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The single copy mouse opsin gene produces five ma
jor transcripts, varying in size from 1.7 to 5.1 kilo- 
bases. The mRNAs are present at levels that vary over
2 orders of magnitude and can be detected as early as 
postnatal day 1. Each of the transcripts is polyadeuyl- 
ated and can be identified in polysome-bound RNA, 
suggesting that each is translated tn vivo. To elucidate 
the molecular basis of this complex transcription pat
tern, we have characterized genomic fragments cov
ering the entire mouse opsin gene, including several 
kilobasesof 5 '-  and 3 '-flanking regions. Transcription 
initiates at a single site 97  base pairs upstream of the 
translation start codon. Northern hybridization with 
exon- and in tr on-specific probes demonstrated that the 
various transcripts are not generated by partial or 
alternative splicing. Sequence analysis of the 3 ' end of 
the gene showed the presence of multiple polyadenyl- 
ation signals. Analysis by polymerase chain reaction 
of the 3 ' end of opsin cDNA demonstrated that the 
complex transcription pattern originated from the se
lective use of these polyadenylation sites, generating 
transcripts that differ only in the length of the 3 '-  
untranslated region. Transcript heterogeneity similar 
to that observed in mouse was also found in rat and, to 
a lesser degree, in human and frog opsin mRNAs.

Phototransduction in mammalian rod photoreceptors op 
erates via a com plex enzyme cascade initiated by the absorp
tion o f  light by rhodopsin (1 ,2 ). R od  rhodopsina are comprised 
o f  a chromophore, 11-cis-retinal, and a 40-kDa apoprotein, 
opsin (3, 4). T he amino acid sequences o f  bovine (5, 6) and 
ovine opsins (7) consisting o f  348 residues have been deter
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mined by peptide sequencing. The mammalian opsin genes 
that have been identified thus far are present in single copy 
in their respective genomes (8 ). The human gene was mapped 
to the Long arm of chromosome 3 (9,10), and the mouse gene, 
to chromosome 6  (1 1 ). Genes and cDNAs encoding opsins 
have been described for various vertebrate and invertebrate 
species, including bovine (12), human (13), Drosophila (14, 
15), mouse (16), octopus (17), and chicken (18). The charac
teristic organization of the mammalian opsin gene is a 5- 
exon, 4-intron arrangement with highly homologous exon 
sequences and with precise conservation of intron positions. 
Mutations in the opsin gene may disrupt phototransduction 
and therefore lead to blindness. Recently, a point mutation 
in exon 1 (a C to A conversion in codon 23 resulting in a Pro 
to His substitution) of the human opsin gene has been impli
cated as causative of one form of autosomal dominant retinitis 
pigmentosa (19). In an earlier, unrelated study, an autosomal 
dominant retinitis pigmentosa gene in a large Irish pedigree 
was mapped to the long arm o f chromosome 3 (20). In order 
to facilitate studies aimed at the establishment of a mouse 
model for this blinding disorder we have extended our prelim
inary characterization of the mouse opsin gene (16). It was 
shown previously that transcription of the gene produces at 
least five major transcripts (16,21, 2 2 ). The sizes of the RNAs 
range from 1.7 to 5.1 kb, 1 and the various species are present 
in the rod cytoplasm at levels that vary over 2  orders of 
magnitude (16). The major transcript of the bovine opsin 
gene, in contrast, is a 3-kb species which was shown to contain 
a large 3'-untranslated region (1 2 ). The molecular basis lead
ing to the heterogeneity observed in mouse is not understood.

In this paper, we present the complete sequence o f the 
mouse opsin gene, including introns and flanking sequences 
(9.5 kb). We show that the transcript heterogeneity is not 
generated by alternative splicing or by the use o f multiple 
initiation sites. The gene sequence contains several putative 
polyadenylation sites resembling the AATAAA consensus site 
(23) in the 3 '-flanking region. We provide evidence, by PCR 
amplification of 3 '-flanking sequences of opsin cDNA, that 
the transcripts observed are generated by the selective use of 
these polyadenylation sites. Moreover, we show that the pat
tern of multiple transcripts is not unique to the mouse, but is 
also present in the rat (four transcripts), human (three tran
scripts), and frog retina (two transcripts).

M A T E R IA L S  A N D  M E T H O D S

RNA—Retinas of various vertebrate species (adult normal C57BL/ 
6.1 mice, rats (Long Evans), Irish setter dogs, humans (a generous

1 The abbreviations used are: kb, kilobase(s); PCR, polymerase 
chain reaction; PN, postnatal day; hp, base pair(s); mcs, multiple 
cloning site.
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gift o f the [.ions’ Eye Hank, Houston, TX), and frog itiana pipiem) I 
were excised from enucleated eyes and immediately dropped into 
liquid nitrogen. Total RNA was isolated according to Chirgwin et al
(24), and poly(A) raRNA was isolated by two sequential passages 
through oligo(dT) columns (25). In some cases, poly(A) mRNA was 
also isolated according to the Fastrack procedure (Invitrogen (26)). 
No apparent differences in mRNAs from these procedures were 
observed. For Northern blotting, RNA was electrophoretically frac
tionated on 1% agarose gels containing 2.2 M formaldehyde and 
transferred by capillary action (27) to Zetaprobe or Nytran mem
branes. Labeled opsin-specific oligonucleotides, opsin cDNA, or 
MOPSl fragments were hybridized to the filters in 50% form amide 
containing either 6 X SSC (0.90 m NaCl, 0.09 m sodium citrate) or
1.5 x SSPR (0.36 M NaCl, 0.02 M sodium phosphate (pH 7.7), 0.002 
M EDTA) at 42 'C. The filters were washed three times in 2 X, 0.5 
x , and 0,1 x SSC, 0 .5% sodium dodecyl sulfate at 55 *C for 20 min 
each and exposed to Kodak XAR5 film with an intensifier screen at 
-7 0  'C for the times indicated in the figure legends. The transcription 
start point of opsin mRNA was determined by extension of synthetic 
antisense oligonucleotides according to Ingolia et al. (28),

Complementary DNA—The three cDNA clones M2-M4 (Fig. 1) 
were isolated as described previously (16,29). Exon-specific fragments 
were isolated by digesting the 1.1-kb M2 insert with various restric
tion endonucleases according to the following strategy. M2 insert 
digested with Xhol yielded a 27()-bp 5' fragment which is exon 1- 
specific (Fig. IB, x/). The 848-bp S' fragment was digested with Pvull 
to give a 339- and a 509-bp fragment. The 339-bp Xhol/Pvull frag
ment was digested with Real. The resulting 142-bp fragment is exon
3-specific (x3); the larger 197-bp fragment was then digested with 
HaeUl to yield a 102-bp exon 2 probe (x2). The 509-bp Pvull/Xhol 
fragment was digested with Sari, yielding two fragments that were 
digested with Mnfl. The resulting 194-bp fragment is exon 4-specific 
(x4), and the 140-bp fragment is exon 5-specific (Fig. it, *5). All 
exon-specific fragments were shown not to cross-hybridize to each 
other by a standard dot blot procedure and to hybridize to the original 
M2 cDNA (results not shown).

Genomic DNA—A 5-kb genomic A’coRI fragment (Fig. 1, MOI’Sl) 
was isolated as described previously (16). Genomic clones with ap
proximately 15-kb inserts (XMOl and XM02) were isolated from a 
bacteriophage library which was prepared by cloning partial Mbvl 
digests into the HamHl site of EMBL3 (Clontech). Pst] and A'ho I 
subclones of MOPS) and EcoRl/Sall, Xhol, and BamHl subclones 
representing flanking sequences of the opsin gene were generated 
using standard procedures (30) with pUC or Rluescript vectors. 
Subclones were sequenced using the double-stranded plasmid se
quencing technique 131), M13 universal and sequence-specific 
primers, and Sequenase (U. S. Biochemical Corp.), Sequencing reac
tions followed the Sequenase protocol except that 100 ng of primer 
were used for each set, and incubations for annealing were omitted. 
The coding region and introns of opsin were sequenced on both 
strands (the untranslated regions in only one direction), using dITP, 
where necessary, to resolve compression problems. Radiolabeling of 
DNA fragments was by nick translation (30) or random priming (32).

Oligonucleotide Synthesis—Oligonucleotides W9 and W11-W13 
were from Genetic Designs (Houston, TX), purified by preparative 
polyacrylamide gel electrophoresis (19% acrylamide, 1% bisacrylam
ide, 7.5 m urea), and allowed to diffuse at 4 *C into 500 >d o f H^O 
overnight. An aliquot containing 100 ng o f DNA was directly used 
for DNA sequencing. For PCR amplification, the eluate was concen
trated by precipitation in 50% isopropyl alcohol. Oligonucleotides 
W34-W60 were synthesized on a PCR-MATE DNA synthesizer 
(model 391 A, Applied Biosystems, Inc.) and deprotected in 14 M 
NHiOH at 55-65 *C for 12-18 h. After lyophilization, the oligomers 
were dissolved in 300 pi of water, quantitated by spectrophotometry 
(1 A m , -  33 **g), and diluted to 100 ng//»l. End labeling of oligo
nucleotides was performed with T4 polynucleotide kinase and (-y- !!PJ 
ATP.

Polymerase Chain Reaction—To map the polyadenylation sites in 
the 3 ' end of the opsin gene, the polymerase chain reaction (33) was 
modified to allow amplification of specific 3 '-untranslated regions
(34) of opsin cDNA. In the first step of this procedure, retinal cDNA 
was synthesized with reverse transcriptase using an oligonucleotide 
primer, 3' T16AGCTATAGATCTAGACGCCGGC(JTACGCC 13'- 
Ti*-Cfo]/EcoRV/Bs/II/.iVo£l/i>p/iI or 3 '-T !(s-mcs), consisting of an 
0lig0(dTi«) domain and a 29-nucleotide multiple cloning site (mcs). 
The conditions for cDNA synthesis were according to the manufac
turer’s protocol (Fromega Biotech). In a second step, the cDNAs 
produced were used directly after a 10-fold dilution as a template for

PCR amplification. The cDNA regions to be amplified were delimited 
by a primer (5'-CCGCATGCGGCCGCAGATCTAGA, mcs23) which 
contained the first 23 nucleotides o f T^-mcs, and by ops in-specific 
primers (W9-W69, Figs. 2 and 4), Thirty cycles of amplification were 
performed in a thermal cycler (Ericomp) at 92/72/55 'C  (denatura- 
tion, 1 min; extension, 2 min; annealing, 2 min; final extension, 10 
min) with 2.5-4 units of Taq polymerase iPerkin-Elmer Cetus In
struments) and 1 X Taq buffer (50 mM KCI, 10 mM Tris-HCl, pH 
8.3, 0.1?t: gelatin) modified to contain 0.9-1.5 mM MgCl,. The optimal 
enzyme and Mg^ (1-2 mM) concentrations were determined individ
ually for each set o f primers. The length of the amplified DNA 
fragments was determined after electrophoresis on 1% agarose gels, 
Southern blotting, and hybridization with opsin-specific prolies. In 
some cases, fragments of interest wf?re purified by agarose gel electro
phoresis and sequenced directly,

RESUITS

Characterization of Mouse Opsin Clones—We previously 
described the isolation of a 5-kb genomic clone MOPSl (16), 
which was shown to contain the complete opsin-coding se
quence, including the four introns but only short flanking 
regions. In order to characterize larger genomic fragments 
containing several kilobases of S'- and 3'-flanking sequences, 
we used MOPSl to isolate two overlapping genomic EMBL3 
clones (AMOl and XM02). AMOl is the parent clone for all 
genomic subclones (except MOPSl) described in Fig. L4. It 
contains approximately 6  kb of sequence upstream from the 
translation start codon (ATG) and 3.5 kb of the 3 '-untrans
lated region. The 1.3-kb Xho\ fragment X X I, whose 3' Xhol 
site is located just 10 bp upstream from ATG, contains puta
tive CCAAT and TATAA boxes (Fig. 2) and, presumably, 
other upstream transcription regulatory sequences. The 3'- 
flanking fragment ES4 contains several polyadenylation sites 
(see below). The cDNA clones M2-M4 (Fig, IB) were de
scribed previously (16).

Structure and Sequence o{ Ifu; Mouse Opsin Gene—A com
plete composite sequence (9.5 kb) of the mouse opsin gene, 
starting with the 5' Xhol site of X X l and ending at the 3'

A

i ipp

B
----  M3

—  M4

Fig. 1. Map o f  the mouse opsin gene and its mRNA. A,
restriction map and extent of the mouse opsin genomic fragment X 
MOl (15 kb). The vector is indicated by hatched boxes. Single letters 
symbolize restriction sites that were used for sequencing and subclon
ing (S, Sad (X); K, A'coRI; X, Xhol; A, Xbal\ P, Pstl). Lines underneath 
the restriction map represent the extent of genomic clones between 
two sites. Except for MOPSl, genomic clones are named using the 
single letter symbols of their flanking restriction sites, followed by 
the approximate length of the cloned insert in kilobases. Below 
MOPSl is a schematic representation of the opsin pene. /faxes indi
cate the extent o f  exons and lines connecting the exons denote the 
length of introns. B, schematic representation of opsin cDNA. The 
filled box represents the coding sequence, and open boxes are the 5'- 
and 3 '-untranslated regions. The actual 3' end o f the structural gene 
is undetermined. The extent of cDNA clones M3, M4, and M2 is 
indicated below. A restriction map of M2 with sites used for excision 
of exon-specific fragments is shown at the bottom (M, A/riil; X, Xhol; 
P, PlHiII; H. Harl II; K, /?,vaI; C, SacI). The positions o f introns in M2 
are marked with arrowheads, xl-xo, exon-sjiecific probes.
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rfL-ccLiktcCC'. ".xcr •??«:<:«-nntt. i*au' =e.ie: «<ir^aagg<;t ;g?aicaag
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lTTGGCTGG7C"Ajsiaf.‘-gei«;i g*(p.*' eggĝ  t' ggcaagst ̂ T.tt â ggg Jf-tc 
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-.■.‘gaggacasig4gc:=:.Egjai'_9ĝ iccagg5aiaat(riaiiatggtfltLg=cĉ cg 
jjc#catJ0̂ 9yT3*nTT.:.r̂ ras/?jCtaa<;gtct:afl5atag5g4qaa9aga9(fiTavi<ra0 
^ggi ccaat ̂ Agtcti^ttccaT.g; ct^agac^^aiaacjagcagaa ccccggaeat'.cc daĉ tttcae?!-332̂ a3tuy0tvî CC'CQaciaiiî idŝ ĝ raaaî diiiaLcc'.c 2S2C 
r̂t̂ ctt̂ asLtcct ■?ft3gtgggc.?~=?-crc\ct.c,-‘.5ci ci5'.c?c*.5a;'c*c-'t.

gg* î'TjgC5t?'--?9aĝ 99gct9**;«TĈ 9i>i'i»'*‘̂ :*̂ '35t̂ flC*t-t jtajccca
-^— vg« act «$$*_ essa ? c sags?-;- aggc ̂ a ? i a-.a-.c-.a<»<»--q3gacA.a3ag a ̂ ggc t ggg 

<iCaga.C$'_T*.cii:ac;t Sigâ ĝg;*.AL̂ iXjgT.iC-'ir̂ q*?”:*zagagAirLClCCat v 
~t.c*.CL?:'.CA'.%z :c;»"?<;*=-" igsgâ -coacjtaĝ Ecccc »c*;t gayicagagc 2~CC- 
rccr.r;a::* C \ i : : z ‘  ::aL vctctC :ra~c* ggc‘. tggcô zccicta -
iigacaca:̂ ca?tega-Cdv? tgggf.i.V;-:gjg: gtggccragiqiea:zgLcctcagiia 
veiteacaaci’. ?t? ecJ.agaigsi.gcd̂ atacccr'.̂ atss-sjjcagrq̂ VC--̂

Fig. 2. Complete sequence o f  the mouse opsin gene. The 
composite sequence of 9466 nucleotides is numbered in 300-bp inter
vals on the right; position 1 is the transcription start point (tup). 
Sequences upstream of this point and introns are in lowercase letters, 
and exon sequences are in capital letters- TATAA and OOAATT 
boxes preceding the transcription start point and polyadenylation 
signals downstream of the translation stop codon are boldface fooRI. 
A’bol, and Xhol sites used for subcloning are italic and boldface. 
Abbreviations for oligonucleotides (W9-W60) used for the polymer^ 
ase chain reaction, in Northern blots, and for DNA sequencing are 
shown in the left margin, and their sequences are underlined. Arrows 
to  the left or right indicate antisense or sense direction. Also shown 
in the left margin are positions o f  polyadenylation sites (A1-A9), 
exon designations framed by rectangles, and the CA repeat in intron 
1, The predicted amino acid sequence for mouse opsin is shown in 
single letter symbols underneath the exon sequences.

Exon 3

Exon &

Exon 5

A1
wjj - 
wW ■*

A2 
\Y:i -7
A3 -

W41-1
A4 -'

A5

W53 .
W£2 ’■
A6

A.7

W£6
A8 - 
A9 ■■

tiS iaC ^  ti'.tc-agAgctf':'.^; :g*,‘, A C V JaC A catcs<at.gc«ca«aggia -tc:ca9g
dagc:cvcdgagea^.gci.ccT stc!.cc<»g5*t t2 t s t 9 * * -a e t c c 5 it a a « c » * c g a a
x-egggcac :aggc' agiggac-£agaô tocg'ggtr:Aayrgĝ *ggv'd5w-'-aâ®*" * - "CAd«CL-:'jcagiai!<raag-:.t:"-i:aLLa3g'_fiaigij33GG0gciLg5-MafiM?MCJL'l
-,1-t g*: ■: ityVuL-jLi - - tggzr-,-;' 7 :. g t.:. rr. - % L-7 <:■;■; zrr - ‘ t fiĈ CI-SiJ

(itra937Ar.r.7Cr..tt'GA3v-7CA7'î AAT':77̂A7̂ -5?Ĝ- - ̂ ACTACTACnCACTCA
r : t. IA: i: iTw AA iAA' : iAA7C7 7 7 7 GTC fcTCTAC A1-3TJ C 3 : GGTC C ACT-: r ACCAT7 -
:■ t •-• 1; t; C L. ] V i Y W F I? V h r T ]

■tggggooc : c c c * ’cgtc-: z ^ r ^ z q q q - ggiagagc-cagg: ggg^ag^g" 5°gT 

i:â g'i7= ^̂ EEi-ig'jd£fl£=aigg?:" ?. A

r»iCAu'-AOoAi v'A.'V; wA'C A7 7 CA5 AA vi*7A5 * v#^Gfi AAGTC AC 3CGC A7G 2? ? AT ̂A

'iiC 7 7CC CTAC 37w A'iT J TJGC CTT '17ACA7 ̂ T 
W ■_ v « A i: V A J If ]

GAOCTC 7 ICC at:; :>~ ;»A7 ZZCZ rCA7 Z7n̂iTrA7G77GAA3AA.;̂ hG<Jl.̂ -:-99̂- 
: £ : : v n p v ; ¥ ; « [1 a r. ;

tgAggcagj.

■ ggw:fl.iTs t r-
Cl' JOV.C'.i
;gtti;̂ cc:-r'.gajig;,in.

'..I gi]r»a :: - 
eggt 'Jagic 
1 râ.dllJJC:
■̂mcip

g^cgAgj^tg-ceuagigaaggggaqgn^TaCTrt-'.ggg acagqgg»g 
.i;;s:Lgg ca^-cc rA^grtCTjcgaacecccJflgc".
^r.ccCLtj ccitcsfiicEac’-c^ig^grtg^^as^ccgi^flfl^igg 

.i«udL-taeĝ va9iia?Ti :̂ <r7̂ jraâ agege aat'̂ t ',?■ Ajt 
c<al.‘g "7"t.g>’g-- ,:^a^^ta a c : c
< c saig^agg^^gt.gdtgztct: vget iLa-.c£cagca '.L-caggaca 
oT.tsg«iiifl:tcaiidirctaf-"T tT.gaccaT.aiag'. 5iL-.-.?gg5gcoc 
 ̂go sjaic*. yi^tia 1 0  jv‘;̂ a<i ;c«ga^a^aT caag: ig;t ;tAa« 
-ggr s*t catt-c.<Lja?rr: t qclaCaaalgcva^tt^S^s
dzaciactg'caia~gcia eaglet ctc‘_nt ̂ gabaa^ga^gT ggT.r 
r----̂ ss?’.’_£aa<i,.i:" atL"_c;gi :c :a' tT.aagz:7 if:gj,-cc:; 
a', ̂'.cccca; t u<7CTi. - - - scT.ntt t j»<> g scccai^
Aa.caa'.<.UdL*A,.v:acrr.)i:-c?£:gccL:%aiC(jca,.cc-aca7 c;dCd'; 
\ 5ac**'-act;zzi’.cigr? at .7-V-C-Az-LggCS*.etc.-C'-t-gai 
■_m. j 5 ■; a nq c' 7 z cc c fl.'Q j a l ag? z 1 1  p □ t ga g ?=ga-c a - ac. g g a 

iggcag ̂t-jL-'.dyug:: g: c?igactggagcct ctgccc^^cca

GCAA jtiAT^C n ZTG GSA5 A 7 SA^i-A

Z":i. "-Z “ * 'AAA *T AJjA3T^ 7 IGT >717 C“AL! A ̂ AC'.'L C iVJCCAtj*. vC C ̂  l i f t

77TAA7«*A,? nAAA7GAGG7  :CC TC AC TC AA7C'SCCACA'--w 7 70ACAAAG
i-AC A?CCM'CC ACT AA jA7C ~ *C Z 7CAA7C7G jA-.'T- - i if>.7 7L'Cai.WK i JC CAGC 'j' 
GAT IT 37AC 7TT71C JTCA-J C tt;- 7 U TJ.TVA: i: ijj,: AT 3A TÂ .G TGCI CCG^rT 7 /.GT-iT

T AAAT G T T7AGGACA G AA7( i^JkA^I^ATAv 7J>0"t2r.?TAIkTAA*7 5C? AG27GGATGAA 
•J 3 3AC-C *>7CAS: GA77GA "C GA37G 3AT A T ATGA GTGAAC joATT AAT GaAAGC-CAAC A 
7 Z 3AT t T ;:C7C*S«7CCCCAACC7 3 37A»h ICC A3 T7 A75 7 TT T̂rC 7^r-AAT^7 A.TAAQC a1‘* “  »ftC ĈC'OwCĈ>î ”v"?"̂ "*uCV>̂CCC**̂ taiiCCAytTwaMC<"vĈ 
A AT CCô G?>::̂ :̂ 7fiA7 Ar»AA7A7G<Tr 7 3CT 7 3AAA3 * «A5 A j *5 A7&A'oSS>j A jjCh'JGo 
vwA'J 3oAvAoAGG>iAC>GG AGGGAC-ACA7Aj hG jOG” 06 "(Cv ■ C" GTG7G
TG7 ̂ 7CTA7AAACaSI777 TAT AT AAACAG7ACAV"7 3G7AJ*tTA“S7^A"AA37AACAC 
• s *  .TAATATAATTAATTAA::ATnXTAATVCTV^ 7K K 7 TGTT AG75AC: CC 7TZ-Z 3AA 
TTA 0 3Cf AA S 7 AC 7CASA7WUto7 A777CC 27 TTK^TAG'JC TCTTG C AAA 
TZh~C.1 n '-7:2 7 7 7C hZ T .'CCC A ^ . r̂AiTir.flr: TC.-3A7TA: A.GA-GA7AAAT GACA^TGAC 
AS i AACGTG nCCT G CAG'^'-’TATifl&ACVGAGA/iAGC ATCGA 3AC 7A GGGG 7CT;*CC 3CA 
AG G JC7AC 7.7CC 7 C 37 T TCAGT A* GG AAA CC7TGCCT 7 A7G7C7 C77AGC3rC0’T7 Z 'X Z  
‘  3 ?<j'JÂ *7CJAJ ■ J^ '.Z Z T .Z Z 7 TGGC T T C7$»A7ACA“  ;3v7 CTTCTACiftCC^nrM-
&AAS 7 ~<iC/viC:* S7 ̂ Z i’AGV ̂ TAG-7 ATC'iA3 7 7 7 7AGAA^i “ A7*3 /lATAT3"GCAC CT

AAJ» A^AT^A " 1 C».T j Asi jAsjT jTC/*»/>A. vs A j 7 T7TTA j 77-- 7 7 .1TT
GGA7A rG7 7^7T77 C7T 7 3 2I7 : -7 TCiTL 7 7TTC777A7CCT A3ACST7TTGG7T7 AA 3 ;> 
AAC ̂ -̂:;sAArr at.~. ~;:r 7 * 2 a*', aat ~ r: Ar-r- jlt rcTC AGTg7GC k.TCCmJ i ' . : ^ T 2 TAT AGAa 
f-7A3fi -7TG3"7 ;: ̂ TTASCAGGGGZAA™ CrtCjCAT-GGG 3A7A3AGGGA7TAAAAGG 7CA G 
C TC 77A7A7 7 TGG TGGG AC .‘"SS1 *' £-7 7vv7C 7C AAG 'T7 7 77 7AAA/i7-2 S ATS 2 AA 
AC7G3JAC A7TT C??7 3A« X ^ 7 3 J7 7 AT r>G MGA^'-AOaC 7i1T OrGOGoACAAAC n 3 7C  
C A*liA(i71-7 C1 7 jTuA?ua T fcCP.TC A* 7 T7? AG\W« 7CCAAT7TGAJ 33A
0 7A7A 3AG»£A?3JTGAC7TC7A7AA3ZCTG 7 G7A7C7CCAAACACT-AiC7 7A3>-C7 73 C

GAAGAC A7 7 5 3 CaCA 1777 3G7AT 7 C 7A jACC7TG3C7Ca3 fcCCTt ̂ 7 77A7T AG^AT/. 
G 7G7C ACT7 A G7 AAAA G AAtg^VAf 5 *JAG' 5T 7 A5ATGIG GA3Ti»AC AC ̂ 7 7  7 7C CA ̂ 3
aag jAAAGGGTjC7AGG<*7':rr»or;A7 jaaan “ Tt r 7GG7 j ct^tgttgg 3  taagggtga
Z 7 3 3CAGC AA SG 33 77 A7 7 7GCT7 ?? 3-7? 2 7C7AT 7AG7GA7 3AGGT7CCAT 7 7CG7CA7  
AJt^AAAT 7CACCCCAAT - G --Cfi/L/L3AiA3 3CTC A TTA" T Z-Z 277AT AAGC A7CAAA7CC 
■*. ri C T̂ C.C 7TCC A'.'T TT A M C 1; CO A.ikT TAAA/lD 3 7 7AGACGTG7 LAG G 7 T7 T C 7G7C T

G TG A 3ACAG Z TTTC GAGf-:,iA,S0CiC,7 77 C-" 7 7 1 ̂ ,'TT TI AT AA7C AT G 2 7GAG ̂ 3GT G A GA 
T7C7 7A"'.'C-UCAGAJCTAA377ACCTGr T7 - 7 T JT ̂ AA^^ TAAT _A.T.A7w-Tv • AA. A^A 
TrnZ A7 TT. AT 17CiA7 TC'f." C A'JwSC 7'“AG 77 A ̂7 7G7 7 7Ar;v 7 TT AA3 7 3AAT 3 »

AAC TA !'T A7 J*C7 3A7A7 A 3-T«3 T 7 CC C T C A T77G 7 ftATT”'•;7 77..7C A c A 77 A ;AA~ A7AA 
A3 7 r 3A77 T ZAZ A7A37 T 7 ;j i ? , '  ■ A&7 * 7 r. 7A'3.;A 7&T 3 7 7 £ 1 ' :£  AAAA ~ 7 AAA T ACS 3 ’J  A

.-»iAA7AA' J U 7 n'J *J>~J J  n jAAT o . . v?Tc7vn'jvv>L -C .C jA I AjTw A77 - - '.'•riL: * 
GT A 3A TAGAA3AGI7CC7 vv *#A7* 1^337 GG3 ATC7C7 Av7\ \’33A—A3"i37T A3 v7**3TA
(■̂ 2^7 :.^L; a : ^ : :  ■:7T I : J c a : A ^ a > V A :AC: 2 a;:;^T"A::,\ $ r , t za;a^
A»!G< i T7 >7 * A C 7? SAA TAAA i AGA7 A 7 77 T*'; ST TAUCA :<?• 7; J. '• C 7:; A v J7v’j:: 7 7 A';a .• 
AAATA:A'J7 3S7 AS7.'T"A~::~7AA3T TCC:>.Ta:TAGA7AG'J7CA7 3377 73AJZTGA

aa-st : \ u  j« 7  2 ta 7 7 s a ?aa: £ atmuleaaac : taa? S ?gaa c7aa “ ‘t.’ttgat nTA
7AT AT ; ;.̂ AT T T I AG AA 77 3 A rTAAA^ t, 7.-.-AAAATAAA7 7 7jT A TT7TAA 7GA3/. 7:; JA7
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at the poly(A) tail are amplified using the polymerase chain 
reaction. The results show that, of nine putative polyadenyl
ation sites in the 3'-untranslated region of the mouse opsin 
gene, five are utilized to produce the major species seen on 
the Northern blot. Use of the most proximal site thus produces 
the shortest transcript, whereas the most distal yields the 
longest. Many genes contain internal AATAAA sequences 
that apparently do not function in S' processing, suggesting 
the requirement for additional signal sequences (23). A tran
script heterogeneity similar to that in mouse is also observed 
in rat and, to a lesser extent, in human and fiog (Fig. 4). No 
sequence information is available for the rat and frog opsin 
genes, and the 3' end of the bovine gene has been only 
partially sequenced (12). The human sequence (13) has at 
least two polyadenylation sites that may lead to differential 
polyadenylation. Apart from multiple poly (A) sites, the orga
nization of the mouse opsin gene is relatively uncomplicated. 
With a single transcription starting point, no alternative 
splicing, and multiple polyadenylation sites, the mouse opsin 
gene is similar to a group of genes (46) encoding very diverse 
protein products, among them murine dihydrofolate reductase 
(48), chicken vi men tin (49), and human N-ras (50). The 
human N-ras gene has two and the di hydro folate reductase 
gene 1 1  functional polyadenylation sites. While 3'-untrans
lated sequences may play a role in regulation of gene expres
sion or may affect RNA transport and stability (46), a func
tional significance of the multiple mouse opsin mRNA species 
remains elusive.

The recent discovery that a Pro to His mutation at position 
23 near the N terminus of human opsin may be causative for 
one form o f autosomal dominant retinitis pigmentosa (19), an 
inherited photoreceptor degeneration in the human retina, 
has renewed interest in the mouse opsin gene as a candidate 
gene to study retinal degeneration. Compared with the pre
dicted human sequence (13), only 19 residues differ in mouse 
opsin (16). Pro2 5 is present in the mouse sequence (Fig. 2} and 
is conserved in all sequenced vertebrate and invertebrate 
opsins and in related G protein receptors (51). Apart from 
asparagine-linked glycosylation, a precise function for the N- 
terminal end of opsin or for Pro"’ has not been determined. 
The detailed characterisation of the mouse opsin gene and 
availability of cloned gene fragments as described in this study 
will allow the introduction of specific point mutations, the 
following of the consequences of expression o f the mutated 
opsin gene in a transgenic mouse, and, possibly, the facilita
tion of the establishment of an animal model which mimics 
one autosomal dominant form of human retinitis pigmentosa.

Acknowledgments^We thank Drs. Gregory I. Liou and Richard 
Hurwitz for critically reading this paper, We are grateful to Dr. Kuyas 
Bugra for generating the ext>n-specific cDNA probes and to Nancy 
Baumann for help with the manuscript.

REFERENCES
1. Stryer. I.. (1988) Cold Spring Harbor Syrnp. Quant. Bint. 53, 283-294
2. Chabre, and Deterre, P, (1989) Eur. J. Biochem. 179, 255-266
3. Hargrave, P. A. (1982) Prog. Httinal Res 1 ,1 -5 1
4. Koenig, B_. Arendt, A., McDowell, J. H .r Kahlert, M., Hargrave, P A., and

Hofmann, K. P. (1989) Proc. Nall. Acad. Svi. U. S. A. 8 6 , 6878-6882
5. Ovchinnikov, Y. A., Abdulaev, N. G., Feufina. M. Y.. Arum unov, 1. D  .

Zolotarev, A. S., Kostina, M . H , Bogachuk, A. S .. Miroshnikov. A. 1.,

Martinov, V. I., and Kudelin, A. H. (1982) Bux>rg. Kkttr, 8 , >011-1014
6. Hargrave, P. A., McDowell, J. H., Curtis, D. R,, Wang, J. K ., Juszciak, E.,

Fong, S .-L ., Ha j. J. K. V I . and Argos. P (1983) B iophys. S truct. M ech. 
9 ,2 3 5 -2 4 4  '

7. Pappin. D. J. C ., F.liopoulos, E. E., Brett, M ., and Findlay, J. B. C. (1984)
Int. J. Biol. M acrom oi 6 , 73-76

8. Martin, R. L , W ood, C., Baehr, W ., and Appleburv, M. L  (1986) S cience
2 3 2 ,  1266-1269

9. Nathans, J., Thomas, D., and Hogness, D S. (1986) Scien ce  2 3 2 ,  193 -202
10. SpaTkes, f t  S., Mohandas, T „  Newman, S. L,, Heinzmann, C., Kaufman,

I)., Zollman, S., Leveille, P., Tobin. A . J., and McGinnis, J. F. (1986) 
Invest. Ophthalmol. & Visual S ci  27,11711-1172

11. Elliot, R. W ., Sparkes, R. S., Mohandas, T „  Grant. S. G ., and McGinnis,
J. R  (1990) G enom ics  6 , B35-644 

Ilf. Nathans. >) , and Hogness, D. S. (1983) C’ril 3 4 ,  807-814
1,1. N athans,,)., and Hogness, D. S. (1984) Proc. N atl Acad. Sci. U. S. /I. 8 1 ,  

4851- -4855
14. (VTousa, E .  Baehr. W , Martin, R. L„ Hirsh, J., Pak, W. J,., and

Applebury, M . L. (19SS) Celt 4 0 ,  839-850
15. Zuker, C S., Cowman, A F., and Rubin, C . M . (1983) Cell 4 0 ,  851-858
16. Hachr, W „  Falk, J. D.. Hugra, K ., Tnantafvllos, •). T .,  and McGinnis, J. F.

(1988) F E B S  Lett. 2 3 8 ,  253- 266 '
17. Ovchinnikov, Y . A., Abdulaev, N. G ., Zolotarev, A. S., Artamonov, I. D.,

Bespalov. I. A., Dergachev, A. E., and Tsuda, M . (1988) F E B S  Lett. 2 3 2 ,  
(59-72

18. Takao, M ., Yusui, A., and Tokunagu, K. (1988) Vernon R es  2 8 .  471 480
19. D ryja .T . P., McGee, T . L., Reichel, E-, Hahn, L. H , Cowley, 0 .  S., Yandell,

D. W .p Sandberg, M . A., and Berson, E. L. (L990I N ature  3 4 3 ,  364-369
20. McW illiam , P., Farrar, G . J., Kenna, P., Bradley, D. G „ Humphries, M.

M , Shurp, E M ., McConnel, D. J.. Lawler. M -, Hheils, D., Ryan, C., 
Stevens, K ., Daiger, S. P., and Humphries, P. (1989) G enom ics  5 , 619 
622

21 Bciwes, C ., and Furbcr, 13. B. (1987) Exp. K ye Res. 4 5 ,4 6 7 -4 8 0
22. Travis, C . H., Brennan, M . R., Danielson, P. E., Kozak, C. A ., and Sutcliffe,

J. G, (1989) N a tu re  3 3 8 .  70-73
23. Proudfoot, N. J. (1989) T ren d s B io ch em  Sci. 1 4 .1 0 5 -1 1 0
24. Chirgwin, J. M ., Przvbyla, A. E .r MacDonald, R. .J.. and Rutter, W . J.

(1979) B ioch em istry  1 8 , 5294-5299
25. Aviv, H ., and Leder, P, (1972) J  M ot. Biol 1 3 4 , 743-763
26. Badley, J, E., Bishop, G. A., St. John, T „ and Frelinger. J. A. (1988)

B w tcch niqucs  6 , 114 116
27. Thomas, P. (1980) P roc. N atl. A cn d  Sci. (■. S. A. 7 7 ,5 2 0 1 -5 2 0 6
28. Ingolia, D. EL, Al-Ubaidi, M . R., Young, C .-Y ., Bigo, H. A., Wright, D. A.,

and Kellems, R E. (19R6) Mol. Celt Bin!, 6 ,  4458 4466
29. McGinnis, J, F.p and Levcille, P. J. (1986) J. N eu ro s c i  Hen. 1 6 , 1 5 7 -16n
30. S am brook, T „  Kritsch, E F , and Maniatis T  (1989) M trlecular Cloning: A

Laboratory M anual, Cold Spring Harbor Lat>oratory, Cold Spring Harbor, 
NY

31. Chen, E, Y .. and Seeburg, P, H . (1985) D N A  </V. Y.) 4 ,1 6 5  170
32. Feinberg, A. P., and Vogelstein, B. (1984) Anal. R iochem . 1 3 7 , 266-267
33. -Sa.ki. R. K ., Scharf, S.. Faloona, K., Miilhs, K. I I . Horn. O. T ,, Erlich, H.

A ,  and Arnheira, N  (1985) S cien ce  2 3 0 .  1350-1354
34. F'rohman, M . A., Dush, M . K ., and Martin, G. R. (1988) P roc Natl. Acud.

Sci. U  S. A. 85, 8998-9002
35. Padgett, R. A., Grabow.ski, P. J.. Konarska, M . M .. Seiler, S., and Sharp.

P. A . (1986) A n n a  Kcv. B iochem . 5 5 ,  1119-1150
36. Weber, J. I.., and May, P. E. (1989) Am . J  H um  G enet. 4 4 ,  388-396
37. Litt, M ., and Luty, .1 A . (1989) A m . J. Hum. G en et 4 4 ,  397-401
38. Mir. I . Agarwal, N , D&gie. (>-, and Papermaster. D. S . (1989) E xp  K ye  Res

4 9 ,  403 421 '
39. Saiki, R, K., Gelfand, D. H „ Stuff el, S., Scharf. S. J „ Higuchi, R „  Horn, G.

T ., Mullix, K. B., and Erlich, H A. (1988) S cien ce  2 3 9 ,  487-491
40. Pittler, S. J , and Baehr, W . (1990) in D vffcnerutivr R etinal D isorders:

Clinical and L aboratory Invpstigatinn  (Chader, G. J „ and Farber, D. B., 
eds) Alan R. Liss, Inc., New York, in press

41. Treisman, -J. E., Morabito, M. A., and Harnfttable, C. J. (1988) MoI. Cell.
Htot. 8 , 1570-1579

42. Adamus, G ., Palczewski, K ., Carruth, M ., McDowell, J, >; . and Hargrave,
P . A . (1989) Invest. O phthalm ol & Visual Set. 3 0 ,  284 (abstr.)

43. Hreathnach. R., and Chambon, H. (1981) A nnu. R ev B iochem  5 0 ,  349
383

44. Zuker. C. S., Mismer, D., Hardy, R., and Rubin, G. M. (1988) Celt 5 3 ,  475
482

45. Al-Ubaidi, M . R ., Overheek, P. A ., Naash, M . I., and Baehr, W . (1990)
Invest. Ophthalmifl. V isual Sci. 3 1 ,2 9 9

46. ) eii, S. K., Hosenfeld, M . G ., and Evans, R. M. f I9K6) A m ::i. R ec. Riochem .
5 5 ,1 0 9 1 -1 1 1 7

47. Breiiburt, R E., Andreadis, A ., and Nadal-Ginard, B. i 19871 A nnu. Rev.
Bute hem. 5 6 ,  467-49.5

48. Hook, A. G-, and Kellems, R. E. (1988) J. Riot. Chem. 2 6 3 ,  2337-2343
49. Zehner, Z. E., and I’atcrson, B. M . 11983) I ’ roc N atl A cad  Sci. I ! S. .4

8 0 ,9 1 1 -9 1 5
50. Hall, A ., and Brown, R. (1985) N ucleic Acids Res. 1 3 , 5255-5268
51. Applebury. M . L., and Hargrave, P. A. (1986) Vision Res. 2 6 ,1 8 8 1 -1 8 9 5
52. Pittler, S. J., Bsiehr, W „ Wasmuth, J. J., McConnel, D. G., Champagne, M.

S., VanTuinen, P., Ledbetter, I)., and Davis, R. L. (1990) Genomics 6 ,
272-28:J

Downloaded 
from 

www.jbc.org 
at UNIV 

OF 
UTAH 

on 
August 

13, 2007

http://www.jbc.org

