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(57) ABSTRACT 

This invention provides an isolated nucleic acid molecule 
encoding an insect odorant receptor. This invention provides 
a nucleic acid molecule of at least 12 nucleotides capable of 
Specifically hybridizing with the nucleic acid molecule 
encoding an insect odorant receptor. This invention also 
provides a purified, insect odorant receptor. This invention 
provides an antibody capable of Specifically binding to an 
insect odorant receptor. This invention provides a method 
for identifying cDNA inserts encoding an insect odorant 
receptors. This invention provides a method of identifying a 
compound capable of Specifically bind to an insect odorant 
receptor. This invention also provides a method of identi 
fying a compound capable of activating the activity of an 
insect odorant receptor. 
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FG. 8A 
COR62 AF2 92. 

OCS XXXXX 553 bp rRNA NV 32-es-S 99 
CEFT-CN crosophlia Relianogaster putative ediorat receptor OOR52 :tRNA 

spatial cds. 
ACCESSC AF127921 
XEYWORDS m 

SOURCE fruit fly. 
ORGANISM crosophila Icelanogaster 

2.ukaryota; Metazoa; Arthropoda ; Tracheata: Hexapodia; its ecta; 
Pterygota; Diptera: Brachycera; Muscomorpha: Epnydroidea; 
Drosophiidae; Drosophila. 

REFERENCE (bases l to 553) 

AUTHORS Leslie B. Vosshall, Hubert Amrer. Pavel S. Morozov, Andrey 
Rzhetsky, and Richard Axel. 

TITLE A Spatlal Map of Olfactory Receptor Expression in the prosei 
Antella 

OURNA Cell (999) I: press 
REFERENCE 2 (bases i to 553) 
AUTHORS Vosshall, L.B., Amrein, H., Morozov, P.S., Rzhetsky, A. and 

Axel, Richard. 
TITLE Direct Submission 
JOURNAL Submitted (02-FEB-1999) Department of Biocnemistry and Molecular 

Biophysics, HHMI-Columbia University, 701 West i68th Street, New 
York, NY 10032, USA 

FEATURES Location/ Qualifiers 
Coline: /product = 'odorant receptor DOR62 

/ tissue-type = 'adult an Cenna" 
/note= 'putative seven transmembrane G protein coupled 
receptor; genomic DNA sequenced by the European Drosophila 
Genome Project and given accession number 62D9.g. 

SCCs , , 553 - 

/organisms "Drosophila melanogaster" 
/strain="Oregon R" 
fdb.xtrefs" taxon: 7227" 
/chronosome="X" 
A map="2F" 

gene k . .553 
/note="Drosophila melianogaster odorant receptor DoR62" 
f gene="DOR62" 

CDS C1 . . 459 
/gene="DOR62" 
/note= "odorant receptor" 
/codon Start=l 
A products "DOR62" 

translation= "QELIECIRDLARVHRLREIIQRVLSVPCMAQF VCSAAVOCTVAM 
:FLY WADDHDHTAMIISIVFFSAVTLEVFWICYFGDRMRTOSEALCDAFYDCNWIEQL 
PKFKRELLFTLARTQRPSLIYAGNYIALSLETFEQVMRFTYSVFTLLLRAK" 
BASE COUNT 
ORIGN 

l 
5l. 
2 
8. 

241 
3 O 
36 
42l 
48l. 
54 

14l a l4S c l32 g 35 

Cagga actica 
Cag C9gg CC 
accg togc.ca 
cg attgta 

aggagggga 
Cag C gCCCa 
catttacg 
teca Catace 
tggggagaa 

aaaaaaaaaa. 

CCgagtgca 
tcag tecc 

tgcactic ct 
titt citcgge 
Cacagag Ca 
agttcaag.cg 
Cagg Caac ta. 
Ctgttcac 
aaaaaa. 
aca 

CCg.cgatCtg 
Ctgcagg CC 
gtacg tag C9 
cg toaccCg 
gg.cgctgttgc 
Cgaactg. Ctc 
CatcgCaCtC 

actic gCtg 
g Calcalatago 

gCg.cggg to C 
Cagt C9 to 
gatgaCCaCg 
gagg gttg 
gatgcc tict 
tt Caccotgg 
tcg Ctggaga. 

agg gCCaag C 
agaaaaa.ca 

atcgg Ctgag 
gCCCC gCC gC 
acca Caccgc 
taatctgcta 
acga Cala 
CCaggacgca 
CCC gag Ca 
aagala Ctta 
accagataat 

ggaga Cat 
Cg CCagg, 
Catgat Cat 
tt togggiac 
Ctgga tagaa 
gC99CCCC 
gg tatgagg 

alacc 
alaaaaaaa. 
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FG. 8B 
DOR104 AF 127922 

OCS XXXXX l493 bp RNA INV 02-FEB-1999 
EFINITION Drosophia melarogaster odorant receptor DOS.04 mRNA, complete 

cds. 
ACCESSION AF27922 
KEYWORDS 
SOURCE fruit fly. 

ORGANISM Drosophila aellanogaster 
Eukaryota; Metazoa; Arthropoda; Tracheata; Hexapoda; insecta; 
Pterygota; Diptera; Brachycera; Muscomorpha; Ephydroidea; 
Drosophilidae; Drosophila. 

REFERENCE (bases i to 1493) 
AUTHORS Leslie B. Vosshall, Hubert Anrein, Pavel S. Morozov, Andrey 

Rzhetsky and Richard Axe . 
TE A Spatial Map of Olfactory Receptor Expression in the Drosophia 

Antenna 
JOURNAL Cell (1999). In press 

REFERENCE 2 (bases 1 to 1493) 
AUTHORS Vosshall, L. B. , Arnreira, H. Morozov, P. S. , Rzhetsky, A. and Axel R. 
TITLE Direct Submission 
JOORNA Submitted ( 02-FEB-999) Department of Biochemistry and Molecular 

Biophysics, HHMI-Columbia University, 70 W. i58th Street, New 
York, NY 1.0025, USA 

FEATURES Location/Qualifiers 
Cole / tissue type=' adult maxillary palp." 

/note= 'putative seven transmembrane G protein coupled 
receptor 

sorce . . . .493 
f organisri "Drosophila relanogaster" 
A strains "Oregon R" 
fabaref="taxon: 7227 " 
f chromosome="" 

gene 1 . . 493 
f notes "odorant receptor" 
f genes "DOR104" 

CDS 21. . . 1421 
/gene = "DOR104" 
A notes" odorant receptor" 
A codon startal 
A product = "DOR1C4" 

translations "MASLQFHGNVDADIRYDISLDPARESNLFRLLMGLQLANGTKPS 
pRipkWPKRLEMIGKVLPKAYCSMVIFTSLHLGVLFTKTTLDVLPTGELQAITDALT 

yFFTGYGTIYWCLRSRRLLAYMEHMNREYRHHSLAGVTFWSSHAAFRMSRNFTV 
viscLGVISWGVSPLMLGIRMLPLQCWYPFDALGPGTYTAVYATQLFGQIMGMT 
fgFGGSLFVTISLLLLGCFDVLYCSLKNLDAHTKLLGGESVNGLSSLQEELLIGDSKR 
ELNCYVLLQEHPTDLLRLsAGRKCPDQGNAFHNALVECIRLHRFILHCSQELENLFSP 
ycyksortfoLct LVF'vgvsGTREVLRVNQLQYLGLTIFELLMFTYCGELLSRHS 
separwigAWWKHAHFIRQDILIFLVNSRRAVHVTAGKFYVMDVNRLRSVIQAFS 

FLOKLAAKKTESEL" 
BASE COUNT 332 a 373 c 407 g 38 t 
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FG. 8C-1 
DOR87 IAF127926 
OCUS XXXXX i556 bp TRNA NV 02-FEB-999 
DEFINITION Drosophila melanogaster odorant receptor DoR87 mRNA, cortiplete 
cds. 
ACCESSION AF127926 
KEYWORDS 
SOURCE fruit fly. 
ORGANISM Drosophila melanogaster 

Eukaryota; Metazoa; Arthropoda; Fracheata: *exapodia ; secta; 
Pterygota; Diptera; Brachycera; auscomorpha; Ephydroidea; 
Drosophilidae; prosophila. 

REFERENCS l (bases 1 to 1556) 
AUTHORS Leslie B. Vosshall, Hubert Atrein, Pavel S. Morozov, Andrey 

Rzhetsky and Richard Axel. 
TTLE A Spatial Map of Olfactory Receptor Expression in the Drosophila 

Antella 
JOURNAL Cell (1999). In press 

REFERENCE 2 (bases 1 to 556) 
AUTHORS Vosshall, L.B., Anrein, H., Morozov, P.S., Rzhetsky, A. and Axel. R. 
TITLE Direct SubEtnission 
OURNAL Submitted 02-FEB-1999) Department of Biochemistry and Molecular 

Biophysics, HHMI-Columbia University, 701 West ió8th Street, New 
York, NY 10032, USA 

FEATURES Location/ Qualifiers 
Colet: / tissues 'adult antenna" 

/note= 'putative seven transmembrane G protein coupled 
receptor' 

Solace . . .556 
/organism="Drosophila inelanogaster" 

W strain="Oregon R" 
/dbxref="taxon: 7227" 
W chromosomes "I" 
/map=" 43 Bl-2" 

gene . . .556 
/note= "odorant receptor" 
/genes "DOR87" 

CDS 3 O.S 
/genes "DOR87" 
/note= "odorant receptor" 
f codon Start=1 
A products "DOR8 7" 

/ translation="MTEDIGLVGNVRMWRHAVLYPTPGSSWRKFAFVLPWTAMN 
MQFVYLLRMWGDLPAFILNMFFFSAIFNALMRTWLVIIKRRQFEEFLGQLATLFHSIL 
DSTDEWGRGLRRAEREARNLALNLSASFLOVGALWSPFREERAHPFGVALPGWS 
MTSSPVYEVIYLAQLPTPLLLSMMYMPFWSLFAGLAIFGKAMLQILVHRLGQIGGEEQ 
EEERFORLASCIAYHTQVMRYWWQLNKLVANIVAVEAIFGSICSLLFCLNIITSP 

TQVISIVMYILTMLYVLFTYYNRANEICLENNRVAEAVYNVPWYEAGTRFRKTLLIFL 
MQTQHPMEIRVGNVYPMTLAMFQSLLNASYSYFTMLRGVTGK" 
3ASE COUNT 329 a 43 c 4 O8 g 406 t 
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FG. 8D-1 

LOCUS 
DEFINITION 

ACCESSION 
KEYWORDS 
SOURCE 

ORGANISM 

REFERENCE 
AUTHORS 

JOURNAL 
REFERENCE 
AUTHORS 
TITLE 
JOURNAL 

FEATURES 
SOUCe 

gene 

CDS 

XXXXX 1305 bp RNA INW 06 - FEB-999 
Drosophila melianogaster putative odorant receptor DOR53 rRNA, 
complete cis. 
AF2 7.923 

fruit fly. 

Drosophila melanogaster 
Eukaryota Metazoa ; Arthropoda ; Tracheata; Hexapoda; Insecta; 
Pterygota ; Diptera; Brachycera; Muscomorpha; Ephydroidea: 
Drosophilidae; Drosophila. 

(bases l to 305) 
Leslie B. Vosshall, Hubert Arnrein, Pavel S. Morozov, Andrey 
Rzhetsky and Richard Axel . 
A Spatial Map of Olfactory Receptor Expression in the Drosophila 
Antenna 
Cell (1999) In press 
2 (bases to 305) 
Vosshall, L.B., Atrein, H. Morozov, P.S., Rzhetsky, A. and Axel R. 
Direct Submission 
Submitted (O6-FEB-1999) Department of Biochemistry and Molecular 
Biophysics, HHMI-Columbia University, 701 West les8th Street, New 
York, NY OO32, USA 

Location/Qualifiers 
1... l. OS 
f organism="Drosophila inelanogaster" 
/ strain="Oregon R" 
/dibXref="taxon: 7227" 

/note= "it issue-type= adult antenna' note= 'putative seven 
transmembrane G protein coupled receptor"; " 
A condsoes"" 
/lapse "22A2-3" 

. . . .305 
Wnotes" odorant receptor" 
/genes "DOR53" 
79.79 
A gene="DOR53" 
A notes "odorant receptor" 
W codon start= 
/products "DOR53" 

y translation= "MWSFGWTEPENKRWILPYKLWLAFVNIVMLILLPISISIEYLHR 
FKTFSAGEFLSSLEIGVNMYGSSFKCAFTLIGFKKRQEAKVLLDQLDKRCLSDKERST 
VHRYWAMGNFFDILYHIFYSTFWMNFPYFLLERRHAWRMYFPYIDSDEQFYISSIAE 
CFL.M.TEAIYMDLCTDVCPLISMLMARCHISLLKQRLRNLRSKPGRTEDEYLEELTECI 
RDHRLLLDYvDALRPVFSGTIFVQFLLIGTVLGLSMINLMFFSTFWTGVATCLFMFDV 
SMETFPFCYLCNMIIDDCQEMSNCLFQSDWTSADRRYKSTLVYFLHNLQQPITLTAGG 
VFPISMOTNLAMVKLAFSVVTWIKQFNLAERFQ" 
BASE COUNT 33 a 285 c 279 g 409 it 
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ORIGIN 

6 
1.21 
81 
24l 
3 O 
36 
421 
48 
54. 
60 
66 
72 
78. 
84. 

9 O. 
96. 
O21 
108 
ll 4 
20 
261 

titt titcc.cc 
attacctgg 
at CCC 

atctoga taa 
agttcc.cticg 
aggat Ca 
Cttagcgata 
attttgttatc 
gagaga CGCC 
atctocagoa 
gacgtgttgtc. 
cgactgagaa 
accgag tigCa 
ttt togggaa 
a 3ala Ca 

gacgtgtc.ca 
Caggaaatgt. 
to cactittgg 
gtgttt CCta 
acgg taatta 
tgCCaC tatt 
gctg.taccct 

F.G. 80-2 

a Cataaaaga 
a Cigg gait 
a tala actgg 
gCatCagta 
agattggagt 
agaaaaga Ca 
aggagagg C 
acacea 
a gCeiggCG 
tcgc.cgag ty 
ccttgatcto 
atctoCgatc 
toggga CCa 

ccatttittge 
tgttct tcto 
tggaga.cgtt 
CCaattgOct 
attac Cit 
tttccatgca 
agcaatttaa. 
atta attata 
aaaaaad 

aaag.ccattg 
gtgg tect 
gttagcgttc 
cCtccaccga. 
Caacatgitac 
ggaa.gctaag 
cactgttcat 
Cccaccic 
catgtact tt 
ttttctgatg 
catgct tatg 
gaa.gcCagga 
tCgattgcta 
gcagttcc tec 
gacatttgg 
ccccttittge 
cittcaatcg 
cacaac 

aacaa atttg 
cittggcc.gaa 
tea attata 
tag taataaa 
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agcgag C9gg 
ggctgga Cag 
gtgaa Catag 

taaalacc 
ggaagctictt 
gttt tactgg 
cgctato tcg 
gtgg taatga 
cCatatatog 
acggaggcca 
gotcgatgcC 
aggaccgaag 
ttgga Catg 
Ctgat Cyga 
actggg tog 
tatttgttgca 
gaCtgga CCC 
cageaacCCa 
getatggtga 
agg tttcaat 
ttatata tatt 
aaaaaaaaaa. 

ttaagttcc.cg 
agcc gaaaa 
taatgcticat 
tCCggcggg 
ttaagtgcgc 
a Cagctgga 
CCagg galaa 
act tcc.cgta 
at CCgacga. 
tctacatgga 
aca Cagoct 
atgagtactt 
tCgacgCatt 

US 2003/0186.359 A1 

agatgcc tec 
caaaagggg 
cc titctg.ccg 
ggag CC 
titcaccittg 

Caagagatgc 
cittettcgat 
ttittctgcts 
acag Ctttac 
citctg tacg 
cc gala acag 
ggaggagctic 
gCaCCC gC 

ctgtactggg to ct caatg 
ccacttgcct tittatgttc 
acatgattat catgactgc 
Ctgc.cgatcg togctacaaa 
tactictoac ggctgg gga 

agctggcatt ttctgttggitt 
aagttgagag gga C9ag CC 
attata atta a tatt 
aaasa 
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FG. 8E-1 
DOR67 AFL27924) 

OCUS XXXXX 1321 bp tRNA INV 06-FEB-999 
DFINITION Drosophila relanogaster putative odorant receptor DOR67 :tRNA, 

complete cds. 
ACCESSION AF2 7924 
KEYWORDS 
SORCE fruit fly. 
ORGANISM Drosophila melanogaster 

Eukaryota; Metazoa; Arthropoda; Tracheata; Hexapoda; insecta; 
Pterygota ; Diptera; Brachycera; Muscomorpha; Ephydroidea; 
Drosophilidae; Drosophila. 

REFERENCE l (bases i to 132i) 
AHORS Leslie B. Vosshall, Hubert Amrein, Pavel S. Morozov, Andrey 

Rzhetsky and Richard Axel. 
TITLE A Spatial Map of Olfactory Receptor Expression in the Drosophilia 

Antelna 
JOURNAL Cell (le99). In press 

REFERENCE 2 (bases to l32l) 
AUTHORS Vosshall, L.B., Anrein, H. , Morozov, P.S., Rzhetsky, A. and Axel, R. 
TITLE Direct Submission 
JOURNAL Submitted ( 06-FEB-1999) Department of Biochemistry and Molecular 

Biophysics, HHMI-Columbia University, 701 West is 8th street, New 
York, NY 10032, USA 

FEATURES Location/Qualifiers 
Colument: A tissue-type= 'adult antenna' 

/note= 'putative seven transmembrane G protein coupled 
receptor' 

SCCs 1 . . 1321 
/organism="Prosophila melanogaster" 
W strain = "Oregon R" 
fdb-Xref="taxon: 7227 " 
/chrotos ories "II" 
A map="22A3" 

gene . . 1321 
wnotes "odorant receptor" 
/ genes "DOR67" 

CDS 102. . .202 
/ genes "DOR67" 
/note= "odorant receptor" 
/ codon start=1 
A products "DOR67" 

y translation= "MWSFGWTVPENKRWDLHYKLWSTFWTLVIFILLPSVSVEYIQR 
FKTFSAGEFLSSIQIGVNMYGSSFKSYLTMMGYKKRQEAKMSLDELDKRCVCDEERTI 
VHRHVALGNFCYFYHAYTSLSNFLS FMKRIHAWRMYFPYVDPEKOFYSSIAE 
VILRGWAVEMDLCTDVCPLISMVIARCHITLLKQRLRNLRSEPGRTEDEYLKELADCV 
RDHRLILDYVDALRSVFSGTIFWQFLLIGVLGLSMINIMFFSTLSTGVAVVLFMSCV 
SMQTFPFCYLCNMIMDDCQEMADSLFQSDWTSADRRYKSTLVYFLHNLQQPIILTAGG 
VFPISMOTNLNMVKLAFTVVTVKQFNLAEKFQ" 
BASE COUNT 348 a 28l c 294 g 398 t 
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ORIGN 

6. 
121 
81. 
24l 
30 
36 
421 
48 
54 
60 
66 
72 
781 
84.1 
90. 
96. 
O2 
O81 
41 

i2Cl 
26 
321 

gg CaC gagga 
ggg Caag CC 
CaggCCtga 
tggtgatatt 
cc titcticggc 
gctt taaaag 
tggatgagct 
togCCCtggg 
caaactet 
to gaccc.cga. 
ccg.tct tcat 
gccacatcac 
aagatgagta 
a 9CC9acSC 
g tattg tact 
tcgc.cgttgt. 
gtaacatgat 
catctg.ccga. 
CC attac 
galag CtggC 

aataagttaa. 
a Catalatala 
s 

FIG 8E-2 

aatgttcaagc 
CCGgagatgcC 
aaacaaaagg 
taticcittctg 
99.99 age 
ttatttgacc 
ggada agaga. 
aaaCttittgc 
gtCatctata 
aaagcaattit 
ggatctotgc 
cct tctgaaa 
Cttgaaggag 
at C9C9a CCC 
ggg totgca 
cCtttittatg 
tatggatgac 
togtogctac 
tacggCtcgg 
Ctt tactgttg 
gatatgcaa.g 
acct tcagta 

cagttct ttc 
titcgitt tact 
tggga CCCaC 
CCS at at C9g 
Cttagct Caa 
atgatgggat 
tg.cgitttgttg 
a tact 

agaa.gagala 
acatecca 

acggatgttgt 
cagcgcc tigc 
citcgc.cgact 
gtC titC9g 
atgaaaata 
tcCtg.cgitat 
tgcCaag aga 
aaatccace 

ggag tott to 
gttacaa tag 
ctctgctatt 
ct tactgctt 
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cocacatala 
tagatcggg 
acacaaac 
taagcgttga 
tCcagatgg 
ataagaagag 
a C gagga gag 
aCCaCattgC 
CCaC gCCCg 
gCatcgCCga 
g tect ttgat 
gaaatc tacg 
gcgttcgaga 
gg acaat 
taatgtttitt 
Ctatgcagac 
tggcc.gactic 
tgg tatact 
catcCat 
tgaaacaatt 
a taalaccac 

gtggege cec 

agaaaag.cca 
gaggg tec 
gigg Cala CC 
g a tatt cag 
cg aa catg 
a Caggaggct 
gaccattgta 
gta Cactago 
gCg Catgac 
agt Cattct 
CtcCatgg ta 
atcggalacca 
tcaccgctg 
tgttgcagttc 
occaa.cact 
gttcCCC titt 
cottcaa. 
to cacala 
gCaaacaa at 
taacttggca 
acticgagaaa 
cggaaaaaaa. 

US 2003/0186.359 A1 

ttgagcgagc 
ggC gga 

CG gaCat 
Cgg Caaga 
tacgga agca 
aagatgcao 
catcgacatg 
tittgatt 

CCC acg 
a 99999999 
a tag Cacgat 
ggalaggacgg 
at attgg act 
CC gaC 
cgacgg t 
tgctatttgt 
toggactgga 
cticagoagc 

aaa tagg 
gaaaagtt 
a caecc 

aaaaaaaaaa. 
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F.G. 8F-1 
OOR64 AF 127925) 

LOCUS XXXXX 308 bp IRNA NV O6-FEB-999 
DEFINITION Drosophila melanogaster putative odorant receptor poR64 mRNA, 

complete cds. 
ACCESSION AF127925 
KEYWORDS 
SOURCE fruit fly. 

ORGANISM Drosophila Telanogaster 
Eukaryota; Metazoa; Arthropoda; Tracheata; Hexapoda; insecta; 
Pterygota ; Diptera; Brachycera; Muscomorpha; Ephydroidea; 
Drosophilidae: Drosophila. 

REFERENCE (bases to 308) 
AUTHORS Leslie B. Vosshall, Hubert Anrein, Pavel S. Morozov, Andrey 

Rzhetsky and Richard Axel. 
TTLE A Spatial Map of Olfactory Receptor Expression in the Drosophia 

Antella 
JOURNAL Celli (1999) In press 

REFERENCE 2 (bases 1 to 308) 
ATHORS Vosshall, L.B. , Arnrein, H. , Morozov, P.S., Rzhetsky, A. and Axei, R. 
TTLE Direct Submission 
OURNAL Submitted ( 06-FEB-1999) Department of Biochemistry and Molecular 

Biophysics, HHMI-Columbia University, 701 West 168th Street, ew 
York, NY OO32, USA 

FEATURES Location/ Qualifiers 
Colete : f tissue type= 'adult antenna" 

/note= putative seven transmembrane G protein coupled 
receptor' 

SCCs 1... 1308 
forganisms "Drosophia Enelanogaster" 
/strain="Oregon R" 
/doxrefs" taxor, 7227" 
/chromosome="I" 
/map="23A-2" 

gene . . 1308 
A note= " odorant receptor" 
A genes "DOR64." 

CDS 22. . .58 
A genes "DOR64." 
A note= "odcrant receptor" 
A codori-start=1. 
/product="DOR64" 

A translations "MKLSETLKOYFRVOLNAWRCGALDLSEGRYWSWSMLLCLVY 
LipTPMLLRGVYSFEDPVENNFSLSLTVTSLSNLMKFCMYVAQLTKMVEVOSLGQLDA 
RVSGESQSERHRNMTEHLLRMSKLFQITYAVVFIAAVPFVFETELSLPMPMWFPFDW 
KNSMVAYIGALVFQEIGYVFQIMQCFAADSFPPLVLYLISEQCQLLLRISEIGYGYK 
TLEENEQDLVNcIRDQNALYRLLDVTKSLVSYPMMVOFMVIGINAITLFVLIFYVET 
LYDRIYYCFLLGITVOTYPLCYYGTMVOESFAELHYAVFCSNWVDQSASYRGHMLL 
AERTKRMOLLLAGNLVPIHLSTYVACWKGAYSFFTLMADRDGLGS" 
ASE COUNT 33 a 34 c 305 g 358 
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F.G. 8G-1 
DOR7g 

OCUS XXXXX 1252 bp NA NV 07-FEE-999 
DEFINITION Drosophila inelanogaster odorant receptor DOR71g, GENSCAN 
predicted complete cois. 
ACCESSION 
KEYWORDS 
SOURCE fruit fly. 

ORGANISM Drosophila relanogaster 
Eukaryota; Metazoa; Arthropoda ; Tracheata; exapodia; ::secta; 
Pterygota; ptera; Brachycera; Muscomorpha; Spydroidea; 
Drosophilidae; Drosophila. 

REFERENCE 1 (bases l to 1252) 
AUTHORS Leslie B. Vosshall, Hubert Anrein, Pavel S. Morozov, Andrey 

Rzhetsky and Richard Axel. 
TITLE A Spatial Map of Olfactory Receptor Expression in the Drosophila 

Antenna 
OURNA, Cell (lS99) in press 

REFERENCE 2 (bases l to 1252) 
AUTHORS Celniker, S.E., Agbayani. A., Arcaina, T.T., Baxter, E., Blaze. R. G., 

Butenhoff, C., Champe, M. . Chavez, C., Chew, M., Ciesiolka, L., 
Doyle, C.M., Farfan, D. E., Galle, R., George, R.A., Harris, N. L. . . 
Hoskins, R.A., Houston, K. A. , Hurtulasti, S.R., Karra, K. Kearney, ..., 
Kiln, E., Lee, B., Lewis, S. , Li, P., Lomotan, M.A., Mazda, P., 
Moshreifi, A.R., Moshreifi, M., Nixon, K., Paclieb, J.M., Park, S., 
Pfeiffer, B., Poon, L., Punch, E. , Sequeira, A. , Sethi, H., Snir, E. , 
Svirskas, R. R., Twomey, B., Wan, K.H., Weinburg, T., Zhang, R., 
Zieran, L.L. and Rubin, G.M. 

TITLE Sequencing of Drosophila melanogaster 
JOURNA Unpublished 

REFERENCE 3 (bases l to 1252) 
AUTHORS Vosshall, L.B., Amrein, H., Morozov, P.S., Rzhetsky, A. and Axel, R. 
TITLE Direct Submission 
OURNA Submitted ( 07-FEB-1999) Department of Biochemistry and Molecular 

- Biophysics, HHMI-Columbia University, 7 Cl West 168th Street, New 
York, NY 10032, USA 

FEATURES Location/ Qualifiers 
Continent: / tissue type= 'adult taxillary palp' 

v note= 'putative seven transmembrane G protein coupled 
receptor' 
/notes' sequence annotation for BDGP P1 clone DS0707; 
predicted using GENSCAN; join (26l30-24899) ' 

SOCe l.. 1252 
A organisms "Drosophila melanogaster" 
/dbxref="taxon: 7227" 
/chronosories "I" 
A map="338-2" 

exol. . . 73. 
A gene="DOR7lg" 
Wrote = "exco." 

RNA join (1 .. 731, 311 . . 1234) 
/genes "DOR71g." 

CoS join ( .. 731, 8ll. ... l.234.) 
f genes "DOR71g." 
notes" odorant receptor" 
/codon start=l 
/products "DOR7lg" 
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F.G. BH-1 
DOR72g 

LOCUS XXXXX l32 bp DNA INV 08-FEB-999 
DEF:TION prosophila melanogaster odorant receptor DOR72g, GenSCAN 
predicted complete cds. 
SCCESSION 
EYORDS 

SOURCE fruit fly. 
ORGANISM Drcsophia melanogaster 

Eukaryota; Metazoa; Arthropoda; Traceata; Hexapoda; secta; 
Pterygota; Diptera; Brachycera; Muscomorpha; Ephydroidea; 
Drosophilidae; Drosophila. 

REFERENCE 1 (bases l to 1321) 
AUTHORS Leslie B. Vosshall, Hubert Atrein, Pavel S. Morozov, dire 

Rzhetsky and Richard Axel. 
TTLE A Spatial Map of Olfactory Receptor Expression in the Drosophila 

Antena 
JOURNAL Cell (1999) in press 

REFERENCE 2 (bases l to 1321) 
AORS Celniker, S. E. , Agbayani, A., Arcaina, T.T., Baxter, E., Blazei, R. G. . 

Sutenhoff, C., Champe, M., Chavez, C., Chew, M., Ciesloka, L. , 
Doyle, C.M., Farfan, D. E. , Galle, R., George, R. A. , Harris, N. L., 
Hoskins, R. A. , Houston, K. A., Hunnasti, S.R. , Karra, K., Kearney, ..., 
Kirn, E., Lee, B., Lewis, S. , Li, P., Lorto Can, M.A., Mazda, R. , 
Moshreifi, A. R., Moshreifi, M., Nixon, K., Paclieb, J.M., Park, S., 
Pfeiffer, B., Poon, L., Punch, E. , Sequeira, A., Sethi, H., Snir, E. , 
Svirskas, R. R., Twomey, B. , Wan, K. H., Weinburg, T., Zhang, R. , 
2ieran, L.L. and Rubin, G. M. 

TITLE Sequencing of Drosophila melanogaster 
JOURNAL Unpublished 

REFERENCE 3 bases 1 to l821) 
AUTHORS Vosshall, L.B. , Arture in . H. , Morozov, P. S. , Rzhetsky, A. and Axel, R. 
TITLE Direct Submission 
JOURNAL Submitted ( 08-FEB-1999) Department of Biochemistry and Moleculiar 

Biophysics, HHMI-Columbia University, 70l West les 8th Street, New 
York, NY 10032, USA 

FEATURES Location/Qualifiers 
Collet: / tissue type = "adult antenna" 

/note= 'putative seven transmembrane G protein coupled 
receptor' 
fnotes' sequence annotation for BDGP P1 clone DSO 707; 
predicted using GENSCAN; oin (27.938-2668) ' 

Solice 1 . . 1321 
f organisms "Drosophila melanogaster" 
fdb-Xref="taxon: 7227" 
f chronosories "" 
f map="33B1-2" 

RNA join ( 1. . 728, 91.0 . . 1321) 
A gene="DOR72g" 

gene l.. 1321 
/note= "odorant receptor" 
A genes "DOR72g" 

excC 1. . 728 
A gene="DOR72g" 
Aote "exol" 

CDS join (l. . 728, 9.0 . . 132i) 
/genes "DOR72g" 
/note= "odorant receptor" 
/codon Start=1 
/products "DOR72g" 
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FIG. 8-1 
oOR73g 

OCS XXXXX 1212 bp DNA INV 08-FSEB- 1999 
EFINION Drosophilia tellanogaster colorant receptor DOR73g, GENSCAN 

predicted complete cois. 
ACCESSION 
KEYWORDS 
SOURCE fruit ly. 

ORGANISM Drosophila melanogaster 
Eukaryota; Metazoa; Arthropoda; Tracheata; Hexapoda; insecta; 
Pterygota; Diptera; Brachycera; Muscomorpha; Ephydroidea; 
Drosophilidae; Drosophia. 

REFERENCE 1. (bases to i212) 
AUTHORS Leslie B. Vosshall, Hubert Amrein, Pavel S. Morozov, Andrey 

Rzhetsky and Richard Axel. 
TITLE A Spatial Map of Olfactory Receptor Expression in the Drosophia 

Antennia 
JOURNA. Cell (1999). In press 

REFERENCE 2 (bases 1 to 1212) 
AUTHORS Celniker, S. E. , Agbayani, A., Arcaina, T.T., Baxter, S., Blazej, R. G., 

Buteninoff, C. , Champe, M., Chavez, C., Chew, M., Ciesl.oika, L., 
Doyle, C.M., Farfan, D. E., Galle, R., George, R.A., Harris. N. . . . 
'Hoskins, R. A., Houston, K. A. , Humnasti. S. R. , Karra, K., Kearrey, L., 
Kim, E. , Lee, B. , Lewis, S. , Li, P., Lomotan, M.A., Mazda, P., 
Moshirefi. A. R. , Moshire fi, M. , Nixon, K., Paclieb, J. M., Park, S., 
Pfeiffer, B., Poon, L. . . Punch, E., Sequeira, A., Sethi, H., Snir, E., 
Svirskas, R. R., Twomey, B. . Wan, K.H., Weinburg, T., Zhang, R. . 
Zieran, L.L. and Rublin, G. M. 

TITLE Sequencing of Drosophila melanogaster 
OURNAL Unpublished 

REFERENCE 3 (bases i to i22) 
AUTHORS Vosshall, L.B., Anrelin, H., Morozov, P.S., Rzhetsky, A. and Axel, R. 
TITLE Direct Submission 
JOURNAL Submitted ( 08-FEB-1999) Department of Biochemistry and Molecular 

Biophysics, HHMI-Columbia University, 701 West 68th Street, New 
York, NY 10032, USA 

FEATURES Location/ Qualifiers 
Collet: / tissue type="adult antenna' 

f note= 'putative seven transmembrane G protein coupled 
receptor" 
A notes' sequence annotation for BDGP Pll clone DSO 7071; 
predicted using GENSCAN; join (296.4-284-03) ' 

source 1 . . .212 
A organism="Drosophila melanogaster" 
/dbXref="taxon: 7227" 
?crotos ones "" 
A map="33B1-2" 

RNA join (l. .722, 798. . 1212) 
/gene="DOR73g" 

gene 1 - . 12.2 
A notes" odorant receptor" 
/gene="DOR73g" 

eXO. . . 722 
/genes "DOR73g." 
frote= "eco" 

CDS join (l. .722, 798. . 122) 
/ gene="DOR73g." 
A note= "odorant receptor" 
f codon start=1 
f product="DOR73g" 
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FIG. 8-1 
DOR46 

LOCS XXXXX 198 bp DNA W O8 - Fes- 1999 
DEFINITION Drosophila fielanogaster odorant receptor OR.46g, GENSCAN 
predicted couplete cois. 
ACCESSION ; 
KEYWORS 
SOURCE fruit fly. 

ORGANISM Drosophila melanogaster 
Eukarycra, Metazoa; Arthropoda ; Tracneata; Hexapoda; secta; 
Pteryg a Diptera; Brachycera; Muscorinorpha; Ephydroidea; 
Drosophiidae; Drosophila. 

REFERENCE 1 (bases l to 1198) 
AUTHORS Leslie B. Vossmall, Hubert Allrein, Pavel S. Morozov, Andrey 

Rzhetsky and Richard Axel. 
TITLE A Spatial Map of Olfactory Receptor Expression in the Drosophia 

Antella 
JOURNAL Cell (999) in press 

REFERENCE 2 (bases l to 98) 
AUTHORS Celniker, S. E. , Agbayani, A., Arcaina, T.T., Baxter, E., Biazei, R. G., 

Butenhoff, C., Champe, M., Chavez, C., Chew, M., Ciesiolka, L., 
Doyle, C.M., Farfan, D. E., Galle, R., George, R. A. , Harris, N.L., 
Hoskins, R.A., Houston, K.A., HITInasti, S.R., Karra, K., Kearney, L. , 
Kim, E., Lee, B., Lewis, S. , Li, P., Lomotar, M.A., Mazda, P., 
Moshirefi, A. R., Moshreifi, M. , Nixon, K., Pacleb, J.M., Park, S., 
Pfeiffer, B., Poon, L., Punch, E. , Sequeira, A. , Sethi, H., Snir, E. . 
Svirskas, R. R. , Twomey, B., Wan, K. H. , Weinburg, T., Zhang, R. , 
2ieran, L. L. and Rubin, G.M. 

TTLE Sequencing of Drosophilia melanogaster 
JOURNAL Unpublished 

REFERENCE 3 (bases 1 to 98) 
AUTHORS Vosshall, L.B., Anrein, H., Morozov, P.S., Rzhetsky, A. and Axel, R. 
TITLE Direct Submission 
JOURNA Submitted ( 08-FEB-999) Department of Biochemistry and Molecar 

Biophysics, HHMI-Columbia University, 70 West i58th Street, New 
York, NY 10032, USA 

FEATURES Location/ Qualifiers 
comment: /note= 'putative seven transmembrane G protein coupied 

receptor " 
A notes' sequence annotation for 3DGP 91 cione DSO7462; 
predicted using GENSCAN' 

soice . . .98 
/ organisms "rosophila inelanogaster" 
A dioxref="taxon: 7227" 
A chronosoire - " " 
/map="59D5-7" 

tRNA join ( 1. . 725, 784 . . .98) 
A gene="DOR46g" 

gene . . .98 
A notes" odorant receptor" 
f gene="DOR46g" 

eXC . . 725 
/genes "DOR.46g" 

CDS join ( 1. . . 725,734 . . ilg8) 
A genes "DOR46g" 
A notes "odorant receptor" 
f codon start=1 
/product="DOR45g" 
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F.G. 8K-1 
OORl.9g 

LOCUS 
DEFINITION 
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XXXXX l293 bp DNA NV O9 - Es-SS 9 
Drosophila (neianogaster odorant receptor DOR.9 g, GENSCAN 

predicted complete cois. 
ACCESSION 
KEYWORDS 
SOURCE 
ORGANISM 

fruit fly. 
Drosophia Inelanogaster 
Eukaryota; Metazoa; Artropoda; racheata; Hexapodia; insecta; 
Pterygota; Diptera; Brachycera; Muscomorpha; Ephydroidea; 
Drosophilidae; Drosophia. 

REFERENCE (bases to l293) 
AUTHORS Leslie B. Vosshali. Hubert Arturelin, Pavel S. Morozov, Andrey 

Rzhetsky and Richard Axel . 
LE A Spatial Map of Olfactory Receptor Expression in the Drosophilia 

Atena 
OURNAL Cell (1999) In press 

REFERENCE 2 (bases l to 1293) 
AUTHORS Celniker, S. E. , Agbayani, A., Arcaina, T.T., Baxter, E., Blazej, R. G., 

Butenhoff, C. , Champe, M., Chavez, C., Chew, M., Cilesiolka, L. , 
Doyle, C.M., Farfan, D. E., Galle, R., George, R.A., Harris, N. L., 
Hoskins, R. A. , Houston, K. A., Huautlasti, S.R., Karra. K., Kearney, L., 
Kirn, E. , Lee, B. , Lewis. S., ii, P., Lomotan, M.A., Mazda, P., 
Moshrei, A. R. . Moshreifi, M. , Nixon, K., Pacleb, J.M., Park. S., 
Pfeiffer, B., Poon, L., Punch, E., Sequeira, A. , Sethi, H., Snir, E., 
Svirskas, R. R., Twomey, B., wan, K.H., Weinburg, T., Zhang, R., 
Zieran, L.L. and Rubin, G. M. 

TITLE Sequencing of Drosophila melanogaster 
JOURNAL Unpublished 

REFERENCE 3 (bases 1 to 1293) 
AUTHORS Vosshall, L. B. , Amrein, H., Morozov, P.S., Rzhetsky, A. and Axel, R. 
TITLE Direct Sublission 
JOURNAL Submitted ( 09-FEB-1999) Department of Biochemistry and Moleculiar 

Biophysics, HHMI-Columbia University, 701 West l68th Street, New 
York, NY 10032, USA 

FEATURES Location/ Qualifiers 
Coulent : /note= 'putative seven transmembrane G protein coupled 

- receptor " 

/note=' sequence annotation for BDGP Pll clone DSO1913; 
predicted using GENSCAN; join (72218-70926) 

source 1. , 1293 
/organis (The "Drosophila tellanogaster". 
fdb-xref="taxon: 7227" 
?corindsories "" 
/map="46F5-6" 

tRNA . . .293 
/genes "DOR19g." 

gene 1. . 1293 
/note= "odorant receptor" 
/gene="DOR 99 

eXO1 l. . 1293 
/gene="DOR19g." 

CS 1. . 1293 
f gene="DOR19.g" 
Anotes" odorant receptor" 
A codon Start=1 
/product = "DOR19g." 
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FG, 8t 
DOR24g 

LOCUS XXXXX 2075 bp DNA NV O9-FEB-999 
DEFINITION Drosophila melanogaster odorant receptor DOR24g, GENSCAN 
predicted complete cois. 
ACCESSION 
KEYWORDS 
SOURCE fruit fly. 
ORGANISM Drosophila (Teilanogaster 

Eukaryota; Metazoa ; Arthropoda ; Tracheata; Hexapoda; Insecta; 
Pterygota; Diptera; Brachycera; Muscomorpha; Ephydroidea; 
Drosophilidae: Drosophila. 

REFERENCE l (bases 1 to 2075) 
AUTHORS Leslie B. Vosshall, Hubert Amrein, Pavel S. Morozov, Andrey 

Rzhetsky and Richard Axel. 
TITLE A Spatial Map of Olfactory Receptor Expression in the Drosophila 

Antella 
JOURNAL Cell (1999) In press 

REFERENCE 2 (bases 1 to 2075) 
AUTHORS Celniker. S.E., Agbayani, A., Arcaina, T.T., Baxter, E., Blaze, R. G., 

Buttenhoff, C., Champe, M., Chavez, C., Chew, M., Ciesiolka, L. , 
Doyle, C.M., Farfan, D.E., Galle, R., George, R.A., Harris, N. L., 
Hoskins, R. A. , Houston, K. A. , Hurtulasti, S.R., Karra, K., Kearney, L. , 
Kirn. E. , Lee, B. , Lewis, S. , Li , P., Lomotan, M.A., Mazda, P. , 
Moshreifi, A.R., Moshirefi, M. , Nixon, K., Paceb, J. M., Park, S., 
Pfeiffer, B., Poon, L., Punch, E. , Sequeira, A., Sethi, H., Snir, S. , 
Svirskas, R.R., Twomey, B., Wan, K. H. , Weinburg, T., Zhang, R., 
Zieran, L. . . . and Rubin, G. M. 

TITLE Sequencing of Drosophila melanogaster 
JOURNAL Unpublished 

REFERENCE 3 (bases 1 to 2075) 
AUTHORS Vosshall, L.B., Anrein, H., Morozov, P.S., Rzhetsky, A. and Axel, R. 
TITLE Direct Submission 
JOURNAL Submitted ( 09-FEB-999) Departinent of Biochemistry and Molecular 

Biophysics, HHMI-Columbia University, 701 West 168th Street, New 
York, NY 0032, tySA 

FEATURES Location / Qualifiers 
Connen C : / tissue-type= 'adult antenna." 

/note= 'putative seven transmembrane G protein coupled 
receptor' 
/note= "sequence annotation for BDGP 9. clone DS00724; 
predicted using GENSCAN; oin ( 62623-64 697) ' 

Solice 1. .2075 
forganism="Drosophila Icelanogaster" 
/db xref="taxon: 7227" 
/chronosome="E" 
ynaps" 47 D6-E2" 

mRNA join (1... 185,739... 1038, 1338... 1953, 2025. .2075) 
/gene="DOR24g." 

gene . . 2075 
A rotes" odiorart receptor" 
W gene="DOR24g." 

CDS join (1... 185,739... 1038, 1338... 1953, 2025. .2075) 
/gene="DOR24g" 
Anotes "odorant receptor." 
?codon-start=1 
/product="DOR24g" 
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GENES ENCODING INSECT ODORANT 
RECEPTORS AND USES THEREOF 

0001. This application claims priority and is a continua 
tion-in-part application of U.S. Ser. No. 09/257,706, filed 
Feb. 25, 1999, the contents of which is hereby incorporated 
by reference. 
0002 The invention disclosed herein was made with 
Government support under NIH:NIMH, 5P50, MH50733-05 
and the NINDS, NS29832-07 from the Department of 
Health and Human Services. Accordingly, the U.S. Govern 
ment has certain rights in this invention. 
0003) Throughout this application, various publications 
are referred to by arabic numeral within parentheses. Full 
citations for these publications are presented immediately 
before the claims. Disclosures of these publications in their 
entireties are hereby incorporated by reference into this 
application in order to more fully describe the State of the art 
to which this invention pertains. 

BACKGROUND OF THE INVENTION 

0004 All animals possess a “nose,” an olfactory sense 
organ that allows for the recognition and discrimination of 
chemosensory information in the environment. Humans, for 
example, are thought to recognize over 10,000 discrete 
odors with exquisite discriminatory power Such that Subtle 
differences in chemical Structure can often lead to profound 
differences in perceived odor quality. What mechanisms 
have evolved to allow the recognition and discrimination of 
complex olfactory information and how is olfactory percep 
tion ultimately translated into appropriate behavioral 
responses? The recognition of odorS is accomplished by 
odorant receptors that reside on olfactory cilia, a Specializa 
tion of the dendrite of the olfactory sensory neuron. The 
odorant receptor genes encode novel Serpentine receptors 
that traverse the membrane Seven times. In Several verte 
brate species, and in the invertebrate Caenorhabditis 
elegans, as many as 1000 genes encode odorant receptors, 
Suggesting that 1-5% of the coding potential of the genome 
in these organisms is devoted to the recognition of olfactory 
sensory stimuli (Buck and Axel, 1991; Levy et al., 1991; 
Parmentier et al., 1992, Ben-Arie et al., 1994, Troemel et al., 
1995; Sengupta et al., 1996; Robertson, 1998). Thus, unlike 
color vision in which three photoreceptors can absorb light 
acroSS the entire Visible spectrum, these data Suggest that a 
Small number of odorant receptors are insufficient to recog 
nize the full spectrum of distinct molecular structures per 
ceived by the olfactory System. Rather, the olfactory Sensory 
System employs an extremely large number of receptors, 
each capable of recognizing a Small number of odorous 
ligands. 

0005 The discrimination of olfactory information 
requires that the brain discern which of the numerous 
receptors have been activated by an odorant. In mammals, 
individual olfactory Sensory neurons express only one of a 
thousand receptor genes Such that the neurons are function 
ally distinct (Ngai et al., 1993; Ressler et al., 1993; Vassar 
et al., 1993; Chess et al., 1994; Dulac and Axel, unpub 
lished). The axons from olfactory neurons expressing a 
Specific receptor converge upon two Spatially invariant 
glomeruli among the 1800 glomeruli within the olfactory 
bulb (Ressler et al., 1994; Vassar et al., 1994; Mombaerts et 
al., 1996; Wang et al., 1998). The bulb therefore provides a 

Oct. 2, 2003 

Spatial map that identifies which of the numerous receptors 
has been activated within the Sensory epithelium. The qual 
ity of an olfactory stimulus would therefore be encoded by 
Specific combinations of glomeruli activated by a given 
odorant. 

0006 The logic of olfactory discrimination is quite dif 
ferent in the nematode, C. elegan.S. Despite the large size of 
the odorant receptor gene family, Volatile odorants are 
recognized by only three pairs of chemosensory cells each 
likely to express a large number of receptor genes (Barg 
mann and Horvitz, 1991; Colbert and Bargmann, 1995; 
Troemel et al., 1995). Activation of any one of the multiple 
receptors in one cell will lead to chemoattraction, whereas 
activation of receptors in a Second cell will result in 
chemorepulsion (Troemel et al., 1997). The specific neural 
circuit activated by a given Sensory neuron is therefore the 
determinant of the behavioral response. Thus, this inverte 
brate olfactory Sensory System retains the ability to recog 
nize a vast array of Odorants but has only limited discrimi 
natory power. 

0007 Vertebrates create an internal representation of the 
external olfactory world that must translate Stimulus features 
into neural information. Despite the elucidation of a precise 
Spatial map, it has been difficult in Vertebrates to discern how 
this information is decoded to relate the recognition of odors 
to specific behavioral responses. Genetic analysis of olfac 
tory-driven behavior in invertebrates may ultimately afford 
a System to understand the mechanistic link between odor 
recognition and behavior. Insects provide an attractive 
model System for Studying the peripheral and central events 
in olfaction because they exhibit Sophisticated olfactory 
driven behaviors under control of an olfactory Sensory 
System that is significantly simpler anatomically than that of 
vertebrates (Siddiqi, 1987; Carlson, 1996). olfactory-based 
asSociative learning, for example, is robust in insects and 
results in discernible modifications in the neural represen 
tation of odors in the brain (Faber et al., 1998). It may 
therefore be possible to associate modifications in defined 
olfactory connections with in Vivo paradigms for learning 
and memory. 

0008 Olfactory recognition in the fruit fly Drosophila is 
accomplished by Sensory hairs distributed over the Surface 
of the third antennal Segment and the maxillary palp. olfac 
tory neurons within Sensory hairs Send projections to one of 
43 glomeruli within the antennal lobe of the brain (Stocker, 
1994; Laissue et al., 1999). The glomeruli are innervated by 
dendrites of the projection neurons, the insect equivalent of 
the mitral cells in the vertebrate olfactory bulb, whose cell 
bodies Surround the glomeruli. These antennal lobe neurons 
in turn project to the mushroom body and lateral horn of the 
protocerebrum (reviewed in Stocker, 1994). 2-deoxyglucose 
mapping in the fruit fly (Rodrigues, 1988) and calcium 
imaging in the honeybee (Joerges et al., 1997; Faber et al., 
1998) demonstrate that different odorants elicit defined 
patterns of glomerular activity, Suggesting that in insects as 
in vertebrates, a topographic map of odor quality is repre 
sented in the antennal lobe. However, in the absence of the 
genes encoding the receptor molecules, it has not been 
possible to define a physical basis for this spatial map. 

0009. In this study, we identify a large family of genes 
that are likely to encode theodorant receptors of Drosophila 
melanogaster. Difference cloning, along with analysis of 
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Drosophila genomic Sequences, has led to the identification 
of a novel family of putative Seven transmembrane domain 
receptors likely to be encoded by 100 to 200 genes within 
the Drosophila genome. Each receptor is expressed in a 
Small subset of sensory cells (0.5-1.5%) that is spatially 
defined within the antenna and maxillary palp. Moreover, 
different neurons express distinct complements of receptor 
genes Such that individual neurons are functionally distinct. 
Identification of a large family of putative odorant receptors 
in insects indicates that, as in other Species, the diversity and 
Specificity of odor recognition is accommodated by a large 
family of receptor genes. The identification of the family of 
putative odorant receptor genes may afford insight into the 
logic of olfactory perception in Drosophila. 

0.010 Insects provide an attractive system for the study of 
olfactory sensory perception. We have identified a novel 
family of Seven transmembrane domain proteins, encoded 
by 100 to 200 genes, that is likely to represent the family of 
Drosophila odorant receptors. Members of this gene family 
are expressed in topographically defined Subpopulations of 
olfactory Sensory neurons in either the antenna or the 
maxillary palp. Sensory neurons express different comple 
ments of receptor genes, Such that individual neurons are 
functionally distinct. The isolation of candidate odorant 
receptor genes along with a genetic analysis of olfactory 
driven behavior in insects may ultimately afford a System to 
understand the mechanistic link between odor recognition 
and behavior. 

SUMMARY OF THE INVENTION 

0.011 This invention provides an isolated nucleic acid 
molecule encoding an insect odorant receptor. In an embodi 
ment, the isolated nucleic acid molecule comprise: (a) one of 
the nucleic acid sequences as set forth in FIG. 8, (b) a 
Sequence being degenerated to a sequence of (a) as a result 
of the genetic code; or (c) a sequence encoding one of the 
amino acid sequences as set forth in FIG. 8. 
0012. This invention provides a nucleic acid molecule of 
at least 12 nucleotides capable of Specifically hybridizing 
with the Sequence of the above-described nucleic acid 
molecule. This invention provides a vector which comprises 
the above-described isolated nucleic acid molecule. In 
another embodiment, the vector is a plasmid. 
0013 This invention also provides a host vector system 
for the production of a polypeptide having the biological 
activity of an insect odorant receptor which comprises the 
above described vector and a Suitable host. 

0.014. This invention provides a method of producing a 
polypeptide having the biological activity of an insect odor 
ant receptor which comprising growing the above described 
host vector System under conditions permitting production 
of the polypeptide and recovering the polypeptide So pro 
duced. 

0.015 This invention also provides a purified, insect 
odorant receptor. This invention further provides a polypep 
tide encoded by the above-described isolated nucleic acid 
molecule. 

0016. This invention provides an antibody capable of 
Specifically binding to an insect odorant receptor. This 
invention also provides an antibody capable of competi 
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tively inhibiting the binding of the antibody capable of 
Specifically binding to an insect odorant receptor. 

0017. This invention provides a method for identifying 
cDNA inserts encoding an insect odorant receptors compris 
ing: (a) generating a cDNA library which contains clones 
carrying cDNA inserts from antennal or maxillary palp 
Sensory neurons; (b) hybridizing nucleic acid molecules of 
the clones from the cDNA libraries generated in step (a) with 
probes prepared from the antenna or maxillary palp neurons 
and probes from heads lacking antenna or maxillary palp 
neurons or from Virgin female body tissue; (c) Selecting 
clones which hybridized with probes from the antenna or 
maxillary palp neurons but not from head lacking antenna or 
maxillary palp neurons or Virgin female body tissue; and (d) 
isolating clones which carry the hybridized inserts, thereby 
identifying the inserts encoding odorant receptors. 

0018. This invention also provides cDNA inserts identi 
fied by the above method. 

0019. This invention further provides a method for iden 
tifying DNA inserts encoding an insect odorant receptors 
comprising: (a) generating DNA libraries which contain 
clones carrying inserts from a Sample which contains at least 
one antennal or maxillary palp neuron; (b) contacting clones 
from the cDNA libraries generated in step (a) with nucleic 
acid molecule capable of Specifically hybridizing with the 
Sequence which encodes an insect odorant receptor in appro 
priate conditions permitting the hybridization of the nucleic 
acid molecules of the clones and the nucleic acid molecule; 
(c) selecting clones which hybridized with the nucleic acid 
molecule; and (d) isolating the clones which carry the 
hybridized inserts, thereby identifying the inserts encoding 
the odorant receptors. 

0020. This invention also provides a method to identify 
DNA inserts encoding an insect odorant receptors compris 
ing: 

0021 (a) generating DNA libraries which contain clones 
with inserts from a Sample which contains at least one 
antenna or maxillary palp Sensory neuron; (b) contacting the 
clones from the DNA libraries generated in step (a) with 
appropriate polymerase chain reaction primers capable of 
Specifically binding to nucleic acid molecules encoding 
odorant receptors in appropriate conditions permitting the 
amplification of the hybridized inserts by polymerase chain 
reaction; (c) selecting the amplified inserts, and (d) isolating 
the amplified inserts, thereby identifying the inserts encod 
ing the odorant receptors. 

0022. This invention also provides a method to isolate 
DNA molecules encoding insect odorant receptors compris 
ing: (a) contacting a biological Sample known to contain 
nucleic acids with appropriate polymerase chain reaction 
primers capable of Specifically binding to nucleic acid 
molecules encoding insect odorant receptors in appropriate 
conditions permitting the amplification of the hybridized 
molecules by polymerase chain reaction; (b) isolating the 
amplified molecules, thereby identifying the DNA mol 
ecules encoding the insect odorant receptors. 

0023 This invention also provides a method of trans 
forming cells which comprises transfecting a host cell with 
a suitable vector described above. This invention also pro 
vides transformed cells produced by the above method. 
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0024. This invention provides a method of identifying a 
compound capable of Specifically bind to an insect odorant 
receptor which comprises contacting a transfected cells or 
membrane fractions of the above described transfected cells 
with an appropriate amount of the compound under condi 
tions permitting binding of the compound to Such receptor, 
detecting the presence of any Such compound Specifically 
bound to the receptor, and thereby determining whether the 
compound Specifically binds to the receptor. 
0.025 This invention provides a method of identifying a 
compound capable of Specifically binding to an insect odor 
ant receptor which comprises contacting an appropriate 
amount of the purified insect odorant receptor with an 
appropriate amount of the compound under conditions per 
mitting binding of the compound to Such purified receptor, 
detecting the presence of any Such compound Specifically 
bound to the receptor, and thereby determining whether the 
compound Specifically binds to the receptor. 
0026. This invention also provides a method of identify 
ing a compound capable of activating the activity of an 
insect odorant receptor which comprises contacting the 
transfected cells or membrane fractions of the above-de 
Scribed transfected cells with the compound under condi 
tions permitting the activation of a functional odorant recep 
torresponse, the activation of the receptor indicating that the 
compound is capable of activating the activity of a odorant 
receptor. 

0027. This invention also provides a method of identify 
ing a compound capable of activating the activity of an 
odorant receptor which comprises contacting a purified 
insect odorant receptor with the compound under conditions 
permitting the activation of a functional odorant receptor 
response, the activation of the receptor indicating that the 
compound is capable of activating the activity of a odorant 
receptor. In an embodiment, the purified receptor is embed 
ded in a lipid bilayer. 
0028. This invention also provides a method of identify 
ing a compound capable of inhibiting the activity of a 
odorant receptor which comprises contacting the transfected 
cells or membrane fractions of the above-described trans 
fected cells with an appropriate amount of the compound 
under conditions permitting the inhibition of a functional 
odorant receptor response, the inhibition of the receptor 
response indicating that the compound is capable of inhib 
iting the activity of a odorant receptor. 
0029. This invention provides a method of identifying a 
compound capable of inhibiting the activity of a odorant 
receptor which comprises contacting an appropriate amount 
of the purified insect odorant receptor with an appropriate 
amount of the compound under conditions permitting the 
inhibition of a functional odorant receptor response, the 
inhibition of the receptor response indicating that the com 
pound is capable of activating the activity of a odorant 
receptor. In an embodiment, the purified receptor is embed 
ded in a lipid bilayer. 
0030 This invention also provides the compound iden 
tified by the above-described methods. 
0031. This invention provides a method of controlling 
pest populations which comprises identifying odorant 
ligands by the above-described method which are alarm 
odorant ligands and Spraying the desired area with the 
identified odorant ligands. 
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0032 Finally, this invention provides a method of con 
trolling a pest population which comprises identifying odor 
ant ligands by the above-described method which interfere 
with the interaction between the odorant ligands and the 
odorant receptors which are associated with fertility. 

BRIEF DESCRIPTION OF FIGURES 

0033 FIG. 1 Identification of Rare Antennal- and Max 
illary Palp-Specific Genes 

0034 Candidate antennal/maxillary palp-specific 
phage were Subjected to in Vivo excision, digestion 
of resulting pBLUESCRIPT plasmid DNAs with 
BamHI/Asp718, and electrophoresis on 1.5% agar 
ose gels. Southern blots were hybridized with P 
labeled cDNA probes generated from antennal/max 
illary palp mRNA (Panel A), head minus antennal/ 
maxillary palp mRNA (Panel B), or virgin female 
body mRNA (Panel C). The ethidium bromide 
stained gel is shown in Panel D. Of the thirteen 
clones displayed in this figure, four appear to be 
antennal/maxillary palp specific (lanes 5, 7, 9, and 
11). However, only two are selectively expressed in 
Subsets of cells in chemosensory organs of the adult 
fly. DOR104, a putative maxillary palp odorant 
receptor, is in Lane 9. The clone in Lane 11 (RN106) 
is homologous to lipoprotein and triglyceride lipases 
and is expressed in a restricted domain in the antenna 
(data not shown). 

0.035 FIG. 2 Expression of DOR104 in a Subset of 
Maxillary Palp Neurons 

0036 (A) A frontal section of an adult maxillary 
palp was hybridized with a digoxigenin-labeled anti 
Sense RNA probe and Visualized with anti-digoxige 
nin conjugated to alkaline phosphatase. Seven cells 
expressing DOR104 are visible in this 15 um section, 
which represents about one third of the diameter of 
the maxillary palp. Serial Sections of multiple max 
illary palps were scored for DOR104 expression and 
on average 20 cells per maxillary palp are positive 
for this receptor. 

0037 (B) Transgenic flies carrying a DOR104-lacz 
reporter transgene were Stained with X-GAL in a 
whole mount preparation. Maxillary palps were dis 
sected from the head and viewed in a flattened cover 
Slipped preparation under Nomarski optics, which 
allows the Visualization of all 20 cells expressing 
DOR104-lacz. 

0038 (C) Dendrites and axons of neurons express 
ing DOR104-lacz are visible in this horizontal sec 
tion of a maxillary palp. Lac7, expression was visu 
alized with a polyclonal anti-B-galactosidase 
primary antibody and a CY3-conjugated Secondary 
antibody. Sections were viewed under epifluores 
cence and photographed on black and white film. 

0039 FIG.3 Predicted Amino Acid Sequences of Droso 
phila odorant Receptor Genes 

0040 Deduced amino acid sequences of 12 DOR 
genes are aligned using ClustalW (MacVector, 
Oxford Molecular). Predicted positions of trans 
membrane regions (I-VII) are indicated by bars 
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above the alignment. Amino acids identities are 
marked with dark Shading and Similarities are indi 
cated with light Shading. Protein Sequences of 
DOR87, 53, 67, 104, and 64 were derived from 
cDNA clones. All others were derived from GEN 
SCAN predictions of intron-exon arrangements in 
genomic DNA, as indicated by the letter “g” after the 
gene name. We obtained a partial cDNA clone for 
DOR62 and found it to be 100% identical to the 
GENSCAN protein in the region of amino acids 
245-381. A 40 amino acid extension for DOR 19 was 
predicted by GENSCAN analysis. This has been 
replaced with an asterisk in the alignment, and 
isolation of cDNA clones for this receptor will 
resolve whether this extension is physically present 
in the protein. 

0041 FIG. 4 Receptor Gene Expression in Spatially 
Restricted Regions of the Antenna Digoxigenin-labeled anti 
sense RNA probes against 8 DOR genes each hybridize to a 
small number of cells distributed in distinct regions in the 
antenna. The total number of cells per antenna expressing a 
given receptor was obtained by counting positive cells in 
Serial Sections of multiple antennae. There are approxi 
mately 20 positive cells per antenna for DOR67 (A), 53 (B), 
and 24 (data not shown); 15 positive cells for DOR62 (C) 
and 87 (D); and 10 positive cells for DOR64 (E). The actual 
number of cells Staining in these Sections is a Subset of this 
total number. With the exception of DOR53 and DOR67, 
which Strongly cross-hybridize, the receptor genes likely 
identify different olfactory neurons, Such that the number of 
cells Staining with a mixed probe (F) is equal to the Sum of 
those staining with the individual probes (A-E). The mixture 
of DOR53, 67, 62, 87 and 64 labels a total of about 60 cells 
per antenna. A total of 34 cells stain with the mixed probe 
in this 15 um Section. Expression of the linked genes 
DOR71, DOR72, and DOR73 is shown in panels (G), (H), 
and (I), respectively. DOR71 is expressed in approximately 
10 cells in the maxillary palp. Five positive cells are Seen in 
the horizontal section in panel (G). We also examined the 
expression of the other members of this linkage group and 
found DOR72 in approximately 15 cells (of which 3 label in 
this section) (H) and DOR73 in 1 to 2 cells per antenna (I). 
0042 FIG. 5 Odorant Receptors are Restricted to Dis 
tinct Populations of Olfactory Neurons 

0.043 (A-C) Flies of the C155 eIav-GAL4; UAS 
lac7 genotype express cytoplasmic lac7, in all neu 
ronal cells. Panels (A-C) show confocal images of a 
horizontal maxillary palp Section from Such a fly 
incubated with an antisense RNA probe against 
DOR104 (red) and anti-B-galactosidase antibody 
(green). DOR104 recognizes five cells in this max 
illary palp Section (A), all of which also express 
elav-lacz (B), as demonstrated by the yellow cells in 
the merged image in panelC). 

0044) (D, E) DOR64 and DOR87 are expressed in 
non-overlapping neurons at the tip of the antenna. 
Antisense RNA probes for DOR64 (digoxigenin 
RNA; red) and DOR87 (FITC-RNA; green) were 
annealed to the same antennal Sections and Viewed 
by confocal microscopy. Panel (D) is a digital Super 
imposition of confocal images taken at 0.5 um inter 
vals through a 10 um Section of the antenna. Cells at 
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different focal planes express both receptors, but no 
double labeled cells are found. 

0.045 (F, G). Two color RNA in situ hybridization 
with odorant receptors and odorant binding proteins 
demonstrates that these proteins are expressed in 
different populations of cells. DORS3 (FITC-RNA; 
green) labels a few cells internal to the cuticle at the 
proximal-medial edge, while PBPRP2 (digoxigenin 
RNA; red) labels a large number of cells apposed to 
the cuticle throughout the antenna (F). The more 
restricted odorant binding protein OS-F (digoxige 
nin-RNA; red) also stains cells distinct from those 
expressing DOR67 (FITC-RNA; green) (G). 

0046 FIG. 6 Receptor Expression is Conserved Between 
Individuals 

0047. Frontal sections of antennae from six different 
individuals were hybridized with digoxigenin-la 
beled antisense RNA probes against DOR53 (A-C) 
or DOR87 (D-F). DOR53 labels approximately 20 
cells on the proximal-medial edge of the antenna, of 
which approximately 5 are shown labeling in these 
sections. DOR87 is expressed in about the same 
number of cells at the distal tip. Both the position and 
number of Staining cells is conserved between dif 
ferent individuals and is not Sexually dimorphic. 

0048 FIG. 7 Drosophila Odorant Receptors are Highly 
Divergent 

0049 Oregon R genomic DNA isolated from whole 
flies was digested with BamHI (B), EcoRI (E), or 
HindIII (H), electrophoresed on 0.8% agarose gels, 
and blotted to nitrocellulose membranes. Blots were 
annealed with “P-labeled probes derived from 
DOR53 cDNA (A), DOR67 cDNA (B), or DNA 
fragments generated by RT-PCR from antennal 
mRNA for DOR 24 (C), DOR62 (D), and DOR72 
(E). Strong crosshybridization of DOR53 and 
DOR67 is seen at both high and low stringency (A, 
B), while DOR24, 62, and 72 reveal only a single 
hybridizing band in each lane at both low Stringency 
(C-E) and high Stringency (data not shown). 

0050 FIG.8 DOR 62, 104, 87, 53, 67, 64, 71g, 72g, 73g, 
46, 19g, and 24g 

0051. Both nucleic acid sequence of each DOR and 
its encoded amino acid Sequence are described. 

0052 FIG. 9 Analysis of axonal projections of olfactory 
receptor neurons expressing a given Drosophila odorant 
receptor. Result: all neurons expressing a given receptor 
Send their axons to a Single glomerulus, or discrete Synaptic 
Structure, in the olfactory processing center of the fly brain. 
This result is identical to that obtained with mouse odorant 
receptors: each glomerulus is dedicated to receiving axonal 
input from neurons expressing a given odorant receptor. 
Therefore, this result Strengthens the argument that these 
genes indeed function as Odorant receptors in Drosophila. 
0053 FIG. 10 ClustalW alignments of two subfamilies 
of the Drosophila odorant receptors, the DOR53 (A-1 and 
A-2) and DOR64 (B) families. This figure highlights 
Sequence Similarities between DOR genes, that are diagnos 
tic hallmarks of the proteins. Residues that are identical in 
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different DOR genes are highlighted in black, while residues 
that are Similar are highlighted in gray. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0054. In order to facilitate an understanding of the 
Experimental Procedures section which follow, certain fre 
quently occurring methods and/or terms are described in 
Sambrook, et al. (1989). 
0.055 Throughout this application, the following stan 
dard abbreviations are used throughout the Specification to 
indicate Specific nucleotides: 

0056 C=cytosine A=adenosine 
0057 T=thymidine G=guanosine 

0.058. This invention provides an isolated nucleic acid 
molecule encoding an insect odorant receptor. The nucleic 
acid includes but is not limited to DNA, cDNA, genomic 
DNA, synthetic DNA or RNA. In an embodiment, the 
nucleic acid molecule encodes a Drosophila odorant recep 
tor. 

0059. In a further embodiment, the isolated nucleic acid 
molecule comprise: (a) one of the nucleic acid sequences as 
set forth in FIG. 8, (b) a sequence being degenerated to a 
Sequence of (a) as a result of the genetic code; or (c) a 
Sequence encoding one of the amino acid Sequences as Set 
forth in FIG. 8. 

0060. The nucleic acid molecules encoding a insect 
receptor includes molecules coding for polypeptide analogs, 
fragments or derivatives of antigenic polypeptides which 
differ from naturally-occurring forms in terms of the identity 
or location of one or more amino acid residues (deletion 
analogs containing less than all of the residues Specified for 
the protein, Substitution analogs wherein one or more resi 
dues specified are replaced by other residues and addition 
analogs where in one or more amino acid residues is added 
to a terminal or medial portion of the polypeptides) and 
which share Some or all properties of naturally-occurring 
forms. These molecules include but not limited to: the 
incorporation of codons “preferred” for expression by 
Selected non-mammalian hosts; the provision of Sites for 
cleavage by restriction endonuclease enzymes, and the pro 
Vision of additional initial, terminal or intermediate 
Sequences that facilitate construction of readily expressed 
vectors. Accordingly, these changes may result in a modified 
insect odorant receptor. It is the intent of this invention to 
include nucleic acid molecules which encodes modified 
insect odorant receptor. Also, to facilitate the expression of 
receptor in different host cells, it may be necessary to modify 
the molecule Such that the expressed receptorS may reach the 
Surface of the host cells. The modified insect odorant recep 
tor should have biological activities Similar to the unmodi 
fied insect odorant receptor. The molecules may also be 
modified to increase the biological activity of the expressed 
receptor. 

0061 This invention provides a nucleic acid molecule of 
at least 12 nucleotides capable of Specifically hybridizing 
with the Sequence of the above-described nucleic acid 
molecule. In an embodiment, the nucleic acid molecule 
hybridizes with a unique Sequence within the Sequence of 
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the above-described nucleic acid molecule. This nucleic acid 
molecule may be DNA, cDNA, genomic DNA, synthetic 
DNA or RNA 

0062) This invention provides a vector which comprises 
the above-described isolated nucleic acid molecule. In 
another embodiment, the vector is a plasmid. 
0063. In an embodiment, the above described isolated 
nucleic acid molecule is operatively linked to a regulatory 
element. 

0064 Regulatory elements required for expression 
include promoter Sequences to bind RNA polymerase and 
transcription initiation Sequences for ribosome binding. For 
example, a bacterial expression vector includes a promoter 
Such as the lac promoter and for transcription initiation the 
Shine-Dalgarno Sequence and the Start codon AUG. Simi 
larly, a eukaryotic expression vector includes a heterologous 
or homologous promoter for RNA polymerase II, a down 
Stream polyadenylation signal, the Start codon AUG, and a 
termination codon for detachment of the ribosome. Such 
vectors may be obtained commercially or assembled from 
the Sequences described by methods well-known in the art, 
for example the methods described above for constructing 
vectors in general. 
0065. This invention also provides a host vector system 
for the production of a polypeptide having the biological 
activity of an insect odorant receptor which comprises the 
above described vector and a Suitable host. 

0066. This invention also provides a host vector system, 
wherein the Suitable host is a bacterial cell, yeast cell, insect 
cell, or animal cell. The host cell of the above expression 
System may be Selected from the group consisting of the 
cells where the protein of interest is normally expressed, or 
foreign cells Such as bacterial cells (such as E. coli), yeast 
cells, fungal cells, insect cells, nematode cells, plant or 
animal cells, where the protein of interest is not normally 
expressed. Suitable animal cells include, but are not limited 
to Vero cells, HeLa cells, CoS cells, CV1 cells and various 
primary mammalian cells. 
0067. This invention provides a method of producing a 
polypeptide having the biological activity of an insect odor 
ant receptor which comprising growing the above described 
host vector System under conditions permitting production 
of the polypeptide and recovering the polypeptide So pro 
duced. 

0068. This invention also provides a purified, insect 
odorant receptor. This invention further provides a polypep 
tide encoded by the above-described isolated nucleic acid 
molecule. 

0069. This invention provides an antibody capable of 
Specifically binding to an insect odorant receptor. This 
invention also provides an antibody capable of competi 
tively inhibiting the binding of the antibody capable of 
Specifically binding to an insect odorant receptor. In an 
embodiment, the antibody is monoclonal. In another 
embodiment, the antibody is polyclonal. 
0070 Monoclonal antibody directed to an insect odorant 
receptor may comprise, for example, a monoclonal antibody 
directed to an epitope of an insect odorant receptor present 
on the Surface of a cell. Amino acid Sequences may be 
analyzed by methods well known to those skilled in the art 
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to determine whether they produce hydrophobic or hydro 
philic regions in the proteins which they build. In the case 
of cell membrane proteins, hydrophobic regions are well 
known to form the part of the protein that is inserted into the 
lipid bilayer which forms the cell membrane, while hydro 
philic regions are located on the cell Surface, in an aqueous 
environment. 

0071 Antibodies directed to an insect odorant receptor 
may be Serum-derived or monoclonal and are prepared using 
methods well known in the art. For example, monoclonal 
antibodies are prepared using hybridoma technology by 
fusing antibody producing B cells from immunized animals 
with myeloma cells and Selecting the resulting hybridoma 
cell line producing the desired antibody. Cells Such as 
NIH3T3 cells or 293 cells which express the receptor may 
be used as immunogens to raise Such an antibody. Alterna 
tively, Synthetic peptides may be prepared using commer 
cially available machines. 
0072. As a still further alternative, DNA, such as a cDNA 
or a fragment thereof, encoding the receptor or a portion of 
the receptor may be cloned and expressed. The expressed 
polypeptide recovered and used as an immunogen. 
0073. The resulting antibodies are useful to detect the 
presence of insect odorant receptorS or to inhibit the function 
of the receptor in living animals, in humans, or in biological 
tissueS or fluids isolated from animals or humans. 

0.074 This antibodies may also be useful for identifying 
or isolating other insect odorant receptors. For example, 
antibodies against the Drosophila odorant receptor may be 
used to Screen an cockroach expression library for a cock 
roach odorant receptor. Such antibodies may be monoclonal 
or monospecific polyclonal antibody against a Selected 
insect odorant receptor. Different insect expression libraries 
are readily available and may be made using technologies 
well-known in the art. 

0075 One means of isolating a nucleic acid molecule 
which encodes an insect odorant receptor is to probe a 
libraries with a natural or artificially designed probes, using 
methods well known in the art. The probes may be DNA or 
RNA. The library may be cDNA or genomic DNA. 
0.076 This invention provides a method for identifying 
cDNA inserts encoding an insect odorant receptors compris 
ing: (a) generating a cDNA library which contains clones 
carrying cDNA inserts from antennal or maxillary palp 
Sensory neurons; (b) hybridizing nucleic acid molecules of 
the clones from the cDNA libraries generated in step (a) with 
probes prepared from the antenna or maxillary palp neurons 
and probes from heads lacking antenna or maxillary palp 
neurons or from Virgin female body tissue; (c) Selecting 
clones which hybridized with probes from the antenna or 
maxillary palp neurons but not from head lacking antenna or 
maxillary palp neurons or Virgin female body tissue; and (d) 
isolating clones which carry the hybridized inserts, thereby 
identifying the inserts encoding odorant receptors. 

0077. In an embodiment of the above method, after step 
(c), it further comprises: (a) amplifying the inserts from the 
Selected clones by polymerase chain reaction; (b) hybridiz 
ing the amplified inserts with probes from the antennal or 
maxillary palp neurons; and (c) isolating the clones which 
carry the hybridized inserts, thereby identifying the inserts 
encoding the odorant receptors. 
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0078. In an embodiment, the probes are cDNA probes. 
0079 The appropriate polymerase chain reaction primers 
may be chosen from the conserved regions of the known 
insect odorant receptor Sequences. Alternatively, the primers 
may be chosen from the regions which are the active sites for 
the binding of ligands. 

0080. This invention also provides cDNA inserts identi 
fied by the above method. 

0081. This invention further provides a method for iden 
tifying DNA inserts encoding an insect odorant receptors 
comprising: (a) generating DNA libraries which contain 
clones carrying inserts from a Sample which contains at least 
one antennal or maxillary palp neuron; (b) contacting clones 
from the cDNA libraries generated in step (a) with nucleic 
acid molecule capable of Specifically hybridizing with the 
Sequence which encodes an insect odorant receptor in appro 
priate conditions permitting the hybridization of the nucleic 
acid molecules of the clones and the nucleic acid molecule; 
(c) Selecting clones which hybridized with the nucleic acid 
molecule; and (d) isolating the clones which carry the 
hybridized inserts, thereby identifying the inserts encoding 
the odorant receptors. 

0082) This invention also provides a method to identify 
DNA inserts encoding an insect odorant receptors compris 
ing: (a) generating DNA libraries which contain clones with 
inserts from a Sample which contains at least one antenna or 
maxillary palp Sensory neuron; (b) contacting the clones 
from the DNA libraries generated in step (a) with appropri 
ate polymerase chain reaction primers capable of Specifi 
cally binding to nucleic acid molecules encoding odorant 
receptors in appropriate conditions permitting the amplifi 
cation of the hybridized inserts by polymerase chain reac 
tion; (c) Selecting the amplified inserts, and (d) isolating the 
amplified inserts, thereby identifying the inserts encoding 
the odorant receptors. 

0083. This invention also provides a method to isolate 
DNA molecules encoding insect odorant receptors compris 
ing: (a) contacting a biological Sample known to contain 
nucleic acids with appropriate polymerase chain reaction 
primers capable of Specifically binding to nucleic acid 
molecules encoding insect odorant receptors in appropriate 
conditions permitting the amplification of the hybridized 
molecules by polymerase chain reaction; (b) isolating the 
amplified molecules, thereby identifying the DNA mol 
ecules encoding the insect odorant receptors. 

0084. This invention also provides a method of trans 
forming cells which comprises transfecting a host cell with 
a Suitable vector described above. 

0085. This invention also provides transformed cells pro 
duced by the above method. In an embodiment, the host cells 
are not usually expressing odorant receptors. In another 
embodiment, the host cells are expressing odorant receptors. 

0086) This invention provides a method of identifying a 
compound capable of Specifically binding to an insect odor 
ant receptor which comprises contacting a transfected cells 
or membrane fractions of the above described transfected 
cells with an appropriate amount of the compound under 
conditions permitting binding of the compound to Such 
receptor, detecting the presence of any Such compound 
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Specifically bound to the receptor, and thereby determining 
whether the compound Specifically binds to the receptor. 

0087. This invention provides a method of identifying a 
compound capable of Specifically bind to an insect odorant 
receptor which comprises contacting an appropriate amount 
of the purified insect odorant receptor with an-appropriate 
amount of the compound under conditions permitting bind 
ing of the compound to Such purified receptor, detecting the 
presence of any Such compound Specifically bound to the 
receptor, and thereby determining whether the compound 
Specifically binds to the receptor. In an embodiment, the 
purified receptor is embedded in a lipid bilayer. The purified 
receptor may be embedded in the liposomes with proper 
orientation to carry out normal functions. Liposome tech 
nology is well-known in the art. 
0088. This invention also provides a method of identify 
ing a compound capable of activating the activity of an 
insect odorant receptor which comprises contacting the 
transfected cells or membrane fractions of the above-de 
Scribed transfected cells with the compound under condi 
tions permitting the activation of a functional odorant recep 
torresponse, the activation of the receptor indicating that the 
compound is capable of activating the activity of a odorant 
receptor. 

0089. This invention also provides a method of identify 
ing a compound capable of activating the activity of an 
odorant receptor which comprises contacting a purified 
insect odorant receptor with the compound under conditions 
permitting the activation of a functional odorant receptor 
response, the activation of the receptor indicating that the 
compound is capable of activating the activity of a odorant 
receptor. In an embodiment, the purified receptor is embed 
ded in a lipid bilayer. 
0090 This invention also provides a method of identify 
ing a compound capable of inhibiting the activity of a 
odorant receptor which comprises contacting the transfected 
cells or membrane fractions of the above-described trans 
fected cells with an appropriate amount of the compound 
under conditions permitting the inhibition of a functional 
odorant receptor response, the inhibition of the receptor 
response indicating that the compound is capable of inhib 
iting the activity of a odorant receptor. 
0.091 This invention provides a method of identifying a 
compound capable of inhibiting the activity of a odorant 
receptor which comprises contacting an appropriate amount 
of the purified insect odorant receptor with an appropriated 
amount of the compound under conditions permitting the 
inhibition of a functional odorant receptor response, the 
inhibition of the receptor response indicating that the com 
pound is capable of activating the activity of a odorant 
receptor. In an embodiment, the purified receptor is embed 
ded in a lipid bilayer. 
0092. In a separate embodiment of the above method, the 
compound is not previously known. This invention also 
provides the compound identified by the above-described 
methods. 

0093. This invention provides a method of controlling 
pest populations which comprises identifying odorant 
ligands by the above-described method which are alarm 
odorant ligands and Spraying the desired area with the 
identified odorant ligands. 
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0094. Finally, this invention provides a method of con 
trolling a pest population which comprises identifying odor 
ant ligands by the above-described method which interfere 
with the interaction between the odorant ligands and the 
odorant receptors which are associated with fertility. 

0.095 This invention will be better understood from the 
Experimental Procedures which follow. However, one 
skilled in the art will readily appreciate that the Specific 
methods and results discussed are merely illustrative of the 
invention as described more fully in the claims which follow 
thereafter. 

0096 Experimental Procedures 

0097 Experimental Animals 

0098 Oregon R flies (Drosophila melanogaster) were 
raised on Standard cornmeal-agar-molasses medium at 25 
C. Transgenic constructs were injected into yW embryos. 
CISS elav-GAL4 flies were obtained from Corey Goodman 
(Lin and Goodman, 1994) and Gary Struhl provided the 
UAS- (cytoplasmic) lac7, Stock. 

0099 Preparation and Differential Screening of a Droso 
phila Antennal/Maxillary Palp cDNA Library 

0100 Drosophila antennae and maxillary palps were 
obtained by manually decapitating and freezing 5000 adult 
flies and Shaking antennae and maxillary palps through a 
fine metal Sieve. mRNA was prepared using a poly A+ RNA 
Purification Kit (Stratagene). An antennal/maxillary palp 
cDNA library was made from 0.5 lug mRNA using the 
LambdaZAPIIXR kit from Stratagene. 

0101 Briefly, phage were plated at low density (500 
1000 pfu/150 mm plate) and UV-crosslinked after lifting in 
triplicate to Hybond-N+ (Amersham). Complex probes were 
generated by random primed labeling (PrimetII, Stratagene) 
of reverse transcribed mRNA (RT-PCR kit, Stratagene) from 
virgin adult female body mRNA and duplicate lifts hybrid 
ized at high stringency for 36 hours (65°C. in 0.5M Sodium 
Phosphate buffer pH7.3 containing 1% bovine serum albu 
min, 4% SDS, and 0.5 mg/ml herring sperm DNA). We 
prescreened the third lift with a mix of all previously cloned 
OBPS/PBPs (McKenna et al., 1994; Pikielny et al., 1994; 
Kim et al., 1998) remove a source of abundant but undesired 
olfactory-specific clones. Approximately 5000 individual 
OBP/PBP and virgin female body negative phage clones 
were isolated, their inserts amplified by PCR with T3 and T7 
primers, and approximately 3 ug of DNA were electrophore 
Sed on 1.5% agarose gels. Gels were blotted in duplicate to 
Hybond-N+ (Amersham), filters were UV-crosslinked, and 
the resulting Southern blots were subjected to reverse North 
ern analysis using complex probes generated from Virgin 
female body mRNA. Approximately 500 clones not hybrid 
izing with Virgin female body probes were identified and 
consolidated onto Secondary Southern blots in triplicate. 
These blots were probed with complex probes derived from 
antennal/maxillary palp, head-minus-antenna/maxillary 
palp, and virgin female body mRNA. A total of 210 clones 
negative with head-minus-antenna/maxillary palp and Virgin 
female body probes and Strongly positive, weakly positive, 
or negative with antennal/maxillary palp probes were further 
analyzed by Sequencing and in Situ hybridization. 
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0102 Analysis of Drosophila Genome Project Sequences 
for Transmembrane Proteins 

0103 All Drosophila genomic sequences were batch 
downloaded in April 1998 from the Berkeley Drosophila 
Genome Project (Berkeley Drosophila Genome Project, 
unpublished). Genomic P1 Sequences were first analyzed 
with the GENSCAN program (Burge and Karlin, 1997; 
http:/CeR-081.mit.edu/GENSCAN.html), which predicts 
intron-exon Structures and generates hypothetical coding 
sequences (CDS) and open reading frames. GENSCAN 
predicted proteins shorter than 50 amino acids were dis 
carded. The remaining open reading frames were used to 
Search for putative transmembrane regions greater than 15 
amino acids with two programs that were obtained from the 
authors and used in Stand-alone mode locally (see Persson 
and Argos, 1994; Cserzo et al., 1997). The Dense Surface 
Alignment (DAS) program is available at http://www.bioke 
mi.Su.se/ Server/DAS/ or from M. CserZo 
(miklos(apugh.bip.bham.ac.uk). TMAP is available at ftp:// 
ftp.ebi.ac.uk/pub/Software/unix/, or by contacting the 
author, Bengt Persson (bpn(ambb.ki.se). Scripts were writ 
ten to apply the DAS and TMAP programs repeatedly to 
genome Scale Sequence Sets. Genes showing significant 
sequence similarity to the NCBI non-redundant protein 
database using BLAST analysis (Altschul et al., 1990; 
Altschul et al., 1997) were eliminated. All scripts required 
for these computations were written in standard ANSI C and 
run on a SUN Enterprise 3000. 

0104) Of 229 novel Drosophila proteins with three or 
more predicted transmembrane Spanning regions, 35 showed 
no clear Sequence Similarity to any known protein and were 
selected for further analysis by in situ hybridization. Probes 
for in situ hybridization were generated by RT-PCR using 
antennal/maxillary palp mRNA as a template. 

0105 Map positions of DOR Genes 

0106 The chromosome position of DOR104 was deter 
mined by in situ hybridization of a biotin-labeled probe to 
Salivary gland polytene chromosome Squashes as described 
(Amrein et al., 1988). 
0107 Chromosomal positions of all other DOR genes 
were eased on chromosome assignments of the P1 clones to 
which they map, as determined by the Berkeley Drosophila 
Genome Project (personal communication; http://www 
.fruitfly.org; see also Hartlet al., 1994, Kimmerly et al., 
1996). DOR62 maps to a cosmidsequenced by the European 
Drosophila Genome Project (unpublished; http://edgp.ebi 
.ac.uk/; Siden-Kiamos et al., 1990). 

RECEPTOR MAP POSITION P1 CLONE ACCESSION NUMBER 

DOR62 (X) 2F 62D9 (EDGP cosmid) 
DOR67 (2L) 22A3 DSOO676 
DOR53 (2L) 22A2-3 DSO5342 
DOR64 (2L) 23A1-2 DSO64OO 
DORF2 (2L) 33B1-2 DSO7071 
DORF2 (2L) 33B1-2 DSO7071 
DORF3 (2L) 33B1-2 DSO7071 
DOR87 (2R) 43B1-2 DSO8779 
DOR19 (2R) 46F5-6 DSO1913 
DOR24 (2R) 47D6-E2 DS00724 
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-continued 

RECEPTOR MAP POSITION P1 CLONE ACCESSION NUMBER 

DOR46 (2R) 59D5-7 DSO7462 
DOR104 (3L) 85B not applicable 

0108). The Isolation of DOR cDNA Clones and Southern 
Blotting 

0109) We screened 3x10 clones of the antennal/maxil 
lary palp library described above with PCR probes for the 
genes DOR87, DOR53, DOR67, DOR64, and DOR62. 
cDNAs were present at a frequency ranging from 1:200,000 
(DOR67) to 1:1,000,000 (DOR62) in the library and their 
sequences were remarkably similar to the hypothetical CDS 
predicted by the GENSCAN program. The frequency of 
these genes is similar to that of DOR104, which is present 
at 1:125,000 in the antennal/maxillary palp library. All 
Sequencing was with ABI cycle Sequencing kits and reac 
tions were run on an ABI 310 or 377 sequencing system. 
0110 Five lug of Oregon R genomic DNA isolated from 
whole flies were digested with BamHI, EcoRI, or HindIII, 
electrophoresed on 0.8% agarose gels, and blotted to Nitro 
pure nitrocellulose membranes (Micron Separations Inc.). 
Blots were baked and annealed with P-labeled probes 
derived from cDNA probes of DORS3 and DOR67, or PCR 
fragments from DOR24, DOR62, and DOR72. Hybridiza 
tion was at 42 C. for 36 hours in 5x SSCP, 10x Denhardts, 
500 tug/ml herring sperm DNA, and either 50% (high 
stringency) or 25% (low stringency) formamide (Sambrook 
et al., 1989). Blots were washed for 1 hour in 0.2x SSC, 
0.5% SDS at 65° C. (high stringency) or 1x SSC, 0.5% SDS 
at 42 C. (low stringency). 
0111 
0112 RNA in situ hybridization was carried out essen 
tially as described (Schaeren-Wiemers and Gerfin-Moser, 
1993). This protocol was modified to include detergents in 
most Steps to increase Sensitivity and reduce background. 
The hybridization buffer contained 50% formamide, 5x 
SSC, 5x Denhardts, 250 lug/ml yeast tRNA, 500 tug/ml 
herring sperm DNA, 50 tug/ml Heparin, 2.5 mM EDTA, 
0.1% Tween-20, 0.25% CHAPS. All antibody steps were in 
the presence of 0.1% Triton X-100, and the reaction was 
developed in buffer containing 0.1% Tween-20. Slides were 
mounted in Glycergel (DAKO) and viewed with Nomarski 
optics. 

In situ Hybridization 

0113 Fluorescent in situ hybridization was carried out as 
above with either digoxigenin or FITC labeled RNA probes. 
The digoxigenin probe was visualized with Sheep anti 
digoxigenin (Boehringer) followed by donkey anti-sheep 
CY3 (Jackson). FITC probes were visualized with mouse 
anti-FITC (Boehringer) and goat anti-mouse Alexa 488 
(Molecular Probes) following preincubation with normal 
goat Serum. Sections were mounted in Vectashield reagent 
(Vector Labs) and viewed on a Biorad 1024 Confocal 
MicroScope. 
0114 For double labeling with a neural marker, animals 
of the genotype C155 elav-Gal4; UAS-lacz were sectioned 
and first hybridized with a digoxigenin labeled antisense 
DOR104 RNA probe and developed as described above. 
Neuron-specific expression of lacZ driven by the elav-GalA. 
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enhancer trap was visualized with a polyclonal rabbit anti 
f-galactosidase antibody (Organon-Technika/Cappel), visu 
alized by a goat anti-rabbit Alexa488 conjugated Secondary 
antibody (Molecular Probes) following preincubation with 
normal goat Serum. 
0115 The proportion of neurons in the third antennal 
Segment was calculated by comparing the number of nuclei 
staining with the 44C11 ELAV monoclonal (kindly provided 
by Lily Jan) and those staining with TOTO-3 (Molecular 
Probes), a nucleic acid counterstain, in several confocal 
Sections of multiple antennae. On average, 36% of the nuclei 
in the antenna were ELAV positive. 
0116 DOR104-lacz Transaene Construction and His 
tochemical Staining 
0117. A genomic clone containing the DOR104 coding 
region and Several kb of upstream Sequence was isolated 
from a genomic library prepared from flies isogenic for the 
third chromosome (a gift of Kevin Moses and Gerry Rubin). 
Approximately 3 kb of DNA immediately upstream of the 
putative translation start site of DOR104 were isolated by 
PCR and subcloned into the pCasper AUGBGal vector 
(Thummel et al., 1988). B-galactosidase activity staining 
was carried out with whole mount head preparations essen 
tially as described in Wang et al. (1998). Frozen sections of 
DOR104-lacz maxillary palps were incubated with a poly 
clonal rabbit anti-B-galactosidase antibody and as described 
above. 

0118 Experimental Results 
0119) Cloning Candidate Odorant Receptors 
0120 In initial experiments, we isolated a cDNA encod 
ing a putative odorant receptor by a difference cloning 
Strategy designed to detect cDNA copies of mRNA present 
at extremely low frequencies in an mRNA population. In the 
antenna and maxillary palp, about 30% of the cells are 
olfactory neurons. If each neuron expressed only one of a 
possible 100 different odorant receptor genes at a level of 
0.1% of the mRNA in a sensory neuron, then a given 
receptor mRNA would be encountered at a frequency of one 
in 300,000 in antennal mRNA. If 100 different receptor 
genes were expressed, then the entire family of receptor 
genes would be represented at a frequency of one in 3,000 
mRNAS. We therefore introduced experimental modifica 
tions into Standard difference cloning to allow for the 
identification of extremely rare mRNAS whose expression is 
restricted to either the antenna or the maxillary palp. 
0121 Briefly, 5000 insets from an antennal/maxillary 
palp cINA library were prescreened (see Experimental 
Procedures) and then subjected to Southern blot hybridiza 
tion with cDNA probes from antennal/maxillary palp, head 
minus antenna/maxillary palp, or Virgin female body mRNA 
(see FIG. 1). This Southern blot hybridization (or reverse 
Northern) to candidate cDNAs allows for the detection of 
sequences present at a frequency of 1 in 100,000 in the 
probe, a Sensitivity about one hundred-fold greater than that 
of plaque Screening (see Experimental Procedures). This 
procedure led to the identification of multiple antennal/ 
maxillary palp-specific cDNAs that were analyzed by DNA 
sequencing and in situ hybridization. One cDNA, DOR104 
(for Drosophila Odorant Receptor) (FIG. 1, Lane 9), 
encodes a putative Seven-transmembrane domain protein 
with no obvious Sequence Similarity to known Serpentine 
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receptors (FIG. 3). In situ hybridization revealed that this 
cDNA anneals to about 15% of the 120 sensory neurons 
within the maxillary palp but does not anneal with neurons 
in either the brain or antenna. Seven cells expressing 
DOR104 are shown in the frontal maxillary palp section in 
FIG. 2A. 

0.122 These observations suggested that DOR104 might 
be one member of a larger family of odorant receptor genes 
within the Drosophila genome. However, we were unable to 
identify additional genes homologous to DOR104 by low 
stringency hybridization to genomic DNA and cDNA librar 
ies or upon analysis of linked genes in a genomic walk. We 
therefore analyzed the Drosophila genome database for 
families of multiple transmembrane domain proteins that 
share sequence similarity with DOR104. Sequences repre 
senting about 10% of the Drosophila genome were down 
loaded (Berkeley Drosophila Genome Project) and Sub 
jected to GENSCAN analysis (Burge and Karlin, 1997) to 
predict the intron-exon Structure of all Sequences within the 
database. Open reading frames greater than 50 amino acids 
were Searched for proteins with three or more predicted 
transmembrane-Spanning regions using the dense alignment 
surface (DAS) and TMAP algorithms (Persson and Argos, 
1994; Cserzo et al., 1997; also see Experimental Proce 
dures). Of 229 candidate genes identified in this manner, 11 
encoded proteins that define a novel divergent family of 
presumed Seven transmembrane domain proteins with 
sequence similarity to the DOR104 sequence. This family of 
candidate odorant receptors does not share any conserved 
Sequence motifs with previously identified families of Seven 
transmembrane domain receptorS. cDNA clones containing 
the coding regions for 5 of the 11 genes identified by 
GENSCAN analysis have been isolated from an antennal/ 
maxillary palp cDNA library and their Sequences are pro 
vided in FIG. 3. The remaining 6 protein sequences derive 
from GENSCAN predictions for intron-exon arrangement. 
Their organization conforms well to the actual structure 
determined from the cDNA sequences of other members of 
the gene family (FIG. 3). 

0123 The receptors consist of a short extracellular N-ter 
minal domain (usually less than 50 amino acids) and Seven 
presumed membrane-Spanning domains. Analysis of pre 
sumed transmembrane domains (Kyte and Doolittle, 1982; 
Persson and Argos, 1994; Cserzo et al., 1997) reveals 
multiple hydrophobic Segments, but it is not possible from 
this analysis to unequivocally determine either the number 
or placement of the membrane Spanning domains. At 
present, our assignment of transmembrane domains is there 
fore tentative. 

0.124. The individual family members are divergent and 
most exhibit from 17-26% amino acid identity. Two linked 
clusters of receptor genes constitute Small Subfamilies of 
genes with Significantly greater Sequence conservation. Two 
linked genes, DOR53 and DOR67, exhibit 76% amino acid 
identity, whereas the three linked genes, DOR71, 72 and 73, 
reveal 30-55% identity (FIG. 3; see below). Despite the 
divergence, each of the genes shares short, common motifs 
in fixed positions within the putative Seven transmembrane 
domain Structure that define these Sequences as highly 
divergent members of a novel family of putative receptor 
molecules. 
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0125 Expression of the DOR Gene Family in Olfactory 
Neurons 

0.126 If this gene family encodes putative odorant recep 
tors in the fly, we might expect that other members of the 
family in addition to DOR104 would also be expressed in 
olfactory sensory neurons. We therefore performed in situ 
hybridization to examine the pattern of receptor expression 
of each of the 11 additional members of the gene family in 
adult and developing organisms. In Drosophila, olfactory 
Sensory neurons are restricted to the maxillary palp and third 
antennal Segment. The third antennal Segment is covered 
with approximately 500 fine sensory bristles or sensilla 
(Stocker, 1994), each containing from one to four neurons 
(Venkatesh and Singh, 1984). The maxillary palp is covered 
with approximately 60 Sensilla, each of which is innervated 
by two or three neurons (Singh and Nayak, 1985). Thus, the 
third antennal Segment and maxillary palp contain about 
1500 and 120 sensory neurons, respectively. 
0127 RNA in situ hybridization experiments were per 
formed with digoxigenin-labeled RNA antisense probes to 
each of the 11 new members of the gene family under 
conditions of high Stringency. One linked pair of homolo 
gous genes, DOR53 and DOR67, crosshybridizes, whereas 
the remaining 10 genes exhibit no croSShybridization under 
these conditions (see below). Eight of the 11 genes hybridize 
to a small subpopulation (0.5-1.5%) of the 1500 olfactory 
sensory neurons in the third antennal segment (FIG. 4). One 
gene, DOR71, is expressed in about 10% of the sensory 
neurons in the maxillary palp but not in the antenna (FIG. 
4G). We have not detected expression of DOR46 or DOR19 
in the antenna or the maxillary palp. Expression of this gene 
family is only observed in cells within the antenna and 
maxillary palp. No hybridization was observed in neurons of 
the brain, nor was hybridization observed in any Sections 
elsewhere in the adult fly or in any tissue at any stage during 
embryonic development. However, we do find hybridization 
to a Small number of cells in the developing antennae in the 
late pupal stage (data not shown). We have not yet deter 
mined whether this family of receptorS is expressed in the 
larval olfactory apparatus. 
0128. Only about one third of the cells in the third 
antennal segment and the maxillary palp are neurons (data 
not shown), which are interspersed with non-neuronal Sen 
Sillar Support cells and glia. We have performed two experi 
ments to demonstrate that the family of Seven transmem 
brane domain receptor genes is expressed in Sensory neurons 
rather than Support cells or glia within the antenna and 
maxillary palp. First, we developed two-color fluorescent 
antibody detection Schemes to co-localize receptor expres 
Sion in cells that express the neuron-specific RNA binding 
protein, ELAV (Robinow and White, 1988). An enhancer 
trap line carrying an insertion of GAL4 at the elav locus 
expresses high levels of lac7 in neurons when crossed to a 
transgenic UAS-lacz responder line (Lin and Goodman, 
1994). Fluorescent antibody detection of lacZ identifies the 
Sensory neurons in a horizontal Section of the maxillary palp 
(FIG. 5B). Hybridization with the receptor probe DOR104 
reveals expression in 5 of the 12 lacZ positive cells in a 
horizontal section of the maxillary palp (FIG. 5A). All cells 
that express DOR104 are also positive for lacz (FIG. 5C), 
indicating that this receptor is expressed only in neurons. 
0129. In a second experiment we have demonstrated that 
the receptor genes are not expressed in non-neuronal cells. 
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The Support cells of the antenna express different members 
of a family of odorant binding proteins (McKenna et al., 
1994; Pikielny et al., 1994; Kim et al., 1998). These genes 
encode abundant low molecular weight proteins thought to 
transport odorants through the Sensillar lymph (reviewed in 
Pelosi, 1994). Two-color in situ experiments with a probe for 
the odorant binding protein, PBPRP2 (Pikielny et al., 1994), 
reveal hybridization to a large number of cells broadly 
distributed throughout the antenna (FIG. 5F). In the same 
section, however, the probe DOR53 anneals to a non 
overlapping Subpopulation of neurons restricted to the 
medial-proximal domain of the antenna. In a similar experi 
ment, in Situ hybridization with the odorant binding protein, 
OS-F (McKenna et al., 1994), identifies a spatially restricted 
Subpopulation of Support cells in the antenna, whereas the 
DOR67 probe identifies a distinct subpopulation of neurons 
in a medial-proximal domain (FIG. 5G). Thus, the putative 
odorant receptor genes are expressed in a Subpopulation of 
Sensory neurons distinct from the Support cells that express 
the odorant binding proteins. Taken together, these data 
demonstrate that 10 of the 12 family members we have 
identified are expressed in Small Subpopulations of olfactory 
Sensory neurons in the antenna and maxillary palp. 

0.130 Spatially Defined Patterns of Receptor Expression 
0131 The in situ hybridization experiments reveal that 
each receptor is expressed in a Spatially restricted Subpopu 
lation of neurons in the antenna or maxillary palp (FIG. 4). 
The total number of cells expressing each receptor per 
antenna was obtained by counting the positive cells in Serial 
Sections of antennae from multiple flies. These numbers are 
presented in the legend of FIG. 4. DOR67 and 53, for 
example, anneal to about 20 neurons on the medial proximal 
edge of the antenna (FIGS. 4A and B), whereas DOR62 and 
87 anneal to subpopulations of 20 cells at the distal edge of 
the antenna (FIGS. 4C-D). Approximately 10 cells in the 
distal domain express DOR64 (FIG. 4E). Each of the three 
linked genes DOR71, 72, and 73 is expressed in different 
neurons. DOR72 is expressed in approximately 15 antennal 
cells (FIG. 4H), while DOR73 is expressed in 1 to 2 cells 
at the distal edge of the antenna (FIG. 4I). In contrast, 
DOR71 is expressed in approximately 10 maxillary palp 
neurons but is not detected in the antenna (FIG. 4G). The 
three Sensillar types are represented in a coarse topographic 
map across the third antennal Segment. The proximal-medial 
region, for example, contains largely basiconic Sensilla. 
Receptors expressed in this region (DOR53 and 67) are 
therefore likely to be restricted to the large basiconic Sen 
Silla. More distal regions contain a mixture of all three 
Sensilla types and it is therefore not possible from these data 
to assign specific receptors to Specific Sensillar types. 

0132) The spatial pattern of neurons expressing a given 
receptor is conserved between individuals. In situ hybrid 
ization with two receptor probes to three individual flies 
reveals that both the frequency and Spatial distributions of 
the hybridizing neurons is conserved in different individuals 
(FIG. 6). At present, we cannot determine the precision of 
this topographic map and can only argue that given receptors 
are expressed in localized domains. 
0133. In preliminary experiments, we have demonstrated 
that the Spatial pattern of expression of one receptor, 
DOR104, can be recapitulated in transgenic flies with a 
promoter fragment flanking the DOR104 gene. The fusion of 
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the presumed DOR104 promoter (consisting of 3 kb of 5' 
DNA immediately adjacent to the coding region) to the lac7. 
reporter gene has allowed us to visualize a Subpopulation of 
neurons expressing DOR104 within the maxillary palp. 
Whole mount preparations of the heads of transgenic flies 
reveal a Small Subpopulation of Sensory neurons within the 
maxillary palp whose cell bodies exhibit blue color after 
staining with X-gal (FIG. 2B). The number of positive cells, 
approximately 20 per maxillary palp, corresponds well with 
that seen for DOR104 RNA expression. Immunofluorescent 
Staining of Sections with antibodies directed against B-ga 
lactosidase more clearly reveals the dendrites and axons of 
these bipolar neurons in the maxillary palp (FIG. 2C). 
Levels of lac7, expression in these transgenic lines are low 
and further amplification will be necessary to allow us to 
trace the axons to glomeruli in the antennal lobe. Nonethe 
less, the data Suggest that the information governing the 
spatial pattern of DOR104 expression in a restricted Sub 
population of maxillary palp neurons resides within 3 kb of 
DNA 5' to the DOR104 gene. 
0134) Individual Neurons Express Different Comple 
ments of Receptors 
0135 An understanding of the logic of olfactory dis 
crimination in Drosophila will require a determination of the 
diversity and Specificity of receptor expression in individual 
neurons. In the Vertebrate olfactory epithelium, a given 
neuron is likely to express only one receptor from the family 
of 1,000 genes (Ngai et al., 1993; Ressler et al., 1993; Vassar 
et al., 1993; Chess et al., 1994; Dulac and Axel, unpub 
lished). In the nematode C. elegans, however, individual 
chemosensory neurons are thought to express multiple 
receptor genes (Troemel et al., 1995). Our observations with 
the putative Drosophila odorant receptors indicate that a 
given receptor probe anneals with 0.5-1.5% of antennal 
neurons, Suggesting that each cell expresses only a Subset of 
receptor genes. If we demonstrate that each of the different 
receptor probes hybridizes with distinct, nonoverlapping 
Subpopulations of neurons, this would provide evidence that 
neurons differ with respect to the receptors they express. 

0136. In situ hybridization was therefore performed with 
either a mix of five receptor probes (FIG. 4F) or individu 
ally with each of the five probes (FIGS. 4A-E). We observe 
that the number of olfactory neurons identified with the 
mixed probe (about 60 per antenna) approximates the Sum of 
the positive neurons detected with the five individual probes. 
These results demonstrate that individual receptors are 
expressed in distinct nonoverlapping populations of olfac 
tory neurons. 

0.137 We have performed an additional experiment using 
two-color RNA in situ hybridization to ask whether two 
receptor genes, DOR64 and DOR87, expressed in inter 
spersed cells in the distal antenna are expressed in different 
neurons. AntiSense RNA probes for the two genes were 
labeled with either digoxigenin- or FITC-UTP and were 
used in pairwise combinations in in Situ hybridization to 
Sections through the Drosophila antenna. Although these 
two genes are expressed in overlapping lateral-distal 
domains, two-color in Situ hybridization reveals that neurons 
expressing DOR64 do not express DOR87, rather each gene 
is expressed in distinct cell populations (FIGS. 5D and E). 
Taken together, these data Suggest that olfactory Sensory 
neurons within the antenna are functionally distinct and 
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express different complements of odorant receptors. At the 
extreme, the experiments are consistent with a model in 
which individual neurons express only a Single receptor 
gene. 

0.138 Our differential cloning procedure identified one 
additional gene, A45, which shares weak identity (24%) 
with the DOR gene family over a short region (93 amino 
acids). This gene, however, does not appear to be a classical 
member of the DOR family: it is far more divergent and 
Significantly larger than the other family members (486 
amino acids). This gene is expressed in all olfactory Sensory 
neurons (data not shown). If A45 does encode a divergent 
odorant receptor, then it would be present in all Sensory 
neurons along with different complements of the more 
classical members of the DOR gene family. 
0.139. The Size and Organization of the Odorant Receptor 
Gene Family 
0140. How large is the family of odorant receptor genes 
in Drosophila'? Unlike vertebrate odorant receptors, which 
share 40-98% sequence identity at the amino acid level, the 
fly receptors are extremely divergent. The extent of 
Sequence Similarity between receptor Subfamilies ranges 
from 20-30%. The maxillary palp receptor DOR104 is the 
most distantly related member of the family with about 17% 
identity to the other receptor genes. Inspection of the recep 
tor Sequences Suggests that Southern blot hybridizations, 
even those performed at low Stringency, are unlikely to 
reveal multiple additional members of a gene family. In 
accord with this, Southern blot hybridization with receptor 
probes DOR24, 62, and 72, performed at either high or low 
Stringency, reveals only a single hybridizing band following 
cleavage of genomic DNA with three different restriction 
endonucleases (FIGS. 7C-E). The two linked clusters of 
receptors contain genes with a greater degree of Sequence 
conservation and define Small Subfamilies of receptor genes. 
A cluster of three receptors, DOR71, 72, and 73, is located 
at map position 33B1-2. The antennal receptors DOR72 and 
73 are 55% identical and both exhibit about 30% identity to 
the third gene at the locus, DOR71, which is expressed in the 
maxillary palp. DOR67 and DOR53, members of a second 
Subfamily, reside within 1 kb of each other at map position 
22A2-3 and exhibit 76% sequence identity. Not surprisingly, 
these two linked genes croSShybridize at low Stringency. 
Southern blots probed with either DOR67 or DOR53 reveal 
two hybridizing bands corresponding to the two genes 
within the subfamily but fail to detect additional subfamily 
members in the chromosome (FIGS. 7A and B). 
0.141. The members of the receptor gene family described 
here are present on all but the small fourth chromosome. No 
bias is observed toward telomeric or centromeric regions. 
The map positions, as determined from P1 and cosmid 
clones (Berkeley Drosophila Genome Project; European 
Drosophila Genome Project) are provided in Experimental 
Procedures. A comparatively large number of receptor genes 
map to chromosome 2 because the Berkeley Drosophila 
Genome Project has concentrated its efforts on this chro 
mosome. Unlike the distribution of odorant receptors in 
nematodes and mammals (Ben-Arie et al., 1994; Troemel et 
al., 1995; Robertson, 1998), only small linked arrays have 
been identified and the majority of the family members are 
isolated at multiple, Scattered loci in the Drosophila genome. 
0142. The high degree of divergence among members of 
the Drosophila odorant receptor gene family is more remi 
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niscent of the family of chemoreceptors in C. elegans than 
the more highly conserved odorant receptors of vertebrates. 
Estimates of the Size of the Drosophila receptor gene family, 
therefore, cannot be obtained by either Southern blot hybrid 
ization otext missing or illegible when filed PCR 
analysis of genomic DNA. Rather, our estimates of the gene 
family derive from the statistics of Small numbers. We detect 
12 members of the odorant receptor gene family from a 
Drosophila genome database that includes roughly 10% of 
the genome. Recognizing a possible bias in our estimate, it 
Seem reasonable at present to estimate that the odorant 
receptotext missing or illegible when filed family is 
likely to include 100 to 200 genes. This is itext missing 
or illegible when filed accord with independent esti 
mates from in situ hybridizatiotext missing or illegible 
When filed experiments that demonstrate that a given 
receptor probtext missing or illegible when filed 
hybridizes with 0.5-1.5% of the neurons. If we assume 
thatext missing or illegible when filed a given neuron 
expresses only a single receptor gene, thestext missing or 
illegible when filed observations suggest that the gene 
family would include 10text missing or illegible when 
filed to 200 members. 
0143 Experimental Discussion 
0144. The Size and Divergence of the Gene Family 
0145 We have identified a novel family of seven trans 
membrane domain proteins that is likely to encode the 
Drosophila odorant receptors. The number of different 
receptor genes expressed in the neurons of the antenna and 
maxillary palp will reflect the diversity and Specificity of 
odor recognition in the fruit fly. How large is the Drosophila 
odorant receptor gene family'? We have identified 11 mem 
bers of this divergent gene family in the Drosophila DNA 
database. The potential for bias notwithstanding, it seems 
reasonable to assume then that Since only 10% of genomic 
Sequence has been deposited, this gene family is likely to 
contain from 100 to 200 genes. However, significant errors 
in our estimates could result from bias in the nature of the 
Sequences represented in the 10% of the Drosophila genome 
analyzed to date. In Situ hybridization experiments demon 
strating that each of the receptor genes labels from 0.5-1.5% 
of the olfactory Sensory neurons are in accord with the 
estimate of 100 to 200 receptor genes. 
0146 Several divergent odorant receptor gene families, 
each encoding Seven transmembrane proteins, have been 
identified in vertebrate and invertebrate Species. In mam 
mals, Volatile odorants are detected by a family of as many 
as 1,000 receptors each expressed in the main olfactory 
epithelium (Buck and Axel, 1991; Levy et al., 1991; Par 
mentier et al., 1992; Ben-Arie et al., 1994). This gene family 
shares features with the Serpentine neurotransmitter recep 
tors and is conserved in all vertebrates examined. Terrestrial 
vertebrates have a Second anatomically and functionally 
distinct olfactory System, the Vomeronasal organ, dedicated 
to the detection of pheromones. Vomeronasal Sensory neu 
rons express two distinct families of receptors each thought 
to contain from 100 to 200 genes: one novel family of 
Serpentine receptors (Dulac and Axel, 1995), and a second 
related to the metabotropic neurotransmitter receptors (Her 
rada and Dulac, 1997; Matsunami and Buck, 1997; Ryba and 
Tirindelli, 1997). 
0147 In the invertebrate C. elegans, chemosensory 
receptors are organized into four gene families that share 
20-40% sequence similarity within a family and essentially 
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no sequence Similarity between families (Troemel et al., 
1995; Sengupta et al., 1996; Robertson, 1998). The four 
gene families in C. elegans together contain about 1,000 
genes engaged in the detection of odors. The nematode 
receptors exhibit no Sequence conservation with the three 
distinct families of Vertebrate odorant receptor genes. Our 
studies reveal that Drosophila has evolved an additional 
divergent gene family of Serpentine receptors comprised of 
from 100 to 200 genes. The observation that a similar 
function, chemosensory detection, is accomplished by at 
least eight highly divergent gene families, Sharing little or no 
Sequence Similarity, is quite unusual. 
0.148 Why is the evolutionary requirement for odorant 
receptorS So often met by recruitment of novel gene families 
rather than exploiting pre-existing odorant receptor families 
in ancestral genomes? The character of natural odorants 
along with their physical properties (e.g. aqueous or volatile) 
represent important SelectorS governing the evolution of 
receptor gene families. The use of common “anthropomor 
phic' odorant Sets in the experimental analysis of olfactory 
Specificity has led to the prevailing view that significant 
overlap exists in the repertoire of perceived odors between 
different species. Studies of odorant specificity in different 
Species often employ odors at artificially high concentrations 
and may present an inaccurate image of the natural reper 
toire of odorants. We simply do not know the nature of the 
odors that initially led to the ancestral choice of receptor 
genes during the evolution of the nematode, insect, or 
vertebrate Species. Clearly, vastly different properties in 
Salient odors could dictate the recruitment of new gene 
families to effect an old function, olfaction. The character of 
the odor is not the only evolutionary selector. Odorant 
receptors must interact with other components in the Signal 
transduction pathway G proteins (for review see Buck, 
1996; Bargmann and Kaplan, 1998) and perhaps even 
RAMPs (McLatchie et al., 1998) and rho (Mitchell et al., 
1998) that may govern the choice of one family of serpen 
tine receptors over another. Moreover, mammalian receptors 
not only recognize odorants in the environment but are 
likely to recognize guidance cues governing formation of a 
sensory map in the brain (Wang et al., 1998). Thus, the 
multiple properties required of the odorant receptors might 
change vastly over evolutionary time and this might underlie 
the independent origins of the multiple chemoSensory recep 
tor gene families. 
0149 Establishing a Topographic Map in the Antenna 
and the Brain 

0150 We observe that individual receptor genes in the fly 
are expressed in topographically conserved domains within 
the antenna. This highly ordered spatial distribution of 
receptor expression differs from that observed in the mam 
malian olfactory epithelium. In mammals, a given receptor 
can be expressed in one of four broad but circumscribed 
Zones in the main olfactory epithelium (Ressler et al., 1993; 
Vassar et al., 1993). A given Zone can express up to 250 
different receptors and neurons expressing a given receptor 
within a Zone appear to be randomly dispersed (Ressler et 
al., 1993; Vassar et al., 1993). The highly ordered pattern of 
expression observed in the Drosophila antenna might have 
important implications for patterning the projections to the 
antennal lobe. In Visual, Somatosensory, and auditory Sys 
tems the peripheral receptor sheet is highly ordered and 
neighbor relations in the periphery are maintained in the 
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projections to the brain. These observations Suggest that the 
relative position of the Sensory neuron in the periphery will 
determine the pattern of projections to the brain. 

0151. Our data on the spatial conservation of receptor 
expression in the antenna Suggest that Superimposed upon 
coarse spatial patterning of olfactory sensilla (Venkatesh and 
Singh, 1984; Ray and Rodrigues, 1995; Reddy et al., 1997) 
must be more precise positional information governing the 
choice of receptor expression This spatial information might 
dictate the fixed topographic pattern of receptor expression 
in the peripheral receptor sheet and at the same time govern 
the ordered Sensory projections to the brain. This relation 
ship between positional identity and the pattern of neuronal 
projections has been Suggested for both peripheral Sensory 
neurons (Merritt and Whitington, 1995; Grillenzoni et al., 
1998) and neurons in the embryonic central nervous system 
of Drosophila (Doe and Skeath, 1996). 
0152) 
0153. In mammals, olfactory neurons express only one of 
the thousand odorant receptor genes. Neurons expressing a 
given receptor project with precision to 2 of the 1800 
glomeruli in the mouse olfactory bulb. Odorants will there 
fore elicit spatially defined patterns of glomerular activity 
Such that the quality of an olfactory Stimulus is encoded by 
the activation of a specific combination of glomeruli (Stew 
art et al., 1979; Lancet et al., 1982; Kauer et al., 1987; 
Imamura et al., 1992; Mori et al., 1992; Katoh et al., 1993; 
Friedrich and Korsching, 1997). Moreover, the ability of an 
odorant to activate a combination of glomeruli allows for the 
discrimination of a diverse array of odorS far exceeding the 
number of receptors and their associated glomeruli. In the 
nematode, an equally large family of receptor genes is 
expressed in 16 pairs of chemosensory cells, only three of 
which respond to volatile odorants (Bargmann and Horvitz, 
1991; Bargmann et al., 1993). This immediately implies that 
a given chemosensory neuron will express multiple recep 
tors and that the diversity of odors recognized by the 
nematode might approach that of mammals, but the dis 
criminatory power is necessarily dramatically reduced. 

Implications for Sensory Processing 

0154 What does the character of the gene family we have 
identified in Drosophila tell us about the logic of olfactory 
processing in this organism? We estimate that the Droso 
phila odorant receptors comprise a family of from 100 to 200 
genes. Moreover, the pattern of expression of these genes in 
the third antennal Segment Suggests that individual Sensory 
neurons express a different complement of receptors and, at 
the extreme, our data are consistent with the Suggestion that 
individual neurons express one or a Small number of recep 
tors. AS in the case of mammals, the problem of odor 
discrimination therefore reduces to a problem of the brain 
discerning which receptors have been activated by a given 
odorant. If the number of different types of neurons exceeds 
the number of glomeruli (43) (Stocker, 1994; Laissue et al., 
1999), it immediately follows that a given glomerulus must 
receive input from more than one kind of Sensory neuron. 
This implies that a single glomerulus will integrate multiple 
olfactory Stimuli. One possible consequence of this model 
would be a loSS of discriminatory power while maintaining 
the ability to recognize a vast array of odors. Alternatively, 
Significant processing of Sensory input may occur in the fly 
antennal lobe to afford discrimination commensurate with 
the large number of receptorS. 
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O155 This model of olfactory coding is in sharp contrast 
with the main olfactory system of vertebrates in which 
Sensory neurons express only a single receptor and converge 
on only a single pair of Spatially fixed glomeruli in the 
olfactory bulb. Moreover, each projection neuron in the 
mammalian bulb extends its dendrite to only a Single glom 
erulus. Thus the integration and decoding of Spatial patterns 
of glomerular activity, in vertebrates, must occur largely in 
the olfactory cortex. In the fruit fly, the observation that the 
number of receptorS may exceed the number of glomeruli 
Suggests that individual glomeruli will receive input from 
more than one type of Sensory neuron. A Second level of 
integration in the antennal lobe is afforded by Subsets of 
projection neurons that elaborate extensive dendritic arbors 
that Synapse with multiple glomeruli. Thus, the Drosophila 
olfactory System reveals levels of processing and integration 
of Sensory input in the antennal lobe that is likely to be 
restricted to higher cortical centers in the main olfactory 
System of vertebrates. 

0156 Protein and Nucleic Acid (nt) Sequences of 55 
Drosophila Odorant Receptor Genes 

O157 The following includes those genes first identified 
in 1998-1999. Protein sequences used single letter amino 
acid codes. 

0158 DOR10 
0159 MEKLRSYEDFIFMANMMFKTLGYDLFHT. 
PKPWWRYLLVRGYFVLCTISNEYEASMVTT 
RIIEWESLAGSPSKIMROGLH 
FFYMLSSOLKFITFMINRKRLLOLSHRLKELYPHKEO 
NORKYEVNKYYLSCSTRNVLYVYYFVMN 
VVMALEPLVOSOFIVNVSLGTDLWMMCVSSO 
HLGYLANMLASIRPSPETEOODCD 
FLASIIKRHOLMIRLOKDVNYVFGLLLASNL 
FTTSCLLCCMAYYTVVEGFNWEGISYM 
MLPASVAAOFYVVSSHGOMLIDLLMTITYRF 
FAVIROTVEK 

0160 DOR1Ont 
0161 ATGGAAAAACTACGTTCCTATGAG 
GATTTCATCTTCATGGCCAACATGATGTTCAAGA 
CCCTTGGCTACGATCTATTCCATACAC 
CCAAACCCTGGTGGCGCTATCTGCTTGTGCG 
AGGATACTTCGTTTTGTGCACGATCAG 
CAACTTTTACGAGGCTTCCATGGTGACGACA 
AGGATAATTGAGTGGGAATCCTTGGCCG 
GAAGTCCCTCCAAAATAATGCGACAGGGTC 
TGCACTTCTTTTACATGTTGAGTAGC 
CAATTGAAATTTATCACATTCATGATAAATCG 
CAAACGCCTACTGCAGCTGAGC 
CATCGTTTGAAAGAGTTGTATCCTCAT. 
AAAGAGCAA AATCAAAGGAAGTACGAGGT 
GAATAAATACTACCTATCCTGTTCCACGCGCAATG 
TTT TGTACGTGTACTACTTTGTAATGGTCGT 
CATGGCACTGGAACCCCTCGTTCAGTCCCA 
GTTCATAGTGAATGTGAGCCTGGGCACA 
GATCTGTGGATGATGTGCGTCTCAAGCCAA ATATC 
GATGCACTTGGGCTATCTGGCCAATAT 
GTTGGCCTCCATTCGACCAAGTCCAG 
AAACGGAACAACAAGACTGTGACTTCT 
TGGCCAGCATTATAAAGAGACATCAACTAAT GAT 
CAGGCTTCAAAAGGACGTGAACTAT 
GTTTTTGGACTCTTATTGGCATCTAATCTG 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 108 

<210> SEQ ID NO 1 
&2 11s LENGTH 1285 
&212> TYPE DNA 
&213> ORGANISM: DROSOPHILA MELANOGASTER DOR62 

<400 SEQUENCE: 1 

40 
Oct. 2, 2003 
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atggagaag C 

gtttgggagc 

tactic catta 

ctgctgttca 

attgttggcca 

cgctotcitcc 

totgccttga 

titcgtatttg 

citgitatc.cgg 

aat atctacc 

tatcc.gc.ctg 

cgg.cggattg 

gaggaggtgt 

agg gagatca 

gcc.gtc.cagt 

aagaggattit 

to actggcct 

cggtoaactt 

ccaccalacat 

atttgaagtt 

taaggct cat 

ggaaggaagt 

gcactactitt 

cctggttcgg 

agctott.cgg 

cgtttctotg 

gctgcaggac 

accaggaact 

ttcagogggit 

caaactgaac 

gatgcgtc.ct 

ggtgg to acc 

ggc.cggattg 

tgcgaatgtg 

ggacgctaga 

gaatato go a 

gagttgcgtc 

cgttgactgg 

cittgatagtg 

cctgctcacg 

ggaaaagttcc 

catcgagtgc 

cctittcagtg 

catgcacttic 

acco acagtg 

cc.ggg.cgttt 

gtgctgtttc 

tgc.gaga acc 

tacatggtoga 

cagggcactt 

atgcactcca 

caggctatac 

ggtoatatgc 

aataaagggc 

atcc.gc.gatc 

cc citgcatgg 

citgitacgtag 

ctgttgtacta 

caagcc togct 

ccttgagctt 

tgaccataac 

ggalagcagot 

tggg.cg atcc 

to cqcaccitt 

titc.gc.ccgga 

cc agaaacta 

agaact gcgc 

gtgctttgga 

agacatatga 

tggcgc gggit 

cc cagttcgt 

cggatgacca 

cc actogcgc 60 

ttacgtggta 120 

gctggcCagg 18O 

tattaccg at 240 

cc at gagatt 3OO 

cgaggagatt 360 

tgccagtatt 420 

to gaga.gcto 480 

tgtgctcatc 540 

tagtgacticc 600 

gctgagggtg 660 

agcCtggcgg 720 

ccatcggctg 78O 

ctgctocqcc 840 

cgaccacacc 9 OO 
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-continued 

gccatgatca totcgattgt atttittcticg gcc.gtcacct toggaggtgtt totaatctgc 96.O 

tattittgggg acaggatgcg gacacagagc gaggcgctgt gcgatgcctt citacgattgc 1020 

aactggatag alacagotgcc caagttcaag cqc galactoc tottcaccot goccaggacg 1080 

cagoggccitt citcttattta cqcaggcaac tacatc.gcac totc.gctgga gacct tc gag 1140 

cagg to atga ggttcacata citctgtttitc acact cittgc tigagggccala gtaagaactt 1200 

tataatctot ttittggggag aaaaattitta aag cacaata gcagaaaaat atato agata 1260 

atataacaaa aaaaaaaaaa aaaaa. 1285 

<210> SEQ ID NO 2 
&2 11s LENGTH 397 
&212> TYPE PRT 
&213> ORGANISM: DROSOPHILA MELANOGASTER DOR62 

<400 SEQUENCE: 2 

Met Glu Lys Glin Glu Asp Phe Lys Lieu. Asn. Thr His Ser Ala Val Tyr 
1 5 10 15 

Tyr His Trp Arg Val Trp Glu Leu Thr Gly Leu Met Arg Pro Pro Gly 
2O 25 30 

Val Ser Ser Leu Leu Tyr Val Val Tyr Ser Ile Thr Val Asn Leu Val 
35 40 45 

Val Thr Val Leu Phe Pro Leu Ser Leu Leu Ala Arg Leu Leu Phe Thr 
50 55 60 

Thr Asn Met Ala Gly Leu Cys Glu Asn Leu Thir Ile Thr Ile Thr Asp 
65 70 75 8O 

Ile Val Ala Asn Lieu Lys Phe Ala Asn Val Tyr Met Val Arg Lys Glin 
85 90 95 

Lieu. His Glu Ile Arg Ser Lieu Lieu Arg Lieu Met Asp Ala Arg Ala Arg 
100 105 110 

Leu Val Gly Asp Pro Glu Glu Ile Ser Ala Lieu Arg Lys Glu Val Asn 
115 120 125 

Ile Ala Glin Gly Thr Phe Arg Thr Phe Ala Ser Ile Phe Val Phe Gly 
130 135 1 4 0 

Thir Thr Leu Ser Cys Val Arg Val Val Val Arg Pro Asp Arg Glu Leu 
145 15 O 155 160 

Leu Tyr Pro Ala Trp Phe Gly Val Asp Trp Met His Ser Thr Arg Asn 
1.65 170 175 

Tyr Val Leu Ile Asn Ile Tyr Gln Leu Phe Gly Leu Ile Val Glin Ala 
18O 185 190 

Ile Glin Asn. Cys Ala Ser Asp Ser Tyr Pro Pro Ala Phe Lieu. Cys Lieu 
195 200 2O5 

Lieu. Thr Gly His Met Arg Ala Leu Glu Lieu Arg Val Arg Arg Ile Gly 
210 215 220 

Cys Arg Thr Glu Lys Ser Asn Lys Gly Glin Thr Tyr Glu Ala Trp Arg 
225 230 235 240 

Glu Glu Val Tyr Glin Glu Lieu. Ile Glu Cys Ile Arg Asp Leu Ala Arg 
245 250 255 

Val His Arg Lieu Arg Glu Ile Ile Glin Arg Val Lieu Ser Val Pro Cys 
260 265 27 O 

Met Ala Glin Phe Val Cys Ser Ala Ala Val Glin Cys Thr Val Ala Met 
275 280 285 
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gatatttatt tag.cgcatta aaaaaaagttc gagtaaaag.c aaaaaaaaaa aaaaaaaaa 1499 

<210> SEQ ID NO 4 
&2 11s LENGTH 467 
&212> TYPE PRT 
&213> ORGANISM: DROSOPHILA MELANOGASTER DOR104 

<400 SEQUENCE: 4 

Met Ala Ser Lieu Glin Phe His Gly Asn Val Asp Ala Asp Ile Arg Tyr 
1 5 10 15 

Asp Ile Ser Lieu. Asp Pro Ala Arg Glu Ser Asn Lieu Phe Arg Lieu Lieu 
2O 25 30 

Met Gly Lieu Glin Leu Ala Asn Gly. Thir Lys Pro Ser Pro Arg Lieu Pro 
35 40 45 

Lys Trp Trp Pro Lys Arg Lieu Glu Met Ile Gly Lys Val Lieu Pro Lys 
50 55 60 

Ala Tyr Cys Ser Met Val Ile Phe Thr Ser Leu. His Leu Gly Val Leu 
65 70 75 8O 

Phe Thr Lys Thr Thr Leu Asp Val Leu Pro Thr Gly Glu Leu Glin Ala 
85 90 95 

Ile Thr Asp Ala Leu Thr Met Thr Ile Ile Tyr Phe Phe Thr Gly Tyr 
100 105 110 

Gly. Thir Ile Tyr Trp Cys Lieu Arg Ser Arg Arg Lieu Lleu Ala Tyr Met 
115 120 125 

Glu His Met Asn Arg Glu Tyr Arg His His Ser Leu Ala Gly Val Thr 
30 135 1 4 0 

Phe Val Ser Ser His Ala Ala Phe Arg Met Ser Arg Asn Phe Thr Val 
145 15 O 155 160 

Val Trp Ile Met Ser Cys Leu Leu Gly Val Ile Ser Trp Gly Val Ser 
1.65 170 175 

Pro Leu Met Leu Gly Ile Arg Met Leu Pro Leu Gln Cys Trp Tyr Pro 
18O 185 190 

Phe Asp Ala Leu Gly Pro Gly Thr Tyr Thr Ala Val Tyr Ala Thr Glin 
195 200 2O5 

Leu Phe Gly Glin Ile Met Val Gly Met Thr Phe Gly Phe Gly Gly Ser 
210 215 220 

Leu Phe Val Thr Lieu Ser Lieu Lleu Lleu Lieu Gly Glin Phe Asp Val Lieu 
225 230 235 240 

Tyr Cys Ser Lieu Lys Asn Lieu. Asp Ala His Thr Lys Lieu Lieu Gly Gly 
245 250 255 

Glu Ser Val Asin Gly Lieu Ser Ser Lieu Glin Glu Glu Lieu Lleu Lieu Gly 
260 265 27 O 

Asp Ser Lys Arg Glu Lieu. Asn. Glin Tyr Val Lieu Lieu Glin Glu His Pro 
275 280 285 

Thr Asp Lieu Lieu Arg Lieu Ser Ala Gly Arg Lys Cys Pro Asp Glin Gly 
29 O 295 3OO 

Asn Ala Phe His Asn Ala Leu Val Glu Cys Ile Arg Lieu. His Arg Phe 
305 310 315 320 

Ile Lieu. His Cys Ser Glin Glu Lieu Glu Asn Lieu Phe Ser Pro Tyr Cys 
325 330 335 

Leu Val Lys Ser Leu Glin Ile Thr Phe Glin Leu Cys Leu Leu Val Phe 
340 345 350 
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gcatatgctt gtcgtttgaa aggatttaat cqgactogcto goacggagtic ggcatcc togg 1380 

citcc to gatc ctdgcatgca aatagttggc titcttagatt gttacacaaa atagattgta 1440 

gattgcagot gaatgttgttg cittggaataa agtcaaaagg atgttggagtic gg.cccaaggc 15 OO 

totgcc catt citgtttgcto gggatgcc.cg aaagtatgaa aaaaaaaaaa aaaaaa 1556 

<210> SEQ ID NO 6 
&2 11s LENGTH 376 
&212> TYPE PRT 
&213> ORGANISM: DROSOPHILA MELANOGASTER DOR87 

<400 SEQUENCE: 6 

Met Thr Ile Glu Asp Ile Gly Leu Val Gly Ile Asn Val Arg Met Trp 
1 5 10 15 

Arg His Leu Ala Val Leu Tyr Pro Thr Pro Gly Ser Ser Trp Arg Lys 
2O 25 30 

Phe Ala Phe Wall Leu Pro Wall Thr Ala Met Asn Lieu Met Glin Phe Wall 
35 40 45 

Tyr Lieu Lieu Arg Met Trp Gly Asp Leu Pro Ala Phe Ile Lieu. Asn Met 
50 55 60 

Phe Phe Phe Ser Ala Ile Phe Asn Ala Leu Met Arg Thr Trp Leu Val 
65 70 75 8O 

Ile Ile Lys Arg Arg Glin Phe Glu Glu Phe Leu Gly Glin Leu Ala Thr 
85 90 95 

Leu Phe His Ser Ile Leu Asp Ser Thr Asp Glu Trp Gly Arg Gly Ile 
100 105 110 

Leu Arg Arg Ala Glu Arg Glu Ala Arg Asn Lieu Ala Ile Lieu. Asn Lieu 
115 120 125 

Ser Ala Ser Phe Leu Asp Ile Val Gly Ala Leu Val Ser Pro Leu Phe 
130 135 1 4 0 

Arg Glu Glu Arg Ala His Pro Phe Gly Val Ala Leu Pro Gly Val Ser 
145 15 O 155 160 

Met Thr Ser Ser Pro Val Tyr Glu Val Ile Tyr Leu Ala Gln Leu Pro 
1.65 170 175 

Thr Pro Leu Leu Leu Ser Met Met Tyr Met Pro Phe Val Ser Leu Phe 
18O 185 190 

Ala Gly Lieu Ala Ile Phe Gly Lys Ala Met Leu Glin Ile Leu Val His 
195 200 2O5 

Arg Lieu Gly Glin Ile Gly Gly Glu Glu Glin Ser Glu Glu Glu Arg Phe 
210 215 220 

Glin Arg Leu Ala Ser Cys Ile Ala Tyr His Thr Glin Val Met Arg Tyr 
225 230 235 240 

Val Trp Gln Lieu. Asn Lys Lieu Val Ala Asn. Ile Val Ala Wall Glu Ala 
245 250 255 

Ile Ile Phe Gly Ser Ile Ile Cys Ser Lieu Lleu Phe Cys Lieu. Asn. Ile 
260 265 27 O 

Ile Thr Ser Pro Thr Glin Val Ile Ser Ile Val Met Tyr Ile Leu Thr 
275 280 285 

Met Leu Tyr Val Leu Phe Thr Tyr Tyr Asn Arg Ala Asn Glu Ile Cys 
29 O 295 3OO 

Leu Glu Asn. Asn Arg Val Ala Glu Ala Val Tyr Asn Val Pro Trp Tyr 
305 310 315 320 
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Glu Ala Gly Thr Arg Phe Arg Lys 

Thr Glin His 

Leu Ala Met 
355 

Met Leu Arg 
370 

325 

Pro Met Glu Ile Arg 
340 

Phe Glin Ser Lieu Lieu 
360 

Gly Val Thr Gly Lys 

<210 SEQ ID NO 7 
&2 11s LENGTH 1338 
&212> TYPE DNA 

375 

Thir Leu Lleu. Ile Phe Leu 
330 

Val Gly Asn Val Tyr Pro 
350 345 

Asn Ala Ser Tyr Ser Tyr 

46 

-continued 

365 

&213> ORGANISM: DROSOPHILA MELANOGASTER DOR53 

<400 SEQUENCE: 7 

toaaacaaag 

ttgagc gagc 

tittggctgga 

titcgtgaa.ca 

cgatttaaaa 

tacggaagct 

aaggttttac 

catcgctato 

titcgtggtaa 

tittccatata 

atgacggagg 

atggctcqat 

ggalagg accg 

citattgg act 

citcctgatcg 

tggactggtg 

tgctatttgt 

togg actoga 

cittcagdaac 

ttggctatogg 

gaaaggtttc 

a tattatata 

aaaaaaaaaa. 

ccacggacaa 

gggittaagtc 

cagagcct ga 

tagtaatgct 

ccttctoggc 

cittittaagtg 

tggatcagct 

togccatggg 

tgaactitccc 

to gatticcga 

cCatctacat 

gcc acatcag 

aagatgagta 

atgttgacgc 

gtactgtact 

togccacttg 

gcaa.catgat 

ccitctg.ccga 

ccattactict 

tgaagctggc 

aataagttga 

tatatt attit 

aaaaaaaa. 

<210 SEQ ID NO 8 
&2 11s LENGTH 397 
&212> TYPE PRT 

gatgttaa.gc 

cc.gagatgcc 

aaacaaaagg 

catccittctg 

gggggagttc 

cgcctitcacc 

ggaCaagaga 

aaacttittitc 

gtattittctg 

cgaac agttt 

ggatctotgt 

cctcctgaaa 

Cttggaggag 

attgc gaccc 

gggtotctica 

cctttittatg 

tat cqatgac 

togtogctac 

cacggctggit 

attittctgtg 

gagggacgag 

tat attatat 

aagttttittc 

titcatttact 

tggatcctitc 

cc.gatctoga 

cittagttccc 

ttgattggat 

tgc cittagcg 

gatattttgt 

citt gagagac 

tacatctoca 

acggacgtgt 

cagogactoga 

citcaccgagt 

gtotttitcgg 

atgataaatc 

titcgacgtgt 

tgc.caggaaa 

aaatccactt 

ggagtgtttc 

gttacggtaa 

citctgctact 

attgctgitac 

cc calcatalaa. 

tggat.cgggit 

cittataaact 

taagcatcga 

to gagattgg 

tdaagaaaag 

atalaggagag 

atcacattitt 

gcc atgcttg 

gcatcgc.cga 

gtoccittgat 

gaaatctoc g 

gcatt.cggga 

gaaccattitt 

taatgttctt 

ccatggagac 

tgtccaattg 

tggtatactt 

citattitccat 

ttaa.gcaatt 

attatattat 

ccitaataaat 

&213> ORGANISM: DROSOPHILA MELANOGASTER DOR53 

<400 SEQUENCE: 8 

Met Glin 
335 

Met Thr 

Phe Thr 

agaaaag.cca 

gatgtggtoc 

gtggittagcg 

gtacctocac 

agt caa.catg 

acaggaagct 

gtocactgtt 

titact.ccacc 

gcqcatgitac 

gtgttittctg 

citccatgctt 

atcgaagcca 

tdatcgattg 

tgtgcagttc 

citcgacattt 

gttcc cctitt 

ccitctittcaa. 

tottcacaat 

gcaaacaaat 

taacttggcc 

a tattatatt 

atttagtaat 

Met Leu Ser Lys Phe Phe Pro His Ile Lys Glu Lys Pro Leu Ser Glu 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

660 

720 

840 

9 OO 

96.O 

1020 

1080 

1140 

1200 

1260 

1320 

1338 

Oct. 2, 2003 
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1 5 10 15 

Arg Val Lys Ser Arg Asp Ala Phe Ile Tyr Lieu. Asp Arg Wal Met Trp 
2O 25 30 

Ser Phe Gly Trp Thr Glu Pro Glu Asn Lys Arg Trp Ile Leu Pro Tyr 
35 40 45 

Lys Lieu Trp Lieu Ala Phe Val Asn. Ile Wal Met Lieu. Ile Leu Lleu Pro 
50 55 60 

Ile Ser Ile Ser Ile Glu Tyr Leu. His Arg Phe Lys Thr Phe Ser Ala 
65 70 75 8O 

Gly Glu Phe Leu Ser Ser Leu Glu Ile Gly Val Asn Met Tyr Gly Ser 
85 90 95 

Ser Phe Lys Cys Ala Phe Thr Lieu. Ile Gly Phe Lys Lys Arg Glin Glu 
100 105 110 

Ala Lys Val Lieu Lleu. Asp Glin Lieu. Asp Lys Arg Cys Lieu Ser Asp Lys 
115 120 125 

Glu Arg Ser Thr Val His Arg Tyr Val Ala Met Gly Asn Phe Phe Asp 
130 135 1 4 0 

Ile Leu Tyr His Ile Phe Tyr Ser Thr Phe Val Val Met Asin Phe Pro 
145 15 O 155 160 

Tyr Phe Leu Leu Glu Arg Arg His Ala Trp Arg Met Tyr Phe Pro Tyr 
1.65 170 175 

Ile Asp Ser Asp Glu Gln Phe Tyr Ile Ser Ser Ile Ala Glu Cys Phe 
18O 185 190 

Leu Met Thr Glu Ala Ile Tyr Met Asp Leu Cys Thr Asp Val Cys Pro 
195 200 2O5 

Lieu. Ile Ser Met Leu Met Ala Arg Cys His Ile Ser Lieu Lleu Lys Glin 
210 215 220 

Arg Lieu Arg Asn Lieu Arg Ser Lys Pro Gly Arg Thr Glu Asp Glu Tyr 
225 230 235 240 

Leu Glu Glu Lieu. Thr Glu Cys Ile Arg Asp His Arg Lieu Lleu Lieu. Asp 
245 250 255 

Tyr Val Asp Ala Leu Arg Pro Val Phe Ser Gly Thr Ile Phe Val Glin 
260 265 27 O 

Phe Leu Leu Ile Gly Thr Val Leu Gly Leu Ser Met Ile Asn Leu Met 
275 280 285 

Phe Phe Ser Thr Phe Trp Thr Gly Val Ala Thr Cys Leu Phe Met Phe 
29 O 295 3OO 

Asp Val Ser Met Glu Thr Phe Pro Phe Cys Tyr Lieu. Cys Asn Met Ile 
305 310 315 320 

Ile Asp Asp Cys Glin Glu Met Ser Asn. Cys Lieu Phe Glin Ser Asp Trp 
325 330 335 

Thr Ser Ala Asp Arg Arg Tyr Lys Ser Thr Leu Val Tyr Phe Leu. His 
340 345 350 

Asn Leu Gln Gln Pro Ile Thr Leu Thr Ala Gly Gly Val Phe Pro Ile 
355 360 365 

Ser Met Gln Thr Asn Leu Ala Met Val Lys Leu Ala Phe Ser Val Val 
370 375 38O 

Thr Val Ile Lys Glin Phe Asn Leu Ala Glu Arg Phe Glin 
385 390 395 

<210 SEQ ID NO 9 
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-continued 

<211& LENGTH 1321 
&212> TYPE DNA 
&213> ORGANISM: DROSOPHILA MELANOGASTER DOR67 

<400 SEQUENCE: 9 

ggcacgagga aatgttaa.gc cagttcttitc cccacattaa agaaaag.cca ttgagcgagc 60 

gggittaagtc. cc.gagatgcc titcgtttact tagat.cgggit gatgtggtoc tittggctgga 120 

cagtgcct ga aaacaaaagg toggatctac attacaaact gtggtoaact titcgtgacat 18O 

tggtgatatt tatcctitctg. cc.gatato gg taag.cgttga gtatattoag cq gttcaaga 240 

ccttct cqgc gggtgagttt cittagctdaa to cagattgg cqtta acatg tacggaagca 3OO 

gctittaaaag titatttgacc atgatgggat ataagaagag acaggaggct aagatgtcac 360 

tggatgagct ggacaa.gaga tigc gtttgttg atgaggagag gaccattgta catcgacatg 420 

togccctggg aaacttittgc tatattittct atcacattgc gtacactag c tttittgattit 480 

caaactttitt gtcatttata atgaagagaa tocatgcct g g cq catgitac tittcc ctacg 540 

to gaccc.cga aaa.gcaattt tacatctota gcatcgc.cga agt cattctt agggggtggg 600 

cc.gtc.ttcat ggatctotgc acggatgttgt gtc.ctittgat citc catggta atago acgat 660 

gccacatcac cctitctgaaa cagogcctgc gaaatctacg atcggalacca ggaaggacgg 720 

aagatgagta cittgaaggag citc.gc.cgact gcgttc.gaga to accgcttg atattgg act 78O 

atgtcgacgc attgcgatcc gtc.tttitcgg ggacaattitt totgcagttc citcttgatcg 840 

gtattgtact g g g totgtca atgataaata taatgtttitt citcaiacactt togactggtg 9 OO 

togcc.gttgt cotttittatgtc.ctg.cgitat citatgcagac gttcc ccttt tactatttgt 96.O 

gtaacatgat tatggatgac toccaagaga tiggcc.gactic cctttittcaa toggactgga 1020 

catctg.ccga togtogctac aaatccactt tagtatactt tottcacaat cittcagoagc 1080 

ccattattot tacggctggit ggagtcttitc ctattitccat gcaaacaaat ttaaatatgg 1140 

tgaagctggc citt tactgtg gttacaatag togaaacaatt taacttggca gaaaagtttc 1200 

aataagttaa gatatgcaag citctgctatt ataaacctac actc.gagaaa atatttctitc 1260 

acattaataa accittcagta cittactgctt gtggcgc.ccc cqgaaaaaaa aaaaaaaaaa 1320 

a. 1321 

<210> SEQ ID NO 10 
&2 11s LENGTH 397 
&212> TYPE PRT 
&213> ORGANISM: DROSOPHILA MELANOGASTER DOR67 

<400 SEQUENCE: 10 

Met Leu Ser Glin Phe Phe Pro His Ile Lys Glu Lys Pro Leu Ser Glu 
1 5 10 15 

Arg Val Lys Ser Arg Asp Ala Phe Val Tyr Lieu. Asp Arg Wal Met Trp 
2O 25 30 

Ser Phe Gly Trp Thr Val Pro Glu Asn Lys Arg Trp Asp Leu. His Tyr 
35 40 45 

Lys Leu Trp Ser Thr Phe Val Thr Leu Val Ile Phe Ile Leu Leu Pro 
50 55 60 

Ile Ser Val Ser Val Glu Tyr Ile Glin Arg Phe Lys Thr Phe Ser Ala 
65 70 75 8O 

Gly Glu Phe Leu Ser Ser Ile Glin Ile Gly Val Asn Met Tyr Gly Ser 
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85 90 95 

Ser Phe Lys Ser Tyr Leu Thr Met Met Gly Tyr Lys Lys Arg Glin Glu 
100 105 110 

Ala Lys Met Ser Lieu. Asp Glu Lieu. Asp Lys Arg Cys Val Cys Asp Glu 
115 120 125 

Glu Arg Thr Ile Val His Arg His Val Ala Leu Gly Asn Phe Cys Tyr 
130 135 1 4 0 

Ile Phe Tyr His Ile Ala Tyr Thr Ser Phe Leu Ile Ser Asin Phe Leu 
145 15 O 155 160 

Ser Phe Ile Met Lys Arg Ile His Ala Trp Arg Met Tyr Phe Pro Tyr 
1.65 170 175 

Val Asp Pro Glu Lys Glin Phe Tyr Ile Ser Ser Ile Ala Glu Val Ile 
18O 185 190 

Leu Arg Gly Trp Ala Val Phe Met Asp Lieu. Cys Thr Asp Val Cys Pro 
195 200 2O5 

Lieu. Ile Ser Met Val Ile Ala Arg Cys His Ile Thr Lieu Lleu Lys Glin 
210 215 220 

Arg Lieu Arg Asn Lieu Arg Ser Glu Pro Gly Arg Thr Glu Asp Glu Tyr 
225 230 235 240 

Leu Lys Glu Lieu Ala Asp Cys Val Arg Asp His Arg Lieu. Ile Leu Asp 
245 250 255 

Tyr Val Asp Ala Leu Arg Ser Val Phe Ser Gly Thr Ile Phe Val Glin 
260 265 27 O 

Phe Leu Leu Ile Gly Ile Val Leu Gly Leu Ser Met Ile Asin Ile Met 
275 280 285 

Phe Phe Ser Thr Leu Ser Thr Gly Val Ala Val Val Leu Phe Met Ser 
29 O 295 3OO 

Cys Val Ser Met Gln Thr Phe Pro Phe Cys Tyr Lieu. Cys Asn Met Ile 
305 310 315 320 

Met Asp Asp Cys Glin Glu Met Ala Asp Ser Lieu Phe Glin Ser Asp Trip 
325 330 335 

Thr Ser Ala Asp Arg Arg Tyr Lys Ser Thr Leu Val Tyr Phe Leu. His 
340 345 350 

Asn Leu Gln Gln Pro Ile Ile Leu Thr Ala Gly Gly Val Phe Pro Ile 
355 360 365 

Ser Met Gln Thr Asn Leu Asn Met Val Lys Leu Ala Phe Thr Val Val 
370 375 38O 

Thir Ile Val Lys Glin Phe Asn Lieu Ala Glu Lys Phe Glin 
385 390 395 

<210> SEQ ID NO 11 
&2 11s LENGTH 1308 
&212> TYPE DNA 
&213> ORGANISM: DROSOPHILA MELANOGASTER DOR64 

<400 SEQUENCE: 11 

ggcacgagcc aagaattcaa aatgaaactc agc gaaacco taaaaatcga citattitt.cga 60 

gtoccagttga atgcctgg.cg aatttgttggit gcc ttggatc. tcago gaggg tagg tactgg 120 

agttggtoga tigctattgttg catcttggtg tacct gcc.ga cacco atgct act gagagga 18O 

gtatacagtt to gaggatcc ggtggaaaat aattitcagot to agcctgac ggtoacatcg 240 

citgtccaatc. tcatgaagtt citgcatgitac gtggcc.caac taacaaagat ggtogaggto 3OO 
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cagagt citta ttgg to agct g gatgcc.cgg gtttctggcg agagc.ca.gtc. tcagogtcat 360 

agaaatatga cc.gagcacct gctaaggatg to caagctgttccagat cac citacgct gta 420 

gtottcatca ttgctgcagt tocctitcgtt titcgaaactg agctaagctt accoatgccc 480 

atgtggtttc cctitcg acto gaagaacticg atggtggcct acatcggagc tict ggtttitc 540 

caggagattg gctatotcitt toaaattatgcaatgctittg cagotgactic gtttcc.ccc.g 600 

citcgtact.gt accitgatcto cqagcaatgt caattgctga toc to agaat citctgaaatc 660 

ggatatggitt acaagacitct g gaggagaac galacaggatc togtoaact g catcagg gat 720 

caaaacgc.gc tigtatagatt acticgatgtg accalagag to tcgtttcgta toccatgatg 78O 

gtgcagttta taggittattgg catcaacatc gccatcacco tatttgtcct gatattttac 840 

gtggag acct totacgatcg catct attat citttgctttc. tcttggg cat caccgtgcag 9 OO 

acat atcc at tdtgctacta toggalaccatg gtgcaggaga gttittgctga gcttcactat 96.O 

gcqg tattot gcagdaactg. g.gtggatcaa agtgc.ca.gct atcgtgggca catgctdatc 1020 

citgg.cggagc gcactaag.cg gatgcagott citcct cqccg gcaacctggit gcc catccac 1080 

citgagcacct acgtggcc to ttggaaggga gcc tacticct tcttcaccidt gatggcc gat 1140 

cgagatggcc tdggttctta gtagcc.cagt cattt cactc acattctaca toaagtagta 1200 

citaccact ga acacgaacac gaatatttica aaagtaaa.ca cataatatto acaatagtgt 1260 

atcactittaa taaaatttitt gottaccatgaaaaaaaaaa aaaaaaaa 1308 

<210> SEQ ID NO 12 
&2 11s LENGTH 379 
&212> TYPE PRT 
&213> ORGANISM: DROSOPHILA MELANOGASTER DOR64 

<400 SEQUENCE: 12 

Met Lys Lieu Ser Glu Thir Lieu Lys Ile Asp Tyr Phe Arg Val Glin Lieu 
1 5 10 15 

Asn Ala Trp Arg Ile Cys Gly Ala Lieu. Asp Leu Ser Glu Gly Arg Tyr 
2O 25 30 

Trp Ser Trp Ser Met Leu Leu Cys Ile Leu Val Tyr Leu Pro Thr Pro 
35 40 45 

Met Leu Lieu Arg Gly Val Tyr Ser Phe Glu Asp Pro Val Glu Asn. Asn 
50 55 60 

Phe Ser Leu Ser Leu Thr Val Thr Ser Leu Ser Asn Leu Met Lys Phe 
65 70 75 8O 

Cys Met Tyr Val Ala Glin Leu Thr Lys Met Val Glu Val Glin Ser Leu 
85 90 95 

Ile Gly Glin Lieu. Asp Ala Arg Val Ser Gly Glu Ser Glin Ser Glu Arg 
100 105 110 

His Arg Asn Met Thr Glu His Lieu Lieu Arg Met Ser Lys Lieu Phe Glin 
115 120 125 

Ile Thr Tyr Ala Val Val Phe Ile Ile Ala Ala Val Pro Phe Val Phe 
130 135 1 4 0 

Glu Thr Glu Leu Ser Leu Pro Met Pro Met Trp Phe Pro Phe Asp Trp 
145 15 O 155 160 

Lys Asn Ser Met Val Ala Tyr Ile Gly Ala Leu Val Phe Glin Glu Ile 
1.65 170 175 
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Gly Tyr Val Phe Glin Ile Met Gln Cys Phe Ala Ala Asp Ser Phe Pro 
18O 185 190 

Pro Leu Val Lieu. Tyr Lieu. Ile Ser Glu Gln Cys Glin Lieu Lieu. Ile Leu 
195 200 2O5 

Arg Ile Ser Glu Ile Gly Tyr Gly Tyr Lys Thr Lieu Glu Glu Asn. Glu 
210 215 220 

Glin Asp Lieu Val Asn. Cys Ile Arg Asp Glin Asn Ala Lieu. Tyr Arg Lieu 
225 230 235 240 

Leu Asp Val Thr Lys Ser Leu Val Ser Tyr Pro Met Met Val Glin Phe 
245 250 255 

Met Val Ile Gly Ile Asn Ile Ala Ile Thr Leu Phe Val Leu Ile Phe 
260 265 27 O 

Tyr Val Glu Thr Leu Tyr Asp Arg Ile Tyr Tyr Lieu. Cys Phe Leu Leu 
275 280 285 

Gly Ile Thr Val Glin Thr Tyr Pro Leu Cys Tyr Tyr Gly Thr Met Val 
29 O 295 3OO 

Gln Glu Ser Phe Ala Glu Lieu. His Tyr Ala Val Phe Cys Ser Asn Trp 
305 310 315 320 

Val Asp Glin Ser Ala Ser Tyr Arg Gly His Met Lieu. Ile Leu Ala Glu 
325 330 335 

Arg Thr Lys Arg Met Glin Leu Lleu Lieu Ala Gly Asn Lieu Val Pro Ile 
340 345 350 

His Leu Ser Thr Tyr Val Ala Cys Trp Lys Gly Ala Tyr Ser Phe Phe 
355 360 365 

Thr Lieu Met Ala Asp Arg Asp Gly Lieu Gly Ser 
370 375 

<210> SEQ ID NO 13 
&2 11s LENGTH 1152 
&212> TYPE DNA 

<213> ORGANISM: DROSOPHILA MELANOGASTER DOR71g 

<400 SEQUENCE: 13 

atgg to atta togacagtct tagtttittat cqtccattct g gatctgcat gcg attgctg 60 

gtaccgacitt tottcaagga titcct cacgt cotgtc.cago totacgtggt gttgctgcac 120 

atcctggtoa cottgttggitt tocactgcat citgctgctg.c atcttctgct actitccatct 18O 

accgctgagt totttaagaa cct gaccatg totctgacitt gtgtggcct g cagtctgaag 240 

catgtggc.cc acttgtatica cittgcc.gcag attgttggaaa to gaatcact gatcgagcaa. 3OO 

ttagacacat ttattgccag cqaac aggag catcgttact atcgg gatca cqtacattgc 360 

catgctaggc gctttacaag atgtctotat attagctittg goatgatcta td.cgcttittc 420 

citgttcgg.cg tottcgttca ggittattagc ggaaattggg aacttcticta to cagccitat 480 

titcc cattcg acttggagag caatcgctitt citcgg.cgcag tag ccttggg citatcaggta 540 

ttcago atgt tagttgaagg cittcc agggg citgggcaacg atacctatac cccactgacc 600 

citatgc ctitc toggcc.ggaca totccatttg togtocatac gaatgggtoa actgggatac 660 

titcgatgacg agacggtggit gaatcatcag cqtttgctgg attacattga gcago ataaa 720 

citcttggtgc ggttccacaa cct ggtgagc cqgac catca gcgaagtgca actggtgcag 78O 

citggg.cggat gtggagccac totgtgcatc attgtcticct acatgct citt citttgttgggc 840 

gacacaatct c gotggtota citacttggtg ttctttggag togtotgcgt gcagotctitt 9 OO 
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cc cagotgct attittgccag cqaagtagcc gaggagttgg aacggctgoc atatgcgatc 96.O 

ttct coagca gatggtacga totaatc.gcgg gatcatc gat to gatttgct catctttaca 1020 

caattalacac toggaalaccg g g g g toggatc atcaagg cag gaggtottat cqagctgaat 1080 

ttgaatgcct tttitc.gc.cac cct galagatg gcc tattocc tttittgcagt totggtgcgg 1140 

gcaaagggta ta 1152 

<210> SEQ ID NO 14 
&2 11s LENGTH 390 
&212> TYPE PRT 

<213> ORGANISM: DROSOPHILA MELANOGASTER DOR71g 

<400 SEQUENCE: 14 

Met Val Ile Ile Asp Ser Leu Ser Phe Tyr Arg Pro Phe Trp Ile Cys 
1 5 10 15 

Met Arg Leu Leu Val Pro Thr Phe Phe Lys Asp Ser Ser Arg Pro Val 
2O 25 30 

Gln Leu Tyr Val Val Leu Lleu. His Ile Leu Val Thr Leu Trp Phe Pro 
35 40 45 

Lieu. His Lieu Lleu Lleu. His Leu Lleu Lleu Lleu Pro Ser Thr Ala Glu Phe 
50 55 60 

Phe Lys Asn Lieu. Thr Met Ser Lieu. Thir Cys Val Ala Cys Ser Lieu Lys 
65 70 75 8O 

His Val Ala His Leu Tyr His Leu Pro Glin Ile Val Glu Ile Glu Ser 
85 90 95 

Lieu. Ile Glu Glin Leu Asp Thr Phe Ile Ala Ser Glu Glin Glu His Arg 
100 105 110 

Tyr Tyr Arg Asp His Val His Cys His Ala Arg Arg Phe Thr Arg Cys 
115 120 125 

Leu Tyr Ile Ser Phe Gly Met Ile Tyr Ala Leu Phe Leu Phe Gly Val 
130 135 1 4 0 

Phe Val Glin Val Ile Ser Gly Asn Trp Glu Leu Leu Tyr Pro Ala Tyr 
145 15 O 155 160 

Phe Pro Phe Asp Leu Glu Ser Asn Arg Phe Leu Gly Ala Wall Ala Lieu 
1.65 170 175 

Gly Tyr Glin Val Phe Ser Met Leu Val Glu Gly Phe Glin Gly Leu Gly 
18O 185 190 

Asn Asp Thr Tyr Thr Pro Leu Thr Leu Cys Leu Leu Ala Gly His Val 
195 200 2O5 

His Leu Trp Ser Ile Arg Met Gly Glin Leu Gly Tyr Phe Asp Asp Glu 
210 215 220 

Thr Val Val Asn His Glin Arg Lieu Lieu. Asp Tyr Ile Glu Gln His Lys 
225 230 235 240 

Leu Leu Val Arg Phe His Asn Leu Val Ser Arg Thr Ile Ser Glu Val 
245 250 255 

Glin Leu Val Glin Leu Gly Gly Cys Gly Ala Thr Lieu. Cys Ile Ile Val 
260 265 27 O 

Ser Tyr Met Leu Phe Phe Val Gly Asp Thr Ile Ser Leu Val Tyr Tyr 
275 280 285 

Leu Val Phe Phe Gly Val Val Cys Val Glin Leu Phe Pro Ser Cys Tyr 
29 O 295 3OO 
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Phe Ala Ser Glu Val Ala Glu Glu Lieu Glu Arg Lieu Pro Tyr Ala Ile 
305 310 315 320 

Phe Ser Ser Arg Trp Tyr Asp Glin Ser Arg Asp His Arg Phe Asp Lieu 
325 330 335 

Lieu. Ile Phe Thr Glin Lieu. Thir Lieu Gly Asn Arg Gly Trp Ile Ile Lys 
340 345 350 

Ala Gly Gly Lieu. Ile Glu Lieu. Asn Lieu. Asn Ala Phe Phe Ala Thr Lieu 
355 360 365 

Lys Met Ala Tyr Ser Leu Phe Ala Val Val His Arg Glu Thr Gly Asn 
370 375 38O 

Pro Leu Glin Arg Glu His 
385 390 

<210 SEQ ID NO 15 
&2 11s LENGTH 1137 
&212> TYPE DNA 

<213> ORGANISM: DROSOPHILA MELANOGASTER DOR72g 

<400 SEQUENCE: 15 

atggacittaa aaccqc gagt cattcgaagt galagatatot acaga acct a ttggittatat 60 

tggcatcttt toggcctgga aag caattitc tittctgaatc gcttgttgga tittggtgatt 120 

acaattitt.cg talaccatttg gtatccaatt cacct gatto toggactgtt tatggaaaga 18O 

totttggggg atgtctgcaa gogg to tacca attacgg cag catgctttitt cqc.ca.gctitt 240 

aaatttattt gtttitcgctt Caagctatot gaaattaaag aaatcgaaat attatttaaa 3OO 

gagctggatc agc gagctitt aagtc.gagag gaatgcgagt ttittcaatca aaatacgaga 360 

cgtgaggcga atttcatttg gaaaagtttc attgttggcct atggactgtc. gaatatotcg 420 

gctattgcat cagttcttitt cqgcggtgga cataagctat tatat cocqc ctd gtttcca 480 

tacgatgtgc aggccacgga actaatattt togctaagtg talacatacca aattgcc.gga 540 

gtaagtttgg ccatact tca gaatttggcc aatgatticct atccacc gat gacattttgc 600 

gtggttgc.cg gtcatgtaag acttittgg.cg atgcgcttga gtagaattgg cca aggtoca 660 

gaggaaacaa tatacttaac cqgaaagcaa ttaatcgaaa goatc gagga to accgaaaa 720 

citaatgaaga tagtggaatt actg.cgcago accatgaata titt.cgcagot cqgccagttt 78O 

atttcaagtg gtgttaatat titccataaca citagtcaiaca ttctottctt td.cggataat 840 

aattitcgcta talaccitacta cqgagtgtac titccitatcga tiggtgttgga attattoccg 9 OO 

tgctgctatt acggcaccct gat atcc.gtg gagatgalacc agctgaccta toc gatttac 96.O 

tdaagtaact ggatgagtat gaatcggagc tacago.cgca toc tact gat citt catgcaa. 1020 

citcaccctgg cqgaagtgca gatcaaggcc ggtgg gatga ttggcatcgg aatgaacgc.c 1080 

ttctittgcca cogtg.cgatt gg.cctactcc ttcttcactt td.gc.catgtc gctg.cgt 11.37 

<210> SEQ ID NO 16 
&2 11s LENGTH 379 
&212> TYPE PRT 

<213> ORGANISM: DROSOPHILA MELANOGASTER DOR72g 

<400 SEQUENCE: 16 

Met Asp Leu Lys Pro Arg Val Ile Arg Ser Glu Asp Ile Tyr Arg Thr 
1 5 10 15 

Tyr Trp Leu Tyr Trp His Leu Lieu Gly Lieu Glu Ser Asn. Phe Phe Lieu 
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2O 25 30 

Asn Arg Leu Leu Asp Leu Val Ile Thr Ile Phe Val Thr Ile Trp Tyr 
35 40 45 

Pro Ile His Lieu. Ile Leu Gly Lieu Phe Met Glu Arg Ser Lieu Gly Asp 
50 55 60 

Val Cys Lys Gly Leu Pro Ile Thr Ala Ala Cys Phe Phe Ala Ser Phe 
65 70 75 8O 

Lys Phe Ile Cys Phe Arg Phe Lys Lieu Ser Glu Ile Lys Glu Ile Glu 
85 90 95 

Ile Leu Phe Lys Glu Lieu. Asp Glin Arg Ala Leu Ser Arg Glu Glu Cys 
100 105 110 

Glu Phe Phe Asin Glin Asn. Thir Arg Arg Glu Ala Asn. Phe Ile Trp Lys 
115 120 125 

Ser Phe Ile Val Ala Tyr Gly Leu Ser Asin Ile Ser Ala Ile Ala Ser 
130 135 1 4 0 

Val Leu Phe Gly Gly Gly His Lys Leu Leu Tyr Pro Ala Trp Phe Pro 
145 15 O 155 160 

Tyr Asp Val Glin Ala Thr Glu Leu Ile Phe Trp Leu Ser Val Thr Tyr 
1.65 170 175 

Glin Ile Ala Gly Val Ser Leu Ala Ile Leu Glin Asn Lieu Ala Asn Asp 
18O 185 190 

Ser Tyr Pro Pro Met Thr Phe Cys Val Val Ala Gly His Val Arg Leu 
195 200 2O5 

Leu Ala Met Arg Lieu Ser Arg Ile Gly Glin Gly Pro Glu Glu Thir Ile 
210 215 220 

Tyr Lieu. Thr Gly Lys Glin Lieu. Ile Glu Ser Ile Glu Asp His Arg Lys 
225 230 235 240 

Leu Met Lys Ile Val Glu Leu Leu Arg Ser Thr Met Asn Ile Ser Glin 
245 250 255 

Leu Gly Glin Phe Ile Ser Ser Gly Val Asin Ile Ser Ile Thr Leu Val 
260 265 27 O 

Asn Ile Leu Phe Phe Ala Asp Asn Asn Phe Ala Ile Thr Tyr Tyr Gly 
275 280 285 

Val Tyr Phe Leu Ser Met Val Leu Glu Leu Phe Pro Cys Cys Tyr Tyr 
29 O 295 3OO 

Gly Thr Leu Ile Ser Val Glu Met Asin Glin Leu Thr Tyr Ala Ile Tyr 
305 310 315 320 

Ser Ser Asn Trp Met Ser Met Asn Arg Ser Tyr Ser Arg Ile Leu Leu 
325 330 335 

Ile Phe Met Glin Lieu. Thir Lieu Ala Glu Val Glin Ile Lys Ala Gly Gly 
340 345 350 

Met Ile Gly Ile Gly Met Asn Ala Phe Phe Ala Thr Val Arg Leu Ala 
355 360 365 

Tyr Ser Phe Phe Thr Leu Ala Met Ser Leu Arg 
370 375 

<210 SEQ ID NO 17 
<211& LENGTH: 1134 
&212> TYPE DNA 

<213> ORGANISM: DROSOPHILA MELANOGASTER DOR73g 

<400 SEQUENCE: 17 
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atggattcaa gaaggaaagt cog aagtgaa aatctttaca aaacctattg gctitt actogg 60 

cgacittctgg gag to gaggg cqattatcct titt.cgacggc tagtggattt tacaatcacg 120 

totttcatta cqattittatt toccgtgcat cittatactgg gaatgtataa aaag.ccccag 18O 

attcaagttct tcaggagtct gcatttcaca toggaatgcc titttctgcag citataagttt 240 

ttctgtttitc gttggaaact taaagaaata aagaccatcg aaggattgct coaggat.ct c 3OO 

gatagt cqag titgaaagtga agaagaacgc aac tactitta atcaaaatcc aagttcgtgtg 360 

gctc gaatgc titt.cgaaaag titacttggta gctgctatat cqgccataat cactgcaact 420 

gtagctggitt tatttagtac togtogaaat ttaatgitatc toggttggitt toccitacgat 480 

tittcaa.gcaa cc.gcc.gcaat citattggatt agtttitt cot atcaggc gat togctictagt 540 

citgttgattctggaaaatct g gccaacg at tdatato cqc cqattacatt ttgttgtggto 600 

totgga catg tdagacitatt gataatgcgt ttalagtogaa ttggtoacga tigtaaaatta 660 

tdaagttcgg aaaataccag aaaactcatc galaggtatcc aggat cacag gaalactaatg 720 

aagataatac goctactitcg cagdactitta catcttagoc aactgggcca gttcctttct 78O 

agtggaatca acatttccat aac actoatc aacatcctgttctittgcgga aaacaactitt 840 

gcaatgctitt attatgcggit gttctittgct gcaatgttaa tagaactatt tocaagttgt 9 OO 

tact at ggaa ttctgatgac aatggagttt gataagctac catatgc.cat cittct coagc 96.O 

aactggctta aaatggataa aagatacaat cqatccittga taattctgat gcaactaa.ca 1020 

citggttccag tdaatataaa agcaggtggit attgttggca togatatgag to cattttitt 1080 

gccacagttc ggatgg cata titccttttac actittagcct tdtcatttcg agta 1134 

<210> SEQ ID NO 18 
&2 11s LENGTH 378 
&212> TYPE PRT 
<213> ORGANISM: Drosophila Melanogaster DOR73g 

<400 SEQUENCE: 18 

Met Asp Ser Arg Arg Lys Val Arg Ser Glu Asn Lieu. Tyr Lys Thr Tyr 
1 5 10 15 

Trp Leu Tyr Trp Arg Lieu Lleu Gly Val Glu Gly Asp Tyr Pro Phe Arg 
2O 25 30 

Arg Leu Val Asp Phe Thr Ile Thr Ser Phe Ile Thr Ile Leu Phe Pro 
35 40 45 

Val His Leu Ile Leu Gly Met Tyr Lys Llys Pro Glin Ile Glin Val Phe 
50 55 60 

Arg Ser Leu. His Phe Thr Ser Glu Cys Leu Phe Cys Ser Tyr Lys Phe 
65 70 75 8O 

Phe Cys Phe Arg Trp Lys Lieu Lys Glu Ile Lys Thr Ile Glu Gly Lieu 
85 90 95 

Leu Glin Asp Lieu. Asp Ser Arg Val Glu Ser Glu Glu Glu Arg Asn Tyr 
100 105 110 

Phe Asn Glin Asn. Pro Ser Arg Val Ala Arg Met Leu Ser Lys Ser Tyr 
115 120 125 

Leu Val Ala Ala Ile Ser Ala Ile Ile Thr Ala Thr Val Ala Gly Leu 
130 135 1 4 0 

Phe Ser Thr Gly Arg Asn Leu Met Tyr Leu Gly Trp Phe Pro Tyr Asp 
145 15 O 155 160 
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Phe Glin Ala Thr Ala Ala Ile Tyr Trp Ile Ser Phe Ser Tyr Glin Ala 
1.65 170 175 

Ile Gly Ser Ser Lieu Lleu. Ile Leu Glu Asn Lieu Ala Asn Asp Ser Tyr 
18O 185 190 

Pro Pro Ile Thr Phe Cys Val Val Ser Gly His Val Arg Leu Leu Ile 
195 200 2O5 

Met Arg Lieu Ser Arg Ile Gly His Asp Wall Lys Lieu Ser Ser Ser Glu 
210 215 220 

Asn Thr Arg Lys Lieu. Ile Glu Gly Ile Glin Asp His Arg Lys Lieu Met 
225 230 235 240 

Lys Ile Ile Arg Lieu Lieu Arg Ser Thr Lieu. His Leu Ser Glin Leu Gly 
245 250 255 

Gln Phe Leu Ser Ser Gly Ile Asin Ile Ser Ile Thr Leu Ile Asin Ile 
260 265 27 O 

Leu Phe Phe Ala Glu Asn Asn Phe Ala Met Leu Tyr Tyr Ala Val Phe 
275 280 285 

Phe Ala Ala Met Leu Ile Glu Leu Phe Pro Ser Cys Tyr Tyr Gly Ile 
29 O 295 3OO 

Leu Met Thr Met Glu Phe Asp Llys Leu Pro Tyr Ala Ile Phe Ser Ser 
305 310 315 320 

Asn Trp Lieu Lys Met Asp Lys Arg Tyr Asn Arg Ser Lieu. Ile Ile Leu 
325 330 335 

Met Glin Leu Thr Leu Val Pro Val Asin Ile Lys Ala Gly Gly Ile Val 
340 345 350 

Gly Ile Asp Met Ser Ala Phe Phe Ala Thr Val Arg Met Ala Tyr Ser 
355 360 365 

Phe Tyr Thr Leu Ala Leu Ser Phe Arg Val 
370 375 

<210 SEQ ID NO 19 
&2 11s LENGTH 1191. 
&212> TYPE DNA 
&213> ORGANISM: DROSOPHILA MELANOGASTER DOR46 

<400 SEQUENCE: 19 

atgg cagagg to agagtgga cagtctggag tttittcaaga gcc attggac cqcctgg.cgg 60 

tacttgggag togcto attt toggg to gag aactggaaga accitttacgt gttttacago 120 

attgttgtcga atcttctogt gaccotgttgc tacccc.gttc acctgggaat atcccitctitt 18O 

cgcaa.ccgca ccatcaccga ggacatcc to aacct gacca cctittgc gac citgcacago c 240 

tgttcggtga agtgcctgct citacgc.ctac alacatcaagg atgtgctgga gatggagcgg 3OO 

citgttgaggc titttggatga acgc.gtogtg g g toc ggagc aacgcagoat citacggacaa 360 

gtgagggtoc agctg.cgaaa totgctatac gtgttcatcg gcatctacat gcc.gtgtgcc 420 

citgttcgc.cg agctatoctit totgttcaag gaggagcgcg gtctgatgta toccgcc togg 480 

tittc.cctt.cg actggctgca citccaccagg alactattaca tag.cgaacgc citatcagata 540 

gtgggcatct c gtttcagot gctgcaaaac tatgttagcg actgcttitcc gg.cggtggtg 600 

citgtgcct ga totcatcc.ca catcaaaatg ttgtacaa.ca gatto gagga ggtgggcctg 660 

gatccago.ca gagatgcgga gaagg acct g gaggcctgca to accgatca caag catatt 720 

citagagtggg caggcggcto attggttcgt gttctattoa cittitccaact tttitt.ccaga 78O 
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citatto.cgac goatcgaggc cittcatttcc ctg.cccatgc taattcagtt cacagtgacc 840 

gccttgaatg tdtgcatcgg tittagcagcc ctdgtgttitt togtoag.cga gcc catggca 9 OO 

cggatgtact tcatcttcta citccctggcc atgcc.gctg.c agatcttitcc gtoctgctitt 96.O 

titcggcaccg acaacgagta citggttcgga cqc citcc act acgcggcctt cagttgcaat 1020 

tggcacacac agaacaggag ctittaag.cgg aaaatgatgc tigttcgttga gcaatcgttg 1080 

aagaagagca cc.gctgtggc tiggcggaatg atgcgitatcc acct ggacac gttctttitcc 1140 

accotaaagg g g g cct acto cotcitttacc atcattatto ggatgagaaa g 1.191 

<210> SEQ ID NO 20 
&2 11s LENGTH 379 
&212> TYPE PRT 
&213> ORGANISM: DROSOPHILA MELANOGASTER DOR46 

<400 SEQUENCE: 20 

Met Ala Glu Val Arg Val Asp Ser Leu Glu Phe Phe Lys Ser His Trp 
1 5 10 15 

Thr Ala Trp Arg Tyr Leu Gly Val Ala His Phe Arg Val Glu Asn Trp 
2O 25 30 

Lys Asn Leu Tyr Val Phe Tyr Ser Ile Val Ser Asn Leu Leu Val Thr 
35 40 45 

Lieu. Cys Tyr Pro Wal His Leu Gly Ile Ser Lieu Phe Arg Asn Arg Thr 
50 55 60 

Ile Thr Glu Asp Ile Leu Asn Leu Thir Thr Phe Ala Thr Cys Thr Ala 
65 70 75 8O 

Cys Ser Wall Lys Cys Lieu Lleu Tyr Ala Tyr Asn. Ile Lys Asp Val Lieu 
85 90 95 

Glu Met Glu Arg Lieu Lieu Arg Lieu Lieu. Asp Glu Arg Val Val Gly Pro 
100 105 110 

Glu Glin Arg Ser Ile Tyr Gly Glin Val Arg Val Glin Lieu Arg Asn. Wal 
115 120 125 

Leu Tyr Val Phe Ile Gly Ile Tyr Met Pro Cys Ala Leu Phe Ala Glu 
130 135 1 4 0 

Leu Ser Phe Leu Phe Lys Glu Glu Arg Gly Lieu Met Tyr Pro Ala Trp 
145 15 O 155 160 

Phe Pro Phe Asp Trp Leu. His Ser Thr Arg Asn Tyr Tyr Ile Ala Asn 
1.65 170 175 

Ala Tyr Glin Ile Val Gly Ile Ser Phe Gln Leu Leu Gln Asn Tyr Val 
18O 185 190 

Ser Asp Cys Phe Pro Ala Val Val Leu Cys Leu Ile Ser Ser His Ile 
195 200 2O5 

Lys Met Leu Tyr Asn Arg Phe Glu Glu Val Gly Lieu. Asp Pro Ala Arg 
210 215 220 

Asp Ala Glu Lys Asp Lieu Glu Ala Cys Ile Thr Asp His Lys His Ile 
225 230 235 240 

Leu Glu Lieu Phe Arg Arg Ile Glu Ala Phe Ile Ser Lieu Pro Met Lieu 
245 250 255 

Ile Glin Phe Thr Val Thr Ala Leu Asn Val Cys Ile Gly Leu Ala Ala 
260 265 27 O 

Leu Val Phe Phe Val Ser Glu Pro Met Ala Arg Met Tyr Phe Ile Phe 
275 280 285 
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<400 SEQUENCE: 22 

Met Val Thr Glu Asp Phe Tyr Lys Tyr Glin Val Trp Tyr Phe Glin Ile 
1 5 10 15 

Leu Gly Val Trp Glin Leu Pro Thir Trp Ala Ala Asp His Glin Arg Arg 
2O 25 30 

Phe Glin Ser Met Arg Phe Gly Phe Ile Leu Val Ile Leu Phe Ile Met 
35 40 45 

Leu Lleu Lieu Phe Ser Phe Glu Met Lieu. Asn. Asn. Ile Ser Glin Val Arg 
50 55 60 

Glu Ile Leu Lys Val Phe Phe Met Phe Ala Thr Glu Ile Ser Cys Met 
65 70 75 8O 

Ala Lys Lieu Lieu. His Lieu Lys Lieu Lys Ser Arg Lys Lieu Ala Gly Lieu 
85 90 95 

Val Asp Ala Met Leu Ser Pro Glu Phe Gly Val Lys Ser Glu Glin Glu 
100 105 110 

Met Gln Met Leu Glu Lieu. Asp Arg Val Ala Val Val Arg Met Arg Asn 
115 120 125 

Ser Tyr Gly Ile Met Ser Leu Gly Ala Ala Ser Leu Ile Leu Ile Val 
130 135 1 4 0 

Pro Cys Phe Asp Asn. Phe Gly Glu Lieu Pro Leu Ala Met Leu Glu Val 
145 15 O 155 160 

Cys Ser Ile Glu Gly Trp Ile Cys Tyr Trp Ser Glin Tyr Leu Phe His 
1.65 170 175 

Ser Ile Cys Leu Leu Pro Thr Cys Val Leu Asn Ile Thr Tyr Asp Ser 
18O 185 190 

Val Ala Tyr Ser Lieu Lieu. Cys Phe Lieu Lys Val Glin Leu Gln Met Lieu 
195 200 2O5 

Val Lieu Arg Lieu Glu Lys Lieu Gly Pro Val Ile Glu Pro Glin Asp Asn 
210 215 220 

Glu Lys Ile Ala Met Glu Lieu Arg Glu Cys Ala Ala Tyr Tyr Asn Arg 
225 230 235 240 

Ile Val Arg Phe Lys Asp Lieu Val Glu Lieu Phe Ile Lys Gly Pro Gly 
245 250 255 

Ser Val Glin Leu Met Cys Ser Val Leu Val Leu Val Ser Asn Leu Tyr 
260 265 27 O 

Asp Met Ser Thr Met Ser Ile Ala Asn Gly Asp Ala Ile Phe Met Leu 
275 280 285 

Lys Thr Cys Ile Tyr Glin Leu Val Met Leu Trp Glin Ile Phe Ile Ile 
29 O 295 3OO 

Cys Tyr Ala Ser Asn Glu Val Thr Val Glin Ser Ser Arg Leu Cys His 
305 310 315 320 

Ser Ile Tyr Ser Ser Glin Trp Thr Gly Trp Asn Arg Ala Asn Arg Arg 
325 330 335 

Ile Val Leu Leu Met Met Glin Arg Phe Asin Ser Pro Met Leu Leu Ser 
340 345 350 

Thr Phe Asin Pro Thr Phe Ala Phe Ser Leu Glu Ala Phe Gly Ser Val 
355 360 365 

Gly Glin Gln Lys Phe Leu Tyr Ile Ser Phe Ile Thr Gly Tyr Ala Leu 
370 375 38O 

Leu Lleu Ser Asp Arg Glin Leu Lleu Lieu Gln Leu Lleu Arg Thr Ala Glu 
385 390 395 400 
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Ala Arg Glin Glin Lieu. Asn. Phe Glu Thr Pro Gln His Leu Lys Ile Phe 
405 410 415 

Lys Pro Ile Phe Lys Ser Thr Glin Asn Val Met His Val His 
420 425 430 

<210> SEQ ID NO 23 
&2 11s LENGTH 1391 
&212> TYPE DNA 
<213> ORGANISM: DROSOPHILA. MELANOGASTER DOR24 

<400 SEQUENCE: 23 

ggcacgagcc ttgtcgacat ggacagttitt citgcaagtac agaagag cac cattgct citt 

citgggctttg atctotttag tdaaaatcga gaaatgtgga aacgc.cccta tagagcaatg 

aatgtgttta gcatagotgc catttittccc tittatcctgg cagotgttgct coataattgg 

aagaatgitat togctgctggc cqatgccatg gtggcc.ctac taataac cat totgggccta 

ttcaagttta gcatgatact titacttacgt cqcgattitca agcgactgat tigacaaattit 

cgtttgctica totcgaatga gg.cggaacag ggc gaggaat acgcc.gagat totcaacgca 

gcaaacaa.gc aggatcaacg aatgtgcact citgtttagga cittgtttcot cotc.gcc togg 

gccttgaata gtgttctgcc cct cqtgaga atgggtotca gctattggitt agcaggtoat 

gcagagcc.cg agttgccttt tocctgtctt tttccctgga atatocacat cattc.gcaat 

tatgttittga gcttcatctg gag.cgcttitc gccitcgacag gtgtggttitt acctgctgtc 

agcttggata coatattotg titccttcacc agcaacctgt gcgccttctt caaaattgcg 

cagtacaagg toggittagatt taaggg.cgga toccittaaag aatcacaggc cacattgaac 

aaagttctttg ccctgtacca gaccagottg gatatgtgca acgatctgaa toagtgctac 

caacco atta totg.cgc.cca gttcttcatt to atctotgc aactctgcat gctgggatat 

citgttctoca ttacttittgc ccagacagag gg.cgtgtact atgccitctitt catagocacc 

atcattatac aagcctatat citact gctac toc ggggaga acct galagac ggaga.gtgcc 

agctitcgagt gggccatcta cqacagtc.cg togcacgaga gtttgggtgc tiggtggagcc 

totacctoga totgcc gatc cittgctgatc agcatcatgc gggct catc g g g g attcc.gc 

attacgggat acttctitcga ggcaaacatg gaggc cittct catcgattgttc.gcacggct 

atgtcc taca toacaatgct gagat cattc. tcc taaatgt ggtttgacca caaggctittg 

gattgattitt tatgcaattt ttgttittatt gctgag catg cgttgcc.gta cqacatttaa 

caatcg atct tacgtaattt acatatgata atctoacata ttgttcgitta agcactaagt 

agaatgtaga atgtgaattg gct gtagaaa tocacagatg aag cacgaaa aaaaaaaaaa 

aaaaaaaaaa, a 

<210> SEQ ID NO 24 
&2 11s LENGTH 385 
&212> TYPE PRT 
<213> ORGANISM: DROSOPHILA. MELANOGASTER DOR24 

<400 SEQUENCE: 24 

Met Asp Ser Phe Leu Glin Val Glin Lys Ser Thr Ile Ala Lieu Lieu Gly 
1 5 10 15 

Phe Asp Leu Phe Ser Glu Asn Arg Glu Met Trp Lys Arg Pro Tyr Arg 
2O 25 30 

60 

120 

18O 

240 

360 

420 

480 

540 

600 

660 

720 

840 

9 OO 

96.O 

1020 

1080 

1140 

1200 

1260 

1320 

1380 

1391 

Oct. 2, 2003 
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Ala Met Asn. Wall Phe Ser Ile Ala Ala Ile Phe Pro Phe Ile Leu Ala 
35 40 45 

Ala Val Lieu. His Asn Trp Lys Asn. Wall Leu Lleu Lieu Ala Asp Ala Met 
50 55 60 

Val Ala Leu Leu Ile Thr Ile Leu Gly Leu Phe Lys Phe Ser Met Ile 
65 70 75 8O 

Leu Tyr Lieu Arg Arg Asp Phe Lys Arg Lieu. Ile Asp Llys Phe Arg Lieu 
85 90 95 

Leu Met Ser Asn. Glu Ala Glu Glin Gly Glu Glu Tyr Ala Glu Ile Leu 
100 105 110 

Asn Ala Ala Asn Lys Glin Asp Glin Arg Met Cys Thr Lieu Phe Arg Thr 
115 120 125 

Cys Phe Lieu Lieu Ala Trp Ala Lieu. Asn. Ser Val Lieu Pro Leu Val Arg 
130 135 1 4 0 

Met Gly Leu Ser Tyr Trp Leu Ala Gly His Ala Glu Pro Glu Leu Pro 
145 15 O 155 160 

Phe Pro Cys Leu Phe Pro Trp Asin Ile His Ile Ile Arg Asn Tyr Val 
1.65 170 175 

Leu Ser Phe Ile Trp Ser Ala Phe Ala Ser Thr Gly Val Val Leu Pro 
18O 185 190 

Ala Val Ser Leu Asp Thr Ile Phe Cys Ser Phe Thr Ser Asn Leu Cys 
195 200 2O5 

Ala Phe Phe Lys Ile Ala Gln Tyr Lys Val Val Arg Phe Lys Gly Gly 
210 215 220 

Ser Lieu Lys Glu Ser Glin Ala Thr Lieu. Asn Lys Val Phe Ala Leu Tyr 
225 230 235 240 

Glin Thr Ser Lieu. Asp Met Cys Asn Asp Lieu. Asn. Glin Cys Tyr Glin Pro 
245 250 255 

Ile Ile Cys Ala Glin Phe Phe Ile Ser Ser Leu Gln Leu Cys Met Leu 
260 265 27 O 

Gly Tyr Leu Phe Ser Ile Thr Phe Ala Glin Thr Glu Gly Val Tyr Tyr 
275 280 285 

Ala Ser Phe Ile Ala Thr Ile Ile Ile Glin Ala Tyr Ile Tyr Cys Tyr 
29 O 295 3OO 

Cys Gly Glu Asn Lieu Lys Thr Glu Ser Ala Ser Phe Glu Trp Ala Ile 
305 310 315 320 

Tyr Asp Ser Pro Trp His Glu Ser Leu Gly Ala Gly Gly Ala Ser Thr 
325 330 335 

Ser Ile Cys Arg Ser Lieu Lieu. Ile Ser Met Met Arg Ala His Arg Gly 
340 345 350 

Phe Arg Ile Thr Gly Tyr Phe Phe Glu Ala Asn Met Glu Ala Phe Ser 
355 360 365 

Ser Ile Val Arg Thr Ala Met Ser Tyr Ile Thr Met Leu Arg Ser Phe 
370 375 38O 

Ser 
385 

<210> SEQ ID NO 25 
&2 11s LENGTH 900 
&212> TYPE DNA 
<213> ORGANISM: Drosophila Melanogaster DOR10 
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<400 SEQUENCE: 25 

atggaaaaac tacgttccita toaggattitc atctt catgg cca acatgat gttcaag acc 60 

cittggctacg atctatto.ca tacacccalaa ccctggtggc gctatotgct totgc gagga 120 

tactitcgttt totgcacgat cagcaactitt tacgaggctt coatggtgac gacaaggata 18O 

attgagtggg aatccttggc cqgaagtc.cc toccaaaataa toc gacaggg totgcacttic 240 

ttttacatgttgagtagcca attgaaattt atcacattca taataaatcg caaacgccta 3OO 

citgcagct ga gcc atcgttt gaaagagttg tatcc toata aagagcaaaa toaaaggaag 360 

tacgaggtga ataaatacta cct atcctgt tocacgc.gca atgttttgta cqtgtactac 420 

tttgtaatgg togtoatggc actggaacco citc gttcagt cocagttcat agtgaatgtg 480 

agcctgggca cagatctgtg gatgatgtgc gtc.tcaagcc aaatato gait gcacttgggc 540 

tatctggcca atatgttggc citc cattcga ccaagtc.cag aaacggalaca acaag actot 600 

gacittcttgg ccago attat aaagagacat caactaatga to aggctitca aaaggacgtg 660 

aactatottt ttggacitctt attgg catct aatctgttta coacatcctg tttactittgc 720 

tgcatcgc.gt actataccgt cqtcgaaggt ttcaattggg agggcatttic citatatgatg 78O 

citctittgcta gtgtagctgc ccagttctac gttgtcagot cacacggaca aatgttaata 840 

gatttgttga tigaccatcac atacagattt titcgcggitta tacgacaaac totagaaaag 9 OO 

<210> SEQ ID NO 26 
&211's LENGTH 300 
&212> TYPE PRT 
<213> ORGANISM: Drosophila Melanogaster DOR10 

<400 SEQUENCE: 26 

Met Glu Lys Leu Arg Ser Tyr Glu Asp Phe Ile Phe Met Ala Asn Met 
1 5 10 15 

Met Phe Lys Thr Leu Gly Tyr Asp Leu Phe His Thr Pro Llys Pro Trp 
2O 25 30 

Trp Arg Tyr Leu Leu Val Arg Gly Tyr Phe Val Leu Cys Thr Ile Ser 
35 40 45 

Asn Phe Tyr Glu Ala Ser Met Val Thr Thr Arg Ile Ile Glu Trp Glu 
50 55 60 

Ser Lieu Ala Gly Ser Pro Ser Lys Ile Met Arg Glin Gly Lieu. His Phe 
65 70 75 8O 

Phe Tyr Met Leu Ser Ser Gln Leu Lys Phe Ile Thr Phe Met Ile Asn 
85 90 95 

Arg Lys Arg Lieu Lleu Gln Leu Ser His Arg Lieu Lys Glu Lieu. Tyr Pro 
100 105 110 

His Lys Glu Glin Asn Glin Arg Lys Tyr Glu Val Asn Lys Tyr Tyr Lieu 
115 120 125 

Ser Cys Ser Thr Arg Asn Val Leu Tyr Val Tyr Tyr Phe Val Met Val 
130 135 1 4 0 

Wal Met Ala Leu Glu Pro Leu Wall Glin Ser Glin Phe Ile Wall Asn. Wall 
145 15 O 155 160 

Ser Leu Gly Thr Asp Leu Trp Met Met Cys Val Ser Ser Glin Ile Ser 
1.65 170 175 

Met His Leu Gly Tyr Lieu Ala Asn Met Leu Ala Ser Ile Arg Pro Ser 
18O 185 190 


















































































































































