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Abstract. The genome size and sex of the Egyptian 
Vulture (Neophron percnopterus), a sexually mono- 
morphic bird, were identified from blood samples by 
the use of flow cytometry (FCM). This technique al- 
lowed evaluation of the slightly higher amount of 
DNA content in the homogametic male compared to 
that of the heterogametic female. A karyotypic anal- 
ysis also was performed in order to confirm the FCM 
results. Sex identification by both FCM and cytoge- 
netic analyses was concordant in all cases. The average 
DNA content was estimated to be 5.6% higher in 
males than in females. 
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Many species of birds do not exhibit pronounced sex- 
ual dimorphism, and identification of sex is a signifi- 
cant problem for ornithologists, particularly in the case 
of endangered species (Tiersch and Mumme 1993). We 
examined the sexually monomorphic Egyptian Vulture 
(Neophron percnopterus), which has been listed as 
“Endangered” by the European Committee for the 
Conservation of Nature and Natural Resources (1994). 
Captive breeding of individuals obtained from reha- 
bilitation centers has been suggested as one of the tools 
for restocking local popula&s in France (Terrasse 
1990) and Italv (Ceccolini 1995). 

Common procedures for sex ‘identification include 
observation of courtship behavior, analysis by cyto- 
genetic, immunological, biochemical or molecular ap- 
proaches, cloacal examination, and laparoscopy. Most 
of these methods of sex identification are time consum- 
ing and costly, and laparotomy in particular is inva- 
sive. Identification of sex on the basis of the genome 
can be conducted by a qualitative analysis of the 
karyotype or by a quantitative evaluation of total DNA 
content. 

In birds, the female is the heterogametic sex and 
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carries the distinguishable sex chromosomes (ZW) 
with W smaller than Z, and the male is homogametic 
ZZ (Rothfelds et al. 1963). Whereas the cytogenetic 
procedures for identifying the mitotic chromosomes 
have been developed and commonly used for decades 
(Shields 1982, Belterman and De Boer 1984), flow cy- 
tometry (FCM) recently has been used to evaluate the 
small difference in DNA content between males and 
females from blood samples (Nakamura et al. 1990) 
and feather pulp (Tiersch and Mumme 1993). Al- 
though several studies investigated the genome of 
birds of prey (Renzoni and Vegni-Talluri 1966, De 
Boer and Sinoo 1984), few data are available for the 
Egyptian Vulture (Ansari and Kaul 1986). 

FCM allows a rapid and accurate quantitative esti- 
mate of cellular DNA content in thousands of inter- 
phase cells (Kent et al. 1988). FCM has been used to 
investigate the genetic damage (Otto et al. 1981) oc- 
curring in natural populations exposed to environmen- 
tal mutagens (Deaven, 1982, Bickham et al. 1988, 
McBee and Bickham 1988). In this study, blood sam- 
ples from captive vultures were analyzed by flow cy- 
tometry to discriminate the small DNA content differ- 
ence between males and females, and the results were 
compared with those obtained from analysis of kary- 
otypes and with birds of known reproductive history. 
The aim was to extend and validate the use of FCM 
as a rapid and noninvasive method of sex identifica- 
tion. 

METHODS 
SAMPLES 

Blood samples from 24 Egyptian Vultures were ana- 
lyzed by flow cytometry. Cytogenetic analysis was 
performed on 15 of these birds. Blood samples for 
both analyses were collected at the same time by wing 
vein puncture. The remaining nine vultures were sexed 
on the basis of their reproductive history. 

FLOW CYTOMETRIC ANALYSIS 

Ten microliters of blood were collected and dropped 
immediately into 2 ml of phosphate buffer. The cellular 
suspension was then stored at 4°C. Erythrocytes of 
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male chicken and lymphocytes of male human sepa- 
rated from peripheral blood were used as reference 
cells. 

The technique of Krishan (1975), with modifications 
(Tiersch et al. 1989, Tiersch and Mumme 1993), was 
used for DNA staining. Reference cells and blood cells 
from Egyptian Vultures were suspended in 1 ml of 
lysis-staining buffer which consisted of 0.1% sodium 
citrate, 0.1% triton X 100 and 50 pg ml-l propidium 
iodide. Fifty microliters of RNase (1 mg ml-‘) were 
added just prior to the addition of cells. The stained 
suspension was then filtered through a 53+m nylon 
mesh, kept in the dark at 4°C and analyzed within 1.5 
min. For each specimen, erythrocytes of male chicken 
were used as internal reference cells and analyzed si- 
multaneously with erythrocytes from the birds studied. 
Moreover, a mixture of male chicken erythrocytes and 
male human lymphocytes, with known DNA content, 
was analyzed to calibrate the flow cytometer before 
each stock of measurements. For each specimen, at 
least six measurements were performed to assess the 
reproducibility of results. Most measurements were 
carried out within 48 hr of collection. 

The samples were analyzed by a PAS II flow cyto- 
meter (Partec, Munster, Germany). Excitation wave- 
lengths around 488 nm of a 100 W mercury arc lamp 
were selected. Signals were collected and accumulated 
on a 512-channel memory. The linearity of the ampli- 
fier was verified. A total of at least 2 X lo4 events was 
accumulated for each histogram. The histograms were 
analyzed using the PAS/FLOW software (Partec, Mun- 
ster, Germany) to evaluate the DNA Index (DI) and 
the coefficient of variation (CV). The CV of the fluo- 
rescence distributions from stained avian erythrocytes 
and human lymphocyte cells ranged from l.O-3.0%. 
These values were obtained by setting GnO modal value 
of human lymphocytes peak at channel 100 and the 
internal standard (chicken erythrocytes) at channel 35. 
The DNA content was expressed as mass relative to a 
standard value of 7.0 pg per human male lymphocyte 
nucleus according to the formula: pg DNA = 7.0(X/ 
S.)(SJH). where X is the fractional mode channel of 
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the avian samples under study and S, is the fractional 
mode channel of the internal reference cells (chicken 
erythrocytes) in the X-S, mixture, S, is the fractional 
mode channel of the internal reference cells (chicken 
erythrocytes) in S,-H mixtures, and H is the fractional 
mode channel of human male lymphocytes. Student’s 
t-test was used to detect differences in DNA content 
between males and females. 

CYTOGENETIC ANALYSIS 

Cytogenetic analysis was conducted on 15 of the 24 
birds also examined by FCM. Blood was stored at 4°C 
and analyzed within 24 hr. Blood cultures were pre- 
pared as described in Belterman and De Boer (1984) 
with the following modifications. From each blood 
sample, two cultures were made. For each culture, 0.5 
ml of whole blood was added to 5.0 ml Iscove’s Mod- 
ified Dulbecco’s medium (Gibco) containing 0.1 ml 
phytohaemagglutinin (Difco) and 0.1 ml penicillin- 
streptomycin solution (Sigma). Incubation time was 72 
hr at 40°C. One hour before harvesting the cells, 0.1 
ml of a 0.005% solution of colchicine was added. Cul- 
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FIGURE 1. Flow cytometric DNA content distribu- 
tions of domestic chicken internal reference cells (first 
peak from the left) together with erythrocytes of Egyp- 
tian Vulture (second peak). Top: female, bottom: male. 

tures were fixed with Camoy’s fixative (methanohace- 
tic acid = 3: 1) and chromosomes were prepared using 
the air-drying technique of Rothfelds et al. (1963). 
Chromosome preparations were stained with 4% 
Giemsa and studied on a Zeiss phase-contrast micro- 
scope. Metaphases were photographed and the karyo- 
type reconstructed. 

RESULTS 
Evaluable FCM histograms were obtained in all cases 
(Fig. 1). The reproducibility of the flow cytometric 
measurements demonstrated- a good reliability of the 
method. In fact, the values obtained from the six dif- 
ferent measurements of the same specimen did not pro- 
duce significant differences, each individual CV was 
5 3.3%. 

Cytogenetic analysis was successful in 14 of the 15 
samples analyzed, whereas in one case insufficient 
metaphases were found. In agreement with the karyo- 
type previously described by Ansari and Kaul (1986), 
a total of 66 chromosomes were present. The analysis 
of metaphases gave nine female heterogametic (ZW) 
karyotypes (Fig. 2) and five male homogametic kary- 
otypes (ZZ). These results were confirmed by FCM. 
Moreover, FCM analysis confirmed the sex of the other 
nine birds with known reproductive histories. All fe- 
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FIGURE 2. Representative karyogram of a female Egyptian Vulture, Neophron percnopterus. showing typical 
macro- and microchromosomes. The Z chromosome is a large submetacentric element, similar to one of the first 
three pairs of autosomes, whereas the W is a medium-size submetacentric chromosome. 

males showed a lower DNA content than males (Fig. 
3; r-test, rz2 = 11.1, P < 0.001). DNA content was 
5.6% greater in males than females (a -+ SD = 3.24 
-C 0.03 for males and 3.06 ? 0.04 for females). 

DISCUSSION 

We used flow cytometric analysis to discriminate the 
small DNA content difference between the homoga- 
metic (ZZ) male and the heterogametic (ZW) female 
Egyptian Vulture with the aim to extend and validate 
a rapid and noninvasive method of sex identification. 
Moreover, a karyotypic analysis was performed in or- 
der to confirm the FCM results. The results obtained 
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FIGURE 3. Flow cytometric DNA content distribu- 
tion of a mixture of erythrocytes taken from a female 
(first peak from the left) and a male (second peak) 
Egyptian Vulture. 

in our study by FCM showed in all cases a small but 
statistically significant difference between the DNA 
content of the two sexes, with the DNA content of 
males greater than that of females as expected. The 
reproducibility of results was not affected by storage 
of the samples for three weeks after their collection. 
This suggests that FCM can be applied in field studies 
where samples can be collected several weeks before 
analysis, providing that adequate temperature condi- 
tions are maintained during storage. The addition of 
alcohol to the buffer can make the sample suitable for 
longer storage at ambient temperature. 

This study also allowed us to better describe the 
genome of this rare species for which the only data 
currently available are the karyotype description of 
Ansari and Kaul (1986). Cytogenetic analysis fur- 
nished valuable results in I4 of I5 cases, nine heter- 
ogametic females and five homogametic males, and 
showed, in agreement with the previous description of 
Ansari and Kaul (1986). a karyotype of 66 chromo- 
somes. The high number of chromosomes, many of 
which are microchromosomes, made the karyotype re- 
construction laborious. Compared to other Falconifor- 
mes (Tiersch and Wachtel 1991) genome size of 
Egyptian Vulture appears to be slightly higher and 
similar to that of the California Condor (Gymnogyps 
californianus) (Rasch et al. 1985) and the Cinereus 
Vulture (Aegypius monachus) (De Vita et al. 1994), the 
only data actually available on genome size of vul- 
tures. However, no data are available on genome size 
of vultures evaluated by FCM. 

The results obtained in this study, performed on 
only a few microliters of blood from each animal, con- 
firm the utility of FCM analysis as a rapid, simple, 
accurate, and statistically reliable technique in identi- 
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fying the sex of birds on the basis of nuclear DNA ysis of mammalian cell cycle in propidium iodide 
content. staining. J. Cell. Biol. 66:188-193. 
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