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2.1 Abstract 

Somitogenesis is the rhythmic formation of mesodermal cell clusters along the axis of the 

vertebrate embryo. The separation of somites from the presomitic mesoderm is preceded by a 

genetic pattern, described in the clock-and-wavefront model. However, it is still unclear how 

the genetic pattern is translated into the physical separation of a somite. Here, we review the 

mechanical changes occurring in the presomitic mesoderm and discuss how the maturation of 

the presomitic mesoderm could lead to somite formation. We propose that a positive feedback 

loop might arise from the interplay between chemical and mechanical aspects of the rostral 

presomitic mesoderm (PSM) that leads to increase in tissue tension, preceding somite 

formation. This feedback loop could lead to a physical phenotype of the PSM that is ready to 

undergo somite formation. Therefore, we suggest more studies to be focused on the 

quantitative aspects of somitogenesis: cell behavior, matrix build-up, mechanical behavior, 

stress patterns and geometry in the PSM, as they can determine how the cells cluster into 

somites. Further, we take a mechanical perspective for future experiments to investigate this 

concept more, using promising new experimental approaches. We conclude that studies of in 

vitro engineered PSMs could be a fruitful route to unravel the mechanobiology of somite 

formation in the upcoming years. 
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2.2 Introduction 

During somitogenesis, groups of cells bud off from the rostral end of two cylinders of 

mesenchymal cells located on both sides of the midline: the presomitic mesoderm (PSM). 

These clusters of cells, i.e. the somites, form the precursors of segmented structures like the 

vertebral column and skeletal muscles. Somitogenesis is a fascinating morphogenetic process, 

as the segmentation of the vertebrate embryo axis into somites has firm temporal and spatial 

periodicity. Somitogenesis starts at the rostral end and progresses sequentially in the caudal 

direction. The outer cell layer of the prospective somite undergoes a mesenchymal-epithelial 

transition (MET), resulting in boundary formation between the somite and the remaining PSM. 

On the caudal end of the PSM, new cells are added from progenitor cells during gastrulation, 

thereby maintaining the length of the PSM (Fig. 1 A and B). 

 

To describe and understand somitogenesis, several models have been proposed (1–5), of which 

the clock-and-wavefront model has gained most attention within the scientific community (4, 

5). This model describes the periodicity of gene expressions in the PSM that precede somite 

formation. These oscillating gene expressions pass through a gating mechanism, called the 

wavefront, that is controlled by Notch, Wnt and FGF signals, and results in cohorts of PSM 

cells segmenting together into the somites. However, it still remains a mystery how this genetic 

pattern is conveyed into the physical separation of a somite from the PSM (6). It is also unclear 

how the location of a new somite border and thereby the size of the somites is determined (7, 

8). It has been argued that periodic expression of cMeso-1 in chicken and Mesp2 in mice induces 

border formation within the PSM via Eph/Ephrin signaling (9, 10) (Fig. 1C). However, while 

this model describes how border formation can be initiated by Eph/Ephrin signaling at the 

intersomitic border, this does not happen at the border of expression domains within each 

somite (11). 

 

Despite many studies on the oscillating genes involved in the somitogenesis, the pacemaker 

of this molecular clock has not yet been identified. Only Hes1 and Hes5 are cyclically expressed 

in all different species, but with different periodicities (12). Reducing the number of introns 

within Hes7 in zebrafish results in faster somite segmentation, which suggests Hes7 is a key 

player of the pace of the segmentation clock in zebrafish (13). Nevertheless, there is not a single  
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gene identified in every species that controls the overall segmentation speed, so these genes 

might just be permissive for the process (14).  

 

Another problem is that the model presumes that the somites are periodically formed 

according to the clock genes, but the segmentation speed is not directly related to the cyclic 

period of the clock genes. Segmentation speed is also influenced by the growth speed of the 

PSM. The difference in clock period between the caudal and rostral PSM tip, a phase shift, 

makes the segmentation more complex and dependent on tissue geometry. Later this was 

corrected in the model with a “Doppler shift” for the gene oscillations (15). Additionally, the 

periodicity of the oscillations slows down from caudal to rostral, down to 0.7 times the 

periodicity in caudal PSM cells (16). 

 

We know much about the signals that set up PSM cell behavior and the various cell fates in 

the somites, but there is surprisingly little knowledge about how the oscillating genes and 

signaling gradients translate to the physical formation of somites and the size or shape of the 

somites. Recent studies have started to look in a more quantitative way at the timing and sizing 

of the genetic oscillations, the behavior of PSM cells, and the geometrical changes in the 

mesoderm during somitogenesis (17–19). These studies show that the phase shift in the clock 

period might be a mechanism to control relative somite size compared to the PSM, while the 

outgrowth of the PSM is controlled by the random migration of the caudal PSM cells.  

 

Since different vertebrate species with very different genetic mark-ups undergo somitogenesis, 

it is attractive to speculate about more universal factors that could result in robust physical 

somite formation, such as cell-derived mechanical forces. Morphogenesis is inherently a 

mechanical process: cells change shape; cells move; the PSM condenses; PSM cells attach to 

fibronectin (20–22); epithelialize (23); and boundaries are formed upon cell blebbing (24). 

Furthermore, mechanical information is instructive and robust, it is faster than diffusion of 

chemicals and is effective across longer distances (25). Mechanical forces are thus involved in 

somite formation, although the extent to which they drive this complex process is unclear: are 

the mechanical signals that define somite morphology instructive, or are they permissive 

components for the tissue formation? 
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Figure 1 | Somitogenesis in the chicken embryo. (A) Ventral, widefield overview of a 48h chicken embryo 

(HH12) and the segmentation of its paraxial mesoderm. Immunostained for actin (purple), fibronectin (green) 

and cell nuclei (blue). (B) Confocal zoom of the somite formation area, as depicted in A. Somites are assigned 

names by their location. Immunostained for actin (orange) and cell nuclei (cyan). (C) Schematic version of B. 

Somites form from the PSM via stepwise epithelialization, which starts at the periphery of the PSM. The next 

PSM cells to form somites (S-2 and S-1) already have a genetic identity belonging to the future somites. S0 is 

currently forming, while S1 and S2 mature their apical actin contraction rings, around the mesenchymal 

somite core that is surrounded by epithelial cells. Each somite has a rostral (yellow) and a caudal (blue) part 

that are identified by the presence of EphA4 and EphrinB2 on the cell membranes. EphA4-EphrinB2 binding 

at the interface between S-1 and S0 induces cell blebbing that facilitates gap creation and epithelialization. 

Consequently, the forming somite S0 starts its spherical epithelialization on its caudal side. 

 

While recent somitogenesis studies have started to include mechanical factors and related self-

organization, they are not considered instructive for the outcome of somite formation. 

Eventually, the geometry of the matrix and cells changes during somite formation, and this 

“… must, of course, be brought about by the operation of physical forces“ (26). In this 

perspective paper, we will discuss mechanical aspects of mesoderm development that could 

shed a light on the physical process of somite formation. We will primarily focus on amniote 

somite formation, but if necessary, refer to other animal models. 
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2.3 The missing cogs in the clock: open questions in 

somitogenesis 

Most models of somitogenesis, such as the clock-and-wavefront model (4, 5), the cell-cycle 

model (2, 27), the reaction diffusion model (1), and the clock-and-trail model (28) elegantly 

describe cell activities and periodic gene expressions, but lack mechanical factors. Also the 

mathematical versions of these (29, 30) and other mathematical models of somitogenesis (3, 

31–34) do not include any force or energy terms. 

 

One mechanical factor presumed to play a role in somite formation, and the ensuing 

morphological changes, is surface tension (26). Waddington and Deuchar proposed that an 

isotropic increase in contractility at the PSM boundary could drive somite separation, a 

mechanical analogue of droplet formation in falling water. The increase in tissue cohesion of 

the rostral PSM (35) results in higher tissue surface tension, and may ‘pinch’ the mesoderm 

into separated somites (36). However, a mathematical model of zebrafish somitogenesis 

suggests that surface tension alone is not sufficient to form somites (37) because the bulk tissue 

viscosity is large and the surface tension effects are consequently far too slow. However, if 

contractility is not only caused by passive surface tension, but more by active epithelial cell 

contraction, these cellular processes could be an important factor in shaping the somite 

morphology. 

 

Another theory considers somitogenesis as the formation of condensations due to mechanical 

instability (38). Originally the group of Oster and Harris (25, 39) suggested that the formation 

of cell aggregations can be seen as a result of the balance between cellular contraction forces 

and elastic restoring forces produced by the matrix. This idea was applied to the formation of 

condensations in limb formation (39, 40). During limb formation, hyaluronan concentration 

regulates cell density, one of the threshold parameters contributing to the formation of 

condensations. The same is true for the PSM, where hyaluronan concentration decreases, and 

the fibronectin and cell density increase from caudal to rostral. Somite formation could be 

considered a periodic series of axial condensations, as suggested before (38, 40). Recently, this 

idea was implemented in a continuum 2D mechanochemical model, in which PSM cells exert 

forces on the extracellular matrix (ECM). These are assumed to increase towards the rostral 
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end of the PSM. The model shows that a periodic pattern of cell density, the hypothetical 

somites, can form as a result of these cell traction forces on the ECM (41). These models suggest 

that somites indeed can be formed and separate from the PSM by mechanical interactions 

between the PSM cells and the matrix.  

 

Most of these models only include a few parameters related to the cellular behavior and ECM. 

Although the simplicity of these types of models is appealing, somite formation is complex, 

and so to understand it, we need more knowledge on cell behavior, matrix maturation and 

tissue properties in the PSM and how these key players interact and contribute to the 

mechanical state of the tissue. To summarize, it is important to define the physical phenotype 

during somitogenesis that arises during chemical signaling or that belongs to structural 

components. In the following sections, we will bring together current knowledge on these 

physical components, hypothesize how these can contribute to somite formation, and suggest 

future steps towards a better understanding of the physical process of somite formation. 

 

2.4 Cell and matrix maturation in the PSM during somite 

formation 

The paraxial mesoderm is formed continuously during gastrulation by ectodermal epithelial 

cells entering the mesoderm layer of the embryo at the tip of the tail via epithelial-

mesenchymal transition (EMT) (Fig. 1 A and B). Because of this, there is an ‘age’ gradient along 

the tissue, which also serves as a ‘maturation’ gradient, since cell and matrix properties 

develop over time (39). There are three players in this maturation process: the first two are the 

cells and the ECM with their molecular interactions, together forming the tissue. We propose 

mechanical forces as the third important player. All three players influence one another (Fig. 

2) and these mutual interactions allow for the existence of positive feedback loops which may 

culminate in a catastrophic event: the formation of a somite (4). Here we state that a 

catastrophe can only take place if the cells and the tissue are mechanically mature enough to 

do so. The question we address is what does the maturation of cells and matrix consist of?  

 

We follow a PSM cell in time and describe the changes in and around this cell during its 

residence in the PSM. The cell enters the PSM caudally and it loses its epithelial phenotype 
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during epithelial-mesenchymal transition. Here in the caudal PSM, the cell is one of the loose 

mesenchymal cells sparsely embedded in a hyaluronan matrix (42). The cells have large 

intercellular spaces, are very motile and randomly moving within the matrix (Fig. 3A-D) (43).  

 

After several hours, as more cells enter the PSM posteriorly to form the tail, our cell is located 

more rostrally in the PSM and is confronted with increasing levels of fibronectin (35, 44–46), 

produced by the overlying ectoderm (22). The cell is now expressing increasing levels of 

integrins (47), and the binding of these integrins to the surrounding fibronectin molecules aids 

the unfolding and assembly into a fibrous fibronectin network surrounding the PSM (22, 45). 

Hyaluronan is degraded (42) and the decreasing intercellular space (43) allows for increasing 

cell-cell interactions. These interactions take place via increasing levels of cell-cell 

cohesion/adhesion molecules, such as N-cadherin, cadherin-11 and N-CAM (35, 48, 49). 

Neighboring cells experience more contact with each other, resulting in increased notch 

production from one cell (50, 51) followed by binding to delta ligands on neighboring cells (52, 

53). This in turn leads to synchronization of the segmentation clock across multiple cells (54). 

The resulting cellular cohesion (55, 56) and integrin-mediated adhesion of the cells to the 

fibronectin matrix (22, 45, 47) culminate in increasing coherence of the PSM tissue. 

 

 
  

Figure 2 | The three major players in morphogenesis. All three players influence each other: cells and matrix 

interact mechanically, and the mechanical characteristics of the matrix and the cells together give the tissue 

its mechanical properties. In turn, mechanics will affect both the cells and the matrix. 
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Figure 3 | Maturation of the PSM. Both the matrix and the cells mature and differentiate from the caudal to 

rostral PSM. These changes have several mechanical consequences and contribute to the epithelialization, 

compaction and contraction of the PSM tissue. This enables the cells to perform the actions needed to form a 

somite. (A-C) Immunofluorescence image of cell nuclei (blue), fibronectin (green), and F-actin (red) in the 

PSM. The next somite S0 is forming and somites SII and SI are seen on the left. Scale bar 500 µm. (D) Schematic 

representation of the PSM and somites, depicting several aspects of PSM maturation. (E) Indication how 

features of the PSM develop over the length of the PSM. The features are categorized to show their relation 

and contribution to the compaction and epithelialization of PSM cells, and the build-up of tissue tension via 

compaction of the tissue. This will, in collaboration with the geometry of PSM tissue, culminate in localization 

of strains, contributing to determining the final size and shape of the somites, as shown as the hypothetical 

tissue tension. 
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Approximately 20 hours after our cell entered the PSM via gastrulation, it is located in the 

rostral tip of the PSM. Here the fibronectin network is even more abundant (45) and initiates 

the first steps of epithelialization of the cells forming the outer layer of the PSM (22, 57). The 

binding of the basal filopodia of the PSM cells to the surrounding fibronectin pillars stimulates 

cell polarization during somite morphogenesis. Remarkably, this fibronectin pillar formation 

depends on pulsating stresses from the blood flow through the dorsal aortae that lie next to 

the paraxial mesoderm (58). In turn, binding of outer PSM cells to this fibronectin matrix 

results in integrin clustering and further cohesion and tension in a positive feedback loop (Fig. 

4). This and other positive feedback loops cause the maturation of the PSM tissue characterized 

by increasing cellular contraction, coherence, and compaction of the tissue and high levels of 

tissue tension (Fig. 3E). Once sufficient tissue tension is built up, the rostral PSM cells can 

collectively contract to form the somitic epithelium. This formation is dependent on local cell-

cell interactions, which seem to be a process of cellular self-organization (59) in which cohesive 

cells engulf some of their mesenchymal neighbors into the somite core to form a new somite 

(Fig. 1B). 

 

2.5 Mechanical self-organization of somite formation 

Somite formation depends on more than chemical signaling, as past experiments hint that the 

segmenting mesoderm might be sensitive to mechanics. In vitro studies with chicken embryos 

lacking natural tissue tension show that somites can form in the lateral direction, i.e. 

perpendicular to the normal development direction (60). One important aspect of 

somitogenesis that might not be so apparent at first sight is that the actual physical somite 

formation is an overlapping but separate process from the genetic segmentation that precedes it 

(22, 61). For example, the genetic prepattern in mice is not disturbed when epithelialization is 

knocked out (62, 63), which shows that genetic segmentation can take place without 

morphological fragmentation of the PSM into somites. 

 

The key to understanding the physical formation of somites lies in understanding the factors 

that control epithelialization. This process includes alignment, polarization and elongation of 

cells, increased cohesion between cells, and border formation. Several of these processes are 

affected by the mechanical environment within the rostral PSM. A missing component could  
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Figure 4 | Matrix and cell maturation leads to compaction and contraction of the rostral PSM. This flow 

diagram summarizes how the PSM aspects shown in Fig. 2E lead to mechanical changes in the tissue, 

preceding somite formation. The aspects are categorized between matrix and cellular components. A 

combination of decrease in intercellular space, increase in fibronectin and laminin, and cell-cell cohesion 

results in the compaction of the rostral PSM to a more contractile tissue. 

 

be the biomechanical interactions between cells and their surrounding matrix in the rostral 

PSM. Within the rostral PSM cells, the laminin matrix is important for the formation of apical-

basal polarity (64), while increased cadherin-mediated cell cohesion facilitates epithelialization 

(48). The fibronectin matrix induces integrin clustering (23) and integrins attain and maintain 

epithelial cell polarity (65). Fibronectin also induces cell elongation and alignment and 

polarizes cell-cell adhesions to the apical side of cells (23). Interestingly, a recent study found 

that the basal filopodia and fibronectin pillars are also necessary for proper cell polarization 

during somite morphogenesis by pulsating force-related mechanisms. (58). Another study 

showed that some of the gene oscillations in the PSM can be mechanically activated via Yap-

dependent mechanical cues (66). Therefore, it would be interesting to further explore cell 
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mechanics as a cue for the molecular clock and for understanding general morphogenetic 

maturation during somitogenesis. 

 

The cell-cell organization of epithelializing PSM cells into somites has been proposed to be a 

process of self-organization, as mesodermal tissue treated with Noggin (67) results in somite 

formation in the absence of a clock or wavefront (59). Such self-organization of somites opens 

up new questions on how genetic patterning and physical somite formation are coupled. 

Recently, a mechanical model was introduced which showed that the metameric somite 

pattern could result from local cell-cell adhesion softening in the rostral PSM, induced by 

mechanical instability via differential strains that form between the segmenting mesoderm 

and its surrounding tissues (68). This mathematical model opened the discussion for the 

implementation of mechanics into somitogenesis. Softening behavior under tension has been 

established for other tissues of similar nature including embryonic epithelia (69), aggregates 

of cancer cells (70), and collagen gels (71). However, this mechanical model simplified the 

periodic somite formation from the maturing PSM into an all-at-once division of the PSM 

without a time component. Also, it is unclear if such local stress patterns exist and define 

somite borders in the rostral PSM. However, an interesting zebrafish study showed high-

tension cellular deformations in caudal somite border cells (72). This was based on cadherin 2 

(Cdh2) adhesions that were found to develop in a sawtooth-like pattern along these somite 

borders. Cdh2 promoted boundary formation and fibronectin assembly by increasing tissue 

stiffness within the caudal part of each somite, thereby also suppressing intrasomitic boundary 

formation. 

 

2.6 Future steps in understanding physical somite formation 

Thorough work has been done on the genetic networks and signaling that takes place during 

somitogenesis. The current theoretical framework of the clock-and-wavefront model confirms 

many assumptions that were originally made (4, 73). In spite of this work, it is difficult to 

connect the physical process of somite formation with these chemical mechanisms. In this 

paper, we proposed that a positive feedback loop might arise from the interplay between 

chemical and mechanical factors in the rostral PSM, which leads to increased tissue tension 

that precedes somite formation (Fig. 5). This feedback loop leads to a physical phenotype of 
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the PSM that is able to undergo somite formation. The developing matrix becomes more 

abundant and aids in anchoring the PSM cells by providing a substrate on which they can 

undergo collective migration to form epithelial spheres (39, 55, 58). Meanwhile, the PSM cells 

become more contractile (77) and adhere to neighboring cells (76), thereby being able to make 

the morphological transition while promoting fibronectin assembly. This feedback loop 

involves mechanical factors that could be suitable parameters in further studies on the physics 

of somite formation. 

 
Figure 5 |Mechanical aspects of a hypothetical positive feedback loop in the rostral PSM, resulting in 

increased tissue tension, preceding somite formation. Cellular cohesion (91) and cytoskeletal tension (92) 

are required for fibronectin assembly. In turn, cell-fibronectin binding results in increased cellular cohesion 

(93) and via integrin clustering (94) increased cytoskeletal tension. These trends in both matrix and cells have 

mechanical consequences that contribute to the epithelialization of PSM cells. This feedback loop will result 

in an increasing build-up of tissue tension in the rostral end of the PSM, culminating in the catastrophic event 

of somite formation. 

 

To properly evaluate mechanics affecting PSM maturation, more quantitative knowledge of 

PSM morphogenesis is needed. Recent technical developments enable the application of 

mechanical stimuli and the measurement of mechanical responses at the cellular level (74). 

Mechanical manipulation of whole embryos in vitro or in vivo permits studies of embryonic 



Chapter 2 
 

36 

processes in controlled environments (75, 76). The effects of such manipulations can now be 

thoroughly monitored by tracking cells and matrix over time with quantitative imaging 

techniques (23, 43). At the cellular scale, traction force microscopy allows for the measurement 

of forces exerted by cells on their surrounding matrix in a 2D or 3D environment (77, 78). At 

the sub-cellular scale, the invention of molecular scale tension sensors, such as FRET sensors, 

has extended our knowledge of the forces at play in cell-matrix interactions (79, 80). We would 

like to propose a series of experiments to link the chemical mechanisms with physical 

processes and phenotypes, to elucidate the translation of PSM to somites. 

 

In vivo quantifications of PSM development have a promising future in the chicken embryo, 

as the embryo’s flat orientation makes it easily accessible for experimental manipulations and 

time-lapse imaging (17–19). However, most of the genetic work on somitogenesis, has been 

performed in zebrafish and mouse embryos, because the molecular tools and techniques are 

more developed for these models. Nevertheless, with recent technological advances for 

controlling chicken genetics (81), it should become possible to fill the gaps in our knowledge, 

providing us with more information on the genetics of chicken somitogenesis. 

 

In vitro experiments allow for more accurate studies on the influences of mechanical factors on 

somitogenesis as the mechanical factors can be separated from chemical or other mechanical 

factors. In vitro studies on genetic oscillations in mouse somitogenesis have already been 

helpful in taking steps towards a quantification of the actuation of the genetic clock, related to 

sizing of the somites (19). The recent development of a PSM-derived cell line (82) allows for 

setting up PSM-like tissue constructs in vitro with better parameter control during experiments: 

they allow for (reverse-) engineering of PSM biology by screening signaling molecules or 

cytoskeletal drugs and their effects on somite formation, RNAi screening to find relevant genes 

in the segmentation clock, CRISPR/Cas9-mediated gene modifications, and optogenetic tools 

for specific spatiotemporal manipulation of gene expression. To translate the contribution of 

the chemical activities to the physical phenotype, domains of specific gene expression or 

morphogen gradients need to be spatiotemporally quantified and related to the resulting 

tissue geometry, cell morphologies, and cell migration, both in wild type animals and in 

mutants. 
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The mechanical environment of such PSM-cultures can be tested as an instructive component 

for segmentation, for example by using culture substrates with different stiffnesses, elastic 

modulus, extensibility and softening thresholds. The mechanical properties of the substrate 

for these PSM-cultures can be an important parameter, as it can mimic different types of ECM 

(young versus mature, simple versus complex), cell contraction of neighboring structures, and 

environmental stiffness is known to be instructive for both cell differentiation and MET (83–

86). In addition, the geometry of an artificial PSM can be sized and shaped to study the 

quantitative aspects of the genetic clock cellular dynamics (19). Currently, little is known about 

the mechanical properties of the paraxial mesoderm, at the cellular, matrix and tissue level. 

Current experimental data regarding the presence of ECM components (35, 42, 44, 45) and 

cellular cohesion molecules (35, 48, 49) in the PSM are mainly immunohistochemical, and 

consequently, of qualitative nature. 

 

Next to PSM geometry and substrate, these cultures could also be exposed to mechanical strain, 

mimicking differential growth between neighboring structures. Differential growth between 

embryonic structures might not only be an outcome in embryogenesis, but an instructive 

mechanical component in how these structures communicate their relative sizes with each 

other. Studies with micromass cultures show that the spacing, alignment and differentiation 

of self-organizing mesenchymal condensations are sensitive to geometric constraints (87) as 

well as growth-mimicking strains (88). As somites have been compared to mesenchymal 

condensations (89), the effect of different geometric boundary conditions on in vitro PSMs 

might therefore also prove to be an interesting parameter. Testing these aspects of the PSM 

might clarify the distinction between the genetic differentiation of PSM cells and their physical 

self-organization into a cell cluster. 

 

Progress in studying interactions between molecular and mechanical parameters leading to 

somite formation can further be made by combining interdisciplinary wet lab experiments 

with mathematical modeling. Mathematical modeling can infuse different hypotheses into a 

theoretical framework from which predictions can be made that can aid in designing new 

experiments to test the model. While it is impossible to visualize stress patterns in living tissue 
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directly, multiscale mechanical modeling is useful to infer the stress patterns and the 

exploration of hypotheses. However, 3D mechanical models of embryogenesis are currently 

in their infancy, partially due to the lack of quantitative data. More input from the analysis of 

the mechanical properties, strains, geometry and mechanical behavior of the PSM can 

hopefully improve PSM modeling, implementing both molecular and mechanical interactions. 

In this way, continuous collaboration results in a cycle of modeling, testing and fine-tuning, 

which is essential for creating a better understanding of somite formation (34). 

 

2.7 Conclusions 

In this paper we have focused on the mechanical factors that must play a role in the physical 

formation of somites, which occur simultaneously with the appearance of a genetic pattern in 

the PSM tissue. During somitogenesis, somites bud off from the rostral end of PSM. We pose 

that this is a self-organizing process where an age-gradient in the PSM tissue results in a 

maturation-gradient, giving the rostral PSM tissue adequate properties to enter this self-

organizing process. The maturation of the PSM tissue is an interplay between the cells, the 

matrix and the mechanics of the tissue, where each element influences the others in such a way 

that positive feedback loops culminates in tissue maturation. The maturation of PSM tissue is 

characterized by increased cellular contraction and cohesion, compaction of the tissue and 

increased tissue tension. The mechanical consequences of this maturation, allow the contractile 

anterior PSM to self-organize into a somite. 

 

It is important to realize that many of the genetic knock-outs described in the literature 

affecting somitogenesis have a mechanical phenotype as well. The mechanical properties of 

the system will change due to the absence of the knocked-out protein, which could contribute 

to the disabilities in the spatiotemporal changes in somite formation. Studies of in vitro 

engineered PSMs could be a fruitful route to study the influences of chemical signaling 

together with mechanical boundary conditions on somite formation. Considering the recent 

developments in experimental techniques and the potential of combining wet lab in vivo and 

in vitro experiments with mathematical modeling, we expect that in the upcoming years large 

steps can be taken towards unravelling the mechanobiology of somitogenesis. 
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