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Abstract

The genetic diversity of 277 nucleotides in the mitochondrial DNA control region (nt 15,964 to 16,240 in reference
sequence) was analyzed in crossbreed beef cattle (Brangus-lbage, 5/8 Bos primigenius taurus x 3/8 Bos primigenius
indicus) as well as in some Nellore samples (B. p. indicus). Fifty-seven mutations were found in Brangus-Ibage
comprising 18 haplotypes (haplotype diversity, h = 0.851 + 0.041 and nucleotide diversity, ntd = 0.009 + 0.006) and
66 in Nellore (h = 1.00 = 0.27, ntd = 0.014 + 0.012). These data indicated sequence identities of 99.6 and 92.1%
between the B. p. taurus’ reference sequence and Brangus-lbage and Nellore, respectively. The comparison of our
data with sequence data for 612 individuals recovered from GenBank showed a total of 205 haplotypes defined by 99
polymorphic sites. Most of the variability (53%) was due to differentiation within breeds. The phylogenetic tree
constructed using the neighbor-joining method showed clearly the well-known dichotomy between B. p. taurus and
B. p. indicus. The Brangus-lbage clustered with B. p. taurus lineages; however, the displacement of Nellore from B.
p. indicus branch probably indicates a substantial B. p. taurus maternal ancestry in some Nellore samples (obtained

from GenBank) and reflects the primarily male-driven introduction of this breed in Brazil.
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Introduction

Mitochondria are maternally inherited organelles of
eukaryotic cells, which play an important role in the cell en-
ergy provision. Vertebrate mtDNA includes, in addition to
coding regions, a non-coding segment: the displacement
loop (D-loop), which is the major control region for
mtDNA expression (Taanman, 1999). Therefore, sequence
differences in mtDNA D-loop may alter the transcription
and/or replication rates (Schutz et al., 1994). However, de-
spite its functional importance, this region has a rate of nu-
cleotide substitution five to ten times higher than that of
nuclear DNA (Brown et al., 1979).

The rapid rate of sequence divergence of mtDNA
makes it suitable for the analysis of short-term evolutionary
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phenomena, while the maternal mode of inheritance allows
the evolutionary relationships between lineages to be de-
fined in terms of their phylogenetic divergence without the
ambiguities caused by recombination. Therefore, mtDNA
polymorphisms have been widely used to investigate the
structure of populations, interspecies variability, the evolu-
tionary relationships between populations or species and
for the identification of maternal lineages (Bradley and
Cunningham, 1999; Cymbron et al., 1999; Magee et al.,
2002; Troy et al.,2001). Additionally, there has been an in-
creasing interest in its potential use in the development of
new biotechnologies (Smith ef al., 2000).

In livestock species, mtDNA variability has been
studied in connection with maternally inherited physiologi-
cal parameters and it has been suggested that bovine
mtDNA may affect milk production as well as some other
productive traits (Schutz et al., 1992; Schutz et al., 1994;
Mannen et al., 2003; Henkes ef al., 2004).
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In this study, we provide mtDNA D-loop sequencing
data for a Brangus-lIbage cattle population (5/8 Bos
primigenius taurus x 3/8 Bos primigenius indicus) as well
as for some Nellore samples (B. p. indicus). We also ana-
lyzed these data pooled with the majority of cattle D-loop
sequences available in GenBank in an attempt to advance
our understanding of the origins of the maternal lineages
that contributed to the formation of this Brangus-Ibage
population.

Material and Methods

Brangus-Ibage is a composite beef cattle breed result-
ing from the crossing of Aberdeen Angus cows (ABG) and
Nellore bulls (NEL). In Brazil, the early work crossing
Nellore and Aberdeen Angus cattle was done by the Brazil-
ian Agricultural Research Corporation (EMBRAPA -
CPPSUL) and started about 1945 (Oliveira et al., 1998).

Samples of whole blood were collected from 49 Bran-
gus-Ibage cows from the Brazilian Agricultural Research
Corporation and DNA was extracted by the method of
Plante et al. (1992). To validate the supposed B. p. taurus
origin of the Brangus-Ibage mtDNA, three DNA samples
of Nellore (B. p. indicus) animals were also investigated.
These samples were kindly provided by Dr. F.V. Meirelles
(for details of these samples see Meirelles ef al., 1999).

A 277 nt fragment of the control region (positions
15964-16240) was analyzed from an amplified product ob-
tained using primers designed from the reference sequence
of B. p. taurus mtDNA (Anderson et al., 1982) as follows:

MTR 11, 5" CCT ACG CAA GGG GTAATGTA 3’
(positions 15,949-15,968) and

MTR 12,5’ CCT GAA GAA AGA ACCAGATG 3’
(positions 16,265-16,285).

PCR amplification was carried out by two reactions:
the first used 100 ng of DNA in 25 uL reaction volume,
with 1.25 mM of each deoxynucleotide, 1.25 uM of each
primer and 1 unit of Taqg DNA Polymerase (Pharmacia
Biotech) for 30 cycles. Each cycle consisted of denatur-
ation at 95 °C for 1 min, annealing at 45 °C for 50 s and ex-
tension at 72 °C for 1 min. These double-stranded
amplification products were then purified with the Wizard
PCR Preps DNA Purification System (Promega Corpora-
tion). Aliquots of these products were later used for asym-
metric amplification (Ward et al., 1991) using a 1:10 ratio
of the same primers. The single-strand amplification prod-
ucts were then purified using a SEPHADEX column and
phenol/chloroform (1:1) extraction. The purified fragments
were sequenced using a T7SequencingTM Kit (Pharmacia
Biotech) according to the manufacturer’s instructions. Re-
action products were separated by electrophoresis on 6%
polyacrylamide gels containing 8 M urea. Gels were fixed
in 5% acetic acid and 15% methanol for 10-15 min, dried
and exposed to a Kodak XAR film for 24-48 h. Sequences
were analyzed in at least two independent gels, aligned and
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compared using the BIOEDIT computer package (Hall,
1999). Insertions/deletions were introduced in order to
minimize substitutions. The variant sequences observed in
this study were submitted to GenBank under accession
numbers AF308591 and AF309100-AF3091113 (Bran-
gus-Ibage) and AF309097-AF309099 (Nellore).

Intra-populational variation was estimated by com-
puting haplotype and nucleotide diversities (Nei and
Tajima, 1981; Nei, 1989). The last analysis was corrected
for among-site heterogeneity (Tamura and Nei, 1993).

The present sequence data were compared to those of
all other breeds for which, at that time, there were at least
three available sequences in GenBank (n = 612, GenBank
accession numbers AB003793-AB003801, AB044587-AB
044592, AB065119-AB065131, AB079300-AB079365,
AB085922, AB085923, AF016060-AF016071, AF01607
9-AF016097, AF022916, AF022918-AF022924,
AF034439, AF034441, AF034442, AF034444, AF034445,
AF083354, AF209124, AF209126, AF308591, AF309095,
AF309096, AF336383-AF336744, AF516713, AF516714,
AF531383, AF531412, AF531413, AJ295936, AY 119666,
AY235731-AY378140, L27720, L27721, L27732,
L27733, U51806-U51842 and U92230-U92244). This
comparison was restricted to 210 nucleotides to accommo-
date the shorter published sequences. Data for all individu-
als were available only between nucleotides 16,031 and
16,240. The total analysis was comprised of 664 individu-
als (49 Brangus-Ibage, 3 Nellore and 612 from GenBank)
from 54 different cattle breeds.

Population genetic structure indexes were estimated
by analyses of molecular variance (AMOVA, Excoffier et
al., 1992) using the substitution model of Tamura and Nei
(1993). The significance of these analyses was tested using
a non-parametric permutation procedure (Excoffier et al.,
1992). All of these analyses were performed using the
Arlequin software (Schneider et al., 2000).

The phylogenetic relationships between populations
were determined using the neighbor-joining (NJ) algorithm
(Saitou and Nei, 1987). The robustness of the tree was eval-
uated by resampling the data by the bootstrap test
(Felsenstein, 1985) with 2,000 replicates (Hedges, 1992).
These analyses were conducted using MEGA version 2.1
(Kumar ef al., 2001). The relatedness of the Brangus-Ibage
mtDNA haplotypes was assessed through reduced median
networks (Bandelt ez al., 1995) constructed with Network
software (www.fluxus-engineering.com).

Results

Sequence analysis of mtDNA was based on a 277 bp
fragment of the D-loop region (nt 15,964 to 16,240 in refer-
ence sequence). Sixteen polymorphic sites were identified
in Brangus-Ibage mtDNA sequences (Table 1). A total of
18 mitochondrial lineages were verified; the most frequent
occurred in 17 individuals and was equal to the B. p. taurus’
reference sequence (Anderson et al, 1982). Most
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Table 1 - Polymorphic nucleotide sites observed in Brangus-Ibagé and Nellore cows. Only one animal of each haplotypes is presented.

Nucleotide position

11111 11111 1 11 1 11

1

1 1 1 11111 11111 I 1 11

56 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
9 0 00000 0 O0O0 111 1 1 1 1 1 1 1 1 11 1 1 1 1 1 11 2 2 2 2
9 2 45 5 5 5 7 8 8 0011111223 33 3 4457999 00 2 2
5290 3 7 8 4 2 4 29 03 6 7 91 20 7 8 93 76 7156 001 9

Iba-1* A G C C T GCT G C GTCTTG GTGTT T TCATG GTCAG G + G A

Iba-2 A .

Iba-3 T C

Iba-4 T C T

Iba-5 T C T C

Iba-6 C

Iba-7 T T

Iba-8 C T

Iba-9 C

Iba-10 . C C

Iba-11 . C T

Iba-12 . C T C

Iba-13 . C G

Iba-14 . C - G

Iba-15 . T

Iba-16 . A C

Iba-17 . A A

Iba-18 . Lo .o L L A A

Nel-l G A T ATCAT A C C A CACC cc. - ¢C A A

Nel-2 G A T AT CAT A C C A CACC c Cc . - A A G

Nel-3 T ATCAT A C C CACACC cc. - ¢C A A A .

*equal to the B. p. taurus’ reference sequence (Anderson et al., 1982; n = 17); Iba: Brangus-Ibage; Nel: Nellore; +: insertion; -: deletion.

haplotypes were scored only once or twice (Table 2), result-
ing in a high total haplotype diversity, h = 0.851 + 0.041.
The nucleotide diversity was estimated at 0.009 + 0.006.
Most of the variable sites were transitions (transi-
tion/transversion rate of 15) and deletion/insertion was
identified in one position only (16,191). The mean number
of pairwise differences among sequences was 1.91 £ 1.11.
Nellore samples showed 3 different mitochondrial lineages
defined by 25 polymorphic sites (Table 1), when compared
with B. p. taurus’ sequence (Anderson et al., 1982). One
deletion was identified at position 16,143 and an A inser-
tion was observed at one site (16,200). The Nellore
haplotype diversity was estimated at 1.00 + 0.27 and the nu-
cleotide diversity was 0.014 = 0.012. The mean number of
pairwise differences among sequences was 4.00 + 2.72.

In the whole sample, 57 mutations were found in
Brangus-Ibage and 66 in Nellore. These data showed aver-
age sequence identities of 99.6% between the B. p. taurus’

reference sequence (Anderson et al., 1982) and Bran-
gus-Ibage and of 92.1% between B. p. taurus’ sequence
(Anderson et al., 1982) and Nellore.

Pooling our mitochondrial sequences with those ob-
tained from GenBank defined 99 polymorphic sites (Table
3) and a total of 205 haplotypes. Eighty-seven of the substi-
tutions were transitions, 11 were transversions (transi-
tions/transversions rate = 7.9) and insertions/deletions were
identified at 9 positions. More than two nucleotides were
detected only at positions 16,057, 16118, 16156 and 16230
(Table 3). The average pairwise sequence divergence
within breeds varied from 0.67 + 0.67 (Charolais and
Friesian) to 4.00 + 2.73 (Tharparkar, B. p. indicus). Two
mutations are being described here for the first time, at po-
sition 16177 (T — C) in Brangus-Ibage and at site 16221
(G — A) in Nellore.

Hierarchical analysis of haplotype diversity (Table 4)
indicated that 53% of the variability was due to differentia-
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Table 2 - Haplotype frequencies in a Brangus-Ibagé cattle population.

N. Freq. s.d. Site(s) of mutation(s)

1 0.347 0.069  None*

2 0.041 0.029 16022 (G — A)

3 0.020 0.020 16050 (C - T) 16113 (T — C)

4 0.020 0.020 16050 (C - T) 16113 (T — C) 16139
(C—>T)

5 0.020 0.020 16050 (C — T) 16113 (T — C) 16139
(C—>T)16147(T - C)

6 0.041 0.029 16053 (T — C)

7 0.020 0.020 16057 (G —> T) 16139 (C - T)

8 0.020 0.020 16074 (T - C) 16110 (C > T)

9 0.041 0.029 16113 (T — C)

10 0.163 0.053 16113 (T — C) 16119 (T — C)

11 0.020 0.020 16113 (T > C) 16139 (C > T)

12 0.020 0.020 16113 (T — C) 16139 (C —> T) 16147
(T—>0C)

13 0.020 0.020 16119 (T — C) 16195 (A - G)

14 0.041 0.029 16119 (T — C) 16191 (DEL C) 16195
(A—=Q)

15 0.041 0.029 16139 (C > T)

16 0.020 0.020 16156 (G — A) 16177 (T — C)

17 0.020 0.020 16196 (G —> A)

18 0.082 0.040 16200 (G — A)
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Fulani
Kuri
Kapsiky
Kenana
Somali
Namchi
NDama
Butana
Egyptian
Iraqui

Anatolian Black

East Anatolian Red

Brangus Ibage
Holstein

—— Damascus
Canadienne
Kurdi

— Sikias

—— German Brown
South Anatolian Red

Higland
Icelandic
Swiss Brown
Telemark
— Romangola
—— Galloway
—— Aberdeen Angus
— Hereford
— German Black
Norwegian
L — Limousin
— Turkis Grey
I— Charolais
Friesian

Simmental
— Berrenda

Kerry
LI——Westalnd Fjord
— Japanese Black
— Japanese Brown

Antigua
E Santa Lucia Creole

Guadalupe
Jersey
Brahman

African B. p. taurus

European
B. p. taurus

*identical to B. p. taurus’ reference sequence (Anderson et al., 1982).

tion within the breed. The validity of this partition tested by
the permutation test was highly significant (p < 0.001).

The phylogenetic tree constructed using the neigh-
bor-joining method (Figure 1) shows clearly the two main
branches separating B. p. taurus and B. p. indicus. Bran-
gus-Ibage is clustered with B. p. taurus lineages. The re-
duced mean network (Figure 2) shows that all haplotypes in
Brangus-Ibage root back to the phylogeny through the pri-
mary B. p. taurus haplotypes (Troy et al., 2001). The
Nellore haplotypes from B. p. indicus origin are clearly dis-
persed from the main node.

Discussion

As expected Brangus-Ibage sequences were similar
to those of B. p. taurus animals (99.6% of sequence iden-
tity) and distinct from those of Nellore. These data confirm
no female contribution of B. p. indicus to the composition
of the maternal lineages of Brangus-Ibage. However, we
have detected some samples displaying mutations at posi-
tions 16050 and 16113 which, together with the substitu-
tion at position 16255, would be an indication of the
presence of haplogroup T1, characteristic of African B. p.
taurus (Troy et al., 2001). It is well-known that most Euro-
pean modern cattle breeds were introduced to South Amer-

— Lulu
Nelore
Tlocos

Tloilo

B. p. indicus

2

Figure 1 - Phylogenetic relationships among 54 cattle populations.

ica at the beginning of the last century and most imported
animals were males, which were mated to local cows (cows
previously introduced in South America). The Brazilian
Aberdeen Angus did not escape this rule (http://www.an-
gus.org.br). Some cows of our herd might be descendants
from cattle introduced in America by the first Portuguese
and Spanish settlers. Since there is evidence of African B. p.
taurus influence in Portuguese cattle (Cymbron et al.,
1999) and since we found three haplotypes that could be of
African origin (Iba-3, Iba-4 and Iba-5), we extended our
analysis of these three haplotypes in order to investigate the
position 16255. Only one of these haplotypes (Iba-3) pre-
sented the mutation T — C at this position, characteristic of
African B. p. taurus. The presence of an African B. p.
taurus haplotype that had survived might suggest some
adaptive value in this specific environment. Interestingly,
Brangus-Ibage is situated at an intermediate position be-
tween the European and African grouping on the phylogen-
etic tree (Figure 1).
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Table 3 - Polymorphic sites and nucleotide frequencies in a 210 bp D-loop fragment from 664 individuals of 54 different cattle breeds.

Site State State frequencies Site State State frequencies
A C G T DEL A C G T DEL
16042 2 0.0600 0.9400 16124 2 0.0015 0.9985
16044 2 0.9985 0.0015 16126 2 0.0088 0.9912
16047 2 0.0059 0.9941 16127 2 0.9868 0.0132
16047+1 2 0.0029 16128 2 0.0015 0.9985
16049 2 0.9239 0.0761 16129 2 0.9985 0.0015
16050 2 0.8155 0.1845 16130 2 0.0630 0.9370
16051 2 0.0059 0.9941 16131 2 0.0088 0.9912
16052 2 0.9985 0.0015 16133 2 0.0102 0.9898
16053 2 0.0059 0.9941 16135 2 0.0073 0.9927
16055 2 0.0132 0.9868 16136 2 0.9985 0.0015
16056 2 0.9941 0.0059 16137 2 0.0703 0.9297
16057 4 0.0966  0.0454 0.8565 0.0015 16138 2 0.0864 0.9136
16058 2 0.9092 0.0908 16139 2 0.9707 0.0293
16062 2 0.9927 0.0073 16140 2 0.9971 0.0029
16063 2 0.9985 0.0015 16141 2 0.0278 0.9722
16066 2 0.9985 0.0015 16142 2 0.0073 0.9927
16067 2 0.9883 0.0117 16143 3 0.9881 0.0059 0.0060
16068 2 0.0059 0.9941 16147 2 0.0673 0.9327
16069 2 0.9956 0.0044 16148 2 0.0044 0.9956
16073 2 0.9956 0.0044 16154 2 0.9956 0.0044
16074 2 0.1010 0.8990 16156 3 0.0015 0.9970  0.0015
16075 2 0.9971 0.0029 16164 2 0.0044 0.9956
16076 2 0.9941 0.0059 16165 2 0.0015 0.9985
16079 2 0.9956 0.0044 16167 2 0.9971 0.0029
16082 2 0.0630 0.9370 16175 2 0.9985 0.0015
16083 2 0.9985 0.0015 16177 2 0.0015 0.9985
16084 2 0.9327 0.0673 16183 2 0.9971 0.0029
16085 2 0.0337 0.9663 16185 2 0.0469 0.9531
16086 2 0.0015 0.9985 16191 2 0.9941 0.0059
16088 2 0.9927 0.0073 16193 2 0.9985 0.0015
16092 2 0.9971 0.0029 16195 2 0.9883 0.0117
16093 2 0.0395 0.9605 16196 2 0.0688 0.9312
16094 2 0.0015 0.9985 16197 2 0.0015 0.9985
16099 2 0.0029 0.9971 16200 2 0.0249 0.9751
16101 2 0.0029 0.9971 16201 3 0.0586 0.9370 0.0044
16102 2 0.0630 0.9370 16201+1 2 0.0644
16104 2 0.9956 0.0044 16204 2 0.0044 0.9956
16107 2 0.9985 0.0015 16206 2 0.9985 0.0015
16108 2 0.0044 0.9956 16208 2 0.0015 0.9985
16109 2 0.0717 0.9283 16209 2 0.9971 0.0029
16110 2 0.9868 0.0132 16219 2 0.9985 0.0015
16112 2 0.0029 0.9971 16221 2 0.0015 0.9985
16112+1 2 0.0015 16225 2 0.0015  0.9985
16113 2 0.2606 0.7394 16226 2 0.9985 0.0015
16116 2 0.0644 0.9356 16227 2 0.0015 0.9985
16117 2 0.0630 0.9370 16228 2 0.9985 0.0015
16118 3 0.9970  0.0015  0.0015 16229 2 0.9327 0.0673
16119 2 0.1083 0.8917 16230 3 0.9970  0.0015  0.0015
16121 2 0.0717 0.9283 16231 2 0.9780 0.0220
16122 2 0.1025 0.8975 16232 3 0.9853 0.0132  0.0015
16123 2 0.9985  0.0015
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Figure 2 - Reduced median network relating mtDNA haplotypes detected
in Brangus-Ibage and Nellore samples. The T1 and T3 reflects ancestral
haplotypes of African B. p. taurus and European B. p. taurus as defined by
Troy et al. (2001).

The degree of mtDNA genetic diversity of this sam-
ple is equal to that of Aberdeen Angus sequences and is be-
tween the range of variation observed for the other cattle
samples whose nucleotide diversity ranges from 0.003
(Charolais and Friesian) to 0.019 (B. indicus Sahiwal and
Tharparkar).

The three Nellore sequences we reported are unique
and did not match any sequence of this breed so far de-
scribed in GenBank. Our three sequences clustered with B.
p. indicus branch on the phylogenetic tree. However, polled
with the GenBank published Nellore sequences, this breed
clustered in an intermediate position between the major B.
p. indicus and B. p. taurus branches, corroborating earlier
findings that Brazilian Nellore has a substantial B. p. taurus
maternal ancestry (Meirelles ef al., 1999).

The strong transitional bias verified here is a charac-
teristic of mtDNA evolution and has been observed not
only in cattle but also in other mammalian species (Loftus
et al., 1994; Simonsen ef al., 1998; Wood et al., 1996).

Three new mutations were observed in Brangus-
Ibage and two in Nellore. Among them, the C deletion at
position 16,191 and the transition T — C at 16,177 are in
Box F of the conserved sequence box, a region of remark-
able sequence identity between vertebrates (Steinborn et
al., 1998). According to these authors, mutations in this re-
gion might be associated with functional constraint. How-
ever, we verified that maternal lineages presenting the
16,191 deletion showed significantly higher calf birth
weight than animals without this mutation (Henkes et al.,
2004). Furthermore, considering the high variation in
Nellore mtDNA, it might be interesting to compare the per-
formance of Brangus originated from an opposite crossing

Table 4 - Hierarchical analysis of molecular variance.

Source of d.f. Sum of Variance  Percentage
variation squares ~ components of variation
Among breeds 53 1035.79 1.4264 Va 46.59
Within breeds 610 1028.35 1.6349 Vb 53.41
Total 663 2064.14 3.0613
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(ABG bulls and Nellore cows), carrying B. p. indicus mito-
chondria with the performance of the Brangus-Ibage inves-
tigated here (originating from the crossing between Nellore
bulls and ABG cows) in different environments in order to
uncover any specific mitochondrial influence.

Loci with large mutation rates such as D-loop
mtDNA frequently exhibit higher population gene diversi-
ties than loci with low mutation rates (Chakraborty and Jim,
1992). In the present analysis, 47% of the diversity is due to
differentiation among breeds, but this value drops to 14% if
only B. p. taurus samples are compared. In this last case the
variability due to differentiation within population is as
high as those verified in other species (Bortolini et al.,
1998; Simonsen et al., 1998). Therefore, this very high
level of differentiation among breeds verified herein results
from the highly divergent B. p. indicus sequences.
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