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SUMMARY

This study analyzed four remnant subpopu-
lations of Nordestino horse breed to detect genetic
structure and diversity through 14 microsatellite
markers. Hair root follicles from a total of 393
horses were collected. There were 61 animals
from Salitre Valley (JUAZ-BA) located at Bahia
state, 89 from North and Central North ecoregions
located at Piaui state (NCEN-PI), 185 animals from
Sertdo and Sertdo do S&o Francisco ecoregions
(SERT-PE) and 58 animals from Agrestina city
(AGRE-PE) located at Pernambuco state. Genetic
diversity, genetic differentiation and bottleneck
effects were examined in the 4 remnant subpo-
pulations of Nordestino horse breed. There was
high allelic diversity and the F_ value did not show
evidence of a significant predominance of mating
among relatives, probably because of crossbree-
dingamong populations. Recent bottleneck effects
were not detected in the 4 subpopulations, but the
IAM and TPM model did suggest a bottleneck
effect. This may be a reflection of the decreased
number of breeding animals caused by castration
of males, mechanization processes and changes
in life style in the rural areas. The bottleneck event
was not enough to lead a genetic differentiation
among the 4 remnant subpopulations of Nordestino
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horse. There was no evidence of genetic diffe-
rentiation, so the 4 subpopulations formed one
genetic group.

RESUMO

O presente trabalho teve como objetivo avaliar
a estrutura e diversidade genética de quatro
subpopulagdes do cavalo Nordestino utilizando
14 marcadores microssatélites. Amostras de bul-
bo capilar de 393 cavalos foram coletadas,
distribuidos em: 61 animais do vale do Salitre
(JUAZ-BA) localizado no estado da Bahia, 89 das
mesorregides Norte e Centro-Norte do estado do
Piaui, 58 animais da cidade de Agrestina (AGRE-
PE) e 185 das mesorregibes Sertdo e Sertdo do
Sé&o Francisco localizado no estado de Pernambuco
(SERT-PE). Adiversidade genética, diferenciagdo
genética e efeito de gargalo genético foram
avaliados nas 4 subpopulagbées do cavalo
Nordestino. Observou-se elevada diversidade
genética e valores de F, que ndo evidenciaram
niveis de consanguinidade significativa, prova-
velmente isso se deve & acasalamentos entre as
subpopulagdes. Efeito de gargalo genético recente
nao foi detectado para as quatro subpopulacgées,
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porém os modelos IAM e TPM sugeriram um efeito
de gargalo genético ndo recente. Isso pode ser
reflexo da reducdo no nimero de reprodutores
decorrente da castragdo de machos, processo de
mecanizacdo e mudancgas no estilo de vida das
populacdes da zona rural. Eventos mais antigos
do efeito de gargalo genético néo foram suficien-
tes para evidenciar uma diferenciacao genética
entre as 4 subpopulagbes, portanto elas formam
um sé grupo genético.

INTRODUCTION

The Nordestino horse is a local breed
fromtheBrazilian Northeast that hasadapted
to semi-arid conditions of the Caatinga
biome. The Nordestino horse breed is cha-
racterized by small animals, small head,
strong hooveswith deepfrog, dark skinand
goodwork ability inthesemi-arid Northeast
region (ABCCN, 1987; Melo, 2011). High
insolation, few clouds, low forageavailable,
rain shortage over theyear and rocked soils
are Northeast semiarid condition at Brazil,
and the Nordestino horse can survive and
keepitshealthy statusvery well furthermore
it canrideonrocked soilsnaturally without
compromise its hooves because they are
adapted. Other horse breeds could not
survive under those conditions or they
would have a low performance with
degeneration of their characteristics.
Molecular Genetic information's about
Nordestino Horsedoesnot exist until 2013.

The first breed association of the
Nordestino horsewasfounded on 1974 and
theheadquarterswaslocated at Recifecity.
However, in the 1990s the association was
shut down until 2011 (Melo, 2011). As a
result, the official record of the Nordestino
horse stopped. Most of the registered
animalsweresoldfor slaughter. Nowadays,
Nordestino horse lives without a registry
and with a minimum or almost no mana-
gement. The remaining Nordestino horses
areat risk asaresult of shutting theassocia-
tion down, increased crossbreeding that
might lead as mischaracterization of the
Nordestino horsein the future and the high

percentage of castrated stallions (Melo,
2011). Add to this the mechanization of
agricultural processes and the increase of
automobilesfor transportationinrural area
asathreat for theNordestino horse. Nordes-
tino horse is in a different situation from
other Brazilian breeds: they are horses of
poor farmersin Brazil, there is no interest
from Brazilian government to conserve or
preserve them and nearly all people still
have Nordestino horse are unaware the
importance to preserve it as the unique
horse able to survive with a good perfor-
mancein Semiarid conditionfrom Brazil.
One of the first stepsin a conservation
program for a local breed is the genetic
characterization, It provides important
information for conservation management
in acountry's national strategy for animal
geneticresources(FAO, 2012). Theaimsof
this study were characterized genetically
four subpopulations of Nordestino horses
from different regions of the Brazilian
Northeast and to determine if those
represent asingle population of the Nordes-
tino horsesthrough microsatellitemarkers.

MATERIALAND METHODS

SAMPLE COLLECTION AND LOCATION SITES

Horsehair rootswerecollected from S&o
Francisco Valley ecoregion in the Bahia
state (number of animals= 61), cities from
North and Central-North ecoregionsin the
Piaui state (89), Agrestina city in the
Pernambuco state (58), citiesfrom Sert&o do
Séo Francisco and Sertao ecoregionsinthe
Pernambuco state (185). All ecoregionsare
inside the Caatinga biome (climate is
semiarid). The animals were split into 4
subpopul ationsthat were named as: JUAZ-
BA (n=61), NCEN-PI (n=89), the animals
from Pernambuco stateweredivided upinto
2 subpopulations AGRE-PE (n=58) and
SERT-PE (n=185). All animalssampledwere
considered as typical of the remainder of
Nordestino horse breed because they had
phenotypic traitssimilar to last breed stan-
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dard: animalswith height at withersof male
138 cm (+8) and female 135 cm (£8), small
head, strong hooves with deep frog and
dark skin (ABCCN, 1987). A total of 137
samples of the Arabian horse breed from
Brazilian studswereincluded asan outgroup
using datafrom LGEV/UFMG (L aboratory
of Geneticinthe Animal Science Department
at Veterinary School of Federal University
of MinasGerais-Brazil).

ExTrAcCTION OF GENomIc DNA, PCR,
ELECTROPHORETIC RUN AND READING OF
ELECTROPHEROGRAM

DNA extraction was made according to
Coelho et al. (2004). PCR solution was
preparedwith 5.0 L of Phusion FlashMas-
ter Mix Enzyme-Finnzymes, 1.0 pL of ultra
purewater, 3.0 UL of primer mix and 1.0 uL of
DNA extracted. The panel for genotyping
consisted of 14 microsatellites: AHT4,
AHT5,ASB2,ASB17,HTG4,HTG6,HM S3,
HMS6,HMS7,ASB23, HTG7,HTG10, LEX
33and VHL20. Those microsatellite marks
were recommended by FAO/ISAG (Hoff-
mannetal., 2004; FAO/ISAG, 2011) tostudy
genetic characterization in horse breeds
around the world. The standardized was
accordingto FAO/ISAG(2011). Thespecific
set of microsatellite is used in paternity
tests because of its highly polymorphic.
Therewere3 multiplex panelsfor PCR: one
withannealingtemperatureof 60°C (AHT4,
AHT5,ASB17,ASB23,HMS6,HMS7,HTG4
andVHL 20), other with56 °C (ASB2,HM S3
andHTG10) andthethirdwith60°C (LEX33,
HTG6 and HTG7). The same annealing
temperaturein 2 multiplex panelswas used
duetothetypingof LEX33,HTG6andHTG7
which are not part of routine testing. For
microsatel liteamplificationinthe3multiplex
panel sets: 98 °Cfor 10 sfor activation step,
followed by 34 cycles of 95 °C for 45 s
(denaturation step), 56 °C or 60 °C (depen-
ding onmultiplex panel) for 30 s(annealing)
and 72 °C for 30 s (extension), and afinal
extensionstep of 60minat 72 °C. Capillary
electrophoreticrunwasperformed by 0.3 uL

of LIZ™ (standard molecular weight), 8.7 uL
of Formamide Hi-Di (both products are
Applied Biosystems), and 1 pL of mixtureof
thepanelsfrom 3 PCR products, per sample.
PCR products were analyzed by using the
ABI3130 of the applied biosystems for
capillary electrophoresis run. Fragments
sizes were determined with GeneMapper
v.4.0 software of the Applied Biosystems.
All 530 sampleswere genotyped at LGEV/
UFMG, MinasGerais- Brazil.

STATISTICAL ANALYSIS

Genetic diversity within each of the 4
subpopul ationswas measured asthe number
of allelesper locus(Na), effectivenumber of
alleles per locus (Ne), observed (Ho) and
unbiased expected (UHe) heterozygosities
estimated per locus that were calculated
usingthe GenAlex 6.4 (Peakall and Smouse,
2006). Allelic richness (Ar) per locus was
calculated with FSTAT v.2.9.3.2 (Goudet,
1995). It was used ararefied sampl e size of
58 diploids individuals per subpopulation
to calculate Ar. Heterozygote deficit and
deviations from Hardy-Weinberg Equili-
brium (HWE) were estimated by GenePop
v.4.1.1 (Rousset, 2008). Deviations from
HWE were performed with Markov Chain
parameters. 10 000 dememorization, 20
batches and 5000 iterations per batch.
Polymorphic Information Content (PIC) was
estimated using the Cervusv.3.0.3 software
(Kalinowski etal., 2007).

Wright's (1951) F-statistics (F, F, and
F.) was performed with 1000 bootstrap on
confidence interval of 95 % and Gene
differentiation coefficient (G,) werecal cu-
latedusing GENETIX v.4.04 (Belkhiretal.,
2003). Analysis of molecular variance
(AMOVA) with permutationsset to 999 was
calculatedwiththeGenAlex 6.4 (Peakall and
Smouse, 2006) to study genetic differen-
tiation among subpopulations (@ and F_
pairwise) and fractionate the genetic
variance within and among subpopulation.

A Bayesianmethodto cluster theanimals
was used to analyze genetic structure of the
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4 subpopulationswith STRUCTURE 2.3.3
(Pritchard et al., 2000; Falush et al., 2003).
Model admixture and correlated allele
frequencieswereused asthebasisof which
anindividual may have mixed ancestry. The
model estimates a posteriori probability
given that an individual originated from
subpopulationsamong theinferred groups.
The K values (number of clusters) ranging
from 1 to 10 and for each cluster 20 inde-
pendent runs were repeated. It was used a
burn-in period of 20000 and 100 000 Monte
CarloMarkov Chain(MCMC) repetitionsin
all replicationsin order to obtain the number
of suitablegroupsat theend, asrecommen-
ded by Falush et al. (2007). Thefour subpo-
pulations were analysed along with the
Arabian group. The results of the natural
logarithm (L n) of the probability of thedata
(LnPr (X/K)) wereusedfor detection of the
best valueof K (Evanno et al., 2005) and to
identify which approachismost appropriate.
After that, the replicates were summarized
for each K using CLUMPP software (Ja-
kobsson and Rosenberg, 2007). Graphical
display wasgenerated usingthe DISTRUCT
v.1.1(Rosenberg, 2004) and GhostViewv.4.9
(Lang, 2006) programs. Genotyping data
from Arab breed horse was used as an
outgroup to Nei's D, genetic distance and
Structure software.

The BOTTLENECK v.1.2.02 (Cornuet
and Luikart, 1996) program was used to
detect possible bottleneck event on the 4
subpopulations of Nordestino horse breed.
Three models of microsatellite evolution
wereevaluated (IAM-Infiniteallelemodel;
SM M -stepwise mutation model and TPM -
two-phasemodel of mutation) withtwotests:
Sign test and Wilcoxon sign-rank test. The
probability distribution was established
using 1000 simulations. The Mode Shift
Indicator that based on the shape of the
allele frequency distribution was also
performed. The values of average hetero-
zygosity (He) and their probabilities(H) in
the Sign test, under three models of
microsatellite evolution (IAM, SMM and

TPM) were cal culated and used to measure
the expected number of loci with hetero-
zygosity excess.

RESULTS

(GENETIC DIVERSITY

The 14 microsatellites markers were
amplified in the 4 remnant populations of
the Nordestino horse breed. A total of 115,
110,108 and 123 alleleswerefound and the
average number of alleles per locus was
8.214,7.857,7.714and 8.786 for AGRE-PE,
JUAZ-BA, NCEN-PI and SERT-PE, respec-
tively (tablel). Thehighest effectivenumber
of alleles per locus by subpopulations for
AGRE-PEwas7.097 (VHL 20), JUAZ-BA was
7.390(VHL 20), NCEN-PI was7.120(HTG10)
and SERT-PEwas7.090 (HTG10). Average
allelic richness per subpopulation was
higherthan 7 (tablel). Theobserved hetero-
zygosity (Ho) ranged from 0.517 (HTG6 at
NCEN-PI)t00.902 (VHL20at JUAZ-BA).
The unbiased expected heterozygosity
(UHe) rangedfrom0.530 (HTG6at NCEN-PI)
t00.872 (VHL20at JUAZ-BA). Ott (1992)
reported alocusis considered highly poly-
morphic when heterozygosity is greater
than 0.7 and almost all loci were equal or
higher than 0.7. There was high allelic
variation in the remnant subpopul ations of
Nordestino horsebreed. Significant (p<0.05)
deviationfromHWE wasdetected for HTG6
andLEX33loci at AGRE-PE,HM S3at NCEN-
Pl and HM S6 at SERT-PE. However, there
were not significant deviationsfrom HWE
when all microsatellite markerswereanaly-
zed together in their respective subpopu-
lation. Heterozygote deficit wasidentified
atHMS3and ASB2loci at SERT-PE, butin
multiloci analyzesintheir respectivesubpo-
pulation there was no heterozygote deficit.
Itwasnot observed significant F,_valuesfor
both loci inside subpopul ations and avera-
gefor each subpopulation (tablel) werenot
significant. Therewerehigh PIC valuesper
locus(p>0.555); theexceptionswere obser-
vedintheHTG6andHTG7 loci at NCEN-PI
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andHTG7 at SERT-PEthat showed medium  four remnant subpopul ationsof Nordestino

polymorphism information content. horse breed was found. The F, F, and F
(Weir and Cockerham, 1984) averageval ues
(GENETIC DIFFERENTIATION intheNordestino subpopul ationswere0.012,

Low genetic differentiation among the  0.017 and 0.005, respectively and not

Table |. Genetic diversity in remnant population of Nordestino horse breed. (Diversidade
genética em subpopulacdes remanescentes do cavalo Nordestino).

Sp/locus Na Ne Ar Ho UHe HWE F PIC

AGRE-PE (n=58)
AHT4 8 5.203 7.951 0.845 0.815 ns -0.037" 0.780
AHTS5 8 4.748 6.902 0.828 0.796 ns -0.040™ 0.759
ASB17 12 5.640 12.899 0.81 0.830 ns 0.024 0.802
ASB2 10 5.980 8.951 0.897 0.840 ns -0.068" 0.813
ASB23 9 6.943 8.902 0.897 0.863 ns -0.039™ 0.839
HMS3 7 5.524 7.000 0.759 0.826 ns 0.082" 0.795
HMS6 7 3.216 6.000 0.69 0.695 ns 0.008" 0.660
HMS7 7 4.229 5.998 0.776 0.770 ns -0.007" 0.726
HTG10 10 6.323 10.000 0.776 0.849 ns 0.087" 0.823
HTG4 7 3.539 6.000 0.672 0.724 ns 0.071" 0.675
HTG6 6 2.628 6.949 0.603 0.625 * 0.035™ 0.575
HTG7 5 2.600 4.951 0.586 0.621 ns 0.056" 0.574
LEX33 8 4.242 6.951 0.724 0.771 * 0.061" 0.731
VHL20 11 7.097 9.951 0.845 0.867 ns 0.025™ 0.843
Average 8.214 4.851 7.815 0.765 0.778 ns 0.017m -
SE 0.526 0.401 0.568 0.026 0.022 - - -

JUAZ-BA (n=61)

AHT4 8 4.689 7.647 0.869 0.793 ns -0.096" 0.759
AHT5 7 4.128 6.638 0.689 0.764 ns 0.100" 0.718
ASB17 13 4.027 13.434 0.754 0.758 ns 0.005" 0.727
ASB2 9 4.634 8.610 0.82 0.791 ns -0.037" 0.759
ASB23 9 5.219 8.262 0.836 0.815 ns -0.026" 0.783
HMS3 7 4.704 6.959 0.672 0.794 ns 0.154ns 0.760
HMS6 6 3.015 6.000 0.672 0.674 ns 0.003" 0.640
HMS7 6 3.494 5.986 0.77 0.720 ns -0.071" 0.665
HTG10 10 6.006 8.995 0.803 0.840 ns 0.044rs 0.814
HTG4 6 3.822 6.000 0.787 0.744 ns -0.057" 0.697
HTG6 7 2.467 5.647 0.525 0.600 ns 0.126" 0.560
HTG7 5 2.674 4.000 0.639 0.631 ns -0.013m 0.579
LEX33 7 4.103 7.878 0.803 0.762 ns -0.054" 0.717
VHL20 10 7.390 8.650 0.902 0.872 ns -0.034" 0.850
Average 7.857 4.312 7.479 0.753 0.754 ns 0.002" -

SE 0.573 0.351 0.594 0.027 0.020 - - -

SP= subpopulation; n= sample size; Na= number of alleles per locus; Ne= effective number of alleles;
Ar= allelic richness; Ho and UHe= observed and unbiased expected heterozygosities; HWE= Hardy-
Weinberg equilibrium; F, = inbreeding coefficient value; PIC= polymorphism information content; SE=
standard error; ns= no significant (p<0.05).
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Table| (continuation). Genetic diversity in remnant population of Nordestino horse breed.
(Diversidade genética em subpopulagbes remanescentes do cavalo Nordestino).

Sp/locus Na Ne Ar Ho UHe HWE F. PIC

NCEN-PI (n=89)

AHT4 8 4.580 7.976 0.82 0.786 ns -0.044ms 0.751
AHTS5 7 4.487 7.186 0.798 0.782 ns -0.021ns 0.743
ASB17 14 5.009 12.552 0.775 0.805 ns 0.037"s 0.784
ASB2 9 5.122 9.903 0.809 0.809 ns 0.000" 0.779
ASB23 9 5.220 7.671 0.798 0.813 ns 0.019" 0.784
HMS3 7 5.024 7.000 0.775 0.805 * 0.038m 0.772
HMS6 6 3.389 6.312 0.764 0.709 ns -0.078m 0.674
HMS7 6 3.431 6.911 0.64 0.713 ns 0.102m 0.666
HTG10 9 7.120 9.660 0.854 0.864 ns 0.012m 0.844
HTG4 6 3.366 6.313 0.685 0.707 ns 0.030m 0.657
HTG6 6 2.115 5.987 0.517 0.530 ns 0.025" 0.486
HTG7 4 2.192 4.000 0.584 0.547 ns -0.069" 0.505
LEX33 8 5.074 8.636 0.798 0.807 ns 0.012m 0.776
VHL20 9 5.996 9.799 0.809 0.838 ns 0.035"™ 0.813
Average 7.714 4.437 7.850 0.745 0.751 ns 0.008"s -

SE 0.633 0.374 0.57 0.027 0.027 - - -

SERT-PE (n=185)

AHT4 9 5.304 7.757 0.838 0.814 ns -0.030m 0.785
AHTS5 9 4.520 7.183 0.768 0.781 ns 0.017 0.745
ASB17 15 6.076 12.606 0.87 0.838 ns -0.039m 0.818
ASB2 12 5.951 9.476 0.773 0.834 ns 0.074" 0.811
ASB23 8 5.610 8.157 0.822 0.824 ns 0.003 0.797
HMS3 7 5.227 6.998 0.762 0.811 ns 0.060" 0.784
HMS6 7 2.814 6.381 0.67 0.646 * -0.037ms 0.615
HMS7 8 3.738 6.693 0.676 0.734 ns 0.080m 0.688
HTG10 10 7.090 9.652 0.843 0.861 ns 0.021"s 0.843
HTG4 7 3.681 6.273 0.778 0.730 ns -0.066" 0.687
HTG6 7 2.892 6.064 0.605 0.656 ns 0.077 0.598
HTG7 4 2.405 4.274 0.578 0.586 ns 0.013s 0.538
LEX33 10 5.172 8.369 0.805 0.809 ns 0.004" 0.780
VHL20 10 6.742 9.856 0.816 0.854 ns 0.0440s 0.835
Average 8.786 4.802 7.839 0.758 0.770 ns 0.016" -

SE 0.705 0.399 0.555 0.024 0.023 - - -

SP= subpopulation; n= sample size; Na= number of alleles per locus; Ne= effective number of alleles;
Ar= allelic richness; Ho and UHe= observed and unbiased expected heterozygosities; HWE= Hardy-
Weinberg equilibrium; F, = inbreeding coefficient value; PIC= polymorphism information content, SE=
standard error; ns= no significant (p<0.05).

significant. Coefficient of gene differen- lationsandjust 1% among subpopulations.
tiationvalue (G,) among the subpopul ations The value of pairwise F_ (table I1)
was 0.009. According to AMOVA the D, between AGRE-PE and NCEN-PI of 0.008
value was 0.010 (p=0.001) and 99 % of (p=0.001) was the highest among the
variance was explicated within subpopu-  comparisons of the 4 subpopulations of

Archivos de zootecnia vol. 63, nim. 242, p. 354.



GENETIC VARIABILITY INREMNANT SUBPOPULATIONS OF NORDESTINO HORSE

Table 1. Pairwise subpopulation F_ values matrix of the 4 remnant subpopulations
Nordestino horse breed. Fst value are below principal diagonal and probability values
based on 999 per mutationsareaboveprincipal. (Matrix dos valores de F_ para as 4 subpopulacdes
de remanescentes do cavalo Nordestino. Os valores de F_ esté@o abaixo da diagonal principal e os valores
das probabilidades acima da diagonal principal ambos os valores foram obtidos através de 999

permutacgdes).

AGRE-PE JUAZ-BA NCEN-PI SERT-PE ARAB
AGRE-PE - 0.008 0.001 0.035 0.001
JUAZ-BA 0.006 - 0.025 0.006 0.001
NCEN-PI 0.008 0.004 - 0.001 0.001
SERT-PE 0.002 0.004 0.006 - 0.001
ARAB 0.069 0.070 0.072 0.068 -

Nordestino horse, followed by the F_ value
between AGRE-PE and JUAZ-BA of 0.006
(p=0.008) and NCEN-PI and SERT-PE of
0.006 (p=0.001). Subpopulations from
AGRE-PE and SERT-PE had the smallest
coefficient of genetic differentiation
(F,=0.002; p=0.035). Overall, whenall loci
were considered, the F_, among subpopu-
lations of Nordestino horseswas 0.005 (p=
0.001). Inother words, thevariation among
the studied subpopulations corresponded
t0 0.5 %. Theestimated number of migrants
between AGRE-PE and JUAZ-BA was
around 40, AGRE-PE and NCEN-PI was31,
AGRE-PE and SERT-PEwas110,JUAZ-BA
and NCEN-PI was60, JUAZ-BA and SERT-
PE was56 and NCEN-PI and SERT-PE was
43. Therewere3migrantshetween ARAB and
the subpopulations of Nordestino horses.

Bayesian analysis with MCMC was
carried out to study the structure of thefour
subpopulationsof Nordestino horses. There
were two groups found according to
Bayesian method of the STRUCTURE soft-
ware. The computing method of Evanno et
al. (2005) detected that best K value was 2
(figure 1). Inthefirst group were assigned
93.3 % of animalsfrom AGRE-PE, 91.8 %
fromJUAZ-BA,95.9%fromNCEN-PI,95.7%
from SERT-PEand 3.3%from ARAB.

BOTTLENECK EFFECTS

According to Mode Shift Indicator
method, the four subpopulations have not
undergone arecent bottleneck event asthe
L -shaped curveswerenormal. Therewasno
evidence of bottleneck effects with the
Stepwise Mutation Model (SMM) method

S

s >
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&
@

é(/ @
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Figure 1. Sructure of remaining from Nordestino horse breed and Arab outgroup for k=2.
(K=2 para a estrutura do remanescente da raga equina Nordestino e a raca Arabe utilizada como

outgroup).
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or Sign Test (ST) and Wilcoxon Rank Test
(WRT) for all subpopulationsof Nordestino
horse(tablelll). However,the TPM (Two-
Phase Model) and IAM (Infinite Allele
Model) methods evidenced a significant
bottleneck effect on the remnant subpopu-
lations of Nordestino horse breed for ST
and WRT.

DISCUSSION

(GENETIC DIVERSITY

Genetic diversity corresponds to the
variety of alleles presents in a group and
can be described by average number of
different alleles, allelic richness and
expected heterozygosity. Average number
of alleles per subpopulation and number of
alleles per microsatellite by subpopulation
indicated high allelic diversity. All other
microsatellite markers tested fit the
recommendation of Barker (1994): loci with
aminimumof 4 differentalleles. Theallelic
richnessis ameasure that is not dependent
on sample size and among the subpopu-
lationsall loci demonstrated valuesequal to

4 or greater. This result confirmed a high
geneticdiversity among the subpopulations
studied.

UHewashighinthefour subpopulations
of Nordestino horses. This probably is
becausethebreedisof recent originandthe
Nordestino horses have been crossed with
other breeds. Established breeds tend to
have UHelower than newly formed breeds
because the established breed has under-
gone someinbreeding and selection for the
breed specific traits. The highest UHe ave-
rage valuewasobserved for AGRE-PE and
SERT-PE. Probably this is a result of
crossbreeding, mainly with animals from
AGRE-PE with nearby specialized breeds
and for SERT-PE due to indiscriminate
crossbreeding with horse breeds used in
sports practice. Deviations from HWE in
isolated loci for remnant subpopul ations of
Nordestino horsesmay be dueto crossbree-
ding, negative-assortative mating or gene
flow. According to the F,_parameter there
was no significant deficit of heterozygotes
whichindicatesthat thefour subpopulations
arerandomly mating predominantly.

Tablel11. Summary of bottleneck test in the 4 remnant subpopulations of Nordestino horse
breed. (Resumo dos resultados obtidos para o teste de efeito de gargalo genético para as 4
subpopulacdes de remanescentes do cavalo Nordestino).

Subpopulations 1AM TPM SMM
AGRE-PE
ST Exp.=8.32 (p=0.0007*) Exp.=8.32 (p=0.0072*) Exp.=8.25 (p=0.3377"™)
WRT 0.00003* 0.00015* 0.78687"
JUAZ-BA
ST 8.32 (p=0.0361%) 8.33 (p=0.0369%) 8.23 (p=0.1734")
WRT 0.00015* 0.04529* 0.87939"
NCEN-PI
ST 8.25 (p=0.0006%*) 8.27 (p=0.0343%) 8.30 (p=0.0653")
WRT 0.00003* 0.01477* 0.57239"
SERT-PE
ST 8.22 (p=0.0006%*) 8.29 (p=0.0069%) 8.26 (p=0.16874")
WRT 0.00003* 0.00015* 0.29578"

IAM=infinite allele model; TPM=two-phase model; SMM= stepwise mutation model; ST=sign test (number
of loci with heterozygosity excess); WRT= wilcoxon rank test with probability of heterozygosity excess;
Exp.= expected number of loci with heterozygosity excess; *p<0.05; ns= no significant;
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(GENETIC DIFFERENTIATION

G, F, and @ values among the four
subpopulations of Nordestino horses
showedthat theanimal swereasinglegenetic
group with no evidence of genetic diffe-
rentiation among them. Giacomoni et al.
(2008) analyzed three subpopulations
(Ipiranga, NovaEsperancaand Promisséo)
of Pantaneiro horses and Cothran et al.
(2011) studied three subpopulations (A pu-
re, Araguaand M érida) of Venezuelan Crio-
Ilo and also observed low genetic differen-
tiation, no evidence of genetic differen-
tiation among horsesof the samebreed from
different places. That the subpopulations
of Nordestino horse were the same gene
pool was corroborated by the distribution
of theanimalsinthe STRUCTURE analysis
where only two defined groups (k=2): one
the Arab outgroup and other the Nordestino
horses. Costaet al. (1974) reported Bahia,
Pernambuco, Ceara and Piaui states were
the places where the Nordestino horse was
essentiality formed and there was a larger
herd at that time. There has been a fair
number of horses sel ected from those states
to integrate into the foundation of the stud
nucleus. Until thelast years of the ABCCN
animals were widely transported among
states and farms both intentionally and due
to natural wandering. In the 1990s the
Nordestino horse breed Association
stopped animal registrations, but even so
the Nordestino horse survives in the
CaatingabiomefromtheBrazilianNortheast
region.
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