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Summary
Colonies of the urochordateBotryllus schlosserimay  Conversely, by using amplified fragment length
fuse upon contact if they share common alleles on the polymorphism (AFLP) and microsatellite alleles as
highly polymorphic fusibility/histocompatibility locus. polymorphic genetic markers, and seawater temperature

While, in these chimeras, one of the partners is usually
morphologically  eliminated (resorbed), circulating
totipotent cells of the inferior genotype on the resorption
phenomenon may parasitize either the soma or the germ
line of the winner. Here, we show an environmental split
of the two stem cell lineages that may develop germ cell
parasitism vs somatic cell cooperation. Each naturally

as the variable environmental factor, we documented that
the somatic constituent of chimeric zooids was shifted
from one genotype to another, in accordance with the
changes in seawater temperatures. This variable somatic
state of chimerism in the field may, thus, carry benefits to
the chimeral entity, which presents synergistically, at any
time, the best-fitted combination of its genetic components.

formed Botryllus chimera can be a composite of
component genotypes created through two unlinked
parasitic germ and somatic cell lineage interactions. The
germ line parasitism is inherited through a pedigree.

Key words: Botryllus chimerism, fusion-rejection, green-beard
allelism, stem cell.

Introduction

A typical colony of the urochordatotryllus schlosseris  (Rinkevich and Weissman, 1987a; Weissman et al., 1990;
composed of a few to hundreds of similar-size modulefinkevich et al., 1993). This phenomenon appears to be
(zooids) arranged in star-shaped structures (systemgenetically controlled by multi-level hierarchical organization
embedded in a semi-transparent gelatinous-like matrix, thef the Fu/HC and additional histocompatibility alleles
tunic. All zooids within a system and all systems within a(Rinkevich et al., 1993).
colony are interconnectedia a ramified vascular system, It has been suggested that the development of such a
ending in sausage-like termini of blood vessels in the&omplex, genetically based, self—nonself recognition system
peripheral colony zone. The colony can be split experimentallgmerged as an adaptation for weakening the threat of cell
or naturally to more than a single subclone. Each such subclotiseage competition and parasitism (Buss, 1982; Grosberg and
usually continues to thrive independently, forming a largeQuinn, 1986), a possible scenario resulting from natural
independent colony. fusions in the wild (Ben-Shlomo et al., 2001). However, by

Colonies and subclones grow by lateral expansion on thesing polymorphic microsatellite markers, recent studies
substrate. When different colonies meet their periphergPancer et al., 1995; Stoner et al., 1999) have demonstrated
ampullae under natural or laboratory conditions, they maghat, even after complete morphological resorption of one
anastomose to form a vascular parabiont (cytomicticgbartner in an anastomosed entity, the blood, the soma and the
chimera; Rinkevich and Weissman, 1987a). This occurs if thegerm cells of the ‘winner’ partner are, in many cases, chimeric,
share one or both alleles on a highly polymorphic haplotyppointing to cell lineage parasitism (Pancer et al., 1995; Stoner
(Oka and Watanabe, 1957; Sabbadin, 1982; Scofield et aand Weissman, 1996; Magor et al., 1999; Stoner et al., 1999).
1982), the fusibility/histocompatibility (Fu/HC; Weissman et Moreover, it is also common to find outcomes where the whole
al., 1990) locus. Thereafter, during a period of a few days tmass of gonads, as well as the soma, is derived from the
several months, massive apoptosis and phagocytosis processesprbed genotype. The germ cell parasitism events are
called ‘colony resorption’, morphologically eliminate all reproducible, show hierarchical patterns and are sexually
zooids originating from one of the genotypes within a chimeranherited, as shown by breeding experiments (Stoner et al.,
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1999). Somatic cell parasitism, on the other hand, whilevere held in a 15°C incubator room. Small heaters maintained
reproducible under controlled mariculture conditions andhe water temperature at 20°C and 25°C in the appropriate
characterized by hierarchical organization, does not reveal thanks. Water was changed using temperature-adjusted
trait of sexual inheritance through a pedigree (Stoner et akgawater-holding tanks. Data were gathered morphologically
1999). Therefore, gametic and somatic competitive routesyith respect to colony size (humber of zooids at a specific
although reproducible, appear to be unlinked (Stoner et atime), disconnection between partners, path and directionality

1999; Magor et al., 1999). of morphological resorptions and sexual reproduction.
Botryllus chimeras are common in nature (Ben-Shlomo et _ _
al., 2001). Several studies (Buss, 1982; Grosberg and Quinn, Tissue processing

1986; Rinkevich and Weissman, 1992; Rinkevich and Shapira, Tissue samples were taken from zooids deprived of gonads.
1999; Rinkevich, 2002) were set up to define the evolutionar longitudinal incision was made between the atrial and
significance of natural chimeras by evaluating the fithess coslbsanchial siphons with a fine needle. Both edges of the incision
and benefits of chimerism as compared with the state ofere retracted with fine forceps, and zooids were lifted and
genetically homogeneous entities or by analysingsioiulti- removed with a fine needle and forceps. In sexually matured
partner chimeras. No definite benefit was recorded in theolonies, the male gonads were carefully removed with this
kingdom Animalia for any case of chimerism. Converselyheedle, washed several times with sterile (Qu22 seawater
scientific interest focused on the possible threat of germ cedind each was placed in a small Petri dish submerged in a small
parasitism in chimeras, which is particularly relevant fordrop of seawater. The tip of a sharp needle was used to release
organisms where germ cell sequestration remainethe sperm, which were collected using a Pasteur pipette. Blood
undetermined until late in ontogeny or when their fullwas collected by cutting (with industrial metal blades) the
attainment along the life span of the organism was not achieveeripheral ampullae of colonies growing on glass slides that
(Buss, 1982, 1983). No such analysis has been devised fomere wiped beforehand with soft towels and placed under a
case where germ cell parasitism and somatic cell parasitisdissecting microscope. Released blood cells and haemolymph
split. In the present study, we test the hypothesis thatere collected using pulled glass micropipettes.
directionality of somatic cell parasitism Botryllus chimeras For microsatellite analyses, samples were placed, separately,
is a plastic trait. We found that, under adverse environmentaito 1.5ml vials containing 24@l lysis buffer (Graham,
conditions, the chimera entity continuously responds td978), homogenized and extracted with P40
natural selection forces by exhibiting different phenotypicphenol:chloroform:isoamylalcohol (25:24:1). DNA samples
combinations of its genetic components. This leads to twwere precipitated in ethanol, resuspended in water and used for
conflicting types of interactions that are simultaneouslymicrosatellite analyses, as described previously (Pancer et al.,
exhibited by the two genotypes: germ cell parasitiggn 1995; Stoner et al., 1999). In the present study, all tissue
somatic cell synergism. samples were typed along with microsatellite PB-41 (Stoner
and Weissman, 1996; Stoner et al., 1997). In the amplified
. fragment length polymorphism (AFLP) analyses, for each
Materials and methods genotype, 5-12 specific loci (resolved bands on the sequencing
Animal maintenance gel) were first assigned as described previously (Rinkevich et
Botryllus schlosserPallas 1766 colonies selected for theal., 1998). Since AFLP loci can differ by as much as 10-fold
experiments came from our laboratory stocks and originated at their ability to be amplified from low concentrations
Monterey Marina, CA, USA. They were raised and maintainedRinkevich et al., 1998), a semi-quantitative evaluation was
at 20°C as described previously (Rinkevich and Shapiragstablished as follows: appearance of <20% of genotypic
1998). Colonies were paired for compatible combinations thatpecific bands revealed only traces of the corresponding
share at least one common allele at the FU/HC locus (Scofiedgenotype’s DNA.
et al., 1982; Weissman et al., 1990; Magor et al., 1999) and
thus would fuse upon contacia their peripheral ampullae.
Colonies were divided into several subclones at least one Results and discussion
month before their use. Subclones from each colony were We studied consequences of somasigerm cell parasitism
acclimated to temperature changes (15°C, 25°C) for one monith specific chimeric combinations that grow simultaneously
and then paired with similar-sized subclones of the compatiblender the three different assigned water temperature regimen
partner and placed on glass slides fitted within glass rack45°C, 20°C, 25°C). EighBotryllus genotypes were arranged
(Rinkevich et al 1993; Pancer et al., 1995; Rinkevich andin four combinations of Fu/HC compatible pairs, and 3-6
Shapira, 1999). Fusions were established within 48-&®er  chimeras were established from each pair. Somatic and
first ampulla-to-ampulla contacts. Chimeras were observegametic tissues from the chimeras were harvested and
twice per week for the first two weeks and thereafter once pgenetically assayed by a PCR-based technique that used
week. Basic maintenance conditions were as followditrte7  amplified unique microsatellite alleles (Pancer et al., 1995;
tanks standing seawater system, in which water was exchang8tbner and Weissman, 1996; Stoner et al., 1999; Ben-Shlomo
twice per week, at temperatures of 15°C, 20°C or 25°C. Tankst al., 2001) or by colony-specific AFLP fingerprints
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Fig. 1. The outcome of chimerism under variable water temperature regimen. (A) Representative cases for two water temperat(frg@gime
25°C) are depicted. Microsatellite profiles (locus PB-41) of tB@eyllus chimeras (nos. 1, 2, 5; see Tab)e8months following allogeneic
fusions of genotypic combinationsB. Allele sizes of genotype A (alleles 1B and 17&p) and genotype B (homozygotic on allele bpd

are marked on the left. The soma of both 15°C chimeras is typed as AB whereas at 25°C it is typed as A. (B) Typing sptimgéroifi
chimera no. 2 (15°C; see Tadlpand nine offspring from chimeras 3 and 4 (20°C). All offspring reveal the A genotype only. (C) Part of the
amplified fragment length polymorphism (AFLP) profiles of chimerical combinations (a negative, to better depict the AFLméokedsas

white bands). Left two lanes: genotypes C and D; specific bands are marked with arrowheads (filled for genotype C, opgpddd)ydriet

panel depicts an example of chimeras under 15°C, 20°C and 25°C. The two soma samples at 20°C reveal cases of mixedehimezras. Th
soma samples at 15°C and 25°C reveal cases in which frequencies of the other partner’s alleles are <20%.

(Rinkevich et al., 1998). The competitive relationshipscase (chimera 6; Tablg, a chimeral death (Rinkevich and
between the interactinBotryllus genotypes were determined Weissman, 1987hb) was recorded. In chimeras that had been
by the observed ranking of cell lineage parasitism. maintained for 8 and 10 months after fusion at 15°C and 20°C
In the first FU/IHC compatible combination, two partnerstemperature regimen, the zooidal soma consisted, in most
(A and B) were categorized with the Fu/HC unlinkedcases, of both partners. On the other hand, in the 25°C
microsatellite locus PB-41 as: partner A = heterozygous alleléseatment, genotype B disappeared from the soma of 2-month-
173bp and 17%p; partner B = homozygous allele 156  old chimeras but appeared in the male gonads. Some of the
(Fig. 1A). Six chimeras made of subclones from partners A andutcomes for blood cells were consistent with the sperm
B were randomly split into three temperature regimen (15°Canalyses (Tabl#&), pointing to the existence of circulating
20°C, 25°C) groups. Chimeras were monitored for up tgerm cells in the blood (Sabbadin and Zaniolo, 1979). Male
10 months and were sampled (blood, gonads and total zoogbnads in chimeras that had been grown at 15°C and 20°C
tissue) four times during this period (TalileFig.1). In two  revealed only the A genotype. This outcome was further
cases (chimeras 1, 6; Taldlg one of the partners was confirmed by self-crosses made with both of the 20°C chimeras
morphologically resorbed within the first two months afterand one of the 15°C chimeras (chimera 2; Tablat age
chimeral establishment, and in four cases (chimeras 2-33-1Cmonths. These crosses were made to test the extent to
stable chimeras (Rinkevich and Weissman, 1987b) werahich the microsatellite analysis of sperm was a good predictor
established 8-10 months after allogeneic fusions. In a singld progeny production by gametes from both testes and
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ovaries. Fifteen progenies were collected and tested; dh ambient temperature (20°C) and most of those grown in the
revealed the A genotype only (FIB depicts 12 offspring). two extreme maintenance conditions (15°C, 25°C; Taple
The other three sets &otryllus chimerical combinations Fig.1C). In chimeric combination C-D, both genotypes

were sampled 1.5-12onths after chimeral establishment appeared in the two 20°C chimeras while only genotype D was
(Table2; Fig.1C). Using AFLP fingerprinting profiles recorded in the soma of two of the chimeras grown under
(Rinkevich et al., 1998), it was possible to elucidategextreme temperatures (chimeras 1 and 5) and only traces were
independently, the sensitivity of each specific AFLP locus imecorded in the third chimera (chimera 2). In zooidal soma
a mixture of genotypes and to define cases where only tracasalyses of combination G—H, genotype H (but not G) was
of the genotypic DNA of interest are found (TaBJeIn two  expressed only in 20°C chimeras, as opposed to the chimeras
of the three genotypic combinations (C-D and G-H), thgrown at extreme temperatures, where both genotypes
fingerprints of the chimeric soma differed between those growappeared simultaneously. Sperm identity was consistent and

Table 1.Germ and somatic cell parasitism in the first set of six chimeras developed from fusion between subclones of the
compatible genotypes A and B

15°C 20°C 25°C
Chimeral Chimera 1 Chimera 2 Chimera 3 Chimera 4 Chimera 5 Chimera 6

Sampled age
tissue (months) A-side B-side A-side B-side A-side B-side A-side B-side A-side B-side A-side B-side
Soma 2 Resorbed A, B A A B A/ B A A A B A A A Resorbed

5 Resorbed A, B A A, B A A, B A A, B A A cd

8 Resorbed A, B sc (A, B) A A B sc (A, B) sc (A) cd

10 Resorbed A, B na sc (A) sc (A, B) sc (A) cd
Sperm 2 Resorbed A A A A A A A A, B B AB Resorbed

5 Resorbed A A A A A A A B B cd

8 Resorbed A sc (A) A A sc (A) sc (B) cd

10 Resorbed - sc (-) sc (A) sc (A) na cd
Blood 2 Resorbed A A A B A B A A A A A A Resorbed

5 Resorbed A A A B A A A A A A cd

8 Resorbed A sc (A) A A sc (A) sc (A) cd

10 Resorbed A, B sc (A) sc (A) sc (A) sc (A, B) cd

A- and B-side refer to the original genotypes within the chimera where partners are morphologically distinguishable tecastsof
stable chimerism (Rinkevich and Weissman, 1987b), the establishment of a long-lived chimera where partners are morphologically
indistinguishable from each other. Morphological resorption (Rinkevich and Weissman, 1987b; Weissman et al., 1990; Riaketiga3t
of a specific partner is marked as ‘resorbed’. cd refers to chimeral death (Rinkevich and Weissman, 1987b). (-), male gowadsundr
na — no available data.

Table 2.Germ and somatic cell parasitism in 1.5-2-month-old chimeras comprising three different combinations of compatible
Botryllus genotypes (termed C-D, E-F, G—H)

15°C 20°C 25°C
Chimeral Chimera 1 Chimera 2 Chimera 3 Chimera 4 Chimera 5
combination Sampled
(Xvs2) tissue X-side Z-side  X-side Z-side  X-side Z-side X-side Z-side X-side  Z-side
C-D Soma sc (D) sc (C*, D) Resorbed C,D Resorbed C,D Resorbed D
Sperm sc (C*, D) sc (C*, D) Resorbed C,D Resorbed C*,D Resorbed C,D
Blood sc (C, D) sc (C*, D) Resorbed C,D Resorbed C,D Resorbed D
E-F Soma sc (E, F) nd E E,F nd sc (E, F)
Sperm sc (E) E E sc (E)
Blood sc (E) E E,F sc (E, F)
G-H Soma sc (G, H) nd Resorbed H G, H H Resorbed G, H
Sperm sc (G, H) Resorbed G, H G, H G,H Resorbed G, H
Blood sc (G, H) Resorbed G,H G,H G, H Resorbed G, H

X- and Z-side refer to the original genotypes within the chimeras. For abbreviations and definition of terms, refer tod att¢ done; *,
less than 20% of specific alleles of the corresponding genotypes appeared in the AFLP analysis; traces of the correspaigtiagubN A
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unchanged at all temperature regimens and in all three chimerglecies and/or may increase interspecific competitive abilities
combinations (12 chimeras). Only in combination E—F didRinkevich and Shapira, 1999).
soma fingerprints appear to be the same at all temperatures. The apparent synergism for fine-tuning a plastic
Thus, this study shows that the somatic constituent atombination of the genetic component8uwtrylluschimerical
chimericBotryllus entities is a plastic event. The competitive soma (to better fit adverse environmental conditions) may
(parasitic) relationships of interacting genotypes, underepresent a typical form of a green-beard (Dawkins, 1976)
variable environmental conditions (seawater temperature wadlelism on historecognition elements. All components of a
used here as an example of an environmental parameter), green-beard effect (Dawkins, 1976; Haig, 1996; Keller and
frequently altered. This outcome contradicts the state of gerfRoss, 1998; Riley and Gordon, 1999; Queller e28I03) — a
cell parasitism, where almost no alterations were recordedketectable phenotypic feature (the Fu/HC allele), the ability to
(Tablesl, 2; Stoner et al., 1999) and where directionality wagecognize this feature and the ability to respond [in the
probably dictated genetically by primitive germ cell lineageBotryllus system: three sets of different responses are
hierarchy (Stoner et al., 1999). expressed towards genotypes possessing or not possessing this
Natural chimerism is a common phenomenon, not only ifieature: fusion and rejection (Oka and Watanabe, 1957;
the Botryllus system. Chimeras from a variety of protists, Sabbadin, 1982; Scofield et al., 1982), allogeneic resorption
plants and animals are documented in nature (Buss, 198ZRinkevich and Weissman, 1992; Rinkevich et al., 1993),
Several studies (Buss, 1982; Rinkevich and Weissman, 1987mmatic and germ cell parasitism (Rinkevich and Weissman,
1992; Rinkevich and Shapira, 1999) have dealt with thd987a; Pancer et al., 1995; Stoner and Weissman, 1996; Magor
evolutionary significance of chimerism by evaluating fitnesst al., 1999; Stoner et al., 1999; Rinkevich, 2002)] — are present
costs and benefits of the chimeral entity, relative to the state of Botrylluschimeras and are mediated by a single green-beard
genetically homogeneous individuals. Of all the differentallorecognition haplotype.
suggested classes of benefits for chimerism (none has beerin the wild, any singléotryllus population at any specific
recorded in organisms more developed than primitive sliméme represents unprecedented extensive polymorphism of
molds and algae; Rinkevich and Shapira, 1999), one ha&/HC alleles (up to several hundred; Rinkevich et al., 1995),
focused on the possible synergistic impact of both partnersl phenomenon that may reduce the chances of forming natural
genetic constituents on the chimeric fitness (Rinkevich andhimeras. However, preferential gregarious settlement of
Weissman, 1987a; Rinkevich and Shapira, 1999). It waBu/HC compatible oozooids in nature (Grosberg and Quinn,
suggested (Buss, 1982) that since a chimera has a greater stt®86) results in compatible allogeneic contacts and high
of genetic variability, and hence a wider range of effectivgpercentages dBotryllus chimeras (Ben-Shlomo et al., 2001).
physiological qualities and characteristics, this organismi¢n the case of a natural chimera (i.e. carrying A+«sBA—-C
state may tolerate a greater range of environmental variatialorecognition alleles), the shared selfish allorecognition ‘A’
than the organismic state of genetically homogeneous entityallele will always attain its 50% share in the germ line,
Within chimeras oBotryllus schlosseriparasitic germ lines regardless of any germ line hierarchical combination (i.e. A-B
hitchhike and pass throughout successive generations withomt A—C colony is the winner). At the same time, chimeric
being visible to natural selection forces (Pancer et al., 199%5ifness is synergistically fine-tuned by all its genetic
Stoner et al., 1999; Rinkevich, 2002, in press). Hitchhikingconstituents to fit changes in environmental conditions (such
onto the soma of positively selected genotypes provides thees seawater temperature). This cooperation on the somatic
parasitic forms with the inevitable advantage of establishintgvel clearly benefits the chimera as compared with genetically
new progenies. However, this may eventually turn into d@omogenousBotryllus colonies. In theBotryllus system,
Pyrrhic victory (Rinkevich, 2002, in press) by causing possibléherefore, a single allorecognition green-beard allelism directly
development of super-parasitic entities, specialized imssesses allelic kinship and simultaneously modifies two
allogeneic invasion and germ cell parasitism. Threéconflicting’ responses within a whole chimeric entity (germ
evolutionary selected mechanisms (diversification of fusibilitycell parasitismvs somatic cell cooperation). It not only
allele repertoire, the establishment of multichimeric entitiesensures’ its proportional transmission to subsequent
and the induction of programmed life spans) reducgenerations but also enhances fithess of the entity (the vehicle;
opportunities for parasitic forms to hitchhike to a highsensu Dawkins, 1976) that houses the germ line. The genotype
frequency with selected genotypes and may shape more benidyat wins the soma is, thus, neither sporadic nor random, and
germ cell parasitic forms that share overlapping futurghe synergistic expression of somatic constituents is dictated
expectations with their hosts (Rinkevich, 2002). These benigby selfish genetic elements working through green-beard
forms are expected to contribute cells for somatic functiongffects. It is also interesting to note that the green-beard gene
forming entities with fitnesses that depend on the combineit the red fire ant system (Keller and Ross, 1998) is also
genomic fitness of the partners, as seen in the present studyhdilmarked by widespread polymorphism.
should also be taken into consideration that, while intraspecific
interactions within chimeras go on, larger botryllid chimeras The study was supported by the NIH (ROI-DK54762), by
successfully control feeding substrates. This should effectivelthe US-Israel Bi-national Science Foundation and by the
prevent colonization of that surface area by other competitivisrael Science Foundation (456/01-1).



3536 B. Rinkevich and |. Yankelevich

References Rinkevich, B. and Shapira, M.(1999). Multi-partner urochordate chimeras

Ben-Shlomo, R., Douek, J. and Rinkevich, B(2001). Heterozygote  outperform two-partner chimerical entiti€dikos87, 315-320. _

deficiency and chimerism in remote populations of a colonial ascidian fronRRinkevich, B. and Weissman, I. L. (1987a). Chimeras in colonial

New ZealandMar. Ecol. Prog. Ser209, 109-117. invertebrates: a synergistic symbiosis or somatic and germ parasitism?
Buss, L. W.(1982). Somatic cell parasitism and the evolution of somatic tissue Symbiosis}, 117-134.

compatibility. Proc. Natl. Acad. Sci. USA9, 5337-5341. Rinkevich, B. and Weissman, |. L.(1987b). Variation in the outcomes
Buss, L. W. (1983). Somatic variation and evolutioPaleobiology9, 12- following chimera formation in the colonial tunicaBetryllus schlosseri

16 Bull. Mar. Sci.45, 213-227.

Dawkins, R.(1976).The Selfish Gen&lew York: Oxford University Press. ~ Rinkevich, B. and Weissman, I. L.(1992). Chimeras vs. genetically

Graham, D. E. (1978). The isolation of high molecular weight DNA from  homogeneous individuals: potential fitness costs and ber@fitss 63,
whole organisms or large tissue mas#esl. Biochem85, 609-613. 119-124.

Grosberg, R. K. and Quinn, J. F.(1986). The genetic control and Rinkevich, B., Saito, Y. and Weissman, I. L(1993). A colonial invertebrate

consequences of kin recognition by the larvae of a colonial marine species that displays a hierarchy of allorecognition respoBgais.Bull.

invertebrateNature 322, 456-459. 184, 79-86.
Haig, D. (1996). Gestational drive and the green-bearded pladenata. Natl. ~ Rinkevich, B., Porat, R. and Goren, M(1995). Allorecognition elements on
Acad. Sci. USA3, 6547-6551. a urochordate histocompatibility locus indicate unprecedented extensive
Keller, L. and Ross, K. G.(1998). Selfish genes: a green beard in the red fire  polymorphismProc. R. Soc. Lond. B59, 319-324.
ant.Nature394, 573-575. Rinkevich, B., Weissman, I. L. and De Tomaso, A. W.(1998).
Magor, B. G., De Tomaso, A., Rinkevich, B. and Weissman, I. [(1999). Transplantation of Fu/HC incompatible zooids Botryllus schlosseri
Allorecognition in colonial tunicates: Protection against predatory cell results in chimerismBiol. Bull. 195 98-106.
lineages?mmunol. Rev167, 69-79. Sabbadin, A.(1982). Formal genetics of ascidiafén. Zool.22, 765-773.
Oka, H. and Watanabe, H.(1957). Colony fusibility in compound ascidians Sabbadin, A. and Zaniolo, G.(1979). Sexual differentiation and germ cell
as tested by fusion experimen®oc. Jpn. Acad. ScB3, 657-659. transfer in the colonial ascidi@otryllus schlosseri). Exp. Zool207, 289-

Pancer, Z., Gershon, H. and Rinkevich, B(1995). Coexistence and possible ~ 304.
parasitism of somatic and germ cell lines in chimeras of the coloniabcofield, V. L., Schlumpberger, J. M., West, L. A. and Weissman, I. L.

urochordateBotryllus schlosseriBiol. Bull. 189 106-112. (1982). Protochordate allorecognition is controlled by an MHC-like gene
Queller, D. C., Ponte, E., Bozzaro, S. and Strassman, J. 2003). Single- system Nature 295 499-502.
gene green-beard effects in the social amdeistyostelium discoideum  Stoner, D. S. and Weissman, |. L(1996). Somatic and germ cell parasitism
Science299, 105-106. in a colonial ascidian: possible role for a highly polymorphic allorecognition
Riley, M. A. and Gordon, D. M. (1999). The ecological role of bacteriocins ~ system.Proc. Natl. Acad. Sci. US83, 15254-15259.
in bacterial competitionTrends Microbiol.7, 129-133. Stoner, D. S., Quattro, J. M. and Weissman, |. L.(1997). Highly
Rinkevich, B. (2002). Germ cell parasitism as an ecological and evolutionary polymorphic microsatellite loci in the colonial ascidBetryllus schlosseri
puzzle: hitchhiking with positively selected genotyp@ikos96, 25-30. Mol. Mar. Biol. Biotechnol6, 163-171.
Rinkevich, B. (in press). Will two walk together, except they have agrded? Stoner, D. S., Rinkevich, B. and Weissman, |. 1{1999). Heritable germ and
Evol. Biol. somatic cell lineage competitions in chimeric colonial protochordates.

Rinkevich, B. and Shapira, M. (1998). An improved diet for inland Natl. Acad. Sci. USA6, 9148-9153.
broodstock and the establishment of an inbred line fiBatryllus Weissman, |. L., Saito, Y. and Rinkevich, B.(1990). Allorecognition
schlosseri a colonial sea squirt (Ascidiaced)quat. Living Resll, 163- histocompatibility in a protochordate species: is the relationship to MHC
171. semantic or structuraltnmunol. Rev113 227-241.



