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Rapid identification of sex in birds by flow cytometry 
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Abstract. A rapid method to identify sex in birds is described. 
The method requires microliter volumes of blood, and, under 
appropriate conditions, results can be available within an hour of 
sample collection. Samples can be stored at 4 °C or -20 °C with-

In most birds the female is the heterogametic sex and carries 
distinguishable sex chromosomes, the W generally being smaller 
than the Z(reviewed by Bloom, 1974). It is believed that sequences 
on the W chromosome have a role in sex determination, although 
the only evidence to support this notion is the association of female 
development with the presence of the W chromosome. Possible 
exceptions to this relationship include the few cases of apparent 
absence of heteromorphic sex chromosomes or of sex-linked 
markers among some of the ratites (Takagi et aL, 1972; de Boer, 
1980; but see Ansari et al., 1988). Clearly though, the lack of 
heteromorphic sex chromosomes is not incompatible with 
heterogamety (discussed by Bull, 1983). 

Many species of birds do not exhibit pronounced sexual dimor­
phism, either in youth or as adults (Selander, 1972). In these spe­
cies, sex can be identified by courtship behavior or breeding his­
tory, cloaca! examination, or laparoscopy. There are techniques 
for sex identification that rely on visualizing sex-chromosome het­
eromorphism or detecting sex-linked markers, including cyto­
logical, molecular (e.g., Tone et al., 1984), immunological (e.g., 
Wachtel et al., 1983), and biochemical (Baverstock et al., 1982) 
methods. However, these methodologies have shortcomings: vari­
able rates of success, a need for dividing cells, the length and com­
plexity of the procedures involved, and a need for genetic polymor­
phism. Furthermore, fewer than 10% of the birds have been stud­
ied cytogenetically (de Boer, 1984), and, in many cases, only a 
single specimen or members of only one sex were examined. 

If the sex chromosomes are heteromorphic, it is also possible to 
diagnose sex by DNA measurement. Flow cytometry offers a rapid 
means of DNA quantification that requires small numbers of non­
dividing cells (Deaven, 1982; Vindel0v et al., 1983). This approach 
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out sacrificing the ability to discriminate sex differences in DNA 
content. The assay will find utility in laboratory, field, and applied 
studies, in other classes of vertebrates, and in studies on the dy­
namics of genome size within and among populations. 

has been used to distinguish differences in the sex-chromosome 
complement of leukocytes in man (Deaven, 1982; Elias et al., 1988) 
and horses (Kent et al., 1988). The purpose of the present study 
was to develop a flow cytometric assay for identification of sex in 
birds. The rationale for this proposal was that the presence of a W 
chromosome is generally diagnostic of female development, that 
in many species the W is distinguishable in size from the and, in 
the absence of unusual chromosomal packaging of DNA, that the 
heteromorphism is related directly to differing amounts of DNA 
in the Zand W chromosomes. In those birds with heteromorphic 
sex chromosomes, we were able to identify sex correctly in 119 of 
120 cases. 

Materials and methods 

The scientific name, common name, and source of the birds studied are listed 
in Table I. All nomenclature is based on the International Species Inventory 
System and represents current usage in zoos. If the birds were not sexually di­
morphic, they were sexed according to courtship behavior, breeding history, 
laparoscopy findings, or, when possible, cloaca) examination. 

Blood was collected in ACD anticoagulant The samples were stored at 4 °C 
or at -20 °C prior to analysis. The technique ofKrishan (1975), with modifica­
tions (Tiersch et al., 1989), was used for DNA analysis. Briefly, an appropriate 
number of internal reference cells (either porcine [Sus scrofa] or channel catfish 
[Ictalurus punctatusj blood cells) and blood cells from the bird under study were 
suspended in 0.5 ml of lysis-staining buffer, which consisted of 0.1 % sodium 
citrate, 0.1 % Triton X-100, and 25 µg propidium iodide. Twenty-five microli­
lers of RNase (I mg/ml) were added just prior to the addition of cells. The 
suspension was filtered through a 20-µm nylon mesh, kept at room temperature, 
and analyzed within 15 min. 

Reference cells were analyzed simultaneously with the avian cells to correct 
for possible fluctuations in laser output or disturbances in sample flow, which 
can cause spurious DNA readings (Hoehn et al., 1977). Blood cells from channel 
catfish, used as an internal reference. were diluted in phosphate-buffered saline 
containing 8% dimethyl sulfoxide. Aliquots were frozen in liquid nitrogen and 
stored at -70 "C. Each day, catfish cells and similarly cryopreserved cells from 
mosquitofish (Gambusia affinis) and domestic chickens (Gallus gal/us domes­

ticus) were thawed and analyzed as a mixture with fresh porcine and human 
leukocytes to calibrate the flow cytometer. An example of a relative DNA con­
tent comparison among the four species is depicted in Fig. I. 

Nuclear DNA content was measured with an EPICS V flow cytometer 
(Coulter Eleetronics, Hialeah, FL). The argon ion laser was set at a wavelength 












