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embryos from klar mutant mothers that have no KASH‑containing 
Klar protein, as such embryos develop into rough‑eyed, but otherwise 
apparently normal adults.15,37,39 Similarly, embryos lacking all Koi 
protein develop into rough‑eyed but otherwise apparently normal 
adults. Further experiments could be performed to determine if Klar 
and Koi are present perinuclearly in syncytial embryos, and if there 
are subtle defects in migration or defects with low penetrance in koi 
and klar mutants.

Second is the migration of the oocyte nucleus from the posterior 
to the anterodorsal side of the oocyte, where the stable maintenance 
of its position there defines the dorsal/ventral axis. Evidence suggests 
a model in which the nucleus is surrounded by a microtubule 
cage, secured by dynein.42 Through dynein motors also present 
on the outside of the cage, the cage anchors the nucleus to cortical 
microtubules and also allows the nucleus to migrate anterodorsally, 
towards the minus ends of cortical microtubules. Exactly how the 
oocyte nucleus is stably anchored there is not clear. It is tempting to 
speculate that Koi and Klar may be the link between the nucleus and 
the dynein motors securing the microtubule cage. However, neither 
Koi nor Klar can be essential for oocyte nuclear anchoring. A failure 
of nuclear anchoring in the oocyte leads to inviable embryos with 
dorsal/ventral defects. Females that lack Koi or a KASH‑containing 
form of Klar produce large numbers of viable offspring. Further 
experiments are required to determine if Koi and Klar are present at 

Figure 8. (above) Model for the role of Koi 
in nuclear positioning in the larval eye disc. 
Shown is an illustration of a model for how 
nuclei in the third instar larval eye disc migrate 
apically in response to differentiation. See text for 
explanation. INM is inner nuclear membrane, and 
ONM is outer nuclear membrane. The ‘+’ and ‘‑’ 
signs indicate the polarity of microtubules.

Figure 7. (above) Molecular epistasis hierarchy among Lam, koi, and klar. (A–E’) Confocal XY‑sections of mutant third instar larval eye discs In all of the 
mutants, R‑cell nuclei (blue) fail to migrate apically and are distributed throughout the apical/basal axis of the disc, with most of them basal. (A and A’) 
lam4643 homozygotes. (B and B’) klarmCD4 homozygotes. (C–E’) koiHRKO80 homozygotes. (F) Scanning electron micrograph of koiHRKO80; klarmCD4 adult 
external eye. (G) A close‑up of panel F. Note that some bristles are missing in the positions indicated by the arrows. (H) Tangential section through koiHRKO80; 
klarmCD4 adult eyes. (I) Confocal Z‑section of koiHRKO80; klarmCD4 third instar larval eye disc where R‑cell nuclei are blue and cone cell nuclei are green. The 
size bar in panel (A) is ~10 mm in (A–E), ~80 mm in (F), ~20 mm in (G and I), and ~15 mm in (H).

as endogenous Klar.16 Thus, the Klar associated normally with 
microtubules could be Klara. Two of the most interesting remaining 
questions are how Klara, a protein with a transmembrane domain 
(within the KASH domain) could be localized both to the nuclear 
membrane and to the cytoplasm, and also the nature of Klar function 
on the microtubules.

Why are Koi and Klar not essential for biologically significant 
nuclear positioning events outside the eye? There are two conspicuous 
examples in Drosophila of important nuclear movements for which 
neither Klar nor Koi are essential. First, in early embryogenesis, 
nuclei migrate to the cell cortex to form the syncytial blastoderm. 
The change in nuclear position occurs in two phases, called axial 
expansion and cortical migration. In neither of the proposed 
mechanisms is the nucleus, as we propose here in the eye disc, 
thought to be a cargo of a motor walking along the cytoskeleton. 
Rather, axial expansion, which requires actin and myosin and results 
in a hollow ball of nuclei not quite at the cell cortex, is thought to 
occur because of actin contractions resulting in cytoplasmic streaming 
that propels nuclei outwards to the cortex.40 Subsequently, cortical 
migration is thought to occur when motor‑driven repulsive forces 
between microtubules spanning the space between nuclei push them 
outwards to the cell cortex.41 The failure of syncytial blastoderm 
formation is lethal to the embryo. Therefore, syncytial nuclear 
migrations must occur fairly normally at least most of the time in 
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the oocyte nuclear membrane, and also to determine if, in koi and 
klar mutants, there are subtle or low penetrance defects in oocyte 
nuclear positioning.

It is remarkable that the fully penetrant defects in koi and klar 
mutants appear limited to the eye. At least in the two examples of 
nuclear positioning cited above, other Drosophila KASH and SUN 
proteins also appear to play no essential roles (Martin P. Kracklauer 
and Janice A. Fischer, unpublished; Xuanhua Xie, Martin P. 
Kracklauer and Janice A. Fischer, in preparation). We conclude that 
a variety of mechanisms for moving and anchoring the nucleus have 
evolved in Drosophila.
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