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ABSTRACT 

The position of the structural gene coding for alcohol dehydrogenase 
(ADH) in  Drosophila melanoguster has been shown to be within polytene 
chromosome bands 35B1 and 35B3, most probably within 35B2. The genetic 
and cytological properties of twelve deficiencies in polytene chromosome 
region 34-35 have been characterized, eleven of which include Adh. Also 
mapped cytogenetically are seven other recessive visible mutant loci. Flies 
heterozygous for overlapping deficiencies that include both the Adh locus 
and that for the outspread mutant (osp: a recessive wing phenotype) are 
homozygous viable and show a complete ADH negative phenotype and strong 
osp phenotype. These deficiencies probably include two polytene chromosome 
bands, 35B2 and 35B3. 

ONSIDERABLE interest is attached to the identification and characterization 
of genetic elements that “control” gene expression in the higher eukaryotes. 

The success of such studies in prokaryotes and the ascomycetes encourages the 
analysis of the control of individual genes in Drosophila melanogaster. The only 
well-studied locus in this species is the structural gene for xanthine dehydro- 
genase (rosy), a locus whose organization has been elucidated by the labors of 
CHOVNICK and his colleagues (see CEIOVNICK, GELBART and MCCARRON 1977 
for a recent review). For two reasons we have chosen to study the gene coding 
for alcohol dehydrogenase (ADH: E.C.1.1.1.1). One is that this protein is 
amenable to protein chemistry, in fact its primary amino acid sequence is almost 
completely determined (R. AMBLER and D. THATCHER, personal communication; 
see also SCHWARTZ and JORNVALL 1976). The other reason is that, elegant as 
studies on rosy are, it is unwise to generalize from a single case and, hence, 
important to investigate other loci in similar detail. 

As has been shown by the pioneering studies of SOFER and his group (GERACE 
and SOFER 1972; O’DONNELL et al. 1975; VIGUE and SOFER 1976), alcohol 
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dehydrogenase is a tractable enzyme system in Drosophila since it is an abun- 
dant protein whose chemistry is relatively simple (it is a homodimer of subunit 
molecular weight of 24,000 daltons; THATCHER 1977). It is easily assayed spec- 
trophotometrically, histochemically or after electrophoresis, and several classes 
of electrophoretic variants are known. The enzyme shows marked tissue and 
developmental specificity, yet is not essential for either viability or fertility (at 
least in the absence of ethanol). Convenient selective conditions have been 
developed by GRELI,, SOFER, and others, allowing the recovery of rare ADH- 
negative mutations from large populations of positives and vice versa. These 
methods are based upon the conditional lethality of ADH-negative flies in the 
presence of ethanol and the conditional lethality of ADH-positive flies in the 
presence of various secondary alcohols (e.g., allyl alcohol, pentynol) , which the 
enzyme apparently converts to toxic ketones (GRELL, JACOBSON and MURPHY 
1968; O’DONNELL et al. 1975; VIGUE and SOFER 1976; B. JARRY, personal 
communication). 

Our long-term aim is simply stated: it is to identify by genetic methods ele- 
ments within which mutations affect the synthesis of ADH, but do not affect 
the structure of ADH itself. This demands a method of unambiguously distin- 
guishing structural gene mutations from nonstructural gene mutations, and this 
method will be the obvious combination of genetics and protein sequencing. 

As a prelude to this analysis, we publish in this and the following paper a 
genetic analysis of what we may call the “Adh region,” that is to say the genetic 
environs of Adh. Neither of these papers deals with Adh itself, except as a 
genetic marker, and the results of the fine-structure analysis of Adh will be pre- 
sented elsewhere ( CAMFIELD, CLARKE, ASHBURNER and WOODRUFF, in 
preparation). 

MATERIALS A N D  METHODS 

Culture conditions 
All stocks were maintained at 25” on either a standard yeasted oatmeal, agar, molasses 

medium or on an “instant” Drosophila medium (Phillip-Harris, Weston-Super-Mare, England). 
In both media, nipagin was used to control fungal growth and, when necessary, papers treated 
with “Tedion” were used to kill anoetid mites (ASHBURNER and LITTLEWOOD 1974). For cytology, 
animals were grown at 25” on a yeast-glucose medium. 

Stocks 
(1) Balancer chromosomes: Various derivatives of ln(2LS.2R) were used to balance the second 

chromosome, and they are abbreviated as follows: C y  = In(2L+2R)Cy,Cy cnz; C y  dp2 = 
In(2L)Cy, Cy dpp b pr;  C y 0  = In(2LR)O,Cy d p  ZvZ p r  ens; CyL = In(2L+2R)Cy,Cy L4 cne 
sp2; CyBl = In(2Lf2R)Cy,  Cy ale pr  B1 cnz c vg sps;  CyRoi = In(2L)t, Roi $. In(2R)Cy, 
bw spa or; SMI = In(ZLR)SMI, ale Cy cnz sp9 and Gla = In(2LR) Gla. The cytology of 
In(2LR)Gla shows clearly that the Gla inversion was induced on In(2L)t and not on In(2L)Cy 
(see LINDSLEY and GRELL 1968). 

(2) Y;2 translocations: Several of the translocations between 2 L  and Y induced by LINDSLEY 
et al. (1972) have been used. As noted by previous authors (e.g., PASZTOR 1976), these are 
rather unstable with respect to BS. All of the translocations were kept with YsX.YL, In(1)EN 
in males and with C(i)RM,y in females, and the translocated second chromosomes were bal- 
anced over SMI. The translocations used, and their 2L breakpoints, (as determined by US) 
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THE Adh REGION O F  DROSOPHILA 119 

were: T(Y;2)G74 = T(Y;2)YL,34C3; T(Y;2)A80 = T(Y;2)Ys,35A3-4; T(Y;2)Ri5 = T ( Y ;  
2)Ys,35B8.9-C1; T(Y;2)Jl65 = T(Y;Z)Ys,35C4-5; and T(Y;2)P58 = T(Y;2)YS:35D5-8. 

( 3 )  Deficiencies: By crossing T(Y;2)'s differing in their autosomal breakpoints, both defi- 
ciencies and duplications for the region between the autosomal breakpoints are generated. An 
example of such a cross is shown in Figure 1 and further details may be found in  the papers of 
LINDSLEY et al. (1972), O'BRIEN and GETHMANN (1973), N I X  (1973), and PASZTOR (1976). By 
using different second chromosome markers, for example C y  and Sco, aneuploid progeny from 
T(Y;2)'s broken in the same Y arm can be recognized. Those interstitial deficiencies used 
most often in  this study are listed in  Table 1, and for convenience we will use the abbrevia- 
tions explained there. 

In  addition to these synthetic deficiencies, which we usually maintained as balanced stocks, 
we attempted to "reattach" the two broken second chromosomes of Df(2L)A80:Rl5 in the fol- 
lowing way. One-day-old virgin females of the genotype C( l )RM,y  f;Cy B1/21-34Fi YL *BS;y+ 
Y s  35C4-60 were X irradiated (3,000 R) and mated to C y  dps/Bl L* males. All regular female 
progeny die since they are homozygous for either C y  or BZ or are aneuploid for terminal seg- 
ments of chromosome 2. A reattachment of the distal and proximal second chromosome ele- 
ments will result in loss of the translocated Y centromere and the recovery of the reattached 
chromosome in daughters. 

Other deficiencies were obtained as follows: Df(2L)75c and Df(2L)b75 were recovered from a 
screen in which Canton-S males were X irradiated (4,000 R) and immediately mated to virgin 
b el rds pr cn females for three days. The deficiencies were detected as individual el rds and b 
flies, respectively. Df(2L)e177 was also X-ray-induced, on a Coi-marked chromosome. This 
deficiency stock is also a T(Y;3) ,  with its third chromosome breakpoint in 64C. 

. .  
34-35 lnterrtltlal Df  

.x\ 
3 4 7  3,5 Adhnu" - 

3 4  

I 
ADH a c t i v i t y  

FIGURE 1.-A scheme illustrating the use of adjacent T(Y;Z)'s in the mapping of the locus 
of ADH. See text. The Y chromosome is indicated by the wavy line, chromosome 2 by a straight 
line and the Y and the chromosome 2 centromeres by solid and open circles, respectively. 
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TABLE 1 

Description of the second chromosome deficiencies used in this study 

Deficiency 

Df(2L)AsO: RI5 
Df(ZL)A80: R15-RI 
Df(2L)G74: A80 
Df(2L)G74: RI5 
D f (ZL) G74: J165 
Df(ZL)G74: P58 
Df(ZL)R15:J165 
Df(ZL)J155: P58 
Df  (2L)64j 
Df(2L)fnj 
Df(2L)fnZ 
Df (2L)fn3 
Df  (2L)fn7 
Df  (2L)75c 
Df (2L)C75RL 

D f ( 2  L)  b75 

Df ( 2 L ) e P  
Df(2L)ScoRf4 

Df (2L) w 

Break points 

35A3-4;35B8.9-C1 
35A3-4;35B8.9-C 1, y + ac+ 
34C3;35A34 
34C3;35B8.9-C1 
34c3 ;35c4-5 

35B8.9-C1;35C4-5 
35C+5;35D5-7 

34F4-35A1;35D5-7 
35A3;35B24 
35B1;35B3.4 
34E1.2-4.5;35B3-4.5 
35A1.2;35D4-7 + In(2L)27D1.2;35AI.2 
35A1.2;35B3 f Dp(2L)26D1.2, 

3C3i35D5-7 

34D1.2;35B8.9-C1 

27D1.2 + ln(2L)26D1.2;35B3 
34D4-6;34E5-6 
35&3;35B3-4.5 
35A1;35B3 + T(Y;3)64C 
35B1-2;35D5-7 + In(ZL)29B;33P;36F;39E 

Cytological analysis of Df(2L)75c showed a deficiency for 35A1.2 to 35D4.7 associated with 
an inversion, In(2L)75c = In(ZL)27D1.2; 3541.2. The mutant chromosome, thus, has the 
sequence 21-27D1.2/35A1.2-27DI .2/35D4.7-60. In an unrelated study, a 2L paracentric inver- 
sion was found in a Finnish population with breakpoints a t  26131.2 and 35B3-4.5 (ASHBURNER 
and LEMEUNIER 1976). This inversion, ln(ZL)C158.1, is broken just distal to the distal break- 
point of ln(2L)75c and within Df(2L)75c itsel€. Since the heterozygote In(2L)Cl58.1/Df(2L)- 
75c is both viable and fertile, we recovered exchange products between these chromosomes. The 
reciprocal exchange products are (1) a deficiency between the left break of Df(2L)75c and 
the 35B break of In(2L)Cl58.1, and (2) a deficiency between the 35B break of 1n(ZL)C158.1 
and the right hand break of Df(2L)75c. Since it was expected that the first exchange product 
would uncover only el and the second only rd8, whereas the parental Df(2L)75c uncovered 
both of these recessives, we mated the heterozygous females to bel rds pr  cn males. In a total 
of 1960 progeny, we found 69 el and five rds flies. All of the rds were sterile, perhaps because 
they are also deficient for the region between the distal breakpoints of the parental aberrations. 
The el progeny were fertile, and from several individual crossovers balanced stocks were derived. 
Four of these proved t3 be identical, both genetically and cytologically, and one formed the 
stock of Dr(2L)C75RL. This has the expected salivary gland chromosome sequence of 21-27D1.2/ 
35AI.2-26Dl-D2/35B3-60, and is therefore deficient for region 35A1.2 to 35B1.3 and duplicated 
for region 26D1.2 to 27D1.2. 

Df(2L)W was isolated from a sample of flies collected in nature in Greece. I t  was first 
identified as a lethal within Df(2L)64j and subsequently was shown to be a deficiency. 

The X-ray-induced Df(2L)64j was obtained from E. H. GRELL (see GRELL, JACOBSON and 
MURPHY 1968) and the formaldehyde-induced Df(2L)fn’s from W. SOFER (see ODONNELL et al. 
1977). The f n  deficiencies were recovered as Adh-negative mutants on a p r  cn chromosome; 
other deficiencies have been marked with both dominant (Bl, L )  and recessive ( p r ,  cn) markers 
by standard crosses. 
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THE Adh REGION OF DROSOPHILA 121 

(4) Other stocks: Standard recessive marker stocks were obtained from either the Pasadena 
or Bowling Green Stock Centers or were synthesized. Two paracentric inversions, Zn(2L)C158.1 
and Zn(2L)C163.41 (= Zn(2L)27D;35DE) were from wild populations collected in Finland 
and Oklahoma, respectively (see ASHBURNER and LEMEUNIER 1976). Stocks of Adh-negative 
mutations, Adhnr and Adhn4 were from E. H. GRELL and Adh'l from W. SOFER (see GREW, 
JACOBSON and MURPHY 1965; GERACE and SOFER 1972). A stock of outspread (osp) was also 
from E. H. GRELL. AdhUfJ is an allele of Adh coding for an allozyme of faster electrophoretic 
mobility (on starch gels) than AdhF and was isolated from a wild population in Spain; we 
obtained it from A. ROBERTSON. 

Mutagenesis 

For X irradiation, unetherized or carbon dioxide anesthetized flies were irradiated at either 
205 R per min or 150 R per min at  160 kV and 1- using Imm A1 + 0.5" Cu filters. 
Final doses were between 3,000 and 4,000 R in different experiments. 

Criteria for noncomplementation and for mapping: 

For complementation analysis ten three-day-old males and ten three-day-old virgin females 
were mated overnight in vials and then transferred to 200 ml bottles for two successive three- 
day laying periods. All cultures were maintained at 25" unless otherwise stated and were scored 
daily for emerging progeny until 18 days had elapsed from the initiation of cultures. 

Since both Cy and Bl overlap wild type (both seriously so below 25"), any progeny of 
dubious genotype were progeny tested by outcrossing to a suitable stock. All critical crosses 
were done at least twice, and the data in the Tables are pooled. A "+" in the Tables indicates 
that the heterozygotes had a viability of 50% of that expected from the cross on the hypothesis 
of full complementation. The numerical data are given only if the viability was either zero 
(i.e., a complete lethal) or between 50% and 0% (i.e., a semilethal) in both of at  least two 

replicate exepriments. 

Cytology 

Temporary propionic-orcein-carmine squash preparations were made of the salivary gland 
polytene chromosomes of all deficiencies and most of the other stocks. The chromosomes were 
interpreted on the basis of the revised map of chromosome arm 2L (BRIDGES 19%). 

ADH assays, histochemical tests and electrophoresis 

To assay ADH, between five and ten five-day-old flies (frozen at  -20" for up to one month) 
were homogenized in 1.0 ml of 0.05 M phosphate buffer (pH 7.5) and, after centrifugation in 
a microcentrifuge at 12,000 rpm for six min, 0.1 ml of the supernatant was added to 0.9 ml 
of the assay solution (1.9 mM NAD+, 0.13 M butan-2-01 in  0.05 M phosphate buffer p H  7.5) 
in a cuvette. The rate of reduction of NAD+ to NADH was followed spectrophotometrically 
at 30" at a wavelength of 340 nm. ADH activity is expressed as n~ NADH per minute per 
ml per fly. The endogenous rate of NAD+ reduction, measured in the presence of 0.1 M pyrazole, 
was virtually nil. 

Histochemical spot tests of flies for ADH activity were done by crushing individual flies 
in  the depressions of a porcelain plate with a few drops of the staining solution described by 
O'DONNELL et al. (1975). 

Horizontal starch gel electrophoresis was used to distinguish ADH allozymes and was done 
in  a continuous buffer system (0.087 M Trisborate made 0.001 M with ethylene diamine tetra- 
acetic acid, pH 9.0). The gel was prepared in the same buffer with the addition of 0.001 M 

NAD+. Individual flies were ground on a glass plate in buffer and the extract loaded onto the 
gel with cellulose acetate strips. The gels were run at 4" for two to three hours a t  300V, 12mA. 
The gels were then stained at  37" with a mixture of 50 mg NAD+, 25 mg nitro-blue tetro- 
zolium, 5 mg N-methylphenazonium methosulphate and 4.5 ml propan-2-01 in 100 ml of 0.5 M 

Tris-HC1 buffer, p H  8.5. 
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RESULTS 

Cytology 
The banding pattern of section 35 of chromosome arm 2L, within which the 

structural gene for ADH is located (GRELL, JACOBSON and MURPHY 1965), is, 
at the best of times, obscure. This region frequently undergoes ectopic pairing 
with sites both very close to it and more distant, and only rarely is it stretched 
to the extent to allow detailed analysis. In  common with others who have studied 
small regions OI the polytene chromosomes in great detail, we find it impossible 
to identify all of the bands drawn by BRIDGES (1942) in his revised map of 
chromosome arm 2L. We have, however, studied several electron micrographs 
of thin sections of this region taken by A. SAURA and kindly made available to 
us. These micrographs convince us that the BRIDGES' map is an accurate repre- 
sentation of the banding pattern of this region. Our interpretation of this map, 
on which we base our analysis of cytologically abnormal chromosomes, is shown 
in Figure 2. 

The general features of the banding pattern in the region between section 
34 and section 36 can be seen from the photograph in Figure 2. The heavy bands 
in subsections 34EF are often very difficult to resolve, as even in well-stretched 
chromosomes they rarely separate. In 35B, a puff is frequently present and this 
can obscure the banding. This puff is developmentally specific and advantage 
must be taken, for accurate analysis of this region, of the periods of its inactivity. 
ASHBURNER (1978) described in detail the changes in puffing activity during 
late larval and prepupal development of the proximal 2L. The puff appears to 
originate from bands 35B1.3 though, at its maximum, it obscures bands even 
further proximal. I t  is very common to find that bands 35B1.2 are broader than 

I 
I 

AI I  A I I I I I A I I I A I I A I ' A I A I I A I I I I  I 
II 12: 7 

A B I C  D 
35 

FIGURE 2.-An interpretation of the revised map of chromosome arm 2L (BRIDGES 1942) in 
region 34-35. A reasonably stretched chromosome, from a wild-type larva, is matched to the 
revised map. This chromosome is rather unusual in that the 35B4.5 pair of bands is rather 
heavy, relative to the 35B6.7 and 35B8.9 'doublets.' 
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the average chromosome width even when the 3SB puff is not active; in addition 
these bands are often rather diffuse. 

Bands 35B3, 35B4, 35B5 and 35B10 are very thin and always very difficult 
to see, even in most exceptional preparations. They can all, however, be seen 
in SAURA’S electron micrographs. Bands 35B6.7 and 35B8.9 were drawn by 
BRIDGES as fairly heavy doublets. In fact, they usually appear as rather thin 
single bands. 

The breakpoints of Df(2L)Mj were originally reported as being 34E5-FI ; 
35C3-Dl (GRELL, in LINDSLEY and GRELL 1968). NASH (1970) revised these to 
34D1;35B10 and we essentially agree with this, but not with O’DONNELL et al. 
(1 977), who place the distal break at 34D8. With respect to those fn deficiencies 
studied by both O’DONNELL et al. (1977) and ourselves, there are disagreements 
that are most severe with respect to the proximal breakpoints. These differences 
in interpretation only underline the extreme difficulty in analyzing aberrations 
in region 35. 

We should also note that the precise breakpoints of the T(Y;2)’s are difficult 
to determine because, on the one hand, they show “adventitious” bands, presum- 
ably derived from the small X chromoson~e translocations carried by the marked 
Y chromosome and, on the other hand, because of their propensity to pair 
ectopically with the chromocenter. 

Deficiency crosses 
All of the deficiencies were crossed inter se to test for the lethality of Dfl/Df2 

heterozygotes. The data (Table 2) are, for the most part as expected; that is to 
say, deficiencies known to overlap from the cytological data are lethal when 
heterozygous and those that do not overlap cytologically are not. 

The lethality of Df(2L)b75 and Df(2L)W is an exception, as the left hand 
break of Df(2L)W is separated by some five bands from the right hand break 
of Df(2L)br5. Their heterozygote is thus expected to be viable, as indeed are 
heterozygotes between Df(2L) b75 and Df (2L)fnl, Df (2L)75c and Df(2L) 

TABLE 2 

Results of crossing deficiencies in region 34-35 of chromosome arm 2L inter se: 

64f 

64j - 
75c 
C75RL 
W 
b75 

ASO: RI5 
f n l  
fn2 
fn3 
fn7 
e177 

7 5 c  C75RL W b75 A80:R15 

0/172 O / W  0/202 0/534 Om2 
- 0/304 O/N5  + 0/169 

- 0/157 0/243 
- 0/&1 + 0/451 

+ - 

f.1 

0/186 
0/176 
0/340 
0/3 14 

0/167 
+ 

0/114 
0/150 

0/419 

0/189 
0/160 

O/W9 

+ 

ln3 

0/286 
0/224 
0/646 
0/367 + 
0/452 
0/164 
0/610 
- 

fn7 

0/790 
0/338 

0/312 

OD53 
0/118 
0/135 
0/970 

0/4.92 

0/2QS 

e117 

0/220 
0/54.2 
0/3 18 
0/43 

0/153 
0/132 
0/477 
0/303 
0/330 

+ 
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C75RL. Df(2L)W is viable with all complementation groups that are lethal with 
Df(2L)br5 (WOODRUFF and ASHBURNER 1979) and is not black with b itself. 
Either Df(2L)W carries a lethal identifying a new lethal group within 
Df(2L)b15, or Df(2L)W and Df(2L)b75 share a common lethal elsewhere on the 
second chromosome. These two chromosomes are unrelated in origin. 

In addition to the deficiencies described in MATERIALS AND METHODS, four 
deficiencies are available from the Sco reversion experiments ( ASHBURNER, in 
preparation). These were all X-ray-induced and are essentially Sco+ in pheno- 
type. Two of these four, ScoR+4 and SC@+~, are cytologically detectable as 
deficiencies, while the other two (ScoR+1O and ScoR+'4) are not. As we will 
subsequently show (below, and ASHBURNER in preparation), S C O ~ + ~  is deficient 
for Adh, osp and at least seven lethal complementation groups to the right of 
Adh, while the other three revertants here discussed are deficient for only Adh 
and osp and, perhaps, one or more loci necessary for fertility. 

Three of these Sco revertants fall into a single complementation group with 
respect to lethality, and all are semilethal with the fourth, i.e.. ScoR+4 (Table 3 ) .  
With Df(2L)75cY Df(2L)fnl, Df(2L)64jY Df(2L)AgO:RIS and Df(2L)fn3, 
ScoR+4 is completely lethal, though S C O R + ~  is completely lethal only with three 
of these deficiencies (Df(2L)75cY Df(2L)64j and Df(2L)fnl).  ScoR+IO and 
ScoR+I4 are completely lethal only with Df(2L)fnl and Df(2L)75c7 and almost 
so with Df(2L)64j. 

All heterozygous combinations of these four revertants that are viable, and all 
viable combinations of them with all deficiencies except Df(2L)b75, have a very 
characteristic phenotype. The flies are late hatching, are small, have reduced 
ocelli and outspread, arc-like, wings. In addition they frequently lack the middle 
orbital and ocellar bristles and always lack the anterior postalar bristles. These 
flies are ADH negative, as determined by spectrophotometric assay, histochemi- 
cal tests and electrophoresis and completely lack any ADH cross-reacting mate- 
rial (CAMFIELD and ASHBURNER, in preparation). Heterozygotes with an Adh+ 
allele have approximately half the specific activity of their Cy sibs (e.g., ScoR+'O/ 
Adh"f" = 4.65 nM NADH per min per fly; CyO/AdhufS = 8.34 nM NADH per 
min per fly). 

All four of the Sco revertants studied here show a strong outspread wing 
phenotype when heterozygous with GRELL'S original osp allele or with new osp 
alleles we have isolated. None of the revertants has a dominant wing phenotype. 

TABLE 3 
Complementation pattern of the four Sco revertants discussed in this paper 

with respect to lethality 

R+4 R+7 R+lO R + i 4  

R+4 
R+7 
R+iO 

- 10/395* 10/975* 8/643* 
- 0/531 0/424 

- 0/852 

* Survivors are osp and ADH negative (see text). 
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In addition they are ADH negative, by the same four criteria as mentioned 
above, when heterozygous with a CRM- ADH- mutation such as Adhnz. The 
data with respect to the ADH assays of these revertants will be published in 
detail elsewhere ( CAMFIELD and ASHBURNER, in preparation). 

The fact that the heterozygote ScolR+4/Df (2L)fn3 i s  lethal shows that the right- 
hand breakpoint of Df (2L)fn3 must lie proximal to the right-hand breakpoints 
of Df(2L)fn7, Df(2L)C75RL, Df(2L)fn2 and Df(2L)W with which S C O ~ + ~  
is only semilethal. This is confirmed by the fact that, of these deficiencies, only 
ScoR+4 and Df(2L)fn3 include two lethal loci mapping to the right of A d h  and 
represented by three alleles [i.e., l(2L)br3 and l(2L)br23] (WOODRUFP and 
ASHBURNER 1979). 

Since the heterozygotes Df(2L)fn3/Df(2L)fn2, Df(2L)fn3/Df(2L) W and 
Df (2L)fn3/Df(2L)C75RL are completely lethal, but heterozygotes of S C O ~ + ~  
with these three deficiencies are semi-viable, then the lefthand breakpoint of 
Df (2L)fn3 must be distal to that of ScoR+4. Since neither Df (2L)fn3 nor 
include el, but both include Adh, we conclude that there is probably a vital locus 
between el and Adh. A mutation of this locus has not, so far, been found 
(WOODRUFF and ASHBURNER 1979). 

Deficiency mapping of Adh 
From previous reports it was known that Adh was located within Df (2L)64j 

(GRELL, JACOBSON and MURPHY 1965), that is between 34D1 and 35C1. In addi- 
tion, O'BRIEN and GETHMANN (1973), using T(Y;2)'s ,  found the region between 
the breakpoints of T(Y;2)L52 and T(Y;2)R15 to be dosage sensitive for ADH. 
Thus Adh must lie distal to the R15 breakpoint, which is in 35B8-Cl (T(Y;2)L52 
is broken in 30F (LINDSLEY et al. 1972) ) . 

To obtain a more precise cytological mapping of Adh, we synthesized inter- 
stitial deficiencies for region 32-36 by crossing different T(Y;2)'s  as shown in 
Figure 1. These deficiencies were made heterozygous with Adhnz and spot tested 
for ADH activity. 

The results, Table 4, show clearly that Adh must lie between the A80 and 
RI5 breakpoints, i.e., within the 9-13 band region 35A3.4 to 35B8.9. This result 
was first obtained by crossing all of the translocations to T(Y;2)G74, the most 
distally broken of the series, and confi ied by synthesizing the A80:R25, 
R15: J265 and J165: P58 interstitial deficiencies. Df (2L)A80: R15/AdhufS flies 
have a specific activity of 12.65 nM NADH per min per fly, whereas their C y  BZ/ 
Adhufs sibs have an activity of 25.20 n M  NADH per min per fly. 

Df(2L)A80:R25 is a small deficiency including Adh, but is difficult to use 
since it must be maintained with attached-X females and attached-XY males. 
For this reason we attempted to reattach the proximal and distal 2L elements 
by selecting for the loss of the Y-chromosome markers after irradiation. 

Eleven daughters (phenotypically BZ L or C y )  were found in a total of 4240 
progeny of the cross of irradiated C(I)RM,y f;Df(2L)A80:R25/Cy BL females 
to BZ L"/Cy dp" males. Ten of these were sterile, but from the 11th we obtained 
a stock (Df(2L)A80:R15-R2) that proved to be a deficiency identical to the 
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TABLE 4 

Complementation between Adh, visible mutations and deficiencies 

G74: A80 
G74: RI5 
G74: J165 
G74: P58 
G74: B210 
G74: B240 
A80: R15 

R15: J165 
J165: P58 

64; 
75c 
C75RL 
W 
fn1 
fn2 
fn3 
fn7 
b75 

e177 

&OR + 4 

SCOR + 7 

SCOR+’O 
SCOR + I  4 

- + + + + + + 

+ + + + + + 
+ 
+ 
- 

- 

- 
- 
- 
- 

- + + + + + + 

+ + + + + + + + 
+ + + + + 

- 

Adh 

+: locus included; -: locus not included; blank: no data. 
Criteria for Adh are: (1) : histochemical spot test, (2): spectrophotometric assay heterozygous 

with Adhn9, (3): starch gel electrophoresis heterozygous with Adha, Adh” and AdhUfJ. 

original Df(2L)AaO: R15 except for  the fact that it behaves as a nontranslocated 
second chromosome. Although BS was lost from the YL of the distal element of 
the original T(Y;P)AaO, the y+  marker was not lost from the Ys of the second 
proximal element of T(Y;2)R15. Rather surprisingly, the break of Ys was distal 
to y+. M. GATTI (personal communication) has found the Ys  break of 
T(Y;2)R15 to be so far distal that no heterochromatin is cytologically detectable 
on the chromosome 2 proximal element. 

All of the deficiencies available to us have also been tested for inclusion of 
Adh. Several different procedures have been used and the results are summarized 
in Table 4. Since the fn series of deficiencies was induced as Adh-null mutations 
(O’DONNELL et al., 1977), the presence within them of Adh is to be expected. 
All of the deficiencies that include Adh show a marked dosage effect on ADH 
activity when heterozygous with Adh””. From our analysis of the breakpoints 
of the deficiencies, we conclude that Adh is located within bands 35B1 to 35B3 
and, most probably, in 35B2. This conclusion differs slightly from that reached 
by O’DONNELL et al. (1977), who state that Adh is within 35B3 to 35B5. We 
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suspect that this difference is in part due to our differences in estimating defi- 
ciency breakpoints and in part due to misinterpretation of the nature of Sco by 
these authors. 

Deficiency mapping of recessive visibles 
All of the deficiencies were crossed to all the recessive visible loci that map 

to the general region of Adh. A summary of the data, which are unambiguous, 
is given in Table 4. We draw attention to the fact that el is the closest visible 
marker distal to Adh, a result confirmed by recombination analysis (WOODRUFF 
and ASHBURNER 1979). The reported positions of rk (to the left of b )  and of pu 
(to the right of el) (LINDSLEY and GRELL 1968) are in error. Our data agree 
well with those of ODONNELL et al. (1977) who have, in addition, determined 
that j is indeed to the left of rk ,  since their Df(2L)fn12 separates these loci. 

Miscellaneous loci 
There are a number of loci that, to judge from their reported map positions, 

might be within the limits of region 34-35 of 2L. We have tested all of those 
available to us and can state that the following are not within the limits of those 
deficiencies listed after them in brackets or within included deficiencies: Z(2) H ,  
(Df(2L)64j);  1(2)39a, (Df(2L)64j);  In, (Df(2L)64j, Df(2LI75c); 1(2)Bld, 
( D f ( 2 L W j )  ; ck, (Df(2L)@j, D f ( 2 L ) f n j ) ;  pys, (Df(2L)64j, Df(2L)75c7 
Df(2L)fnl)  ; cr-u, (Df(2L)64j7 Df(2L)75c, D f ( 2 L ) f n l ) ;  l(2)Stm (LEIBENGUTH 
and STEINMETZ 1976) (Df(2L)64j, Df(2L)75c, Df(2L)fnl) .  In addition Coi 
maps to the right of purp!e, and not between b and rk; this suggests that Coi and 
the lost CoiZdex are, in fact, alleles. Both Coi and a new X-ray-induced allele, 
C O ~ ~ ~  are suppressed by the Dp(2;2)Adh3 chromosome. 

Mapping experiments 
Adhw alleles have been mapped in relation to all of the visible markers that 

were shown to be, by deficiency mapping, close to Adh. The data are summarized 
in Figure 1 of WOODRUFF and ASHBURNER (1979). The numbers of progeny 
on which the more critical map distances are based are: b-el 15,757, adh-rdn 
120,163, el-Adh 105,391, pu-Adh 4,701 and osp-rds 10,249. No recombinants 
between Adh and osp were recovered in 10,249 progeny of a cross with b Adh"* 
G S p 7 6  pr cn/b el rds pr cn females (in independent experiments, CAMFIELD, 
unpublished, places osp to the right of Adh) . These maps distances, at least those 
between Adh and el (0.16%) and between Adh and rds (0.43%), are somewhat 
less than those reported by O'DONNELL et al. (1977), whose values were 0.2% 
and 1.2%, respectively, but are closer to those of SAMPSELL (1977) of 0.07% 
for el-Adh and 0.54% for Adh-rd8. 

DISCUSSION 

A summary of the data of this paper is shown, as a cytogenetic map, in Figure 
3. These data are, on the whole unexceptional and we will restrict our present 
discussion to two matters: the breakpoint distribution of the aberrations and the 
survival of apparently homozygous deficicncies €or Adh and osp. 
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JPI  
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b j rk pu wb Sco el Adhosp SUH rd 

I2 
D c 

FIGURE 3.-A cytogenetic map of the 34-35 region showing the breakpoints, on the revised 
map of chromosome arm 2L BRIXES (1942), of the deficiencies used in this study and the cyto- 
logical location of the visible markers and Adh in this region. The brackets indicate uncertaintly 
as to precise breakpoints. wb is a viable allele of f(2)b.l with a wing-blister phenotype (see 
WOODRUFF and ASHBURNER 1979). 

The breakpoints of the deficiencies are markedly clustered despite their differ- 
ing mutational origins, some were formaldehyde induced, some X-ray induced 
and one “spontaneous.” This clustering is most marked near 34F5-35A1.2, 
where four deficiencies appear to be broken, Df (2L)75c, Df ( 2 L )  W ,  Df (2L) fn l  
and Df(2L)eP  [Df(2L)C75RL cannot be counted, as its distal breakpoint is 
that of Df(ZL)75c], and in region 35B3-5, where there are six breakpoints, 
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Df(2L)e177, Df(L2)fn2, Df (2L)fn3, Df (2L)fn7, Df (2L)C75RL [i.e., the break- 
point of Zn(2L)Cl58.1] and Df(2L) W .  

Region 35BC is well known to be abnormal in other respects; for example, it 
shows an unusually high frequency of ectopic pairing (KAUFMANN and IDDLES 
1963; ZHIMULEV and KULITCHKOV 1977). Presumably these properties of the 
region reflect the organization of the DNA within it, but just what this organiza- 
tion may be, on the one hand, and how it may reflect itself genetically, on the 
crther, is far from clear. 

It is unlikely that the breakpoints mapped as "coincident" in the polytene 
chromosomes are, in fact, identical or even nearly so in mitotic chromosomes. 
We suggest that the apparent clustering of breakpoints arises as a consequence 
of the relative underreplication of some chromosome sequences in the polytene 
chromosomes. This will have two consequences, both of which would tend 
towards apparently coincident polytene chromosome breakpoints. First, the 
target for the mutagen would be relatively larger in the sperm chromosome than 
is apparent from the polytene element. Second, if this underreplicated region is 
heterochromatic, deletion of quite large sections of it may be compatible with a 
heterozygous viable phenotype. Thus, the limitations that apply to the size of 
exclusively euchromatic deletions, that is dominant lethality when the size of 
the deletion is too large, may not apply so f i d y  here. These speculations are, 
of course, similar to those of LEFEVRE, RATTY and HANKS (1 953) , who were con- 
cerned with the very frequent generation of deletions for white and Notch when 
these loci were located adjacent to the X chromosome proximal heterochromatin 
in, for example, In(l)wm4. 

Homozygous viable deficiencies are rare in D. melanogaster (MULLER 1935; 
and discussion in WOODRUFF and ASHBURNER 1979) and, as far as we know, a 
homozygous viable two-gene deficiency on an  autosome is unprecedented. Our 
data indicate that a deficiency for both Adh and osp is viable as a homozygote. 
These two loci are very close together (less than 0.01%), but are functionally 
unrelated; thus, none of 13 Adh" mutations we have examined has an osp 
phenotype, nor do the two osp mutations induced on Adh+ chromosomes have 
an abnormal ADH phenotype. 

In view of our  conclusion, it is important to establish beyond doubt that those 
deficiencies which complement with respect to viability, but not with respect 
to either Adh or osp, are in fact deficient for both loci. 

The relevant deficiencies uncovering both Adh and osp and extending from 
the distal side of these loci are Df (2L)fn2, Df(2L)fn7, Df(2L) W ,  Df(2L)C75RL 
and Df(2L)eZ77: all are deficient on extensive genetic criteria (see WOODRUFF 
and ASHBURNER 1979) and all are deficient for the probable locus of Adh, band 
35B2. All show a fully penetrant osp phenotype with osp and include the locus 
of Adh on the basis of three, and in most cases, four criteria (Table 4, the fourth 
criterion is the absence of cross-reacting material when heterozygous with the 
CRM- mutant, Adh"", CAMFIELD, personal communication). 

All four of the Sco revertants discussed in this paper (Le., ScoR+4, S C O ~ + ~ ,  
ScoR+lo and ScoR+'4) also show a fully penetrant osp phenotype with mp and 

D
ow

nloaded from
 https://academ

ic.oup.com
/genetics/article/92/1/117/5993422 by guest on 25 M

ay 2023



130 R. C. WOODRUFF A N D  M. ASHBURNER 

are ADH-negative by the four criteria mentioned for the “distal” deficiencies 
above. In  addition &on+& is deficient for several lethal complementation groups 
proximal to Adh ( ASHRURNER et al., in preparation). 

The fact that heterozygotes between the “distal” deficiencies and the SCO 
revertants survive. show a good osp phenotype, and are completely ADH-nega- 
tive demonstrates unequivocally that these flies are homozygously deficient for 
these two loci. Since these flies are both male and female sterile, one or more 
loci necessary for fertility may be included. On the other hand, the sterility 
phenotype may be a pleiotropic effect of, for example, an osp- genotype. 

The cytology of all deficiencies in region 35B is difficult. Yet our best estimates 
of their breakpoints (Table 1) are Iully in accord with our conclusion that the 
Adh osp survivors from crosses of ScoR+l to the “distal” deficiencies are homo- 
zygous deficiencies and that the cytologicsl limits of the deficient region include 
bands 35B2 and 35B3. The very complex nature of ScOn+4 itself precludes accu- 
rate cytology of the homozygous deficiencies themselves. 

It is not possible for us to assert, of course, that none of the deficiencies is 
broken within either Adh or osp. While we think that it is rather unlikely that, 
for example, the proximal breakpoints of Df(2L)fn2, Df(2L)fn7, Df(2L)C75RL 
and Df(2L)W are identical, in terms of the base sequence, one, or all, of them 
could be broken within osp; if so, they abolish the function of this gene. The 
same considerations apply to the Sco revertants. with respect to Adh. 

The fact that four of the Sco revertants that we have induced (ASHBURNER 
et al., in preparation) are revertants of Sco implies that a component of the Sco 
complex (see WOODRUFF and ASHBUHNER 1979) is located very close to Adh 
and osp or that a locus exists in this region which, when deleted, acts as a cis- 
dominant suppressor of Sco (and is also a recessive Sco (ASHBURNER et al., in 
preparation). This locus has not been identified by other means, but may be the 
“SCO” mapped by O’DONNELL et al. (1977) 0.02% to the right of Adh on the 
basis of two crossovers in over 9,000 progeny. Neither Adh nor osp interacts with 
Sco, at least as trans heterozygotes. 
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