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Abstract

From the past to now, body conformation is an instrument for the Iranian horse judging. This research aimed to study
and estimate the genetic and nongenetic parameters of limb conformation traits in the Iranian Turkoman horses.
Therefore, body conformation traits, specifically limb conformation, of 1273 horses were measured. Among the horses
studied, 357 stallions and 916 mares were included. For studying the nongenetic (such as sex, province and birth year)
and genetic effects (such as additive genetic effect), the LIMEANS procedure and the restricted maximum likelihood
method (REML) were used by SAS and MATVEC software, respectively. Birth year had a significant effect on most of
the traits, especially scapula length and arm length (P < 0.05). The lowest and the highest heritability was estimated
for femur length (0.11 + 0.03) and forearm length (0.40 + 0.09), respectively. Overall, considering the heritability
estimations, the expectation is that limb conformation traits will have a good response to the selection and genetic
progress. Farmers can choose the best stallions and mares based on the traits mentioned, so that their foals can have
good body conformation.
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Resumo

Do passado para o presente, a conformagdo corporal é um instrumento para o julgamento de cavalos iranianos. Esta
pesquisa teve como objetivo estudar e estimar os pardmetros genéticos e nao genéticos das caracteristicas de conformagao
dos membros nos equinos turcomanos iranianos. Portanto, as caracteristicas de conformagao do corpo, especificamente
a conformac¢ao dos membros de 1273 cavalos foram medidas. Entre os cavalos estudados, 357 garanhdes e 916 éguas
foram incluidos. Para estudar os ndo genéticos (como sexo, provincia e ano de nascimento) e efeitos genéticos (como
efeito genético aditivo), o procedimento LSMEANS e o método de maxima verossimilhanga restrita (REML) foram
utilizados pelo software SAS e MATVEC, respectivamente. O ano de nascimento teve um efeito significativo na maioria
das caracteristicas, especialmente comprimento da escapula e comprimento do brago (P < 0,05). A menor e mais alta
herdabilidade foi estimada para o comprimento do fémur (0,11 + 0,03) e comprimento do antebraco (0,40 + 0,09),
respectivamente. No geral, considerando as estimativas de herdabilidade, a expectativa é que as caracteristicas de
conformagdo do membro tenham uma boa resposta a selegdo e progresso genético. Os agricultores podem escolher
os melhores garanhdes e éguas com base nas caracteristicas mencionadas, para que seus potros possam ter uma boa
conformagao corporal.
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Introduction

Body conformation is the general shape or outline of
an animal. Conformation traits include the body’s judging
and measurements (BOWLING; RUVINSKY, 2000).
Measurement is one of the best and unbiased methods for
evaluating body conformation (WELLER et al., 2006). Limb
conformation traits have high heritability, and have played
an important role in the selection of horses (BOWLING;
RUVINSKY, 2000). Long bones are particularly important
in a horse, because they form the limbs. They have effects
on the height, appearance and quality of gaits. From the
anatomical viewpoint, hind limbs and forelimbs are used
for starting the stride and supporting the body mass during
movement, respectively (KOMOSA et al., 2013). From the
past to now, body conformation has been a basic factor in
the horse breeding (JONSSON, 2013). Horse performance
prediction by the body conformation is a long-standing
tradition (VAN WEEREN; CREVIER-DENOIX, 2006).
Today, according to the traits’ correlation, the selection
can be done based on conformation traits for improvement
of the movement and health traits (KOMOSA; PURZYC,
2009; TAMIOSO et al., 2012).

Genetic and nongenetic factors affect the horse’s body
conformation. Important nongenetic factors include age,
sex, and breeding conditions. These factors should be put
in the statistical model for the genetic analysis, then horse
selection should be performed (BOWLING; RUVINSKY,
2000). The aforementioned factors interact with genetic
factors and affect the horse’s conformation and performance
(GHARAHVEYSI et al., 2008; YILMAZ et al., 2012). The
additive genetic effect is the most important genetic effect,
which affects the body conformation and performance
traits (MOLINA et al., 1999; GHARAHVEYSI et al., 2008;
BOROWSKA etal., 2011).

The Iranian Turkoman horses are among the oldest
genetic reserves in Iran and in the world (FOTOVATI, 2000,
BAKHTIARIL; HESHMAT, 2009). The history of this horse

dates over 2500 years. In the past, Turkoman tribes in the

northern Iran (provinces of Golestan and Khorasan) bred
and kept Iranian Turkoman horses. Akhal-teke, Tchenaran
and Yamud (Iomud) are strains of the Iranian Turkoman
horse (FOTOVATI, 2000). This breed is assigned to the
warm blood group and used for riding, transportation and
race (long-distance and short-distance). Researches and
information about this horse are limited. The findings of
this study will be effective in the scientific identification of
the Iranian Turkoman horses. In the scientific identification,
the traits are defined and measured. This is based on
standardized and defined methods, so that the results of
this study can be compared with others.

This research aimed to study and estimate the genetic
and nongenetic parameters of limb conformation traits in

Iranian Turkoman horses.
Materials and Methods

Animals Studied

Limb conformation traits of 1273 Iranian Turkoman
horses bred in the Golestan and North Khorasan provinces
(northern Iran) were measured. These two provinces are
neighbors. Vegetation, climate, and breeding objectives
vary in the provinces. The number of racing fields in
Golestan is higher than in North Khorasan. This illustrates
the interest of the Golestan people in horse breeding.
Purchase and sale of horses are carried out between the
abovementioned provinces. The horses have a family
relationship. In this study, the horses included were 357
males (stallion) and 916 females (mare) whose age ranged
from 24 to 300 months and were born from 1989 to 2014.
The strain of the horses used in this study is Akhal-teke.
Their traits were measured in 2016 by one person, and each
of them was measured once. Pedigree file contained the

information of 3824 horses from 11 generations.

Study Characteristics

In this study, based on the scientific references available, the
traits that have the greatest impact on horses performance were
selected (SADEK, 2006; SADEK et al., 2006; GHARAHVEYSI
et al., 2008; KOMOSA; PURZYC, 2009; KOMOSA et al.,
2013; SOBCSZOK; KOMOSA, 2013). According to the
instruction, horses were restrained in a correct position for
measuring the limb conformation traits (WELLER et al., 2006;
GHARAHVEYSI et al., 2008). Circumference measurements
were taken using a tape; and other measurements, using a

caliper. The traits measured were as follows (Figure 1):
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Figure 1 - Left view of the Iranian Turkoman horse for measurements of limb conformation traits

1) Scapula length: distance between the point of
withers and the most anterior point of greater tubercle;
2) Arm length: distance between the most anterior point
of humerus (greater tubercle) and the olecranon tuber of
ulna; 3) Forearm length: distance between the olecranon
tuber of ulna and the accessory carpal bone; 4) Hand
length: distance between the accessory carpal bone and
the ground, vertically; 5) Fore cannon circumference:
fore cannon perimeter in the middle section of fore
cannon bone; 6) Fore pastern circumference: fore
pastern perimeter in the middle section of fore pastern
bone; 7) Fore pastern length: distance between the lower
joint of fore cannon and the hoof coronary band; 8)
Femur length: distance between the greater trochanter
of femur and patella; 9) Tibia length: distance between
patella and trochlea of talus; 10) Leg length: distance
between the calcaneal tuber and the ground, vertically;
11) Hind cannon circumference; 12) Hind pastern

circumference; 13) Hind pastern length (Figure 1).

Model and Analysis

The statistical model was:

Vi = M+ S+ R+ B +e, (1)

In which: y,, = the value of each observation of each
trait; u = mean effect; S, = fixed effect of sexi,i= 1 (male), 2
(female); R = province-level fixed effect j, j = 1 (Golestan),
2 (Northern Khorasan); B, : fixed effect of level k of birth
year, k=1989,1990, ..., 2014; ¢, =random residual effect.

To study the nongenetic effects of limb conformation
traits and compare means, LSMEANS test was used by
SAS software. For predicting the genetic parameters of the
traits, restricted maximum likelihood method (REML)
and AI-REML algorithm convergence were used. The
aforementioned analyses were done using the MATVEC
software (WANG et al., 2002). Animal model was used in

the matrix format as follows:
y=Xb+Za+eV(y)=Ac’ +16°;E(y) =Xb (2)

Inwhich: y =vector of observations for limb conformation
traits; X = corresponding design matrix associating the fixed
effect;and Z_= corresponding design matrix associating the
additive genetic effect; b = fixed effect vector; a = vector of
additive genetic effect; e = residual vector; V = variance;
E = mathematical expectation; A = additive numerator
relationship matrix; I = identity matrix whose order is equal
to the number records; 6°, = variance of additive genetic

effect; Gze = residual variance.
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Results

Nongenetic Factors

The lowest and the highest number of the horses
measured were born in 1989 and 2014, respectively (31-
75). Descriptive statistics for studying traits are shown in
Table 1. The highest and the lowest standard deviation
was calculated for the scapula length (5.45 cm) and hind
pastern length (1.03 cm), respectively. Also, the greatest
and the smallest variation coefficient was calculated for
the forearm length (5.31%) and scapula length (10.23%),

respectively.

Table 1 - Descriptive statistics of the limb conformation traits

LSMEANS results showed sex had a significant effect on
the scapula length (P = 0.03), arm length (P = 0.04), fore
cannon circumference (P = 0.04), femur length (P = 0.04)
and hind cannon circumference (P = 0.04). The male
horses are larger than the females (Table 2). The effect of
province was significant on the scapula length (P = 0.04)
and arm length (P = 0.04). The limb measures of the North
Khorasan horses are larger than those of the Golestan
horses (Table 2). The effect of birth year was significant on
the scapula length (P = 0.03), arm length (P = 0.02), hand
length (P = 0.02), fore pastern length (P = 0.01), femur
length (P = 0.04) and hind pastern length (P = 0.01).

Traits Max* Min* Mean* SD* CV (%)
Scapula Length 60.13 46.24 53.29 5.45 10.23
Arm Length 39.89 26.92 33.81 2.26 6.68
Forearm Length 45.58 33.28 39.90 2.12 5.31
Hand Length 4445 30.19 36.57 2.67 7.30
Fore Cannon Circumference 21.98 16.79 18.80 1.20 6.38
Fore Pastern Circumference 21.59 16.83 18.39 1.23 6.69
Fore Pastern Length 14.39 10.67 12.16 1.13 9.29
Femur Length 51.94 35.84 43.67 2.96 6.78
Tibia Length 55.76 39.95 48.95 2.76 5.64
Leg Length 56.79 41.23 4943 2.84 5.75
Hind Cannon Circumference 22.94 18.01 20.89 1.24 5.94
Hind Pastern Circumference 22.83 17.59 19.53 1.20 6.14
Hind Pastern Length 15.95 10.87 13.29 1.03 7.75
* Measure in centimeter; SD = Standard Deviation; CV = Coefficient of Variation
Table 2 — Effect of the sex and province on the limb conformation traits
Factors
Traits Sex Province
Male* Female* Golestan* North Khorasan*
Scapula Length 53.872+0.02 48.34° +0.01 49.94° +0.01 54.122+0.01
Arm Length 35.19°+0.01 31.09° + 0.00 32.00° + 0.00 36.29° + 0.00
Forearm Length 39.81°+0.01 39.012+£0.00 38.90* + 0.00 39.16* £ 0.00
Hand Length 37.11°+£0.01 36.70° £ 0.00 38.10* +0.00 38.52 +0.00
Fore Cannon Circumference 18.932+0.00 17.92° £ 0.00 18.65° + 0.00 18.78°+0.00
Fore Pastern Circumference 18.512+0.00 18.10° + 0.00 18.34°+0.00 18.69° +0.00
Fore Pastern Length 12.34*+0.00 12.12°£0.00 12.56* £ 0.00 12.78*+0.00
Femur Length 44.29° £ 0.01 40.09° + 0.00 42.98°+0.00 43.56° £ 0.00
Tibia Length 49.13 £ 0.01 48.56° = 0.00 48.12°+0.00 48.45° £ 0.00
Leg Length 49.98°+ 0.01 49.00° £ 0.00 49.12°+0.00 49.56° £ 0.00
Hind Cannon Circumference 20.91°+0.00 18.76° + 0.00 19.34°+0.00 20.37°+0.00
Hind Pastern Circumference 19.83+ 0.00 19.212+0.00 19.50° + 0.00 19.63°+ 0.00
Hind Pastern Length 13.34*+0.00 13.19°+£0.00 13.62°+0.00 13.81*+0.00

* All measures are in centimeters; Means within a row with different superscripts are significantly different (P < 0.05)
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Genetic Factors

Tables 3 and 4 show the estimation results of
variance components and heritability. The lowest
and highest heritability was estimated for the femur
length (0.11 £ 0.03) and forearm length (0.40 £ 0.09),

respectively. The additive genetic variance ranged from

0.30 for the hind pastern length to 0.40 for the fore
pastern circumference. The residual variance ranged
from 0.76 for the hind pastern length to 25.83 for the
scapula length. In addition, the phenotypic variance
ranged from 1.06 for the hind pastern length to 29.72
for the scapula length.

Table 3 - Variance component and heritability of the fore limb conformation traits

Traits Scapula Arm Forearm Hand Fore Cannon  Fore Pastern  Fore Pastern
Factors Length Length Length Length Circumf. Circumf. Length
o’A 3.89 0.73 1.79 2.01 0.34 0.40 0.36
oE 25.83 4.38 2.72 5.12 1.11 1.11 0.91
o’P 29.72 5.11 4.51 7.13 1.45 1.51 1.27
h?+ SE 0.13+£0.08 0.14 £0.08 0.40 = 0.09 0.28 £0.09 0.23 £0.07 0.26 £0.09 0.28 £0.09

Circumf. = circumference; 0%, = additive genetic variance; 0?>, = environmental variance; 6>, = phenotypic variance; h? = heritability; SE = standard error
A E P

Table 4 — Variance component and heritability of the hind limb conformation traits

Traits Tibia Femur Leg Hind Cannon Hind Pastern Hind Pastern
Factors Length Length Length Circumf. Circumf. Length
o’A 1.90 0.94 0.95 0.40 0.37 0.30
o’E 5.73 7.82 7.09 1.14 1.07 0.76
o’P 7.63 8.76 8.04 1.54 1.44 1.06
h*+ SE 0.25+0.07 0.11+0.03 0.12+0.05 0.26 +0.09 0.26 +0.07 0.28 +0.08

Circumf. = circumference; 0°, = additive genetic variance; 0°; = environmental variance; 0°, = phenotypic variance; h*> = heritability; SE = standard error

Discussion

Nongenetic Factors

The horse breeding conditions, sex, nutrition, and age
are important factors for the body conformation traits
(BOWLING; RUVINSKY, 2000; FOTOVATI, 2000;
JONSSON, 2013). Variation in the mentioned factors leads
to difference in the results of studies.

The sex factor in Egyptian Arab horses (SIMCIC et
al., 2012) and year-sex in the Finnhorse trotters (VAN
WEEREN; CREVIER-DENOIX, 2006) had a significant
effect on most of the body conformation traits. In the
mentioned studies, age had a significant effect on the body
conformation traits, except for the height at withers. In a
study on Posavje horses, age had a significant effect on
most of the traits, except for the body length (SIMCIC et
al., 2012). The results of the studies mentioned corroborate
the findings of this study.

Variation coefficients of body conformation traits in
the Brazilian Pantaneiro horses (MISERANI et al., 2002),
Hungarian Thoroughbred broodmares (BENE et al.,

2013) and Pura Raza Espafiola horses (SANCHEZ et al.,
2013) were 2% to 8%, 2.1% to 6.7%, and 2.3% to 9.3%,
respectively. The results of the aforementioned studies
corroborate those of this study.

By comparing the results of this study with the
biometric results of studies on German Arabian horses
(SIERZCHULSKI et al,, 2005), Polish warmblood
stallions (BOROWSKA et al., 2011), Purebred Spanish
horses (GOMEZ et al., 2009) and Iranian Arab horses
(GHARAHVEYSI et al., 2008), the Iranian Turkoman
horses have the best limb conformations. That is, they have

thicker and longer bones, and longer legs.

Genetic Factors

The factors such as sample size, measurement methods,
statistical model and estimation methods had effect on the
results of genetic estimations. Therefore, for comparing
results of studies, the aforementioned factors should be
considered.

The heritability estimations of this study corroborate
the findings of studies with Arabian horses (0.14 to 0.55)
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(SADEK, 2006), Polish warm blood stallions (0.14 to
0.87) (BOROWSKA et al., 2011), Kladruber horses (0.04
to 0.65) (VAN WEEREN; CREVIER-DENOIX, 2006),
Iranian Arab horses (0.050 to 0.614) (GHARAHVEYSI
et al., 2008), Iranian Thoroughbred horses (0.22 to 0.49)
(BAKHTIARI; HESHMAT, 2009), Andalusian horses (0.35
t00.95) (MOLINA et al., 1999), Brazilian Pantaneiro horses
(0.27 t0 0.83) (MISERANI et al., 2002), German Purebred
Arab horses (0.05 to 0.160) (SIERZCHULSKI et al., 2005),
and Finnhorse trotters (0.53 to 0.78) (SUONTAMA et
al., 2009). Heritability estimations for the fore and hind
cannon circumference (0.27 and 0.32) were higher than
for a similar study (0.10 and 0.05) (VAN WEEREN;
CREVIER-DENOIX, 2006). The

estimations corroborate the results for the hind cannon

aforementioned
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