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Exclusion of the PDE6A gene for generalised
progressive retinal atrophy in 11 breeds of dog
G Dekomien, J T Epplen

Summary

The cyclic guanosine monophosphate specific

phosphodiesterase (cGMP-specific PDE) is a

key enzyme in the phototransduction cascade

of the vertebrate retina. This enzyme consists

of two catalytic a and b subunits, two

identical inhibitory g subunits as well as a d

subunit. Mutations in PDE6A and the PDE6B

genes lead to autosomal recessive (ar) forms of

retinitis pigmentosa (RP) in human and to the

homologous disease in dogs, designated gen-

eralised progressive retinal atrophy (gPRA).

We investigated the PDE6A gene in 13 gPRA-

affected dog breeds including healthy animals,

obligate gPRA carriers and gPRA-affected dogs.

In the coding region of PDE6A only a rare

sequence variation (G103A; Asp35Asn) was

found in exon 1 of two healthy Tibet Terriers

and one affected Cocker Spaniel. Using single-

stranded conformation polymorphism (SSCP)

analyses we detected several sequence varia-

tions in eight of the PDE6A introns in

different investigated breeds. Most informative

for excluding the PDE6A gene as a cause for

gPRA was a polymorphic microsatellite

((GT)10CG(GT)2CG(GT)12) in intron 14 and

four sequence variations in intron 18 for

almost all breeds investigated. The sequence

variations of PDE6A did not segregate together

with gPRA in 11 breeds. Since diseased

animals were heterozygous for the polymorph-

isms, the PDE6A gene is unlikely to harbour

the critical mutation causing gPRA in the

following breeds: Chesapeake Bay Retriever,

Entlebucher Sennenhund, Labrador Retriever,

Tibet Mastiff, Dachshund (long-and wire-

haired), Tibetan Terrier, Miniature Poodle,

Australian Cattle Dog, Cocker Spaniel, Saar-

loos/Wolfshound, Sloughi.
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The critical effector enzyme of the visual

cascade is cGMP PDE, a heterotetrameric pro-

tein attached to the disc membrane. PDE

hydrolyses 39,59-cGMP to 59-GMP. PDE6A and

PDE6B are catalytic subunits, that are com-

plexed as dimers in rods while in cones PDEA

homodimers exist. Both, the PDE6A and PDE6B

genes show mutations leading to RP in humans

(Danciger et al. 1995; Huang et al. 1995;

McLaughlin et al. 1993). RP represents a geneti-

cally heterogeneous progressive photoreceptor

degeneration in man which always ends in

blindness. The disease is transmitted according

to different modes of inheritance: autosomal

dominant (adRP) and recessive (arRP), X-linked

(XLRP), digenic as well as maternal. The

homologous group of photoreceptor degenera-

tion is designated as gPRA in dogs. gPRA is

mainly inherited in an autosomal recessive

manner, except for a single X-linked form

(XLPRA) in Siberian Huskies (Acland et al.

1994; Clements et al. 1996). So far, the genetic

origin of two forms of gPRA has been resolved:

(1) the rod cone dysplasia 1 in Irish Setters is

caused by a transition in codon 807 of the

PDE6B gene (Suber et al. 1993) and (2) rod cone

dysplasia 3 in Cardigan Welsh Corgi relates to a

1-bp deletion in codon 616 of the PDE6A gene

(Petersen-Jones et al. 1999). The location of the

canine PDE6A gene is unknown; the corre-

sponding human gene maps to chromosome

5q31.2±34 (Pittler et al. 1990). We investigated

the PDE6A gene as a candidate causing retinal

degeneration in different dog breeds affected

with gPRA (Table 1). For mutation screening,

we used canine exon (Kylma et al. 1997) and

intron sequences of PDE6A gene (Petersen-Jones

et al. 1999, see accession numbers in Table 3;

Dekomien accession number AJ251206).

Two hundred and thirty-one dogs from 13

different breeds including 59 gPRA-affected

individuals were studied. DNA samples from

four Chesapeake Bay Retrievers and 10 Labrador

Retrievers were obtained from the Animal

Health Trust Suffolk, UK (Table 1). Genomic

DNA was extracted from peripheral blood

according to standard protocols (Miller et al.

1988). For each dog coding and intron

sequences were amplified (Table 2) by PCR in

Animal Genetics,

2000, 31, 135±139

G Dekomien
J T Epplen
Molecular Human Ge-
netics, Ruhr-University,

44780 Bochum, Ger-

many Correspondence: G Dekomien

(e-mail: gabriele.dekomien@ruhr-uni-bochum.de)

ã 2000 International Society for Animal Genetics 135



a thermocycler (Biometra, Goettingen, Ger-

many) from genomic DNA. PCRs were per-

formed in 96-well microtiter plates

(Thermowell Costar, Corning, NY). Each well

contained 50 ng DNA in 10 ml 100 mm Tris

(pH 8.3), 500 mm KCl, 1 U TaqI Polymerase

(Gencraft, MuÈnster, Germany), 0.2 mmol of

each NTP, 0.4 mm of each primer and varying

concentrations of MgCl2 (Table 2). For SSCP

and microsatellite analysis, 10 mCi/ml of [a32P]

dCTP was included in the PCR. A `touchdown'

PCR procedure was applied: initial denatura-

tion step (5 min at 95 °C), two initial cycles at 6

and 3 °C above the annealing temperature

(Table 2), 25 cycles of 95 °C (1 min), annealing

temperature elongation at 72 °C (30 s) and a

final elongation step at 72 °C (5 min). SSCP

samples were treated according to Dekomien

et al. (1998). PCR products were digested

depending on the length of the fragments with

different restriction enzymes (Table 3). PCRs

(3 ml) were denatured with 7 ml of loading

buffer (95% deionised formamide, 10 mm

NaOH, 20 mm EDTA, 0.06% (w/v) xylene

cyanol and 0.06% (w/v) bromophenol blue).

The samples were heated to 95 °C for 5 min and

snap cooled on ice. Aliquots (3 ml) of the single

stranded fragments were separated through two

sets of 6% polyacrylamide (acrylamide/bisacry-

lamide: 19/1) gels, one set with 10% glycerol,

another with 5% glycerol and 1 m urea. Gels

were run with 1´ TBE buffer at 30±50 W for 4±

6 h at 4 °C. For analyses of the microsatellite in

intron 14, 5 ml PCR product was denatured in

5 ml loading buffer at 95 °C, and separated on

6% polyacrylamide (acrylamide/bisacrylamide:

19/1) gels containing 8 m urea, and 1´ TBE

(60 W, RT). All gels were dried and analysed by

autoradiography. Sequencing reactions were

run on an automatic DNA sequencer (Applied

Biosystems 373A, Forster City, CA) and ana-

lysed with the corresponding software.

The PDE6A gene has 22 exons. In addition to

exons 1±4 and 10±22, the introns 2, 11, 15, 16

and 18 were also screened completely for

sequence variations. The short exons 5±9 were

not examined, because we detected many

informative sequence variations in the other

parts of the PDE6A gene which allowed indirect

gene analysis. Altogether we evaluated the DNA

of 231 dogs from 13 breeds (Table 1) including

59 gPRA affected dogs. SSCP and microsatellite

analyses of genomic DNA revealed several

sequence polymorphisms among the dogs. PCR

products for each unique SSCP or microsatellite

patterns were sequenced in order to identify the

underlying DNA variation. The sequences are

summarised in Table 3. In exon 1 of the PDE6A

gene we identified an infrequent substitution

(G103A) that causes an Asp35Asn exchange in

two unaffected control Tibetan Terriers and an

affected Cocker Spaniel. Sequence variants with

respect to the published sequences (Kylma et al.

1997; Petersen-Jones et al. 1998; EMBL acces-

sion number AJ251206) were observed in both

unaffected and gPRA-affected dogs (Table 3).

Thus polymorphisms within the PDE6A gene

did not discriminate between affected and

unaffected dogs. Furthermore, with the excep-

tion of Collie and Yorkshire Terrier all sequence

variants were observed in the heterozygous state

in affected dogs. The affected Collie was homo-

zygous for intron 14 and 18 variants. The

Yorkshire Terrier was homozygous for intron

11, 14, 15 and 18 variants. Therefore, these

intronic sequence variations aided to exclude

the PDE6A gene indirectly as causative for the

gPRA in Chesapeake Bay Retrievers, Entlebu-

cher Sennenhunds, Labrador Retrievers, Tibet

Mastiffs, Dachshunds, Tibetan Terriers, Mini-

Table 1. Dog breeds examined

Breed (abbreviation) Total number of dogs gPRA-affected dogs

Chesapeake Bay Retriever (CBR) 4 2

Entlebucher Sennenhund (ES) 3 1

Labrador Retriever (LR) 45 5

Tibet Mastiff (TM) 3 2

Dachshund long-and wire-haired (D) 51 18

Tibetan Terrier (TT) 32 3

Miniature Poodle (MP) 29 18

Australian Cattle Dog (AC) 8 2

Yorkshire Terrier (Y) 3 1

Cocker Spaniel (C) 2 2

Collie (Co) 2 1

Saarloos/Wolfhound (Sa) 46 3

Sloughi (Sl) 3 1

Total 231 59
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ature Poodles, Australian Cattle dogs, Cocker

Spaniels, Saarloos/Wolfhounds and Sloughis.

The founder effect can be exploited for genetic

analysis: animals affected by autosomal reces-

sively transmitted traits are expected to be

homozygous not only for the disease causing

mutation but also for tightly linked nonpatho-

genic sequence variations in the same gene.

Therefore, in affected animals the following

facts provide good evidence for excluding the

candidate gene in question as being implicated

in the retinal disorder in a definite breed: (1)

heterozygosity for any sequence variations or (2)

homozygosity patterns for two different alleles

of the same polymorphism. For the Collie, the

gPRA-affected dogs were typed homozygous for

the detected sequence variants in intron 14 and

18 and the Yorkshire Terrier in intron 11, 14, 15

and 18. Therefore a disease causing mutation in

the PDE6A gene could not be excluded in these

breeds. gPRA in the Collie is characterised by

similar biochemical and histopathological

changes as in Cardigan Welsh Corgis (Peter-

sen-Jones et al. 1999) and Irish Setters (Suber

et al. 1993). However, the typical 1-bp deletion

in codon 616 of Cardigan Welsh Corgis could be

excluded in the gPRA affected dogs of the

aforementioned two breeds in our study.

Recently, Wang et al. (1999) excluded a muta-

tion in the PDE6 A gene as a cause for rcd2 in

collies. Further investigations will have to

clarify which mutations are decisive for gPRA

in Yorkshire Terrier.
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