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Abstract: Here we describe an eight-year-old miniature schnauzer (MS) dog from Brazil with Persistent 
Mullerian Duct Syndrome (PMDS) and the single base pair substitution in AMHR2 exon 3, first detected in 
this breed in the USA. This finding is evidence of mutation dissemination to South America. In PMDS, a 
type of XY Disorder of Sex Development (DSD), dogs with a male karyotype and external phenotype also 
have a uterus, oviducts, and a cranial vagina internally. Approximately half of PMDS MS are unilaterally or 
bilaterally cryptorchid and many develop pyometra and/or Sertoli cell tumor. Bilateral Sertoli cell testicular 
tumors were present in this case, and the dog died a few days after surgical castration and hysterectomy. 
Although the karyotype was compatible with male chromosomal sex, a Robertsonian translocation was 
also identified, which may be an incidental finding. This report emphasizes the importance of cytogenetic 
and molecular genetic analyses, along with clinical examination, to identify chromosomal or genetic 
variations associated with canine PMDS. These are helpful tools to obtain early diagnosis in the MS, 
which is important to improve health outcomes for affected dogs and to reduce the prevalence of PMDS 
and cryptorchidism in this breed by avoiding the mating of carriers. 
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INTRODUCTION

The nomenclature ‘disorders of sex development’ 
(DSDs) was proposed to replace the term 
intersex for humans (Hughes et al. 2006) and 
dogs (Meyers-Wallen et al. 1989) exhibiting 
atypical chromosomal, gonadal, or anatomical sex 

development (Hughes 2008). Categories included 
are chromosomal DSD, XY DSD, and XX DSD 
(Pasterski and Hughes 2010). In human XY DSD, 
the main clinical findings are often gonadal anomaly 
and ambiguous genitalia in a chromosomally 
male (46,XY) individual. Diagnostic testing often 
includes hormone assays, pelvic ultrasonography 
and molecular analysis for genetic mutations (Ono 
and Harley 2013).
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Due to molecular advances, gene mutations 
responsible for canine DSD are being identified. 
For example, Persistent Mullerian Duct syndrome 
(PMDS), a type of XY DSD, is prevalent in the 
miniature schnauzer breed (Smit et al. 2018), but 
has also been identified in a basset-hound and in 
a mixed-breed dog (Nickel et al. 1992, Kuiper et 
al. 2004) as well as in humans (Ren et al. 2017), 
cattle (Jost 1965), goats (Haibel and Rojko 1990) 
and cats (Schulman and Levine 1989).  

Human PMDS is caused by mutations in Anti 
Mullerian hormone gene (AMH), also known as 
Mullerian inhibiting substance (MIS), or its Type 
II receptor gene (AMHR2, MISRII). Several AMH 
mutations have been identified in affected humans. 
A 27 bp deletion in AMHR2 exon 10 accounts 
for 25% of PMDS cases with known receptor 
defects (Imbeaud et al. 1996). A single base pair 
substitution in AMHR2 exon 3 is less common in 
PMDS humans (Imbeaud et al. 1996), but is the 
only canine mutation reported in PMDS dogs 
(Wu et al. 2009, Smit et al. 2018). The mutation 
site was first described and have been indicated as 
c.241C>T (Wu et al. 2009, Smit et al. 2018) but 
seven additional amino acids has been identified 
for the canine AMHR2 protein (NCBI Reference 
Sequence XP_543632.4) changing this position to 
c.262C>T. This start site was predicted by automated 
computational analysis from a genomic sequence 
using the Gnomon gene prediction method (https://
www.ncbi.nlm.nih.gov/protein/545545308/). 

The mutation produces a stop codon (Imbeaud 
et al. 1996) that truncates the AMHR2 peptide 
during translation, eliminating downstream 
domains required for receptor function. It was first 
described in the USA in the miniature schnauzer, 
where PMDS is inherited as an autosomal recessive 
trait (Wu et al. 2009). The mutant allele frequency 
of 0.16 and a carrier genotypic frequency of 0.27 
was found in a miniature schnauzer cohort of 216 
individuals (including a positive control) from 
Minnesota, USA (Smit et al. 2018). PMDS in this 

breed has been reported in several countries (Brown 
et al. 1976, Marshall et al. 1982, Volino et al. 2003, 
Matsuu et al. 2009, Vegter et al. 2010, Breshears 
and Peters 2011, Paz et al. 2017), suggesting the 
mutation is likely present worldwide (Meyers-
Wallen 2012). A molecular diagnostic test is 
available (Pujar and Meyers-Wallen 2009).

PMDS dogs reported to date are described as 
78,XY males with normal male external genitalia, 
except that only 50% have bilaterally descended 
testes, and the remainder are either unilaterally or 
bilaterally cryptorchid (Meyers-Wallen et al. 1989). 
Those with bilateral cryptorchidism are sterile, but 
those with unilateral cryptorchidism or descended 
testes are fertile (Wu et al. 2009). Affected dogs 
have bilateral oviducts and epididymis adjacent to 
the testes, vas deferens, a uterus and cervix, and 
the cranial portion of the vagina (Meyers-Wallen 
et al. 1989). PMDS dogs are often presented for 
examination due to cryptorchidism, but may also 
present with pyometra and/or Sertoli cell tumor 
(Marshall et al. 1982, Wu et al. 2009, Paz et al. 
2017).

The objectives of this report were to identify 
a PMDS-associated mutation in a miniature 
schnauzer from Brazil, and to alert clinicians 
that early diagnosis is crucial to improve health 
outcomes for affected dogs and reduce PMDS and 
cryptorchidism in the breed. 

MATERIALS AND METHODS

An eight-year-old miniature schnauzer with male 
phenotype was presented for examination due 
to hematuria and polyuria suggestive of urinary 
infection. During examination by transabdominal 
ultrasound, a tubular structure, cranial to the prostate 
and dorsal to the urinary bladder, was identified as a 
uterus and cranial vagina. Nodular structures were 
identified in both scrotal testes. With the owner’s 
permission, a blood sample was collected for 
genetic analysis. The internal genitalia and testes 
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were surgically removed. The presence of a uterus 
and bilateral oviducts, and absence of ovaries 
was confirmed by gross appearance. Bilateral 
sertolioma was confirmed by histopathology. The 
dog died a few days after surgery from unknown 
causes. The karyotype was analyzed from whole 
blood culture (Moorhead et al. 1960). Genomic 
DNA extracted from blood was assayed by PCR 
using canine specific primers for the Y-linked SRY 
gene (Meyers-Wallen et al. 1995), which initiates 
testis development in mammals. To screen for the 
canine PMDS mutation we used PCR primers to 
amplify a portion of AMHR2 exon 3, generating a 
~330bp product, and a control reaction, assayed in 
parallel, amplified AMHR2 exon 10, generating a 
~437 bp product (Wu et al. 2009).  PCR products 
were submitted for bidirectional sequencing using 
Applied Biosystems BigDye V1.1 chemistry (Wu 
et al. 2009).

RESULTS AND DISCUSSION

Analysis of metaphase chromosome spreads 
revealed a 77,XY,t(1;?) karyotype (Figure 1). 
Although this result is compatible with male 
chromosomal sex, the submetacentric chromosome 
in pair 1, representing a Robertsonian translocation, 
is an unexpected finding. All reported PMDS 
dogs analyzed have had a normal male karyotype 
(78,XY), where all autosomes are acrocentric. 
Conventional chromosome staining did not 
allow precise identification of the translocated 
chromosome, but its size is comparable to dog 
chromosome pair 27. While the translocation may be 
unrelated to PMDS, we note that fertility is reduced 
to one third in bovine Robertsonian translocation 
cases (Gustavsson 1979). The affected miniature 
schnauzer was SRY positive (Figure 1), as reported 
for other cases of PMDS. By sequencing the PCR 
products, the AMHR2 mutation, c.262C>T, was 
identified in exon 3 (Figure 2). No abnormalities 
were detected in exon 10. 

This is the first identification of this mutation 
in a PMDS miniature schnauzer in South America. 
These results emphasize the importance of 
cytogenetic and molecular genetic analyses, along 
with clinical examination, to identify chromosomal 
and/or genetic variations associated with canine 
PMDS. This report also illustrates the importance 
of genetic analysis for early diagnosis. This can 
reduce morbidity by treating dogs that are healthy 
surgical candidates avoiding the development of 
pyometra or Sertoli cell tumors. Early diagnosis 
and castration can prevent PMDS males from siring 
carrier or affected pups. 

Persistent Mullerian Duct syndrome in the 
miniature schnauzer has been detected in Europe, 
Asia, North America and South America. The 
presence of this disease across the world suggests 
that it may be appropriate for male miniature 
schnauzers to be tested for this AMHR2 mutation, 
whether they present with apparently normal 

Figure 1 - a Unbanded karyotype of the miniature schnauzer 
dog with Persistent Mullerian duct Syndrome, showing a 
Robertsonian translocation 2n=77,XY,t(1;?). The translocated 
chromosome is comparable in size to chromosome pair 27. 
b Canine SRY PCR product (~104 bp) amplified from DNA 
templates from the PMDS dog and canine controls. L – 1kb 
ladder, M – normal male, F – normal female, Sch – case with 
PMDS and N – negative (water) control.
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external genitalia or are cryptorchid, and whether 
they are breeding stock or pets. PMDS is inherited 
as an autosomal recessive trait expressed in 
males, but females can be fertile homozygous or 
heterozygous carriers (Wu et al. 2009, Smit et al. 
2018). Considering the frequency of 0.27 of carrier 
genotype found for a cohort of this breed in USA, 
it may be advisable to also test female miniature 
schnauzers prior to breeding, to avoid matings of 
carriers. Finally, for any dog testing positive for the 
AMHR2 mutation, the rest of the pedigree should 
be screened. This strategy can reduce the frequency 
of PMDS and cryptorchidism in this breed.
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