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ABSTRACT. The Canchim (5/8 Charolais + 3/8 Zebu) beef cattle
breed was developed at Southeast-Embrapa Cattle to take advantage
of hybrid vigor and to combine the higher growth rate and beef qual-
ity of Charolais with tropical adaptations of Zebu. The development
of three lineages (old, new, and crossbred) has increased its genetic
basis. The genotypic origin (Bos taurus or Bos indicus) of the mito-
chondrial DNA (mtDNA) of the Canchim breed was unknown. We
characterized the mtDNA genotype of this founder herd by allele-
specific polymerase chain reaction. The 173 founder Zebu females
(62 Indubrasil, 3 Guzerat, and 108 Nellore) and their 6749 offspring
were identified. The frequency of B. indicus mtDNA ranged from
1.15 to 2.05% among the descendants (N = 6404) of each maternal
line with available DNA, and among animals that were alive (N =
689) in December 2007 among the three lineages. Though mtDNA
characterization can be used to direct animal selection, the low fre-
quency of B. indicus mtDNA impairs the evaluation of its effects on
production traits in these animals. The high prevalence of B. taurus
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mtDNA in Canchim proves that the founder Zebu females from the
Indubrasil, Guzerat and Nellore breeds were obtained from crosses
of Zebu sires with local B. taurus dams.

Key words: Allele-specific polymerase chain reaction; Bovine;
Maternal inheritance; Mitochondrial DNA

INTRODUCTION

The Canchim beef cattle breed is a 5/8 Charolais + 3/8 Zebu composite whose de-
velopment started in the decade of 1940 at S@o Carlos Experimental Station, in Sdo Car-
los, SP, Brazil (currently named Southeast-Embrapa Cattle). Initially, rotational crossing
between Charolais (Bos taurus) bulls and Zebu (B. indicus) cows (from Guzerat, Indubra-
sil, and Nellore breeds) was employed to take advantage of heterosis and to complement
the traits that were superior in Charolais (higher growth rate and beef quality) and in Zebu
cattle (tropical adaptation; Vianna et al., 1978).

Since the early 1950°s, the Canchim breed has been maintained as a closed herd to
constitute the old Canchim lineage. In order to increase its genetic basis, a second lineage
was formed after 1986, breeding Charolais bulls to1/2 Canchim + 1/2 Nellore cows, con-
stituting a new lineage. After 1998, animals of the old and new lineages were reciprocally
mated to produce the crossbred lineage (Barbosa, 2000).

In Brazil, the Canchim breed has been successfully employed for beef produc-
tion, especially when mated to Zebu and Zebu-cross females, improving reproductive ef-
ficiency, maternal ability, and growth rate (Alencar, 1997). For that reason, the Canchim
breed has also been the object of research with molecular and quantitative tools (Regitano
et al., 1999; Machado et al., 2003; Pereira et al., 2005; Meirelles, 2007; Andrade et al.,
2008). However, the origin of its cytoplasmic genome (mitochondrial DNA; mtDNA) is
unknown.

The maternally inherited mtDNA contains 16,600 bp; it codes for 13 polypeptides
that are part of the mitochondrial respiratory chain, along with 22 tRNA, and two rRNA
(Larsson and Clayton, 1995). Polymorphisms in mtDNA may affect mitochondrial protein
synthesis and possibly adaptation of cattle to different environments (Larsson and Clay-
ton, 1995; Meirelles et al., 2001). A few mtDNA polymorphisms have been studied in
cattle; they have been reported to influence animal production, reproduction, and carcass
traits, including milk production (Schutz et al., 1994), milk fat content (Boettcher et al.,
1996), longissimus area, fat deposition, marbling (Mannen et al., 1998, 2003), blastocyst
production (Tamassia et al., 2004), and calving rate (Sutarno et al., 2002).

Most Brazilian Zebu females of the Nellore, Gyr, and Brahman breeds (Meirelles
et al., 1999) and some of the females of the Guzerat breed (Paneto et al., 2008) were
obtained by backcrossing native cows with Zebu bulls; therefore, they harbor mtDNA of
B. taurus origin. However, there is no information regarding the mtDNA genotype origin
of Indubrasil, the main breed employed to produce the old lineage of Canchim. Since the
Canchim was formed from Zebu females of different breeds and at different times, our
hypothesis was that the breed includes a variable composition of mtDNA. We examined
the mtDNA genotype origin (B. taurus or B. indicus) of Canchim animals belonging to
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three lineages (old, new, and crossbred) of the Southeast-Embrapa Cattle herd.
MATERIAL AND METHODS
Maternal line identification

We examined the animals of the Southeast-Embrapa Cattle herd in Sao Carlos, SP,
Brazil. All genealogical data of Canchim breed animals born until December 2007 were
analyzed to identify the founder females of the herd and their offspring, i.e., to establish
the maternal line. The live animals were also grouped into three lineages: old, new and
crossbred. Two descendants of each maternal line (the eldest and the youngest animal
with available DNA) were submitted to genetic evaluation for characterization of mtDNA
origin as B. taurus or B. indicus. The results obtained from these two animals were used
to infer the mtDNA genotype of the maternal line. In 11 cases, only one animal per ma-
ternal line was evaluated due to a lack of DNA. In exceptional cases (mtDNA genotype
discordance between the two descendants or B. indicus mtDNA identification) another
five animals were evaluated to confirm the results.

Molecular characterization of mtDNA origin

Total DNA extraction was performed according to Regitano (2001). Briefly, 5 mL
blood was collected after jugular vein punction into vacuum tubes with 15% EDTA. Red
blood cells were disintegrated in hemolysis buffer (10 mM Tris, 5 mM MgCl,, and 10 mM
NaCl) and centrifuged at 700 g for 10 min to obtain a clean pellet of white blood cells.
These cells were incubated in lysis buffer (10 mM Tris, 100 mM NaCl, 10 mM EDTA,
0.5% SDS, and 50 pg proteinase K) overnight at 55°C, while shaking. Afterwards, saline
protein precipitation (4.67 mM Tris, 0.47 mM EDTA, and 2.67 M NaCl) was run on ice for
10 min, followed by centrifugation at 16,000 g for 15 min. The supernatant was homog-
enized in cold absolute ethanol (1:2), centrifuged at 16,000 g for 15 min, and the resulting
pellet was washed in cold 70% ethanol, centrifuged at 16,000 g for 5 min, and air dried.
Then, the DNA was dissolved in TE (10 mM Tris and 1 mM EDTA) with 10 pg/mL RNase
at 37°C for 1 h, quantified with a spectrophotometer, and stored at -20°C.

The mtDNA genotype was characterized as B. taurus (GenBank AY526085) or B.
indicus (GenBank AY 126697) by amplification ofa366-bp fragment of mtDNA 16S (rRNA)
gene, using allele-specific polymerase chain reaction (PCR). Two PCR amplifications
were performed of each sample. Then, in two separate reactions, one of the two specific
forward primers for B. taurus mtDNA (5’-CCAATGATAACATCTCAACTG-3’) or B.
indicus mtDNA (5’-CCAATGACAGCATCTCAATCA-3") and the unspecific reverse
primer (5’-GAGCTATGATGGGTGCTAGG-3’) were employed (Ferreira et al., 2007).
The PCR mixture consisted of 1X PCR buffer, 0.2 uM each primer (forward and reverse),
1.5 mM MgCl,, 200 uM each dNTP, 0.25 U Taq DNA polymerase, and 40 ng total DNA
in a final volume of 12.5 pL. The PCR cycles were initiated by one denaturation step of
95°C for 2 min, followed by 36 cycles of denaturation at 94°C for 45 s, annealing at 58°C
for 55 s, and extension at 72°C for 120 s, and then a final incubation step at 72°C for 5
min, in a Mastercycler Gradient (Eppendorf) thermocycler.
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The amplified fragments generated by PCR were submitted to horizontal electro-
phoresis on 1.5% agarose gel with 0.025 pg/mL ethidium bromide in 1X TBE buffer (8.9
mM Tris, 8.9 mM boric acid, and 2.8 mM EDTA). After that, the gel was observed under a
UV transiluminator at 302 nm. Genotypes were determined based on the amplified fragment
(B. taurus or B. indicus mtDNA).

RESULTS

Genealogical evaluation allowed the identification of maternal lines of the Canchim
breed of the Southeast-Embrapa Cattle herd data, which is composed of 6749 individuals.
These animals were descendants of 173 females (62 Indubrasil, 3 Guzerat, and 108 Nellore;
Table 1), each representing from 0.015 to 4.1% of the population.

Table 1. Mitochondrial genotype (mtDNA) origin (Bos taurus or Bos indicus) in maternal lines of the Canchim
breed from the Southeast-Embrapa cattle herd.

Founder female Total Available DNA Alive in December 2007
breed

N Desc. N  Desc. B. taurus B. indicus N Desc. B. taurus B. indicus

mtDNA N (%) mtDNA N (%) mtDNAN (%) mtDNAN (%)

Indubrasil 62 4531 43 4295 4218 (98.21%) 77 (1.79%) 32 246 244 (99.19%) 2 (0.81%)
Guzerat 3 125 1 92 92 (100%) 0 (0.0%) 0 0 0(0.0%) 0 (0.0%)
Nellore 108 294 100 2017 1963 (97.32%) 54 (2.68%) 75 443 433 (97.74%) 10 (2.26%)
Total 173 6749 144 6404 6273 (97.95%) 131 (2.05%) 107 689 677 (98.26%) 12 (1.74%)

Total = number of Canchim animals born after 1953; Available DNA = number of Canchim animals with available
DNA; Alive in December 2007 = number of Canchim animals alive in the herd in December 2007; N = number of
founder females; Desc. = number of descendants.

The old lineage of Canchim was constituted by crossing 71 founder Zebu females
with Charolais bulls. These females were of three breeds: Indubrasil (N = 62), Guzerat (N = 3),
and Nellore (N = 6). DNA samples were only available from matrilineal descendants of 46 fe-
males (43 Indubrasil, 1 Guzerat, and 2 Nellore). To form the new lineage of the Canchim breed
after 1986, only Nellore (N = 102) females were employed, of which 98 maternal lines were
available for laboratory analysis. Thus, among the 173 founder Zebu females that contributed
to the formation of the Canchim breed of the Southeast-Embrapa Cattle herd, 144 females and
their 6404 offspring were mitotyped (Table 1).

Only homoplasmy of mtDNA genotype was observed; no simultaneous amplification
of B. taurus and B. indicus mtDNA was observed in any of the animals (Figure 1). Among the
144 founder females, only three (1 Indubrasil and 2 Nellore) had mtDNA of B. indicus ori-
gin; there were 131 Canchim cattle with B. indicus mtDNA (2.05%) and 6273 with B. taurus
mtDNA (97.95%) in this herd (Table 1).

The B. taurus mtDNA frequency of live animals in the herd in December 2007 (N =
689) was over 98%; there was less than 2% Bos indicus mtDNA in the population (Table 1).
The old, new and crossbred lineages also had 98-99% B. taurus mtDNA (Table 2).
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100bp 1 2 3 4 5 6 7 8 9 10

Figure 1. Mitochondrial DNA genotyping in the Canchim beef cattle breed. Each animal sample was submitted to
two polymerase chain reaction (PCR) amplifications, which were sequentially numbered. Odd numbers correspond to
a Bos taurus specific fragment, and even numbers to B. indicus. 100 bp: 100-bp molecular weight ladder. Lanes 1-2
= One animal with B. indicus mtDNA; lanes 3-4, 5-6, and 7-8 = three animals with B. taurus mtDNA; lanes 9-10 =
PCR control without DNA.

Table 2. Mitochondrial genotype (mtDNA) origin (Bos taurus or Bos indicus) in three lineages of the Canchim
beef cattle breed from Southeast-Embrapa Cattle herd in December 2007.

Lineage B. taurus mtDNA N (%) B. indicus mtDNAN (%)
old 172 (98.85%) 1(1.15%)

New 308 (98.1%) 6 (1.9%)
Crossbred 196 (98.0%) 4(2.0%)

Total 677 (98.26%) 12 (1.74%)
DISCUSSION

The Canchim beef cattle have been developed at the Southeast-Embrapa Cattle sta-
tion since the 1940s. The first descendant of the old lineage was produced in 1953 based on
rotational crossing of Charolais bulls to Zebu females of the Indubrasil (N = 127), Guzerat (N
=9), and Nellore (N =9) breeds (Alencar, 1988). Among the old lineage animals, we observed
that only 71 (62 Indubrasil, 3 Guzerat, and 6 Nellore) of the 145 founder females generated
Canchim descendants.

Considering all lineages: old, new (produced after 1986), and crossbred (obtained
after 1998 by reciprocal crossing between old and new lineages), the 173 founder Zebu (62 In-
dubrasil, 3 Guzerat, and 108 Nellore) females produced 6749 Canchim descendants. However,
genetic material for mitochondrial genotype characterization was only available from descen-
dants of 144 founder females (43 Indubrasil, 1 Guzerat, and 100 Nellore); consequently, it was
possible to infer it for 6404 individuals.

In December 2007, there were 689 live animals in the herd, which were descendants
of 107 females. Only 61.5% (107/173) of the founder females were still represented in the
Canchim herd 55 years after its formation, with a 0.7% mean elimination rate per year, pos-
sibly due to the absence of female descendants in some maternal lines, since male descendants
do not transfer mtDNA to the next generation.

We used a polymorphism in the mitochondrial 16S (rRNA) gene to identify the
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mtDNA origin as B. taurus or B. indicus by allele-specific PCR (Ferreira et al., 2007).
Though more modern assays are available, non-quantitative PCR is still employed as a
highly sensitive technique for mtDNA genotyping (Wai et al., 2008).

As only three among the 144 founder females had B. indicus mtDNA, its frequency
was very low among the descendants (just over 2%), the live animals in December 2007 (less
than 2%) and the three lineages (old, new, and crossbred; 1-2%). The high prevalence of B.
taurus mtDNA in the Canchim breed formed by founder females of Zebu origin confirms
the historical data that Brazilian Zebu cows were obtained by backcrossing local (B. taurus
mtDNA) females with Zebu males. Since mtDNA is exclusively inherited by the maternal line
(Birky Jr., 1994), the Zebu (Indubrasil, Guzerat, and Nellore) founder females of the Canchim
breed have mtDNA of B. taurus origin, as observed for most animals of Nellore, Gyr, and
Brahman breeds (Meirelles et al., 1999) and for some Guzerat animals (Paneto et al., 2008).

There are several reports of influence of mtDNA polymorphism on production traits
in cattle, including the 16S (rRNA) gene that we evaluated here (Mannen et al., 2003). Un-
fortunately, due to the low B. indicus mtDNA frequency in the Canchim breed of this herd,
statistical analyses could not be performed to associate mtDNA genotype origin (B. taurus or
B. indicus) with production traits.

Characterization of mtDNA genotype is used to study mitochondrial segregation after
production of individuals with heteroplasmic mtDNA (Meirelles and Smith, 1997). This in-
formation can direct animal selection to the mitochondrial genotype of interest. However, to
assess the effects of mtDNA origin on production traits in the Canchim breed of the Southeast-
Embrapa Cattle herd, it would be necessary to develop a research population with a higher
frequency of B. indicus mtDNA.

We conclude that the Canchim cattle breed of the Southeast-Embrapa Cattle herd
was formed by founder females of Zebu breeds (Indubrasil, Guzerat, and Nellore), harboring
mainly mtDNA of Bos taurus origin (>97.95%), independent of lineage (old, new, and cross-
bred). Since mtDNA may play a role in animal production traits, these results may be useful
for developing strategies for selecting new Canchim beef cattle lineages for further studies.
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