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SUMMARY

Differential cadherin (Cdh) expression is a classical mechanism for in vitro cell sorting [1]. 

Studies have explored the roles of differential Cdh levels in cell aggregates and during vertebrate 

gastrulation, but the role of differential Cdh activity in forming in vivo tissue boundaries and 

boundary extracellular matrix (ECM) is unclear [2–6]. Here, we examine the interactions between 

cell-cell and cell-ECM adhesion during somitogenesis, the formation of the segmented embryonic 

precursors of the vertebral column and musculature. We identify a sawtooth pattern of stable Cdh2 

adhesions in which there is a posterior-to-anterior gradient of stable Cdh2 within each somite, 

while there is a step-like drop in stable Cdh2 along the somite boundary. Moreover, we find that 

the posterior somite boundary cells with high levels of stable Cdh2 have the most columnar 

morphology. Cdh2 is required for maximal cell aspect ratio and thus full epithelialization of the 

posterior somite. Loss-of-function analysis also indicates that Cdh2 acts with the fibronectin (FN) 

receptor integrin α5 (Itgα5) to promote somite boundary formation. Using genetic mosaics, we 

demonstrate that differential Cdh2 levels are sufficient to induce boundary formation, Itgα5 

activation, and FN matrix assembly in the paraxial mesoderm. Elevated cytoskeletal contractility is 

sufficient to replace differential Cdh2 levels in genetic mosaics, suggesting that Cdh2 promotes 

ECM assembly by increasing cytoskeletal and tissue stiffness along the posterior somite boundary. 

Throughout somitogenesis, Cdh2 promotes ECM assembly along tissue boundaries and inhibits 

ECM assembly in the tissue mesenchyme.
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RESULTS AND DISCUSSION

Somite Cell-Shape Changes Correlate with Stable Cadherin Adhesions

Cell morphometrics have been used to infer the mechanical properties of forming tissues in 

the Drosophila wing disc and embryo, and in aggregates derived from zebrafish gastrulae [5, 

7–10]. Our morphometric analysis reveals that the posterior boundary cells of nascent 

somites are more epithelialized than the anterior boundary cells (Figures 1A–1D). The 

posterior boundary cells are elongated along the anterior-posterior axis and compressed 

along the medial-lateral axis, suggesting that they are under greater cytoskeletal tension than 

cells along the anterior somite boundary (Figure 1C). As cadherins are effectors of 

differential tension, we asked whether differential Cdh2 levels correlate with these shape 

changes [11]. Importantly, total cadherin levels are not necessarily an accurate indicator of 

cadherin activity. In both Drosophila and Xenopus, cells have been shown to contain distinct 

populations of immobile engaged cadherins and freely diffusing unengaged cadherins [12, 

13]. We thus investigated whether the cell-shape changes that we observe along posterior 

somite boundaries could be explained by differential distribution of stable adherens 

junctions using a Cdh2 fluorescent timer containing both a fast-folding sfGFP and a slow-

folding TagRFP [14].

Examination of total Cdh2 via sfGFP fluorescence reveals relatively uniform Cdh2 

distribution throughout the somite, consistent with previous immunohistochemical analyses 

[15, 16], but a reduction in Cdh2 along the somite boundary [17]. In contrast, stable Cdh2 

adhesions as visualized via TagRFP fluorescence display a clear posterior-to-anterior 

gradient within the nascent somites (Figures 1E and 1G). Given that high levels of stable 

Cdh2 correlate with the columnar morphology of the posterior somite boundary cells, we 

asked whether Cdh2 is necessary for this cell morphology. We compared cell aspect ratios in 

cdh2−/− and wild-type sibling embryos and found that Cdh2 is indeed required for maximal 

elongation of the posterior somite boundary cells (Figures 1F and S1). In contrast, Cdh2 is 
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not required for the polarized orientation of the posterior boundary cells with respect to the 

somite boundary (Figure S1).

The serially repeated gradients of stable Cdh2 form a sawtooth pattern that results in a sharp 

boundary between cells with high stable Cdh2 and cells with low stable Cdh2 along somite 

boundaries. Meanwhile, the graded transition within the somite precludes sharp contrasts in 

Cdh2 levels. The differential Cdh2 levels at somite boundaries are reminiscent of cell 

aggregate experiments in which differential cadherin levels are sufficient to drive cell sorting 

[4]. Thus, we tested whether differential cadherin levels are sufficient to induce tissue 

boundary formation in the paraxial mesoderm.

Differential Cdh2 Expression Induces Formation of ECM-Containing Tissue Boundaries

We generated tissue mosaics via blastoderm-stage cell transplantation to recapitulate the 

sharp difference in Cdh2 levels along somite boundaries using fss/tbx6−/− embryos, which 

lack endogenous somite boundaries (Figure 2A). This approach has been used to identify 

factors that are sufficient to drive morphological boundary formation, including ephrinB2A 

reverse signaling and differential itgα5 expression [16, 18, 19]. We generate Cdh2-deficient 

cells by injecting an antisense morpholino that recapitulates the cdh2−/− phenotype (Figure 

S2) and reduces both total and stable Cdh2 when injected into the Cdh2 timer transgenic 

(Figure S2) [20, 21]. Juxtaposing Cdh2+ cells with Cdh2− cells induces formation of cortical 

actin belts (Figure 2B) reminiscent of those formed at the boundaries within germ-layer 

explant aggregates, along Drosophila embryonic compartment boundaries, at zebrafish 

rhombomere boundaries and in zebrafish somites, indicating that differential Cdh2 levels can 

drive tissue boundary formation within the paraxial mesoderm [5, 8, 16, 22]. The Cdh2+/

Cdh2− boundary cells are also polarized with columnar cell shape, basal nucleus, and apical 

centrosomes, as is observed along somite boundaries (Figure 2C) [16].

Unlike the boundaries observed in in vitro cell-sorting experiments, at rhombomeres, and in 

Drosophila embryonic compartments, somite boundaries contain FN matrix. This matrix is 

necessary for somite morphogenesis as nascent boundaries quickly dissipate if the ECM is 

not properly established [23, 24]. Moreover, ectopic ECM assembly can be induced by 

precocious mis-expression of cdh2 in the Xenopus gastrula [6]. Having found that 

differential Cdh2 levels induce other aspects of tissue boundary formation within the 

paraxial mesoderm, we sought to determine whether they also promote boundary ECM 

assembly.

Using the conformation-specific monoclonal antibody SNAKA51, we detect the active 

conformation of Itgα5 at Cdh2+/Cdh2− clonal interfaces, indicating that differential Cdh2 

levels stimulate Itgα5 activity (Figure 2D) [17, 25]. Consistent with increased Itgα5 activity, 

Cdh2+/Cdh2− interfaces contain robust FN matrix (Figures 2D–2F). We created an ImageJ 

macro to quantify the percentage of the clone boundary that formed FN matrix (Figures 2F 

and 2G). This ECM assembly is present whether Cdh2 is depleted from either the donor or 

the host, showing that it is a specific result of differential Cdh2 levels at the clonal boundary 

(Figures 2E and 2G). These data indicate that juxtaposition of cells with sharp differences in 

Cdh2 levels is sufficient to induce boundary formation and ECM assembly.
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Cdh2 and Itgα5 Function Redundantly to Promote Tissue Boundary Formation

The sharp juxtaposition of stable Cdh2 levels coupled with the boundary forming activity of 

differential Cdh2 expression implicates Cdh2 as an effector of somite morphogenesis. 

However, cdh2−/− embryos do not display obvious somite boundary defects, as observed via 

differential interference contrast (DIC) (Figures 3A, 3B, and S2) or via FN 

immunolocalization (Figures 3C and S2) [20, 21]. The interplay between cell-cell and cell-

ECM interactions revealed by our mosaic experiments provides a possible explanation for 

this lack of boundary defects in cdh2−/− embryos. Differential itgα5 expression, like 

differential cdh2 expression, drives ECM assembly at mosaic interfaces [19]. This similarity 

suggests that Cdh2 and Itgα5 act together to promote somite morphogenesis. Consistent 

with this model, co-depletion of cdh2 and itgα5 results in a complete loss of tissue 

boundaries within the paraxial mesoderm. MZitgα5−/−; cdh2mo embryos form neither 

morphological somite boundaries (Figures 3A and 3B) nor somite boundary FN matrix 

(Figure 3C). Additionally, the dorsolateral ECM in these embryos is much sparser and 

poorly cross-linked compared with the dense matrix formed on the paraxial mesoderm in 

wild-type embryos (Figures 3C and 4A). Together, these data demonstrate that Cdh2 

promotes FN matrix formation along paraxial mesoderm tissue boundaries and that it does 

so in parallel with Itgα5.

This functional redundancy between cell-cell and cell-ECM adhesion contributes to a 

growing body of data suggesting that these two seemingly disparate processes cooperate to 

effect morphogenesis. Itgα5 interactions can mediate cell sorting much as cadherins 

classically do, while cadherin adhesion regulates the mechanics of cell-FN interactions 

necessary for ECM assembly [6, 26–28]. Notably, there is no evidence that Cdh2 directly 

interacts with FN, rendering it highly unlikely that Cdh2 and Itgα5 directly compensate for 

one another. It is more likely that Cdh2 stimulates ECM assembly by elevating the activity 

of both Itgα5 (Figure 3) and another FN receptor, ItgαV, which partially compensates for 

loss of Itgα5 during somitogenesis [29, 30]. This epistatic relationship parallels that between 

ephrinB2a and itgα5. Loss of ephrinB2a alone has no somite phenotype, but knockdown of 

ephrinB2a enhances the itgα5−/− somite phenotype [24]. In addition, reverse signaling by 

ephrinB2a is sufficient to activate Itgα5 and induce tissue boundary formation in the paraxial 

mesoderm [16, 19, 31, 32]. Thus, due to genetic redundancy, synergistic loss-of-function 

phenotypes in cdh2mo;MZitgα5−/− and ephrinB2amo;itgα5−/− embryos are consistent with 

Cdh2 and ephrinB2a promoting Itgα5 activity.

Cdh2 and Itgα5 Redundantly Inhibit Mesenchymal ECM Assembly

Examination of MZitgα5−/−;cdh2mo embryos reveals another functional redundancy 

between Cdh2 and Itgα5. These embryos exhibit a dramatic increase in ectopic FN matrix 

throughout the mesenchyme of the paraxial mesoderm (Figures 3D and 4A). Itgα5 is known 

to have an inhibitory role on mesenchymal ECM assembly, but MZitgα5−/− embryos do not 

exhibit any detectable ectopic mesenchymal ECM [19]. By contrast, cdh2−/− embryos 

exhibit an increase in mesenchymal fibronectin in the paraxial mesoderm. As with the 

stimulatory function, the inhibitory functions of Cdh2 on ECM formation are evident in the 

Cdh2 genetic mosaics. Cdh2-deficient cells, either host or donor, exhibit mesenchymal FN 

matrix, while their Cdh2+ neighbors do not (Figures 4B and 4C). Further, FN matrix 
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permeates both donors and hosts of Cdh2-deficient clones in Cdh2-deficient hosts (Figures 

2E and 2G, yellow). Thus, in addition to stimulating ECM assembly at tissue boundaries, 

Cdh2 inhibits ectopic ECM assembly within the tissue mesenchyme. While Cdh2 

localization is anti-correlated with sites of ECM assembly in the paraxial mesoderm [17], 

the observation that cdh2 is necessary for ECM assembly in MZitgα5−/− embryos indicates 

that cdh2 is actively required for ECM assembly rather than cdh2 promoting ECM solely via 

lack of repression of ECM assembly.

Cdh2 Stimulates and Inhibits ECM Assembly

Cdh2 mediates homotypic adhesion through its extracellular domain and binds β-catenin via 

its intracellular domain. β-catenin also binds α-catenin, which links the adhesion complex to 

the actin cytoskeleton [33]. Cadherins can mediate different cellular behaviors through β-

catenin-dependent and β-catenin-independent mechanisms [34, 35]. For example, β-catenin-

dependent canonical Wnt signaling is reduced in cdh2−/− mice [36]. In contrast, β-catenin-

independent mechanisms are likely mechanical in nature, functioning either by linking the 

actomyosin cortices on opposing cells or by inducing cytoskeletal rearrangements [37]. This 

mechanical mechanism for Cdh2 stimulation of FN matrix assembly is supported by in vitro 

observations that Cdh engagement organizes cell-ECM traction forces to the peripheries of 

2D cell clones and that actomyosin-dependent mechanical force is necessary for FN matrix 

assembly [6, 27, 28].

To test the β-catenin dependence of the functions of Cdh2 in paraxial mesoderm boundary 

formation, we employ a chimeric construct (Cdh2Δβ-Cat) in which zebrafish Cdh2 is fused 

directly to α-catenin with the β-catenin binding domains of both being removed (Figure 4D). 

Similar constructs have been used by multiple groups in the past and have been shown to 

successfully recapitulate the adhesive functions of Cdh2 without binding β-catenin [34, 35]. 

We first test whether β-catenin binding is necessary to mediate the stimulatory role of Cdh2 

on ECM assembly by injecting either the Cdh2Δβ-Cat construct or full-length Cdh2 into 

cdh2-deficient donor embryos, and transplanting the resulting cells into cdh2-deficient hosts. 

Both constructs significantly increase the percentage of FN coverage at the clonal boundary 

(Figure 4E), indicating that β-catenin binding is not necessary for the stimulatory role of 

Cdh2. To investigate whether this stimulatory role is mediated by increasing cytoskeletal and 

tissue stiffness, we increase actomyosin contractility via expression of a constitutively active 

myosin regulatory light chain (caMRLC) in Cdh2-deficient mosaics [17, 38, 39]. Indeed, 

caMRLC rescues FN matrix assembly along the clone boundaries (Figure 4E).

We then test whether β-catenin binding is necessary to mediate the inhibitory role of Cdh2 

on ECM assembly by expressing either the Cdh2Δβ-Cat construct or full-length Cdh2 in 

cdh2-deficient donor embryos and transplanting the resulting cells into cdh2-positive hosts. 

Full-length Cdh2 is sufficient to inhibit FN matrix assembly, but the Cdh2Δβ-Cat construct 

is insufficient (Figure 4E). Thus, in order to mediate its inhibitory role on ECM assembly, 

Cdh2 must bind β-catenin.
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Model: A Sawtooth Pattern of Stable Cdh2 Adhesions Affects the Spacing of 
Morphological Somite Boundaries

The functions of Cdh2 can be integrated with a model suggested by the sawtooth pattern of 

stable Cdh2 adhesions. Within the mesenchymal core of the somite, cells are surrounded by 

neighbors with similar levels of stable Cdh2, and the inhibitory role predominates and 

prevents FN matrix assembly. We recently found that Cdh2 forms a physical complex with 

Itgα5 that helps repress Itgα5 activation. This complex is present in the presomitic 

mesoderm but is absent from the somite border [17]. The fact that boundary ECM is lost in 

embryos lacking both Cdh2 and Itgα5 indicate that it is not the mere absence of Cdh2 

repression that stimulates boundary ECM assembly along the somite boundary. The 

observation that the Cdh2Δβ-Cat construct rescues the stimulatory but not inhibitory role of 

Cdh2 on ECM formation also suggests that Cdh2 regulates ECM assembly bimodally via 

two distinct mechanisms. Our data indicate that cells encounter neighbors with starkly 

different Cdh2 levels at somite boundaries and suggest that Cdh2 promotes boundary 

formation and ECM assembly by increasing tissue stiffness within the posterior of each 

somite.

Prior studies have shown that Eph/ephrin signaling leads to somite boundary formation, 

activation of Itgα5 and ECM assembly [40]. ephA4 is expressed in the anterior of each 

somite while ephrinB2A is expressed in the posterior of each somite. EphrinB2A protein 

overlaps with stable Cdh2 but this segmental pattern of ephrinB2a does not require cdh2 
(Figure S3). EphrinB2a only exhibits a sharp border along the posterior of the somite, and 

this colocalizes with the highest density of EphA4 phosphorylation and the somite boundary 

[19]. Notably, EphA4 activation along the somite boundary does not require Cdh2 (Figure 

S3).

It has never been clear why boundaries do not form along the interface of Eph/ephrin 

expression in the mesenchymal core of the somite. However, our data indicate that within 

the presumptive core of the forming somite, Eph/ephrin interaction domains fall within the 

Cdh2 gradient, where Cdh2 mediates its inhibitory role to prevent matrix formation (Figure 

4F). Indeed, cdh2−/− embryos exhibit increased EphA4 activation (Figure S3) and FN matrix 

assembly within the somite mesenchyme [17]. Even more dramatically, cdh2−/− mice exhibit 

fission of somites into anterior and posterior halves, which is consistent with intrasomitic 

Eph/ephrin boundary formation being revealed by the loss of cdh2 [41]. Thus, the sawtooth 

pattern of Cdh2 and the inhibitory effects of Cdh2 on ECM assembly suppress intrasomitic 

boundary formation.

The consensus model for somitogenesis, called the clock and wavefront model, centers on 

transcriptional oscillations that establish the segmental pattern of Eph/ephrin expression 

presaging somite boundary morphogenesis [42]. In agreement with this model, we found 

that the sawtooth pattern of stable Cdh2 also requires segmental patterning downstream of 

fused somites/tbx6 (Figure S3) [19]. However, a recent report suggested that paraxial 

mesoderm transplants are mechanically tuned to form spheroids of specific sizes in the 

absence of segmental patterning [43]. This conclusion is belied by overwhelming genetic 

evidence indicating that normal somitogenesis requires segmentation clock function and that 

failure of this mechanism leads to vertebral abnormalities in zebrafish, mice, and humans 

McMillen et al. Page 6

Curr Biol. Author manuscript; available in PMC 2017 February 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[44]. The repression of FN matrix assembly within the paraxial mesoderm mesenchyme that 

we have reported here and elsewhere suggests that the paraxial mesoderm indeed has an 

intrinsic bias to make FN matrix its surface [17, 19]. Here, we also find that a sawtooth 

pattern of Cdh2 stability and differential Cdh2 levels promote somite boundary 

morphogenesis. Thus, cell-sorting models used to explain spheroid formation parallel the 

role of Cdh2 in promoting somite boundary morpho-genesis. However, sorting models and 

cell-sorting experiments demonstrate the importance of surrounding media and cells on cell 

sorting and spheroid formation [5, 45]. Therefore, while some experimental conditions may 

allow the paraxial mesoderm to form spheroids in the apparent absence of segmental 

patterning, the preponderance of evidence supports a model in which the segmentation clock 

patterns the paraxial mesoderm to harness intrinsic cell-cell and cell-ECM mechanics of the 

paraxial mesoderm to robustly form regular, bilaterally symmetric somites during normal 

vertebrate development.

EXPERIMENTAL PROCEDURES

Zebrafish Care and Strains

Zebrafish were maintained in accordance with standard protocols approved by the Yale 

University IACUC. Wild-type strains used are Tübingen, TLAB, and TLF. The Itgα5 mutant 

allele used is bfethl30 [23]. The cdh2 mutant allele used is pactm101 [20]. MZitgα5−/−;cdh2mo 

embryos were created by injecting 50 μM cdh2mo [17, 20, 21] into maternal zygotic (MZ) 

MZitgα5−/− embryos. FN and SNAKA51 Itgα5 immunohistochemistry were performed as 

previously described [17, 19].

Cell-Shape Analysis

Cells were manually traced and fit with ellipses as described in the Supplemental 

Experimental Procedures. Fixed cdh2-sfGFP-TagRFP embryos were used for Figures 1C 

and 1D, and phalloidin-stained embryos were used for Figure 1F.

Cdh2 Timer Quantitative Analysis

Cells of cdh2-sfGFP-TagRFP embryos were manually traced and fit with an ellipse in 

ImageJ. The mean red pixel intensity was calculated by using the sfGFP image to mask the 

TagRFP image, drawing a series of rectangles 2.2 μm wide and spanning the somite medial 

to lateral, and measuring the mean red pixel intensity within these rectangles (see 

Supplemental Experimental Procedures).

Mosaic Analysis

Heterochronic transplants were performed as previously described [19]. cdh2 depletion was 

achieved by injecting 50 μM cdh2mo into 1-cell stage blastomeres. Full-length zebrafish 

Cdh2 fused with mRFP at the C terminus was injected at 200 ng/μl for the stimulatory role 

rescue experiments and 50 ng/μl for the inhibitory role rescue experiments. The Cdh2Δβ-Cat 

construct was generated by fusing base pairs 1–2463 from zebrafish cdh2 to base pairs 604–

2724 of zebrafish ctnna1 and was injected at 200 ng/μl. caMRLC-emGFP was injected at 75 

ng/μl, GFP-Centrin was injected at 5 ng/μl, mem-RFP was injected at 50 ng/μl, and DAPI 

was used at 5 μg/μl. Percentage of FN coverage was quantified by blurring both the 
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rhodamine signal and FN immunostain signal and converting both into binary masks, tracing 

the binary mask of the rhodamine signal, and measuring what percentage of the trace 

colocalized with signal from the binary FN mask (see Supplemental Experimental 

Procedures).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• A gradient of cadherin 2 stability is observed in each somite

• Cadherin 2 promotes epithelialization of the posterior somite

• Differential cadherin 2 levels induce integrin α5 activation and border formation

• Cadherin 2 stimulates boundary ECM assembly by increasing tissue stiffness
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Figure 1. Cell-Shape Changes Correlate with Graded Stable Cdh2 Adhesions along Posterior 
Somite Border Cells
(A) A schematic of the region of the embryo containing the most recently formed somites 

imaged in (D) and (G).

(B) The aspect ratio of cell traces was determined by dividing the major axis length by the 

minor axis length of a fit ellipse.

(C and D) Posterior somite boundary cells (row 4, red) exhibit an increased aspect ratio 

compared with row 1 cells (p < 0.00001, t test).

(E and G) Somites exhibit graded levels of stable Cdh2 (red) adhesion increasing from 

anterior to posterior.

(F) The aspect ratio of posterior somite boundary cells is reduced in cdh2−/− embryos (p < 

0.01, t test).

n, number of cells for (C) and (F); n, number of somites for (E). Mean values indicated ± 

SEM. Scale bars, 20 μm. See also Figure S1.

McMillen et al. Page 12

Curr Biol. Author manuscript; available in PMC 2017 February 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Differential cdh2 Expression Stimulates Tissue Boundary Formation
(A) Genetic mosaics were generated by transplanting blastomeres from early blastula-stage 

donors labeled with fluorescent dextran (rhodamine or Alexa Fluor 647) into later blastula-

stage hosts.

(B) Clones were analyzed for F-actin localization via phalloidin staining. 17 of 27 clones 

exhibited strong cortical actin.

(C) Cdh2-expressing cells polarize toward boundaries with Cdh2-deficient cells. Ten of 12 

clones exhibit columnar cell shape, basal nuclei, and apical centrosomes.

(D) Clones were analyzed for Itgα5 activation using the SNAKA51 antibody and FN matrix 

assembly. Nine of nine clones displayed activated Itgα5 and FN matrix.

(E) Robust FN matrix forms at boundaries between Cdh2-expressing and Cdh2-deficient 

cells.

(F and G) The percentage of FN coverage of the rhodamine-labeled clones was quantified in 

multiple z-slices using an ImageJ macro (see Supplemental Experimental Procedures). 

Pixels positive for FN are blue; pixels negative for FN are red. n, the number of clones 

examined.

Scale bars, 20 μm. See also Figure S2.
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Figure 3. Coordinated Regulation of ECM Assembly by Cdh2 and Itgα5
(A and B) Lateral (A) and dorsal (B) views of the anterior paraxial mesoderm in 10- to 12-

somite-stage embryos showing loss of somite borders and de-adhesion of cells in 

MZitgα5−/−;cdh2mo embryos (n = 8).

(C) 3D dorsal projection of anterior paraxial mesoderm FN immunolocalization z stacks 

showing loss of dorsolateral FN in MZitgα5−/−;cdh2mo embryos.

(D) Single dorsal z-slices of FN immunolocalization of posterior paraxial mesoderm 

showing globular FN in cdh2mo embryos and diffuse ectopic FN in MZitgα5−/−;cdh2mo 

embryos.

Scale bars, 40 μm.
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Figure 4. Cdh2 Bimodally Regulates ECM Assembly through Distinct Molecular Mechanisms
(A) MZitgα5−/−;cdh2mo embryos exhibit decreased dorsal ECM assembly and increased 

ectopic mesenchymal ECM.

(B and C) In mosaic embryos, mesenchymal ECM forms in either Cdh2− hosts (B) or donor 

clones (C), but not among Cdh2+ neighboring cells.

(D) Schematic of the Cdh2Δβ-Cat (Δβcat) construct in which Cdh2 is fused directly to α-

catenin, thus mediating adhesion without binding β-catenin.

(E) Δβcat stimulates FN matrix assembly to the same extent as full-length Cdh2 (p > 0.25) 

but does not inhibit FN matrix assembly (p < 0.0001). caMRLC also stimulates FN matrix 

assembly (p < 0.0001) to the same extent as full-length Cdh2 and Cdh2Δβ-Cat (p > 0. 25). n, 

number of clones examined. Mean values indicated ± SEM. Scale bars, 20 μm. p values 

were determined by t test.

(F) A model schematic showing graded stable Cdh2 levels inhibiting boundary formation at 

Eph/ephrin interfaces within somites while differential levels of stable Cdh2 promote 

boundary formation at Eph/ephrin interfaces between somites.

See also Figure S3.
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