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K e IR X K RS £ A BRI R R B nirK nirS BN, FAISREREN AABLPREBNRT] ik BEF B S
NCBI #1 FE o R A B R nirk B RAMUER R, V135 90.7% ;T nirS ZE A B SHEEEF S AN nirS EEMHLUER, £
74.7% . &3t Chaol Al iH{ETM ,nirk R ERHEICALHE(CK) HEE AR (N) 45054 58 +13 5149 +9 M AR OTUs, M
nirS B HEZE CK 4b 78 N 43 4y BI 49 =10 F1 132 £43 A A #9 OTUs. Chaol T B 2% 95% B {Z X 16 (95% Cls) &7, B AE
MABERET nirS BRE RS, TS nirk 28 LB N8 2% Z00. LIBSHUFF 4347 L3 N CK At B CERIME R,
EREBAR K R LB EBFELENER p<0.022, KB BEKF; T nrS EELBEANEELEHWLEEZER RERF N
BIR,nirK nirS ZEWREREWSHA G H3ARANCKE RARESHK nirk nirS KEAFARBEXNRE, UHAAREK
BT nirk §l nirS FHEBE SN, KD EEN nirk BERBEEHOEMER. SERE, RENBEAMKEL vk EERES
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Effect of Long-term Fertilization on the Diversity of Nitrite Reductase Genes
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Abstract ;In order to investigate the effects of long-term application of nitrogen fertilizer on soil denitrifying communities, the diversities
of nir genes (nirK and nirS) were studied using molecular approaches in the long-term paddy field experiment ( started in 1990)
located in Taoyuan. Analysis of clone sequences indicated that the nirK fragments from paddy seil showed close similarity (90.7% ) to
the nirK sequences registered in GenBank database, but were not related to any known strain. Whereas, most of the nirS clones showed
low similarity (74.7% ) to the nirS gene fragments registered in GenBank. The Chaol estimates showed that the diversity of nirK gene
communitiy appeared to be higher in CK treatment [ (58 £13) OTUs] than in N treatment [ (49 £9) OTUs], but the difference was
not significant. However, application of nitrogen fertilizer resulted in significant difference of nirS-community compared to CK.
Nitrogen fertilizer had obvious effect on the community structure of nirK-denitrifiers (p <0.022), but the nirS-containing community
was not affected. Based on phylogenetic analysis, nirK clones grouped into three clusters with aggregations of some OTUs cloned from N
treatment. Although nirS clones grouped into four clusters, the majority of the clones were atiributed in one cluster. The results
suggested that application of nitrogen fertilizer had a greater influence on the diversity of nirS-containing bacterial community than that
of the nirK. However, the community structure of nirK-containing denitrifiers was more sensitive to nitrogen fertilization than that of the
nirS.
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LA (N,0) fER{URTF CO, #1 CH, i H
RBREE, FENRERNCEFIRANHTEZ
K. BAEH,75% B N,O X B FARERYH
SR, E 36% KA FHEASRAEHRE",
Mi—KE Rl LAY E WL M E
BT KRG AEIERAKEGT, TR MAE
AL EEK ST AR B E RN E.

REASBEEREYESBESIHBEFEN
AT, UAEMLY NO, B FRE FHER
AREN, BB, R EABR KN —DEEILH,
EREFHEEEFEEMNERD Y. LR P~
EFRRBUEYHRMEDE 3 K. FIRHEAH
WO ERMAABEAEMEE A REMLAE.
HRERBAAEESHRE T HEARRAKNE
BHERAED

R EEEH 4 MARKEES MR
BIEE. Kb i ERHREIREES % TR A R
— S AR RIL , 2 X 43 5 B A B A AR 6 PR IR B
HE—2, GEERS BB RBRS&. K
AL AR o B S S I, IV R X I B T AR O R
RHE TR E . R R 2 AR R 5
A o — R B i 3% 4 5 ( Cu-nir) B nirk 2R
Wi, B —FMEEELLMAR ¢ M d, (cd,-nir) i
nir§ 3 (B %85 Coyne %'t |2 f§ 44 o . 8% M 41
R od, B 0860 IE 78 BRAE SR B 0 4> A6 #EAT TR,
& P Alcaligenes eutrophus. Bacillus azotoformans .
Bradyrhizobium japonicum . Corynebacterium nephridii ,
Rhizobium spp. 3X £ 4l 0 & H & il /K W.AH BR & IR
B4, W Aquaspirillum itersonii, Flavobacterium spp. .
Pseudomonas fluorescens 4 & W4k Il 21 & 8 W AH R 1B
JEEE. nirS SRS W BE = EAE Pseudomonas FHARH &L
H AR R B AR A F B R/MERL, B S 25 A X R
FoMin Kk BEREFLSREGXRBRINEKTF
7, B4y FRARBUR. 3X 2 Mk B 7R 55 B B Bk
FELRFORR,EE— LB R E 5%+ 25
.

BER,BEARPXT nirk R nirS B H 21
9B 5% Braker %70 % Bl ¥ %45 ¥ (Puget Sound) Iji
BYh S EENEZHRERTEREIKX
(Washington margin ) TR W nirK .nirS F:H H) L4
t. Sharma %1 % B nirk 3% B ] J0UR M & B4 47 19
BRETEFYH, E5HEEDPEH nirk ZHF5)
A ERAE Y 3 nirS 3LH. i Wolsing 21 yi2x

BB LR nirK R R BEE S
WZ B FWRMK . BT, X TRKYIMEST nir
ENEZHEL AT RER L, B AR EER
T 5 A AU X L 38 nir BN L REME R .

LAS L B A 1 43 B B 3% Oy B R B AT L SR MR
PIHHSEH, SIRBHMEDEREGEN™ES
KU HEESTEDFEROER, EAMMASTF
KV S8 2 T A R b SRR A Y 2 R PR AR AE B AR AL R
AATRE. BFIRBAEY o FASETE AR R
REEAL LB A T A R R 38 nirk & nirS 3R f
B BEAH nir BEEHMERRELKBTRR, B
K 5 AU X £ 8 S A AL B IR O R R, LA O
FEKRE LR BIIEAE A N, O HE i ma 12 LK 58

1 #H5HE

1.1 3 5 AE Ak 2

AL EAFNLLE T RETFHKEL, X
B 6T 1990 £ 19 B B2 Be b IR AR Ml AR 75 A 08 o6
K midBE. XK 2 AR X/ (CK),
AHEAR ; HE AL (N) , B FI IR % 406. 6 kg/hm® 47 &
4 N 183 kg/hm”. HMEHRAE 3 A EHE/PX. Zik
B A 1990 S LISk ERIEAE 77 i , RIF K E &
HEAE , SE47 A8 - A8 — 4F W0 2= Y ol AR 1 B2 . 2006 4F- R

FERT, B SRR SR A EAE MR (R 1)
£1 HRKBRATMEETERERY
Table 1 Soil basic properties for the long-term experiment

site in Taoyuan

g HYE  ESE(NH-N) BEE(NOS-N) pH

B /g-kg! / mg-kg™! /mg + kg ! (H,0)
CK 31.26+1.96 3.35x0.91 0.16+0.02 5.17+0.14
N 34.32+1.78 6.07x1.18" 3.16+0.2" 5.17x0.18

D)« RERFA-FHREEFBE (p<0.05)

1.2 +SEEmRERST T &

T 2007 4£3 ARELZLERZE(0~20 cm) +
ReOREENGDRR S SAR—MH, REYNIE,
RERBERAOHEAARFETHREAT , BEX
BE, &% %K T %ML (NEOCOOLE yamato) TH# /G,
TE T B R ok o 4 UM AR, R 5 S M BRI SF AR IR,
BALHBLEFRS&M. LE DNA RBRTESH
SDS-GITC-PEG ' P,

1.3 st

519 it sk F: B 58 M NCBI 08
( National Center for
database, http;//www. ncbi. nlm. nih. gov/) 3 # —
SEH WA RMEMEDH nirk nirS EREZER

Biotechnology Information



2 FPHREE - RPEAREKE L EHREEEER SN W 425

PR B R R A0k B IR R A iR
WFET 16 4 nirk FE 19 4 nirS HE W E XM
F3 (nirK: YP_473141 . AAB05880. 1 . NP _435927 |
ABR64876 .BAA02440 . CAA88564 \NP_949481.,YP_
674799 \NP_948645 . YP _665890, YP _782977 . YP _
610634 YP._001167793 . Q06006 , YP _262569 , YP _
00137‘2908 snirS; AAZ43111 ,P24040 , CAM74253 | YP
420758 ,YP_313835,YP_157499 ,YP_841789 NP_
249210, AAG34381, YP _986168, YP _286474, YP _
585313, YP _ 286522, AAA93118., ZP _ 00967225,
P72181 .YP_423528 . YP_299202 .ZP_00053843 ).
F ClustalW2 ( http://www. ebi. ac. uk/Tools/
clustalw/index. html) 7F £& %% {4 %t 5% £ 5 %)) 33 47 kb
xt,# 2 BRALE S M RTFEERX S, 55 AR
I LW RITHEH. nirk nirS 5199 B HK F B
K459 540 bp #1710 bp, 51 Y FFIMT.
nirKF ;5 -TTYGTSTAYCAYTGYGCVCC-3’
nirKR ;5'-SCYTCGATVAGRTTRTGRTT-3’
nirSF :5'-TGCGYAARGGIGCNACBGGCAA-3’
nirSR, :5'-GCBACRCGSGGYTCSGGATG-3’
nirSR, :5'-GCBACRCGSGGYTCSGGGTG-3’
1.4 nir FEHEH PCR § 3¢

FIF S ¥ %t nirKF-nirkKR | nirSF-nirSR, #1 nirSF-
nirSR, BIHEFT nirK .nirS ZEH F By #. PCR M
F R 50 pL, & 60 ng DNA # 47,10 mmol/L
B ANTP 2 wL,10 pmol/LAY b F #% nirK (nirS) ZH
B4 2 pL,5 wL 9 10 x buffer,2 U Taq( K42,
H).RM“FE¥%”PCR ¥ ¥, Bf HHAL#% A Eppendorf
Mastercycler( Model-5333) . nirk ZEHF P ¥ 10 B & &
K95 CH AP 5 min,95C 30 5,57C 45 5,72C
1 min,3 NMEF; BHEEE 3 MMEF R KB EFEE
2C,HEB KIRER 49C H 1k R )5 4TCHEF 25
W B G 72°C ZEA# 10 min. i nirS 3 H K P 1 &4
H9SCHAEH: 5 min,94°C 30 s,60C 45 5,72C 1
min,3 NEFR; ETRBABES 3 MEAEK
1, BB 54°C SRS 53CHEIR 22 W ; B S T2°C EE A
10 min. PCR =¥ 1 1. 0% ) B g 6 8¢ Jie e 1k /e, il
F M 51 Model M-26 (UVP,USA) 4.
1.5 ZEREMF

FAiR 7 & ( Wizard SV Gel and PCR clean-up
Systems, Promega ) [8] W B #7 5 B, R LA, A
pGEM-T #;{& i & ( Promega Corp, USA) Xt [ it
Biw A B STk, 46 B K I 47 B ( DH-5a) T Bt
PHEBE, AR pGEM-T 45 %44 5|4 M13F #1 M13R

Xt 58 E TR AT PCR 3%, 22 e Sk R i 4 BB KD
FEW & BB R LR 60 ~ 70 M FfE,
% EERREYRARF RN T M4 A 78
1.6 B34

W WU P G5 R AT o B, R AR S AL > 98%
W5, 4% HE 16 | — 7T $24F 43 35 83 5T (operational
taxonomic unit, OTU ). R J5 Fl F %% 14 Clustal X
(1.83) f1 MEGA (4.0) & 4y 4P # ¥ ( Neighbor-
Joining) 4> FI & 7. nirK F0 nirS ZEM R G X BT W,
HITRZEEE M. LBEXR B Neisseria gonorrhoeae
M97926 ) # aniA 3} H i P.
aeruginosa [ nirN gene (accession no. D84475) 433
Y6 nirk # nirS HE B SMKBE . AR LH
A nir P 5 £ GenBank I E X5 R
FJ204477- FJ204532.
1.7 TRRESUEREBE T

OTU 3R & F B SCRE i A ) o 2 R Y, AR i X
Se ST EHE , PTIH B A & Chaol 3830 B SCFEE
BHEHTESE X6 k. A4, R\FE
WK R Rt AR OTUs B 4%, A
EstimateS win7. 51 {43+ % Chaol {4t &, FH 2%l
W AR LR, 3578 nirk K nirS HEREARAFRLHE TR L
Bt o 3 g 2R 5 AR IEAS 401, B X B A R
78 Chaol {438 95% BIEX 6 (95% CIs)'7".

HAF AL E R EE X EREER, TEL
P R IR 5 5 8 W BE B 25 {6, B LIBSHUFF 2}
#t 5 ¥ (hitp://libshuff. mib. uga. edu/) 3 43 #7.
LIBSHUFF i 2 MEFCER(X 5 Y)W E
BOREDHERBESME C(D) SREHZH
K Cp(D)ZRIMZEME ACKREHM. 2 NEFESUE
BAMRL, W Cy (D)5 Cyy (D) EBEHEIE, B AC {H Bk
/. LIBSHUFF 53t 25 RIG B WM R o, FEAL AKX
p=1-(1-a)*""Vk# ,p<0.05 WERBE,p<
0.01 MERHBE"".

2 HRESH

2.1 FIIaH '
B S FHEYFRARY R E R
B 5t FUAC AL 7 4 S BE B B0 nirK (nirS F R R B, Oy
PZE T 121 4 nirk 5LEEFD 139 4 nirS R #H 1T
W R, Hoe 95. 8% i nirk LRE 5 NCBI B FEH B
nirK B£EFFI A BHELERROMMME(£2),3%
80% ~95% (-3 90.7% ) ,{H3X 85 7 5] ¥ 5k I F K
FIE A PR, TR 2 W A B 5% 52 R B ) nirK B

( accession no.
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BB ¥
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HHEBFBEM. MRE 74.8% 8 nirS RS ¥E
PE nirS B BRARL, ELARRIUBE 8K, 0 72% ~
82% (W37 74.7% ) , FIHE AL BB ) W7 iX 48 nirS 5ok
it IR ¥ 40 B B e
£2 FHBMERMLE S nirk nirS XB R &
iEZ:3:) %)

Table 2  Diversity parameters from nucleotide analysis of

nirK and nirS gene fragments cloned from CK and N treatments

nirk nirS
AH CK N CK N
3 P £ 7T e B 60 61 53 66
5O B oh nir 22 ML A ST RE 3K 58 58 52 52
B #1E M 2 2 85T ( OTUs) 31 32 30 32
A/ % 66 69 65 52

2.2 EHETTEXEMT

WAL T EEZ B Chaol fii £, W) 3 b BT 22 7 1Y
EAXERETRRLED nir BERSHEENFRL.
HARGE P R HATIF A A FT R OTU 288 i
B EMABBE FEXRERFRET | B, 2R
SCE REAR I # S e - A oP nir R BR Y 2 R RE N

| (a) nirkEH

* CK

nirk EE NPT A K

1 L 1 1 1
0 10 20 30 40 50 60

B G R B R, nirk (nirS 5 4 R M B 5
MERIER LB T, 2 5K 66% .69% F1 65% .52% ,
HERBEFEH, HA KRR E Y R ER
RTLEHRPREBEEE nirk nirS R BILE.
HFHES arS BE NG CK 4B EAE
HEX AHEREERE ST ERES R T H
nirS BB RS E K Z 57, M Chaol JE 2 ¥fhiit
i W+ 3 R R OTUs 4~ %k, W] R Bt i R[] &b
B or RSN ZR. 8 SR AIEREH Chaol
Y EEEMATR, TS ik 2R CK 403 (N
abE e 4y B 58 £13 149 +9 N ARIH OTUs, nirS
EFTE CK 4038 N 43 b 43 HIF 49 £10 F1 132 +
43 AR # OTUs. £ % Hughes %17 553 47 7 3%,
FI R B 4 7 33T 8 95% Cls. A Chaol 5%l
SETEL(E 1, BPRELLRRHN CK BHEY
95% Cls, B2k A N Ab B 95% Cls {H) ,nirk 3R
CK 5 N b BAHRI K 95% Cls FEE[E 1(a) ], &b
HWHEEXEEZR,MnirS ZEE N AEYS CK 4AHK
BEEHEEZERBE(E 1(b)].

| ®) nirsEHR

0 10 20 30 40 50 60
nirSHE:EMFF A K

LREBESFIN CKF N AHEMIREL(95% Cls)
1 nirK . nirS % HE Chaol it E %@

Fig.1 Chaol estimates of nirK and nirS genes richness as a function of sample size

FI A LIBSHUFF 43 #f7 J7 B 5f 0l <& 2 4b ¥ 52 & 3¢
FEZEMER, ERAFE3. 5 CK LEMHE,N L
Y nirk FEESCER BEZ(p <0.05) , S K
TERAEE B T & nirK e 9 BORHE 10 B8 1 V& 45 19 B o
AR nirS HEMFHL AR, CK.N LB [E L, 4R
XBEZR WA nirS ZERBELEHMTHEE
3. £56 Chaol Al , AR AL B X nirk B I 7§
R ST B E R, B BB T RSN A
BEH R ERE T nirS R MLERE S
B, A HBREAR LS EE .

®3 4h3EEEHE X A LIBSHUFF 5 #f
Table 3 LIBSHUFF analyses of the sequence compositions

of the clone libraries

CK-N nirk nirS
LIBSHUFF (AC) 0.257 0.030
BEWER (p)V 0.022 0. 661

1)p<0.05 Bl ABIBEX R

2.3 REREWOT
MR EERHAR nirk Z2EBA L4 % 3
K, LB 2. K¥ 4 BT 5 GenBank 1 E HIHY
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*f nirS HE OB EE RAEES K BEKE,
R HIMEFRXE nirk EERE SRBEBE W, B
% nirS DN BE SREMEA U1 YW, T nirk BETE 4
A U B BUBRE K T nirS.

4 &

(1) ABFFT BT 8 351 MOK RS 2 P s zh i
WY EMBEREERR B, LN R SCERR
R M A nirK B onirS BB RORE AL B
& R L.

) KPR KB LTS ur AR
EREZHENE A —B Chaol HI 445 R
BRBEEEEERS nirS RERERN SRS,
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