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tional immune system in vivo. Given that the « chain alone is
able to restore antigen responsiveness, it is not clear why there
is a preference for expression CD8af heterodimers rather than
CD8aa homodimers on mature T cells. It is possible that the
CDS8B chain has a separate role during the development of
aB TCR bearing cells in the thymus. This would correlate with
the observation that intra-epithelial lymphocytes, which are
mainly y8TCR bearing cells’?, predominantly express CD8«
homodimers on their surface'*.

The expression of CD4 or CDS8 accessory molecules by T
cells correlates strongly with whether T cells are restricted by
class 11 or class I MHC molecules'®. Studies in transgenic mice
have shown that T cells expressing class I restricted TCR « and
B transgenes favour the co-expression of CD8 molecules'®'”.
Although this bias may be generated by co-selection of receptor
and accessory molecules binding the same class I MHC struc-
ture, it is also possible that selection occurs based on preferential
interactions between particular TCR and accessory molecule
transmembrane or intra-cellular domains. We examined this
possibility by constructing hybrid cDNA constructs between
CD4 and CD8 genes which encode the extra-cellular portion of
one together with either the cytoplasmic domain, or the trans-
membrane plus cytoplasmic domain of the other. It was pre-
viously shown that expression of CD4 molecules by DC27.10
is insufficient to restore the response to K” even when stimulator
cells express both class 11 and class I molecules®. If there is an
interaction of the anti-K® TCR with CDS in the intra-cellular
domains then the hybrids expressing CD4 externally and CD8
internally should be capable of responding to antigen.

Transfectants expressing all combinations of hybrid
CD4/CD8 molecules were isolated and stained with appropriate
monoclonal antibodies (Fig. 3). All of the hybrid constructs were
expressed stably on the cell surface. Immunoprecipitation of
these molecules (data not shown) revealed that all constructs
expressing CD4 externally were monomers, in contrast to con-
structs expressing CD8« externally, which were expressed as
disulphide bonded homodimers. This indicates that interactions
between CD8 external domains dictate that this molecule is
expressed normally as a dimer. Transfectants which gave similar
responses to anti-clonotypic antibodies were assayed for their
ability to respond to antigen (Table 1). As K® transfected L cells
do not express class II MHC molecules, hybrid constructs
expressing CD4 external domains were assayed on H-2K°
spleen cells. Despite the presence of the CD4 ligand on the
stimulator cells, expression of these hybrid molecules was
insufficient to restore antigen response. By contrast, transfectants
expressing hybrid molecules containing CD8a external
domains, whether in combination with CD4 cytoplasmic
domains or CD4 transmembrane and cytoplasmic domains,
functioned extremely efficiently. The latter constructs were at
least as effective as native CD8a homodimers in conferring
responsiveness to antigen. Thus, there does not appear to be
preferential association of transmembrane or intracytoplasmic
domains of CD8 with a class I specific cell receptor.

These data demonstrate an incremental restoration of full
antigen responsiveness conferred by transfected CD8 molecules.
The first step is the progress from complete absence to limited
responsiveness conferred by high level expression of CDS8
extracellular domains in combination with sufficient expression
of TCRs. This property can be ascribed to increased avidity
stabilizing the interaction between the T cell and the antigen
presenting cell. It is interesting to note that in contrast to the
experiments reported by Gay et al'®., our experimental system
has an absolute requirement for both the TCR and accessory
molecules to recognize class | MHC. The Désiré-1 TCR has low
affinity for antigen'® and may only be stabilized by CD8 external
domains binding to the same class I molecules as the TCR. This
requirement may not be so obvious for higher affinity TCRs.

The second increment by which CD8 influences responsive-
ness relates to the presence of the cytoplasmic domain and
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correlates with the ability to associate with p56"*. This associ-
ation has been demonstrated for both CD4 and CDS8 molecules
and can explain why CD4 intracellular domains are efficient
substitutes for CD8 intracellular domains. These results are in
contrast to hybrid CD8 molecules with class 1 cytoplasmic
domains which are only as efficient as CD8«’ chains in restoring
responsiveness (B. Malissen, personal communication). ]
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PRADER-WILLI syndrome (PWS) is the most common form of
dysmorphic genetic obesity associated with mental retardation"?,
About 60% of cases have a cytological deletion of chromosome
15¢11q13 (refs 2, 3). These deletions occur de novo exclusively
on the paternal chromosome®*. By contrast, Angeiman syndrome
(AS) is a very different clinical disorder and is also associated
with deletions of region 15q11q13 (refs 6-8), indistinguishable
from those in PWS®® except that they occur de nove on the
maternal chromosome®. The parental origin of the affected chromo-
somes 15 in these disorders could, therefore, be a contributory
factor in determining their clinical phenotypes. We have now used
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cloned DNA markers specific for the 15q11q13 subregion®>'’ to

determine the parental origin of chromosome 15 in PWS
individuals not having cytogenetic deletions; these individuals
account for almost all of the remaining 40% of PWS cases.
Probands in two families displayed maternal uniparental disomy
for chromosome 15q11q13. This is the first demonstration that
maternal heterodisomy—the presence of two different chromosome
15s derived from the mother—can be associated with a human
genetic disease. The absence of a paternal contribution of genes
in region 15q11q13, as found in PWS deletion cases**, rather than
a mutation in a specific gene(s) in this region may result in
expression of the clinical phenotype. Thus, we conclude that a
gene or genes in region 15q11q13 must be inherited from each
parent for normal human development.

Given the unusual parental origins of deletion chromosomes
associated with PWS and AS, we attempted to determine the
parental origins of chromosomes 15 in non-deletion cases of
PWS. For each family, we performed restriction fragment length
polymorphism (RFLP) analyses with nine RFLPs at seven loci
specific for proximal chromosome 15q (refs 5,11). The first
family that we studied has a proband with a phenotype typical
of PWS (refs 1, 2), that is, hypotonia and growth delay in infancy,
short stature, hyperphagia with consequent obesity, small hands
and feet, hypogonadism and mild mental retardation. This
family also displays inheritance of a balanced robertsonian

{

PWS1

FIG. 1 Maternal uniparental disomy in a PWS
patient with a balanced Raobertsonian transloca-
tion. a Normal chromosome 15 and translocated
homologue from patient PWS1 (left) and his
mother M1 (right). Other unaffected maternal
relatives, including the half-sister of PWS1 carry
the same balanced chromosome 13q15q robert-
sonian translocation. b, Maternal origin of the
two chromosomes 15 in patient PWS1, An 8.2-kb
Taq! allele of probe 3-21 (D15$10) is shared
by PWS1 (lane 3), his mother M1 (lane 2) and
half-sister (lane 1), whereas an 8.9-kb band is
shared by PWS1 and M1. PWS1 does not inherit
a9.0-kb paternal allele (F1, lane 4). Mixing experi-
ments (lane 5, PWS1 and F1; lane 6, M1 and F1)
show the identity of the three alleles in this new
RFLP system. ¢, Presence of two maternal alleles
only for CMW-1 (D15524) in PWS1. PWS1 (lane
2) shares two Tagl restriction fragments, of 2.1
and 2.2 kb, with M1 (lane 3) but has neither of
the 1.5- or 1.8-kb paternal alleles (F1, lane 1).
The half-sister (lane 4) displays the maternal
2.1-kb and a 2.15-kb allele. The band at 1.7 kb
is constant, C. d Exclusion of non-paternity for
PWS1. Pvuli-digested DNA was hybridized to the
a-globin 3'HVR marker (D16S85), one of the
most highly polymorphic markers in the human
genome'?. PWS1 (lane 2) shows mendelian
inheritance of one paternal 3.9-kb allele (lane 1)
and one maternal 4.3-kb allele (lane 3). The
half-sister inherits her mother's 5.3-kb allele
(resutt not shown).

METHODS. DNA was isolated from blood and/or
cell lines from each individual as described pre-
viously®. Hybridizations were carried out as pre-
viously described®. High-resolution chromosome
analyses from peripheral blood lymphocytes®®
were performed by Giemsa-trypsin banding°.
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translocation, t(13; 15) (Fig. la). Association of this transloca-
tion with the phenotype of PWS is highly unlikely because
unaffected maternal relatives carry the same balanced transloca-
tion (Fig. 1a), and the translocation breakpoint is at the cen-
tromere of chromosome 15, some distance from the critical
region at 15g11q13. In this family the PWS proband (PWS1)
had inherited two maternal alleles but no paternal allele (Fig.
1b) specific for probe 3-21, which maps to the region absent in
PWS patients with deletions®*'?. The 8.2-kilobase (kb) Tagql
fragment detected by probe 3-21 (Fig. 1b) is shared by the three
individuals (PWS1, his mother M1, and half-sister) carrying the
t(13; 15) translocation and is, therefore, a marker for this
chromosome. The 8.9-kb Tagql fragment which hybridized to
probe 3-21 is present in both PWS1 and his mother and is not
present in the other individuals of the family, clearly indicating
the maternal derivation of the non-translocated chromosome 15
in PWS1, at least for region 15q11q13 surrounding the probe
3-21 locus. We confirmed and extended this result by using
CMW-1, a multiallelic DNA marker'' that maps distal to the
region of deletions associated with PWS (unpublished result).
The segregation pattern again showed two maternal alleles but
no paternal allele for the proband (Fig. 1¢). We excluded the
possibility of non-paternity by analysis with a cloned fragment
(3'HVR) from the 3’ hypervariable region of the a-globin locus
on chromosome 16 (ref. 12, Fig. 1d).
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The proband (PWS2) of the second family also has classical
PWS (refs 13, 14). Cytogenetically, PWS2 has two intact chromo-
some 15s (Fig. 2a). We demonstrated the lack of paternal alleles
for two loci by haplotype analysis (Fig. 2b, ¢). With probe 34,
the father is homozygous for 6.5 kb alleles, whereas the mother
is homozygous for 6.3 kb alleles (Fig. 2b). For the proband, we
found only a 6.3-kb band (Fig. 2b), consistent with the maternal
origin of both cytogenetically normal chromosomes 15. Like-
wise, only maternal alleles specific for probe IR39d had been
inherited (Fig. 2¢). By dosage analyses we demonstrated that
PWS2 has two copies of each of these maternally derived alleles
(Fig. 2d and results not shown), indicating that loci detected

PWS?2

34C —
FIG. 2 Maternal uniparental disomy in a PWS
patient with apparently normal chromosomes
15. g Two pairs of intact chromosomes 15 of
PWS2. Previous reports have indicated these
chromosomes as being intact™® or deleted 15q 34 C

(ref. 14); in the deletion report a polymorphic
shortening of 15qg11 (ref. 7) was probably detec-
ted, because we show here at a higher level of
resolution that the chromosomes are intact. b,
Maternal origin of the two chromosomes 15 in
PWS2. DNA was digested with Scal. PWS2 (lane
1) inherits a maternal 6.3-kb allele (lane 3) but
no paternal 6.5-kb allele (lane 2) for probe 34
(D1589). Each individual is heterozygous for
IR10-1 (D15S12; 16- and 12.5-kb alleles), which
is from the same 15q11q13 region as probe 34
(ref. 10). The band at 10kb is constant, C, for
probe 34 in alt individuals®. ¢, PWS2 inherits
maternal alleles only for probe IR39d (D15S18). d
DNA was digested with Sacl and hybridized with
the 15g11q13-specific probe IR39d. PWS2 (lane
1) inherits his mother’'s (lane 3) 14-kb alleles
and not his father's (lane 2) 8.5-kb alleles. d,
Two copies of the maternal allele for probe 34
in PWS2. Hindlll-digested DNAs from PWS2 (lane
2), mother M2 (lane 3), father F2 (lane 4) and a

PWS patient displaying both a cytological and 34
molecular deletion of 15q11q13 (ref. 5; lane 1,
HS2) were hybridized simultaneously with probes
34 and H2-26 (D13S28)*!. Probe H2-26 from
H2-26 —

chromosome 13 serves as a reference for
quantitation of copy number®®, Probe 34 shows
a reduced hybridization intensity relative to H2-
26 only in HS2, which is consistent with a dele-
tion of 15911913 in this individual. No reduction
in probe 34 hybridization intensity is observed in PWS2 or his parents. To
quantitate the intensity of the hybridization bands, the autoradiogram was
scanned with an LKB Ultrascan XL laser densitometer (Pharmacia LKB
Biotechnology). The area ratio of the probe 34 to probe H2-26 peaks was
calculated for each lane. The number of copies of probe 34 per genome
was obtained by setting the ratio in lane 3 (M2, mother) to 2 and normalizing
the values in the other lanes to this value. The number of copies of probe
34 per genome determined by this method were 1.0 in lane 1 (the HS2
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by probes 34 and IR39d had not been deleted. These two loci
are flanked by loci detected by probe IR4-3R (results not shown)
and probe IR10-1, respectively, (Fig. 2b) that are heterozygous
in the proband. To rule out the possibility of a submicroscopic
deletion, we analysed the long-range structure of the 15q11q13
region by pulsed-field gel electrophoresis (PFGE). This showed
that probe IR4-3R and probe 34 detect the same large unaltered
2,500-kb NotI fragment in PWS2 (Fig. 3), which provides strong
evidence that the absence of a paternal allele specific for probe
34 does not represent a microdeletion. Furthermore, we detected
a band corresponding to a fragment of the same size (2,500 kb)
in the mother, despite differential methylation leading to partial

kb
—G

—3.6

1 2 3

deletion), 1.8 in lane 2 (PWS2) and 2.2 in lane 4 (F2, father). e, Exclusion of
non-paternity for PWS2. One maternal 5.2-kb (lane 2) and one paternal
2.9-kb (lane 3) Pwull allele are inherited by PWS2 (lane 1) for the 3'HVR.
METHODS. DNA and cytogenetic studies were as for Fig. 1. Probe IR39d is
a subclone of IR39 (ref. 10), which lacks repetitive sequences. PWS2 has
been described before as patient number 5 (ref. 14) and patient number
31 (ref. 13).
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Notl digestion in this region of the genome (Fig. 3) and in other
normal individuals (results not shown). We again excluded the
possibility of non-paternity using the 3’HVR fragment, which
detected an entirely different set of alleles in the PWS2 family
(Fig. 2e) from those that it detected in the PWS1 family (Fig. 1d ).

The results presented here indicate that both PWS probands
inherited two different, intact chromosome 15q11q13 regions
from their mothers. Maternal heterodisomy—a newly defined
form of uniparental disomy'*'®*—for at least the critical region
of chromosome 15, could thus have an aetiological role in PWS.
The extent of disomy remains to be determined by genetic
analysis with other markers. The disomy extends beyond the
PWS critical region identified from deletion studies because
locus CMW-1, which maps distal to the deletion region, is

o

kb 4
2500 — |
2100 —

1700 —
1400 —

350 —

1 2 3 1 2 3

FIG. 3 PFGE provides evidence for the lack of a submicroscopic deletion in
PWS patients with uniparental disomy. Not| fragments are shown for probes
IR4-3R (D15S11) (left) and 34 {right) in PWS2 (lane 3), M2 (lane 2) and F2
(lane 1). Multiple bands are indicative of partial cleavage at restriction sites
when CpG is methylated®2 and a similar pattern of multiple bands has been
observed in other normal controls (results not shown). PWS2 shares a
normat 2,500-kb band with his mother, although in the latter this results
from partial digestion at a Notl site in this region of the genome. The same
2,500-kb band has been detected in other normal individuals. The larger
three fragments are common to probes IR4-3R, 189-1 (results not shown)
and 34, showing that these loci are closely tinked in region 15911q13. These
probes and a 1,300-kb fragment detected with probes 3-21 and IR10-1
{(unpublished data) are deleted in all PWS™® and AS® patients with cytological
deletions. Additional PFGE analysis (results not shown) also indicates that
PWS2 displays PFGE restriction fragments of normal size for IR10-1 in a
Notl digest (1,300 kb) and for IR39d in a BssHIl digest (250 kb). PWS1 also
seems to be intact for the probe 34 and 3-21 ioci because the restriction
fragments detected using Noti and BssHII are unaltered compared with
those of normal individuals.

METHODS. PFGE analyses were performed as described previously®® using
a modification of techniques for DNA preparation and digestion in agarose
blocks3*. Electrophoresis was performed in 0.8% agarose in TBE (89 mM
Tris buffer, pH 8.0, 89 mM boric acid, 2 mM EDTA) at 22 °C and was divided
into three 48-h intervals during which the forward polarity putse durations
were varied from 75-600s, 600-2500s and 2,500-3,000s and field
intensities were set at +2, +1.7 and +1.3Vcem™1, respectively. The ratios
of the duration and intensity of the inverse polarity pulse relative to the
forward were 0.4 and 0.5, respectively.
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disomic in PWS1. Several predictions can be made about an
association between uniparental disomy and the aetiology of
PWS. First, there should be no chromosome deletion, as is shown
in this study by using both cytogenetic and molecular genetic
techniques. Additional PFGE mapping data for PWS1 and
PWS2 (Fig. 3 legend) confirmed that a large part (4-5 mega-
bases) of the 15q11ql3 region is intact in these two patients.
Second, there should be no specific gene mutation. Although
point mutations cannot be ruled out until the gene(s) responsible
for PWS are isolated, these seem unlikely because each case
displays two independent maternal contributions to region
15q11q13 and the disorder is genetically dominant, which would
rule out mechanisms such as the uncovering of a recessive
mutation. Finally, the frequency of maternal disomy should be
high in PWS patients with normal chromosomes. Consistent
with this prediction, our preliminary data on four additional
families strongly indicates that all of the PWS patients show
maternal uniparental disomy.

It seems that the clinical phenotype of the two PWS probands
arises from the absence of a paternal contribution to region
15q11q13, rather than from a specific gene mutation. This implies
functional differences in alleles of a gene or genes from this
region of the genome that depend on the sex of the transmitting
parent (genetic imprinting'®-?!). Under this scheme, normal
human development would require genetic input from both
parents, whereas the absence of a paternal contribution to region
15q11q13, whether by paternal deletion** or maternal uniparen-
tal disomy (as demonstrated here), would result in PWS. Con-
sistent with this hypothesis is our recent finding of differential
transmission of parental alleles in PWS and AS (ref. 6). It is
conceivable, therefore, that the absence of a maternal contribu-
tion to the same 15q11q13 region could result in a different
disorder, AS.

Experimental evidence for genetic imprinting has been largely
restricted to the mouse in which a requirement for a contribution
of both the maternal and paternal genome for normal develop-
ment has been demonstrated'®-?*. Transgenic studies have
provided preliminary evidence that the chromatin alteration
involved in the differential modification and expression of
parental alleles is DNA methylation'®??, a process also associ-
ated with transcriptional regulation of gene activity”. In
humans, evidence of a developmental requirement for both
parental genomes is provided by the finding that only the pater-
nal genome is present in complete hydatidiform moles**. Fur-
thermore, differential transmission of parental alleles in several
disorders such as Huntington’s chorea'®*°, and somatic changes
in childhood tumours such as Wilms tumour, osteosarcoma
(reviewed in ref. 26) and rhabdomyosarcoma®’ could involve
genome imprinting. Growth failure in two individuals with
isodisomy'® for chromosome 7 (refs 16, 28) could indicate
genetic imprinting'®, although the aetiology of cystic fibrosis
(CF) in these patients is homozygosity for a mutant CF allele
inherited from the mother'®%,

In conclusion, the association of PWS with maternal
uniparental disomy for region 15q11q13 implicates a role for
genetic imprinting in the aetiology of the PWS phenotype.
Similar phenomena could contribute to other clinical syndromes.
Isolation of the gene(s) responsible for PWS and other disorders
in which genetic imprinting plays a part might be possible by
identifying a gene that shows a differential modification of its
parental alleles. Our findings for PWS represent a step towards
understanding the developmental basis of this common human
genetic disorder. O
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Requirement for integrins during
Drosophila wing development
Danny L. Brower & Sharon M. Jaffe

Department of Molecular and Celiular Biology, Biosciences West Building,
University of Arizona, Tucson, Arizona 85721, USA

THE position-specific (PS) integrins of Drosophila'* are highly
homologous to vertebrate integrins®>, most of which are cell-
surface receptors for extracellular matrix components®’. Integrins
are heterodimers, each consisting of noncovalently associated a-
and B-subunits. As for the subfamilies of vertebrate integrins, the
same B-subunit is found in both Drosophila PS integrins, combined
with a specific a-subunit to generate either a complete functional
PS1 or PS2 integrin"*®. Both «- and B-subunits are large trans-
membrane proteins (relative molecular masses >100,000). Either
one or both of these two PS integrins are expressed in most fly
tissues during development. A particularly intriguing pattern of
expression is found in the mature wing imaginal disc, where the
PS1 integrin is expressed primarily on the presumptive dorsal wing
epithelium, and the PS2 integrin is found almost exclusively on
the ventral epithelium'. Immediately after pupariation, the central
wing pouch evaginates, folding along its centre to appose the
epithelia that will secrete the dorsal and ventral surfaces of the
adult wing blade®. Here we report the results of a genetic analysis
indicating that both of the PS integrins are required to maintain
the close apposition of the dorsal and ventral wing epithelia during
morphogenesis. Also, we conclude that the integrins are not
necessary for the maintenance of the cell lineage restriction
between the two presumptive wing surfaces in the developing
imaginal disc'*"%

The a-subunit of the PS2 integrin seems to be encoded by
the inflated (if) locus on the X chromosome’®, and null muta-
tions at if cause embryonic lethality (M. Wilcox, A. DiAntonio
and M. Leptin, manuscript submitted; see also Fig. 2 legend).
We examined if° mutant larval tissues by using monoclonal
antibodies directed against the PS integrins (anti-PS antibodies),
and our results suggest that the if® allele is a regulatory mutation
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at the locus. Homozygous if” late third-instar larvae (just before
pupariation and disc evagination) had apparently normal levels
of PS2 integrin on most tissues (for example, muscles, salivary
glands), but displayed greatly reduced levels of integrin on the
surfaces of some imaginal disc cells (Fig. 1b). Specifically, there
was relatively little PS2 integrin «-subunit in the ventral region
of the wing pouch; these cells normally express the protein at
very high levels. PS2 integrin expression was not so severely
reduced in other regions of the disc, such as the peripodial
membrane. The expression of the PS1 integrin in the wing disc
seemed to be unaffected by if® (not shown).

Although all of the mutant wing discs examined were clearly
affected, there was variability in the extent of PS2 integrin
reduction (for example, Fig. 1b, ¢). In the wing pouch, mutant
discs typically stained at higher levels anteriorly, and often
displayed significant levels of staining with anti-PS2 antibody
dorsally (Fig. 1¢). Similar antero-posterior asymmetry and
dorsal staining are characteristic of wild-type PS2 integrin
expression in mid-third instar discs'®, about 24 h before pupari-
ation. It is interesting that the pattern of PS2 integrin expression
in if* discs seemed relatively normal at the mid-third larval
instar (not shown), and it is possible that this allele simply does
not allow the cells of the pouch to progress to the more mature
pattern of expression.

Adult flies bearing the if® allele display wing blisters, in which
the dorsal and ventral surfaces of the wing blade are separated’.
We found that the penetrance and expressivity of the if® blisters
were variable (Fig. 2); this is not surprising in light of the
variability of the immunofluorescence results. Nonetheless,
these data indicate that the PS2 integrin is important for main-
taining the close apposition of the dorsal and ventral epithelia
during morphogenesis of the adult wing.

That this is the case was confirmed by clonal analysis studies"’
of flies with mutations in the myospheroid gene (mys). The mys
locus encodes the common PS integrin B-subunit*®, so null
mutations at this locus would be expected to eliminate both PS1
and PS2 integrins®. Flies homozygous for null mutations of mys
die as embryos (see refs 16 and 17 for descriptions of the mys
lethal phenotype), so to examine the role of integrins in wing
morphogenesis, we made clones of cells homozygous for a null
mutation of mys, along with the flanking markers yellow (y) and

FIG. 1 Anti-PS2-antibody immunofluorescence of the basal surfaces of late
third-instar wing imaginal discs. At this stage, the disc consists primarily
of a single layered but highly folded columnar epithelium of ~50,000 cells®2,
All micrographs are centred on the ‘pouch’ region, which evaginates into a
flat sac before secreting the cuticle of the adult wing blade®. Images are
reverse-contrast, so staining is dark. a Wild type. PS2 integrin is found at
high concentration throughout the ventral {upper) region of the wing pouch.
The sharp horizontal boundary of staining across the pouch marks the line
along which the epithelium will fold during evagination (that is, the pre-
sumptive wing margin). b, Mutant for if2. PS2 expression is greatly reduced
in the pouch. Relatively high levels of staining remain in more peripheral
areas, especially along the anterior edge of the pouch (arrow). ¢, Mutant for
if3. Higher magnification of another disc with a less extreme phenotype,
showing residual PS2 in the pouch. Typically, expression is greater in the
anterior (left) half of the pouch, and is often seen dorsally (arrow) as well
as ventrally. Scale bar, 50 pm.

METHODS. Mutants for if> were grown as a homozygous stock at 25 °C.
Immunofluorescence of wing discs was performed with an anti-PS2 (CF.2C7)
monoclonal antibody and fluorescein-conjugated goat anti-mouse antibody
(Antibodies Inc.) as previously described®. Images were detected with an
ISIT video camera, and stored on video tape.
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