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Highlights
e Pedigree data of the racing line Quarter Horse since 1747.
¢ Failures in the breeding and conservation programs of the racing line.
e Loss of genetic diversity and concentration in a reduced number of ancestors.
e Provided the names of the most influent ancestors.

e The results allow guidelines for breeders of the racing line Quarter Horse.
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Abstract — The aims of this study were to evaluate the genetic diversity of the
racing line Quarter Horse breed in Brazil and to provide data on the most influential
ancestors by pedigree analysis. All horses that had participated in sprint races in
Brazil between 1978 and 2016 were evaluated. There were 5,861 athletes horses
(2,474 males and 3,387 females) born between 1971 and 2014. These animals were
referred to as the racing population (Pr), which was divided into three subpopulations
to evaluate three complete decades (84.5% of Pr). These subpopulations consisted
of 1,712, 1,604 and 1,461 animals born in the 1980s (sP80), 1990s (sP90) and
2000s (sP00), respectively. The quality of the pedigree was assessed based on the
number of complete equivalent generation traced. There were 5.4 (Pr), 4.7 (sP80),
5.7 (sP90) and 6.3 (sP00) generations, which permitted accuracy of the conclusions
reported. The generation intervals were long, with 13.2 (sire-son/daughter) and 10.6
(dams-son/daughter) years (Pr). The coefficients of inbreeding and average
relatedness were 0.95% and 1.84% for Pr and 1.60% and 2.56% for sPOO,
respectively. In Pr and sPO0O, the effective population size (Ne) based on AFi was 215
and 144, respectively, with 68 and 41 animals per generation. The probability of gene
origin given by the effective number of founders (f¢), ancestors (f;) and founder
genome equivalents (fge) was 192, 61 and 34, respectively, for Pr, with considerable
losses of genetic diversity over the last decades evaluated. The number of ancestors
(founders or not) that explained the total genetic diversity was 1,587. This number is
considered high; however, only 32 and 9 ancestors explained 50% of the genetic
diversity of Pr and sPOO, respectively. The 10 most influential ancestors of sP00
explained 52.2% of the total genetic diversity. The loss of genetic diversity and
concentration in a reduced number of breeding animals indicate failures in the
breeding and conservation programs of the racing line. Mating designs in conjunction
with the selection of breeding animals should be promoted and goals should be
defined for racing line of the Quarter Horse breed in Brazil.

Keywords: effective population size; generation interval; inbreeding; pedigree chart
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1. Introduction

Quarter Horses (QH) are the fastest horses in the world in short-distance
races (Nielsen et al., 2006) and the most versatile (Petersen et al., 2014). In addition,
this breed represents the largest population of registered horses in Brazil (514,316
animals) (ABQM, 2019) and in the world (2,906,070 animals) (AQHA, 2015). The QH
breed comprises three groups (lines) of genetically distinct animals (Petersen et al.,
2014), which are defined based on their performance: stock horses (working
livestock and Western competitions), halter/pleasure horses, and racing horses.

Studies evaluating the genetic diversity and most influential ancestors of all
animals of the QH breed (considering the three lines) based on genealogical data
were conducted in the United States (Tunnell et al., 1983) and Brazil (Faria et al.,
2018a). However, no emphasis was given considering each line separately, as
reported by Marchiori et al. (2019) and Petersen et al. (2014).

The first official sprint races involving QH animals were carried out in 1941 in
the United States and in 1978 in Brazil. The total prize money distributed from 1978
to 2016 in Brazil was US$43,887,504.9, with an average prize money per
animal/racing of US$13,976.9 (values updated in June 2019) (Faria and Silva, 2019).
These values are expressive and indicate a profitable horse industry.

The monitoring and evaluation of genetic diversity (Maignel et al., 1996) and of
most influential ancestors (Boichard et al.,, 1997) permit to design and develop
genetic breeding programs for athletes horses aimed at preserving genetic diversity.
Studies that evaluate the population structure and identify it’s important ancestors
considering only the racing line of the QH breed are not available but are important.

The aims of this study were to evaluate the evolution of genetic diversity over
time in the racing line of the QH breed in Brazil and to describe its most influential

ancestors.

2. Material and Methods
2.1. Animals, (sub)populations, pedigree quality and generation interval

The pedigree database of the racing QH line was provided by the Sorocaba
Jockey Club (JCS) representing 61.6% of the total of pedigree information (5.861

athletic horses and their ancestors - 624 sires and 2.550 dams) and from Brazilian
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Quarter Horse Breeders Association (ABQM) with 35.9% of the total of pedigree
(4.066 ancestors).

Ancestors of animals not known in the file that were needed to increase the
quality of the pedigree were added. The data of the 324 ancestors (2.8% total of
pedigree) were obtained from the internet: Pedigree Online's All Breed Database
(www.allbreedpedigree.com). The database contained information about the name of
the animal, sire, dam, sex and date of birth. From the 5,861 athletes horses with
racing records in Brazil (racing population, Pr) born between 1971 and 2014, the
pedigree file was constructed with the ascendants and included 11,425 animals born
since 1747.

Using the Pr file (5,861 animals), three subpopulations (total of 4,777 animals)
representing the following decades were evaluated: 1930-1989 (sP80), 1990-1999
(sP90) and 2000-2009 (sP00), with 1,712, 1,604 and 1,461 animals, respectively.
The subpopulations allow the analysis of animals that contributed or may have
contribute to subsequent generations (Siderits et al., 2013).

The quality of the pedigree is represented by the mean number of complete
equivalent generation traced (EG) and was calculated as described by Maignel et al.
(1996). The generation interval (Gl) was calculated considering the birth of parents
when their offspring reproduced (James, 1972) for two different paths: sire-

son/daughter and dam-son/daughter.

2.2. Genetic diversity
2.2.1. Inbreeding parameters

The individual inbreeding coefficient (F) was calculated according to
Meuwissen and Luo (1992) and the individual average coefficient of relatedness (AR)
was obtained as described by Gutiérrez and Goyache (2005). The individual increase
in inbreeding (AF;) was calculated according to Gonzéalez-Recio et al. (2007) and the
effective population size (N¢) based on AF; was estimated as proposed by (Gutiérrez
et al., 2009). The latter parameter was used to calculate genetic drift. Additionally, Ne
was calculated based on the increase in inbreeding per generation (Gutiérrez et al.,
2008).
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The genetic structure of Pr and of the subpopulations was evaluated using
Wright's F statistics (Wright, 1965), calculated as described by Caballero and Toro
(2000, 2002), which allows the evaluation of differences between the generated files.
The individual inbreeding coefficient in relation to the total population (F), the
average inbreeding coefficient of the subpopulation in relation to the total population
(Fst), and the inbreeding coefficient of the individual in relation to the subpopulation

(Fis) were calculated.

2.2.2. Number of founders, probability of gene origin and genetic drift

Ancestors with no known parent are considered as founders, indicated by
number of founders (N). The probability of gene origin was evaluated based on the
effective number of founders (f.) as described by Lacy (1989), effective nhumber of
ancestors (fa) according to Boichard et al. (1997), and effective number of founder
genome equivalents (fge) calculated according to Caballero and Toro (2000).

Genetic drift is defined as a random change in the allele frequencies of the
population, which occurs at a rapid pace when the population undergoes a drastic
reduction in its effective size (Frankham, 1996). The unequal contribution of ancestral
founders, the presence of a bottleneck effect and the loss of founder alleles among
generations in the populations are observed when the fo/N; (number of founders), fe/f,

and fye/fe ratios, respectively, are different and distant from 1 (Boichard et al., 1997).

2.2.3. Genetic contributions of most influential ancestors and pedigree chart

The most influential ancestors (founders or not) that explained the total genetic
diversity of the populations and their cumulative marginal genetic contributions were
calculated as described by Boichard et al. (1997). The data of the 10 most influential
ancestors of Pr and sPOO are reported, as well as their cumulative marginal genetic
contributions. The pedigree chart of the most influential ancestors was constructed to
allow visual observation of the relationship between animals.

The SPSS25 (IBM, 2017) and PedGraph (Garbe and Da, 2008) programs
were used for data preparation, statistical analysis of the pedigree, and construction
of the pedigree chart. The genetic structure parameters were obtained with the
ENDOG v4.8 program (Gutiérrez and Goyache 2005).
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3. Results
3.1. Animals, (sub)populations, pedigree quality and generation interval

The number of horses registered in official races in Brazil decreased in the last
decades by 6.3% and 8.9% from sP80 to sP90 and from sP90 to sP00, respectively
(Table 1). The distribution by sex indicates a higher percentage of females, but this
number tended to decrease in the last three decades (Table 1).

A number of EG larger than five indicates the quality of the pedigree
information. In this study, the largest number (6.3 generations) was observed in the
last generation (sP00). The Gls were long, > 10 years for both paths evaluated (sire-
son/daughter and dam-son/daughter). There was a decrease in the Gl in sP90, while
a Gl longer than the overall mean was observed in sSP00. Mares had shorter Gls than
stallions (Table 1).

3.2. Genetic diversity
3.2.1. Inbreeding parameters

The F coefficient increased in the last decades, with a higher overall mean in
sP00. The same trend was observed for AR and AFi (Table 1). The difference
between the values of these parameters considering all animals evaluated and only
the animals with inbreeding coefficient different from zero (F#0) was small (< 1%).
The number of animals with F#0 increased considerably in the last two decades
studied, from 36.6% in the 1980s (sP80) to 70.4% in sP90 and 88.8% in the last
decade (sP00). However, the level of inbreeding remained low (Table 1).

The N values calculated based on AFi were higher than the Ne per generation
(Table 1). The highest value was observed in sP80 and the lowest in sP0O0. The N¢
per generation in sSPO0 was lower than the limit recommended by the FAO/ONU
(FAO, 1998). Analysis of genetic differences using Wright's F statistics provided
negative values for Fis and Fr, with the Fi values being close to zero. The Fsr

values were positive and the same in all subpopulations (Table 1).

3.2.2. Number of founders, probability of gene origin and genetic drift
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The N; was high in Pr, with the observation of considerable loss over the last
three decades. The probabilities of gene origin given by fe, f, and fge also decreased.
The lowest values were observed in sP0OO (Table 2).

The genetic drift calculated from the probabilities of gene origin and N; using
the fo/Ny, faffe and fgeffe ratios provided results distant from 1 (ideal value). Values

close to unity were observed in sP80 (Table 2).

3.2.3. Genetic contributions of the most influential ancestors and pedigree
chart

The number of ancestors (founders or not) explaining total genetic diversity
(100%) in the Pr, sP80, sP90 and sPO0 racing groups corresponded to 69.9%,
50.1%, 46.4% and 42.0% of total N;, respectively (Table 2 and 3). In the last decade
(sP00), with only 1.9% of the ancestors explained 50% of the genetic diversity of
racing line QH in Brazil (Table 3). The cumuiative marginal genetic contributions of
the 10 most influential ancestors (Pr) were high (Table 3) and increased considerably
in the last decade evaluated (sP00). Of the 10 ancestors that most influence the total
genetics of QH racehorses in Brazil, only 4 and 8 ancestors (Table 3) appeared in
the 1980-89 (sP80) and 1990-99 (sP90) decades. Two changes were observed
among the 10 most influential ancestors of sPO0 compared to Pr, with the entry of
Apollo VM and Little Smoothie and exit of Top Deck and Lady's Moon (two ancestors
who have decreased their contributions over the decades). The three most influential
ancestors increased their genetic contribution by 4.06% (Dash for Cash), 2.92%
(Easy Jet), and 2.79% (Beduino) in sP00, when compared with Pr (Table 3).

Evaluating the Thoroughbred or Thoroughbred half-blooded ancestors,
included in the 10 main ancestors of the breed (Table 3), we observed that the
marginal genetic contributions increased 6.49% from sP80 to sP90 and 1.62% from
sP90 to sPOO.

The total number of offspring of the 10 most influential ancestors was 1,125
animals (Table 3). In this group, 75.9% were athletes sprint racing horse in Brazil,
progeny of the following ancestors (number of athletes offspring): Signed to Fly
(342), Apollo VM (178), Blazen Bryan (156), Lady’s Moon (136), Streakin Six (20),
Dash for Cash (9), Easy Jet (3) and Little Smoothie (1). The average pedigree quality
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(EG) of the most influential ancestors was 5.0 generations (Table 3), ranging from
3.5 to 6.1 generations. The lowest numbers of EG and the only ones < 5.0
generations were observed for the three Thoroughbred animals (Three Bars,
Beduino, and Top Deck).

Analysis of the relatedness coefficients between the 10 most influential
ancestors of Pr and the 10 ancestors of sP0OO identified 12 ancestors (8 of them
being the same animals in Pr and sP00). Of the 66 possible individual results of AR
among the 12 ancestors, 25 AR coefficients were higher than 5.0%, with a maximum
value of 31.35% (Table 4).

Creation of a pedigree chart (Supplemental Figure S1) permitted to verify the
relationship of the most influential ancestors of Pr and sPOO (Table 4). The
description including only additional 39 ancestors (Supplemental Figure S1),
offspring that became breeding animals, demonstrates the genetic link between the

most influential ancestors.

4. Discussion
4.1. Animals, (sub)populations, pedigree quality and generation interval

A higher percentage of females in the races has also been described for
Thoroughbreds (Mota et al., 1998; Mota et al., 2005) and Arabian horses (Ekiz and
Kocak, 2005), as well as for the QH breed (Buttram et al., 1988; Corréa e Mota,
2007; Silva et al.; 2014). A smaller number of males with race records is not the
result of a smaller number of births but is rather due to the fact that not all males born
are registered and perform racing activities. This choice of breeders is related to the
less permissible selection criteria of future stallions, when compared to females. In
females, the lack of selection criteria and the need of more females for reproduction
favors registration, in addition to the use of females as embryo recipients, an activity
performed in Brazil since 1987 (Fleury et al., 1989). The higher percentage of males
in sPOO0 is possibly the result of online registration and subsequent submission of the
confirmation of paternity, reducing costs.

The pedigree quality data (EG) showed good values (Table 1), ensuring the
accuracy of the present results. Studies in the literature reported smaller numbers of

EG for the Mangalarga Marchador and Crioulo breeds of 2.38 (Baena et al., 2020)
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and 3.51 (Maciel et al., 2014), respectively. On the other hand, a similar number of
EG was obtained for purebred Lusitano and Maremmano of 5.7 generations for both
breeds (Faria et al., 2018b; Giontella et al., 2019). Higher numbers of EG were
reported for the Old Kladruber and Lipizzan breeds, with 15.1 (Vostra-Vydrova et al.,
2016) and 10.3 generations (Pjontek et al., 2012), respectively. The quality of the
pedigree is important for determination of the results since it influences the effect of
inbreeding depression, genetic bottlenecks, and genetic diversity. The data quality of
the pedigree should be improved on the part of ABQM and the ancestors that exist
knowledge on the part of AQHA should be inserted.

Long Gls are common in horses. For the QH breed, Gls of 10.5 years (all
animals) and 9.9 years (racing line) were reported in the United States (Petersen et
al., 2014) and of 10.8 years (all animals) in Brazil (Faria et al., 2018a). Taveira et al.
(2004) obtained a Gl of 7.1 years for the racing line of Thoroughbred horses. The
long GlI, especially in stallions (Table 1), leads to lower genetic gain. The difference
in Gl between stallions and mares (Table 1), as well as the longer permanence of
males, is due to post-mortem sperm storage. The high standard deviations of Gl
(Table 1) suggest that some breeders use younger animals for reproduction. The Gl
is monitored in breeding programs in an attempt to reduce the interval and to obtain
higher genetic gains. This goal can be achieved by using younger breeding animals

and keeping them for a shorter period of reproduction.

4.2. Genetic diversity
4.2.1. Inbreeding parameters

The values of the inbreeding parameters (Table 1) were low and similar to
those reported in the literature for QH animals. In the United States, Tunnell et al.
(1983) described F coefficients ranging from 1.3% to 2.6% and Petersen et al. (2014)
reported a coefficient of 1.6% as observed here for sP0O. In Brazil, considering all
QH lines, Faria et al. (2018a) reported an F of 1.1% to 1.6% and an AR of 1.0% to
1.2%.

The fact that QH breeders maintain low F and AR coefficients is not due to
intentional control but to the large number of animals. This statement is possible
based on the high percentage of animals with F#0 (88.8% in sP00) and the F
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coefficient has a value greater than half of the AR value (Table 1). The increase in F
and in the number of animals with F#0 in the last generation studied (sP00) suggests
the possibility that all animals within one decade are related, aggravating inbreeding.

In a combined analysis of all QH lines in Brazil, Faria et al. (2018a) found an
Ne based on AFi of 167. Although a similar value was obtained in the present study
(Table 1), a reduction in N was observed in the racing line, indicating a different
genetic structure compared to all QH animals. This finding can be explained by the
transition of different genes in each line, with lower gene flow in the racing population
and consequently lower genetic diversity. This result are in accordance with the
genome study by Marchiori et al. (2019), which reported N, values of 50 and 60 for
two lines, racing and cutting, respectively.

The N. per generation of less than 50 in sPO0 (Table 1) indicates the loss of
genetic diversity. According to the FAO/ONU (FAO, 1998), an N. less than 50
exceeds the minimum limit necessary for avoiding inbreeding depression. Studies on
Italian Heavy Draught (Mancin et al., 2020) and Brazilian Mangalarga Marchador
(Baena et al., 2020), reported N, values of 97 and 1,471, respectively. However,
differences between the population evaluated and other breeds reflect the number of
animals, pedigree data, and probabilities of gene origin. Regular monitoring by
ABQM and its breeders is necessary to avoid increases in the inbreeding parameters
that directly influence N¢, compromising the conservation of genetic diversity.

The negative Fis and Fir values (Table 1) demonstrate the use of inbred
mating considering the pedigree as part of racing animals. The decrease in F;s over
the last three decades confirms the increase in the number of animals with F#0
(Table 1), indicating reduced awareness of breeders. The excessive use of certain
breeding animals is visible considering the small difference between Fst values in the
subpopulations (Table 1), which suggests that genes of common ancestors are
shared among the subpopulations (Cervantes et al., 2008). The lower frequency of
shared genes between animals of sP90 and sPOO indicates a decrease in the
number of breeding animals, mainly because of the intensification of the use of

reproductive biotechnologies.

4.2.2. Number of founders, probability of gene origin and genetic drift
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In the present study, the decreasing values of Ny fe, fa and fge in all
subpopulations (Table 2) indicate the predominant use of certain lineages of
ancestors (founders or not). The difference between N; and f. suggests different
contributions of founders to Pr and to the subpopulations evaluated. The f, values
indicate that the reduced number of ancestors is responsible for a large proportion of
genetic diversity, with marked losses in sPOO (Table 2). The reduced fyg values
indicate a high loss of founder alleles.

The probabilities of gene origin obtained in the present study (Table 2) are
closer to those of the Thoroughbred population (Schubertova et al., 2014), with fe, fa
and fqe of 949, 202 and 67, respectively, compared to the QH population including all
lines (Faria et al., 2018a). For a complete evaluation of the genetic structure (racing
line of the QH breed in Brazil), a genomic study similar to that performed by Petersen
et al. (2014), should be conducted, allowing the identification of similar genetic
regions between the two breeds.

A reduction in the N (Table 1) is seen in the last decades (subpopulations
studied), with an effect on genetic drift and the consequent loss of founder alleles,
reduced genetic variability and unequal contributions of founders (Table 2). A genetic
drift (fo/Nf) similar to the present study was described for Old Kladruber (Vostra-
Vydrova et al., 2016), Turkish Arab (Duru, 2017) and American Shire (Stephens and
Splan, 2013) horses, with values of 0.09, 0.11 and 0.12, respectively. These results
indicate the lack of conservation of genetic origin, with losses of connection and
unequal contributions of founders since a value close to 1 would be ideal. Losses of
founder alleles among generations (fye/fe) were observed in the present study and in
Old Kladruber (Vostra-Vydrova et al., 2016) and QH (Faria et al., 2018a). Genetic
bottleneck effects (fo/fa) were also reported for other breeds such as QH (Faria et al.,
2018a) and American Shire (Stephens and Splan, 2013), indicating the use of a

reduced number of breeding animals.

4.2.3. Genetic contributions of the most influential ancestors and pedigree
chart
Analysis of the cumulative marginal genetic contributions of the most

influential ancestors (Table 2) showed that a small number of animals were
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responsible for the genetic diversity of the racing population. The six most influential
ancestors are Dash for Cash, Easy Jet, Beduino, Three Bars, Signed to Fly and Top
Deck, which were also identified in the study investigating all lines of the breed (Faria
et al., 2018a), indicating their influence on different purposes, i.e., these stallions
apparently transferred their genes to offspring in the different lines of the QH breed.

The ancestors Three Bars and Top Deck appear in the study of Tunnell et al.
(1983) as athletes horses in sprint races and are among the animals with the
greatest contribution to the population. The stallion Dash for Cash appears in the
racing line in the study of Petersen et al. (2014) as being responsible for 6.0% of the
genetic diversity. In the present study, this stallion (Dash for Cash) contributed to
11.0% of genetic diversity in the last decade, indicating concentration of genetic
origins over the 38 years of competitions, in a small group of ancestors, consequently
loss of genetic diversity over the three decades evaluated.

Pure and half-blooded thoroughbred ancestors increased their genetic
contribution over the last decades (Table 3). This increase is understood as a search
by breeders in using stallions with recent origins from the ancestors of the
Thoroughbred. During breeders selection it is common for the pedigree to be the only
selection parameter used by breeders. The fact that certain horses present in their
ancestors, important Thoroughbred breeders in the formation of the current QH
racing animals, being grandchildren, great-grandchildren, cousins or even half-
brothers of horses that achieved good performances in races, is a reason enough to
be selected as breeders. Another possible reason is the search for lighter (less
muscular) and elegant QH horses (greater limb compliance) becoming animals closer
to the racial standard of Thoroughbred horses, due to the genetic increase of
Thoroughbred ancestors. At the same time, breeders keept pure QH animals. It is
possible in this year of 2020, to see in the racetracks pure animals of the QH breed,
horses with a morphology of racial standard closer to Thoroughbred and distant from
the pure QH of the other two strains (stock and halter / pleasure horses).

Although several studies have demonstrated the loss of genetic diversity in the
QH breed (Tunnell et al., 1983; Petersen et al., 2014; Faria et al., 2018a; Marchiori et
al., 2019), including the present study, the large number of animals of the QH breed
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(more than 2 million registered in the United States plus half a million in Brazil and
the remaining around the world) will permit recovery of its genetic diversity.

The pedigree chart (Supplemental Figure S1) generated from the most
influential ancestors (Table 3) ends in the last decade and involves more than 39
breeding animals, demonstrating the relatedness between animals. Thus, the
American Quarter Horse Association, ABQM and other associations should conduct
joint studies designed to identify different founders using desirable selection criteria

for racing.

5. Conclusion

Breeders have little control over Gls, with a consequent small genetic gain in
athletes horses. The loss of genetic diversity and concentration in a reduced number
of breeding animals indicate failures in the breeding and conservation programs of
the racing line. The large number of animals on the North American continent whose
founders differ from those of the Brazilian line suggests a possible solution for
genetic diversity. Mating designs -in conjunction with the selection of breeding
animals should be promoted and goals should be defined for racing line of the QH
breed.
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TABLES
Table 1. Summary statistics of the animals, pedigree quality, generation interval,
Inbreeding parameters (Inbreeding and Average relatedness coefficients, effective
population size and Wright's F statistics) to the total racing population and

subpopulations of the animals QH with performance in sprint races in Brazil (racing

line)
Racing population
Item Total Subpopulation by decade
(Pn) sP80 sP90 sP00
Animals and pedigree quality (n)
Total 5,861 1,712 1,604 1,461
Males 2,472 610 651 693
Female 3,389 1,102 953 768
Complete equivalent generation traced 56+12 4909 57+x08 6.3+x0.9
Generation interval (years)
Sire-son/daughter 132+79 152+9.2 12.6+8.8 151+6.5
Dam-son/daughter 10675 123+83 9.0+x79 114+58
Inbreeding parameters (%)
All animals
Inbreeding coefficient, F 0.95 0.49 0.91 1.60
Average relatedness coefficient, AR 1.84 1.12 2.05 2.56
Individual increase in inbreeding, AFi 0.22 0.13 0.22 0.34
Animals with F # 0
Inbreeding coefficient, F 1.55 1.16 1.29 1.80
Average relatedness coefficient, AR 2.35 1.68 2.28 2.71
Individual increase in inbreeding, AFi 0.36 0.26 0.31 0.38
Effective population size, N, (n)
N, based on AFi 215 369 226 144
N, per generation 68 117 62 41
Wright's F (%)
Fir -0.01 -0.01 -0.01 -0.01
Fis -0.24 -0.08 -0.10 -0.23
Fst 0.23 0.06 0.09 0.22

Pr, total racing population; sP80, subpopulation 1980-1989; sP90, subpopulation 1990-1999; sP0O,
subpopulation 2000-2009; F, inbreeding coefficient; AR, average relatedness -coefficient; AFi,
individual increase in inbreeding; Fy, individual inbreeding coefficient in relation to the total population;
Fis, inbreeding coefficient of the individual in relation to its subpopulation; Fst, average inbreeding of

the subpopulation in relation to the total population.



Journal Pre-proof

Table 2. Summary statistics of the founders, probability of gene origin, genetic drift,
ancestors, and their genetic contributions to the total racing population and

subpopulations of the animals QH with performance in sprint races in Brazil (racing

line)
Racing population
Item Total Subpopulation by decade
(Pn) sP80 sP90 sP00
Number of founders, N¢ 2,269 1,888 1,451 1,100
Probability of gene origin (n)
Effective number of founders, f, 192 209 144 111
Effective number of ancestors, f, 61 88 44 26
Effective number of founder genome equivalents, fge 34 55 25 15
Genetic drift (n)
folN¢ 0.08 0.11 0.10 0.10
feolfa 315 2.38 3.27 4.27
foelfe 0.18 0.26 0.17 0.14
Ancestors (n)
100% of genetic diversity 1,587 945 673 462
50% of genetic diversity 32 50 19 9
Marginal genetic contributions of the most
influential ancestors (%)
10 ancestors 32.8 26.8 38.0 52.2
100 ancestors 67.0 61.5 76.2 86.5
500 ancestors 88.6 90.3 97.9 a

Pr, total racing population; sP80, subpopulation 1980-1989; sP90, subpopulation 1990-1999; sP0O,
subpopulation 2000-2009; N;, effective number of founders; f., effective number of ancestors; f,,
effective number of founder genome equivalents; fgy., effective number of founders; a, fewer than 500

animals explain the total genetic diversity of  the subpopulation (sP00).
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Table 3. Summary statistics of the name, sex, year and country of birth, breed,

number of offspring, number of equivalent generations, and marginal genetic

contributions of the 10 most influential ancestors of the total racing population and of

the subpopulations of the animals QH with performance in sprint races in Brazil

(racing line)
Birth Number Marginal genetic contribution
Animal Sex Year Country Breed of. EG a Pr sP80 sP90 a sP00
offspring (%) (%) (%) (%)
Dash for Cash & 1973 USA  %QH 57 61 1 7.04 - b 2 766 1 11.10
Easy Jet & 1967 USA  %QH 90 50 2 628 10 121 1 888 2 9.20
Beduino & 1968 MEX THO 22 35 3 375 - b 3 363 3 656
Three Bars @& 1940 USA THO 44 39 4 322 1 633 5 316 10 245
Signed to Fly ¢ 1988 USA QH 35 53 5 292 - b 4 351 4 6.28
Top Deck & 1945 USA THO 18 39 6 226 2 401 6 248 - b
First Prize Rose ® 1976  USA QH 1 51 7 204 - b - b 6 4.25
Streakin Six & 1977 USA QH 32 52 8 186 - b 7 245 7 303
Lady's Moon & 1972  USA QH 145 54 9 185 3 331 8 220 - b
Blazen Bryan & 1993 CAN QH 164 51 10 161 - b - b 5 479
Apollo VM ¢ 1988 BRA QH 190« 6.1 - b - b - b 8 290
Little Smoothie ® 1973 USA QH 3 50 - b - b - b 9 254
5.0 32.83e 14.86e 33.97e 53.10e
Al i i i Z°o) N d 15.89f 10.95f 17.54f 19.16f

EG, number of complete equivalent generation traced; a, order of cumulative marginal genetic

contribution; Pr, total racing population; sP80, subpopulation 1980-1989; sP90, subpopulation 1990-

1999; sPO0O0, subpopulation 2000-2009; b, does not appear in the group of the 10 most influential

ancestors; ¢f, male; @, female; USA, United States; MEX, Mexico; CAN, Canada; BRA, Brazil; ¥

QH, ancestor with one Thoroughbred parent and one Quarter Horse parent; THO, Thoroughbred

ancestor; QH, already recognized Quarter Horse ancestor; ¢, percentage of Thoroughbred animals; d,

average of the 12 ancestors; e, sum of the marginal genetic contribution of most influential ancestors

in Pr, sP80, sP90 and sP0O; f, sum of the marginal genetic contribution of ancestors it blood is THO or
% QH in Pr 5 ancestors (3 THO and 2 %2 QH), in Sp80 3 ancestors (2 THO and 1 ¥ QH), in Sp90 5
ancestors (3 THO and 2

Ys

QH)

in Sp00 4 ancestors (2 THO and 2

Yo

QH).
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Table 4. Degree of relatedness (%) among the most influential ancestors of the total
racing population and of the most recent subpopulation 2000-2009 of the animals

QH with performance in sprint races in Brazil (racing line)

Ancestor A B C D E F G H | J K L
Dash for Cash (A) - 499 0.00a 1348 2381 6.25 0.81 2.08 1.65 045 2625 7.25
Easy Jet (B) - - 0.00a 31.25 26.56 1250 13.28 2590 6.64 0.98 27.04 10.40
Beduino (C) - - - 0.00a 0.00a 0.00 0.00a 0.00a 0.00a 25.00 0.00a 0.00a
Three Bars (D) - - - - 781 0.00a 3.13 8.20 9.38 3.13 11.18 13.28
Signed to Fly (E) - - - - - 9.38 3.71 6.67 2.05 0.24 7.35 3.38
Top Deck (F) - - - - - - 6.25 3.13 6.25 0.00a 469 1250
First Prize Rose (G) - - - - - - - 3.34 3.34 0.10 3.53 3.54
Streakin Six (H) - - - - - - - 1.70 0.26 13.25 2.65
Lady's Moon (1) - - - - - - - - - 0.29 2.07 4.37
Blazen Bryan (J) - - - - - - - 3 - - 0.36 0.44
Apollo VM (K) - - - - - - - - - - - 4.41

Little Smoothie (L) - - - - - - - ) -

a, average relatedness coefficient equal to 0.0, however, there are distant common ancestors among the
animals.
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Supplemental Figure S1. Relationship pedigree chart (partial) generated for

the most influential ancestors of the total racing population and of the most

recent subpopulation 2000-2009 of the animals QH with performance in sprint

races in Brazil (racing line).
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