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Purpose: Differences in gene expression provide diverse retina phenotypes and may also contribute to susceptibility
to injury and disease. The present study defines the transcriptome of the retina in the BXD RI strain set, using the Af-
fymetrix Mouse Gene 2.0 ST array to investigate all exons of traditional protein coding genes, non-coding RNAs, and
microRNAs. These data are presented in a highly interactive database on the GeneNetwork website.

Methods: In the Normal Retina Database, the mRNA levels of the transcriptome from retinas was quantified using the
Affymetrix Mouse Gene 2.0 ST array. This database consists of data from male and female mice. The data set includes
a total of 52 BXD RI strains, the parental strains (C57BL/6J and DBA/2J), and a reciprocal cross.

Results: In combination with GeneNetwork, the Department of Defense (DoD) Congressionally Directed Medical
Research Programs (CDMRP) Normal Retina Database provides a large resource for mapping, graphing, analyzing,
and testing complex genetic networks. Protein-coding and non-coding RNAs can be used to map quantitative trait loci
(QTLs) that contribute to expression differences among the BXD strains and to establish links between classical ocular
phenotypes associated with differences in the genomic sequence. Using this resource, we extracted transcriptome signa-
tures for retinal cells and defined genetic networks associated with the maintenance of the normal retina. Furthermore,
we examined differentially expressed exons within a single gene.

Conclusions: The high level of variation in mRNA levels found among the BXD RI strains makes it possible to identify
expression networks that underline differences in retina structure and function. Ultimately, we will use this database to
define changes that occur following blast injury to the retina.

© 2015 Molecular Vision

Large-scale sequencing initiatives have led to a new era
in understanding gene and genome functions [1-5]. There is
now an acute need for powerful approaches that integrate and
analyze massive proteomics/genomics data sets. In vision
research, many single gene variants are known to cause vision
loss, including retinitis pigmentosa [6-9], Usher syndrome
[10,11], and some forms of glaucoma [12]. However, many
ocular diseases have a complex genetic basis with multiple
chromosomal loci contributing to differences in the suscep-
tibility and severity of the disease. Two prominent examples
are glaucoma [13-15] and age-related macular degeneration
[16,17]. In addition, the response of the eye and the retina to
trauma is driven by a host of different genes expressed in a
large number of different cell types.

Until recently, it was extremely difficult to define
the genetic and molecular basis of complex diseases or to
adequately monitor the response of the eye and the retina
to injury. We used a novel and powerful approach that
relies on systems biology and a mouse genetic reference
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panel, the BXD family of recombinant inbred (RI) strains.
This resource is particularly well suited to define complex
genetic networks that are also active in human diseases. This
approach allows us to not only identify specific gene variants
involved in retinal disease and response to injury but also
place corresponding molecular changes in a global context
in the eye and the retina.

The initial efforts of our group explored the genetic
diversity of the BXD family of strains to define the genetic
networks active in the eye (see data sets and refs [18] and
[19]). In this study, we created a new mouse retinal data-
base that offers a more complete description of the mouse
transcriptome. This resource uses the genetic covariance
of expression across a panel of 52 BXD strains to identify
cellular signatures and genetic networks within the mouse
retina. The array we used provides expression profiling at the
exon level for 26,191 well-established annotated transcripts,
as well as 9,049 non-coding RNAs, including more than
600 microRNAs. Using the bioinformatics tools located on
GeneNetwork, we examined the cellular signature of RPE
cells. We also analyzed a genetic and molecular network
involved in neuronal development and axon growth. In both
examples, we highlight the specific benefits of the new
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Figure 1. The expression at the
gene level of Rpe65 across the BXD
strains in the DoD CDMRP Normal
Retina Database. The expression
levels of Rpe65 are shown for many
of the BXD strains as the mean
expression and the standard error
of the mean. The individual strain
identifications are shown along the
bottom, and the scale is log, Notice
the low levels of Rpe65 in some
stains (DBA/2J, BXD5 BXD12,
BXD34, BXD40, BXD48a, BXD60,
BXD69, BXD100, BXDI101, and
BXD102) and the eightfold higher

65b|
100
101
102

levels of expression in other strains (BXD16, BXD31, BXD42, BXD43, BXD50, BXD56, BXD75, and BXD85). Most of the high expressing
strains were isolated at 2 h after light on and the low expressing strains had retinas isolated at least 4 h after light on.

database with a special emphasis on microRNAs, non-coding
RNAs, and the exon level data available with the Affymetrix
MouseGene 2.0 ST array.

METHODS

All of the procedures used involving mice were approved by
IACUC at the Emory University and adhered to the ARVO
Statement for the Use of Animals in Research. The Depart-
ment of Defense (DoD) Congressionally Directed Medical
Research Programs (CDMRP) Normal Retina Database uses
the Affymetrix MouseGene 2.0 ST Array (May 15, 2015).
Robust multiarray average (RMA) analysis and scaling were
conducted by Arthur Centeno. This data set consists of 52
BXD strains, C57BL/6J, DBA/2J, and an F1 cross between
C57BL/6J and DBA/2J. A total of 55 strains were quanti-
fied. There is a total of 222 microarrays. All data from each
microarray used in this data set is publicly available on
GeneNetwork.

These are RMA expression data that have been normal-
ized using what we call a 2z+8 scale, but without corrections
for batch effects. The data for each strain were computed as
the mean of four samples per strain. The expression values
on the log, scale ranged from 3.81 to 14.25 (10.26 units), a
nominal range of approximately 1,000-fold. After taking
the log, of the original non-logged expression estimates,
we converted the data within an array to a z-score. We then
multiplied the z-score by 2. Finally, we added 8 units to
ensure that no values were negative. The result was a scale
with the mean expression of the probes on the array of 8 units
and a standard deviation of 2 units. A twofold difference in
expression is equivalent to roughly 1 unit on this scale. The

lowest level of expression was 3.81 (Olfr1186) from the DoD
CDMRP (the Normal Retina Database uses the Affymetrix
MouseGene 2.0 ST Array, May 15, 2015). The highest level
of expression was rhodopsin for 17462036 (Rho). The highest
single value was 14.25.

Cases used to generate this data set: Almost all animals were
young adults between 60 and 100 days of age. We measured
expression in conventional inbred strains, BXD recombinant
inbred (RI) strains, and reciprocal Fls between C57BL/6J and
DBA/2J.

BXD strains: The first 32 of the strains were from the Taylor
series of BXD strains generated at the Jackson Laboratory
(Bar Harbor, ME) by Benjamin A. Taylor. BXD1 through
BXD32 were started in the late 1970s, whereas BXD33
through 42 were started in the 1990s. BXD43 and higher
were bred by Lu Lu, Jeremy Peirce, Lee M. Silver, and
Robert W. Williams starting in 1997 using B6D2 generation
10 advanced intercross progeny. This modified breeding
protocol doubles the number of recombinations per BXD
strain and improves the mapping resolution [20]. All of the
Taylor series of BXD strains and many of the new BXD
strains are available from The Jackson Laboratory. Several
strains were specifically excluded from the data set. For
BXD43 and higher, the DBA/2J parent carried the Tyrplb
mutation and the GpnmbR 150X mutation; these two muta-
tions produce pigment dispersion glaucoma. Mice that carried
these two mutations were not included in the data set: BXDS53,
BXDS55, BXD62, BXD66, BXD68, BXD74, BXD77, BXD&l,
BXD88, BXD89, BXD95, and BXD98. In addition, BXD24
was omitted, since it developed a spontaneous mutation,
rd16 (Cep290) that resulted in retinal degeneration and was
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Col18a1 (Exon 14)

Figure 2. Expression of Coli8al
(Exon 14) is illustrated across the
BXD strains in the DoD CDMRP
Normal Retina Exon Level DataSet.
The expression levels of Coll8al at
exon 14 are shown for many of the
BXD strains as the mean expression
and the standard error of the mean.
The individual strain identifications
are shown along the bottom, and
the scale is log, This difference in

56|
60|
B3
65|
65h|
67
69
71
73
75
84
B5|
86|
87|
90|
99
100
101
102

expression reflects the differential
splicing of this exon.

renamed BXD24b/TyJ [21]. Several additional strains were
excluded due to abnormally high Gfap levels observed in
the Full HEI Retina (April 2010) data set: BXD32, BXD49,
BXD70, BXD83, and BXD§9.

Tissue preparation protocol: The mice were killed by rapid
cervical dislocation. The retinas were removed immediately
by placing the globe under pressure and cutting the cornea.
The lens burst out of the opening in the cornea followed by
the retina. In this process, no specific procedures were used
to include or exclude the RPE. The retina was placed imme-
diately in 1 ml of 160 U/ml RiboLock (Thermo Scientific
Waltham, MA) for 1 min at room temperature. The retina
was then transferred to Hank’s Balanced Salt solution with
RiboLock in 50 ul RiboLock (Thermo Scientific, RiboLock
RNase #E00381 40 U/ul 2500U) and stored in —80 °C. The
RNA was isolated using a QiaCube (Hilden, Germany) and
the in-column DNase procedure. All RNA samples were
checked for quality before the microarrays were run. The
samples were analyzed using the Agilent 2100 Bioanalyzer
(Agilent, Santa Clara, CA). The RNA integrity values ranged
from 7.0 to 10. Our goal was to obtain data from independent
biologic sample pools for both sexes of each BXD strain.
The four batches of arrays included in this final data set
collectively represented a reasonably well-balanced sample
of males and females.

Affymetrix gene array: In the present study, we used the
Affymetrix Mouse Gene 2.0 ST Array. The array was
designed with a median of 22 unique probes per transcript.
Each probe is 25 bases in length. The arrays provide compre-
hensive transcriptome coverage with more than 30,000 coding
and non-coding transcripts. In addition, there is coverage for
more than 600 microRNAs. For some arrays, the RNA was
pooled from two retinas, and other arrays were run on a single

retina. Dr. XiangDi Wang (University of Tennessee, Health
Science Center) was involved in the retinal extractions and
isolation of RNA. The Affymetrix arrays were run by two
research core laboratories: the Molecular Resource Center
at UTHSC (Dr. William Taylor, director) and the Integrated
Genomics Core at Emory University by Robert B. Isett (Dr.
Michael E. Zwick, director). In a separate set of experiments,
we tested a set of arrays from C57BL/6]J retinas run at each
facility to determine if there were batch effects or other
confounding differences in the results. We did not detect
any significant difference in the arrays run at UTHSC or at
Emory University. Thus, we included both sets of data in the
analysis.

RESULTS

The DoD CDMRP Retina Database presents the retinal tran-
scriptome profiles of 52 BXD RI strains on a highly interac-
tive website, GeneNetwork. There are two separate presenta-
tions of the microarray data. The first is at the gene level
(DoD CDMRP Retina Affymetrix Mouse Gene 2.0 ST (May
15, 2015) RMA Gene-Level Database), and the same data is
presented at the exon level (DoD CDMRP Retina Affymetrix
Mouse Gene 2.0 ST (May 15, 2015) RMA Exon-Level Data-
base). For analyzing these data sets, a suite of bioinformatics
tools is integrated in the GeneNetwork website. These tools
identify genes that vary across the BXD RI strains, construct
genetic networks that control the development of the mouse
retina, and identify the genomic loci that underlie complex
traits in the retina. In this paper, we present these two new
data sets and illustrate their use with three examples. The
first was to identify the genetic signatures of the RPE. The
second identified genes that are differentially spliced between
the C57BL/6J retina and the DBA/2J retina. In the third
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example, we looked at the genetic network associated with
roundabout homolog 2 (Robo2) gene and the modulation of
axonal growth.

Cellular signature of the RPE in the DoD CDMRP Retina
Database: The DoD CDMRP Retina Database has a unique
signature for RPE cells. When looking at the expression of
the RPE marker Rpe65, there was an almost biphasic distribu-
tion of expression (Figure 1). Many of the strains expressed
low levels of Rpe65 (approximately 7 units on our scale)
while other strains had high levels of expression ranging
from two- to eightfold higher (8 to 11 units). We believe that
this difference is due to the time of day that the retinas were
removed from the eye. Many of the retinas were isolated at
the University of Tennessee Health Science Center where
isolation started at approximately 10:00 a.m. and lights on in
the animal colony occurred at 6:00 a.m. These retinas were
isolated approximately 4 h after the lights came on. At Emory
University, the retinas were isolated starting at 9:00 a.m.,
and lights on occurred at 7:00 a.m. These later sets of retinas
were removed at approximately 2 h after the lights came on
in the animal colony. The mean expression level of Rpe65 in
the samples isolated at the University of Tennessee was 8.3,
and the mean for the samples isolated at Emory University
was 10.2, roughly a fourfold difference in expression. This
difference in expression between the samples isolated at
the different locations was significant using a Student ¢ test
(p<0.01). If we examine the correlation between these differ-
ences in Rpe6)5 expression and the genes’ associated circadian
rhythm, several genes correlate with the expression of Rpe65
across the data set, including cytochrome 2 (Cry2, r =—0.75)
and period homolog 2 (Per2, r =—0.65).

When this data set is used, it is important to remember
the difference in Rpe65 expression due to the time of day the
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retinas were isolated. However, if one is interested in defining
a molecular signature of RPE cells and if the level of Rpe65
is directly associated with the number of cells that adhere to
the retina, then we can use the level of Rpe65 in each strain
to define a set of genes that covary with Rpe65 across the
BXD strain set. When we examined the data set for genes
with a similar expression pattern across the BXD strains, a
list of genes uniquely expressed in RPE was observed (Table
1). This cellular signature represents genes that are expressed
within the RPE, including retinal G protein coupled receptor
(Rgr), lecithin-retinol acyltransferase (Lraf), retinol dehy-
drogenase 5 (Rdh)5), transferrin (7rf), and retinal pigment
epithelium derived rhodopsin homolog (Rr#). This signature
can also be thought of as the result of genetic networks that
drive gene expression within a given cell type.

With the MouseGene 2.0 ST Affymetrix chip, we found
not only protein-coding genes that correlate with Rpe65 but
also microRNAs and non-coding RNAs. When we examined
the top 500 correlates of Rpe65 (all of which have a correlation
higher than 0.8 with Rpe65), five microRNAs were present:
Mir98, Mir666, Mir449a, Mir301b, and Mir28b (Table 2).
Using the bioinformatics tools on TargetScan (Targetscan.
org) [22-24], we predicted targets for each microRNA from
the top 500 correlates of Rpe65. One microRNA, Mir666, did
not appear on the TargetScan website. The remaining four
microRNAs appeared on the website. When the microRNAs
were scanned for targets, Mir98 had 29 targets in the RPE
signature, Mir449a had 14 targets, Mir301b had 13 targets,
and Mir28b had one target. This type of analysis may be
one approach to constructing and understanding microarray
networks within a specific cell type such as the mouse RPE.

For many Affymetrix probes, there is minimal annota-
tion. For example, within the top 100 correlates of Rpe635,

Col18a1 (Exon 5)
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Figure 3. Expression of Coli8al
(Exon 5) is illustrated across the
BXD strains in the DoD CDMRP
Normal Retina Exon Level Data-
base. The expression levels of
Coll8al are shown for many of the
BXD strains as the mean expression
and the standard error of the mean.
The individual strain identifications
are shown along the bottom, and the
scale is log, Thus, this exon is not
differentially spliced across the
BXD RI strains.
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Figure 4. Expression of Robo?2
across the BXD strains in the DoD
CDMRP Normal Retina Database.
The expression levels of Robo2
are shown for many of the BXD
strains as the mean expression and
the standard error of the mean. The
individual strain identifications are
shown along the bottom of the plot,
and the scale is log, This variability
from strain to strain indicates that
the gene is differentially regulated
by multiple genomic elements.

17 Affymetrix probes are present that have minimal anno-
tation furnished by Affymetrix. For two of these probes,
Affy 17203447 and Affy 17204181, there is no annota-
tion from Affymetrix, including the sequence of the probe
itself. Thus, for these two probes, no further analysis can
be conducted until Affymetrix furnishes sequence data.
For the remaining 15 Affymetrix probes, the expression
within the retinal transcriptome is low, ranging from 4.6
to 8.8. The sequences of these probes can be related to the
mouse genome using the Verify Tool on the probe’s Trait
Data and Analysis page on GeneNetwork. The three probes
with expression levels higher than 8 all aligned with the
mouse genome. Affy 17241598 aligns to a sequence on
chromosome 10 that is a predicted protein with no further
annotation. Affy 17414264 aligns with a sequence on chro-
mosome 4 that is a non-protein coding gene or gene fragment.
Affy 17527409 aligns with a sequence on chromosome 9 that
is a predicted protein. When the role of these transcripts in
the network associated with Rpe65 is considered, these data
are far from informative. Unfortunately, for many of the
probes on the Affymetrix Mouse Gene 2.0 ST Array, this is
the current state of annotation. We are beginning to improve
the annotation, and the identification of probes associated
with microRNAs is due to the efforts of members of the Rob
Williams group. With time, we believe that the annotation
will improve allowing investigators to include these probes
in functional genetic networks.

Analysis of differentially spliced genes using the exon dataset:
One of the extended features of the Affymetrix MouseGene
2.0 ST Array is its extensive coverage of gene expression
at the exon level, and these data are presented in the DoD
CDMRP Retina Affymetrix Mouse Gene 2.0 ST (May 15)
RMA Exon-Level Database. At the present time, we do not

have specific bioinformatic tools that fully investigate the
exon-level data set. However, this database can be used to
identify genes that are differentially spliced in the DBA/2J
mouse and the C57BL/6J mouse. If an exon is expressed in
one strain of mouse and not the other strain, the exon will
have a large and significant likelihood ratio statistic (LRS)
score across the BXD RI strain set. Basically, that individual
exon will function like a Mendelian trait being either highly
expressed or expressed at a low level. Therefore, to begin the
analysis, we identified the exons with LRS scores higher than
60. We identified 2,314 exons, and the highest LRS score was
250. Then we reasoned that if an exon had a significant LRS
score and at the gene level there was not a high LRS score,
then the selected exon(s) was behaving differently from the
other exons within the gene. Of the 2,314 exons with an LRS
score above 60, 1,569 exons were part of a gene that did not
have a high LRS score. An extensive evaluation of all these
exons is beyond the scope of the present paper. Therefore,
the top ten exons with LRS scores ranging from 165 to 202
were selected for further analysis. These exons were from ten
genes: Cyb5r3, Hmgn2, Kif22, Coll8al, Uba2, Wdtcl, Haus5,
Sdc2, Poc5, and Cntnl. In every case, at least one exon was
differentially expressed between the C57BL/6J mouse and
the DBA/2J mouse. To illustrate the differential splicing seen
in these genes, we examined Co//8al in depth. In the exon
data set, there are 26 separate probes for the exons in the
Coll8al gene (see Table 3). Most of the probes have an associ-
ated LRS score ranging from 7 to 19. However, one probe
(17242250) had an LRS score of 176.3. When we examined
the distribution of the expression of this exon across the BXD
RI strains, we saw that it is highly expressed in the C57BL/6J
mouse retina relative to the DBA/2J retina (Figure 2). In other
exon probes for Coll8al, there is a similar level of expression
between the C57BL/6J mouse retina and the DBA/2J mouse
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retina, as well as the remaining BXD strains (Figure 3). It is
possible that these differences in probe binding could be due
to sequence variants between the C57BL/6J mouse and the
DBA/2]J. To test this hypothesis, we examined the sequence of
the exons with high LRS scores to define the sequence differ-
ences between the two strains. Of the ten exons examined,
five had single nucleotide polymorphisms (SNPs) within the
region recognized by the Affymetrix probe. For these five
exons, the difference in expression could be explained by
differences in probe binding and not by differential splicing.
For the remaining five exons, including that of Coll/8al, the
sequence in the C57BL/6J mouse was identical to that of the
DBA/2J mouse. This type of analysis appears to identify
differentially spliced genes in the retina of the BXD RI strain
set. Our group is in the process of developing bioinformatic
tools to take full advantage of the data from the Affymetrix
exon chips. In the near future, this type of analysis may be as
simple as a single query on the Trait Data and Analysis page
of GeneNetwork.

Example of a functional network in the DoD CDMRP Retina
Database: To illustrate the features of the new DoD CDMRP
Retina Database, we chose a specific gene, Robo2 (round-
about homolog 2) and used it to demonstrate the analytical

powers of the database and the bioinformatics tools associ-
ated with GeneNetwork. Robo2 is highly expressed in the
retina with a mean value of 10.7 across the BXD strain set.
The expression within individual strains varies from a low
of 10.2 to a high of 11.1. This is a log, scale and represents
approximately a twofold difference in expression (Figure 4).
When we examined the database for genes with a similar
pattern of expression across the BXD strain set, we found a
group of genes that are highly correlated with the expression
pattern of Robo2 (Table 4). One example is the third correlate
on the list, Ncam?2 (Figure 5) with a value of 0.926. Even
the 100" correlate on the list (Git) has a high correlation
(r=0.873) with Robo2 (see Supplemental Table 1).

To define the regions of the genome that modulate the
expression of Robo2, we plotted a genome-wide scan for
Robo2 (Figure 6). This plot defines regions of the genome that
correlate with the level of Robo2 expression, a quantitative
trait locus (QTL). In this interval map, there is one significant
QTL on chromosome 16 (notice the peak reaches the red line
on the scan, p=0.05), and there are two suggestive peaks on
chromosome 1 and chromosome 17 (above the gray line,
p=0.63). The expression of Robo2 is modulated by genomic
elements on chromosome 16. Two types of elements could
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affect the expression of Robo2: a cis-QTL or a gene with a
nonsynonymous SNP. When we examined the significant
QTL on chromosome 16 (21-27 Mb), we found there were
no significant cis-QTLs at the gene level. With the DoD
CDMRP Retina Database, it is now possible to look at the
individual probes in exons and introns. When we checked
the DoD CDMRP Retina Exon Level Database, we found
one probe (Affy 17329472) that lies within the Leprell gene.
When we checked the location of the probe with the Verify
function on GeneNetwork, the probe lies in an intron and
may be a non-coding RNA. However, when we examined the
RNA-seq data from GeneNetwork, it appeared that this probe
was detected in an RNA-seq analysis of the hippocampus
and thus may be part of Leprell gene itself. Nonetheless, this
probe marks a candidate for modulating the expression of
Robo2. The second approach was to examine this region for
nonsynonymous SNPs. Using the SNP browser in GeneNet-
work, we looked at chromosome 16 (21-27 Mb) and found
four known genes with nonsynonymous SNPs: Kng2, Kngl,
BC106179, and Maspl. This analysis provided us with five
candidates for modulating the expression of Robo2.

To determine whether this highly correlated set of genes
in the Robo2 network have functional relationship(s), we
used WebGestalt (WEB-based GEne SeT AnaLysis Toolkit)
to examine the top 500 correlates of Robo?2 to determine if
there were specific functional transcript enrichments. The list
of the top 500 correlates of Robo2 was enriched for several
biologic processes (nervous system development, synaptic
transmission, and neuron differentiations); molecular

© 2015 Molecular Vision

functions (enzyme binding, post synaptic density [PDZ]
domain binding, inorganic cation transmembrane transporter,
and metal ion transmembrane transporter activity); and
cellular components (cell projection part, neuron projection,
intracellular part, and axon genes). This type of analysis plays
a critical role in many genetic networks, defining the func-
tional role of the network. In this specific case, the analysis
indicates that the Robo2 network is involved in axonal growth
and neuronal development.

DISCUSSION

This article announces the release of two new BXD retina
databases on GeneNetwork. The first is at the gene level
(DoD CDMRP Retina Affymetrix Mouse Gene 2.0 ST (May
15) RMA Gene-Level Database). The second data set is an
exon-level analysis of the data presented in the first data set
(DoD CDMRP Retina Affymetrix Mouse Gene 2.0 ST (May
15) RMA Exon-Level Database). Here, we emphasize some
of the special aspects of these two data sets, including exon-
level analysis and the inclusion of microRNAs and many non-
coding RNAs. To illustrate many of these new features, we
presented three approaches for analysis using the data sets.

The first was an examination of a cell signature within
the data set. Within the DoD CDMRP Retina Database, there
is a pronounced RPE signature. Some strains demonstrate low
levels of expression of RPE65 while other strains have more
than 16-fold higher levels of expression. This difference could
not be due to differences in expression within the RPE. We
believe that this difference is due to differences in the time of
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Figure 6. Genome-wide Interval Map of Robo2. This genome-wide graph displays the quantitative trait loci (QTL) distribution across the
Department of Defense (DoD) Congressionally Directed Medical Research Programs (CDMRP) Normal Retina Database. The x-axis plots
the locations of the QTLs that control the transcript expression. Positions are measured in megabases from chromosome 1 to chromosome
X (1-2,600 Mb). The y-axis plots the “likelihood ratio statistic” (LRS). The significant levels of individual QTLs are color-coded. The red
line represents a genome-wide significance level (p=0.05), and the gray line is suggestive. Notice the significant QTL on chromosome 16.
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day when the retinas were isolated. The retinal samples were
collected at two locations. At the University of Tennessee,
the samples were usually isolated starting at 10:00 a.m., and
lights were turned on in the animal colony at 6:00 a.m. Thus,
the retinas were isolated at least 4 h after the lights came on.
At Emory University, the retinas were isolated starting at 9:00
a.m., and lights on occurred at 7:00 a.m. (2 h after the lights
came on in the animal colony). These differences in the time
of day the retinas were isolated may be related to the number
of RPE cells that adhered to the retinal samples [25].

Several bioinformatics tools are available to the vision
research community. These tools include the NEI Bank
project, which provides transcriptome profiling of the tissues
of the eye, including mouse and human [26]. The Cepko group
at Harvard, Boston, MA has provided the mouse retina serial
analysis of gene expression (SAGE) library that includes gene
expression of the embryonic and postnatal retina [27,28].
Daiger and his group at the University of Texas Health
Science Center, Houston TX have lists of mapped loci and
cloned genes associated with inherited retinal disease on the
RetNet website. The Gene Expression Nervous System Atlas
(GENSAT) now has a section devoted to the Retina Project
[29] at GENSAT. The cell-specific labeling in the retina for
different genes was illustrated using BAC transgenic mice
[30]. The pattern of labeling in the retina defines the retinal
cell types that express specific genes. This cellular localiza-
tion aids in defining the localization of genetic networks
in the retina. Finally, we posted the data from the study of
glaucoma by Howell et al. [31] on the GeneNetwork website
under the BXD eye database. These data are helpful in under-
standing the role of specific genetic networks in glaucoma
(for example, see Templeton et al. [32]).

In conclusion, the DoD CDMRP Retina Database offered
on GeneNetwork is a new resource for the vision commu-
nity, in the ever-expanding variety of bioinformatics tools
available. Previously, we offered several BXD microarray
databases on GeneNetwork to the vision science community:
the transcriptome of the whole eye (Eye M430v2 (September
2008) RMA Database) described in detail by Geisert et al.
[18], a normal retina database (Normal Retina (April 2010)
RankInv Database) described in detail by Freeman et al. [19],
and the retina 2 days after optic nerve crush (ONC Retina
(April 2012) RankInv Database) described by Templeton et
al. [33]. This new data set offers a unique look at expres-
sion at the exon level. In addition, many non-protein coding
transcripts are represented in the data set. The bioinformatics
tools offered on GeneNetwork and these new databases are a
unique resource for the vision research community.

© 2015 Molecular Vision
APPENDIX 1. TOP 100 CORRELATES OF ROBO2.

To access these data, click or select the words "Appendix 1".

ACKNOWLEDGMENTS

This work was supported by DoD CDMRP Grant
W81XWHI1210255 from the USA Army Medical Research
& Materiel Command and the Telemedicine and Advanced
Technology (EEG), NIH Grant RO1EY017841 (EEG), Vision
Core Grant P30EY006360 (P. Michael Iuvone), and Unre-
stricted Funds from Research to Prevent Blindness (Emory
University). We thank XiangDi Wang and Arthur Centeno
for their technical assistance in this project. This study
was supported in part by the Emory Integrated Genomics
Core (EIGC), which is subsidized by the Emory University
School of Medicine and is one of the Emory Integrated Core
Facilities.

REFERENCES

1. Consortium EP, Birney E, Stamatoyannopoulos JA, Dutta
A, Guigo R, Gingeras TR, Margulies EH, Weng Z, Snyder
M, Dermitzakis ET, Thurman RE, Kuehn MS, Taylor CM,
Neph S, Koch CM, Asthana S, Malhotra A, Adzhubei I,
Greenbaum JA, Andrews RM, Flicek P, Boyle PJ, Cao H,
Carter NP, Clelland GK, Davis S, Day N, Dhami P, Dillon
SC, Dorschner MO, Fiegler H, Giresi PG, Goldy J, Hawry-
lycz M, Haydock A, Humbert R, James KD, Johnson BE,
Johnson EM, Frum TT, Rosenzweig ER, Karnani N, Lee K,
Lefebvre GC, Navas PA, Neri F, Parker SC, Sabo PJ, Sand-
strom R, Shafer A, Vetrie D, Weaver M, Wilcox S, Yu M,
Collins FS, Dekker J, Lieb JD, Tullius TD, Crawford GE,
Sunyaev S, Noble WS, Dunham I, Denoeud F, Reymond A,
Kapranov P, Rozowsky J, Zheng D, Castelo R, Frankish A,
Harrow J, Ghosh S, Sandelin A, Hofacker IL, Baertsch R,
Keefe D, Dike S, Cheng J, Hirsch HA, Sekinger EA, Lagarde
J, Abril JF, Shahab A, Flamm C, Fried C, Hackermuller J,
Hertel J, Lindemeyer M, Missal K, Tanzer A, Washietl S,
Korbel J, Emanuelsson O, Pedersen JS, Holroyd N, Taylor R,
Swarbreck D, Matthews N, Dickson MC, Thomas DJ, Weir-
auch MT, Gilbert J, Drenkow J, Bell I, Zhao X, Srinivasan
KG, Sung WK, Ooi HS, Chiu KP, Foissac S, Alioto T, Brent
M, Pachter L, Tress ML, Valencia A, Choo SW, Choo CY,
Ucla C, Manzano C, Wyss C, Cheung E, Clark TG, Brown
JB, Ganesh M, Patel S, Tammana H, Chrast J, Henrichsen
CN, Kai C, Kawai J, Nagalakshmi U, Wu J, Lian Z, Lian
J, Newburger P, Zhang X, Bickel P, Mattick JS, Carninci P,
Hayashizaki Y, Weissman S, Hubbard T, Myers RM, Rogers
J, Stadler PF, Lowe TM, Wei CL, Ruan Y, Struhl K, Gerstein
M, Antonarakis SE, Fu Y, Green ED, Karaoz U, Siepel A,
Taylor J, Liefer LA, Wetterstrand KA, Good PJ, Feingold
EA, Guyer MS, Cooper GM, Asimenos G, Dewey CN, Hou
M, Nikolaev S, Montoya-Burgos JI, Loytynoja A, Whelan
S, Pardi F, Massingham T, Huang H, Zhang NR, Holmes I,
Mullikin JC, Ureta-Vidal A, Paten B, Seringhaus M, Church
D, Rosenbloom K, Kent WJ, Stone EA, Program NCS.

1248


http://www.molvis.org/molvis/v21/1235
http://neibank.nei.nih.gov/index.shtml
http://neibank.nei.nih.gov/index.shtml
http://itstgp01.med.harvard.edu/retina
http://www.sph.uth.tmc.edu/RetNet/
http://www.gensat.org/retina.jsp
http://www.gensat.org/retina.jsp
http://www.molvis.org/molvis/v21/appendices/mv-v21-1235-app-1.xlsx

Baylor College of Medicine Human Genome Sequencing
C, Washington University Genome Sequencing C, Broad
I, Children's Hospital Oakland Research I, Batzoglou S,
Goldman N, Hardison RC, Haussler D, Miller W, Sidow A,
Trinklein ND, Zhang ZD, Barrera L, Stuart R, King DC,
Ameur A, Enroth S, Bieda MC, Kim J, Bhinge AA, Jiang N,
Liu J, Yao F, Vega VB, Lee CW, Ng P, Shahab A, Yang A,
Mogqtaderi Z, Zhu Z, Xu X, Squazzo S, Oberley MJ, Inman
D, Singer MA, Richmond TA, Munn KJ, Rada-Iglesias A,
Wallerman O, Komorowski J, Fowler JC, Couttet P, Bruce
AW, Dovey OM, Ellis PD, Langford CF, Nix DA, Euskirchen
G, Hartman S, Urban AE, Kraus P, Van Calcar S, Heintzman
N, Kim TH, Wang K, Qu C, Hon G, Luna R, Glass CK,
Rosenfeld MG, Aldred SF, Cooper SJ, Halees A, Lin JM,
Shulha HP, Zhang X, Xu M, Haidar JN, Yu Y, Ruan Y, Iyer
VR, Green RD, Wadelius C, Farnham PJ, Ren B, Harte RA,
Hinrichs AS, Trumbower H, Clawson H, Hillman-Jackson
J, Zweig AS, Smith K, Thakkapallayil A, Barber G, Kuhn
RM, Karolchik D, Armengol L, Bird CP, de Bakker PI, Kern
AD, Lopez-Bigas N, Martin JD, Stranger BE, Woodroffe A,
Davydov E, Dimas A, Eyras E, Hallgrimsdottir IB, Huppert
J, Zody MC, Abecasis GR, Estivill X, Bouffard GG, Guan X,
Hansen NF, Idol JR, Maduro VV, Maskeri B, McDowell JC,
Park M, Thomas PJ, Young AC, Blakesley RW, Muzny DM,
Sodergren E, Wheeler DA, Worley KC, Jiang H, Weinstock
GM, Gibbs RA, Graves T, Fulton R, Mardis ER, Wilson RK,
Clamp M, CuffJ, Gnerre S, Jaffe DB, Chang JL, Lindblad-
Toh K, Lander ES, Koriabine M, Nefedov M, Osoegawa K,
Yoshinaga Y, Zhu B, de Jong PJ. Identification and analysis
of functional elements in 1% of the human genome by the
ENCODE pilot project. Nature 2007; 447:799-816. [PMID:
17571346].

Lander ES, Linton LM, Birren B, Nusbaum C, Zody MC,
Baldwin J, Devon K, Dewar K, Doyle M, FitzHugh W,
Funke R, Gage D, Harris K, Heaford A, Howland J, Kann L,
Lehoczky J, LeVine R, McEwan P, McKernan K, Meldrim
J, Mesirov JP, Miranda C, Morris W, Naylor J, Raymond
C, Rosetti M, Santos R, Sheridan A, Sougnez C, Stange-
Thomann N, Stojanovic N, Subramanian A, Wyman D,
Rogers J, Sulston J, Ainscough R, Beck S, Bentley D, Burton
J, Clee C, Carter N, Coulson A, Deadman R, Deloukas P,
Dunham A, Dunham I, Durbin R, French L, Grafham D,
Gregory S, Hubbard T, Humphray S, Hunt A, Jones M, Lloyd
C, McMurray A, Matthews L, Mercer S, Milne S, Mullikin
JC, Mungall A, Plumb R, Ross M, Shownkeen R, Sims S,
Waterston RH, Wilson RK, Hillier LW, McPherson JD,
Marra MA, Mardis ER, Fulton LA, Chinwalla AT, Pepin KH,
Gish WR, Chissoe SL, Wendl MC, Delehaunty KD, Miner
TL, Delehaunty A, Kramer JB, Cook LL, Fulton RS, Johnson
DL, Minx PJ, Clifton SW, Hawkins T, Branscomb E, Predki
P, Richardson P, Wenning S, Slezak T, Doggett N, Cheng
JE, Olsen A, Lucas S, Elkin C, Uberbacher E, Frazier M,
Gibbs RA, Muzny DM, Scherer SE, Bouck JB, Sodergren
EJ, Worley KC, Rives CM, Gorrell JH, Metzker ML, Naylor
SL, Kucherlapati RS, Nelson DL, Weinstock GM, Sakaki Y,
Fujiyama A, Hattori M, Yada T, Toyoda A, Itoh T, Kawagoe
C, Watanabe H, Totoki Y, Taylor T, Weissenbach J, Heilig
R, Saurin W, Artiguenave F, Brottier P, Bruls T, Pelletier E,

Molecular Vision 2015; 21:1235-1251 <http://www.molvis.org/molvis/v21/1235>

3.

4.

5.

1249

© 2015 Molecular Vision

Robert C, Wincker P, Smith DR, Doucette-Stamm L, Ruben-
field M, Weinstock K, Lee HM, Dubois J, Rosenthal A,
Platzer M, Nyakatura G, Taudien S, Rump A, Yang H, Yu J,
Wang J, Huang G, Gu J, Hood L, Rowen L, Madan A, Qin S,
Davis RW, Federspiel NA, Abola AP, Proctor MJ, Myers RM,
Schmutz J, Dickson M, Grimwood J, Cox DR, Olson MV,
Kaul R, Raymond C, Shimizu N, Kawasaki K, Minoshima
S, Evans GA, Athanasiou M, Schultz R, Roe BA, Chen F, Pan
H, Ramser J, Lehrach H, Reinhardt R, McCombie WR, de la
Bastide M, Dedhia N, Blocker H, Hornischer K, Nordsiek G,
Agarwala R, Aravind L, Bailey JA, Bateman A, Batzoglou
S, Birney E, Bork P, Brown DG, Burge CB, Cerutti L, Chen
HC, Church D, Clamp M, Copley RR, Doerks T, Eddy SR,
Eichler EE, Furey TS, Galagan J, Gilbert JG, Harmon C,
Hayashizaki Y, Haussler D, Hermjakob H, Hokamp K, Jang
W, Johnson LS, Jones TA, Kasif S, Kaspryzk A, Kennedy
S, Kent WJ, Kitts P, Koonin EV, Korf I, Kulp D, Lancet D,
Lowe TM, McLysaght A, Mikkelsen T, Moran JV, Mulder N,
Pollara VJ, Ponting CP, Schuler G, Schultz J, Slater G, Smit
AF, Stupka E, Szustakowski J, Thierry-Mieg D, Thierry-
Mieg J, Wagner L, Wallis J, Wheeler R, Williams A, Wolf Y1,
Wolfe KH, Yang SP, Yeh RF, Collins F, Guyer MS, Peterson
J, Felsenfeld A, Wetterstrand KA, Patrinos A, Morgan MJ,
de Jong P, Catanese JJ, Osoegawa K, Shizuya H, Choi S,
Chen YJ. International Human Genome Sequencing C. Initial
sequencing and analysis of the human genome. Nature 2001;
409:860-921. [PMID: 11237011].

Pennisi E. Genomics. ENCODE project writes eulogy for junk

DNA. Science 2012; 337:1159-61. [PMID: 22955811].

Rubin GM, Yandell MD, Wortman JR, Gabor Miklos GL,

Nelson CR, Hariharan IK, Fortini ME, Li PW, Apweiler R,
Fleischmann W, Cherry JM, Henikoff S, Skupski MP, Misra
S, Ashburner M, Birney E, Boguski MS, Brody T, Brokstein
P, Celniker SE, Chervitz SA, Coates D, Cravchik A, Gabri-
elian A, Galle RF, Gelbart WM, George RA, Goldstein LS,
Gong F, Guan P, Harris NL, Hay BA, Hoskins RA, Li J, Li
Z, Hynes RO, Jones SJ, Kuehl PM, Lemaitre B, Littleton
JT, Morrison DK, Mungall C, O'Farrell PH, Pickeral OK,
Shue C, Vosshall LB, Zhang J, Zhao Q, Zheng XH, Lewis
S. Comparative genomics of the eukaryotes. Science 2000;
287:2204-15. [PMID: 10731134].

Venter JC, Adams MD, Myers EW, Li PW, Mural RJ, Sutton

GG, Smith HO, Yandell M, Evans CA, Holt RA, Gocayne JD,
Amanatides P, Ballew RM, Huson DH, Wortman JR, Zhang
Q, Kodira CD, Zheng XH, Chen L, Skupski M, Subramanian
G, Thomas PD, Zhang J, Gabor Miklos GL, Nelson C, Broder
S, Clark AG, Nadeau J, McKusick VA, Zinder N, Levine AJ,
Roberts RJ, Simon M, Slayman C, Hunkapiller M, Bolanos
R, Delcher A, Dew I, Fasulo D, Flanigan M, Florea L,
Halpern A, Hannenhalli S, Kravitz S, Levy S, Mobarry C,
Reinert K, Remington K, Abu-Threideh J, Beasley E, Biddick
K, Bonazzi V, Brandon R, Cargill M, Chandramouliswaran
I, Charlab R, Chaturvedi K, Deng Z, Di Francesco V, Dunn
P, Eilbeck K, Evangelista C, Gabrielian AE, Gan W, Ge W,
Gong F, Gu Z, Guan P, Heiman TJ, Higgins ME, Ji RR, Ke
Z, Ketchum KA, Lai Z, Lei Y, Li Z, Li J, Liang Y, Lin X, Lu
F, Merkulov GV, Milshina N, Moore HM, Naik AK, Narayan
VA, Neelam B, Nusskern D, Rusch DB, Salzberg S, Shao W,


http://www.molvis.org/molvis/v21/1235
http://www.ncbi.nlm.nih.gov/pubmed/17571346
http://www.ncbi.nlm.nih.gov/pubmed/17571346
http://www.ncbi.nlm.nih.gov/pubmed/11237011
http://www.ncbi.nlm.nih.gov/pubmed/22955811
http://www.ncbi.nlm.nih.gov/pubmed/10731134

Molecular Vision 2015; 21:1235-1251 <http://www.molvis.org/molvis/v21/1235>

Shue B, Sun J, Wang Z, Wang A, Wang X, Wang J, Wei M,
Wides R, Xiao C, Yan C, Yao A, Ye J, Zhan M, Zhang W,
Zhang H, Zhao Q, Zheng L, Zhong F, Zhong W, Zhu S, Zhao
S, Gilbert D, Baumhueter S, Spier G, Carter C, Cravchik
A, Woodage T, Ali F, An H, Awe A, Baldwin D, Baden H,
Barnstead M, Barrow I, Beeson K, Busam D, Carver A,
Center A, Cheng ML, Curry L, Danaher S, Davenport L,
Desilets R, Dietz S, Dodson K, Doup L, Ferriera S, Garg
N, Gluecksmann A, Hart B, Haynes J, Haynes C, Heiner
C, Hladun S, Hostin D, Houck J, Howland T, Ibegwam C,
Johnson J, Kalush F, Kline L, Koduru S, Love A, Mann F,
May D, McCawley S, Mclntosh T, McMullen I, Moy M,
Moy L, Murphy B, Nelson K, Pfannkoch C, Pratts E, Puri V,
Qureshi H, Reardon M, Rodriguez R, Rogers YH, Romblad
D, Ruhfel B, Scott R, Sitter C, Smallwood M, Stewart E,
Strong R, Suh E, Thomas R, Tint NN, Tse S, Vech C, Wang
G, Wetter J, Williams S, Williams M, Windsor S, Winn-Deen
E, Wolfe K, Zaveri J, Zaveri K, Abril JF, Guigo R, Campbell
MJ, Sjolander KV, Karlak B, Kejariwal A, Mi H, Lazareva
B, Hatton T, Narechania A, Diemer K, Muruganujan A,
Guo N, Sato S, Bafna V, Istrail S, Lippert R, Schwartz R,
Walenz B, Yooseph S, Allen D, Basu A, Baxendale J, Blick
L, Caminha M, Carnes-Stine J, Caulk P, Chiang YH, Coyne
M, Dahlke C, Mays A, Dombroski M, Donnelly M, Ely D,
Esparham S, Fosler C, Gire H, Glanowski S, Glasser K,
Glodek A, Gorokhov M, Graham K, Gropman B, Harris
M, Heil J, Henderson S, Hoover J, Jennings D, Jordan C,
Jordan J, Kasha J, Kagan L, Kraft C, Levitsky A, Lewis M,
Liu X, Lopez J, Ma D, Majoros W, McDaniel J, Murphy S,
Newman M, Nguyen T, Nguyen N, Nodell M, Pan S, Peck
J, Peterson M, Rowe W, Sanders R, Scott J, Simpson M,
Smith T, Sprague A, Stockwell T, Turner R, Venter E, Wang
M, Wen M, Wu D, Wu M, Xia A, Zandieh A, Zhu X. The
sequence of the human genome. Science 2001; 291:1304-51.
[PMID: 11181995].

Redmond TM, Yu S, Lee E, Bok D, Hamasaki D, Chen N,

Goletz P, Ma JX, Crouch RK, Pfeifer K. Rpe65 is necessary
for production of 11-cis-vitamin A in the retinal visual cycle.
Nat Genet 1998; 20:344-51. [PMID: 9843205].

Allikmets R, Shroyer NF, Singh N, Seddon JM, Lewis RA,

Bernstein PS, Peiffer A, Zabriskie NA, Li Y, Hutchinson A,
Dean M, Lupski JR, Leppert M. Mutation of the Stargardt
disease gene (ABCR) in age-related macular degeneration.
Science 1997; 277:1805-7. [PMID: 9295268].

Nathans J, Hogness DS. Isolation and nucleotide sequence of

the gene encoding human rhodopsin. Proc Natl Acad Sci
USA 1984; 81:4851-5. [PMID: 6589631].

Swaroop A, Wang QL, Wu W, Cook J, Coats C, Xu S, Chen

S, Zack DJ, Sieving PA. Leber congenital amaurosis caused
by a homozygous mutation (R90W) in the homeodomain
of the retinal transcription factor CRX: direct evidence for
the involvement of CRX in the development of photore-
ceptor function. Hum Mol Genet 1999; 8:299-305. [PMID:
9931337].

Bork JM, Peters LM, Riazuddin S, Bernstein SL, Ahmed ZM,

Ness SL, Polomeno R, Ramesh A, Schloss M, Srisailpathy
CR, Wayne S, Bellman S, Desmukh D, Ahmed Z, Khan SN,

11.

13.

14.

15.

1250

© 2015 Molecular Vision

Kaloustian VM, Li XC, Lalwani A, Riazuddin S, Bitner-
Glindzicz M, Nance WE, Liu XZ, Wistow G, Smith RJ,
Griffith AJ, Wilcox ER, Friedman TB, Morell RJ. Usher
syndrome 1D and nonsyndromic autosomal recessive deaf-
ness DFNBI2 are caused by allelic mutations of the novel
cadherin-like gene CDH23. Am J Hum Genet 2001; 68:26-
37. [PMID: 11090341].

Adato A, Weil D, Kalinski H, Pel-Or Y, Ayadi H, Petit C,
Korostishevsky M, Bonne-Tamir B. Mutation profile of all
49 exons of the human myosin VIIA gene, and haplotype
analysis, in Usher 1B families from diverse origins. Am J
Hum Genet 1997, 61:813-21. [PMID: 9382091].

Stone EM, Fingert JH, Alward WL, Nguyen TD, Polansky
JR, Sunden SL, Nishimura D, Clark AF, Nystuen A, Nichols
BE, Mackey DA, Ritch R, Kalenak JW, Craven ER, Sheffield
VC. Identification of a gene that causes primary open angle
glaucoma. Science 1997; 275:668-70. [PMID: 9005853].

Crooks KR, Allingham RR, Qin X, Liu Y, Gibson JR,
Santiago-Turla C, Larocque-Abramson KR, Del Bono E,
Challa P, Herndon LW, Akafo S, Wiggs JL, Schmidt S,
Hauser MA. Genome-wide linkage scan for primary open
angle glaucoma: influences of ancestry and age at diagnosis.
PLoS ONE 2011; 6:¢21967-[PMID: 21765929].

Ulmer M, Li J, Yaspan BL, Ozel AB, Richards JE, Moroi
SE, Hawthorne F, Budenz DL, Friedman DS, Gaasterland
D, Haines J, Kang JH, Lee R, Lichter P, Liu Y, Pasquale
LR, Pericak-Vance M, Realini A, Schuman JS, Singh K,
Vollrath D, Weinreb R, Wollstein G, Zack DJ, Zhang K,
Young T, Allingham RR, Wiggs JL, Ashley-Koch A, Hauser
MA. Genome-wide analysis of central corneal thickness in
primary open-angle glaucoma cases in the NEIGHBOR and
GLAUGEN consortia. Invest Ophthalmol Vis Sci 2012;
53:4468-74. [PMID: 22661486].

Aung T, Ozaki M, Mizoguchi T, Allingham RR, Li Z,
Haripriya A, Nakano S, Uebe S, Harder JM, Chan AS, Lee
MC, Burdon KP, Astakhov YS, Abu-Amero KK, Zenteno
JC, Nilgun Y, Zarnowski T, Pakravan M, Safiech LA, Jia L,
Wang YX, Williams S, Paoli D, Schlottmann PG, Huang L,
Sim KS, Foo JN, Nakano M, Ikeda Y, Kumar RS, Ueno M,
Manabe S, Hayashi K, Kazama S, Ideta R, Mori Y, Miyata
K, Sugiyama K, Higashide T, Chihara E, Inoue K, Ishiko S,
Yoshida A, Yanagi M, Kiuchi Y, Aihara M, Ohashi T, Sakurai
T, Sugimoto T, Chuman H, Matsuda F, Yamashiro K, Gotoh
N, Miyake M, Astakhov SY, Osman EA, Al-Obeidan SA,
Owaidhah O, Al-Jasim L, Al Shahwan S, Fogarty RA, Leo P,
Yetkin Y, Oguz C, Kanavi MR, Beni AN, Yazdani S, Akopov
EL, Toh KY, Howell GR, Orr AC, Goh Y, Meah WY, Peh
SQ, Kosior-Jarecka E, Lukasik U, Krumbiegel M, Vithana
EN, Wong TY, Liu Y, Koch AE, Challa P, Rautenbach RM,
Mackey DA, Hewitt AW, Mitchell P, Wang JJ, Ziskind A,
Carmichael T, Ramakrishnan R, Narendran K, Venkatesh R,
Vijayan S, Zhao P, Chen X, Guadarrama-Vallejo D, Cheng
CY, Perera SA, Husain R, Ho SL, Welge-Luessen UC,
Mardin C, Schloetzer-Schrehardt U, Hillmer AM, Herms
S, Moebus S, Nothen MM, Weisschuh N, Shetty R, Ghosh
A, Teo YY, Brown MA, Lischinsky I. Blue Mountains Eye
Study GT, Wellcome Trust Case Control C, Crowston JG,


http://www.molvis.org/molvis/v21/1235
http://www.ncbi.nlm.nih.gov/pubmed/11181995
http://www.ncbi.nlm.nih.gov/pubmed/9843205
http://www.ncbi.nlm.nih.gov/pubmed/9295268
http://www.ncbi.nlm.nih.gov/pubmed/6589631
http://www.ncbi.nlm.nih.gov/pubmed/9931337
http://www.ncbi.nlm.nih.gov/pubmed/9931337
http://www.ncbi.nlm.nih.gov/pubmed/11090341
http://www.ncbi.nlm.nih.gov/pubmed/9382091
http://www.ncbi.nlm.nih.gov/pubmed/9005853
http://www.ncbi.nlm.nih.gov/pubmed/21765929
http://www.ncbi.nlm.nih.gov/pubmed/22661486

Molecular Vision 2015; 21:1235-1251 <http://www.molvis.org/molvis/v21/1235>

16.

20.

21.

22.

Coote M, Zhao B, Sang J, Zhang N, You Q, Vysochinskaya
V, Founti P, Chatzikyriakidou A, Lambropoulos A, Anas-
tasopoulos E, Coleman AL, Wilson MR, Rhee DJ, Kang
JH, May-Bolchakova I, Heegaard S, Mori K, Alward WL,
Jonas JB, Xu L, Liebmann JM, Chowbay B, Schaeffeler E,
Schwab M, Lerner F, Wang N, Yang Z, Frezzotti P, Kinoshita
S, Fingert JH, Inatani M, Tashiro K, Reis A, Edward DP,
Pasquale LR, Kubota T, Wiggs JL, Pasutto F, Topouzis F,
Dubina M, Craig JE, Yoshimura N, Sundaresan P, John SW,
Ritch R, Hauser MA, Khor CC. A common variant mapping
to CACNAIA is associated with susceptibility to exfoliation
syndrome. Nat Genet 2015; 47:387-92. [PMID: 25706626].

Scheetz TE, Fingert JH, Wang K, Kuehn MH, Knudtson KL,
Alward WL, Boldt HC, Russell SR, Folk JC, Casavant TL,
Braun TA, Clark AF, Stone EM, Sheffield VC. A genome-
wide association study for primary open angle glaucoma and
macular degeneration reveals novel Loci. PLoS ONE 2013;
8:¢58657-[PMID: 23536807].

Grassi MA, Folk JC, Scheetz TE, Taylor CM, Sheffield VC,
Stone EM. Complement factor H polymorphism p.Tyr402His
and cuticular Drusen. Arch Ophthalmol 2007; 125:93-7.
[PMID: 17210858].

Geisert EE, Lu L, Freeman-Anderson NE, Templeton JP, Nassr
M, Wang X, Gu W, Jiao Y, Williams RW. Gene expression
in the mouse eye: an online resource for genetics using
103 strains of mice. Mol Vis 2009; 15:1730-63. [PMID:
19727342].

Freeman NE, Templeton JP, Orr WE, Lu L, Williams RW,
Geisert EE. Genetic networks in the mouse retina: growth
associated protein 43 and phosphatase tensin homolog
network. Mol Vis 2011; 17:1355-72. [PMID: 21655357].

Peirce JL, Lu L, Gu J, Silver LM, Williams RW. A new set
of BXD recombinant inbred lines from advanced inter-
cross populations in mice. BMC Genet 2004; 5:7-[PMID:
15117419].

Chang B, Khanna H, Hawes N, Jimeno D, He S, Lillo C,
Parapuram SK, Cheng H, Scott A, Hurd RE, Sayer JA, Otto
EA, Attanasio M, O'Toole JF, Jin G, Shou C, Hildebrandt F,
Williams DS, Heckenlively JR, Swaroop A. In-frame dele-
tion in a novel centrosomal/ciliary protein CEP290/NPHP6
perturbs its interaction with RPGR and results in early-onset
retinal degeneration in the rd16 mouse. Hum Mol Genet
2006; 15:1847-57. [PMID: 16632484].

Garcia DM, Baek D, Shin C, Bell GW, Grimson A, Bartel DP.
Weak seed-pairing stability and high target-site abundance
decrease the proficiency of Isy-6 and other microRNAs. Nat
Struct Mol Biol 2011; 18:1139-46. [PMID: 21909094].

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

© 2015 Molecular Vision

Grimson A, Farh KK, Johnston WK, Garrett-Engele P, Lim
LP, Bartel DP. MicroRNA targeting specificity in mammals:
determinants beyond seed pairing. Mol Cell 2007; 27:91-
105. [PMID: 17612493].

Lewis BP, Burge CB, Bartel DP. Conserved seed pairing, often
flanked by adenosines, indicates that thousands of human
genes are microRNA targets. Cell 2005; 120:15-20. [PMID:
15652477].

Ruggiero L, Sarang Z, Szondy Z, Finnemann SC. alphavbeta5
integrin-dependent diurnal phagocytosis of shed photore-
ceptor outer segments by RPE cells is independent of the
integrin coreceptor transglutaminase-2. Adv Exp Med Biol
2012; 723:731-7. [PMID: 22183400].

Wistow G. The NEIBank project for ocular genomics: data-
mining gene expression in human and rodent eye tissues.
Prog Retin Eye Res 2006; 25:43-77. [PMID: 16005676].

Blackshaw S, Harpavat S, Trimarchi J, Cai L, Huang H, Kuo
WP, Weber G, Lee K, Fraioli RE, Cho SH, Yung R, Asch E,
Ohno-Machado L, Wong WH, Cepko CL. Genomic analysis
of mouse retinal development. PLoS Biol 2004; 2:E247-
[PMID: 15226823].

Blackshaw S, Fraioli RE, Furukawa T, Cepko CL. Compre-
hensive analysis of photoreceptor gene expression and the
identification of candidate retinal disease genes. Cell 2001;
107:579-89. [PMID: 11733058].

Siegert S, Scherf BG, Del Punta K, Didkovsky N, Heintz N,
Roska B. Genetic address book for retinal cell types. Nat
Neurosci 2009; 12:1197-204. [PMID: 19648912].

Gong S, Doughty M, Harbaugh CR, Cummins A, Hatten ME,
Heintz N, Gerfen CR. Targeting CRE recombinase to specific
neuron populations with Bacterial Artificial Chromosome
constructs J Neurosci 2007; 27:9817-23. [PMID: 17855595].

Howell GR, Macalinao DG, Sousa GL, Walden M, Soto I,
Kneeland SC, Barbay JM, King BL, Marchant JK, Hibbs
M, Stevens B, Barres BA, Clark AF, Libby RT, John SW.
Molecular clustering identifies complement and endothelin
induction as early events in a mouse model of glaucoma. J
Clin Invest 2011; 121:1429-44. [PMID: 21383504].

Templeton JP, Freeman NE, Nickerson JM, Jablonski MM, Rex
TS, Williams RW, Geisert EE. Innate immune network in the
retina activated by optic nerve crush. Invest Ophthalmol Vis
Sci 2013; 54:2599-606. [PMID: 23493296].

Templeton JP, Wang X, Freeman NE, Ma Z, Lu A, Hejtmancik
F, Geisert EE. A crystallin gene network in the mouse retina.
Exp Eye Res 2013; 116:129-40. [PMID: 23978599].

Articles are provided courtesy of Emory University and the Zhongshan Ophthalmic Center, Sun Yat-sen University, P.R. China.
The print version of this article was created on 26 October 2015. This reflects all typographical corrections and errata to the
article through that date. Details of any changes may be found in the online version of the article.

1251


http://www.molvis.org/molvis/v21/1235
http://www.ncbi.nlm.nih.gov/pubmed/25706626
http://www.ncbi.nlm.nih.gov/pubmed/23536807
http://www.ncbi.nlm.nih.gov/pubmed/17210858
http://www.ncbi.nlm.nih.gov/pubmed/19727342
http://www.ncbi.nlm.nih.gov/pubmed/19727342
http://www.ncbi.nlm.nih.gov/pubmed/21655357
http://www.ncbi.nlm.nih.gov/pubmed/15117419
http://www.ncbi.nlm.nih.gov/pubmed/15117419
http://www.ncbi.nlm.nih.gov/pubmed/16632484
http://www.ncbi.nlm.nih.gov/pubmed/21909094
http://www.ncbi.nlm.nih.gov/pubmed/17612493
http://www.ncbi.nlm.nih.gov/pubmed/15652477
http://www.ncbi.nlm.nih.gov/pubmed/15652477
http://www.ncbi.nlm.nih.gov/pubmed/22183400
http://www.ncbi.nlm.nih.gov/pubmed/16005676
http://www.ncbi.nlm.nih.gov/pubmed/15226823
http://www.ncbi.nlm.nih.gov/pubmed/11733058
http://www.ncbi.nlm.nih.gov/pubmed/19648912
http://www.ncbi.nlm.nih.gov/pubmed/17855595
http://www.ncbi.nlm.nih.gov/pubmed/21383504
http://www.ncbi.nlm.nih.gov/pubmed/23493296
http://www.ncbi.nlm.nih.gov/pubmed/23978599

	Reference r33
	Reference r32
	Reference r31
	Reference r30
	Reference r29
	Reference r28
	Reference r27
	Reference r26
	Reference r25
	Reference r24
	Reference r23
	Reference r22
	Reference r21
	Reference r20
	Reference r19
	Reference r18
	Reference r17
	Reference r16
	Reference r15
	Reference r14
	Reference r13
	Reference r12
	Reference r11
	Reference r10
	Reference r9
	Reference r8
	Reference r7
	Reference r6
	Reference r5
	Reference r4
	Reference r3
	Reference r2
	Reference r1
	Table t1
	Table t2
	Table t3
	Table t4

