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ABSTRACT: Growth hormone (GH), insulin-like growth factor 1 (IGF1), and leptin (LEP) can be 
candidate genes for association studies because they play vital roles in the metabolism process. 
Thus, this study aimed to identify variants in these genes associated with body traits in Santa 
Inês sheep. The following were recorded: body weight at 100 (BW100) and 240 days (BW240), 
average daily gain (ADG), withers (WH) and croup (CH) heights, body length (BL), thoracic (TG) 
and leg (LG) girths, thoracic (TW) and croup (CW) widths, body depth (BD), rib eye area (REA), 
fat thickness (FT), and carcass finishing score (CFS). Single-locus association analysis was 
performed with 11 variants in IGF1, 18 in LEP, and 16 in GH. Moreover, two haplotypes in 
IGF1 and one haplotype in LEP were evaluated in haplotype association analysis. The single-
locus analysis revealed 23 suggestive additive effects (p < 0.05), but no additive effect was 
found at the Bonferroni threshold. Haplotype association analysis revealed 19 additive effects, of 
which ten were at the Bonferroni threshold (p < 0.0074). In IGF1 gene, haplotype replacements 
were associated with ADG 20.51(7.37), CH 4.09(1.21), WH 3.52(1.20), BL 3.94(1.19), TG 
3.88(1.30), TW 1.13(0.36), and LG 3.40(1.08); while in the LEP gene the haplotype replacement 
was associated with BW100 1.83(0.51), BD -2.51(0.56), and CFS -0.24(0.06). Therefore, there 
are haplotypes in IGF1 and LEP genes associated with body traits in Santa Inês sheep, which can 
be useful in marker-assisted selection. 
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Introduction

The Callipyge, Carwell, Double Muscling 
(Cockett et al., 2005), and Myostatin (Hickford et al., 
2010) are major genes that affect growth and carcass 
traits in sheep. However, the variants in these genes 
do not explain total genetic variation related to either 
growth or carcass traits in sheep. Additionally, certain 
polymorphisms in these genes are typical of a number 
of specific sheep breeds (Cockett et al., 2005). Therefore, 
it is essential to study other candidate genes. In this 
context, the growth hormone (GH), insulin-like growth 
factor 1 (IGF1), and leptin (LEP) genes can be candidates 
for association studies with either growth or carcass 
traits in sheep. The transcripts of these genes play vital 
roles in the metabolism process (Tuersunjiang et al., 
2016). Consequently, these genes can explain the genetic 
variance of several phenotypes in livestock.

The GH gene encodes the growth hormone which, 
through its specific receptor (Sahu et al., 2017), is the 
major regulator of IGF-I synthesis in the liver (Teran 
et al., 2016). IGF-1 is the main mediator of the effects 
of the growth hormone on muscle and bone tissues. 
Therefore, the GH/IGF is the major axis controlling 
the growth of animals (Yakar et al., 2018). A number 
of polymorphisms in GH were associated with growth 
(Abdelmoneim et al., 2017) and carcass traits (Gorlov 
et al., 2017) in sheep. In addition, associations between 
variants in the IGF1 gene with sheep growth traits were 
reported (Trukhachev et al., 2016).

Leptin has multiple functions, such as regulating 
appetite, body weight, maturation of the reproductive 

axis, neuroendocrine adaptations to fasting, and 
regulating glucose homeostasis (Caron et al., 2018). The 
vital role of leptin in controlling appetite can cause an 
impact on the variables directly associated with food 
intake, such as body weight and fat deposition. Thus, 
variants in the LEP gene were associated with growth 
(Hajihosseinlo et al., 2012), morphometric (Bakhtiar et 
al., 2017), and carcass traits (Barzehkar et al., 2009) in 
different sheep breeds.

Certain variants in the IGF1 gene were associated 
with internal carcass length, rib yield, and neck weight 
in Santa Inês sheep; while a variant in the GH gene was 
associated with weights and yields of primal cuts such 
as rib, loin, leg, and neck (Meira et al., 2019). Additive 
effects of polymorphisms in the LEP gene were also 
reported for weights and yields of these primal cuts, 
as well as weights and yields of the carcass (Meira et 
al., 2018). However, growth, morphometric, and in 
vivo ultrasound carcass traits were not evaluated in 
previous association studies on IGF1, GH, and LEP 
genes in Santa Inês sheep. Thus, this study aimed to 
identify polymorphisms in the GH, IGF, and LEP genes 
associated with body weight, morphometric traits, and 
carcass in vivo traits in Santa Inês sheep.

Materials and Methods

Animals and phenotypes
This study was carried out with the approval of 

the Ethical Committee for Animal Use from Veterinary 
Medicine and Animal Science School of the Federal 
University of Bahia (protocol number 02/2010). 
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Deoxyribonucleic Acid (DNA) was extracted from 192 
Santa Inês lambs, all males, of which 74 were born in 
2010, 15 in 2011, and 17 in 2012, in Frei Paulo, SE, 
Brazil (10°32’56” S, 37°32’02” W, altitude of 277 m). 
The other 86 lambs were raised in 2014 in São Gonçalo 
dos Campos, BA, Brazil (12°25’58” S, 38°58’01” W, 
altitude of 233 m). All animals received diets formulated 
according to the National Research Council (NRC, 2007) 
to meet the nutritional requirements for lambs with 
estimated weight gains of 170 g d–1. 

The morphometric traits were measured in lambs 
at 240 days of age using a tape and a measuring stick. 
Withers (WH) (distance from the highest point of the 
thoracic vertebra to the ground) and the croup (CH) 
(distance from the coxal tuberosity to the ground) heights; 
body length (BL) (distance from supraglenoid tuberosity 
to sciatic tuberosity); thoracic (TW) (distance between 
the supraglenoid tuberosities) and croup (CW) (distance 
between the coxal tuberosities) widths; thoracic (TG) 
(contour of the thoracic cavity, adjacent to the shoulder 
blades) and leg (LG) (mid-thigh contour) girths; and the 
body depth (BD) (distance from the thoracic vertebrae 
to the sternum) were the morphometric traits evaluated.

The carcass finishing score (CFS) was accessed in 
vivo with values from 1 to 5, by a single recorder as follows: 
score 1 (very lean carcass), 2 (lean), 3 (medium), 4 (fat), and 
5 (very fat). Additionally, ultrasonography was performed 
to obtain the rib eye area (REA) and fat thickness (FT) 
at 240 days of age. The REA and FT ultrasound images, 
between the 12th and 13th ribs on the left side of the lambs, 
were recorded. The length (A) and maximum depth (B) of 
the muscles were measured for estimating the REA using 
the equation A B

2 2
∗ ∗ π . Furthermore, the average daily 

gain (g d–1) was calculated using the difference between 
the body weights obtained at 100 (weaning) and 240 days 
of age, divided by the number of days between these 
measurements. A descriptive statistical summary of the 
traits can be found in Table 1.

Genotyping 
For the extraction of DNA a sample of 5 mL of 

blood was collected in vacutainer tubes containing 
Ethylenediaminetetraacetic acid (EDTA). The DNA 
extraction was performed using a salt precipitation 
method and proteinase K solutions following the 
Embrapa protocol (Oliveira et al., 2007). The primer 
design for amplification of the genes was determined 
by observing the available sequence in the National 
Center for Biotechnology Information (NCBI) database 
for LEP (GeneID:443534), IGF1 (GeneID:443318), 
and GH (GeneID:443329) genes of the sheep genome 
(version Oar_v4.0). The oligonucleotides were designed 
using the Primer 3 software package (http://bioinfo.
ut.ee/primer3-0.4.0/). Net Primer was used to test the 
quality of the sequences. After selecting the forward 
and reverse primers, the Basic Local Alignment Search 
Tool (BLAST) was used for sequence alignment in 
NCBI (http://blast.ncbi.nlm. Nih.gov/Blast.cgi) and to 

confirm the similarity with the Ovis aries sequence. The 
forward (GTGCTGCTTTTGTGATTTCTTG)	 and reverse 
(GATAGAAGAGATGCGAGGAGGA) primers were used 
for the amplification of 4,550 bp of IGF1 between 
the positions 171037883 and 171113228. For the GH 
gene, the forward (GCTGCTGACACCTTCAAAGA)	
and reverse (TGACCCTCAGGTACGTCTCC) primers 
were used for the amplification of 1,194 bp between 
the positions 47485651 and 47487536. For the LEP 
gene, the forward (GGACCCCTGTACCGATTCCT) and 
reverse (CAAACTCAGGAGAGGGTGGA) primers were 
used to amplify 2,045 bp located between the positions 
92501195 and 92503239. 

Touchdown-PCR were performed on the three 
genes, using 15 µL of the reaction mixture, containing 
0.3 mM of each of the primer, Taq polymerase, and 
100 ng of the template DNA. The PCR conditions for 
LEP gene were as follows: initial denaturation of 98 °C 
for 5 min, followed by 20 cycles with denaturation at 
98 °C for 10 s, annealing at 67 °C down to 57 °C, varying 
at –0.5 °C at each cycle for 30 s, and extension at 72 °C 
for 3 min. Immediately after the initial cycles, another 
20 cycles were followed with denaturation at 98 °C for 
10 s, followed by annealing at 57 °C for 30 s, extension 
at 72 °C for 3 min, and a final extension of 72 °C for 
5 min. For the IGF1, an initial denaturation 98 °C/5 
min, followed by ten denaturation cycles at 98 °C/10 s, 
annealing at 61 °C to 56 °C, reducing –0.5 °C at each 
cycle, for 30 s, and extension at 72 °C/4 min. Following 
another 30 cycles with denaturation temperature at 
98 °C/10 s, annealing at 56 °C/30 s, and extension at 
72 °C/4 min, ending with an extension at 72 °C/5 min. 
For GH amplification, the initial denaturation at 98 °C/5 
min, followed by 20 denaturation cycles at 98 °C/10 s, 
annealing at 63 °C to 53 °C, reducing –0.5 °C at each 
cycle, for 30 s, and extension at 72 °C/1 min. A further 
20 cycles with denaturation temperature at 98 °C/10 s 
were followed by annealing at 53 °C/30 s, and extension 
at 72 °C/1 min, ending with an extension at 72 °C/5 min.

Table 1 – Sample size (N), mean and standard deviation (SD) of the 
growth and carcass traits in Santa Inês sheep.

Traits N Mean SD
Withers height (cm) 184 66.26 5.69
Croup height (cm) 184 66.93 5.64
Body length (cm) 184 56.27 8.94
Thoracic width (cm) 184 17.77 2.11
Croup width (cm) 180 15.77 3.36
Leg girth (cm) 184 40.47 8.23
Thoracic girth (cm) 184 73.21 4.76
Body depth (cm) 180 25.23 2.13
Body weight at 100 days (kg) 172 20.56 4.15
Body weight at 240 days (kg) 184 34.03 6.27
Average daily gain (g d–1) 171 136.99 62.11
Rib eye area (cm2) 97 7.165 1.64
Fat thickness (cm) 99 0.198 0.04
Carcass finish score 181 2.32 0.37
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After PCR, the amplicons were purified with 
magnetic beads, and the recommended volume of 
AgencourtAMPure XP (Beckman Coulter, Brea, USA) 
was used to homogenize the beads to bind to the 
amplified products. Immediately after this step, the 
samples were purified with 70 % ethanol to remove 
the contaminants. The samples were quantified with 
Qubit® fluorometer (Life Technologies, Carlsbad, USA) 
and diluted to 0.2 ng μL–1 for library preparation. The 
Nextera® XT DNA sample preparation and the Nextera® 
XT index (Illumina, San Diego, USA) were used to 
prepare the library. All steps performed followed the 
Nextera XT protocol. Sequencing was performed on 
the MiSeq platform (Illumina, San Diego, USA) using 
the MiSeq Reagent Kit v2 (500 cycles).

The qualities of the reads were verified by the 
FastQC software program (https://dnacore.missouri.
edu/PDF/FastQC_Manual.pdf). For the first data 
filtering, the SeqyClean software tool version 1.3.12 
(Zhbannikov et al., 2013) was used, adopting a quality 
parameter of 24 (Phred score) for each base and a 
minimum length of 50 bp. Subsequently, the reads 
were aligned against the reference sheep genome 
deposited in the NCBI (version Oar_v4.0) by using 
the Bowtie2 program (Langmead and Salzberg, 2012). 
Finally, the functional annotation was performed 
using the variant effect predictor (VEP) for the online 
annotation of Ensembl in order to identify the locations 
of the mutations across different regions of the genome 
and the possible functional effects of the variants. For 
the nomenclature of the variants, we followed the 
recommendations of the Human Genome Variation 
Society (HGVs).

Haplotype and Hardy-Weinberg Equilibrium
The Hardy-Weinberg Equilibrium (HWE) was 

tested by comparing the predicted and observed 
heterozygosities. The predicted heterozygosity (PH) 
was obtained using the equation: PH = 2*(1 – MAF)* 
MAF, where MAF was the minor allelic frequency. The 
Haploview software (version 4.2) was used to test the 
HWE and to search for linkage disequilibrium (LD) 
blocks. The haplotype analysis revealed two LD blocks 
in IGF1 and one LD block in LEP, but no LD blocks 
were found in the GH gene. 

Association analysis
Before the association analysis, all traits had 

been analyzed using the model: y
ijkl = µ + Fi + Yj + 

Mk + αijkl(A) + εijkl, where yijkl is the phenotypic value, 
µ the general average, Fi the farm effect, Yj the year 
of birth effect, Mk the month of birth effect, αijkl(A) 
the covariate animal’s age, and εij the error term. This 
analysis aims to identify possible record errors and test 
the assumptions of the analysis of variance (ANOVA). 
The MIXED procedure in SAS (Statistical Analysis 
System, version 9.3) was used in ANOVA. All the fixed 
effects tested were significant (p < 0.01). Therefore, 

it is important to include them in the association 
analysis models. Also, a principal component analysis 
to evaluate structuration was performed as reported by 
Price et al. (2006). The result (Figure 1) did not indicate 
structuration.

The single-locus association analysis was carried 
out using the software Qxpak 5 tool (Pérez-Enciso 
and Misztal, 2011), which performs a likelihood 
ratio test. The general model can be described as 
y X Zk

n
k= + +=β δ εΣ 1 , where y is the vector containing 

the records of the traits, β the vector of solutions for 
the fixed effects, δ the vector of solutions for the genetic 
effects for any of the n QTL (quantitative trait loci) 
that affect the trait, and ε the vector of the residues. 
X and Z are the incidence matrices that correlate 
observations in y to the solutions in the vectors in β and 
δk, respectively. The fixed effects included in the model 
were: (a) farm (2 levels), (b) year (4 levels), (c) month of 
birth (12 levels), and (d) the covariate age of the animal. 
The additive and dominance effects of the QTLs were 
also tested. The additive effect was calculated as the 
contrast between the genotypes (SS – RR), where the 
allelic variant (R) was found in the reference gene 
sequence, while (S) is the allelic variant found in Santa 
Inês sheep. The dominance effect was calculated as the 
contrast

SR SS RR− +









2

.

Only variants with MAF ≥ 2 % and HWE (p ≥ 
0.05) were used in this analysis. For the single-locus 
analysis, forty-five variants (18 in LEP, 11 in IGF1, and 
16 in GH) that showed HWE (p > 0.05) and MAF ≥ 
1 % were employed (Table 2). Thus, the Bonferroni 
threshold for single-locus analysis was 0.0005.

The haplotype association analysis was performed 
as reported by Lake et al. (2003), and the haplo.glm 
subroutine of the haplo.stat package (version 1.7.7) 
was utilized in this analysis. Only haplotypes with a 
frequency greater than 4 % were tested. The haplotype 
analysis revealed two LD blocks in IGF1, one in LEP, 
and no LD blocks were found in the GH gene. In the 
haplotype association analysis, three LD blocks were 
used (Table 3). Therefore, the Bonferroni threshold was 
0.0074. 

Figure 1 – The first (PC1) and second (PC2) principal components. 
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Results

Associations analysis - GH gene
Haplotype association analysis was not carried out 

for GH because no LD blocks were detected in this gene. 
Additionally, after Bonferroni correction, no association 

was found with the single-locus analysis approach in GH. 
However, the variant rs589527314, a substitution C/A 
found in the intron-2 of the GH gene, had a suggestive 
additive effect (p < 0.05) on BW100 (Table 4). The A allele 
was associated with a higher value of these traits, and the 
difference between the CC and AA genotypes was 3.2 kg. 

Table 2 – Variants identified in the GH, IGF1 and LEP genes in Santa Inês sheep.

Gene NCBI Number Site
Heterozygosity HWE1 

(p-value) MAF2

Observed Expected
GH rs1135847308 Exon 5 0.016 0.026 5.23E-02 0.013
GH rs397514078 Intron 4 0.037 0.036 1.00E+00 0.018
GH rs397514077 Intron 4 0.052 0.051 1.00E+00 0.026
GH rs397514076 Intron 4 0.225 0.200 1.39E-01 0.113
GH rs397514102 Exon 4 0.105 0.099 1.00E+00 0.052
GH rs1092944696 Intron 3 0.173 0.175 1.00E+00 0.097
GH rs1092437056 Intron 3 0.173 0.158 4.41E-01 0.086
GH rs1135847309 Intron 3 0.099 0.095 1.00E+00 0.050
GH rs397514070 Exon 3 0.120 0.113 9.89E-01 0.060
GH rs397514069 Intron 2 0.094 0.090 1.00E+00 0.047
GH rs589527314 Intron 2 0.298 0.289 9.08E-01 0.175
GH rs1087440770 Intron 2 0.110 0.104 1.00E+00 0.055
GH rs1135847310 Intron 2 0.021 0.021 1.00E+00 0.010
GH rs397514066 Intron 2 0.052 0.051 1.00E+00 0.026
GH rs397514065 Intron 2 0.157 0.145 5.81E-01 0.079
GH rs397514064 Intron 2 0.157 0.145 5.81E-01 0.079
IGF1 rs430457475 Intron 1 0.388 0.389 1.00E+00 0.265
IGF1 rs1135847304 Intron 1 0.224 0.199 1.95E-01 0.112
IGF1 rs595347398 Intron 1 0.024 0.023 1.00E+00 0.012
IGF1 rs412470350 Intron 1 0.494 0.499 9.82E-01 0.482
IGF1 rs402300271 Intron 1 0.118 0.111 1.00E+00 0.059
IGF1 rs418030625 Intron 1 0.259 0.242 6.30E-01 0.141
IGF1 rs425204511 Intron 1 0.265 0.247 5.70E-01 0.144
IGF1 rs403521045 Intron 1 0.194 0.194 1.00E+00 0.109
IGF1 rs430449367 Intron 1 0.400 0.395 1.00E+00 0.271
IGF1 rs421570650 Intron 1 0.065 0.074 4.24E-01 0.038
IGF1 rs600588782 Intron 1 0.035 0.035 1.00E+00 0.018
LEP rs408463464 Intron 2 0.524 0.491 4.71E-01 0.435
LEP rs398357543 Intron 2 0.377 0.371 1.00E+00 0.246
LEP rs409675427 Intron 2 0.068 0.066 1.00E+00 0.034
LEP rs421064645 Intron 2 0.482 0.455 5.50E-01 0.351
LEP rs410864710 Intron 2 0.503 0.493 9.26E-01 0.440
LEP rs422219521 Intron 2 0.351 0.352 1.00E+00 0.228
LEP rs400734857 Intron 2 0.382 0.368 7.87E-01 0.243
LEP rs423196216 Intron 2 0.084 0.099 1.62E-01 0.052
LEP rs406003615 Intron 2 0.387 0.371 7.15E-01 0.246
LEP rs413205084 Intron 2 0.267 0.309 9.86E-02 0.191
LEP rs424642048 Intron 2 0.251 0.299 5.13E-02 0.183
LEP rs593178720 Intron 2 0.073 0.071 1.00E+00 0.037
LEP rs403103423 Intron 2 0.366 0.349 6.62E-01 0.225
LEP rs418548121 Intron 2 0.393 0.374 6.46E-01 0.249
LEP rs1135847360 Intron 2 0.366 0.360 1.00E+00 0.236
LEP rs596008192 Intron 2 0.372 0.363 9.36E-01 0.238
LEP rs429879457 Intron 2 0.492 0.495 1.00E+00 0.450
LEP rs404287904 Intron 2 0.366 0.366 1.00E+00 0.241
1HWE = Hardy-Weinberg equilibrium; 2MAF = minor allele frequency.
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Associations analysis - IGF1 gene
Single-locus analysis in IGF1 did not find an 

additive effect at the Bonferroni threshold. However, 
suggestive additive effects (p < 0.05) of the variant 

rs412470350 on WH, CH, TW, LG, and ADG were 
found (Table 4). This variant is a C >T substitution in 
the intron-1 of IGF1 gene. For all traits, the C allele was 
associated with a higher mean value. The differences 

Table 3 – Haplotypes in the IGF1 and LEP genes with frequencies ≥ 1 %.
IGF1 LEP

Block-1 Block-2 Block-1
Haplotype Frequency Haplotype Frequency Haplotype Frequency
TCC 0.479 GCG 0.856 ACGGATCGATGAGCAG 0.406
TCT 0.257 ATT 0.109 GCAAATCGATTAGCGG 0.199
GCT 0.149 ATG 0.032 GTGAGCCCGCGCATGA 0.134
GAT 0.112 GCAAATCGATGAGCGG 0.045

GTGAGCCCACGCATGA 0.045
GCAAATTGATGAGCGG 0.044
GTGAGCCCGTGCATGA 0.029
ACAGATCGATGAGCAG 0.016
GCAGATCGATTAGCGG 0.010
GCAAATCGATTAGCAG 0.010
GTGAGCCCATGCATGA 0.010
GTGAACCCGTGCATGA 0.010

Table 4 – Additive effect (a) and standard error (SE) of polymorphisms in GH, IGF1, and LEP genes associated with growth, carcass and 
morphometric traits in Santa Inês sheep.

Trait variants NCBI Number Intron a SE LRT p-value
GH

BW100 g.47486819C > A rs589527314 2 1.600 0.7076 5.02 0.0251
IGF1

WH g.171110428C > T rs412470350 1 –0.941 0.4481 4.35 0.0370
CH g.171110428C > T rs412470350 1 –1.429 0.4970 8.06 0.0045
TW g.171110428C > T rs412470350 1 –0.576 0.2088 7.45 0.0064
LG g.171110428C > T rs412470350 1 –1.330 0.6091 4.70 0.0302
ADG g.171110428C > T rs412470350 1 –14.739 5.1931 7.79 0.0053

LEP
BW100 g.92501543A > G rs421064645 2 1.186 0.5561 4.47 0.0344
CFS g.92501407C > T rs398357543 2 0.117 0.0425 7.37 0.0066
CFS g.92502245A > G rs422219521 2 0.122 0.0435 7.60 0.0058
CFS g.92502283T > C rs400734857 2 0.116 0.0425 7.19 0.0073
CFS g.92502623G > C rs406003615 2 0.109 0.0424 6.42 0.0113
CFS g.92502947A > C rs418548121 2 0.106 0.0421 6.14 0.0132
CFS g.92503024G > A rs1135847360 2 0.124 0.0432 7.92 0.0049
CFS g.92503025C > T rs596008192 2 0.128 0.0429 8.65 0.0033
CFS g.92503086G > A rs404287904 2 0.128 0.0429 8.65 0.0033
CW g.92501407C > T rs398357543 2 0.706 0.2726 6.58 0.0103
CW g.92502245A > G rs422219521 2 0.787 0.2815 7.64 0.0057
CW g.92502283T > C rs400734857 2 0.714 0.2752 6.62 0.0101
CW g.92502623G > C rs406003615 2 0.725 0.2749 6.82 0.0090
CW g.92502947A > C rs418548121 2 0.685 0.2740 6.14 0.0132
CW g.92503024G > A rs1135847360 2 0.744 0.2785 7.00 0.0082
CW g.92503025C > T rs596008192 2 0.737 0.2774 6.93 0.0085
CW g.92503086G > A rs404287904 2 0.677 0.2746 5.98 0.0145
FT g.92501407C > T rs398357543 2 0.015 0.006 5.93 0.0149
FT g.92502245A > G rs422219521 2 0.017 0.006 7.59 0.0059
FT g.92502283T > C rs400734857 2 0.013 0.006 4.72 0.0298
FT g.92503024G > A rs1135847360 2 0.016 0.006 6.61 0.0101
FT g.92503025C > T rs596008192 2 0.016 0.006 6.87 0.0088
FT g.92503086G > A rs404287904 2 0.016 0.006 6.87 0.0088
LRT = likelihood ratio test; BW100 = Body weight at 100 days of age; WH and CH = withers and croup heigths; TW and CW = thoracic and croup widths; LG = leg 
girth; ADG = average daily gain; CFS = carcass finishing score; FT = fat thickness. 
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between the CC and TT genotypes were: 1.88 cm (WH), 
2.86 cm (CH), 1.15 cm (TW), 2.66 cm (LG), and 29.48 g 
d–1 (ADG). In addition, twelve haplotype replacements 
in LD block-1 of IGF1 were found (Table 5). The 
replacement of TCC by TCT was associated (p < 0.0075) 
with ADG, CH, WH, BL, TG, TW, and LG, where 
regression coefficients (β) and standard errors (SE) were 
20.5079 ± 7.3741, 4.0859 ± 1.2121, 3.5227 ± 1.2002, 
3.9393 ± 1.1920, 3.8814 ± 1.3036, 1.1302 ± 0.3577, 
and 3.3994 ± 1.0808, respectively. Moreover, another 
five suggestive (p < 0.05) haplotype replacements were 
found. 

Associations analysis - LEP gene
In the LEP gene, no single-locus effect was found 

at the Bonferroni threshold. However, 23 suggestive 
additive effects (p < 0.05) were found (Table 4). The 
variants rs398357543, rs422219521, rs400734857, 
rs1135847360, rs596008192, and rs404287904, all in 
intron-2, had suggestive additive effects (p < 0.05) 
on CFS, CW, and FT (Table 4). Moreover, the variants 
rs406003615 and rs418548121, also located in intron-2, 
were associated with both CFS and CW. The difference 
between homozygous ranged from 0.212 (rs418548121) 
to 0.256 (rs596008192 and rs404287904) scores of CFS, 
from 0.026 (rs400734857) to 0.034 cm (rs422219521) of 

FT, and from 1.35 (rs404287904) to 1.57 cm (rs422219521) 
of CW. In addition, the rs421064645, a substitution A/G 
in intron-2, had a suggestive additive effect (p < 0.05) 
on BW100, where the difference between AA and GG 
was 2.37 kg. Finally, associations (p < 0.0075) with CFS 
(-0.2441 ± 0.0611), BW100 (1.8270 ± 0.5143) and BD 
(-2.5103 ± 0.5621) were found when the most frequent 
haplotype (ACGGATCGATGAGCAG) in the LEP gene 
was replaced by other haplotypes (Table 5). 

Discussion

GH gene
The variant rs589527314 in intron-2 of the GH gene 

was associated with BW100 in Santa Inês sheep, which 
is supported by previous association studies. Variants 
in intron-2 were associated with body weight in Black 
Tibetan sheep (Han et al., 2016), and birth weight, 
body weight at 120 days, and ADG from birth to 120 
days in Harri sheep (Abdelmoneim et al., 2017). Other 
regions of GH were also associated with body weight 
in sheep. The variant in intron-1 was associated with 
weaning weight and ADG in Nilagiri sheep (Cauveri 
et al., 2016). On exon 4, a PCR-SSCP associated with 
body weight in Makooei sheep was reported (Moradian 
et al., 2013), and one single nucleotide polymorphism 
was associated with body weight in Tibetan and Poll 
Dorset breeds (Jia et al., 2014). Moreover, a PCR-SSCP 
in exon 5 was associated with body weight in Baluchi 
sheep at six months of age (Tahmoorespur et al., 2011), 
while a PCR-RFLP was associated with body weight 
and ADG in Donggala and East Java breeds (Malewa 
et al., 2014) and Jambi Province sheep (Depison et 
al., 2017). These many associations between variants 
in GH and growth traits are supported by biological 
processes such as insulin secretion (Zhang et al., 2004), 
response to food (Berryman et al., 2004), and positive 
regulation of multicellular organism growth (Harvey, 
2010), which depends on growth hormone activity. 

IGF1 gene
The variant rs412470350 and haplotype 

replacements were associated with different body traits 
in Santa Inês sheep (Tables 4 and 5). The molecular 
function and biological process associated with the 
IGF1 gene supports these results. Yakar et al. (2002), 
demonstrated that circulating levels of IGF-1 directly 
regulate bone growth and density in mice, while Sun 
et al. (2014) found an association between IGF1 gene 
expression and body weight in Hu sheep. In addition, 
the IGF1gene has important molecular functions for 
animal growth, such as cell proliferation, maintenance 
of skeletal muscle satellite cells for regeneration, and 
an essential role in muscle hypertrophy (Philippou 
et al., 2007). Previous studies carried out with other 
sheep breeds also supported our results. A variant 
(rs430457475) in intron-1 was associated with WH 
and CH in Russian Merino breed (Trukhachev et al., 

Table 5 – Regression coefficients (β) and standard errors (SE) 
estimated by haplotype association analysis in the IGF1 and LEP 
genes in Santa Inês sheep.

Trait Haplotype replacement β SE p-value
IGF1

ADG TCC > TCT 20.5079 7.3741 0.006*
CH TCC > GAT 5.1563 1.9695 0.010
CH TCC > GCT 3.1585 1.5026 0.037
CH TCC > TCT 4.0859 1.2121 0.001*
WH TCC > GAT 4.0960 1.9502 0.037
WH TCC > GCT 2.9829 1.4880 0.047
WH TCC > TCT 3.5227 1.2002 0.004*
BL TCC > TCT 3.9393 1.1920 0.001*
TG TCC > TCT 3.8814 1.3036 0.003*
TW TCC > GCT 1.1406 0.4437 0.011
TW TCC > TCT 1.1302 0.3577 0.002*
LG TCC > TCT 3.3994 1.0808 0.002*

LEP
BW100 H1 > GCAAATTGATGAGCGG 1.8270 0.5143 < 0.0001*
BW240 H1 > GCAAATCGATTAGCGG –2.0353 0.9165 0.028
REA H1 > GCAAATCGATTAGCGG –2.4400 0.2049 0.016
CFS H1 > GTGAGCCCGCGCATGA –0.2441 0.0611 < 0.0001*
TG H1 > GCAAATCGATGAGCGG –5.2915 1.9733 0.008
BD H1 > GCAAATTGATGAGCGG –2.5103 0.5621 < 0.0001*
BL H1 > GCAAATTGATGAGCGG 2.4830 0.9563 0.01
*Significant effect at 5 % of Bonferroni correction; H1 = haplotype 
ACGGATCGATGAGCAG; ADG = average daily gain; CH and WH = withers and 
croup heights; BL = body length; TG = Thoracic girth; TW = thoracic widths; 
LG = leg girth; BW100 and BW240 = Body weight at 100 and 240 days of 
age, respectively; REA = rib eye area; CFS = carcass finishing score; and BD 
= body depth.
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2016). Furthermore, association between a PCR-RFLP 
in the regulatory region of IGF1 with BL, TW, and body 
weight in Balami sheep, and WH in Yankasa sheep were 
also reported (Raji et al., 2017). A PCR-SSCP in exon-
1 was associated with ADG and BL in Makui sheep 
(Hajihosseinlo et al., 2013), and ADG in both Baluchi 
(Tahmoorespur et al., 2009) and Makooei (Negahdary 
et al., 2013) sheep breeds. 

LEP gene
Variants in the LEP gene of Santa Inês sheep 

were associated with several body traits in the current 
study. These results are supported by molecular 
functions such as hormonal activities (Wauters et al., 
2000) that regulate vital metabolic processes; and the 
activity of growth factors that stimulate cells to grow or 
proliferate. Furthermore, the LEP gene is a component 
of several biological processes, especially those related 
to fat metabolism, such as the lipid metabolic process 
and beta-oxidation of fatty acids (Havel, 2004), which 
may also explain the associations observed here for FT 
and CFS. The leptin also plays a vital role in biological 
processes that are related to the negative regulation of 
appetite (Blundell et al., 2001), adult eating behavior 
and feeding behavior (Williamson et al., 2005), 
intestinal absorption (Yarandi et al., 2011), and bone 
growth (Upadhyay et al., 2015), which can explain the 
effects on growth and morphometric traits in Santa 
Inês sheep. 

Previous studies also support our results with 
the LEP gene. In intron-2, associations are reported 
with REA in the Suffolk breed (Boucher et al., 2006) 
and with cold carcass weight, fat-tail, and total body 
fat in the Shal and Zelsheep breeds (Barzehkar et al., 
2009). Additionally, the variants g.92501372G>A, 
rs398357543, rs421064645, and rs1135847360 in intron-2 
of LEP gene were associated with several carcass 
traits recorded post-mortem in Santa Inês sheep, such 
as cold and hot carcass weights and yields, internal 
carcass length, leg and neck yields, neck weight, and 
CFS (Meira et al., 2018). Polymorphisms in other 
regions of the LEP gene, especially in exon 3, were also 
associated with economic traits. A PCR-SSCP in exon 
3 of LEP gene was associated with breeding values 
for TG and rump length in Makooei sheep (Sadeghi 
et al., 2014), body weight and ADG in Makooei sheep 
(Hajihosseinlo et al., 2012), body weight at 90 days in 
Baluchi sheep (Tahmoorespur et al., 2010), and body 
weight in Kermani sheep with 3, 6, 9, and 12 months 
of age (Shojaei et al., 2010). Some variants in the exon 
3 were associated with BL in Sanjabu sheep (Bakhtiar 
et al., 2017) feed conversion rate, residual feed intake 
and feed intake in crossbreed Awassi-Merino sheep 
(Jonas et al., 2016), and cold carcass weight in Santa 
Inês sheep (Quirino et al., 2016).

The present study found evidence of intronic 
variants in the IGF1, LEP, and GH genes associated 
with body traits in Santa Inês sheep. No previous 

studies identified small RNA transcripts encoded by 
the intronic regions associated with body traits in the 
current study. Moreover, the variants, here associated 
with body traits, are not in splice sites. Therefore, 
linkage disequilibrium between the polymorphism 
found here, and the causal variant is the main 
hypothesis that explains the additive effects found. 

Acknowledgments 
 
To the Bahia State Foundation for Research 

Support (FAPESB) for the financial support to projects 
APP0116/2009 and PNE0006/2014; to the Brazilian 
National Council for Scientific and Technological 
Development (CNPq) for financial support to projects 
562551/2010-7 and 474494/2010-1; to Embrapa Coastal 
Tablelands for the infrastructure of the experimental 
farm; and to Dr. Luiz Lehmann Coutinho for the 
infrastructure of Functional Genomics Core facility 
of University of São Paulo/ESALQ (USP/ESALQ). 
Luiz Coutinho, Gerson Mourão, Victor Pedrosa, 
and Luis Pinto are recipient of a CNPq Productivity 
Scholarship. This study was also financed in part by 
the Coordination for the Improvement of Higher Level 
Personnel (CAPES) - Finance Code 001.

Authors’ Contributions

Conceptualization: Pinto, L.F.B. Data 
acquisition: Coutinho, L.L.; Azevedo, H.C.; Muniz, 
E.N.; Meira, A.N.; Jucá, A.F. Data analysis: Machado, 
A.L.; Meira, A.N. Design of methodology: Pinto, 
L.F.B.; Machado, A.L. Writing and editing: Machado, 
A.L.; Mourão, G.B.; Pedrosa, V.B.; Coutinho, L.L.; Pinto, 
L.F.B.

References

Abdelmoneim, T.S.; Brooks, P.H.; Afifi, M.; Swelum, A.A.A. 
2017. Sequencing of growth hormone gene for detection of 
polymorphisms and their relationship with body weight in 
Harri sheep. Indian Journal of Animal Research 51: 205-211.

Bakhtiar, R.; Abdolmohammadi, A.; Hajarian, H.; Nikousefat, 
Z.; Kalantar-Neyestanaki, D. 2017. Identification of 332G > A 
polymorphism in exon 3 of the leptin gene and partially effects 
on body size and tail dimension in Sanjabi sheep. International 
Journal of Bioengineering and Life Sciences 11: 506-509.

Barzehkar, R.; Salehi, A.; Mahjoubi, F. 2009. Polymorphisms 
of the ovine leptin gene and its association with growth and 
carcass traits in three Iranian sheep breeds. Iranian Journal of 
Biotechnology 7: 241-246.

Berryman, D.E.; List, E.O.; Coshcigano, K.T.; Behar, K.; Kim, 
J.K.; Kopchick, J.J. 2004. Comparing adiposity profiles in three 
mouse models with altered GH signaling. Growth Hormone & 
IGF Research 14: 309-318.

Blundell, J.E.; Goodson, S.; Halford, J.C.G. 2001. Regulation 
of appetite: role of leptin in signaling systems for drive and 
satiety. International Journal of Obesity 25: S29-S34.



8

Machado et al. Variants associated with body traits

Sci. Agric. v.78, n.3, e20190216, 2021

Boucher, D.; Palin, M.F.; Castongua, F.; Gariépy, C.; Pothier, F. 
2006. Detection of polymorphisms in the ovine leptin (LEP) 
gene: association of single nucleotide polymorphism with 
muscle growth and meat quality traits. Canadian Journal of 
Animal Science 86: 31-35.

Caron, A.; Lee, S.; Elmquist, J.K.; Gautron, L. 2018. Leptin and 
brain-adipose crosstalks. Nature Reviews Neuroscience 19: 
153-165.

Cauveri, D.; Sivaselvam, S.N.; Karthickeyan, S.M.K.; 
Tirumurugaan, K.G.; Kumanan, K.; Venkataramanan, R. 
2016. Single nucleotide polymorphisms in GH (growth 
hormone) gene associated with growth traits in Nilagiri sheep 
of Tamil Nadu. International Journal of Science, Environment 
and Technology 5: 4097-4103.

Cockett, N.E.; Smit, M.A.; Bidwell, C.A.; Segers, K.; Hadfield, 
T.L.; Snowder, G.D.; Georges, M.; Charlier, C. 2005. The 
callipyge mutation and other genes that affect muscle 
hypertrophy in sheep. Genetics Selection Evolution 37: 
S65-S81.

Depison; Anwar, S.; Jamsari; Arnim; Yurnalis. 2017. Association 
of growth hormone gene polymorphism with quantitative 
characteristics of thin-tailed sheep using PCR-RFLP in Jambi 
province. African Journal of Biotechnology 16: 1159-1167.

Gorlov, I.F.; Kolosov, Y.A.; Shirokova, N.V.; Getmantseva, L.V.; 
Slozhenkina, M.I.; Mosolova, N.I.; Bakoev, N.F.; Leonova, 
M.A.; Kolosov, A.Y.; Zlobina, E.Y. 2017. Association of the 
growth hormone gene polymorphism with growth traits in 
Salsk sheep breed. Small Ruminant Research 150: 11-14.

Hajihosseinlo, A.; Hashemi, A.; Razavi-Sheshdeh, S.A.; Pirany, 
N. 2013. Association of the polymorphism in the 5’ flanking 
region of the ovine IGF-I gene with growth and development 
traits in Makui sheep of Iran. European Journal of Zoological 
Research 2: 19-24. 

Hajihosseinlo, A.; Hashemi, A.; Sadeghi, S. 2012. Association 
between polymorphism in exon 3 of leptin gene and growth 
traits in the Makooei sheep of Iran. Livestock Research for 
Rural Development 24: 543-546.

Han, Y.C.; Sun, Y.G.; Li, Q. 2016. Growth hormone 
polymorphisms and growth traits in Chinese Tibetan sheep 
Ovis aries. Genetics and Molecular Research 15: 15038397.

Harvey, S. 2010. Extrapituitary growth hormone. Endocrine 38: 
335-359.

Havel, P.J. 2004. Update on adipocyte hormones: regulation of 
energy balance and carbohydrate/lipid metabolism. Diabetes 
53: S143-S151.

Hickford, J.G.H.; Forrest, R.H.; Zhou, H.; Fang, Q.; Han, J.; 
Frampton, C.M.; Horrell, A.L. 2010. Polymorphisms in the 
ovine myostatin gene (MSTN) and their association with 
growth and carcass traits in New Zealand Romney sheep. 
Animal Genetics 41: 64-72.

Jia, J.L.; Zhang, L.P.; Wu, J.P.; Ha, Z.J.; Li, W.W. 2014. Study of the 
correlation between GH gene polymorphism and growth traits 
in sheep. Genetics and Molecular Research 13: 7190-7200.

Jonas, E.; Martin, G.B.; Celi, P.; Li, L.; Soattin, M.; Thomson, 
P.C.; Raadsma, H.W. 2016. Association of polymorphisms 
in leptin and leptin receptor genes with circulating leptin 
concentrations, production and efficiency traits in sheep. 
Small Ruminant Research 136: 78-86. 

Lake, S.L.; Lyon, H.; Tantisira, K.; Silverman, E.K.; Weiss, 
S.T.; Laird, N.M.; Schaid, D.J. 2003. Estimation and tests of 
haplotype-environment interaction when linkage phase is 
ambiguous. Human Heredity 55: 56-65.

Langmead, B.; Salzberg, S.L. 2012. Fast gapped-read alignment 
with Bowtie 2. Nature Methods 4: 357-359.

Malewa, A.D.; Hakim, L.; Maylinda, S.; Husain, M.H. 2014. 
Growth hormone gene polymorphisms of Indonesia fat tailed 
sheep using PCRRFLP and their relationship with growth traits. 
Livestock Research for Rural Development 26: 6. 

Meira, A.N.; Montenegro, H.; Coutinho, L.L.; Mourão, G.B.; 
Azevedo, H.C.; Muniz, E.N.; Machado, A.L.; Sousa-JR, 
L.P.; Pedrosa, V.B.; Pinto, L.F.B. 2019. Single nucleotide 
polymorphisms in the GH and IGF1 genes associated with 
carcass traits in Santa Inês sheep. Animal 13: 460-468.

Meira, A.N.; Moreira, G.C.M.; Coutinho, L.L.; Mourão, G.B.; 
Azevedo, H.C.; Muniz, E.N.; Machado, A.L.; Sousa-Jr, L.P.; 
Pedrosa, V.B.; Pinto, L.F.B. 2018. Carcass and commercial cut 
yield of Santa Inês sheep affected by polymorphisms of the LEP 
gene. Small Ruminant Research 166: 121-128. 

Moradian, C.; Mohamadi, N.; Razavi-Sheshdeh, S.A.; Hajihosseinlo, 
A.; Ashrafi, F. 2013 Effects of genetic polymorphism at the 
growth hormone gene on growth traits in Makooei sheep. 
European Journal of Experimental Biology 3: 101-105. 

Negahdary, M.;  Hajihosseinlo, A.;  Ajdary, M. 2013. PCR-SSCP 
variation of IGF1 and PIT1 genes and their association with 
estimated breeding values of growth traits in Makooei sheep. 
Genetics Research International 2013: 272346.

National Research Council [NRC]. 2007. Nutrient Requirements 
of Small Ruminants: Sheep, Goats, Cervids and New World 
Camelids. Natl. Acad. Press, Washington, DC, USA.

Oliveira, M.D.S.; Regitano, L.D.A.; Roese, A.D.; Anthonisen, D.G.; 
Patrocinio, E.D.; Parma, M.M.; Scagliusi, S.M.M.; Timoteo, 
W.H.B.; Belicuas, S. 2007. Theoretical and practical background 
and protocols for DNA extraction and amplification by 
polymerase chain reaction technique = Fundamentos teórico-
práticos e protocolos de extração e de amplificação de DNA por 
meio da técnica de reação em cadeia de polimerase. Embrapa 
Pecuária Sudeste, São Carlos, SP, Brazil (in Portuguese). 

Pérez-Enciso, M.; Miszta, I. 2011. Qxpak.5: old mixed model 
solutions for new genomics problems. BMC Bioinformatics 12: 
202.

Philippou, A.; Maridaki, M.; Halapas, A.; Koutsilieris, M. 2007. 
The role of the insulin-like growth factor 1 (IGF-1) in skeletal 
muscle physiology. In vivo 21: 45-54.

Price, A.L.; Patterson, N.J.; Plenge, R.M.; Weinblatt, M.E.; Shadick, 
N.A.; Reich, D. 2006. Principal components analysis corrects 
for stratification in genome-wide association studies. Nature 
Genetics 8: 904-909.

Quirino, C.R.; Costa, R.L.D.; Pacheco, A.; Madella-Oliveira, A.F.; 
Beltrame, R.T.; Azevedo, A.S.; Bartholazzi-Junior, A.; Vega, 
W.H.O. 2016. Identification of polymorphisms in the myostatin 
and leptin genes of Santa Inês breed and crossbreed sheep and 
association with carcass traits. Bioscience Journal 32: 699-704.

Raji, A.O.; Mohammed, A.; Igwebuike, J.U.; Alphonsus, 
C. 2017. Association of IGF 1 gene polymorphisms with 
some morphometric traits of Nigerian indigenous sheep 
breeds. Nigerian Journal of Biotechnology 34: 97-104.



9

Machado et al. Variants associated with body traits

Sci. Agric. v.78, n.3, e20190216, 2021

Sadeghi, S.; Hajihosseinlo, A.; Bohlouli, M. 2014. Haplotype 
association of ovine leptin gene on breeding value of body 
measurements in Makooei sheep breed.  Biotechnology in 
Animal Husbandry 30: 233-242.

Sahu, A.R.; Jeichitra, V.; Rajendran, R.; Raja, A. 2017. 
Polymorphism of growth hormone receptor (GHR) gene in 
Nilagiri sheep. Tropical Animal Health and Production 49: 
281-285.

Shojaei, M.; Abadi, M.M.; Fozi, M.A.; Dayani, O.; Khezri, A.; 
Akhondi, M. 2010. Association of growth trait and leptin 
gene polymorphism in Kermani sheep. Journal of Cell and 
Molecular Research 2: 67-73.

Sun, W.; Su, R.; Li, D.; Musa, H.H.; Kong, Y.; Ding, J.T.; Ma, Y.H.; 
Chen, L.; Zhang, Y.F.; Wu, W.Z. 2014. Developmental changes 
in IGF-I and MyoG gene expression and their association with 
meat traits in sheep. Genetics and Molecular Research 13: 
2772-2783.

Tahmoorespur, M.; Taheri, A.; Gholami, H.; Ansary, M. 2011. 
PCR-SSCP Variation of GH and STAT5A genes and their 
association with estimated breeding values of growth traits in 
Baluchi sheep. Animal Biotechnology 22: 37-43.

Tahmoorespur, M.; Taheri, A.; Valeh, M.V.; Saghi, D.A.; Ansary, 
M. 2010. Assessment relationship between leptin and ghrelin 
genes polymorphisms and estimated breeding values EBVs 
of growth traits in Baluchi sheep. Journal of Animal and 
Veterinary Advances 9: 2460-2465.

Tahmoorespur, M.; Valeh, M.V.; Nassiry, M.R.; Moussavi, A.H.; 
Ansary, M. 2009. Association of the polymorphism in the 5’ 
flanking region of the ovine IGF-I gene with growth traits in 
the Baluchi sheep. South African Journal of Animal Science 
39: 97-101. 

Teran, E.; Chesner, J.; Rapaport, R. 2016. Growth and growth 
hormone: an overview. Growth Hormone & IGF Research 28: 
3-5.

Trukhachev, V.; Skripkin, V.; Kvochko, A.; Kulichenko, A.; 
Kovalev, D.; Pisarenko, S.; Volynkina, A.; Selionova, M.; 
Aybazov, M.; Shumaenko, S.; Omarov, A.; Mamontova, T.; 
Yatsyk, O.; Krivoruchko, A. 2016. Polymorphisms of the IGF1 
gene in Russian sheep breeds and their influence on some meat 
production parameters. Slovenian Veterinary Research 53: 2.

Tuersunjiang, N.; Odhiambo, J.F.; Shasa, D.R.; Smith, A.M.; 
Nathaniels, P.W.; Ford, S.P. 2016. Maternal obesity programs 
reduced leptin signaling in the pituitary and altered GH/IGF1 
axis function leading to increased adiposity in adult sheep 
offspring. Plos One 12: e0181795.

Upadhyay, J.; Farr, O.M.; Mantzoros, C.S. 2015. The role of leptin 
in regulating bone metabolism. Metabolism 64: 105-113.

Yakar, S.; Rosen, C.J.; Beamer, W.G.; Ackert-Bicknell, C.L.; Wu, 
Y.; Liu, J.L.; Ooi, G.T.; Setser, J.; Frystyk, J.; Boisclair, Y.R.; 
Leroith, D. 2002. Circulating levels of IGF-1 directly regulate 
bone growth and density. Journal of Clinical Investigation 110: 
771-781.

Yakar, S.; Werner, H.; Rosen, C.J. 2018. 40 Years of IGF1 
Insulin-like growth factors: actions on the skeleton. Journal of 
Molecular Endocrinology 61: T115-T137.

Yarandi, S.S.; Hebbar, G.; Sauer, C.G.; Cole, C.R.; Ziegler, T.R. 
2011. Diverse roles of leptin in the gastrointestinal tract: 
modulation of motility, absorption, growth, and inflammation. 
Nutrition 27: 269-275.

Wauters, M.; Considine, R.V.; Van-Gaal, L.F. 2000. Human 
leptin: from an adipocyte hormone to an endocrine mediator. 
European Journal of Endocrinology 143: 293-311.

Williamson, D.A.; Ravussin, E.; Wong, M.L.; Wagner, A.; Dipaoli, 
A.; Caglayan, S.; Ozata, M.; Martin, C.; Walden, H.; Arnett, 
C.; Licinio, J. 2005. Microanalysis of eating behavior of three 
leptin deficient adults treated with leptin therapy. Appetite 45: 
75-80. 

Zhang, Q.; Kohler, M.; Yang, S.N.; Zhang, F.; Larsson, O.; 
Berggren, P.O. 2004. Growth hormone promotes Ca(2+)-
induced Ca2+ release in insulin-secreting cells by ryanodine 
receptor tyrosine phosphorylation. Molecular Endocrinology 
18: 1658-1669.

Zhbannikov, I.Y.; Hunter, S.S.; Settles, M.L. 2013. SEQYCLEAN 
User Manual. Available at: http://sourceforge.net/projects/
seqclean/files/ [Accessed Dec 13, 2016]Woessner Junior, J.F. 
1961. The determination of hydroxyproline in tissue and 
protein samples containing small proportions of this amino 
acid. Archives of Biochemistry and Biophysics 93: 440–447.


