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Abstract

Sex ratio is defined as the proportion of males to females in a population. Subdivisions of the sex
ratio are the primary (ratio at fertilization) and the secondary (ratio at birth). The expected
secondary sex ratio is 0.5, but biological, environmental, or occupational variables can shift the
secondary sex ratio from this expectation.
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Sex ratio is defined as the proportion of males to females in a population. Subdivisions of
the sex ratio are the primary (ratio at fertilization) and the secondary (ratio at birth). The
expected secondary sex ratio is 0.5, but biological, environmental, or occupational variables
can shift the secondary sex ratio from this expectation. Economic and medical benefits also
exist for altering the secondary sex ratio; for example, breeding cattle for milk production
and developing a method to suppress or eliminate pest populations, like the malaria
mosquito, could benefit from manipulating the secondary sex ratio.

Mice are an ideal model to understand the biological mechanism of sex-ratio alterations
because there are numerous wild-type and genetically altered strains. The secondary sex
ratio of a mouse litter can be determined by visual inspection at birth or at weaning, but
more sophisticated techniques are required to track the primary sex ratio as it evolves into
the secondary sex ratio. Morphological distinction between males and females, for example,
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is possible after gonadal differentiation at embryonic day 12.5, while female embryos can be
identified throughout embryogenesis via selective mating between a male with an X
chromosome containing a fluorescent transgene and a wild-type female (Kobayashi et al.
2006).

Sexing mice using either a DNA- or RNA-based PCR method is a less technically
demanding protocol that is readily available to most laboratories. The stability during
embryogenesis of DNA compared to RNA, which undergoes dynamic changes during the
maternal-to-zygotic genome transition and the development of sex-specific gene expression
in preimplantation embryos (blastocysts), is one advantage of DNA-based sexing. Multiplex
and simplex PCR methods are the two common approaches to reveal an individual’s
genotypic sex. Multiplex PCR simultaneously amplifies a Y chromosome gene (e.g. sex-
determining region on the Y, Sry) in combination with an endogenous control gene (e.g.
interleukin 2, 112) that functions as an internal control of PCR amplification to confirm that
the inability to amplify the Y chromosome gene is a true negative for that gene. Simplex
PCR, which can be easier to optimize and validate than multiplex PCR, uses a single primer
pair to amplify two highly homologous genes that have an intron of different lengths
(McFarlane et al. 2013). We used simplex quantitative real-time PCR (qPCR) with a primer
pair that amplifies a portion of the X-chromosome gene lysine-specific demethylase 5,
Kdmbc (synonyms: Jaridlc, Smex) and the corresponding Y-chromosome gene Kdmbd
(synonyms: Jarid1ld, Smcy) (Clapcote and Roder 2005). The sizes of the fragments from the
X (331 bp) and the Y (302 bp) chromosomes are distinct because the intron lengths are
different on the X and Y chromosome, resulting in distinguishable melting curves.

We prepared template from single blastocysts (n = 11) for sexing using conventional
multiplex PCR and simplex gPCR followed by melting-curve analysis (Supplemental
Materials and Methods). Two PCR bands (S'y and 112) are observed from male blastocysts
(Fig. 1A) by agarose gel electrophoresis while two peaks on the melting-curve analysis
(Kdmbc/Kdmbd), whereas a single band is observed from female blastocysts (Fig. 1B) by
both agarose-gel (112 only) and melting-curve analysis (Kdm5c). The combined data from
the 11 blastocysts represent six males and five females. Our melting-curve analysis protocol
thus provides a high-throughput sexing method that eliminates the time-consuming steps of
running, staining, and interpreting agarose gels of PCR products. We envision that this
method will contribute to high-throughput screening for factors that contribute to alterations
in the primary and secondary sex ratio.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Sexing of mouse blastocysts. Representative quantitative real-time PCR melting curve data

(Kdmb5e/Kdmid simplex primer set) and agarose gel data (Sry and 112 duplex primer set) for
a (A) male and (B) female blastocyst.

Mol Reprod Dev. Author manuscript; available in PMC 2017 January 01.



