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Cataracts are some of the most common causes of vision impairment in humans and
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other mammals. C . == \01::_ s i
The prevalence of cataracts in american cocker spaniel (ACS), 1s 8-11% (Gelat and § ) L . g el S /;"'
Mackay, Vet Opht 2005). Such percentages describe both acquired and inherited 8 40 8, B - /
cataracts: the latter category contains cataract phenotypes that are clinically similar T 20- g : 8
but may have a different genetic etiology. g : & ¥ "5 ; S
The mechanism of inheritance in ACS has been previously proposed as being i Siivia: 513y 0 2.5 y.0. 5.8 y.0. ¥ . ., 5
autosomal recessive, but not fully penetrant and our observations suggest a complex e ofarscd b lCatonsoll  (COMR nherfsd Cataract  Inhented Catarac Ty & :: , e
inheritance in which unaffected parents generate affected individuals (Yakely, fiis ad] " % 8 ; PR
JAAHA 1971). Cataract distribution among sub-groups. i R
| L R Left — Distribution of 2-5 y.o. early onset, and 5-8 y.o. later onset cataract among males T
‘. ‘ L _ ‘. 4 L | ‘. I and female ACS, and 1n the controls. Overall, no significance of age of onset by sex was e
| | | found 1n any of the subgroups, nor was any significant difference in the controls.
vl Al @ b @i @i Right — Overall cataract asymmetry is seen in ACS cases. Later onset cases have Left — Manhgttan plot frqm an asso.ciation ?tUdY using .haplotype 311?165 determined by
VUV VSV WV VY significantly fewer asymmetrical cataracts (*=0.01). GHap , selecting a 5-kb window. A linear mixed model implemented in GEMMA (genome-
wide efficient mixed model association). GEMMA obtains maximum likelihood estimate
‘. ‘. ‘ I) Yy ‘J 'j '3 lj * (MLE) of and outputs the corresponding p-value, used to filter out the significant haplotype
o | = None 807 | . Nome blocks for each trait..Signiﬁcant haplotype blocks were 1dentified based on a Bonferroni-
e X Bt | t) 9 ¢ D ‘/ l/ ’ '/ S ) , ) i‘“’ T 2 s Pos 260 x| \ o e corrected p-value. Right — QQ plot.
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Hereditary cataracts in ACS used to be considered bilateral and have an early %20‘ - T ] - T ‘ ?;20# | | L3 | ” .""‘ ‘-’o:»‘ ‘ ‘ ""
onset (ages 2-5). However, we found cataracts in a second age group of onset, of I T I & |L|IlE I I i "”‘%%’% y. "““"“"
5- 8 years, clinically very similar. Asymmetrical cataracts were also present where 0 o o . v = 5;0 %0” | pr J ““‘
one eye develops a cataract at an early age (< 5 yrs.) and several years later a e, e iHedlodCAE Iitiied Calrsc “%’ u ".“’
second cataract appears in the other eye (in 5-8 year range). Finally, great o-v@, ‘ " g
variability in the anteroposterior position of the onset was detected. Overall cataract onset localization. y p’

Left - Left eye of 2-5 y.o. early and 5-8 y.o. later onset cataract cases. *p value= 0.02, **
p value=0.002-0.007.

Methods Right - Overall cataract localization in the Right eye of 2-5 y.o. early and 5-8 y.o. later
onset cataract cases. *p value= 0.01-0.04, ** p value=0.003-0.008.

Pairwise linkage disequilibrium (LD) for the putative candidate regions obtained by GWAS
and haplotype allele association. The LD plots of suggestive SNPs for associated loct were
visualized using LD heatmap package. The high LD level between the SNPs in the loci
indicates that these candidate regions are associated with cataracts in ACS population.

Left — LD plot of suggestive haplo-alleles for cataract at the CFA26 locus

Samples were selected from an 1nitial population of 900+ ACS. All the dogs involved Right — LD plot of suggestive haplo-alleles for cataract at the CFA15 locus
in the study were clinically ascertained by board-certified veterinary ophthalmologists.
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Out of the 1nitial pool, 75 cases (46 early onset and 29 late-onset), and 100 controls © . ]
were selected based on the following criteria — only dogs with constant updates '
about their status as controls or the progress of their cataracts would be
considered for genotyping on Illumina 220k canine SNP chip platform.
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* Hereditary cataracts in ACS show significant heterogeneity in phenotype yet to be

Analysis of the obtained results was done using GraphPad PRISM 9 software Paired t- - - completely examined in depth.

tests, unpaired t-tests, f-tests for variation, and ANOVA statistical assessments were R i ————
conducted where appropriate. p-values<0.05 were considered significant for all | 2 3 4 5 67 8 91011 13 45 17 19 21 23 25 27 20 31 33 35 38 * Based on our current results, we can predict that the occurrence of inherited cataracts 1n
calculations. e ACS will be explained by more than one locus or even a combination of loci.
Since cataract phenotype was recorded as a binary .tralt (L.e., case/control), a probit Lejt - Maflhattan plot from an association study of the SNP data of 75 cases and 100 * More samples and statistical power will probably help with the association analysis. We
linear mixed model was implemented for conducting a GWAS between cataract and controls. Right — QQ-plot. d 6 he d dditional d hat £ . loct L

. . . b et mrael fa Trralleenied] e Tl : need to extract rrom the dataset additional dogs that 11t our genotyping selection criteria.
SNP genotype. To account for ancestral population structure in the study dogs, a single T'he mixed model 1s implemented as follows:

marker linear mixed model (LMM) analysis was performed using GenABEL software

tools. Since the age of onset and sex influences the risk of cataract, both were included y= W+ Xa+ & *  Within our current dataset, we didn’t observe a strong eftect of cataract sub-phenotypes

as a covariate in the analyses. like the anteroposterior position of the onset, but based on its effect on the mixed model,
Where y=n X 1 vector of cataracts, W=n X ¢ matrix of covariates (fixed eftects), § = n we think that the age of onset is impactful.

Data were phased using BEAGLE 5.0 and haplotype alleles determined by GHap. X 1 vector of fixed effects, including sex (2-levels) and presence of cataract (3 levels:

These were then used for haplotype association studies using a linear mixed model ear_ly, late, and normal), X = 1nc1.dence matrix rilatmg phenotypic records to E}mmal effects, . Complex inheritance of cataracts requires a multi-angled approach. The next steps will

implemented in GEMMA. LD heatmap package in R (V 1.0-6) was used for the LD oa=n X 1 vector of random animal effects, € =n X 1 vector of random residual effects. . . . . . .

plots. Significant SNPs were identified based on Bonferroni-corrected p-values. Chromosome 26 include whole genome sequencing to be integrated with SNP genotyping data in order to
shows SNPs beyond threshold. help with the detection of the genetic locus/loci for inherited cataracts in ACS.
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