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Many nelnatologists do not seem to be 
interested in nematodes for the nematodes '  
sake, but  instead are concerned pr imari ly  
with the plants or animals they may para- 
sitize and the economic impor tance  of nema- 
tode control. Perhaps as a consequence of 
this and other factors, hematology has de- 
veloped along paths which were, in a sense,  
long ago predetermined by the historical 
divisions between p lant  and animal  sci- 
entists. Obviously, a crucial role for the 
Soc ie ty  in the development  of nematology as 
a scientific discipline is to bridge the natural  
gap that  has been laid down by historical 
precedent.  

T h e  entry of geneticists and molecular  
biologists into the field has made the situa- 
t ion a bit  more complex. Perhaps unfortu-  
nately for the nematodes,  these biologists 
also are not  necessarily interested in the 
worms for their own sake, but  are simply 
using them as convenient  laboratory models 
for the stndy of genetics, development ,  
neurobiology, and behavior. General ly 
speaking, these scientists embrace the re- 
ductionist  viewpoint  that what  is learned 
about  the basic biology of a nematode may 
in some significant par t  be applied to other 
species. In other words, the basic strategies 
of gene expression and celhllar function 
underlying animal  development  and be- 
havior are believed to be largely conserved 
in evolution, so that  relatively simple 
metazoans can serve as useful models for 
analysis of a wide range of biological pro- 
cesses c o m m o n  to all animals. Fur thermore,  
it is argued that commonali t ies  at the cellu- 
lar level make certain studies with nema- 
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todes (for example  those on genetics and 
aging) relevant  to tile t reatment  or preven- 
tion of human  genetic disorders or to the 
tmders tanding of the hiology of human  
aging. 

As impor tan t  as these considerations 
may be, it clearly would be a mistake to 
claim that  hematologists are not at all in- 
terested in neinatodes, but  instead in plants, 
higher animals, or in human  medicine. 
Among  the diversity of interests in nema- 
tology there is a great deal of connnon 
ground for all of us to share and appreciate.  
T h a t  common ground is the physiology of 
the nematode.  As we learn more about  how 
nematodes work, I predict  we will grow to 
appreciate  more and more how funda- 
mental ly  similar the various species may be 
to one another,  in spite of the fact that  they 
inhabi t  strikingly dissimilar environinents 
and employ many  different survival strate- 
gies. T h e  same is true for us nmmnmls after 
all. T h e  differences in appearance  and life 
style between m a m m a l i a n  species is ['re- 
qnent ly only a thin veneer over fnnda- 
mental  physiological similarities. 

Ult imately,  it is up to each of us as in- 
dividuals to make use of oppor tuni t ies  such 
as at[orded by the following papers to gain 
the insights necessary to lmild on what  al- 
ready has been learned about  nematode de- 
ve lopment  and physiology. Geneticists and 
cell biologists certainly need this k ind of 
input.  Our  needs arise par t ly  fi'om the fact 
that most of us are newcomers to the field. 
Many of us are molecular  biologists who 
seek to apply some of the techniques and ex- 
per imenta l  strategies of that  field to the 
study of mult icel lular  eukaryotes. While  we 
bring fresh talent  to the study of nema- 
todes, we have been slow to appreciate  what  
insights may be gained from comparat ive  
hematology, or at least from an appreciat ion 
of the natural  history of our laboratory 
organism. 

T h e  soil nematode,  Caenorhabditis 
elegans, was chosen by Sydney Brenner in 
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Caenorhabditis 

the mid-1960s initially as a model organism 
to study the genetic specification of be- 
havior. From Brenner 's  point  of view, tlle 
fundamental  questions in behavioral  ge- 
netics were those which addressed the prob- 
lem of how genes specify the development  
anti function of tile nervous system. In 
practical terms, an exper imenta l  system was 
required which permit ted  the study of in- 
dividual genes one at a time, along with the 
precise effects each gene has on neural  
structure and ftmction. T h e  decision to 
study C. elegans culminated an extensive, 
systematic search for an organism which 
was amenable  to genetic study and which 
had a nervous system that  could be conl- 
pletely described at the electron-microscopic 
level. T h e  use of ul t rastructure to identify 
literally every cell and every synapse was 
considered by Brenner  to be an essential 
component  of an approach to the question 
of how the nervous system works. This  in 
itself was a monumen ta l  task, even with a 
300-cell nervous system. A major  effort in 
the early phase of the work involved devel- 
oping the capabil i ty for computer-assisted 
reconstruction of neural  morphology.  After 
a decade of work, pr imari ly  by Dr. John  
White  and others at Cambridge,  the ultra- 
structural  description of the C. elegans 
nervous system is largely complete. As Bren- 
ner's original plan developed, tile genetic 
and ul trastructural  data from C. elegans 
were to be correlated with electrophysiolog- 
ical studies on Ascaris. Tile Ascaris work 
has been carried on by Dr. Anthony Stretton 
at the University of Wisconsin. 

Brenner 's  own labors in the laboratory 
centered on developing the fundamenta l  
basis for C. elegans genetics. This  involved 
tim generat ion of many mutan t  strains, de- 
veloping numerous  methods for their ge- 
netic analysis, and generat ing a genetic 
map.  When  Brenner published his 1974 
paper  on C. elegans genetics, nlore than 100 
genetic loci already had been defined. Since 
then, other geneticists also have refined and 
added to tile map, which now includes more 
titan 350 genes and numerous chromosome 
rearrangements.  In  my judgment ,  it is one 
of the most sophisticated genetic maps avail- 
able for any organism, based on classical 
methods of recombinat ion  analysis. 

Meanwhile,  back in Cambridge,  a new 
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project arose f rom the basic genetics. A 
series of paralyzed mutants  were found 
which were affected in tile structure and 
function of body wall muscle. These  mu- 
tants were viable for two pr imary  reasons. 
First, pharyngeal  musculature  was un- 
affected in these mutants,  so feeding was 
not seriously hampered  and growth was pos- 
sible. Second, reproduct ion by self-fertiliza- 
tion made active copulat ion unnecessary. 
T h e  ability to grow large popula t ions  of 
genetically homozygous mutants  made bio- 
chemical analysis of muscle proteins possi- 
ble, and nematode molecular  genetics was 
born. Muscle genetics continues to be an 
active area of research in Cambridge  as well 
as in this country. 

It was pr imari ly  the development  of C. 
elegans genetics that  s t imulated a broaden- 
ing of the early focus oil neurobiology to 
include not  only the lnuscle problem but  
many other aspects of C. elegans develop- 
ment.  In 1974, David Hirsh of the Univer- 
sity of Colorado was tim first American in- 
vestigator to establish an indepeudent  lab- 
oratory aimed at tim analysis of C. elegans 
development ,  emphasizing embryogenesis 
and gonadal  development  ra ther  than 
neurobiology. A different sort of milestone 
was reached by John  Sulston at Cambridge 
when he de termined the cell lineages lead- 
ing to matura t ion  of the ventral  nerve cord. 
This  was doue by observing tile course of 
cell divisions and migrat ions in living 
animals with tile aid o[ Nomarski  optics. 
Eventually, tile description of all post- 
enlbryonic cell lineages was completed.  T h e  
lineage history of C. elegans from single cell 
to adult  is now known. Studies of mutants  
with altered lineages, and the use of laser 
microsurgery, reveal how specific cell fates 
depend upon lineage history and upon cell- 
cell interactions. 

T h e  lineage studies represent  a global 
approach to tile analysis of C. elegans de- 
velopment .  Many investigators, however, 
have chosen to focus oil par t icular  metabol ic  
functions or on part icular  tissues and or- 
gans, such as muscle, cuticle, sperm, or 
somatic gonad, as models for gene regulat ion 
or cell differentiation. Others have focused 
on specific developmental  branch points, 
such as sex differentiation or dauer  larva 
formation,  or well-defined port ions of the 
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developmental  cycle such as early embryo- 
genesis. T h e  papers presented here provide 
examples of these various approaches. 

Nematode Postembryonic Cell Lineages ~ 
H .  ROBERT HORV1TZ AND P A U L W .  STERNBERG" 

Abstract: T h e  comple te  pos tembryon ic  ceil l ineages of the  free-l iving nenta todes  Caenorhab- 
ditis elegans and  Panagrellus redivivus are known.  Pos tembryonic  cell divisions lead to subs tan t ia l  
increases in the  n u m b e r  of cells and,  in mos t  cases, in the  n u m b e r  of  types of  cells in the  neurona l ,  
muscu la r ,  hypodermal ,  and  digestive systems. T h e  pa t te rns  of pos tembyron ic  cell divisions are 
essentially invar ian t  and  genera te  a fixed n u m b e r  of  progeny cells of  strictly specified fates. Cell 
fates depend  u p o n  bo th  l ineage his tory and  cell-cell in teract ions:  l ineage l imits  the  develop- 
m e n t a l  po tent ia l  of  each cell and,  for cer tain cells, cell-cell in terac t ions  specify which  of a smal l  
n u m b e r  of  a l te rnat ive  potent ia l  fates is acqui red .  Relat ively s imple  differences in cell l ineage 
account  for some of the  s t r ik ing differences in gross morpho logy  bo th  between sexes and  be tween  
species. Genet ic  s tmties  indicate  tha t  these cell l ineage differences reflect one  o r  a few relatively 
s imple  m u t a t i o n a l  events,  ht terspecif ic differences in cell l ineage are likely to be good indicators  
of  evolu t ionary  dis tance  and  may  be he lp fu l  in def in ing t axonomic  re la t ionships .  Both  the  tech- 
n iques  uti l ized in, and  the  in fo rma t ion  acqui red  from, s tudies  of cell l ineages in C. elegam attd 
P. redivivus may  prove useful  to o the r  hematologis ts .  Key words: Caenorhabditis elegans, Pana- 
grellus redivivus, ana tomy ,  deve lopment ,  t axonomy,  evolu t ion .  
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Elucidation of the molecular and cellu- 
lar mechanisms responsible for animal de- 
velopment  and behavior is a challenging 
goal. One approach to this problem is to 
study a relatively simple organism. Th ree  
assumptions have drawn researchers to the 
study of simple organisms as biological 
models: first, simplicity should facilitate un- 
derstanding; second, many biological mech- 
anisms are likely to be universal, so that 
what is learned about  a simple organism 
may well provide a relevant framework for 
thinking about  more complex organisms; 
third, a detailed understanding of any bio- 
logical phenomenon is likely to be interest- 
ing. 

T h e  field of molecular genetics provides 
a compelling example of the util i ty of bio- 
logical models. Studies of bacterial viruses 
have led to an understanding of the chem- 
ical basis of heredity that almost certainly 
is relevant to all organisms on Earth. Hav- 
ing essentially solved the problem of in- 
heritance, a number  of molecular biologists 
decided to explore next  the more difficult 
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problems of metazoan development  and be- 
havior. These  scientists have chosen to work 
on such diverse organisms as slime molds, 
fruit  flies, leeches, and fish; all hope that at 
least one of these organisms will prove to he 
tile "bacteriophage of tile eukaryotic world," 
a key to some of the unsolved mysteries of 
life. 

Sydney Brenner,  who helped establish 
many of the fundamental  principles of 
molecular genetics, sought a model meta- 
zoan that was cellularly simple (so that its 
anatomy could be defined completely) and 
that was amenable to genetic analysis (which 
had proved so fruitful  in molecular biol- 
ogy). Genetic experiments are concerned 
with rare events and mult iple generations 
and can be done best with small, easily 
grown organisms that reproduce rapidly. 
Following the suggestion of Dougherty and 
Calhoun (11), Brenner  (4,5) selected the 
free-living nematode Caenorhabditis elegans 
as a model organism in which to study the 
genetics of behavior. Many researchers have 
joined Brenner,  and more than 25 labora- 
tories are currently involved in exploring a 
variety of aspects of C. elegans biology (22, 
27). In our  laboratory, a major  interest has 
been C. elegans development.  
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