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Semen quality evaluation of young bulls carrying leukocyte
chimerism 60,XX /60,XY

Ocena jakosci nasienia mtodych buhajow z chimeryzmem leukocytarnym
60,XX /60,XY

Summary. After cytogenetic analysis, 15 bulls were selected as carriers of 60,XX/60,XY chimer-
ism to evaluate the influence of this chromosomal abnormality on reproductive performance. The
semen analysis included the following parameters: volume of ejaculate (mL), motility of sper-
matozoa (%) and sperm concentration/mL x 10°. The comparison of the experimental group with
control (bulls with normal karyotype) showed significant differences with regard to the volume of
ejaculate and highly significant differences with regard to the motility of spermatozoa and sperm
concentration. These parameters were lower in the group of bull-carriers. Sperm-FISH technique
made it possible to determine similar proportions between spermatozoa with X and Y heterosomes
in bulls with karyotype 60, XX/60, XY (ranging from 45% : 55% to 57% : 43%).
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INTRODUCTION

Leukocyte chimerism 60,XX/60,XY is a frequent syndrome in heterosexual cattle
twins. It is known that 89.5-93.6% of the female partners in dizygotic twin cattle are
infertile and referred to as freemartins [Miyake ef al. 1990, Rejduch 2001]. However, in
the case of bull-carriers of leukocyte chimerism evidence of an influence of fertility is
not conclusive [Switonski et al. 1991, Rejduch et al. 1998]. Several authors have
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claimed that such bulls demonstrated lower fertility [Stafford 1972, Cribiu and Popescu
1982, Switonski ez al. 1991, Rejduch et al. 2000], but others did not observe any abnor-
malities [Gustavsson 1977, Jaszczak et al. 1988, Kovacs and Karakas 1997, Rejduch
2001].

The aim of this paper is to find out if the bulls carrying the 60,XX/60,XY chimerism
can be used in A.I. Stations.

MATERIAL AND METHODS

In present study ejaculate samples teken from fiftheen bulls of the Polish Red,
Simental, Polish Holstein-Friesian, Red and White breeds aged 12—15 months originat-
ing from heterosexual twins, which were cytogentically diagnosed as the leukocyte chi-
merism 60,XX/60,XY carriers, were used. The control group included the same number
of bulls from single-way pregnancies, of the same age. Blood samples for routine lym-
phocyte culture method were taken from animals under study and the karyotype analyses
were carried out under light microscope using a conventionally stained preparations.

The following semen parameters were analysed: volume of ejaculate (mL), motility
of spermatozoa (%), sperm concentration/ml x 10° and spermatozoa morphology (% of
major and minor defects). The samples were analysed using all the parameters men-
tioned above and average values for each bull were calculated (twelve samples per ani-
mal). One-way analysis of variance was applied to compare three parameters: volume of
ejaculate, motile spermatozoa and sperm concentration, between two groups of young
bulls: 15 animals from heterosexual twins and 15 control bulls.

To identify the hetrosomes in bull spermatozoa, FISH was applied following the
procedures of Pinkel ef al. [1986] and Solinas-Toldo ef al. [1995] using bovine-specific
X and Y painting probes. The X probe was amplified and labeled with DOP-PCR using
the bio-16-dUTP nucleotide [Goldammer ef al. 1996]. The Y probe was amplified by
PCR as described by Guan et al. [1994] and PCR labelled with digoxigenin-11-dUTP
(Boehringer Mannheim, Germany) according to the manufacturer’s instruction. In each
bull with leukocyte chimerism 60,XX/60,XY 500 spermatozoa were evaluated.

RESULTS AND DISCUSSION

Cytogenetic analysis of 15 bulls from dizygotic twins, showed the 60,XX/60,XY
chimerism. Proportion of XY cell line ranged from 8 to 97% (Tab. 1). Amoung them
three animals were culled because of very low growth rate (one bull) and poor sexual
behaviour (two bulls).

Results of ejaculate analysis are presented in Table 1. The production of sperm
ejaculates in a bulls with XX/XY chimmerism (calculated on the basis of 12 ejaculates)
ranged from 1.16 mld till 8.780 mld (mean 3.23 mld). The percentage of major morpho-
logical deffects reached even 29.20 in one XX/XY chimeric bull (the mean for group of
chimeric bulls — 8.17) and the minor deffects 62.61 in the same bull (the mean — 17.88).

The percentage of motile spermatozoa showed in Table 2 ranged the values from
23.5 to 73.4 and the sperm concentration from 289 x 10° to 1510 x 10°.
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Table 1. Production and morphology of sperm produced by XX/XY chimaeric bulls
Tabela 1. Produkcja i morfologia nasienia produkowanego przez buhaje z chimeryzmem XX/XY

XY cell % of spermatozoa with
line Production of sperm (average morphological defects
Bull Linia of 12 ejaculates) (mld) % plemnikéw z wadami
Buhaj komoérko- | Produkcja nasienia (Srednia morfologicznymi
wa XY z 12 ejakulatow) (mld) major minor
(%) glowne podrzegdne
1. 95 4.27 3.70 3.77
2. 79 3.64 4.45 9.93
3. 40 8.78 3.74 11.22
4. 92 4.19 3.37 5.82
5. 52 1.16 3.86 9.06
6. 97 1.52 29.20 62.61
7. 14 1.66 13.38 16.20
8. 15 3.93 3.55 7.80
9. 45 2.68 5.86 12.70
10. 85 3.97 4.10 15.70
11. 30 5.12 2.10 11.10
12. 26 1.83 6.40 18.00
13. 16 1.47 6.00 21.30
14. 8 1.68 21.60 36.42
15. 90 2.48 11.30 26.50
Average XX/XY
=15
Srednia XX/XY 52.27 3.23 8.17 17.88
n=15
Average control
. nels 100 3.62 5.30 6.40
Srednia kontrolna ’ ’ '
n=15

The results of one-way analysis of variance showed significant differences between
the volume of ejaculate and highly significant differences between motility of spermato-
zoa and sperm concentration of chimeric bulls and the control group.

Leukocyte chimerism, classified as a special category of changes in bovine karyo-
type, is the most widespread anomaly in cattle. Cytogenetic analysis makes it possible to
calculate the percentage of female (XX) and male cell lines (XY) in the blood of a given
animal. The percentage of each cell line may ranged from 0 to 100 [DeGiovanni et al.
1975]. In this study the proportion of XX to XY line range from 8 to 97%.

However, several reports showed that bulls with XX/XY leucocyte chimerism to
have lower reproduction parameters. The investigations of Cribiu and Popescu [1982]
discussed the non-return ratio for twelve chimeric bulls. For six of them the value of this
parameter was significantly decreased. The same results were obtained by DeGiovanni et
al. [1975] and Stafford [1972]. Switonski ez al. [1991] and Rejduch et al. [1998] showed
a decrease of the non-return ratio in three of six chimeric bulls in comparison with the
corresponding mean values of A.I. Stations.
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Quantitative analysis of semen parameters, carried out by Dunn et al. [1979] on
ejaculates produced by twelve chimeric bulls showed that the motility and sperm con-
centration were significantly lower than those of control bulls. These authors also
pointed out on changes in the morphology, motility and vitality of spermatozoa with
acrosome defects. Moreover, histopathological studies indicated degeneration in the
testicular area.

Poor semen quality of chimeric bulls was also reported by Stafford [1972], Bongso
et al. [1981] and Switonski ef al. [1991].

The results of our investigations (Tab. 2) showed a reduction of some semen pa-
rameters in bulls born co-twin with freemartins.

Table 2. Characteristics of ejaculates produced by XX/XY chimeric bulls
Tabela 2. Charakterystyka ejakulatéw produkowanych przez buhaje z chimeryzmem XX/XY

Volume Motile spermatozoa (%) Sperm concen(‘tration/ml
Bull. (.ml) s Ruchliwos$¢ plemnikow (X 107 .y
Buhaj Objgtosc¢ %) Koncentracja plimnlkow/ml
(ml) (x 10%)
1. 4.86 65.0 879
2. 5.03 56.7 724
3. 5.85 73.4 1510
4. 4.88 68.3 858
5. 2.26 60.8 504
6. 1.31 23.5 398
7. 3.00 45.0 552
8. 3.95 64.0 971
9. 3.11 55.8 863
10. 4.77 61.7 832
11. 5.57 55.8 918
12. 3.03 45.0 606
13. 2.62 483 560
14. 2.36 41.7 289
15. 3.24 53.3 968
Average XX/XY
n=15 * ok o
Srednia XX/XY 3.72 54.85 762
n=15
Average control
n=15
Srednia kontrolna 4.39 70.1 113
n=15

* significant differences (P < 0.05) — roznice istotne (P < 0,05)

** highly significant differences (P < 0.01) — r6znice wysoko istotne (P < 0,01)
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Jazdzewski [1976] showed that in two groups of 15-month-old bulls of the Polish
native Black and White breed, kept in different conditions, the volume of ejaculate
ranged from 3.72 to 4.00 ml, motile spermatozoa ranged from 62.9 to 66.8 percent and
sperm concentratiom ranged from 1005 to 1136/ml x 10°.

In our study on chimeric bulls, the corresponding parameters were as follows:
volume of ejaculate — 1.31-5.85 mL (mean 3.72 mL), motility of spermatozoa —
23.5-73.4% (mean 55.85 %) and sperm concentration — 289—1510/ml x 10° (mean
762/ml x 10°).

Figure 1. FISH technique. Fluorescent signals in bull spermatozoa

Rysunek 1. Technika FISH. Sygnaty fluorescencyjne w plemnikach buhaja

The hybridization of bovine heterosome painting probes with genetic material found
in bull semen revealed clear single fluorescent signals: yellow on sperm with X chromo-
some, and red-purple in cells with Y heterosome (Fig. 1). Based on analysis of hybridi-
zation signals evaluated in 500 spermatozoa of every animal and using the image analy-
sis sytstem LUCIA-FISH, the proportion of sperm with X chromosome in the haploid set
(45-55%), and the proportion of sperm with Y chromosome (57-43%) were determined,
taking into account those spermatozoa for which no signals were recorded (0-4%). Si-
multaneous hybridization using two differently labeled probes performed in bull sper-
matozoa by Hassanane et al. [1999] made it possible to determine appox. 0.1% of
disomic spermatozoa (0.067% XX, 0.029% YY and 0.029% XY) in the analysed sperm
in addition to determining the X:Y ratio. The use of the FISH technique for identification
of the heterosomes in the semen of Bovids species diagnosed with leukocyte chimerism
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XX/XY provides new insights for the debate on uneven sex distribution among the off-
spring of males with chimerism [Lojda 1972, Rejduch 2001, Di Berardino et al. 2004,
Kozubska-Sobocinska and Rejduch 2008].

CONCLUSIONS

Based on the results obtained, which characterise fertility of bulls carrying the
XX/XY chimerism, we suggest that these animals should not be used in A.I. Stations.
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Streszczenie. Na podstawie analizy cytogenetycznej wytypowano osobniki do grupy doswiad-
czalnej liczacej 15 buhajow — nosicieli chimeryzmu 60,XX/60,XY w celu okreslenia wptywu tej
nieprawidtowos$ci kariotypu na parametry nasienia. Analiza nasienia obejmowata nastgpujace
parametry: objeto$¢ ejakulatu (ml), ruchliwosé (%) i koncentracja plemnikéw/ml x 10°. Poréwna-
nie grupy do§wiadczalnej z kontrolna (buhaje o prawidtowym kariotypie) wykazalo istotne réznice
dotyczace objetosci ejakulatu oraz wysoko istotne roéznice dotyczace ruchliwoscei i koncentracji
plemnikéw. Buhaje z chimeryzmem leukocytarnym charakteryzowaly si¢ obnizonymi parametra-
mi nasienia. Technika sperm-FISH umozliwita okreslenie podobnego udzialu frakcji plemnikéw
z chromosomem X i1 Y u buhajow o kariotypie 60, XX/60, XY (w zakresie od 45% : 55% do 57% :
43%).

Stowa kluczowe: chimeryzm leukocytarny, buhaj, ptodnos$¢, analiza nasienia, sperm-FISH
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