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ABSTRACT

Blood parameters are among the basic growth traits that need to be studied because they are
useful for assessing the physiological condition of breeds that are different according to the
breed, sex, physiological status, and genotype of the animal. Therefore, this study aims to
investigate the possibility of an association between the polymorphism of the MC4R gene (exon
1) with hematology parameters in Iragqi Awassi and Arabi sheep. A total of 150 sexually mature
and healthy sheep aged between 2 to 3 years were included in this study. DNA samples were
extracted from each blood sample sheep and the genetic analysis were included PCR-SSCP and
direct sequencing. Result of the present study identified three genotypes for the MC4R gene
(exon 1) (AA, AC, and GC). Two missense SNPs 9.59349260G>C and ¢.59349291A>C were
identified in exonl MC4R gene that was responsible for the observed heterogeneity in both
breeds. The amount of RBC, Hb, and PCV%, WBC, lymphocyte, granulocyte, lymphocyte%,
and granulocyte % were significantly higher (p<0.05) in awassi than Arabi breed and sex male
than female. The genotype AC showed higher accounts of RBC, Hb, PCV%, MCHC, accounts
of WBC, lymphocyte, lymphocyte% and granulocyte % relative to other genotypes. In summary,
Awassi breed and the sex factor are effecting on blood parameters. The two novel SNP (107G/C
and 138 A/C) were highly associated with hematology parameters. The AC genotype was
preponderant genotype affecting the sheep growth traits and recommended to be selected and
fixed in sheep production.
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1. Introduction and gene polymorphism with hematology
parameters. Egbe-Nwiyi(9)

The hypothalamic—melanocortin  system studied the effect of sex on the
plays an important role in the regulation of hematological values of goats and sheep in
energy balance, reproduction and growth Nigeria. Badawi and AL-Hadithy (10)
traits via the melanocortin receptors (1). revealed a significant difference (P<0.05) in
Five  melanocortin  receptors  (MCRs) some hematological values of Awassi sheep
mediate the actions of the melanocortin in Iraq. Regarding the genotype effect, many
system. They are classified MC1R to MC5R variants were identified in the MC4R gene,
according to their sequence (2). Of the five- which is associated with growth traits in
melanocortin  receptors, melanocortin-4 Langshan chickens (11), in pigs of Russia
receptor (MC4R) is a G-protein-coupled (12) and sheep (3). Only one study revealed
receptor with seven transmembrane domains that the animals with MN Mspl CAST
that is received more attention (3). MC4R genotype had significantly (p<0.05) higher
was detected in the pituitary and ovaries (4), neutrophil percentage and neutrophil to
and is expressed in the appetite-regulating lymphocyte ratio than NN Mspl CAST
areas of the brain that involved in food genotype in Awassi sheep, indicate that
intake and can be a mediator between CAST gene heterozygous individuals are
appetite and reproduction (5). Blood healthier than the homozygous individual.
parameters are among the basic growth traits Based on the above consideration, no
that need to be studied because they are research yet on the association of the MC4R
useful for assessing the physiological gene with the hematology parameters have
condition and knowing the animal's health been reported in Awassi and Arabi sheep.
status and are related to the suitability of Thus, the current study aimed to evaluate the
breeds under certain environmental association of single nucleotide
conditions  (6,7). Blood parameters of polymorphism (SNPs) in the MC4R gene on
animals are different due to different factors hematology parameters in Awassi and Arabi
including breed, age, sex, physiological sheep.
status, and genotype of the animal (8). Few
reports studied the association of breed, sex 2. Materials and Methods
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Animals, blood collection and hematological
examination

This study was conducted according to
regulations of the international
recommendations for the care and use of
animals under Al-Qasim Green University
approval (Agri, No. 015,3,12), at the College
of Agriculture /department of Animal
Resources for the period from January 2018
to August 2018 on Awassi and Arabi sheep.
A total of 150 sexually mature and healthy
sheep aged between 2 to 3 years including
Awassi (n = 75) (22 male: 53 female) and
Arabi (n = 75) (15 male: 60 female), were
included in this study. Animals were
collected randomly from three Station for
raising sheep (Babylon, Karbala, Kufa).

Animals were kept on natural pasture during
summer, while in winter; animals were kept
indoors and fed about 2.5%
of their live body weight daily, comprising a
mixture of barely (59%), bran (40%), and
salt (1%) concentrates. Blood samples were
collected from the sheep, using vacutainer
tubes with EDTA. Hematology analyzer
(vet.18, mythic company) measured
hematological parameters. These parameters
included erythrocyte constituents, total
platelet count, and white blood cell
constituents.

Genomic DNA extraction, Primers design,
and PCR

Genomic DNA from blood was isolated by
the high salt method of (Al-Shuhaib, 2017).

Table(1) The sequence of the primer used in this study as follows:

Set Primer code

Primer sequence (5' — 3')

Product size Annealing temp.

1 MC4R,exol-F
MCA4R,exo0l1-R

GTCACAAACACCTCGGGAGA
TCCAGAGGGGACCTGAATCC

181 bp 57.8°C

Table (2) Recommended thermal cycling conditions for PCR amplification for the MC4R gene.
These guidelines were tested for Eppendorf thermal cycler :

Ste Step Step p Tm(°C) Time No.of cycle
Initial denaturation 95 4 minutes x1 cycle
Denaturation 94 30 sec.
Gre}dlent annealing x30 cycles
Ovine MC4R(exonl) 57.8 30 sec.

MCA4R (exon 2.1) 57.8

MC4R (exon 2.2) 60.4

MC4R(exon 2.3) 59.1
Extension 72°C 30 sec.
Final extension 72°C 5 minutes x1 cycle
Holding 4°C Indefinite x1 cycle
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Single-strand conformation polymorphism
(SSCP) and Sequencing analysis

The initial denaturation of the PCR
amplicons, as well as SSCP protocol, were
performed according to Al-Shuhaib et al.

product was mixed with 10 pL of denaturing
buffer (98 % formamide, 0.025 %
bromophenol blue, 0.025 % xylene cyanol
FF, 10 mmol=L Ethylenediaminetetraacetic
acid (EDTA) (at pH 8.0) and 2 % glycerol),
heated for 7 min at 95 -C and then cooled on

(2018)  protocol. ~ For  single-strand ice for 7 min. Denatured PCR products were

conformation polymorphism (SSCP) as follows:

analysis, 10 pL of each amplification

Set  Amplicons Gel _ Running Ru_nning Running Running
Concentration | temperature time voltage amperage

1 MC4R,exol 10% 10°C 5.0 hr 200V 105 mA

SSCP patterns on the gels were visualized
by silver staining according to the protocol
of Byun (13). For each genotype, the PCR
products were sent for purification and
sequencing of multiple sequence alignment
program, according to DNA Star, EditSeq. /
ClustalW, with the sequences published in
the GenBank database taken as a reference
to identify the polymorphisms. The observed
mutations were visualized and annotated by
SnapGene Viewer, ver. 4.0.4. (GSL.
Biotech. LLC). The novelty of the observed
variants was checked by the deposited
variants of the ovine MC4R gene database in
the Ensemble genome browser 96
(https://asia.ensembl.org/index.html).

Statistical analyses

The allele and genotype frequencies
observed heterozygosity (Ho), and expected
heterozygosity (He), were analyzed using
PopGen32 software, v. 1.31 (14). The
significant effect of breed, sex, and on the
various parameters studied were analyzed by
Statistical Package for the Social Sciences
(SPSS) software version 23.0., with the
general linear model:

Yim = wn + B + § + G

where Yij = phenotypic traits, p = overall
mean, B; = fixed effect of i" breed (i =

99

Awassi, Arabi), S; = fixed effect of | sex (j
= male, female), G, = fixed effect of k'
genotype, and ejju = random error
associated with Yijjq observation and
assumed to be NID (0, c%). Means were
compared using Tukey-Krammer test with a
significance level of (P<0.05). Preliminary
statistical analysis indicated the effect of
factor interaction, age, season and station
did not have a significant effect on
phenotypic traits, so are not matched in the
general linear model.

3. Results and Discussion
The genetic polymorphism

In the present study, Single-strand
conformation  polymorphism ( SSCP)
analysis reveals three genotypes (AA, AC ,
and GC) in all scanned MC4R (exon 1) of
sheep (Figure 1). The overall ratio of the
genotypes AC was the highest (56 and 60
%) in Arabi and Awassi sheep respectively
(Table3). Two missense SNPs
9.59349260G>C and g.59349291A>C were
identified in exonl MC4R gene that was
responsible on the observed heterogeneity in
both breeds and the genotype nominated
according to this substitution. According to
the value of Chi-square, the population
under study was not in Hardy—Weinberg
equilibrium (HWE), which was statistically
significant at (P < 0.05).
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Figure (1): SSCP non-denaturing polyacrylamide gel electrophoresis of the MC4R gene (exon 1)
PCR fragments showed three genotypes (AA, AC, and GC). Electrophoresis conditions:
Polyacrylamide gel concentration 10%, power applied: 200V (7.5V/cm) — 100mA, time to run: 4

hr. Staining method; Silver nitrate.

Table(3). Genotype, allele frequencies and genetic diversity parameters in the MC4R gene for

both Awassi and Arabi breeds.

Genotypes  Genotype Allele Allele 72 Ho He
(N) frequencies frequencies

A) Arabi AA(7) 0.09 A 0.37 55.  0.906 0.629
AC(42) 0.56 G 0.17 733
GC(26) 0.35 C 0.45

B) Awassi AA(12) 0.16 A 0.46 46.127 0.840 0.601
AC(45) 0.60 G 0.12
GC(18) 0.24 C 0.42

Abbreviations: ¢2 — chi-square, Ho — observed heterozygosity, He — Expected heterozygosity.* All Chi-square
tests have two degrees of freedom and within the significance level P<0.05.

Assessment of MC4R polymorphism and
association analysis

Association analysis of MCA4R
polymorphism refer to numerous
physiological changes occurs in this study.
Table 4 shows the least-square means of
erythrocyte constituents and platelets as
affected by breed and sex. The amount of
RBC, Hb, and PCV% were significantly
higher (p<0.05) in awassi than Arabi breed
and sex male than female while there was no
significant difference (p>0.05) for other
parameters. The numbers of erythrocytes,
Hb and PCV% were higher in awassi (9.461
x106/ul), (9.552) and (31.317 %)
respectively than Arabi. The same pattern

100

was seen in male than female for the same
parameters. Similarity, according to the
leukocyte constituents, the Awassi breed and
sex male showed higher WBC, lymphocyte,
granulocyte, lymphocyte% and granulocyte
% than Arabi breed and the sex female,
while no statistically significant difference
was observed for the other leukocyte profile
(P>0.05) (Table6). The genotype AC
showed higher accounts of RBC, Hb, PCV%
and MCHC relative to other genotypes
(Table4). Table 7 shows the effect of SNP
on leukocyte constituents. The sheep with
AC genotype showed higher accounts of
WBC, lymphocyte, lymphocyte% and
granulocyte % than AA and GC genotypes.
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Table (4): Least square Mean = SE of erythrocyte constituents and platelets for the breed
and sex effects.

Indices RE’%C Hb PCV MCV MCH MCHC PI_3T
(x10°/uD | (g/dl) (%) (fl) (P9) (g/dl) | (x10%/pD)
. 8.167 = 8.061+ | 28.833% | 36.139%+ | 10.072x | 27.956+ | 575.278+
Arabi b b b a a a a
Breed 0.593 0.752 1.786 1.198 0.731 2.315 10.148
Awassi 0.461 9552+ | 31.317% | 34.049%+ | 10.029+ | 29550+ | 526.097 +
0.557° 0.706° 1.676° 1.125°% 0.686° 2.173° 14.953°
Male 0228+ |8.733x |32.117+ |36.217+ | 10.183+ | 28.550+ |507.167+
Sex 1.027% 1.303% 3.093% 2.076° 1.266° 4.009° 25.194°
Female 8.377% 7.585bi 27.1011 33.036+ | 9.993+ |28.993+ | 493.177%
0.395 0.501 1.190 0.799° 0.487% | 1.542° 27.398°

RBC, red blood cell; Hb, the concentration of hemoglobin; PCV, packed cell volume; MCV, mean

corpuscular volume;

MCH, mean corpuscular hemoglobin;

MCHC, mean corpuscular hemoglobin

concentration; PLT, platelets. Different superscript in the same column within each classification indicate
significant differences (P<0.05).

Table (5): Least square Mean * SE of erythrocyte constituents and platelets for the MC4R
polymorphism effects in Awassi and Arabi breeds.

RBC Hb MCH (pg | MCHC [PLT
Genotype (x10%l) | (o/dl) PCV (%) | MCV (fl) ) (g/dl) (x10%ul)
AA 7.861 + 7967+ | 27.208+ | 34.983+ | 10500+ | 28.350% | 576.000
0.726° 0.921° | 2.187° 1.468°2 0.489° 1.735° 12.881°
AC 8.531+ 8.778+ | 31.958+ | 33.600+ | 9.994+ 33.980+ |616.667+
0.6022 0.762% | 1.851°2 1.266° 0.4002 1.417° 8.9972
ce 7.203 + 7240+ | 28430+ | 34.045+ | 10.625+ | 29.292 + | 604.972 +
0.557°" 0.706° | 1.6762 1.125% 0.6862 2.173° 14.9532

RBC, red blood cell; Hb, the concentration of hemoglobin; PCV, packed cell volume; MCV, mean

corpuscular volume;

MCH, mean corpuscular hemoglobin;

MCHC, mean corpuscular hemoglobin

concentration; PLT, platelets. Different superscript in the same column within each classification indicate
significant differences (P<0.05).

Table (6): Least square Mean = SE of the constituents of white blood cell count for the
breed and sex effects.

Indices WBCs | Lymphocytes | Monocytes | Granulocytes | Lymphocytes | Monocytes | Granulocytes
(x10%pl) | (x10%pl) (x10%/p) (x10%/pl) (%) (%) (%)
Arabi | 9-656 5.589 + 0.833+ 1.928 + 55.761 + 11.167 + 27.028 +
Breed +1.594° 1.168° 0.017% 0.063° 5.517° 0.9972 3.959°
Awassj | 15883 10.563 + 1.307 + 3.999 + 62.301 + 10.608 + 32.424 +
+1.373° 2.974% 0.0162 0.059° 5.179° 0.9362 3.716°
Male 3%72121 7.400 + 1,033+ 3.283+ 66.167 + 10750+ | 33.017%
= 0.4882 0.0302 0.1052 9.5552 1.727°2 6.856°
Sex 10.813
5.443 + 1.133+ 2.103+ 58.831 + 10.887 + 28.949 +
Female * 0.111° 0.011° 0.425"° 3.676" 0.6642 2.638"
1395b . . . . . .

WBC, white blood cell; Different superscript in the same column within each classification indicate

significant differences (P<0.05).

101

ISSN 2072-3875




Euphrates Journal of Agriculture Science-11 (4): 96- 104 , (2019)

Al-Thuwaini at el.

Table (7): Least square Mean + SE of the constituents of white blood cell count for the

MC4R polymorphism effects in Awassi and Arabi breeds.

Genotvpe WBCs | Lymphocytes | Monocytes | Granulocytes | Lymphocytes | Monocytes | Granulocytes
YPE I (x10%ml) | (x20%ul) | (x10%ul) | (x10%/pl) (%) (%) (%)

A 108751 gg67+ 1.017+ 3,008+ 54108+ | 12417+ | 30475+
138" 0.880" 0.021° 0.078° 6.757° 1.221° 4.848"°

AC 133441 9088 1.004 + 3161+ 65472+ | 11844+ | 234,630+
1 4_60"" 0.108? 0.1572 0.059° 4.277° 0.856° 3.659°

GC 13'978 8.746 + 1.300 + 3.400 £ 58.667 10.167+ 28.123 +
0.386" 0.974 0.016° 0.059° 5.179° 0.936° 3.716°

WBC, white blood cell; Different superscript in the same column within each classification indicate

significant differences (P<0.05).

The result refers to the presence of
significant  differences (P< 0.05) in
hematology parameters between Awassi and
Arabi breed. Erythrocyte and leucocyte cell
distribution is affected by breed (15). There
was a significant influence of age, sex, and
breed on lymphocyte count (16). This study
consistent with the study of Oramari (8) that
showed that the Karadi sheep had higher
value of HB (9.36 g/dl) and PCV (28.73%)
than Awassi and Naimy sheep. Concerning
the effect of gender, results in table 4 and 6
indicated that sex male showed higher blood
cell count than the sex female. The
differences in hematological values between
males and females may be due to the
negative influence of estrogen on
erythropoiesis of females in comparison
with the positive influence of androgen in
males (10). These results were consistent
with the findings obtained by Badawi and
AL-Hadithy, ( 10) and Al- Samarai and Al-
Jbory (16) who reported that males have
significantly (P<0.05) higher mean values of
PCV, Hb, and RBC compared with females
values. For the MC4R polymorphism, the
result of the present study showed that the
genotype AC had higher accounts of RBC,
Hb, PCV%, MCHC, accounts of WBC,
lymphocyte, lymphocyte% and granulocyte
% than AA and GC genotypes.
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Melanocortins play critical roles in inducing
erythroid differentiation including
enucleation through the MCRs that are
differentially ~ expressed in human
erythroblasts depending on the
differentiation stages (18). In adults, MCRs
have been reported to be expressed in
lymphocytes, macrophages, and neutrophils
(18, 19), to reduce inflammatory cytokine
production and leukocyte trafficking (20).

4. Conclusion: Awassi breed and the sex
factor are effecting on blood parameters.

The two novel single nucleotide
polymorphism (SNP) (107G/C and 138
A/C) were highly associated with

hematology parameters. The AC genotype
was preponderant genotype affecting the
sheep growth traits and recommended to be
selected and fixed in sheep production.

Conflict of interest
The authors declare that they have no
conflict of interest.

Acknowledgments

This study was supported by the college of
agriculture, Al-Qasim Green University
[grant number Agri, No.015, 3, 12]. The
authors are grateful to the staff of three
Station for raising sheep (Babylon, Karbala,

ISSN 2072-3875




Euphrates Journal of Agriculture Science-11 (4): 96- 104 , (2019)

Al-Thuwaini at el.

Kufa) for their facilities that provided the
Awassi and Arabi sheep population.

5. References

1. Siljee, J. E., Unmehopa, U. A., Kalsbeek,
A., Swaab, D. F., Fliers, E., & Alkemade, A.
(2013). Melanocortin 4 receptor distribution
in the human hypothalamus. European
journal of endocrinology, 168(3), 361-369.

2. Li, C. Y. and Li, H. (2006). Association
of MC4R gene polymorphisms with growth
and body composition traits in chicken.
Asian-australasian ~ journal of  animal
sciences, 19(6), 763-768.

3. Zuo, B., Liu, G., Peng, Y., Qian, H., Liu,
J, Jiang, X.,, & Mara, A. (2014).
Melanocortin-4 receptor (MC4R)
polymorphisms are associated with growth
and meat quality traits in sheep. Molecular
biology reports, 41(10), 6967-6974.

4. Amweg, A. N., Paredes, A., Salvetti, N.
R., Lara, H. E., & Ortega, H. H. (2011).
Expression of melanocortin  receptors
mRNA, and direct effects of ACTH on
steroid secretion in the bovine ovary.
Theriogenology, 75(4), 628-637.

5. Zandi, M. R., Shirazi, M. R. J., Tamadon,
A., Akhlaghi, A., Salehi, M. S., Niazi, A., &
Moghadam, A. (2014). Hypothalamic
expression of melanocortin-4 receptor and
agouti-related peptide mRNAs during the
estrous cycle of rats. International journal of
molecular and cellular medicine, 3(3), 183.

6. Pieragostini, E., Alloggio, 1., & Petazzi, F.
(2010). Insights into hemoglobin
polymorphism and related functional effects
on hematological pattern in Mediterranean
cattle, goat and sheep. Diversity, 2(4), 679-
700.

7. lIslam, S., Rahman, M. K., Ferdous, J.,
Hossain, M. B., Hassan, M. M., & Islam, A.

103

(2018). Hematological reference values for
healthy fat-tailed sheep (Dhumba) in
Bangladesh. Journal of Advanced Veterinary
and Animal Research, 5(4), 481-484.

8. Oramari, R. A., Bamerny, A. 0., &
Zebari, H. M. (2014). Factors affecting some
hematology and serum  biochemical
parameters in three indigenous sheep breeds.
Advances in Life Science and Technology,
21, 56-63.

9. Egbe-Nwiyi, T. N., Nwaosu, S.C. and
Salami, H. A. (2000). Hematological vaues
of apparently healthy sheep and goats as
influenced by age and sex in Arid zone of
Nigeria. Afr. J. Biomed. Res., Vol. 3, 109-
115.

10. Badawi, N. M., & AL-Hadithy, H. A. H.
(2014). The hematological parameters in
clinically healthy Iraqi Awassi sheep.
Platelets, 32, 0-12.

11. Yan LJ., Fang X.T., Liu Y., Zhang
C.L., Liu,X.X., Zhao,J., Li ,J.J. and Chen
,H.(2013). Effects of single and combined
genotypes of MC4R and POU1F1 genes on
two production traits in Langshan chicken.
Mol. Biol. Rep. 40: 4645-4650 .

12. Klimenko, A., Usatov, A., Getmantseva,
L., Kolosov, Y., Tretyakova, O., Bakoev, S.,
Kostjunina,0. and Zinovieva, N. (2014).
Effects of melanocortin-4 receptor gene on
growth and meat traits in pigs raised in
Russia. American Journal of Agricultural
and Biological Sciences, 9(2), 232-237.

13.  Byun, S.O., Fang, Q., Zhou, H.,
Hickford, J.G.H., 2009. An effective method
for silver-staining DNA in large numbers of
polyacrylamide gels. Anal. Biochem. 385,
174-175.

14. Yeh F. C., Yang R., Boyle T. (1999).
POPGENE: Version 1.31. Microsoft

ISSN 2072-3875



Euphrates Journal of Agriculture Science-11 (4): 96- 104 , (2019)

Al-Thuwaini at el.

Window-based Freeware for Population
Genetic Analysis, University of Alberta.
Edmonton, AB, Canada.

15. Mbassa, G.K. and Poulsen, J.S.D.
(2003). Reference ranges for clinical
chemical values in Landrace goats.Small
Ruminant Research,10(2): 133-142.

16. Njidda, A. A., Shuai’'Bu, A. A.,, &
Isidahomen, C. E. (2014). Haematological
and serum biochemical indices of sheep in
semi-arid environment of Northern Nigeria.
J Sci Front Res, 14(2), 49-56.

17. Al-Samarai, F. R., & Al-Jbory, W. A. H.
(2017). Effect of some environmental
factors on hematological parameters in
apparently healthy Iragi Awassi sheep.
Journal of Entomology and Zoology Studies,
5(3), 1668-1671.

18. Al-Samarai, F. R., & Al-Jbory, W. A.
H. (2017). Effect of some environmental

104

factors on hematological parameters in
apparently healthy Iragi Awassi sheep.
Journal of Entomology and Zoology Studies,
5(3), 1668-1671.

19.  Andersen, G. N., Hagglund, M.,
Nagaeva, O., Frangsmyr, L., Petrovska, R.,
Mincheva-Nilsson, L., & Wikberg, J. E. S.
(2005). Quantitative measurement of the
levels of melanocortin receptor subtype 1, 2,
3 and 5 and pro-opio-melanocortin peptide
gene expression in subsets of human
peripheral blood leucocytes. Scandinavian
journal of immunology, 61(3), 279-284.

20. Andersen, M., Meyer, M. K., Nagaev,
I, Nagaeva, O., Wikberg, J. E. S,
Mincheva-Nilsson, L., & Andersen, G. N.
(2017). Regulated Melanocortin Receptor 1-
5 Gene Expressions in CD56+ NK Cells
from Two Rheumatoid Arthritis Patients
Treated with Adalimumab. of, 6, 2

ISSN 2072-3875



