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Purpose. To characterize expression patterns of active genes in human retina, and to isolate
novel genes that are uniquely expressed in this tissue.

Methods. A 3'-directed complementary DNA (cDNA) library that faithfully represents the composi-
tion of messenger RNA (mRNA) was constructed with an mRNA preparation from a cadaveric
human retina. A total of 925 3' terminal sequences were collected by sequencing randomly selected
clones, of which 789 were regarded as representing chromosomally coded genes (gene signatures
[GS]). GS were compared with each other and searched against GenBank. The resulting expression
profile, listing gene species and their frequency, represents the composition of mRNA in the retina.
By comparing this expression profile with those obtained from 10 other source cells or tissues,
genes uniquely active in the retina were discovered, including some not previously described. A
full-sized cDNA corresponding to one of these was isolated and sequenced. Its expression was
analyzed by multitissue Northern hybridization and in situ hybridization to the retina specimen. It
was then mapped on human chromosomes.

Results. In the expression profile, 108 genes were detected recurrently, suggesting that they are veiy
active. Fifty-five of them were identified in GenBank, including the most abundant opsin gene and
several other genes for phototransduction. Among the remaining novel and active genes, 19 were
considered unique to retina on the basis of their representation status in other expression profiles
and in dbEST. One of these was identified as a gene that encodes a novel secretory protein
expressed in a rod photoreceptor that maps to chromosome 18pll.3.

Conclusions. The expression profile of active genes in the retina represents the composition of
mRNA, which reflects the relative activities of genes in this tissue. A comparison of this expression
profile with those obtained with other tissues resulted in isolation of a novel cDNA specifically
expressed in the rod photoreceptor. It is anticipated that additional novel genes that are uniquely
active in the neural retina may be obtained with the same strategy, leading to further clarification
of the biologic or physiological characteristics of this tissue. Invest Ophthalmol Vis Sci. 1997; 38:
2576-2585.

J. he neural retina contains highly specialized pho-
toreceptor cells that perform phototransduction
uniquely in the human body. Recent attempts at
isolating the genes expressed only in this tissue
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have made a significant contribution to clarifying
its specialized functions. Examples are arrestin,1 re-
coverin,2 RDS/peripherin,3 ROM1,4 interphotore-
ceptor retinoid-binding protein,5 and cellular reti-
naldehyde-binding protein.6 Some of these genes
have been identified by the so-called candidate
gene approach as causative genes for inherited dis-
eases of the retina.7"9 Accordingly, systematic isola-
tion of genes uniquely active in this tissue would
help clarify its unique function and may lead to
understanding of the pathogenesis of retinal dis-
ease.

We have developed a method called expression
profiling of active genes in which the messenger
RNA (mRNA) population in a given tissue is de-
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scribed quantitatively by sequencing randomly se-
lected clones from a 3'-directed complementary
DNA (cDNA) library that faithfully represents the
mRNA composition.1 0" The proportional relation
between recurrence of the same sequence in the
library and the abundance of the corresponding
transcript has been tested on several occasions, and
the implications of the profiles have been dis-
cussed. ">l2 Expression profiling may be categorized
in random cDNA sequencing, or expressed se-
quence tag (EST) collection,13 which has been suc-
cessfully and widely employed in finding new tran-
scripts from various tissues,14"16 including fovea.17

However, mRNA composition cannot be repre-
sented in these EST collections because cDNA li-
braries have not been made to represent mRNA
composition, or sequencing has been directed to
5'-ends that represent arbitrary positions of each
transcript. Knowing the mRNA composition of vari-
ous tissues enables us to isolate genes uniquely ac-
tive in a given tissue by comparing them with each
other.18"20 This article describes the expression
profile of active genes in the retina and the isola-
tion of a novel retina-specific cDNA (rod photore-
ceptor protein [RPP]) by comparing the profiles.

MATERIALS AND METHODS

All human studies were performed in accordance with
the guidelines of the Declaration of Helsinki and were
approved by the institutional review board. Informed
consent was obtained after the nature of the study was
explained.

Preparation of Retinal RNA, Construction of
3'-Directed cDNA Library, and Sequencing

A human retinal tissue (neural retina) was ob-
tained at autopsy from a 50-year-old male 3 hours
after death. Poly(A) RNA was isolated with the
QuickPrep mRNA purification kit (Pharmacia, Up-
psala, Sweden). cDNA was synthesized by using
pUC19-based vector primer, trimmed by digestion
with Mbol and circularized and transformed into
E. coli DH5 as described previously.1011 The trans-
formant colonies were randomly selected and
lysed, and the cDNA insert, connecting the Mbol
site (GATC) to poly (A), was amplified by polymer-
ase chain reaction. The products were subjected to
cycle sequencing reactions using dye-labeled prim-
ers according to the manufacturer's protocol (Per-
kin-Elmer Applied Biosystems, Foster City, CA) and
analyzed by autosequencer 373A (Perkin-Elmer Ap-
plied Biosystems). From the resulting sequences,
we eliminated those shorter than 20 base pairs (bp)
or those with more than 5% ambiguous nucleo-
tides. Mitochondrial gene sequences, ribosomal
RNA sequences, and those containing only repeti-

tive sequences such as Alu were also eliminated
from the analysis. Sequences thus selected were re-
garded as representing chromosomal gene tran-
scripts and were termed gene signatures (GS).
They were then compared with each other to ob-
tain the frequency of appearance and then com-
pared with GS previously collected from other
sources. A GS number of five digits (e.g., GS12345)
was assigned to new GS sequences. In this study,
365 new GS were identified and submitted to DDBJ
under accession numbers c20544 through c20908.
All the GS were then compared with sequences in
the primate division of GenBank (Re94) for gene
identification using the FastA program.21 The
BLAST program22 was used to compare the recur-
rently appearing sequences with the dbEST divi-
sion of GenBank (Re94). With every comparison,
a similarity spanning more than 90% of query se-
quence and having more than 95% identity was
regarded as identical.

Northern Blot Hybridization

0.5 /Ltg of Poly(A) RNA from human retina and 10
other tissues (Clontech Laboratories, Palo Alto, CA)
were electrophoresed in formalin agarose gel and
transferred to a Hybond N+ membrane (Amersham
International, Buckinghamshire, United Kingdom)
according to the manufacturer's protocol. Hybridiza-
tion was performed for 18 hours at 42°C in a buffer
containing 6 X SSPE, 1% sodium dodecyl sulfate
(SDS), 1 X Denhardt's solution, 50% formamide, 100
/ug/ml of denatured salmon sperm DNA, and 32P-la-
beled GS4642 fragment. The filter was then washed
in a solution containing 2 X SSC and 0.1% SDS for
10 minutes at 65°C and analyzed with a Fuji BAS-2000
imaging analyzer (Fuji Medical Systems, New Haven,
CT).

Full-Length cDNA Library Screening and
Sequencing
A full-length cDNA library was constructed from 5 jig
of retina poly(A) RNA (Clontech) using the ZAP-
cDNA synthesis kit (Stratagene, La Jolla, CA). Plaque
hybridization was performed by using 3'-directed
cDNA clones as probes. Duplicated filter (Dupont-
New England Nuclear, Boston, MA) lifts were hybrid-
ized at 65°C for 20 hours in solution containing 6 X
SSC, 1% SDS, and 1 X Denhardt's solution. The filters
were then washed in 1 X SSC and 0.1% SDS at 65°C
for 15 minutes and exposed to Kodak (New York, NY)
XAR-5 film at —70°C overnight with an intensifying
screen. For full-length sequencing, the shotgun
method23 was adapted: the cDNA inserts from the
Lambda ZAP clones were amplified by polymerase
chain reaction, ligated, sonicated, and subcloned into
the pUC19 vector. Inserted fragments were sequenced
with Taq Dye Primer Cycle Sequencing Kit (Perkin-
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Recurrently appearing Gene Gignatures(GS) are listed in descending order or appearance. For each GS,
its occurence in the expression profiles of promyelocytic cell line HL60, HL60 treated with DMSO
(HL/DMSO), and with TPA {HL/TPA), peripheral granulocyte; hepatoblastoma cell line HepG2, lung, colon
mucosa (colon), adult liver(liver), primary cultured keratinocyte (keratinocyte) and corneal
epithelium(cornea) is shown. The total number of GS in each profile is: HL60:861; HL/DMSO:1064;
HL/TPA:894; granulocyte:1182; HepG2:746; lung:876; colon:931; liver:959 keratinocyte:851; cornea:1159.
Shaded rows represent GS commonly found in some of these libraries. For GS having an identical sequence
in human entries in the GenBank (Re94), the gene names are given with their accession numbers. For
those matched to 3'-ESTs in the dbEST division of GenBank, the recurrence is also given with respect to
the libraries from which they originated. The number of 3 ESTs in dbEST (Re94) is 2,960 from the retina
and 155,995 from the brain and other sources. Asterisks(*) denote multiple ESTs found in a single
source tissue. Rows boxed by bold lines represent GS regarded as unique to the retina, on the basis of
representation patterns in dbEST.

FIGURE l. An expression profile of the neural retina.
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TABLE 1.

Accession
Number

Representation

Genes

Of Genes Unique to the Retina

Retina

GS

Others Retina*

3'-EST

Others

K02281 Opsin
K03494 Green cone photoreceptor pigment
Ml3305 Red cone photoreceptor pigment
Ml 3299 Blue cone photoreceptor pigment
J03260 Transducin a
X04526 Transducin (5
S62027 Transducin y
D10384 Cone transducin a
M26061 Rod cGMP phosphodiesterase af
S41458 Rod cGMP phosphodiesterase /?f
M36476 Rod cGMP phosphodiesterase yf
U20212 Cone cGMP phosphodiesterase a
D45399 Cone cGMP phosphodiesterase y
S42457 Rod photoreceptor cGMP-gated channel
U18945 cGMP gated channel y
M92432 Retinal guanylyl cyclase (retGC)
L37378 Retinal guanylyl cyclase (retGC-2)
L36861 Guanylate cyclase activating protein (GCAP)
M33478 33-kDa phototransducing protein/

phosducin
S43855 Recoverin/Ca-sensitive regulator
XI2453 Retinal S-antigen
U03626 C-arrestin
M73531 Retinal degeneration slow (PERIPHERIN)
L07894 Rod outer segment membrane protein 1

(ROM1)
M22453 Interphotoreceptor retinoid-binding protein

(IRBP)
J04213 Cellular retinaldehyde-binding protein
S74445 Cellular retinoic acid-binding protein
M81840 NRL gene product (retina specific leucine

zipper)
U40998 Retinal protein (HRG4) novel

photoreceptor protein
U14910 RPE-retinal G protein-coupled receptor

Total number of clones in analysis

16

789 9523

1
kl
18

1
2

18
4
1

4

2

—
—

—
—

1
2

2960 155,995

Human genes whose expression have been proven to be limited or highly preferential to retina were collected from GenBank (Re94).
From the entries retrieved by word search with key words human AND (retina or phototransduction or opsin) NOT EST, all those with
published proof in expression patterns are listed. Using their mRNA or gene sequences as probes, dbEST and GS database were
searched and the recurrence of corresponding entries is shown. For ESTs only the 3'-EST were counted to prevent multiple counting of
the same clone.
* ESTs from retina are all from normalized libraries where recurrence of the same clone does not correlate with the abundance of
mRNA.
f cDNA for the y-subunit has no GATC sequence that is essential to be cloned in the 3'-directed library. Mesasgcs for a and /? subunits
terminate within repetitive sequences, and were eliminated from analysis at the qualification step in the data analysis. Such cases are not
common but unfortunately occurred in genes for 3 subunits of the same enzyme.

Elmer Applied Biosystems, Foster City, CA) and assem-
bled using the DNASIS-MAC volume 3.2 program (Hi-
tachi Software, Yokohama, Japan).

Tissue Preparation and RNA Probe Synthesis

An eye from a 29-year-old man was obtained at au-
topsy 4 hours after death, was immediately fixed in
4% paraformaldehyde in 0.1 M phosphate buffer
for 16 hours, and was dehydrated with graded etha-
nol sets and finally with chloroform. After embed-
ding in paraffin, the eye was cut into 8-/xm sections
that were floated on diethyl pyrocarbonate-treated

water, placed on slides coated with 3-aminopropyl-
triethoxysilane (Aldrich Chemical, Milwaukee,
WI), and dried on a 42°C warming plate.

The full-length clone for GS4642 (RPP) was
subcloned into the Xhol/Smal site of pSP72 vector
and pBluescript SK—vector. Both plasmids were lin-
earized by Xhol and Smal, and single-strand sense
RNA probe and antisense RNA probe were pre-
pared by T7 RNA polymerase from pSP72 and pBS,
respectively, using DIG RNA Labeling Kit (Boeh-
ringer-Mannheim, Mannheim, Germany) ac-
cording to the manufacturer's instructions.
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FIGURE 2. Expression pattern of rod photoreceptor protein
gene (GS4642). (A) 0.5 fj,g each of poly{A) RNAs from ret-
ina (R) and 10 other tissues (H: heart; B: brain; Lu: lung;
Li: liver; K: kidney; O: ovary; U: uterus; P: placenta; Sm:
small intestine; Sk: skeletal muscle) were hybridized with
32P-labeled GS4642 fragment. (B) The same filter was rehy-
bridized with glyceraldehyde 3-phosphate dehydrogenase
(G3PDH) cDNA probe.

In Situ Hybridization

Paraffin was removed from sections with three 10-mi-
nute changes of xylene and hydrated through graded
ethanol. Slides were dipped in 0.1 M triethanolamine
containing 0.25% acetic anhydride. The hybridization
solution, in a final volume of 200 (A per section, con-
tained 50% formamide, 0.3 M NaCl, 10% SDS, 20 mM
Tris-HCl (pH 8.0), 0.2% sarcosyl, 0.02% salmon sperm
DNA, 1 X Denhardt's solution, and 50 ng digoxigenin-
labeled probe. The slides were placed in a humidified
chamber and incubated at 50°C for 20 hours. They
were first washed in 5 X SSC at 50°C, then in a buffer
containing 50% formamide and 2 X SSC at 50cC for
30 minutes, The sections were then incubated in 10
jug/ml RNase A (Sigma Chemical Co., St. Louis, MO)
in 10 mM Tris-HCl (pH 7.5), 1 mM ethylenediaminetet-
raacetic acid, and 0.5 M NaCl at 37°C for 30 minutes,
and again washed at high stringency. RNA hybrids were
detected by incubation for 1 hour with an alkaline-
phosphatase-conjugated antidigoxigenin antibody
(Boehringer-Mannheim) diluted 1:500 in 100 nM Tris-
HCl (pH 7.5) and 150 mM NaCl, and then for 16 hours
with the chromogenic substrates 4-nitroblue tetrazo-
lium chloride (NBT) and 5-bromo-4-chloro-3-indolyl
phosphate (BCIP) (both Boehringer-Mannheim).

Fluorescence In Situ Hybridization

Fluorescence in situ hybridization was carried out as pre-
viously reported.2'1 In brief, metaphase chromosomes
were prepared with the thymidine synchronization, bro-
modeoxyuridine release technique for delineation of rep-
lication G-bands. Before hybridization, chromosomes
were stained in Hoechst 33258 and irradiated with ultravi-
olet light. A 1737-bp RPP cDNA was labeled with biotin-

16-uridine triphosphate (Boehringer-Mannheim) by nick-
translation and hybridized to the denatured chromo-
somes at a final concentration of 25 ng/ml in a mixture
of 50% formamide, 10% dextran sulfate (Sigma), 2 X
SSC, sonicated salmon sperm DNA (2 //g///l), and E. coli
tRNA (2 fig/fA). The hybridization signals were detected
with fluorescein isothiocyanate-avidin (Boehringer-
Mannheim), and chromosomes were counterstained with
propidium iodide (1 pg/ml). The precise signal position
was determined by the delineation of G-banding patterns.

RESULTS

Expression Profile of Active Genes in the
Retina

A 3'-directed library, harboring cDNA fragments connect-
ing poly (A) to the nearest Mbol site (GATC), was made
from the mRNA of a neural retina of a male cadaver.
Inserted sequences of 925 randomly selected clones were
determined by single-run sequences, and 789 of them
were regarded as representing chromosomally coded
genes (see above for details of qualification). These 789
sequences were composed of 607 different sequences.
These sequence species are referred to as GS because
they generally have a one-to-one correspondence to a
gene. Because the library represents the mRNA composi-
tion, the variety of GS and their recurrence represent
gene expression status in the retina (expression profile).
In this expression profile, 108 recurrently appearing GS
were assumed to represent very active genes (Fig. 1). The
most active gene in the retina was shown to be the opsin
gene. It appeared 16 times in total; there are two opsin
gene transcripts (GS4783 and GS4763) having different
3'-termini. Among sequences identified in GenBank, 17
species are for protein syntfiesis machinery, such as ribo-
somal components or elongation factors. The 17 species
comprised 52 clones altogedier. Such a high content of
mRNA for the protein synthesis machinery is an inherent
characteristic of cells with a very high turnover of proteins.
Six of the genes identified are for energy production, five
for signal transduction and nuclear protein. In addition
to the opsin gene, genes for components of phototrans-
duction machinery, namely transducin (GS4626), cone
cyclic guanosine monophosphate phosphodiesterase
(GS4629), and G<yclase activating protein (GS4679),
were also found to be very active in the retina. The tran-
script for transferrin (GS2155), which has been regarded
as the "serum" component of vitreous fluid, should also
be mentioned.

Identification of Genes Uniquely Active in the
Retina

The expression pattern of genes represented by recur-
ring Gene signatures were monitored by means of their
representation in the expression profiles of four types
of blood cells12 and six epithelial tissues,"'18'25"28 each
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FIGURE 3. Nucleotide sequence of the full-length complementary DNA (cDNA) for GS4642
and the amino acid sequence of hypothetical protein (rod photoreceptor protein) encoded
in it. The putative signal peptide is underlined. Among 3 of the 7 independent cDNA clones
analyzed, a 7-base pair insertion (GTTAGTG) was found at the position between nt 38 and
39 {arrowhead), probably because of polymorphism among the pooled samples. The gene
signature representing this gene (GS4642) is boxed in. This sequence will appear in the
DDBJ, EMBL, and GenBank nucleotide sequence data bank under accession number
D63813.
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FIGURE 4. In situ hybridization of rod photoreceptor protein (RPP; GS4642) fragment. (A)
Sections of human retina through the fovea, hybridized with sense (S) and antisense (AS)
RPP probes. (B) Higher magnification of each section at the peripheral area (boxed area
in A). OS: outer segment; IS: inner segment; ON: outer nuclear layer; OP: outer plexiform
layer; IN: inner nuclear layer; IP: inner plexiform layer.
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FIGURE 5. Fluorescence in situ hybridization of rod photorecep-
tor protein (RPP) complementary DNA. (Right) Arrows indicate
double-spot signals specific for RPP at 18p on both homologous
chromosomes 18. Of the 41 melaphase cells examined, 4 exhib-
ited double-spot signals at 18pll.3 on both of the sister chroma-
Lids and 13 cells showed double-spots only on one of the homol-
ogous chromosomes at 18pll.3. (I^Jt) The G-banding pattern
of the same chromosomes through a ultraviolet-2A filter {Nikon
Inc., Melville, NY) indicates that the precise position of the
signals is at 18pll.3.

of which was obtained by the same procedure and as-
sumed to represent the mRNA composition of the ma-
terial (see Figure 1). Gene signatures also detected in
some of these tissues (e.g., GS0917, GS0795) are re-
garded as those for housekeeping functions, such as
protein synthesis or energy production. However, those
that are not detected elsewhere are thought to feature
preferential expression patterns for the retina. In Table
1, 43 of the listed GS (nonshaded rows) are categorized
as such. Because only 10 expression profiles were com-
pared, and they were all nonneural tissues, these genes
may include those having additional tissue with high-
level expression or those commonly expressed among
neural cells. Of the 43 GS, 11 were identified in Gen-
Bank (Re94). As anticipated, in addition to all the
above-mentioned genes for phototransduction and reti-
nal gene 4 (GS4754) ,M they included genes for aldolase
C (GS4888),K-ras oncogene (GS4889), neuron-specific
gamma-2 enolase (GS4655), cocaine- and amphet-
amine-regulated transcript (GS4836), and mitochon-
drial adenonsine triphosphate-adenosine diphosphate
translocator (GS4735). Such limitations originating
from a shortage of tissue coverage can be ameliorated
by using dbEST.30 dbEST is a collection of partial cDNA
sequences (EST) with >400,000 entries at present, in-

cluding 2960 3'-ESTs from retina. Because most of the
data deposited in dbEST were derived from normalized
libraries,16 which were designed to represent die rarest
transcript as frequently as the most abundant one, they
do not always represent biologically significant expres-
sion. Nevertheless, the large number of entries from
brain and some other tissues not covered in our data
can be used to eliminate those common to neural cells
or those with additional activity sites. Taking only recur-
rent representation in dbEST as significant, 18 of the
43 GS, unique to the retina among expression profiles,
were regarded as common to neural cells or as having
additional sites for active expression. The remaining 25
GS, 6 for known and 19 for novel genes, are tentatively
categorized as GS representing genes relating unique
function or structure of retina (boxed area, Figure 1).
All the GS for retina-unique genes identified in Gen-
Bank are included among these.

Isolation of a Retina-Specific cDNA

From these final candidates, GS4895 and GS4642,
which appeared 11 and 3 times, respectively, and had
highly preferential expression patterns for the retina,
were selected for further study.

The expression of the genes for GS4642 in a wider
variety of tissues was tested by Northern hybridization.
Gene signature fragment hybridized with a 1.7-kilo-
base message in the retina RNA but not in the RNAs
from 10 other tissues (Fig. 2). Full-length cDNA clones
for this GS were isolated from a conventional cDNA
library constructed with poly (A) RNA from pooled
retinas. The 1737-bp cDNA contains an open reading-
frame coding for 466 amino acids (Fig. 3). It shows
a significant similarity only to apolipoprotein J/SP-
40,40/dusterin,91 to which 26% (121 of 462) of amino
acids were identical when aligned. The cell type pro-
ducing this transcript was identified by in situ hybrid-
ization using human retina specimens. The hybridiz-
ing signal apparently distributed over photoreceptor
inner segments with density gradually declining from
periphery toward fovea, suggesting that this transcript
is unique to rod photoreceptor cells (Fig. 4). The
corresponding gene was mapped to chromosome 18
at pi 1.3 (Fig. 5) by fluorescence in situ hybridization.

The analysis of a full-length clone for the other
GS, GS4895, revealed that this GS represents a tran-
script of human sodium-potassium ATPase beta 2 sub-
unit, which has a 387-bp longer 3' untranslated region
than the one in GenBank (Accession: M8118132)

DISCUSSION

Expression Profile of Retina

In random isolation from a cDNA library representing
an mRNA composition, the chance of isolating a clone
is proportional to the abundance of die corresponding

Downloaded from iovs.arvojournals.org on 04/24/2024



2584 Investigative Ophthalmology & Visual Science, November 1997, Vol. 38, No. 12

transcript in the mRNA, which mainly reflects the rate
of synthesis of the encoded protein. In neural retina,
disks in the outer segments are renewed constantly
among other static components. This is reflected in the
expression profile, where the two most abundant tran-
scripts are both for the components of the outer disks,
namely opsin and sodium-potassium-transporting AT-
Pase. Transcripts for other components of phototrans-
duction machinery are also found repeatedly in the pro-
file. In addition to these, transcripts for secretory pro-
teins, which also have a rapid turnover, such as
transferrin and SP-40,40, are found recurrently. Accord-
ingly, new components for outer segments and novel
secretory proteins are expected to be included in the
list of very active genes (see Figure 1).

In this study, a total of 607 species of transcripts
were detected in retina mRNA. This number might
be trivial when compared with the number of genes
expressed in the retina, which is composed of 8 differ-
ent cell types, each of which is thought to express
10,000 to 30,000 genes. Nevertheless, among the Gen-
Bank entries for genes that feature unique functions
of the retina, about one third (11 of 30) are included
in these 607 (Table 1). This unexpectedly high inci-
dence may be partly attributable to the fact that most
of the unique functions in the retina reside in parts
undergoing constant renewal, which makes the rele-
vant mRNA abundant. Thus, it is expected that more
genes related to unique functions of the retina will be
discovered by further expansion of the GS collection
from the retina. For this purpose, more efficient col-
lection of much simpler "signatures" by short tag con-
catenation (serial analysis of gene expression33) or by
cDNA fingerprinting34 may be used.

By comparing the representation of the retina-
unique genes in GS data and dbEST, the differences
between these two sets of data are clearly illustrated
(see Table 1). In GS data, the representations of all
the experimentally proven retina-specific genes are
limited to the retina library. However, half of the
"hits" are also found in other tissues in dbEST. These
representations could reflect additional expression
sites. Alternatively, they may represent leaky expres-
sions with no significant physiological meaning.

Isolation of a Novel Rod-Specific Secretory
Protein cDNA

Nineteen novel genes whose expression is likely to be
unique to the retina were selected by comparing expres-
sion profiles. Subtractive hybridization35 and differential
displays36 are widely used techniques for discovering tis-
sue-specific or disease-specific genes, but our system using
"mRNA subtraction in silico" has been shown to be quite
powerful as well. Most importantly, this method allows
us to compare many tissues at one time. In principle,
moreover, no uniquely active genes will be overlooked by
this method, as long as their transcripts appear above a

certain level (in the example of Figure 1, twice among
789 collections).

One of the retina-specific GS (GS4629) identified by
this approach was the y subunit of human cone cyclic
guanosine monophosphate phosphodiesterase.19 An-
other unique gene candidate, GS4642, was selected in
this study. Although the sequence for GS4642 was repre-
sented in dbEST (GenBank, R61493) as a transcript in
brain, our study has shown that its expression, at a level
detectable by Northern hybridization, is limited to the
retina (Fig. 2). In situ hybridization located the corre-
sponding gene in the rod photoreceptor. We thus named
the hypothetical protein encoded by this transcript "rod
photoreceptor protein" (RPP). The predicted amino
acid sequence of RPP has a signal peptide sequence of
21 amino acids, detected by the protein sorting prediction
program PSORT (available on the World Wide Web at
http://www.imcb.osaka-u.acjp),37 and the most likely
space for secretion is the interphotoreceptor matrix, be-
cause most of the secretion of photoreceptor cells is di-
rected to this space. Immunohistochemistry using the an-
tibody to RPP should lead to further confirmation. A
significant similarity to RPP has been noted only in apoli-
poprotein J/SP-40,40/dusterin. Although this lipid-bind-
ing protein has been detected in diverse tissues and body
fluids, its function remains elusive. In retina it is specu-
lated to be a lipid scavenger transporter.38'39 The RPP
gene was mapped to chromosome 18pll.3, where no
retinal disease had been assigned thus far.40

Thus, the function of RPP in retinal tissue remains
unclear, and further studies on its protein products are
needed. The rest of the unique candidates will be sub-
jected to similar studies. Even if their functions cannot
be readily determined, they can be used as probes for
studying the physiology and pathology of the retina.
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