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Different Population Dynamics V
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Model Approaches University of Vechta

= Stock-flow model
= Qlive fly life stages
= Differential/Recurrence equation-based models
= |terative gene drive inheritance and invasiveness
= Qlive fly population dynamics with gene drive
= Qlive flies with gene drive and bottlenecks
= |ndividual-based model
= Qlive fly life stages with gene drive




Model Organism:

Olive Fly (Bactrocera oleae)

= Pest in the olive production
= Female lays 250-400 eggs
= 1 Larva per olive

= Monodietary larval stage

= 2-4 Generations per year
= Net damage of $ 3 billion

= ina$ 9 billion industry
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Stock-Flow Model Approach -
Introduction

= Often used in economics
= Suitable for classic population dynamics

Stock 1

= Stocks \j

= Flows
= (QOperators
= Connectors

= Source/Sink _.
\ O
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Stock-Flow Model Approach -
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Example University of Vechta
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Deterministic Invasiveness Study - V
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Gene Drive Inheritance University of Vechta

= |nvasiveness of a gene drive technique depends on its:
= |nheritance scheme
= Fitness penalty
= Population percentage at release

Example: Inheritance scheme of Medea gene drive

- +/+ M+ MM M+ W - +/+ M+ MM
]

+/+cf 1 0 +/+cF 0.5 0 + 4T 0 1 0
M+ 0.5 0.5 0 M+ 0.5 0.25 M+ 1] 0.5 0.5
/W 0 1 0 MM 0.5 0.5 M/ M 0 0 1

++

0

maternal genotype, offspring genotype




Deterministic Invasiveness Study - V
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Gene Drive Inheritance University of Vechta

= |nvasiveness of a gene drive technique depends on its:
= |nheritance scheme
= Fitness penalty
= Population percentage at release

Example: Inheritance scheme of Medea gene drive

- ++ M+ MM ++ M+ MM - +H+ M+ /M
++d 1 0 0 ++d 0.413 0 +H+d i} 0.826 0
M+ 0.5 0.413 ] M+ 0.413 0.2065 M+ ] 0.413 0.413
MM ] 0.820 ] MM 0 0.413 0.413 M/Mc i) ] 0.820

maternal genotype, offspring genotype

= Fitness penalty 17.4%




Deterministic Approach - Olive Fly
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POpUlathn Wlth Gene DI'IVE University of Vechta

Model assumptions:

Population:

= Exponential growth with environmental capacity limit

= Exponential decline

= Equal preference for wildtype and gene drive males

= Sex ratio 1:1

Gene drive:

= |f one partner carries the gene drive, all offspring inherit it
= Males carrying a gene drive have fertile male offspring.

= Females carrying gene drive die




Olive Fly Population Dynamics V
Universitat Vechta

With Gene DI'iVE - Equations University of Vechta
Wildtype population FF=01 . 09
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Stochastic Model Approach - Olive
flies with gene drive and bottlenecks
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= Qlive fruit fly population with a gene drive and bottlenecks

Structure of the model One generation
e N
-~ TN
——&» Mating ——» Offspring — Inheritance of altered gene —— Winter bottleneck
(after 6 generations)
Wild type (WT) Assuming random mating & Logistic growth function: Offspring ﬁ[::el:i‘t::risghg;gz? partners. '
. [1.2]
monogamy: . ) Itered PAaG = 0.99)
Release to WT AN = (1 - (No/K)) * (rF*N,) e TAG
population Mating with an AG-male: Q d WT | AG
N USRI 100% 99%
b PAG—ma[ing _ AG-males WT WT AG
TR : Ntotal males t r=2
NN, 2 AG females die i 0,
/ \ ™~ ./ \ K = 10.000.000 AG before mating E?sg;ﬂ?a:igﬁ 98% @
Altered gene (AG) AG-females die at larval stage -

= Same gene drive as before
= Logistic growth (r=2; K=10"
= 98% of population dies during winter bottlenecks every 6 generations




Stochastic Model Approach - Olive
. . . Universitat Vechta
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Wild type flies
. . W Altered gene flies
= POpUlat|On WIthOUt Arithmetic mean of 10 simulations
& 1600000,
a
bottlenecks £ 1200000
. o 8000004
= Release ratio 2:1 2
3
=
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Simulated generations
= WT persists in each
. ' Individual simulation results
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simulation g 1200000 | |
= Wild type flies
. 800000 survive in each
= 600000 simulation
-g 400000
2 200000
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Simulated generations




Stochastic Model Approach - Olive
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flies with gene drive and bottlenecks University of Vechta

Wild type flies
W Altered gene flies

= 98% of population dies i

Arithmetic mean of 10 simulations

dunng bOttleneCkS i__‘—’n 1:22::: Population bottlenecks
every 6 generations 5 w000 %

€ 400000 e !

i ol.l_l_..l.l :

12345 61:7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24
Simulated generations

= Release ratio 2:1

MAGNIFICATION: -
'

= 600k total population B

0
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E Simulated generations




Stochastic Model Approach - Olive
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flies with gene drive and bottlenecks University of Vechta

Wild type flies
A W Altered gene flies
Arithmetic mean of 10 simulations

u Wlntel’ bOttleneCkS ;:;_l’n e Population bottlenecks
. . "6 1200000 », _
enhance the variability of 5 a0 '?Q
. . € ! I .
the simulation outcome g e j -
= Mnmass :

OH
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may collapse ...
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play an important role for c N | o Varial;l;tin;‘gétion
: ,, 7000 Individual simulation results :
the propagation of altered 8 coool ‘%.\ %. ;
4 5000133 ;
genes in natural populations aggg‘{ A % E
k> 1 1 1 A
200041 ] : :
Z 1000} 1 1
' 1 1
__________ N




Individual-based Model — Prototypic V
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description of individual flies University of Vechta

= Process Class Olive Fly, Begin
= Variables
age, location, biomass, ...
= Activity procedures
movement, mating, reproduction, ...
= |ife Loop

Execution of activity procedures according to current individual
state and state of perceived environment, updating
characterizing variables

and possibly external (environmental) states
= End of Olive Fly




Individual-based Model - V
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“ Organisms
Climate
Maggot ’

Environment

Tree

m configuration

Output specification



Individual-based Model -
Test Model Assumptions

Initial setting

mersitét Vechta

University of Vechta

Initial conditions:

A Q 24 “trees”

= « 10“WT females”
=« 10 “WT males”

= « 10 “gene drive males”

Fly ontogeny:

= 5days egg development
= 5days larval development
= 5days pupa stage

= 18 days adult lifetime
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= Models may give insights into various aspects of gene drives and
population dynamics.

= Models are simplifications of complex processes.
= Each model has its focal points and does not represent reality
= Models facilitate analyses and implications of what was built into them.

= Therefore, we approached the topic from various sides, focusing on
different key aspects.

= Nevertheless, models allow insights into complex dynamic processes.
= They help to discover emergent properties that would remain
undisclosed otherwise.
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Let’s discuss
about that!




