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ABSTRACT 

Forty-seven lethal mutations and alleles of nine visible loci (including 
alcohol dehydrogenase) have been mapped by both deficiency mapping and, 
in most cases, by recombination mapping to a small region (34D-35C) of 
chromosome arm 2L of Drosophila melanogaster. The lethals fall into approxi- 
mately 21 complementation groups, and we estimate that the total number of 
lethal plus visible complementation groups within the 34-band deficiency, 
Df(2L)64j7 is approximately 34, a remarkable numerical coincidence. The pos- 
sible genetic significance of this coincidence is discussed. Lethals mapping 
close to the structural gene for alcohol dehydrogenase, both distally and proxi- 
mally, have been identified and will be used for the construction of selective 
crosses for the study of exchange within this locus. Despite many abnormal 
cytological features (e.g., ectopic pairing, weak points) region 35 of chromo- 
some arm 2L does not display any unusual genetic features; indeed, in terms 
of the aniount of recombination per band and the average map distance 
between adjacent loci, this region is similar to that between zeste and white 
on the X chromosome. 

AS a continuation of om genetic analysis of the chromosome regions adjacent 
to the structural gene coding for alcohol dehydrogenase in Drosophila 

melanogaster, several lethal and visible mutations have been induced in region 
34-35 of chromosome arm 2L. These mutations are useful for two purposes: (1) 
the identification of lethal mutations located close to Adh is valuable for the 
construction of selective crosses for the fine-structure mapping of Adh itself, and 
(2) the data from- the study of these mutations comprise one of the best-charac- 
terized small autosomal regions in Drosophila. In view of the considerable interest 
in attempts to “saturate” small chromosome regions and the use to which such 
data has been put by those interested in the more general problem of the genetic 
organization of the eukaryotic chromosome, we discuss o w  views of the uses and 
limitations of “saturation mapping” data in the light of our experimental results. 
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134 R. C. WOODRUFF A N D  M .  ASHBURNER 

MATERIALS .4ND METHODS 

Stocks: See WOODRUFF and ASHBURNER (1979) and ASHBURNER, WOODRUFF and CAMFIELD 
(in preparation). The only stock not hitherto described by us is T(2;3)dp, which we obtained 
from the Bowling Green Stock Center. This aberration is reputedly spontaneous in origin. We 
have confirmed it to be a translocation between the second and third chromosomes by standard 
genetic tests. Our interpretation of its polytene chromosome banding sequence differs somewhat 
from that described by BRIDGES (cited by LINDSLEY and GRELL 1968) as being “extremely 
tentative”) and is: 21-27E1.2/32E2-34D7-E1/41-34D7-E1(?)/48A1-60; 61-80/(4145A/27E2- 
32E2/45A-48A1)/81-100. This sequence is also “tentative.” In metaphase preparations from 
larval ganglia of T(2;3)dp/Cy BI heterozygotes, we see, in addition to two normal sized 
metacentrics, one rather long metacentric and a short submetacentric element; we interpret 
these as the translocated third and second chromosomes, respectively. 

Mutagenesis: (1) X rays: See WOODRUFF and ASHBURNER (1979). (2) Ethyl methane- 
sulfonate (EMS) : Adult males aged three days were starved for six hours in clean glass vials 
and then fed an 0 . 0 2 5 ~  solution of EMS (Sigma) in 1% sucrose according to the method of 
LEWIS and BACHER (1968). ( 3 )  Triethylenemelamine (TEM) : Three-day-old adult males were 
injected intra-abdominally with a 0.2 M solution of TEM (Imperial Chemical Industries, 
Pharmaceutical Division) in 0.4% NaC1. The volume of the injection was not carefully con- 
trolled, but was of the order of 0.5 pl. We thank 0. FAHMY for a generous gift of TEM. 

Various mating schemes were used to recover lethal and visible mutations in the Adh region. 
Most involved crossing individual male or virgin female progeny of mutagenized fathers to 
particular deficiencies or other mutations and screening the F, vials. The only relatively non- 
standard cross is that illustrated in Figure 1. Mutagenized males were crossed to virgin Cy/GZa 
females en masse, and individual sons or virgin daughters were crossed to Df(ZL)ASO:Rl5/Cy BZ. 
Induced lethals, uncovered by this deficiency, were identified by the absence of BsCy+ sons. 
Since all F, males lack Y chromosome fertility factors, they are sterile so that virgin collection 
in the F, is avoided; the treated chromosomes were then recovered by mating any F, daughter 
to Cy/GZa males. 

Recombination experiments and criteria for noncomplementation: The culture conditions 
for mapping and the criteria for lethality and semilethality are described in  WOODRUFF and 
ASHBURNER (1979). For mapping lethals, flanking visible markers were always used, and all 
putative recombinant progeny were crossed to verify their genotype. Nonrecombinant flies were 
counted with an electronic fly counter. 

+ marker” \ 

marker. + -  Bs sterile d Letha l?  
ftv‘ 
BSCY 

JF 
+ BS.Cy sterile d 

A A Bs 

-or - Cy.BI virgin 9 
1L_v umarker. 
+ 7 Cy BI  

FIGURE 1.-Use of the synthetic deficiency Df(2L)AZO:R15 derived from two T(Y;2)  trans- 
locations in the recovery of recessive lethal mutations within the deficient region. 
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THE Adh REGION OF DROSOPHILA 135 

RESULTS 

New visible mutations: New visible alleles were recovered at several known 
loci, and at a new locus, in region 34-35. These are listed in Table 1. All alleles 
of known loci have phenotypes similar to those of the earlier discovered alleles, 
except osp7" which, in addition to its outspread wing phenotype, has its wings 
curved down rather like those of arc, and e23 which is temperature sensitive (see 
below). The wings of  OS^^^, like those of arc, occasionally curve upwards and 
resemble those of jaunty or a weak Curly. The new locus, wing blistered (wb), 
will be described below. 

Lethal mutations: Lethals have been recovered after mutagenesis in screens 
against various deficiencies and are given arbitrary laboratory codes. Upon their 
identification, the complementation groups identified from lethal alleles were 
named l(2)brl, et seq., meaning lethal number one in the black-reduced region. 
In a study similar to this O'DONNELL et al. (1977) identified 12 lethal comple- 
mentation groups within Df (2L)64j and named these AI,A2,BI, etc., according 
to the subregion, defined by deficiency mapping, into which they fell. WILLIAM 
SOFER has kindly made representatives of each of these groups [other than the 
well-known pu and Su(H)]  available to us, and we have crossed these to repre- 
sentatives of our own groups. The correspondence between the lethal groups of 
O'DONNELL et al. (1977) and ours is shown in Table 2. 

For the purposes of discussion, the 34-35 region will be divided into five sub 
regions based upon the limits of various deficiencies (described in WOODRUFF and 
ASHEURNER 1979). A summary of the data is shown as a map in Figure 2. 

Region 1: This region includes three allelic lethals [the l(2)br6 group] that 
fail to complement with Df(2L)64j, but complement all other deficiencies (see 
Table 3) .  Thus, they either map to the extreme left end of Df(2L)64j (i.e., bands 
34D1 to 34D3) or, possibly, are allelic to a lethal located elsewhere on the 
deficiency chromosome. They have not been tested for complementation with the 
the synthetic deficiency Df(2L)G74:A80, nor have they been mapped by 
recombination. 

Region 2: Region 2 is defined by the limits of Df(2L)br5 (i.e., 34D4 to 34E6), 
a deficiency completely included within Df(2L164j. Three recessive visibles are 
included within region 2: black (b) ,  jaunty ( i )  and rickets ( rk)  . Thirteen lethals, 
11 EMS induced in screens against Df (2L)64j, one of unknown origin discovered 

T A B L E  1 

Newly induced visible mutations 

Locus Alleles and mutagen 

black 

jaunty jS"7 ( E M S )  
rickets rk76 ( E M S )  
pupal pu7G ( E M S )  

outspread 0sp7" (EMS), ( E M S )  

b7"EMS), b77.1 ( X  ray), b77.2 (X ray), 
bA ( E M S ) ,  b B  ( E M S )  

elbow e13 ( E M S ) ,  e176 ( E M S )  
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136 R. C. WOODRUFF A N D  M. ASHBURNER 

TABLE 2 

Lethal complementation groups and their alleles 

Locus* Allele Mutagen+ Chromosome Adh allele 

l(2)brl (=AI) 

1(2)br2 

l(2)br3 

1(2)br4 

l(2)brS 

l(2)bi-b 

1(2)br7 (=Su(H)) 

l(2)brS (=A2) 

1(2)br9 (=C2) 

l(2)brlO (=C3)  

l(2)brIl 
l(2)brI 2 (=A3) 

l(2) brI3 
1 (2)bri4 
1(2)br15 (=A4) 

l(2) br16 

1 (2) b r17 
l (2)  br18 

SFII 
SFl9A 
SF20 
SF2S 
SF30 
CRI 
CR4 (wb)  $ 
S F I S  
SF19B 
LTI 
AR2 

ARl 
SF17 

SF22 
SF28 

SF? 
SF24 
SF27 

AR9 
SF8 
s5 
su (W 
SF9 
SF13 
CR3 
AR4 
AR13 
SF6 
AR? 
AR5 
SF5 

AR7 
SF12 
SF32 
AR6 
SFZ? 
CRS 
S F l  
SF16 
SFlO 
SF14 

TEM 
EMS 
EMS 
EMS 
X ray 
EMS 
EMS 
EMS 
EMS 
EMS 
EMS 

EMS 
EMS 
EMS 
EMS 

EMS 
TEM 
EMS 

Spontaneous 
TEM 
EMS 
Spontaneous 

EMS 
EMS 
EMS 

EMS 
EMS 
EMS 
EMS 
EMS 
EMS 
EMS 
EMS 
EMS 
EMS 
EMS 
EMS 
EMS 
? 

EMS 
EMS 

cn 
b 
b 
b pr cn 
cn 
b p r  cn 
b p r  cn 
b 
b 
b p r  cn 
bPr 

bpr 
b 

b 
b p r  cn 

rds pr cn 
cn 
b p r  cn 

+ 
cn 
b Pr + 
b 
b 
b pr cn 

bPr 
b 
rds p r  cn 

bpr  
b Pr 
rds pr cn 

b p r  cn 
b 
b pr cn 

b p r  cn 
b 

b p r  cn 
rds pr cn 
In(2L)Gla 
b 
b 

uf3 
n4 
n4 
n2 

n2 
n2 
n4 
n4 
n2 
F 

F 
n4 

n4 
n2 

uf3 

uf3 
uf3 
n2 

F 
uf3 
F 
- 
n4 
n4 
n2 

F 
n4 
uf3 
F 
F 
uf3 
n2 
n4 
n2 
n2 

n4 
n2 

uf3 
F 
n4 
n4 
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THE Adh REGION O F  DROSOPHILA 

TABLE 2-Continued 

137 

Locus' Allele 

1(2)br19 

l(2) br20 

1(2) br21 

l(2) br22 

1(2)br23 (=B1) 

Z(Z)br24 

1(2)br25 

lCl63.41 

SF29 

SF2 

ARIO 
SF21 
TA2 

SF4 

SF15 

Mutagen+ Chromosome Adh allele 

Spontaneous ln(2L)C163.41 - 
EMS b pr  cn n2 
EMS rds pr  cn uf3 

EMS cn vq nll 

3 In (2L) Gla F 

EMS rd8 pr  cn uf3 

EMS b n4 

EMS b n4 

* Corresponding to the complementation group of O'DONNELL et al. (1977) shown in brackets. 
.1. EMS = ethyl methanesulfonate, TEM = triethylenemelamine, ? = unknown. 
$ Viable allele. 

on a Gh chromosome, and a multisite lethal associated with T(2;3)dp also map 
to region 2. 

Except for j and rk, all of these mutations are excluded from Of (2L)fn7, which 
overlaps the right hand of Df (2L) b75, and are thus within bands 34D4 to 34D8. 
The only allele of l(2)br24 (SF4) is semilethal; SF4/Df(ZL)64j or SF4/ 
Df(2L)b75 heterozygotes survive at low frequency and have a small-eye and 
heldout wing phenotype. None of the lethals, except T(2;3)dp, interacts with 
b, j m rk, insofar as this test is possible, as several have not been separated from 
a b mutation on the chromosome on which they were induced. T(2;3)dp/b 
heterozygotes have a good black phenotype. 

Tables 4 and 5 give the data for the viability of the region 2 lethals with the 
deficiencies and the complementation tests between them, respectively. The fact 
that T(2;3)dp is a multisite mutation is clear; in all probability it is a small 
deficiency for bands 34D7-E1, but its cytology is so complicated that this has not 
been proven. Three of the lethals are also multisite and fail to complement lethals 
of more than one group (i.e., br14,br18 and br21). All have but one known allele. 

The complementation matrix derived from the data of Table 5 is summarized 
in Figure 2. The only data not in accord with this interpretation is the lethality 
of l(2)br21 and T(2;3)dp. Formally, this means that the complementation map, 
excluding only l(2)br24 and l(2)br25, is circular. This  is presumably an indi- 
cation that l(2)br2IsF+ is a double mutation, at the br21 site per se, and at an 
otherwise unidentified site within T(2;3)dp or, alternatively, that the SF2 and 
T(2;3)dp chromosomes share a lethal at an unrelated site. 

Region 3: Mutations within region 3 are defined by their inclusion within 
Df(2L)fn7, but their exclusion from Df(2L)b75. The cytological limits of this 
region are, therefore, 34'1 to 35B5, inclusive. This region includes four recessive 
visible loci, mutations of all of which affect the wing phenotype [i.e., pupal (pu)  , 
wing blistered ( w b ) ,  elbow (el) and outspread (osp)] ,  the structural gene for 
ADH and probably two components of the Sco complex (ASHBURNER, WOODRUFF 
and CAMFIELD, in preparation). The recessive visible el affects both the wings 
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THE Adh REGION OF DROSOPHILA 

TABLE 3 

The lethality of region I Lthab inter se and with deficiencies 

139 

SF3 SF24 5f.27 

SF3 - 
SF24 0/330 - 
SF27 0/361 0/585 - 

Df(2L)b75 + + + 
D f  (2L)fn7 + + + 
D f ( 2  L )  64j  0/256 0/712 0/274 

TABLE 4 

The viability of region 2 lethals with Df (2L)64j and Df (2L) b75 

Allele: D f ( 2 L )  64i Df(2L)bv5 

SFI 0/313 0/493 

SF4 2/280 82/500 
SFiO 0/932 0/576 
S F i 4  0/335 0/176 
S F i 5  0/692 0/214 

SF22 0/&1 0/228 
SF23 0/198 0/3 1 5 
SF28 0/23 7 0/275 
SF29 0/483 0/258 

SF2 0/344 0/119 

SFI6 0,469 0/481 

T(2;3)dp O / W  0/201 

All other combinations of deficiencies and these lethals are viable. 

TABLE 5 

Complementation tests between region 2 lethals 

S B l  SF2 SF4 SFIO SF14 SFI5 SF16 SF.2.2 

SFI 
SF2 
SF4 
SFIO 
S F i 4  
SFI5 
SFI6 
SF22 
SF23 
SF2S 
SF29 

- + + + + + 0/348 + 
- + + 0/215 + + + 

- + + + + +  
- + + + +  

- + + +  + +  + 
- 

- 
- 

SF23 SF28 SF29 T ( 2 ; 3 ) d p  

+ + -I- @/I94 + + 0/192 0/161 + + + +  + + + 0/191 

+ + + +  + + + @/MI 

0/207 + 0/261 + 

0/197 0/217 + 0/1@ 
- 0,474 + 0/201 

- f 0/163 + - 
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140 R. C. WOODRUFF A N D  M. ASHBURNER 

and the halteres; indeed, it is more reliably classified, if weakly expressive, by 
the halteres. 

Excluding Sco, we have identified five lethal groups in region 3 and have 
reason to believe (see below) that a sixth remains so far undetected. 

Region 3 can be subdivided by further deficiencies, since both Df (2L) fn2 and 
Df(2L)ASO:RlS are broken in 35A3.4, Df(2L)fn3 is broken in 35B1 and 
in 35B1.2. To the left of Df (2L) jn2 and Df (2L)A80:Rl5 are located p u  and four 
lethal groups, one (br15) with one allele, one (brl2)  with two, one (br8) with 
three and one (br l )  with six lethal alleles and a visible allele (wb)  . Included 
within both Df(2L)fn2 aiid Df(2L)A80:Rl5 is the fifth lethal group (br22) of 
region 3. The viability of these alleles with the deficiencies is shown in Table 6, 
and the compleinentation data in Table 7. 

Two of the lethal groups are worthy of further comment. The l(2)brl is 
known from six alleles, all of which are good lethals. The EMS induced w b  
mutation was isolated in a screen for lethals against Dj(ZL)C75RL as a fly with 
a central blister around the crossveins of the wing. This blister usually collapses 
soon after eclosion. Heterozygotes of wb with Df(2L)75c, Of (2L)fnl, Df (2L)64j, 
Df (2L)fn7, Df(2L) W and Df (2L)C75RL, but not with any other deficiency or 
a wild-type second chromosome, express this phenotype and are fully viable and 
fertile. Heterozygotes of wb with any of the lethal alleles of l(2)brl are also 
viable, but wing blister in phenotype. Heterozygotes of w b  with all other region 
34-35 lethals are wild type. Hence, wb is a visible allele of l(2)brl [ l(2)brlwb].  
This locus is the most mutable, with EMS, in the 34-35 region in both our experi- 
ments and those of O'DONNELL et al. (1977). Among 33 lethals included within 
Df(2L)fnl studied by these authors, nine were l(2)brl alleles. One (DM-lo) ,  
however, was semilethal when heterozygous with Df (2L)fn7. 

The l(2) br22 allele, ARlO, was EMS induced on an Adh"" cn ug chromosome 
and, as the result of crossing to the deficiencies (Table 6), maps within both 
Df(2L)fn2 and Df(2L)ASO:RI5, that is to say, within bands 35A3.4 to 35B1. 
This mutation is not included within Df(2L)fn3 (but see below) and must, 
therefore, be to the left of Adh. This conclusion is supported by recombination 
mapping, which places ARlO some 0.12 map units to the left of Adh. ARlO is 
semilethal with deficiencies that include it, the relative viability of the ARlO/Df 
class carrying between 0.17% (ARlO/Df(2L)75c) and 2.29% (ARlO/Df(2L) 
C75RL). All of these escapers have an elbow phenotype. ARlO is fully viable 
with el itself (e.g., 116 ARlO/el in 255 progeny from ARlO/Gla X b e l ) ,  but the 
heterozygotes are phenotypically elbow. With Df (2L)fn3, the viability of ARlO 
is low (7.80%), though much higher than that with the former deficiencies. 
Moreover, ARlO/Df(2L) jn3 heterozygotes are not elbow in phenotype. 

In addition to failing to complement el, ARlO enhances the phenotype of Sco 
and is semilethal with the revertant ScOR+l. Neither Sco nor ScoR+' interacts 
with el, at least in trans (ASHBURNER, WOODRUFF and CAMFIELD, in prepara- 
tion). It is possible that ARlO is a small deficiency extending over el and, perhaps, 
just entering the distal limit of Df (2Ljfn3. 
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TABLE 7 

Complementation tests between region 3 lethals 

ARIO SF9 S M I  

ARlO - + +  + SF9 - 
S F l l  - 
SFl2 
SFl3 
SFl9 
SF20 
SF25 
SF30 
SF32 
CRl 
CR3 

SFI2 SF13 SFI9 SFZO SF25 SF30 SF32 CRI CR3 CR5 

+ + + + + + + + + +  + Ob73 + + + + + + O D 8 5  + + + 0/%9 0/154 0/359 0/493 + 0/322 + + 
- + + + + + w177 + + + 

- + + + + + + 0/191 + 
- 0/%0 0/371 0/398 + 0/310 f + 

- 0/201 0/306 + 0/212 + + 
- o m 8  + o m 2  + + 

- + 0/253 f + 
- + + +  

- + +  + - 

All balanced over Cy balancers except ARIO, which was over a GZu balancer. 

The EMS-induced elbow allele els is temperature sensitive; els/el are wild type 
at 25", but elbow at 29". The el3 chromosome is semilethal with all deficiencies 
that include el (e.g., 29 el3/Df(2L)75c in 824 progeny of a cross of e13cn/Cy0 X 
Df(L?L)75c/CyBl, and the escapers are phenotypically elbow, even at 25". 
Heterozygotes of el3 and ARlO are viable and wild type at 25" or 29". However, 
el3 is not just a point mutation since elS/SF20 is lethal (0/210), though els and 
all other brl alleles tested are viable. Moreover, eP/Sco, though viable (158/64.5) 
have an enhanced Sco phenotype, (ASHBURNER, WOODRUFF and CAMFIELD, in 
preparation). 

The recombination mapping experiments done with region 3 groups, the data 
of which are summarized in Figure 2, are all consistent with the deficiency 
mapping data. 

Region 4 :  All of the mutations known so far in region 4, defined by their 
inclusion within Df(2L)A80:Rl5 (or its reattachment Df(2L)A80:Rl5-RI) 
and their exclusion from Df (2L)fn7, are lethals. The 20 lethals we have identi- 
fied in this region, and the 14 discovered by O'DONNELL et al. (1977). fall into 
ten complementation groups (Figure 2). 

Two groups, 1(2)br3 and 1(2)br23, are also included within Df(2L)fn3 and 
thus must be located at the extreme left of region 4, probably in bands 35B4 or 
35B5. This genetic position is confirmed by recombination experiments. The 
1(2)br3, but not 1(2)br23, is also included within Df(2L)e177; yet heterozygotes 
between 1(2)bflR2 and l(2)br23sF21 are completely lethal. This suggests that the 
AR2 mutation is multisite and extends farther distal than SF21 and that the 
proximal breakpoint of Df(2L)e177 is just distal to that of Df(2L)fn3. In fact, 
even SF2l/Df(2L)fn3 is not completely lethal; 41 survivors in 1,441 flies had a 
warped wing phenotype. SF21 is a complete lethal with all other deficiencies that 
cover this region (Table 8). O'DONNELL et al.'s (1977) group B l  corresponds 
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to l(2)br23 since their allele DIM-11 is lethal with AR2, SF21 and TA2,  but 
viable with Df (2L)eP.  

The only deficiency known to separate the other seven complementation groups 
of region 4 is Df(2L)fn31 of O'DONNELL et al. (1977). The breakpoint of this 
deficiency in this region with respect to the region 4 lethals has been put on the 
map (Figure 2) after crossing representatives of the lethals of O'DONNELL et al. 
(1977). 

All region 4 groups characterized in our laboratory have been ordered by 
genetic mapping (Figure 2). Two lethals, l(2)brlltLR7 and l(2)br13AR6, comple- 
ment fully, with no visible phenotype, at 18O, 25" or  29"; both, however, are 
completely lethal with both alleles of 2(2)br4. This is either a case of intra- 
cistronic complementation or both alleles of l(2)br4 (~vhich are on quite different 
chromosomes) are multisite. The only other group within region 4 worthy of 
further comment is 1(2) br7, alleles of which are either dominant suppressors or 
dominant enhancers of Hairless. They will be considered in some detail by 
ASHBURNER, WOODRUFF and CAMFIELD (in preparation). 

Region 5:  Region 5 is at the extreme proximal end of the "Adh" region and is 
defined by coverage by Df(2L)fnl and Df(2L)75c7 but not by any other 
deficiencies except the T ( Y ; 2 )  generated Df(2L)R15:J165 and Df(2L)J165:P58, 
which have not been used extensively in these experiments. 

Region 5 includes bands 35C1 to 35D7, some 12 bands in length, and the only 
identified loci are the recessive visible reduced ( rd )  , a component of the Scutoid 
complex, and a lethal (l(2)br19c16J.41) associated with the inversion Zn(2L)- 
C163.41, which has a break point within 35D. It is the fact that this inversion is 
lethal with Df(2L)75c, but not with Df(BL)fnl, that leads us to believe that the 
proximal breakpoint of the former is farther to the right than that of the latter, 
despite our failure to resolve these different breakpoints cytologically. 

General: All of the induced lethals and new visible mutations have been 
examined cytologically when heterozygous with a standard sequence (Canton-S) 
homologue, and none showed any cytological abnormality. Except for those 
induced on an Adh" chromosome, all mutant chromosomes were ADH positive 
when tested histochemicalIy as heterozygotes with b Adhn2 pr cn. The Adh allele 
of the chromosome on which the mutations were induced is indicated in Table 2. 

DISCUSSION 

The chromosome region occupied by Df(2L)64j contains 34 bands (counting 
doublets as two). That is to say, it represents 0.67% of the total number of bands 
identified on the Bridges' maps (see LEFEVRE 1976). The region between the loci 
of black (probably within 34D6 to 34D8) and reduced (probably within 35C2 to 
35C3) is, at most, 31 bands (i.e., 0.61% of the total) and is about 2.17 map units 
long [2.17% according to the present paper, 2.7% according to LINDSLEY and 
GRELL (1968) and 2.8% according to ~ 'DONNELL et al. (1977)l. In terms of 
recombination it represents about 0.76% of the total map length. This means 
that within this region there is, on average, 0.07% recombination per band, a 
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figure comparable with 0.054%/band in the zeste-white region (JUDD, SHEN 
and KAUFMAN 1972) and 0.057% in the genome as a whole (LEFEVRE 1976). 
Identified complementation groups are of the order of 0.10% apart in the black- 
reduced region and 0.08% apart in the zeste-white region. 

These calculations are made, not because we think that they necessarily have 
great theoretical significance, but rather because region 34-35 is so unusual 
cytologically. It is a region of intense ectopic pairing, especially in 35BC, and one 
in which it is frequently impossible to resolve discrcte bands: it is a classic site 
of “intercalary heterochromatin” (KAUFMANN and IDDLES 1963). Most of the 
ectopic sites to which region 34-35 pairs are within proximal 2L (see KAUFMAN 
and IDDLES 1963; KULICHKOV and ZHIMULEV 1976). BRIDGES (1935) wrote that, 
“the connected bands were found to match morphologically, 32F to 33C with 34F 
to 35C, in a whole series of repeated bands. The spiral loop was due to synapsis 
between homologous bands in two different positions in the same chromosome.” 

In addition to the ectopic pairing, region 35 is very late replicating with 
respect to other chromosome regions and is the site of several “weak points” 
(ZHIMULEV and KULICHKOV 1977), most prominently in 35D, which perhaps 
represent regions of local underpolytenization. 

Although there is no gcnetic evidence to support BRIDGES’ (1935) contention 
that region 34-35 is a repeat of region 32-33, it is clear that the cytological phe- 
nomena observed in polytene chromosomes must have their basis in the DNA 
sequence and in the ways this sequence is replicated and packaged into chromo- 
somes. From the simple calculations we presented above, we wish only to make 
the point that this region is not genetically unusual, at least in terms of the types 
of mutation that occur within it, the “density” of complementation groups, and 
in terms of the amount of genetic exchange per band. 

Only the 34-band region of Df(2LJ64j has been extensively studied in our 
work and only a 30 (or so) band region common to Df(2L)64j and Df(2L)fn30 
(broken between 34D4 and 34D6) has been studied by O’DONNELL et a2. (1977). 
Within this region, some 80 lethal mutations have been mapped and they fall 
into about 21 different complementation groups [this figure includes groups 
identified by O’DONNELL et al. (1977) that complement representatives of all 
our groups] ; the lack of precision in this figure is due to our ignorance of the true 
nature of the overlapping complementation groups in region 1 and whether or not 
l(2)brllAR7 and 2 ( 2 ) b ~ 1 3 ~ ~ ~  are mutant in the same or different genes. In 
addition to these 21 lethal “genes”, there are eight visibles (including Adh and 
Sco, but not wb as this has been counted as a lethal locus) and three other loci 
whose existence has been deduced from the analysis of the Sco revertants 
(ASHBURNER, WOODRUFF and CAMFIELD, in preparation) and of the lethality of 
overlapping deficiencies, making a total of some 32 identified “genes” within 
Df (2L)&4j. 

The distribution of induced lethal mutations to sites fits a Poisson distribution 
( x i s  = 29.06, P = 0.25-0.10) and we can thus validly estimate the number of 
lethal sites undetected by mutation. To the nearest whole number, this is seven 
(no = 6.57,2 = 1.54), three of which we have already counted, in a statistical 
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sense, above (i.e., that between el and Adh, “SCO-L”, and “SCO-R’,) (ASHBURNER, 
TVOODRUFF and CAMFIELD, in preparation), and at least two [1(2)br26 and 
1(2)br27] of which were found by ~ ’ ~ N N E L L  et al. (1977), but not in our 
study. 

Thus, we see that the number of bands identified by BRIDGES (1935) and the 
number of genetic loci correspond reasonably well, a result in general accord 
with other closely observed regions of the Drosophila genome (JUDD, SHEN and 
KAUFMAN 1972; HOCHMAN 1971, 1976; JUDD and YOUNG 1973; LEFEVRE 1974, 
1977; LIU and LIM 1975, KAUFMAN et al. 1975; RAYLE 1972, GVOZDEV et al. 
1975, LIM and SNYDER 1974). 

With respect to region 34-35, however, we caution that only two types of 
mutational events have been deliberately sought: those that result in recessive 
lethality and those that result in a clearly recognizable visible phenotype. Thus 
we have made no great effort, so far, to detect sterile mutations or mutations 
with “cryptic” phenotypes. For example, were we not forewarned, we would not 
have detected the presence of the ADH structural gene in this region by our 
experiments. 

The question whether or not the approximate numerical coincidence between 
band number and “gene” number is significant, in the biological sense, is, how- 
ever, an important one and should not be brushed aside. Our own prejudice is to 
recommend an agnostic view at the moment. We are especially concerned with 
indications (e.g., BIER, KUNZ and RIBBERT 1969; RIBBERT 1977) that the poly- 
tene chromosome banding patterns may be tissue specific, at least in Calliphora, 
and, if this is confirmed, then we would be forced to consider seriously the view 
that either the one-to-one correspondence between bands and genes is trivial or 
that there is not even an approximate one-to-one correspondence, and our genetic 
techniques, for example, seriously underestimate the gene number. 

There are, of course, alternative explanations of the approximate one-to-one 
correspondence between genes and bands. The view has been expressed, for 
example, that there are many cistrons per band and that they are under common 
cis-dominant control. Lethal mutations would, on this view, represent mutations 
only in the “control” regions. We disfavor this view for several reasons, perhaps 
the most cogent of which is that homozygous deficiencies for 35B2-35B3 are 
viable. These adjacent bands, which include Adh and osp, cannot therefore also 
include vital loci. Homozygous viable deficiencies are also known in region 1A 
of the X chromosomes (that is the y ac- recombinant Zn(l)yspLscaR, MULLER 
1935), for band 3D4 (KIGER 1977) and for bands 3C2 to 3C5 (LEFEVRE and 
GREEN 1972; but see KAUFMAN et al. 1975). Furthermore we would regard the 
“all lethals are control mutations” view as neglecting the fact that lethals are 
not a rigid class set aside from visible mutations, but rather there is a continuous 
gradation between lethal and viable mutations. In many cases the lethality is 
conditional on certain environmental circumstances and many lethals have per- 
fectly viable recessive visible alleles. 

One of the aims of this work was to identify lethals closely linked to Adh. So 
far the closest lethal distal to Adh is 1(2)br22, mapping some 0.12% to the left, 
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although, as we argued in a previous paper (WOODRUFF and ASHBURNER 1979), 
there is reason to believe from the lethality of Df(ZL)fn2/Df(ZL)fn3 and the 
viability of Df (2L)fn2/ScoR+4 that an undetected lethal site exists between 
1(2)br22 (in fact el) and Adh. We are aware of an alternative explanation that 
the Df(2L)fn2 and Df(2L)fn3 chromosomes share a lethal elsewhere. 

Proximal to Adh, the nearest lethal site is 1(2)br3, mapping 0.14% to the right. 
It is possible that a compenent of the Sco complex (“SCO-R~~)  (ASHBURNER, 
WOODRUFF and CAMFIELD, in preparation) also maps proximal to Adh, but this 
is unproven. 

The second objective of this study, to characterize a small autosomal region of 
Drosophila, cannot be said to have been fully achieved. Quite clearly many more 
mutations will have to be recovered within the region, including those affecting 
characters other than viability, before we can claim to have “saturated” this 
region. Furthermore, the true nature of the genetic complexity of the Sco muta- 
tion, and its revertants, will have to be investigated in more detail before their 
significance is clear. The data presented in this and the preceding paper are 
meant to provide the framework on which the future analysis of this small seg- 
ment of the D. melanogaster genome can proceed. 
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Note added in proof 1(2)br23 is identical to l(Z)br3, the lethality of 1(2)br3ARZ/Df(ZL)e177 
being due to a lethal elsewhere on chromosome 2. 
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