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FQ YT, RARLE/NX B AEMAE — 2 £oK , R A I [H]
Ry A A K, G i AR R SR B B[] S 2008
AET7 H 28 H E i 14 2008 4E 7 J] 30 H, TR 4L
2008 4E 6 H 4 H, &5/ NS &R N 150
kg hm > P,0, 75 kg hm > K,0 60 kg hm > ,NPK i}
3N ZE ((NH, ), HPO, il KCl, AE/NX R4 10 44

AR AN A (A2 om) #HL0 ~20 cm
B2 e, PO o3 vk B2 LA, (R i A 0K I v% BT
o[58 % . RERARAEYIR RS, — 0 LR
PR R AT BRAE PR AR G 5 , — 820 AR - 20°C KA o
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Table 1  Physicochemical properties of the three soils in test and local meteorological conditions at their sampling sites

e e T P - BER WER

2 R

" - Annual temperature  Annual precipitation pH Organic matter NH; -N NO; - N
Soils Longitude and latitude .

(C) (mm) (gkg™ ) (mg kg™") (mgkg™")

HL 126°36'E,47°26'N 1.5 550 5.98 50.7 19.7 1.57
FQ 114°32'E,35°01'N 13.9 605 8.52 9.00 10.7 0.99
YT 116°55'E,28°15'N 17.6 1795 5.21 7.59 1.23 1. 84

1.2 HHEHFESRA

KW E coli DH5a Ay A% S 55 % {3 47 ; pMD18-
T Vector SRl 14 N V) B Hhal 1 Sau3Al Wy B =44
TARE(RE) A RA R &N H % R (Amp) I H 1 50
FEAF, KBFFEM LB iR EG 7R A VERR
(Amp) i 1 &5 100 mg L™";PCR 5149y b ifE565%
A=A T A 8 DNA RIS ) & W A B 4 4y
& /2 7] (V-gene Biotechnology Limited ) ,
1.3 SENWAE amoA ERFBENTEEREX

EHE

KM B4R A SR + 5 8 DNA, BAREAE 2D
RS MCHR[10] . o 7 A 20 2 BR B DNA t g f
BLIR 55 2% Jox , i T3 K7 91 9 PCR 9719, Sk K
BT 5R) & al Ak [T 0 Bl 3R 45 1Y - 38 5 DNA, R
HEI ¥ (amoA-1F:5'-GGGGTTTCTACTGGTGGT-3")
Fl (amoA-2R; 5'-CCCCTCKGSAAAGCCTTCTTC-3’
[K=GorT; S=Gor C]) HiEP 1 2 DNA
FACANTE amoA FEIH J BE

P 1R AR 2R DNA (£ 50 ng pl ') 1.0 wl, Tag
K& Buffer 2.5 pl,dNTP (20 mmol L ')2.5 wl, 5l
Yy amoA-1F F31% amoA-2R(25 pmol wl ') & 1 pl,
Mg** (25 mmol L™")2 ul, Taq fF(5 U wl™')0.25 pl,
HTETRK 2 25 plo BEARRM DTS 10 B EE P )™
P28 50 1R G TSR T R B R B 448 1 v 1 12

PCR §" B4 7% Fp R FH B BE B 7% PCR 2P . [N
ZAF:95°C HUAE P 4 min; 94°C 45 P 40 5,55°C 1B K
30 s,72°C ZE ff1 1 min, 10 1F B, & A 96 26 K
0.5°C , J5 -4 20 MEH ,50°C 1B k 30 s,72°C %iEfifi
1 min, f )5 72°C ZEAif 10 min, ¥ 3= ¥H 0. 75%

%) 5N W R G K [RD A, G ok TA B B R B
1) amoA FE[H v B AL B E coli DHS o 1, ¥ 1 BE Ui
T, B A 2% PRI S0 AN B SO RE T, ST amoA
LR B B o B SCEE o A SC P38 3 Amp "SP4l R
1.4 RFLP &%

KRR PCR J7 i, LA b5 ) 5550 47 1 B 1%
SERE T iR amoA KL Fr B # PCR 774 73 31l
Hhal F1 Sau3 AT PP BIR ) 14 A DD i 16 (37 C it 2% o
FIF 8% 19 5% V4 445 Tt g S5 JE v UK o 5 Tl 010 7 ), 8 T
FRER Y (0, BE I UAR 5 B Ry amo A K& TR 48 BCIE1 %, BT
5 DNA RS2 N T B br . LR R e
ST IRl oA T R A B & A A A [ 813
14 e B S 5 2 ol B P DG AT I A 5 UK
S3E o USRI AR AT B R DRI AT SR AR [ D)
HENTRAHR R SE R A, A — A BE P B S — A2k
¥EAVE A7 ( Operational Taxonomic Unit, OTU) , F LK
I (Venn diagram ) > 2 W 4% SCJE OTU Z [A] G & , B
ML 7R —A S AHZE R 73 22 A7 1 OTU 265

i@ 33 11 % Shannon-Wienner , Simpson , Evenness
I Richness Z B PE 45 BB B 315 AOB vk 2 #£ 1
S E T
1.5 ERMNFNREZLAEHEE
L5.1 4 AR By 500 e =A%
PRIBCHAR R i 1 26 2 /Y 52 B 7, L Pk I 20 A sg g
I HeAdi A 51 45 (491 bp) o P9 5E T A 2%
FEAB R TR I 5 A BR 2 w28 \) 58 8, Wy 519 ok
pMDI18-T vector £ 5 &7 5 ¥ 3 F) 3 1] 51 4 ( primer
RV-M Hl primer M134) ,

L.5.2 JPHPERSGI R R8I 8 5 NC-
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BI( National Center for Biotechnology Information) %
yh B S GUI38125-GU138141, 31 22 BLAST 43 #7,
55 Genbank %4l 4 b © A7 75 09 77 51 2E 47 [R) P4 FEXT o
1.5.3 RGREM  Zdin bR A, 5
SE N AR R R H TR P 51 BioEdit v7. 0. 1 Hcff
e A LR Y ) o [ AR S BLAST [a] 9§ 14 L XF
A A5, A IR B30 3 v 1 28 () DR 55 Y amo A 4
BEPR T A DL R AN [ 3 2ok PR AR R A amo A S JE 1R
F41, F BioEdit v7. 0. 1 ¥4 @5l %5 3 iy FASTA #% 3,
2 A SO MEGA4. 0 BEAT 73 7 2 17 91 LU X, B
Jei 38 i 408 ¢ 2 (neighbor-joining ) A& i 5 48 2 AL 44,
AR e ) 7 2 48 2 A B rb ) 007 B 0 38t 4% B e A
NN DN W= B N A

2 SR
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10 10
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T 20 4~ OTUs, H: e HL #1 FQ #5410 4~ OTUs fij £1.
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A AE — SE AL LA R e B8R i OTUs, Jz g iy
AOB 7e =Fh 3 i) Z PR B
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A ALy OTUL,OTUT ,0TU9 =4~ 1o, &
AN LR A EMA R OTU 2870, i YT + 3
FEE OTUs (5135 7 A, 3X 26 OTUs M E B YT 3¢
JER T1% 7 HL il FQ £ 8 A7 iy OTU 28 51 53 5l
NUAF2 AW T YT -3 AOB fifvg 5 HL I
FQ T SEAF R 25 5%

K2 0 = L HE amoA L[N SO RN R 45
2k, AT LA H = P SO 9 B S5 2 8 T 22 Fn, B
SN Y P A A B T L B R A AR B [ I
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HL 53%
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otve_/

~
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/
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HL-FQ-YT 4

YT-Lib
14

HE: EPREBFFOROTUAMNL, Rl i E 43 3R SERER0Y 2 3P I 1 43 B Note: The Bold digits mean

numbers of OTU, and the percentages below are the percentages of clones in each library

BIL Sme = Ahofe H 4 e E AL AN T amo A & R U) 28 B OC & 1 SC IR A

Fig. 1 Venn diagram showing relationships between the three soils in RFLP pattern-based amoA gene OTUs
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P A ) 2R 1 1 v A I [R) I 222 1 B 4 B
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Fig.2 Rarefaction curves of the amoA gene libraries of the three farmland soils
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MNEZFEHEFSHORE YT 1 amoA JE [ £ FEPEHR
Hobserm , FQ Fefik, H HL Fl FQ 1Y 25 R 1 45 $i e 2
U MBS RO = & A HOR R, ORI A
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Table 2

2.3 amoA BEEMRZEELZE S

it NCBI Wi i) BLAST B 43 8, Sl i 1 i
FAME ST R 76 20 > OTUs v, Pk 17 DA ALREM
OTUs 26 £ F, 315 T 17 AN IER K amoA 3 [H ¥
G138 it BioEdit #U 4 Fl Mega 3R % 33X 2L 7 51 14
ARG (E 3) o

SHAETESENAE ancA EEXERNMESHFEEMIEY

Structural diversity indices of the amoA gene libraries of the three farmland soils

e
Soils

T RERL

Clones

B R

Coverage

FR AR

Simpson index

ARG

Shannon-Wiener index

Hy5IE

Evenness

FE

Richness

HL
FQ
YT

49
50
48

0.83
0. 81

1.99
1.93
2.25

96 %
98 %

90% 0. 85

0. 86
0. 84
0. 85

2.31
2.30
3.36

Clone UT-600 22 (DQ480766)

95
4{ (OTUS, GU138132) HL,(3) YT(1) Cluster 1
50 Nitrosospira sp. Ka4(AJ298697)

Nitrosospira sp. 40KI1(AJ298687)
79 L (OTU10, GU138133) YT(1) Cluster 4

Cluster

80 Nitrosospira briensis (U76553)
Clone QY-A3 (EF207179)
861(0TUS, GU138128) HL(1)

amoa20(AF272508)
91, Clone BJ-081-16 (FI1940186)

(OTU18, GU138139) FQ(2)

701 (OTU3, GU138126) HL(7)/FQ(15)/YT(3)
Clone BJ-01-4 (F1940180)

(OTU6, GU138130) HL(7)/FQ(13)/YT(1)
(OTU7,GU138131) HL(2)/FQ(6)

(OTU4, GU138127) HL(9)/FQ(2)/YT(5)
Nitrosospira sp. KANS (DQ228456)

Nitrosospira multiformis ATCC25196(X90822)
(OTU16, GU138129) YT(4)
911 Clone QY-A20 (EF207197)

Clone RR60H5(AJ238544)
ﬁ'j‘(oimz, GU138134) FQ(4)/YT(1)
55 Nitrosospira sp. Nsp2(AJ298719)
(OTU15, GU138137) YT(6)

Clone LM 75(EU790802)

65| (OTU19, GU138138) YT(4)
Nitrosospira multiformis (AF042171)

Nitrosospira sp. 24C(AJ298685)

70

Cluster 10
(0TU20, GU138140) YT(15)

(OTU14, GU138136) YT(2)
Nitrosospira sp(AY12381)

(OTU1, GU138125) HL(14)/FQ(3)
(OTU11, GU138141) HL(1)/YT(2)

Nitrosomonas marina (CAB96446)

e BRI RN P OTUs,

A
0.01

(OTU13, GU138135) FQ(2)
100 Nitrosomonas ureae (CAB96449)

95

clones are enclosed in brackets following sample numbers

Cluster 3a

3b

Nitrosospira

Nitrosomonas

B3 BT =R R AL AmoA F LR Y S M R A T

Fig. 3 Phylogenetic tree based on partial AmoA sequences (163 amino acids) retrieved from the three farmland soils

S G W3S S th R TERE NS Note: Sequenced OTUs were shown in bold, and number of
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17 4> amoA JE A Jy 1| Z [A] 0y A0 A JE A T
74.3%~99.3% ., OTU13 amoA X:[H ¥ % 5 H fth i
A 75 AL B ARAK ( <80% ), JLH 5 OTUS ek
75 (AR BLBEAY Ry 74. 3% 5 1 OTULL 5 OTU14 )7
B 5% A f il , 3k #) 99.3% .

MR G R F WAL LU ), 2% 5 51 2 0] AT &
MIZ A1, BT A B amoA I 3k KL UE O 5 A J& - Vi
trosospira Fll Nitrosomonas ,6 I~ cluster Z5#¢, F1 H.,3
Ff L 4 K 4> AOB J& T Nitrosospira , i Nitro-

.
somonas B/

3 i ®

AW LL amoA %Wﬁﬁ?*ﬁlﬁ,%m PCR-

RFLP J5 A BF 58 T 38 B AR &6 3 b b 4y 1 4 M 4 4
AOB REve 45t ZFEE . N AOB R 4R & L3 Fh
o PE A L3 AOB 45 K8 4r OTUs J& T Ni-
trosospira Jg& , R A FQ 13 Rk B 4% (e bR T
Nitrosomonas J& , 4¢ M + 3£ L) Nitrosospira 1E 5 AOB
PEFAEHE AN A 26 8 O TR A O =X 0 3 5 vp
P A g e 45 ] PCR-DGGE 1y J 1%
PalAF T AN R AC b 3T A9 EF i B P amo A B 24
PE, 45 R B, i A 19 AOB Y& T Nitrosospira J& ,
A S A I B Nitrosomonas i 4 1 716 55 K B & 9,
FUIA S 45 R o4 T 5, DGGE [ REAS I £ & |
AR YA A SO 10 45 PCR P HiR 20, )
A HE 2 D8R T i PE A (bias) , g — 2D BI04 T
50 /N sT R RFLP BUAE , 6% T8 i 56 3% M S B amo A
BRI 5t A% Z2 FEPE o A, A SOl SR IF 51 9, A1
VoA T 2 S5 A0 0 B9 AR SROOT 51 W, RE 5 K B T 2 11
AOB #i2&

3 Bl H-HE AOB 41 A7 £E — % 225, 4 HL 3%
AOB F 3 cluster 3a ZH % (51% ) , cluster 10 W3, /5y
BRI, J 31% ; FQ + 3 cluster 3a 5 44 X
# 3K 83% ;YT + 15 cluster 10 Fl cluster 3a 43§l Ny
56% 1 21% o X Ff i v 25 A 3ol 1 22 5, 2 AOB
KREE IR BE 5% K N 9 45 2R, &2 11 NHG ik
JE B O, ageEh 7y 0 pH RN BE 55 R 1 45
a7 R I e o | Nitrosospira cluster 3 fE
NH; #e J& 5 1 + i o5 P34 AR B o YT 1Y
NH; ¥ B2 W] AR T HL F1 FQ, H cluster 3 AN & )L ¢
FKARL, 5L ERRSS R — 2

FATE o 11 Sorensen FE B ML BT 3 Fp A4
AOB HEfs Z [ AR B o 45 2R R B HL F1 FQ Z

6] AOB H#f V% =2 [b] (%) A L B f &1, 35 8 T 70% 5 HL
5 YT fAHALEE R 50% ;i FQ A YT (4 A6 LB AL Ky
42% . HILATLIE & H + 8 AOB 4 i B A W i
P B B A3 A R, £33 AOB f7 7E — S8 36 55 3 1 P
S A BRI 3 A A 0 2B (H KRR 4> AOB R RE R A=
T EERRIR 1 IR S5

PP X% 3 Bt SRS A RO BT R
39 PR 1 20 TR EIOR R A A R R/ IN R O st >
B > U B #2011 AOB #4514
ZREME AR SO IESE Z B YT 9 AOB Z A5 .
T R Wy 2 RE R g P AR T LA R R R T
SR PR G S, 38 D5 45 % TR 4 M2 A L JE
RAERF R E R o T HERUEY 2R, A
T R T X U 2 R R i AN L
TR AN B W 9 AR S 2 B8 ( Metabolic
Theory of Ecology, MTE ) K I # i 54 Y LM Z
() A7 7F — W AR DG M, B3R B < i BB &, 4 e
SR AWV IBY R S = o @~ P AR AR I D [ 2 o =T
T JE I U R K Fh 2 M. YT 5 HL A
W HIEESIRZ 22835 16. 1°C, Fifh 3819 AOB
AN EAE2ZESR, R AESE S 2 SEH
TR T G A 9 4 b 38 0 A R A AT 75 o 2R 3

T AR A A K ry AR A, A A A
LB TEXNSEX, | THEERER BT, d
A6 R K AR A 22 25 . R T £ HE AOB %k
wSHEAR, EEm N RIS, WS -
BRIy B AN A A T B A U AR OC . IR AT R B
JELE R 3 Pl H - e Y fEE F 5 1 AOB 2k
B, R AOB ZER W L IERERFEH P EH A HE
YER

& £ x #f
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COMPARATIVE ANALYSIS OF AMMONIA MONOOXYGENASE (amoA)
GENE DIVERSITY IN THREE CULTIVATED SOILS

Wang Feng***  Qu Haoli' Ding Yufang' Sun Bo’ Cui Zhongli' Cao Hui'’
(1 Key Laboratory of Microbiological Engineering of Agricultural Environment, MOA , Nanjing Agricultural University, Nanjing 210095, China)
(2 College of Resources and Environmental Sciences,Nanjing Agricultural University, Nanjing 210095, China)
(3 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)
(4 Graduate University of Chinese Academy of Sciences , Beijing 100049, China)

Abstract To analyze by comparison AOB amoA gene diversity of three cultivated soils, i. e. black soil in Hailun
(HL) , chao soil in Fengqiu (FQ) and red soil in Yingtan ( YT) which are located in different climatic zones in East
China. Total DNA of soil microbe was extracted by the direct lysis method, and amplified with specific primers of AOB
amoA gene, amoA gene libraries of the three soils were thus constructed and analyzed with the RFLP method for diversi-
ty. The number of clones in amoA gene library was 49, 50 and 48 in HL, FQ and YT respectively, and their correspond-
ing number of OTU ( Operational Taxonomic Unit) was 10, 10 and 14, of while 4 were common in all the three sam-
ples. YT was the highest in index of amoA gene diversity while FQ the lowest; The similarity index between HL and FQ in
AOB community was 70% , between HL and YT was 50% , and between FQ and YT was 42% , which indicates that AOB
distribution has geographic characteristics. Seventeen AOB amoA gene sequences could be sorted into six clusters belong-
ing to two genera, Nitrosospira and Nitrosomonas. All the three soils have an abundance of AOB, thus implying autotroph-
ic AOB play a crucial role in nitrogen cycling in cultivated soils.

Key words Ammonia-oxidizing bacteria; Ammonia monooxygenase gene (amoA); RFLP analysis; Cultivated

soils; Microbial diversity



