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ABSTRACT
We determined the nucleotide sequence of a 4.6-kb EcoRI fragment containing 70% of the rosy
locus. In combination with information on the 5’ sequence, the gene has been sequenced in entirety.
rosy cDNAs have been isolated and intron/exon boundaries have been determined. We find an open
reading frame which spans four exons and would encode a protein of 1335 amino acids. The
molecular weight of the encoded protein (xanthine dehydrogenase), based on the amino acid
translation, is 146,898 daltons which agrees well with earlier biophysical estimates. Characteristics of

the protein are discussed.

HE rosy locus (ry: 3-52.0) in Drosophila melano-

gaster is of particular interest from two view-
points. First, it has been the subject of intensive fine
structure genetic analysis by those interested in gene
structure and regulation (CHOVNICK et al. 1977). Elec-
trophoretic variants and null rosy mutants have served
to delimit the structural boundaries of the gene
(McCARRON, GELBART and CHOVNICK 1974; GEL-
BART, MCCARRON and CHOVNICK 1976). Two puta-
tive control variant sites have been genetically mapped
to the 5’ region of the gene (CHOVNICK et al. 1976).
Recently this genetic analysis has been extended to
the molecular level using molecular mapping of inser-
tion/deletion mutants (COTE et al. 1986) and DNA
sequence analysis of putative control mutants (LEE et
al. 1987).

Quite independently of studies of gene structure
and regulation, the rosy locus became a focus of inter-
est for population and evolutionary genetics. The
encoded protein, xanthine dehydrogenase, is highly
polymorphic in natural populations of all species of
Drosophila where it has been studied. BUCHANON and
Jounson (1983) found 15 electromorphs in 62 ge-
nomes sampled from a single population of D. melan-
ogaster. KEITH et al. (1985), in a survey of 184 ge-
nomes from two California populations of Drosophila
pseudoobscura, revealed 20 electromorphs, and COYNE
(1976) revealed 23 electromorphs in 60 genomes sam-
pled from a single population of D. persimilis.
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Considering the extent of protein polymorphism, it
is of interest to know what amino acid changes cor-
respond to these electromorphs, whether this varia-
tion is confined to certain domains of the protein, and
how important recombination may be in generating
the variation. In addition, the ratio of silent site pol-
ymorphism to amino acid substitutions for such a
polymorphic gene can be compared to that found at
the Adh locus (KREITMAN 1983), which has a much
lower level of protein polymorphism. Finally, se-
quence comparisons between species of Drosophila can
show the rate of evolution of silent sites and intron
positions for this highly polymorphic gene as com-
pared to the rate obtained from Adh (S. SCHAEFFER
and C. AQUADRO, unpublished data) It will be of
interest to determine whether there is a correlation
between the level of amino acid substitution and the
level of overall DNA polymorphism observed.

Because of the interest of both molecular and pop-
ulation geneticists in the expression and evolution of
Xdh, it is desirable to provide the complete DNA
sequence of this locus. In this paper we present an
overview of the structure of the rosy locus, its DNA
sequence and predicted amino acid sequence. In ad-
dition, some of the characteristics of the protein, XDH,
are discussed.

MATERIALS AND METHODS

DNA plasmids and fragments: The rosy locus was cloned
by BENDER, SPEIRER and HOGNEss (1983) from a Canton-§
stock of D. melanogaster. We subcloned into pBR322 a 4.6-
kb EcoRI fragment (Figure 1) from the original 8.1-kb Sall
fragment kindly provided by C. S. LEE and W. BENDER.
The sequence of the contiguous 5’ region, from the Psil
site at —2920 kb to the EcoRI site at 0 kb (Figure 1), has
been sequenced by LEE et al. (1987) from a ry*> laboratory
stock and is presented in this issue of GENETICS.
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Rosy Transcriptional Unit
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FIGURE 1.—The rosy transcriptional unit: a genomic restriction map for the region of the rosy gene is pictured in the second line, with
coordinates in kilobases shown above. The coordinate of 0 kb is placed at the EcoR1I site near the center of the gene. The RNA structure
shown on the third line is a composite deduced from partial cDNAs. The locations of the seven rosy cDNAs we have isolated are given below
the composite picture. The DNA sequence reported in this paper extends from the 4.6-kb EcoRI site at 0 kb to the EcoR1 site at +4.6 kb.

DNA sequencing: The 4.6-kb EcoRI fragment was self-
ligated and sonicated, and random fragments of approxi-
mately 600 bp were subcloned into M13 strain MP8 (NoOR-
ANDER, KEMPE and MESSING 1983) according to the BAN-
KIER and BARREL (1983) protocol. The clones obtained were
sequenced according to the methods of SANGER, NICKLEN
and CoursoN (1977, 1980) on TBE buffer gradient gels
(BIGGIN, GIBsOoN and HoNG 1983). Sequenced fragments
were overlapped into a single sequence using the programs
of STADEN (1982, 1984). Confidence in the sequence was
obtained by repeatedly sequencing the same region on both
strands wherever possible. On average, a specific nucleotide
was covered six times by independent clones. One percent
of the EcoR1 fragment was sequenced only once. In addition,
696 bp were sequenced on only one strand but these regions
were repeatedly covered by four to six independent clones.

cDNA isolation: cDNA libraries made from D. melano-
gaster early and late third instar larval RNA in the vector
lambda gt10 were kindly provided by L. KAUVAR, B. DREss,
S. PooLE and T. KORNBERG (POOLE et al. 1985). cDNA

hage were plated onto bacterial strain KH802, and
700,000 plaques were screened using nick-translated rosy
4.6-kb EcoRI fragment, or a nick-translated fragment ex-
tending from the Bcll site at —1837 kb to the EcoRI site at
0 kb (Figure 1). After plaque purification of phage contain-
ing rosy cDNAs, the cDNA inserts were cloned into pEMBL
vectors (DENTE, CESARINI and CORTESE 1983). Conventent
restriction sites were used to subclone smaller fragments of
the cDNAs into pEMBL, and sequence was determined by
the Sanger dideoxy method (SANGER, NICKLEN and COUL-
SON 1977).

Protein analysis: The translated sequence of XDH was
analyzed for amino acid composition and hydrophobicity
using the programs from International Biotechnologies In-
corporated (IBI) written by JAMES PUSTELL. Secondary
structure predictions of the protein were determined using
the method of CHOU and FasMaN (1978).

GENERAL STRUCTURE OF THE GENE

Extensive genetic (CHOVNICK, BALLANTYNE and
HorMm 1971; GELBART, MCCARRON and CHOVNICK

1979; CLARK ¢t al. 1984) and molecular (COTE ¢t al.
1986) mapping of rosy mutants indicated that most or
all of the XDH protein coding sequences were con-
tained within a single 4.6-kb EcoRI fragment (Figure
I). Alignment of the genetic and molecular maps
placed rosy cis-acting control sites to the left of this
EcoRI fragment and suggested that the entire gene
was contained within an 8.1-kb Sall fragment (COTE
et al. 1986). Transformation experiments have shown
that a 7.3-kb Hindlll fragment (Figure 1) contains all
sequences necessary to rescue the resy mutant pheno-
type (RUBIN and SPRADLING 1982). Insertions into the
Pstl site at —2.9 kb have no effect on rosy expression
(CLARK and CHOVNICK 1986), which further limits the
extent of the putative control region. We therefore
were confident that the PstI to HindlIII fragment
(—2.9 to +4.2) contained all of the rosy sequence. Our
laboratory sequenced the 4.6-kb EcoRI fragment con-
taining the majority of the structural gene. That se-
quence and the accompanying protein translation is
presented in Figure 2. LEE et al. simultaneously se-
quenced the contiguous 2.9-kb PstI-EcoRI fragment
(Figure 1) and that sequence is presented in the ac-
companying paper (1987). The PstI-EcoRI fragment
was obtained from a ry”’ laboratory stock, whereas
the 4.6-kb EcoRI fragment came from a Canton-S
stock. The ry*® sequence was extended 200 bp beyond
the EcoRI site at 0 kb to ensure that no small EcoRI
fragments were lost at the junction. In that overlap,
there is one silent polymorphism, a G in Canton-S vs.
a T in ry*® at position +74 in the DNA sequence.
The rosy gene is transcribed from left to right, as
determined by hybridization of single stranded probes
to the rosy message (COTE ef al. 1986). Examination
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of the complete sequence reveals a long open reading
frame in the correct orientation which begins at the
ATG at —1407 in the first exon, splices across three
introns and terminates at the TAA codon at +3760
in the fourth exon. Analysis of rosy point mutations
supports our belief that the —1407 ATG is the trans-
lational start site (LEE et al. 1987).

In order to determine the precise limits of the
transcribed regions of the rosy gene, we searched for
rosy cDNA clones. From the Oregon-R early and late
third instar cDNA libraries of POOLE ¢t al. (1985) we
isolated seven partial rosy cDNAs. Two of these, 14-
14 and 14-18, appear identical, although they were
isolated in separate screenings. The cDNA clones
overlap as diagramed in Figure 1, and when combined
they cover nearly the entire gene. There is a gap in
the coverage of 158 bases, at the EcoRI site. Two
c¢DNAs end near or at this site, which is probably an
artifact of the construction of the libraries (if the
double stranded cDNA were not completely methyl-
ated at internal EcoRI sites, or if restriction enzyme
contaminated the methylase preparation, these sites
would be cut). Since the rosy open reading frame
continues uninterrupted through this region, it is
unlikely that any additional introns are located within
this 158-bp gap.

The cDNAs reveal the positions of the four exons
and three introns in the rosy gene (Figure 1). The
intron/exon splice junction sequences agree well with
the consensus sequences derived by MounT (1982)
and KELLER and NooN (1985). Although the cDNAs
were not sequenced in entirety, mapping with 4-base-
recognition enzymes shows that there are no addi-
tional introns in the regions covered by the cDNA
clones. The 5" ¢cDNA clone 14-31 extends 132 bp 5’
of the AUG codon at —1407 which initiates the rosy
long open reading frame, but we have not determined
if the cDNA is complete at its 5’ end.

A total of 2676 bp of the cDNAs was sequenced.
There were seven nucleotide substitutions between
the Oregon-R ¢cDNA sequence and the Canton-S ge-
nomic sequence, all conservative third position
changes (data not shown). rosy mRNA is polyadenyl-
ated (COVINGTON, FLEENOR and DEVLIN 1984). The
cDNA 14-8, 14-14 and 14-18 all depart from the rosy
genomic sequence at the same base (+3859) and this
base is followed in the cDNAs by poly-A tracts of 19—
20 residues. At 19 bp preceding the site of poly-A
addition is the sequence AATTAAA, a variation of
the conserved polyadenylation signal AATAAA (re-
viewed by BIRNSTIEL, BUSSLINGER and STRUB 1985).
Base pair +3859 is apparently the 3’ boundary of the
rosy mature mRNA.

There is an additional open reading frame of 115
codons within the sequence, beyond the 3’ end of
rosy. This frame reads in the opposite orientation from
rosy. It begins at the right boundary of our sequence,

so the full size of the reading frame is unknown. The
next characterized gene 3’ to rosy is snake, but this
open reading frame does not correspond to the snake
gene. A rosy null mutation, ry°%, is a 3.4-kb deletion
beginning at about +1.1 kb and extending into the
next distal EcoRI fragment, (+4.6 to +5.3 kb, Figure
1) (COTE et al. 1986), and this deletion has no snake
phenotype. In addition, snake cDNAs have been iso-
lated and do not extend into the 4.6-kb EcoRI frag-
ment (DELOTTO and SPIERER 1986).

PROTEIN PROPERTIES

The translated polypeptide (xanthine dehydrogen-
ase EC 2.1.37) is predicted to be 1335 amino acids
long. The xanthine dehydrogenase amino acid se-
quence shows no discernible homologies with any of
the proteins in the Protein Identification Resource
Database (March 1986; National Biomedical Research
Foundation). The program searches for 40% homol-
ogy over 40 amino acids or seven consecutive amino
acids between two proteins. An additional protein
homology search was performed using the LIPMAN
and PEARSON fast protein homology search programs
contained in the MBCRR distributed Molecular Biol-
ogy Analysis Programs. With a possible score of 6661
for 100% homology for this protein, the highest score
produced in this search was 59 in a comparison with
baker’s yeast histone H3. As xanthine dehydrogenase
is both a dehydrogenase and a molybdenum binding
enzyme it was of particular interest to compare the
amino acid sequence in more detail with other dehy-
drogenases and molybdenum binding enzymes, in or-
der to search for limited regions of homology that
may be related to the proteins structural require-
ments. No dehydrogenases or molybdenum binding
proteins included in the database were shown to have
even short regions of homology with the XDH se-
quence.

The amino terminus of the protein has been ex-
amined for indications of a signal sequence. HEIJNE
(1985) describes three well-defined functional do-
mains that are highly conserved in all eukaryotic signal
sequences examined to date. These include a short,
positively charged n-terminal region, a strongly hy-
drophobic region, and a short polar stretch terminat-
ing in a cleavage site. XDH begins with three polar
residues, followed by six hydrophobic amino acids,
followed by a polar region including a potential signal
sequence cleavage site between amino acids 12 and
13. The n-terminal region and the cleavage site se-
quence fall within the limits for eukaryotic signal
sequences. However, the hydrophobic region is one
residue shorter than the shortest example in a large
survey of signal sequences (HEIJNE 1985). Thus we
are uncertain if the amino terminus of XDH can
function as a secretion signal.

XDH has been characterized as a soluble protein.
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{EcoRl) 11 (Bamil) 23 3 &7 {Pw2) 59 n 8 95 107 119
GAATTCCAGCCCT TGGATCCCAGCCAGBAACCCATC TTCCCACCGGAAC TTCAGCTGAGTGACGCC TTCGATTCGCAGAGTTTGATCTTTAGT TCGGATAGGG TGACCTGGTATCETCCE
GluPheGLnProL euAspProSerGinGluProl LePheProProsluleubint euSerasphlaPheAspSertinSert eul |ePheSerSeraspArgval T TrpTyrArgPro

131 163 155 (5'end of H3-7 cONA clone) 191 23 215 227 239
ACCMTCTEGAGEAGL TGCT TCAGCTEAAGECCAMCATCCRGCTGCCAMGC TEETOGTEO6CAATACGRAAGTGO6C6T TGAGGTTAAGTTCAAGCACTTCCTCTACCCHCACCTCATC
ThrasnLeuGlubluleut eubinLeul ysALalysHisProAlaAlalysLeuvalyvalGlyAsnThrGluvalGlyVal6luvallysPhel ysHisPheLeuTyrfroisieul ie

%l %3 25 287 99 n 323 (Claty 335 LY 359
AATCCCACCCAGOTGAAGOAGC TECTEGAGATCAMAGAGAACCAGGATBECATT TACTTCRGTECGGC TOTCAGT TTGATEGAGATCGATGLGL TTC T6CGCAGAGAATCGAGCTGLTE
AsnProThréinValLys6luleuleuGlul lelysGLuAsnGInAspGLyLleTyrPheG] yAlaAlaVal SerLeuMetGLul LeAspALat eul euArgblnArg LeGlueuley

n 383 395 [ty 419 431 43 455 467 %]
CCGGAATCGGAGACCAGATTGTTCCAGTGCACCGTGGATATGCTTCACTACTTTGCCEGCAAGCAGATCCGCAACGTCECC TGTTTGEGTGGAARCATCATGACCGGCAGTCCCATTTCC
ProGlusers uThrargl euPheGinCysThrval AsphetLeuHi sTyrPheAlabLyLysG1n] LeArgAsnvalALaCysLeuGl Y61 yAsnl1etet The6lySerfrol leSer

&9 583 (st} bry 539 551 53 S75 587 599
GATATGAATCCTETECTCTCGGCAGCAGGAGC TCAACTGOAGGTEGCCAGTT TTGTGGATGOAANGE TCCARMAGAGATCAGTTCACATEGGAACTGGGT TCTTCACTGRC TATCGCAGE
AsplietAsnProValleuSeralahla6lyAlaGinLeubluval AlaSerPheValAsoGyLysLeuGinLysargSeryalii sMetGlyThrGLyPhePhe ThrGLy TyrArgarg

611 623 635 47 659 671 683 695 LA 9
AATGTTATCOAAGCCCACGAGG TGCTGCTGEGCATCCACTTTCGGAAGACCACTCCEGACCAGTATATCOTTGL T TTTAAGCAGGCCAGAAGAAGGGATGATGACATAGCCATCGTARAT
AsnvallleSluAlaHisGluvalleuleusly] leisPheArgLysThr ThrProAspGLnTyrllevalAlaPhelysG1nAl aArgArgArgAspAspAsp] LeAlal leval Asn

731 W3 755 (Bgl2) m 91 883 815 827 839
GCCGCAATAMCGTTCECTTTGAGGAAMAATCCAACATTGTEGLGEAGATCTCRATGGC TTTTE6TG6AATGECACCAMCCACAGTGLTCOCTCCTCGAACTTCCCAACTATEGTTGE6
AlaAlalieAsnValArgPheGluGlulysSerAsnl levaiAlaGlulleSertietAlaPheGlyGl yMetAlaProThr ThrValleuhl aProArgThrSerGinLeutetvalGly

851 83 875 887 899 911 923 935 (Sstl) 959
CAGGAGTGGAGCCACCASCTCOTG6AGCGCETOGCGGAGAGCT TG TGCACGEAGCTGCCTTTERCTGOCTCCHCTCCGETE6CATGATCECC TATCGTCOAGC TCTGGTRRTGAGCCTG
61nGiuTrpSerttisGlnLeuvalGlurgvalAlaGluderLeuCysThrGlul euProleuAlarlaSeralaPro6lyGlyMet IlealaTyrArgArgAlal euvalValSerieu

974 983 95 1087 1019 1031 1843 1055 1867 1879
TTCTTCAMGGLCTATCTGECCATTTCCCTGAAGCTGAGCAAG TCAGBGATCACATCTTCCGATGC TCTGLCALCGEAGGAGCOAAGTH6 TGCCGAGACAT TCCACACACCAGTACTCAAA
PhePhelysAlalyrLeuAlalleSerLeut ysleuSerLysSerGly[leThrSerSerAspAlalauProProbluGluArgSerclyalabluThePheHisThrProvallewt s

1091 1183 (PstD) 1z 1139 1151 1163 117% (5’end of H2-3cD
AGTGCCCAGCTCTTCGAGCGCGTCTGCAGCGATCAACCCATCTGTGATCCCAT TGGGAGACCAAMGTTCATGCGEC TGCTT TGARACAGGLCACTGGTOAAGCTATCTACACAGATGAC
SerAlaGlnLeuPheGLurgValCysSerAspGlnProl 1eCysAspProl LeGlyArgProLysValiisAlaAlaAlaleulysGInAlaThrGLyGLuAlal leTyr ThrAspAsp

NA clone) 1223 1238 1247 1259 12711 1283 1295 1307 1319
ATTCCCCGCATGGATGGTGAAGT TTATCTGGCCTTTGTCCTTAGTACCAAGCCACGTGCCAMGATCACCAAGCTGGATGCCAGTGAAGCTCTGECCC TGEACGGAGTGCATCAGTTCTTT
leProArghetAspGlyGiuval TyrLeuAlaPheValLeuSer ThriysProArghlalysTleThriysl euhspAlaSerGluAlal eudlaleuhspGiyValHisGinPhefhe

1331 1343 1355 1367 1379 1391 1483 (5end of H3-16 cOMA clone)
TGCTACAMGGAC TTAMCGEAGCACGAGANCEAASTGHGACCCGTCTTTCATGATOAGCACG TCTTTGCCGC TEEAGAAG TGCAT T6C TATGRTCAGATAGTGRECECCATAGCTGLCGAT
CysTyrLysAspLeuThrGlubisGluAsnGluValGlyProvalPhetli sAspblurisValPheAlaklaGly6luvalHisCysTyrGLyGinl levalGlyAlalleAlaAlaAsp

(3'end of H3-7) 1463 1475 1487 149 1511 1523 (Sst1} 1547 1559
AATAAGGCGTTOGCCCAAAGAGCCOC TCOGCTAGTGAMG TGGAGTACGAGGAGC TGAGL CCGATTATCG TGACCATAGAGCAGGCCATCGAGC TCAAGTCCTATTTCCCGRACTACCCC
AsrLysAlaleuAlabinArgAlaAladroLeuvallysvalGluTyrélubluleuSerProval llevalThrT1e6luGlnAlalleGlul et ysSerTyrPheProdspTyrPro

151 1583 1595 1687 1619 1631 1643 1655 1667 1679
CGATTCGTGACCAAGGGCAATOTGGAGGAGGL TTTATCCCAGGCGEATCACACTTTCGASGGCACCTGTCOAATGE6C6GACAGEAGCACTTCTATCTGGAGACCCATGCTGCATTGECC
ArgPheValThrlysGlyAsnValGlulualaleuSerG InAlaAspHisThrPheG1uGly ThrlyshraitetGlyGLYGLnGlubisPhe TyrLeuSluThriisAl Al al euAla

1691 1783 15 1727 1739 1751 1763 1775 1787 1799
GTACCTCGTGACAGCGATGAGCTHGAACTCTTTTGCTCCACECAGCATCCCTCE0AGETGLAGAAGL TAGTGGCCCATGTAMCCECAC TTCCTRCCCACCGTGTCOTCTGTCGTRCCANG
ValProArghspSeraspGluleublul euPheCysSer ThrGinHisProSerGluvalslnlysleuvalAlaHisvalThralal euProAlati sArgvalValCysargAlal ys

1811 1823 1835 1847 185% 1871 1883 1895 1997 1919
CGTTTGGGAGGCGGT TTCEGCRECAAGEA6TCCAGAGCATCTCCOTGECCCTACCCOTTOCCCTGOCCOCCTATCOAATEEGTCOTCCTGTECECTETATGTIGGATCGCOATCAGGAL
ArgleublyGlyGiyPheGlyGlytysGluSerArglylleServalalaLeuProvalAlaleuAlaAlaTyrArghetGlyArgProval Argly shetL euAspArgAspG luAsp

1931 1943 1955 1967 1979 {8cll) 2003 2815 a2 239
ATGCTTATCACCOGCACCAGGCATCCCTTCCTCTTCAATACAAAG TGRGL TTCACCAAGGAGGS TCTGATCACTGCCTGCGACAT TGAGTGCTACAACATGLCEGTTRGTCCATOEAT
RetLeulieThrGly ThrArghisProPheleuPheLysTyrLysvalGlyPheThelysGlubivLeul leThralaCy saspl1eGiuCysTyrasnAsnAlaGly TrpSertietAsp

2051 2063 2075 2087 209 a1 A28 235 2167 2159
CTGTCATTTTCGOTAAGAGTOGTEHGTTTATGGAAMATCCATATGTAGGTTTCTTTATGCATACCATETTTGCTCAAATATCCATGTETTGTATTTTCCATTGAACATCTGOTTAGTGTG
LeuSerPheSer(-- intron 2

AN 2183 29 207 219 2231 243 2255 2207 2n
GOAATTTCTAGGACCCCTATATGT TATCATCCTGAGTGCAAATAGT TYGAAACT TTTAAGAATGTTTAGGTCTAATCAGGAAGCAAGCACCAGGAT TATATTGACATAMCAATTATAA

291 2383 815 2327 2339 2351 2363 2375 2387 39
ATAATAATCTAMMAATTCTTAAMAATGATCTAATATATAMATCCTATGTTTAGGT TCTTGAGCGCGCCATGT TCCACTTTGAGAAT T6CTACAGGATTCCCAACGTTCGOGTGGRTGGAT
intron 2 --)ValleuGluArgAlatetPhetisPheGluAsnCysTyrargl LeProAsnval Argval61y61yT



Sequence of rosy Locus 71

A1 A0 23 €47 AN AN 483 498 X9 319
GGGTCTGLAMGACGAMCC TECCCTCGAATACGHCCTTCCOTEGATT TEEAGEACCACAAGGCATETACECCEGTGAGCATATCATCCGGBATETOGCCCE0ATAGTGEETCRCEATE TGS
rovalCysiysThrasnLeuProSerAsnThrALaPheArgGlyPheGLy6lyProGinG LyNet TyrALaélybluis I 1el LeArgAsoValAlaArg] leValGlyArgAspaly

2531 2543 (5'end of 14-8,14,18 cONA clones) 2591 2683 2615 2227 239
TGEATETGATECO6C TGAACTTCTACAAGACTGGAGAC TACACACAC TACCACCAGCAGC TEGAGCACTTCCOCATOGAGLGE TGTCTGGAGGATTGC T TGAAGCAG TCHAGATACEACG
alAspVaitetArgleuAsnPheTyrLysThrélyAspTyr Thriti s Tyrii s6InGlnLeuGLubi sPheProl 1e61uArgCy sLeub LuAspCysLeul ys61nSerargTyrasoé

2651 2663 275 2687 %9 m 3 s a7 29
AGAMGCGECAGGATATTGC TCGAT TCAATCEGGAGAATCEC TEGCE6AMMOGCECATEE0RETEETECCCACCANGTATGEAATCECATT TG6AGTEATECAC T TGAACCANGCGEGAT
luLysArg61nAspTieAlaArgPheAsnArgSluASArgTrpArgly shrgGlyNetALaValValProThrLysTyrGly TieAlaPheG] yvalNetHisLeuAsnGinal a6l yS

(3'end of i#2-3) 278{BaaH1) 2795 2887 2819 2831 2843 2855 2867 28719
CGCTGATCAACATCTATGETOATGGATCCBTGTTGC TTTCGCACGGAGGAGTTGAGAT COGACAAGG TCTEAATACCAAGATGATTCAGTGCGCCECCAGGGCTCTEEOGATTOCTTCR6
erleulleAsnlleTyr6lyAspblyServalleul euSertisolyGlyVal6lulleSly6ing yLeudsnThriyshet I1eGinCysAlaklaArgAlal euGly I eProSers

2891 299 015 227 839 {Bamtil) 63 275 2587 2%
AACTEATTCACATTTCOGAAMCGGCCACEGATAMBTACCCAMCACTTCACCCACGEO66CGAGTGTEORATCCGATCTOAACEBAATGGLCETACTEEATGCETE TOAAMMAGT TGAACA
lukeulleHislleSerGiuThralaThrAspLysValProAsnTheSerProThrAlalaServal6lySerAspleuAsnGlyMetAlavalLeuAspALaCys6lul ysLeuAsnl

3011 3023 3835 3847 3059 B 3083 3095 He? 3118
AMAGACTGGCCCCATCAAGOAGECATTGLCTGGAGGCACC TGGAAGGAG TGBATCAACAAGGLGTAT TTCGATCGRETCAGCCTCTCRCCACAGEAT TCTATGCCATGCCOBGEATTG
ysArgleudlaProl lel ysGluAlaLeuProblyGlyTheTrpLysGiuTrpEieAsnLysAlaTyrPheAspArgvalSerLeuSeralaThvGlyPheTyrAlatetProbly [ e

3131 3163 (3'end of H3-16) 3167 N 3191 (Clat} 3215 3227 3259
GATATCACCCGGAAACEAATCCCAATGLTCGCACCTATAGCTACTACACGAATGECE TEGEABTCAC TG TEGTAGAGATCOATTGCCTGAC TGECEACCATCABGTEC TCAGCACAGACA
1yTyri sPro6luThrasoProAsnAlaArgThr TyrSerTyr Tyr ThrAsnG LyVal61yVal ThevalVal6lul JeAspCysLeuThr 6L yAspHis6invalteuSer ThrAsp]

3251 3263 3275 3287 3299 3 3323 333 347 3359
TCGTGATGGACATCEGC TCTAGCCTGAATCCBGC TATTGACAT TGGTCAGATCGAGEGAGCAT TCATGCAGGSCTATEGACTGTTCACT TTGEAGGAAC TCATETACTCACCACAAGSCA
LeValMetAsplleGiySerSerieuasnProAlalieAsplleGlyGin 1eGluGlyALaPhetetGInG1y TyrGlyLeuPheThrleuGluGiuLeutet TyrSerProGLnGLyl

i 3383 3395 ue7 %19 U3 3443 3485 67 U7
TGCTTTACTCCAGAGETCCOGGCATGTACAAGC TGCCAGGAT TTGCCGACATTOCCGGGGAG T TCAATGTCAGCCTAC TGACCOETECCCCCAATCCACGECAGTCTACTCTICCANGG
ETLeuTyrSerArgblyProélyNet TyrLysl euProGlyPheAladspl1eProGlyG luPheAsnvalSerLew euThr6lyALaProAsnProArgAlaval TyrSerSerlysh

3491 3503 3515 3527 3539 3881 3563 3575 3587 3599
CAGTEGGTGAACCTCCOCTCTTCATTGEATCATCTGCATTCTTTGCCATTAAGGAGBCCATTECAGC TGC TCGCGAGGATCAGGGL TTGAGTEGTEACTTCCCACTEGABGCECCTTCCA
laVal6lyGluProProLeuPhelleiySerSeralaPhePheAlal leLysGluhlal 1eAlaAl aAlaArgGluAspGinG L vl euSerGLyAsoPheProLeuGluAlaProSer

361l 3623 3635 3647 3659 371 3683 3695 3707 3719
CATCGGCACGCATTCOAATTGCTTGTCAGGATAAGT TCACGGAACTGOTAAGT TACCCTTGGAT TAGT TTAGAACAT TAMACTAACTTTTATTATTAATTTATTAATTATAGCTTGAAAT
hrSerAlaArglleArgl)eAlaCysGinAsplysPheThrGluLeu(-- intron 3 intron 3 --)LeuGlull

3731 3743 3755 3767 379 3N 3803 3815 3827 3839

ACCCGAACCAGGATCATTTACGCCATGBAACATTGTECCTTAMMATTGTTTTTATTGTTTGTACTGC TTAAGCAT TTAAMATGACGATT TTATTTGTTAATTTGTITATATATACATAGT
eProGluProGlySerPheThrProTrpAsnllevalPro

(3"end of 14-8,14,18} 3875 3887 3899 T 3923 3935 347 3959
GAATTAATGTTTTAAMATAATTGAGICSTTTAATGTGTAAMCTAAGCTGGAGAGC TGT TTGAACAAAT TTATATACCACTGAT TAATATTAAATATTCCTTTTAGATTAAGAAMMATT

91 3983 3995 4007 819 1031 6043 4055 4067 @
CAATGOTTACTTTTTTGTTCTATCTATTATTCAATAGAATCTCOTGRCATGCAATGCATTCTGATTTTCAATTGAMAAGTCTTAGTCACTATTTATTTTGAGTATATTAATGAMGTTGA

4991 4193 4115 4127 4139 4151 {#indd) 4175 4187 (Bol2) 4199
GCAAGTTTTCCGATGAATTGAAATATGAGT TCCGAT TTCGGCGCGAC TGCTACCCOAAMATATAAGC TCAATCAAAAGAAGCTTTGTATGGAACTCAGGTTATGAGACGAGATCTTC6CG

6211 28 (Sstl) 4287 259 §271 4283 4295 407 4319
AGCATCTCAGTCGGCAATCTGAAGTCGTAGAGC TCOGACATCCOAGATGOGAAAGC TATCATTTGGATACAGTTTGCTTTTAGAGTTCGTCTTAATTTCGACGTTATCGTTCOTATCRGL

4331 4343 4355 4367 4379 4391 4403 (Clal) 4415 “2? 39
AGAACAATTGITGCTATCACTACAACCATTATTACAATAGATATGCACAGAATGLGCCTTGGAACGCAGTGGCTCCATCGTATCTATCGAT TGACATCTACGGAAAT TGCCAAGCCCACG

4451 4463 4478 4487 49 511 4523 4835 4547 4559
ATCGTCCHCTGATTO6TAAG TG TGTGCGOTACGTGGAT TECATTAGTGCCATSCAGECAGTGLCLCE6TGACACCACTACTCTGTCCGT CATCRTGRCCCANTCAGTTGETTTECTGIC

4571 4583 4595 4607 4619
CACACGGCGGATACTTGTTGCCECCECCCAGCATCTCGAAGAGCGAACAAGG TGCGTATGAAMGS

FIGURE 2.—The DNA sequence of the 4.6-kb EcoR1 fragment containing 70% of the rosy locus: the sequence is numbered as in LEE et al.
(1987) (1+ is underlined). Selected restriction sites of six-base recognition enzymes are indicated above the DNA sequence. The predicted
XDH protein sequence is shown below the DNA sequence. cDNA boundaries are underlined and the numbers noted above the DNA
sequence. Intron boundaries are noted below the DNA sequence. The TAA stop codon is underlined.

Consistent with that, we do not find any transmem- KyTE and DooritTLE (1982). Each hydrophobic
brane-like stretches of amino acids. This feature was stretch of 19 amino acids was assigned an average
examined according to the procedure outlined by hydropathy value. None of these averages were equal
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to or above the value of 1.6, which is the lower limit
value associated with transmembrane amino acid se-
quences (KYTE and DOOLITTLE 1982).

The functional protein is a homodimer with a sub-
unit molecular weight of 146,898 daltons as deter-
mined from the translated sequence. This is in good
agreement with the subunit weight of 150,000 previ-
ously estimated by SDS gel electrophoresis (EDWARDS
and CANDIDO 1977).

DISCUSSION

We have determined the sequence of the rosy locus
to serve as the basis for subsequent sequence compar-
isons. Both the genomic and ¢cDNA sequences, re-
ported in this paper, have helped define the limits of
the mature mRNA. This information will help direct
a search for cis-acting control regions of the gene (LEE
et al. 1987).

In addition, structural features of Xdh described in
this paper make it an interesting locus for population
and genetic studies. Since the gene is composed of
both introns and exons, it allows the comparison of
different functional regions. The large size of the
locus permits more powerful statistical analyses of
these comparisons than were possible in the smaller
loci analyzed to date, includirig Hsp82 (BLACKMAN
and MESELSON 1986) and Adh (SCHAEFFER and
AQuADRO 1987). We plan to focus future work on a
sequence comparison of different XDH alleles isolated
from natural populations (KEITH et al. 1985). These
data will provide information on the distribution and
type of amino acid substitutions permitted in the
molecule and on the origin and maintenance of ge-
netic variation at this locus.

We thank DoreeN LEws for assistance with fly food. This work
was supported by grants from the National Institutes of Health to
R.C.L.
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