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FE : Dl ERNE Bk IR AR A= 2556 0 1 B 78 AL e AR IR R F- & , R I R A B8 5% X )DL ( polymerase chain reaction, PCR) 7l
DNA FFH)EF ARG T 3 Fh< 36 A 51 B (3 BB AR HEAR-CK , Bt & AE-N , R B 80 AB-NPK ) X + 38 40 o B8 LA KA 4k R
TEALTR A DR BRI, B R HT 40T 16S tDNA A TE 19 F AL L 42 5 1 40 H% ( ammonia monooxygenase, amoA ) Fl 4k
FHAE AT R E R EE (nitrous oxide reductase, nosZ) ZFF W E LI, KEHERIE S0 HE 16S rDNA F amoA I ZHEME B
5T CK F1 NPK 438, T nosZ MRS ZAHR , BB A IE AL 388 B %5 F CK #1 NPK 403, LUBSHUFF {4 %eit 4 B -
16S rDNA #l amoA E:F CFETE CK 5 N,CK 5 NPK,NPK 5 N fb 3 [E 47 B EHZER, WX TF nosZ FEFEICE,N fl NPK 5
CK AbBAH LB T BEMZER N 5 NPK Z RN EZ R ERB B E KT, LiRgs R RIAK G LIEX KRS L4580
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Abstract: Polymerase Chain Reaction (PCR) and DNA sequencing techniques were applied to explore the effects of long-
term fertilization on the community of bacteria and diversity of nitrifying and denitrifying bacteria in paddy soil. The
analyses were based on the sequence libraries of 16S tDNA, amoA and nosZ genes. The Shannon Indices indicated that the
diversity of soil bacteria and amoA gene of N treatment was lower than that of CK and NPK treatments, whereas the diversity
of nosZ gene was opposite while the highest diversity occurred in N treatment. The LUBSHUFF statistical analyses
demonstrated that both bacterial 16S rDNA and amoA gene libraries of CK, N and NPK treatments were significantly
different from each other. As to the nosZ gene libraries, N and NPK treatments were remarkably different from CK,
however, no significant difference was found between N and NPK treatments. It inferred that the application of chemical

fertilizers influenced the community structure of bacteria and the functional genes of amoA and nosZ.

Key Words: paddy soil; fertilization; bacterial diversity; amoA; nosZ

ESWE : HRK ARBFIES VI H (40771115) 5 EBABEE AT R BIIT H (KZCX2-YW-BR-01) § 5" +— " BHE SR B R B B
T H (2008BADA7B07 )

RS E#:2008-11-25;  {&iT HHH:2009-02-03

* W ifAE# Corresponding author. E-mail ; wenxuewei@ isa. ac. cn

http ://www. ecologica. cn



11 3 Wi % ALRE X B e B e S A A S A 2 B T L AR 2 6143

TP EER AR S, H R A YR S B R p R B . TSR
TN AT B BR A, % H I A W IGR A RS o AR, BEE T A W BORE TR B A M SR G
JSE R ARHE T XA R R A R IR hRE R T AR . i TN AY 16S tDNA BA £/MEsr K B, B gl
AT R RIS R AR ST Y . TR R RIS RS AL AR R AL R BT IR TR AL A
RAER B AE IR S A A R o amoA T TR 95 T A AL AE FE 0 56 — 28 ) B : NH, A6 i NH, OH, 2 %
FRETE B RS N Z — o nosZ FEHITE AL R AR N,0 B bl N, Moy, A+ &4 L
RBIANIE R B Th BER A R B B L AR 2 BT e

KIALCE , iEEXH RS EY - R B EE EEMIEM, BEE LF R R ERA, HEIEFAEN 83k,
51 H IR M KR R . SR AR X 3k Wy Fh R A s e, T LR X D BB S A R B Y
THAR/D . Enwall 2 E5E T A HLAITCHUAR X 5 4 4 398 = i L 2L ) nosZ RN B 22 B, 7t (NHL, ) ,SO, Fil
15U 13 nosZ LR BEIESE A I B 2257, MM Ca(NO,), , ZEME S AHNL LI/ nosZ BEELEHIHE L ; Chu
2B INFE MR 22 B, 1 P RUIE B 14 amoA 2[R I SAEPE RIS LVE AR TAMAE R 3%, T Ogilvie
2l ST AR M NH,NO, AV HLIE X b+ 3840 B 16S tDNA [ E ¥ S5 g B B S8 50 o [ it FE sl 38 o
K LAY T BE R R Z AR R e AR A HR0E

AT LA E R 2Bk IR AR A 2R 5wl /K R B AL 28 il Bl , it 7 R W) 2 BORBER A R
it A A ok + B A 4 P K (16S tDNA) |, Ak LR amoA TR iSALIEE nosZ ZREVERIRE I , Rk 27 HE R T
TKFE - 20 P 22 DA S i AR SR A TR s M AL
1 #R5HEE
1.1 3R

IR AR B R BRI A A AT b AT ] BE K A IR Wk B 89m, 1IN F R
Ve, BB PR AT 4, A 1990 4F A AR RS AR AT o i IE ] BE SE R AT T B ANE S R K - B L
C15.4gkg™', 2 N 1.8 g-kg™',2P0.60 g-kg',©K12.8 g-kg™ ', HR P16.2 g-kg ™', HH K 74.3
g-kg ™' ,pH 5.74, ZABFFOREARMAEXTHR (CK) (AIE(N) F&#E S (NPK) 3 A 4b 3 + 848 &, Bt AE oy R
£ IR A L, MR RN 182.3 kg-hm >,P 39.3 kg-hm > ,K 197.2 kg-hm >, /NXHEFH 33m’, %
AT RIBUREEE 0 ~ 15 em H3EFFIRST, —FR 70 L4 (2 200) FIRAR UG - 8OCIRFE, o T AW #Hi e,
T —ERor A oA . AR AL MER ISR 1

F1 3 WHERELE T EAEAMER
Table 1 The physical and chemical properties of the soil samples from the three fertilization treatments

hb AR NO;-N NH, -N pH
Treatments Organic matter (g-kg ') (mg-kg!) (mg-kg™!) (H,0)
CK 31.26 +1.96ba 0.16 £0.02¢ 3.35+0.91b 5.17 £0. 14a
N 34.32 +1.78ab 3.16 +0.2a 6.07 +1.18a 5.17 £0.18a
NPK 37.21 £1.47a 1.27 £0.03b 3.20 +0.49b 5.10 £0.15a

a PHH £ brvEE (n=3) ; HEKFERFRER—THELZFABFE(P < 0.05) mean £SD (n=3); Values within the same column
followed by the same letter do not differ at P < 0.05

1.2 DNA £E

+ 4 DNA $2BUR ] SDS-GITC-PEG J5 ", JFHEATIE S BRHL 0. Sg LAFHA 2mL B0 e, SDS 2
FEI, SRR RERAN , 2 x CTAB ¥R B A B 23530 800 L, 200L,900 WL, in A & A75 -5 B B i BE U
15,000g,10min, HE#MELZ TR,
1.3 HEHNK PCR ¥

20 16S rDNA ,amoA Fl nosZ FL[H A Wiy 18 Br FH IS5 4 W3 2, 50l PCR WA R AL E 10 x PCR bufer
5uL;10 mmol L dNTP 2L, 10umol L™y I F #3914 2uL; TagDNA A 2U ; AR 100ng ;1 K X1
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JKZ 50uL. PCR LA -

(1)16S rDNA :95°C , Fii A5 Smin ;40 MEF K 95°C 30s,50°C 45s,72°C 1min;72°C & FE#H 10min, P 1=

P B 1050bp.,

(2) WAL amoA :95°C , T A5 P4 Smin;45 PMEFF K 95°C 30s,48°C 45s,72°C 1min;72°C 4 ZEff 10min,

P B 575bpo

(3) AL nosZ:95°C , HiAstk Smin ;40 M&7% PCR JEHR 4 95°C 30s,45 ~50°C 455,72°C 1min, Fi
MR KRR 60°C , e 55°C 5 MEIF,52°C 5 AMEFF,50°C 30 MEIF ;72°C A FEfH 10min, P =4k

J&h 659bp,
14§ SRR

1.0% BRJeRE i ik Az I PCR 93 74y, ) A 3571
£ (Wizard SV gel and PCR clean-up system, Promega)
[ B 45 F1 18T pGEM-T( Promega ) EfA il &% [EiC
i) PCR ¥4 7 5k . Pkt I3, A MI3F FI MI3R 5|
Yrxt sEkE = M #E4T PCR ¥ 3, f & H s b BRH 58
BEFEATIFF (Invitrogen AH])
1.5 ZHHESHT

SR Shannon ZREERIHC H = - Y. (Pi) (InPi)
;Pielou 55 $(: E = H/Hmax (H & Hmax =
InS) DA K %% B i 2% ( EstimateS win7. 51) 347 24447
B2, PARERB T HA OTU M AMAALE 38 MA
HI B
1.6 LUBSHUFF 737 4b 28 8] 22 5% 50

F|F§ LUBSHUFF 1 44 LU A R i AE AL BT , 3k
HEYRIREERE SRR T AEEER . WRAORIF
OB b B B A SO ] 19 22 57, JFBCELE 95% WYME
fREEDX[E] Y, AR P < 0. 05, U6 B WA Ab 2 [B] F7 76 B
FPEZ S, P >0.05 Ui B B > 4b B[] 504 8 35 1
2R,
2 #R
2.1 ZRAERBIHT

*2 FTHEME 16S rDNA ,amoA 1 nosZ EH FBTHI5 40
Table 2 Primer sequences and positions used to amplify bacterial

16S rDNA, amoA and nosZ fragments

Gt/ Prps® F19F5Ic(5'-3")

Primer* Position” Primer sequences® (5’-3")

16S rDNA-F  299-318 ACAYTGGDACTGAGACACGG

16S rDNA-R  1307-1328 GATTACTAGCGATTCCRRCTTC
amoA-F 150-170 CTGGGAYTTCTGGMTKGACTG
amoA-R 701-725 AGTARASYTTKCCRARRTACCACCA
nosZ-F 1126-1145 GGICTBGGICCRYTGCAYAC

nosZ-R1 1864-1884 CATYTCSAKRTGCAKCGCRTG
nosZ-R2 1864-1884 CATYTCSAKRTGCAKGGCRTG

a. BTSN FR A SITE RS N B 55 F A R, nosZ [ 11 5|
Yoy Bmisk , A — BB b. 16S 1DNA, amoA il nosZ 51491
BrEHIHLNT =R ERIFIR ;. Flavobacterium sp. ANU301 (EF192137),
Nitrosospira briensis (AAB38709) Fil Sinorhizobium meliloti 1021 ( AE007253) ;
c. Y=CHT;S=CHG;V=ACHGR=A8G;B=C,
GEHT; N = A, C, TE{ G a. The forward and reverse primers are in-
dicated by the last letters F and R, respectively. The reverse primer of
nosZ was divided into two primers with a nucleotide different; b. Positions
correspond to 16S rDNA, amoA and nosZ gene of Flavobacterium sp.
ANU301 (EF192137), Nitrosospira briensis ( AAB38709) and Sinorhi-
zobium meliloti 1021 ( AE007253) respectively; c. Y = CorT; S = C
orG; V=A CorG;R=AorG;B=C,GorT; N =A,C, Tor
G

FIF LR E 51 S0P 1 T 458 16S rDNA, amoA Fil nosZ Fe[H , 934 7= 1) J Wi KN 5Bt #AAF, LIk

B L ATEBIEW R E A . B B B T B AN 3R, T 0E A ELAR A IR/ B SRR BEAT I
it Clustal W %K {4 Hi % DNA Ff 51 9 A8 U1, % 48 U K T 98% 19 7 51 13 g [R] — i T 48 4 4 2% B 5T
(OTU) ) 3+ T4HH 16S rDNA,3 FiAEALHE CK,N FI NPK #58ki% 150 A sk, 5 4475 15 2 ) OTUs
SRR 117,132 F1 148, 75 8] AL BE7E 60% ~ 98% Z ], Shnnon Z24%£ 14 F1 Pielou ¥4 B8 ¥ B 7~ , NPK
AL 9 2 T 25 RE PRI S0 B s, N b BYR 2, CK Ab B 40 B S REME RN ) BERRAR (36 3)

M 3 FREARALBE ) 13 P AR 38 T 147 4 amoA K OTUs #1161 /™ nosZ I OTUs, F7 51 [a] B AR B BE 5 78
58% ~98% =[], BLAST &R M%E R BR , MKFE T H SRR amoA ZE[H 515 B 405 AL 40 B A B A B B 10
EHER, FER SRR amod FF A BT BRI, FUEMEL T 72% ~100% 2 8, MKAE

@® hitp://LUBSHUFF. mib. uga. edu/
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T TERER nosZ BIFRSFF 5 B AN RS AL B R TR PEAR X B i, SR RUIB AR B 43 B HE Y 5 FRREA Y OTUs
5B MBI nosZ B[ [FIVF M E 5 95% Lh L. ARE Shannon F5 55, i HE H BEXT AL LA amod R AiF L
W nosZ ZREMEWR=AE T B, H, NPK b3 3 amod K Z RPN N, 5 2 MR, i I /B
amoA FE R W ZFEME/D N AL 38 38 1) amoA R SCHE A 35 BEFE B AR (K 3) o HEAEXT A AL nosZ
HIZREME RIS BB R AT amoA 2N, Bt WAL AL B 3 nosZ FE R S HEME MY 5 ¥ F NPK Ab#
(%£3),

%3 407 16S rDNA, B {L B R amoA F1 KRR ER nosZ & REMEIEH
Table 3 Diversity indices of bacterial 16S rDNA, amoA and rosZ

F A Genes 16S rDNA amoA nosZ

Kb 3 Treatments CK N NPK CK N NPK CK N NPK

Tk TS H Screened clones 150 150 150 70 70 70 78 64 75

OTUs 104 119 134 48 38 61 53 57 51

Shannon #5%§ Shannon Indices 4.24 4.65 4.90 3.74 3.34 4.00 3.86 4.01 3.79

Shannon #]4]#E 45 %k Shannon Evenness Indices 0.91 0.97 0.99 0.97 0.92 0.97 0.97 0.99 0.96
2.2 i

&R SR 5 SRR BEE A —B, NPK Ab 3 H 40 75 16S rDNA FIRSIL4H TR amoAd FEH M) MR
F CK F1 N 4b3 N AEAbFE 1) 16S tDNA ZFEPERA B 5 F CK, i amoA L FH7E N b3 v i) AR F CK,
nosZ FEH N b3 ZAEMEA B & T CK fI NPK, G A ZRIZFIABE . 1A, X5 F 3 NEEEH , R AL b 2
HI I AR A B BT S8, UL KRS £ P 40 B & AmoA Fl NosZ (W41 ZHEHEAR S (B 1) o
2.3 LUBSHUFF H#5ab8 ] 245

% F LUBSHUFF K {44 Hrab 38 E] 7 5 22 R M B & PR, 45 R B7R, 16S tDNA Fl amoA B SCEFE CK 5
N,CK 5 NPK,NPK 5 N kb3 A ¥ 777 B E M2 5 (P <0.05) o. 5T A4k nosZ 3[R ) 5 18 SCPE , B/ e AR
AbFE (N F1 NPK) 5% FEAR HLIA B B35 E 225, T N 1 NPK Ab3HR| 2 R ARBE (%K 4) .

%4 Y0 16S rDNA ,amoA 1 nosZ BER X EETFRERLE BN ERS T
Table4 The value of AC and significant differences ( P) of paired comparison among different fertilization treatments of 16S rDNA, amoA and
nosZ libraries based on LIBSHUFF

16S rDNA amoA nosZ
Kb B Treatments
CK N CK N CK
N LUBSHUFF( AC) 0.287 / 0.176 / 0.759 /
P 0.002 ** / 0.020* / 0.004 * /
NPK LUBSHUFF( AC) 0.722 0.615 0.33 0.425 0.250 0.399
P 0.002 * 0.002 * 0.004 * 0.004 * 0.042* 0.053

* f{F P <0.05 KFTF 15 EM: 5 represent the significant differences at the statistical level of P <0. 05

3 g

ELAE 3 Ffuita A AL 3 + 340 T 1) Shannon $8 % ( A% ) ,NPK B B & F N I CK 4b3 , A\ g th &t ml &
HRIFER S BTt NPK AERBERIEHH R KRN X = K EFBERENF R EYNERKEMN &Y EE
BT HEA RS HR IR R R B Y T B T A i A, T AR T B SR, T3
MRS LIRS AT, AR Z MBS ERITREAL, “EHAEY A K I F B E RS, X
IR WA —E B 7 o ST, ZAEALFE A 16S tDNA LR T CK Ab3E, WTRER i T RIS HEA
JIEL 38 7 5 s R 7 13X P 5 ) 4 R A A K A5 57 . LUBSHUFF 45 5% 88 7R NPK 1 N 4b B 9 16S tDNA
SCPEE CK AH ELERIR B T 4% 3 1 25 5, fF— 25U B 30 V96 it S o 28 B S B 728 7 - S 400 TR PR B 5440 o

K EIMEAE X LRI BB AE W ARt = AR T —E MR . 5 16S rDNA AH{L, NPK Jifi fEAL B IRA5 A
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AT (& amoA) M ZHEME R F N Fl CK Ab3, 2R 5. — —CK —N  ----NPK
it CK MLL, MM AUE KB BEREIR T amod HIWE 3
PEPE, BABIUXEIGREREREE, BT 52 L
R R A R T AR R BB 52 %) T
WM EEFREZ—, Hsh, NH,-NWELRER, L2 0 e
ERTESE 17a HEMNABE S LKL, (5 NPK ALSEA) NH,-N 2 E 50| 22
SR CKBE WUl e E Sy 2 L
TEo X—4555 He %0 Phillips %) gy 57 A — T sonagasmEE
ﬁo —‘:;f 16S rDNA ﬂ amoA % lil E‘J%ﬁﬁ%%K Iﬁ] , $ Number of 16S rDNA clones screened
M AUIEAE nosZ [ 2 REVE RN 41 B B8 F CK Al T
NPK 4bHE. MoSh, A CEMER SEMRMAAEIE
URIEIKE] 95% BA 1) 5 4~ OTUs ¥k [ N 4b3# 7E CK - 25 -
1 NPK A3 R H R R B, VAR RS E R RS 2§ e
R WIA . Brvall 5 IR 55 G
FURANIEE R KR nosZ 5y % 25HE, i@ag LUBSHUFF 5 2| =
B nosZ FE I AL LG 43 BT B, R AL B A or
nosZ BRI CEA NS CK A BEHEEF (£ 4), HBE % 20 20 60 20
REFEXE nosZ ZAEME IR 5 SCRRARGE A — 30, b AT SR
AT LE 5 B I UIE 3 nosZ REHEREA, &
BT B0t S AT 52, A 00 B P P ol P
S+ pH W B LR SRR AL SR o 7
TRREBIRE . AT, AR RE, K 537 o
MR SR e pH FEAE (6 1) o DLESSRE, & 25 7
amoA Fl nosZ FEH T AL AR WAL AE DRV BERT AL ¥ 2 o0 |
5 O o 2

BRSSO ) SERE AR 70 ~ 150 A, Bt K Z B

SCHRARE FOI 5 (— i 30 ~70 4) U0 {H 16 rDNA, % 30 6 %

amoA DL} nosZ F&[H B i f R ¥ AR BB 8. U
HIZKAE L &8 A, stk S S R AL Dh BB TR ) 2 1
R BHEBEEEHMN S —RE 82 S5ASCRARN

nosZiiigk SRR H

Number of nosZ clones screened

K1 405 16S rDNA,amoA Fl nosZ o[ SC R fH i il £
Fig. 1  Rarefaction curve of clone libraries of bacterial 16S rDNA,

I EARA K. WK AK DGGE RFLP 4575 1%
ik 2E AR BRI 51 T REHERR T — L8R G R LA
MEHITERE ™ AL T B OUT WAEBIA M ET M2 & IR S . ABFSURA T BBIF A, 8% T %
GHERLE RIS TR . BARIRIGH) OTU B HME I T, (BIAAEF- G, NHRA T AL 5] & AP
UL SREIRR , 75 Bk — g 16S (DNA RHALA A (LD RE R BT 52 H 3Rt AE M Sh 28 1k
pUK 8

amoA and nosZ
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