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Diversity and community structure of soil ammonia-oxidizing bacteria in Hulunbeier Grass-
land, Inner Mongolia. WENDU Ri-le'” | LI Gang', YANG Dian-lin' , ZHANG Jing-ni', YI Jin’
(' Agro-Environmental Protection Institute , Ministry of Agriculture , Tianjin 300191, China; > College
of Agronomy, Inner Mongolia Agricultural University, Hohhot 010018, China ). -Chin. J. Appl.
Ecol. ,2011,22(4) : 929-935.

Abstract; By the methods of polymerase chain reaction-denaturing gradient gel electrophoresis and
sequence analysis, a comparative study was conducted on the diversity and community structure of
soil ammonia-oxidizing bacteria in the Filifolium sibiricum steppe, Stipa baicalensis steppe, Leymus
chinensis steppe, Stipa grandis steppe, and Stipa kryrowi steppe in Hulunbeier Grassland, Inner
Mongolia. A significant difference was observed in the community structure of soil ammonia-oxidi-
zing bacteria among the five steppes, with the similarity lower than 50% . The diversity of soil am-
monia-oxidizing bacteria was the highest in F. sibiricum steppe, followed by in S. baicalensis
steppe, L. chinensis steppe, S. kryrowi steppe, and S. grandis steppe. In the five steppes, Ni-
trosospira cluster 3 was the dominant group, and the Nitrosospira cluster 1, 2, and 4 as well as Ni-
trosomonas were also found. The community structure of soil ammonia oxidizing bacteria in F. sibir-
icum steppe was most complex, while that in L. chinensis steppe and S. grandis steppe was relative-
ly simple. Correlation analysis indicated that there existed significant positive correlations between
the diversity of soil ammonia-oxidizing bacteria and the soil moisture, total nitrogen, total organic

carbon, and C/N ratio (P<0.05).

Key words: Hulunbeier Grassland; ammonia-oxidizing bacteria; diversity; phylogenetic analysis.
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785.3x10* hm® , Horp R PE R A B 141, 9x10* hm,
o7 R R R 18, 1% , 35 8 B b 2K R 2R 144
( Filifolium ibiricum ) % 5% DU IR £ 2% ( Stipa ba-
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DAPEAS DL 7R 5 A ] 50 4 28 70 BF 58 % 42, R
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Table 1 General status of sampling plots

T HERUE A S R GAR L TERL
1 #RlERHZ*E
1.1 WXL

U HE (115°31'—126°4" E,47°05'—53°20" N)
P TP AR DR T B8 . i b X TR Bt 1
ZE RS AR R IR-2.2 C A, R 115 ~
124 d,4EFEK R 339 mm"'® . AR DL 2R -2
DUIMZREF PR SF B R RSP R 5 [GAH 2P
TGRS G, TEAF 4 B0 A Hb SAOF-30 T 11X
B, 43 3 BE 2001 AF LAk B RS 5 i AR Sk a0 A
My, FEIEHERRIY N 8 a. BAKEHIEE LR 1.
1.2 FEACREE

T 2009 4F 7 HATEFANRAE R by 4 R
S AU LB 40 A~ 8, 25 BURE &0 Z 1] ] B KT 100
m, EFRFE ALY, HEZHR S em (145,800 ~20
em H48 I JE A 40 Oy ERRIR AT, KBRIR R A+
AR, R DU BEH 1 kg T AEA FEUHT 1] 52
B Z AP T-70 CHRBAGRIKAS , HAy A7 [l 5256
ENF G, i 0. 15 mm G, FHF 4 58 B AL M 4y
Bt SR AR HA M L 2.
1.3 5tk
1.3.1 +HF£E DNA (4280 SR BBI A H] Y EZ-10

EgE| 24 e it DU /R BT 20 5 5 FREE NI e PR3P B
Item F. sibiricum steppe S. baicalensis steppe L. chinensis steppe S. grandis steppe S. kryrowis steppe
2% Longitude (E) 119°53'42" 119°3042" 119°04'12" 119°17'45" 117°58'53"
5% Latitude (N) 49°49'54" 49°30'56" 49°14'55" 48°25'30" 48°11"29"
1§4K Elevation (m) 817 732 639 723 595
TRV M3+ DUMURER S WUMUREN P+ 368+ LR UIURE P+ REFP+ R R R wRE SRR 75
Vegetation community +HBE F. sibiricum  HPE S. baicalensis  ~F 5 F L. chinensis T ¥ S. grandis+L. S. krylovii + C.

+S. baicalensis+ + L. chinensis+ C.  + S. baicalensis + C.  chinensis + Cleisto-  squarrosa

Carex pediformis pediformis duriuscula genes squarrosa
x2 AREMERTEBHMR
Table 2 Soil physicochemical characteristics of different grassland types
RgE| L2 ) DU /R BT 20 B FRE R REFFE )R o PR HL
Item F. sibiricum S. baicalensis L. chinensis S. grandis S. kryrowis

steppe steppe steppe steppe steppe

pH 6.10+0.01d 6. 85+0. 08ab 7.01+0.29a 6.36+0. 03¢ 6.69+0.07b
F 555 K Soil moisture (% ) 27.73+0.01a 17.20+0. 03b 12.76+0. 02¢ 9.21+0.04d 6. 17+0. 02e
7% Bulk density (g - cm™) 1.00+0.01d 1.07+0.03d 1.17+0.01¢ 1.49+0. 02b 1.73+0.0la
4% Total nitrogen (g - kg™') 2.12+0.01a 1. 74+0. 05b 1.77+0.01b 1. 16+0.01d 1.57+0.0lc
21§ Total phosphorus (g - kg™") 0. 87+0. 02a 0.30+0. 00¢ 0.57+0.01b 0.21+0.01e 0.23+0. 00d
A NH,*-N (mg - kg™") 17. 00£0. 42a 10. 99+0. 76b 11. 59+0. 54b 15.06+0. 02a 8.09+0. 34¢
A NO; N (mg - kg™") 2.51%1.00c¢ 5.24=1.21a 2.53%0. 24¢ 1.92+0. 11c 3.880.73b
F HLR% Total organic carbon (g« kg™') 44.75+0. 17a 20. 76+0. 46b 19.75+0. 37b 12.51£0. 10c 10. 33+0. 12d
C/N 21.12+0. 54a 11.92+0. 34b 11. 17+0. 11be 10. 79+0. 25¢ 6.58+0. 14d

ﬁﬁux@?%@%é%ﬁ%(P<O 05) Different letters within the same column indicated significant difference at 0. 05 level. FIA] The same below.
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Table 3 Primers and conditions used for the PCR amplification

#3X PCR 514 FH15-3" JR N S

Nested PCR Primer Sequences 5'- 3’ Reaction conditions

W14 CTO 189¢['8) GGA GRA AAG YAG GGG ATC G 95 °C,5 min; 94 °C 30 5,57 °C 1 min,72 C 45 s,
Step 1 CTO 654r CTA GCY TTG TAG TTT CAA ACG C 35 MEH ;72 °C 5 min

52 357£-GC * 19 CCT ACG GGA GGC AGC AG 95 °C,5 min; 94 °C 30 5,55 °C 30 5,72 °C 30 s,
Step 2 518r ATT ACC GCG GCT GCT GG 35 M ;72 °C 5 min

R=A/G; Y=C/T. * GC 3 GC clamp;CGCCCGCCGCGCCCCGCGCLCGGLCCGCCGCLCLCGLLLC.

Spin Soil DNA Extraction kit , ¥ #5/E 15 B $2 B 1 18 &1
DNA, B4~ FEIR U4 K, BHIR 0.5 ¢ IRA T
1.3.2 PCRP 1 RHH L PCR(nested PCR) J7 1%
XA AN Y 16S tDNA FBE it A74 14 8| 9155
JO R W 3. 56 1 5 PCR UK F <25 pmol
F519,1.25 U ) Ex Taq A0 (Takara) ,5 pl 910
xEx Taq Buffer( % MgCl,) ,4 pl 400 pmol + L' dNTP
TRAT,20 ng 5 DNA  Z4AFIH 50 pl ;56 2 48 PCR
VAR FR :25 pmol BEFIGIH7,1.25 U ) Ex Taq RE
i, 5 wl B 10 x Ex Taq Buffer ( &% MgClL, ), 4 pl
400 pwmol « L™ ANTP IR G, ¥4 1 & PCR ;=%
12 50% B I, B 3wl 1 S AR A, b TG % R i /K
(nuclease-free water, Promega) 2 50 pl.
1.3. 3 AR PERRE BE R LIk R Deode™ 18 FH &AL
Kl 22 4t ( Bio-Rad , USA) 4% 8 #:VE 5 BH 4T DGGE
AYHT. NI BEIE (37.5 ¢ 1) WRIEE N 8% , A5 PEF
FAFE R 30% ~60% [ 100% ZEPEF &4 7 mol - L™K
EM40% (V/V) EETHBEM ], Ik MR 1x
TAE. ¥ 25 wl PCR =¥ #1 5 wl 6xloading buffer (I
FESE W) TR A5, F i A 25 i AU FL H, 200
V.60 °C & FHLIK 5 h 30 min. HEIKEE RS, /NG
HIEEIE , TCE SYBR™ Green I (1 : 10000, Invitrogen )
Y PGt 30 min, SXJ5 F Gel Dox XR #EE LG 22
4t (Bio-Rad ) W2< 54118,
1.2.4 DGGE &7 M )7 fM R G & B -t R
DGGE &3 i 3 B 55 A7 R i, AN GC
et 3411 F1 534r 51H 914, PCR 7= ¥ FH 4 Ak 32 57
% (Takara) 4lifbJ5 524K pMD™ 19-T Vector ( Taka-
ra) B FEAL E. coli IM109 , FHE 7% PCR J5 B A6 I
PHME TR . B Fe Rk IR T AR R N Rt
AP I B 45 5 T NCBI b 3#E47 Blast FLXT, $RHX
AHIT MR AR 751, AL Clustal X 1. 83 Fl Mega 4. 1
WY 4184232 ( Neighbor-Joining ) #2537 2 A AL N H R 58
KEW.
1.3 HdEab

DGGE & 3% % J1 QuantityOne %X {4 ( Bio-Rad,
USA) #4770 B b 3. AR AL Bt B2 vh X 72 DGGE

FL UK L L PRIR AT L (E 0 01 220 W 4w 1 — S 2%y g
TSR IR B, 450 1% B A A sl SR
UPGMA X% DGGE Ji B35 5 A% i i AR ABL I 2547 2R
KoM (E 1), FE K% H Shannon #5880 (H) 3 & &
(S) KA e A AL AN i Z AR PE . A A OG5
iR H Excel 2007 #1734, TR AAF .
H=-Y PP,
. P, RS i R IR (R i S B Y LE .
F 5 (S) KA DGGE e 2140 H .
FH SPSS 16. 0 #4777 22 53 # FUAH A 73 A
2 HERE5HH

2.1 HIEEAMEREE DCCGE Kl 7 Hy
F I TATRT UL S 6] B b 2 780 + 38 o A b 4 i

A FSS LCS SBS SGS SKS

50 o o
Ealat |
Sgig=
o 10 g
-
8
3

FSS LCS SBS SGS SKS

1111
1T
[
'
([N
IR

J
14N

T 1T

88
LA
2 oo
[

27 o 15 -T- T 15
3 A o= 16 - _1 116
I o o gy 17 ¥ = 17
320 - 1T
330
gg 18 18
33‘5 O 37 Qg : %g 1T %g
1 0 o 3 3
23 23
BETTT | B
1 4 3 2 5
100.09%49.2% 34.5% 25.7%19.1%
37 3 Dice coefficient
B 0.2 04 0.6 0.8 1.0
SKS
0.27
LCS
0.20 SBS
0.33 SGS
049
FSS

1 S LANTE DGGE Huyk FITE (A) BRI/ 1T (B)
Fig.1 DGGE fingerprinting ( A) and cluster analysis ( UPG-
MA) (B) of ammonia-oxidizing bacteria.

FSS. 2k M35 2 J5 F.  sibiricum steppe; LCS: F B [ chinensis
steppe; SBS: DUNIREFFEHIT S, baicalensis steppe; SGS: K| 2 H 5
S. grandis steppe; SKS: WEREI P HIR S, kryrowi steppe.



932 MoOH A& & ¥ R 22 &
#) DGGE K3 & B S N BRI EFAE— 8 R4 TESENHAE Shannon IEBMFEE

(255 BAHTEE I (& 1B) W, R[] By 2 00
[i) - 398 2 4R A 200 TR RV 5 A A DL I T 50% . 5
Tt B b S Y A 398 S AR AL A0 TR R VR S5 R R 2 —
LRI 4G FE R T P R RE R RS DUk &
FHEJFRIE MRS NI 49% 33% ;55— N
SRR A [T P B AR RPEFR B R 27%
AR FEL YK L v A A5 (SR B X AN (]
FH + R A AL T BE VR Z AR R (H) P33 B
(S) HEAT/3HT. i3 4 RIS Fhar i Al 4 e h k-
35 S A AL T 2 FE RS B R, o 2. 27 s HIR O
DUBRET P B SR m i o [C A 5P R, 43 3
1.76 .1.59 Fl 1. 42 ; KEF P HFHRAR, A 1. 21.

#x5 DGGE £ 4£ER

Table 4 Shannon index ( H) and richness (S) of ammo-

nia-oxidizing bacteria

L8 e H
Steppe types

LNt 35 R F. sibiricum steppe 2.27+0. 04a
FEEE I chinensis steppe 1. 59+0. 03be
DUIMJREF FEHR S, baicalensis steppe 1. 76+0. 06b
KEFFHLS. grandis steppe 1.21+0.01d
TE AT FER S, kryrowi steppe 1. 42+0. 02cd

26a
11b
13b
9¢
12b

2.2 HIEEEMHERGE LT T

HRPEAS[A) B b 25 7 + 3 S E AL 4 i DGGE 1]
Tt B e B A AR R RS (SR 4 AR UL R S
FIE TA) . XFFFERELAY 40 445447 FF 51 AE Genbank H

Table 5 Results of the BLAST for the sequences of DGGE bands

Ky o A HHLLEE GenBank ££5%%5  HUXT R4 AOB f%
Band No. Distribution Similarity GenBank Description of closest relatives AOB
(%) accession No. cluster
1 FSS,SGS, SKS 99 AF409023. 1 Proteobacterium Ellin181 -
2 FSS 98 EU043527. 1 Uncultured beta proteobacterium clone GASP-0KA-497-A03 1
3 FSS,SBS 94 GU556219. 1 Uncultured Nitrosospira sp. clone 002 4
4 SKS 95 AY123797. 1 Nitrosomonas sp. Nm84 X
5 FSS,LCS,SBS,SGS, SKS 97 AY293115. 1 Uncultured Nitrosospira sp. clone SBMSPh7 3
6 FSS,LCS 98 GU097360. 1 Uncultured Nitrosospira sp. isolated DGGE gel band 8 1
7 FSS, SBS 96 EU486832. 1 Uncultured soil bacterium isolated DGGE gel band AOB-01 -
8 FSS,LCS, SGS 98 FM252744. 1 Uncultured beta proteobacterium
9 SGS 98 DQ295494. 1 Uncultured bacterium clone SM-A55 -
10 FSS, SGS 97 AM503962. 1 Uncultured Nitrosomonas sp. X
11 FSS, SGS 93 GU001878. 1 Uncultured Nitrosospira sp. isolated DGGE gel band MN12 1
12 FSS 94 EF663632. 1 Uncultured proteobacterium clone GASP-MA3W1_G06 -
13 FSS 98 AY727034. 1 Nitrosospira sp. EnU4a 3
14 FSS 100 EF220412. 1 Uncultured beta proteobacterium clone FI-22F_D07 4
15 SBS 96 AB474998. 1 Uncultured ammonia-oxidizing bacterium 3
16 FSS 99 AF386754. 1 Nitrosospira sp. BF16c46 3
17 SBS 92 GU097377. 1 Uncultured Nitrosospira sp. isolated DGGE gel band 25 1
18 SBS 93 FJ792836. 1 Uncultured Nitrosospira sp. isolated DGGE gel band SM15 1
19 SBS, SKS 99 AY694566. 1 Uncultured Nitrosomonadales bacterium clone JAB SHC 138 3
20 FSS, SKS 97 GU390896. 1 Uncultured Nitrosospira sp. isolated DGGE gel band Al 3
21 LCS 97 GQ255602. 1 Uncultured Nitrosospira sp. clone P87-D3-T7 1
22 LCS 98 AM934971. 1 Uncultured Nitrosomonadaceae bacterium 1
23 FSS 100 GQ366502. 1 Uncultured beta proteobacterium clone RUGL6-178 2
24 LCS, SBS, SGS, SKS 98 AY123802. 1 Nitrosospira sp. Nsp2 3
25 FSS,SBS 98 EU299448. 1 Uncultured beta proteobacterium clone GASP-KC1W2_D06 -
26 FSS, SBS,SGS 98 AY123813. 1 Nitrosospira sp. Nsp65 3
27 SKS 98 AF431309. 1 Uncultured beta proteobacterium clone C47.01PG 4
28 SBS,SGS 98 AY214710. 1 Uncultured beta proteobacterium clone SL.2-2-E10F -
29 FSS 98 FJ484872. 1 Uncultured beta proteobacterium clone 4
30 LCS,SBS, SKS 99 AY123807. 1 Nitrosospira multiformis 3
31 FSS 98 EF651629. 1 Uncultured beta proteobacterium clone AUVE_13H04 -
32 FSS 98 FJ166781. 1 Uncultured bacterium clone Q_LQ1_HO06 -
33 SKS 97 GU390895. 1 Uncultured Nitrosospira sp. 3
34 FSS 98 AJ298745. 1 Nitrosospira sp. Nsp2 3
35 FSS 97 DQ099479. 1 Soil beta proteobactertum BG. Sph. 062 4
36 FSS 98 GU375594. 1 Uncultured soil bacterium clone Bact. dry. 4ACATC10 -
37 FSS,LCS,SBS,SGS 100 AY856376. 1 Nitrosospira sp. PM2 3
38 FSS 94 AY917241. 1 Uncultured proteobacterium clone 1700CTO-06 -
39 FSS,SGS 98 AY123812. 1 Nitrosospira sp. NIS 3
40 SBS 98 DO068719. 1 Uncultured ammonia-oxidizing bacterium clone C1.2-15/B 3

Cluster X : Nitrosomonas; FSS: M2 ¥R F. sibiricum steppe; LCS:“FH VLR L. chinensis steppe; SBS: DUN/REFZFHFR S, baicalensis steppe; SGS:

KEFFHR S, grandis steppe; SKS: 3 [CE FHIR S, kryrowi steppe.
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HEAT Blast LR, 455K 40 4545 P51 5 E M
P S BAR PR B, AHABLEE O 92% ~ 100% . %A
LA R S8 % B (& 2) I T FH Y Cluster
a4 2 MR 5T 4 4 b BT i 32 1 i 44 T2
X2 NRGEE BRI A, WA 280758 T B-
ARTE TR 1100 IV AiF A6 W2 B B ( Nitrosospira ) , H. 5 Ff 5L
HZEHIFILL Nitrosospira cluster 3 AL Fh.

5 FhELHI R R vh 2 i 4 L RS S AL AR TR
2H 1l 4 oAt H b S R A 2 BR Nitrosospira cluster 3

Ab KGN 3] Nitrosospira cluster 1.2 4 1 Nitrosomonas
cluster X. JE LU A EF 5 B i 1 498 2 S A At T
TR R A T 5, 23 S R Nitrosospira cluster 1.3 Fl Ni-
trosospira cluster 3  Nitrosomonas cluster X ZH K.
2.3 LIEEAALAERE RS S AL N TRy
KER

AN ) B i I Y 55 S AR o 22 [ ) A O A
(F6)HIR TR, LR AL R AR ZHEE S L
SRk E  RIEA A A DL W ARG, £

AY'123802.1 Nitrosospira sp. Nsp2

62(—Band 16

AF386754.1 Nitrosospira sp. BF16c46

-AJ298745.1 Nitrosospira sp. Nsp2

Band 24

Band 34

Band 39

[| 54rAB474998.1 Uncultured ammonia-oxidizing bacterium
AY123813.1 Nitrosospira sp. Nsp65

Band 15

Band 26

GU390896.1 Uncultured Nitrosospira sp. isolated DGGE gel band A1
50 Band 20

£‘EY123812.1 Nitrosospira sp. N15

71

r 58

-AY123807.1 Nitrosospira multiformis Cluster 3
Band 30
— FJ792836.1 Uncultured Nitrosospira sp. isolated DGGE gel band SM15
AY694566.1 Uncultured Nitrosomonadales bacterium clone JAB SHC 138
GU390895.1 Uncultured Nitrosospora sp. isolated DGGE gel band A7
AY856376.1 Nitrosospira sp. PM2
Band 40
- Band 19
AY293115.1 Uncultured Nitrosospira sp. clone SBMSPh7
Band 37
— Band33
-AY727034.1 Nitrosospira sp. EnU4a
gr_ Spira sp

Band 13
DQO068719.1 Uncultured ammonia-oxidizing bacterium clone CL2-15/B
Band 5

GQ366502.1 Uncultured beta proteobacterium clone RUGL6-178
99 ' Band 23
967EF220412.1 Uncultured beta proteobacterium clone FI-2F-D07

:I Cluster 2

AF431309.1 Uncultured beta proteobacterium clne C47.01PG
98 L Band 27

_:DQ099479.1 Soil beta proteobacterium BG. Sph.062

83 Band 35

|_— GUS556219.1 Uncultured Nitrosospira sp. clone 002
99 Band 3

Band 18 -
FM252744.1 Uncultured beta proteobacterium
Band 8
Band 22
AM934971.1 Uncultured Nitr daceae bacterium
GU097377.1 Uncultured Nitrosospira sp. isolated DGGE gel band 25
GU001878.1 Uncultured Nitrosospira sp. isolated DGGE gel band MN12
Band 17
Band 11

60
Cluster 4

96-Band 2
Band 7
EU486832.1 Uncultured soil bacterium
EU043527.1 Uncultured beta proteobacterium clone
GU097360.1 Uncultured Nitrosospira sp. isolated DGGE gel band 8

Band 21
Band 6

52

58

GQ255602.1 Uncultured Nitrosospira sp. clone P87-D3-T7

Band 10 E

2 JETES 168 fDNA PO BN R G A TR (2B3ET%)

Band 4 "
9953Q __l__ AY123797.1 Nitrosomonas sp. Nm84 Nitrosomonas v
65-AM503962.1 Uncultured Nitrosomonas sp. :

Cluster 1

Nitrosospira

Fig.2 Neighbour-joining tree of B-ammonia oxidizing bacteria based on analysis of partial 16S rDNA sequences.
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Table 6 Correlation analysis of soil ammonia-oxidizing bacteria diversity with soil physicochemical characteristics
R pH TIEEE KA A £ £ AR GES A LI /N
Index Soil Bulk Total Total NH,*-N NO; " -N Total organic
moisture density nitrogen phosphorus carbon

H -0.374 0.950 " -0.778 0.941° 0. 866 0. 454 0.113 0.952" 0. 870
S —-0. 647 0.899 * -0.573 0. 824 0. 850 0.571 -0. 810 0.951" 0.890 "

# P<0.05.

BEEA A B S S KR | REA LR R
R W IEA X (P<0.05).

3 i it

AR PCR-DGGE J5 ¥ BIESE 1 AR DL/R B
JiF AN [i) e 1 2 2 - S S AR A A T 22 R SRRV 25
ZH . BERRY AN [F) 1 2 T ] 4 3 2 AT A R
VRGN N Z R —E 22 S (BT 1A) R 3E
53T (UPGMA ) (&l 1B) #E— 2B B B AN [7) b e 741 ]
T A AN BRIV A R AR AP S A I A
A ] e b S R F A 45 R 2L RS (], X 3 3 T
07 o A B AN UM [R] 3 i T R R TR 22
S 5 AN RV RE S E) 13 4 RS R ) 22 S B s b B
FhVR B A AR T B D A A A TR 1 TR R IE
HWR B 5 2 A A0 T B AR S R R K
UM R, AR N AR B
b v BE RN, DT 52 ) - I8 0 A A 200 TR A 9 4
FAw . BRt 2 A iR T8 5 ) e b B R pH
I e R 25 SR R 0 A1 Ak A TR R T v A
Avthami 55 WFFEAS S ] 14 3 B2 X6 + 30
AR S5 R L A R R, AN A R R L
EERNETE= k=R g = pi =27 )

MRGELF I8 Rl H (18 2) ,5 F R 28
- M8 22 A Ak AN T R T A AR R T RE (Vi
trosospira) , 1% GVFZ 44 P HF T ARGE 1Y - EREE
RS AN B LA Nitrosospira J& M 3, Ti4E Nitrosomonas
JB 5T M —3X. Nitrosospira R ZBUF 55 Ni-
trosospira cluster 3 5 h—J&. M A 1, FEA D1 /R
JE T Nitrosospira cluster 3 4 F 728 FE AR
A I b k5 B VEH.

AT Y A= S FRIE R 180 T RESE e L U E IRy
W E. FHICI TR B, TR A AN T AR R
JES LA KR ALY B E MG (P<
0.05). b, T3 AL E R IR ZHEME S 2 A,
TSR R S R O/N R R EM
K(P<0.05). ZHBTTERI, Fo o0 A 0 e
(DGR EZ =2 VS E AR /== wda st 31 Ly I we

PEERGLS TSGR W b Ia] R iy 45 21, £ e R
A8 PRI SR A - SR E W i B AN A 1 (]
I, TSR Tk A SR R
RN ZEdg R R R VR . e E W Y 4
RARMAELS | 358 v 2000 4t T A Ak 40 T 0 Bl e
HAAE IR AR T 5 55 5 - AR & =
X, 1X 5 Singh Hl Kashyap ™™ B #F 5% 45 & — 2%
Ballinger AR R I, I C/N AR A R 2
Ee L e Sy AR o 1 ] s B n 4 oy i
SR SRR IR A5 A AR A ) S — A T

25 LTI ZEMAR DUJR B Jt 5 o s 1 2 0 v oy
TAEBE AL KSR IR AR R] I
AN TE RE TS A A A M AEE 22 5. 5 R 2R
b SE AL AN R AR RN B ARIE T TTRY Ni-
trosospira cluster 3, WeAMNE R ILA Nitrosospira cluster
1.2 .4 Fl Nitrosomonas. 2835 55 JF + 1 & A AL 40 1A
FF T 45 M Al 1 S AR 52 4 T = e e JB AR R
2R AT . IR R AL R 2
P 5 - SR PR A) 5 A A )R R A A e, 1P
ISP DR 5 Wi A - A S A T R 4 A Y
ZH K.

B O RBHFINANEFTENRTER IR L
AERIMER TR LG L FEFF Y B SHALAR
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I A HRAEF AT BB KT EFL TR T
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