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FEE P07 B 28 R MR B2 BE i FL Uk % ( PCR-DGGE ) BIF3Y T A FF A 35 46 HH 5 it A X A% o BUK 8 + 0—10em AT 10—
20em 12 IEWEY YRR BN B A BRER R, ZOREN . LU YRR AU A B A 0—10em 122
F| 10—20cm /2 EIFEGES, JOREFFE 2540 HE (ot BRARL ) 19 58 el A= W 2 A i Wik ( SMIB-C) R AR 4 A6 4 £ 0 (SMIB-N) 1
B/, TERSAT B Z500 HI AL B R U G4 AL BR (% SMB-C 11 SMB-N #02 ZFK TR B In A B8, R JCH AL B () SMB-N
TR AR AL, (A2E5 AR E , UEUIRFHE o0 N 5o 2 2005 30 AT RE W3 42 s et A ik &, i DGGE
Pl Z2 REPEFR RO AT A5 A0, B e FE Ul B I 1 b 8 9 [T ZRU R 2 R 5 . UPGMA 2RS0T i, 10 FlAS [] 4 ) 2R
FE A %t FR (TEREFT) AL 3 0—10em F1 10—20cm YA YA FH B A B AR T — B . DGGE 4473451,
14 AN ZF AT SR KHB 43 S AR K5 SR A T8 nifH DR R B, 32 AR BT L U5 R T A8 JE TR 7] ( Proteobacteria ) 1Y B-715 JE T4 4K
(Betaproteobacteria) , 1 PCR-DGGE $ A W] LA 8 JRAR AR K A R A8 a5 AN [ I ) P o 1 R0 20 T VR S A R
KBEIA RS FFIE F 5 JRAF P RUKASE + 5 Sl W0 0 i s PCR-DGGE ; [ U VA 454

Effect of different fertilizer combinations and straw return on microbial biomass

and nitrogen-fixing bacteria community in a paddy soil

LIU Xiaogian', TU Shihua®, SUN Xifa’, GU Yunfu', ZHANG Xiangin', ZHANG Xiaoping'" "
1 College of Resources and Environment, Sichuan Agricultural University, Chengdu 611130, China

2 Soil and Fertilizer Institute, Sichuan Academy of Agricultural Sciences, Chengdu 610066, China

Abstract; Chloroform fumigation and denaturing gradient gel electrophoresis( DGGE) were employed to study the influence
of different fertilizer treatments with crop residue return on microbial biomass and nitrogen-fixing bacteria community in a
gray brown alluvial paddy soil at soil depth of 0—10 ¢m and 10—20cm. Results show that soil microbial biomass carbon
(SMB-C) , microbial biomass nitrogen (SMB-N) and diversity of nitrogen-fixing bacteria decreased with soil depths. The
control treatment with straw removal had the lowest amounts of SMB-C and SMB-N. Among the treatments receiving straw
return, the quantity of SMB-C and SMB-N in the treatments with low nitrogen rate and omitting was significantly lower than
the full rate NPK treatment. Omission of phosphate on the basis of NPK nonsignificantly reduced the SMB-N compared to
the NPK treatment. It shows that straw mulching with addition of adequate NPK fertilizers can significantly increase the
SMB-C and SMB-N. The diversity indices of DGGE profiles indicate that the treatment with adequate NPK had the most

abundant nitrogen-fixing bacterial diversity. According to UPGMA cluster analysis, dendrogram of the 10 treatments were
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different, and the micro-organisms at the 0—10cm and 10—20cm in the control treatment differed from all the other
treatments and stood alone in a separate group. DGGE bands sequencing further revealed that the 14 closely related species
were largely uncultured bacteria nifH gene fragment with the predominant community falling in the class of Proteobacteria in
Betaproteobacteria. Application of PCR-DGGE can well interpret the community structure characteristics of the nitrogen-

fixing bacteria molecules in the gray-brown alluvial paddy soil with straw return and different fertilizer treatments.

Key Words: straw return; gray-brown alluvial paddy soil; microbial biomass; PCR-DGGE; nitrogen-fixing

bacteria community

T RS AT IR0 F 5 IS e E AR AR AR N 6. 2 42 1, A9 5 Y 209 —30% 1 A A
PIFSAF R 2 S A K E R A B B R ICR S AR, RAEA 7 Th P AR R A AR i T
FEY TR A A Y, AR AR A FE A 0 —Fp 2 H AR 77 =X, BE T LBk o 08 IR TR 2% AR BE
15 Yy [Rl I AT DASE I EE LB RN SR o i i, PR FL IR BRAIR - B 7 o i ] DA & R A Y A Y
S 345 P SRR A T R DRI VRS A S e A K SR S T

TR Y T AR R R G L BGER A3  TE A LI 53 i | TSRS 006 PR R ) 5% 0 W ORI H st A v
REHEZEXRFEMNMERD A ZREE S A S RE R Elon B, 52 8] K 2 80243 1R,
Tilman 1 EL ARSI AW ZFEME X 147 DEHET T 5080 5E . 450 R U, B R RGN A 2 H %
M) 255 o R I ) AR 7 R R e — LTI A dE B 2 A AL A A Tk 2 AR A | R A
Wy i A T PR R N S RS 25 5 R W 2 IR0 T AR AR AR R A Y, — TR
FRAE a7 A3 E e i SR m e s S 55— T B A A R R T A B A b
FEFFRY S MR

PGSR 35 00 B 7 1R T 43 A B A W R 2 L R e W R 2R R 0. 1% —1% ™, I PCR-
DGGE $ AR ] LA R0 b bt G 77 A% 40 P V5 45 97 03 B8 2 B 1R i A A A 58 0 128 B il i e o P R i ol A ) 2 R
Y222 RS BT 4 T 71T A 4 104 o i - 32 W A A R 00, W G 2R W A s 22 PR VA 9 v A 31k B
ZHIRIAY  BEMFERAES RGP —REEN AR, B DA R L HEE AR TR AR,
H A SRS FFIE B A5 T FL A AR NE 5 HI6E - S 2 Wy i FRR IR A S TS W I 25 RS2 i SR i A £
K TAE AT H T it FHAS [ REE XS D B A v R A b Al 2 0 e B [T 20 1 R 7 245 ) 1 552 i) ) Bt 52 S TG 4 0
AAHFFEHG R PCR-DGGE LA FEFEFF 8 FH R AS [F] it T 1 458 [ S0 ARV 48 4, O %o g vl %) 32 22 [ U B R
HEATINF 00, NG BE T s A3 B 3 RO, SO RS AR 5 4 B AL K 78 3 AR 3t
Wy 7 T Y TAE R AR KA
1 #R5HE
1.1 U5 M se g b3

RIS HERAE T DU O B4 B + AR ST T F 2002 4F @7 A6 V01148 T 30T P4 /= BE A9 10 S b
T H R T B S5 AR 16. 3°C, B 5980. 4°C , [ K £y 890. 8mm, H BERI 4N 1229, 2h, Jo 7R A
ik 281d, RETFER T 2004 410 H  VEWEEAER/INZ KRS, —AEM, 50 IR wp BRUKAE 1 s iy + 1
FEATAEPERT W 1, X5 R B 2L Hi I 4,5 DA N, Py Ko, (CK, TTHE ) , 757 55 +
NooP oo Koo (SN, ) , T FT 78 55 +N, 5 P Koo (SCK) , R A1 78 76 +N 5, P K, ( SNP ) FIFE #1785 35 +N 5, P, Koy (SNK) |3 YK HE
B /NX N 3mxdm, 58 /NX PO JE Ry 20em = B, 8558 22 [AAG HEK VA, 45 AL BEAE R &4 3 ok, BUIE
(N,JRZE) 90,150 kg/hm” ; BEAE (P, O, , BiAR—4%) 0.60 kg/ hm*; #H AL (K,0, & LH) 0,90 kg/hm*, £FZFAE
YIRS AF 03 508 5 TR /N X B 208 55 e b, /0N 22 FRoK A it AT Bt 1) 0BG 3] 43 0 4, RIE 30%
VERENE T, 70% V543 BENL it 5 BEAC 43I it 5 #RAE 50% 1EICAL ,50% VE 4T BENE .
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Table 1 Some of the selected properties of the soil in study

AHLB g X X R AR AR
pH Organic M Total N Total P Total K Alk-hydr N Avail P Avail K
/(g/kg) /(g/kg) /(g/kg) /(g/'kg) /(mg/kg) /(mg/kg) /(mg/kg)
6.01 27.5 2.08 0.55 7.19 149. 86 10.26 121.3
1.2 BUREdrik

F 2009 4F 7 H /KRS A A IR R A0] , 6 H A SR FH < Mg A6 80 A gk BBORE | BORE TR B 43591 8 0—10em (8 4b BRAR AL
JEIT FR) A 10—20em (ZEALSHARRL S I s FAR) o K B—/NDX P[] — BORE i PodE [RIR B R HEVR S FHJE I
PET W fg 4S8 iy M1 5286 %, 57 BPiEA 7 I M08 73 A Al DNA B98I, O3 B—38 43 i T % X, B
Yliict 2 mm G, T HIHEEACPER A 0T OB -20°C A UKAR BLORAF LAAS SIS L2537 o
1.3 HIERAY A YR IE

A WA W SRR Y AR YRR (MBC) BUZE YR A MBN) A9 e SR A 28k
1.4 TIEFAFBES B PCR-DGGE 70T 1 R 88 & 5 W AL
1.4.1 FEAUERFHRF DGGE T F{L£S the D-code TM Universal Mutation Detection System ( Bio-Rad Co) , K
B —2 PCR 9758 nifH JE0H, X — 55194 FGPH19 A1 PolR, #3058 — 48545 AQER F1 PolF-GC,
( 51 ¥ H Invitrogen %Z’?ﬁiﬁﬁiﬁ/&ﬁj/ﬁ\ﬁi) ,/E\Migl %?ﬁﬂ’;‘ﬁifﬁkm] o U]Hﬁ??@ﬂﬁﬁﬁﬁﬂﬁ(TaKaRa, KiE
FAEY) Atk
1.4.2 A Y S DNA $2HC R A 168 DNA 2 B0 & (b st R B SRR A BRA R, FREL 0. 5S¢
F20°CORAEM HE , Fe R S SR B A BRAE 2D BR AT BB E 0 5 DNA F$RER, 7 0. 8% 11 Byt B JE r ke
PRI DNA JEAT L 3G
1.4.3  [EA @ nif-H 5 PCR 7 14% 1] Nested-PCR T2,

B—K PCR - TSI Y R B A nif-H 52 9519 FGPH 19 Fl PolR, JZ W /& & 4. PCR Master Mix
(Tiangen Biotech, Bejing) 25L, FFi 5[4 0. 5wl (20pmol/pwlL) ,0. 5l 10 1555 B Y 1338 5 DNA $2 B, i
ddH,0 2 RN ZARF 500l i/ b P s Fe v i R 5= 9, >R A Touch-down PCR 2%, KW 2 )7 :94°C
FiAE P 5min ,94°C 1min ,65—55°C 50s (R MEF R 0.5°C,72°C 1. 30min, 20 MG, SR 5 7EHE 454
AAEREOLT A 55°C BB KRB R 4RELY 1S 15 MG ,72°C 7 min, feJ5 T 4°CHEE R,

B PCR - Z{—IK PCR 729 1:10 # B J5 4 Ik PCR b BIBEAR #E47, 51490 AQER Fl PolF-GC,
TR BIR ZR 4. 10 XPCR buffer 28 K 5L, MgCl, (25mmol/pL) 3uL, dNTP (2. 5mmol/wL) 1uL, PolF-GC
(20pmol/pL) 0. 5uL, AQER (20pmol/pL) 0. 5pl, Taq DNA 3 &8 (5u/pL) ( Tiangen Biotech, Bejing)
0. 5L, 14z DNAT L, il ddH,0 BEZARF 50pL, SOV FEFRAESS —4 PCR BYSEAh L | B QR AR R TERT 20
MG 63—53°C TR 15 MBI IR KRR 53°C , HE LR 55— PCR RN AHA
1.4.4 PCR =¥y b B EEIE L Uk ( DGGE) 23 #t

B —IK PCR ¥ 15 L #£4T DGGE 434 , 28 P 50016 B 3 L R 209% —50% , 1 THC P9 2R PN 4 Tk Mg 68 e
H 8% (100% [7ZEVEFR KK 7 mol/L F1 40% WY 258 F W BERE ) . 76 1 xTAE ZZ ohifi i, 50V LR #E L 30
min, RJ57E 150V 60°C 28 sl Lk 6h, FRLIKJE R AR YL EAT Y 0, SR )5 A A HLAT IR . DGGE 8 4L
P& 53 £ B T Bio-Rad 23 Al Y BEME MUAR R 58 ( Quantity One Bio-Rad, USA) Z3#frk il LUK 554

FEFMG AL FLE FR P 7E DGGE HL UKk R A — S R R AT DL (B 501 22 B R 20 /N 2as EA T Fshiv i, 4
I B B A A SR
1.4.5 DGGE Zif bl vofe 5y

M DGGE ¥t FAFA0Y] R A FH ) DGGE 454523 T PCR WA, FH 50l JoB K & whik 3 s, A
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20l JCRKAE 4°C VKA1 . Y H 12000g B0 5 min, Y08 IR, LLAVE AR EST F—2 10 PCR $71
FHB1% AQER 1 PolF , 47 nif-H 3:H PCR ¥4, PCR W EF[E 1.4.3 i —Ik PCR i, ¥ [k PCR
FEY)ERES) pMD19-T 244 (Takara, Ki%) b, #AL3] E. coli DHS o B2 S0 IE S A @ EHEZMN LB 1
FHEERBFEAAZYERERMEM A%+, R T £4&8 H5 1% M13F, M13R #£47# 7% PCR,PCR /*
Y125 1% By REW e EE i VARSI 2 7 o BR M S B o 00 A p b s AR R R A BR A RTS8 B

1.4.6 [EREIEH nif-H JF9) 5081

JAR T 28 5] GenBank FU4E %, 31 BLAST )57 2547 [RIVEM: Fext , 4R A5 5 A 5256 i A5 4 A 4B e
R A, K X AR R A i TP 91 5 AR S S0 R A5 04 [ R R maf-H P 3 — S, i Clustal X1.83 T Hif47£
FEGI LR, SR8 ] MEGA 244 B9 Kimura XUSBUE IEAE T RS8R B RO 2
1.5 kb

F Quantity One 43 Hr k143 WS B A PEFE 5 ; L) Shannon-Wiener 4554 52 Bt [5] & i 2 REME , Tk 5 50T
B R Eichner 2813 F1 Hedrick 21 0 s B0 dE A PR A Microsoft Excel 2000 #E47, G115 i & PRGN
FIFH SPSS11. 0 # A 147,

2 ZER551
2.1 FEFFE RS SRR AC X - SR A ik R R R

A AR R G D HERUE YA W i AR A7 B 22 R DR 2 5 AN PR B A 1 AR A AR Rl e AT RE S
T WEIABE R F B, WOR WOR T e AR Y 2R R AR bR — L ARBIESE o R T s A AR
[F] 114 ot A Ak 8, 5 385 - 498 B A R FH AR sl 8 T 3R AR AR Ak, DT A () Ak B 1 3 02E P A 0 el
I 25 S E Y A YRR AR RIS AT 156.97—229. 37mg/ ke, T A= 40 A= - K28 Ak U] 4
T 21.87—35. 85mg/ kg, FeARAE I & AT 6 S5 RS AT AT IRZL A9 T )2 (10—20em) +#E, SCK, 5 CK, ZbBEAYHL
AP A R 2 S U SR RS AT IO E A ZURE T L e A 0 L RV E Wk B B AR R, b
B SCK, Mty eR  RH 8 T SN, , UEPARS TR 3518 TS HAT MR K 7 I YA S 25 5 B
SNP., PR A Y ik R RAK T SCK,, 2 BIAS FF 7 35 140 H e it A I] ) SO ME i A, 5L A it 0 BB AS ) el
YrE K, b SNK, fA: b B E IR AR PR SCK, , i A Py i W B A B E A B 22 5, UL
JE T - e AR W A ik SR AN AR R TR A A X T A A B AR AN Ak
T2z 2255 L2, BR—4BE -T2 RN HE Ay kA BE k2R ity
EY AR BEEER,

T HEHE YA Y R AL (SMBC/SMBN) 1] S WA P e v S 4 A 8., 0 i 38 10 28 Ak 2% I B e VR &5
AR E R A e B R I — R B AR R AL AE 501 2245, Petra Marschnera 25 1Ak +
SRR Y 5 RN R L B A 0 3 5 ) IR PR R VR 4 A 0 28 Ak A ) Ak 3 ) - S A A e T 45 A ) A A
PRk ZAEPEAS b = B TR AR BT AS )i AR A 98 %) falcdel A 158 ) A0 28 BT B8, X Rh el AR S T A X 22
PR E S B . T 2 B/, BB A iR A L AGTE ) 5. 52—7.26 Za), [a]—J2 RS Al Ak H G f
YR EA IR 25, W —AH L2 HES T2 2 Mg BE 25 UUARSAR L 1o e gt T
Fo M BRI B U BT RO I T R (EJEX  HEA W AE E RR  RUA REIR HS AH TRD  X TT A
DK 52 2= (RS I XA A % 2 0 s, SR U Wb A LG A3, HAEA B A o I A g
HESICAE W) B, TG I S W AR Y R
2.2 DGGE Kli%s#r

] 280 P 4 TA A 2 - B R G A v 1 R AN P st ) BB B, X T G R R i 45 4 R 5 [ R G 1
WSS T M TIEAFEASE P AES RGBT E g, 52058 E i AR R ) 4 2 H R L0 5%
b B A D Re R [ AU (R R 28U E R RGOk UL, M TR AT 523050 5 T BB K 24, 8
1F R [ R A i R nifH 1 PCR 4 35 FNAR MR A BE BE A FRLUK ( DGGE ) 34T, IR AT it 8 A A A B ALL T
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Table 2 Microbial biomass C and N under different fertilizer with crop residue return

Ak * APtk SMB-C HEY) A SMB-N LY BRI
Treatment /(mg/kg) /(mg/kg) SMB-C/SMB-N
CKy 173.6+4.96b 25.27+3.88ab 6.99+1.15ab
CKg 156.97+9.70a 21.87+2.39a 7.26+1.19b
SN 196.9+7.19d 29.5+4.53bed 6.81+1.35ab
SNig 175.67+11.48bc 25.05+2.03ab 7.05+0. 8ab
SCKy 229.37x14.4e 35.85+4.12e 6.47+0.99ab
SCKg 213.66+4.38f 31.39+2.87cde 6.84+0.51ab
SNP 182.56+4.43bcd 26.57+3.92abc 6.96+0.92ab
SNP¢ 169. 88+8. 30ab 24.83+2.29ab 6.86+0. 34ab
SNK 189.68+6.07cd 34.5+3.23de 5.52+0.35a
SNKg 173.06+9.06b 30.26+1.97bede 5.73+0.38ab

* CK N IO A S A F (N P, K, ), SN, ARG 36 +Ng P, Ko (IR EUIE ) , SCK A FEFFE 3 +N o P, Ko , SNP #1875 +N,, P, K, , SNK 2y
FEFFBI R +N,0 Py K , AL FRFSAY F R, FR 0—10em HJ2, ¢ T8 10—20em + )2 ; FHEEE P b5 e 2, £ PRI RS 758 P=

0.05 /KT HtE2ER

1 [ R SRS 3 X nifH 934 BGE T DGGE #4301 VF 22 46717, AN IR 41y AR FAS [ 119 [ 2 4
IR R B, SRR 1, KR BATTAT LA i) Bl HEAE DGGE I35 LUk A B H i B R 7%
R — BRI 2E 5, S0 R T B AN R 2R . A UK Hh 2% Y5 BE O i [ 6B A o 2R )

CKT CKS SNLT

Uncultured Burkholderia sp isolate DGGE ( HM565855. 1,94% ) ;

SNis

SCKr SCKs

SNPt SNPg

1 tEERE nifH Z2EK PCR-DGGE Ei%
Fig.1 PCR-DGGE profiles of soil microbial nifH genes
Zti T EARMK KA Closest relatives in turn:1. Azospirillum brasilense strain AWBI12 ( GQ161239.1,90% ) ; 2. Uncultured soil bacterium clone
TO1 (EU331520.1, 92% ) ; 3. Uncultured bacterium clone KW-B4 ( HQ335637.1,96% ) ; 4. Uncultured bacterium clone BNnif4 ( HQ190124. 1,
96% ) ; 5. Uncultured bacterium clone U1C_12(DQ520301.1,97% ) ; 6. Pseudacidovorax sp ptl-2( GQ249664.1, 94% ) ; 7. Azospira oryzae strain
(U97115.2,90% ) ; 8. Uncultured bacterium clone ( DQ140703. 1,88% ); 9. Uncultured bacterium clone pPS204 ( FJ381614.1,95% ); 10.

11.

SNKg

Uncultured bacterium isolate DGGE ( GU097344,95% ) ; 12. Uncultured

bacterium clone BNnif22 ( HQ190133.1,95% ); 13. Uncultured bacterium clone BNnifl7 ( HQ190131. 1, 98% ); 14. Ideonella dechloratans

(EU542578.1,93% )
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M2/ LUK SRHT 1 2270 AT DL b Sz RAE it o (51 R B RV st A 2 et . IR S IR AT U H R i 34
A4S E) 10 3] 18 AR S, S B H i /b B2 CK AbBR 2 B0 H e 2 1002 SCK, Ab B, 6 A i Jiti /2
W 1) R B IE + A5 FH 28 S5 BB AR LA E R R S, By Ik S U R R, A R T R A 0 A K
Bha G AN ] R — Se LR Y S5 Q45 14, 10 B AR 08 ) A7 0 A () A [ R0 DA 2 H R X ot
AT 2R 1 58 BEASAH [, 100 B - 498 [ R0 B I B A — s 1 el s
2.3 HIEFEIAEZ MR

R LK P 3 T R 25 5 B, AN [ b 28 - s v [ U 2 PR MR B0 (1) R (S) FIsY S B (E,) 46
RO TEE B AT A5 R NR 3 PR . S5 SRR, ZREMEFBOM 42 & B A AR B SCK,, HAE4- 31 2. 86
F118. 00 ; M FAKIAIE CK, X PIAMESCN 2.38 F110.33, Gt /a 350, A B SCK, F CK, ZFEMEFE L
KRB W22 5 UL S A RS O S0 R TE R 02 B A 4 v AR B 2 REPE L Ab B SCK,
() AR AR BOM 6 3 B IR T SN 10 BH 78 5 R T it A ) 2 100 il S, 2 ot D v 199 - 8 [ SR 2 A 1
B R, AR B A LR B — 2 K, T RS A S R 2 0, HA S i A T A A
RER - SRR, A R TR A K E5E 2 . SNP, AbB) ZREERS B0 42 & B BAK T SCK,
Ab PR FRFEAE 555 RO A BRI B D E AR T B AR A AE R . SNK, A B ZREPERS ORI B BT
SCK, AbFR{H % B & 25 5%, e B NE X T [ U b 2 R EHR 50 — 2 s S A G2 LI L, &
3ATLAE M, =AM R R SRR SO R A B E R, WP LR R 2
RIS EERR T AR SCK, Fl SCKy A 2540, Hx LR 2 A A W3 22 5 0 AR 12 4 e [H
RE S AL EE SCK, R540HE SNP, A g2 R AR HN T 2 3 43 SCK, 5 4bFE SNP, 1l
A 225 UL BT T [ EUH R 4 50 BE A —E R R2

®3 WHTHTAREELETEERER nifd SHEEH

Table 3 Soil microbial nifH genes as affected by different fertilizer combinations and straw mulch

b g IR E(H) FEES) BB (Ey)
Treatment Diversity index Richness Evenness
CK; 2.43+0.05ab 11.67+0.58ab 1.001+0.0150be
CKg 2.38+0.02a 10.33+1.53a 0.982+0.097abc
SN 2.47+0.02b 13.33+1.53bc 0.981+0.0465abc
SN g 2.43+0.04ab 11.67+1. 15ab 0.975+0.031abc
SCKy 2.86+0.05¢ 18.00+1.00d 1.014+0.018¢
SCKg 2.85+0.01c 17.33+1.15d 0.932+0.017ab
SNP 2.44+0.03ab 14.00«1.00c¢ 0.929+0.018a
SNP¢ 2.40+0.01a 13.00+1.00bc 0.920+0. 034a
SNK 2.83+0.01c 18.67+0.58d 0.963+0. 014abc
SNKg 2.82+0.02¢ 17.00+1.00d 0.935+0.028ab

2.4 A AR AU S b

H—2LHH Quantity One 3X {4 (Bio-Rad) X DGGE &35 (1) 4% B 58 FE A T 5 F Ak b 3, IR ke hy 4l
PRI AF RN A AL B B R AT 45 R (EI2) o 10 NARFRR Sy = KGR, CK, . CK h—FikiE;
SN,, SN, .SNP, SNP, H—/ME#E; SCK, .SCK, SNK, SNK, M55 =%#t, it DGGE B Al LA, #H [
FIALBRE) R )2 HHER R T —, RN RN BRRAE TR IR] AR FL Ul WA FE B 26 AR ) 8 e e =X 5 3+
BRI 22 5, DI S SOAS [7] Ach B ] 1 - 48 [ U RV S5 R R s e S — 2, BT DR M, R AR Ifii AN
T T A A R BRI SR 1 — %, P B el 3 AU R A A T I R ARk
2.5 DGGE £ 543 #r

HRAE 4 Z B DGGE 3 v i B A SRR IR AT 2 HEA T , 4 A5 3 s AL NCBI I 3845 T3] Y5t
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Fig.3 Phylogenetic tree of sequences from DGGE bands. Numbers in parentheses represent the sequences accession number in GenBank.

The scale bar: 5% sequence divergence
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It A R RN R T PR R A AT R A A A K T R SR A i E BRI 4
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A A e R A= AR W e A, 5 AT O ERAR LL 4 542 5 T 12, 66% Fi1 15. 07 % ;55 BAH LE , 53 531)
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AT 2 B A AT 7 o 30 FH T3 i R 1 - e 0l A i e AR 25 1 ) o T 0T R A 3L DR AL T
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St TR AR, AbFE SNP, SNK, TP A ) ik BAK T SCK,, Ab PR SNP  SNK A9 T 0 A W i A
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S R e , i A TR ALY BB G IR TR E 3200 5000007, HIRBUE DTG Sh e B, A F T HUEY)
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