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ABSTRACT 

The chromosomal region surrounding the structural gene for cy-glycero- 
phosphate dehydrogenase (cucpdh, 2-20.5) of Drosophila melanogaster has been 
studied in detail. Forty-three EMS-induced recessive lethal mutations and five 
previously identified visible mutations have been localized within the 25A-27D 
region of chromosome 2 by deficiency mapping and in some cases by a recom- 
bination analysis. The 43 lethal mutations specify 17 lethal loci. cyGpdh has 
been localized to a single polytene chromosome band, 25F5, and there appar- 
ently are no lethals that map to the cyGpdh locus. 

ECENTLY much effort has been directed in Drosophila to the genetic R analysis of elements that are linked to structural genes and influence their 
expression (CHOVNICK et al. 1976; CHOVNICK, GELBART and MCCARRON 1977; 
GELBART, MCCARRON and CHOVNICK 1976; THOMPSON, ASHBURNER and 
WOODRUFF 1977). To date, however, these efforts have been directed toward 
relatively few loci. To determine whether the findings from these few loci are 
of general significance, we have begun a genetic fine structure analysis of the 
gene encoding the enzyme, a-glycerophosphate dehydrogenase in Drosophila 
melanoguster (aGPDH: EC 1.1.1.8). Our overall goal is to dissect the aGpdh 
locus in order to elucidate both its structural organization and its mechanism 
of control. Nonstructural genetic elements that contribute to the control of 
aGPDH expression will be revealed through a combination of biochemical 
methods and a genetic fine structure analysis. 

A considerable amount is known about this Drosophila protein. aGPDH is 
abundant in the fly comprising 2% of the protein synthesized in newly eclosed 
adults (D. T. SULLIVAN, personal communication; M. KOTARSKI, unpublished 
observation), and it has been purified to homogeneity (COLLIER, SULLIVAN and 
MACINTYRE 1976). The active enzyme is a homodimer with a subunit molec- 
ular weight of 32,000 daltons, and its primary structure is presently being 
elucidated (G. CHAMBERS, personal communication). Of particular significance 
is the role of aGPDH in the energy metabolism of the insect flight muscle. 
Mutants of aGpdh with less than a threshold amount of enzymatic activity are 
unable to fly (O’BRIEN and MACINTYRE 1972). 
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We have examined in detail a 20-band region of the left arm of chromosome 
2 (25E-26A) that contains the structural gene for aGPDH. In this study we 
have used the available visible mutations, numerous ethyl methanesulfonate 
(EMS)-induced lethal mutations and several stable deficiencies constructed from 
Y-autosome translocations (LINDSLEY et al. 1972). The lethal miltations were 
produced as part of a search for loci closely linked to aGpdh which will be 
used to select for recombinants within the locus. In this paper we present our 
findings on the genetic structure of the region immediately surrounding the 
structural gene for aGPDH. 

MATERIALS AND METHODS 

Culture condittons: All stocks were maintained at 25" on a standard medium of cornmeal, mo- 
lasses, yeast and agar in which tegosept was added as a mold inhibitor. Some crosses were per- 
formed at 27" to enhance the expression of Curly. 

Storks: The following is a description of the chromosomes used in this study. Descriptions of all 
visible mutations can be found in the work of LINDSLEY and GRELL (1968). 

(1) Balancer chromosomes: Second chromosomes were balanced using In(2LR)O, Cy dpiu' pr  cn2 
or In(2LR)SMl,  a12 Cy dp'"' pr  B1 cn2 L 4  or In(2LR)SM5, a12 Cy It" cn2 sp2 or In(2L)Cy, Cy dpiu2 b 
p r .  The In(2LR)O balancer carries the aGpdh* (fast) electrophoretic allele and will be abbreviated 
as "CvO" throughout. 

(2) Interstitial deficiencies: Df(2L)GdhA is an X-ray-induced deficiency for clot and cYGpdh 
(GRELL 1967). This chromosome also carries a dp" allele. 

Df(2L)cl-l, cn bw; Df2L)cl-2, cn bw and Df(2L)cl-7, b pr cn bw are X-ray-induced deficiencies of 
clot (VELISSARIOU and ASHBURNER 1980). 

Df(2L)50075a and Df(2L)50078n were kindly provided by ROBERT VOELKER. They are y ray- 
induced deficiencies and were recovered as aGPDH null activity mutants (RACINE, LANGLEY and 
VOELKER 1980). 

Df(2L)2802 was recovered in this study as a lethal following EMS mutagenesis of a cl Gpdh' pr 
chromosome. 

(3) Other chromosomes: Chromosomes that carry the aGpdh' (slow) electrophoretic allele in- 
clude: cl aGpdh' pr ,  aCpdh' sfid& pr,  aGpdh' spdfg and rl aGpdh' spdh. 

Chromosomes synthesized carrying the aGpdhA (fast) allele include: cl aGpdhA, aGpdhA spdfp and 
cl cYGpdhA spdfp. 

(4) Y;2 translocations: The Y;2 translocations with autosomal break points in the region 25A- 
27D that were used in this study include: T(Y;2)j96; T(Y;2)D6; T(Y;2)P51; T(Y;2)B137; T(Y;2)B236; 
T(Y;2)H164; T(Y;2)G105; T(Y;2)H151; T(Y;2)D222; T(Y;2)H69; T(Y;2)D211; T(Y;2U70; T(Y;2)j136 
and T(Y;2)A171 (LINDSLEY et nl. 1972). 

(5) Synthetic deficiencies: In addition to the interstitial deficiencies mentioned, we constructed 
stable translocation deficiency stocks, abbreviated here as Tdf translocations. These were made by 
combining different Y;2 translocation elements as described by PYE, KNIPPLE and MACINTYRE 
( 1  980). The TDf(Y;2) stocks used include: TDf(Y;2)B137-B236; TDfY;2)B236-B222; TDf(Y;2)H164- 
H I 5 1 ;  TDf(Y;2)G105-D222; TDf(Y;2)H151-D222; TDfY;2)D222-H69 and TDfY;2)H69-D211. Addi- 
tional regions were made deficient by crossing T(Y;2) stocks differing in their second chromosome 
break points. 

Production of recesszve lethal nutations: Lethals within the chromosomal region defined by 
Df(2L)GdhA were produced as follows: Males homozygous for the cl aGpdh' pr or the aGpdh' spdfg 
pr  chromosome were starved on agar for 24 hr, then fed 0.03 M EMS according to the procedure 
of LEWIS and BACHER (1968). The males were mated en masse to CyO, pr/Df(ZL)GdhA dp" females, 
and individual FI Curly, purple males were backcrossed to CyO, prlDJ(2L)GdhA dp" females. 
Matings that produced only Curly offspring were taken as putative lethals within the deficiency. 
Stocks were initiated using the CyO, pr/cl cvGpdh' pr or the CyO, pr/aGpdh' spdfg pr sibs. Once in 
stock, lethality was verified by crossing CjO, pr/cl aGpdh' pr  or CyO, pr/aGpdhB spdfg p r  flies again 
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to the CJO, prlDf(2L)GdhA stock. Only the stocks that produced no Curly+ FI progeny in such a 
cross were kept. 

Lethals in the region delineated by Df(2L)cl-7 were produced in a similar manner. Males of the 
genotype CyO, pr/aGpdhB l(2)gdhA-2 spdh p r  were fed EMS and mated en masse to CyO, prlDfl2L)cl- 
7 ,  b pr cn bio females (see following data for a description of 1(2)gdh-2). Single F, Curly, purple 
males were backcrossed to CyO, pr/Df(2L)cl-7, b p r  cn bw females. Stocks containing a recessive 
lethal balanced by Cy0 were recovered from vials that produced only Curly offspring. Flies from 
the putative lethal stocks were crossed once again to CyO, pr/Df(ZL)cl-7 flies to verify the lethality. 

Once the recessive lethals had been assigned to complementation groups, the lethal loci repre- 
sented by these groups were numbered consecutively. The lethal loci identified in this study are 
labeled as I(2)gdh-l through 1(2)gdh-17. Only lethal mutations of independent origin, i . e . ,  those 
that came from different sets of mutagenized males, were used in this study. 

Criterm for t~onco1np1eneiztnfiu~z: Complementation tests consisted simply of crossing CyO/l or CyO/ 
Df flies from different stocks. In all complementation crosses, chromosomes were judged comple- 
mentary (a "+" in the tables) if the number of viable heterozygous progeny exceeded one-half the 
expected value of 33.3%. Less than complete complementation is indicated in the tables by the 
fraction of the progeny that were heterozygotes for different lethal alleles. Only some of the data 
from all of the complementation tests were reported here. The complete data set can be found in 
the work of KOTARSKI ( 1  982). 

Cytology Crosses that produced third instar larvae for cytological observation were made at 16- 
18" on media consisting of 10% glucose (or fructose), 10% dried Brewer's yeast and 1% agar. 
Salivary gland material was prepared for observation according to the method of STRICKBERGER 
(1959), with the following modification: Immediately prior to squashing, a drop of 2% orcein- 
0.25% carmine stain in 50% propionic acid was added to the dissected gland. Canton-S was used 
as the standard wild type in all crosses. 

aGPDH eltctrophoresis: aCPDH was visualized after electrophoresis on cellulose acetate mem- 
branes according to the procedure of COLLIER and MACINTYRE (1 972) 

RESULTS 

Cytology 
Figure 1 diagrams the chromosomal aberrations used in this study, and 

Table 1 lists the break points that we, or others, have determined. Most of 
the break points of the chromosome aberrations in this study are located in or 
near the 25D-26B region of the second chromosome. We note parenthetically 
that, since this area is at the base of a large puff (25A-25E), cytological obser- 
vation can be difficult at times. This is especially true of very small deficiencies 
in the 25E-F area that cause little or no asynapsis of the homologs. On the 
other hand, we have identified all of the bands reported by BRIDGES (1942) in 
the 25D-26B region. 

DeJcieiicy comnplemeiztntion 
Table 2 presents the results of crosses between the interstitial deficiencies 

and the TDf(K2) stocks. The translocation deficiency, 570-5 136, is not included 
in Table 2, since TDf(Y;2)J7O-J136 males are sterile despite the fact that they 
carry the YsX. YL ,  Zn(l)EN, y chromosome. Crosses involving strains with break 
points in this region are also complicated by the sterility of YsX.YL, In(l)EN, 
y/T(K2)J7O/Df(ZL)GdhA males and YsX- YL ,  In(1)EN. ~ / T ( Y ; Z ) J ~ O / D ~ ~ L ) C ~ - ~  O r  

Df(2L)cl-I or  Df(2L)cl-2 males. It was also difficult to obtain data for the 5136- 
A171 region due to the sterility of X/T(Y;2)JI36/Df(2L)GdhA and X /  
T(Y;2)J136/Df(2L)cl-7 males. We have not explored further the cause of the 
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D?ll JTO J l P  A171 

FIGURE I.-Cytological map of chromosome region 25A-27D showing break points of aberra- 
tions. Deficiencies are shown as filled bars. Diagonally marked areas indicate break point uncer- 
tainties. Translocation break points are shown above the diagram of the chromosome. Deficiencies 
(215) H151, 2802, 50075n and 500780 all have the same cytological break points, which are 
indicated next to H 15 I on the figure. 

sterility of flies with these chromosome constitutions, although LINDSLEY et al. 
(1972) have noted that the sterility of some segmental aneuploids can result 
from the effects of autosomal aneuploidy as well as from Y chromosome hy- 
perploidy. 

Crosses between all of the interstitial deficiencies were also made. The  only 
combinations between two such deficiencies that did not result in lethality were 
Cl-1 or (1-2 over 2802, 500750 or 500780. We should point out here that the 
lethality of Df(2L)50078a/Dfl2L)cl-7 heterozygotes does not agree with the data 
of RACINE, LANGLEY and VOELKER (1980), who reported that some of these 
heterozygotes survive. I t  will be shown that the 50078~ and cl-7 deficiencies 
overlap for at least three recessive lethal loci and both are deficient for crGpdh. 

To determine whether any of the Y;2 translocation break points might them- 
selves be deficiencies or broken within lethal loci, the translocation stocks were 
crossed to each of the interstitial deficiencies. From those data, which were 
reported by KOTARSKI (1982), it was clear that only the T(Y;2)B137 and 
T(Y;2)H151 autosomal break points are lethal over deficiencies. Specifically, 
T(Y;2)B137/cl-l or cl-2 heterozygotes are lethal, as are T(Y;2)HISl/Gdh-A, d- 
7,  2802, 500750 or 500780 heterozygotes. T h e  lethality of the T(Y;2)B137/cl- 
1 or cl-2 heterozygotes indicate that the left hand break points of the cl-1 and 
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TABLE 1 

A desrriptiori of the seroiid rhrotnosovie deJrie)zcies and Y;2 translocations 

Aberration 

Dfl2LFdhA 
Df12L)rl-7 
Dj(2L)rl-2 
Df12L)rl-I 
Df(2L)2802 
D f 1 2 L ) m  780 
Dj(2L)50075a 

Autosomal break point@) 

25D7-EI; 26A8-9 
25D7-EI; 26A7-8" 
25D7-EI; 25E2-3' 
25D7-EI; 25E6-F3' 
25F2-3; 25F4-26A1 
25F2-3; 25F4-26A1 
25F2-3; 25F4-26A1 

T(Y;2)J96' 25A2-3' 
T(Y;2)D6 

T(Y;2)P5 1 25D6-7' 
T(Y;2)B I3 7 25D6-7' 

25D6-7 and ln(2L)24C4-6; 25D2-3 and 
Df(2L)24C3; 25E 1 -2* 

T(Y;2)B236 25D7-E2 
T(Y;2)H I64 25E1-4 
T(Y;2)G105 25E5-Fl 
T(Y;2)H 15 I 2532-3; 25F4-26A1 
T(Y;2)D222 26A2-3 
T(Y;2)H69 26A4-5 
T(Y;2)D2 I I 26B2-5 
T(Y;2)J70 26B9-Cl 
T(Y;21JI 36 26E4-27Ald 
T(Y;2)A171 27C9-27E I d  

" Personal communication, V. VELISSARIOU. 
' VELISSARIOU and ASHBURNER (1980). 

'' Data of LINDSLEY et d. ( 1  972). 
T(Y;2)J96 is a T(Y;2;#). 

cl-2 deficiencies are more distal than are the lefthand break points of Df(2L)cE- 
7 and Df(2L)GDHA, even though the four break points cannot be distinguished 
by cytological analysis alone. Once again this is in slight disagreement with the 
data of RACINE, LANGLEY and VOELKER (1980). Those authors report that 
T(Y;2)HI 51/Df(2L)cl-7 heterozygotes are viable and T(Y;2)Hl5l/Df(2L)cl-2 het- 
erozygotes are lethal. As will be seen, T(Y;2)H151 is deficient for at least four 
recessive lethal loci that are also uncovered by the cl-7 deficiency. Further, we 
have found that Df(2L)cl-2 does not overlap T(Y;2)H151 genetically or cytolog- 
ically. 

Mopping recessive lethal inutatiorzs 
The screen for recessive lethal mutations in the aGpdh region of chromo- 

some 2 produced 32 independently derived chromosomes that are lethal in 
combination with Df2L)GdhA ( n  = 3177). Of these 32 mutagenized chromo- 
somes, 26 were characterized in detail: 24 chromosomes bear single recessive 
lethal mutations within Df(2L)GdhA; one chromosome contains two recessive 
lethals, only one of which, 401a, is within Df(2L)GdhA (see following data), and 
one chromosome carries the interstitial deficiency, Df(2L)2802. The muta- 



376 M. A. KOTARSKI, S. PICKERT AND R.  J. MACINTYRE 

TABLE 2 

Results o j  crossing stocks zidth intemtitictl deficiencies to TDf(Y;2) stocks uith nutosoinn/ 
break poiuts il l  regioiz 25A-270 

~~ 

TDf GdhA cl-7 cl-2 cl-1 2802 50075a 50078a 
~~ 

J96-B 137 + + 0/288 0/224 N T  N T  N T  
J96-P5 1 N T  + + + N T  N T  N T  
D6-P5 1 + + + + N T  N T  N T  
P5 1-D6 + + + + N T  N T  N T  
D6-Bl37 + + 0/253 0/119 N T  N T  N T  
P5 1-B137 + + O/lOl 0/185 N T  N T  N T  

B232-D222 0/300 0/153 0/153 0/298 0/202 0/177 0/190 
H164-HI51 0/170 0/200 0/100 0/141 0/200 0/200 0/200 
G105-D222 0/130 0/200 + + 0/232 0/195 0/347 
H151-D222 0/310 0/379 + + 0/136 0/200 0/200 
D222-H69 0/200 0/100 + + + + + 
H69-D211 0/200 + + + + + + 
D211370 N T  + + + N T  N T  

N T  = not tested. 
'' D. KNIPPLE, personal communication. 

B137-B236 0/92 0/399 0/225 0/122 + + + 

genesis using Df2L)cl-7 in the lethal screen produced 35 lethal chromosomes 
( n  = 3765). Eighteen were studied in depth, and all proved to carry a single 
recessive lethal mutation within the limits of Df2L)cl-7. 

The recessive lethal mutations that are clearly in the 25D-26B region were 
more finely localized by crosses to the series of second chromosome translo- 
cation deficiency stocks and to the individual translocation stocks. The results 
of these crosses are summarized in Table 3 and in Figure 2. Of the 43 recessive 
lethal mutations listed, three are lethal when heterozygous with TDf(Y;2)B137- 
B236, 14 can be positioned between the autosomal break points of T(Y;2)B236 
and T(Y;2)H164 and four lethals can be localized to the H164-G105 region. 
A single lethal (3301)  has been positioned between T(Y;2)H151 and T(Y;2)D222 
exclusive of the T(Y;2)H151 deficiency, whereas ten recessive lethals are lethal 
in combination with T(Y;2)Hl51 alone. The TDf(Y;2)H69-D211 region includes 
1 1  lethals. The chromosome carrying lethal 401 is lethal when heterozygous 
with TDf(Y;2)H69-D211 and when heterozygous with a deficiency for the J70- 
5136 region. Thus, this chromosome must carry at least two lethal genes, 
designated here as 401a and 401b. 

The lethals in each small region were then crossed inter se to determine their 
complementation groups. When viability is used as the only phenotype, the 
distinction between mutations showing interallelic complementation and adja- 
cent, but nonallelic, mutations may not always be clear. This is especially true 
of mutations that are not separated by deficiency or translocation break points. 
With the criterion used here for complementation (50% or greater of the 
expected number of Curly+ offspring), no single recessive lethal fell into more 
than one adjacent complementation group. It is presumed then that each com- 
plementation group represents a separate genetic locus. For reference, the 
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TABLE 3 

Lethal coiiipleineiitutioii groups and their alleles 

377 

~ ~ 

Deficiency used in 
the mutagenesis 

Locus Allele Chromosome screen TDf region 

I (2)gdh- I 

I(2)gdh-2 

I (2)gdh-3 

1(2)gdh-4 

1(2)gdh-5 

l(2)gdh-6 

l(2jgdh-7 

1(2)gdh-8 

I (2)gdh-9 

I (2)gdh - 1 0 

l(2)gdh-I I 

1(2)gdh-12 

I(2)gdh- I3 

1902 
I 1  
14 
31 

80 I 
2002 
1301 

3301 

4010 
3101 
1601 

220 1 

I401 
350 I 

502 
3001 

90 1 
25‘4 

1501 
001 

26 
29 
38 

70 I 
2901 

01  
I6 

20 1 
41 
03 

07 

3701 
40 

401b 

cl p r  
l(2)gdh-2 spd“ fir 
I(2kdh-2 spdk $ r  
1(2)gdh-2 spdfg pr 

spdfg p r  
cl p r  
spdk  p r  

ci pr 

rl p r  

cl p r  
rl p r  
rl p r  
ci p r  

s p d h  p r  
l(2)gdh-2 spdfg p r  

cl p r  
rl p r  

1(2)gdh-2 spdfg p r  
1(2)gdh-2 spdfg p r  

rl p r  
rl p r  

1(2)gdh-2 spdk fir 

rl p r  
l(2)gdh-2 spd” p r  
l(2)gdh-2 spdk p r  

1(2)gdh-2 spdh  p r  

1(2)gdh-2 spdk  fir 

1(2)gdh-2 spd” p r  

Df(2L)GdhA 
Df(2L)cl-7 
Df(2L)cl-7 
Df(2L)cll-7 

Df(2L)GdhA 
Df(2L)GdhA 
Df(2L)GdhA 

Df(21)GdhA 

Df(2L)GdhA 
DJ2L)GdhA 
Df(2L)Gd hA 

Df(2L)GdhA 

Df(2L)GdhA 
DJ2l)GdhA 
Df(2L)GdhA 
Df(2L)GdhA 

Df2L)GdhA 
Dj72L)cl- 7 

Df2L)GdhA 
Df(2L)GdhA 
Df(2L)cl-7 
Df2L)cl-7 
DJ2L)cl- 7 

Df(2L)GdhA 
Df2L)GdhA 
Df(2L)cl-7 
Df(2L)cl-7 

Df(2L)GdhA 
Df(2L)cl-7 
Df(2L)cl-7 

Df2L)c1-7 

Df(2L)GdhA 
Df(2L)cl-7 

Df(2L)GdhA 

H 1644105  

H69-D211 

H151-DZ22 

H69-D2 1 1  

H69-D211 

H69-D2 1 1  

B236-H164 

B236-H164 

B236-H 164 

D236-H164 

B137-B236 

B137-B236 

570-51 37 
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TABLE 3-Continued 

Locus Allele Chromosome 

1(2)gdh-14 3102 cl p r  
200 I cl p r  

30 I rl p r  
I3 l(2kdh-2 spdfg p r  
15 l(2)gdh-2 spdk pr 

33B I(2)gdh-2 spdfg p r  
802 spd" pr 

Deficiency used in 
the mutagenesis 

screen TDf region 

Dfl2L)Gd hA 
Dfl2L)Gd hA 
Dfl2L)GdhA H151 
DJ2L)l- 7 
Dj(2L)cl-7 
Dj(2L)GdhA 
Dj(2L)cl- 7 

1 (2)gdA- I5 3002 cl p r  Dfl2L)GdhA H 1 5 1  

1(2)gdl1- I6 25B I(2)gdh-2 spdfg p r  Dfl2L)cl-7 H151 

l(2)gdh-I7 10 l(2)gdh-2 spdfg p r  Dfl2Ljcl- 7 H151 

recessive lethal mutations are arranged according to their complementation 
groups in Table 3. Complete complementation data matrices were compiled 
by KOTARSKI (1982). 

The crosses between the lethals and the deficiencies allow us to resolve 
differences between several break points that cannot be differentiated by cy- 
tological analysis alone. Thus, all of the H151 region lethals are lethal in 
combination with deficiency 2802, but only the loci 1(2)gdh-15 and 1(2)gdh-16 
are within the 500750 and 50078a deficiencies. Since Df2L)50078a uncovers 
1(2)gdh-3 but not 1(2}gdh-1, these deficiencies must lie in the righthand part of 
the H151 region. This also suggests that the lethal loci, 1(2)gdh-I4 and E(2)gdh- 
17, are to the left of 1(2)gdh-15 and 1(2)gdh-16. Furthermore, 1(2)gdh-3 is un- 
covered by 50075a and 50078a but not by 2802 nor by the deficiency associ- 
ated with the break point of T(Y;2)H151. Thus, the latter two deficiencies do 
not extend as far to the right as 50075a and 50078a. 

We failed to recover any EMS-induced lethal or visible mutation in the 
D222-H69 interval (26A2-3; 26A4-5). However, there must be at least one 
recessive lethal locus in this interval since TDfY;2)D222-H69/DfZL)GdhA het- 
erozygotes fail to survive, whereas T(Y;2)H69 or T(Y;2)D222/DfZL)GdhA het- 
erozygotes are viable. This lethality is termed simply, 1" with the reservation 
that more than one lethal locus may be present in this region. The deficiencies 
50075a and 5 0 0 7 8 ~  are I'+ but not Df(ZL}cl-7 (see Figure 2). 

Finally, the recessive lethal, 1(2}gdh-l3, represented by a single allele (4016), 
maps to the 570-5136 interval (26B9; 26E4-27A1). Since this interval is outside 
the deficiencies used to screen for the recessive lethal mutations, the discovery 
of the 1(2)gdh-l3 locus was fortuitous. When we screened the mutagenized 
chromosomes for new recessive visible loci between the autosomal break points 
of T(Y;2)B137 and T(Y;2)A171, we found that the 401/TDf(Y;2)J70-J136 het- 
erozygotes were lethal, even though no new recessive visible loci were re- 
covered in this search. The 401a and 4016 lethals are the only two lethals 
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FIGURE 2.-Cytogenetic map of the aCpdh region of chromosome 2. Adjacent loci grouped by 
brackets have not been separated by a rearrangement, and their left-right order is unknown. 
Stippled areas at the ends of several deletions represent break point uncertainties. 

induced simultaneously on the same chromosome within the 25A-27D region 
in this study. 

Cytogenetic localization of visible and enzyme loci 

M9(2)S1: Heterozygotes of the genotype, TDf(Y;2)J96-B137/+, display a Min- 
ute phenotype, whereas TDf(F2)DG-B137/+ flies do not. This Minute is ex- 
treme and presumed to be M(2)Sl .  This locus has previously been positioned 
between T(Y;2)J96 and T(Y;2)B137 (LINDSLEY et al. 1972). 

dp: Female flies of the genotype, C(I)RM, y/TDf(Y;2)J96-B137/dp", are 
dumpy oblique and dumpy vortex in phenotype (as well as Minute). Addition- 
ally, T(Y;2)J96/dpW heterozygotes also express the dumpy oblique and vortex 
phenotypes. This suggests that the T(Y;2)J96 break point may be at or near 
the dumpy locus. The cytological localization of the T(Y;2)J96 break point at 
25A2-3 (Table 1) and the reported position of dp as 25A1-4 (VELISSARIOU 
and ASHBURNER 1980) support this contention. To  distinguish between the 
possibility that the J96 break point is at the dumpy locus and, thus, effectively 
a deficiency of dp,  and the possibility that the break point is altering dumpy 
expression via a position effect, we made crosses to determine whether the 
dumpy phenotype of T(Y;2)J96/dp heterozygotes is suppressed by extra Y chro- 
mosomes. The crosses were of two types: Cross A was between YsX-YL,  
In(l)EN, y/Y; Cy0 dp'"'/dp" males and C(l)RM, y/T(Y;2)J96/Cy females, and cross 
B was between YsX.YL, In(l)EN, y/T(Y;2)J96/Cy males and X/x Cy0 dp'"'/dp" 
females. Male offspring from the two crosses differ in the presence (cross A) 
or absence (cross B) of a Y chromosome. The Cy0 dp1"'/T(Y;2)J96 and the dp"/ 
T(Y;2)J96 male progeny from each cross were scored for the degree of dumpy 
vortex and dumpy oblique expression, using the phenotypic index devised by 
GRACE (1980). In this classification, dumpy expression ranges from 0 (wild 
type) to 5 (extreme dumpy). The data (see KOTARSKI 1982) indicate that the 
dumpy phenotype of T(Y;2)J96/dp heterozygotes is suppressed by the presence 
of an extra Y chromosome and, thus, is probably due to a position effect. Cross 
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A (extra Y chromosome) produces progeny that are much less dumpy (index 
= 0-1) than the progeny of cross B (index = 4-5). The progeny of both 
crosses show a range of expression of dumpy spanning at least two classes of 
the phenotypic index. In addition, there was a relatively small number of Cy0 
dp'"'/T(Y;2)!96 progeny recovered from cross B, suggesting that the position 
effect affects the expression of the dp' sublocus as well. 

tkv: The recessive visible mutant, thick vein (tku), is positioned within the 
P5 l-B137 interval (Figure 2), and since T(Y;2)B1?7/tkv heterozygotes them- 
selves have a thick vein phenotype, it is concluded that tkv is also at or within 
the B137 break point. The thick vein mutation is also within the 61-1 and cl-2 
deficiencies. Based on the evidence presented earlier, it should not be con- 
cluded that the B137 translocation break point is also an autosomal deficiency. 
There may be only a single lethal locus associated with T(Y;2)B137, and it may 
be allelic to the tku mutation. 

cl: The recessive visible mutation, clot was positioned by observing pseudo- 
dominance of a clot allele with the translocation deficiency B236-D222. The 
pseudodominance was not observed when clot was heterozygous with the trans- 
location deficiencies H 164-H15 1 or H 15 1-D222. This confirms that the cyto- 
logical position of clot is 25E1-2 as reported by VELISSARIOU and ASHBURNER 

aGPDH: aGPDH was positioned using alleles specifying electrophoretic var- 
iants of the enzyme. All deficiency and translocation stocks are homozygous 
for the aGpdhA (fast) allele. Flies from a stock homozygous for aGpdhB were 
crossed to each of the deficiency stocks. The heterozygous progeny were sub- 
jected to electrophoresis, and the cellulose acetate membranes were stained for 
aGPDH activity. A heterozygous A/B pattern indicated that the aCpdh locus 
was not within the limits of the deficiency. From the data (see KOTARSKI 1982), 
the aGpdh locus can be localized cytologically to 25F5 (or in an interband 
region adjacent to 25F5). This is based on the inclusion of the aCpdh locus in 
the deficiencies 50075a and 50078a but not in 2802 or H151. Note that all 
of these deficiencies lack bands 25F3 and F4 but not 25A1 (see Table 1 and 
Figure 1) .  These data are consistent with the cytological localization of aGpdh 
by O ' B R I E N  and GETHMANN (1973) who placed it between T(Y;2)G105 (25F) 
and T(Y;2)D106 (26B). 

,&galactosidase: The H69-D2 1 1 interval (26A4-5; 26B2-3), in addition to con- 
taining the four lethal loci, is also the dosage-sensitive region for a Drosophila 
@-galactosidase activity (EC 3.2.1.23) (R. J. MACINTYRE, unpublished data). All 
of the lethal heterozygotes have wild-type levels of @-galactosidase, and all of 
the lethals tested fully complement a null allele for 0-galactosidase (D. KNIPPLE 
and R. J. MACINTYRE, unpublished results). In fact, the dosage-sensitive locus 
for @-galactosidase and the four lethal loci are uncovered by Df(2L)GdhA but 
not Df(2L)cl-7. There are, then, at least five loci in a one-band interval, 26A8. 

spdfg: TDf(Y;2)JI?G-A 1 71/spdfg heterozygotes display a spade phenotype. The 
position of spadeflag proximal to aGpdh is in agreement with its reported ge- 
netic position on chromosome 2 (DOANE 1961) and consistent with the cyto- 
logical position of the spade allele within 27C1-28C1 as determined by LIN- 

(1 980). 
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DSLEY and GRELL (1968). The cytological position of the spade locus can now 
be narrowed down to the region between 27C1 and 27E1. 

Recombimtion mapping 
The two recessive visible mutations close to aGpdh, clot and spadeflag, were 

mapped genetically in a standard three-point cross. The data are summarized 
in Table 4 and are also presented in Figure 3. The data place clot 1.67 cM 
to the left of aGpdh and spadeflag 4.65 cM to the right. The position of aGpdh 
as 2-20.5 is taken from O'BRIEN and MACINTYRE (1972). 

To confirm the left-right order of some of the lethal loci and to obtain 
better estimates of the genetic map distances within the aGpdh region of chro- 
mosome 2, selected lethal loci were mapped relative to aGpdh, clot and 
spadeflag. The recessive lethals, l(2)gdh-1 and 1(2)gdh-3 were mapped by con- 

heterozygous females and mating them to cl 1' structing 

aGpdhA spdk homozygous males. The cl' spdk' male recombinants were indi- 
vidually mated to CyOIDf(2L)GdhA females to test for the presence of lethals 
on the recombinant chromosome. The fraction of the recombinant progeny 
that carried the cl' 1 aGpdhB spdfg' and cl' l+ aGpdhB spdfg' chromosomes, 
together with the cl-aGpdh distance of 1.67 cM, position l(2)gdh-1 1.59 cM to 
the left of aGpdh and 1(2)gdh-3 1.04 cM in the same direction (Figure 3). The 
absence of a cl+ 1 aGpdhA spdfg' recombinant class unequivocally places l(2)gdh- 
1 and l(2)gdh-3 between clot and aGpdh. 

The E(2).gdh-2 locus was mapped in a similar manner. In this case 

cl+ I' aGpdhA spdk 
cl 1 aGpdhB spdfg' 

.~ 

females were mated to cl aGpdhA 1' spdfg homozygous males 
cl' aGpdhB-l spdfg 

cl aGfidhA I' sfidfg' 
and the resulting cl+ spdfg' recombinant FI males tested for the presence of 
the lethal as described earlier. The absence of a cl+ aGpdhA 1 spdfg' recombi- 
nant class positions l(2)gdh-2 between aGpdh and spdfg. The fraction of the 
recombinant progeny that carried the cl+ aGpdhB E' spdfg' and cl' aGpdhB 1 
spdfg' chromosomes together with the aGpdh-spdfg distance of 4.65 cM places 
l(2)gdh-2 0.048 cM to the right of aGpdh (Figure 3). 

DISCUSSION 

Summaries of the data produced by this study are shown in Figures 2 and 
3. Figure 2 presents the cytogenetic map of the aGpdh region, whereas Figure 
3 presents the recombination map of the same region. We have identified at 
least 17 recessive lethal loci and have mapped five previously identified visible 
mutations within the 25A-27D region of chromosome 2. Selected lethal and 
visible loci were genetically mapped relative to the aGpdh locus. N o  new visible 
mutations were found in this region. 

A total of 4455 EMS mutagenized chromosomes were tested to recover a 
total of 43 recessive lethal mutations that mapped within Df(2L)GdhA. With a 
Poisson distribution (which assumes that all lethal loci in the GdhA region are 
equally mutable) we can estimate the probable number of lethal loci that are 
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TABLE 4 

Reszil/s .f tlw 3-poiut cross: clot-aGpdh-spadefla8 

I I  

r l  aGpdhA spd@lrl+ olGpdhB spd" 99 X cl aGpdhB spdhlcl aGpdhB sjd" 88 
Phenotype of progeny Frequency 

rl+ aGprlhBiB spdJ6 492 

cl+ aGpdhA'lB sfdsb' 18 
rl+ aGpdhBIB spdfb' 32 

rl aGpdh"lB spds@ 577 

cl olGpdhBIB spdfg 3 

rl olGpdhAIB spdfg 20 
r l  aGpdhBIB spdsb' 0 
rl+ aGpdhAIB spdk 1 

1143 

I 

rl-1.67 cM-aGpdh-4.65 cM-spdh 

- .048cM 

-1.04cM - 
-1.59cM- 

* 1.67cM t 

FIGURE 3.-Genetic map of the aGpdh region of chromosome 2. Map positions of dp ,  M(2)SZ 
and tkii from LINDSLEY and GRELL (1 968). 

unidentified. The estimated number of undiscovered loci is one to two. The 
16 lethal loci within Df(2L)GdhA that we have identified and used in this 
calculation do not include I". Thus, at least one of the remaining loci has 
already, in a sense, been found. Our intent, however, was not to saturate the 
aGpdh region of the chromosome as much as to reach a point at which further 
mutagenesis would be less productive. 

The mapping of 16 lethal loci, plus the clot locus, 1", aGPDH and P-galac- 
tosidase, means that 20 loci have been accounted for within the limits of the 
GdhA deficiency. This corresponds well with the number of bands (19) in this 
area. An overall correspondence between the number of bands and the num- 
ber of loci in a particular region of the Drosophila genome has been noted by 
many other workers, viz, JUDD, SHEN and KAUFMAN (1972) for the zeste-white 
region, HILLIKER, CLARK and CHOVNICK ( 1  980) for the rosy region, WOODRUFF 
and ASHBURNER ( 1  979a,b) for the Adh region and HOCHMAN ( 1  97 1 ; 1972) for 
the fourth chromosome. Although the overall correspondence between loci 
and band number is good in the 25D7-El; 26A8-9 region, the loci are very 
unevenly distributed among the 19 bands (Figure 4). The region of overlap 
of Df(2L)rl-1 and Df(2L)rl-2 includes the bands 25E1-2. This large doublet is 
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Y Y 
I(2)gdh-ll 1(2)gdh-14 
l(2)gd h-7 1(2)gdh-l5 1(2)gdh-5 
l(2)gd h-8 1(2)gdh-16 1(2)gdh-6 
l(2)gd h-9 1(2)gdh-3 
l(2)gdh-lO QGpdh 
clot 
I (2)gd h-1 

FIGURE 4.-The distribution of loci identified in this study within the 25E-26A region of 
chromosome 2. 

the site of seven lethal loci and the clot locus. In contrast, the six-band region 
between the righthand break point of Df(2L)cl-2 (25E2-3) and the lefthand 
break points of Df2L)2802 and T(Y;2)H151 (25F2-3) does not include any 
loci that we have identified in our search. The cytological region delineated 
by Df2L)2802, T(Y;2)H151, Df2L)50075n and Df2L)50078a is, at most, three 
bands (25F2-3; 25F4-26Al), but it contains five lethal loci and the aGpdh 
locus. Again, the area between the proximal break points of the GdhA and cl- 
7 deficiencies consists of a single band (26A8), yet it contains four lethal loci 
and the structural gene for p-galactosidase. A lack of correspondence between 
identifiable loci and cytologically observable bands has been described for the 
IB and N-dm regions of the X chromosome by LEFEVER (1  974) and for the Ddc 
region by WRIGHT et al. (1981). It should be stressed, however, that only loci 
that are separated by cytological break points can definitely be said to be 
separate genetic units. 

With regard to the positions of the Y;2 translocation break poipts and defi- 
ciency break points within the LvGpdh region, we observe a clustering of the 
break points at the cytological level but very little clustering at the genetic 
level. The cytological regions with the highest incidence of break points are 
the 25D6-7 area, where the autosomal break points of T(Y;2)D6, T(Y;2)P51 
and T(Y;2)B137 are located, the 25D7-25El area where T(Y;2)B236 and the 
distal break points of the GdhA, cl-7, cl-2 and cl-1 deficiencies have been local- 
ized and the 25F2-26A1 area which includes the deficiencies 2802, 
T(Y;2)H151, 50075a and 50078a. At the genetic level, however, we have been 
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able to separate the autosomal break point of T(Y;2)B137 and those of the Y;2 
translocations, 0 6  and P51, and have presented evidence suggesting that the 
distal break points of the deficiencies cl-I and cl-2 are to the left of the distal 
break points of the deficiencies GdhA and cl-7. In the 25F2-26A1 area, where 
four deficiencies appear to be cytologically coincident, we have shown that, in 
fact Df(2L)50075a and Df(2L)50078a are distinct from T(Y;2)HI51 and 
Df2L)2802 in their right- and lefthand break points (Figure 2). There appears, 
therefore, to be no real ”hot spot” of chromosomal breakage in the 25A-27D 
region that can be identified from the small number of aberrations analyzed 
here. 

One goal of this work was to identify the lethal and visible loci that are very 
close to the aGpdh locus. Thus far, the closest lethal loci are 1(2)gdh-3, 1.04 
cM to the left, and 1(2)gdh-2, 0.048 cM to the right, of aGpdh. The closest 
visible mutations are clot (1.67 cM left of aGpdh) and spadenag (4.65 cM to 
the right of aGpdh). These visible mutations, together with the closely linked 
lethal mutations, make it possible to construct an effective cross scheme for 
the selection of rare recombinational events within the aGpdh locus. The fine 
structure recombinational analysis of the aGpdh gene is presently underway in 
our laboratory. 

We would also like to emphasize two other points concerning the aGpdh 
locus that are revealed by the data presented in this paper. First, aGpdh has 
been localized to a single polytene band, 25F5. The localization of aGpdh to 
such a small region will make the identification of chromosomal aberrations 
involving the aGpdh locus easier and will also be useful in in situ hybridization 
analysis of putative aGpdh-bearing recombinant DNA clones. Finally, we wish 
to point out that of the 43 lethal-bearing chromosomes studied here, none 
carried an altered aGpdh. Indeed, all of the recessive lethal loci, with the 
exception of 1(2)gdh-3, were separable from the aGpdh locus by deficiency 
break points. The chromosome on which 1(2)gdh-3 was induced still carries a 
normal aGpdhB allele, however. In view of the central role of aGPDH in the 
intermediary metabolism of the fly (see SACKTOR 1965 and HANSFORD and 
SACKTOR 1971 for reviews), it is perhaps surprising that no lethals at the aGpdh 
locus were recovered. However, the failure to identify a lethal component of 
the aGpdh locus is consistent with the observation that flies completely lacking 
aGPDH activity are viable (O’BRIEN and MACINTYRE 1972) as are flies that 
have no  detectable amounts of aGPDH cross-reacting material (KOTARSKI et 
al. 1983). 
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