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fee stain e↵ect”). To produce mutant (yJK22) sectors
flanked by wild-type (yMM9) regions (see SI Fig. 5),
of the linear yJK22 inoculum, several hun1 Experimental Materials and sections
dreds of micrometers apart, were removed by rolling
Methods
a sterile glass bead across the front, lifting cells from
the surface. The resulting gaps were filled by applying a very small volume (⇡ 0.5 µL) of concentrated
1.1 Strains
yMM9 culture. The ensuing progression of these
Experiments in this work, using the non-motile yeast ”sectors” was then tracked on a Axio Zoom.V16 upSaccharomyces cerevisiae, were conducted with the right fluorescence microscope (Carl Zeiss, Germany).
strains yMM9 (”wild-type”), yJK22 (”mutant”), Time-lapse measurements where conducted in a temyMM8 (”wild-type” with alternative color) and perature controlled chamber (ibidi, Germany).
yJHK111 (yJK22 ancestor) [19, 14]. yJHK111,
To quantify sector extension we first obtained the
yMM8 and yMM9 where a kind gift of the lab of
Andrew Murray (Harvard University). All strains point of extinction anticipated from the Local-speed
were derived from the W303 strain yJHK102 with model by extending the linear trajectories exhibited
the genotype MATa bud4 ::BUD4(S288C) can1- by boundaries of clones wider than wc = 230 µm.
100 [19]. yMM8 and yMM9 constitutively express We then measured the experimentally observed exfluorescent proteins integrated at the HIS3 locus with tend of the sector by identifying the position of the
his3::prACT1-ymCitrine-tADH1:His3MX6
(YFP) most forward fluorescent signal, taking the major
and
his3::prACT1-ymCitrine-tADH1:His3MX6 axis of the sector as definition for the direction of
(RFP), respectively. Both also feature a resis- forward propagation. To compensate for variations
tant allele of the CYH2 gene, CYH2::cyh2-Q37E, in initial sector width, we defined the front position
causing resistance to the translational inhibitor yc = y(w = wc ) := 0 as reference point for sector
cycloheximide. yJK22 is similar to yMM8 but with length calculations. Sector extension was then calcua CYH2 wild-type allele and replacement of the aux- lated as the di↵erence between the extinction point
otrophic His3MX6 -cassette with a HygMX -cassette, expected from the Local-speed model and the experconveying resistance to the drug hygromycin B. imentally observed sector lengths.
yJK22 was directly derived by PCR amplifying
the HygMX -cassette from the pAG32 plasmid (see
https://www.addgene.org/35122/ for details) with
primers oJK35 (CAT ACA TTT TGA TGG CCG
CA) and oJK38 (CGA CCA GCA TTC ACA TAC 1.3 High curvature inoculations
GA).

1.2

Competition assays

Circular colonies shown in Fig. 1b where grown from
a mixture of yMM9 and yJHK111. All other experiments are based on yMM9 and yJK22 (s = 0.06)
or yMM8 (s=0). Linear colonies for the wide sector
assays were inoculated by running a droplet (10 µL)
of concentrated yJK22 culture (OD600 > 10) across a
vertically inclined agar plate (YPD, 1% (w/v) agar).
Subsequent air drying produced a dense continuous
layer of cells at the periphery of the wetted area (“cof-

Experiments with high initial curvature (see Fig. 2b)
where initialized by first placing a small droplet
(1 µL) of culture on an agar substrate followed by air
drying. A second droplet of equal volume and from
the same culture was subsequently placed adjacent to
the first droplet such that its peripheral ring of cell
deposition intersects the one of the first droplet. This
series of cell depositions created an initial front with
a high radius of curvature at the intersection points
only limited by the di↵erent wetting behaviours of an
agar surfaces with and without previously deposited
cells.
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1.4

2

Single-cell sector assays

Experiments tracking the fate of sectors originating
from single cells were set up in a fashion similar to the
wide-sector assays described above. Here, colonies
were inoculated from a mixture of yMM9 containing a small fraction (5%) of yJK22. Cell separations
was ensured by briefly sonicating the mixed culture
prior to deposition. For the neutral scenario, we ran
parallel experiments substituting yJK22 with yMM8.
To verify neutrality we repeated these experiments,
inverting the ration of yMM8 to yMM9.
Survival probabilities (Psurv ) were obtained by
identifying fluorescent regions via a custom segmentation algorithm, based on local intensity gradient
peaking, developed in MATLAB.

1.5

Evolutionary rescue assays

In selected colonies of the single-cell sector assay
we halted wild-type growth by application of Hygromycin B. To this end, a line of 50mM Hygromycin
B in medium (70 µL total volume) was pipetted approximately 5 mm in front of the leading colony edge.
The drug then dispersed via di↵usion and local concentrations where sufficient completely halt wild-type
progression while allowing for continued growth of
the mutant.

2.1

Supplementary
tal Data

Experimen-

Additional sectors

SI Fig. 6 shows additional sectors similar to the one
shown in Fig. 1c. The shown sectors are the basis for
the analysis in Fig. 1d and e.

2.2

Angles between front normal and
boundary trajectory

SI Fig. 7 compares the angles between the front
normal, the path of the wild-type/mutant boundary and the global direction colony expansion for
an initially flat front. We find that as a the wildtype/mutant boundary curves toward the deleterious
mutant clone, the direction of propagation is nearly
perpendicular to the surface.

3

Local-speed model

Here we describe the “Local-speed” null model, originally proposed and refereed as the “equal-time argument” in [19]. In this model, the population surface moves at a velocity proportional to the cellular
growth rate of cells that composed the front: vWT =
v0 for wild-type/mutant cells and vmut = (1 s)v0
for deleterious mutant cells (SI Fig. 8a). When a
linear front composed of mutant and wild-type cells
are placed adjacent to each other, the equal-time ar1.6 Verification of relative fitness
guments predicts that the wild-type/mutant boundThe relative fitness between strains with the wild- ary proceeds along the direction at which wild-type
type and resistant alleles of the CYH2 for the group and mutant fronts intersect. Solving for the angle of
results in a boundof strains used in this study (with yJHK111 as the the boundary at this intersection
p
direct ancestor of yJK22) has been previously quan- ary with slope dxb /dhb = s(2 s)/(1 s). This
tified as a function of cycloheximide concentration slanted wild-type/mutant boundary is perpendicufront, which has slope dh/dx =
using liquid culture competition and colony collision lar to the wild-type
p
dxb /dhb =
s(2 s)/(1 s). This slanted front
assays[14]. The concentration of 90 nM used in this
study corresponds to a fitness e↵ect of s = 0.06. In is what we refer to through this paper as the “wedge”
addition, we measured the front velocities of colonies initial condition.
composed of the individual strains, confirming that
When a deleterious mutant is surrounded at wildrelative fitness is not impacted by the general slow type cells (SI Fig. 8a) as we consider in Fig. 1, the
down of colony expansion over the course of the ex- Local-speed model predicts that boundaries
approach
p
periments.
each other at dw/dl = 2dh/dx = 2 s(2 s)/(1
12

s). Using this relation one can therefore define an
e↵ective fitness di↵erence

se↵ (dw/dl)

=

1

1+

✓

dw/dl
2

◆2 !

1/2

(1)

for each rate of sector width decay (see Fig. 2e in
main text).

4

Relationship between velocity and local curvature

Here we derive a general relationship between forward
velocity of the colony surface and the local roughness
of the surface. This will reveal that the velocity increases linearly with the local curvature of the front
line, an e↵ect not captured by the Local-speed model.
The prefactor of this linear relationship can be interpreted as a surface tension T , as it appears in the
KPZ interface growth model (SI Sec. 5) [18]. It turns
out that the surface tension itself is proportional to
the thickness of the growth layer in our minimal
model with purely steric interactions between cells.
If the growth layer depth is fixed across the colony
and the cellular growth rate constant within this
growth layer, we can estimate how velocity depends
on local curvature of the front using a geometric
argument. Consider three cases: a flat front (SI
Fig. 16a), a outward bulge with radius of curvature
R (SI Fig. 16b), and an inward divot with radius of
curvature R (SI Fig. 16c). The curvature

for a given arclength L of a growth layer with depth
in SI Fig. 16 we can estimate the velocity of the
surface.
Flat front (SI Fig. 16a): A = L so that the forward velocity is vflat = k . We will use this as a
reference for the bulge and divot cases.
Bulge (SI Fig. 16b): A and L can be calculated
geometrically as A = 12 ✓(R2 (R
)2 ) = 12 ✓(2R
2
) and L = ✓R so that v = k (1
/(2R)). Since
vflat = k and  = 1/R, v = vflat (1 +  /2).
Divot (SI Fig. 16c): Similar to the bulge, A and
L are A = 12 ✓((R + )2 R2 ) = 12 ✓(2R + 2 ) and
L = ✓R so that v = k (1 + /(2R)) = vflat (1 +  /2).
The result v = vflat (1 +  /2) where vflat = k
holds generally. Since v = k (1 + T ) for a linetension T , T = /2 acts an e↵ective line-tension in
this case.

5
5.1

Interface-growth model
Definition of model

Here we describe a phenomenological surface growth
model, which we refer to as the “Interface-growth
model”, where the population is modeled as a 1D
curve that moves forward at velocities that are normal to the surface (SI Fig. 9a). Each point on the
surface moves at a velocity v that is modulated by
the local front curvature  via an e↵ective “surface
tension” term T

v
d2 h
dx2

✓

✓

dh
dx

◆2 ◆3/2

=

vflat (1 + T )

(3)

where vflat is the velocity of a flat front.
Assuming that flat front velocities are proportional
to
the cellular growth rate of cells at the surface (SI
is negative ( = 1/R) for the bulge and positive
Fig.
9b), then forward velocities of a front composed
( = 1/R) for the divot. For each of these cases, if
purely
of wild-type or mutant cells have separable
all cellular material in the growth layer (yellow reselection
(vflat = v0 for wild-type, vflat = (1 s)v0 for
gion) grows at rate k for a short time t, then the
mutant)
and
surface tension (1 + T ) contributions
population will expand in area from A ! (1+k t)A.
Assuming that velocities are perpendicular to the surface, this expansion corresponds to a forward velocity
v = (1 + T )v0
WT
(4)
of v = kA/L where L is the arc length of cellular material at the surface. So, by calculating the area A
= (1 s)(1 + T )v0 mutant
(5)


=

1+

(2)
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5.4

where v0 is the velocity of a flat front composed of
wild-type cells. We apply Eq. 5 to the competition
of adjacent phenotypes, in which case vflat changes
discontinuously from vflat = v0 to vflat = (1 s)v0
across the wild-type/mutant boundary. The wildtype/mutant boundary evolves in time, following the
surface normal according to Eq. 5.

Parameterization

To compare this Interface-growth model to S. cerevisiae experiments, we compare the decrease in width
for initially-wide deleterious clone, shown in Fig. 1c
for experiments. Initializing the Interface-growth
model with a slanted front designed to be consistent
with the closing angle predicted by the Local-speed
model (SI Fig. 8), we find a funnel-like tapering of
5.2 Stochasticity
the deleterious clone as we found for experiments.
The spatial extent of this deleterious tapering varies
To incorporate stochasticity into the interface growth
with surface tension T , and we find that the model
model, we have added di↵usive boundary fluctuate
best matches experiments with a surface tension of
along the front with a di↵usion coefficient D. The
T = 25µm (SI Fig. 10).
mean-square displacement of boundaries on a flat
2
front is therefore x = D y in a neutral scenario
on a flat front. Simulation results matched experi- 5.5 Analytical theory and screening
mental observations best for D = 0.025 µm, which is
length
significantly lower than that previously obtained from
single cell traces [14]. In a similar fashion we incor- A boundary between a wild type domain and mutant domain will cause a characteristic deformation
porated stochasticity into the Local-speed model.
of the colony interface that is extends a characteristic
distance wc . Here, we couple the deterministic KPZ
5.3 Relationship to KPZ equation
equation, Eq. 8, to the domain boundary motion in
order to predict analytically this characteristic deforFor a linear wild-type front without overhangs, we
mation. As we have demonstrated in the main text,
can write the velocity at position x as
the significance of wc is that if two domain boundaries come close within that distance, they start to
v(x) = v0 (1 + T (x))
(6) move in a correlated manner with the e↵ect that fitness di↵erences become screened, see Fig. 3. We may
2
2 3/2
where (x) = @x h (1 + (@x h) )
and the as- thus interpret wc as a screening length.
Let us consider the problem of a single domain
sociated
the di↵erential change in height @t h =
p
boundary
separating a faster growing wild type pop2
v 1 + (@x h) is
ulation from a slower growing mutant population, as
sketched in Fig. 9. In order to describe the interface
p
@t h = v0 1 + (@x h)2 (1 + T (x))
(7) shape near the boundary we need to augment our
small deformation model, Eq. 8, by a term that acReducing to the lowest order terms in x, we obtain counts for the growth rate di↵erence s between wild
type and mutants,
in the co-moving frame h ! h v0 t
@⌧ h

=

1
(@x h)2 + T @x2 h
2

@⌧ h(x, ⌧ ) = T @x2 h +
(8)

1
2
(@x h)
2

s⇥ (x

x⇤ (⌧ )) , (9)

where ⇥(x) represents the unit step function. The
last term accounts for the fact that the growth rate
is reduced by a fraction s in the mutant region x >
x⇤ (⌧ ), where x⇤ (⌧ ) represents the interface position
of the domain boundary.

where ⌧ = v0 t. This is the KPZ equation for surface
growth in the absence of noise [18]. The dynamics
described by Eq. (7) is a generalized rotationallyinvariant version of the KPZ equation.
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We also need to prescribe how the domain boundary position x⇤ (⌧ ) itself moves in response to the
shape of the interface. We assume that the domain
boundary follow the direction normal to the interface. To lowest order, the domain boundary velocity
@⌧ x⇤ (⌧ ) is then driven by gradients in the height profile,
@⌧ x⇤ (⌧ ) = @x h (x⇤ (⌧ ), ⌧ ) .
(10)

where
T
wc ⌘ p
.
s/2

Note that we fixed one integration constant so that
is di↵erentiable at x = 0.
Back transforming to h, we obtain

Note that this condition is a natural outcome of
overdamped mechanical simulations, where pushing
forces must be normal to the population edge, which
represents a line of constant pressure. By contrast,
common non-mechanical models exhibit a tilt in the
domain boundary orientation in favor of the more fit
type, violating the condition in Eq. 10 (see Sec. 5.6).
Solving the coupled non-linear, partial di↵erential
equations is difficult in general, but a steady state
solution can be found for the one domain boundary
case. To this end, we first get rid of the non-linearity
through the non-linear variable transformation (due
to Cole and Hopf)
✓
◆
h(x, ⌧ )
(x, ⌧ ) = exp
2T
which leads to a linear interface equation
s
⇥[x
2T

@⌧ (x, ⌧ ) = T @x2

x⇤ (⌧ )]

(11)

and the domain boundary condition
@⌧ x⇤ (⌧ ) =

@x log( )|x⇤ (⌧ ) .

(12)

Assume for simplicity that the steady state position
of our domain boundary is at the origin, lim⌧ !1 x⇤ =
0. In the steady state, we thus have to solve
@x2

s
=
⇥(x)
2T 2

(15)



h(x) = 2T log cosh

x
wc

◆

.

(16)

The asymptotic shape of the interface recovers the
predictions of the equal-time argument: In thepmutant region, we have h(x ! 1) ! p
x(2T / ) = x 2s,
which is a profile tilted by an angle 2s, compared to
the wild type region, h(x ! 1) ! 0. The transition region between these asymptotic regimes extends
over the length scale wc , set by the competition between line tension and selective di↵erence: p
This is
our screening length. The scaling wc ⇠ T / s implies that the screening length increases with line tension and decreases with selective coefficients. Thus,
weakly deleterious mutations will have a large ”zone
of influence”, within which domain boundaries seemingly interact.
Further analytical work on our interface model, including the approach to the steady state is relegated
to future work. Note, however, that even without
fully solving the dynamical problem, one can estimate
on dimensional grounds that it should take a characteristic relaxation time of order ⌧c = wc2 /T = T /(2s)
until the cross-over region has formed from, say, a
flat initial condition.

5.6

(13)

✓

Domain boundary tilt accelerates
extinction

Fig. 14 shows that a bias in the domain boundary speeds up extinction. When the tilt angle of
the domain boundary with respect to the normal of
the front line is small compared to the Local-speed
model, initially wide sectors do exhibit funnel-like
tails prior to extinction. However, rather than decaying continuously in width these sectors go extinct
abruptly.

subject to the boundary conditions ( 1) = 1 and
@x ( 1) = 0.
For x < 0, we simply have (x) = 1 =const. and
for x > 0 one obtains a combination of exponential
functions,
✓ ◆
⌘
1 ⇣ x/wc
x
x/wc
=
e
+e
= cosh
(14)
2
wc
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6

Cell-based simulations

ditions, similar to the linear front but where the left
and right boundaries are tilted at an angle consistent
with the non-mechanical model.

Our cell-based simulations are based on simulations
developed in [7]. Cells are modeled in 2D as frictionless fused disks (mother and bud) that grow exponentially at rate i by bud expansion (Eq. 1), move
according to over-damped dynamics with mobility µ
(Eqs. 2 and 3), and interact via repulsive spring forces
with elastic modulus k (Eq. 4)
ȧi

=

ṙi
✓˙i

=

V

=

=

i ai

µFi
m
µTi
I
X1
kCG
2

6.1

This model has two key control parameters: and µ.
To obtain a value for , we compare the decrease in
width for initially-wide deleterious clone to S. cerevisiae experiments (shown in SI Fig. 1c). Initializing
the Interface-growth model with a slanted front, we
find a funnel-like tapering of the clone where the tapering lengthscale increases with growth layer depth
. The cell-based model best matches experiments
with = 45µm (SI Fig. 11).

(17)
(18)
(19)
2
ik,jl ⇥( ik,jl )

Parameterization of model

(20)

ikjl

2
2
where ai = ⇡4 ( i,mother
+ i,bud
) is the cell i, i,mother
and i,bud are the diameter of the mother and bud,
ri is the cell position, ✓i is the cell orientation, mi
4
2
(1+ )
is the cell mass, Ii = 18 M a2 1+
1+ 2 + 2 1+ 2
with i = i,bud / i,mother is the cell inertia, V
is the total potential energy, Fi = rri V is the
force on cell i, Ti = @✓i V is the torque on cell
i, ik,jl = 12 ik + jl
rik rjl is the overlap
between lobes k of cell i and l of cell j, and ⇥ is
the unit function. Each mother lobe has diameter
i,mother = . Equations of motions are integrated
using a 3rd order Gear Predictor-Corrector algorithm.
Growth progresses while i,bud < and culminates in
division. After division, both new cells are oriented
inward with buds facing each other.
In this study, we further developed the simulations
described in [7] so that cell populations growth in
2D colonies where only cells in a “growth layer” of
depth near the edge actively grow. To calculate
the growth layer depth, we first find all cells in the
front. We then classify cells as being in the growth
layer if they are within of any front cell.
We utilize three di↵erent boundary conditions. In
Fig. 3, we use open boundary conditions so that the
colony grows radially in all directions. In Fig. 4, we
use linear boundary conditions, where cells grow with
periodic conditions in the horizontal directions but
with open boundary conditions in the vertical directions. In SI Fig. 11, we use “wedge” boundary con-

6.2

Angle between front and boundary

We find in Fig. 12 that the front trajectory is nearly
normal to the wild-type/mutant boundary for wide
sectors as that shown in Fig. reffig:originf.

7

Front flattening in mechanical simulations

In SI Fig. 15, we show how both the Interface-growth
model and cell-based simulations flatten over time
when starting from the sharp wedge illustrated in SI
Fig. 8a.

8

Eden model simulations

In the Eden model [8] simulations, space is divided
into a two-dimensional square grid, whose voxels can
be empty, wild type, or mutant type. In general,
each voxel represents a sub-population, called deme,
consisting of multiple individuals, and the lattice size
a is a model parameter that characterizes the spatial
extent of a deme.
The grid is initialized by either placing mutants
and wild type at initial ratio 1:10 in a line at one
end of the lattice (to measure extinction speed) or in
a slanted half-space configuration (see SI Fig. 8a),
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where the angle is chosen according to the nonmechanical expectation. In each step, we choose a
voxel i that has at least one empty neighbor and one
of its empty neighboring voxels j at random. The
state of i is copied into j. The probability of choosing voxel of di↵erent types (wild-type vs. mutant) is
proportional to their growth rate. A generation corresponds to a number of steps equal to the number of
voxels that have at least one empty neighbor at the
beginning of the generation.

9

Stepping Stone simulations

We perform individual-based, stepping stone simulations where both wild-type and mutants are modeled
explicitly. The population is divided into demes with
carrying capacity K = 10 on a two-dimensional lattice (10 individuals per deme). Each simulation step
consists of a replication step and a migration step:

10

Comparison of simulations

In SI Fig. 17, we test whether the non-mechanical
simulations described above (Eden and Stepping
Stone) exhibit delayed extinction as we observe
in cell-based and Interface-growth models. In SI
Fig. 17a, we find that cell-based simulations indeed
do show delayed extinction. Delayed extinction for
cell-based simulations is reproducible, with each individual trajectory having an extend-funnel like tail.
The Eden and Stepping Stone models, however do
not exhibit delayed purging. Aligning the trajectories of these models at the point of extinction results
in an average trajectory that approaches extinction
linearly according to the Local-speed model.

11

• Replication Step In this step, an individual located in a non-full deme is picked proportionally
to its growth rate r (1 for wild-type and 1 s
for mutants). A second “spot” among the K 1
in the same deme is picked at random, regardless of its type (wild-type, mutant or empty).
The individual selected first is then copied in
the “spot”. This process leads to logistic growth
within deme.
• Migration Step Similarly to the replication
step, an individual located in a non-full deme is
picked according to a di↵usion constant D = D̂r
and copied in a random “spot” in a neighboring deme. Constraining the migration rate to
be proportional to the replication rate takes into
account that in a microbial colony movement is
generated by growth.
The simulations are initialized with a slanted profile similar to that shown in Fig. 8b. Mutants occupy
a rectangular region with initial width w = 200, while
the wild-type fills the slanted surrounding regions.
The angle ↵ characterizing the slanted profile corresponds to the asymptotic angle predicted by the ETA
argument.
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Supplemental figures

Figure 5: Experimental setup. Front with alternating sections of wild-type (yMM9, blue) and mutant
(yJK22, yellow) cells shortly after inoculation (day1) and after colony expansion (day5). Front profiles are
indicated by white lines.
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Figure 6: Additional sector images. The sectors shown here are those analyzed for the clone width w
as a function of distance in SI Fig. 2 in the main text. Widths where measured perpendicular to the major
axis of sector propagation. All images have the same scale.
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Figure 7: Angle between front normal and boundary. a) Angles ✓front and ✓bound of the front normal
at the wild-type/mutant boundary and the boundary itself, both with respect to the global direction of
colony expansion. Experiments were inoculated with a flat front and gradually build up curvature due to
the relative fitness di↵erence (s = 0.06), reaching a final angle of ✓ ⇡ 0.34 radians. ✓bound has been subjected
to a rolling average of 5 time points to compensate for detection noise. b) Histogram of the di↵erence angle
✓bound ✓front over all time points shown in a). On average, the boundary moves in the direction of the local
front normal.
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Figure 8: Local-speed model. (a) Schematic showing the Local-speed model. Wild-type and mutant fronts
move at velocities vWT = v0 and vmut = (1 s)v0 perpendicular to the front.
p The slope of the wild-type front
is related to the wild-type/mutant boundary as dh/dx = dxb /dhb = (2 s)s/(1
s). (b) A deleterious
p
clone surrounded by a wild-type front shrinks at rate dw/dl = 2dxb /dhb = 2 (2 s)s/(1 s).

Figure 9: Phenomenological Interface-growth model. (a) Schematic of Interface-growth model with a
single species. (b) Interface-growth model with two species.
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a

b

Figure 10: Parameterization of Interface-growth model. (a) Increasing surface tension T slows the
shrinking of sectors. A line-tension of T = 25µm best matches experiments. (b) Deviation between experiment and simulation as a function of surface tension. The deviation
P is defined as mean-squared di↵erence
between experimental (we ) and simulation (ws ) sector widths, n1 w1 <we <w2 (we ws )2 , where n is the
number of data points in the range we = w1 = 20µm to we = w2 = 230µm.

b

a

Figure 11: Parameterization of cell-based model. (a) Increasing growth layer depth
slows the
shrinking of sectors. A line-tension of
= 45µm best matches experiments. The experimental data is
averaged over 9 sectors and the simulation data is averaged over 10 sectors for each value of . (b) Deviation
between experiment and simulation as a function of surface tension. The deviation
P is defined as meansquared di↵erence between experimental (we ) and simulation (ws ) sector widths, n1 w1 <we <w2 (we ws )2 ,
where n is the number of data points in the range we = w1 = 20µm to we = w2 = 230µm.
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θbound
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Figure 12: Angle between front normal and boundary. Angles between the normal normal and the
horizontal axis (red) and the boundary trajectory and the vertical axis (blue), for a sector decrease in width
with = 45µm similar to that shown in Fig. 3f. The front is nearly perpendicular to the boundary, as the
angle are nearly the same.

Figure 13: Noise-less reaction di↵usion simulations. (a) Integration of reaction di↵usion equations
exhibit no delay in extinction (D = 0.2, r = 0.05 and s = 0.05) The wild type-mutant boundary is defined
at the 50% mutant frequency threshold (black lines). (b) Analysis of the boundary (black) and front (red)
profiles reveals the emergence of an inward tilt. Although the tilt angle depends on the boundary frequency
threshold, its value is always larger than 0.1 radians.
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Figure 14: Interface-growth model with tilted boundary trajectories. We show here widths of
deleterious clones (s = 0.06) we we apply an inward tilt to the boundary. We find that even a small tilt
substantially accelerates extinction. Note that the inward angle from the Local-speed model (0.32 radians)
is larger than all the tilt angles shown here.
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Figure 15: Flattening of front in mechanical simulations The front profile of both the Interfacegrowth model (T = 25µm) and cell-based simulations ( = 45µm) becomes sharper over time. We start
these simulations with a shape cusp at the wild-type/mutant boundary slanted to be consistent with the
Local-speed model, with the wild-type cells to the left of the boundary and mutants to the right. For both
plots, blue refers to time = 0 (inoculation) and red refers to a later time where the wild-type front (far to the
left of the wild-type/mutant boundary) has moved by 980µm. The front is centered at the wild-type/mutant
boundary (x0 , h0 ) for each time-point.
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Figure 16: Geometric prediction of velocity-curvature relationship. Schematic showing the area of
growing cellular material behind a (a) flat front, (b) a negatively curved bulge ( < 0), and a positively
divot ( > 0) assuming that the growth layer depth is constant across the front.
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Figure 17: Comparison to other non-mechanical spatial growth models. Cell-based simulations
exhibit delayed extinction (s = 0.02) of initially-wide deleterious clones (a) while Eden model (a) Stepping
stone (c) and noiseless reaction-di↵usion (d) simulations exhibit extinction at a constant angle consistent with
the expectation from the Local-speed model (dashed line). Gray lines show trajectories of individual clones
and solid black lines show mean trajectories. Individual and mean trajectories are obtained by aligning
traced at extinction. The cell-based simulations have = 10 cell diameters and start with a very wide
deleterious clone (200 cell diameters) on a slanted front.

25

