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SUMMARY

The present modern sheep is believed to have evolved from its wild ancestors 2.5 million years ago.
Furthermore archeological evidence suggest that sheep has been domesticated by man since 8500-
9000 years BC for their beneficial products to man including; milk, meat, skin and wool. Through
centuries, sheep have been spread from the center of domestication to different parts of the world
where they have adapted to environmental factors in such areas giving rise to what is known today as
local or indigenous breeds. Indigenous breeds are generally characterized by the presence of horns in
both rams and ewes, dark and coarse fleece and moulting coat. Such local breeds in Sweden include;
Dala Fur sheep, Gestrike sheep, Helsinge sheep, Klovsjo sheep, Svérdsjo sheep, Asen sheep,
Roslagen sheep, Véarmland sheep, Gotland sheep and Gute sheep. Though there have been some
studies on some of these breeds, information on genetic distinctiveness between them remains scarce.

The sheep genome contains more than 30 polymorphic endogenous proviruses (enJSRV) that are
related to the Jaagsiekte retrovirus (JSRV), a Beta retrovirus known for causing Ovine Pulmonary
Adenocarcinoma. These proviruses are remains of exogenous retroviruses that infected germ cells of
ancestors or great grandparents and have been passed on in a Mendelian manner to the present day
sheep. Some of these endogenous proviruses have been found to have different functions in sheep
species including the protection of hosts from infection by related defective exogenous viruses and
also aid in conception and implantation during reproduction. Recently these polymorphic loci have
been used to study the domestication trend of sheep and genetic distinctiveness between some sheep
breeds.

The aim of the current study was to use 6 of the polymorphic proviruses to define genetic difference
between five local Swedish breeds. The presence or absence of each of these proviruses in the studied
individuals was tested using polymerase chain reaction (PCR) and agarose gel-electrophoresis on
genomic DNA of 66 individuals. Results were analyzed based on the frequencies of the individual
loci in the tested samples, retrotype or provirus combination frequencies and a principal component
analysis was performed based on the provirus frequencies to visualize genetic distances between
studied breeds.

The study revealed a close genetic relationship sheep between Gute, Swedish fine wool sheep and
Roslag. Furthermore we also found a strong genetic closeness between Varmland and Klovsjo sheep
breeds. Although all the local Swedish breeds tested were found to have genomes of ancestral or
primitive makeup, Varmland and Klovsjé were more primitive than others. Further comparison of
each breed with Texel showed that Swedish fine wool sheep was more close to the Texel breed than
any other breed in the study. However, the number of samples used and their distribution among
herds was small. Hence, more samples are needed for a larger study to allow for better conclusions on
the genetic diversity or relatedness between these breeds and other Swedish breeds not included in
our study.



INTRODUCTION

Origin and domestication of modern domestic sheep breeds

It is widely believed that the modern domestic sheep evolved 2.5 million years ago from the three
different lineages Urial, Mouflon and Argali which still exist up to today (Dahlberg 2012). However,
according to recent studies on mitochondrial DNA, evidence suggests that Urial and Argali are least
likely to be ancestors of the modern sheep (Grigaliunaite et al. 2004 Bruford and Townsend 2006,
Chen et al. 2006). According to archeological evidence, the European Mouflon is no longer
considered a possible ancestor for the modern sheep but a feral remnant of early domestication
(Hiendleder et al. 1998, Grigaliunaite et al. 2004, Bruford and Townsend 2006). Sheep and goats
were the first livestock animals to be domesticated by man about 8500-9000 years BC in the region
around the near East. Sheep were primarily kept for meat, and later also for milk, skin, horns, wool
and hair as secondary products (Chessa et al. 2009, Tapio et al. 2010, Dahlberg 2012).

Environmental factors like climate coupled with human-mediated selection of these animals for
products such as meat, wool and milk, has through the course of time caused these animals to evolve
into breeds that can withstand the local conditions and produce the desired product. In Sweden,
according to archeological evidence, sheep production was introduced between 3000-4000 BC
(NorthSheD-homepage). Since the introduction of the first sheep population in several Swedish
regions, farmers have continued to select for several traits within these sheep, hence creating
populations of animals that are well adapted to the agro-ecological systems in those localities; giving
rise to what is termed as Swedish local sheep breeds.

Swedish local sheep breeds

Swedish local sheep breeds mainly belong to the North Europe short tailed sheep. These are
originally from Russia and they were spread to different North European countries including Sweden
by Vikings (Dyrmundsson and Niznikowski 2010). In their study, Dyrmundsson and Niznikowski
(2010) further noted that through a number of generations of both natural and artificial selection,
short tail sheep have adapted to harsh local climates in areas or countries they were reared to evolve
into local or indigenous breeds of those regions. Some have been crossed with other non-short tail
breeds to improve on the performance for the desired sheep products like wool, mutton and milk both
in terms of quality and quantity. In Sweden such breeds include Dala Fur sheep, Gestrike sheep,
Helsinge sheep, Klovsjo sheep, Svardsjo sheep, Asen sheep, Roslagen sheep, Véarmland sheep,
Gotland sheep and Gute sheep (Dyrmundsson and Niznikowski 2010). The current use and historical
background of some of these breeds is described further as they were used in the current study.

Gute sheep

Gute sheep is the most primitive among the native Swedish breeds. This sheep breed originates from
the Island of Gotland located in the Baltic Sea. In this breed, both rams and ewes have horns that are
slightly twisted. Also the sheep has a narrow and slightly wedged head whose color varies from white
to black. The wool from this sheep is mixed with white fine wool, black long coarse wool and Kemp
fibers, hence giving the sheep a grey color. The normal average weight of ewe lambs at birth is 2.25



kg and 2.5 kg for ram lambs. Fully grown ewes weigh about 45-60 kgs and rams weigh 70-100 kg
(FG-homepage).

Figure 1: Ram of Gute sheep with white and black mottled head, and large twisted horns
(Photo by Stig Karlsson)

Klovsjo sheep

The present Klovsjo sheep evolved from a couple of flocks surrounding Kloévsjo, a small village in
the county of Jdmtland in Sweden. The sheep are usually white or black in color with some white
marks in the face. This breed has got a long life span of about 15 years of age. They are usually
polled but rams sometimes have small brittle horns. It is a small breed, with ewes and rams weighing
about 40-60 kg and 60-70 kg respectively. The height of ewes and rams is on average 65 cm and 66
cm, respectively. It is a prolific breed common giving birth to twins, triplets and sometimes
quadruplets (FSA-homepage , Dahlberg 2012).
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Figure 2: Polled Kldvsjo sheep ewe with white and black face, dnd a white neck. (Photo by Jan
Gosselman)

Swedish Fine wool sheep

It is a short tailed Swedish breed that originated from Finland. The sheep breed is common in
southern and middle regions of Sweden. It is mainly kept for wool and meat production due to its
high fertility with an average of 2.7 lambs per lambing. The sheep are mainly white but a small
number of black may occur. Both ewes and rams are polled and produce uniform, very soft and
glossy elastic wool that is suitable for fine knitting. Rams weigh on average 75 kg while ewes weigh
50 kg at mature age (NorthSheD-homepage).

Roslag sheep

This breed was rediscovered in the 1990s by Nils Dahlbeck. Previously the breed was popular on
every farm on the Raggardon Island in Roslagen, in the county of Uppland. They were greatly raised
for their long wool that was used to make socks, gloves and other types of clothing. The breed
disappeared in the 1900s as farmers adopted more productive breeds, hence leaving only one flock in
Raggaron. Roslag sheep are small, with rams weighing about 50 kg and ewes 30-40 kg. The sheep are
usually white or black with white markings, or mottled. The rams usually carry large horns while
females are polled. Ewes hardly produce more than one lamb per lambing (FSA-homepage , Dahlberg
2012).



Figure 3: Polled Roslag she ewe, polled, aha aI'I hie in colér (Pho:co by Ste phan Noll)

Varmland sheep

The breed originated from the Varmland region of Sweden. The sheep are relatively small with rams
weighing about 60-70 kg and 40-65 kg for ewes. The ewes have good mothering ability and high
fertility where twins are common, as well as triplets. The sheep can have several coat colors like:
black, gray, brown and white. Ewes are usually polled, though buttons and in rare cases small horns
occur. Rams are mainly horned but polled rams also occur in the population. The wool varies from
rug type to fine wool that can be used for different crafting. Varmland sheep are very easy to handle
and good grazers (FSA-homepage)

Photo by Martin Stoltze

vikimadia commone

Figure 4: Varmland sheep ram, with big curved horns, white faces spotted with brown and
white wool (By Martin Stoltze, Wikimedia commons)

The above described breeds have been developed through within breed selection and sometimes
crossing with other non-native breeds like Texel to improve their productivity as noted by
Dyrmundsson and Niznikowski (2010). This is summarized in the Table 1 below:
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Table 1. Summary of the present status of five local Swedish sheep breeds as adapted from
Dyrmundsson and Niznikowski 2010.

Breed Name Importance as  Incidence of  Products in the order Current breeding
compared to  crossbreeding of their priority population size
national sheep  (and breeds ranking

population involved)
Gute sheep Little Low (Texel) Meat, wool, skin , milk 7000
Kl6vsjo sheep Little Low Wool, skin, meat, milk 97

(Gute sheep)

Swedish Fine Considerable Considerable ~ Wool, meat, skin, milk 3669
wool sheep (Texel,

Oxford down
and others)

Roslag sheep Little Low Wool, meat, skin, milk 675
Varmland Little Low Meat, wool, skin, milk 1814
sheep

Sheep and Endogenous Retroviruses

5'LTR gag pol env 3’ LTR

hestocioms pEEm- - -

Figure 5: An endogenous retrovirus contains three major genes including; Pol gene which codes
for reverse transcriptase, protease, intergrase and ribonuclease, Env-gene codes for envelope
protein, transmembrane protein, surface protein membrane and the Gag gene which codes for
matrix proteins including major caspid protein, outer matrix membrane.

Eukaryotic genomes contain several retrovirus-like elements (Figure 5). These are called Endogenous
retroviruses (ERVs) because they are stably embedded into the hosts’ genomes. As an example, 8%
of the human genome is composed of ERVs and their remnants (Arnaud et al. 2008, Jern and Coffin
2008). ERVs enter into the hosts’ genomes through the insertion of the effective exogenous
retroviruses into the genome of the germ-line (Chessa et al. 2009). After insertion into the germ-line
these retroviruses termed as proviruses are passed on to the next generation of that individual
vertically in a Mendelian manner, hence circulating into the population with time (Palmarini et al.
2004, Arnaud et al. 2008, Chessa et al. 2009). New integrations could be harmful, neutral or
advantageous to their host. The advantageous and neutral proviruses are retained in the population by
positive selection and neutral selection respectively. However, those integrations that are harmful to
the host are selected against to purge them out of the population. Also through a number of
generations, new insertions are gradually rendered inactive or suppressed by mutations or by



epigenetic mechanisms like DNA methylation, Histone modifications and RNA interference (Arnaud
et al. 2008, Jern and Coffin 2008, Maksakova et al. 2008, Sistiaga-Poveda and Jugo 2014).

However, even after going through several modifications, some endogenous retroviruses maintain
their intact open reading frames (ORFs) for one or more genes (Arnaud et al. 2008). This could imply
that these ERVs serve some kind of functions to the host organisms. Such functions have been found
to be: involvement in the interference of the replication cycle of related pathogenic retroviruses.
Integration sometimes occurs within or near genes and here they regulate transcription as promoters
or enhancers of these genes, they are able to do this because of their long terminal repeats (LTR). The
LTR has several potential binding sites for transcription factors to regulate and initiate transcription
since it is formed at the moment of integration as a promoter for transcription of the retroviral genes
(Jern and Coffin 2008). There is also building evidence showing that the development of the placenta
in mammals such as humans, mice and sheep needs functional retroviral envelope genes referred to as
Syncytins (Arnaud et al. 2008). Endogenous proviruses are greatly involved in organization and
plasticity of the host genome; here they bring about shuffling of different genomic regions including
exons, introns, enhancers and promoter, hence causing new dynamic functions in the host genome
(Palmarini et al. 2004, Jern and Coffin 2008). This is achieved through homologous recombination
between two proviruses on the same chromosome or two chromosomes, partial loss of the provirus as
a result of homologous recombination between the two LTRs leaves solo LTRs (Palmarini et al.
2004, Jern and Coffin 2008). Some ERVs serve an important function to their hosts of preventing
infection of the host by related exogenous retroviruses through early blockage of retroviral receptors,
or through late blockage by transdominant interference (Arnaud et al. 2008, Jern and Coffin 2008,
Sistiaga-Poveda and Jugo 2014).

ERVs could may be referred to as ancient or modern endogenous retroviruses. They are ancient, if
they got integrated into the host’s genome before speciation and all individuals in the population
possess them (i.e., fixed in the population) and they are majorly silenced, while the modern
endogenous retroviruses are more similar to the exogenous retroviruses as not much mutations or
deletions have accumulated in them. Modern ERVs are in some cases capable of producing infective
particles within the host, they also polymorphic as they still undergoing endogenization and are not
fixed in the population (Arnaud et al. 2008).

It has been estimated that there are over 30 endogenous retroviruses (Sistiaga-Poveda and Jugo 2014)
in the sheep genome, that are at the nucleotide level 85-89% related to the Jaagsiekte sheep retrovirus
(JSRV) which causes ovine pulmonary adenocarcinoma (OPA) a major viral disease to sheep
(Arnaud et al. 2008, Sistiaga-Poveda and Jugo 2014). These are referred to as endogenous Jaagsiekte
retroviruses (enJSRVs). Most of the enJSRVs are defective due to inactivation resulting from several
mutations, deletions and recombinations (Arnaud et al. 2008). Howbeit, five of these enJSRVs
(enJSR-7, -15, -16, -18 and -26) still possess complete genome arrangements with an undisturbed
open reading frames (ORFs) for all the retroviral genes (Arnaud et al. 2008, Sistiaga-Poveda and
Jugo 2014). Hence, these retroviruses are thought to be recent or modern integrations (Arnaud et al.
2008). The integration of these proviruses into the host genomes is random, meaning that integration
can be in any part of the genome. Some enJSRVs like enJSRV-6 are already fixed in all the sheep
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species while others are only present in some individuals and not in others that is to say they are
polymorphic or segregate in the population, and their presence or absence segregate in the population.
As described above, enJSRVs have been able to remain stable in the sheep genome because they have
been positively selected for since they are thought to serve several functions like helping in
conception and development of the placenta, also these proviruses help in interfering with the
replication of pathogenic retroviruses with in the host by both early receptor blockade or by a post
integration mechanism called late blockade. An example where enJSRVs utilize the late blockade to
interfere with replication of exogenous Jaagsiekte sheep retrovirus (JSRV) is exhibited by enJS56A1
which prevents the formation of JSRV viral particles in the post replication stage. Palmarini et al.
(2004) observed that JSRV particles could not be formed in cells transfected with enJS56A1 plasmid,
although Gag was greatly expressed in the lysed cells. This was because enJS5A1 possesses a
mutation in the residue position 21 of the Gag in the matrix (MA) protein; in this position enJSS5A1
possesses a tryptophan, while JSRV contains a arginine as other Betaretroviruses. This difference
causes the Gag proteins of JSRV and enJS56A1 that co-localize early in synthesis to co-
immunoprecipitate in the cells of expression by the transdorminant mechanism (Palmarini et al. 2004,
Arnaud et al. 2008, Armezzani et al. 2011).

enJSRVs as molecular markers in sheep

As mentioned above, the sheep genome contains a great number of enJSRVs (>30), some of which
are fixed in all sheep species while others are still polymorphic in the sheep species (Chessa et al.
2009). Polymorphic enJSRVs have been used as highly informative markers in several molecular
genetics studies; due to the fact the existence of an endogenous retrovirus in the host’s (sheep)
genome is an outcome of a single and irreversible integration event. This means that any populations
sharing the same endogenous locus at a common genomic location are phylogenetically closely
related to each other (Chessa et al. 2009). Also ENVs are good as genetic markers because of their
large size and widely spread within the genomes of their hosts. By comparing the nucleotide
mutations in the LTRs of the same ERVs in two species we can infer the age of divergence of these
species. To trace sheep domestication in different regions of the world, Chessa et al. (2009) used a
group of six polymorphic enJSRVs (including enJSRV-7, enJSRV-8, enJSRV-15, enJSRV-16,
enJSRV-16 and enJS5F16). Also in a more recent study by Bowels et al. (2014), the same six
polymorphic enJSRV loci were used to describe the genetic difference between Herdwick sheep
breed and two other local breeds (Dalesbred and Rough Fell). Both methods analyzed the distribution
of different enJSRV combinations (retrotypes) in the studied breeds from which they were able to
draw several conclusions about genetic relationships between the breeds studied. For example,
Chessa and colleagues defined for the first time the genetic difference between modern and primitive
sheep breeds at genomic level.

Generally there is an extensive call for conservation of Swedish local breeds, but this requires the

definition of the genetics of each of the breeds and comparisons between them. Currently only one

study by Dahlberg (2012) has been performed to specifically study the genetic variability between

local Swedish sheep breeds (Dahlberg 2012). In her study she compared nine of the local breeds

using microsatellite markers. Studies carried out by Chessa et al. (2009) and Tapio et al. (2005)
10



included also some of these breeds. The current study was motivated by the deficit in molecular
genetics information to define genetic relationships between local Swedish sheep breeds. The study
aims at using 6 enJSRV polymorphic markers to study genetic relationships between 5 local Swedish
breeds including Swedish fine wool sheep, Gute sheep, Roslag sheep, Varmland sheep and Klovsjo
sheep.

Materials and Methods

Sample description

Blood samples of 66 sheep, availed by SLU LifeSciLab Biobank at the Department of Animal
Breeding and Genetics Swedish University of agricultural sciences, were used, including 8 samples
from Swedish fine wool sheep, 12 from Gute sheep, 12 from Roslag sheep, 9 from Varmland sheep, 8
from Klovsjo sheep, 12 from Texel and 1 sample from a Mouflon. For some breeds, samples were
from different flocks while for others it was only possible to have samples from one farm (one flock)
as indicated in the Appendix 1. Although Texel is not a local Swedish breed, samples were included
in the study for a better comparison since there are studies indicating that Texel had been crossed
with local Swedish breeds in the past to improve their productivity (Dyrmundsson and Niznikowski
2010).

DNA extraction and dilution

Genomic DNA was extracted from each of the blood samples using a QIAsymphony® DSP DNA
extraction robot and the QIAsymphony DSP DNA Midi Kit (QIAGEN). Concentration of extracted
DNA was measured using a NanoDrop 8000 spectrometer and DNA was then diluted to a working
concentration of 4ng/pl.

Polymerase chain reaction (PCR)

The genomic DNA of each sample was investigated for the enJSRV loci using both a 5° LTR and 3’
LTR PCR for each locus as explained further. A HotStarTag Plus DNA polymerase kit (QIAGEN)
was used to set the PCR reactions. The reaction volume was 20ul composed of 20ng genomic DNA,
0.4Mm dNTPs, 2.8mM MgCl,, and 0.12U HotStarTaqg Plus polymerase, 0.4uM of each forward and
reverse primer, 2X PCR buffer and 2X Q solution. The thermal cycler was programed for a
touchdown PCR as indicated in Table 2 below.

Table 2: Touch down PCR thermo-cycler temperature setting

Cycles Temperature (°C) Time Rate of decrease
Denature 95 10 min
Touchdown 95 15 sec
8 cycles 61 30 sec Decrease 0.5°C/cycle
72 30 sec
30 cycles 95 15 sec
57 30 sec
72 30 sec
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(Bowles et al. 2014)

We used primer oligonucleotide pairs that were earlier designed by Chessa et al (2009), in which the
5" LTR forward (5’FlankF) primers were designed complementary to the specific DNA region
flanking the 5° LTR of a specific enJSRV, while the reverse primer (ProvF) was designed to be
complementary to the untranslated gag region. 3’ LTR PCRs had a forward primer (ProvF) designed
to be complementary to the Env gene and the reverse primer FlankR was designed complementary to
the specific region flanking the 3’LTR of a specific enJSRV as shown in Figure 6. This meant that all
enJSRV amplified loci shared ProvF and ProvR primers as they were located in highly conserved
regions within a class of retroviruses. As a control for checking genomic DNA integrity, enJSRV-6
was used to test the quality of genomic DNA before running the PCR for polymorphic loci since it is
fixed in the sheep species, hence avoiding false negative results (Chessa et al. 2009).

S5'LTR 3'LTR
w1
5’ FlankF ProvR ProvF 3’ FlankR
Provirus 5°FlankF/ ProvR ProvF / 3'FlankR
names
enJSRV-6 5'-ccagticcagaagggaagggag/s'-agecctacaacctgggitgecca 5'-agccticaticactgtggega/s'-caggggaataactggigetacct
enJSRV-7 S'tgtgcacacgtggtoggagtc/d'-gtagtggcgaggaaaactgtcgage S'-agccticaticactgtggcgal/o’-aggaaciccagggicgigeca
enJSRV-8 S'tcagtggatcaatggictgcgalS'-gtagtggcgaggaaaactgtcgage 5'-agccticattcactgtggegal/s'-gitatgggatitiagggaaaage
enJSRV-15 5'-ciictagtacagaatatagtggg/s'-gtagtggcgaggaaaacigicgage 5'-agccticaticactgtggega/S'-ticacigitgeticctgaccagg
enJSRV-16 5'-tgctcagtticccaggtgececal/s'-gtagtggecgaggaaaactgtcgage 5'-agccticaticactgtggega/s'-ggecagtigacaicigecagga
enJSRV-18 5'-gggaagaticgtticttaggcgctc/S'-gtagtggcgaggaaaactgtcgage 5'-agccticattcactgtggcgal/s'-caagtgccagageccagageca
enJS-5F16 (8 5'-ggataagctacactataaaaccaaag/5'-gtagiggcgaggaaaactgicgagce 5'-agecticaticactgtggegal/S'-ceatatgtaggoatigggogatg

Figure 6: 5° and 3’PCRs performed in the study and primer oligonucleotides (forward and
reverse) (Chessa et al. 2009)

Electrophoresis of the PCR products

To visualize the presence or absence of the enJSRV loci in the sample, PCR products from each
reaction were subjected to Agarose gel electrophoresis. Agarose gels of 2% concentration were
prepared using 100ml of 1X TBE buffer solution and stained with 3.5ul SYBR green DNA stain.
Each well was loaded with 10ul composed of 9ul of a specific PCR mixed with 1ul of X5 Biorad
loading buffer. One of the wells was loaded with 10ul of solution, which included 2ul of 200ug/ml
100bp DNA ladder, 1ul loading buffer and 7ul 1X TBE. To separate different amplified genomic
bands the gel was ran on 120 Volts for 90 minutes. Bands were viewed under UV light, a picture was
taken using the AlphaDigiDoc RT computer program. The expected band size of the amplified
enJSRVs was estimated by comparing with the bands of the 100bp DNA ladder as seen in Figure 7.
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Figure 7: Individual genotyping from electrophoresis gel for enJS5F16, for 18 samples and the
expected band size of the amplified locus was 856bp, 10 of these these samples carried the
enJS5F16 in their genomes.

Data Analysis

Genetic relatedness between sheep breeds was analyzed based on the distribution of the six enJSRV
loci and 15 retrotypes (RO to R14) in each breed samples. Retrotypes used in the study were defined
in a similar way to those used in the studies by Chessa et al. (2009) and Bowles et al. (2014).
Retrotypes and their description are given in Table 3.

Table 3: Combination of retroviruses to categorize retrotypes used for the analysis in the study

Retrotype Description
RO no insertionally polymorphic enJSRVs
R1 enJSRV-7 only
R2 enJSRV-18 only
R3 enJS5F16 only
R4 enJSRV-7 + enJSRV-18
R5 enJSRV-7 + enJS5F16
R6 enJSRV-18 + enJS5F16
R7 enJSRV-7 + enJSRV-18+ enJS5F16
R8 enJSRV-8
R9 enJS5F16 + enJSRV-8
R10 enJSRV-7 + enJS5F16 + enJSRV-8
R11 enJSRV-18 + enJSRV-8
R12 enJSRV-18 + enJS5F16 + enJSRV-8
R13 enJSRV-7 + enJSRV-18 + enJSRV-8
R14 enJSRV-7 + enJSRV-18 +enJS5F16+ enJSRV-8

Samples from Texel breed were included in the analysis as an out-group to which breeds in the study
could be compared. This is because there have been records of Texel being crossed with the local
sheep breeds. PCR for all loci was done for the Mouflon as well but it was excluded from the analysis
as it was only one individual.
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Results

Provirus frequency analysis

When local breeds were grouped as one population, enJSRV-7 was the most frequent provirus (45%)
while enJSRV-16 and enJSRV-15 were the least frequent proviruses in local sheep with frequency of
0 and 4% respectively in the local sheep population. The loci enJSRV- 8, enJSRV-18 and enJS5F16
were moderately present in the samples at frequency of 20, 25 and 10% respectively. However, the
most common locus in the Texel breed was enJSRV -18(100%), followed by enJSRV-7 (92%), then
enJS5F16 and enJSRV-8 at a frequency of 83 and 67%, respectively. enJSRV-16 had a moderate
frequency (25%) and none of the Texel individuals had enJSRV-15 in their genome (Figure 7)

Looking at each local breed independently (Figure 8), it can be seen that Gute sheep, fine wool sheep
and Roslag sheep have somewhat a similar distribution pattern of the proviruses; enJSRVs-7 is the
most frequent locus in these three breeds (50%, 75% and 75%, respectively). Also enJSRV-18 is
moderately distributed with in these three breeds. enJS5F1 is however moderately distributed in the
Fine wool breed (42%), low in the Roslag sheep (8%) and none of the Gute sheep had this locus. Also
a general overview is that there is a higher presence of enJSRV proviruses in Gute sheep, Fine wool
sheep and Roslag sheep than in both Varmland and Klovsjo sheep.

Distribution of enJSRV loci in sample local
sheep breeds as one group compared to that in
Texel breed

1 -
>
§ 08 - M enjrsv-7
=]
506 M enjrsv-8
|;>: 04 - M enjrsv-15
[%2] .
g 0,2 - M enjrsv-16
0 - M enjrsv-18
Local sheep Texel H enjs5f16

Sample groups

Figure 8: Distribution of the different enJSRV loci investigated in this study in local sheep
breeds (collective) in comparison to sheep of the Texel breed
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Figure 9: Distribution of the different enJSRV loci in the local sheep breeds in comparison to
sheep of the Texel breed

The presence of enJSRVs was low in Varmland and Klovsjo sheep, as shown in Figure 8. The Only
enJSRV-18 was present in both breeds, while enJSRV-8 and enJSRV-15 were only present in
Véarmland and enJS5F16 was only present in Klovsjo sheep. From all individuals genotyped only
three individuals had enJSRV-15 insertion and these included 2 Varmland and 1 Mouflon. There
were more provirus insertions present in the Texel breed compared to any other breed in the study.
Texel also possessed enJSRV-16 at 25% which was absent in all other breeds studied including the
Mouflon individual.

Retrotype analysis

Gute, Fine wool and Roslag sheep showed also a great similarity in terms of the retrotype
distribution. In all these breeds R1 was the most frequent retrotype at 33% in Gute sheep, 25% fine
wool sheep and 50% in the Roslag sheep. There was a moderately lower frequency of RO within these
breeds (17% to 8%). R4 was present in Gute and Fine wool sheep only, though at low frequencies
(17% and 8%, respectively), while R11 was only found in Fine wool and Roslag sheep (8% and 17%,
respectively). Although, RO was present in all the five local sheep breeds, it was exceptionally high in
Klovsjo and Varmland breeds at 63% and 44%, respectively. These two breed therefore seemed more
similar to each other than to any other breed in the study. R8 was only present in Gute, Roslag and
Varmland sheep. A new retrotype (enJSRV-7 and enJSRV-8 only) not defined in the retrotype table
was found present in on Roslag individual (OAR550). Sheep from the Texel breed had a seemingly
different retrotype distribution from any other breed in the study. R14 was the most frequent with
50% of Texel individuals having these loci, followed by R7 at 25%, R12 at 17% and R12 was the
least frequent (8%) retrotype. Texel shared also two loci (R14 and R13) with only one of the local
Swedish breeds, the Fine wool breed, in the study. As shown in Figure 11, RO was present in all the
indigenous sheep breeds but none of the Texel individuals had this retrotype.
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Principle component analysis on provirus frequencies

To visualize the genetic distances between the breeds used in the study we carried out a principal
component analysis (PCA) on the frequencies of presence/absence of proviruses in the tested breeds
using the R program. From the analysis, the first and second principal components explained 53%
and 33% of the variance, respectively. In a plot with the first two Principal Components it can be seen
that VVarmland sheep and KIovsjo sheep are closest together and furthest away from Texel among the
local breeds, and that Swedish Finewool sheep is closest to Texel. Furthermore, Gute, Roslag and
Fine wool were relatively close to each other.
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Figure 10: Principal component analysis (PCA) for the distribution of enJSRVs in the breeds
investigated in this study, indicated how Mouflon sample was different from other breeds
studied and also Texel, is distant from the local Swedish breeds.
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Retrotype distribution within the different breeds
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Figure 11: Retrotype frequency distribution (RO to R14) within Gute, Fine wool, Roslag, Varmland, Klévsjo and Texel sheep breeds
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Discussion

According to the obtained results three breeds including Gute, Fine wool and Roslag sheep had a
somewhat similar distribution pattern of enJSRVs, which suggests a genetic closeness between these
breeds. They also had enJSRV-7 locus as the most frequent locus coupled with moderate frequencies
of the enJSRV-18. The existence of enJSRV-7 as the most frequent locus in these breeds suggests
that they probably possess ancestral genomes, however, moderate frequencies of enJSRV-18
indicates the presence of modern sheep blood within the genomes of these breeds (Chessa et al. 2009,
Bowles et al. 2014). These breeds had in general a high number of these polymorphic insertions, Fine
wool and Roslag had four loci (enJSRV-7, enJSRV-8, enJSRV-18 and enJSF15) while the Gute breed
had three loci (enJSRV-7, enJSRV-8 and enJSRV-18). The presence of many provirus loci within the
breed has been previously considered as a characteristic of modern sheep breeds like Texel (Arnaud
et al. 2007, Chessa et al. 2009, Bowles et al. 2014), this is also supported by results from our study
for Texel sheep. This is more proof that Gute, Fine wool and Roslag are not fully primitive breeds but
probably they have been crossed with modern breeds hence accounting for the presence of the various
enJSRV loci in these breeds. This conclusion agrees with Dyrmundsson and Niznikowski (2010) who
indicated that there have been low and considerable crossing of Gute and Fine wool sheep breeds
with Texel respectively. Frequency and distribution of enJSRVs in Varmland and Klovsjo breeds are
low, indicating that most of the individuals in these breeds had none of these polymorphic insertions.
This according to (Chessa et al. 2009, Bowles et al. 2014) is a characteristic of primitive sheep
genomes.

Results from the retrotype analysis revealed a relatively high frequency of RO (defined as absence of
the polymorphic provirus) in the indigenous breeds except for the Roslag sheep. This to a great extent
in agreement with results from a global study by Chessa et al (2009) where Nordic breeds including
Gute sheep breed were characterized by high frequency of R0O. High frequency of RO or R1 was also a
characteristic of all primitive breeds tested by Chessa et al (2009). It can be seen from our results that
RO was the most frequent retrotype in both V&rmland and KI6vsjo breeds indicating close genomic
similarity of these breeds and also stronger ancestral genomic composition of these two breeds
(Chessa et al. 2009) compared to the other tested indigenous breeds. This genetic closeness between
Véarmland and Klovsjo breeds has also been reported by Dahberg (2012) through pairwise fixation
index (Fst) value comparisons in her microsatellite study of genetic variation between local Swedish
sheep breeds. A value of 0.21 was obtained from Fsr value comparison for these two breeds, which
indicated a certain level of closer genetic relationship (Dahlberg 2012).

The provirus combination R1 (enJSRV-7 only) was only present in three breeds, the Gute sheep, Fine
wool sheep and Roslag sheep, and it was the predominant retrotype within each of these breeds. The
presence of R1 in the three breeds only, further indicated a closer genetic relationship between these
breeds. According to Chessa et al. (2009) breeds having high frequency of R1 retrotype were
relatively primitive due to predominant presence of R1. We obtained interesting results when
comparing retrotype distribution between Texel and each of the local Swedish breed tested. Texel
shared two retrotypes (R13 and R14) with only one indigenous breed, i.e. Swedish Fine wool sheep
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breed. This adds more evidence to the already recorded history of considerable between Texel and
Fine wool sheep for improvement (Dyrmundsson and Niznikowski 2010).

The principle component analysis of the enJSRV frequencies in the different breeds showed
additionally that Varmland and Klovsjo were very close to each other as also observed from the
retrotype analysis. Fine wool, Gute sheep and Roslag were close to each other further suggesting a
stronger genetic relationship between these three breeds compared to other breeds in the study. Even
with the principle component analysis Texel was distinctively distant from any of the breeds in the
study. This was expected since Texel is a modern breed developed in the 19" century (Arnaud et al.
2007, Chessa et al. 2009, Bowles et al. 2014) that should show significant genetic difference from
primitive breeds (including Swedish local sheep breeds). This was also observed in a larger study by
Chessa et al. (2009), where Texel was shown to be genetically distant from the primitive sheep breeds
that included Scandinavian breeds (including the Gute sheep) basing on their principle analysis
results (Chessa et al. 2009). Fine wool sheep was the closet breed to Texel, which reaffirms the
retrotype analysis that showed a closer genetic relationship between this breed and Texel due to
already recorded history of considerable crossing of the two breeds (Dyrmundsson and Niznikowski
(2010).

Conclusions

In conclusion our study reaffirms the usefulness of using polymorphic endogenous retroviruses (in
this case enJSRVs) as molecular markers to study genetic distinctiveness between populations of a
given species. Furthermore, our study reveals that Gute sheep, Roslag sheep and Swedish fine wool
sheep breed are closely related and they are genetically less related to Varmland and Klovsjd. There
is also a close genetic relationship between Varmland and Klovsjo sheep breeds. The study further
provides objective genetic evidence for the recorded history of considerable crossing between Texel
and Fine wool breed.

Looking at the number of samples used and their distribution between flocks, we acknowledge the
fact that the sample sizes were small, and collected from a few farms (flocks). Therefore our results
could not conclusively describe the genetic differences among the studied breeds, this calls for larger
studies using greater sample size; from more flocks and more local sheep breeds that we did not
consider. Such extensive studies will give a larger and conclusive picture on the genetic
distinctiveness between the different Swedish sheep breeds.
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Appendix 1

sample distribution in different flocks

Swedish Fine wool sheep

No. of

Flock samples
SE3017 4
SE13202 4
SE083438 4
Sub total 12
Gute sheep
Flock No. of samples
SE26743 1
SE72435 1
SE68899 1
SEQ79855 1
SE005514 1
SE050451 2
SE76771 2
SE039480 1
SE71937 1
SE083438 1
Sub total 12
Mouflon
Flock No. of samples

1
Sub total 1
Klovsjo
Flock No. of samples
SE069781 8
sub total 8
Roslag
Flock No. of samples
SE041133 12
Sub total 12
Varmland
Flock No. of samples
SE47190 6
SE078470 1
SE063891 2
Sub total 9
Texel
Flock No. of samples
SE38717 4
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403900 8
Sub total 12
Total 66 samples
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