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ABSTRACT 

The viability of cells made hmozygous for different deficiencies by 
induced mitotic recombination was examined. The deficiencies varied in 
length from t w o  to 30 polytene chromosome bands and were distributed over 
the five major chromosome arms. Among a sample of 30, ten deficiencies 
were cell viable. Our results show that 12% of the genome is necessary for 
cell survival, supporting previous estimates of about 5,000 genes in the genome 
of Drosophila. 

ROSOPHILA melanogaster is the only multicellular organism for which 
Dindependent genetic and molecular estimates of the number of genes in its 
genome are available. There is accumulating evidence that the number of genes 
corresponds to thc number of salivary chromosome bands (MULLER and PRO- 
KOFYEVA 1935). In small chromosome segments where saturation experiments 
for mutants have been carried out, there is a ratio of about one between the 
number of complementation groups and the number of chromosome bands (see 
LEFEVRE 1974 for review). Extrapolation from these data suggests that the num- 
ber of genes in Drosophila is about 5,000, as is the number of chromosome bands. 
Analysis of DNA sequences has shown, on the other hand, that the number 
of unique sequences long enough to code for average sized proteins far exceeds 
that of the number of genes calculated genetically (see BEERMANN 1972 and 
LAIRD 1973 for reviews). This discrepancy could be due to either the existence 
of unique sequences with no protein coding properties or the insufficiency of the 
mutant-phenotype tests used in the genetic analysis (O'BRIEN 1973). 

Lethal phenotypes are the most unambiguous ones to score. Of point mutations, 
lethals correspond to about 90% of the detectable phenotypes. The existence of 
loci having both visible and lethal mutant alleles suggests that to define a locus 
we first must know its mutational spectrum. Moreover, the mutation rate for a 
given mutagen differs among loci (JTJDD, SHEN and KAUFMAN 1972; LIFSCHYTZ 
and FALK 1969). Finally, the possible existence of regulatory and structural 
regions within a locus may lead to mutations in that locus with different pheno- 
types. Thus, a more objective evaluation of the number of genes in a given 
chromosome region should be obtainable by studying the phenotype of defi- 
ciencies. 
Genetics 91: 443-453 March, 1979. 
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444 P. RIPOLL AND A. GARC~A-BELLIDO 

We will analyze in this report the fraction of genes necessary for cell viability. 
Previous work has shown that 91 % of a sample of EMS-induced zygotic lethals 
are viable in clones of epidermal cells and only 9% are cell lethal (RIPOLL and 
GARCIA-BELLIDO 1973; RIPOLL 1977). This fraction of cell lethals could be an 
underestimate if some of the cell-viable mutants are hypomorphic alleles of cell 
lethal loci. However, the low fraction of cell-lethal mutants stimulates us to 
investigate the cell lethality of homozygous deficiencies. We explore in this work 
the viability of cells homozygous for deficiencies of different sizes located in all 
major chromosome arms. In this way we study the effect of the lack of both 
regulatory and structural DNA sequences, even those which may escape muta- 
genesis. Our results indicate that the ratio of cell lethal to lethal point mutants 
is similar to the ratio of cell lethals to chromosome bands, corroborating previous 
estimates of about 5,000 genes in the genome of Drospohila melanogaster. 

MATERIALS A N D  METHODS 

The 39 deficiencies used in the present analysis and their cytological breakpoints are listed, 
with references to more detailed descriptions, in Table 1. In most cases the presence of a defi- 
ciency in the original stocks was tested genetically using the following criteria: (1) presence 
of dominant ( N ,  Ly)  or recessive phenotypes (w, ug, red, etc.) associated with the deficiency; 
( 2 )  zygotic lethality of the homozygous or hemizygous chromosome; (3) survival of this geno- 
type in the presence of a duplication covering the deficiency. The following duplications have 
been used: y*Y*70, w+Y and mal+Y (for description of these and other chromosomes and 
mutants see LINDSLEY and GRELL 1968). Cytological analysis was carried out only to confirm 
the presence of those deficiencies that were viable in somatic spots. 

Only small deficiencies, between two and 30 bands in length, were chosen for study. Defi- 
ciencies including a Minute locus were not selected because these mutants are known to be cell 
lethal (STERN and TOKUNAGA 1971; MORATA and RIPOLL 1975). The deficiencies are located 
in different regions of the genome: 21 are sex-linked, two are located in the left arm and five 
in the right arm of chromosome 2, and one in the left arm and ten in the right arm of chromo- 
some 3 (Figure 1). Although the deficiencies are not evenly scattered throughout the genome, 
with respect to cell viability they represent a random sample. 

I n  some instances we studied different deficiencies in the same chromosome region. These 
either fully included one another or partially overlapped. In the former case only the smallest 
cell-lethal deficiency or the largest cell-viable one was considered for quantitative analysis. 
Deficiencies that partially overlap were treated for this analysis as different. The number of 
bands lacking in a given deficiency (Table 1) was estimated from the original description based 
on the map of BRIDGES (1938). When uncertainty as to the exact breakpoints existed, we used 
for quantitative analysis the minimum number of bands lacking. 

All the deficiencies studied are zygotic lethals. To study their effect in somatic cells, clones 
of cells homozygous for a deficiency have been produced in heterozygous individuals by means 
of induced mitotic recombination (STERN 1936). To detect such clones, each deficiency was 
coupled to the recessive allele of one of severa1 celI-marker mutants. These are mutants that 
change the differentiation of the cuticular elements (bristles and/or trichomes) without alterhg 
normal cell behavior (growth dynamics, viability, etc.). The distribution of the cell-marker 
mutants used is shown in Figure 1. All of them mark bristles with the exception of multiple 
wing hairs, which affects only the differentiation of trichomes. The viability of cells homo- 
zygous for a given deficiency was therefore judged by the presence or absence of clones show- 
ing the phenotype of a cell marker coupled with the deficiency. As an internal controI, the 
occurrence of mitotic recombination was monitored in the same flies by the presence of spots 
homozygous for a cell-marker mutant other than the one marking the deficient chromosome. 
Internal control cell-mar ker mutants were located either in the chromosome arm homologous 
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CELL VIABILITY OF DEFICIENCIES 445 
TABLE 1 

Cytological properties of the deficiencies tested for cell viability 

Number 
Deficiency Breakpoints of bands Reference 

Df (I)260-I 
Df(1)svr 
Df (l)C60 
Df (1)65j26 
Df(I)K95 
Df (I)we58-11 
Df (I)64j4 

Df ( I )  ~ $ 5 8 - 4 5  

Df (I)N"4-105 
Df (I)dm75e19 
Df(I)CI28 
Df (I) KAI4 
Df(I)v7J-IV 
D f (1)KAIO 
D f ( I )  JCI02 
D f ( I ) lBI2  
D f  ( I )  KCIO 
Df(I)1724 
D f  (1)2733 
Df (2L)I58 
Df(2L)i30 
D f  (2R)vgC 
Df  (2R) vgD 
D f (2R) vgB 

D f  (1164fI 

~ f ( 1 )  ~ r 6 7 k 3 0  

Df(2R)bwS 
Df (2R) Pxz 
D f  (3L)LY 
Df (3 R)  karJl 
Df(3R)ryrS 
D f (3  R)r ye14 
Df(3R)ry1408 
Of (3R)126d 
Df(3R)lZbc 
D f (3 R)lC4a 
D f (3 R)redJz 
D f (3 R )  red 
D f (3 R)sbd105 

IA-1; 1B6-7 
1A-1; 1B9-10 
lA4; 1A6 
3A1-2; 3A4-6 
3A3-4; 3B1-2 
3A3-4; 3C3-5 
3A8-9; 3B1-2 
3A9-BI ; 3B3-4 
3B2-3; 3C2-3 
3C2; 3C6 
3C6-7; 3D2-3 
3C12; 3E4 
7C9-DI; 7134-5 

10A2; 1OA5 
11Al; 11A7 
19E5-7; 20A2 
? ; 20A1 
20GD 

7F1-2; 8C6 

20D-F 
20D-F 
37B5-8; 37E2-F4 
37B9-CI; 37D1-2 
49B2-3; 49E7-Fl 
49C1-2; 49E2-6 
49D34; 5OA2-3 
59D10-El; 59E4-Fl 
6065-6; 6OD9-10 
70.42-3; 70A5-6 
87B15-C2; 87C9-D2 
87D1-2; 87D14-El 
87D2-4.; 87Dll-I4 
87D2-4; 87D 1 +E1 2 
87D11-13; 8733-5 
8731-2; 87F11-I2 
8735-7; 87Ell-F1 
87F12-14; 88C1-3 
88B1; 88D3-4 
88F9-89Al; 89B45 

14 
18 
4 

4-5 
8 

15 
2 
3 
5 
5 
8 

11 
4 

28 
4 
7 

10 
6* 
5 
6* 
4* 

21-33 
7-12 
28 
12 
28 

4 
11 
3 
8 

13 
10 
12 
4-5 
22 

6 
24 
2-3 
17 

LEFEVRE (P.c.) 
LEFEVRE (P.c.) 
LEFEVRE (P.c.) 

JUDD et al. (1972) 
JUDD et al. (1972) 
JUDD et al. (1972) 

JUDD et al. (1972) 
KIGER and GOLANTY (1977) 
LINDSLEY and GRELL (1968) 
KIGER and GOLANTY (1977) 
LEFEVRE and JOHNSON (1973) 
LEFEVRE (P.c.) 
LEFEVRE (P.c.) 
LEFEVRE (P.c.) 
LEFEVRE (P.c.) 
LIFSCHYTZ (P.c.) 
LEFEVRE (p.~.) 
LIFSCHYTZ (P.c.) 
LIFSCHYTZ (P.c.) 
WRIGHT et al. (1976) 
WRIGHT et al. (1976) 
LINDSLEY and GRELL (1968) 
LINDSLEY and GRELL (1968) 
LINDSLEY and GRELL (1968) 
LINDSLEY and GRELL (1968) 
LINDSLEY and GRELL (1968) 
LINDSLEY and GRELL (1968) 
HALL and KANKEL (1976) 
HALL and KANEEL (1976) 

HALL and KANKEL (1976) 
HALL and KANKEL (1976) 
HALL and KANKEL (1976) 
HALL and KANEEL (1976) 
HALL and KANKEL (1976) 
LEWIS (P.c.) 
LINDSLEY and GRELL (1968) 

JUDD et d. (1972) 

JuDD et al. (1972) 

H A L L ~ ~ ~ K A N K E L  (1976) 

* No data on cytological extent, instead number of complementation groups. p.c. = personal 
communication. 
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mwh f lr  bld 
3 

Sb 

FIGURE 1.-Location of the deficiencies (above) and of the cell markers (below) on the 
different chromosomes ( X ,  2 and 3 ) .  Cell markers: y ,  yellow: 2-0.0, bristle color. snz, singed: 
1-21 .O, bristle shape. f 3 6 4  forked: 1-56.7, bristle shape. Ddc, Dopadecarboxylase: 2-54.1, bristle 
color. pwn, pawn: 2-58, bristle and trichome shape. sdp, sandpaper: 2-83, trichome density. 
mwh, multiple wing hairs: 3-0.2, trichome arrangement. fir, flare: 3-39, bristle and trichome 
shape. bld, bald: 3-48, bristle color and trichrome shape. Sb, Stubble: 3-58.2, bristle shape: 
*, cell-viable deficiencies. Proximal heterochromatin indicated by wavy lines, not to scale. 
Centromeres indicated by open circles. 

to the one carrying the deficiency-giving rise to twin spots-or in another chromosome arm. 
The different combinations of cell-marker mutants used are shown in Table 2. Some deficiencies 
lack the wild-type allele of a cell marker: Df(1)260-1 and Df(1)svr are deficient for yellow, 
Df(1)C128 for singed, and Df(3R)sbdlOS is mutant for stubbloid. Df(2L)l58 and Df(2L)130 
include the gene coding for dopadecarboxylase, an enzyme responsible for  pigment formation 
(WRIGHT, HODGETTS and SHERALD 1976). The null allele Ddcn7 is a reliable bristle cell marker 
(unpublished). Clones homozygous for any of these deficiencies were expected to show, if  viable, 
the phenotype of the cell marker included within the deficiency. A deficiency was classified 
as viable in somatic cells when clones homozygous for the deficiency appeared with the fre- 
quency expected from the observed frequency of the corresponding internal control clones. 

Cell lethality of EMS-induced zygotic lethals has been previously analyzed both in the 
abdominal tergites and in the dorsal mesothorax (RIPOLL 1977). As discussed there, the absence 
of clones in the wing and possibly other disc derivatives can be due to either cell lethality or 
cell competition (MORATA and RIPOLL 1975), while the latter seems to have little effect in the 
abdominal histoblasts. Since cell lethality was defined in abdominal histoblasts, the present: 
analysis has been carried out only on the abdomen. It should therefore be kept in mind that 
the terms “cell lethal” and “cell viable” refer to the effect of the deficiencies upon the viability 
of the epidermal cells giving rise to the dorsal abdominal cuticle. It should also be noted that 
the term “cell lethal” may also include mutants of loci necessary for cell division since their 
homozygosity will result in clones too small to be scorable. The growth dynamics of the abdomi- 
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CELL VIABILITY OF DEFICIENCIES 447 

nal histoblasts have been previously described ( GARCIA-BELLIDO and MERRIAM 1971a; GUERRA, 
POSTLETHWAIT and SCHNEIDERMAN 1973; LAWRENCE, GREEN and JOHNSTON 1978). Mitotic 
recombination induced in an abdominal histoblast at any time during the larval period will 
result in the homozygosity for a deficiency in one of the daughter cells of the ensuing mitotic 
division, which occurs shortly after puparium formation; the nine cell cycles that intervene 
between homozygosis and metamorphosis ( GARCIA-BELLIDO 1973) should be enough to dilute 
out any wild-type products present in the cytoplasm of the mother cell. The parameters of 
mitotic recombination giving rise to clones of the cell-marker mutants used have been pre- 
viously described (GARCIA-BELLIDO 1972; GARCIA-BELLIDO and DAPENA 1974). 

Mitotic recombination was induced with X rays (Philips MG 15/Be, IOOKv, 15 mA, 2mm 
A1 filter). Larvae of all ages were irradiated with 1,000 r, and the abdomens of adult females 
of the desired genotype were cooked in KOH, dissected and mounted in Euparal for examina- 
tion under the compound microscope. Tergites I1 to VI were scored for clones embracing more 
than one bristle and all identically marked bristles in the same hemitergite were considered to 
belong to the same clone. 

RESULTS 

Comparison of the number of internal control clones to the number of clones 
homozygous for the deficiencies found in the different experiments (Table 2 )  
shows that the deficiencies fall into two groups: either clones homozygous for 
them appear with a normal frequency, as expected from the observed number 
of control clones, or few or no clones homozygous for the deficiency are found, 
showing an obvious clear-cut difference between deficiencies that are viable in 
somatic spots and those that are cell lethal. A very low relative number of ex- 
perimental spots probably reflects (1) clones resulting from double mitotic 
exchange giving rise to homozygosity for the cell-marker mutant, while the cells 
remain heterozygous for the deficiency; ( 2 )  phenocopies of the cell-marker 
mutant; (3) spontaneous mitotic recombination events taking place late enough 
in development so that the number of cell divisions left before metamorphosis is 
not enough to dilute the wild-type products present in the mother cell (perdur- 
rance, GARCIA-BELLIDO and MERRIAM 1971b). The size of the clones (mean 
number of bristles per clone) in those cases when the deficiencies are cell viable 
(Table 2) is in all cases normal, varying between the limits of internal control 
clones (data not presented) or of clone sizes published elsewhere (GARCIA- 
BELLIDO 1972; GARCIA-BELLIDO and DAPENA 1974). 

There were eight cases in which one deficiency fully included one or two 
smaller ones. In six cases (one with three deficiencies) both the smaller and the 
larger deficiencies were cell lethal. In two cases both deficiencies were cell viable. 
In one of the latter, both cell-viable deficiencies---Df(Z)C60 and Df(1)260-1- 
were included within a larger cell-lethal one, Df(l)svr, indicating that there 
is at least one cell-lethal locus in the region 1B6-7; 1B9-10. Except for this latter 
case, the effects of included deficiencies do not provide additional information 
about cell viability, but they do provide a control that increases confidence in 
the experimental procedure. 

Df(1)svr and Df(1)260-1 are deficient for the genes achaete and scute, both 
necessary for the formation of bristles (see GARCIA-BELLIDO and SANTAMARIA 
1978). Since in the tergites yellow and forked mark only bristles, the absence 
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TABLE 2 

Number and size of clones observed in abdominal tergites of variously 
marked deficiency heterozygotes 

GenotvDe 
Control 

Marker Clones 
Deficiency+ 

Marker Clones 

Df ( 1 )  260-1, y-fs6a/sns 
Df(l)svr, y-fs6a/sns 

*Df(l)C60, f8ta/y; mwh/+ 
Df(l)65j26, fs6a/y; mwh/+ 

*Df(l)K95, f 5 G a / + ;  mwh/+ 
*Df(l)w25s-I1, y fS6a/+; mwh/+ 
Df(1)64i4, Y fS6"/+; mwh/+ 
Df(1164f1, fS6"/r; mwh/+ 
Df(l)w258-45, f S 6 a / + ;  mwh/+ 
Df(l)w-67kSO, f J 6 a / f ;  mwh/+ 
Df(l)Nz64-105, fsCa/y snj; mwh/+ 
Df(l)dmTselO, fS6a/y sns; m w h / f  
Df(l)Ci28, sn-/y; mwh/+ 
Df( l )KAl4 ,  f36@/y sn3; mwh/+ 
Df ( l ) u y s - I V ,  y/sn3 
Df(l)KAlO, y/fs6a; mwh/+ 

*Df(l)JClOZ, y/fs6a; mwh/+ 
Df(l)lBlZ, y/fs6a; mwh/+ 
Df(l)KClO, y/fs6a; mwh/+ 
Df(1)1724, y/fsCa; mwh/+ 

*Df(1)1733, y/snf 
*Df(2L)158, Ddc-/+; mwh/+ 
Df(ZL)i30, Ddc-/+; mwh/+ 
D f (2R) vgc, pwn/sdp 
Df(2R)vgD, pwn/sdp 
Df(2R)wBI  pwn/sdp 
Df(2R)bws, pwn/sdp 
Df(ZR)PxZ, pwn/sdp 
Df  (3 L)Ly, mwh/f lr 
Df (3R)karsl/bld Sb63 

' D  f (3R)ryY5/bld Sb6s 
Df(3R)ry614/bld Sb6S 

*Df(3R)ryI402/bld SbGS 
Df(3R)126d/bld Sb6s 
Df(3R)126c/bld Sb63 
Df  (3R)lC4a/bld Sb6s 

'Df (3R)redsi/bld Sb@s 
Df(3 R)red/bld Sb63 
Df  (3R)sbdlos/bld 

sn 79 
sn 40 
Y 36 
Y 82 
mwh 30 
mwh 27 
mwh 15 
Y 17 
mwh 13 
mwh 25 
y s n  18 
y s n  40 
Y 30 
y s n  39 
sn 51 
f 36 
f 31 
f 31 
f 43 
f 63 
sn 52 
mwh 27 
mwh 37 
sdp 16 
sdp 12 
sdp 15 
sdp 26 
sdp 14 
f lr  14 
bld 2.3 
bld 14 
bld 14 
bld 15 
bld 15 
bld 12 
bld 9 
bld 9 
bld 15 
bld 16 

Y f  0 
Y f  0 

f 2 
Y f  0 

0 

f 2 
f 45 
f I 
f 30 
sn 0 
f 1 
Y 34 
Y 2 
Y 1 
Y 4 
Y 39 
Y 35 
Y 32 
Ddc 2 
Ddc 0 
pwn 0 
pwn 0 
pwn 13 
pwn 15 
pwn 1 
mwh 12 
Sb+ 0 
Sb+ 0 
Sb+ 0 
Sb+ 0 
Sb+ 1 
Sb+ 0 
Sb+ 0 
Sb+ 0 
Sb+ 0 
sbd 1 

f 27 
f 60 

y f  f 1 

Clone sizet 

s - 
3.07 
2.97 

- 
3.67 

3.47 

- 
4.24 
- 

4.31 
4.03 
3.25 

- 
3.70 
3.82 

f When both cell markers were in homologous chromosome arms, only clones in twin with 

2 Clone size given in mean number of bristles per clone for cell-viable deficiencies only. w Since mwh does not mark bristles, no data on sizes can be given. 
- = cell lethal. 

control clones were counted. 

Viable in mesothoraxes (see text). 

* = deficiencies not used for quantitative analysis (see text). 
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CELL VIABILITY OF DEFICIENCIES 449 

of clones is not enough indication for cell lethality. Fortunately, forked-36a 
marks trichomes in the imaginal wing disc derivatives (notum and wing blade). 
In these regions it has been found that Df(1)260-1 is viable in clones induced 
at any time during larval development, while D f ( 1 ) w r  is cell lethal in all devel- 
opmental stages. We do not know if other deficiencies contain genes necessary 
for bristle differentiation. The only obvious exception is Notch, which has devel- 
opmental similarities to scute (see GARCIA-BELLIDO and SANTAMARIA 1978). For 
this reason the cell viability of Df(l)NEG4--Io5, as well as the point mutant Pic, 
was assayed not only in the tergites but also ni the dorsal mesothorax; both 
the deficiency and the point mutant are cell lethal in both systems. Although 
unlikely, it is possible that some other deficiencies including genes necessary 
for bristle differentiation but no gene essential for cell survival have been errone- 
ously classified as cell lethal. In all, we have been able to identify, in clones, the 
lack of 83 bands whose presence is not necessary for cell survival (Table 2). 
Except for Df(2R)bw5, which when homozygous reduces the size of the bristles, 
we have not found any effects, either in bristle differentiation or in clone size 
or shape, apart from those due the lack of genes already known to affect these 
features (yellow, achaete, scute, diminutive). 

Ten different deficiencies have been found not to include any loci necessary 
for cell survival. They range from 3 to 28 bands, with an average size of 8.3 
bands. We will refer to these bands as “cell-viable bands”, while those bands 
whose presence in the genome is essential for clone survival will be referred to 
as “cell-lethal bands”. Assuming that cell-lethal band5 are r a n d d y  distributed 
throughout the genome with a frequency q, one can estimate the probability of 
a deficiency of a given size being viable in clones if p = I-q is the probability 
of a band being a cell-viable band. A deficiency of b bands will have a prob- 
ability of pb of being cell viable and a probability of I-$’ of including at least 
one cell-lethal band. The likelihood of observing a sample of m cell-viable dele- 
tions of bi bands and n cell-lethal deletions of bj bands as L =, 2=1 II pbg 3=1 IT l-pb!. 
Since m, n, bi and bj are known, it is possible to find the value of p that maxi- 
mizes L. The maximum likelihood estimate of p from the present data is 0.88, 
indicating that 88% of the bands can be individually removed from the genome 
without altering cell viability. 

m n 

DISCUSSION 

The genetic estimate of the number of genes in Drosophila is based on the 
occurrence of mutant phenotypes following mutagenesis. These phenotypes are 
of different classes: morphological, lethal, enzymatic, meiotic, behavioral, sterile, 
etc. Their detection depends on the screening methods, some being more objec- 
tive than others. For a given locus, the phenotype of its mutant alleles varies, 
depending on their degree of hypomorphism, from hardly detectable to very 
strong. Moreover, different loci may have different sensitivities to a given muta- 
gen. Several attempts have been made to saturate with mutants small regions 
of the genome (LIFSCHYTZ and FALK 1969; HOCHMAN 1971; JUDD, SHEN and 
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KAUFMAN 1972). In most cases lethal phenotypes were scored primarily, 
although in the zeste-white region data on other phenotypes are available (see 
YOUNG and JUDD 1978). Even in these saturated regions, the number of genes 
can have been underestimated due, for example, to the existence of alternative 
pathways (physiological homeostasis, gene repeats), operon-like genetic sys- 
tems, etc. (O’BRIEN 1973). The available data for short intervals of the genetic 
map indicate that the number of detectable complementation groups present in 
a band-interband is one, occasionally two and rarely none. All these analyses 
support the hypothesis that the number of genes present in these intervals is 
close to the number of bands, therefore indicating that the number of genes in 
the Drosophila genome is about 5,000 (see BEERMANN 1973 and LEFEVRE 1974 
for further discussion). 

The average amount of DNA per band is sufficient to code for 20 to 30 proteins 
of average size. The function of this DNA in excess of that required by the 
estimated number of complementation groups is unknown. It could include 
genes not detected by standard mutagenesis, redundant regulatory regions, 
genetically silent regions, etc. Another type of estimate of the number of genes, 
based on the number mRNA sequences found in polysomes of developing and 
adult Drosophila, has been made by BISHOP et al. (1975). This analysis also 
gives a value oE about 5,000, but it could be an underestimate if, for instance, 
some mRNAs are in concentrations below the resolving power of the method or 
if gene regulation is mediated by nuclear RNAs instead of by proteins (DAVIDSON 
and BRITTEN 1973). 

The study of phenotypes caused by deficiencies can overcome some of the 
shortcomings of mutational analysis: it allows study of all the loci included 
within the deficiency in amorphic condition, even those DNA regions not amen- 
able to mutational analysis. This study cannot be undertaken with adult indi- 
viduals because the probability of any deficiency containing a zygotic lethal 
locus is very high. However, it is possible to study the effect of the homozygosity 
for deficiencies in clones of cells, since the frequency of cell lethal mutants is 
not high. Out of a sample of 86 sex-linked EMS-induced lethals, only 9.3% were 
found to be cell lethal (RIPOLL and GARCIA-BELLIDO 1973; RIPOLL 1977), and 
a similar fraction of cell lethals was found by ARKING (1975) among tempera- 
ture-sensitive lethals. These figures probably are underestimates since some of the 
mutations classified as cell viable could be hypomorphic alleles of genes neces- 
sary for cell survival. Although hypomorphism cannot lead to underestimating 
the frequency of cell-lethal deficiencies, lack of cell autonomy could: if the het- 
erozygous tissue surrounding the homozygous deficient cells can provide them 
with diffusible wild-type products (nonautonomo7is gene expression) some 
deficiencies including loci essential for  cell survival could be misclassified as cell 
viable. However, nonautonomy seems to be a rare condition in Drosophila 
mutants; the large majority of the morphological traits studied in genetic mosaics 
are cell autonomous. Although cell autonomy of lethal mutations is difficult to 
ascertain, the estimate based on the survival of lethal-bearing gynandromorphs 
suggests that at least 75% of the lethals are cell autonomous (RIPOLL 1977). In 
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addition, the normal clone size found in all 12 cell-viable deficiencies (Table 2) 
argues against nonautonomy as a major factor interfering with the definition of 
cell lethality. Another factor leading to underestimating cell lethality would be 
the existence of duplicate genes. The few data available in this matter refer to 
very small regions of the genome (LEFEVRE and GREEN 1972), and it is doubtful 
that gene repeats can account for the viability of fairly large deficiencies. 

We have studied six deficiencies within the zeste-white region, where data on 
the viability in gynandromorphs of point mutations belonging to all the comple- 
mentation groups are available (SHANNON et al. 1972). Three of them, 
Df (I)K95, Df ( I )  wS5*-" and Df ( I ) W " ~ - " ~ ,  uncover mutant loci that are not 
viable in gynandromorphs. These deficiencies are cell lethal. Three other defi- 
ciencies, Df (2)65j26, Df(I)64j4 and Df(1)64fI, include only loci in which the 
tested alleles were viable in gynandromorphs. Df(1) 651'26 includes four comple- 
mentation groups and is viable in somatic spots. In the other two deficiencies, 
containing two and three complementation groups-they overlap for one-a 
total of 11 and 12 lethals studied by SHANNON et al. (1972) were viable in male 
tissue in gynandromorphs. They are nevertheless cell lethal. Their cell lethality 
could be explained by: (1 ) the existence of previously undetected cell-lethal 
complementation groups in this region; (2) the presence of a cell-lethal gene 
whose tested alleles were all hypomorphic; (3) the effect of the removal of a 
tandemly repeated (i.e., regulatory) region; (4) additive effects. 

The interaction of several separately cell-viable bands to produce a cell-lethal 
phenotype would lead to overestimating the frequency of cell-lethal bands. 
Synergistic effects are expected from genes belonging to different but closely 
related pathways. How frequently they are so tightly linked as to be included 
within a small deficiency is not known. Clustering might be a more general rule 
for genes acting in the same developmental pathway, but no additive effects are 
expected in this case. The viability of large deficiencies argues against the exis- 
tence of generalized cumulative effects. Besides, in the presence of cumulative 
effects, one should expect some deficiencies to show intermediate viabilities, but 
this is not the case. Instead, our results suggest the existence of a finite set of 
genes responsible for cell survival or cell division. 

Two-thirds (20/30) of the deficiencies we have studied were cell lethal. In a 
similar analysis, DEMEREC (1934) found that 83% (20/24) of the deficiencies 
he studied were cell lethal. Although the size of the deficiencies he studied was 
not known in terms of salivary chromosome bands, they were in general large 
(an average of three meiotic recombination units). Deficiencies will be cell 
lethal when at least one gene necessary for cell survival is missing, small defi- 
ciencies being more likely to be cell viable than larger ones. Assuming that cell- 
lethal bands are randomly scattered, statistical analysis shows that 12% of the 
bands are cell lethal. This frequency is similar to the 9.3% frequency of cell- 
lethal mutants found among EMS-induced zygotic lethals (RIPOLL 1977). This 
similarity suggests that, for functions required for cell viability, chromosome 
intervals do not contain many coding sequences, either structural or regulatory, 
other than those detected by standard mutagenesis. In turn, this finding supports 
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the estimate of the number of genes obtained by saturation of small chromosome 
intervals (5,000). If this is the case, the genome of Drosophila should contain 
about 600 genes necessary for cell survival. 

We are indebted to W. GELBART, B. JUDD, D. KANKEL, J. KIGER, G. LEFEVRE, E. LIFSCHYTZ 
and T. WRIGHT for kindly supplying us the deficiencies and their cytological description. W e  
thank B. BAKER and J. KENNISON for their help with the statistical analysis, C. HINTON and 
D. LINDSLEY for their comments on the manuscript and Miss A. ANDREU for her skillful tech- 
nical assistance. This work was supported by the Comision Permanente del Descuento Com- 
plementario and a CAIT grant No. 1529. 
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