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The appearance of the ocular fundus exhibits significant
variation among normal individuals, different ocular diseases
and different stages of a particular disease.  Fundus photogra-
phy is an important tool for documentation of the presence
and progression of different pathologic processes.  It is clear
that many diseases have a genetic component and genetic stud-
ies in mice are proving valuable for learning about genes and
pathologic mechanisms that contribute to disease.  This is due
to the powerful tools of mouse genetics, including the ability
to rapidly map genes in large highly informative mouse crosses,
and the ability to study gene function through gene targeting,
transgenic, and random mutagenesis experiments [1-5].  De-
spite the strengths of mouse studies, the wealth of mutant mice
with retinal disease, and the importance of clinical documen-
tation, there are few published photographs of mouse fundi
[6-10].  The difficulty in obtaining good mouse fundus photo-
graphs is primarily due to the small size of mouse eyes and
the very small pupil that limits the amount of light reflected
back from the fundus. A reliable system for recording high
quality images of mouse retinal changes is needed.  Previous

reports used human fundus cameras in conjunction with a con-
densing lens to record features of the mouse fundus [6-10].  In
our hands, however, photography with these cameras and a
condensing lens was difficult and images of adequate quality
were rare.  Using a Kowa Genesis small animal fundus cam-
era and a condensing lens, we have refined a procedure to
reliably produce high quality color images of the fundi of con-
scious albino and pigmented mice.  The Genesis camera is
specifically designed to meet the special needs for photograph-
ing small eyes, and also allows flourescein angiography.  In
this report, we present our procedures for fundus photography
and angiography, several new mouse strains with ocular ab-
normalities, and a catalogue of previously unpublished clini-
cal phenotypes for various mutant mice, including the four
retinal degeneration (rd) diseases Pdebrd1, Prph2Rd2, rd3, and
rd7.

METHODS
Animal husbandry:  All experiments were performed in com-
pliance with the Association for Research in Visoni Ophthal-
mology statement for use of animals in ophthalmic and vision
research. Mice were housed in cages covered with non-wo-
ven polyester filters and containing white pine bedding. The
environment was kept at 21 °C with a 14 h light : 10 h dark
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cycle or a 12 h light : 12 h dark cycle. The light cycles differed
with mouse room  and are not believed to be important for the
current observations.  All mice were fed NIH31 (6% fat) chow
ad libitum, and their drinking water was acidified to pH 2.8 to
3.2 to prevent bacterial growth.  The colony was monitored
for specific pathogens by The Jackson Laboratory’s routine
surveillance program (see Jackson Laboratory Homepage,
http://www.jax.org/, for specific pathogens).

Clinical examinations:  To identify new phenotypes prior
to fundus photography, eyes were examined with a slit lamp
biomicroscope (Nikon, Tokyo, Japan) and an indirect ophthal-
moscope (American Optical, Rochester, NY, USA). These in-
struments were used in conjunction with a 78 or 90 diopter
(D) condensing lens. Pupils were dilated with a drop of 1%
atropine sulfate or 1% cyclopentolate. Dilation is usually more
rapid with cyclopentolate, and most mice tolerate these agents
well.

Fundus photography:  A Nikon photo slit lamp (Tokyo,
Japan), Kowa RC-2 human fundus camera or Kowa Genesis
small animal fundus camera (Tokyo, Japan) were used to pho-
tograph mouse fundi. The instruments were used in conjunc-
tion with a condensing lens mounted between the camera and
eye. The RC-2 camera was stabilized by a tripod whereas the
Genesis was mounted on a modified microscope base (Figure
1, see below).  Photographs were taken using conscious mice.
This avoids complications of anesthesia such as clouding of
the ocular media and the poor tolerance of both immature and
old mice to anesthesia. The vibrissae were trimmed with fine
scissors to prevent them from obscuring the photograph.   If
ophthalmoscopic examination did not precede fundus photog-
raphy, the pupil was dilated as described above.

Our detailed procedure for the Genesis camera, which pro-
vided the best fundus images, is as follows.  The camera was
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Figure 1. Diagram and photograph of fundus photography equip-
ment. Upper panel: Basic features of fundus photography equip-
ment. Lower panel: Photograph of actual equipment. The large white
box on the left is the power supply. The foot pedal, which is nor-
mally placed on the floor, is resting on top of the power supply.

Common Name     Allele    Genotype       Genetic      References
Or Strain       Symbol                   Background

C57BL/6J                                 C57BL/6J

BALB/cByJ                                BALB/cByJ

Retinal         Pdebrd1   Pdebrd1/rd1        C3HeB/FeJ    12, 14, 26
Degeneration 1
(rd1)

Retinal         Prph2Rd2  PrphRd2/Rd2        C3.BLiA      12, 14, 27
Degeneration 2
(Rd2)

Retinal         rd3       rd3/rd3       In(5)30Rk    12 - 15
Degeneration 3
(rd3)

Retinal         rd7       rd7/rd7       C57BL/6J     17
Degeneration 7
(rd7)

Achondroplasia  cn        cn/cn         STOCK a/a
(cyanotic)                              Tyrc/Tyrc cn+

nervous         nr        nr/nr         C3HeB x      12, 14, 19
                                        C57BL/6J F2
                                        not carrying
                                        rd1

Motor neuron    mnd       mnd/mnd       B6.KB2       12, 14
degeneration                            congenic
                                        inbred

Purkinje cell   pcd       pcd/pcd       C57BL/6J     12, 14, 20, 21
degeneration

Kidney and      Krd       Krd/+         C3.BLiA      12, 22
retinal defects

Optic nerve               multigenic    Mixed*
coloboma
(ONC)

CALB/RK                   multigenic    CALB/Rk**

Optic nerve     Onc1      Onc1/+        C57BL/6J

coloboma

*First identified in a single mouse of undefined mixed background.
This mouse was bred to C57BR/cdJ and the offspring intercrossed to
recover the phenotype.  The strain is maintained by brother-sister
matings. Since this optic nerve coloboma appears to have a multi-
genic origin, we refer to this strain by the phenotype designator "ONC"
in this paper.

** A wild derived strain caught near San Francisco and inbred by
brother-sister matings.

TABLE 1. MOUSE INFORMATION



fitted to a dissection microscope base for stability and a foot
pedal  (supplied with the camera) was used to operate the shut-
ter (Figure 1). This permitted use of both hands for mouse
handling.  One hand was used to hold the mouse while two
fingers of the other hand were used to retract the eyelids.  This
allows complete lid retraction with secure but gentle restraint.
In rare cases,  a mouse can be sedated if it cannot be held still.
It was necessary to use an external condensing lens mounted
5 cm below the camera.  We typically used a Volk 90D lens
(Mentor, OH, USA) but 60D and 78D superfield lenses also
worked well and provided different magnifications and focal
depths.  The lens was mounted using a Volk steady mount that
is designed to attach to a slit-lamp post.  The mount was at-
tached to a post supported by a magnetic holder (Figure 1).
The mouse was held on its side on the microscope platform
approximately 7.5 cm beneath the lens. Focusing was achieved
by moving the mouse. The use of two hands (see above) stabi-
lizes the mouse and affords control over mouse movement,
therefore, greatly facilitating focusing. The mouse position and
angle were altered to study different parts of the fundus.  The
depth of focus was relatively shallow, so best retinal or retinal
vessel focus was obtained by focusing specifically on these
structures.  Nevertheless, in most cases focusing to have both
retina and retinal vessels in reasonable focus captured adequate
detail. It was important to position the mouse to minimize re-
flections. Generally, this involved focusing through an off cen-
ter position of the eye.  Because of our interest in flourescein
angiography we used the power pack that is designed for an-

giography. In all cases, light intensity of the visual field illu-
minator (used for focusing) was set high enough to see retinal
details but low enough to keep the pupil from closing. The
photographic flash on the powerpack has seven intensity lev-
els and one of the two highest settings (level 6 or 7) produced
best results on pigmented mice. The lower intensity (level 4)
worked best for albino mice.  In some cases the pupil con-
stricted after flash photography.  Photosensitivity varied pri-
marily with strain but also with the individual mouse.  The
pupil constricted less frequently when atropine was used for
dilation. Additionally, a second dose of atropine will some-
times allow photography after a 10 min wait.  In all cases, we
used Kodak Elite 200 ASA slide or print film (100 was not
sensitive enough and 400 gave grainy images).

Fluorescein angiography:  For retinal angiography the
same general fundus photography procedure was used except
that the standard camera back was replaced with one specifi-
cally manufactured to contain a barrier filter for fluorescein
angiography, and the powerpack was set for angiography. Se-
lecting this mode places the built-in exciter and barrier filters
into their appropriate positions.  For viewing, the eyepiece
was fitted with the manufacturer-supplied barrier filter.  Mice
were intraperitoneally injected with 25% sodium fluorescein
at a dose of 0.01 ml per 5-6 gm body weight (Akorn Inc.,
Decator, IL).  Others have used a similar technique [11]. At
injection, the timer on the power pack was engaged so that
elapsed time in seconds was printed on each picture. The reti-
nal vessels began filling about 30 s after fluorescein adminis-
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Figure 2. Normal fundi. A: C57BL/6J mouse, 8 weeks of age. The venules (V) are twice the diameter of the arterioles (A) and both demon-
strate a clear blood column. The choroid and retina are pigmented. Focal faint patches of lighter pigmentation are evident. B: BALB/cByJ
mouse, 12 weeks of age. Because of the absence of choroidal and retinal pigment epithelial pigmentation, the larger choroidal vessels show
through the retina and the optic nerve is less well defined than in pigmented mice.  Both fundi are from the right eye. The optic nerve head is
indicated by an arrow and the central retina by an asterisk. For larger versions of an individual image, go to http://www.molvis.org/molvis/
v5p22.



tration. Single photographs were taken at appropriate inter-
vals. Although timing varies due to variable rates of intraperi-
toneal absorption, capillary washout usually occurs 5 min af-
ter dye administration. Kodak black and white Tmax 400 ASA
professional film or Elite 2, 200 ASA color slide film was
used.

Genetic background and genotypes:  Relevant genetic in-
formation about the strains analyzed and a partial list of refer-
ences pertaining to previous histologic or electroretinographic
studies are provided in Table 1.

RESULTS
After experimenting with various condensing lenses in con-
junction with a slit-lamp, a human fundus camera or the Kowa
Genesis small animal fundus camera, we found that the Gen-
esis produced consistently high quality images that, in our
hands, are superior to those obtained with the other systems.
Observations with many strains of mice have demonstrated
that while cyclopentolate is ideal for clinical examination, 1%
atropine provides more stable pupillary dilation that is more
resistant to the bright flash lamp. For optimal dilation, drops
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Figure 3. Progressive retinal changes. Numbers represent age in days.  Top panel: retinal degeneration 1 (rd1). At 19 days the retina is similar
to the normal C57BL/6J  (see Figure 2), but there is narrowing of the retinal arterioles. By 24 days there is further narrowing of retinal vessels.
Focal patches of RPE depigmentation  are easily identified. By 61 days, all retinal vessels are narrowed and there are map-like areas of hypo-
and hyperpigmentation. Middle panel: retinal degeneration 2 (Rd2). Vascular narrowing is present by 30 days of age. Development of spots
of retinal pigment epithelium (RPE)  depigmentation occurs by day 83. By day 137 the retina has a spotted appearance caused by areas of
hypo- and hyperpigmentation of the RPE. Additional vascular narrowing is present. Bottom panel: retinal degeneration 3 (rd3). At 35 days,
only vascular narrowing is seen. The degeneration has progressed by 150 days and there are small inconspicuous hypopigmented spots. In
older mice (305 days) the areas of hypo- and hyperpigmentation of the RPE are prominent. For larger versions of an individual image, go to
http://www.molvis.org/molvis/v5p22.



should be given 20-30 min before photography. Some strains
dilate more easily than others. Albino strains are more sensi-
tive to dilation than pigmented strains. Photosensitivity and
pupillary contraction that limited photography was prevalent
in wild derived strains and infrequent in common laboratory
strains.

Representative fundus photographs of pigmented (C57BL/
6J) and albino (BALB/cByJ) mouse strains are presented in
Figure 2a and Figure 2b. While the image quality is very high,
the small size of the mouse pupil makes it difficult to photo-
graph the peripheral fundus.
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Figure 4. Catalogue of mutant phenotypes caused by the mouse mutations listed. Ages were typically selected to demonstrate well developed
retinal changes. A: Achondroplasia (cn) at 6 weeks shows dilated venules. B: Typical retinal degeneration 7 (rd7) 3 weeks of age demonstrates
a pattern of small white spots. C: In atypical rd7 at 4 weeks of age, spots are larger, often elongated and fewer in number.  D: Nervous (nr) 27
weeks of age shows larger spots that are forming confluent plaques of RPE hypopigmentation. All retinal vessels show severe narrowing. E:
Motor neuron degeneration (mnd), 12 weeks of age, demonstrates retinal arteriole narrowing on a background of faintly hypopigmented spots.
F: Purkinje cell degeneration (pcd), 45 weeks of age, also has severe narrowing of all retinal vessels. Hypopigmented spots of variable size
and irregular arrangement are evident. G: Kidney and retinal defects (Krd),12 weeks of age, shows a large coloboma of the optic nerve
(arrows) and a sectoral chorioretinal coloboma. H: Mice with the optic nerve coloboma phenotype (ONC), four weeks of age demonstrates a
large coloboma of the optic nerve. I: CALB/Rk, 19 weeks of age, has a large optic nerve coloboma that appears to include peripapillary retina.
For larger versions of an individual image, go to the web site, http://www.molvis.org/molvis/v5p22.



The general utility and reliability of this procedure is il-
lustrated by documentation of progressive changes in various
retinal degenerations over different time frames (Figure 3) and
the cataloging of the fundus phenotypes in a number of mouse
mutants (Figure 4). Clinical descriptions and histologic but
not clinical images were previously published for the mutants
rd1, Rd2 and rd3 [12-15].

The three progressive retinal degenerations that we ana-
lyzed are illustrated in Figure 3. Retinal degeneration-1
(Pdebrd1) demonstrates retinal changes of vascular sclerosis
as early as 19 days of age. By 24 days, there are focal areas of
retinal pigment epithelial depigmentation that are typical  signs
of retinal degeneration and that continue to progress.   In reti-
nal degeneration 2 (Prph2Rd2) mice, vascular narrowing may
be seen by 30 days and hypopigmented spots appear around
80 days of age. More advanced changes may not develop un-
til five months of age. Retinal degeneration 3 (rd3) is the slow-
est of the described retinal degenerations to develop. In the
genetic background studied here, vascular narrowing appears
at 35 days. Hypopigmented spots appear at 5 months, but
prominent retinal changes do not appear until 8 to 10 months
of age.

Figure 4 illustrates the fundus appearance caused by a
variety of mutations. Achondroplasia (cn) is a mutation re-
ported to cause skeletal abnormalities while the ears and tail
are markedly cyanotic [12, 16].  We found that the retinal veins
are prominently dilated (compare to Figure 2) in these albino
mice (Figure 4a).  This strain is short-lived and we have ob-
served no retinal degeneration.

Retinal degeneration 7 (rd7)  (Figure 4b) is a recently
discovered retinal degeneration [17].  At weaning age, the
entire retina is covered by small spots. Sometimes young rd7/
rd7 mice have larger retinal dots as well as long retinal folds
(Figure 4c). The retinal spots begin to disappear around 5
months of age. Electroretinogram amplitude is attenuated but
stable until about 1 year when progressive loss of a and b wave
amplitude begins [17].

Mice with the nervous mutation (nr) develop a severe
Purkinje cell degeneration and have been reported to develop
retinal degeneration that progresses slowly over the first year
of life [14, 16, 18, 19]. By 27 weeks (Figure 4d), there are

large areas of retinal degeneration and plaques of retinal pig-
ment epithelial hypopigmentation.

Motor neuron degeneration (mnd) is an autosomal reces-
sive mutation that causes hind limb paralysis and retinal de-
generation [14, 16].  We have found that affected mice de-
velop a granular appearance to the retina by six weeks and
obvious retinal degeneration appears by 12 weeks (Figure 4e).

Mice with Purkinje cell degeneration (pcd) develop reti-
nal degeneration involving the photoreceptors [14, 20, 21].
We have observed that this degeneration progresses slowly to
its most severe state over the first year after birth.
Hypopigmented spots and arteriolar narrowing are prominent
features (Figure 4f).

The kidney and retinal defects mutation (Krd) [22] causes
congenital colobomas (Figure 4g) as well as abnormal vascu-
lature. There is considerable phenotypic variability with some
eyes only having optic nerve involvement while others have
colobomas of both the optic nerve and retina.

The ONC and CALB/Rk (CALB) strains have previously
unreported developmental phenotypes. In mice with ONC, a
large coloboma is present at birth and does not change with
age (Figure 4h). CALB mice have an exceptionally large op-
tic nerve coloboma (Figure 4i). Histologic analyses support
the diagnosis of optic nerve coloboma in these strains.  Ex-
periments to map the genes responsible for the ONC and CALB
phenotypes have not yet implicated any chromosomal regions.
Many offspring in the mapping backcrosses had no obvious
or only relatively mild abnormalities.  Very few mice had the
prominent colobomas similar to those of the parental ONC
and CALB strains.  The segregation pattern of phenotypic pres-
ence and severity suggests that multiple genes contribute to
each phenotype.  F1 offspring from crosses between ONC and
CALB typically have prominent colobomas, suggesting that
some of the same genes are involved in both strains.

Figure 5 presents examples of fluorescein angiography.
We have found that intraperitoneal administration of fluores-
cein is adequate for fluorescein angiography in all mouse
strains evaluated.   Penetration through the omental and peri-
toneal vasculature is sufficiently rapid that an arterial-venous
cycle can be observed. The retinal capillaries are clearly visu-
alized (Figure 5a).  Vascular leakage can be detected as pro-
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Figure 5. Fluorescein angiograms. A: Normal C57BL/6J mouse eight weeks of age, taken in early venous phase. All retinal arterioles and
venules are filled with dye and details of the retinal capillary bed are easily visualized. B-D: Eight week old Onc1 mouse, demonstrating an
abnormal blood vessel pattern and two areas of inferolateral fluorescein leakage that become more apparent from early to late venous stages.
The angiograms in Figures 5b-d  were taken 143, 183, and 209 s after fluorescein administration. For larger versions of an individual image,
go to the web site, http://www.molvis.org/molvis/v5p22.



gressively documented in another new mutation, Onc1that also
causes optic nerve coloboma (Figure 5b-d).

DISCUSSION
Mice have an increasingly important role in ocular research.
Clinical fundus examination and fundus photography are im-
portant tools to monitor and document the progression of ocu-
lar diseases. We have developed a reliable procedure that pro-
duces high quality images of the mouse fundus and permits
recording of progressive retinal changes over time in the same
animal. Additionally, fundus photography allows comparison
of the phenotypes of newly discovered retinal mutants to ex-
isting mutants at other institutions and to potentially similar
human conditions.

Mice present unique optical and photographic challenges
due to their small eye size (diameter of 3 mm) and the small
radius of curvature of the cornea and lens. Although it is pos-
sible to view the peripheral retina with an indirect ophthalmo-
scope (with some distortion), peripheral retinal photography
is very difficult and we have not produced high quality photo-
graphs. Even in the posterior fundus, depth of focus is limited
because of the steep radius of curvature of the eye. Multiple
exposures can be used to achieve sharp images of both retinal
details and the retinal vessels. Nevertheless, in most cases fo-
cusing to have both retina and retinal vessels in reasonable
focus captured satisfactory detail. An advantage of the method
for fundus photography described here is that with gentle but
secure restraint, one can photograph unanesthetized conscious
mice.  If necessary, it is also possible to use anesthetized or
sedated mice but care must be taken to avoid ocular clouding.

We present clinical photographs and in some cases photo-
documentation of disease progression for a number of com-
monly analyzed mouse mutations, including Pdebrd1, Prph2Rd2,
and rd3.  These images have been lacking in the literature and
will facilitate understanding and comparison of the disease
phenotypes.  In addition, we document unreported ocular phe-
notypes in cn/cn, CALB/Rk, ONC and Onc1 mice.  CALB/
Rk and ONC have colobomas of the optic nerve and retina
similar to human cavitary defects of the optic nerve [23, 24].
The CALB/Rk phenotype in some ways resembles the human
morning glory syndrome [25].

Care must be taken when comparing our clinical findings
to previous histologic reports. This is for a number of reasons
including the amount of pathologic detail provided, differences
in genetic background, possible environmental differences that
may affect progression, and the fact that degenerative changes
are sometimes described to exist by a specific age but the first
age at which they appear may not be clear as it was not fea-
sible to study all earlier ages. Within these constraints, com-
parison of our clinical findings to previous histologic reports
for rd1 and Rd2 indicates that the relative rate of clinical pro-
gression for rd1 and Rd2 appears to correlate well with the
progression of histologic changes.  Although we have not con-
ducted detailed comparisons of clinical and histologic pro-
gression for these diseases, our experience suggests that clini-
cally obvious changes such as RPE depigmentation tend to
lag behind photoreceptor loss.  In the case of rd3, this seems

to be particularly evident.  The rd3 phenotype is known to be
significantly altered by genetic background [15] and so we
will only discuss the In(5)30Rk background here. Histologi-
cally, disorganization and severe loss of photoreceptors has
been reported to occur over the first 16 weeks of age and de-
creasing ERG amplitude and photoreceptor loss correlated well
[15].  In the current clinical study, vascular narrowing was
present at 35 days but hypopigmented spots were not observed
until 5 months and severe global RPE depigmentation was
not present until 10 months of age.  Although, vascular changes
can be a sensitive indicator of retinal disease, great care must
be taken to ensure that they are real and not a consequence of
artifactually reduced blood flow.  Changes in retinal thickness
are difficult to detect clinically. Other than vascular narrow-
ing and sclerosis, the mouse fundus can appear relatively nor-
mal (though granular) even at stages when only 2 or 3 layers
of photoreceptor nuclei remain.  In general, RPE depigmenta-
tion lags behind photoreceptor loss and that is why obvious
clinical fundal depigmentation lags behind histologically de-
tectable decreases in photoreceptor number.  Thus, even though
clinical fundus examination provides an inexpensive and rapid
method to screen for retinal disease and is the method we most
often use for initial strain analysis, ERG evaluation is very
sensitive to photoreceptor loss and recommended for more
sensitive early detection of photoreceptor abnormalities.

Intraperitoneal fluorescein injection is successfully used
in producing fluorescein angiograms that demonstrate the nor-
mal arterial-venous dye cycle. Subtle retinal vascular abnor-
malities, retinal capillary angiopathy and vascular leakage can
only be seen using this technique. We now routinely use an-
giography in the characterization of newly discovered eye
mutants.  Dye leakage has been demonstrated in several mu-
tant mouse strains in which there would otherwise have been
no reason to suspect the presence of abnormal vessels. Simi-
larly, fluorescein angiography revealed previously unsuspected
vascular leakage in Onc1 mice that had apparently intact ves-
sels on routine ophthalmoscopic examination.  Angiography
in conscious mice also may allow demonstration of altered
blood flow and filling defects, and demonstration of small vit-
reous vessels. Angiography is simpler than fundus photogra-
phy because there is no reflection from an illumination lamp
and focusing on retinal vessels is straightforward. The tech-
nique has not been successful in albino mice because the ab-
sence of pigment in the retinal pigment epithelium and chor-
oid results in severe glare.

In summary, we have developed a reliable method for
photodocumentation of fundus lesions and for retinal angiog-
raphy in conscious mice. As we demonstrate here, these meth-
ods will be important for documenting disease findings and
progression in mice with newly induced or spontaneous mu-
tations.  The cost of the photography system is not overly pro-
hibitive for many laboratories (currently <$15,000) and any
person with good mouse handling skills should be able to pro-
duce quality images.
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