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ABSTRACT

To clarify the etiology of intersexuality due to genetic factors, 33 intersex swine and 33 of their
ascendants were studied karyotypically. Metaphases were obtained from peripheral blood lymphocytes
and analyzed by chromosome G and C banding in addition to standard Giemsa staining. Two cases of
chromosome anomalies were observed: an intersex presenting 38,XX/38,XY mosaicism or chimerism,
and an intersex presenting a break in one chromosome of pair 9, with a karyotype identical to that of the
remaining intersex animals, i.e., 38,XX. All parents had normal karyotypes, i.e., 38,XX for females and
38,XY for males. Macro- and microscopic examinations of the genitalia of 26 of the 33 intersex animals
revealed that 10 were true hermaphrodites, 14 were male pseudohermaphrodites and two were mor-

phologically normal females except for a slightly hypertrophied clitoris and a "parrot beak"-shaped vulva.
INTRODUCTION

The infertility, subfertility and sex differentiation anomalies of domestic
animals are of great economic interest and also provide material for the under-
standing of the mechanisms related to sex determination and differentiation.

Genetic defects are responsible for the interruption of, or deviation from,
the sequential steps of normal sex differentiation. Some faulty steps during the main
stages of this differentiation have been well studied, especially in man, and may be
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due to sex chromosome ancuploidies, autosomal or X-linked gene mutations,
mosaicism, chimerism, structural alterations of sex chromosomes, or defects of
polygenic or multifactorial inheritance.

Since the 1960’s, when cytogenetic techniques were developed and refined,
several studies have established the association of abnormal conditions of sex deter-
mination and differentiation with chromosome alterations. In a review of the litera-
ture up to 164, Biggers and McFeely (1966) had already found 48 reports of
cytogenetically studied intersex cases involving swine, cattle, goats, cats, horses and
dogs. A large number of reports published after 1964 related the alterations in sex
differentiation to chromosome aberrations, and contributed to the understanding of
the mechanisms involved in mammalian sex determination (Lodja, 1968; Brecuwsma,
1968; Bruére et al., 1968; Rieck et al., 1969; Basrur et al., 1969; Rieck, 1970; Gluhovschi
et al., 1970; Bouters and Vandeplassche, 1972; Toyama, 1974; Chandley ef al., 1975;
Lodja and Havrankova, 1975; Norberg et al., 1976; Dain and Bridge, 1978; Tarocco
et al., 1982).

Parallel to the discovery and description of new clinical forms, it has been
possible to study the anatomical and histopathological characteristics, as well as to
carry out hormonal and mainly cytogenetic investigations of animals presenting dis-
tortions in the sex determination and differentiation process.

In addition to genetic factors such as recessive autosomal mutations,
chimerism or mosaicism and aneuploidies of sex chromosomes, factors such as
autosomal dominant mutations, dominant or recessive X-linked mutations, Y-
autosome translocations, Y-X interchange and sex chromosome deletions may occur
in swine, contributing to a high frequency of intersex animals. In order to determine
the etiology of intersexuality due to the above factors, intersex pigs born on a large
swine farm were submitted to cytogenetic analysis.

MATERIAL AND METHODS

The study was conducted on 33 Landrace and Large White pigs born from
January to November 1984, that showed intersex characteristics on the basis of clini-
cal examination of the outer genitalia, and on 33 of their ascendants. The animals
belonged to a swine farm containing 240 dams, located in the western part of the State
of Santa Catarina, Brazil.

Karyotype analysis was performed on metaphases obtained from peripheral
blood lymphocyte cultures by the technique of Moorhead et al. (1960). The techni-
ques used were G banding (Drets and Shaw, 1971) and C banding (Arrighi and Hsu,
1971), in addition to standard Giemsa staining.

Twenty-six of the 33 phenotypically intersex swine were slaughtered between
150 and 180 days of age for morphological and histological study of the genitalia.



Study of Intersex Swine 523

RESULTS AND DISCUSSION

The results of karyotype analysis are presented in Tables I, IL, Il and IV. Of
the 33 intersex pigs studied, 31 (93.93%) presented a normal 38, XX female karyotype,
a condition already described by Makino et a/. (1962) and later confirmed by other
investigators (Melander et al., 1971; Sittmann, 1973; Ohno, 1979; Sittmann et al.,
1980). Two animals showed karyotypic anomalies. One of them, no. 620, classified as
a male pseudohermaphrodite, had a 38, XX karyotype, though with a break in one
chromosome of pair number 9 (Figure 1), and the other, no. 420, also classified as a
male pseudohermaphrodite, had 38,XX/38,XY chimerism or mosaicism (Figures 2
and 3) with predominance of XY cells (85.71%). Chimerism was first demonstrated
by McFee et al. (1966), though with predominance of XX cells. Other karyotypic
forms involving the sex chromosomes have been described for intersex swine, such as
mosaicisms 38,XX/38,XY/37,X0 (Lodja, 1968), 39,XXY/40,XXXY (Harvey, 1968)
and 38,XX/39,XXY (Toyama, 1974) and aneuploidies 39,XXY (Breeuwsma, 1968)
and 37,X0 (Nes, 1968).

Espécie: Sus scrofa Raga: Landrace Identificacdo: 1.-620
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Figure 1 - Karyotype of the intersex no. 620. Landrace. 2n = 38,XX with break in a chromosome of pair
no. 9. G banding.
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Espécie: Sus scrofa Raga: Large White Identificacdo: LW-420
Diagndstico: 38,XY (85,717)
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Figure 2 - Karyotype of the intersex no. 420. Large White. 2n = 38,XY (85,71%). G banding.

Macro- and microscopic examination of the genitalia of 26 intersex animals
in the present study (part of the sample evaluated cytogenetically) permitted an
anatomical classification of the animals into male pseudohermaphrodites (N = 14,
TableI), true hermaphrodites (N = 10, Table II) and morphologically normal females
except for a slightly hypertrophied clitoris and upturned "parrot beak"-shaped vulva
(N = 2, Table III). The male pseudohermaphrodites presented male gonads, female
outer genitalia with hypertrophied clitoris and female inner genitalia, though usually
with some developmental defect (hypoplasia). The true hermaphrodites had a male
gonad and a female gonad, or one or both formed by a combination of ovarian and
testicular tissue (ootestis); their outer and inner genitalia were similar to those of male
pseudohermaphrodites. Detailed results of the macro- and microscopic results will
be published in a separate paper.

Karyotypic analysis data for seven animals not submitted to histological or
anatomical evaluation are presented in Table IV,

The 33 ascendants of the intersex swine had normal karyotypes, i.e., 38, XX
and 38,XY (Tables I through IV),
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Espécie:  Sus serofa Raga: Large White Identificacdo: LW=420
Diagnostico: 38,Xx (14,292)
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Figure 3 - Karyotype of the intersex no. 420. Large White. 2n = 38,XX (14,29%). G banding.
Table I - Karyotypic study of intersex swine classified as male pseudohermaphrodites.
Intersex Breed Karyotype Inner Outer
No. Karyotype Father no. Gonads genital genital
Mother no tract tract
620 Landrace® 39- NE 2 testes Female F*
1127 - 38,XX
o339 Large White 918 - 38, XY 2 testes Female F*
38,XX 878 - 38,XX
336 Large White 918 - 38, XY 2 testes Female F*
38, XX 878 - 38,XX
420 Large White® 1144 - NE 2 testes c F*
620 - 38, XX
1446 Large White 588 - 38,XY 2 testes Female F*
38,XX 697 - 38,XX

Continued
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Table I - Continued.
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Intersex Breed Karyotype Inner Outer
No. Karyotype Father no. Gonads genital genital
Mother no tract tract
1447 Large White 588 - 38, XY 2 testes Female F*
38,XX 697 - 38,XX
1451 Large White 588 - 38, XY 2 testes Female F*
38,XX 697 - 38,XX
257 Large White 323- 38, XY 2 testes Female F*
38,XX 385 - 38, XX
536 Large White 323- 38 XY 2 testes Female F*
38,XX 945 - 38, XX
583 Large White 41 - 38, XY 2 testes Female F*
38,XX 1385- NE hypoplastic
785 Large White 580 - NE 2 testes Female F*
38,XX 196 - NE
906 Large White 186 - 38,XY 2 testes Female F*
38, XX 49 - NE hypoplastic
955 Large White 1516 - NE 2 testes Female F*
38,XX 1592 - 38, XX
1065 Large White 323 - 38, XY 2 testes Female F*
38,XX 1565 - 38,XX
2 38,XX, break in a chromosome of pair no.9.
b 38,XX/38,XY, with a predominance of XY (85,71%).
¢ Hypoplastic uterine remnant and vagina.
F*, with a hypertrophied clitoris; NE, not examined.
Table II - Karyotypic study of intersex swine classified as true hermaphrodites.
Intersex Breed Karyotype Inner Outer
No. Karyotype Father no. Gonads genital genital
Mother no tract tract
512 Landrace 217 - 38, XY 1 ootestis Female F*
38,XX 854 - 38,XX 1 testis
1137 Landrace 682 - 38, XY 1 testis Female F*
38,XX 271- 38, XX 1 ovary

Continued
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Table II - Continued.
Intersex Breed Karyotype Inner Outer
No. Karyotype Father no. Gonads genital genital
Mother no tract tract
1540 Large White 580 - NE 1 testis Female F*
38,XX 699 - 38,XX 1 ovary
201 Large White 323- 38,XY 1 testis Female F*
38,XX 889 - 38, XX 1 ovary
242 Large White 588 - 38, XY 1 testis Female F*
38, XX 962 - 38,XX 1 ovary
538 Large White 323- 38, XY 1 ootestis Female F*
38,XX 945 - 38,XX 1 ovary
566 Large White 580 - NE 1ovary Female F*
38, XX 899 - NE 1 ootestis
288 Landrace 682 - 38 XY 1ovary Female F*
38,XX 1242- NE 1 ootestis
1042 Large White 323 - 38,XY 2 ootestis Female F*
38,XX 384 - 38,XX
1152 Large White 918 - 38, XY 1 ootestis Female F*
38,XX 169 - 38, XX 1 testis
F*, with a hypertrophied clitoris; NE, not examined.
Table III - Karyotypic study of intersex swine with morphologically normal outer genitalia.
Intersex Breed Karyotype Inner Outer
No. Karyotype Father no. Gonads genital genital
Mother no tract tract
560 Large White 580 NE 2 ovaries Female F**
38, XX 899 - NE
1064 Large White 323- 38,XY 2 ovaries Female F**
38,XX 1565 - 38,XX

F**, Slightly hypertrophied clitoris and upturned "parrot beak"-shaped vulva.

NE, not examined.
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Table IV - Karyotypic study of intersex swine not submitted to histological or anatomical evaluation.

Intersex Breed Karyotype

No. Karyotype Father no.
Mother no.
1440 Large White 323- 38,XY
38,XX 1509 - 38,XX
255 Large White 323- 38,XY
38, XX 385 - 38,XX
113 Landrace 579 - 38,XY
38,XX 786 - 38,XX
121 Landrace 1283 - 38,XY
38,XX 1010 - 38,XX

1287 Large White 913- NE

38,XX 330 - 38,XX
51 Large White 41- 38, XY
38,XX 1549 - 38, XX
139 Large White 186 - 38,XY
38,XX 852 - 38,XX

NE, not examined.

On the basis of the sample studied, the intersexuality of these animals was
mainly due to factors such as autosomal mutation, which have already been identified
in swine together with chimerism or mosaicism and aneuplodies of the sex
chromosomes. An evaluation of the probable type of inheritance was not possible be-
cause of insufficient genealogical data.
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RESUMO

Com o objetivo de esclarecer a etiologia da intersexualidade devido a fatores genéticos, foram
examinados 33 suinos intersexuados e 33 de seus ascendentes. O estudo cariotipico foi feito com metéfases
obtidas de culturas de linfécitos de sangue periférico e estas foram analisadas utilizando-se bandamento
cromossdmico (G e C) além de coloragio convencional com Giemsa. Observou-se dois casos de anomalias
cromossdmicas. Um intersexuado apresentou o mosaicismo ou quimerismo 38,XX/38,XY e outro

apresentou quebra em um cromossomo do par nimero 9, com cari6tipo igual aos dos demais inter-
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sexuados, ou seja, 38,XX. Todos os pais apresentaram os seus cariétipos normais, ou seja, 38, XX (fémeas)
e 38, XY (machos). Exames macro e microscpicos das genitalias foram realizados em 26 dos 33 inter-
sexuados, sendo que 10 foram classificados como hermafroditas verdadeiros, 14 como pseudoher-
mafroditas machos e 2 fémeas morfologicamente normais exceto para uma leve hipertrofia do clitoris e

vulva em "bico de papagaio”.

REFERENCES

Arrighi, F.E. and Hsu, T.C. (1971). Localization of heterochromatin in human chromosomes. Cytogenet.
Cell. Genet. 10: 81-86.

Basrur, P.K., Kanagawa, H. and Gilmam, J.P.W. (1969). An equine intersex with unilateral gonadal
agenesis. Can. J. Comp. Med. 33: 297-306.

Biggers, J.D. and McFeely, R.A. (1966). Intersexuality in domestic animals. In: Advances in reproductive
Physiology (McLaren, A., ed.). London, Logos Press: 29-59.

Bouters, R. and Vandeplassche, M. (1972). Cytogenetic and reproduction in large domestic animals. VII
Int. Kongr. Tierische Fortpfldnz. Haustierbesamung, Munchen, II: 1089-1094.

Breeuwsma, A.J. (1968). A case of XXY sex chromosome constitution in an intersex pig. J. Reprod. Fert.
16: 119-120.

Bruére, A.N,, Fielden, E.D. and Hutchings, H. (1968). XX /XY mosaicism in lymphocyte cultures from a
pig with freemartin characteristics. N.Z. Ver. J. 16: 31-38.

Chandley, A.C., Fletcher, J., Rossdale, P.D., Peace, CK,, Ricketts, S.W., McEnery, R.J., Thorne, J.P,,
Short, R.V. and Allen, W.R. (1975). Chromosome abnormalities as a cause of infertility in mares. J.
Reprod. Fert. (Suppl.) 23: 377-383.

Dain, A.R. and Bridge, P.S. (1978). A chimaeric calf with XX/XXY mosaicism and intersexuality. J.
Reprod. Fert. 54: 197-201.

Drets, M.E. and Shaw, M.W. (1971). Specific banding pattern of human chromosomes. Proc. Natl. Acha.
Sci. 68: 2073-2077. i

Gluhovschi, N., Bistriceanu, M., Suciu, A. and Bratn, M. (1970). A case of intersexuality in the horse with
type 2A + XXXY chromosome formula. Brit. Vet. J. 126: 522-525.

Harvey, M.J.A. (1968). A male pig with an XXY/XXXY sex chromosome complement. J. Reprod. Fert.
17: 319-324.

Lodja, L. (1968). Das Chromosomale bild des testikuluren heumaphroditismus bei Schweinem und die
vererbung dieser Storung. VI Cong. Intern. Reprod. Anim. Insem. Artif., Paris, 11: 897-900.

Lodja, L. and Harvrinkova, J. (1975). Erbliche Hodenhypoplasie in der Nachkommenschaft eines Bul-
len mit Chromosomenmosaik 60,XY /61,XXY /59,XO. 2. Europaisches Kolloquium uber Zytogenetic
(Chromosomenpathologie) in Veterinarmedizin. Tierzucht und Saugetierkunde. GieBen.: 193-198.

Makino, S., Sasaki, M.S., Sofumi, T. and Ishikawa, T. (1962). Chromosome condition of an intersex swine.
Jap. Acad. Proc. 38: 686-689.

McFee, A F., Knight, M. and Banner, M.W. (1966). An intersex Pig with XX/XY leucocyte mosaicism.
Can. J. Genet. Cytol. 8: 502-505.



530 Tambasco et al.

Melander, J., Melander, EH., Holm, L. and Somlev, B. (1971). Seven Swine intersexes with XX
chromosome constitution. Hereditas, 69:51/58.

Moorhead, P.S., Norwell, P.C., Mellman, W J., Battips, D.M. and Hungerford, D.A. (1960). Chromosome
preparations of leucocytes cultured from human peripheral blood. Exp. Cell Res. 20: 613-616.

Nes, N. (1968). Betydningen av kromosomaberrasjoner hos dyr. Forskning og forsok i Landbruket. 19: 393-
410.

Norberg, H.S., Refsdal, A.O., Garm, O.N. and Nes, N. (1976). A case report on X - trisomy in cattle.
Hereditas, 82: 69-72.

Ohno, S. (1979). Major sex-determining genes. Berlin. Springer-Verlag.

Rieck, G.W. (1970). Das XXY - Syndrome beim Rind (Boviner Hypogonadismus). I. Europaisches Kol-
loquium uber Zytogenetik (Chromosomenpathologie) in Veterinarmedizin und Saygetierkunde. Gie-
Ben: 138-145.

Rieck, G.W., Hohn, H. and Herzog, A. (1969). Hypogonadismus intermittierender Kryptorchismus und
segmentare Aplasie der Ductus Wolffii bei einem mannlichen Rind mit XXY-Gonosomen Konstel-
lation bzw. XXY-/XX-/XY - Gonosomen-Mosaik. Dtsch. Tierarztl. Wschr. 76: 133-138.

Sittman, K. (1973). Segregation of hermaphrodites in swine litters. Can. J. Genet. Cytol. 15: 229-232.

Sittman, K., Breeuwsma, A J. and Tebrake, J.H.A. (1980). On the inheritance of intersexuality in swine.
Can. J. Genet. Cytol. 22: 507-5217.

Tarocco, C., Franchi, F. and Capani, I. (1982). Indagini citogenetiche in suini intersessi. Zoot. Nutr. Anim.
8: 453-460.

Toyama, Y. (1974). Sex chromosome mosaicism in five swine intersexes. Jap. J. Zootech. Sci. 45: 551-557.

(Received October 27, 1989)



