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FEE P PO B PCR A BRI BEK B 2R (T-RFLP) FEE R SO SCRERIA, FLA T 4 Bt &K (R AR, 0 kg N
hm ™2, CK; %7K F &N, 75 kg N hm ™2 N1 ;i K E AR, 150 kg N hm™ N2 ;7 i K E AR, 225 kg N hm ™2, N3) FAEJEF 5D,
X/NAEZTFRIZE(0—20 cm) HIEEANH A E LA (Ammonia oxidizing bacteria, AOB) FI% &1L 1 7 ( Ammonia oxidizing archaea,
AOA) M RBFIELEH) . 45 RRW, LRI L AOB 1 AOA $ & /- HIFE A e T4 5.74x10°—7.50%10° | 8.89% 10°—2.66x 10’
1 3.83x10°—7.78x10° Z 0] , AN[A)jiti & = 1 AOA B34 T AOB %z, AOA/AOB {E7F 81.72—14.38 Z[], 347t &UIE i &
AR AOB B (P<0.05) , T EANET AT AOA S YR AN 235 ( P>0.05) . 5 CK AL, 40 3H N1 N2 1 N3 ' AOB %0& 53l
PR T 0.64.1.50 F11.99 5, it ZUIC W E LA T AOB Ml AOA fIRETS45H, H ORI U AL B AOB BEVE &5 2= R K,
RGP R AN /NEE L3 AOB 24 Nitrosospira JEZERE, 43 7 1E Cluster 3 BB~ 5332 15 AOA 434G 7E Cluster S [
433 MR T iR, AOB B 5 &AM A S R W IEHDCCR 5 pH IRk A L 52 W AR (P<
0.05) ; AOA $Uit SN & A 3 pH 2 B EAH R, SESA S B2 BE MR (P<0.05) . FIRZREI] . i
ST i 3 i Ar A C P TS X Bl + 4 AOB it S ETE 454 12X /A 38 AOB Hb AOA S 480 JIEL iy 7 B /e

KRR AN E AT  ZE A T B VR 45 R BR i 1 B B AR

Effects of nitrogen fertilizer application on abundance and community structure

of ammonia oxidizing bacteria and archaea in a North China agricultural soil

YANG Yadong, ZHANG Mingcai, HU Junwei, ZHANG Kai, HU Yuegao, ZENG Zhaohai "
College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China

Abstract: The abundance and community structure of total bacteria ammonia oxidizing bacteria, and archaea were
investigated by real—-time PCR, T-RFLP, and cloning library approaches in a wheat field under different N fertilization rates
(no N fertilization, 0 kg N hm™, CK; low N fertilization rate, 75 kg N hm™, N1; moderate N fertilization rate, 150 kg N
hm™, N2; high N fertilization rate, 225 kg N hm™>, N3) in North China. The population sizes of total bacteria, AOB and
AOA were 5.74x10°—7.50x10°, 8.89% 10°—2.66x 10" and 3.83% 10°—7.78x10° copies/g dry soil, respectively. The
population numbers of AOA were higher than that of AOB in all treatments, with AOA to AOB ratios ranged from 81.72 to
14.38. Significant higher numbers for AOB were detected for the high level of N fertilization soil (P<0.05), but not in the
population of total bacteria and AOA. The population numbers of AOB observed in N1, N2 and N3 were 1.64, 2.50 and

2.99 times greater than that in the CK treatment, respectively. The N fertilization rates significantly changed the
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communities of both AOB and AOA, and more variation was observed in the community of AOB. Phylogenetic results
showed that the majority AOB sequences fell into two branches of Cluster 3, affiliated with Nitrosospira species, and all
AOA sequences fell within four branches in Cluster S. Significant positive correlations were observed among the population
sizes of AOB to total nitrogen and ammonium, and the population sizes of AOA to soil pH and nitrate ( P<0.05). Significant
negative correlations were observed among the population sizes of AOB to soil pH and C/N ratio, and the population sizes of
AOA to ammonium ( P<0.05). These results demonstrated that AOB were more sensitive than AOA to N fertilization in

alkaline wheat fields in North China.

Key Words: Nitrogen fertilizer; Ammonia oxidizing bacteria ( AOB) ; Ammonia oxidizing archaea ( AOA); Abundance;

Community structure; Terminal restriction fragment length polymorphism ( T-RFLP)

W AEAE A A R R G B ZIAY e R R R b e A A S m e Ve T A 56
— 2 O, R A R A PR AR AR — BERSR] P, Sk AR T 1R 4R 00 2 SR AR 4T R ( Ammonia oxidizing
bacteria, AOB) "> Pl i fy J& i — 7k $H 4, BB & A4k i B ( Ammonia oxidizing archaea, AOA) SRR A
WESE T /AT et AOB Al AOA PR W LRI AR $H . Leininger %) 95 YR IRE T JF AR B4l + 18
HAOA TEBCR FIEi T AOB, FEKIESE T AOA 225 5 HHERR g vh & S8 Mt B2 10 T ik )

ARG 2R, AOB Il AOA i FIREVE 41 a2 & A 2k REET 48 pH™ | 58 k& it
et O 45 R, Zhou 45V RIFSE F WA it A RUIE WT LIS AOB KU, it FH G HLAR US4 Fin T AOA ¢
M5 5K B AR IR o KA FUIE R T AOB 241, BB E T AOA B0 Di 4617 L I+ 3 v
AOA Bt iE = T AOB, i it FH S IR (& 7 NH, ) i E Rk T AOB U B3NN ; Chen 25 B 78 45 H B UE 5K
THEAEXT AOA B S 38 T X7 AOB FUREIR | HEEN AOA FEVS 41 AT ; Long 251 BF 28 31 & B A AE X AOB F1I
AOA BRI 25 5 S TR EUKEXT AOB Al AOA HIRE IR 5E )7 1 , Zhong %5 BF 9T 1 5 28 8 3 A T it 4
X AOB F AOA HYRZIR 25 5 3% I + it &R 34 N5 , AOB A1 AOA FI%E 34 B, HL34GE ZUIEXT AOB BETE
SEF R 3 T X AOA BEE LS M AR IR, it FH &R XS + 35 AOB Al AOA ()5 il PRI A 2K 50 R it 480 7K SF-AS
A 0 3 25 5, it 7K X b b DX /N2 A 7 R 458 18 AOB il AOA B30iet FIAE 9% 24 B )52 Ml 4TS AT 2
R

AP R TR E B AR E 7 X, KN - ORI AR A TR R R KA ok = Rk
(N,0 NO) HERCRIHL T 7K V5 e 55 fm) 0 45 Xl AR K I A 25 K . B 98 AS [l 280K - X £ 38 AOB I
AOA B R TE 4544 (14 52 i ] DLt — 25 A R AL A S A PR ASBIFGE LATE SR 5 AF Y B ) 22 3 56
Benil, IAEAC PS5/ 2R RIS 4 R 90 E 8 PCR(Real—time quantitative PCR,q—PCR) AR Jig B ]
P R B 246 ( Terminal restriction fragment length polymorphism, T-RFLP ) Fl3E K 58 B SCEH A LB T 4
Fliti &K F T /N2 38 AOB Al AOA $ i FIRF VA AL i 22 5 . B 7E M AR AL B/ 32 + 38 AOB il AOA
XoF GENE e o AL hy - R AE | 24 - 30 P 22 R RO T R & i S B |

1 #MREFE

1.1 RIS BT A R R A

B A 37 T Y T SR B e A Ml K SRR Sl (37°37'N, 116°22E) 1 DX IR T 13
e i 2 AU, 3R Sy e i - e RO s R, AR 12.9°C, 24ERR (= 0°C)
M 4,826°C , JLFEW 201 d, FEFR N 562 mm, H FRINEL 2724 h, ZUIEES IR I E 4G T 2010 4F , M oy &
INE B R AR & /NE B R R 4 B i AR (0 kg N hm ™, CK) | il /KF- 20 (75
kg N hm™ N1) , jifi 1 7K S & AE (150 kg N hm™, N2) Filjii &5 7K SF &8 (225 kg N hm™, N3) , 8 AC it F &
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90 kg P,05 hm™ £ AETt FH & 90 kg K,0 hm™, ZUIE WA FIER AL 43 50 IR R BEIR — SU45 MG MR E7 , M AL
Fojiti . /NXEIBUN 24 m® , EE 3K, SE2BEPLIX ZLHES

TR SRR T 2015 4F 6 H A&/ NFIGRSG | R IO A 26 L mi R A A /INXORBE 5 A48 0—20 em +-
B[R — A PREY T IERE AR G R BR B AR R LA AY 1 2 mm G5 8 RS PR A, — &
o3 8 A AR IS AR R , UK G DR AE AT 1 S5 55 %5 )5 - 80°C A A7, FH T DNA $2 U5 2253175 53—
OrEe AN A BHASE AT RS2 %, F AR B A R RS A R &, A 3 B AR KT SR I 398 pH A HLT
1.2 3Rt o e

1358 pH SR HHLAE (K £ =2.5:1) W, 584 UR HH MR B IR — 78 1R 8 1R, HIB BB A A A A
FH 2 mol/L KCl ¥ i BB 8 - AE 5 , R 8N 43 Hr (00 7 ( SAN++, Skalar, Holland) , 34 #LJ5TR H 5 4%
R sk
1.3 35 DNA $#EH

B 0.2—0.5 g A T 3ERE S, ] E.Z.N.A.© Soil DNA Kit( Omega, USA) if7 &2 0+ 5 DNA, JH 1%35
G I L A B, DNA 5238, FHH NANO Quant ( Tecan , Switzerland ) Il 22 #2H DNA ¥ B Fil4fi g
1.4 EZHF 16S tDNA AOB Fl AOA amoA KK (I 1 579 6 E 7 PCR Z0#r

39 51 ¥ BACT1369F/PROK1541R . amoA- 1F/amoA- 2R 1 Arch-amoAF/ Arch-amoAR ¥ 34 41 1H 16S
rDNA AOB il AOA amoA R:H (1), PCR KR K 50 pL, 505l & 10x Buffer 5.0 wL,dNTP (4% 2.5 uM)4.0
pL, ERIES147(10 wM) 4% 1.0 wL,DNA it (1—10 ng) 1 pL,rTaq(5 U/pL) 1.0 pL, ic)5 A ddH,0 #h = 50.0
pL, PCR &7 :95°C FiZEME 3 min;95°C 725 H: 30 s,55°CHE 'k 30 s,72°C #Ef1 45 5,35 MEI; fiJ5 72°C 41 5
min, [P PCR J=¥)i%E 42 %2 pMD18-T #iik i 4k 2 KIHFF 1A DHS o JRAZ A, 28 Amp” [ IPTG il X-gal 1) LB
S BH P e e, U 23 AT

T v T 2 1 2 « 35 BOI 5 R B (O 40 T4 16S tDNA L AOB H1 AOA amoA K& A () B 5o b ik, Ff NANO
Quant( Tecan , Switzerland ) I % BRI BE 4% 10 A5786 BE 7 B TURL 2 10°—10° 45 DU/ 18 Tt , —80°C A 47, T+l
HhREINZL

BeaE it PCR 78 ABI 7300( ABI, USA) Fifb47, IR AR R A 20 wL, 43 5% SYBR® Premix Ex Tag 11 (Thi
RNaseH Plus) 10.0 L, #5445 0.8 pL(10 uM) ,ROX Reference Dye(50x)0.4 wL,DNA £z 2.0 wL(1—
10 ng) , JH ddH,0 %M % 20.0 pL, PCR 514 MAEFAIEE 1 iR,

£1 WHEE PCREIVRREEY
Table 1 Primers and PCR profiles used for real-time PCR amplification

LU GIk7E2 S FFAl(5'—3") B POLE i PCR B ¥ EEBUN
Target Primer Sequence (5'—3") Length (bp) Real~time PCR profiles Reference
A BACT1369F 5'-CGGTGAATACGTTCYCGG-3' 173 95°C 10 min; 95C 10's, 60C 1 (7]
Bacteria PROK1541R 5'-AAGGAGGTGATCCRGCCG CA-3' min, 35 cycles.

A amoA- 1F 5"-GGGGTTTCTACTGGTGGT-3' 191 95°C 10 min; 95°C 10 s, 55C (7]
AOB amoA-2R 5'-CCCCTCKGSAAAGCCTTCTTC-3' 30 s, 68°C 40 s, 40 cycles.

RE Arch-amoAF 5'-STAATGGTCTGGCTTAGACG-3' 635 95°C 10 min; 95°C 15 s, 55C [17]
AOA Arch-amoAR 5'-GCGGCCATCCATCTGTATGT-3’ 30s, 68°C 40 s, 40 cycles. ’

Y FR C i T;R F/8 A 8 G, K F/R G 5 T;S /R C 5] G;AOB, Ammonia oxidizing bacteria, Z A LN ; AOA , Ammonia oxidizing archaea , Z F AL A

1.5 RumBR MR B B 2 HE 5 i

% AOB F1 AOA HEAT T-RFLP 43 #7, 3% J amoA- 1F/amoA- 2R F1 Arch-amoAF/ Arch-amoAR ¥ 1% AOB Fl
AOA amoA J:H , oA 514 amoA- 1F Fl Arch-amoAF ) 5'3 FH 6-FAM #1729 6hRic , PCR R R FIFE A 1.4 fF
~o B PCR =W )5, ARG N VIES Rsa 1 ( Taraka, Ki% ) 43 5lE§Y] AOB Fll AOA amod JEK . MK ZR N
20 wL, %055 10x T Buffer 2 pl.,0.1% BSA 2 uL,Rsa 1 (10 U/pL)1 pL,PCR ;=% DNA 10 L, )5 ddH,

http ; //www.ecologica.cn



4 A E = 37 &

0 #ME 20.0 pL, 37°C/KIREFI 3 h, HE 3 K, HABEDLTE LAk BV =9, a3 DR IR A —
o BRI BT P 0.3 L A>T i I FR (GS500LIZ) 0.5 L A BERE 9.5 pL IRA AT E A 96 FLikH,
95°CAEM: 5 min,4°C¥HIJE B0, 1x Buffer 2% # L HLEIN , R A ABI 3730 ( ABL, USA ) Il )7 {300 % 43 #r .
GeneMarker V 2.2( ABI, USA ) AT H ik [ v 45 16 114 - BEA B2 RTIGe 1i FRL, 26K 2 /INTE 50 bp AT AV T 1%
U, RIS SR BEARTE AL, R A i R A 1 Fr B (T-RF) 278 AR = B E 4 LR U30R
1.6 SEfEFN)T

B 4 4 HHERES ) DNA RS 5 ML, R amoA- 1F/amoA- 2R 1 Arch-amoAF/ Arch-amoAR #1% AOB
1 AOA amoA JEH, R R AP 1 55 F R 1.4 iR, 5IWARBINZe ebnic, §7 8= s, 7l % # &
pMDI18-T #H4A (Taraka, Ki#E) b, ¥4 2 KA DHS5o Bz 25 b 2056 5 40 S BT 53 H1 56 A FHME vafe
HEATIRE 30T o I RE 45 FE 2 T L I W R B E = 97 % R 5 0y — 28 e — SR TWHE RS R EFW., #
HAMEMR AOB Fl AOA amoA F:[H ¥ 51 $& 28 & NCBI $4E J& 1, 48 AOB Fl AOA % 5% 5 43 5 N
KU365731—KU365744 1 KU365745—KU365753,
1.7 Bl

B 5 2253 W AR G 40 SPSS 20.0 R4 (SPSS 20.0 for Windows , SPSS Inc, USA ) 58 i ; 3 541
B L AOB 1 AOA $: i Bl BON 50U |, F SigmaPlot 12.5 #4460 P 5 % 15 iR 15 51 ] DNAMAN 6.0 %443
Br, JFH MEGA 5.0 31 it R GEHEAL R, 46 48 -427%: ( Neighbour-Joining ) 3 A i BR i ¥4 1 B (T-RF) B FE
FRGT 5 8 B4 T £ 5700, B Canoco 5.0 #4581,

2 &R

2.1 LRI T

ARGEA R 0—20 em 12 HHEFBRA PR S B2 %A B3 (14.96—15.49 g/kg, P>0.05) 41, HAL B Ak 4
BUFERE 2250 (R 2) . BB AR I, T4 pH 2 03 PR H(8.46—8.29) , MUK N3<N2<N1<CK(P<
0.05) . M ANCHE S T 1142 (0.86—1.04 g/kg) AR (0.92—1.54 mg/kg) FIAHA AT & (3.76—24.29
mg/kg) , N3 I N2 HIESRSHBEH T NI A CK(P<0.05) ;N3 HIE S A& B EH T N2 NI Al CK
(P<0.05) ; AN [T S0 A 21 4 S AR A5 S R A7 A 38 22 57 KU CK<NT<N2<N3(P<0.05) , Bl it S 4
i, IR AL N, CK B85 T N2 il N3, N1 3575 T N3(P<0.05) ,

x2 AEMERLETEEMBAER

Table 2 Soil chemical properties of different N fertilizer application rate treatments

AR amam WAR A
Ab 7 Total organic T N - TRA
pH Total Nitrogen/ NHj;-N/ NO3-N/ .
Treatment matter/ C/N
(/kg) (g/kg) (mg/kg) (mg/kg)
it &AL No N fertilization, CK 8.46+0.01 a 14.96+0.87 a 0.86+0.06 b 0.92+0.09 ¢ 3.76+0.44 d 10.14+0.73 a
KA
Lﬁﬁﬁ%]\]kiﬁ\ﬂ% . NI 8.38+0.01 b 15.18+.050 a 0.91+0.01 b 1.24£0.12 b 6.36+£0.23 ¢ 9.65+0.29 ab
ow N fertilization rate,
KRR
iﬂl"f]" Ktq:lfkfﬂn,l. G . N2 8.3410.02 ¢ 15.25£0.26 a2 0.99+0.02 a 1.22£0.15 b 7.92+0.22 b 8.95+0.05 be
oderate erfilization rate,
Jit v 7K - U

8.29+0.01 d 15.49+0.41 « 1.04+0.02 ¢ 1.54+0.08 : 24.29+0.69 « 8.67+0.37 ¢
High N fertilization rate, N3 * € * 2 * ? * 2 * 4 * ¢

TR TR R A B E] 25 5 B 2 (P<0.05) , B d A - BIH bR 22 ,n=3;CK 0 kg N hm™, N1 75 kg N hm™> N2 150 kg N hm™, N3 225 kg
N hm™

2.2 HHEM4ITE  AOB Fl AOA BYBE
LA 16S rDNA Fl amoA LR AHEFR , F7¢ 6E & PCR I 13 S 405  AOB Al AOA %z, 53R R, A
[vi] it A B - 9 S PR A AR 5.74%10°—7.50x10° 48 D18/ 5 T+ AR 22 AN 35 (P>0.05, 81 1) . AN
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Jiti AL H 13 AOB KU 7E 8.89%10°—2.66% 107 ¥4 DL/ vi T+, NIl jti A AL H AOB U125 5 3% | B it &
HIIN, AOB Ui B 1N (P<0.05) . 5 CK A, N1 N2 N3 H AOB Bt /3 42 T 64% . 150% F1 199%
AOA BUHE 3.83x10%—7.78x 1094 D1 1/ 51+, CK N1 1 N2 s AOA % & & T N3(P<0.05,/ 2), #H
KM AT EE H R MR USRS A (r=-0.582,n=12,P<0.05) £ B EMAH X C R, AOB HiE 544
(r=0.838,n=12,P<0.01) FIE SR (r=0.597,n=12,P<0.05) £ B FIEME XK, 5+ pH(r=-0.859,n=
12,P<0.01) FERE H (r=-0.784,n=12,P<0.01) £ B E R K KR, AOA B ESMHAR(r=0.926,n=12,
P<0.01) fil 4% pH(r=0.594,n=12,P<0.05) 2 B FIEMHX KR, SESE(r=-0.717,n=12,P<0.05) £ . 3
ALK R,

AN TRt AL P 18 AOA HiE 34 i 2 5 T AOB %z, AOA 5 AOB %= FUH7E 81.72—14.38 Z [, Biiliti &
TGN, AOA 5 AOB $it LW(E 2 T REtas, EtE mas BB, 18t AN AE 5 48 /N2 + 38 AOB £l Xt
SLAHTE AT AOA a2 AN B 3 IbAh, BN L AOB Fll AOA Ui 5 + HER IR BE I F AU AR M AE I i 22 5

1000 10.00
2% a =3 BL72) (@819 [3497  [1438] AOA/AOB
XEZ g9 a § 2 =3 AOA
T 990 T a S 900 | a a a =
= iﬂ T ¥ 7— b
e 2 a Jixs) g 2? Z;
S5 o8t T Ll 7
25 - RUN
wn 2 < O .
S5 970t Hg . b
3 ::n =& d
HZ = < 700 t
W®WE 960 | g
&g B
2% 6.00

= 950 CK N1 N2 N3

cK NI N2 N3 Kb ¥E Treatment

b P Treatment

B2 AREALESECARMEENLEE amod ERE Y

Fig.2 Abundance of ammonia oxidizing bacteria and archeae

E1 AEERASEHAE 16S rDNA E[F# £

Fig.1 Abundance of bacteria 16S rDNA gene under different N 3 . Lo

amoA genes under different N fertilizer application rate
fertilizer application rate treatments

treatments

2.3 AOB Fl AOA fUREVE 45 Hy

TR FIPE VI B Rsa T 20 91%F AOB 1 AOA #E4T T-RFLP 4347, 4 ALFEIEAE5] 10 4> AOB () T-RF J
BEKJE (F 3a) , Hd 96,210,251 244 255 270 274 1380 bp & 4 AL ITEAE, 63 bp HAEFET CK NI
FIN2 H1,248 bp HAETET N2 FI N3 i, KR 210,251,255 274 F1 380 bp B T-RFs 2 8 5 BL, 4300 5 B
F B 3.91%—11.38% .26.60%—29.71% 26.97%—39.49% .6.50%—11.20% F1 11.87%—17.76% , &1t & B
F B 92.74%—93.34% , X4 R BET R AOB 76 H38rp 3, Hirb 251,255 1380 bp 5 i & LBl
B 10% , 4 4 XL 3 4~ AOB 255,

4 NALFRIEATR] 11 4> AOA 19 T-RF B (K 3b) , Hir1 60,98 196,259 261,263 F1 299 bp 7F 4 >4k
PRERHIAFAE 63 1 65 bp HAFAET CK N1 Al N2 #1256 bp HAFFET N1 N2 il N3 71,261 bp HA77EF CK
H1,265 bp HAEZET N1 FI N2 ., KR 60,196,256 259 F1 299 bp f T-RFs Sy 35 F B, 4350 i A BR i
53.26%—64.76% 1.79%—12.88% . 12.26%—16.17% .2.94%—10.45% 1 2.46%—>5.34% , it 5 B A BLW)
85.13%—94.91% , X% BerfCRM AOA 7 L3 HLH, Horb 60 #1256 bp + B i Lu gl 38 4k 10% , 4
T 4 XA 2 4~ AOA 58
2.4 AOB il AOA amoA FEH I RS K B W4 2

ZMF EE X T J5 , 43 A5 2 14 FT9 4> AOB Fll AOA amoA FE R 454 43 25 ¥ T ( operational taxonomic
unit,OTU) . AOB amoA £ [K 51 95 5 [a] Y5 P AE 69.92%—96.54% 2 [0] , 14 45 % 5 I TR J5 1M 91.77% ; AOA
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244bp e 255bp ]
I 248bp =3 270bp b
EZ3 274bp

60bp ESX)98bp EER 259bp EEE 265bp
3bp E=3 196bp Emm 261bp 299bp
65bp EEER 256bp [ZZ2 263bp

100 100 ~

80 80
60 60 |-

40 40 |

20 20

FHX} 4 Relative abundance/%

0

AL ¥ Treatment

3 AEERAESENHAE (a) FIHE (b)amoA EE T-RFs HERT FE
Fig.3 Relative abundance of T-RFs of ammonia oxidizing bacteria (a) and archaea (b) amoA genes restricted by Rsa I under different N

fertilizer application rate treatments

amoA FEH 75 Wi [l EMELE 77.48%—96.22% 2 [0] ,9 Z5 5 O [R1 IR A 87.44% . ZRGEAL A Hr 45 R B .
AOB amoAFE N AR IEAEPI A Cluster H7, HH , AOB 12 2E7E N. communis Cluster 1, H 4y AOB #F R JEHE
Cluster 3 1, EEZKH7E Cluster 3 ) AOB 434 7E Cluster 3a 1 Cluster 3b W~ SRR B E R 210 bp F
T-RF B2E7E Cluster 3b &b, Hoftl B Be K T-FRs BB 2ETF Cluster 3a( 8l 4) ;A AOA amoA FE[HJFHIHBEE K
£ Cluster S 1, 0 4 A4S, Hidr 196 bp T-RF H24843 3% 1 MM ,60 bp T-RF 2464332 11 1,63
bp T-RF 274332 AL 1,299 bp T-RF H2K763 3 [ FIV e (& 5)

2.5 ERSTIHT

FEF T-RFs (9 E M0 0 (PCA) G55 B i — | T HEP Sl 0004, X AOB 745 78 S5 1 A A8 1k 31
95.16% , Horb il 1 A%l 2 43510 76.81%H1 18.35% (8] 6a) ; %F AOA TSR S A A Btk 3] 94.44% |, Hirpl 1
Fldh 2 435918 77.22%F1 17.22% (& 6b) . AbFE CK N1 .N2 HI N3 fit) AOB #BHI B4 IF, 0 A 1E 4 DGR b s i
4 PMAEFREY AOA FEVEZEH) 2% 555 T AOB, o N1 FI N2 BAE— (S5 =%M) , 5 CK #1 N3 B 43 JF, PCA
SR it R i R Y /N AZ 11 AOB R AOA MRV 4540, HOR At 2 AL BRI AOB ¥ V% 45 14 22 S5 7t
T AOA,

3 g
3.1 EANEXT/INAE 1S AHTA  AOB R AOA B 152 1)

AN A AR R R B S TR ) — A B S, ARFSE D - BEEAHTE 16S tDNA FEFIE 5.74
x10°—7.50x 10°#5 DU/ i F 4 2 6], 55 Shen 4517 fF 55 & BLAN B A7 3.39x10°—1.23% 1045 D1 %/ 5 1
B B 25 AR, A T He 451 AE KRS 3P 40 B0 10785 DUBY s T B0 I, BB A0 5O A 5 1
BRBEFOAAHLKLR,, /NE SRR R RI A PE 2 5l g2 R Sl mEos 2 5 B2 EE, 1t
AN ARBFFEA R EKT H RN 22 AR, 5 He 5% R Shen 557 AR 78 45 5 — 3, F W 140
TR 5 it 2R g iy AN B

AOB F1 AOA J2& 3G IR 1) U E Y, EL RS W 4 3R B A T RN AR = 00 5 . AR W58 R IAite
A AL AOA B T AOB, AOA 5 AOB %l HL{H 7E 81.72—14.38 Z[A], &5 Leininger %' He %'
Shen %517l Jia S5 BSR4 SARAT , E— A UESE T M 1 I A AOB, AOB BUR7F 8.89%10°—2.66% 10’
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AOBI (KU365731, 380 bp)

100 ' Wheat soil clone NPM-405 (HQ875334)

50 AOB48 (KU365744, 251 bp)

100 |AOB7 (KU365734, 255 bp)

AOBI10 (KU365735, 255 bp)

AOB20 (KU365739, 255 bp)

Irrigated loam soil clone w704 (AF353252)
AOB13 (KU365738 255 bp) Cluster 3
97 Nitrosolobus multiformis ATCC 25196 (X90822)

AOB31 (KU365740 274 bp)
M ﬂ AOB43 (KU365743, 210 bp)
100 Nitrosospira sp. N15 (AY123832)
Nitrosospira briensis (U76553)
L 99 AOB4 (KU365733, 210 bp)
54 I: Greenhouse soil clone AMNPK2RC11 (FR751353) Cluster 3b

98 AOBI1 (KU365736, 210 bp)
7|_— Nitrosospira briensis C-57 (Z97858)

77
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—98: Soil clone NAB-0-38 (AF056067) Cluster 3¢
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100 Nitrosomonas communis (AF272399)
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4 SENAE amoA EERZXER

Fig.4 Phylogenetic tree of ammonia oxidizing bacteria amoA gene sequences
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977 AOA23 (KU365748, 63 bp)
|_L Soil thaumarchaeote clone GL_C6 (JQ638734)
100 Agricultural soil clone AOA24 (JN688246) I
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% Nitrosopumilus maritimus SCM1 (EU239959) Cluster M
66 Ocean sediment clone ES HI 22 (DQ148789)

Cluster S

100 100
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Fig.5 Phylogenetic tree of ammonia oxidizing archaea amoA gene sequences
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Fig.6 Principal component analysis (PCA) of T-RFs of ammonia oxidizing bacteria (a) and archaea (b) amoA genes under different N

fertilizer application rate treatments
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