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Abstract

Scrapie is a genetically associated neurodegeverdiiease caused by the accumulation
of an abnormal protein. The aim of this study wasperform genotyping of some
scrapie-positive cases in sheep and the flocks ¢heye from and to compare the effect
of specific polymorphisms. It is important to exami positive cases in order to
determine the possible polymorphism in BBNP gene and its possible phenotypical
appearance. Seventy-nine blood samples and 7 beanples from scrapie affected
flocks were tested. Five flocks of sheep, of défersize and breed, were genotyped and
the results showed that 3 of the animals in flodladl additional polymorphism in codon
138, nucleotide 413. In two of the animals fromcRo5 there was homozygous and
heterozygous polymorphism in codon 138, positiod.4Lhe VRQ allele, which is
associated with high susceptibility to scrapie, i@sd in all the flocks, except flock
number 2. Our data showed that the atypical scrapses are not associated with
polymorphism in codon 141. Additional polymorphisvas also observed at codons 137,
138, 151 and 152. Strategies for eradication afmerhave been employed.

1. Introduction

Transmissible spongiform encephalopathies (TSE)aageoup of neurodegenerative
diseases caused by the accumulation of an abngmnuigin (Pr®), which is an isoform
of a normal cellular protein (PTP[14, 29]. Similar etiology is seen in humans in
Creutzfeldt-Jakob Disease, Gerstmann-Straussleeitkeln syndrome, Kuru and
variant Creutzfeldt-Jakob Disease, as well as Bov@pongiform Encephalopathy,
Chronic wasting disease and TSE in carnivoreshéep and goats, the disease has been
known as scrapie since the™®&entury [24, 27]. The disease became spread wintédw
in the 20th century, especially after World War through export of British sheep in
incubation period [8]. The disease is not gendiiat, there is genetic predisposition
associated with polymorphism in codons 136, 154%fidof thePRNPgene for the
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classical scrapie in sheep, and 141 codon for thgical primers (kindly provided by AHVLA,Weybridge, UK):
form of the disease [11, 13, 15, 17, 25]. Valineddon 136, Forward 5 — CATTTGATGCTGACACCCTCTTTA - 3’ and
arginine in codon 154 and glutamine and histidme&adon Reverse 5° — ATGAGACACCACCACTACAGGGCT - 3.
171 determine susceptibility to the disease [2, TBE VRQ Reactions were conducted in a volume of |25 using
combination of these codons is associated with highlustra puReTaq Ready-To-Go PCR Beads (GE Heaithca
susceptibility to scrapie, while the ARR alleleassociated UK) by Thermocycler QB - 96 (LKB). The PCR proceelur
with resistance to the disease [15]. described by AHVLA was used.

Some authors have reported polymorphism in othdoe The obtained amount and quality of DNA was congabll
of thePRNPgene as well, like codon 83, 101, 112, 116, 12&pectrophotometrically with Jenway apparatus (Ganb\K)
137, 138, 151, 172, 175, 176, 180, 189, 195, 194, 231, and by gel electrophoresis — 2% Agarose (GE Healéhc
237 and 241, but their significance for scrapieeds® is UK), 10 mg/ml ethidium bromide (Sigma, USA), 100 bp

neutral or undefined [35, 36, 39]. DNA ladder (GE Healthcare, UK), 120 V, 45mA for #Bn
Having in mind that the causative agent of scraflie, have been used.
Bovine Spongiform Encephalopathy and the zoonaitant The genotyping procedure was performed as described

Creutzfeldt-Jakob disease in humans may interact kefore [32]. Data analysis was carried out with MEG
unpredictable ways poses the need to continue neseacomputer software [34]. Genotype;)(fand allele (p
efforts to restrict their spread. frequencies were calculated as follows [12, 19; 38]

During 2008-2010 years, approximately 1 400 000ionil  fij - ny/ N and p - (2f; + 2'f;)/ 2, wheren; is the number
sheep were bred in Bulgaria, per year. Private damsually  of animals with thg genotypef; andf;; is the heterozygous
have from 5 to 20 sheep. In some rural economies tlnd homozygous genotype frequency, respectiy,?ljs the
number can reach 300 to 500. Only a few flocks MEQ@0  allele frequency anl is the total number of animals.
animals or more and in private farms and smallealru

economies sheep and goats are often bred together.
The aim of the present study was to perform gerogypf 3. Results
some scrapie-positive cases in sheep and the fldukg In the National Reference Laboratory “TSE” Bulga23
come from and to compare the effect of specifi@44 brain samples from sheep and goats were exdrinirtae
polymorphisms. period between 2008 and August 2010 and, as &,r@stdses
of scrapie were diagnosed in sheep by rapid texiswere
2. Materials and Methods confirmed by Western Blot (Fig.1). There was noecasth
clinical signs. Farms with confirmed cases of serapere
Diagnostic method - ELISA with flocks of different sizes and breeds, andrémults of the

Two different kits were used, more precisely, ELISAgenotype of positively confirmed cases are preseintéable 1.
TeSeE Purification and Detection Kits (Bio-Rad, ie®) for

all samples but for the year 2010, when Enfer T8Esign 3
(Enfer Scientific, Ireland) was used. The manufeati
instructions were followed.

Confirmatory method — Western Blot (WB)

TeSeE™ Western Blot Kit (BioRad, France) was used f NCPCI 1 2 3 4 5 6 7 PC2MgM Kal
confirmation of ELISA positive samples, accordirg the .
manufacturers’ instructions.

Samples and DNA extraction o
Seventy-nine blood samples and 7 brain samples were
i,

tested from the flocks affected with scrapie. Orfetl®e
scrapie cases from 2009 was not included in thésnixation.
Samples were received in the laboratory, according
Directive 999/2001 EC, Annex X, Chapter C, poin2(B)
[31]. Based on the available information, the pnésesearch
included 6 cases in the period 2008—August 2010zacdse
from 2012 due to its relation with the other casem 2010.

For isolation of DNA a commercial kit lllustra bldo Figure 1. Confirmation of scrapie-positive cases in sheeguied in this
genomic Prep Mini Spin Kit (GE Healthcare, UK) wased study in 2008-2012. NC — negative control; PC1 -sitp@ control of
following the manufacturer’s instructions. DNA walstained EA'ZSTLCJ;?T@% Svizte—mpgsrgi\éien ngr:(;lag (Iieﬂgstﬁf:yl\ﬂ%\f -
fro.m brain samples through D.Neasy Blood & .Tlss.ue ki algidoscope (Bio-Rad, France); 1 — 3462, atypicak 99545 atyr;ical; 3-
(Qiagen,USA). PCR, genotyping and determination 0f2098, classical; 4 — 5220, classical; 5 — 155sslaal; 6 — 808, classical; 7
genotype frequency — 1472, classical;

DNA was amplified by PCR using the following paos
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Flock number one consists of a local breed andd¢cend polymorphism in codon 138, nucleotide 413, wheratue
flock, of Middle Rodopean breed (sheep from thaldeeed was replaced by Adenine {GA). This was found to result in
do not possess the specific features of a partituked, but a homozygous change of the amino acid Serine taragjne
are rather a result of cross-breeding). The brdéemn the in two of the animals and a heterozygous changene
other flocks are shown in table 2, where data friva animal. We found homozygous and heterozygous
genotypic breed alignment are presented. Whatpisdl/for  polymorphism in codon 138, position 414, in two the
flock number 5 is that for a period of 45 days 3esaof animals from flock 5, where Cytosine was replaceith w

ovine scrapie were diagnosed. Thymine (C-T), i.e. a synonymous change. In this flock,
The examinations of the allele allocation withineth one of the animals was shown to have heterozygous
affected flocks are presented in table 3. polymorphism in codon 152, as a synonymous chairge,

In 3 of the animals in flock 1 we observed additibn position 456, where ©T (Table 4).

Table 1. Scrapie affected flocks with genotype of scrapigitive cases and number of investigated sheep

Number of cases/lab. Genotype of scrapie- Number of investigated
HLS code e ) positivyepcas% i e vear sheep® /animalsi ngflock
1 1/3462 atypical / 30 ALRR/ALHQ local 2008 5/5
2 1/9545 atypical / unknown ALRR/ALRR local + Tzigay 2008 14 /350
3 1/12098 classical / 18 No investig. Synthetic population 55 5 g
Bulg.sheep

42 1/5220 classical / 52 ALRQ/ALRQ local 2009 0/1
5 3/155 classical / 35 ALRQ/ALRQ local 2010 31/324

/ 808 classical / 36 ALRQ/ALRQ local

[ 1472 classical / 84 No investig. local 2012 0/254

2 Private person’s sheéfhe positive samples are not included

Table 2. Breeds of scrapie affected flocks and frequenayildiigion of different genotypes of the PRi#he in codon 136, 154 and 171

Genotype Frequency % And Number of Animals ()

flock breed ARR/ARR ARR/AHQ ARR/ARH ARR/ARQ AHQ/AHQ
R.g. 1 R.g.2 R. Q.2 R.g.2 R.0.3
1 Local - - - - -
2 Middle Rhodopean 14.29 (2) - - 50.00 (7) -
3 Synthetic population
Bﬁlgaﬂan thep 12.00 (3) 4.00 (1) 4.00 (1) 32.00 (8) 8.00 (2)
Mouton Sharole - - - 100 (3) -
lle-de-France 100 (1) - - - -
Total distribution 13.79 (4) 3.45 (1) 345(1) 37.93 (11) 6.9 (2)
5 Local - - - 18.18 (4) -
Blackhead Pleven 14.29 (1) - - 42.86 (3) -
Local Stara Zagora sheep - - - 50.00 (1) -
Total distribution 3.23 (1) - - 25.81 (8) -
Table 2. Continued
Genotype Frequency % And Number of Animals ()
flock breed AHQ/ARQ ARQ/ARQ ARR/VRQ AHQ/VRQ ARQ/VRQ
R.0.3 R.0.3 R.0.4 R.0.5 R.0.5
1 Local - 80.00 (4) - - 20.00 (1)
2 Middle Rhodopean 7.14 (1) 28.57 (4) - - -
3 Synthetic population
. 16.00 (4) 8.00 (2) 4.00 (1) 8.00 (2) 4.00 (1)
Bulgarian sheep
Mouton Sharole - - - - -
lle-de-France - - - - -
Total distribution 13.79 (4) 6.9 (2) 3.45(1) 6.9 (2) 3.45(1)
5 Local 9.09 (2) 63.64 (14) - - 9.09 (2)
Blackhead Pleven - 28.57 (2) - - 14.29 (1)
Local Stara Zagora sheep - 50.00 (1) - - -
Total distribution 6.45 (2) 54.84 (17) - - 9.68 (3)

2All investigated animals are LL homozygous in coddd; R. g. - risk group
® Mouton Sharole and lle-de-France consist of rianflsck number 3
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Table 3. Genotype frequency of different allels variant®BINP gene for 136, 154 and 171 codons
Allele %
flock
ARR ARQ AHQ ARH VRQ
1 - 90 - - 10
2 39.29 57.14 3.57 - -
3 37.86 34.485 18.975 1.725 6.9
5 16.135 74.19 3.225 6.45

Table 4. Additional polymorphisms in the PRNP gene of seragifected
flocks in Bulgaria

Flock / Number of investigated animals genotype

ANP*RQ/AS®RQ
AN*RQ/ANRQ
AN*RQ/AN*RQ
ASPRQ/AS®RQ
AS™RQ/ASPRQ
AY 5HQ/ AYPRQ

1/6

5/33

*The positive scrapie cases are included

4. Discussion

Management and control of TSE in Europe is laid ildrav

Directive 999/2001 EC and the rules for implemegntin

affected sheep [16] and is associated with clingighs of
scrapie disease [12]. Unlike other authors [35], digk not
find the VRQ/VRQ genotype in scrapie affected flockhis
is most probably due to the small number of testeitnals
and the low frequency of occurrence of this genetgmong
Bulgarian sheep [32]. This is probably the reason rfot
having scrapie cases with clinical signs in BulgarThe
diversity in genotypes in flock 3 is determinedthg breed
named Synthetic population Bulgarian sheep (SPRBSich
is the basis of the so-called local sheep. Thidioa our
previous observation [32] showing the range of ggm®
versions within this breed. This polymorphism is stno
probably the reason for scrapie cases in localpsheavell as
in SPBS, as shown in table 1.
Thorgeirsdottir et al. additional

[35] reported

breeding programs by member states to combat scra'ﬂolymor_phism in the tested scrapie affect_ed rocI_<s,
disease are specified in Decision 2003/100/EC of thcOncerning codons 137, 138 and 151. We did not find
European Commission. The importance of breeding0lymorphism in codons 137 and 151 in our samilasye

programs to combat the disease is essential betheieis
no implemented treatment in practice and the pathegis of
the disease and the role of genetic predispositinits
development are not yet fully understood. In tloatext, the
main objective of breeding programs is to incredise
frequency of occurrence of the ARR allele and tduce
VRQ allele to its complete disappearance. It isargmnt to
note that the selection of scrapie-resistant armintes no

identified polymorphism in codons 138 and 152.

The role of nonsynonymous mutations in mammals is
linked to thermodynamic stability of mRNA and its
secondary structure and has a phenotypic effect and
significance for the possibility to prolong cellulhalf-lives
[4, 5, 10, 18, 20]. The importance of nonsynonymous
mutations is undeniable, which is why it cannotelxeluded
that additional  polymorphism  (synonymous and

direct adverse effect on the most commonly measurdnSynonymous), apart from that established in nedi86,

characteristics of production [33], as the genepaasible
for scrapie susceptibility are located in chromosdi8 [3].
As shown in table 1, three of the classical scrajgises
were found to be homozygous for the allele ARQ,chhis
associated with susceptibility to scrapie [6]. Anfazygous
ARR allele and a heterozygous ARR allele in comiiama
with the AHQ allele were observed in atypical steagases.
In all the scrapie cases we examined, the animale WL
homozygous in codon 141. These data are in accoedaith
the results of Moum et al. [25] and Lihken et 2B][ who
also report the resistance allele ARR in the ctasdiype of
scrapie and the AHQ allele associated with
susceptibility in sheep affected by atypical soeapi
The high-susceptibility VRQ allele was found in #ile
flocks studied by us, except flock number 2. TheQA&llele,

141, 154 and 171, might also possibly play a rolethie
pathogenesis and the level of scrapie development.

In case of classical scrapie in a flock, Annex ibjnt 2.3
(b) (i) or (ii) or point 5 (a) of Directive 999/2QCEC should
be applied, generally associated with the destincf
animals; only point 2.3 (b) (ii) gives the oppoitynto
preserve animals genotyped with the ARR allele evitha
VRQ allele.

In herds 1 and 2 atypical scrapie was proven, whinés
not impose restrictions for selection under Dineeti
999/2001 EC. Because of the need to increase asimal

lowefarriers of the ARR allele for selection of scramsistant

flocks according to EU Directive 999/2001, it woulse
appropriate for the sheep carriers of genotype ARRY to
be excluded from breeding schemes, and all otheefsh

which is associated with high resistance and a dongCarriers of ARQ/ARQ genotype and their descendantse

incubation period [26, 35], and the ARH allele, @hiis
defined as neutral [7], were also observed.

These data show that susceptibility of a certainoggpe
most probably depends on breed belonging.

VRQ/VRQ is a rare genotype; it is mostly found anapie

bred with material from rams which are ALRR homoays.
Within the second-generation offspring, an indiadu
ARR/ARQ carrier was excluded from breeding with #im
to select only ARR homozygotes. In flock 2, the Ieep
from the first and second risk group were usedbfeeding,
and the remaining five animals from the third righup were
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excluded from breeding. Carriers of ARR/ARQ genetyp

were removed from the first generation here.

In flock 3, 4 and 5 we confirmed classical scragases, in
which case Annex VII, point 2.3 (b) (ii) of Direct
999/2001 EC is applicable. Based on the genotypasglts
in flock 3 it was appropriate to separate the afgrfram the
third, fourth and the fifth risk group and to exadtuthem
from breeding, as well as those from the secondmed risk
(carriers of ARR/AHQ and ARR/ARH genotype) in order
avoid derivation of a third-generation risk group.

It is interesting that for the period of one moatid a half
scrapie cases were found in sheep and goats ik flomber
5. The animals are kept in one yard, where the pevebstay
until they grow up. Having this in mind, as well g fact
that the causative agent of scrapie can be tratestitirough
the colostrum, milk and placenta [1, 21, 22, 28, 3] and
that there is high frequency of the ARQ allele hrstflock,
we can assume that all these factors have lecetepreading
of scrapie disease among sheep.

Flock 5 had 324 animals in 2010 and 254 animaROit?.
In 2009, 31 samples were sent for genotyping, whicts
9.57% of the total number of animals in the herdcading
to Annex lll, point 5, 121 animals over 18 montig should

be slaughtered and examined in a farm with 350 alsim

Despite all the implemented measures in scrapieciafl
flocks under Directive 999/2001 EC, there was a nage of
the disease in 2012. This was most likely due ¢ofdict that
the sheep was 84 months old, and the selectiorrgrog/as
probably not applied (this was not required at timee).
Another factor that may have additionally contrémliis also
the presence of an animal in incubation period,ctvhis
about 2-5 years [9] that remained outside the gafup21
animals intended for killing and examination.

The atypical scrapie cases are not associated Wiﬂb]

polymorphism in codon 141. Additional polymorphismas
established in codons 137, 138, 151 and 152 budaktes we
obtained could not give us more information contggrthe
susceptibility to scrapie disease.

This indicates that even with the application of al

measures under Directive 999/2001 EC, it is posdiblomit
an infected animal. Thus, it is necessary to fiestotype the
animals, and then, based on the results, to deterwinich of
them should be killed and examined. Then, all thigeio
animals could be used to conduct the breeding progr
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