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Abstract: The effects of colistin sulfate on the nif H gene diversity of soil nitrogen-fixing microorganisms were
investigated. Colistin sulfate was added in the soil with mass concentrations of 0,0.5,5.0 and 50.0 mg/kg. Soil
samples were collected at 7,21,35 and 45 d,respectively, Total DNA was extracted and the diversity of ni fH genes
was analyzed by terminal restriction fragment length polymorphism. Results showed that operational taxonomic units
for nifH gene of colistin sulfate added treatments were lower than that of colistin sulfate not added treatment.
Colistin sulfate affected the nifH gene diversity, making it abundance and homogeneity decreasing. Principal

component analysis showed that colistin sulfate had the most significant effects on soil microbial community structure

at 21 d. With time going on, the effects weakend.
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KEZREM(T-REFLP) W R0 WITHEREH
B EE A EY nifH RN ZAEM R R, L
FMBRRFFEN T EEREME Y ESHENE .

1 5T

Ll R EELE

TR T ABERFELREHM(10~20 cm),
i 4 mm 5, HEEAREIEF T pH 6.98 . F H
JR24.65 g/kg 2/ 2.41 g/kg . 2B 6.82 g/kg . 228
6.2 g/kg BB 11.58 mg/kg B 134 mg/kg,
AT EEHYM A A . BHSR3 0.8 1k, &
HHERTBEPMATRRFARAER  BEBANKRER
FHERBWE A% 0,0.5,5.0.50.0 mg/kg, &
HIMHIINER. ATLESKEZHEKEXF
KER S0, BT ATRERPIEF BERSE
1) C.BE 75% 7%, 8 KHHE 12 h, Jo a5
1333 lx, 43B0F 7.21.35.49 d By 242 T 3ERE S
1.2 nifH £ By ¥

i OMEGA &7 & f + HEFE 55 357 8L DNA 2
B, RARA&EER RN (PCRZ nifH £HH#FT
Pl B Yk ni fH-F,5-AAAGG(C/T)
GG(A/T)ATCGG(C/T)AA(A/G) TCCACCAC-
(S SBE KA ERIC) s nifH-R,5-TTGTT
(G/C)GC(G/C)GC(A/G)TACAT(G/C)GCCAT-
CAT-3’, 50 yL ¥ #{k & MIX rTaq( TAKARA,
HZ)25 pL; Primer-F 2 pL; Primer-R 2 pL; =
DNA 4 uL; W7k 17 uL, PCR %494 CHiAE T 2
min,94 C 25 30 5,58 CiR A 1 min,72 CHEf 1
min, #1736 DMEIFE .72 ‘CEM 10 min, 14 ‘CRTE.
1.3 PCR Z#MReidsin R LT L

St ni fH EE PCR = 4y 3817 IR & ¥ 85 91, ) L
1K & 4 .PCR 7=4j 30 pL,Haell 2 pl.10 X Buffer
2pL. WK 6 pL., BUFYEXRETEYTE(L
EYRMERAGHTERE KA.
1.4 #EHR B S

f#iF Genemarker {4t EM B RIKE R, R
FRIXE DG AN 100 g, Jf H A4 3 1~ E
5B Ay TR . B —AREE A BT
INAR— A RBAERITT(OTU) , 3t R {1 AR R R
W BRI RE . R OTU A F B & &
/NF 50 bp B9 R B, H OTU #AXTEE/AT 1% B A
BheE, EX OTU MM EE>4% A H & B,
OTU M EE<AY% IR E " . £ Bodap
RO AT BRI B4 47 L R A SPSS 6.12 B AIF#E4T
LREMIS RO 251,

2 ERERW

2.1 nifH £ A& kB 54

ERBMEY nifH £2H PCRY &YW HE R
Bt 500 bp, # H R 80% A L. ARBMEBHERIK
AR OTU BB R BRI, BINRRE
BERLHE OTU B AR MR ER S ERE
REAE. BB BRTE 2~10 2L RN REEEN
RO B ORGS0 G R B A R AL AT L L 35 K ES
RRABFE A9 d R HIB B EESR,

ARGBRFERRELER OTU #XTFE En
Kefrm., RABEHMBERE D E 50.52,59,
60.93 bp 1, HA@ELN 52 bp B, BMRRE
WEMLBY OTU M 4 B W) SART N 45w B
FERNAE . ZTHRBREEEREV R BER
3 93,122.152.439 bp &, 7 50.0 mg/ ke EBREH
K F OTU #xT 3 i th 32 2 B B H0 4 s s 2L 50 665,
267.399 bp B, OTU M XF % & X BLER 26 o8 & 09 1E
FAd e Ak,
2.2 nifH 2B $#MIEH

BEREBAED nifH BFEZREEEBHSTER
W#F 3, 7~21 d,Simpson ERELARHE, Simp-
son Fe M TE L S HEMER ¥ 5 Shannon ¥ E & fF
., 21 di REEF E R SR E L EY Shannon #
BMEARNAERFRRMOHEERNE H:50.0

£ FARBREEFERERELEY o EEA OTURSABEHY"

Table 1 OTU and dominate bacteria of nef[ gene at different colistin sulfate mass concentrations

REMH T 7d 21d 35 d 494
/(mg » kg™') OTU R R OTU R R OTU AHER OTU M
0 73.004£2.65a 4.674£0.58b 72.67--3.2la 7.67L0.38a 69.67+2.082 8.331t1.53a 71.67+£2.52a 9.33£2.3A
0.5 57.33+2.08b  6.35+0.58ab 59,67+3.79b  7.67+2.52a 60.67+2.08b 5.6722.08a £L.67+1.53b 2671158
5.0 £2.004£1.00c 7.67+1.53a 62.67+1.58b 7.67£1.53a 62.57+35.86ab 7.33=2.52a 63.67+3.21b  3.33%1.15B
50.0 61.33+3.21b  5.67+2.08ab 60.67%2.08b 5.33+0.58a 61.67£3.06b 6.00%£2.00a 61.67+2.52b  3.65+0.58B

D AR RIOHRAT IR RER T BE (P20.05) B FAA G FHER LR BF (P<0.05) RiCARAREFRIRERH

BEHP<0.01), &3F.
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Table 2 Relative abundances of OTU %

BRI /bp 7d 21d

0 mg/L 0.5 mg/L 5.0 mg/L 50.0 mg/L 0 mg/L 0.5 mg/L 5.0 mg/L 50.0 mg/L

50 20.247 18.300 15.690 13.889 17.226 16.561 15,353 14,173

52 5,494 1,793 0,923 2.888 9.791 1.184 1.566 3.738

53 0.945 1,027 0.596 3.858 7.525 0 1.087 0

35 2.257 1.322 1.631 0 4,094 2.033 2.012 0

59 5.845 7.600 8.353 4.167 7.401 4.788 0 0

50 10.803 5.409 7.269 1,724 7.794 5.209 5.993 6.335

65 8.081 5.555 1.318 1.718 8.825 5.19¢ 0.900 9.670
93 15.800 12.850 12.956 3.894 18,967 13.219 8.421 C.879
122 1.115 1.449 1.72Z 0 1.161 1,314 1.055 0
123 1.614 1.586 1.393 1.182 1.174 1,424 1.051 0
127 5.133 4.597 3.722 0 5.008 3.840 2,069 0
152 2.915 2,008 1.186 1.231 2.678 1.764 1.427 1.311
241 2,980 2.217 1.741 2.344 2.255 2,474 2.360 2.085
242 5.496 3.649 3.386 3.201 9.226 3.310 2.870 0
267 1,152 1.144 0.718 0.678 1.149 1.287 0 0
399 0.860 0.439 0.683 0.347 1.243 1.092 0 0
439 2.021 1.732 1.699 1.300 2.083 1.745 1.453 0.459
457 3.224 2.983 3.242 3.702 1.847 2.820 4.228 3.248

35d 49 &

WEH /b 0 mg/L 0.5 mg/L 5.0 mg/L 50.0 mg/L 0 mg/L 0.5 mg/L 5.0 mg/L 5.0 mg/L
o0 16.516 14.617 15.606 18.403 15,035 16.984 19,785 21.463
52 7.550 2,224 1.671 5.020 11.404 1.305 1.333 2.908
53 C 2.651 0 2,848 0 2,141 2.725 0
55 5.784 2.553 1.474 0 3.977 2.263 2.012 0
59 11,280 10.452 8.686 0 9.343 9.141 8.355 7.352
60 6.094 5.847 5.315 4,325 7.664 3.531 4.311 0
65 8.236 4.895 1.742 1.652 7.847 1.953 1,204 0.670
93 14.817 8.306 8.531 0.970 11.09¢6 11.055 10.018 2.747

122 2.497 1.994 1.636 ol 1.267 1.570 1.612 0
123 1.956 0 1.655 0 1.506 1.519 1.211 1.420
127 3.526 2.407 1.854 0 3.437 3.205 1.732 1.544
152 1.921 1.689 1.390 0.650 1,381 1.297 1,213 0.540
241 1.580 2.473 1.37¢ 2.311 2,980 2.235 2.266 1.927
242 3.086 1.910 1.614 1.500 3.151 2.989 2.685 0
267 1.305 9 0 0 1.035 0 0 0
399 1.502 0 1.422 0 1.280 0 0 0
439 2.461 1.765 0.990 0.650 1.596 1.477 1.426 1.027
457 4,015 3.002 5.688 1.265 2,605 3.780 3.625 3.446

mg/kght F ) Shannon 8 Simpson FEEFE 35.
419 d N HAFMARBER VL HEEZRREE.
Shannon & # Simpson MK, YW F = E M
WNEER, EYEHEERE. 21 di, FINRR
FERLHER Pelou fEBAFNMBRHEEEN
A FEE B EMEL;35.49 d L BRERBE K 5.0.50.0
mg/kghb B Pielou R ERFMBERBE RN
HENZREBEEEREE. AT RERFHE
FoMBEAMEYER, T EAAMEDRES
HEME R EREK.
2.3 nifH XB RS 5

KA BA N nifH ZH PCR 3 387 P13 §7

FEWSTATERME 1R, 7.21.35.49 d B9 %
L4y 1(PCL) 5 E 4 2(PC2) #1445 T ak 4 B
63.21%.39.22%4.53.75%.43.36% . BB E XX
nif H ZEFETHRAEM, 748 PCL f PC2 #y
BAAMYEBRE. 21 ISR ERRBHRLH
B PCl A PC2 HMRETHBEL, HHARKRES
AT REEAMEYRAL THEMEZ . KT
TR AMAEYR KL . 35.45 d if PC1
PC2 892 A7 TTBR LB 7 d B B B AR AR . H % 21 d m
w L AR SRR R R 7E 1 P B e ] BT R R
ety 300§ Fiali. AR
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Table 3 Diversity index of nifH gene

Eif &) /d MREHE/(mg+ kg™ Simpson ¥ % Shannon $5 %% Pielou 5
0 0.068+0.110AB 3.055=0.120a 0.790+0A
7 0.5 0.084+0.035A 2.880+0.368b 0.785-0.035A
5.0 0.0671+0.010AB 3.02540.078ab 0.79520.007A
50.0 0.077+0.103AB 2.960+0.509ab 0.765+0.1208
0 0.063+0C 3.060=0.004a 0.830=0.014a
2 0.5 0.06840,013B 2.945=0.233a 0.78010,014b
3.0 0.0941+0,028A 2.935=0.191a 0.74040.057¢
36.0 0.06440.001BC 2.550=0.083a 0.770+0.014b
0 0.04840.001C 3.255+0.014A 0.830=—0.007a
35 0.5 0.0521+0.005BC 3.200%£0.061AB 0.81520.014a
5.0 0.0711+0.002B 3.025£0.035B n.7752£0.007b
50.0 0.0994+0,031A 2.820+0.156C 0.745+0.007c
G 0.052£0.028C 3.2004+0.218A 0.800+0.057AB
49 0.5 0.0544.0.004BC 3.1854.0.042A 0.815+0A
5.0 0.071+0.0018 3.0851£0.049B 0.770+0.007B
50.0 0.135+£0.120A 2.680+0.707C 0.72540.191C
& Omghkg @ 05mgks A 50mghke W 500 mg/kg ¢ Omglkg @ 05mghkg A SOmghg B 500 mgkg
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Fig.1 Principal component analysis for nifH gene of nitrogen-fixing microorganism
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F.A#M. B85 % OTU, 44 18 M4 P M
OTUMXNEE>12%.H 8 FXMBREHEMIER
BB EXARFTAE N HMEYHZARREE
MBI ER, g efe iR OTU #MxfE
R REE A Tt E . FAN 5% B R R, R
FREREATHAES .35 dit 5 7 dRAE L, B
BB B (Proteobacteria ) R 15.11% , #UF &
[T (Bacteroidetes ) JE X 4.27% . T &8 % 1] (Acti-
nobacteria) B 4.78%, B B E 1 ( Planctomyce-
tes ) PRI 13.39% , F B E ] (Gemmatimonadetes)
MK 25.45%, 35 8 B 1 ( Cyanobacteria ) B 1%
16.67% , 3& B B ] ( Elusimicrobia ) B4 11.53%.
MU R, R R AL TR E L EYEYE
ELEH .

KO RREEER 3 DRI E T B3
AMEYNZEEEREW. BNRRFEZTNL
BEFEHERUEABETAENRREEEN
A, XA RSMRFRNEN LEREYERNE
AR, BEERRFEZ R ERER, 0.5
mg/kght I8 i [ B AE Y 2 R ZHIKE L M 50.0
mg/kgib R B RE AN I0F. T LBAES R
RXEHWEAREW, MRFERTESLERE. b
MR MED RN RBRB W R A TH, B
BRAE—EWENE.

PCAG5RFZY, 21 d B . MBRHEE R L EH
AMEYRERER MEERMENER. X5
BBV ER nifH B F 2 £ P48 40 i) 5 A 20,
WEM IWESE AR, T BL TRRKE
HTEAREYHBEESHESEETH. B
W, B BRSNS ZARER RN M.

HA IR EMESEREBSETRETH
AT EEERER FEERFTHR, KM
£, BEARNREFTHFEZHATNENERNEER,
Hit Rt — P HERMER L ERE D EHEEOR
W, T IR S I R A LR, R
HEITHEERBESARBIA P WL . RELEBEE
B Ih B Ak P ma 0 < ] £ R B — 380 L A A A A .

4 5 #

MERFNEREEWEN 0.5.5.0.50.0 mg/kehf
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