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Genetic diversity in a Brazilian bovine herd based on four microsatellite loci
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Abstract

Microsatellites or short tandem repeats (STRs), DNA markers relatively abundant in the genome, have a high degree ospolmadorphi
therefore great potential for characterizing populations. The present study estimates genetic variability in a setafditellitesiBMS3013,
BMS3004, HEL10 and TGLA122) in a Brazilian hybrid bovine breed (5/8 Aberdeen Angus x 3/8 Nelore). The objectives were to deter-
mine the effect of crossbreeding and selection in these animals’ genetic diversity as well as to discover the herdigigasbkiiowith that

of other breeds. Low diversity was verified in BMS3013 and high diversity was detected in BMS3004, HEL10 and TGLA122e3wo allel
in TGLA122 are described here for the first tim&(A122*155andTGLA122*163. These genes are possibly characteristics of Zebu
animals since they have not been found in other taurine samples so far investigated. Low interpopulational diversityedzaobisgrv
taurine cattle populations, and clusters obtained on TGLA122 phylogenetic trees agreed with the bovine herd’s geograjigiceoigin
despite TGLA122’s high polymorphism and high levels of intrapopulational diversity, the system engenders consistent logenieghyl

We detected an intriguingly high similarity between Brangus Ibagé and Red Angus since the former is a hybrid havingré/gerié&lo
Either these animals’ environment or genetic selective practices applied to the breed probably favor the Angus genotype.

INTRODUCTION hybrid herd, through the investigation of four microsa-
tellites. Its relationship with other European breeds was
In livestock species directed selection of economi- also evaluated.
cally desirable traits can lead to genetic erosion of indi-
vidual cattle breeds. Therefore, genetic diversity mainte- MATERIAL AND METHODS
nance provides a crucial base for new characteristic se-
lection. An adequate method for verifying a herd’s genetic Blood samples of 100 Brangus Ibagé animals (70 fe-
diversity insures more accurate selection and higher qualmales and 30 males) were collected from the jugular vein
ity products (Bradlegt al, 1998). DNA-based technolo- using ACD as anticoagulant. DNA was extracted from to-
gies enable detection of different polymorphic types. tal blood according to Plangtal.(1992). Four STRs were
Among these, microsatellites or short tandem repeatsnvestigated: two CCA repeats, BMS3013 at chromosome
(STRs) have been identified in all eukaryotic species so4 (Stoneet al, 1996) and BMS3004 at chromosome 18
far investigated (Tautz, 1993; Renal, 1996). Due to  (Stoneet al, 1996), and two CA arrays, HEL10 at chro-
their relative abundance in the genomes and high polymormosome 19 (Kaukinen and Varvio, 1993) and TGLA122
phism they are important tools in population character-at chromosome 21 (Crawfoed al,, 1995). All microsa-
ization (MacHugtet al, 1997; Simonseaet al., 1998). tellites were PCR amplified as described by Steinal.
Brangus is a 3/8 BrahmaBds indicuyand 5/8 An- (1996). TGLA122 PCR amplification was, however, opti-
gus Bos tauru} breed fitted to a wide climate and feed mized using a touchdown method, as described by Crawford
range (Keeling, 1997). In Southern Brazil, the Brazilian etal (1995). PCR products were analyzed by vertical elec-
Agricultural Research Corporation (Empresa Brasileira detrophoresis in 10% non-denaturing polyacrylamide gels fol-
Pesquisa Agropecuéria, EMBRAPA/CPPSUL, Bagé, RS,lowing Lahiriet al (1997). Hardy-Weinberg equilibrium
Brazil) selected a similar breed using, however, Nelorewas evaluated by exact tests (Louis and Dempster, 1987, or
(Zebu) instead of Brahman cattle asBwos indicusom- Gou and Thompson, 1992) using the GENEPOP computer
ponent. The selection program began in 1945 and the reprogram (Raymond and Rousset, 1995). Polymorphic in-
sultant herd, Brangus Ibagé, has a 5/8 Aberdeen Angus andrmation content (PIC) was estimated according to
3/8 Nelore genetic composition (Chagdsl, 1972). Botsteinet al (1980). Mean heterozygosity (H) and Nei’'s
In this paper we studied the effect of crossbreedingmeasure of gene diversity{HHs and G+’; Nei, 1987) were
and selection on the genetic diversity of this Brazilian used to quantify the degree of genetic variation within and
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between populations. These computations were performed  The gene diversity analysis of the present popula-
considering various levels of population subdivision, using tion and other cattle samples was made using TGLA122
DSW software (a modified version of the DISPAN com- only since no data could be found for the other STRs in-
puter package, T. Ota, Center of Human Genetics, Bostowestigated. As no data on Zebu cattle were found, only tau-
University). The Ry (stepwise-weighted genetic distance; rine animals were included in the analysis. Computations
Shriveret al, 1995) was obtained also using the DSW pro- were based on eleven populatidBspn biso{Mommens
gram. The neighbor-joining (NJ, Saitou and Nei, 1987) andet al, 1998); Red Angus, South Devon, Gelbvieb, Simen-
UPGMA (Sneath and Sokal, 1973) trees based on this matal, Saler (Heyert al,, 1997); Holstein Friesian, Belgian

trix distance were made with the same software. Red Pied, Belgian Blue, East Flemish (Peelretal,
1998) and Brangus lbagé] and various levels of subdivi-
RESULTS AND DISCUSSION sion (Table 1) Bison bisorwas included here and in the

phylogenetic analyses as an outgroup. Total genetic varia-

Allele frequencies estimated from genotypes for eachtion (H;) ranged from 73 to 87%, mostly due to intra-
locus (genotypic distributions available from the authors populational (H) diversity. Considering all populations,
on request) are presented in Table I. Genotype distribuenly 16% of their variability was due to interpopulational
tions are in Hardy-Weinberg equilibrium in all systems. diversity (Gy'), a similar value to those observed for Brit-
Low variability was found in BMS3013, with only two al- ish cattle, the most differentiated animals. Between
leles, but BMS3004, HEL10, and TGLA122 presented high Brangus Ibagé and Red Angus only 7% of the diversity was
levels of diversity. The low variability observed in BM3013 due to interpopulational variability. This high intrapopu-
is expected since trinucleotide repeats are in general lesiational diversity observed in all subdivision levels is ex-
variable than dinucleotide repeats. pected in comparisons involving racial groups from the

Although comparison of our frequency data on same species.
BMS3013, BMS3004 and HEL10 with that of other cattle The matrix of R, genetic distance among the same
populations was not possible, the alleles found herein haghopulations analyzed for diversity is presented in Table IV.
the same lengths as those described elsewhere (Bishop Although geographically distant populations, data compari-
al., 1994, Stonet al, 1996). Comparing TGLA122 with  sons showed a high degree of similarity, the distances vary-
other taurine samples we found tA@&LA122*155and ing from zero (Simental x Saler) to 2.1 (Gelbvieb x Bison).
TGLA122*163alleles are being described here for the On the other hand, although a taurine-Zebu hybrid, Brangus
first time. These genes are possibly characteristic of Zebubagé presented high similarity to the British Red Angus
animals; however, no data could be found for Zebu cattlepopulation (R, = 0.05).
in the literature and only nine taurine samples have been ~ The UPGMA and neighbor-joining phylogenetic trees
so far investigated. based on R, distances are presented in Figure 1. There are

Genetic variability parameters are presented in Tablegreat similarities between both trees, the main difference
II. Mean heterozygosity (54%) showed high diversity lev- being the position of Belgian cattle (BB, EF, HF, and BRP):
els in this cattle. Heterozygosity and PIC estimates arethis cluster observed using the UPGMA method does not
normally correlated and, as expected based on gene varappear in the neighbor-joining tree.
ability, TGLA122 showed the highest and BMS3013 the The relationship among the taurine animals merits spe-
lowest values for both parameters. cial attention for three reasons:

Table | - Allele frequencies observed at the four loci investigated.

BMS3013 BMS3004 HEL10 TGLA122
(N=100) (N=99) (N=97) (N=92)
Allele Frequency Allele Frequency Allele Frequency Allele Frequency
*103 0.06 *129 0.73 *98 0.08 *141 0.10
*112 094 *132 024 *104 0.36 *143 0.07
*138 0.03 *106 0.09 *145 0.10
*108 0.23 *147 0.10
*110 0.15 *149 0.08
*112 0.06 *151 0.24
*114 0.02 *153 0.10
*155 0.07
*159 0.03
*161 0.08
*163 0.03

N = Number of samples investigated.
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First, the position of the South Devon sample, that clus-comparing organisms with similar physiology and genera-
tered with théison bisorfthe outgroup) rather than with the tion time, such as races of the same species.
other British breed (Red Angus). This grouping is probably due The third reason is the position of Brangus Ibagé clus-
to the greater similarity observed in TGLA122 allele frequen- tering with Red Angus. Since Brangus Ibagé is a hybrid breed,
cies between these two breeds; however, the comparison ihe pattern expected was a cluster grouping all British cattle
volved only one locus and the results are therefore sensitive tand then joining with Brangus Ibagé. However, these ani-
sampling effects. All the other clusters satisfy expectationsmals were selected based on morphological characteristics
generated by the geographic origin of the various samples.

Second, the UPGMA algorithm presupposing con-
stant evolutionary rates provides a more coherent clus-

. . g . L ANG
tering based on animal origin than neighbor-joining. How-
ever, according to Nei (1987), UPGMA, despite its sim- IBA
plicity, generally yields a quite reasonable tree at least whel SIMEN
SALER
GELB
—————BB
EF
Table Il - Genetic variability parameters. 1 EH F
: ) BRP
Loci Average Polymorphic DEV
heterozygosity (H)  information content I
L &
BMS3013 0.113 0.106
BMS3004 0413 0.348 o008
HEL10 0.775 0.739 '
TGLA122 0.881 0.865 B
Mean heterozygosity 0.545
LiBA
Table Il - Genetic diversity considering | 5RP
Brangus-Ibagé cattle and other taurine populations.
— HF
Populations (N) H H G/ EF
= BB
Brangus Ibagé and 0.827 0.796 0.073 DEV
Red Angus (2) r
Brangus Ibagé and 0.836 0.739 0.163 L———s8Is
British Cattle (3) o
Continental European 0.726 0.707 0.037 0.05
Cattle (3)
Belgian Cattle (4) 0.822 0.782 0.054 Figure 1 - UPGMA (A) and neighbor-joining (B) trees generated from
All populations (11) 0.865 0.735 0.162 D, distance matrix. No bootstrap could be made since only TGLA122
was employed in the analysis. The trees were rooted using the midpoint

H. = Total diversity; H = variability within population; G’ = gene dif-
ferentiation coefficient. British Cattle: Red Angus and South Devon; SALER = Saler; GELB = Gelbvieb; BB = Belgian Blue; EF = East Flemish;
Continental European Cattle: Gelbvieb, Saler and Simental; Belgian Cattle:HF = Holstein Friesian; BRP = Belgian Red Pied; DEV = South Devon;

Belgian Red Pied, Belgian Blue, Holstein Friesian and East Flemish.

method; ANG = Red Angus; IBA = Brangus |Ibagé; SIMEN = Simental,

BIS =Bison bison.

Table IV - Genetic distance matrix obtained with,distance based on TGLA122 locus in 11 bovine populations.

Red South Brangus Holstein  Belgian Red East Relgian
Populations Angus  Devon Gelbvieb Simental Saler lbagé Friesian Pied Flemish Blue
S. Devon 112
Gelbvieb 0.15 1.88
Simental 0.06 116 0.09
Saler 0.15 0.98 0.21 0.00
B. Ibagé 0.05 101 0.19 0.05 0.08
H. Friesian 0.35 0.66 0.87 0.61 0.63 0.34
B. Red 0.21 0.85 0.54 0.34 0.37 017 0.04
E. Flemish 041 0.45 0.82 0.40 031 0.27 0.18 0.09
B.Blue 0.75 041 138 0.92 0.88 0.69 0.10 0.25 0.20
Bison bison 140 0.14 211 1.30 104 112 0.89 103 048 0.63
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with the aim to obtain a beef type animal that would retain ~ C.W. (1994). A genetic linkage map for cattBenetics.36 619-639.

the Nelore natural rusticity, with the excellent Angus meatBOtstein. D., White, R.L., Skolnick, M.andDavis, R.W.(1980). Construc-
tion of a genetic linkage map in man using restriction fragment length

quality. Therefore, bg3|des the fact that Brangus lbagé hasa oy morphismsam.J. Hum. GeneB2 314-331.
greater Angus genetic composition, the environment wheresradley, D.G., Loftus, R.T.,Cunningham, P.andMacHugh, D.E.(1998).

these animals are reared or the genetic selection applied to Genetics and domestic cattle origigisol. Anthropol €: 79-86.

them could be favoring Angus genotype Chagas, E.C., Caggiano, F.RndGarcia, J.T.C.(1972). Formacao do 5/8

. . . Angus - 3/8 ZebuCircular 57, Ministério da Agricultura, Departa-
We therefore conclude that: a) the genetic selection  yento Nacional de Pesquisa AgropecuéFialotas, RS, pp. 8.
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submitted to different genetic selective practices and living g?ﬁ%ﬁ%ﬁ ESF;‘IE’;] JJ'MF",\;Z;?]E@AF; m’t?h”;hia'EB“gﬁﬁn";pbﬁ'

in diverse environments bovine herds presently maintainmany  gen, k.J., McGraw, R.A. andBeattie, C.W. (1995). An autosomal
interracial similarities; c) TGLA122, despite being highly genetic linkage map of the sheep genoBenetics 140703-724.
ponmorphic and presenting high levels of intrapopulational Gou, S.W.andThompson, E.A.(1992). Performing the exact test of Hardy-

. . . . . Weinberg proportions for multiple allel&&iometrics 48361-372.
dlver5|ty, engenders consistent bovine phylogenles. Heyen, D.W., Beever, J.E., Da, Y., Evert, R.E., Green, C., Bates, S.R., Ziegle,
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