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MATERIALS AND METHODS
Bacterial strains
We used three subpopulations of the non-motile (1) Escherichia coli B strain REL606: the wild-type strain (WT) and the
mreB mutants (2) REL606mreB𝐴53𝑆 (AS) and REL606mreB𝐴53𝐾 (AK) (3) (Table 1). The mreB gene in bacteria codes for
the filament protein MreB, which is homologous to actin in eukaryotic cells (4). Depletion of the mreBCD operon in E. coli
leads to spherical, enlarged, and eventually lysed cells (5). More specifically, MreB is responsible for maintaining the rod-like
cell shape of E. coli cells by promoting cell wall growth in regions of negative cell wall curvature. Therefore, its depletion
leads to homogeneous cell wall growth (6) by increasing the helical pitch of the filaments, causing shortening and widening of
the bacteria’s shape (7). All our strains carried a plasmid that constitutively expressed kanamycin resistance and either GFP,
pmaxGFP (pmaxCloning-Vector, Lonza), with excitation/emission of 487/509 nm or RFP, pTurboRFP (pmaxCloning-Vector,
Lonza), of 553/574 nm (8).

Name Strain Relevant characteristics Reference
WT REL606 Ancestral strain. Ara(−), StrepR (9)
AS REL606mreB𝐴53𝑆 REL606 with mreB𝐴53𝑆 allele (3)
AK REL606mreB𝐴53𝐾 REL606 with mreB𝐴53𝐾 allele (3)

Table 1: Escherichia coli strains used in the study (kind gifts from the Kevin Foster Lab).

Culture media
Throughout this study, we alternated between the following two media: rich Lysogenic broth (LB) and M63 minimal media
(M63+glu) supplemented with 30 µg/ml kanamycin sulphate (≥ 95%, K1377, Sigma-Aldrich) to retain fluorescence, unless
otherwise stated. For agar plates, we used either 0.5% or 1.5% BD BactoTM agar (10455513, Fisher Scientific).

M63+glu The 5X M63 salt solution was composed of 15 g/l anhydrous KH2PO4 (≥98.0%, P9791, Sigma-Aldrich), 35 g/l
anhydrous K2HPO4 (≥99.0%, 60353, Sigma-Aldrich), 10 g/l (NH4)2SO4 (≥99.0%, 09978, Sigma-Aldrich), 2.5 ml 20 mm
FeSO4 (≥99.5%, 44970, Sigma-Aldrich), 20 mm Na-Citrate (≥99.5%, 71402, Sigma-Aldrich). The M63 minimal media was
composed of 20% 5X M63 salt, 1 µg/ml thiamine hydrochloride (≥99%, T4625, Sigma-Aldrich), 2 mm MgSO4 (≥99.5%,
63138, Sigma-Aldrich), 2 mg/ml glucose (≥99.5%, G7528, Sigma-Aldrich), dissolved in Millipore water.

LB The Luria-Bertani (LB) medium was composed of 10 g/l GibcoTM BactoTM tryptone (16279751, Fisher Scientific), 5 g/l
GibcoTM BactoTM yeast extract (16279781, Fisher Scientific) and 5 g/l NaCl (≥99%, S9888, Sigma-Aldrich) dissolved in
Millipore water.
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Cell culture
For starting the culture, bacteria from frozen glycerol stocks were streaked on LB or M63+glu agar (1.5%) plates to obtain
microcolonies after overnight growth at 37 ◦C. A single colony from the streak plates was transferred into 2 ml LB and incubated
overnight at 37 ◦C under constant shaking to prevent biofilm formation. The OD600 of the overnight cultures was measured after
a 10-fold dilution (IMPLEN NanoPhotometer C40) to control the strain proportions in the resulting suspension.

Imaging
Confocal laser scanning microscopy (CLSM) On a Leica DMI6000 CS SP5 (Leica, Wetzlar, Germany) we used the Ar
(488 nm) and HeNe (543 nm) laser lines sequentially to excite GFP (detection: 498−536 nm) and RFP (detection: 568−641 nm),
respectively. We alternated between the following magnification objectives: 5× air objective (Nplan5×0.12PHO, Leica), 20×
air objective (NplaL20x0.40NA, Leica), and 100× oil immersion objective (100×0.17/D/HCX/PL/APO, Leica).

Fluorescence microscopy We used a Nikon ECLIPSE Ti microscope (Nikon, Tokyo, Japan) paired with an Andor Neo
camera (Andor, Belfast, UK). GFP and RFP were excited by a Hg lamp using the FITC (FITC Filter Cube Set, Olympus, York,
UK) and Texas Red cubes (Texas RedTM Filter Cube Set, Nikon, Tokyo, Japan), respectively. In combination with one of the
following objectives: 4× air immersion objective (Nikon, Plan Fluor, 4x/0.13, ∞/1.2 WD 16.5), 20× air immersion objective
(Nikon, Plan Fluor, 20x/0.50, ∞/0.17 WD 2.10) and 100× oil immersion objective (Nikon, Plan Apochromat 𝜆, 100x/1.45 Oil,
∞/0.17 WD 0.13).

Growth rate measurements
Starting from overnight cultures (WT+GFP, WT+RFP, AS+GFP, AS+RFP, AK+GFP, AK+RFP) in M63+glu liquid medium,
we diluted 100× in M63+glu to final volumes of 5 ml. The cultures were incubated at 37 ◦C and the OD600 was measured at
regular intervals (1.25 h-1.75 h) for 5−6 h, while making sure to dilute appropriately to stay within the optimal range of the
spectrometer. In parallel, we collected samples for CFU measurements. We diluted the sample to adjust the CFU count to
∼100/plate, and 100 µl was plated on 3 LB agar (1.5%) plates and incubated overnight before CFU were counted.

Cell aspect ratio and volume measurements
Sample preparation and imaging We collected samples (WT+GFP, AS+GFP, AK+GFP) in the stationary phase (i.e.
immediately following overnight culture) and the log phase (3 h after dilution) for imaging. Single droplets of bacterial cultures
were deposited on cover slides (#1.5) and imaged using fluorescence microscopy and the 100× objective.

Image analysis We measured the length, 𝑙, and width, 𝑤, of cells using the line tool in Fĳi ImageJ to calculate the aspect
ratio, 𝑙/𝑤, and corresponding volumes:

𝑉𝑐𝑒𝑙𝑙 =
4
3
𝜋

(𝑤
2

)3
+ 𝜋

(𝑤
2

)2
(𝑙 − 𝑤) , (1)

where cell shapes were approximated to be cylinders with hemispherical ends. Using Eq. 1, we found the volume ratio between
the WT and AK strains in the stationary phase to be ∼ 1.3.

Cell density measurements
For each strain (WT+GFP, WT+RFP, AK+GFP, AK+RFP) we plated 100 µl of diluted overnight culture on LB plates with
agar (1.5%), which were incubated overnight (37 ◦C), before CFU were counted. We found similar results for the two colours
and measured the (combined) conversion at OD600 = 1 to be 1.6 · 109 CFU and 0.7 · 109 CFU, for WT and AK, respectively.
Therefore, the cell number ratio between the WT and AK strains in stationary phase (same OD600) was measured to be ∼ 2.2.

2D competition
Sample preparation and imaging Starting from overnight cultures, we adjusted the ratios (based on OD600) of the longer
cells (WT or AS) versus the shorter (AS or AK) to 𝜁 ∈ {1, 0.1, 0.01, 0.001} and diluted to a final (and combined) OD600 of 0.3.
The diluted cell culture was inoculated in 0.5 µl droplets on M63+glu plates with agar (1.5%). After either 20 h or 3 days of
incubation (37 ◦C), we imaged the colonies using the CLSM and the 5× objective. A vertical range of 100 µm was scanned and
the resulting 3D images had voxel sizes of (𝑥, 𝑦, 𝑧) = (6.07, 6.07, 10) µm.
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Pre-processing In many cases, colonies had outgrown the field of view (3.1 mm × 3.1 mm), so we stitched 4 images together
using the Pairwise Stitching plugin in Fĳi ImageJ (10). We made a maximum intensity pixel projection of each stack to get a
flattened (𝑥, 𝑦)-image of pixel size (𝑥, 𝑦) = (6.07, 6.07) µm.

Intensity adjustment of colour channels To boost the contrast between the two channels, we divided channels (GFP and
RFP) with each other to amplify the pixel value range of the two channels. Thus, for each pixel, we calculated a new intensity
value, 𝑝(𝑥, 𝑦)′, using a re-scaling value of 100 (8-bit image), such that:

𝑝(𝑥, 𝑦)′ = 𝑝GFP (𝑥, 𝑦) + 100
𝑝RFP (𝑥, 𝑦) + 100

, (2)

where 𝑝GFP and 𝑝RFP are the pixel values from the GFP and RFP channels, respectively. We found this method to be particularly
useful in image areas with significant intensity variations (e.g., around the homeland) and for background removal (11).

Pixel classification For further analysis, we wanted all pixels to be classified as either GFP or RFP (never both). Therefore,
we used the rescaled pixel intensities, 𝑝(𝑥, 𝑦)′, distribution of the image and – consistently – found two peaks corresponding to
GFP and RFP, and using Otsu’s method, we estimated the threshold value to classify the pixels.

Competition strength as a function of the radial vector in 2D Colonies had clearly detectable regions and we defined the
homeland as the well-mixed centre region, which roughly corresponded to where the original inoculation droplet was deposited.
The boundary of this region was found by manual fitting of a circle and we identified the centre of this circle as the starting
point of the radial vector r(𝑡)′, and the homeland boundary r(𝑡 = 0) (after which clear sectors first appear). To account for
variations in drop size, we defined the translated radial distance as

𝑟 (𝑡) = |r(𝑡)′ | − |r(𝑡 = 0) |. (3)

We defined the ensemble-averaged strength of 𝑁 colonies to be the re-scaled occupancy of the GFP-expressing (and longer)
bacteria at a given radial length 𝑟 (𝑡) as the sum over the following fraction:

S(𝑟) = 2
𝑁

𝑁∑︁
𝑛=1

𝐶
(𝑛)
GFP (𝑟 (𝑡))
𝐶 (𝑛) (𝑟 (𝑡))

− 1, (4)

where 𝐶 (𝑛) (𝑟 (𝑡)) is the total number of pixels of the circle of the 𝑛-th colony at radial distance 𝑟 (𝑡) and 𝐶 (𝑛)
GFP (𝑟 (𝑡)) is the

number of pixels occupied by GFP-expressing bacteria, such that 𝐶 (𝑛) (𝑟 (𝑡)) = 𝐶 (𝑛)
GFP (𝑟 (𝑡)) + 𝐶

(𝑛)
RFP (𝑟 (𝑡)). Defined like this, S

had the value of 1 (-1) when the GFP-expressing (RFP-expressing) cells had taken over the complete perimeter at a specific
radial distance. To compare the S at a specific time, we defined 𝑡1 = 1.5 days as halfway from the homeland border to the front
of a colony after 3 days of incubation.

Competition in isogenic bacteria Starting from overnight cultures, we inoculated 1:1 (𝜁 = 1) two subpopulations
(expressing GFP or RFP) of the same strain (WT/WT, AS/AS, or AK/AK) with the same fitness and shape at OD600 = 0.3.
Plates were incubated for 20 h and CLSM imaged. We found patterns of spatially segregated lineages with a constant number of
sectors (Supplementary Fig. S11); well in accordance with earlier findings (8, 12).

Zoom in on 2D competition isogenic boundaries Plates were incubated (37 ◦C) for 3 days, before cutting out the colony
and the according square of agar and placing it upside down in a glass-bottomed culture well (HBST-5040, WillCo Wells B.V.).
The colonies were imaged with sequential z-stacks using CLSM in combination with the 100× objective and the resulting voxel
size in (𝑥, 𝑦, 𝑧) = (0.30, 0.30, 0.99) µm.

Varying seeding density We repeated the competition experiment (20 h) for WT/AK but for serial dilutions of seeding
density. The co-culture of WT and AK mixed 1:1 and OD600 = 0.3 was diluted 10-, 100-, and 1000-fold. We found the mixing
of genotypes reduced in the homeland (i.e., patch sizes enlarged), but WT was still able to completely dominate the expansion
front (Supplementary Fig. S3). So even though the seeding density regulates patch sizes (13, 14), the longer cell still wins.
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Single-cell resolution time-lapses
Sample preparation One colony of each WT and AK was transferred separately into 3 ml LB medium and incubated
overnight (37 ◦C) under constant shaking. The OD600 of the overnight cultures were measured and they were mixed in equal
proportions (𝜁 = 1), before 10-fold dilution and inoculation on M63+glu agar (1.5%) plates. Shortly following the inoculation,
a rectangular piece of agar was cut out, flipped, and transferred upside down into glass-bottomed culture well (HBST-5040,
WillCo Wells B.V.) and sealed with Parafilm®.

Single-cell resolution time-lapses The colonies were imaged in our inverted fluorescence microscope using the 100×
objective. Fluorescence images were acquired with a frame rate of 2/h during 12 h. In addition, z-stacks were collected over a
total range of 2 µm (0.5 µm spacing) for each time frame to cope with the relative roughness of the agar substrate surface at
high magnification.

Data analysis The z-stacks were high-pass filtered and summed into a single image using a custom-made MATLAB
procedure, thereby collapsing all the sharpest regions into a single plane. Bacteria were segmented by thresholding each time
frame multiple times (twice for AK, thrice for WT) to consider variations in intensity and saturation within a single time frame.
The binary images resulting from different thresholds (of the same time frame) were summed to collect as many bacteria as
possible, despite non-uniform contrasts. Bacteria were detected using the Regionprops function in MATLAB (Image Processing
Toolbox version 11.7). The function returned the (x,y)-coordinates and the orientation of each bacterium (major axis of the
ellipse that has the same second-moments as the bacterium pixels region).

The local nematic order parameter 𝑞 for a bacteria 𝑛, is calculated by locating the 𝑁𝑛 = 8 nearest neighbours 𝑛𝑖 of the same
strain and then using the definition:

𝑞𝑛 =
1
𝑁𝑛

𝑁𝑛∑︁
𝑛𝑖

( 3
2

cos2 𝜃𝑖 −
1
2
) (5)

with 𝜃𝑖 the orientation of the neighbouring bacteria orientation.

3D competition
Encapsulating bacteria in inoculation beads We produced four batches of 2.5% agarose inoculation beads containing
different ratios of WT+GFP and AK+RFP following the procedure outlined in Ref. (15), excepting the following modifications:
i) Cell densities in the beads were either OD600 = 0.65 or OD600 = 1.45 (OD600 = 4 or OD600 = 8.6 in the cell mix) for
1/𝜁𝑛 ∈ {0.25, 12, 16} and 1/𝜁𝑛 = 47, respectively. The latter was obtained by up-concentration through centrifugation of the
overnight cultures. Varying the densities ensured reasonable numbers of (WT+GFP), despite low ratios (high 1/𝜁𝑛). We ii)
filtered the PBS-bead suspensions through strainers with mesh sizes of 70 , 50 , and 40 µm and let at least 10 ml additional PBS
flow through the strainers to wash off the remaining silicone oil. We collected the beads in the 40 µm strainer (diameters of
40−50 µm) by turning it upside down and flushing with 6−9 ml LB. More details can be found in the associated protocol (16).

Mono-strain 3D colonies As a control, we also prepared beads with two colours of the same strain. We followed the
exact same procedure but with a different bacteria mixture: Overnight cultures were mixed 1:1 by adjusting the OD600
(WT+GFP/WT+RFP, AK+GFP/AK+RFP, AS+GFP/AS+RFP) and diluted in LB to a final (overall) OD600 = 0.07 (0.4. in the
cell mix).

Bead concentration measurements To measure the strain ratios and number of cells within the inoculation beads, we
did serial dilutions (10−7 − 10−5) of the spare cell mixture from the encapsulation process. We plated 100 µl of the dilution
on LB agar (1.5%) plates and incubated overnight. From the number and colour of CFU, we deduced i) the ratio of WT to
AK cells (1/𝜁𝑛) and ii) the overall cell concentration of the mixture. Based on these results, we estimated the number of cells
encapsulated within a bead by modelling the beads as perfect spheres with a radius of 45 µm. The strain ratios were estimated
from counting 1606, 2900, 3918, and 3472 CFU for 1/𝜁𝑛 ∈ {0.25, 12, 16, 47}, respectively.

As the small size limited the number of cells per bead and as the strains had different cell volumes (Table 1 in the main text),
we defined a strain ratio, 𝜁𝑛, as the ratio of CFU of the longer strain versus the shorter (measured before encapsulation in the
beads). We found 1/𝜁𝑛 ∈ {0.25, 12, 16} with OD600 = 0.65 and 1/𝜁𝑛 = 47 with OD600 = 1.45; the higher density for the latter
ensured WT cells in most beads at this extreme ratio.
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Embedment of inoculation beads in 0.5% agar To investigate competition in 3D, we embedded the inoculation beads
within a 0.5% agar growth medium. We followed the protocol outlined in (15), excepting the following adaptions: i) Frozen
bead stocks were diluted with LB (based on the measured concentration of beads per 1 ml frozen stock) aiming for 10 beads per
well. Specifically, we diluted {650 ,970 ,130 ,85 } µl of frozen bead stock in 1 ml LB for 1/𝜁𝑛 ∈ {0.25, 12, 16, 47}, respectively.
We counted on average 10.9±3.3 beads per well and ii) we incubated all colonies for 10 h.

3D colony imaging After incubation, wells were preserved at 4 ◦C until imaging (< 24 h) using the CLSM and the 20×
objective (discarding colonies that had reached the agar-glass or the agar-air interface). For bi-coloured colonies, we recorded
two sequential (RFP then GFP) z-stacks with a resulting voxel volume of (𝑥, 𝑦, 𝑧) = (1.51, 1.51, 1.33) µm. For each strain ratio
(1/𝜁𝑛), we collected images from 4-5 different wells (> 40 colonies in total). As a control, we also mixed 1:1 (i.e., 𝜁𝑛 = 1)
two subpopulations (expressing GFP or RFP) of the same strains and found that surface coverage was similar for both strains
(Supplementary Fig. S12). In the case of WT/WT, this is well in accordance with earlier findings (15).

Segmentation of 3D images The 3D colony images were processed, segmented, and filtered for the surface using
BiofilmQ (17) and Fĳi/Image J (18). Only colonies expressing both strains were segmented, following the exact process
described in Ref. (15).

Competition strength as a function of time in 3D We defined the ensemble-averaged strength of GFP-expressing bacteria
(WT) on the colony surface as the re-scaled sum over the area fraction:

S3 (𝑡) =
2
𝑁

𝑁∑︁
𝑛=1

𝐴
(𝑛)
GFP (𝑡)
𝐴(𝑛) (𝑡)

− 1, (6)

where 𝐴(𝑛)
GFP (𝑡) is the area of GFP-expressing bacteria and 𝐴(𝑛) (𝑡) is the total surface area of the 𝑛-th colony at time 𝑡, such that

𝐴(𝑛) (𝑡) = 𝐴
(𝑛)
GFP (𝑡) + 𝐴

(𝑛)
RFP (𝑡). In contrast to the 2D case, S3 is a function of 𝑡 (instead of 𝑟 (𝑡)) as it refers to the surface at a

given 𝑡, with varying 𝑟 (𝑡). For colonies whose visible surface only expressed one of the two strains, we assigned 𝐴(𝑛)
𝐺𝐹𝑃

= 1
(GFP-mono-coloured) or 𝐴(𝑛)

𝐺𝐹𝑃
= 0 (RFP-mono-coloured). We also calculated the expectation value of the subset of 𝑁

originating from pure RFP-expressing cells from estimated number of cells per bead (CFU/𝑉𝑏𝑒𝑎𝑑), the total number of colonies
(𝑁), and the WT/AK ratio (𝜁𝑛); assuming a binomial distribution.

Statistics All mean values are given as mean plus/minus the standard deviation (SD) or the standard error of the mean
(SEM), when this is stated and only when data are tested against the null hypothesis that it is normally distributed. The normal
distributions of S were assessed with Shapiro-Wilk tests. Their distributions were compared between the WT and AK strains
with Mann-Whitney U Tests. The significance of the differences in 𝜈 were evaluated with a Students t-test.

Computational models
Particle model The particle-based model is based on the work presented and described in (19). A single bacteria is described
as a rod, 𝛼, consisting of a rigid chain of a number of Yukawa segments, 𝑛𝛼, separated by length, 𝑙𝛼, with segments of different
rods repelling one another with a Coulomb-like point potential with potential strength,𝑈0 = 250 (previous work has shown that
results are independent on𝑈0 provided it is large enough (20)), resulting in a total potential,𝑈. The Yukawa screening length,
𝜆, is taken as the width of the particle with the aspect ratio of the rod: 𝐿 = 𝑛𝛼𝑙𝛼/𝜆.

Every time step, Δ𝑡, the length of bacteria 𝛼 increases with 𝛿𝐿 = 𝛾𝛿𝑡randn with randn a random number between 0 and 1
with uniform distribution and the growth rate, 𝛾. The number of segments and 𝑛𝛼 and spacing 𝑙𝛼 is then redefined, such that 𝑛𝛼
is always greater than two and 𝑙𝛼 < 𝜆. After the rod has reached the division length 𝑙, the particle is split into two. Simulations
are normalised by the average time for a single particle to go from its smallest size to the division aspect ratio 𝑙.

The equations of motion that describe the translation and rotation of each rod 𝛼 are (19)

𝑓𝑡
𝜕®𝑟𝛼
𝜕𝑡

= − 𝜕𝑈
𝜕®𝑟𝛼

(7)

𝑓𝑟
𝜕𝜃𝛼

𝜕𝑡
= − 𝜕𝑈

𝜕𝜃𝛼
, (8)

where ®𝑟𝛼 and 𝜃𝛼 are the centre and orientation of rod 𝛼, respectively.
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At time zero, 40 rods are initialised in a small area with ten rods having division aspect ratio, 𝑙𝐿 , and random aspect
ratios (uniform distribution) between 𝑙𝐿/2 and 𝑙𝐿 and thirty rods having division aspect ratio, 𝑙𝑆 , and random aspect (uniform
distribution) ratios between 𝑙𝑆/2 and 𝑙𝑆 , such that 𝜁 = 0.25.

Competition strength in the particle model To determine the competition strength S 𝑓 (𝑡) at the interface at it evolves over
time, we count all particles that exist in the front. We do this by dividing the colony into 10 slices (with centre at the centre of
mass of the colony), determine the particle that is furthest from the centre of the colony and then take into account all particles
that inhabit up to 5 decay lengths 𝜆 into the colony.

The takeover rate, 𝜈sim, in the simulations is calculated from the S 𝑓 (𝑡) curve of 10 different trajectories. The 𝜈sim is the
linear fit from generation time 5.5 to time 7.5.

Continuum model To describe the bacterial colony on a course-grained level, we study the evolution of the nematic order
parameter Q = 2𝑞(𝑛̂𝑛̂ − I

2 ), where 𝑞 and 𝑛̂ show the magnitude and orientation of the order, respectively, and I represents the
identity tensor (21).

In line with other dry active nematic studies (22), (23), we use the dynamics of the Q-tensor is described by the Beris-Edwards
equation

𝐷𝑄𝑖 𝑗

𝐷𝑡
= 𝜒𝐸𝑖 𝑗 + Γ𝐻𝑖 𝑗 , (9)

with respect to a symmetric gradients 𝐸𝑖 𝑗 (shear tensor) and anti-symmetric 𝜔𝑖 𝑗 (vorticity tensor) of a velocity field ®𝑢. We use
the convected co-rotational time derivative 𝐷𝑄𝑖 𝑗/𝐷𝑡 = (𝜕𝑡 + 𝑢𝑘𝜕𝑘) 𝑄𝑖 𝑗 − 𝜔𝑖𝑘𝑄𝑘 𝑗 +𝑄𝑖𝑘𝜔𝑘 𝑗 .

In Eq. 9, 𝜒 is the aligning parameter (taken as 0.8) and Γ = 0.1 is the rotational diffusivity which along with 𝐻𝑖 𝑗 , the
molecular field, describes the relaxation of the Q-tensor towards the minimum of a free energy described by:

F =
𝐴

2
(Q : Q)2 + 𝐾

2
|∇Q|2. (10)

The free energy includes the nematic alignment term (with coefficient 𝐴 = 0.01) and an elastic term 𝐾 which penalises gradients
in the Q tensor.

Velocity is taken in the overdamped limit

𝑓 𝑢𝑖 = −𝜁 𝜕 𝑗𝑄𝑖 𝑗 + 𝜂∇2 (𝜕 𝑗𝑄𝑖 𝑗 ) (11)

where 𝜁 is the activity coefficient related to a force dipoles generated from division events (positive to correspond to the
extensile limit), which is balanced by frictional dissipation into the surface 𝑓 and a small viscous dissipation with viscosity
𝜂 = 0.01. The outer edge of the colony is taken by assuming high friction 𝑓 = 400 outside a radius 𝑅𝑐𝑜𝑛 > 30, while lower
friction 𝑓 = 4 is used inside the radius 𝑅𝑐𝑜𝑛 < 30 (Supplementary Fig. S7). In addition, the incompressibility constraint is
imposed on the total velocity field.

To distinguish the two bacterial concentrations, we introduce a phase-field binary order parameter 𝜙, which evolves
according to a Cahn-Hillard model

𝜕𝑡𝜙 + ∇ · ( ®𝑢𝜙) = Γ𝜙∇2𝜇, (12)

where 𝜇 = 𝛿F
𝛿𝜙

− ∇ ·
(
𝛿F
𝛿∇𝜙

)
is the chemical potential with Γ𝜙 = 0.3 a mobility coefficient. We add to the free energy F a

single well potential 𝑓DW =
𝐴𝜙

2 𝜙
2 and an interfacial term 𝑓I =

𝐾𝜙

2 (∇𝜙)2 with 𝐴𝜙 = 0.002 and 𝐾𝜙 = 0.02 such that all bacterial
phase-separation comes from activity dependence. We take 𝜙 < 0 as the shorter bacteria and 𝜙 > 0 as the longer bacteria. This
is imposed by taking the phenomenological parameters 𝜁 and 𝐾 to be dependent on the local 𝜙 as:

𝜁 =

{
0.2 𝜙 > 0
0.1 𝜙 < 0 (13)

𝐾 =

{
0.09 𝜙 > 0
0.05 𝜙 < 0 (14)

since it is well established that both orientational elasticity 𝐾 and extensile activity due to division 𝜁 are higher for higher
aspect ratios (24, 25). All equations are solved using a finite-difference method and we initialise our system by taking 𝜙 = 0.01
for radius 𝑅 < 25, between 𝑅 = 25 and 𝑅 = 30 𝜙 = −0.01 and 𝜙 = 0 for 𝑅 > 30 in a system of size 80 by 80.
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Figure S1. Aspect ratios for all strains used in this study. Width, 𝑤, versus length, 𝑙, of WT in both stationary phase (𝑁 = 32)
and log-phase (𝑁 = 39), AS in both stationary phase (𝑁 = 47) and log-phase (𝑁 = 38), and AK in both stationary phase
(𝑁 = 25) and log-phase (𝑁 = 33). Here stationary phase is measured directly in the overnight culture (0 h) and the log-phase
3 h after dilution (Fig. S2). The error bars are ±SD
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Figure S2. A: Growth rates for all strains used in this study. The optical density, OD600, versus time, 𝑡, on a semi-logarithmic
scale. The solid lines are linear fits to the data and the legends are the corresponding doubling times ±SD. B: Cell counts for
WT (𝑁 = 3), AS, (𝑁 = 4), and AK (𝑁 = 3) strains used in this study. Colony-forming units (CFU) versus time, 𝑡, see legends.
The solid lines are the growth rates from (A) for comparison and the error bars are ±SD.
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Figure S3. Seeding density regulates patch sizes but still the longer cell wins. Competition experiment (20 h) for serial dilutions
of the optical density, OD600, in a co-culture of WT and AK mixed 1:1 and diluted A: OD600/10, B: OD600/100, and C:
OD600/1000. For the latter, small channels of WT (green) are detectable between the patches of AK (magenta).
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Figure S4. 3 days competition experiments. Example colonies (maximum intensity) z-projection from all strain combinations
(AS/AK, WT/AS, WT/AK) imaged by CLSM. The scale bar corresponds to 1 mm. For WT/AK, with 𝜁 = 0.001, we only found
14 sectors surviving for 1.5 days (halfway from homeland to front) in 5 colonies, which closed off (i.e., sector was lost) rapidly
hereafter. We note that even when the longer bacteria did not overtake the shorter within the explored time window, the sectors
with longer bacteria tended to spread azimuthally with increasing 𝑟 , indicating that they might eventually find their way to the
expanding front.
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Figure S5. 20 h competition experiment with inverse colours. Example colonies (maximum intensity) z-projection from 1:1
(𝜁 = 0.1) WT/AK combination imaged by CLSM. The scale bar corresponds to 1 mm.
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Figure S6. Long bacteria align more within clusters. A: Single cell (pseudo-coloured) time-lapses of competition between the
two-colour wild-type (WT) and the mreB mutant (AK) at time points, 𝑡. Representative region of the larger images from which
the data plotted in B was computed. The scale bar is 20 µm. B: The nematic order parameter, 𝑞, for WT and AK individually
corresponding to every second time frame in (A) 𝑡 ∈ {2.5, 4.5, 6.5}h.
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Figure S7. Time series of continuum dynamics where the phase representing short bacteria (magenta) starts at the edge while
with time, the phase representing long bacteria (green) overtakes the short bacteria by forming pathways to the colony front.
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Figure S9. Cell concentrations in the various bead batches. The ratio of colony-forming units, CFU, versus the average bead
volume, 𝑉𝑏𝑒𝑎𝑑 , for each strain ratio, 1/𝜁𝑛. The colours indicate the fraction of WT (green) and AK (magenta). Inset: Merged
image of the bright-field (grey), WT (green), and AK (magenta) of a bead with 1/𝜁𝑛 = 0.25. The scale bar corresponds to
20 µm.
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Figure S10. 10 h competition experiments. Example segmented masks of surfaces of two-coloured WT/AK colonies from all
strain ratios imaged by CLSM. The scale bar corresponds to 100 µm.
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Figure S11. Segmentation patterns varies with genotype. A: The (maximum intensity) z-projections of example colonies
(WT/WT, AS/AS, and AK/AK) imaged by CLSM after incubation (20 h). The scale bar corresponds to 500 𝜇m. In the outer
bands (i.e., outside of the homeland) the number of sectors are constant. Despite the general features, qualitative differences
among the strains are clear: WT’s sector boundaries are coarse (highly diffusive) and the mutants have straighter (less diffusive)
boundaries. B-C: Single layer (pseudo-coloured) images of competition between the two-colours at the front of the colony: The
mreB mutant (AK/AK) in (B) and wild-type (WT/WT) in (C). The scale bar is 10 𝜇m.
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Figure S12. 10 h competition experiments. Example colonies (maximum intensity) z-projection from two-coloured strains
colonies from all same strain ratios imaged by CLSM. The scale bar corresponds to 100 µm.

MOVIE LEGENDS
Movie 1
Long bacteria align over time with their neighbours and the expanding front. Time-lapse snapshots from (pseudo-coloured)
fluorescence competition experiments between WT (green) and the mreB mutant AK (magenta), every 30 min, starting 1.5 h
after inoculation.

Movie 2
Another example of how long bacteria align over time with their neighbours and the expanding front. Time-lapse snapshots
from (pseudo-coloured) fluorescence competition experiments between WT (green) and the mreB mutant AK (magenta), every
30 min, starting 1.5 h after inoculation.

Movie 3
360°rotation view of a segmented mask of a 3D WT/AK colony surface. This mask is extracted from the first (1/𝜁𝑛 = 0.25)
image in Figure 4B. The scale bar corresponds to 100 µm.
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