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ABSTRACT

Late larval and pupal lethal mutants of Drosophila define those gene func-
tions which are essential for the development of pupae (metamorphosis) but
not for embryonic or larval development. In a previous report the isolation of a
large number of such mutants was outlined, and a description of the imaginal
disc defects in those mutants was described. This report concerns genetic analy-
sis of those mutants. 3746 different pairwise combinations of mutants have
been tested for complementation. Only 10 pairs fail to complement. In all of
the cases tested, the lethal mutation in each member of a non-complementing
pair has a similar map location. In addition to the non-complementing pairs
one group of seven partially-complementing mutants has been identified.

Comparisons of the imaginal disc defects within the non-complementing
pairs and the lethal hybrids formed by the respective pairs were made to test
for uniformity of phenotype. No significant qualitative differences were de-
tected between any non-complementing pairs or their respective hybrids.

THE imaginal discs of Drosophila as a developmental system have received
much recent attention. Several comprehensive reviews have appeared (Ur-
sPRUNG and NoTHIGER 1972; GEHRING and NOoTHIGER 1973). The imaginal discs
in insects such as Drosophila are groups of cells which are present in larvae and
which, during metamorphosis, give rise to adult integumental structures. In a
preliminary report (SHEARN et al. 1971) a procedure was described for screening
among third chromosome lethal mutants for those which die after the third
larval instar. These mutants are defective in functions which are essential for the
development of pupae and adults but not necessary for normal embryonic and
larval development. The finding of mutants with no imaginal discs among these
late lethals suggests that as a class the late lethals can include mutants that affect
any essential function that is specific for imaginal disc development. Imaginal
disc defects were detected in 479, of third chromosome, recessive, late larval,
pre-pupal, and pupal lethal mutants. By limiting the screening to late larval and
pre-pupal lethals, STEwarT, MurpHy and Fristrom (1972) detected imaginal
disc defects in 819 of X-chromosome mutants.
Genetic studies of the third chromosome mutants are described in this report.
Complementation analysis was undertaken in order to determine how many dif-
ferent functional units were identified by the 142 lethal mutants and to estimate
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how many additional units remain to be identified. This kind of estimate can be
compared to a different estimate of the same number based on the “one comple-
mentation group: one salivary gland chromosome band” hypothesis which has
been revitalized by the data of Lirscuyrz and FarLx (1969), of Hocaman (1971)
and of Jupp, Suen and Kaurman (1972).

A procedure is described for determining the genetic location of lethal mutants
on the third chromosome. This procedure was used to map all of the non-
complementing mutations in order to determine whether they were the result
of single mutations and to confirm that the non-complementing mutations have
similar genetic locations.

The work of SHANNON e? al. (1972) suggests that non-complementing lethals
in a limited region of the X chromosome, at least, have a nearly uniform pheno-
type. In the work reported here an even more stringent test of uniformity has
been applied to non-complementing third chromosome late lethal mutants. Imag-
inal discs from each member of each non-complementing pair were dissected,
injected into metamorphosing hosts, and examined for differentiated structures.
In addition, lethal hybrids formed from each non-complementing pair of mutants
were similarly analyzed.

MATERIALS AND METHODS

Stocks: Each of the lethal mutations used had been induced in a third chromosome marked
with multiple wing hairs (mwh,3-0.0) and ebony (¢,3-70.7). Some chromosomes were marked
as well with red Malpighian tubules (red,3-53.6). The mutants discussed here were described in
a previous report (SHEARN ef al. 1971); they are maintained as balanced lethal stocks with TM?
as the balancer. For a description of markers and balancers used see LiNpsLEY and GreLL (1968).
All stocks and crosses were kept in shell vials on a medium of cornmeal, molasses, yeast, and
agar at 20° unless stated otherwise.

Complementation: For each pair of mutants tested for complementation of the lethal pheno-
type, 3-5 virgin females of one mutant were mated to 3-5 males of the other mutant. Each test
can be symbolized as: mwh e lethal(1)/TM1 X mwh e lethal(2)/TM!. Four genotypes result
from such a cross. Two of the four are parental-type heterozygotes which are phenotypically in-
distinguishable. One of the four is homozygous for the balancer chromosome and is lethal as an
embryo. The fourth class is a hybrid of the two mutations but homozygous for the recessive
markers; it is the diagnostic class. The following criteria were used to classify the results. If 1/3
to 1/30 of the adult progeny were hybrids, then the pair was said to exhibit complementation.
If less than 1/30 were hybrids, then the pair showed partial complementation. If no hybrids
were detected, the pair was said to not complement. The actual number of progeny counted in
the cases of non-complementation ranged from 300 to over 3000.

Mapping: The scheme used for determining the genetic location of third-chromosome lethal
mutations is shown in Figure 1. Each determination began with a single male from the mutant
stock. As a result, all of the lethal-bearing chromosomes segregating in the second cross of a
single determination are co-isogenic. This procedure is capable of detecting possible heterogeneity
in a stock and leads to quite reproducible results, considering the large distances between the
markers.

In addition to determining the locus of non-complementing lethal mutations, the mapping was
used to detect possible multiple mutations and/or chromosome rearrangements. For each de-
termination, the observed recombination frequency between adjacent markers was calculated
and compared to published map distances in LinpsLEY and Grern (1968). A program, written
in the BASIC language, aided in the handling of the mapping data. This program converted
raw data into position of lethal (s), standard deviation, percent recovery of the markers, observed
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Ficure 1.—Procedure for genetic localization of third-chromosome recessive lethal muta-
tions For each determination a single male from a balanced lethal stock is mated in a vial with
females of two genotypes. Six of the eight genotypes produced by these crosses are viable; Stubble,
(SB)/TM1 is lethal because TM1 contains stubbloid-lethal (sbd!). From these progeny, virgin
females heterozygous for the lethal-bearing chromosome (indicated by asterisk) and the chromo-
some bearing three dominant markers and males heterozygous for the lethal-bearing chromosome
and a chromosome containing a dominant temperature-sensitive mutant (DTS) are selected and
mated to each other. This latter cross is placed at 20° for four days, to ensure good expression of
Serrate (Ser) (SmEarN, unpublished) and then shifted to 25° to kill all larvae carrying the DTS.
This cross generates 32 reciprocal genotypic classes. The position of the six markers is: multiple
wing hairs (mwh, 3-0.0); Glued (GI, 3-41.4); red Malpighian tubules (red, 3-53.6); Stubble
(Sb, 3-58.2); ebony (e, 3-70.7); Serrate (Ser, 3-92.5). The DTS mutant used in this scheme is
DTS-2 of HoLpen and Suzux: (1973) and was generously supplied by T. R. F. WricHT.

distance between markers and a chi-square value for the deviation between observed and ex-
pected marker distances.

Hybrid phenotypes: The imaginal disc defect in lethal hybrids was examined by dissecting
the discs from mature third instar larvae in Drosophila Ringer’s solution and injecting single
discs into wild-type hosts (Oregon-R strain). The details of the technique have been presented
by Unsprunc (1967). Differentiated implants resulting from such injections were cleared and
mounted in Faure’s solution and examined with the light microscope.

RESULTS

Complementation tests: For the purpose of testing complementation the mu-
tants were divided into three groups according to the mutagen which was used
to induce them. One group included 72 ethyl methanesulfonate (EMS)-induced
mutants; the second included 35 N-methyl-N*-nitro-N-nitrosoguanidine (NG)-
induced mutants; the third group included 35 mutants induced by the acridine
compound, ICR-170. The total number of mutants is eight larger than previously
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reported because eight of the original 134 mutants contained two lethal muta-
tions. These eight double mutants have now been resolved by recombination into
stocks each with a single lethal mutation. All of the mutants in each of the three
groups were tested for complementation in all pairwise combinations. By testing
the mutants in three groups the total number of pairwise combinations was re-
duced from 10,011 to 3,746. Each group contains a similar distribution of mutant
phenotypes and is assumed to represent comparable samples. The results are
presented in Table 1.

A complementation group includes either a single mutant which complements
all other mutants or several mutants which fail to complement with each other
but do complement all others. By this definition, the 72 EMS mutants could be
placed into 61 complementation groups: there were five non-complementing pairs
and one group of seven partially-complementing mutants. The NG mutants are
distributed into 32 groups including three non-complementing pairs; the 33 ICR-
complementation groups include two non-complementing pairs. Homozygotes
from each of the seven mutants in the only complementation group with more
than two mutants are lethal at the pupal stage. The marked hybrids from all
pairwise combinations of these seven mutants yield a significant frequency of
adults which are morphologically normal but which die shortly after eclosion.
Because the hybrid individuals develop further than the homozygotes, this group
is described as partially-complementing. The complementation results for these
seven mutants and their genetic map positions are given in Table 2. These mu-
tants may identify a gene which is a mutational hot-spot and whose product is
capable of partial intracistronic complementation. No further examination of
these seven has been done.

The lack of complementation between two lethal mutants is generally believed
to result from each one containing a lethal mutation in the same cistron. This
situation implies that the map location of the lethal mutation in each member of
a non-complementing pair should be nearly identical. To confirm this prediction
the position on the genetic map of each of the ten pairs of non-complementing
mutations was determined (Table 3). In each case tested the position of one mem-
ber of a non-complementing pair is not significantly different from the position
of the other. The probabilities of getting deviations by chance as large as those
observed ranged from 99 to 50%. Three of the 20 mutants (I(3)e26LR,

TABLE 1

Complementation among three groups of late lethal mutants

Number of complementation groups containing

Number Number of comple-
Mutagen of mutants mentation groups 1 mutant 2 mutants > 2 mutants
EMS 72 61 55 5 1*
NG 35 32 29 3 0
ICR-170 35 33 31 2 0

* This refers to a group of seven partially-complementing mutants described in the text.
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TABLE 2

Percent marked hybrid adults recovered among progeny from pairwise
matings of seven partially complementing rmutants*

119

Map position Mutation e2IR g30R g60R gl31 n3 o51R g6

71.9 + 0.6 e21R 13(11) 25(1) 11(0) 23(1) 17(1) 17(4)
79.8 + 05 g30R 95(5)  19(10) 25(3) 21(3)  24(1)
763 £ 1.5 g60R 15(0) 19(0) 24(0) 27(0)
747 + 1.8 g131 923(3) 20(0) 18(0)
765 + 0.8 n3 23(1)  25(0)
724 + 0.8 051R 23(0)
74.6 = 0.7 q6

* An average of 800 progeny were recovered from each cross. The results are presented as
percent dead hybrid marked adults and, in parentheses, percent live hybrid marked adults. For
comparison, the average recovery of dead and live marked hybrids when each of these seven was
tested against A complementing mutant was ¢ (31).

TABLE 3

Map position of non-cocmplementing pairs of mutants

Map position

Mutation Mutagen =+ standard deviation*
I(3)e26L EMS 41.4 = 02
I(3)g26 EMS 42,9 + 0.8
I(3)g49 EMS 394 +1.0
I(3)m75 EMS 419+ 05
1(3)75 EMS 492+ 12
1(3)j83 EMS 484 = 2.4
1(3)123 EMS 65.3 = 08
1(3)136 EMS 62.4 = 0.9
I(3)sé1 EMS 459 + 1.4
I(3)u8? EMS 498 =13
1(3)703 NG 786 = 1.1
I(3)1803R NG 81.2 = 0.9
I(3)1307L NG 107 =13
1(3)2813 NG 124 = 1.0
1(3)1509 NG 293 = 1.6
1(3)1905 NG 281 12
I(3)111-10 ICR-170 46.6 = 0.6
I(3)XVI-18 ICR-170 47.6 £ 05
I(3)IX-11 ICR-170 81.7 = 0.6
I(3)XVI-3 ICR-170 +

* From the pattern of classes recovered in the mapping procedure, a lethal may be placed in
one of the regions defined by adjacent pairs of markers. The position is calculated from the rela-
tive recombination of the lethal with its adjacent markers. In order to estimate the accuracy of
this method for determining map positions, the recessive marked red was localized. The standard
map position of red is 53.6; this method localized red at 53.9 =+ 0.9.

+ Stock lost. )



120 ’ A. SHEARN

I(3)1803LR, and I(3)1307LR) proved to be double mutants. In each of these
three cases the two mutations were separated by recombination. The suffix, L,
was appended to the symbol of the single mutant stock containing the left-most
mutation and R to the right-most; the symbol of the original double mutants
carry the suffix, LR. The single non-complementing mutation, in each case, was
remapped and used for further testing.

Imaginal disc defects: The phenotype with respect to imaginal disc defects of
each of these mutants has already been described (Smearw ef al. 1971). Four
pairs of non-complementing mutants (I(3)j5 and [(3)j83, I(3)I23 and
1(3)136, 1(3)s61 and I(3)w89, 1(3)1307L and [(3)2813) have no identifiable
imaginal disc defects. Both members of another three pairs have identical de-
fects. The leg and antenna discs differentiate abnormally in each member of
two pairs [(3)g49 and I(3)m75, 1(3)1509 and I(3)1905. Only the leg discs
differentiate abnormally in a third pair /(3)703 and /(3)1803R. In the remain-
ing three pairs of non-complementing mutants different phenotypes have been
attributed to each pair member. This result apparently conflicts with the gen-
eralization that noncomplementing lethal mutants have similar phenotypes,
which has been used to support the idea that each complementation group cor-
responds to a single structural gene (SmanNon ef al. 1972). In order to explore
this apparent conflict further, the imaginal disc phenotypes of the lethal hybrid
larvae formed from the mating of non-complementing mutants were examined.

The double mutant I('3)e26 LR has no apparent disc defects. All of the imaginal
discs are present in homozygous larvae, and they are capable of normal differen-
tiation when injected into wild-type metamorphosing hosts. This mutant does
not complement with /(3)g26 in which all of the discs are small, morphologically
abnormal and incapable of producing characteristic differentiated structures.
Thus these two mutants have extremely different phenotypes. Hybrid larvae are
phenotypically identical to I('3)g26 homozygotes, i.e., the discs appear abnormal
and do not differentiate. After obtaining this result it was discovered that
1(3)e26LR is a double mutant with one mutant mapping near GI and the other
near e. Surprisingly, the phenotype of the non-complementing, left-hand mutant
called 1(3)e26L is identical to that of (3)g26. This means that the genotype of
the original hybrid was (3 )e26L 1(3)e26R/l(3)g26 + and that the I(3)e26R
mutation in the double mutant stock is epistatic to the imaginal disc phenotype
of /(3 )e26L. The nature of this interaction is being pursued. Table 4 summarizes
these relationships. Hlowever, for purposes of this report the non-complementing
pair, I(3)e26L and [(3)g26, must be added to the list of pairs with identical
phenotypes.

Another pair of non-complementing mutants which was reported not to have
identical imaginal disc defects includes I(3)111-10 and I(3)XVI-18. Both of these
are lethal homoeotic mutants. The mutant I(3)XVI-18 causes the haltere disc to
differentiate wing as well as haltere structures. The mutant I(3)I11-10 leads to a
similar transformation but in addition causes the genital disc to differentiate into
genital, leg, and antenna structures. Such a difference could be explained by pro-
posing that the latter mutant, I(3)111-10, is a double mutant consisting of a lethal
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TABLE 4
Genotype and phenotype of combinations of the mutations 1(3)g26 and 1(3)e26LR

Genotype Imaginal disc phenotype*

mwh I(3)g26 ¢ -

tant

mah 1(3)g26 ¢+ putan
mwh 1(3)e26L e I(3)e26R ¢+

normal
mwh U(3)e26L e I(3)e26R
mwh 1(3)e26L e I(3)e26R

mutant
mwkh I(3)g26 e -+
mwh 1(3)g26L ¢ -

mutant
mwh l(3)g26 e —+

h 1 26L

mwh I(3)g e mutant

mwh 1(3)g26L ¢ -+

* The mutant phenotype indicates discs which are small, morphologically abnormal, and not
capable of differentiation when injected into metamorphosing hosts.
+ This is the genotype of the original I(3)e26LR double mutant.

mutation which does not complement [(3)XV1-18 and another homeotic muta-
tion which would not necessarily be lethal. This explanation is unlikely since the
total frequency of homeotic mutations among the lethals previously isolated was
3/142. The probability of one of those three containing two homeotic mutations is
exceedingly low. Nevertheless, evidence of more than one mutation has been
looked for in three different ways, none of which indicate multiple mutations.
(1) L(3)III-10 maps as a single mutation. (2) By recombination, 12 isolates of
the lethal mutation in I(3)711-10, which fails to complement I(3 )XVI-18, have
been prepared. The imaginal disc phenotype of each of the 12 is identical to that
of the original mutant. (3) Several spontaneous revertants of the lethal mutation
have been recovered. Each of these is also free of homeotic defects, although each
retains the linked markers.

Since ICR-170 is a frameshift mutagen in bacteria (Ames and WHITFIELD
1966) and is believed to act similarly in Drosophila (CarLsor, SEpEROFF and
Cocan 1967), perhaps I(3)111-10 is such a frameshift mutation which causes a
defect in two or more adjacent genes. If this were the case, then the phenotype
of the hybrid #(3)111-10/1(3)XV1-18 should be identical to that of I(3)XVI-18
homozygotes; the genital disc should be normal, and only the haltere disc should
manifest a homeotic transformation. Genital and haltere discs from both homozy-
gotes and the hybrid were dissected and injected into wild-type metamorphosing
hosts. The results of examining the differentiated implants are presented in
Table 5. It was found that the two homozygotes differ slightly in their effect on
the haltere disc. The mutant /(3 )1I-10 transforms the haltere disc completely
to a wing disc; in fact, the dissected larvae appear to have two pairs of wing discs,
whereas (3 ) XV1-18 haltere discs differentiate into a mixture of haltere and wing
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TABLE 5

Comparison of differentiated structures produced by a pair of non-compiementing
homeotic mutations and the hybrid formed between them

Number of discs, of indicated genotype,

Phenotype expressed expressing a given phenotype
Donor as disc-specific
imaginal disc differentiated structures II1-10/111-10 III-10/XVI-18 XVI-18/XVI-18
Haltere Haltere 0 0 0
Haltere, Wing 0 2 5
Wing 10 1 0
? = ? d ¢ =
Genital Genital 0 0 1 0 5 5
Genital * 0 0 4 0 5 1
Genital, Leg 0 1] 0 2 0 0
Genital, Leg, Antenna 3 2 0 0 0 0

* This category denotes presence of small patches of non-genital structures, e.g., fluted bristles
surrounded by trichomes which are characteristic of both leg and antenna. Only those structures
positively identified as characteristic of leg or antenna are indicated as such.

characteristic structures. The haltere discs of the hybrid larvae express an inter-
mediate phenotype. Two discs gave a mixture of haltere and wing structures and
one gave only wing structures, although not so many different wing structures as
1(3)1I1-10 homozygotes produced.

Both female and male genital discs of /(3 )111-10 homozygotes differentiate into
specific leg and antenna structures as well as into some genital structures. The
hybrid genital discs also showed homeotic abnormalities. The male discs pro-
duced characteristic leg structures (femur) and four out of five female genital
discs produced, in addition to normal genital structures, groups of fluted bristles
surrounded by trichomes. Neither fluted bristles nor trichomes are characteristic
structures of the female genital disc. However, the patches were too small to
identify them positively as part of a specific disc. They could be either leg or an-
tenna bristles. This somewhat unexpected result stimulated a re-examination of
genital discs from {(3)XVI-18 homozygotes. In 6 out of 16 discs tested by injec-
tion, a small number (1-3) of non-genital disc bristles were present, usually sur-
rounded by a few trichomes.

It thus appears that the phenotypes of /(3 )II1-10 and I(3) XVI-18 are not quali-
tatively different since both affect the haltere and the genital discs. They are
markedly different quantitatively, with I(3)I1I-10 causing a more extreme disc
phenotype than [(3)XVI-18. The phenotype of the hybrid is intermediate be-
tween the two homozygotes. A more detailed developmental analysis of this pair
of mutants is in progress.

Hybrid larvae of the third pair of non-complementing mutants with different
imaginal disc phenotypes ({(3)XVI-3 and I(3)IX-11) unfortunately could not
be tested because one of the mutants ({(3)XVI-3) was lost sometime after the
complementation testing was completed. However, it seems likely that further
analysis would have shown this difference to be quantitative as originally pro-
posed (SHEARN et al 1971), since additional mutants have now been analyzed
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in which different individuals of a single mutant stock can express the range of
phenotypes found in /(3 )IX-11 and I(3)XVI-3. (Suear~ and GAREN 1974).

Finally, as a control for the validity of comparing hybrid to homozygous discs,
hybrids of each of the pairs of mutants with a similar imaginal disc defects were
compared to their respective homozygotes. In each of the three cases the defects
found in the hybrids were identical to those found in the respective pair of homo-
zygotes.

DISCUSSION

The complementation results shown in Table 1 indicate that within each of the
three groups most of the mutations are in different functional units. By the Pois-
son method these data may be used to estimate the total number of genes on the
third chromosome which are capable of yielding recessive late lethal mutants.
Benzer (1961) used this method to estimate the degree of saturation of the rl/
locus in T4 phage. This method depends on the assumption that all genes are
equally mutable, although that is rarely observed. However, it is possible to dis-
card from the calculation what appear to be mutational hot-spots. The group of
seven partially-complementing EMS-induced mutants appears to be such a hot-
spot. From the data in Table 1, the three estimates for the number of genes on the
third chromosome which are capable of yielding late lethal mutants are 364, 172
and 273 for the EMS, NG and ICR mutants, respectively.

Hocrman (1971) has nearly saturated the tiny fourth chromosome of Dro-
sophila by inducing a large number of lethal mutants. His work is relevant to
this discussion in the following two ways: (1) The frequency distribution of the
number of mutations he recovered fits a Poisson distribution if three loci are not
considered. His results support the idea that the probability of recovering a lethal
mutation in most genes is similar but that the probability is much higher in a few
others. These results tend to validate the use of complementation data from Dro-
sophila to estimate total numbers of vital genes with the Poisson distribution. (2)
HocaMman found that the total number of complementation groups he identified
on the fourth chromosome was similar to the number of bands detectable on the
fourth chromosome in salivary gland chromosome squashes. The one band-one
vital complementation group hypothesis has received additional support from
Lirsayrz and Fark (1969) and from Jupp, SuEN and Kaurman (1972). Each
of these groups has shown, by saturating small portions of the X chromosome
with lethal mutations, that there is one vital complementation group per salivary
gland chromosome band.

The third chromosome contains about 2030 bands (40% of the 5072 bands in
the genome). If we assume that the one band-one complementation group rela-
tionship holds for the entire genome, the third chromosome should contain 2030
vital complementation groups. About 23% of all lethal mutations on the third
chromosome are late lethals (SHEARN et al. 1971). Thus the one band-one vital
gene hypothesis predicts 465 late lethal genes on the third chromosome. This
estimate is the same order of magnitude as the estimates based on the complemen-
tation data presented above.
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Jupp, SEN and Kaurman (1972) have proposed the idea that each comple-
mentation group defines a single structural gene plus cis-dominant regulatory
elements. One prediction of this model is that the phenotype of different lethal
mutants within a single complementation group should be nearly uniform.
Heterogeneity of phenotypes would suggest more than one function per group as
is found in bacterial operons, for example. To test this prediction SHANNON et al.
(1972) compared different mutants in each of the 13 adjoining complementation
groups of the zeste to white region of the X chromosome. They observed stage of
lethality, morphology, and autonomy in gynandromorphs and concluded that
similarity of phenotype is the rule among non-complementing mutants. One
possible flaw in this argument is that most of the mutants tested were induced by
x-rays and may be small deletions. The data presented here, however, using
chemically-induced mutants, also support the conclusion that the phenotypes of
non-complementing lethal mutants tend to be uniform. The criterion of uniform-
ity applied was still more stringent than those used by SmanNoN et al. (1972).
Two non-complementing late lethal mutants were considered to show a uniform
phenotype if their imaginal discs manifested the same pattern of defects when
tested by injection into metamorphosing hosts and if the lethal hybrid formed
by the two mutants also had the same phenotype. There were three apparent ex-
ceptions to the rule of uniformity. One resulted from the presence of a second
lethal mutation which was epistatic. The two other cases appeared to be quantita-
tive differences. Only the non-complementing homeotic mutants, however, were
studied in detail. Both of these mutants, /(3)I11-10 and I(3)XVI-18, affect the
haltere and genital discs, but /(3)11I-10 causes more extreme changes. The hy-
brid /(3 )111-10/1(3 ) XV1-18 has an intermediate phenotype.

One additional test was made of the uniformity of phenotype among non-com-
plementing mutants. Thirty-five EMS-induced mutants were selected (GARen,
unpublished) on the basis of their failure to complement /(3)k43, an EMS-
induced mutant which has no imaginal discs (SHEARN et al. 1971). Each of the 35
has a phenotype identical to that of I(3)%43; i.e., no imaginal discs are detectable.

One group of seven mutants has been found to exhibit partial complementation
in all pairwise combinations. Partial complementation has been found among
mutants in a single cistron and may result from polymerization of defective sub-
units into a partially active enzyme (Garen and GARen 1963). Unfortunately,
nothing is known about the defect in these seven mutants. It is unusual that all
of the alleles show some complementation. Ordinarily one would expect some of
the alleles to be non-complementing.
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