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ABSTRACT 

I report a characterization of several alleles of the myospheroid (mvs) 

gene which encodes the beta-chain of the Prosophl1s PS 1ntegr1ns. 

XR 
Genetic analysis revealed that the mvs mutation 1s antimorphlc and the 

XN 
mvs mutation 1s hypomorphlc. Protein was detected on Western blots 

XR XN 
from hemlzygous mvs and mys animals. No 1ntegr1n beta-subunit was 

XR 
detected 1n 1n situ Immunofluorescence assays 1n mys embryos. 

However, antigen was detected In a small subset of muscle attacment 

uii yp yn 

sites 1n mys embryos, mys and mys alleles behaved, genetically, 

as null alleles and no protein was detected on Western blots or 1n 

Immunofluorescence assays. 

fgl ts3 
Complementation tests between mys , mys , and the other lethal mys 

alleles showed unusual results which suggest that mys may be a 

transvectlng locus. 



INTRODUCTION 
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The Position-Specific (PS) integrins of Drosophila melanogaster are 

homologous to the vertebrate integrins, which are known to be cell 

surface receptors for extracellular matrix proteins (Brower et al., 

1984; Leptin et al., 1987; Hynes, 1987; Buck, 1987). The integrin 

receptors generally consist of two subunits (alpha and beta) that 

noncovalently combine to form a functional complex. The subunits have 

large glycosylated extracellular regions, transmembrane domains and 

relatively short cytoplasmic domains. The subunit molecular weights are 

between 90 and 160 kD., and the alpha-chains tend to be larger than the 

beta-chains. The alpha-subunlts are generally postranslationally 

processed into disulfide bonded heavy and light chains. The beta-

subunits have regions that are very cysteine rich and are probably 

extensively disulfide bonded (Hynes, 1987). 

In the fly, the beta-subun1t Interacts with a single alpha-subunlt 

to constitute a functional Integrin. PS1 and PS2 integrins are composed 

of different alpha-subunits and a common beta-subun1t (Brower et al., 

1984; Leptin et al., 1987; Wilcox et al., 1984.). The alpha-subunit 

gene of the PS2 integrin has been cloned (Bogaert et al., 1987) and two 

alternatively spliced transcripts are developmentally regulated (Brown 

et al., 1989). This subunit 1s probably encoded by the Inflated (If) 

locus on the X chromosome. Western blot analysis, using a PS2-alpha 

specific antibody, shows no detectable PS2 integrin with animals bearing 
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a lethal If allele, if^27e ̂ tcox a-|#j 1989). Flies that are 

3 
homozygous for the viable If allele show an altered expression of the 

PS2-alpha subunit in imaginal wing discs (Brower and Jaffe, 1989; Wilcox 

et al., 1989). 

The X-linked mvospheroid (mvs) locus codes for the the beta-subunit 

of the PS integrins. The cloned myj» gene encodes a protein homologous 

to the beta-subunit of vertebrate Integrins (MacKrell et al., 1988). 

Using antibody probes, some EMS-induced myospheroid mutants and mutants 

deficient for the mvs locus lack the beta-subunit of the PS integrin. 

The expression of alpha-subunits is also altered 1n these mutants 

(Leptin et al., 1989). 

mvs* was recovered after mutagenesis of Canton-S males reared on 

32 
P (Poulson and King, 1949). A detailed study of the mvs phenotype was 

made by Wright (1960). He observed several abnormalities between 13 

and 14.5 hours after egg laying. The visceral muscles are retracted 

from the midgut epithelial tissues and the midgut develops abnormally. 

The somatic and pharyngeal muscles are also retracted from the 

hypodermal apodemes (muscle attachment sites). Somatic muscles 1n the 

lethal embryos are rounded up into spheroidal masses of nuclei called 

myospheroid bodies. The basement membranes of these tissues are 

delayed in their development and they appear discontinuous and abnormal 

in histochemlcally stained preparations. The lethal embryos also have a 

diagnostic rupturing of the dorsal hypoderm along a suture which 
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normally closes around the time of the first muscular contractions. 

An ultrastructural examination of these defects was performed by 

Newman and Wright (1981). At the site where the somatic muscle cell 

attaches to the hypodermal tendon cell, the extracellular matrix 1s 

deposited much later than normal and when it 1s deposited 1t appears to 

be much more disorganized 1n Its arrangement. The muscles themselves 

seem to develop properly and when it is time for them to contract they 

retract from their attachment sites and become spheroidal. It was 

concluded that the mvs defect was caused by a delay in development of 

normal cell-cell attachments that were mediated by the extracellular 

matrix. The disruption of the more susceptible attachments such as the 

dorsal suture and the attachment of the muscle to the surrounding tissue 

failed to withstand the Incipient muscle contractions of the fourteen 

hour embryo. 

At the time our project was begun there were several alleles of mys 

available 1n the lab. In a screen of EMS-mutagenized X-chromosomes 

that failed to complement the mvs1 mutation, Wright (1968) Isolated 

tsl ts2 
three temperature sensitive alleles of mys. mys , mys , and mys 

were cursorily analyzed and each behaved differently. He found that 

mvsts* homo- and hemlzygous adults are recovered at 29° and emerge, 

respectively, at 40 and 20 percent the rate of 18° controls. 

mystsl/mys1 heterozygotes are rarely recovered at 29°. At the same 

ts3 1 
restrictive temperature only 1% of tnys"Vmys animals emerge as adults 
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fcQ ts3 ts3 f s2 1 

and no mvs /mvs or mvs /Y adults are recovered, mvs /mvs 

animals survive at rates of 22%-44% (29°) while mvsts2/mvsts2 and 

f gP 
mvs /Y animals survive about 1.5X and 0.5% respectively. The 

ts3 
phenotype of mvs animals was studied by light and electron microscopy 

and closely resembles the defects found 1n the mvs* animals (Newman and 

Wright, 1981). 

An X-chromosomal EMS mutagenesis screen undertaken by Wleschaus et 

al. (1984) to Identify genes required for patterning and morphogenesis 

resulted 1n the recovery of four alleles of the mys gene. The mutant 

animals are all defective 1n the closure of the dorsal suture. The 

VP VA VM yn 
four alleles: mvs , mvs , mvs and mys , behave as strong 

nonconditlonal lethal alleles 1n complementation tests performed with a 

small deficiency that uncovers the mys locus, Df(1)C128. 

The purpose of the following studies was to characterize the 

existing mys alleles. Initially, complementation tests were performed 

X 1 
between the four mys - alleles and the mvs allele used by Wright 

(1960). Further tests were conducted between mys ts alleles and the 

nonconditlonal alleles. Subsequent experiments Included Western blot 

analysis of hemizygous mys animals to determine which mutants produced 

Integrin subunits and Immunofluorescence studies to decide whether 

mutant subunits were found on the surface of cells Insitu. 

A second group of experiments was begun based upon the results of 
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+s3 fci 

complementation studies with mys and mys which suggested that mys 

might be a transvectlng locus (for a discussion see: Ashburner, 1989). 

Transvectlon was discovered by Lewis (1954) at the Blthorax complex (BX-

C). Certain heterozygous combinations of mutant bithorax alleles fully 

or partially complemented each other and this effect was disrupted when 

one of the chromosomes contained a structural rearrangement. After 

Irradiating chromosomes that contained different mutant BX-C alleles he 

selected transheterozygotes with a more extreme phenotype. Examination 

of their polytene chromosomes showed that the vast majority of these 

contained rearrangements of the irradiated homologue. It appeared that 

complementation between mutant alleles was dependent upon Interaction 

between synapsed homologues. Lewis coined the term transvectlon to 

designate synapsis dependent allelic complementation. Disruption of 

transvectlon was interpreted to be the result of heterozygous 

structural rearrangements that prevented the pairing of homologous 

chromosomes and the mutant blthorax alleles. Transvectlon has now been 

reported at a small number of Drosophila loci Including decapentapleglc 

(dpp) and white (w)(Gelbart, 1982$ Gelbart and Hu, 1982). 

In a screen for rearrangements that disrupted transvectlon of BX-C 

alleles, Lewis Isolated an allele of the zeste locus (1-1.5) called za" 

This X-lInked recessive mutation has no phenotype except to enhance the 

mutant phenotype of partially complementing BX-C alleles. Transvectlon 

can be disrupted either by inducing structural rearrangements or by 

placing transheterozygotes In a za genetic background. The zeste gene 
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codes for a protein that binds DNA (Benson and Plrotta, 1987; 1988) and 

this protein 1s Involved 1n the association of distinct regions of a 

single chromosome or of homologues with each other, zeste alleles have 

been Implicated 1n transvectlon at other loci Including dpp and w 

(Gelbart and Wu, 1982). 

With this Information we decided to Investigate whether the allelic 

fcQ V 
complementation found with mys and EMS-1nduced mys - alleles could 

be disrupted when these heterozygotes were placed 1n a za genetic 

4» Q1 
background. Secondly, we attempted to X-1rrad1ate mys chromosomes 

and screen for rearrangements that disrupted the apparent synapsis 

tsl 
dependent phenotypes associated with mys /mys genotypes. 
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mys genetics: 

For mys* complementation tests y mys* f/FM7 balanced females were 

mated to males with a duplication of the mys locus (Dp mvs*) on the 

second chromosome, mys* males recovered from this cross were mated to 

KM „yo yp —VD 
mys , , or females from balanced stocks (see page 19). FM7 

is a chromosome which suppresses recombination (balancer) and contains 

the markers: y^*^. sc®, wa, snx̂ , v°^, and B. The mys -̂ chromosomes 

were marked with yellow (y). They were recovered in EMS screens for X-

1 inked lethals that alter cuticle patterns (Wieschaus et. al.. 1984). 

Complementation tests performed with mys ts alleles utilized balanced 

females containing either cm ct® mys*'5*. mys^^. or cm ct® mys^^ 

chromosomes. At permissive temperature mys ts males can be recovered 

from each of these stocks. These alleles were EMS-induced and were 

t el 
recovered from screens for alleles of mys by Wright (1963). mys 

animals are viable as homozvgotes and hemlzygotes at restrictive 

£S2 ts3 
temperatures. mys and mys homozygotes or hemizygotes are 

generally inviable at 28 degrees but can be recovered at 22 degrees. A 

viable mysn-^ allele was recovered in screens for muscle-specific 

mutants (Costello and Thomas, 1981; Leptln et al., 1989) and used in 

complementation tests with the lethal alleles. 

Westerns: 

Embryos from the different lethal mys stocks were collected after 

overnight layings at 25°. mys hemlzygotes were recognized by the 
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herniation along their dorsal midline and the appearance of brown 

chltinous material deposited around the margin of the torn suture. 

Embryos were frozen 1n liquid nitrogen, lyophilized, and stored at -70°. 

One hundred embryos were solubilized 1n lOOul of 2x sample buffer (25QmM 

Tris-HCl, 4% SDS, 30* glycerol, 0.2 M DTT, pH= 6.8) and homogenized by 

20-30 strokes with a pestle. This mixture was then sonicated by 3-4, 15 

second pulses at setting seven of the output control on a Heat Systems, 

Ultrasonics, Inc. sonlcator. Overheating was prevented by keeping the 

tubes on 1ce and immersing them briefly 1n liquid nitrogen between 

pulses. About lOul of each sample was loaded and fractionated at 100 V 

on SDS/PAGE 7.5% gels. The proteins were blotted onto nitrocellulose 

with a Semiphor blotting apparatus. 

Protein blots were blocked for 45 minutes 1n TTBS (50 nM Trls pH 

7.4, 150 itM NaCl, 5rrM EDTA, and 0.1% Tween) and Incubated overnight in a 

mouse monoclonal anti-beta-chain antibody (4C8/E7 ascites, 1:1000) 

(Leptin et al., 1989) or rat monoclonal ant1-alpha2-cha1n antibody (hc2 

supernatant, 1:3) (Bogaert et al., 1987) at 4° on a shaker table. 

Washes were for one hour with 2-3 changes of TTBS on the rotator. 

Secondary antibodies were rabbit anti-mouse IgG (1:1000) with the 

beta-chain antibody or rabbit anti-rat IgG (1:250) with the alpha2 

antibody. Incubations were for one hour at room temperature on a shaker 

table. A second wash was followed by incubation in I-Protein A 

(luCi/10 ml. TTBS) for one hour at room temperature. Blots were exposed 
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to X-rav film at minus 70°. 

Immunofluorescence: 

Flies from the appropriate stocks were allowed to lay for one hour 

on grapejuice agar. They were then transferred to new medium and 

allowed to lay for 5 hours before being passaged. The egg collection 

was watered and aged overnight at 25 degrees. The collections were 

timed by choosing the midpoint of the laying as time zero. Development 

was halted at 15.5 +/- 2.5 hours. The embryos were then dechorlonated 

by Immersion 1n 50/50 bleach/HgO for three to five minutes (Mitchison 

and Sedat, 1983). They were transferred to Eppendorf tubes containing a 

two phase mixture of heptane and 4* formaldehyde. The embryos were 

briefly vortexed and shaken on a rotator for 12 minutes. The fixative 

was then removed by pipette and an equal volume of methanol was added. 

This mixture was put at -70 degrees for 15 minutes and shaken on the 

rotator for another 15 minutes. The heptane phase was removed and an 

equal volume of methanol was added. The methanol was changed at least 

two times during which the tube was rotated for at least 15 minutes. 

The methanol was then replaced by PBS through at least two changes and 

rotated for the same amount of time. 

The embryos were pre-washed 1n PBS that contained 0.1* Tween-20 

(PBST) and 10* Goat Serum for 45 minutes. Primary antibodies, Scr 6H4 

(Glicksman and Brower, 1988) and PS3 CF.6G11 (Brower et al., 1984), were 

diluted 1:1000 in PBST+Goat Serum (GS) that contained the embryos and 
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Incubated overnight. This incubation was followed by a 1 hour wash in 

PBST+GS. Secondary Antibody, rabbit anti-mouse IgG conjugated with 

fluorescein isothiocyanate (FITC), was diluted 1:1000 in PBST+GS andthe 

embryos were allowed to incubate for 1 hour. This was followed by a 

final wash that was a minimum of two hours but was usually overnight. 

All washes and incubations were performed on a rotator in a 4 degree 

coldroom. The embryos were mounted in Tris-glycerol (pH 9.0) medium 

containing 2% n-propyl-gallate to inhibit bleaching. Ep1fluorescence 

images were viewed with a Zeiss Universal microscope. 

mysts* mutagenesis screen: 

Three thousand 2-6 day old males of the genotype gn ct® mystsl were 

irradiated with X-rays (4000 rads). These males were then crossed en 

KB 
masse to y mys /FM7 virgin females. The males were discarded and the 

females were allowed to lay eggs which were kept at 29°. mvsts**/v 

XB 
mvs females recovered in the screen were mated to FM7 males to isolate 

tsl XB 
the mutagenlzed chromosome, mys */Y were recrossed to mys /FM7 

tsl XB 
females, at 18 and 29 degrees, to confirm the viability of mys */mvs 

heterozygotes. 

zeste-mys transvection: 

za mys chromosomes were generated by recombination. Two to ten day 

3 t s3 A 
z mys /Y males were placed with z mys/FM7 virgin females, aged one 

day after eclosion, and mated overnight at 25 degrees. The adults were 

transferred to new vials and the embryos were watered. This regimen was 
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repeated for several days and vials were placed at 29 degrees with dally 

watering. Cultures of corresponding z+ mys animals and other-controls 

were prepared in the same manner. 



mys^/Y x mys/FM7 crosses: 
19 

a. generation of mys*/Y animals: 

Df (DRA2/Y; Dp mvs*/+ x y mys1 f/FM7; +/+ 

collect y mys* f/Y; Dp mys*/+ males. 

b. Complementation tests. 

P: y mys* f/Y; Dp mys*/+ x mys/FM7; +/+ 

Fl: y mys*/mvs. y mys^ f/FM7. y mys/Y (lethal), FM7/Y; 

all Dp mys+/+ or +/+ 

In these tests, Fl females that possess two noncomplementing lethal 
mutations will survive only if they carry the duplication. 
Noncomplementing mutations, then, will result in a ratio of 
transheterozvgous-to-balanced females of 1:2. Lethal combinations that 
are not rescued by the duplication are expected to result in a ratio of 
1:1. 

ts 
mvs /Y x mys/FM7 crosses: 

P: mysts/Y x mys/FM7 

Fl: mysts/mys. mysts/FM7. mys/Y (lethal), FM7/Y 

The ratio of transheterozgous-to-balanced females Mas compared at 
permissive (18 ) and restrictive (29 ) temperatures. 
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RESULTS 

mvospheroid genetics: 

The results of the mvsl complementation tests are shown in Table 1. 

mys"* failed to complement all of the EMS-induced lethal alleles tested 

in these experiments. The observed ratios of transheterozygous-to-

XB XR XN 
balanced females for crosses with mys , mys , and mys did not depart 

XP 
significantly from 1:2. The ratio observed with the mys allele was 

reduced in comparison but was closer to 1:2 than 1:1 and further 

VP 
experiments demonstrated that mys failed to complement a viable allele 

and two temperature sensitive alleles of mys. These results are 

reported below. Control crosses utilizing baz balanced females 

resulted in 1:1 ratios that did not differ from expected, baz is an X-

linked lethal mutation that maps proximal to mys and is not covered by 

the duplication. 

Of the four EMS-induced alleles tested for rescue by the mys 

XG XN 
duplication, only mys and mys hemizygous males were recovered (See 

XR XB 
crossing scheme, Materials and Methods), mys and mys animals are 

not rescued by the duplication. Other sex-linked lethal mutations on 

XB 
the mys chromosome have now been removed by recombination and the 

male lethality is rescued with the duplication (unpublished results). 

XR 
The replacement of the mys chromosome, proximal and distal to the mys 

locus, is in progress. 

Complementation tests were also performed using the three EMS-

induced, temperature sensitive mys alleles (Wright, 1963). The behavior 
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of these mutants and the crossing scheme is described in the Materials 

and Methods section. 

ts2 
The results of tests with the mys allele are shown in Table 2. 

The ratio of transheterozygotes-to-balanced females was scored at a 

permissive temperature of 18° and at restrictive temperatures of 28° and 

30°. In all cases, the viability of the transheterozygous females 

decreased as the temperature increased. At the permissive temperature, 

f ep 
mvs /mys females were recovered in numbers approximately equal to the 

balanced females (40-50%). 

The notable exception to the above was the low percentage of 

ts2 XR ts2 
mvs /mys females that was found. Only 7% of females from the mvs 

x mys^rc cross, at 18°, were transheterozygotes. The percentage of 

XR ts2 
mys /mvs transheterozygotes recovered at the restrictive 

temperatures was also lower when compared to the other alleles. This 

XR 
result was also found when mvs females were crossed to males mutant 

for a viable mys allele, mys11̂ '42. mvsnj42/mvs R̂ females were recovered 

at a very low frequency (<7%) compared with heterozygotes with other 

allelic combinations (data not shown). The recovery of females that had 

XR 
a mys chromosome was lower than the recovery of females that had a Df 

ts2 
mys chromosome when these were heterozygous for either mvs or 

n142 XR 
mvs J . That is, having a mys chromosome is worse for the animal 

than having a chromosome that contains a deficiency for the gene and the 

gene product. 
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Uftl i,«« 

mys /mys females were recovered at higher frequencies than other 

transheterozygotes at comparable temperatures. This result was also 

found in tests performed with the mysn̂ 42 allele. mysXN/rnysn̂ 42 females 

were recovered in roughly equal proportions to the balanced females in 

these crosses. Many of these animals had wing blisters or other wing 

phenotypes such as venation defects. Females having mysn̂ 2 in 

combination with the other lethal alleles of mys comprised between 1* 

and 10% of total females recovered (data not shown). 

The results of tests performed with mys are shown in Table 3. 

*bs3 
mys is complemented by all of the mys alleles tested at permissive 

ts3 
temperature. At the restrictive temperature mys is complemented by 

32 1 
the EMS-induced mys alleles but not by the P-induced mys allele or 

V 

the deficiency for the mys locus. For the mys - alleles, the number of 

transheterozygous females was approximately equal to or greater than 

ts3 1 
the number of balanced females recovered as F1 progeny. No mys /mys 

or mys /Df mys transheterozygotes were recovered at the high 

ts3 4*oi 
temperatures, mys also complemented mys at a restrictive 

ts3 
temperature of 30 degrees, mys males were crossed to a homozygous 

ts2 
mys stock and ninety heterozygous females were recovered. There were 

no balanced females recovered in this cross to serve as a comparison. 

XG XR 1 
These crosses have been repeated with the mys . mys , and mys 

alleles and identical results are reported below with the zeste-mystŝ  

transvection experiments. 

4* el 

The results of tests performed with mys are shown in Table 4. 
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t sl 
At restrictive temperatures of 28 and 30 degrees, mys very poorly 

complemented all of the mys lethal alleles and the ratio of 

transheterozygotes-to-balanced females was less than 5%. At 28 degrees, 

t  e l  

the number of mys /Pf mvs animals was about 9% the number of balanced 

controls and was significantly different from the ratios observed with 

other lethal alleles. At the permissive temperatures of 18 or 22 

tsl XG XR o XB 
degrees, mys did not complement my§ , mys (22 ), or mys . Also, 

at these temperatures the ratios of mvstsl/mysXM-to-balanced females 

were 95% and 93%, respectively, and these were significantly different 

from those combining other alleles. This result was seen when the 

mys chromosome was in trans with the mys deficiency. The ratios were 

91% and 60% at 18° and 22°, respectively. These were significantly 

tS1 
different than those found with other allelic combinations, mys 

complemented both mys and mys at all the temperatures tested. 

Westerns: 

Western blotting of mys embryonic extracts is shown in Figure 2. 

Protein was detected with the anti-beta-chain monoclonal antibody, 

DX.4C8.E7, in extracts from wildtype stocks (Lanes 1 and 2), hemizygous 

XR XN 
mvs and mys embryos (Lanes 6 and 7), as well as from homozygous 

ts2 *ts3 
mys and mys stocks (lanes 8 and 9). We were unable to detect 

XP 1 
protein from hemizygous mys (Lane 3), mys (Lane 5) or Df mvs (Lane 4) 

extracts. 
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Immunofluorescence: 

Immunofluorescence was used to assay whether integrln was found on 

cell surfaces of developing mvs embryos. A quarter of the embryos 

collected from the different mvs stocks displayed rupture of the dorsal 

suture. These animals were considered to be hemizygous for the lethal 

mvs mutation. Timed collections of these embryos were stained with the 

anti-beta chain monoclonal antibody, CF.6G11. In the stage 17 (Campos-

Ortega and Hartenstein, 1985) n»ys/FM7 embryo, beta-chain staining showed 

antigen concentrated in the somatic muscle attachment sites. Antigen 

was also detected in the pharynx, midgut and hindgut structures (Figure 

la). In order to control for potential permeability problems, these 

embryos were simultaneously incubated with an antibody against the 

nuclear Scr protein which shows bilaterally symmetric staining of the 

subesophageal ganglia (Figure lb., lc. and Riley et al., 1987). 

XB XG XR 
No antigen was detected in hemizygous mys , mys and mvs 

embryos. These embryos were identical to the one shown in Figure lb. 

XN 
Most mys hemizygotes also showed no staining in the attachment sites, 

however, seven out of two hundred dorsally herniated animals from this 

stock, showed faint staining in the region of the attachment sites 

(Figure lc). 

zeste mvs transvection: 

We tested whether the loss-of-function za allele could disrupt what 

we hypothesized to be synapsis dependent allelic complementaion between 
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+S3 
mys and the lethal alleles of mys; the results are presented in Table 

ts3 
5. The number of mys /mys animals was compared with the number of 

t»s3 *1" 3 4* 
mys /FM7 siblings in both a z and z genetic background. In the z 

ts3 XB XG 
background, mys complemented the mys and mys alleles at a 

restrictive temperature of 28 degrees. The numbers of 

transheterozygotes and balanced female siblings were not significantly 

a ts3 
different. In the z genetic background, mys also complemented the 

two mys null alleles at the same temperature. The numbers of 

transheterozygotes and balanced females were about equal. Thus, being 

homozygous for the z allele did not disrupt the complementation between 

the mystŝ  and mys^ or mys^ alleles. 

+ c1 
Because the results of complementation tests with the mys allele 

suggested synapsis dependent phenotypes, a screen was performed to try 

fel 
to recover X-ray mutagenized mys chromosomes that reduced the 

"tsl XB 
penetrance of the lethal phenotype of mys /mys heterozygotes. A 

total of 12 mystsl/mys^ were recovered, at 28°, amongst 3000 female F1 

tsl XB 
progeny from a cross between irradiated mys males and mys /FM7 

females. Seven of these females died within a day. Five survived and 

were mated to FM7/Y males to recover the chromosome. Three of the mated 

females did not survive to give progeny. The remaining two gave 

tsl XB 
mys /Y progeny and these were recrossed to mys /FM7 females. Neither 

t  e l  

yielded transheterozygotes at 28 degrees. Unmutagenized mys males 

XB 
crossed to mys /FM7 females resulted in the recoverry of 

transheterozygous progeny at a rate of about 1% and represented the rate 



26 

at which we would expect heterozygous escapers to be recovered in our 

experiment. 
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# mvs1/mvsl" 
(n) 

LethalfL) # mvs1/FM7 
allele #mvs/Y 

mvs1 0.52 (154)a. 30 

mysXB 0.58 (217) 0 

mysXG 0.62 (164) 34 

mysXN 0.58 (181) 5 

mysXR 0.58 (96) 0 

Df mvs 0.42 (100) 15 

baz 1.0 (107) 0 

a. recovered at 25° 
n= fmys /FM7 

Table 1. mvs1/mvsL complementation 
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„ ts2. 
# mvs /mys 

# mvsts2/FM7 

(n) 

allele 18° 28° 30° 

VD 
mvs 0.08 (734) 0.03 (308) 0.00 (453) 

WD 

mysAD 1.0 (355) 0.38 (165) 0.12 (185) 

VM 

mys 1.0 (229) 0.63 (231) 0.46 (205) 

•a* 0-95 (353) 0.37 (537) 0.09 (426) 

mys1 0.81 (80) 0.16 (148) 0.09 (109) 

f oO 
mys 0.70 (268) 1.0 (87) 0.20 (162) 

Df mvs 0.83 (340) 0.10 (117) 0.17 (494) 

n= #mvsts2/FM7 

ts2 
Table 2. mvs /mvs complementation 
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- ts3, #  m y s / m y s  

# mvsts3/FM7 

(n) 

allele 18° 28° 

yp 
mvs 0.94 (74) 1.00 (111) 

mvsXG 0.90 (68) 0.95 (86) 

yo 
mys 1.00 (75) 1.00 (86) 

V|\j 
mvs 1.00 (88) 1.00 (63) 

mvs1 0.97 (125) 

f qO 
mvs 0.93 (41) 

Df mvs 0.91 (117) 0.00 (118) 

30° 

1.00 (101) 

0.97 (97) 

0.93 (99) 

1.00 (89) 

0.00 (145) 

1.00 (80) 

0.00 (126) 

n= #mysts3/FM7 

t eQ 
Table 3. mvs /mys complementation 
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allele 

ays 

mvs 

mys 

mys 

KB 

XG 

XR 

XN 

mys 

Pf mvs 

ts2 
mvs 

mys 
ts3 

18 

0.08 (108) 

0.04 (63) 

0.95 (125) 

0.17 (118) 

0.91 (73) 

# mvstsl/mvs 

# mvstsl/FM7 

(n) 

22 

0.09 (112) 

0.05 (294) 

0.00 (492) 

0.93 (416) 

0.04 (104) 

0.60 (192) 

1.0 (179) 

28 

0.00 (171) 

0.00 (453) 

0.00 (283) 

0.04 (275) 

0.02 (336) 

0.09 (552) 

1.0 (257) 

1.0 (70) 

30 

0.00(90) 

0.00(92) 

0.01(291) 

0.00(108) 

1.0 (40) 

1.0 (31) 

n= #mvstsl/FM7 

tsl Table 4. mvs /mvs complementation 
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- ts3, a 
# za mys /z mys 

# za mvsts3/FM7 

(n) 

„ + ts3, + 
# z mys /z mys 

# z+ mvsts3/FM7 

(n) 

allele 28o allele 28o 

0.95 (375) z+ mys*8 

1.00 (911) z+ HSXS 

1 
mys 0.00 (679) 

+ 
z mys1 

mys'*' 1.00 (284) 
+ 
z 

ts3 
mys 

0.96 (328) 

1.00 (907) 

0.00 (742) 

0.00 (522) 

n= #mvsts3/FM7 

Table 5. zeste-mys interaction 



Legend Figure 1. Immunofluorescence with antibody against 1ntegr1n 

Beta-chains, a) kHldtype embryo stained with ant1-beta-chain antibody. 

Antibody 1s concentrated 1n somatic muscle attachment sites farrow 

heads). Staining 1s also seen 1n structures of the gut. b) hemlzygous 

up 
mvs embryo stained with the same antibody and a control antibody 

against the Scr protein. No 1ntegr1n beta-chains are detected 1n these 

embryos. Scr staining 1s seen 1n the subesophageal ganglia and the 

XN 
labial region of this embryo, c) hemlzygous m^s embryo stained with 

ant1-beta-chain and ant1-Scr antibody. Very weak staining 1s seen at 

muscle attachment sites (arrows). 
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F i g u r e  I . " b e t a - c h a i n  S t a i n i n g  



Legend Figure 2. Western blot of mys embryonic extracts. The gel blot 

was probed with the ant1-beta-chain antibody, 0X.4C8.E7. From left, 

Lanes 1 and 2: 30ul and lOul of a wlldtype embryonic extract. Lanes 3-

VP 
7: lOul of an embryonic extract from hemlzygous mvs (lane 3), Df mys 

1 XR XN 
(Lane 4), myS , (lane 5), mys (Lane 6), and mys (Lane 7). Lanes 8 

ts2 
and 9: lOul of an embryonic extract from homozygous mys (Lane 8) 

ts3 
and mys stocks (Lane 9). Protein migrating at about 110 kd was 

detected from mys R̂. mvs^ and the mvsts extracts. Lanes 3 and 4 

appear slightly underloaded compared to the other lanes containing 

mutant extracts. 
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DISCUSSION 

Characteristics of the mys alleles: 

KG XB 1 
mys and mys : Both failed to complement the mys allele. They 

did not complement the mystŝ  allele at a temperature of 30° and we 

ts2 
recovered similar numbers of mys /Df mys heterozygotes in comparable 

crosses. We were not able to detect any protein product using a 

monoclonal antibody against the integrin beta-chain and 

immunofluorescence demonstrated no antigen at muscle attachment sites. 

VP 
Similar results on Westerns were reported by Leptin et al.(1989). mys 

XB 
and mvs are amorphic mys alleles by these criteria. 

mys^: This allele failed to complement the mys1 allele when mys1 

males, rescued by a duplication of the locus, were crossed with 

mysX̂ /FM7 females. This mutation was rescued by the duplication and a 

XN 
small number of mvs males were recovered in the cross. The penetrance 

of the lethal phenotype of mvstŝ /mvs^ animals was much lower, at 

restrictive temperatures, than other heterozygous combinations. This 

result was also found with the viable niys11̂  allele. mystsl 

VM 
complemented mys at low temperature but animals with combinations of 

tsl 
mys and other lethal mys alleles were rarely recovered. We detected 

protein in extracts from hemizygous mysXM males on western blots. 

Immunofluorescence revealed the presence of antigen at a subset of 

muscle attachment sites in a small percentage of hemizygotes. These 

XN 
observations suggest to us that the mvs allele is hypomorphic. In 

general, hypomorphic alleles result in diminished gene activity and this 

is thought to be due to mutations that result in a protein with 
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diminished function or those that reduce the level of protein 

(Ashburner, 1989). It appeared that the mys^ embryos may make less 

protein than the wildtype or than the mys ts animals (Compare lane 2 

with lanes 7, 8 and 9). 

VR 1 VD 
mys : This allele failed to complement mvs " mys did not 

ts2 
complement mys at permissive temperature in contrast with the other 

ts2 XR 
mys alleles. The number of mys /mys animals was significantly less 

ts2 
than the number of mys /Df mys animals recovered at the same 

n i42 XP 
temperature. In other studies, my§ J /mys 1 animals were lethal while 

mygnJ42 henrjZyg0tes or mysnĵ /Df mys animals were viable; observations 

XR 
also reported by Leptin et al. (1989). By these criteria, the mys 

mutation is considered antimorphic. Antimorphic alleles often result 

when a mutant protein product competes with a wildtype product for a 

substrate (Sang, 1984). The combination of mutant product and substrate 

XR 
results in a mutant complex. We detected protein in mys hemizygotes 

on Western blots but no integrin was detected in the muscle attachment 

sites by immunofluorescence. We could not tell whether the subunits 

were present in the cytoplasm of the cells since the background due to 

the primary antibody was fairly high. 

XR tqP 
It is possible that the mys subunit out competes the mys or 

mysn̂  subunits for alphal- and alpha2-chains, forming a preponderant 

nonfunctional complex which is not integrated into the cell membrane. 
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tsl ts2 . ts3 tsl ... 
mvs , mvs , and mvs : mys hemi- or homozygotes are 

recovered at restrictive temperature at a reasonably high frequency 

(Wright, 1963). It is lethal when it is in trans with any of the 

nonconditionalmys alleles at restrictive temperature. However, the 

tgl 
lethal penetrance is reduced when a mys chromosome is combined with 

chromosomes containing the mys* allele or a deficiency for the locus. 

These are unusual properties and the penetrance of the lethal phenotype 

may be dependent upon the pairing of somatic chromosomes (see section on 

transvection). 

ts2 
mys behaves like a typical temperature sensitive allele. Homo-

and hemizygotes are only viable at permissive temperature (Wright, 

1963). It is lethal, at restrictive temperature, when it is combined 

with any nonconditional allele and heterozygotes are rescued at 

permissive temperature. We detected the prescence of protein, using 

monoclonal antibodies against the beta-chain, on Western blots. This 

allele is probably a missense mutation, a base pair substitution, 

induced by the EMS. 

fel ts3 
Like mvs , mvs also acts in an unusual manner. Homo- and 

hemizygotes are recovered only at permissive temperature (Wright, 1963). 

ts3 X 
However, mys fully complemented the nonconditional mys - alleles, 

tgQ 
including those that do not make protein. Protein from mys 

fcs3 
hemizygotes has been detected on Western blots, mys does not 

complement the nonconditional mys* mutation which we suspect may be a 
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structural rearrangement. These observations, along with those reported 

tsl 
for the mys allele, suggest that mys might be a transvecting locus. 

Transvection was originally discovered by Lewis (1954) and is an 

example of gene expression that is dependent upon the pairing of 

homologous chromosomes. He showed that the phenotypes of particular 

1 34e 
bithorax complex (BX-C) genotypes (ie. Ubx +/+ bx ) could be altered 

when chromosome rearrangements were induced on one of the homologues. 

These rearrangements were thought to disrupt the pairing of the 

homologous chromosomes and the phenotypes were dependent upon the 

nearness of the two bithorax alleles. Transvection has been studied in 

detail at the white locus (Jack and Gudd, 1979), and at the 

decapentaplegic locus (Gelbart, 1982). It has also been shown at the 

Sgs-4 (Kohrner and Brutlag, 1986), cubitus interruptus (Stern and 

Kodani, 1955), Notch (Oren and Portin, 1988) and brown (Henikoff and 

Dreesen, 1989) loci. 

Mutations of the zeste locus (1-1.0) have been shown to disrupt 

transvection at several loci (Kaufman et.al., 1973; Babu and Bhat, 1981; 

Gelbart and Wu, 1982). The zeste locus of Drosophila melanogaster 

encodes a DMA binding protein (Mariani et.al., 1988). The binding sites 

for this protein have been found within genes that are associated with 

transvection effects, including white and Ultrabithorax, and the protein 

has been shown to bind simultaneously to two DNA molecules (Biggins 

et.al. 1988; Benson and Pirotta, 1988). Zeste protein isolated from 
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Drosophila tissue culture cells stimulates the transcription of the Ubx 

gene in vitro (Mansukhani et.al., 1988). 

The molecular basis of transvection effects has not been rigorously 

demonstrated. A model of transvection that is mediated by the Zeste 

protein is shown in Figure 3 (Benson and Pirotta, 1988; Biggin 

et.al.,1988; Wu and Goldberg, 1989). The activity of promoter (P) of a 

transcription unit is controlled by a distant regulatory element or 

elements (ORE) lying kilobases away on the same chromosome (cis-

regulation). Contacts between factors that bind the proximal and distal 

regulatory elements are necessary for the control of transcription of 

the gene. These contacts can be achieved by looping out the intervening 

DNA and bringing the proteins within reach of one another. The Zeste 

protein might mediate this process by facilitating the looping of the 

DNA and/or modulating transcription of the gene. Transvection can be 

explained if the necessary protein-protein contacts take place between 

the synapsed homologues. In this figure, the protein coding region of 

one homologue and upstream regulatory elements of the other homologue 

are deleted. Transcription of the intact protein coding portion of one 

allele is driven by the active regulatory elements on the opposite 

chromosome. Disruption of transvection would occur if pairing was 

prevented or by certain mutations of the zeste locus. 

We hypothesized that the allelic complementation of mys and the 

mvs null alleles are an example of transvection. It was shown that 



Legend Figure 3. A hypothetical model of Zeste-medlated transvectlon. 

(top) Proteins bound to distant and proximal regulatory elements are 

shown as circles, squares and triangles. These are depicted as forming 

a complex by looping out of intervening DNA on a single chromosome. 

Contacts between the participating proteins, Including the Zeste 

product (Circles marked with a Z followed by a number) mediate 

transcription of the gene just downstream of the promoter, (bottom) 

Transvectlon might occur 1f the factors that bind the distant 

regulatory elements on one homologue can Interact with the factors that 

- bind the promoter-proximal elements on the other chromosome. In this 

example the protein coding region of one homologue is missing while the 

distant regulatory elements of the other homologue 1s deleted. 

Transcription of the Intact coding part of the gene is driven by the 

formation of a proper complex 1n trans. 
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Cis regulation -

Distant regulatory elements 

'/—% •—© 

Proximal promoter elements 

Transvection -

d 

€>—•—© 

X — DS>C 

Paired homologues 

Figure.3. Model of Zeste mediated transvection 
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ts3 X 
heterozygotes combining mys and EMS-induced amorphic mys - alleles, 

the latter of which produced no detectable protein on Westerns (see 

above and Leptin, 3989), were viable and fertile. They were recovered 

in numbers equal to balanced female F1 siblings. In contrast, when the 

ts3 1 
mys allele was combined with the original mys allele 

transheterozygotes were rarely recovered. 

t cl J 
The reduction in penetrance of the lethal phenotype of mys /mys 

fe J 
and mys /Df mys animals was thought to be pairing dependent. In this 

ts3 
case, the results were the converse of those found in the mys tests. 

X tsl 
Animals heterozygous for amorphic or antimorphic mys - and mys 

t  e l  

alleles were very rarely recovered from crosses. Df mys/mys animals 

1 tsl 
were recovered at a significantly higher frequency and mys /mys 

animals were found in larger numbers than typical of the other classes. 

These differences might reflect the nature of the nonconditional 

mys mutations combined with the temperature sensitive alleles. The 

V 

mys - alleles were EMS-induced (Wieschaus et al., 1984). EMS is a 

mutagen that preferentially alkylates guanosine nucleotides and most 

frequently causes base pair substitutions (point mutations) (Ashburner, 

1 32 
1989). The mys allele was induced by P which can induce double 

strand breaks to produce structural aberrations of the chromosomes 

including deletions, translocations, inversions, etc. Such a 

rearrangement in the mys1 chromosome might prevent the tight pairing of 

homologues and inhibit allelic complementation by mys . At present we 
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have no evidence demonstrating a structural rearrangement of the mys* 

homologue. Wright (1960) examined the polytene chromosomes of mys1 

heterozygotes and found no observable aberrations. This experiment was 

repeated and we were not able to detect any cytological alterations in 

the 7A-D region where mys has been shown to map (data not shown). 

Though they have not yet been performed, Southern blot experiments, 

using cloned mys gene probes, may be useful in detecting rearrangements 

at the molecular level. 

Pairing may be altered between the deletion chromosome or the mys* 

+  e l  

allele, with the proposed structural aberration, and the mys 

homologue resulting in a lower penetrance of the lethal phenotype. 

Though we do not understand the molecular mechanism underlying this 

"negative transvection effect", we attempted to induce a structural 

tsi 
rearrangement in the mys chromosome that would reduce the penetrance 

i. \f 
of lethal phenotype of mys aJ7mys - animals. We recovered twelve 

tsl XB 
mys /mys females in our screen of mutagenized chromosomes. Of these 

twelve only two survived and both gave male progeny. These males 

KB 
produced no heterozygous female progeny when crossed to balanced mys 

females. The rate at which the heterozygotes are recovered from crosses 

tsl KB 
between mys males and mys females is less than one percent the 

number of balanced female siblings. The two females recovered in our 

screen, both of whom produced male offspring, were probably escapers 

rather than possessing a rearranged chromosome. 
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The results of the experiments comparing the complementation of mvs 

*4* 3 
alleles in z and z genetic backgrounds showed that the loss-of-

function zeste allele did not disrupt transvection. The effect of zeste 

alleles on transvection is complex. At the BX-C, za alleles enhanced 

34e 1 
the phenotype of bx /Ubx mutants but the effect was not seen with the 

la 3 1 
z allele . z also did not enhance the bx /Ubx mutant phenotype (Babu 

a 1 
and Bhat, 1981). At the d££> locus, neither z nor z alleles increased 

the penetrance of a held-out wing phenoytype of dpp^/dpp*102 animals 

unless a chromosomal rearrangement, that by itself did not disrupt 

3 1 
transvection, was present, z and z alleles enhanced the mutant 

4 5 4 19 
heldout wing phenotype of djy) /djy> and dfi£ /dgjo animals (Gelbart and 

Wu, 1982). There are other loci that display transvection effects 

including the cubitus interruptus (ci.)(Wu, 1984), Sqs-4 (Korhner and 

Brutlag, 1986) and the brown (bw) locus. 

a  t s l  
We are currently performing these experiments with z mys and 

the other zeste mvs chromosomes. If the decreased penetrance of the 

tsl tsl 1 
mys /Df mys or mys /mvs lethal phenotype is due to alterations of 

chromosome pairing and is zeste dependent then we expect to find a 

tel 
rescuing of animals heterozygous for mys and mys null alleles. 

ts3 
If the complementation between mvs and the mvs null mutations is 

dependent upon the pairing of homologous chromosomes, then it should be 

prevented if chromosome pairing is disrupted. A screen for 

rearrangements that disrupt pairing and interfere with complementation 
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has been considered. To produce these rearrangements it has been 

ts3 
proposed that single male progeny of irradiated mvs males and 

attached-X females be crossed to the mvs null alleles. These crosses 

would yield approximately equal numbers of balanced and 

transheterozygous females with exceptions, including structural 

rearrangements of the X-chromosome that prevent proper pairing of the 

homologues. Screens of this type have been performed at the 

decapentaplegic locus (Gelbart, 1982). Of approximately 12,000 

chromosomes screened about 3% demonstrated moderate or strong disruption 

of allelic complementation. Fifty-seven strains were analyzed and 

fifty-six of these were shown to contain gross chromosomal 

rearrangements involving the left arm of the second chromosome, the site 

of the decapentaplegic locus. 

We are interested in learning about the nature of the mutations 

VR "fcSl 
associated with the antimorphic mys mutation and the mys and 

ts3 
mvs mutations, which show unusual complementation. Further studies 

might focus upon locating the molecular lesions using the Polymerase 

Chain Reaction (PCR) (Saiki et al., 1988) to amplify segments of genomic 

DNA and RNase cleavage which can detect single base pair differences in 

wildtype RNA probes and mutant DNA duplexes (Myers et al., 1985). 

Western and Northern blot analysis of the mystŝ  and mvsts3 mutants, 

along with mysts/mvs transheterozygotes, might provide evidence for the 

tel tS? 
suggested regulatory nature of the mys and mys mutations and also 

for the apparent transvection effect. 
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