
Introduction

During the biological evolution and domestica-

tion, chromosomal mutations and their fixation

have played an important role in speciation (Mayr

1963). Chromosomal polymorphisms in mammals

are known especially in the sex chromosomes

(Wurster and Benirschke 1968), while in

autosomes the C-band polymorphisms must be

mentioned (Switonski et al. 1983; Switonski

1984).

Between Bos indicus from the Indian subconti-

nent and B. taurus of European origin, the Y chro-

mosome polymorphism is a well-known

phenomenon (Halnan and Francis 1976;

Stranzinger et al. 1987). Reproductive failures are

observed after crossings between B. taurus and

B. indicus (Rendel 1980). According to Märki and

Robinson (1984), Mayer (1984), Goldammer et al.

(1997) and Suwattana et al. (2007), the difference

in the Y chromosome can be identified as

a pericentric inversion with an additional possible

loss of genetic material (Teale et al. 1995).

This assumption can be supported by the fact that a

base sequence is missing in the heterochromatic

centromere region of X and Y chromosomes in

B. taurus, and the 1/29 centric fusion reacts nega-

tively in the centromere region with the same gene

probe (Jörg et al. 2001). The metacentric Y chro-

mosome of B. taurus is fully heterochromatic in

the short arm (Figure 1). This seems to indicate

that with the proposed pericentric inversion,

a splitting and dislocation of heterochromatin

must have occurred, and the pseudoautosomal re-

gion (PAR) should have been influenced. If we

consider in addition the hypothesis of Ohno (1962)

on the development of sex chromosomes with the

additional mutational event, the telocentric chro-

mosome should be evolutionarily first and the de-

duced pathway of speciation would have to be

corrected.

One must consider the effect of the Y chromo-

some polymorphism on the correct distribution of

homologues in the meiotic event, as it is demon-
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strated in humans concerning trisomy 21 (Cohen

et al. 1977) due to differing aging of hetero-

chromatin material in the centromere region.

Cattle are negative for the alpha365 satellite

probe as well as for heterochromatin of the X chro-

mosome in the centromere region (Figure 1b) and

interestingly also the 1/29 centric fusion is nega-

tive (Jörg et al. 2001).

The discovery of the SRY mechanism (deriv-

ing from the ‘sex-determining region of the Y

chromosome’) for the induction of the male sex

differentiation (Berta et al. 1990) and the localiza-

tion of this gene in the Y-specific region of the

Y chromosome, exclude this gene from cross-

ing-over. It is also known that additional loci

(König et al. 1992) on autosomes have an epistatic

effect on sex differentiation (Schibler et al. 2000).

This study was aimed to analyse the Y chromo-

some polymorphism in various cattle breeds in

Switzerland, on the basis of normalized chromo-

some length.

Materials and methods

In Switzerland all young bulls selected for AI

breeding have been subjected to chromosome

analysis since 1965. The analysed metaphase

chromosomes originated from full blood leuco-

cyte culture. The first results of the investigations

were reported by Tschudi (1984). Only centric fu-

sions were diagnosed on the slides stored. Since

1981, the tests have been made in Zurich

(Breeding Biology Group, Swiss Federal Institute

of Technology). Till 1999, micrographs were

made for diagnosis and 3 representative

metaphases were stored. After 1999, all analyses

were made on a computer screen with digital pic-

tures and stored on a hard disc. For this study,

414 bulls with micrographic documentation from

7 years (1993–1999) were used as representative

probes.

The comparison of measurements of chromo-

some length needs a special normalization of the

absolute measurements to be able to compare dif-

ferent metaphases with differing spiralisation and

division stage within individuals and between ani-

mals and breeds (Stranzinger 1983; Switonski

et al. 1990). The ratio of absolute length of each

single chromosome to the norm value (i.e. mean

chromosome length) of this metaphase is the rela-

tive length (RL) of this chromosome. Only these

relative values can be compared with each other.

Banding staining alone interferes in specific

chromosomes with the centromere and telomere

and therefore the length cannot be unequivocally

distinguished. As a compromise in this study, only

chromosome 1 as the longest and chromosome 29

as the shortest autosomes were measured. Also the

X and Y chromosomes can be easily identified,

as more or less submetacentric chromosomes.

Hence 2 different norm values were calculated, on

the basis of either the 2 autosomes only, or the

2 autosomes with the X chromosome.

The measurements of the chromosomes were

made on anonymised, enlarged metaphases with-
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Figure 1. Two representative metaphases of bulls: (a) with normal staining, and (b) with C-band staining showing

the negative X chromosome and the heterochromatic short arm in the Y chromosome (arrows) and all autosomes

positive. The proposed largest and smallest autosomes are marked with a dot each.



out knowledge of breed and animal identification.

After all measurements were made, the true identi-

fications were added and the breed assigned.

The following 7 breed groups were identified:

(1) Holstein: Black and Red, (2) purebred and

crossbred Fleckvieh, (3) purebred Brown Swiss,

(4) crossbred Brown Swiss, (5) purebred Simmen-

tals, (6) Herrens or Eringer, and (7) beef breeds of

various origin (primarily Limousin, Angus and

Charollais). Their numbers are given in Table 1.

In addition, for every bull his breeding values

were recorded.

The micrographs were made with the same mi-

croscopic system (Leitz) and a 63 planapo objec-

tive, and the magnification of the metaphase plate

was in every case 10. At this magnification, best

quality metaphases were selected, and the longest

and shortest autosome and the X and Y chromo-

somes were measured by a pair of dividers and a

measuring instrument. All 4 chromosomes can be

easily identified in the cattle karyotype without

banding staining and therefore can be used for the

standardization procedure. All measurements

were made by the same person.

Analysis of variance was used to investigate

possible overall breed differences for the traits un-

der consideration. Beside the breed effects, a fixed

effect for the year of culture and slide preparation

was included in the statistical model. In addition,

individual differences between the Holstein and

all other breeds were tested for their statistical sig-

nificance. The Holstein was regarded as a standard

because it showed low values for both traits – rela-

tive length (RL) and the arm length ratio (ALR, i.e.

long arm length divided by chromosome length) –

with a reasonable number of measured bulls (Ta-

ble 1). The statistical analysis was done with the R

program (Venables et al. 2005).

Results

The application of 2 different norm values – for ei-

ther the 2 autosomes only or the 2 autosomes with

the X chromosome – did not differ significantly in

the analysis of variance. therefore, in the Tables 1

and 2, only the norm value including the

autosomes with the X chromosome were used. Pri-
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Table 1. Mean (x) and standard deviation (s) of relative length of autosomes

1 and 29, and X and Y chromosomes in various cattle breed groups and all

breeds jointly

Breeds 1 2 3 4 5 6 7 All

No. of animals 98 72 13 176 35 6 14 414

Chr. 1 x 1.33 1.32 1.29 1.32 1.33 1.29 1.33 1.32

s 0.06 0.05 0.06 0.06 0.06 0.05 0.07 0.06

Chr. 29 x 0.39 0.39 0.43 0.39 0.39 0.42 0.41 0.39

s 0.04 0.05 0.04 0.05 0.05 0.07 0.04 0.04

X Chr. x 1.28 1.28 1.28 1.28 1.27 1.29 1.26 1.28

s 0.06 0.06 0.06 0.06 0.06 0.03 0.06 0.06

Y Chr. x 0.44 0.44 0.53 0.51 0.44 0.47 0.47 0.48

s 0.05 0.06 0.08 0.06 0.06 0.07 0.04 0.07

Table 2. Estimates of absolute differences between the standard cattle

breed (1) and other breed groups (2–7) for relative length of Y (RL) and

arm length ratio of Y (ALR)

Breeds 2 3 4 5 6 7

RL Y 0.003 0.096*** 0.070*** 0.082*** 0.033 0.041*

ALR Y 0.006 0.030 0.026*** 0.011 0.006 0.041*
*P<0.05, **P<0.01,***P<0.001



marily the differences in RL and ALR of the Y

chromosome between the breeds were of interest.
For ALR, only 2 significant differences in the

Y chromosome between breeds were found. RL
differed significantly between breed 1 and breeds
3, 4, 5 and 7. The X chromosomes do not differ be-
tween the breeds in both traits. This is in accor-
dance with the biological situation, that in
crossings between different species (yak, bison
and cattle) only the males are sterile, while the fe-
males are fertile and no problems occur in meiosis
in female F1 crosses for the pairing of the X chro-
mosomes.

The 2 autosomes measured did not differ in any

case between the breeds but interestingly in the

analysis of variance a significant influence of the

year on RL was seen.

Discussion

In animal production, the existence of breeds and
therefore generations of recorded ancestors and
partly inbreeding are the bases for the possibility
to investigate Y chromosome polymorphism
(Switonski 1984; Jaszczak et al. 1998;
Kozubska-Sobocinska and Slota 2002; Mandal
and Sharma 2003). Banding staining in cattle is
only necessary when specific chromosome muta-
tions are expected (Hediger et al. 1991) but for the
known centric fusions (1/29, 14/21, etc.), identifi-
cation is possible without banding techniques
(Gustavsson 1969; Popescu 1989).

The reported and several times confirmed dif-

ferences in the Y chromosome between B. taurus

(meta- to submetacentric) and B. indicus (acro- to

telocentric) by Halnan (1976), Halnan and Francis

(1976), Halnan and Watson (1982), Märki and

Robinson (1984), Stranzinger et al. (1987),

Goldammer et al. (1997), and Suwattana et al.

(2007) have led to the hypothesis that also be-

tween the European breeds a polymorphism might

exist.
With the presented data the supposed length

polymorphisms can now be seen, where some dif-
ferences between breeds are significant.
The length and size of the pseudoautosomal region
between the X and Y chromosomes are of impor-
tance for the pairing of the sex chromosomes in
meiosis (Ohno and Weiler 1962) and therefore
also the arm length ratio (ALR) is of importance.

If pairing of X and Y is not possible, then meio-
sis is stopped and no sperm production occurs
(Pearson and Borrow 1970). The reduction of
ejaculate concentration and volume can be caused
by a failure of the pairing of chromosomes, espe-

cially of X and Y in meiosis, and the resultant lack
of sperm production.

The effect of Y chromosome polymorphism on

crossing compatibility is not known. This can now

be investigated with the presented data, since

slight morphological differences could also influ-

ence the pairing behaviour of X and Y chromo-

some in meiosis (Ohno and Weiler 1962; Süss

et al. 1988; Switonski et al. 1990). Different chro-

mosome mutations are known, like centric fusions

with a slight reduction in fertility (Kneubühler

et al. 2003) against the reciprocal translocations

(Ansari et al. 1993) with large effects.

Current breeding strategies, with the possibil-

ity of artificial insemination and other reproduc-

tion methods, can use all breeds of the world and in

combination with embryo transfer a completely

new situation and new combinations of autosomes

and sex chromosomes is possible. Since F1 ani-

mals are born without problems, only the further

backcrosses or additional breed combinations

cause chromosomal incompatibilities. The dem-

onstration of the polymorphism in the Y chromo-

some in our breeds can lead to new investigations

concerning its influence on fertility, but their mea-

surements must be included in the analysis only

after normalization.

Conclusions

Chromosomal mutations and their fixation in pop-

ulations can create new polymorphisms, espe-

cially in sex chromosomes (Ohno and Weiler

1962). In crosses between B. taurus and

B. indicus, a very significant difference in Y chro-

mosomes is visible: B. taurus with a meta- to

submetacentric and B. indicus with an acro- to

telocentric Y chromosome. However, visible mor-

phological differences are not always the cause of

significant fertility problems, and mostly minor

variations (like the RL or ALR variations on the

sex chromosomes), disturb the reproduction pro-

cess.
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