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A b s t r a c t  
 

The Romanov is a unique indigenous sheep breed of Russia, belonging to the group of 
Northern short-tailed sheep. The breed is known all over the world, due to out-of-season breeding 
ability, phenomenal fecundity (up to 10 lambs) and unsurpassed quality of sheepskins. Presently the 
gene pool of the breed is actively involved in creation of new types of modern prolific sheep and it is 
considered as an important genetic reserve for the sheep breeding of the future. Diseases resistance is 
the most important selection trait in sheep. One of the diseases which can cause serious economic 
loses is spongiform encephalopathy of sheep, also known as scrapie. Scrapie is a fatal neurodegenera-
tive disease of sheep and goats, belonging to the class of transmissible spongiform encephalopathies 
(TSE), which also includes bovine spongiform encephalopathy (BSE). Three polymorphisms in ami-
no acid codons 136 (A/V), 154 (R/H), and 171 (R/Q/H) of the PRPN gene are associated with 
resistance or susceptibility of sheep to classical scrapie. Depending on the PRNP genotype, there are 
five classes of genetic sustainability to Scrapie (G1-G5). The ARR allele is desirable regarding the 
resistance to scrapie. However, discovery of atypical scrapie (Nor98) showed a possibility of trans-
mitting BSE to animals of different sustainability classes, including G1 (ARR/ARR genotype). It is 
shown, that L/F amino acid substitution at position 141 provides resistance to atypical scrapie. The 
aim of our work was to study the allele pool of the Romanov sheep by the PRNP gene, associated 
with sustainability to both classical and atypical forms of scrapie. The material for the work was tis-
sue samples of 364 clinically healthy Romanov animals including three modern populations of the 
Yaroslavl region and one population introduced for breeding in the Kamchatka. Genomic DNA was 
isolated using the Nexttec columns (Nexttec Biotechnologie GmbH, Germany). Identification of the 
alleles in the codons 136 (A/T/V), 141 (L/F), 154 (R/H) and 171 (Q/R/H/K) was performed by 
pyrosequencing on the PSQ96MA device (Quiagen, USA). We found four alleles, 136/154/171 — 
ARR, ARQ, AHQ and VRQ, and nine haplotypes of PRNP as ARR/ARR, ARR/ARQ, ARR/AHQ, 
ARQ/ARQ, AHQ/ARQ, AHQ/AHQ, ARR/VRQ, VRQ/AHQ and ARQ/VRQ, relating to all five 
classes of genetic sustainability to the classical Scrapie. The allele of wild type ARQ (the frequency 
from 0.704 to 0.933) and the genotype ARQ/ARQ (sustainability class G3) were the prevalent. In all 
the studied groups, a desirable ARR allele was identified with frequencies varied from 0.022 to 0.089 
and averaged 0.066. The undesirable VRQ allele was found in three of the four groups, while its 
frequency was relatively low — from 0.011 to 0.022. The study of the PRNP polymorphism by four 
codons 136/141/154/171 revealed the presence of five different alleles — ALRR, ALRQ, ALHQ, 
VLRQ, AFRQ and ten genotypes. We detected an animal carrying a sensitive to the atypical scrapie 
allele F at position 141 of PRNP (genotype VLRQ/AFRQ) with the allele frequency of 0.001. The 
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results will be applied in the development of breeding programs for Romanovs, as well as in strategic 
planning of conservation of the genetic diversity of this unique Russian Northern short-tailed sheep. 

 

Keywords: prion protein gene (PRNP), allele pool, the Romanov sheep, genetic sustainability, 
scrapie 

 

The relevant objective of modern biological science is conservation of a 
unique genetic pool of Russian autochthone breeds with their harmonious inte-
gration into the selection process, considering world trends in animal husbandry 
[1-3]. Livestock products obtained from such breeds are of interest for nutrition-
al and process industries. Romanov is unique Russian authentic sheep breed, 
representing one of the offspring of northern short-tailed sheep [4, 5]. The origi-
nality of the Romanov breed is attributable to the combination of unsurpassed 
wool sheepskins qualities with phenomenal fecundity (up to 10 lambs) and poly-
estricity [6]. History of breed creation originates from the XVII century, it is first 
mentioned in 1802 [6]. A hundred years ago, coarse-wool sheep breeding, which 
was conserved in seminatural peasant farms, not only fill the peasants’ needs in 
wool and meat, but also gave products for export [7]. At the beginning of the 
last century, recognized zootechnical scientist P.N. Kuleshov, who was con-
cerned about the reducing number of sheep population in Russia, suggested that 
sheep areas should be outlined, among which the “sheep region of the short-
tailed sheep with Romanov’s in the center” [5] was placed first. At present, the 
gene pool of Romanov sheep is considered as an important reserve for the crea-
tion of new herds, lines, types of multiparous sheep for different use. 

Transmissible spongiform encephalopathy of sheep, also known as scra-
pie, is one of the diseases which can cause serious economic damage to sheep 
breeding. Scrapie is a fatal neurodegenerative disease that affects sheep and 
goats, and relates to the transmissible spongiform encephalopathies (TSEs). This 
group also includes bovine spongiform encephalopathy, BSE. The cause of TSE 
is the presence of infectious pathogens, prions, which do not have nucleic acids 
and, apparently, are composed entirely of modified protein (PrPSc). Normal 
cellular PrP (PrPC) is converted into PrPSc through a post-translational process, 
which results in a high content of -sheets [8]. It has been established that the 
scrapie resistance in sheep is mainly conditioned by polymorphism of prion pro-
tein gene PRNP which encodes the normal PrPC. Three mutations in amino acid 
codons 136 (A/V), 154 (R/H) and 171 (R/Q/H) are associated with resistance 
or sheep susceptibility to classical scrapie [9-13]. 

Five amino acids (AA) encoded by three notable codons 136/154/171 
explain the formation of 15 possible genotypes on PRNP [14, 15]. The haplotype 
A136R154R171, marked as ARR, is desirable in terms of sustainability to scrapie. 
Depending on PRNP genotype, there are five classes of genetic sustainability to 
scrapie, from G1 to G5 according to the sustainability decreasing. The most pre-
ferred genotype ARR/ARR is related to the G1 class. In the past 25 years, 
among thousands of genotyped G1 sheep, no cases of classic scrapie have been 
registered [16, 17]. However, the successful transfer of BSE prions to sheep of 
the ARR/ARR genotype by intracerebral inoculation showed that the resistance 
of this genotype toward the TSE agents was not absolute [18]. Two cases of en-
cephalopathy in sheep of ARR/ARR genotype, with clinical symptoms similar to 
classical scrapie were diagnosed in Gearmany [15]. 

Animals of ARR/AHQ, ARR/ARH, and ARR/ARQ genotypes are ge-
netically resistant to scrapie. In order to avoid susceptibility of progeny to this 
disease, they can be used only under controlled combinations of parents (G2). 
Individuals with genotypes ARQ/ARQ (wild type), ARQ/ARH, ARQ/AHQ, 
AHQ/AHQ, ARH/ARH and AHQ/ARH (G3) have low genetic resistance, but, 
when mating with G1 animals, produce resistant offspring. The genotypes 
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ARR/VRQ (G4) and VRQ/AHQ, VRQ/ARH, VRQ/ARQ, VRQ/VRQ (G5) are 
susceptible to scrapie and should be excluded from reproduction. It has been 
shown that other amino acid polymorphisms may influence the resistance to pri-
on protein and BSE, in particular at positions 101, 112, 143, 172, 175 and 176, 
most of which show frequencies lower than 5 % [19]. Octapeptide-repeat poly-
morphism, that is, different number of repeated N-end sequence of eight amino 
acids, P(Q/H)GGGWGQ, was reported. The repeat number in cattle, sheep and 
goats varies both between and within species, ranging from two to five [20, 21]. 
Polymorphisms of PRNP in three positions in the promoter region (C5354A, 
T5382C and C5622G) were revealed, in this, two latter polymorphisms can af-
fect significantly the transcription factors [22, 23]. 

The discovery of so-called atypical scrapie showed the possibility of 
transmitting BSE to animals of different resistance classes, including G1 
(ARR/ARR genotype). For the first time, an atypical scrapie was found in Nor-
wegian sheep in 2003 and was named Nor98 [24]. High incidence of atypical 
scrapie was further identified in Germany and France [25]. In 2005, in Great 
Britain, 37 % of scrapie-affected sheep was accounted for atypical cases [26]. 
Atypical and classical scrapie forms differ in number of important features. Atyp-
ical cases are characteristic for a later age (4 years and older), often in the in-
fected herd only a few scrapie-positive sheep can be identified [27]. As com-
pared to the classic scrapie, an atypical form only in rare cases (or not at all) 
can cause neuropil vacuolation or the presence of immunohistochemically de-
tectable PrPSc in brain [24]. Abnormal PrP in atypical cases is characterized by 
higher sensitivity to enzymatic cleavage in comparison to the classical form [28]. 
It is shown that at Nor98 atypical infection, the role of the fourth amino acid in 
the AA codons 136/141/154/172 at position 141 (L/F) increases. Most cases of 
atypical scrapie had been identified among animals with low sensitivity to classi-
cal scrapie (classes G1-G3) [28-30]. 

With the detection of strong genetic resistance of the certain sheep 
PRNP genotypes to classical scrapie and the identification of the nature of atypi-
cal scrapie [24], it became possible to use PRNP polymorphism as an additional 
criterion in breeding programs for achieving a balance between genetic diversity 
of populations and prevention of scrapie diseases. 

A study on the limited sample of Romanov sheep showed a low genetic 
resistance to the classical scrapie [31]. However, the surveyed herds were mostly 
of secondary origin and were formed based on a limited number of lines. Conse-
quently, the obtained results do not allow us to characterize the breed allele 
pool. To date, resistance of Romanov sheep to the atypical scrapie has not been 
studied. 

Animals from the Yaroslavl gene pool herd can be the most vivid model 
reflecting the entire genetic diversity of the Romanov breed allele pool. For veri-
fication of the hypothesis that the allele pool of the secondarily naturalized herds 
of this breed, formed by delivery of limited number of lines and undergone se-
lection pressure of other factors, is not typical for the breed as a whole, these 
sheep must be studied. 

This is the first report on genetic polymorphism of the Romanov sheep 
(Ovis aries) populations in the AA position 141 of the PRNP gene and their sus-
ceptibility to the atypical prion protein Nor98. 

The aim of this paper was to study the allele pool of Romanov sheep on 
prion protein gene, which is associated with resistance to classical and atypical 
scrapie, on the historical territories of the breed origin and in the places of its 
secondary naturalization. 

Techniques. The biomaterial was tissue samples (ear biopsy, blood) of 364 
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pre-healthy sheep of Romanov breed archived in 2013-2016. There were three 
populations from the Yaroslavl region, Pop_1 (n = 16, Avangard LLC), Pop_2 
(n = 98, Agrofima Farmer LLC) and Pop_3 (n = 46, Zarechie LLC) and one 
population introduced for breeding in the Kamchatka Territory, Pop_4 (n = 52, 
OAO Kamchatagropromservis). 

DNA was extracted using Nexttec columns (Nexttec GmbH, Germany) in 
accordance with the manufacturer's recommendations. The PCR was performed 
by the method of N.A. Zinovieva et al. [32]. The reactions were carried out ac-
cording to the protocol of E.A. Gladyr et al. [33]. The alleles in the codons 136 
(A/T/V), 141 (L/F), 154 (R/H) and 171 (Q/R/H/K) was identified by pyrose-
quencing on a PSQ96MA device (Qiagen, USA). 

The data statistical processing was carried out using PSQ96MA SNP Soft-
ware v.2.0, Microsoft Excel, and GenAlEx 6.501. 

Results. Genotyping showed the presence in Romanov sheep of four hap-
lotypes (ARR, ARQ, AHQ, VRQ) and nine genotypes on PRNP (ARR/ARR, 
ARR/ARQ, ARR/AHQ, ARQ/ARQ, AHQ/ARQ, AHQ/AHQ, ARR/VRQ, 
VRQ/AHQ, ARQ/VRQ) of all five cases of genetic resistance to classical scra-
pie. At the same time, there were differences in the distribution of haplotypes 
and genotypes between groups. The wild type ARQ haplotype was the most 
common with the frequency of occurrence from 0.704 in Pop_1 to 0.933 in 
Pop_4. In all groups, there was a desired ARR haplotype the frequency of which 
ranged from 0.022 in Pop_3 to 0.089 in Pop_1 and averaged 0.066. The unde-
sired haplotype VRQ was found in three of the four groups except of Pop_1, at 
relatively low frequency, from 0.011 (Pop_2) to 0.022 (Pop_3) (Fig.). 

The wild type 
ARQ/ARQ genotype of 
class G3 was the most 
frequent in all the popu-
lations (Table). Proba-
bly, it is due to the 
long-term pure breeding 
aimed solely to affirm 
unique adaptive and pro-
ductive qualities. The fre-
quency of ARR/ARR ge-
notype which is the most 
resistant to the classic 

scrapie, was very low. A portion of animals carrying G2 genotypes differed 8 
times and more between herds even within the same region. Apparently, it was 
related to the predominant use of ram producers of different lines. 

In general, the studied Romanov sheep was characterized by relatively 
low frequencies of genotypes of the genetic classes G4 and G5 which cause a 
high risk of classic scrapie. Such genotypes were detected in three of four sur-
veyed populations with a frequency of 2.2 to 4.1 % 

We were the first to estimate the genetic status of the Romanov breed in 
terms of predisposition to the infection with atypical prion protein Nor98. The 
assay identified five different haplotypes, ALRR, ALRQ, ALHQ, VLRQ and 
AFRQ, and ten genotypes on PRNP (136/141/154/171), ALRR/ALRR, 
ALRR/ALRQ, ALRR/ALHQ, ALRQ/ALRQ, ALHQ/ALRQ, ALHQ/ALHQ, 
ALRR/VLRQ, VLRQ/ALHQ, VLRQ/ALRQ and VLRQ/AFRQ. The frequency  
of haplotypes and genotypes for four codons mostly had profiles which were the 
same as those for codons 136/154/171. Only in Pop_4, one animal carried allele F 
associated with sensitivity to atypical scrapie (VLRQ/AFRQ genotype) at position 

Distribution of PRNP haplotypes ARR (a), ARQ (b), AHQ (c), and 
VRQ (d) associated with resistance to classical scrapie in Romanov 
sheep populations: Pop_1 from Avangard LLC, Pop_2 from Agrofi-
ma Farmer LLC, Pop_3 from Zarechie LLC (Yaroslavl Province); 
Pop_4 from OAO Kamchatagropromservis (Kamchatka Territory).   
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141 of PRNP, so that this allele frequency was 0.001. It is important to underline 
that allele F141 was identified in the genotype VRQ/ARQ (class G5) in combina-
tion with the haplotype VRQ, the most susceptible to the classical scrapie. 

Genotype distribution on prion protein gene PRNP (G) and on the classes of re-
sistance to classical scrapie (C) in Romanov sheep  

Genotype 
136/154/171 

Frequency 
Pop_1 Pop_2 Pop_3 Pop_4 В среднем 

G C G C G C G C G C 
C l a s s  G1 

ARR/ARR – – 0.010 0.010 – – – – 0.003 0.003 
C l a s s  G2 

ARR/ARQ 0.143 
0.208 

0.061 
0.061 

0.022 
0.022 

0.058 
0.058 

0.093 
0.123 

ARR/AHQ 0.066 – – – 0.030 
C l a s s  G3 

ARQ/ARQ 0.446 
0.792 

0.592 
0.888 

0.609 
0.934 

0.865 
0.904 

0.566 
0.852 AHQ/ARQ 0.316 0.265 0.282 0.039 0.258 

AHQ/AHQ 0.030 0.031 0.043 – 0.028 
C l a s s  G4 

ARR/VRQ – – – – 0.022 0.022 – – 0.003 0.003 
C l a s s  G5 

VRQ/AHQ – 
– 

0.031 
0.041 

– 
0.022 

– 
0.038 

0.008 
0.019 

VRQ/ARQ – 0,010 0,022 0,038 0,011 
N o t е. For description of populations, read Techniques section. Dashes mean the absence of the genotype in the 
populations. 

  

As known, the susceptibility of sheep to classical scrapie directly depends 
on certain non-synonymous single nucleotide polymorphisms within prion protein 
gene PRNP located on chromosome 13 [34-36]. Modern molecular technologies 
make it possible to study genotype in the first days of animal’s life and in order to 
early control over the spread of hereditary defects. Conservation, use and devel-
opment of gene pools of local breeds for their effective integration in modern live-
stock husbandry with a view to obtain new breeding forms and to increase the 
range of native breeds are also in progress. The aim of most sheep breeding pro-
grams is to monitor a breed gene pool by gradually replacing genotypes which are 
characterized by hyper susceptibility to scrapie, using rams of ARR/ARR geno-
types. Accumulation of the haplotype ARR in the breeds and populations is neces-
sary for preventive protection against the classical pathogenic prion that causes 
scrapie. This fact is confirmed by research carried out in Canada in 2008-2012 on 
184 Romanov sheep, which showed the plasticity of the breed gene pool and made 
it possible to bring the frequency of ARR haplotype and ARR/ARR genotype to 
0.592 and 0.359, respectively, by selection [37]. At the same time, the high fre-
quency of wild haplotype in aboriginal and domesticated breeds, which was noted 
in some papers [38, 39], remains an actual problem. 

Thus, our data made it possible to evaluate the genetic resistance to clas-
sical and atypical scrapie in allele pool of Romanov sheep bred in the territories 
of historical origin and in the locations of introduction. The average frequency 
of undesirable V136R154Q171 haplotype and F141 allele associated with susceptibil-
ity to atypical scrapie was 0.011 and 0.001, respectively, that is a positive factor 
for the further improvement and conservation of Romanov sheep breed. In the 
studied populations, a clear shortage of animals with G1 genotype was revealed 
and the frequency of haplotype ARR resistant to classic scrapie averaged 0.066. 
This creates the prerequisites for strategic breeding programs to accumulate gen-
otypes resistant to pathogenic prion in the gene pool of Romanov sheep breed. 
Breeding for genetic resistance to scrapie and increasing proportion of the carri-
ers of ARR allele and ARR/ARR genotype are necessary to prevent classical and 
atypical scrapie in Russian populations. The allele pool of the entire Romanov 
breeding stock must be studied to estimate genetic diversity of this unique north-
ern Russian sheep. 
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