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= O TP T A A LA R SR s, R E T 4 MR EE: CKORHENE) . LMASREA L) . MLGSRA
HLIBA )M HM(R A HUE) A TS, i i R s BR i 1 e B 2 M (T-RFLP) M SE B SCE Y DNA PG T T nirk ZEB 1)
ZREME SERRV. BAABMPRER) 288 AN HME T I 4R 78 A, KA nirk SOEPIIPLASEEE T W —Fhem, 1
CK AbH R 5 R 51%, EHAD 3 b BEHAY &7 FLIKIKCH 33%. 32% AT 27%. 4 ANSCREZ IR BT AR ILEELE 37.50% ~ 45.34%,
REIMAIHIR, 514 OTUs MIFLERT 6 4~ OTUs 56 FAT BRI R, ST 88k 11.8%; Hok 45 4~ OTUs /&
FRFEFA, T S 88.2%. BHUIETING B T8 nirk JEHE M ZREME, JEH IR0 T LTS A FREE vh o B S i AL 40
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Effect of Organic Manure Application on Diversity of nirK Gene in Denitrifying Bacteria in

Red Soil

ZHANG Chenyang, TENG Qihui, CAO Ying, CUI Zhongli, LI Shunpeng, CAO Hui"

(Key Laboratory of Agricultural Environmental Microbiology, Ministry of Agriculture, College of Life Science, Nanjing
Agricultural University, Nanjing 210095, China)

Abstract: In order to understand the effect of organic manure application on the structure of denitrifying bacteria in red
soil, four treatments were designed and compared: 1) CK, no manure; 2) LM, low organic manure; 3) ML, high organic
manure + lime; and 4) HM, high amount organic manure. The diversity of the nirK gene was estimated by terminal
restriction fragment length polymorphism (T-RFLP) and DNA sequencing of the cloned library. The results showed that the
288 clones selected in each treatment can be divided into 78 clusters, and the dominant groups in each nirK library were of
the same cluster, accounting for 51% of the CK, while the other three treatments were 33%, 32% and 27%, respectively. The
similarity between the four libraries was between 37.50% and 45.34%. The phylogenetic tree analysis of the 51 OTUs
showed that 6 OTUs had the highest similarity with Ochrobactrum sp., accounting for 11.8% of the total number of
sequencing. The remaining 45 OTUs belonged to the uncultured cluster, accounting for 88.2% of the total number of
sequencing. Organic manure addition increased the diversity of the nirK gene, but some types of denitrifying bacteria didn’t
appear in the original red soil environment.

Key words: Denitrifying bacteria; nirK gene; RFLP; Red soil; Application of organic manure
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HRRPHAE . AU HE AN X LI S AL R nirK N Z2 R E R 73

FRE G Rt 48 AERair s X, i F 20 82 A
AT AR ff 40 B M A/a s S 2 R OGN HG I ES 7=
T RN X T e h AR S A — E R
M, TFLTHEE TIRIREE B AR R T, RSk
S A YT i AR A R R e SRR A W T R
AR E R Z Y A HE AL AR R A AILAE AR N Y RO
AL TS AV E R 5 O E R, R BCA R R
SR IR A 5 A HLAE AR %41 39 v S s Ak 20
FREAEER =

FRSACAE R 2 RGP H 0 B 4 43, SR AR K
ToAIREEH—Fh CE AN T 10550 R 2, Ho
SR ER (NO; YKV GA JF R W AN BR £ (NO, ), — A LA
(NO), —5AL—AMN,0), HFHE AN,
SAHARAE R R 4 A A Pk BE XTI 2 4 Fhfe SO A 72
TP E AR ST B DGR, A3 iR A R SR | AR R 14
JE | AR R S RN AR A RGA IR, X ) T e
FEH RN nar. nir. nor N nos. T VAHER A R il
2 55 1) SN S DX 53l T 58 I W R R B A A 40 B A B
AR RN, (RS 3K — 20 S 0 3 25 TR B ARt I iy
AT AR, DR R R il Ak o AR b Y R P
TUONS1 Y R A DR L AT AR Eh RS R3] (mir K D
nirS) IS ZERIE A VF Z W06 I FP 38 PR T4t
FERHAC A% . FR A, A nirS EHEIRL
AW LUMBCA N B (Pseudomonas sp.) 3, T nirk LA
WIAFEAE FAR 200 A o i e b U7 B4k, o
WK IR nirK FEPRIIAEE [+ B 22 LA T nirS 5
R U, BSR40 NO; . &AL, S/KkEZAk
AR ST B AT mirK FE DR SR A 40 B G 22 o200
R, WFFEEE ) nirk JERAT DU R LS T i
B RS AL A RIS 25 A 09GO, A B T T R 3R
B3 R 7 X F SRS AL 4 B VR 2 A VE A

FRFGEE KR, L5 il T R AR R i 2% )
AR 5 H R 20% ~ 30%21 . FUIE 2 T AL T AR
HER Y 2R, X SR HE T B 2 Rk s
e Y S A BUNIR L Y IE-RE & N 1
L FE R A B AR 2 iR ST T 5T R
A HLIE At 7 =05 MLIE A 2 R F e il Ak 4H o
BIFEM AT T BF gt 24 B T2 s it F AT AL
NEXS T &4 nirk 55509 BORS A0 20 7 52 9 16 TC 2 18 o
AT 7% B A BIR 0 R B R 2 A 1 2R A i B S
(PCR-RFLP)H AR A I (4 4 )it in A HLIEFIA K 1
SIEET nirK BEPRUBEVR S5 FO A, IR LR R IX 2
TH AL TR Y 2 et S R e N 2R, 2T I Rl b A
BRGMRIEUTS%

1 #RERE

1.1 REIEIT RERR

SR Al 5 TP 48 T VR T 11 o [ Rk 2 e 41 3
A S SEER S N (116°55'30" E, 28°15'20" N), iR 46 135
MBI R B AR GBI k1), 58
INXCOA 2 mx e 2 m KRR, H 2002 45, AEAEAD
FH— TR —) o RIS IR 2N
AHUE, SE 4 MEH. OCK, AHEE; @LM, fKE
AHUE, PrE2EN 150 kg/(hm™a); GML, FEATHUE
LK, Yol N 600 kg/(hm*a) + 474K 1 000 kg/(hm?-a)
(5 BB AL BT 3E R 52 0 S VR RIS R], 2002
AEF 2005 AE & AN—R A K); @HM, FEaAaLUE,
Prér4li N 600 kg/(hm®a), FEALFE 3 NEE . 2006 4F
7 H N AIWGRIEY) — 8 5 #EAT R SR, A/
X RS 9 sURARES, AN LA (EHR
2 cm) HiHL0 ~ 15 cm A, FHPO L B E 4,
TR A B M 232, RBRA S FAEAR R, B8
IR IR S KT R 0 (<2 mm) T BRA P B
3 BE—IMEAET 70 CokAE T T ERUE Y
& DNA $2 10, 50 - 58 A i S 0L SRk [25]
1.2 #iXEkR 5K

AR 5 KT E.coli DH10B ., R #l14: N Y i
Hhal Fil Rsal W { K& FAY TEARA RS, Ha
JT A E I v e ) B AR R R 38 5 AR S
F 5 Fp il A — 3502
1.3 REUHE nirk BEER RO IE5RMEE

R

il ] Zhou 25 P7HE HS A B F4R B0 0T - BERE
DNA T8, RAGIY nirKIF(5'- GGMATGG-
TKCCSTGGCA -3")Hl nirK5R(5'- GCCTCGATCAGR-
TTRTGG -3")H T B 1 135 5 DNA H(% nirk 5
R BEPS, PCR N Mk R 45 T I 2 PO 9 v fof FH )
KRR, PCR YT R “FE&” PCR BIF.
FLW 441 94°C WiAEE 5 min;94°C A8 30s,55°C B
K 30s, 72°C FEMH 1 min, 10 MER, S MEHE
0.5°C; Jaf4% 50C Bk 30s, 72°C #E{# 1 min,
10 MER, BAETE0.5°C;  52°CiBk 30 s, 72°C
FEMH 1 min, 10 DMEH, Ff5 72°CEEMH 10 min, i
F 1% W3R A F kARSI PCR =4 11 2% K/
FVREE, Sh T RGP 1T R A 22 013145 R 8 1Y
PCR =W T 5il, X4 DNA FEE T 3 IREE Y
8, SRIE A I IR & I stiAk 5 i R B, AR
WA TT00 2 7a S pMDI1S-T kb, W BrkifE1k
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B2 E.coli DHI0B 11, {1 FIBERLE, M 4 1
SbFrh A PRIE S 288 MBI TERE S, HESL nirk FEP
B makeE SO, A I SR SCERIE IS F % 2 96 LA
JIREFEAR, IR 30% HIHR AT T —70° CH-A7-
1.4 RREEAVIERERKESSESHT

EHEPR MR A 7 BRI ER PCR 17
SO LR S R IEAT nirk W18, 2 H
Hhal 1 Rsal Wi FR 4 A DTS PCR ™41 2E1 7 )
(37 'C, 3 h). I 8% HIZR I BEIN At DK %) il
VIt sor 85, GmmAR g 6 | BERC UG 3 B
J AL nirK F8ECETE . RSB0 nirk $8208
T v L E B AR 55 A BR A F] %) (Bio-science) GIS
BEWE AR5 BT RGO LA T30 o DA IR Bt
Z ARG SR AT IR B PR D] 7 A AL — 2
FEDR L3 S —2 , g — D R R — A4 532
{3 (operational taxonomic unit, OTU),

WG AR 4 DAEBEHE T 2R LA,
THEAFE] nirk BEE W SCEHE 5% (Coverage C), &
PRAGE . AR, B AR TR
1.5 FINEMREELZBEMEE

XF 4 AEBE nirK S AR RG] v b T
ey, Pk 54 D yike T, I HAR AT 4
K(515 bp Zifa)o FF A LG A= T AR A w
SERL, TS0 pMDIS-T vector £ 7 v &5 ¥
Y38 59 (primer RV-M Fll primer M13-4), K5l /5
RIS T332 2 NCBI(National Center for Biote-
chnology Information), 13#|%5%5 8 EU790823 ~
EU790873, {# i BLAST X} GenBank(http://www.ncbi.
nlm.nih.gov) O\ & AETE T AN AT R JRPE Le X . 2t
ia WA A IS, K0 E R Ak R YR R 91
BioEdit v7.0.1 4/l FASTA #%x0. B, R4
BLAST [RIJEPE XSS IR, DA R B 2 b T 21+
PEVE R nirK P8 LA BN 3 8K IR AR nirk
JPA, AR e R TE W S PO vh 1 A T R Gk
ety MBEF T RGERE 57 -

2 HEREHSW

2.1 nirK EEXERBEEYIZEE

X} CK., LM, ML Al HM 4 MAbBRE + 3 DNA
HEAT PCR U5, M9 HE nirk JEA e SC% , il RFLP
ST R, X nirK FEREAA FE YR A
HRYEIRATHTE M RFLP B35, 2N b B 55 3 Hkak i)
288 A IEfEF A4y 78 B, JRIX 78 FhE ALy
A4 R CK-A & CK-N, LM-A £ LM-S, ML-A £

ML-T F1 HM-A & HM-Y, 4 N yalescE nirk 82510
B 1, CK SCEH 5 Hf R A e B S H 4k
B, AHGAR T 51%, #id T CK SCE BA—2F,
LM SCIEH R ASERERT & EL B 33%, ML SO
PERBEI BN 32%, HM SOEP ISR B8
27%. HSHEEX 4 ASOFETIA R, I HHAEXS &
A APUERES MRS, 78 4 SR T
TR TN, DS A BSE R nT o Hh Rl IE 1
BN 20 P A 2 B N

2 2 4 nirK FERSCHEZ [ RS AR
AT AU F T LA S [ 1 A B S50 % TR] AR Ak
SRR, 4 D UFEPFHZ RIS 37.50% ~
45.34%; Bt AP A AR I TR i
AR T 4 D EEMRIIAEAEE RIS 3, (HA UL
AT INAT LA S A AL A AT
2.2 nirk BEEXERNSHFEER

Bl 1S 44 nirk SERSCEREE ML, MW
LAl LUE N, 4 N SORMBRLD sl T e, b
AR O AR 8 T i mr R e . hak 3 nl A,
4 SRRSO 7 5250 5 88.23%(CK) . 86.57%
(LM). 87.84%(ML)F! 80.82%(HM), KT 80%,
VeI AR ST TS 19 nirK R SCEE ] DL A i e 36
CT SRR S AL A0 T RV 2

M4 A SCRER Y ZREEFR BT LG 1, 2T A7
A 5 D R , & SCPEZ (R 2 REEFR s
A . CK AMBAY nirk FEDN ZREPEFERURAR,
HM 4bH i fe i, 1 LM A ML ZbB A ZREvEFE B
BCHET , RS AI8A: Py i) Z2 R P G AT ) A B e 2 v
BN . WSCERB S BRI Fa Bk R, 530UER
ZREPERR RO S — S, VLA HLAL 5 A3 i 75 S il
b 200 TR A A5 5 0 =F i ELAEAS A2 RO Ak A k)
R R B & A EE RIS P R (K EP S e e U
4, (URA S ERIEEZ M2 B EIEAA, HAib
BB T 5 H AR Mo EH LR,

30r
25 = =
&
=20} . .
By PR
a 15k Y- ..
= 10 e CK
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sL /0 ML
= : HM
O 'l 'l 1 L J
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e

1 44 nirk BEAXENFEEE ML

Fig. 1 Rarefaction curves of four nirK libraries
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55 13 HKIRPHSE . AHUILHE AT L1 b S AL T nirK JEDR 22 RS 75
F1 44 nirk I EBYISE
Table 1 Types of enzyme digestion of four nirK clone libraries
CK LM ML HM
il 73 2 Akt (%) R 73 1 dit (%) i 73 1 it (%) i) 3 4 fit (%)

CK-A 51 LM-D 33 ML-A 32 HM-B 27
CK-C 17 LM-I 15 ML-C 9 HM-K 11
CK-E 11 LM-L 10 ML-G 9 HM-C 7
CK-D 5 LM-B 7 ML-F 8 HM-F 7
CK-G 5 LM-K 4 ML-B 7 HM-L 7
CK-N 3 LM-O 4 ML-D 5 HM-R 5
CK-B 1 LM-C 3 ML-H 4 HM-A 4
CK-F 1 LM-J 3 ML-K 4 HM-N 4
CK-H 1 LM-P 3 ML-E 3 HM-E 4
CK-T 1 LM-R 3 ML-Q 3 HM-O 3
CK-J 1 LM-A 1 ML-R 3 HM-P 3
CK-K 1 LM-E 1 ML-I 1 HM-D 1
CK-L 1 LM-F 1 ML-J 1 HM-G 1
CK-M 1 LM-G 1 ML-L 1 HM-H 2
LM-H 1 ML-M 1 HM-I 1

LM-M 1 ML-N 1 HM-J 1

LM-N 1 ML-O 1 HM-Q 1

LM-Q 1 ML-P 1 HM-T 1

LM-S 1 ML-S 1 HM-S 1

ML-T 1 HM-U 1

HM-V 1

HM-Y 1

HM-X 1

HM-W 1

R2 4N nirk BEXEZ B REERILERER
Table 2 Similarity matrix for phylotype composition for four
nirK libraries

23 RAGHUMHHBEREXZE LN
RSO Y 54 /> OTUs i 1F NCBI (1 BLAST
FEXFEBR T 3 AMEBHPEZE R, 58] 51 AN IEH nirk

o M SEFS, 7 Genbank |-EHE T MU B4
— — — — RIS, T BioEdit Fl Mega B/ Fil sy
M 1750 30,48 IR R G IR (& 2), HATRGERF . 451
o s HT, WIFHY nirk HEIR G2 AT HIEELE 60%
R3 4N nirk BERXERREENS LR
Table 3 Diversity indexes of four nirK libraries

SO SO 35 (%) AT B F ARG By EREL F B R

CK 88.23 2.52 0.71 0.41 3.08

LM 86.57 3.38 0.84 0.56 4.28

ML 87.84 3.51 0.86 0.56 4.41

HM 80.82 3.88 0.89 0.63 5.59
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F4 BEREBHEFRETER Pearson HHXKMH

Table 4 Pearson correlation coefficients between Shannon index and environmental variables

L F pH o4 2R AL AR HEA PR A ALk
FAFEEL 0.397 0.938 0.917 0.972° 0.504 0.736 0.821 0.876 0.945

T ¥R P<0.05 JKFCRUIN I FAIE, N=4.

~100%, 5 O P HN AT R UEE HLER, B TR 3 100%
B, DX B e 41 AT R 2 AR B i A Y S R
§l|; X% OTUs EZME N 3 MK, K51 OTUs
HIFE cluster 1 71, 7 BV O REEL) 78.4%, HM Ab#
£ clusterl H1 5 15%, Hofth 3 MEFEA b 25% ~ 30%.,
[R]HHA & BRAE cluster 2 1 cluster 3 FP 34 Hi L CK k£
i TP R T, Al 3 b EEAS  30% AEAh; 414
o nirK RCASAAHTE AT = B 2, 514> OTUs 43
J& T & HAT & J& (Ochrobactrum sp. ) FIA EE 37 B0
I HL26 R 22805 R 85 35 40 T A ARLBLRE B e

3 ihie

A ik AR SR F A R A B [ R AR
FOHRR B RS, WML ARRESRZRENA
FOEA LR, & H AR AR R B4R,
WM, RAEAVER =B TR E IR =Sk,
NO Fil N,OP' Sk A=Yyl h " E KK,
F ARG A 5 i /N TR R B, i DA Bk
B AL T A RSP g TH IR
= AT S Rk, P ) 218 it A2 2
[EEAR: 232 & TSR =N (P S SR VI [ob/
TR T 203 rh S AT mirK 3 R SR £0 40 B RV 52 )
HIBFFE 8 . ARG L nirK FEDE R 20 THRIE, R
H PCR-RFLP J5 kbt 5% 1 2 A tILAEES in sk 30
LR AL BEIE 25 ZRE R s, 25 SRR, 4
AR AL 3 nirK SCHE 22 (8] A 2% 25 R0 2 AT 3K
25, PRI Z Al AR UPELE 37.50% ~ 45.34%.
H WA SRR AR T 60% B & T AP
WA EEE Y, AR P A UE N T 60%,
HHIX 4 4> nirk BRI SCPE 2 R A BLEE 5948416 . 7F 4
A nirK FEPR SCPE PR IASEHET & LB IR R CK
51%. LM 33%. ML 32% H1 HM 27%, Ifii4%3C/E
nirK JEP R BRI 14 #0019 F . 20 FioFl
25 Pl AE X F AR BN ZREE RS A R B,
FARB ARG BUARE, $ HM>ML>LM>CK,
FE 1 BRI R —3 . Yang D058 LB,
R T i A Bl TG 0 B A A PR R A D
FEH A S AL O ERE 3 Chen ZEBSWRGE & B, AL

Yy IR I RT DA I R RS AL BRI B, RIACH A
HLIBT B 7S I A 5 2 0938 mxt 3 b U i A=
FERVERT HA B . A ALY 53 in el DL 2
R 1 IR BT (A R A LR A — 2L ST L
), AAT AW LMK, AT
ZERM RS Z M

AL AR TRV B AHE 8 S B 119 Pearson
AL R R, (R S B AR BUE W 1
X, HMARHNF5EFRBEMHCHEARE, 5
Yang PGB ST S5 EATE o AR TR I SRS 5 % BiAT
IRt 2 REAR A P Bk, X AT RE 30T ML b3
SRS AL A PSSR A, H ML AR HA BABE A
FHUEARE R, BRI AT BB B OGRS 30 A B

A GE R 58 % BT LLE Y ARAA LI A
Jin Ak - 1 b S AL AN R VA 54 R B o AR TR TR
W)L AT B (Ochrobactrum  sp. ) FIA 55 37 A0 41 B
YA, o 5 oA R 75 AR A O R B B AR
88.2% LU b, SZENIEPIMITLs R —5, [HAF
G R R IR A R G LR T ey, U I B T
FEAECAHEE, XTRE SLUENERA LR 40
Hesh X FEK R, W3 A TR,
REBA I RGS | RER, B AT IR AR
Bi, ART A ALY, SRR E R i
15, RSl nirk JEPR I F 5 Rl K
FIE B, AN RS T SRS AL A R 1 2808 T ARG 77
Y. Henry ZE10%F 56 A nirk FeIK 551 258504,
KB T A5 B T E 0 n] 5 3R SO A
Y nirk JEHFEAE , Yoshida ZEHIHF5E K R 4
A nirK FER LA R RS, RPN
RS AR BE RN AN . AT R G LT WM 1R s
T R 0 PSPl R B , 33 ] B R Ry
AT nirK PR 53 L AT E XS nirk F116S
rRNA BB RGEKF I REY, nirk FEH 5
16S rRNA AR —5) - 53 (1 5 s R4
Zh CK AbHH Ay sErE+, SREIRKy LM, ML
A HM AbPR, XU EH AN [R] (4)t AE A e A T R A4k
2 TR R AL, (R BRI R 6 06 R A3 R BT Sk Stk (1
Oy T A ERE AR BEA TSR
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g1) CK_20_EU790828.1
LM_32 EU790845.1
LM_29 EU790843.1
Uncultured_bacterium_clone_K4-1_MH286114.1
LM_12_EU790840.1
991 CK_2 EU790824.1
LM_63_EU790848.1
CK_54_EU790831.1
99! LM_2 EU790835.1
100] CK_9_EU790825.1
CK_48 EU790830.1
Uncultured_bacterium_clone_S4D_KX598813.1
Uncultured_bacterium_clone_SY-NIMI-K-15_KJ441401.1
ML_11_EU790862.1
HM_39_EU790857.1
99! Uncultured_bacterium_clone_OTUS51_MH401186.1
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Uncultured_bacterium_clone_ISA00613_FJ204549.1
Uncultured_bacterium_clone_K4-23_MH286100.1
LM_53_EU790846.1
100 Uncultured_bacterium_clone_1J-67_GU270547.1
997 CK_77_EU790834.1
Uncultured_bacterium_clone_K7-4-1_MH286110.1
Uncultured_bacterium_clone_HT-nirK-20_KM520935.1
ML_40_EU790868.1
100]' ML_75_EU790872.1
Uncultured_bacterium_clone_EF-29_GU270519.1
ML_26_EU790865.1
ML_17_EU790863.1
LM_4_EU790836.1
Uncultured_bacterium_clone_ DNITCQG11_JN245304.1
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HM_15_EU790854.1
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ML_64_EU790871.1
HM_1_EU790850.1
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Uncultured_bacterium_clone_HT-nirK-36_KM520950.1
ML_4_EU790860.1
96 Uncultured_bacterium_clone_G-NIMI1-K-31_KM852642.1
CK_14_EU790827.1
36 I: LM_14_EU790841.1
100 Uncultured_bacterium_clone_518K213_AB453576.1
Ij LM_9_EU790838.1
100 Uncultured_bacterium_clone_J30911200_5_1_T7_KJ497935.1

—— LM_6_EU790837.1
CK_74_EU790833.1
99 31 HM_30_EU790855.1
27 Uncultured_bacterium_clone_K6-3-1_MH286091.1
97 100 MI._33_EU790867.1
HM_13_EU790853.1
80 HM_9_EU790852.1
Ml 100 CK_41_EU790829.1

g3| LML72_EU790849.1

a1 Ochrobactrum_sp._clone_3-19_GU136459.1

15 CK_1_EU790823.1

49 CK_11_EU790826.1

75 LM_10_EU790839.1 B
100! Uncultured_bacterium_clone_ZJDK62_KX036346.1
97| Uncultured_bacterium_clone_ZJDK55_KX036340.1
ML_24_EU790864.1
97 Ochrobactrum_sp._clone_1-18_GU136453.1

HM_54_EU790858.1 Cluster2

100 Uncultured_bacterium_clone_OTU38_MH401173.1
9
6!

Clusterl

90|

9| HM_3_EU790851.1
3] LM_21_EU790842.1
54 Uncultured_bacterium_clone_HT-nirK-32_KM520946.1 ——
100 HM_33_EU790856.1
[ Uncultured_bacterium_clone_17-6-1_HM628822.1
— —————— ML_58 EU790870.1
1001 HM_56_EU790859.1
89 L Uncultured_bacterium_clone_K9-21_MH286093.1
L 51 LM_60_EU790847.1 Cluster3
—I Uncultured_bacterium_clone_C1D_KF481757.1
94 ML_79_EU790873.1
—l()OL ML_8 EU790861.1

97' Uncultured_bacterium_clone_EF-17_GU270514.1

—
0.05

B2 EFA4NMLERBUAR nirk SEBFIIMENRELER

Fig. 2 Phylogenetic tree based on amino acid sequences of denitrifying bacteria nirK gene in four treatments
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