AAPS PharmSci 2002; 4 (4) article 23 (http://www.aapspharmsci.org).
Bioinformatic Analysis of the Human p Opioid Receptor (OPRM1) Splice and

Polymorphic Variants

Submitted: April 11, 2002; Accepted: June 28, 2002; Published: September 30, 2002

Lili Xin * and Zaijie Jim Wang *

! Department of Biopharmaceutical Sciences, College of Pharmacy, University of lllinois, Chicago, IL 60612

ABSTRACT Mu opioid receptor (OPRM1), a member of
the G-protein coupled receptor superfamily, mediates
the analgesic and euphoric effects of opioid drugs. The
sequences of OPRM1 cDNA and reported splice
variants were used to search the public and Celera
genomic databases. The matched sequences were
analyzed to assemble an OPRM1 genomic contig.
Human OPRM1 gene was estimated to span at least 90
kb in the chromosome 6g24-25 region. Four coding
exons are separated by 3 introns. While intron 2 has
only 773 bp, these databases for the first time provide
the precise length of and other information about long
introns 1 and 3, containing 50 and 27 kb, respectively.
When a consensus exon/intron splice junction at the end
of the coding exon 3 was not utilized, it may have
resulted in continuous translation of the exon to yield the
splice variant OPRM1A. The study did not identify
human orthologs of other OPRM1 variants that had been
reported for mouse OPRM1, although several proposed
exons were found to be included in mouse genomic
clones. Single nucleotide polymorphisms in the OPRM1
gene were also analyzed and summarized, which could
provide potential polymorphic markers for molecular
genetic studies.

KEYWORDS: OPRM1, MOR1, opioid receptor, ortholog,
splice, variant, polymorphism.

INTRODUCTION  Opioids (prototype: morphine) are
primarily used as analgesics, although they have other
pharmacological actions and are used to treat cough,
diarrhea, and other conditions. These effects are
mediated by opioid receptors. Three opioid receptors, F
1", and T°, have been identified by receptor binding,
pharmacological methods (see reviews, eg, Smith and
Loh * and Lewis et al, > and molecular cloning. & The U
opioid receptor (OPRM1) is the primary receptor
mediating the analgesic and rewarding effects of opioids,
and thus it has been the focus of intensive research, with
the hope of finding more potent analgesics with minimal
undesired actions. Repeated use of opioids often leads
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to the development of tolerance of these drugs, which
greatly limits the effectiveness of pain control. In
addition, drug dependence on opioids remains a medical
and social problem. Large individual differences have
been observed in the levels of brain OPRM1, ** pain
response, 1315 response to opioid analgesia, 1818 and
vulnerability to drug addiction, 1519 and possibly the
kinetics and severity of opioid tolerance. 20 Explanations
of some of these differences will likely come from the
studies of the genes involved. Pharmacological and
genetic studies su%gest that OPRM1 may be such a
candidate gene. 15.2

The human OPRM1 complementary DNA (DNA), also
abbreviated MORlé was cloned independently by
different groups. 222 However, the exact genomic
arrangement of OPRM1 remained unclear largely
because of its long introns. 1o Using the human genome
sequences available from the Human Genome Project
and Celera database, ***> we seek to assemble the
OPRM1 genomic structure by identifying the
chromosome locations of the gene and the exon and
intron assignment and junctions.

Shortly after the cloning of OPRM1 cDNA, 2 Sjlf)|ice
variants were identified from human ?® and mouse > cell
lines by reverse transcription-polymerase chain reaction
(RT-PCR). Multiple subtypes of OPRM1 have previously
been reported and characterized pharmacologically 283L,
therefore, splice variants could provide genetic evidence
for receptor subtypes. Recently, another research group
reported the discovery of 4 additional C-terminus
variants of mouse OPRM1 using the rapid amplification
of cDNA end and RT-PCR methods; however, no clones
have been directly isolated from cDNA libraries. **** Just
before the submission of this article, the same group
further identified several N-terminal splice variants of
mouse OPRML1 using similar approaches. % The current
study attempts to map the locations of potential human
orthologs of these variants in relation to that of the
OPRML1 gene.

Another aim of this study is to analyze and determine the
frequencies of the single nucleotide polymorphisms
(SNPs) that have been reported in molecular genetic
studies and sequencing efforts.
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Figure 1. Genomic structure of human m opioid receptor (OPRML1) gene.

Coding exons (CEs) are separated by 3 introns to occupy over 80 kb genomic sequence in the chromosome 6g24-25 region (position: 161 380 kb-161
460 kb). The sizes of these 3 introns are 50 461, 773, and 27 207 bp, respectively. AL136444 extends 33 kb 5' of CE1. AL132774 contains 95-kb
sequence beyond the translation stop. Only 3 coding exons are used in the splice variant OPRM1.

MATERIALS AND METHODS The sequences of the
cloned human OPRML1 (Appendix 1) and reported splice
variants (Appendix 2) were used to search GenBank
(Release 124.0, June 2001, gand the Celera database (
) using the Blastn program. % A BLOSUM-62 matrix with
default parameters was used for most analyses.
Sequences matches were further analyzed by BESTFIT
and FILEUP programs using the GCG package
(Wisconsin Package Version 10.2, Genetics Computer
Group, Madison, WI). From these analyses, a human
OPRM1 contig was constructed based on the consensus
sequence. This contig was then used to search for a
variable number of tandem repeats using the COMPARE
and DOTPLOT programs. Mouse OPRML1 variants were
analyzed in a similar fashion except that all available
sequences were used for comparisons with human EST,
transcripts, and genomic sequences deposited in
GenBank and the Celera database. For those
sequences that failed to find significant homology in the
human genome, we further used them and their

available intron sequences to search GenBank for all
available sequences, including EST, unfinished high-
throughput genomic sequences, genome survey
sequence databases, and sequences deposited within
the past month.

RESULTS Human OPRM1 cDNA sequence

Three human OPRM1 cDNA sequences have been
published and deposited in GenBank (L25119, L29301,
and U12569). In addition, a number of sequences were
recorded via direct submission by sequencing
laboratories (eg, NT_02345, XM_004341). These
sequences were compared using BESTFIT and PILEUP
programs to construct a consensus OPRM1 cDNA
sequence (Appendix 1). The longest accountable human
OPRM1 cDNA is 2187 bp in length, of which 1203 bp
are used to encode 400 amino acid (aa) residues and
the stop codon ( Figure 1 ). To identify the sequence
location, we assign the "+1" for the first nucleotide of the
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Table 1. Human OPRM1 Coding Exon Arrangement*

No 5" Junction Total Coding Receptor Regions 3" Junction

(Sequence at 3’ Splice Site) Size  Size (bp) (Sequence at 5’ Splice Site)

(bp)
1 TED a7 290 MN-terminus, ThI ACTTCCTGGTCATGTATGTGATTGTCAG
2 ATACACCALGATGANGACTGE CACCAMCATCT 353 353 i1, TM2-4, part of e2 TCTTCCTG TAATGTT CATGE CTACAACALLLTA,
CAGGCARG
3 GTTCCATAGATTGTACACTAACATTCTCTCATS 221 521 82 TME-7, C-terminus CACCCCTCOACGECCAATACAGTGGATAGALC
CAACCTGGETACT GEGAMALCCTECTG TAATCATCAG

4 CTAGAAAATCTGGASGCAGAAACTGCT COGTT 7e6 39 C-terminus last 13 aa TBD

GOCCTA,

*aa indicates amino acid; g2, extracellular laap 2; 01, intracellular loop 1; OPREMA, woopioid receptar; TAD, to he determined; and Th, transmembrane damain.
Consensus AGIGT sequences at 5' splice sites, and AGINK atthe 3" splice sites are in bold.

Table 2. Human OPRM1 Gene Intron Arrangement*

No 5" Junction Size (bp) 3" Junction
(Sequence at 5° Splice Site) (Sequence at 3" Splice Site)
1 GTAAGGALAGCGCCAGGGCTCCGAGCGGAGG 50 461 TTTTACT GATTCTCACTCTTCTTCCTTTATCTCCTAG
G
2 GTGAGTGATGTTACCAGLCTGAGGGAAGGAG 773 TTGCTGCTAATTTTTCCTTTAAATTCCTTTCTTCTAG
G
3 GTACGCAGTCTCTAGAATTAGGTATATCTACT G 27 207 GAAATGTTCACTGTCTTTGCTCTTTCTCTCCTTTCAG

*OPRM1T indicates ? opioid receptar. Consensus AGIGT sequences at 5 splice dites, and AGIMNM at the 3

splice sites are in bold,

translation initiation codon (ATG). Therefore, a negative
number indicates the location 5' (upstream) to the
translation start.

OPRM1 genomic sequence

The OPRM1 cDNA sequence was then used to search
the genomic databases. A chromosome 6 clone,
HCG32335 (Celera), was found to have significant
nucleotide identity with the cDNA probe. This clone has
perfect matches with the OPRM1 cDNA in 4 segments,
corresponding to the 4 coding exons ( Figure 1 ). Exon 1
has a 290-bp coding sequence encoding for 97 aa
residues at the extracellular N-terminus and
transmembrane domain (TM) 1 ( Tables 1 and 2 ).
Following coding exon 1 is a very large intron 1 of 50
461 bp in length. Coding exon 2 includes a sequence of
118 aa that make up the intracellular loop 1 to TM4 and
part of the extracellular loop 2. Intron 2 contains 773 bp
and is followed by exon 3. One hundred and seventy-
four aa are encoded by exon 3, covering the regions
including part of extracellular loop 2, TM5-TM7, and part
of intracellular C-terminus. Before the short exon 4,
responsible for 12 aa, is another long intron 3 of 27 207
bp. All exon-intron junctions match the consensus
splicing requirements ( Tables 1 and 2 ).

Adding up these exons and introns, OPRML1 is over 80
kb in chromosome 6 (161 380 kb-161 460 kb), which is
Table 3. Summary of the Proposed OPRM1 Exons*

entirely covered by the clone HCG32335. At 80 591 bp
in length, HCG32335 clone, however, does not provide
much sequence information about the 5 UTR region,
including the promoter regions. %37 The search in
GenBank turned up 2 clones: AL136444 and AL132774.
AL136444 was deposited in the antisense direction; the
reverse complementary sequence of AL136444
overlapped with HCG32335 for 63 620 bp. AL136444
also contained OPRM1 exons 1, 2, and 3 and part of
intron 3. In addition, AL136444 included 32 690 bp 5' to
the OPRM1 cDNA and HCG32335 (Appendix 1).
OPRM1 exon 4 was found in another chromosome 6
clone, AL132774, which has an additional 95 kb beyond
the OPRML1 translation stop codon. These 3 clones allow
us to assemble a 200-kb OPRML1 contig ( Figure 1); the
overall sequence agreement in the overlapped regions
was over 99%.

OPMR1 alternative splicing variants

Shortly after the cloning of the human OPRM1, a 3'
splicing variant was reported and termed OPRM1A. 2
OPRM1A lacked the last 12 aa found in OPRM1. When
the OPRM1A 3' unique sequence was used to search
genome databases, it was found to be 100% identical
with a region in the genomic clones HCG32335 and
AL136444 ( Table 3 ). The sequence alignment
suggested that OPRM1A has the same coding exons 1
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Human Homologous
Sequences (Homology)

Mouse Homologous
Sequences (Homuology)

Comments

CET (527 bp)T  AL136444, HCG32335 2g, UT0558 (76%)
CE2 (33 bp)  AL136444, HCG3I2335 eg, U10559 {90%,
CE3 (521 bp)  AL13B444, HCG32335 eg, U10560 {86%)
CE4 (786 bp).  AL13B444, HCG32335 eg, U10561 (54%)
E34 (189 bpl®  AL138444, HCG32335 AF 167565
E5 (280 bp) NF ACOSST 76 (B5%)
B (121 bp NF NF
E7 (35 bp) Al310556, AL445220 AC101798 (100%)
(B8%]
B8 (66 bp)" NF AZ3ESE75 (100%)
E3 (389 b NF ACO91451 (100%)
E10 (186 bp)’  NF ACOBST 76 (97 %)
E11 (185 bp) NF AC101942 {100%)
E12 (129 bp) . NF EH121554 (99%)
E13 (149 bp) . NF ACOSST 76 (97 %)
E14 {108 bp) MF ACO55776 (100%)

B34% similarty in the first 110 bp
AZ0S5776: unfinished mouse chromosome 10 clone

AJ310556: human PIF3-E gene

ACT101798: mouse working genomic seguence draft
AZIEEETS: mouse GSST: significant identity to a segment in
AC101798

AC0914517: mouse chromosome ¥ FPAC clone

AC10194Z: significant identity to AL136444
BH121554: mouse GS5; no identity to AC101942

*335 indicates genome survey sequence; NF, no dgnificartly homologous sequence found; OPRMT, 7
Qpinid receptor, and PIF3-E, phosphoinositide-binding protein, PAC clone, P1 adificial chrarmasome clone.
CE: human OPREM1 coding exaons. TE1-4 are included to show the overall homology between mouse and

human QPRMA1.

TE3A human OPREM 1A third coding exon, whichwas inftially reparted by Bare and colleagues {26).
SAF16TE6S: reparted mouse OPRM1A sequence. Overall, AF 167965 shares 86% nucleotide idertity with
human OPREM 1A, Hovweewer, most sirmilarity is dueto the shared core sequence of OPREMT. Mouze OPRM 1A
differs frorm the hurman ortholog by the last 2 aming acids. There is no hamaolody in the 3'UTR between

puman and mouse OPREM1A either.
"ES wasfirst reported by Zimprich and colleagues (27).
fE& to EY were reported by Pan and colleagues (324,
;‘TE1D wias reported by Pan and colleagues §33).

E11 to E14 werereported by Pan and colleagues (34,

and 2, and introns 1 and 2, as OPRM1. OPRM1A might
have been formed when the consensus splice site
AG/GT at the end of OPRM1 coding exon 3 was not
used. Instead, it continued to transcribe, forming its own
third coding exon (CE3A), which included 15 additional
bp and encoded for 4 aa (V-R-S-L) before the stop
codon TAG. All known 98-bp 3'UTR sequences 6 were
found to follow immediately after the stop codon in the
genomic clones ( Figure 1).

At least 5 additional 3' and 8 5' splice variants have been
proposed; however, no human orthologs are known.
Since the exact exon numbers are not clear for OPRM1
at this point, we propose using coding exons for the
currently known 4 exons. Other proposed exons are
referred to as E5 to E14, keeping the same numerical
numbers as were initially proposed. 3234 e first sought
to identify these alternative variant exons, if any, in the
human genome. For those sequences that failed to find
significant homology in the human genome, we further
used them and their available intron sequences to
search GenBank for all available sequences. This
approach vyielded genomic structures of several
proposed mouse exons.

MOR1B was initially reported for rat OPRMI. It
differed from OPRM1 by the last 12 aa, indicating the
absence of coding exon 4. Instead, another exon (E5,
Appendix 2) replaced the coding exon 4 and encoded 4
alternative aa (K-D-L-F). ?" The rat MOR1B was 91%
homologous with a mouse sequence (AF167566) in a
smaller region (125 bp). E5 (274 bp) was found to share
85% sequence identity with a sequence (AC055776)

27

from the unfinished mouse chromosome 10 clone RP23-
11015 ( Table 3 ). Unfortunately, AC055776 was still a
working draft made up of 21 sequence contigs in no
particular order. Analysis of AC055776 indicated that it
contained all 4 mouse OPRM1 coding exons. ¥ E10 was
also found to be included in AC055776. However, E5
and E10 were found in separate contigs and not located
near any of the coding exons; therefore, we were not
able to estimate the distance between these exons.

Four other mouse OPRM1 3' variants require the use of
4 additional exons (E6-E9, see Appendix 2). These
variants differ in their carboxyl terminal sequences.
When expressed in Chinese hamster ovary (CHO) cellsé
all variants showed high affinity to OPRM1 agonists, 13
which was not entirely unexpected. OPRM1 lacking
large parts of the intracellular C-tail sequences exhibited
a nearly identical ligand binding profile. % Antibodies
raised to recognize specific variants revealed distinct
expression regions from OPRM1, and within these
variants. “%** Three proposed variants, MOR1C, E, and
F, call for the presence of exon E7. We identified the
genomic arrangement of E7 since it was found to be part
of an unfinished mouse clone RP24-217J7 (AC101798).
Interestingly, E7 also demonstrated 88% identity with a
region in human phosphoinositide-binding protein (PIP3
E) gene (AJ310556), located in human genome clone
AL445220 ( Table 3 ) and a Celera sequence. The full-
length PIP3-E gene was found in 3 human chromosome
6 clones: AL132774, AL445220, and ALO033376
spanning ~90 kb. We then compared these PIP3-E-
containing human clones with the mouse working
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sequence AC101798. Sequences included in AC101798
were found to have significant matches (90%-100% in
some regions) with regions in these human sequences
and AL136444. No other human genomic sequences
have significant identity with AC101798. These
comparisons grongly suggested that mouse sequence
AC101798 was from the mouse chromosome 10, most
likely from the OPRM1 and PIP3-E gene locus.

E8 was reported to be composed of 66 bp, which was
found to be part (443-508) of the mouse 10-kb plasmid
UUGC1M library clone 1MO0112B22R ( Table 3 ).
Unfortunately, only 545 bp of the latter sequence is
deposited as AZ365875. We, nevertheless, used these
545 bp to search databases for homologous sequences,
and we found that the first part (1-232) was identical with
a segment (51028-51260) from a contig (50541-51265)
in the clone AC101798. A portion (300 bp) of the same
contig was found to match a segment from the rat
genomic sequence AC114432 (80% identity), but there
was no homology with any known human sequences.
The entire sequence of E9 (398 bp), the last putative
exon reported for the mouse OPRM1, was found to
share 99% nucleotide identity with an unfinished mouse
PAC clone AC091451 from the chromosome X ( Table 3
).

The 8 newly reported 5' splice variants used 4 additional
exons (E11-E14, Appendix 2). Three variants (MOR1H,
I, J) can produce protein sequences identical to OPRM1.
Other variants produce either 6 or no transmembrane-
spanning proteins. The RT-PCR method revealed
varying degrees of MOR1H, I, and J in various brain
regions. E11 and E12 were reported to be the two most
5-exons that are 1.8 kb apart. % We found E11 to be
part of the mouse genomic sequence draft AC101942.
Comparison of AC101942 with the human OPRM1
sequence AL136444 yielded multiple sequence
alignments that were relatively well conserved (75%-
91% similarity). Genomic search using E11 found no
human homologous sequence. E11 was included in a
single sequence readout of 534 bp in AC101942. When
these 534-bp sequences were compared with
AL136444, a moderate degree (82%) of identity was
found in 2 segments, 30 kb from the OPRM1 coding
exon 1. However, E11 was not included in either of the
homologous segments. E12 had no significant identity
with any sequences in AC101942. Intron regions
surrounding E11 (AF062755), but not E12, were also
found to be included in AC101942. E12 was found to be
part of the mouse genomic clone RPCI-24; only the 538-
bp sequence was known (BH121554). When the entire
538-bp sequence of BH121554 was used to search all
available databases, no additional homologous
sequence was retrieved.

Two other 5" ariant exons, E13 and E14, were found in
mouse chromosome 10 working draft ACO055776.
ACO055776 included all 4 coding exons, % E5, and E10.
Interestingly, both E13 and E14 were found in the same
contig (3051-5112). If this contig was indeed reliable, the
distance between E13 and E14 was estimated at 1448
bp, which was significantly shorter than what had been
reported. * The previous estimate was around 21 kb
between E13 and E14. Consensus intron/exon splicing
sites were met at all these proposed exons (E5, E10,
E13, and E14) and their intron junctions; however, none
of these exons, and hence the variants composed of
them, were found to have human orthologs available.
The same mouse clone AC055776, however, did not
contain E12.

E6 used by the proposed variant MOR1F failed to locate
any significant similarity with all sequences searched.

OPRM1 SNPs

A number of SNPs have been identified in the OPRM1
gene through direct sequencing and other methods,
which have been so far Iar%el)é limited to the cDNA
sequence and short intron 2. 14847 1 coding region
SNPs have been identified, of which 8 are
nonsynonymous. Several rare SNPs in the I3 loop have
been tested and shown to impair receptor signaling “®*®;
however, the significance of these SNPs in
heterozygous individuals carrying the SNPs (nho
homozygous case has been reported) remains to be
demonstrated. Two coding region SNPs occur at
relatively high frequencies, including 17 C/T and 118
A/G. The 118 A/G SNP leads to aa substitution,
Asn/Asp, at the extracellular N-terminus, which can
potentially eliminate a consensus N-glycosylation site.
When MOR1 A118G mutation was expressed in AV12
cells, it exhibited nearly identical affinity and activation
by opioid ligands, with the exception of the large
endogenous peptide -endorphin. * A118G variant
showed hizcr|4her affinity and increased activity to -
endorphin ; however, the same results were not
reproduced when A118G variant was expressed in COS-
7 cells. Molecular genetic studies employing
polymorphism 118 A/G in drug and alcohol abuse have
so far yielded conflicting results. Most studies found no
significant association of 118 A/G with polysubstance
abuse and alcoholism, 344474950 although there was a
trend of increased G allele in polysubstance abusers. 4
Two studies, however, found significant association of
118 A/G with alcoholism in a mixed population sample
(primarily Caucasian subjects) and with opioid
addiction in Chinese study subjects. 2 A list of all
reported human OPRM1 SNPs appears in Table 4 .
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Table 4. SNPs in OPRM1 Gene*

Position Gene Amino Acid Polymorphic Allele References
Location Change Frequency
—1045 AJG 5UTR — ~1 4% (48]
—895 C/A, 5UTR — M4, (45)
—B92 G 5UTH — 43% (4]
—550d GiA, AUTR — MLA, (4]
=488 GIT AUTR — MLA, (45
—254 AT AUTR — 1% (48]
—236 AG AUTR — =1% (48]
=172 GIT 5UTR — 11.4% (48]
=133 CiT 5UTR — =1% (48]
=111 CiT 5UTR — ~1 4% (45)
5S4 GIT 5UTH — A, (4]
—35CHA AUTR — 1.4%-5% (19, 45)
17 CiT Exon 1 B Alahal BE¥%-19% (19, 43-45)
24 GiA, Exon 1 SYNoONYmaus ~2 0% (44, 487
118 AG Exon 1 Asnfbsp 89.2%-139% (43-45)
440 C/G Exon 2 SerCys =1% (43, 45)
454 AG Exon 2 152 Asnibsp ~1 4%
52431 GIA Intron 2 — 14.3% (45, 53)
[WS2+106 T Intron 2 — ~1 4% (4]
[WE24357 TAA Intron 2 — ~1 4% (45
[WS2+438 G/A Intron 2 — ~i 3% (48]
[WE2+80 TIC Intron 2 — M4, (48]
[WS24534 CT Intron 2 — =1% (48]
MWE24H91 TG Intron 2 — 40% 45% 43, 45)
779 GIA Exon 3 260 Arg/His =1% (44 45)
794 GiA Exon 3 265 ArgfHis <1% (45, 4E)
802 T/C Exon 3 268 SerPro =1% (4a)
320 GiA Exon 3 274 Aspihsn 1% (45, 48)
942 (514, Exon 3 SYNonymaus =1% (44, 45)
fS3+437 AC Intron 3 — M4, (48]
401 /T J'UTR — ~2 9% (451

*mA indicates not applicable (SMPswith noreliable allele frequencies); OPRM1, mu opioid receptar; SMP,

gingle nucleatide pobkyrmarphism.

DISCUSSION  In this study we analyzed human
OPRM1 sequences and identified ~2.2 kb of
accountable cDNA sequence. Considering that human
OPRM1 mRNA is over 12 kb ( ***" and Wang et al,
unpublished results), there are additional cDNA
sequences at either the 5' or the 3' end. The available
human genomic data for the first time allowed a clear
arrangement of the OPR M1 gene, with precise intron
length and intron/exon junctions. Adding together the
unaccountable ~10 kb cDNA and ~80 kb genomic
sequences that 4 coding exons and introns occupy,
OPRM1 is at least 90 kb. This number may be
substantially longer if there are additional exons and
introns to make up the ~10-kb additional cDNA
seguence.

Human OPRM1A variant appears to be valid, given that
the entire OPRM1A variant sequence can be found in
intron 3 of OPRM1. However, this variant does not
provide any cDNA usage information beyond what has
been identified for OPRM1.

On the contrary, the other reported 5 and 3' splice
variants 2" %% may offer insights into additional cDNA
sequence usage as well as OPRM1 multiple subtypes.
However, the only human homologue of these additional
exons identified in the study was E7, which may
represent a sequence from the human PIP3-E gene
(AJ310556). PIP3-E, previously identified as KIAAO4OSA
is the first gene 3' from OPRM1 with known function. °
Another gene, LOC154045 (XM 094669), was identified
by only a computer predication program, GenomeScan,
and located between OPRM1 and PIP3E. Most likely,
E7 also represents part of mouse PIP3-E, although such
information is not available from the mouse genome. E7
was used in variant MOR1C, E, F, and M. **** E9, which
was required for MOR1C, D, E, F, M, and N, was found
to have 100% identity with mouse chromosome X
sequence (AC091451). Due to the draft nature of
AC091451, it cannot be entirely ruled out that the E9
containing portion of AC091451 has sequencing or
cloning errors. Antibodies made from the unique peptide
sequences of MOR1C and MOR1D have been used to
detect immunoactivities for these proposed variants in
rat and mouse. “>** In both cases, the antibodies were
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made from peptide sequences that were primarily
encoded by E8, so the immunoreactivity was largely
independent of the presence of E7 or E9. Our analysis
indicated that E8 was located in the mouse sequence
AC101798, a mouse chromosome 10 clone that also
included OPRML. In addition, part of a larger sequence
containing E8 was found to have a rat homologue. There
has been 1 study that found MOR1C-like
immunoreactivity in human spinal tissue using the same
MOR1C antibody. ** However, the epitope peptide was
found to have no similarity to any known human protein
sequences.

The 4 mouse coding exons, and E5, 10, 13, and 14,
were found in the mouse genomic clone AC055776. The
distance between E13 and E14 was estimated at 1.5 kb.
A segment of a sequence contig containing E14, but not
the E14 region, demonstrated significant similarity to
human chromosome 6 clone AL136444. These data
suggest that additional exons in the 5' variant MOR1G-L
and 3' variant MOR1B are within a reasonable distance
from the other coding exons in OPRM1. However, we
found no human ortholog to support the presence of
such variants in the human genome. This is not likely to
be due to the lack of human genomic sequence
information, as the regions surrounding OPRM1 are well
covered with overlapping sequences; it may be due
instead to the differences between the 2 genomes.
Although the OPRM1 nucleotide sequence is relatively
well conserved ( Table 3 ), lower similarity was observed
in OPRM1A unique 3' sequence and 3'UTR regions
between the 2 species. However, the significance and
function of the OPRM1 5' variants MOR1G-L are
somewhat unclear. MOR1G-L produce proteins
containing 6 or 0 TMs, uncharacteristic of a Gprotein
coupled receptor. When alternative translational start
points are used by MOR1H, | and J, a protein identical to
that encoded by OPRM1 cDNA is produced in all 3
variants. If this is the case, then the OPRM1 expression
is under the control of multiple promoters.

In summary, this study was able to locate the human
genomic sequence for the OPRM1 variant OPRM1A. We
were able to identify the mouse genomic structures for
several proposed variant exons. Little evidence was
uncovered to support human orthologs of 5' variants and
OPRM1B, whereas similarity to human PIP3-E gene and
mouse chromosome X segment raised concern for other
3' OPRML1 variants.
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APPENDICES

APPENDIX 1. Human mOpioid Receptor cDNA Sequence

1

51

101

151

201

251

301

351

401

451

501

551

601

651

701

751

801

851

901

951

GATGAGCCTC

AATGTCAGAT

CAGCCAGGAC

TGTGAACTAC TAAGGTGGEGA GGEGEEECTATA
GCTCAGCTCG GI'CCCCTCCG CCTGACGCTC

TGGTTTCTGI AAGAAACAGC AGGACCTGIG

CGCAGAGGAG

CTCTCTGICT

GCAGCGGECEA

AAGGAAGCGG CTGAGECGCT TGGAACCCGA AAAGICTCGG TGCTCCTGEC

TACCTCGCAC

CTGCCCCCAC

TGCTCCCCAG

TGECAACCTG

GAGACAGCCT

ACGATCATGG

CTTCCTGGTIC

CCAACATCTA

ACCCTGCCCT

AACCATCCTT

CCAGCATATT

TGCCACCCTG

TATCAATGIC

TGITCATGEC

ACATTCTCTC

AGCGGTECCC BCCCEECCGETT CAGTACCATG
GAACGCCAGC AATTGCACTG ATGCCTTGEC
CACCCAGCCC CGGITCCTGG GICAACTTGT
TCCGACCCAT GCGGTCCGAA CCGCACCGAC
GIGCCCTCCG ACCGECAGIC CCTCCATGAT
CCCTCTACTC CATCGIGIGC GIraGrGaaE=C
ATGTATGIGA TTGITCAGATA CACCAAGATG
CATTTTCAAC CTTGCTCTGG CAGATGCCTT
TCCAGAGTGI GAATTACCTA ATGGGAACAT
TGCAAGATAG TGATCTCCAT AGATTACTAT
CACCCTCTGC ACCATGAGIG TTGATCGATA
TCAAGCCCTT AGATTTCCGT ACTCCCCGAA
TGCAACTGEA TCCTCTCTTC AGCCATTGGT
TACAACAAAA TACAGGCAAG GITCCATAGA

ATCCAACCTG GITACTGGGAA AACCTGCTGA

GACAGCAGCG

GTACTCAAGT

CCCACTTAGA

CTGEECEEEA

CACGGECCATC

TCTTCGGAAA

AAGACTGCCA

AGCCACCAGT

GCCCATTTGG

AACATGITCA

CATTGCAGIC

ATGCCAAAAT

CTTCCTGTAA

TTGTACACTA

AGATCTGIGI

TTTCATCTTC GCCTTCATTA TGCCAGIGCT CATCATTACC GIGTGCTATG

1001 GACTGATGAT CTTGCGCCTC AAGAGTGICC GCATGCTCTC TGGCTCCAAA

1051 GAAAAGGACA GGAATCTTCG AAGGATCACC AGGATGGIGC TGGTIGGTGGT

1101 GECTGIGITC ATCGICTGCT GGACTCCCAT TCACATTTAC GTCATCATTA
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1151

1201

1251

1301

1351

1401

1451

1501

1551

1601

1651

1701

1751

1801

1851

1901

1951

2001

2051

2101

2151
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AAGCCTTGGT
TTCTGCATTG
TGCATTTCTG
CAACCTCTTC
ACTAGAGACC
GCTAGAAAAT
TGCCATTCCG
GGITGCTTCA
CTTTTAGGIC
TAGAGCGACA
CACACCGAGG
TCGTGGTATG
AGATTTTATT
TTTTGITAAG
AAAGCACCTT

ATGAATCCAT

TACAATCCCA GAAACTACGT TCCAGACTGI TTCTTGECAC

CTCTAGGITA CACAAACAGC TGCCTCAACC CAGICCTTTA

GATGAAAACT TCAAACGATG CTTCAGAGAG TTCTGTATCC

CAACATTGAG CAACAAAACT CCACTCGAAT TCGICAGAAC

ACCCCTCCAC GGECCAATACA GTGGATAGAA CTAATCATCA

CTGGAAGCAG AAACTGCTCC GITGCCCTAA CAGGGICTCA

ACCTTCACCA AGCTTAGAAG CCACCATGTA TGTGGAAGCA

AGAATGTGTA GGAGECTCTA ATTCTCTAGG AAAGIGCCTG

ATCCAACCTC TTTCCTCTCT GGCCACTCTG CTCTGCACAT

GCCAAAAGTA AGTGGAGCAT TTGGAAGGAA AGGAATATAC

AGTCCAGITT GIGCAAGACA CCCAGTGGAA CCAAAACCCA

TGAATTGAAG TCATCATAAA AGGTGACCCT TCTGICTGTA

TTCAAGCAAA TATTTATGAC CTCAACAAAG AAGAACCATC

TTCACCGTAG TAACACATAA AGTAAATGCT ACCTCTGATC

GAATGGAAGG TCCGAGTCTT TTTAGIGITT TTGCAAGGGA

TATTCTATTT TAGACTTTTA ACTTCAACTT AAAATTAGCA

TCTGECTAAG GCATCATTTT CACCTCCATT TCTTGGITTT GIATTGITTA

AAAAAAATAA
TAGCATGAAA
TGATTCTCAT

TCATTCTTAG

CATCTCTTTC ATCTAGCTCC ATAATTGCAA GGGAAGAGAT

GGTAATCTGA AACACAGTCA TGIGTCANCT GTAGAAAGGT

GCACTNCAAA TACTTCCAAA GAGTCATCAT GEGEGGATTTT

GCTTTCAGIG GITTGITCCT GGAATTC

11
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APPENDIX 2. Proposed Additional mOpioid Receptor Exons

E5 LENGTH: 280 (based on sequences described in Pan et al. [32])
1 GAAAATAGTA TTATTTTGAA AAGGCATATA CACAGAACTG GGAGAAGCAC

51 GOCAGAGATA TTTTGTCACC ATATGGCAAA TGTAAGCCTA GAAACCAGGG

101 TACCTGATGC TGGTGCCAAC COCACTGACA ACCACTTGTG CAAGAACATC

151 CCATGCTGGI AGITGITGAA CAGATTTCTT CATGACCAGA AGATCATTGA

201 CCTCTAAGIT TGCTCTAGAG TTAGAACCTT GITGATTACA TCATTCAGAC

251 TCTGGGCAAG CTTCTCTCAA TGAACAAAGG

E6 LENGTH: 121 (based on sequences described in Pan et al. [32])

1 AAGAAAAAGC TGGACTCCOCA GAGAGGGTGI GTACAGCATC CAGTGIGACC
51 TGTCCCTTGT CTTTGAGCCT GGGGECCATC TTCTTTCACA GCATACCATT

101 TCCTTGTATC CTCTCTGAAA G

E7 LENGTH: 89 (based on sequences described in Pan et al. [32])
1 CCAACCCTGG CAGTCAGCGT GGCCCAGATC TTTACAGGAT ATCCTTCTCC

51 GACTCATGIT GAAAAACCCT GCAAGAGTTG CATGGACAG

E8 LENGTH: 66 (based on sequences described in Pan et al. [32])
1 AGGAATGAGG AACCTTCTTC CTGATGATGG CCCAAGACAG GAATCCGEGG

51 AAGGCCAGCT TGGCAG

E9 LENGTH: 389 (based on sequences described in Pan et al. [32])
1 GTGAATGTCA TCOGAACACA GGGATGAGCT GGTGAGCAGT GTGGAGGTGC

51 AGGCTCTGCT AGAAGACAGC GAGAGEGAAG ATGOCTTTCA CTCATAAAGG

101 TTAGGAGITG TAAGTGTAAT GICTAATGTA TTGICTGGIT TGOCGTATTG

151 CGTGITTTCA TACGAATGAC TTGGCAATGT AGAGACAGCC TGTTAAACAT

201 GGCAATGTGG CTTCTGIGGA CACCGCTCTC ATGOCACTGT GTGCAAATAA

251 ACAAGGEGACT TOCTTAGGAG CAGCCTAGOC ACCTTACATG AAGAGTTTCC

301 TAATGTCACA GAAGAGGAAC GAAAGCCAGT ATTTGITATG ACACTGTTTC

12
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351 TTCTAAATAA TGTAATTAAT AAAATAAAGA AAAACATGG
E10 LENGTH: 186 (based on sequences described in Pan et al. [33])
1 GCACCATGTG CATGCGTGCC TGGAGCCAAC AGAGGTCAAA CGAA
51 AGATCTTCTG GATCTGGAAT TGGAGACAGT TGGGAGCCAC CAGG
101 CTGAAACCAA CCCAGGTCCT TACGAAGGCA GCAAGIGCGC TGAA

151 GOCATCTCTC TGGTCCOGCT ATATTAGCAT TGTGCT

E11l LENGTH: 185 (based on sequences described in Pan et al. [34])
1 TTTTACTGIC CTTGAGAATG GAGAGGATCA GCAAAGCTGG GAAGCC

51 AGGCTCATTT CAGAGAGAAT ATTCCACAGA GCTTGAAGEC GOGEGA

101 GEOCGATGAT GGAAGCTTTC TCTAAGTCTG CATTCCAAAA GCTCAG

151 AGAGATGGAA ATCAAGAGGG GAAGAGITAC CTCAG

E12 LENGTH: 129 (based on sequences described in Pan et al. [34])
1 GICTTGIGCA GGTGCACTGC TGCTGTGAAT TCATGAAGAC
51 COCTTTAGAAG ACAGTGCTTC ACAACACTCC CAACTAGOCT

101 TGITCAC GTCCCCTCTT CTGAAGCAG

E13 LENGTH: 149 (based on sequences described in Pan et al. [34])
1 ACACCTCATT CCAAGGAAGG AAATTATCTT TTTAAAACTG AAATAACTAG
51 GCATTCCAAG CACCTGGEOGG TGAGCTGATA AAGACTGAGA GTGTAATGAG

101 TCAGAAAATT GIGITGGGTT CCCCTCTTGA GIGTGACTAA TGTCAAAAG

E14 LENGTH: 108 (based on sequences described in Pan et al. [34])
1 GCTCCCTCTG TCCATTCTTT TCCTGAACAA AGAGTCATGA CAACTCAAA
51 AATCAACTGA AAATCAAAAT AGAAAATGGG CTAAGGCAAC TGGTOGACC

101 CCACAAAG
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