S

Sveriges lantbruksuniversitet
S L u Swedish University of Agricultural Sciences

Faculty of Veterinary Medicine and Animal Science
Department of Animal Breeding and Genetics

The refractive state of the eye in Icelandic
horses heterozygous for the Silver mutation

Maria K Johansson

Examensarbete / Swedish University of Agricultural Sciences Master’s Thesis, 30 ECTS
Department of Animal Breeding and Genetics )
404 - Independent project

Uppsala 2016







Sveriges lantbruksuniversitet
S L u Swedish University of Agricultural Sciences

Faculty of Veterinary Medicine and Animal Science
Department of Animal Breeding and Genetics

The refractive state of the eye in Icelandic horses heterozygous
for the Silver mutation

Maria K Johansson

Supervisors:

Gabriella Lindgren, SLU, Department of Animal Breeding and Genetics

Bjorn Ekesten, SLU, Department of Clinical Sciences

Kim Jaderkvist Fegraeus, SLU, Department of Animal Breeding and Genetics
Examiner:

Susanne Eriksson, SLU, Department of Animal Breeding and Genetics

Credits: 30 ECTS

Course title: Degree project in Animal Science
Course code: EX0803

Programme: Independent project

Level: Advanced, A2E

Place of publication: Uppsala
Year of publication: 2016
Cover picture: Creative Commons Erkannande 2.0 Generisk

Title of series: Examensarbete / Swedish University of Agricultural Sciences,
Department of Animal Breeding and Genetics, 494

Online publication: http://stud.epsilon.slu.se

Keywords: Multiple Congenital Ocular Anomalies, MCOA, refraction, horse, sciascopy,
Icelandic horses


https://en.wikipedia.org/wiki/sv:Creative_Commons
https://creativecommons.org/licenses/by/2.0/deed.sv




Table of contents

1Y o 1) = Yot U UUUUPPUR 2
2 11 o Yo LU T o T o TSRS 3
B2 R = 7= Yol 4 o T Lo SO TSRS 3
2.2 PIVIELLT .ottt et ettt et et ettt et et e e e s eaeaae et st et nee st e e e e e e en e s e e senbenbentes 3
2.3 Refraction of the eye and SCIaSCOPY....cicuiiriiiiiiiirtieirtert sttt st st st e st e e e e s 4
24 IVICOA ..ttt ettt et ettt et ehe e he b she b st ehesa st e et e R enen s s en st bttt es et ten et et et ene s 5
2.5 AIM OF TNE STUAY ..t st st st st e e e e s s st es bt bes s s et e s esenes 6
3. Materials and METOAS.......c.iv i e e e b e er bt es s et ee e e e e e e eneene 7
3L ANIMIALS ittt ettt r et e e e e et she st e b e e s b et eheehe et aeraesbenae e eheeae et aesaenbenneenee et steens 7
3.2 PhenOtyPiC @SSESSMENT....cuiitiieieeeeeee et et ee e steete st etesteste st ste st ses e e e e esessessesbessessessessesensensereeneans 8
3.3 DNA is0lation and SENOLYPING....c.coiviireiiiecie ettt e et r st se s se e se e e e e aneeneeneeee 9
R - L Ly dor= Y =Y =1 1Y £ TSRS TT 9
A, RESUILS...eeuteticiecte ettt ettt st e e teste et et ee s e s be e ebeeteansessaessessenee sbeebeeaeers et aesaenaesaesheenseseesbentennte et eteenns 9
D DSCUSSION. .. e ctteee st et es e eees e et e st sr e e sbe e st e sbe et eesaee sre et e e eeeuseesaes sheessaes sbe st aes st sueasssenstesrsbenntens 12
T o Vol [V o o T OSSR 14
7. FUTUTE POISPEOCTIVES. ..ottt sttt e ettt sttt sae ettt st e sa e saeees e e seesneenteseeeaeeeannnes 14
8. ACKNOWIEAGEMENTS......ectieeeece ettt sttt e e s te s rese et ee s te s e seestesaeensassaessensne e stestesnnens 15
9. StUAY CONTIIDULIONS...eteittetieceecte ettt ettt sbestesaeesaebsesbe s sae sbesaeensaesaesbenssensesteensersenes 15
L0, RETEIBNCES. ..cui ettt ettt ettt ettt e et e e e aaeeaeeaesaesbeeae st ste st st saeseesee e seeseenesnsensensasaanens 16
11. Appendix 1 MediCal FECOIM. ... ettt e st sre e et e s e et sbesaesnn et aensennnes 19
12. AppendiX 2 OWNEr QUESTIONNAITE......c.iccviveeerieieieeceeee et ce ettt saesbe e eer et e e e nessesbesnsersaessensen 22



1. Abstract

Background: The syndrome Multiple Congenital Ocular Anomalies (MCOA) is a congenital eye
disease in horses. Previous studies have shown that both the MCOA syndrome and the silver coat
color in horses are caused by the same missense mutation in PMEL17. Horses homozygous for
the Silver mutation (TT) are affected by multiple eye defects causing visual impairment or even
blindness. Horses heterozygous for the Silver mutation (CT) usually have iridociliary cysts,
occasionally extending into the peripheral retina. Clinical signs of visual impairment seem to be
very rare in these horses. However, a recent study reported that Comtois horses carrying the
Silver mutation had deeper anterior chambers of the eye compared to Wild-type horses. This
could potentially cause refractive errors. The purpose of the present study was to study refraction
of the eye in horses heterozygous for the Silver mutation to investigate if they have refractive
errors. Ninety-four Icelandic horses were examined. All horses were genotyped for the missense
mutation in PMEL17. Each of the 47 CT horses was matched by a Wild-type (CC) horse of the same
age + 1 year. A brief ophthalmic examination was performed and questionnaires regarding signs
of visual impairment were filled out by the owners. Skiascopy was performed using a streak
retinoscope (Heine Beta 200) and Trousseau racks without dilation of the pupils. Association
between refraction and age, eye, genotype and sex was tested by linear mixed-effect model
analysis. Pairwise interactions between each fixed factor (age, eye, genotype and sex) were
included in the model.

Results: The mean refraction value = SE was 0.00 £0.12D for the right eye and 0.03 £0.10D for the
left eye in CT horses compared to 0.22 £0.05D for both right and left eye in Wild-type horses. The
interaction between age and genotype had a significant impact on the refractive state (P=0.001).
A deviation towards myopia (nearsightedness) could be observed in CT horses older than 200
months (16.7 years). In the questionnaire, forty-one CT horse owners (87.2%) reported that their
horse seemed to have no impaired vision at all.

Conclusions: The refractive state of young and adult CT horses were not significantly different
from Wild-type horses. Although, CT horses older than 200 months (16.7 years) were more likely
to develop myopia than Wild-type horses. This suggests that the Silver mutation exerts a slowly
progressive effect on the optics of the eye.



2. Introduction

2.1 Background

Selective breeding of a certain phenotypic trait can result in unfavorable effects, as for example
ocular anomalies in silver colored horses. Coat color-associated mutations are often linked to
defects in sensory organs and nerves. Both melanocyte and neurocyte precursor cells migrate
from the neural crest during embryogenesis and they are in this process regulated by the same
genes. Melanocytes are essential for the function of sensory organs (Reissman & Ludwig, 2013).

The syndrome Multiple Congenital Ocular Anomalies (MCOA) is a congenital eye disorder. It was
first described in Rocky Mountain Horses in 1999 (Ramsey et al., 1999). Previous studies have
shown that both the silver coat color and the MCOA syndrome in horses are caused by the same
missense mutation in PMEL17 (Brunberg et al., 2006; Andersson et al., 2013). The mutation, a
change from cytosine (C) to thymine (T), causes a dominant dilution of the eumelanin (black and
brown) pigment especially in the mane and tail (Brunberg et al., 2006). The silver coat color in
horses can frequently be observed in Rocky Mountain horses and the French draft horse, Comtois
(Ségard et al., 2013). The silver coat color can also be found in for example Icelandic horses,
American Miniature horses, Morgan horses and Shetland ponies (Komaromy et al., 2011). The
Icelandic horse is a popular breed in Sweden that carries the Silver mutation. There are currently
about 1283 Silver colored Icelandic horses in Sweden registered in the web database program
Worldfengur. In addition there are for example chestnut horses that may carry the Silver mutation
(Worldfengur, 2016).

2.2 PMEL17

The gene PMEL17 encodes the transmembrane glycoprotein PMEL17 also known as PMEL, SILV
and gp100. PMEL17 is essential for the biogenesis of eumelanin in the melanosomes. PMEL17
forms fibrillary structures where melanin is deposited during melanogenesis (Berson et al., 2001;
Raposo et al., 2001). Post translational and proteolytic processing of PMEL17 are required for a
correct formation of the fibrillary matrix. It is not clear how these processes are regulated (Rochin
et al., 2013; Kawaguchi et al., 2015). Different mutations in PMEL17 are associated with
hypopigmentation in horses, mice, chickens, zebrafish, dog and cattle (Brunberg et al., 2006;
Martinez-Esparza et al., 1999; Kerje et al., 2004; Schonthaler et al., 2005; Clark et al., 2006; Kuehn
& Weikard, 2007). In horses, zebrafish and dogs the mutation is also reported to be associated
with ocular anomalies (Andersson et al., 2013; Schonthaler et al. 2005; Clark et al. 2006). All these
different mutations give us the opportunity to study the function of PMEL17 and its role in the
melanogenesis. The Silver mutation in horses is located near the transmembrane domain of
PMEL17 (Figure 1) (Brunberg et al., 2006). Mutations in or near the transmembrane domain result
in a compact form of the fibrils and hypopigmentation (Watt et al., 2011). The number and the
form of the melanocytes are thought to be regulated separately. A recent study in zebrafish
showed that melanocytes have to be cylindrical to reach the apical retinal pigment epithelium
(RPE) where they play an essential role for a normal function of the photoreceptors (Burgoyne et
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al., 2015). A study from 2011 by Hellstrém et al. created a knock-out mouse line where PMEL had
been inactivated. They showed that PMEL was important for eumelanin production in skin,
choroid and retinal pigment epithelium. However, full-field electroretinogram (ERG) did not show
any impaired function of the retina.

Chicken (Dun)
R740C

Horse (Silver)
R618C

Zebrafish (Fading
vision) E490*

Chicken (Dom white, Smoky)
ins723-725

Chicken (Dun) del731-735
Dog (Blue merle) ins(SINE)

Chicken (Smoky)
del280-284

Mouse (Silver)
W760*

Signal  Nterminal region  Polycystic kidney ~Repeat Cleavage Kringle- TM  Cytoplasmic
peptide disease domain domain site like region
domain

Figure 1. The PMEL17 protein with domains and the location of known mutations. The Silver
mutation in horses is at the same location as the Dun mutation in chicken, i.e. near the
transmembrane domain (TM) of PMEL17 (Brunberg et al., 2006).

2.3 Refraction of the eye and skiascopy

Refraction of light in the optic media of the eye is needed to focus an image on the photoreceptors
in the retina. The anterior surface of the cornea followed by the lens have the highest refractive
power of the eye (Gelatt, 1999). In an emmetropic (normally sighted) eye, parallel incident light
rays are focused on the retina. In a hyperopic (farsighted) eye, the light is focused behind the
retina, whereas they are focused in front of the retina in a myopic (near sighted) eye (Figure 2).
Skiascopy also called retinoscopy is a method to determine the refractive power of the eye. This
method is used both in veterinary and human medicine. A diverging light beam from a
retinoscope is swept across the pupil of the patient. The movement of the reflex (or the shadow)
is observed. If the reflex moves in the same direction (with motion) as the retinoscope, lenses of
positive refractive power are put in front of the eye to reach the neutralization point where the
pupil is completely filled by the light reflected from the fundus. If the reflex moves in the opposite
direction (against motion) to the retinoscope lenses of negative refractive power are added to
reach the neutralization point (Figure 3). The working distance is then subtracted (Davidson,
1997).



Figure 2. Refraction of light beams in an emmetropic (normally sighted) eye (a), hyperopic
(farsighted) eye (b) and a myopic (nearsighted) eye (c) (Léf, 2007).

Dz

Figure 3. The reflex moves in the same direction as the retinoscope in a hyperopic (farsighted) eye,
the pupil is completely filled by the streak reflex in an emmetropic (normally sighted) eye and
moves in the opposite direction of the retinoscope in a myopic (nearsighted) eye (Léf, 2007).

2.4 MCOA

Clinically, Silver colored horses can be subdivided into two different groups according to the
severity of the ocular defects; the Cyst phenotype and the MCOA phenotype. Horses with the
Cyst phenotype are known to be heterozygous for the Silver mutation (CT) and they have less
severe clinical signs including uveal cysts, usually in the temporal quadrant of the eye. The cysts
are translucent and can range in diameter up to centimeter-size (Figure 4). Horses with the MCOA
phenotype are known to be homozygous for the Silver mutation (TT). They have more severe

5



clinical signs including iridal stromal hypoplasia (underdevelopment of the stromal layer of iris),
miotic pupils (small pupils that cannot be fully dilated), retinal dysplasia (abnormal organization
of the cells in the retina), cataract (opacity of the lens), cornea globosa (enlarged cornea) and
iridociliary cysts occasionally extending subretinally (Ramsey et al., 1999; Andersson et al., 2011a;
Komaromy et al,. 2011; Ségard et al., 2013). An incomplete dominant mode of inheritance has
been suggested (Andersson et al., 2011b).

Horses homozygous for the Silver mutation are affected by multiple eye defects causing visual
impairment or even blindness (Ramsey et al. 1999; Andersson et al., 2011a; Komaromy et al.,
2011; Ségard et al., 2013). It is still unknown if vision is impaired in CT horses. A recent study in
Comtois and Rocky Mountain horses showed that homozygous horses had significantly deeper
anterior chamber of the eye than heterozygous horses. It was also a significant difference in the
depth of the chamber between homozygous and Wild-type horses as well as between
heterozygous and Wild-type horses (Ségard et al., 2013). An abnormal distance between the
refractive media could potentially cause refractive errors. More information is needed to
investigate if the MCOA syndrome affect the vision in horses heterozygous for the Silver mutation.

Figure 4. Cystic structures in an Icelandic horse with the Silver mutation. The cysts are located
temporally and arise from iris and the ciliary body.

2.5 Aim of the study

The purpose of the present study was to study refraction of the eye in horses heterozygous for
the Silver mutation to investigate if they have refractive errors.



3. Materials and methods

3.1 Animals

The study was approved and conducted according to national and local guidelines from the
Swedish University of Agricultural Sciences (SLU). Hair samples were collected following owner’s
informed consent and according to ethical approvals (number C121/14). The CT horses were
collected by posting information on social media and by contacting horse farms near Uppsala.
The control horses were collected from the same stables as the CT horses. In total, 95 Icelandic
horses were included in the study, 47 of them were heterozygous for the Silver mutation. Each of
the 47 CT horses was matched by a control (Wild-type) horse of the same breed and age + 1 year.
Control horses were confirmed being Wild-type (CC) for both disease-alleles. Only one horse, a
22 year old Icelandic horse, was homozygous for the disease-causing allele. This horse was not
included in the statistical analysis. The median age of both CT and control horses was 8 years with
a range from 1 to 25 years in CT horses and from 1 to 24 years in control horses (Figure 5 and 6).
Sex distribution was as follows: 20 males and 27 females in CT horses and 19 males and 28 females
in controls.

Five Silver colored American Miniature horses and five controls were also examined and
genotyped. However, this group of horses was too few to be included in the statistical analysis
and they are therefore not presented in the results.

Age distribution in CT horses (n=47)
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Figure 5. The age distribution of the CT horses (n=47).



Age distribution in wild-type horses (n=47)
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Figure 6. The age distribution in controls (Wild-type) horses (n=47).

3.2 Phenotypic assessment

Phenotypic data on all horses in the study were collected from a brief ophthalmic examination
conducted by the author and owner reported questionnaires.

The ophthalmic examination was performed in the stable under dim-light conditions. The record
used in this study can be found in Appendix 1. The examination included direct and indirect
pupillary light reflexes, menace response and dazzle (light) reflex to control the function of the
retina and the optic nerve. Palpebral reflex and corneal reflex were tested to control the function
of the sensory innervation of the eye. The reflexes were all graded as normal, decreased or
absent. If the reflex was decreased it was described as being either slow or incomplete. To detect
opacities in the ocular media the fundus reflex from the retinoscope was inspected. Opacities
were if present graded based on extension and location. The cornea was visually observed to find
any signs of cornea globosa. Cysts or other anomalies were also noted.

Skiascopy was performed using a streak retinoscope (Heine Beta 200) and Trousseau racks
without dilation of the pupils. Lenses with a 0.5 D difference were used to reach the neutralization
point and the working distance was subtracted. The refractive power was measured both
horizontally and vertically in both eyes. Astigmatism was defined as a difference of more than 0.5
D between the horizontal and vertical meridians.

The majority of the questionnaires were filled out by the owners during the eye examination of
their horse and the rest were sent by post after the examination. In the questionnaire the owners
were asked if their horses were difficult or easy to handle and to ride, easily frightened or not and
if the horses showed any signs of impaired vision. Any known history of eye disorders was also



noted. The owners were asked to rank the answers on a scale from 1 to 10, where 1 represented
good and 10 poor. The questionnaire also included questions about how well their horse
performed within its area of use on a scale from 1 to 10, where 1 represented poor and 10 good.
The questionnaire can be found in Appendix 2.

3.3 DNA isolation and genotyping

Genomic DNA was isolated from hair samples by the standard hair-preparation method as
previously described (Jaderkvist et al. 2014). All horses in the study were genotyped for the
missense mutation in PMEL17 previously shown to be associated with the silver coat color and
the MCOA syndrome (Brunberg et al. 2006; Andersson et al., 2013). The genotyping was
performed by using custom designed TagMan SNP Genotyping Assays (Applied Biosystems
StepOnePlus™ Instrument by Life Technologies) for SNP g.73665304 on chromosome 6
(Andersson et al., 2013). Horses were classified according to the genotype into three groups;
Wild-type (CC), heterozygous (CT) and homozygous (TT) for the PMEL17 missense mutation.

3.4 Statistical analysis

All statistical analyses were performed in the software environment R-3.1.2 (R Development Core
Team, 2014) and significance was defined as P < 0.05. Associations between refraction and age,
sex, genotype and eye were tested by linear mixed-effect model analysis using the function Imer
and the packages Ime4 and car. There were two observations per horse, one for each eye (right
and left) and the model used in Ime4 was:

Imer(refraction~(age + sex + genotype + eye)*2+(1|horse), data=data, subset=(breed==1)

The dependent variable refraction is the horizontal refraction value determined by sciascopy.
Lenses of a 0.5 D difference were used and the refraction value was defined as a continuous
numeric variable. The fixed factors in the model; age (age of the horse at the examination in
months as full years), sex (male or female), genotype (CT or CC) and eye (right or left), were
defined as factor variables. Pairwise interactions between each fixed factor were included in the
model. The identity of the horse was used as a random factor. A Wald chi-square test was used
in the post hoc test with Anova type 3 in the package car to estimate p-values.

A Mann-Whitney-Wilcoxon test was performed to compare the median score value from the
owner questionnaire between the two groups, CT and Wild-type. The traits handling, riding, signs
of impaired vision and easily frightened were used.

4. Results

The mean refraction value + SE was 0.00 +0.12D for the right eye and 0.03 +0.10D for the left eye
in heterozygotes compared to 0.22 +0.05D for both right and left eye in Wild-type horses. The
refractive state of the majority of both CT and CC horses was close to 0 D or slightly hyperopic
(farsighted) (Table 1), 43 CT horses (91.5%) were within the range > -0.5D to < +0.5D. No horses
in the study were astigmatic. Two CT horses, 18 and 21 years old, had severe refraction errors on
one or both eyes (Figure 7). The interaction between age and genotype had a significant impact
on the refractive state (P=0.001). A deviation towards myopia could be observed in CT horses



older than 200 months (16.7 years) (Figure 7). No other interaction tested was statistically
significant.

Table 1. The refraction state of all 94 horses for right and left eye

Right eye Number of Percent Number of Percent
CT horses CC horses

Emmetropic  (normal 23 48.9% 21 44.7%

sighted) 0 D

Hyperopic (farsighted)

Slightly (+0,5-1 D) 19 40.4% 23 48.9%

Moderate (+1,5-2,5 D) 0 0% 0 0%

Severe >+3D 0 0% 0 0%

Myopic (nearsighted)

Slightly (-0,5-1 D) 2 4.3% 3 6.4%

Moderate (-1,5-2,5 D) 1 1.9% 0 0%

Severe (-3D or more) 2 4.3% 0 0%

Left eye Number of Percent Number of Percent
CT horses CC horses

Emmetropic (normal 22 46.8% 20 42.6%

sighted) 0 D

Hyperopic (farsighted)

Slightly (+0,5-1 D) 19 40.4% 24 51.1%

Moderate (+1,5-2,5D) O 0% 0 0%

Severe >+3 D 0 0% 0 0%

Myopic (nearsighted)

Slightly (-0,5-1 D) 3 6.4% 3 6.4%

Moderate (-1,5-2,5 D) 2 4.3% 0 0%

Severe (-3D or more) 1 1.9% 0 0%
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Figure 7. The refractive values according to age in all 94 Icelandic horses. Blue squares indicate
Wild-type horses and red crosses CT horses. (Notice that some horses of the same age have the
same refractive value.)

Forty-one CT horse owners (87.2%) reported in the questionnaire that their horse did not seem
to have impaired vision at all (1/10). Four CT horse owners reported very mild problems attributed
to visual impairment (2/10). Two CT horses had moderately impaired vision (5/10) according to
the owners. One of those horses, an 18 year old horse was myopic. The horizontal refractive state
was -3.5 D for the right eye and -3 D for the left eye. The other horse was only slightly hyperopic.

There was a significant difference in the median score between CT and CC horses for the trait
signs of impaired vision (P=0.05). No significant differences were found for any of the other traits
(handling, riding and easily frightened) (Table 2).
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Table 2. Median and mean score values from the owner questionnaire for all 94 horses

Trait® CT (median) CT (mean) CC(median) CC(mean) PP’

Handling 1.0 (1-8) 1.9(0.25) 1.0(1-8) 2.0(0.21) 0.30
Riding® 2.0 (1-8) 2.8(0.34) 2.0(1-8) 2.2(0.28) 0.32
Signs of impaired vision 1.0 (1-5) 1.3(0.12) 1.0(1-2) 1.0 (0.02) 0.05
Easily frightened 1.0 (1-8) 2.3(0.29) 2.0(1-9) 2.8(0.32) 0.26

aScore from 1 (good) to 10 (poor)

b Mann-Whitney-Wilcoxon test was performed to compare the median values for the 47 CT and 47 CC
horses

€ Only horses used for riding (35 CT and 34 CC horses) were included

Range of the median value and SE of the mean value in brackets

Only one horse in the study, a 21 years old CT horse, had immature cataract in one eye affecting
about 25 % of the area of the lens in the coronal plane. Another horse, an 8 year old CT horse,
had mild cornea globosa on the left eye. The oldest horse in the study, a 25 year old CT horse,
had moderate miotic pupils on both eyes. All horses in the study had normal reflexes.

The homozygous (TT) horse had moderate miotic pupils, diffusely spread immature cataracts and
mild cornea globosa of both eyes. The horizontal refraction was -3 D for right eye and -1.5 D for
left eye. The horse was not suspected to have impaired vision according to the owner (2/10).
However, the owner reported that the horse was quite difficult to handle (6/10) and to catch in
the paddock.

5. Discussion

This study was performed to offer insight into how the MCOA syndrome affect the vision in horses
heterozygous for the Silver mutation. A recent study showed that horses with the Silver mutation,
both homozygotes and heterozygotes, had deeper anterior chambers of the eye compared to
Wild-type horses (Ségard et al., 2013). This could potentially cause refractive errors. Our results
showed that the refractive state of young and adult CT horses were not significantly different
from Wild-type horses. Although, CT horses older than 200 months (16.7 years) were more likely
to develop myopia than Wild-type horses.

Five Silver colored American Miniature horses and five controls were also examined and
genotyped. Unfortunately, this group of horses was too few to be included in the statistical
analysis. The two different breeds in our study, the Icelandic horse and American Miniature horse,
were analyzed separately because previous studies have shown that the refractive state may vary
by breed both in horses and dogs (Rull-Cotrina et al. 2013; Bracun et al. 2014; Murphy et al. 1992).
Bracun et al. (2014) investigated the refractive state in 333 horses and ponies in UK. They found
significant differences in the refractive state between Thoroughbred crosses and Warmbloods as
well as between Thoroughbred and Shires. A degree project by Ostberg from 2007 also found
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differences in the refractive state between different breeds. In total, 93 horses of five different
breeds (Icelandic horses, Ponies, Thoroughbreds, Warmbloods and Standardbreds) were included
in the study. The Icelandic horses were found to be more hyperopic and Thoroughbreds more
myopic compared to the other breeds in the study.

The horses in the present study were examined without dilation of the pupil because previous
studies have shown that dilation of the pupil is not needed before retinoscopy (Rull-Cotrina et al
2013; McMullen et al, 2014; Léf, 2007; Ostberg 2007).

Since horses have horizontal pupils the horizontal refraction value was considered to be the most
accurate value to be used in the statistical analysis. However, there were only small differences
between the horizontal and vertical values and none of the horses in the present study had any
signs of astigmatism.

The interaction between age and genotype had a significant effect on the refractive state
(P=0.001). A deviation towards myopia could be observed in CT horses older than 200 months
(16.7 years). However, the oldest horse in the study, a 25 year old CT horse, was slightly
hyperopic. This horse had miotic pupils which may have affected the result. Our findings suggest
that the Silver mutation exerts a slowly progressive effect on the optics of the eye. Horses with
the MCOA syndrome could potentially develop a refractive error as previous studies have shown
that these horses have a deeper anterior chamber of the eye compared to Wild-type horses
(Ségard et al., 2013). Theoretically that should induce a deviation towards myopia. The MCOA
syndrome is thought to be non-progressive (Ramsey et al. 1999). The study by Ségard et al. from
2013, where 59 Comtois and 16 Rocky Mountain horses were included, reported no differences
in the observation of ocular abnormalities between young, adult and old horses. However, a
progression of the number of cystic lesions with age were noted. The horses in their study had a
median age of 3 years with a range from 10 days to 18 years. A study by Plummer and Ramsey
from 2011, where 53 American Miniature horses were included, showed no correlation between
age and presence of ocular abnormalities. The median age was 5.3 years with a range from 1.5 to
219 months (18.25 years). The median age of the horses was lower in the previous studies (Ségard
et al., 2013; Plummer & Ramsey, 2011) compared to our study. It would be interesting to
investigate this further in a larger population of Silver colored horses with additional old horses
included.

Other potential causes for myopia in the older horses in the present study are age-related causes.
However, none of the old Wild-type horses had any myopic refractive errors. Human beings are
reported to become myopic when they get older. A long-term study showed that young people
were more hyperopic and when they got older they were more myopic (Lee et al, 2002). To our
knowledge, there are few studies reported on how the refractive state changes with age in horses.
A study from 2013 by Rull-Cotrina et al., where 135 Spanish Thoroughbred and Crossbred horses
were included, did not find any correlation between the refractive state and age. Lof investigated
the refractive state in 116 Standardbred trotters and found a deviation towards myopia with
increasing age (Lof, 2007). Hence, it is likely that both humans and horses become more myopic
with age.
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Eye (left or right) did not have an impact on the refractive state. This was as expected since the
MCOA syndrome is reported to affect the eyes bilaterally (Ramsey et al. 1999). The previous study
by Ségard et al. (2013) did not find any significant difference in depth of the anterior chamber
between right and left eye.

Sex was not found to affect the refractive state. This was as expected and in accordance with
previous studies (Rull-Cotrina et al., 2013; Bracun et al. 2014).

The proportion of CT horses with refraction +0.5D was similar to the proportion of horses
reported to have normal vision according to their owners. A significant difference was found in
the median score value between CT and CC horses for the trait signs of impaired vision (P=0.05).
Probably this trait was significant just because of a few higher score values in the group of CT
horses. The two different groups, CT and CC horses, had the same median value and the mean
value was almost the same. No significant difference was found in the median score value
between CT and CC horses for the trait easily frightened. Brunberg et al. (2013) performed a fear
reaction test in Icelandic horses by moving a plastic bag towards the horses. Nine Silver horses
(heterozygous for the Silver mutation), nine chestnut (Wild-type) and nine black or brown horses
were included in the study. They found that the Silver colored horses were more fearful to enter
the test arena than Wild-type horses. However, few horses were included in the study and the
Silver colored horses showed no signs of altered behavior compared to Wild-type horses in the
rest of the test.

The trait performance was not used in the statistical analysis because many different factors
affected how well the horses performed. In addition, the youngest and the oldest horses in the
study were not used for any activity. We have to take into account that each trait (performance,
handling, riding, signs of impaired vision and easily frightened) was scored according to the
owners in the questionnaire. No definitions were provided to the owners of the traits they were
asked to judge and the horses were not grouped by age in the statistical analysis.

6. Conclusions

The refractive state in young and adult CT horses were not significantly different from Wild-type
horses, Although, CT horses older than 200 months (16.7 years) were more likely to develop
myopia than Wild-type horses. This suggests that the Silver mutation exerts a slowly progressive
effect on the optics of the eye. Further research is needed to evaluate this information.

7. Future perspectives

It would be interesting to further investigate whether MCOA is a slowly progressive disease in a
larger population of horses with additional old horses included. The best way would be to perform
a long-term follow-up study of individual horses. Icelandic horses are ideal for this type of study
as they are common in Sweden and usually gets older than many other breeds. To study this in
additional breeds and to include homozygous horses would also be interesting. Previous studies
have shown that the refractive state may vary by breed Rull-Cotrina et al. 2013; Bracun et al.
2014; Ostberg, 2007). Additional functional studies are also important to get more information
about the disease. For example additional studies of PMEL17 and how the melanogenesis is
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regulated. To study the Dun mutation in chickens would also be helpful since this mutation is
caused by the same missense mutation as the Silver mutation in horses.

8. Acknowledgements
I would like to thank following people that have contributed to this project:

All horse owners who have contributed with valuable information and allowing us to examine
their horses.

My supervisors Gabriella Lindgren, Bjorn Ekesten and Kim Jaderkvist Fegraeus for all help with
the study.

Brandon D Velie and Lisa S Andersson for all valuable advices.
UIf Olsson and Mikael Andersson Franko who helped us with the statistical analysis.

Susanne Eriksson for being my examiner.

9. Study contributions

| planned the study together with my supervisors, searched for Silver colored horses, collected
hair samples and designed the owner questionnaire, owner’s consent and medical record. |
isolated DNA, genotyped and examined all the horses, analyzed the data and drafted the thesis. |
also performed all statistical analysis in R with advice from UIf Olsson and Mikael Andersson
Franko.

15



10. References

Andersson, L.S., Axelsson, J., Dubielzig, R.R., Lindgren, G., Ekesten, B. (2011a). Multiple congenital
ocular anomalies in Icelandic horses. BMC Veterinary Research, 7:21

Andersson, L.S., Lyberg K., Cothran, G., Ramsey, D.T., Juras, R., Mikko, S., Ekesten, B., Ewart, S.,
Lindgren, G. (2011b). Targeted analysis of four breeds narrows equine Multiple Congenital Ocular
Anomalies locus to 208 kilobases. Mammalian Genome, 22:353-360

Andersson, L.S., Wilbe, M., Viluma, A., Cothran, G., Ekesten, B., Ewart, S., Lindgren, G. (2013).
Equine Multiple Congenital Ocular Anomalies and Silver Coat Colour Result from the Pleiotropic
Effects of Mutant PMEL, PLOS ONE 8(9):e75639

Berson, J.F., Harper, D., Tenza, D., Raposo, G., Marks, M.S. (2001). Pmell7 initiates
premelanosome morphogenesis within multivesicular bodies. Molecular Biology of the Cell,
12:3451-3464

Bracun, A, Ellis, A.D., Hall, C. (2014). A retinoscopic survey of 333 horses and ponies in the UK.
Veterinary Opthalmology, 17;Suppl.1:90-96

Brunberg, E., Andersson, L., Cothran, G., Sandberg, K., Mikko, S., Lindgren, G. (2006). A missense
mutation in PMEL 17 is associated with the Silver coat color in the horse. BMC Genetics, 7:46

Brunberg, E., Gille, S., Mikko, S., Lindgren, G., Keeling, L.J. (2013). Icelandic horses with the Silver
coat color show altered behavior in a fear reaction test. Applied Animal Behavior Science, 146:72-
78

Burgoyne, T., O'Connor, M.N., Seabra, M.C,, Cutler, D.F., Futter, C.E. (2015). Regulation of
melanosome number and movement in the zebrafish retinal pigment epithelium by OA1 and
PMEL. Journal of Cell Science 128:1400-1407

Clark, L.A., Wahl, J.M., Rees, C.A., Murphy, K.E. (2006). A retrotransposon insertion in SILV is
responsible for merle patterning of the domestic dog. PNAS, 103:2376-1381

Davidson, M.G. (1997). Clinical Retinoscopy for the Veterinary Ophtalmologist. Veterinary &
Comparative Ophtalmology, 7(2):128-137

Gelatt, K.N. (1999). Veterinary Ophthalmology. 3" edition. Philadelphia: Williams & Wilkins

Hellstrom, A.R., Watt, B., Fard, S.S., Tenza, D., Mannstrom, P., Narfstrom, K., Ekesten, B., Ito, S.,
Wakamatsu, K., Larsson, J., Ulfendahl, M., Kullander, K., Raposo, G., Kerje, S., Hallbdok, F., Marks,
M.S., Andersson, L. (2011). Inactivation of Pmel Alters Melanosome Shape But Has Only a Subtle
Effect on Visible Pigmentation. PLoS Genetics, 7(9):e1002285

Jaderkvist, K., Andersson, L.S., Johansson, A.M., Arnason, T., Mikko, S., Eriksson, S., Andersson, L.,
Lindgren, G. (2014). The DMRT3 ‘Gait keeper’ mutation affects performance of Nordic and
Standardbred trotters. Journal of Animal Science, 92:4279-4286

16



Kawaguchi, M., Hozumi, Y., Suzuki, T. (2015). ADAM protease inhibitors reduce melanogenesis by
regulating PMEL17 processing in human melanocytes. Journal of Dermatological Science, 78:133-
142

Kerje, S., Sharma, P., Gunnarsson, U., Kim, H., Bagchi, S., Fredriksson, R., Schiitz, K., Jensen, P.,
von Heijne, G., Okimoto, R., Andersson, L. (2004). The Dominant white Dun and Smoky color
variants in chicken are associated with insertion/deletion polymorphisms in the PMEL17 gene.
Genetics, 168:1507-1518

Komaromy, A.M., Rowlan, J.S., La Croix, N.C., Mangan, B.G. (2011). Equine Multiple Congenital
Ocular Anomalies (MCOA) syndrome in PMEL17 (Silver) mutant ponies: five cases. Veterinary
Ophthalmology, 14(5):313-320

Kuehn, C. & Weikard, R. (2007). Multiple splice variants whithin the bovine silver homologue
(SILV) gene affecting coat color in cattle indicate a function additional to fibril formation in
melanophores. BMC Genomics, 8:335

Lee, K.E., Klein, B.E.K, Klein, R., Wong, T.Y. (2002). Changes in Refraction over 10 Years in an Adult
Population: The Beaver Dam Eye Study. Investigative Opthalmology & Visual Science, 43(8):2566-
2571

Lof, A. (2007). Undersékning av ackommodationsférmdga och brytningsfel hos varmblodiga
travare (Investigation into the accomodative capabilities and astigmatism of the Standardbred
trotter). Swedish University of Agricultural Sciences, Faculty of Veterinary Medicine and Animal
Science/Veterinary programme (Degree project 2007:64)

Martinez-Esparza, M., Jimenéz-Cervates, C., Bemmett, D.C., Lozano, J.A., Solano, F., Garcia-
Borrdn, J.C. (1999). The mouse silver locus encodes a single transcript truncated by the Silver
mutation. Mammalian Genome, 10:1168-1171

McMullen, Jr. R.J., Davidson, M.G., Gilger, B.C. (2014). The effect of 1 % tropicamide-induced
mydriasis and cycloplegia on spherical refraction of the adult horse. Veterinary Ophthalmology,
(17)2:120-125

Murphy, C.J., Zadnic, K., Mannis, M.J.(1992). Myopia and refractive errors in dogs. Investigative
Opthalmology & Visual Science, 33:2459-2463

Plummer, C.E. & Ramsey, D.T. (2011). A survey of ocular abnormalities in miniature horses.
Veterinary Ophthalmology, 14(4):239-243

Ramsey, D.T., Ewart, S.L.,, Render, J.A., Cook, C.S., Latimer, C.A. (1999). Congenital ocular
abnormalities of Rocky Mountain Horses. Veterinary Ophthalmology, 2:47-59

17



Raposo, G., Tenza, D., Murphy, D.M., Berson, J.F., Marks, M.S. (2001). Distinct protein sorting and
localization to premelanosomes, melanosomes, and lysosomes in pigmented melanocytic cells.
Journal of Cell Biology, 152(4):809-823

R Development Core Team. (2014). R: A Language and Environment for Statistical Computing. R
Core Team (2014). Available at: http://www.R-project.org

Reissman, M. & Ludwig, A. (2013).Pleiotropic effects of coat colour-associated mutations in
humans, mice and other mammals. Seminars in Cell & Developmental Biology, 24:576-586

Rochin, L., Hurbain, I., Serneels, L., Fort, C., Watt, B., Leblanc, P., Marks, M.S., De Strooper, B.,
Raposo, G., van Niel, G. (2013). BACE2 processes PMEL to form the melanosome amyloid matrix
in pigment cells. PNAS, 110(26):10658-10663

Rull-Cotrina, J., Molleda, J.M., Gallardo, J., Martin-Suarez, E. (2013). Refractive state of the
Spanish Thoroughbred horse: a comparison with the crossbred horse. Veterinary Ophthalmology,
(16)1:25-28

Schonthaler, H.B., Lampert, J.M., von Lintig, J., Schwarz, H., Geisler, R., Neuhauss, S.C.F. (2005). A
mutation in the silver gene leads to defects in melanosome biogenesis and alterations in the visual
system in the zebrafish mutant fading vision. Developmental Biology, 284:421-436

Ségard, E.M., Depecker, M.C., Lang, J., Gemperli, A., Cadoré, J-L. (2013). Ultrasonographic
features of PMEL17 (Silver) mutant gene-associated multiple congenital ocular anomalies (MCOA)
in Comtois and Rocky Mountain horses. Veterinary Ophthalmology, (16)6:429-435

Worldfengur (2016-06-08). Advanced search. Available at: http://www.worldfengur.com [2016-
06-08]

Ostberg, S. (2007) Undersékning av &6gats brytningsforméga i ett svenskt hdstmaterial
(Examination of the refractive error in Swedish horses). Swedish University of Agricultural
Sciences, Faculty of Veterinary Medicine and Animal Science/Veterinary programme (Degree
project 2007:2)

18


http://www.worldfengur.com/

11. Appendix 1

Medical record ophthalmic examination MCOA 2016
Horse ID:

Name:

ID number:

Sex:

Breed:

Color:

Date of birth:

Owner:

Date:

Anamnesis:

Reflexes: (normal/decreased (slow or incomplete) /absent)

Right eye:

Direct pupillary light reflex:
Indirect pupillary light reflex:
Menace response:

Palpebral reflex:

Corneal reflex:

Dazzle reflex:

Left eye:
Direct pupillary light reflex:

Indirect pupillary light reflex:
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Menace response:
Palpebral reflex:
Corneal reflex:
Dazzle reflex:

Ophthalmic examination

Right eye:

Cornea: shape, if any signs of cornea globosa (with the light from the ophthalmoscope)

Other visual anomalies including cysts (with the light from the ophthalmoscope):

Left eye:

Cornea: shape, if any signs of cornea globosa (with the light from the ophthalmoscope)

Other visual anomalies including cysts (with the light from the ophthalmoscope):

Skiascopy right eye:

Horizontally:

Vertically:

Astigmatism (yes/no):

Fundus reflex (neutralization point):

Cataract: absent, + (slightly), ++ (moderate) or +++ (abundant)

Skiascopy left eye:

Horizontally:
Vertically:

Astigmatism (yes/no):

20



Fundus reflex (neutralization point):

Cataract: absent, + (slightly), ++ (moderate) or +++ (abundant)

Definition of the cataract

Location: Nuclear or cortical

Extension:

Absent: No visible cataract or only sporadically streaks. Normal fundus reflex.

Slightly: cataract with a distribution of less than 25 % of the area of the lens in the coronal plane.
Moderate: cataract with a distribution of about 25-50 % of the area of the lens in the coronal plane.

Abundant: cataract with a distribution of more than 50 % of the area of the lens in the coronal plane.
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12. Appendix 2
Owner questionnaire for the MCOA study at SLU 2016

Name of the horse:
ID number:

Date of birth:

Breed:

Coat color:

Owner:

Address:
Telephone number:

E-mail:

1. What is the main use of your horse?

2. How well does your horse perform on a scale from 1 to 10, where 1 represents poor and
10 good.

1 2 3 4 5 6 7 8 9 10

Performs very poorly performs very good

Comments:
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3. Is the horse difficult to handle?

Indicate on a scale from 1 to 10, where 1 represents that the horse is very easy to handle
and 10 very difficult to handle.

1 2 3 4 5 6 7 8 9 10

Very easy to handle very difficult to handle

Comments:

4. Only horses used for riding: Is the horse difficult to ride?
Indicate on a scale from 1 to 10, where 1 represents that the horse is very easy to ride and
10 that the horse is very difficult to ride.

1 2 3 4 5 6 7 8 9 10
Very easy to ride

very difficult to ride

Comments:
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5. Does your horse show any signs of impaired vision? Indicate on a scale from 1 to 10, where
1 represents that the horse shows no signs of impaired vision at all and 10 that the horse
shows clear signs of impaired vision.

1 2 3 4 5 6 7 8 9 10

No impaired vision at all clear signs of impaired vision

Comments:

6. If your horse seems to have impaired vision, indicate on which eye, left, right or both.

7. If your horse seems to have impaired vision, indicate whether the vision has worsened
during the past two years?

8. Isthere any known history of eye disorders? If yes, please specify what disorder and if the
horse was treated.
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9. Does your horse show any signs of adverse behavior? For example is hard to catch in the
paddock. If yes, please specify which adverse behavior.

10. How easily frightened is your horse? Indicate on a scale from 1 to 10, where 1 represents
that the horse is not easily frightened at all and 10 that the horse is very easily frightened.

1 2 3 4 5 6 7 8 9 10

Not easily frightened at all very easily frightened

Comments:

11. Has your horse ever been injured? If yes, please specify how many times, what kind of
injury and how it occurred.

12. Additional valuable information about your horse:
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