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Analysis on Microbial Diversity of Different Agricultural Soils by
Using Molecular Biology Technique
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Abstract: The microbial diversity and evenness in three different soil samples: compost-treated, chemical fertilizer-treated and

control group soil samples were studied. The 16S rRNA gene cloning and restriction fragment length polymorphism (RFLP) were

used for the comparison of soil microbe community. The optimization of RFLP digestion was firstly carried out, and Acil, BstUI,

Rsal were optimal restriction enzymes for the digestion. The diversity indexes of soil microbes were also calculated and the indices

of three treatments: control, compost, and chemical fertilizer-treated soils, are 0.990, 0.986, and 0.962 for D value, respectively; and

0.979, 0.977, and 0.931 for evenness, respectively.
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ik, HAZ G RIER R (lateral gene transfer)
5em o AREG R AE Y 2 B FRER, 454 PCR &
RFLP A, 2041 g TR F29 b s 2 Ae vk,
DRI [ 050 T B S B (S Pt A 2. G &8
2 BRI A I8k, T3R8, Ll
16S rDNA 1% % LN 272, ARk
BT H . itk 20 2 e R B e
%o A% T 26 IREE L IR A BN AE YD VTAN
Y SE RUR 8 LR IE 9T LA DA 2R, ARIFSE 2R
YA, AR ZFEESREE, ATy
PRI AE KRS, e HE R S R P AR, B
I G ARSI R AN T34 B AR TR, R o AR
BSIBEOBIR, 2o B ARM IR, SRS =45 (1) I fik
XA A JEAT A R N F ¥ T
1 #RIERZE
1.1 MRIEAE

TEERE AR A B NRY, BT E
SRINTHFEE 5, i 10 mesh (2 mm) §iM, FH745
A o HEAVE IR 1 Pros. I 25kg 1135 190 g
HERIZE MR AR, T 15 ecmx7.5 cm (ELARxE) /N
RA 12 BRI A 12 d /N SR . BB 3 MR
AREE 1 B EREANAS BE. BN 2.0 g 0.6 g4
1.7 g, BB AIMEAN IR 2 4.32 g L EIRES 9.36 g.
AP 2.88 go ALEE 2. HBIMEALRA. B P ES
S TAL IR R 2.0 go 1.45 g, 1.85 g, 20d J5HL T
LU SR (NA agar) 07 ORIV R E. b2
3 OO+ DAANHlIE A 0]

F 1 LIEBER

Table 1 Initial properties of soil used

T H Items W E{H Measurements
pH 7.0

fib 1+ Sand 61%

e 1 silt 24%

Fhi+ Clay 15%

JitHh Texture Vb1 Sandy loam

# HLY) Organic matter 4.0%

A Total nitrogen 1.73 gkg!

NH,"-N 60 m gkg!

NO;™-N 23 mgkg!

FH 87304 fs )] Cation exchange capacity 58.0 cmolkg™

13 ¥ Electric conductivity 0.53 mmho-cm™

1.2 +1EE DNA HIZER
2% Miller %P5k, REES. BLE 10g T

B0, N 20 ml TENS buffer. 7% 5 & 170 C
K 1 h(CEE 15 min 257 1 70, BUEJE A 9 2 0.1 mm
PEHAZR, HBE 1 min 5% 30s (FL4 0 5 KBS
R TRES 3, FLL4 °C,6 000 x g, B0 10 min,
e FIEW (A) o JUBENIIA 10 ml TEN buffer (100
mmol-L™" NaCl, 1 mmol-L" EDTA, 10 mmol-L" Tris pH
8.0) , LL4 C, 6000xg, &L 10 min, W& EiFH
(B) . & ARB, ¥UUEMA 15 ml TEN buffer,
ERAZ A 2 min 5, TWKPMRE, kE3 K.
BL 4°C, 6000xg, E.L» 10 min, W BB (C) .
VU HEL FRAEMEERE. Bl 4°C 6 000xg, &
AL 10 min, W L3R (D) . ¥ AL By CHID IR
B A 0.6 (AR INRES, & T-70°C 30 min, LA
12 000xg, E5» 15 min, YIHEH T 10 ml TE buffer.
NSRRI - A7 - 5 N, LA 10 000xg, 250 1 min.
LA G - S 0 o WO 3T, TN 2 %
EFRZERS, LA 12 000 x g B0y, 15 min TTIERLIE .
LA VR TEENL TS, NN 1 ml TE buffer ¥ %, B14
FHEEIOR - RO LU FE 2k, T 1 om 56T 1
oo fEYHF Sepharose 4B 2 R 5G LA AR ZE3 1 cm,
IINE IR AERL 4B J5 LA 1100xg, 20 5 min JK 5K,
BOFHAR dem fidi . FREFERIGEEE, H50 pl
PEEORGHE o B R AL 4B column 23 kW . FH 4
JEIGIETHERE DNA & il sl 3 4R 4, T PCR.
Pl X 2l -70 C LRAT-
1.3 B#x DNA F E¢HY PCR ¥ 18

51 ¥ )7 %) BSF8/20: AGAGTTTGATCCTGGC
TCAG Al BSR1507/16: TACCTTGTTACGACTT!,
7Ei PCR AAFR 50 wl HL 13.5 pl JEH#ZK, 5 pl 1)
10xPCR buffer, 10 pl (¥ 1 mol-L"'dNTP, %% 30 pmol
f BSF8/20 2 BSR1507/16 514, 0.5 ul ff] Taq DNA
BAHE (SUp™ , B 10 ul.
1.4 F|iRERERN

PCR ##1# /] QIAquick™ PCR Purification Kit
afifknlc. A TA Cloning® Kit (3£ Invitrogen 2y
A D B TER R V.. KRR PCR P 1:3 1)
BEIKEG, N K buffer 1 pl, T4 DNA ligase 1 pl, #x
JEIMANTLH K, HAEBHE 10 u, BEWS, BT
14°C . 12~16 h.
1.5 PHMEMERFE. 98

B8 OERE I NI DNA WL EEFAL KT
B (Escherichiacoli) , HALMINE RS, $EEUILR
Fi DNA, AT PCR 43#r FRHIE A D) %0, ik
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NRGEGIPAN)T
1.6 PREFEKEZSM (RFLP) FAZHMEIRES

DLTHE ML B /720, B Ribosomal Database 11
(RDPID 3R 3351 4% J5UR%E W) 16S rRNA 7515
DL 24 Ffnf R 4 Pig ki B 2 D) (tetrameric
restriction enzyme, TRE) F-4kEE VA7 £, fifidk et
RFLP [RHIPEAIEE. RELP [IHHSEHL0ELLL Bioedit
WA, ZFEPEFR L Biodiversity Professional
Version 2 4347

ZFEME (diversity) 535 (evenness) fR%L:
WORTFE TP R SR A AT T o TR A (D~
3 :

Simpson #5%: D=1 - Z(n/N)* (D

Shannon $§%7: H= - Z(n/N)log ,(n/N) (2

(D A2 A, s 550 FAMEEG N T
HiZ BN

A1 Rsal 3 Mgt AR AL, K/NR 200~600 bp.
2.2 ZHMTIERFLP SIER

3 43 Bk 3 PR it T35 v [ ST A RFLP 4347,
HHUE AT % AR RS PR T v L IR B A, X R ]
HENERANEA Dy BB . A1 165 AN FfEh X
75 BRI 1 k. EREMERRRIRIA, nTRE
3 Fh AR RAAAEAR R VR, FLEA DR AR i
T8 BB VTR 8 A U
2.3 FHMTIBEMEMNSHEMEIEE

RS RESCRE AT R AR R, B 3 RPN
MFREN KT, B 1k 3 Pk i s v 20 ki oy

X HEAE Compost
A {BIE Chemical
A CK

Rarefaction plot

Eveness=H/H,,.x
(3) 2, H: Shannon #8%(; Hya: % K Shannon
FRE, KA Ag (9.

(3

FIERIE (B) « FTALGTRMECHIX TREH A
ORI T
E=9N (4

(4) fﬁ':f:', 87 *L]Jﬁ; N: F)Tﬁl\Z/é\/l\ﬁo
2 GRS

2.1 ERERSIERVIEGRERE
PATHEL B 7 D155 5741, e Al v B

KIEJERIET ) TRE. 3 2 4 56 P H 54N BR 2k

VIBgXS T A7 16S tDNA W T- 217 5. Acil, BstUI

Fz2 ZIREIEAVIEE (TRE) AIBFYINRIEL

Table 2 Summary of restriction sites per taxon for tetrameric restriction enzyme (TREs)

i A B 4
Estimated number of species

1
Fig. 1

10

soil treatments

20 30 40
P

Number of samples

LI E N AR FEEE 4k

Phylotype richness curves for clone libraries of three

50

60

PR 28 P D il fir SRRV 5 BRI P D) i fir ST YV 5
Restriction enzyme  Site Mean no. of restriction sites per taxon | |Restriction enzyme  Site Mean no. of restriction sites per taxon
Acil C/CGC 7.65 MnlI CCTC(N), 4.12

Alul AG/CT 7.07 Msel T/TAA 7.19

Bfal C/TAG 5.35 Shi321 CCCG 7.72
BspKT61I GAT/C 5.41 Taq"l T/CGA 5.25

BstUI CG/CG 7.61 Tsps591 /AATT 5.45

Rsal GT/AC 5.51 BssKI /CCNGG 10.26

CviAIl C/ATG 9.20 Ddel C/TNAG 7.41

CviRI TG/CA 8.02 Fnu4HI GC/NGC 11.93

Haelll GG/CC 8.79 Hinfl G/ANTC 5.47

Hhal GCG/C 5.48 Hpy1881 TCN/GA 6.71

Hpall C/CGG 9.14 HpyCHA4III ACN/GT 4.76
HpyCH4IV A/CGT 7.23 Maelll /GTNAC 7.45
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KA KRR, POEMEERZ, 1930 BR RN
VA oA I B S e 3 E D B =
HAB M2 T Re & AR e it 1 kF
Wy, FECEEARHAEM NI, BT 28 &
4 DIECF IS FRET A, DR R #5 Foh o [ S G ) 1T
HHAE, FTLLE (S) {H RV I wivk o KLk, o
HILR S A 22 5. nl A O AR 2 PR
B, MEREIRZ, RIREAR. YIS, RORYPIEIRES
R AIRGL, SR E sk, BEE . e
JErr,  ERVERAEAERHR L T R A HLIE R A R 57
gy, FEMRBEMI A, WA IR, AR g
WIMBEARZE . D EERZHEEREIC S5
JEAHLEES, SENEAHTMAN %, IFHAGRZME,
R =% B TR R AL
2.4 FBHmIIEMEDEEMAME
BUNFSERBOR 3 G5 20 KD SR HT VR
IS 5 T VA AT OB AR B, DA E b A i
HENE L AR B0 =355 3 K KR 20 KEEEL 400k
4.02x107 cfu. 3.75x107 cfu. 0.54x10" cfu PL A% 1.90x10’
i 4824107 cfu, 0.710"clu. WICBIMEHIC | 1S ST AT R s s oo
RN, N KRR I, FFEE 4858, 150, 100 50 bp)
Eﬂ 1{ﬂﬂ+igig’:]§$ﬁﬂiﬁ . 1ﬁﬁ%$*+%$ﬁ H’J RFLP ;50A,C|210(])3 llizét’UllOOc SF(Q)?p;ﬁgeStiom M: Marker (1, 900, 800, 500, 400, 300,
B, B 2 FIt g S 1~9 HIRE R, K
AT DRSS AT 3 A 32 (K 3) 5 (HAEHT
DL L 3gErh 18 R V& 0 At Ol R Ll 4 3 Fb 15 4y
2%, W3 FEPAE B (B4 o WEIEE

2 3 FPEIRAITEBESCEE RFLP M AT4ER
Fig. 2 Clone no. 1-9 of clone library were restricted using

different restriction enzymes and its RFLP pattern

#3 3THTERESIE Acil-BstUl-Rsal RFLP 4L
Table 3 Numbers of Acil-BstUI-Rsal RFLP phylotypes in clone libraries from three soil treatments

24 Vil SCE Clone libraries Vo
Parameter X Control HiE Compost LI Chemical fertilizer Clones
JBEKL Total no. of patterns 41(54)" 41(57)" 28(54)" 75(165)"
A 108 No. of unique patterns® 30 28 17 30

FE AR U8 T 4 L Percengtage of unique patterns (%) 73.2 68.3 60.79 40

RS AR SRR B AR s O A RB R e A B S e SR SR AR D

% The values in parentheses are the numbers of clones or isolates; *. Unique patterns were found in only one clone library or culture collection

K4 3MTEPESE Acil-BstUl-Rsal RFLP #&1 & 1E455T
Table 4 Diversity indices based on Acil- BstUI-Rsal RFLP phylotypes in clone libraries from three soil treatments

iR/ 0. [% W Clone libraries

Index X} [ Control Hi I Compost 1B Chemical fertilizer
TG FPEL E(S)? 16.77 15.79 17.83

)51 i Evenness® 0.953 0.936 0.962

bR D 0.943 0.929 0.95

° B ) AR SO 2 R EN 51 AN TR T A R M N Ok O A AT LA H TSI OR, AN E=H/Hpax, Hia=loge (S), S 94250
s S DIHEAITF - 5N e BTN RBON A N R .

‘. E was calculated by rarefaction for a standardized sample size of S1clones for each clone library; - Evenness (E) was calculated from H as follows: E =
H/Hmax , where Hmax = log, (S) and Sis the total number of phylotypes; ‘. D was calculated as follows : 1 - Z(n/N)%; nj: the number of ith phylotype and N:
total number of i
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Fig. 3 Distance matrix trees of three soil treatments by RFLP
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Fig. 4 Distance matrix trees of three soil treatments by

bacterial group

AR A B ) Sl A A e e MoK . LS 3
I pHAH, MENE. fRAE. XTHRZH 45k 7.3,
6.9\ 7.0, KL, #E1S pH EXEYIAH I 2 A
BIER .
2.5 BHMIEPHEDHILLETE

A RFLP W24 18 AN o AEEAN RS AL o
I 3 2% 16s tDNA Wl J7, 4555 4 2 NCBI (National
Center for Biotechnology Information) #/£47 Blast Lb X
FELERF AR, Blast BEAT P41 A% HRE — LX),
A IR BT A R ARLRLESE A E 29 bl 1R 7 KA Ok el v 22
A, ERELERT & S b g 23 L B 23 S e K

Pt o 78 HOOT I AR P R AR AL RS 7 90 % LA b Lo
R IF R RILA B TR T o
3 it

AR5 48] BSF8/20 & BSR1507/16 W45 1%}
MED B 91.7%5 82.1%MF R, I ki
B2 1.5 kbe P EAHTRIERUE 3 41 Acil. BstULL
Rsal 3 Fl N V) FE AT RFLP, MLAHEAE RFLP 56 )5 i
3 BEK Va4 T 200~600 bp. RFLP [ H
UK R IR B BRSO R A — AN ER, K
TR G, ] FAE D AR A . I,
2 BRI o3 2 B S o AT A 2 ol R R
WEMMR, HARBE R RAERE, BT AR
KA 3 FHBREIEE, H T TR 2 R . A0S
Z RFLP %220 ps, L3 18 MK . LURFP 4y
KA, HENEAN AR T . DUESTRE
KB 3R, HEAE. ALAEFRUG IR AL 2 B SR B
BISTRE4y 50 0.986. 0.962. 0.990 }2 0.977. 0.931.
0.979. AN GenBank LbX), 3 5 &7s, HT 16S
rRNA 7Ei A EORSEHER, JLAEF 1) B A e
LUK B R BRSO LExk R R 4, 2 8 v
iR, FAOESH 2. 3502 R IR AEHEAT
R A RIE 28%, R ER AR A BRI IR 3 A
FEAH K RHERE (055 %M 8%) « Ng %% (Bdik
S R E SRS AT IR A A BT
R, NATRRFUAE 3 Ui 20555 e A
WIAHBAS I 5 R 22— . Patrick 25U IRYE HAE HENE 4]
W B, DAFLRR A A E 2L LA R, 2T S5 2
DLZE HOAT B0 =LA, AR 2 MO AR 1R 28%,
55 Patrick 1R 45 35— 5. Sonia 252 Y HE AL 2
e B R IR I TR R I, R A S R A AR
Pz —, AHJEAEAEE TP B M B A 1.7%

HERE A AH AR A S 2 AP B, BHEREAL,
IEFR IR E D) NS R AR R R R
BRI, AR LG ARG HR R R R R, AE
O THERELE B, ORI A v e ik g1 BT
8. Peter ZEUHRHY, FEHERE SO°CHIMEAE H LAZEHUAT
W B £ (Aneurinibacillus, Brevibacillus)
ik A& T PUAE /N 2 HE AR o A A BRT B B PR
Bacillus subtilisDBSB, &I 24 & 2 vk s HERE i & 3=
LR Bk, T CE AR HERE I R i AR,
AR T2 E VISR, IFTT 44 65 B 1]

ARG R K A Pl A, Koz B
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Table 5 Microorganism found in three soil treatments

[ iid /34l Distribution percentage (%) FHALB D Iy HAT
Group  HEfIE Compost  fLJIE Chemical fertilizer %/ CK Similarity Classification

A 10.53 9.09 12.96 F K ZEMAT B Bacillus megaterium Low G+C G(+)
B 5.26 1.82 1.85 I 5% ZE AT 5 Bacillus firmus Low G+C G(+)
C 12.28 7.27 5.56 & A ZF AT Bacillus pallidus Low G+C G(+)
D 7.02 5.45 5.56 A% ER H Staphylococcus epidermidis Low G+C G(+)
E 5.26 3.64 7.41 Sy Y = W #U M B Sohingomonas chlorophenolica a-Proteobacteria
F 7.02 0 3.70 KR 133 FT i Agrobacterium rhizogenes a-Proteobacteria
G 7.02 18.18 7.41 TR {5 5 KT 1 Arthrobacter sulfureus high G+C G(+)
H 8.77 727 5.56 J¢ HEBR B Dermacoccus nishinomiyaensis high G+C G(+)
I 5.26 0 1.85 JLHEL 914 Kitasatospora cheerisanensis high G+C G(+)
J 1.75 1.82 7.41 By Huimg 1 B Geoder matophilus obscurus high G+C G(+)
K 0 3.64 1.85 LIRS AENFF R Acinetobacter cal coaceticus y-Proteobacteria
L 5.26 3.64 7.41 246 RAH 7 8 /K94 Burkholderia norimbergensis str. R2 B-Proteobacteria
M 1.75 10.91 3.70 BB A Pseudomonas lemoignei B-Proteobacteria
N 1.75 3.64 3.70 A &0 B - Hydrogenophaga palleronii B-Proteobacteria
0 3.51 5.45 7.41 MR B v /R #5141 Burkholderia graminis str. C4ADIM B-Proteobacteria
P 3.51 9.09 5.56 % B A o6 82 R v 1 Burkholderia gladioli B-Proteobacteria
Q 7.02 3.64 5.56 PE TR LI Xanthomonas sacchari y-Proteobacteria
R 3.51 7.27 5.56 &S L5197 U Stenotr ophomonas maltophilia y-Proteobacteria

s BR T LA AR A 1R 7400 A g HEOR PR S5 (e i
Fe A AKE SRS 8 R A AR A 5
rHTEEIRER AN, T T AN PR AR AR B T S R
Py, IR BT RSO, DBk e T R e i
Tt U o

4 ZEig

AW REFLP S HEE . ARG it AT Ak 2
T AT LI AT, RIMENERALNEAS 2 3
AR, H I8 2 f st i (Bacillusfirmus) . b
HL I (Kitasatospora cheerisanensis) 1A -3 AT
(Agrobacterium rhizogenes) % H'er - i th 3~5 £,
FORYENE T A Z A B . B SR E 2
PEFREAE IR T3 T AT
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