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Genotypic characterization of ten microsatellite loci in two Brazilian free range
(Caipira) chicken lines

Caracterizacdo genotipica de dez loci de microssatélites em duas linhagens de galinhas caipiras
brasileiras
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ABSTRACT

This study aimed to investigate the genetic variability
of two Brazilian free range (Caipira) chickens lines using
microsatellites analysis of ten loci. It was collected a total of 99
blood samples, which 49 were from Paraiso Pedrés (PP) and 50
were from Rubro Negra (RN) lines. The amplification of the DNA
fragments was performed by polymerase chain reaction (PCR)
and the genotyping was conduct using ABI 3130 sequencer. The
allele number variation was among 3 (LEI0254) to 32 (LEI0212)
in the PP line, and 4 (LE10254) to 31 (LE10212) in the RN line. The
allelic average per locus was 13.3 and 13.1 in the PP and RN lines,
respectively. The average observed and the expected heterozygosity
were 0.650 and 0.820 in the PP line, and 0.671 and 0.804 in the
RN line. All of the analyzed loci were informative (PIC>0.5). These
results indicate that these free-range animals have a high genetic
variability, at least for the majority of the analyzed loci, and this
genetic variation is higher than the commercial chickens and
similar for the no-commercial birds.

Key words: (Caipira) broiler line, (Caipira) layer line,
microsatellite, polymorphism.

RESUMO

Este trabalho teve como objetivo investigar a
variabilidade genética de duas linhagens de galinhas caipiras
brasileiras usando 10 locos de microssatélites.  Noventa e
nove amostras de sangue total foram coletadas, sendo 49 da
linhagem Paraiso Pedrés (PP) e 50 da linhagem Rubro Negra
(RN). As amplificagées dos fragmentos do DNA foram realizadas
pela técnica da reagdo em cadeia pela polimerase (PCR), e a

genotipagem ocorreu em um sequenciador ABI 3130. O numero
de alelos variou de 3 (LE10254) a 32 (LE10212), na linhagem PP,
e de 4 (LE10254) a 31 (LEI0212), na linhagem RN. O niimero
médio de alelos por loco foi de 13,3 e de 13,1 nas linhagens PP
e RN, respectivamente. A heterozigosidade observada média e a
heterozigosidade esperada média foram 0,650 e 0,820, na linhagem
PP, e 0,671 e 0,804, na linhagem RN. Todos os locos analisados
Sforam informativos (PIC>0,5). Estes resultados indicam que estes
animais caipiras tém uma grande variabilidade genética, pelo
menos para a maioria dos locos analisados, e que esta variagdo
genética é maior do que a das galinhas comerciais e semelhante a
de aves ndo comerciais.

Palavras chave: linhagem frango caipira, linhagem poedeira
caipira, microssatélites, polimorfismo.

INTRODUCTION

The chickens arrived on Brazil with the
Portuguese sailors who brought exemplars of birds
that came from Asia, Mediterranean and southern
Europe breeds, which were left in freedom in the
backyards of homes, farms and ranches (ALBINO et
al., 2010). This freedom allowed the occurrence of
random breeding among the breeds, originating from
this blend of breeds, the birds called Brazilian free
range (Caipira) chickens.
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These chickens are characterized by their
high genetic variability (ALBINO et al., 2010) and it
has been showed by few studies. LIMA-ROSA et al.
(2004) investigated the polymorphism of two genes
B-F (genes of the immune system of the chicken)
from Brazilian (blue-egg Caipira) chickens samples.
CLEMENTINO et al. (2010) examined the variability
of microsatellite markers in free range chickens
from northeastern Brazil. FONTEQUE et al. (2014)
identified the genetic variation of microsatellite loci
from a population of Brazilian (blue-egg Caipira)
chickens. In all of these studies a high genetic
polymorphism were found.

The Brazilian free range (Caipira) chickens
were let free in the backyards all over the country,
where they provided a food source. However, after
the Second World War, the Brazil has incorporated
modern breeding poultry technology and, this way,
birds with high productive skills were developed. The
free range chickens, which have low productivity,
have been forgotten in the backyards (ALBINO et al.,
2010).

In the 80’s, the consumption habits of
the population changed, making people to begin to
appreciate product considered “natural” or healthy.
This way, the free range chickens has conquered
space in the market attracting selected consumers
(GESSULLI, 1999).

The demand of this type of product was
increased but the free range chickens, due theirs low
productivity, failed to supply this market. The way out
of it was the development of the Brazilian free range
(Caipira) chickens lines. These lines join the high
productivity of commercial chickens with the rusticity
of free range chickens (ALBINO et al., 2010). Thus,
some lines have emerged to attend the Brazilian
market, as the Paraiso Pedrés (PP), which is a free
range (Caipira) broiler line, and the Rubro Negra
(RN), a free range (Caipira) layer line.

These two lines were developed by
selecting features of pure chickens breeds inside the
free range chickens variety in the Aves do Paraiso
farm (Itatiba - Sdo Paulo - Brazil; FAZENDA AVES
DO PARAISO LTDA.). When free range roosters
or hens possessed desirable traits of pure breeds,
they were-selected, crossbred and the features were
refined, resulting in commercial lines from Brazilian
free range (Caipira) chickens.

Microsatellites, which are repeated
tandem sequences between 1 to 6 nucleotides, are
good markers to study the genetic variability. They
are numerous and commonly marker used in nuclear
DNA analyzes. The microsatellites have a co-

dominant inheritance, being easily to identify and
polymorphic (KAYA & YILDIZ, 2008). This study
aimed to evaluate with microsatellites markers the
genetic variability of these two free range chicken
lines (broiler and layer) and compare the results with
others chickens (commercial or no-commercial).

MATERIAL AND METHODS

The 49 Paraiso Pedrés (PP) and 50 Rubro
Negra (RN) chicks were acquired from Aves do
Paraiso farm (Itatiba - Sao Paulo - Brazil) with one
day old. The PP line reaches slaughter weight (2.8kg)
at 9 to 10 weeks of age, with food conversion rate
of 2.3 (kg feed/kg meat) and daily weight gain of
0.04295Kg/day. The RN line can produce 280 eggs a
year (FAZENDA AVES DO PARAISO LTDA.).

The chicks were raised until 60 days old
and then the blood samples were collected. It was
used peripheral blood samples collected with 0.5%
EDTA from all animals. The total DNA was extracted
from erythrocytes through the protocol established by
SAMBROOK et al. (1989).

The amplification of microsatellites
loci was performed using the Polymerase Chain
Reaction (PCR), with primers labeled with
fluorophores: LEI0192, LEI0194, LEI0212, LEI0214,
LEI0217, LEI0221, LEI0248, LEI0254 (described
by MCCONNELL et al., 1999), and MCW0081,
MCW0183 (described by CROOIIMANS et al.,
1997).

The reagents used in PCR reactions were
10X Buffer (100mM Tris-HCI, 500mM KCI, pH 8.3),
MgCl, (10-40mM; that is depends of the microsatellite
loci; more information see MCCONNELL et al.,
1999 or CROOIJIMANS et al, 1997), 1.25mM
dNTP mix (dATP, dCTP, dGTP, dTTP), ImM of
each primer, forward and reverse (forward labeled
with fluorescence), 0.5 unit of Taq polymerase, H,0
to complete the final volume of 25mL, and DNA
(50ng). The reaction conditions were: 2 minutes at
96°C, 35 cycles of 1 minute at 96°C, 30 seconds to
1 minute at 48-58°C (depending of the primer sets;
more information see MCCONNELL et al., 1999
or CROOIIMANS et al., 1997), 30 seconds at 72°C
and 5 minutes of final extension at 72°C.

The amplified products were submitted
to an electrophoresis on automated genetic analyzer,
ABI 3130 DNA Genetic Analyzer, and subsequently
genotyped in the Gene Mapper® software version
3.2.1 (4pplied Biosystems, Foster City, USA).

The gene frequencies were obtained by
manually counting. The allele frequencies, observed
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and expected heterozygosity, and the suit to the
Hardy-Weinberg equilibrium were derived from
Arlequin® software version 3.5 (EXCOFFIER &
LISCHER, 2010). The Polymorphic Information
Content (PIC) was estimated in a Cervus® software,
version 3.0 (KALINOWSKI et al., 2007).

RESULTS AND DISCUSSION

The data for the ten polymorphic
microsatellite loci analyzed in these two Brazilian
free range (Caipira) chickens lines are described in
table 1. A total of 133 and 131 alleles were detected in
the Paraiso Pedrés (PP) and Rubro Negra (RN) lines,
respectively. The number of alleles per locus ranged
from 3 (LEI0254) to 32 (LEI0212) in the PP line,
and 4 (LEI0254) to 31 (LEI0212) in RN line, with an
average of 13.3 (PP) and 13.1 (RN) alleles per loci.

Most of the microsatellite markers used in
this study was polymorphic. The number of alleles
per locus according with the lowest number of alleles

suggested by BARKER (1994) in both studied
populations, which should be at least four alleles
per loci to reduce the effect on the standard error.
In the present study, only the marker LEI0254 in PP
line presented low number of allele per locus, which
was three. This locus was mapped on Z chromosome
(MCCONNELL et al., 1999), and lies in a region
of reduced genetic variability. SUNDSTROM et al.
(2004) investigated the diversity of the Z chromosome
and observed three- to fourfold reduction on the Z
than on the autosomes.

The average number of alleles is high
(13.3 in PP and 13.1 in RN). CLEMENTINO et
al. (2010) and FONTEQUE et al. (2014) found an
average number of 9.6 and 12.4 alleles per locus,
respectively, in studies with microsatellites in free
range chickens from Brazil. Lower values than the
results found in this study were also described by
AL-QAMASHOUI et al. (2014), BAO et al. (2009);
HASSEN et al. (2009), MOHAMMADABADI et
al. (2010), MWACHARO et al. (2013), LEROY et

Table 1 - Values to several parameters of genetic polymorphism from 10 microsatellite loci analyzed in samples of two Brazilian free range

(Caipira) chickens lines.

Paraiso Pedrés

Loci N,' T2(pb) Ho® He' Value of p’ s.df Ap’ pIC®
LEI0192 16 246-342 0.738 0.852 0.001 0.000 3 0.601
LEI0194 8 117-163 0.405 0.791 0.000 0.000 1 0.761
LEIO212 32 338470 0.857 0.948 0.202 0.000 11 0.836
LEI0214 18 133-311 0.333 0.867 0.000 0.000 5 0.904
LEI0217 17 182-276 0.905 0.925 0.118 0.000 2 0.912
LEI0221 14 180-228 0.976 0.918 0.970 0.000 0 0.801
LEI0248 9 222-262 0.810 0.825 0.334 0.000 2 0.937
LEI0254 3 81-85 0.000 0.660 0.000 0.000 0 0.767
MCW0081 6 97-127 0.833 0.627 0.052 0.002 1 0.851
MCW0183 10 258-304 0.643 0.791 0.008 0.000 4 0.571
Mean 133 - 0.650 0.820 - - 2.9 0.794
Rubro Negra
LEI0192 15 232-342 0.800 0.853 0.286 0.000 2 0.508
LEI0194 8 121-163 0.640 0.770 0.101 0.000 1 0.769
LEIO212 31 352-468 0.880 0.956 0.010 0.000 10 0.835
LEI0214 17 125-311 0.260 0.834 0.000 0.000 4 0.876
LEI0217 17 174-250 0.860 0.928 0.004 0.000 2 0.907
LEI0221 14 180-228 0.880 0.874 0.858 0.000 0 0.719
LEI0248 9 214-254 0.640 0.694 0.362 0.000 2 0.951
LEI0254 4 81-87 R - - - 1 0.763
MCW0081 6 97-127 0.380 0.535 0.001 0.000 1 0.783
MCW0183 10 258-310 0.700 0.794 0.000 0.000 4 0.539
Mean 13.1 - 0.671 0.804 - - 2.7 0.765

'Allele numbers per locus; 2Allele size in base pairs; *Frequency of observed heterozygosity, *Frequency of expected heterozygosity; *Hardy-

Weinberg equilibriumin  the  population studied,

locus in

equilibrium (P>0.05); °Standard ~ deviation; "Private

allele: *Polymorphic Information Content: *All sample were female. so hemizygous for this locus. thus it was not considered in this analysis.
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al. (2012), PHAM et al. (2013) and ZHANG et al.
(2002) in studies with native chickens in Oman,
China, Ethiopia, Iran, East African, North, West and
Central Africa, Vietnam and China, respectively. The
average number of alleles per locus in commercial
poultry breeds or lines has been determined around
1.3 to 8.4 (VANHALA et al., 1998; KYSER et al,,
2000; ZHANG et al., 2002; HILLEL et al., 2003;
TADANO et al., 2007; BERTHOULY et al., 2008;
ROSARIO et al., 2009; CHATTERIJEE et al., 2010;
TADANO et al., 2012; WILKINSON et al., 2012).
Normally, it is expected that the genetic variability of
commercial chickens lines had been reduced because
they are selected for quantitative traits (HILLEL et
al., 2003). However the average number of alleles
to PP and RN lines, especially when compared
to commercial birds, indicates that there were no
lost in the genetic variability in the raise of these
lines, originally found in their free range chickens
ancestors. One possible account for it can be the
genetic background. One relatively large effective
population size of the grandparental of these lines
with internal genetic subdivision may be reflected
by the degree of polymorphism demonstrated by the
PP and RN lines. Some management practices, like
restricted gene flow between populations within lines,
can produce genetic heterogeneity amongst flocks
within breeds or lines, creating divisions of the breeds
or lines: the genetic subpopulations (ROSENBERG
et al. 2001; WILKINSON et al.,, 2012). These
genetic subpopulations can have your gene pool
with, occasionally, different alleles, it being able to
generate high number of alleles in the population, like
seen in this study.

A total of 29 (21.8%) and 27 (20.6%)
private alleles were detected, in PP and RN lines,
respectively. A large number of private alleles in
specific microsatellites locus provide a high interest
for use in genetic studies of animals. First, because
it characterizes or distinguishes one specific breed or
line, and second, private alleles can measure the gene
flow between populations (SLATKIN & BARTON,
1989; KALINOWSKI, 2004). The bigger the gene
flow between populations the lower the number of
private alleles. Nevertheless, there was no fixed locus
in these populations.

The expected heterozygosity (He) was
higher than the observed (Ho) in the two populations.
The Ho average was 0.650 and 0.671 in PP and RN,
respectively, while He average to PP was 0.820,
and to RN was 0.804. These values are similar with
those of other native chickens of China (BAO et
al., 2009), India (RAJKUMAR et al., 2008), Oman

(AL-QAMASHOUI et al., 2014) and Thailand
(AKABOOT et al., 2012). Probably, the selection
for economic traits caused the Ho values showed
in this study. Breeds and commercial lines of
chickens are often raise with a rigorous genetically
selection looking for traits that are desirable, which
consequently can lead a decrease in the level of
heterozygosity (TADANO et al., 2008). Moreover,
the genetic subdivisions into the line, as mentioned
above, can produce high genetic variability in the line
population, but it can also reduce the polymorphism
within the line subpopulations (WILKINSON et
al., 2012), since one restricted gene flow tend to
increase the inbreeding within the subpopulations.
It can reflect in higher He (high genetic variability
in the population) than Ho (low genetic variability
within the subpopulations can lead to increased
homozygous).

The Ho wvalues are higher as some
commercial populations (ROSARIO et al., 2009;
CHATTERIJEE et al., 2010; TADANO et al., 2012).
However, in the commercial chickens the Ho values
were often lower than that in the present study. These
values ranged from 0.000 (high inbred lines) to
0.610 (VANHALA et al., 1998; ZHOU & LAMONT,
1999; GRANEVITZE et al., 2007; BERTHOULY et
al.,, 2009; ZANETTI et al., 2010; WILKINSON et
al., 2012). Thus, the heterozygosity found in these
Brazilian free range (Caipira) chickens, however is
lower than the He, which can be considered high.

The Ho per locus showed the high degree
of polymorphism in both studied lines, with more
than 0.5 in 73.7% of loci. In particular, the markers
LEIO212, LEIO217 and LEIO221 showed results
in both free range chickens lines, suggesting the
usefulness of these markers for this kind of study.

The populations presented low or none
value to locus LEI0254: 4 alleles to RN and 3 to PP,
and no individual heterozygous. Part of this can be
because this marker is located in Z chromosome (as
mentioned above, the Z presents reduced genetic
variation). Moreover, for RN line all sample were
female, showing hemizygous for this locus. In the
PP line 55% of individuals were female and the
rest (45%) were homozygous male. It could be
explained by some type of directed breeding, where
only homozygous lines for a particular locus with
specific production feature were crossed, and their
products (chicks) were set mixed for sale. Then, this
microsatellite could be in linkage disequilibrium
with this locus. STEPHAN et al. (2006) asserted
that when two loci are in linkage disequilibrium,
and one is undergoing directional selection and the
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other is a neutral locus, it has strong effects on allele
frequencies at the neutral locus due the selection of
the locus has been selected.

In the two populations were observed
deviations from Hardy-Weinberg Equilibrium (HWE).
The number of loci that deviated significantly (P<0.05)
from HWE were five (50%) in PP, and five (55.5%;
the loci LEI0254 was not considered in this analysis to
RN sample — see Table 1) in RN lines. In the analyzed
populations, this deviation was probably caused by the
selection and directed mating, which contributed in the
raising of these lines. However, the presence of null
alleles (although no homozygous null individuals were
found in this study) or the sample size could be also
causing it (VANHALA et al., 1998; WEI et al., 2013).

The average value of Polymorphic
Information Content (PIC) for PP was 0.794, and 0.765
to RN lines. The PIC, as described by BOTSTEIN et
al. (1980), is an indicator of marker quality in genetic
studies. According to classification of these authors,
markers with values above 0.5 indicate that a high
genetic information can be provided by the locus. In this
study, all markers had PIC higher than 0.5, showing high
level of polymorphism in all the analyzed microsatellite
loci. The PIC values were similar as reported by
CLEMENTINO etal. (2010) in one study with Brazilian
free-range chickens, which had used six of the same
markers used in this research. Likewise, FONTEQUE
et al. (2014) found the PIC values similar of these,
using, among others, the same microsatellites loci of this
research in Brazilian (blue-egg Caipira) chickens.

In the present study, the lines demonstrate
high value for average number of alleles, He
and PIC and considerable value for Ho. And,
despite investigating two commercial lines, the
research highlight that these birds maintained high
polymorphism traits of their native ancestors, it
can be seen average number of alleles and Ho were
higher than the commercial breeds or lines and
similar for the no-commercial chickens. It was also
observed high variability in the composition of the
two lines, because each bird presented a unique
genotype combination of all alleles (data not shown),
resulting in many specific genotypes per locus per
line. Therefore, it was considered that these two
lines genetically distinct, characterized them as lines
derived from selected crossings, but at the same time,
maintained the genetic variability.

CONCLUSION

The two Brazilian free range (Caipira)
chickens lines, Paraiso Pedrés and Rubro Negra, have

a high genetic variability, at least for the majority of
the analyzed loci, and this genetic variation was higher
than observed in typical commercial lines of chickens
and similar to that observed in non-commercial birds.
The results also indicated that it can be selected
lines or breeds for economic traits maintaining the
polymorphism of the populations. The preservation of
genetic variation in the populations is very important
to animal breeding because it is the source for the
initiation or continuation of genetic improvement
programs.
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