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ABSTRACT
Various cattle populations in the Americas (known as criollo breeds) have an origin in some of the first

livestock introduced to the continent early in the colonial period (16th and 17th centuries). These cattle
constitute a potentially important genetic reserve as they are well adapted to local environments and show
considerable variation in phenotype. To examine the genetic ancestry and diversity of Colombian criollo
we obtained mitochondrial DNA control region sequence information for 110 individuals from seven
breeds. Old World haplogroup T3 is the most commonly observed CR lineage in criollo (0.65), in agreement
with a mostly European ancestry for these cattle. However, criollo also shows considerable frequencies of
haplogroups T2 (0.9) and T1 (0.26), with T1 lineages in criollo being more diverse than those reported
for West Africa. The distribution and diversity of Old World lineages suggest some North African ancestry
for criollo, probably as a result of the Arab occupation of Iberia prior to the European migration to the
New World. The mtDNA diversity of criollo is higher than that reported for European and African cattle
and is consistent with a differentiated ancestry for some criollo breeds.

THE analysis of mtDNA sequence diversity has pro- gradual phenotypic differentiation of cattle populations
(Pinzón Martı́nez 1984). A number of distinct localvided important insights into the origin and diversi-

fication of modern cattle populations. The main pheno- criollo breeds are now found throughout the Americas.
These cattle show great phenotypic heterogeneity andtypic subdivision of cattle into Bos taurus and Bos indicus

has been shown to correlate with a marked sequence have adapted to a wide range of environments with little
human intervention (Pinzón Martı́nez 1984). Traitsdifferentiation at the mtDNA level (Loftus et al. 1994).

This sequence divergence seems to predate archeologi- of potential interest for breeding that have been re-
ported in Latin American criollo include tolerance tocal estimates of cattle domestication (�12,000 years),

in agreement with independent domestication events heat and humidity, resistance to certain infectious dis-
eases, and a high longevity and fertility (Pinzón Martı́-for B. taurus and B. indicus (Loftus et al. 1994). More

recently, it has been observed that mtDNA lineages of nez 1984; Primo 1992; Giovambattista et al. 2001;
Miretti et al. 2001). Despite the potential of criollo asEuropean B. taurus are a subset of those found in the

Near East, an observation consistent with a Near Eastern a genetic resource, little is known about the genetic
origin for European cattle (Troy et al. 2001). Interest- makeup and population structure of these breeds.
ingly, African cattle have mtDNA lineages that are phylo- Here we examine the mtDNA control region se-
genetically differentiated from other taurus populations quence diversity of seven Colombian Criollo breeds. The
and these lineages are rare in the Near East, suggesting mtDNA diversity of these cattle is higher than that in
a separate domestication center for African B. taurus European or African breeds and is comparable to that
(Bradley et al. 1996; Troy et al. 2001). reported for the Near East. About 26% of Colombian

Before the arrival of Europeans, there were few do- criollo mtDNA lineages have an African ancestry, most
mesticated animals in the Americas (Primo 1992; Del likely due to population exchanges between North Af-
Rio Moreno and López y Sebastián 1998). The “cat- rica and Iberia prior to the introduction of cattle to
tling” of the continent closely followed the routes of the Americas. Findings in criollo suggest a differentiated
dispersion of immigrants and was accompanied by a ancestry for some breeds and are consistent with a do-

mestication center for cattle in North Africa.

CR sequences from this article have been deposited with the GenBank
Data Library under accession nos. AY4444383–AY444492. MATERIALS AND METHODS

1Corresponding author: Department of Biology, Wolfson House, Uni-
Cattle samples: A total of 110 blood samples were collectedversity College London, 4 Stephenson Way, London NW1 2HE, United

Kingdom. E-mail: a.ruizlin@ucl.ac.uk from seven Colombian criollo breeds (Figure 1): Blanco Oreji-
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Reduced median networks (Bandelt et al. 1995) were gener-
ated using the NETWORK 3.0 program (http://www.fluxus-
technology.com/). A principal component analysis (Rencher
2002) of the frequency of mtDNA sequences in the criollo
breeds was performed with the Ntsys package (version 2.1;
Rohlf 2001).

RESULTS

mtDNA lineages in Colombian criollo: The 110 criollo
mtDNA CR sequences obtained yield 29 different haplo-
types defined by 33 polymorphic sites (30 transitions
and 3 transversions; Figure 2). On the basis of the nucle-
otide present at defining positions, the criollo sequences
can be assigned to three of the four major Old World
mtDNA lineages defined by Troy et al. (2001): 71 to
haplogroup T3 [corresponding to the European refer-
ence sequence (Anderson 1982)], 29 to haplogroup
T1 (defined by positions 16050, 16113, and 16255), and
10 to haplogroup T2 (defined by positions 16185, 16255,
and 16057). Eighteen of the criollo lineages were de-
tected more than once with 11 of these being found inFigure 1.—Approximate geographic location of the seven
several breeds (Figure 2). Five of the Colombian criolloColombian criollo breeds examined.
CR sequences have been previously detected in the Old
World. Of these, Col1 and Col20 correspond to T3 and

negro (Bon, n � 19), Chino Santandereano (Chino, n � 8),
T1 sequences that are markedly predominant in Euro-San Martinero (n � 19), Casanareño (n � 4), Hartón del
pean and African cattle, respectively (Bradley et al.Valle (Hartón, n � 21), Costeño con Cuernos (Costeño, n �

19) and Romosinuano (Romo, n � 20). Samples for five of 1996; Troy et al. 2001). Lineage Col1 was observed in
these breeds (Bon, San Martinero, Casanareño, Costeño, and all the breeds examined except Bon and this sequence has
Romo) were obtained from herds maintained by the Colom- the highest overall frequency in criollo (�0.33; Figure 2).
bian Ministry of Agriculture (CORPOICA). Chino and Hartón

Figure 3 shows a median-joining network relating thewere sampled in private herds. Available genealogical records
mtDNA sequences observed in Colombian criollo. Threewere examined to avoid the sampling of closely related ani-

mals. DNA was extracted using the QIAamp DNA mini kit major clusters can be recognized, corresponding to
(QIAGEN, Valencia, CA), following the manufacturer’s in- haplogroups T1, T2, and T3 of Troy et al. (2001). At
structions. the center of the T3 cluster is the modal sequence seen

DNA sequencing: The mitochondrial control region (CR)
in criollo and European cattle (Col1). A similar star-was sequenced between positions 15,969 and 16,324 (�350
shaped network has been observed in European breedsbp). PCR reactions were performed in a final volume of 50 �l

containing 50 ng of DNA, 200 nmol of primers AN4 (5�-GGT (Troy et al. 2001). By contrast, the T1 lineages found
AATGTACATAACATTAATG-3�) and AN3 (5�-CGAGATGT in Colombian criollo form a dispersed cluster and show
CTTATTTAAGAGG-3�; Cymbron et al. 1999), 200 �m dNTPs, no marked predominance of one sequence (Figure 3).
10 mm Tris-HCl (pH 9.0), 50 mm KCL, 2.5 mm MgCl2, and 1

This pattern differs markedly from findings in cattleunit of Taq DNA polymerase (GIBCO). A total of 35 cycles
from Africa (Bradley et al. 1996; Troy et al. 2001). Inof 94� for 1 min, 55� for 1 min, and 72� for 1 min were

carried out in an MJ PTC200 PCR machine. PCR products the African breeds studied to date (mostly sub-Saharan),
were purified using Centricon columns following the suppli- one sequence (equivalent to Col20) accounts for �40%
er’s instructions. Sequencing was carried out from both ends of haplogroup T1 lineages and is at the center of a
of the PCR products using the ABI (Foster City, CA) Big Dye

tightly structured star-shaped cluster (Bradley et al.cycle sequencing kit and protocol. Sequencing products were
1996; Troy et al. 2001). Figure 4 shows the pairwiserun on an ABI 3700 genetic analyzer. Sequence editing and

alignment were carried out using CHROMAS (Technelyium mismatch distribution of CR sequences in Colombian
pty, Queensland, Australia) and GeneDoc (Nicholas and criollo and in West African cattle, a potential source for
Nicholas 1997) software, respectively. criollo T1 lineages. This distribution is shifted to the

For comparison with the criollo data, published B. taurus CR
right in the Colombian cattle, resulting in an MNPDsequences from Europe (n � 208), Africa (n � 92), and the
for criollo of 2.12 (n � 29) vs. an MNPD of 1.60 (n �Near East (n � 80) were collated (Bradley et al. 1996; Troy

et al. 2001). These comparisons were limited to the region of 50) in West Africa. Similarly, the haplotype diversity of
overlap across data sets between positions 16,023 and 16,262 T1 lineages in criollo is higher than that in West Africa
of the reference mtDNA sequence (Anderson 1982). (0.90 vs. 0.81, respectively).

Data analysis: Haplotype diversity, mean number of pairwise
Diversity of Colombian criollo breeds: Estimates ofdifferences (MNPD), FST (Nei 1987), and the pairwise mis-

MNPD in criollo range from 1.99 in Romo to 4.70 inmatch distribution between CR sequences were obtained using
the Arlequin 2000 computer package (Schneider et al. 2000). Hartón (Table 1). The MNPD is higher in Bon, Chino,
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Figure 3.—Median-joining net-
work (Bandelt et al. 1995) relating
the mtDNA CR sequences observed
in seven Colombian criollo breeds. T1
lineages, open circles; T2, shaded cir-
cles; and T3, solid circles. The posi-
tion of sequence Col1 is indicated.
Circle size is proportional to se-
quence frequency.

and Hartón (MNPD 4.46–4.70), which show the most dominate (0.38) while in the other breeds T3 lineages
are the most common. Hartón is also notable in that ituniform distribution of the three Old World haplo-

groups. Lineages T1 and T3 were observed in all the shows the highest frequency of the T2 lineage (0.29).
In three breeds (San Martinero, Casanareño, andbreeds examined (Table 1). In Hartón, T1 lineages pre-

Figure 4.—Pairwise mismatch distribution of haplogroup T1 CR sequences in Colombian criollo (n � 29, solid bars) and in
cattle from West Africa (n � 50, shaded bars). Data for Africa are from Bradley et al. (1996) and Troy et al. (2001).
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DISCUSSIONTABLE 1

Relative frequency of three Old World mtDNA haplogroups The advanced agricultural communities of Central
(T1, T2, and T3) and mean number of pairwise differences and South America domesticated a large number of

in CR sequences from seven Colombian criollo breeds plants but only a few animals (Diamond 2002). The
near absence of livestock facilitating transportation and

Breed (n) T1 T2 T3 MNPD (SE) food production was an important hurdle for the Span-
ish colonization of America. Consequently, as early asBon (19) 0.21 0.11 0.68 4.46 (2.30)

Casanareño (4) 0.25 0.00 0.75 3.00 (1.96) Columbus’ second trip (1493), horses, cattle, and sheep
Chino (8) 0.25 0.13 0.63 4.57 (2.51) were brought to the New World from Europe. Such
Costeño (19) 0.32 0.05 0.63 2.88 (1.58) imports arrived initially to islands in the Caribbean and
Hartón (21) 0.38 0.29 0.33 4.70 (2.39) around two decades later, the first herds were taken
Romo (20) 0.30 0.00 0.70 1.99 (1.17)

to the American mainland (Pinzón Martı́nez 1984;San Martinero (19) 0.11 0.00 0.89 2.20 (1.27)
Primo 1992; Del Rio Moreno and López y Sebastián
1998). The first documented arrival of livestock intoColombian criollo (110) 0.26 0.09 0.65 3.49 (1.79)
current Colombia dates from 1523 when conquistador
Rodrigo de Bastidas brought 200 cattle, 300 pigs, and
25 horses from Spain to the Caribbean port of Santa

Romo) the T2 lineage was not observed and these Marta (Pinzón Martı́nez 1984). Other than the direct
breeds also show the highest frequency of the T3 lineage arrival of livestock to Colombian Caribbean ports, some
(0.70–0.85). On aggregate, the frequencies of lineages additional cattle were introduced by land from neigh-
T1, T2, and T3 in criollo are 0.26, 0.09, and 0.65, respec- boring Venezuela and Ecuador. Available documents
tively (Table 1). indicate that Colombian criollo descend from these early

The variation in frequency of CR sequences across colonial imports (Pinzón Martı́nez 1984).
breeds results in an FST for Colombian criollo of 0.20. Old World mtDNA lineages in Colombian criollo
Figure 5 shows the relatedness of the seven criollo breeds breeds: The population surveys carried out by Bradley
examined on the basis of a principal component analysis et al. (1996) and Troy et al. (2001) indicate that CR
of CR sequence frequency. Bon, San Martinero, and haplogroups T3 and T2 are common in the Near East
Hartón appear relatively differentiated from the other while haplogroup T1 is restricted mostly to African cat-
four breeds and a close affinity is observed between tle. In Europe, haplogroup T3 is markedly predominant

(0.94, n � 208) and shows a reduced diversity relativeRomo and Costeño.

Figure 5.—Principal com-
ponent analysis of the fre-
quency of mtDNA CR se-
quences in seven Colombian
criollo breeds (shown in Fig-
ure 2). The two compo-
nents displayed account for
71% of the variance in se-
quence frequency. BO,
Blanco Orejinegro; CA, Ca-
sanareño; CC, Costeño con
Cuernos; CS, Chino Santan-
dereano; HV, Hartón del
Valle; RO, Romosinuano; and
SM, San Martinero.
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to Near Eastern cattle, consistent with an origin of Euro- the long period of Arab occupation of the peninsula
(A.D. 711–1492), during which the Arabs developedpean cattle in the Near East (Troy et al. 2001). In agree-

ment with the documented European origin of Colom- important cattle and sheep farms in the peninsula (Del
Rio Moreno and López y Sebastián 1998; Baja-Per-bian criollo, the most common haplogroup in these cattle

is T3 (0.65) and the same sequence (Col1) predomi- eira et al. 2002). The likely North African ancestry of
criollo and the observation that T1 lineages in these cattlenates in criollo as in European breeds. However, Colom-

bian criollo also shows a relatively high frequency of are more diverse than those reported for sub-Saharan
Africa indicate a higher mtDNA diversity in North Afri-lineages T1 (0.26) and T2 (0.09; Table 1). This observa-

tion suggests a substantial non-European ancestry in can cattle relative to sub-Saharan breeds, consistent with
the high mtDNA diversity of Egyptian cattle relativecriollo. The admixed origin of these cattle could relate

to ancestral gene flow between North Africa and Iberia to sub-Saharan breeds (respectively, MNPD 3.71 vs. an
average MNPD for eight breeds of 1.72, SE �0.27). Aprior to the introduction of cattle to Colombia. Alterna-

tively, although there is no documentary evidence, it is greater mtDNA diversity of North African cattle is to be
expected on the basis of archeological evidence of apossible that African cattle could have arrived in Colom-

bia on the ships transporting slaves from West Africa domestication center for cattle in North Africa (Smith
1986; Wendorf and Schild 1994) and with proposed(Curtin 1969).

An assessment of the North African vs. West African models for the spread of pastoralism in Africa (Hanotte
et al. 2002).ancestry of Colombian criollo is complicated by the fact

that available CR sequence data refer mostly to cattle Within and between breed diversity in criollo: A high
level of mtDNA diversity was observed in Colombianfrom Northwestern Europe and sub-Saharan Africa. In

the survey of Troy et al. (2001) only one breed from cattle (Table 1). The average MNPD for the seven criollo
breeds (3.18, SE �0.43) is markedly higher than thatSpain (Berrenda, n � 10) and one breed from North

Africa (Egyptian, n � 11) were examined. However, in European (MNPD 1.8, SE �0.24, n � 18) and African
(MNPD 1.94, SE �0.33, n � 9) populations (Bradleyseveral observations indicate that the non-European an-

cestry of criollo is most likely the result of cattle admix- et al. 1996; Troy et al. 2001). The diversity of Colombian
cattle approaches that of Anatolian/Near Eastern breedsture in Iberia rather than in Colombia. First, although

Troy et al. (2001) did not detect T1 lineages in the (MNPD 3.77, SE �0.25, n � 8; Troy et al. 2001).
Diversity is particularly elevated in the three AndeanEuropean breeds they examined, another study has doc-

umented the existence of T1 lineages in Portuguese populations (Bon, Chino, and Hartón), in which the
three Old World lineages (T1–T3) are present at rela-cattle, thus demonstrating some level of African admix-

ture in Iberia (Cymbron et al. 1999). Second, a North tively high frequencies (�10%). The lowest mtDNA di-
versity is observed in Romo (MNPD 1.99; Table 1), andAfrican ancestry for criollo is consistent with the relatively

high frequency (0.09) of lineage T2 in Colombian cattle. the principal component analysis (PCA) of the CR data
indicates that this breed is closely related to CosteñoThe T2 lineage has not been detected in sub-Saharan

Africa (n � 92), is rare in Europe (0.03, n � 208), and (Figure 5). Autosomal microsatellites also show a lower
genetic diversity for Romo relative to other Colombianhas maximal frequency in the Near East (0.23, n � 80).

Third, an important direct introduction of cattle from criollo breeds and a close affinity between this breed
and Costeño (L. G. Carvajal-Carmona and A. Ruiz-West Africa to Colombia would be expected to result

in a pattern of diversity of T1 lineages in criollo similar Linares, unpublished data). These findings are consis-
tent with the proposed origin of Romo from Costeñoto that seen in West African breeds (i.e., a marked pre-

dominance of lineage Col20). However, the sequence (Pinzón Martı́nez 1984). Other than the lack of horns
in Romo (Romo Sinuano means “hornless from thediversity of the T1 haplogroup in Colombian criollo is

in fact higher than that in West Africa and there is no Sinú”), the phenotype of these two breeds is very similar
and they are both distributed in the same areas of Carib-clear predominance of one lineage (Figures 3 and 4).

Finally, the frequency and diversity of the T1 haplo- bean Colombia (Figure 1). Among the Colombian
breeds examined, San Martinero shows the highest Eu-group in criollo would suppose the introduction of a

substantial number of animals from West Africa, particu- ropean ancestry, as indicated by the marked predomi-
nance of T3 lineages (0.89) and the observation that twolarly since most of the slave trade occurred about two

centuries subsequent to the first arrival of cattle to South of the three CR sequences shared between Colombian
criollo and European breeds are seen only in San Martin-America (Curtin 1969), at a time when criollo popula-

tions would have already expanded. A large importation ero (data not shown). Phenotypically, San Martinero
shares many features with the Pirenaica breed fromof cattle from West Africa seems unlikely to have gone

unrecorded. Northern Spain (Pinzón Martı́nez 1984). Bon is pecu-
liar in that it lacks the most common T3 sequence seenGene flow between cattle populations of Iberia and

North Africa could have occurred at various times through- in European cattle and in all the other criollo breeds
examined (Col1). Furthermore, five of the six T3 lin-out history (Cymbron et al. 1999). Exchanges between

these two regions were particularly frequent throughout eages observed in Bon are unique to this breed, includ-
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Cymbron, T., R. T. Loftus, M. I. Malheiro and D. G. Bradley,ing the only sequences with transversions (Figure 2).
1999 Mitochondrial sequence variation suggests an African in-

The genetic distinctness of Bon is also manifest in the fluence in Portuguese cattle. Proc. R. Soc. Lond. B Biol. Sci. 266:
597–603.PCA of CR sequence frequency (Figure 5). At the phe-

Del Rio Moreno, J. L., and L. E. López y Sebastián, 1998 Hombresnotypic level Bon is unique among the breeds examined
y ganados en la tierra del oro: comienzos de la ganaderı́a en

in having a white coat and black ears (Blanco Orejinegro Indias. Rev. Complutense Hist. Am. 24: 11–45.
Diamond, J., 2002 Evolution, consequences and future of plant andmeans “white with black ears”). The high within-breed

animal domestication. Nature 418: 700–707.CR diversity and the important genetic and phenotypic
Giovambattista, G., M. V. Ripoli, P. Peral-Garcia and J. L. Bouzat,

differentiation of Bon, Harton, and San Martinero rela- 2001 Indigenous domestic breeds as reservoirs of genetic diver-
sity: the Argentinean Creole cattle. Anim. Genet. 32: 240–247.tive to the other populations examined suggest a differ-

Hanotte, O., D. G. Bradley, J. W. Ochieng, Y. Verjee, E. W. Hillentiated ancestry for some criollo breeds. In conclusion,
et al., 2002 African pastoralism: genetic imprints of origins and

the high mtDNA and phenotypic diversity observed in migrations. Science 296: 336–339.
Loftus, R. T., D. E. MacHugh, D. G. Bradley, P. M. Sharp and P.Colombian criollo underscore the significance of these

Cunningham, 1994 Evidence for two independent domestica-populations as an important genetic resource.
tions of cattle. Proc. Natl. Acad. Sci. USA 91: 2757–2761.
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