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Abstract

Resistin is one of the most important adipocytokines in mammalian cells due to its involvement in insulin resistance, obe-
sity, and autoimmune diseases. Resistin is encoded by RETN gene that is primarily expressed in adipose tissues. Mutations
in this gene have been associated with several productive traits in animals. This study was conducted to assess the possible
biomarker capacity of RETN by evaluating its association with growth traits in two economically important sheep in the Mid-
dle East. Genotyping was conducted using PCR-single strand conformation polymorphism (SSCP), and the polymorphism
of RETN was associated with several growth traits for three months intervals starting from birth until one year of age. In a
total of 190 Karakul sheep and 245 Awassi sheep, only one SNP (233A > C) was detected in the RETN gene. The identified
novel SNP showed significant associations with all growth traits at the ages of six, nine, and twelve months. At the age of six
months onward, lambs with AC and CC genotypes showed respectively lower body weight and length, chest and abdominal
circumferences, and wither and rump heights than those with AA genotype. Due to the remarkable association between
RETN;233A > C and lower growth traits, this genotype is suggested as a promising marker to assess growth traits in Karakul
and Awassi sheep. This is the first study that demonstrated the importance of RETN as a possible tool for evaluating growth
traits in two breeds of sheep with a possibility to be applied to other breeds via large-scale association analysis.
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Introduction

Growth traits indices are key economic indicators due to
their vital roles in assessing the productive potential of
sheep. While various factors, such as dietary components
(Cao et al., 2021), animal management (Alcock and Hegarty,
2011), and external conditions (Ramirez-Ramirez et al.,
2021), play a role in shaping animals' growth traits, genetic
variations hold the most decisive factors in controlling sheep
production (Gootwine, 2020). Due to the multifactorial fac-
tors that contribute to growth traits, various genetic loci
have been employed in these measurements. Due to their
direct or indirect participation in growth and development,
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an increasing number of loci have been consistently linked
to the various growth traits in sheep (Kalds et al., 2022).
Whereas other variable genetic candidates have not yet
been suggested to be linked to growth traits despite they
play a variety of critical activities in the body (Cheng et al.,
2020; Martinez-Gonzalez et al., 2020). One of these critical
loci that has not been explored yet in terms of its possible
association with growth traits is the RETN gene, the gene
encodes for resistin.

Resistin is a cytokine made by adipose tissue that regu-
lates weight, insulin sensitivity, inflammation, and repro-
ductive traits (Biernat et al., 2018). It is a polypeptide hor-
mone with a high cysteine content and made of only 109
amino acid residues in sheep. Resistin is encoded by the
RETN gene, which is positioned on chromosome 5 in sheep
and spans a total length of 1315 bp (GenBank accession
no. NC_065058.1). Resistin can impact insulin target areas
including fat, liver, and skeletal muscle, while also reduc-
ing glucose absorption by tissues (Shi et al., 2019). It may
also affect the transcription of enzymes involved in insulin
signaling and metabolism via influencing the regulation of
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glucose and lipid metabolism (Yu et al., 2021). Resistin
exhibits noticeable alterations in metabolic and gonadal tis-
sues in various metabolic disorders. Its functions are always
linked to the specific tissue or organ where it is situated
(Dall’Aglio et al., 2019). Resistin has been found to affect
reproductive activity in males and females, in addition to
its direct association with various metabolic disorders like
diabetes and obesity (Tovar et al., 2005). Due to the pres-
ence of resistin in the ovarian granulosa cells of cows, it
can potentially modify steroidogenesis and cellular prolif-
eration making it a possible metabolic signal for regulat-
ing reproductive activity (Maillard et al., 2011). Owing to
its involvement in oocytes' steroidogenesis, proliferation,
maturation, and apoptosis, resistin (RETN) gene has been
demonstrated to play a significant role in animal production
(Rak-Mardyta et al., 2013). Based on its effect on steroi-
dogenesis, it is suggested that resistin is a novel regulator
of ovarian function in prepubertal animals (Rak-Mardyta
et al., 2013). Irrespective of the versatile metabolic roles of
resistin, the polymorphisms of RETN gene have not been
associated with any economic traits in sheep. Due to this
non-highlighted association between RETN and the produc-
tive traits in sheep, it is worth exploring this potential link in
economically significant breeds such as Awassi and Karakul,
which exhibit distinct differences in growth measurements.

The fat-tailed Awassi is one of the most well-known
sheep breeds in the Middle East (Al-Thuwaini et al., 2020a,
b; Khazaal et al., 2022; Mohammed et al., 2022). This breed
is known for its distinctive fat tail, which can weigh up to
30% of the animal's total weight. Due to its traditional use
in the production of meat, milk, and wool, it serves as a
triple-purpose breed (Gootwine, 2011). Awassi sheep are
well-suited to the arid climates of the Middle East. They
are also known for their hardiness and adaptability to a
range of environments. In addition to Iraq, Awassi breed is
found in many other countries in the region, including Jor-
dan, Syria, and Saudi Arabia. However, their sexual and
profitability traits differ depending on the habitat in which
they usually survive (Al-Thuwaini et al., 2020a, b). The
Karakul breed, on the other hand, is a fat-tailed breed found
throughout Asia and Africa. They are known for their dis-
tinctive curly, glossy black or brown fur, which is highly
prized for its softness and durability. Karakul sheep are also
well adapted to harsh desert environments and are able to
survive on sparse vegetation and limited water. The capacity
to resist extreme environments distinguishes this breed over
many other breeds in the region. Karakul sheep have been
exploited for pelt, meat, and wool production (Pourlis, 2011;
Mirhoseini et al., 2015). It has recently been demonstrated
that Karakul lambs have greater growth trait values than
Awassi lambs (Aljubouri et al., 2020). Taking this informa-
tion in mind, this study was conducted to evaluate the pos-
sible association between the genetic variations of RETN
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gene with the growth traits of both investigated Middle-East
fat-tailed breeds.

Materials and methods
Animals

This study was conducted on two important breeds that had
noticeable differences in their growth trait measurements. The
two populations of sheep that were examined belonged to 190
Karakul and 245 Awassi breeds. All the traits were recorded
in the Barakat Abu al Fadhl Al-Abbas (BAFAS) Station for
raising sheep, in which both breeds were reared (Al-Khafeel
co., Holy Karbala, Iraq). This station is located at a longi-
tude of 32.6027° N, a latitude of 44.0197° E, and 32 m above
mean sea level. The local climate in this region is character-
ized by hot summers and mild to cold winters. The annual
rainfall may be less than 100 mm per year, making it a very
arid region. The newborn lambs were kept with their moth-
ers in individual boxes for two weeks and received special
care. Within this period, it was confirmed that the newborn
lambs were provided with colostrum. At the age of 3 weeks,
they started to be fed a diet consisting of Alfalfa leaves and
oatmeal starter. After 3 months, lambs were weaned off breast
milk completely. The ethical standards for the care and use of
farm animals were followed during the performance of animal
experiments (Vaughn, 2012). All animal-related procedures
were authorized by the animal welfare committee in the col-
lege of agriculture, Al-Qasim Green University. Both popula-
tions under examination were housed at the designated breed-
ing station in the same conditions. Both breeds were managed
by the same staff during the period of the field experimental
procedures (Oct. 2020 to Nov. 2021).

Data collection

Each lamb's ear was marked with a unique identifying
number. Several growth characteristics in the tested lambs
of the Karakul and Awassi breeds were documented from
birth to one year of age. To avoid any possible confu-
sion in the recorded phenotype, the measurements of the
growth traits were made by the same individuals using the
same standards (Zhao et al., 2017). Body weight (BW),
body length (BL), wither height (WH), rump height (RH),
chest circumference (CHC), and abdominal circumfer-
ence (ABC) were used to describe the features that were
examined. All included traits were measured under similar
conditions and when the sheep is standing and relaxed. A
tape measure was used to determine the CHC and ABC,
while BL, WH, and RH measurements were taken with a
measuring stick. A weighing scale was used to measure the
BW in kg units, while the other measurements were based
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on cm units (Suppl. material). Five different age intervals
were considered in the present study for collecting phe-
notype records, starting from the day of birth until one
year of age (birth, 3, 6, 9, and 12 months) following the
procedure of (Malik et al., 2016).

Genomic DNA extraction

Genomic DNA was collected from the whole blood sam-
ples of all the sheep that were being studied, and any pos-
sible discomfort experienced by the animals during blood
collection was minimized. Genomic DNA was manu-
ally isolated using a salting-out technique (Al-Shuhaib,
2017). Gel electrophoresis was used to assess the extracted
genomic DNA's integrity (0.8% agarose in 1 X TAE
buffer). Using a Nanodrop spectrophotometer (BioDrop
LITE; Biodrop, UK), the quality and quantity of genomic
DNA were verified.

PCR primers

Three pairs of specific PCR primers were designed online
using the default parameters of NCBI primer BLAST web
server (https://www.ncbi.nlm.nih.gov/tools/primer-blast/)
(Ye et al., 2012). The designed PCR fragments covered
the majority of the RETN gene (GenBank NC_065058.1).
The first PCR fragment was made up of 222 bp, which
was designed to cover the downstream portion of 5'-UTR,
exon-1, and the upstream portion of intron-1. The second
PCR fragment was made up of 285 bp and was designed to
cover the downstream portion of intron-1, exon-2, and the
upstream portion of intron-2. The third PCR fragment was
made up of 227 bp and was designed to cover the down-
stream portion of intron-2, exon-3, and the upstream por-
tion of 3'-UTR (Fig. 1a). More details about the sequences
of the designed PCR primers, positions within the genomic
sequences, and their empirically determined annealing
temperatures are shown in Table 1.
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Fig.1 A schematic diagram for the RETN gene-based genotyp-
ing using PCR-SSCP method in Awassi and Karakul sheep. a PCR
design of three fragments for the amplification of 222 bp, 285 bp, and
227 bp respectively. b Genotyping by PCR-SSCP method, only the

Novel Intron SNP (NC_056058.1;8.14244921;C/C)

285 bp PCR products showed three different genotypes. ¢ Sequenc-
ing electropherograms confirmations of the identified three variants
for the polymorphic locus
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diversity in both examined breeds. The Chi-square test was
used to identify the possible deviation from Hardy—Wein-
berg equilibrium (HWE) assumptions for genotype dis-
tribution. PopGene32 software, ver. 1.31, was used to
compute the genetic population criteria of Ho, He, and
Chi-square test. The frequencies of the identified geno-
types were determined through direct counting. A popula-
tion is assumed to have a low or high capacity for genetic
diversity when the Ho values are lower or higher than the
He values, respectively (Al-Shuhaib et al., 2017). The
Gene-Calc web-based server (https://gene-calc.pl/pic) was
used to determine the polymorphism information content
(PIC). PIC values of 0.25,> 0.25—0.5, and > 0.5 designate
loci in the studied population with low, moderate, and high
genetic polymorphism capacities, respectively (Ren et al.,
2010).

Statistical analysis

Karakul and Awassi breeds' growth traits, including BW,
BL, WH, RH, CHC, and ABC, were examined beginning
with the birth. At three months intervals, these traits were
measured frequently until the lambs turned one year of age.
The following general linear model (GLM) was employed
to evaluate any possible connection between genotypes and
growth traits in both Karakul and Awassi sheep using IBM
SPSS Statistics software, ver. 24.0 IBM, NY, USA):

Yvijkl = ﬂ+Gl+Bj+G1Bj+Sk+eykl

where; Y, represents the phenotypic value of the traits,
represents the overall mean, G; is the fixed effect of the ith
genotype (i=1, 2, and 3 for AA, AC, and CC genotypes),
B; signifies the fixed effect of the jth breed of sheep (j=1
and 2 for Awassi and Karakul), G,-Bj reflects the interac-
tion between genotype and breed effects, S, signifies the
fixed impact of the kth sex of lambs (/=1 and 2 for male
and female), and e, is the random residual effect of each
observation. The Tukey—Kramer test was utilized to compare
means, and a P-value of 0.05 or less was considered statisti-
cally significant for all analyses. The effects of the age of
dams, the season of birth, and the parity were not consid-
ered in the final analysis since preliminary statistical analysis

revealed that these variables had no significant impact on the
traits under consideration.

Results
SNP detection techniques

Out of three PCR amplicons (RETN-1, RETN-2, and
RETN-3) in the study, only one of them (RETN2) showed
genetic polymorphism. Based on the PCR-SSCP approach,
three electrophoretic patterns were identified (Fig. 1b). The
identified electrophoretic patterns were subjected to Sanger
sequencing to verify the detected genotypes in polyacryla-
mide gels. To confirm the three identified genotypes found
in polyacrylamide gels, Sanger sequencing was applied
to each of the detected electrophoretic patterns. These
genotypes were validated by sequencing reactions, which
revealed the presence of one SNP as the source of the three
observed variants. The identified SNP was given the desig-
nation 233A > C based on its location in RETN-2 amplicons
(Fig. Ic). As aresult, three genotypes were observed in this
polymorphic locus, namely AA (the major homozygous
genotype), AC (the heterozygous genotype), and CC (the
minor homozygous genotype). After checking the position-
ing of the identified 233A > C SNP in the NCBI database
(NC_065058.1:2.14244921A > C), it was revealed that this
SNP was located in the intron-2 sequences of the RETN
gene. To see whether it had already been deposited online,
the position of this intron SNP was checked by Ensembl
genome browser 108 (https://asia.ensembl.org/index.html)
(Howe et al., 2021). By checking the positioning of this
SNP, it was found that this SNP had not previously been
deposited in the ovine RETN gene. Based on the ensemble
data of the RETN gene (ENSOARG00020009710), it was
revealed that this SNP is a novel intronal variation within
the ovine RETN gene. The identified variations were sub-
mitted to the NCBI, and three GenBank accession codes
(0Q320793, 0Q320794, and OQ320795) were obtained to
denote the RETN:AA, RETN:AC, and RETN:CC genotypes,
respectively.

Table 2 Genotype and allele

) . Breed Observed geno-  Genotype fre- Allele frequency Ho He x2 PIC
frequencies, as well as genetic t
L . ype quency
diversity factors, as determined
for the RETN;233A > C-based AA AC CC AA AC CC A C

SNP in Karakul and Awassi

breeds Karakul 83 75 32

Awassi 90 109 46

044 039 0.17
037 044 0.19

0.6342 0.3658 0.3947 0.4652 4.385717 0.3563
0.5898 0.4102 0.4449 0.4849 1.671790 0.3668

Abbreviations: x2 — Chi-square, Ho — observed heterozygosity, He — Expected heterozygosity. All Chi-
square tests have one degree of freedom within the significance level P <0.05
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Genetic diversity of the identified SNP

Allele A showed higher frequencies (0.6342 and 0.5898)
than allele C (0.3658 and 0.4102) in Karakul and Awassi
breeds, respectively. The homozygous AA genotype had
the highest frequency (0.44) in the Karakul breed, followed
by the heterozygous AC (0.39) and minor homozygous
CC (0.17) genotypes. In Awassi sheep, the heterozygous
AC genotype had a higher frequency (0.44) than the major
homozygous AA (0.37) and minor homozygous CC (0.19)
genotypes, respectively. Genetic diversity analysis revealed
that both populations were in HWE. The observed Ho values
for Karakul (0. 3947) and Awassi (0. 4449) were both lower
than their corresponding He values in Karakul (0. 4652) and
Awassi (0.4849), indicating that both populations have a sig-
nificant potential for genetic variation. However, because
the measured PIC values (0.3563 in Karakul and 0.3668 in
Awassi) were greater than 0.25 and less than 0.5, the discov-
ered polymorphic locus included only moderate quantities
of polymorphism (Table 2).

Effect of the detected SNP on growth traits

Prior to exploring how the 233A > C SNP may relate to
growth traits, the impacts of sex and breed interference
with the measured traits were assessed in both popula-
tions under study. After conducting an association analysis
to examine the association between breed/sex and growth
traits, it was found that both factors had different effects
on the growth characteristics that were investigated. At
the age of birth, significant associations of both factors
were constrained on WH and RH (P < 0.05). Whereas
no association was observed with the other growth traits
measured at this age interval. Starting at 3 months of age,
the influence of breed on most of the assessed growth char-
acteristics began to show significantly stronger correla-
tions. In both age intervals of 3 and 6 months, the breed
of sheep showed significant (P < 0.05) to highly significant
(P <0.001) association with BW, BL, WH, RH, and ABC.
The significance of these associations was extended to
include all growth traits measured at the age of 9 months
onward. According to these significant associations, Kara-
kul lambs showed higher indices for all growth traits than
Awassi lambs. Whereas the effect of the sex of the animal
was restricted to BW at the ages of 6 months (Table 3).
In this age interval, males showed significantly (P <0.05)
higher indices of BW traits than females. Whereas no sig-
nificant interference was observed from the sex factor on
the other investigated growth traits, whether in 6 months
intervals or other age intervals.

The genotype—phenotype information revealed various
degrees of associations between the identified 233A > C SNP
and the growth traits of the studied population. In the age of
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birth, no significant association was identified between this
SNP and any of the measured traits, and the examined indices
did not reach the threshold level among AA, AC, and CC
genotypes. At the age of 3 months, 233A > C SNP showed
significant (P <0.05) association with CHC and ABC, to
highly significant (P <0.001) levels of association with BW.
From the age of 6 months onward, the associations between
the identified SNP with growth traits were largely extended
to include all the indices with higher levels of significance.
The lambs with the AA genotype had the highest means of
growth traits in these three age intervals, compared to the
lambs with the CC and CC genotypes, respectively (Table 4).

Association analyses showed little effect of the breed
interaction factor in intervening with the genotype associa-
tions with the growth traits measured. The breed interac-
tion factor showed a significant effect on only two growth
traits measured at the age of 6 months, in which Karakul
lambs showed higher BL and CHC indices than Awassi
lambs (P < 0.05). Furthermore, this effect was reduced at
the ages of 9 months and 12 months to include only one trait,
in which Karakul lambs displayed higher CHC indices than
Awassi lambs (P <0.05) (Table 5).

Discussion

In this work, the polymorphism of the RETN gene was
screened for potential associations with growth traits in
two economically important breeds of sheep with different
growth characteristics. Owing to the lack of any previous
study reporting possible associations between RETN gene
and any reproductive or productive trait in sheep, this study
genotyped RETN gene in 435 sheep to identify any possible
SNP that might be associated with the remarkable phenotypic
differences between both investigated breeds. To do so, PCR-
SSCP was used due to its lower cost, rapid screening, and
higher capacity to identify numerous variants that cannot be
identified by the other commonly used post-PCR methods
(Kakavas, 2021). Three pairs of PCR primers were designed
to be within the optimal resolution lengths of PCR-SSCP
method (Badi et al., 2021). However, in both populations
under investigation, there was only one SNP identified. Three
genotypes (AA, AC, and CC) were detected at the 233A>C
SNP location in the RETN gene through SSCP-based electro-
phoretic patterns and subsequently confirmed through Sanger
sequencing. The SNP was found to be located in intron-2
of the RETN gene and was designated as a novel variation
within the investigated ovine gene. The identification of the
intronal SNP is not unusual due to the well-established fact
that non-coding SNPs occur at higher frequencies than cod-
ing regions (Vignal et al., 2002; Capriotti et al., 2013).
Both sex and breed had a variety of effects on the traits
measured in the investigated population. Given that male
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Table 3 Effects of breed and sex (means =+ standard errors) on growth traits measurement in both examined Karakul and Awassi breeds

Sex Breed
Measured parameter Female (n=220) Male Significance Karakul (n=190) Awassi (n=245) Significance
(n=215)
Birth Body weight (kg) 4.363 +0.057 4.290+0.058 ns 4.325+0.054 4.299+0.046 ns
Body length (cm) 30.650+0.183  30.416+0.185 ns 30.431+0.169 30.407+0.145 ns
Wither height (cm) 40.071+£0.161  40.041+£0.163 ns 40.208+0.150°  39.788+0.130"
Rump height (cm) 40.420+0.167  40.307+0.169 ns 40.499+0.156*  40.083+0.134>
Chest circumference (cm) 41.305+0.211 40.895+0.214 ns 41.108 +£0.197 41.114+0.170  ns
Abdominal circumference 43.078+£0.225  42.566+0.227 ns 43.016+0.211 42.597+0.182  ns
(cm)
3-month  Body weight (kg) 21.344+0.349  21.561+0.353 ns 22.081+0.318%  20.583+0.274°> %
Body length (cm) 57.169+0.373  56.584+0.377 ns 57.383+0.345%  56.343+0.297° ¥
Wither height (cm) 61.211+0.306  60.945+0.309 ns 61.516+0.285%  60.601 +0.246° #*
Rump height (cm) 61.971+0.292  61.678+0.295 ns 62.203+£0.273*  61.289+0.235>
Chest circumference (cm) 76.883+0.457  76.334+0.480 ns 77.046+0.442 76.998+0.381 ns
Abdominal circumference 84.678+0.513  84.092+0.519 ns 85.081+0.478*  83.462+0.4120 **
(cm)
6-month  Body weight (kg) 28.628+0.417° 30.365+0.4222 * 30.416+0.406°  28.364+0.350° %
Body length (cm) 66.726+0.390  67.576+0.394 ns 68.145+0.376*  66.065+0.324"
Wither height (cm) 67.871+0.284  68.267+0.287 ns 68.357+0.269°  67.435+0.231>
Rump height (cm) 68.490+0.282  68.805+0.285 ns 68.993+0.266°  68.005+0.229°
Chest circumference (cm) 89.108 £0.642  89.812+0.649 ns 90.002+0.615 89.272+0.530 ns
Abdominal circumference 98.825+0.617  100.364 +£0.624 ns 100.425+0.593* 98.362+0.511>
(cm)
9-month  Body weight (kg) 35.224+0.404  36.265+0.408 ns 36.578+0.388%  34.563+0.334°>
Body length (cm) 71.637+0.298  71.963+0.301 ns 72.285+0.294%  70.907+0.253"
Wither height (cm) 71.140+0.219  71.417+0.221 ns 71.426+0.215%  70.684+0.185> %
Rump height (cm) 71.543+0.224  71.796+0.227 ns 71.753+0.218*  71.136+0.188"
Chest circumference (cm) 98.346+0.724  100.090+0.732 ns 100.409 +0.692*  97.580+0.596°  *
Abdominal circumference 109.333+£0.736  110.754+0.744 ns 111.077+0.701*  108.113+0.604" **
(cm)
12-month Body weight (kg) 41.223+0.423 41706 £0.427 ns 42.299+0.406°  40.200+0.350°
Body length (cm) 73.563+0.268  73.781+0.271 ns 74.178+0.261*  72.980+0.225
Wither height (cm) 72.953+0.208  73.460+0.210 ns 7347240205  72.7739+0.176>
Rump height (cm) 73.387+£0.203  73.849+0.205 ns 73.800+0.199*  73.190+0.172° *
Chest circumference (cm) 105.317£0.670 106.006 £0.677 ns 106.752£0.643%  104.311+0.554°
Abdominal circumference 116.456 £0.689 117.023+£0.696 ns 117.856 £0.657* 115.016+0.566° **

(cm)

The data are expressed as means + standard errors, ns, *, and ** refer to non-significant, significant at level P<0.05; and significance at level
P <0.001, respectively. The superscript * refers to the higher indices than the superscript, and °, respectively

lambs normally develop faster and weigh more than female
lambs (Mirderikvandi et al., 2016), male lambs had greater
values for several examined growth traits at different age
ranges. These data indicate that the sex of the lambs had
some influence on growth traits. Karakul lambs have much
higher values for most growth traits than Awassi lambs (Alju-
bouri et al., 2021a, b), so the breed impact was mostly found
to be significant in this study. However, this is not the first
instance where there were apparent differences in growth
traits between the two breeds. According to several recent

studies comparing the two populations, it has been reported
that Karakul lambs have higher growth trait indices than
Awassi lambs. However, the already identified differences in
growth characteristics between Karakul and Awassi sheep
is the key point behind conducting such association study
between RETN and growth traits in both breeds. Accordingly,
it is interesting to find out the causative SNP(s) that might
be behind these already documented phenotypic differences.

Although the majority of the recently assessed growth
traits have regularly shown obvious Karakul superiority

@ Springer
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Table 4 Effect of different RETN;233A > C — based AA, AC, and CC genotype (means + standard errors) on growth traits in Karakul and Awassi

sheep
RETN
Age Measured parameter AA (n=173) AC (n=184) CC (n=178) Significance
Birth Body weight (kg) 4.277+0.051 4.344+0.051 4.315+0.078 ns
Body length (cm) 30.447+0.162 30.439+0.159 30.371+0.245 ns
Wither height (cm) 39.977+0.144 40.061+0.142 39.957+0.218 ns
Rump height (cm) 40.283+0.149 40.446+0.147 40.143+0.226 ns
Chest circumference (cm) 40.892+0.189 41.293+0.187 41.149+0.286 ns
Abdominal circumference (cm) 42.623+0.203 42.947+0.200 42.851+0.307 ns
3-month Body weight (kg) 21.987 +£0.305¢ 21.778+0.301¢ 20.231 +0.462° ok
Body length (cm) 56.787+0.331 57.186 +£0.326 56.612 +0.501 ns
Wither height (cm) 61.313+£0.273 61.139+0.270 60.723 +0.414 ns
Rump height (cm) 61.990+0.262 61.847+£0.258 61.402+0.396 ns
Chest circumference (cm) 77.498 +0.424¢ 76.664 +0.418% 75.405 +0.641° *
Abdominal circumference (cm) 84.844 +0.459¢ 84.954 +0.452¢ 83.016 +0.694” *
6-month Body weight (kg) 31.079+£0.389¢ 29.799 +0.384° 27.291+0.589¢ ok
Body length (cm) 68.386 +£0.361¢ 67.871+0.356“ 65.058 +0.546" ok
Wither height (cm) 68.743 £0.258¢ 68.391 +0.254¢ 66.554 +0.390° ok
Rump height (cm) 69.385 £0.256¢ 68.951+0.252¢ 67.154+0.387" ok
Chest circumference (cm) 91.937 £0.590¢ 89.627 +0.582° 85.851+0.893¢ ok
Abdominal circumference (cm) 102.229 +0.569¢ 99.966 +0.561” 95.705+0.861¢ Hk
9-month Body weight (kg) 37.395+£0.372¢ 35.714+0.367" 33.786+0.563¢ ok
Body length (cm) 72.910+£0.282¢ 72.036+0.278" 70.061 +0.427¢ ok
Wither height (cm) 71.703 £0.206¢ 71.663+0.203¢ 69.990+0.312° ok
Rump height (cm) 72.144+0.209¢ 72.056 +0.206¢ 70.308 +0.317° ok
Chest circumference (cm) 101.342 +0.664¢ 99.123 +0.654" 96.891 +1.004¢ wk
Abdominal circumference (cm) 112.566 +0.673¢ 110.386 +0.663° 106.333 +£1.017¢ *k
12-month Body weight (kg) 43.425+0.390° 41.897 +0.384° 38.427+0.590° ok
Body length (cm) 74.661 £0.251¢ 73.954+0.247° 72.122+0.379¢ wE
Wither height (cm) 73.852+£0.196 73.410+£0.193¢ 72.054+£0.297° *ok
Rump height (cm) 74.197 £0.191¢ 73.806+0.188 ¢ 72.482 +0.289° ok
Chest circumference (cm) 108.270+0.617¢ 106.447 +0.608¢ 101.877 +£0.933" ok
Abdominal circumference (cm) 119.327 +£0.630° 117.324+0.621° 112.653 £0.953¢ ok

The data are expressed as means + standard errors, ns, *, and ** refer to non-significant, significant at level P <0.05; and significance at level

P <0.001, respectively. The superscript ? refers to the higher indices than the superscripts ®, and ¢, respectively

over Awassi sheep (Aljubouri et al., 2021a, b), this study
found that the impact of the identified 233A > C SNP could
not be excluded from the studied variables. This is due to
the significant connections established between growth
traits and the identified 233A > C-based AA, AC, and CC
genotypes, regardless of the breed under study. As a result,
the currently reported effect of 233A > C SNP can perform
its function without being influenced by the type of breed
investigated. However, the effect of this SNP increases
gradually with age. Though no potential link was detected
between the AA, AC, and CC genotypes and all growth
traits at birth, a significant association emerged at the first
three months of age with specific growth traits. In contrast,
the significant effect of the identified 233A > C SNP was

@ Springer

extended to include all growth traits in the later recorded
months. The non-significant role of the detected 233A>C
SNP is most likely due to the difficulties of determining
the characteristics of growth attributes at birth compared
to other age intervals (Baneh and Hafezian, 2009; Hickford
et al., 2010; Koncagiil et al., 2013). The identified SNP's
causal impact becomes apparent after the lambs reach three
months of age and beyond. However, this could be due to an
increase in RETN gene expression at these ages. However,
resistin expression has not yet been extensively studied in
sheep. Nonetheless, our findings are consistent with previous
research on nonhuman primates that found that the expres-
sion of the RETN gene varies with age (Sarmento-Cabral
et al., 2017). Furthermore, age-dependent resistin expression
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has also been supported by several studies conducted on rats
(Nogueiras et al., 2003; Morash et al., 2004).

Owing to its critical role in growth traits, our results
provide evidence for the importance of 233A > C SNP in
marker-assisted selection. It has been observed that RETN
genetic variations have been associated with several quan-
titative traits in domestic animals, such as fatness in pigs
(Cieslak et al., 2009), and meat quality in Chinese cattle
(Gaoetal., 2011).

According to the results of our association analyses,
lambs with the CC genotype grew at a slower rate than
those with the CA and AA genotypes. It was concluded
from this study that sheep with the CC genotype had
significantly lower indices of BW, BL, WH, RH, CHC,
and ABC at 6 months of age and onward than sheep
with the CA and AA genotypes, respectively. This was
caused by the replacement of A with C at the intron-2
of the RETN gene (NC 056,058.1;2.14244921A > C) Due
to this replacement, lambs with the major homozygous
AA genotype considerably outperformed lambs with the
heterozygous AC and minor homozygous CC genotypes
in all evaluated growth traits. Given the advantage of the
wild-type over the other two genotypes, the negative effect
of the identified SNP may be anticipated.

Though our experiments have demonstrated the nega-
tive effect of the RETN:233A > C SNP in two breeds of
sheep, several in vitro experiments are necessary to under-
stand the mechanisms through which this SNP causes such
negative effects on the mRNA sequences of the RETN
gene.

There has been no prior work that has described the asso-
ciation of the identified 233A > C SNP with any productive
or reproductive traits in domestic animals. However, this
identified SNP has been demonstrated to be connected with
growth traits in sheep; neither the Middle East nor any other
region of the world has documented any correlation between
RETN and ovine productive features. Accordingly, our study
is the first to show a correlation between sheep growth traits
and RETN polymorphism. In light of this, our findings on
RETN variants may directly be used in marker-assisted
selection to enhance growth trait measures in both analyzed
breeds, with potential extension to other sheep breeds.

Conclusions

All growth trait assessments in the Karakul and
Awassi breeds were strongly impacted by the identi-
fied RETN:233A > C SNP starting at the sixth month of
age. Our association studies have shown that this intron
SNP has a negative effect on sheep growth traits and

@ Springer

development. The significant growth trait differences
observed in lambs with CC and AC genotypes compared
to those with AA genotype can be used in future breeding
efforts to improve animal production. More experiments
are required to validate this finding, though.

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11250-023-03595-3.
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