Rafting a waterfall: Artificial

selection for collective composition
can succeed or fail depending on
the initial and target values
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Selection on microbial collectives not individuals

Function

Biofuel production




Artificial selection on microbial collectives

Next generation




Artificial selection on microbial collectives

Composition

Collective’s function

Cycle




Experiments

Function Reducing water pollution Function Decomposing Chitin
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The amount of substance that

reduces water pollution increases. The amount of Chitinase was not increased.

Fallure of selection!
Success of selection!



Multilevel selection

Growth . Selection

Individual-level selection during growth stage : Collective-level selection at selection stage




Nature selection VS artificial selection (sanchez et al., Annu. Rev. Biophys. 50, 323 (2021)]
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We propose a simple model to analyze the condition where
the artificial selection on microbial community is successful.

Composition = Frequency f(w,m) =
w+m
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Model

Growth
Duration
g collectives
Initial total cell number: N, : -
# of wildtype cells: w Wi ldtype O
# of mutants: m Mutant type O

Initial mutant frequency: f;



Model

Growth Selection

Duration =

g collectives

Initial total cell number: N, © Q0

# of wildtype cells: w _ s f=
# of mutants: m ©—00

Initial mutant frequency: f; O M O
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Model

Growth Selection Reproduction

Duration =

g collectives

Initial cell number: N, O — Q0 -
# of wildtype cells: w O r+s Q0 f — .Totalhcelll?un?be.rs
— U\ w4+ m in each collective: N,

# of mutants: m
Initial mutant frequency: f; Q—>ﬂ O



Simulation result
g =10, N, = 1000, f, =0.01, r = 0.5, s = 0.05, u = 10™%, 7 = log(g + 1)/r ~ 4.8, f = 0.05
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Effects of selection

g =10, N, = 1000, £, = 0.01, r = 0.5, s = 0.05, u = 1074,z = log(g + 1)/r ~ 4.8, f = 0.05
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Various target compositions f and initial compositions f,

Not all target frequencies can be achieved.
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Mutant frequency <fsel>

g =10, N, = 1000, r = 0.5, s = 0.03, u = 104, 7 = log(g + 1)/r ~ 4.8
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Conditional probability \P'[ f...(k + 1) | f..;(k)]
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Conditional probability \P'[ f...(k + 1) | f..;(k)]

Sim

Selected Freq. in Cycle k, f,

1.0
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Newborns’ total cell number: N,

Initial frequency: f;



The number of collectives g

g =10, z =log(g + 1)/r, N, = 1000, r = 0.5, s = 0.03, p =107,

An optimal number of collectives for successful selection exists.

1.0

0.8 -

0.6 -

0.4 -

0.2 -

O-O | | I |
5 10 15 20

Number of collectives g

f

Selection

X v "_:' : -
‘ ( ‘--cn" :‘ ) g
. ‘.\ .;'
e]( )

Tradeoff of having large g:
longer maturation time z is required

but advantage to have extreme value.



g =10, 7 =log(g + 1)/r, N, = 1000, r = 0.5, s = 0.03, u= 1074
Newhorn cell numberNO

Smaller N, is advantageous to select the target composition.
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Summary

1. Proposing a simple model to
understand the condition of successful
artificial selection
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i 2. Analyzing conditions for successful selection
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| 3. Finding the optimal experimental setup
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Artificial selection on ‘microbial collectives’

Group resetting problem!

- o Time



_Group search and In nature

Resetting position is determined by the collective information of agents!
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Group hunting of wolves Group foraging of ant
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Search prey individually, and reset Search food individually, and reset
position to prey when it is discovered position (or path) to the found food.



Group resetting process
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Fokker-PIanck equatlon for the mean posmon

Fokker-Planck equation
Resetting position distribution R((, 1)
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p= TR T ean position of individual walkers

n
P(C,t) : Probability of finding the mean position at { at time ¢



Fokker-Planck equation for the mean position

Resetting position distribution R((, ?)

R(C, 1) = (1 - J cb(f)df) K, (C1Cos 1) + [ dfcb(T)J dC'K,(C| 5 R, = 7)
0

0 — 00

@(7): Waiting-time distribution between consecutive resetting events.

K ({| {'; 7): Distribution of reset position = X after time 7 since the last reset to ' = X'



Fokker-PIanck equatlon for the mean posmon
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For fixed reseting point {,, K.(C| " 7) = 0( — ), and thus R({, 1) = o(C — §),
reproducing the well-known results.
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__Application for avoiding problem _
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Ornstein-Uhlenbeck process
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(n,r,k,D) = (100,1,1,2)
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A larger number of walkers and frequent resetting increase the mean position in the
stationary state. increasing r is more effective than increasing n.



1. We propose a
simple model to
understand the
conditions for
successful
artificial selection.

. We analyze these
conditions, and
identify the
optimal
experimental
setup.
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. We present a general

framework for group
resetting, focusing
on the walkers'
mean-position
dynamics.

. We find strategies
that keep the system
away from
unwanted states.




