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Abstract:

The study was conducted on 78 Awassi ewes of three ages (2-3, 3- 4, and > 4 years) reared in
private farms in central Iraq (Baghdad, Abu Ghraib District) throughout 2018 to investigate the
effect of dam age and FOXO3 gene polymorphism (PCR-SSCP, exon 2) on lamb mortality
before and after weaning. The results of the PCR product showed that the studied region
included a single nucleotide polymorphism, and three genotypes were identified (AA, AC, and
CC). The allele frequencies were 0.58 and 0.42 for A and C, respectively, and the genotype
ratios were 39.75, 35.89, and 24.36% for AA, AC, and CC, respectively. Results showed a
significant effect (P<0.05) of dam age on lamb mortality before weaning age, ewes with 2-3
years old were the highest lamb mortality (7.67%), and after weaning age, ewes with 2-3 years
old were the highest lamb mortality (5.08%). FOXO3 genotypes affected the mortality rate
significantly (P<0.05) from birth to weaning. The highest lamb mortality before the weaning rate
was recorded in ewes with wild genotype (AA) and aged 2-3 years old, while the lowest
mortality rate was noticed in the ewes group with mutant genotype (CC) and aged more than four
years old, namely 7.65 and 3.32% respectively, and after weaning, namely 6.60 and 1.36%
respectively.
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Introduction:

Awassi ewes are the most numerous
sheep breed reared and widespread in the
Middle East countries. The breed is
acceptable as a multipurpose breed and
contributes about 60% of Iraqi sheep (Al-
Khuzai & Al-Wazeer, 2011). Longevity is
crucial for breeding ewe flocks' economic
success, reducing culling rates and female
replacement costs for sheep farmers across
Europe and beyond (McLaren et al., 2020).
One of the major problems that causes a
high economic loss in sheep is lamb
mortality under farming conditions. Many
studies reported that the lamb’s mortality is
affected by various factors such as less care,
the season of birth, berth type, birth weight,
and breed (Dwyer & Lawrence, 2005; Susié¢
et al., 2005; Khan et al., 2006; Steinheim et
al., 2008; Mustafa et al., 2014).

Dam age is a crucial factor that plays an
important role in lambs’ mortality from birth
to weaning in many sheep breeds (Chniter et
al., 2009). Lambs’ mortality is also affected
significantly by many genes or genetic
factors in the sheep genome. There are many
genes strongly related to mortality rate, and
many studies have referred to the effect of
genetic factors on the livability of lambs
(Raoof, 2018). One of these genes is the

Forkhead box O3 gene (also known as
FOXO03), which is considered a transcription
factor and regulates hormonal, nutrient, and
stress responses and affects cell survival and
metabolism. The FOXO3 is an efficient
factor for controlling cell functions, and
degradation of sub-cellular localization
affects its degradation, DNA-binding ability,
and transcriptional activity (Boccitto & G
Kalb, 2011).

The major aim of the current study is to
investigate the relationship between dam age
and FOXO3 gene polymorphism with lamb
mortality from birth to weaning and
appointment the results to improve the local
sheep breed performance in Iraq, which
suffers from many problems under farming

conditions.
Materials and methods:

The current study was conducted on
78 Awassi ewes of three ages reared in
private farms in central Iraq (Baghdad, Abu
Ghraib District) through the year 2018.
Blood samples were collected from the
jugular vein using a disposable syringe and
commercial tubes. DNA isolation was made
according to the method of (Sambrook &
Russell, 2001). PCR- SSCP of the fragment
within exon 2 of FOXO03, and a specific
primer was used for this purpose as below:



F-AACGCCAGCACAGTCAGC and R-
CTTGTTCTCTTGGATGGTCT, primer
annealing temperature was 64 C° (Byun,
2012).

Statistical analysis:

Data were analyzed using (SAS, 2012)
computer program by the general linear
model procedure (GLM) according to the
following model:

Yijk = p + Ai + Bj + (AB)ij + eijk

Where:

M: the overall mean

Ai: effect of dam age (2-3, 3- 4, > 4 years).

Bj: effect of FOXO3 gene polymorphism
(exon 2).

(AB)ij: interaction among ages and

polymorphism.
eijk: is a random error.

Estimation of genotype frequencies: The
genotypes were assigned based on
restriction digestion patterns of the PCR
products, and the allele and genotype
frequencies were calculated by the standard
formula (Falconer & Mackay, 1996):

Genotype frequency

__ number of individuals of particular genotype

total number of animals of all genotypes

2D+H
2N

Gene frequency =

Where:

D: number of animals homozygous for a

particular allele
H: number of heterozygous animals
N: total number of animals

The chi-square test was used to determine
the  significant  differences  among

phenotypes:

(Observed No.—Expected No.)?
Expected No.

X2=y

Duncan's multiple range test (Duncan, 1955)
was used to compare differences among

means.
Results:

Results of the PCR product showed that
the region that was studied (exon 2)
included a single-nucleotide polymorphism
(SNP), and three genotypes were noticed
(AA, AC, and CC). Table 1) showed that
non-significant  differences in genotype
distribution resulted from SNP, the allele
frequencies were 0.58 and 0.42 for A and C,
respectively, and the genotype ratio was
39.75, 35.89, and 24.36% for AA, AC, and
CC, respectively.



Table 1. Distribution of the observed allele frequency for FOXO3 loci

Genotype No. % 2 Allele frequency
Intron 6
AA 31 39.75 A C
AC 28 35.89 3.038
0.58 0.42
CcC 19 24.36

Results showed a significant effect (P<0.05)
of dam age on lambs’ mortality before
weaning age. Ewes 2-3 years old were the
highest lamb mortality (7.67%) compared

with the oldest ewes (more than 4 years old),
which recorded the least mortality rate of
lambs, namely 3.65% (Table 2).

Table 2. Combined effects of dam age and FOXO3 gene polymorphism on lambs’

mortality before weaning

Mortality rate (%) +S.D
Dam age
Genotypes Mean
(year)
AA AC cC
2-3 7.65+ 0.88° 5.32+ 1.10%° 7.30+ 0.89% 6.75+0.79°
3-4 6.66% 0.34° 4.67+ 0.99% 7.32+ 1.20° 6.21+ 0.84°%
>4 3.65% 0.85" 3.3420.90° 3.3240.82° 3.43+ 0.69°
Mean 5.98+0.77° 4.44%0.79° 5.98+ 0.68° 5.47£0.77
Numbers with different letters differ significantly (P<0.05).
The results indicated that the lamb’s rate from birth to weaning. The highest
mortality rates did not differ significantly lamb’s mortality rate was recorded in ewes
according to  the FOXO3  gene with wild genotype (AA) and aged 2-3 years
polymorphism, while the interaction old, while the lowest mortality rate was

between dam age and FOXO3 genotypes
significantly affected (P<0.05) the mortality

noticed in the ewes’ group with mutant




genotype (CC) and aged more than four

years old.

Results represented in Table 3 showed
a significant effect (P<0.05) of dam age on
lambs’ mortality after weaning age. Ewes 2-
3 years old had the highest lamb mortality
rate (5.08%) compared with the oldest ewes

(more than 4 years old), which recorded the

least mortality rate of lambs, namely 1.90%.
FOXO03
significantly affected lambs’ mortality after

genotype polymorphism
weaning; the ewes with wild genotypes
recorded the highest rate, namely, 4.32%,
while the ewes with mutant genotype (CC)
recorded the lowest mortality rate, namely,
2.79%.

Table 3. Combined effects of dam age and FOXO3 gene polymorphism on lambs’

mortality after weaning

Mortality rate (%) +S.D
Dam age
Genotypes Mean
(year)
AA cC

2-3 6.60+ 0.57° 4.63+0.34 4.01+ 0.07™ 5 080,32

3-4 4.00+ 0.29% 3.35+0.31% 3.00+ .01% 3.45+ 0.20°

>4 2.36% 0.36° 2.00£0.01" 1.36+0.32¢ 1.90+ 0.23°
Mean 4.32+0.53 3.32+0.21° 2.79+0.18° 3.47£0.77

Numbers with different letters differ significantly (P<0.05).

Results indicated a significant effect of
interactions among genotypes and dam ages
on the mortality rate of lambs after weaning,
the highest rate was recorded in ewes with
the wild genotype and 2-3 years old,
compared with the lowest rate, which was
noticed in the lambs that came from dams
with mutant genotype and more than four

years age.

Discussion:

Lamb mortality is one of the serious
problems in sheep breeding, and the results
of these studies follow most of the past
studies in this scientific field. Bangar et.al.
(2016) pointed to the significant effects of
dam age on lamb mortality in sheep and
referred to the fact that the dam age
contributes to other factors such as breed or
feeding system. Notter and Brown (2015)
reported that lamb mortality is a complicated

problem in the sheep industry and referred

5




to the importance of dam age, which
interacts with various factors that affect this
economic trait (Notter & Brown, 2015;
Bangar et al., 2016).

Other studies referred to the indirect
effect of dam age on lamb livability through
the correlation between dam age and lamb
weight, which reflects on lamb mortality
(AKTAS & DOGAN, 2014; Elia, 2018).
The current results are harmonic with many
past studies that focused on the role of dam
genetic factors in lamb mortality directly or
Mellado et.al. (2016) have
referred to the indirect effect of dam

indirectly.

genetics on lamb mortality through its
influence on litter size, which s
significantly related to lamb survival,
especially during the pre-weaning period.
Ehrhardt et al. (2020) reported that hybrid
vigor, or heterosis, is an efficient strategy to
reduce lamb mortality by nearly 20% and
highlighted the importance of dam age,
health, and maternal behavior on lamb
livability. Nowadays, most modern studies
focus on determining the role of specific
genes, which are considered regulatory
genes involved in newborns and associated

with the incidence of newborn mortality.

Conclusion:

The results of this study suggest that the
FOXO3 gene is one of the candidate genes
contributing to the genetic variance of lamb
mortality. This gene's polymorphism, which

results from a single-nucleotide

polymorphism, is considered a good tool for
indirect selection to reduce lamb loss,
interacting with many environmental or
fixed factors. However, more studies are still

needed to prove these results.
Reference:

AKTAS, A. H.,, & DOGAN, SUKRU.
(2014). Effect of live weight and age
of Akkaraman ewes at mating on
multiple birth rate, growth traits, and
survival rate of lambs. Turkish
Journal of Veterinary & Animal
Sciences, 38(2), 176-182.

Al-Khuzai, H., & Al-Wazeer, A. (2011).
Effect of Interaction Among age, sex
and feeding system on body and
length weight in Awassi Sheep (Vol.
..3): J. of Kufa for Agri. Sci

Bangar, Y., Pachpute, S., & Nimase, R.
(2016). The survival analysis of the
potential risk factors affecting lamb
mortality in deccani sheep. J Dairy
Vet Anim Res, 4(2), 266-270.

Boccitto, M., & G Kalb, R. (2011).
Regulation  of  Foxo-dependent
transcription by post-translational
modifications. Current drug targets,
12(9), 1303-1310.

Byun, S. O. (2012). Genes associated with
variation in longevity and fecundity



in sheep. (Doctoral dissertation,
Lincoln University).

Chniter, M., Maali, S., Hammadi, M.,
KHORCHANI, T., HARAB, H.,,
Riadh, K., . . . Nowak, R. (2009).
Effects of dam age, litter size and
gender on birth weight of d’man
lamb. Journal of Arid Land Studies,
19(1), 169-172.

Duncan, D. B. (1955). Multiple range and
multiple F tests. biometrics, 11(1), 1-
42,

Dwyer, C. M., & Lawrence, A. B. (2005).
A review of the behavioural and
physiological adaptations of hill and
lowland breeds of sheep that favour
lamb survival. Applied animal
behaviour science, 92(3), 235-260.

Ehrhardt, R. 2020. Critical control points
for lamb survival. Small Ruminant
Extension Specialist, Michigan State
University -January 27, 2020.
(Article).

Elia, J. (2018). Dam age and weight, lamb
sex, breed and kidding type effects
on the mortality of local, Turkish
Awassi and cross bred'. Journal of
Research in Ecology, 6(1), 1528-
1533.

Falconer, D., & Mackay, F. (1996).
Introduction to Quantitative
Genetics. In  Introdutction to
Quantitative Genetics (pp. 464-464).

Khan, A., Sultan, M. A,, Jalvi, M. A., &
Hussain, 1. (2006). Risk factors of
lamb mortality in Pakistan. Animal
Research, 55(4), 301-311.

McLaren, A., McHugh, N., Lambe, N. R.,
Pabiou, T., Wall, E., & Boman, I.
A. (2020). Factors affecting ewe
longevity on sheep farms in three
European countries. Small Ruminant
Research, 189, 106145.
doi:https://doi.org/10.1016/].smallru
mres.2020.106145

Mellado, M., U. Macias ,L. Avendafio ,
J. Mellado , E. Garcia,M., P. C.H.,
S.T. Morris and P.R. Kenyon.
2016. Growth and pre-weaning
mortality of Katahdin lamb crosses.
Rev Colom Cienc
Pecua vol.29 no.4 Medellin Oct.
/Dec. 2016 http: //dx. doi.
0rg/10.17533/ udea. rccp. v29n 4a06.

Mustafa, M. I., Mehmood, M. M., Lateef,
M., Bashir, M. K., & Khalid, A. R.
(2014). Factors influencing lamb
mortality from birth to weaning in
Pakistan. Pakistan Journal of Life &
Social Sciences, 12(3), 139-143.

Notter, D. R., & Brown, D. J. (2015).
Effects of birth-rearing type on
weaning weights in meat sheep are
systematically  associated  with
differences in mean performance
among flocks. Genetics selection
evolution, 47(57), 1-14.

Raoof, S. (2018). Non-genetic factors
affecting the mortality in Kurdi
lambs. IRAQI JOURNAL OF
AGRICULTURAL SCIENCES, 49(1),
78-82.

Sambrook, J., & Russell, D. (2001).
Molecular cloning: a laboratory
manual: Cold Spring Harbor. New
York.


https://www.canr.msu.edu/people/richard_ehrhardt
https://doi.org/10.1016/j.smallrumres.2020.106145
https://doi.org/10.1016/j.smallrumres.2020.106145
http://dx/

SAS. (2012). Statistical Analysis System,
User's Guide Version 9.1th ed SAS.
Inst. Inc. Cary. N.C. USA.

Steinheim, G., Eikje, L., Klemetsdal, G.,
& Adnoy, T. (2008). Effect of birth
weight, gender and litter
characteristics on summer mortality
in lambs of Norwegian breeds. Acta
Agriculturae Scand Section A, 58(1),
45-50.

Susié, V., Pavié, V., Mio¢, B., Stokovi¢, 1.,
& Ekert Kabalin, A. (2005).
Seasonal variations in lamb birth
weight and mortality. Veterinarski
arhiv, 75(5), 375-381.



