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Abstract 

The biodiversity safeguard is an important
goal of poultry production in every developed
country. Nowadays, the high chicken meat
demand from the world market has been lead-
ing to a large spread of strongly producing
commercial chicken lines. The creation of
these standard types is causing a progressive
loss of genetic variability. Ancona and Livorno
are two Italian autochthonous chicken breeds
which represent a great resource in terms of
specific genetic richness. Aim of this study is
to investigate the genetic diversity of these
breeds as potential valuable genetic variability
source. In fact, in spite of their endangered
status, these chicken breeds are very appreci-
ated for their ability to adapt themselves to
extensive organic rearing systems. Blood sam-
ples from 131 individuals were collected and
genotyped through a thirty microsatellites-
based analysis. All the observed descriptive
statistical indexes suggested a heterozygosity
deficiency and an inbreeding level (mean
observed heterozygosity = 0.46, mean expected
heterozygosity = 0.53, Fis in Ancona and
Livorno = 0.251 and 0.086). The tree from
inter-individual DAS distance using Neighbour-
Joining algorithm and the FCA analysis
showed a higher internal variability in Livorno
than in Ancona. STRUCTURE analysis showed
the genetic uniqueness of the breeds and the
presence of sub-groups in Ancona originating

from a possible genetic isolation. This
research could be a suitable starting point to
set up improved selection schemes and a
potential preliminary genotypic test for all the
cocks to be used in the selection.

Introduction

The poultry biodiversity safeguard is a strong
objective in every developed country (Zanetti et
al., 2007). The breed genetic variability gives
the chance to select the individuals more able
to be adapted to climatic changes, diseases and
market variations. Because of the several dif-
ferent environments, up to decades ago Italy
showed a considerable biodiversity in livestock
breeds and populations. Within the last one-
hundred years, the number of the endangered
autochthonous breeds is dramatically
increased (Zanon and Sabbioni, 2001), leading
to an irreversible loss of genetic resources. The
reasons of this negative trend are mainly the
use of a few breeds selected to maximise the
yields and the creation of specialised cross-
breeds for the several productions. As a conse-
quence of this loss of genetic diversity, many
chicken local breeds reared in Italy until some
decades ago are now disappeared (Gandini and
Villa, 2003). The autochthonous extant breeds,
which have been excluded from intensive rear-
ing systems for a long time, represent an
important source of variability. Their disap-
pearance might lead to the loss of a potentially
useful genetic patrimony. Ancona and Livorno
(Leghorn Italian type), are two of these
autochthonous chicken breeds (FAO, 2010).
The Ancona produces white or sometimes tint-
ed eggs and is also considered an excellent
layer because of its good all-year-round egg lay-
ing capacity. The Livorno is worldwide spread
with different livery colors; this breed is an
excellent white egg layer. The mean production
can reach two-hundred and eighty eggs per
year; the feed-to-egg conversion rate is excel-
lent.
The production systems standardisation

takes advantage of commercial strains which
have been selected for improved performance
and intensive rearing system; such cosmopoli-
tan types are affected by a progressive reduc-
tion of genetic variability, which on the other
hand is still present in the local traditional
breeds (Spalona et al., 2007), particularly suit-
able for extensive rearing systems.
Microsatellites markers are one of the most

common and powerful tool to investigate genet-
ic variability. Such molecular markers have
been widely used in several studies regarding

genetic diversity of domestic animals such as
pig (Vicente et al., 2008), sheep (Lasagna et al.,
2011), cattle (Li et al., 2009), goat (Mahmoudi
et al., 2009), horse (Giacomoni et al., 2008) and
chicken (Hillel et al., 2003).
Aim of this study is to investigate the genetic

diversity of the autochthonous Ancona and
Livorno breeds. In fact, these local breeds are
under threat of extinction, as demonstrated by
their drastic decline in number and their low
consistency (Mugnai et al., 2009). In spite of
their endangered status, these chicken breeds
are very appreciated for their ability to adapt
themselves to extensive organic rearing sys-
tems. Besides that, they were proposed as egg
layers models for an en plain air rearing system
(Castellini et al., 2006; Mugnai et al., 2009; Dal
Bosco et al., 2011). The molecular results on
these breeds will be useful to set up improved
selection schemes and to conserve strategies to
avoid inbreeding.
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Materials and methods

Animal sampling and microsatellite
analysis
Blood samples were randomly collected

from different animals belonging to Ancona
(50), White Livorno (51) and Sasso (30)
breeds. Animals from the French breed Sasso
were included to have an out-group. These
animals were chosen, as far as we were able to
manage, in different farms in order to avoid
closely related individuals and to have a repre-
sentative sample of the breeds. Figure 1 shows
geographical areas and number of farms
which the individuals belonging to different
breeds were sampled from. The most impor-
tant area where Ancona is reared includes the
Italian regions Marche and part of Emilia-
Romagna. Genomic DNA was extracted from
blood using the GenElute Blood Genomic DNA
kit (Sigma Aldrich, St. Louis, MO, USA). Thirty
loci microsatellites (Table 1) were chosen on
the basis of their position in the chicken
genome. Twenty-nine of them had already
been used in the AVIANDIV project (Aviandiv,
2011) and the microsatellite marker LEI0192
(Groenen et al., 2000) was also added. The
markers were subjected to a standard multi-
plex PCR amplification using a Biometra
TGradient 96 at the following conditions: ini-
tial denaturation step of 5 min at 95°C, 35
cycles of 30 sec at 90°C, 45 sec at the anneal-
ing T° of each multiplex PCR, 30 sec at 72°C
and a final extension of 15 min at 72°C. The
multiplex PCR products were pooled in order
to analyze many microsatellites in each elec-
trophoresis. Analyses of fragments were per-

formed using an automated DNA sequencer
(ABI PRISM 3130xl, Applied Biosystems,
Foster City, CA, USA) and a computer software
(GeneMapper version 4.0, Applied Biosys-
tems). Allele calling was adjusted to AVIANDIV
project nomenclature (Aviandiv, 2011) includ-
ing nine standard DNA reference samples.

Statistical analysis
The 30 microsatellites PIC values calculated

according to Botstein et al. (1980) and
observed and expected heterozygosity in the
analyzed breeds were estimated by the EXCEL
MICROSATELLITE TOOLKIT 3.1.1 (Park,
2001). The number of alleles observed in each
locus and mean number of alleles per breed
were counted using POPGENE 3.2 software
package (Yeh et al., 1999). The number of pri-
vate alleles was calculated through direct
count on allelic frequencies calculated by the
software CONVERT (Glaubitz, 2004). The
Hardy-Weinberg equilibrium was tested by the
software GENEPOP 4.0 (Raymond and
Rousset, 1995). A Markov Chain Monte Carlo
method (20 batches, 5000 iterations per batch,
and a dememorisation number of 10,000) was
applied to perform exact probability tests,
according to the algorithm described by Guo
and Thompson (1992). To assess the popula-
tion genetic structure of the chicken breeds,
Wright’s F-statistic was estimated. Fixation
indices per locus (Fis, Fit and Fst) were calcu-
lated according to Weir and Cockerham (1984)
using the software GENETIX 4.05 (Belkhir et
al., 1996-2004), which was also employed to
obtain the Fis per population calculated with
1000 bootstraps. The significance of the fixa-
tion indices was tested using the software

ARLEQUIN 3.11 (Schneider et al., 1997),
according to the analysis of molecular vari-
ance (AMOVA). The DAS genetic distance
(Chakraborty and Jin, 1993) among the indi-
viduals was calculated using the software
POPULATIONS 1.2.28 (Langella, 2002). The
Neighbour-Joining methodology was applied
and a tree was built from the inter-individual
distances by using the MEGA 4 package
(Tamura et al., 2007). Factorial correspon-
dence analysis (FCA) (Benzécri, 1982),
assessed by the employment of GENETIX 4.05,
was used in order to investigate further the
differentiation of the individuals within each
population. STRUCTURE version 2.2
(Pritchard et al., 2000) was employed to con-
firm the genetic pattern of each individual
belonging to the different breeds and to reveal
possible clustering substructures. The
Bayesian assignment of individuals to popula-
tions considered an ancestry model with
admixture and correlated allele frequencies.
Ten independent runs with 1,000,000 MCMC
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Table 1. Microsatellite markers, chromosomes involved, alleles detected, size range and mean polymorphism information content per
locus.

Locus Chromosomes Alleles Size range, bp            Mean PIC Locus Chromosomes Alleles Size range, bp Mean PIC

MCW0248 1 2 205-283                        0.16 MCW0078 5 3 135-147 0.42
MCW0111 1 5 102-120                        0.42 MCW0081 5 7 112-135 0.62
ADL0268 1 8 102-216                        0.59 MCW0014 6 4 164-182 0.26
MCW0020 1 4 179-185                        0.48 LEI0192 6 10 244-370 0.57
LEI0234 2 14 216-364                        0.66 MCW0183 7 7 296-326 0.36
MCW0206 2 5 221-249                        0.31 ADL0278 8 6 114-126 0.46
MCW0034 2 8 212-246                        0.61 MCW0067 10 5 176-186 0.53
MCW0222 3 4 220-226                        0.44 ADL0112 10 4 120-134 0.37
MCW0103 3 2 266-270                        0.14 MCW0216 13 5 139-149 0.39
MCW0016 3 6 162-206                        0.47 MCW0104 13 11 190-234 0.54
LEI0166 3 3 354-370                        0.48 MCW0123 14 10 76-100 0.47
MCW0037 3 3 154-160                        0.41 MCW0080 15 7 264-280 0.53
MCW0295 4 5 88-106                         0.50 MCW0330 17 4 256-300 0.47
LEI0094 4 10 247-287                        0.59 MCW0165 23 3 114-118 0.48
MCW0098 4 3 261-265                        0.45 MCW0069 26 9 158-176 0.51

PIC, polymorphism information content.

Figure 1. Sampling geographical areas.
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(Markov Chain Monte Carlo) iterations and a
burn-in of 300,000 were carried out for 2≤K≤6
(K, number of clusters) to estimate the most
likely number of clusters present in the data
set. This numerical value was then estab-
lished by calculating ΔK, as in Evanno et al.
(2005). The clustering pattern was visualised
using the software DISTRUCT 1.1 (Rosenberg,
2004).

Results and discussion

In spite of the presence of some loci
microsatellites showing a low level of polymor-
phism, the used panel turned out to be good
and reliable for genetic diversity analysis.
Hillel et al. (2003) got comparable results in a
study involving more chicken populations. The
total number of alleles found in the thirty
microsatellite markers was 177. In Spanish
chicken breeds, Dávila et al. (2009) detected a
lower number of total alleles across all the pop-
ulation. LEI0234 showed the highest number
of alleles observed in each locus (14), whereas
MCW0248 and MCW0103 the lowest (2). With
regard to PIC per locus, about half markers
showed slightly high values (>0.50), while the
others revealed lower values (<0.50) (Table 1).
These results were not much different from
those which Tadano et al. (2007) pointed out
in a study involving Japanese chicken breeds.
However, the informativeness of this micro-
satellites panel was lower if compared with the
results obtained by Qu et al. (2006) and Beigi-
Nassiri et al. (2007). The mean number of alle-
les per breed (Table 2) ranged from 3.50 for
Ancona to 4.03 for Sasso. Rosenberg et al.
(2001) found higher values in a study which
took twenty European chicken breeds into
account. The same findings arose from the
analysis of the genetic diversity of Chinese
indigenous chicken breeds (Qu et al., 2006),
which were characterised by a more substan-
tial number of alleles. An explanation of the
lower number of alleles found in Ancona and
Livorno could be due to the fact that the genet-
ic variability parameters are generally lacking
in small autochthonous chicken breeds, com-
pared with larger and more differentiated pop-
ulations. The Ancona breed showed 17 private
alleles whereas Livorno 26 (Table 2). On the
other hand Sasso was characterised by the
highest number of breed-specific alleles (32)
and this is consistent with his cosmopolitan
status and with the fact that this breed was
genetically influenced by other breeds not
included in this work. The mean values of
observed heterozygosity (0.49) and expected

heterozygosity (0.52) in the total analysed pop-
ulation (data not showed) are not very high,
suggesting a low genetic variability. In more
details, Sasso displayed the highest value of
observed heterozygosity (0.68) while Ancona
the lowest (0.35) (Table 2). The mean expect-
ed heterozygosity ranged from a maximum of
0.60 in Sasso to a minimum of 0.47 in Ancona.
With regard to Ancona breed, the numerical
deviation of the observed heterozygosity com-
pared to the expected heterozygosity is consis-
tent with the values found by Dalvit et al.
(2009). In their analyses, Qu et al. (2006)
obtained higher values, probably due to the
presence of more populations in the study.
However, the results found in this work are
comparable with those observed by Dalvit et al.
(2009) in other two Italian autochthonous
chicken breeds (Robusta Maculata and
Ermellinata di Rovigo). It might therefore be
logic speculating the presence of a general low
level of genetic variability within the Italian
autochthonous chicken breeds. The Fis calcu-
lated in each breed (Table 2) were significantly
different from zero (P<0.05) in Ancona
(0.251) and Livorno (0.086), indicating het-
erozygosity deficiency in these breeds. The
positive and significantly different from zero
Fis values might arise from the presence of
inbreeding or the presence of sub-populations
within the breeds. It is reasonable to speculate
that both the hypotheses are possible for the
studied breeds, especially for Ancona. Ancona
is a small breed and exchange of genetic mate-
rial among breeders rearing it is not very com-
mon. Sasso showed a negative Fis value 
(-0.142), revealing a heterozygosity excess.
This situation is clearly confirmed and actually
is the consequence of the observed heterozy-
gosity value which is higher than the expected
heterozygosity. Negative Fis values are general-
ly present in populations showing geneflow
due to the introduction of individuals belong-
ing to other breeds for the reproduction.
Twenty-six loci, out of thirty, deviated
(P<0.05) from the Hardy-Weinberg equilibri-
um in the whole population composed by the
pooled samples (Table S1, Appendix). This
high percentage of deviation from the equilib-

rium ideal condition is due to a non-random
mating which led to a homozygote excess and
it is indeed confirmed by the markers Fis val-
ues. Deviations from the Hardy-Weinberg
equilibrium are expected if individual popula-
tions are sub-structured into flocks within pop-
ulations that are isolated from each other
(Granevitze et al., 2007). Dalvit et al. (2009)
highlighted a very highly significant deviation
from the Hardy-Weinberg equilibrium in two
Italian local chicken breeds before they started
out an in situ marker assisted conservation
scheme. In Table S1 (Appendix), Wright fixa-
tion indices per locus in the whole population
are shown. The mean Fis value was significant-
ly different from zero (0.082) (P<0.05) con-
firming again the presence of heterozygosity
deficiency and not completely random matings
in the studied sample. As expected, the mean
Fit index was 0.307 (P<0.05), highlighting the
presence of some factors which influenced the
normal gene flow among the animals resulting
in a strong heterozygote deficiency in the total
population. The value of the last mean fixation
index, Fst (0.245) (P<0.05), displayed the exis-
tence of a significant segmentation and a very
great genetic differentiation among the differ-
ent breeds. Arcos-Burgos and Muenke (2002)
stated that Fst could be significantly greater
than zero when a population establishes a pat-
tern of subdivision from other ones because of
some kind of genetic isolation, which eventu-
ally lead to a condition of homozygote excess. 
In this study, Livorno and especially Ancona

could reasonably be in this situation. The tree
from inter-individual DAS distance using
Neighbour-Joining algorithm (Figure 2) dis-
played a very defined cluster for all the investi-
gated breeds. The spatial representation of the
genetic inter-individual distances highlights
that Ancona and Livorno are characterised by
homogeneous genetic patterns. The animals
belonging to the different breeds were placed
in three well defined areas; however, very
curious is the situation occurring in Livorno. 
It is worth noting that this breed differed

somewhat from the other two breeds, for his
taking place at various nodes, and that is in
accordance with a greater within-breed inter-
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Table 2. Studied breeds, sample size of each breed, mean number of observed alleles, pri-
vate alleles, mean observed and expected heterozygosity and Fis per breed.

Breed Sample size No. of alleles                             Mean heterozygosity                 Fis
                                                     Observed (mean)      Private                 Observed             Expected             

SA                         30                                 4.03                       32                           0.68                       0.60           -0.142*
AN                        50                                 3.50                       17                           0.35                       0.47            0.251*
LI                          51                                 3.73                       26                           0.45                       0.49            0.086*

SA, Sasso; AN, Ancona; LI, Livorno; *significantly different from zero (P<0.05).
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individual distance reflecting more internal
variability. It is well known that in chicken,
where no pedigree information is available
and no breeding plans are usually organised,
every animals nucleus is a sub-group of the
whole population and it is characterised by
more genetic variability than the entirety of
the total animals sample (Rosenberg et al.,
2001). The differentiation of the individuals
within each breed was further assessed with
the FCA by the construction of a two-dimen-
sional plot in which the different animals took
place (Figure 3). This analysis gives the
chance to show the results through a graphic
model with a considerable descriptive value
(Guinand, 1996). The first axis explained the
10.97% of the total variation and separates the
different breeds from each other, whereas the
second axis explained the 8.92%. Other
authors, such as Ferreira et al. (2006) and
Wheeldon and White (2009) took advantage of
this methodological approach for genetic
analysis on animal populations obtaining
comparable statistical results. In the present
study Livorno and Ancona animals formed two
separated and well-defined groups. The
Livorno showed only some animals which

moved themselves away from the ideal group-
ing area, whereas within the Ancona all the
animals took part in a very homogeneous
area. This is consistent with the presence of
more internal variability in Livorno. Anyway
Livorno and Ancona are the closest breeds in
the graphical representation. STRUCTURE-
based analysis was carried out to estimate the
most likely number of clusters present in the
data set, to detect the underlying genetic
structure among a set of individuals geno-
typed at multiple markers and to possibly
reveal the potential presence of substructures
within the breeds. Following Evanno et al.
(2005), the most likely number of cluster
turned to be 3, since the highest ΔK value was
obtained for K=3 (Figure S1, Appendix). This
result was expected, since the most likely
number of clusters was the same as the num-
ber of the studied breeds, and this genetic
frame reflects what we found with the inter-
individual genetic distance tree and FCA-
based analyses. Taking advantage of various
methodological approaches, all these analyses
in different ways confirmed the genetic
uniqueness of the studied breeds. Analysis of
the percentage of correctly assigned individu-
als (q>0.90) for K= 3 (Table 3) showed the
highest values for Ancona and Sasso (100%),
with all the animals correctly assigned. With
respect to Livorno, fifty animals out of fifty-
one were correctly assigned (98%). The pro-
portion of membership in the different clus-
ters is totally comparable among the breeds,
even if Ancona exhibited the highest value
(0.994) (Table 3). All the breeds displayed a
very high percentage of assignment (0.994,
0.993 and 0.985 for Ancona, Sasso and
Livorno, respectively). These data numerically
confirmed the results showed by the FCA
analysis and the spatial representation of the
genetic inter-individual distances. Figure 4
shows the clustering pattern arising from the
STRUCTURE analysis. At K=2 Sasso and
Ancona surprisingly clustered together,
whereas Livorno clustered separately. This
first subdivision was not expected since Sasso
is the non Italian breed and was taken as an
out-group in this study. An explanation could
be that genetic similarities exist more
between Ancona and Sasso than between
Ancona and Livorno, even though they come
from the same country. At K=3, which is the
most likely number of partitions, the three
breeds perfectly clustered in three really defi-
nite clusters. All the animals were correctly
assigned to their clusters, with just extremely
small amounts of shared genetic components.
As already stated, the studied breeds, particu-
larly Livorno and Ancona, represent specific
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Table 3. Percentage of correctly assigned animals with q>0.90 and proportion of mem-
bership of the three chicken populations for K=3.

Breed Percentage of correct                Clusters°
assignement with q>0.9 1                      2                     3

AN 100 0.002               0.003              0.994
LI 98 0.005               0.985              0.010
SA 100 0.993               0.003              0.004

SA, Sasso; AN, Ancona; LI, Livorno; °contributions higher than 0.400 are in italics.

Figure 2. Tree from inter-individual DAS
distance using Neighbour-Joining algo-
rithm.

Figure 3. Factorial Correspondence Analysis of the studied chicken individuals.
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and unique genetic extents, and therefore
they should be considered genetic resources
to be preserved. Even though we found the
highest ΔK for K=3 following Evanno’s
method, which perfectly and easily describes
the genetic structure of the studied breeds, it
is worth showing and discuss the picture we
get if we consider the clustering for K=5
(Figure 5). At K=5 Sasso and Livorno did not
change their clustering pattern, whereas
Ancona resulted sub-structured. Ancona was
characterised by a sub-clustering frame: it
was therefore possible to distinguish three
different genetic contributions for this breed,
which could reflect a geographic partition, as
confirmed by the highest Fis value (0.251)
detected just in Ancona. The animals forming
the Ancona cluster resulted segmented
according to the different farms where they
were sampled from. In fact, the STRUCTURE
analysis for K=5, even though with some
exceptions, did not show an admixture pattern
within the single individuals, but it mainly
showed an admixture pattern among the indi-
viduals, which generally reflects a farming
subdivision. It is worth saying that, even
though 3 reasonably was the correct estima-
tion of the most likely number of partitions,
the genetic pattern showed at K=5 was very
interesting and noteworthy. On one hand, K=3
clearly showed that the three breeds were con-
sistently and perfectly separated from each
other and did not share any significant com-
mon genetic pattern; on the other hand K=5
showed that the genetic features of Ancona
perfectly follow what the local breeders practi-
cally do in the reality. The Ancona is a small

autochthonous breed, mainly spread across
Marche and part of Emilia Romagna. The dif-
ferent breeders have been permanently work-
ing at his defence, protection and develop-
ment in order to safeguard and preserve his
existence and his typical peculiarities. Every
farm could be considered a conservation tem-
ple, where Ancona is maintained at his origi-
nal genetic standard without any possible con-
tamination from outside. This situation leads
to two main consequences. On one hand
Ancona keeps his phenotypic and genotypic
characteristics unchanged, and that is impor-
tant for the safeguard of this breed, on the
other hand every farm experiences a kind of
genetic isolation because of the lack of
Ancona males. Every nucleus includes several
hens and a few cocks, resulting in matings
always based on the same fertilising males.
This eventually leads to inbreeding and to a
situation called breeding effect, which is the
same as genetic drift. This situation is so
marked that it could be possible to speculate
the presence of potential sub-populations
within the same main breed. 

Conclusions

To sum up, this study highlights the general
lack of genetic variability in the Italian local
studied breeds, Ancona and Livorno. After all,
the autochthonous breeds are thought to pro-
gressively lose their genetic variability
because of the wider and wider spreading of
commercial breeds; this negative trend was
confirmed in Ancona and Livorno through the
employment of molecular tools such micro-
satellites. Microsatellites also resulted a pow-
erful tool to study the genetic diversity and the
evolution of domestic animals such the local
chicken breeds Ancona and Livorno. 
Interestingly, microsatellites gave the

chance to demonstrate the genetic uniqueness
of the considered breeds and the presence of
potential sub-populations within the Ancona
breed due to genetic isolation. It would be
therefore desirable to set up improved selec-
tion schemes in order to save the genetic
diversity, to avoid inbreeding and to overcome
the presence of population sub-structures.This
study confirmed the possibility to discriminate
with molecular markers among different
breeds by using statistical assignment analy-
sis. These results also might give a suitable
starting point to set up a potential preliminary
genotypic test for all the cocks to be used in the
fertilisation plans, in order to genetically char-
acterise individuals having specific and valu-

able genetic features and belonging to specific
breeds, and to avoid therefore the employment
of undefined animals.
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