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Effect of Long-term Oil Contamination on the Microbial Molecular Ecological

Networks in Saline-alkali soils

ZHAO Hui-hui' ,XIAO Xian>” ,PEI Meng' ,ZHAO Yuan', LIANG Yu-ting” "

(1. School of Environmental & Safety Engineering, Changzhou University , Changzhou 213164, China; 2. State Key Laboratory of Soil
and Sustainable Agriculture, Institute of Soil Science,Chinese Academy of Sciences, Nanjing 210008, China; 3. University of Chinese
Academy of Sciences, Beijing 100049 , China)

Abstract: Long-term oil contamination alters the structures of soil microbial communities, as well as decreases the community
diversity, posing a great threat to the ecosystem. To determine the possible influence of long-term oil contamination on microbial
interactions in saline-alkali soils, microbial functional molecular ecological networks were studied in both contaminated and
uncontaminated soils from Shengli oil field by constructing random networks based on null model. The results demonstrated that the
overall networks were significantly different between contaminated and uncontaminated soils (P <0. 001 ). Network size, links, average
connectivity, modules and modularity were all decreased in soil with oil contamination, indicating that oil contamination altered the
topological structure of microbial functional molecular ecological network. Module hub and connectors were different in contaminated
and uncontaminated soils. The topological roles of the genes (module hub and connectors) were altered by oil contamination. Sub-
networks of genes involved in alkane and polycyclic aromatic hydrocarbon degradation were also constructed. Negative co-occurrence
patterns prevailed among functional genes, thereby indicating probable competition relationships among functional groups.

Key words : microbial interaction; oil contamination; molecular ecological network; functional genes; saline-alkali soils
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Table 1 ~ Geochemical data of uncontaminated (U) and contaminated (C) soils

i H i pH K & it TOC AN TP AP Cu Zn Fe Mn

SL-U HEmZEi+ 7.67 19.6  0.926 — 1.16 903.6 39.1 581.6 5.06 0.064 0.007 2.13 0.53

SL-C izt 7.84 20.1  0.897  7.96 5.83 1108.3 13.1 588.8 4.11 0.165 0.006 1.91 0. 61
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Table 2 Topological properties of the empirical molecular ecological networks (MENs) of microbial communities in uncontaminated (U)

and contaminated ( C) soils of the oil-contaminated site and their associated random MENs

YT FERLRIZR

W RRER TEE  PHH FHRE  BOME VREE FHEE .o
M W EEEC s e mpw gm0 Eso ko gg PO

SL-U 1434 0.96 615 6765 -0.87" 22.00 2.514* 0.413" 0.37"(55) 2. 650 0. 206 0. 198
SL-C 871 0.96 436 3792 -0.83" 17.39 2.495* 0.407* 0.31*(33) 2.596 0. 180 0.112
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Fig. 1 The Z-P plot showing the distribution of genes in contaminated

and uncontaminated soils based on their topological roles from SL
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Table 3 Information of module hub genes
EgE| B ¥ 55 Z; P; BEH 4 eSSl AR5 E 3
118685870 2.833 0. 447 pro0 A B R HEIR Marinomonas sp. MWYLI
68201857 2.763 0.384 CODH RAEI ik Frankia sp. EANlpec
SL-U 88778030 2.709 0. 000 endochitinase WRIER Tk A Reinekea sp. MED297
109641682 2.692 0. 447 dmsA UL %A Hith Desulfitobacterium hafniense DCB-2
73748096 2. 480 0.493 ArsC &tk i Dehalococcoides sp. CBDBI
152146172 4.976 0. 000 rubisco RAGIR I Bk Beggiatoa sp. SS
SL-C 6460527 2.558 0. 000 ArsC i 42 ) i Deinococcus radiodurans R1
149370135 2.497 0. 450 pee WRIER 3] Bk unidentified eubacterium
x4 EEREANER
Table 4  Information of connector genes
FEH IS Z; P; HEH 4 He 5 DI Fe i
SL-U —
3157562 0.127 0. 667 nifH £ Bk unidentified nitrogen-fixing bacteria
SL-C 82798482 1. 905 0. 634 ayrB Hofh RGEHAIRE  Acholeplasma cavigenitalium
144943287 0.127 0. 633 hydrogenase 7RI AR FERERFE  Geobacter bemidjiensis Bem

2.3 bk, ZAIFREMIIBEILA M TS M4

Tt J 1 22 B 55 I S A S 2 3 M mp R 15 G 1Y)
FE . T T RS R R N £ R
I5 45 A G 1 AR W T e 3 R R B AR D, gk
GeoChip 1) alk T2 3435 Kol fi D) Re FE AL 2 175
Y 15T AER M L% AT AL X 2% 25 4 ULIET 2 il
B3, TR 4 R TR B i 1 S AR AN R Y
FEPRZES, A9 BRI R TS,
FHEFHS | FF 4 RIEEFEAE B WL 4
%5,

TE75 Y + 3 vp K I 2 D) BE L N alkB | alkH
alk] 1 alkK , 33X 05 R 3 55 25 ) o it ot e ) S B Tl

Bele R fg B DR i A7 68. 5% S A AR (&1 2
K 4) X ATRER IR T ke B At G W D RERE IS R 52
AT . M ME Fom 0ol e R alkK
(68546649 , Corynebacterium sp. ) , A 28 TIEFEEL.
TEAT IS Y 37 b ARG I 1) g ok B8 1) 22 B4 050,

ZLAE L AR UL AT A, i,

alkt
kK

/5
o/

77454825 77640940

.st o0iy,-

4 10176574
11n.so
110.?1
ua.rs

o

15%% ﬁ

145244078 13372315
B2 ARSHEIETFREERHNEEEER

Fig. 2 Network interactions of the alk genes in oil contaminated soils
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Fig. 3 Network interactions of the PAH genes in oil contaminated soils
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Table 4 Nodes information of the alk genes in oil contaminated soils
BENFPAS  EEEC RS RE REHFPAS  EEEC RS RE
68536649 28 alkK  Corynebacterium jeikeium K411 10174629 13 alkH  Bacillus halodurans C-125
157681313 25 alkK  Bacillus pumilus SAFR-032 34495548 13 alkK  Chromobacterium violaceum ATCC 12472
114761465 24 alkK  Roseovarius sp. HTCC2601 68264736 13 alkK  Corynebacterium jeikeium K411
69151647 23 alkB  Paracoccus denitrificans PD1222 89052885 12 alkB  Jannaschia sp. CCS1
13872675 21 alkB  Prauserella rugosa 5531409 12 alk]  Pseudomonas putida
15156762 21 alkK  Agrobacterium tumefaciens str. C58 || 145244078 12 alk]  Aspergillus niger
82791399 19 alkB  uncultured bacterium 83025976 11 alkB  uncultured bacterium
113527678 19 alkK  Ralstonia eutropha H16 83025990 11 alkB  uncultured bacterium
116695672 19 alkK  Ralstonia eutropha H16 83026010 11 alkB  uncultured bacterium
39995339 19 alkK  Geobacter sulfurreducens PCA 110819980 11 alkK  Rhodococcus sp. RHAI
88863253 17 alkB  Jannaschia sp. CCS1 62120299 9 alkB  uncultured bacterium
134142977 16 alkB  uncultured bacterium 82791417 9 alkB  uncultured bacterium
11558298 15 alkB  Oleiphilus messinensis 126736229 9 alkB  Roseobacter sp. CCS2
39575866 15 alkB  Bdellovibrio bacteriovorus HD100 70607508 9 alkK  Sulfolobus acidocaldarius DSM 639
82791421 15 alkB  uncultured bacterium 56908040 8 alkH  Bacillus clausii KSM-K16
151422145 15 alkK  Nitratiruptor sp. SB155-2 27378440 8 alkK  Bradyrhizobium japonicum USDA 110
56908484 14 alkH  Bacillus clausii KSM-K16 115607477 7 alkB  uncultured bacterium
77454825 14 alkH  Rhodococcus erythropolis PR4 77640940 7 alkH  Alkaliphilus metalliredigenes QYMF
114227902 14 alkH  Alkalilimnicola ehrlichei MLHE- 1 149951884 6 alkH  Alkaliphilus metalliredigens QYMF
6324893 14 alkK  Saccharomyces cerevisiae 113527709 6 alkK  Ralstonia eutropha H16
56910681 14 alkK  Bacillus clausii KSM-K16 158319675 5 alkH  Alkaliphilus oremlandii OhILAs
68264231 14 alkK  Corynebacterium jeiketum K411 78042621 5 alkK  Carboxydothermus hydrogenoformans Z-2901
91204460 14 alkK  Candidatus Kuenenia stuttgartiensis || 110823471 5 alkK  Rhodococcus sp. RHA1
146329147 14 alkK  Dichelobacter nodosus VCS1703 A 50841271 3 alkK  Propionibacterium acnes KPA171202
148252364 14 alkK  Bradyrhizobium sp. BTAil 10176574 2 alk]  Bacillus halodurans C-125
76803740 13 alkB  uncultured bacterium 95114212 1 alkB  Gordonia sp. Cg
86566820 13 alkB  Frankia sp. Ccl3 22777932 1 alkH  Oceanobacillus iheyensis HTE831
x5 AMEETEPEZHFTE PAHEERNTRER
Table 5 Nodes information of the PAH genes in oil contaminated soils
SENFFIYS e N R WIS e R kR
148628322 30 bphA  uncultured bacterium 52207938 16 bphA  Sphingomonas sp. CHY-1
115421687 30 bphD  Bordetella avium 197N 148628320 16 bphA  uncultured bacterium
126470044 26 bphC  Rhodococcus rhodochrous 42475478 16 bphC  Rhodococcus rhodochrous
32562911 26 bphD  Bacillus sp. JF8 3059209 15 bphA  Rhodococcus erythropolis
84694163 24 bphC  Polaromonas naphthalenivorans CJ2 1526617 15 bphB  Pseudomonas putida
158331393 24 bphC  Azorhizobium caulinodans ORS 571 42475470 14 bphC  Rhodococcus rhodochrous
15921868 23 qorL  Sulfolobus tokodaii str. 7 3860037 12 bphA  Cycloclasticus pugetii
151108 22 bphD  Pseudomonas sp. 120405368 12 bphA  Mycobacterium vanbaalenii PYR-1
3378405 21 bphB  Novosphingobium aromaticivorans 115421688 12 bphC  Bordetella avium 197N
89360567 20 bphC  Xanthobacter autotrophicus Py2 67158162 10 bphA  Azotobacter vinelandii AvOP
28971827 20 phdA  Sphingomonas sp. P2 119116128 9 bphC  uncultured bacterium
5578711 18 phd]  Sphingomonas xenophaga 92910775 8 phdG  Mycobacterium sp. JLS
22036058 17 bphA  Rhodococcus sp. YK2 154160043 6 phdCIl  Xanthobacter autotrophicus Py2
118151920 17 bphA  uncultured bacterium 77359848 5 bphC  Pseudoalteromonas haloplanktis TAC125
157850532 17 bphA  uncultured bacterium 33333865 5 nidA  Mycobacterium sp. S65
89274952 17 bphD  Rhodococcus sp. R04 42475484 4 bphC  Rhodococcus rhodochrous
33333869 17 nidA  Mycobacterium sp. S65 87331836 3 bphA  uncultured bacterium
3820518 17 phdCl  Burkholderia sp. RPO07 87331874 2 bphA  uncultured bacterium
126626855 17 phdCI  Marinobacter sp. ELB17 3059192 2 bphC  Rhodococcus erythropolis
3378393 17 phd]  Novosphingobium aromaticivorans 42475466 2 bphC  Rhodococcus rhodochrous
3243167 16 bphA  Sphingomonas sp. CB3 38488532 1 bphC  Pseudomonas graminis
3820519 16 bphA  Burkholderia sp. RP007 4104759 1 phdCI  Pseudomonas stutzeri
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