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Abstract: The aim of this study was to determine the effect of long-term (16 years) application of nitrogen fertilizer on the diversity of
nitrifying genes (amoA and hao) in paddy soil on the basis of long-term paddy field experimental station (started in 1990) located in
Taoyuan, with the molecular approaches of PCR, constructing libraries and sequencing. The fertilizer was urea and no fertilizer was as
control. The Shannon index showed that long-term application of nitrogen fertilizer made the diversity of amoA gene descend while no
effect on the diversity of hao gene. The LIBSHUFF statistical analyses demonstrated that both amoA and hao libraries of CK and N
treatments were significantly different from each other and the rarefaction curves of libraries failed to meet the plateaus indicating that
there were lots kinds of genes haven’t been detected. The results of blasting with GenBank and the phylogenetic tree showed that the
amoA genes detected in our study had a similarity with the uncultured gene of amoA, which showed some similar to Nitrosospira.
Otherwise, the hao genes cloned showed a relationship to the genes of cultured bacteria such as Silicibacteria, Nitrosospira and
Methylococcus, and the hao genes found in the N treatment dominated in a-Proteobacteria. These results suggest that long-term
fertilization of nitrogen had significant impacts on the diversity or community of amoA and hao genes.
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PR AN AR 785 b 4 9 it A 2 A7 1 9% FH (28°55749. 8”N,
111°2625. 7"E) . & 4H T 1990 4, % 10 /it e
AbHR A3 AN E A SEAT R T R A A . e
B A E g R Ry A WL 141 gokg ™' A
A 1.78 g-kg ' AW 0.55 g-kg™' . & H 12,6
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EEHE(CK)'?%HJFLHE(N),E*1 REMLHNIRE,
BHAEE IR R 2 407 kg -hm ™
1.1.2 THERESHAR

T2007 4F 3 H 22 HRE IEHS , B/NXLLS
SHERERE 0 ~15 em) , EIRA, — 5>
THE(25 200 g) B TWA Tz i L= | 7 &%
T KL (NEOCOOLE yamato) T4, T JC b B4k
JE A AR B 25 BB ) 3R AR 55 2 BT, e A TG TAT 50
BHRIET - 70°C & . 73— AL MR W4y
Br. dHERE B AL AR AR ISR 1.
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Table 1  Properties of the soil samples from CK and N treatments
e A BB R R A NH;" -N pH
/g-kg ! /mg-kg ! /mg-kg ™! /mg-kg ™! /mg-kg ! (H,0)
CK 31.3 +1.96a 5.17 £0.54a 33.3+5.39a 144 +8.07a 3.35+0.91a 5.17 +0. 14a
N 31.9 +4.73a 5.56 £1.29a 30.3 +£0.74a 153 £3.00a 6.07 £1.18b 5.17 £0.28a

1.2 13 DNA $21

+ 39 DNA RS % k([ 14, FREL0.5 ¢ + 3
T2 mL B O, 0.8 mL SDS % f# W
(0.25 mol/L NaCl, 0.1 mol/L EDTA, 4% SDS) , %
HEIR 2] ,68°C IR H 30 min, /Il 0. 2 mL 5 mol/LRHi &
TR AR, IR 215 68°C IR E 60 min, & 10 min $E3h—IK,
12 000 r/min&5.0> 10 min, B3 W, A 0. 125 1%
AFH5 mol/ LS g 8 F1 0. 42 1% 1K FH 40% PEG8000 ,
IRAT, —20°C FULVE 2 ~4 h; B0 10 min (14 000
r/min) , YL WE FH 0.9 mL 2 x CTAB (2% CTAB,
1.4 mol/L NaCl,0.1 mol/L EDTA) % fi%,68°C 5 &
15 min, NS ARFR & 5 B CEE (24:1) IR,
15000 r/ming.0> 10 min. EiFHAIA 0. 1 51K
3 mol/L NaAc M1 0.6 fFRFRA S, TEIR T &
# 1 h,14 000 r/min B5.0> 10 min, JTIEY A 200 pL

75% UK CBEIEVE 2 WK, W A T B & G K
TR DNA JUTE.

JH 0. 8% 11 35 fig 4k 45F e L VK A I BT 42 DNA J
BRI, IFH NanoDrop #% 2 £ 1l 22 {X ( ND-1000 )
€ DNA W JZ Ko, ALY 3 A8 5 5 S
FEHU DNA SR J5 B 5 DNA IR A b — R
1.3 HM A BEWY 1

Bt B I 5 amoA-F/R(F.5'-CTG GGA YTT
CTG GMT KGA CTG-3’ R:5'- AGT ARA SYT TKC
CRA RRT ACC ACC A-3") #l hao-F/R (F:5'- GTM
GGH TGY ATY GAC TGY CAC-3'.R:5- GRC GRT
TGG TBK TYT GDC C-3") 45l %f +- 4 DNA ¥ fh it 4T
PCR §#5  H 8 A Be K B 43 51k 576 bp A1 805 bp.

PCR 7 ¥y 2 B Bg W &E B i UK &% 00, JF
Promega #E ¢ [ iciak ) & Il Wi 4k B 19 R Be.
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BN s TR
1.6 UYL A2 S0

)l LIBSHUFF #X 4 ( http://LIBSHUFF. mib.
uga. edu/ ) FEEL 2 >4k 8 5 R SCAE (] B RE A A= 0 20 0k
2 5. BRI L 95% o B A5 B, R 4n 2k p <0. 05,
WA 2 A SCPE ) 5 IR 24 A7 7 o 25 5% p > 0.05
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2.1 ZHEPEIRREO

Shannon 8 %% . Pielou $5 %, 73 I PF ¥y 1 ¥ 3% A=
W) ZREPE R 5] B AR B SCEE I 70 S
H P B 5 B X SCPE A R L 2. A
72 2 PEUIE S IR ZUIE D T amoA B Z
P (Shannon F8EFEAKT 11% ) , T hao F[H ) £ K
PEILT- A 284k, [ Kt Y ZUIE X 5 2 A ik
PRI 25 50 B L AT 2R ALY 52 W8, (i amoA R 1Y 1 2
FERRAR, T hao FE K LT R Z 500 .

FR2 amoA 5 hao ERE CK 1 N B X EHRR S M

Table 2 Diversity of amoA and hao gene in the CK and N libraries

i amoA hao
3 [ Ak 1
CK N CK N
7L RE T 70 70 70 70
CIES(E &3 STe ¢ E| 48 38 44 47
Shannon 35 %X 3.74 3.34 3. 64 3.74
5] B AR B 0.97 0.92 0.96 0.97

2.2 Fim Mo B K SR I R A4 T

i P B 3 SR A TR T W D T e R A T
B A e e O 5 Wl B ATL | 78 0 9 45 1, TR UL Al A
FEE P14 ) o 5 0 b 2 05 T O A A T A R D
B o A A A B 85 0, R e B AR R AN A i
AR, W1 ST amod . hao X 2 4~ 1 K7
CK N WAL rf iy 4 25 B0 i 2, I e 1) 22 1 1R 15
LY Shannon #8EXAY 45 R EAR — 2. LA, X 4 5%
i B 10 2 oK A 207 6 11, U8 B A X 2 it AT A 2R
IKFE L amoA 5 hao W ZFEVELE .

JIEZSAE R AEFE S A Y W Bl B R L
ARG amoA L AE CK FT N Ab B v () i 25
5> % M 51% 1 60% ; hao H& X 1Y FE 255 43 ) M
61% F1 59% . i W B il 5 1) %) 35 A ok 6 P Y —
b BRI ZHE amoAd K hao 3N A T4k
0 T A

60

80

1. FR CK ALB P amod FERMZE 5 2. /R N AL B
amoA B M4k ; 3. Fs CK b FRH hao s M 25
4. FIR NAFEH hao Fi b Hh 28
B 1 amoA hao EEH FTE CK N 742 5 ET # &%

Fig.1 Rarefaction curves of amoA and hao genes

from the CK and N treatments

2.3 SRR 2= M

t LIBSHUFF 73 B 45 5 7 s amoA K& [F B 1HF 45
FITE CK Al N Ab B SCE ik B 1 P22 % (p =
0.02) , 1 hao %& F P& #F 25 4 FE3X 2 A 4b BESC I [H] 35
PR EER(p=0.002). K2 hREEESEHES
SR 2 22 R R 22 S U B T ST JE) A 2%
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Fig.2  Results of selected LIBSHUFF comparisons about amoA and hao genes libraries
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0.03 MHEfLREE AL AC (RIRESS R RESNZER
fE"1) TR <95% AC, PRI AN SR 4% 0. 03 LA K Bk
Y FE AL I B R R HE SR R 43 OTU g, W) amoA T BE S5 4 78
CK I N 3% 2 A SCPE A A AE B35 V22 55 T hao ik
KFE <0.3 L IE RS N AC KT 95% AC, i B 7
<0.3 WFEALEE N hao ZER R BELEFE CK A1 N X
2AXFETHEREEER, XW R EE HDY
OTU, R/ F51E (95% ~99% ) , hao H& IR B B 45 ¥4 16
X2 A SCEE A AR 22 5, o 16 B A ) R0RE 1 it
fif hao FEPH B RE & A4 T 1 E AR L.

2.4 JpH5r AT

5 GenBank ™[ W fiFf £k 5 A LU X 45 2R R, A
IR IR amoA K £ 5 2K 5 37 19 il Ak 40 147 i It
RUA e KA AL, ML SRBE P 7E 86% ~ 99% Z [H].
hao JE IR W) 35 B 5 T 5% 97 19 40 18 A B0 0 55 4% %
2 EAH L AR A AR, A 66% ~80% Z[H]. L
XeE R B R IRE N hao EN Z5C ME B
Silicibacteria VA5 AL MR H J& ( Nitrosospira) B FEBR 7
J& ( Methylococcus ) L.

FRPE v B B0 o R R TR B > 5% 1)
OTU, R iZ W BEL 5 #F,3.0% ~4.5% Z [0 1Y
OTU, h YR E A S4B A 10 J 3 JEE U, 5 amoA JE A 1Y
BRI T 7 MR ERE, R 6 MMERE

ok A N A T hao K ERFH BB T 3 4
LR BRE, o CK AR BEH BT 2 4>, AmoA HI hao
BETE CK AN N 4b PR SCPE vh 34 1 3 T o & k]
(FE 2 A AbBE b AR 23 A B T R ) A8 3B AR [H] 19 00
PN TR . ) RUIE B s T A
RRE I AR 2, I FLXF % amoA Jk IR 1) £ 34 11 B 52 i)
LN
2.5 RGEETMHH
5 GenBank H % HXT 45 R B 7R amod F A
TEIX 2 A Ak B rp 5 OR 855 97 09 & R AR TR BRI DL K
amoA/pmoA FEPIAT f iy AHAUE , N R 52 % & B 18
WRETS 2 U2 R (& 3), BB AR R R B-
Proteobacteria H & Ul %) Nitrosospira #1 Nitrosomonas.
MG 2R 58Kk 7 W KA 45 A5 ZRAT 0 amoA JE PR R 7
N3 AR, 5B OTU, 30 40% , H
o CK AbBRAE R S AR (62% ) , 73 Ab X — 5ok
HA L L B amoA/pmoA I ( AJ317932
AJ317943 SE) AT BT SR 46 R (LA 3) ML SR
H93% ~99% . Mt ENER OTU, $ums 2 T A
JEALHR (292 20% ) , X — A ¥ 51 %5 2 DQ917326
K HHL T KA amoA HEK AR —#%. X 45 R BoR
Y amoA Fe ML HY AR g R F T (H 2 5 H e A
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WA v 3 1 2 AL AN T A T R R T A AL IR
& .

R R G T W S50 70 47, 3R 45 1Y hao BE[H
AR 3 N RRE (K 4, R E T
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WA =2 45 I IO it T 280 A8 X e S 440 R A Al 3 PR 2 A A 2L ) 5 ) 1493

T3 E1210300 CK)
99[Fi210358
64[LF1210314 (C
FI210362 (N c)

FJ210337 (CK
[F1210338 (CK

11;]210321%%%)

FJ210365
FJ210295(CK, N)
FJ210308(CK
FJ210336(CK’

100 fF1210317 (,)
FJ210323 (CK
¢3,0rganic soil %AJ317942

organic so0il (AJ317932
organic soil (AJ31794
organic soil (AJ317941
FJ210368

H8(FJ210305(CK’
FJ210303(CK
FJ210313(CK.
FJ210334 (CK)
FJ210331 (CI%
83 FJ210324 (C

5 F1210326

99IF1210352

L organic soil AJ317943)
FJ210325 E(CK =

FJ21 0292§CK

60,F1210304 (CK .
F121033 (CK,N)

F1210322 (CK
F1210367 (C
F1210294 (CK, N;

98]

FJ210291 (CK, N
FJ210307 (CK)
86/ F1210296 (CK, N)
FI210318 (CK)
FJ210343

0.05 87 | F1210356

90JF1210364 ) i
821181210341 (N)
100 73] 100[IF1210300 (CK)

FI210320 (CK)

2— FI210301 (CK
G
FI
84851F1210299 (CK)

90'F1210357
— L F1210332 (CK) .

5 F1210306 CK) -
7 FJ210350

100 FJ210297 é;‘i()

FJ2 10353
FJ210345
FJ210302 (CK)
FJ210330 (CK)
100,FJ210360 (N)
98P’ (FJ210339
100 Low pH m contammated ground water (DQ917326)| 1II
rFJ21035 1
FJ210349 (gi
FJ210327 (C
3 F1210319 (CK)
100 'FJ210315 (CK)
FJ210329 (CK)
FJ210366
FJ210312 (CK
FJ210363 (N)
77-F1210344 ( N) .
| 3 §AF3 1147%39)
Nitr ira sp. En F175097
100 ‘_93|—E Nltrosé:s'plmpbnenms(E (U76553))
99— Nitrosospira sp. (EF175100)

99

CK 7R [ X BEAh B SCPE (36 ], N 287 ok [ it Y R 38 Ak B SCJE A 3L TR, FI210 e A5 7R B 5R5  BHACH B AT 8
o H O MRIE ML RFA)  BAR R BR T >50% LA ERME, T IR
E3 KkBEIXHKPAEERMEAERIELED ancd EENESE X EHE

Fig.3 Phylogenetic tree of amoA from two fertilization treatments in a paddy soil
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Fig.4 Phylogenetic tree of hao from two fertilization treatments in a paddy soil
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TR RGO B D (18 4 TR o 3R
2K). amoA FILF-AGEHEHH RIS 4B CK M1 N
X2 AN S Y R R AR B R e A R
SR hao J PRIAR ] v 44> A BB A7 A8 FU B 2 )
POCHE A — A ERE R N SO S L R
FALE I T 2 AR (B 4A F14B).
A b, £ 300t ZRE X hao 3 FRBE 25 44 B9 52w B &
KF amoA FEHTE.

3 iTtig

Shen %7 (Y WF 5T 1 8 K Tt FH EUNE A9+ e o
amoA W ZAEPESE H L X B, A O 1 30T &0IE
Mg e | S B A R MG I DA K -1 pH FEAIRE 3 3 1k
AN 22 PR TH R 0 R b SORE AR AT
REEAAER S pH AR B AR, AR T
it A 2808 S PR 2R K0t AT 51 2 K R+ pH
BEAR (1), T amoA B 2 A¢ P48 KRR AR, U6 A5 H
TR E amoA INFEM W) BREZHEVEE —E 1R
J b7 B0 ES A M S . He 551 78 K 1 it AT
Qb 3OS 5 Ml £ 398 2 S A TR 2 R A S e Y E 5 P
i N A amoAd ZHEMEAR T CK Ab3E. L1
o TR B Y B A AL A0 T i AR KA R AR
FPO R TR R E, R S A S R
AREAEXS BER 2 %, WS A S TR 3
amoA ZHEHIEEE MM EEIE N Z —. 5 amod J
B BLATR , hao Jk K 19 2 FE 4 JL-F R 32 31 IR & 4b
FH R 52w T 00 35k DA A B 7E PR 3R A9 AE T W G
BEAR , B JELA E AN Vs A

Wang 25" %63 ¥ 7K 7K A A [ 358 4 K A [ it
JIE B HEAT R ST 45 R s BT G DN 1) A B DA O A
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MEE) amoA FEH £ B 5 R M E FEEH ML, BRI
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