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ABSTRACT

A lethal locus (I(2)br7;35B6-10), near Adh on chromosome arm 2L of
D. melanogaster, is identified with Plunkett’s dominant suppressor of Hair-
less (H). Of eight new alleles, seven act as dominant suppressors of H, the
eighth is a dominant enhancer of H. One of the suppressor alleles is both a
leaky lethal and a weak suppressor of H. Confirming Nasu (1970), deletions
of I(2)br7 are dominant suppressors, and duplications are dominant en-
hancers of H. A simple model is proposed to account for the interaction of
{(2)br7 and H, assuming that amorphic (or hypomorphic) alleles of I(2)br7
suppress I and that hypermorphic alleles enhance H.

ocus and allele specific suppressor and enhancer mutations are well known

in Drosophila melanogaster, although there is little evidence for any particu-
lar example of the molecular basis of the specific interaction between suppressor
(or enhancer) and suppressed (or enhanced) alleles (see Kaurman, Tasara
and Suzukr (1973) for review). Nasu (1970) described the dominant suppres-
sion of the phenotype of Hairless by a deficiency of chromosome arm 2L that
included a previously identified dominant suppressor of Hairless (Su(H)). In
the same paper Nasu also gave evidence that duplications for the same chromo-
some region act as dominant enhancers of the Hairless phenotype. In this paper
I present a further analysis of the suppression and enhancement of Hairless by
Su(H) and its alleles and show that a lethal allele of Su(H) can act as a domi-
nant enhancer of Hairless.

MATERIALS AND METHODS

Four alleles of the third chromosome dominant mutation Hairless were used in this study.
Both H?! and H? are old alleles and were included by Prungerr (1926) in his classic study
of Hairless. Both are of spontaneous origin. The H? allele was on a third chromosome marked
with both Gl and Sb or GI alone. H%7 is associated with Tp(3)H%? (van Breucer, Ray and
Groor 1968), which has the new gene order: 61-86F7-11/97D1.2-95C1.2/98C5-97D1.2/86F7.11-
95C1.2/98C5-100. Since H is not included within the deficiency segregant of T(1;3)05 (i.e., Df
(3R)88C;92CD) and since H maps proximal to ebony (Bripces and Morean 1923), which is
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in 93D2.3 (Henikorr 1980), I can only presume that Tp(3)H®7 and H°®? are independent
mutational events. A deletion of 92CD to 93F;94A is phenotypically Hairless (LiNDpsLEY et
al. 1972) while e deletions extending proximal to 93A5-B1 (ie., Df(3R)ef00.256) are not
said to be H. H is, then, presumably between 92CD and 93B. H8? was discovered by chance
during this study (by G. HarrineroN) and was induced by treatment of males with 4500 R
of gamma rays. It is cytologically normal. All H alleles are recessive lethal and lethal infer se.
Other stocks are listed in Table 1.

The phenotype of H flies was scared by counting the occupancy of the 40 major dorsal head
and dorsal thoracic macrochastae, i.e., the anterior, middle and posterior orbitals (AO, MO, PO),
the anterior and posterior verticals (AV, PV), the ocellars (O), the postverticals (PVt), the
presuturals (PSt), the upper and lower humerals (UH, LH), the anterior and posterior noto-
pleurals (AN, PN), the anterior and posterior postalars (AP, PP), the anterior and posterior
supraalars (AS, PS), the anterior and posterior dorsocentrals (AD, PD) and the anterior and
posterior scutellars (ASc, PSc).

RESULTS
Phenotypes of Hairless

PrunkerT (1926) described the pattern of bristle loss in flies heterozygous
for either H* or H?. Both genotypes are characterized by the absence of specific
major bristles, although the bristle sockets usually remain. It is striking that the
pattern of bristle loss in H* remains very similar to that described by PLUNEKETT
more than 50 years ago (Table 2). H?/+ heterozygotes usually lack 10 to 15
bristles: the PO, PVi, UH, PP and AD are the preferred sites of loss. The
phenotypes of the three other H alleles are very similar; all show a loss of 7 to
12 bristles per fly and the pattern of loss in all three alleles resembles that of H*.
Table 2 also shows the pattern of bristle loss in suppressed and enhanced H?.

In addition to their effects on macrochaetae, all H alleles are recessive lethal,
remove microchaetae (for example, the acrostichial rows) and have an effect on
wing veination, most obvious as a shortening of the L5.

Neither Su(H) nor any of its lethal alleles show any phenotype other than
recessive lethality in the absence of H (but see below with regard to the LT3
and BMW4 alleles). Besides affecting the expression of H, all alleles of Su(H)
tend to enhance the wing-vein phenotype of H alleles.

Table 2 shows that Su(H)/+;H/-+ heterozygotes have seven to ten more
bristles than their Cy/-+;H/-} siblings (see also Table 3). On the other hand,
enhanced H genotypes have 10 to 15 fewer bristles than their Cy/-++;H/-} sib-
lings, and a far more extreme loss of microchaetae on the thorax.

The 1(2)br7 locus: GreLL (in LinpsLEy and Grevr 1968) mapped the domi-
nant suppressor of Hairless, Su(H ), to Df(2L )64}, a 34-band deletion on chro-
mosome 2L. Subsequently, Nasx (1970) found that this deficiency itself acted
as a dominant suppressor of H. I have confirmed both observations and identi-
fied eight more alleles of Su(H ) among a set of some 200 lethals mapping to the
Df(2L)64j region. In addition, O’DonNNEeLL et al. (1977) found three more
alleles of Swu(H). Of the alleles I have studied, six were induced with ethyl
methanesulphonate, one (SF8) was triethylenemelamine-induced and one (AR9)
was found in a chromosome extracted from a natural population from Greece.
The nine available alleles all fall into a single lethal complementation group and
seven of them are completely lethal infer se. The exceptions are LT3 which has,



TABLE 1
Genotypes of stocks used

(a) 1(2)br7 alleles
1(2)br78uw(H) 1(2 )br365u(H) [(2)Su(H ) whd?/CyO
1(2)br74Re /CyO
AdhuI3 1(2) br75F8 en/CyO
Adhn11 [(2)br7LT3 [(2)CAS5LTS cn vg/CyO
Adhn1 [(2)br7HE3 rds pren/CyO
Adhn10 [(2 )br7HG36 cn vg/CyO
b 1(2)br7%s pr/CyO
Adhuls [(2)br7BMWS vds pr cn/CyO
Adhufs [(2)br7BEWL vds pr cn/CyO

(b) Control chromosomes
bpr
AdRP 1(2)br269%% pr cn/Cy0, AdhnB
AdhD [(2)br27¢H52 pr en/Cy0O, AdhnB
b Adhn4 1(2)brSFIB /CyO

(c) Deletions

Df(2L)é4j L2/CyO — Df(2L)34D1.2; 35B8.9-C1

Df(2L)75¢/CyBl = Df(2L)35A1.2; 35D4.7 -- In(2L)27D1.2; 35A1.2

Df(2L)AR-R1, y+ac+/CyO = Df(2L)35A3.4; 35B8.9-C1

b Df(2L)A376 cn bw/Cy0, AdhnE = Df(2L)34E3; 35C4.5

Df(2L)TE36-GA pr pk cn/CyO (not cytologically deficient)

Df(2L)TE36-GC pr pk cn/Cy0 = Df(2L)35C1; 35D2

Df(2L)TE36-GD pr pk en/CyO — Df(2L )35B4; 35C3

Df(2L)fn3 pr cn/Cy0, AdhnB = Dj(2L)35B1; 35B3.4

Di(2L)fn7 pr cn/CyO, AdknB = Dj(2L)34E1.2-4.5; 35B3—4.5

Df(2L)fn27 pr cn/Cy0, AdknB = Df(2L)35B1; 35D1.2

Df(2L )fn31 pr cn/CyO, Adh»8® = Df(2L )34D3; 35B3-5

DF(2L)el?” Coi/Gla = Df(2L)35A1; 35B2

C(1)RM.y; T(Y:2) J165P,BS; T(Y;2)P58P, y+/Cy0 = Df(2L)35C4.5; 35D5-7

Df(2L)C158 1LScoR+17E, pr/CyO = Df(2L)35B3; 35C + Dp(2;2)25D3-7;
26D1.2 + In(2L)25D3-7; 3583

Df(2L)Scok+23 pr/CyO = Df(2L)34F1.2; 35C1.2

(d) Duplications
Dp(2;2)C163.41L C158.1®8/CyBl = Dp(2;2)35B3; 35E1.2 + Dp(2;2)26D1.2; 27D1.2
+ In(2L)26D1.2; 35E1.2
Dp(2;2)ScoR+175 C158.1R, b/Gla = Dp(2;2)35B3; 35C -+ Df(2L)25D3~7; 26D1.2
+ Inf2L)26D1.2; 35C
Dp(2;1)ScoR+23; gl+ rd+; b el rd® pr cn = Dp(2;1)34F1.2; 35C1.2; 20
Dp(2;2)AdR3, (b rkBHS o]+ AdRD)(b rk+el AdhF), rdSL2(1)/CyO = Dp(2;3)34B1.2; 35B3
Dp(2;2)GYL,b+rd+,dp b cn bw/CyRoi — Dp(2;2)33B1.2; 35C1.3; 50A4-B5
Dp(2;2)GYS, b+rd+,dp b cn bw/CyO — Dp(2;2)34D1.2; 35C1.3; 50A4-B5

(e) Hairless stocks
G1 SbH!/In(3L + 3R)P (1)
G1 H!/In(3LR)TM3, Sb Ser
H2/T(2;3)apXe
Hé%0/In(3LR)TM3, Sb Ser
Tp(3)H®7/Ubx

Note CyO = In(2LR)0, Cy dp'v! pr cn?;

CyBl = In(2L)Cy + In(2R )Cy, al? Cy pr Bl cn® c vg sp?;
CyRot = In(2L)CyLR, Cy b77-12 Roi + In(2R )Cy, bw sp? or;
Gla =In(2LR)Gla, Gla 1(2)br168F15 ]( 2 )br3TAz
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TABLE 2

Pattern of loss of macrochaetae from the dorsal head and thorax in Hairless genotypes

Genotype*

Macrochaetae H1 H? ir 157 H& Su(H ):H! S5;H LT3/8K8
AO 0.85 0.95 0.95 0.95 0.88 1.00 0.32 0.00
MO 1.00 0.83 1.00 0.98 1.00 0.91 0.58 0.00
PO 0.25 0.60 0.70 0.44 0.34 0.94 0.00 0.00
0 0.99 1.00 1.00 0.83 0.96 0.98 0.40 0.00
AV 0.43 0.88 0.96 0.86 0.70 1.00 0.00 0.94
PV 0.85 0.33 0.73 0.71 0.28 1.00 0.00 0.61
PVt 0.00 0.03 0.03 0.01 0.00 0.96 0.00 0.00
PSt 0.68 0.85 0.95 0.60 0.60 1.00 0.03 0.78
UH 0.25 0.45 0.78 0.46 0.28 0.99 0.00 0.00
LH 0.93 1.00 1.00 1.00 0.99 1.00 0.73 0.00
AN 1.0¢ 1.00 1.00 1.00 1.00 0.99 0.95 0.06
PN 1.00 1.00 1.00 1.00 1.00 1.00 0.95 0.00
AS 1.00 1.00 1.00 1.00 1.00 1.00 0.63 0.00
PS 0.95 0.60 0.38 0.99 0.05 0.86 058 0.00
AP 1.00 0.98 1.00 1.00 1.00 1.00 0.03 0.00
PP 0.55 0.43 0.69 0.91 0.38 0.64 0.60 0.00
AD 0.60 0.80 0.84 0.84 0.66 0.86 0.00 0.00
PD 1.00 1.00 1.00 1.00 1.00 0.96 0.48 0.00
ASc 6.99 0.60 0.95 1.00 0.94 0.79 0.88 0.00
PSc 1.00 0.88 1.00 1.00 1.00 0.94 0.98 0.3%
mean 30.64 30.30 33.38 3358 27.98 37.60 16.30 5.56
s.e. — 0.59 0.27 0.31 0.28 0.19 0.68 0.34
N — 20 40 40 40 40 20 9

The first H! column is data calculated from Plunkett (1926) Table 1 column 9. The
second H! column is the present data from a GI Sb H! stock. Bristle sites with less than 80%
occupancy are in italics. The firal column illustrates the fact that I(2)br7L73 escapers (in this
case 1(2)br7LT3/1(2 )br75F2) have a different pattern of bristle loss from enhanced H phenotypes
{compare, for example the AV, PV and PSt sites, all with a higher occupancy in LT3/SF8
escapers than in §5; H! despite the far lower mean bristle number in the former genotype).

on rare occasions, given viable escapers with some other Su(H) alleles; and
BMW4, a leaky lethal. The LT3 escapers (6/586 with Su(H), 11/614 with
SF8, lethal with AR?, BMW?9, HG36, HG3 and S5), have an extreme mutant
phenotype: their wings and halteres are similar to those of an extreme vestigial
allele; their eyes, although large, have a rough glazed appearance and the flies
are almost acheatous, having fewer than ten macrochaetae per fly. The acro-
stichial hairs, and other microchaetae (e.g., frontals, interocellars), are reduced
in number and disturbed in arrangement. The tarsal claws are also much re-
duced in LT3 escapers. Similar flies have been seen when L7'3 is heterozygous
with Su(H)~ deletions (Table 5). The resemblance between the bristle pheno-
type of LT3 escapers and Hairless is superficial; the pattern of bristle loss is
quite different in these genotypes (Table 2). The BMW4 allele is clearly leaky.
When heterozygous with Su(H) it survives at 20% of its expected frequency
(47/653); similarly BMW4 is semilethal with AR9, SF8, BMW9 and HG36,
almost viable with L7'3 (209/814) and lethal with S5 (0/521). Heterozygotes
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TABLE 3

Effects of 1(2)br7 alleles and control chromosomes on the expression of H*+

Cy+ Cy

N £ s.e. N X s.e. Difference
(a) I(2)br7 alleles
Su(H) 40 31.85 0.52 40 25.05 0.38 -+ 6.80
AR9 40 37.33 0.21 40 26.85 0.41 -+10.48
SF8 40 35.43 0.24 40 27.05 0.42 + 8.38
LT3 20 3670 047 20 2730 0.6l + 9.40
HG3 20 36.40 0.40 10 26.70 0.98 -+ 9.70
HG36 20 39.24 0.18 20 32.20 0.39 -4~ 7.04
BMW?9 20 35.85 0.41 10 26.20 .92 -+ 9.65
BMW4 20 30.60 051 20 26.20 0.53 -+ 4.40
8§35 40 14.00 0.33 40 26.48 0.45 —12.48
(b) Control chromosomes
I(2)br2sFis 43 24.28 0.36 20 23.85 0.47 + 043
1(2)br269Ks 10 27.00 0.67 10 28.00 0.99 — 1.00
1(2)br27CHs? 10 28.60 0.82 10 28.50 1.16 -+ 0.10
bpr 40 22.58 0.42 20 23.38 0.45 — 0.80

* Both Cy/+;GISb H/+ and Cy+/+;GIShb H/+ siblings from a cross of I/Cy; +/+ X
+/+; GISb H/In(3L - 3R)P were scored for bristle number.

+ The viability of all I(2)br7/-4;GlSb H/+ genotypes was normal with the exception of
HG36 whose relative viability with GLSh H was only 49, rather than the expected 25%
(N = 632). However this allele was not semilethal with H? H5” or H3%, and the reason for
its interaction with respect to viability with GI Sb H has not been studied.

between BMW4 and other Su(H) alleles have vestigial wings (and halteres),
eyes that are somewhat reduced and rough, but normal bristles. Thus the BMW4
escaper phenotype is far less extreme than that of L7'3. The wing phenotype of
these escapers is not due to a mutant vg locus.

In a small experiment to recover new lethal alleles of Su(H) after EMS treat-
ment of b pr males, one lethal chromosome (in 403) was recovered. Unlike all
other lethal alleles of Su(H ), this chromosome (§5) acts as a dominant en-
hancer of Hairless.

As indicated in Table 3, all lethal alleles of Su(H ), with the notable exception
of 85, act as dominant suppressors of H and do so to a degree quantitatively
similar to that of Su(H ) itself, adding between seven and ten bristles per fly to
the H phenotype. The effects of the new lethal alleles of Su(H )—including S5
—on H?, H°" and H® are similar to their effects on H? (Table 4). The suppres-
sion of H by the leaky allele BMW4 is less than that by the other alleles (Table
4; a repeat cross gave a suppression of H? by 4.0 bristles.

The lethal periods of three lethal Su(H) alleles have been determined as
hemizygotes. T'wo suppressor alleles (Su(H) and SF8) and the enhancer §5 are
all pupal lethals. Larval development and pupariation is not delayed and normal
puparia form; yet hemizygotes for all three alleles die in the period between
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TABLE 4

Effects of 1(2)br7 mutations on the expression of H alleles™

Allele
I(2)br7 HI Hz H5 1%
Su(H) -+ 6.80 -+ 5.69 -+ 7.40 - 9.80
HG36 -+ 7.04 + 6.10 -+ 8.20 4+ 9.80
Df(2L)64j -+ 8.60 + 5.95 -+ 825 + 8385
85 —12.48 —12.20 —12.80 — 9.90
Dp(2;2)C164.41LC158.1R —12.90 —13.38 —12.05 —10.80

* Shown as the difference in bristle number between mutation/+;H/-- and Cy/+;H/-
siblings . At least 20 flies counted per cross.

head eversion and the beginning of eye pigmentation. LT3 and BMW4/Df flies
often die as pharate adults or very soon after eclosion.

Since not all lethal alleles of Su(H) are suppressors of H, we refer to this locus
as I(2)br7 (WooprUrr and AsaBURNER 1979b).

Mapping of (2)br7: Following GrerL’s discovery (in LinpsLEY and GrELL
1968) that Su(H)/Df(2L)64j heterozygotes are lethal WooprUFF and AsH-
BURNER (1979b) crossed several deficiencies that overlapped Df(2L)64j with
Su(H) and its lethal alleles then available and showed that the cytological posi-
tion of Su(H ) was between bands 35B3 and 35B10 (see also Nasua 1970). Since
then many new deletions in region 35 have become available, in particular,
several that overlap the right hand part of Df(2L )64j; these allow better genetic
and cytological mapping of 1(2)br7 to 35B6-9. The present map of this small
region is shown in Figure 1. No deficiency end points that separate 1(2)br7
from 1(2)br26 have been recovered, but these two loci complement fully for
viability and I(2)br26 alleles have no effect on the expression of H (Table 3).

I mapped SF8 by recombination with 1{2)br44%? a lethal complementation
group that maps 0.46 map units proximal to Adh (2:50.1). The ARI-SF8 dis-
tance was 0.25 map units (n = 7189) putting I(2)br7 at approximately 50.8
(using the Ad#h position as reference).

Heterozygotes between I(2)br7 alleles and I(2)br7~ deletions are invariably
quite lethal—except for LT3 which rarely escapes, and then only over Df(2L)
TE36-GA, and BMW 4 which occasionally escapes (28/4355), over various dele-
tions. The phenotypes of L73/Df and BMW4/Df escapers resembles those,
described above, of LT3/1(2)br7 and BMW4/1(2)br7 respectively.

Deficiencies and H expression

Nearly 70 different deficiencies for various parts of section 35 of chromosome
arm 2L have been tested for their effects on the expression of H. Without excep-
tion, those that include I(2)br7 act as dominant suppressors of H, and those
that are I(2)br7* do not. Some representative data is shown in Table 5.

Duplications and H expression

Nasu’s (1970) enhancer of Hairless was characterized cytologically as a small
duplication, for bands 35B6 to 35B10. Nasa (1970) also found that two other
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Ficure 1.—Genetic map of the [(2)br7 region. With the exception of reduced (rd) and Adh all
of the loci are known from recessive lethal alleles. The deletions are described in Table 1 except
Df(2)A377 (= Df(2L)34F1.4; 35F1.4), Df(2L)A400 (= Df(2L)35A1.4; 35B10) and Df(2L)Sco,
a deletion synthesized as a crossover between Tp(2)Sco (= Sco) and a wild-type homolog by
G. Maron1 (unpublished). The proximal limits of Dp(2;7)ScoR*28 and its corresponding de-
ficiency (Df(2L)ScoR*23) differ. The TE36-G deletions were induced (with gamma rays) by
selecting the loss of a w* rstt transposing element inserted in I(2)br27. Df(2L)AR-R1 was
synthesized from the deletion 7'(Y;2) A80P; T(Y;2)R15F (WoopRUFF and AsHBURNER 1979a).
The Df(2L)fn’s were formaldehyde-induced (O’DoNNeLL et al. 1977) and the Df(2L)A’s
X-ray-induced (Aaron 1979), both series selected as ADH negatives. The region between Adh
and [(2)br37 is approximately 35B2.3 to E1.2. The I(2)br’s are indicated only by their num-
bers. Solid bars are deletions, open bars duplications. Df(2L )el?? shares its proximal break-
point with Df(2L)fn7.

duplications acted as dominant enhancers of Hairless; they were Dp(2;2)Adh2
and 7(2;3)DpAdhi described as Dp(2;2)32D3;35C1 and Dp(2;2)35A;35D re-
spectively. Unfortunately, E(H) and Dp(2;2)Adh2 are lost, and our stock
of T(2;3)DpAdhi, although T(2;3)33E9;89A3.7 is not duplicated on 2L, nor is
it an enhancer of H.

However, four new duplications for region 35 have been made or identified.
Dp(2;2)C163.41*C158.1% and Dp(2;2)ScoR**"LC158.1% are exchange products
between In(2L)C158.1 (= In(2L)26D1.2;35B3) and In(2L)C163.41 (=In(2L)
27D1.2;34E1.2) or Inf2L)Sco®* 1" (= In(2L)25D3.7;35C) respectively. Dp(2;1)
Scof*? is a segregant from 7(2;1)Sco®*?®, an X-ray-induced revertant of
Scutoid that is, cytologically, Df(2L )34F1.2;35C1.2,T(2;1) 34F1.2;35C1.2;20.
The X-linked duplication appears, in polytene nuclei, as a small banded chromo-
some fragment usually associated with the nucleolus. The duplicated segregant
is both male and homozygous-female viable and fertile. Dp(2;2)GY was found
by YannNopouLos et al. (1981) as an apparent male double crossover between
a dp b cn bw chromosome and the Mr element Mr.23.5. In fact it was not a
regular crossover, but it did contain a duplication of 5~ (from the Mr.23.5
chromosome) inserted into the marker chromosome at 50A4-B5 (YanNoroULOs
et al. 1981). Subsequent to its isolation, the duplication underwent a deletion



454 M. ASHBURNER
TABLE 5

Effect of deficiencies for region 35 on the expression of H and viability of 1(2)br7 heterozygotes™

Df/+; H/+ Cy/+; H/+ Difference Df/k2)br7
Heterozygote N 3 s.e. N b s.e.

Df(2L )64j 20 37.80£0.50 20 29.204+0.90 - 8.60 0/3620
Df(2L j75¢ 40 36.25+0.33 20 2355+0.44 +12.70 0/2619
Dfc2L)AR-R1 25 37.32+0.35 25 25.88+0.38 —+11.44 0/2452
Df(2I.)A376 20 35.85+0.64 20 29.90+0.53 + 5.95 0/334
Df(2L)fn27 20 34.95+0.28 20 29.90+0.51 4 5.05 0/414
Df(2L)C158.1-S8coR+17R 33 35.88+0.30 40 31.71+0.43 + 417 0/211
Df(2L)TE36-GA 20 34.70x=0.44 10 28.20+0.93 + 6.50 53/3050+
Df(2L)TE36-GD 20 34.05x0.54 20 24.45=0.6% + 9.60 0/585
Df(2L )fn3 25 28.04+0.45 95 28.32+049 — 0.28 893/2831
Df(2L )fn7 25 27.04+0.35 25 28.84+0.43 — 1.80 317/1142
Dfc2L)el77 40 29.98=+0.31 40 29.38+0.29 + 0.60 333/1210
Df(2L )fn31 40 25.73+0.35 40 27.30+0.37 — 1.57 860/3130
Df(2L)J1650P1587 20 25.55+0.53 10 24.90+0.52 -+ 0.65 —
Dj(2L)TE36-GC 20 24.29+0.61 20 24.58+0.52 — 0.29 291/921%

* See Table 1 for deficiency break points. Bristle data is a comparison of the Cy/-;
GLSb H/+ and Df/+; GISb H/-+ siblings from crosses of Cy/Df % GILSb H/In(3L+3R)P.
Viability data is summed over several [(2)br7 alleles and is from crosses of Df/Cy X I(2)br7/Cy.
It is expressed as the number of Df/I(2)br7 flies over total progeny number. Data from BMW4
crosses not included.

+ All escapers from crosses with LT3, see text.

T Su(H)/Df(2L) TE36-GC are lethal due to I(2)br365¢(H) a second lethal on the Su(H)
chromosome included in Df(2L)TE36-GC; data from this cross are not included.

and is now in two forms, one (Dp(2;2)GYL) is 21-50A4/35C1.3-33B1.2/
50B1.5-60 and the other (Dp(2;2)GYS) is 21-50A4/35C1.3-34D1.2/50B1.5-60.
‘With respect to their interaction with H, the long and short forms of Dp(2;2)GY
behave similarly.

Since the region 35 breakpoints of component inversions of the two In(2L)-
C158.1 crossovers (i.e., In(2L)C158.1 itself, In(2L)C163.41 and In(2L)Sco®*17)
have also been used to construct synthetic deficiencies the precise genetic limits
of these two duplications are known (Figure 1). Similarly, the genetic limits of
Dp(2;1)8co?*+?? were determined by finding which lethals and deficiencies this
X-linked duplication can cover (Figure 1). The proximal limit of the Dp(2;2)-
GY’s lie between {(2)br33 and I(2)br34 determined by crossing Df(2L)75¢
Dp(2;2)GY [CyO to representative lethal alleles of loci included within Df(2L)-
75¢.

All four duplications act as strong enhancers of H' and, with respect to
Dp(2;2)C163.41%C158.1® (at least), of the other three H alleles (Table 6). For
Dp(2:2)ScoR®+*1"E(C158 1% its reciprocal exchange product, i.e., Df(2L)C158.1%-
ScoR* 1™ is a suppressor of H. Df(2L)Sco®*# is also a dominant suppressor of
H. Flies that carry both the Sco®*#* duplication and the corresponding deletion
have a normal H phenotype.

Since Dp(2;1)Sco®*?#* females are homozygous viable and fertile we can
study the effects of two doses of the duplication on H expression. As shown in
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Table 6 Dp/Dp;+/-+;H/+ flies have a very extreme H phenotype, with only
9 to 10 bristles per fly. A similar phenotype is seen in flies carrying one dose of
the duplication on their X chromosome and the enhancer of H allele {(2)br75°
on chromosome 2 (Table 6). A graph of the number of doses of Su(H)* and
their effect on H expression is linear (Figure 2). The enhancing allele of
I(2)br7 (S5) acts quantitatively, as if it were a duplication for Su(H)* and
the suppressing alleles (except BMW4) as if they were Su(H) deletions (see
below).

All of the four duplications have a very slight effect on bristle number in the
absence of an H allele; for example, Dp(2;2)GYL[Dp(2;2)GYS flies have a
mean of 39.96 == 0.02 (n = 80) bristles per fly. It is difficult to know whether
or not this very slight reduction in bristle number is biologically “significant.”
Two facts suggest that it may be: in wild-type flies the number of dorsal head
and thoracic macrochaetae is remarkably constant, and in all the duplications
studied here it is the PVt bristle that is lost, one of the most “sensitive” sites for
loss in H genotypes.

As a control T used (Table 6) Grerr’s (Nasu, 1970) Dp(2;2)Adh3, a duphi-
cation whoce genetic limits have not been determined but which, cytologically,
does not extend proximal to 35B3. It is not an enhancer of H; in fact, as Nasg
(1970) also found, it acts as a slightly dominant suppressor of H.

A final comment is needed regarding the enhancer of H allele, {(2)br75.
Since 85 has an effect on H similar to duplications for Su(H)*, it might be
argued that it is itself an EMS-induced duplication. The polytene chromosomes
of §5 appear to be quite normal and S5 does not affect exchange in the b-pr
region but these data are not, of course, conclusive. However, were S5 to be a
duplication for Su(H)®, its lethality with Su(H)~ deletions and other I(2)br7
alleles would not be expected: Table 7 shows that these are no¢ properties of
other duplications that include this locus, although the lethality of Su(H) with
Dp(2;2)Sco®*17"LC158. 1R is unexpected. Neither parental inversion is lethal
with Su(H).

DISCUSSION

Lethal alleles of {(2)br7 act as dominant suppressors of Hairless; all except
BMW4 do so to approximately the same extent, adding between seven and ten
bristles per fly. Deficiencies that include {2)br7 have a similar phenotypic ef-
fect. These data suggest that Su(H) and its suppressor alleles are amorphic al-
leles. This conclusion is strengthened by the properties of BMW4—an allele of
Su(H) that is clearly leaky with respect to its lethal phenotype. It is also a
weaker suppressor of H than any of the strong lethal alleles.

On the other hand, the degree of enhancement of the Hairless phenotype that
results from both S5 and duplications covering the I(2)br7 region are also very
similar, producing an extra loss of 12 to 13 bristles per fly. This suggests that
S5 is a hypermorphic, (“overproducing”) allele or a very small duplication of
the wild-type allele. If this is so, the relative rarity of dominant enhancer al-
leles, compared to the frequency of dominant suppressor alleles (i.e., 1:11) is
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Ficure 2.—The relationship between bristle number of H2/+ flies and the number of doses
of the I(2)br7* allele. I(2)br7+/— data: open circle, mean (=% s.e.) of 12 counts of various
1(2)br7/+ genotypes. U(2)br7t/i(2)br7+ data, mean (+ s.e.) of 52 control genotypes.
102)br7 +/1(2)br7 +/1(2)br7+ data, open circle, mean (& s.e.) of 11 different counts of
Dp(2)br7 */+, closed circle, mean (= s.e.) of 13 different counts of I(2)br7S5/+. I(2)br7+/
1(2)br7+/1(2)br7 */1(2)br7*, open circle, mean (and range) of two different counts of
Dp(2;1)ScoR+23/Dp(2;1)ScoR+23,4+/+, closed circle, mean (and range) of two different
counts of Dp(2;1)ScoR+23/+; 1(2)br755/+. Line fitted by eye.

understandable, since the commonest consequence of mutation would be ex-
pected to be a loss of function. The fact that S5 is lethal with the suppressor
alleles makes it unlikely that this is simply a small /(2)br7 * duplication.

A consequence of the discovery of dominant enhancers of Hairless that are
not overt duplications is that this phenotype cannot, by itself, be used as a cri-
terion for duplications in region 35.

TABLE 7
The viability of 1{2)br78v () and 1(2)br785 with 1(2)br"+ duplications

Su(H) S5
C163.41EC158.18/Cy0 297/747 158,/425
ScoR+17LC158 1R /Gla 0/131 78/295
Dp(2;2)GYL/CyRoi 194/574 151/373
Dp(2;1)ScoR+23/Dp(2;1)ScoR+28; 4-/+- 60/307 136/320

* Number of I(2)br7/Dp progeny over total progeny. Duplication carrying females (left
hand column) were crossed to Su(H)/CyO or 8§5/Cy0O males.
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The nature of the interaction between I(2)br7 and H remains, in molecular
terms, as enigmatic as ever. Formally the [t and I(2)br7* products could act
antagonistically on a process involved in bristle development. Hairless is haplo-
insufficient (LiNDsLEY ef al. 1972) and almost recessive in H/H*/H™ triploids
(GowrnN 1933). If, as these data suggest, Hairless is an amorph, then the wild
type “balance” between the H*and I(2)br7* products could be restored in H
flies by mutation of i(2)br7* to an amorphic or hypomorphic allele or by dele-
tion of one wild-type I(2)br7 locus. Conversely, mutation of I(2)br7* to an allele
that produces a greater amount of its product, or its duplication, would result
in an enhanced antagonism and a more severe Hairless phenotype. A simple
version of this hypothesis (Figure 3) is that {{2)br7+ and H* act sequentially
during development, the product of /(2)br7* being the substrate for the H™*
reaction. The accumulation of the intermediate (i.e., the I(2)br7* product) that
would result from mutation of H* to H would, in that case, be responsible for
the H phenotype. This accumulation would be relieved by mutation of 1(2)br7
to a less active allele but aggravated by its mutation to a more active allele or
its duplication.

This scheme is not entirely satisfactory because it disregards the fact that
I(2)br7 alleles do not affect the recessive lethality of H alleles; nor does it ac-
count for the lethality of heterozygotes between suppressor and enhancer alleles
of I(2)br7.

Another example of allelic enhancers and suppressors may be Su(S) and E(S).
Deficiencies for the region between the distal breakpoints of In(2L)Cy and
In(2L)t (ie., DI(21)22D1.2:22D3-E1) act as dominant suppressors of Star.
Lewrs (1945) indicated that the reciprocal exchange product, that is, the du-
plication for the same region, enhanced the expression of Star. A dominant en-
hancer of Star (E(S)) is known, but since it occurred on /n(2L)Cy its precise
genetic relationship to the region between the In(2L)Cy and In(2L)t break-
points is unclear.
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Ficure 3.—A simple model for Hairless: A is the substrate for the Su(H)* reaction; B is
its product, which serves as the substrate for the H+ reaction. The accumulation of B results
in the H phenotype (H), which will be relieved by mutation of Su(H)}* to an amorphic allele
but enhanced by mutation to a hypermcrphic allele.
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