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1] INTRODUCTION

| Linda Z. Holland

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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Howewer, 45 the dimensions of the animal progressively enlarged
anterizrly, we were limited 2 vigwing enhy the dorsal neree cord and
surrcunding tissues. Thuos, it was necessary & estimate the owverall
shape of the incomplete myomeres from light microscopic images of
the same region {Figure 10).

The entire SBSEM data setwas convertzd to 200 images with the
Reconstruct program, obtainable gratis from the web site of the
Meural Swstems Laboratory, Samgent Collegs, Bosten Unbeersity
{Borrett & Hughes, 2046; Fiala, 2005). After expesing cur mest
anterior block face fnumber 2200), we montaged all of it to cbiain a
complete transverse view of the animal halfway aleng the postanal
region. The montage was approximately at the boundary bebween
the meore familizr anterier myemeres and the unuseally shaped ones
at the il end of the body.

2.2 | Convention for naming the posterior
MIYameres

Inthe present study, we hees named the poste rier myemeres socording
to the following comventon: en the kft the most posterior ene i
desipnated LT {left terminal] followsed by LT-1 Jie., left terminal minos
one], LT-2,LT-2, LT-4, and LT-5. Similarky, on the right, the myomeres
are designated KT, RT-1, RT-2, RT-3, and RT-4. This terminclogy wil
b2 uszd below indescrbing the montapge {Section 3.2), the left posterior
myoemers Sechon 23], and the right posterior myormeres Section L),
As mentoned abowe, we detectod ne differense in the memhelogy of
the pestericrmeost myomeres ameng three pest-metamerphic indivi-
duals of B forine, Moreover, because of the unusualy high degree of
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sirnilanty in the morpholkegy and s melecular gerete basis throughout
the genus Branchiostamn | Carvalhe ot al, 2021; Somerjai ot al, 2000, it
woukd net be surprsing to find similady constrocted pestericrmest
rmyemeras in all the congenes in the group. Finally, all the blodk face
images illustrated here are looked at from the @il end of the animal
therefore, keft-side structures are on the left, and nghtside structures
a2 on the Aght

23 | Criterion for distinguishing ventral and darsal
regions of myomeres

The typical rmeomeras aleng most of the body axis are shaped like
chewrons with anterior facing points. In 4 side view, these peints jone
is indicated by an asterisk in Figure 2b) clesely coincide with the
wentral edge of the dorsal nerve cord. Thus, the dorsal and ventral
limks of the chevron are, respectively, dorsal and wentral to this
landmark. At the tail 2nd of the body, the level of the ventral 2dge of
the dorsal nerve cord is alse a convenient marker for distinguishing
wentral and domal regions of the odd-shaped rmyomenss,

3 | RESULTS

31 |
studiad

Light-microscopic context for the tail region

Figure 2a shows a living, pest-metamemphic amphioxus in left-side
vigw,; the bowed area at ks postericr 2nd 5 enlarged as Figure 2b.

FIGUWRE 2 Branchiostarna florddas. ja] Light-micrescopic image of a post-metamorphic living specimen in left-side view. The arrowhead and
arrow indicate, respectively, atricpore and anus. The rectangle at the il tip correspends to the area of higher magnificatizn in Figure 2b. Seale
Bar, 1 mrm. {b] Left-side view of tail regizn, incloding the netecher {ne) and dorsal fnerve cord fdne) with its organs of Hesse {indem arrow) and &
dorsally-bent posterior extremity Jsingle arrow). The asterisk maks the forward-facing point of & chevren, Scale ling, 100 pm.
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FIGURE 3 EBranchiostorna foridas. Ja] Montage of SB5EM images of the most anterior block-face fnumber 2220]. The numbering sestem for
the myemerss is explained in Section 2.2, Here, the same dasignation demalbe and ventrally identifies the bwe pestericr-peinting limbs of 2 ghven
chevron-shaped myomere. Other abbreviations from top are: de, dermis; ep, epidermis; dne, dersal nerse cord; 2, synapticzone boteesn muoscle
tails and nerous syster; no, netochord. Single arrow indicates region of dileted solerocoal; tandem arrows indicate large inclusions in sclerocoel.
Seale bar, 50 pm. ib] Enlagement of rectangle xin 2a, showing notocherd {no], sclkerctome nuclei Jasterisks), and myotome jmyt]. Scale bar jalss
applicable to -2, 5 pm. i) Enlargement of rectangle v in 2a, showing myotome {nmet], dermatome nocleijasterisks], and dermis fde]. 4] Dilation
of scleroroel{sr) containing numercus small dense spheares and & few large inclusions {arrow]. Other abbreviations are dersal nerve cord {dng,
myctome fryl, and dermis fde]. d2] Similar to 34, but showing a sclemtome cell with dense material intracellulack farrow), prebably destined &=
be socreted as one of the largs inclusions. SBSEM, sorial block-fase scanning electren microstopy.

In the enlargement, the most conspicucus tssues arg the notechord
and dersal nerve sord. The latker, which includes some pigrmented
argans of Hesse {tandem arrows), is deflected dorsally at its postedor
erd ja normal feature of the anstemy sccerding = Retzios, 1B%5).
The beoundadezs of the chevren-shaped ryomeres are  visible
antericrly oward left]. An cdd feature of amphicxus is that the left
series of myemeras (5 offset half a segment antzricr &= the right
series {Kuznetsow, 2023], and this, combined with both series

showing simultanecushy in the nearly transparent animal, makes the
ryomerds S2em twite &8 narrow and twice a3 numeroos as they
should be In any event, the myomere boundaries become less and
bess distinct as ane proceeds pesteriorly until they can ne lenger be
visualized near the tail tip, although, as shown by SBSEM, several
additicnal myomeres are present there {described in Sections 2.3 and
24 As an aside, in spite of the antericr half-sepmeant offset on the
left side, mentoned abeowe, the rght and left seement series of
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arphiczxus terminate ot the @il 2nd in register due to the curmuoltive
offect of the irregular lengths of the rmyemeres at the peosterior end.

32 | Montaged overview with special attention to
the distended sclerocoel

Figure 3ais an overview of the most anterior black face we exposed
1abrout halfway along the series of postanal ryemeres). Conspicuous
features are notchor, dorsal neree cord, rvotomal parts of
the rmyomeres, dermis, epidermis, and some distended regions of
stlkeroroel findicated by single arrows]. In addition &= these obvicus
structures, there are cthers that are difficult or impossible to visualize
with SBSEM with its relatively low resclotion. These poorhy resclwed
structuras were the extremely squamsous cytoplasmic pordons of the
masothelia comprising the dermatome and mame regions of scler-
ctome fand the myeoreoels and the sclercesels they respectively
Border]. In many places, anle the noclear regions of such mesothelia
are wisible {Figure 2be, asterisks] Fertunatzly for interpretation
of the present results, numerus stodies with  conwentional
TEM 4Hzlland & Helland, 1%%; Mansfield et al, 2015; Ruppert
1%5%7), have shown that sclercooels and mvoooels are located,
respactively, rmadially and laberaly in the ryomsanes.

Although, a5 menticned abowe, the sclerceoel in some places i
difficult t= demeonstrate, there are other regizns where this structure
5 conspicucus because it s strikingly distended {Figure 3a).
The coelemic fluid in these prominent spaces Contains numerous,
dense spheres, about 100-500nm in diamster {Figure 2] a5 well as
considerably fewer, but much larger inclosions Jabout S5-10 pm in
their leng aeis] consisting of compacted whorls of material of several
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densities JFigure 34, single armw)]. Such inclusions are evidentdy
produced by mesothelial cells {Figure 32, arrow] borlering the
scleroooel and then released ints the lumen. There iz & pood
poasibility that the large inclusions break down into the muolbplicity of
small spheres. In any case, the presence of beth kinds of formed
zlements & useful for distinguishing the selerocoel from other spaces.
In passing, we should menton that we detected ne coelomootes in
the distended regions of sclercooel, a finding consistent with the
suspicion of Ruppert {1%%7] that Rhodes ot al J15B2) wer mistakean
in clairming that sech cells socur in amphisxos.

Oing additional feature netable in Figure 2a is a synaptic zone {52)
where cytoplasmic tails extending frem the musele 2ells in myctome
LT-2 form synapses with neurcns at the pedphery of the dorsal
nerve cord fas first demenstrated by Flood, 1%66). This arrangement
contrasts with the situation in wertebrates where axans of metor
neursns exit the dersal nerve cord as wentral roots and run a

considerable distance before synapsing on muscle fibers.

33 | Left posterior myomeres: SBSEM
recanstructions in 30 and histology

Figure da showes the meost posterior myomeres on the ket sikde with
their uwsual A0 relations intact, whereas Figure 4b shows them
separated to facilitate indicating the kcations of block-face images in
Figure 5. The conventicns for naming these rmyomeres are explained
abrowe, in Section 2.2 of the materials and methads.

The LT rayomerz{LT] isa hollow vesicle enclosed everywhers
by an envelepe of undifferentiated looking cells JFigure Sa). In
contrast, myemere LT-1 {Figure dab], althoogh less than half as

|.'-| .l_li::wF-F-t-?.‘-—-' -.,. S [
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FIGURE 4 Branchiostarna fladdae. {a) The five most pesteriar myemeres on the left side, frem LT {left terminall through LT -4 {left terminal
minus four]. Black ovals are synaptic 2znes between muscle wils on medial side of myemerz and the dorsal neve cord {dng. Posterior pesitions
of netocheard and epidermis are indicated, respectively, by dotked curves and dashed corees, Scale bar, 100 pom. JB) Same left-side rvermeres but
separatzd and showing reions of myctome sherringbone pattern) and sclerctome {stippling). Scale bar, 130 pm. Positions of block-face images

in Figure 5 are indicated.
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FIGURE 5 Branchinstama flaridas. Block-face images at transverse levels indicated in Figure db. {a) Pasterier region of body showing
myotoe| Jarrow] of myomere LT, Dermis, de; demal nerwe cord, dng; epidermis, ep; notechord, ne; the asterizk marks & ranseorse view of &
perpheml sensory nerve. Scale bar, 20 pm. B Main fwentrall part of LT-1 comprising the full spectrum of myemer structures  from medial &=
lateral, these are tweo mesothelia of selerctome {58 enclesing a sclkerocoel, a conspicucus myctome {ryt], myccoel, and dermatome {di. Scale bar
S pm. el Transeerse view of the scleroooelisc] in the nipple-like outgrowth of myomerg LT-1 clossly assooiated with the dorsal nerve cord 4dnd.
Scale bar, 5 pm. 4] Tip of dersal limb of LT-2 adjacent to dorsal nerve cord Jdng and comprising sekersteme surrcunding small selerocoel ds2).
Secale bar, Jalse applicable to 2 throogh 1, 5w, §2] Dorsal limb of chevren of LT-2 adjaoent darsal nerve cord Jdng); halbesy sleng limb, the
myotome (vt predominates over the seleroteme soleracoel labeled 520 ] Conspicucus myotome Jmyt] in wentral limb of LT-2 adjacent to
dorsal nerve cord fdng. qg] Tip of dersal limb of chevron of LT-2, consisting entirehy of sclerotome mesotheliom enclesing sceracoel 5], 4h)
Drorsal limb of chevron of LT-3 comprising both sclerctome {52] and myotome {myt). {1 Yentral porbdon of LT-2 with preminent myctome
compesed of muoscle czlls with well-develeped Z-lines {arrow] and H-2ones farmwhead).

lzng as LT {Figure da.b], includes differentiated tissues along its beginnings of formaticn =f a dorsal limbk of 2 chevran frem the
entire kength. As discussed in Section 2.3, the location of the wentral limb jalthough, as mentioned in the intrcduction, it is
main, sac-like portion of LT-1 is wentral. Howewer, from the dorsal important to remermber that the morphelogy of LT-1 is evidently
side of this sac, a short, nipple-like strocture arises and projects static and not a precurser of later developrental stages in post-

dorso-pesterierhy. £ 05 likek that this nipple represents the metamorphic  amphicxus]. The main wentral part of LT-1
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RT-4 mecre medial

FIGURE & Branchiostona flandae. {a) The five most pesteror myomeres frem RT right terminall through RT-4 {right terminal minus four);
symbeols as in da. Scale bar, 100 wm. b Same dght-side myomeres but separated and showing regions of myctome (hemingbong patizrn] and
stlkerotome Btippling]. Positions of bleck-face images in Figure 7 are indicated. Scale bar, 180 pm.

tFigure 5¢) comprises the full spectrum of mycmere structores
although, for reasons menticned in Section 2.2, enly the myotome
i5 conspicucus. The constituent muoscle czlls, although the same
size a5 differentiated amphicxus muoscles, lacked Z-lines and
H-zanes. Presumably, therefore, they are not functional, althzugh
at least seme of them extend muscle tails {Figure 5B, arrow)] t2 a
52 at the periphery of the dorsal nerve cord Jdng). Such s2 are
present on the remaining lkeft-side myomeres and on all the right-
side myomeres fto be covered in Section 2.4). In contrast to the
wentral region of LT-1, the nipple arising from its dersal side is
composad entirgly of sclerocteme JFigure 54).

In the LT-2 myemere, the deorsal limb of the chewvran
{Figurz 4a.b] is mouzh kengerthan in LT-1, although in transverse
wigw {Figure 54d.2], it appears as a relatively insubstantial medic-
laterally compressed strap. The tip of the projection consists
entirgly of sclerctome, whilz the more proximal regions contained
beoth sclerstome and mystome In the more substantial wentral
lirnb of the chewran {Figure 5f), the myotome is the dominant
compenent in the myzmere and cemprises muscle cells lacking
H-zonzs, althzugh indistinet 2-lines are detectable.

In the LT-2 mycmere {Figure dak], the dorsal limbk of the
chavron is relatively robust. Close to its distal tip, the only tissue
present is distended sclerctome surrcunding a spacicus scler-
ool {Figure Sg). Howaver, more proximally, a mystome appoars
{Figurg Sh] and scon predeminatas in the dorsal limb v the
wentral limb, the most conspicuzus feature is the mystome
{Figurz 5i], whizh is cemposed of presumably functiznal muscle
cells characterzed by well-developed Z-lines {arrow] and
H-Zznes jarrowhead).

34 | Right posterior myomeres: SBSEM
recanstructions in 30 and histology

Figure ta shows the rest posterier myomeres on the right side
with their vsual 20 relations intact, whereas Figure &b shows
tham separated to facilitate indicating the locatizns of bleck-face
imagesin Figurg 7. The naming of th2se myomeres, from posterior
to antericr, has already been explained in Section 2.2

Like its counterpart on the left side of the animal, the right
w@rminal myemare {RT] is enclesed posteriorhy by a messtheliom of
undifferentated-locking colls {Fipures &b and 7).

However, toward ity antericr 2nd, BT has a complex ower-all
shape and histelzgy. The myomere giwes rise tooa nipple-like
proejection derso-posteriorly {Figure £ab) that consists entirehy of
scleroctome {Figure Fb). In contrast to the nipple-like regicn,
the main ventral module of RT {Figures &b and 7o includes all
the tissues characteristic of 2 myomere, most conspicucushy a
myotome composed of musclke oolls that presumably are not
functional sinee they lack 2-lings or H-zznes.

In coemparisen with the RT myoemere, RT-1 bears 2 much
lenger dersal cutgrowth, possibly comparable to athin dorsal limb
of a chevron (Figure 6ab]. The entire cuterowth is composed of
sclerotome {Figure Fd.e). The morg substantial ventral region of
the myemere {Figure 7f], although partially cut 2way, appears to
b2 relatively sac-like with little if any parteguivalent to the vantral
limb =f & chevren. In this region, myctome predeminates and
comprises muscle cells with both Z-lines and H-zones.

As one procesds even farther antericrhe, the RT-2 myomere
includes a relativehy robust 2quivalent of the dorsal limb of 2 chevren
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FIGURE 7 Eranchiostorng floddoe. Blodk face images at ransverse leovels indicated in Figure 6. In all images dre indicatzs dersal nerse aord.
18] Pesterior region of mysmere HT showing rmpoome| jarrow]. Dermis, de; epidermis, 2p; netecherd, ne; asterisk marks 2 transverse prefile of a
peripheral sensory nerve. Seake bar, 20 pm. fb) The arterior region of RT bears 4 small, nipple -like protrusion consisting entirely of sclermtome -endosed
solerocoel lao] Scale bar S pen. d2) The anterior region of KT, which might comespend &= the wertral limb of 2 cheveen, inclodes a rmyetorme rmet] and
less conspicucus tissues of solerctome and dermatome . Scale barfalio applicable = d threogh i, 5 pm.fd, @) RT-1 inclodes a possible aquivalent of the
deorsal limb of adhevron in the fom of 2 keng, strplike protrusion of sclectome -enclosed sclercooel (s2). 3] The wentral limb of RT-1 s composed of
Conspicucus mystomse k] as well as the less obvicus tssues of the rmyomerz. |g h] Myomere RT-2 has a mlatively rebust dorsal limb with a tip
consistng entire by of distended scle meoel {52], although the rest of it length comprises a mitore of diste nded sclercmel sz and myeteme dmyt] 4 In
the meien of RT-2 représentng the wentral imb of the chevron, the predominant compenent is myotome {myt], sthough the less ohvicus tissues of
the myomere are alse prasent.
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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

41 | 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 | - IV.

During phase | (Figure 1a), starting far anteriorly in the animal,
somites with enterocoelic myocoels begin evaginating from the gut. Then,
during phase I, 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;0nai etal., 2015;Schubert et al.,
2001;Yongetal., 2021).

Near the transition from phase Il to phase lll, 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 Il (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.

morphblcgy

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.
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43 | Sclerotome and sclerocoel formation

Pravious studies of cephalochardate solerstome formation hawe boen
focused an myemeras aleng the grester part of the leng axis of the
body. Each such myemere includes a selerareel intervening betweszn
the myotome and the bedy axis {nerve cord and notocherd]. Such
scleroooels range from narrew to moderately  inflated. During
development, these sclerocooels do not criginate until after the
myotome s well differentizted, Hatschek J1BB2) proposed that the
sclerctome arose by an evagination of the rmeotome wall, and this
notion still survives in many textbocks. Howewer, Mansfizld ot al
12015) showed that along most of the body length, presumably
undifferentiated cells in the rmeotome wall form a menclayered sheet
that intrudes between the myotome and axial structores {notochord
and central nersous system) and then splits into the axial and lateral
sclerctome mesothelia enclesing a selerocoel.

In contrast to the bepical stlemtome formation considered
abowve, the present study sugpests that the odd-shaped pesteder
myomares preduse their sclerctome somewhat differenthy. Thus, i
one repeats the exercise of Secton 4.1 by locking sequentially at LT
and then at AT & LT-1, and then at RT-1 one sees that the domal
limb of the chevron is at first an exd@Ensive cotgrowth of pure
sclerotome frem the wentral limb. I is only 2t the nest step RT-2 &
LT-2] that the myctoms appears in the dorsal limb {perhaps
differentiating in situ there frem undifferentizted messderm cells).
Because encroachment of the myotome stops short of the distal2nd
of the dorsal limb, a distal region of sclerotome remains, surrcunding
a conspicucusly dilated sclerocoel fillzd with an exctrcellular matrix
including abundant small dense spheres and a few larper inclusizns,

44 | Eclerocoel functions

Yong and Yo {2017 have discossed how a chordate ancestor of the
wertebrates might hawe started with a sclercooel containing an
organic @ctrasgllular matrx and then co-opted mingralizing genas to
minaralze the region, thereby innowating the skeletal swstem of
wertebrates. However, in the present discussion, we will limit
ourszlwes to the narrower question of how the contemperary, nen-
mineralzed sclercooel might functon in extant cephakechordates, It
has been sugpested that amphicxus sclerocooels include lubhcants
that pardy decouple the mvetomes from the nerve cord and
notechord during undulatory swiraming (Franz, 1%25; Helland &
Helland, 1%%0; Ruppert, 1%%7; Sunnier, 1%11), althzugh ne quantita-
tive, bizmechanical studies yet suppertthis idea. Inthe present study,
wez found that the most extensive regions of distended sclzrocoel in
the amphicxus body were asscoisted with the more postericr
myomeras of the postanal senes. The cras-sectional montage
halfwszy through this region (Figure 2a] shows that enlarped
selercooels are especiall prominent dersal te the centml nereous
system. Morzover, conspicucus sckerocoels were alse asseoizted with
the dorsal limb =f seweral of the odd-shaped myemeres at the
extreme tail end of the animal Ceollectively, the woluminous

sclercooels might help protect the posterior end of the central
nervous system frem physical tmuma for instance, when the
amphioxus vigeroush burrcws into the substmatorn tail first,

45 | Odd-shaped posterior myomeres: How
camman in cephalochordates?

There are threz genera of cephalachordates: Asvrmmetron and its
sister group comprising Epigonichthy: and Braachiostorma {Kon
et al, 2007 Nishikawa, 2004, and see acknowledgments). Within
each genus, one of the characters helping to identify post
metamerphic specimens to species is the total nomber of
ryomeres per side {Poss & Boschung, 1%%6]. Lankester {1BE¥)
was the first to weorry about the accuracy of such counts. In his
study of Eranchiostoma Jancealatum, he reporked that the last
myomere was "By no means casy to count To make matters
worse, his illustratizns show that what he thought was the last
romere was chevran-shaped. He, therefzre, had ne inkling that
there were two or three additional myomeres even farther
posterior. A5 mentioned in Section 2.2 it & quite possible that all
species of Branchiostama have similar posterior myomerzs. There-
fore, Lankester's inaccurste counting has almest certainly bean
repeated by every tixenomist wsing light microscopy to classity
cther Branchiostarna species {becavse all the counts hawe been
incorrect to the same degree and in the same direction, no sericus
harm has resulted].

For the remaining cephalochordates, penus Epiganichthy: is oo
poorhy studied in all aspects of it bickey to permit speculation on
the presence of cddh-shaped posterior myomeres. Howewer, more
can be said about the gonus Aswnrmstron, inowhich the adule tail
continues as & thin caudal procsss (15% of the entire body l2ngth].
The caudal process includes mescdemal ce2lls 2linging in small
Clusters to the right, ventral, and left sides of the notochordal sheath
Helland ot al, 2022). It is likely that these colls represent part of a
posteriormaost somite {or paired sormites] that rmight be 2 continuation
of the pestanal somite serigs, althoogh this possibility remains to be
enzarnined.

5 | CONCLUSIONS

EBSEM £an not only reveal new details about almeady-known call
trpes fHelland, 2521) but, as in the present study, can discover
entirely new cell types that were overleoked in zarlier studies with
lzss incisive methods. Akhough the pesteriormost rmyomeres
discovered herz in post-metamorphic specimens of amphicxos are
structurally interesting, their functional significance, if any, s not
clear, ltisvery unlikely that they make any contribution to unduolatony
Sewimming, besause they are located ot the extreme posterior end of
the bedy, and many of them have a myocteme comprising poordy
differentizted ruscle cells Their conspicuzusly veluminzsus scler
oooels sugpest they afford physical protection to the postericrend of



HOLWAN L and HOLLAN

the central nervous system, but there & no experimental support for
this idea. A particolarly interesting feature of the postericrmost
myomeras & their possible assurmption of a chevron shape by
budding off the dorsal limb of the chevren from the vantral limb. This
contrasts with allthe mere antericr myemeres in the body fwhich, at
least superficially, form chevrens after the fashion of fishes).
Surprisinghe, chzvren formation in amphicxos has been almost
entirgly ignored by amphicxus bickgists, and it weuold be interesting
to lack harder at the subject with modern methods.
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