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Table 1. Resequencing statistics for E. coli
Insert Filtered Clean Clean data Clean data
Number Sample ID size/bp Reads length/bp  Raw data/Mb reads/% data/Mb Q20/% Q30/%
1 El 500 (100:100) 992 30.18 693 91.75 77.57
2 E2 500 (100:100) 1421 27.95 1024 95.07 86.00
3 E3 500 (100:100) 1015 31.37 696 91.18 78.30
4 E4 500 (100:100) 1332 30.15 932 90.34 78.48
5 E5 500 (100:100) 1710 28.20 1228 95.17 86.92
6 E6 500 (100:100) 682 27.17 497 94.28 82.75
7 E7 500 (100:100) 720 33.01 483 91.42 76.84
8 E8 500 (100:100) 930 25.82 690 92.02 79.76
9 E9 500 (100:100) 1060 24.68 798 92.36 80.12
10 E10 500 (100:100) 853 30.27 595 91.82 77.81
11 Ell 500 (125:125) 935 18.47 762 94.80 88.80
12 E12 500 (100:100) 1344 26.64 986 95.21 87.08
13 El4 500 (100:100) 945 22.37 733 92.95 81.26
14 E17 500 (100:100) 1070 28.60 764 95.04 85.96
15 E18 500 (100:100) 1316 26.83 963 95.17 86.36
16 E19 500 (100:100) 895 28.24 643 91.44 78.50
17 E20 500 (100:100) 831 23.76 633 93.47 81.72
18 E21 500 (100:100) 1418 27.25 1032 95.28 87.16
19 E22 500 (100:100) 1183 26.51 869 95.12 86.12
20 E23 450 (125:125) 1086 12.41 952 94.63 88.78
21 E25 500 (125:125) 680 20.09 544 94.82 88.88
22 E26 500 (100:100) 1084 30.29 756 95.36 86.96
23 E27 500 (100:100) 1472 26.93 1076 95.15 86.85
24 E28 500 (100:100) 1116 18.07 915 95.87 86.03
25 E29 500 (100:100) 1120 28.80 798 95.58 87.39
26 E30 500 (100:100) 1016 17.9 834 97.28 90.04
27 E31 500 (100:100) 940 30.85 650 95.69 88.71
28 E32 500 (100:100) 964 32.68 649 94.83 86.15
29 E34 500 (100:100) 882 23.07 679 92.66 80.95
30 E35 500 (100:100) 954 36.55 605 94.28 85.02
31 E40 500 (125:125) 1123 22.03 876 94.82 88.70
32 E41 500 (100:100) 995 31.08 686 91.07 78.07
33 E42 500 (125:125) 900 18.34 735 94.90 88.81
34 E43 500 (100:100) 1151 28.82 820 95.97 89.31
35 E44 500 (125:125) 814 14.72 694 96.01 91.24
36 E45 500 (100:100) 1096 31.37 752 94.94 86.43
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Table 2. Resequencing statistics of S. aureus

Number Sample ID II}sert Reads length/bp  Raw data/Mb Filtered Clean Clean data Clean data
size/bp reads/% data/Mb Q20/% Q30/%
1 S1 500 (100:100) 1012 18.86 821 97.01 90.85
2 S2 500 (100:100) 1215 22.99 935 93.32 82.34
3 S3 500 (100:100) 1012 9.88 912 98.54 94.28
4 S4 500 (100:100) 1247 9.54 1128 97.61 91.41
5 S5 500 (100:100) 1220 10.68 1090 96.51 88.97
6 S6 500 (100:100) 1166 8.78 1064 97.46 90.96
7 S7 500 (100:100) 1094 8.99 996 97.37 90.67
8 S8 500 (100:100) 1272 9.31 1153 97.74 92.00
9 S9 500 (100:100) 1099 15.29 931 97.53 92.29
10 S10 500 (100:100) 1159 13.04 1008 97.67 92.30
11 S11 500 (100:100) 1468 14.44 1256 97.48 91.83
12 S12 500 (100:100) 1235 8.89 1125 96.58 88.98
13 S14 500 (100:100) 1237 9.75 1116 96.28 88.32
14 S17 500 (100:100) 1134 10.24 1018 96.63 89.24
15 S18 500 (100:100) 1173 9.30 1064 97.76 92.11
16 S19 500 (100:100) 1088 11.45 964 97.01 89.67
17 S20 500 (100:100) 1220 9.94 1099 96.56 89.03
18 S21 500 (100:100) 1015 16.51 848 96.07 87.04
19 S22 500 (100:100) 1194 13.93 1028 98.18 94.17
20 S23 500 (100:100) 1056 18.80 858 97.52 92.65
21 S25 500 (125:125) 1668 6.69 1556 96.30 92.37
22 S26 500 (100:100) 1120 28.52 800 95.58 87.75
23 S27 500 (125:125) 1263 8.71 1153 95.90 91.63
24 S28 500 (125:125) 1536 5.95 1444 96.39 92.50
25 S29 500 (100:100) 1212 9.15 1101 96.39 88.50
26 S30 500 (100:100) 1215 14.90 1034 94.95 85.49
27 S31 500 (100:100) 1821 15.68 1535 97.37 91.55
28 S32 500 (125:125) 1417 5.86 1334 96.80 93.42
29 S34 500 (100:100) 1043 9.18 947 97.66 91.64
30 S35 500 (100:100) 1525 10.52 1364 97.24 90.42
31 S40 500 (125:125) 1105 7.63 1021 96.32 92.49
32 S41 500 (125:125) 1116 4.74 1063 96.39 92.50
33 S42 500 (125:125) 1191 5.19 1129 96.42 92.58
34 S43 500 (125:125) 943 4.25 903 96.35 92.41
35 S44 500 (125:125) 1309 7.53 1211 96.37 92.56
36 S45 500 (125:125) 1075 4.41 1027 96.31 92.33
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Figure 1. Maximum growth rates for E. coli strains after co-culture and monoculture. A: original strains; B:
monoculture; C: co-culture; means followed by same letters (a, b, ¢, ab) were not significantly different at P<<0.05
in statistical analysis of each strain (Duncan’s multiple range test).
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Figure 2. Maximum growth rates for S. aureus strains after co-culture and monoculture. A: original strains; B:
monoculture; C: co-culture; means followed by same letters (a, b, ¢, ab) were not significantly different at P<<0.05
in statistical analysis of each strain (Duncan’s multiple range test).
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Manhattan plots of GWAS results for E. coli grown in co-culture. Genomic location was plotted against

—log;o(P), with 609 SNPs identified at multiple time points; each dot corresponds to a single SNP. A: time point 1;
B: time point 2; C: time point 3; D: time point 15; E: time point 16.
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Figure 4. Manhattan plots of GWAS results for S. aureus in co-culture. Genomic location is plotted against

—log;o(P), with 112 SNPs identified at multiple time points; each dot corresponds to a single SNP. A: time point 4;
B: time point 7; C: time point 10.
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Interactions between Escherichia coli and Staphylococcus aureus
determined by genome-wide association analysis

Nan Chen', Jing Zhu', Meixia Ye" % Yi Jin', Xiaoqing He'", Rongling Wu'-*

" College of Biological Sciences and Technology, Beijing Forestry University, Beijing 100083, China
? Center for Computational Biology, Beijing Forestry University, Beijing 100083, China

Abstract: [Objective] We studied the interactions in a co-culture of two bacteria. [Methods] By pairwise
co-culturing of 36 Escherichia coli and 36 Staphylococcus aureus strains, we monitored the growth of each species
in an interaction environment. We identified numerous Single Nucleotide Polymorphisms (SNPs) by whole-genome
sequencing used as genetic markers to predict variations in phenotypic traits. Genome-wide association study
(GWAS) was applied to identify loci that controlled competition between the two species. [Results] In E. coli, 162
significant SNPs affected the change of maximum growth rate by comparing initials strains with those grown in
co-culture, and 36 significant SNPs affected the change of maximum growth rate comparing monoculture and
co-culture strains. Five of the significant E. coli genes we identified after annotation this time were also reported in
other evolutionary studies. We also identified 85 significant SNPs in S. aureus that affected the change of
maximum growth rate by comparing initial strains with those grown in monoculture. About the change of bacterial
numbers, we found that 706 significant SNPs were associated in E. coli and 129 in S. aureus. Thirteen of the E. coli
significant genes in this study were also verified in previous evolutionary reports. [Conclusion] We found several
significant genes both in monoculture and co-culture affecting the interaction of E. coli and S. aureus. GWAS has

the potential to study interspecific interactions of bacteria.

Keywords: microbial competition, whole-genome sequencing, genome-wide association studies
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