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Effects of Rice Straw on the Diversity of Nitrifying Genes (amoA and hao) in

Paddy Soil
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Abstract: The effects of long-term (16 years) fertilization on the diversity and community structure of soil ammonia-oxidizing gene
(amoA) and hydroxylamine-oxidizing gene (hao) in paddy soil were evaluated using the methods of polymerase chain reaction, cloning
and sequencing. The soil samples were collected from the treatments of NPK ( CK) and NPK plus rice straw (SR) of the long-term
field fertilization experiment in Taoyuan Agro-ecological Experimental Station. The Shannon Indices showed that the diversity of amoA
and hao in SR treatment was lower than that in CK, and LUBSHUFF statistical analyses demonstrated that the sequence compositions of
both amoA and hao libraries were significantly different between CK and SR. The phylogenetic trees indicated that some clusters
appeared in SR treatment but were not detected in CK treatment. As to amoA, only Nitrosospira besides the uncultured amoA sequences
were cloned from the two treatments, while no Nitrosomonas species were detected. As to hao, the strains from Silicibacter and
Methylococcus were dominant in CK, while in SR the strains from Nitrosospira and Nitrosomonas were dominant. Sum up, the long-term
rice straw application has caused a remarkable impact on the diversity and community structure on Nitrosobacteria.
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, [s]
BIOLOG ,
. Nakamura Lol amoA hao ,
(PLFA) ,
[7]
[8] , 1
( Nitosation ) NH, 1.1
NH,O0H, NO,
( ammonia monooxygenase, (28°55'49.8"N, 111°26'25.7"E) ,
AMO) ( hydroxylamine 89 m. )
oxidoreductase, HAO) s AMO R 1990
amoA .amoB .amoC 3 , 10 , 3
amoA 2 , (CK)
[9v10i' [2] (SR). . .
, .1990 ~1996 ;N 262.5 kg/hm’;P
o (MPN) 39.3 kg/hm*;K  137.0 kg/hm’. 1997 :N
, 182.3 kg/hm*; P 39.3 kg/hm’; K 197.2
kg/hmz. N.P. K ,
e , 2007 3 22,
=15, , 5 0
~15 c¢m s ( 200 ¢g)
, -80%C , ,
(16 1.
1 2
Table 1  Physical and chemical properties of the soil samples from the two fertilization treatments
/gkg™! /mg-kg ! /mg-kg ! /mg-kg ! pH
CK 19.45 £3.78b 15.00 +£0.01b 43.01 £2.65b 132.42 +7.36b 5.10 £0. 15a
SR 27.35 +0.58a 22.15 £1.40a 152.90 £5.77a 182.09 +3.29a 5.05 £0.38a
1.2 DNA 1.3
[17] SDS-GITC-PEG NCBI (National Center for Biotechnology
. : 0.5¢ Information database, http://www. ncbi. nlm. nih. gov/)
2 mL , SDS )
,2 x CTAB 800 . 200 amoA hao
900 pL, - 13 200 amoA Nitrosospira Nitrosomonas 2
r/min, 10 min. 0.8% 9  (Accession
DNA , numbers; CAD62100, CAA62334, CAC84851, NC _
NanoDrop (ND-1000) DNA 004757, NC_008344, NC_007614, AAB38709,
3 DNA, AAB38710, AA060368 ), hao

Silicibacter | Nitrosospira . Nitrosomonas ~ Methylococcus
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4 6  (Accession 2 ,
numbers;: NC_006569 \NC_007614 \NC_008344 NC _
004757 ,AB030387 ,NC _002977) , Clustal W 2,amoA  hao
(http : #/www. ebi. ac. uk/clustalw) , 576 bp 805 bp.
2 amoA  hao

Table 2 Primer sequences and positions used to amplify amoA and hao fragments

) 2) D (573"
amoA-F 150 ~170 CTGGGAYTTCTGGMTKGACTG 8
amoA-R 701 ~725 AGTARASYTTKCCRARRTACCACCA 128
hao-F 499 ~519 GTMGGHTGYATYGACTGYCAC 48
hao-R 1285 ~1303 GRCGRTTGGTBKTYTGDCC 144
1) F R; 2) amoA hao 2 : Nitrosospira briensis ( AAB38709 )

Nitrosomonas sp. ENI-11 (AB030387);3) Y = C T;S =C G;R=A G6;B=CGC T;M=A CK=G T;H=AC T,
D =AG T

1.4 PCR e
( 2) amoA 5
hao . 10 x buffer 2.5 pL; 10
mmol + L™" dNTP I pL, 10 wmol - L~ 2.1 DNA
I wL;TagDNA 1 U; 30 ng; CK SR DNA
25 wL. amoA : 95°C , 23 kb ( 1). g
5 min;45 95°C 30 s, 48°C 45 s, (25.2 +6.7) pg (53.3 £7.0) pg,
72°C 1 min; 72°C 10 min. hao Aso/250 1.89 +£0.02 1.96 +0.01.
95°C 5 min; 40 95%C 30 s, 53°C 45 s, . . s
72°C 1 min; 72°C 10 min.
1.5
( Wizard SV gel and PCR clean-up
system, Promega) PCR , pGEM-T 28
(Promega) ,
, MI13F MI13R PCR
1.6 0. Maker( ADNA/Hind 1I) 1. CK 2. SR
Clustal W , 1 DNA
>98% ( OTU) [15] Fig. 1 Screen of DNA extraction from CK and SR treatments
Clustal X 2.2
OTU; ’ Mega(4.0) 4 OTUs ,Shannon .
(Neighbor-Joining) 3 amod  hao SR
Shannon amod  hao Shannon CK 0.3.0.5;
’ : CK , hao
H =- > P InP, 1% .
Pielou :
E = H/H,, ( H, . = InS) 2.3
8 ( 2) SR

95% R LUBSHUFF 2 hao
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3 amoA  hao [ 3(d), OTU,]. 4 amoA
Table 3 Diversity indic f A h nes
able iversity indices of amoA and hao genes 2 0TU, (2
amoA hao
CK SR CK SR OTU* ) ’ (
70 70 70 70 FJ210293, 5.7% ),
61 48 46 37
Shannon 4.0 3.7 3.7 3.2
0.97 0.96 0.96 0.85 (
3.0% ~4.5% OTU,, FJ210450 3
( 5.0% ) OTU.(  FJ210338),
oTu,, 4), SR , FJ493744 OTU; ,
hao 22.9%
7 7
6 Ir (@ CK-amod 6 | (b) SR-amoA
5 > s
N o4 N 4
# 3 # 3
= =
2 2
1
. HHUEMURN .
1 7 13 19 25 31 43 49 55 61 1 5 9 13 17 21 25 29 33 37 41 45
OTUs OTUs
20 20
(c) CK-hao (d) SR-hao
15 15
10 - 10
i bl
= w
5 5
0 \IlIlIIIIIIII\I\I\I\I\I\IlI neame 0
1 5 9 13 17 21 25 29 33 37 41 45 1 5 9 13 17 21 25 29 33 37
OTUs OTUs
amoA  hao CK SR
Fig.2 Rank-abundance curves of amoA and hao population in CK and SR treatments
4
Table 4 Dominate species of nitrite bacteria in the two treatments
amoA hao
FJ210291 FJ210293 FJ210436 FJ493721 FJ493719 FJ493744 FJ493752
CK CK SR SR CK CK SR SR
6 4 4 4 4 5 16 5
/% 8.6 5.7 5.7 5.7 5.7 7.1 22.9 7.1
2.4 72% 83% FJ210441
LIBSHUFF FJ210424) ,
, amoA  hao 2 ( ) SR
(p<0.01). amoA
( Nitrosospira ) , 96 %
s s amoA
2.5 4  Clusters (  3).Cluster I Il .1l 3
GenBank s ( 80% ) amoA
amoA s
, 86% ~ 9% ( 2 ,
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Fig.3  Phylogenetic tree of amoA from two fertilization treatments in a paddy soil
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ClusterV  OTUj )
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hao ) )
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76% ~89% ,
hao « 4 , , s
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Fig.4 Phylogenetic tree of hao from two fertilization treatments in a paddy soil
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