Supplementary information
Table S1 Geochemical data of soil samples from five oil fields located in different geographical regions of China, DQ-Daqing, YM-Yumen, CQ-Changqing, SL-Shengli, JH-Jianghan. Ten samples, a pair of contaminated and uncontaminated samples from each site, were selected for GeoChip analysis (CQ1, CQ4, DQ1, DQ2, JH6, JH7, SL3, SL4, YM1, YM2).
	Oilfield
	NO.
	Sites*
	oil
	pH
	water
	TN
	N
	TP
	P
	Cu
	Zn
	Fe
	Mn
	OM
	Salt
	Clay
	Silt
	Sand

	
	
	
	mg/g
	
	%
	mg/kg
	mg/kg
	mg/kg
	mg/kg
	mg/kg
	mg/kg
	mg/kg
	mg/kg
	%
	%
	%
	%
	%

	Changqi
	CQ1
	U
	0.50
	7.52
	17.35
	695
	40.0
	580
	9.9
	3.47
	0.76
	9.71
	29.00
	1.29
	0.58
	−
	−
	−

	
	CQ2
	U
	0.70
	7.73
	35.77
	750
	48.0
	398
	7.0
	1.69
	8.99
	18.10
	124.88
	2.32
	0.39
	−
	−
	−

	
	CQ3
	C
	2.40
	8.67
	13.12
	284
	8.0
	660
	13.2
	3.15
	2.72
	26.13
	9.49
	0.15
	0.43
	−
	−
	−

	
	CQ4
	C
	4.00
	7.49
	6.53
	480
	25.0
	205
	3.3
	1.13
	0.68
	6.86
	43.00
	2.25
	0.26
	13.54
	55.14
	31.33

	
	CQ5
	C
	3.20
	7.55
	27.44
	695
	44.0
	380
	6.5
	2.05
	1.08
	14.35
	29.39
	1.15
	0.49
	−
	−
	−

	Daqing
	DQ1
	U
	0.50
	7.56
	6.39
	990
	73.3
	620
	10.2
	25.12
	1.75
	15.37
	45.75
	1.05
	0.38
	7.7
	44.15
	48.15

	
	DQ2
	C
	60.20
	7.17
	14.58
	755
	60.3
	495
	8.5
	1.75
	30.86
	255.30
	32.40
	9.48
	0.15
	12.41
	36.31
	51.33

	
	DQ3
	C
	49.10
	7.65
	7.34
	750
	50.0
	580
	11.8
	3.15
	2.76
	25.03
	36.56
	9.67
	0.56
	−
	−
	−

	
	DQ4
	U
	0.60
	8.45
	18.89
	579
	58.6
	198
	6.2
	1.63
	29.90
	455.75
	100.58
	0.82
	0.08
	12.23
	42.94
	44.82

	
	DQ5
	C
	4.40
	7.87
	21.29
	−
	47.3
	7.9
	−
	38.68
	10.59
	188.3
	95.05
	1.46
	0.21
	21.55
	64.54
	13.93

	Jianghan
	JH1
	C
	3.63
	7.46
	18.23
	−
	75.0
	−
	22.8
	2.67
	1.76
	25.56
	31.81
	2.03
	0.35
	11.24
	67.15
	21.61

	
	JH2
	C
	151.16
	8.00
	1.2
	−
	35.0
	−
	5.3
	1.38
	3.54
	7.80
	22.54
	14.61
	1.08
	−
	−
	−

	
	JH3
	C
	123.67
	7.19
	1.24
	780
	53.0
	750
	6.7
	1.91
	7.66
	12.80
	21.38
	12.73
	0.11
	−
	−
	−

	
	JH4
	C
	174.14
	7.59
	0.92
	695
	53.0
	820
	8.5
	3.73
	15.11
	41.18
	26.28
	22.99
	0.27
	2.07
	15.16
	82.77

	
	JH5
	C
	55.28
	7.92
	3.07
	850
	88.0
	980
	17.1
	4.56
	19.82
	47.38
	83.47
	10.85
	0.49
	3.17
	35.33
	61.49

	
	JH6
	U
	0.00
	6.98
	26.71
	1448
	192.9
	930
	20.5
	2.66
	7.32
	40.50
	30.22
	3.60
	0.83
	−
	−
	−

	
	JH7
	C
	31.40
	7.16
	18.24
	1285
	44.5
	1295
	36.9
	4.16
	15.20
	26.63
	33.82
	8.75
	0.56
	−
	−
	−

	Shengli
	SL1
	C
	20.50
	7.96
	12.95
	1300
	40.7
	480
	5.0
	33.5
	42.00
	72.36
	77.00
	2.43
	1.92
	12.12
	77.37
	10.48

	
	SL2
	C
	11.40
	8.31
	14.35
	−
	25.9
	7.6
	−
	20.9
	36.75
	10.50
	88.04
	1.15
	0.53
	12.82
	83.92
	3.26

	
	SL3
	U
	1.60
	8.53
	18.57
	469
	15.5
	378
	2.7
	−
	−
	−
	−
	0.64
	1.63
	−
	−
	−

	
	SL4
	C
	162.20
	7.75
	2.53
	830
	45.5
	358
	3.6
	10.73
	9.80
	38.87
	75.89
	19.37
	0.76
	−
	−
	−

	
	SL5
	C
	238.30
	7.51
	2.23
	975
	83.5
	489
	3.7
	1.62
	1.70
	3.57
	2.83
	27.70
	0.36
	−
	−
	−

	
	SL6
	C
	102.60
	7.32
	3.24
	630
	27.3
	380
	2.6
	7.56
	19.35
	9.87
	13.68
	12.85
	0.15
	−
	−
	−

	Yumen
	YM1
	U
	0.00
	7.76
	2.71
	1993
	395.8
	1201
	44.5
	1.92
	3.06
	8.72
	9.28
	3.42
	0.64
	3.76
	42.35
	53.88

	
	YM2
	C
	46.70
	7.82
	1.21
	425
	146.6
	295
	3.2
	1.33
	2.76
	11.59
	4.58
	5.51
	0.11
	3.81
	35.19
	60.95

	
	YM3
	C
	21.50
	8.17
	0.72
	660
	307.8
	753
	3.0
	−
	−
	−
	−
	4.21
	0.41
	13.58
	41.51
	44.89

	
	YM4
	C
	109.30
	7.86
	1.96
	685
	257.3
	490
	4.2
	12.87
	5.35
	29.78
	16.5
	13.78
	0.49
	11.03
	49.69
	39.31

	
	YM5
	C
	15.90
	7.93
	1.5
	488
	201.9
	270
	1.9
	0.39
	1.24
	5.26
	5.51
	3.24
	0.57
	14.19
	43.76
	42.09


*Sites in same oilfield located in an area of 1 km2: U represented uncontaminated; C represented contaminated
Table S2 Relative abundance of four components (aliphatic hydrocarbons, aromatic hydrocarbons, polar fractions with hetero-atoms of nitrogen, sulfur and oxygen (NSO fraction) and asphaltenes) in oils extracted from soils of the five oil-contaminated fields (%).
	
	Aliphatic hydrocarbon
	Aromatic hydrocarbon
	NSO fraction
	Asphaltene

	Daqing oilfield
	50.8~57.0
	9.3~25.4
	6.4~18.2
	1.9~15.3

	Yumen oilfield
	34.2~60.5
	6.4~14.8
	7.9~28.3
	17.6~20.5

	Changqing oilfield
	51.5~52.2
	11.5~14.2
	6.8~12.7
	18.5~27.4

	Shengli oilfield
	43.7~56.8
	11.1~24.0
	7.6~18.2
	6.8~28.8

	Jianghan oilfield
	36.9~60.8
	11.9~23.4
	13.2~28.1
	1.6~20.6


Table S3 Relative abundance of four components (aliphatic hydrocarbons, aromatic hydrocarbons, polar fractions with hetero-atoms of nitrogen, sulfur and oxygen (NSO fraction) and asphaltenes) in crude oils extracted from oil-pumping wells.
	
	Aliphatic hydrocarbon
	Aromatic hydrocarbon
	NSO fraction
	Asphaltene

	Daqing oilfield
	57.1~77.3
	15.4~24.8
	7.2~21.2

	Jianghan oilfield
	62.23
	17.46
	14.98
	5.32

	Shengli oilfield
	85.55
	8.00
	5.31
	1.14

	Yumen oilfield
	64.91~70.31
	14.87~14.94
	15.69~22.45


Table S4 Distribution of functional genes detected for major metabolic processes among the five oil-contaminated fields. DQ-Daqing, YM-Yumen, CQ-Changqing, SL-Shengli, JH-Jianghan. U represented uncontaminated soil sample, and C represented contaminated soil sample.
	
	Sample, no.(%)

	
	DQ-U
	DQ-C
	YM-U
	YM-C
	CQ-U
	CQ-C
	SL-U
	SL-C
	JH-U
	JH-C

	Carbon degradation
	14 (7.9)
	10 (6.9)
	21 (6.0)
	27 (7.1)
	70 (6.5)
	37 (6.8)
	43 (7.7)
	24 (7.4)
	16 (8.2)
	17 (11.3)

	Carbon fixation
	6 (3.4)
	7 (4.8)
	11 (3.2)
	17 (4.5)
	33 (3.1)
	22 (4.1)
	15 (2.7)
	11 (3.4)
	8 (4.1)
	5 (3.3)

	Sulfate reduction
	9 (5.1)
	5 (3.4)
	20 (5.7)
	14 (3.7)
	65 (6.0)
	30 (5.5)
	31 (5.6)
	20 (6.2)
	15 (7.7)
	9 (6.0)

	Metal resistance
	25 (14.1)
	26 (17.9)
	57 (16.3)
	52 (13.7)
	155 (14.4)
	82 (15.2)
	87 (15.6)
	59 (18.2)
	32 (16.3)
	23 (15.2)

	Nitrogen fixation
	3 (1.7)
	3 (2.1)
	5 (1.4)
	8 (2.1)
	29 (2.7)
	17 (3.1)
	17 (3.0)
	6 (1.8)
	3 (1.5)
	2 (1.3)

	Nitrification
	20 (11.3)
	15 (10.3)
	40 (11.5)
	39 (10.3)
	104 (9.7)
	60 (11.1)
	54 (9.7)
	28 (8.6)
	15 (7.7)
	16 (10.6)

	Nitrogen reduction
	18 (10.2)
	15 (10.3)
	34 (9.7)
	34 (8.9)
	115 (10.7)
	48 (8.9)
	48 (8.6)
	24 (7.4)
	18 (9.2)
	13 (8.6)

	Organic contaminant degradation
	56 (31.6)
	42 (29.0)
	111 (31.8)
	133 (35.0)
	375 (34.9)
	171 (31.6)
	188 (33.7)
	111 (34.2)
	61 (31.1)
	36 (23.8)

	Methanogenesis
	2 (1.1)
	2 (1.4)
	4 (1.1)
	2 (0.5)
	8 (0.7)
	3 (0.6)
	8 (1.4)
	2 (0.6)
	2 (1.0)
	0 (0.0)

	Methane oxidation
	7 (4.0)
	8 (5.5)
	10 (2.9)
	12 (3.2)
	17 (1.6)
	18 (3.3)
	17 (3.0)
	14 (4.3)
	4 (2.0)
	5 (3.3)

	Total genes
	177
	145
	349
	380
	1076
	541
	558
	325
	196
	151


Table S5 alkane monooxygenase genes detected by GeoChip. DQ-Daqing, YM-Yumen, CQ-Changqing, SL-Shengli, JH-Jianghan. U represented uncontaminated soil sample, and C represented contaminated soil sample.
	Probe reference no.
	Reference sequence/organism　
	signal intensity

	
	
	DQ-U
	DQ-C
	YM-U
	YM-C
	CQ-U
	CQ-C
	SL-U
	SL-C
	JH-U
	JH-C

	5531405
	Pseudomonas putida
	　
	　
	0.3138
	　
	　
	1.3199
	1.1605
	0.329
	1.2734
	0.3035

	13750769
	unidentified 'CNM-group' bacterium HXN1000
	0.1751
	　
	1.3086
	1.6859
	0.357
	0.6941
	0.4217
	0.0915
	0.1663
	0.3381

	13750767
	unidentified 'CNM-group' bacterium HXN600
	　
	1.8641
	0.1761
	　
	0.9578
	0.7488
	0.5907
	0.1986
	　
	0.2591

	2072719
	Mycobacterium tuberculosis H37Rv
	　
	　
	　
	　
	　
	0.5063
	　
	0.1791
	　
	　

	13750740
	Rhodococcus erythropolis
	　
	1.7103
	　
	　
	　
	　
	　
	　
	　
	　

	10185046
	Burkholderia cepacia
	0.2158
	1.5331
	0.4324
	0.603
	7.4285
	0.7688
	0.2507
	0.2714
	　
	0.3918

	15420765
	Rhodococcus sp. Q15
	　
	　
	　
	0.3905
	0.1501
	0.1172
	0.7117
	1.0723
	　
	　

	31794432
	Mycobacterium bovis AF2122/97
	　
	　
	1.5612
	　
	　
	　
	　
	　
	　
	　

	13872675
	Prauserella rugosa
	0.2491
	0.3066
	2.3406
	　
	0.274
	0.1602
	0.3422
	0.1496
	　
	　

	15420776
	Rhodococcus sp. Q15
	2.1444
	0.4485
	1.4877
	0.746
	3.0059
	1.1008
	1.2922
	1.2693
	0.6903
	1.5145

	5824143
	Pseudomonas putida
	　
	　
	　
	　
	0.0934
	　
	　
	　
	0.6799
	　

	14331006
	Rhodococcus erythropolis
	　
	　
	0.7993
	0.6605
	0.2517
	　
	　
	0.2107
	　
	　

	14331004
	Rhodococcus erythropolis
	0.2648
	0.4444
	0.5789
	0.7793
	0.4621
	0.1998
	0.7479
	0.5354
	0.2834
	0.3322

	15842841
	Mycobacterium tuberculosis CDC1551
	　
	　
	5.7352
	0.3121
	0.2328
	0.2308
	0.1569
	0.2065
	　
	　


Table S6 Naphthalene degradation detected by GeoChip. DQ-Daqing, YM-Yumen, CQ-Changqing, SL-Shengli, JH-Jianghan. U represented uncontaminated soil sample, and C represented contaminated soil sample.
	Probe reference no.
	Reference sequence/organism　
	signal intensity

	
	
	DQ-U
	DQ-C
	YM-U
	YM-C
	CQ-U
	CQ-C
	SL-U
	SL-C
	JH-U
	JH-C

	2828017
	Ralstonia sp. U2
	
	
	
	
	0.2757
	
	
	
	0.4731
	

	1255667
	Pseudomonas aeruginosa
	
	0.2253
	0.1805
	
	0.1496
	
	
	
	1.278
	

	38638603
	Pseudomonas sp. ND6
	4.8025
	0.2129
	4.0507
	0.4848
	1.5792
	4.0885
	1.3767
	0.6733
	0.5579
	0.5403

	10956960
	Novosphingobium aromaticivorans
	0.2522
	
	0.2957
	1.0927
	0.835
	1.0091
	0.9679
	0.2043
	0.793
	0.3438

	150231
	Plasmid NAH7
	0.2288
	
	1.501
	0.3197
	1.7515
	0.2301
	0.7729
	1.1993
	0.8677
	0.3123

	18150574
	Rhodococcus sp. I24
	
	
	
	
	0.2315
	
	
	
	0.1644
	

	37683584
	Rhodococcus sp. NCIMB12038
	0.8467
	0.2978
	1.0373
	0.8284
	0.8848
	1.9524
	0.6631
	0.6806
	0.4956
	0.9488

	33595692
	Bordetella parapertussis 12822
	
	
	0.6747
	
	3.6636
	0.7009
	0.7849
	0.7844
	4.75
	

	34496872
	Chromobacterium violaceum ATCC 12472
	0.1464
	
	0.2305
	
	0.9171
	0.9569
	0.1802
	
	
	

	17544992
	Ralstonia solanacearum GMI1000
	0.1378
	0.1923
	0.8604
	0.3918
	0.4519
	0.4965
	0.6089
	0.1791
	
	0.185

	391842
	Pseudomonas putida
	
	
	
	0.1216
	
	1.5942
	0.668
	0.1686
	
	

	8118286
	Comamonas testosteroni
	
	
	
	
	
	
	1.9509
	0.7481
	
	

	37683585
	Rhodococcus sp. NCIMB12038
	
	
	
	
	
	
	0.4558
	
	
	


Table S7 Phenanthrene degradation detected by GeoChip. DQ-Daqing, YM-Yumen, CQ-Changqing, SL-Shengli, JH-Jianghan. U represented uncontaminated soil sample, and C represented contaminated soil sample.
	Probe reference no.
	Reference sequence/organism　
	signal intensity

	
	
	DQ-U
	DQ-C
	YM-U
	YM-C
	CQ-U
	CQ-C
	SL-U
	SL-C
	JH-U
	JH-C

	4007894
	Sphingomonas chungbukensis
	0.5258
	
	0.3944
	0.2962
	0.7308
	0.2795
	0.2366
	
	0.402
	0.5616

	6093708
	Nocardioides sp. KP7
	0.55
	8.0684
	2.0056
	1.2873
	8.6435
	3.9308
	4.5578
	4.7452
	2.3827
	1.4503

	2588983
	Nocardioides sp.
	
	0.1979
	
	
	0.9246
	
	
	
	0.5379
	

	3820514
	Burkholderia sp. RP007
	1.1932
	0.9945
	0.2655
	1.4569
	1.0764
	1.2284
	1.5542
	1.6231
	1.3804
	0.2939

	4586273
	Alcaligenes faecalis
	
	0.365
	0.2882
	0.8309
	1.5169
	0.2961
	0.3917
	0.22
	
	0.3641

	2588984
	Nocardioides sp.
	0.2028
	
	0.2074
	0.2688
	0.1739
	0.5914
	0.3349
	0.5575
	
	

	7619821
	Nocardioides sp. KP7
	
	
	1.0134
	0.2509
	0.8273
	0.1506
	1.5278
	0.3277
	
	

	3820515
	Burkholderia sp. RP007
	
	0.1566
	0.1905
	0.3795
	0.509
	
	
	0.3932
	
	


Table S8 Pyrene degradation detected by GeoChip. DQ-Daqing, YM-Yumen, CQ-Changqing, SL-Shengli, JH-Jianghan. U represented uncontaminated soil sample, and C represented contaminated soil sample.
	Probe reference no.
	Reference sequence/organism　
	signal intensity

	
	
	DQ-U
	DQ-C
	YM-U
	YM-C
	CQ-U
	CQ-C
	SL-U
	SL-C
	JH-U
	JH-C

	22711993
	Burkholderia pseudomallei
	0.1667
	
	1.5137
	0.3291
	2.1056
	5.6201
	0.5737
	0.4685
	0.5313
	0.2971

	27657409
	Mycobacterium sp. 6PY1
	0.7497
	3.0538
	1.9159
	0.9916
	4.9264
	3.7416
	1.5061
	2.1019
	7.9595
	0.9287

	33333869
	Mycobacterium sp. S65
	1.8454
	1.5404
	4.18
	2.5542
	7.2419
	8.5101
	4.0022
	1.5047
	12.025
	7.9673

	33333858
	Mycobacterium sp. S65
	
	
	0.2672
	
	0.4796
	
	0.1406
	
	1.3818
	

	21242054
	Xanthomonas axonopodis pv. citri str. 306
	
	0.1871
	1.2421
	
	0.6913
	0.913
	0.1698
	
	
	0.2462

	1419034
	Mycobacterium smegmatis
	1.7971
	
	
	
	
	0.2218
	
	
	
	

	29143816
	Salmonella enterica subsp. enterica serovar Typhi Ty2
	
	
	
	0.1462
	0.2782
	
	
	
	
	0.1854


