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Effects of three land use patterns on diversity and community structure of soil

ammonia-oxidizing bacteria in Leymus chinensis steppe
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Abstract; Available nitrogen is not only one of the most important limitation resources to manipulate primary productivity,
but also a major factor to decide species composition in a grassland ecosystem. Chemolithotrophic nitrification is a two-step
process, consisting of the conversion of ammonia to nitrite then further to nitrate. Those steps are involved two different
groups of organisms, the ammonia-oxidizing bacteria ( AOB) and the nitrite-oxidizing bacteria ( NOB) , respectively. In
this study, the active AOB community was investigated by using approaches of polymerase chain reaction-denaturing
gradient gel electrophoresis (PCR-DGGE) and sequences analysis on the Leymus chinensis steppes with three of mowing,
grazing and fencing treatments respectively in Hulunbeier steppe of Inner Mongolia. Sampling in August 2008 when

vegetation was at its best condition. Samples were taken at depths of 0—0.20m. The community structure and diversity of
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the bacterial groups from the different samples was further analyzed by using different techniques, such as statistical analysis
and diversity index evaluation of the band patterns etc. The results showed that grazing activity significantly increased the
number of species and quantities of AOB, as well as the diversity. A total of 21 sequences representing 21 different
sequence types were recovered from the DGGE gels after phylogenetic reconstructions. The results further revealed that most
sequences were coming from Nitrosospira and Nitrosomonas of B-Proteobacteria, with accounting for 72. 4% and 28. 6%
respectively. Cluster 4 of Nitrosospira existed in grazing, mowing and fencing plots with accounting for 25.0% , 27.2% and
26.3% respectively in their dominant AOB. And Cluster 6 of Nitrosomonas existed in grazing, mowing and fencing plots,
those accounted for 33. 1%, 18. 1% and 21. 1% respectively in their dominant AOB. Analyze of stepwise regression
showed that the key soil physicochemical factor which influence the diversity index most is the content of nitrate nitrogen.
Urease activity and nitrate rate in grazing plot were both higher than the other land use patterns. The content of nitrate
nitrogen and total phosphorus were both extremely significant ( P<0.01) correlated with urease activity, and there is a
significant (P<0.05) relationship between urease activity and the content of available phosphorus; at the same time, there
is also a significant relationship between nitrate rate and nitrate nitrogen contents. AOB communities in Leymus chinensts
steppe were significantly (P<0.05) influenced by the levels of ammonium nitrogen when canonical correspondence analysis
was employed to identify relationship between AOB and soil physicochemical factors under different land use patterns.
Based on the above findings, it seems that nitrogen cycles represent the key links between above and below ground
ecosystems. Land use patterns in Leymus chinensis steppe have significant and long-term impacts on the size and the
structure of the soil AOB community at both phylogenetic and functional levels, thus would further affect the transformation

and utilization of nitrogen in the steppe ecosystem.
Key Words; ammonia-oxidizing bacteria; Leymus chinensis steppe; biodiversity ; phylogenetic analysis

ALY (ammonia-oxidizing bacteria, AOB) J&—JS BB 2 AL WARTR Eh i 4l B& , | iz 0 A T L
AT 38 R AR R RSO P 4 R AD R iy 2 SR A A B AL 1 A AL R, 7 A AR AR R b
ERAE WA F AR IR AR R AR BRLAE S E 2R A5 vh e B AR — R 4

FIRT, O R 22 5 e s 8 AL Al B i W58 P T K9 AR, Kowalchuk ™ 48 1 Ff PCR-DGGE 4 AR 5%
TS LA B TR 2R AL, Coci ™ 45 FHES % 7 R DGGE BEARAHES A WF5T 1 4k B Xl i) s U AR 4
SEAL LR T I 25 A3 A (R0 R 2 2 1 A T N CARD-FISH #1517 £ 40 B 2k st 2 AL 240 v B0 (R s
BSOS A5 R PCR-DGGE HARWFSE 1 R K A AR 0 it FH JCALAE %o 21 e 2 S T 4 0 22 P R Ak 7 1)
S, SCHR H AR AR PCR-DGGE HARWFSE T WFAS DL IR AN [R] 575 b 2K 7 + 398 52 S A0 TR 1 BE VK 254, (HLA DL 30
A AR 7 200 B it S A 20 T 20 R SRV S5 A S i A i3 . R, AR SO T PCR-DGGE $AR K 47
BEP= I 9 S3HT J5 ¥R U BEIEE T ARV R 75 0 355 (Leymus chinensis ) B0 )50 - 3 2 S8 AL AN T8 22 AF 1R A 5200
I L3 3 I SR 1 A Ak 38 DA S - R A BT A H S U AR A AN TR M S TR 45 F =2 TR O &R
PREARRIF 7 20 i+ 3 A AL A B e SO VR 25 M B SR DR B 7 ) P SR A 200 T 22 e o K e
H 7 2w 7, B Ay i R 5 B =0 JEUR XS SR DR 47 A ) 22 I N A et A 285 3R G 0 T R K e i fit
PRI HCHE
1 MRERZE
1.1 FEMAEDL

WFFEX AL T N St IRAE DUR TR EL R PEERE A, HIAR AR 28 119°04  JbE 49°147 AFEI R -2.5 °C, K
630—650 m , F-HJ[% K H 300—350 mm, =10 °CHFLE 1800—2100 °C , JEFH I 95—105 d, +HEE Ak FEAE -
FERE AN R (L. chinensis) LRV E G H UL KEFSF (Stipa grandis) VK (Agropyron cristatum ) | FtZEHE
T (Astragalus adsurgens) 5 HBRRAE )k ( Serratula centauroides ) FIE MR ZK ( Poa pratensis) 55 , 2o A5 ¥ 52 Flr,
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Table 1 Results of soil physicochemical factors in L. chinensis steppe under different land use patterns

FIFH 773 Land use patterns X% Mowing Fil#t Fencing TR Grazing
pH 6.3+0.51a 6.8 0.49b 6.4+0.23¢
S LI Total Organic Carbon/ (g/kg) 22.7+1.53a 23.5+0.95a 23.2+0.73a
4% Total Nitrogen/ ( g/kg) 1.66 £0.15a 1.73+0.2a 1.68 £0.22a
#75% Ammonium Nitrogen/ ( mg/kg) 10.05 = 1.38a 11.45 £0.6a 14.70 £0.1b
fili 2% Nitrate Nitrogen/ ( mg/kg) 2.13 £0.28a 2.52+0.23a 4.79 +0.57b
4T Total Phosphorus/ (g/kg) 0.55+0. 14a 0.56+0.1a 0.50+0.16a
AW Available Phosphorus/ ( mg/kg) 3.25+0.13a 3.54 +0.09b 3.56+0. lc

[FAT ARG PR RN 22 5 8 3 (P<0.05)

1.4 IR E

MR IEFRES . BAAFEE10.0 g fif £, FFIR5 A A A9 39 B R R K 2 60% , 35 A 125 mL
JUIUH R S B U T, FRZERE EFL 2 AN/INFL, SR EE 28 °C N T AR, R IE K A3
Ak, 155730 d 5, 43 R AT KCL i 8- 05 Lb (035 F1 KCL 3= 4258 A1 43 6 O BE i i%%ﬁ&f%ﬂﬁﬁ?&f

R

IR RGOS AR 550 A SR 22 1, B A 3641628 ( Nitrate Rate) ®
L EAH AL (Nitrate Rate)= % NO-N/#(NO-N +NH-N) x100%

1.5 LHEREAh DNA AY4RHR

FREURAE T =70 °C FAFr it 3845 0. 80 g, >R Ultra Clean DNA extraction kit ( Mo Bio Laboratories Inc,
California ) 1855 &5 7 15 , #5 BRI & U B 5 B K A5 077 ( For maximum yield ) $2HU 43 51 DNA |
1.6 PCRY"H

FHE S PCR ik W S AL A 8 BART 9, 510 S iy 46 UL 2, 2R —%8 PCR W, W) 2 465

bp, ﬁig H0.5 wmol/L EF5[4), 25 L i Go Taq Green Master Mix 2% ( Promega, USA) ,20 ng B4k DNA ;
555 PCR UV, 74002 201 bp KR 0.5 pmol/L #5149, 2.5U ) Taqg DNA R4 ( TaKaRa Ex Taq) ,
5 wL B 10 X buffer (including MgCl, ) , ANTP200 wmol, %5 — % PCR F=%) 4 L 1E R AR, P58 [ B 3 % K
( Promega Nuclease-Free water) 2 50 pL,
1.7  PCR WIS VA B2 BE L UK

M. H DGGE HLJK R4 (BIO RAD D Code Universal Mutation System ) , 5514k 8 % 3 TN s Ik e 58 Jst , 722 A
FEH 40% —60% (100% ZE PRI E N TM JRZE ,40% £ 55 FH BEHE ) , B 300 ng PCR 724, 1€ 60 °C,120 V {8
SEHLEHLYK 8.5 h, HIKES A S, B 7 B 0. 01% A9 SYBR Gold Nucleic Acid Gel Stain( Invitrogen Molecular
Probes, Eugene, USA) Y6141 18
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x2 RAmEXREPEISI YRR EE
Table 2 Primers and PCR conditions used for the PCR amplification

£ PCR ElL/EA 5 5-3 SR A A
Nested PCR Primer Sequences 5'-3' Reaction conditions
tol89fab 4] ¢ ¢
A . cosTe GGA GRA AAG CAG GGG ATC G 94 °C,3 min;BfifF 92 °C 30 5,57 °C 30 5,72 C
S —FE A Stepl ctol 89fc 4] GGA GGA AAG TAG GGG ATC G 45 5. 35 AUEHR T2 C S min'?)
cto654r*] CTA GCY TTG TAG TTT CAA ACG C s, 35 TR min
95 °C,7 min; BfJ5 94 °C 30 5,61 C 30 s( &4
[ PEFRE KRR 0.5 °C ) ,72 °C 30s,3E 10 4
) 357-GC* 1 CCT ACG GGA GGC AGC AG ’ ’
— . T . . . s A
55 R U Step2 I VT ACG GOC GOT GO GG 15394 °C 30 5,56 °C 30 5,72 °C 30 s, 3525 ]

&I B J5 & 72 °C 7 min 30 DME ;72 C
5 min!'2]

x GC FT GC clamp; CGCCCGCCGCGCCCCGCGCCCCGCCCGCCGCCCCCGCCCC; MM b4 1UhY Chemistry conventions; R = A/G; Y =
C/T

1.8 16StDNA /¥ MR G LT 0 r

PEELEH DGGE 4577, B nie, AT GC J2 714 357 #1 518r 51914 14 , F pMDI19-T Vector( TaKaRa)
P B RN AR R R AL BBAZ S E. coliJM109 1, 8 FABEFTE )5 , PRI (o ph B FH 20K 5 [ 1) M13-47 3734
I BE PR 5E R, VR LB 1538 0E 37 CHERERE SR, B ImL TRRGE A T)F

FIIH NCBI-BLAST, B Il JF 25 5 5 GenBank £54f 2 47 /5 91 LU X 43 Mt , 40 BRCAH I B0 380 3y e 1) IR ) 91
SRJGFIM Clustal X 1. 83 Fll Mega 4. 1 H1AY&F4%1% ( Neighbor-Joining ) #: 2 E LA R N R G K B
1.9 HdEabr

KA Quantity One #4 ( BIO RAD) 43 #1 DGGE [l i, 1 SPSS16. 0 #1777 2% 73 H ( ANOVA)  AH K53 Bt
( Correlation Analysis) , F CANOCO 4.5 #47HEX] 1 73#H7 ( Canonical Correspondence Analysis, CCA)
2 HRESW
2.1 R[RIFIF I 2Ok 3 R g A S8 R 1 1 5

JUR B2 - e rp Iz A AE R RERS A AL IR K AR L A Bl ) 2R R RO )R O X L R e 1 22
SEIEE (P<0.05) (1), JHCHORE b i) A 398 R 16 705 1 S 25 e T N0 0l AR | 0 300 L R 80 00 e A b g
21.9% F123. 7% , i X F) 55 [ B b 2 (R A SR INHH 0 35 25 5 K Rl 7% 1k 5 S B A M IO iR A A M AT 1Y
SRR | LI RBEE PR S HIER S A (R=0.912, P<0.01) FI4®i(R=-0.913, P<0.01) 30 HL 035 A9 46
KM, 5 (R=0.736, P<0.05) & &R M W AHCHE
2.2 OR[AVFIFH J7 206 3 R 5 A SR Ak 8 1) 5

1E 60% HRIFE K ORRF 28 CH5 9% 30 d Ji, F R R EA A 7 T s b3 22 % 034 (P<0.05)
(3 3) , RICAHICS Bl FE> RE] R b R Ak 2870 i 2 X E R B P RE L 1. 41 11, 26 £ fisfb 3 5 115

0.05
= b
g 004 = »
Q a fl‘_ x3 TEMARNELER
3 5;2 0.03 T Table 3 Nitrate rate of soil in L. chinensis steppe taken under
g:: different land use patterns
BZ 002 . ;
g FIH 7 AL (NR)
2 Land use patterns Nitrate Rate/%
g 001
= A Mowing 14.920.4 a
0 [5aE=) Fencing 16.8+3.2 a
XIJ & Mowin; 3} Fencin, Grazin .
! e M g B Grazing JH Grazing 21.242.4 b

E1 FEERARMAAR L EREEYE
Fig. 1 Urease activity of soil in L. chinensis steppe taken under

different land use patterns
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PR A OCHE AT R B AR S RIS A & S R W ARG (R =0. 731, P<0.05) ,Jf HAEfL 3
55 TSRS P R I A OCE (R=0.788, P<0.05)
2.3 AR 7 2O 3555 SR g S A 1 AR PR RS2 R
XA [ 7 2T 2 2 i b S A R A A R AT
VRS RE B Uk A B (1 2) BT, & A Ak g
LB s QT = R = ST o D E s W
DGGE FEiE A A 208 Shannon-Weaver ( & 4%
AEDE R 3 Y & S E DI FAINE(ERE E= RSPl
IR Z (B JF AR 1035 25 5 o DI ALl 2
FEPETR AT 1 S AL 1 BT (4 32 20 131 VA 43 BT ( Analyze of
Stepwise Regression ) %55 3¢ Bl | 521 22 FEP: 45 K50 S
PHRAL IR 702 AR A RS i, N A SC SR B0 A vl
(R 4,%5) fEREIEG T H— PN RRAHESA S &
(4 T DR o D7 R 83. 3% , Ut W 7E 11 15 7 i v
ZHEPEREC(HE ) 5 ISR ( B8R ) &gt
R, I RE R IEE T [B1)H B0 W A5 4 1Y)
PR RE A5 B A WL 0 % 76 1ol LR 1 0 R? =
La#mHEREETR 2 REAR, R RBL | =0 2 ¥EEEARFAAREENAEN DGGE HikE i
I L2 AU 2 R BE LS, AT R =0.845 , 2 Il Fig. 2 Ammonia-oxidizing bacteria DGGE fingerprinting of L.
HELR SRS TS A A B S T AT cninensis steppe taken under different land use patterns
B R A E R, ANEHRESHrH (32 6) Mowing:a—c;Fencing: d—f; Gazing: g—i
AL HZ B T Ry =1.349+0. 252x , AR Y

x4 TEHMN/ GBI
Table 4 Variables Entered/Removed *

S Vol AR 075 SRR ik
- Variables entered Variables removed Method
B WA
1 AR - (FIERRE : P<=0. 050, I AR ;

P>=0.010, AR A S35 )

# PIARRE A A $5 KL

x5 REHE"
Table 5 Model Summary *
FEF Model 1 FR7 Model 1
HERE R 0.919 ™ HE RH R 0. 845
AR B Adjusted R? 0.833
ARG TR FRETER 22 Std. Error of the Estimate 0. 14908

w R A RINTRE; o+ TN B R ORI A A

®6 ERRH"
Table 6 Coefficients *
PRl R AL

ebrifit R4 . [EVEEY
5 76 andardiz A e I 2%
;i Zil;l Unstandardized Coefficients Séizg?:l;;:l (DL TEs Ry $H{tﬁﬁ:?{ﬁ
] .
B Std. Error Beta
1 W 1.349 0.138 9.799 0.000
AR 0.252 0.041 0.919 6.169 0.000

# NS AN TR AL
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NE EAE, FERFEEEAE G SN 14—21 B FERATTE DCGE B3 o 7 1 5 73 I 19k Jiig 558 Fe 1) v A8 P
B, % 2.7 R 20 ST R S 45, S5l 11 B 16 S llCHORE b BT RR AT, 2Rty 12 SR R RIARE b BT A
o RIS R 5 35 i i 2 A A A B VR 25 A AN ]
2.4 FEALANE BT EE R R R G KB T

BEREHURY 21 5 F 2L DGGE 4571 RIS 7 e #5201 21 S BHE T Genbank H 2 S8 AL 41 T 1Y 751 L
XF (3R 7) I H] Mega B AF AT R GE & B o3 R BL (18] 3) 7B B Ji - S0 s Sf Ak A T 23 50 SR s T B2 IR w240 (B~
Proteobacteria ) B VA AL IR TE B J& ( Nitrosospira ) FINV At £k 5 j 141 J& ( Nitrosomonas ) , 43 5l 15 2 S8 AL 40 8 o B0y
72.4% F128. 6% . RIE] | FEl 3 FHCHORE B A3 50 12 11 R 19 AP 34l I v S i £k 98 147 ) 43 501 o
50.0% \72.7% F168. 4% , WAl AL M B & 1 6 A~ BH 4 T B AE A 1 -5 BCoRe b 77 7 T ) R b v (U
iy 3 AN ( 5 2.7 F120)  ABFR R RIS WAL ST & Cluster 7 ARRUME 3 5 1 5E k&, Cluster 4 F1 6
RS REHD PSSR N | 5 RN EHORE L Cluster 4 23901 o & B AL 40 BB 25. 0% 27, 2% FI
26.3% ; Cluster 6 43 3] 5 2 S8 AL 40 0 B0 33.3% 18. 1% M 21.1% . FW]F 2000 5 - e s B AL A B E VR 45
a2 B PRI FH A [ i ek s

®7 FREERARAAAXNTERELAEN DGGE £ WERKR D
Table 7 Results of a BLAST analysis on the sequences of the DGGE excised and sequenced bands and distribution of ammonia - oxidizing

bacteria in L. chinensis steppe taken under different land use patterns

5 pUEA Fel B AR FE XS B GenBank %55

Order Mowing Fencing Grazing Similarity/%  Closest relatives &GenBank accession No.
1 vV Vv 100 FN562082. 1 Nitrosospira sp.
2 VvV Vv Vv 99 GU552208. 1 B-proteobacterium clone
3 vV vV 100 AY186208. 1 Uncultured bacterium clone
4 2 vV 100 G(0867209. 1 B-proteobacterium clone
5 2 vV 9 FJ240205. 1 B-proteobacterium
6 vV vV 99 GU473045. 1 Nitrosospira sp. clone
7 vV % % 97 HM125284. 1 Uncultured bacterium clone
8 vV vV 100 FN562078. 1 Nitrosospira sp.
9 vV vV 100 GU001873. 1 Nitrosospira sp.
10 Vv 98 FJ446563. 1 Nitrosospira sp.
11 vV 100 GU472980. 1 Nitrosospira sp.
12 vV 99 GU472965. 1 Ammonia-oxdizing bacterium
13 vV Y 99 EU520380. 1 Uncultured bacterium clone
14 vV vV 99 GQ457051. 1 Uncultured bacterium clone
15 vV VvV 99 GU906422. 1 Uncultured bacterium clone
16 VvV 99 FJ792853. 1 Nitrosospira sp.
17 vV vV 100 AB070984. 1 Nitrosospira multiformis
18 vV vV 100 FJ446558. 1 Nitrosospira sp.
19 Vv vV 99 HM134871. 1 Nitrosospira sp. clone
20 Vv VvV Vv 97 FJ240211. 1 B-proteobacterium
21 v vV vV 100 EF651594. 1 Nitrosospira sp. clone

RN R R PRI F )

2.5 R[FEFH DT QA AR 5 O 7 8 0 X N S AT
AR 7 3 SR m i A P ANk 1 s K S AL AN DGGE BlE B Ib a5 R 5 - e ri b
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Fig. 3 Neighbour-joining tree depicting the phylogenetic relationships among the ammonia-oxidizing bacteria in L. chinensis steppe under

different land use patterns
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Table 8 Summary of the results of Canonical Correspondence analysis

i H S 5 55 =4 ek
Items Axesl Axes2 Axes3 Axesd
FRIEMH Eigenvalues 0.389 0.344 0.160 0.123
Fh-ER5E HH 2 225U Species-environment correlations 0.983 1.000 0.991 0.959
ZHEY4 sl 2/
FRRREGER R 30.5 57.4 69.9 79.5
Cumulative percentage variance of species data
7S -yl SN ARAY 322 /¢
- 21358 BB 43 LA/ % 08 617 5.1 85,4

Cumulative percentage variance of species-environment relation
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Fig. 4 CCA biplots of the DGGE banding patterns and environmental variables
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