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ABSTRACT

Aspects of the developmental genetics of lethal and semi-lethal mutants
representing 13 complementation groups {cistrons) in the 3A-3C region of
the X chromosome of Drosophila melanogaster are given. Each of these cistrons
is associated with a particular chromomere in the salivary gland chromosome.
Mutants within each cistron have similar lethality patterns and morphological
attributes, and the characteristics of a given cistron are distinct with respect to
other cistrons. These results provide additional evidence that only one function
is associated with each chromomere. The results of the lethality pattern
analysis are also compared with previous studies of lethal mutants of Dro-
sophila.

A cytogenetic study of a segment of the X chromosome of Drosophila melano-
gaster led Jupp, SHEN and Kaurman (1972) to propose that the cistronic
unit in this eucaryote is a complex one, composed of one or a few structural genes
plus a sizeable amount of regulatory DNA. The results of their analysis showed
that each chromomere of the 3A2-3C2 region (Bripges 1938) in the polytene
salivary gland chromosome contains only one complementation group. Yet
RubpkIN’s (1965) measurements of the amount of DNA per haploid equivalent
strand for this chromosome segment showed that a chromomere of average size
contains enough DNA for more than 20 genes, each 1000 nucleotides long.
These findings raised some questions about the nature of the unit defined by
the cis-trans test. One approach to determining the structure of the cistron and
the mechanism of its regulation is to analyze the array of mutants belonging to
each cistron. Specifically, we want to know whether all mutations within a given
cistron affect the sequence of developmental events in the same manner and at
the same time or whether there is some heterogeneity of action and timing.
This kind of analysis should help us decide whether or not the single function
aspect of the classical cistron can be retained. On the one hand, heterogeneity in
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the type of developmental disorders observed among mutants belonging to a
single cistron would indicate that several different structural genes are present
in the cistron. An important question then would be why the mutations within
a cistron fail to complement each other and how such a battery of genes is con-
trolled. On the other hand, developmental uniformity among intracistronic
mutants would support the notion that only one structural gene is present within
the cistron and that a considerable portion of the cistron is devoted to a regulatory
role. A critical question then is whether particular intracistronic mutations occur
within the structural component or the regulatory component. In other words,
do some of the mutations within the cistron represent structural lesions and others
regulatory lesions? If the Drosophila cistron does indeed contain both structural
and regulatory components, a most intriguing question is: what is the nature of
the relationship between the two components?

The mutants in the 3A2-3C2 region were chosen for analysis because there
is a high probability that the region is mutationally saturated; i.e., mutations
are known for each functional unit within the region. Moreover, a considerable
amount of information about these mutants, including both cytological and
genetic maps, is available.

The 3A2-3C2 region includes the closely related loci zeste (z) and white (w)
which interact functionally during development. A deletion of the w locus and
point mutations located in the righthand portion of the w locus act as dominant
suppressors of z (Gans 1953). This relationship suggested that the region
between the z and w loci might be functionally integrated, perhaps under the
control of a common genetic unit. The work of Jupp, SuEN and Kaurman
(1972) provided additional evidence for the close functional relationship between
the two genes but did not point to the existence of any obvious functional tie
between them and any of the intervening complementation groups.

Zeste is localized in salivary gland band 3A3 of Bripces’ (1938) map (Gans
1953; Jupp, Suen and Kauvrman 1972), and white is localized in band 3C2
(Lerevre and WiLkins 1966; Juop, SmEN and Kaurman 1972) or possibly in
the interband space between 3C1 and 3C2 (LerFevie and Green 1972). Jubp,
SuEN and Kaurman (1972) recovered 116 lethal and semi-lethal recessive point
mutations that map in 12 complementation groups between z and w; they refer
to these groups as the zeste-white (zw) cistrons. Deletion mapping has shown
that each zw complementation group is associated with a single chromomere.
Two complementation groups, giant (gt) and ko, lie outside the z—w interval
just to the left of z; these groups have been localized in salivary gland chromo-
some bands of 3A1 and 3A2, respectively. In all, there are 16 bands in the 3A1-
3C2 interval, which correspond on a one to one basis to the 16 complementation
groups that extend from gt through w.

MATERIJALS AND METHODS

We have attempted to answer questions about the nature of the zw complementation groups
and the relationships between them through two separate approaches. First, we have determined
the lethality patterns of representative mutants from each of 13 adjacent complementation



ZW MUTANTS OF DROSOPHILA 617

groups. The lethality pattern of a mutant includes both its “effective lethal phase” (the stage
beyond which further development does not occur and death ensues; Haporw 1955) and observa-
tions on its rate of growth and longevity. Second, we have undertaken a morphological charac-
terization of many of the mutants. The morphological analysis (which is based largely on
KaurmaN 1970) has three components: (1) description of the morphology of semi-lethal and
temperature-sensitive mutants, (2) description of the morphology of lethal mutants which sur-
vive when carrying one of three variegating duplications, and (3) use of gynandromorphs to
study cellular autonomy or non-autonomy of mutant tissue.

Genetic symbols and descriptions of balancer chromosomes and other mutants used in this
study can be found in LinpsLey and Grerr, (1968). The methodology used to obtain and map
the mutants is given in Jupp, SHEN and KaurMman (1972).

Stocks were reared on standard cornmeal-yeast-Karo syrup-agar medium at an ambient tem-
perature of about 25°C. In certain experiments constant temperatures of 18°C and 28°C were
utilized.

Lethal and semi-lethal mutants were maintained in both male and female stocks. In the male
stocks, the mutant genes were balanced to the w+-Y chromosome, in which a section of the X
chromosome extending from band 2D1-2 to band 3D3-4 has been inserted into the long arm of
the ¥ chromosome. The presence of this duplicated X chromosome segment allows mutant males
to survive; such males were mated to females carrying compound X chromosomes and wt-¥,
(C(1)DX/w+-Y), establishing a balanced stock. Each mutant gene was carried in a female
stock by balancing either to In(1)dl-49, y Hw m? g+ or to FM7b (Merriam 1968, 1969).

Determination of lethality patterns: The lethality patterns of 42 zw mutants and one tko
mutant were determined at a room temperature of about 25°C. The zw mutations were arbi-
trarily selected as representatives of their respective complementation groups. Thirty-three of
the zw mutations were induced by X rays. Three (121, i24, and g5) were induced by a combina-
tion of X rays and ethylenimine (EI); four (i20, j27, k16, and k22) were induced by EI alone,
and two (a25 and a5) were induced by ICR-170. The tko mutant (k71) was induced by a combi-
nation of X rays and dimethyl sulfoxide. Relatively few chemically induced mutations were in-
cluded in the lethality pattern analysis because most of them were not available at the time the
lethality study was undertaken; however, additional information concerning developmental as-
pects of a number of chemically induced mutants was obtained as part of the morphological
analysis.

All mutants for which lethality patterns were determined were marked with the gene yellow
(¥) so that lethal-bearing larvae could be distinguished by the color of mouth parts and setae. A
few of the mutant strains also carried one or more additional markers; these included d73, g17,
¢28, and j1, which carried z, spl, and sn?; I12, which carried z; and k78, which carried sp! and sr?.

We have determined lethality patterns of mutant males; mutant females have not been
inivestigated. The mating procedure from which mutant individuals were obtained is outlined in
Figure 1. In the first mating the lethal-bearing chromosome was separated from the w+-Y
chromosome by crossing y (1 )zw/w+-Y males to virgin Oregon-R (Ore-R) females. The virgin
heterozygous Ore-R/y I(1 )zw females produced by this mating were then mated to Ore-R males
(mating 2). About 30 females and 30 males were used as parents in each mating. For each lethal
strain, four to six copies of mating 2 were used as a source of lethal larvae. In this manner each
lethal gene was introduced into an unselected Ore-R background.

Embryonic mortality of the lethals was evaluated by determining the percentage of hatched
eggs produced by mating 2. The sample in each case consisted of several hundred eggs laid during
a period of one to three hours. The number of hatched eggs was determined at 24 hr and again at
48 hr after the end of the laying period. Since only lethal-bearing larvae had yellow mouth parts
and setae, a clear distinction could be made between embryonic and post-embryonic lethal phases.
To study mutants having a post-embryonic lethal phase, we isolated yellow, lethal male larvae
(y I(1)zw/Y), in samples of about 10 individuals, within a few hours after hatching. The lethal-
bearing larvae were maintained on small Petri dishes containing standard food medium; the
total sample size of each mutant strain varied from about 20 to about 80 individuals. Samples of
similarly isolated non-lethal larvae were used as controls. The lethal animals were observed
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Frcure 1.—Mating procedure to obtain ziw male larvae.

carefully at intervals of about 24 hr until all individuals within each sample had died. The de-
velopment of the isolated non-lethal larvae was also carefully followed; these animals provided a
convenient reference for comparisons of rates of growth, longevity, and general appearance. An
organism was considered to be dead when it showed no visible movement and when it gave no
response t> probing with a dissecting needle.

Mutants are classified according to the degree of viability proposed by Haporn (1948). A
lethal mutation causes the death of all individuals carrying the mutant gene in the effective dose.
In the case of a semi-lethal mutation, up to 50%, of the mutant individuals may survive.

Morphological analysis: Sixty-six mutations were studied. These included all of the muta-
tions used in the lethality pattern analysis (42 zw mutations and one tko mutation) plus 22
additional zw mutations and one additional tko mutation. Among the 22 additional zw mutations,
16 were induced by N-methyl-N1-nitro-N-nitrosoguanidine (NNG); one (g2) by ethyl methane
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sulfonate; one (f4) by X-rays; one (h10) by a combination of X rays and ethylenimine; and one
(k9) by a combination of X rays and dimethyl sulfoxide. Two zw mutations (g7 and 35n) were
spontaneous. The additional tko mutation (25¢) was induced by NNG.

The morphology of semi-lethal and temperature-sensitive mutants was studied by use of XY
and X0 mutant males and homozygous mutant females. The XY males were obtained by mating
l{1)zw/w+-Y males to compound-X females carrying a normal ¥ chromosome (C(1)DX/Y).
The X0 males were obtained by mating I(7)zw/w+-Y males to compound-X females which did
not carry a ¥ chromosome (C(1)RM, y2wbb~/0. The homozygous mutant females were obtained
by mating [(7 jzw/FM7b females to the appropriate w+-Y-balanced males. In most cases the
fertility of the XY males and the homozygous females was evaluated. If any deviation for normal
fertility was noted, the adults were dissected in Ringer’s solution and the genitalia examined.
Terminology is based on MiLLEr (1950) and FErris (1950) for adult morphology and on King,
Rusinson, and Smrre (1956) and Kine (1957) for ovarian morphology.

Semi-lethal mutants with abnormal phenotypes were preserved in Barber’s solution (95%
ethanol, ethyl acetate, benzol, and water in a 53: 19: 7: 49 ratio). At a later time these flies were
dehydrated through a series of ethanol solutions, cleared in xylene, and mounted in Permount
for photography.

The external morphology of some of the lethal mutants was studied in males that survive
when carrying certain duplications. These duplications, which exhibit a variegated-type position
effect, were Dp(1;3 )w™+9% (Dp(1;3)3A9-B2; 3E2-3; 80); Dp(1;4)wmes9 (Dp(1;4)3B1-2; 3C3-
5; 101); and Dp(1;3)N#64-58a (Dp(1;3)3B2-4; 3D5-6; 80). Duplication-carrying mutant males
were obtained by mating I(7)zw/w+-Y males to C(1)DX/Y; Dp females under culture con-
ditions of 18°C, 25°C, and 28°C. The phenotypes of the recovered I(f)zw/Y; Dp males were
studied and recorded. These males were also mated to C(7)RM; y?webb-/0 females to produce
1{1)z2w/0; Dp males. The X0 males were reared at 25°C to determine whether or not the absence
of the ¥ chromosome affected their viability or morphology.

Cellular autonomy of mutant tissue was evaluated by studying gynandromorphs produced by
the somatic loss of an unstable ring-X chromosome (Hinton 1955; 1959). A mutation is said to
exhibit cellular autonomy (i.e., cellular lethality) when no gynandromorphs bearing patches of
mutant (yellow) tissue are recovered. Conversely, a mutation is said to be non-autonomous at
the cellular level when such gynandromorphs are recovered.

We have utilized the ring-X chromosome X¢2, yv¢ (kindly supplied by Dr. J. R. MERRIAM).
This chromosome is maintained in stock by balancing to In(1)dl-49, y w Iz%, giving X2, wve/
In(1)dl-49, y w lz# females which are mated to In(1 )dl-49, y w Iz8/sc®Y males. The balancing
chromosome carries a non-autonomous semi-lethal mutation located near y, which is covered by
the sc®-Y duplication. In each generation females heterozygous for the ring-X and the balancer
chromosome, and showing sectors of ¥ and/or w Iz¢ tissue, were selected and back-crossed to the
appropriate balancer male. This selection of females was necessary in order to maintain the
instability of the ring-X.

Females identical to those used to maintain the stock were selected as virgins and mated to
v I(1)zw/w+-Y males. The F s females heterozygous for X¢2, w?¢ and the y I(1)zw chromosome
were then examined for the presence of patches of yellow tissue. The same mutants used in the
lethality pattern analysis were employed in the tests for cellular autonomy. ‘

A control rate for instability of the ring-X chromosome was calculated from the frequency of
gynandromorphs produced in the stock (269%). The rates observed in the various X2, wvc/y
I(1)zw flies were compared to this frequency. In the cases of cellular autonomy, we obtained a
sample of females heterozygous for the ring-X and the y (7 )zw chromosome that was large
enough to have yielded an expected number of gynandromorphs equal to 5 or more.

Figure 2 shows the cytological position of the 16 cistrons in the 3A1-3C2 region and lists all
the mutants we have investigated. The 12 zw complementation groups are designated by number
in the order in which they were discovered. For a complete listing of all known point mutations
in this region, see Figure 5 in Jupp, SueN and Kaurman (1972).
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Ficure 2.—Cytological position of complementation groups in the 3A-3C region of the X
chromosome. Only the mutants investigated are indicated. Mutants for which lethality patterns
were not determined are marked by asterisks.

RESULTS

Lethality Patterns

Lethal phases: In the mating scheme we have used, the lethal class constitutes
259% of the offspring. If the effective lethal phase of a mutant occurs in the
embryonic period (i.e., any time before hatching of the first instar larvae), the
proportion of unhatched eggs should be at least 259, and there should be no
yellow larvae present among the offspring. None of the zw mutants we have
examined are distinct embryonic lethals. The percentage of unhatched eggs in
matings involving 39 of the 42 zw mutants was low, generally not exceeding
5%, and yellow larvae constituted one-fourth of the progeny. The proportion of
unhatched eggs from the Ore-R stock was 5.6%,. Examination of dechorionated
unhatched eggs from both sources usually showed no visible evidence of embry-
onic development; that is, these eggs appeared to be unfertilized. Embryonic
mortality occasionally occurred in both the Ore-R stock and the matings segre-
gating for a ziw mutant. In both instances, the lethal phase occurred near the end
of the embryonic period, since the egg membranes contained fully formed larvae.

Table 1 summarizes the lethal phases of 41 zw mutants; Figures 3 and 4 are a
graphic representation of the same data. The complementation groups in both
the table and the figures are arranged according to their genetic and cytological
map positions (cf. Figure 2). Data pertaining to the ziw mutant d73 are discussed
separately.

A striking feature of these data is that the lethal phases of most mutants within
any ohe complementation group are generally similar.



TABLE 1

Lethal phases of zw males

Stage of death

Larval instar

First Second Third Post-puparium* Imago
Number of
Group Mutant larvae No. Percent No. Percent No. Percent No. Percent No. Percent
zwl a2 65 31 48 22 34 12 18
b22 23 3 13 12 52 8 35
g17 45 . 7 16 14 31 24 53
ké 84 7 8 11 13 29 35 37 44
zw8 g10 80 15 19 31 39 34 42
g28 49 4 8 26 53 19 39
j25 50 7 14 30 60 13 26
zw d28 39 2 3 37 95
ed 66 . . 2 3 64 97
g24 85 2 2 5 6 78 92
124 53 . .. 3 6 4 8 46 87
727 46 1 2 3 6 3 6 39 85
k16 63 5 8 58 92
zwl0 120 41 7 17 . .. 4 10 23 56 7 17
121 50 5 10 3 6 8 16 2 4 32 64
zw2 a3 70 4 6 29 4 11 16 4 6 29 3t
b1ty 3 3 100
c21 17 17 100
c28 37 37 100
g4 18 18 100 .. ..
g6 30 29 97 1 3
zw3 b24 57 11 19 12 2t 34 60 .. ..
b25 74 3 4 1 1 20 27 50 68
g5 45 2 4 9 20 34 76
h22 41 .. . 1 2 40 98
k22 35 2 6 6 17 27 77
zwb a5 43 43 100 .. ..
e5 52 51 98 1 2
el3 46 46 100 .. .
&7 46 44 96 2 4
112 36 34 94 2 6
zwl2 k1 39 39 100
k3 37 37 100
zw7 e3 29 14 48 15 52 .. ..
820 47 29 62 17 36 1 2
zw5 g27 68 .. .. 20 29 17 25 24 35 7 10
i1 27 27 100
zwlit a5 49 2 4 47 96
b18 74 3 4 71 96
g3 66 5 8 61 92
zw9 k18 80 26 32 27 34 27 34

* Does not distinguish between prepupal and pupal lethality.
+ Collection of a larger sample was not practical because most b17 zygotes die as embryos.
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Ficure 3.—Ontogenetic distribution of death of 41 zw mutants. A dotted line indicates that
less than 109, of the sample died during the indicated stage. A heavy line indicates a semi-lethal
mutant, and a thin line indicates a lethal mutant. E, embryo; 1, first larval instar; 2, second
larval instar; 3, third larval instar; PP, post-puparium; I, imago.

Three zw2 mutants, b11, c27, and g4, (Table 2) are late embryonic-first instar
“boundary lethals” (Haporn 1951). These mutants develop into normal-appear-
ing first instar larvae, but some die within the egg membranes; others hatch but
do not grow. Two zw2 mutants, ¢28 and g6, are post-embryonic lethals; in each
case the lethal phase occurs during the first larval instar. According to Hapor~
(1951) the embryonic-larval boundary situation can be regarded as monophasic
lethality, since the developmental progress is the same regardless of whether
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Ficure 4.-—Histograms showing the ontogenetic distribution of death of zw mutants when
data from mutants within each complementation group are pooled. The number of mutants
examined in each complementation group is indicated in parentheses. Semi-lethal mutants are
represented by histograms with right to left strips, E, embryo; 1, first larval instar; 2, second
larval instar; 3, third larval instar; PP, post-puparium; I, imago.

TABLE 2

Egg viability of matings segregating for certain 1(1)zw2 mutants

Number Number Percent
Mutant of eggs unhatched unhatched
bi1 402 54* 13.4
c21 646 105* 16.3
g4 563 110* 19.5
c28 221 7+ 3.2
g6 159 3t 1.9

* The egg membranes contained normal-appearing larvae.
1 Unfertilized.
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death occurs at the end of the embryonic period or at the beginning of the first
larval instar. Since the zw?2 first instar lethals die without undergoing significant
larval growth, it seems reasonable to regard all of the lethal zw2 mutants
examined as monophasic in time of death. One zw2 mutant, a3, is a semi-lethal
characterized by polyphasic lethality.

Mutants within four of the complementation groups, zwé, zwi2, zwi1, and
zw4, are clearly monophasic in time of death. The zw6 and zw?2 mutants are
first instar lethals. Group zw?7 is unique in that all three of the mutants
examined die during the second larval instar. Mutants in group zw4 die after
puparium formation; the proportion of animals that pupate is not known,
although some individuals of each genotype examined show imaginal develop-
ment.

In the case of certain monophasic lethals, a small number of individuals die
at some stage other than the characteristic lethal phase. Usually such deaths
precede the typical lethal phase; less often they follow the critical phase (see
Figure 3). Habor~ and CHEN (1952) observed a similar phenomenon in a study
of autosomal lethal factors of Drosophila melanogaster. Haporw (1951) suggested
that lethal mutants may suffer a “general weakness” before they reach their
specific lethal phase, leading to an early death of some individuals. The survival
of some individuals beyond the ordinary lethal phase may be related to slight
variations in penetrance of the lethal factor.

The two zw7 mutants investigated are diphasic lethals; death occurs in either
the first or the second larval instar.

Lethal mutants belonging to complementation groups zw?, zw8, and zw3 are
polyphasic in time of death. In addition to the information presented in Table 1,
we know from Kaurman’s work (1970) that group zw? contains two semi-lethal
mutants (7w and 327), both of which undergo some lethality late in the pupal
period, and that group zw8 contains one semi-lethal mutant (20m) and two
temperature-sensitive mutants (65 and 44j), which have variable lethal phases
embracing both larval and post-puparium stages. All known zw3 mutants are
lethals. The third larval instar is the major lethal phase of the zw3 mutants used
in the lethality pattern analysis. The lethal 525 differs from other zw3 mutants
in that its major lethal phase occurs after puparium formation, but there is no
evidence of imaginal development in any 525 animals.

Only two zw5 mutants were examined. One, j, is a lethal that dies during the
first larval instar. The other, g27, is a semi-lethal exhibiting polyphasic lethality.

The zw?0 and zw9 mutants examined are also semi-lethals. Interestingly, all
five semi-lethal mutants we have examined (1(7)zw10%°, [(1)zw10%, 1(1)zw2°¢,
I(1)zw59°7, 1(1)zw9*'?) are multiphasic in time of death, even when lethal
mutants within the complementation group are monophasic in time of death.

The mutant d73 is a post-embryonic lethal, but it differs conspicuously from
other zw! mutants in showing diphasic rather than polyphasic lethality. In a
sample of 38 d73 larvae, 15 (399%) died during the first larval instar, and the
other 23 died during the second larval instar. This discrepancy is explained in
the section on morphology.
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The tko mutant, k71, is a diphasic post-embryonic lethal. The total k17 sample
consisted of 62 larvae; 50 (81%) died during the second larval instar, and 12
died during the third larval instar.

Throughout the course of the lethality pattern investigation, the viability of
control larvae was high. Only 8% of the non-lethal larvae were inviable; death
generally occurred at the end of the third larval instar or at post-puparium stages.
The viability of larvae from the Ore-R stock was similar; 59 of the Ore-R larvae
did not survive to the adult stage, and lethality was also concentrated at the end
of the larval period or at later stages.

Rate of growth and longevity: The following observations are based on a direct
visual comparison of mutant larvae and normally developing non-lethal F, larvae
from the same matings. Age is given in days after hatching from the egg.

(1 )tko. One mutant, k71, was examined. Molting to the second larval instar
is delayed about 24 hr in larvae that die during that stage; these larvae grow
slowly but attain full size, and death occurs at 9-18 days. Animals that die as
third larval instars molt to that stage about a day later than normal larvae. The
inviable third instar larvae do not grow, although they survive until about day 20.

I(1)zw1. The growth rate begins to decrease during the first larval instar
(g17) or the second larval instar (a2, b22, k6). Animals that die during the
second and third larval instars reach half to full size; those that die as first instar
larvae do not grow beyond their size at hatching. Larval death occurs at 3-4 days
(first instar), 7-10 days (second instar), and 7-16 days (third instar). Puparium
formation does not occur until days 8-15.

The d13 animals that die as first instar larvae do not grow, and death occurs
by day 4. Growth of d73 individuals that die during the second larval instar is
variable, and death occurs by day 7.

{(1)zw8: Individuals that die as first instar larvae do not grow. The growth
rate of those individuals that die as second or third instar larvae begins to slow
down near the end of the first larval instar; these larvae reach only about half
the size of the corresponding normal larvae. Larval death occurs at 3—4 days
(first instar) ; 6-12 days (second instar), and 15-20 days (third instar).

[(1)zw4: Four mutants (e4, 124, j27, k16) grow at a normal rate until late in
the third larval instar. The mutant d28 begins to grow slowly at the beginning
of the second larval instar, and growth of the mutant g24 slows at the beginning
of the third larval instar; third instar larvae of both genotypes grow to full size.
Some individuals undergo puparium formation at the normal time (aboutday 4);
others do not form puparia until days 5-8.

I(1)zw10: The growth rate of ;20 animals that survive to the adult stage is
normal; i.e., imagos hatch on the same day as controls. The growth rate of /21
individuals slows during the second larval instar, and the final size of larvae
that die during second and third instar stages is variable. Puparium formation
of 127 animals is delayed about 24 hr, and imagos hatch on about day 14. Inviable
larvae of both 20 and /21 genotypes survive several days beyond the time when
normal larvae have molted to the succeeding stages.

I(1)zw2: First instar larvae of the embryonic-larval boundary lethals (577,
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c21, g4) die within 24 hr after hatching. First instar larvae of the post-embryonic
lethals (¢28, g6) survive until days 3—4. None of the zw2 first instar larvae
exhibit any growth.

Inviable first instar larvae of the semi-lethal mutant a3 do not grow, and death
occurs within 24 hr after hatching. Those individuals which die during the
second larval instar grow slowly and attain about half normal size; death occurs
on days 3—7. Animals that survive to the third larval instar grow at a normal
rate and attain full size; death occurs on days 7-10. Puparium formation occurs
on days 7-8, and imagos hatch on about day 14.

1(1)zw3: The growth rate slows during the first larval instar (524, h22), the
second larval instar (g5), or the third larval instar (525, k22). Animals which
die during the first larval instar do not grow, while those that die during the
second larval instar usually attain the full size characteristic of that instar; these
larvae die several days after normal larvae have molted to the third instar. Indi-
viduals which survive to the third larval instar either do not grow (24 and h22)
or do not achieve full growth (525, g5, k22). Puparium formation of surviving
b25 larvae occurs on days 7-11.

l(1)zwé: First instar larvae do not grow (a25, €5, e13) or grow slightly (g7,
112); death occurs on days 3-6. Second instar larvae do not grow but survive for
several days.

I(1)zw12: The first instar larvae do not grow, and death occurs on days 3—4.

1(1)zw7: The e3 animals that die as first instar larvae do not grow, and death
occurs at about 3 days; animals that survive to the second larval instar grow
slowly but attain full size, dying at 6-14 days. The g20 individuals that die as
first instar larvae attain full size but die after 1-2 days. The growth of g20
animals during the second larval instar is variable; death occurs on days 6-9.

l(1)zw5: The growth rate of the first instar larvae of the lethal mutant jf is
variable; death occurs on days 1-3.

The semi-lethal mutant, g27, grows at a normal rate until the second larval
instar. Individuals that die during the second and third larval instars grow only
slightly; death occurs at about 6 days (second instar) and at 7-10 days (third
instar). Puparium formation in individuals that survive the larval period occurs
on days 9-12, and imagos hatch on days 14-17.

I(1)zw11: Tnviable first instar larvae do not grow, and death occurs on days
1-6. Second instar larvae grow slowly and attain only about half normal size;
death occurs on days 9-16.

I(1)zw9: The semi-lethal mutant, k78, grows at a normal rate up to the time
of puparium formation; imagos hatch on days 11-13. Inviable third instar larvae
die on days 4-7.

A number of generalizations pertaining to the lethal mutants can be drawn
from the above observations. (1) The larval growth rate of the lethal mutants
does not keep pace with that of the normally developing non-lethal offspring
from the same matings. (2) Lethal mutants that survive the larval period
undergo delayed puparium formation. (3) A slowing of the growth rate precedes
death. (4) Frequently, the growth rate begins to slow down during a stage pre-
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ceding the actual lethal phase. (5) After maximum development has been
reached, the mutant animals survive for some time before death occurs. Conse-
quently, the duration of the stage in which death occurs is prolonged.

The above statements generally apply also to the semi-lethal mutants; how-
ever, one semi-lethal mutant (i20) develops at essentially a normal rate.

Morphological Aspects

A detailed description of all the mutants involved in this phase of the study
can be found in Kaurman (1970). Descriptions of the g¢, z, and w loci are given
in Juop, SueN and Kaurman (1972), and LinpsLeEY and GreLr (1968). Table 3
summarizes the cellular autonomy characteristics which are detailed in the text.

tko: Two of the three mutants in this group were examined. The mutant 25¢
is a semi-lethal; surviving males and homozygous females have short thin bristles
and are highly sensitive to physical shock (see Jupp, SHEN and Kaurman 1972).
The mutant £77 is a lethal. Gynandromorphs of k77 are produced through the
loss of the ring-X chromosome; patches of yellow tissue are found only in the
abdominal tergites, which lack bristles and appear etched. This phenotype is
reminiscent of bobbed.

I(1)zw1: Seven of the 34 zw! mutants were studied. Two of the mutants, 7w
and 32i, are semi-lethal in both males and homozygous females. Females hetero-
zygous for either of these mutant genes and deficiencies of zw?! or other zw?
mutations are lethal, but 7w/32i females are semi-lethal. Surviving 7w XY males
occasionally have rough eyes with protruding facets; the wings are often
shriveled or blistered, and the metathoracic legs crippled. 7w X0 males have a
more extreme mutant phenotype, sometimes involving crippling of the meso-
thoracic legs as well as the metathoracic legs. 327 males have similar morpho-
logical defects; X0 males are more severely affected than XY males. Both 7w
and 32{ XY males are fertile. Mutant females are phenotypically similar to the
mutant males. Homozygous 7w females and 32i/7w females are sterile; no eggs
are deposited. Homozygous 32/ female are poorly fertile; only a few eggs are
deposited. Mutant females have normal genitalia and sperm storage and develop
many stage 14 oocytes. If homozygous 32i females are mated to 7w or 32i males,
the offspring exhibit the lethality pattern characteristic of zw? lethals; therefore,
no adult progeny are produced. If homozygous 32i females are mated to FM7b
males, only heterozygous female adult progeny are produced.

The cellular autonomy characteristics of five zw? mutants (a2, b22, d13, g17,
k6) were determined. The mutants a2, 522, g17, and k6 have the same autonomy
pattern. Sectors of yellow tissue are found in all parts of the adult hypoderm.
The yellow tissue is in general phenotypically normal; however, in cases where
the eye is surrounded by yellow tissue and bristles and is thus apparently X0
tissue, it is rough and has some protruding facets. When wings and metathoracic
legs are entirely yellow, they are often deformed.

The autonomy pattern of d73 differs from that of the other zw? mutants. This
lethal gives gynandromorphs that have sectors of yellow tissue only in the



TABLE 3

Cellular autonomy patterns of lethal and semi-lethal mutations in the 3A-3C region

Group Mutation Autonomous Non-autonomous
tko k11 - +-(A)*
zwl a2 +
b22 . -+
d13 - (A)*
g17 . -+
ké . +
zw8 g10 -+
828 +
i25 -+
zwh d28 +
e4 +
g24 +
124 -+
127 +
k16 4+
zw10 120 -+
121 +
zZw2 a3 +
b11 4
c21 +
c28 +
g4 +
g6 +
zw3 b24 . +(A)*
b25 .. +(AW)+
&5 . +(A)*
h22 . +-(A)*
k22 .. +(A)*
zw6 a25 . +(A)*
e5 .. +(A)*
el3 . +(A)*
&7 . +(A)*
112 .. +(AW)+
zwi12 k1 .. +
k3 . +
w7 e3 +
820 +
zw5 827 . +
i1 -+ ..
zwil a5 +
b18 -+
g3 +
zw9 k18 . —+

* Survives as sectors of mutant tissue only in abdomen; the d73 discrepancy is explained in the
text.

+ Survives as sectors of mutant tissue only in abdomen and wing.
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abdominal tergites; moreover, the yellow regions lack bristles and appear etched.
Because of the peculiar autonomy pattern of d73, in conjunction with an atypical
lethality pattern (previously noted), we reexamined the complementation be-
havior of this mutant. We thereby found that d73 is associated with a second
lethal point mutation on the X chromosome which fails to complement with zw3
mutants. The autonomy characteristics of zw3 mutants (see below) are similar
to that noted in d73. The lethality phases of d73 are, however, shifted to some-
what earlier stages than those characterizing most zw! and zw3 mutant indi-
viduals. This fact may indicate that the two different lethal genes exert a cumu-
lative impact on development, causing noticeable phenotypic alterations to
appear earlier in ontogeny than when either gene is acting alone.

1(1)zw8: Six of the eight mutants in this group were investigated. Two of the
mutants, 6b and 44j, are temperature-sensitive; these mutants survive when
raised at 18°C but are lethal when raised at 25°C and 28°C. Mutant 65 has fine
bristles and often lacks the posterior verticals and posterior scutellars; wing veins
L2, L3, and L5 are frequently netted at the distal ends, and there are incisions
on the inner wing margin. 6b males are fertile at 18°C; 6b females are weakly
fertile at 18°C but become sterile within 48 hr after they are kept at 25°C. 6b
females have normal accessory sex organs, but one ovary is rudimentary. The
rudimentary ovary contains stage 6 or 7 oocytes; the functional ovary has a
reduced number of ovarioles, but some stage 14 oocytes are present. Females
heterozygous either for 6b and deficiencies of the zw8§ locus or for 6b and zw8
lethal point mutations are lethal even at the permissive temperature (18°C).
Females heterozygous for 65 and 20m (20m males are semi-lethal) are viable
at 18°C and 25°C; these females are weakly fertile and have the same internal
morphology as 65 females. 44j mutant males have the same phenotypic and
fertility attributes as 65 males.

Both 6b and 44j survive at 25°C and 28°C when Dp(1;4)w™5% is present in
the genome, but the lethals g70, g28, and j25 are not complemented by this dupli-
cation at any temperature. Surviving b and 44j males express the phenotype
described above. X0 males bearing the duplication are not recovered at 25°C.

The mutant 20m is a semi-lethal. Surviving males and females have the 6b
bristle and wing phenotype. 20m males are fertile. 20m females have low fer-
tility and the same internal morphology as 6b females. Females heterozygous
for 20m and zw§ deficiencies or heterozygous for 20m and zw$ lethals are lethal.

The three lethals g70, g28, and j25 are autonomous for cellular lethality; i.e.,
gynandromorphs are not recovered.

[(1)zw4: Eight of the 12 mutants in this group were investigated. All zw4
mutants are lethals. The autonomy pattern of six mutants (d28, e4, g24,1i24,j27,
k16) was determined. These six mutants survive in gynandromorphs at the same
frequency as controls; yellow sectors are phenotypically normal, but the eye is
rough when it is included in the yellow tissue sector.

Two zw4 mutants, g/7 and 291, survive until late in the pupal period (cf.
Table 1). When these mutants are dissectcd from the puparium, they exhibit
similar phenotypes. The eyes are rough, microchactae are sparse, and the abdomi-
nal tergites are incomplete at the dorsal midline. Both g77 and 29! survive at



630 M. P. SHANNON et al.

18°C, 25°C, and 28°C when Dp(1;4)w™% is present in the genome. Surviving
males have the phenotype described above and are fertile. X0 males bearing the
duplication are not recovered at 25°C.

{(1)zw10: This group contains five semi-lethal mutants, all of which were
analyzed. The frequency of surviving males is variable, being influenced by
crowding, culture conditions, and background genotype. Adult males have rough,
reduced eyes, and the wings have thickened veins and incisions on the inner
margin. Thoracic hairs are often irregularly arranged; dorsocentral, scutellar,
ocellar, orbital, and vertical bristles are frequently absent. Males are sterile;
sperm are immotile, although they are transferred to the female at mating.

Females, which express the same mutant phenotype as zw?0 males, usually
die 24 to 48 hr after eclosion. Ovaries and accessory sex organs are normal, but
mating apparently does not occur. Rarely, adult females heterozygous for a zw70
mutation and a zw?0 deficiency are recovered, but death occurs within 24 hr
after eclosion.

The autonomy characteristics of two zw?0 mutants, ;20 and /21, were deter-
mined. Gynandromorphs with large patches of yellow tissue are recovered. When
the yellow tissue includes those areas which are abnormal in adult zw?0 flies,
the characteristic zw10 phenotype is expressed. The lethal effect is thus non-
autonomous at the cellular level, but the adult phenotype is autonomous.

I(1)zw2: Seven of the 20 mutants in this group were examined. Mutant a3 is
semi-lethal; the other mutants are lethals. Surviving 3 males have rough eyes
and are fertile. Heterozygotes of a3 and a zw?2 deficiency or of @3 and any zw2
mutation except gé are lethal. The heterozygote a3/gé is viable but sterile.
Gynandromorphs of a3 are produced at a rate similar to that of controls.

Unlike other members of zw2, mutant 39p survives when Dp(1;4)w™* is
present in the genome (at 25°C and 28°C but not at 18°C). Surviving males
have rough eyes and die shortly after eclosion without having mated.

The autonomy pattern of five lethal zw2 mutants (b11, ¢21, ¢28, g4, g6) was
determined. Gynandromorphs are recovered, but at a low rate compared to
controls. The yellow tissue is phenotypically normal; however, one g4 gynandro-
morph had a rough eye on the side of the head that was yellow.

l(1)zw3: Five (b24, b25, g5, h22, k22) of the nine lethal mutants in this
group were studied. All five mutants yield gynandromorphs, but the yellow
tissue is restricted to the abdominal tergites (except in the case of 525). When
yellow tergites are present, they lack bristles and appear etched, as in bobbed.
Tergite-like material is frequently observed on the ventral surface of the abdo-
men. In addition to the tergite abnormalities, two of six b25 gynandromorphs
bore strips of yellow tissue in the wings, which were deformed.

Unlike other zw3 mutants, b25 survives when Dp(1;4)w™¢% is present in the
genome (at 25°C). Surviving males are phenotypically normal and fertile.

{(1)zwé6: Five (a25, €5, el3, g7, 112) of the seven lethal mutants in this group
were examined. All five mutants survive when Dp(7;4)w™* or Dp(1,;3 )w™¢
is present in the genome (at 18°C, 25°C, and 28°C). Surviving males are pheno-
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typically normal and fertile. X0 males bearing either of these duplications are
not recovered at 25°C.

Gynandromorphs of the five mutants are recovered; they are phenotypically
like zw3 gynandromorphs. Two out of four 172 gyandromorphs were the only
zwé6 gyandromorphs in which both the tergites and the wings bore yellow tissue;
the yellow wing tissue resembled that of the 525 gynandromorphs described
above.

Heterozygotes of 172 and Df(71)62d18 occasionally survive; heterozygotes of
other zwé mutations and this deficiency do not survive.

[(1)zw12: The four lethal mutants in this group were analyzed. All survive
when Dp(1;4)w™? or Dp(1;3)w™+** is present in the genome (at 18°C, 25°C,
and 28°C). Surviving males are phenotypically normal and fertile. X0 males
bearing either of these duplications are not recovered at 25°C.

The autonomy pattern of two mutants, 47 and k3, was determined. Gynandro-
morphs are produced but at a much lower rate than in the case of controls. The
yellow tissue present in gynandromorphs is otherwise morphologically normal.

I(1)zw7: The three lethal mutants in this group were studied. All survive when
Dp(1;4)w™9, Dp(1;3)w™*e, or Dp(1;3)N?%+-5%¢ is present in the genome (at
18°C, 25°C, and 28°C). Surviving males have slightly rough eyes and are fertile.
X0 males bearing any one of these duplications are not recovered at 25°C.

The autonomy pattern of e3 and g20 was determined. Gynandromorphs are
not recovered.

[(1)zw5: The five mutants in this group were studied. Four (j7, 20z, 26, 341}
are lethals, and one (g27) is a semi-lethal. All five mutants survive when
Dp(1;4)ms5, Dp(1;3)w™**, or Dp(1;3)N?+%%¢ is present in the genome (at
18°C, 25°C, and 28°C). Surviving males have rough, reduced dark-colored eyes.
The vibrissae are sparse, and orbital, ocellar, and vertical bristles are often absent.
Wing veins are thick, and the inner wing margin frequently bears incisions.
These males are fertile. X0 males bearing any one of these duplications are not
recovered at 25°C.

Surviving g27 males have the phenotype described above but are sterile.

The autonomy characteristics of j7 and g27 were determined. Mutant j7
appears to be autonomous for cellular lethality, but g27 is non-autonomous.
Sectors of yellow tissue in the head and wings of g27 gynandromorphs have the
morphological abnormalities present in the duplication-bearing mutant males.

On the basis of phenotype and map position, we consider zw5 mutants to be
synonymous with the previously described mutants vestigium and deformed
wing (see Jupp, SueN and Kaurman 1972).

l(1)zw11: The seven lethal mutants in this group were examined. All survive
when Dp(1;4)w™9, Dp(1;3)w™#, or Dp(1;3 )N?64+-5% ig present in the genome
(at 18°C, 25°C, and 28°C). Surviving males lack varying numbers of orbital,
ocellar, and vertical bristles, and the wing veins are occasionally thickened at
18°C but not at 25°C or 28°C. These males are fertile. X0 males bearing any one
of these duplications are not recovered at 25°C.
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The three mutants a5, b18, and g3 have the same autonomy pattern; gynandro-
morphs are not recovered.

I(1)zw9: The two semi-lethal mutants in this group (f4 and £78) were studied.

Surviving f4 and k78 males have markedly reduced aristae, and the third
antennal segment is blunt and rounded. Males have an additional sex comb on
the second tarsal segment of the prothoracic leg. Females express the same
antennal phenotype as males. Males have reduced fertility, and k78, f4, and
k18/f4 females are sterile. Females have normal accessory sex organs, but the
ovaries are rudimentary with no oocytes more advanced than stage 7.

Females heterozygous for either allele and a zw9 deficiency rarely survive.

The mutant £78 yields gynandromorphs. When yellow tissue is present in the
antennae or the prothoracic legs, the characteristic zw9 phenotype is expressed.

The zw9 locus is apparently synonymous with sparse arista, which has been
described by RayLe and GrReen (1968).

DISCUSSION

The foregoing results bear on several related questions. First, we are interested
in how each of 13 adjacent loci functions in the development of the organism.
Second, we want to know whether these loci, by virtue of their spatial arrange-
ment, interact in obvious ways. Third, we want to know how well these results
fit the one chromomere : one function hypothesis as elaborated by Jupp, SHEN
and Kaurman (1972), which predicts that mutations within a given complemen-
tation group should fall into two classes, structural and regulatory.

zw Lethality Patterns. Comparison with Previous Studies: Havorw (1948,
1951, 1955) recognized a number of phases in Drosophila development when
death caused by lethal mutations was most likely to occur. These phases included
the early and the late embryonic period, the beginning of the first larval instar,
the beginning and the end of the third larval instar, the beginning of the pre-
pupal stage, pupation, the pupal period, and the period just after the emergence
of the imago. Haborn (1948) further maintained that lethal, or sensitive, phases
are separated by insensitive “interphases” during which deaths do not occur.
Several investigations (cf. Oster 1952; Rizki 1952; Sero 1954) basically
affirmed HaporN’s generalizations.

The present work also supports and extends the concept of the phase specificity
of lethal factors. The zw2 mutants clearly exhibit a late embryonic-early larval
lethal phase (cf. L1 1927; Breame 1939; Kavriss 1939; Epk 1956). That the early
first larval instar is a sensitive phase is well illustrated by the fact that inviable
zw first instar larvae almost invariably die without growing, regardless of
whether they belong to groups showing monophasic or polyphasic lethality. The
growth pattern of zw?7 mutants may indicate that the beginning of the second
larval instar is also a sensitive phase. The growth in inviable zw second and third
larval instars tends to be somewhat variable, with death usually occurring before
half the normal growth characteristic of the instar has been reached; this
situation is similar to the growth pattern of the mutant lethal(2)meander
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(Scumip 1949). Four zw3 mutants have a conspicuous sensitive phase near the
beginning of the third larval instar. A sensitive phase near the end of the third
larval instar is evident in zw semi-lethal mutants, in zw4 mutants, and in the
mutant /(7 )zw3%. Since b25 animals die either at the end of the larval period
or after puparium formation without showing imaginal development, it is prob-
able that this mutant is a larval-prepupal boundary lethal. A sensitive phase
during the pupal period is apparent in some zw4 individuals and in the semi-
lethal mutants. Death just after hatching of the imago occasionally occurs among
some of the semi-lethal mutants.

The second larval instar was once regarded as an insensitive interphase during
which death caused by lethal mutations is rare or lacking (Haporn 1948). The
present work shows that the second instar is often a lethal phase among mutants
with polyphasic lethality patterns (cf. the similar observations of SIVERTZEV-
Doszransky 1927; Bropy 1940; Rizkr 1952). Our results agree with previous
investigations (Mebpvepev 1939a; Haporn and Caew 1952; Rizki 1952; OsTER
1954) which indicate that the second larval instar is infrequently the character-
istic lethal phase among monophasic lethals. Only zw?7 mutants are monophasic
second instar lethals.

Polyphasic lethality has been noted in a number of lethal Drosophila mutants.
Aphasic lethality (the random distribution of death over the whole course of
development among individuals of the same genotype), however, apparently
does not occur (Hapor~ 1955). Although many of the zw mutants are poly-
phasic in time of death, none are aphasic. The extent of polyphasic lethality
among the zw mutants appears to be relatively greater than among other lethals.
Seven of the 12 zw complementation groups contain polyphasic mutants, and
only one of these is diphasic; all other have lethal phases in at least three stages.
In contrast, among 59 non-allelic lethals Haporn and CHEN (1952) found 46
monophasic mutants, 12 diphasic mutants, and 1 triphasic mutant. In a sample
of 44 non-allelic lethals Rizx1 (1952) found 35 monophasic mutants, 7 diphasic
mutants, and 2 triphasic mutants. Hapor~ (1940) showed that manipulation of
the genetic background of the mutant lethal (2)giant larvae could narrow the
number of lethal stages. Although we cannot rule out a possible influence of the
genetic milieu on the phasic variation of the zw mutants, our technique of out-
crossing the lethal genotype to an Ore-R background should have given a high
degree of heterozygosity, thus reducing the influence of modifying factors.

Semi-lethal mutants are commonly recovered in mutagenesis experiments, but
little work has been devoted to analysis of their development (Haporn 1951).
It is thus interesting to note that all five zw semi-lethal mutants we have
examined show polyphasic lethality and that each has a discrete ontogenetic
distribution of lethal phases (see Figures 3 and 4). Two of the semi-lethal
mutants, a3 (at locus zw2) and g27 (at locus zw5), are, respectively, the only
semi-lethal members of otherwise completely lethal groups. In each case, the
semi-lethal mutant does not exhibit lethality during the beginning of the first
larval instar, when other members of both groups characteristically die. It seems
likely that the greater viability of a3 and g27 may be attributed to their ability
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to form a gene product that functions above a critical threshold level during the
early larval period. These two mutants can thus “escape” the first sensitive phase
but generally succumb during one of the subsequent critical phases.

Many X-ray-induced mutants of Drosophila die during the embryonic period
(cf. Rizrr 1952). The high incidence of embryonic lethality among X-ray-
induced mutants is presumably related to the presence of genetic deficiencies or
chromosomal aberrations which tend to disrupt basic morphogenetic processes
(cf. Pourson 1940, 1945). On the other hand, spontaneous mutants (Rizkr
1952), mutants induced by ultraviolet light (OsTer 1952) or chemicals (HaporN
and CrHeEN 1952), and X-ray-induced mutants which do not have detectable
chromosomal defects (Oster 1954) usually show a higher proportion of post-
embryonic lethality than embryonic lethality. Our results are in agreement with
the foregoing observations. Most zw mutants utilized in our lethality pattern
analysis are of X-ray origin, and all appear to be point mutations by the genetic
and cytological criteria we have employed. The zw lethal phases are primarily
post-embryonic, with the highest concentration of mortality occurring in the
larval period. The earliest lethal phase of any of the zw mutants occurs at the
embryonic-larval boundary and does not involve any striking morphological
abnormalities.

The mutants we have investigated resemble other lethal Drosophila mutants
in that they commonly survive for a considerable time after development has
ceased (cf. L1 1927; Mepvepev 1939b; BreamE 1939; Scumip 1949).

We have noted that the zw mutants are characterized by slower growth than
normal animals and that the growth rate often begins to decrease during a stage
preceding the actual lethal phase. These facts probably indicate that the effects
(functions) of the mutant genes are expressed considerably earlier in ontogeny
than the lethal stage. Since zw mutants appear to undergo normal embryo-
genesis, we can speculate that the products specified by the zw genes do not
become involved in development until about the end of the embryonic period.
This is not to say that the zw genes may not be transcribed before the end of the
embryonic period, or at any other stages preceding death.

Intercistronic relationships: Mutants within all the cistrons we have studied
are developmentally similar in that they are generally characterized by post-
embryonic lethality patterns. Although mutants within a cistron sometimes
resemble mutants within other cistrons in some respect, no two cistrons have
exactly the same complex of lethality patterns, morphological attributes, and
autonomy characteristics. Mutants within two adjacent cistrons, zw3 and zws6,
have identical autonomy patterns but different lethality patterns. The lethality
patterns of mutants within the adjacent cistrons zwé and zw?2 are the same,
but autonomy characteristics are different. Mutants within the three adjacent
cistrons, zw?7, zw5, and zwl1, exhibit cellular autonomy (with the exception of
g27) ; however, phenotypes and lethality patterns are specific for each cistron.
There thus appears to be no obvious relationship between the spatial arrange-
ment of the cistrons in the chromosome and their functions.

Evidence for the One Chromomere : One Function Hypothesis: Our results
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indicate that mutants within each complementation group have remarkably
similar lethality patterns and morphological attributes. We infer that the muta-
tions in any one complementation group are quite specific in action, apparently
affecting the same developmental processes. It is true that there are certain differ-
ences among some members of a given complementation group. For example:
The zw2 mutation, a3, complements with gé but not with other zw2 mutations.
The zw2 mutant, 39p, survives when Dp(1;4)w™* is present in the genome,
but other zw?2 mutants that were tested do not survive when this duplication is
present. The zw5 semi-lethal mutant, g27, is non-autonomous for cellular lethal-
ity, but the zw5 lethal, j7, is autonomous. The semi-lethal mutants 3 and g27
do not exhibit the major lethal phase characteristic of the lethal mutants within
their respective cistrons. The zw3 mutant, 525, often reaches the stage of
puparium formation, although other zw3 mutants die before reaching this stage.
The zw?0 mutant, 720, has an essentially normal growth rate, whereas another
zw10 mutant, [27, has a retarded growth rate.

The intracistronic differences we have observed can be generalized as differ-
ences between “leaky” and “non-leaky” mutations. Leaky mutations are most
likely those which produce a gene product altered in either structure or amount.
Some, of course, could represent defects which are being partially repaired by
a component in the diet of the animal; such repair may be involved in the case
of semi-lethal mutants. Intracistronic differences in patterns of autonomy, such
as those between g27 and j7, could be readily explained in terms of production
by the leaky mutant of a defective gene product which still functions well enough
to appear to be non-autonomous in a mutant/normal mosaic.

On the whole, the intracistronic variations do not appear to differ in scope
from the differences often encountered among mutants in a series known to
involve a single structural gene. Certainly, we have not found sufficient develop-
mental and morphological heterogeneity among mutants within a complemen-
tation group to indicate the existence of more than one function. The existence
of one function implies that only one product (polypeptide) is specified by each
cistron. Obviously, if it could be demonstrated that several gene products were
being specified by a single complementation group, the commonly accepted view
of the nature of the cistronic unit in eucaryotic organisms would have to be
revised.

Jupp, SuEN and Kaurman (1972) have discussed the paradox that each
chromomere of a haploid equivalent strand in the 3A-3C region apparently con-
tains enough DNA (about 20,000 nucleotide pairs on the average) to specify
many polypeptides even though detailed cytogenetic analysis has shown that
only one cistron is associated with each chromomere. These investigators have
provided a model in which the major fraction of DNA within the chromomere
is viewed as regulatory whereas only a small part is actually translated into
polypeptides, such as enzymes or structural proteins, which are not primarily
regulatory in function. Within this complex functional unit, all mutations are
considered to act in a “cis-dominant” fashion so that an alteration within any
one part inactivates the whole, resulting in non-complementation between any
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two mutations even if they are located in different parts of the complex. Such
inactivation could occur at the transcriptional or translational level or at the
level of interaction between components of an enzyme complex.

A critical question that remains unanswered is whether the Drosophila cistron
does actually consist of both structural and regulatory components which interact
to specify a particular function in the life of the organism. It has not been possible
by means of the developmental and phenotypic analyses described here to dis-
tinguish between intracistronic structural and regulatory mutations. We had
hoped that the use of variegating duplications might indicate such a dichotomy
among members of a complementation group; however, the tests described above
do not aid us in this search.

There is a possibility that all of the mutations we have recovered may repre-
sent lesions either in structural genes only or in regulatory genes only. It is
probable that the actual biological role or roles of the DNA within the chromo-
mere will not become known until the product or products it specifies are identi-
fied and characterized to a rather high degree. Even when a purified product is
available, however, any regulatory mutations which have been recovered are
likely to be lumped into the same category as some nonsense mutations in a
structural gene.

In the absence of firm evidence that the cistron is a complex which functions
only in the cis arrangement, we are impressed with several facts: (1) Each lethal
or semi-lethal cistron we have identified is located in an individual chromomere.
(We are quite aware that there may be particular classes of mutations that are
not represented in our sample and that there may be chromomeres we have
failed to identify.) (2) Chromomeres in the 3A-3C region of the chromosome
vary in size over several orders of magnitude. (3) Members of an array of non-
complementing mutations have remarkably similar lethality patterns and other
phenotypic attributes. These facts fit well with the model of chromosome struc-
ture postulated by Crick (1971). If indeed the structural gene or genes of each
cistron are located in the fibrous DNA of the interband regions and the globular
DNA of the chromomere is regulatory in function, chromomere size may reflect
the complexity of the regulatory system and give a clue concerning how many
other cistrons are tied to the chromomere at some level of regulatory interaction.

The models of gene regulation proposed both by BrirTeN and Davipson (1969)
and by Georciev (1969) would fit our concept of the cistron. These two models
have the common feature that each functional genetic unit involves both a num-
ber of acceptor or receptor sites and a number of activator or integrator genes in
addition to the producer (structural) gene. We believe that mutations in one of
these components would fail to complement with mutations in any of the other
components of a particular interacting circuit. If the BrirreEn and Davibson
version is correct, we might expect to find non-complementing mutations in two
different types of genetic units, the sensor-integrator type and the receptor-
producer type, which may or may not map in a single chromomere. Thus far in
our study such cytologically separable but non-complementing mutations have
not been recognized.
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