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Relationship Between DGAT1 Gene Polymorphism and Some Growth Traits
in Anatolian Merino and Akkaraman Sheep
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ABSTRACT: A strong correlation exists between growth traits and particular genes. Determining genotypes
linked to advantageous morphometric features allows for selective breeding, promoting the establishment of
flocks with preferred attributes. The DGAT1 gene is strongly connected to growth, meat quality, production,
and carcass characteristics in sheep, making it a key target in research on growth efficiency and overall produc-
tivity. This study aimed to investigate the relationship between DGAT1 gene polymorphism and its variation
with growth traits in 40 Anatolian Merino and 33 Akkaraman ewes. Data on traits such as weight (six months
weight (LW6), weaning weight (WW), birth weight (BW)), and body measurements were collected. Additionally,
average daily weight gain (ADWG) and Kleiber ratios were computed. Using PCR-RFLP analysis with the 4/ul
enzyme, three genotypes were identified, revealing polymorphisms: CC, CT, and TT. The analysis showed no
statistically significant differences between genotypes and body measurements. These findings indicate that the
DGAT]1 gene is unlikely to be a suitable candidate for Marker-Assisted Selection (MAS) in Anatolian Merino
and Akkaraman sheep, especially concerning traits associated with growth.
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INTRODUCTION

Growth traits in sheep are economically im-
portant traits. Growth occurs through the in-
teraction of many genes, along with factors such
as muscle growth, birth weight, body condition,
weaning weight, and bone formation (Afifi et al.
2019). Various studies have been conducted to ex-
plain the relationship between growth and genetic
diversity (Abegaz et al. 2002; Abousoliman et al.
2020; Molabe 2023; Besufkad et al. 2024; Tanis and
Keskin 2025). Nonetheless, a notable link between
the DGAT1 gene and phenotypic parameters could
not be established in most studies (Mukanova et al.
2024). The DGAT1 gene has been primarily linked to
meat quality, meat production, and milk production
(Grisart et al. 2002; Yen et al. 2008; Xu et al. 2009;
Yang et al. 2011; Cerit and Demir 2016; Martin et
al. 2017).

The enzyme Diacylglycerol o-acyltransferase 1
(DGATT) facilitates the final step in the synthesis
of triglycerides and is classified as a microsomal
enzyme (Winter et al. 2002). Due to this property
it may also be involved in lipoprotein formation,
energy metabolism in muscle, fat storage, intesti-
nal fat absorption, and milk production, including
mammalian oocytes (Cases et al. 1998). The DGAT1
gene is located on chromosome 9 in sheep and con-
tains approximately 1470 nucleotides consisting of
17 exons. This gene encodes a polypeptide of 489
amino acids (Xu et al. 2009). Studies have shown that
DGAT1 gene is an important candidate gene for car-
cass quality and quantity (Pannier ef al. 2010; Souza
et al. 2010; Armstrong et al. 2018; Dai et al. 2022).

In this study, the relationship between DGATI
genotypes and selected weight traits (birth weight,
weaning weight, and 6-month weight), body mea-
surements, live weight gains for these three peri-
ods, and Kleiber ratios were investigated in Ana-
tolian Merino and Akkaraman sheep. Furthermore,
the study sought to investigate the potential of the
DGATI gene as a candidate for Marker-Assisted
Selection (MAS) in these breeds.

MATERIALS AND METHODS

Study Population and Data Collection

The study involved 40 Anatolian Merino and 33 Ak-
karaman lambs born at Selguk University’s Prof.
Dr. Orhan Diizgiines Research Farm. The gender of
the lambs was recorded immediately after birth, and
their birth weights were determined by weighing

them on a scale with 10-gram precision. The weaning
process for the lambs was carried out at 75 days. And
their weaning weights (WW), 6-month-old weights
(LW6), and body measurements—including rump
height (RH), withers height (WH), chest circum-
ference (CC), chest width (CW), and chest depth
(CD), body length (BL)—were recorded following
Ertugrul (1996)’s guidelines. The animal experiment
was conducted according to the guidelines of the lo-
cal ethics committee of Selguk University that were
arranged according to the “European Union 2010/63/
EU is the European Union (EU) legislation” All pro-
cesses in this experiment agree with the ethical rules
of animal welfare.

Genomic DNA Extraction and PCR-RFLP
Methodology

Blood samples were obtained from the jugular veins
of the animals into EDTA tubes and stored at -20°C
until DNA extraction. The DNA isolation process
was based on a salt precipitation method, as de-
scribed by Miller et al. (1988), and adapted for the
laboratory conditions. For amplifying the DGAT1
gene region, the PCR method of Xu ef al. (2009)
was adapted. The PCR products were verified by
electrophoresis on a 2% agarose gel, with a 100 bp
marker. PCR’s thermal profile and components, as
listed in Table 1, were followed, and the primers pro-
vided below were used to amplify the gene region.

Forward primer: 5 -GCATGTTCCGC-

CCTCTCTCTGG-3’

Reverse primer: 5’-GGAGTCCAACACAC-
CCCTGA-3’

The primers used for the DGAT1 gene ampli-
fy 309 base pairs of exons 16th-17th of the sheep
DGATI1 gene region. As aresult of a silent mutation
in the 17th exon of the DGAT1 gene, the GCT codon
encoding the amino acid Alanine was found to be
changed to the GCC codon. Since the Alul enzyme
was used to identify polymorphisms, recognizing
the sequence 5°....AG/CT...3’, this mutation can
be detected with the A/ul enzyme (Nanekarani et al.
2016). The partial sequence of this region (accession
no.EU178818.1), the primers (italicized sections)
and Alul restrict sites (bolded segments) are given
below (Figure 1).

Following the PCR process, variations in the
DGAT1 gene region were identified using the A/ul
restriction enzyme. The digestion reaction was car-
ried out in a total volume of 16 pl, consisting of 0.4
ul restriction enzyme, 1 pl 10X buffer, 4.6 ul ddH20,
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GCATGTTCCGCCTCTGGGCCTTCACCGGCATGATGGCACAGGTGAGCAGCCCTGGACCC
CCACCTGCGAGCCCACCCCGTGGGCGCAGAGGCTCACTCCCGTCCCATGTCCCCAGATC
CCGCTGGCCTGGATAGTCGGCCGCTTCTTCCGTGGCAACTATGGCAACGCGGCTGTGTG
GCTGTCACTCATCATTGGGCAGCCAGTGGCCGTCCTGATGTACGTCCACGACTACTACG
TGCTCCCGCGAGGCCCCAACAGCCGGCACCTGAGCTCCTCCAGGCTGGTTCCCTCAGGG

Figure 1. The partial sequence of DGAT1 gene region between 16th exon and 17th exon. A/ul
restriction sites (bolded segments), the primers (italicized sections), and the variation-forming

restriction region (AGCT).

Table 1. Components and Thermal Profile for
DGAT1 PCR

Components Thermal Profile

3 ul DNA (5 ng) 95 °C 4 min

2 ul 5x PCR Master Mix 95 °C 30 sec

0.5 pul F primer (10 uM) 58 °C 30 sec 35 cycles
0.5 pl R primer (10 uM) 72 °C 30 sec

4 pl ddH,0 72 °C 10 min

and10 pl PCR product. The digested products were
separated on a 2.5% agarose gel and visualized with
a 50 bp marker. Genotypes were assigned based on
the band lengths observed.

the DGAT1 gene, allele and genotype frequencies
were determined. Statistical analysis was conduct-
ed using the General Linear Model in SPSS 29.0
software. Below is the statistical model employed
in the study.

Yijk:“+Ai+Bj+Ck+eijk

Y, i" breed, j* value of genotype

u: population mean

A effect of the breed factor

B effect of the genotype factor

C,: effect of the sex factor

e, experimental error

The Kleiber ratio (KR) is considered an indicator
of an animal’s growth efficiency and feed conver-
sion capability (Abegaz et al. 2002; Mohammadi et
al. 2011). The Kleiber ratios for the periods were

Statistical Analysis computed following the method outlined by Kleiber
Using the POPGENE (Yeh et al. 1997) software for
(1947).
_ ADWG1 _ ADWG2 _ ADWG3
KRL = ywers ~ LWePTE ~ LWeo7E
LW: Live weight CC: 272,37 bp

ADWGH: pre-weaning
ADWG?2: birth to six months
ADWG3: weaning to six months

RESULTS

PCR was used to amplify the DGAT1 gene region
in Anatolian Merino and Akkaraman ewes, and ge-
notyping was performed through RFLP-PCR anal-
ysis. After digesting the DGAT1 gene with the 4/ul
enzyme, the resulting genotypes and the anticipated
sizes of the base pairs are displayed below.

CC: 309 bp
CT: 309, 272, 37 bp

The image of the PCR product for the DGAT1
gene region is shown in Figure 2.

Agarose gel image of the digestion result with
the A/ul restriction enzyme in Figure 3.

Following genotyping, the identified genotypes
were analyzed, and the frequencies of alleles and
genotypes were determined. Table 2 presents the
determined frequencies of alleles and genotypes,
along with Chi-Square (y?) values.

The frequencies of alleles and genotypes were deter-
mined, and the genotypes were identified through ge-
notyping. The frequencies of genotypes and alleles,
along with the chi-square (?) values, are provided
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Figure 2. PCR products’ agarose gel image for
DGATI1 gene region. 1* line shown 50bp marker.

Figure 3. Image of agarose gel showing the DGAT1
gene region after digestion with the 4/ul enzyme.
Line 9 shown 50bp marker. Line 1, 2, and 5 was
determined to be CC genotype, line 3 was CT, and
line 4, 6, 7, and 8 were TT genotype.

Table 2. Summary of Genetic Variation and Frequencies for the DGAT1 Gene Region

Genotype .

Genotypes (n . Allel Frequencies i-

Gene Breeds ypes () Frequencies 4 Chi H
Square ° €

CC CT TT CcC CT TT C T

15 9 8 0.460 0.281 0.250 0.609 0.391 5.8% 0.281 0.484
DGAT1

9 7 8 0.375 0.292 0.333 0.521 0479 4.5% 0.292 0.510

AM: Anatolian Merino, A: Akkaraman, H : expected heterozygosity, H : observed heterozygosity

in Table 2. When Table 2 analyzed, it was observed
that C allele frequency was the highest in Anatolian
Merino and Akkaraman ewes following digestion
with the A/ul enzyme in the DGAT1 gene region.
Chi-Square (%2) test results showed that DGAT1
gene was not found to be in Hardy-Weinberg equi-
librium (p<0.05). The genotype frequencies of CC,
CT, and TT were determined as 0.375, 0.292, and
0.333 for Akkaraman sheep, and 0.460, 0.281, and
0.250 for Anatolian Merino sheep, respectively. The
Chi-Square values were calculated as 4.5 and 5.8 for
each breed, respectively.

The elevated heterozygosity levels, combined
with the frequencies of alleles and genotypes, sug-
gest a notable level of polymorphism or variation
among individuals. This enhances the probability
that the analyzed gene regions could serve as poten-
tial candidates for the traits being studied. Higher
diversity tends to occur when allele frequencies are
more evenly distributed (Dogan and Dogan 2019).
These results suggest that genetic variation in the
DGATI gene region is more pronounced in the Ak-
karaman sheep breed.

Table 3 displays the genotypes derived from A/ul
enzyme digestion of the DGAT1 gene region, along
with the statistical analysis outcomes for weights and
body measurements, categorized by breed and sex.

The mean values for birth weight, weaning
weight, and body measurements were calculated
for lambs with CC, CT, and TT genotypes in Ana-
tolian Merino and Akkaraman breeds (Table 3). No
statistically significant differences were identified in
the examined traits among sheeps of various types
of genotypes and breeds. The polymorphism in the
DGAT1 gene region was found to have no statisti-
cally significant effect on weights or on any body
measurements recorded at 75 days or six months
of age.

Upon reviewing Table 3, the average live weight
at the six months of age was found to be 34.90 kg
for female sheep and 37.25 kg for male sheep. Male
ewes have a heavier weight at six months than fe-
males. Sheep with the CT genotype had the heaviest
average six months weight. The average body length
was measured as 56.65 cm in sheep with the CC
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genotype, 58.41 cm in those with the CT genotype,
and 59.46 cm in those with the TT genotype.

No statistically significant differences were de-
tected for the ADWG and KR traits among ewes of
different breeds, sexes, and genotypes in Table 4.
Anatolian Merino sheep displayed higher ADWG
compared to Akkaraman sheep, with male ewes gen-
erally achieving higher ADWG than females. Male
sheep consistently exhibited greater daily live weight
gains than female sheep across all periods. The daily
live weight gains of Anatolian Merino sheep were
consistently higher than those observed in Akkara-
man sheep. Nevertheless, no particular genotype
was associated with either the highest or lowest live
weight gain. For ADWG1, the CC genotype showed
the highest live weight gain, whereas for ADWG2
and ADWG3, the CT genotype exhibited the greatest
gains (Table 4).

DISCUSSIONS

In research conducted on various sheep breeds, the
reported genotype frequencies for the DGAT1 gene
region were 0.42 for CC, 0.47 for CT, and 0.23 for
TT, respectively (Malewa et al. 2014; Bayraktar and
Shoshin 2022). Mukanova et al. (2024) in purebred
Edilbay x Edilbay sheep, the frequencies of the CC,
CT, and TT genotypes were found to be 0.70, 0.27,
and 0.03, respectively. In Edilbay x Gissar crossbred
sheep, the genotype frequencies were determined
as 0.58 for CC, 0.42 for CT, and 0.00 for TT. The

genotype frequencies for TT, TC, and CC were de-
termined to be 0.309, 0.258, and 0.433, respectively.
The allele frequencies were calculated as 0.438 for
the T allele and 0.562 for the C allele (Nanekarani
et al. 2016). Overall, the CC genotype is found to
be the most frequent, while the TT genotype is the
least frequent. In the same manner, the current study
also revealed that the CC genotype had the highest
frequency and the TT genotype had the lowest, align-
ing with the findings of earlier studies.

Orkiz et al. (1984), reported birth weight 4.4 kg
of Kangal-type Akkaraman lambs, Oztiirk (1995)
and Akcapmar and Ozbeyaz (2001) recorded birth
weights 4.7 kg — 4.8 kg for Akkaraman lambs,
Alarslan and Aygiin (2019) reported 4.49 kg for curly
lambs in their studies. Saleh et al. (2020), reported
that the average birth weight for Awasi x Suffolk,
Rahmani x Barki, Ossimi, Rahmani, and Barki sheep
breeds was reported to range between 3.50 kg and
4.40 kg, with weaning weights ranging from 17.00
kg to 23.23 kg. For Akkaraman sheep, the average
birth weight was reported as 4.19 kg, while the av-
erage weaning weight was 24.13 kg Behrem (2021).
The average birth and weaning weight of Akkara-
man lambs were determined to be 4.15 kg and 17.82
kg, respectively in our study. For Anatolian Meri-
no lambs, the average weaning weight was 19.49
kg, while the average birth weight was recorded as
4.26 kg. It is seen that this value for birth weight is
slightly lower than the weights reported in the liter-

Table 4. Breed, Sex, and Genotype-Based Statistical Analysis for ADWGs and KRs (¥ + 5,

ADWGs and KRs

KR1

KR2

KR3

180.36°+45.500
171.26°+37.260

171.16+38.490
180.78°+44.850

168.98°+42.440
183.40°+48.100

Breed ADWGI1 ADWG2 ADWG3
AM 202.77*+58.110  169.65+84.300

A 183.40°+62.700  166.00°+68.300

Sex

Female 189.80°+55.200  157.60°+69.800

Male 199.20°+65.500  166.00°+83.700

Genotype

CcC 198.20+62.700  145.80°+88.300

CT 192.00£56.600  173.90°+76.900

TT 192.10°¢63.300  174.10°£58.500

180.09°+35.750

21.54°+2.949
20.51*+3.655

20.99%+2.949
21.12°+3.470

21.1843.305
21.16°£2.670
20.96°+3.611

19.712+£6.000
11.80°+0.976

17.06°+6.310
15.52°4+5.740

15.41°£5.710
17.55¢7.490
16.14°+4.950

10.20°+4.503
11.26°+£3.840

10.65°+3.978
10.68+4.485

9.63°£5.260
11.23£3.369
11.60°+£3.047

*2: For the breed trait, no statistically significant difference was observed between the means indicated by the same letters in the same column
b For the sex trait, no statistically significant difference was observed between the means indicated by the same letters in the same column
¢: For the genotype trait, no statistically significant difference was observed between the means indicated by the same letters in the same

column

AM: Anatolian Merino, A: Akkaraman, .5':,_-: standard deviation, X mean, ADWGI: Pre-weaning Average Daily Weight Gain, ADWG2: Birth to

Six Months Average Daily Weight Gain, ADWG3: Weaning to Six Months Average Daily Weight Gain
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ature. These variations are thought to be affected by
environmental factors such as climate, geographical
features, nutrition, and herd management practic-
es. Yavuz (2015), reported the average body mea-
surements of 6-month-old Akkaraman ewes as CD
(31.48+0.3), WH (80.55+1.24), RH (71.75+0.8), CW
(19.3+£0.45), CC (86.48+0.57), and BL (70.01+0.51),
which exceeded the averages obtained in the present
study. Mukanova et al. (2024) determined in pure-
bred and crossbred sheep, the birth weights for the
CC and CT genotypes as 5.876 and 5.782 kg; 5.844
and 5.821 kg, respectively. The 30-day weights were
recorded as 8.381 and 8.269 kg; 8.300 and 8.439 kg,
the 60-day weights as 33.668 and 33.718 kg; 32.444
and 33.786 kg, and the 120-day weights as 39.000
and 41.487 kg; 39.111 and 40.929 kg, respectively.
This variation is believed to result from environ-
mental factors, particularly nutrition.

Armstrong et al. (2018), conducted on Texel
sheep, the DGAT1 gene region was investigated
for traits such as body weight, weaning weight,
weight in ultrasound measurements, fat thickness,
rib area, hot carcass weight, and shoulder cut weight.
In all these traits, animals with the TT genotype
showed a decrease in values, whereas those with
the CC genotype exhibited an increase. Similarly
in the present study, the highest weights were also
observed in sheep with the CC genotype. Cheng et
al. (2023), demonstrated that sheep carrying the TT
genotype in the OSMR gene and the AA genotype in
the GHR gene had significantly higher body weights
than those with other genotypes (P < 0.05). Likewise,
Wijayanti et al. (2022), reported that, in male LXBH
sheep, the II genotype was significantly associated
with body length (p = 0.039), chest circumference (p
=0.016), chest width (p = 0.019), and body length
index (p = 0.008). Individuals with this genotype
exhibited greater size compared to those with other
genotypes. Furthermore, in male Tong sheep, the
DD genotype was the most common for hip height
and tail depth, while the ID genotype showed the
highest values for head length. In male Tan sheep,
the ID genotype was significantly associated with
chest circumference (p = 0.044) and cannon cir-
cumference (p = 0.020), with sheep carrying this
genotype displaying higher values than those with
other genotypes. It was determined that sheep with
this genotype had higher values compared to those
with other genotypes. Osman ef al. (2021) in their
study on the MSTN gene, found that the ¢.18 G>T
SNP was significantly associated with birth weight,

whereas the c.241 T>C SNP showed a significant
association with average daily weight gain (P<0.05).
Aljubouri et al. (2021), investigated the association
between genetic polymorphisms in the GnRH]1 gene
and growth traits in Awassi and Karakul sheep. They
reported that the AA and AB genotypes exhibited dis-
tinct growth patterns, with individuals carrying the
AA genotype demonstrating superior growth traits,
particularly at sexual maturity. Rashidi ef al. (2008),
in their research on Kermani sheep, determined the
Kleiber ratio for lambs during the birth-to-weaning
period as 0.020 for males and 0.018 for females
(P<0.01). Similarly, a study on Sangsari lambs re-
ported statistically significant Kleiber ratios for the
birth-to-weaning period, with values of 17.64 for
males and 17.13 for females (P<0.01) (Mohammadi
etal 2011). In a study investigated on Dorper sheep,
and calculated Kleiber ratios of 17.21 and 4.96 for
males and 17.31 and 4.49 for females during the
birth-to-weaning and weaning-to-six-month periods,
respectively. However, no significant differences in
Kleiber ratios between genders were observed in
this breed (Besufkad et al. 2024). Similar to the
findings of the study conducted on Dorper sheep,
no statistically significant association was observed
between DGAT1 gene polymorphism and average
live weight gain or Kleiber ratio in Anatolian Merino
and Akkaraman sheep in this study.

The observed differences in the association be-
tween genetic polymorphisms and growth traits
across studies may be attributed to multiple fac-
tors, including breed-specific genetic backgrounds,
environmental influences, management conditions,
and sample sizes. The impact of DGAT1 and oth-
er candidate genes on growth traits might vary de-
pending on genetic interactions, epigenetic factors,
or population-specific selection pressures. Further
investigations with larger and more diverse popula-
tions are required to clarify these discrepancies and
determine the broader applicability of these genetic
markers in breeding programs.

CONCLUSIONS

The investigation of the relationship between the
DGAT1 gene and growth traits in Tiirkiye’s native
sheep breeds remains scarce. In a study involving
40 Anatolian Merino and 33 Akkaraman sheep, a re-
lationship between DGAT1 gene and certain growth
features was observed.

To detect polymorphisms in the DGATI1 gene
with A/ul enzyme digestion the PCR-RFLP method
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was used. Three genotypes were identified for this
gene region. The C allele’s frequency was found
higher in both Anatolian Merino and Akkaraman
sheep. The Chi-Square (%?) test outcomes indicated
that the DGAT1 gene deviated from Hardy-Weinberg
equilibrium (P<0.05) (Table 2).

Although the DGAT1 gene polymorphism did
not show a significant association with growth
traits in this study, the identified genetic variation
could still contribute to understanding the genetic
mechanisms underlying growth and productivity
in sheep. Integrating these findings into selective
breeding programs may enhance breeding strategies
by combining molecular markers with traditional
selection methods.

The findings of this study suggest that while
DGATI1 gene polymorphism may not be a reliable
marker for Marker-Assisted Selection (MAS) in
Anatolian Merino and Akkaraman sheep concerning
growth traits, further research with larger sample
sizes may provide more definitive results. However,
the identified genotypic variations can still be valu-
able in understanding the genetic basis of growth

and productivity in sheep breeds. Integrating these
findings into selective breeding programs could help
improve growth performance and optimize breeding
strategies in the long term.
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