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Abstract It is well known that scrapie is a fatal, neuro-

degenerative disease in sheep and goat, which belongs to

the group of transmissible spongiform encephalopathies

(TSEs) or prion diseases. It has been confirmed that the

polymorphisms of prion protein gene (PRNP) at codons

136, 154, and 171 have strong relationship with scrapie in

sheep. In the present study, nine polymorphisms of PRNP

at codons 136, 154, and 171 and other six loci (at codons

101, 112, 127, 137, 138, and 152) were detected in 180

Chinese Hu sheep. All the alleles at codons 136, 154, and

171 have been identified and resulted in three new geno-

types. The frequencies of predominant alleles were 85%

(A136), 99.40% (R154), and 37.78% (Q171), respectively.

The predominant haplotype ARQ has a relatively high

frequency of 57.77%. The frequencies of dominant

genotypes of ARR/ARQ and ARQ/ARQ were 30 and

26.67%, respectively. Three new found genotypes named

ARQ/TRK, ARQ/TRR, and TRR/TRQ had the same lower

frequencies (0.56%). The relationship of PRNP genotype

with scrapie risk and litter size showed that the predomi-

nant genotypes are corresponded to the risk score of R1

(1.67%), R2 (32.22%), and R3 (42.22%). Just at the first

parity, the individuals with ARH/ARH genotype had sig-

nificantly larger litter size than the mean value and those

with ARQ/ARQ and ARR/ARQ genotypes. In short, this

study provided preliminary information about alleles and

genotypes of PRNP in Chinese Hu sheep. It could be

concluded that Hu sheep has a low susceptibility to natural

scrapie, and the predominant PRNP genotype at least has

no significant effect on litter size.
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Introduction

Scrapie is a fatal neurodegenerative disease occurring in

sheep and goat belonging to the group of transmissible

spongiform encephalopathies (TSEs) or prion diseases

[37]. The common feature of all TSEs is the aberrant

metabolism of the prion protein (PrP). It has been reported

that the polymorphisms of sheep prion protein gene

(PRNP) at codons 136A/V/T, 154 R/H, and 171Q/R/H/K

were strongly associated with susceptibility or resistance to

classical scrapie in sheep [15, 21]. The VRQ/VRQ geno-

type was regarded as the most susceptible to scrapie [32,

14, 4], while ARR/ARR genotype was associated with the

most resistant to scrapie [14, 3, 18]. In addition, some

studies have reported that other SNPs in PRNP gene also
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affected incubation period and clinical symptom of scrapie,

such as codons 102, 112, 137, and so on [5, 41].

Increasing ARR/ARR genotype frequency is considered

as an effective way to eradicate scrapie in sheep breeding

and selection program, but the efficiency depends on sev-

eral factors such as population size, ARR allele frequency,

and their relationship with economic performance [13].

Litter size is one of the key economic traits represented the

productivity of commercial ewe flocks. It has reported that

there was no significant relationship between PRNP

genotypes and litter size in sheep except for a few breeds

[7, 9, 12, 31]. Breeding selection program was carried out

and focused on resistance PRNP genotypes in many

European states such as Great Britain and Netherlands.

However, how the PRNP genotypes affect scrapie sus-

ceptibility and litter size still remains unknown in many

sheep breeds, especially for prolific breed of Chinese Hu

sheep.

In China, no scrapie case has been reported since the

worldwide incidence. So there are a few studies about the

PRNP genotypes and risk evaluation in Chinese sheep

breeds. Recently, sheep scrapie or BSE have been detected

in many states around China, which is a great risk to

Chinese animal husbandry. Up to now, little information

about PRNP polymorphisms had been reported in three

Chinese Mongolia native breeds (Ujumqin, Sunite, and

Mongolian sheep), small Tailed Han, Wadi, Tong sheep,

and even Hu sheep. It had been demonstrated that these

breeds have low diversity and medium-high and/or high

level susceptibility to scrapie. However, the sample sizes in

those studies were less than 50 [20, 33, 39, 41]. Neither the

relationship between PRNP genotypes and reproduction

traits nor detailed scrapie evaluation is studied in Chinese

sheep breeds.

The objectives of the present study are to identify the

PRNP polymorphisms and evaluate their effects on risk of

classical scrapie and litter size in Chinese Hu sheep. The

aim is to provide informative protocol for breeding and

selection programs in this breed.

Materials and methods

Animals and DNA extraction

Hu sheep is one of the famous Chinese native prolific

breeds in the world because of its high fertility up to about

300% [19]. Now this breed has been widely cultivated

throughout the South of China such as Jiangsu province,

Zhejiang province, and Shanghai city, where they are well

adapted to the hot humid climate. Hu sheep mostly carried

the prolific FecB gene and so was widely selected for

female parent in crossbreed [19].

A total of 180 female Hu sheep (3–5 years old) were

collected from Jiangsu Province (100) and Shanghai city

(80). The number of live lambs at the first and second, the

third and even fourth were recorded. Genomic DNA was

extracted from blood using a standard phenol–chloroform

extraction method, and then stored at -20�C until used.

Polymorphisms analysis

Polymorphisms of PRNP at codons 136, 154, and 171 were

genotyped by polymerase chain reaction restriction frag-

ment length polymorphism (PCR-RFLP) method using the

restriction enzymes BspH1 and BspD1 (New England

Biolabs) according to the method described by Luhken

et al. [27]. Two different length PCR fragments (197 bp/

196 bp) were obtained and then digested by BspH1 and/or

BspD1 according to the manufacture. PCR-RFLP products

were separated by 8% polyacrylamide gel and then stained

by silver.

A 557 bp PCR fragment of PRNP including the entire

nine polymorphisms at codons 101, 112, 127, 136, 137, 138,

152, 154, and 171 was amplified using the following primers

(forward: 50-ACCTGGCGGAGGATGGAACACTG-30 and

reverse: 50-GCTCCACCACTCGCTCCATTATCTT-30).
PCR reactions were performed in a final 20 ll volume con-

taining 50 ng genomic DNA, 2.0 ll 109 buffer, 1.2 mM

MgCL2, 0.2 mM each of dNTPs, 1.0 U of Taq polymerase,

20 pM each primer. Amplification conditions: 94�C dena-

turation for 5 min; 30 cycles at 94�C for 40 s, annealing at

60�C for 30 s, and extension at 72�C for 45 s followed by a

final extension at 72�C for 5 min. The PCR products were

cloned into the pGEM-T vector and sequenced directly. The

DNA sequencing was performed by Shanghai Sangon

Biotechnology Co. Ltd.

Statistical analysis

The sequencing results were analyzed using the Chromas

Lite (2.0) software. Allelic and genotypic frequencies were

calculated by the simple gene counting method. The

average litter size in different genotypes were presented as

mean ± SE and compared by T-test.

Risk evaluation for scrapie

According to an assessment of clinical scrapie risk scores

(R) to the PRNP genotype classes described by the Scrapie

Information Group in England [11], the common 15 PRNP

genotypes were divided into five scores (R1–R5), with the

risk of susceptibility to scrapie increasing with an increase

in the score. Each risk score is associated with certain

peculiar PRNP genotypes.
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Results

Allele and genotype frequency

The results showed that all the alleles at codons A136V/T,

R154H, and Q171R/H/K previously detected in other sheep

breeds were identified in Hu sheep in the present study. The

allele frequencies are summarized in Table 1. The pre-

dominant alleles were A, R, and Q, respectively. The fre-

quencies of PRNP polymorphisms at codons 101, 112, 127,

137, 138, and 152 are summarized in Table 2. Nine hap-

lotypes at codons 136, 154, and 171 were detected in this

study and were summarized in Table 3. Two new haplo-

types of TRR and TRK were detected. The frequencies of

different haplotypes varied a lot. The haplotypes ARQ had

the highest frequency (57.77%) followed with ARR

(18.33%), ARH (9.72%), and TRQ (6.67%).

In this study, a total of 19 PRNP genotypes were

detected (Table 4). And the corresponding DNA sequences

were submitted to the GenBank database with Access

Numbers from HM639748 to HM639766. The most fre-

quent genotype at codons 136, 154, and 171 was ARR/ARQ

(30%), followed by ARQ/ARQ (26.67%) and ARQ/ARH

(12.22%). Three new genotypes of ARQ/TRK (HM639758),

ARQ/TRR (HM639760), and TRR/TRQ (HM639765) were

identified with the same low frequency of 0.56%.

Risk level estimation

Chinese Hu sheep had the high frequency of predominant

genotypes of ARR/ARQ (30.00%) and ARQ/ARQ

(26.67%) which corresponded to risk scores R2 and risk

R3, respectively. The rare genotype ARR/ARR (1.67%)

Table 1 The frequencies of PRNP alleles at codons 136, 154, and

171 in Hu sheep

Condon PrP Allele Number Frequency (%)

136 A 331 91.94

V 1 0.28

T 28 7.78

154 R 358 99.44

H 2 0.56

171 Q 232 64.45

R 71 19.72

H 35 9.72

K 22 6.11

Table 2 Allelic frequencies of additional PRNP polymorphisms in

Hu sheep

Codon PrP allele Number Frequency (%)

101 QQ 177 98.33

QR 3 1.67

112 MM 179 99.44

MT 1 0.56

127 GG 156 86.67

GS 24 13.33

137 MM 171 95

MT 9 5

138 SS 179 99.44

SR 1 0.56

152 YY 177 98.33

YF 3 1.67

Table 3 Haplotypic frequencies of PNPR at codons 136, 154, and

171

Genotype Number Frequency (%)

ARQ 208 57.77

ARR 66 18.33

ARH 35 9.72

TRQ 24 6.67

ARK 21 5.83

AHQ 2 0.56

TRR 2 0.56

TRK 1 0.28

VRQ 1 0.28

Table 4 PRNP genotypes and frequencies in Hu sheep

Genotype Number Frequency (%)

ARR/ARQ 54 30.00

ARQ/ARQ 48 26.67

ARH/ARQ 22 12.22

ARQ/TRQ 17 9.44

ARQ/ARK 14 7.78

ARH/ARH 4 2.22

ARH/ARR 4 2.22

ARR/ARR 3 1.67

ARK/ARK 2 1.11

ARQ/AHQ 2 1.11

TRQ/TRQ 2 1.11

ARH/ARK 1 0.56

ARK/TRQ 1 0.56

ARQ/TRK 1 0.56

ARQ/TRR 1 0.56

ARR/ARK 1 0.56

ARR/TRQ 1 0.56

TRR/TRQ 1 0.56

VRQ/ARQ 1 0.56

Total 180 100
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corresponded to risk score R1. Eight of nineteen PRNP

genotypes in Hu sheep corresponded to risk score R1

(1.67%), R2 (32.22%), R3 (42.22%), and R5 (0.56%), and

other 11 genotypes (23.36%) could not be classified to

date, because their susceptibility to scrapie has not yet been

established. The risk scores and genotype frequencies were

shown in Fig. 1.

Association between polymorphisms at codons 136,

154, and 171 and litter size

The comparison of the mean litter size in parities 1 and 2

and average among different PRNP genotype flocks is

showed in Table 5. The individuals without informative

protocol and a genotype with individual numbers less than

three were excluded from the association analysis. The

results showed that the litter size in ARH/ARH genotype

was significantly higher than those in ARQ/ARQ and ARR/

ARQ genotypes in the 1st parity. There was no significant

difference in the second parity and the average live lambs

among different genotypes.

Discussion

It has been reported that PRNP polymorphisms at codons

A136V/T, R154H, and Q171H/R/K have a strong correla-

tion with scrapie susceptibility/resistance in sheep [15].

The allele V136 was associated with the susceptibility to

scrapie, while A136 was associated with the resistance to

scrapie (but not absolutely) [16, 23]. The rare allele T136

was previously only reported in Greece sheep, but its effect

on sheep susceptibility has not been defined yet [5]. In this

study, the allele A at codon 136 had the absolutely high

frequency in Hu sheep (91.94%). This result was con-

sistent with the previous reports in other Chinese sheep

breeds [39].

The second allele (R154) has been reported due to its

high association with delayed onset of symptoms for

classical scrapie strains [21]. The effect of H154 on scrapie

remains controversial, because it presented protection

against scrapie in some breeds [21], but it was susceptible

in other breeds [1, 2] and even presented a positive risk to

Nor98 scrapie [10]. The allele R was absolutely predomi-

nant at codon 154 (99.44%) in Hu sheep and only two

heterozygotes with H154 were detected. It seems that Hu

sheep have a low risk to scrapie according to this allele

distribution, which seems to delay the progression of

scrapie [34].

The third allele, R171 presented resistant to scrapie and

was detected mostly with heterozygotic genotype [18, 22].

The homozygote QQ171 was associated with the suscepti-

bility to scrapie, but in some breeds it was not related with

scrapie cases [3, 5, 36]. Previous studies showed that RR171

or QR171 conferred resistance when Suffolk sheep were at

risk of exposure to the scrapie agent. In Hu sheep, the

frequencies of allele Q171 and the predominant genotype

QQ were 64.45 and 37.78%, respectively. Other two alleles

named H and K at this code previously reported by

Goldmann [15] were also detected in Hu sheep. Further-

more, the codon K171 in Hu sheep had a higher frequency

than other Chinese sheep breeds as suggested in previous

reports [25, 39].

Fifteen common PRNP genotypes identified had been

divided into five risk levels, R1–5 [11]. In National Scrapie

Plan (NSP), the rams with levels of R1, 2, and 3 are

selected, with which levels of R4 and 5 are culled. Among

19 genotypes in Hu sheep detected in this study, two and

four genotypes belonged to risk level R2 (32.22%) and R3

(42.22%), respectively. In addition, ARR/ARR and VRQ/

ARQ genotypes belonged to risk level R1 (1.67%) and

R5 (0.56%), respectively. And other 11 genotypes (total

1.67%

32. 22%

42.22%

0 0.56%

23.36%

0.00%
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Fig. 1 Risk level for scrapie and frequencies within Hu sheep.

Associated scrapie risk for R1–5: R1 very low, R2 low, R3 moderate,

especially in ARQ/ARQ, R4 moderate, R5 high, especially in ARQ/

VRQ and VRQ/VRQ

Table 5 Comparison of litter size among flocks with different PRNP

genotypes

Genotype Number Mean litter size

1st parity 2nd parity Average

ARR/ARQ 33 1.67 ± 0.14b 2.34 ± 0.14 2.17 ± 0.04

ARQ/ARQ 32 1.59 ± 0.11Ab 2.00 ± 0.12 2.05 ± 0.07

ARH/ARQ 16 1.83 ± 0.12 2.22 ± 0.21 2.19 ± 0.10

ARQ/TRQ 9 1.78 ± 0.22 2.22 ± 0.22 2.10 ± 0.13

ARQ/ARK 5 1.80 ± 0.37 1.80 ± 0.20 2.07 ± 0.18

ARH/ARH 3 2.67 ± 0.33Ba 2.33 ± 0.33 2.50 ± 0.22

ARR/ARR 3 1.67 ± 0.67 2.23 ± 0.33 2.22 ± 0.28

Total 101 1.72 ± 0.07b 2.17 ± 0.07 2.17 ± 0.04

Note: The number of a group with one genotype lower than 3 was not

analyzed. Values in the same columns with small letters a and b

means P \ 0.05, with capital letters A and B mean P \ 0.01
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23.36%) were unknown because they carried the uncertain

alleles for scrapie risk. The genotypes of VRQ/VRQ and

ARR/ARR were, respectively, regarded as most susceptible

[4] and most resistant to scrapie [3, 14, 18], while the latter

had low frequency (1.67%) and no VRQ/VRQ was detec-

ted in Hu sheep. The ARR/ARQ genotype with the highest

frequency belonged to risk level R2. The wild genotype

ARQ/ARQ with the second higher frequency in Hu sheep,

which was regarded as middle susceptibility to scrapie [4,

5], and belonged to risk level R3. The distribution of PRNP

genotypes in Hu sheep was consistent with many other

sheep breeds [24]. The ARQ/TRQ genotype had high fre-

quency (9.44%) in Hu sheep, which was considered as

susceptible genotype similar to ARQ/ARQ and ARQ/AHQ

[5]. The study on the scrapie risks estimation of ARK-

encoding genotype is still in progress to be explored.

Although the frequency of ARR/ARR genotype in Hu

sheep is low, this result suggests that Hu sheep has a low or

middle risk level to scrapie in a certain extent,

In addition, other six loci in PRNP including Q/R101,

M/T112, G/S127, M/T137, S/R138, and Y/F152 were detected

(Table 3). These polymorphisms were called as rare alleles

and affected susceptibility/resistance to scrapie in sheep. It is

remarkable that all the variants detected are heterozygotes in

Hu sheep. T112 was found in both scrapie-free and scrapie-

affected flocks with the lower frequency [17]. T137 has been

reported to offer protective effects on sheep which were

experimentally challenged with both scrapie and BSE [17,

29, 35]. The frequency of these two mutations is low in Hu

sheep. And the detailed effects of these rare alleles on sus-

ceptibility/resistance to scrapie are required further study.

To date, studies on the association of PRNP polymor-

phisms with litter size formed different conclusions [6–9,

12, 26, 28, 31]. Most studies revealed that no significant

associations existed [9, 12, 31, 38]. In contrast, it was

reported that a small positive effect of ARR/ARR genotype

on litter size in Texel [6]. Likewise, the ewes with ARR/

ARR genotype had a higher litter size at birth than those

with ARR/ARQ and ARQ/ARQ genotypes [28]. The allele

ARH conferred a significantly larger litter size than that of

with ARQ or ARR allele in an autochthonous Spain breed

[8]. In this study, the litter size at first parity for ARH/ARH

genotype was significantly higher than those with ARQ/

ARQ and ARR/ARQ genotypes. Other reproduction per-

formances had no significant difference among different

genotype flocks.

Selection of individuals with the resistant genotype

ARR/ARR is an effective way to eradicate scrapie in

sheep. However, breeding programs could encounter three

main problems in procedure. Firstly, a large number of

breeds have a low frequency of the ARR allele. Secondly,

selection for the PRNP genotype will yield selection

pressure on other economical traits and thus may reduce

the whole genetic improvement. Thirdly, there may be a

negative association between the ARR allele and other

animal performance traits [30]. Although the frequency of

ARR/ARR in Hu sheep is low, the second highest fre-

quency of ARR/ARQ genotype could be helpful for

increasing the number of ARR/ARR genotype and reduc-

ing the risk of genetic defects within population [40].

Although there have been no scrapie and BSE reports in

China, it is still necessary to select individuals with resis-

tant genotypes for securing animal breeding program and

food safety in future. However, it is difficult to select a

higher resistance flock with low ARR/ARR frequency,

which would influence the selection of resistant sheep

breeds. Fortunately, the results show that at least there is no

significantly negative effect between the resistant PRNP

genotypes and litter size in Hu sheep.

Conclusions

Polymorphisms at codons 136, 154, 171, and other six loci

in sheep PRNP were detected in Chinese Hu sheep, the risk

level for scrapie was evaluated, too. Moreover, the asso-

ciation of different genotypes on litter size were analyzed.

The results showed that all the alleles at codons 136A/V/T,

154 R/H, and 171Q/R/H/K were detected. Nine haplotypes

and nineteen genotypes were detected at codons 136, 154,

and 171. Most of Hu sheep individuals belonged to the risk

levels of R2 (32.22%) and R3 (42.22%). Just the litter size

at the first parity was significantly affected by the variance

genotypes of ARH/ARH, ARQ/ARQ, and ARR/ARQ. It

could be concluded that Hu sheep has a lower susceptibility

to natural scrapie, and the predominant PRNP genotype has

no significant effects on litter size.
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