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The Selle Français (SF) breed originated from native France horses crossed with Thoroughbreds, Arabs, 
Anglo-Arabs and French Trotters, which allowed for individuals to be obtained with excellent predispo-
sitions and a versatile usage for equestrian sports. The performance of the SF horse is widely accepted 
in the fields of show jumping and eventing; however, they have successfully started to compete in other 
areas such as dressage, vaulting, carriage driving and TREC competitions. To date, information about the 
genetic structure of the SF breed has been very limited. In the present report, Sanger sequencing was ap-
plied to analyse the whole D-loop of mitochondrial DNA of 98 samples representing Selle Français horses 
originating from two populations: Algerian (n=47) and French (n=51). The result obtained showed the 
presence of 19 SNPs, which allowed us to divide the samples into 41 haplotypes (OR909723-OR909773). 
A higher number of haplotypes was detected in the Algerian population (n=24) compared to the French 
population (n=14), but both populations did not represent unique clusters and showed a high degree of ge-
netic similarities. The result showed that the identified haplotypes of the SF belonged to four clades: L, A, 
B and G. The present report gives strong evidence that the Selle Français breed has been established based 
on a great influence of the Thoroughbred, whose close connection is more visible in the French popula-
tion. The haplogroup assignment to L clades proved that the SF breed has European origin as ancestral 
haplogroup L was assigned to West and South Europe while A to West Asia and G and B to Middle East. 
Our results show SF as an example of a contemporary breed of sport horses with European roots further 
influenced by local breeds.
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Warmblood horses are bred mostly for competition 
in Olympic disciplines such as dressage, showjump-
ing and eventing. The breeding goal for major mod-
ern warmblood horse organisations is to produce 
healthy high-performance animals that are able to 
compete at the Grand Prix level. Several locally-
raised breeds have been refined by a strict selection 
of performance characteristics, in response to the de-
mands of sports competition. 

The first mention of the Selle Français as a breed 
origin come from the 19th century when in north-
ern France, some native mares were bred with  the 
Norfolk Trotter or to an advantage with Thorough-
bred stallions (Collectif 2006). Until the middle of 
the 20th century, these half-blood French horses were 
used for light fieldwork and as saddle horses, and 
were maintained throughout the country. An impor-
tant moment in SF breeding – the establishment of the 

© Institute of Systematics and Evolution of Animals, PAS, Kraków, 2024
Open Access article distributed under the terms of the Creative Commons Attribution License (CC-BY)
http://creativecommons.org/licences/by/4.0 

OPEN  ACCESS

Original article

mailto:katarzyna.ropka@iz.edu.pl
https://orcid.org/0000-0002-8555-0495
https://orcid.org/ 0000-0002-9325-7889
https://orcid.org/0000-0002-4194-9402
https://orcid.org/0000-0003-1365-4479
https://orcid.org/ 0000-0002-2414-4485
https://orcid.org/0000-0003-4158-771X
https://orcid.org/0000-0002-4368-9624


Algerian. The presence of new mitochondrial haplo-
types described in the SF horses compared to breeds 
involved in the founding of the SF breed can confirm 
the involvement of individual breeds (taking into ac-
count the geographical region). Moreover, the use of 
DNA variability can shed new light on the breeding 
practices used since the breed was recognised and 
their compliance with the breeding documentation.

Materials and Methods

This research was approved by the Scientific 
Council of the Faculty of Nature and Life Sciences 
(Report of the Faculty’s Scientific Council #05 dated 
11 November 2020, University of Bejaia, Algeria). 
Concerning the ethical aspects, the experimental 
procedure was performed according to good veteri-
nary practice under farm conditions.

Sampling
A total of 98 samples from SF horses were col-

lected in Europe (French population) (n=51) and in 
Algeria (n=47). Thirty hairs approx. 7 cm long were 
collected from the root of the neck or the tail skin. 
The obtained materials were preserved in an individ-
ually labelled paper envelopes and stored in dry and 
dark conditions at 20°C until the further analysis. 

DNA isolation and genotyping using Sanger 
sequencing
The Sanger Sequencing method was applied to 

identify all SNPs within the whole hypervariable 
mtDNA region. mtDNA sequencing is a powerful 
and sensitive method that allows for the recognition 
of variability in terms of a dam line analysis.

Genomic DNA was extracted from all samples 
using the Sherlock AX kit (A&A Biotechnology, 
Poland), according to the protocol. The quality and 
concentration of the DNA was measured with a Nan-
oDrop 2000 spectrophotometer (Thermo Fisher Sci-
entific, Waltham, MA, USA), and about 150 ng of 
DNA was used for the PCR reaction. 

For the detection of variants, primers covering the 
hypervariable regions (HVR1A; HVR1B; HVR2) 
of the D loop were designed using the Primer3Plus 
program (primer3plus.com), based on the mitochon-
drial reference genome GenBank NC_001640.1 as 
a reference (X79547.1; Xiufeng and Árnason 1994): 
the first amplicon for HVR1A F: AACGTTTCCTC-
CCAAGGACT and R: GTAGTTGGGAGGGTT-
GCTGA (397bp); the second amplion for HVR1B 
F: ACCCCATCCAAGTCAAATCA and R: CAG-
GTGCACTTGTTTCCTATG (461bp); and the third 

French Saddle Horse studbook in 1958 – began the 
period of selection towards refining the breed’s sport 
abilities. The breed’s performance is now widely 
accepted in show jumping and eventing ; however, 
these horses are successfully starting to compete in 
other events such as dressage, vaulting, carriage driving 
and TREC competitions (Techniques de Randonnée 
Équestre de Compétition; www.sellefraincaise.fr). 
The crossing with Thoroughbreds, Arabs, Anglo-Arabs 
and French Trotters allows for individuals to be ob-
tained with excellent predispositions and a versatile 
usage in equestrian sports (L’Agriculture 1966). 
Since the 1995 Studbook, limitations on the entry 
of individuals with at least one SF parent have been 
introduced (Dubois & Ricard 2007). The SF horses 
originated from native France horses, but this breed 
is also valued and maintained in other countries in-
cluding Brazil, Argentina, Morocco and Algeria.

Mitochondrial DNA (mtDNA) has become the 
marker of choice for improving the phylogeny ro-
bustness in genetic characterisation studies (Achilli 
et al. 2012). The mtDNA has a strictly maternal in-
heritance (Hutchison et al. 1974), which means that 
mtDNA haplotypes should be shared by all individ-
uals within a maternal family line. The mtDNA is 
useful for studying the evolution of closely-related 
breeds, and many studies have focused on the mito-
chondrial D-loop region – the most variable part of 
mtDNA (Ishida et al. 1994) – due to a higher sub-
stitution rate than in the rest of the mtDNA genome 
(Cann et al. 1984). Furthermore, molecular studies 
have used the mtDNA nucleotide sequence for the 
assessment of horse diversity (Kusza et al. 2013; 
Sziszkosz et al. 2016; Yang et al. 2018; Csizmár 
et al. 2018; Effa et al. 2021; Atsenova et al. 2022) 
and for conservation purposes (Dell et al. 2020; Liu 
et al. 2021).

To date, very few studies have been carried out 
on the genetic diversity within the SF horse breed. 
The genetic relationships among SF horse popula-
tions have not been investigated using the mtDNA 
analysis method. Moreover, most of the studies in 
this field have used a small part of the hypervariable 
region; however, increasing the length of the investi-
gated part affects the robustness the analysis (Achilli 
et al. 2012; Cardinali et al. 2016; Hudson 2017). In 
this report, we present the first molecular characteri-
sation of SF horses based on a mtDNA sequence, to 
show the genetic diversity and origin of this breed 
and to verify the obtained results in terms of the 
historical origin of the breed. Based on sequences 
of the entire mtDNA control region, the presented 
study indicates the differences in the genetic diver-
sity structure between two populations – French and 
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PP795373-PP795377), and Barb horses (n=5; 
PP795363-PP795367) from Algeria were sequenced 
according to the procedure described in the section 
above. These samples were also used during clustering 
to show the breeds potentially involved in the SF breed’s 
establishment.

The SNPs found in two populations of SF horses 
were analysed using phylogenetic methods. A neigh-
bour-joining tree demonstrating the diversity of the 
studied mitochondrial DNA segments was created 
with Mega 11 software (Tamura et al. 2021) and 
iTOL 6.8.1 (Letunic & Bork 2021), with an imple-
mented  Maximum Likelihood. To visualise the con-
nections between all the SF mitochondrial DNA hap-
lotypes, the median-joining network (Bandelt et al. 
1999) was constructed in the PopART phylogenetic 
software (http://www.popart.otago.ac.nz, accessed 
January 2024).

Results and Discussion

In the present report, the Sanger sequencing of all 
the 98 samples representing Selle Français horses 
showed the presence of 19 SNPs, which allowed us 
to divide the samples into 41 haplotypes (Table 1). 
The new SF haplotypes were submitted to GenBank 
and received the accession numbers OR909723-
OR909773 (Table 1). The distribution of the number 
of horses in individual haplotypes indicates the over-
representation of some of them (from 4 to 6 horses 
per haplotype) (Table 1). A higher number of haplo-
types was detected in the Algerian population (n=24) 
compared to the French population (n=14)(Table 1) 
(Figure 1). What is interesting is that only 3 hap-
lotypes (OR909730; OR909749; OR909763) were 
common for both populations, and represented a to-
tal of 11 individuals. The neighbour-joining cluster-
ing method did not show a unique block for any of 
the populations. We observed partial clustering with-
in the populations in separated blocks, as well as the 
mixed clustering for the rest of the horse’s origins in 
both Algeria and France (Figure 1). 

In the nineteenth century, with the increased popu-
larity in the breeding of Thoroughbred (TB) horses, 
the first breed selected only for racing, and the use 
of the TB in cross-breeding, local mares were the 
basis of most saddle horse breeding in Europe, with 
the Selle Français (SF) being no exception (Lan-
glois and Hernu 2003). In the stages of creating the 
breed, half-blood horses played a key role, in par-
ticular: Norman half-bloods (area of Caen), Vendée 
half-bloods (area of La Roche sur Yon) and Cen-
tre half-bloods (area of Cluny). In 1958, the three 

amplicon for HVR2 F: ACCTACCCGCGCAGTAA-
GCAA and R: ACGGGGGAAGAAGGGTTGACA 
(304bp). The amplicons overlapped to fully cover 
the entire sequence of interest.

Furthermore, the primers were designed to avoid 
amplification of the NUMTs (Nuclear Mitochondrial 
DNA) (Nergadze et al. 2010). The PCR reaction was 
performed with an AmpliTaq Gold 360 Master Mix 
(Life Technologies California, USA) and an anneal-
ing temperature of 56°C, using the Veriti Thermal 
Cycler (Life Technologies California, USA). The PCR 
reactions were performed according to the protocol 
and the PCR profile was as follows: 95°C – 10 min; 
(95°C–30  s, 56°C–30  s; 72°C–30  s) for 35 cycles; 
and 72°C – 7 min. The PCR mixture included: 5 µl 
of 2x AmpliTaq Gold 360 Master Mix; 1.2 µl of 360 
GC Enhance; 0.5 µl of 10 pmol primers mix; 3.3 µl 
nuclease-free water; and about 150 ng of isolated 
DNA. The obtained PCR product was purified from 
free nucleotides and primers using EPPiC (A&A Bi-
otechnology) and was then prepared for sequencing 
using the BigDye™ Terminator v3.1 Cycle Sequenc-
ing Kit (Life Technologies California, USA). The 
reactions were performed according to the protocol 
and the PCR profile was as follows: 96°C – 1 min; 
(96°C for 10  s, 50°C for 5  s; 60°C for 4  min) for 
25 cycles (Veriti Thermal Cycler; Life Technologies 
California, USA). The reaction mixture included 
4  µl of BigDye™ Terminator 3.1 Ready Reaction 
Mix; 1 µl of 10 pmol primer; 4 µl of nuclease-free 
water; and 1 µl of purified PCR product. Next, the 
products were purified using the BigDye XTermina-
tor Purification Kit (ThermoFisher Scientific). Ac-
cording to the protocol, sequencing was performed 
using a Genetic Analyser 3500x1 capillary sequencer 
and was analysed using GeneMapper® Software 
(Applied Biosystems). 

To check the quality of the sequencing, the obtained 
reads were compared using the BLAST algorithm 
(https://blast.ncbi.nlm.nih.gov). The sequences were 
read using FinchTV 1.3.0 (Geospiza Inc. 2004-2005) 
and were compared with a horse mitochondrial ref-
erence genome (GenBank NC_001640.1; X79547.1) 
using MEGA software.

Statistical analysis of the genetic diversity and 
phylogenetic reconstruction
As a background of the breeds potentially related to 

SF, the following sequences from GenBank were 
used: Thoroughbreds (KT221835.1; KT221840.1; 
KT221841.1; KT221833.1; KT221843.1; KT221830.1) 
and Arabian (JN398448.1). Moreover, the samples of 
different haplotypes of Arabian horses from Algeria 
(n=5; PP795368-PP795372) and Europe (n=5; 
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Haplotype  
(GenBank acc. number) HG

No. of 
horses

Population 
Alg./Fr.

15
49

5
15

49
6

15
53

4
15

58
5

15
60

2
15

60
3

15
60

4
15

64
9

15
65

0
15

66
6

15
70

3
15

72
0

15
87

0
15

87
1

15
96

0
15

97
5

16
54

3
16

55
7_

16
55

8i
n

16
62

9

Ref: C_001640.1 T A C G C T G A A G T G C C C T T – A
OR909724 A 6 6 / 0 C G T ∙ T C ∙ G ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙

OR909728 L 6 6 / 0 C G T ∙ T C ∙ G ∙ ∙ ∙ A T T T ∙ ∙ C G

OR909755 L 5 0 / 5 C G T A T C A G ∙ ∙ ∙ A T T T ∙ ∙ C G

OR909756 A 5 0 / 5 C ∙ ∙ A T ∙ ∙ ∙ G ∙ ∙ A T T T ∙ ∙ ∙ ∙

OR909763 A/B 5 2 / 3 C ∙ ∙ ∙ ∙ ∙ ∙ ∙ G A ∙ A ∙ ∙ ∙ C ∙ ∙ ∙

OR909725 A 4 4 / 0 C G T A T C A G ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙

OR909731 A/L 4 4 / 0 C G T A T C A G ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ C ∙

OR909734 A 4 4 / 0 ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙

OR909754 A 4 0 / 4 C ∙ ∙ A T ∙ ∙ ∙ G ∙ ∙ A ∙ ∙ ∙ C ∙ ∙ ∙

OR909760 L 4 0 / 4 C G T A ∙ C ∙ G ∙ ∙ ∙ A T T T ∙ ∙ C G

OR909730 A/B 3 2 / 1 C ∙ ∙ ∙ ∙ ∙ ∙ ∙ G A ∙ A ∙ ∙ ∙ C ∙ C ∙

OR909749 A 3 2 / 1 C ∙ ∙ A ∙ ∙ ∙ ∙ G A ∙ A ∙ ∙ ∙ C ∙ ∙ ∙

OR909765 A/L 3 0 / 3 C G T ∙ T C ∙ G ∙ ∙ ∙ A ∙ T T ∙ ∙ C G

OR909723 A 2 2 / 0 C ∙ ∙ A T ∙ ∙ ∙ G ∙ ∙ A T ∙ ∙ C ∙ ∙ ∙

OR909726 A 2 2 / 0 C G T A T C ∙ G ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙

OR909727 A 2 2 / 0 C ∙ ∙ A T ∙ ∙ ∙ G ∙ ∙ A ∙ ∙ ∙ ∙ ∙ ∙ ∙

OR909729 L 2 2 / 0 C G T A T C ∙ G ∙ ∙ ∙ A T T T ∙ ∙ C G

OR909732 A 2 2 / 0 C G T ∙ T C ∙ G ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ C ∙

OR909733 A 2 2 / 0 C ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙

OR909735 A 2 2 / 0 C ∙ ∙ ∙ T ∙ A ∙ ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ C ∙

OR909736 A 2 2 / 0 C G T A ∙ C ∙ G ∙ ∙ ∙ A ∙ ∙ ∙ ∙ ∙ C ∙

OR909739 A 2 2 / 0 C ∙ ∙ ∙ ∙ ∙ ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ C ∙ C ∙

OR909747 A 2 0 / 2 ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ R ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙

OR909753 L 2 0 / 2 C G T ∙ T C A G ∙ ∙ ∙ A T T T ∙ ∙ C G

OR909757 G 2 0 / 2 C ∙ ∙ ∙ T ∙ ∙ ∙ G A C A T T ∙ C ∙ ∙ ∙

OR909766 A 2 0 / 2 C ∙ ∙ A T ∙ ∙ ∙ G A ∙ A T ∙ ∙ ∙ ∙ ∙ ∙

OR909767 A 2 0 / 2 C ∙ ∙ A T ∙ ∙ ∙ G ∙ ∙ A ∙ T T ∙ ∙ ∙ ∙

OR909746 A 1 0 / 1 ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ G ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙

OR909750 A 1 0 / 1 C ∙ ∙ A T ∙ ∙ ∙ G ∙ ∙ A ∙ ∙ ∙ C A ∙ G

OR909752 A 1 0 / 1 C ∙ ∙ ∙ T ∙ ∙ ∙ G ∙ ∙ A ∙ ∙ ∙ C ∙ ∙ ∙

OR909758 A 1 0 / 1 C ∙ ∙ ∙ T ∙ ∙ ∙ G ∙ ∙ A T ∙ T C ∙ ∙ ∙

OR909759 A 1 0 / 1 C ∙ ∙ ∙ ∙ ∙ ∙ ∙ R ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙

OR909761 A 1 0 / 1 C ∙ ∙ ∙ T ∙ ∙ ∙ G ∙ ∙ A T T T ∙ ∙ ∙ ∙

OR909762 A 1 0 / 1 C ∙ ∙ A T ∙ ∙ ∙ R ∙ ∙ A T T T ∙ A ∙ G

OR909764 A 1 0 / 1 C ∙ ∙ A T ∙ ∙ ∙ G A ∙ A ∙ ∙ ∙ C ∙ ∙ ∙

OR909768 A 1 0 / 1 C ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙ A ∙ ∙ ∙ C A ∙ G

OR909769 A 1 0 / 1 C ∙ ∙ ∙ T ∙ ∙ ∙ ∙ A C A T ∙ ∙ C ∙ ∙ ∙

OR909770 A 1 0 / 1 C ∙ ∙ ∙ T ∙ ∙ ∙ ∙ ∙ ∙ A T ∙ T C A ∙ G

OR909771 A 1 0 / 1 ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ ∙ C ∙ ∙ ∙

OR909772 A 1 0 / 1 C ∙ ∙ ∙ T ∙ ∙ ∙ G A C A T ∙ ∙ C ∙ ∙ ∙

OR909773 A 1 0 / 1 C ∙ ∙ A T ∙ ∙ ∙ G A C A T ∙ ∙ C ∙ ∙ ∙
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Table 1

SNPs and haplotypes identified in both the Algerian and French populations (HG – haplogroups 
according to Achilli et al. 2021)



with at least one SF parent to be admitted (Dubois & 
Ricard 2007).

To date, information about the genetic structure of 
the SF breed has been very limited. Due to the open 
stud book, there is a requirement to monitor the ge-
netic diversity and the involvement of other breeds, 
as well as to identify the founders’ origins. In turn, 
the usage of mtDNA variability can help to identify 

half-bred clades were grouped, together with the 
half-bred Anglo-Arabs of the South-West, under the 
name Selle-Français. This led to the classic French 
breed’s entry into the highest level of sports compe-
tition as the Selle Français (SF), also known as the 
Cheval de Selle Français, meaning ‘French Saddle 
Horse’ (www.fei.org). The studbook of SF horses es-
tablished in 1958 is still open and allows for horses 

Fig. 1. Median-joining network of the identified SF haplotypes with the Thoroughbred (KT221835.1; KT221840.1; KT221841.1; 
KT221833.1; KT221843.1; KT221830.1), Arabian (JN398448.1), Arabian horses from Algeria (2-6) and Europe (1, 7-10) and Barb 
horses (1-6), and Equus caballus (NC_001640). The yellow background includes haplotypes represented by the French population, 
while the red background includes haplotypes represented by the Algerian population. The size of the nodes corresponds to the num-
ber of samples, while the strokes on the branches correspond to the number of polymorphisms. The network was constructed with the 
PopART phylogenetic software.
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research, the SF mtDNA data obtained in the present 
study should be used together with STR profiling as 
a comprehensive approach, to give a full view of the 
genetic diversity of geographically-separated popu-
lations as well as the whole breed.

The profiling of the whole D-loop of mtDNA of 
the Selle Français horses indicated a strong relation-
ship between both of the analysed populations. The 
Algerian and French populations did not represent 
unique clusters and showed a high degree of genetic 
similarities, which may have resulted from the com-
mon geographical origin of both populations. As one 
of the analyses performed, the obtained mtDNA SF 
haplotypes were compared to the generally known 
and recognised haplotypes according to the Achilli 
et al. (2012) nomenclature and classification. The 
result indicated that the identified haplotypes of 
the SF breed belong to four clades: L (JN398422.1, 
JN398423.1, JN398424.1, JN398425.1, JN398427.1); 
A (JN398377.2, JN398378.1, JN398384.1, JN398385.1); 
B (JN398391.1); and G (JN398412.1) (Figure 1). 
A majority of the identified horses represented hap-
logroups A and L (Figure 2), with no apparent sig-
nificant difference in this share between populations 
(Table 1). The haplogroup G was detected in only 
two horses representing the French population. 

Due to the geographic distribution of mtDNA hap-
logroups established by (Ma et al. 2018), the L hap-
logroup is mainly characteristic of European horses, 
B describes the horses originating from West Asia, 
while the A and G haplogroups occur in the highest 
frequencies in the East Asia region.  In turn, accord-
ing to Achilli et al. (2012), both the G and B hap-
logroups – representing the exact JN398412.1 and 
JN398391.1 reference sequences, respectively – were 
assigned to Arabian horses and to an unspecified 
Syrian Breed from the Middle East. Moreover, the 
identified haplotypes assigned to the L haplogroups 
(JN398425.1, JN398427.1) were detected previous-
ly in some horses from South Europe, such as Ital-
ian the Breed and Maremmano (Achilli et al. 2012), 
which can indicate the involvement of the above in 
the SF breed creation. The comprehensive study of 
the dam line origins of the TB breed showed that the 
founder haplotypes belong to, among others, the L, 
A and G haplogroups (Hill et al. 2002). Moreover, 
an analogous approach used for an Arabian mater-
nal phylogenetic analysis showed the presence of all 
the haplogroups observed in SF horses – A, L and G 
(Khanshour & Cothran 2013). Such an assignment 
can also confirm the predominant role of both breeds 
in the Selle Français formation and indicates multi-
ple origins of the founder mares. 

the dam line structure in Selle Français populations 
coming from different geographical regions, which 
was the aim of the present study. A greater diversity 
was observed in the Algerian population for which 
27 haplotypes were detected (24 were unique only 
to this population). As we show in Figure 1, some 
of the SF horses from the Algerian population were 
clustered closely to the Arabian mtDNA sequence, 
which may indicate the predominance of Arabian 
horse crosses in this region. Moreover, the analysis 
of the additional samples representing Barb horses 
(Algerian origin) and Arabian horses from Algeria 
and Europe shows that the SF horses from the Al-
geria region clustered in the vicinity of the Arabian 
and Barb horses from this exact region (Arabian 2-6) 
(Figure 1). Part of the Selle Français horses from 
two populations were grouped close to the Arabian 
horses from Europe (Arabian horses 7-10), which 
can confirm the common origin and the proximity 
of both populations. In turn, part of the French pop-
ulation (as well as two haplotypes from Algeria – 
SDF_728 and SF_729) were clustered near the Thor-
oughbred, which follows the historic origin of the 
SF breed and can be explained by general historical 
trends in the TB’s expansion within Europe (Yoon 
et al. 2018) and a pedigree data analysis performed 
for the French population (Pirault et al. 2013). The 
obtained results also confirm the share of the same 
TB crossing with the Algerian population. In a study 
concerning the genetic structure of horses represent-
ing French populations based on genealogical data, 
a predominant share of TB horses was indicated in 
the Selle Français origins. The authors estimated that 
the TB constituted 46.7% of the SF founder origins, 
while in total, French founders for the SF breed ac-
counted for 92.9% (Pirault et al. 2013). Moreover, 
French Trotters, Arabs and Anglo-Arabs accounted 
for 4.1%, 2.5% and 2.7%, respectively of the founder 
origins for the French population of SF horses (Pirault 
et al. 2013). The participation of other breeds and 
saddle horses in the SF origins was estimated to be 
11.2% (Pirault et al. 2013).

The clustering of the French population of Selle 
Français horses in the vicinity of TB horses based on 
the mtDNA sequence can be supported by previous 
reports using microsatellite loci (Leroy et al. 2009). 
STR profiling was applied to investigate 34 popula-
tions of French horse breeds and showed a 98% sim-
ilarity between SF and French TB horses. Moreover, 
the SF was clustered within the warm-blooded breed 
group, and after pair testing, this breed showed no 
significant differences between TB and Anglo-Arab 
breeds (Leroy et al. 2009). The study by Kusza et al. 
(2013) indicated that mtDNA results combined with 
genome variability estimated by STR loci polymor-
phisms can be an excellent tool for showing the ge-
netic structure of horse breeds. At the next stage of 
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Fig. 2. The neighbour-joining radiation tree of 98 SF mtDNA sequences belonging to two populations – French (orange dots) and 
Algerian (blue dots) – with reference sequences of the Arabian (JN398448.1), Thoroughbred (KT221835.1) and Equus caballus 
(NC_001640; marked as a black square). The yellow background includes individuals belonging to the L haplotype, according to 
Achilli et al. (2012); the red background includes individuals belonging to the A haplotype; the green – G; the orange – A/L; and pink 
– A/B. The tree was created with Mega 11 software.
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