
Acta Embryol. Morphol. Exper. I1.S., 12 (3), 259-279,1991 
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ABSTRACT. - Diflerent lines of research on inland cultures of B. schlosseri 
have been pursued in aU T labo ratory. Some of rhem are revicwed here. An under· 
standing of the colony as a physiological unit both in space and time was gained 
by studyi ng: a) ho\V a vascular network develops which connects rhe zooids of 
coex isting generalions, those of each generation being al rhe sa me stagc, so that 
protogyny suRices to prevent selfing; b) rhe rela lionships between succeeding 
blastogenic generations as expressed by the graduaJ auainment of sexual maturity, 
and lhe transfer of male and female germ cells from one generation lO those 
following ; cl the ability of the colony to regulate the number of buds per zooid 
\Virilin the generations, and the number of coexist ing generations, according to 
naturalJy or experimentally ahered environmental conditions; d ) the transm ission 
through generations of epigenetic characrers like the experi mentally induced reversal 
of situs viscerum. 

Developmenr and differentiation o f the heart in the blastozooids , the steps 
in rheir regression and the cells involved in their resorption, at the change o f 
generation, ha ve been inves tigated . The intest inal epithel ium differentiares into 
various celI types which have been characrerized by thei r uhrastrucrure and their 
role in the ex tra- and inrracellula r food digestion and absorption. A comparative 
study of the intercell ular ju ncrions in the alimentary tract of different species has 
shown the constant presence of tighr and gap junctions and the absence of septate 
junctions, while scalariform junctions and zOl1ulae adhaerentes were also at times 
recognized . Special attention has been paid to speciali zation of the ciliated stigmatal 
cells, which probably influences the metachronal coordination of ci liary beating. 

The blood celi types of B. sch/osseri have been characterized and the polychro­
matism in which rhey are involved has been gencticaIJy analyzed. The ovoviviparity 
of this species has been compared with rhar of two other species as regards egg 
enve!opes, ovulation , egg retenrion in the atrial wall in Botryllus and Botrylloides 
and egg segregar.ion wirhin the tunic in Diplosoma. 

The genetic analysis of histocomparibil ity has shown thar , unJike B. primigenus, 



260 A. SA13BADI N, P. BURIGHEL and G. ZAN IOLO 

in B. schlasseri selfing and intercrossing of identical genotypes are feasiblc and 
segrega tion distortions in the progeny from compatible colonies are rather unusual. 

Key words: Sexual ond asexual reproduclioll . Membrane speciali1.otion. Histo­
compalibility. Ascidians. Botryllus schlosseri . 

INTRODUCrlON 

Many years ago, one of the au thors (A.S.), with prev ious ex perience of 
sexual differentiation and experimental sex inversion in vertebrates, thought 
that it wou ld have been of some interest to in vestigate such ptoblems as the 
re1ationships between somatic and germ lines and between asexual and sex ual 
reproduction, as \';e ll as germ celi differentiation into male or female ele­
ments , in the hermaphroditic colonial protochordates. 

Once inland cu ltures of the colonial ascidian Botrylllls scblosseri were 
established (SABBADIN, 1955a ; 1960) anel maintained, the above-mentioned 
and other Iines of rescarch were pursueel by the senior author nnd his co­
workers. Some of them will be reviewed in this paper. 

THE COLON IAL STRUCTURE OF BOTRYLLUS SCHLOSSER I 

The colonies of the almost cosmop::>!itan ascidian BotryUus schlosseri 
are clones , engendered by metam:lrphosing larvae , whose development has 
been studi ed , among others, by BERRILL (194 1a, b) and WATTERSON (1945 ). 
Thcy consist of tb/'cc sequential gellc;'otioltS of zooids: the adults with pri­
mary , grown buds, which in turn bear secondary, junior bucllets (Fig. 1). 
Buds arise as bilateral evaginations of the parental atrial epithelium coated 
by epidermis, and remain connecred to the parenrs by an epidermic hollow 

Plnte I 

Figs. 1,2,4.5. - B. schlosseri iII vivo. 
Fig. J. - Young colony from the ventral side: adu lr zooids (az), primary (pb) and se::ondary (sb) 
buds w ilhin ,he funic , thc first rwo genenltions linked through radiai vessels (rv ) ro lhe peripheml 
marginai vessel (mv ). from which a crown of ampullae (a) branch out. (X 20) 
Fig. 2 . - Anterior and posterior buds , with the ir budlcts , connected IO the same parenwl zooid 
by a ho llow peduncJe (arrowheads) and lO the marginai vcssel (rnv ) by radiai vcsse1s (Rrrows). 
(x 70) 
Fig. ) . - A vasculnr budlet is forming within a vessel in a hibernat ing colony of fJotrylloides 
leachi. H:lcmalum·eos in. (x 240) 
Fig. 4 . - An isolated bud has formed ilS own vascular nClwork. ( X -IO) 
Figs. 5 and 6. - One of the budlets isolated \Vithin the colonia! m:mix at the vesicJc stage 
(Fig. 5), in thc coursc of dilferentiation (Fig. 6). Fig . 5 (x 30). Fig. 6 (X 40) 
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stalk that conveys blood and nutrien ts. The three coexlstIng generations 
are strict1y correl ated throughout the stages of their life cyc1es. At 18uC a 
weekly change of generation takes piace: the adu lts regress and are resor-
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bed , replaced by their buds which gain functional maturity , while the budlets 
give rise to a new generation (SABBADIN, 1955a). 

The zooids are arranged in star-shapcd systems, the individuai atri al 
siphons opening into a common cloaca. They are embedded within the 
gelatinous tunic crossed by a vascular network , that joins a marginai vessel 
from which stalked ampullac bmnch out (Fig. I). These fasten the colon l' 
to the substrate and act as reservoirs of blood in whose circulation thel' share 
by rhythmic contractions. 

The development of the vascular sl'stem running across the tunic has 
been studied in our laboratory by BRUNETTI and BURICHEL (1969): eight 
ampullae, ventral co the branchia! basket of the larva, during metamorpho­
sis expand radiali l' and give rise to a marginai vessel by fusing their stalks. 
Each new zooid, while maintaining its connection with the parent through 
the epidermic stalk, joins the marginaI vessel through a radiai vessel. At the 
change of generation (the « takeover ») the epidermic stalks outlive the re­
sorbed adults and fuse into an interzooidic vascular network. When new 
systems of zooids are added, thc fusing radiai vessels of continguous zooids 
become intersystemic vessels. The colony, owing to this definite connection 
between its components, behaves like a physiologica! unit, as shown by the 
synchronous evolution of the zooids belonging to the sa me generation . 

ASEXUAL REPRODUCTION , AN EXPERIMENTAL ANilLYSIS 

In the zooids there is an asymmetry of the blastogenie powers of the 
two sides: the bud primordium on thc right side appears a little earlier than 
the left one and may subdivide into anterior and posterior buds (Fig. 2); the 
sinistra! primordium subdivision occurs subordinately CO the subdivision of 
the dextral primordium. 

In laborator)' conditions the posterior buds are often resorbed , those 
of the right side subordinately to those of the left ; resorption can also affect 
ali the anterior sinistra! buds and exccptionally some of the anterior dextral 
buds, so that the number of zooids does not increase or even decreases in 
some generations (Table I ). Competition between the coexisting generations 
may exceptionally adel to this intrageneration competition: ndults may re­
gress beforc the due time , when their buds connot l'et gain functional ma­
turity and the budlets have not )'et rcached the budding stage. Thus the 
number of coexisting generations is reduced to twO, as though the adult 
generation could only supply the nutrient needs of its bllds by being resor­
bed (SABBADIN , 1955a, b; 1958). 

These observations suggested an cxperimental analysis of blastogenesis. 
Starting from yOllng colonies consisting of thc oozooid, its dextral bud and 
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Tablc [ 

Thc blarlogenir powerr oj the two body rider expressed by the zooidr oj B. rchlosseri 
in the firrl 8 blar/ogenic generations (SA BBADlN , 1958) 

Bud posi tion No . of buds 
produced resorbed 

Dextrnl nnterior 339 57 (16.8%) 

Sinistral anterior 339 227 (67%) 

Dextral posterior 8 1 74 (91.3%) 

Sini stral postel'ior 14 14 (100%) 

budlets, the latter \Vere removed , except one, throughout a sequence of ge­
nerations, so that a single zooid per generntion was allowed to reach functio­
na l maturity. The number of new budlets, generated by the trented colonies 
was compared with that of the budlets genernted in the control series by the 
anterior dextral buds, which are the most prod uctive. The experiment sho­
wed that in treated colonies the percentage of posterior budJets doubled, and 
much fewer of them regressed before being removed , that is the blastogenic 
powers were enhanced and the dilIerences between the two body sides greatly 
reduced (Table II ). Besides, the treated zooids gained significan t!y greater si,e 
and their adult phase lengthened in time so that four, or even five, genera­
tions cou ld come to coexist in the colony instead of the usual three genera­
tions. This confirmed thc competition between generations. 

T.ble Il 

Tbe blar /ogenic powers ojthe dextral bl/ds in the contro! set oj colonies al1d ojthe residuol buds 
in the experimelllal sei (SA 8BAOIN, 1958) 

SCI of 
buds posrerior buds 

colonies No. No. sinistral resorbed posto 

conrrols 323 17.6% 57 15.8% 7 1.9% 
experimenta l 5 14 37.3% 192 40. 1% 14.1 % 

It had been shown (OKA and WATANABE , 1957a; 1959) that c1usters 
of stem cells hom the blood li ne cnn tnke on the function of buds in diffe­
rent botryllid species. Th is vascular budding, that in Botryllus primigenus 
associates spontaneously to the palleal budding and in Botrylloides leachi 
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occurs in hibernating colonies , as shown in our laboratory by BURIGHEL el 
al. (1976) (Fig. 3), necessitates the remava I of ali the zooids in B. schlossert 
(Milkman, 1967): vascula r buds then appear that are able to restore the 
colonial structure (Fig. 4) ($ABBAD IN el al., 1975). 

It may be conduded that B. schlasseri colonies are highly homeostatic 
systems thal can withstand a range of diverse env ironmental cond itions by 
adjusting the number of zooids per generation and the number of coexisting 
generations, and by raiving the vascu lar budding. 

Oozooids bring to maturity only the dextral bud, the development of 
the sin istral bud being stopped at a stage preceding organogenes is. We obser­
ved that the removal of the dextral bud dose lO the time of colonial takeover 
causes the atroph ic sin istra! bud lO resume development; however its con­
gestion with the resarption products of the adu lt sometimes disturbes the 
course of orga nogenes is, with the pass ible consequence being the inversion 
of silus viscerum: the heart becomes positioned on the left side and the 
gut on the right. Once installed in the colony this anoma!y is transmitted lO 

the buds from generation lO generation and involves also the inversion of the 
blastogenic powers, the left side becoming more productive than the right 
side (SABBADIN, 1958; 1960). 

The following experiments \Vere devised in order lO study this pheno­
menon more dosely (Figs. 4-6): a) young buds were isolated in the tunic, 
before organogenesis began, by removing the other zooids, and ,-,ere usee! 
as controls (Figs. 5 ane! 6); b) other buds at the same stage were grafree! from 
colonies with normal situs into colonies w ith inverted situs viscerum and vice 
versa; c) the development of vascular buds was induced in colonies of either 
type of silus viscerum. 

It resulted that the buds . Iways developed the situs visce/'U1I2 of the 
parental colony. We suggested that the bilateral asymmetry is prederermi­
ned ancl impressed on the palleal buds by the enveloping parenta! epidermis 
and on the vascular buds by the vessel wall, an epie!ermic derivative, fre m 
\Vhich thei r primordia are envelopecl. As for the antero-posterior polarity, it 
seemee! to be conditioned by vascularization , the entrance point of the tunic 
ves sei that reachee! the isolatecl or grafrecl bucls, or the point of the tunic 
vessel from which the vascu lar buds projected, becoming the posterior ene! 
of the ne\V zooid ($ABBADIN el al., 1975). 

Buds connectd to the vascular net\Vork of the !Unic through their 
raclial vessel can outlive the removal of the parents. If also the radiai vessels 
are removecl, most bucls regress; but • re\V can survive ancl clevelop a new 
ex tracorporeal vascu!a r system which eventua ll y allows reconstruction of 
the colonies (Fig. 4). That is , blastozooicls can unclertake a task that in norma! 
development of the colony is carried aut by oozooicls , whose senetic comple­
ment they share (ZAN IOLO et al ., 1976 ). 
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BLASTOZOOID DlFFERENTIATION AND RESORPTlON 

Blastozooid development commences from the l'alleai bud primordium, 
a thickening of the parental atrial epithelium covered by the epidermis, which 
then arches into a prominent emisphere and eventually into a double-walled 
veside. Folds of the inner \Vali cause the cavity to subdivide into a centrai 
pharyngeal and two peribranchial chambers . A posterior evagination of the 
pharyngeal chamber gives rise to the intes' inal tract (BERRILL, 1941 a; Bu­
RIGHEL , 1970 ). 

W/e focused attention on: a) ,hfferentiation of the heart and vascular 
system; b) differentiation and functions of the alimentary tract epithelium ; 
c) blastozooid resorption at the generation change. 

H eart and vascular system (BURIGHEL , 197 9; NUNZI et al., 1979 ). 
The heart primordium, which in the larva results from a congregation of 
mesenchymal cells di scending from the sides of the brancial chamber , in the 
blastozooid first appears as a compact mass of cell s on the right side of the 
atrial chamber between the rudiments of the endostyle and gut (Fig. 12 ). 
Thi s mass then hollo\Vs and the resulting veside elogantes to give a rubular 
monolayered structure; its wall invaginates along a dorsolateral line forming 
an inner veside, the myocardium, that remains attached to the enveloping 
pericardium. In the cells of the myocardium , myofibril s develop which recall 
the larval tail musculature in the striatioo type and filament orientation 
characteristic of the chordates (BURIGHEL et al., 1977; SCHIAFFINO et al ., 
1976). 

The bud is already vascularized from its early stages through the pa­
rental epidermic stalk. Though blood circulation QCcurs in lacunae and sinu­
ses without a sharply delimited endotheli al \Vali , it follo\Vs a \Veli defined 
pattern induding the mantle sinuses - intersiphonal , lateral and peria­
trial - the dOl·sal and interstigmatic branchial sinuses, and the perivi sceral 
lacunae, the three sections being interconnected by the main subendostylar 
sinus in prosecu tion of the heart (BURIGHEL and BRUNETTI, 197 1). 

Alimentary traet (Fig. 7). Hi stological, electron microscopical and cyto­
chemical investig:.l tions ha ve prov ided a comprehensivc v iew of the alimcn­
tary tract development, celi type differentiation and functions (BUR IGHEL, 
1970; BURIGHEL and MILANESI , 1973; 1975 ; 1977). The cil iary beating of 
mucous cells replaces the missing peri stalsis in making the food cord pro­
gress; extracellular digestion in the stomach, carri ed out by zymogenic cells, 
is backed by intracellulnr digestion in tbe main type of gastric and intestinal 
cells, the vacuolated celio, which, besides absorbing the digested material, are 
also able to ingest, in endocytotic ves id es, and then digest macromolecu les , 
as shown by using horseradish perox idase (HRP) as a tracer (Fig. 8) (Bu­
RIGHEL , 1979b). A possible regulatory funct ion, which in vertebrates is 
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Fig. 7. - Schema tic drawing of a 
B. sch/orserì zooid seen from the left 
side. aa : 3trial aperture; b : branchiaJ 
sac; bs : blood spaccj en : endo3tylc; 
i: intes ti ne; oc : oesophagus; 03 : oral 
siphonj pc : pcribranchial cavilYi pg: 

pyloric gland j s: stigma; 5t : stomach; 
t : (Unic. 

devolved to differen t organs, seems to pertain to endocrine ccils scatte red 
in the gu t epithelium, and to plicated cells, so-called becauoe of the enor· 
mously extended plasmalemma infoldings ; for these las t cells the demonstra­
lion of scalariform junctions, typical of cells involved in acti ve transport of 
ions .nd / or liquid , has conlirmed the prev iously suggestd osmoregubtive 
function (BURIGHEL el al., 1985a). 

In order to get a better insight into the celi interactions in the alimcn­
tary tract , the inte rcell ular junctions were studied comparatively in diffe­
renr genera and specics (Figs. 9-11) . Gap junctions, allowing controlled inter­
cell ular commu:1ication , tight junct ions, acting as permeability barriers, but 
no septate junctions were found in ali the species cxami ned (LANE cl al., 
1986). Extended tight junctions were also ob~erved in the branchial basket 
between the ciliatd stigma tal cells involved in 5trong mechanical stress, 
thus giving evidence of an adhesive function of these junctions. In the 
AplOl.:sobranchiata anel Phlcbobranehiata, stigmatal cells are al so connected 
by zOllulae ad/;aercnles which seem to be lacking in the Stolidobranchiarn 
(MARTtNuCC I el al., 1988b). 

Plate 11 
Fig . 8. - Electronmicrograph of gasrric cells of B. sch/osser; [en minutes after feeding the zooids 
on BRP. Thc dark reaction product of HRP is sccn in pyno...."'Ytotie invaginations and vesicles at 
che apica l region of vacuolated cells. l e is obsent in the contiguous zymogenic eells where several 
seeretory granules are recogn izable . For the cxperimental procedure scc BURIGIIEL , 1979. (X 10,5(0) 
Fig. 9. - Scction through Il tight junetion of the gastrie epi thelium of B. sch/asseri. L: lumen. 
(x 92 ,000) 
Figs. 10 olld 11 . - Replicas of the alimentary tract of Clove/ùw (Fig. IO) and Lissoclinum 
(Fig. 11) . In Figure l O the light junct ion features a ne t\Vork of lMPs fracturing on P-face (PF) 
of the membrane and occasionalt y on the E-facc ( EF) grooves. In Figure 11 the numerous 
round gap junctions are seen IO fracture IMPs on the P·face (PF) and correspondent pits on 
thc E·facc (EF). Fig. IO (X 46,000). Fig. Il (X 40 ,000) 
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Each stigma in ali the ascidian species is a modul ar st ructure conslstmg 
of sevcn rows of Aattened cells, each one \V ith a single row of cilia beating 
in metachronal coordination (DAL LA! et al., 1985; MARTI NUCC I et al., 
1987; BURIGHEL el al., 1988). In the stigmatal cell s the basai ciliary shaft 
presents a dense materi al Iying between the ciliary membrane and the axo­
nemal doublets, fu zzy coat, and c1 usters of in tramembrane particles (I MPs) 
on the protoplasmic P-face of the membrane. These specializations sugges t 
a regulatory role in ciliary bea ting (BURIGHEL et al., 1986; MART INUCC I et 
al., 1991). 

Blastozooid resorptiotl. In the colonies at the takeover phose the adult 
zooids d ose their siphons with cessa tion o f the fiJtering activi ty, and contract 
following the acti vation of the cytoplasmic microfil aments. Their ti ssues then 
begin IO degenerate while ci rcul ati ng and 6xed phagocytes are act ivated . 
Ti ssue debri s and ent ire cells are attacked and di sposed of by fixed and 
circu lating phagocy tes (BUR IGHEL and SCHIAVI NATO, 1984), resembli ng what 
happens IO the larval tail d uring metamo rphos is (SCHI A FFINO et al., 1974). 

A STUDY or SEXUAL REPRODUcrlON 

In grown colonies bil ateral gonad primordia appear in the youngest 
generation as c1 umps of undi fferemiated cell s adhering IO the atri al epitheli um 
(Fig. 12). Their laterol portion becomes an ovary, whose differentiation is 
completed in the primary buds, in the form of a loose structure with oocytes 
of di flerent size and stage. The mature oocytes are ovu lated and after pas-

Piace III 
Figs. 12-16. - B. sch/osseri. 
Fig. 12. - Transvcrse sect ioo of a young bud at (he beginning of inner \Vali infolding. 00 both 
sides, gonad primordia ndhcre [O the prcsumptive atrial cpithelium. Hean anlage (arrowheads) 
is located berwecn epidermis (cp) nod the endostyle (en). Haemalum-cosin. (X 350) 
Fig . 13. - Thc empty ves icular oviduct (ov) intcrposed betwcen, nnd dosely contacting, the 
large oocyte nod the atrial epi thel ium (al ). Tolu idinc blue. (X 230) 
Fig. 14. - Immcdiu lely aher ovu lat ion, the cgg is held in the atrial chamber by means of a 
cup.like 'placenta' whose limi ts are indicarcd by arrows. The remnant o f the outcr fo llicIe 
ce lls forms the corpus lu teum (CL) in the man tle. Toluid inc Blue. (X 230) 
Fig. 15. - Electronmicrograph showing deta ils of un oocyte during vitellogcncsis. Numcrolls 
microvilbr cxrensions are seen to penetrate the vitcll ine coa t (Ve). Te: test celi ; IFC: inner 
fo ll icIe cells; OFC: outcr foll icle cells. (x 6,200) 
Fig. 16. - Sagi ttal section of a sperma tid of B. schlosseri passing along the fusiform dense 
nucleus. The mitochondrion is not shown. (X 35,000) 
Fig. 17. - DiploJ011IQ lirleriontlwl. Transverse scctions of spermatozoa al various levels. Sections 
of the main components of the head are rccognizable: the dense groove (arrows ), the long 
mitochondrion ( mi ) associated wi th the dense nucleus , and the endoplasmic derivatives (ar­
rowheads). (x !3,OOO) 
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sing tbrough the oviduct , are kept in a newIy formed brood pouch on the 
wall of the atri al cavity, \Vhere they are ferti Iized when the opening of the 
siphons allo\Vs the entry of sperm. The mediaI portion of the gonad primor­
dia differentiates into a testis , in the gro\Vn buds, in the form of a coherent 
structu re which reaches maturity in the adults and discharges the sperm 
one to t\Vo days after ovulation, thus avoiding sel/ing (MILKMAN, 1967 ; 
SABBADI N and LANIOLO, 1979). 

The gonadogenic po\Vers , Iike the blastogenic powers, vary in the zooids 
according [O thejr dextral or sinistral , anterior or posterior origin , but , at 
variance with them, they are signi/icantly higher on the Ieft side of the body 
ns regards the presence, size nnd maturnbility of testes, and the number of 
eggs and of developing embryos. The opposi te condition occurs in the co­
lonies with the bil ateral asymmetry of viscern reversed (SA BBADIN, 1960; 
SABBADIN and ZAN IOLO, 1979). 

Gonads are not present in the oozooids, nor in the first blnstogenic ge­
nerations. Some generations follow in which the gonad primordia do not 
differentiate or the oocytes do not complete vitellogenesis and testes disappear 
before ripening (SABBADIN and ZAN IOLO, 1979). 

It has long been known from in vivo observations that the loose structu ­
re of the ovaries allo\Vs the indi viduaI cocytes lO be captured by the blood 
stream and conveyed to o ther zooids. Their recycling through successive ge­
nerations has been considered by some authors lO be a necessary condition 
for their maturation. Nothing was known about a possible recycling of male 
elements . 

An experimental analysis of germ cell fate in the colonial cycle was 
devised (SA BBADIN and ZANIOLO, 1979): we prepared a series of parabiotic 
pai r fus ions bet\Veen colonies of the opposi te genotypes AAbb and oaBB, 
with reference lO the dominant and recessive alleles of two pigmentation 
characters (SABBADIN and GRAZIANI , 1967a). After being fused for so­
me days the two partners of each pair \Vere separated and individually 
crossed with the double recessive genotype oabb for many successive gene­
rations . Oflspring phenotypically aB, from AAbb parents, and phenotypi­
cally Ab, from aaBB parents, were considered to have arisen from germ 
cell s received from the partner during the fusion period o In 16 out of 25 
crosses, in which ex-parabionts were used as males, and in 15 ou t of 28 crosses , 
in which they \Vere used as fema les, part of the oflspring \Vere heterochto­
nous offspring resulting from germ cells exchanged during parabiosis (Table 
III ). H e terochtonous offsl.'ring were stili collected at the 14th and 15th ge­
neration starting from the younges t of the generations coexisting in the co­
lonies when fusion was interrupted. In some cases the entire oflspring from 
certain generations \Vere heterochtonous. These results suggest , in addition 
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Tablc 111 

Ex-parabioltts, genotypically AAbb and anSB, individually crorsed ;11 the dotlble way with 
culonies aabb, give high percenlages 01 heterochthonous oOsprùzg phenotypica"y aB and Ab~ 

respeclively (SABBADIN and ZANIOLO, 1979) 

()ff~prin~ 
Parcntal genotypes No. of crosses total heterochth . 

2 AAbb X 03 nabb 16 244 (aB) J6 
2 anSB X 03 aobb 12 266 (Ab) 105 

510 141 (27.6%) 

03 AAbb X 2 aabb 15 478 (aB) 188 
03 aaBB X 9 aabb IO 492 (Ab) 185 

970 J7J (J8.4%) 

to the circulation of oocytes, a circulation of already determined primordial 
germ cells that will evolve into gametes of either sex. 

Some conc!usions can be drawil about the reproduction of Botryllus 
colonies. These are genetic individuals whose successive blastogenic genera­
tions, while eoch performing a total ontogenesis, must be considered as phy­
siological stages, some of them able to bring to on end what previous gene­
rations dici ne t succed in doin!), as, for instance, germ celi production and/or 
maturation. Colonies tend to perperuate their o\Vn genotype through se­
guenti.1 sexual cycles. Besides, the colonial matrix is also oble to memorize 
and transmit epigenet.ic cxpcriences, sue:1 as the reversed situs viscerum. 

COMPARATIVE ASPECTS OF 1l-IE SEXUAL REPRODUCTION 

B. sch/oHeri is ovoviviparous, I;ke most colonial ascidians, wilh eggs of 
brge size enveloped by .n outer and inner layer of follicle cells , which a 
loosely fibrillar vitelline coat isolates from the test cells encrusted on the egg 
surface (Figs . 13 , 15). Unlike solitary ascidians of this species, as \Veli as 
other colonial ascidians \Ve studi ed (Botrylloides /encbi and Diplosoma liste­
rianum), the outer follicle cells form a thick layer and their ultrastructural 
features are consistent with intense protein synthesis. They are discharged at 
ovulation to form a sort of transient corpus luteum (Fig. 14). In B. scblosseri 
the egg, enveJoped by the inner follicle , enters • vesicular oviduct, forces 
the atrial epitheJium reaching the atrial chamber, in which it hangs by a 
cuplike structure, formcd by the atrial and oviductal epithelia and the inner 
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follicle (Fig. 14) ZAN IOLO et al., 1987); in Botryllodies leachi, on the other 
hand , the atri al epitheli um segregates the egg withi n a brood pouch (ZA­

NIOLO el al., 1990). In both species fertiliza tion occurs in the water filling 
the atrial chamber and therefore it may be referred to as cxternal fert ili ­
zation. 

On the contrary, in Diplosoma lisleriollum the growing oocytes srrech 
the ovarian wall into a hollow peduncle thus projecting into the tun ic wirhin 
an epidermic sac (BUR IGHEL et al ., 1987). Here rhe eggs are reached by 
sperm entering the ovary through a short oviduct communicating wirh the 
atrial chamber; in thi s species, at variance with botrylJids , ~perm sho\V a COffi­

plex structu re, possibly related to rhis internai fertilization (Figs. 16 and 17 ) 
(BUR IGHEL el al., 1982; 1985b). The fe rtilized eggs develop wirhin the tunic , 
surrounded only by the epidermis (MAIlTINUCC I el . al. , 1988a). 

Ir is known that test cell s play a debarable role. We ha ve studied their 
differentiation during oogenesis and embryogenesis in BOlryllus (ZANIOLO el 
ai., 1989). Test cell s appea r in the previ tell ogen ic stage as derivatives from 
the primary follicle cel ls; during vitellogenesis, they show a well developed 
Golgi apporatus composed of a large number of elongared cisternae , and an 
increasing number of e1ectrondense granu les form in the cytoplasm. Afrer 
fertilization, they loose progressively their homogeneity and density; in the 
embryo at the tail bud stage many of them are released from the cel ls and 
are observed to adhere to the outer border of the tunic primordium, apparenrly 
contributing rhe electron-dense materiol which forms its cuticular layer. In 
the lare tadpole srage, shortly before hatching, test cells wirh litrle or no 
granules are observable outside the tunic. 

T.ble IV 

Normal or reversed si/lis visceTum (S. V .) exprcssed by Irea/ed bl/d/els accordi"g 
lo the paternal situI visceru", (SA onAOIN el al., 1975) 

S.V. of buds 
Bucllet rype Parcntal S.V. normal rcverscd 

isolnted normal 106 
rcversed 82 

transplantcd donor & recipicnt 
reverscd 22 
donor normal , 
recipient rcvcrscd 5 

vascu lar norma! 33 I 
reversed 15 
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T,ble V 

G enelic onolysis 01 hislocompalibilit)' belweel1 colonies oj B. schlosscri (SABBADIN et 01., 1992) 

Parental genotypes No. of crosses Offspring genotypes 

AB X CD Il AC AD BC BD 

64 57 68 63 

AC X BC 9 AB AD CB CD 

62 60 68 50 

AB X BD 9 AB AD BB BD 

82 78 73 84 

AB X AB 4 AA AB BB 

30 79 32 

AA X BD 6 AB AD 

88 ~ 1 

BB X BD 16 BB BD 

190 193 

AA X AA IO AA 

186 

BLOOD CELL U NE AND CHROMATIC POLYMORPHI SM 

In the blood plasma of ascidians therc are diflerent celi types that we 
have characterized in B. schlosseri by light anel electron microscopical studies 
Figs. 18-21) (SABBADIN, 1955b; MILANESI and BURIGHEL, 1978; BURIGHEL 
el al., 19 ~3) . They co n be derived from a Iymphocyte-like stem celi in the 
embryonic mesenchyme, which in this species gives rise lO two series of 
hemocytes: (a) micro-and macrogranular granu!ocytes, signet ring cells as 
phagocytes , compartment cells , morul. cells and nephrocytes represcnt • series 
of constant elements, while (b) there are v.cuolated pigmented cells - Ol'ange, 
blue and reddish cells - whose presence/ . bsence is genetically determined 
by three Mendelian independent gene loci. Two other loci ha ve been found 
lO control the distribution of nephrocytes .round .nd between the siphons 
. ccording lO defined pattems. The various combinations of these characters 
give rise to . n al'row of coloul' morphs (SABBADIN, 1959; SABBADIN .nd 
GRAZ IANI, 1967a), diflering in both geogl'aphical and ecological distl'ibution 
(SABBADIN and G RAZIA NI, 1967b; SABBADIN, 1978), which have proved 
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useful as markers in certain experimellts (SA BBADIN, 1971 ; SABBADIN and 
ZANIOLO , ] 979). 

J-I ISTOCOMPATIBI LlTY 

Many species of colon ial ascidians are known for cheir « colony speci­
Mcicy »: broughc in eo conCacc chey eicher show a compacibility ex pressed by 
fusion of the tunics and anastomosis of the vascu lar systerns ) or an incompati­
bilùy expressed by a « nonfusion reaccion », often in che form of L·eieccion 
encailing cissue necrosis (Figs. 22-24) (see TANEDA el 01., 1985 for a rev iew). 
In BOlryllus, fusion or reieccion occurs sponeaneously whenever the periphe­
ral vaseular ampulJae of cwo facing colonies come in eo conenct. OKA and 
W ATANABE (19 57b; 1960 ) showed chac in BOlryllus primigenus fusion and 
reieccion are concrolled by a polymorphic gene locll s wich many codominanrly 
ex pressed alle les: fu sion OCCllrs when even a single alle le is shared: four 
c1asses of offspring wich 75% fu sibili cy - AC, AD, BC, and BD - are 
obcained by crossing cwo incompacible colonies, AB and CD. We have showLl 
chac che same holcls Crue far B. schlosseri (SABBADL N, 1962; 1982). No 
selfing occu rs in B. primigenus and moreover sperm shar ing cheir allele wich 
che egg e nvelopes are scerile: che dOllble-way cross between F, BC ancl BD 
colonies yields F, offspring only segregacing in eo cwo c1asses - BC, CD and 
BD, CD respectively. The refore in this species ali che colonies are heterozy­
gous at the fusibiticy locus. 

Things are differene wich B. schlosseri, in which even selfing, normally 
prevented by proeogyny, can be made possib!e by crossing pieces of che 
sa me colony at differene sexual ocages (SABBADL N, 1971). Therefore , in thi s 

PhHC IV 

Figs. 18-24. - D. sch/osseri. 
Fig. 18. - Among the diffcrent blood ccII types, hemoblasr (h), granulocytcs (gl. morula cells (m) 
and phagocy lcs (l'h ) are recognizablc . Toluidine Blue. (X 1,000) 
Figs. 19-21 . - Electronrnicrographs. The phagocytc in Figure 19 is characterized by irs gian l 
vacuole fi lled with hcterogeneous material , whereas [he microgranular granulocyte of Figure 20 
shows numerolls small , dense and rOllnd mcmbrane·bound granllies. l n Figure 2 1 detail of a 
pigmented cell . Thc granules contai ncd in the large vaclloles correspond te the iII vivo « rcddish­
blue» granules whose genet ic detcrm in ism has been cldincd. N : nucleus. Fi g. 19 ( X 10,500) . 
Fig. 20 (X 9,000). Fig. 21 (X 16,000) 
Fig. 22. - Chimera derivcd from lhe fusjon of two diffcrently pigmenlcd colonies . ( X IO) 
Fig. 23. - Necrotic spots al che contact are::l belween two incompatible colonies. (X 12) 
Fig. 24. - A blood cc II mass has crossecl the am pull ar epilheliu lll al the contact area (nrrowheads) 
between twO incomp::l tible colon ics. (X 420) 
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species the genetic analysis of fusibi lity does not sufIer from the restrIctlons 
met in B. primigenus: homozygous coloni es have been obtained from our 
crosses (SAB BAD1N, 1982) and homozygous li nes are maintained in our cultures , 
although a segregation distortion due to sperm sharing their allele with egg 
envelopes does occas ionally occu r (SABBAD1N, 1989 ; SABBAD1N et ai ., 1992 ). 

Colonies d ifIering in one allele and separated after having been fu sed 
fo r some time show an alterat ion of their o riginai fu sibili ty (SABBADIN and 
ASTO RR1, 1988 ), thus confir ming the role of the blood in fusibility control, 
prev iously demonst rated in B . primigenus by various approaches (TANEDA et 
al., J 985 ). 

A compari son be tween fu sioni nonfusion and gra ft retentionl rejection 
must be made. I n Botryllus we ha ve show n that ea rl y buds t ransplanted 
fro m a colony in the tunic of another colony can be vascularized and can 
complete thei r dcvelopment only if the t\Vo colon ies are fusible (SABBADIN, 
1982). Allograft rejection of pieces of tunic has been studied in soli tary 
ascidi ans (REDDY et al ., 1975 ; RAFTOS et al ., 1987 a, b ). It proved to be a 
chronic reaction taki ng several weeks, whereas the nonfusiol1 reaction in 
Botryllus is an acute reaction usually accompli shed wi th in a couple of days. 

I t has been shown that the responsibili ty for the recognition and di ­
struction of allogeneic tissue in the graft experiments perta ins to Iymphocyte­
like cell s . Indi rect evidence of the intervention of these same cells in the 
nonfusion reaction is given by the delay of the reaction il1 X- irradi ated B. 
primigenus colonies (TANEDA and W ATANABE, 1982), although the bulk of 
the necrotic material is represented pri ncipall y by morula cell s that have infil­
trated from the opposi te ampu llae. Further experimental work is needed in 
order to elucidate the genetical and cytological relationships between these 
t\Vo types of histoincompatibili ty. 

Presenl addrers a/ ,he AtI/horr . - DipartimenlO di Biologia, V ia Trieste 75, 35 121 Padova, 
lraly. 
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