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Abstract; The abundance and composition of maize rhizosphere ammonia-oxidizing bacteria (AOB) and ammonia-oxi-
dizing archaea (AOA) were investigated by using quantitative real-time polymerase chain reaction, cloning and sequencing
approaches based on amoA genes. Intercropping maize rhizosphere had a higher copy numbers of 16 S TRNA and AOA amoA
genes than the monoculture maize rhizosphere. Operational taxonomic unit( OTU) analysis results showed that the diversity of
AOA and AOB was improved by intercropping. The number of OTU was 23 of AOA and 16 of AOB in intercropping maize rhi-
zosphere. In monoculture maize rhizosphere, the number of OTU was 13 of AOA and 20 of AOB. Phylogenetic analyses of the
amoA gene fragments showed that the intercropping inhibited the Nitrosomonadaceae group of AOB and cluster 6 of AOA, but

promoted the Niirosospira cluster 3a and a new lineage of AOB and the cluster water and cluster 1 of AOA.
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KOEHARC R LU EY . I ZERE A R R
R g Il A W S AR B AR XS RIVE R S A R B A A
BER, Z AU (AOB) A A Ak B (AOA)
&S SAAE B EE AR, 2 AR
RGP U T RE TR I A= W 2R, AT LA ok e
TEHLVARY L ST R R AR, TR ESOE TR
bR G P R R MR VR 450 42 TR R
FW A e o A E R EE Y AR R AR B
AT AR Z

LN (AMO) S G5 AL AR FH 7 b2 46
FRGH A TR I SRR, AMO () 2 5% 5L R4 45 3 N0
I Bl amoA .amoB F1 amoC, H: ¥ amoA 7F AOA H
AOB W A BRI RIHE DB, B2 T amoA K AT
AN EYI SRS O F I B, H 2 SR F R S e 1y
TR TR RNA 1) 16S WAL (16S rRNA) J7571
SHTEISE RS S, 5 168 rRNA M H, amoA JE
LR S A% RS 33X MR LA amoA
FHEEE G BE LB BT amod FH T HI
ARG KB /W4 R, Prosser 5511044 AOA 43 Ny ifg
TR ZERE | PR R RIE PR 2 HE | 1T Pes-
ter S LA Z BRI, IA AR 4Y R Nitrosopumilis
cluster ZK#¥ Nitrososphaera cluster K HE  Nitrosocaldus
EBE  Nitrosotalea ZEFE N Nitrososphaera sister cluster
HHE, T amod Ay 1 1y ) U5 M 3 B 45 2R
AOB 77K cluster 1 cluster 2 cluster 3a. cluster 3b .
cluster 4 _cluster 9  cluster 10 .cluster 11 Fll cluster 12,
39 4~ cluster, H: 7 cluster 2 cluster 3 Fl cluster 4 5
JETF 16 rRNA JFHIRGER B AT IS AR

AOA il AOB 1 A R IR A HEAEH], B
AAER BT A 7 AR ) BT EE M T R OK- R
TR EAK SR EAEY . It A 48R H
FOLE BT3B B AR AOA F1 AOB #9422,
e amoA SERESCIE , 73HT KM PR AOA F1 AOB H¥
VAL AT AR X R AR PR AOA F1 AOB Y% i
R LA 52, LAS & B AT L R /R R
AR 2 BE LA

IR i

11 R RS IR SR
/N K R 2T L W P R b K225 115 5

FEH (PR TR L), B Hb AT AR 2 200 m®, 2
FEAR(BH 6 %) PAfE KE(HE™ 1 5) PAEME
K-KGRME 3 A, B MR ER 3
UK, BEMLIX AL BT, ELARoR A T AR I ) X e 2
HI3E T biolog $¢ A W i AR X+ S8 A= Wy k] 5
A, RMEEW AN ER I (5-10 7)), L4 8 Ay
TR Wy D8 22 FE 1 1 ) V28007 e P Jd e % 8 A
(FRAHFEI ) (9 £ Tt AL E D

FEAS/INXBEALEL 5 Bk E K, FHEHE LK BUR Pr
4K 5 MR EORIIAR PR R REIR GBI 5ER 1 A/
DX AR, — 5 BT 3B B B, —3R
Iy ELREIEAT 495 DNA $2H, 4358 0 770 T - 80
CUKAE, TIERE S 3 S bR R /R £ oKk 13 (M)
FEAAEF K T4 (MM) 2 AR
1.2 TIEENERSH

FERN AT AR /NIRRT 5 s FURE VR IORE , )+ 3¢
FEARBACME T, 454 /N X 4 398 ) A B I ¥4 6
WERES, PR BAE T o2 B R 2 A
TR ARA B ) e [ G AT M A o 5 ] PR i
Ak
1.3 *TIEHGAZ DNA BIRE

+HER) & DNA J MoBio PowerSoil ® DNA Iso-
lation Kit j7) & ( MoBio 23 5] 72 & ) $2 L, B HE 1
BRI & B, S R HUY - S DNA B
AREENE, AR EE I3 A DNA, IR 3
AZHUR) DNA TR G AN — M 16 DNA
1.4 amoA EFEEEXFEHE

amoA KA PCR ¥ 15193k 1 Wox, PCR ¥~
HRZ N 50 wl: 514 (10 mmol/L) 4% 1 wl, DNA #5
M2 wl, EasyTaq ® PCR Super Mix ( Trans N1
fi) 25 wl,ddH,0 #ME 2 50 pl, PCR W 3 FEF
4:95 CHZEE 5 min;94 °C 1 min; AOA amoA FE[A
53 CiR K ,AOB amoA 3 55 CiR -k 45 s ,72 C 4t
i1 45 s, 3t 40 NMEFR, 72 CIEH 7 min, PCR 724
FH 0. 6% i Jig 1 B 15 H K, 7 FH 8 1 46 Ak 1k 3R] &
(TaKaRa 23 &7 854 %t PCR P24 #kA7 4k, afi Ak iy
DNA #4358 pGEM-T Easy Vector 24 | F 4k 7E AR
ZASAMMR AT E Im109, 15 I BETH %5 |, FH 280048
FHG1 9 (T7 : SP6) 4T W WK PCR, S ik FHAE SOk
FIFH Minibest Plasmid Purification Kit ( TaKaRa 2\ 5]
F7 ) TR B B ) 6 $ B 40 BTk DNA 3% 48
KIE A BRA R AT
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Table 1 Primers of PCR

51 el (53 H fﬁi‘fg B
amoA-1F GGGGTTTCTACTGGTGGT 491 [14]
amoA-2R CCTCKGSAAAGCCTTCTTC
Arch-amoAF STAATGGTCTGGCTTAGACG 635 [15]
Arch-amoAR GCGGCCATCCATCTGTATGT
1369F CGGTGAATACGTTCYCGG 172 [16]

1541R AAGGAGGTGATCCRGCCGCA

1.5 amoA EAEE

2 ORI 45 SR ] GenBank 1Y Blast ¢/
HEAT HX , E A ORL 5 40 TR (JQ865218. 1) T AR 1y T4
(KF975987.1) 3% 2 P EHIE KR amoA Fe[X 1 [R] YE 4
Ik 99% , R Bz TR i) LIAE R 4a x5 b i PCR
SIHTIIRRIE DNA, DL R BEAR #E 179 56 % it PCR
PR, 3 ARG A L R AR fE I 42, 3kAF 16S 1DNA
FEHEARMEMZE ) R280.991 1,21 %-3.633 8;A0B
amoA FrUE I £Z B9 R* 5 0.864 0, &} F Ny -3.735 3;
AOA amoA HrfE M £ 19 R* M 0.973 2, & & K
-3.445 1, BRI HEbRAE 2 00 [R) B R AT RE
96 E BE PCR 3738

ZHA 16S rRNA Z:[K  AOB amoA £ DL K AOA
amoA BRI &t PCR 22Kk H SYBY Green 1547
W, P IERRSH RN GV &5 O
FaE .

16S rRNA %:[H Al AOB amoA FE K ¢ Y i &
PCR KM% B 95 °C 5 min;94 °C 15 5,60 C

x2 MERTEEUMR

Table 2 Basic chemical properties of the rhizosphere soil

30 5,40 MEFF, AOA amoA FEHPE N E i PCR F
FH =1, B 95 °C 5 min;94 °C 45 5,53 °C 1 min, 68
C 45 5,40 MEFF,
1.6 BESKITANERELZESH

M amoA PRI BRI LR~ Bt LA AT LR
2% ~ 5% [ REL 3 A o 6 SO BB 7 AR5
Y2 5% K3 51 amoA F P B Fh sk 2 4E 7 28 o0
(OTUs) . JH Mothur ver 1.36.1 %" #4755 i th
L RIGEOR A AT BT, B SR 3
(CYHAR C=1-(N/individual ) 5, Hod N o H i
1 YR B8R T 4K, individual R 30 BPE 55 )7 )
B, X} GenBank B EH A4~ OTU B9RFE P 51E1 T
Blast FbXiF, 2R )44 5 1 LA R AN 8] 43 28 Sk s i 4R
2l amoA FERF ), H mega 5.0 Z{IFHITZ )
X, IR Tt R G L B, F R FRE 000,
2 AR5
2.1 TR

%2 Won, [AE FORARBR (IM) 19 pH {E B A%
FHAEERMRPR(MM) (P<0.05) . [BI/E B KM BRAY
NO;-N & fit b 2 5 T B AR EORAR B, 1 ] £ £ K AR
bR B R AR BR Y NHE-N F1 NOS-N & i 19 25 5
BIANWE, NO,-N AFE, b NOS-N, Al I
[ 1E 5 B0 R ARBRAY NO,-N S HNA B LS,
B E £ KM FRAY NH;-N & & 5 NO;-N & & f
NO,-N 7 A LA 0 25 I T BRAE KRR PR, It
D, 5 PR FORAR BRAR EE , TR0 FRARPR T BB & 2
TESRINEALTE

NH;-N & &

NO3-N &t NO;-N &t

QbR H{E NHZ/(NO;+NO3)
b (mg/kg) (mg/kg) (mg/kg) VTR
[R5/ 5.87+0.17a 1.82+0.21a 0.14+0.03ab 1.40+0.38a 1.18+0.21a
MR F K 6.62+0.02b 2.00+0.93a 0.08+0.01a 0.55+0.17b 3.17+1.12b

) 5Bl 5 AN [l /NG R R AN [ R BRI 22 57 W 35 (P<0.05)

22 EARREREZFEERFEE

FIH real-time PCR J7 A 1 ]/ T KAR Br Al
PAVEFARARBR AP B2 L AOA amoA BEPR = 2 il
AOB amoA FERFRE, Z5R (K 1) s, [AVEFKARPR
HIZITE 16S rRNA 45 DB 3 2 T B T RAR B, B
BV T KA PR T Y 255 25 T A E KR PR, [H]

VEERARBRA AOA amoA FEDH = AR i35 18 T BA4E
FRARPR, W EIAE FRARBR A AOB amoA FEPH
SRR B R ARBR T AOB amoA JEF F2 1 0 L 2%
St [EWEF KARBR ) AOA amod KL F2 4 J& AOB
amoA FERIF=FEI1) 26 15, HAAVEFARMBRH ) AOA amoA
FEPRF 1 AOB amoA LR 6 4%,



XA TR R R VR TR AR R A A P i 1281

14r
= 13-
=4 12F
o~ 1lr
=& 19r A
jiﬁ‘ é 8r B a a
722 7r
BT gj
R

%k

16S rRNA AOA amoA AOB amoA
e
m FETRCK:; O BEERK

AR RE - RE 2R B KRR bR 5 8] 7 K AR s [ — 2 B 1
FER 8 DUE2E AR 3 (P<0. 01) s AJR/NE FRER B4 0K
R 55 [0 J R AR B b [) — i DR ) 266 A 9 DU 0022 5 W 3% (P<
0.05),

Bl 1 EXRBR 16S rRNA REEUMEY amoA BEEFE
Fig.1 Abundance of 16S rRNA and ammonia-oxidizing mi-

crobes amoA gene

2.3 AOB 5 AOA WML

[/ K AR PR k45 AOB A %% PHM: 7 [ 5 471
34 4~ AOA PHMETE [ 42 4>, BAME T KRR PR 4R 45
AOB A% PH M v B ¥ 51 41 4, AOA BH % 58 [ 31
(3K 3) . FIH Mothur #AF#E4T OTU #1673 7,
A REINZE (] 2) Hnl DUE 45 SO 00
1) e [ 5 B 3 3 Bl Gl AR RN, SO 55 R A
67% LA I (3% 3) , UL AW 545 2 i & A A U E
AR B, R A0y Ml S 1o B 85 v 0 S 1 2 AR A A
S/ E2 =2

TEF 7K | (distance = 0. 05) , F| ] Mothur 4%
PF53 A [l b B 2 S A LA W ) 2 AR A8 2, TR AR
FORMRFRH AOA B Z R EUR &, H & T3
YEFRARBR, [BVE FRARFRH 9 AOB A PEH8 $ith
= T FORMRPR  H2ZE S AR (£ 3),

R3 TRLETEESFEIER

Table 3 Microbial indices of the clone libraries

COFE - IR OTU %L HI8%L  1/Simpons 85X ?%;j‘ﬁ;f
Al 42 23 2.88 20.00 67
AM 31 13 2.24 9.09 74
BI 34 16 2.86 14.29 71
BM 41 20 2.85 12.50 68

AL Ja]/E T RARFR AOA ; AM ; B4 T KM PR AOA ; B, [l fF T RAR bR
AOB; BM : BAAE TR M bR AOB; OUT . & F sl 452 45 4> 28 A 9T H 48
B A - AN Z REMESE S Simpons FEEL . 323 AR 2 REVESR 8K
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Fig.2 Rarefaction curves of different samples

24 ETFamoA ERNEEURENREZELEER
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FIHI Mothur 248143 OTU K4 OTU [Tt 3
735 GenBank H A4 35 HEAT HL AT, [BIAE T K AR PR
AOB L3R5 16 4~ OTU, HH AT 10 4~ OTU {2 741
5 GenBank $4E 2 HH OV A amoA & [H 7 1] A AR AL 14
1598% ~100% ,4 > OTU 1E GenBank "R EIMMF
5, B F KRR AOB 3445 20 1~ OTU, 42 OTU
PEACMAAHLUTS], Hor 15 4> OTU 55 GenBank
HF S R I 1598% ~ 100% , [HI/E FE KR BR AOA
HE3KAF 23 4~ OTU, 423 OTU 35 BA7 & A AT
FI|, H A 18 4~ OTU 5 GenBank "5 51 B9 AH L1 15
98% ~100% , FAAEFAKMPR AOA H4RAT 13 4> OTU,
2 OTU F7EA TR RUTS], Ho 11 4> 0TU 5
GenBank H1J¥3 (AR BIME T 98%

RGKR B s (E 3) £, I7E FoRARPR
) AOB X4y 4 /I\éﬂ, HIB s B4 1 Nitrosospira
amoA (cluster 3a) | Nitrosospira amoA ( cluster 9) | Nitro-
somona F 1 ASHTHIZERE . [AIME FORAR Brad A L4 s
TR RE (12 %7751 %= 3) BI-OTUO1 , BI-OTUO2 F
BI-OTU03 EEL4E HFE Nitrosospira amoA ( cluster 3a)
XAE (5 TERE S 53% . TE cluster 3a 2R H
BLT 1 BI-OTU12 Al BI-OTU16 1AL 1 AHi433E
AR FEEIVE T RARPRI) AOB H L T 1 A8 28R,
HXA SRS Y 2P FI7E GenBank H A F|
AL 51, B4R R AR BR AOB W 4% 4 43 24 Ni-
trosospira amoA ( cluster 3a) | Nitrosospira amoA ( cluster
9) Nitrosomona A HIHY W AiE AL 50 R} Nitrosomona-
daceae A1 1 P 2EHF (B 4) . PR BM-OTUOL
BM-OTUO04 1J}J&@ T cluster 3a 41, (5 vo & M1 37% ,
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Fig.3 Phylogenetic trees of intercropping maize rhizosphere ammonia-oxidizing bacteria targeted on amoA gene
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Fig.4 Phylogenetic trees of monoculture maize rhizosphere ammonia-oxidizing bacteria targeted on amoA gene
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AOA 1 cluster water 5§ 3%, [A]1/E E KM PR AOA

KAR Fr B AOA L # B # OTUO1 J& F cluster 6
(17%) ,0TUO2 5 J& F#i 2 (14%) , OTUO3 J& T

cluster 1 (7%) ., FAE E R PRA AOA I 5 14 #F
OTUO1 A1 OTUO3 ¥J)& T2 (39%) , 0TUO2 )&
T cluster 6(19%) , RIHAE FRMRBRAY AOA LT
REEREETE cluster 6 FFTEREIX 2 NERE, HIME
FOKRARPRAY AOA DL FE W 43 HAEAS [ A 2SR v
R MEE 2R, BAAERIEAE FRARPRY
AOA 145 OTU 4@ FrR AR ERE, HrhE/EE

i cluster 1 15 M TFLRER) 10% , cluster 6 5 5%, cluster 8
5 12% , cluster S 5 2% , B 2SBE 7 48% ; BN £ oKAR
PR AOA B9 cluster 1 15 3%, cluster 6 5§ 23% , cluster
8 i 13% ,cluster S /5 6% , HiISHE N 52%, FWIEIME
H—ERE FAEHT cluster water 1 cluster 1 4=
R M T cluster 6 BYAE R, AT DL AT LAk 2E K
HRPRHT AOA HEFE LS
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UAS-4050-C.16-1 AB353488.1 -

OKR-C-20 DQ148880.1
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g3] AI-OTU17(1)
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KRO2 DQ534816.1
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9
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Uncultured crenarchaeote clone LSTE-AOA31 KC773888.1

B 00f Uncultured archacon clone AG11 KM405035.1
Uncultured archaeon clone SCA-14 KU165243.1

98] - Uncultured archacon clone GHVS-N345-25 KR856798.1

100 Uncultured archaeon clone AE15 KM404943.1
BS15.9 23 DQ148743.1

MB-C130m-22 DQ148840.1

ETNP-16 DQ148759.1
100'Uncultured archaeonclone SM230211-A-E11-T7 HG938083.1

Uncultured crenarchaeote clone LH-37 KP730416.1

83 Uncultured archaeon clone H17 KX079970.1 )

> Cluster 1

> Cluster 6
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Fig.5 Phylogenetic trees of intercropping maize rhizosphere ammonia-oxidizing archaea targeted on amoA gene
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