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Fig. 1. Morphological defects of cleavage divisionsin (d, i) 13C/TM3 and (a, ¢, e-h) [(3)/TM3 embryos. Preparations were stained
according to Feulgen. Scale bar, 0.1 mm. (&) Asynchrony of nuclear division stages. Telophase and interphase nuclei are indicated
with long and short arrows, respectively. (b) Telophase nuclei in wild-type Hikone-AW embryos. Arrows indicate the centrosomes.
(c, d) Excessive centrosomes (indicated with arrows). (€) An abnormal triangular telophase nucleus. (f) Abnormal chromatin con-
densation in the telophase. (g) Asymmetrical anaphase. (h) Nonequivalent telophase nuclei (arrows), which result from asymmet-
rical anaphase (see panel g). (i) Granular chromatin structure, chromatin bridges (long arrows) between nuclei, and hyperploid
nuclei (short arrows) in interphase. Normal morphology of interphase nuclei is seen in panel ().
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Possibly, the amount and the quality of the Trl gene not display an appreciable lethality determined by the
product synthesized in females homozygous for the maternal effect.

3184 allele were sufficient for embryos to pass through In strains |(3) and 13C, insertions were expressed as
the early developmental stages. Thus, strain 3184 did  early lethals in homozygotes. The first wave of embry-
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Fig. 2. Mitotic defectsin cells of (¢, h, i) nervous gangliaand (a, b, g) imaginal disks of Trl third-instar D. melanogaster larvae.
Preparations were stained with Giemsa stain. Scale bars, 0.01 mm. (&) Asynchronous chromosome condensation in prophase in
3184/TM3 larvae, (b) granular structure of chromosomes in early anaphase in 13C/TM3 larvag, (c) weak staining of chromosome
armsin metaphasein 13C/TM3 larvae, (d) unipolar anaphasein [(3)/TM3 larvae, (€) nuclear cohesion in late telophasein 3184/TM3
larvae, (f) control interphase nuclei of Oregon R larvae, and premature chromatin condensation in late G, in (g, h) 13C/TM3 larvae

and (i) homozygotes for 3184.

quency distribution of cells differing in chromosome
length in both tissues only dlightly differed between
heterozygous larvae of strain 13C and wild-typelarvae,
suggesting the same extent of genera chromosome
condensation for these strains.

The major mitotic event, chromosome segregation
inthe anaphase, was a so defective in mutant larvae. We
observed asynchronous formation of the poles,
agglomeration and lagging of chromosomes during
their movement to the poles, asymmetric chromosome
segregation, and unipolar orientation of chromosomesasa
limiting case of their asymmetric segregation (Fig. 2d).
Although some of these defects were also observed in
the control strains (Table 4), they did not alter nuclear
structuresin the post-anaphase period and had no effect
on the viability and fertility of flies in this case (our
unpublished data). Hence, we believe that these were
natural abnormalities of spindleformation and chromo-
some segregation, which could be repaired during
mitosis.
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Mitotic defects in larvae of the mutant strains dif-
fered from those in the control strains. In the control,
retarded polar orientation of chromosomes did not
impair the symmetry of chromosome segregation to the
poles. In larvae carrying the Trl mutations, asynchro-
nous formation of the poles often led to asymmetric or
even unipolar chromosome orientation in the anaphase
(Fig. 2d). In the mutants, chromosomes remained
attached after the anaphase in some cases. Thisresulted
intetraploid cellswith two nuclei, which were not com-
pletely isolated and either were in contact with each
other to form an eight-shaped structure or were con-
nected by along chromatin bridge to form a dumbbell-
like structure (Fig. 2e).

The Effect of the Trl Mutations
on the Egg Chamber Morphology

We studied the effects of the three mutations in the
Trl gene on the oogenesis and the morphology of egg
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Table 4. Defects of cell division in the Trl mutants

Metaphase Anaphase
defect frequency, % defect frequency, %
Tissue Srain | o amined h ~ |chromo-| exam- |laggard and| asynchro- | asym-
cells | granular socrn(raolrleqr?gth some |ined cells agglomerat- nous forma-| metric | unipolar
staining <5 um I>eggth ed chromo-| tion (IJf the | segrega- | mitosis
pm somes poles tion
Nervous |Hikone-AW| 211 - 7.1 16.6 11 0 455 0 0
ganglia | 5 egon R 93 0 2.1 333 | 29 31.0 3.4 0 6.9
13C/TM3 88 72.7 114 15.9 9 66.7 111 333 22.2
1(3)/TM3 118 9.3 11.0 322 28 42.8 0 0 32.1
3184/TM6 117 0 12.0 26.5 16 312 125 18.7 375
3184/3184 134 22 21.6 14.9 28 28.6 0 0 10.7
Ir_nagi nal | Hikone-AW| 310 - 16 322 24 125 20.8 0 0
disks | oregonR | 119 0 0 204 | 0 0 0 0 0
13C/TM3 53 100.0 5.7 18.9 16.7 16.7 333 50.0
1(3)/TM3 195 12.3 6.1 395 27 29.6 0 74 14.8
3184/TM6 44 0 34.1 4.5 14 7.1 21.4 21.4 7.1
3184/3184 119 0 0.8 36.1 0 0 0 0 0

Note: Length was measured for chromosome 3 in the strain Hikone-AW and for chromosome 2 in the other strains.

chambers. To exclude the possibl e effect of the balancer
chromosome, only heterozygous femaes 1(3)/+ and
13C/+ were examined.

Normally, a 16-cell cyst embedded in a shell of fol-
licular cellsis formed in the germarium. Then, the egg
chamber is separated from the germarium and passes
through consecutive developmental stages (S1-S14
according to King et al. [19]) to form a mature egg
(Figs. 3a=3d). The 16 cystic cells have large cytoplas-
mic circular channels between them [20]. One of the
two cells that have four channels develops into an
oocyte, and the other 15 cells become trophocytes. Tro-
phocyte chromosomes undergo 10-12 cycles of
endoreplication and, possibly, endomitosis [21, 22],
which resultsin polyploid nuclei.

The proportion of egg chambers with abnormal
number of trophocyte nuclel and disturbed chromatin
condensation wasincreased in the Trl mutants (Figs. 3, 4).
For instance, the number of trophocytes greatly varied
(from 6 to 90) in the egg chambers of females homozy-
gousfor the 3184 insertion. Giant chambers (23-99 tro-
phocytes) were arbitrarily assigned to stage S6/S7,
because it was impossible to determine the actual stage
by common morphological criteria, while the position
of the chambers in the egg tube corresponded to these
stages (Figs. 3j, 3l). The stages of chambers with six to
eight trophocytes were also determined arbitrarily
according to the shape and the size of the egg chamber
and to the presence of the chambers at earlier or later
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stagesin the egg tube. Although the trophocyte number
was insufficiently low in these chambers, the nuclei
were several timeslarger in size compared with normal
nuclei (Fig. 3f).

Trophocyte number reduced to 8-14 (Fig. 44) and
disturbed chromatin condensation in trophocytes (Fig. 3i)
were characteristic of the 1(3)/+ and 13C/+ flies.

Intotal, the mutants displayed the following defects:

—hypercondensed chromatinin trophocytesat various
stages of egg chamber development (Figs. 3h, 3i, 3k),

—an increased variation in the extent of chromatin
condensation and in the size of trophocyte nuclei within
one chamber as compared with the control (Figs. 3i, 3j),
and

—an abnormal trophocyte number per egg chamber
(Figs. 3¢, 3f, 3j, 31, 4).

The most plausible explanation of the above mor-
phological aterations of egg chambers is that a defect
arises when a cyst is formed in the germarium. Cysto-
cyte divisions were either abnormal in number or asyn-
chronous and asymmetric in the Trl mutants. If the
number of cystocyte divisions was abnormal, the cell
number per cyst would be amultiple of 2, i.e., the num-
ber of cystswith 2, 4, 8, 32, etc. cellswould be el evated.
After one of the cells becomes an oocyte in each abnor-
mal cyst, there would be an increase in number of
chambers with 1, 3, 7, 31, etc. trophocytes. However,
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