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Abstract: [Background] The interaction between species is an important driving force for the evolution of
species. But it is challenging to determine the single nucleotide polymorphism (SNPs) that play an
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important role in the process of interaction between species and establish an accurate genotype-phenotype
map. [Objective] To obtain the significant SNPs that play an important role in the interaction between
Escherichia coli and Staphylococcus aureus and to detect how do these SNPs relate to each other over
time. [Methods] Real-time quantitative PCR (qPCR) was used to determine the abundance of all strains.
We reared E. coli and S. aureus in monoculture and compared to the difference of growth between the
same strain in monoculture and co-culture. The phenotypes and genotypes of all strains were analyzed by
systems mapping and the significant SNPs were found out. [Results] We obtained a three-dimensional
Manbhattan plot that identifies 54 significant combinations of SNPs derived from 41 SNPs in E. coli and 12 SNPs
in S. aureus. Among them, 6 genes we obtained by annotation can directly or indirectly affect the growth
of microorganisms, nhaR (E19056) was involved in the formation of biofilm, »h/E (E832164) is related to
ribosome assembly, the expression of csiD (E2789300) can make cells face stress environment, alkB
(E2309274) can participate in DNA damage repair, suc4 (E759230) and yjjW (E4614704) are involved in
the metabolic process of cells. [Conclusion] Systems mapping can detect the significant SNPs. The
genetic effects of different SNPs are variable in the process of species interaction. Bacterial interaction
was found to exert direct genetic effects, indirect genetic effects and interspecific epistatic effects.
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Figure 1 Trajectories of microbial growth and its phenotypic plasticity
T A: KERAREAEKINZ; B: SEOMAGIREERIL; C: KpRAEEFAT BN D 4 N ORI r] 8.

Note: A: Trajectories of microbial growth for E. coli; B: Trajectories 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 plot of genome-wide associations for microbial growth by functional mapping

T A: RIFRA R SWGE; B: &8 @RAIRE 2 5.
Note: A: Manhattan plot of E. coli; B: Manhattan plot of S. aureus.
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Figure 3 Detection of significant interspecific SNP pairs for microbial growth of two coexisting species by systems mapping
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Note: A: The three-dimensional Manhattan plot of E. coli and S. aureus; B: The abundance and genetic effects of SNP S188004; C: The
abundance and genetic effects of SNP E4614704; D: Trajectories of direct genetic effects, indirect genetic effects and interspecific

epistatic effects between E4614704 and S188004.
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Table 1 Gene annotations of 54 significant SNP pairs detected between 41 SNPs from E. coli and 12 SNPs from S. aureus

co-culture and monoculture by systems mapping

Pairs E. coli S. aureus Pairs E. coli S. aureus

1 nhaR (E19056) ggt (S188004) 28 yeil (E2252539) ggt (S188004)
2 kefC (E49080) ggt (S188004) 29 nupX (E2252925) ggt (S188004)
3 rapA (E62059) ggt (S188004) 30 — (E2568153) ggt (S188004)
4 aceF (E126510) ggt (S188004) 31 tmcA (E2594191) hp (S56698)

5 mdIA (E470127) ggt (S188004) 32 tmcA (E2594191) ebp (S1454572)
6 ybdL (E633990) ggt (S188004) 33 tmcA (E2594191) hp (S2076600)
7 sucA (E759230) —(S1612255) 34 csiD (E2789300) —(S936893)
8 rhlE (E832164) ggt (S188004) 35 gutQ (E2830623) hp (S2076600)
9 iaa4 (E866870) ggt (S188004) 36 bgl4 (E3044738) ggt (S188004)
10 ghr4 (E1098633) ggt (S188004) 37 — (E3056867) ggt (S188004)
11 ghr4 (E1098633) hp (S342015) 38 — (E3056867) splA (S867513)
12 trpA (E1317124) ggt (S188004) 39 aer (E3218576) hp (S342015)
13 pspF (E1367778) ggt (S188004) 40 aer (E3218576) —S1612255
14 pspF (E1367778) —(S342015) 41 vgjK (E3228896) ggt (S188004)
15 hrpA (E1483999) ggt (S188004) 42 gre4 (E3328548) hp (S342015)
16 hrpA (E1483999) ggt (S188004) 43 — (E3539826) —(S1612255)
17 astB (E1827957) hp (S342015) 44 — (E3539840) —(S323313)
18 ynjC (E1838489) — (S1612255) 45 — (E3544071) hp (S56698)
19 rsmF (E1920546) hp (S342015) 46 — (E3544071) hp (S2076600)
20 yecC (E1997109) —(S119378) 47 ilv4 (E3956003) ggt (S188004)
21 yecC (E1997109) hp (S289329) 48 rhaD (E4093625) ggt (S188004)
22 yecC (E1997109) —(S936893) 49 yiiX (E4127415) hp (S56698)
23 vecC (E1997109) ebp (S1454572) 50 viiX (E4127415) ebp (S1454572)
24 fiC (E2002296) ggt (S188004) 51 viiX (E4127415) hp (S2076600)
25 yehM (E2206895) —(S936893) 52 phnl (E4320079) ggt (S188004)
26 — (E2233954) ggt (S188004) 53 phnl (E4320079) —(S337827)
27 veil (E2252539) ggt (S188004) 54 VijW (E4614704) ggt (S188004)

e = AT 2 AEEFEZ .

Note: —: Located between two genes.

pgaABCD YT N = A AWk B 2, 2B
b B 28T L 2% FG B P T R 4 4 £ 4 2 BR TR 1
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B UCE T X ILER R T o alkB (E2309274)3E K G
i) AKB 12 5 he b8 07 5 A MR &2 .

ViiW (BA614704)FE DK 2 Ry A7 1 22 - HFY 1 23 1t Tl 801
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I RNA ffiesgigsh el HEATH RNA fi e
D BE AT L2 Sk A 2, o
Tl UFEHE ATl esiD (E2789300) 3 R Al Y
csiD-ygaF-gabDTP JERFEPY & RNA R4 Y
VA, 7520 B TRDGT S B35 SR Bk = (8 PR B AT
ARG 2P KR A b alkB (E2309274)
HEI Gt AIKB 2 & —F DNA B, AL
%5 DNA i1 %, suca (E759230)44H% a-
P 5 R B UG B P 3E, b o R AL
MR, A BEIABEAEE a A0 Ak, R AR AL
NADH. XFiZ 5 41 e A= & B b 8] 7= 4 1 7
A ZRR(TCAEAR P RER WA, TCA i
S AR B i (B4614704) R
2 R DAY R - Y 1520 2 TR T 1) 28 4 ). DR i

VSR AR A AR i DG B v ] 7= AT LA 2oh o S A 4
AL IR &Y. RATXAF RN B3 SNPs &
PR3] T X S SN, AT O R IE A9 Sk
BHHEWRAAEY¥IIEE. nhaR (E19056)5 544
MR R, rhiE (E832164) 5 KA iy 4H 47 5%
csiD (E2789300) 1) % 15 1T LA X 441 B 1y XiF (8 45
RS, alkB (E2309274)0] LIZ 5 DNA Hfiifis &
sucA (E759230)F1 yjjw (E4614704)48% 5 41 it iy
PG FE X SE T BEA AT DA P B2 3 R 2 52 M
AP AR AR L, DI 52 e PRI A= 0 AH B4R
M=

THCEE W R B A O TR 0 A T A 0 1) o
RS, KIALIK, XA EAE F A SE R A b A
— R EDF O RN Z— Bl T 7
FAR B K R FRATTE 28 1T DAHHE 3R UK 2 S B AR A
14 35 PR 2H Bl , (EL 2 AR ax e i 5 FR AT 5 1Y)
FER IR A — ISR AT A S50 % PR
FHEST T R 35 A TR RN 4 0 2 BRI A EAE
FHREE , I AR A A ) 0 A4 5 B AR I
WICRE BAE RS B0 BRI, 25 6 R A A K
BRF AR S53 R R T 200 TR ) R S A7
13 EEAH BAE A AR FEEEAE R SNPs, DLK
XL SNPs 22 ] i B 45 43800 | [A] 33t A4 2400 Al
AR AL RN, A AATTRIE R P R AR FR AL AN
eI R ER A TR Y S
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