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Community Structure and Diversity of Soil Ammonia—oxidizing Bacteria Under Different Vegetation Restoration

Patterns in Hulunbeier Sandy Land, Inner Mongolia, China

LI Gang, XIU Wei-ming, WANG jie, YU Wen—chao, WU Yuan—feng, ZHAO Jian—ning, SONG Xiao-long, YANG Dian-lin"

(Key Laboratory of Original Agro—environment Quality of Ministry of Agriculture, Agro—Environmental Protection Institute, Ministry of Agri—
culture, Tianjin 300191, China)

Abstract : Grassland desertification seriously threatens economic and social sustainable developments. How to control grassland desertifica—
tion, and even to restore and reconstruct grassland has been paid much attention to. Vegetation restoration is considered to be a very effec—
tive solution. Nitrogen cycling plays important role in the vegetation restoration process. Microbial ammonia oxidation is the first and often
rate —limiting step of nitrification, a fundamental process in nitrogen cycling. It is, therefore, important to understand the relationship be—
tween vegetation and the community structure and diversity of soil ammonia—oxidizing bacteria during the restoration process. Here we in—
vestigated the 16S TRNA gene diversity, phylogeny of soil ammonia —oxidizing bacteria and their correlations with the soil physical and
chemical factors in Hulunbeier sandy land of Inner Mongolia under five vegetation restoration patterns, i. e. , mixed—planting of A gropyron
cristatum, Hedysarum fruticosum, Caragana korshinskii, and Elymus nutans (ACHE) and of A gropyron cristatum and Hedysarum fruticosum
(AC), and mono—planting of Caragana korshinskii(UC), A gropyron cristatum(UA ), and Hedysarum fruticosum (UH ) with bare land as the
control (CK) using polymerase chain reaction—denaturing gradient gel electrophoresis(PCR-DGGE ), cloning and sequencing analysis. The
results indicated that the Shannon index of the 16S rRNA gene was the highest under AC, followed by UC, UA, ACHE and UH. The five
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vegetation restoration patterns all had a significantly higher Shannon indexes than CK(P<0.05). The phylogenetic analysis showed that the

soil ammonia—oxidizing bacteria under CK were mainly the Cluster 2 and Cluster 3 of Nitrosospira. But the composition of soil ammonia—ox—

idizing bacteria under the five vegetation restoration patterns had undergone significant changes compared to CK, composed of Cluster 3 of

Nitrosospira and Cluster 6 of Nitrosomonas. Five vegetation restoration patterns improved soil physical and chemical properties in varying

degrees. Canonical correspondence analysis showed that soil ammonia—oxidizing bacterial community structure was significantly (P<0.05)

influenced by soil pH, soil moisture, total nitrogen, organic matter and total phosphorus. Significant correlationship (P<0.01) was found

between pH, soil moisture, total nitrogen, organic matter and total phosphorus. These findings indicate that soil ammonia—oxidizing bacterial

communities was dependent on the combined effects of the various physico—chemical factors.

Keywords: Hulunbeier sandy land; vegetation restoration; ammonia—oxidizing bacteria; DGGE; community structure
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pmol - L~ ) £ Fh 51 ¥ .1.25 U ) Ex Taq R & i
(TaKaRa) .50 ng stk DNA, 26 % PCR i r=4)
K/INH 234 bp, 50 pl 1 WA R4 1 xBuffer
400 pmol - L™ ANTPs 0.5 pmol - L™ {45554 . 1.25 U
1 Ex Taq 4 M (TaKaRa), Ll 2 wL 55 —4%¢ PCR y=
YRR EAR
1.3.4 7R A R e I HL Uk

DGGE X Deode™ il 78K 2 45 (Bio—Rad,
USA)IEA T o SIS TE R EE I (37.5:1 VR IRy 8% , A
FIBEFE A 40%~60%[100% 25 VEF &4 7 mol - L7 JRZ
1 40%(V/IV ) L B+ WA B BALH A 25 pL
PCR 7=#) (5 loading buffer iR #f ), 7E 200 V.60 °C
S YK 6.5 he HLVKZE S, SYBR™ Green 1(1:10
000) (Invitrogen ) % {21, 25 min, A Gel Dox XR #¢ % i
4 % %t (Bio—Rad, USA ) WA 411 it . H4}% DGGE [&l

T, P I B AT R R, il A M 36 2% DGGE
i
1.3.5 DGGE 54 ¥ FI R 58 & 8 b

FANHE GC Je iy 341 F1 534r 5| P4 438 ) jg [v]
W) DGGE 28417 . PCR W) 2852 M UK 4 B i Ay F.
— gkt Je SR FH I Ak iR & (Promega ) [F1U . B
13| pGEMT—easy Vector(Promega) | FH-51k3| E. coli
IM109 w, PHMESLRERE i AR TAEMROR A Al ifEA T
T o WP 25 SR AE NCBI |22 Blast HoXt 44T, 34540
i AR AR F A . ] Mega 5.2.1 i 4 45 7k
(Neighbor—Joining ) #H vy 2 E AL AN A 16S rRNA FE[A
RGBT
1.4 #iE4biE

DGGE K&K H Quantity One #¢f4-(Bio-Rad,USA )
TR AL B, I T IS Hr (UPGMA ) , 4%
ZAALANE 16S TRNA FE P ZFE 1R Fi Shannon #5844
SRRV IR A LT

H=-3PilnPi

EH=H/InS
A :H Oy Shannon #5880 EH ¥ 5] AR E:S
DGGE & 55780 H 5 Pi R 5 0 5500 IR IE %M i g
IREEWI

K 1 SPSS 16.0 #4775 2253 # (ANOVA ) FIAH 5
53HT. KA Canoco 4.5.1 ZRAEXT IR K254 T S X
1434 (Canonical Correspondence Analysis, CCA ).,

2 HBRE5SH

2.1 TESSVMAE 16S rRNA EE DGGE B4 47
ASPEAS BRI IR ([ 1-a,3 IRER 22— )2 Rk

*® 1 FEEHKERENX LT pH ENESER

Table 1 Soil pH under different vegetation restoration patterns

K3 Treatment CK UA

UH

ucC AC ACHE

pH 5.82+0.02a 6.46+0.04¢

6.28+0.03b

6.73+0.03d 6.95+0.04¢ 7.23+0.03f

T [ AT AN ) 7 B 2R 22 5k B 2K 1 (P<0.05)

Note : Means followed by different letters indicate significant differences at P<0.05.

x2 BAmEXRM PSR R E
Table 2 Primers and PCR conditions used for the PCR amplification

5K PCR Nested PCR 3|44 %5 Primer

J#41 5'-3'Sequence 5'-3’

JZ i 4F Reaction condition

R CTO189fabt™ GGAGRAAAGCAGGGGATCG 95 °C 5 min;94 °C 30 5,57 °C 1 min, 72 °C 45 5,35 IG5F;
Step 1 CTO654r CTAGCYTTGTAGTTTCAAACGC 72 °C 5 min
. : P
E A 341{-GCH0 CCTACGGGAGGCAGCAG 33 :(C: f "‘?“’gg ;"E,%;%‘g 46%0(1: 1."‘"51(5?'1@{%;&03 f ),
Step 2 534r ATTACCGCGGCTGCTGG min, 20T i, s s

10 MiE#EF ;72 °C 7 min

#:R = A/G; Y=C/T. *GC J&F GC clamp: CGCCCGCCGCGCCCCGCGCCCGGCLCGCCGCCCCCGCCCC.



114

R S ity 53355 1

CK UA UH UC AC ACHE
bl 17 - T T ==
1l 1 1 1 — L1
1 2 - == )
‘% 2 o= = = = = 2
g
5 o e———— s . e 5
o o
" G2 T 1T T
2 T = =F == =17
23 sl +—5F + F = 13
02, -
o 1. 1. L. .. -1 19
10 9 == =~ == ()
= MET T T T
g 31T T T 13
113 S {13
o AR B1- == = = =113
16 16
28
1 _ = — 4 — =1
T+ T+ + 1l
191 == T —= L 119
& 20 == 120
C UA UH UC AC ACHE
100.0% 49.9% 48.6% 43.9% 424% 41.1%
(a)
0.45 0.60 0.70 0.80 0.90 1.00
CK
045 ACHE
UH
0.66
0.81
ucC
0.75
AC
0.81
UA
(h)

CK: %] B Control; UA : FAREVKEL Unicast A. cristatum; UH ; ARG 244
Unicast H. fruticosum; UC ; B3#7 2% Unicast C. korshinskii; AC; JK ¥+
¥k A. cristatum +C. korshinskii; ACHE : JK B +47 £+ 28+ B Al B
A. cristatum+C. korshinskii+ H. fruticosum+ E. nutans.
1~36: %4745 Band No. | [f] The same below
B 1 TiESEHLEE 16S rRNA EFE PCR-DGGE
Ak EE () TR ES (D)

Figure 1 PCR-DGGE fingerprinting(a) and cluster analysis
(UPGMA )(b) of soil ammonia—oxidizing bacterial 16S rRNA gene
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Table 3 The number of DGGE bands, Shannon index and evenness
index of soil ammonia—oxidizing bacteria under different vegetation

restoration patterns

AbFE Treatment AR Shannon ?HE‘M i’g@rg#ﬁﬁ
Band number Shannon index  Evenness index

CK 19.0£1.0a 2.03£0.02a 0.6760.005a

UA 25.0+1.0b 2.45+0.02d 0.751+0.005d

UH 25.3+0.6b 2.26+0.01b 0.702+0.003b

uc 27.3+0.6d 2.45+0.02d 0.744+0.007d

AC 27.3+1.5d 2.48+0.01e 0.753+0.003d
ACHE 26.0+1.0bc 2.34+0.02¢ 0.717+0.005¢

1 .Cluster 4 FIVA54L B HU 7 & Cluster 5. Cluster 7 [
SORE
24 TESENHAE 165 RNA EF S HEELET
B BLSE X  53 4

DGGE & JKFE bR 5 A+ HEHAL 458 45 Y M XF
AT (CCA)ILEE 5. 1 2 NHEF A IR TREA
1 804%IMINA SR R FEZHPF I 2 — By ftrh B
B (AP) 28 (TP) AR (TN) FHEA(NOs-N) |
AL (OM) |+ 385 7K 5 (SM) \pH L (A0 5 ) Fndk
AE(NHI-N) (IEAE ) A o 27 —HE Pl iy s ik
(AP) . 285 (TP) 2% (TN) A LB (OM) , - F K
it (SM) .pH A (IEAHSG) FIAE A E (NOs -N) VB A
(NHG=N) (GO A (] 3)

13
7 12
AY773205.1 Uncultured Nitrosospira sp.
32
11
4
AY773205.1 Uncultured Nitrosospira sp.
3GUOOl 872.1 Uncultured Nitrosospira sp.
15
14
GU5390896.1 Uncultured Nitrosospira sp.
16
19 Cluster 3
EU169051.1 Uncultured Nitrosospira sp. Lo
23 Nitrosospira
30
EF651518.1 Uncultured Nitrosospira sp.
] AY2 19 23802.1 Nitrosospira sp. Nsp2
33
24
85% 36"
— | EF175101.1 Nitrosospira sp. Enl299
AY1263796.1 Nitrosospira sp. L115
|:9 . |
769094.1 Beta—proteobacterium sp. _ Cluster 1
769104.1 Beta—proteobacterium sp. J Gluster
X84661.1 Nitrosospira sp. isolate T
2 Cluster 2
87% 10 . . < E
—%%lj ABO079053.1 Nitrosospira sp. ENI-11 Cluster 7
AY123795.1 Nitrosospira eutropha J uster
94&' U62885.1 Unidentified Beta proteobacterium Cluster 5
98% 769097.1 Beta—proteobacterium sp. | Cluster
91% — AF272414.1 Nitrosomonas ureae 16S
AB000699.1 Nitrosomonas sp. AL212
7% 0% /}%(123797.1 Nitrosomonas sp. Nm84
28 Nitrosomonas
JQ904477.1 Uncultured Nitrosomonas sp.
18 “luster
5}6U552208.1 Uncultured Beta proteobacterium Cluster 6
21
31 J J
0.01

B2 5 MEERkERX TERALAE 16S RNA BERGZR B (WBiEE)

Figure 2 Neighbour—joining tree depicting the phylogenetic relationships among the 16S rRNA sequences under

five vegetation restoration patterns
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Table 4 BLAST analysis on the sequences of the 16S rRNA/DGGE excised and sequenced bands

£ %5 Band No. FARLUE Similarity/% GenBank % 55 GenBank accession number FEXT 7 Relative bacterium
1 100% FN562082.1 Uncultured Nitrosospira sp.
2 98% AB239007.1 Uncultured Nitrosospira sp.
3 99% GU001873.1 Uncultured Nitrosospira sp.
4 99% JX862550.1 Uncultured Nitrosospira sp.
5 99% AB474996.1 Uncultured ammonia—oxidizing bacterium
6 99% GU390894.1 Uncultured Nitrosospira sp.
7 99% EU327543.1 Uncultured Nitrosospira sp.
8 99% 1Q904489.1 Uncultured Nitrosospira sp.
9 99% GU390895.1 Uncultured Nitrosospira sp.
10 99% AY114348.1 Uncultured Nitrosospira sp.
11 99% EU327539.1 Uncultured Nitrosospira sp.
12 99% EF651360.1 Uncultured Nitrosospira sp.
13 99% FJ792835.1 Uncultured Nitrosospira sp.
14 100% GU390896.1 Uncultured Nitrosospira sp.
15 91% GU001872.1 Uncultured Nitrosospira sp.
16 99% DQ997725.1 Uncultured Nitrosospira sp.
17 99% AJ245755.1 Uncultured Nitrosomonas sp.
18 99% JQ904477.1 Uncultured Nitrosomonas sp.
19 99% EU169051.1 Uncultured Nitrosospira sp.
20 100% JQ370791.2 Uncultured bacterium
21 98% GU552208.1 Uncultured beta proteobacterium
22 97% JQ951809.1 Uncultured ammonia—oxidizing bacterium
23 100% EU169051.1 Uncultured Nitrosospira sp.
24 99% AF386754.1 Nitrosospira sp. BF16¢46
25 100% FJ446563.1 Uncultured Nitrosospira sp.
26 100% GU552208.1 Uncultured beta proteobacterium
27 100% EF651594.1 Uncultured Nitrosospira sp.
28 98% JQ726019.1 Uncultured ammonia—oxidizing beta proteobacterium
29 99% AY123802.1 Nitrosospira sp. Nsp2
30 99% KC138712.1 Uncultured ammonia—oxidizing bacterium
31 99% JQ371655.2 Uncultured bacterium
32 99% AY773205.1 Uncultured Nitrosospira sp.
33 99% AJ298745.1 Nitrosospira sp. Nsp2
34 99% EF651518.1 Uncultured Nitrosospira sp.
35 98% JQ726131.1 Uncultured ammonia—oxidizing beta proteobacterium
36 99% 1Q904485.1 Uncultured Nitrosospira sp.

xS MENMESTER

Table 5 Summary of canonical correspondence analysis

ST 5 Hh 5 = S5 DO

1 H Items

Axesl Axes2 Axes3 Axesd
FEAEAH Eigen values 0.807 0.154 0.069 0.043
Fh—FRIEHH 2 225U Species—environment correlations 0.978 0.990 0918 0.799
Fl 2R 4 BB Cumulative percentage variance of species data 67.5 80.4 86.2 89.8

Fp-FR8E SFUE 43 A8 k% Cumulative percentage variance of species—environment relation 72.5 86.3 92.5 96.4
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Figure 3 Canonical correspondence analysis(CCA ) of soil
physico—chemical factors and ammonia—oxidizing bacterial

community structure and composition
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