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ABSTRACT

A deficiency spanning section 84B-D of the proximal right arm of chromo-
some 3 of Drosophila melanogaster has been utilized as a screen for mutations
that aid in the genetic dissection of this developmentally interesting region,
Ninety-two mutations have been recovered, of which 12 have been localized
by deficiency and complementation mapping to the 84B1,2 doublet, the site
of the Antennapedia complex (ANT-C). This has permitted a more precise
description of the genetic organization of this complex locus. A collection
of 31 mutations that reside in 84C1-D2 displays an intricate circular comple-
mentation pattern, characterized by two clusters of mutations that exhibit

_ semi-lethality, negative complementation and temperature sensitivity. Muta-
tions affecting seven additional functional groups within the 84B-D region
were also recovered.

HOMOEOTIC mutations are characterized by a striking perturbation of nor-
mal development in which one structure is formed in place of another. The
suggestion that at least some of these mutations may represent loci involved in key
determinative decisions during development (WabpingToN 1940) has provided
the rationale for many studies of homoeosis. (For reviews see OuweNEEL 1976;
Garcia-Bernipo 1977.) Although homoeotic mutations are distributed through-
out the genome, at least two important clusters of related loci are known. The
pioneering studies of E. B. Lewis (1963, 1978) have focused on the bithorax gene
complex (BX-C), which is located in polytene chromosome region 89E and in-
cludes a series of tightly clustered loci that control determinative decisions affect-
ing the mesothorax and all segments posterior to it.
A second cluster of homoeotic mutations is located in the polytene chromosome
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interval 84A-84B. Cytogenetic and genetic studies of this more proximal group
indicate that it contains genes affecting the development of the head and thorax,
leading to the hypothesis that it represents the anterior analog of the BX-C. If re-
gion 84A-84B does contain such a homoeotic gene complex, we anticipate that its
constituent loci would show physical clustering, functional relationships and in-
teractions analogous to those of the BX-C (Kaurman, Lewis and WakIMoro
1980).

At the initiation of the present investigation, this putative homoeotic complex
(ANT-C) was identified only by mutations that yield viable and homoeotically
transformed adults and revertants of Antp¥* (DENELL 1973; DuncaN and Kaur-
MAN 1975; Kaurman 1978; Kaurman, Lewrs and Waxmvoro 1980). Based on
the results involving the BX-C (E. B. Lewrs 1978), we would predict that many
mutations yielding homoeotically transformed larvae would be lethal. Thus, in
this report and the accompanying paper (Lewis et al. 1980), an attempt has been
made to saturate the 84A-B region with new mutations, the recovery of which
does not depend on adult viability.

A number of new mutations has been recovered based on their inability to com-
plement Df(3R)Antp¥s+217, which deletes polytene chromosome region 84B-D.
An analysis including deficiency and complementation mapping not only elu-
cidates the genetic organization of this portion of the ANT-C, but identifies ad-
ditional interesting loci in sections 84C-D, where the visible mutations roughened
eye (roe), rotund (rn), (Duncan and Kaurman 1975) and a valine tRNA

(Dunn et al. 1979) have previously been localized.

MATERIALS AND METHODS

All flies were raised on standard cormmeal, molasses, brewer’s yeast and agar medium.
Crosses were performed at 25° + 1°, except for those crosses used to obtain larval salivary
glands for preparation of polytene chromosomes, which were carried out at 18° =+ 1°. A descrip-
tion of the various marker mutations and balancer chromosomes can be found in LinpsLey and
GreLy (1968). Mutations of particular interest are listed in Table 1.

TABLE 1

Mutations and chromosomes utilized in this study

Homoeotic mutations Symbol Cytology Transformation
Antennapedia’ b Antprsb aberrant in 84C-D antenna — leg IT
AntennapediaB In(3R)Antp® In(3R)84B1,2;85E antenna —> leg II
Antennapedia®® Antpbo extra band near antenna —> leg IT

84B1,2
Antennapedias® Anipso extra band in antenna — leg II
84B1,2
Antennapedia® In(3R)Antp®  In(3R)83F; 86C antenna — leg IT
AntennapediqPetre Sex Combs  ApgpSce normal leg ILIII — leg I

Aniennapedia¥asobemia Antp¥s normal antenna — leg II
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TABLE 1—Continued

Homoeotic mutations Symbol Cytology Transformation
Humeral In(3R)Hu In(3R)84B2-3; sternopleural bristles
84F2-3; 86B4-C1 on propleurae
propleura — mesopleura
Multiple Sex Combs In(3R)Msc In(3R)84B1,2,84F legI—> leg I1
) leg ILIII — leg I
proboscipedia . pb normal labial palpus — leg I
or antenna
Thickened Arista T(2;3)Ta? T(2;3)51E1,2; arista — tarsus
84B2-3
Deficiency chromosomes Discoverer Cytology Sites exposed
Df(3R)AntpNs-+R17 Duncan & Df(3R)84B1, Secr, Msc, Antp, Hu,
KaurMaN 84D11-12 tRNAV”z, rn, roe
Df(3R)Scr SINCLAIR Df(3R)84A1,2; pb, Scr, Msc, Antp, Hu
84B1,2
Df(3R)Antp+R1P GREEN Df(3R)84C3—4; Anip, roe, rn
84D - a point
mutation at Antp
Df(3R)Antp+tRe GREEN Df(3R)84B3-C1; Antp

84D1-2 4 a point
mutation at Antp

Df(3R)dsxD+R1,2,8,10 DunNcan & Df(3R)84D5-6; dsx

KaurMan 84F16
Revertants of Antpls Discoverer Cytology Sites exposed

T(3;4)AntpNe+R2 Duncan & T(3;4)84B1-3;102F  Secr, Anip, Msc, Hu
KaurMman

T(Y;3)Antp¥s+Rs Duncan & T(Y;3)84A4-B2;Y Anip, Hu
KavurMmaN

AntpNs+Rs Duncan & normal Antp, Hu
Kaurman

AntpNs+E11 DENELL normal Anip, Hu

T(2;3)Anip¥s+Ras Duncan & 7T(2;3)84A4-B2; Antp, Hu
Kaurman 40-41

T(Y;3)Anip¥s+R19 DunNcan & T(Y;3)84B1-3;Y Antp, Hu
KavrMman
DeNELL breakpoints in Anip,Hu

In(3R)Antp¥s+EBes heterochromatin -+

84B1-2-}-85A
In(3R)AntpNs-+Rre DeNELL In(3R)84B3;84D Antp, Hu

Males homozygous for certain combinations of chromosome 3 markers were treated with
X rays (4000R) or ethyl methanesulfonate (0.0125 m) (Lewis and Bacuer 1968) and mated
to females heterozygous for 2 different chromoscme 3 balancers, Ir(3LR )CxD and In(3LR)TM3,
ri p sep bxs+¢ Sb ¢® Ser. Note that the TM3,Sb balancer is distinguished by the dominant bristle
marker, Stubble. Male progeny bearing one treated chromosome 3 and the TM3,Sb homolog
were collected and pair-mated to virgin females that were heterozygous for TM3,5b and
Df(3R)Antp¥s+R17, which is deficient for region 84B-D. The absence of an F, progeny class
bearing wild-type bristles (Sb+) indicated the induction of a lethal mutation in the region
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exposed by the deficiency. Mutations demonstrating less than 80% viability were considered
to be subvital, and less than 209, semi-lethal. Visible mutations were noted as well. For lethal
mutations, balanced stocks were generated by crossing sibs heterozygous for the mutagenized
chromosome and 7M3,8h. Each mutation was retested by crossing males from the balanced
stocks to Df(3R)Antp¥s+E17 /TM3.Sb females.

Mutations were named by the following alpha-numeric code. A capital letter E or X indi-
cates mutagenesis by EMS or X rays, respectively, and is followed by a lower-case letter
designating the particular chromosome on which the lesion was induced: “a” (Dfd p?), “b”
(Ki roe pv), “c” (Ki p?), “d” (p? cu), or “e” (Ki p? bz sr et). These 2 letters are followed by
the initial of the discoverer and finally, a number to identify the particular mutation by its
order of discovery. Nine EMS-induced mutations, designated only by numbers, isolated by T. A.
GriGLIATTI at the University of British Columbia, also were incorporated into this analysis.

Visible mutations were designated in a manner reflecting their phenotype. (roe = roughened
eye, ril = rickety legs and mab — malformed abdomen.

Overlapping deficiencies spanning 84B-D were utilized to establish preliminary localizations
of the recovered mutations. Four revertants of double sex dominant (Duncan and Kavrman
1975) overlap the distal four bands of the region deficient in Df(3R)Antp¥s+R17, Df(3R)Scr
(Stncratr 1977) overlaps the screening deficiency in the vicinity of the homoeotic cluster.
Df(3R)AntptR2 is a spontaneous reversion of Antp??® (Duwncan and Kaurman 1975).
Df(3B)Antp+R1P is a recombinant chromosome derived from In(3R)AntptE! a spontaneous
reversion of Antp7$t (M. M. GrewN, personal communication). The parent chromosome,
In(3R)Antp+E2, contains a small inversion from 84B to D. Additionally, a part of the inverted
material is transposed to section 87, distal to curled. Df(3R)Antp+ERP, containing the proximal
portion of the In(3R)Antp+R! chromosome, was recovered as an exchange between the inver-
sion in 84 and curled on a p? cu homolog, resulting in a chromosome deficient for the material
near and including the roughened eye locus, which is present in the transposition. The cytologi-
cal limits of these deletions are described in Table 1 and presented in Figure 1. These deletions
define 7 subregions within the 84B-D interval. Complementation relationships within groups
of lesions defined by deficiency mapping were discerned by inter se crosses.

Thanks to the wealth of lesions already available in the ANT-C (Denzrr 1973; Duncan
and Kaurman 1975; Kavurman, Lewis and Wakimoro 1980), a finer-grained approach was
undertaken to describe the newly induced mutations mapping to this region. In addition to the
preliminary deficiency analysis, new mutations were crossed to all of the extant homoeotic
mutations of this proximal series, as well as to several induced revertants of the dominant
homoeotic mutation, Anip¥¢ (DeNELL 1973; Duncan and Kaurmawn 1975).

Standard salivary gland polytene chromosome squashes of the X-ray-induced mutations were
stained with lacto-aceto orcein and examined with phase contrast microscopy. Breakpoints were
localized using the maps of Lerevre (1976).

The scanning electron micrographs (SEM) presented in this paper were prepared by gluing
live flies to SEM stubs with silver conductive paint and observing them without fixation or
coating.

RESULTS

Screen: Successful testcrosses involving 3,791 mutagenized third chromosomes
yielded a total of 92 mutations, 16 of X-ray origin, the remainder induced with
EMS. Nine mutations induced with EMS at the University of British Columbia
were also studied. Altogether, 80 of the new lesions have been classified as reces-
sive lethal and 12 as visible mutations. Many of the visibles, three of which are
dominant, additionally demonstrate lowered viability in heterozygous combina-
tion with the screening deficiency. For a distribution of these mutations among
the various genetic backgrounds used see Table 2.
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Freure 1.—Diagrammatic representation of polytene chromosome segments 84A-D. Cytology
of this region is as in Kaurman, Lewis and WarimoTo 1980, The open bars beneath the chromo-
some indicate the extent of the deletions utilized in this study. The dotted lines indicate the
regions to which the recovered lethal and visible mutations are localized by deficiency mapping;
the numbers indicate the number of mutations in each region. Df(3R)dsxP+Z2 has the same
proximal breakpoint as the other three dsx?+E deletions used. Tpl = Triplolethal, rn = rotund,
roe == roughened eye; the symbols of the homoeotic lesions are explained in Table 1. Met-2, Lys-5,
Val-3a, Val-3b and Val-4 indicate the position of these tRNA’s localized by in siti hybridization.
(This information was obtained from S. Havasur and G. TENER.) ’

Deficiency mapping: The localization obtained by crossing each mutation to
the eight overlapping deficiencies is shown in Figure 1. Descriptions of the groups
thus defined follow.

Mutations that fail to complement Df (3R)dsxP+8:2510; T'welve of the muta-
tions fail to complement the four revertants of dsx” and are thus localized to
approximately four bands in the distal-most segment of section 84D. Inter se
crosses yield the pattern shown in Figure 2. One allelic series contains seven mem-
bers. Another pair of alleles, EbD10 and EbR24, is involved with the development
of male genitalia. EbD10 was classified as a visible mutation due to the rotation
of the male genitalia when in heterozygous combination with Df(3R) Antp¥s+&17,
EbD10/EbR24 produces the same phenotype, although EbR24 is lethal over the
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TABLE 2

Distribution and description of mutations induced on marked third chromosomes

Desig- Total " No. No.

Chromosome Mutagen nation scored lethals visibles Phenotypes of visibles

Dfd p? Xrays Xa 666 8

Kiroe p? Xrays Xb 766 8

Ki roe p? EMS Eb 991 27 3 Ebmab! — malformed abdomen, ts*
Ebroe®™ = roughened eye

enhancer, ts*

EbD10 = rotated genitalia

Kipr EMS Ec 418 13 1 Ecmab® — malformed abdomen

PP cu EMS Ed 892 31 6 Edroe? = rough eyes,

EdK5 = rough eyes, fine bristles
Edril = rickety legs

EdKé

EdD8 }Dominant reduced sex combs
EdR18

Kipp bz sret EMS Ee 58

3791

8l «

10

* ts — temperature sensitive.

EbR4 EbDIO EbRI3 EcR6
EbRI4 EbR24 EdRI

EbR23

EcK!

EdK4

EdRII

EdRIS

Ficure 2.—Complementation map of the 12 mutations exposed by Df('3R )dszD+R1.2.8,10 and
the screening deficiency. The order of these groups is arbitrary.

screening deficiency. Two other functional groups are defined by inter se crosses,
one of one member and the other of two. The order of these groups as shown in
Figure 2 is arbitrary.

Mutations that fail to complement Df (3R) Antp+*® and Df (3R) dsxP+Eu2:8:10,
Four recessive lethals are exposed by the region of overlap between the dsz”
deficiencies and Df(3R)Antp+2?, Their inter se complementation pattern, shown
in Figure 3, can be interpreted as representing a single functional site.

Mutations that fail to complement Di(3R) Antp+®®: A large array of muta-
tions has been recovered that fail to complement Df(3R)Antp+Z* and the screen-
ing deficiency. The former chromosome deletes the roughened eye (roe) and
rotund (r72) loci, as well as a valine-tRNA site (DunN et al. 1979). Twenty-six
lesions localized to this region have been recovered and analyzed in this labora-
tory, along with nine others induced on a p? cu chromosome and recovered over
Df(3R)AniptR?® at the University of British Columbia at Vancouver.
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Freure 3.—Complementation map of the 4 mutations exposed by the dszP+E deficiencies
and Df(3R)Anitp+E1P, The left-right orientation is arbitrary.

Pairwise crosses between all members of this group of mutations at 25° have
revealed an intriguing organizational and functional complexity. The total
complementation pattern is most simply interpreted as a circle, characterized
by two somewhat overlapping groups of mutations designated “cluster A” and
“cluster B” in Figure 4. The term “cluster” is used to denote functional, but not
necessarily physical, overlap of the mutations. Three “spikes” (XaD5, EeRI1,

Cluster

- gdKi2

-
-

Cluster
B

EeKl
EeD|
_______ EcR8
—
Ficure 4.—Complementation map of lethal interactions at 25° of mutations exposed by
Df(3R)AntptE1P, Solid lines indicate mutations that are lethal in combination with
Df(3R)Antp¥s+ER17; dotted lines indicate mutations that produce a visible phenotype in com-
bination with Df(3R)Antp¥s+E17, For an explanation of the mutant symbols used in Table 2,
see MATERIALS AND METHODS. Those mutations represented as perpendicular to the circle (XaD5,
Ecmab?, EeR1) fail to complement, in addition to the two deletions, only the mutations to which

they are joined in the diagram. Two additional sites exposed by the deficiencies complement
the circle.
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Ecmab?®), mutations that fail to complement only one member of the circle, are
indicated as well. Four other lesions define two additional sites, separate from
each other and the circle. Each mutation involved in the circle is semi-lethal in
heterozygous combination with at least one other member of the circle.

An additional peculiarity is evident in the asymmetric distribution of muta-
tions of similar genetic background, although exceptions do exist. Cluster A is
entirely composed of mutations isolated in Bloomington on a p? cu chromosome.
Cluster B contains two subgroups, one composed of three mutations induced in
a Ki roe p? chromosome (EbD5, EbR7, EbR15) and another containing the num-
bered mutations isolated in Vancouver on a p? cu chromosome. The three spikes
differ in genetic background from the areas from which they radiate. Specifically,
XaD5 and EeR! emanate from p? cu backgrounds; Ecmab® from a Kiroe p?
background. Of the six visible mutations, three, (Ebmab?, 5.15, roe*) occur in
cluster B, one (EdK5) in cluster A, one as a spike (Ecmab?) and one (roe?)
encompasses both clusters, EdK5, 5.15, roe®® and roe® all confer a recessive,
roughened-eye, phenotype at 25°. Ebmab' and Ecrnab® each produce a recessive
abdominal malformation. Additionally, the cluster A mutation, EdK3, although
lethal at 25°, is fully viable and displays fine bristles at 18°. A dominant mis-
fusion of posterior tergites is also associated with roe®® at 28°. All visible muta-
tions are characterized by negative complementation; that is, a lesion exhibiting
a visible phenotype when heterozygous with a deficiency dies when heterozygous
with certain lethal members of the complex.

All but two (roe®*® and roe®) of the visible mutations are temperature sensi-
tive. Cluster A mutation EJK5 and cluster B mutations Ebmab' and Ecmab®
appear wild type at 18°, visibly mutant at 25° and lethal at 28°. EdK5 has a
pleiotropic phenotype, exhibiting fine bristles at 18°, roughened eyes and fine
bristles at 25° and is lethal at 28°. The roe®” mutation in cluster B yields a visible
phenotype at 25°, but is lethal at either temperature extreme.

One mutation within this group has permitted a tentative localization of the
complex to between 84C1-5. XaD5, the only X-ray-induced lesion in the group,
is a 2L-3R translocation in which the 3R breakpoint occurs in 84C just distal to
84C1 and the 2L break in 21C.

Mutations that fail to complement Df(3R)Antpt®* gnd Df(3R)Antp+?2:
Four mutations, XpD2, EbR27, EdR16 and EdR17, fall into this group. Inter se
crosses define a single allelic series whose location is problematical. The deleted
material of both deficiencies is distal to 84B1,2; however, both chromosomes also
fail to complement the recessive lethality of Anzp?®®. Since all four of these muta-
tions complement Df(3R)Scr, it seems likely that this group resides in the distal
deleted region. However, this conclusion is complicated by complementation
results presented below.

Mutations that fail to complement Df (3R)Scr, DI (3R) Antp*®® and Df(3R)-
Antpt®2: EcK5, EcR10, EbD5, EeR4 and XbK4 comprise this group. The XbK4
chromosome appears cytologically to involve two aberrations, one a pericentric
inversion [In(3LR)62B.98F ] of chromosome 3 and the other a 2;3 translocation
[7(2;3)36C,D; 84B1,2]. One additional mutation, EbR?7, differs from the above
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five in that it complements Df(3R)Antp**2; however, infer se crosses of all six
reveal only a single complementation unit.

Mutations that fail to complement Df(3R)Scr: Seven mutations are exposed
only by this most proximal deficiency. Inter se crosses reveal two distinct com-
plementation groups. One of the two includes EbR11, XaK2, XaK5 and XaK26.
The latter three mutations exist in chromosomes that appear to be cytologically
normal.

The second group of mutations located within the overlap of Df(3R)Scr and
Df(3R)Antp¥s+E1" consists of EdK6, EdD8, EdR18. This group is characterized
by reduction in the number of sex-comb teeth in mutant/4- males. The two defi-
ciencies that localize these mutations also display this phenotype. Therefore, we
have named this site the Sez-Combs Reduced (Scr) locus.

EdR18 appears to be a semi-lethal allele of the Scr locus. Surviving hetero-
zygotes (EdR18/EdDS8, EdR18 /deficiency) are characterized by a severe reduc-
tion in number and sometimes absence of the sex-comb teeth. Those teeth that
do appear are not rotated and are frequently thin and weakly pigmented (Figure
5). The chaetotaxy in general appears to be more consistent with that of a meso-
thoracic leg, e.g., absence of transverse rows. We interpret these observations
to indicate a homoeotic transformation of prothoracic to mesothoracic leg. A
more quantitative analysis of this phenomenon appears in the companion paper
(LEwis et al. 1980).

An additional transformation observed in EdR78/Df(3R)Scr individuals affects
the proboscis. The labial palps appear to be transformed into maxillary palps,
with a concomitant, although variable, reduction in the number of pseudotrach-
ealrows (Figure5).

Moutations that complement all small deficiencies: Thirty-seven mutations that
fail to complement Df(3R)Antp™*+#17 complement all seven overlapping defi-
ciencies. Two hypotheses are suggested to explain the complementation behavior
of these mutations. First, the screening deficiency may contain lesions elsewhere
at an unusually mutable site(s). Second, this group could reside in the region
exposed only by Df(3R)Antp™s+%% but by none of the included deficiencies
(Figure 1).

Inter se crosses among this group reveal one large, complex, complementa-
tion unit involving 34 of the 37 lesions. One of the 34, Edril, survives at low
frequency in heterozygous combination with Df(3R)Antp¥*+®7 to produce indi-
viduals characterized by a thickening of the metathoracic legs. Another member
of this group, EcR4, originally defined as a lethal with Df(3R)Antp¥s+%17  pro-
duces an identical leg phenotype in heterozygous combination with ten of the
other lethals. Preliminary mapping experiments indicate that the rickety leg
complementation group resides quite far from the site conferring the Anzp
phenotype and recessive lethality, and thus from the ANT-C. The other three
complementing lethals map 1.5, 11 and 26 map units away from the ANT-C.
It appears, therefore, that the first hypothesis is the more likely; these mutations
will not be discussed further.
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Ficure 5.—SEM micrographs of normal and E4R18 prothoracic sex combs and labial palps.
(A) Normal Ore-R sex combs (sc) and basitarsus. (B) Basitarsus showing the reduction in num-
ber of sex comb teeth in EdR18/EdDS8 males. Also note the two remaining teeth are not rotated.
(C) Normal Ore-R labial (lab) and maxillary (mp) palps. Note the pseudotracheal rows (pst)
on the labial palps. (D) Labial palps of an EdR18/Df(3R)Scr male. The lateral aspect of the
palps (star) is hairy and appears to be transformed into cuticle resembling maxillary palp.

Additional crosses to further delineate 84B1,2 mutations: Crosses to homoeotics:
Relationships of the newly induced mutations mapping to 84B1,2 (above) to
known homoeotic lesions resident in this region have been examined.

The group comprised of EcK5, EcR10, EbD7, EeR4, XbK4 and EbR17 fails to
complement the recessive lethality of Antp”*®, Antp*, Antp®, Antp® and Antp°c.
Individuals heterozygous for members of this group and the dominant homoeotic
mutation Humeral (Hu) display a humeral phenotype as extreme as that of
Hu/Df(3R)Scr (Kaurman, LEwis and Wakimoro 1980).

The four members of the Sex-Combs Reduced locus fail to complement the
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recessive lethality of Msc. EdR18/Msc flies demonstrate 259, viability and are
characterized by the labial to maxillary palp transformation associated with
other heterozygotes involving EdR18. Males of this class exhibit a drastic reduc-
tion in the number of sex-comb teeth beyond that seen in Msc/+ or EdR18/+
males. These observations place the Msc-associated lethality in this group.
The other group of mutations that fail to complement Df(3R)Scr, including
EbR11, XaK2, XaK5 and XaK26, complements all tested homoeotics (Figure 6).
The four mutations, EbR27, EdR16, EAR17 and XbD2, that fail to comple-
ment Df(3R)Antp+®* and Df(3R)Antp*** also fail to complement the recessive
lethality of Antp”s’. However, they complement the recessive lethalities of Anzp®,
Antp®® and Antp*®, as well as all other lethals in this group (Figure 6). Since the
two deficiencies used to define this group are spontaneous revertants of a chro-
mosome carrying Antp’s?, it is possible that these four new mutations define a
lethal site on the parent Anzp’*® chromosome extraneous to the homoeotic lesion
but still within the 84B-D interval. This hypothesis is consistent with the obser-
vation that the Antp”® chromosome is aberrant in section 84C-D, distal to the

Df(3R)Antp"**R'7

Df(3R)Scr

AntpNSoRZ

pb ___EbRIl __Scr _EBRI7 Antp*®?
nbAmp‘k“F. [ -

—XaK2  g4pg Antp
XaKS_ XaK26 Edké ... Hu EbR27

‘E;:c's fc", EdRI6
nte EdRI7
Antp XbD2
Anfp”
Anrpso
EbD7
Eck5
EcRIO
EeR4
XbK4
Ns+R3
Ns+R8
Ns+RII
Ns+RI3
Ns+RI9
Ns+«R25
Ns+R72
Fieurre 6.—Complementation map of lesions localized by deletion mapping to 84B1,2. The
group headed by EbBR27 is probably not located in this interval, but more distal in 84C (see
RESULTS). The left-right order of the Scr and Antp groups is known (Kauvrman, Lewis and
Wagrrmoro 1980). The positions of the EbR17 group is not known, except that it is unlikely
to reside between Scr and Anip. These results have defined three lethal complementation groups
in 84B1,2, two of which are associated with dominant homoeotic transformations.
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84B1,2 site of Antp ('T. HazELRIGG, personal communication).

All 18 new mutations associated with 84B1,2 complement proboscipedia (pb)
and the recessive lethality of Thickened Arista (Ta*) (Kaurman, LEwis and
WakiMoTo 1980).

Crosses to revertants of Antp™: The 17 mutations possibly involved in the
ANT-C have been crossed to eight revertants of the dominant homoeotic muta-
tion, Antp¥® (Figure 6). The results of these crosses substantiate the comple-
mentation patterns established by the aforementioned crosses.

All eight revertants fail to complement the recessive lethality of the EcR10-
EcK5-EbD7-XbK4-EeR4-EbR17 allelic series and confirm their assignment to
the Antp-Antpfe-Hu locus.

One of the Antp”® revertants, the translocation 7(3;4)Antp™¢+®2, fails to com-
plement EdKé and EdD8 and is semi-lethal in combination with EdR18, an
observation consistent with the failure of this revertant to complement Msc
(Duncan and Kaurman 1975). Recall that EdKé, EdD8, EAR18 and Msc com-
prise the Scr locus. Like the other Antp”s revertants, 7(3;4)Antp¥*+%2 comple-
ments the recessive lethality of EbR11. Hence, the localization of the Secr group
adjacent to the Anip locus, as was shown previously (Kaurman, Lewis and
Wakimoro 1980), is confirmed by the fact that both fail to complement 7(3;4)-
AntpNs+R2.

DISCUSSION

The recovery and localization of 13 new mutations to the 84B1,2 doublet have
placed three clearly defined loci, at least two of which are homoeotic in nature,
in the repertoire of mutations associated with this region of the chromosome. A
more complete genetic and preliminary developmental analysis of the ANT-C
will be presented in the accompanying paper.

The remainder of section 84B appears in cytological preparations to contain
only one additional band. Apparently, we have not recovered any mutations
that map in this region.

The overlap between Df(3R)Antp+®* and the deficiencies obtained by rever-
sion of the dominant mutation double sex® involve at most one or two salivary
bands. One functional site has been revealed by the four mutations mapping to
this region.

Four bands in the distal part of section 84D are exposed by the double sex
revertants, but not by Df(3R)Antpt®*, The 12 mutations recovered in this
region are organized into four complementation groups.

A most interesting group of mutations, characterized by an intricate comple-
mentation pattern, temperature sensitivity and visible as well as lethal pheno-
types, that fail to complement Df{3R)Antpt®** has been recovered (Figure 4).
The simplest complementation map, based on crosses performed at 25°, is a
circle with three linear appendages. The mutations are distributed into two
clusters: (1) cluster A composed of predominantly lethal alleles; and (2) cluster
B, with three subsites involving two visible phenotypes, one conferring rough-
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ened eyes and the other, a malformed abdomen. The lethal mutations demon-
strate extensive semilethality, and the visible mutations are characterized by
negative complementation and some temperature sensitivity. Additionally, the
mutations are distributed in a nonrandom fashion with respect to genetic
background.

Complementation maps deviating from the more common linear pattern, plus
the phenomenon of negative complementation, have traditionally been inter-
preted as reflecting the interactions and conformations of protein subunit prod-
ucts. This has been substantiated by in vitro experiments using purified proteins
from intragenically noncomplementing mutations (Fincaam 1966). FincaaM
hypothesized that segments on a complementation map correspond to physical
regions of the subunit product. Thus, the shape of the complementation map
would reflect the physical proximities of the polypeptide regions distorted by
each mutation. Nucleotide sequences far apart from one another on the chro-
mosome might code for amino acid sequences that are close together in the final,
folded protein product, and vice versa. Crick and OrGeL (1964) attribute oddly
shaped complementation maps to mutations resulting in misfolding of the protein
product. Additionally, negative complementation observed among temperature-
sensitive mutations of phage T4D has been interpreted in terms of a subunit
interaction (BeaRNsTEIN, Epcar and DENHARDT 1965).

It seems possible that the circular and negative complementation observed
in this complex also describe a subunit interaction, with the temperature-sensi-
tive alleles directing the synthesis of thermolabile variants. Genotypes of the
variety ‘“‘visible” /deficiency are viable, but visibly mutant, because the deficient
chromosome does not direct synthesis of a product that might interfere in a
destructive manner. However, “visible”/“lethal” combinations resulting in
lethality may reflect such a destructive interaction.

Mutations conferring visible phenotypes similar to those associated with the
circle—roughened eyes, malformed abdomens, fine bristles—occur quite fre-
quently throughout the genome. Some are clearly implicated in protein synthe-
sis, such as the 18S and 28S ribosomal genes coded for by the bobbed locus (bb,
1-66.0) and the 5S RNA genes (Procunier and Dunn 1978). Somewhat less
clearly involved is the X-linked Abnormal-abdomen (A%%) gene and its modi-
fiers, which, in addition to producing a phenotype remarkably similar to the 7ab
alleles of this study, are believed to affect complexing abilities of aminoacyl
tRNA synthetases (HiLrman 1977), However, we realize that other mutations
of this sort may not be involved in protein synthesis at all.

Nonetheless, on the basis of the circular and negative complementation pat-
terns exhibited by this group of mutations, in conjunction with the nature of
the visible phenotypes and their temperature sensitivity, our current working
hypothesis is that the gene product(s) is a multimeric protein, possibly coded
for by the two clusters, which may be involved in some manner with protein
synthesis. However, a definitive answer to this question awaits a biochemical
characterization of the mutations within this locus.
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In summary, a mutagenesis and screening experiment designed to uncover
mutations residing in the region of salivary bands 84B-D has revealed at least
two genetically and functionally complex collections of complementation groups.
Three lethal complementation units, two of which correspond to known homoeo-
tic functions, have added 13 new genetic variants to the 84B1,2 region, thought
to be the site of a collection of genes involved in the development of the head and
thoracic segments. A second complex locus within the 84B-D interval involves

27 lethal and visible mutations that complement in the form of a biclustered
circle. ’

We would like to thank F. R. Turwer for taking the SEM’s presented in this paper. We
would also like to thank T. A. GricriarTi and D. SmerLENBaRGER for supplying us with the
lethal mutations isolated in their screen.
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