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Functional mapping for competitive interactions between
Escherichia coli and Staphylococcus aureus

YIN Lixin, LI Caifeng, HE Xiaoqing, WU Rongling, JIN Yi'
College of Biological Sciences and Technology, Beijing Forestry University, Beijing 100083, China

Abstract: [Background] Functional mapping is a genome-wide mapping method that uses
statistics to analyze the development of dynamic and complex traits in organisms, with the aim
of locating quantitative trait loci (QTL) during the development of traits. The application of
functional mapping to microbiological studies can unravel complex interactions. [Objective] To
locate significant QTLs in the growth and development of two microorganisms by functional
mapping, and to identify the key genes affecting the phenotypic growth of the microorganisms
functional annotation. [Methods] One hundred strains of Escherichia coli and 100 strains of
Saphylococcus aureus were cultured separately or paired together for co-culture. The
phenotypic data and SNP data obtained from each strain were used for correlation analysis to
locate the significant QTL of the same species under different culture conditions. [Results] The
functional mapping identified 217 QTL in E. coli and 152 QTL in S aureus. The functional
clustering and gene annotation analysis showed that scdA, sdrC, sdrD, and ftsA in S. aureus and
phr, nagC, eptA, ppsA, priA, and flim in E. coli might play a role in the microbial growth.
[Conclusion] We identified the key genes involved in the competitive interactions between E.
coli and S aureus by employing functional mapping. Our results not only provide fundamental
data for the application of functional mapping in microbial research but also offer a new idea for
deciphering the complex mechanisms of microbial interactions.

Keywords: Escherichia coli; Saphylococcus aureus; competitive interaction; functional mapping;
significant quantitative trait loci
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Figure 1

Trajectories of microbial growth and its phenotypic plasticity. A: Trajectory of microbial growth for

E. coli. B: Trajectory of microbial growth for S aureus. C: The phenotypic plasticity of E. coli. D: The

phenotypic plasticity of S aureus.
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Figure 2 Manhattan plots of functional mapping results and Venn diagram of significant loci. A: Manhattan
plot of E. coli in monoculture. B: Manhattan plot of E. coli in co-culture. C: Venn diagram of QTL of E. coli. D:

Manbhattan plot of S aureus in monoculture. E: Manhattan plot of S aureus in co-culture. F: Venn diagram of
QTL of S aureus.
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Figure 3 Functional clustering plot for genetic effect curves and optimal number of clustering modules. Red
lines and blue lines denote the genetic effects of E. coli and S. aureus in monoculture, respectively; Green lines
and grey lines denote the genetic effects of E. coli and S aureus in co-culture, respectively; Thin line denotes

the genetic effect of each QTL, thick line denotes the mean fitted by the legendre polynomial; BIC and genetic
effect have corresponding colors.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3792 A i AR Microbiol. China

583642 E. coli

4 KEERA QTL BWEMEIFEMLE A P RGEOHARERL 1. B: BB KM E
BB 3. C: LR R B A A BRI 4. D LIRS 1. 202308 B, 2R T,
AR AN 2275 4 iR J3E

Figure 4 Interactive regulation network of QTL in key modules. A: S aureus module 1 in monoculture. B: E.
coli module 3 in monoculture. C: S. aureus module 4 in co-culture. D: E. coli module 1 in co-culture. The red

line indicates up regulation, the blue line indicates down regulation, and the thickness of the line indicates
regulation intensity.
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Figure 5 Gene KEGG enrichment analysis of Escherichia coli and Saphylococcus aureus. A: KEGG

enrichment of E. coli in monoculture. B: KEGG enrichment of S. aureus in monoculture. C: KEGG enrichment
of E. coli in co-culture. D: KEGG enrichment of S aureus in co-culture.
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Fz1 KBITFEXE QTL IFKEEE TR
Table 1

Annotation of genes for key QTL of Escherichia coli

Gene ID Position Mutation Gene Functional annotation Clustering module

Monoculture
b0708 740 317 V<->1 phr Deoxyribodipyrimidine photolyase M3
b0822 859 232 T<->K ybiV Sugar phosphatase YbiV M3
b0676 701 127 G<->G nagC DNA-binding transcriptional dual regulator NagC M3
b4114 4335018 K<>K eptA Phosphoethanolamine transferase M4
b1702 1785 589 G<->G ppsA Phosphoenolpyruvate synthetase Ml
b2268 2382114 V<>V rbn Ribonuclease BN M2

Co-culture
b1968 2036902 L<>L hprS Sensor histidine kinase M1
b1945 2020923 N<->K fliM Flagellar motor switch protein M1
b0330 347 967 A<>A prpR Propionate catabolism operon regulatory protein M1
b3935 4126 424 L<>L priA Primosomal protein N’ M2
b3486 3627 022 T<->T rbbA Ribosome-associated ATPase M2

<->: FHRRH A
<->: Amino acid mutation.

x2 THEFRREERINEIR

Table 2 Annotation of genes of Saphylococcus aureus

Gene ID Position  Mutation Gene Functional annotion Clustering module

Monoculture
SAOUHSC 00118 123529 Q<->R capE Capsular polysaccharide biosynthesis protein CapSE M4
SAOUHSC 00287 301667 T<->T / ABC transporter ATP-binding protein M2
SAOUHSC 00375 383182 D<->D guaA GMP synthase M3
SAOUHSC 00544 550426 S<->S sdrC Fibrinogen-binding protein SdrC M1
SAOUHSC 00545 552238 V<>V sdrD  Fibrinogen-binding protein SdrD M5
SAOUHSC 00803 786362 N<->H rnr Ribonuclease R M5
SAOUHSC 01149 1101515 D<->D ftsA  Cell division protein M1

Co-culture
SAOUHSC_00069 73 951 G<->G spa Protein A M4
SAOUHSC 00119 125462 Y<->Y capF Capsular polysaccharide biosynthesis protein Cap8F M1
SAOUHSC 00192 213297 Y<->Y coa Staphylocoagulase M4
SAOUHSC 00229 251034 E<->E scdA  Cell wall biosynthesis protein ScdA M2
SAOUHSC 00544 550312 S<->S sdrC Fibrinogen-binding protein SdrC M4
SAOUHSC 01392 1335749 V<>V [ ABC transporter ATP-binding protein M3

/2 ARARFZIEHE 45

/: The gene name was not found.
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