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PAPER

From phenotypical to genomic characterisation of the mannara dog: an
italian shepherd canine resource

Luigi Liottaa , Arianna Biondaa,b , Matteo Cortellarib , Alessio Negrob and Paola Crepaldib

aDipartimento di Scienze Veterinarie, University of Messina, Messina, Italy; bDipartimento di Scienze Agrarie e Ambientali –
Produzione, Territorio, Agroenergia, University of Milano, Milano, Italy

ABSTRACT
Mannara dogs have long been bred in Sicily (Italy) to work alongside shepherds as flock guardi-
ans. This study provides a morphologic, genealogic, and genomic characterisation of the
Mannara dog, useful in light of its recognition process and to improve the breed standard.
Morphologic measurements of body, head, and chest were taken on 111 adult Mannara dogs.
The whole population pedigree was used to calculate the inbreeding coefficient (F) and five
effective population size (Ne) parameters. Twelve Mannara dogs were genotyped using the
Canine 230K SNP BeadChips and compared with Maremma sheepdog, Caucasian shepherd dog,
Cane Corso Italiano, and Neapolitan mastiff for population structure, heterozygosity, and runs of
homozygosity. The morphometric evaluation showed that Mannara dogs generally accords with
the provisional standard and can be classified as a large/giant, meso-dolicomorphic, and meso-
cephalic breed. The population consists of 375 individuals, one third of which are founders and
the remaining belong to 58 litters; presenting low inbreeding (F¼ 0.7%) and balanced sires and
dams. The Ne estimates range widely: two (NeN¼159 and NeFi¼50) exceed the FCI limit for breed
recognition and one (NeCi¼25) did not. Genetically, all the included populations are well distinct,
with the Maremma sheepdog being the nearest to the Mannara dog. Five Mannara have a sin-
gle ancestral component, while the others show higher admixed proportions. The genomic
inbreeding and heterozygosity confirm the good management of the breed. Our analyses sug-
gest that the Mannara breed should continue the recognition process, pivotal to preserving an
invaluable canine resource for the Sicilian agriculture.

HIGHLIGHTS

� The morphometric measurements of Mannara dogs generally accords with the provi-
sional standard.

� The pedigree analysis reveals that the population is well managed and meets the criteria for
FCI recognition.

� The Mannara dog presents a unique genomic background.
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Introduction

Italy boasts a great wealth of local dog breeds.
Seventeen of these are officially recognised by
National Agency of Italian kennel club (ENCI) and
Federation Cynologique Internationale (FCI); others are
in the process of being recognised, like the Oropa dog
in Piedmont, the Lessina and Lagorai sheepdog in
Triveneto, the Apuan Alps dog in Tuscany, the Fonni’s
dog in Sardinia, the Sila sheepdog in Calabria, and the
Mannara dog, also called Sicilian Mastiff, in Sicily.

Mastiff-type dogs, likely ancestors of the Mannara dog,

have been in Sicily since ancient times, probably as

early as the Bronze age, as shown by the finding of

bones in archaeological sites. It is believed that

Phoenicia brought them to Sicily in the 1st millennium

BC during their frequent trade in the Mediterranean

area and that they are probably direct descendants of

the Molossus of Epirus (Arengi 2011). We can find evi-

dence of their presence in the Marmetines coins.

Marmetines arrived in Sicily between the end of 4th

CONTACT Dr Arianna Bionda arianna.bionda@studenti.unimi.it Dipartimento di Scienze Veterinarie, Universit�a di Messina, Viale Palatucci, 13,
98168, Messina, Italy; Dipartimento di Scienze Agrarie e Ambientali – Produzione, Territorio, Agroenergia, Universit�a degli studi di Milano, Via Celoria 2,
Milano, Italy

Supplemental data for this article can be accessed here.

� 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ITALIAN JOURNAL OF ANIMAL SCIENCE
2021, VOL. 20, NO. 1, 1431–1443
https://doi.org/10.1080/1828051X.2021.1972852

http://crossmark.crossref.org/dialog/?doi=10.1080/1828051X.2021.1972852&domain=pdf&date_stamp=2021-10-06
http://orcid.org/0000-0002-3242-1817
http://orcid.org/0000-0001-9116-3208
http://orcid.org/0000-0002-5161-0648
http://orcid.org/0000-0002-6526-2162
https://doi.org/10.1080/1828051X.2021.1972852
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/1828051X.2021.1972852
http://www.tandfonline.com


century and the beginning of 3rd century BC, hired by
Agathocles, Tyrant of Syracuse, and dominated the
island for about 20 years. The coins show a mastiff
guarding Adranus’ Temple, in the province of Catania.
Over time, the breed has been influenced by North
African nomad Berber shepherds’ dogs, imported to
Sicily probably during the Sicilian wars between the
end of 4th century and the beginning of the 3rd cen-
tury BC and then in 878 AD during Arab rule, which
influenced Sicilian agriculture for over two centuries.
Since ancient times, Mannara dogs have been meant
to guard the ‘mannara’ (from arabic ‘manzrah’: closed
area), which in the local dialect refers to a traditional
enclosure where sheep and goats are usually penned
at night. The ‘mannara’ was generally made of a circu-
lar dry-stone wall, a metre and a half high, on which
people usually put branches of spiny broom and
blackthorn in order to protect the herd from preda-
tors, mainly wolves (extinguished since 1935 in Sicily).
Chicoli (1870) in his ‘Reproduction, Breeding, and
Improvement of Domestic Animals in Sicily’ claimed
that shepherds chose a specific local dog breed, called
sheepdog (large dogs with woolly coat), to guard and
protect the herd from the aggression of carnivorous
animals (specifically wolves). Moreover, in order to pre-
vent wolves from choking dogs, shepherds used to
create specific spiked leather collars (Figure 1). Even
Migneco (1987) talks about a sheepdog in Sicily:
height over the average, stocky with a big head and
squared muzzle, small slightly drop ears, coarse and
curly long-haired coat, long tail up to the hock. Their
coat was faded black and they were ferocious and
always won against wolves. The breed has been pre-
served in the Island, integrated in the local agricultural
system where cattle breeders selected them on a func-
tional basis. However, only in January 2010, thanks to
the foundation of SAMANNARA society, their true
recovery path started. In 2013, after a first regional
census, SAMANNARA submitted the first provisional
Standard to ENCI (ENCI 2013). This Standard describes
the breed and classifies it in the FCI group 2: Pinscher
and Schnauzer – Molossoid and Swiss Mountain and
Cattledogs, Section 2a: Mastiff type, N� 903. In
October 2014, ENCI established a specific breeding
book, called RSA (Open Additional Register) where
dogs are registered if, after a zootechnical analysis by
a committee of expert judges designated by ENCI,
they comply with the characteristics described by the
provisional Standard (founders) or if they were born
from already enrolled dogs. Furthermore, from 29
September 2020, the Mannara dog, together with the
other Italian breeds in the process of being

recognised, can participate in competitive dog shows
in Italy. So far, the Mannara dogs enrolled in RSA are
375, 124 of which are founders (April, 2021). Figure 2
shows the annual trend of registration to the
RSA book.

Given the historical importance of the Mannara
dog, as well as the role it still plays in the Sicilian ani-
mal husbandry, it is important not only to acknow-
ledge the work of all the breeders that contributed to
the creation and the improvement of the population,
but also to ensure that these dogs continue to stand
alongside the shepherds working as guardians. For
these reasons, we characterise the Mannara dog from
a morphological, genealogical, and genomic perspec-
tive. This information can be used to define a defini-
tive breed standard and, ultimately, to provide
evidence for its official recognition as a breed.

Materials and methods

This study was performed according to the ethical
principles that have their origins in the Italian
Veterinarians’ Ethical Code (Passantino 2007) and the
Italian and European regulations on animal welfare
(Directive 2010/63/EU 2010). Experimental protocol
was approved by the Ethical committee of the

Figure 1. Photo of a Sicilian family with their 4-month-old
Mannara dog wearing the typical spiked leather collar
(Palermo, 1968).

1432 L. LIOTTA ET AL.



Department of Veterinary Science of the University of
Messina, Italy (code 040/2020).

Morphometric traits

A total of 111 adult Mannara dogs, 60 males and 51
females, were measured and evaluated during the offi-
cial meetings to be enrolled in the additional Italian
Kennel Club (ENCI) studbook for the dog breeds with
limited diffusion, called Open Additional Register
(RSA). The sampled dogs were aged between 1 and
5 years. All the measurements and evaluations have
been taken by the same commission composed of
three experts, who had a common training and stand-
ard evaluation criteria.

Linear morphologic evaluation was preceded by
individual descriptions concerning the subject’s per-
sonal data (date of birth and microchip number), body
coat (hair and colour), bite, and teeth number.

Linear measures such as height at the withers,
body length, chest width, chest height, and chest
length were taken using a measuring stick. Other lin-
ear measures such as chest and pastern circumference
were measured using a graduated plastic tape, while
the head length, cranium length, and bizygomatic dis-
tance were measured using a calliper. Morphometric
variables and reference point for measurements are
depicted in Figure 3.

Furthermore, the following morphological relation
indices were calculated as described by Bonetti (1995)
and O�grak et al. (2014): the ratio between bizygomatic

distance and cranium length (Cephalic index), the ratio
between body length and chest circumference (Body
index), the ratio between chest width and chest
height (Thoracic index), and the ratio between pastern
circumference and height at withers (Bone index).

All dogs were weighed using a specific digital scale
(Steinberg systems, mod. SBS-PS-150), which has a
weighing accuracy of 50 g with a maximum load of
150 kg. The birth weight of 50 puppies (30 males and
20 females) was measured as well.

Pedigree analyses

The pedigrees of the whole population of Mannara
dogs were analysed using the free R package optiSel
(Wellmann 2019). Pedigree depth was evaluated in
terms of number of fully traced generations (i. e., in
which all the ancestors are known) and number of
maximum generations traced (i. e., in which at least
one ancestor is known). Pedigree completeness was
defined as the proportion of known ancestors in each
generation x in dogs with a number of maximum gen-
erations traced� x. A generation interval (GI) was cal-
culated for all the four pathways (mm¼ sons of sires,
mf¼ daughters of sires, fm¼ sons of dams, and
ff¼daughters of dams), as the average age of dogs at
birth of their offspring. Pedigree-based inbreeding
coefficient (F) was defined as the proportion of homo-
zygous genes identical by descent, and average
relatedness (AR) as the probability of a randomly

Figure 2. Annual Mannara dog population from 2014, year of the establishment of the studbook (RSA), to present.
Green¼ founders enrolled in the RSA after being phenotypically evaluated by breed expert judges; blue¼ registered offspring of
dogs already in possession of the pedigree.
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chosen allele in the whole pedigree population to
belong to a given animal.

The effective population size (Ne), namely the size
of a random mating population that shows the same
decrease of genetic diversity than the population
under study, was calculated in different ways (Leroy
et al. 2013) on a reference population (n¼ 311) con-
sisting of all the puppies born over a period of five
years (2016-2021) and their ancestors over at least
three generations (FCI General Assembly 2019). The
classic Ne based on sex ratio (Nes) was computed with
the formula: Nes ¼ 4MF

MþF , where M and F are the num-
ber of males and female in the population, respect-
ively. A second method was based on the variance of
progeny size and derived Nev from the formula:

1
Nev

¼ 1
16MrT

2þ r2
mm þ 2

Mr

Fr
rmm,mf þ Mr

Fr

� �2

r2
mf

" #

þ 1
16FrT

2þ r2
ff þ 2

Fr
Mr

rfm, ff þ Fr
Mr

� �2

r2
fm

" #

(Hill 1972). In this formula, r2 and r are the
observed variance and covariance, respectively, of pro-
geny size in the different pathways; Mr and Fr are the
mean annual numbers of new parents; and T is the
generation interval referred to the useful offspring
(i.e., which in turn reproduce) only. A method based
on individual inbreeding rate (Fi) and number of
equivalent complete generations traced (EqGi) was
used to calculate NeFi ¼ 1

2DF
, DF being the average of

each individual’s DFi ¼ 1� ffiffiffiffiffiffiffiffiffiffiffiffiffiffið1�FiÞEqGi1
p

(Guti�errez et al.
2009). The coancestry rate (DC) between two individu-
als (i and j) was calculated as: DCij ¼ 1�ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffið1�CijÞðEqGiþEqGjÞ=2

p
; DC was averaged and used to obtain

NeCi ¼ 1
2DC

(Cervantes et al. 2011). For NeFi and NeCi,
only dogs with EqGi � 1 were included. The native
effective size (NeN) evaluates the Ne at the time when
the individuals were born and was calculated by
optiSel according to Wellmann and Bennewitz (2011)
formula: NeN ¼ 1

2Df , where Df ¼ �GI D
0

D estimates the
rate of increase in mean coancestry per generation, D
being the decreasing differentiable function that
approximates the population’s gene diversity and D0

its derivative.

Genomic analyses

The genomic study included 63 unrelated dogs
belonging to the following breeds: n. 5 Caucasian
shepherd dog (CAUC), n. 20 Cane Corso Italiano (CCIT),
n. 12 Mannara dog (MANN), n. 20 Maremma sheepdog
(MARM), and n. 12 Neapolitan mastiff (NEAP).

Individual blood samples from the Mannara dogs
were collected and approximately 3mL were placed in
a sterile tube with ethylenediamine tetra-acetic acid
(EDTA) and immediately refrigerated/frozen until the
analysis. DNeasy Blood & Tissue Kit (QIAGENVR ,
Germany) was used to extract the DNA. Concentration
and purity of all the DNA samples were assessed using
NanoDrop 1000 spectrophotometer (Thermo
ScientificVR , USA). The genotyping was performed in

Figure 3. Representation of the ideal Mannara dog, by Paolo Maranto, FCI dog judge and ENCI board member of the
SAMANNARA kennel club. The reference points for the body (A) and head (B) measurements taken in the present study are
represented.
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outsourcing with Canine 230 K SNP BeadChips on an
iScan System (IlluminaVR , USA). Data of the other dogs
used for the comparison came from previous studies
(Parker et al. 2010; Talenti et al. 2018).

Using PLINK 1.9 software (Purcell et al. 2007), all
the genotypes underwent a screening that retained
only individuals with minimum call rates of 95% and
SNPs located on autosomes characterised by minimum
call rates of 95% and minor allele frequency (MAF)
of 1%.

PLINK 1.9 was also used to perform a multidimen-
sional scaling analysis (MDS), which allowed us to visu-
alise the overall genetic distances among the dogs
included in this study. Reynolds distances were com-
puted using an in-house script (Reynolds et al. 1983).

The genetic admixture of all the individuals was
analysed with ADMIXTURE 1.3 (Alexander and Lange
2011). The number of genetic clusters (K) ranged from
2 to 7. The lowest cross-validation value (cv) defined
the best fitting K. Individual ancestry fractions (Q-val-
ues) were indagated.

PLINK 1.9 allowed us to calculate Expected
Heterozygosity (He), Observed Heterozygosity (Ho), and
Wright’s Fixation Index (FIS) in each breed. Moreover, a
sliding window approach was used to estimate Runs
of Homozigosity (ROH) in all the subjects. A ROH was
called if: homozyg-window-snp �50, homozyg-win-
dow-het ¼ 0, homozyg-window-missing �5, homozyg-
snp �50, homozyg-kb �1000, homozyg-density �50,
and homozyg-gap �100. The ROH-based inbreeding
coefficient (FROH) was calculated as described by

McQuillan et al. (2008): FROH ¼ P
LROH=Lauto, in whichP

LROH is the total length of all ROH above a specified
minimum length and Lauto is the length of the auto-
somal genome covered by the chip SNPs (McQuillan
et al. 2008; Sams and Boyko 2019). This parameter was
calculated both for the total ROH and for five different
classes of ROH length: from 1 to 2Mb, from 2 to 4Mb,
from 4 to 8Mb, from 8 to 16Mb, and over 16Mb.

Results

Morphometric traits

On the basis of the mean and range weight across all
adult individuals (Table 1), Mannara dog breed was
assigned to the large and giant size class in according
to Salt et al. (2017) size dog classification and categor-
isation. As regards the birth weight, the mean± sd is
of 720 ± 53 g in male puppies and 580 ± 110 g in
female ones.

In general, the evaluation of the morphological
traits indicates sexual dimorphism in the breed, as it is
known for the domestic dog species (Sutter et al.
2008) and according to the provisional standard. In
fact, males and females show different size and pro-
portions as evidenced by the conformation indices
(Table 1). The relative calculated indices made it pos-
sible to classify this canine population in the meso-
dolichomorph type, although a certain variability
emerged within the sample studied, which also
recorded the presence of subjects attributable to both
the mesomorphic and dolichomorphic type.

Table 1. Mean ± standard deviation, minimum, and maximum values of the individual somatic measurements and conformation
indices for adult male and female Mannara dogs.

Males (n. 60) Females (n. 51)

Mean Min. Max Mean Min. Max.

Body weight, kg 41.16 ± 10.19 28.53 52.68 32.42 ± 4.59 27.44 39.44
Head measurements, cm
Head length 24.39 ± 1.76 21.00 27.00 22.05 ± 1.18 21.00 25.00
Cranium length 13.35 ± 0.77 10.00 15.00 11.96 ± 0.86 9.00 13.00
Bizygomatic distance 12.89 ± 0.78 12.00 14.00 11.73 ± 0.63 11.00 13.00

Body measurements, cm
Height at withers 65.10 ± 4.67 57.00 74.00 62.62 ± 5.98 56.00 72.00
Body length 67.80 ± 5.16 61.00 78.00 66.80 ± 3.84 64.00 73.00
Chest width 17.83 ± 1.27 17.00 20.00 16.94 ± 1.14 15.00 19.00
Chest height 26.50 ± 1.97 24.50 29.00 25.07 ± 1.09 24.00 27.00
Chest length 39.67 ± 4.64 32.00 45.00 36.67 ± 1.96 34.00 40.00
Chest circumference 80.13 ± 4.02 71.00 87.00 74.00 ± 3.37 70.00 79.00

Limb measurements, cm
Pastern circumference 13.63 ± 1.26 13.00 15.00 11.39 ± 1.29 10.50 14.00

Conformation indices
Cephalic indexa 53.08 ± 5.04 48.00 66.70 53.32 ± 3.60 48.00 61.90
Body indexb 84.61 ± 7.05 85.91 89.65 90.27 ± 7.55 91.43 92.41
Thoracic indexc 66.83 ± 3.43 64.20 73.50 68.18 ± 5.32 61.11 76.00
Bone indexd 20.93 ± 2.44 17.60 26.60 18.18 ± 2.91 16.15 20.90

aChephalic index: Bizygomatic distance/Cranium length � 100.
bBody index: Body length/Chest circumference � 100.
cThoracic index: Chest width/Chest height � 100.
dBone index: Pastern circumference/Height at withers � 100.
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The shape of the skull is the most important criter-
ion for determining standard dog breeds. For this rea-
son, the shape of the dog’s skull was studied with the
Cephalic index, whose average value was in line with
the provisional breed standard, ‘not less than 530

(ENCI 2013). A Cephalic index greater than 55 indi-
cates a brachycephalic dog; between 50 and 55 indi-
cates a mesocephalic dog; less than 50 indicates a
dolichocephalic dog (Solaro 1958; Bonetti 1995). The
head must in any case be moderately massive, broad,
of the typical truncated cone shape (locally called
‘cannon’), and with slightly diverging craniofacial axes
(Figure 4).

As for the Body index values, the males were longer
than the females and classified as dolichomorphic,
while the females as mesophorphic (Table 1). Body
indices greater than 85 indicate that the animal is
long; between 71 and 84 indicate that the animal
is average; and less than 70 indicate that the animal is
short (Bonetti 1995). The long animal is best suited for
speed, the short animal for strength, with the medium
animal showing intermediate skills.

The average Thoracic index values result superim-
posable in both sexes, though with a wide variability
(Table 1) probably attributable to the different age of
the animals (1–5 years old) and consequently to the
development of their thorax. Within the mesomorphic
type, it is possible to discriminate animals as ‘trotter’
or ‘galloping’ type if presenting an higher or lower
Thoracic index value, respectively (Bonetti 1995).

No specimens have been recorded with a natural
lack of a tail, which is hanging in repose and carried
high as a scimitar when the dog is in attention.
Regarding the bite, a frequency of 50% of scissor bite,

of 33% of slightly undershot (but no more than
5mm), and of 17% of level bite was registered.

The coat, regardless of the colour, is medium long
with woolly and dense undercoat, slightly or very
wavy up to curly (Figure 5). The coat on the muzzle
and the limbs is typically short, although the males
present a longer and thicker coat around the neck
forming a mane.

The most common coat colour in our samples is
black at different grades of intensity, with light brown
markings on the eyes and muzzle (i.e., black and tan,
locally called ‘four-eyes’ due to the light markings
above the eyes) or with white markings on the muz-
zle, throat and chest, feet, and tip of the tail (locally
called ‘nun’ for the similarity with the colours of the
dress). The red, liver (with various dilutions), and brin-
dle coat colours are also observed and admitted by
the standard. The only colour that represents a dis-
qualification flaw is solid white, not present in any of
the included dogs.

Pedigree analyses

As reported in Table 2, the whole population of
Mannara dogs consists of 375 dogs, with almost the
same number of males and females. Of these, 20%
had offspring and no statistically significant differences
were found between the number of male and female
parents. Their offspring size, namely the total number
of progenies, is not normally distributed and ranges
from 1 to 41, with a mean± standard deviation of
6.69 ± 5.58 and a median of 6.00. Of the four path-
ways, fm has the lower mean (3.02 ± 2.71) and mf the
higher one (3.74 ± 3.08), but there are no significant

Figure 4. Ideal head of Mannara dogs, with the typical ‘cannon’ shape. Photos by courtesy of the breeders.
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differences among the different pathways. Excluding
the single outlier sire, who has an offspring size of 41,
male dogs’ offspring size would become 6.4 ± 3.4 with
a median of 6.00. On average, each litter is composed
of 4.32 ± 2.27 dogs, with a median of 4.00, and 58 lit-
ters in total are registered. The mean number of litters
from each dog used for breeding is 1.57, ranging from
1 to 9, with no significant differences between the
number of times that males (1.74) and females (1.44)
reproduced. The GI for male parents (2.74 ± 1.52) is
slightly higher than for female ones (2.34 ± 1.42), but it
does not significantly differ among the four pathways;
a GI of 2.51 was obtained averaging the values for the
four pathways. The distribution of the age of the

parents at the moment of the birth of their offspring
is represented in Figure 6.

Details about pedigrees’ depth are given in Table 3.
No pedigree information is found for 33% of the dogs,
which are considered as founders. For 53% of the
population, both parents are known. At least one
grandparent is reported in 19% of pedigrees, and all
the four of them in 14%; the completeness of the
second generation is 70%. The maximum number of
generations we could trace is five.

Mean pedigree inbreeding (F) is 0.7% ± 3.3%, rang-
ing from 0.0 to 25.0%; however, for 96% of the dogs,
F is comprised between 0 and 5.0%. The mean value
of average relatedness (AR) is 2.6%. Since F and AR

Figure 5. Typical Mannara dogs. (A) Seven-month-old female Mannara dog, with red and white coat. (B) Adult female Mannara
dog with brindle tricolour coat. (C) Adult female Mannara dog with black and white (locally called ‘nun’) coat. (D) Seven-month-
old male Mannara dog with black and tan coat (locally called ‘four-eyes’). (E) Adult male Mannara dog, with black and white
(locally called ‘nun’) coat, while working with a sheep herd. Photos by courtesy of the breeders.

Table 2. Results of Mannara dogs’ pedigrees analyses. Founders were defined as dogs with no pedigree
information.

Total Males Females

Number of animals 375 191 (51%) 184 (49%)
Number of founders 124 67 (54%) 57 (46%)
Number of founders with offspring 45 24 (53%) 21 (47%)
Number of parents 75 34 (45%) 41 (56%)
Offspring size 6.7 (6) ± 5.6 7.4 (6) ± 6.8 6.1 (5) ± 4.3
Number of litters 1.6 (1) ± 1.1 1.7 (1) ± 1.5 1.4 (1) ± 0.6
Generational interval 2.5 2.7 (2.4) ± 1.5 2.3 (2.0) ± 1.4

Offspring size, number of litters, and males’ and females’ generation interval are reported as: mean (median) ± standard deviation.

ITALIAN JOURNAL OF ANIMAL SCIENCE 1437



calculation depends on pedigree information, a limited
pedigree depth can affect the results.

The effective population size was calculated on a
reference population that consisted of 311 dogs. The
five methods we used for calculating Ne give very dif-
ferent results: Nes is equal to 233.1 ± 0.002; NeN to
158.5; NeFi to 50.0 ± 0.01; NeCi to 25.2 ± 0.02; and Nev

to 3.4 ± 0.2.

Genomic analyses

After the screening, 1 CAUC and 24256 SNPs were
excluded, so the analyses were performed on a subset
composed of 73 samples and 122075 SNPs.

The plot representing the first two components of
MDS is shown in Figure 7. Along the first component
axis, MARMþCAUC, MANN, CCIT, and NEAP are well
separated. The second one better distinguishes among
CAUC, MANN, and MARM. Mannara dogs are located
in a middle position, among CCIT, CAUC, and MARM,
the latter being the nearest breed.

The aforementioned results are confirmed by
Reynolds distances analysis (Table S1, Figure 8): MARM

Table 3. Pedigrees’ depth. In fully traced generations, all the ancestors are known; the number of
maximum generations traced refers to the ones in which at least one ancestor is known.
Generation Fully traced generations (%) Maximum generations (%) Completeness (%)

0 33.1 33.1 100 (n¼ 375)
1 53.3 32.8 100 (n¼ 251)
2 13.6 19.5 70 (n¼ 128)
3 10.1 30 (n¼ 55)
4 4.0 15 (n¼ 17)
5 0.5 6 (n¼ 2)

Pedigree completeness is defined as the proportion of known ancestors in each generation.

Figure 7. Plot of the multidimensional scaling analysis (MDS). Each dot represents a subject and each colour a breed.

Figure 6. Boxplot representing the age of the parents (males
and females) at the moment of the birth of their offspring.
The box represents the values from the first to the third quar-
tile; the middle line represents the median and the X the
mean; the vertical line extends from the minimum to the max-
imum value, excluding outliers, which are represented as indi-
vidual dots.
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is the nearest breed to MANN (0.17), followed by
CCIT (0.18).

The best fitting admixture models were obtained
for K¼ 4 (cv ¼ 0.64) and K¼ 5 (cv ¼ 0.65) and the lat-
ter distinguished a cluster for each breed; for this rea-
son, and given the minimum difference in the cv
values, the representation of the model K¼ 5 is shown
in Figure 9, while all the models can be found in
Supplementary materials (Figure S1). The admixture
model shows that MANN is divided in two groups: five
individuals have a Q-value >99.9% for their own clus-
ter, whilst 7 have a mean Q-value ¼ 32.5% (with a
minimum value of 21.8%), being admixed on average
with 36.0% MARM, 16.3% CCIT, 11.1% CAUC, and 4.1%
NEAP. It should be noted that the pattern of the more

mixed MANN is distinguishable from all the other
breeds as well.

The ROH-based inbreeding (FROH) was calculated for
each breed as the mean FROH of the individuals of
that breed (Table S2, Figure 10, and Figure S2). The
whole sample’s mean (± SD) FROH is 0.15 ± 0.06, the
lowest value belonging to MANN (0.10) and the high-
est to NEAP (0.25). Mannara dog’s FROH increases with
the increasing of the length of ROH, which means that
inbreeding has been intensified over time, except for
the longest class of ROH, which shows the low-
est FROH.

Table S3 shows He, Ho, and FIS in all the breeds.
The greatest differences between Ho and He are
related with CAUC (0.06) and CCIT (-0.01). With regard

Figure 8. Reynolds distance-based phylogenetic tree. CAUC: Caucasian shepherd dog; MANN: Mannara dog; MARM: Maremma
sheepdog; CCIT: Cane Corso Italiano; NEAP: Neapolitan mastiff.

Figure 9. Admixture analysis representation (K¼ 5). Each cluster is represented by a different colour. CAUC: Caucasian shepherd
dog; CCIT: Cane Corso Italiano; MANN: Mannara dog; MARM: Maremma sheepdog; NEAP: Neapolitan mastiff.
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to MANN, a difference of 0.002 and a FIS of 0.003
were found.

Discussion

Mannara dogs have accompanied and assisted Sicilian
shepherds for a long time, but only in 2014 they
received a specific breeding book (RSA). The next step
would be the international recognition by the FCI and
the establishment of a supplementary registry of rec-
ognised dogs (RSR). For this reason, this study aims to
provide a detailed characterisation of the breed on
many different levels.

The morphologic examination of 111 Mannara dogs
showed that, on average, the indications of the provi-
sional breed standard are satisfied (ENCI 2013): the
dogs can be classified as large/giant (mean weight
was 41 kg for males and 32 kg for females), with a
meso-dolichomorphic body (mean body index was 85
for males and 90 for females) and a mesocephalic
head (mean cephalic index was 53 for both the sexes).
A certain degree of variability was observed, particu-
larly in the Thoracic index, probably due to the differ-
ent age of animals (1-5 years old) and therefore their
development: due to the diversity of breeds with very
different shapes and sizes, growth patterns are also
noticeably different, with very small dog breeds reach-
ing maturity between 8 and 12months of age and
larger breeds taking up to 24months to reach the
adult body weight and conformation (Hawthorne
et al. 2004; Lewis 2019). The average birth weights
measured on 50 puppies, equal to 720 g for males and
580 g for females, are in accordance with published
data referred to large/giant dog breeds (Groppetti
et al. 2017; Schrank et al. 2019).

The second part of the study focussed on investi-
gating the pedigrees of the whole population. At the
present time (April, 2021), a total of 375 dogs are
enrolled in the RSA, a third of which are founders.
There are 58 registered litters, consisting on average
of 2-6 dogs each, born to 34 sires and 41 dams. The
mean age of the sires and dams at the birth of their
offspring is 2.7 and 2.3 years, respectively.

The pedigree of most of the non-founder dogs has
only one complete generation, but both the grandpar-
ents are known for 20% of non-founder dogs, with
some individuals having their ancestry known up to
the fifth generation.

The pedigree-based inbreeding (F) is still low in the
breed, being on average equal to 0.7% and exceeding
the recommended limit of 6.5% (European
Commission 2020) only in a small number of dogs
(3%). Internationally recognised breed with similar F
values are reported in the literature (Leroy et al. 2009;
Shariflou et al. 2011; Wijnrocx et al. 2016). However,
the assumption that the founders are unrelated surely
implies an underestimation of F; for this reason, gen-
omic information is of great importance, especially
when studying small, recent populations with shallow
pedigrees. Moreover, contrary to what reported in
many breeds (Calboli et al. 2008; Lewis et al. 2015),
the numbers of male and female breeding Mannara
dogs are almost equivalent, and only one sire pro-
duced a high number of offspring. This dog has been
widely used as a breeder due to his typicality and
compliance with the standard, in order to fix some
peculiar features in the future generations; neverthe-
less, breeders have been advised to avoid the exces-
sive use of sires in order to maintain a wide genetic
pool, towards an optimal contribution of all the breed-
ing dogs.

Figure 10. Bar chart representing each breed’s FROH in five different length classes; the longer shorter is the ROH, the older is the
inbreeding event that originated it. The sum of each class’s FROH corresponds to the overall FROH of the breed.
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The FCI procedure for the international recognition
of a new breed (FCI General Assembly 2019) proposes
a pedigree-based effective population size (Ne) of at
least 50-100 as an important condition that a dog
population should meet in order to be officially recog-
nised; however, it does not provide any indication
about how this parameter should be calculated.
Consistently to the data already reported in the litera-
ture, the application of five different formulas (Leroy
et al. 2013) to the Mannara dog population led to
very different results, ranging from 233, obtained
using the traditional Nes formula, to 3, derived from
the Nev, which is based on the variance of progeny
size; however, it should be remarked that the first is
based on demographic information only, while the lat-
ter would require more pedigree information to be
considered accurate. Given the limited pedigree depth,
NeN ¼ 159, NeFi ¼ 50, and NeCi ¼ 25 are more suitable
methods to estimate Ne in this population. Both NeN

and NeCi gave a size of at least 50, the minimum value
required by FCI. It should also be noted that different
studies report similar or even smaller Ne for many rec-
ognised breeds (Leroy et al. 2009; Shariflou et al. 2011;
Wijnrocx et al. 2016). In our opinion, Mannara dog
meets the condition to be declared an internationally
recognised new dog breed.

Finally, we performed a genomic analysis on a sam-
ple of 12 Mannara dogs, which were compared with
four other breeds, chosen as possible contributors to
the development of the Mannara dog in the light of
their similar history, appearance, function, and/or geo-
graphic proximity. Given the canine breed structure,
leading to a limited within-breed variability, even a
small number of dogs are representative of the gen-
etic variability of the breeds (Parker 2012); in fact, the
sample size of each breed we used is superimposable
to those reported in other studies of the canine
breeds’ genomic background (Parker et al., 2017 ;
Talenti et al. 2018). The evaluation of the Mannara
dog’s genomic inbreeding (FROH) and heterozygosity
confirms the genealogic results, showing that this
population has been well managed: no problems
related to excessive consanguinity or loss of heterozy-
gosity have been found and, at the same time, the
population structure analysis indicates that all the
selected breeds represent well distinguished popula-
tions. The admixture investigation shows that some
Mannara dogs can be assigned to their specific cluster
with a Q-value > 99%, forming a “seed” of genetic
uniqueness, while others show a genetic pattern that
include a mix of the other breeds, with a prevalence
of Maremma sheepdog. It is worth noting that, even

in these latter dogs, the genetic admixture shows no
similarities with the other populations. These results
are consistent to those reported in Talenti et al.
(2018), in which acceptable purebred metric values
were found for the Mannara dog, but in the phyl-
ogeny analysis it clustered together with Maremma
sheepdog, and was therefore regarded as ‘variety’ on
par with other officially recognised and widespread
Italian canine breeds. It can be argued that the contri-
bution of the Maremma sheepdogs to the Mannara
dog breed depends on the fact that, for a long time,
they have been the only recognised and widespread
Italian flock guardian dogs available for those shep-
herds who had the necessity to protect their herds
from wild predators. Notably, breeders have adopted
a much stricter mating scheme since the establish-
ment of the Mannara dog’s RSA in 2014, avoiding any
cross with other breeds.

Breeders should be advised on the best mating
scheme that would allow them to maintain a low
inbreeding while increasing the number of genera-
tions and families of the breed; traditionally, FCI recog-
nition required a minimum of eight family groups
born over a period of five years and not sharing
ancestors throughout three generations (FCI General
Assembly 2019). ENCI deserves acknowledgement for
the efforts that has made to support the breeders,
paying particular attention to the context in which
Mannara dogs are bred: thanks to a roving commis-
sion of expert judges, it has been possible to evaluate
and enrol founder dogs compliant with the standard
as well as register a great number of litters. The con-
tinuation and the enhancing of this program will be
of great help to keep track of all the changes in the
Mannara dog population. These results open to future
studies involving a larger number of representative
individuals, and confirm once more that the pairing of
genomic and classic management tools can drive the
breeders in the selection of dogs that are not only
phenotypically in standard, but also representative of
the breed’s genomic background, preserving both
their health and genetic uniqueness.

Conclusions

Mannara dog breed is old, but still fundamental for
the Sicilian shepherds: thanks to its robustness and
attitude to work as flock guardian, it represents an
invaluable resource that should be protected and
enhanced. In this respect, its official recognition as a
breed and the conferment of a specific studbook (RSR)
are to be considered crucial.
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The results here presented demonstrate that
Mannara dog is characterised by a unique genomic
background and meets the demographic requirements
for continuing the ENCI and FCI process of recogni-
tion. Moreover, data useful for a better delineation of
the breed standard are given. In order to maintain
and improve the excellent results achieved so far, the
breeders should keep the focus on the management
of this population and implement further tools, such
as the genomic evaluation of the dogs. In this way,
they will preserve Mannara dogs’ genetic variability
while producing dogs with excellent attitude, pheno-
type, and genetic background as well as a com-
plete pedigree.
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