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Translocations associated 
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Abstract 

The Swedish Mountain cattle and four other native Swedish cattle breeds show the phenotype of colour-sidedness. 
The causes of this phenotype are either a translocation and duplication from chromosome 6 to chromosome 29 
(known as Cs29) including the KIT gene, or an additional translocation allele where part of Cs29 has been translocated 
back to chromosome 6 (Cs6). Besides the colour-sidedness, the Cs29 translocation has been associated with gonadal 
hypoplasia which can cause fertility problems. Despite breeding efforts during more than 80 years to reduce the prev-
alence of gonadal hypoplasia, there are still individuals with gonadal hypoplasia. We genotyped the Cs29 and Cs6 
alleles in Swedish Mountain cattle and five other Swedish native breeds. Whole-genome sequence data of 30 cattle 
were analysed for the translocations, and 115 DNA samples were analysed using multiplex PCR. The current allele 
frequency of the Cs29 allele in Swedish mountain cattle was estimated to be 44%. The results indicate that the Cs29 
translocation is also present in the four other native Swedish cattle breeds with colour-sidedness, and the Cs6 translo-
cation in at least three of them.
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Background
The Swedish Mountain cattle (Fjällko) is a native breed 
which is known to be healthy and robust and once played 
an important role for milk production in northern Swe-
den [1, 2]. In 2021 the breed consisted of only 7,802 
breeding individuals: 2,032 breeding males and 5,770 
breeding females [3]. Despite the small population size, 
the breed shows a relatively high genetic diversity [4]. 
Furthermore, Swedish Mountain cattle show a higher fre-
quency of the β-casein variants A1 and B as well as the 

κ-casein variant B compared to conventional milk pro-
duction breeds [5].

The breed was established in the  1880 s and in 1893 
breeders came up with a breed standard [6] that included 
a mainly white coat colour with red or black dots on their 
flanks and coloured ears and polledness [2, 3, 6]. With 
selection based on the white coat colour, gonadal hypo-
plasia increased in the breed [7], because of an unfa-
vourable genetic relationship with colour-sidedness, 
which was not known at the time. Gonadal hypoplasia is 
a disease in which one or both gonads, ovaries in cows 
and testicles in bulls, are small and underdeveloped. In 
Swedish Mountain cattle the affected ovary or testicle is 
predominantly the left one, but cases with right sided or 
double-sided hypoplasia can be found [8, 9].

The origin of gonadal hypoplasia in Swedish Mountain 
cattle is suspected in Jämtland in 1900 [7]. In the fol-
lowing years fertility problems as well as the number of 
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affected animals increased, and researchers later found 
out that hypoplasia was an inherited disorder [8]. There-
fore, the Swedish Mountain cattle breeding association 
decided in 1937 that hypoplasia affected bulls could no 
longer be added to the herd book, to reduce the occur-
rence of gonadal hypoplasia in the breeding population 
[8]. From 1943 onwards breeding bulls must have an 
unaffected mother and since 1950 an unaffected maternal 
grandmother [8]. This phenotypic control program is still 
in use [10].

The genetic mechanism responsible for colour-sided-
ness is a translocation of ~ 500 kbp from chromosome 6 
to chromosome 29 (known as the Cs29 allele), or another 
translocation, called Cs6, which involves a transloca-
tion back to chromosome 6 of a region from Cs29 [11]. 
The translocated segment includes the KIT gene which 
is known to encode a type III receptor protein of the 
tyrosine kinase family. The KIT protein is needed for 
survival, proliferation and migration of melanocyte pre-
cursors and primordial germ cells during embryogenesis 
as well as regular development of hematopoietic stem 
cells [12–15]. In fact, SNP variants in the KIT gene were 
found to be associated with fertility and be identified as 
one of the several causes of male infertility in humans 
[16]. Besides their role in reproduction, the KIT gene has 
also been associated with white pigmentation and spot-
ting in several mammals, including pigs [17]. In addition 
to colour-sidedness, the Cs29 allele has been associated 
with gonadal hypoplasia in Northern Finncattle, making 
it a plausible candidate variant for gonadal hypoplasia in 
Swedish Mountain cattle [9].

In this study, we aimed to investigate the occurrence 
of the Cs29 and Cs6 translocations in Swedish Moun-
tain Cattle and other local Swedish cattle breeds. We 
used whole-genome sequence data from 30 cattle of dif-
ferent Swedish local breeds, as well as multiplex break-
point PCR genotyping of 55 individuals born between 
1976 and 2015 and 80 of contemporary cattle sampled in 
2023–2024. These animals belong to Swedish Mountain 
cattle, three closely related breeds Fjällnära, Bohus Polled 
(Bohuskulla) and Swedish Polled (Svensk Kullig Boskap), 
as well as the Väneko breed which is not as closely related 
to the others but has colour-sided animals.

Material and methods
Translocation genotyping by sequence depth of coverage
Whole-genome Illumina sequence data from 30 animals 
belonging to Swedish native breeds was previously gen-
erated by [18]. These animals were sequenced on the 
Illumina NovaSeq 6000 platform with mapped genome 
coverages ranging from 15 to 42X with an average of 26X. 
The objective of this analysis was to use depth of cover-
age as a proxy to genotype the translocation alleles. The 

breed distribution from the 30 Swedish cattle from differ-
ent local breeds is shown in Table 1.

We performed alignment and the first step of vari-
ant calling with GATK using the Sarek workflow ver-
sion 2.7.1 [19, 20]. Briefly, sequence reads were aligned 
to the cattle reference genome ARS-UCD1.2 using bwa 
mem [21]. Picard (2.27.1) (http://​broad​insti​tute.​github.​
io/​picard/) was then used to mark duplicate reads. Fol-
lowing, we used BEDTools (version 2.30.0) [22] to calcu-
late the depth of coverage in 10 kbp windows along the 
cattle genome. The depth of coverage was standardized 
by dividing the depth of coverage in each window by the 
median depth of all windows in the genome. We plotted 
the depth of coverage in two 1.5 Mbp regions of interest 
defined by converting the regions of interest from [9] to 
the ARS-UCD1.2 assembly with UCSC LiftOver (https://​
genome.​ucsc.​edu/​cgi-​bin/​hgLif​tOver) using default set-
tings. This allowed us to detect elevated depth of cover-
age in the regions affected by the translocations Cs29 and 
Cs6. To distinguish genotypes, we visually compared the 
standardized depth of coverage in  regions affected by 
the translocation to the expected depth from different 
genotypes. Since the expected elevation of coverage is 1.5 
times in heterozygotes and 2 times in homozygotes, we 
plotted horizontal lines corresponding to 1.5 times and 2 
times the median depth, respectively.

Samples for PCR genotyping
We analysed DNA samples from 59 (of which 55 had 
clear results that we could use) individuals from native 
Swedish cattle breeds born between 1976 and 2015 
(Table  2), and 80 of contemporary animals sampled in 
2023–2024. The gonadal hypoplasia status of most ani-
mals was unknown. The DNA samples were already col-
lected in the past for previous research. The DNA had 
been extracted from blood and sperm samples and was 
stored at −20 °C. Quality control was done with Nan-
oDrop (Thermo Fisher Scientific Inc), and 21 samples 
with low concentrations were also analysed with the 
Qubit dsDNA BR assay kit (Invitrogen).

Table 1  Number (N) of whole-genome sequenced individuals 
from the different Swedish cattle breeds

N Breed

9 Swedish Red Polled (Rödkulla)

7 Swedish Mountain (Fjäll)

5 Väne

4 Fjällnära

3 Bohus Polled (Bohuskulla)

2 Ringamåla

http://broadinstitute.github.io/picard/
http://broadinstitute.github.io/picard/
https://genome.ucsc.edu/cgi-bin/hgLiftOver
https://genome.ucsc.edu/cgi-bin/hgLiftOver
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Breakpoint primers
Six breakpoint PCR primer pairs were developed by 
[11] and [9]. They span breakpoints of the translocation 
and fusion points on chromosome 6 and chromosome 
29. The α-D, A-E and C-β primer pairs detect the Cs29 
allele which is responsible for the colour-sidedness and 
gonadal hypoplasia. The γ-B primer pair detects the Cs6 
allele also known to cause colour-sidedness. The α-β and 
α-β_2 primer pairs detect the wild type allele on chromo-
some 29. We used online BLAST searches through the 
Ensembl genome browser [23] to confirm that the prim-
ers aligned in the expected regions on chromosomes 6 
and 29 in the ARS-UCD1.2 reference genome [24]. We 
then used the UCSC in-silico PCR tool [25] to verify no 
other segments were predicted to amplify.

Sanger sequencing
Four individuals with whole-genome sequence data were 
also Sanger sequenced with the BigDye Direct Cycle 
Sequencing Kit (Applied Biosystems, Life Technologies) 
to validate the six different primer pairs using the Sanger 
sequencing technique [26]. The primers were tailed with 
the M13 universal primer sequences. The sequencing was 
performed according to the kit manual with the excep-
tion of the annealing temperature for PCR being 58  °C 
instead of 62  °C. After amplification, the samples were 
cleaned with the BigDye Xterminator Purification Kit 
(Applied Biosystems, Life Technologies) according to the 
protocol to remove unincorporated terminators and salts. 
The purified samples were then run in the capillary elec-
trophoresis (3500xL Genetic Analyzer, [27]. The results 
of the sequencing were aligned by using MEGA11 [28] 
and searched for its position against the cattle genome by 
using the Ensembl BLAST web tool [23].

PCR
The six primer pairs (α-D, A-E, C-β, γ-B, α-β and α-β_2) 
were tested on the same four individuals that were used 

in Sanger sequencing. After testing the primer pairs indi-
vidually, a multiplex of three informative primer pairs, 
A-E, γ-B and α-β, could be constructed.

All the amplifications were done using HotStarTaq Plus 
Master Mix kit (Qiagen). The standard protocol of the kit 
was followed with the exception of using a final volume 
of 10  µl and 10  ng of template DNA. For single primer 
pair runs, we used 0.5  µM of each forward and reverse 
primer. For the multiplex, 0.25 µM of each forward and 
reverse primer for A-E and α-β, and 0.4 µM for γ-B was 
used. The PCR reactions were run on the ProFlex PCR 
system (Applied Biosystems, Life Technologies). The ini-
tial denaturation was done at 95 °C for 5 min, followed by 
35 cycles at 94 °C for 30 s, 58 °C for 1 min and 72 °C for 
1 min. The final extension was done at 72 °C for 10 min.

PCR products were visualized with the Agilent 4200 
TapeStation system using the High Sensitivity D1000 kit 
(Agilent Technologies Inc.). The A-E primer pair with a 
product of 318 bp is an indicator of the Cs29 transloca-
tion. The α-β primer pair product of 394 bp marks the 
wildtype allele, and the γ-B product of 525 bp is an indi-
cator for the Cs6 translocation.

Genotype and allele frequencies
We calculated the observed genotype and allele frequen-
cies for each breed. For Cs29 we report allele frequen-
cies. Because the breakpoint PCR cannot distinguish Cs6 
homozygotes from heterozygotes (acting as a dominant 
marker), we report only frequencies of presence of Cs6. 
The 95% confidence intervals were calculated using a 
binomial test in R [29]. We tested significance of differ-
ence in genotype frequencies using the fisher exact test 
in R [29].

Results
Detection of the translocation alleles from whole‑genome 
sequence data
We detected the Cs29 translocation in sequenced ani-
mals of the Swedish Mountain cattle, Fjällnära, Väne cat-
tle and Bohus Polled breeds. The depth of coverage in the 
region around the regions affected by Cs29 and Cs6 on 
chromosome 6, and their inferred genotypes, was clearly 
identified (Fig. 1). There were five homozygotes and eight 
heterozygotes. The translocation was not detected in the 
Swedish Red Polled and Ringamåla breed, which are not 
colour-sided. In addition, two individuals of the Bohus 
Polled breed were heterozygous for the Cs6 translocation, 
also indicated by elevated coverage in the region affected 
by Cs6 on chromosome 29 (Fig. 2).

Detection of translocations by multiplex breakpoint PCR
We detected the Cs29 allele in all breeds tested by multi-
plex breakpoint PCR: Swedish Mountain cattle, Fjällnära, 

Table 2  Number of samples from the different Swedish cattle 
breeds with successful PCR genotyping. (Within brackets are the 
number of samples that were collected 2023–2024.)

N Breed

80 (60) Swedish Mountain (Fjäll)

35 (20) Fjällnära

8 Swedish Polled (Svensk Kullig Boskap)

7 Bohus Polled (Bohuskulla)

5 Väne
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Fig. 1  Standardized depth of coverage within and surrounding the regions duplicated by Cs29 and Cs6 on chromosome 6 for each of the samples 
with whole genome sequence data. The red rectangle represents the location of the KIT gene (ENSBTAG00000002699). The blue dashed lines show 
the 1x, 1.5 × and 2 × times the median depth of coverage in the region. The inset label gives the inferred translocation genotypes for Cs29 and Cs6

Fig. 2  Standardized of coverage in and around the region affected by Cs6 on chromosome 29. The blue dashed lines show the 1x, 1.5 × and 
2 × times the median depth of coverage in the region. The inset label gives the inferred translocation genotype for Cs6
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Bohus Polled, Väne cattle and Swedish Polled. We also 
detected the Cs6 allele in all breeds except in Väne cattle. 
The genotypes are shown in Additional file 1. Six animals 
that were whole-genome sequenced were also genotyped 
with breakpoint PCR, and their genotypes agreed.

In the animals born 1976–2015, allele frequencies of 
the Cs29 translocation ranged between 0.22 in Swed-
ish Polled and up to 0.57 in Swedish Mountain cattle 
(Table 3). In contemporary animals sampled 2023–2024, 
allele frequencies were 0.44 for Swedish Mountain cat-
tle and 0.15 for Fjällnära, which is a decrease compared 
to animals sampled earlier. As can be seen in Table 3 the 
confidence intervals of allele frequencies for Cs29 do over-
lap indicating that the differences in frequency between 
the year cohorts are not significant. Also the result of the 
fisher exact test of the genotype frequencies showed that 
there were no significant differences between the time 
periods (p = 0.229 and 0.155 respectively for the breeds). 
For the Cs6 allele no distinction between hetero- and 
homozygous individuals was possible, and therefore the 
frequency of Cs6 positive (heterozygous or homozygous) 
animals are reported.

Discussion
The aim of this research was to investigate the occur-
rence of translocation alleles associated with colour-sid-
edness and gonadal hypoplasia in several native Swedish 
cattle breeds. The results showed that the Cs29 is com-
mon both in Swedish Mountain cattle and in Fjällnära, 
Bohus Polled, Väne cattle and Swedish Polled. This might 
be related to the fact that all breeds show the colour-
sidedness phenotype and most of them are related to the 
Swedish Mountain cattle. We also found the Cs6 trans-
location was found present in all the above-mentioned 
breeds except Väne cattle. In contemporary animals sam-
pled in 2023–2024, the frequency of the Cs29 allele was 
high in Swedish Mountain cattle (44%), albeit somewhat 
lower than in the animals born 1976–2015 (56%). In Fjäll-
nära the frequency of Cs29 was also lower with 15% in 

contemporary animals compared to 28%, although these 
differences were not significant.

Comparison to previous results
Durkin et al. [11], who first identified the translocations, 
investigated colour-sided animals from eight breeds, 
including two Swedish mountain cattle, where they found 
both Cs29 and Cs6. Venhoranta et  al. [9] found an allele 
frequency of Cs29 of 60% in Northern Finncattle, and 
their sample also included a few Swedish Mountain cat-
tle. They also found a frequency of 61% Cs6 positive ani-
mals (heterozygous and homozygous). This suggests that 
both translocations are more common in Northern Finn-
cattle than in Swedish Mountain cattle, but that the dif-
ference is bigger for Cs6.

Limitations
There are several limitations to keep in mind when 
interpreting our results. First, the sample sizes for some 
breeds are relatively small, especially for Bohus Polled, 
Swedish Polled and Väneko, and mostly from individu-
als born before 2000. Second, the samples were not taken 
at random, and may not be representable for the whole 
population. Our estimates from the older samples and 
smaller breeds in particular should therefore be inter-
preted cautiously. The contemporary samples from Swed-
ish mountain cattle 2023–2024, however, are in total 60 
samples and are born in eight different herds, and likely 
give a fairly good representation of the diversity of the 
breed at present. Because the hypoplasia status of most 
of the samples was not known, we cannot estimate the 
phenotypic prevalence or the penetrance. To know the 
current incidence of gonadal hypoplasia and test the pre-
viously reported association to Cs29, samples of clinically 
examined animals need to be collected.

Implications for gonadal hypoplasia
In addition to the effect on colour-sidedness, the Cs29 
allele but not Cs6 has been associated with gonadal 

Table 3  Allele frequencies of the Cs29 translocation in the different breeds (results from PCR typing and WGS data are added)

Breed Allele frequency Cs29 (95% confidence 
interval)

Cs6 positive genotype 
frequency (95% confidence 
interval)

Swedish Mountain (Fjäll) (n = 25), sampled in  1990 s and 2004–2015 0.56 (0.41–0.70) 0.40 (0.21–0.61)

Swedish Mountain (Fjäll) (n = 60), sampled 2023–2024 0.44 (0.35–0.54) 0.35 (0.23–0.48)

Fjällnära (n = 16), sampled in 1990s 0.28 (0.14–0.47) 0.31 (0.11–0.59)

Fjällnära (n = 20), sampled 2023–2024 0.15 (0.06–0.30) 0.45 (0.23–0.68)

Bohus Polled (n = 9), sampled in 1990s 0.67 (0.41–0.87) 0.33 (0.07–0.70)

Swedish Polled (n = 8) 0.31 (0.11–0.59) 0.25 (0.03–0.65)

Väne (n = 10), sampled in 1990s 0.40 (0.19–0.64) 0 (0–0.31)
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hypoplasia in Northern Finncattle [9]. If these results 
hold up in Swedish Mountain cattle, genotyping and 
selection against hypoplasia would be possible. Our 
results show that the Cs29 translocation allele is com-
mon, despite a phenotypic control program aimed 
at keeping hypoplastic bulls out of breeding [8]. The 
incidence of gonadal hypoplasia was measured in the  
1930 s to  1950 s, when the hypoplasia problem was 
noticed and the control program instituted [7] reported 
frequencies for gonadal hypoplasia between 26 and 30% 
in 1935, 23% in 1937 and 8% in 1942. Previous work [8] 
found incidences of 18% for cows born until 1936, for 
cows born between 1937 and 1939 it was 15%, for cows 
born between 1940 and 1945 it was 11% and for cows 
born between 1946 and 1948 it was 9% [30] estimated 
the incidence of gonadal hypoplasia in organs from 
cows slaughtered between 1950 and 1952. The inci-
dence of total hypoplasia was 5.2% to 11.1% in different 
counties and the incidence of partial hypoplasia was 
3.8% to 8.0% in different counties. Thus, the three stud-
ies reported a declining incidence for gonadal hypoplasia 
over time. Several factors may contribute to an increase 
in Cs29 even in face of the control program. One of them 
is the reduction of the Swedish Mountain cattle breeding 
population. Another contributing factor could have been 
the use of artificial insemination bulls who carry Cs29. 
The allele could be found in seven breeding bulls born in 
the twenty-first century included in this study, including 
two bulls homozygous for Cs29. In the samples collected 
in 2023–2024, the frequency was lower, indicating that 
the control program does work.

In order to improve the accuracy over the phenotypic 
control program, the multiplex breakpoint PCR could 
be developed into a DNA test for gonadal hypoplasia. 
The breeding organisation already offers the possibil-
ity of DNA analysis for milk casein, so no extra DNA 
collection would be necessary, just an additional DNA 
test [31]. The test for Cs29 would give a clear marker 
genotype for the hypoplasia and make selection more 
accurate. However, there is still the question on what 
to do with affected individuals. Excluding all carri-
ers from breeding would narrow the genetic material 
and increase the risk of inbreeding. It seems more rea-
sonable to select against homozygous bulls, by either 
excluding them from breeding or limiting their use. 
Further, if cows could be genotyped, the DNA test 
could be used to avoid carrier–carrier matings. Before 
being implemented, these interventions will need to be 
evaluated for their consequences for genetic diversity 
and cost to the breeding program.

Conclusion
Translocations associated with colour-sidedness are 
common in Swedish Mountain cattle and as present in 
several other native Swedish cattle breeds (Bohus Polled, 
Swedish Polled, Väneko and Fjällnära). If the previously 
reported association between one of these translocations 
and gonadal hypoplasia hold up in Swedish Mountain 
cattle, genotyping and selection against hypoplasia might 
be possible.
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