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1. ABSTRACT 
 

It is unclear what role vision plays in guiding mouse 
behaviour, since the mouse eye is of comparably low optical 
quality, and mice are considered to rely primarily on other 
senses. All C3H substrains are homozygous for the Pde6brd1 
mutation and get blind by weaning age. To study the impact of 
the Pde6brd1 mutation on mouse behaviour and physiology, 
sighted C3H (C3H.Pde6b+) and normal C3H/HeH mice were 
phenotyped for different aspects. We confirmed retinal 
degeneration 1 in C3H/HeH mice, and the presence of a 
morphologically normal retina as well as visual ability in 

C3H.Pde6b+ mice. However, C3H.Pde6b+ mice showed an 
abnormal retinal function in the electroretinogram response, 
indicating that their vision was not normal as expected. 
C3H.Pde6b+ mice showed reduced latencies for several 
behaviours without any further alterations in these 
behaviours in comparison to C3H/HeH mice, suggesting 
that visual ability, although impaired, enables earlier 
usage of the behavioural repertoire in a novel 
environment, but does not lead to increased activity 
levels. These results emphasize the importance of 
comprehensive behavioural and physiological 
phenotyping. 



2. INTRODUCTION 
 
 Behavioural phenotypes depend on multiple 
factors, amongst others on sensory inputs and on the 
processing of sensory information. Genetically diverse 
inbred mouse strains show a broad spectrum of phenotypes, 
some of them associated with known genetically 
determined physiological deficits (for review see (1)). The 
inbred mouse strain C3H is now among the most widely 
used of all mouse strains, e.g. it was used for at least one of 
several large-scale ENU (N-ethyl-N-nitrosourea) 
mutagenesis screens, in which several behavioural mutants 
have been found which are awaiting their detailed CNS 
function analysis (2-5). C3H mice are known to suffer from 
retinal degeneration due to inactivation of the rod 
photoreceptor cGMP phosphodiesterase 6 β-subunit 
(Pde6b) gene caused by a nonsense mutation and a 
retroviral insertion (6-8). Mice homozygous for the 
Pde6brd1 mutation get blind by weaning age due to the 
rapid loss of rod photoreceptor cells through apoptosis and 
secondary degeneration of cones. PDE6 is considered to be 
a protein specific to the retina (9). 
 

Recently a congenic sighted C3H line devoid of 
retinal degeneration was introduced by Hart et al. (2005) 
(10). These mice were generated by crossing BALB/c with 
C3H/HeH and subsequent backcrossing of the Pde6b 
heterozygous offspring to C3H/HeH for 10 generations. 
Phenotypically normal heterozygotes were selected by 
fundus examination. Finally intercrossing these mice 
enabled selecting homozygotes for the wild-type Pde6b 
allele and these were used for subsequent breeding (10). 
Sighted C3H (C3H.Pde6b+) and normal C3H/HeH mice 
may be used to study the impact of vision on mouse 
behaviour. It is unclear what role vision plays in guiding 
mouse behaviour, since the mouse eye is of comparably 
low optical quality, and mice are believed to rely primarily on 
other senses (11). However, in 13 inbred strains with differing 
visual abilities, these have been shown to influence learning 
and memory in the Morris Water Maze as well as conditioned 
odor preference, but not motor learning performance (12). 
Interestingly, conditioned odor preference was enhanced in 
mice with visual defects, suggesting that visual abilities may 
not only influence the many behavioural tasks for rodents 
which depend on visual cues, but also tasks that rely on other 
sensory modalities (12). 

 
To investigate the influence of intact Pde6b 

function on behaviour and physiology in the C3H strain, we 
compared the sighted C3H.Pde6b+ line and blind 
C3H/HeH control mice homozygous for the Pde6brd1 allele 
in spontaneous behaviour, motor performance, eye 
phenotype, cardiovascular function and expression profiles 
of eye, brain and heart.  
 
3. METHODS 
 
3.1. Mice 

Breeding pairs of sighted C3H (C3H.Pde6b+) 
and normal C3H/HeH mice were generated by Ian Jackson 
and Lisa McKie and obtained from MRC Harwell, UK 
(10). Offspring (n = 15 per genotype and sex) were bred in 

the German Mouse Clinic (GMC) at the GSF, Germany, 
and run through the GMC primary screen (13). Genotypes 
were housed in different cages, but both genotypes were 
analysed concurrently. Results of screens with significant 
findings are reported. 
 
3.2. Behavioural phenotyping 
 Behavioural phenotpying was carried out at the 
age of 9-10 weeks.  
 
3.2.1. Modified Hole Board (mHB) 

This test was carried out in our standard 
operating procedure as previously described (14, 15). This 
test allows the comprehensive analysis of a range of 
parameters known to be indicative of behavioural 
dimensions such as locomotor activity, exploratory 
behaviour, arousal, emotionality, memory and social 
affinity in a single short test (16). In brief, mice were 
allowed to explore a novel environment, while their cage 
mates were present in an adjacent group compartment, 
separated from the test arena by a transparent PVC partition 
with holes to allow group contact. A board with holes 
covered by motile lids was placed in the middle of the test 
arena, and for each trial, an unfamiliar object and a familiar 
object were placed into the test arena. At the beginning of 
an experiment, all animals of a cage were allowed to 
habituate together in the group compartment for 20 min. 
Then each animal was placed individually into the test 
arena and allowed to explore it freely for 5 min, during 
which the cage mates stayed present in the group 
compartment. During the 5 min trial, the animal’s 
behaviour was recorded by a trained observer with a hand-
held computer. Data were analyzed by using the 
Observer 4.1 Software (Noldus, Wageningen). 
Additionally, a camera was mounted 1.20 m above the 
center of the test arena, and the animal’s track was 
videotaped and its locomotor path analyzed with a video-
tracking system (Ethovision 2.3, Noldus, Wageningen). 
After each trial, the test arena was cleaned carefully with a 
disinfectant. Data were statistically analyzed using SPSS 
software (SPSS Inc, Chicago, USA). The chosen level of 
significance was p<0.05. 
 
3.2.2. SHIRPA  

SHIRPA (Smithkline Beecham, MRC Harwell, 
Imperial College, the Royal London hospital Phenotype 
Assessment), Grip Strength and Accelerating Rotarod were 
assessed in our standard operating procedures as previously 
described (17). The Accelerating Rotarod procedure was 
used to measure fore limb and hind limb motor 
coordination, balance and motor learning ability (18). The 
mean latency to fall off the Rotarod during 3 trials was 
recorded and used in subsequent analysis. Before the start 
of the first trial, mice were weighed. For statistical analysis 
of the rotarod results linear mixed-effect models are fitted, 
that allow for the dependencies of genotype and trial and 
for the effects of sex and weight. The latter are modelled as 
fixed effects.  
 
3.2.3. Pole test 

This test was used for the assessment of motor 
coordination (19, 20). The device is made of a round, metal 



threaded bar of 50 cm. This was inserted vertically in a 
platform.  Each mouse was placed at the top of the bar with 
its head upwards. The style the mice climbed down the pole 
was categorized to allow for evaluation of motor 
performance. In addition the time the mice needed to reach 
the floor with all 4 paws was recorded. To decrease the 
effects of vision impairments a small plate with bedding 
from the home cage was placed at the bottom of the pole. 
All experimental equipment was thoroughly cleaned with 
Pursept-A and dried prior to testing. Values for body 
weight and pole time are presented as means ± SEM and 
body weight was analyzed with 2-way-ANOVA. The 
Kruskal-Wallis-test (S-PLUS, Insightful) was used to test 
for effects of genotype and gender in the pole performance 
ratings. Pole time results are analyzed with an ANOVA 
analysis with weight as independent variable as well as 
genotype and sex.  
 
3.2.4. Lactate levels 

Plasma lactate levels were analyzed with an 
AU400 analyser. Blood lactate levels are a valid indicator 
for impaired energy metabolism. Organs with high energy 
demand like nervous tissue and muscle are sensitive to a 
lack of energy and various neurological phenotypes are 
associated with defects in energy supply. 
 
3.3. Eye phenotyping 

Unless indicated otherwise, eye phenotyping was 
carried out at the age of 11 weeks. 
 
3.3.1. Funduscopy (Ophthalmoscopy)  

The posterior parts of both eyes were examined 
after pupil dilation with one drop of atropine (1%). The 
mouse is grasped firmly in one hand and clinically 
evaluated using a head-worn indirect ophthalmoscope 
(Sigma 150 K, Heine Optotechnik, Herrsching, Germany) 
in conjunction with a condensing lens (90D lens, 
Volk,Fronhaeuser, Unterhaching, Germany) mounted 
between the ophthalmoscope and the eye. To take fundus 
photos the Heine Video Omega 2C Ophthalmoscope 
(Dieter Mann GmbH, Mainaschaff, Germany) was used in 
conjunction with a 40D lens (Volk, Fronhaeuser, 
Unterhaching, Germany). 
 
3.3.2. Slit Lamp Biomicroscopy 

Mice were examined biomicroscopically for 
anterior eye abnormalities as previously described (21). 
Briefly, pupils were dilated with a 1% atropine solution 
applied to the eyes at least 10 min prior to examination. 
Both eyes of the mice were examined by slit lamp 
biomicroscopy (Zeiss SLM30) at 48x magnification with a 
narrow beam slit lamp illumination at 25-30°angle from the 
direction of observation. Observed phenotypic variants of 
the eyes were carefully documented. 
 
3.3.3. Laser Interference Biometry (LIB)  

LIB was performed using the “ACMaster” 
(Meditec, Carl Zeiss, Jena, Germany) equipped with the 
new technique of optical low coherence interferometry 
(OLCI) as described by (22). Mice were anaesthetized with 
137 mg Ketamine and 6.6 mg Xylazine per kg body weight 
and placed in front of the ACMaster. The mean value and 

standard error was calculated and statistically analysed with 
the Student’s t-test using MS-Excel. Statistical significance 
was set at p<0.05. 
 
3.3.4. Electroretinography (ERG) 

ERG was used to examine the retinal function as 
described (23). Scotopic ERGs were recorded from 
anaesthetized (137 mg/kg Ketamine and 6.6 mg/kg 
Xylazine) mice after at least 12 hours dark –adaptation and 
pupil dilation (1 % atropine) using an ESPION Ganzfeld 
stimulator and Console (Diagnosys LLC, Littleton, MA, 
USA) two steps at 500 and 12,500 cd/m2. 
 
3.3.5. Optokinetic drum  

Vision tests were performed with an optokinetic 
drum setup (24), for details see Puk et al. in this issue. 
Briefly, the tested mouse was freely moving in a 
transparent acrylic glass cylinder which was placed in the 
center of the optokinetic drum, a rotating cylinder with a 
pattern of black and white stripes. Head-tracking reactions 
were analysed at a spatial frequency of 0.1 cyc/deg and a 
drum rotation speed of 10 rpm. The contrast was close to 
100%. 
 
3.3.6. Histology 

Eyes were fixed 24 hours in Davidson solution, 
dehydrated and embedded in plastic medium (JB4-Plus, 
Polyscience, Inc., Eppelheim, Germany). Transverse 2 µm 
sections were cut with an ultramicrotome (Ultratom 
OMU3, Reichert, Walldorf, Germany), stained with 
methylene blue and basic fuchsin and evaluated with a light 
microscope. 
 
3.4. Cardiovascular phenotyping 

Cardiovascular phenotyping was carried out at 
the age of 16 weeks.  
 
3.4.1. Blood pressure 

Blood pressure was measured in conscious mice 
with a non-invasive tail-cuff method using the MC4000 
Blood Pressure Analysis Systems (Hatteras Instruments 
Inc., Cary, North Carolina, USA). Four animals were 
restrained on a pre-warmed metal platform in metal boxes. 
The tails were looped through a tail-cuff and fixed in a 
notch containing an optical path with a LED light and a 
photosensor. The blood pulse wave in the tail artery was 
detected by light extinction and transformed into a pulse 
amplitude signal. Pulse detection, cuff inflation and 
pressure evaluation were automated by the system 
software. After five initial inflation runs for habituation, 12 
measurement runs were performed for each animal in one 
session. Runs with movement artefacts were excluded. 
After one day of training, in which the animals were 
habituated to the apparatus and protocol, the measurements 
were performed on four consecutive days between 8:30 and 
11:30 AM.  

 
3.4.2. Surface limb ECG 

ECG was performed in anesthetized 
(isoflurane/pressured air inhalation) mice by use of three 
metal bracelets fixed at the joints of the feet covered with 
electrode gel. The complete setup was located in a faraday 



cage. The electrodes were positioned on both front limbs 
and the left hind limb, resulting in the bipolar standard limb 
leads I, II and III and the augmented unipolar leads AVF, 
AVR, AVL. ECG was recorded for about seven minutes. A 
shape analysis of the ECG traces was performed with the 
software ECG-auto (EMKA technologies, Paris, France). 
For each animal, all standard ECG time intervals and 
amplitudes were evaluated from five different sets of 
averaged beats in lead II. The parameter QT interval was 
also corrected for the RR interval (QTC=QT/ (RR/100)1/2) 
as recommended by Mitchell et al. (25). In addition, the 
recordings were screened for arrhythmias, including 
supraventricular and ventricular extrasystoles and 
conduction blockages.  
 
3.4.3. Data analysis 

For blood pressure analysis, at least 20 to 48 
individual measurements were pooled to obtain a mean 
over the four measurement days for each animal. In the 
quantitative ECG analysis sets of five analyzed beats were 
averaged for one animal. The data were analyzed 
statistically using Statistica. Analysis of variance 
(ANOVA) tests are used for multi-factorial analysis of sex 
and genotype. Post hoc analysis for multiple comparisons is 
performed by Duncan's Multiple Range Test & Critical 
Ranges.   
 
3.5. Expression profiling 
3.5.1. Organ sampling & RNA isolation 

Organs were archived of six male C3H.Pde6b+ 
and six control C3H/HeH mice at the age of 17 weeks for 
subsequent DNA chip expression profiling analysis. Eyes 
were collected of another 12 animals (6 C3H.Pde6b+ and 6 
C3H/H3H) at the age of 8 weeks. To minimize the 
influence of circadian rhythm on gene expression mice 
were killed by carbon dioxide asphyxiation between 9-12 
am. Organs were dissected, immediately frozen and stored 
in liquid nitrogen. Total RNA was isolated according to 
manufacturer’s protocols (RNeasy Midi or Mini Kit; 
Qiagen). For the amplification of eye RNA of single 
animals according the Target AMPTM 1-Round aRNA 
Amplification Kit 103 (Epicenter Biotechnologies, US) 400 
ng total RNA was used. 
 
3.5.2. cDNA microarrays 

The glass cDNA-chip contains the fully 
sequenced 20K cDNA mouse array TAG library (Lion 
Bioscience, Heidelberg, Germany) and several hundred 
cDNA clones for genes that were not included in the 
commercial clone set. A full description of the probes on 
our microarray has been submitted to the GEO database 
(GPL4937) (26). In this database raw data of all analysed 
tissues are available (GSE7855). cDNA microarrays have 
been generated as recently described (27-30). 
 
3.5.3. RNA labelling and hybridisation 

Two independent dual colour hybridisations 
including a dye swap experiment were performed with 
RNA of single C3H.Pde6b+ organs. As reference a pool of 
C3H/HeH RNA of the same organ was used. For reverse 
transcription and labelling a modified TIGR protocol was 
used (27, 31). The procedure of pre-hybridisation, 

hybridisation, washing and drying (nitrogen) was 
performed using a HS4800 Hybstation (Tecan, Männedorf, 
Switzerland). Dried slides were scanned with a GenePix 
4000A microarray scanner and the images were analyzed 
with the GenePix Pro6.0 image processing software 
(Molecular Devices, CA, USA) (27, 30, 32). 
 
3.5.4. Statistical analysis 

Statistical analyses have been performed with 
TIGR Microarray Data Analysis System (TM4; (33, 34)). 
TM4 including MIDAS (Microarray Data Analysis System 
(35)) for normalization and SAM (Significant Analysis of 
Micorarrays (33, 36)) for identification of genes with 
significant differential regulation were used. In SAM genes 
were ranked according to their relative difference value d 
(i), Genes with d (i) values greater than a set threshold (0.5) 
were selected as significantly differentially expressed. To 
estimate the False Discovery Rate (FDR), nonsense genes 
were identified by calculating 1000 permutations of the 
measurements. The FDR was lower than 10% in the 
datasets of the analysed organs.  
 
3.5.5. BiblioSphere Pathway analysis  

BiblioSphere Pathway Edition (Genomatix, 
Germany) was used to select pathways relevant for the 
selected genes. This software was used to filter 
significantly regulated genes for two categories of Gene 
Ontology (GO) terms: Biological Processes and Molecular 
Functions. A GO-Filter consists of a hierarchy of terms and 
the corresponding annotations for the BiblioSphere 
analysis. The z-score of the GO-terms indicates whether a 
certain annotation or group of annotations is over-
represented in a dataset of genes (37). 
 
4. RESULTS 
 
4.1. Behavioural phenotype 

Behavioural analysis of spontaneous activity in a 
novel environment, as measured by the modified Hole 
Board test, revealed a reduced latency to first line 
crossing in C3H.Pde6b+ mice compared to C3H/HeH 
controls (Table 1). C3H.Pde6b+ males exhibited 
reduced forward locomotor activity as measured by line 
crossing frequency, (Table 1), total distance travelled, 
turning frequency and mean velocity (Table 2). 
Concerning the path shape, C3H.Pde6b+ males made 
more changes in direction as evident from increased 
values for mean turn angle, angular velocity and 
absolute meander (Table 2). C3H.Pde6b+ females 
exhibited rearing behaviour significantly earlier and 
C3H.Pde6b+ mice of both sexes visited the board and 
started object exploration significantly earlier (Table 1). 
There was a trend in C3H.Pde6b+ males to approach the 
unfamiliar object less frequently than control males that 
just missed statistical significance, but they spent 
significantly less time exploring it (Table 1). 
C3H.Pde6b+ mice displayed more grooming behaviour 
and defecated more, but made less group contacts than 
controls. The time spent in social contact was 
significantly reduced in C3H.Pde6b+ females only 
(Table 1). There were no significant genotype effects on 
any other observed parameter. 



Table 1. Results of behavioural observation in the modified Hole Board test 
 Control Mutant Male + Female ANOVA 

Parameter Male 
(n=15) 

Female 
(n=14) 

Male 
(n=13) 

Female 
(n=15) 

Control 
(n=29) 

Mutant 
(n=28) sex genotype Interaction 

Line crossing [frequency] 135 ± 6.7 84.5 ± 
8.43 

83.23 ± 
4.83 

84.73 ± 
4.89 

110,62 ± 
7,09 

84,04 ± 
3,39 p<0.001 p<0.001 p<0.001 

Line crossing [latency] 2.18 ± 
0.73 

3.55 ± 
0.99 

1.05 ± 
0.22 1.86 ± 0.44 2,84 ± 

0,61 
1,49 ± 
0,27 n.s. p<0.05 n.s. 

Rearings in box [frequency] 52.6 ± 
3.38 

26.21 ± 
4.05 

49.77 ± 
4.65 

35.53 ± 
2.37 

39,86 ± 
3,58 

42,14 ± 
2,81 p<0.001 n.s. n.s. 

Rearings in box [latency] 26.96 ± 
4.06 

49.73 ± 
7.12 

24.18 ± 
4.56 

24.19 ± 
3.33 

37,95 ± 
4,5 

24,19 ± 
2,72 p<0.05 p<0.01 p<0.05 

Hole exploration [frequency] 63.2 ± 
5.05 

36.43 ± 
7.7 

46.54 ± 
4.69 40 ± 3.58 50,28 ± 

5,13 
43,04 ± 

2,92 p<0.01 n.s. n.s. 

Hole exploration [latency] 12.02 ± 
3.61 

55.36 ± 
21.1 

14.61 ± 
4.85 

24.59 ± 
4.73 

32,94 ± 
10,95 

19,95 ± 
3,46 p<0.05 n.s. n.s. 

Hole visit [frequency] 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 n.s. n.s. n.s. 
Hole visit [latency] 300 ± 0 300 ± 0 300 ± 0 300 ± 0 300 ± 0 300 ± 0 n.s. n.s. n.s. 

Board entry [frequency] 7.87 ± 
0.95 

3.14 ± 
0.77 

5.77 ± 
0.69 4.6 ± 0.82 5,59 ± 

0,75 
5,14 ± 
0,54 p<0.001 n.s. p < 0.05 

Board entry [latency] 74.27 ± 
9.36 

168.14 ± 
25.4 

47.66 ± 
5.24 

77.02 ± 
9.64 

119,59 ± 
15,68 

63,39 ± 
6,28 p<0.001 p<0.001 p < 0.05 

Board entry [total duration %] 9.56 ± 
1.29 

4.58 ± 
2.22 

7.18 ± 
1.46 6.95 ± 1.08 7,15 ± 

1,33 
7,06 ± 
0,88 n.s. n.s. n.s. 

Rearing on board [frequency] 2.6 ± 
0.58 

0.57 ± 
0.2 

1.62 ± 
0.42 1.47 ± 0.42 1,62 ± 

0,37 
1,54 ± 
0,29 p<0.05 n.s. p<0.05 

Rearing on board [latency] 173.07 ± 
19.3 

283.53 ± 
6.66 

196.09 ± 
22.48 

207.65 ± 
23.08 

226,4 ± 
14,67 

202,29 ± 
15,92 p<0.01 n.s. p<0.05 

Risk assessment [frequency] 0.07 ± 
0.07 

0.57 ± 
0.27 0 ± 0 0.2 ± 0.11 0,31 ± 

0,14 
0,11 ± 
0,06 p<0.05 n.s. n.s. 

Risk assessment [latency] 281.13 ± 
18.87 

227.39 ± 
32.08 300 ± 0 245.68 ± 

29.06 
255,19 ± 

18,67 
270,9 ± 
16,18 p<0.05 n.s. n.s. 

Group contact [frequency] 14.73 ± 
1.01 

15.57 ± 
1.78 

11 ± 
0.95 9.13 ± 0.93 15,14 ± 

0,99 
10 ± 
0,67 n.s. p<0.001 n.s. 

Group contact [latency] 21.91 ± 
3.81 

45.26 ± 
16.13 

21.42 ± 
3.23 

23.58 ± 
4.94 

33,19 ± 
8,18 

22,58 ± 
3 n.s. n.s. n.s. 

Group contact [total duration %] 13.5 ± 
1.59 

16.76 ± 
2.13 

15.84 ± 
1.51 

10.34 ± 
1.02 

15,07 ± 
1,33 

12,89 ± 
1,02 n.s. n.s. p<0.01 

Grooming [frequency] 1.47 ± 
0.56 

1.07 ± 
0.13 

2.23 ± 
0.58 2.6 ± 0.43 1,28 ± 

0,29 
2,43 ± 
0,35 n.s. p<0.05 n.s. 

Grooming [latency] 201.16 ± 
19.12 

211.66 ± 
13.22 

144.86 ± 
24.12 

144.65 ± 
15.35 

206,23 ± 
11,6 

144,75 ± 
13,62 n.s. p<0.01 n.s. 

Grooming [total duration %] 1.53 ± 
0.55 

1.44 ± 
0.24 

3.92 ± 
1.12 2.72 ± 0.54 1,48 ± 

0,3 
3,28 ± 
0,59 n.s. p<0.01 n.s. 

Defecation [frequency] 0.27 ± 
0.15 

0.86 ± 
0.25 

1.15 ± 
0.44 1.27 ± 0.27 0,55 ± 

0,15 
1,21 ± 
0,24 n.s. p<0.05 n.s. 

Defecation [latency] 275.95 ± 
17.17 

180.86 ± 
35.17 

234.45 ± 
22.89 

184.35 ± 
30.23 

230,04 ± 
20,84 

207,61 ± 
19,62 p<0.01 n.s. n.s. 

Unfamiliar object exploration [frequency] 7.27 ± 
0.86 

4.79 ± 
0.9 

5.08 ± 
0.7 6.2 ± 0.73 6,07 ± 

0,65 
5,68 ± 
0,51 n.s. n.s. p<0.05 

Familiar object exploration [frequency] 5.67 ± 
0.8 

4.5 ± 
0.75 

4.77 ± 
0.56 6.47 ± 0.89 5,1 ± 

0,55 
5,68 ± 
0,56 n.s. n.s. n.s. 

Unfamiliar object exploration [latency] 32.02 ± 
10.61 

96.21 ± 
24.43 

28.8 ± 
10.57 

30.06 ± 
17.03 

63,01 ± 
14,13 

29,48 ± 
10,18 n.s. p<0.05 n.s. 

Familiar object exploration [latency] 62.11 ± 
19.26 

72.86 ± 
22.14 

37.71 ± 
10.37 

37.12 ± 
9.89 

67,3 ± 
14,38 

37,39 ± 
7,03 n.s. p=0.07 n.s. 

Unfamiliar object exploration  
[total duration %] 

1.9 ± 
0.28 

1.29 ± 
0.2 1.1 ± 0.1 1.65 ± 0.26 1,61 ± 

0,18 
1,39 ± 
0,15 n.s. n.s. p<0.05 

Familiar object exploration [total duration 
%] 

1.15 ± 
0.18 

1.19 ± 
0.22 

0.98 ± 
0.13 1.52 ± 0.24 1,17 ± 

0,14 
1,27 ± 
0,15 n.s. n.s. n.s. 

Object Index 0.22 ± 
0.1 

0.06 ± 
0.15 

0.07 ± 
0.08 0.03 ± 0.1 0,14 ± 

0,09 
0,05 ± 
0,06 n.s. n.s. n.s. 

Data are presented as mean ± standard error of the mean. 
 
All SHIRPA parameters were without significant findings 
(data not shown); only body weight was found to be 
reduced in C3H.Pde6b+ mice (Table 3). Plasma lactate 
levels were found to be reduced in C3H.Pde6b+ males 
(Table 4). Comparing the forelimb grip strength revealed 
no genotype-related differences (data not shown). We also 
checked motor coordination and balance with the 
accelerated rotarod. Mean values showed a big difference 

with C3H.Pde6b+ mice performing much better resulting in 
longer latency time (Figure 1). The statistical analysis 
revealed a significant interaction of sex and weight effect 
(p<0.05), conveivable as a differing slope of the regression 
lines for weight and latency between sexes. In addition an 
interaction effect of sex and trial number (p<0.001) relates 
to different courses of improvement between sexes during 
ongoing trials. Subsequent analysis of sexes independently



Table 2. Video-tracking results of locomotor behaviour 
 Control Mutant Male + Female ANOVA 

Parameter Male 
(n=15) 

Female 
(n=14) 

Male 
(n=14) 

Female 
(n=15) 

Control 
(n=29) 

Mutant 
(n=29) sex genotype Interaction

Total Distance Moved [cm] 3450.56 ± 146.542280.9 ± 186.932396.31 ± 122.872206.47 ± 128.612885,9 ± 159,96 2298,11 
± 89,34 p<0.001 p<0.001 p<0.01 

Mean Velocity [cm/sec]) 21.7 ± 0.65 16.63 ± 1.04 17.4 ± 0.58 16.96 ± 0.58 19,25 ± 0,76 17,17 ± 
0,41 p<0.001 p<0.01 p<0.01 

Maximum Velocity [cm/sec] 72.72 ± 3.19 66.89 ± 3.76 67.41 ± 3.19 67.29 ± 2.21 69,9 ± 2,47 67,34 ± 
1,88 n.s. n.s. n.s. 

Turns [Frequency] 1656.4 ± 46.48 1237.64 ± 68.31 1276.79 ± 45.85 1180.27 ± 48.75 1454,24 ± 56,29 1226,86 
± 34,19 p<0.001 p<0.001 p<0.01 

Mean Turn Angle [degrees] 29.44 ± 0.73 35.06 ± 1.54 37.47 ± 1.02 33.63 ± 0.71 32,15 ± 0,97 35,49 ± 
0,7 n.s. p<0.01 p<0.001 

Angular Velocity [degrees/sec.] 187.32 ± 3.62 194.52 ± 7.2 217.77 ± 5.45 193.22 ± 4.55 190,8 ± 3,93 205,07 ± 
4,17 n.s. p<0.01 p<0.01 

Absolute Meander [degrees/sec.] 19.85 ± 0.58 24.46 ± 1.2 26.47 ± 0.86 23.64 ± 0.56 22,08 ± 0,77 25 ± 0,56 n.s. p<0.001 p<0.001 

Board entry [maximum duration. 
sec.] 10.13 ± 1.29 7.03 ± 3.64 9.46 ± 2.03 10.36 ± 1.55 8,64 ± 1,87 9,93 ± 

1,25 n.s. n.s. n.s. 

Mean distance to wall [cm] 7.27 ± 0.28 5.56 ± 0.64 6.61 ± 0.34 5.73 ± 0.27 6,45 ± 0,37 6,15 ± 
0,23 p<0.01 n.s. n.s. 

Mean distance to board [cm] 8.55 ± 0.23 9.88 ± 0.56 9.23 ± 0.26 10.06 ± 0.21 9,19 ± 0,32 9,66 ± 
0,18 p<0.01 n.s. n.s. 

Data are presented as mean ± standard error of the mean. 
 
showed that weight is the major criterion for difference in 
performance. Weight effect was significant in males 
(p<0.01) and females (p<0.05) whereas strain effect was 
not significant in both sexes. Trial number had, as 
expected, significant influence (M: p<0.05, F: p<0.01). In 
the Pole test there was a slight reduction in time to descend 
the pole but only in males there was a significant difference 
in pole style between the two genotypes (Table 5). 
 
4.2. Eye phenotype  

Slit lamp biomicroscopy revealed no anterior 
segment abnormalities associated with the Pde6brd1 
allele. However, all C3H/HeH mice showed pigment 
patches and vessel attenuation in the retinal fundus, the 
characteristic abnormalities of retinal degeneration 1, 
associated with the Pde6brd1 allele. No abnormalities 
were detected in the fundi of the C3H.Pde6b+ mice 
(Figure 2). The visual acuity of the mice was tested in 
the optokinetic drum. As expected, C3H/HeH mice 
showed no head-tracking reaction according to the 
moving stripes of the drum, while the C3H.Pde6b+ mice 
showed a response and scored at least once in 6 trials 
(Figure 3). In Laser Interference Biometry, the axial eye 
length of both eyes was determined. Since no 
differences were observed between the left and right eye 
(data not shown), data of both eyes were averaged for 
further evaluation (Table 6). No significant difference 
was observed for the body length of C3H/HeH and 
“sighted C3H” mice (Table 6). Sex-specific differences 
were observed only in the C3H.Pde6b+ group, after 
normalising the axial eye length with the body length. 
However, significant differences of the axial eye length 
were found, when comparing C3H.Pde6b+ (sighted) 
mice with the C3H/HeH controls (males and the 
females), attributed to the presence and absence of the 
photoreceptor cell layers in the retina. The histological 
analysis showed the characteristic loss of photoreceptor 
cells in C3H/HeH control mice, due to the Pde6brd1 
allele. C3H.Pde6b+ mice had a normal retina presenting 
all different layers (Figure 4). 

ERG responses were recorded using a screening 
protocol with two different light intensities (23). As 
expected the control C3H/HeH mice showed no response to 
the flash light stimulus. Surprisingly, all tested 
C3H.Pde6b+ showed an abnormal ERG response without 
any b-wave response (Figure 5). No sex differences were 
observed. To confirm this result a different batch of 4 (2 
males, 2 females) C3H.Pde6b+ mice was tested at the age 
of 6 weeks. The younger mice again showed an abnormal 
ERG response comparable to the first batch of mice tested. 
Different from C3H/HeH mice, in “sighted” C3H.Pde6b+ 
mice an a-wave is evoked at 12,500 cd/m2. For comparison, 
the normal ERG response of a typical BALB/c mouse is 
added to Figure 4. 
 
4.3. Cardiovascular phenotype 

Blood pressure analysis did not reveal any 
genotype specific differences. ECG analysis (Table 7) 
revealed several genotype specific differences between 
mutant and control mice. C3H.Pde6b+ mice had a 
decreased PQ interval compared to the control C3H/HeH 
mice indicating differences within the atria or the 
specialized tissues of the conduction system. In addition, 
C3H.Pde6b+ mice showed a decreased QT interval and 
QTc, the QT interval corrected for heart rate. Within the 
QT interval, no difference was seen in the QRS complex 
duration but the ST interval was decreased in C3H.Pde6b+ 
mice., which suggests that the repolarization is more 
affected than the depolarization. A genotype effect was also 
seen in increased QRS amplitudes for both sexes together 
in the ANOVA, reaching the level of significance in the 
post hoc test only in males. Example ECG plots of a 
C3H/HeH and a C3H.Pde6b+ male are shown in Figure 6. 
 
4.4. Expression profiling 

Significantly regulated genes could be identified 
in eye, brain and heart. In eye, about 600 significantly 
regulated genes were found. These genes were reproducibly 
regulated in all experiments of six C3H.Pdeb6+ mice. Due 
to the large amount of regulated genes our further study



 
Table 3. Recording of body weight 

 Male Female both 

Parameter Control 
(n=15) 

Mutant 
(n=15) p-value Control 

(n=15) 
Mutant 
(n=15) p-value p-value 

Body Weight 
[g] 32,9 ± 0,6 30,5 ± 0,5 <0,01 29,8 ± 0,6 25,7 ± 0,5 <0,001 <0,001 

Data are presented as mean ± standard error of the mean 
 
Table 4. Lactate levels 

 Male Female both 

Parameter Control (n=15) Mutant 
(n=15) p-value Control (n=15) Mutant 

(n=15) p-value p-value 

Lactate (mmo/l) 13,.3 ± 0.2 11.6 ± 0.4 <0,001 11.2 ± 0,.3 10.9 ± 0.3 n.s. Interaction sex x 
strain <0,05 

Data are presented as mean blood lactate concentrations ± standard error of the mean. 
 
Table 5. Performance in the pole test 

Male  Female both 

Parameter 
Control 
 (n=15) 

Mutant 
 (n=15) p-value Control 

 (n=15) 
Mutant 
 (n=15) p-value p-value 

Stays over 30 sec. 
Falls 
Backwards 
Sideways 
Turns at bottom half 
Turns at top half 

0 
0 
0 
9 
2 
4 

0 
0 
0 
3 
3 
9 

<0,05 

5 
1 
0 
1 
3 
5 

3 
0 
0 
1 
2 
9 

n.s. <0,05 

Pole time (sec) 32.9 ± 4.0 26.0 ± 4.4 n.s. 43.9 ± 3.5 41.0 ± 4,4 n.s. n.s. 
Data are presented either in absolute numbers or as mean ± standard error of the mean (pole time). 
 
concentrated on the top 200 regulated genes in eye. Several 
of these genes are associated with different retina diseases, 
corneal wound healing and apoptosis. Further, groups of 
regulated genes in the eye are expressed in corneal 
epithelium (Aldh3a1, Anxa8, Aqp5, Cyp4b1, Klf4, Krt1-12, 
Krt1-19, Muc4, Prdx6 and Tkt) and different retina layers 
(Cds1, Hbegf, RhoB, Rpgrip1, Sag and Unc119).  

 
In brain 10 genes were reproducibly 

differentially expressed on all microarray experiments 
of 6 C3H.Pde6b+ animals. The most interesting genes, 
Gnas and Vdac1, were both down-regulated in 
C3H.Pde6b+ mice. Gnas is a critical regulator of energy 
and glucose metabolism and a negative regulator of 
sympathetic nervous system activity in adult mice (38). 
Regulation of Gnas gave an indication for a higher 
sympathetic nervous system activity in C3H.Pde6b+ 
mice. Voltage-dependent anion channel (VDAC) 
proteins are small, abundant, pore-forming proteins and 
play an essential role in cellular metabolism and in early 
stages of apoptosis (39). VDAC1 is involved in 
permeability transition pore (PTP) activity and/or 
regulation and thus an important player in retinal 
degeneration associated with PTP-mediated 
mitochondrial dysfunction (40).  

 
Due to variability in expression patterns 

between the single mice in heart the selected genes were 
reproducibly regulated only in 4 out of 6 analysed mice. 
Inspection of expression data of heart from single mice 
revealed non-correlation of the expression patterns 
between the animals. Maybe biological variability in 
gene expression, oscillation or stress responsive genes 
were potential reasons for reduced correlation in the 
expression patterns between single individuals. In addition, 

several recent publications have provided evidence for 
biological variability of expression levels for particular 
genes  (29, 30, 41-44). Several of the significantly 
expressed genes in heart are involved in distinct heart 
failure. Hdac9 and Tcap are associated with cardic 
hypertrophy while Csrp3 is a cardiomyopathy-
associated gene (45-47). Overexpression of the inhibitor 
of apoptosis protein (Iap), playing an important role in 
both apoptosis and innate immunity (48), was detected 
in heart and brain. 
 
4.5. Functional Classification 
 We analysed whether particular gene ontology 
terms (molecular functions or biological processes) were 
over-represented among the regulated genes in all three 
analysed organ types. For this we used the GO-Filter 
structure of the BibliospherePathway Edition. We 
considered a z-score >5.0 as indication for the over-
representation of a certain annotation or group of 
annotations in a dataset of genes. In heart only one GO-
term for biological processes (generation of precursor 
metabolites and energy) as well as for molecular 
functions (hydrogen ion transporter activity) was 
overrepresented (Table 8). For molecular functions in 
eye four terms were overrepresented which were 
annotated with structural constituent of cytoskeleton, 
glutathione transferase activity, tetrapyrrole binding and 
cytoskeletal protein binding (Table 8). Further, over-
representation of five biological processes was observed 
in eye: regulation of muscles contraction, cytoskeleton 
organization and biogenesis, epidermis development, 
sensory perception of light stimulus and positive 
regulation of apoptosis (Table 8). Due to the low 
number of regulated genes in brain no over-represented 
GO-term was found. 



  

 
Figure 1. Results of Rotarod testing. C3H.Pde6B+ mice 

stayed significantly longer on the Rotarod than C3H/HeH 
mice. 

 
 
Figure 2.  Fundus of C3H/HeH (A) and C3H.Pde6B+ (B) 
mice. A. C3H/HeH mice show the characteristic pigment 
patches and vessel attenuation, associated with the Pde6brd1 
allele. B. C3H.Pde6b+ mice with a normal fundus 
appearance.  

 
Figure 3. Head-tracking score distribution of C3H/HeH 
and “Sighted C3H” mice. Each spot represents the head-
tracking score of one tested mouse obtained in the first (●) 
and second (○) vision test. 
 
5. DISCUSSION 
 
Analysis in the Eye Screen of the GMC confirmed the 
expected eye phenotype of C3H/HeH mice, related with the 
Pde6brd1 allele and the visual ability of sighted 
C3H.Pde6b+ mice. However, the number and intensity of 
responses to the moving stripes of the optokinetic drum 

was lower than expected for normal sighted mice (Puk et 
al. this issue). Therefore a normal visual acuity of the 
C3H.Pde6b+ mice is doubtful. This was supported by the 
abnormal ERG response, indicating alterations in retinal 
function. The preserved a-wave response at 12,500 cd/m² 
pointed to intact photoreceptor function, while the missing 
b-wave suggested a malfunction of the retinal cells 
connected to the photoreceptors, mainly the bipolar cells.  

 
Taking the C3H/HeH as reference for gene 

expression levels, expression of genes involved in 
apoptosis was reduced in C3H.Pde6b+ mice. Bag3, Bnipl 
and Bzrp are involved in apoptosis  (49-51) and their up-
regulation in eye may play a role in retinal degeneration 
(52). Hbegf showed reduced expression levels in 
C3H.Pde6b+ mice, a gene involved in wound-healing 
processes of the retina during proliferative retinopathies 
(53). The regulation of these genes might contribute to the 
degeneration of the retinal cells. In contrast, increased 
expression levels of genes associated with 
phototransduction or visual processes were identified in 
C3H.Pde6b+ mice. Expression of Cds1, Rpgrip1, Sag and 
Unc119 in photoreceptor cells and their involvement in 
phototransduction was described (54-58). All four genes 
were up-regulated in the sighted C3H.Pde6b+ mice.  

 
Custom retinal microarrays were developed to 

analyze differences in gene expression levels in retina of 
rd1 (retinal degeneration 1) mutants (59). These studies 
resulted in about 200 regulated genes associated with 
photoreceptor cell death, apoptosis, neural remodeling, or 
more common retinal diseases. Association of regulated 
genes in our genome-wide expression studies with 
apoptosis and retinal diseases overlap with the studies of 
Hackam et al. (59). In contrast, we identified also genes 
regulated in corneal epithelium as well as genes involved in 
functions of the photoreceptor cells. These differences 
between the two studies may be caused by the different 
tissues (whole eye or retina) used for expression profiling 
analysis. Further, the analysis of Hackam et al focused on 
genes associated with retinal functions, while we performed 
un-biased genome-wide expression studies identifying 600 
differentially regulated genes in the eyes. 

 
The measurement of spontaneous behaviour in 

the modified Hole Board demonstrated a clear difference in 
C3H.Pde6b+ mice starting the exploration of the mHB 
earlier than C3H/HeH mice. The reduced latencies for 
several behaviours without any further alterations in these 
behaviours suggest that visual ability enabled earlier usage 
of the behavioural repertoire in a novel environment, but 
did not lead to generalised increased activity levels. 
Surprisingly, baseline values for forward locomotion were 
elevated in C3H/HeH males - the control group – both 
compared to C3H.Pde6b+ males and to female mice of 
both genotypes. From our experience with several batches 
of C3H mice from the C3HeB/FeJ sub-strain in this test we 
know that the average total distance travelled for C3H mice 
is about 2500 cm for both, male and female mice 
(unpublished observation). C3H/HeH females as well as 
C3H.Pde6b+ mice of both sexes analysed in this approach 
fit with on average 2300 cm to the C3HeB/FeJ sub-strain.



 
 

Figure 4.  Histological analysis. A. C3H/HeH mice with 
the characteristic loss of photoreceptor cells. B. 
C3H.Pde6b+ mice with a normal retina. OFL – outer fiber 
layer, GCL – ganglion cell layer, IPL – inner plexiform 
layer, INL – inner nuclear layer, OPL – outer plexiform 
layer, ONL – outer nuclear layer. 
 

 
 
Figure 5. ERG responses. Typical responses of C3H/HeH 
(A) and C3H.Pde6b+ (B) recorded after a flash light 
stimulus of 12,500 cd/m². For comparison a normal ERG 
response of a BALB/c mouse is shown (C). 
 

 
 
Figure 6. Electrocardiogram of lead II from anesthetized 
mice. Typical ECG of C3H/HeH (A) and Pde6b+ (B) males 
show the shorter PQ and QT, respectively ST intervals, and 
higher QRS amplitude in Pde6b+ mice. ECG parameters 
are indicated in an exemplified beat (C). 
 

In contrast, with about 3400 cm of total distance 
travelled C3H/HeH males exhibited activity levels almost 
comparable to C57BL/6J mice with about 3600 cm in the 
mHB – and the B6 strain is a strain with a high baseline 
exploratory tendency (60). 

 
Taking together the behavioural pattern of 

C3H.Pde6b+ mice in comparison to C3H/HeH, the 
“sighted” C3H.Pde6b+ mice were less cautious towards the 
exposed area (the board) since they entered it earlier, spent 
less time in group contact and exhibited increased 
grooming behaviour. Grooming behaviour in reaction to 

novelty has an adaptive de-arousal function, and social 
contact during the test situation has been suggested to be 
more important for anxious animals than for less anxious 
ones (61, 62). Thus, the “sighted” C3H.Pde6b+ mice 
exhibited with their increased grooming-behaviour more 
active stress coping and consequently relied less on social 
contact during the test. Interestingly, this fits together with 
the expression profiling result of down-regulation of Gnas, 
a negative regulator of sympathetic nervous system 
activity, in C3H.Pde6b+ mice, suggesting an indication for 
a higher sympathetic nervous system activity in 
C3H.Pde6b+ mice. 

 
This finding, in turn, fits together with the 

cardiovascular and the body weight phenotype. 
Prolongations of the different ECG intervals can appear due 
to alterations in the conduction properties of the heart. 
Comparing the C3H.Pde6b+ mice to the C3H/HeH control 
mice, the former present with higher values for the QRS 
amplitude. This difference was more pronounced in male 
mice. In humans alterations in the QRS amplitudes can 
reflect a change of the electrical axis of the heart. Increased 
amplitudes occur physiologically with a decreased vagal 
tone, which suggests increased sympathetic nervous system 
activity in C3H.Pde6b+ mice. Expression profiling data of 
the heart (tissue from male mice) show a striking 
differential regulation of genes concerning the respiratory 
chain or energy metabolism (e.g. Cox7b, Cox4i1, Atp5b, 
Atp5o, Atp5f1, Hibch, Uqcrc2). Comparing to the 
C3H/HeH controls, these genes were upregulated in the 
C3H.Pde6b+ mice. This finding is in line with decreased 
lactate levels in C3H.Pde6b+ mice, and may also be related 
to the body weight differences (C3H.Pde6b+ mice were 
lighter). 

 
In conclusion, the surprising result of visual 

impairment in C3H.Pde6b+ mice indicates that this 
“sighted C3H” mouse line is not as good a tool to 
investigate the impact of vision on mouse behaviour as 
expected. The impaired retinal function observed in sighted 
C3H.Pde6b+ mice suggests a new mutation different from 
the Pde6b gene locus, which needs to be proven by 
crossings of C3H/HeH and C3H.Pde6b+ mice and 
evaluation of the offspring by ERG. If these crossings 
generate mice without visual impairment, these animals 
will be a better tool to address the role vision plays in 
guiding mouse behaviour. Even after 10 generations of 
backcrossing to C3H/HeH, a distinct region of about 20cM 
around the Pde6b gene that derives from BALB/c remains 
in the C3H.Pde6b+ mice. However, these BALB/c derived 
flanking regions can not be the reason for the retinal 
malfunction, because BALB/c mice have a normal ERG 
response (see Figure 5C). Likewise, most of the 
behavioural differences can not be explained by BALB/c 
flanking regions, since in the modified Hole Board BALB/c 
mice differ from C3H mice (own unpublished 
observations) in the amount of rearing and object 
exploration behaviour displayed, which did not differ 
between C3H/HeH and C3H.Pde6b+ mice, and by 
increased group contact, which was reduced in 
C3H.Pde6b+ mice. Whether the observed behavioural 
differences are solely due to the effect of Pde6b on vision



 
Table 6. Axial eye length 

Control (A) Mutant (B) A-B A-B 
Parameter Male 

(n=15) 
Female 
(n=15) p - value Male 

(n=15) 
Female 
(n=15) p - value Male 

p - value 
Female 

p - value 

Axial length [mm] 3.526  
± 0.007 

3.526  
± 0.008 n.s. 3.605  

± 0.004 
3.609  

± 0.006 n.s. <0.001 <0.001 

body length [mm] 95.1  
± 0.502 

93.9  
± 0.284 n.s. 95.6  

± 0.496 
93.2  

± 0.571 <0.01 n.s. n.s. 

Axial length / body 
length 0.037 ± 0.0001 0.038 ± 0.0002 n.s. 0.038 ± 0.0002 0.039 ± 0.0002 <0.01 =0.02 <0.001 

Data are presented as mean ± standard error of the mean, data of both eyes were averaged. 
 
Table 7. Cardiovascular phenotype 

Parameter 
 Control (A) Mutant (B) ANOVA Post hoc test A~B 

 Male  Female  Male  Female  Sex Genotype Interact. Male Female 
 (n  = 10) (n  = 10) (n  =10) (n  =10) p - value p - value p - value p - value p - value 

PQ interval [ms] 34,4 +/- 
0,5 36,0 +/- 0,8 32,1 +/- 0,6 33,0 +/- 0,2 p<0.05 p<0.001 n.s. p<0.01 p<0.01 

P-wave duration [ms] 20,3 +/- 
0,6 19,7 +/- 0,5 18,8 +/- 0,3 20,1 +/- 0,5 n.s. n.s. n.s. n.s. n.s. 

QRS-complex 
duration [ms] 9,8 +/- 0,3 8,9 +/- 0,2 9,3 +/- 0,2 8,8 +/- 0,3 p<0.01 n.s. n.s. n.s. n.s. 

QT interval [ms] 53,7 +/- 
1,4 50,3 +/- 1,7 46,8 +/- 1,4 44,9 +/- 0,6 n.s. p<0.001 n.s. p<0.01 p<0.01 

QTcorrected [ms] 46,6 +/- 
0,9 43,9 +/- 1,5 40,3 +/- 0,9 39,2 +/- 0,8 n.s. p<0.001 n.s. p<0.001 p<0.01 

RR interval [ms] 132,7 +/- 
3,7 132,2 +/- 3,4 135,3 +/- 4,1 131,9 +/- 3,2 n.s. n.s. n.s. n.s. n.s. 

Heart rate [bpm] 455,9 +/- 
13,1 

457,0 +/- 
10,9 

448,6 +/- 
13,8 458,8 +/- 11,4 n.s. n.s. n.s. n.s. n.s. 

JT interval [ms] 3,3 +/- 0,3 3,9 +/- 0,3 3,9 +/- 0,2 4,1 +/- 0,3 n.s. n.s. n.s. n.s. n.s. 

ST interval [ms] 43,9 +/- 
1,3 41,4 +/- 1,7 37,6 +/- 1,3 36,1 +/- 0,8 n.s. p<0.001 n.s. p<0.01 p<0.05 

Q amplitude [mV] 0,01 +/- 
0,00 0,01 +/- 0,00 0,02 +/- 0,00 0,02 +/- 0,00 n.s. p<0.01 n.s. n.s. p<0.05 

R amplitude [mV] 1,33 +/- 
0,11 1,44 +/- 0,16 2,00 +/- 0,09 1,90 +/- 0,15 n.s. p<0.001 n.s. p<0.001 p<0.01 

S amplitude [mV] -0,29 +/- 
0,07 -0,93 +/- 0,21 -0,91 +/- 0,18 -0,86 +/- 0,17 n.s. n.s. p<0.05 p<0.05 n.s. 

QRS amplitude [mV] 1,62 +/- 
0,12 2,40 +/- 0,18 2,92 +/- 0,16 2,75 +/- 0,18 n.s. p<0.001 p<0.01 p<0.001 n.s. 

Data are presented as mean ± standard error of the mean 
 
Table 8. Gene Ontology 

Organ Function GO-term Gene symbols 
structural constituent of cytoskeleton Actr3, Actg1, Krt16, Tuba1b Molecular functions structural constituent of ribosome Rpsa, Rpl14, Rpl4, Pps15, Uba52 Heart 

Biological Processes macromolecule biosynthetic process Rpsa, Rpl14, Rpl4, Rps15, Uba52 

structural constituent of cytoskeleton 

Arbp, Cldn7, Krt1-12,  Krt1-13,  Krt1-
14,  Krt1-16,  Krt1-19,  Krt2-5, 
Lamc2, Nup155, Perq, Rpl11, Tnnc2, 
Tnni2, Tnnt3, Tpm2, Unc119  

glutathione transferase activity Gsta2, Gsta3, Gsta4, Gstt3 

tetrapyrrole binding Alas2, Cyp2a5, Cyp2f2, Cyp4b1, Hba-
x, Hbb-bh1 

Molecular functions 
 

cytoskeletal protein binding Anxa2, Capg, Eps8l2, Flnc, Myh1, 
Nrap, Sdc1, Tmsb4x, Tnni2, Tpm2 

regulation of muscle contraction Atp2a1, Myh1, Myh8, Ryr1, Tnnc2, 
Tnni2, Tnnt3, Tpm2 

cytoskeleton organization and 
biogenesis 

Capg, Flnc,  Krt1-12,  Krt1-13,  Krt1-
14,  Krt1-16,  Krt1-19,  Krt2-5, Myh1, 
Myh8, Nrap, Tmsb4x, Unc119 

epidermis development Krt1-14, Krt2-5, Ntf3, Sfn 
sensory perception of light stimulus Guca1b, Rpgrip1, Sag, Unc199 

Eye 

Biological Processes 
 

positive regulation of apoptosis Aldh1a1, Bnipl, Perq, Rarg, Scotin 
 
affected by its expression in the retina, or whether a so far 
unknown function of this gene in other tissues and organs 
contributes to the observed phenotypes remains to be 

determined. Although PDE6b is considered to be an 
enzyme specific to the retina, mRNA for PDE6B has also 
been found in mouse hippocampus by RT-PCR, and a 



hippocampal phenotype has been identified through a 
stereological study in C57BL/6J mice with the rd/rd 
genotype (9, 63, 64). Thus, it can not be excluded that 
Pde6b may also be expressed at very low levels in non-
retinal tissues.  

 
Taken together, the observation that C3H/HeH 

and C3H.Pde6b+ mice differed mainly in latencies to 
display several behaviours is best explained by their 
differences in visual abilities, and the unexpected finding of 
visual impairment in C3H.Pde6b+ mice stresses the 
importance of comprehensive phenotyping in mouse 
functional genomics. 
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