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Neurogenic placodes, a chordate innovation, generate several neuronal populations, including 

gonadotropin-releasing hormone (GnRH) neurons which are crucial for vertebrate and solitary 

ascidian urochordate reproduction. The dorsal strand placode of ascidians is derived from the ante-

rior ridge of the embryonic neural plate and thus shares a common developmental origin and 

expression of various transcription factors with vertebrate placodes. Despite their importance for 

understanding vertebrate origins, the evolutionary and developmental origins of the neurogenic 

placode remain obscure. Here I demonstrate the formation of an elaborate neurogenic placode, 

which forms the dorsal strand, on part of the neural gland epithelium in a solitary ascidian uro-

chordate, Halocynthia roretzi. Two modes of GnRH neurogenesis in the dorsal strand (a peripheral 

organ) and the migration of GnRH neurons into the brain along the visceral nerve are also 

described. Ontogenetically, GnRH neurons are first detected in the dorsal strand and cerebral 

ganglion of very young juveniles at almost the same time, demonstrating that ascidians possess 

morphological and developmental features in common with vertebrates. These results further indi-

cate that the onset of peripheral GnRH neurogenesis and the ability of neurons to migrate into the 

brain predate the divergence of ascidians and vertebrates. Thus, based on the generation of GnRH 

neurons, the dorsal strand in ascidians may be homologous to the vertebrate olfactory placode. 

These organs are derived from the anterior region of the embryonic neural plate, which expresses 

several transcription factors that invertebrate chordates and vertebrates have in common. These 

results provide unequivocal support for the clade Olfactores (tunicates + vertebrates).
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INTRODUCTION

The question of vertebrate origins is a highly interesting 

problem in biology that has been examined from various 

points of view (Gee, 1996). Recent molecular phylogenetic 

studies have shown that tunicates are the closest relatives 

of vertebrates (Blair and Hedges, 2005; Delsuc et al., 2006; 

Putnum et al., 2008), but the only supporting morphological 

evidence is the presence of neural crest-like pigment cells 

in ascidian embryos (Jeffery et al., 2004).

Neurogenic placodes are thought to have played a cru-

cial role in the evolution of vertebrates from filter feeding 

ancestors (Northcutt and Gans, 1983). In invertebrate 

chordates such as ascidians, the neurohypophyseal duct (a

rudiment of the adult neural complex) is considered homol-

ogous to the olfactory/adenohypophyseal/hypothalamic pla-

code of vertebrates for several reasons: these structures 

share a common origin from the anterior region of the 

embryonic neural plate (which similarly expresses Pituitary 

homeobox [Pitx]; Boorman and Shimeld, 2002; Christiaen et 

al., 2002), the topological relationship between the pharynx 

and the brain is the same, and both structures have the 

capacity to produce neurons (Brighel et al., 1998; Manni et 

al., 1999; Manni et al., 2005).

Reproduction in colonial ascidians is very diverse, but 

they are largely ovoviviparous or viviparous and produce a 

small number of gametes. In contrast, solitary ascidians are 

oviparous and produce a large number of gametes. Ciona 

intestinalis (order Enterogona) and Halocynthia roretzi

(order Pleurogona) are taxonomically very different, but both 

are solitary ascidians. Because numerous GnRH neurons 

are found around the dorsal strand of C. intestinalis (Mackie, 

1995; Tsutsui et al., 1998; Terakado, 2001), it has been 

hypothesized that these neurons are derived from the dorsal 

strand epithelium by delamination (Mackie, 1995; Bollner et 

al., 1997). Direct proof of this has, however, been lacking. 

This paper aims to describe the morphological and develop-

mental features that provide evidence that urochordate 

ascidians are the closest relatives of vertebrates.

MATERIALS AND METHODS

Animals

Adult specimens of the ascidian H. roretzi that were cultured in 

Mutsu Bay in Aomori City, Japan were purchased from a fisherman. 

Small individuals, about 3–5 mm in length, were obtained with twee-

zers from ropes submerged in Kesennuma Bay, Kesennuma City, 

Japan.
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Light microscopy

Tissues containing the neural complex were excised and fixed 

with Bouin’s fixative for 24 h. The fixed tissues were dehydrated, 

embedded in Paraplast, sectioned at 6 μm, and stained with 

Mayer’s hematoxylin-eosin or aldehyde fuchsin.

Immunohistochemistry

Excised neural complexes were fixed with Bouin’s fixative with-

out acetic acid, or with 1:1 fixative (equal parts of 0.2 M cacodylate 

buffer [pH 7.2] containing 8% paraformaldehyde and saturated 

picric acid aqueous solution) for 12–15 h. The latter generally gave 

good results and was primarily used for the present study. Sections 

were mounted on gelatin-coated slides and immunostained by using 

the ABC (streptavidin-biotin-peroxidase) Elite Kit (Vector Laborato-

ries, USA) with a polyclonal anti-human (Monosan, Netherlands) or 

anti-salmon GnRH primary antibody (Bachem, Switzerland). Dew-

axed and rehydrated sections were treated with 0.5% H2O2 in 70% 

methanol for 40 min to block endogenous peroxidase activity. The 

primary antiserum was diluted 1:800 in 0.01 M phosphate-buffered 

saline (PBS; pH 7.5) containing 0.1% bovine serum albumin and 

was incubated with the sections overnight at 4°C. Immunoreactivity 

was visualized by exposing the sections to 0.02% 3,3′-diaminoben-

zidine containing 0.06% H2O2 in 0.05 M Tris-HCl buffer (pH 7.5) at 

room temperature for 3–5 min and then lightly counterstaining the 

sections with Mayer’s hematoxylin. As a negative control, sections 

were incubated in anti-GnRH antiserum (human or salmon) that had 

been pre-absorbed with the corresponding antigen (2 μg/ml).

Immunoelectron microscopy

To detect GnRH neurons among various neuroendocrine and 

endocrine cells, immunoelectron microscopy was carried out. Dis-

sected neural complexes were cut into small pieces and fixed with 

4% paraformaldehyde and 0.5% glutaraldehyde in 0.2 M phosphate 

buffer (pH 7.2) for 4 h at 4°C. Tissue pieces were washed overnight 

at 4°C in 0.1 M cacodylate buffer containing 7% sucrose, postfixed 

with 1% osmium tetroxide in 0.15 M phosphate buffer (pH 7.2) for 

1 h at 4°C, dehydrated, embedded in LR white resin (London Kes 

& Company, Berkshire, UK), and then incubated at 55°C for 48 h. 

Ultrathin sections (~70 μm) were placed on Formvar-coated nickel 

grids kept in a refrigerator, treated with 1% meta-periodic acid for 

30 min, and washed with 1% BSA in PBS for 1 h. A polyclonal 

antiserum against salmon GnRH (1:200) was used as the primary 

antibody. Sections were incubated overnight with this antiserum at 

4°C, washed with PBS, treated with gold-labeled (10 nm) secondary 

antibody (1:20; British BioCell International, Cardiff, UK) for 3 h, 

washed in PBS and then in distilled water, and examined with a 

Hitachi H-700H electron microscope operated at 100 kV. Control 

staining was performed in parallel using adjacent sections, but the 

primary antiserum was pre-absorbed with antigen (2 μg/ml). These 

methods are essentially the same as those described by Terakado 

et al. (1997) and Kawahara et al. (2002).

RESULTS

Formation of the dorsal strand placode

Halocynthia roretzi (order Pleurogona) is one of the larg-

Fig. 1. Schematic drawing of the neural complex in a 3-year-old 
Halocynthia roretzi. The cerebral ganglion (cg) lies between the 
atrial and branchial siphons. The neural gland (ng) is located just 
beneath the ganglion, and its lumen opens anteriorly to the pharynx 

through the ciliated duct (cd). The neural gland extends posteriorly 
with the dorsal strand (ds).

Fig. 2. Formation of the dorsal strand (ds) by invagination at the 
center of the thick part (dsp) of the neural gland epithelium facing 
the visceral nerve (vn). ng, neural gland. Aldehyde fuchsin stain. 
Scale bar: 90 μm.

Fig. 3. Immunostaining with anti-human GnRH antibody shows the 
presence of GnRH neurons in the dorsal strand (ds). The oval struc-
tures in the dorsal strand are cross sections of the invaginated 
tube(s). The dorsal strand runs parallel with the visceral nerve (vn), 
which is also GnRH-immunoreactive, within the blood sinus (bs). 
dsp, dorsal strand placode; ng, neural gland. Scale bar: 20 μm.
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est solitary ascidians; it survives for 4–5 years or more, and 

reaches a body weight of over 500 g. It is distantly related 

to C. intestinalis (order Enterogona), which is the model 

organism of Subphylum Urochordata. In H. roretzi, the adult 

neural complex is large and is comprised of the cerebral 

ganglion, the associated neural gland, and the dorsal strand 

(Fig. 1). The lobulated neural gland extends posteriorly and 

can be >5 cm long; from the midline of the thickened epithe-

lium of the neural gland, the dorsal strand arises by 

repeated invaginations (Figs. 2, 3). Formation of the GnRH 

neurogenic placode occurs after metamorphosis, although 

GnRH mRNA is expressed as early as the 4-cell stage and 

continuously before metamorphosis in Ciona (Adams et al., 

2003). The neuro-

genic placode and 

numerous GnRH neu-

rons are maintained 

throughout adulthood 

in H. roretzi. After 

metamorphosis, the 

structure is termed 

the dorsal strand pla-

code, as it possesses 

important character-

istics of a placode in 

a strict sense, such 

as a thickened epi-

thelium, an invagina-

tion at the center, 

production of differ-

ent cell types, and 

delamination/migra-

tion of cells (North-

cutt and Gans, 1983; 

Schlosser, 2005). The 

invagination is most 

frequently observed 

in the posterior region 

of the brain, where it 

forms curved tubes 

and derived cells in 

large quantities. The 

curved tubes and

derived cells take a 

cord-like form that 

runs parallel with the 

neural gland (Fig. 1) 

and measures about 

100–200 μm in diam-

eter in the thick 

region. The largest 

morphological differ-

ence in the neural 

complex between H. 

roretzi and other 

ascidians is the long 

(over 5 cm), bunch-

like neural gland 

associated with the 

dorsal strand. Some-

times, the neural 

gland/dorsal strand complex branches and follows a branch 

of the visceral nerve for up to 0.5 cm to the gill basket. The 

dorsal strand epithelium contains several morphologically 

distinct cell types, including intermediate filament-rich cells, 

ciliated cells, dark cells, ribosome-rich undifferentiated cells, 

and GnRH-containing cells. The epithelium is sometimes 

innervated with granule-containing nerve fibers. In the neu-

ral gland, however, no innervation was found. The luminal 

spaces of the dorsal strand are continuous with the pharyn-

geal cavity through luminal spaces of the neural gland and 

the ciliated duct. In contrast to the neural gland, cilia and 

microvilli project from the ciliated cells of the epithelium to 

the lumen, to a greater or lesser extent. Because the dorsal 

Fig. 4. Electron micrographs showing 

the two modes of GnRH neurogenesis. (A)

Mode 1; GnRH neurons (gn) with secretory 

granules measuring 200–300 nm originate 

in the dorsal strand epithelium. (B) Mode 1; 

in this mode, a mature GnRH neuron (gn) 

undergoes delamination by forming a base-

ment membrane and inserting fine collagen 

fibrils between itself and a neighboring epi-

thelial cell. The delaminating GnRH neuron 

and epithelial cell are still associated in the 

middle region. (C) Mode 2; in this mode, 

GnRH neurons (gn) originate from undiffer-

entiated cells in contact with already-differ-

entiated GnRH neurons lying near the epi-

thelium. Scale bars: 2 μm.
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strand placode and numerous GnRH neurons are present in 

every season, GnRH neurons may be continuously 

produced throughout adult life. This contrasts with C. 

intestinalis (whose life span is about 3 months), in which the 

number of GnRH neu-

rons is constant in 

mature individuals.

Modes of GnRH neu-

rogenesis in the dor-

sal strand

GnRH neurogene-

sis in H. roretzi occurs 

in two modes. The first 

mode includes the early 

development of GnRH 

neurons from ribosome-

rich undifferentiated 

cells within the dorsal 

strand epithelium (Fig. 

4A). After delaminating 

from the epithelium, 

mature GnRH neurons 

with numerous secre-

tory granules separate 

from neighboring epi-

thelial cells by forming 

a basement membrane

that has thin collagen 

fibers attached (Fig. 

4B). During the second 

mode, undifferentiated 

cells near the epithe-

lium, which probably 

delaminated earlier, 

develop into GnRH neu-

rons in contact with ear-

lier-differentiated GnRH 

neurons (Fig. 4C). As in 

the first mode, cells are 

separated by the for-

mation of a basement 

membrane after the 

new neuron differenti-

ates. A common fea-

ture in the two modes 

of GnRH neurogenesis 

may be a direct con-

tact between neurons 

(without a basement 

membrane); in the first 

mode, single develop-

ing GnRH neurons 

were sometimes inner-

vated from differenti-

ated GnRH neurons 

lying outside of the 

epidermis, and in the 

second mode, neuron-

to-neuron contact is 

common. The contact is 

significant, as it may be possible to prove an inductive role 

for the differentiated GnRH neurons. Some of the numerous 

GnRH neurons located outside the epithelium attach to 

neighboring visceral nerve fibers (Fig. 5A). GnRH neurons 

Fig. 5. Electron and light micrographs suggest that GnRH neurons migrate to the cerebral ganglion. (A) Elec-

tron micrograph; GnRH neurons (gn) are very often attached to visceral nerve fibers (vn). Unattached GnRH 

neurons (ugn) are found between the dorsal strand and the visceral nerve fibers, running within the blood 

sinus (bs). ep, dorsal strand epithelium. (B) Light micrograph; immunostaining with anti-human GnRH reveals 

that GnRH neurons (gn) in the dorsal strand (ds) elongate antero-posteriorly and are distributed continuously 

to the cerebral ganglion (cg). dsp, dorsal strand placode. Scale bars: 5 μm (A), 100 μm (B).
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in the dorsal strand 

elongate antero-pos-

teriorly and become 

continuously distrib-

uted toward the cere-

bral ganglion (Fig. 

5B). In the cerebral 

ganglion of young H. 

roretzi (1 year old), 

there are numerous 

GnRH neurons in 

the vicinity of the 

visceral nerve base 

or at the site where 

the dorsal strand 

comes close to the 

cerebral ganglion. 

The dorsal strand 

always runs along 

the visceral nerve 

(Figs. 2, 3) within the 

blood sinus. There 

are only a few cell 

bodies of GnRH neu-

rons in the distal 

regions of the dorsal 

strand. The GnRH 

neurons around the 

dorsal strand are bi- 

or multi-polar, and 

lack sensory cilia and 

processes.

Origin of dorsal strand epithelial cells

GnRH neurons and fibers contain granules that are 

about 200–300 nm in diameter. Immunostaining with anti-

GnRH antibody heavily labeled these granules, revealing 

GnRH condensation in them (Fig. 6A, B). The central 

invagination of undifferentiated cells at the placode suggests 

that a decrease in epithelial cell number, due to delamina-

tion from the dorsal strand epithelium, induces cell prolifer-

ation at the placode. Bilateral evagination of the placode into 

the neural gland lumen also suggests that cell proliferation 

takes place at the placode (Figs. 2, 3). Here, the single 

columnar epithelium becomes loose and multilayered, 

mono-nucleate cells become bi-nucleate, and detached 

cells lacking a basement membrane may migrate into the 

lumen (Ogawa et al., 1985). Thus, the entire neural gland, 

except for the dorsal strand placode, consists of bi-nucleate 

cells (Ogawa et al., 1985), which may originate in the 

periphery of the dorsal strand placode where mono-nucleate 

cells become bi-nucleate. Cell division is thought to have 

ceased in these bi-nucleate cells (Ogawa et al., 1985). In 

contrast, cells of the dorsal strand epithelium are likely to 

originate from the center of the placode by continuous 

invagination (Figs. 2, 3).

DISCUSSION

Occurrence of GnRH neurons among ascidians

Obvious differences in the occurrence of GnRH neurons 

exist among ascidians. The occurrence of GnRH neurons 

only in solitary ascidians (Mackie, 1995; Tsutsui et al., 1998; 

Terakado, 2001) is apparently related to external fertilization 

(oviparous) in these ascidians. In H. roretzi (order 

Pleurogona), gonoducts are on the surface of gonads that 

lie far from the dorsal strand, but GnRH nerve fibers whose 

cell bodies probably lie in the cerebral ganglion run just 

beneath the epithelium of the gonoducts. These fibers either

innervate the gonoducts or release GnRH into the blood 

sinus, where GnRH acts hormonally to cause spawning. The 

latter process occurs in mature Ciona during the breeding 

season (Terakado, 2001; Adams et al., 2003), when secre-

tory granules accumulate in the GnRH neurons and fibers in 

the dorsal strand (Terakado, 2001). Some visceral nerve 

fibers of Ciona (Mackie, 1995) and macular sensory neurons 

of Corella inflate (Mackie and Singla, 2004) are also GnRH 

immunoreactive, and send their axons to the cerebral 

ganglion through the visceral nerve. However, the GnRH in 

the sensory neurons of cupular organ in Corella inflate dif-

fers from the GnRH-like molecule found in the dorsal strand 

plexus (Mackie and Singla, 2004). Similarly, the visceral 

nerve fibers of H. roretzi are GnRH-immunoreactive (Fig. 3). 

It is possibile that their initial GnRH neurons are derived 

from cells that have accumulated GnRH mRNA during early 

embryonic stages (see Adams et al., 2003). During the 

breeding season, the number of secretory granules in vis-

ceral nerve fibers greatly increases (Fig. 6C).

In most colonial ascidians, on the other hand, fertiliza-

tion is internal (ovoviviparous or viviparous) and occurs with 

Fig. 6. Immunoelectron and electron micrographs of GnRH neurons. (A) Ultrathin section of part of a cell body, 

stained with anti-salmon GnRH antiserum. Immunogold particles are localized in secretory granules. (B) Neurite 

of a GnRH neuron, also containing immunoreactive granules, similar in size to those in (A). (C) The number of 

secretory (GnRH containing) granules in visceral nerve fibers (vn) increases greatly during the breeding season 

(compare vn with the visceral nerve fibers in Fig. 5A, which was from material collected in the non-breeding 

season). Scale bars: 500 nm (A, B), 1 μm (C).
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a small number of eggs and embryos. No GnRH neurons 

are known to exist around the oviduct of colonial ascidians, 

in which the dorsal strand or its homologous structure is 

poorly differentiated (Burighel et al., 1998). This structure

does, however, maintain the capacity for cell proliferation 

even into adulthood (Burighel et al., 1998; Koyama, 2002). 

Polyandrocarpa misakiensis is exceptionally oviparous 

among colonial ascidians and possesses a GnRH receptor, 

but no GnRH gene has yet been identified (Kobayashi et al., 

2005). Formation of the dorsal strand and the neural gland 

in the large solitary ascidian H. roretzi is shown schemati-

cally in Fig. 7. Other chordates, such as salps (Lacalli and 

Holland, 1998) and larvaceans (Bassham and Postlethwait, 

2005), have only a ciliated duct or funnel rather than a 

typical neural gland and a dorsal strand. Amphioxus lacks 

both an organ equivalent to the dorsal strand of ascidians 

and peripheral GnRH neurons (Nozaki and Gorbman, 1992), 

though the amphioxus genome contains GnRH receptors 

(Holland et al., 2008), and there are GnRH-immunoreactive 

cells in the central nervous system (Castro et al., 2006). 

Thus, it seems that among invertebrate chordates with an 

elaborate dorsal strand, peripheral GnRH neurons are 

conspicuous in solitary ascidians such as C. intestinalis and 

H. roretzi, presumably reflecting the superiority of sexual 

reproduction. On the other hand, the difficulty of detecting 

GnRH neurons associated with a peripheral origin may 

reflect the regression of the dorsal strand, or equivalent 

organ, in colonial ascidians, salps, larvaceans, and 

amphioxus.

Migration of GnRH neurons into the cerebral ganglion

Among invertebrate chordates, the large ascidian H. 

roretzi is unique in having GnRH neurons in the cerebral 

ganglion. The cell bodies of GnRH neurons localize around, 

but not within, the cerebral ganglion in C. intestinalis, sug-

gesting their peripheral origin and migration. Accumulation 

of GnRH neurons in the posterior-right side of the cerebral 

ganglion (Tsutsui et al., 1998) also suggests that GnRH 

neurons migrate onto the surface of the cerebral ganglion 

along the dorsal strand and/or the visceral nerve, because 

the dorsal strand and the visceral nerve run down from the 

posterior-right side of the neural gland and cerebral gan-

glion, respectively, as viewed from the dorsal side (Mackie, 

1995). In Ciona, GnRH axons within the cerebral ganglion 

and the visceral nerve apparently stem from GnRH cell bod-

ies in the dorsal strand plexus (Mackie, 1995; Bollner et al., 

1997). Collectively these results strongly suggest that all the 

GnRH neurons in the cerebral ganglion of H. roretzi may 

have migrated from the dorsal strand via the visceral nerve 

and connective tissue filaments surrounding the dorsal 

strand. The possibility that some GnRH neurons originate in 

the cerebral ganglion cannot, however, be excluded. Migra-

tion of GnRH neurons into the cerebral ganglion in H. roretzi

is very similar to the migration of vertebrate GnRH-1 neu-

rons, which originate in the olfactory placode and migrate 

along the vomeronasal nerves into the brain (Okubo et al., 

2006; Schwarting et al., 2007). Common features between 

ascidian and vertebrate GnRH neurons include their 

generation in a neurogenic placode, delamination from the 

peripheral organ, migration into the brain along a nerve, and 

critical participation in reproduction. These similarities 

indicate that these functions were acquired before the diver-

gence of urochordates and vertebrates. This is the first 

morphological evidence that the neurogenic placode is 

similar in urochordates and vertebrates, which is consistent 

with recent molecular phylogenetic analyses (Blair and 

Hedges, 2005; Delsuc et al., 2006; Putnam et al., 2008). 

Because cephalochordates, which are evolutionarily older 

than urochordates (Blair and Hedges, 2005; Delsuc et al., 

2006; Putnam et al., 2008), do not have regions of thickened 

ectoderm homologous to the dorsal strand placode of ascid-

ians or the cranial placodes of vertebrate (Schlosser, 2005), 

the first chordates may have lacked placodes (Moulemans 

and Bronner-Fraser, 2007). The present result in which the 

olfactory placode occurs solely in tunicates and vertebrates 

provides unequivocal support for the clade Olfactores (tuni-

cates+vertebrates) (Jefferies, 1991). There are GnRH 

receptors in the amphioxus genome (Putnam et al., 2008), 

and GnRH-immunoreactive cells in the central nervous 

system of amphioxus (Castro et al., 2006) may be identical 

to those in lampreys (Tobet et al., 1996) and some inverte-

brates (Zhang et al., 2008), with regard to developmental 

origin.

Homology to the vertebrate pituitary

The idea that the ascidian neural gland may be homol-

ogous to the vertebrate pituitary gland was proposed more 

than a century ago (Julin, 1881). This idea has recently 

received renewed attention based on the expression of Pitx,

a gene involved in the development of the adenohypophy-

sis, and embryological evidence for a common origin of the 

neural crest and placodes (Boorman and Shimeld, 2002; 

Christiaen et al., 2002; Mackie and Burighel, 2005; Manni et 

al., 2005), which suggests direct homology between the 

adenohypophysis of vertebrates and the ciliated duct of 

Fig. 7. Schematic drawing of dorsal strand formation and cell pro-

liferation at the placode in the large solitary ascidian Halocynthia 

roretzi. The dorsal strand (ds) is formed by invaginations at the cen-

ter of placode (dsp), due to cell proliferation in the placode. A 

decrease in cells by the delamination of pre-mature GnRH neurons 

and undifferentiated cells from the dorsal strand epithelium may 

induce subsequent cell proliferation in the placode. Alternatively, 

luminal cells of the neural gland (ng) may originate from both sides 

of the placode, where mono-nucleate cells become bi-nucleate and 

detach from the basement membrane of the epithelium. The arrow 

indicates the direction of growth during development of the dorsal 

strand after the delamination of cells from the epithelium.
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ascidians (Christiaen et al., 2002; Mackie and Burighel, 

2005; Manni et al., 2005; Mazet and Shimeld, 2005). How-

ever, the presence of a hypophysis in invertebrate chordates 

has not been generally accepted (Holland et al., 2008), 

because direct evidence, such as common genetic or 

molecular similarities with the vertebrate adenohypophyseal 

hormones, has not yet been obtained, though endocrine cells 

in the dorsal strand of H. roretzi show prolactin-like immuno-

reactivity (Terakado et al., 1997), adrenocorticotropin-like

immunoreactivity (Kawahara et al., 2002; Kawahara et al., 

2003), and gonadotropin-like immunoreactivity (Terakado 

and Ogawa, 1995). Further investigations are required to 

gain insight into pituitary evolution.

Contradictions between the expression of transcription 

factors and the generation of endocrine cells/GnRH neu-

rons

Among tunicates, ascidians (Boorman and Shimeld, 

2002; Christiaen et al., 2002) and larvaceans (Bassham and 

Postlethwait, 2005) express common transcription factors in 

the preoral ectoderm, but they do not generate endocrine 

cells or GnRH neurons in the ectoderm and its derived 

organs. The absence of a correlation between regions that 

express transcription factors for the GnRH system and 

regions that generate endocrine cells and GnRH neurons 

argues against the presence of adenohypophyseal and 

olfactory placodes in ascidians (Schlosser, 2005). This 

contradiction may, however, be explained by the absence of 

the full genetic network required for generating these sys-

tems or by regression from an already complete endocrine/

neuroendocrine system through gene loss. Although solitary 

and colonial ascidians belong to the same order, the regres-

sion of GnRH immunoreactivity in colonial ascidians may 

reflect degeneration of the dorsal strand, a consequence of 

the ascendance of asexual reproduction (colony formation).

Regression of the GnRH neuronal system may also be the 

result of strong downsizing, or vice versa, and it may have 

occurred after the urochordates diverged from vertebrates 

by adapting to various environments and the accompanying 

lifestyle alterations. The expression of certain common, 

fundamental transcription factors is, however, conserved in 

the preoral ectoderm/ciliated funnel (Boorman and Shimeld, 

2002; Christiaen et al., 2002), which is most compatible with 

the secondary regression of GnRH neurons in extant 

colonial ascidians. This would also indicate that colonial 

ascidians are derived from solitary ascidians, and not the 

reverse. In thaliaceans, another group of colonial tunicates, 

the GnRH-neuronal system may also have degenerated, 

and this group may have directly or indirectly originated from 

the exclusively sexually reproducing tunicates (solitary 

ascidians). This hypothesis is supported circumstantially by 

the fact that no deuterostomes except for the colonial tuni-

cates reproduce asexually. In summary, H. roretzi, a large, 

solitary ascidian, possesses structural and functional 

features very similar to those of vertebrates, including the 

formation of a neurogenic placode and migration of GnRH 

neurons into the cerebral ganglion. In colonial tunicates, the 

dorsal strand and GnRH neuronal system have regressed to 

various degrees, along with the ascendance of asexual 

reproduction. Thus, colonial tunicates may have originated 

from sexually reproducing tunicates (solitary ascidians), 

which possess a dorsal strand and its derived GnRH 

neurons.
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