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#§ 2. FJ1) PCR-DGGE $iAR, HIFFT T RS A [R]ZEAE 4 B PR 1t 2 0t it 338 v 40 e P 0 B 1 T
WA ARG D G5 RARWT: B A A T R A 0 ) SR T S AN B R A R, (H
TEARARE IR - A0 v 2 REVE S BN, AN AR SRR AN R R R R SR E L T A
W, H S AR AR R AEAN FDE AR R PR A LA 2R OR, AR B PR T IS B i, RIS
WEBGINT o) SR W ECRE, o, B 20 FFMNN LR IR R R, B 5 AEA R
T IR BB R 22 e RO, XM A 5 o5 8 D R ST TR B % W) i 5 B il 7 A S AR B A 11
BRI — o M kA R, W, T AT ECE AR R 4l AL S T Clostridium butyricum,
Uncultured bacterium, Bacillus 1 Arthrobacter, B L% #¥ )& T Saccobolus dilutellus . Uncultured fungus.
Lasiobolus ciliatus. Spooneromyces laeticolor A1 Lasiobolidium orbiculoides.
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Effect of Long-term Continuous Cropping of Protected Tomato on Soil
Microbial Community Structure and Diversity
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Abstract: Community structure and diversity of microorganism in bare soil and continuous cropping
protected tomato field were studied with PCR-DGGE technology. Results showed that soil indigenous
bacterial community structure was significantly influenced by planting tomato under protected field, but
soil bacterial community structure and diversity were not sensitive to continuous cropping years.
Compared with soil indigenous bacteria, indigenous fungal community structure was more steady, but the
dominant fungi were more different in the fields with different continuous cropping years, continuous
cropping significantly decreased the number of some fungi, meanwhile, the number of some other fungi
was significantly increased, most dominant fungi populations were enriched in soil with tomato continuous

cropping years of 20, and which number was quite different with the non-dominant fungi populations. The
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change of soil fungi population balance that caused by tomato continuous cropping maybe one of the
important reasons for the tomato continuous cropping obstacle. Recycling and sequence analysis of
prominent electrophoretic bands showed that the dominant bacteria of soil sample belong to Clostridium
butyricum, Uncultured bacterium, Bacillus and Arthrobacter, while the dominant fungus belong to
Saccobolus dilutellus, Uncultured fungus, Lasiobolus ciliatus, Spooneromyces laeticolor and Lasiobolidium
orbiculoides.

Key words: tomato; long-term continuous cropping; soil microbial; PCR-DGGE; community

structure; diversity

e VAR P E S SRAE Y —, WEEERON S E, NS E R, PR
B (RRZ 5, 1997). LHEMAEY) R HRAS RGP R E TSRy, eEhlE A E
RETNREMIVF 2 B R, EfC il TR AUIEIR . 4ERE R Gofe et LR TR R vp oy 3 3
fir (K BAMBE LRI, 20005 Schutter etal., 2001, T LA ML M (0738 1h & 7 A AR WA E i
Mg . Fitk, WFRBETEYIESE TR R RO, X TP SR U B A R
i) L HLAT R

FE G 1) L e AR I 9T R o B R IR, (HIX RO VAR o B R R ORI UE D+
B, KA R BRI, Bk, Wi g st . Ik, RS TAEW¥HE AR
WF9T LA M I ok %, Horh SRR FE2AAE (2007) K RAPD HoARMFST 3% K - 34k
YIEEVEPIRh ZAEPE . Buchan 25 (2003) S HH T-RFLP H7 AR 7 PRk B F W 42 o 41 15 0 20 54 1)
B ASTHRE SARAFIRE, R GRAAE R (2010) SKH PCR-DGGE AN 5T K A8 A4 Kl 72 A f 1+
B S A R RN S S TR S R R R A S S I B U 5 TR o AT 5 v AR A DO A 47 P 38
AEL, SR PCR-DGGE $iAK, 7387 T3 MR G544, B A WA R Jth b s 35 70 A T 32 A 143
TAEIRE R HE A, A ol R AR e S R A R A

QY ZiE SRS DARE

11 HIEHSG

PR T RER B VLB T T X E = 5y B S A R R A H OGS, %A AR 20 AL 80 AEAR
HORSLEAT T S SRR, AR A P s, AR BRI PR R O R —, i —
TEWAE, REA 6 AL, AR IR AL, BT, TE R Tk 2. 2009 A 4 H IEFE
M ESRRETE A 4 7+ 104 15 A1 20 FFRHGIRE, % 5 SEFRSRETFHEIRA 0 ~ 20 cm
PR I, [RI DL & B R PR AT AT VE D) () et 0 ~ 20 om 30T R, 1 TG 11 48 Py i [m] 5K
5%, o 2 mm LT - 80 CIRAEASH

12 WRFAZ
1.2.1  R3EHA M AR L0 DNA 6938 IR A= shAl,

T IERAEY) DNA FIEEUE SSBUREE (2007) 15 ikl g ool ARE 0.5 1AEM 0.5 ¢
K e AT PR TR IR RIS h, NN 850 uL $REXZE I (100 mmol - L™ Tris-HCI, pH 8.0, 100
mmol - L 44 EDTA, pH 8.0; 100 mmol - L™ 44, pH 8.0; 1.5mol-L"' NaCl; 1% CTAB) ,
WEPE 1 min 5 HRIRIUARY 30 s, MO 50 pL %14 EE (100 mg - mL™). 50 pL 52 (120
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mg - mL™") 150 pL £F4EZE R (120 mg - mL™), 37 CULAHET 1 h; A 100 uL 20% SDS, 8415
65 ClEIHALFE 30 min, 4 10 min #£3% 1 7%, 12000 r - min™ 25,0 10 min; B WINA 0.2 54K
) KAc (8 mol - L"), ¥k¥# 20 min /5 14 000 r - min™ 2.0 20 min; B3N 0.5 5448 ¢ PEG
(20%) A1 0.1 f54ABIH NaCl (5mol - L), B4, SEWKE 1 hJ5 14 000 r - min™ B0 10 min; 37
Z: B TUEYIH 500 L 70%(K TV 28578 73 E50E, 14 000 1 - min™ B0 10 min; £5 288584 T
B JE N 700 pL TE AR B/ 5007 /5 02 (25 2 24 1), 28421845 12 000 r - min™ 250 10 min;
KA N S5 ARRR A S0/ 5 IR (240 1) Hlid 138, 12 000 r- min™ 20 10 min; HUKAR_-35W
TN 0.1 fE5ARFK NaAc(3 mol - L™ )FT 0.6 5 ARRH K Filvs S 9 I, VR A1 J5 = I CE 1 h, 14 000 r - min™
20 10 mins F¢ B3GR, DTREWIH 500 uL 70% 1 TV L0 78 43308 Ja % T 50 L TE 1, £5%] DNA
FHPE . FH3E DNA FEf KR 5T (BioDev) 11 B /N DNA H Beblas alifb [n kR G alifb s
=20 CIRfE. H 0.8%IMBEIEFEAERAT I DNA 5e#%, BL A-Hind TIT digest (J§ H TaKaRa) {24
Marker,
122 # & DNA #) PCR ¥ 3%

23 BRI 40 38 ] 514 341£-GC/U758 (Phillips et al., 2008 ) A1 EL #3 T 5 |4 403£/662r-GC ( Diouf
etal., 2006) X TiEHAEY) S DNA BT PCR §738, 5IMHAA(E BW#K 1 frox. 4075 PCR 4§14 [ )V
ZAFIE 94 CHIAETE 4 min, 94 ‘CAEPE 1 min, 55 ‘CIB/K 1 min, 72 ‘CIEf 45 s, &MERN 1s, JE
35 AMIEFR, ZJ5 72 ‘CHEfH 10 min. LB PCR 448 s b 42 94 CTIAEHE 5 min, 94 'CA2 % 1 min,
50 ‘CiE-k 40's, 72 CZEH 1 min, Ft 35 AMEIA, 72 CLEH 10 min. 5[4 341 Al 662r (1) 5" i 435l
I GC Y KB 1k DNA v B AT AR P e el Uk s o A% o 4 BRI SR RRT 1Y) PCR R A R 1
N 50 uL, LA ph DNA A 1 ul, 10x PCR M ZEHH 5 L, 2.5 mmol - L™ dNTP V& A 4 uL,
20 pmol - L™ FI 55194 1 uL, 5U - uL”' Taq M 0.4 uL, H1K R 28 7K 2 MAAEF 50 ul.

1 PCRi #3514

Table1 Primers used for PCR amplification

H¥)751 514 SIFH (57-3D Jr Bt S /bp
Target sequence Primer Primer sequence (5'-3") Fragment size
4N 16S V3-V4  Bacterial 16S V3-V4 341£-GC” CCTACGGGAGGCAGCAG 417
U758 CTACCAGGGTATCTA ATCC
FLF 28S  Fungal 288 403f GTGAAATTGTTGAAAGGGAA 260
662r-GC” GACTCCTTGGTCCGTGTT

*GC K (GC clamp): 5-CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCACGGGGGG-3'.

1.2.3 PCR *#%) DGGE

DGGE X D-Code system (Bio-Rad Laboratories Inc, Hercules, CA, USA), 4l FlEL & 433
T 6% 11 8% 1) 58 A M IR JHE B IE » S MEG B 19 4 30% ~ 60%( 100%A5 PEAH 24T 7 mol - L JRZ A1 40%
2B HWEE ), PCR P4 LR 40 L, 1F 1x TAE 220 (40 mmol - L' Tris, 20 mmol - L™
K%, 1 mmol - L Na,-EDTA), 60 ‘CHEIE, 200 V HLESAF T vk 5 h, HVkJ5, H Genefinder
Ykl (1x TAE FiE 10 000 f5) %e(4 40 min, #RJ5 A Bio-Rad BERC RS 2RS4
1.2.4 DGGE Bk %44 49 = j A=) 5

253 Genefinder G4 (4R 5 (1 58 NG LG BEIR B T80T R, HRBITF-R I /o)
JRE A A B S AT IR A% s, G 1 1) 25 2 /K e b ke B 1) e L S K I 4% 56 492 T 30 wL TE 1,
4 CHEBESR, R4 DNA FBOAH . LI DNA B BRI, 23 50 TR I (1) 40 B 5 512 5 1 1)
341£-GC/U758 FHELE 7 o514 4031/662r-GC 4 TR FE 74T PCR 714, #7544 7 Hl DGGE %:
WY HE v B PRI A I M VKAT 0 RS — 30 o [P 2ats I IE A A T, 4 ST I P 119 7 92
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VIS, PARD S 6 DNA R, HANH I 1514 341470758 1 4031/662r F3E4T PCR §71%, -
BEPe ik KIE R TREA PR AT (TaKaRa) A4k .

1.3 HIEAE

18 ] 14543 B 8 12F Quantity One (4.3.1) %} DGGE EIHEHEAT /00T,  HL UK 4% A T kAR 2 41
WAL 1 BEVE 8 B2 (S)s R DGGE &% 1307 Ak 25 5 43 S VH 3 390 it v 440 1 R0 28 1 B 11
ZFEEFEEL (HD, Shannon-Wiener ZHEPEIREIH = - Z (P) In (P), HH Pi=ny/N, n XA
WSS, N A AZAT BT 2E kI8 (0 BT A AW st i 2 A BRI 347%: (UPGMAD X 3580 ik A7
BRI, TEREBEMERIE . 745 4 N NCBI 4 i BLAST #4F 5 4w e, 3k
E R 265 v R A T R 471

2 HEREHT

2.1 TiEREEFE LA DNA B9I2ELE PCR i 45 R

A 1A, AP - SERE 5 b TR B 1 DNA B/ IMEVT BI04 23 kb, 454l B fil 5%
PR AT, AT DAE B T PCR 97314, & Ab R 4% 7 52 15 A 72 7 vl RS2 AF i P T & AU E D B A
[F) 325 T

FEAFAEIR Years of continuous cropping
M 4 7 10 15 20 0

B 1 IRAEY DNA BIZRAEEERAS sk E i

Fig.1 Agarose gel (0.8%) electrophoresis of microbial DNA extracted from soil

TR JE A 1.5% 1B MR RE A LB  PCR 3845 50, Wil 2 o, A0 BERI4N B 16S FIE
28S rDNA #4455 (Al FE R BER LA i, WA I ARRE ety 38, By 3= 5 B Bk
FEMIAT, 433294 400 bp A1 260 bp, PCR 4 8% Ry, § 8= 4nl LI T DGGE 525 .

TE{FAEBR Years of continuous cropping

M 4 7 10 15 20 0 4 7 10 15 20 0

2000 bp

1000 bp
750 bp
500 bp

250 bp -
100 bp

PCR-168 rDNA PCR-285 rDNA

2 PCR ¥ $ =4 By TR AR 4 R i Sk i
Fig.2 Agarose gel (1.5%) electrophoresis of PCR amplification products
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22 AREEERIIEARNIEEMRS LD

3 NARIEVEFRR 14014 16S tDNA HEEAEBR Years of continuous cropping
() PCR-DGGE K. 1 3 v 0L, &3k iE / o ER— 0
OB i I VA =82 o N NP 0 11| B S Rty - S
A2, by 1 ¢ & HILE T JE UK
8, HoefEARAIE, H AR 140 A A
AR (445 R, EAE 7 FEEGE
b, BEEIEFFERAE M, RAFE, 7*
FEAE 10 4FF0 15 4R 1 I3 b o L3R, A
BB — ks, eAT IR 3 A Sk 3L
FAPERA; N HE R IR AR 4T
WHEME 4 FFIKIEM h 45407, 15 FIKIEN as i
A 20 FETKIE N j+ k 45015, XELLAFTAC
(P AN B BT RE S AR Y I B DL AR PE X R K
) dy ev v g SR LS AR R VKE %A
IR B DR RIS 3 13 B R it 5 7 A
AT R SR TR R A, L S A TR AR
PFNHE 2K B D

A DGGE KAy 35 Mg, K ikidsk
WUk 22 ~ 27 A%, Hd 7 ARIEARIKIE I
Falriim %, (A4S ERE AR, A H
IRAERTAFAFAE, i () 40 P R AT 1, ~ E3 LHAIE 165 'DNA K PCR-DGCE ik
R

FIFH DGGE &3 ()£ b g Rk 545 ik
P IRAN B 0 2 AR R R 2 PR, W2 FEERR BB I/, GRS 2 AR, A
HEMEER G, IR 2 AR B A 1K, A 15 450 20 421 H 340 B Shannon-Wiener
FRBUH I .

4
—

R2 TEWEMEESHY

Table 2 Diversity of soil microorganism community

MR j:li%?ﬁ% Soil bacteria : j:@%ﬁf Soil fungal :
Years of contintous cronpin - w BEAR AL ZAETEFR AL Fw BER EZERXii
pping . . . . . . X .
Richness index Shannon-Wiener index Richness index Shannon-Wiener index
0 X} Control) 22 2.70 24 2.59
4 23 2.79 21 2.55
7 27 2.82 33 3.13
10 25 2.86 39 3.28
15 26 2.93 31 2.99
20 24 2.93 32 2.90

KAL) (UPGMA)D %} DGGE Kl 47 S M bR (B 4). K] 4 ar
DL A, JEAE 4 4581 7 5518 DGGE fR80E 0% B R ARRL, 8O0 —28, LR IEAE 10 4270 15 411,
FRAMAE Ny 55%, SRNy—1%, AR 20 AN —A00 3, 544 THEDSCRIALE (0.52) &1 5 10
1S A SCHIARE (0.45), XTHREMMECH — A3, 5 EAE B AR AT RAR, R 0.34,
F AR A B AL #EAE 0.45 DL
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Fig. 4 UPGMA cluster analysis of bacteria 16S rDNA PCR amplification products

23 AREEEFRIIBERMBRLEMRZFIESH

AN FEAEF IR T B 28S tDNA (1)
PCR-DGGE K 4n 5 s

MBS ATLLE S 540 5 DGGE Bl L,
Eﬁ%%%@%%ﬁﬁw,%ﬁ%ﬁ K UKIE
A BERE RO, LA KE A
WTT##E’J%%#&H (tn g+ av hy e 1), EAE
VKT R LA 26 B 52 BEARAN ) (it by es £ dDs
BEE AR, av g« hy p S HI5EE
WIIEE R, by oy n. AT IISEERISR, 4
1 20 £ ) -3 vkE B T iR o 45
St s LI AR AR S 1 T AR oA 1 B TR 4
AR, BAR 20 ARIEME IR0 4 SO 2 i
ZW, HAEZNEEERN, 54 FEEL
BEAHLE, 20 AR BRI T se AR n A
0, H4 by ov kRSB S, M4k d
SCREIRSS, g ATIIR, UlBH R 4 I K
P, hErp SRR B KB A, HARA
FKIwE BN R, X ] %%% Sy
WANIIAE 45 5

5 IR R AN F )0, PO A
O g R R S, B 1 A,
HARSAH G ke 1o m) FHARER T35 251
PLAAPRER A R Tt g 2, (R4 5%
FEAR iR, HE R T 2.

R R BLR S R 41 DNA [ DGGE
AT 50 NASFE AT AL, BEAN R BE S A 21 ~ 39

HEAFAEFR Years of continuous cropping
4 7 10 15 20 0

B 5 IREH 28S rDNA B PCR-DGGE Eij
Fig.5 Denaturing gradient gel electrophoresis of fungal 28S
rDNA PCR amplification products
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PRy B (3R 2), BROHRANESE 4 B2 4b, P AbBE 4 50H8 KT 30, A% qE 10 R4kt i
%, 39 %, BAEEEFERIEM, HEEErFeE SRk EA G NERARES, 590
b, ANFEDEVEERR IRt 2 AR S K e 5, AE 4 4F RO 2 AR BRI (2.55), i
PE 10 F 2 PR Bom iy (3.28), HLARACBE LR Sk O I < JEAE 20 4F < 3E4E 15 4 < i&1E
7 4E,

Bl 6 AR EE - S0 B DGGE 45 MK dilE 6 nf i, &4 DGGE fRar &
ZEFIRON, ARG, BRIEAE 15 4ER 20 SFRIARRIEA 2] 0.56 LAAL, JLAbALER ARG T
0.5, For A 4 4F b2 LA A BRI AR BN A%, AR 0.25, 3EAE 7 4EH 10 SRR AR FRARBLE Y 0.43,
B2 W (0 ) FEE 4 FERE S IADASFEATIMERAR, 29 %, g, X (0
) 515 4E, 20 4 SOMAMER 039, 5 74, 10 B4 SOMALPER 0.29.

4
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0.25

7
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IR
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Bl 6 LIWEE 28S rDNA i UPGMA BES4T
Fig. 6 UPGMA cluster analysis of fungal 28S rDNA PCR amplification products

24 AELHEEERTIEMEMRRE MBS

TEPEE 3 rho B v HL L AsE T b vT R ) 4 EA T DI DL, 28 PCR JG il 7, 4%t a ~ d W3k
Do W3 ATLLEH, BRT 7 A IS, HADEIER LA 4 a Bl ¢, (HACH A 25,
5 b ALAE T AT EVE AR R, AR anE E b i s u M, 4507 d S B i,
Al REZ HAR I AR AR SRR

Wit NCBI #r#k tbxt, e MP P SIA U B s I R W 45 TP A S 25 060 %, Ik 3 fios, il
FPIF A5 OB HIARBEIS F] 92% ~ 100%, 288 T REHFRHM W, 540 d P15 T RER
Arthrobacter sp.fll Actinomyces sp. /3 ZIAHATE fe i, TEE] 100%.

Xf 38 FU1E DGGE e 45 30T 43 B D, PCR &89 f5 iy, 45 EIIE 5 Hhffidkiia ~ e
WP Ry, 46 a @IEME 7 TR ST 2507 b ARAE TR 7 AE R B2 A1) 4 450KE, 15 4F
20 FFEACPRIN SRR s ¢ A AT AR S b, S IEAE 150 20 AEARER S s BRT7
AN d FEFTAEVE AP IE P e BE A, FLOE R R BLEX R IKE s e 4607 UL 7 460 10
UK, JEFE R A TR . M4 S NCBI H R R T AIBET EO X, £33 5 A5
ZAF R T IE B A AR A R PR B E (6 3), LF-e 5 Lasiobolidium orbiculoides 34141
BER 100%, FTREE (R m LA, Ay e 41 5 AR P AU 87% ~ 97%.
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#*3 TIEMEYE DGGE MK EFTS 4

Table 3 Sequence analysis of bands excised from DGGE gel derived from soil microorganism

'S Band No.  JPAIFIVEMEE S AEY) Microorganism with the highest identity from NCBI AHALEY% Similarity
LB-a Clostridium butyricum strain W5 (DQ831124) 97
Uncultured organism clone ELU0147-T221-S-NIPCRAMgANa_000420 (HQ800997) 97
LB-b Uncultured bacterium clone BFA_100 (EF443777) 99
Uncultured bacterium clone SSD120_A12 (JQ358480) 99
LB-c Uncultured Bacillus sp. clone OTU76 (JQ217331) 92
Bacillus sp. LKC-YN0O1 (JN854133) 92
LB-d Arthrobacter sp. TXc7-10 (HQ333015) 100
Actinomyces sp. YACS-36 (DQ649438) 100
LF-a Saccobolus dilutellus isolate AFTOL-ID 1299 (FJ176870) 90
Uncultured soil fungus clone Fung.dry.ECATDBG02 (GU376216) 89
LF-b Uncultured fungus clone gbFC_3b38_043 (DQ901003) 95
Pezizales sp. BC2 (DQ317324) 87
LF-c Lasiobolus ciliatus voucher KS-94-005 (DQ167411) 97
Lasiobolus cuniculi voucher C F-54526 (DQ168338) 97
LF-d Spooneromyces laeticolor (DQ220434) 93
Uncultured Ascomycota clone ASYE1I6RM1 (FJ568096) 93
LF-e Lasiobolidium orbiculoides (DQ062995) 100
Pseudombrophila merdaria (DQ062992) 96

7E: LB-a~LB-d Xf N [& 3 145l a~d, LF-a~LF-e XK 5 4 a~eo
Note: LB-a - LB-d correspond to the bands a ~ d in figure 3, LF-a - LF-e correspond to the bands a - e in figure 5.

3 e

VFZTR ORI VEWEAE BRI A DRk SO 2 AR R RS I R N 2 — . 8K
M, DAEWFST IR A MR Atk 2 R A 37 ks, X VR 3 B3R 4t K, ARAA]
B IR e A IR, i AR R AE e 2 (PMERHE 58, 20105 HE%3% 4%, 2012). iT4f
K, RH S FAEMF T TAEYEAE LA o O ek g . SRR E2EAE (2007) A
H RAPD i ARBFT 1 it 58 JTGEAE AN LI AR VI E % DNA P 2 FEPE R s, 45 3R I
VE 7 E 1 IR A B VR 2 REMESS S, SRR B IS FEFR BN TEAE 2 4RI Z5HP%E (2009) %
FH PCR-DGGE 5 A5 i %60 32 A 0T - 58 40 B FH L B AR 45 4 S 2 AEPE R, R AP i %5 30 4
(1003 A el - 38 440 R R T BRI 22 AR MRS K TRPRE T 28 3 AR (A bl 3% . #H 0% 5% (2007) K H DGGE
BRI TOEVEN HIBHAEYI X R sgm, RIDEVE I ARG B IR R KL, R AR
fooe, HEEMEEA MR EER A T WELI . A5 R DGGE BiRMFFTSE KW, Wil
AR RN R R B B AREON 2 AR B B R IR K K R BTSN R AR
FE e, AHIEAE 20 A7 50 0 IR AH R R FL R = 5 PR 2 FEVEFR AN TIEAE 4 470 3. X U A
RIS N, ARG N T 4 B R S0 1) R R 2R, X5 R AR AEAE (2007)
F RAPD HANS 38 TGEAE HIERED I TS RA—3, 456 ok (2007) KH DGGE Hi At
FUINA B TG AE L3 B A B R E , R BRI R, AT = JCZF 24 4E (2007)
(RIRIEST 45 AR — 20 R K AT 5 RAPD Al DGGE Wfh 73 1AW RoR A 5, HASBENLS Ik £ A
L2, MRV AR L R - 338 R it A A5 2 2 58 i g 3L, A 9 T 75 a2 T 9

AT, R IR R S BB N B AREON 2 R R B B IR K B, A
S PR 22 AR, BRI AR BO AL, U AR EE M AN S A AN 1 5 40 A
PG, S5 TR AR () S SRR, AR W PR T L B A, [N B DGGE BBk 4k vkl
B He B s i 4%y, U B RN TR VR A B 0 38 it b 38045 B S s R E R T v 1
LR RIRE, JLrb, JEME 20 fF HIRMITRAR AR 2, H S ARUARI R SU B B 25 iRk, S
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BLP A ERIRIG I, SRR G, XA 5 SO IR O IARE nT fe 2 T B
A ARG I R K 2 — . 25T (Saidou et al., 2006; Wakelin et al., 2008; 5K 2%, 2010)
WUESE 40 R 5 IR AV YOG, T RS S R UG, LR, RS g
Himmz, HBFRLWRE, BRI o, ST W A E > T4, X I Rss
AU . TR ERCEYR UL, L RN AR et T A, AR
N2 BN W NS S T s M T O . P A IR EOR, 5 4 BUR DGGE 4k T AR 3 1)
HHFEAE T FREN, Hda. oo e WETHRH, 4% DGGE 44 d 4 Rk m L 41
PRPL AP RE R TR0 —FF, 1 av by ¢ FTACRIENE LIRAN AL AF R0 8 TEIRR I . K&
BL TR 040 B RN ZE AT B, X SRR A g AR R A T

PCR-DGGE H{ARTER T H IR SIS AP RE 3 1 16t A% 2 A PERRP R 2 5 7 10 B A7 B 2 i A, A
M Muyzer %5 (1993) 15 UK IXIH AN H THAEAESEMR LR, OBk kAR R
TN T THZ—, HTWRMEMRER S 2P DL AR R 85420 (Martina et al. ,
2004; ZEiE A5, 20105 WiSEDE 5%, 2012). HATE AR DGGE HARME I HIEGIUAE WV 4518 [
ZREE 5 T 2 ST AN, T IR WD LRGE . AR A SRR, DL
4031/662r-GC A5 H T LAY DGGE 4047, 4320k EHS TS St 4000 E M. v o #E sk
WA 2, AT TR R A 3R - 498 L g VA AR L o DAAERFE 25 X 41 16S TDNA
(K] V3 7] 48 X Bt 5 ¥ T DGGE 525 (Cindy et al., 2000; FjBEE 2%, 2012), T+ A B,
—LEHHIT (40 AN BEAE X 2 TP, SBUREAN B 1) 70 S ML A 7 AN L ARORE B . AR UGRIG LA 16S
tDNA [1] V3 ~ V4 04 X 4 H I P 5114 T PCR 471, 753 /£ DGGE SR 4 AT T H MG R T Bk
B, AR TR BRI EERRBEEE A R, (A3 19 7 B3 iy 7 — 28] d,  idijk
ZAlT 2 FEGRAN A A TE A, FUK ST SOBOMT, ) o R A R DA, T ) iR e
HEASPEFIAR PR . L S H VK IS ) 45 S 56 4% SR i o
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