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Introduction 

In mammalian species, male-specific development begins with expression of the Y-

chromosome specific gene Sex Determining Region Y (SRY). Precisely timed expression of 

SRY in the bipotential gonad leads to formation of the testes (Hiramatsu et al. 2009), which in 

turn produce hormones, including testosterone and anti-müllerian hormone (AMH), that 

promote the development of male-specific features while suppressing the development of 

female-specific features (Lucas-Herald and Mitchell 2022). While XY is the classical male 

genotype, human males with a 46,XX genotype (44 autosomes and two X chromosomes) have 

been identified since the 1960s, a condition known as de la Chapelle Syndrome (De La 

Chapelle et al. 1964). This rare condition affects around 0.004% of men, with a typical 

phenotype of small gonads, small penis, gynecomastia, and azoospermia (Berglund et al. 

2017).  

Instances of XX males have been reported in livestock species including horse (Bannasch et 

al. 2007) and goat (E et al. 2021). While they often present as generally healthy, these animals 

are unable to contribute to breeding programs due to their lack of sperm production. 

Importantly, this condition is distinct from Freemartin Syndrome – a common sexual 

development disorder in cattle in which XX/XY blood chimerism occurs in heterosexual twin 

pregnancies with interconnected vasculature. Freemartin cases display masculinization and 

sterility of females, while males are largely unaffected (Padula 2005). 

Cases of de la Chapelle syndrome may be either SRY-positive or negative, with 90% of SRY-

positive cases involving a translocation of SRY onto the X chromosome. The nature of SRY-

negative cases are more cryptic, but may arise due to expression of a recessive antigen (De La 

Chapelle et al. 1978) or by undetected variation wherein a Y chromosome (or minimally the 

SRY gene) is present in the individual, but not within the tissues sampled. 

In this case study, we describe a phenotypically male bovine of high-value genetic pedigree 

that was selected as a potential breeding animal and submitted for 50K SNP chip analysis. Both 

hair DNA and subsequent ear DNA indicated the male was chromosomally female (60, XX), 

leading the producer to request further genomic investigation by our laboratory. 

 

Materials & Methods 

Animal care. All experiments were conducted under UC Davis Institutional Animal Care and 

Use Committee (IACUC)-approved protocols.  

 

50K SNP Chip. DNA from hair and ear tissue was genotyped using a Bovine SNP50 (Zoetis). 

 

Karyotyping. Blood karyotyping was conducted by Texas A & M Molecular Cytogenic Lab. 

 

Hormone analysis. Serum was collected monthly and analyzed by enzyme immunoassays and 

a radioimmunoassay (Clinical Endocrinology Laboratory, UC Davis) to determine hormone 

levels in the XX-male, the XY-male and an XX-female from 8-17 months of age. 
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Histology. The bull was euthanized at 18 months of age and reproductive tissues were formalin 

fixed and embedded in paraffin for standard hematoxylin and eosin staining.  

 

DNA extraction. High molecular weight DNA was isolated using phenol/chloroform 

purification from XX-male liver, kidney, and lymphocytes, dam blood, and sire sperm. 

 

DNA sequencing. PacBio HiFi reads of kidney DNA from the XX-male and each parent were 

aligned to the ARS-UCD2.0 reference genome (GCF_002263795.3) using pbmm2. Aligned 

bam files were sorted and indexed via samtools, then gatk’s HaplotypeCaller was used to 

generate g.vcfs later merged by CombineGVCFs and genotyped by GenotypeGVCF. The 

resulting variant file was analyzed via a custom R-script. Data not mapped to a chromosome 

or genotyped in the XX-male case were removed. Read depth per chromosome was determined 

with variants filtered to ensure quality >30, while allele-parentage data was filtered to have >5 

reads and quality >30. Allele parentage was determined for alleles present in the XX-male 

which were detectable in only one of the parental genotypes. 

 

PCR and qPCR analysis. Androgen Receptor (AR) and SRY were amplified by PCR in 

lymphocyte gDNA. These genes were qPCR quantified in kidney and liver gDNA samples 

alongside no template and XX-female controls (Trott et al. 2026). 

 

Short tandem repeat (STR) analysis. Purified DNA from the XX-male’s kidney and liver, in 

addition to lymphocytes from the XX-male, dam, and sire were tested for 35 autosomal STR 

markers and three sex linked markers (AME, DDX3, SRY) following procedures for 

commercially available testing (UC Davis Veterinary Genetics laboratory). 

 

Results 

Sexual phenotype. Phenotypically, the XX-male had a normal penis and a single descended 

small, soft left testis with an ultrasound-confirmed cryptorchid right testis. However, the hip 

bones and rib cage were both well defined: typical characteristics of female cattle (Fig.1A). A 

breeding soundness exam at 17 months measured a scrotal circumference of 16 cm and 

complete absence of semen in the ejaculate. At 18 months the XX-male was harvested for 

examination of the reproductive tract, revealing highly vascularized testes with the cryptorchid 

right (42.5 g) being substantially larger than the descended left (18.9 g). The remainder of the 

tract appeared largely normal with large vesicular glands (right: 52.5 g; left: 43.4 g) and merged 

ampullae (Fig.1B). Histological analysis revealed the testes had misshapen seminiferous 

tubules and epididymides devoid of sperm, possibly due to obstruction (Fig.1C). 

Hormonal analysis was conducted from 8-17 months to assess the levels of various 

reproductive hormones. Compared to an XY-male (data not shown), the XX-male case 

displayed elevated AMH (P<0.05), elevated progesterone (P<0.01) and decreased inhibin B 

(P<0.0001). The XX-male had significantly more testosterone than an XX-female, but had a 

notable absence of large peaks associated with typical daily testosterone cycling observed in 

the XY-male (Fig.1D). 

Genotype. 50K SNP Chip analyses of both hair and ear tissue identified an XX genotype, so 

a blood karyotype was performed which independently confirmed an XX genotype, validated 

by PCR (data not shown). Subsequent PacBio long read sequencing analysis of kidney tissue, 

however, revealed the presence of Y-specific sequences, indicating possible chimerism. 

Analysis of X-chromosome sequence in kidney DNA revealed the inheritance of alleles from 

both parents at loci across the entire X chromosome, indicating that an intact X chromosome 

had been received from each parent (data not shown). 
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Figure 1. Sexual phenotype of XX-male. A) XY and XX-male. B) XX-male’s reproductive 

tract. B) A: ampullae; P: penile shaft; T: testes; V: vesicular glands. C) H&E staining of XX-

male vs XY-male tissue. D) Testosterone variation from XX-male compared to XX-female 

and XY-male. 

 

The allelic inheritance trend observed by sequencing analysis was confirmed in STR analysis 

of the sex-linked loci AME and DDX3, where the Y-associated peak was lower relative to the 

X in kidney, with a barely-visible Y peak observed in liver and no Y present in lymphocytes. 

Similarly, SRY was detected only in the sire and the XX-male’s liver and kidney. 

The sire and dam showed only the expected diploid maximum of 2 alleles at 35 autosomal STR 

loci. In contrast, the XX-male kidney had 8 loci with 3 alleles (2 copies of one, 1 copy of 

another). 3 loci in the liver possessed the same genotype (data not shown). 

To further assess the relative proportions of X:Y chromosomes, qPCR was performed on SRY 

and AR in gDNA from the XX-male’s tissues, revealing non-mendelian ratios with 

overabundance of X relative to Y for both kidney (3.4 X : 1 Y) and liver (36.7 X : 1 Y). 

 

Discussion 

Multiple tissues from the XX-male were investigated with a variety of techniques, initially 

finding him to be genotypically XX in hair, ear punch, and blood, while a Y chromosome was 

later detected in kidney and liver tissues. The observed Y-signal is unlikely to be the result of 

a translocation event, given that alleles across the full X-chromosome were observed to have 

been inherited from each parent. Further, STR analysis revealed the presence of 3 alleles for 

several loci, a feature likely to have arisen from tetragametic chimerism. This occurs when a 

single individual develops from the fusion of two separate fertilized eggs early in development, 
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resulting in an offspring containing two distinct genomes. The non-mendelian X:Y ratios 

observed within the liver and kidney tissues suggest unequal contributions of cells derived 

from an XX embryo fused with an XY embryo. Several tissues, appear to be solely derived 

from the XX-embryo, with no Y chromosome in the karyotype and no SRY detected by STR 

and PCR analyses of lymphocytes (Table 1). 

 

Table 1. XX-male’s genotype by tissue. 

Tissue Germ Layer Technology Genotype 

Liver Endoderm qPCR, STR 36.7X : 1Y1,2 

Kidney Mesoderm qPCR, PacBio Sequencing, STR 3.4X : 1Y1,2 

Blood Mesoderm Karyotype, PCR, STR XX 

Ear punch Mesoderm/Ectoderm 50k SNP Chip XX 

Hair Ectoderm 50k SNP Chip XX 
1  STR data indicated 3 alleles present at up to 8 autosomal loci, indicating tetragametic chimerism 
2   STR data displayed a small peak at two Y-specific loci and both STR & qPCR found the SRY gene 

 

To drive male development, the XY-embryo must have contributed to the genital ridge (which 

will later develop to the testis), yielding local expression of SRY. This transcription factor acts 

as a "master switch" which is essential for Sertoli cell differentiation and initiation of the male 

development cascade. The testis is developmentally linked to the kidney, which has the highest 

XY-embryo contribution (30% Y); all other mesodermal and endodermal tissues studied have 

0%. This XY chimerism appears to be restricted to relatively few tissues yet was sufficient to 

produce a male phenotype due to its incidental localization within the developing embryo. 

 

Conclusions 

Due to bias from tissue selection, the cause of SRY-negative XX-males (de la Chappelle 

Syndrome) often goes undetermined. In this case, routine SNP genotyping, and blood 

karyotyping suggested this individual was XX. However, DNA from liver and kidney tissues 

revealed it was a tetragametic chimera, comprised of both XX and XY cells. The analysis 

presented here highlights the importance of sampling multiple diverse tissues to identify the 

cause of genetic anomalies resulting from chimerism as a result of embryo fusion events.  
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