+ 1% (Soils), 2008, 40 (6): 903~908

B L B AR S A LR

EpRr2, x|

w2, B

22,

HKEAT, REE

(1 R R e a S EEDTFTRT, Fist 210008;
2 B AR 2 AN A AT G A ) TR TSR IR, M At 210095)

O FIHANE G S G R E S KR LA AR S DNA MO RIBFRAI IR A & DNAJK 16S tDNA

B, AESLEERR BN SR 168 rDNA SCPE (C3CPE a MISCPE b Do WIANSCREH S BEFLBEE 100 A>T,

P B

PEya B AR AT BOGERH Hha T Fl Rsa T P PUBSIERGIE1T ARDRA (amplified tDNA restriction analysis) 347, Ziil L
TR, SCPE a If) Shannon-Wienner #5%(. Simpson 54, FEE. ¥—JE5 0 4432, 0.987. 18.885 Fl 0.973, T
SCEE b PN REES S (01 2.271. 0.758. 5.736 A1 0.501), RSP IR 71007 FE LI 40 TR % 45 K 2 REVEAR T 138
PSR Z RN . GERR, ARG IR EAPE R AR KRR YE, D20 & B oy 7AW R T BOA e 38 A e s R

T E M BER S 2 RN, DU 78 50 R b = B (R e 6
AKIG L4033, PARIGIEATE: 16S rDNA Ti[% FE; ARDRA; ZFREVESSL

KHEI:
FESES: S154.3

T AW B RIS RS, A
EHEEENAEM, EAIADGE L W) a3 (19K 3h
01, B EESE B RN, JUREE e
AR R IR o BTSN E Y . DRIk, O R
M PRI — AR ES 2 EE AR, K
B o v ] e B A R Y, R A AE KT
LAH AR L A X o KRR AR P DASRAG e 7 dE SR
Hbx, w2 KR EAe AR L BARA LR K 34K, H
X TR B AL R S AR BT AR T B AR
G W (KA W RE T 45 1) 22 e LR B
A AR GU IO AT B TR E 0 P AT 3 o
MR, IRBE . b TR E AR R
LA RE PRI, 2T AR IR RS
IIRESET SR ALK, AATTHBIE R4 SE
PR 3R T R AT IR AR,
MNATH N B SR8 I TR ATAE ICTR R G (1 ) PR
I, 11 3 A A 2 A AR RN e DR 4 2 T AN I RS
N A A S N R R A TR Wb ik,
AT AMFEPRIKAP EIRN T 52 28 PR B4 i P R 1k
LEYThRE . BHEABER A IZAEE, WO T
NS RTINS T AR IR G
H e R AR A T R LA T

AR A ZL 80 DA 3T (46 (1 v 7 2 R DAy
KAEL, M T ZLEANB Y 16S tDNA SCFE, (A LA
RE PSR K A0 AR AN (1 16S rDNA ST,
X AR S A (1 T [ EAT T BRI D) 22 A AT
NG5 —A i B R LD IR Ak, e 415
AT RIS, R T ZL S Mk A BE P S (RT 1)
37 SEXE

1 M5

1.1 HiEMHAXE

R 52 A7 AR I 1 7 KR A T v [ R e 41 38
AL ARSI, 12X A I A R B 16 2 KU
R 17.8°C, FHEMER 1785 mm, FELEH
fE4—6 H. KR, #435.0~54.6m, I
JEHy 50 ~ 80, IR UL R A, L
FI Ay =K AE A+ ARAE T S ARCEERE N 32 HAE
T MBS ARG RVAE AR AR KSR
FE 4 e PRk B A8 R R O B X R A SRR R
Mo TIEFESCY S SURAHFE, RFERE 0~20cm. +
BERESGBR LR . A HEERD I 4 mmid, RIEAFE
T4 C, o AT EA A T E AR R
Je AR ) DN AT I

ORAH: FRARBEIESTH (40371069) F1E IR E A H 4 (2005CB121108) %1

* JWIA/EHE (ymluo@issas.ac.cn)
fE# i AR (1972—), 53,

INZRFF RN, W, B, BEENSEHIEHEY 9. E-mail: czl@njau.edu.cn
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1.2 EZEEHMIXT

pUC 18 Jitki (Amp"). KJFHF HDHS 08 H A SE5:
FERAE; RN VIBEHha L - Rsal, Taq DNARS
fiff. TATEFEEAAPMDI8-T Vector)l H Takara/A & ; &
FIRK ) H8 E MERK 2 7] 7= it %I CTAB (1N
P = AL RAL A, SDS (+ ki iLfiiie4h), EDTA
TR AR RS AR, SIA G TR A
BIZRAT B oe R AW A H) 58 18,  DNAMICEF &I B
V-gene “EHaw].
1.3 TIEMEYS DNA BUIRELS 41k

%% 7Zhou SO EIARBUEIFIHT TE B IE,
TS AL P Al Ak DGR - AR M) B DN,
K il Maniatis 5 R 58 40 43 56 06 BE v - S A
SDNA, JH 0.75% HIZE R Ik AL A HE HUDNA
() I B AT A BN
1.4 TIRMEAIEFSE DNA 28

RS = A AR R 7R3 (B R AR
FRIE) HFE IR AN . R R AT PRI
U2, IR A K 28°C A& AFRFR LB TR
107, 107, 10° ARSI g/ OvE N, &
RS A R AR 3R /K BE P IR - 12000 r/minfZ L 5 min
WAETE R, 5 ml TESEMIRTE RS, IV i B 2 2k 5
0.5 mg/ml, 37°C ZK#F 2 he INAEAIGRAL AR 7 0 1 %
AWER 0.5 mol/L, TRAIEHMIA 40 pl B ARK (10
mg/ml) Fl 20% SDS (ZKEH 0.5% ~ 1%), 50C /K
BV RE . 173 AR B AINaCUEI 2152 ¥
15 sf, 12000 t/min&5.0r 5 min, W EHEE —KEE
LEY, AN 0.6 R R NBERA G UTE, 12000
r/min BOMEEDTIE, H 70% LRSS, TR T
400 ul K EB 1KY
1.5 4ZHE S DNA B 16S tDNA By¥ t&Fnag ik

FANEEH S 27F  (5-AGAGTTTGATCCTG-
GCTCAG-3") #1 1492R (5-TACCTTGTTACGACTT
=3 SRl B RO IR ) B DNAH (41 H 16S rDNA
FrB. ¥R NAKFR: DNA (2 50 ng/ul) 0.5 pl, Taq
FArHEBuffer 2.5 pl, ANTP (20 mmol/L) 2 ul, 5[4 27F
514 1492R (25 pmol/ul) 7% 0.5ul, Mg*" (25 mmol/L)
2 ul, Taq M5 U/ul) 0.5 pl,  #h/KZ 25 pl. 714 10
S, R SR A LA B R A 1 00 O 1)
WA 95°C A8 5 min; FH% 94°C 30, 52°C 30
s, 72°C 2 min, 30 MEI; 5 72°C FEfH 20 min.
RN SERUG 4 0.75% 1 SRR KA I PCR ™= 4 . V) IR
[Flsc H B B A7 V3% R V-geneih A & il W
1.6 7/ 16S rDNA CEHIHE

ZifLJE 1 16S rDNA F BUl i TA 7 B 5 AR 7 42

pMDI18-T vector¥ {. FIE. coli DHSaH, J7i44%4y  F
sbEPl, WRATSENC T 37°C KE3E 12~ 14 05, BENLEK
TR, /N R EUTCRE 56 3E 3\ A B IE AR . KRB
PE OB S B 2 N2 W 7 A2 R ILBFA b, #EE 16S
tDNASCE . o DR3840 17 S DNAY 19 11 16S
tDNA Y & 1) S FE AR it oA 3CFEa, BASPEAR B AR KA
WM DNAY 1 16S iDNAMEE I SCFERRIC ML FE
b,

1.7 %5{LFRY 16S tDNA HENF R RS EFNESL]

LL pMDI8-T vector % bafEA7 sipiMIr)5 4 (Primer
RV-M: 5-GAGCGGATAATTTCACACAGG-3',
M13-47: 5-CGCCAGGGTTTTCCCAGTCACGA-3") ¥~
we B PETERE TR Y 16S tDNA 4B A BL. | Hhal Al
Rsa I PHAHPRGIME PN UIEEXT PCR 438 (146 N A Bridk
ATHEY) BT CARBRIERD . BV =PI 8% IHIZE A Ik
[t rak, SR, i g5 R 16S rDNA
FREUE
1.8 IBWELES

Jif3 16S rDNATR S K1 F Tanond i 73 At 144
LN T #r. VLR B 2 S GO SRR AT SR 2R,
R AN [i] P45 100 R AR AL P9 A D7) i il 2R 38 A D £
FERR—2, — AR R — A5 S5
JG (operational taxonomic unit, OTU)!*,

1.9 BEEESEMEZHMTMIERMITERZE

(1) Coverage C CEMFERMITHE A XN

Primer

C=1-— (D

A, N AR 16S tDNA R LS, nl ARFRAE
FERACHBL 1 R OTUs %R

(2) Shannon-Wienner 8%+ HE AN

S ni

H :—Z:lenpi o R=y (2)
A, S 4 16S tDNA [{Iif5 RFLP SRAVHE n;
5 i A 16S rDNA (1] RFLP KAITTE%, N A

(3) Simpson fEETHEA AN

S
D=1-) P’ (3)
i=1
(4) Margalef #if 3= FEFR BT T AN
S-1
M TN )

Kb, S ABEET TR H , IR .
(5) Evenness ¥4 FEAREUTHE A A -
L (5)
H

max
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1.10 FIMEMRG AL BRHEE

BEALHRI 7 A vefE GLrpocle a hdkik 4 4>, 3
FE b mhkik 3 4 e HAm A 784K (1.5 kb Z240),
ZAL BRI AR S K. PGS 0 T,
JT25. JT33. HR24. HR31. HR57 fil HR85, #KIK&
fifi  Genebank J5 3K 1% & 3 5 W~ : DQ839379 ~
DQ839385. iz HlA:¥)# A+ BioEdit. ClustalX1.81 Ffl
MEGA2.0 737751, i RGeS BT, Ja) e il 7 e b
ARG HAL

2 HR55H

TIEMAE R DNA B9I2EN S 4k
AT IR . ZFEMERR L I T A ) 5 DNA
SEHEAT IR VIRV S5 8 AR A ST S B A
ARSI T R F B R 4 I SR Rl O AT R )
AN by T34, JFIm i & (1 K A 20% SDS 2414
L -SRI 5 DNA, DNA #2008 4 13.6 pg/g +
0.5 pg/g 1, KFEN ISP AE A 5.2 ng/g+0.5
ng/g T, AibE N 38.2%, WIEIH A260/A280
1.60 +0.05, Prigalife=#R1n] F T J5 2L 16S rDNA
W5 T AR

0T MR EBE N A B ik, i H 26
PE, IRZRMERA, IR 7% A A v TR
W ARSIt o R R R T K A R P
6], JFAESR I KRS 23 m 5h i 5 DA 2k 4
241, MEPEEUT B DNA B HARENE. Bt DNA )
JeAH A260/A280 4y 2.00 + 0.05,
2.2 4 16S rDNA X FERY RFLP 73 #7#0 bL 3R
2.2.1 P4~ 16S IDNA CEERGFUIERM Gt b X
SCPE a MISCEE b PP 16S rDNA SCPE, /NE S EUTURE
YO UE N B B IR PR TR R SO R R S, A

2.1

50

YA 52 W

ok T A

1 35 7 91113151719 21232527

BAE 26500 (OTU)

& 1

SIS S ZE R & HREL 100 D TalE, ZPCRIRAGIHAL
FIEAN B (49 1.5 kb), HHhal FiRsa I PFFPUGK
FEWE 038 BOEAT G, 2B e AN R 4k
XA BRI 4R S S AT v 0 A, JE3RAS T 188
ARFLPHAL, Hoh 3 %a 87 4, 30/%b 96 4. WIS
R geitas R ngk 1. wrreRm!, FHha I fRsa I
PR DU i 5 B P Y DTG 16S rDNA 1 i 1) P 3% 57
EMRGR G R, REMHAED T 16S IDNAY
BIFEPEIS 95.6%, PRI FATTRT LA F 3X M g 17) P i
WF9T LIRS T AN R B B VR 44, IR E
SU L E AR

F1 7 16S tDNA X ERI AT Hhal -Rsa I BEfI2RAIE B

Table I Number of Hha I -Rsa I RFLP phylotypes

in two 16S rDNA clone libraries

ZH W% a S b
seRERL 95 93
Hha I -Rsa [ B2 %% 87 27
HUA5 1 ANk Hha T -Rsa T 128705 80 17

HA 1Ak Hha T -Rsa I BgUIZEBU BT i (W bR 84.21% 18.28%

e TR

M1 FRTLLER], WA SIS A KR
ff) RFLP 2BHY, SCPE a FISCE b P A 1 DRifER
Hha T -Rsa T 1) 28 2 5053 3] v s v B ) 84.21%
F18.28%. X[ LIE I a hES T HNFEEM
RFLP &7,

T — D) S R BN ERAE 53 I8 50 70 R I 1) ot e - 4
R ZWR AR, LSRRI, TR
AR FRAN B R L T AR R AN B 2, i g
(20 R VE U LU 38) —, JLF- B W — S BE IR 40 A1 o
Peth. (E 1D

A A

1 7 13 19 25 31 37 43 49 55 61 67 73 79 85

BT (OTU)

A 16S rDNA X EERY AR B % £ ik E

Fig. 1 Rank-abundance curves of bacterial community of two 16S rDNA clone libraries
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2.2.2 P 16S tDNASCERIZ AT EM T N
HZREPEVEN R 25, FRATT PIAS 16S rDNA ST R 1) 7%
K/, RELPREBCE (RIFE ) Mo fisiR (|
BIsIpE) ST T M b (3% 2). BRI EY 16S rDNA
SCEERER RFEAR R AN AR S 5, e Wi
RS TR 2 S (1 P 5 15 A AR R A rh 41 1T 1 2
PR, FRATEE AR SCE MM RFE ML (8 D
FIH5 ffiCoverage C {EXFEZ ML PN L, — Bk
Uty MEREIMEE TR AR G IR, rAh
16S rDNAVEMERCERA L, WE 1 hFE

B, X b k& TrFam X a mihd)
BT BB B, WEUR UL, 8 EAH R e B H I

A2 ] LUK G AR EAE KA B I 2 R, (HAIARE
RSB IR A P = 2 . AH Y I Coverage
CEW B TiX AN, Coverage CIEHIIS RN
BESCEETR BT B AN R 2R COTUD (A e 4 R 41
PRI LEH, SCEBIMEEZIL 81.72%, RTLLIAN
FEOAFEAW L ER, I a KIPERL 15.79%,
X B 48 b S R PR A R 2 R R R R AR

R2 P 16S DNA XEMBEEMEZHIESH
Table 2 Diversity indices based on Hha-Rsa RFLP phylotypes in 16S rDNA clone libraries

PRI RFLP J$% FEZE (O Shannon-Wienner #5%{ (H)  Simpson 5% (D) FEE (D ¥)—F (E)
XPEa 87 15.79% 4.432 0.987 18.885 0.973
b 27 81.72% 2.271 0.758 5.736 0.501

— NN 7 TR 18 R R 2 R, —
J7 T AP EE R B (1) 425 5, Bl species richess,
ST e SR A B9, Bl species evenness.
F5 B (richness) A& HRE SCPE 1 T8 2 (1 e B A1 OTU
(R EL B DL AR LA ke Tl A & rh A E A RS, BR
iR B EE S (species richess) 5, ¥ — & (species
evenness) I —, WM 2R Bl s,
SO a WA B S T 3OE b Hy—E8En T 1.
SESIEN -3t M e s BN A = 2

Shannon-Wienner fEEUE 46 KL FE B EMY—
FE W7 T R R ) — A 2 AR A, HOfE8 s ) 50
mn PR AR Z A P RS . Simpson 45 20U
(USRI o A AR 2R A b M, SR TPz g 2ol s,
Wt B M TP BB B HE A e B HLAN ], 3X
WA TElE & T [F A K LA, 2 PR PERR Rk
iy X NEERIFE VLR T SO a LS T EE R
MAEY R

B2, SR b PR M SR E Z AT
PR a, W2 UL, PRI IRIS RN ERIR ., Hies
Ji 4 58 P R A PR R VR S M AELEAR R ZE 0] e TS
s — R g B O RS R R A w, XA
FEFE IR 5 B SR an S R A 25 e A Y
Ky EAEIR 2 308 7= M B ok A&, i H
AIREA T LR AR R R, A EAT R P L
FIPLAERE . DRI, PAR S IR0 B 2 BEAS e A THI Hb
AR 358 20 R T A5
2.2.3 MINXERRGKE T ASCETHRE 7
APPSR b ScE a 44, CFEb 34N e HoAd

AR Bk 1S5 kb Z£A), W5EJEK T4 4 RDP
(ribosomal database project) Zi#i/iz CHECK-CHIMERA
PR, JorlReff k& Bt (chimeric fragment) &,
7t Gene Bank HUEAT HE 0T 43 A7 HAH AL AN [RIJ5 PR 4 i 1)
Feoo W0 7 8105 A [ R 1) 40 R 2047 EL 408 1t
MHERGKER, CUBRRIX L S rh Bk Ik H v B 1)
R REHA (2.

R SR AN RV LU BRI, SCHE a vl e e
BEARBG IR T RER 7y, IX UL T R P R B R I AR
W HARK LR, TR F SRR = AL Ge ks 7 T B i
LA ) TISCE b rp RIS RTEE IR AR A ) B
T i )8 (Pseudomonas sp.) Al ZEF AT 7 J& (Bacillus
sp.) ChAE, BRI EA TR ARG FRIN A b 35 R
B WRGEUAH ErTLUE R, P kR R B IR 1)
T, R B LR SR R TR ARAT AR ey ) (R, X ] T
LU P AR T T 2 R D DR A T o

3 Wig

(1) LEBRAEG BT IEM O TSR 453
ATCAE A i AR ) 2 A PR a i s T
TRRBNNEER, A B 53 B 1) o o B e 1) A 100
N (a3 95 AN, bICPE 93 ), alE i R AN 15% /e
Ai, b O AT 8 T RN S WP A5 R a SO
o BRI IR 16S tDNAJFS] (K 1), X
LB 25 N — AN 1] S e - g v AE AR AR 2 R BRI
[20]

(2) ARDRA 43 #T (amplified rDNA restriction
analysis)>'JE—Fx} 16S rDNA H Bt 4 RFLP /M)
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1000 Bifidobacterium boum. D86190

204

604  Alcaligenes faecalis. AY748468
572 HR57. DQ839384
Nitrospira sp. AJ224042
552 HR85.DQ839385
897 Uncultured Holophaga sp. AJ519365

Bacterium Ellin. AF498709

HR31, DQ839383
HR24. DQ839382
Desulfococcus biacutus. AJ277887

Metascardovia criceti. AB241105

108 | 986 | J17. DQ839379
1465 Bacillus pumilus. AM062682
JT33. DQ839381
688 Lactobacillus delbrueckii. AB0O07908

Uncultured soil bacterium clone. AY326567
Uncultured Acidobacteria bacterium. DQ451440

Uncultured bacterium clone. DQ404598

]Actinobacteria

Firmicutes

Acidobacteria

423 Calothrix anomala. AF527479
238 _|1 Nostoc calcicola. AF527475

Cyanobacteria

912 [ 1125. DQ839380
673 —L[Burkholderia cepacia. AY741354

990 - Pseudomonas sp. AY880843
Cycloclasticus oligotrophus. AF148215

Frateuria aurantia. AB091200
Nitrosomonas europaea. NC 004757
Azoarcus anaerobius. Y14701

000 118 | Microcoleus vaginatus. AF527476
4,_‘ Xenococcus PCC7305. AF132783

624 1 Oscillatoria amoena. AF527477

Salmonella enterica serovar Montevideo. AF227867

Methylobacterium fujisawaense. AJ250801

Proteobacteria

Bl 2 EHTF 16SDNA R TIBME RFEL B W

Fig.2 Phylogenic tree of soil bacteria based on 16S rDNA sequencing (Underlined: 16S rDNA sequenced in this work)

Jrik, HALRUEATER /34T 16S tDNA v B 751
5, DA Ao PR f SC K& 16S tDNA
B M B e 6 X 8 16S rDNA - BT I 5% B )
e . SR ARDRA 23 HT 7125 I A1) 2 e
(IR A8 P 1Y), AR 7 VA Gl 2 4 22 RE PR (R A
WE . RN R ARDRA HARMIA R RERE 7R
LA AR T o AT AT B SR A I R A —
(N AT 5, 0] DU SO n 55 7R A= M i R B AT
DXy, RHIS S B nT R TR A R B, LiAR S
B IR SEORS 40 b s e - S A AR I 2 AR
(3) 7EARDRAZMHT LAY L, 45640 2480k fn
FEBI e BT AR B 0005 S, B H KRS T 20 R E )
BEE PR EIhRE. SRt 2. R
AR WA P AR e R, (T
BRIk B 4 A, L RIRE T BB AE R R R 2
FEVE, 2B A MR, FN, KfEL
e B B R, R BRI DA R
ARG T AT HIIX o BRI AT 3 ) R SR RNV E ) 57
LSS T R AR AR, KRG LR E

Vi G R (R RS2 I A Bl T B R M AT B o
ISR, DU SR 0 H 0, WA ) i e e 20 45
R BEEAIH] . ARSI RS )

S 30k
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Comparison of Bacterial Diversity from a Rice Soil in Jiangxi Province
by Cultivation and Uncultivation Method

CUI Zhong-1i"?, LIU Juan?,

(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;

CAO Hui?,

LUO Yong-ming',

ZHAO Qi-guo'

2 Key Laboratory of Microbiological Engineering

of Agricultural Environment, Ministry of Agriculture, Nanjing Agricultural University, Nanjing 210095, China)

Abstract:

The objective of this study was to compare the diversity of the cultivable bacteria with the diversity of the total bacterial

population in soil. Two 16S rDNA libraries, library a and library b, were constructed with DNA extracted directly from soil and cultivable bacteria

derived from red soil in Jiangxi. About 100 positive clones selected randomly from each library were investigated by ARDRA (amplified tDNA

restriction analysis). After PCR amplification of insert fragments, restricted digestion of the PCR products were carried out with two restriction

enzymes, namely Hha and Rsa. The statistic data showed that, Shannon-Wienner index, Simpson index, Richness and Evenness of library a were

4.432, 0.987, 18.885 and 0.973, and all of them were higher than those of the counterparts of library b which were 2.271, 0.758, 5.736 and 0.501. It

indicated that traditional cultivation methods have its limitations and difficulties in exploring the diversity and potential of microbial communities.

But associate with the new molecular technology, we can analyze the diversity of the microorganism community, evaluate the ecology environment

and exploit the microorganism gene resources.

Key words:

Red soil, Cultivable bacteria on plate, 16S rDNA library, ARDRA, Diversity indices



