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Typical pathogenic microorganisms detection and bacterial
community analysis of gibel carp (Carassius auratus gibelio)
breeding environment
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Abstract: [Background] Aquaculture diseases are a significant constraint in the development of
freshwater fisheries, and the microbial status of aquaculture environment is closely related to the health of
fishes, which has drawn extensive attention. [Objective] To elucidate the change characteristics of
pathogen abundances and bacterial community diversity in aquaculture environment. [Methods] Real-time
fluorescence quantitative PCR method and terminal restriction fragment length polymorphism (T-RFLP)
technology were used to quantify typical pathogens in gibel carp breeding environment, and to analyze
bacterial community diversity. [Results] Pathogen abundances in the process of breeding presented
different change trend, the abundances of Aeromonas hydrophila, A. sobria and A. veronii were
significantly positively related to Cyprinid herpesvirus II. The abundance of pathogens in water was
significantly affected by pH, temperature, dissolved oxygen and other environmental factors. T-RFLP
analysis showed that the composition of bacterial community in sediment samples was more complex than
that in water samples, and the dynamic change range of bacterial community in sediment was higher than
that in water. The T-RFs in water and sediment ranged from 11 to 29 and 20 to 32, respectively, and
Shannon-wiener index ranged from 1.44 to 2.87 and 2.44 to 3.25, respectively. [Conclusion] The
abundances of pathogens in cultured waters were higher than that in sediments, and the relative abundance
and diversity of bacterial community in sediments were higher than that in water. The changes of pathogen
abundances and bacterial community structure are closely related to environmental factors, and it will
provide theoretical data for guiding the early warning of pathogenic diseases in the breeding processes to
clarify the ecological distribution and abundance changes of pathogenic microorganisms in the aquaculture
pond.

Keywords: Aquaculture environment, Quantitative PCR, T-RFLP, Pathogenic microorganisms, Bacterial
community
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QuickPrepTM Adapter, MP Biomedicals 7 ] ;
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Thermo Fisher A wl; JLR/KFREL, F R
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FW B ATCRFE a 2SRRI TR AR Sl ik
AR T RS, RS 24 h Wik 1Ak
L, FRETA s KEPIIBIERE & 4543 31 DFL
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Frae e s, FMIHEA g E L 0.22 um fAL
PEBLILUE, A YRR IR 4 R, BT
1.5 mL B0 KAH Y 4R R B 1
Tt e i 7 AT VAR R TS, 1Y
JL (0.9 mm, 20 H). il HIALEERE %20 °C ¥
HAEFH T RUE T
1.2.2 E[F4H DNA 2
UERSAE i FH G BY J) BT, SRS 5T ad O
JE ADTRR IR b (500 mg) 733l it ] Fast DNA SPIN
Kit for Soil #2BUSIENZ] DNA, HAAL RS M
AW, BU5 pl SR ZH DNA B 1.0%0 35
IR R L PR R SR, >R A NanoDrop 2000
T 5 Ve JBE e 2 (Ageol Agso TELTE 1.8-2.0 Z[A]), #RJE
{547 F—80 °C VKA #5 .
123 TEEfREMZEERES PCR
HR 8 SC Rk [18-23] 412 38 1A AH 9 It o R S P 5 |

YIFH(F D)FATH 8 PCR ¥ 38  vi, ¥ 3474
1.0% A B AR A FEL VK B0E H i 457t K/N, R
E.Z.N.A™ Gel Extraction Kit #Ff 1] [Ficaifk

%1 HATE=E PCREMNMSIMSIR
Table 1 Real-time PCR primers and probes sequences used in assay
S LA R 51y 5 P HEF RN B SR 25 3R
Pathogen name Primer sequences (5'—3’) Amplicon size (bp)  Annealing temperature (°C)  References
FE 7 B F: CAAGAACAAGTTCAAGTGGCCA 309 59 [18]
A. hydrophlla R: ACGAAGGTGTGGTTCCAGT
TR B F: TAAAGGGAAATAATGACGGCG 249 59 [18]
A sobria R: GGCTGTAGGTATCGGTTTTCG
A oA B F: GAGGAAAGGTTGGTAGCTAATAA 658 60 [19]
A veronii R: CGTGCTGGCAACAAAGGACAG
WIS 1 B F: TCGGTTGGACTCGGTTTGTG 170 58 [20]
CyHV-2 R: CTCGGTCTTGATGCGTTTCTTG
Probe: CCGCTTCCAGTCTGGGCCACTACC
KR F: GTCAAATACCCAACTGCTTG 693 60 [21]
Saprolegniaspp. K¢ CTATTAATCATTACCTCGGTGTGC
e R F: AGACACTGGGAGGTGGTGAC 196 52 [22]
Myxobolusspp. ~ R: CACTGCGTGATCCAACTACG
YT M F: ACTCCTACGGGAGGCAGCAG 200 60 [23]

Total bacteria R: ATTACCGCGGCTGCTGG
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DK F938 5 14 27F F1 926R #E4T PCR 414 (5 |4 27F
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TRA, Dby i kiR . PCR Y H
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PP DB Y B 4 A DD Hha | (GCGNC) i1 T
i1 (37 °C, 3 h). EEYI" ik 2t E R
Wi ARATBR S w1 R ABI JERIA T 3730xI DNA
analyzer #F17 T-RFLP #:30 ,

1.3 HELE
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I3Hr, BEEERNAR Y GS600liz, 4 04 i AU
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MR B, TR VI RE TR 45 M 2 A R AR AL
(Shannon, H). 3% Zk$5%(Simpson, D). ¥fh
IR (E) S AR F2 B (S), A B b 25 1 AHR
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(Moving-window analysis)4 #7 ¥ 7% 45 ¥4 it) sh 25 4%
P JEF TRFs MygImAUR/N, FIFEL TR
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Gy b, NG U R B DT 4 TR RE 2 51 (http://mica.
ibest.uidaho.edu). HABGEI i SPSS 20 F1
Prism 6 #17.
2 HR54Wr
2.1 FRFEIKRBIEE IR

AN TR) SR 15F (] S5 B R0 5% 5t W 14 K B 2
Ban & 1R, AT LUE 5 3R B K AR 1K BT
b 4 B0 S Y 2 AR A B R B Tt 3 K A B
e A8 bR WD 45 R R BT, 8> R 58 A A [] b 3
(%) A [R5~ Bl bf 1) A8 Ak A B AR — 3, 7EE
R B K . SR KRR pH AR AR E B R
(7.5£0.2)—(9.8+0.4) , H: i KAH H BLAE R F 11
[ IR N AP N = = = N S A A A N & W
(19.942.0)—(35.3+£0.2) °C. /K& ORP f¥3iEHl7E
(147+27)—(22048) mV Z i), AR, BEE
AR TR, KA I i PR 0 2 RS R R
BT R, HFREREAES, DO AR LE B K
[(2.14%0.7)—(18.020.5) mg/L]. K= &5 b 3 (1)
DO ZEBLLL I B G, 1 5 BHAE £ P A it I
DO MR AR, FF HAEFR A Ja iR . KA
PR L & it L 57 JT ST REMM &S,
COD 784k 75 il hy (13+2)—(109+16) mg/L, fiffERER
A5 Ak T8 Bl 4 K [(0.1140.01)—(0.29+0.01) mg/L],
A2 Ak 8 Bl 4 (0.033+0.015)—(0.105+0.015) mg/L ,
M 1E (0.037+0.002)—(0.4240.02) mg/L Z |

A
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Figure 1 The physiochemical properties of aquaculture water from different ponds
2.2 trAEfhZk AIZRIE R R (3R 2).

N T RIS E i PCR RO IR K &
MEhATE R, A AR R SR E T 10 f5 A6
JERRE S bR RN L . 7E 6-8 AN BB BEA 2 (K
HEMZr, PISCRIEE 93.5%-114.3%, AHE
ZH R* M 0.985-0.995, A1%7E-3.736--3.020
&), "TLAE H CEAN 1g JLREE D5z Al oA R

2.3 FREINERIERREEN

231 FEMEKEFRNENE SN
FIFHSEIN DG E B PCR A SRAE A AR E] 35

B 1t 3 04 AU b e 1 995 DR 2 ) AT 0 R R

W, ERANE 2 iR AR TR 9 B 43 i)

g WEIKS MR 5.18-8.08 Igcopies/L. IS

%2 TEE£ PCR ¥ B&MEXRMYT EHE
Table 2 The linear relation and amplification efficiency of gPCR
P L4 R FHIEF AL SMRR /R E S Cou
Pathogen name R? Linear relation Efficiency (%) Samples C; range

FEZK S HUEE A. hydrophila 0.993 Y=—3.020xIgX+40.66 114.3 19.29-27.74
IRAIS PRI A. sobria 0.985 Y=—3.489xIgX+47.31 935 28.44-35.63
YRS A. veronii 0.995 Y=—3.736xIgX+48.19 95.7 16.62—-23.36
HERRIZSETE 11 T CyHV-2 0.991 Y=—3.095xIgX+37.61 110.4 28.52-36.32
k%@ Saprolegnia spp. 0.988 Y=—3.424xIgX+46.46 103.0 25.64-27.76
A s Myxobolus spp. 0.989 Y=—3.480xIgX+38.76 107.8 25.66-29.67
0T B4 Total bacteria 0.990 Y=—3.298xIgX+38.76 101.1 14.06-15.58

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FEPAEAE: S 7 LR A B A M R It ol A A DO 0 A T TR e AT 3369

A C
B or1 J or2 [l syl [l sY2
J10 =0y J10
5 5 5
'z 8 z 8 = 8
5] 1) 1)
[*] |51 1]
26 &6 26
g4 g4 g4
B g 8
g 2 22 g2 2
3 53 8
g0 50 g§ 0
o Apr. May Jun. Jul. Aug O Apr. May Jun. Jul. Aug. © Apr. May Jun. Jul. Aug.
D E F
g6 =10 =10
=9 2 8 ="
3 4 & &
= = 6 = 6
2 Z Z
.2 S 4 g 4
g2 B B
= = 2 = 2
8 3 3
= = =
s 0 g 0 g 0
o Apr. May Jun. Jul. Aug. © Apr. May Jun. Jul. Aug. © Apr. May Jun. Jul. Aug.

B2 iEFEKEERMENFE

Figure 2 Concentrations of pathogenic microorganisms in pond waters
Note: A: A. hydrophila; B: A. sobria; C: A. veronii; D: CyHV-2; E: Myxobolus spp.; F: Saprolegnia spp..

MBS 5.67-9.10 Igcopies/L . 4k [T S BRI
5.71-8.72 Igcopies/L . i J B K B 2.74-
5.45 Igcopies/L . /K% 6.01-8.83 Igcopies/L Fl4fl
- H1 2.88-4.74 Igcopies/L. M2 AT IEH, KF
FUSFFBH 4 ASFRFE M AP I ) 5 st ] S B
[l AR fb ke g, Hidh DF2 F1 SY2 i [ b 3 1
Wil = T DFLAISY2, /KRR 40 B S0 A8 Ak
JEEh 9.5-11.1 Igcopies/L, AS[RJAE &5t I 22 7] I
AUEERN 25 25 57

KA A5 [R5 55 it D ) A DG 43 B 45 2 f
7, A. sobria il A. veronii 5 pH FIiR AR b 5 2%
1EAHSE(R>0, P<0.05), 1M A. hydrophila, A. sobria
F1 A, veronii 5§ COD & fitH5&(R<0, P<0.05),
CyHV-2 EFEARAb 55 pH . B R i A 4t B 2 TEAH
XK (R>0, P<0.05), 1M &8k 74 3¢ (R<0,
P<0.05), Myxobolus spp.5 7 FE i 48 5 A 5%
(R<0, P<0.05), Tfij 5 fii§ iR £k & & 5 & 25 1E A ¢
(R>0, P<0.01). AILAA i bk PREE DK 2 52 i
R F W EERN R, F, WEREZE
Pearson #H ¢ & % 40 #7 45 R B /R CyHV-2 Fil

Saprolegnia spp.5 Aeromonas spp.ff-1E i & AH &
P (R<0, P<0.01), & HH £ 68 555 5% 1% & A= vl
B2 T 304k & FNIT 1 20 TR 5 s JL 3 BT 1S
(& 3).
232 FEMIETRMREBEYESKEN

ORIt b 1 S o PSS R WLIEL 3, 33l
g WEKS BB 3.49-6.05 Igcopies/g. T I
i 3.63-6.24 lgcopies/g . 4k HITE 4.29-
8.15 Igcopies/y . T2 EE 2.29-4.47 Igcopies/g .
K % B 3.89-6.17 Igcopies/lg F1 1 + H 2.89-
4.66 lgcopies/g. TLFRY) 40 TR S 1) 4= B AR R
[l 7.06-9.57 lgcopies/y, AT LLF H 7KK o 5
W TR o b JE i F B 1 28 Ak i 4
SRR A3, RIS DF2 F1 SY2
FE T DF1 M1 SY1,
24 MWMESHESF

FIFH VIR Hha | X5 K 3= A5 BH SR8 U ) 7K
RNV AN B & EF T PCR-RFLP 430, 40 BRI 11
AR A R ANER 4 IR, SR S 3 7K AR
TUR M TR Z VAP e — B 2%, W LUR
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# 3 KIKIMREEFSRIEEZEH) Pearson 8K 1%
Table 3 Pearson correlation between environmental factors and water pathogens

W7 KSR RASAME  RSRNE R EE 1A KER iy
Environmental factors  A. hydrophila A sgbria A. vgronii CXHV-Z Saprolegnia spp.  Myxobolus spp.
pH 0.400 0.469 0.470 0.473 0.065 -0.130
Temperature 0.163 0.557" 0.657"" 0.615~ -0.163 -0.789"
DO 0.404 0.437 0.436 0.586" —0.086 —-0.706"
CoD -0.517" —0.662" —0.665" —0.098 —0.474" 0.180
NO,-N —0.296 -0.010 0.124 —0.309 0.054 —0.051
NOs-N 0.120 —0.150 —0.309 —0.342 0.298 0.681"
NH3-N 0.147 -0.113 —0.136 —0.050 0.199 0.298
TP —0.196 —-0.271 —0.262 —0.484 0.070 0.200
I 7K A B 1.000 0.845" 0.812” 0.738™ 0.685" -0.349
A. hydrophila . N X N
TR B 1.000 0.956 0.470 0.543 —0.555
A. sobria » X .
A oA B 1.000 0.451 0.491 —0.635
A. veronii
SRRT S o 1 7Y 1.000 -0.273 —0.326
CyHV-2
KER 1.000 0.020
Saprolegnia spp.

Ly A 1.000

Myxobolus spp.

e *: 7E 0.05 KU B R0 **: 78 0.01 AKECUUI) - @ A0 %
Note: *: P<0.05, significant difference; **: P<0.01, extremely significant difference.
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Figure 3 Concentrations of pathogenic microorganisms in pond sediments

Note: A: A. hydrophila; B: A. sobria; C: A. veronii; D: CyHV-2; E: Myxobolus spp.; F: Saprolegnia spp..
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Table 4 Bacterial diversity and richness obtained using T-RFLP analysis

A S Wykﬁxm% VLEUIREdh
Sample 1D Sample time ater samples Sediment samples
S H D J S H D J
DF1 Apr. 22 2.51 1.68 0.56 30 3.07 2.38 0.72
May 17 2.14 1.28 0.50 27 2.96 2.15 0.71
Jun. 24 2.53 1.87 0.52 20 244 1.67 0.57
Jul. 25 2.54 1.97 0.51 24 2.81 1.93 0.69
Aug. 17 2.33 1.29 0.60 25 2.84 1.99 0.68
DF2 Apr. 23 2.69 1.72 0.64 23 2.70 1.86 0.65
May 17 2.31 1.28 0.60 30 3.19 231 0.81
Jun. 26 2.52 2.07 0.48 26 2.98 2.03 0.76
Jul. 29 2.87 2.28 0.61 26 2.85 2.16 0.66
Aug. 17 2.29 1.30 0.58 27 2.86 2.15 0.77
Syl Apr. 25 2.32 1.97 0.41 31 3.25 2.39 0.83
May 19 221 1.44 0.48 30 3.12 2.31 0.75
Jun. 25 2.50 1.96 0.49 32 3.15 2.43 0.73
Jul. 17 2.09 1.28 0.42 22 2.71 1.69 0.68
Aug. 11 1.44 0.90 0.38 26 2.86 2.02 0.67
SY2 Apr. 25 2.40 1.97 0.44 24 2.75 1.96 0.65
May 22 2.24 1.70 0.43 31 3.13 2.37 0.74
Jun. 26 2.59 2.04 0.51 32 3.20 249 0.76
Jul. 15 1.85 1.38 0.39 31 3.07 2.38 0.70
Aug. 17 2.14 141 0.40 28 3.00 2.18 0.72

HE VR K 7 L Tt S AR 1 20 R R TR A A K AR AR
Zeo KPR R ANTE T-RFs B0R 578 11-29
1 20-32 2 [a], Shannon-wiener $84(7F 1.44-2.87
1 2.44-3.25 Z [A] . KA FRFE M IE AR A FNITAR
H T-RFs H Be#at 705l 17-29 F120-30; S FHFF
FEIE ) T-RFs Bt 73 i 11-26 #122-32, 454
ZREVEFR BT AT LU B UTR W (W TS 2 RE 4
& o AW AR ShE 1408 ok RN 7R
INBETIUE VI RE R S5 A 0 Sh ARk, K AR A TR A V5
EHUIREE - KA L, HRRIE S5 R 1T 2725 b
FON 14.28%F1 6.08%; PIFW RS E T rp
B - KR AR AL, P AR A R 17.8%F
22.7%, FUIDUFY) 4 & B V% 2 A AL R KT
IKAK
R = 0 S B 3% B b 3 A [ BORE R [ 7K A 1)
MPEREEANT EFE MR 4A FrR, REERT

77-96 bp. 197-209 bp F1508-596 bp Z [l /34, H:
H L Bl 84 bp (0%—7.4%). 89 bp (9.0%—
27.1%). 94 bp (0%—5.6%). 200 bp (1.4%—5.1%).
202 bp (0%-5.1%). 203 bp (0%—6.1%). 533 bp
(0%—-12.0%) . 538 bp (0%-15.0%). 560 bp
(0%—14.3%)#1 567 bp (0%—22.7%), Others {3
T-RFs AR FE<1%0) B B 4 Hal DA H R
AFE AN [ SR G0 I8 I A P 45 AL, T-RFs
J BOH B R R AR A AR 25 57 . KFEFRAH I
1 84 bp AHXTFEEAE RIS R E, 15
FRAAMIEN] 2 2 o KEFEWAFG0YE DFL A1 DF2
Hi, 89 bp [ T-RF F BEAHINT = 1 s ] 47k
B, TS BHAE S SYL FI SY2 FrAHNS 32 3 5z 7
1R o ISR IR B 35 B it 3 A () BURE B R] 0 0 1
AN REE AT AN 4B R, ¥V EREE A
FE R FRIE IS TP A7 o3 Al EARXS A AE 2 5+,
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DF1 DF2 SYI SY2 DF1 DF2 SYI SY2
1.0 =Others =Others
7} I567bp ] l564bp
g 08 -560bp 2 562 bp
2 538bp = +364 bp
z 06 533bp 2 362 bp
° “203bp ¢ 203 bp
g 04 =202bp 5 =202 bp
2 «200bp B 2200 bp
& 02 94bp 2 =89 bp
89bp -87bp
0.0 " AE “a84bp Y %77 bp
Y

4 FETEMIEAIR(A)FTERY(B) T-RFs HE¥3 £ E

Figure 4 The top ten relative abundances of T-RFs from water (A) and sediment (B)
AL IR BEJE B 4 Ak 77 bp (0%—3.6%) . 87 bp
(1.1%-13.7%) . 89 bp (19.9%41.5%) . 200 bp
203 bp

(4.4%-27.7%) .
(0%-8.1%) .
(0%-11.1%) .

202 bp (0%-16.6%) .

362 bp (0%-7.0%) . 364

i) T-RFs FXT=E B Tk A

562 bp (0%-11.1%) Fl 564 bp
(0%-18.0%) . % FH K 1A 5 UL AW A i 2L 3 43
T-RFs FrB%(89. 200, 202, 203 bp), F-HITF¥+

Firmicutes .

Actinobacteria #1 Chloroflexi.

&5 ET MICA Lt A% T-RFs FERK R ERY

Table 5 The dominant T-RFs represented bacteria groups based on MiCA alignment

BT fEHTANEE T-RFLP [ R [A T-RF A Bt
KM IERE, T MICA (http:/mica.ibest.
uidaho.edu/pat.php) T-RFLP analysis (PAT+)7EZk%)
bp  #r, @it RDA 16S rRNA KR A2 iy Hoxf 44
B, HEAHR. B T-RFs A B R AR B . an
F5 PR, L T-RFs i BRI R 28

F Proteobacteria . Bacteroidetes .

KAL) T-RFs 1Bk R 1K
T-RFs fragment (bp) Genus Phylum

77 Delftia sp. Proteobacteria
84 Enterococcus sp. Firmicutes
87 Capnocytophaga sp. Bacteroidetes
89 Flavobacterium sp. Bacteroidetes
94 - Uncultured bacterium
200 Clostridium sp. Firmicutes
202 Mycobacterium sp. Actinobacteria
203 Polaromonas sp. Proteobacteria
362 Bacillus sp. Firmicutes
364 Corynebacterium sp. Actinobacteria
533 - Uncultured bacterium
538 - Chloroflexi
560 Clostridium sp. Firmicutes
562 - Proteobacteria
564 Arhodomonas sp. Proteobacteria
567 Comamonas sp. Proteobacteria

W - MICA ZEL HEXTANRERT E I FhE.

Note: —: Taxon was not clearly identified based on MiCA alignment.
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A P o e I — A A e 55 B 2 T
EWMAESRE, FREKEMTRY R mIEAESR
S B N . TR B AR AT
3 o Ak 5% B K™ B 2 5 e A A KR 1) B SR
HiZ, InEKENEERELRE, MOBELT
FRFHAKM, 2 AR f 2 i e v i e 1 27, w A
FESFRFE M IE K TR A E 22 57, FEARE A IR 5H
HARB R [A] ARl B R . IRKFRFE AR pH {EE
Flh 6.5-8.5, J& X B/KMAIK BRI —A25 518
bro pH 2 5 B IR &% FRFE K A4 s S5 i A7 A2 T
A A R = A 520, ORP i IRl K A4 Fi8
SRS, F T30 S A 4 o i PR AN A AL &Y
FrAE AL EPE AT LI MR S R ORP ik
AFE, DGR ABAR T . FRIH KR 4
(DO) % 1 HL 52 K ™ shiy At e 71 S A Ktk
o KRIFFELHIE DO MIALIREE R K, TEEFEK
FFE S AP IE R B e KA. TR E b K B br
HERLE VA — B SR >3 mg/L, 8 3 B 9 [ Ky
4-5 mg/L. DO [Tk B2, FilleER
ZE% By 32 BN FE FOGAAE FH G 52 ) S B 1R Fn Bl
KIS . COD J& e ok HrmT S Ak o 1) &
Bhn, A s oK iR YR 2/, COD &
SRR TR G, KR EaEig i
WA COD it R mp > —P
R AR ER A R Fh 2 7% 5 K A4 b mT s 1 e AL
R F B R 4y, S R YR T R A S
My, AE—E 5 F AT LIAH B854k, TEFRFEKAK
W E R A R SR X e & = AR e, IF Had
R 7 P EUKIR R S B3R e. Bhg b, WK
I A R R v BB R AE 0.1 mo/L, T BHAE
SOHLIER A R AR S R B S T REFE, mKMEE
%] 0.728 mg/LB% FRFH K BRI Z ) ks A BV RERY
BHHERW, R R SR A A AR B TR A HE I
HERERB, WEBUKEP A RE R & E
. ARG, SEEREAE . RS

KR A At K AR Bl 5 77 LR, 2 2
K EERHNZ —.

UEAESRAI G N B TR T — 22 51 05 I 43 1 S5
SERIFFE Y32, H S T 3 S S 77 0 ) £
JEASAL A RGN R, FILADE SR T
TR B VL5 b DX ML 7R S5 R 5 ek 9 7 K AR
FUTRIRE i b o R 2 E kA T %, R AIA
FESE PCR 5k Ao A I oA o ) = B AR AR
fiE o FRFE It 58 KRR 90 i 2B 0 1) o
RN, e IR W AR 5 2 I B AR
B, JF HFREEAKR T B F RS TR . RELHE
o 5 S I 2 R T R L b DX S SR A
e i HLAE S i KA, o R F RN
P JE AR G 1 1L . YRR R R
IR ERURPEAR DG, R LI KoRIRK
1 575 G 5 14 R 3 R s 3 1 K AR e R AR
oy EsE] 89 MRAURMIE, AHrai Rk, it
FEAd FREE IR & & b, 4 FOAS M T o A )
Z AR R L, RO, R
RN CyHV-2 133 B B B, AR
JE W E R A BT, KRR IE S
CyHV-2 M5 RAFTE—E BRI, DN IX W 2 5
TEFR PG Al e 24— 9 T )% . DF2 #1 SY2
I FITRR P s e o 1 R R, AN AR
S R A 7R AR R 4 T DL A R R 7 S i
E TR B B Ak R R 1) LR S 2 1 n . Al i
R FE IR A B L Tl A2 T A" R, R
B TR e SR YR K I RAE IR 5 CYyHV-2 1R
Tl ZIRFFEHRGE T ERYY CyHV-2 i fa 25 B
HA 3B 3] TR MR (A, hydrophila) Filjk:
FIS BN (A, sobria)®*®8, st M2 —
Fras A= R I, T A AR e 2R A5 PR B 4L
2 T O N YT o X 2 A R A T R AT
TIRAEM RS, BB 18S rRNA
J 30 LR 235 S D 9L pl O 8 2 A g Tk T o 5 |
(18 WA~ K™ 0 R 2 2 1 SR 2 e 5 e
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A MR HU " B 8 35 Fe o . IROK K B
AR B ARG, B R AR R K B A
ZOIRE IR R PEITRERG . Ke %PETIRE
L ARMEER TR R T AR E
PRI A A IR EE T, B T KT 0
A AT B T30 I B B o 1 N A SR AR
IH BB P T ISR E PR IR, AR RS
T 5 A AR SR AR SR AT A .
TR, EAPR B
BT JSUATE N A RO RAE Y, iR 5% BB R 358 0
JETRT A 25 R S M AT B T A % ke BB R
SBCRH IV, R 478 ) SRE M o Sl P AR SRS PR, M o £
2 A B 1A e S B HLRE SRR T, AT
e HARP LA I I e (1 fiE

LR LN IR AL PRP 13- R SR WD
JRCER Y, MBIH N R A B A A A R A 4% T
BAEMINS S NI, IR R PR AL e
DAL A5 ML) 0 2 1) ARG 0 i BE T X SR A 3 B
AR T IRIEIABLAVREIRTE , ARk
A IRETR S 5 AU RIS R IR R IR, AngRAi
B, BDRLRPZE | BRI Ok . BORZY)
RS RS . (R R rp, FRIEK IR Y
A e AR AR AL, AR AT DL S iR
TR R G RMERRDL. HAT, T 57 iR
SIS E RIS B 5D AFFE A T-RFLP
FARNS A [R] I S90S A A AN DT AR A i B 200 T
TR AL T T, R BLRFE IR A AR RN
Al A v Ak ), LR REAL T 3h 72 1k
L UUR R AN B AR R TR R X AR
F5E %7 AN ot 30 57 B B 55 T AR 40 72 At B
e e s, I BE SR R AAR
IAPER R, 25 R 2 AR AR BR R KR K A A
JEE e AT 4 T 4 2 AR A0 B30 T 2 B T v B e 1
FRRAP ST B AL, (H S i s D ) 2 R K
FREIERR, it I ASFIE N T2
TE SO R B A B o AR AR

Wy e Y O A TR BE 5 22 2 Proteobacteria |
Bacteroidetes F Actinobacteria, X 5 SCERHRIE (A
FEat Re— O, SRR A MR Rt A
BRGWMEEA NIy, AR .
B IR AR RO OR R R G % 58 PR 45y T A
B R, SRR ERR AE Y AR, N
Flavobacterium sp.. Clostridium sp.. Mycobacterium
sp.Fl Corynebacterium sp.Z, FEvk &y it 15
R R e P A AR 2 AR, KB
Cetobacterium . Prolixibacter . Rhodocyclus #l
Desulfomicrobium S5 L3 G & 5 M & SR % X A BT
WefiA O, IAFTE Xanthomonas S350 PR A T . BfF
F% R PG e % B £ I8 IS U b LR TR R RN ZE AT I
B8 45 2 A TR AR 5 i vy T B0 M A R e
R, She ZH2F ] 165 rRNA JEIIFE 4%
A3 A fa R A AR I A, A5 R R IR
CyHV-2 S 4z o Plesiomonas i 32 BE 1 in i
=, AT DL AR R A s i)
T IE 22 50 0 BCAE P e 2H 2 b A RE )
FRAAI TR T, — Iy TSR K IR G £ 5 e
YIREVE S5 AR OB AR 47 Hb 4R Fr it 3 2R 58 ) A 5
5, WPAKTIRE R Sy TR SR A
D] 725 1 R Jert 5 i 22 & B T skt A P A i 4 ki AR
AVFHIE, A B T45 S92 i R v R U X ()
P it 142 7K SRR B 45800 i A= o A SCR T T-RFLP
EITEXT S AEAS A 700, 235 SRR IAS ) B ] A b
25 SR A RV AR Ay A, R 2554
W PETEL X i TAE I A W B E 5
Flavobacterium sp.. Bacillus sp.fll Mycobacterium
sp.o T-RFLP Jyikal ) iz W T IR A v 46
AR r s, HERae P | SO HER R LA
YIRS FIARNT = B 05 B, AT LS S R
e RUE YRR 25 A N e . Rz 2
— SR FE B BRI T AR S B AR, 15 R
FEa TR Z AR Al o [WIEE, i TEdE R A e
e, HUE T-RF F BoE LLERR DT ECARXT N (R b
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