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Experiments are described that provide an opportunity to estimate the
genetic limits of the structural (amino acid coding) portion of the rosy locus
(3:52.0) in Drosophila melanogaster, which controls the enzyme, xanthine
dehydrogenase (XDH). This is accomplished by mapping experiments which
localize sites responsible for electrophoretic variation in the enzyme on the
known genetic map of null- XDH rosy mutants. Electrophoretic sites are dis-
tributed along a large portion of the null mutant map. A cis-trans test involv-
ing electrophoretic variants in the left- and right-hand portions of the map
leads to the conclusion that the entire region between these variants is also
structural. Hence most, if not all, of the null mutant map of the rosy locus con-
tains structural information for the amino acid sequence of the XDH polypep-
tide. Consideration is given to the significance of the present results for the
general problem of gene organization in higher eukaryotes.

THE genetic unit in higher organisms may be a much larger entity than its

counterpart in prokaryotes. Support for this statement emerges from a com-
parison of genetic and chemical observations on Drosophila melanogaster and
Escherichia coli. D. melanogaster, having only two- to threefold more genes than
E. coli, has roughly 50-fold more DNA per haploid genome. The Drosophila
estimates are based upen an extrapolation from the saturation mapping of small
genetic regions (Jupp, SHEN and KaurMman 1972; Hocuman 1973) and genomic
DNA estimates by cytophotometric (Rascr, BArr and Rascu 1971) or reassocia-
tion kinetic (Larrp and McCartay 1969; Latrp 1971) techniques. Estimates of
the number of cistrons in E. coli comes from Tavror (1972) and the physical
size of the genome from Cairns (1962).

Coupling the above observations to the facts that (1) eukaryote mRNA is
monocistronic (Kurr and Roeerts 1967; Prrerson and McLavcuLin 1973),
and (2) the size range of eukaryote polypeptide gene products is similar to that
of prokaryotes (Lairp 1973), we are led to the conclusion that only a small por-
tion of the DNA of the higher organism genetic unit, in fact, bears structural
information.

Through renaturation kinetic analysis, Drosophila DNA, like other higher
organism DNA, has been shown to include highly repetitive, middle repetitive
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and unique sequence fractions (see Latrp 1973 for a review of this work). While
the highly repetitive DNA is associated with centric heterochromatin (GaLr,
ConeN and Poran 1971), the euchromatic regions of the Drosophila melano-
gaster chromosomes consist largely of unique sequence DNA interspersed with
middle repetitive sequences (Wu, Hur~ and BonnNer 1972). Because of the
obvious association with the sites of most known genes, considerable interest is
directed to the structural and functional relationship between the latter two DNA
components. Clearly, the great excess of DNA to be found in Drosophila melano-
gaster consists largely of unique sequences. Because of considerations discussed
above, we presume this excess not to code for proteins. However, much of it may
be transcribed. TurNer and Lamrp (1973) have observed that at least 349, of the
unique sequence DNA is transcribed. While the sizes and functions of these
transcripts are unknown, it is conceivable that they represent the Drosophila
counterpart of the HnRNA, described in several higher eukaryotes (DARNELL,
JeLiNek and Mowvroy 1973).

Several intriguing models of gene organization have been proposed to account
for these and other observations (BritTen and Davipson 1969; Georciev 1969;
Crick 1971). A common feature of these models is that they postulate a large
regulatory segment, an order of magnitude larger than the contiguous structural
element under its control.

For the purpose of examining the validity of this generalized model of gene
organization, the rosy locus is an appealing system. The genetic information
coding for the primary structure of xanthine dehydrogenase (XDH) has been
localized to rosy (GreLr 1962; Yen and Grassman 1965) ; fine structure analy-
sis has identified several map sites within the locus (Croviick 1966; CHOVNICK,
BavLrantyNE and HouMm 1971) ; limits of the locus are known in terms of identi-
fying adjacent genetic units (Scuaver, KervacHaN and Croviick 1964; DE-
LAND 1971); the cytological location of rosy has been restricted to an undefined
portion of five specific polytene bands (Lerevee 1971a and personal communi-
cation).

Prior to this investigation, the genetic map of the rosy locus consisted solely
of XDH-null alleles. Since none of these alleles have a detectable altered XDH
product, they provide no information as to their structural (amino acid coding)
or control (transcription and translation regulating) roles.

Our present strategy, then, is to identify variants of standard ry+ alleles for
which structural or control categorization is possible. These variants will be
used to partition the locus into its structural and control components. Several
classes of such variants are presently under investigation in our laboratory. They
include wild-type isoalleles which exhibit variation in electrophoretic mobility,
heat stability or level of XDH activity, as well as mutants which exhibit interal-
lelic complementation or altered sensitivity to purine, an inhibitor of XDH. In
addition to distinguishing between models of gene organization, these classes of
mutants will serve as raw material for investigations of the genetic control of
XDH during development.
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Ficure 1.—A genetic map of the rosy region of chromosome 3. The map positions of various
mutants used in this study are indicated, and the genetic fine structure of the rosy locus is sum-
marized.

The present report describes the identification of sites within the rosy locus
responsible for variation in the electrophoretic mobility of XDH. Such sites surely
are responsible for differences in charged amino acids in the XDH peptide. By
superimposing thece sites on the known genetic map of rosy, we will have a
minimum estimate of the structural portion of the locus. At face value, the gen-
eral class of models discussed above would predict that the electrophoretic sites
will cluster in a small portion of the rosy map. Such prediction is based upon the
assumption that the genetic map of X-ray-induced XDH-null mutants (Figure
1) includes the entire rosy functional unit. However, the results we present
support the idea that most, if not all, of this map encedes structural information.

The rosy genetic unit has been demonstrated to be a cistron by classical cri-
teria (CHOVNICK et al. 1964). However, because the term cistron implies analogy
with prokaryotic genetic units, we will refrain from further use of it. Instead,
we will refer to the rosy locus, deeming this a term which does not presuppose
any particular idea of gene structure.

MATERIALS AND METHODS

The genetic system: The rosy locus in Drosophila melanogaster (ry:3-52.0) is a genetic unit
controlling xanthine dehydrogenase (XDH) activity, located on the right arm of chromosome 3
within polytene bands 87D8-12. The locus was originally defined by a set of brownish eye color
mutants deficient in drosopterin pigment. These mutants exhibit no detectable XDH activity.
Two observations place the siructural information for XDH in or near rosy: (1) heterozygotes
possessing one dose of ry+ exhibit 509, of normal enzyme activity while flies carrying three
doses of ry+ have 1509 activity (GreLL 1962); (2) isoalleles differing in their XDH electro-
phoretic mobility map to rosy or its immediate vicinity (Yen and Grassman 1965).

The rosy eye color mutants have been the subject of intensive fine structure analysis
(CrmovNick 1966; CHovNIcK, BarranTyne and Horm 1971). Figure 1 presents a map of the
centromere-proximal region of the right arm of chromosome 3, indicating the location of rosy,
the centromere, and other markers used in the study (LinpsLey and GreLL 1968). In addition,
Figure 1 contains a summary map of separable sites within the rosy locus obtained from prior
fine structure analysis.
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Ficure 2.—Crosses constructed for fine structure analysis of the rosy locus. G, crosses gen-
erate the heterozygous females which in turn generate rare ry+ recombinants among their
progeny. The ry¥ allele represents mutants of any of the following series: ry100, ry200, ry300,
ry4¢0, ry509, The progeny of the G, cross were reared on purine-enriched medium.

Selective system matings: The experiments involve two series of matings of rosy mutant
heterozygous females to tester males, as indicated in Figure 2. Progeny were reared on purine-
supplemented medium which effectively kills before eclosion all individuals lacking XDH
activity. The protocol for conducting large scale crosses is described previcusly (CrovNiCK
1973). Unless otherwise noted, all mutants and rearrangements are listed in LinpsLey and
GreLr (1968). Tp(3)MKRS is a complex multiple break rearrangement which is an effective
balancer of the proximal region of the third chromosome, including the region from M(3)S34 to
Ubx (see Figure 1) (LerFEVRE, personal communication).

Genelic tests of exceptional progeny: Surviving individuals of the selective system crosses
(Figure 2), all of which are ry+ in phenotype, may be classified immediately with respect to the
markers kar, Sb and Ubz. Such individuals are crossed singly to kar? Df(3)ry"5/Tp(3)MKRS,
M(3)834 kar ry*? Sb flies. Progeny phenotypes confirm the diagnoses with respect to kar, ry, Sb
and Ubzx. Since cu is not a marker immediately flanking the rosy locus, no test is performed to
diagnose this marker. The progeny are further tested in two ways: (1) males carrying an ry+
exceptional chromosome are crossed to an appropriate 126 tester stock (several have been used)
to diagnose the presence or absence of the 126 marker, and (2) ry+/kar? Df(3)ry?5 progeny are
used to determine XDH electrophoretic mobility.

Mutagenesis: New mutants ry102, ryl03, ryl06 pyll0  py201 o208 yy205  py205  ry402,
ry30L ry502 gnd ry596 were recovered as independent events from among the progeny of X-ray-
treated aged males of a known ry+ constitution, using a Cs-137 source (3000r in the case of
ry102_ry110; 4500r in the others). Treated males were crossed to kar? Df(3)ry"5/Tp(3)MKRS,
M(3)834 kar ry® Sb or cu kar ry* 126 Sb Ubx/In(3LR)DCxF virgin females. The new rosy
mutants were recovered as rare, brown-eyed F, individuals carrying the newly-induced mutant
heterozygous with a marked rosy chromosome. The mutants were confirmed by subsequent
tesiing and were placed in balanced stocks. These mutants are not associated with deficiencies
extending into the rosy locus.
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The new mutant ry%°! was recovered after EMS treatment. The EMS was applied according
to the protocol of LEwrs and Bacmrr (1968). Other details are identical to those for X-ray

mutagenesis.
Enzyme preparation and electrophoresis: The procedures followed are previously described
(McCarron, GELBART and CHOVNICK 1974).

EXPERIMENTS AND RESULTS

Our immediate object is to localize genetic sites responsible for differences in
the electrophoretic mobility of XDH. Since direct mapping of such sites is ex-
tremely impractical, an indirect approach, taking advantage of selective pro-
cedures, is utilized. The basic approach has been described (McCarroN, GEL-
BART and CHOVNICK 1974), and involves three steps. (1) Electrophoretic vari-
ants of XDH must be identified. Several electrophoretic variants of XDH have
been isolated from natural populations and laboratory strains (Figure 3). Five
discretely different mobilities of XDH have been identified. They are designated
by Roman numeral superscripts in order of increasing mobility, XDH! through
XDHY. The variants ry+¢ and ry+° are currently under investigation, but will
not be discussed in this report. The heavy and narrow bands diagrammed for
ry++ and ry+?, respectively, represent observed differences in activity levels in
these two variants. The genetic bases for these variant activities will not be
pursued in this report. For each of two mobilities, XDH™ and XDH?Y, two alleles
are included in the present investigation. These alleles are derived from different
sources and might well have different coding sequences leading to the same net
charge on the XDH molecule. (2) Rosy eye color mutants were derived from
each wild-type strain according to procedures described above. We have adopted
the convention of identifying rosy mutants by three- or four-digit superscripts.
The first number (s) identify the ry+ isoallele from which the mutant is derived
and are followed by two digits which indicate the order in which the mutants of
that particular isoallele were recovered. Thus, for example, the first mutant de-
rived from ry+? is ry®!. Table 1 summarizes the sources and designations of the
various mutants used in these experiments. The mutants ry? through ry*! were
recovered prior to the present investigation and are not homogeneous in isoallelic
background. Those mutants pertinent to the present study (Figure 1) were re-

Ficure 3.—The ry+ isoalleles used in this study, diagrammatically arranged according to
increasing electrophoretic mobility.
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TABLE 1

The rosy null activity alleles used in the present experiments, listed according
to their isoallelic origin and mode of induction

Isoallele Mobility Mutants Induced by
ryte XDH1! rys, rys, rys! X-ray
ry+1 XDHII ryl02, py103 ry106  pyr110 X-ray
ry+e XDHIV ry201 py203  ry20h  py205 X-ray
ry+s XDHY rysol EMS
ryt+4 XDHII rytoz X-ray
ry+s XDHVY ry501 ry502 ry506 X-ray

covered from X-ray mutagenesis of a cu kar ry*° chromosome. These include
ry*, ry* through ry? and ry®¢ through ry**. (3) Mutants derived from different
isoallelic backgrounds were crossed according to the selective system procedures
described above (see MATERIALS AND METHODS ). The ry+ survivors were progeny
tested for flanking marker distribution and electrophoretic mobility, all of which
serve as unselected markers in the crosses. Three classes of ry* survivors are
recovered with respect to kar and 126 flanking marker distribution. The nature
of these three classes has been described in detail elsewhere (CHovNIcK, BaL-
LANTYNE and Horm 1971). One and only one of the two possible classes of cross-
over chromosomes (either kar 126+ or kart 126) is recovered in any cross; and
these crossover chromosomes permit unambiguous relative positioning of the
two rosy eye color mutants. In addition, two classes of ry+ survivors, each non-
recombinant for flanking markers, are recovered. The kar ry+ 126 class represents
conversions of either ry’ or ry4! (depending on the input allele) to ry+, while
the kar+ ry+ 126+ class represents conversions of ry? to ry+. These various
classes of ry* survivors are further subdivided according to electrophorztic type.

From such experiments, electrophoretic sites will be located on the genetic
map as rosy variants. The sites are named according to the aforementioned rules
governing the naming of rosy eye color mutants. except that the superscript is
preceded by an °. We will describe the XDH moieties produced by the ryt ex-
ceptions by the mobility designations I through V (see Figure 3). Note that
identity in mobility (that is, net charge) does not presume identity in the amino
acid sequence producing that net charge. Considering the fact that theze isoal-
leles were all collected from nature or laboratory stocks, the net variations
between them might well be due to a veritable host of differences. We will infer
the minimum number of sites consistent with the recombination data. Obviously,
single sites might represent several closely linked sites. The results of the electro-
phoretic site localizations are presented in the following section.

ry*? vs. ry+*: Crosses of four ry?° series mutants to ry* and ry*! generate data
demonstrating the existence of an electrophoretic site (ry°'1*) near ry*!. The first
step in the localization of this site was reported earlier (McCarRrRON, GELBART
and CHovNICK 1974). The ry!% series mutants were mapped against ry’, a cen-
trally located site mutant of the ry*° isoallele. Two mutants, ry*?* and ry'%,
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TABLE 2

Mapping ry®111: Results of crosses of cu kar ry41 126 Sb Ubx/ryy @ @ to tester
Dfd Df(3)kar3! rys0/kar? Df(3)ry™ 4 4
Zygotes were reared on purine-supplemented medium, permitting only rare ryt progeny to
survive,

Crossovers Conversions ry¥ Conversions ry#!

kar ry+ ryt kar ry+ 126 Sb Ubx Total Zygotes

ry+ sampled

ryy XDHII XDHII XDHI! XD XDHI XDHIIT survivors (X10-8)
ry1o2 0 16 0 12 7 5 40 1.56
ryl03 0 22 0 13 8 1 44 1.10
ry 106 ¢] 5 0 6* 14 9 34 2.46
rylio 0 17 0 16 144 5 52 1.91
Total 0 60 0 47 43 20 170 7.03

* One of the conversions was kar+ XDH!IT [26+ Sb Ubzx, due to a crossover in the 126-Sb
interval,
+ One of the conversions was kar XDH! [26 Sh+ Ubz~+, due to a crossover in the 126-Sb

interval.

fell to the left, while ry*2 and ry°¢ fell to the right, of ry*. In addition, the pattern
of recombination data placed ry®*!! to the right of ry®.

In order to further localize ry°!*, the four ry*?° series mutants were mapped
against ry*!, the rightmost rosy allele of the ry*¢ isoallele. The crosses were of
the series A type (Figure 2) and the results of these experiments are summarized
in Table 2. In all, approximately 7 X 10° zygotes were screened in these experi-
ments and a total of 170 ry* survivors were recovered. These survivors fall into
three classes, based on flanking marker distribution. All sixty crossovers are
kar ry+ 126+ Sb+ Ubxt, thereby placing all four ry??° series mutants to the left
of ry#. The crossovers are all of the XDH™ mobility, as is the ancestral ry+*
isoallele. Thus, ry®!*! is to the right of all sixty recovered crossovers. ry*i** resides
in either the crossover interval very near to ry#, or to the right of ry*.

Further resolution of the location of ry¢!!! is obtained from observations of
sirnultaneous conversion of the electrophoretic site with mutant sites (co-con-
versions). The frequency of co-conversion relative to single-site conversion in
yeast appears to be inversely related to the physical distance between two sites
(Focer, Hurst and MorTiMER 1971). We have observed the same relationship
in Drosophila (manuscript in preparation). The mutant sites in our experiments
are selected markers while the electrophoretic sites are uncelected. Hence, we
can only recover conversions of the mutant sites to ry+ and determine whether
the electrophoretic site is co-converted; coversions of the electrophoretic sites
which are not co-conversions of the mutant site will produce rosy zygotes which
do not survive purine treatment. The sixty-three conversions of ry*! to ry*+ form
two groups (Table 2). The forty-three XDH' conversions do not include ry¢!*
within the converted segment, while the twenty XDH™ conversions are, in fact,
co-conversions of the slower variant of the electrophoretic site to the faster one.
We take the frequent co-conversion of these two sites to indicate their proximity.
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Since two-thirds of the conversions of ry*! to ry* are not co-conversions, the two
sites are indeed separable. The absence of co-conversion of the ry?* mutants and
ry¢!!! is consistent with our placement of the electrophoretic site. Perforce, we
conclude that ry®!!! and ry*! are very closely linked but separable sites, at the
right end of the rosy locus, whose relative positions are not yet defined.

According to the mode]l under test, we expect clustering of the remaining
electrophoretic sites in the vicinity of ry**?* and hence ry+!. Consequently, in all
subsequent tests to identify and localize new sites, recombination experiments
are carried out initially against ry#:.

ry+?vs. ry+4: Only one cross was necessary to localize the electrophoretic site
(ry*+o%) distinguishing ry+¢ and ry*+4 (Table 3). This cross, ry*! /ry+*?, produced
results very similar in pattern to those of the ry® series mutants/ry* crosses.
The logic that was used to position ry®'!! near ry#! can be employed to place
ry®4¢ in a similar location. In fact, ry®'*! and ry®/°¢ might represent the same site.

ry 9 vs. ryt%: The results of crosses of ry** series mutants to ry** (Table 4)
and to ry® (Table 5) serve to identify at least two electrophoretic sites (designated
ry®®” and ry**?), one near each end of the rosy locus. The existence of multiple
electrophoretic differences between these isoalleles follows from an examination
of the results of the cross of ry*% to ry*! (Figure 2, series A). This cross produced

TABLE 3

Mapping ry©t98: Results of the cross of cu kar ry*1 126 Sb Ubx/ry402 @ Q to tester
Dfd Df(3)kar3! ry¢0/karz Df(3)ry™ & &
Zygotes were reared on purine-supplemented medium, permitting only rare ry T progeny to
survive.

Crossovers Conversions ry40? Conversions ry*!
kar ry* ryt kar ry+ 126 Sb Ubx Total Zygotes
ryt sampled
XDHII XDHIU XDHII XDHII XDHI XDHOL SUrvivors (X 10-%)
0 13 0 8 6* 2 29 1.11

* One of the conversions was kar XDH!I [26 Sb+ Ubx+, due to a crossover in the 126-Sb
interval.

TABLE 4

Mapping ry®5°T and ry©5°8: Results of crosses of cu kar ry+1126 Sb Ubx/ry¥ @ Q fo tester
Dfd Df(3)kar3! ry 60/kar2 Df(3)ry? & &

Zygotes were reared on purine-supplemented medium, permitting only rare ry+ progeny to
survive.

Crossovers Conversions ry¥ Conversions ry4?
kar ry+ ryt kar ry+ 126 Sb Ubx Total Zygotes
ryt sampled
ry¥ XDHM XDHII XDHY XDHIT XDHI! XDHY XDHI XDHHI! XDHV  survivors (X 107%)
ryso1 0 0 0 0 0 0 0 0 0 0 1.37
rys02 1* 23 0 0 6 14 9 0 0 40 1.48

* This chromosome was kar XDH/!I 126+ Sb Ubz, due to a double crossover: one in the rosy
region and the other in the 126-Sb interval.
+ This conversion was kar+ XDHYV 126+ Sb Ubzx, due to a crossover in the 126-Sb interval.
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TABLE 5

Mapping ry©3°7 and ry©5°8: Results of crosses of kar? ry® 126/ry¥ @ @ to tester
Dfd Df(3)kar?! ry 6%/kar2 Df(3)ry™ & &
Zygotes were reared on purine-supplemented medium, permitting only rare ryt progeny to
survive,

Crossovers Conversions ry¥ Conversions ry*
ryt 126 ryt+ kar? ry+ 126 Total Zygotes
ry+ sampled
ryd XDH!It XDHint XDHY XDHMY XDHirt XDHY XDHII XDHirt XDHY  survivors (X1079)
rys01 2 13 0 0 2 2 3 3 0 25 0.84
ry506 1 3 0 0 0 0 3 0 0 7 0.90
Total 3 16 0 0 2 2 6 3 0 32 1.74

40 ry+ exceptions in a sample of approximately one and one-half million zygotes.
The twenty-four crossovers are all kar ry+ 1261, locating ry°% to the left of ry*2.
Almost all the crossovers (23/24) are XDH™ while the other one is XDH™.
Since XDH™ is a nonparental mobility, intermediate to the ry+° (XDHY) and
the ry*3 (XDHY) isoalleles, we must conclude that the difference in mobilities of
these two isoalleles is due to at least two sites. One site (ry¢*°7) is to the left of all
the crossover points while the other site (ry®*%?) is to the right of all but one cross-
over. Moreover, these data place ry*® near and to the left of ry#.. Confirmation
of the separation of ry***® and ry*' comes from the fact that none of nine con-
versions of ry#! to ry T include ry®*%¢ within the converted segment.

Turning to the leftmost electrophoretic site, ry***?, we infer that it must be
very near ry*°?, since (1) no crossovers separate them, and (2) six of seven con-
versions of ry*%? are co-conversions of both sites. Moreover, the one conversion
of ry*%¢ that does not include the electrophoretic site demonstrates their separa-
bility. To determine the position of ry?*°” on the standard rosy map, it was neces-
sary to cross ry**’ series mutants to a mutant of the ry ¢ isoallele which is located
in the left-hand portion of the locus. The mutant ry® was chosen because the
ry*%—ry* map distance is similar to the ry*-ry* distance (CHOVNICK, BALLAN-
TYNE and Horm 1971). Since ry*?? was probably near ry?, a cross of these two
mutants would not have produced many ry+ survivors. Instead, ry?*! (insepar-
able from ry*!, Table 4) and a previously untested mutant, ry**, were crossed
to ry* (Figure 2, series B). The results are summarized in Table 5, and provide
evidence for the proximity of 7y® and ry**7. A number of ry* exceptions (Table
5) are designated XDH™"* (intermediate). This designation indicates that their
mobilities are clearly distinguishable from, and intermediate to, the parental
mobilities (XDH" and XDHY). However, we have had difficulty assigning them
to one or the other of the intermediate mobility clasces (XDH™ and XDH™Y).
This difficulty may reflect the resolution limit of the present electrophoretic
assay system. The ultimate resolution of these mobilities may permit us to
separate ry°**” into two or more components, but it will not alter the basic locali-
zation of the electrophoretic site(s). The crossover data (Table 5) confine ry”
to the left of both ry*%! and ry?°%, and to the right of ry°. Since three of nine con-



878 W. M. GELBART, M. MCCARRON, J. PANDEY AND A. CHOVNICK

verstons of ry? are co-conversions of ry?*°7 as well, these two sites must be located
close to each other.

Let us return to the relative localization of the right electrophoretic site, ry**°,
which we have already placed just to the left of ry**. Further information about
the relative map position of site markers at the right end of the map can be
gleaned from the ry®/ry®® cross. None of the fifteen crossovers separate ry¢>°*
from ry??1. However, since two of the four conversions of ry*°! are co-conversions
of ry®**¢ we conclude that these two sites are close to each other, but separable.
This observation, taken together with the fact that none of the nine conversions
of ry’? are co-conversions of ry®*** (Table 4), suggests that ry°* is closer to ry*
than it is to ry*%. Since ry*°°? is to the left of ry*!, ry*** must be similarly situated.
Thus, despite the absence of crossover data separating ry?** from ry** (Table 4),
we are able to define their relative position. Clearly, co-conversion data provide
a sensitive tool for the ordering of closely linked sites in Drosophila, in a manner
formally analogous to recombination analysis in bacterial transformation and
transduction,

Let us now consider two other isoallelic comparisons. While the observations
are admittedly preliminary, they serve to augment the data already presented,
and emphasize the distribution of electrophoretic sites relative to the standard
map (Figure 1).

ry*¢ vs. ry+3: The isoallele, ry+2, exhibits the same mobility (XDHV) as ry+°.
Just as ryt? possesses two electrophoretic site differences with respect to ry+9,
one close to each end of the locus, ry+? has two similarly located sites. These
observations are drawn from the results of the cross of ry*!/ry*! (Table 6). All
thirty-six crossover chromosomes are kar ryt 126+ Sbt Ubxt, thus locating
ry®*t well to the left of ry*'. Additionally, all crossovers are XDH™. a non-
parental mobility. Hence, there must be at least two electrophoretic sites of
difference between ry*? and ry+% One, ry®*?, can be located close to but
separable from ry*’ by the same logic that has been used to position ry*'*! and
ry®?. Furthermore, the same data argue that the second site, ry**?%, is close to
the left end of the rosy locus. In the absence of conversions of ry*°!, we are unable
at this time to define further the location of ry®ss,

ry+? vs. ry+2: Crosses of four ry?% series mutants (ry?°?, ry®°?, ry*** and ry*°°)
to ry*t provide results (Table 7) which establish the existence of an electro-

TABLE 6

Mapping rye3°2 and ry®303: Results of the cross of cu kar ry+1 126 Sb Ubx/ry301 Q@ Q to tester
Dfd Df(3)kar?! ry®/kar2 Df(3)ry™ & 3

Zygotes were reared on purine-supplemented medium, permitting only rare ry+ progeny to
survive,

Crossovers Conversions ry3°? Conversions ry4!
kar ry+ ryt kar ry+ 126 Sb Ubx ‘Total Zygotes
ryt sampled
XDHI XDt XDHIT XD XDHII  XDHII survivors (X 10-¢)

0 36 0 0 11 7 54 2.53
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TABLE 7

Mapping vye?17: Results of crosses of cu kar ry41126 Sb Ubx/ry¥ @ @ io tester
Dfd Df(3)kar3! ry¢0/kar2 Df(3)ry™ & &
Zygotes were reared on purine-supplemented medium, permitting only rare ry + progeny to
survive,

Crossovers Conversions ry¥ Conversions ry*!

kar ry+ ryt kar ry+ 126 Sh Ubx Total 7Zygotes

ry+ sampled

nY XDHII XDIIv XDHII XDHIV XDHT XDHIV SUrvivors (X 10-%)
ry20t 8 0 3 0 10* 0 21 0.74
ry203 0 0 0 1 1 ¢ 2 0.69
ry204 6 0 7 1 6 0 20 0.68
ry?0s 4 0 0 6 5* 0 15 0.66
Total 18 0] 10 8 22 0 58 2.77

* One of the conversions was kar XDHI! 126 Sb+ Ubz+, due to a crossover in the 126-Sb
interval,

phoretic site (ry®**”) some distance to the left of ry#%, and clearly distinct from
the cluster of electrophoretic sites which have been located at the right end of the
standard map (Figure 1).

Consider the crossovers resulting from those tests which place the alleles
ry®et, ry?% and ry?%® to the left of ry4. All eighteen crossovers are XDH™, kar
126+ SbT Ubx* and hence require that ry**"” be to the left of each crossover
point, as well as to the left of ry*1. Indeed, ry*?” must be very near ry**! and ry?%,
since the electrophoretic site exhibits exceedingly high co-conversion frequencies
with these alleles. Further localization of ry®?” cannot be extracted from the
present data.

Figure 4 presents a map of the rosy locus in which the null enzyme mutants
ry?, ry® and ry# represent reference points for the left, center and right of
the map. Attention is focused upon the relative positions of the electrophoretic
sites elaborated in the present report. Clearly, structural sites within the rosy
locus are not confined to a small portion of the map. Since we know that rosy
contributes two subunits to the XDH enzyme (see piscussion ), we are tempted
to conclude that most of the standard rosy map (Figure 1) represents a single
structural element coding for an XDH peptide which is represented twice in
each XDH molecule. (i.e., a homodimer). However, a comparison of the distri-
bution of the seven identified electrophoretic sites (Figure 4) with the distri-

5 8 4
1 . 1 T !
e507 e508
S — —
e217 el
€303 e302
€408

Ficure 4.—The positions of the known electrophoretic sites relative to the standard null- XDH
mutants ry%, ry8 and ry+1 (See Figure 1).
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bution of known null activity mutant alleles (Figure 1) suggests that the genetic
bases for electrophoretic variation in XDH may be restricted to two quite
separable sectors of the standard map. The possibility exists that the structural
information for XDH may reside in two elements, perhaps separated by a control
region of undefined length. Here we envision that each structural element would
code for a different peptide, which we designate as the « and 8 subunits of XDH.
An active molecule would then be a heterodimer consisting of one molecule of
each subunit. Let the leftmost group of electrophoretic sites (Figure 4) reside in
the coding element for the « subunit, and the rightmost group reside within the
B coding element. Let «® and oF represent subunits of slower and faster mobilities,
respectively, and let 8 subunits be similarly designated. For consideration of this
model, the XDH moiety produced by ry+? would then be o 85, ry+? and ry++
are o B¥, ryt? is of B5 and ry*? and ry*° are of BF. As we have demonstrated
herein, ry+° and ry+s differ by two electrophoretic sites, ry*°7 and ry<°s. By
proper selection and examination of ry**°” and ry®% allelic combinations, we
can generate a test distinguishing these two models (Figure 6).

The XDH electrophoretic pattern of ry+?/ry+? heterozygotes consists of a
heavy band of intermediate mobility and light bands corresponding in mobility
to ry*? (XDHY) and ry*? (XDHY) homozygotes. On the homodimer model, in
order of increasing mobility, these bands correspond to: XDH"/XDH", XDH"/
XDHY and XDHY/XDHY molecular species. On the heterodimer model, the
slowest migrating form is o 85, the intermediate is a combination of % 87 and
o B85 molecules and the fastest form is o« 7. Thus, ry+°/ry+’ heterozygotes
exhibit identical electrophoretic patterns on either model.

The heterodimer model predicts that «° 85/a” 87 and o B¥/oe” 8% individuals
will generate identical three-banded hybrid electrophoretic patterns. On the
homodimer model, these same heterozygotes would be designated XDH/XDHY
and XDH™"/XDH'®t, respectively; the XDH"/XDHY" heterozygote would be
expected to produce the three-banded hybrid electrophoretic pattern while the
XDH"/XDH'* individual would produce a single band of XDHi** mobility.
Essentially, the homodimer model predicts a cis-trans difference, whereas the
heterodimer model predicts no such difference (see Figure 5).

For the sake of this discussion, the ry+¢/ry+? heterozygous genotype may be
rewritten as ry®3078 pyes038 [pyes07l py 3088 "This represents the cis configuration of

Homodimer model Heterodimer model
cis trans cis trans
| | ] _—— | ]

— ——

Ficure 5.—The predictions of the homodimer and heterodimer models. Diagrams of the elec-
trophoretic patterns expected on either model are included. The cis configuration is ry€5078ryc5088/
ry€s07F ryes08F grans is rye5078 ryes08F [rye507F yye5088,
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Ficure 6.—XDH electropherogram of alternating cis (A,C,E) and trans (B,D.F) heterozy-
gotes. The cis configuration is ry€507S ry€s088/ry€s07F pyesos¥; qrans is ry€507S ryesosF [pyesorF
rrc.’.lnl.\'.

electrophoretic sites. From chromosomes recovered as co-conversions of ry*’
(Table 4) and ry*’* (Table 5), we are able to generate the trans heterozygote,
rys0is pyesosk [pyesort pyesoss The cis and trans heterozygotes were constructed
and their electrophoretic patterns examined. Figure 6 is an electropherogram of
these heterozygotes. The trans heterozygote produces a single electrophoretic
band of XDH'"* mobility, while the cis heterozygote produces three distinct
bands. Clearly, this result contradicts the heterodimer model. Hence, we con-
clude that the entire region from ry®*°” through ry*° represents a single con-
tinuous XDH-coding element.

DISCUSSION

The results described in the present report lead to the general conclusion that
most, if not all, of the standard genetic map of the rosy locus (Figure 1) repre-
sents a single uninterrupted DNA sequence which is the XDH structural element.
This structural element consists of a unique DNA sequence of some 3 X 10°
nucleotide pairs in length. The unique nature of the structural element is docu-
mented by our total experience with fine structure recombination experiments
involving some 2000 analyzed ry* recombinants. We have never seen evidence
of the “unequal” crossing over that would occur if repeat sequences were present.
The physical length of the structural element is derived as follows: The molecular
weight of Drosophila XDH has been estimated at 250,000 daltons (GrassMAN
et al. 1966). SDS gel electrophoresis reveals that Drosophila XDH consists of a
single subunit of 130,000-150,000 daltons (Canbpipo, BaiLLiE and CHOVNICK
1974). From these observations, we are able to infer that the active XDH mole-
cule consists of two subunits of similar size. That both subunits are derived from
rosy structural information may be inferred from YEn and Grassman (1965).
In the present report, we have demonstrated that both subunits of a single XDH
molecule are peptide products of one structural element. By this logic, we con-
clude that the rosy structural element codes for a polypepnde of 130,000-150,000
daltons or approxnmately 1000 amino acids, requiring a coding sequence of some
3 % 10* nucleotide pairs. It is of interest to note that this estimate of the physical
length of the XDH structural element is strikingly similar to an estimate based
upon recombination data. LEFEvRe (1971b) correlates 0.01 map units with a
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length of 3.7-3.8 X 10® nucleotide pairs in Drosophila melanogaster. The stand-
ard map of the rosy locus (Figure 1) extends over 0.009 map units and thus
3.3-3.4 X 10® nucleotide pairs.

Let us now consider the rosy locus as a cytogenetic entity. We have already
noted the evidence in support of the 1 gene:1 chromomere (or polytene band)
hypothesis (see inTRODUCTION). Indeed, we believe that this evidence far out-
weighs the objections to the hypothesis (O’Brien 1973). Moreover, the 1 gene: 1
chromomere relationship appears to hold for the rosy region (Deranp and
Crovnick, unpublished). The rosy locus has been restricted to the five-band
chromosomal region 87D8-12 (Lerevre 1971a), a group of bands of average
dimensions. Given that an average band contains a haploid amount of DNA of
2-3 X 10* nucleotide pairs (Rupkin 1965; LErevre 1971b; Lairp 1973), then
the rosy locus, occupying one of these five bands, has available to it at least ten
times as much DNA as is needed to code the amino acid sequence of its poly-
peptide chain.

Return to the problem of gene organization and the general model under test.
Clearly, the present data do not support the model, which anticipated a cluster of
electrophoretic sites localized to a short sector of the total map. In formulating
this model, we tacitly assumed that the distribution of mutants would directly
reflect the relative sizes (both physical and recombinational) of the postulated
control and structural elements. With the failure of the present data to support
the model, we must either reject the general model or question the validity of our
underlying assumptions.

Let us first examine our assumptions. (1) The distribution of mutants within
the control and structural elements directly reflects the relative lengths of their
nucleotide sequences. Consider the nature of rosy eye color mutants which com-
prise the standard map of the rosy locus. Since even low levels of XDH activity
allow expression of the ry* phenotype, the visual selective procedure requires
that these mutants lack any residual activity. Clearly, single base-pair alterations
in the structural element have the potential to eliminate all XDH activity. In
the control element, as Crick (1971), Paur (1972) and others perceive it, such
alterations generally should have a less drastic effect on the enzyme activity.
These workers intimate that control specificity resides in extensive nucleotide
sequences, in contrast to the triplet codon specificity of structural regions. Thus,
while most single base-pair alterations in control elements might cause slight
quantitative changes in XDH activity, they would not be expected to produce
the complete disruption of activity necessary for expression of the mutant eye
color. In contrast to prevailing scientific folklore, we believe single site alterations
to comprise the bulk of intragenic events produced by X-irradiation, the agent
that generated these rosy mutants. Our assertion is best documented by the work
of MaLLiNG and pe SerrEs (1973), examining 101 X-ray-induced ad-3B mutants
in Neurospora crassa. Based upon the reversion properties characterizing these
mutants, they determined that only six of these 101 mutants were multisite
lesions. Additionally, three of the five X-ray-induced maroon-like mutants in
Drosophila melanogaster are inferred to be base substitutions since they partici-



ORGANIZATION OF THE ROSY LOCUS 883

pate in interallelic complementation (CmovNick ef al. 1969). Extrapolating
from these observations, we presume most of the rosy mutants also to be single
base-pair alterations. Inadvertently, th= conspiracy of X-ray mutagenesis and the
visual selection of null- XDH eye color mutants restricted the lesions recovered
to the rosy structural element. Thereby, we are able to account for the con-
cordance of the XDH-null and electrophoretic maps. If this explanation is correct,
the use of alternative mutagens and more sensitive selective procedures may yet
permit us to examine variation within the control element.

(2) The recombination rates within control and structural elements are
identical per unit of nucleotide length. In sooth, most exchange may occur within
the structural element, producing the biased distribution of mutant map sites
which we have observed. Why would a mechanism limiting exchange in this
manner evolve? Control elements have been implicated as regions containing
middle repetitive DNA. If so, recombination in these regions will be character-
ized by unequal exchanges. Assuming an optimal size and sequence for a par-
ticular control element, we envisage a selective advantage favoring the evolution
of mechanisms which inhibit exchange in this element, thereby stabilizing it.
Analogous disadvantages accorded unequal exchange may have participated in
limiting the positions of highly redundant loci (18S and 28S rRNA [bobbed]
genes—Rrrossa and SpreGELMAN 1965; histone gene—PARDUE et al. 1972) to
centric regions, where the frequencies of exchange are reduced. Recall also that
most rapidly annealing DNA localizes to centric regions (Garr, CorEN and
Poran 1971). Moreover, transposition of the bobbed locus to a more distal
position via inversion of the X chromosome results in increased recombination
and the unequal exchange associated with such redundancy (Arwoop 1969;
ScrALET 1969). We note, as an exception to the above pattern, that the redundant
5S rRNA genes are located in the distal polytene region 56E-F on the right arm
of chromosome 2 (WimBer and STerrFENsoN 1970). Despite this exception, we
believe that mechanisms exist for regional control of recombination frequency.
Similarly, on the intralocus level, exchange within a control element may be
inhibited, thereby creating the illusion that most of the locus is structural. The
pertinence of this argument for the present study of the rosy locus is obvious,
and assessment of this possibility is under investigation.

Let us next consider the possibility that, in fact, the assumptions underlying
the present experiment are valid, and that the general model is incorrect. We
are then left in the unhappy situation of having a genetic unit associated with a
chromomere containing an order of magnitude more DNA than is needed as
structural information. We must search elsewhere for the raison d’étre of this
excess DNA.

Other functions for it may involve control of DNA replication and chromosome
behavior during cell division cycles. Both of these processes involve the inter-
actions of large numbers of chromosomal sites (PrauT, Nasa and FANNING 1966;
Baker and CarpenTER 1972). Certainly, a variety of initiator, binding and
receptor sites must be required for these processes to operate normally; the excess
DNA may serve in these capacities.
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Our long-range interest is in the organization of a genetic unit in higher
organisms, and in particular, the control mechanisms underlying differential
gene function. Establishment of the limits of the rosy structural element is a
necessary prerequisite to the identification of mutants in the control process.
The work reported herein represents our progress in delimiting said structural
element. Further localization of electrophoretic and other classes of structural
variants will aid in clearly defining these limits.

Note added in proof: Since preparation of this manuscript, all XDHi2t recombinants have
been determined to be of the XDHIV mobility class (see resurTs).

LITERATURE CITED

Artwoop, K. C., 1969 Some aspects of the bobbed problem in Drosophila. Genetics (Supplement)
61: 319-327.

Baker, B. 8. and A. T. C. CarpEnTER, 1972 Genetic analysis of sex chromosomal meiotic
mutants in Drosophila melanogaster. Genetics 71: 255-286.

BrirTen, R. J. and E. H. Davipson, 1969 Gene regulation for higher cells: A theory. Science
165: 349-357.

Camns, J., 1962 A minimum estimate for the length of the DNA of Escherichia coli obtained
by autoradiography. J. Mol. Biol. 4: 407—409.

Canpino, E. P. M, D. L. Baiuie and A. CHovNIck, 1974 A rapid purification of xanthine
dehydrogenase for genetic studies. Genetics (Abstr.) (In press.)

CHOVNICE, A., 1966 Genetic organization in higher organisms. Proc. Roy. Soc. London B 164:
198-208. , 1973 Gene conversion and transfer of genetic information within the
inverted region of inversion heterozygotes. Genetics 75: 123-131.

CHovNicg, A., G, H. Bautantyne and D. G. HoLm, 1971 Studies on gene conversion and its
relationship to linked exchange in Drosophila melanogaster. Genetics 69: 179-209.

CrovNiIck, A., V. FINNERTY, A. ScuaLer and P. Duck, 1969 Studies on genetic organization in
higher organisms. 1. Analysis of a complex locus in Drosophila melanogaster. Genetics 62:
145-160.

CHOVNICK, A., A. ScHALET, R. P. KernacuAN and M. Krauss, 1964 The rosy cistron in Dro-
sophila melanogasier: Genetic fine structure analysis. Genetics 50: 1245-1259.

Crick, F. H. C, 1971 General model for the chromosomes of higher organisms. Nature 234:
25-27.

Darwerr, J. E.,, W, R. JeLivex and G. R. Morroy, 1973 Biogenesis of mRNA: Genetic regula-
tion in mammalian cells. Science 181: 1215-1221.

Deranp, M., 1971 Genetic studies of a micro region of chromosome IIIR of Drosophila melano-
gaster. Ph.D. dissertation, University of Connecticut.

Foger, S., D. D. Hurst and R. K. MorTIMER, 1971 Gene conversion in unselected tetrads from
multipoint crosses. pp. 89-110. In: Stadler Genetics Symposia, Vols. 1 and 2. Edited by G.
Kimeer and G. P. Reper. Agricultural Experimental Station, Univ. Missouri, Columbia,
Missour.

Garr, J. G, E. H. Core~n and M. Poran, 1971 Repetitive DNA sequences in Drosophila.
Chromosoma 33: 319-344.

GEeorGIEy, G. P, 1969 On the structural organization of operon and the regulation of RNA
synthesis in animal cells. J. Theoret. Biol. 25: 473-490.



ORGANIZATION OF THE ROSY LOCUS 885

Grassman, E., T. Sainopa, H. M. Moo~ and J. D. Karam, 1966 In vitro complementation
between non-allelic Drosophila mutants deficient in xanthine dehydrogenase. J. Mol. Biol.
20: 419-422,

Grerr, E. H.,, 1962 The dose effect of ma-I+ and ry+ on xanthine dehydrogenase activity in
Drosophila melanogaster. Z. Vererb. 93: 371-377.

Hocuman, B., 1973 The genetic composition and significance of chromosome 4 in Drosophila
melanogaster. Genetics 74: S116-S117. (Abstr.).

Juop, B. H., M. W. Sgen~ and T. C. Kaurman, 1972 The anatomy and function of a segment
of the X chromoesome of Drosophila melanogaster. Genetics 71: 139-156.

Kurr, E. and N. E. RoBerts, 1967  In vivo labelling patterns of free ribssomes: Relationship to
tape theory of messenger ribonucleic acid function. J. Mol. Biol. 26: 211-225.

Lamp, C. D, 1971 Chromatid structure: relationship between DNA content and nucleotide
scquence diversity. Chromosoma 32: 378-406.

Lairp, C. D.. 1973 DNA of Drosophila chromosomes. Ann. Rev. Genet. 7: 177-204.

Lamep, C. D. and B. J. McCartry, 1969 Molecular characterization of the Drosophila genome.
Genetics 63: 865-882.

Lerevre, G., Jr., 1971a Cytological information regarding mutants listed in LinpsLey and
Grerr 1968. Drosophila Inform. Serv. 46: 40. 1971b  Salivary chromosome
bands and the frequency of crossing over in Drosophila melanogaster. Genetics 67: 497-513.

Lewis, E. B. and F. Bacuer, 1968 Method for feeding ethyl methanesulfonate (EMS) to
Drosophila males. Drosophila Inform. Serv. 43: 193.

Linostey, D. L. and E. H. Grerr, 1968 Genetic variations of Drosophila melanogaster. Publ.
Carnegie Inst. Washington No. 627.

Marving, H. V. and F. J. pE Serres, 1973 Genstic alterations at the molecular level in X-ray
induced ad-3B mutants of Neurospora crassa. Radiation Res. 53: 77-87.

McCarroN, M., W. GeLBaRT and A. CrovNick, 1974 Intracistronic mapping of electrophoretic
sites in Drosophila melanogaster: Fidelity of information transfer by gene conversion.
Genetics 76: 280-299.

O’'Brien, S. J., 1973 On estimating functional gene number in eukaryotes. Nature 242: 52-54.

Paroue, M. L., E. WeiNgerG, L. H. Kepes and M. L. Birnstier, 1972 Localization of sequences
coding for histone messenger RNA in the chromosomes of Drosophila melanogaster. J. Cell

Biol. 55: 199a. (Abstr.)

Paur, J., 1972 General theory of chromosome structure and gene activation in eukaryotes.
Nature 238: 444-446.

Prrerson, N. S. and C. S. McLaucHLIN, 1973 Monocistronic messenger RNA in yeast. J. Mol.
Biol. 81: 33-45,

Pravr, W, D. Nasu and T. Fanning, 1966 Ordered replication of DNA in polytene chromo-
som~s of Drosophila melanogaster. J. Mol. Biol. 16: 85-93.

Rascu, E. M., H. J. Barr and R. W. Rascu, 1971 The DNA content of sperm of Drosophila
melanogaster. Chromosoma 33: 1-18.

Rrtossa, F. M. and S. SpieceLman, 1965 Localization of DNA complementary to ribosomal

RNA in the nucleolus organizer region of Drosophila melanogaster. Proc. Natl. Acad. Sci.
U.S. 53: 737-745.

Rupkin, G. T, 1965 The relative mutabilities of DNA in regions of the X chromosome of
Drosophila melanogaster. Genetics 52: 665-681.

ScraLer, A., 1969 Exchanges at the bobbed locus of Drosophila melanogaster. Genetics 63:
133-153.



886 W. M. GELBART, M. MCCARRON, J. PANDEY AND A. CHOVNICK

ScHALET, A., R. P. KernagHAN and A. CHOVNICK, 1964 Structural and phenotypic definition of
the rosy cistron in Drosophila melanogaster. Genetics 50: 1261-1268.

Tavror, A. L., 1972 Linkage map of Escherichia coli strain K-12. Bacteriol. Rev. 36: 504-524.

TurNER, S. H. and C. D. Lairp, 1973 Diversity of RNA sequences in Drosophila melanogaster.
Biochem. Genet. 10: 263-274.

Wimeer, D. E. and D. M. Sterrensen, 1970 Localization of 58S RNA genes on Drosophila
chromosomes by RNA-DNA hybridization. Science 170: 639-642.

Wu, J. R, J. Hurn and J. BoNNER, 1972 Size and distribution of the repetitive segments of the
Drosophila genome. J. Mol. Biol. 64: 211-219.

Yen, T. T. T. and E. Grassman, 1965 Electrophoretic variants of xanthine dehydrogenase in
Drosophila melanogaster. Genetics 52: 977-981.

Corresponding editor: B. H. Jupp



