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Building a worm: Complete development one cell at a time
From 1977 to 1983 Developmental Biology published a remarkable series of papers that together described the first complete cell-by-cell
development of a metazoan from zygote to adult, the C. elegans cell lineage, as well as ways that that lineage could be modified and interro-
gated. In fact, Developmental Biology became the de facto house organ for the field. In honor of the eightieth anniversary of the Society of Devel-
opmental Biology, we have collected and reprinted these foundational studies. (For more personal perspectives on the early work, see Horvitz and
Sulston, 1990; Chalfie, 2018.)

The first paper (Sulston and Horvitz, 1977) built on the lineaging techniques that John Sulston had developed to examine the cell divisions that
produced the postembryonic ventral cord neurons (Sulston, 1976) to describe all the postembryonic cell divisions giving rise to non-gonadal cells
of the C. elegans hermaphrodite. Soon afterward Kimble and Hirsh (1979) described the somatic, gonadal divisions in both males and her-
maphrodites (the germ cells did not follow a fixed pattern of divisions). One year later, Sulston et al. (1980) added the description of the lineages
giving rise to the specialized somatic cells of the male. Finally, Sulston et al. (1983) described the embryonic lineages thus completing this
remarkable tour de force. Interlaced with these studies were the characterization of the first of many genes that could be mutated to alter the cell
lineage (Sulston and Horvitz, 1981) and the demonstration that certain cells could have alternative cell fates if other cells were removed by laser
ablation (Sulston and White, 1981; Kimble, 1981; Kimble and White, 1981). These latter experiments defined the concept of equivalence groups in
development.

This body of work was aided by several factors. The animals grew quickly, developing from eggs to egg-laying adults in 3.5 days at 20 �C. They were
effectively transparent, especially using differential interference contrast (Nomarski) optics which allowed the visualization of all the nuclei and their
divisions in living organisms. Moreover, adults only had a limited number of somatic nuclei, 959 in the hermaphrodite and 1031 in the male, making the
task challenging but not impossible (nuclei are counted rather than cells because some tissues are syncytial). Most importantly, the pattern of the
somatic cell divisions was reproducible (with a few exceptions) from animal to animal.

What made these papers unique and groundbreaking was that they described the entire development of a multicellular organism on a division-by-
division basis. Never before had development been described in such minute detail. And this fine detail yielded an astonishing series of observations.
The patterns of cell division were quite diverse; no single pattern generated all sets of cells. Some cells were derived clonally, e.g., the intestine, many of
the muscle cells, and to an extent the six DD motor neurons. Other cells arose from a set of precursor cells that each divided to yield a cluster of similar
cells, as was seen in the generation of the postembryonic motor neurons of the ventral cord. Still other sets of cells arose from a diverse set of precursors,
e.g., the six touch receptor neurons). In fact, as Sulston et al. (1983) remarked, the lineage was a living fossil, having accumulated various changes and
modifications over time [an idea reinforced by examination of similar lineages in the related nematode Panagrellus redivivus by Sternberg and Horvitz
(1981, 1982) and other nematodes (Sulston et al., 1983)].

The observations in these lineage papers were more than just a catalogue of cell divisions. These papers also presented a detailed description of
programmed cell death and its importance in the development of the animal. In one case, perhaps an example of accumulated development change
during the worm's evolution, an embryonic cell divided twice, but at each division one of the daughter cells died. In the end the two divisions yielded a
single cell. These papers also described patterns of cell migration, sexual dimorphisms, and developmental modifications (including a muscle cell that
reorients its attachments and myofibrillar orientation as the male tail developments).

These papers sum to produce a tour-de-force in developmental biology. The importance of the C. elegans cell lineage, however, as Sulston et al.
(1983) remarked in their discussion, lay in the use of the lineage information as the “basis for more detailed studies of development.” Subsequent
research has shown that it has served this purpose extremely well and continues to do so.
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