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ABSTRACT

The present report summarizes our recent progress in the genetic dissec-
tion of an elementary genetic unit in a higher organism, the rosy locus
(ry:3-52.0) in Drosophila melanogaster. Pursuing the hypothesis that the
rosy locus includes a noncoding control region, as well as a structural element
coding for the xanthine dehydrogenase (XDH) peptide, experiments are
described that characterize and map a rosy locus variant associated with much
lower than normal levels of XDH activity. Experiments are described that fail
to relate this phenotype to alteration in the structure of the XDH peptide,
but clearly associate this character with variation in number of molecules
of XDH per fly. Large-scale fine-structure recombination experiments locate
the genetic basis for this variation in the number of molecules of XDH per
fly to a site immediately to the left of the XDH structural element within a
regicn previously designated as the XDH control element. Moreover, experi-
ments clearly separate this “underproducer” variant site from a previously
described “overproducer” site within the control region. Examination of
enzyme activity in electrophoretic gels of appropriate heterozygous genotypes
demonstrates the cis-acting nature of this variation in the number of molecules
of XDH. A revision of the map of the rosy locus, structural and control ele-
ments is presented in light of the additional mapping data now available.

IN recent years, increasing attention has been directed to questions concerning

the structure, function and regulation of elementary genetic units in higher
organisms. Emerging from several experimental directions is the proposition that
the eukaryotic gene is a much larger entity than its prokaryotic counterpart, and
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that the excess DNA is present in the form of noncoding sequences serving regu-
latory functions. Additionally, recent studies of several eukaryotic gene se-
quences have revealed that the structural information, in these cases, is not con-
tinuous, but rather is interrupted by noncoding segments that may or may not be
removed in the production of mRNA (Brack and ToNEcawa 1977; BrEATH-
NacH, ManpeL and CaameoN 1977; JerrrEys and Fravern 1977; Lax et al.
1978; Ti.caMAN et al. 1978a,b; McReyNoLDps et al. 1978; WErINsTOCK et al.
1978). Indeed, a nontranscribed insert has also been identified in the 28S rDNA
of Drosophila melanogaster (Grover and Hocwess 1977; PeLLEGRINI, MAN-
NiNG and Davipson 1977; WerrAuer and Dawip 1977; Warre and HoeNEss
1977). These intriguing observations have already generated considerable specu-
lation (Braxe 1978; Doorrrrre 1978; GiLerT 1978). The pursuit of these and
other issues concerning the structure, function and regulation of genes in higher
organisms will require specific genetic units whose DNA is marked and geneti-
cally mapped in order to permit identification and ordering of structural, regula-
tory and insertion sequences, and to relate these components to their specific
functions. For some years, major emphasis in research of the Storrs laboratory
has been directed towards the development of such an experimental system,
utilizing the rosy locus in Drosophila melanogaster (ry:3-52.0).

Prior studies have shown that the rosy locus consists of a single structural ele-
ment coding for a polypeptide of 150,000 daltons, which, as a homodimer, func-
tions as the enzyme xanthine dehydrogenase (XDH) (GELBarT et al. 1974;
GerBart, McCarron and CuovNick 1976; Epwarps, Canpino and CHOVNICK
1977). Moreover, evidence has been presented that argues for the existence of a
cis-acting control element located adjacent to the left (centromere-proximal) side
of the XDH structural element (CrovNICK éf al. 1976; Epwarps, CanDIDO and
CuovNick 1977).

This report presents additional genetic data, which, together with the prior
observations, provide a compelling argument for the control element.

MATERIALS AND METHODS

The genetic system: Figure 1 presents a genetic map of the centromere-proximal region of
chromosome 3, noting the rosy region and closely linked gene markers used in this investiga-
tion. Previous reports have described this experimental system, as well as our genetic and bio-
chemical nomenclature (CaovNick et al. 1976; Cuoviick, GerLearT and McCarron 1977).

Rosy locus variants have been the subject of an intensive and continuing intragenic mapping
analysis. Figure 2 summarizes our recent progress in this effort. Figure 2A presents a map of
XDH-, noncomplementing, rosy eye color mutant sites. Estimation of the boundaries of the
XDH coding element is provided by the maps of three classes of unambiguous coding element
site variants presented in Figure 2B (XDH-, allele-complementing, rosy eye color mutant sites),

M(3S34 i DId cu kor 1(3)S12 ry pic 3)26 Sb Ubx
443 470 475 500 SI7 520 522 582 588

Ficure 1.—A genetic map of the centromere proximal region of chromosome 3. Map posi-
tions of various mutants used in this investigation are indicated. Mutants not described in
LinpsLEY and GrELL (1968) are discussed in CHovNICK ef al. (1976).
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F16ure 2.—Genetic fine-structure maps of rosy locus sites, Map locations of unambiguous
structural element variants (B, C, and D) are positioned relative to map of XDH- noncomple-
menting mutants (A).

Figure 2C (electrophoretic mobility sites) and Figure 2D (purine-sensitive “leaky” structural
mutant sites). The left boundary is set by the leftmost allele-complementing site mutant, ry%%.
On the basis of comparative recombination data and the failure of large-scale tests with ry60¢
to produce recombinants, the noncomplementing site mutant, ry?%, must also mark the left
border. At the right end of the map, several electrophoretic sites and the complementing mutants,
ry® and ryl-19, identify the right boundary of the coding element, with no known XDH vari-
ants beyond them. The maps of Figure 2 position 51 sites to the right of our present left boundary
of the XDH structural element. In fact, an additional nine sites (not indicated) map in the
structural element.

In addition to electrophoretic mobility differences, we have noted that the various ry+
isoalleles are associated with variation in the level of XDH activity, which also behaves as a
stable phenotypic character (CrovNICK et al. 1976; CrovNick, GELBaRT and McCarroN 1977).
These are summarized in Table 1, where H refers to high activity, L indicates low activity, and

TABLE 1
Wild type isoalleles of rosy

ry+ alleles Mobility XDH activity
12, +13 0.90 N
414 0.94 N
-+10 0.97 L
40, +6 1.00 N
+1, 11, 416 1.02 N
—+4 1.02 H
42 1.03 N
-+3, +5 1.05 N
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Ficure 3.—Fluorimetric assay of XDH activities of matched extracts of the indicated
homozygous wild-type isoallelic strains.

N refers to a range of intermediate activity levels that we presently classify as normal. Figure
3 illustrates XDH activities of matched preparations of several ry+ isoalleles representing the
various XDH activity classes presented in Table 1. Measurements of XDH activity/mgm pro-
tein, activity/fly or activity/gm wet weight invariably yield similar relationships. Moreover, these
activity differences are seen in assays using hypoxanthine (electrophoresis or spectrophotome-
try) or 2-amino-4-hydroxypteridine (fluorimetry) as substrate.

Genetic analysis of the increased activity over mormal associated with ry++4 led to the
identification of a site, {409, responsible for this difference. Thus, the ry+4# isoallele possesses
1409H, while ry+9 (and other alleles with normal levels of activity) possesses the (409N alter-
native. Of particular interest is the fact that 402 is located to the left of the XDH coding ele-
ment boundary, and to the right of 1(3)S/2, a mutant site in the functionally independent
genetic unit immediately to the left of rosy (Figure 4).

Selective system matings: Large-scale genetic fine-structure experiments were carried out
making use of the fact that XDH- or low XDH progeny may be selected against by growth

XDH STRUCTURAL
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1

Ficure 4.—Map location of 409 site relative to [(3)S72 and the XDH structural element.
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on purine-supplemented medium. Previous reports described experiments that follow a protocol
satisfactory for discriminating between XDH- (or almost XDH-) and wild-type levels of activity
(Cuovnick 1973). Since the present report involves intermediate levels of XDH activity, two
modified protocols have been used.

Protocol A will kill all XDH- rosy mutant progeny, but will permit the survival of progeny
possessing as little activity as does the ry+10 strain (Figure 3). Matings involve 40 to 50
females with 20 to 25 males per half-pint milk bottle containing standard Drosophila medium.
Following an initial 48 hr egg-laying period, parents are shaken over to fresh food at which
time, one ml of 0.11% purine is added to each developing culture. Successive broods involve
24-hr laying periods for up to ten days.

Protocol B will kill all XDH- rosy eye color mutants, and individuals with reduced levels
of XDH will also die. While this procedure selects against the survival of individuals with XDH
activity levels as high as that of ry+19, occasional “escapers” or survivors of this class are seen.
However, the escapers are delayed in development and emerge several days late. Matings
involve 70 to 80 females with 20 to 25 females per half-pint milk bottle containing standard
medium. Following an initial 24-hr egg-laying period, parents are shaken over onto fresh food,
at which time one ml of 0.3% purine is added to each bottle. Successive broods involve 12-hr
laying periods for up to ten days.

Enzyme preparation and fluorimetric assay: Unless otherwise indicated, all procedures are
carried out at 0° to 5°. Enzyme is prepared as follows: 0.12 gm of flies (eclosing within a six-
hr period and incubated overnight on fresh food) are homogenized in 3 ml of 0.1m Tris
(hydroxymethyl) aminomethane, pH 8.0, containing 2.7 mg per ml! of neutral norit. The
homogenate is centrifuged at 25,000 X g for 30 min. One ml of 0.1n Tris, pH 8.0 containing
8.0 mg per ml of neutral norit is added to the decanted supernate, and the mixture centrifuged
again at 35,000 X g for another 30 min. The supernate then is filtered through a 0.45g¢ Type
HA Millipore filter, the filtrate serving as enzyme. Fluorimetric assay follows our previous
protocol (CrovNICk et al. 1970) except that reaction tubes contain 1.9 ml of 0.1m Tris, pH 8.0,
0.01 ml of 10-3m, 2-amino-4-hydroxypteridine (AHP), 0.02 ml of 10-3m methylene blue and
0.1 ml of enzyme.

Electrophoresis: The electrophoresis procedures are modified from those described previously
(McCarronN, Gevsart and Cmovinick 1974). Principal differences are: The gel consists of 5%
acrylamide and 0.25% N,N’-methylenebisacrylamide in a pH 8.9 buffer of 10-1m Tris, 1.7 X 10-3m
disodium ethylenediaminetetraacetate (EDTA) and 4.2 X 10-2M boric acid, which also serves
as the electrophoresis buffer. Electrophoresis is started at 75 ma (~ 250V) and run for five
hrs at constant voltage and at 0° to 5°. Gels are developed in an assay mixture containing
1.5 X 10-*m phenazine methosulfate, 4.0 X 10-4m p-nitroblue tetrazolium, 7.9 X 10-4Mm B-
diphosphopyridine nucleotide (NAD) and 5.0 X 10—%m hypoxanthine in a pH 8.5 buffer of 0.1m
Tris. :

Rocket electrophoresis: This procedure is modified from an earlier description (CHovNICK
et al. 1976). After precoating the 314 X 4-inch glass slides with unbuffered agarose, a second
layer is applied consisting of 14 ml of 1.59% agarose (BioRad 162-0100) buffered in 5.0 X 10-2m
Tris, 5.5 X 10-3m boric acid and 1.6 X 10-3m EDTA at pH 8.9 and containing 0.05% anti-
XDH serum. Antigen is prepared by grinding 200 adult flies (hemizygotes over a deficiency)
or 100 homozygotes in 1.0 ml of 0.1m Tris buffer at pH 8.0, centrifuging and filtering the super-
natant. Nine gl samples are placed in 3 mm wells. Plates are run toward the anode for 21 hrs
in an EC-660 Immunoelectrophoresis cell (E. C. Apparatus Corp., St. Petersburg, Florida) with
a pH 8.9 buffer containing 8.7 X 10-2m Tris, 2.8 X 10-3m EDTA and 8.8 X 10-3m boric acid
in the electrode chamber. Plates are developed for XDH activity as described above for elec-
trophoresis.

Enzyme purification: Xanthine dehydrogenase is purified by means of immunoaffinity
chromatography (Epwarps, Canpipo and CHovNICK 1977) with the following modifications:
Flies are homogenized in 214 volumes of 0.1m Tris buffer at pH 8.0, containing 4 mm 8-mer-
captoethanol and 100 um phenylmethylsulfonyl fluoride (PMSF). After centrifugation at 12,000
X g for 20 min, the supernate is collected, and the pellet homogenized again (as above) and
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centrifuged. The supernates are pooled and applied directly to the antibody column. After
washing and eluting the column, as described previously, the enzyme is desalted immediately
on a Sephadex G-25 column, equilibrated and eluted with 50 mm NH,HCG,.

Kinetic measurements were carried out as described previously (Epwarps, Canpino and
CHovnICck 1977).

RESULTS AND DISCUSSION

The present report focuses attention upon the genetic basis for the lower than
normal level of XDH activity associated with the ry+: isoallele, which was iso-
lated in 1972 from a single third chromosome recovered from the Bethulie strain.
This wild-type strain was obtained from the Drosophila collection of the Depart-
ment of Zoology, University of Witwatersrand, Johannesburg, South Africa. As
noted above (Table 1, Figure 3), it is associated with low XDH activity, and
produces an XDH that is slower in electrophoretic mobility (0.97) than the
XDH produced by our standard ry+° allele (1.00). Moreover, the ry+° enzyme
is somewhat thermolabile relative to the enzyme produced by ry*°.

As a preliminary to subsequent studies, an EMS mutagenesis (LEwis and
BacuER 1968) led to the recovery of several XDH-, rosy eye color mutants
(ry1oo1’ ry 1002 gy d ry 1003) .

Genelic fine structure experiments

The first task of the genetic fine-structure study was to determine the approxi-
mate location within the rosy region of the genetic basis for the low XDH activity
associated with ry+9. To this end, a fine-structure cross testing for recombinants
between ry?°°* and ry** was carried out. The ry** site marks the left boundary
of the XDH structural element (Figure 2). In order to permit the survival of ry+
recombinants that might possess XDH activity levels as low as that of the ry+2°
parent isoallele, and still select against XDH- rosy eye color mutants, purine-
selection protocol A was used (MATERIALS AND METHODS).

The recombination data are presented in the form used in previous reports
(GerBART, McCarron and CrovNIick 1976; CrovNick et al. 1976). Those re-
combinants exhibiting exchange for flanking markers are referred to as cross-
overs, while those exhibiting parental flanking markers are noted as conver-
sions. Each recombinant is tested for electrophoretic mobility, enzyme activity
and level of cross-reacting material (CRM) to XDH antibody. Consequently, we
classify the ry+ recombinant allele in brackets indicating mobility and level of
XDH activity associated with that allele when examined in heterozygotes carry-
ing a deficiency for the rosy locus. The results of the first experiment are sum-
marized in Table 2, and several points of interest are to be noted:

(1) All of the conversions of ry°°* and ry*$, in addition to exhibiting the pa-
rental flanking markers, are parental types with respect to both electrophoretic
mobility and level of XDH activity, confirming the heterozygosity and presence
of these genetic characters in the cross. (2) The crossovers locate the allele-
complementing mutant site, ry?°°%, to the right of ry**. (3) Additionally, the
crossovers identify a single site, ¢7004, responsible for the mobility difference
between the parental isoallele products of ry+° (1.00) and ry+% (0.97). The



ROSY LOCUS CONTROL ELEMENT 281
TABLE 2

Number and classes of ry+ chromosomes recovered from progeny of a cross of the indicated
females to tester males of the genotype Dfd Df (3)kar31 ry¢0/kar? Df(3)ry?5

Crossovers Conversions, ry0?®  Conversions, ry?® Zygoltes
Female parent kar vyt 1(3)26% kart ry* 1(3)26  kart ry+ 1(3)26+ kar ry+ 1(3)26 (s g(mi)(}%)
- ryto0s 1{1.00L
Tt [1.00L] 3[0.97L] 3[1.00N] 0.49
kar ry®s 1(3)26 1[0.97L]

Experiment carried out following Purine Selection Protocol A (MATERIALS AND METHODS).

ry+¢ allele carries e004f (fast), while ry+1 is e1004s (slow). Moreover, the
crossovers place the electrophoretic site between the 7y** and ry'°** mutant sites.
(4) Finally, the crossovers indicate that the genetic basis for the difference in en-
zyme activity levels associated with the parental alleles ry+° and ry+? lies to the
left of both of the crossover points, and hence lies somewhere on the left side of
the rosy region. It should be noted that the crossovers clearly separate the ge-
netic basis for the difference in enzyme activity level from the electrophoretic
character.

Are we dealing with a single site? That the genetic basis for the enzyme ac-
tivity difference is resident in a single site, emerges from the results of the cross
summarized in Table 3. In this, and all subsequent fine-structure recombination
tests, purine selection protocol B (MaTERIALS AND METHODS) Was used. This pro-
cedure will kill all XDH- flies, almost XDH- flies and ry+*° flies, but permits
wild-type recombinants with normal levels of XDH to survive. Additionally, this
procedure permits a low level of “leakage” of ry+!¢ (parental type) survivors in
each experiment. While this low level of “noise” in such experiments multiplies
the labor involved in analysis of surviving exceptions, there is no problem in
their identification. Moreover, this “leakage” ensures that should recombination
produce alleles associated with XDH activity levels intermediate to ry+2° and
ry+9, they would be recovered and scored in our experiments.

Table 3 summarizes the results of an experiment testing for recombination be-
tween the genetic basis for low XDH activity of the ry+!° allele and the ry*
site (an XDH-, rosy eye color mutant of the ry+¢ allele). Note that the brackets

TABLE 3

Number and classes of ry+ chromosomes recovered from progeny of a cross of the indicated
females to tester males of the genotype Did Df(3)kar3! ry®0/kar2 Df (3) ry7s

Crossovers Conversions, ry+10  Conversions, ry® Zygo]te;
Female parent kar ry+ 1(3)26+ kar+ ry+ I(3)26+ kar ry* 1(3)26 s(a;?pig‘)
4 ryti0 e1004s 6[1.00N
Y L+ 1+ 6[0.97N] 10[0.97N] L ] 1.17
kar ry?® [ 8 e1004f1 1(3)2¢ 4[0.97N]

Experiment carried out following Purine Selection Protocol B (MATERIALS AND METHODS).
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around the known heterozygous rosy locus sites in the female parent genotype
indicate ambiguity in relative position. The following features of the data of
Table 3 are to be noted: (1) The genetic basis for the difference in XDH activity
associated with ry+1° gnd the ry+9 allele (Table 1) lies to the left of all cross-
over points and clearly separates level of activity from both the ry* site and the
e1004 site. (2) There were no recombinants associated with intermediate levels
of XDH activity among either the crossovers or the conversion classes of this or
any other experiment. This fact permits us to identify a single site responsible
for the difference in level of XDH activity, i11005. We refer to ry+° as i1005L
(Low), while ry*° possesses the i7005N alternative. Thus, the ten conversions of
ry+1° recovered in this experiment (Table 3) are conversions, i7005L — i1005N.
(3) On the basis of relative frequency of co-conversion with the ry? site (40%),
we localize e1004 to the vicinity of ry?*.

Location of 11005 relative to the structural element boundary: Thus far, ex-
periments have been described that associate the difference in level of XDH ac-
tivity seen between ry+1° and the normal activity associated with ry+° to a single
site, 17005, located somewhere on the left side of the rosy locus. Table 4 sum-
marizes the results of an experiment designed to locate this site relative to the
left boundary of the XDH coding element as marked by the mutant site, ry*:.
Major features of these data are: (1) i7005 is located well to the left of r*%, and
hence to the left of the XDH structural element boundary. (2) The failure to
recover intermediates in level of XDH activity among the recombinants pro-
vides additional evidence in support of the conclusion drawn in the previous
section that we are dealing with a single site. (3) Conversions of ry?* include
some co-conversions of the electrophoretic site (25%).

Are 11005 and 1409 separable sites? At this juncture, one is drawn to the possi-
bility that the observed variation in level of XDH activity (Low, Normal and
High) characterizing our various ry+ alleles (Table 1) may reflect alternatives
that map to the same site. Might i7005 and i409 be synonyms designating the
same site, or do they mark separable sites? Table 5 summarizes the results of a
cross designed to answer this question. Essentially, heterozygotes of the genotype
+ L + / kar H ry**® were mated to appropriate tester males following a selective

TABLE 4

Number and classes of ry+ chromosomes recovered from progeny of a cross of the indicated
females to tester males of the genotype Dfd Df(3)kar3! ry60/kar2 Df(3)ry?s

Crossovers Conversions, ry*1005L Conversions, ry?S Zygolteg
Female parent kar ry+ 1(3)26+ kart ry+ 1(3)26+ kar ry+ 1(3)26 s(a;(npige)
-+ 11005L e1004s 6[1.00N
—— + + 6[0.97N] 5[0.97N7* L ] 1.20
kar i1005N 23 e1004f 1(3)26 2[0.97N]

Experiment carried out following Purine Selection Protocol B (MATERIALS AND METHODS).

* This class may be under-represented. This phenotypic class (kar+ ry+ 1(3)26+) includes the
“leaking” parental class among later eclosing exceptions. Since early eclosing exceptions revealed
the crossovers to be among the phenotypically kar progeny, analysis of exceptions was then
restricted to kar progeny in order to collect crossover frequency data for mapping.
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TABLE 5

Number and classes of ry+ chromosomes recovered from progeny of a cross of the indicated
females to tester males of the genotype Df(3)ry38/Tp(3) MKRS, M (3)S34 kar ry2 Sb

Conversions, Conversions,
Crossovers ryt1005L ryhos
Zygotes
kar ry*+ pict  kart ry+ pict  kar ry* pic®  sampled
Female parent 1(3)26 1(3)26 (3)26+ (X 109)

-+ i1005L 4 e1004s e408s + 1(3)26  9[0.97H]
kar? i409H 406 e1004f e408f pice2st | 3[0.97N]

1[0.97N] 3[1.02H] 13

Experiment carried out following Purine Selection Protocol B (MATERIALS AND METHODS).

protocol designed to kill L and ry+°¢ bearing progeny. The additional markers in
the cross (Table 5) provide additional control in the experiment.

If i71005L and i409H are located at the same site, then all crossovers should
exhibit the high activity associated with (#09H. Similarly, conversions of i7005L
should yield i409H. In fact, neither of these expectations are fulfilled. Rather,
the one conversion of i7005L yields normal activity, and the crossovers fall into
two classes, High and Normal. These data indicate quite definitely that i7005
and 1409 mark separable sites.

Unfortunately, this experiment is unable to determine the relative positions
of the two sites because we do not know what effect the double variant, i1005L
1409H, might have on XDH activity. Figure 5 illustrates the ambiguity in our
present situation. If the double variant is associated with less than normal levels
of XDH activity, then the map order illustrated in Figure 5A is correct. In this
case, 17005 is located to the left of 1409, and thus still further from the left border
of the XDH coding element. On this model, the 12 recovered crossovers involve
exchange at the indicated positions. Crossover class (1) represents the nine high
XDH activity crossovers, while class (2) describes the three normal XDH ac-

¥ Hoost 1409N W () kar ilOOSN i409H ry+
[ I T TETmesET
i
(A) \(2) i)
zp===-- Fo===—- Looogeoome - ' (20 kar ilOOSN (409N ry*
kar i IO0SN i 409H ry
ML 1opsL M (3 kar i409H  iIOOSN ry*
1Tt T TT T T T T -
(B) i(4) J(3)
—_— — ; @)  kor i409H {lOOSL ry*
kar  i1409H 11005N ry

Ficure 5.—Alternative map positions of 7005 and i409. Ambiguity inherent in random
strand mapping experiment.
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tivity crossovers. On the other hand, if the double variant, :7005L i409H, is
associated with normal activity, then the possibility remains that the reverse
order illustrated in Figure 5B might be correct. Resolution of this ambiguity
requires further experiments, which are in progress, and will be reported
separately.

Location of 11005 relative to 1(3)S12: Having positioned the {7005 site to the
left of the XDH coding element boundary, and separable from 409, we should
next consider its position relative to the left boundary of the putative XDH con-
trol element. This boundary presently is marked by {(3)S12, a mutant site in
the genetic unit immediately to the left of rosy (Figure 4). In view of the prox-
imity of {7005 to the left boundary of the XDH structural element (Table 4)
and to 1409 (Table 5), it is reasonable to assume that 7005 is located to the right
of [(3)812, and hence within the region designated as the XDH control element.
Confirmation of this notion is seen in the data presented in Table 6. Matings
of the indicated parents were carried out following purine protocol B, which
selects against i7005L with some leakage. Additionally, I(3)S72 dies with
Df(3)ry™, and 1(3)26 dies as a homozygote, but survives with Df(3)ry’.
Anticipating a very low frequency of single crossovers between [(3)S872 and
11005, the experiment was carried out in two very large-scale crosses to yield a
total estimated sample of 5.0 X 10¢ progeny. Diagnosis of survivors was restricted
to the kar+ progeny, which totaled 731. In addition to “leakers,”” which are non-
recombinant + + i7005L e1004s + parental types, this cross produced an array
of triploids, aneuploids and possibly unequal crossovers. The last class may have
been among a group of sterile kar+ survivors that could not be further tested.
However, complete analysis of the viable, fertile kar+ survivors yielded 55
recombinants indicated in Table 6. There were no diagnosed unequal crossovers
carrying duplications for the rosy region among the viable and fertile survivors.

Analysis of the diagnosed kart chromosomes recovered from survivors of the
cross of Table 6 is most easily understood on the hypothesis that 17005 is located
to the right of /(3)872. Class (a) represents single crossovers between [(3)512

TABLE 6

Number and classes of kar+ ry+ recombinant chromosomes recovered from
progeny of the indicated cross

Female parent Male parent
4+ + i1005L e1004s -+ kar® Df(3)ry”s
kar? 1(3)812 i1005N e1004f 1(3)26 kar? ry$ 1(3)26

Purine Protocol B
(a) ( 7) kar+ 1(3)S12+ i1005N e1004f 1(3)26 [1.00N]

(b) (44) kar+ 1(3)S12+ i1005N e1004s 1(3)26+ [0.97N]
(c) ( 3) kart+ 1(3)S12 i1005N e1004s 1(3)26+ [0.97N]
(@) (1) kar+ 1(3)S12+ i1005N e1004f 1(3)26+ [1.00N]

Zygotes sampled = 5.0 X 106
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and i1005. Class (b) represents conversions of i7005L — i1005N, while class (c)
are conversions of i7/005L that also are co-conversions [(3)S12+—1(3)S812.
Since one-half of the I(3)S12 progeny die, we assume that the frequency of co-
conversion is twice that observed. Finally, the single member of class (d) is most
simply understood as a crossover between [(3)S72 and i1005 accompanied by a
second event (most likely a conversion, [(3)26 - [(3)26%). The frequency of
conversion of 17005L, 50/5 X 108, is entirely consistent with that observed previ-
ously (Table 3), and the estimated map distance between [(3)S72 and 1005 is
15 X 2 X 10%2/5 X 10¢ = 6 X 10~* map units.

Biochemical Studies

In a previous report (CHOVNICK et al. 1976), we provided evidence for the
existence of a cis-acting control element adjacent to the XDH structural informa-
tion. We argued that this region consists of one or more DNA sequences that
serve to regulate rosy locus function rather than to code for part of the XDH
peptide. Hence, one should expect that variants mapping in this region would
be associated with phenotypes reflecting a regulatory alteration. A corollary
would argue that such variation not be associated with a change in the structure
of the XDH peptide. The following experiments examine these questions with
respect to variation at the i7005 site.

T hermolability studies: As noted above and illustrated in Figure 6, the ry+1°
enzyme is thermolabile relative to that produced by ry+° (and other standard
ry+ isoalleles as well). Might the thermolability of the ry+1° enzyme reflect an
XDH structural alteration brought about by i7005L? On this hypothesis, the
thermolability might reflect a more general molecular instability resulting in
decreased numbers of XDH molecules per fly and hence the decreased XDH
activity associated with ry+20, That this is not the case can be seen from the
thermal inactivation experiment described in Figure 6. Here, matched extracts
of several genotypes are compared for XDH activity following 48° heat inactiva-
tion over a time range from zero to ten minutes. The thermolability difference
between ry+1° and ry+t° is clearly illustrated. A third extract examined, ry**
(1.00L), was obtained from a crossover resulting from an experiment discussed
above, and described in Table 2. Essentially, i7005L + e1004s 1003/i1005N
23 e1004f + ? @ were crossed to appropriate tester males on purine supplemented
medium, and two ry+ crossovers were recovered among the recombinants. Both
exchange points were located to the right of 7y*°. One was located between ry**
and the electrophoretic site, e7004, thus producing a ry+ recombinant allele
carrying i1005L + e1004f +. The XDH phenotype associated with this allele
exhibits the mobility of ry+° (1.00) and the low activity associated with the
i1005L site of ry+1°, As noted earlier, this result clearly separates the level of
activity phenotype from the electrophoretic character. Moreover, examination
of the thermolability of this recombinant (Figure 6) reveals that it is identical
to that of the ry+° product, rather than to that of the ry+ enzyme. In addition
to separating i7005L from the thermolability associated with ry+12, this observa-
tion places the genetic basis for the ry+° thermolability to the right of the
crossover point, and hence, clearly locates it within the structural element.
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Freure 6.—Heat inactivation of XDH in matched extracts of the following strains:
ry+0 = cu kar ry+0 (i1005N, e1004f) 1(3)26/TP(3)MKRS, M(3)S34 kar ry* Sb.
ry+r —=ry+r (i1005L, e1004f) 1(3)26/TP(3)MEKRS, M(3)S34 kar ry? Sb.
ry+10 = ry+10 (i1005L, e1004s) I(3)26/TP(3)MKRS, M(3)S34 kar ry? Sb.

Kinetic studies: We may next consider the possibility that differences in level
of XDH activity between ry+#° and other ry+ isoalleles may be due to XDH
structural differences that affect kinetic parameters of the purified enzyme.
Previous studies (Epwarps, Canpipo and Caovnick 1977), which compared
the purified enzymes from ry+4 and ry+?*, demonstrated: (1) That the enzyme
reaction in both cases followed a “ping-pong” mechanism similar to that seen
with avian XDHs and milk xanthine oxidase. (2) The K, values for substrate
and NAD at infinite substrate and NAD concentrations were not significantly
different for the enzymes from ry+* and ry*+*. Following the same procedures,
pure XDH from ry*? and ry*° were compared. In addition to observing the
“ping-pong” reaction kinetics, the K,, values for the ry+# and ry*° enzymes
did not differ significantly from each other, nor did they differ from the ry++
and ryti data collected earlier (Table 7). Consequently, we reject the notion
that differences in XDH activity of the magnitude seen in these strain compari-
sons (Figure 3) might be attributed to XDH structural differences that effect
alterations in enzyme affinity for substrate or NAD*.
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TABLE 7

K,, values for pure XDH isolated from homozygotes for the indicated ry+ isoalleles

K,,, moles/liter X 10°

Substrate ry+io ry*0 ry i ryte
Xanthine 2.0 1.6 2.4 2.1
NAD+ 3.5 3.7 4.0 2.6

Values were determined from best fit lines by linear regression analysis.
* From Epwarps, CanpIno and CaovNICK 1977.

Immunological experiments support the view that the differences in XDH
activity levels associated with the various ry* isoalleles (Figure 3) reflect dif-
ferences in number of XDH molecules. Figure 7 presents a typical immuno-
electrophoresis experiment utilizing the method of “rocket electrophoresis”
(Laurer 1966; WeEkE 1973) to compare the relative numbers of molecules of
XDH in matched extracts of ry+1, ry+1, ry+9 and ry++ homozygotes. The XDH
antibody preparation is the same as that described in a prior report (CrHOVNICK
et al. 1976). Quantitative analysis of such gels (CHoVNICK et al. 1976) reveals
that the rocket heights parallel quite closely the XDH activity levels associated
with these isoalleles.

Relationship between 409, 11005 and the XDH structural element

Might i1005L mark a tandem duplication of the XDH structural element?
In prior reports, we have considered and eliminated the possibility that i409H
might mark a tandem duplication of the XDH structural element (CrovNICK
et al. 1976; CaovNick, GeELBART and McCarron 1977). While the association
of i1005L with a reduction in the number of XDH molecules per fly does not
immediately suggest a tandem duplication, the Bar duplication in Drosophila
melanogaster and its associated position effect (SturtevanT 1925; MULLER
et al. 1936; Bripges 1936; MuLrLer 1936) provides ample precedence for such

MMM
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Ficure 7.—“Rocket” electropherogram. Matched extracts of homozygotes run against anti-
XDH serum. From left tc right, ry+11, ry+10 ry+0 and ry++ repeated in that order across the
gel.
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a model. On this notion, the ry+%° isoallele would possess two XDH structural
elements in tandem. By virtue of the change in position of each member of the
duplex relative to some adjacent genetic element(s), a disturbed function of
both XDH structural elements, results. Such a model is precluded on several
counts:

(1) The ryt+ allele is associated with a single XDH electrophoretic band of
the mobility class, XDH?*" (Table 1). XDH is a homodimer, and the presence
of two electrophoretically distinct structural elements will produce individuals
possessing three XDH moieties. The tandem duplication model then requires
that the ry+ allele possess two XDH structural elements whose peptide prod-
ucts are indistinguishable, and of the mobility class, XDH®**. Thus, 7005L
should be associated with an XDH®*. On this point, the tandem duplication
model fails. In the course of various experiments, we have recovered recombinant
isoalleles which place i7005L with structural elements producing XDH** and
XDH*% molecules. While both recombinant alleles are associated with the low
level of XDH activity characteristic of i7005L, there is no indication of the pro-
duction of an XDH®*? dimer or even of a hybrid dimer.

(2) Tandem duplications are characterized by instability in homozygotes due
to increased incidence of unequal exchange events. The ry+1° stock has been
quite stable.

(3) EMS mutagenesis of ry+# has produced XDH- rosy eye color mutants
at a frequency that does not distinguish this allele from other ry+ isoalleles.

(4) Cytological examination of polytene chromosomes of ry+1° bearing strains
reveals no evidence of tandem duplication.

Might 11005, and 1409 as well, mark sites within the XDH control element?
As noted above, the rosy locus genetic maps of Figure 2 establish the genetic
boundaries of the XDH coding element. As a result of extensive mapping experi-
ments over a number of years, these boundaries enclose a region that today
includes 60 sites representing all of the mapped XDH- rosy eye color mutant
sites, sites of electrophoretic variation and “leaky” structural mutant sites.
Eventually, we hope to relate these genetic boundaries to the amino and carboxy
termini of the XDH peptide. However, the fact that these boundaries have not
changed in recent years (GELBART et al. 1974; GerarT, McCarron and Crov-
Nick 1976), coupled with the extensive data upon which they are based, strongly
suggests that the present genetic boundaries may well approximate the amino
and carboxy termini.

Only two mapped sites fall outside of the coding element boundaries. Both
mark sites (i7005 and i409) whose variants are associated with phenotypic
effects that conform precisely with expectation for control element variants.

In a previous report (CHOVNICK et al 1976), evidence was presented that
demonstrated the cis-acting nature of (409 variation. Figure 8 presents an elec-
tropherogram demonstrating that the cis-acting nature of /409 variation may be
extended to 77005 as well. The photograph is printed as a negative in order to
enhance the contrast between XDH bands and the acrylamide slab gel. Allele
designations are presented in Figure 8 in terms of electrophoretic mobility and
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Ficure 8.—XDH electropherogram indicating the relative amounts of XDH!-05, XDH?1.01
and XDH?-97 present in matched extracts of flies heterozygous for the indicated combinations
of structural and control elements.

level of XDH activity. Thus, 7.05H refers to a recombinant ry + allele exhibiting
the fast mobility of the ry+* allele (Table 1), and the high XDH activity level
of the ry*+ allele. In terms of intensity sites, this allele should be considered as
i1005N, i409H. Those alleles with activity levels designated as N are i7005N,
1409N while L refers to i7005L, i409N. The heterozygote marked %g;_x
illustrates the characteristic 1:2:1 three-banded pattern of XDH dimers to be
found in a heterozygote possessing approximately equal proportions of the fast
and slow monomers. Intensity site substitutions ,as indicated in Figure 8, produce
heterozygotes whose XDH electrophoretic gel patterns indicate that the i7005
and 409 sites are cis-acting at the level of XDH monomers, to determine the
number of monomers available for dimer formation.

On the basis of these observations, we are drawn to the possibility that 7005
and 409 mark the 5’ control element of the rosy locus. Although the present
state of this analysis is reminiscent of early stages in the analysis of the lac
region promoter in E. coli (IpPEN et al. 1968; ArpirTi, ScarrE and BECRwITH
1968), we caution the reader that the present data do not, as yet, permit specifi-
cation of the control function involved in either 409 or i7005 variation. Cer-
tainly, it is reasonable to expect that cis-acting variants of the 5’ control element
might involve alterations in DNA sequences that serve as binding sites for
regulatory signal(s), sites for RNA polymerase binding and initiation of tran-
scription, transcript processing sites, ribosome binding and initiation of transla-
tion. In view of the significant recombination between i7005 and i409. it is quite
possible that these sites mark different DNA sequences in the control element,
and thus involve variation in different control functions.

Structural and control element size estimates: Figure 9 summarizes our pres-
ent “best” estimates of map lengths for the rosy locus structural and control
elements. Boundaries for the structural element are described in an earlier
section. The XDH structural element map distance of 5 X 10-* map units emerges
from an enormous data base (Figure 2), and is not likely to change. However,
control element mapping data is limited, and size estimates should be considered
as quite tentative. Indeed, the present estimate (Figure 9), which we believe to
be considerably better than our past effort (CrovNICK et al. 1976; CHOVNICK



290 M. MCCARRON et al.

XDH CONTROL ELEMENT XDH STRUCTURAL ELEMENT
606 L139
131512 23 2
i1005 408
e 1 o e
T T 7 1/
€ 00006 ¢ 000055 B
0001
¢ 082k *
PR— )]} .
1.31kB ” 0805
-
41kB

Ficure 9.—The rosy locus. Size estimates of the structural and control elements.

et al. 1977), represents a significant downward revision of the size of the control
element. The distance from 7005 to ry** and the structural element left border
emerges from the data of Table 4, while the distance from [(3)S72 to i1005 is
estimated from the experiment summarized in Table 6. These emerge from
recombination experiments that sampled 1.2 X 10° and 5.0 X 10° progeny,
respectively. Independent support of this map is seen as follows: the estimated
map distance of the structural mutant site, ry+°¢, from the left border of the struc-
tural element is obtained from the average of two large recombination experi-
ments (tests against ry®® and ry?**) with similar results (Ger.Bart, McCarrON
and CHovNICK 1976) involving a sample of 2.2 X 10¢ progeny. Thus, the
summed distances of (7005 to ry**) + (ry*?, ry®s to ry*¢) = 1.55 X 10 map
units. Consider now the results of the experiment summarized in Table 5 dem-
onstrating that 7005 and 409 are genetically separable sites. Although this
experiment failed to provide the relative order of the two sites (Figure 5), esti-
mates of the map distance of these sites from ry*°° may be drawn (1.38 X 10~
and 1.84 X 10~ map units, respectively). Both estimates are strikingly close to
the summed estimate described above.

How, then, do we reconcile the present map (Figure 9) with the much larger
estimate of the control element size presented earlier (CmovnNick et al. 1976;
CHovNICK et al. 1977)? The latter derived from the pooled results of two recom-
bination experiments with quite disparate results. Those experiments provided
mapping data for the region 1(3)8712-i409-ry*** and I(3)S12-i409-ry*%. The
ry*® and ry+¢ sites are both located within the leftmost one-tenth of the struc-
tural element (which might best be estimated by the distance given for ry*°¢ in
Figure 9). Now, let us consider the map estimates from these data (CHOVNICK
et al. 1976) taken separately, and compare them with our present estimates.
The mapping data involving the ry+°* site sampled 0.82 X 10¢ progeny and esti-
mated the distance 1(3)S72 to i409 = 0.98 X 1073, and i409 to ry*’* = 1.46 X 102
map units, respectively. These data are quite consistent with our present esti-
mates. The other experiment was a small sampling (0.36 X 10¢ progeny), which
yielded quite aberrant estimates for 1(3)S12 to i409 = 4.4 X 10-* and i409 to
ry+¢ = 12.2 X 10~ map units, respectively. Given the large variance associated
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with such a Poisson variate where each rare crossover event is multiplied by a
factor of four, as well as the small sample involved in this deviant result, we feel
quite justified in setting aside this single result in composing our present map
(Figure 9).

Translation of map distance estimates into DNA base lengths proceeds from
the XDH peptide molecular weight of 150,000 daltons. Assuming an average
amino acid molecular weight (adjusted for peptide linkage) to be 110, then the
number of nucleotides in the structural element required to code for such a pep-
tide is approximately 4.1 kB (150,000 X 3/110). Then, from the recombination
map length of the structural element (0.005 map units), we relate map length
to number of bases (0.01 map unit = 8.2 kB), which we apply directly to the
adjacent control element (Figure 9).

Although the present data demand a downward revision of the control element
size estimated previously, there is no reason to consider revision of our designa-
tion of 1409 as a control element site. The biochemical analysis coupled with the
crossover data (CrovNICK ef al. 1976) and co-conversion data (CHOVNICK et al.
1977) provide a compelling argument for its location and designation. There is
even a consistency in map distance between the present data and the one large-
sized experiment reported previously (see previous section). Thus, in the recom-
bination experiment that mapped [(3)S712-i409-ry*°*, the i409 site is placed
0.98 x 10-® map units to the right of /(3)S72 and 1.46 X 10-* map units to the
left of ry+°%. This location within the control element of Figure 9 is entirely
reasonable in view of the data of Table 5 discussed earlier. Considering the total
available recombination data, the most reasonable relative position of 409
would place it closer to the structural element border than 7005. However,
unambiguous resolution of this issue awaits the results of additional experiments.

It should be appreciated that the extrapolation from recombination map dis-
tance to DNA base length assumes that the XDH structural element is not inter-
rupted by one or more nontranslated insert regions. The present, wholly genetic,
analysis is unable to provide evidence one way or another on this point. If such
an insert were present in the structural element DNA, and if it were to partici-
pate in recombination, then we would have underestimated the relationship of
nucleotide bases to map distance, and consequently have underestimated the
size of the XDH control element as well (Figure 9).

We wish to acknowledge the skillful technical assistance of Frorence W. JomnNston and
Laura YenvosNICE.
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