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Ablating the fixed lineage conjecture: Commentary on Kimble 1981
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In 1981 Judith Kimble published what became a classic paper in

developmental biology (Kimble, 1981). The history of nematode cell Sternberg, 1992).

lineage dating back to Boveri and zur Strassen in the 19th century
indicated that nematodes had a fixed cell lineage. This invariance
was confirmed in a modern study by Sulston and Horvitz (1977).
Kimble's PhD work confirmed this except for two cases of in-
determinate development (Kimble and Hirsh, 1979). As a postdoc,
Kimble followed up using a laser microbeam system developed by
JohnWhite (Sulston and White, 1980a, 1980b) to selectively remove
cells. With this system, if you can see the cell with Nomarski DIC
optics, you can kill it. This paper laid the groundwork for analysis of
the AC-VU decision, hence for the genetic analysis of LIN-12/Notch
signaling (Greenwald, 2012), and for vulval induction, hence for the
genetic analysis of the EGFR-RAS pathway (Sternberg, 2006).

The AC-VU Decision. Kimble and Hirsh (1979) had observed in-
determinacy in the formation of the gonadal anchor cell (AC).
Specifically, either of the two somatic gonad precursors (Z1 and Z4)
could generate the single anchor cell. If Z1.ppp became the anchor
cell, then Z4.aaa was one of three Ventral Uterine precursor (VU)
cells; while conversely, if Z4.aaa became the anchor cell, then Z1.
ppp was a VU cell. In this paper, Kimble showed that a single
precursor gave rise to an anchor cell, or that isolated Z1.ppp became
an anchor cell. This observation indicated that intercellular
communication specified the AC and VU fates, and suggested that
the anchor cell inhibits the presumptive VU cells from also be-
coming an anchor cell. Subsequent studies suggest that there is
reciprocal signaling between the two cells (Seydoux and Green-
wald, 1989).

Vulval induction. Kimble showed that in the absence of the gonad
and more specifically of the anchor cell, the three epidermal pre-
cursor that form the vulva instead undergo one round of mitosis
and their progeny differentiate as epidermis. The demonstration in
this paper that the anchor cell is necessary and also sufficient to
induce the vulva paved the way for interpretation of Vulvaless
mutants (Sulston and Horvitz, 1981; Ferguson et al., 1987) as
defective in this signaling process. In particular, Vulvaless mutants
have the same phenotype as does ablation of the anchor cell,
suggesting that they might have defects in either an inductive
signal from the anchor cell to the underlying epidermal
vulval precursor cells or in the response of those epidermal
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precursor to such a signal. This was indeed the case (e.g., Hill and

The paper also delves into what at the time was intriguing but
confusing polarity reversal in the ventral uterine lineages. Ir-
onically, these were interpreted as fixed lineages at the time and
for some time thereafter, but turned out to be based on another
cell interaction, namely induction of the VU granddaughters
(uterine pi cells) by the anchor cell using the same ligand and
receptor (Newman et al., 1995). The three types of VU lineages
differ by another induction by the anchor cell! This bit of history
highlights the strong bias toward intrinsically determined cell
lineages in nematodes.

One type of classic paper is defined by a simple experimental
design with clear cut results and deep implications. It took decades
to flesh out many of the observations made in this paper such
paper. Not all the observations have yet been pursued, for example
the invariant parts of the sheath-spermathecal lineages.
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