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Abstract

Microsatellite markers succeeded to reveal different population genetic parameters. The present work aimed to
investigate the genetic assignment and structure of the Tunisian meat sheep breeds. (Barbarin (BB), Western Thin
Tail (WTT), and Black Thibar (BT)).The current study also opted for testing different methods of assignment
implemented in several programs for genetic identification and traceability purposes of these breeds and for
assessing whether these markers could be useful for an efficient genetic assignment of these ovine breeds. The
genotypes of 90 animals (30 samples per breed) were typed for 22 microsatellite markers. All the loci displayed a
high polymorphic content (between 0.561 and 0.884). The GENECLASS2 and the WHICHLOCI programs were
used to choose the most powerful markers (17 microsatellites). The FLOCK program was more efficient with 22
markers. Genetic differentiation tests (FST = 0.0127) and assignment of individuals to populations revealed the
highest level of misassignment in BB and WTT breeds, while the BT breed revealed the highest percentage of
individuals assigned to itself. The reduction of the number of microsatellites (from 22 to 17) does not affect the
assessment of the genetic structure of Tunisian sheep breeds. This result shed the light on the importance of the
shift towards lambs with thin tails imposed by the butchers. It also revealed the unfitness of microsatellite markers
in genetic identification analysis for studied sheep breeds.

Keywords: Genetic assignment; microsatellites; breeds; sheep; structure, Tunisia.
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Introduction

In Tunisia, sheep farming is an important economic and social activity contributing to more than
41% of the total red meat production (OEP, 2017). There are more than 6.4 million sheep heads,
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and 3.7 million ewes (ONAGRI, 2017) that belong to four different breeds: Barbarin (60.3% of the
total), Western Thin Tail (34.6%), Black Thibar (2.1%) and Sicilo Sarde (0.7%). The Barbarin fat-
tailed sheep is the common breed in the different regions of the country and it is reared with the
two thin-tailed breeds Western Thin Tail (WTT) and Black Thibar (BT) for meat production.

Several studies have shown that consumers are concerned with the origin of the meat they eat
(Quagrainie et al.1998; Hoffmann, 2000; laccarino et al.2006; Verbeke et al.2010). Within Tunisia,
there has been a marked rise over the past decade in meat sold by specie. Lambs meat is attracting
the highest price. Consumption of this meat is closely linked to eating habits and meat quality. The
Barbarin lamb meat remains the favorite across the country (Djemali et al.,2006). However, an
interesting shift towards lambs with the thin tail is shown by Butchers since they are finding
difficulties in selling the fat of the Barbarin lamb tail, which represents 15% of the lamb carcass
(Bedhiaf-Romdhani et al., 2008).

Over the last decade, the genetic diversity and structure of Tunisian sheep breeds have been
intensively investigated using microsatellites (Sassi-Zaidyet al., 2014a; Sassi-Zaidy et al., 2014b;
Kdidi et al; 2015; Ben Sassi-Zaidy et al., 2022) and SNP markers (BenJemaa et al., 2019; Bedhiaf-
Romdhani et al., 2020; Baazaouiet al., 2021). All cited works revealed a high level of genetic
admixture between these breeds. The authors seem to agree that such mixing is attributable to the
occurrence of a gene flow between breeds. Several reasons were suggested by these authors,
namely, the breeder management practices (Bedhiaf-Romdhani et al., 2008; Kdidi et al., 2015).
According to these authors, these practices consist of either uncontrolled mating; all for the shift
towards muttons with a thin tail. As a result, the Barbarin sheep breed is subjected to a high risk of
genetic erosion (Sassi-Zaidy et al., 2014b, Kdidi et al., 2015). Moreover, the absence of genetic
improvement programs and the historical origin of the breeds could also be suggested as reasons
(Kdidi et al., 2015. Ben Jemaa et al., 2019).

In this context, the genetic assignment of an animal to its breed of origin seems to have a crucial
role to protect consumer preferences. The methods of identification of breeds are focusing on
genetic variability detection within closely related populations. Short sequence repeat markers
(microsatellites) have been used in sheep (Bramante et al.2011), in cattle (Rogberg-Mufioz et
al.,2014; Mateus Russo-Almeida, 2015), in pigs (Oh et al.2014) and in chicken (Nakamura et
al.,2006; Rikimaru Takahashi, 2007) for tracing meat or meat products at the breed level. This
tracing is based on the assignment test of animals or animal products to their breeds of origin
(Shackell et al.,2001; Lenstra, 2005; Manel et al., 2005; Dalvit et al.,2008).

The present study uses a set of microsatellite markers, recommended by the FAO, and commonly
used for genetic diversity and traceability purposes. We aimed to investigate the genetic assignment
and structure of the Tunisian meat sheep breeds. Different methods of assignment implemented in
several programs for genetic identification and traceability purposes of these breeds have been
tested to assess whether these markers could be useful for efficient genetic identification of ovine
breeds raised in Tunisia for meat production.

Materials and Methods
Samples and genotypes

The present work concerned the three Tunisian meat sheep breeds (Barbarin, Western Thin Tail, and
Black Thibar). The genotypes of 90 animals (30 samples per breed) typed for 22 microsatellite
markers belonging to the data generated by Kdidi et al. (2015) were used for the statistical analyses of
the current work.

The twenty-two microsatellites were chosen as the most informative ones, whereas, the samples were
the individuals most typed for each of the 22 selected loci. These microsatellites were: OARHH47,
MCMb527, MAF65, ILSTS005, OARCP38, MAF209, OARFCB304, INRA63, MAF214, SRCRS09,
MAF70, OARVH72, BM1824, OARIMP58, OARIMP29, DYMS1, OARFCB193, MCM140, ILSTS28,
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HUJ616, OARFCB226, MAF33. More information and details of these microsatellites are shown in
Table 1.
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Table 1. Details of the 22 microsatellite markers used; Loci, Chromosome location (Ch. Location), primer sequences, GenBank Accession
(Accession number), groups for multiplexing (Gp), thermocycling conditions (annealing temperature: Ta), fluorescent dye, allele size range, alleles
number (Na), Number of individuals typed for each locus (N), Polymorphic Content Information (PIC), observed heterozygosity (Ho), expected
heterozygosity (He) computed by Cervus v. 3.0.3 (Marshall et al., 1998) program and mean genetic diversity(Hs) performed using FSTAT V. 2.9.3.2
(Goudet,1995). Loci in bold were selected by GENECLASS 2 (Piry et al, 2004) and WHICHLOCI programs (Banks et al. 2003) as the most
powerful microsatellite markers.

Ch. Accessio Ta I(;Iailrt: Allele
Loci locatio Primer sequences (5'-3"): Forward/ Reverse n Gp (°C size N PIC Ho He Hs
n number ) dg (bp)
ye
AAAGGCCAGAGTATGCAATTAGGAG NE 123- 0.72
MAF65 OAR15 CCACTCCTCCTGAGAATATAACATG M67437 1 55 D 197 10 90 5 0.678 0.763 0.760
GGAAGCAATGAAATCTATAGCC NE 174- 0.71
ILSTS005  OARY TGTTCTGTGAGTTTGTAAGC L23481 1 55 D 218 11 74 5 0.392 0.754 0.757
6-
GATCACAAAAAGTTGGATACAACCGTGG 55- 109- 0.78
MAF209 OAR17 TCATGCACTTAAGTATGTAGGATGCTG M80358 2 53 I?\'/IA 135 13 89 0 0.798 0.807 0.796
CCCTAGGAGCTTTCAATAAAGAATCGG 55- VI 150- 0.87
OarFCB304 OAR19 CGCTGCTGTCAACTGGGTCAGGG L01535 2 53 C 188 16 89 4 0.910 0.889 0.886
6-
ATTTGCACAAGCTAAATCTAACC 55- 163- 0.88
INRAO63  OAR14 AAACCACAGAAATGCTTGGAAG X71507 2 53 I?\'/IA 199 22 89 5 0.764 0.896 0.892
GGGTGATCTTAGGGAGGTTTTGGAGG 55- NE 174- 0.64
MAF214  OAR16 AATGCAGGAGATCTGAGGCAGGGACG M88160 2 53 D 214 13 88 3 0.420 0.681 0.675
AGAGGATCTGGAAATGGAATC 55- NE 0.56
SRCRSP09 OAR12 GCACTCTTTTCAGCCCTAATG L22201 2 53 D 96-130 8 85 1 0.424 0.601 0.577
TTTATTGACAAACTCTCTTCCTAACTCCACC 55 PE 130- 0.83
OarHH47 OAR18 GTAGTTATTTAAAAAAATATCATACCTCTT  L12557 2 16 89 ' 0.618 0.857 0.858
AAGG 53 T 152 6
GTCCATTGCCTCAAATCAATTC 55- PE 165- 0.85
MCM527 OAR5 AAACCACTTGACTACTCCCCAA L34277 2 53 T 187 17 85 5 0.600 0.875 0.879
CACGGAGTCACAAAGAGTCAGACC NE 120- 0.88
MAF70 OAR4 GCAGGACTCTACGGGGCCTTTGE M77199 3 53 D 170 20 90 4 0.667 0.898 0.893
GGCCTCTCAAGGGGCAAGAGCAGG VI 118- 0.69
OarVH72  OAR25 CTCTAGAGGATCTGGAATGCAAAGCTC L12548 3 53 C 148 14 90 5 0.644 0.721 0.719

© 2023 The Author(s). This open access article is distributed under a Creative Commons Attribution (CC-BY)) 3.0 license.
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GAGCAAGGTGTTTTTCCAATC VI 170- 0.66

BM1824 OAR1 CATTCTCCAACTGCTTCCTTG G18394 3 53 C 200 6 86 0 0.593 0.714 0.709

6-

GAAGTCATTGAGGGGTCGCTAACC 145- 0.80

OarJMP58 OARZ26 CTTCATGTTCACAGGACTTTCTCTG u35058 3 53 Ii\,/lbx 169 15 90 3 0.822 0.823 0.818
GTATACACGTGGACACCGCTTTGTAC PE 0.77

OarJMP29 OAR24 GAAGTGGCAAGATTCAGAGGGGAAG u30893 3 53 T 96-150 16 90 7 0.767 0.804 0.807
AACAACATCAAACAGTAAGAG AJ62104 PE 0.84

DYMS1 OAR20 CATAGTAACAGATCTTCCTACA 6 3 53 T 59-211 16 90 3 0.800 0.862 0.857
TTCATCTCAGACTGGGATTCAGAAAGGC PE 0.77

OarFCB193 OAR11 GCTTGGAAATAACCCTCCTGCATCCC L01533 4 57 T 96-136 16 90 4 0.778 0.803 0.787
GTTCGTACTTCTGGGTACTGGTCTC PE 167- 0.79

MCM140 OARG6 GTCCATGGATTTGCAGAGTCAG L38979 4 57 T 193 14 89 8 0.854 0.823 0.812
TCCAGATTTTGTACCAGACC VI 114- 0.84

ILSTS28 OAR3 GTCATGTCATACCTTTGAGC L37211 4 57 c 160 16 90 5 0.844 0.865 0.860

6-

TTCAAACTACACATTGACAGGG 117- 0.72

HUJ616 OAR13 GGACCTTTGGCAATGGAAGG M88250 4 57 I?\:/IA 195 17 90 0 0.656 0.747 0.715
CTATATGTTGCCTTTCCCTTCCTGC 60- NE 119- 0.82

OarFCB226 OAR2 GTGAGTCCCATAGAGCATAAGCTC L20006 5 52 D 160 17 89 3 0.506 0.841 0.842
GATCTTTGTTTCAATCTATTCCAATTTC 60- VI 121- 0.82

MAF33 OAR9 GATCATCTGAGTGTGAGTATATACAG M77200 5 50 C 141 13 78 0 0.564 0.845 0.835
CAACTTTGGTGCATATTCAAGGTTGC sol PE 117- 0.68

OarCP38  OARI10 GCAGTCGCAGCAGGCTGAAGAGG U15700 o 53 T 129 8 78 1 0.449 0.717 0.721

Data analysis

We determined for each locus number of individuals typed (N) the number of alleles (Na), the observed heterozygosity, (Ho) and the expected
unbiased heterozygosity (He) using CERVUS version 3.0.3 software(Marshall et al.1998). GENETIX 4.05 (Belkhir et al.2004) was used to
determine the FST values for pairwise comparisons of the breeds, to compute Wright’s FIT, inbreeding estimator (FIS;Weir Cockerham, 1984),
and to assess FIS significance using 1000 random permutations of alleles in each breed. Mean genetic diversity (Hs) was estimated using FSTAT
V. 2.9.3.2 (Goudet, 1995). Analysis of molecular variance (AMOV A) was performed with ARLEQUIN 3.5.1.2 (Excoffier et al.,2005).

The relative discriminatory power of each locus to assign animals to breeds was determined using the GENECLASS 2 program (Piry et al.,2004)
and WHICHLOCI program (Banks et al., 2003) with the 1000 resampled data with a sample size of 90, allele frequency differential for population
assignment, 95% assignment accuracy, and assignment stringency of LOD 1.0 (Banks et al., 2003). This step also allows the reduction of
microsatellites and the cost of the analysis. The assignment of animals to their breed of origin was carried out using different ways: the first two
ways were based on the Bayesian method proposed by Rannala and Mountain (1997) and the frequency method proposed by Paetkau et al. (1995)
developed by Piry et al. (2004) in GENECLASS 2 program. The third one was based on the Jackknife method implemented in WHICHR UN 4.1
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Software (Banks and Eichert, 2000). Moreover, we applied the allocation approach of Duchesne
and Turgeon (Duchesne Turgeon, 2012) implemented in the FLOCK program to assign each
analyzed animal to each breed. This approach was used for the genotype data of 22 microsatellites
and 17 microsatellites. For this purpose, 50 runs were performed, and the number of iterations per
run was 20.

Data from six Spanish sheep breeds, the mouflon, and the SiciloSarde (N=30) Tunisian sheep breeds
(Calvo et al., 2011; Kdidi et al., 2015, respectively) has been added. The Spanish breeds consist of
Churra Tensina (CT, N=65), Churra (CH, N=60), ChurraLebrijana (CL, N=65), Latxa (LX, N=51),
Merino (Me, N=29) and Spanish mouflon (M, N=39). All added genotypes were of the same
microsatellite markers.

The genetic structure and differentiation level of analyzed sheep breeds were studied in the two
cases (22 microsatellites and 17 microsatellites). Also, a comparison between the genetic structure
of Tunisian and Spanish sheep breeds was accomplished. For this purpose, several programs were
used.

The hierarchical structure of all the breeds was analyzed using the program Populations 1.2.32
(Langella 1999), which initially determines genetic distances with the Reynolds’ genetic distance
(Reynolds et al., 1983) method for all pairs studied breeds and subsequently constructs an unrooted
tree with bootstrapping permutations over loci (1,000 permutations in this study). These trees were
visualized with the software program the Interactive Tree Of Life(iTOL) v5 (Letunic& Bork, 2021).

Four R packages were used: adegenet (Jombart, 2008)., ade4 (Drayet al., 2007), ape (Paradis et al.,
2004), and RColorBrewer (Neuwirth & Neuwirth,2014) of R program 4.1.2 to draw individual
unrooted trees, Discriminant Analysis of Principal Components (DAPC) scatterplots and
membership probabilities bar plots.

Results

Ninety unrelated animals belonging to three native sheep breeds of Tunisia were genotyped for 22
microsatellites, and 314 alleles were found. The mean number of alleles per locus was 14.27. The
Polymorphic Information Content (PIC) ranged between 0.561 (SRCRSPQ9) and 0.884 (MAF70).
The overall FST value (after 1000 bootstraps over 22 loci) was 0.0127 (95% Confidence Interval:
0.00710 - 0.01933), besides the estimated values of FIS and FIT was 0.1664 (0.10623 - 0.23118)
and 0.1770 (0.11935 - 0.24032) respectively.

# Within individuals = Among individuals = Among breeds

Figure 1. Results of the molecular analysis of variance (AMOVA) for the three studied sheep
breeds based on the 22 microsatellites markers. The values were 82.29%; 16.43% and 1.27% for
within individuals; among individuals and among breeds, respectively.

An analysis of molecular variance (AMOV A) was performed to describe the distribution percentage
of variation at different levels (Fig.1). AMOVA revealed that, while most of the variation (82.29%)
was distributed within individuals, a low proportion of the variation was also attributable to
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differences among individuals within breeds (16.43%). Only 1.27% of the variation was partitioned
among breeds.

BB/WTT pairwise values of genetic differentiation were the lowest (Table 2). The values of the pair
WTT/BT were slightly higher than that of the BB/BT pair. Interestingly, the gene flow between BB
and WTT was the highest (Table 2), whereas the Nm values of the BB/BT pair seem to be slightly
higher than that of the WTT/BT pair.

Table 2. Pairwise FST values (below diagonal) and gene flow (Nm, above diagonal) among breeds.
Values in bold were statistically significant (P < 0.05).

Barbarin Western Thin Tail Black Thibar
Barbarin - 48.35 14.52
Western Thin Tail 0.005 - 14.28
Black Thibar 0.016 0.017 -

The major problem while using microsatellite genotyping in the routine assay is the cost of the
procedure. To find a fast and low-cost genetic test, we have tested the discriminatory power of each
locus to assign animals to their breed of origin. This step could allow the proposal of a panel of
effective microsatellites in the genetic assignment analysis of the Tunisian sheep. In this context,
the most used programs are GENECLASS 2 (Piry et al.,2004) and WHICHLOCI (Banks Eichert,
2000). A set of 17 microsatellites (OARHH47, MCM527, ILSTS005, MAF209, OARFCB304,
INRA63, MAF214, MAF70, OARVH72, OARJMP58, DYMS1, OARFCB193, MCM140, ILSTS28,
HUJ616, OARFCB226, and MAF33) was selected for traceability use in our Tunisian sheep breeds,
combining both enough assignment potential the lowest economic cost.
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Figure 2. The allocation of individuals to their populations of origin by the Bayesian method
proposed by Rannala and Mountain (1997) and implemented in GENECLASS 2 program

The result of the assignment test using the Bayesian method was reported in Fig.2. BT had the
fewest individuals assigned to other breeds, with 76.10% of individuals assigned to it and 13.49%
and 10.74% assigned to BB and WTT, respectively. The BB breed had 54.62% of individuals
assigned to it, with 42.18% assigned to WTT and 7.04% assigned to BT. WTT breed had 47.08%
of individuals assigned to it, 31.74% to BB and 16.86% to BT. Fig. 3displays the result of the
assignment based on the frequency method. Herein also BT breed had the fewest individuals
assigned to other breeds, with 74.42% of individuals assigned to it and 14.72% and 12.55% assigned
to BB and WTT, respectively. The BB breed had 60.59% of individuals assigned to it, with 32.18%
assigned to WTT and 9.93% assigned to BT. WTT breed had 55.27% of individuals assigned to it,
24.69% to BB, and 15.65’% to BT.
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Overall, the rate of misassignment was high: many individuals sampled in a breed tended to be
assigned with a relatively high probability in other breeds, which is consistent with a low level of
differentiation among breeds when 17 microsatellites are used (FST = 1.39%). The two methods
of the GENCLASS 2 program revealed that the most important misassignment was observed in
the BB breed, and it is due to a relatively high number of individuals assigned to WTT (Fig.2,
Fig.3).
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BE WWTT BT
Figure 3. The allocation of individuals Figure 4. The percentage of individual
to their populations of origin by frequency assignment for each breed to itself using
method (Paetkau et al.1995) developed under WHICHRUN program
GENECLASS 2 program.

The tests of individual allocation performed by the WHICHRUN program resulted in a relatively
low percentage (< 50%) of correct classification for the three studied breeds (Fig.4). BT has the
most individuals assigned to it (46.66%), whereas only 30% of individuals belonging to BB have
been assigned to it, and 23.33% of individual sampled were assigned to WTT.

The results of the FLOCK program using 22 microsatellites agreed with the result obtained from
other used programs, whereas data from 17 microsatellites resulted in a very different assignment
from the reality and the history of breeds. Thus, only the output of Flock applied on 22 microsatellite
genotypes was considered.

The result of the FLOCK program runs based on 22 microsatellite markers was shown in Fig5. BT
had the fewest individuals assigned to other breeds, with 73% of individuals assigned to it and 10%
and 17% assigned to BB and WTT, respectively. The WTT breed had 57% of individuals assigned
to it, with 40% assigned to BB and 3% assigned to BT. BB breed had 53% of individuals assigned
to it, 27% to WTT, and 20% to BT.

BT 10 w 73
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o WTT 40 57 3 BB
@ WTT
BT
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] 0 a0 B0 Ly 100
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Figure 5. Percentage of individual of each breed assigned to three investigated sheep breeds computed
in FLOCK program using 22 microsatellites.

The effect of the reduction of microsatellites from 22 to 17 on the estimation of the genetic
relationship of different breeds and their genetic structure and differentiation was also studied. For
this reason, several methods were used. Unrooted Neighbour-joining phylogenetic trees (Fig 6 and
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Fig 7) revealed the absence of difference between 17 and 20 microsatellite markers. In fact, the
trees were similar in the two cases. Moreover, both Discriminant Analysis of Principal Components
(DAPC) scatterplots and membership probabilities (Fig 8 and Fig 9) showed the same level of
genetic admixture between analyzed breeds.

Discussion

Genetic assignment

In several previous studies, unrelated animals belonging to genetically differentiated breeds have
been successfully used for traceability (Bramante et al., 2011; Rogberg-Mufioz et al.2014; Mateus
Russo-Almeida, 2015). In this work, we examined the amount of information obtained from
microsatellite markers for genetic traceability within three native sheep breeds raised in Tunisia.
We tried to reduce the number of used loci in order to reduce the costs of analysis. Highly significant
(< 0.001) FIS value (0.1664) revealed a rather high inbreeding degree within breeds. Furthermore,
the AMOVA analysis results displayed that the genetic structure was almost absent, resulting from
a very low level of differentiation. The main variation was shown within individuals (82.29%).

WTT is a common breed in Tunisia and Algeria, where it is known as the “Ouled Djellal” (Thin
Tailed breed (Ifiiguez, 2006). Besides, BT originated at the beginning of the 20th century by
crossing native Algerian thin-tail sheep with the French Merinos d'Arles(Chalh et al.,2007),
suggesting that the genetic relationship between BT and WTT is closer than BT with other Tunisian
sheep breeds. However, our analysis showed that BT had more individuals assigned to BB than
WTT, according to the results obtained on GENECLASS 2 program using the two methods (Fig.2
and Fig.3). These results were in agreement with those revealed by the pairwise genetic
differentiation and gene flow, and can be explained by the importance of the crossing between BB
and BT in the latest decades.

On the other hand, the results of the FLOCK program (Fig.5) seem to be consistent with the historic
crossing of the BT with the Thin Tail breed: BT showed more individuals (17%) assigned to WTT
compared to those assigned to BB.

The methods used and implemented in the programs of WHICHRUN and GENCLASS?2 revealed
that both WTT and BB were most often targeted breeds by the crossing. Moreover, under the two
methods of the GENCLASS?2 program, the crossing of BT with WTT is more frequent than BT with
BB.

FLOCK program (Fig.5) showed also that both BB and WTT underwent crossing, however, the
crossing between BT and BB is more common than that between BT and WTT. In addition, the
most common crossing was between BB and WT. This result was in agreement with what was
reported by Bedhiaf-Romdhani et al. (2008). Because of the difficulty of selling the fat of the tail
(that represents up to 15% of the carcass weight) of BB by butchers, farmers are shifting to thin-tail
breeds and their crosses (Bedhiaf-Romdhani et al.,2008). They are crossing the local BB (a fat-
tailed breed) with other thin-tailed breeds (WTT and BT). Fig 5 showed that the crossing between
BB and WTT in BB was more common than that between BB and BT. This result could be explained
by the limited distribution area of the BT (only in the northwest of the country) compared with
WTT, which shares with the BB most of the geographic area in the country.

The FLOCK program seems to be the most powerful in giving the real picture regarding what
happened in different studied sheep breeds of Tunisia. However, it underlines with other used
programs the high level of gene flow and genetic admixture, which preclude microsatellite markers
to be efficient in traceability analysis in our case.

Genetic structure

The effect of the reduction of microsatellites from 22 to 17 on the estimation of the genetic
relationship of different breeds and their genetic structure and differentiation was also studied. This
reduction does not affect the genetic distance and the hierarchical structure of analyzed breeds (Fig
6 and Fig 7). The four domestic sheep breeds (CT, CH, CL, LX, Me) formed the Spanish group,
localized far more than the Spanish Moufflon. This last breed could be properly identified with a
high bootstrap of 92%. The genetic distance of CL and other Churra breeds can be the cause of its
genetic isolation as reported by Calvo et al., (2011).
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The Tunisian sheep breeds formed two groups. The first one consisted of the SS sheep dairy breed.
However, the BB and WTT breeds seem to be very close to each other. BT and SS are revealed in

the same plan this can be explained by the European origin of their ancestors. These results are in
agreement with those found by Kdidi et al. (2015).

3.
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Figure 6. Unrooted Neighbor joining phylogenetic tree of Tunisian and Spanish sheep breeds.
Unrooted individual tree of Spanish sheep breeds at the top right and unrooted of the three Tunisian
meat sheep breeds at the top left. The three trees are drawn based on 22 microsatellites markers

The individual trees, both in the case of 17 and 22 microsatellites, revealed the absence of the
genetic structure. This result is supported by the DAPC and the Barplot found in Figs 7, 8 and 9. In
the DAPC breeds are represented by different colors, and dots represent different individuals. These
figures showed that the Tunisian sheep breeds are the most admired. CL and the Spanish Moufflon
are the most differentiated sheep breeds.

These microsatellites could be used only to identify Tunisian sheep breeds from Spanish sheep
breeds. The shifting adopted by sheep farmers has an effective contribution and dangerous
consequences for the genetic erosion both of BB and WTT breeds.
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Figure 7. unrooted Neighbor joining phylogenetic tree of Tunisian and Spanish sheep breeds.
Unrooted individual tree of Spanish sheep breeds at the top right and unrooted of the three Tunisian
meat sheep breeds at the top left. The three trees are drawn based on 17 microsatellites markers
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Figure 8. Discriminant analysis of principal components (DAPC) scatterplots and membership
probabilities on 17 and 22 microsatellite genotype data (A and B, respectively). of Tunisian meat
sheep breeds.
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Figure 9. Discriminant analysis of principal components (DAPC) scatterplots and membership
probabilities on 17 and 22 microsatellite genotype data (A and B, respectively). of Spanich sheep
breeds
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Figure 10. Discriminant analysis of principal components (DAPC) scatterplots and membership
probabilities on 17 and 22 microsatellite genotype data (A and B, respectively). of Spanich and
Tunisian sheep breeds

Conclusion

In our work, 22 microsatellite loci and several methods implemented in different programs were
used to calculate the rate of assignment of individuals in each of the three ovine breeds (BB, WTT
and BT) raised in Tunisia for meat production. The seventeen most powerful markers were chosen
using WHICHLOCI and GENECLASS2 programs and used for running WHICHRUN and
GENECLASS2. FLOCK software, which was more efficient with 22 microsatellites, appeared the
most powerful program in showing a real picture regarding what happened in different studied sheep
breeds of Tunisia. The most important crossing was between BB and WTT resulting in the highest
level of misassignment in these breeds, whereas, the BT breed revealed the highest rate of
assignment of individuals. All used programs indicated the unfitness of microsatellite markers in
the traceability analysis of our sheep breeds. Other genetic markers, especially SNPs,should be
studied to assess their fitness as regards the assignment of muttons in their breeds of origin with a
high level of inbreeding and genetic admixture.
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