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1 | INTRODUCTION  

Abstract  

Serial block‐face scanning electron microscopy of the tail tip of post‐metamorphic 

amphioxus (Branchiostoma floridae) revealed some terminal myomeres never been 

seen before with other techniques. The morphology of these myomeres differed 

markedly from the chevron shapes of their more anterior counterparts. Histologically, 

these odd‐shaped myomeres ranged from empty vesicles bordered by undifferentiated 

cells to ventral sacs composed of well‐ developed myotome, dermatome, and 

sclerotome. Strikingly, several of these ventral sacs gave rise to a nipple‐like dorsal 

projection composed either entirely of sclerotome or a mixture of sclerotome and 

myotome. Considered as a whole, from posterior to anterior, these odd‐shaped 

posterior myomeres suggested that their more substantial ventral part may represent the 

ventral limb of a chevron, while the delicate projection represents a nascent dorsal limb. 

This scenario contrasts with formation of chevron‐shaped myomeres along most of the 

antero‐posterior axis. Although typical chevron formation in amphioxus is surprisingly 

poorly studied, it seems to be attained by a dorso‐ventral extension of the myomere 

accompanied by the assumption of a V‐shape; this is similar to what happens (at least 

superficially) in developing fishes. Another unusual feature of the odd‐shaped posterior 

myomeres of amphioxus is their especially distended sclerocoels. One possible function 

for these might be to protect the posterior end of the central nervous system from 

trauma when the animals burrow into the substratum.  
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evolution of vertebrate complexity. Amphioxus structures studied from 

this viewpoint include the dorsal nerve cord, notochord,  

Of the three chordate subphyla, Cephalochordata (commonly called pharyngeal slits, and the somites that develop into segmentally amphioxus) is the 

sister group of Tunicata plus Vertebrata (Delsuc arranged myomeres and are the subject of the present contribution. et al., 2008) and is evolving 

exceptionally slowly (Yue et al., 2014). During embryonic and larval development of amphioxus, forma-These features make amphioxus a useful proxy 

for the invertebrate tion of the segmented musculature begins with production of chordate ancestor of the vertebrates and a source of insights into 

somites, each of which is a small cluster of undifferentiated looking how relatively simple characters served as points of departure for cells. The somites 

arise from anterior to posterior along either side of  
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(Figure 6a,b). The far distal region of this projection consists entirely of 

dilated sclerotome (Figure 7g), but, more proximally, both myotome and 

dilated sclerotome are present (Figure 7h). In the ventral region of the 

myomere (Figure 7i), the myotome predominates, and its constituent 

muscle cells are characterized by prominent Z‐lines and H‐zones.  

4 | DISCUSSION  

4.1 | Somite origin and myomere differentiation: 
Amphioxus versus vertebrates  

Amphioxus and vertebrate somites originate somewhat differently. Those 

of amphioxus arise directly from precursor tissues (Beaster‐Jones et 

al., 2008), whereas those of vertebrates are formed with less immediacy 

from the anterior end of a band of presomitic mesoderm cells generated 

by progenitors in the posterior tail bud (Fior et al., 2012). Another 

unusual feature of amphioxus somitogenesis is that, as the embryonic 

and larval body lengthens posteriorly, the somites apparently originate 

from a succession of tissue types. Here, for convenience, we have 

distinguished these origins as phases I‐IV.  

During phase I (Figure 1a), starting far anteriorly in the animal, 

somites with enterocoelic myocoels begin evaginating from the gut. Then, 

during phase II, the somites delaminate as a solid cluster of cells from the 

wall of the neurenteric canal (a connection between the neurocoele and 

hindgut); shortly thereafter, they open up myocoels by schizocoely. These 

two early stages have been extensively studied (Aldea et al., 2019; 

Beaster‐ Jones et al., 2008; Gostling & Shimeld, 2003; Hatschek, 

1882;Mansfield et al., 2015;Onai etal., 2015;Schubert et al., 

2001;Yongetal., 2021).  

Near the transition from phase II to phase III, each somite increases 

in histological complexity to become a myomere consisting of two 

associated cellular envelopes (Figure 1b). The first envelope comprises 

mesothelia of the myotome and dermatome, which together enclose the 

myocoels; and the second comprises the medial and lateral mesothelia 

of the sclerotome, which together enclose the sclerocoel. Also, about this 

time, the myomeres morph into a chevron shape with a forward‐facing 

point (already mentioned in Section 2.3). To date, amphioxus biologists 

have almost completely ignored how the chevrons form. In addition, 

nothing definite is known about somitogenesis during phase III (after the 

neurenteric canal has disappeared) or phase IV (in the absence of any 

endodermal tissue in the postanal region of the body).  

4.2 | Transition from compact somite to 

chevron‐shaped myomere  

The earliest illustration of adult amphioxus was drawn by Pallas (1774), 

who included the conspicuous chevron‐shaped myomeres, although he 

did not speculate on their identity.  

Subsequently, Hatschek (1882) showed that somites originated in 

amphioxus embryos as small spherical (or slightly oblong) groups of cells. 

Taken together, these two papers suffice to raise the question of how 

relatively uncomplicated somites can develop into chevron‐ shaped 

myomeres. Surprisingly, during the next 140 years, this has never been 

seriously addressed. All that is known is incidental information from the 

scanning electron microscopy of Stokes (1996) and conventional TEM of 

Mansfield et al. (2015). Both studies illustrate a rather abrupt dorso‐

ventral extension of the myomere plus its assumption of a chevron shape 

around the fourth day of development of B. floridae.Moreover, the only 

speculation on a mechanism for generating such chevrons was by Lacalli 

(2012), who suggested that muscle cell elongation within the myotome 

might provide part of the needed force.  

At least superficially, the morphing of a relatively simple somite into a 

chevron shape seems similar in amphioxus and developing fishes. For 

zebrafish, this process has been examined over the past few decades with 

ever‐ increasing levels of sophistication, most recently by Tlili et al. 

(2019), a study combining live imaging of injected probes to quantify cell‐

level shape changes and movements in wild type and in genetically 

perturbed embryos. In addition, these data were used to inform theoretical 

modeling of mechanical processes on several spatial scales within the 

developing myomeres and between them and neighboring tissues. 

Although it would be desirable extend such methods for elucidating 

chevron formationinamphioxus,the excruciatingly small size of amphioxus 

larvae creates a problem for injection of molecular probes. The magnitude 

of this difficulty can be dramatized by comparing the sizes of developing 

amphioxus and zebrafish (minus its yolk mass) at the initiation of chevron 

formation—6 days at 30°C for amphioxus (Stokes, 1996) and 18 h at 

28.5°C for the fish (Kimmel et al., 1995). At this stage, the volume of the 

fish is approximately 2000 times that of the amphioxus!  

An additional aspect of chevron formation in amphioxus is whether the 

odd shaped, posterior myomeres indicate an alternative to the scenario 

of dorso‐ventral extension‐cum‐assumption of a chevron shape. By 

looking at the posterior myomeres in Figures 5 and 7 in the order RT, 

LT−1, RT−1, LT−2, RT−2, one could imagine that the least modified 

myomere representing the ventral limb of a chevron produces a small 

bud that progressively enlarges to become the dorsal limb. Such a 

sequence would likely involve quite different underlying genetics and cell 

biology from those involved in the dorso‐ ventral extension and 

assumption of a chevron shape by the myomeres all along the more 

anterior regions of the amphioxus body. Even from the little that is known 

about chevron formation along most of the long axis of the amphioxus 

body, it appears that no such budding of a dorsal limb from a ventral limb 

of a chevron occurs there; if it did, the phenomenon probably would have 

been reported years ago. Therefore, until more is learned about the 

subject, it seems most prudent to consider chevron formation by dorsal 

budding to be a derived peculiarity limited to the posteriormost 

myomeres.  



 



 



  


