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ABSTRACT 
We have  isolated three female-specific lethal mutations at the gene Sex-lethal (Sxl):  Sx lp ,  Mr. and 

Sxlfd.  We have carried  out  the complementation analysis between these mutations and  other previously 
reported Sxlf  mutations. It is possible to classify the alleles tested in this report  into two complemen- 
tation groups: the bc group defined by Sxlfb,  and Sxlf', and  the LS group defined by SxlfLs. The other 
alleles tested affect both complementation groups albeit with different degrees. Contrary to what 
happens with mutations at  the LS group, mutations at  the bc group  do not affect sex determination, 
nor late dosage compensation nor oogenesis.  Both Sxlfb and Sxlfi  present a DNA insertion of at least 
5 kb  between  position -10 and -1 1 on the molecular map, within the  fourth  intron.  On  the  contrary, 
Sxlfd,  a  strong mutation affecting all Sxl  functions, is not associated to any detectable DNA alteration 
in Southern blots, so that it seems to be a "point" mutation. In agreement with their phenotypes, both 
Sxlf'/SxlfL" and Sxl f  homozygous female larvae express only the late Sxl  transcripts characteristic of 
females,  while  females  homozygous for Sxl*'.' express only the late Sxl transcripts characteristic of 
males. Moreover, Sxlr" presents a lethal synergistic interaction with mutations at  either da or the X:A 
ratio, two  signals that define the initial activity state of Sxl ,  while SxlfLs do not. These data suggest 
that  the two complementation groups are related to  the two  sets of early and late Sxl transcripts, 
which are responsible for  the early and late Sxl functions, respectively: S x l p  and Sxlf" would affect the 
early functions and S x P  would affect the late Sxl  functions. 

I N Drosophila melanogaster, the  gene Sxl controls the 
processes of somatic sex determination,  dosage 

compensation and oogenesis. The functional  state of 
Sxl is determined by the X:A ratio signal: in 2X;2A 
flies Sxl will be ON, while in X;2A flies  Sxl will be 
OFF (CLINE 1978). T w o  X-elements of the X:A signal 
have been identified: sisterless-a (sis-a) (CLINE 1986) 
and a  region of the achaete-scute complex  that has been 
named sisterless-b (sis-b) (CLINE 1988) which corre- 
sponds to the  gene scute-T4 ( s c - T ~ )  (TORRES and SAN- 
CHEZ 1989; PARKURST, BOPP and ISH-HOROWIEZ 
1990; ERICKSON and CLINE 1991). Activation of Sxl 
requires also the maternal daughterless ( d a )  product 
(CLINE 1978).  Once  the  state of Sxl is defined,  an 
event  that  occurs at  the blastoderm  stage, the X:A 
signal is no longer used and  the activity of Sxl remains 
fixed (SANCHEZ and NOTHIGER 1983; BACHILLER and 
SANCHEZ 199 1). The capacity of  the  gene Sxl to func- 
tion as a  stable "switch" is thought to be due  to a 
positive autoregulatory  function of the Sxl gene  prod- 
uct (CLINE 1984).  This  gene is controlled throughout 
development by alternative splicing of its primary 
transcript (BELL et al. 1988). The genefl(2)d is needed 
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for  the female-specific splicing of Sx1 RNA,  thus sug- 
gesting the involvement  offl(2)d in the positive au- 
toregulatory pathway of Sxl (GRANADINO, CAMPU- 
ZANO and SANCHEZ 1990). 

The gene Sxl produces two temporally separate sets 
of transcripts. The early set is composed of three 
transcripts found only around  the blastoderm  stage, 
presumably, in female embryos (SALZ et al. 1989). 
The late set is formed by three  other transcripts, 
present in both females and males, which appear 
slightly later in embryogenesis and persist throughout 
the  remainder of development and in adult life. The 
three female  late  transcripts  overlap extensively and 
share most exons,  but  differ at  their 3' ends. The 
three male transcripts are similar to  their female coun- 
terparts,  except  for  the  presence of an  additional  exon 
(exon 3), which contains  a translation stop  codon; 
consequently, the male late  transcripts give rise to 
presumably inactive truncated  proteins (BELL et al. 
1988).  Two Sxl transcripts are associated with the 
development of the female  germline, one of them 
being also present in the soma (SALZ et al. 1989). 

Two sets of SxZ mutations have been isolated. One 
set is formed by loss-of-function mutations, generically 
named as Sxl*, which are characterized by their reces- 
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sive female-specific lethal phenotype (CLINE 1978; 
MARSHALL and WHITTLE 1978;  SANCHEZ and NO- 
THIGER 1982; this report). The  other set is formed by 
gain-of-function mutations, generically named at S x l M ,  
which are characterized by their  dominant male-spe- 
cific lethal phenotype (CLINE 1978; MAINE et al. 
1985a). Molecular analysis of Sxl mutations (MAINE et 
al. 1985;  SALZ,  CLINE and SCHEDL 1987; this report) 
has allowed us to establish a  correlation  between 
changes in Sxl specific functions and DNA alterations. 

We have isolated two X-ray-induced ( S x l f b  and Sxlrc) 
and one EMS-induced ( S x l f d )  female-specific Sxl mu- 
tation. Here we report, first,  the  complementation 
analysis  of these new mutations and  other known Sxlf  
mutations  for  the processes controlled by S x l :  sex 
determination, dosage compensation and oogenesis. 
Second,  the DNA map is given of the new Sxlp ,  Sxl* 
and Sxlfd mutations. Finally, we analyzed the late Sxl 
transcripts of females mutant  for  different S x l f  alleles. 

MATERIALS AND METHODS 

Flies were cultured on  standard food at  25", unless oth- 
erwise stated. For a description of the mutations and chro- 
mosomes  see LINDSLEY and  GRELL (1968) and LINDSLEY 
and ZIMM (1986,  1985,  1987,  1990). 

Induction,  isolation  and  genetic  mapping of Sxl mu- 
tants: Sxlfb and S x l f  were induced by X-ray treatment  (3000 
rad) of males,  while Sxlfd was induced by treatment of  males 
with EMS according to  the  procedure of  LEWIS and BAKER 
(1968). We  used X chromosome isogenic strains for muta- 
genesis. The isolation criteria was the female-specific lethal 
phenotype of the mutagenized X chromosome. To  rid the 
lethal-bearing chromosomes of other deleterious mutations 
that might  have been induced during mutagenesis, each 
original mutant line was allowed to recombine with chro- 
mosomes carrying different marker mutations to control the 
recombinational events and thus having an initial map po- 
sition of the new mutations. This initial mapping located 
the new mutations in the chromosomal region containing 
the locus S x l  (location: 19.2). For a more precise location 
and to demonstrate if the new mutations represented alleles 
of S x l ,  we mapped these mutations relative to cm (location: 
18.9) and ct (location: 20.0), finding that these mutations 
map to the same  location  as S x l ,  and fail to complement S x l  
mutations. These mutations therefore are new alleles  of Sxl .  

Crosses for  complementation  analysis: Sxlf/Balancer fe- 
males  were  crossed  with S x l f / Y  males. The Sxlf/Balancer 
daughters were  used  as control for viability reference. The 
genotype of the flies  was: y cm S X ~ ~ ~ O I F M ~  // cm Sxlffct6/  
FM6 // y w  Sxlfd/FM6 // cm Sx1fi7"ct6/FM7 // cm  Sxlfm7" 
ct6v/FM7 // y w SxlMIfm3 ct6  v/In(l)scSIL8K + d l  - 49,  y scs' 
sc' w  snx2 B // SxlM1fm' ct6  vIFM7 // SxlfZ5" ct sn'lFM6 // y 
Sxlf2"' ct6  sn'lFM6 // Sxlfh"' // Sxl f iS  oc v'36"/FM6 // y Sxlfb/  
FM6 // y Sxlf'/FM6. Experimental females obtained in the 
viability complementation test were used for the fertility 
and sexual phenotype complementation tests. 

Crosses for the  interaction of the Sxlf mutations  with 
sis-a and sc(T4): Df l )N71,   s i s -a- /FM7/ /Df l l ) sor ,  y AS-C-/ 
FM7  and  Dfl)N71,  y cho Sxl" sis-a-IFM7 females were 
crossed with  males carrying the Sxl f  mutant alleles from the 
stocks detailed above. Daughters carrying the Balancer chro- 
mosome  were  used  as control for viability reference. 

Crosses  for  the  interaction of the Sxlf mutations  with 

the  maternal da products: y;  d  da2/Cy0 females  were 
crossed, at 29", with  males carrying the Sxlf  mutations from 
the stocks detailed above. 

Crosses for  the clonal analysis of the Sxlf mutations  in 
the ymline:  y w S x l f d d / F M 6  // SxlfLs oc u fJ6"/FM6 // 
SxlP 93 ct6 sn3/FM7 // y Sxlp  v p / F M 6  and y Sxlf' p 6 " / F M 6  
females were crossed  with ouoDf u/Y males. The Sxlf/ouo"' 
females were crossed to  appropriate males to test mosaicism 
in the germline. 

Clonal  analysis of Sxlf mutations in the  soma: The 
irradiation dose was 1000  rad  and was supplied by a Philips 
X-Ray machine at  a  rate of 300 rad/min. The adult flies 
were kept  in a mixture of  ethano1:glycerol (3: 1) for several 
days, and subsequently mounted for analysis under  a com- 
pound microscope. The sexual phenotype of the marked 
clones was assessed  in  sexually dimorphic regions of the fly: 
sex comb region of foreleg and external derivatives of the 
genital disc. For a description of the morphology of these 
structures see BRYANT  (1978). 

Clonal  analysis of Sxlf mutations in the  germline: The 
progeny of the different crosses were irradiated at 24-48 
hr after oviposition. The irradiation dose was 1000 rad 
applied by a Philips  X-ray machine at  a  rate of 300 rad/min. 

The clonal  analysis  in the germline is based on the use  of 
ova'". This is a dominant female-sterile mutation, which 
affects autonomously the development of the germline, 
while having no effect on the somatic  tissues  involved  in 
00 enesis (PERRIMON 1984). Germ cells  of the sterile ouoDf/ 
Sxl 9 females that suffered X-ray-induced mitotic recombi- 
nation between their two X chromosomes will render, in the 
next cell  division,  two daughter cells: one will be  homozy- 
gous for ovoDf, which will not develop, and the  other will be 
homozygous for Sxl f ,  whose  capacity to develop is being 
analyzed. When the irradiated females  eclosed,  they  were 
mated to appropriately marker stocks to test mosaicism  in 
the germline. 

Effect of Sxlfc on the  lethal  phase of female  larvae 
hemizygous  for  Shaker: We crossed y Sxlfc DJTSh)/FM6, yz  
w B;  Dp(Sh+)/TMl,   Me red females  with y w Sxlf ' lY;  redlred 
males. DJTSh) stands for Dfl)JC"' and Dp(Sh+) stands for 
Dp(l;3)JCIS3. The female progeny will show the white or the 
yellow phenotype if they are, respectively, heterozygous or 
homozygous for Sxlf i .  In  this  last  case,  they will be red+ if 
they carry the Dp(Sh+) (two doses  of Sh+) and red if not (one 
dose  of Sh+). Thus,  the existence of yellow-red larvae indi- 
cates that  the DJTSh)/+ females do not die as embryos. The 
white and  the red phenotype was monitored in the Malpi- 
ghian tubules, and  the yellow phenotype in the mouthparts. 

Analysis of enzymatic  activities: We analyzed the activi- 
ties of the X-linked  enzymes fumarase (FUM), 6-phospho- 
gluconate dehydrogenase (6PGDH) and glucose-6-phos- 
phate dehydrogenase (GGPDH) and  the activities of the 
autosomal enzymes  alcohol dehydrogenase (ADH) and 
NADP-isocitrate dehydrogenase (IDH-NADP). We fol- 
lowed the experimental procedure of LUCCHESI and RAWLS 
(1973)  for GGPDH,  6-PGD and IDH-NADP; the experi- 
mental procedures of JACOBSON, MURPHY and  HARTMAN 
(1970)  for ADH, and  the experimental procedure of WHIT- 
NEY and LUCCHESI ( 1  972)  for FUM. We  used a spectropho- 
tometer Kontron Uvicon 810. The larvae were  homoge- 
nized in a solution described by BELOTE and LUCCHESI 
(1980). T o  produce  the larvae we crossed y w  Sxlr"/FM6 
females  with y w  Sxlfi/w+Y males. The female larvae homo- 
zygous for Sxl* showed the yellow-white phenotype, while the 
Sxlfi  heterozygous females  showed a wild-type phenotype. 
The Sxl f  males  showed the yellow phenotype, while the S x l +  
males (FM6)  showed a wild-type phenotype. The yellow 
phenotype was monitored in the mouthparts and the white 
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phenotype in the Malpighian  tubules.  Females  and  males 
were  separated by the different size  of their  gonads. 

Analysis of sgs-4 and sgs-3 transcripts: Total RNA from 
each  type  of  larvae  was extracted  following the experimental 
procedure of CASE and DANEHOLT (1  978). Levels of sgs-4 
and sgs-3 transcripts was quantitated by the dot-blot tech- 
nique  using as probes  pRH0.75  and adml24E8, respectively 
(MEYEROWITZ and  HOGNESS 1982; MCGINNIS, SHERMOEN 
and BEKENWRF 1983), kindly  supplied by S. K. BEKENDORF. 
RNA blotting  and  hybridization  were  performed as de- 
scribed by MANIATIS, FRITSCH and SAMBROOK (1982). To 
quantify the degree of hybridization we measured the spots 
of the film with a Molecular Dynamics Computing Densi- 
tometer, model  300A. 

DNA analysis of SxZ mutants: Total nucleic acid from 
adult males was extracted as described (MEYEROWITZ and 
HOGNESS  1982)  and  treated with  RNase (2 mg/ml) for 2 hr 
at 37" (BREEN and LUCCHESI 1986).  Restriction  digests of 
genomic DNA were fractionated  on  0.7-0.8%  agarose gels 
and  subsequently  transferred to nitrocellulose  filters. The 
filters were hybridized with "P-labeled  nick-translated DNA 
probes  XSl, XS2A and  S1-p15. AS1 and XS2A were  kindly 
supplied by T. W. CLINE. S1-p15  refers  to the 4.8-kb  frag- 
ment (XhoI-XhoI, coordinates  -10.8 to -6) from AS1 that 
we subcloned in the pBR322  plasmid  vector.  Hybridization 
was carried out as described in MANIATIS, FRITSCH and 
SAMBROOK (1 982). 

Northern analysis of Sxl transcripts: RNA preparation 
from frozen larvae or adult  flies,  electrophoretical  fraction- 
ation of total RNA and  blotting  to nylon  membranes were 
performed as described  elsewhere (MANIATIS, FRITSCH and 
SAMBROOK 1982; CAMPUZANO et al. 1986).  Hybridization 
with ["PIRNA probes was carried out as previously de- 
scribed (GRANADINO, CAMPUZANO and SANCHEZ 1990). Ge- 
nomic fragments from AS1 (MAINE et al. 1985) were sub- 
cloned in pGem-1  and  pGem-2,  and  used as templates  for 
preparing the male (g2) and the non-sex specific (h') RNA 
probes,  respectively  (see  Figure  4). 

RESULTS 

Effect of Sxl mutant alleles on female viability 
and their  complementation  pattern: The results of 
the complementation  test are shown in Table 1. None 
of  the Sxl mutant alleles complements Sxl ''O, which is 
a deficiency for Sxl (SALZ et al. 1987). All of the Sxl 
mutations in homozygosis produce variable  degrees 
of lethality in female flies, with the only  exception  of 
Sxlfh"'. This is the weakest mutant allele which, by 
itself, has no effect on female viability (CLINE 1980). 
Sxlf' and Sxlfd appear as the most extreme  mutant 
alleles, they are lethal with any  of the  other Sxl mu- 
tations,  except Sxlfhul.  The different viability degree 
of Sxlf""' with Sxlf' (2%)  and with Sxlfd (35%) qualifies 
Sxlf' as the  strongest  mutant allele. S x l p  and Sxlfi  do 
not  complement  each  other.  They do not  complement 
neither Sxlf9.  However, Sxlfb and SxlB fully comple- 
ment SxlfLs, as S x l p  does. This defines  two  comple- 
mentation  groups within the Sxl gene  for female vital 
functions: one  group is defined by the SxlfLs mutation 
(LS complementation  group)  and the  other is defined 
by the Sxlfb,  Sxlf' and S x l p  mutations (bc complemen- 
tation  group). The rest  of the Sxl mutations  affect 

both  complementation  groups  albeit with different 
degrees. Sxlfi7" and SxlMtM9 affect the LS group  more 
than  the bc one. On the  contrary, Sxlfi" and S X L ~ " ~ ~  
affect the bc group  more  than  the LS one. 

Analysis of dosage  compensation in females 
homozygous for Sxlfb or Sxlf": The female-specific 
phenotype of S x l p  and Sxlfi suggests that females 
homozygous for  these  mutations  die because of a 
disarrangement in their dosage  compensation process, 
as is the case with other female-specific lethals at  the 
gene Sxl (LUCCHESI and SKRIPSKY 1981). As a  first 
approach, we analyzed the effect  of Sxlp and Sxlfi on 
dosage  compensation in larvae: 70% of the Sxlfb or 
Sxlf' homozygous individuals die  as  embryos, and  28% 
as larvae. Therefore,  the test only assays the individ- 
uals that survived the early  lethal  period. We followed 
three  different  experimental  approaches. 

The first  experimental  approach was one followed 
by BREEN and LUCCHESI (1 986). In Sxl fb  or Sxlfi homo- 
zygous female  larvae, we measured the  amount of the 
X-linked transcript  coded by the  gene sgs-4, which is 
dosage  compensated (MCGINNIS, SHERMOEN and BE- 
KENDORF 1983),  relative to  the  amount of RNA  en- 
coded by the autosomal  gene sgs-? (MEYEROWITZ and 
HOGNESS 1982).  These two  RNAs are coordinately 
expressed in salivary glands from  the middle of the 
third larval instar  to  the  prepupal stage. If S x l p  and 
Sxlf' alter  the dosage  compensation process, the level 
of the sgs-4 transcript  should  increase,  compared  to 
the sgs-3 transcript, in the females homozygous for 
these Sxl mutations. The  measurement of the  amounts 
of sgs-4 and sgs-3 transcripts was carried out by means 
of the dot-blot  technique  (for  details (see MATERIALS 
AND METHODS). The results are shown in Figure 1. 
Females homozygous for Sxlf' have  a  higher value for 
the sgs-4/sgs-3 ratio  than  heterozygous females; how- 
ever, this difference is not significant ( P  > 0.05). With 
respect to  the Sxl fb  mutation,  the sgs-4/sgs-? value of 
the homozygous females, which is similar to  the  one 
found  for  the males, is significantly ( P  < 0.05) lower 
than  that  of  the heterozygous  females,  contrary to 
expectation if Sxl fb  was affecting  dosage  compensa- 
tion. This suggests that  the Sxlfb and Sxlfi mutations 
do not increase the transcription of the X  chromosome 
in homozygous female  larvae. 

The second  experimental  approach consisted in 
measuring  the specific activity of enzymes coded by 
dosage-compensated X-linked genes  relative to  en- 
zymes coded by autosomal genes. The X-linked en- 
zymes tested were FUM, GPGDH, and GGPDH, and 
the autosomal  enzymes  were  ADH and  IDH-NADP. 
The analysis was carried out  for  the Sxlf' mutation. 
The enzymatic activities were  measured in crude ex- 
tracts  of  larvae.  If Sxlf' was affecting  dosage  compen- 
sation, an increase in the enzymatic activities of the X -  
linked enzymes, compared  to  the autosomal  ones, 
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Sxl allele 

Sx4 allele 780 f1 f d  f m 7 M 1  Mlfi3 f2593 fhvl fLS f6 f. 

0 

0 
( 1  118) 

0 
(1 305) 

0 
(1093) 

35 

0 
(1930) 

0 
( 1  108) 

0 
(1 850) 

(7 13) 

(341) 
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(486) 
87 0 

(228)  (858) 
45 101 6 

(142)  (438) (366) 
68 125 1 5 

(226)  (327) (424) (254) 
98 2 3 

(249) (290) (205) 
a Percentage of experimental females with respect to control sister females. 
'' Number of control flies. 

Ho H t  Ho Ht 

FIGURE 1 .-Analysis of the level of sgs-4 and sgs-3 transcripts in 
male and female larvae homozygous (Ho) or heterozygous  (Ht)  for 
Sxlp or SxZ/'. The bars represent the 95% confidence intervals. The 
experiment was performed  four times. A statistical analysis of the 
results showed nonsignificant differences  for  the sgs-4/sgs-3 ratio 
between the four replicas of the experiment.  We  then  pooled all 
the data to get a better estimate for  the sgs-4/sgs-3 ratio value. 

should be expected, in consequence of a hypertran- 
scription of the two X chromosomes. The results are 
shown  in Figure 2. No significant ( P  > 0.05) differ- 
ences  were  observed  between the  four genotypes 
(homozygous and heterozygous females and males) 
for FUM and GGPDH. On  the contrary, significant 
( P  < 0.05) differences were  observed  between these 
four genotypes for GPGDH; however, the reduced 

level  of that enzyme  in  homozygous compared to 
heterozygous females is contrary to expectation if S x P  
was affecting dosage compensation. All the results are 
the same regardless of  which  autosomal  enzyme  (ADH 
or IDH) was used for reference. Thus, also  with  this 
experimental test we have not detected alterations in 
the dosage  compensation  process  of  female  larvae 
homozygous for SxZfi. 

The two  sets  of experiments that we performed are 
based on  the capacity to quantitate certain products 
(transcripts or enzymes) by means  of in vitro tests 
(hybridization with a  probe or enzymatic reactions). 
The fact that we did not detect significant  changes  in 
the level  of X chromosome transcription, caused by 
the bc mutations, cannot be attributed  to  a limited 
sensitivity  of the experimental test that we used,  since 
they  have been successfully  applied to determining 
variations  in the level of X chromosome transcription 
due to mutations affecting dosage  compensation (LUC- 
CHESI and MANNING 1987). We still performed a  third 
experimental test. This is an in  vivo test  based on the 
capacity  of the organism to survive depending on  the 
level  of X chromosome transcription. This test takes 
advantage of the haploinsufficient character of the X -  
linked gene Shaker (Sh): both DflSh)/Y males and 
DflSh)/+ females die as  embryos (FERRUS et al. 1990). 
J. L. DE  LA POMPA and A. FERRUS (personal commu- 
nication) found that  the lethal  phase of DflSh)/+ fe- 
males  is retarded to larval  stage  if a hypertranscription 



Sxl Mutant Alleles 375 

r" 

6 

FUM 

11 FUM 

T 

dl 
GBPDH 

GBPDH 

6 6 ?  P 

til 
GPGDH 

6PGDH 

S X / + s * T  HO Ht SXI'SKI- Ho Ht sx/+SXl- HO Ht 

FIGURE 2.-Analysis of specific activities of X-linked compen- 
sated and autosomal enzymes in male and female larvae homozy- 
gous (Ho) or heterozygous (Ht) for Sxlf'. The bars represent the 
95% confidence intervals. The experiment was performed three 
times. A statistical  analysis of the results showed nonsignificant 
differences for the specific activity of X-linked enzyme/autosomal 
enzyme ratio value between the three replicas of the  experiment. 
We then pooled all the data to get a better estimate for these ratio 
values. 

of the X chromosomes was assured. They found that 
Sxlf' Dj(Sh)/Sxlf""' Sh+ females die as larvae, because 
the Sxlf'/SxlJ"v' constitution causes a hypertranscrip- 
tion of the X chromosomes (LUCCHESI and SKRIPSKY 
198 l), so that more Sh+ product is produced from the 
single Sh+ allele. Our reasoning was that if the Sxlfc 
mutation is affecting dosage compensation, an in- 
crease of the X chromosome transcription will occur, 
and then the lethal  phase  of DflSh)/+ females  homo- 
zygous for Sxl@ is expected to be retarded  to  the larval 
stage. We set up crosses to produce females  of  geno- 
type SxlfiDflSh)/Sxlf'  Sh+, which  can  be identified as 
the larval  stages  (see MATERIALS AND METHODS). We 
did not find any  of these female larvae among a total 
of 685 larvae that we analyzed. Thus, homozygosity 
for Sxlf'  does not change the lethal  phase  of DflSh)/+ 
females,  which  still die as  embryos. 

Within the limits  of resolution of the techniques 
that we have applied, we conclude that  the S x l p  and 
Sxlfi mutations seem to have no obvious effect on late 
dosage compensation. 

Effect of Sxl mutant alleles on female sexual de- 
velopment  and  their  complementation  pattern: Sxlp  
and Sxlfi  fully complement SxlfLs. All the viable  flies 

TABLE 2 

Clonal analysis of SxZ mutations following irradiation at 24-48 
hr of development 

yellow-forked clones in 
forelegs 

Sxl No. of Female Male 
allele fore- pheno- pheno- 
tested legs type type 

Sxlfd 298 0 6 
Sxlp 781 19 0 
Sxlfi 1112 21 0 

yellow-forked clones in 
external  terminalia 

No. of Female Male 
term- pheno- pheno- 
nalia type type 

100 0 9 
413 27 0 
456 21 0 

y SxlPf'/M(l)o" and y S x l f ' p / M ( l ) @ P .  

double heterozygous for S x l p  or Sxlfc and  the  other 
SxZ mutations develop as wild-type  females,  with the 
exception of S ~ l ~ ~ " / S x l p  and Sx1fi7"/Sxlfc flies, 
which  occasionally present a male  spot  in the fifth or 
sixth tergites. Moreover, Sxlfi7" or SxlM1fm3 homozy- 
gous flies  survive  as  males and Sxlf1593 flies  as inter- 
sexes,  while Sx1fhf" produce female flies (MARSHALL 
and WHITTLE 1978; CLINE 1980; 1984; this report). 
None of the alleles that produce sexual transformation 
fully complements each other.  Thus, they define a 
single complementation group  for Sxl functions in- 
volved  in female sexual development. 

Females  homozygous for Sxlf' ,   Sxlp or Sxlfd are not 
viable. The clonal  analysis  of Sxlf' (CLINE 1979) and 
Sxlfu (SANCHEZ and NOTHICER 1982) has  revealed 
that these  two mutations affect the female  sexual 
development. We have carried out  the clonal  analysis 
of Sxlfd.  All clones  homozygous for this mutation 
developed male structures instead  of  female ones, thus 
demonstrating that Sxlfd does also  affect the female 
sexual development (Table 2). 

The S x P  and Sxlfi homozygous  flies that survive 
are normal females. It is possible,  however, that we 
are missing the effect  of S x l p  and Sxlf' on sexual 
development due to its  association  with a lethal phe- 
notype, or to complementation in the case  of  viable 
combinations with other alleles. To  assess the role of 
S x l p  and Sxlf' in  sexual determination, we have carried 
out their clonal  analysis. None of the clones  homozy- 
gous for these mutations displayed  sexual transfor- 
mation (Table 2), contrary to the observation with 
other female-specific Sxl mutations analyzed so far. A 
similar result has  been reported  for Sxlf' (T. CLINE, 
unpublished results, cited in MAINE et al. 1985b). 
These results could indicate that  either Sxlfb and Sxlf' 
do not affect the Sxl feminizing functions, or that they 
affect Sx1 functions only needed at  the beginning of 
development, when the state of  activity  of Sxl is de- 
fined. For this reason, we carried out  the clonal  analy- 
sis  of Sxlfb and Sxlf' by irradiation at  the blastoderm 
stage. A11 of the Sxl fb  clones (8 in forelegs and 14 in 
the external terminalia) and all  of the Sxlfc clones (9 

The enotypes of the irradiated females were: y Sxl/dfl6"/M(  l)Olp, 
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in  forelegs and 14 in the external terminalia) devel- 
oped female structures. 

It can  be argued that we are losing  some  of the Sxlfb 
or Sxlfc clones and only the "escaper" ones survive, 
those that for unknown  reasons express higher levels 
of Sxl+ activity and consequently develop female struc- 
tures. We believe that this is not the case,  since  even 
clones  homozygous for  the very strong  amorph mu- 
tation Sxlf' (CLINE 1979) or for  a deficiency of SxZ 
( S X ~ ~ ~ ~ ,  induced at blastoderm, our unpublished re- 
sults)  can  survive, differentiating male structures. 
Moreover, the frequency of  clones  homozygous for 
S x l p  or Sxl@ does not differ significantly ( P  > 0.05) 
from those  homozygous for Sxlfd,  a  stronger mutation 
(this report). We  also irradiated at 24-48 hr of  devel- 
opment female  larvae  of genotype yf""/M(I)O'f', find- 
ing that the frequency of yf clones  in the forelegs of 
these females is similar to that found in the clonal 
analysis  of Sxl fb ,  Sxlf' and Sxlfd (data not shown).  We 
conclude that  the bc mutations do not affect the Sxl- 
feminizing  functions. 

The S X Z ~ ~ ' ~ '  mutation appears to reduce all the 
somatic functions in a temperature-dependent fashion 
(MARSHALL and WHITTLE 1978; CLINE 1984). Inter- 
estingly, the temperature-sensitive period of the Sxlfgl  
Sxlf2593 combination occurs early in development 
(CLINE 1985). SxlP seems to affect the early Sxl func- 
tions (MAINE et al. 1985b; CLINE 1985). S X Z ~ ' ' ~  may 
also  specifically affect these Sxl functions, and its effect 
on late Sxl functions may be a consequence of the 
alteration of  early functions needed for Sxl stable 
activation  (SALZ et al. 1989). We carried out  a clonal 
analysis  of Sxlf2593 to test if this mutation affects the 
late Sxl  functions. We irradiated y S~lf2~''  sn3/f36a 
females at 24-48 hr of development. We  focussed the 
analysis on the forelegs considering only the yellow- 
s ~ n g e ~ / / f o r k e ~  twin  clones. The yellow-singed partner 
is  homozygous for Sxlf2593. We found  a total of 22 y 
~ n ~ / f ' ~ ' '  twin clones. The y sn' partner always devel- 
oped sex  combs. These were formed by pure male 
teeth, or a mixture of pure male and  true intersexual 
teeth.  These results demonstrate that Sxlf2593 directly 
affects the late Sxl functions required continuously 
during development of the female  cells. 

In  summary, mutations at  the bc complementation 
group do not affect the Sxl-feminizing functions, con- 
trary to mutations at  the LS complementation group. 

Effect of the Sxl mutant alleles on female fertility 
and their  complementation  pattern: The Sxlf' muta- 
tion  autonomously  affects the development of the 
germline, while Sxlfi7" and SxlM1fi3 do not (CLINE 
1983, 1984; SCHUPBACH 1985; STEINMANN-ZWICKY, 
SCHMID and NOTHICER 1989; NOTHIGER et al. 1989). 
We carried out  the clonal  analysis  of SxlfLs,  Sxlfd, and 
Sxlf25y3 in the germline. The results are shown  in 
Table 3. Germ cells  homozygous for Sxlfd or SxlfLs do 

TABLE 3 

Clonal  analysis of Sxl mutant alleles in the germline 

Genotype of 
No. of females 

clones homozygous clones females tested 
No. of with homozygous 

SXlf* 1126 0 
S X P  1309 0 
sxlfz2y3 849  22 
S X P  725 6 
Sxlfi 530 5 

The genotypes of the irradiated females were: y Sxlfidp/ovoD'v, 
y SxlfLFoc v$dn/ovoD: u, Sxlp'" ct6sn/woD'v, y Sxlfbf36"/ovoD' and y 
S ~ l / [ f " ~ / o v o  I. The dlfferent frequency of females with homozygous 
clones for Sxlp  or Sxlfi relative to Sxlf2"' is presumably due  to  the 
map position of the markers used for the clonal analysis  (see 
MATERIALS AND METHODS), and to the different irradiation condi- 
tions used for  the clonal  analysis  of Sxlp and Sxlf i ,  as a consequence 
of using a  different X-ray machine. 

not develop into oocytes,  while germ cells  homozy- 
gous for S ~ l f ' ~ ' ~  give rise to functional eggs. Table  3 
also presents the data on  the clonal  analysis  of S x l p  
and Sxlf' in the germline. It could  be argued that the 
Sxl-tb or Sxlf' homozygous  females that survived  were 
escapers that expressed high levels  of Sxl' function 
and consequently  were fertile. Germ cells  homozygous 
for S x l p  or Sxlf', however, are able to produce func- 
tional  eggs. 

The fertility test was carried out with  those  females 
which did not present a sexual transformation big 
enough to disregard the possibility  of  its fertility. All 
the viable combinations of S x l p  or Sxlf' with the  other 
Sxl alleles are fertile, except with Sxlfi7". Sxlf""' has 
a similar  behavior but in combination  with Sxlfi7" 
produces some  females  which are fertile and others 
which are sterile. 

Table  4 shows the analysis  of the gonads and the 
internal derivatives from  the genital  disc  of sterile 
females,  as well  as transformed ones, carrying differ- 
ent Sxt mutations. The first three allelic combinations 
have  testis, though atrophied, showing undifferen- 
tiated cells unable to produce sperm. These  aberra- 
tions are not due to the absence  of the Y chromosome, 
because X 0  males  show normal testis that produce 
nonmotile elongated sperm. There  are cases  in  which 
the yellow sheath typical for testis does not cover the 
testis  completely, but just the apical region of them. 
The internal genital structures are male-like,  which 
are indistinguishable from the normal male  ones. 
Some  females lack gonads, and others 
show  female-like  genital structures. 

The S ~ l f b / S x l f i ~ ~ '  and  the Sxlf'/Sxlfi7" females lack 
gonads. The Sxlfh"'/Sxlfrn7" females  may present two, 
one or no ovaries  in a 18:3: 13  rate. The fertile females 
always contain two ovaries,  while the sterile females 
contain one or two  ovaries  which  look normal, but 
oviposition never takes  place,  even though these fe- 
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TABLE 4 

Analysis of the  gonads  and  the  internal  derivatives  from  the 
genital  disc of females  carrying different S d  mutations 

Gonads Internal derivatives 
from the genital disc 

No. Female 
of Female-  Male-  and 

Genotype flies like like Absent Female Male  male" 

s X p 5 9 3  10 0 20 0 0 10 0 
s X p w 3  

S X ~ ~ ~ ' ' ~  6 0 12 0 0 6 0  
s r p 9 3  

sxlf'-s 6 0 6  6 2 2 2  
s x p v 3  

Sxlfh"'  74 90b 0 58 74 0 0 
s x p 7 M 1  

S X P  12 2' 0 22  12 0 0 
s X p 7 " 1  

S X P  13 0 0 2 6  13 0 0  
s x l f m 7 M !  

Both types of tissues coexist in the same fly. 
' One  among  the 90 flies contained some male gonadal tissue. 
' Both females contained some male gonadal tissue. 

males are fertilized. These  three allelic combinations 
contain female-like genital structures. 

In summary, Sxlp ,  Sxlfi  and Sxlf2593 do not severely 
affect the Sxl functions required in the germline to 
follow the oogenic  pathway,  while SxlfLs and Sxlfd do 

Female-specific  lethal  synergistic  interaction be- 
tween SxZ mutant alleles and  mutations  at sisterless- 
a, scute or daughterless genes: As mentioned above, 
the state of  activity  of Sxl is defined by the X:A signal 
and  the maternal da product. As a characterization 
test for the Sxl mutant alleles we have  analyzed the 
response  of  these  alleles to alterations in either  the 
X:A  signal or in the da gene. 

Figure 3 shows the results of the interaction be- 
tween the Sxl mutant alleles and  a deficiency for 
sisterless-a (sis-a), the DJI)N71, or a deficiency for 
scute (sc), the Dfll)mr. As mentioned in the  Introduc- 
tion, both sis-a and sc genes  behave  as numerator 
elements of the X:A signal. In general, both deficien- 
cies present a similar  specificity  of interaction with the 
different Sxl alleles. Among these we can  basically 
distinguish  two groups, according to the  strength of 
their female-specific  lethal interaction. The strong 
group is formed by the bc complementation group, 
together with the Sxlfz593 allele and  the strongest 
alleles Sxlfl  and Sxlfd. The weak group is formed by 
the LS complementation group  and  the Sxlf""', 
SxIM1fm3 and SXL*~' alleles. In all  cases the replacement 
of the Sxl+ copy by the constitutive Sxl" allele re- 
stores full viability  of experimental females (data not 
shown). 

so. 

Table  5 shows the results of the interaction between 
the Sxl mutant alleles and  a reduced level  of maternal 
da product. Females heterozygous for any  of the 
tested Sxl alleles, except SxlJm, exhibit a reduced 
viability. These alleles are the same that interact with 
an altered X:A ratio signal. 

Molecular  mapping of SxZ mutations: Southern 
blot  analysis  of  genomic  DNA from Sxlfb and Sxlf i  
males digested with different restriction enzymes and 
probed with AS2A (see Figure 4)  displayed no detect- 
able differences in restriction fragment pattern, when 
compared with  wild-type strains Oregon-R (OR-R) and 
Canton-S ( C S ) ,  and with yellow"" (y"") (an  isogenic 
strain for  the X chromosome that was  used to induce 
the Sxl fb  and Sxlf' mutations) (data not shown).  In 
contrast, genomic  DNA  samples from the mutant 
strains have  gross alterations in their restriction frag- 
ment pattern when probed with AS1 . 

Figure 5A  shows that  the restriction pattern of OR- 
R (lane a)  and of y"" (lane e) DNA digested with  PstI 
and hybridized  with AS1  is in agreement with the 
restriction map of MAINE et al. (1985a), except an 
extra band of more than 14 kb (marked with a point) 
that does not fit  with that map and that is also present 
in  flies deficient for SxZ (our unpublished data). In CS 
(lane b) the 9.5-kb band is replaced by one of more 
than 19 kb, due to the presence of the B104 trans- 
posable element in CS (at position -1 5) (MAINE et al. 
1985a and Figure 5A)  with at least a PstI restriction 
size. In the S x l p  (lane d) and SxZ* (lane c) mutants, the 
9.5-kb  PstI fragment is missing,  whereas  two  new 
fragments appear (marked with an arrowhead) one of 
2.0  kb and one of about 13 kb that partially  overlaps 
with the 14-kb band. This modification is consistent 
with a DNA insertion of at least 5 kb, with a PstI 
restriction site, located to  the right of the PstI site at 
coordinate -9. The digestion  with XhoI and hybridi- 
zation  with AS1 (Figure 5B)  allows  location  of the 
insertion within the 1.8-kb  XhoI-PstI fragment at co- 
ordinates -10.8 and -9,  respectively,  since the 4.8 
XhoI-XhoI fragment (-10.8, -6) is missing  in the 
mutants. To define better  the molecular  lesion  of Sxlp  
and SxlJc we have  used  this  4.8-kb XhoI-XhoI fragment 
(plasmid S 1-pl5, see MATERIALS AND METHODS) as a 
probe. OR-R (lane a) and yisO (lane e) DNA  digested 
with  PstI and hybridized  with S1-p15 (Figure 5C) 
display the expected fragments of 5.9  and  9.5 kb, 
while CS (lane b)  displays the 5.9- and 10-kb frag- 
ments. In  the case  of Sxlf' (lane d) and Sxlf' (lane c) 
we found the expected 5.9-kb fragment, and  a new 
fragment of  2.0 kb, that appeared when AS1  was used 
as probe, while the  other new fragment of 13 kb is 
not detectable. This is explained if the 5-kb foreign 
DNA fragment is inserted very  close to  the XhoI 
restriction site at coordinate -10.8 and  the PstI re- 
striction site of the insertion map next to its left end. 
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FIGURE 3.-Lethal synergistic in- 
teraction between Sxl mutant alleles 
and  mutationsaffecting the X:A ratio 
signal. For crosses see MATERIALS 
AND METHODS. 
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Sxl allele 

TABLE 5 

Analysis of the female-specific lethal synergistic interaction 
between  the  maternal  product of daughterless and the Sxl 

mutant alleles 

Sxl mutant 
No. of male  flies 
used  for viability 

Relative viabilit 

allele  tested  reference  females 
(W) of Sxl- /Sxl  Y 

Sxlf' 195 55 
SxPd 317  73 
Sxlf 26 1 55 

S X P  52 1 36 
Sxlfi 469  65 sxp-~ 394 1 1 1  

JV) 

The experiment was performed at 29" because of the tempera- 
ture-dependence for the lethal effects involving the interaction 
between  the maternal da product and Sxl mutations (CLINE  1980). 

The digestion with XhoI and hybridization with S1- 
p15 (Figure  5D) show that in SxZp (lane d) and SxZ* 
(lane c) the 4.8-kb fragment is replaced by one of 9.5 
kb, which overlaps with the 9.2-kb fragment  and was 
hardly  detectable in Figure 5B. These results and 
those  obtained by a  double digestion with PstI and 
XhoI followed by hybridization with the  Sl-pl5 sub- 
clone  (Figure 5E) are consistent with the insertion of 
a foreign DNA fragment of around 5 kb  inserted near 
the XhoI restriction  site at position -10.8 in the SxZp 
and SxZfc mutants (see Figure 4). Although SxZp and 
SxZ* arose in different  mutagenesis,  both appear to 
contain  a similar insertion. 

With respect to SxZfd, no detectable  alterations in 
the restriction fragment  pattern were observed, either 
with AS1 or with AS2A. Thus, SxZfd seems to be a 
"point" mutation. 

Analysis of late SxZ transcripts in mutants for this 
gene: We have analyzed by Northern blots the late 
SxZ transcripts  from female-specific lethal mutations 
at  the  gene Sxl .  T w o  SxZ probes have been used: the 
h' probe,  that  contains  some  of  the  exons  common to 

both sexes, and  the  g2  probe,  that contains the male- 
specific exon (BELL et al. 1988) (see Figure 4). 

Figure  6A shows that, when the  h'  probe was used, 
the SxZfc female  larvae  (lane 3) present only the  three 
characteristic  female SxZ transcripts of 4.2, 3.3 and 
1.9 kb, while the SxZfc male larvae (lane 4) present the 
three Sxl transcripts of 4.4, 3.6 and 2.0 kb typical  of 
males. In lanes 1 and 2 are shown the transcripts  from 
female and male OR-R larvae, respectively. We must 
stress that  the SxZfi female larvae present exclusively 
the female SxZ transcripts, as confirmed when the g2- 
probe was used (Figure 6B). Male SxZ transcripts are 
only present in the OR-R (lane  4) and  the S X Z ~  (lane 
2) male larvae. With  respect to  the SxZf' female and 
male larvae,  they  express the SxZ transcripts  charac- 
teristic  of males (Figure  7A, hybridization with the  h' 
probe,  and Figure  7B hybridization with the g2 probe). 
On  the  other  hand,  the SxZfc/SxZfu female  larvae ex- 
press the typical female SxZ transcripts and  none of 
the male transcripts  (Figure 8A, hybridization with 
the  h'  probe,  and Figure 8B hybridization with the g2 
probe). These results agree with the complementation 
behavior shown by these  mutations. 

The Sxlfd homozygous females die very soon in 
development.  For  this  reason, to determine  the type 
of SxZ transcripts  generated by that  mutant allele we 
have analyzed the transcripts  expressed by the SxZfiv'/ 
sxZfd female  larvae, using as  control  female larvae 
homozygous for SxZfiv'. This mutation is viable in 
females (CLINE 1980; this  report), while in combina- 
tion with SxZfd only 30% of the females survive and 
the rest  die  as  larvae (Table 1). The SxZfiV' female and 
male larvae  present the female and male SxZ tran- 
scripts, respectively (Figure 9A hybridization with the 
h'  probe,  and  Figure  9B hybridization with the g2 
probe).  However, the SxZfhv'/SxZfd female  larvae ex- 
press both female and male SxZ transcripts  (Figure 9A 
hybridization with the  h'  probe,  and Figure  9B hy- 
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FIGURE 4.-DNA rearrangements 
associated with .Wf* and Sxlfi muta- 
tions. We followed the restriction map 
of MAINE et al. (1 985). Restriction sites 
are designated as follows: R, EcoR1; X, 
Xhol; H, Hindlll; S, Salk P, Pstl. XSl, 
XS2A and S 1 -p 1 5 were the probes used 
for Southern blots. Schematic repre- 
sentation of the male and female Sxl 
cDNAs and the two probes, g2 and  h', 
used for  Northern blots (BELL et al. 
1988). 
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FIGURE 5.--Genomic Southern blots from Sxlp and Sxlfi mutant flies. Lane a, OR-R; lane b, CS; lane c, SxlrC; lane d, Sxlp  and lane e, y"'. 
A, restriction with Pstl and hybridization with  XSl. B, restriction with  Xhol and hybridization with XSI. C, restriction with PstI and 
hybridi7ation  with S1-p15. D, restriction with  Xhol and hybridization with SI-pl5. E, restriction with Pstl and XhoI and hybridization with 
Sl-pl5. 

bridization  with the g2  probe).  We  suggest that  the define together with S x l p  the bc group of  alleles, 
male Sxl transcripts come from the Sxlfd mutant allele.  whereas the SxZfu allele defines the LS group. The 

rest of the Sxl mutant alleles tested in this report, 
DISCUSSION including the new allele Sxlfd,  affect both complemen- 

tation grou s albeit with different degrees. Sxlfi7" 
The complementation  analysis  between different and SxlM1fiPaffect more  the Ls group than the bc 

S X ~  mutant alleles  shows that  the new  alleles Sxlfb and group. On  the  contrary, SxP''ul and S ~ l f " ~ ~  affect more 
Sxlfi  belong to a different complementation group  the bc group  than  the LS group. Other Sxl alleles  have 
from most other previously described Sxl alleles:  they  been identified that specifically affect the develop 
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FIGURE 6.-Late Sxl transcripts in female larvae mutant  for Sxlfi .  
'1'0 generate  the larvae we crossed y cm Sxlfi homozygous females 
with  males  of the same genotype. The ratio of female to male larvae 
is 0.76 and that of female to male adults is 0.30. Lane 1, wild-type 
li*lnales; lane 2, wild-type  males; lane 3, Sxlfi homozygous females; 
mid  lane 4. Sxl'' males. A,  filter probed with h'; E ,  filter probed 
wit11 fi4. C .  hybridbation of filter 6B with the actin probe DM-AS. 
'I'he distortion in the migration of the lower molecular weight 
RNAs is due  to  the presence of rRNA in the RNA preparation. 

FIGURE 8.-Late Sxl transcripts in Sxlfi/SxlfiLs larvae. The cross 
was cm Sxlfi homozygous females mated with y w Sxlfi'-' oc v f" 
males. Lane I ,  Sxlfi/SxlfLs larvae; lane 2, wild-type  females; and lane 
3, wild-type  males.  A, Filter probed with h'; B, filter probed with 
g'; C ,  hybridbation of filter 8B with the actin probe DM-AS. 
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FIGURE 9.-Late Sxl  transcripts in female larvae mutant  for Sxlfid 
and Sxlfi"'. The crosses to generate  the larvae were Sxlfi"' homo- 
zygous females mated with either Sxlfi"' males ory w Sxlfd/B'y males. 
The ratio between Sxlfid/Sxlfi"' females and Sxd;kh"' males is 0.95 
at  the larval stage, while 0.35 at the  adult stage. Lane 1, Sxlfi"' 
homozygous female larvae; lane 2, Sxlfiu' male larvae, and lane 3, 
Sxlfd/Sxlfi"' female larvae. A,  Filter probed with h'; B, filter probed 
with g'; C ,  hybridbation of filter 9B with the actin probe DM-AS. 

FIGURE 7.-Late Sxl transcripts in female larvae mutant  for 
Sxlfi'". To generate  the larvae we crossed y w Sxlf'-' oc v f36"/FM6 
females with y w Sxlf'-' oc v f3"' males. The mutant larvae were 
recognized by the yellow phenotype of the mouthparts and  the white 
phenotype of the Malpighian tubules. Female and male larvae were 
separated by the different size of their gonads. Lane I ,  Sxlf'"' 
homozygous females; lane 2, Sxlf'" males; lane 3, wild-type females, 
and lane 4, wild-type  males.  A, filter probed with h'; B, filter probed 
with g'; C ,  hybridbation of filter 7B  with the actin probe DM-AS. -1 1 on  the molecular  map, within the  fourth  intron 

(this  report).  We believe that  the two complementa- 
tion  groups are related to the two sets of early and 
late SxZ transcripts, which are responsible for  the early 
and late SxZ functions, respectively. 

The analysis of the late SxZ transcripts in female 
larvae homozygous for SxZfi shows that these females 
express only the SxZ transcripts typical of females. 
Female larvae homozygous for SxZfL', on the  contrary, 

ment of the female germline (PERRIMON et aZ. 1986; 
SALZ et al. 1987). 

The SxZl* mutation results from  the  insertion  of 
the transposable element gypsy between positions 0 
and -2 on  the molecular map, within the first intron 
(MAINE et aZ. 1985). The bc mutations  result  from the 
insertion of foreign DNA between positions -10 and 
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express the Sxl transcripts characteristic of  males and 
none of the females. This would  explain why Sxlfb and 
Sxl* do not affect the processes  of  somatic  sex deter- 
mination, late dosage  compensation .and oogenesis 
(this report), while  Sxlfm does (SANCHEZ and NO- 
THIGER 1982; MAINE et al. 198513; CLINE 1986; this 
report). Moreover, the Sxl*/Sxlfm female  larvae  ex- 
press  exclusively the female Sxl transcripts, in accord- 
ance with the complementation behavior of these 
mutations: in these  females, the Sxl* allele  would 
provide the late Sxl functions, while the SxlfLs allele 
would provide the early Sxl functions. The fact that 
Sxl*/SxlfLs females express only the late female Sxl 
transcripts indicates that  the primary SxlfLs transcripts 
are capable  of  following the female-specific  splicing  in 
the presence of normal late Sxl+ products from the 
Sxlf' allele. These female Sxlfm transcripts might con- 
tain a presumably nondetectable alteration by North- 
ern blots, so that they  would code for nonfunctional 
Sxl products; since  clones  homozygous for SxlfLs, in- 
duced during development of  SxlfLs/+ larvae, develop 
male structures instead  of  female ones (SANCHEZ and 
NOTHIGER 1982). 

There is evidence supporting the sex  specificity  of 
the early Sxl transcripts (D. COULTER, cited in SALZ et 
al. 1989; TORRES and SANCHEZ 1991) The gene Sxl 
seems to contain a sex-specific and  a non-sex-specific 
promoter. The sex-specific promoter would function 
in  females  early  in development producing the early 
Sxl transcripts, as a consequence of the response  of 
the gene Sxl to the X:A ratio signal. The non-sex- 
specific promoter functions later and  throughout de- 
velopment of both females and males  giving  rise to 
the primary Sxl RNA, that subsequently will be dif- 
ferently spliced  in  females and males. The early pro- 
moter seems to be downstream of the late promoter 
and located upstream of the male-specific exon (SALZ 
et al. 1989). Then,  the production of the early Sxt 
transcripts would be regulated by transcriptional con- 
trol and subsequent splicing to eliminate the male- 
specific exon (SALZ et al. 1989). The Sxlfb and Sxl* 
mutations may affect the early Sxl transcripts by inter- 
fering with their transcriptional control and/or their 
splicing. This would  explain the female-lethal syner- 
gistic interaction between these mutations and  the 
maternal da product,  and mutations at either sis-a or 
sc (Table  5  and Figure 3), which impair early Sxl 
expression. 

In  this context, the comparison  of the Sxlfb and Sxlfi 
mutations relative to  the SxlM mutations become rel- 
evant. The molecular  analysis  of the SxlM mutations 
has  revealed the existence of the B104 transposable 
element inserted around  the PstI restriction site at 
coordinate -9 (MAINE et al. 1985a), next to  the region 
where the insertion in the Sxlp and Sxlf' mutants is 
located (see Figure 4). However, these mutations pre- 

sent an opposite phenotype. The gain-of-function SxlM 
mutations express constitutively the female Sxl func- 
tions  involved  in  sex determination and dosage  com- 
pensation, thus causing their dominant male-specific 
lethal phenotype (CLINE 1978). A possibility is that 
constitutive Sxl expression in these  SxlM mutants is a 
consequence of  cis-activation  of  Sxl by promoter and/ 
or enhancer sequences contained in the B104 trans- 
posable element (BELL et al. 1988). In this respect, it 
is worth mentioning that  the B104 element is specifi- 
cally transcribed at  the beginning of development 
(SCHERER et al. 1982).  On  the contrary, the Sxlp and 
Sxlfi mutations are characterized by their recessive 
female-specific  lethal phenotype, similar to the loss- 
of-function Sxl alleles. Although the  nature of the 5- 
kb insertion of  these mutants remains unknown, it 
may  be  possible that this insertion disrupts sequences 
involved in the early  activation  of Sxl.  We cannot 
discard, however, the possibility that these mutations 
affect the correct splicing  of the early Sxl  RNAs, thus 
reducing the amount of the correct Sxl products. 

SALZ et al. (1989) suggested that  the early tran- 
scripts may be  involved  in directing the first  female- 
specific  splicing  of the late transcripts. Besides, the 
early transcripts have to provide the vital  Sxl-depend- 
ent function already operating early in development, 
such  as  dosage  compensation  of the genes  expressed 
at  the blastoderm stage (CLINE 1984; GERCEN 1987). 
Since bc mutant female  larvae  express the late Sxl 
transcript characteristics of  females (Figure 6), we 
propose that these mutations do not prevent the first 
female-specific  splicing  of the late Sxl transcripts by 
the early Sxl products, but they  affect  some  early 
female Sxl  vital function. This function could  be re- 
sponsible for the dosage compensation  process re- 
quired early  in development and different from the 
late dosage compensation process carried out by the 
msl genes (BELOTE and LUCCHESI 1980; CLINE 1984), 
or it could be a still  unknown  process. 

One possibility is that different early Sxl products 
are responsible for  the different early Sxl functions: 
the Sxlfb and Sxl& mutations would  affect the early 
products involved  in the early  female  Sxl  vital func- 
tion, but would  not affect the products involved  in 
directing the first  female-specific  splicing  of the late 
Sxl transcripts. Alternatively, in  case that both early 
Sxl functions are carried out by common products, 
the Sxlfb and Sxlfc mutants may produce a low amount 
of  early  Sxl transcripts, sufficient to direct the first 
female-specific  splicing  of the late transcripts, but 
insufficient for the early  female  vital function of  Sxl. 
The analysis  of the early Sxl transcripts in the Sxlf' 
homozygous  females will help us to understand the 
relationship between the early Sxl transcripts and  the 
early Sxl functions. 

The Sxl alleles affecting the late Sxl functions form 
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a single complementation group  for both sex deter- 
mination and dosage compensation. However, no cor- 
relation exists  between the effect of the different Sxl 
alleles (by  themselves or in  allelic combination) on 
these processes.  Also no correlation is found between 
the effects  of Sxl mutations in the germline and soma 
development. This lack  of correlation suggests that 
the different late Sxl functions might be carried out 
by  the different late Sxl products, or combinations of 
them. 

Sxldependent  somatic  function for development 
of the  germline: Females  of genotype S ~ l f b / S x l f ~ ~ ~ I  or 
S ~ l f ’ / S x l ~ ~ “  lack gonads. We  have observed, how- 
ever, germ cells at the blastoderm stage and in the 
larval  ovaries  of  these  females (data not shown). Thus, 
the absence  of  gonads  in  these  females cannot be 
attributed  to  the lack  of germ cells,  as it happens in 
females  homozygous for loss-of-function mutations at 
the gene o m  (OLIVER, PERRIMON, and MAHOWALD 
1987),  or in females from mothers homozygous for 
oskar (LEHMANN and NUSSLEIN-VOLHARD 1986). We 
cannot discard the possibility that  the germ cells die 
later in development. Germ cells  homozygous for Sxlp  
and Sxl@ (Table 3), or S X Z ~ ” ~ ”  (CLINE 1984; SCHUP- 
BACH 1985), give  rise to functional oocytes  when  they 
are in a wild-type  ovary. Then, we believe, that  the 
females  of genotype S X Y ~ / S X Z ~ ” ~ ~ I  or s x P / ~ x Z f ” ~ “  may 
have affected a Sxl  function, which  is  specifically 
needed for the development of the female gonadal 
soma, or  a somatic function needed for the interaction 
between the gonadal  soma and the germline required 
for  the development of the gonad. 
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