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Analysis of bacterial diversity in the Songhua River based on nested PCR

and DGGE
TU Teng, LI Lei, MAO Guannan, WANG Yingying "

Key Laboratory of Pollution Processes and Environmental Criteria Ministry of Education, College of Environmental Science and Engineering, NanKai

Unaversity, Tianjin 300071, China

Abstract: As the largest tributary of the Heilong River, the Songhua River flows about 1,434 kilometers from the Changbai
Mountains through the Jilin and Heilongjiang provinces. It occupies a significant position in the ecological and commercial
fields in Northeast China. As it suffers from complex contaminant conditions, comprehensive environmental improvement
and management of the Songhua River is vital. Thus, a relatively accurate monitoring and investment system is essential to
supply basic data for decision and policy making. In this study, we aim to analyze the bacterial concentration and diversity,
along with their relationship to various environmental factors in the river, for the purpose of a brief evaluation towards the
microbial condition in the Songhua River. Representative sampling points were chosen from upstream to downstream of the
Songhua River. A total of fifteen water samples and ten sludge samples were collected. The bacterial concentration was
assessed by both traditional heterotrophic plate counts (HPC) and a novel flow cytometric (FCM) technique. HPC used to
be widely utilized as an approach to detect the cultivable bacterial communities ; however, it has been under discussion due
to its non-negligible drawbacks and the development of new alternative tools. Results show that the order of magnitude of
cultivable cells counted by HPC is about 10° while the order of magnitude of total cells counted by flow cytometry is about
10*. It shows that traditional heterotrophic plant counts might easily neglect those cells that are uncultivable but possess

physiological properties. Also, flow cytometry exhibits several advantages compared with HPC, for instance, more rapid
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rates and greater sensitivity. Regression analysis of environmental factors and microorganism concentrations was made based
on four main factors; temperature, pH, dissolved oxygen, and conductivity. Results show that pH has the most significant
effect towards the total cell count in each sample. The molecular technique using 16S rRNA profiles generated by PCR-
DGGE was used in order to determine the variation in bacterial community structure of water and sludge samples from the
Songhua River. Nested PCR and touch down PCR were utilized for the purpose of generating more DNA from samples,
especially aquatic samples. Similarity analysis, cluster analysis and statistical analysis were performed according to the
DGGE gels and the data output by Quantity One. The results showed that the bacterial diversity in water samples has an
obvious discrimination between upper and lower zones, and the demarcation point is near the area of Harbin city. However,
bacterial diversity in the sludge samples showed no significant differences along the river basin. The Shanno-Wiener Index,
Uniformity Index and richness of water and sludge samples were calculated according to the DGGE profiles. The results
showed that the bacterial diversity and richness decreases from downstream to upstream. The present study provides
fundamental data for bacterial concentration and diversity, together with influencing environmental factors, which could be

used to support the future discrimination between functional zones in the whole Songhua River Basin.

Key Words: Songhua River; FCM ;nested-PCR ; DGGE ; Bacterial diversity

PAAETT 2 BB I ik ZRAETR B N A e K S0, 41K 1956 km, FBL AT AR GA 54. 56 J7 km? , iy FR [ 22 A6 b
X ECNEERK Bz —, MIETUKR KR, TIK, AR Z sy Is G ol b2 44, Tolkls
e V5 Y R R TG e EE R R R IME VTR A A A IR B — EURZ B IR 45 KR R
1, AWK AR T 32 BN BR I, 3 o Hu vk KRR SR BE 1 B RIK 32 7™ B 5 KR e v ety A ML E AT
T, BIERMAETT A LT B3GR 40 B 1 K B B0 ) . 2005, 52 0 A i Mo A 28w K S O
WAFETTAZ BIZE R W (PR DRI WEOR | FORAE ) AOT5 3L KR & A AL KRR Al 2 4 i — BEms ) B g &
15 Y B IR G 2 MR AR R R K BB AN R R AT AR B RIS . oA TR KA
BRI A M E VLA W B i Ve AR AR B R, e A A AE L K BOIR B RR S a5 B e
ST W A DX A ERNA TS PR AR R A B S

KT WY B FIREVR 25 IR Y AR G 7 1 — RO R A AT HE A 740 2 KGR (X Fh oy i B
PR EEE . Amann 25 A EORFIT R BN, AR HR RS 43 B R AE W Ik A 1t B 3 58 Il —— v s R o
AT ER SR S A S 0. 1% & 1% , K215 9 DK Pl B3R it 25 0.1% £ 3% , X EWELES
B3 35 07 RIS S KR T A B N T3 e . ARIFSE R T ffpeaX — [l SR R T3 78 ) i =X 4 e 4k
5, It 5L S B07 1 (Heterotrophic Plate Count, HPC) HeX, Z58 40 M AA AE VT I 30 W B it
T T E8O 2 e N T AR TR AR P ISR iR T 20 T2l 60 ARARR I, B K IR fn Bl 2E i o i ——
ORI A PRI 5 0 B T L U Gl R 5 ) 43 T R ) 2 3 T A% R R U B A 43 A S R —— R T
IR IER BRI LYK ( DGGE) » 13X — 4% AR EE T 4018 16SrRNA K& PR rb ] 2858 [ tuf i B 26 i 4 22 55, T %) AS [i] i 4 1 F
AT DRAG TN R 5 7 | 2 Y AU P R R E 58 00 PR T B, 76 R WDV 11 2 L s D i 3 25
G AR N
1 ##EFAZE
1.1 FERPREE

AHFFEREET 15 AH BIZKAEFRT 10 A H s B TRAE &, BORFEIE DL 1, A KRR i SR 5 R PR A7 42 R
(B FROK A A ) (GB3838—2002) i 47, FEMAHAT 50 mL B0 h (4 CIUKGEIRAE) i85 M L35 =
J& BT KA R A A
1.2 4P EE IR b

FAREESR R LB [R5 5L AT SR S h B R S o, BRER IR 10 g, SIE40 10 ¢, 3508 15 o, AR

http ; //www. ecologica. cn



11 11 JEME A AT ECT BOR DGGE HOAR M HA AL T I038 703 DX ) 40 o o A 22 A 1 3507

"‘1;?5{/‘[%\/‘4 4 i
gt e S
‘w‘ d L\ \

A
{ g SR\ 5

gikKAMEE 1 L, WARFREEREIEAE 121 CRIRT
K 30 min, BHIE 50 C LA, FEREAFACHE| A 2
15 mL, SAMR TR, BORSKEES 3 4, IR EE
0.85% 4= FRERKFR B2 100 175 ;1R 215 , 45 B 100 pL \ & &
HREIR /K REI A E R PR 5], T30 CHEIRSE | b sme 0 o W
SRR BB TR 72 h S WG ‘* -
1.3 g AR

B mL A 0 KR 5 8 i — UM TG oA
SYBR® Green I #% 2 YL k10 wL (CHF 10000 x 1Y B T
DMSO 14 8 100 1) , GG A2 2 15 min, #F A
YRRAGHEL, BRSO PO A YR il & 55,
HHIEHE FLL I W, PN (520+20) nm, @it 28
FRIRT HRIC S, A B 11 K B s 20 IHE R0 55 0 25
T, TR Bt 34930 ot i X A SO AR A A T s A AT,

R T AT P A M SO A T FE A TR S TG SRR T A, BREAR 6 pum IO GIOKBE IR (1. 0%
10°4/mL) F B350k 0. 85% A FEER/K ( 2 /& KB ) 6 B 10000 £%, ITA 10 pl. SYBR®  Green 1 44t
Z/D 15 min, FEA RSO T, AR KBS IR C A0 B0, 5 A0 M AS0E S BUE Fext A5 31— [
S0, AEHE SRR IR RE S RV E AL BRIFI R, 52 FR ) 20 R AR E AR H 0 R rb 2 5K [ e 2 850Rn I =X 4 A Y
TGRS R T A M A TR A O

MM H (/mL) = REHMIExBeads 5 i/ ( Beads 3B XFEA R )
1.4 FESFEFZ L DNA AR

JKFE DNA %] DNeasy Blood 1 Tissue Kit( QIAGEN, USA) #FATHR L, $2 R RE 8 — BE a] |, ffi 7k
PR H VD B8R S B VR IR DLTE T2k B L2V 1.5 mL 4% BRI & 4120 BRE 4T DNA $2HC, DNA 42415 B &
F200 pl. TE 22 vhi. JekE DNA SR FHIR V5L K 41 DNA P 382 Bt & (B O AR B JEAT 32 5, IRE =
(0.25+0.005) g, DNA #2415 F&T 50 wl TE S, #2001 DNA 5 E T -20°CHRA7F % H .

1.5 XX PCRY

(1) K245 Nico Boon %5 A\ AYSL 645 B | H50 PCR A F T A ¥4/ DNA & BRI FES & £ H
B BER 3 AR 98 R X — T B, A FEVT KRR B4R B DNA BEdh s 52 H bR DNA HBE, 3 PCR ¥ 145]
Yo 16SIDNA V3 Xl FH 51 ¥, 25— N 5148 63F (5'-CAGGCCTAACACATGCAAGTC) il 1378r(5'-
CGGTGTGTACAAGGCCCGGGAACG) ;58 — 4 I W 5141 4 338F (5'-ACTCCTACGGGAGGCAGCAG) 1 518r(5'-
ATTACCGCGGCTGCTGG) , M5 £E DGGE #E 4, 5149 338f 75 76 H 5/ K i I GC 5, GC #EL5 0 5'-
CGCCCGCCGCGCGLCGGCGGGCGGGGCGGGGGCACGGGGGG, U= i B 236bp, ) ik G ¥yt A4 T4
Y TR B AR FE R

(2) 55X PCR RNiER 5 —P RNAKZR N 25 pL, 2465 wL 10xPCR ZZ 4 (10 mmol/L, Mg™ AUk B
1.5 mmol/L) ,0.5uL ANTP (10 mmol/L) ,0.25 pL Taq (5 uw/pl) ,45 0.5 pL PCR B 5514 (10 umol/L) ,
17.25 pL ddH,0 11 pwL DNA #8455 “ 2B R RARZR N 50 wL, A & iP5 4153 o 28— N 44 s | e
DNA #EAR 55 —4 PCR =458 4 B ik

(3)PCR W AEIT HF&Y% PCR(Touch Down PCR), % Niannian Ji 5 AR o REEF 40T . 048
P2 FM 94°C5 min; BT 10 MEH K : 94°C1 min,65—55°C 1 min,72°C1 min; )& 20 MEF K 94°C1 min 55°C
1 min,72°C1 min;72°C #Ef# 7 min,

1.6 ZSPERR L BERCHL UK o3 A
i FH 22 Bio-Rad 22 7 Dcode Universal Mutation Detection System VKRG T A RS BB UK . A

il
2

E1 I FRBIXRHEE

Fig. 1 Sampling map of the main stream in Songhua River
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Fig. 2 FCM dot-plot for total bacterial concentration in water
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Table 1 HPC and total bacterial concentration in different water samples from main stream of the Songhua River

UK i 15 SRR x10%) AR FRANARAR (x10%) ATEE SRR Ok
Water sampling spots Total cells Cultivable cells Percentage ( Cultivable cells/Total cells)
[T 4.640 18. 600 4.02%

=YL 4.580 0. 667 0.15%

R 7.650 10. 800 1.41%

HeJ1l 11.600 0.587 0.05%

(¥ N 1.120 6.330 5.65%

M IR 6.360 4.870 0.77%

liyige) 6.630 15.900 2.40%

ARITAR 6.590 4.570 0.69%

By -3 11 6.200 5.100 0.82%

22 3 [ 3.990 11. 800 2.97%
PRI 4.760 4.470 0.94%

(320 2.300 10. 600 4.61%

RIT] 4.400 0.713 0.16%

A 9.300 4.000 0.43%

= 3.080 11.400 3.70%

Allen" " R SPARTH B0, R4 BAR 7 v Ao, # T8 12 56 4 Rk KB h BLIE I RUE Y & . A
Kell ' 858 NF& e, A0 15 7T R 22 2 W8 /K BRI rh LA A RS A I (ELR TR 1 35 A AR AT DL PR % 114
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AN Y 0] B REREPEME IR AR L T T AR IR I 1 L) e B R K AR S B e g o, s i TR
ACAER A B B, (H AT LASSEIN | X — BERAE IR TR HAT B R Y A R v T
2.3 UK pH {E IR SR L SRR Gl AR e JE 4 52

PAEY BRI R 32 RSN RGN R AR, A T — R sh 2528 AR AP (9 P, IR5E R R T S8 7 4R
PR PR 3 A 7 TR A B E A A TR E A R s O T KAl pH (B VA SR S SRAE A R
SRR DT IEA R0 D I RE R T 45 1 DX Al SR A I e A T R R, AR PRASLONS SRAE M X
AT E Y S AR RCEAT T 0T, 25 B TR R R A5 TR 15 B, FIHT SPSS AR X 2% BRIE X 1 22 3 19
TACE e B HEAT 1R 34 SRR R [ O SC R B, S5 R UL 2, 14 3,

R2 WEZMEFSHEMRENEXES T

Table 2 The correlation analysis between main environmental factors and bacterial concentration

K GRS JR 0 5 pay i

Temperature Conductivity pH Dissolved oxygen
FHZE 2B Correlation coefficient 0.365 -0.05 -0.423 -0.377
P 0.221 0.859 0.116 0.167
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Fig. 3 Changes of environmental factors in the water samples from Songhua River
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R R NKEEMAE YRS RGN B A i A, AR S PR i AL B 3 AT, N R R UL &
I SRy — I RE , N U AT 2 v L DBl A FImT 11 S — A, Vi i ZR Y TAT DU 7 65 PR AL R E 5 4830 19 R
FERUBEREARRUEE AN &, A AT RE 5 Ll AR — R . 2 A P 3o Ak ok B/ IN A AR ABL JA A TR 08 79 3 7K
FEH U PIRETE (AR — R i o MR B KRR TP R R 540 B Tk B 8 1 43 DX RRAE

IKFERUE Y ZRE AR ST R R AR 3,

F 2 3 AL, 15 AN KB A ZREMERE B T 2 33 Z 18] S5 RN 3 i F AR —, BRCKRE,
MU ZE i, AK R 0 1) 2 R R 2R i D
2.5 JERIRMAEDRIELZEFT) DGGE EIE /AT

R 1. 6DGGE H T ib SL86 25 A1 AN 7 14T DGGE B ik, JiS e v Pk IR 3 e 6, He rp 2 e 38 A ity (40 I AR I
JP RN =LA S N AR Uy & R TR T Gl O AR L A Y DNA B R B
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AR 2 %L Similarity coefficient
0.39 0.50 0.60 0.70 0.80 0.90 1.00
T T

6
8
1 2
T g
4 =
3 B
1 B
B
13=
10
9
12
11
15
4‘—{ 14
5
B 5 kEMEYE DGGE (UPGMA) 447
E 4 KEEREEE 16SrDNA B DGGE 3541 E i Fig. 5 DGGE Cluster analysis (UPGMA ) of amplified DNA
Fig. 4 DGGE fingerprint and its pattern of the 16S rDNA of the from water samples
bacteria from water samples
R3 AEMEVNSHEEER HESENEE
Table 3 Shanno-Wiener Index, Uniformity Index and Richness of aquatic bacteria
oy 3 KA F - )| =y AT R
Bk SR B2 o SR B2y
. Shanno-Wiener  Uniformity . . Shanno-Wiener  Uniformity .
Water sampling spots Richness Water sampling spots Richness
Index Index Index Index
[RIYT. 3.05 0.97 23 Bf A -507 1 2.81 0.95 19
=y 3.09 0.97 24 230 2.80 0.93 20
Gt 3.18 0.98 26 KIF 1L 2.78 0.94 19
M 3.22 0.98 27 B 2.60 0.93 16
A 3.10 0.97 24 RIS 2.52 0.95 14
A IR IR 2.68 0.94 17 SiRCIF AN 2.44 0.90 15
Uyiae) 3.02 0.98 22 2z 2.67 0.94 17
TRITAR 2.83 0.96 19

HRAE DGGE BT , AL B A M et it rp i E M & 3 0 B |, IF USR] B R b =2 )
HA MR, WE R 15U (R, R ISR — A RAFE 2 VB st 15t A A5 S AR L 4B
B, SCERAEH, ARG (UPGMA) (E17)

JE R R B R TE (AL KR R . o AR B i (R 4 5 SR SRR TR S 5 R S AR M, 7
HORARASRAE S (S TR AT A3 I VAT AR B Sk () b 3sk 43 DX 3505 43 A RH 408 A SRR S i LA A e O
TEAALEE . H850 0T, AT BB IR A LA W Rh . i S R IR A DB, B & M L A I & s 5 R
SRR AR RN R AR Z IR R A2 2 A R — P P ol R 2 P A s 5 LR IS I8 iR 0 B AR AR K R
Z FNHNFIREE R K, AR AR P RAE s Z IR R8T 1 43 A4k 3 SV, 3 9 vl A D b S i, TR ik
SYXIGARE, BL, IRIRAR REIRIK AR —FE | BN B B4 KGRIV ZFETEFR 5 35
MEFERTH 1.7 PIAR RS HE(E %R 4 iR,
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FAALPE Z %L Similarity coefficient

0.63 0.70 0.80 0.90 1.00
T T T T )

JerE Sludge samples

E7 EEMEYE DGGE (UPGMA) 4347

6 JRiEHREE 16STDNA ) DGGE 154 E ik Fig. 7 DGGE Cluster analysis (UPGMA) of amplified DNA
Fig. 6 DGGE fingerprint and its pattern of the 16S rDNA of the from sludge samples

bacteria from sludge samples

R4 REREVHSHEEES HOEMFEE

Table 4 Shanno-Wiener Index, Uniformity Index and Richness of sludge bacterial

) 2R % 5] B ) ST Y5 B
BUK LA RREREC - R e g S e LT
. Shanno-Wiener  Uniformity . . Shanno-Wiener  Uniformity .
Water sampling spots Richness Water sampling spots Richness
Index Index Index Index
[T 3.24 0.97 28 Ly 3.06 0.97 23
=1LH 3.14 0.97 25 pNUSHI 3.04 0.98 22
L 3.06 0.96 24 &5 3.01 0.96 23
HENI 3.12 0.97 25 3] 1 3.05 0.97 23
AT 3.13 0.97 25 (& 3.00 0.97 22

HH 3 4 W] UL MAAETE T 2 e, S0 Wi O 10 A0 R - BE TR B 1 I, e R 7 ol 52 2 72 S
B SRS BRI — B AR A OIS . X R S KRR A R I R e A — 2
3 iFig

FELAESC TAAETLIR A 58 TAE o K A R T o — DX Sl A G2 W 5 AR Al B B8 45 R A A AR5 L
oG B — B AYTE Y W IR, FRIREHR 'S A5 AR AE YT AR B B K M e m] 1% % R R B AT T IS4, 4
A ZEATRIIREE T AT S A 85 A B A R 5 AR 0 2 AT XA AR VT IR ST Bk A A W b 4T T 1 A5 4t
T, 4 M EEB A 2E T R 28 P A S N0 S8 e A 8 YT W R Y2 B vk st 300 ) I 7 T e IX e A 4 4
BRI A BRI V5 KRR I8 LR IR R AR ALTG 25 G PP 15 A AR VTS G X B /K BRI, 4
Ao TAEM T TIE TR S V5 Y g, I &8 B F AL Jia-Ren Liu"™" XA LTI K KA
B 8% 8 P EAT T 5T 5 Shu-hai GUO'™ I 4 T MAAETT U o Fe \Mn Cu Pb Al Cd WY& &, HHiHE T
BB A, TEMMAETIARTS P R R - TAMETL 28 R ) B B S AL AR AR BB A 55
RN T Z MRS, Zonglai LI HEIF T AAETT Al 32K 19 A= vl B g bk sk iR =2 Rl i & F
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8T FIFHIE PR R R BRAAACTLE K P R B BOR SEONACR . 7T UL X AMETEA LR G B9 AR IE A D
W ABR G ATt A 3 A AR VT S T b DX K I KRS e A E W B T 2 e SO 2 A AR A Y T
VEIARA NG A SEIAERIZIT T —DRR, - E TR B RAh 17X —25 1, 0 A AR AR X A B VL3
1720 R SRR 0 58 S8 M B VLG W) S A TR B IR VR AR PR B IS

Uit A B AN SRy K A= 2SR 5 | 1 1) — TR 7R 33X — U 8 0 ] 32 2R AR LR LA . (1) K
I A TR AR R ST T (2) AR AR BAE AL 3BT AR XY B (SYBR Green 4545 P1) A 4
B 5 (3) 458 HAUH R T-BOM K A5 A R OCHEA T 5 IR 2 00 04 W 3 A, an & ATP I a3 20 M b 2
LK (DGGE) ()7 1:4% . Huang Bang-qin %5 A" 38 52 30 204 A ASORUHC bR AR | Xof v 5 g 8 AL 35 1) k78 2
B BEE SR AEIEAT T AT, Karina ™ 3 2040 ARASG A 1 F 58 K K PG PR R [R] 22747 14 77 Ui 4 A
T 0 A i, A5 AT AR R] 24 T R P T 0 R A0 B A9 7K S AR T AN I AR AR R s Kyoko Hibi™ 28 A%
B, 456 o T B R 2 A A AR vT LSRG I -SRI b SRR E R BOR AN . £ TN S A
AL GE AR FE TR 5 (HPC) 3X A8 7 Fe s e R, Dt =X 400 R A SR 00 13 1y 7K 22 T 3 P A vy, HE 4
MR TR O S 80 1—2 MRS s IE 41 Frederik Hammes 25 N IR 5T 26 BH [29] , IR A
SN 19% Zidy o PR T VR 2 RE 8 A /K BRI rh SRR A B P A A0 i 0k A T 1 5, S BOHEAS
P, A BT AN PITH BRI R 22 . AEIX—J7 T, S U B AR R I 1 R AP R T ) o

BVLHN Y FERTAAAETT IS R BEA K BT W 4347 5 75 Hh 1% X BOK B S A LTS Yo e, 2005 e )
AR IR ER A . X 15 YRR AL A A SR AE TR A0 9 L 5 %o Gl A 40 5 A 0 A1 3 Bl —
SEFEFERYSEN . AD AW ST KR  pH (B VA Ak 0 R HEL 5 238 3 0 I A PR 52 0 PR 4647 1 M 0 3
Bro GERERE DU X LUASIR] R BE 2 ma K A rh A= W s b, LA pHL (B 55 5804 080 AR DG M dR

ST R BEI L UK B R ( DGGE ) J& B Fischer £ Lerman" T~ 1979 4FH S48 H T4 DNA 28748 fy—
P AP MR AR | S mT DA B P TG I 2 2= b W B R 1 3 R ZREE Y U7 . Dong Lit™ ] DGGE 44 AR £
P TR SEORS Y IS M AL TR W 09 A W e s 22 R 8 AL, O 0 e rp Y B B2 TR v 64T T 20 BT 5 Mauro
Celussi ® 255 50 F A W24 H AR M DGGE FBEAMT T 1) BLAE I RRE 25 v 20 B V7 i 2 Bt 23 A3 A i 25 52 il
FoRBE E BARBUY M EY) DNA Sl 3T Hafer ™ 45 NIORTFE R, 5K PCR AE 58 PCR 973
SEZ1 DNA F=4) A PREESE T 3K PCR KW F-B A Touchdown S FET . Hi2U PCR ¥ 52 BIHE 43234 (1 5
5Bt , Suzuki' K R REBEME Y1 FTRE SR B A MY A IR P SRR M2 . 0 Heuer ™ S HY X RPN
X 22 A 71K 5 Zhen-Yu Fan 48 NP7 Ay, X PCR AR5 0 19 22, 7 PT5E TR I i A 9 22
FEVERYSEES . %111 Bio-Rad 70 M 8K /4 Quantity One # T DGGE E 1S 41K 45415 10434, 45532, Ik e
AOAR IR e | 1 BRI B B0 W A SRS ISR, 73 XN B 5 T /KA B AR ABLPE S AR TR 8, L R il 0
A B 3 IXSCR LA 8 5K AR (ZRVIHY ) F 9 Sk (Bl AT 1) Sy B, B T &4 22 S O RV Z2REPE AT
RBFHIE . N ZFEEFEE F BRI 5 B B R, KRR R e i 35 5] BE R LR, AR AN R (H 2 Ak
TRHCFNI ) B B B T e 22 B R AR A 3, KRR A AR RS HORN - R B R I TR

FARETTAE Ay PR YA 3 R 558 A A8 B RS, K i 7l , SCIARZS , UV £ o AT SO AL KRR
(B P 2 5 b K AEAT T H X, & B, B A S 0 Xk ) 2R A 2. 4—2. 8 Z ], i S 1
WA Z D 2.56—3.10, AT UL FAAETL A W) 2 REVE LU BT — BORR AL, ELARET 5 42 B il v A
o FEEAMY KA SIS T, Schaver 25 AV ] PCR-DGGE T-BEPEM 1Y Catalan ¥ 2 ( NW Mediterranean )
VEWEAN IO, S5 R X — MK A E B R 1735, ZREVESSRAE 2.5 F13.0 2 18], 8 THUEWREE R F
EIYTEDL . Casamayor S AN 254 WLARBE A /3T AEH2FFBL, 4 Ciso Al Vilar WP (9 S0 M BEVR 06T T B 45
OIAT, Hoh T REAC 8—17 ZeAy o AT LASHENN , #AFE VL KR iR b 0 v 1) 22 R0 =5 B2 v T P Bl AR T 4h
AR LR T K,

TERRA: W) A S WP 5T U, AN TR A HOAR T BOR 5 2 IEER BRIz T, A Jochem 2844 55U 2 S8 HOAR AN
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T ANAE AR AR 45 A, DA B 48 5 1 1 P A B A AP 2K 5 Laetitia Bernard'™) F1 FH FCM 1 43 1% T BE I

DGGE ﬁ%ﬁ?ﬂﬁ*ﬁmﬁau%?ﬁEPTV?%HEﬁi% ﬁlf“ﬁ’]éﬂila_%lzﬁé PR SEE B, Bl T =X A A A
NP AR KR LA LR T BO S s g sk ok, R IR R 1A W T B A i T B e S AR W T A L
FHA&,

Bt B R T R A B R 5 TR 2R B S R 0 2 S B M DA XN AR X1 5846 ] 2= 1) SRR 5 45 Bl 8l

e A i e %ﬁﬁfﬁ
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