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The developmental pattern of E. siliculosus is characterized by 
a very high level of morphological plasticity.6 Observations fol‑
lowed by statistical analyses allowed analyzing the morphometric 
features accompanying the establishment of the branching pat‑
tern in the mutant étoile, compared with the wild‑type (WT) 
organism (strain Ec32). The branching pattern can be deci‑
phered in two main components: (1) the timing of branching 
and (2) the position of branching.

Branching Dynamics

We previously showed that in the WT organism, branching (sec‑
ondary filaments, SF) initiates when the primary filament (PF) 
reached the 10-cell stage.4 Then, additional branches emerge on 
the same PF, in average at the 14-cell stage (for the second SF) 
and 17-cell stage (for the third SF). Therefore, in the WT, the 
very first steps of branching are spaced out in time as the primary 
filament grows. Figure 1A illustrates the growth curve of the 
WT primary filament, and indicates the time (hours) and the 
stage (number of cells), at which branches emerge (bars in the 
bottom of the right margin, respectively). It shows that the first 
three SFs, as well as the subsequent branches (up to six), emerge 
fairly regularly as the primary filament keeps growing (bars 
on the right are spaced out along the Y-axis; e.g., SF6 emerges 
when the PF is 25-cell big in average). Figure 1B shows that the 
mutant etl is characterized by a severe reduction in the growth of 

Ectocarpus siliculosus is being developed as a model organism for brown algal genetics and genomics.1,2 Brown algae are 
phylogenetically distant from the other multicellular phyla (green lineage, red algae, fungi and metazoan) 3 and therefore 
might offer the opportunity to study novel and alternative developmental processes that lead to the establishment of 
multicellularity. E. siliculosus develops as uniseriate filaments, thereby displaying one of the simplest architectures among 
multicellular organisms.4 The young sporophyte grows as a primary filament and then branching occurs, preferentially 
at the center of the filament. We recently described the first morphogenetic mutant étoile (etl) in a brown alga, produced 
by UVB mutagenesis in E. siliculosus.5 We showed that a single recessive mutation was responsible for a defect in both 
cell differentiation and the very early branching pattern (first and second branch emergences). Here, we supplement 
this study by reporting the branching defects observed subsequently, i.e., for the later stages corresponding to the 
emergence of up to the first six secondary filaments, and we show that the branching process is composed of at least two 
distinct components: time and position.
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its primary filament during time, compared with the WT (fig‑
ures are drawn at the same scales). For instance, 200 h after 
the first cell division, etl developed a 8-cell primary filament, 
compared with a 18-cell PF in the WT. Remarkably, in spite of 
this harsh delay, the branching time rate of etl looks similar to 
that of the WT (vertical bars on the X-axis for Fig. 1A and B, 
indicating when branches emerge in hours). Figure 2 shows 
that indeed, the slope of the branching kinetics observed in etl 
remains statistically comparable to that of the WT (Student test 
p value = 0.498).

Hence, while in the WT, one new SF emerges when the PF 
has grown 2.6 cells in average, in etl, one SF emerges every addi‑
tional 0.3 cell in the PF (Fig. 3). This means that the mutant 
etl has the capacity to develop >8 times more SFs than the WT, 
for the same PF spatial base. Thus, in etl, branching is concen‑
trated in a very small developmental window, and this generates 
the observed hyperbranched phenotype. A closer look shows that 
the branching time rate is even slightly faster in etl than in the 
WT, and that branching initiates earlier after the first cell divi‑
sion (Fig. 2). This accounts for the faster overall growth curve 
of etl compared with the WT, which was previously reported in 
reference 5. Therefore, once triggered, the branching process fol‑
lows the same dynamics in etl as in the WT (with yet a slight rate 
increase), despite a severe reduction in the growth of the basal PF, 
meaning that the branching dynamics is not dependent on the 
stage of the supporting filament.
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Branching Position

First, in etl, we observed that several SFs could frequently emerge 
on a single PF cell, probably because of both the similar dynamics 

Figure 1. Growth of WT and étoile individuals. On each curve, the boxplot shows the distribution of the number of cells (t = 0 at the first cell division), 
with the line and open circles showing the mean number. Each of the first six secondary filaments is represented as bar, both on the X-axis, which 
indicates the mean time of their emergence, and on the Y-axis, which indicates the mean size of the primary filaments at the emergence (a + sign is in-
dicated at their intersection). The size of these bars is proportional to the number of cells they contain at the last time point. The + signs appear above 
the mean growth curve because secondary filaments tend to emerge on longer primary filaments. (A) WT; 33 to 54 replicates (54 for the first seven 
values, then 53, 50, 33). (B) etl; 14 to 35 replicates (35 for the first seven values, then 34, 29, 14).

Figure 2. Time (t = 0 at the first cell division) of secondary filament 
emergence. The first filament emerges earlier in étoile (126 h, open 
diamonds) than in the WT (151 h, full circles). Afterwards, the rate of 
emergence of the successive filaments is similar to the one of the WT, 
yet slightly faster in étoile (one filament every 11.13 h) than in the WT 
(one filament every 13.37 h); the difference between these slopes is not 
statistically significant (Student test p value = 0.498). The sample size is 
the same as in Figure 1.

of branching in etl and in the WT, and the severe growth reduc‑
tion of the etl PF. This event is extremely rare in the WT.4

Second, observations on the PF of the positions at which SFs 
emerge were performed for the first to the sixth SFs both in the 
WT organism and in the etl mutant. Figure 4 shows that in the 
WT, the probability of branching is above the value expected 
under the assumption of a uniform distribution for all the posi‑
tions along the filament except the apical parts. In contrast, in 
etl, each of the first six SFs can equally emerge at any relative 
positions along the PF. Therefore, the relative position of branch‑
ing is modified in etl compared with the WT, and the previously 
reported inhibitory effect of the PF apical parts on branching7 
seems to be lost in etl. This could be due to the severe reduction 
in the ratio of elongated (E) cells, which are located in the apical 
parts of WT filaments.5 Altogether, etl has modified the positional 
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pattern of branching, as both apical branching and branching on 
the same cells, are frequently observed in this mutant.

The relation between the branching and the growth dynam‑
ics were also investigated in the ascomycota fungus Neurospora 
crassa. In this organism, the lateral branching is still considered as 
occurring mainly randomly,8 because of the extremely big varia‑
tions in the distances separating two branches. Yet, branching 
seems to obey a homeostatic process, ensuring that the average 
branch density remains constant whatever the growth rate.9 In 
mutants though, branching behavior can be dissociated from the 
growth rate of the hyphae, as the branch density increases consid‑
erably following changes in growth conditions (and then in the 
growth rate).10-12 A considerable decoupling can even be observed, 
for example in the cot-1 (Ser/Thr protein kinase) mutant display‑
ing a bushy hyperbranched phenotype with a reduced growth of 
the hyphae,10,13 as observed in the E. siliculosus etl mutant.

In conclusion, the etl mutant allows us to display that the time 
dynamics and the spatial control of branching in the filamen‑
tous brown alga E. siliculosus can be decoupled, and hence that 
they are under the control of different molecular mechanisms. 
etl seems to be affected in cell-cell communication,5 which could 
account for a defect in the establishment of positional informa‑
tion along the filament, thereby affecting the spatial control of 
branching while keeping the dynamics unaffected.

Identification of the etl locus will shed light on the under‑
lying molecular mechanisms, which might be supplemented by 

Figure 3. Stage (number of cells in the primary filament) of secondary 
filament emergence. The first secondary filament emerges on a shorter 
primary filament in étoile (6.09 cells, open diamonds) than in the WT 
(11.54 cells, full circles). Afterwards, the ratio of FS emergence vs. PF 
growth is higher in étoile (one secondary filament every 0.3 cells of the 
PF) than in the WT (one every 2.58 cells); the difference between these 
slopes is statistically significant (Student test p value = 3.9 x 10-9). The 
sample size is the same as in Figure 1.

Figure 4. Position of branching. The most probable positions where 
the first six secondary filaments (SF1-6) emerge on the primary filament 
is indicated. The X-axis represents the relative positions along half a 
filament (considered symmetrical). The Y-axis represents the relative 
deviation from the values expected under the assumption of a uniform 
distribution of SFs. The horizontal dashed line corresponds to an indif-
ferent tendency to emerge at this position. Positive and negative values 
on both sides of this dashed line correspond respectively to a higher 
and a lower likelihood for branches to emerge. (A) WT; (B) etl.

the further identification of additional mutants affected in their 
branching pattern.
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