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Analysis of bacterial diversity in rhizosphere of cucumber in greenhouse by the

methods of metagenomic end-random sequencing and 16S rDNA technology
ZHAO Zhixiang'?, LUO Kun', CHEN Guohua’, YANG Yuhong’, MAO Zhenchuan’, LIU Erming"*,
XIE Bingyan® *

1 College of Biosafety Science and Technology ,Hunan Agricultural University, Changsha, 410128, China

2 Institute of Vegetables and Flowers, Chinese Academy of Agricultural Science, Beijing, 100081, China

Abstract: Soil bacteria play an important ecological role in the ecosystem of soil in greenhouse and in the exchange of
energy and substance, and have a significant inter- or intra interaction between bacterial community and greenhouse crops.
Understanding of the composition of soil bacterial communities is benefit to reveal the relationship between the change of
land use and the effects of entironment. In this study, total microbial genomic DNA from soil was extracted and purified by
density gradient centrifugation, and 16S rRNA gene was amplified using universal primer, 27F and 1492R, and the product
of PCR was recycled, ligated, transformed and screened using blue-white selection, and then was constructed 16S rRNA
gene clone library. Partial total DNA from soil was treated with end repairing, ligated to Fosmid vector, PCC2FOS, packed
using lambda packaging extracts, transfected with E. coli EPI300, and then was constructed metagenomic Fosmid library.
The result showed that the 16S rRNA gene clone library was dominated by bacteria belonged to -y-Proteobacteria, which
followed by Firmicutes, especially Bacillus, which constituted 32. 2% of 16S rRNA gene clone library. The groups
including a-Proteobacteria, §-Proteobacteria and Actinomycetales were minority in the 16S rRNA gene clone library. In
addition, 35 OTUs were obtained from the 16S rRNA gene clone library according to sequences similarity of 97% . From the

result of end sequencing from metagenomic library, vy-Proteobacteria and Firmicutes were also dominant groups, which
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constituted 26. 1% and 19. 8% , respectively. At the level of class, the results from 16S rRNA gene clone library and
metagenomic library were also included y-Proteobacteria, a-Proteobacteria , 3-Proteobacteria , 3-Proteobacteria, Actinomycetales
and Firmicutes, but the proportions of each class were various, especially Actinomycetales, which contained 2 clones from
16S rRNA gene clone library and constituted 0.7% , but contained 26 clones from metagenomic library and constituted 8.
7% . In terms of predominant genus, the numbers of genus from end sequencing were higher than that of 16S rRNA gene
clone library(40 >35). In term of dominant bacteria, the two methods both showed that Bacillus was predominant group.
However, the result from end sequencing of clone from metagenome contained some minority of bacterial groups, which were
not revealed by 16S rRNA gene clone library, such as Gemmatimonadetes, Chloroflexi, CFB group bacteria,
Planctomycetes, Verrucomicrobia and Cyanobacteria. This discrepancy maybe reflected the substantial difference in two
methods and probably results from the defects of 16S rRNA gene method, including PCR bias, chimeric gene, heteroduplex
and mutation and so on. Comparing of bacterial community of the exposed soil, the bacterial diversity of soil in greenhouse

was relatively low. This phenomenon was possibly directly caused by continuous cropping and single cropping.

Key Words: soil bacterial diversity; end-random sequencing; 16S rRNA gene library ; metagenomic library

TR IR b K A BB A IR , B B BRALPER SRAK BT LA B 1 3 v 5 e W 1Y) o il 2 5 2 T
BERSEH , BEAZ R RAR ELAE R, S Sh AR E s bR oE Y o AN B X 39 P ) SRR, B WL I )
MRS EEREENOER BRI RESRENEEHRBA . Frox L mP e RS B
TIAT T MAFREE RISV 40 8 2R , 24 ORI 3 BE 2

VAR, HEREE AT RZFEFBRSRETE K AR K, REMEERZEER M, RERGUEWER, T
FET AN, 1B SRR EEZEEE R, FEZ TR H) 2 W R E R E R, [N, 24
S -3 R PSS B R SE A AW AR AL , JUHC MR B AR 77 ThT AR 1 8 /0 P 28 A TET AR ) 389 0 , s 987 ok -3 A= W) o
PR 2k , U R B R BRI - 3B A W T8 S5 A0 B A2 A, 30K e B 138 A 25 R G I D) BB R SR NG5G 1Y
FosE o B B RTA X 7 H MIBFFE EA AW B, JUHR B2 0 1 o BE LA A5 0F T i TS Y 2R R
/N2

EARIREE,99% DA b MR WS AT FSC 0 8 Al 3R 9 07 ik 3RAR Y  BOh B R MU D BEE G50 RS
THRE R HAHE R RIR P B KERG . BEE 0T Y BORTEMAEY SR P RN Y 2R
WFRAE THREB . #EA 20 4 90 FRK, A 7 FE R 4R i & J , T 7 5k IR 4 ST Y 43 BTt R Ak
W) 2 REPE LS I TH BEJE IR 4H IO BF T, 3R T 3 B S

it , 43856 5% A 16S rRNA JE K] 5 b SCZE R0 2 B [H 40 Fosmid SCPE AR i REMLIU 7 Wi 0 7 i, LA T P&
A8 S 0 2 B IR B - 3 40 o 25 PP R T B 2 ] B 22 57, 0BT T T 2 B TOARR B 33 400 o A Vs 45 A L LR O
BTE T Al % TR B - 540 B ) 2R L B 8 7R T bR AR (b 5 AR SRR ARLUNE =2 18] 9 0% 72 B8 58 LAt
1 MRS
1.1 #he

AT 2008 4 3 HRE BHVE X H E AR F B g AL BT iR SR S BN R R b . b B4R FR
10 a DA ko SRAEHIZESE 10 DFEERA b SR FLACRFEES , R IRAE AR R AR 5 N3 TAR [ 384
CREHRZ 10 em  RERE 0—15 em) ,BEJ5 FABEALEH ], 144 10 mesh (2 mm) § R 7 , 25 B /NB0RL
HIA Sk FIERAF AR R , AT - 20°C kAP . R 1,

1.2 115 DNA F3REL

% Bertrand S FTRGE" . BOHERRSr: YIIEA 10 mL 0.8% NaCl &5, 4 L 10 mL f) PVPP, iR
47,10 000 r/min, 4CE.L> 10 min [FHF FEF, BEEZ 35S K, ZLEERBEE, JLFEMA 10 mL 0. 8% NaCl &,
#4 10 mL Nycodenz( Axis-Shield, Oslo, Norway;8 g Nycodenz }&F 10 mL KF/K) IIARBIEFH,11 000 r/min,
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4°CEL 30 min, /NOERTE Nycodenz- + 3 1R & 0K 12K 240 5T B B 40 )2, B85 78 10 000
t/min 4°C B> 20 min F2fR Nycodenz &R . 'BHE FIE H S K-/ HEF-SDS 3R +3% DNA, F 100uL TE %
fife , 1% BEREWEH KA, - 20°CLRFF,

F1 BETHBBUAMER
Table 1 The soil sample tested in this study

. ag A BN HHN #p P K A K
S mi P H Organic C Total N Available N Total P Available P Total K Available K
ample
" ’ /(gkg)  /(gke)  /(mgky)  /(gke)  /(mgke)  /(g/kg)  / (mg/kg)
+ 3 Soil 7.2 27.5 2.0 25.7 2.4 82.6 25.2 273.7

1.3 40P 16S rRNA FE[K PCR 43 K FE R 7a R SCPEMG

LA DNA &M, 405 16S rRNA K E 54 27F (57 - AGAGTTTGATCCTGGCTCAG-3” ) Fi1 1492R (5’ -
TACTTGTTACGACTT-3" ) i#47 PCR 44 . PCR 4™ H4 T FH SR I0L 1 3% B S L 45 2% R Sk ! 4B (9 vk o

PGP Y2 1% HI SR EEES B TR A, [B1i 1500 bp () B, iE# % pGEM-T

(Promega, USA) | ,E. coli TOP10 %4k, % LB (& Amp + . IPTG F1 X-Gal) ,37°C iK% 5%, PkEIE,
37°C,220 rpm, #ZhIEFF 12 h, B FCREERI 1uL, i T7 1 SP6 #E1T R WK PCR, i 4t FH 14 se & , 4 8 2k R ve b
NJE, B PCR 3[4, T7: 5'-TAATACGACTCACTATAGGG-3’,SP6:5'-ACGATTTAGGTGACACTATAG-3', #k
B 300 A~ B pe Rk v SR R U A o
1.4 168 SLEZHEES T

JH Chimera Check F2 5% 45 16S rRNA 75 7E 204 %3% £ ( Ribosomal database project, RDP) #Ff7H#x &
RR, BRI A IRFS . LL97% Kk BIfE , Fi DOTUR k4R /30 E 2 30 (OTU) 7 A0 B ke v
4%, Shannon-Wiener F8¥ik#E T 5 AR BATHE™

H =Y (pi) (log,p —i)
K, pi KRB NYFEALE S SREALE R L),
¥5)% (E) = H/Hmax ,Hmax = log,S
FEE S ZEADYREE, X BER OTU KEE
Good BEFE =[1-(n/N)] x100

A, n [RFEHTIME OTU B%E, N REUE ke B g .
1.5 MERGEHLR

¥4~ OTU AR FFILE NCBI BEATIF 5 HUXT , I T 8B — Btk i TP FIE S LR I 8 R G #E LR
R Megad. 0 #-60M ISR BERE B R SR AL o
1.6 RHER Y Fosmid SCPEM R RHE 43

$% 18 Epicenter /2] CopyControl™ HTP Fosmid Library Production Kit {5 F 156 BH , #4) 8 - 450 Ak By 22 L A
#H Fosmid 3,

T A 0 7 R PR 2 SC PR AT A A BER/IN (SR RS e ME R A BEREATLEEASIN , & BUAG R (Y SCRE T 2y , i
& ZAEVE S TR D BB R R 0 2 55 O TN BF R LA .
1.7  Fosmid SCPER U T 434 - 4 o A

FEHLPEEL 296 4~ Fosmid 7gf&,37°C ,250 r/min, #J4% 12 h, Jji A Epicenter 2 &) 42 7= Fosmid Inducer,37°C ,
RS 24 h, HH = EF NG, #% B FosmidMAX™ DNA Purification Kit # F )i B $2 BUR k. DNA, F
pCC2FOS™ Sequencing Primers $F1T 3R )T, 1F M IF 3%k pCC2FOS™ :5'-GTACAACGACACCTAGAC-
37,

H5 I 1 congtigs 7E NCBI JFUZBUHR FEHEAT LU o B BIME " : HSP K JE > 150nt, HIHUE < 7", JF 5
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—BE > 90% KRG BE P 51— 22 B 7 Bt K NCBI & [B1 i) A8 0L B2 55 s 18 19 )5 371 BT & e 480K
congtig f{)2RIHJE , 378 NCBI 48 FE 43 250 % 25 (ttp ://www. ncbi. nlm. nih. Gov/entrez/batchentrez. cgi? db
= Taxonomy ) F17 73 KA 53 o
1.8 BRFINERS

21 B SR r R 23 B A 1 A B LA R, T BB BT B A . 3X 2855 © 7E GenBank B 1% 5%, JF
BERBFIIE RS, BRI 354 : GU395088-GU395090, GU394939-GU304947
2 BRESH
2.1 16S rRNA J X v ke 3P4 T4 e e

FI ] DOTUR #4443 17, {8/ 5 AE A1 =97 % 1) 40 i
& XA E—AS OTUM 33Xk 292 AN 518 N
354~ 0TU, HHH 22 4~ 0TU 1A 1 A5k, HAhw
13/~ OTU KEVE WP EZ AN ke, Hh&EZH S
A~ OTU KA 437 & 56,5046 .42 P FafEFI 22 38
K. [F]mS, | F DOTUR %R 44 Az B HiHE 2 i i ok 1

w
(=}

OTU¥% &
Numbers of OTU

b I3}

o S

(=]

50 100 150 200 250 300 350
SEREJFFEL Numbers of sequenced clone

(=}

2k, Wi i 26 L T B T 2%, R B U B E1 168 XERRMEMLS
BEHBIEBEM(EL), Good BEFE N92.5(5£2),f Fig. 1 Rarefaction curves of 16S library
WREMESRE(R2) . ELOTU fEFR R ISTRAmsEREn
B able versity index o r gene library
NCBI 347 BLAST 4347, S f
# AT ﬁﬁ iﬁﬁ@fﬁ%ﬂﬁ?ﬂi%jﬁ% FEEE YIRhRE AR 5 Sof )y Good 7 25 1
¥ J& F +y-Proteobacteria (41. 1% ) . a-Proteobacteria S REARC AN H E Good’s Coverage
7.5% ) . d-Proteobacteria . o ) . B-Proteobacteria 35 4,748 0.931 92.5
(7.5%) b (5.8%).8 b

(4.5% ) #1 Firmicutes (39. 7% ) , H:H y-Proteobacteria
IR E B RE, HR R Firmicutes (& 2) , R & BT
[J( Acidobacteria) , F B4}y B | ] ( Gemmatimonadetes ) ,
%757 ] ( Chloroflexi ) , Y2 % F | ] ( Planctomycetes ) Z§

1.40%

O rEEH
AMNETTH ,, B o AIBH
4 T TR FERE 39.70% a10% o S
MK b, S NOSHEFMLBEIE 3. §- O BAFH
i W REEH
Proteobacteria £ & 12 Ff' 4l B : Enterobacter sp. . Kleb- O Hp A
siella sp. . Citrobacter amalonaticus, Aeromonas sp. .
Pseudomonas sp. Shewanella sp. \Aeromonas enteropelo-
4.50% 0
genes ., Thermoleovorans ., Staphylococcus sp. . Citrobacter s80%  7-50%
koseri . Citrobacter amalonaticus 1 Uncultured bacteri- B2 16S STEh&MAELL Bl
um , PR N Enterobacter sp. (66 A~TifE) , Fir- Fig.2 Proportions of each class in 16S library

micutes £ & 7 #1405 : Bacillus cereus. | Bacillus sp. .
Planomicrobium sp. \Bacillus pumilus . Streptococcus sanguinis - Geobacillus sp. F1 Uncultured bacterium clone , H A {f;
PEE N Bacillus sp. (94 ~Tif%) ., o-Proteobacteria £ 5 6 F1 4l B : Rhizobium sp. . Rhodopseudomonas palustris |
Caulobacter crescentus .Methylobacterium radiotolerans .Agrobacterium Fi Uncultured bacterium clone , H A L #V
Agrobacterium(9 4~ T [ ) . B-Proteobacteria £, 5 2 F £l] [ : Burkholderia sp. Fl Acidovorax sp, H L #E Ky
Burkholderia sp. (5 ~7i[&) . 8-Proteobacteria & 3 ' 40 5 : Desulfovibrio . Geobacter sp. #11 Planococcus mariti-
mus , H.Fp L3 E S Planococcus maritimus (10 i) , Bacteroidetes {X 43 & 1 Fh4HE : Flavobacterium sp. (2 />
Tl ) , Actinomycetales H1 2 /NTE[EJE T Streptomyces sp.

T, RGEH UK EW (B 3) E# I SHEFIRETAZREC LB F I 53K H HIEHME 16S
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Enterobacter sp. 5EU855204)
HBB83(GU3949:

UC CE2_a07 (EU468004)

HBBI9I™

Klebsiella sp. (EU074057)
Citrobacter amalonaticus (AF025370)
HBB281

HBB
HBB108 (GU39i{0]§193)1 9 ¥-Proteobacteria

64 HBB301
WS sp. (EU284702)

HBB47(GU394946)
—— HBBI33(GU394045)

3 66 Pseudomonas UP (GU129929)
BJ-120 (EU365192)
B 51560 (BU0s1342 1
DA b aria Thad1 (DQ64ggo9) | Acidobacteria
BJ-401 (EU365206)

Fll_izvobactermm sp. (DQS530115) :| Bacteroidetes

72
45, B1291 (365000 )
UC4(gen(1mat1mona ales Plot1 7-2A05(EU440654) ] Gemmatimonadales

BJ-92 EU051344;
BJ-93 (051343
BJ-70 (EU051336)
HBB322 o
Bacillus pumilus (GU191909 Firmicutes
UC AKIW755 (DQ129483)
HBB252
72 | Bacillus cereus (AB535529)

L UC alpha proteobacterium AKYG712 (AY921820)

[d

R 16??1?{%65194)
i Sphingomonas sp. PCMO01 (GU213163) }“‘P“"e"ba"‘e“a

HBB218

%C beta proteobacterium (EF612410)

BJ-75 (EU365184)
HBB292

B-Proteobacteria

54
— HBB350
82 I HBB186(GU394940)

UC delta proteobacterium (FJ516993) :I &-Proteobacteria
g3 | HBB41

Bacillus cereus (EU51339. {)

UC bacterium DSM-R26 (GU172198)

52 Bacrllus sp. (DQ314534) —
HBB223 (GU304942) Firmicutes
HBB336 (GU394941)
321HBB
20 Planomlcrobium sp. (AM400839)
HBB265 (GU394944)
8 |\HBB54 7

34

52

0.01

48 UC bacterium 2Asl7 (EU735721

E BB319 (GU395088)
46 5 Sheévggella sp. tabriz7 (GQ988720)
11

HBB183GU394939

Thermoleovorans (AJ 315594
24 —— Staphylococcus sp. (F1937931)
> Citrobacter kzolserz (CP000822)

HBB
8 HBB287

46 UC bacterium s4w18-11 (DQ068913)
28 gztroggcter amalonaticus (GU185859)

60 'HBB130

B3 RELTHMHE16S rRNA BRTEXERGHLZEH

81, HBB149
30 23 Aeromonas entero, elo§enes (F1940845)
53 HBB205 (GU3949 Gammaproteobacteria

Fig. 3 Phylogenetic tree based on bacterial 16S rRNA sequences of the clones obtained from greenhouse soil samples; UC stand for

uncultured clones

UC RERARIEIR AN T T e , HEALI SR T MEGA4. 0 K4 rp i 4RI BE RS My, B 28408 4E 1000 Yk

rRNA ZHF5], N\E T UE H B T R—AIW TR B R 3RS AE T 0 A AL T+ 58 i R — 4
F b AL E B R R, (B2, 5B M 35 40 58 va b SO AR LA, 1% 3CUEH y-Proteobacteria F1JEEE
B (Firmicutes ) f7 48 %F AR5, HERH L T BN K0, YA R — A E 1T, KRG LR A —E T4

B, FTRE R AR R MAHEAr 4 , T 288 T 8RR, [RT, R R B T 58 b3 H 1 438 e e SO R 2R B MY
B (Gemmatimonadetes ) FIERFF 5 ] ( Acidobacteria) 7o
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2.2 Fosmid SCPEA i BEALIN 4347 3841 o8 e
YA PHEEI congtigs 76 NCBI JF A% 848 FE #E17 11.24%
BLAST HOXTJMHT, 296 &FFAUsh 4 207 AFFAIRF R saon ﬂ o)
FIBIE R BRGR [E LU XS S5 R SRR R AR N P B /:\ ; gig@
SRIFJE , H R3S, FiA RS y-Proteobacte- . iig

ria 5§ 26. 1% , a-Proteobacteria (5 15. 9% , §-Proteobacte-
ria [ 4. 3% , B-Proteobacteria [ 8. 2% , Actinomycetales
5 8.7% F Firmicutes 5 19.8% (& 4) , L&A FH )8
F Gemmatimonadetes, Chloroflexi, CFB group bacteria

planctomycetes , verrucomicrobia I cyanobacteria, 4 , iR

B/ E 4 B (ascomycetes ) | 1 i ( euryarchaeotes Fi
crenarchaeotes ) 2% B ( nematodes ) . %5 B ( viruses ) F1H
7% H (trichomonads ) %],

B H A
19.80% 15.90% © §i$ fé%ﬁ@%m%

8.20% 430%

B4 KinfIomERNMAE LG
Fig.4 Proportions of each class in the results of end random

sequencing

TEJE /K b, R 3l A, & RO 4 B8 &8 T 40 M@ (3R 3) , Actinomycetales 4,1 10 & , Streptomyces i H
& (5 %&F%1) . B-Proteobacteria £ 7 4~J& , Burkholderia K ¥\ B & (7 4cJ%%]) . ~y-Proteobacteria £, 6
N& , Pseudomonas AR J& (25 25 7% ) . 8-Proteobacteria f15 4 /|~ J& , Desulfovibrio WL HH @ (4 & ¥
%) o a-Proteobacteria & 10 /Mg , Nitrobacter AL HE )& (12 £&/%3)]) o Firmicutes 55 3 ~& , Bacillus “H1f;
B (39 £FF) ANEPISF145r 38 T Geobacillus sp. F1 Streptococcus

®3 BATAERIH

Table 3 Distribution of genus in each class

# & OTU % A2k 7 2 OTU % 515
Class Genus No. No. of Class Genus No. No. of
of OTU sequences of OTU sequences

Actinomycetales  Streptosporangium 1 2 Aeromonas 1 7
Mycobacterium 1 1 Thioalkalivibrio sp. 1 5
Saccharopolyspora 1 2 3-Proteobacteria Desulfovibrio 1 4
Brachybacterium 1 2 Geobacter sp. 1 2
Streptomyces 1 5 Anaeromyxobacter sp. 1 2
Rhodococcus 1 1 Haliangium 1 1

Actinomycetales  Corynebacterium 1 1 a-Proteobacteria Rhodopseudomonas 1 3
Frankia sp. 1 2 Bradyrhizobium sp. 1 4
Rubrobacter 1 1 Caulobacter 1 3
Acidimicrobium 1 1 Nitrobacter 1 12

B-Proteobacteria  Burkholderia 1 7 Agrobacterium 1 3
Actdovorax sp. 1 2 Beijerinckia 1 1
Bordetella 1 1 Rhodospirillum 1 2
Chromobacterium 1 1 Methylobacterium sp. 1 1
Leptothrix 1 2 Xanthobacter 1 3
Ralstonia 1 3 Paracoccus 1 1
Variovorax 1 1 Firmicutes Geobacillus sp. 1 1

vy-Proteobacteria  Pseudomonas 1 25 Streptococcus 1 1
Xanthomonas 1 8 Bacillus 2 39
Stenotrophomonas 1

2.3 BIMITERBRAE SRR

TERNT A KT 1, 168 3 PR A 7 B8 H 20 oK o T 5 45 2R P 45 3 19 48 & ¥ /0 & -y-Proteobacteria, a-
Proteobacteria , 3-Proteobacteria , B-Proteobacteria , Actinomycetales Fl Firmicutes, {H %% 24X b 5175 22 5] (& 2 A1

4) o 165 SUFEH 2 1N TEEJ& Actinomycetales, {¥ 5 g [ SCE 9 0. 7% , T 76 R S il 7 45 R P 5 8. 7% , [Al A
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Proteobacteria, 16S SCJFEH y-Proteobacteria (5 8%} i %, 1 EoAth Proteobacteria Ff (5 [ H 41| #5¢ /0 , 78 2K g ) e &4
R4 Proteobacteria . [ AF 5 F H 1] 22 R 8 /N, #E 16S 3CJFE 1, §-Proteobacteria fif 5 f H. 1] K F B-
Proteobacteria (5.8% >4. 5% ) , T & & ¥ ] 4% & H, §-Proteobacteria 7 i # H 4 i /N F B-Proteobacteria
(4.3% <8.2% ), AN, 7E 16S CES , REIEEITFHE ] ( Acidobacteria) . ZF B 5 ] ( Gemmatimonadetes ) . %¢
Z5H 1] ( Chloroflexi ) . 7% % B '] ( Planctomycetes ) . CFB 40 7 # # ( CFB group bacteria ) . ¥t 1 & 4
(verrucomicrobia) 4R H 41 B ( green sulfur bacteria ) 11 3% 2l i ( cyanobacteria ) 55/ & 41 B FP BE , 1 78 R v U
GERPWE R, HA 4 DR WFIE T 2B M E ] ( Gemmatimonadetes ) ,2 ™)@ T4 Z I ] ( Chloroflexi) .
TER 7K b R 3l (0 45 R R B4 o 2RI K T 168 SR,

TERHFPEEE AL, Rl 45 RS KB 2T 16S SC#E (40 >35) , 3+ H, BN+ E W E A Fr
£5|(5£ 4) . 7 y-Proteobacteria Fl Firmicutes H, R ¥l FF 25 R0 & B HH 20 F 16S SC#E ., 7E a-Proteobac-
teria , B-Proteobacteria , §-Proteobacteria Fl Actinomycetales H1, K %l ¢ 45 REA & HBHH L T 16S X E, 1E
Actinomycetales , B-Proteobacteria I Firmicutes 7, B Ff 7 2: 45 2| B L 2 & )@ AH 7], 50 5| Sk Streptomyces . Burk-
holderia F1 Bacillus sp. ,Tij1E y-Proteobacteria H1,16S SCFE{LHH J& & Enterobacter sp. , A Vil > Fl) 45 S AL
J& N Pseudomonas ; ¥ o.-Proteobacteria H1,16S SCEEILHVE J& N Agrobacterium , 7R gl 7 1 45 S A 2V iF J& S~ Ni-
trobacter ; 7E 8-Proteobacteria H1,16S SCEHVE )& A Planococcus maritimus , R 3550 JF 45 AL HE )& N Desul-
fovibrio, 16S CEFHE AN HIIAFHE ] ( Bacteroidetes ) ZHE Flavobacterium sp. |, T A Sl 7 H 45 5 Fhp ok & Bz 2
T

®4 ZATRBARRNSEYE

Table 4 Dominant genus and numbers of genus in each class

p f %Ki J& Dominant genus £ JB%(H Number of genus
Class 16S U A EALI 16S 3CJE A I HEHLIN Y
168 library End-random sequencing 16S library End-random sequencing

~y-Proteobacteria Enterobacter sp. Pseudomonas 12 6
Firmicutes Bacillus sp. Bacillus sp. 7 3
a-Proteobacteria Agrobacterium Nitrobacter 6 10
B-Proteobacteria Burkholderia Burkholderia 2
d-Proteobacteria Planococcus maritimus Desulfovibrio 3 4
Actinomycetales Streptomyces Streptomyces 1 -
Bacteroidetes Flavobacterium sp. - 1 10

3 g

16S SCEE AR 3l 7 1 45 SR 3428 R 2 38 )TURR | 3 A0 T8 AR PR3 T o 16S tRNA UL 35 4> OTU,
35 NE , RFER AR PR E R A 40 A, B4 BRI A RIS B IR A A I . FER 2k
KL BFh RIS A 2 3 A K, )8 T y-Proteobacteria | Firmicutes , a-Proteobacteria | B-Proteobacteria
#1 3-Proteobacteria , y-Proteobacteria WALV B, 3X AL JLAESR HABRFZE A 52 A 16StTRNA K [K 78 f& SCE R
Tt R S AT AT TR I G R A — 3 B B M ER . AP EE B A
=] B4 7, [R) A R 28 3 TR Bl 3 A ) 2 PR PEEAT T 404, 3 & 3R Firmicutes J2{{ KT y-Proteobacteria ]
B HE, XA SRERKFERIREE, mAVRS R, RIS (RRERE) , fE L —EY, /EY 53
Bt AE Y 2 (A LA R TR BB S iR 2R G 26 o KA LI, JEERE TR ] 2R FAT TR B VR AR B N B RS B
2B o B, TS SR MO SE AT AR LA PR . AW STt B0 22 3L IR AL SO, A0 3 Ok 3 IR %
BEE R EA KRENIRE, AR T NESENAE EoimiR s8R B IRMAEY S, A
T 18 Ak 3 2 B AR Bl B o

WA B AR W) Z R EE T HAt 7 A 07 o o FARCEAR T FRIIEA , 7 FAR e HoR &
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FERR M B 1K B £ 75 ( Restriction fragment length polymorphism, RFLP) ') B#E#1Y 3 DNA £ 7 14 ( Random
amplified polymorphism DNA, RAPD) '8! 3 i 4 {& DNA FR 1 14 4> #7 ( Amplified rDNA restriction analysis,
ARDRA ) ") 2 . /3-8 W 45 AR 4035 25 M6 B ( Denaturing gradient gel electrophoresis, DGGE) ") Mty L7
£ ( Single strand conformation polymorphism ,SSCP) **! JE 5 /56 B %E i B 7k ( Temperature gradient gel electropho-
resis, TGGE) * &%, (B2, B X SeHF 5T 7 B4R 2 36 F DNA i BER/IN BB Mg 268 A e ik = 35 8 R s T e
JEHRTK AT B, X B D) S OB R 7 — B IR E . R, A SRR K P LA SRE, RF5ER
FAMI IR 7 R R AL TP 5 2 0 LAl _E 1, AR 4 P S AR DI K PSR BEAT 5T, RRAE TE 4 . T R A PR BF VK 45
T A [R) P [ i =

16S Jr A FEmIE T S 8 e, Bl & 22 R\ R U U F R A8, S8 M 25 R M ERR MEF L S5, o
Hb, DT e A 16S rRNA J R $5 DU 22 1 40 o 85 i v v, EL {175 08 28 T ik LA 224 4 400 B BE T R Jik DNA
DHI R AR, B F B LR S —ERE, LHERAYMNFESE. HE2,168 &
FEARYE 97% K F FIAR AR RIS F0E KT 97% AT IR —ANE i Fh - o B, ZE X 0B AT 2
RUTERT, FIF 16S kA B THRBF RN . TEZREFHSCES , Ruwillfr R REXHUAR 75134717 4
JE IR 53, A [ 8 BRI G- R AR UE , AN BEER BB R, [RIE, R BRI SCE T, Fosmid e 4 A Be#%
K(=35 kb) , iAFEFH = F 5 I, WARKESR I Fosmid DNA, 5{E DNA fvk BEH I, 550K B H5% im 2  Fe
SERMVERTE, B TR, BRAHBIEER (HE— SRR —WI#E B —5 58 H— RIS ¥ B ) Fosmid
DNA—JF) , H FHA LT PCR 73, EHAR B A & 41 DNA S5 R 510E , R )5 , LIPS B
{6 BLAST LU X5 SRR/ H A XA TR T 16S J5 ik PCR g A i s, BEAK 45 0 S 1l 2 AR ]
B F) ZHEE K-

R, AR A RS & 2 Fhor 5 AR IR 2 AR B R SR T . B 5,18 168 ik
BT R KB MR BE AT, BT R RS, R 2 B R 2 R o , o KW &, KA B ik
PCR ¥ ORI A WM B ESTESHMZ P, 00, Rl P45 R A 26 K555 )& (Strepomyces) J§
5, BT FEBFEIAE,H 168 3C%E (UL 2 %4 16S IR T k)@, X il R B E 16S rRNA X%
27F F1 1492R 5| ¥ S HEBARGE U o 2T 16S SUPE, 75 B IR AH R i il e S R I 25 SR BE & WL, {HZ, 16S
TEWA —E WIS BRAERE RTAT, BRE SRR o BT, 72X 40 B AT 20 S 4 5 A, 2 2k PR 4 R o U
FPA 168 SUEEE AL, ARG . TEHZSHMEN T, RAWE B YL Gk 68 5 47 S 7 5HE
HeR AR E LK,

SR HSE H 3B 16S tRNA H 08 TR SO A EL e, WA 7 1 3R A8 1 40 B 2 R 1k A B RAIG, TT R
BT ZAEME  FE B — , IR T K B I ACAE A 25, 58 AP e S AR R AG R 58, BRI T s ks g
201 =5 S i 1 Q1 1B R e S W S0 v B 2711 ik
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