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B USSR R KFE OsNRT 2.3b i A[FREZR N-04 F1 N-08 N 5ExI 4 , LAARFEBE R SR A H A< (Nipp ) Sy %f B, 7€ H (7]
INKIREG LA, TR ZUR AN Z PR AL B, SR FHAS M8 2 S A F UK (PCR-DGGE A, 43871 T 2 e A B IR A AE AR R R 3
SR BIRETE ZREPER 20  WFTE R B, KA - S 2 SR AN T = o PR B & A KU P ol ) B A P A J 3 2 e PR AL B A5
T N-04 1) I 2 A A AN B A AR - AN i B AESR 1 S Nipp A R 3522 5, AR AR B I 0 10 38 28 S s TE AR T N-08 1 %
SR A AN A8 B3R AR 163 5 Nipp fAE R E 2R ARG OB B 225 . RIS T,
N-04 11 13 0 SA AL AN P 35 57 FEHR 405 Nipp A HAE A E RIS JE B 2 25 5, T N-08 7E48 77 L2 2T Nipp, WP 25 R EH A
FOA it E AL PR B = S0 L IR K A (N-08 F11 N-04) 5 Nipp #H b 35 R4 5 22 19 WA AL A2 i€ B &8 (Nitrosospira ) FE A AL B0 B
J& (Nitrosomonas ) o BF5T 2RI , R 8CH TR K RS LEAN B AE B XA A - U AR SO 51 BRSO B 22 7, H LA R Tk 1%
SRS AR

SKERIR) - A WL FERK Rt s A AL AN s 244 ; PCR-DGGE
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Effect of N—efficient transgenic rice on diversity and community structure of soil ammonia—oxidizing bacteria
WEI Lin-lin', YANG Dian-lin', HOU Meng—yao'?, NI Tu', LI Gang', XIU Wei-ming', WANG Hui', ZHAO Jian—ning"

(1.Key Laboratory of Original Agro—environment Quality, Ministry of Agriculture/Tianjin Key Laboratory of Agro—environment and Agro—
product Safety, Agro—Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China; 2.College of Resource and Environ—
ment, Northeast Agricultural University, Harbin 150030, China )

Abstract: Our study investigated the effect of N—efficient transgenic rice of different strains(N-04 and N-08 ) and its parent on the diversi—
ty and community structure of soil ammonia—oxidizing bacteria. Regarding the field plot experiment, we analyzed the effect of the N—effi—
cient transgenic rice on diversity and community structure of soil ammonia—oxidizing bacteria with nitrogenous and non—nitrogenous fertiliz—
er application via a denaturing gradient gel electrophoresis (DGGE) technique. No significant difference in richness index (S) between the
N-efficient transgenic rice and Nipp was found. Excluding the elongation stage, N—04 and Nipp had no significant difference in Shannon—
Wiener index (H ) between nitrogenous and non-nitrogenous fertilizer application. During the elongation, heading, and flowering stages with
nitrogenous fertilizer application and the elongation stage without nitrogenous fertilizer application, N-08 had significant effects on the H.

Under the conditions of nitrogenous and non—nitrogenous fertilizer application, N—04 had no significant difference on the evenness index
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(En) during all growing stages, and N—08 only had significant difference with regard to Nipp during the elongation stage. The sequence and

phylogenetic analysis indicated that N-04 and N-08 had more bands than Nipp, and these bands belonged to Nitrosospira and Nitro—

somonas. Therefore, N—efficient transgenic rice had significant effects on the H and En of soil ammonia—oxidizing bacteria during certain

rice growing stages, and it was more effective than its parent was for accelerating NH; transfer to NO;.

Keywords: N—efficient transgenic rice; ammonia—oxidizing bacteria; diversity; PCR-DGGE

M 1996 43 2015 4F, 43k L VEY) Bt FiiE
AR BN 2 H A9 20 /2 hm?, FEILPEY) O LR B
ARy S b ) F Ry A A Y H A S 9
FEZE AT R B R ks 1 R, JL s ke iy A= 245
AR I H 255 A AR 2 K, JUHSEX -
Bt W TR 2 REPE IR A ST 3 I, B SE AR
A6 A I B ofF - S90S o, (b L
TETE AL AR AR A SCRRA T 5% L R VR i
T AT - FEAE MR TR 540 ™ A S 22 e 0, SR
BRI A T L R R % - e A () B i, 7
WFFE M ARG PR VA Bl R vp |, 38 By AfF 5 7 L TR
FEWINT A e HE R E P A

AN B E Rl 0 A 25 2B 5 (R 48 7 T B
A, R BT AE AR 28— 20 ClE s AR T
FiS R R RV A fb 70 BRI PR A B ) i) S B A= ™) 7
IR RGP A T B A, (H IR 2 N A 5
RS IRy SRR R R SR Y s
DRI 32 B A DGR 2 ZR I 12 SR,

R A SE R K S OsNRT 2.3b S22 1 R 5L R
AWK R 5 2 AR BR R %32 35 11 OsNRT 2.3b A &
AZARTARAF R F R MR, Fan SF0F0 i ARUBF5Y
RIN, 5 HREAE G, OsNRT 2.3b i Atk R h i &
AR BERET 21%, BERAW I ERES T
12%, REMMREIEE T 40%, PR Eie
30% . th F 5 EE I AbF — A 3h AP bk
RIS SRR I R DR ARG () R B 2 A - 398 R g ik
WEMAR, BUE LA R SRR, JE 1 AT GE s
i - 3SR AL A RIS 45

AGH5E R A PCR-DGGE HiAR , DL Ui 5L 1A
JKF§ OsNRT2.3b i > AR Bk = N-04 Fil N-08 Wy
X4, i gE H A AU SR AL AN TR 16S rDNA SEPR BV 45
) St ZZREPEAL B, R DA SR e R 2 R KA T 1
A Wy iy e e B HE AR AR

| HREHE

1.1 RIS iR 5k 18i& 3t
IS AEAM FRIAEE LR B W T X 2 A T

TR/ IND DU o] R IR R TR B 1 25 RS (9 = 2
1, /NN 3 S R T R XOR AR  AEY
Wt TR 119 gokg!, 2R 096 g kg, AL
Ji & 24.55 ¢-kg™ , pH 8.21,

IR 52 R LB, Bt AN AN i S M el
AR, S CEAR o IR (20 g JRER[CO(NHL )],
509 IVEIEAE , S0%AFIE T, 1B NELEK T4 BEIS 1
o o3 A LABERR — E B (P20s: 15 g-m™) Fl 4 BR B
(Ky0: 18 g-m?)/E Ry BEAE AL, 43 FIFEJLAE.

1.2 fifar 8

U6 P FH KRR R e 8 5 2 DK A OsNRT 2.3b
PN RR 22 N-04 Fl1 N-08 Sz AR 46 3L SE A H AL
B Nipp , 24 1 g 50RO R~ BT -5 PR R 2 e A
YIE IR oy R S = R KRR 7T 2015 4F
571 8 HAlFh T3z fkrb A 5 kL, T 6 11 25 HEBHT,
P KE—BURKRT /N AR 20 B,
1.3 TiEREmRE

Oy TOKFE T BERA (T JT 27 H) RTIA(9 J1 8
H) JliEds 8110 J 10 H)FISeui(1r 4 12 H)
RAE LA ORAE L RER, Z2BRR A S FIAG R M, ]
B2 3.5 em B T ESTERE KRS 25 2 em A0HL 20 em 5
(9 L AE, B/ 3 AN L BN R 20 )
RA BT -20 CukAg, T LR E AL AR R s 2
et
L4 MEFE
L4l 501 1 DNA 421

A58 % A Mo Bio ARl Y Powerlyzer powersoil
DNA isolation kit(Mo Bio laboratories, Solana Beach,CA
USA )il &, B 0.5 ¢ fif + B T Glass Bead Tube H,
FRERVEU B A IR, K4 ) 1 3% 1) DNA
1.5% 1) BRNEARBE AR i BT, 31720 CLRAF
1.4.2 PCR ¥4

K 82X PCR(Nested PCR) J5 54 1 2 81k 41
T 16S rDNA JE KP4, 514 K S i s AR 1. 2
— 4% PCR R H)R/INH 465 bp, PCR FIWAK 52K
50 }LL(W%%I%% 0.5 pL, Premix Ex Taq 25 WL, %
B 2 AR 38 DNA B4 5 wl, FIKRKAME 2 50



B, 25 ALPAREIEDUK AR OSNRT2.3b % -E SR R AN RIS 2 R R 1151

pL) ;55 4 PCR KW =4 K /IR 250 bp, PCR [ i
KZ R 50 pL(PFI 54145 0.5 pL, Premix Ex Taq 25
pL, 55— PCR ™4 5 L, K EKANE 2 50 pul).
1.4.3 ARJEAS FEBERE LUK (DGGE A Kz 45 [l

PCR 7=¥1% F Bio—Rad 2 5] 14 Deode™ 18 F 28
AFKEI R SE (Bio-Rad,USA), % HEHRVEULALES 74
W, FELIRATS RNy 8% 1) R NI BENE , A8 1A
JE 1 40%~60% (100% ¥ 5% 47 7 mol + L™ JRZZFN
40%(VIV )8 T H LG ), 60 CHIH, ¥ 30 pl PCR
7791 (5 loading buffer TR LT ) IMAAL , Je7E 60 C.
60 V IH 5 HLE R Hi S 30 min, 2RJ57E 60 °C 150 V Hy
vk 6 h, HLPk5EEE)5 FH SYBR Green I (1:10 000)Z4%: (5,
30 min, - Gel Dox XR BEB 1% & 5t (Bio-Rad ) ik
TS S4B e B G55 I (R
1.4.4 537 oAl vl S e bt

ISR i 250 AN GC e 71 338 F1 518r 5]
YA 7914, PCR Py 285 LUK o3 T s o Sy B— 25
J& . K Wizad R SV Gel and PCR Clean-Up system iz,
5 (Progema, USA ) 4li fk, , 3+ 5 # /K pGEM -T Easy
Vector( Progema, USA ) & #5454k (4 CH5 5% 8 h), HEH
B R 0 TR VR HE R ) LB AR SR kb, 37 “CHE
JREEFR 8 h, BRI se Bk e o I PP 45 SR AE NCBI |
2t Blast X437 , ARISAH T B BB 91
1.5 RS

K FH SAS 9.1.3(Tukey’s test ) % 12 36 B I #4743
Fr, Quantity One 4.6.2 BT 5 AUAL BT A7 2R
Fortre TIEEEALANTE 16S rDNA JEH ZHEMER
T 4% — B 2N 45 20 (Shannon—Wiener index, H ) . 3 5] &
(Evenness index, En) 1 £ & & (Richness, S ) 3 -,
HA AT

H=-3PilnPi

En=H/InS
A H AR R -6 8 PiAREREE @ 5500 1 SR
JERY LA ; En RIS EEREHG S R | R

2 ER5HMH

2.1 TESEWLAE 16S rDNA EF DGGE B4 47

DGGE 455 %0, %4 K N-04 \N-08 F1 Nipp
FE Nt AR A AL #2514 DGGE H8 8t &3k 2 Ry 3t
A%, BADHSETZESAW . ElARAGT
(B 1),N-04 {XAEHR 1T W5 Nipp f 2 k2 5400
(1B-2 Fl 1B-4);N-08 7E4;BEW] A4 16 1 A i
W5 Nipp 5 4 5254 (1A-3 fl 1A-5;1C-4;
1D-5),

GRS (& 2),N-04 1E4MBER il fe
A A A AU 5 Nipp 54 1 4022 740 (2A-2;
2C-5;2D-4);N-08 7 4 ™KW 5 Nipp 3648 8 4
2 5 (2A=5 Fl 2A-7;2B-1;2C-3.2C-4 . 2C-6 Fl
2C-8;2D-6),

22 HIESELHAE 16S rDNA EFE SRS

M8 DGGE 45 80 [ 1% Hh A 45 2541 I K B L%
X FfAE N-04 N-08 F1 Nipp 19 - B AL 40 5 168
rDNA JERE & B E(S) A AR - a5 5 (H) Fnds
SIEEAEE(En) AT HT . S5 R IR, TEE A AIAN it 2
4T ,N-04 Fl N-08 1)+ 345 555 Nipp 7
SHERBNY R EEEF (K2 MK 3),

TS5, N=-08 11 438 2 S Ab 40 TR 7 AR — Jal M

SRR W B KT Nipp, mi7efh Bz 161
=T Nipp,N-04 F7E4rBERA . 255 B AU 1
A B 2 2 S AFE TR A ) i IR T Nipp (3%
2); AHLERSAFT ,N-08 it 358 4 A 40 T 7 Ak -k
YRR ECAE T BET AR 0 R BB A R Y R i
2e5, ATESR IR 2 T Nipp, N-04 Btz 16
15 KT Nipp 4, HAS i1 5 Nipp #0018 3% 22
(3,

TE B ANA I R ST, N-04 254 K30+ 394
S AT 2] FE AR B0 Nipp ¥R #E 2557 (K 2);
N-08 {LAEFR 15 1 g Z (L T Nipp, HRAEFTH KRS

* 1 REWHEXRNEPHSI YRR EE
Table 1 Primers and PCR conditions used for the PCR amplification

H . PCR Nested PCR 5| ¥) 44 B Primer

F#41 5'-3" Sequence 5'-3'

J2 i 4544 Reaction condition

55N Step 1 CTO18%f GGAGGAAAGTAGGGGATCG 95 °C 5 min;94 °C 30 5,57 °C 1 min,72 C 45 5,35 4~
CTO654r CTAGCYTTGTAGTTTCAAACGC — TA¥R;72 °C 5 min
55 4R RN Step 2 338(-GC* CCTACGGGAGGCAGCAG 94 C 5 min;94 °C 1 min,65 °C 1 min (G FEAR
0.5 °C),72 °C 1 min,20 ¥ ;94 C 1 min,55 C 1
518r ATTACCGCGGCTGCTGG min,72 °C 1 min, 10 PMEF;72 °C 7 min

1 :*GC 3+ GC clamp: CGCCCGCCGCGCCCCGCGCLCCGGCCCGCCGLLLCCGLLCC,



1152 A IRERIZ 2R
Nipp N-04 N-08  Nipp N-04 N-08 Nipp N-04 N-08 Nipp  N-04 N-08
;: ;.‘E . L ‘ L A ,[ , \r ) — —— 1 1 .
(A)SrEEM (BT (COfiidz £ (D) AN
B 1 ERAEARE LK T ERR DCCE 155 EiE
Figure 1 DGGE profile in soil grown with different rice varieties under nitrogenous fertilizer application
Nipp N-04 N-08 Nipp N-04 N-08 Nipp  N-04 N-08 Nipp  N-04 N-08
(A)SYBEM (B)HTT 14 (C)fiEz LI (D)
B 2 FiERAAEREEKIE T EHR DCCE 59U E %
Figure 2 DGGE profile in soil grown with different rice varieties without nitrogenous fertilizer application
Nipp A #2257 (£ 3), AT, ARSI NI 29 2550, T ek
23 TEEENHE 165 DNA BRAUFERR ARG )7, I NCBLFSI X 4T SR R B R IUR T 5
RES CLAUT IR RILE 96%~100%2 [ (3 4 FIZ 5), 4%

MR IR AL A DGCE #8580 (B L AT P 3RASAIZEIN Y515 Genbank HABARLF ST LE
P 2) R 25 IR BE O AE RN TEE AR F R el 32 il RGUL FMITFI 7RG T (K 3 Il 4).
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Table 2 Shannon—Wiener index, Richness and Evenness of soil ammonia oxidizing bacteria under nitrogenous fertilizer application

MG sage A Rieo v R Suionaco WA i
4y BE] Tillering stage Nipp 15+0.00a 2.51+0.02a 0.93+0.01a
N-04 14+0.00a 2.49+0.02a 0.94+0.01a
N-08 13+0.03a 2.48+0.01a 0.95+0.01a
#17# Elongation stage Nipp 17+£0.01a 2.76+0.00a 0.97+0.00a
N-04 18+0.04a 2.77+0.01a 0.96+0.00a
N-08 16+0.01a 2.61+0.02b 0.93+0.01b
i 46 Heading and flowering stage Nipp 15+0.00a 2.60+0.01b 0.96+0.00a
N-04 15+0.03a 2.57+0.00¢ 0.95+0.00a
N-08 16+0.01a 2.78+0.01a 0.96+0.00a
) Maturing stage Nipp 16:0.02a 2.72+0.00a 0.980.00a
N-04 15+0.02a 2.71+0.01a 0.97+0.00a
N-08 16+0.02a 2.71+0.01a 0.97+0.00a

T : [RSNGB 2R [l — A B IR R S UK AR AR HoE 5 B3 (P<0.05) . T,

Note: Different lower case letters within a line mean significant difference at 0.05 level between different varieties within the same stage.The same below.

R3 FAHEELERFAERPLHESENAFEDCCE Bk SRS

Table 3 Shannon—Wiener index, Richness and Evenness of soil ammonia oxidizing bacteria without nitrogenous fertilizer application

W Gt st R vy G SV nie B

SrBEA Tillering stage Nipp 11+0.01a 2.33+0.01a 0.97+0.01a
N-04 11+0.01a 2.31+0.00a 0.97+0.00a

N-08 11+0.00a 2.33+0.00a 0.97+0.00a

7 Elongation stage Nipp 10+0.02a 2.23+0.02b 0.95+0.01a
N-04 10+0.00a 2.24+0.01b 0.96+0.00a

N-08 12+0.04a 2.36+0.00a 0.93+0.00b

16 Heading and flowering stage Nipp 16+0.00a 2.75+0.00a 0.99+0.00a
N-04 15+0.00a 2.66+0.00b 0.99+0.00a

N-08 16+0.01a 2.75+0.00a 0.99+0.00a

Y] Maturing stage Nipp 14+0.03a 2.53+0.00a 0.98+0.00a
N-04 14+0.01a 2.59+0.00a 0.98+0.00a

N-08 15+0.01a 2.55+0.00a 0.98+0.00a

MRGRKBEMATLIE W, AT 324
FRPE S B RN R PR AR F T 29 A PRPE ek 2R
T AT REFE B-ZE I 1 44 (Uncultured beta proteobac
terium ) | Vi 1t 125 7 J& (Nitrosospira sp. ) F1.fil§ £k,
A I J& (Nitrosomonas sp.) , FoH N-08 IHLHE K
WV AH A e 1 & ( Nitrosospira sp. ) ,N=04 F1 Nipp (4G
PR AT R B-ZETE 18 49 (Uncultured beta pro—
teobacterium ) .

A + R E AL DGGE $8 5081 K 44415 1
XPEEREI, TERAIEAT, S4KMN N-08
J& T BT TR 1] A Ak £ il 11 J& (Nitrosomonas

sp IS AT 6 55 )8 T B—RIB I 1 A fid fL IR e
I J& (Nitrosospira sp. )l 3 55,N-04 J& T iR E
) A 6 2%, T Nipp A 5 25(K 4) . AT
T, N-08 J& T B TE BRI 1 14 LA b AL BRT R ( Nitro—
somonas sp. ) RIS At A M2 T4 i (Nitrosospira sp. NGRS
A 6 45, N-04 WA 5 2, Nipp LA 1 & T L
filf AL W2 5€ 1] J& (Nitrosospira sp.) B 45415 , R K Mg T
VA Ak M€ 1 i ( Nitrosospira sp. ) W) &5y , HZ 557
J& T =K SR A S5l (R 5) . BT AR
N-08 F1 N-04 J& F W fi {L MR e 14 )& ( Nitrosospira sp.)
I At Ak 2R HY B J& (Nitrosomonas sp. ) FA) %7 B0k ik
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25 ID-1

JN409281.1 Uncultured beta proteobacterium
22 1B-4

1A-5

45 IB-5
KF182902.1 Uncultured beta proteobacterium
KF183091.1 Uncultured beta proteobacterium
EF173332.1 Uncultured beta proteobacterium
KF182941.1 Uncultured beta proteobacterium L |
EU169037.1 Uncultured beta proteobacterium
ID-5

30 GU097358.1 Uncultured Nitrosospira sp.
| EU169053.1 Uncultured beta proteobacterium

1A-2
KF182800.1 Uncultured beta proteobacterium
[1A-6
1C-4

DQ911626.1 Uncultured ammonia—oxdizing bacterium -

1A-3 -
IB-1

1B-8

EU273342.1 Uncultured Nitrosospira sp.

1C-7

JQ772002.1 Uncultured Nitrosomonadaceae bacterium -
1A-7

EF043004.1 Uncultured Nitrosospira sp.
1A-1

IB-2

JX505297.1 Uncultured Nitrosospira sp.
KF016953.1 Uncultured Nitrosospira sp.
— ID-4

13

94— J(904476.1 Uncultured Nitrosospira sp. - I

FM997811.1 Uncultured Nitrosospira sp. -

1A-4 7

38

1C-2
ID-6
IB-6
IC-6 - 1
AB186828.1 Uncultured bacterium

8 TA-8

6

6 1B-3

9 KF182904.1 Uncultured beta proteobacterium E
AY123798.1 Nitroasomonas sp.

}
1A-9 I
0 lTI: D=2

—— UX085935.1 Uncultured bacterium

IB-7
’ LO'—E o3
3 IC-5

. JN199728.1 Uncultured bacterium

0 \_E JX084889.1 Uncultured bacterium
0 IB-9
2 KT259283.1 Uncultured beta proteobacterium

I JX844586.1 Uncultured beta proteobacterium

0 KT259297.1 Uncultured beta proteobacterium -1
\_OLE }g_f
0 -
3 KT259287.1 Uncultured beta proteobacterium

JQ844481.1 Uncultured anaerobic ammonium—oxidizing bacterium

ID-7
0 0 KT259294.1 Uncultured Nitrosomonas sp.
0 JX086032.1 Uncultured bacterium
JX844529.1 Uncultured beta proteobacterium

0
4 NZ CAUA01000042.1 Nitrosomonas sp.

I . AATEEFE B-AE L 40 ( Uncultured beta proteobacterium ) ; I« SEAHAL IR HE R J& ( Nitrosospira sp. ) ; I« W A4k 24 1 J& ( Nitrosomonas sp.)

3 MRSHTHEEENAEE 16S RNA ERRZLER

Figure 3 Neighbour—journing tree depicting the phylogenetic relationships among the 16S rRNA sequences under

F 1= T Nipp.

3 g

nitrogenous fertilizer application

P ARy A= PR RE T TR, e B DN A W R I 2 7 0
B A R AR O IR R R
e SIS e BILTE L A e DR KRR A e i -

FUROC T3 SE UK R AR S IR 2 M AT A BRI AN B, FLF BRI e S AR Sk
R FLAEPTERER R FEAR MARREARAE YIRS L DR S ot b AN TR 1 o B 2 AR A )
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60 2A-6

JN409281.1 Uncultured beta proteobacterium
2A-7
2A-3
KF182902.1 Uncultured beta proteobacterium - 1
EU169053.1 Uncultured beta proteobacterium
KF182800.1 Uncultured beta proteobacterium
DQ911626.1 Uncultured ammonia—oxdizing bacterium
T 2b-7 3
soL{— 2C-7 _
99 AM884678.1 Uncultured soil bacterium
2A-2
Wl: 2C-6
85 GQ412798.1 Uncultured bacterium
\W: LC080960.1 Uncultured bacterium
——— FM997811.1 Uncultured Nitrosomonas sp.
21 KT724509.1 Uncultured bacterium -1V
51 KT724545.1 Uncultured bacterium
0 67 KT724520.1 Uncultured bacterium
| 17 KT724533.1 Uncultured bacterium
21 EU070161.1 Uncultured beta proteobacterium
49 KR028205.1 Uncultured bacterium
41 EU070125.1 Uncultured beta proteobacterium
2D-2
2D-5 = m
52 24 JQ772002.1 Uncultured Nitrosomonadaceae bacterium _I—
33 2B-1 b
56 73 EF042999.1 Uncultured Nitrosospira sp.
EF043004.1 Uncultured Nitrosospira sp.
48 2C-9 aall
51 2D-6
20 HQ678202.1 Uncultured ammonia—oxidizing bacterium
I 2C-8 3
2C-2
4 JX844529.1 Uncultured beta proteobacterium
— 2A-5 al
2C-3
0
4 2D-1
2C-4 -
2D-8
0 KT259294.1 Uncultured Nitrosomonas sp.
0 5 2B-3
2A-8
2 2D-9 - I
37 KF182904.1 Uncultured beta proteobacterium
56 5 20-1
2 2D-3
18 2D-4 -
2C-5
0 JQ844481.1 Uncultured anaerobic ammonium—oxidizing bacterium
2B-2
\O_EE AY123798.1 Nitrosomonas sp. L |
— AF454637.1 Uncultured bacterium
0 |_|: JX844586.1 Uncultured beta proteobacterium
0 KT259283.1 Uncultured beta proteobacterium
NZ CAUA01000042.1 Nitrosomonas sp.

I RATEEFE B-ZFTE B 40 (Uncultured beta proteobacterium )5 I « SVAS AL iE B J& ( Nitrosospira sp. ) ; I« Wik 1 J& ( Nitrosomonas sp. )

IV RAT 5532 A0 1# ( Uncultured bacterium)
B4 FEEEHTIESSUARE 165 DNA EERZL BN

Figure 4 Neighbour—journing tree depicting the phylogenetic relationships among the 16S rRNA sequences without

nitrogenous fertilizer application

JERRBOIIAAFAE 5 2257 o (HPRIGESE SE2H0 K BLAS

HIECH ARV A5G R, AE T A2 i R R S BT A

CrylAc SENFNFE CrylAb JERKARAE A K HEBRESHA
R AR 2 T AR SR R SR AR R R X

SN A RFLE I ) o BRI AR AE P RS T T 3T
LT R 1 B R DR KR RS A A ko - 8 AT 35 33 T TR 4K

ANFFELRY

AT R, N-08 1) - 3B 2 AL A T AR - ) 4
T BLE it AU A T R AL A AUt A1 T Y
PATI W2 T Nipp, HREHHIC R 2R, X5
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Table 4 BLAST analysis on the sequences of the 16S rDNA/DGGE excised under nitrogenous fertilizer application
Vi e ARLEE GenBank #3345 FEXT ES
Band No. Similarity/% GenBank accession number Relative bacterium Fungus
1A-1 100 KF016953.1 Uncultured Nitrosomonas sp. DRI A i 10zs)
1A-2 98 FM997811.1 Uncultured Nitrosomonas sp. DRI A i 10zs)
1A-3 99 EF043004.1 Uncultured Nitrosospira sp. E A A A i T
1A-4 100 JQ844481.1 Uncultured anaerobic ammonium—oxidizing bacterium R AR
1A-5 99 AY123798.1 Nitrosomonas sp. IR TEEE AN ok )
1A-6 98 EU169037.1 Uncultured beta proteobacterium BT R 2N
1A-7 98 NZ_CAUA01000042.1 Nitrosospira sp. VR A e R R
1A-8 99 KT259294.1 Uncultured Nitrosomonas sp. IR TEEA AN ok )
1A-9 100 JN199728.1 Uncultured bacterium i)
1B-1 100 JX505297.1 Uncultured Nitrosomonas sp. IR TEEA AN ok )
1B-2 99 JN409281.1 Uncultured beta proteobacterium B-7IE 2N
1B-3 99 KF182904.1 Uncultured beta proteobacterium BT R 2N
1B-4 100 KF182800.1 Uncultured beta proteobacterium BT R 2N
1B-5 99 EF173332.1 Uncultured beta proteobacterium BT R 2N
1B-6 99 JX844586.1 Uncultured beta proteobacterium BT A 4R
1B-7 98 DQ911626.1 Uncultured ammonia—oxdizing bacterium RN
1B-8 100 EU273342.1 Uncultured Nitrosospira sp. A AL S e T
1B-9 99 KT259287.1 Uncultured beta proteobacterium BT W
1C-1 100 KT259297.1 Uncultured beta proteobacterium BT R 2N
1C-2 99 JX844529.1 Uncultured beta proteobacterium BT A 4N
1C-3 100 EU169053.1 Uncultured beta proteobacterium BT A 4N
1C-4 99 JQ904476.1 Uncultured Nitrosomonas sp. RIRTUAA=N ol ) e
1C-5 99 KT259283.1 Uncultured beta proteobacterium BT W
1C-6 98 JX085935.1 Uncultured bacterium 415
1C-7 99 JQ772002.1 Uncultured Nitrosomonadaceae bacterium RIRTE AN fofs s
1D-1 98 KF182941.1 Uncultured beta proteobacterium B EN
1D-2 100 JX086032.1 Uncultured bacterium A
1D-3 98 KF183091.1 Uncultured beta proteobacterium BT R 2
1D-4 98 KF182902.1 Uncultured beta proteobacterium B-A T T 4K
1D-5 99 GU097358.1 Uncultured Nitrosospira sp. A AL S e T
1D-6 98 AB186828.1 Uncultured bacterium i)
1D-7 99 JX084889.1 Uncultured bacterium M

Jin SEPRBIFTE 4 R — B, ot K B R I R £
SR SR A TR AR — B A 1 S E ORI 5 v
ARWFFE b K B N-04 5 Nipp 9 1+ 3 22 A AL 20 i 7
R~ BRINFE BN R At SRV B AR T T (25 2
St (BRABESZ AEIASN ) , i W i R0 R R KA AR B 0
AL AN TR PR R R Y, EAS R AE A
B[R AR 2 ] S A AR A A B A - A 4R B
FEFERR o IX 5 B SE O R D] R S A S U R )
FEEACE BT 45 R A0 (0L Heuer 55X 55 T4 V5 TR
S A+ AR BRI AE PR ETE S5 RS R IR 3
57T PR SRR A O

RSO S A AN R 1) 5] BEFE BT T A B
FE PRI L RAL 454 ,N-08 5 Nipp iy - 58204
PR TR 3 0 BE 15 ST 7 BE S i 47 2 303 0 A 3
Yoo & 2= S5, AAE ST W AR 25 IR T Nipp o BB Y&
FZP R EPAEN] Tk — R, R BRI R
R A SR A AN T X 50 R 4 R A AR R R R
00 AR T AR R D Sl Rl BE AR TR K B
¥ Br+CpTI B[N BT IR AR Y 53 2 AL AN TR 45 50 FE 4
BAEACR I 0 AR T AR AR, HIL AR S0 2
RKBIIE 255, SAPT A b — 2, U AU AL
Bl R DR I R 0o M 2 S A A TR 49 50 BE 8 A 2 i 2
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x5 FHEREMT DGCE &H#batE R
Table 5 BLAST analysis on the sequences of the 16S rIDNA/DGGE excised without nitrogenous fertilizer application

Kot AARLRE GenBank %55 Fo it P B

Band No. Similarity/% GenBank accession number Relative bacterium Fungus
2A-1 99 AF454637.1 Uncultured bacterium M
2A-2 97 GQ412798.1 Uncultured bacterium M
2A-3 99 KF182902.1 Uncultured beta proteobacterium BT IH 40
2A-4 99 KT259283.1 Uncultured beta proteobacterium B-7BIE N
2A-5 99 FM997811.1 Uncultured Nitrosomonas sp. SRR TR
2A-6 99 EU169053.1 Uncultured beta proteobacterium BT 1H 40
2A-7 98 KF182800.1 Uncultured beta proteobacterium B-ASTE 1 40
2A-8 99 JX844529.1 Uncultured beta proteobacterium B-7BIE 2N
2B-1 99 EF042999.1 Uncultured Nitrosospira sp. Vi F b BB TR
2B-2 98 AY123798.1 Nitrosomonas sp. MR AR TR
2B-3 98 KT724509.1 Uncultured bacterium gl
2C-1 98 KT724545.1 Uncultured bacterium gl
202 99 NZ_CAUA01000042.1 Nitrosospira sp. MBI TR
2C-3 99 IX844586.1 Uncultured beta proteobacterium B-EIE TN
20-4 100 KT259294.1 Uncultured Nitrosomonas sp. VA £ BB R
20-5 100 JQ844481.1 Uncultured anaerobic ammonium—oxidizing bacterium P44 AL AN T
2C-6 96 1.C080960.1 Uncultured bacterium e}
2C-7 98 AM884678.1 Uncultured soil bacterium A
2C-8 99 DQ911626.1 Uncultured ammonia—oxdizing bacterium AT
2C-9 100 H()678202.1 Uncultured ammonia—oxidizing bacterium LA
2D-1 98 KT724533.1 Uncultured bacterium Eile]
2D-2 99 KR028205.1 Uncultured bacterium M
2D-3 98 EU070161.1 Uncultured beta proteobacterium B-ASTE 1 40
2D-4 96 EF043004.1 Uncultured Nitrosospira sp. MV AF AL BT 1R
2D-5 99 JQ772002.1 Uncultured Nitrosomonadaceae bacterium SR TR
2D-6 99 JN409281.1 Uncultured beta proteobacterium B-7BIE 2N
2D-7 97 KF182904.1 Uncultured beta proteobacterium B-ASTE 1 20
2D-8 98 KT724520.1 Uncultured bacterium M
2D-9 98 EU070125.1 Uncultured beta proteobacterium B-BIE 2N

ek i 1 52 4 2 5 T Nipp, M & i 0 KT Nipp, 2

MV A Ak 2R i 4 J& ( Nitrosomonas sp. ) TE A AL AVE FH
Sr— B B RS AR P R 3 SR RT, AT LA #E NH 4R
A NOs , EA BR R — A8 Ak [ 2 i RE 777, A Ak
m%ﬁﬁ@(/\/itrosospim sp. YA AVE R A A T B A
PR AR AL IR ER L, A5 rh it BRI AN jts U4k 3
T, AR B K AR (N-04 1 N-08) + 35 & T 1
fitg A1 W2, 5 T4 J& ( Nitrosospira sp. ) FIE Al Ak, 200 74 @
(Nitrosomonas sp. )i 2 FAAH T ik 3% 2 T Nipp. KM,
N-04 FI N-08 F) b A7 75 A2 ik - 3 p B A SRS A A
THAS A PTRE AR & AR R T S R A AL A
RO BWHAT T oM (R A RARAE o), 25 R
JZ B N-08 FlI N-04 754 K HE B - Il S A/ &

PE— AR T e R B DR KRS R AT ) T 1
PSR SRR o

4 ZEig

(1) 45 A 09 P 280 83U B DR 7K e (N-04 i N
08 ) A 5L PR /K A8 ( Nipp ) 76 it S AIAS il /AL B A% A
T DGGE /8t EIE 2 M A 4t .

(2)N-04 Fl N-08 ) - 48 2 2 1k 4t 1 75 Ak — B AN
TR 5T BEFR BUNAEA BB 5 Nipp =4 B % 2%
S, Ut BH 20 AU R R K AR AR B 0] 4 338 2 SR A A T
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YIEINC RS Y 5 36 55 6 H

T AL B2 15 J& ( Nitrosospira sp. ) FINE A £k 5 i 7
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