YK 636.7.082

R. CIAMPOLINI -2, F. CECCHI "2, G. PACI ', C. POLICARDO 3, A. SPATERNA 24

! Department of Veterinary Science, University of Pisa, Italy

2 Centro Interuniversitario di Ricerca e di Consulenza sulla genetica del cane, University of Pisa — University of Camerino, Italy

% External collaborator, Pisa, Italy

* School of Veterinary Medical Science, University of Camerino, Matelica, Italy

E-mail: fcecchi@vet.unipi.it

INVESTIGATION ON THE GENETIC VARIABILITY OF THE AMERICAN
PIT BULL TERRIER DOGS BELONGING TO AN ITALIAN BREEDER USING
MICROSATELLITE MARKERS AND GENEALOGICAL DATA

The genetic variability of 18 American Pit Bull Terriers
bred in Italy was studied using 21 STR markers from the
panels recommended for the 2006, 2008 and 2010 ISAG
canine comparison test and the genealogical information. As
expected, all statistical analysis showed a reduced genetic
variability. It is therefore recommended greater attention in
the programming of mating with an increase of gene flow
among farmers, which would reduce the average inbreeding
in the population and increase genetic variability.

Introduction. The American Pit Bull Terrier arises
from the crossing of the white English Terrier and
the Old Bulldog from the end of the nineteenth cen-
tury and the first Pit Bull arrived in Italy in the late
“70s; now in Italy there are about 60 regular farms.
The American Pit Bull Terrier is not recognized as a
breed by the FCI (Federation Cynologique Interna-
tional) or ENCI (National Italian Kennel Club); the
UKC (United Kennel Club) and ADBA (Ameri-
can Dog Breeders Association) are the organizations
that recognize the Pit Bull in their records and that
follow the selection even if maintaining slightly dif-
ferent morpho-character standards.

In the selection the inbreeding is used as a mat-
ing method because it allows to fix the characteris-
tics and traits of the best representatives of a breed.

Nevertheless the employment of few reproduc-
ers is able to bring to an excessive increase of the
inbreeding so the mortality of puppies can signifi-
cantly increase [1] and a positive correlation was
shown between the frequency of some genetic dis-
eases and the average coefficient of inbreeding [2].
Moreover, purebred dogs often have to deal with
genetic diseases and more than 400 genetic diseases
are registered in this species [3]. The traditional
approach for evaluating the genetic variation pres-
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ent in a population is to estimate the mean coef-
ficient of inbreeding from genealogical data. This
method has been extensively used in dog breeds
[4—6]; however, it is well known that it may re-
sult in erroneous estimates because of incomplete
records and/or pedigree errors. More recently, the
considerable advances in molecular genetics have
provided a convenient way for characterizing the
genetic structure of populations. The genetic struc-
ture of the domestic dog has been investigated us-
ing mitochondrial DNA [7, 8], or microsatellite
markers [9—12] or both [13].

In this work we wanted to do a real photo of the
genetic variability of the Pit Bull Terriers bred in
Italy, using the available genealogical information,
and the results of molecular analysis performed on
18 dogs belonging to an Italian herd.

Material and methods. Animals and Genealogical
data. The research was carried out in 2011 in an
Italian Pit Bull Terrier dog herd. A total of 18 dogs
were studied. Genealogical data and a blood sample
of each animal were acquired. The inbreeding co-
efficients (F), the number of inbreds and average
inbreeding coefficient for each traced generation
were performed using the program ENDOG v.4.6
[14]. The number of inbreds, the average inbreed-
ing coefficient and the average coancestry in the
18 dogs were performed using CFC software [15].
The distribution of inbreeding level in the whole
population were analysed and eight different class
level of inbreeding were considered: 0 < F < 0.05;
0.05< F<0.10; 0.10 < F<0.15; 0.15 < F < 0.20;
0.20 < F<0.25; 0.25 < F<0.30; 0.30 < F <0.35;
0.35 < F < 0.40 [20].

Genomic and statistical analysis. Genomic DNA
was extracted from 5 mL of peripheral blood sam-
ples and DNA was isolated using the Genelute
blood genomic DNA kit (Sigma).
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Table 1. Mean inbreeding by maximum generations considering the whole database

Traced . . Average Average relatedness
generation N. animals Mean F (%) % inbred for inbrecgi (%) coefg’ﬁcient (%)
0 260 0.38
1 122 0.70
2 76 1.64 9.21 17.86 1.23
3 65 7.02 41.54 16.90 1.65
4 48 6.48 39.58 19.37 1.77
5 43 9.17 60.47 15.16 2.07
6 40 11.72 75.00 15.63 2.41
7 31 9.54 64.52 14.78 2.24
8 24 10.91 66.67 16.37 2.41
9 20 9.07 90.00 10.07 2.42
10 11 9.54 72.73 13.12 2.88
11 12 7.86 91.67 8.58 2.77
12 8 9.08 87.50 10.38 2.50
13 6 11.15 100.00 11.15 2.73
14 6 5.57 83.33 6.69 2.59
15 3 7.22 100.00 7.22 2.59

The 21 microsatellites investigated belonged to
a markers panel proposed from ISAG/FAO, for
the «measurements of Domestic Animal Diver-
sity» (ISAG/FAO 2004) and located in 19 chro-
mosomes. Primer sequences for the microsatellites
are available at the Web site (http://dad.fao.org/
en/refer/library/guidelin/marker.pdf). The 21 mi-
crosatellites were amplified in 5 multiplexes PCR
reactions.

Amplification of the five multiplex was carried
out in a total reaction volume of 10 pL consist-
ing of 6.25 uL MasterMix (Qiagen Multiplex PCR
kit), 0.1 pL of each primer (10 uM), 1 pL of DNA
sample (2 ng/pL) and 1.55 pL of H,O. The PCR
reaction was carried out on a Gene Amp PCR
System 2700 thermal cycler (Applera) by an initial
denaturation at 95 °C for 15 min, followed by 47
cycles at 95 °C for 30 s, 58 °C for 90 s and 72 °C
for 60 s. The thermal profile ended with a final ex-
tension at 60 °C for 30 min. Amplicons were sepa-
rated and detected by capillary electrophoresis on
an ABI Prism 310 Genetic Analyzer (Applied Bio-
systems) using POP4 and a 36-cm capillary array.
Apparent DNA fragment size was analyzed with
the internal size standard Genescan 500ROX and
GeneMapper Analysis Version 4.0 software (Ap-
plied Biosystems).

Genetic similarities of animals were investiga-
ted by comparing the individual multilocus geno-
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type of each individual with each other [16]. Ge-
netic similarity is defined as P = A/2L, where P is
the proportion of common alleles (A4) in relation
to the 2L possibilities (L — number of considered
loci). The similarities between each pair of indi-
viduals were then averaged over the whole popu-
lation. The following parameters were computed
at the population level using the program MolKin
(v.2.0) [17]: molecular coancestry coefficients [18],
kinship distance, and the mean polymorphism in-
formation content (PIC).

Exact tests for deviations from the Hardy-
Weinberg equilibrium (HWE), and pair-wise link-
age disequilibrium among microsatellite loci and
F,, value were performed using the ARLEQUIN
package [19].

The molecular coancestry between two in-
dividuals, i and j (f,), is the probability that two
randomly sampled alleles from the same locus in
two individuals are identical by state [18]. The mo-
lecular coancestry of an individual i with itself is
self-coancestry (s), which is related to the coef-
ficient of inbreeding of an individual i (F) by the
formula F, = 2s, — 1. In turn, the kinship distance
(DKk) between two individuals i and j is D, = [(s, +
+ 5)/2] — f; [18]. MolKin computes within-breed
molecular coancestry and D, by simply averaging
the corresponding values for all the within — popu-
lation pairs of individuals.
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Results and discussion. Analysis of the pedigrees
of the 18 analyzed dogs shows that the complete
database results in 775 dogs (346 males and 429
females), 204 of which were inbreds.

The mean F in the whole database was 3.73 %,
that it was a medium value in comparison at what
reported on others breeds (3, 5, 20, 21).

The value of 3.73 % higher than 3.125 %, which
is the value resulting from the mating of two ani-
mals sharing a single grandparent, seemed to sug-
gest a close relatedness among the animals. In fact
the coefficient of inbreeding is less than 5 % in 44
dogs, whereas it is more than 20 % (with values
that exceeds 40 %) in 55 dogs. Values higher than
40 % correspond to the closest inbreeding, when
breeding of brothers with sisters or parents with
descendants takes places in several successive gen-
erations.

Table 1 shows, in the whole database, the evo-
lution of the average coefficient of inbreeding and
the average relatedness coefficient within the dif-
ferent generations. As we can see, the depth of the
pedigree was equal to 15 generations.

The inbreeding for each traced generation was
high in all generations, with peaks around 11 % in
dogs belonging to the 6™ and 13™ generation, whi-
le the average relatedness coefficient was around
2.50 % value starting from the dogs with 6 traced
generation.

The percentage of inbreds has an increasing
trend with the values greater than 80 % from the
dogs with 9 generations traced. Of course the aver-
age inbreeding of inbred individuals is higher than
the average inbreeding per generation, with a range
from 6.69 % in subjects with 14 traced generations
up to a maximum of 19.37 % in dogs with 4 traced
generations.

Considering instead the 18 dogs the average
coancestry and the average inbreeding amounted
to 15.10 and 6.84 % respectively.

The value 0.151 is a quite high value, but it is
due to the fact that all subjects are related.

The inbreeding coefficients were higher than
6.25 %, i.e. the value resulting from the mating
of two animals sharing two grandparents (cousin
mating). This is a critical maximum that is not ex-

Table 2. Number of alleles, locus-by-locus observed (Ho) and expected (He) heterozygosity,

PIC and F value for the 21 analyzed STR loci

Marker N° alleles Ho He P-value PIC (%) F
AHTI121 10 0.722 0.768 0.065 64.13 0.060
CXX279 4 0.722 0.711 0.763 67.13 —0.015
RENI105L03 3 0.379 0.402 0.618 34.34 0.057
RENS54P11 6 0.716 0.737 0.618 68.10 0.028
ATHK253 4 0.638 0.656 0.127 58.77 0.027
AHTK211 6 0.741 0.884 0.081 69.91 0.162
AHTh171 3 0.511 0.551 0.109 43.82 0.073
INU030 4 0.548 0.533 1.000 44.72 —0.028
INUO055 5 0.316 0.571 0.718 34.24 0.447
AHT137 9 0.838 0.829 0.191 81.90 —0.011
FH2848 6 0.727 0.847 0.173 68.18 0.142
REN247M23 3 0.528 0.541 0.074 44.88 0.024
REN169018 6 0.590 0.606 0.327 52.52 0.026
REN169DO01 5 0.638 0.676 0.572 58.94 0.056
INRA21 5 0.586 0.615 0.836 53.16 0.047
INUO005 5 0.590 0.582 0.800 53.77 —0.014
AHTHI130 7 0.722 0.751 0.836 69.15 0.039
REN162C04 6 0.712 0.739 0.512 66.77 0.037
RENG64E19 5 0.636 0.661 0.191 57.56 0.038
AHTH260 11 0.781 0.849 0.000 76.50 0.080
FH2054 8 0.802 0.839 0.000 77.40 0.044
Average value 5.42 0.640 0.683

* Hardy-Weinberg exact test P-value < 0.01.
ISSN 0564—3783. Humonoeus u eenemura. 2013. T. 47. Ne 4
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ceeded when mating principles are applied on many
farms.

With the exception of 3 dogs, all sampled subjects
were inbred; of these last, 7 dogs have a coefficient
acceptable (less than 5 %), while 5 dogs have a high
coefficient of inbreeding (between 12.27 and 25.52 %).

Concerning molecular data, all 21 loci were poly-
morphic and had a total of 103 alleles ranging from
3 (REN105L03, AHTh171 and REN247M23) to 11
(AHTh206) (Table 2). The mean number of alleles
per locus was 5.42 (SD = 2.01) and the effective al-
lele number was 3.21 (SD = 1.87). Although a com-
parison with other breeds can be biased due to the
different marker sets used by different authors, it may
be noted that this value is near the upper range of
the published values observed by Shinkarenko et al.
[11] on the American Pit Bull Terrier, 4.0 alleles/lo-
cus as mean value, and on other breeds: Greyhound
2.5 alleles/locus, Labrador Retriever 3.3 alleles/locus,
German Shepherd 3.3 alleles/locus [22], Flat-coated
Retriever 4.5 alleles/locus, Dachshund 5.6 alleles/lo-
cus [23], Andalusian Hound 6.2 alleles/locus, Bracco
Italiano 6.4 alleles/locus [12], Spanish Greyhound
6.5 alleles/locus, Maneto 7.0 alleles/locus [24],
Czech Dachshunds, 7.6 alleles/locus [25], and twelve
East Asian breeds dogs 7.75 alleles/locus [9].

Mean observed heterozigosity was 0.640 £ 0.133
and it was lowest for INU055 (0.316) and highest
for AHT137 (0.838) (Table 2).

Seventeen microsatellites out of 21 showed het-
erozygote deficiency. On average, there was a in-
significant deficit of heterozygotes (F,; = 0.063 *
* 0.013); similar values were reported by Ciampo-
lini et al. (F, = 0.061) [12], by Morera et al. (F =
= (.085) [24] and by Jordana et al. [26] on a group
of 10 Spanish dog breeds (F ¢ = 0.040). Such mod-
erate values of F ¢ can easily be explained by non
random mating or population subdivision, or even
by mating between relatives. Alternatively, some
null alleles could be present that cause apparent
heterozygote deficit [34]; however, the F values
were rather homogeneous among loci, and this evi-
dence points against such an explanation.

The mean polymorphism information content
(PIC) was 0.599 with a range of 0.342 (INUO0S55)
and 0.819 (AHT137). This parameter was originally
introduced by Botstein et al. [28]. It refers to the
value of a marker for detecting polymorphism within
a population, depending on the number of detectable
alleles and the distribution of their frequency and has
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been proved to be a general measure of how informa-
tive a marker is [29]; the higher the PIC value, more
informative a marker is. In the present study, mi-
crosatellites INUO055, REN105L03, AHTh171, and
INUO030 appeared to be only moderately informative
(less than 0.50), whereas the other microsatellite loci
studied were highly informative. Even in the work
conducted by Ciampolini et al. [12] markers INU0S55
and INUO30 appeared to be the least informative.
Genetic similarity within the population (0.412)
represented a rather low genetic variability. This
value is higher than those reported on other spe-
cies such as cattle (0.281 [30]; 0.374—0.420 [31])
and sheep (0.318—0.370 [32]), but lower than that
reported on Bracco Italiano dog breed (0.455 [12])
and on an endangered donkey breed (0.489 [33]).
With the exception of the values reported on
Bracco Italiano dog breed [12] and on Amiata don-
key breed [33] the values observed in our study for
the mean molecular coancestry (f, = 0.348), and
for the inbreeding coefficient (F, = 0.357) were
clearly greater than that reported in literature on
other species such as cattle [31], sheep [32, 34]
and horse [35] while the kinship distance (D, =
= (.330) was smaller than data reported in literature.
The observed values highlight that the low level of ge-
netic variation have arisen as a possible consequence
of mating among relatives. It’s well known that the
management of the farms is the reason for high level
of inbreeding; in fact breeders often use this mating
method with the aim of enhancing desirable traits.
The author consider that a regular monitoring
of genetic variability of the population is important
and must be adopted, in order to avoid the danger
of an excessive increase of inbreeding in the future,
which would result in significant inbreeding de-
pression and in significant loss of genetic variation.

R. Ciampolini, F. Cecchi,
G. Paci, C. Policardo, A. Spaterna

W3YYEHUE TEHETUYECKON U3MEHYMBOCTHU
AMEPUKAHCKUX IMUTBYJIILTEPLEPOB,
BBIBEJAEHHDBIX B UTAJINA

C UCITOJIb3OBAHUEM MUKPOCATEJUVIMTHBIX
MAPKEPOB U TEHEAJIOTMMYECKUX JAHHBIX

leHeTnueckass M3MEHYMBOCTL 18 aMepUKAHCKUX [HT-
OyJIbTepbepOB, BbIBENEHHbIX B MrTanuu, Obuia usyde-
Ha ¢ ucnosb3oBaHueM 21 STR mapkepoB M3 maHeneit,
PEKOMEHIOBaHHBIX MeXIyHapoaHOM accolManmein Te-
Hetuku XuBOTHBIX (ISAG canine) (2006, 2008, 2010).
Kak m oxumanoch, Bce CTaTUCTMUECKUE aHATU3bI MO~
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TBEPIWIN HEBBICOKYIO TEHETUYECKYI0 M3MEHUYUBOCTb.
[ToaTOMy XenaTeabHO yaeasITh 00Jbllle BHUMAHUS TJla-
HUPOBAHUIO CKPEIIMBAHUI C YBETUYCHUEM TOTOKA Te-
HOB, YTOOBI YMEHBIIUTH CPEAHUN WHOPUIWHT B TIOITY-
JIALIMY Y YBEJUYUTh TEHETUUECKYIO U3MEHUYNUBOCTb.

R. Ciampolini, F. Cecchi, G. Paci, C. Policardo, A. Spaterna

BUBYEHHS TEHETUYHOI MIHJIMBOCTI
AMEPUKAHCBKUX MITBYJIBTEP’E€PIB,
BUBEAEHUX B ITAJIIi 3 BAKOPUCTAHHAM
MIKPOCATEJIITHNX MAPKEPIB

I TEHEAJIOTTYHUX JAHUX

lenetTnuyna MiHguBicTh 18 aMepuMKaHCHKUX MIiTOYJIb-
Tep’epiB, BUBedeHUX B Irtajii, Oyina BMBYEHA 3 BUKO-
pucranusM 21 STR mapkepiB 3 maHeseil, peKOMeH-
noBaHUMX MIiXHaApOIHOIO acollialli€el0 TeHEeTUKU TBapUH
(ISAG canine) (2006, 2008 i 2010). Sk i ouikyBanocs,
BCi CTAaTUCTUYHI aHaJi3M MiATBEPAWIM HEBUCOKY I'eHEe-
TUYHY MiHAMBICTb. ToMy OaxaHO TpPUAUISTH Oiyblie
yBary IUIAaHYBAHHIO CXpellyBaHb i3 30UIbILIEHHSIM I10-
TOKY T€HiB, 100 3MEHIIUTU CepeiHiii iHOPUAMHT B
MOMYJISIIl i 30UIBIIUTY T€HETUYHY MiHJIMBICTb.

REFERENCES

1. Van der Beek S., Nielen A.L., Schukken Y.H.,
Brascamp E.W. Evaluation of genetic, common-
litter, and within-litter effects on preweaning
mortality in a birth cohort of puppies // Amer. J.
Res. — 1999. — 60. — P. 1106—1110.

2. Ubbink G.J., Knol B.W., Bouw J. The kinship between
homozigosity and the occurrence of specific diseases
in Bouvier Belge Des Flandres dogs in Nether-
lands // Vet. Q. — 1992. — 14. — P. 137—140.

3. Nielen A.L., Van der Beek S., Ubbink G.J., Knol
B.W. Population parameters to compare dog breeds:
differences between five Dutch purebred popula-
tions // Vet. Q. — 2001. — 23. — P. 43—49.

4. Grazewska I. Genetic diversity in Polish hounds
estimated by pedigree analysis // Livest. Sci. —
2007. — 113. — P. 296—301.

5. Leroy G., Rognon X., Varlet A. et al. Genetic va-
riability in French dog breed assessed by pedig-
ree data // J. Anim. Breed. Genet. — 2006. — 123. —
P. 1-9.

6. Leroy G., Terrier E., Mriaux J.C., Rognon X. Genetic
diversity of dog breeds: within-breed diversity
comparing genealogical and molecular data //
Anim. Genet. — 2009. — 40. — P. 323—332.

7. Vila C., Savolainen P., Maldonado J.E. et al. Multiple
and ancient origins of the domestic dog // Scien-
ce. — 1997. — 276. — P. 1687—1689.

8. Vila C., Maldonado J.E., Wayne R.K. Phylogenetic
relationships, evolution and genetic diversity of the
domestic dog // J. Hered. — 1999. — 90. — P. 71—
77.

9. Kim K.S., Tanabe Y., Park C.K., Ha J.H. Genetic
variability in East Asian dogs using microsatellite

ISSN 0564—3783. Humonoeus u eenemura. 2013. T. 47. Ne 4

loci analysis // J. Hered. — 2001. — 92. — P. 398—
403.

10. Leroy G., Terrier E., Mriaux J.C., Rognon X. Genetic
diversity of dog breeds: between-breed diversity,
breed assignation and conservation approaches //
Anim. Genet. — 2009. — 40. — P. 333—343.

11. Shinkarenko L.N., Guliakova O.G., Malienko V.A. et
al. Analysis of genetic variability in american pit bull
terrier breed of dogs with a high inbreeding level using
microsatellite markers // Cytology and Genetics. —
2010. — 44. — P. 206—211.

12. Ciampolini R., Cecchi F., Bramante A. et al. Genetic
variability of the Bracco Italiano dog breed based on
microsatellite polimorphysm // Ital. J. Anim. Sci. —
2011. — 10. — P. 267—270.

13. Parra D., Méndez S., Cacmn J., Dunner D. Genetic
differentiation in pointing dog breeds inferred from
microsatellites and mitochondrial DNA sequences //
Anim. Genet. — 2008. — 39. — P. 1-72.

14. Gutiérrez J.P., Goyache F. A note on ENDOG: a
computer program for analysing pedigree informa-
tion // J. Anim. Breed. Gen. — 2005. — 122. —
P. 172—176.

15. Sargolzaei M., Iwaisaki H., Colleau J.J. CFC (Con-
tribution, Inbreeding (F), Coancestry, Release 1.0. A
software package for pedigree analysis and monitoring
genetic diversity // Proc. 8" World Congress On
Genetics Applied on Livestock Production. — Brazil,
2006.

16. Ciampolini R., Moazami-Goudarzi K., Vaiman D. et al.
Individual multilocus genotypes using microsatellite
polymorphism to permit the analysis of the genetic
variability within and between Italian beef cattle
breeds // J. Anim. Sci. — 1995. — 73. — P. 3259—
3268.

17. Gutierrez J.P., Royo L.J., Alvarez I., Goyache F.
MolKin v2.0: a computer program for genetic
analysis of populations using molecular coancestry
information // J. Hered. — 2005. — 96. — P. 718—
721.

18. Caballero A., Toro M.A. Analysis of genetic diversity
for the management of conserved subdivided popula-
tions // Conserv. Genet. — 2002. — 3. — P. 289—299.

19. Excoffier L., Laval G., Schneider S. Arlequin ver.
3.0: An integrated software package for population
genetics data analysis // Evol. Bioinform. Online. —
2005. — 1. — P. 47—-50.

20. Cole J.B., Franke D.E., Leighton E.A. Population
structure of a colony of dog guides // J. Anim. Sci. —
2004. — 82. — P. 2906—2912.

21. Cecchi F., Bramante A., Mazzanti E., Ciampolini R.
A colony of dog guides: analysis of the genetic
variability assessed by pedigree data // Ital. J. Anim.
Sci. — 2009. — 8. — P. 48—50.

22. Zajc I., Mellersh C.S., Sampson J. Variability of
canine microsatellites within and between different
dog breeds // Mamm. Genome. — 1997. — 8. —
P. 182—185.

33



23.

24.

25.

26.

27.

28.

29.

30.

34

R. Ciampolini, F. Cecchi, G. Paci et al. [ |

Fredholm M., Wintero A.K. Variation of short tandem
repeats within and between species belonging to the
Canidae family // Mamm. Genome. — 1995. — 6. —
P. 11—18.

Morera L., Barba C.J., Garrido J.J. et al. Genetic
variation detected by microsatellites in five Spanish
dog breeds // J. Hered. — 1997. — 90. — P. 654—
656.

Pribanova M., Hordik P., Schruffelova D. et al. Analysis
of genetic variability in the Czech Dachshund
population using microsatellite markers // J. Anim.
Breed. Genet. — 2009. — 126. — P. 311—318.
Jordana J., Piedrafita J., Sanchez A., Puig P. Com-
parative F statistics analysis of the genetic structure
of ten Spanish dog breeds // J. Hered. — 1992. —
83. — P. 367—374.

Ciampolini R., Cetica V., Ciani E. et al. Statistical
analysis of individual assigment tests among four
cattle breeds using fifteen STR loci // J. Anim.
Sci. — 2006. — 84. — P. 11—19.

Botstein D., White R.L., Skolnick M., Davis R.W.
Construction of a genetic linkage map in man using
restriction fragment length polymorphisms // Amer.
J. Hum. Genet. — 1980. — 32. — P. 314—331.

Guo X., Eilston R.C. Linkage information content
polymorphic genetic markers // Hum. Hered. —
1999. — 49. — P. 112—118.

D’Angelo F., Ciani E., Sevi A. et al. The genetic

31

32.

33.

34.

3s.

variability of the Podolica cattle breed from the
Gargano area. Preliminary results // Ital. J. Anim.
Sci. — 2006. — 5. — P. 79—85.

Cecchi F., Ciampolini R., Castellana E., Ciani E.
Genetic diversity within and among endangered local
cattle breeds from Tuscany (Italy) // Large Anim.
Rev. — 2012. — 18. — P. 79—85.

D’Angelo F., Albenzio M., Sevi A. et al. Genetic
variability of the Gentile di puglia sheep breed based
on microsatellite polymorphism // J. Anim. Sci. —
2009. — 87. — P. 1025—1029.

Ciampolini R., Cecchi F., Mazzanti E. et al. The
genetic variability of the Amiata donkey breed by
molecular data // Ital. J. Anim. Sci. — 2007. — 6. —
P. 78—80.

Ciani E., Cecchi F., Bramante A. et al. Molecular
coancestry and classical genetic distances depict
different patterns of relationship among sheep breeds
from southern Italy // Proc. 9" World Congr. On
Genetics Applied on Livestock Production. —
Germany, 2010.

Marletta D., Tupac-Yupanqui I., Bordonaro S. et al.
Analysis of genetic diversity and determination of
relationships among western Mediterranean horse
breeds using microsatellite markers // J. Anim. Breed.
Genet. — 2006. — 123. — P. 315—325.

Received 15.03.12

ISSN 0564—3783. Llumonoeus u eenemuxa. 2013. T. 47. Ne 4




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


