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Abstract

Objective—To determine whether hyperuricosuria was a predisposing factor for urate urolithiasis 

in Bulldogs and Black Russian Terriers (BRTs) and to estimate the allele frequency of the 

Cys181Phe genetic mutation in urate transporter SLC2A9 in these breeds.

Animals—192 Bulldogs, 101 BRTs, 10 Dalmatians, and 9 dogs of other breeds.

Procedures—Uric acid (UA) and creatinine (Cr) concentrations were quantified in urine 

samples collected from all dogs via midstream catch during natural voiding. Buccal swab or blood 

samples were also obtained, and DNA was extracted and used to genotype SLC2A9 sequence 

variants by use of pyrosequencing assays. A urine test for hyperuricosuria was validated in adult 

dogs by comparing urinary UA:Cr ratios between known hyperuricosuric and nonhyperuricosuric 

dogs.

Results—Significantly higher UA:Cr ratios were found in some Bulldogs and BRTs, compared 

with ratios in other dogs from these breeds. These dogs were also homozygous for the SLC2A9 

Cys181Phe mutation. The allele frequency of the Cys181Phe mutation was 0.16 in Bulldogs and 

0.51 in BRTs. On the basis of these allele frequencies, 3% of the Bulldog population and 27% of 

the BRT population were estimated to be hyperuricosuric.

Conclusions and Clinical Relevance—Results suggested the genetic mutation associated 

with hyperuricosuria, first identified in Dalmatians, also appears to cause hyperuricosuria in 

Bulldogs and BRTs, indicating that similar management strategies for urate urolithiasis can be 

used in these breeds. The allele frequency of the mutation was high in both breeds, and DNA 

testing can be used to select against the mutation.

Purine catabolism in humans, great apes, and all dogs of 1 particular breed, Dalmatian, 

results in hyperuricosuria, which is the excess excretion of uric acid in the urine.1,2 In other 

mammals and most dogs, uric acid is oxidized in the liver to allantoin, a soluble product that 

is excreted in the urine. The capability to produce the enzyme that oxidizes uric acid to 

allantoin, urate oxidase, was lost during the evolution of great apes (including humans).3,4 In 

Dalmatians, urate oxidase is functional5 and hyperuricosuria is a result of alteration of the 

Address correspondence to Dr. Bannasch (dlbannasch@ucdavis.edu). 

HHS Public Access
Author manuscript
Am J Vet Res. Author manuscript; available in PMC 2017 August 10.

Published in final edited form as:
Am J Vet Res. 2010 August ; 71(8): 909–914. doi:10.2460/ajvr.71.8.909.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



urate transporter SLC2A9,6,7 which likely affects the transport of uric acid into the liver and 

kidney.5,8–10 It has been proposed that SLC2A9 transports uric acid into the liver so the 

molecule can be oxidized by urate oxidase. In the kidney, SLC2A9 likely facilitates the 

reabsorption of uric acid into the circulatory system.6,11 A defect in SLC2A9 accounts for 

the more pronounced hyperuricosuria and less marked hyperuricemia that exist in 

Dalmatians6 because more uric acid is excreted in the urine than is reabsorbed by the 

kidneys.12

Hyperuricosuria has been studied extensively in Dalmatians and has been associated with 

the high incidence of urate urolithiasis in that breed,13–16 which may cause urinary 

obstruction.17 Dalmatians are reportedly 229 times as likely as other breeds to have a urolith 

composed of urate. In addition to Dalmatians, Bulldogs are approximately 16 times as likely 

to have a urate urolith, compared with other breeds.18 The risk for urate urolithiasis in 

Hungarian BRTs is as high as that in Hungarian Dalmatians.19 In Dalmatians, the mean age 

at the time urate uroliths are submitted for analysis is 4.2 years.18 Similarly, in Bulldogs, the 

mean age is 3.7 years18,20; in BRTs, it is reportedly 4.7 years.19 The risk of urate urolithiasis 

and the reported age of BRTs at the time of urolith submission are based on a single 

publication,19 which is likely attributable to the rarity of the breed. Although urate 

urolithiasis is commonly detected in dogs with portosystemic shunts,14 Bulldogs and BRTs 

are not reported to have a high prevalence of this congenital defect21 and the etiology of 

urate urolithiasis in these 2 breeds has not been determined.

Because Dalmatians have been studied with regard to hyperuricosuria and urate urolithiasis 

for many years,1,10,14–16,22 treatment protocols for the conditions are well established. 

Dalmatians with urate urolithiasis are often medically managed with allopurinol to reduce 

the amount of uric acid excreted and prevent recurrence of urate urolith formation. 

Collection of urine over a 24-hour period is recommended to quantify uric acid 

concentrations so allopurinol dose can be adjusted and increased production of xanthine, 

which is insoluble and can form uroliths, can be avoided.16,23 However, 24-hour urine 

collection is an invasive and expensive procedure because it requires a metabolic cage and 

catheterization of the urinary tract23; as a result, it is not commonly used.

In Dalmatians, hyperuricosuria is a single-gene trait with an autosomal recessive mode of 

inheritance.13,24 Identification of the mutation was performed by use of a multigenerational 

Dalmatian × Pointer backcross.25 Segregation of the typical allele for hyperuricosuria was 

obtained from 1 Pointer used in this pedigree. Subsequent backcrossing to purebred 

Dalmatians yielded dogs that excrete low amounts of uric acid in their urine (LUA 

Dalmatians) as well as dogs that excrete high amounts of uric acid (HUA Dalmatians). To 

differentiate between LUA and HUA Dalmatians, urinary UA:Cr ratios were measured in 3- 

to 7-week-old puppies (UA:Cr ratios decrease with age15,26). The UA:Cr ratios ranged 

between 0.3 and 0.6 in LUA Dalmatian puppies and 1.3 and 4.6 in HUA Dalmatian 

puppies.15

When the Dalmatian × Pointer backcross progeny were used, a missense mutation in exon 5 

of the SLC2A9 gene (SLC2A9 542G>T; in reference to variant O, CFA03: 72,222,637–

72,416,753) was identified.6 This mutation causes a cysteine to phenylalanine substitution at 
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amino acid 181 of the protein (Cys181Phe). As reported, 4 urate stone–forming dogs (2 

Bulldogs and 2 BRTs) were homozygous for the same SLC2A9 mutation that was identified 

in Dalmatians.6

In humans, SLC2A9 is a urate transporter that is expressed in the liver and kidney.7 Two 

isoforms of SLC2A9 exist in humans, mice, and dogs. In dogs, these variants, N and O, 

differ in the first 28 amino acids of the N terminus because of a change in the start codon of 

the first exon of SLC2A9.6 A difference in the degree of mRNA expression was detected in 

variant O between Dalmatian and non-Dalmatian dogs in kidney and liver tissues.6 Two 

SNPs were identified in the promoter region (the region responsible for mRNA 

transcription) of canine SLC2A9.6 These 2 promoter SNPs were homozygous and identical 

in all purebred Dalmatians tested but were also detected in LUA non-Dalmatian dogs, 

indicating that they were not sufficient to cause hyperuricosuria.6 The purpose of the study 

reported here was to determine whether hyperuricosuria was a predisposing factor for urate 

urolithiasis in Bulldogs and BRTs and to estimate the allele frequency of the Cys181Phe 

mutation in urate transporter SLC2A9 in these breeds.

Materials and Methods

Dogs

To establish a test for hyperuricosuria in adult dogs, urine samples were collected from 3 

groups of dogs: an affected control group of purebred adult Dalmatians, a carrier group of 

adult LUA Dalmatians from a Dalmatian × Pointer cross that were phenotyped as puppies15 

and were expected to be heterozygous for the hyperuricosuria locus, and a healthy control 

group of LUA non-Dalmatian dogs from breeds that are not known to develop urate stones. 

Urine samples were also randomly collected from Bulldogs and BRTs at dog shows or 

randomly selected from owner submissions. All dogs from which urine samples were 

obtained had their genotypes confirmed upon DNA testing. The study protocol was reviewed 

and approved by the University of California-Davis Institutional Animal Care and Use 

Committee.

Selection of animals for genotyping

Owners of Bulldogs and BRTs were notified of the study via postings by breed club 

members of a request for buccal swab samples. Interested owners contacted researchers and 

subsequently collected and submitted the samples. Additional samples from these breeds in 

the form of blood were obtained from patients of the William R. Pritchard Veterinary 

Medical Teaching Hospital of the University of California-Davis.

Urine uric acid and creatinine assays

Urine samples were collected via midstream catch during natural voiding into clean 

containers and transferred into 15-mL tubes. Urine uric acid and creatinine concentrations 

were measured by use of colorimetric assays. Uric acid concentration was assayed by means 

of a commercial kit,a and creatinine concentration was assayed by use of another kitb via the 

Jaffe method. Uric acid concentrations were evaluated in relation to creatinine 

concentrations as a UA:Cr ratio to allow for differences in urine concentration.15,26
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Genotyping of samples

Extraction of DNA from samples was performed by use of a commercial assay.c Genotyping 

of samples was performed with 2 methods. Initially, a restriction fragment length 

polymorphism assay was used to evaluate the Cys181Phe mutation, as described elsewhere.6 

A pyrosequencing assay was later designed for higher throughput and better accuracy for 

both the Cys181Phe mutation and the variant O promoter SNPs (99 and 101 bp 5′ to the 

start codon). The PCR assay products were generated in 40-µL reactions containing 

approximately 30 ng of DNA, 1.5mM MgCl2, 200µM deoxyribonucleotide triphosphate, 6 

pmol each of the respective forward and reverse primers (Appendix), and 0.75 U of DNA 

polymerase.d Amplification was performed by use of a PCR systeme at 95°C for 15 minutes, 

45 cycles of 95°C for 30 seconds, 60°C for 30 seconds, 72°C for 30 seconds, and a final 

extension at 72°C for 5 minutes. Pyrosequencing27 was performed in a reaction containing 3 

µL of polysaccharide beads,f 37 µL of binding buffer,g 15 pmol of sequencing primer, 35 µL 

of annealing buffer,g and 40 µL of PCR assay product. Pyrosequencing data were read and 

analyzed with pyrosequencing software.h

Determination of allele and genotype class frequencies

Because the Cys181Phe mutant allele is prevalent in Bulldogs and BRTs, selection for 

hyperuricosuria was evaluated. Allele frequencies were calculated on the basis of genotype 

results from the Bulldog and BRT sample populations. Estimation of genotypic class 

distributions in the population was performed on the basis of the calculated allele 

frequencies by use of the Hardy-Weinberg equilibrium equation.

Calculation of incidence of stone formation in hyperuricosuric dogs

Male dogs older than the mean age of stone formation in the breed and homozygous for the 

mutant allele of the Cys181Phe mutation were included in the assessment. In Bulldogs, no 

dogs fit the criteria; in BRTs, 6 dogs fit the criteria. Formation of urate stones was 

determined from owner disclosures in health questionnaires that had been completed at the 

time of DNA sample collection.

Statistical analysis

Statistical analyses were performed by use of statistical software.i To determine whether 

UA:Cr ratios would reliably define hyperuricosuria in adult dogs, urine uric acid 

concentrations were compared among 3 groups of adult dogs of known hyperuricosuria 

phenotype: HUA Dalmatians and LUA Dalmatians that had been phenotyped as puppies15 

and LUA non-Dalmatian dogs from breeds that are not reported to be predisposed to urate 

urolithiasis. Dogs were grouped on the basis of genotype (unaffected, carrier, and affected), 

aUA Plus kit, Roche Diagnostics, Indianapolis, Ind.
bCREA kit, Roche Diagnostics, Indianapolis, Ind.
cQIAmp DNA Blood Mini Kit, Qiagen, Valencia, Calif.
dAmpliTaq Gold, Applied Biosystems, Foster City, Calif.
eGeneAmp 9700, Applied Biosystems, Foster City, Calif.
fSepharose beads, Amersham Biosciences, Piscataway, NJ.
gBiotage, Charlottesville, Va.
hPSQ 96MA 2.1, Pyrosequencing AB, Uppsala, Sweden.
iMicrosoft Office Excel 2007 and Microsoft Office Enterprise 2007, Microsoft Corp, Redmond, Wash.
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and urinary UA:Cr ratios were compared among the 3 genotype classes by means of 

ANOVA. Comparison between 2 groups was achieved by use of the Student t test, assuming 

unequal variance; the reported P value is for 1-tail analysis. A χ2 test was performed to 

compare the observed and expected (based on Hardy-Weinberg equilibrium) genotypic class 

frequencies, to determine whether selection for the mutation occurred.

Although the promoter SNPs are not sufficient to cause hyperuricosuria, they may contribute 

to the phenotype by altering the expression of SLC2A9. To evaluate whether the promoter 

SNPs affected the phenotype, urine UA:Cr ratios were compared between adult dogs with 

identical Cys181Phe genotypes and differing promoter SNP genotypes by use of a Student t 
test. A value of P < 0.05 was considered significant for all analyses.

Results

Dogs

One hundred ninety-two Bulldogs, 101 BRTs, 10 Dalmatians, and 9 dogs of other breeds 

were included in the study. Adult dogs of known hyperuricosuria phenotype consisted of the 

following: HUA Dalmatians (n = 5), LUA Dalmatians (5), and LUA non-Dalmatians (from 

breeds not reported to be predisposed to urate urolithiasis; 9).

UA:Cr ratios

Values for UA:Cr ratio differed significantly (P < 0.001) among the 3 groups of dogs with 

known hyperuricosuria phenotype. The mean ratio values were 0.73 (range, 0.58 to 0.95) for 

HUA Dalmatians, 0.11 (range, 0.03 to 0.15) for LUA Dalmatians, and 0.5 (range, 0.03 to 

0.09) for LUA non-Dalmatians. Because there was no overlap of UA:Cr ratio values 

between HUA and LUA dogs, it was concluded that this method could be used to distinguish 

these groups, but because there was overlap of values between LUA Dalmatians and LUA 

non-Dalmatians, the method could not be used to differentiate LUA dogs by breed.

Urinary UA:Cr ratios were determined for adult Bulldogs and BRTs to determine whether 

hyperuricosuria was associated with the various Cys181Phe genotypes (Figure 1). In both 

Bulldogs and BRTs, a significant (Student t test; P = 0.009 and P < 0.001, respectively) 

difference was detected between the hyperuricosuric (affected) and the LUA (unaffected and 

carrier) groups, and the UA:Cr ratio ranges did not overlap. In Bulldogs, the UA:Cr ratio 

ranges of homozygous, affected dogs were 0.65 to 0.96, and those of unaffected and carrier 

dogs were 0.03 to 0.2. In BRTs, the UA:Cr ratios were 0.34 to 0.8 in affected dogs and 0.04 

to 0.11 in unaffected and carrier dogs. Similar to the results in the LUA control groups, 

overlap between unaffected and carrier UA:Cr ratio ranges in Bulldogs and BRTs was 

detected, despite the fact that a t test revealed mean values were significantly different. No 

significant difference was found when HUA Bulldogs, BRTs, and Dalmatians were 

compared, indicating a similarity in the phenotype across these breeds.

Genotype and allele frequency

All samples were genotyped via the pyrosequencing method, and half of these samples were 

also genotyped with the restriction fragment length polymorphism assay. Both methods 
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yielded identical results except for 3 samples, for which results conflicted. Attempts to 

obtain DNA sequences of the SLC2A9 gene in these 3 samples failed, likely because of 

poor-quality DNA; therefore, data from these samples were not included in the analyses.

Other than the Cys181Phe mutation, 2 additional sequence variations were identified in the 

promoter region of SLC2A9, 99 (promoter SNP 1) and 101 (promoter SNP 2) bp 5′ to the 

start codon of SLC2A9 variant O.6 These 2 promoter SNPs were previously found to be 

homozygous in all purebred Dalmatians tested (adenine/adenine for promoter SNP 1 and 

cytosine/cytosine for promoter SNP 2) but were also identified in LUA dogs.6 The 

pyrosequencing assay designed to determine the genotypes at promoters SNP 1 and SNP 2 

revealed that HUA Bulldogs and BRTs that were homozygous and affected for the 

Cys181Phe mutation had the same homozygous genotypes for both promoter SNPs that are 

found in Dalmatians. Additionally, LUA (unaffected and carrier) dogs from these breeds also 

had the same promoter genotypes as affected dogs (Table 1). When urine UA:Cr ratios were 

compared between adult dogs with identical Cys181Phe genotypes and differing promoter 

SNP genotypes, no significant differences were found.

On the basis of the allele frequency of the mutant allele of the Cys181Phe mutation, disease 

frequency could be established in the Bulldogs and BRTs in the study (Table 2). In Bulldogs 

(n = 192), the mutant allele frequency ± SE was 0.16 ± 0.02, whereas in BRTs (101), it was 

0.51 ± 0.04. The estimated (expected) percentage of affected dogs in the Bulldog breed was 

3%, and 27% of the population was estimated to be carriers. For the BRT breed, it was 

estimated that 27% were affected and 50% were carriers. Genetic selection for the 

Cys181Phe mutation was assessed, and results of a χ2 test indicated there was no significant 

difference between the observed and expected values in either breed (ie, it is unlikely that 

the high mutant allele frequency in these breeds was attributable to selection).

Stone formation in hyperuricosuric dogs

The percentage of HUA dogs that had clinical signs of the disease was estimated on the 

basis of owner disclosure of urate stone occurrence. Of 73 Bulldogs that were selected 

randomly and for which health questionnaires had been completed by owners, 3 were 

homozygous for the Cys181Phe mutation. These dogs were males < 3.5 years of age and had 

no history of urolith formation at the time of sample collection (as reported by their owners). 

In BRTs, the estimation was made by use of data from affected males that were at least 4 

years of age.19 Of the 101 BRTs that were randomly selected, 6 dogs matched the criteria 

and 3 of them had urate stones prior to DNA collection. Six younger males and 15 females 

that were homozygous and affected for the Cys181Phe mutation were not reported to have 

had urate stones at the time of DNA collection.

Discussion

The hyperuricosuria mutation present in all Dalmatians was also commonly found in 

Bulldogs and BRTs. Although the allele frequency of the SLC2A9 Cys181Phe genetic 

mutation was unexpectedly high in Bulldogs and BRTs, selection for hyperuricosuria was 

not evident. The differences in allele frequency of the mutation between these 2 breeds may 

be attributed to their different population structure. The Bulldog is an old breed (first 
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classified in the 1630s28) and has a large population size, whereas the BRT is a relatively 

new breed of small population size.28

In the present study, the frequency of the Cys181Phe mutant allele was estimated as 0.16 in 

Bulldogs and 0.51 in BRTs. Given the high allele frequency, the number of dogs genotyped 

was sufficient because such a high frequency could not have been a result of coincidental 

sampling. It is still possible that there was ascertainment bias in DNA sample collection 

caused by the increased interest of owners whose dogs had a history of urate urolithiasis. 

However, given the responses on owner-completed questionnaires, most DNA samples 

submitted were from dogs with no history of urate urolithiasis at the time of sample 

collection. The mutant allele frequency detected in Bulldogs and BRTs was calculated 

without taking into account the relatedness of the dogs from which samples were submitted. 

Data for Bulldogs were obtained from multiple DNA databases, as well as from samples 

volunteered by owners from the United States and Canada. Although most samples were 

collected from households in the west coast of the United States, Bulldogs are a popular 

breed (eighth most popular breed in the United States according to American Kennel Club 

registration statistics29) and artificial insemination is a common practice (that involves 

shipping of semen), indicating that the estimated frequency was not likely to be limited to 

the geographic area in which the samples were collected. Because of the more recent 

development of the BRT breed and rarity of such dogs, most BRTs are related. The samples 

from this breed were sent in from all over the world; therefore, the allele frequencies in the 

sample population were likely to have been representative of the breeding population.

In the present study, findings suggested the Cys181Phe mutation segregated with 

hyperuricosuria in Bulldogs and BRTs, but a possible contribution of the promoter SNPs had 

to be ruled out because expression of SLC2A9 could be affected by these SNPs. The 

promoter SNPs did not appear to segregate with hyperuricosuria, although all 

hyperuricosuric Bulldogs and BRTs were homozygous for both SNPs (identical to the 

genotype of Dalmatians). We could not completely rule out that the promoter SNPs had 

some contribution to the phenotype of affected (homozygous for the Cys181Phe mutation) 

dogs because a single sample of urine is not an established quantitative method of 

determining long-term uric acid excretion in dogs23 and because if the difference in UA:Cr 

ratios is subtle, then a larger number of urine samples in each genotypic group may be 

required to detect a difference. An analysis of the promoter SNP effect on affected dogs 

could not be performed because all affected dogs in our study had the same genotypes for 

the promoter SNPs.

Because affected dogs had a significantly higher urine UA:Cr ratio than unaffected dogs, a 

urine test of the UA:Cr ratio could be used to qualitatively identify hyperuricosuria in adult 

dogs. The broad range of UA:Cr ratios detected in HUA dogs (Dalmatian and affected 

Bulldogs and BRTs) was consistent with the wide range of uric acid quantified via 24-hour 

urine collection.14 A study23 involving unaffected dogs, in which results for 24-hour urine 

collection were compared with those for single urine samples obtained at various time 

points, revealed that uric acid excretion is not consistent throughout the day. Additional 

studies are necessary to determine whether a single urine sample can be used to quantify uric 

acid for medical management of dogs with hyperuricosuria. Despite the significant 
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difference detected between LUA Dalmatians (carriers for Cys181Phe) and LUA non-

Dalmatians (unaffected for Cys181Phe) and despite the fact that the UA:Cr ratios were 

within a narrow range in both groups, there was overlap in the UA:Cr ratio values between 

these 2 groups. This indicated that the urine test cannot be used to distinguish between 

carrier and unaffected individuals and that the genetic test for hyperuricosuria is required. It 

may be possible to use the urine test to identify dogs that have hyperuricosuria of a different 

etiology than the SLC2A9 Cys181Phe mutation, such as hyperuricosuria resulting from 

portosystemic shunts,30,31 but additional studies are required to validate the use of the test 

for this purpose.

The phenotype test for hyperuricosuria was used to distinguish hyperuricosuric dogs from 

Bulldog and BRT breeds, and these dogs were also homozygous for the mutant allele of the 

Cys181Phe mutation. The phenotypic appearance of hyperuricosuria in Dalmatians, 

Bulldogs, and BRTs is similar on the basis of a comparison of the UA:Cr ratio values of 

HUA dogs. The similarity of genotypes and phenotypes between breeds suggested that the 

same treatment is appropriate in these breeds. Because treatment for Dalmatian urate 

urolithiasis is well established,14,16,23 applying the same protocols to Bulldogs and BRTs 

should be fairly straightforward. In addition, by determining the genotypes of young 

Bulldogs and BRTs, particularly males and offspring of known affected or carrier dogs, 

preventive measures can be taken against urate urolithiasis.

The commonness of urate urolithiasis in Bulldogs and BRTs is accounted for by the high 

prevalence of the SLC2A9 Cys181Phe mutation identified in these breeds. Although not all 

hyperuricosuric dogs form uroliths, as is true for Dalmatians,13–15,32 it is probable that 

hyperuricosuria is a prerequisite for urate urolithiasis. When responses to the health 

questionnaires and genotypes of dogs were considered, half of the homozygous, affected 

male BRTs > 4 years of age had formed urate uroliths prior to DNA collection. Such an 

estimate in Bulldogs was not possible because none of those dogs fit our inclusion criteria. 

An estimate of the proportion of hyperuricosuric Bulldogs that have clinical signs will 

require a long-term follow-up because dogs sampled at an earlier age may form stones after 

DNA samples are collected and completed health questionnaires are submitted.

The Cys181Phe mutation may lead to urate urolithiasis in other dog breeds because the 3 

breeds in which it has been identified have no known close ancestry. This may indicate that 

the mutation predates the initial classification of dog breeds.33 To test this hypothesis, 

screening of other breeds for the Cys181Phe variant is required.

Selection against hyperuricosuria in the Bulldog and BRT breeds is possible by DNA-based 

testing and has the potential to decrease the production of affected dogs and development of 

urate urolithiasis in Bulldogs and BRTs. In Bulldogs, 71% of the population is estimated to 

be unaffected, and the popularity of the breed allows for a more rapid selection against 

hyperuricosuria. Because of the high mutant allele frequency (only 24% of the population is 

unaffected) and the modest population size of the BRT breed, selection against the mutant 

allele will need to be done gradually.
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In agreement with findings in a previous report,6 findings of our study confirmed that the 

promoter SNPs are not sufficient to cause hyperuricosuria and that the Bulldog and BRT 

breeds carry the SLC2A9 Cys181Phe mutation. A DNA-based test for hyperuricosuria is 

available to assist veterinarians in the diagnosis of the underlying cause of urate urolithiasis. 

This DNA test may also be used to genotype breeding dogs and aid breeders in reducing the 

incidence of hyperuricosuria and urate urolithiasis in susceptible breeds.

Acknowledgments

Supported by the Center for Companion Animal Health, the Veterinary Science Training Program, YEAR-Long 
Exposure to Advanced Research Program (T32 RR021312), and Students Training in Advanced Research (STAR) 
Program, School of Veterinary Medicine, University of California-Davis.

The authors thank Dr. Jodi Westropp and Annette Ruby from the Stone Analysis Laboratory at the University of 
California-Davis.

Abbreviations

BRT Black Russian Terrier

CI Confidence interval

HUA High urine uric acid concentration

LUA Low urine uric acid concentration

SNP Single nucleotide polymorphism

UA:Cr Uric acid concentration-to-creatinine concentration.
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Appendix

Polymerase chain reaction assay and pyrosequencing primers for detection of a genetic 

mutation in SLC2A9.

Assay Primer type Primer sequence

Exon 5 SNP Forward* CTCACCCAAGGAGATCCG

Reverse GTCAGTAGCCACGCTTACCTT

Sequence CCCGGTGAACACACCGA

Promoter SNPs Forward* CCAGGCAACCCCTCCATTT

Reverse ATGTGCTGAGTCCTTTTCACTGA

Sequence TCACCAATACGTAATTAGG

*
Labeled with 5′-biotin.
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Figure 1. 
Mean and 95% CI urine UA:Cr ratios in control dogs (LUA non-Dalmatian, LUA 

Dalmatian, and HUA Dalmatian), Bulldogs, and BRTs. Dogs are grouped according to their 

genotypes: normal (both alleles contain guanine [G] at nucleotide No. 542), carrier (1 allele 

contains G, and the other contains thymine [T]), and affected (both alleles contain T) for the 

SLC2A9 Cys181Phe mutation. Urine UA:Cr values differed significantly among the 3 

genotype groups in the control group (P < 0.001), Bulldogs (P < 0.001), and BRTs (P < 

0.001).
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