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WO papers published in GENETICS November,
in
1966 represent a key step in a decade of research in the laboratories of BORIS EPHRUSSI
(19011979), research that helped transform mammalian
genetics, especially human genetics. These papers,
coauthored with MARY WEISS,then a graduate student in EPHRUSSI’Slaboratory at Western Reserve
University in Cleveland (WEISS and EPHRUSSI
1966a,b), provided the first detailed reports of the
formation of viable and self-perpetuating hybrids between somatic cells of two
different species, mouse
and rat (preliminary reports in EPHRUSSIand WEISS
1965; EPHRUSSI1966). Such hybrids contributed crucially to the development of somatic cell geneticsand
soon provided an important tool for efforts to gain
detailed information about theorganization of genetic
information in human chromosomes(WEISS and
GREEN1967).
Although the techniques described in these papers
played an important role in the development of formal
human genetics, this outcome was quite distant from
EPHRUSSI’S
own scientific goals. His primary interest
in constructing such “zoological oddities” as interspecific hybrids was to develop tools for analyzing the
processes of determination, differentiation and regulation in development, including their bearing on
oncogenesis. We will show that the work on interspecific hybrids was a natural culmination of investigations that occupied EPHRUSSIthroughout his career
and how the investigations described byWEISS and
EPHRUSSI
(1966a,b) grew out of the EPHRUSSI’S lifelong effort to develop tools for understanding fundamental developmental processes (see BURIAN,
GAYON
and ZALLEN1991; SAPP1987, Chap. 5).
We will particularly emphasize EPHRUSSI’Sstrategic
use of methods involving variations on the theme of
transplantation. Working with a great variety of orGenetics 1.32: 1-8 (September, 1992)

ganisms, he consistently found ways to explant, implant, or otherwise transfer organs, tissues, cells and
nuclei into foreign organismal environments, combining these techniques with what he called “the genetical
tool.” He used the behavior of the transplant in the
new context to test hypotheses about its regulation
and control of its destiny, and about how it interacted
with and was influenced by its host. In this respect,
his work with somatic cell hybrids is best understood
as a way of transplanting chromosomes, chromosome
arms, or blocks of genes into a genetically and cytoplasmically foreign context. Although it fell short of
the ideal oftransplanting single genes, it was a natural
extension of EPHRUSSI’Sapproach and allowed him to
gaininsights (and develop tools for others to gain
insights) into complexities of development that had
eluded him ever since his early work with tissue culture and withsea urchin development as a young
researcher in Paris in the 1920s.
Harnessing transplantation: From the start of his
scientific training in France in 1920 as a Russian
kmigri, EPHRUSSI
studied the initiation and regulation
of embryological processesby intracellular and extracellular factors. A major strand of his early research
concerned the effect of temperature on the development of fertilized sea urchin eggs (e.g., EPHRUSSI
1923, 1932). In thisworkheemployed
a relatively
new apparatus, a micromanipulator. ROBERTCHAMBERS, an American biologist, had developed an accurate manipulator, enabling one to alter single cells by
inserting (or extracting) small quantities of substances
into (or from) them. In Paris in April, 1925, CHAMBERS personally instructed LOUISRAPKINE,a fellow
student and a close friend of EPHRUSSI’S,in its use.
RAPKINE,
interested in chemical processes in the cell,
employed the micromanipulator in a series of studies
on cellular physiology during developmental change
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to probe the chemical state within individual cells. He
and EPHRUSSI,working singly and together at the
Collige de France and the Roscoff Marine Biological
Station, studied chemical changes that occurred duringthe
course of sea urchindevelopment
(e.g.,
EPHRUSSI
and RAPKINE1928). EPHRUSSI
thus became
familiar with the operation of the instrument and the
opportunities it offered
to
track
developmental
changes by probing and altering internal and external
cellular environments.
EPHRUSSI’Ssecond dissertation (two were then
standard in France) was a project on tissue culture
(EPHRUSSI1933a; see also EPHRUSSI1935a). Despite
difficulties associated with the early unsatisfactory tissue culture techniques,EPHRUSSI
concluded from this
work and two explantation studies of brachyury in
mice (EPHRUSSI1933b, 1935b), that intrinsic factors
( i e . , genes) play a key role in development.
Harnessing genetics: In the next phase of his career, EPHRUSSI
coupled his embryological concerns to
a firm conviction that one must understand the role
of genes in order to decipher embryological processes.
Supported by a Rockefeller Foundation fellowship,
EPHRUSSIwent to Caltech in 1934-1935 to learn
genetics within the intellectual empire of T. H. MORGAN. While there, EPHRUSSI
arranged a collaboration
with GEORGEBEADLE,
who joined him in Paris in the
fall of 1935.Theyaimed
at agenetic analysis of
development, with BEADLEat first contributing genetic expertise and EPHRUSSIthe insights and techniques of embryology. Their strategy was to subject a
single species to both geneticand embryological attack.
Since such traditional embryological organisms as sea
urchins and frogs are ill-suited for standard genetic
analysis, EPHRUSSI
and BEADLEdecided to apply experimental embryological techniques to a genetic organism par excellence, Drosophilamelanogaster (HoROWITZ 1990,1991). They were encouraged by STURTEVANT, who provided some leads from his work on
flies mosaic for the vermilion mutation (STURTEVANT
1920, 1932). This work suggested that a diffusible
substance, present in the wild type, could compensate
for the absence of the wild-type product of thevermilion gene.
But could one do experimental embryology with
Drosophila? Drosophila larvae seemed to be too small
to permit use of the standardembryological technique
of transplantation of parts of a developing embryoto
learn about influences of location and of adjacent
tissues on development. And difficulties in identifying
imaginal disks added furthercomplications. However,
EPHRUSSI,
aware of the implantation experiments of
KUHN,and PLAGCE
on Ephestia (see CASPARI
CASPARI,
1933; KUHN, CASPARIand PLACGE1929, 1932) and
thoroughly grounded in the use of the micromanipulator, was able to forge that instrument into a
tool

that allowed implantation of imaginal disks into Drosophila larvae. As EPHRUSSI
and BEADLE
described the
procedure they developed:
The essential part of the technique . . . is the actual operation of injection of the desired tissue by means of a micropipette. We have used the technique in implanting gonads
and various imaginal disks . . . The assembly that we use is
that of the standard Chambers micro-injection apparatus
(EPHRUSSIand BEADLE1936, pp. 218, 219,221).
Striking results were obtained by implanting imaginal disks of various genotypes, fated to form eyes,
into genetically foreign larvae. EPHRUSSI
and BEADLE
demonstrated that flies with wild-type alleles at the
vermilion and cinnabar loci produced substances required in successive steps for the production of the
brown eye pigment normally found in Drosophila.
These and other results obtained by implanting various imaginal discs and organs, and injecting hemolymph, provided some insights into the pathways by
which genes affect phenotypic characteristics by controlling the production of diffusible substances (see
BURIAN,GAYONand ZALLEN 1988, pp. 389-400).
Starting fromthis basis, BEADLE
and TATUM,
working
with Neurospora and using morestandardgenetic
approaches, were able to connect gene function with
the production of specific enzymes as codified in their
“one-gene:one-enzyme” hypothesis.
Yeast (and cytoplasmic) genetics:
After World War
11, EPHRUSSI,
having spent most ofthe war as a refugee
scientist at JohnsHopkins University, returnedto
France to reinstitute research aimed at disentangling
the various influences, nuclear and cytoplasmic, on
development. This time, EPHRUSSIeschewed the
transplantation of cells and tissues beiween organisms,
though he assigned his student PIOTRSLONIMSKI
a
thesis based on transplantation of sea urchin nuclei,
an attempt that was unsuccessful (P. SLONIMSKI,
personal communication). Given the failure of these efforts, he explained his choice of a new experimental
organism as follows:
[Wlhat is needed is direct genetic analysis of somatic cells,
for the assumed functional equivalence of irreversibly differentiated somatic cells, however plausible, is only an hypothesis. Crosses between such cells being impossible, only
nuclear transplantation from one somatic cell to another, or
grafting of fragments of cytoplasm, could provide the required information; such experiments howeverwill have to
await the developmentof adequate technicaldevices. In the
meantime, the closest approximation to the evidence we
would like to have is provided by the study of lower forms
which propagate by vegetative reproductionand possess no
isolated germ line (EPHRUSSI1953, p. 5 ; also in EPHRUSSI
1958, p. 37).
He selected the yeast Saccharomyces cerevisiae as a
model system-that is, as a surrogate for his real concern with the development of distinct cell types with
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differing functions in higher organisms. He had the
good fortune tostumble onto theability of acriflavine
to induce cytoplasmically inherited respiratory incompetence in yeast (EPHRUSSI1949). The resultant “petite” mutation, so-called because of its small colony
size, became a major object of study, playing a formative role in mitochondrial genetics(see BURIAN,
GAYON
and ZALLEN 199 ;1EPHRUSSI
1953 foranearly
review; SAPP 1987, Chap. 5). With this, EPHRUSSI
managed to mimic the effects oftransplantation, crossing wild-typewith
the respiration-deficient petite
strains. This placed various nuclear genes in genetically distinct cytoplasms. Using such rearrangements
of.cellular parts with the full panoply of genetic and
biochemical techniques, EPHRUSSIand his group at
the Institut de Biologie Physicochimique(the Institut
Rothschild in Paris), and later at theCNRS at Gif-surYvette, studied the contribution of the cytoplasm to
cell phenotype and pursued the interactions between
nuclear and cytoplasmic genetic endowments needed
to yield an intact, functioning (albeitsingle-celled)
organism. Specifically, they were able to demonstrate
the necessityof genetic information incytoplasmic
particles, ultimately identified as mitochondria, for
the production of numerous enzymes in the respiratory chain.
The idea of transplantation was as fundamental to
the yeast experiments as it was to the Drosophila
program, though less obviously so. In yeast the effect
of transplantation was accomplished not by surgically
fusing different typesoftissues,
but by designing
sexual crosses between yeasts whose cytoplasms
exhibited geneticvariation independently of the nucleus.
Thus mating and budding, not micromanipulation,
brought nuclei with defined constitutions into cytoplasmic environments with differing physiological and
biochemicalcapabilities.And the micromanipulator
still figured in some of the yeast experiments; it was
used to isolate successivelyproduced buds from individual yeast cells treated with acridine dyes to induce
the petite phenotype. These bud analysisexperiments
demonstrated that the dyes act by increasing the rate
of mutation to the petite phenotype rather than by
altering selection (EPHRUSSI
and HOTTINGUER
1950).
Somatic cell genetics’: EPHRUSSI’S
exploitation of
the opportunities offered by the ability to “transplant”
yeast nuclei between respiratory-competent and respiratory-incompetent cytoplasms did not permit him
to get to the heartof hisconcerns about development.
As he frequently pointed out (e.g., EPHRUSSI1970,
pp. 19ff;),there is an apparent conflict between the
embryological concept of the restriction of developmentalpotentialityindifferentiation
andthe genetic
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The work on somaticcell genetics during 1960-1970 in EPHRUSSI’S
laboratories has been usefully reviewed by EPHRUSSI(1970, 1972)and WEIS
( 1 992).
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concept of the genotypic equivalence of virtually all cells
of a metazoan. He hoped to understand how differences in the determination ofcellsinvariouscell
lineages (which he had long thought might be cytoplasmic in origin) are created, regulated, and perpetuated, and how overt differentiation is regulated and
maintained. In 1971 he put the issue thusly:

. . . if what Hershey (1970) calls the unwritten dogma is
correct ( i e . , “the inference that all three-dimensional structure is encoded in nucleotide sequences”), the establishment
of differentepigenotypes[the restricted potentialities of
determined cell lineages]in the course of development must
be coded for [in] nuclear DNA . . . [But] whether the functional restriction of the total information, which results in
different epigenotypesof different cell lineages, is due to a
change in the chromosomes themselves . . . or is only a
reflection of a change elsewhere in the cell (say in the cell
membrane) is an entirely separate and largely unresolved
question worthy of very serious consideration . . . In fact,
this is the fundamental question to which I have no answer
(EPHRUSSI1972, p. 55).

So, during the 195Os, as the yeast work proceeded,
EPHRUSSI
sought a new system. with which to study
somaticcell differentiation. To this end he visited
RENATO DULBECCO’S
laboratory in 1959-1 960 to
learn modern methods of handling cells in tissue CUIture. This choice was fortuitous since the new tool
that fell into his hands for understanding somatic cell
specializa.tiondepended on tissue culture.
The stimulus for thisworkcame
from a novel
observation made by GEORGES
BARSKI, SERGESoRIEUL and FRANCINE
CORNEFERT
at the Institut GusBARSKIand his group were
taveRoussyinParis.
studying mouse cancer celllinesoriginally derived
from a single mouse fibroblast cell (SANFORD,
LIKELY
and EARLE1954). Two lineshadevolvedintissue
culture so as to display recognizably different phenotypes,chromosomal configurations, and tumor-producing abilities: the “high-cancer’’line ( N l ) easily
produced tumors, whereas the “low-cancer” line(N2)
did so rather poorly. Hoping to find Pneumococcuslike transformation between the twolines, BARSKI,
SORIEUL
and CORNEFERT
(1960, 1961) began a series
of experiments on December 9, 1959, in which both
cell types, N1 and N2, were grown together. After
about 3 months of continuous cocultivation,they
found an unexpected cell type, markedly different,
growingvigorouslyin
the mixed culture (BARSKI,
SORIEUL
and CORNEFERT
1960, 1961). The new cells
appeared to be hybrids generated by a fusion between
N1 and N2 cells, with the chromosomes contained in
a singlenucleus.
The chromosome number was
roughly the sum of those of N1 and N2 and the cells
included chromosome types unique to eachof the
lines. With time in culture there was random loss of
some chromosomes (about lo%), especially after pas-
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sage into mice where the new cell type produced a
mosomes would have to be functional in the hybrid
cells.
high incidence of tumors.
Surprised by this result and unsure how to exploit
Some form of “segregation,” analogousto genetic
it, BARSKI,
who knew of EPHRUSSI’S
interests in tissue
exchange in microorganisms or recombination in sexculture and somatic cell differentiation, turned to his
ual reproduction, would have to occur (perhaps via
colleague in Paris, explaining what hehadfound.
random chromosome loss or mitotic recombination)
EPHRUSSI
was immediately fascinated with the opporso that distinct gene combinations could be generated
tunity presented by somatic cell hybridization. Should
in different hybrid cells.
the phenomenon be reliably reproducible, it would
This last requirement is extremelyimportant.It
provide a basis for genetic studies on differentiated
represents
an extensionof EPHRUSSI’S
transplantation
cells that might shed light on the very questions that
methodology.
By
trapping
different
groups
of chrohad driven his research for many years.
mosomes
or
chromosome
segments
in
a
single
nucleus,
Many biologists, of course, had been hoping for just
somatic cell hybridization would mimic the transplansuch a possibility. Amongthose
who influenced
tation
of particular chromosomesor chromosome segEPHRUSSI
were J. LEDERBERG
and G. PONTECORVO.
ments
from one cell into another,allowing one to test
views
LEDERBERG, commenting partly on
EPHRUSSI’S
the
effects
of their presence on cell functions and the
about determination and differentiation in a symporegulatory
controls
altering the expression of their
sium on genetic approaches to somatic cell variation,
genes.
explicitly argued that one should anticipate the mating
Over the next few years, while on prolonged leave
of somatic cells followed by segregation of chromoat
Western Reserve, EPHRUSSI
developed his new resomes since allof the “unit processes” required for
search
program.
He
and
his
group
invested much
such hybridization had been demonstrated separately
effort
to
turn
mouse
somatic
cell
hybrids
into areliable
on one system or another (LEDERBERG
1958, p. 384;
system,
running
huge
series
of
experiments
on hybrid
see also LEDERBERG
1956, p. 663). PONTECORVO,
cells
to
establish
control
of
the
basic
phenomena
and
partly in light of his experience with parasexuality in
the
stability
of
appropriate
markers.
They
proved
that
Aspergillus and otherfungi, was a long-term advocate
each
of
the
desiderata
listed
above
could
be
met,
of theapplication of genetic analysis ofmitotic recomincluding, in particular,thatsegregationoccurred
bination in somatic tissues of higher organisms (e.g.,
PONTECORVO
and KAFER 1958, p. 103; PONTECORVO through accidental loss of chromosomes during the
cycles of mitoses that followed the original cell fusion
1 96 1).
events
(EPHRUSSI
and SORIEUL 1962a,b;EPHRUSSI
et
Working with SORIEULin
his
own
laboratory,
al.
1964).
EPHRUSSI
started the search for somatic cell hybrids
But the system was still suboptimal. The selection
on January 3, 196 1,only months after BARSKI’S
first
of
hybrids was a major problem. Unless hybrid cells
reportappeared.He
set out to verify the original
enjoyed
a significant growth advantage over the pareports and, if possible, to convert the phenomenon
rental
cells-which,
in one frustrating case, was finally
into a genetic tool for probing the differentiated
states
found
to
occur
only
at 28-29”, rather than the
higher
of such cells. In a preliminary report, SORIEULand
temperatures
employed
in
tissue
culture
incubators
EPHRUSSI
(1961) wrote, “If this hope is justified hy(SCALETTA
and EPHRUSSI1965)-one could not find
bridization may become a useful tool for the investior
isolate
them.
This problem limited the range of
gation of a number of problems of somatic cell gehybrid
cells
available
for experiment. Also, the group
netics, of oncology and virology.” In anumber of
had
only
karyological
markers to work with, which
subsequent publications, EPHRUSSIspelled outthe
made
the
protocols
extremely
laborious. Worse, since
characteristics which would allow thesehybrids to
there
were
no
distinctive
chromosomes
in most of the
meet his research needs. These included:
crosses they wanted to carry out, fusions between
Hybridization would have to occur often enough
different parental cells were often indistinguishable
that cells of different genetic constitutions within a
from fusions between t w o similar cells.
species-normal as well as neoplastic-could be readily
The solution to this experimental dilemma came
“mated.”
from another laboratory. JOHN LITTLEFIELD
at Harvard
developed
the
HAT
system
of
the
SZYBALSKIS
It would have to be possible to detect and select
(SZYBALSKI, SZYBALSKA
and RACNI 1962; SZYBALSKA
the hybrid cells against the background of parental
and SZYBALSKI1962)intoa tool for selecting cell
cell types.
hybrids. When the de novo biosynthetic pathway for
Hybrid cells would have to be stable and capable
nucleotide precursorsof DNA is blocked, the enzymes
of persisting through many cycles of transfer in tissue
thymidine kinase (TK) and hypoxanthine-guanine
culture.
phosphoribosyl transferase (HPRT) are required for
production of pyrimidine and purine nucleotides, reGenes contributed by both parental sets of chro-
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spectively, in the “salvage” pathway. LITTLEFIELD
cocultured two mutant lines of mouse cells in the SZYBALSKIS’ HAT medium, one TK-, the other HPRT-.
This medium contains hypoxanthine(H, the substrate
for HPRT), aminopterin (A, an inhibitor of de novo
DNA synthesis) and thymidine (T, the substrate for
TK). Intheseconditions,
only cells simultaneously
T K + and HPRT+ (presumptive hybrids) are capable
of utilizing thymidine and hypoxanthine to form DNA
via the salvage pathway; all others die (LITTLEFIELD
1964). This system provided the means for selection,
thus greatly expanding the search for mouse somatic
cell hybrids. DAVIDSON
and EPHRUSSI
(1 965)
were able
to adapt the LITTLEFIELD
system to produce a “halfselective” system in which only one of the parentcells
is HPRT- or TK-. The other parent can come from
any mouse cell line that displays contact inhibition in
cell culture,includingnormal
diploid cells. In this
modification, the biochemical mutant cannot grow in
the HAT medium and the normal cells will form a
monolayer onthe surface of the growth vessel. Hybrid
cells can then be recognized by their ability to grow
in clumps on top of the monolayer, from which they
can be isolated and maintained in pure culture (DAVIDSON and EPHRUSSI
1965).
EPHRUSSI
and his co-workers applied the methods
they had painstakingly developed during 4 years to
address some larger questions about determination,
differentiation, regulation of the cell cycle, and the
onsetand inheritance of neoplasticity. Somehints
about regulatory phenomena began to emerge asthey
observed the gain and loss of particular antigens and
enzyme bands in hybrids (e.g., SPENCERet al. 1964;
GREENet al. 1966; DEFENDIet al. 1967) and other
experiments were begun to test fordominance or
recessiveness, or positive or negative regulation, of
neoplasticity (e.g., EPHRUSSI1965; DEFENDIet al.
1967). The mouse hybrids with their “transplanted”
chromosomes were beginning to yield interesting results, with the promise of more insights into thesecrets
of differentiation.
Interspecific cell hybrids: By hisown account,
New York
EPHRUSSI
was truly startled to learn from the
Times (February 17, 1965) that HENRY
HARRISand J.
F. WATKINSat Oxford had shown that inactivated
Sendai virus could be used to facilitate the fusion of
unlike cells, producing heterokaryons between human
HeLa cells and mouse tumor cells (HARRIS and
WATKINS 1965). T h e heterokaryons thus produced
were
not capable of division, although they manifested a
few irregular mitoses and survived for up to2 weeks.
EPHRUSSI
himself had earlier consideredusing viruses
as agents to accomplish somatic cell fusion (see the
speculations of EPHRUSSI
and SORIEUL1962a, p. go),
so the application of inactive virus to aid fusion was
probably no surprise. But what galvanized him into
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action was the use of fusion to cross species barriers.
We have found no evidence that EPHRUSSIhad considered creatinginterspecific hybrids in the fouryears
he had devoted to somatic cell hybrids. The HARRIS
and WATKINSreport changed all that. As EPHRUSSI
himself recollects: “[I]t was HARRISand WATKINS’
demonstration that cells of dgerent species can be
fused . . . that in 1965 led MARYWEISSand me to the
isolation of the first viable interspecific hybrids”
(EPHRUSSI
1972, p. 23, our emphasis). And the effect
was immediate. According to WEISS:
[Olneafternoon,rushing out to his airport-boundtaxi,
Ephrussi shouted to me, then a fledgling graduate student,
“Order some rat fibroblasts from Microbiological Associates
and set upa cross with (mouse)L cells.” Withina few weeks
we hadthe first viableproliferatinginterspecifichybrids
(WEISS,1992).

A brief report of this work (less than 600 words),
which used the half-selection technique to detect hybrids between TK- mouse L cells and explanted embryonic rat cells, was submitted on March 24, 1965
(EPHRUSSI
and WEISS1965). The interspecific hybrid
cells, representingone cross, hadbeengrowing
in
culturefor only aboutonemonth(about
25 cell
divisions). The reports in GENETICS(WEISS and
EPHRUSSI1966a,b) were based on more substantial
experience: seven different crosses between mouse
and rat cells were studied and, in some cases, more
than 200 divisioncycles hadtaken place. Careful
karyotypic analysis confirmed beyond doubt that interspecific hybrids were formed. As with the intraspecific hybrids, there were some early chromosome
losses (mainly rat chromosomes), with subsequent stabilization of the karyotype. Enzyme studies revealed
that both rat and mouse enzymes-lactic dehydrogenase and P-glucuronidase-were produced in the hybrids, with mouse and rat subunits yielding hybrid
molecules, providing a striking marker.
These papers dramatically changed the emerging
field of somatic cell hybridization. As EPHRUSSIand
many others quickly saw, thepotential usesof the
techniques of cell hybridization were enormously expanded. Somatic cell hybrids between different speciesvastly increased the markers that researchers
could utilize because even the same enzyme would
have somewhat different properties in different species, allowing the regulation and fate of the separate
protein molecules in the hybrids to be accurately
analyzed. Potentially, one could now study the regulation of many enzymes, not just those few withknown
mutant forms maintained in cell culture. Moreover,
the robustness of interspecific hybrids, their coordination of gene expression, the ability to extinguish
andrestoretheirdifferentiated
functions, andthe
coordinated mitotic division of hybrid cells allpointed
to the existence of similar systems of cellular control
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even in distantly related organisms. These results
suggested that general controls of cell division and
gene expression,commonacrossspecies
barriers,
could now be explored via cell hybridization; see the
speculations on control of the cell cycle in EPHRUSSI
and WEISS(1967). Similar hopes wereexpressed with
regard to processes relating to determination, differentiation, and dedifferentiation of cells. In addition,
there was considerable emphasis on the regulation of
neoplastic transformation, with some bitter disagreements about whether the determinants of neoplasia
acted in a dominant or recessive manner. Ironically,
EPHRUSSI
underestimated the importance of negative
regulation for a few years, particularly in disagreethis issue began to be clarified
ment with H. HARRIS;
with the subsequent (and continuing) analysis of “tumor suppressor genes.”
Conclusion: We have examined the first decade of
somatic cell genetics from the perspective of one of
its principal protagonists. After the field had developed to thispoint, limiting the focus to an individual’s
perspective is harder to justify. A new biological field
had opened up, one that could no longer be dominated by the work of a small group of laboratories
(WEISS1992). As EPHRUSSI’S
research program moved
on, so did that of others who were drawn to this area
of study. The number of different interspecific combinations grewvery rapidly, withmouse,Chinese
hamster, Syrian hamster, rat and human cells all serving as “parents” of hybrids. In each of the resulting
systems, there was a great variety of studies, formal
and biochemical. A number of tec,hnicalrefinements,
selectivesystems,enzymesystems,
and approaches
were introduced, placing experimental studies of the
principal aspects of somatic cell genetics beyond the
reach of any single laboratory.
Furthermore, the study of somatic cell hybrids was
propelled into fargreater prominence in genetics
(with a corresponding increase in activity) by a new
type of hybrid first produced by MARY WEISS and
HOWARD
GREEN,working at NewYork University
School of Medicine (WEISS and GREEN1967). They
created a mouse/human hybrid using a T K - mouse
line and embryonic human lung fibroblasts. Such hybrid cells retained the mouse chromosome complement but exhibited a substantial loss of human chromosomes. As WEISSand GREENpointed out, “Study
of clones containing a small number of human chromosomes should permit the localization of other human genes” (WEISS and GREEN1967, p. l l ll). Indeed, that has been the case. Mouse/human hybrids,
byeffectively transplanting a few human chromosomes into a new cell type, have permitted detailed
study of the organization of genes on human chromosomes and provided a substantial stimulus to research in human genetics-research that previously

had been stymied by the difficulty of conducting research on humans. The readers of this journal are
certainly aware of the wide range of information that
has been derived from such studies and from somatic
cell genetics ingeneral.
For his part, EPHRUSSIcontinued to work on the
topics in which he was primarily interested into the
late 1970s, using hybrids with teratomas to explore
determination and differentiation (e.g., FINCHand
EPHRUSSI1967; KAHANand EPHRUSSI1970), negative
regulation of differentiated function (e.g., DAVIDSON,
EPHRUSSIand YAMAMOTO1966; FOUGBRE,
RUIZ and
EPHRUSSI1972), and related topics. He continued to
advocate cellular and genetic approaches over a direct
attack at the molecular level (EPHRUSSI1970, p. 12).
Nonetheless, he lived long enough to recognize that
his transformation of transplantation into a genetic
tool would take on a new and more powerful aspect
in the molecular era. Indeed, we suggest that it is
useful to interpret recombinant DNA procedures as a
form of transplantation that places individual genes
or groups of genes into new cellular environments,
thus facilitating detailed study of their structure, action, and regulation and the production ofnovel
biological entities, processes, and products. EPHRUSSI
could not have foreseen the new genetics emerging
from recombinant DNA studies, but the many sorts
of studies he set in motion played an important role
in making such work possible.
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