Genetics and Molecular Biology, 22, 4, 543-546 (1999) )

IS THE AMERICAN ZEBU REALLY Bos indicus?
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ABSTRACT

The American continent was colonized in the 16th century by Europeans who first introduced cattle of Bos taurus origin.
Accounts register introduction of Bos indicus cattle into South America in the 19th and continuing through the 20th century,
and most reported imports were males derived from the Indian subcontinent. In the present study we show, by using mitochon-
drial DNA (mtDNA) polymorphism, major participation of matrilineages of taurus origin in the American Zebu purebred origin,
i.e., 79, 73 and 100% for the Nellore, Gyr and Brahman breeds, respectively. Moreover, we have created a restriction map
identifying polymorphism among B. taurus and B. indicus mtDNA using three restriction enzymes. Results are discussed
concerning American Zebu origins and potential use of this information for investigating the contribution of cytoplasmic genes
in cattle production traits.

INTRODUCTION population of Brazilian Zebu cattle subdivides into descen-
dents of animals of imported origin (POI, purebred of im-
Domestic cattle breeds can be separated into tworted origin) and those possibly derived locally by back-
major groups, no hump taurinBds tauruy and humped cross matings to Zebu males. Mendelian segregation has
Zebu Bos indicuy. Although classical Linnean nomen-purified the nuclear genotype of purebred origin (PO) ani-
clature distinguishes these as separate species, due tariaks to a point where they cannot be differentiated from
clinal nature of the allozyme variability and complete inthe POI. However, cytoplasmic genes are generally in-
terfertility, many authors consider both as subspeciégrited uniparentally and may be a significant source of
(Manwell and Baker, 1980). Moreover, although fossil evieolymorphism among this subspecies. As described early
dence has suggested a single origin for both groups withims century (Correns, 1909), cytoplasmic inheritance is
the 10,000-year history of animal husbandry (Epsteicpntrolled mainly through the expression of genes con-
1971; Epstein and Mason, 1984), molecular clock evidenta@ned within the mitochondrion inherited almost exclu-
based on mitochondrial DNA sequence divergence in teevely through maternal lineage in mammals (Hutchinson
displacement loop (D-loop) has more recently suggestetial, 1974; Gilest al, 1980). Bovine dairy and beef pro-
two independent domestication events occurring at leaktction traits have been shown to vary in different ma-
200,000 years ago (Loftet al, 1994a). Sequence poly-ternal lineages and likely originate from polymorphic mi-
morphisms amongwurusandindicusbreeds have also beentochondrial genotypes (Tess$ al, 1987; Brownet al,
detected in less variable regions of tRNA genes and in th888; Schutet al, 1993, 1994; Manneet al, 1998). We
origin of light strand replication (Pegoragbal, 1996).  hypothesize that the Zebu cattle population in the Ameri-
Zebu cattlewere first brought from India to the cas is now composed of two groups according to mtDNA
American continent at the beginning of the nineteenth cecentent; we demonstrate here that, among three breeds
tury. It is believed that a total of approximately 7,000 ananalyzed, only one third contain indicus mtDNA. These
mals were brought to South America by Brazilian breedesults suggest that a large proportion of American Zebu
ers during several imports lasting until the 1960'satrilineages were derived by backcrossing “native” fe-
(Santiago, 1972; Magnabosco, 1997). While some femalesles of taurin®. taurusorigin to bulls imported from
were included in shipments, most imported animals wetiee Indian continent carryinB. indicusmitochondrial
males, which were mated to “nativBds taurugcows origi- genotypes.
nating in the Iberian Peninsula. The current registered
MATERIAL AND METHODS
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PO or POI. Total DNA was extracted either from semeBCCCGAAACCAGACGAGCTAC-3" (BosmtF3) and 5°-
(males) or leukocytes (females) by standard procedufEEGTATGAATGGCCGCACGAGG-3" (BosmtR3) prim-
(Sambrooket al, 1989). Amplification of mtDNA was ers. This fragment harbors either oimelicug or two sites
performed using #hse primers: 5'-CCCAACGAGGAA (taurug for theHpal. Restriction of the amplified frag-
AATATACC-3" (BosmtF1l) and 5'-AACCGCAAACAA ment in both sites is indicative Bf taurusorigin.
CCTCTTCC-3" (BosmtR1), which were synthesized to
amplify aregion ofthe ND5 gene of the mitochondrial RESULTS AND DISCUSSION
genome (nucleotide 11770 to 12525 according to Ander-
sonet al, 1982a). The PCR reaction was performed using A total of 124 animals of the Nellore, Gyr and Brah-
1.5 mM MgCl, for 28 cycles of 30 s at 98, 45 s at 58  man bleeds examined showed patterns of enzymatic re-
and 90 s at 7Z. Amplified mtDNA was digested with striction characteristic of eithéB. indicusor taurine
Hindlll, electrophoresed on an agarose gel and stained withDNA origin (Figure 1). None of these animals showed
ethidium bromide. The presence of thiadlll restriction patterns of bothB. indicusandB. taurusmtDNA, indi-
site within the amplified region is indicative Bbs taurus cating absence of heteroplasmy for these mitochondrial
mitochondrial contribution (Figure 1) (Loftesal, 1994b). genotypes. On average 58% of the analyzed Nellore and
The amplified region was then sequenced as described®yr breeds carried mtDNA of taurine origin, indicating
Pegorareet al.(1996) to characterize the mutation genessignificant influence of taurine breeds in the formation
ating this polymorphism. of South American Zebu breeds. The proportion of ani-
Polymorphisms foB. indicusandB. taurusmtDNA  mals withB. taurusmtDNA among PO (79 vs. 73%, P >
were identified using two other RFLP markers (see restri@-05) and POI (26 vs. 25%, P > 0.05) did not differ among
tion map, Figure 2). First, total DNA samples from severtsihe Nellore and Gyr breeds, suggesting similar forma-
animals were re-amplified by PCR using primers 5tion patterns in both breeds. Females of imported origin
CAAGGGCACCATACCCCAGC-3" (BosmtF2) and 5°-and their descendents should contain exclusigly
CCCATAGGATCAGCCCGC-3" (BosmtR2) which amplify indicusmtDNA, suggesting pedigree recording errors in
part of the COIlll gene, the tRNA glycine and a small part approximately one quarter of the Nellore and Gyr POI
the ND3 gene of mtDNA (nucleotide 9171 to 9948; Andematrilineages. Brahman animals carried exclusively
sonet al, 1982a). Amplified mtDNA was then digestedmtDNA of taurine origin, indicating that participation of
with BarmrHI enzyme that exclusively restrics indicus B. indicusbreeds in the formation of the analyzed ani-
MtDNA (Figure 1). The last polymorphism marker used wasals was entirely through paternal genes (Table 1).
obtained by amplification of part of the 16S rRNA from Among the markers used in this study only the loss
nucleotide 1692 to 2441 (Andersenal,, 1982a) with 5"- of the Hindlll restriction site leads to changes in amino

&x Hadl digested
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Figure 1 - Mitochondrial DNA polymorphism in Nellore and Gyr animals of PO and POI registry. Ethidium bromide staining of a 1%gafjarose
The three lanes to the left of the DNA marker show mtDNA amplified with primers F1/R1 and digestehdith The three lanes to the right are
mtDNA amplified with primers F2/R2 and digested witanH| restriction enzyme.
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Figure 2 - Bovine mtDNA restriction map: In bold aBamH| andHpal sites found exclusively iB. indicusmtDNA. TheHindlll
site exclusive td@. taurusis boxed (Figure created according to Andessieal, 1982a).

Table | - Distribution of mitochondrial genotypes in Nellore, Gyr and  |ocated in the most variable region of the ND5 amino acid
Brahman breeds. The first two breeds are divided into registry categori ; ; ; _
PO and POI. Data shown in this table show most American Zebu ‘:s;Ez_q:J]ceznce_, su%g%sts that Ilt ioei I’Ilo'[ Igfll';)e.rggbmlthChon
originating in backcrossing. taurusfemales withB. indicusbulls. rial function (An ersoe_ta., 981,198 a’_v _' tal,
1981). Other polymorphisms present betwieelicusand

Breed Registry ~ Number mtDNA “MDNA taurus mtDNA could, however, influence energy supply
taurus indicus | 10 tissues due to changes in oxidative phosphorylation ef-
Nellore PO 48 38 (79%) 10 (21%) ficien_cy. Although this rem_ains to _be confirmed_, the
POI 35 9 (26%) 26 (74%) American Zebu breeds provide a unique opportunity for
Gyr PO 15 11 (73%) 4 @7%)  investigating participation of the cytoplasmic genome in
Brahman Pn(_);_ ;"3 12(32?1/8)0%) 3,&?]2’) production traits, since these breeds include animals with
Total 124 81 (65%) 43 35%) diverse mtDNA genotypes but similar nuclear genes.
In this work we also identified phenotypically

n.a. = Nonapplicable; PO = purebred origin; POI = purebred of importegimilar B. indicusanimals carrying mtDNA of eitheB.
ongin. indicus or B. taurusorigin; we postulate that this poly-
morphism arose during the introduction and establish-
acid sequence of a mitochondrial protein. The mutationent of Zebu cattle breeds in America. Since only ani-
was characterized as a T to G transversion in nucleotioels from elite breeders were used in this study, the 78%
12178 that replaces a phenylalanine with a valine in tloé the PO cattle carryinB. taurusmtDNA probably un-
24th amino acid of the ND5 subunit. This polymorphisnderestimates the contribution of taurine matrilineages to
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