S

10

11

12

13

14

15

DOI:10.22059/IJVM.2023.354187.1005356 Iranian Journal of Veterinary Medicine Original Article

Online ISSN: 2252-0554

Detection of Polymorphism of Myosin-Binding Protein C3 (MYBPC3),Gehe in

Persian Breed Cat with and without Hypertrophic Car‘ N I!

Saeed Heydaryan?, Dariush Shirani'" ArashGhaIyanchllanggl Sa|NBoka|e Mehdi
Q

Hassankhani?, Ali Roustaei?, Leyili Halimiasl® D

N
!Department of Internal Medicine, Faculty oi Vete@ edicine, University of Tehran,

Tehran, Iran. ( \“

A
2Department of Microbiology and.l Io\gy,’l—'aculty of Veterinary Medicine, University of

Tehran, Tehran, Iran. ‘ \

3Department of Epldﬂmq)gjaculty of Veterinary Medicine, University of Tehran. Tehran,

" O\

“De tment “Sur,gery and Radiology, Faculty of Veterinary Medicine, University of Tehran,

Tehran, Iran.



16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

>Doctor of Veterinary Medicine, Faculty of Veterinary Medicine, Islamic Azad University of

Tehran, Science and Research Branch, Tehran, Iran.

Abstract

y __
Background: In cats, the hypertrophic cardiomyopathy (HCM) has bee‘kN\a‘prevailing
heart disease. The mutations being causative in the gene oc*s cardiac myosin binding

protein C (MYBPC3) are found in the Ragdoll and Maine.Coon brﬁsds.
)

Objectives: HCM is believed to be hereditary in OtPﬁE eds teo.
Methods: Blood samples were coIIectedthAMtion from two unaffected and seven
ntional PCR was performed. Also, DNA sequencing

affected Persian breed cats with HC
. =
was performed, and the sequen changes were used to detect single nucleotide

N
polymorphisms in the MY F& er&d predict amino acid substitutions based on the Acc. No.

N\

(XM_019812396.1)Qnd*oryrisons with the literature on identified breed variants and

con‘trols<w \\)

Results: Altht‘gh many single nucleotide polymorphisms were found in both affected and

unaffected Persian cats, no causative mutation for HCM was observed.
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Conclusions: In this breed, HCM does not seem to be caused solely by mutations in this cardiac
gene. Potential cardiac genes should be investigated to uncover other genetic reasons for this

cardiac disease in the Persian cat breed.
o
N
Keywords: Hypertrophic cardiomyopathy, Myosin-binding protein C3, Persian@, iat, PCR

O‘\'

®

Introduction

Hypertrophic cardiomyopathy (HCM) has bee®| a} left ventricular myocardium
hypertrophy not attributed to an existing€¥se wmaly. In humans, however, HCM is a
mmpen in cats. HCM is so often an occult disease

widely known disease but it is espegi . ,
q _
which can result in potentially fatal complications. In cats, it is the highly occuring heart disease,

impacting approximatel S%f tmopulation (Payne et al., 2015). It is frequently related to

% R

specific breeds, mehdl‘ joll Maine Coon, and British Shorthair (Meurs et al., 2007).

However, mc \ non-breed domestic cats (Coté et al., 2011).

In 1t10n ¢ diagnosis of heart abnormalities by cardiac auscultation alone is difficult.
Therefore, para-clinical examinations, such as radiography and echocardiography, are necessary

to confirm the diagnosis (Sadri et al., 2022).
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Limited treatment options are available in cats, and the cats with symptoms show a poor
prognosis. It leads to underscoring the importance of etiology knowledge, which can be

indicated as measures for prevention. HCM is associated with a genetic defect tinderlying in

o
humans, and it is accepted as a typical case in cats as well. However, the gene"c variant'causing

the disease stays usually unrevealed in cats, whereas only two variants‘hat e breed-specific

have been identified (Schipper et al., 2019). o * \ -

In some breeds, including Domestic Shorthairs, a genetic etiology is suspected (Cété et al.,
)

2011). In cats, however, only two variants being causative in,MYBPC3 are detected; in Maine

N
Coons the XM_019812396.1:¢.91G > C (Mv et a>., 2005), and in Ragdolls the ¢.2455C > T

(Meurs et al., 2007). In humans, HCM is ﬁseMe latter variant ortholog (Schipper et al.,
A

2019). \ O &
b

N
MYBPC3 (known as human &eIDNW) is composed of 33 exons that can encode protein C of
1274 amino acids w% ach myosin. Apparently, the protein is crucial in controlling

sarcomeric tac ity and could also influence sarcomere architecture (Gupta et al., 2014).
NOWnN

The wide xants as causative in MYBPC3 cab be either truncating or missense (Walsh

4
etal, 2017a).\
A
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HCM, in human, is a relatively complex disease whose pathogenesis, genetics, and modifying
factors all still require to be completely determined. However, currently, the limited knowledge

of feline HCM is available, but suggests many similarities existing between species

In cats, a wider knowledge of the genetic aspect regarding HCM would allw ireen the

genetic of breeding animals more comprehensive. Then, the breeden ca"n restrict the spread of

o .
variants causing disease in the population of cat, and the HC 'ncidence&reduced.
N
Given the importance of cats as pets and the populari e Pers’an breed among owners in

Iran, the present study is the first on genetic hypemic rdiomyopathy in cats in Iran.

A

Based on these considerations, The aim Grewtudy is to determine the variants causing

By
disease in Persian cats that are a@, with application of MYBPC3 gene analysis, being

selected due to its sngnlflcarﬂm wn‘HCM

Materials and Mqhx
J

Patient { \

From\em&r 2020 to March 2022, Persian breed cats were presented to the Small Animal

Hospital of the Veterinary Medicine Faculty, Tehran University, for cardiovascular examination
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and follow-up if previously diagnosed with HCM or had significant cardiopulmonary clinical
signs. Based on the general examination, auscultation of lung and heart sounds, ECG

evaluation, and Doppler blood pressure measurement, hypertrophic cardiomy hy (HCM)

y _ "
was suspected. They were referred to the diagnostic imaging department for ﬁradiography

and echocardiography for evidence of hypertrophic cardiomyopathy (‘CM ventricular

free wall thickness in diastole (LVFWd) and interventricula@n’* iastole (IVSd) were > 6

mm or both were detected by M-mode echocardiogra (Figured).

Veterinary Teachin Hospital Tehran University -
0.46 cm
0.74 em
1.37 em
0.78 em

Study Date: 2022

.
gy
Figure 1. (A{Ng@ional echocardiographic image of a cat with HCM, (B) M-mode
ec ca&raphic

interve 'cuI; septum (IVSd) > 6 (mm)

easurement of left ventricular free wall thickness (LVFWd) and
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Once HCM cases were identified on echocardiographic studies, other causes of left ventricular

hypertrophy in cats, such as renal failure, hyperthyroidism, and elevated blood pressure, were

excluded by screening renal levels (BUN, Scr), thyroid levels (TT4), and Doppler b

Finally, two groups of cases were selected: seven affected cats (3 females an

F _ )
males, tanging

\»

2 to 8 years old, with 5.5 years old as mean age) with HCM and two hea‘wM

pressure.

affected) (1

male and 1 female, aged 2-4 years old, with 3 years old a@ &)(\TaM). For all cases,

blood samples were collected in EDTA tubes and kept

18 C° tTI\DNA extraction.

o

Table 1. Phenotypic information for HCM-affected“ _affected Persian cats breed.

L QY

N

HCM-

1

affected aw
W\
N

i Thyroid
b A Renal panel
‘ \‘\ panel
\ TT4
J (mm) (mm)
- M (mg/d | (mg/d (mmhg
(mcg/dl)
1) 1) )
8 F 6 13 28 1.2 6.5 120
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2 8.5 12 30 1.37 5.5 130
3 6.6 8 23 1.31 8 100
4 5.1 10 19.6 14 7. 0

N\ N
5 ,t 00
6 6.8 130
7 5.8 140

Non-
affected

1 6.2 100
2 5.8 100

98  "IVSd: Interventricular septum in diastole, LVFWd: Left ventricular free wall thickness in

« \\"

99  diastole, BUN: Blood urea nitrogen, Scr: Serum creatinine, TT4: Total thyroxine, BP: Blood

J

100 pressure, F: Female and M: Male
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Primer design

In cats, assembly of the felis catus (Acc. No.: XM_019812396.1) was employed t

the exons are located, and the MYBPC3 gene sequence. The selected primers i

identify where

present

study were from Schipper et al., (2019), and many primers were designed baswlr Acc. No.

(XM_019812396.1) using the PRIMER 3 software (Table 2) (Schipper et al., 2019

-

Table 2. Selected PCR primers for detection of polymogphism inJ{YBPCB&ne

%
Referenc
Exon Forward 0 I@verse
@ )
TCAGAAGGATGGGAAGGAGA C& (iG GGGCAAGAGGCAGATAAGAAA Schipper
. o
1 GA b TCC etal.,
N
rﬁ\\ (2019)
ain
CCAGGAAGGAAGGGTCAGGTATCCA Schipper
T(lf(\ AGGCGAGACA
2 \ A etal,
®
(2019)
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111

ACCCCACATTCTGAGCCTTTCCA

CTCCTCCCACTCTTCCACAGTCTT

Schipper
etal.,

(2019)

GACAGACAGGGAAATTGGTTTAGAGA

789 GGT

CAAGGGTCATG GATGf

13,1 TCTGGCACTCACCACTTGACCT

Q

Schipper
etal.,

(2019)

\
GCBATGCGTGTGA
\ @
N
v

Schipper
etal.,

(2019)

N\
C\J

DNA extraction \
In Icas th:

sam Ies of blood were collected to extract their DNA. DNA extraction was

conduc t)lng a DNA extraction kit, commercially available, following the instructions of
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118

119

120

121

122

123

124

125

126

127

manufacturer (Sinaclon, EX6071, Iran) (Ghalyanchilangeroudi et al., 2021). It was recommended

to keep extracted DNA at -20 C°.

Conventional PCR
p

Polymerase chain reaction (PCR) was carried out in 25 pl as final vqurf \n“aster mix,
being ready-to-use, which contained 0.2 mM of each d *\/I Mg% 2 U Taq DNA
polymerase, 10x PCR buffer (Sinaclon, Iran), along with 1 pl 1\0 pmoI\mcentration of each

ial dena&uration for 5 min at 95 C°,

primer (Sinaclon, Iran). The thermal conditions includ

then 35 cycles of 95 C° for 30's, 52 C° for 30's, 72 @1 in, and a final extension for 7 min at

72 C°. The analysis of PCR product was ptrmw lectrophoresis on a 1.5% agarose gel,

and then illustrated under UV Iig)O PCRresults were later examined to identify the
i

3 .
nucleotide sequences (Peighambari et al.ﬂ,‘ 2022).

\

Partial sequencing r \ \

All PCR prodr su |C|ent amplification of the correct fragment were taken for Sanger
enci e qu

ity of the sequences was assessed individually using Chromass 2.6.5
softwa CLC ewer 8.0 was used to examine nucleotide and amino acid sequences. The splice

site and exonic sequences of the gene of feline MYBPC3 were obtained from feline contigs

11
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129

130

131

132

133

134

135

136

utilizing NCBI blast function and prior studies. The nucleotide sequences were compared to the
published normal feline sequence from the feline contigs, as well as previously described

mutations in Ragdoll and Maine Coon cats.

oo
N
Results ‘ \\ ’
In this study, positive PCR results were obtained for the deo\*the polymorphism of the

MYBPC3 gene. This research's partial MYBPC3 gene sequences \nﬁre deposited in GenBank with

>

No: NC018732.3 (Table 3).

o} N

Table 3. The position of the exons was seq‘ce%the accession numbers to which the

sequences were compared. ‘ \

b
,
Exon Map of targg Location) Accession numbers
“E
1 0’@4‘29—101342043 XM_019812396.1
0!§40571—101340837 XM_019812396.1
\ ‘6 b 101338545-101338662 XM_019812396.1
7 101337987-101338035 XM_019812396.1

12
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138

139

140

141

142

8 101337779-101337808 XM_019812396.1

9 101337568-101337621 XM_019812396.1

13 101335576-101335708 XM_019812396.1¢7 %,
~

7{‘:...
Q\

Sequencing of exons 1, 2, 8, and 9 revealed no sin pair change in all affected and

unaffected control cats; a single nucleotide olymm t)change was, however, spotted
Wats with HCM and 7 (c.803C>T)in 1

in exon 6 (c.866 A > G) in 3 cats and 13 ((

affected and 1 unaffected cat (Figur - )
L b
{\ 4
\N
' & \J

(\)
\)

®

13
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100 120 140 180
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5 = R 267
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143 L e i i e e 267
144  Figure 2. (A) andy(B) Exon 2 sequencing and single nucleotide polymorphism (SNP)

145  detectionin, HCM-affected (H) and unaffected (N) Persian cats

146
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159

160

In this study, although several SNPs were detected in the gene analyzed, they did not segregate

with the disease or alter the amino acid.

The previously reported mutations in the MYBPC3 gene in Ragdoll and Malne C ats were

not detected in any of the affected or unaffected cats in the study. \\ ‘
o ’{ =t

b

Discussion 0 D
4

In study of Schipper et al., (2019), 27 anWre found in MYBPC3, of which 17 were
synonymous, and 10 were missens@ariam‘c.USG > A p. (Ala59Thr) in exon 2 was found
in 1 Maine Coon and 3 DSH e €.220G > A p. (Ala74Thr) in exon 2 in 1 Ragdoll, 1 Maine
Coon, 2 BSH, and 7 DSP SZC > T p, (Ala74=) in exon 2 in 1 Maine Coon and 2 DSH
cats, the c. 720C >(T p. (&2@) in exon 6 in 1 DSH cat, the c. 772G > A p. (Val258lle) in exon 7

in7D € 1‘ , and 1 DSH x Persian cats, and the ¢.1140G > C p.(Arg380=) in exon

w-l c‘ not in line with the present research result in the MYPBC3 gene.

15
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170
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175

Longeri et al., (2013) were reported a substitution p.(Ala74Thr) in Maine Coons with HCM, not

matching the present research's variants in the MYPBC3 gene.

In cats with HCM, Meurs et al., (2009) explained eight variants in MYBC3. ever, the
annotation is slightly not clear, the variants could possibly be ¢.220G > A or c.% " (exon 2),
c.772G > A (exon 7), c.1032C > T, c.1956C > T, c.2607C > T, c.2765 >‘f, and' €.3109G > A, as

o .
Schipper et al., (2019) explained. \
.

No definitive conclusions, however, can be achieved these ’ariants since Meurs et al.,
(2009) refused to explain them at the nucleotide@ one explained as eighth variant by

Meurs et al., (2009) could be related to n@@eported by Schipper et al., (2019).

h
In study of Schipper et al., (2019),\1®ensexariants, potentially pathogenic, were detected

N
in MYBPC3. In order to eva‘te tﬂp‘é"thogenicity, the amino acid substitution impacts were
anticipated in silico, anﬂe‘n&vation of the amino acid, being affected, was evaluated. The

i
substitution of Alab Thr)lad’hr in exon 2, and V258Ile in exon 7 caused by missense variants

in MYP‘\( b&n ased on the PROVEN, PolyPhen-2: HumDiv and HumVar and ConSurf

N

16



176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

There are over 1500 HCM-causing mutations in humans, mostly found in sarcomeric genes;

however, pathogenic variants in genes being non-sarcomeric, such as those calcium signaling

L ¢

proteins or encoding Z-disk proteins, have also been identified (Walsh et al., 2017b). The

PR

MYBPC3 gene is most usually related to HCM in humans, accounting for 40% m‘&ases, followed
i

by the MYH7 gene (Carrier et al., 2015). In the MYBPC3 gene, only tw‘ mu !ave been

explained in cats, although the sequence present in this @a&een largely conserved in

mammals (cow, dog, human, mouse, rat) (Maron et al., 2015; Kittleson et al., 2015).
&

Numerous investigations have been conducted based ony sequencing the MYBPC3 gene

Q .
fragment where this variant appears. The pvatio examined were mostly Maine Coon cats

either with or without HCM, even thoug@me“nging to other breeds were examined (up

h
to 3757 cats belonging to 17 breed@ell. The p.A31P mutation has been identified in both
> N

affected and unaffected Ma'w Cc(at‘s; in other breeds, only three cases have been isolated

and reported: a SiberiaﬂRng and a British longhair cat (Gil-Ortufio et al., 2020).
The SNPs in{ thigated here did not meet the threshold for a causative mutation
id not

since tfm

Nevert ess,‘hrough linkage analysis or broader relationship studies, these SNPs could be

affect the amino acid produced nor segregate with the disease consistently.

proven effective in future research of familial feline HCM in various cat breeds.

17
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The absence of a mutation in this MYBC3 gene region does not rule out its potential role in this

disease in the Persian cat since a causative mutation may occur in the promoter or untranslated

areas of this gene. The cats studied could still have family feline HCM caused by utation in
. . . ‘ .

one of the other HCM genes in humans, or they could have a mutation in a gqnot yetlinked

to HCM. Finally, possibly these cats' sickness has a distinct etiology. ‘ \

o .
To summarize, felines are the natural model of HCM that mimics the genotype and phenotype

A
of human. The cat is the ideal species to investigate the efficacy of new genetic and preventive
therapies due to its life expectancy, typically abﬂ earspand the disease's typical early
onset between 3 and 5 years old (GiI—Ortuﬁo‘al.,Wleeper et al., 2009). All of this should
motivate researchers to use cutting-ed eghnii»of genetic sequencing to examine HCM in
_
veterinarians could benefit both species, humans and

cats. Collaboration between doctors

cats, affected by this dread ise&
C\\
Conclusion - N )

In partW&eNag!oll and Main Coon, respectively), there are only two genetic variants
as founder r%ated to feline HCM (p.R820W and p.A31P), both in the MYBPC3 gene. The

detected variants, in high frequency, in unaffected cats support the idea of a minor to

moderate effect on phenotype and the probable interplay with other environmental or genetic
18
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217
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219
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223

factors. Other breeds' genetic causes of HCM are unknown. Since the disease is similar in
humans and cats, felines are an ideal model for developing new corrective and preventive
therapies for human and feline HCM (Gil-Ortufio et al., 2020; Prondzynski et al., 2019; Ammirati

o
et al.,, 2016). The investigation of the genetic origin of feline HCM shouldqe’w genetic

testing methods. ‘ \
\
Conflict of interest \

¥

The authors declare no conflict of interest.

O N

Acknowledgment x

The authors would like to thank Dr. Iradj Ashrafi and Dr. Zahra Ziafati for their excellent

N
\‘
References r& \
G
\)J
4Ammirati, E., Contri, R., Coppini, R., Cecchi, F., Frigerio, M., & Olivotto, I. (2016).

N \°

Pharmacological treatment of hypertrophic cardiomyopathy: current practice and novel

technical assistance.

19



224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

perspectives. European journal of heart failure, 18(9), 1106-1118.

\

Carrier, L., Mearini, G., Stathopoulou, K., & Cuello, F. (2015). Cardiac myosin-binding protein
F -

fu N
C (MYBPC3) in cardiac pathophysiology. Gene, 573(2), 188-197.

https://doi.org/10.1002/ejhf.541 PMID: 27109894

N
https://doi.org/10.1016/j.gene.2015.09.008 PMID: 26358504 * ‘ \
w

Coté, E., MacDonald, KA., Meurs, KM., Sleeper, MM. (201;;‘<ypertr hic Cardiomyopathy.

In: Feline Cardiology. 1°* ed. Chichester, UK: John Sons. p§103—143, 162-167.
N

Ghalyanchilangeroudi, A., Ziafati Kafi, waje , A., Ataii, J., Sadri, N., Hajizamani, N.,
Aghaeean, L., Majidi, S., Sadeghi, (Gh i, M. (2021). Molecular Detection and
b
Phylogenetic Analysis of Lume@Diseaee Virus in Iran. Iranian Journal of Veterinary

b

Medicine, 15(2), pp. 169{3. https://doi.org/10.22059/ijvm.2020.299359.1005071

i N \\

Gil-Ortufio, C., Sebastidn-Marcos, P., Sabater-Molina, M., Nicolas-Rocamora, E., Gimeno-
Blanes, J. R., & Fernandez Del Palacio, M. J. (2020). Genetics of feline hypertrophic
a N\
cardiomyopathy. Clinical genetics, 98(3), 203-214. https://doi.org/10.1111/cge.13743
A

N NS

PMID: 32215921
- >

20



239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

Gupta, M. K., & Robbins, J. (2014). Post-translational control of cardiac hemodynamics
through myosin binding protein C. Pflugers Archiv : European journal of physiology, 466(2),

231-236. https://doi.org/10.1007/s00424-013-1377-y PMID: 24145982
N
Kittleson, M. D., Meurs, K. M., & Harris, S. P. (2015). The genetic basis of hypertrophic

cardiomyopathy in cats and humans. Journal of veterinary cardiology : the official journal of

AN\

the European Society of Veterinary Cardiology, 17 Suppl 1(Suppl 1), S53-S73.
- v

N \
https://doi.org/10.1016/j.jvc.2015.03.001 PMID: 26776594

O\

Longeri, M., Ferrari, P., Knafelz, P., Mezzelanl, A., Marabotti, A., Milanesi, L., Pertica, G.,

Polli, M., Brambilla, P. G., Kittleson, M., Lyons, L. A., & Porciello, F. (2013). Myosin-binding

protein C DNA variants in domestic cats (A31P, A74T, R820W) and their association with
o

LV 4R

hypertrophic cardiomyopathy. Journal of veterinary internal medicine, 27(2), 275-285.

https://doi.org/10.1111/jvim.12031 PMID: 23323744
r 3 U
Maron, B. J., & Fox, P. R. (2015). Hypertrophic cardiomyopathy in man and cats. Journal of

PN b

veterinary cardiology : the official journal of the European Society of Veterinary Cardiology,
-

@ .
17 Suppl 1, S6-S9. https://doi.org/10.1016/j.jvc.2015.03.007 PMID: 26776595

-

21



254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

Meurs, K. M., Norgard, M. M., Ederer, M. M., Hendrix, K. P., & Kittleson, M. D. (2007). A
substitution mutation in the myosin binding protein C gene in ragdoll hypertrophic

cardiomyopathy. Genomics, 90(2), 261-264. https://doi.org/10.1016/j.ygeno.2007.04.007

PMID: 17521870 ‘v\ N
AN

Meurs, K. M., Norgard, M. M., Kuan, M., Haggstrom, J., & Kittleson, M. (200_9). Analysis of 8

AN\
sarcomeric candidate genes for feline hypertrophic cardiomyopathy mutations in cats with
AN ¢ -

hypertrophic cardiomyopathy. Journal of veterinary internal medicine, 23(4), 840-843.

T\

https://doi.org/10.1111/j.1939-1676.2009.0341.x,PMID: 15566849
i

‘ a
y A G
Meurs, K. M., Sanchez, X., David, R. M., Bowles, N. E., Towbin, J. A., Reiser, P. J., Kittleson, J.

A., Munro, M. J,, Dryburgh, K., Macdonald, K. A., & Kittleson, M. D. (2005). A cardiac myosin
—

o 7.
binding protein C mutation in the Maine Coon cat with familial hypertrophic

Jd N

cardiomyopathy. Human molecular genetics, 14(23), 3587-3593.
€ \N
https://doi.org/10.1093/hmg/ddi386 PMID: 16236761
4
NN
Payne, J. R., Brodbelt, D. C., & Luis Fuentes, V. (2015). Cardiomyopathy prevalence in 780
- AN\N?”

apparently healthy cats in rehoming centres (the CatScan study). Journal of veterinary
cardiology : the official journal of the European Society of Veterinary Cardiology, 17 Suppl

1, S244-S257. https://doi.org/10.1016/j.jvc.2015.03.008 PMID: 26776583
22




271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

Peighambari, S. M., Nouri, A., Barzegari, R., Ghorbani, A. (2022). Isolation and Molecular

Identification of Avibacterium paragallinarum Isolated from Commercial Layer and

&
Backyard Chickens in Iran. Iranian Journal of Veterinary Medicine, 16(3), pp. 239-248. doi:

"

Prondzynski, M., Mearini, G., & Carrier, L. (2019). Gene therapy strategies in the treatment
AN

N -.l

of hypertrophic cardiomyopathy. Pflugers Archiv : European journal of physiology, 471(5),

10.22059/1jvm.2022.335367.1005216

Nadn

807-815. https://doi.org/10.1007/s00424-018-2173-5 PMID: 29971600
b

A
Sadri, S., Masoudifard, M., & Shirani, D. (2022). ‘l?:hocardiographic Findings of Left

@ o £
Ventricle (LV-Study) in Cats Diagnosed with Atrial Septal Defect (ASD). Iranian Journal of

e
Veterinary Medicine, 16(1), pp. 64-71( l\
& 4

=N -
https://doi.org/l0.22059/ijvm\.2021.3‘2'5‘558.1005 181

Schipper, T., Van Poucke, M., Sonck, L., Smets, P., Ducatelle, R., Broeckx, B. J. G., & Peelman,
| . ©
Al O )
L. J. (2019). A feline orthologue of the human MYH7 ¢.5647G>A (p.(Glu1883Lys)) variant

F QU

causes hypertrophic cardiomyopathy in a Domestic Shorthair cat. European journal of

. \\ ®
human genetics : EJHG, 27(11), 1724-1730. https://doi.org/10.1038/s41431-019-0431-4

AP

PMID: 31164718

23



287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

Sleeper, M. M., Bish, L. T., & Sweeney, H. L. (2009). Gene therapy in large animal models of
human cardiovascular  genetic  disease. ILAR  journal, 50(2), 199-205.

https://doi.org/10.1093/ilar.50.2.199 PMID: 19293462
; N
Walsh, R., Buchan, R., Wilk, A., John, S., Felkin, L. E., Thomson, K. L., Chiaw, T. H., Loong, C.

F % el

C. W,, Pua, C. J., Raphael, C., Prasad, S., Barton, P. J., Funke, B., Watkins, H., Ware, J. S., &

AN\
Cook, S. A. (2017a). Defining the genetic architecture of hypertrophic cardiomyopathy: re-
AN A -

evaluating the role of non-sarcomeric genes. European heart journal, 38(46), 3461-3468.

https://doi.org/10.1093/eurheartj/ehw603 PMID: 2808233‘())
RV
y L OO

Walsh, R., Thomson, K. L., Ware, J. S., Funke, B. H., Woodley, J., McGuire, K. J., Mazzarotto,

C

F., Blair, E., Seller, A., Taylor, J. C., Minikel, E. V., Exome Aggregation Consortium,
=

3 N
MacArthur, D. G., Farrall, M., Cook, S. A., & Watkins, H. (2017b). Reassessment of

" §

Mendelian gene pathogenicity using 7,855 cardiomyopathy cases and 60,706 reference

samples. Genetics in medicine : official journal of the American College of Medical Genetics,

\ . 4
— A
19(2), 192-203. https://doi.org/10.1038/gim.2016.90 PMID: 27532257

N\

)

24



303

304

305

306

307

308

309

310

311

312

313

S5 s 4,5 )5 (MYBPC3) €3 uuiol o jome (riia 0 pwd y30

Hstliwg) e & G s g0 & 1 dunas 2 539,50 ‘s’uwd*
\

.Qlﬁl ‘O|]QJ<|).¢‘S

'S

A

X

@

Sedg i b (Flgwogsd,

.

¥

E989 (i

D 1

\

S by s

® ool (ool L

Oyl ‘QIQ; ; |h‘5§j;}ﬁla 0uSiily ¢ 2Kle jo pgle 05,51

a/h&éﬂﬂb oaSislo “SwL..w ‘5«-.04‘ 9 6)5J5.u5)£‘.4 05;2

M ol ol s ol olKitsls (S paals 00SLiils ¢35l gmoin! 09,5

25

) ous



314

315

316

317

318

319

320

321

322

323

324

325

39 Lg)l_a,,.g oS obul slo g Lol o e\g)f 30 é.»L.) L,;.J.‘B 6)[—0.:.3 Y (HCM) &:35}s]uub G’;QH%%U :axlag Ao §

SLgegd )5 ()lom 45 a0 a4y el ool olulid IS ) g (98 crae ol lo )5 0 C3 &Lanl (pjsme O

C3 ®MLJ)H OF o &35)’)“’[‘“(5’[‘5"‘“5"‘5)[5kS)L"“"J"’ch_T{""")&sLbWL‘ﬁ{'Q ‘d»\.(b UKV

ez ol 5 Se89 5 mle (Shsend)lS 4 e Gl 15 ) 098

055 sl aiged €3 Soaansl ajsee 0F 5l (o 65)*

o)Lo_CfA U”"l—“"‘ - “'\”"““"‘5""‘“1

o e J S sla diges g Sl

MQ( ..

)0

Q

Rl s

&

O\

S Sl (gylom ;5,0 g @l 09,5 90 2 0 ol il SO e golaws ax S p S

26

MLM‘O@)‘M)ﬁLb&‘ j)—i)-*-’L‘b

‘

)° Oetp o5 sl )5 5o

; ﬁc‘ﬁw“ Fsly JolS (55 digas 58 (g5
wjo}mlﬁJ ‘)A..L ‘_g‘o),.:u)w...f‘j ..\.....»‘_gﬁ‘

s sy 5 S5 05 el @l 5 oy sl

5 o g b b awslio 5 (XM_019812396.1) wulis

<85 )8

i 55 g5 mle Slgegao IS



326 5ol e L hwy ol 4 o) oo 4 Sdgpinle Shgess S s ke ol cnl ool (65 A

327 WS 8 e )90 Wb SeB9 5 mle (Shgesd)lS (6 )len (S else lulid slp Koo

328 3lresh (sl oumiy 2aSTy S o 315 €3 Sl (o jgme g n «Sdg i ymle Sl

Q

27



