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Genetic Control of Differentiation 

Differentiation is a central phenom- 
enon in biology which poses some- 
thing of a paradox. Most evidence 
from cytology and genetics supports 
the conclusion that each cell of multi- 
cellular plants, and probably of ani- 
mals, normally carries the full amount 
of genetic information; yet the cells 
follow a regulated and coordinated 
program to become different in struc- 
ture and function during the develop- 
ment of an individual. Anticipation of 
a "breakthrough" in solving key prob- 
lems of the genetic control of differ- 
entiation has led to an increasing vol- 
ume of research directed toward this 
goal in areas that associate the disci- 
plines of cytogenetics, biochemis- 
try, microbiology, embryology, and 
morphology. The 18th annual Brook- 
haven Symposium in Biology, held on 
7-9 June 1965 at Brookhaven Nation- 
al Laboratory, Upton, New York, 
brought together investigators who are 
using widely different approaches to 
study the genetic control of differenti- 
ation in a variety of biological ma- 
terials at different levels of organiza- 
tion. 

The main address was given by E. 
Hadorn (University of Zurich) who 
described results of a new method for 
investigating cellular determination in 
Drosophila by culturing cells of the 
imaginal disc. These cells have been 
determined to form wings, antennae, 
legs, or genital organs; but differentia- 
tion, that is, the evident expression of 
determination, is more delayed than 
elsewhere in the body. In 50 sublines, 
derived from a single imaginal disc 
and cultured through 72 transfer gen- 
erations, Hadorn has shown that cells 
which normally would form male gen- 
italia can undergo surprising "transde- 
terminations" in time to give rise even- 
tually to transplanted parts of head, 
legs, wings, and thorax. 

Cellular differentiation is now gen- 
erally regarded as a consequence of 
differential gene activity. In the more 
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restricted biochemical sense it is con- 
sidered to apply to the differential syn- 
thesis of immediate gene products, 
transcription to RNA, and the produc- 
tion of different arrays of proteins 
(enzymes) in different cell lineages. 
One example of this phenomenon 
given by H. Ursprung and K. D. 
Smith (Johns Hopkins University) is 
the development of lactate dehydro- 
genase isozyme pattern in tissues. This 
reflects the relative abundance of two 
basic subunits, which in turn indicates 
the occurrence of changes during de- 
velopment in the relative activity of 
two genes controlling formation of 
these subunits. Mechanisms which reg- 
ulate gene activity may involve hor- 
mones, histone proteins acting as non- 
specific repressors, and nonhistone pro- 
teins acting as more specific derepres- 
sors. 

H. E. Umbarger (Purdue University) 
described patterns of "feedback" mech- 
anisms in bacteria that are known to 
regulate enzyme activities. He pointed 
out that, since these can exert only 
transient changes, they may have lim- 
ited applicability to processes of dif- 
ferentiation in higher organisms. How- 
ever, he suggested that enzymes, cata- 
lyzing the same reaction but distin- 
guishable by the compounds regulat- 
ing their activity, would serve as useful 
"markers" in monitoring the emergence 
of different cell types in multicellular 
forms. 

In the ciliated protozoan, Tetrahy- 
mena, there is a macronuclear basis 
for intraclonal variation in certain 
stable isozyme types. S. L. Allen (Uni- 
versity of Michigan) found that the 
best hypothesis to fit the data 
is (i) that the macronuclear units in- 
volved are diploid subnuclei, and 
(ii) that variations in heterozygotes re- 
sult because subnuclei are differentiated 
following interallelic action in each 
subnucleus and because there is a phys- 
ical segregation of the differentiated 
subnuclei during division. Interallelic 
interaction may afford a type of reg- 
ulation that is unique for all diploid 

forms. In the related protozoan, Para- 
mecium bursaria, R. W. Siegel (Uni- 
versity of California at Los Angeles) 
described the inheritance of factors 
controlling the differentiation of cells 
of exconjugant clones into three dis- 
tinct mating types. Their expression de- 
pends on the sequential production 
of two mating-type proteins, each of 
which is governed by an independent 
gene locus. Regulatory genes determine 
which of the two loci will be expressed 
first, and, once this is accomplished, 
other regulators control the switching 
on of the second locus. 

The regulatory program of the 
enzyme uridine-diphosphate-galactose 
polysaccharide transferase during cellu- 
lar development of a slime mold was 
described by M. Sussman (Brandeis 
University). The enzyme appears at 
a specific stage, accumulates rapidly to 
a peak of specific activity, is prefer- 
entially released by the cells, and is 
destroyed. The periods of specific RNA 
synthesis and of actual enzyme accum- 
ulation and destruction were shown to 
be genetically governed in that these 
processes are altered in a mu- 
tant whose overall temporal controls 
are deranged. K. Paigen and R. Gan- 
schow (Roswell Park Memorial Insti- 
tute) use the term "enzyme realization" 
to refer to the total cumulative pattern 
of appearance of factors that affect 
the physiological role of a specific pro- 
tein in a cell. These include the cell 
types in which it appears, when and 
how much of the protein is produced, 
the site (or sites) within the cell into 
which it may become integrated, and 
the regulatory systems that control it. 
At least four classes of genetic factors 
-structural, regulatory, architectur- 
al and temporal-may be involved in 
the realization of any protein. 

The initial processes of animal de- 
velopment depend on a reservoir of 
preformed components in the egg cyto- 
plasm which are synthesized during 
oogenesis. E. H. Davidson and A. E. 
Mirsky (Rockefeller University) report- 
ed analyses of the gene products formed 
during amphibian oogenesis when the 
"lampbrush" chromosomes are in a 
state of intense gene activity. RNA syn- 
thesis occurs at practically all extended 
sites along the lampbrush chromosome, 
though at a remarkably low rate com- 
pared with nucleolar ribosomal RNA 
synthesis. The latter appears to occur 
on thousands of separate replications 
of the ribosomal RNA locus, con- 
tained in thousands of nu'cleoli in each 
ooocyte nucleus, and accounts for 97 
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to 99.5 percent of RNA synthesis per 
unit time. The relation between differ- 
ential nucleic acid metabolism in poly- 
tene chromosomes of Diptera, as 
shown by puffing, and patterns of dif- 
ferentiation was discussed in independ- 
ent papers by C. Pavan (University 
of Sao Paulo) and U. Clever (Purdue 
University). An enhanced synthesis of 
RNA, resulting from greater gene ac- 
tivity, is associated with the puffed 
chromosomal region. Some of the most 

convincing evidence that puffing is re- 
lated to developmental processes is af- 
forded by experiments with the hor- 
mone ecdysone which induces molting 
and also causes puffing at specific loci. 

One session of the symposium was 
devoted to discussions on the genetic 
control of differentiation in plant de- 

velopment. The present status of re- 
search on species of the genus Acetab- 
ularia was presented by G. Werz (Max 
Planck Institut flir Meeresbiologie, Wil- 
helmshaven). Morphogenesis in these 
unicellular and uninucleate green algae 
is governed by the activity of "morpho- 
genetic substances," probably messen- 

ger RNA. Under the influence of "reg- 
ulators," located within the cytoplasm, 
the potentialities of the morphogenetic 
substances are realized, that is, ex- 

pressed in morphological development. 
Realization depends, therefore, not only 
on temporary activations of nuclear 
genes, but also on activations of cer- 
tain gene products already transferred 
and stored in the cytoplasm. 

B. McClintock (Carnegie Institution 
of Washington) summarized evidence 
in maize for identifiable controlling 
elements that govern the action of 
genes during development. Three sys- 
tems were discussed in some detail: the 
Ac system, the Spin system, and the 
Dt system. The elements of all three 

sy?tems share many properties in com- 
mon, which suggests a basic relation- 

ship among them with regard to origin 
and composition. Furthermore, ele- 
ments with the same properties are 

present in some strains of maize de- 
rived from different geographic regions, 
so that there is little reason to doubt 
that they are common components 
of the maize genome. A basic differ- 
ence between differentiation in plants 
and animals is that meristems of plants 
remain in an embryonic condition 
throughout the life of the individual, 
whereas most animals have only one 
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affect the structure of, and cell be- 
havior in, the primary meristem from 
which the various organs are differen- 
tiated. Shifts between a condition that 
is basically determined by cellular 
elongation to one that is determined 
mostly by mitotic divisions without 
cell enlargement can be demonstrated 
to be under gene control in barley. 
Furthermore, morphogenetic effects in 
meristematic regions and where a sym- 
metrical mitoses occur are shown to 
be related to changes in nucleic acid 
synthesis and mitotic rhythm. 

This symposium will be published 
in a volume entitled Genetic Control of 
Differentiation, which is expected to be 
available around the first of the year 
from the Clearinghouse of Federal Sci- 
entific and Technical Information, Na- 
tional Bureau of Standards, Spring- 
field, Virginia. The volume represents, 
then, a judicious sampling of present 
research activity on the genetic con- 
trol of differentiation where, at some 
future time, a new synthesis in biology 
may emerge. 

HAROLD H. SMITH 

Department of Biology, 
Brookhaven National Laboratory, 
Upton, New York 11973 

Forthcoming Events 

January 

11-12. Man's Extension into the Sea, 
symp. on SEALAB II, Washington, D.C. 
(T. Evans, Conference Management Or- 
ganizer, Colonial Bldg., 105 N. Virginia 
Ave., Falls Church, Va. 22046) 

12-14. Medicinal and Aromatic Plants 
in India, symp., Central Indian Medicinal 
Plants Organization, Lucknow, India. (S. 
C. Datta, CIMPO, 4 Sapru Marg, Luck- 
now) 

12-20. International Fertility Assoc., 
Latin American mtg., Acapulco, Mexico. 
(M. Roland, 109-23 71st St., Forest Hills, 
N.Y. 11375) 

13-14. Body Fuel Utilization, conf., 
Boston, Mass. (F. D. Moore, Dept. of Sur- 
gery, Harvard Medical School, 25 Shattuck 
St., Boston, Mass. 02115) 

13-14. Institute of Mathematical Sci- 
ences, 4th Mathscience anniversary symp., 
Madras, India. (C. P. Ramaswami Aiyer, 
Inst. of Mathematical Sciences, Madras) 

13-16. Indian Institute of Metals, 19th 
annual mtg., Hyderabad. (The Insti- 
tute, 31 Chowringhee Road, Calcutta 
16) 

16-21. American Chemical Soc., winter 
mtg., Phoenix, Ariz. (ACS, 1155 16th St., 
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solving some of your intricate mi- 
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It can be accomplished with the 
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"ZETOPAN" by simultaneous ap- 
plication of white light and ultra- 
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by a newly developed fluorescence 
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Phase or Anoptral Contrast and 
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the lifetime of the Osram burner 
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vestigations of transmitted, re- 
flected, and mixed illumination. 
It is a truly universal research 
microscope/ / 

f7acker 
For particulars or demonstration, write to: 

WILLIAM J. HACKER & CO., INC. 
Box 646, W. Caldwell, N.J., CA 6-8450 (Code 201) 

1849 

SIMULTANEOUS 

CONTRAST 
FLUORESCENCE 

MICROSCOPY 

This unique new approach may 
very well become instrumental in 
solving some of your intricate mi- 
crobiological research problems. 
It can be accomplished with the 
ingeniously designed Reichert 
"ZETOPAN" by simultaneous ap- 
plication of white light and ultra- 
violet illumination supplemented 
by a newly developed fluorescence 
contrast condenser. 
The combined advantages of 
Phase or Anoptral Contrast and 
the fluorescent techniques now 
appear simultaneously in the mi- 
croscopic image. 
Our constant, self-regulating Pow- 
er Supplies for operation of the 
fluorescent light source prolong 
the lifetime of the Osram burner 
and insure a steady arc and in- 
creased light. 
The "ZETOPAN" is a versatile in- 
strument for all microscopic in- 
vestigations of transmitted, re- 
flected, and mixed illumination. 
It is a truly universal research 
microscope/ / 

f7acker 
For particulars or demonstration, write to: 

WILLIAM J. HACKER & CO., INC. 
Box 646, W. Caldwell, N.J., CA 6-8450 (Code 201) 

1849 

SIMULTANEOUS 

CONTRAST 
FLUORESCENCE 

MICROSCOPY 

This unique new approach may 
very well become instrumental in 
solving some of your intricate mi- 
crobiological research problems. 
It can be accomplished with the 
ingeniously designed Reichert 
"ZETOPAN" by simultaneous ap- 
plication of white light and ultra- 
violet illumination supplemented 
by a newly developed fluorescence 
contrast condenser. 
The combined advantages of 
Phase or Anoptral Contrast and 
the fluorescent techniques now 
appear simultaneously in the mi- 
croscopic image. 
Our constant, self-regulating Pow- 
er Supplies for operation of the 
fluorescent light source prolong 
the lifetime of the Osram burner 
and insure a steady arc and in- 
creased light. 
The "ZETOPAN" is a versatile in- 
strument for all microscopic in- 
vestigations of transmitted, re- 
flected, and mixed illumination. 
It is a truly universal research 
microscope/ / 

f7acker 
For particulars or demonstration, write to: 

WILLIAM J. HACKER & CO., INC. 
Box 646, W. Caldwell, N.J., CA 6-8450 (Code 201) 

1849 


