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Evaluation of bacterial diversity under different herb vegetation types in the

hydro-fluctuation zone of the Three Gorges Reservoir in China
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Chongqing 400715, China

Abstract: To better understand the growth condition of vegetation, our study was conducted to explore the dynamics of the
soil bacterial community in the hydro —fluctuating zone of the Three Gorges Reservoir ( TGR) region in China. In July
(2012, 2013, and 2014). We collected and compared soil samples from under two plant species ( Hemarthria compressa
and Cynodon dactylon) and bare soil. We characterized bacterial community diversity using the terminal — restriction
fragment length polymorphism ( T-RFLP) molecular method, and also investigated soil chemical properties. Our results
show that (1) bacterial diversity was significantly influenced by plant species, time, and their interaction, regardless of
which enzyme was used for digestion ( Hhal or Mspl) ; however, species for the Shannon—Wiener index (H) and time for
the Simpson index (D) when digested by Hhal did not significantly influence bacterial diversity. (2) The richness index
(S) of the planted vegetation was significantly higher than in bare areas. In addition, the S, H, D, and evenness (E)
indices were more stable for bacterial communities under planted vegetation than bare areas. (3) Vegetation and sampling
times influenced the types and relative abundance of predominant terminal restricted fragments in our study. (4) CCA
(canonical correspondence analysis ) analysis showed that long fragments were more concentrated, especially around
nitrogen and phosphorus, and soil bacterial diversity had a close relationship with chemical properties, such as nitrogen,

phosphorus and organic matter. In conclusion, two different enzymes were used to explore the diversity of the soil bacterial
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community in the TGR region, and their digestion maps, analyzed by synthesis, illustrate that our analysis results are
objective. Furthermore, the results indicate that vegetation type and soil chemical properties affect diversity in the soil
bacterial community. However, in the fluctuation zone of the TGR, the bacterial diversity indices became more stable after
revegetation,, which confirms that planted revegetation can improve soil bacterial diversity; in addition, bacterial diversity

was affected by soil chemical properties (N, P, OM).

Key Words: T-RFLP; the Three Gorges Reservoir Area; hydro-fluctuation zone; revegetation; bacterial community

diversity

T T DX A8 PR K AR KA 2 e o8 -t 0 B 9 T8 o 8 ol s Wb T2 1 P K i A e s =k TR
WRTJG 7K RSt 4 5 B HER S 2B K SR LA B 2K, T I e 9 253K 30 m Y =R FE XA L FEIZ
TP REIR MK SRR R BGR AL ™ 5, R AR TP h 3 AR AL R S BUE S RG0K
TAARFIIRE R A BB RE ST, B1E e i R AR I R b A K R B R
T3 BRARK 05 Y SR DR T =R (X (4 A BB S 6 R A A o o b B, A TSR,
Jii B A #E 5L ( Hemarthria compressa) J) A #R ( Cynodon dactylon ) W LAIE W 7K #s S T 52308858, #5301 o — 0k J X 7H
VR N TAE R RO R R

LRI 2 BRSSP AR AT AR A 7K 43 I3 25 08 T AR R A PR AR A1 KO 2% X v Al A
PG B AR e A G B AR AR D EAR R ) S ARA B 2 S A R R
JEHE X 5 ) B T0%—80% MR F 5 O AN B VR 2 REME TR AR SE I8 0 WARGE . 10+ 5 i
AR S T A EAE R R, 3 RIE UK Fh 2 s B AR AR ROIR AL, fn 3 3K
AP s 2 B s Rl e T R XA e, Horh, R R 7 e R RIS BRI A 7 2 — BN S S
FHOE AT AU TR AR IR AR S S e - SRR A AR R AR A e AR 0
b O R AR 5 e R 1 AR A WORIR T S S T AR A AR AR DG, FR AT 3 b an
FREE Z R T 1T 8T, RumBR M R B BE 284 0 H7 ( Terminal restriction fragment length polymorphism
,T-RFLP) , &7E PCR £ A RFLP £ AR A I A J i K B U E I RE V& e BT R XA R e Ik TR S5 5507
VR R B, PR ARG B, T AR ) b B 1A T e P 2 R ) 1R [ R A T R
VR ZREMED T S Horb BRI P DD A 1 R 2 5 e B A T A E B PR R R T 1 N D A 1 T -
RF 80 H K/ NHEAE 2 572 SE R e 45 R 53T o Hha TR0 Msp T 5 B B FH 32 HLACR B0, A%
WFFER ] F 3R WA RN HEA T 404 , IR AN ) 45 5 S RS T 25 G Ho A, R T it 280%

EBORTE LW 5 T C A2 N AR I T e S8 A0 T AR S TR ST 5 1, WIFFE A T L 8 R g 4R
TEREREVE I Z M SR T-RFLP BR SMHT L3R W REE SR R AE 55 S5 AR A 5 43 HT 56 [ P g 5 4
NIRRT S P A B A R A SRR AR A — e JoE DX I 2 v FH AR 50 B2 R 5 1) 2R R 3 /0 W
B, PR, ASBIFSE R =0k P DI vty (i DR AE BV it e ) S 9 5 DX, 0 BB A4 e 5 ) 2 AR 2 Ao e 2
BRI GFF )% T-RFLP HOR (1) BFSEAE S 52 5 H ) IR AN AR 7 AR PR 520 5 (2) 23 N A B
1B 52 - SEFNRR I+ ST~V 5T 5 20 B AT O RE DG, TR AR ST IR Tl L AN TR v i) AR R, 1 fifp = ok
JEX TV 8 5 5 N LIV E W R AR R S i 2%

1 HARMIETE

1.1 ARSI MRS

AT X s 57 T = 2 )26 X o P A B985 PN A v T i e, o7 T EE R T R (107°32'—108°14'E, 30°03'—
30°35'N) , 57 7 A kE  FEFHEAE BE B 0 E IR X 32 km, B E R EIRIX (8] 1), %H X R P 4R e 2
A, 2775 4 B BN 73T, AF 4 B T 2 1200 mm; YERR 7R 2, H B3R 29% , H BRSO 1327.5 hs 4E3R
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19.2°C , ZIX I 13 FE A KSR 4 1 A AR
N
BERAR, K LR BRI S A W

SR K P A RO A, B T 2012 L)
4F 3—4 FAEHE PRAD B A S AR T I A A A A ; i fﬂﬁ "
IS RACAE D, SEP ST M R B, Joe
T 160m—170m HE4R [ 18 5% 4 i B8 2 ¥ 25 ( Hemarthria ; L ey ke
compressa) S A H ( Cynodon dactylon) S5 F0, rik = jzij;i‘l’zfq\‘:'{i i
PRE T Y3 B Sy 26°, F B b 452 0l IR S o E R B 3 ;ﬂ“’ﬁ i3 "
IR, SR (A — B SRR T IOREE S|, 10 .
HLLY A 150 m?  HOBCH SR 50 80% . HURER Rk | i e B it
KR B A 106°(I)0’00” 1070(;0'00" 108060'00" 109060'00" 110006'00"5

1.2 MRS T eE v

i AR AE A S EL Y BIAT J dek  A A b B AR B AR I
ST 201247 H (T1) (2013 457 H (T2) LA} 2014
AR 7 A (T3) HEATEPANURE R A

RAEBTTEMEIR 160m—170m Hr )b QI8 S TEHURER . BURER, 78 S TE AT R0 BURERE 7, R b AR B
RAIBENLBE E 3 B SmxSm FEHL, B FEHL N M AL TR 0B 5 D EE RS, LR RZ Y5, RE 0—
20cm )2 A9 JFOR - 3ERE SR 10150 385U pH i1 (1Q Scientific Instruments, Inc., San Diego, CA,USA)
W 38 pH ., [R]EE B0 X 355 P AH (] B2 199 TCAR Bl Al A S o) B BRORE 7 vk R 1 5380 B
Hi ) 3R S A DU IR A Y Ras i [l S50 = LA AR AR B AT

IR S A R PRER A3, — 53 T - 80°C VKAR I AF FH AN B BEVE 0T, o4 AR F ARSI Bk it
i (2 mm F10.25 mm) , 1T HA 3022 PE BT IE . HIEEHLE(OM) I >R F 8% FR 0 A ik s + 35
A5 (TN) &5 & R HICE MU & ( Elementar Vario EL, Germany ) ; 32 20 ( AN) & &0 % R FH 0%
fif = LR (TP) BHAHE (AP) & EEl R AR PT L (3 s 280 (TK) |\ BURSCER (AK) 75 4 2 R
JEFIEIOEEIY ( AASOO, PE Inc., USA) .
1.3 T T-RFLP W40 B REVE 2549 53 Bt
1.3.1 132 DNA $21

AHFFE A HE . DNA $2HCR FH UliraClean™ Soil Isolation DNA Kit (T3 [E MOBIO 23 w)) |, #8445 Bk 41z 1
B R T, $EHUAY B DNA 28 1.2% B R HEEERC R UK 28 | SR 5 4 5L DNA B T -20°C R fE 5 H
1.3.2 PCRYH4

PCR ¥ 34K @ F 510 HE 4014 16S rRNA, IE [ 5[#)°4 63F(5'- CAGGCCTAACACATGCAAGTC-3") , H.
B 514 5% 6-FAM #EA790ERRIC, S 5148 1389R(5'— ACGGGCGGTGTGTACAAG-3") , PCR 5|#)th
RN R FERH A F A IFRid, PCR ¥ 3K R 0 S0uL, G045 . Btk 2uL, IE R m 51445 0.5unL, Taq PCR
Mastermix 25uL, #M 78 ddH,0 2 50pL, WHEMANEE, PCR W EMF:95C ,5min, 30 PMEH N :94°C |, 1min;
56°C , 1min;72°C ,2min;72°C & ZEMH 10min, PCR P2HH 1.2% Bl Wi e ok B AR vk, B 38 = iR & )R
(4t 100pL) A PCR lifbidinl & alifh , #524F L BRI UL 17 . Taq PCR Mastermix F1 PCR 4lifb iz & F RAR
AR (ALaD) ABRAF],
1.3.3 T-RFLP i{%:

A ICHFICHY PCR SRS =4 BRI N VI Hhal Mspl (W8 [ b3 A T A0 B W) B4, 5210
A% 30uL, DNA 300ng, 37°C T i1k 3h; FHE £ 65°C 4B K 3G 20min L& LV, VI =9k 2 L
Invitrogen 4= iy 4 R /A ] ( Life Technologies ) #4713 K F145, 74558 T-RFLP 3%,

1 HRERE

Fig.1 Research region
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L4 SEito

et o A i, MR K /NTE 50bp LA HAH XTI AR/ T 1% B9 7 B, LA T-RFLP [EI3% b BRI P 7 B
( Terminal Restriction Fragment, T-RF) J—A~ OTU, LLiZ T-RF B9 X 04 1 FUVE A X N 4 OTU B9 3, T-RF
FXFUETAGE I A Ap = n./ N x 100% 3155 (n, 0 B THBAS T-RF AUEETIAR , N BT W T AR SR ) | JF:
TR LUT Z R4

P RE S = P v e i)

Shannon-Wiener 5 %% ( H)

H=- Y P - InP,

i1
Simpson Ef’abﬁ(l)) .

s

D=1-Y (P)’
P EARE(E)
E=H/(In S)

Forf Py A R BRI 17 ol e o ) L A8

FIFH Phylogenetic Assignment Tool ( PAT,http://mica.ibest.uidaho.edu/pat.php) ¥f T-RFs #4797

K 2 5 225081 ( Repeated-measures ANOVA ) 23 AT 9y Fh | Bsf 1] PRI 28 K — 38 38 HAE FH X 1 338 40 181
Vi ZFEVERSE I 5 SR T B K R 05 22 70 M ( One-way ANOVA) 73 K7 AR [ 49 o A [] BORE P 1] 224 45 B i) 8 28 1k
225% , J Duncan K30 A0 50 BN FEARTE A [F] HTHLZE Y ) (19 22 57 (= 0.05 ) 5 FH B XF 0 43041 (CCA) K 4+
M5 IR OC R . WFFER A SPSS 17.0 A4 Canoco 4.5 #4785 04, FH Origin 8.6 F1 Cano
Draw for Windows 4.5 # {4 &l

2 HR55%H

2.1 WK PRI TE AT 1 AN TR VR 2 R AR AR S R T 25 50T

X L A AR 0 AR B T B R 5 25 0 Wi 3R W, Hha 1 BEDIES SR Wy R 26 I VR 1 48
Y1 Shannon—Wiener 848 (H) B[R] R 2 XF + 44N H Simpson #5454 (D) Jo B F W (P>0.05, 3 1), B Lk
SEIAN YR BURESTR] | LR PR () A8 ELAE FH YT = e 2 DX Ve A B VR 2R EFR B0 A 1B 3 (P <.
05,7 1) ot i 3 (P<0.01,55 1) &,

F1 IEAREESHEERNESERRESN

Table 1 Repeated measures ANOVA table for diversity indices of the soil bacterial community

i LREMESE R Yl Species ] Time )Rl IF[H] Species * Time
Enzyme Diversity indices F P F P F P
Hhal S 44.06 0.00 2.3 0.04 4.87 0.02
H 1.53 0.25 20.59 0.00 8.81 0.00
D 5.06 0.02 1.92 1.83 9.04 0.00
E 38.7 0.00 134.87 0.00 22.63 0.00
Mspl S 64.14 0.00 22.54 0.00 5.74 0.00
H 31.03 0.00 8.53 0.04 4.6 0.01
D 3.68 0.05 5.59 0.02 0.3 0.04
E 11.11 0.00 6.56 0.01 16.56 0.00

S. FEEFE%L (Richness index) ,H: 5&5{??5’;&( Shannon Wiener index) ,D: ELE E%ﬂ(( Simpson) ,E; fi]/ﬂﬁf‘aiﬁ( Evenness index)

2.2 WK A LA TR T AR TR U 1L
PR T AR A S 20 BRI 2R B A SRR AR LU A S AR TR, Hhal BEDDJG 3 40 R 22 AR PR L
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Fig.2 Variation of bacteria diversity in different time
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FHxS HP G IR YFN TR T 5 T2 B 2 22 5 BRI IS EERREUYAE T1 5 T3 B fEE R
FRES, MANTHGEANT AN 2 HEE 5800 B85 s
2.3 SWOKEEWTE T LIRANA BRI T AR

BF—A~ T-RF Z/MCERBAE E i —Fh A, R IL T-RF AU REM: AR T AN Flh 2R iy 2 et Q& By
7 AR HE B [ 73 50 R AN R I [R]SRAE TN, N AR B 5 BR 133 rh 35 B Rh 2 S AR SF B2, M T-RFLP
SHTERE AT 28 Hhal BI85 25 R BRI A B (K 3a) 48 Mspl BEUIFEAR3] 21 AR A 0
BRAIPE B (I 3b) . &l 3a Hhal BEYIZER IR, 473bp 55 T-RFs 76 418 i 47 78, 10 HCAR X = B U 76 AN ]
N TAEE S I oA S AR R 5 Z 28480, Mspl P2 )5, 101, 110bp T-RFs tL7E 1 458 vh 33 £7 75, SR 1M,
AFEEHEZRALT R Be b2 5 R BN TR], FLRE R (] 2 B[R] AR fb i $5 il , 28 Hhal BEY) 4 # 5
+ 3 167bp (ATBEN Pseudomonas) 181bp( FTAEN Bacillus 2 FIATHJE ) , J F MR 524 1358 vp 147bp (AT RE>
Bacillus ZFEAT & ) 328bp ( A] HEH Pseudoalteromonas 18388 B0 1 J& ) , 335bp ( Wl §8 A Marinimicrobium
FrE &) , B 3R ) 97bp (AT HEN Pseudomonas aeruginosa ZEREFT TR ) (167bp ( W REN Pseudomonas i i
) LA Mspl i 1) 48 ¥ 5 4= 1€ f 90bp ( T BE N Aeromonas < 5L M T ) , 112bp ( 1T BE A 15 50 il 14 )
Pseudomonas) , i) A #R 52 A= 13 90bp ( W BEN Aeromonas) , #Hb -3 112bp ( AT HEN Pseudomonas ) 1E =K
R B AR X = BERR S R AR 2% 5 D3 A TR A S AP HE T1 T2 T3 = IR HUFE R AR = 2 U T RS B F
PR
2.4 SWOKPEIHTE TIRAMEREE 2 S TSR ER

TN RIS S SR 5 i B OC SR 5% 05 1 5 3 A o] 52 el - S 200 o R T 1 N T AE
SURIBRE I A2 P B AT (3R 2) o ASBFSE SR FH BRI I 53 Ay ( CCA ) X 11 9 717 - 39 20 o A 5 R 47 HE
J7 AR E R . 1] Hhal BB 0 BG40 Bl 40, HEP Bl CC1 R 1 VR S5 M A Al 2 1045 B
(1 46.4% , HEFF il CC2 MR T 27.1% , PR IEAERE T 2805 B 73.5% (18 4a) o [AIRE, Mspl MU EHE 20 #7445
AL, HERE A CC1 R T RV a5 R Rl AR AL A5 B 29.19% , HEFF Al CC2 fifBE T 15.8% , P IL AR R T
ERE R 43.9% (Kl 4b) . PIFPEEYIZ 5 R EEY) 7 Beor AR X A v HL 22001 7E N P [ th4h , Hhal
WiEDIZ )5 304bp (AT REICR AV Y N Rhizobiales) \335bp (AT REACRAY AN Rhizobium ) ¥IHE AN Ji Fil 53
A s Mspl BiY) 22 J5 365bp (W REAR R G Y) A Azorhizobium caulinodans (D11342) ) .396bp ( 7] BEAL e A Sl AE
YN Rhizobium ; Sinorhizobium ) 400bp ( W] GEACE ALY M Rhizobium ; Sinorhizobium ) 455bp ( RJ BEAC AT
H=WR Azotobacter) 53 A BEHAE AN TN B OM JEI [, it ] WL A S 40 TR VR 5 IR R & S AA 7R B i A
Kt

®2 TEAPFHER

Table 2 The soil chemical properties

R ol fAOmERE  BASE O AREESE AR B L BN
Vegetation types oH value OM content/ AN content/ AP content/ AK content/ TN content/ TP content/ TK content/
(g/kg) (mg/kg) (mg/kg) (mg/kg) (g/kg) (g/kg) (g/kg)
I H. compressa 6.82+0.25 15.28+0.86 61.42+1.29 1.49+0.11 52.40£2.08 0.70+0.11 0.52+0.11 24.84+0.74
TR C.dactylon 7.08+0.18 12.86+0.68 63.86+4.17 1.66+0.26 52.83+0.14 0.82£0.12 0.99+0.04 28.54+1.1
#t Unplanted soil 7.12£0.11 11.17£0.74 75.43+4.65 1.33+0.07 63.27£1.13 0.84+0.02 0.71+0.04 23.80+1.36
3 it

PREE YV RERS BRI TR A |, vl LS aod JE 9 o A R o 72 - MR 00 A Ak R % L ] A
S L SE AL, O AU AR PR R ZOIRIE | D TAT IE) S b s e A ) A R B IR R A A 2 TR ekt
HERIE VIRV FEA TR A | T ST b R AP 1 A DR A B - M (R A AR i B A fl i AR
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Fig.4 Canonical correspondence analysis of soil bacterial communities by Hhal (a) and MspI(b)

31 WK T TS AN TR T 2 MR AR A R T 22 00 A

A i T 2 FEPERE U S ) b == 5 BE R &) BE AN 25 G 4 b , S AL RE MR S B 7 D e 22 A 1 E A4
BB BRI Z R AR BOR [F], PS4 R AF AR 22 5 . P b - BE SR HOBOR , B I ) b =F 8 B
155 3 Shannon $8BUH FIFAGTHUEYI M FE MRS, YRRk 22 | 70 A ik 34 57 HAEBOK ; Simpson 48 £0H FPEAL
e WA RO PE L 2 3% R 46 BOB R, A2 W) 22 FE 1 B iy 5 12950 B2 48 B0 i i) 2 & W Bl SR B H e B 34 2
R

Hhal FEYIZE S Py R ZXHE % 13240 Shannon—Wiener #8458 (H) (B 8] K 2 X 340 B Simpson
FEE(D) L F M (P>0.05,3 1) , Uil Hhal BEVIJG , 4 #5500 A AR PIRIAE S AN A R 5 1Y
SIRETC 2 22 e, R IF 8 v DL A TR A SIS (%) 0 35 B A B IR R] 2 2= I8 25 04028 5 B R g SR A0 Wb U A ]
AR P B 32 EAE PRI = e P2 DX P S AN i Vs 2 FEPERE 0™ A2 B35 (P<0.05, 38 1) Btk 2. 2 (P<O.
01,3 1)52Ml, Al B i T AN TAESORAE Z J5 , HIERE R K - RE G, 445 1 139 P SRR G5 4| 14177 52 v 31
H AN TR S AL SR R R R T AR AR U R AR S AR HE R R R R TR
Y AR SR AL 5 Y ; [ I AME Y ) B A K IR R KGR TIEX TR B R A K AR Y s
ToHIRRAE S L 36 A AN BB AE T RE R IR, Y S X A B SRR M HR AU e T
3.2 TR R SRR

Tl Wi 2 REPERRBIUE SO Rl 2 5 B P38 DA 5T BE 25 B AR b, 2 REE AR B0AY A8 £k mT DAz e
TN REZ AR B SR 6SY . Hhal BEV)JE N T REIYE S04 TR R 7% = 8 28 e T4 b 398 21 i s 5 00 2
AR - S A0 BT 7 ~E S AR A L, 43 BRI 629% F 40% , 3 ] BB VA 25 N Tk A 4 #5540 MR 22 )
AR AR 1) Jo L B8 R T HE 4% 2 AL T ML Joit, 3 6 3 A ) kg AT R 2 At R ) e B o, R O T R R T K
BT AN T RS 2R AN AR R IR T LA A AOAE - E pH(E | ST A D A7 S [ R i R 4
TG ZREHE

AR R BRIE AR 5 39 ik ) i SR AR AR 2 AT AR [R) 04 23 2 ), AR R AR F 0 AR T
MAFMAED X R BRI, N TR AR 2R B 5 0 25 AR 22 5+ S0 R R 4 22 M8 500 — IR I O |8 3%
UL TR I B AR R A A A BE RS B A [ BRURE I 1] P A7 A ik 2 2 S, HL D DR T B ph TN AR B
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RPN Z 5 A0 2 AR A Ry S AR ZR AU (R 8 PO B T RS I AN B RV X R T AR b - 3 R T e H
FEDLIE R K A DRt A58 K -39 v 1) 40 81 340 o Bt 7K 3 8 1 Y D 3 T i A= 0 %, DT 3 ol A - 8 A4 TR T 7
LR LK, A2 R PCR-RFLP $RBEST 3 K I 205 HIERUE Y SRR SR 0 0E T4
W) B4 0 0 T (S A5 Bl R AS T T A WU ] AR A 7 o A - R S T AN R B R R SR
FEGER—E, MO, N TR 3 A A MR AR 2, Sk AN B R E 2R R B R A
A AT AT DA 7R =k P T P AT N TAER B B Z 05, RIE AT 2 HE PR FR ECE
FaE o

3.3 IEANPE VR R A X 2

TH V& TS A R R — DA A A BRI ORI OBk RS A0 SRR X 2 32 RIS A 45
P Can K HCR B B 3 £ 04 DA S A B R ) A, R L 5 BOT A3 21 B9 T-RFLP 3% A B 22 501 1 =
2 J26 X9 R R R K SR AT, K Bt TR 7 0 S 350 v S Rl /| o o v 1 7 R L IR AR 1
M), ) sk 7K SC A4 AT AH 3k 5 i) - S5 HILJS DA S R B i SO 2 TRT AR VR 5 5 I A, e IS ARl 2 - TR A TR
EEHM BN R —

S0 TR R ARG T B A A A T UVASE T - 8 AR B A B | Bossio TASR7 | - 3963 S0CIR 100 2% 5 ) 240 7 A
TGN R Z —, WK EAE B HE, M X B B R TR R, S B e AR 22, ol
I TE K BRI R T, AFSE S RFI], TCIB S Hhal 3642 Mispl BE) A B, 1358 vh i 2 s 0si /0 B A 3 g
Z R B A R = ORI AR = BE R R IH 2% ,  IHE T AT B2 i T I /K A 18 R SR B B
il T 20 B AR AR A (S 3T SR K I B AR A TR EURE B[] A AR 32 B I AR R T R, T S B R BRI T
e RS AT L AE SN AR AN IE I 0 RS RS [ & 0 IR R L2 LA 0 A0 PR 0 i 2%, AT AR 1
fE R R T5 2544 5 i DS AE R B ST 2 7T BB T /K a0 2 PR R il 2B OIRAS | -  Shad i e v S 5%
Ao AL I A AR K O I 5 3R 0 i DA R A R A A Y T RE B K ik A L R & AR RS, T
REH 2 R R A B PV A 3P A R 22—

LT - 2T TR R T ) R I, D) T 3 e MR R R 10 40 MR 0 e B R o D BT ) Bl i S B
KB, AN TRV A A A0 A AR S B AR 25 5 X P BB ph AR 2R 43 I ) 1) 25 5 el A% - MR AN B R 454
568, JUHE A $ e 540 AR 3R S I B | B 5 U T8 A A 22 ), S T A B ) A AR il 4 g
A R TR B AR R S
3.4 JHETHER G S TR ROCR

R X T A AN BRI 2 REE R IR N B S e AR 2 REE SR E M 2R S R D) A
AT LATE 5 e 0 FroK i pH L A HLTE B i S R LA (RIEEVE FH T A B8 , DA IT X 20 B 3 7 22 A
AN MR T-RFLP 4559, , EAT 39 Ak o 5 39 40 T B % AR DG e ) LY X 82 40 ( CCA) Wl 8 3k
T-RFs FZ4E 0 AN TN TP i [Fl,OM Jil Bl A 70, K Fr Bl RE A 1= 58 i 28 (4 Algicola , Rhodobacter |
piroplasma Microcystis 55 ) , AT WK WE Z S5 TR A0 70 B 2 A7 B T I v il 1 v T e 28 0 i 1 B0 2 i
JRK AR LR R Y UM B (464bp 469bp ) BT SRR &SR B e TN JE L X S5 58 & B
f) 35 N P S BT R A — B0, BLA, MR AR S A A HILER v AR R VA T Wl A T A Sk A
PR BRAILAE TR, AT 24 I A 20 B AR % 16 M 7 400 T 9% e A 8 i SR o T AR 5 AR Yt T B S R
MR Z—

T AN 2R S S T IR LR YRR 2R S ARG AR R S AR R AR S A
R R BRI, A B KA B oM LY PR 2k, AR T R A K S
Z: 5+ HEEFRIR G 5T S B VAR 9 A g TR R D B AT R B o S L B e X
& B Hhal WY 77 42 19 147bp . 180bp . 181bp . 182bp, Mspl i H1] 7 £E ) 90bp . 110bp . 118bp .
161bp ,455bp 464bp AT REICF Bacillus ZF AT, & 3T iy — PR S50, X5 A B A 3 IR P3RBT 0o, or A )
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127 ; Pseudomonas ( I 2R BA ) J& 35 o DL AR A B T, o J2 = Ik DX T PR (L 38 T | s AR, T T 0
rP BN T (A7 AR T ARSI A SRR ) AR A Be |, O AT DU b AR A I A E R RS B R R
G300 s - 3R B HLARARME B ORI RS BLAR R e e Y RO AR Y A 4
it S5 IR AT RS AWESE Y £ 38 Rhizobium AR% & ( Hhal B§Y) 77 1 304bp \335bp , Mspl fig D177
365bp .396bp ,400bp ) | Azotobacter [ % 7 ( Mspl BEYI 4= 112bp 455bp ) $40] i 25 P AR, MAEY L4
A R - SR B R, IR 4 AT, 5 365bp 23 A AE OM JE [l 112bp 4345 T TK J& [l 46, AT [ % 00 3 &8 24 7E
TN AN JEIFE 434, v] UL iR 40 pa 7% mT BB -4 DU AR BOIRASAA7E i A KR AR X 5 - 48h TN
TGN AN SRR A3

UEAh , — e TR RGN B RIGIE S A AR AN 1R D) RE i 40 Ao A T A T A rh R B, IR er 4k R
B Cellvibrio £F4E5K T ( Hhal [ 330bp , Mspl Y] 449bp 455bp ) J& Fl Aeromonas < H. M b6 J& ( Hhal i 182bp,
Mspl T 90bp ) , W | [E B AEFH ) Arthrobacter 15 FT 5 J& ( Hhal [ 473bp , Mspl [ 455bp ) , REAS 2 K+ e 1
h R 2 KL B IR 22— B Streptomyces $% %5 # ( Hhal Biff 173bp . 473bp , Mspl )] 455bp ) JB %5 &
WFFEUESE , SRR A0 B ( Msp] BT 77 A ) 449bp 455bp 469bp ) H Y L6 T bk B B A SR AU R N fiE

4 ZEig

AR PRFEAAT, VB AR R | TR 0 A5 24 23 Xt 20 B A v 22 MM IR IR 7 = Do 28 DX 9 1 R 2 ) 7K
SRR SRR SRAR L , Hhal REEDTIR N TSR A IR 0 28 AR ) S8 40 AR % = 82 S 25 1, 3 L 491
T30 62% M 40% , H N TABEY) - e 40 R v 22 R P35 20 BRI U AR S INAR RE 5 R, CCA Zp A4 R 3 W]
=% DCTH v AN R v 2 R SR BOC R D), BOK R BUE T A7 B T AES R T IR 5 i
Tl I AU S R TTR 1R B O, TR R B A S R R AIE R 2 —,
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