1:22 1;27 1:28 1 .
99 24 2 B-Proteobacteria

423 2.4 1:6 1,8 2.9 1
~| _|: 26 3 J
20 1
100 |FI006859 (Moraxella sp.) :I y-Proteobacteria
23 _I

B-Proteobacteria

|

100 , EU071482(Lactobacillus sp.) i| o
Firmicutes

14 2

EU980280(Uncultured alphaproteobacterium)
13 2 o-Proteobacteria
13.1;13 3 |

23 1:17 116 1521 1

High G + C gram-positive bacteria

31;12.1;25 1;11.2 —
88 41 I
94 2.1 Cyanobacteria
50 E Aj000716(Synechococcus sp.) ]
62 29 1
M35966

B4 NI KRR AR 16S rRNA JEH I RS R E R
Fig. 4 The neighbor joining tree of 16S rDNA of bacteria derived from Miyun Reservoir

REEMAZNGIER . AFMEFKKRBARGGE D), MEEW SRR AE S B2, B B AL AR BUK AR A3 AR Y B %R
i, BEE R ZE(2007-07) ST , KRB AVE I R, REMAEYIT I R - R S50, A Y8 B T i
W22 s BKZE (2007-09) T AE Mg H 4RS3H 2 , B R BN Z iR KB, 2007 4F 11 H, BEIRBE TR, A [RIBUR:
REAEMEE SO TR A5h, A — O RR)Z VR B Y2 B B2 A LR BB, i B JZ B2
AR BN, AT S A RKRRERZAARA K. £ 1 PFARNBNENRZMTIZ4 A57 AHrriE
ZH16.5~18.5 C, FEZMRZEM N T C;ERZEMHZ4 A5 7 AGKIEZEN 10.5 ~17 C, FRIIEZE
5.5 C s fEFI ISR X A AR 2 B, )RAE 11 A Ay iBAR M, H 2006 4F 11 A 12007 48 11 A Kk
A SR B B 40 A B VS RO R R, X T — B GGRARME VR AR RG] U Y, 55 SR A5 2 B0 4 B AT X
S R R e ARG A5 28 A 200 B R AR B — 0 0, T ELZEAS [R1 245 P o 9 L BT ARSI . 53 SMERRE 2R Tt
SR SRR . 2007 44 F i VR K (A 932 8 THIR I , — L85 A M R R BE 32 i T R T B 1
B, RAE BN SIHEE 12 (A AN , B S0 B B0 SRR PR 20 T 2006 4F 11 A ByRE iR . 2007 487
A9 A KR HZE— T AR FI TR Y% B3 hn, T EL do A BY T8 B0 40 B R e L B, A B R
B AF A B R (8 4) IR A B 2 (2007-07) Ak 2= (2007-09 ) 4 B B A1 = T 2= (2007-04) M2
(2006-11 #12007-11) ,,
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4.2 FRKPEAKRRAIE 5K

B T = 7K PR AU m T R B AR R KR, AT K BRI oG . H Rl B G0 T AR 16 TR R 7KK B B bR
HEELR AN S OR S 100/ml, Xt 7K E K FOAREZE SR R il 1000/ml> 7 %t 7K 2 4557 i 8 37 HH B 40 7 1 9%
B H FEALE 100 ~ 1000/ ml, FEAFF & 7K P53 5 TAEARMERZESR o TRt A% 3%t A 40 B S 880 T , P IX K
NN o g X 08

{5 BRI TR A AR B R 2510 57K B Z Bl i 6 R IE A I €18 . ARFSEX & 4% & DGGE & 3%
PRI B P 43 & B, DO~ 2245 7K PR i 40 R I AR 5 28 B 8921 B-Proteobacteria , Actinobacteria | Cytopha-
ga/ Flexibacter/ Bacteroides ( CFB)Z5#£#l Cyanobacteria, (H AR ZEY & H B G5 B BB FF AR . B TI&A AN
HIFRIE , BARAS R TRT BRI\ S 3K SR X 7K B AR A A, (ELYE 450 X eSS 3 (1R 22 & ER X 7K AR 445 — AR AR
SERLEYTE RGEEAERAER . 40 Cyanobacteria ) — L8 & U Synechococcus sp. S5 G, BN
LA VE A R KB R BB A H ) 55—k B-Proteobacteria , Actinobacteria Fl Cytopha-
ga/ Flexibacter/ Bacteroides ( CFB) FJ4H T ] FI| F X SeG AL — 7 T4k +s B & BIAEAF, 55— J7 T A 28 i URL A
PR — B> o HorpK R ) B-Proteobacteria (#) Methylophilus sp. % 7 | IR AFR 55 A MM REAR G 1 #
YR, B AR A P REmR

I RT L, K AR R A VR S5 I F R B R ST I R AR #EAT , R 5K R AR ZS &, M B AR
RIBER}, Ak — 208 T K AK R FIRIL IR BES%

References:

[1] LiHM, MengFY, DuGS, Liu X D, LiuJ, Song F. Analysis on the phytoplankton and water quality in eastern and western Miyun Reservoir.
Journal of Lake Science, 2007, 19(2) ;146 —150.

[2] PanXC,DuGS, Wang RJ, Jin X B, Liu X, Liu X D, Ge X L, Zhao J C. Analysis on status and trend of the planktonic algae and bacteria
pollution for Miyuns Reservoir. Environmental Monitoring in China, 2002, 18(6) : 28 —30.

[3] DuGS, MengFY, Li XD, Zhang W H, Wang J T, Wu D W. Water quality and development trend of Miyun Reservoir. Environmental Science,
1999, 20(2): 110 —112.

[4] LiuX, DuG S, Zhang H, Hua Z L, Liu J. Phytoplankton and nutrient degree of waterbody in Miyun Reservoir. Research of Environmental
Sciences, 2003, 16(1) ; 27 —29.

[ 5] Muyzer G, Waal E C, Uittrlinden A G. Profiling of complex microbial population by denaturing gradient gel electrophoresis analysis of polymerase
chain reaction-amplified genes coding for 16S rRNA. Applied and Environmental Microbiology, 1993, 59(3) :695 —700.

[ 6] Bemhard A E,Field K G. Identification of nonpoint sources Offecal pollution in coastal waters by using host-specific 16S ribosomal DNA genetic
markers from fecal anaerobes. Applied and Environmental Microbiology, 2000, (4) :1587 —159%4.

[7] Katharine G. Pield, Anne E. Bemhard, Timothy J. Brodeur. Molecular approaches to microbiological monitoring: Fecal source detection.
Environmental Monitoring and Assessment, 2003, 81:313 —326.

[8] LiuW T, Marsh TL, Cheng H. Charaterization of microbial diversity by determing terminal restriction fragment length polymorphisms of genes
encoding 16S rRNA. Applied and Environmental Microbiology, 1997, 63 : 4516 —4522.

[9] Wang XD, Li Y H. Advances in studying water microbial ecology by molecualr biological techniques. Weishengwuxue Tongbao, 2007, 34(4) ;
777 —1781.

[10] Whiteley A S, Griffiths R 1. Analysis of the microbial functional diversity within water-stressed soil communities by flow cytometric analysis and
CTC + cell sorting. Journal of Microbiology Methods, 2003, 54 :257 —267.

[11] Ercolini D, Moschetti G, Blaiotta G. The potential of a polyphasic PCR-DGGE approach in evaluating microbial diversity of natural whey cultures
for water-buffalo Mozzarella cheese production: bias of culture-dependent and culture-independent analyses. Systemic Appiedl Microbiology, 2001,
24(4): 610 —617.

[12] Gast R J, Dennett M R, Caron D A. Characterization of Protistan Assemblages in the Ross Sea, Anarctica, by Denaturing Gradient Gel
Electrophoresis. Applied and Environmental Microbiology, 2004, 4 . 2028 —2037.

[13] Caims M J, Murray V. Rapid silver staining and recovery of PCR products separated on polyacrylamide gels. Biotechniques, 1994, 17 915
—17919.

http ://www. ecologica. cn



7 EBST % W KEARET AR S 3927

[14] Shannon C E, Weaver W. The mathematical theory of communication. University of Illinois Press, Urbana: 1949.

[15] Pielou E C. An introduction to mathematical ecology. New York: John Wiley & Sons Inc, 1969. 82 —212.

[16] Sambrook J, Fritsch E F, Maniatis T, et al. Molecular cloning: A laboratory Manual, 2nd edn. Cold Spring Harbor Laboratory Press, 1989.

[17] Thompson J D, Higgins D G, Gibson T J. CLUSTAL W: improving the sensitivity of progressive multiple sequence alignment through sequence
weighting, position-specific gap penalties and weight matrix choice. Nucleic Acids Research, 1994, 22 (22) : 4673 —4680.

[18] Kumar S, Tamura K, Nei M. MEGA3; Integrated Software for Molecular Evolutionary Genetics Analysis and Sequence Alignment. Brief Bioinform,
2004, 5(2) : 5150 —5163.

[19] Garczarek L, Dufresne A, Blot N, Cockshutt AM, Peyrat A, Campbell DA, Joubin L, Six C. Function and evolution of the psbA gene family in
marine Synechococcus: Synechococcus sp. WH7803 as a case study. Multidisciplinary Journal of Microbial Ecology, 2008, 2(9) : 937 —953.

[20] Lipson D A, Schmidt S K. Seasonal changes in an alpine soil bacterial community in the colorado rocky mountains. Applied and Environmental
Microbiology, 2004, 70(5) : 2867 —79.

[21] Nijburg J W, Laanbroek H J. The influence of Glyceria maxima and nitrate input on the composition and nitrate metabolism of the dissimilatory
nitrate-reducing bacterial community. FEMS Microbiology Ecology, 1997, 22 (1 ): 57 —63.

[22] Kisand V, Cuadros R, Wikner J. Phylogeny of Culturable Estuarine Bacteria Catabolizing Riverine Organic Matter in the Northemn Baltic Sea.
Applied and Environmental Microbiology, 2002, 68 (1) : 379 —388.

B EHk:

(1] Zf, Ui, A RgR , XUWes , XU RAR. B m K PRARPO PR X IR/K B S TR 287, IFAl2%, 2007,19(2) 146 ~ 150.

(2] WA, keEERR, E5CR, GP0E, &, X0, BEsn, BakE. % a KRR g i 15 R IR R £ br. b EERSEEW,
2002, 18(6) : 28 ~30.

(3] FbHEgR, B, Z020R, SOb4E, F@T, RBHE. WK RIUR KR RS 5P, 1999, 20(2) : 110 ~112.

(4] XU, FEERR, tker, #ORIE, XU 5 2K MIRNERY RO ACE FRRBE. BRRLERTSY, 2003, 16(1) : 27 ~29.

(9] EBFt, BHL. AFEW I B KRB Y A ST IR, A Y2AE #2007 ,34(4) 777 ~781.

http ://www. ecologica. cn



	07d85.pdf
	07d86.pdf
	07d87.pdf
	07d88.pdf
	07d89.pdf
	07d90.pdf
	07d91.pdf
	07d92.pdf
	07d93.pdf

