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Introduction
Autosomal dominant polycystic kidney disease (ADPKD) 
is one of the most common life-threatening inherited dis-
orders in cats, especially in Persian and Persian-related 
breeds, with a prevalence of 16–49% worldwide.1 Homo-
zygous and heterozygous mutations are two forms of 
expression of feline ADPKD. Fetuses homozygous for the 
mutation will die before birth, whereas heterozygous cats 
remain clinically normal until failure of renal function 
occurs after a number of years (usually after 7 years of 
age).2,3 Affected cats have variable and unpredictable 
disease progression and severity.4 

The marked clinical and morphological similarity of 
feline ADPKD to human disease and its dominant 
mode of inheritance suggest that this disease represents 
a very good model for ADPKD in humans.5 The point 
mutation (C to A transversion), at sequence position 
c.10063 in exon 29 of the PKD1 gene, results in a prema-
ture stop codon at amino acid position 3284 of the poly-
cystin-1 (PC1) protein. The PC1 protein is encoded by 
the PKD1 gene and with the early occurrence of this 
stop codon into the corresponding mRNA transcript, 

about 25% of the C-terminus of this protein will not be 
produced.6 PC1 is a transmembrane protein that inter-
acts with other proteins to control tube lumen size 
through the regulation of a number of cell behaviours; 
it plays a key role in tubule construction during kidney 
development and is likely involved in tubular renova-
tion in adult life.7 By impairing the function of the PC1 
protein, proliferation and apoptosis of renal tubular 
epithelial cells are enhanced and multiple fluid-filled 
cysts will form in the cortex and medulla of both 
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kidneys and occasionally in the liver, pancreas and 
uterus at birth.8 The chronic progressive nature of the 
number and size of these cysts causes irreversible dam-
age to the renal parenchyma and can lead to chronic 
kidney disease (CKD) and renal failure.9 

Renal imaging was the most prominent diagnostic 
method until 2004 when Lyons and colleagues discov-
ered the mutation responsible for the feline ADPKD, 
which was a turning point in the development of diag-
nostic molecular methods. Unlike humans, who have 
multiple genes responsible for ADPKD (PKD1, PKD2, 
GANAB and DNAJB11), in cats only a mutation in the 
PKD1 gene responsible for ADPKD is recognised.10,11 
There is no specific treatment for ADPKD; most treat-
ment protocols are supportive and symptomatic and 
renal transplantation is inevitable. 

No information is available on PKD1 gene sequencing 
in cats with ADPKD in Iran. This study aimed to investi-
gate the prevalence of ADPKD in Persian and Persian-
related breeds for the first time in Iran by a molecular 
method, the touchdown PCR, which is a low-cost and 
fast method, and identify, with specific primers, a point 
mutation that causes this disease.

Materials and methods
Sample collection
Forty-seven clinically healthy Persian and Persian-
related cats (aged between 2 months and 7 years old) 
were randomly selected from the Veterinary Hospital of 
Small Animals at the University of Tehran. Buccal swab 
samples were collected for genetic analysis and placed in 
sterile microtubes containing 1 cc of 0.9% saline and 
stored at −70°C until DNA extraction.

Two cats with signs of polyuria/polydipsia were 
examined with ultrasound examination (linear probe  
7.5 MHz, Philips, Affinity 70).

DNA extraction
DNA for touchdown PCR was extracted using a com-
mercial kit (MBST Iran).

Before testing for the PKD1 gene of interest, samples 
were tested with a PCR that detects the glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) gene, to verify 
DNA quality by using GAPDH-F (CCTTCATTGACCTC 
AACTACAT) and GAPDH-R (CCAAAGTTGTCATGGAT 
GACC) primers12 producing a 400 base pair (bp) fragment 
in all samples.

Touchdown PCR
A touchdown PCR was performed to detect the PKD1 
mutant gene (GenBank accession number AY612847) 
using PKD-F3 (AGAGGCAGACGAGGAGCACT) and 
PKD-R2 (GCCTCGTGGAGAAGGAGGT) primers.13 The 
end of 3’ reverse primer has a single nucleotide that binds 

to the mutant sequence template and amplification was 
performed only in the presence of mutant sequences.

The final mix volume was 25 µl, containing 1 × PCR 
buffer, 1 µl of primers, 2 mM of MgCl2, 0.25 mM of each 
deoxyribonucleotide triphosphate (Sinaclone), 1 U of Taq 
DNA polymerase (Sinaclone) and 5 ng of DNA sample. 
The initial denaturation step was 5 mins in duration at 
94°C, followed by 10 cycles of 1 min at 94°C, 1 min at 67°C 
(decreasing 1°C per cycle) and 1 min at 72°C, followed by 
30 cycles of 1 min at 94°C, 1 min at 59°C and 1 min at 
72°C, with a final extension step of 10 mins at 72°C (T100 
Thermal Cycler; Bio-Rad). The reaction products were 
analysed by electrophoresis in 1.5% agarose gels in Tris 
acetate EDTA buffer, stained by ethidium bromide and 
visualised under UV light by producing a 277 bp frag-
ment in samples positive for the PKD1 mutant gene.14

Partial sequencing
To obtain positive controls, PCR products from DNA 
from two cats with bilateral renal cysts (about 6 years 
old) were sequenced in the forward and reverse direc-
tion. Bioneer Company performed sequencing reactions 
and Sanger dideoxy sequencing methods were used to 
obtain these sequences. The sequences were initially ana-
lysed using the NCBI/BLAST/blastn suite (https://
blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Web&PAGE_
TYPE=BlastHome). Multiple alignments were performed 
with the Mega-6 package using the neighbor-joining 
method with 1000 bootstrap replicates and a cladogram 
was drawn by likelihood method with the Kimura 2 
parameter statistical model.

Results
Touchdown PCR assay
Twenty-two cats (46.8%) were diagnosed as heterozy-
gous for the mutant gene by PCR (Figure 1).

Figure 1 Agarose gel electrophoresis stained by ethidium 
bromide producing 277 base pair fragments for PKD1 mutant 
genes (A and B = positive control; C to H = PKD1 mutant 
genes; I = negative control)
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Sequencing analysis
The sequences derived were analysed using the  
BLAST search program (http://blast.ncbi.nlm.nih.gov/ 
Blast.cgi). The partial PKD1 mutant gene sequences 
derived from this study were submitted to GenBank 
with accession numbers MT648749 and MT610887.

Phylogenetic analysis of PKD1 mutant genes
The phylogenetic tree representing the genetic relation-
ships of the PKD1 mutant gene sequences showed that 
MT648749 and MT610887 were 100% identical. Based on 
the phylogenetic analysis of the mutant genes, MT648749 
and MT610887 clustered with Felis catus clone rp86-207p24 
(AC145332.48). We observed 99.83% nucleotide sequence 
identity (the highest) for the PKD1 mutant genes between 
our isolates and Felis catus clone rp86-207p24 (AC145332.48) 
(Figure 2).

Discussion
The prevalence of ADPKD, especially in Persian and 
Persian-related breeds, has been determined in countries 
such as the UK (49%), Germany (43%), Australia (43%), 
France (42%), Slovenia (36%), Italy (41%) and Japan (40%). 
This study aimed to detect the prevalence of ADPKD in 
Persian and Persian-related breeds by molecular testing 
for the first time in Iran. The prevalence of ADPKD in this 
study was 46.8%, although our sample size was quite 
small (n = 47). This may be due to the lack of regular 
screening before including a cat in a breeding programme.

Additionally, to obtain positive control samples for 
PCR and analyse the PKD1 mutant gene, PCR products of 
two Persian cats with polycystic kidney disease were par-
tially sequenced for the first time in Iran and the results, as 
in previous studies, showed a C to A transversion muta-
tion in the PKD1 gene. The sequencing of the PKD1 mutant 
gene of these two cats, which were not siblings, were 100% 
identical to each other, and they were also 99.38% identical 
(sharing a single clade) to a sequence registered in the gene 
bank of the complete genome of a cat of unknown breed 
from the USA (Figure 2). Using the touchdown PCR 
method developed by Scalon et al,14 we obtained the spe-
cific band related to the mutation in these 22 cats (277 bp).

Unlike in humans with ADPKD, in whom numerous 
mutations in different genes have been documented, in 
cats only a single casual point mutation in exon 29 at posi-
tion c.00163 of the PKD1 gene has been described to date.9 
In studies conducted by Kappe et al,15 Bonazzi et al16 and 
Lee et al,13 some cats that were diagnosed with polycystic 
kidney disease by ultrasonography did not have the point 
mutation within exon 29. This indicates that mutation in 
other genes, like humans, may be responsible for ADPKD 
in cats. Ultrasound by a skilled ultrasonographer cannot 
detect polycystic kidney disease until about 3 months of 
age. Therefore, the molecular assay offers early diagnosis 
as well as diagnosis in areas where ultrasound is not read-
ily available.

Since Persian cats are currently the best human model 
for the autosomal dominant form of the disease, it can be 

Canis lupus familiaris breed Labrador retriever chromosome 06b (CP050622.1)

Canis familiaris polycystin-1 (AF483210.1)

Canis lupus familiaris breed Labrador retriever chromosome 06a (CP050586.1)

Felis catus Senzu DNA chromosome: E3 American Shorthair breed (AP023167.1)

Felis catus polycystin 1(EU443853.1)

Sus scrofa polycystin 1 transient receptor (NM 001246202.1)

Sus scrofa mRNA for polycystin 1 (FR775981.1)

Felis catus clone rp86-207p24 (AC145332.48)

Felis catus polycystic kidney disease 1-like (PKD1) gene isolate Ali2 2018 (MT648749)
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Figure 2 Cladogram of PKD1 gene drawn by the likelihood method with the Kimura 2 parameter statistical model and 
bootstrap 1000
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said that humans can also be a good model for this dis-
ease in cats. This could pave the way for more detailed 
genetic studies in cats with polycystic kidneys (especially 
young cats) and those without the point mutation in the 
PKD1 gene to investigate the possibility of other unknown 
genetic mutations. However, acquired causes of kidney 
cysts include obstruction owing to nephrolithiasis, lym-
phoma, chronic kidney disease with interstitial nephritis 
at older ages and drugs such as diphenylamine.4,15,17

Conclusions
The only way to eradicate or decrease the prevalence 
of this disease in the future is to exclude these hete-
rozygous animals from breeding programmes. To help 
achieve this aim, low cost and fast screening tests such 
as touchdown PCR are needed.
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