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ABSTRACT. The hormone ghrelin is produced in the stomach wall, has
an orexigenic function, stimulates growth hormone secretion, and affects
the energy balance of the animal. Therefore, the ghrelin gene (GHRL) is
considered to be a good candidate marker for the identification of traits
of great economic importance in cattle, such as those associated with
feed intake, growth, and carcass quality. The use of molecular genetic
markers associated with such traits permits the earlier and more accurate
identification of superior animals, thus reducing the interval between
generations, and increasing the genetic gain. Six SNPs were found in the
GHRL gene, located in intron 3, intron 4, and exon 5. The positions of the
SNPs on the gene and the substitutions were: g.2184A>G, g.2347T>C,
g.4469T>C, g.4548A>G, g.4663T>C, and g.4729T>C (GenBank accession
No. JX565585). After analysis of linkage disequilibrium, association tests
were performed between four SNPs with the traits year weight for males,
yearling weight for females, dry matter intake, loin eye area, and rump fat
thickness (P < 0.05). Therefore, GHRL is an important candidate gene that
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may be used to identify genetic variations that influence traits of economic
importance in beef cattle.

Key words: GHRL; Molecular markers; Nellore; SNP

INTRODUCTION

Selecting for high feed efficiency in animals can raise profitability and reduce the
environmental impact of beef cattle breeding (Gomes et al., 2012). Feed efficiency traits, such
as residual feed intake and dry matter intake, in Nellore cattle show heritability estimates of 0.30
and 0.41, respectively (Del Claro et al., 2012). In turn, the heritability estimates for meat quality
traits, such as back-fat thickness and loin eye area, are 0.24 and 0.33, respectively (Meirelles et
al., 2010). The heritability levels for these traits are medium-to-high, but they are very difficult to
measure because of the need for specific equipment and/or intensive labor to obtain the individual
intake.

The use of molecular markers in animal breeding can increase the accuracy of prediction,
reduce the interval between generations, and thus increase the genetic gain for traits that are
difficult to measure and/or are measured late in life.

The ghrelin gene (GHRL) is a candidate marker because the hormone encoded by this
gene induces hunger and is, therefore, related to feed intake (Gil et al., 2013). The hypothalamus
is a component of the nervous system that is involved in the control of food consumption and
body weight. The hypothalamus receives signals in the form of hormones such as ghrelin, which
stimulate hunger (St-Pierre et al., 2003).

Ghrelin is a gastrointestinal hormone that was first identified in the stomach of rats (Kojima
etal., 1999). Itis a peptide composed of 28 amino acids with an octanoic modification in its hydroxyl
group on serine-3, which is essential for its effect on growth hormone (GH) release (Bednarek
et al., 2000). It was first isolated from the oxyntic mucosa of the stomach and is predominantly
produced by cells of the gastrointestinal tract. Ghrelin is also produced in small quantities in the
central nervous system, kidneys, placenta, and heart (Kojima et al., 1999).

The GHRL gene in cattle is composed of five exons and four introns, with exons 1, 2, 3, 4,
and 5 having lengths of 21, 134, 114, 109, and 154 bp, respectively, while the coding region contains
exons 2, 3, 4 and 5 (partially) (Colinet et al., 2009). The GHRL gene is located on chromosome 22
in cattle (Wajnrajch et al., 2000) and is a candidate gene for the identification of molecular markers,
because it induces food ingestion, secretion of GH, adiposity, and susceptibility to obesity (Sun et
al., 2011). In the regulation of energy balance, ghrelin increases feed intake and reduces energy
expenditure (Hinney et al., 2002).

Ukkola and Poykko (2002) found associations between ghrelin and reduced fat oxidation,
increased feed intake, adiposity, and body weight. According to Martinelli et al. (2008), ghrelin
stimulates the secretion of GH, such that changes in gene expression are associated with variations
in cattle weight at different ages. Both Kojima et al. (1999) and Date et al. (2000) reported that ghrelin
influences important activities, including stimulation of lactotroph and corticotroph secretion, and
influencing the pituitary-gonadal axis, as well as having orexigenic activity (stimulating appetite)
and controlling energy expenditure.

Polymorphisms in GHRL were detected and associated with traits of economic importance
in different species of animals (Kim et al., 2004; Fang et al., 2007; Sherman et al., 2007; Sun et al.,
2011; Wojtysiak and Kaczor, 2011; Zhang et al., 2012; Gil et al., 2013).

Genetics and Molecular Research 14 (4): 18188-18197 (2015) ©FUNPEC-RP www.funpecrp.com.br



C.U. Braz et al. 18190

Therefore, the aim of this study was to investigate the existence of polymorphisms in
regions of the GHRL gene and to evaluate the association of these polymorphisms with feed
efficiency, growth, and meat quality traits of Nellore cattle.

MATERIAL AND METHODS
Animals

A total of 231 animals (110 females and 121 males) born in 2009 and 2010 were used,
which belonged to Centro APTA Bovinos de Corte (1Z), located in the municipality of Sertdozinho,
Sdo Paulo state, Brazil. Animals were of the Traditional Nellore selection line, which has been
selected for higher yearling weight since 1981. Details of the breeding program are described
by Ayres et al. (2010). The males were participants in the station’s weight-gain test program, as
described by Razook et al. (1997) and animals of both sexes were included in the residual feed
intake (RFI) analysis performed in 2010 and 2011, which began after weaning. This study was
conducted under animal care conditions as established by the Sdo Paulo State Constitution,
according to law number 11,977.

The animals were raised in an intensive system. They were kept in individual stalls and
underwent an adaptation period of 28 days, after which the feed consumption period varied from 72
to 112 days, during which they received a predetermined quantity of feed composed of Brachiaria
hay, ground corn, and cottonseed meal. The ration was offered twice during the day (8 am and
3 pm). Each day, the amount of ration not ingested for each animal was weighed, registered,
and adjusted in order to keep an amount between 5-10% of the total ration. To performance the
analyses, samples of ration not ingested were collected twice a week in a period of 28 days (total
of eight samples) per animal. The dry matter consumption of each animal was determined as the
difference between the ration offered and that not ingested.

Traits studied

The traits of economic interest studied were year weight (males), standardized to 378
days of age (W378), yearling weight (females), standardized to 550 days of age (W550), rump
height of males (RHM), rump height of females (RHF), dry matter intake (DMI), and RFI. The loin
eye area (LMA), back fat thickness (BF), and rump fat thickness (RF) were measured at 12 and 18
months of age (LMA12, LMA18, BF12, BF18, RF12, and RF18, respectively).

The rump height of all animals was measured with a tape measure, by taking the
distance in centimeters from the ground to the tip of the sacrum bone. The DMI was determined
by the mean consumption during the RFI test period (kg/day). The RFI, in kgMD/day, was
calculated as the difference between the DMI observed during the study period and that
predicted by a multiple regression equation, considering the daily weight gain (DWG) and
metabolic weight (LW°7®) as covariables.

The ultrasound technique was used to measure carcass traits, namely the LMA and BF,
which were both measured between the 12th and 13th ribs in the Longissimus dorsi muscle, and
the RF, which was measured between the Gluteos medius and Biceps femoris muscles, located
between the ilium and ischium, according to the method described by Herring et al. (1994).
Ultrasounds were performed when the animals were between 329 and 408 days of age (12 month
reading) and between 503 and 600 days of age (18 month reading).
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Genotyping and sequencing

DNA was extracted from hair follicle samples using the phenolchloroform-isoamyl
alcohol method. Three primer pairs were designed for the GHRL gene (GenBank accession
No. AM691749.1), as shown in Table 1. The primers were obtained using the Primer3 software,
available at http://frodo.wi.mit.edu/primer3, and the quality was verified using the site http://idtdna.
com/calc/analyzer.

The amplification reactions consisted of a final volume of 25 L, containing 2 yL DNA (100
ng), 1.5 pL each primer (15 pM), 12.5 yL GoTaq Colorless Master Mix 1X Taq DNA polymerase,
and 7.5 pL nuclease free water. The following program was employed: denaturation at 95°C for 5
min, followed by 32 cycles of denaturation at 95°C for 1 min, annealing at a temperature specific
to each primer pair for 1 min, extension at 72°C for 1 min, and final extension at 72°C for 5 min.

The PCR products were sequenced for the forward and reverse primers by the
dideoxyribonucleoside triphosphate chain termination method (ddNTP). To analyze and identify
polymorphisms, all sequences obtained were visualized with the CodonCode Aligner program,
available at http://www.codoncode.com/aligner/download.htm.

Table 1. Sequence, fragment lengths, and melting temperature of the primer pairs used in PCR assays.

NP Region of the amplified fragment Sequence Fragment length (bp) Melting temperature (°C)
E3 Exon 3 F: 5-AGCACCTCCTCTTTCCTGCAGAG-3' 282 64.3
R: 5-TTGGCCTGTTGATGGCAGAGAC-3'
13 Part of intron 3 F: 5-TGCATTGCCAGGTGGGTTCTCTAC-3' 409 63.4
R: 5'-AGAATCTGCAGGCCGCCGTGAAGT-3'
E5 Part of intron 4 and exon 5 F: 5-GGGAGGAGAGCAGACACAGT-3' 437 63.3

R: 5'-TGACCACAGACCAGGAATTG-3'

NP = name of the primer, F = forward, R = reverse.
Analysis of linkage disequilibrium

Linkage disequilibrium (r?) was estimated using the Plink computational program (available
at http://pngu.mgh.harvard.edu/~purcell/plink/) to determine which SNPs were inherited together.
Considering two loci with two alleles per locus (A1/A2 and B1/B2), the following formula applies:

% = D?/[freq(A1) X freq(A2) X freq(B1) X freq(B2)] Equation 1

(Hill and Robertson, 1966) where:
D = freq(A1_B1) X freq(A2_B2) — freq(A1_B2) X freq(A2_B1) Equation 2

(Hill, 1981). The program compares the observed and expected haplotype frequencies of the
haplotypes in order to determine whether they are in linkage disequilibrium (LD). If haplotypes are
in LD, they may have the same statistical association with the trait.

Statistical analysis

Associations between the markers and phenotypic records were analyzed using
generalized linear models, available in the PROC MIXED of the SAS 9.1.3 statistical package
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(SAS Institute, 2000). The effects of the polymorphisms identified for the GHRL gene on the traits
investigated were estimated by applying the following statistical model:

Yy = 1+ GG+ 5+ T+ a(lye = 1) + B (Lij — L) + ey Equation 3

where: Y, = dependent variable of the ijk" animal; y = average of the each trait in the population;
GC, = fixed effect associated with the i"" contemporary group; Sj = fixed effect associated with
the j™ polymorphism of the GHRL gene; T, = random effect associated with the k™" sire; a,= linear
regression coefficient of trait Y, in relation to cow age; g, = linear regression coefficient of trait Y,
in relation to animal age at the time of measurement; /, = cow age; ! = means age of cows; L, =
animal age at measurement; L = mean age of animals at measurement; and €, = residual random
error associated with the ijk™ observation.

The contemporary groups were formed by birth year (2009 and 2010), birth month (9, 10,

11, and 12), and sex.

RESULTS

Six SNPs were identified in the regions analyzed, two of which were in the intron 3 region
of the GHRL gene (g.2184A>G and g.2347T>C). In the region covered by the E5 primer pair, four
polymorphisms for the partial region of intron 4 and exon 5 of the GHRL gene were identified. The
SNPs g.4469T>C and g.4548A>G are located in intron 4, while g.4663T>C and g.4729T>C are
located in exon 5 in the 3'UTR region (Table 2). All sequences and polymorphisms found were
submitted to NCBI database (http://www.ncbi.nlm.nih.gov) under the accession No. JX565585.
These are the first polymorphisms described for the GHRL gene in Nellore cattle.

Table 2. Location, region, and substitution of the polymorphisms identified in the GHRL gene in cattle (GenBank
accession No. JX565585).

Identification of the SNPs Primer Region SNP
g.2184 13 intron 3 A>G
g.2347 13 intron 3 T>C
9.4469 E5 intron 4 T>C
g.4548 E5 intron 4 A>G
g.4663 E5 exon 5 (3'UTR) T>C
g.4729 E5 exon 5 (3'UTR) T>C

Allelic and genotypic frequencies were calculated by counting and were tested for Hardy-
Weinberg equilibrium at 5% (Table 3). The SNPs g.2184A>G, g.2347T>C, g.4469T>C, and g.4663T>C
were in Hardy-Weinberg equilibrium, this indicates that these loci were not affected by selection.

Table 3 shows that three possible genotypes were found for each SNP, except for
g.2347T>C, because this SNP was not identified in animals with the CC genotype.

LD was estimated to determine which polymorphisms frequently segregated together.
According to Ardlie et al. (2002), if the r? value is higher than 0.33, then LD is strong. In the present
study, the r? values varied from 0 to 0.955 (Table 4). The SNPs g.2347T>C, g.4548A>G, and
g.4729T>C presented r? values lower than 0.33 with all other SNP, and between each other, varying
from 0 to 0.286, meaning they are in LD and are inherited separately. However, SNPs g.2184A>G,
g.4469T>C, and g.4463T>C presented r? values higher than 0.33, indicating that these SNPs are in
LD and are more frequently inherited together. Thus, one SNP among them (g.4663T>C) was used
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for the association test. Therefore, the SNPs g.2347T>C, g.4548A>G, g.4729T>C, and g.4663T>C
were used to analyze the association with the phenotype values of the traits of interest.

Table 3. Frequency of the alleles and genotypes observed for the SNPs of the GHRL gene and the Hardy-
Weinberg equilibrium (5%) in a population of 231 Nellore cattle.

SNP Allelic frequency Genotypic frequency Hardy-Weinberg
equilibrium (Chi-squared)*
A G AA AG GG
g.2184A>G 0.39 0.61 0.13 0.52 0.35 yes
g.4548A>G 0.31 0.69 0.06 0.49 0.45 no
C T cC TC T
g.2347T>C 0.05 0.95 0.00 0.09 0.91 yes
g.4469T>C 0.60 0.40 0.33 0.54 0.13 yes
g.4663T>C 0.61 0.39 0.35 0.53 0.12 yes
g.4729T>C 0.46 0.54 0.03 0.86 0.11 no

*The Hardy-Weinberg equilibrium was tested at 5% (Chi-squared values > 3.14 = disequilibrium).

Table 4. Estimated pairwise linkage disequilibrium (r?) values for six SNPs found on the GHRL gene in Nellore cattle.

SNPs 9.2184 9.2347 9.4469 9.4548 9.4663 9.4729
9.2184A>G -

9.2347T>C 0.000 -

9.4469T>C 0.954 0.001 -

9.4548A>G 0.286 0.019 0.274 -

9.4663T>C 0.945 0.000 0.955 0.277 -

9.4729T>C 0.000 0.001 0.002 0.000 0.000

These SNPs were associated with some traits (Table 5). The SNP g.2347T>C was
associated with DMI, LMA18, and W378 (P < 0.05); SNP g.4663T>C was associated with RF12,
BF12, W550, and RHM (P < 0.05); and g.4548A>G was associated with W550 and RHF (P < 0.05).
The SNP g.4729T>C was not found to have significant differences among the genotypes (P 2
0.05), indicating that this SNP does not influence these traits.

For SNP g.2347T>C, the TT genotype presented the highest average for the W378,
DMI, and LMA18 traits (Table 6). For SNP g.4548A>G, there were no significant differences
between the AA and AG genotypes, or between the AA and GG genotypes, for both traits
(W550 and RHF). However, the GG genotype presented a higher average compared with the
AG genotype. For the SNP g.4663T>C, the genotype that presented the highest average for
the W550 trait was TT. For the RHF trait, there were no significant differences between the TT
and CT genotypes, but a higher average was presented for the CC genotype. For the RF12
trait, there were no significant differences between the CC and TT genotypes, but differences
with the CT genotype were found, which had a lower average than the CC and TT genotypes.
For the BF12 trait, there were no significant differences between the CC and CT genotypes,
or between the CC and TT genotypes; however, the TT genotype presented a higher average
compared with the CT genotype.
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Table 5. P values obtained for effects of the genotypes on growth, feed efficiency, and carcass traits.

SNPs Growth traits’ Feed efficiency traits’ Carcass traits'

W550 W378 RHF RHM DMmI RFI LMA12  BF12 RF12 LMA18 BF18 RF18
g.2347T>C 0.40 0.01*  0.16 0.66 0.02* 0.56 0.43 0.68 0.36 0.01* 0.15 0.22
g.4548A>G 0.03* 0.25 0.05* 0.74 0.37 0.49 0.63 0.79 0.84 0.80 0.91 0.62
g.4663T>C 0.05* 0.27 0.05*  0.87 0.50 0.70 0.07 0.05* 0.01* 0.07 0.21 0.11
g.4729T>C 0.56 0.16 0.60 0.26 0.48 0.64 0.24 0.47 0.34 0.10 0.88 0.79

'W550 = yearling weight for females, standardized to 550 days of age (kg); W378 = year weight for male, standardized
to 378 days of age (kg); RHF = rump height for females (cm); RHM = rump height for males (cm); DMI = dry matter
intake (kg/day); RFI = residual feed intake (kgMD/day); LMA12 = loin eye area (cm?), BF12 = back fat thickness (mm)
and RF12 = rump fat thickness (mm), measured at 12 months; LMA18 = loin eye area (cm?), BF18 = back fat thickness
(mm) and RF18 = rump fat thickness (mm), measured at 18 months. *Means followed by at least one letter are not
significantly different (at 5%).

Table 6. Means and standard errors for genotypes found for the traits that were associated with the polymorphisms

Traits’ W550 w378 RHF DMI BF12 RF12 LMA18
9.2347T>C
cT 345.98 + 14.38 324.25 + 9.99 137.66 + 1.55 6.18 +0.17° 1.78+0.19 476+038  50.61+234°
T 357.72 £5.10 347.27 +7.42° 139.78 + 0.55 6.54 +0.10° 1.85+0.06 508+0.17  56.55+1.112
9.4548A>G
AA 351.73+£11.48%  351.16+14.82  139.04+1.24®  626+0.20 1.99 +0.22 5214043  57.41+ 261
AG 352.69 + 5.37° 347.48 + 8.03 139.27 + 0.58° 6.53 0.10 1.86 +0.08 505+0.19 5594 +1.27
GG 366.27 £ 6.11° 338.07 + 8.03 140.61 + 0.66° 6.50 +0.11 1.83 +0.08 513+020  56.42%1.32
9.4663T>C
cc 351.94 + 6.24° 348.92 + 8.48 138.80 + 0.97° 6.56 +0.11 194+0.10° 535+022% 5576+ 1.33
cT 357.49 + 5.48° 388.66 + 8.48 140.07 + 0.54° 6.45+0.11 176008  4.84+0.18 55441127
TT 373.95+892°  337.663+10.13  140.70 + 0.96° 6.56 + 015 211£015°  559£0.32% 59.56 + 1.86
9.4729T>C
cc 361.31+13.32 400.23£32.32  140.23+1.32 6.70 £ 0.26 2.00+0.28 564+054  52.22+3.06
cT 356.06 + 5.27 340.76 + 7.48 139.60 + 0.57 6.49 +0.10 1.86 +0.07 505+016  56.18 +1.14
T 364.89 + 9.43 34596+ 11.50  140.44 +1.01 6.62 +0.16 2.02+0.17 5394035 59.19+2.10

'W550 = yearling weight for females, standardized to 550 days of age (kg), W378 = year weight for males, standardized
to 378 days of age (kg), RHF = rump height for females (cm), DMI = dry matter intake (kg/day), BF12 = back fat
thickness (mm) and RF12 = rump fat thickness (mm), measured at 12 months, LMA18 = loin eye area (cm?), measured
at 18 months.

DISCUSSION

The SNP g.2347T>C presented a high T allele frequency, which differed from that occurring
in the remaining SNPs found. This may be due to genetic drift, since artificial selection involves the
selection of a small number of parents, mainly bulls, to form the next generation (Walsh, 1999). As
a consequence, the fixation of the T allele may be occurring and causing the C allele to be lost.
According to Van Vleck et al. (1987), sampling can cause random changes in gene frequency and
may also result in the loss of one of the alleles and of one of the homozygous types.

Sherman et al. (2007) found one SNP in intron 3 of the GHRL gene in Angus, Charolais,
and hybrid cattle. This SNP presented a low frequency of the G allele in the population (0.12),
which is consistent with the results from the present study. Therefore, the GG genotype was not
included in these analyzes.

The associations of these SNPs with body weight and rump height indicate that this gene
affects animal growth. Zhang et al. (2012) found that some SNPs within the promoter region of
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the GHRL gene in cattle were associated with ischium width. Fang et al. (2007) observed an
association between polymorphism in the GHRL gene, located on exon 1, and the weight of the
entire body, and the leg and breast of chickens. These results are consistent with GHRL promoting
the release of GH (Kojima et al., 1999; Bednarek et al., 2000; Martinelli et al., 2008). However,
when analyzing Chinese cattle, Sun et al. (2011) detected 11 SNPs in the GHRL gene but did not
find any significant association between the genotypes and body weight, average daily weight gain,
and body size at different ages.

In addition to a role for ghrelin in GH release, this hormone has also been shown to
play important roles in the stimulation of appetite and feeding activity (Jarkovska et al., 2004).
This is consistent with the present results, because the SNP g.2347T>C was associated with
dry matter intake. Sherman et al. (2007) associated one SNP in the bovine GHRL gene with RFI
and conversion traits. Ukkola and Pdykkd, (2002) found associations between ghrelin and the
increased feed intake.

The associations of the SNPs found in the present study with carcass merit including LMA,
BF, and RF are also consistent with the roles of the GHRL gene. Wojtysiak and Kaczor (2011)
demonstrated associations of GHRL polymorphisms with carcass weight, ham weight, loin weight,
longissimus muscle area, abdominal fat, and back fat thickness. Sherman et al. (2007) identified an
SNP in the GHRL gene that had a small association with carcass merit, including positive effects
on meat yield, productivity, and meat quality of beef cattle. In pigs, a polymorphism in the GHRL
gene was found to be associated with back fat thickness, marbling, and other carcass traits (Kim
et al. 2004). The ghrelin gene induces adiposity and causes susceptibility to obesity (Ukkola and
Poykko, 2002; Sun et al. 2011).

SNPs that are associated with the traits studied here are located in non-coding DNA
regions, that is, they are located in 3'UTR and intronic regions. Among the possible explanations for
this fact is that the SNPs might be in LD with other SNPs on the gene that have more accentuated
effects on the traits analyzed (Sherman et al. 2007).

Greenwood and Kelsoe (2003) and LeHir et al. (2003) also reported that introns affect the
efficiency of transcription, while Nakaya et al. (2007) suggested that many introns produce non-
coding RNA and regulate coding genes. Ropka-Molik et al. (2011) reported that polymorphisms in
the 5' and 3'UTR regions play a role in gene expression by controlling polyadenylation, stability,
and location of mRNA.

Therefore, the ghrelin gene is an important candidate for the identification of genetic
variations that influence traits of economic importance in beef cattle. Future studies may be
conducted to verify the influence of non-coding DNA regions and the influence of the GHRL gene
in important economic traits.
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