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Abstract

The tiger salamander lives in shallow water with bright light in the aquatic phase, and in dim tunnels
or caves in the terrestrial phase. In the aquatic phase, there are five types of photoreceptors—two
types of rods and three types of cones. Our previous studies showed that the green rods and blue-
sensitive cones contain the same visual pigment and have the same absorbance spectra; however, the
green rods have a larger photon-catch area and thus have higher light sensitivity than the blue-
sensitive cones. Here we show that after metamorphosis, the terrestrial salamander looses the blue-
sensitive cones, while the density of the green rods increases. Moreover, the size of the green rod
outer segments is increased in the terrestrial phase, compared to that in the aquatic phase. This switch
from the blue-sensitive cones to the green rods may represent an adaptation to the dim light
environment of the terrestrial phase.

INTRODUCTION

The tiger salamander (Ambystoma tigrinum) is used extensively as an experimental model for
electrophysiologic and patterning studies of rod and cone photoreceptors due to the large size
of the photoreceptor cells and the duplex retina in which both rods and cones contain light-
sensitive molecules to respond to light with different wavelengths (1-5). Based on the spectral
sensitivity of single photoreceptors and the morphology of the outer segments, it has been
concluded that aquatic salamanders contain five types of photoreceptors (5). There are two
types of rods, the dominant red rods (1max = 500 nm) and the low-density green rods (Amax =
432 nm), both having been named based on their color under the microscope when using white
light (2-6). There are three types of cones, red- (1max = 558 nm), blue- (Amax = 432 nm) and
UV- (Amax = 356 nm) sensitive cones, named according to their spectral sensitivities (2,5,7—
10).

We have previously shown that the aquatic phase salamander retina contains only four opsins,
SWS1 (UV cone opsin), SWS2 (blue cone opsin), MLWS (red cone opsin) and Rh1 (rhodopsin)
(11) (see Ebrey and Koutalos [12] for opsin classification). The green rods and blue-sensitive
cones were shown to contain the same SWS2 opsin, but different transducins in the aquatic

salamander (11,13). This finding that the same visual pigment is present in both the green rods
and the blue-sensitive cones explains the earlier finding that these two types of photoreceptors
have the same absorbance spectra (3,10). However, the green rod contains the rod transducin
while the blue-sensitive cone uses the cone transducin (11,13). The functional significance of

TThis invited paper is part of the Symposium-in-Print: Photoreceptors and Signal Transduction.
*Corresponding author email: crouchrk@mus.edu (Rosalie K. Crouch).



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Chenetal.

Page 2

this single pigment expressing itself in both a rod and a cone in the salamander remains
unknown.

Although the morphology, electrophysiology and patterning of photoreceptor cells in the
aquatic salamander have been intensively investigated, the photoreceptor development in
amphibians is poorly understood. The tiger salamander is a cold-blooded vertebrate urodele
amphibian (14,15). Prior to metamorphosis gilled aquatic salamanders spend their lives in
shallow water usually with bright light, while terrestrial adults which have undergone
metamorphosis live in tunnels or caves with relative dim light (16,17). During metamorphosis,
the skin color pattern of the salamander also undergoes a change from a light gray background
with dark dots on the back in the aquatic phase, to a clearer color pattern with darker strips on
a yellow background in the terrestrial adult, probably to adapt to changes in the living
environment (16-18). Although it is known that the visual pigment chromophore changes from
mainly Ay retinal (3,4-dehyroretinal) to A retinal as the animal enters the terrestrial phase
(3), whether the photoreceptors themselves also undergo any changes during metamorphosis
to accommodate environmental differences has not been studied.

In the present study, we have compared the densities and sizes of each type of photoreceptor
in the salamander retina before and after metamorphaosis using immunohistochemistry with
antibodies specific for each opsin.

MATERIALS AND METHODS

Animals

All the animals in this study were treated in strict accordance with the Association for Research
in Vision and Ophthalmology Statement for the Use of Animals in Ophthalmic and Vision
Research and the guidelines set forth in the Care and Use of Laboratory Animals by the
University of Oklahoma Health Sciences Center. The aquatic tiger salamanders (A. tigrinum,
Charles D, Sullivan, Inc., Nashville, TN) were maintained on a 12 h light/12 h dark cycle at
4-10°C to maintain them in the aquatic phase, or at room temperature to allow metamorphosis.
After aquatic salamanders metamorphosed into terrestrial adults, they were transferred into
highly humid hollow logs.

Antisera and antibodies

The mouse monoclonal antibody, 4D2, raised against the N-terminus of bovine rhodopsin, was
a generous gift from Dr. Robert Molday (19) (Table 1). The rabbit polyclonal antibodies
specific for salamander rod transducin a-subunit (Gt41), TA1 and the cone transducin a-subunit
(Gio2), TA2, were raised and characterized as described in a previous study (13). CERN956,
a rabbit polyclonal antibody against the red cone opsin (MLWS) was raised and characterized
as described (20). UV-N (anti-SWS1 opsin) antibody and Blue-N (anti-SWS2 opsin) antibody
were raised in rabbit as described previously (11). Secondary antibodies, goat antirabbit 1gG,
Texas Red-conjugated streptavidin, Cyanine (Cy)2 conjugated anti-FITC and Texas Red-
conjugated antimouse 1gG were purchased from Jackson ImmunoResearch Laboratories, Inc.
(West Grove, PA).

Antibody conjugation

TA2 and Blue-N antibodies were purified as described previously (11). Blue-N was
biotinylated (Immunoprobe Biotinylation kit; Sigma, St. Louis, MO), and TA2 conjugated with
FITC (Fluro Tag Conjugation kit; Sigma), following protocols recommended by the
manufacturer.
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Tissue preparation

Aquatic salamanders (21-29 cm in length) and terrestrial salamanders (13-22 cm in length)
were rapidly decapitated in ice, their eyes immediately enucleated and fixed in freshly prepared
cold 4% paraformaldehyde in phosphate buffer, pH 7.4, overnight. For the retinal flat-mount,
the cornea, choroid and sclera were removed, and the retina incubated in 1% NaBH, in
phosphate buffer for 5 min to eliminate the auto-fluorescence, and blocked with 3% sapine in
5% goat or donkey serum (depending on the secondary antibody) for 1 h to decrease any
possible nonspecific signal (11,13).

Immunohistochemistry of flat-mounted retinas

Whole retinae were dissected and fixed in fresh 4% paraformaldehyde in phosphate-buffered
saline (PBS) as described in the tissue preparation section. For retinal sections, the eyes were
fixed and cryosectioned at 6 um in thickness. The whole retina and retina sections were
subjected to immunostaining with different procedures based on the antibody used. Triple
immunostaining with TA2, UV-N and Blue-N was performed by incubation with rabbit UV-
N antibody for 1 h, followed by staining with Cy5 conjugated antirabbit antibody for another
1 h. After five washes with PBS, the retina was blocked with normal rabbit serum. The FITC-
TAZ2 antibody and biotinylated Blue-N antibody were then applied to the retina and incubated
overnight at 4°C. A mixture of a Cy2-conjugated antifluorescein secondary antibody to
visualize an amplified TA2 signal and a Texas Red-conjugated streptavidin to visualize the
Blue-N signal were applied to the retina followed by three PBS washes. The retina was finally
flat-mounted to the slide with a mounting medium (Vector Laboratories, Inc., Burlingame,
CA).

To determine the density and distribution of photoreceptor subtypes, a mixture of a mouse
monoclonal antibody 4D2 and a rabbit polyclonal antibody specific for each cone opsin (UV-
N, Blue-N or CERN956) was applied to the retina for 1 h. The antirhodopsin antibody 4D2
was visualized using Texas Red-conjugated antimouse secondary antibody and the cone opsins
were visualized using FITC-conjugated antirabbit secondary antibody.

Double labeling of two opsins on the whole-mounted retina

A mixture of fluorescein-conjugated UV-N and biotinylated Blue-N (or a mixture of
fluorescein-conjugated TA2 and biotinylated CERN956 antibodies) was applied to the retina
and incubated for 2 h, then Texas Red-conjugated streptavidin and Cy2-conjugated
antifluorescein antibodies were incubated with the retina for 1 h followed by thorough washes.

All antibodies (primary and secondary) except 4D2 and CERN956 were diluted in 1% goat
serum and 1% BSA at a dilution of 1:100 in the PBS. The dilution of 4D2 was 1:1000 and
CERN956 was 1:500. For controls, whole retinae or sections were stained following the same
procedure, but without primary antibody.

Image analysis

All slides were visualized with fluorescence microscopy. Low magnification images were
captured with a digital camera (Axiocam; Carl Zeiss, Thornwood, NY) mounted on a Zeiss
fluorescent microscope. Confocal images at high magnification were acquired with a Leica
TCS-4D or a Zeiss 510 Meta series confocal microscope (Carl Zeiss laser scanning system;
LSM 510) equipped with argon (excitation wavelength 488 nm), HeNel (568 nm) and HeNe2
(647 nm) lasers. All settings were adjusted to optimize the appearance of labeled outer
photoreceptor segments in whole-mounted retinae or sections. Optical sections in stacks were
collected at 1 um increments using a 40x or 100x apochromate objective lens (N.A. = 1.3)
with an aperture of 1.0 mm and working distance of 0.88 mm. Resolutions along the x-, y-, z-
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axis directions were 0.45, 0.45 and 1.0 m, respectively. Each series of optical sections was
projected into a single in-focus montage image; and each image stack of around 25 sections
spans the entire thickness of the outer segment. Image analysis was performed using Zeiss
LSM Image Browser image analysis software (Zeiss). Quantitative analyses of the images were
performed using AxioVision software (Zeiss). Length and diameter of the photoreceptor outer
segments were measured and averaged (n = 60) in whole-mounted retinae and sections, at high
magnification. Four independent measurements were made in different quadrants for each
whole-mounted retina. Images were acquired with a 488 nm laser for FITC or Cy2, a 568 nm
laser for Texas Red or Cy3, and a 647 nm laser for Cy5. The immunostaining signal of each
antibody was then pseudo-colored as indicated in the figure legends.

Multiple opsins in UV-sensitive cones in both aquatic and terrestrial phases

Makino and Dodd (9) have demonstrated by electrophysiology that, unlike other
photoreceptors, the salamander UV-sensitive cone has three absorbance peaks which match
those of the SWS1, SWS2 and MLWS pigments, thus, suggesting that the UV-sensitive
salamander cone contains all the three cone pigments. In our study, we set out to confirm this
finding at the protein level using immunohistochemistry with antibodies specific for these
pigments. As shown by double-labeling of the SWS1 and the SWS2 opsins, a subset of cones
in both the aquatic and terrestrial phases express both the SWS1 and SWS2 opsins, suggesting
that UV-sensitive cones express more than one opsin (Fig. 1), and consistent with the previous
physiologic evidence. However, the MLWS opsin was not detected in the UV-sensitive cones
by immunostaining (data not shown), possibly due to the fact that the expression level of the
MLWS opsin is the lowest among the three pigments, and thus its detection is beyond the
sensitivity of the antibody detection in the UV-sensitive cone (9).

Existence of blue-sensitive cones which express only the SWS2 opsin in salamanders of the
aquatic phase

As shown by the triple staining of the SWS1 opsin, MLWS opsin and the cone transducin a-
subunit (Gi,2) Which is expressed in all types of cones, there are clearly three types of cones

in the retina of aquatic salamanders. The first type is the red-sensitive cone expressing MLWS
opsin only. The second type expresses the SWS1 cone opsin and SWS2 opsin, indicating that
they are the UV-sensitive cones. The third type does not express either SWS1 or MLWS opsin
but expresses Gq,p, indicating that they are indeed cones, but not the red- or the UV-sensitive
cones (Fig. 2a—d).

Further analyses using triple immunolabeling of the SWS1 opsin, SWS2 opsin and the rod
transducin a-subunit (G¢y1), which is expressed in both the red and green rods, showed that
there are two types of cells with different sizes and morphology expressing the SWS2 (blue
cone opsin), but not the SWS1, opsin. One type of these cells also expresses Gtq1, indicating
that they are the green rods (Fig. 2) (11); while the other type of stained cells does not express
Giq1 (Fig. 2e-h), suggesting that they are the blue-sensitive cones, which is consistent with our
previous report that both the green rod and blue-sensitive cone express the SWS2 opsin in the
aquatic phase (11).

Lack of blue-sensitive cones in salamanders of the terrestrial phase

We have also examined the retinae of salamanders in the terrestrial phase with the Blue-N
(specific for SWS2 opsin) and UV-N (specific for SWS1 opsin) antibodies, and compared the
stained cells with those in the aquatic phase salamander retinae. In contrast to that in the aquatic
phase retina, all the cones expressing the SWS2 opsin also express the SWS1 cone opsin in
the terrestrial phase (Fig. 3d—f), suggesting that they are UV-sensitive cones. Unlike the aquatic
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phase, there are no blue-sensitive cones (which express only the SWS2 opsin) in the entire
retina of all the terrestrial-phase salamanders analyzed, while the green rods were detected in
each of the same retinae, suggesting that the terrestrial salamanders lack the blue-sensitive
cones.

Possible degeneration of the blue-sensitive cone during metamorphosis from the aquatic
phase to the terrestrial phase

There are two possible causes for the lack of blue-sensitive cones in the terrestrial phase: (1)
the blue-sensitive cones may start to express the SWS1 pigment after metamorphosis and
become the UV-sensitive cones, and (2) the blue-sensitive cones may selectively degenerate
during metamorphosis. To address this question, we have labeled the blue-sensitive cones and
the green rods in the retinae from salamanders during metamorphosis. Double-labeling of the
retina of the salamander at metamorphosis using the Blue-N (SWS2) antibody and the UV-N
(SWS1) antibody showed that the outer segments of blue-sensitive cones become apparently
thinner, compared to that in the aquatic phase and to other cones in the same retina (Fig. 4c,f),
suggesting that these cells may be in the process of degeneration. In contrast, the green rods
showed increased size of the outer segments (Fig. 4a,d). As a reference, the size of the UV-
sensitive cone is not changed in the same retina during metamorphosis (Fig. 4b,e). These results
suggest a possible selective elimination of the blue-sensitive cones during metamorphosis.

Increased density and size of the green rods in the terrestrial phase

To compare the size of each type of photoreceptor in the aquatic and terrestrial salamanders,
we have measured the dimensions of the outer segments of 60 randomly selected
photoreceptors of each type in whole-mounted retinae from three salamanders in the aquatic
phase, and 40 cells from those in the terrestrial phase, using the average size of the red rods as
the reference for size and density. As shown in Table 2, the average length of the green rod
outer segment is increased from 15.0 um in the aquatic phase to 18.6 um in the terrestrial phase.
The diameter of the green rod outer segment is also increased slightly (Fig. 5). However, in
the same retinas, the other cell types, including the red rods and the red- and UV-sensitive
cones, showed similar sizes in terrestrial and aquatic phases (Table 2), suggesting that the
enlarged size of the green rod outer segment is not a general change in all types of
photoreceptors.

We have also quantified the relative densities of each type of cone and rod in whole-mounted
retinae after specific opsin labeling, using the average density of red rods as the reference. The
number of each cell type was counted in 10 random fields of each flat-mounted retina after
labeling with antibodies specific for each opsin, averaged and numerically expressed for each
cell type per 100 red rods in the field. As shown in Table 3, the average density of green rods
was 3.03 per 100 red rods in the aquatic phase, while the number was increased to 6.14 in the
terrestrial phase, which is almost double that from the aquatic phase. The blue-sensitive cones
were 1.5 per 100 red rods in the aquatic phase, and none in the terrestrial phase. The rest of the
photoreceptors, including the red- and UV-sensitive cones, showed a similar density in both
phases (Table 3). The finding that the relative number of UV-sensitive cones remains
unchanged further supports the interpretation that the blue-sensitive cones did not evolve to
UV-sensitive cones during metamorphosis.

DISCUSSION

In the present study, we have shown that salamanders lose the blue-sensitive cone while
increasing the density and size of the green rod after metamorphosis from the aquatic to the
terrestrial phase. As both the green rods and blue-sensitive cones have the same spectral
sensitivity, but the green rods have higher light sensitivity than the blue-sensitive cones,
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substitution of the blue-sensitive cones with more sensitive green rods may represent an
adaptation to changes in their living environment from the shallow water aquatic phase to the
dim environment of their terrestrial phase.

In most types of vertebrates, each type of photoreceptor contains only one visual pigment and
has only one absorbance peak. However, it has been shown from electrophysiologic studies
on single cells that in the aquatic salamander the UV-sensitive cones contain all three of the
cone pigments; that is, high levels of the SWS1 pigment, relatively low abundance of the SWS2
pigment and very low levels of the MLWS pigment (9). However, the existence of these opsins
in the UV-sensitive cones has not previously been demonstrated at the protein level. In the
present study, we show that the UV-sensitive cones in both the aquatic and terrestrial phases
indeed contain both the SWS1 and SWS2 opsins, consistent with the physiologic evidence.
However, double-antibody labeling did not detect the MLWS opsin in the UV-sensitive cones.
A possible explanation is that the abundance of the MLWS pigment in the UV-sensitive cones
is approximately 10 000-fold lower than that of the SWS1 opsin, as shown by the spectral
sensitivity measurement (9). At this low level, the MLWS opsin may not be detectable by
immunostaining due to the physical limitation of sensitivity of fluorescent
immunohistochemistry.

Our previous studies have shown that the green rod and the blue-sensitive cone both contain
the same visual pigment (SWS2 opsin) (11). However, the green rod is more sensitive to light
than the blue-sensitive cone, due to the larger size of the green rod outer segment which
provides a larger photon-catch area compared to the outer segment of the blue-sensitive cone.
Therefore, the substitution of the less sensitive blue-sensitive cones by more sensitive green
rods during salamander metamorphosis may increase the sensitivity of the salamander to light
in the wavelength range of the SWS2 pigment. Further, the increased size of the outer segment
of green rods in the terrestrial salamander supports the notion that the terrestrial salamander
has an enlarged area for photon catch, which increases the sensitivity to light in the blue range.
In contrast, all other types of photoreceptors are relatively unchanged in their densities and
sizes, again suggesting that the photoreceptor cell changes during metamorphosis are specific
to the blue-sensitive cones and the green rods. The switch of photoreceptors might represent
an adaptation of the salamander from bright light in shallow water in the aquatic phase to dim
light in caves or tunnels in the terrestrial phase.

There are two possible mechanisms responsible for the loss of the blue-sensitive cones in
terrestrial salamanders. One is that the blue-sensitive cones might alter their gene expression
to express the SWS1 opsin and become the UV-sensitive cones. However, cell counts after
specific immunostaining show that the density of UV-sensitive cones is not increased in the
terrestrial salamander. This finding does not support the possibility that the blue-sensitive cones
have phylogenetically evolved to UV-sensitive cones during metamorphosis. The other
explanation is that the blue-sensitive cone is selectively eliminated while the green rod is
increased in number and size. Our immunostaining of salamander cones during the process of
metamorphosis showed significantly decreased diameters of the outer segments in the blue-
sensitive cones, while the other cones have sizes of outer segments similar to those in the
aquatic phase. The shrinking outer segment in the blue-sensitive cones might represent
progression toward degeneration of this type of cell during metamorphosis. These results seem
to support the selective elimination of blue-sensitive cones via regression in the terrestrial
phase. It is reasonable to speculate that the terrestrial salamanders produce more green rods to
enlarge the photon-catch area in order to meet the requirement of dim light in the living
environment of the terrestrial phase. It remains to be investigated how the switch of
photoreceptor type is regulated in salamanders. It is not clear whether thyroid hormones play
arole in the selective elimination of the blue-sensitive cones during metamorphosis of
salamanders.
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Visual system reorganization during metamorphosis has been documented in the deep-sea
hydrothermal vent crab and the winter flounder (21,22). The vent crab looses its image-forming
optics and develops a highly sensitive naked retina after metamorphosis. Moreover, the spectral
absorbance of the visual pigment shifts toward longer wavelengths, from larva to postlarva to
adult crab, possibly to adapt to the environmental change (21). In the winter flounder, there is
only one opsin (the MLWS opsin) in the premetamorphic retina (22). In contrast, in the
postmetamorphic flounder retina, there is one type of rod opsin and three types of cone opsins.
The altered expression of visual pigments may impact color vision and light sensitivity (22).
Selective elimination of a specific type of cone, and substitution with an increase in rods with
the same absorbance spectra, but higher light sensitivity, such as that found in this study,
represents a novel mechanism for metamorphic amphibians to adapt to environmental changes
in light.
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Figure 1.
The UV-sensitive cones contain both the SWS1 and SWS2 opsins. The retinas from aquatic

phase (a—c) and terrestrial phase (d—f) salamanders were double stained with UV-N (green)
and Blue-N (red) antibodies specific for the SWS1 opsin and SWS2 cone opsin, respectively.
(a, d) UV-N antibody labeled only the UV-sensitive cones; (b, €) Blue-N antibody-labeled
green rods, blue-sensitive cones and UV-sensitive cones. Note that the white arrow indicates
a UV-sensitive cone in (a, b). (c, ) Superimposed images of cells labeled by both antibodies
(bar = 16 pum for a, b and c; bar = 8 um for d—f).

Photochem Photobiol. Author manuscript; available in PMC 2009 March 30.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Chenetal.

Page 10

Figure 2.

Existence of blue-sensitive cones expressing only the SWS2 opsin in the retina of aquatic
salamanders. (a—d) The aquatic salamander retina was triple-labeled with the TA2 antibody
specific for cone transducin Gy, (green color), which labels all types of cones (a); UV-N (blue
color), which labels the UV-sensitive cones (b); and antibody for MLWS opsin (red color),
which labels the red-sensitive cones (c). (d) Superimposed image of panels (a)—(c) showing a
type of cone (indicated by red arrows) that expresses Giyo, but not the MLWS or the SWS1
opsin. (e-h) The retina from an aquatic phase salamander was triple-labeled with an antibody
for TA1 (red color), which labels both the red and green rods (e); Blue-N (green color), which
labels green rods and blue-sensitive cones (f); and UV-N (blue color), which labels the UV-
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sensitive cones (). (h) Superimposed image of panels (e)—(g). The white arrow indicates a
blue-sensitive cone expressing the SWS2 opsin, but not the SWS1 opsin (bar = 16 um).
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Figure 3.

Lack of the blue-sensitive cones in the terrestrial salamander. Aquatic (a—c) and terrestrial (d—
f) salamander retinae were double-labeled with antibodies specific for Blue-N (green color),
which labels the green rods, blue-sensitive cones and UV-sensitive cones (a, d); and UV-N
(blue color), which labels the UV-sensitive cones (b, e). (c, f) Superimposed images of (a) and
(b), or (d) and (e), respectively. (a—c) The retina from an aquatic salamander shows that there
are blue-sensitive cones expressing only the SWS2 opsin, but not the SWS1 opsin in the retina.
(d—f) In the retina from the terrestrial phase salamander, every cone expressing the SWS2 opsin
also expresses the SWS1 opsin, indicating that they are UV-sensitive cones. The white arrows
indicate green rods (bar = 16 pm).
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Figure 4.

Possible degeneration of blue-sensitive cones during metamorphosis. Flat-mounted retinae
from salamanders of the aquatic phase (a—c) and those in the process of metamorphosis (d—f),
which had developed lungs but had not lost their gills, were double-labeled with Blue-N (green
color), which labels the green rods and blue-sensitive cones (a, d); and UV-N (blue color),
which labels the UV-sensitive cones (b, €). (c, ) Superimposed images of (a) and (b), or (d)
and (e), respectively. Note that the blue-sensitive cones have substantially thinner outer
segments (indicated by white arrows in [d] and [f]) in the metamorphosing salamanders
compared to those in the aquatic phase (indicated by red arrows in [a] and [c]) (bar = 16 pum).
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Figure 5.

Comparison of green rod outer segment sizes in the aquatic and terrestrial phases. The retinae
of aquatic (a, c) and terrestrial (b, d) salamanders were double-stained with 4D2 (red), which
labels the red rods; and with Blue-N (green), which labels the green rods and blue-sensitive
cones ([a, b] low magnification, bar = 40 um; [c, d] high magnification, bar = 16 um). Note
that the green rod outer segments are larger in size in terrestrial salamanders, than in aquatic
salamanders.
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The outer segment size (diameter x length, recorded in zm) of rods and cones in aquatic and terrestrial salamanders.

Aquatic (n = ST) Terrestrial (n = 3*) P
Red cone 6.0+£04x82%0.2 6.0£03x8.0%0.2 >0.05
Red rod 124+05x20.0+1.3 11.0+0.7%x20.6+0.9 >0.05
Green rod 9.8+0.3x15.0+0.7 102+04x186+0.3 <0.01
UV cone 31+£0.1x51+02 29+02x49+03 <0.05

Values are mean * standard deviation of 60 cells from each quadrant of three retinae in aquatic salamanders or 40 cells from each quadrant of three retinae

in terrestrial salamanders.
7 . .
Number of animals examined per category.

*
Statistical significance when comparing aquatic and terrestrial measurements per rod or cone type; significant values are in bold.

Photochem Photobiol. Author manuscript; available in PMC 2009 March 30.



Page 17

Chenetal.

'PI0g Ul anjeA Juediyiubis ‘soljel |eLsalls) pue o1jenbe Buliedwod usym aouediylubis [eansiels
*

'spou pal oQT Jad Jordadaioloyd Jo adAy yoes Jo Jaquinu |99 ay) syuasaidal o:mw_gN

*3041 U092 10 o Jad Sp|aly [eunal wopuel OT Ul S10)da0a1030yd JO UONRIASP PJepuels F Uesw ay) e SanjeA

§0'0< 50°0< 100> 50°0< 4
€ 0 £ T9 00T 1(%) oney
S§8F Y9 0 8'9Z ¥ 126 8TFVL G'6TT ¥50CT as ¥ uesiy (sahs € = u) [eLnsaus L
8'G ST 0'6L 0€ 00T 1(%) oney
8'G ¥ G565 6TFOT L'TE 7508 89FIE 0SZ ¥ €€0T ds ¥ uesN (safa € = u) anenby
3U0J dAINSUS-AN 3U09 dAIMISUds-aN|g 3U0J dAI}NSUBS-PaY poJ usau9 poa pay

NIH-PA Author Manuscript

"SI9pUBLLIEIES [e111S314a] pUe d1eNnbe Ul SaUod pue spoJ Jo sanisuad
€ 9|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript

Photochem Photobiol. Author manuscript; available in PMC 2009 March 30.



