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6 ——16S DNA- PCR DGGE 973
., 100m 0.85% Nadl ,
13 , 10 min
5 , 0 20cm , 10* 10°
1kg, , 30 ad, 30 100
5 , 4 ’ (1]
1 , A , 1.4
20a 30a : B . 141 DNA
20 a 30a ; CD E DNAM
3 6 9 50 1.4.2 PCR 16SDNA Vi Vs
a ; FG H g 519r 16S rDNA
, 50 a ; | Vi Vs [13] & ( E ooli 16S rRNA
, 30a 10 a; J 8 27 5-AGAGITTGATCCTGECTCAG 3
, 40 a ; K : 519r ( E oli I6SIRNA 519  533)
30a 10 a; L 5- GIATIACCGCGACTACTGG- 3 g 5
, 30 a 10 a; M 40hp QC 5-CacCcCa
, 20 a 20 a CACACACGRCGEACGEEACGEEGACACGGEGEEGS
DGGE 51 PCR
U1 DNA ,10 x PCR B,
2.5mmol L™ oNTP 41,20 prol L1 g-
QCyl,20pml L* 519r ul ,Tag  (5UMI™Y)
0.2§1, 5p1  PCR
9°C 5min; 94°C 1nin ,65°C
imin ,72C 3min, 20
i 0.5C, 15 55°C,
L E | 3% 77C  8mn PCR
i c 2%
‘ 1.4.3 FCR DGGE DGGE
Imm 8% (W v) ,
1 35% 70 % (100 %
Fg 1 Didribution o il sapling stesin the Sherfu Irrigation zone 7ol L- 1 40 %(V/ V) )
1.2 (Total petroleum hydrocarbon , ’ 1xTAE 80V 16 h
TPH) , , SYBR Geen |(1 10 000 )
imm ., 10g , IXTAE 20 min!™!
50 i ' 20 m , (G Doc 20 00TMChemi DocTM G& Documentation
20 min 4 000 rmin™ ! 5min, Systems ,Bio- Rad) *
' 20 m 20 1vin | (Quantity One4. 2. 3 Bio- Rad)
4 000 rmin~* 5min, , Dice
20m , 20 min 4 000 rmin” ! 5nmin, , (UP
3 , 1 QvVIA)
, , , SW ,
(TPH) [9,10]
13 SW [14] H’=:ZlPi><In A, P

10g
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DGGE [ (9 Sequence Match
1.5
1.4.4 DGGE SPSS10.0
DGGE SYBR Qeen | , (ANOVA)
( )
1| ,
4 ,  DNA U1 DNA 2
, 1.4.2 PCR
, DGGE 2.1
, 8f 519r PCR ,PCR (el 1 ,
., ABI-Prism BigDyeTM ( ABCDE (
Termonator Cycle Sequencing Ready Reaction Kit  ABI- >60%) ; FGH3 (
Prigan 377XL DNA >30%) ;
NCBI (Nationa Center for Biotechrology Irformetion pH 6.5 8.1 FG HS3
[www. nchi . nim. nih. gov]) BLAST (Badc
local adignment search tools) [*°! , RDP(Ri- , F
booma Database Project [ www. cme. msu. edu/ RDP] ) 71.5gkg’t? 3033mgkg*t
1
Tablel Phydcd and chemicd properties of the il sanples
il sarple number
Sil properties A B Cc D E F G H 1 J K L M
Prysca day (%) 2 14 2 3 3 3 31 R 12 19 16 2 15
it (%) 21 27 12 13 13 24 28 271 4 R 2 39 42
Sand (%) 67 59 8 84 84 42 4 4 4 4 5 4 43
pH ( =15) 75 73 65 68 68 81 77 76 74 73 74 73 173

pH (il water = 1 5)

Moi gure content ( %)

29.9 23.9 47.9 4.5 20.6 715

Organic metter (g kg™ dry il)

219 19 262 277 230

Totd N (g kg Yoy wil)

32 29 40 34 31 34 26 13 30 34

69.8 58.5 19.2 189 11.5 152 130

460 29 215 1.70 19 142 168 170

130.4 106.3 164.2 159.4 147.3 3033 582.0 446.8 147.3 224.6 253.6 253.6 227.0

Avalable N (mg kg~ Ydry soil)

1.20 0.19 0.82 0.36 075

Totd P (g kg™ ldry il)

16.1 157 11.8

Avalable P (mg kg~ tdry sil)

4.42 3.72 260 0.67 3.58

Totd K (g kg™ ldry wil)

88 57 168 91

1.15 057 0.62 0.19 043 0.36 0.29 0.3

6.7 10.3 11.0 114 65 97

391 370 39 575 428 450 527 462

94.1 87.2 822 103.9 93.6 116.2 80.6 1148 87.2 89.7 1229 63.1 722

Available K (mg kg~ 'dry siil)




6 : —16S rDNA- PCR-DGGE 975

2.2 (TPH) , TPH 1
, ( B K )TPH
2 (r=0.691, p=0.018)

G H | ] K L M

Soil sample number

2 (TPH)
Fg 2 TPH ooncentrations o the il sanples from the Sherfu Irrigetion zone.  Error bars
(n=3)indcaed gandard deviions

2 TPH L 10 a A L
, TPH C J
F TPH TPH 2
5213 mg kg ! ) 500 ) A TPH C
mg kg™ * (10] M, TPH (p=0.164) , L TPH (p=
277 mg kg™t , 0.005) J A
TPH 184 mg kgt 15m ,
, CD E TPH ,
1266 1208 715nmg kgt , A
A B K L
- (1, A ,
B : L , K
, , 2
,TPH (F B K TPH A (p=
) : , 0.002) L (p=0.013),
, TPH TPH ,
[5] ,
(PAHs) , 10 ,
PAHSs, ,
2.3 (AHB)
3
A C J L B K,
2 ( 1, A (57 71) x10'CcRU g ! ,

C A 23a , L J 4 5
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, <0.001) CNP
) C
: ( B K ) :
(r=0.928,p
= 90 1
o 80 F
on
;J n‘,—mt 710! -I
@
= 50
@ 2% 40 [
2 ionk {
¢ ofilinfAnlilanf
% () 1 1 11 1 1 1 L 1 1 1 !El!ﬂl
Z
AB G R EE oGk ce T [ J KoM
SRAERSS Soil sample number
3 (n=4)
Fg 3 Totd oountsd aerohic heterotrophic bacteria in the il sanples
from the Sherfu Irrigation zone. Error bars (n=4) indcated gandard deviations
2.4 46 , 24 33
16S rDNA- PCR-DGGE , , DGGE
SW 2 , )
PCR 16S rDNA TPH (r=
DGGE 4 - 0.715, p=0.013) , F
, DNA
AB@DbiEEGH LKL M 5
SF- | Table2 Genetic diversty o the bacteriain the il sanplesfrom the
Sherfu Irrigdtion zone.
SF-2 i
Genetic diversty
SF .3
*“ @il oode 9 (H)
SF.4 Total band type Shannon index
e A 28.7+0.6 2.796+0.044
B 27.0+£3.0 2.690 +0.116
C 28.0+1.7 2.791+0.074
D 3L7+2.1 2.927+0.071
SE-5 E 31.0+1.0 2.872+0.012
F 24.3+£2.5 2.683+0.202
G 32.0+x1.0 2.902 = 0. 086
4 & H 33.0+1.7 2.939+0. 146
&« S 165 | 31.0+1.6 2.833+0.084
DCGE (KB, L ) J 29.3+1.5 2.790 0. 056
Fg 4 DGGEfingerprints o 16S rDNA fragments anr K 20.0+1.7 2.737+0.124
plified by 8-GC and 519r (K,B, L isthe number L 2. 7+2.1 2.936+ 0. 052
d il snple) M 3.7+4.0 2.962+0.099
3 + The data in the table

are average o 3 replications + D
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() DGGE
AHB 7l PCR-DGGE , DNA ,
SW
, TPH ,
Dice
) (UPGVA) DGGE 5
2 (B
K ) DGGE ,
, 7] ,
3 F GH 1J2
) , DGGE , :
PCR-DGGE F ,
,DGGE 3 CD E
) , C D DGGE
; L M
, . DGGE A ,
, 3 )
, 8f L M DGGE
519 r 46 , )
) 16S rDNA DGGE
16 SIDNA  DGGE 8]
16 STDNA DGGE , ,
[19] , DGGE
DNA DNA 2.5
, PCR PCR DGGE
' ) DNA 4 ,
NCBI BLAST , 3
3 16SrDNA Vi DGGE

Table 3 Sequence andyds df bands excised from DGGE gds derived from V; V3 hypervariable regons in bacterid 16S rDNA fragments

Band No. Bacterium with related bacterid sequence Silarity Accesson No.
S-1 Halathiobacillus 9. WI18 100 % AY096035
. Uncultured m-roltslbacten um clone 97 % AYO43684
S-3 Uncultured bacterium clone p-3415 SvA2 9 % AF371861
S4 Uncultured betgproteobecteria clone TH486 95 % AJB88541
S=5 Uncultured Actirobecteria ARFS 24 99 % AJ277695
NCBI BLAST RDP 2]
, S~1 Hal othiobacil- Uncultured bacterium
lus 0. WO 18( 100 %) , Y- clone copi6(99 %) |,
(gammeproteobacteri um) ( Halothiobaill us) Thiobadillus

, P. UAM-1 (98 %)

B- ( betgproteobac-
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terium) ( Thiobacillus) , S=3 ,
M , S-1 2
, ( Proteobacteri-
, G ,SF1 um) , 2
S~1 ) )
, S=4 B-
Uncultured betgpro-
teobacteria clone TH486 (95 %) ,
be-
taproteobacterium 57 C1 (95 %) betaproteobacterium
TBW3(95 %)
() =
4 S+4
2
-4 B-
NCBI S5
Uncultured bacterium ARFS24
(99 %) ,
5 & 519r DGGE ( Acti nobacteria) (2]
(KB, L ) Uncul-
Fg 5 A hierarchicd duger andyssd the DGGE fingerprints generated tured acti nobacterium clone TH490(98 %) ,
from primer &- GC and 519r (KB, L isthe number o ol =
saple) 5 ’
2 2 4 S5
¥- 2 (GHI1JL M)
Y- Uncultured
gammeproteobacterium clone NOW2. 14WL (97 %)
[22] B' v-
Uncultured gammeproteobacterium clone Blhiii 13
(96 %) [22) ’
(B K ) :
F DGGE S22
’ 3
NCBI S=3 (D
Uncultured bacterium clone , ,
p-3415-SWA2 (99 %) , (r=0.691,
[24] p <0.05) TPH
Uncultured Pseudomonas 9. clone YJQ- 5213 mg kg~ * , TPH 277
50(99 %) mg kg™ *
Uncultured proteobacterium MT1 (99 %) 2 ,

(AHB)
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6
(AHB) CRU
, 0.928(p <0.001) ,
TPH (r=
- 0.715,p=0.013)
3 ,
( Proteobacteri-
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ANALY SIS OF BACTERIAL GENETIC DIVERSITY IN PADDY SOIL IN SHENFU

IRRIGATION ZONE IRRIGATED WITH WASTEWATER FROM PETROL EUM INDUSTRY
—BY DENATURING GRADIENT GH. H. ECTROPHORESIS AND SEQUENCING OF PCR AMPL IFIED
16S RIBOSOMAL DNA FRAGMENTS

Li Hi' Zhang Ying® Su Zhencheng® Xu Hu' KRAVCHENKO Iring®  Zhang Chenggang
(1. Key Laboratory d Terrestrial Ecdogical Processes, Inditute d applied Ecdogy, Chinese Academy o Sciences, Shenyang 110016, China)
(2. Winogradsky Institute d Microbidogy , Russian Academy o Sdences, 117312 Moscow. Russia)

Abgract Hfectsdf petroleum contam netion on counts, divergty and dominant populaions o bacteria in paddy ilswere
invedigated in the Sherfu Irrigation Zone, the largest zone irrigated with oil-contaning wagewater for nore than 50 years in
Northeag China. Bacterid genetic diverdty was determined with 16S rDNA PCR-denaturing gradient gel eectrophoress
(DGGE) . Resuits show that total petroleum hydrocarbon (TPH) concentration in the paddy il varied from 277 to 5213 mg kg™ *
dry sil. Sil TPH concentration declined aong with the distance of the irrigation channd from the water source , showing a gradi-
ent from upstream to downstream and was positively correlated with organic metter (r =0.691, p=0.057) . At the current pollu-
tion level , the paddy il TPH concentration was postively corrlated with the CRU of aerobic heterotrophic bacteria (AHB) (r
=0.928, p< 0.001) . While genetic diversty o the bacteria based on D GGE prdfiles was negatively corrdated with TPH con-
centration (r = - 0.715, p= 0.013) . Sequence andyssd prominent bands in DGGE prdfiles show thatf3 andy subgroups of
Qoup Proteobacteriawere dominant in paddy il of the Sherfu Irrigation Zone, All or Some df the popul aions may play a Sgnifi-
cant role in metalolizing the petroleum comrpounds.

Key words Wadewater irrigation ; Petrol eunt contami nation ;Bacterid genetic diverdty ;16S rDNA ;DGGE



