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Abstract 

Progressive rod-cone degeneration (PRCD) is one of several groups of inherited progressive retinal atrophy 
in dogs. This study aims to describe the characterization of phenotypic appearance and demonstrate the responsible 
gene mutation, including analysis of the allele frequency of PRCD in Poodle dogs in Thailand. All 10 Poodles with 
clinical signs of PRCD were identified by a history of progressive vision loss, an abnormal obstacle test, and fundic 
appearance. Genetic testing of PRCD gene mutation using the Polymerase Chain Reaction and Restriction Fragment 
Length Polymorphism technique was performed in all dogs. The result confirmed that all 10 dogs were affected. The 
affected Poodles had presented age at first examination at 8.9 ± 2.33 years. Typical findings of retinal changes were 
bilateral retinal degeneration with tapetal hyperreflectivity, retinal vessel attenuation and optic disc atrophy. The 
electroretinogram from 7 affected dogs revealed non-detectable wave amplitude and implicit time in the session of rod 
responses in all dogs whereas small wave amplitude of cone response was recorded in 4 dogs. Histopathological 
examination of an affected eye revealed the collapse of the nuclear and photoreceptor layers.  A prevalence of carriers 
in 50 Poodles was 12% while the allele frequency of mutant allele was 0.1. Genetic finding of PRCD in Poodles in 
Thailand corresponds to the previous report whereas the age onset of dogs presented from this disease and the age at 
complete blindness are much later than previously reported. 
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Introduction 

Progressive rod-cone degeneration (PRCD) is 
the most common form of late onset progressive retinal 
atrophy (PRA) which has been described in more than 
100 domestic dog breeds worldwide (Acland et al., 
1998; Petersen-Jones, 2005; Andre et al., 2008). This 
autosomal recessive photoreceptor degeneration has 
revealed that the point mutation of guanine to adenine 
substitution in the second codon of the exon1 of PRCD 
gene of canine chromosome 9, a region orthologous to 
the telomeric end of human chromosome 17, was the 
cause of disease. The mutation resulted in amino acid 
change from cysteine to tyrosine (TGCTAC) which 
was identified in humans with autosomal recessive 
retinitis pigmentosa (Zangerl et al., 2006). Expression 
studies of this gene indicated the mainly expression in 
the retina with equal expression in the retinal pigment 
epithelium, photoreceptor, and ganglion cell layers 
(Zangerl et al., 2006). Affected dogs and human 
patients showed similar clinical signs of night 
blindness and eventually followed by total blindness 
because the disease degeneration usually began as a 
rod abnormality before the cone. Diagnosis of PRCD is 
based on clinical signs, fundic examination, 
histopathology, electroretinography (ERG), and 
molecular genetic testing (Acland et al., 1998; Aguirre 
and Acland, 2006; Ofri, 2008). 

There are many phenotypic variation of 
clinical diagnosis and there has never been an in depth 
study and survey on PRCD of dog breeds in Thailand. 
The allele frequency of PRCD gene in affected dog 
breeds has been published only in Czech Republic 
(Dostal et al., 2011). Moreover, the Poodle is among 18 
dog breeds (Zangerl et al., 2006) that affected with 
PRCD resulting in blindness, and causing stress for 
their owners. This report describes Poodle dogs with 
clinical signs of PRCD speculated by a history of vision 
loss, scotopic and photopic obstacle tests, ocular reflex 
tests, and fundic examination. Electroretinography and 
molecular testing of responsible gene mutation was 
performed. In addition, survey of allele frequency of 
the disease in Poodles in Thailand from May 2012- Jan 
2013 was processed. These databases of disease 
diagnosis and genetic frequency will be beneficial for 

veterinarians and breeders for future diagnosis and 
proper awareness with this disease. 

Materials and Methods 

Animal selection: Seventy Poodle dogs were recruited 
for the present study. Ten normal dogs and ten dogs 
previously diagnosed with PRA based on ophthalmic 
examination and a history of visual impairment in dim 
light were included for characterization of PRCD gene 
mutation.  For analysis of allele frequency, 50 Poodles 
at the age between 6 months to 12 years were randomly 
selected from dogs presented at Kasetsart University 
Veterinary Teaching Hospital with an unknown 
history.  

Ophthalmic examination and vision test:  Vision of 10 

normal and 10 PRCD-suspected dogs was examined  
by a photopic/scotopic obstacle test. Complete 
ophthalmic examination was performed including 
menace response, dazzle reflex and pupillary light 
reflex. The anterior segment was examined using a 
portable slit lamp biomicroscope (SL-15, Kowa 
Optimed, Japan). Intraocular pressure was measured 
using a tonometer (TonoVet, iCare, Finland). Fundus 
pictures were captured with a binocular indirect 
ophthalmoscope (Vantage, Keeler Ltd, UK) in a dark 
room after electroretinographic examination.  

Electroretinography: The ERGs were recorded from 
ten normal and seven PRCD-suspected dogs based on 
the owner allowance. All dogs were fasted for at least 
10 hours application of topical anesthetic eye drops 
(0.5% tetracaine hydrochloride ophthalmic solution, 
Alcon, Belgium) and the artificial tear solution 
(Methocel 2%, OmniVision, Germany) between the 
corneal surface and the contact lens. The needle 
electrodes were inserted subcutaneously at 3 cm caudal 
to the lateral canthi and over the external occipital 
protuberance, as reference and ground, respectively. 
The signals from all electrodes were amplified with a 
bandpass filter by a preamplifier of the Handheld 
Multi-species ElectroRetinoGraph (HMsERG,   
Xenotec,  USA).  Placing   electrodes   was   performed  

 
Table1 Sex, age onset noticed by the owners, age at first presentation, age at study and results of obstacle test at the study of PRCD-

suspected Poodles 
 

Dog No. Sex 
Age onset 

(year) 

Age at first 
presentation 

(years) 

Age at the 
study (years) 

Obstacle test at the study Cataract 
stage at the 

study Scotopic Photopic 

1 Male 7 8 8 Neg Neg - 

2 Male 11 13 15 Neg Poor Incipient 

3 Male 9 10 10 Poor Pos Incipient 

4 Male 11 11 13 Poor Pos Immature 

5 Male 6 6 7 Neg Poor Immature 

6 Female 5 6 6 Neg Poor - 

7 Female 6 8 8 Neg Poor Immature 

8 Female 7 7 9 Neg Poor - 

9 Female 10 11 13 Neg Poor Immature 

10 Female 7 9 9 Poor Pos Immature 

Mean±SD 7.9±2.18 8.9±2.33 9.8±2.94    

Neg means negative, Pos means positive, - means no cataract formation 
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Figure 1 A fundus picture from a nine-year-old Poodle 
affected with PRA (Dog 8) with retinal thinning 
causing mark tapetal hyperreflection (*) and retinal 
vessel attenuation (arrowhead). The optic disc was 
appearing pale (arrow) while the dog was still 
visual in bright light condition, but had no vision in 
dim light 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 
under light room condition. The recording room was 
quiet and free from electrical noise. The HMsERG flash 
stimulator was placed close to, but not touching, the 
dog’s eye when making a test to minimize scatter rays. 
Impedance and baseline tests were performed before 
ERGs recording. These procedures would help for 
evaluation of noise levels in the environment. The 
ERGs were recorded automatically in dark condition 
using the standard protocol, Dog Diagnostic, 
recommended by the European College of Veterinary 
Ophthalmologists (Narfström et al., 2002).    

Histopathological examination:  Only the left eye of a 

PRCD-suspected dog (Dog 1) was enucleated with the 
owner permission. The eye was fixed in Bouin’s 
solution overnight. The tissue was washed 6-8 hours in 
cold running tap water and dehydrated in 70% ethanol. 
The eye was subsequently embedded into paraffin 
blocks and sectioned into 4-µm thickness on a semi-
automatic microtome at the level of the optic nerve and 
stained with hematoxylin and eosin (H&E) stain. The 
tissue sections were microscopically examined with 
bright-light microscopy. 

DNA testing: Individual genomic DNA of 10 normal 
and 10 dogs with clinical signs of PRCD was extracted 
from 2 ml of peripheral blood in EDTA using the 
Phenol/Chloroform protocol DNA extraction. DNA 
quality and concentration were determined by a 
Spectrophotometer (NanoDrop 2000, Thermo 
Scientific, USA). The 346 bp DNA fragment of exon 1 
of the PRCD locus was amplified using published 
primers sequence (Gentilini et al., 2009), forward 
(5’AGCCTCCTAATCCAGTGG3’) and reverse 
(5’GTGCTCTGATGGGAAACC3’). Amplification 
conditions were 94 oC (2 min), followed by 45 cycles at 
94 oC (15 sec), 55 oC (20 sec), 68 oC (20 sec), and final 
extension at 72 oC (10 min). Agarose gel (1.5%) 
electrophoresis and the gels screened under UV light 
were performed to confirm the PCR products. Then the 
PCR product was digested with restriction enzyme in 
specific DNA sequence (GT/AC) using RsaI 
endonuclease (FastDigest, Thermo Fisher Scientific, 
USA). 2% agarose gel electrophoresis of digested 
solution was performed to verify the disease status. To 
confirm the specific gene amplification, the amplified 
PCR products of 10 affected Poodle dogs and 10 normal  

 
 

Figure 2 An immature cataract in the right eye of a 7-year-old 
affected dog (Dog 5)  

Figure 3 ERG comparison graphs of normal and 
PRA-suspected dogs using the Dog 
Diagnostic protocol of HMsERG. The 
upper was 8-year-old normal Poodle, the 
middle and lower graphs were PRCD-
suspected dogs, Dog 3 and 7 
respectively. (a-e: rod response using 10 
mcd.s/m2 of light stimuli in dark 
condition, f: standard rod and cone 
response using 3 cd.s/m2 of light stimuli, 
g: high-intensity rod and cone response 
using 10 cd.s/m2 of light stimuli, h: Cone 
response using 3 cd.s/m2 in the light 
after 10 minutes of light adaptation with 
30 cd.s/m2 of background light, i: cone 
flicker response to 30 Hz flickering light 
stimuli in the light adapted state. Note 
the affected dogs showed profoundly 
low a- and b- wave amplitudes 

http://www.nanodrop.com/Productnd2000overview.aspx
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Figure 4 The retina adjacent to the optic nerve of an 8-year-old 

poodle dog (Dog 1) showed retinal degeneration 
characterized by thinning of the retina, collapse of 
the nuclear and photoreceptor layers (*), presence of 
gliosis (arrow), and few remaining ganglions 
(arrowhead). H & E, 40x   

 

 
Figure 5 The PCR products after digested with RsaI restriction 

enzyme that were separated in 2% agarose gel 
electrophoresis. The pattern of DNA fragments 
showed the PRCD-PRA status; lane 1 and 2 were 
carrier and affected dog (Dog 1) respectively, lane 3, 
4, 5 and 6 were normal dogs  

 
Poodle dogs were purified with PCR-clean up kit and 
directly sequenced using a standard protocol. All 
sequenced DNA fragments were analyzed with the 
published sequence of PRCD gene (EMBL Accession 
number: DQ390331.1)  
 Analysis of allele frequency in 50 Poodles was 
performed using the same technique of DNA 
extraction and PCR-RFLP. The allele frequency was 
determined from the genotype as homozygous normal, 
heterozygous and homozygous mutant. 

Results 

Clinical Characterization of PRCD-suspected 
Poodles: All PRCD-suspected dogs were brought for 
ocular examination due to visual deficit. Both sexes 
were presented equally. Age onset of visual 
impairment noticing by the owners was 7.9 ± 2.18 (5-
11) years (Table 1). Only one dog had completely loss 
of vision at first visit (Dog 1). This dog had a history of 
progressive loss of vision starting at night time. The 

other affected dogs remained partial vision, at least in 
the photopic condition. The mean age for all dogs at 
first examination was 8.9±2.33 (6-13) years. Seven 
suspected dogs (Dog 1, 2, 3, 6, 7, 9 and 10) had visual 
problems for greater than or equal to 1 year before 
being brought for diagnosis. Only 3 affected dogs (Dog 
4, 5 and 8) were promptly brought for ocular 
examination after noticing their dogs’ visual problem. 
Fundic appearance of all PRCD-suspected dogs 
included with tapetal hyperreflectivity, retinal vessel 
attenuation, and optic disc atrophy (Fig 1). Seven 
PRCD-suspected dogs had cataract at the incipient or 
immature stage at the study day. Five dogs (Dog 4, 5, 
7, 9 and 10) had incipient cataract at the first 
presentation and showed immature stage at the study 
(Fig 2).  

Electroretinography: ERG record consisted of 9 
sessions of photoreceptor stimulation (Fig 3). ERGs of 
Dog 3 (10-year-old) and Dog 7 (8 year-old) showed a 
marked reduction of a- and b-wave amplitudes in all 
stimulation compared to ERG recordings in an 8-year-
old normal Poodle. In the session of low light intensity 
stimulation (Fig 3 a-e), ERGs of Dog 3 showed 
extremely small in the amplitude and delay in the 
implicit time of b-wave while ERG waveform of Dog 7 
was not recordable. Attenuated waveforms of both 
PRCD-suspected dogs were recorded when stimulated 
with high light intensity and flicker flash after 10 
minutes of light adaptation. ERGs from Dog 5, 6, 9 were 
similar to Dog 7 while Dog 4 still had attenuated ERG 
waveform for rod response as Dog 3. Waveforms in 
Dog 1 revealed flat lines of all ERG recordings. (data 
not shown) 

Histopathological examination: An enucleated eye 

from a PRCD-suspected dog (Dog 1) was 
microscopically examined under hematoxylin & eosin 
stain. The major lesions were confined to the retina. 
Thinning of the retina was profound, and characterized 
by collapse of the nuclear and photoreceptor layers, 
with loss of ganglion cell layer where few ganglion 
cells remained. The complete loss of the photoreceptor 
nuclei were noted (Fig 4). 

Genetic testing: To identify the result, PCR product 
(346 bp) of wild type allele (TGC) was not digested by 
restriction endonuclease while mutant allele (TAC) 
was digested into two bands (219 bp and 127 bp) when 
separated in agarose gel electrophoresis. All patterns of 
allele (346 bp, 219 bp and 127 bp) were found in the 
carrier (Fig 5). The direct sequencing of PCR product of 
affected dogs exactly correlated with PCR-RFLP result 
(Fig 6). All PRCD-suspected dogs showed a fragment 
DNA sequences containing the PRCD gene. This gene 
had a homozygous mutation that caused amino acid 
change from cysteine to tyrosine (TGC TAC) in the 
second codon of PRCD gene. Normal dogs showed 
wild type allele of TGC on the same locus.  This result 
confirmed that all 10 PRCD-suspected dogs were 
affected. 

Allele frequency of PRCD gene mutation: Prevalence of 
affected and carrier Poodle dogs were 4% (2/50) and
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12% (6/50) respectively. The allele frequency of normal 
and mutant allele was 0.9 and 0.1 respectively.   

Discussion 

The present study showed a variable onset (5-
11 years) of PRCD in affected Poodles based on clinical 
observation. The range of the age onset was 
surprisingly much greater than previously reported, 3-
5 years old (Petersen-Jones, 1998). Indeed, the entire 
age onset investigated in this study obtained from 
observation by the owners when their dogs had 
suffered from the progressing disease. Since the loss of 
vision only in dim light might be difficult to detect by 
the owners and the loss of vision in PRCD Poodles was 
slowly progressed, disease onset reported by the 
present study was possible much later than the actual 
onset. However visual impairment in dim light which 
was an early sign of the disease in Dog 3, 4, 10 was first 
recognized by the owners and confirmed by an 
experience veterinarian at the age of 9, 11, 7 years 
respectively. These results implied that much later age 
onset could be expected in clinical practice than the 
previous report. 

Our observations revealed longer remained 
vision than the previous report which stated that 
complete blindness in Poodles usually occurred 
between 5-6 years (Acland et al., 1990).   Only one dog 
(Dog 1) in the present study had completely loss of 
vision. Dog 3, 4 and 10 (10, 13 and 9 years of age 
respectively) remained normal vision in bright light 
and had visual impairment in dim light at study. The 
previous report was studied on dogs which most were 
maintained in the same laboratory animal facility. 
Variable of phenotypic severity between this study and 
the previous report might be determined by genetic 
and environmental modifiers (Aguirre and Acland, 
2006). However, the rate of progression was believed 
to be faster in young affected dogs than in disease that 
developed later in life (Narfström and Petersen-Jones, 
2007). 

ERG could be used to determine the 
progression of the diseases. Our ERG results 
corresponded well to stages of the disease. ERG was 
wildly used to detect PRA when cataract obscured 
fundus (Sandberg et al., 1986). However, for the 
electroretinographic diagnosis, normal parameters of 
ERG should be established. Because the results of 

recording can vary by many factors such as types of 
recording equipment, anesthetic protocols, 
environmental factors,  intrinsic factors of breed, and 
age ranges of animals (Ofri, 2002). 

In PRA, the retinal tissue slowly died and 
released toxic by-products of cell death that were 
absorbed by the lens, causing lens damage and cataract 
development (Babizhayev and Deyev, 1989). Cataract 
formation in the present study was observed in quite a 
high number (7/10 dogs) when compared to a 
previous reported which revealed the concurrent 
cataract in 44% of dogs with PRA. However, that report 
mainly studied in Miniature Schnauzer which was 
accounted for 50% of all PRA cases (Park et al., 2009). 
A study in Republic of Korea surveyed the age at 
cataract formation revealed the mean age onset of 
cataract in the small dogs breed at 8.3±3.9 years. These 
included the common presumed etiologies of breed 
predisposition (53.9%), aging (23.2%) and PRA (7.6%), 
(Park et al., 2009). However, the age onset in affected 
Poodles in this study was quite late and Poodle is a 
breed predisposed to cataract formation. Therefore the 
cataract formation in these Poodles might result from 
aging, hereditary, disease condition, or a combination 
of any causes. 

The mutation allele frequency of Poodle (0.1), 
a popular breeds in Thailand, corresponds to the 
mutation allele of Miniature Poodle (0.2) which was 
reported in Czech Republic gene mutation in 17 
domestic dog breeds (Dostal et al., 2011). 

This study revealed a correspondence of the 
phenotypic characterization observed from obstacle 
test, ophthalmoscopy, and electroretinography in 
retinal degeneration to genotypic characterization in 
Poodle dogs in Thailand. Clinical observation revealed 
that the age onset and remained vision was longer than 
expected. However, genetic defect of PRCD-PRA of 
Poodles in Thailand corresponded to the previous 
report (Zangerl et al., 2006). It is for the first time that 
the molecular testing has been applied to this disease 
in Thailand. Relatively high prevalence of the PRCD-
carrier in Poodles (12%) indicated the beneficial of the 
genetic testing to identify PRCD-PRA status before 
breeding to avoid the transmission of affected allele to 
offspring.  

 

 

Figure 6 Direct sequencing of PCR product 
spanning the site of exon 1 of the 
PRCD locus; A. Normal, B. Carrier 
and C. Affected (Dog 1). For the 
carrier, the DNA sequence of “R” 
is the coding of Guanine (G) and 
Adenine (A).  
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บทคัดย่อ 

 

ลักษณะแสดงออกและการศึกษาทางพันธุกรรมของโรคจอประสาทตาเสื่อมในสุนัขพันธุ์พุดเดิล 

ในประเทศไทย 

 

เมทิตา สัสดี1, 2  จันทร์จิรา ภวภตูานนท์3  ไชยยันต์ เกษรดอกบัว4  อารีรัตน์ คงเจริญ5  ปรีณัน จิตะสมบัติ6 

สุดธิษา เหล่าเปี่ยม7  อารีย์ ทยานานุภัทร์ 3* 

 

โรค progressive rod-cone degeneration (PRCD) เป็นรูปแบบหน่ึงของกลุ่มโรคจอประสาทตาเสื่อมทางพันธุกรรมในสุนัข 
การศึกษาน้ีมีวัตถุประสงค์เพื่อบรรยายลักษณะท่ีแสดงออกและระบุยีนท่ีเกี่ยวข้องกับการกลายพันธุ์รวมถึงวิเคราะห์ความถี่อัลลีลของยีน  
PRCD ในสุนัขพันธุ์พุดเดิลในประเทศไทย โดยท าการศึกษาในสุนัขพันธุ์พุดเดิลจ านวน 10 ตัวท่ีมีประวัติการสูญเสียการมองเห็นแบบค่อยเป็น
ค่อยไป มีความผิดปกติในการเดินผ่านสิ่งกีดขวางและมีความผิดปกติจากภาพจอประสาทตา ท าการระบุยีนกลายพันธุ์ด้วยเทคนิค PCR-RFLP 
ในสุนัขทุกตัว ผลการศึกษาท้ังหมดยืนยันการเป็นโรคของสุนัขท้ัง 10 ตัว สุนัขป่วยเริ่มเข้ารับการตรวจท่ีอายุเฉลี่ย 8.9 ± 2.33 ปี ลักษณะ
ความผิดปกติของภาพจอประสาทตาท้ังสองข้างที่พบได้แก่ ส่วน tapetum มีการสะท้อนแสงมากกว่าปกติ เส้นเลือดของจอประสาทตาบางลง 
และมีความเสื่อมของขั้วประสาทตา ผลการบันทึกคลื่นจอประสาทตาของสุนัขป่วย 7 ตัว พบว่าไม่สามารถบันทึกคลื่น amplitude และ 
implicit time ได้เมื่อกระตุ้นการท างานของเซลล์รับแสงชนิด rod ในสุนัขป่วยทุกตัว ในขณะท่ีสามารถบันทึกคลื่น amplitude ได้เพียง
เล็กน้อยเมื่อกระตุ้นการท างานของเซลล์รับแสงชนิด cone ในสุนัขป่วย 4 ตัว  ผลการตรวจทางจุลพยาธิวิทยาในสุนัขป่วย 1 ตัวพบความ
เสื่อมในชั้นเซลล์รับแสง การวิเคราะห์ทางพันธุกรรมในสุนัขพันธุ์พุดเดิลจ านวน 50 ตัว พบความชุกของยีนในสุนัขท่ีเป็นพาหะของโรค PRCD 
เท่ากับ 12% และมีความถี่ของอัลลีลกลายพันธุ์เท่ากับ 0.1 การศึกษาน้ีแสดงว่ายีนกลายพันธุ์ของโรค PRCD ในสุนัขพันธุ์พุดเดิลในประเทศ
ไทยมีความสอดคล้องกับท่ีเคยมีรายงาน แต่อายุท่ีเจ้าของน าสุนัขเข้าตรวจเมื่อแสดงอาการและอายุท่ีสุนัขมีอาการตาบอดอย่างสมบูรณ์สูงกว่า
ท่ีเคยมีรายงาน 
 
ค าส าคัญ: การบันทึกคลื่นจอประสาทตา  ยีนกลายพันธุ์  พุดเดิล  โรคจอประสาทตาเสื่อมทางพันธุกรรม   
1ศูนย์เทคโนโลยีชีวภาพเกษตร มหาวิทยาลัยเกษตรศาสตร์ วิทยาเขตก าแพงแสน จ. นครปฐม 73140 
2ศูนย์ความเป็นเลิศด้านเทคโนโลยีชีวภาพเกษตร ส านักพัฒนาบัณฑิตศึกษาและวิจัยด้านวิทยาศาสตร์และเทคโนโลยี ส านักงานคณะกรรมการ
การอุดมศึกษา กรุงเทพฯ 10900 
3ภาควิชาเวชศาสตร์คลินิกสัตว์เลี้ยง คณะสัตวแพทยศาสตร์ มหาวิทยาลัยเกษตรศาสตร์ วิทยาเขตก าแพงแสน จ. นครปฐม 73140  
4ภาควิชาพยาธิวิทยา คณะสัตวแพทยศาสตร์ มหาวิทยาลัยเกษตรศาสตร์ บางเขน กรุงเทพฯ 10900 
5โรงพยาบาลสัตว์ประศุอาทร คณะสัตวแพทยศาสตร์ มหาวิทยาลัยมหิดล จ. นครปฐม 73170 
6ภาควิชาศัลยศาสตร์และวิทยาการสืบพันธุ์ คณะสัตวแพทยศาสตร์ มหาวิทยาลัยขอนแก่น จ.ขอนแก่น 40002 
7หน่วยงานชันสูตรโรคสัตว์ คณะสัตวแพทยศาสตร์ มหาวิทยาลัยเกษตรศาสตร์ วิทยาเขตก าแพงแสน จ. นครปฐม 73140 
*ผู้รับผิดชอบบทความ E mail: fvetatn@ku.ac.th  
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