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Effect of IGF-1 and LEP/ob SNPs on growth parameters of Blanco Orejinegro cattle

Efecto de SNPs de IGF-1 y LEP/ob sobre parametros de crecimiento del ganado Blanco Orejinegro
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Keywords: Abstract
Creole bovine
Molecular markers The aim of this work was to identify the effect of some SNPs of the
Precocity IGF-1 and LEP/ob genes, on the growth in animals of the Blanco Orejinegro
Productivity creole breed (BON) and to evaluate the relationship of age at first calving
Zoogenetic resource (AFC) with the curve trajectory. For this, 1217 phenotypic and 439 genomic

records of pure BON bovines were used. The Gompertz, Logistic, Von
Bertalanffy and Brody models were evaluated. The individual growth curve
parameters were estimated and the effect of SNPs of the /GF-1 and LEP/
ob genes on the curve parameters was estimated through a linear model.
Finally, the association of the curve parameters and the AFC was analyzed
trough a linear model. The model that represented the best fit to the growth
trajectory was Brody’s. On average, the BON animals presented an adult
weight (B) of 479.9+£7.4 kg and a growth rate expressing the daily weight
gain as a proportion of the total weight (,) of 0.002+0.00004. The SNPs
rs110654613 (nucleotide change A/G) and rs110959643 (A/G), within the
IGF-1 gene, showed a significant effect (p<0.05) on the parameters of the
BON cattle growth curve. There were no associations of LEP/ob gene SNPs
on the parameters of the BON cattle growth curve. AFC was significantly
associated (p<0.05) with the parameters B and B,. It is concluded that the use
of genomic information for the /GF-1 gene can lead to higher growth rates
and earlier AFC.

*Corresponding author: malondonogi@unal.edu.co © The Authors, 2022, Published by the Universidad del Zulia

@SLiEle)


mailto:malondonogi@unal.edu.co
https://orcid.org/0000-0001-6522-5567
mailto:luggonzalezhe@unal.edu.co
https://orcid.org/0000-0001-7156-9753
mailto:alherrera@unal.edu.co
https://orcid.org/0000-0003-1444-3470
mailto:jcrincon@unal.edu.co 
https://orcid.org/0000-0002-6769-6407
mailto:rrazz%40fa.luz.edu.ve%20?subject=
https://orcid.org/0000-0003-2188-6659	
https://doi.org/10.47280/RevFacAgron(LUZ).v39.n2.11

2-7| Rev. Fac. Agron. (LUZ). 2022, 39(2): €223932. April - June. ISSN 2477-9407.

Resumen

El objetivo de este trabajo fue identificar el efecto de algunos SNPs
de los genes de IGF-1y LEP/ob, sobre el crecimiento de animales de
la raza criolla Blanco Orejinegro (BON) y evaluar la relacion de la
edad al primer parto (EPP) con la trayectoria de la curva. Para ello
se utilizaron 1.217 registros fenotipicos y 439 registros gendmicos
de bovinos puros BON. Los modelos de Gompertz, Logistico, Von
Bertalanffy y Brody fueron evaluados y se estimaron los parametros
individuales de la curva de crecimiento. Se estimé el efecto de SNPs
en los genes IGF-1 y LEP/ob sobre los parametros de la curva, a
través de un modelo lineal. Finalmente, se analizé la asociacion de
los parametros de la curva y su trayectoria con la EPP, mediante
un modelo lineal. El modelo que representd un mejor ajuste a la
trayectoria de crecimiento fue el de Brody. En promedio los animales
BON presentaron un peso adulto () de 479,9+7,4 kg y una tasa de
crecimiento expresando la ganancia diaria de peso como proporcion
del peso total (B,) de 0,002+0,00004. Los SNP rs110654613 (cambio
nucleotidico A/G) y rs110959643 (A/G), dentro del gen IGF-I,
mostraron efecto significativo sobre los parametros de la curva de
crecimiento de ganado BON. No hubo asociaciones de SNPs del gen
LEP/ob con la curva de crecimiento de ganado BON. La EPP estuvo
asociada significativamente (p<0,05) con los pardmetros B,y B,. Se
concluye que el uso de informacion genomica para el gen IGF-1
puede llevar a mayores tasas de crecimiento y EPP mas tempranos.

Palabras clave: bovino criollo, marcadores moleculares, precocidad,
productividad, recurso zoogenético.

Resumo

O objetivo deste trabalho foi identificar os efeitos de alguns
SNPs dos genes IGF-1 ¢ LEP/ob, sobre a curva de crescimento de
animais da raca Blanco Orejinegro (BON) ¢ avaliar a relacdo da idade
ao primeiro parto (IPP) com a trajetéria da curva. Para isso, foram
utilizados 1.217 registros fenotipicos e 439 registros gendomicos de
bovinos BON puros. Foram avaliados os modelos de Gompertz,
Logistico, Von Bertalanffy e Brody. Os parametros individuais da
curva de crescimento foram estimados e o efeito dos SNPs dos genes
IGF-1 e LEP/ob sobre os parametros da curva foi estimado por meio
de um modelo linear. Finalmente, a associacdo dos parametros da
curva e sua trajetoria com a IPP foi analisada por meio de um modelo
linear. O modelo que mais se adequou a trajetdria de crescimento foi
o de Brody. Em média, os animais BON apresentaram peso adulto
(B,) de 479,9+7,4 kg e uma taxa de crescimento expressando o ganho
de peso didrio em proporgdo ao peso total (3,) de 0,002+0,00004.
Os SNPs rs110654613 (mudanca de nucleotideo A/G) e rs110959643
(A/G), dentro do gene /GF-1, mostraram um efeito significativo
(p<0,05) nos parametros da curva de crescimento de bovinos BON.
Nao houve associagdes com SNPs do gene LEP/0ob com os parametros
da curva de crescimento de gado BON. A IPP foi significativamente
associada (p<0,05) aos parametros 3 e B,. Conclui-se que o uso de
informagdes gendmicas para o gene /GF-1 pode levar a maiores taxas
de crescimento e [PP mais precoce.

Palavras-chave: polimorfismos, precocidade, produtividade, raga
crioula, recurso zoogenético.

Introduction

Growth is defined as the increase in weight of animals from
birth to its stabilization in adulthood (Ramirez et al., 2009), where
both biological and environmental aspects interfere (Rincon and
Quintero, 2015). Some of the biological aspects are hormonal that
regulate various productive and reproductive characteristics in the
body. For example, insulin-like growth factor 1 (/GF-1), which is a
protein hormone that plays an important role in various metabolic and
physiological processes and in growth with anabolic effects (Castrelln
et al., 2010). The bovine /GF-1 gene is located on chromosome 5
(Bos taurus autosome — BTAS) and has been proposed as a candidate
gene for growth traits in cattle (Rogberg-Munoz et al., 2013). Another
important hormone involved in energy metabolism is leptin (Saleem,
2015), a protein that regulates appetite and metabolism (Lusk, 2007)
and has been used as a biological marker that reflects the degree of fat
in the body. Leptin is encoded by the LEP/ob gene, which in bovines
is located on chromosome 4 (BTA4).

In cattle, multiple genetic variants have been reported within the
IGF-1 gene, many of them single nucleotide polymorphisms (SNPs),
some significantly associated with phenotypic variation and breeding
values in the early growth phase (Andrade et al., 2008; Castrelln
et al., 2010). It has also been proposed that the LEP/ob gene is
associated with parameters of the growth curve and backfat in cattle
(Lusk, 2007), and that variations in the SNP UASMS2 (C/T) of this
gene have been significantly influential in the variability found for
parameters of the growth curve (Lusk, 2007). However, the study
of the association of markers of some genes with parameters of the
growth curve has not been carried out in any of the Colombian Creole
breeds, not even in the Blanco Orejinegro (BON), one of the most
widely reported.

The BON is a breed that has undergone a process of natural
selection close to 500 years in the conditions of the Colombian
tropics (Lopez-Herrera et al., 2001), belongs to the Bos taurus species
(Rincon and Quintero, 2015) and is characterized phenotypically due
to its white fur, black ears, skin and nose (Lopez-Herrera et al. 2001).
Its economic importance lies in its rusticity, ability to efficiently take
advantage of low-quality forages and to be in steep terrain, ability to
reproduce, survive, be long-lived and because it is a triple-purpose
animal (milk, meat and work) (Bedoya et al., 2001; Lopez-Herrera
etal., 2001).

In cattle studies, Inoue et al. (2020) reported a negative genetic
association between the adult weight of Japanese Black cattle and
the age at first calving (AFC), where females with a lower adult
weight would show a higher AFC. Likewise, these authors found a
positive but low association between the maturation rate and AFC. In
Holstein cattle in Brazil, Coelho et al. (2009) found positive, but not
significant, correlations between AFC and adult weight; and negative
and significant between AFC and the maturation rate, suggesting that
cows with higher maturation rates have a better productive efficiency.
In BON cattle, there is no type of study associating AFC with growth
curve parameters, and the information available on BON growth at
the molecular level is scarce (Caivio-Nasner et al., 2021; Cafias et al.
,2008; Londofio-Gil et al., 2021), so it is important to study the allelic
variants of certain genes or regions of the genome that are related
to growth variation in this breed and, in turn, to AFC (productive
ability and reproductive). Therefore, the objective of this work was to
identify the effect of some SNPs of the /GF-1 and LEP/ob genes on
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the growth curve of animals of the Creole breed Blanco Orejinegro
(BON) and to evaluate the relationship between age at first calving
(AFC) with the trajectory of the curve.

Materials and methods

Data and animals of the BON breed

To model the growth of the animals, phenotypic and genotypic
information was used from a BON cattle database belonging to 7
Colombian herds located in the departments of Antioquia, Caldas,
Meta, Risaralda and Tolima. Management and environmental
conditions varied according to the herd and its location. Historical
production data from 1993 to 2018 were used. The information was
analyzed and refined in the R program (R Core Team, 2020), taking
into account the weight at birth as a starting point for modeling the
growth curve, guaranteeing a minimum of 4 weighings per animal
and that the last weight measurement had been recorded at least at
800 days (26.31 months) of age. After purification, the information
from 11,140 consecutive weighings in the life of 1,217 animals (9.15
weighings per animal) was used to estimate the parameters of the
growth curves.

Growth curve fitting models

To estimate the curve that best fit the data, the models were used:
Gompertz (1825) vy, = BoeF1e* ; Logistical (Verhulst, 1838):
Y = Bo + (1 — e #1)~1; Von Bertalanffy (1938): v; = By (1 - p1e7#*)?
and Brody (1945): Y; =By +(1- Bre7P?); where: Y corresponds
to the j-th weight of the i-th animal at time “¢”, B: corresponds to
the asymptotic weight when “#” tends to infinity and is commonly
interpreted as the adult weight, B,: corresponds to a parameter of fit
when Y # 0 and when ¢ # 0, and indicates the proportion of asymptotic
mature weight that is gained after birth, f,: corresponds to the maturity
index represented as a percentage proportion of maximum growth
with respect to the adult weight of the animal, L is the age in days
at the j-th weighing of the i-th animal (Dominguez-Viveros et al.,
2017). The fit of the models to the data was determined by the criteria
of lowest sums of squares of the error (SQE), Akaike information
criterion (AIC), Bayesian information criterion (BIC), and highest
percentages of convergence (%C) and coefficient of determination
(R?). Finally, the individual parameters of the growth curve of each of
the animals were estimated.

SNPs within LEP/ob and IGF-1 genes

Genotype information was obtained for 439 individuals, each with
genotype information for 118,116 SNPs, which were part of the BON
cattle data bank. These genotypes were coded as 0: homozygous for
the first allele, 1: heterozygous, and 2: homozygous for the second
allele. From the GenBank assembly ARS-UCDI1.2 (https://www.
ncbi.nlm.nih.gov/assembly/GCA_002263795.2; GenBank accession
number NKLS00000000.2), where mapped SNPs located within
IGF-1 genes (AC _000162.1; 66523798...66604881) and LEP/
ob (AC _000161.1; 93249803...93266625), located in BTAs 5 and
4, respectively. Five SNPs were identified within the /GF-1 gene:
rs133675145 change (A/G), 1s110654613 (A/G), 1s110959643 (A/G),
rs109297640 (A/G) and rs109148720 (T/G); and two within the LEP/
ob gene: 1s136588988 (T/C) and rs110559656 (A/G).

Association of SNPs with the variation of the growth curve
format

Once the parameters of the curve were estimated, individuals
that presented a value for the parameter B, (adult weight) between
300 and 600 kg were kept, considering them biologically possible
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in the breed; records of animals that were well represented by herd
(minimum 6 individuals per herd), sex, season (summer 1: January,
February, March; summer 2: July, August, September; winter 1:
April, May, June; and winter 2: October, November, December),
year (from 2009 to 2017, minimum 3 observations per year) and also
had a genotype. Finally, 90 animals (69 females and 21 males) had
consistent phenotypic (growth curves) and genotypic information.
The linear model used to evaluate the effect of the variations of the
SNPs on the parameters of the growth curve of these animals was:

Yijximn = M + Herd; + ENy +Year + Sex, + SNP, + &jimn

Where, Yjjum 1s the parameter evaluated for growth in
animal i; p is the general mean of the evaluated traits, and
Herd;, ENy, Year,Sex,, are the fixed effects of herd, season
of birth, year of birth and sex of the individuals, respectively. SNP, is
the effect of the marker variant of the individually evaluated
SNPs and &jjkimn  is the random error associated with each
observation (Cardona et al., 2015). The Im function was used and the
means of the genotypes were compared using the Ismeans package
(Lenth, 2016), through the Tukey test in the R software (R Core
Team, 2020). The curves of the animals with significant SNPs were
plotted in the R software, to visually observe the differences in the
growth curves according to the genotype.

Association of growth curve parameters with AFC

To make this association, information from 140 females that had
sufficient and consistent information on growth curve parameters and
AFC was used. The linear model used was:

Yijk =u+ Herd]- Year + .BO +ﬁ1 +ﬁ2 + gijk

Where, Yy is the AFC in animal i; p is the overall mean of the
AFC,and H erd; and Yearjare the fixed effects of herd and year of birth,
respectively; Bo, B1 and B, are the curve parameters of the model that
was chosen as the best and €jjk is the random error associated with
each observation. This analysis was performed using the Im function
and the means of significant effects were compared by Tukey’s test
using the Ismeans package using R software (R Core Team, 2020).

Results and discussion

Table 1 shows the results of the fit evaluation of the models used
and the means of the parameters obtained for each model.

The model that presented a better fit for the description of the
growth curve of BON animals was the Brody model, with the lowest
AIC, BIC and SQE, while obtaining the highest R2. This model has
been widely used to describe the growth curve in cattle, since it
usually presents the best fits (Agudelo et al., 2008: Ramirez et al.,
2009; Rincon and Quintero, 2015), especially at ages after 6 months,
since for first months of life it tends to underestimate the weight
(Agudelo et al., 2008). However, for authors such as Dominguez-
Viveros et al. (2017) the model with the best performance for grazing
zebu cattle was the logistic one.

The average parameters with biological interpretation in the Brody
model were: B: 479.9 & 7.4 kg (adult weight) and f3,: 0.002 + 0.00004
(maturity index or growth rate expressing the daily gain of weight as a
proportion of the total weight), large numbers in this index indicate an
early maturation of the animals (Hojjati and Hossein-Zadeh, 2018).
These results are consistent with those previously reported in the
BON breed by Rincon and Quintero (2015), under the Brody model,
the data fit better, with higher adult weights (590 kg) and a maturity
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Table 1. Evaluation of fit of non-linear models used in the description of the growth curve of animals of the Blanco Orejinegro (BON)

breed from Colombia and estimated mean parameters.

Model AIC BIC SQE R % C B, B, B,
Bertalanfy 119238.2 119267.5 29014728 0.79 50.53 389.4 0.5155 0.003
Logistic 119944.2 119973.5 30912991 0.78 84.96 347.0 495 0.006
Brody 118939.9 118969.2 28248116 0.80 76.83 474.9 0.924 0.002
Gompertz 119414.9 119444.1 29478432 0.79 85.30 372.0 2.042 0.004

AIC: Akaike Information Criterion, BIC: Bayesian Information Criterion, SQE: Error Sum of Squares, R* Determination Coefficient, %C: Convergence Percentage.

index of 0.00153. The small differences may be due to the fact that
the parameters of the growth curves are probably influenced either
by the genetic component of the animals studied, by management,
by their ability to adapt to their environment (Rincén and Quintero,
2015), or because in the previous BON study information from a
single herd was used, so there was probably greater homogeneity.

Association of the SNPs with the variation of the growth
curve format

Ofthe 7 SNPs under study (2 within the LEP/ob gene and 5 SNPs
within the /GF-1 gene), only 2, within the /GF-1 gene, showed a
significant association with the growth curve parameters (table 2),
corresponding to markers rs110654613 (B,) and rs110959643 (B,
and 3.

Intable 2, itis observed that the herd and the year of birth influence
all the parameters of the curve, thus affecting the complete growth
curve of the BON animals. This is important, since differences are
generated in the growth of the animals that can be attributed to
changes in forage availability, selection and management processes
in the different herds, as well as climatic variations between years
(Martins et al., 2000). Similarly, in studies of growth traits in BON
cattle, Martinez et al. (2012) found that herd, year of birth and sex
were important sources of variation. On the other hand, the SNP
rs110959643 seems to be almost fixed in this population sample,
since of the 90 animals under study, 85 animals presented genotype
0, five 1 and none 2 (0: homozygous for the first allele - GG, 1:
heterozygous - GA, 2: homozygous for the second allele - AA). This
situation may be because the animals in the population have been
selected, naturally or artificially, towards genotype 0 (GG), due to
the effects of drift, increased inbreeding, structuring or imbalance
in the model, which could generate a spurious association and affect
the robustness of the result. Gui ef al. (2018) in a study evaluating
the influence of /GF-I gene polymorphisms on growth traits,
showed that the low sample number can lead to certain genotypes
not being observed. However, in the present study, the individuals
included came from a database where there were several selection
criteria for genotyping, such as being the most representative of

Table 2. SNPs and factors associated with each of the parameters
of the growth curve under the Brody model in a
population of Blanco Orejinegro (BON) cattle from

Colombia.
Parameter SNP Year Sex Herd Season R?
B, rs110959643* ok *k *k NS 0.45
B, rs110959643**  ** NS ** NS 0.45
B, rs110654613* ok NS *k NS 0,48

**p<0,01, *p<0,05, NS p>0,05. rs110959643 y rs110654613: Intronic variants
of the IGF-1 gene. R?: Coefficient of determination.

the population, having several phenotypic records, among others,
which does not allow the sample was not representative.

The mean difference for each of the parameters of the growth
curve according to the genotype of the SNPs is shown in table 3. For
the parameter B , related to the asymptotic adult weight, the animals
with genotype 1 (heterozygous - GA) for SNP rs110959643 will
have a lighter adult weight (427 kg) compared to the homozygous
genotype 0 (GG - 534 kg), which is consistent with what has been
previously reported in other beef cattle breeds.

Table 3. Adjusted means of the parameters of the growth curve
(B, B,y B,) according to the genotype of the associated
SNPs in a population of BON cattle from Colombia.

SNP/Genotype 0 1 2
15110959643 - B, 534 +£20.3° 427 +48.3°

15110959643 - B, 0.937 +0.004° 0.906 +0.010*

15110654613 - B, 0.0015+.0001°  0.0015+.0001°  0.0009 + 0.0002*

rs110959643 and rs110654613: Intronic variants of the IGF-1 gene. Same letters
on the same line do not differ statistically. For rs110959643, 0 = GG, 1 = GA, 2
=AA; for 1s110654613 0 = GG, 1 = GA, 2 =AA.

Rogberg-Mufioz et al. (2011) found that the SNP rs110959643
has important implications in the productivity of animals, since this
gene has been reported to have a role in the growth and development
of bovines and its polymorphisms have been associated with
growth traits (weight at birth, daily weight gain, adult weight and
other body weights) and development of mammals. The effect of
these SNPs on the growth curve of BON animals can be verified
graphically in figure 1.

400
300
rs110959643
g’ = GA
200 e
100
/

0 500 1000

Davs

1500

Figure 1. Average growth curve according to the genotype of the
SNP rs110959643 associated with the parameters p0
and p1 of the Brody model.
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Regarding the parameter f3,, associated with the maturity index,
in table 3 a dominance effect is observed for the SNP rs110654613
(IGF-1 SNP), where animals with genotypes 0 (GG) or 1 (GA)
(i.e., homozygous for the first allele or heterozygotes) will have a
higher maturity index and therefore will reach maturity earlier
than homozygous 2 (AA) (0.001567, 0.001564 and 0.000942,
respectively) (figure 2). These results disagree with reported in
Brahman cattle from Brazil by Crispim et al. (2015), who found that
for the maturity index (B,) the most significant SNP was found in BTA
20 and was rs42482169. For this SNP the mean of the homozygous
dominant genotype was 0.0063, for the heterozygous 0.0064 and for
the homozygous recessive 0.0068.

4001 —

3001 rs110654613
(=) = AA
X - AG

2001 GG

100+

0 500 1000 1500
Davs

Figure 2. Average growth curve according to the genotype of the
SNP rs110654613 associated with the parameter f, of the
Brody model (1945).

The SNPs 15110959643 (5:66228391) and 1s110654613
(5:66224046), important for the growth curve of Colombian Creole
cattle BON, are located within introns of the /GF-1 gene, with a
difference of 4345 bp between each other and with a high degree
of linkage with the possible causal variant, given the linkage
disequilibrium that exists in the BON breed, of 0.39 at distances
less than 25 Kb (Caivio-Nasner et al., 2021). The IGF-1 gene has
previously been related to myogenic factors directly involved in
growth and sexual precocity, due to the effect of this gene on different
metabolic and endocrine pathways, which have shown a connection
between growth and the beginning of reproductive life (Mota et al.,
2020). This has been shown in Nelore females from Brazil, where
the higher concentration of the hormone /GF-1 in the blood has been
associated with greater growth and, therefore, a lower age at puberty
and a lower AFC (Ferraz et al., 2018) and in Canchim animals
(Gui et al., 2018), where its importance in growth traits has been
demonstrated. This gene is important in the modulation of a variety of
physiological activities such as cell development, differentiation and
proliferation, leading to increased muscle growth (Gui et al., 2018);
therefore, by finding an association of SNPs of the /GF-1 gene with
the parameters of the growth curve in this study, it can be inferred that
it can be used as a candidate gene for early selection of BON animals
for future work.

Finally, the SNPs within the LEP/ob gene did not show a
significant association with growth or AFC. Previously, the LEP/
ob gene has been associated with parameters of the growth curve
and backfat of cattle (Lusk, 2007) and it has been reported that the
variations in the SNP UASMS?2 of this gene have been significant for
the body weight growth curve (p<0.001). This is in contrast to what
was reported by Ferraz et al. (2018), who stated that this gene has no
implications for age at puberty, and that hormone secretion after 18
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months was very low, which would help to understand why in the
present study the LEP/ob gene had no significant effect.

Association of the growth curve parameters with AFC

In this study, the mean AFC for the BON females analyzed was
found to be 1,044.04 + 177.04 days or 34.23 + 5.80 months. This AFC
is lower than that reported by M-Rocha et al. (2012) in 22 populations
of BON cattle, of 1,104 + 141 days (36.8 months).

The AFC under study was significantly associated with the
parameters 3 (p=0.0124), B, (p = 0.0117) and with the herd of origin
(p =0.0010), which can be evidenced in the table 4, but not with the
year of birth (P = 0.0654), nor the parameter 3, (p = 0.2414) (data not
shown). These findings differ from those reported by M-Rocha et al.,
(2012), who found no effect of herd or year on AFC (p>0.05).

Table 4. Adjusted means of AFC according to the birth herd of
BON females from Colombia.

Herd PPE adjusted mean
1 830+91.7¢
2 978 + 35.6%
3 991+ 31.8*
4 1029 + 54.6%
5 1061 + 38.9%
6 1140 + 47.3%
7 1308 + 77.3¢

»bcMeans with different letters differ significantly (p<0.05) from each other.

The parameter B, associated with adult age, showed that for each
kg more of weight at adult age in BON cattle, the AFC of BON females
decreased by an average of 0.538 + 0.212 days. In addition, for one
unit of change in the parameter f,, the AFC decreases by an average
0f 0.000719 + 0.0003 days in BON females from Colombia; showing
that animals that grow faster and have a higher adult weight, will be
those that possibly have an earlier AFC. These animals will continue
to grow after the first service and will end up with a considerable
adult weight. These results differ from those found by Bayram et al.
(2004), in Brown Swiss cattle using the Richards model, who reported
a positive correlation between age at first calving and estimated adult
weight (B,). For these authors, an increase in weight at the age at first
calving meant an increase in adult weight.

Similarly, Gaviolli et al. (2012), reported positive phenotypic
correlations between AFC and the parameters 8, and B,, indicating
that animals with higher adult weight and higher growth rate will have
a higher AFC, which is not desirable from the productive point of
view. The difference may be due to the differential management given
to BON females in each herd and effects of the breed. According to
the information provided by the producers of their herds, they often
prefer to wait for a specific age to serve their animals, instead of
doing it by weight, so animals that present a high growth rate can
be served late in his life. In each herd, a different handling of the
rearing of these BON females is carried out, and this should be taken
into consideration in future works because the present results show
that it is necessary to try to standardize the AFC according to the
weight, ensuring that this traits do not vary significantly. Likewise,
given that the genotype for genes such as /GF-1 has an impact on the
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growth rate of animals, it is important to take it into consideration as
a candidate gene within the improvement and management plans of
BON herds to select animals. more efficient both productively and
reproductively.

Conclusions

Of the methods evaluated in this research, Brody’s method
yielded the best estimate of the parameters studied, which makes
it a practical tool to evaluate the growth curves of BON animals in
Colombia, which presented an adequate adult weight and growth
rate, which allows them to be economically and environmentally
profitable. In this study, it was found that two SNPs in the /GF-1 gene
influenced the growth of BON cattle; however, no association was
found between the growth curve parameters and the LEP/ob gene. In
addition, the growth parameters, according to the Brody model, are
associated with the age at first calving in the BON breed. This will
allow studies to be carried out and the /GF-1 gene to be applied as a
candidate gene for growth in the selection of these animals, which in
turn will allow improving AFC.
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