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A Novel Gene (Retinovin) Expressed Selectively
in the Early Stage of Chick Retinal Development
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To understand molecular mechanisms of retinal de-
velopment, genes expressed selectively only in the
early stage of retinal development were isolated by
subtractive hybridization based on suppression poly-
merase chain reaction. The retina has no layered
structure in 7-day chick embryos, in contrast with the
fully developed multilayered structure of neurons in
15-day embryos. The subtraction between cDNA de-
rived from retinal tissues at these different stages,
followed by repeat rounds of 5’-RACE (rapid amplifi-
cation of cDNA ends) and 3’-RACE, led to isolation of a
novel gene with an open reading frame encoding a
putative protein with 753 amino acids. Its specific ex-
pression in the 7-day embryonic retina was confirmed
by Northern blot analysis. The gene, named “reti-
novin,” would be used as a marker for identifying ret-
inal stem cells present at the early stage of retinal
development. © 2000 Academic Press
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The retina is part of the central nervous system and
provides a simplified model to study neuronal develop-
ment. During embryogenesis, the outer plate of the
optic cup remains a monolayer of cells and begins to
have pigments to form the retinal pigment epithelium.
In contrast, its inner plate, also a monolayer of cells at
the initial phase, becomes a multilayered structure of
neurons to develop the retina. Genes responsible for
this process of retinal development have not been well
characterized (1).

The retina in the early stage of development has a
large number of multipotent stem cells which are ca-
pable of generating both neurons and glial cells (2, 3).
To identify these stem cells will open a new strategy to
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direct the retina to regenerate from stem cells in the
case of retinal degenerative diseases. However, at
present, no marker for identifying stem cells in the
retina is available. Chick embryos have been used as a
model for studying development because their embry-
onic stages are precisely determined and they are eas-
ily manipulated (4). In this study, we used suppression
subtractive hybridization to isolate genes which were
expressed selectively only in the early stage of chick
retinal development.

MATERIALS AND METHODS

Isolation of MRNA and subtraction. The retina was isolated from
7-day and 15-day chick embryos (Fig. 1). In brief, embryos at either
stage were taken out from a small opening of the egg shell. The eyes
were enucleated and cut at the midperiphery of the globe, and the
anterior halves were removed together with the vitreous gel. The
retina was peeled off easily from the eye cup (5). Poly(A)+ RNA was
isolated (Micro-FastTrack mRNA Isolation Kit, Invitrogen, Carls-
bad, CA), and cDNA was synthesized. The subtraction of 15-day
embryonic retinal cDNA from 7-day embryonic retinal cDNA was
done with a suppression polymerase chain reaction (PCR)-based
method (PCR-Select cDNA Subtraction Kit, Clontech Laboratories,
Palo Alto, CA). Briefly, 7-day retinal cDNA and 15-day retinal cDNA
were digested with a restriction enzyme, Rsal, to obtain shorter,
blunt-ended cDNA. Two different adaptors (adaptor 1 and adaptor 2)
were then ligated to 5’ end of each strand of 7-day retinal cDNA after
the digestion. The adaptor 1-ligated 7-day retinal cDNA and adaptor
2-ligated cDNA were separately hybridized at 68°C for eight h with
an excess of 15-day retinal cDNA after denaturation at 98°C for 1.5
min. The two primary hybridization samples were then mixed to-
gether without denaturation and hybridized at 68°C overnight with
an excess of denatured 15-day retinal cDNA.

Differentially expressed sequences in 7-day retinal cDNA were
amplified by two rounds of PCR. The first PCR amplification was
based on suppression PCR to amplify only cDNA with different
adaptors at both ends, which were further enriched by the second
PCR amplification with nested primers (6, 7).

Isolation and sequencing of 7-day retina-specific cDNA clones and
Northern blot analysis. The 7-day retina-specific sequences ampli-
fied by PCR were cloned into a pCR-TOPO vector (TOPO TA Cloning
Kit, Invitrogen). Plasmids were isolated with Qiagen Plasmid Mini
kit (Qiagen, Hilden, Germany) and then sequenced with ABI PRISM
BigDye Terminator Cycle Sequencing Ready Reaction kit and ABI
PRISM 310 Genetic Analyzer (PE Applied Biosystems, Foster City,
CA) using primers, pUC/M13 primers, forward and reverse (Pro-

mega, Madison, WI).
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FIG. 1. Photomicrographs of the retina in a 7-day chick embryo
(A) and a 15-day embryo (B). The retina becomes thick with cell
proliferation but shows no stratification at 7 days (A), in contrast
with fully developed multilayers of neurons at 15 days (B). RPE,
retinal pigment epithelium. Bar, 50 um.

Northern blot analysis was first done with dot blot. Isolated cDNA
clones were labeled with alkaline phosphatase (AlkPhos Direct, Am-
ersham Life Science, Buckinghamshire, England) and hybridized in
each well of BIO-DOT Microfiltration Apparatus (Bio-Rad Laborato-
ries, Richmond, CA) with mRNA which was isolated either from the
7-day or 15-day chick embryonic retina, and blotted on a sheet of
nylon membrane (Hybond N+, Amersham). Signals were detected
with chemiluminiscence (CDP-Star Detection Reagent, Amersham)
on Hyperfilm MP (Amersham).

5'-RACE (rapid amplification of cDNA ends) and 3’-RACE. The
procedure was done with Marathon cDNA Amplification Kit (Clon-
tech). In brief, the first strand was synthesized with an oligo-dT
primer or one of two gene-specific primers, followed by second strand
synthesis. The adaptor was then ligated to both ends of the cDNA.
After denaturation at 94°C for one minute, PCR was done with
TaKaRa LA Taq polymerase (Takara Shuzo, Otsu, Japan) in the
condition of 20 or 25 cycles of denaturation at 94°C for 30 sec,
annealing at 60 or 65°C for 30 sec, and extension at 68°C for 5 min,
followed by the final extension at 68°C for 7 min. The PCR-amplified
sequences were cloned into a vector, pCR-TOPO vector, and se-
quenced.

Seven-day retina-derived and 15-day retina-derived mRNA, mixed
with RNA Sample Loading Buffer (5 Prime — 3 Prime Inc., Boulder,
CO), were separated with Mops buffer on a 1% agarose mini-gel
containing 5.4% formaldehyde, and transferred by alkali blotting to
a nylon membrane (Hybond N+) with Vacuum Blotting Unit and
Pump (2016 VACUGENE, LKB Bromma). The blot was hybridized
with an alkaline phosphatase-labeled cDNA fragment located within
the coding region. Northern blot analysis was also done with mRNA
isolated from the brain of 7-day and 15-day embryos.
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FIG. 2. Northern blot analysis. A new gene (retinovin) is ex-
pressed only in the retina of a 7-day embryo, but not in that of a
15-day embryo. In contrast, the gene is expressed in the brain of a
15-chick embryo, but not in that of a 7-day embryo.

RESULTS AND DISCUSSION

After subtractive hybridization with suppression
PCR, a DNA smear extending from about 300 to 2000
base pairs (bp) was observed on 3% agarose gel elec-
trophoresis. The smear DNA was cloned into a plasmid
vector, and 178 plasmid clones with an insert DNA
ranging from about 200 to 1200 bp in length were
obtained. Of these clones, the insert of 88 clones were
analyzed by dot-blot Northern hybridization, and four
clones were found to be expressed selectively in the
7-day embryonic retina, compared with the 15-day em-
bryonic retina. The insert of these four clones was then
used as a probe in Northern blot analysis. A message,
detected at about 12 kb by one clone (clone 60), was
expressed selectively in the 7-day embryonic retina,
but not in the 15-day embryonic retina (Fig. 2). After
subtracting the adaptor sequence at both ends, the
insert of this clone was 498 bp in length, and its se-
quence showed no matching in GenBank search. Mes-
sages detected by the other three clones were equally
expressed in both the 7-day and 15-day embryonic ret-
ina (data not shown).

A .
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1 open reading frame insert 3609 bp
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FIG. 3. Strategy to isolate the whole coding region of a new gene
(retinovin) and its schematic structure. Several rounds of 5'-RACE
and 3'-RACE were done with gene-specific primers (arrows) to ex-
tend from the initially isolated fragment (clone 60). The 3’ untrans-
lated region contains a 511-bp insert. A region (thick line) showing
homology with a human 120.4 kD protein of unknown function
(GenBank Accession No. X59131) is indicated (120.4 kD). Also indi-
cated are five domains of rhodopsin-like G protein-coupled receptor
(GPCR) superfamily signature.
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FIG. 4. Deduced amino acid sequence of chick retinovin and its homology to a human 120.4 kD protein (GenBank Accession No. X59131).
The 120.4 kD protein shows 76.8% homology with chick retinovin and maybe its human counterpart. Upper lines: human 120.4 kD protein
(301-1092 amino acids); lower lines: chick retinovin (1-753 amino acids). Asterisks: identity; dots: positivity.

From the sequence of the 498 bp-long cDNA frag- RACE were done by PCR with gene-specific primers
ment, 2 gene-specific primers were designed for for- from the gene-specific primer-primed cDNA to isolate
ward and reverse extension by 3’-RACE and 5-RACE, the whole coding region (Fig. 3).
respectively. Poly(A)+ sequence located at the ex- The alignment of six DNA fragments obtained as
tended end was obtained by amplification with a gene- above resulted in the sequence with the length of 4120
specific primer from the oligo-dT-primed cDNA, which bp (GenBank Accession No. AF242552). The sequence
determined the 5'-3’ orientation of this initially iso- contained an open reading frame encoding a putative
lated cDNA fragment. Further three rounds of 5’- protein with 753 amino acids. The first round of 5'-
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RACE generated two DNA fragments with different
length. The sequence confirmed that the one fragment
contained a 511-bp insert in the other fragment (Fig.
3). The insert was located in the 3’ untranslated region
and might be derived from alternative splicing. The
protein was named “retinovin,” based on its selective
expression in the early (“novus” in Latin) stage of ret-
inal development. Northern blot analysis with a cDNA
fragment located within the coding region as a probe
showed that the retinovin message at about 12 kb was
also expressed in the 15-day embryonic brain, but not
in the 7-day embryonic brain (Fig. 2). In GenBank
search (dbest), five expressed sequence tags (ESTSs)
identical to a part of the sequence of retinovin were
found. These ESTs (GenBank Accession Nos. AJ394402,
AJ393282, AJ396022, AJ397821, and AJ396729) were
isolated from chicken bursa and their function re-
mained unknown.

By MOTIF sequence motif search (www.motif.
genome.ad.jp) for matching with the amino acid se-
guence of retinovin, one homologous sequence, human
hypothetical 120.4 kD protein (GenBank Accession No.
X59131), was found. This gene was isolated from a
lambda gt11 library of the human melanoma cell line,
IGR3, and was assigned to chromosome 13 (8). The
120.4 kD protein with 1092 amino acids has a highly
charged amino acid sequence, but its function remains
unknown. The region (365-1090 amino acids) of the
120.4 kD protein shows 76.8% homology (31.4% iden-
tity and 45.4% positivity) with the region (20-751
amino acids) of retinovin (Fig. 4). The 120.4 kD protein
might be a human counterpart of chick retinovin.

The amino acid sequence of rhodopsin-like G protein-
coupled receptor (GPCR) superfamily signature was
also found at four locations within retinovin by MOTIF
search (Fig. 3). A hydrophilicity/hydrophobicity plot
revealed a few clusters of hydrophobic amino acids,
suggestive of membrane-spanning domains. However,
the putative protein did not have seven membrane-
spanning domains as GPCR.

At present, the function of retinovin as well as
whether it is a membrane protein or not remains un-
known. At the 7-day embryonic stage when retinovin is
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expressed, the retina is thickened with proliferation of
cells, but is still before the division into neuronal cell
lineage and glial cell lineage. Retinovin might play a
role in the division into either cell lineage or triggering
the development of a multilayered structure of neurons
in the retina. Furthermore, retinovin might be used as
a marker for multipotent stem cells in the retina.

In contrast with the retina, retinovin was expressed
in the brain at the 15-day embryonic stage, but not at
the 7-day embryonic stage. The reverse pattern of reti-
novin expression between the retina and the brain
might be explained by the difference in time course of
the development between the two tissues. Further
chronological analysis and localization of the expres-
sion in the retina and the brain as well as in the other
tissues would elucidate the function of retinovin.
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