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Supplementary

S1 Appendix: Analytical calculations of Fig 3G

Our basic 3 node motif for elimination of faster growing bacteria can be expressed as:

dBS

dt
= kSBS(1−BS −BR)− αBS − ηSPBS

dBR

dt
= kRBR(1−BS −BR)− αBR − ηRPBR

dP

dt
= β(ηSBS + ηRBR)P − δP

where β is burst size of phage, that for simplicity are assumed the same for each
infection. Assuming that both bacterial strains co-exist (BR, BS > 0) one obtain for the
steady state:

1−BS −BR = (α+ ηSP )/kS

1−BS −BR = (α+ ηRP )/kR

Thus coexistence require:

(α+ ηSP )kR = (α+ ηRP )kS ⇒

P =
α(1− kR

kS
)

ηS(
kR

kS
− ηR

ηS
)

For P > 0 and dP
dt = 0 we get:

β(ηSBS + ηRBR)− δ = 0 ⇒

BS =
δ

βηS
− ηR

ηS
BR

and as a result BR = 1−BS − ηSP − α becomes:

BR = 1− (
δ

βηS
− ηR

ηS
BR)− ηS(

α(1− kR

kS
)

ηS(
kR

kS
− ηR

ηS
)
)− α
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Therefore, at the steady state we have:

BS =
δ

βηS
−

ηR

ηS

1− ηR

ηS

(
1− δ

βηS
−

α(1− ηR

ηS
)

(kR

kS
− ηR

ηS
)

)
(1)

BR =
1

1− ηR

ηS

(
1− δ

βηS
−

α(1− ηR

ηS
)

(kR

kS
− ηR

ηS
)

)
(2)

P =
α(1− kR

kS
)

ηS(
kR

kS
− ηR

ηS
)

(3)

(3) implies that (P > 0) is only possible when kS > kR and kR/kS > ηR/ηS). I.e. that
the ratio of the ratio of growth rates exceeds the ratio of susceptibilities. But in order to
have at the same time BS > 0 and BR > 0 we need:

(2) ⇒ δ

βηS
+

α(1− ηR

ηS
)

(kR

kS
− ηR

ηS
)
< 1

(1) ⇒ δ

βηS
>

ηR

ηS

1− ηR

ηS

(
1− δ

βηS
−

α(1− ηR

ηS
)

(kR

kS
− ηR

ηS
)

)

that combined give : ⇒ kR
kS

> α+ (1− α)(
ηR
ηS

) (4)

and : ⇒ kR
kS

<
ηR
ηS

+
α ηR

ηS

1− δ
βηS

1− ηR
ηS

− 1
(5)

and of course, by construction:

kR
kS

< 1 (6)

ηR
ηS

< 1 (7)

The inequalities (4),(5),(6),(7) define the region of coexistence in Figure 3G.

For 1 > kR

kS
> ηR

ηS
+

α
ηR
ηS

1− δ
βηS

1− ηR
ηS

−1

⇒ P > 0, BS < 0, BR > 0 implying that the slower

growing but more resistant to phage attacks bacterial strain outcompetes the faster
growing but susceptible in this parameter region with the help f the phages.

For α+ (1− α)(ηR

ηS
) > kR

kS
> ηR/ηS ⇒ P > 0, BS > 0, BR < 0 meaning that despite

the ”help” from the phages, the resistance and growth of BR is not high enough
compared to BS and it is driven to extinction.

For kR

kS
< ηR/ηS < 1 ⇒ P < 0, BS > 0, BR < 0. The phages cannot survive. As a

result BR is also driven to extinction, as dictated by the competitive exclusion principle.
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