


2964

cord condensation are also visible in stage 16 mutant embryos,
both circumferentially, leading to a scalloped appearance (Fig.
6), and lengthwise (data not shown). rk2 mutants are embryonic
lethal (they fail to hatch) but we do not have evidence that cor-
relates the lethality with the observed CNS defects. 

DISCUSSION

RK2 is a homeodomain protein localized to the nucleus of
virtually all glial cells in Drosophila. In the embryo, it is found

in all known glial cells except the midline glia. It is expressed
in the glia of the imaginal tissues. It is also expressed in the
ligament cell of the chordotonal organ, although the sheath cell
of this organ has previously been considered to be equivalent
to a glial cell. Homeodomain proteins are transcription factors
frequently implicated in establishing aspects of cell fate. Since
RK2 is expressed early in many glial lineages, including the
glioblast precursor of the longitudinal glia, a role for RK2 in
establishing the primary glial cell fate could be postulated.
However, several aspects of early gliogenesis occur normally
in rk2 mutant embryos, including the formation of glial pre-
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Fig. 5. RK2 mutant embryos have initially normal glial birth, division and migration but subsequently glia become spatially disorganised.
Confocal immunofluorescent images are of the dorsal surface of the CNS to document the position of the longitudinal glia in stage 14 (a-c) or
stage 16 (d-f) embryos. (a-c) Embryos at early stage 14 when the longitudinal connectives are being pioneered. (a) A wild-type embryo
showing a cluster of about six RK2-positive (blue) longitudinal glia per hemisegment. These longitudinal glia do not express the neuronal
marker elav (green). (b) The same embryo showing the cluster of glia identified as red chromomycin-positive nuclei; neuronal nuclei stain for
both chromomycin and elav (yellow). This method can be used to identify glia in rk2 mutant embryos. (c) rk264 mutant embryos have a normal
cluster of glia (red; chromomycin-positive); neuronal nuclei stain for both chromomycin and elav (yellow). (d-f) Embryos at stage 16,
containing mature longitudinal axon connectives. (d) A wild-type embryo showing the RK2-positive (blue) longitudinal glia aligned with the
axon connectives (dark region lacking green elav-positive neuronal nuclei). (e) The same embryo showing the longitudinal glia identified by
chromomycin-positive (red) nuclei; neuronal nuclei stain for both chromomycin and elav (yellow). (f) rk264 embryos have a slightly reduced
number of dorsal glia (red; chromomycin-positive) which are abnormally arranged and do not align with the axon connectives (see also Fig.
3e). Neuronal nuclei stain for both chromomycin and elav (yellow).
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cursors, their initial divisions and their migration to the surface
of the CNS. In addition, at least one characteristic molecular
marker for glia (the enhancer trap 3-109) is expressed rela-
tively normally. 

It is only later in development that a clear CNS phenotype
can be observed in the rk2 mutant embryos. By stage 16, there
is a significant difference in the number of longitudinal glia
between wild-type and rk2 mutant embryos. This could be due
to cell death of glia or the lack of cell divisions in the longi-
tudinal glia lineage. In addition, there is a loss of Prospero-
positive longitudinal glia in the rk2 mutant embryos. It is
unknown whether these glia are missing due to cell death,
reduced proliferation, or a loss of prospero expression. If there
are Prospero-negative glia in rk2 mutant embryos, we would
expect that they would be ‘undifferentiated’, since it has been
observed that the longitudinal glia do not enwrap axons in
prospero mutant embryos (Jacobs, 1993).

Given the known and postulated role for glia as pathfinding
substrata in a variety of systems, it is surprising that initial
axonogenesis is normal in rk2 mutant embryos. One explana-
tion is that early glial function is normal at the time axon

pathfinding is occurring; this is supported by the normal
position and number of dorsal glia in rk2 mutants at stage 14
– a time when commissural tracts have been pioneered and the
longitudinal connectives are just forming. An alternative expla-
nation is that the longitudinal glia are not required for estab-
lishing the longitudinal axon connectives; the observed close
association between glia and axons in the longitudinal con-
nective (Jacobs and Goodman, 1989) could reflect a recogni-
tion of axons by glia prior to enwrapment of the axons.

The rk2 gene is specifically expressed in glia and is required
for embryonic viability. The fact that early gliogenesis is
essentially normal indicates that rk2 is not fundamentally
involved in the determination of glial cell type, although addi-
tional markers for early glial development would be necessary
to test this conclusion. Lethality appears to be due to the failure
of glia to perform some of their normal support functions,
which may include nerve cord condensation and enwrapment
of axons, as well as general trophic functions. 

We thank Rob Krumlauf for suggesting the oligo that we used for
the screen and for technical discussion, and Kevin Moses and Don

Fig. 6. RK2 is required for normal glial gene expression and nerve cord condensation but not for establishment of CNS axon tracts. Stage 16
wild-type (a-d) and rk264 mutant (e-g) embryos stained for RK2 (red) and axonal and glial markers (green). (a,e) Anti-HRP stains all neuronal
membranes including cell bodies and axons. (a) Wild-type CNS showing regular axon tracts and circumferentially condensed nerve cord; (e)
rk264 mutant CNS shows normal axon tracts but defective nerve cord condensation, giving it a scalloped look. (b,f) mAb BP102 stains most
CNS axons in the neuropil. Wild-type and rk264 mutant CNS are indistinguishable. (c, g) mAb 1D4 (anti-FasII) stains only three fascicles in
each longitudinal connective. (c) Wild-type CNS. (g) rk264 mutant CNS shows no major defects, although there is a slight disorganisation
possibly due to defects in nerve cord condensation. (d,h) RK2 is required for normal expression of Prospero in longitudinal glia. Embryos are
double labelled for RK2 (red) and Prospero (green) and the dorsal surface of the CNS is imaged by confocal microscopy. (d) In the wild-type
CNS Prospero and RK2 are co-expressed in six longitudinal glia per hemisegment (yellow). (h) rk264 mutant embryos have a dramatically
reduced number of Pros-positive cells (green); the majority of hemisegments have two or less Prospero-positive glia and some hemisegments
are totally devoid of Prospero-positive longitudinal glia.
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Note added in proof
While this paper was in review, a gene with similar expression,
called repo, was described (Xiong, W-C., Okano, H., Patel, N.
H., Blendy, J. A. and Montell, C. (1994) Genes Dev. 8, 981-
994). rk2 alleles do not complement repo alleles. 
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