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ABSTRACT.- Sanches C.C., Rosinha G.M.S,, Galvao C.E., Feij6 G.L.D., Aratjo ER. & Soares C.O.
2016. Polymorphisms in the Prion Protein Gene of cattle breeds from Brazil. Pesquisa
Veterindria Brasileira 36(11):1059-1066. Programa de Doutorado em Ciéncia Animal, Univer-
sidade Federal do Mato Grosso do Sul, Av. Senador Filinto Miller 2443, Cidade Universitaria,
Cx. Postal 549, Campo Grande, MS 79070-500, Brazil. E-mail: cleber.soares@embrapa.br
One of the alterations that occur in the PRNP gene in bovines is the insertion/deletion
(indel) of base sequences in specific regions, such as indels of 12-base pairs (bp) in intron
1 and of 23- bp in the promoter region. The deletion allele of 23 bp is associated with
susceptibility to bovine spongiform encephalopathy (BSE) as well as the presence of the
deletion allele of 12 bp. In the present study, the variability of nucleotides in the promoter
region and intron 1 of the PRNP gene was genotyped for the Angus, Canchim, Nellore and
Simmental bovine breeds to identify the genotype profiles of resistance and/or suscep-
tibility to BSE in each animal. Genomic DNA was extracted for amplification of the target
regions of the PRNP gene using polymerase chain reaction (PCR) and specific primers. The
PCR products were submitted to electrophoresis in agarose gel 3% and sequencing for ge-
notyping. With the exception of the Angus breed, most breeds exhibited a higher frequency
of deletion alleles for 12 bp and 23 bp in comparison to their respective insertion alleles
for both regions. These results represent an important contribution to understanding the

formation process of the Brazilian herd in relation to bovine PRNP gene polymorphisms.

INDEX TERMS: Bovine spongiform encephalopathy, PRNE prion, indel, cattle, Brazil.

RESUMO.- [Polimorfismos no gene da proteina prioni-
ca em bovinos no Brasil.] Uma das mudangas que ocor-
rem no gene PRNP em bovinos € a inser¢do e/ou delegio
(indels) de sequéncias de bases, em determinadas regides
como, por exemplo, as indels de 12 pares de bases (pb) no
intron 1 e 23pb na regido promotora. O alelo de delegdo
de 23pb esta relacionado com a suscetibilidade a Encefalo-
patia Espongiforme Bovina (EEB), assim como a presenca
do alelo de delegdo de 12pb. Neste estudo foi genotipada a
variabilidade de nucleotideos da regido promotora e intron
1 do gene PRNP em bovinos das racas Angus, Canchim, Ne-
lore e Simental, para identificar os perfis genotipicos de re-
sisténcia e/ou suscetibilidade a EEB de cada animal. Foi re-
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alizada a extracdo de DNA gendmico para amplificagio das
regides alvo do gene PRNP, por meio da reacao em cadeia
de polimerase (PCR) utilizando-se primers especificos. Os
produtos da PCR foram submetidos a eletroforese em gel
de agarose a 3%, e sequenciamento para a realiza¢ido da
genotipagem. Com exce¢do da raga Angus, a maioria das
racas apresentaram maiores frequéncias do alelo de dele-
¢do tanto para 12pb como 23pb, em comparagdo com seus
respectivos alelos de insercdo, para as duas regides. Esses
resultados abrem caminhos para o conhecimento de como
o rebanho brasileiro esta sendo formado com relagdo aos
polimorfismos do gene PRNP bovino.

TERMOS DE INDEXACAO: Encefalopatia espongiforme bovina,
PRNP, prion, polimorfismo, bovinos, Brasil.

INTRODUCTION

Bovine spongiform encephalopathy (BSE), also known as
mad cow disease, is a zoonosis that is part of the transmis-
sible spongiform encephalopathy group (TSEs) (Czarnik et
al. 2007). The first cases of BSE occurred in 1985 in dairy
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cattle supplemented with animal origin protein (Wells et
al. 1987).

Spongiform encephalopathy remains an issue of great
importance to public health due to the discovery of a va-
riant of Creutzfeldt-Jakob disease (vC]D). Efforts have been
made to understand the epidemiology of BSE and discover
whether this disease breaks through the inter-species bar-
rier and can affect humans, since BSE is capable of causing
illness resembling vC]D in primates (Holznagel et al. 2013).

PrP¢is a normal protein that synthesized from the PRNP
gene. This protein is present in the cell membrane of CNS
neurons, participate in neural differentiation process re-
mains intact myelin sheaths protecting nerve fibers and
has the ability to stabilize synapses that form long-term
memories (Aguzzi et al. 2013). In cattle, the PRNP gene
is on chromosome 13 in the position Q17 BTA, being a
single copy gene with about 2,5 kilobases (kb) containing
three exons, the exon encoding the last ORF (open read-
ing frame). The first intron is described for supporting the
action of the promoter region and exon 1 contrast can be
associated with suppressive activity than the promoter re-
gion (Haigh et al. 2007).

PrP%¢is an infectious protein and causal agent of several
TSEs, such as CJD in humans, BSE in bovines and Scrapie in
sheep and goats. The modified protein is toxic to the ner-
vous system and may gradually deposit in the brain caus-
ing a fatal spongiform encephalopathies, nervous tissue it
causes neuronal loss, abnormal synapse evolving to vacu-
olization, neuroinflammation and deposition of amyloid
fibrils (Aguzzi et al. 2013).

There is evidence of polymorphic changes in the PRNP
gene and the risk of the development of transmissible
encephalopathies in sheep, humans, deer and mice. Such
evidence is currently being studied in bovines. A number
of polymorphisms have been described and are associat-
ed with genotypes in which animals have a lower risk of
developing BSE. The structure of the gene and the major
polymorphisms indel shown in Figure 1.

BSE is divided into the classic and atypical types. The
development of classic BSE may be associated with the in-
corporation of meat and bone meal containing PrP* into
the bovine diet (Konold et al. 2012).

One of the alterations that occur in the PRNP gene in bo-
vines is the indel of base sequences in determined regions,
such as the indels of 12 base pairs (bp) in intron 1, 23 bp in
the promoter region, 14 bp in the 3’ non-translated region
(3’ UTR) and 24 bp in the region of repeated octapeptides.

The most relevant are indels of 23 bp and 12 bp. The
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Fig.1. Diagram illustrating the structure of the gene PRNP gene in
cattle with approximately 2.5 kb. (a) Description of two major
polymorphisms in/del indicated by arrows. (b) Representa-
tion of the three exons illustrated by black bars and the coding
region shown by the white bar.

Pesq. Vet. Bras. 36(11):1059-1066, novembro 2016

Cristiane C. Sanches et al.

deletion allele of 23 bp in the promoter region, localized
in the region 47636 pb of gene, is associated with a great-
er risk of the development of susceptibility to BSE. Anoth-
er genetic factor that may be associated with the possible
development of classic BSE is the presence of the deletion
allele of 12 bp in intron 1, localized in the region 49729 pb
of gene (Juling et al. 2006).

The aim of the present study was to genotype the va-
riability of the nucleotides (indels) in the promoter region
and intron 1 of the PRNP gene in the Angus, Canchim, Ne-
lore and Simmental bovine breeds to identify the genotype
profiles of resistance and/or susceptibility to BSE in each
animal.

MATERIALS AND METHODS

Samples. For the analyzes of 102 animal breeds of Zebu, Eu-
ropean and Brazilian origin were genotyped. Through the Em-
brapa Beef Cattle breeding program (GENEPLUS) (http://www.
geneplus.com.br/) were selected and used 34 breeders Nellore,
Zebu breed of Indian origin (Bos indicus tauurus), 26 Angus bre-
eders, European breed of Scottish origin (Bos taurus tauurus), 25
Simmental animals, European breed of Swiss origin (Bos taurus
tauurus) and 17 animals Canchim breed in Brazil formed by bre-
eding Charolais breed with zebu breeds (Nellore, Guzera and In-
dubrasil). Samples of animals from different farms were used in
the experiment. These animals have a low degree of kinship ie,
coefficient of inbreeding (Fi) between 0% and 9%, obtained by
routines developed in MATLAB.

DNA Extraction. The method described by Olerup & Zetter-
quist (1992) was used to extract genomic DNA from leucocytes
of animals breeds Angus, Simmental, Canchin and nine animals
Nellore. The method described by Zadworny & Kuhnlein (1990)
was used to extract genomic DNA from semen samples from 25
animals Nellore.

Integrity of extracted DNA.The purity of the total DNA from
the samples was verified by electrophoresis in agarose gel 0.8%
(Promega®) stained with SYBR Gold (Invitrogen®) before being
analyzed under ultraviolet light in a transluminator (Translumi-
nator Loccus Biotecnologia®) and photographed with a digital ca-
mera using the L. PIX software program (Loccus Biotecnologia®).
The concentration was determined in a spectrophotometer (Na-
noDrop®).

Design of primers and amplification of target regions.
Specific primers previously described by (Galvdo et al. 2012)
were used for the detection of the 12-bp indel (prnpBovin12F: 5’
- GGT AAA TAG CCG CGT AGT CCT T - 3’; prnpBovin12R: 5’ - TCG
CCC TTG TTC TTC TGA GC - 3’), amplifying a sequence of 400 bp,
and for the detection of the 23-bp indel (prnpBovin23F: 5" - TCC
TCT TGG GAC TTC TTA AGC CAG GTA - 3'; prnpBovin23R: 5" - AAG
GCA ATA TAG TTC GTG AGG GTT TGA G - 3"), amplifying a sequen-
ce of 393 bp.

The target regions of the PRNP gene were amplified by poly-
merase chain reaction (PCR) using from 40 to 60ng of DNA per re-
action of 22uL, containing buffer 10X, 1.5mM of MgCl,, 0.5mM of
dNTPs, 5pmol of each primer and one unit of Taqg DNA polymerase
(CenBiot®). This was done using specific primers for the analy-
ses of mutations (insertion/deletion) that occurred in the bovine
PRNP gene in association with 12 bp and 23 bp. Amplification was
performed at 94°C for 5 minutes for the initial denaturation, 34
cycles of 45 seconds at 94°C for denaturation, 58°C and 60°C for
45 seconds for primer annealing associated with indel 12 and in-
del 23, respectively, 72°C for 2 minutes for extension, as well as
72¢°C for 5 minutes for the final extension.
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Genotyping. The PCR products were submitted to electro-
phoresis in agarose gel (Promega®) at a concentration of 3%. The
standard base pair used was 1 Kb plus Ladder (Invitrogen®) to aid
in the visualization of the height of the bands that resulted from
the PCR amplification of the target areas. The gels were submitted
to ultraviolet light in a transluminator (Transluminator Loccus
Biotecnologia®) to visualize the amplification and then photogra-
phed with a digital camera with the aid of L. PIX software program
(Loccus Biotecnologia®). In the analyses of the gels, animals were
classified as homozygous animals with bp insertion bp, homo-
zygous with bp deletion and heterozygous for the indel 12 and
indel 23 regions. Once the genotypes of each animal had been ob-
tained, haplotypes and diplotypes were determined.

DNA sequencing. The amplification products were purified
with Qiaex II (Qiagen®) kit .The amplicons were sequenced in a
ABI-PRISM 3100 Genetic Analyzer (Applied Biosystems®), using
2l of BigDye Terminator v3.1 Cycle Sequencing (RR-100, Applied
Biosystems®), 30 to 45ng of template DNA and 3.2pmol of each
primer for a final volume of 10pl.

Statistical analysis. Wih the results of the agarose gel analy-
sis, the genotype and allele frequencies were calculated and sub-
mitted to the Hardy-Weinberg equilibrium test to determine if the
allele frequency remained constant over a number of generations.
The chi-square test was used to compare the degree of significan-
ce between the genotype and allele frequencies of the breeds. Fre-
quencies were determined for diplotypes and haplotypes. Haplo-
types were compared using the linkage disequilibrium test (D’)
(Lewontin, 1988) to analyze the degree of dependency between
haplotypes and the correlation test (r) to assess the degree of mu-
tual relation between the two polymorphic regions that formed
the haplotypes.

At times, the quantity of diplotypes from the Simmental, Can-
chim and Angus breeds had to be estimated to enable the calcu-
lation of their frequencies. These diplotypes came from animals
that had double heterozygote genotypes, which means ins/del
in both polymorphic regions consecutively. The estimates were
obtained using conditional probability (P) and the concrete num-
bers of each haplotype to assign the respective frequencies, as
follows: P(12ins.23del)=n+N, in which “n” is the concrete value of
the number of animals with this haplotype and “N” is the concrete
sum of all haplotypes. The same calculation was made for other
haplotypes: P (12del.23ins); P (12del.23del); P (12ins.23ins).
With the results from the haplotype frequencies, the estimated
diplotype values were obtained for the animals conditioned to the
double heterozygote genotype, as follows:

From this point forward, it was possible to calculate the con-
ditional probability of diplotype 12ins.23del/12del.23ins by sub-
tracting the value found in P (12ins.23ins/12del.23del) from 100.
With the principle of chromosome distribution (n+n=2n), it was
possible to estimate how many haplotypes came from the diplo-
types of these double heterozygote animals.

All calculations were performed with the aid of an electronic
calculation spreadsheet in silico.

RESULTS

Figure 2 illustrates the agarose gel electrophoresis (Pro-
mega®) 0.8% gel, stained with SYBR Gold (Invitrogen),
analyzed under UV light transilluminator (Transluminator
Loccus Biotecnologia®) to check the purity and integrity of
the genetic material. The extracted DNA obtained showed
satisfactory integrity, with concentrations 40-60ng of DNA
and 260/280 absorbance values 260/280 ranging between
1.8 and 2.0 recorded by spectrophotometer (NanoDrop®).

200

Fig.2. Representative gel. Electrophoretic profile in 0.8% agarose
gel to visualize the integrity of DNA extracted and used in PCR.
1 = 1Kb Plus DNA Ladder Invitrogen, molecular weight stan-
dard; Sample 2 = 100 ng Lambda DNA, standard molecular
concentration; 3 to 7 Samples of bovine DNA.
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Fig.3. Electrophoresis profile in agarose gel 3% of PCR of the bo-
vine PRNP gene; 1 = base pair standard; 2 = characteristic
band of homozygoous animal with bp deletion; 3 = character-
istic band of heterozygous animal; 4 = characteristic band of
homozygous animal with bp insertion.

The pairs of primers used in the PCR to amplify the
polymorphic regions performed well. Therefore, it was
possible to distinguish homozygous animals with inser-
tion, homozygous animals with deletion and heterozygous
animals for intron 1 (12-bp indel) and the promoter region
(23-bp indel). Figure 3 displays the electrophoresis profile
in agarose gel 3% of the PCR quality where the formation
of bands per fragments occurred, which were amplified by
400 and 393, respectively, for the 12-bp and 23-bp regions.
The bands formed at a height of about 400 bp, depending
on the base pair marker. The presentation of the bands
formed in the agarose gel was applied to the 12-bp indel
and 23-bp indel, Figure 3 displays the genotype differen-
ces in both regions. Through sequencing, it was possible
to confirm the genotypic profile observed in each animal
by detecting regions of the PRNP gene in which there were
indels in intron 1 (12 bp indel) and in the promoter region
(23-bp indel) (Fig.4 and Fig.5).
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Fig.4. Representatlve electropherogram Comparlson between polymorphlsms in a specific region of the PRNP gene. Alignments made

from the PRNP gene AJ298878 access of cattle and deposited in GenBank under electropherograms representing the same region.
(A) Bovine homozitogoto, with insertion of 12 bp for both alleles. (B) Bovine heterozygote, with the arrows indicating the position
of the 12 bp deletion in one allele sequence and insertion of 12 bp on the other allele. (C) Bovine homozygous with 12 bp deletion

in both alleles.
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The genotype and allele frequencies

using the analysis of the electrophoresis profile of each ani-
mal in agarose gel for both polymorphic regions (Table 1).
No significant differences among breeds were found regar-
ding intron 1 (12-bp indel; P>0.01, chi-square test), where-
as significant differences among breeds were found in the
promoter region (P<0.01). All breeds were in Hardy-Wein-
berg equilibrium for both regions (P > 0.05). Likewise, no
significant differences among breeds were found regarding
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were calculated

pectively (Table 1).

alleles of intron 1 (P>0.01), whereas significant differences
among breeds were found regarding alleles of the promo-
ter region (P < 0.01).

Genotype frequencies of 97.06% were found for haplo-
type 23 del/del in the Nellore breed. Allele frequencies of
79.41% were found for the 12 del in the Canchim Breed and
frequencies of 80.77%, 79.41% and 98.53% were found for
the 23 del in the Angus, Canchim and Nellore breeds, res-
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Table 1. Genotype and allele frequencies of the indel PRNP of 12 and 23 bp

Breeds (n)? Angus (26) Canchim (17) Nelore (34) Simental (25)

Genotype Frequencies
12 bp (400/412 bp)®

ins/ins 26.92% 0% 11.76% 12%
del/del 19.23% 58.82% 35.29% 28%
ins/del 53.85% 41.18% 52.94% 60%
H-WEd (P)f 0.18 (> 0.05) 1.14 (> 0.05)  0.50 (>0.05) 3.12 (> 0.05)
X%e (P) 11.58 (> 0.01)

23bp (393/416bp)*

ins/ins 7.69% 5.88% 0% 8%
del/del 69.23% 64.71% 97.06% 40%
ins/del 23.08% 29.41% 2.49% 52%
H-WE (P) 1.72 (>0.05)  0.17 (>0.05)  0.01(>0.05)  0.63 (>0.05)
X* (P) 23.73 (< 0.01)

Allele Frequencies

12bp

Ins 53.85% 20.59% 38.24% 42%
Del 46.15% 79.41% 61.76% 58%

X2 (P) 9.64 (> 0.01)

23bp

ins 19.23% 20.59% 1.47% 34%

del 80.77% 79.41% 98.53% 66%

X2 (P) 22.19 (< 0.01)

2 Number of animals from each breed; ® size of fragment amplified in intron 1 (400 are fragments
with deletion of nucleotides and 412 are fragments with insertion of nucleotides); © size of frag-
ment amplified in promoter region (393 are fragments with deletion of nucleotides and 416
are fragments with insertion of nucleotides); ¢ Hardy-Weinberg equilibrium test; ¢ chi-square
test; f significance level.

Table 2. Frequency of dyplotypes of indel PRNP of 12 and 23 bp

Breeds (2n)? Angus (26) Canchim (17) Nelore (34) Simental (25)
Dyplotypes Ob Ec F%* 0 E F% 0O E % 0 E F%
12del.23del/12del.23del 3 0 12 5 0 29 12 0 3529 5 0 20
12ins.23del/12ins.23del 4 0 15 0 0 O 3 0 882 1 0 4
12ins.23ins/12ins.23del 2 0 8 0 0 0 1 0 294 1 0 4
12ins.23del/12del.23del 11 0 42 9 0 53 18 0 5294 4 0 16
12ins.23ins/12ins.23ins 1 0 4 0 0 0 0 0 0 1 0 4
12del.23ins/12del.23ins 1 0 4 1 0 59 0 0 0 1 0 4
12del.23ins/12del.23del 1 0 4 1 0 59 0 0 0 1 0 4
12ins.23ins/12del.23del 0 2 8 0 0 O 0 0 0 0 7.5 30
12ins.23del/12del.23ins 0 1 4 0 1 59 0 0 0 0 35 14

2 Chromosome pairs with diplotypes; ® Observed chromosome pairs; ¢ chromosome pairs esti-
mated based on conditional probability test for animals with double heterozygous genotypes;
4 percentage frequency.

Table 3. Frequency of haplotypes of indel PRNP of 12 and 23 bp

Breeds (n)? Angus (52) Canchim (34) Nelore (68) Simental (50)
Haplotypes  Ob Ec F%¢ (0] E F% (0] E F% 0O E F%

12del.23del 18 2 38.5 20 0 588 42 0 6176 15 7.5 45
12ins.23del 21 1 42.3 6 1 206 26 0 3824 7 35 21
12ins.23ins 4 2 11.5 0 0 0 0 0 0 3 75 21
12del.23ins 3 1 7.7 6 1 206 0 0 0 3 35 13
D’e 0.1319 1 0 0.3408
rf 0.0596 0,260 0 0.2874

3 Number of chromosomes with haplotypes; ® observed chromosomes; ¢ chromosomes estimated
from pairs of chromosomes for animals with double-heterozygous genotype; ¢ percentage fre-
quency; ¢ linkage disequilibrium , fcorrelation
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The genotype and allele frequencies were calculated
using the analysis of the electrophoresis profile of each ani-
mal in agarose gel for both polymorphic regions (Table 1).
No significant differences among breeds were found regar-
ding intron 1 (12-bp indel; P>0.01, chi-square test), where-

as significant differences among breeds were found in the
promoter region (P<0.01). All breeds were in Hardy-Wein-
berg equilibrium for both regions (P > 0.05). Likewise, no
significant differences among breeds were found regarding
alleles of intron 1 (P>0.01), whereas significant differences

Pesq. Vet. Bras. 36(11):1059-1066, novembro 2016
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among breeds were found regarding alleles of the promo-
ter region (P < 0.01).

Genotype frequencies of 97.06% were found for haplo-
type 23 del/del in the Nellore breed. Allele frequencies of
79.41% were found for the 12 del in the Canchim Breed and
frequencies of 80.77%, 79.41% and 98.53% were found for
the 23 del in the Angus, Canchim and Nellore breeds, res-
pectively (Table 1).

With the genotype data for each animal, it was possible
to understand the formation of diplotypes and calculate the
respective frequencies (Table 2). The numbers of estimated
diplotypes from animals with double-heterozygote geno-
types are displayed in Table 2.

Table 3 displays the data obtained from the frequency
of haplotypes for each breed and the estimated number
of haplotypes. The estimates came from the diplotypes of
double-heterozygous animals.

DISCUSSION

The electrophoresis in 3% agarose gel of the PCR amplifi-
cation product of the target regions studied is an impor-
tant tool for the detection of genotypes of interest. Throu-
gh visualization the difference in molecular weight of the
fragments in agarose gel 3% was possible to identify the
insertion and/or deletion of 12 or 23pb and the determina-
tion of homozygous genotypes correlated with resistance
and BSE (ins/ins), homozygous correlated with susceptibi-
lity susceptible to BSE (del/del) and heterozygous (ins/del
(Fig. 3). Identical information about the genotypic profile
of the samples were observed in electropherograms obtai-
ned by sequencing, which highlights the efficiency and re-
liability of PCR and electrophoresis on 3% agarose gel for
genotyping and analysis of polymorphisms in these regions
of the PRNP gene (Fig.4 and Fig.5). Genotyping can also be
performed by real-time PCR (Jor etal. 2010) or even by me-
ans of mass spectrometry, however these methods show is
expensive when compared to conventional PCR coupled
with agarose gel electrophoresis and these techniques
have equivalent efficiency to conventional PCR and Sanger
sequencing.

The insertion genotypes for 12-bp in intron 1 and 23-
bp in the promoter region are of considerable importance.
The Angus breed had the highest frequency of the insertion
genotype for 12 bp. The Canchim breed exhibited a high
frequency of the deletion genotype of 12-bp. Regarding
the indel region of 23-bp, the Angus, Canchim and Nellore
breeds exhibited high frequencies of the deletion genotype
(Table 1).

Tests with the gene containing the indels of 12-bp and
23-bp were performed in vitro and in vivo. The in vitro test
showed that the cells containing the deletion genotype,
particularly 23-bp, expressed PrP*in high quantities. In the
in vivo test performed with calves, high expression of the
protein was found in the intestinal lymph nodes.

Dairy cattle from Vietnam have exhibited a high fre-
quency of the homozygous genotype of deletion for 23-bp
in the promoter region. This country imports meat and
bone meal for feeding dairy cattle. Konold et al. (2012)
demonstrated that cattle exposed to meal containing the
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brain stem of animals infected with BSE develop the disea-
se. Bovines from Turkey have a high frequency of the hete-
rozygous 23-bp genotype and the 12-bp insertion genotype
(Un et al. 2008). The heterozygous genotypes for 23-bp
and 12-bp were the most frequent in a study with Holstein-
-Friesian bovines from Poland (Czarnik et al. 2011). Thus,
23-bp alterations in the promoter region of the gene and
12-bp alterations in intron 1 may be important, as these are
considered regulatory sites responsible for the negative fe-
edback of the expression of the prion protein in cattle (Xue
etal. 2012a, 2012b).

The deletion alleles of 12-bp and 23-bp are in the in-
tron 1 and promoter region, respectively, and are associa-
ted with susceptibility to the development of BSE. This was
proven when a study was made with bovine breeds from
Germany and Switzerland comparing healthy and sick ani-
mals with BSE (Haase et al. 2007).

In the present study, only the Angus breed had a higher
frequency for the 12ins allele (53.85%) than 12del allele
(46.15%) (Table 1). The opposite occurred in another stu-
dy with the Angus breed, in which a higher frequency was
found for the 12del allele (56%) and a lower frequency
was found for the 12ins allele (44%). In the analysis of the
promoter region, the four breeds exhibited higher frequen-
cies for the 23del allele in comparison to the 23ins allele. A
frequency of 98.53% was found for the 23del allele in the
Nellore breed (Table 1).

The Kuchinoshima breed of Japanese origin, has exhi-
bited a frequency of 100% for the 12del and 23del alleles.
The Holstein-Friesian breed from Poland has exhibited a
frequency of 53.3% for the 12del allele and 63.6% for the
23del allele. A number of bovines from Slovakia affected
by BSE were compared to healthy animals, but no signifi-
cant differences were found between the frequencies for
the deletion alleles in intron 1 and the promoter region:
healthy animals exhibited 63.6% for 23del and 56.5% for
12del; animals stricken by the disease exhibited 70.8%
for 23del and 64.6% for 12del. High frequencies of hete-
rozygous genotypes were found for both regions in this
particular study. Bovines of Pakistani breeds have exhibi-
ted a high frequency of the 12ins allele (94.07%) (Imran et
al. 2012). Another bovine representative, the mithun (Bos
frontalis), which is the domesticated form of the Asian gaur,
has exhibited high allele frequencies of 12ins (77%) and
23ins (82%). The Anatolian buffalo (Bubalus bubalis) has
also exhibited high allele insertion frequencies: 86% for
and 92% for 23ins.

The Nellore breed is of Indian origin (Bos indicus) and
differs from the Angus and Simmental breeds, which that
have a European origin (Bos taurus). A comparative study
of these polymorphisms in the PRNP gene revealed that Bos
indicus exhibits a higher frequency of the 23del allele (88%)
than Bos taurus (62%) (Brunelle et al. 2008). According to
Brunelle et al. (2008), the origin of these polymorphisms
may be Indian cattle, since these animals enter the training
or breeding programs of some European breeds. However,
a study has demonstrated that the European Bison (Bison
bonasus), which also belongs to the Bovidae family, exhibi-
ted a frequency of 100% for 23del and 100% for the 12ins
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allele (Czarnik et al. 2009). It is important to obtain results
from other members of the bovine family to raise other hy-
potheses that seek to explain the origin of these polymor-
phisms, whether they involve insertion or deletion in the
bovine PRNP gene.

Bovines of mixed breeds, that is, those that are formed
by a combination of Bos taurus and Bos indicus, have exhi-
bited frequencies of 47% and 53% for the 12ins and 12del
alleles, respectively, and 20% and 80% for the 23ins and
23del alleles, respectively (Brunelle et al. 2008). The Can-
chim breed is reared in Brazil and contains breeds of Euro-
pean and Indian origin. The frequencies recorded for this
breed were equal: 20.59% for 12ins and 23insand 79.41%
for 12del and 23del (Table 1). A probable contribution of
Bos indicus deletion alleles may be acting on these repre-
sentatives of the Canchim breed.

Knowledge of common breeds or ancestors who con-
tributed to the genetic constitution of genotyped races are
important as they may direct the use of these animals for
future breeding. This knowledge also helps in understan-
ding the genotypic frequencies of indels 23-pb and 12-pb
identified in these animals, especially taking into conside-
ration the coefficient of relationship between them. Cur-
rently, strains bull Kavardi along with their descendants
(Chumak, Gim de Garga and Ludy de Garga) and families of
bulls Taj Mahal I demonstrate strong influence on the po-
pulation of Nellore crossbred (including Canchin) animals
and in Brazil which may have contributed to the genotypic
constitution presented by these animals and that may be
correlated with increased genetic susceptibility to BSE.

Polymorphisms in chromosome pairs were analyzed in
the diplotypes. The Angus and Simental breeds each exhi-
bited a frequency of 4% for the 12ins-23ins/12ins-23ins
diplotype, demonstrating 12 and 23bp insertions in both
alleles or both chromosomes (Table 2). The Aberdeen An-
gus, Charolais and Franqueiro breeds exhibited frequen-
cies of 3%, 10% and 16%, respectively, for the diplotype.
In Holstein breeds from the United Kingdom and Germany,
as well as the German Brown and Fleckvieh breeds, the fre-
quencies recorded in healthy animals were 5%, 15%, 46%
and 11%, respectively (Juling et al. 2006).

Japanese cattle in which the messenger RNA transcrip-
tion rate was evaluated and which exhibited the 12del-
-23del/12del-23del diplotype demonstrated higher PrP
expression in comparison to diplotypes consisting of 12-bp
and 23-bp insertions in the promoter region and intron 1,
respectively (Msalya et al. 2011). In the present study, the
Nelore breed exhibited a higher frequency of the 12del-
-23del/12del-23del diplotype (35.39%) and genotype fre-
quencies in the indel 12 region, but no statistically signi-
ficant differences were found among the breeds analyzed
(p>0.05%). The 12ins-23del/12del-23del diplotype was
found at greater frequencies in all breeds in comparison to
the 12del-23del/12del-23del diploytype and was highest
in the Canchim breed (53%). Genotype frequencies of the
indel 23 region differed significantly among the breeds
(p<0.05%).

The haplotypes found in the present study indicate two
changes that may occur simultaneously in the same allele
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(12-bp indel and 23-bp indel). Knowledge on the frequen-
cies and linkage disequilibrium that occurs between the-
se two changes may be important to the understanding of
how these haplotypes are segregated in future generations.
In the present study, only the Angus and Simental breeds
exhibited the 12ins.23ins haplotype, demonstrating the
possibility of simultaneous segregation (Table 3).

The same haplotype has appeared in Korean cattle with
a frequency that corresponded to the frequency of healthy
cattle in Germany. In another study with Korean cattle of
the Hanwoo breed, the frequency for healthy animals was
42% (Choi et al. 2012), whereas cattle from Poland exhibi-
ted a frequency of 36.3% (Gurgul et al. 2012). The Turkish
Gray breed exhibited a haplotype frequency (12ins.23ins)
of 62%, which was higher than the frequency of healthy Ko-
rean and German cattle (Un et al. 2008).

Further studies on the indels in intron 1 and the pro-
moter region of the PRNP gene in cattle are currently un-
derway. The understanding of how these indels influence
PrP synthesis in cattle may help clarify the mechanism that
triggers the synthesis of the infectious protein.

From the detailing of the main polymorphisms in intron
1 and the promoter region in representatives of cattle bre-
eds reared in Brazil, it was possible to determine the pro-
file of the PRNP gene in these animals. Further studies are
required to enable a better understanding of the genotype
profile of the gene in these and other breeds, which curren-
tly make up breeding programs and contribute significan-
tly to the development of the meat production chain.
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