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I n sheep industry, the most important
costs are related to feeding, replace-
ment and housing. Replacement contrib-
utes about 21% of the total costs of sheep
production (Ktbl, 2009). Extension of
sheep lifespan could increase average age
of the flock and female lamb number that
will be sold for slaughtering and reduce
the costs associated with raising or/and
purchasing replacement females
(Vukasinovic, 1999). However, selection
for lifespan is not commonly the focus of
breeding programs as direct selection for
long-lived breeding stock is virtually im-
possible until late in the reproductive life
of the animal (Byun et al., 2011).

Reproductive traits, generally, have
not been selected for in sheep improve-
ment programs because they have low
heritabilities, discrete phenotypic expres-
sions and are expressed on in a sexually
mature ewe leading to low selection inten-
sities and long generation intervals (Brad-
ford, 1985). Among these reproductive
traits, lambing number, total number of
lambs born per ewe (TNLB), total weight
of lambs born per ewe (TWLB), total
number of lambs weaned per ewe
(TNLW), total weight of lambs weaned
per ewe (TWLW), twining rate and ewe
rearing ability, are the most important and
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thus most studied as increases in these
traits offer an opportunity for increasing
the efficiency of any kinds of sheep pro-
duction systems.

Understanding the genetic control
of ewes’ age and reproductive traits would
offer the opportunity to utilize natural
variation and improve selective breeding
programs through genetic markers. Infor-
mation from genetic markers could be
used to select rams that carry desirable
alleles for ewes’ age and reproductive
traits and to select ewes without waiting
for them to reach sexual maturity and have
their first litter.

Forkhead Box Class 03 (FOXO03)
is a member of the forkhead family of
transcription factors, encoded by FOXO3
gene, expressed in the cell nucleus of var-
ious tissues and participates in post-
transcriptional regulations of some genes
that have biological functions controlling
the insulin/insulin like growth factor-1
pathway and glucose  metabolism
(Pawlikowska et al., 2009), cell differenti-
ation and proliferation (Seoane et al.,
2004), muscle mass and atrophy
(Mammucari et al., 2007; Hudson et al.,
2014), antiviral responses (Litvak et al.,
2012; Lee et al., 2013), DNA damage
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reparation (Chung et al., 2012), oxidative
stress protection (Marinkovic et al. 2007;
Salcher et al., 2014) and tumor suppres-
sion (Renault et al., 2011; Savkovic,
2013).

It is assumed that the previous cel-
lular functions have potential roles affect-
ing age of most lived organisms. Evi-
dence-based on several studies approved
that the variation in FOXO3 gene or in the
expression of FOXO3 factor was associat-
ed with both aging and age of human
(Willcox et al., 2008; Anselmi et al.,
2009; Flachsbart et al., 2009; Gravina et
al., 2009; Li et al., 2009; Soerensen et al.,
2010; He et al., 2014).

During female reproductive life of
mammals, primordial follicles are critical-
ly important for fertility and dictate the
onset of menopause. FOXO3 factor serves
an essential role to control the balance
between the conservation and activation of
primordial follicles preserving them until
later in life (John et al., 2008). Overex-
pression of FOXO3 increased ovarian
reproductive capacity and follicle number
and decreased gonadotropin levels which
enhanced the fertility in mice and pig by
31-49% (Moniruzzaman et al., 2010;
Pelosi et al., 2013). A mutation in FOXO3
gene increased abnormal oocyte apoptosis
and primordial follicle activation which
caused premature ovarian failure in Chi-
nese women (Wang et al., 2010).

In agriculture animal species, there
are only two studies carried out by Byun
et al. (2011 & 2013) to identify the varia-
tion in ovine FOXO3 gene and its associa-

tion with age and fertility in New Zealand
sheep. They amplified and analyzed 2
regions in exon 1 and 4 regions in exon 2
by polymerase chain reaction-single
strand  conformational  polymorphism
(PCR-SSCP) tool, and identified 10 single
nucleotide polymorphisms (SNP) defining
7 haplotypes in the first two regions in
exon 2. They suggested that the haplo-
types derived from those two regions are
associated with the lifespan of sheep.

According to this sort of infor-
mation about FOXO3 factor, the FOXO03
gene which encodes for this factor could
be considered as a candidate gene associ-
ated with age and reproductive traits of
Barki ewes. The purposes of this study
were to identify the variation in a highly
variable region in exon 2 of the ovine
FOXO3 gene and examine association of
this variation with age and reproductive
traits in Barki ewes.

MATERIAL AND METHODS

Animal resources and rearing proce-
dures

A total number of 96 ewes from 8
sires (their ages were 4-10 years), grew up
at Maryout Research Station, Desert Re-
search Center, were used to carry out this
study.

Usually, ewes are allowed to breed
for the first time at about 18-19 months of
age. The mating season is usually starts in
September and lasts for a period of 35
days (3 estrus cycles). All rams and ewes
in the flock are weighted and then selected
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for mating according to their visual ap-
praisal of general health and conditions as
well as their individual performance and
parent offspring. The selected rams and
ewes are divided into mating groups de-
pending on their pedigree to avoid in-
breeding. Ewes are joined in pens with
single rams in groups of 20-25 ewes. After
the mating period, ewes are separated
from rams and kept as one group until
lambing. The lambing season usually
starts in March. At birth, each lamb is
tagged and weighted. Lambs suckle until
weaning at about 90 days.

The composite traits of ewe's
lifespan were calculated from the ewes'
records as: age of ewe, the total number of
lambs born per ewe (TNLB), the total
weight of lambs born per ewe (TWLB),
the total number of lambs weaned per ewe
(TNLW), the total weight of lambs
weaned per ewe (TWLW), the rearing
ability of ewe (TNLW/TNLB), the lamb-
ing rate (lambing number / joining num-
ber) and the twining rate of ewe (TNLB/
lambing number).

Blood samples were collected from
the phenotyped ewes using 5 ml hepa-
rinized tubes and stored at -80°C where-
upon the extraction of genomic DNA us-
ing DNA extraction kit (Promega).

Polymerase chain reaction

Previously primers described by
Byun et al. (2011), (F: 5'-
AACGCCAGCACAGTCAGC-3"; R: 5'-
CTTGTTCTCTTGGATGGTCT -3%) were
used to amplify a 420 bp fragment in exon

2 of the ovine FOXO3 gene. All PCR re-
actions were carried out in a total volume
of 25 pl containing 0.30 pM of each pri-
mer, 1X of high fidelity reaction buffer
(500 mM KCI, 100 mM Tris-HCI, pH
8.3), 2 mM of MgCl,, 200 pM of dNTP
and 0.7 U of Taq DNA polymerase. Reac-
tion parameters were: denaturation at
94°C for 2 min, followed by 35 cycles of
94°C for 30 sec, 64°C for 30 sec and 72°C
for 30 sec. The final extension was at
72°C for 10 min.

Single strand conformational polymor-
phism

PCR products were prepared for
electrophoresis as follows: 2 ul of PCR
product was mixed with 8 pl of denaturing
loading buffer (95% formamide, 0.025%
bromophenol blue, 0.025% xylene cyanol
and 20 mM EDTA, all reagent from Sig-
ma-Aldrich, St. Louis, Missouri). The
mixture was heated to 105°C for 5 min,
rapidly cooled on wet ice and then was
loaded on 16x18 cm; 12% acrylamide:
bisacrylamide (37.5:1; Bio-Rad) gels.
Electrophoresis was run, using Protein 11
xi cells (Bio-Rad), for 16 h at 200 v and
25°C in 0.5 x TBE buffer. Gels were sil-
ver stained according to the method of
Sanguinette et al. (1994).

Statistical analysis

All statistical analyses were per-
formed using SPSS software, version 19
(SPSS Science Inc., Chicago, IL, USA).
Statistical analyses exploring the effects of
variation in FOXO3 gene on age and re-
productive traits were undertaken using
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one-way analysis of variance. Three dif-
ferent sets of modeling approaches were
used to test these effects.

The first set of general linear
mixed model (GLMMs) was used to as-
sess the effect of FOXO3 genotypes on
age and reproductive traits, the second set
of GLMMs was used to explore the effect
of the presence/absence of each FOXO3
alleles on age and reproductive traits and
the third set of GLMMs was performed to
test the effect of the number of FOXO3
allele copies present on age and reproduc-
tive traits. FOXO3 genotype was fitted as
a fixed factor while sire was fitted as a
random factor in each model. Age of ewe
at first mating and weight of ewe at first
mating were included in the model as co-
variates. Where significant, these were
further explored using pairwise compari-
son (Duncin test; P< 0.05).

The generalized statistical model
that was used: Y= p + Gj + §j + sijx

Where Yjx = trait value, p = general
mean, G; = the fixed effect of FOXOS3
genotype in the first set of GLMMs, the
presence/ absence of each FOXO3 alleles
in the second set of GLMMSs or the num-
ber of FOXO3 allele copies present in the
third set of GLMMs, §; is the random ef-
fect of sire and & = the random error
associated with each observation, assumed
to be normally and independently distrib-

uted with zero mean and variance ¢
RESULTS AND DISCUSSION

Genotyping at the exon 2 of ovine
FOXO3 gene revealed the presence of

three alleles, A, B, and C with frequencies
of 0.57, 0.28 and 0.15, respectively and
five genotypes, AA, AB, AC, BB and CC
with frequencies of 0.26, 0.44, 0.18, 0.06
and 0.06, respectively (Fig. 1). The de-
tected alleles and genotypes in Barki ewes
are similar to the findings of Byun et al.
(2011) in New Zealand sheep with the
exception of disappearing BC genotype in
Barki ewes. However the observed fre-
quency of A allele was lower and the fre-
quencies of B and C alleles were higher
than their corresponding alleles observed
in New Zealand sheep.

Sire significantly (P< 0.05) affect-
ed TWLW and twining rate. No associa-
tions were found between all the studied
traits and the interaction between sire and
genotype.

Age of ewe at first mating had no
effect on the studied traits, however
weight of ewe at first mating significantly
(P< 0.05) affected rearing ability, TWLB
and TWLW.

The obtained results (Table 1)
demonstrated that the FOXO3 genotype
had significant (P< 0.05) effect on age of
ewe, twining rate, TNLB and TWLB.
Comparisons of ewe age and reproductive
traits of the FOXO3 genotypes showed
that ewes with the CC genotype had long-
er age and produced more TNLB and
TWLB than ewes with the AA and BB
genotypes. However the ewes with BB
genotype had more twining rate than the
other genotypes. The significantly longer
age of ewes with the CC genotype was in
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agreement with the result of Byun et al.
(2011).

The effects of the presence/absence
of the detected alleles on the studied traits
are shown in Table (2). The presence of C
allele was associated with longer age,
lambing number and TNLB, whereas the
presence of allele B was associated with
increased twining rate, shorter age and
decreased ewe rearing ability and TNLW.
No associations were found between the
presence/absence of allele A and the stud-
ied traits.

The associations between the num-
ber of FOXO3 allele copies present and
age and reproductive traits of ewes are
presented in Table (3). The presence of
two copies of allele C was associated with
longer age and increased TNLB. Having
two copies of B allele also was associated
with shorter age and increased twinning
rate, rearing ability and TNLW. There
were no associations between the number
of A allele copies present and all traits.

A surprising of our findings is the
presence of C allele, which was found to
be associated with long age and high rear-
ing ability, in a high frequency of 0.15 in
Barki ewes in compare to a low frequency
of 0.01 in New Zealand ewes. This means
that the short age of Barki ewes in com-
pare to the New Zealand sheep may due to
the environmental factors.

Our results proved that the varia-
tion in FOXO3 genotypes affected the age
of Barki ewes, whereas ewes with CC
genotype were found to have longer age

than ewes with other genotypes. Numer-
ous studies demonstrated that the FOXO
transcription factors promote age from
worms to mammals. FOXO3 protein plays
a critical role affecting the antioxidant
system through controlling the transcrip-
tion activation of genes encode for the
antioxidant enzymes such as superoxide
dismutase (SD), catalase (CAT) and
gluthioneperoxidase (GPX) that have been
shown to have higher level of activity in
longer lived strains of species. In Dro-
sophila, overexpressing in SD, GPX and
CAT reduced protein oxidative damage,
increased metabolism rate and delayed
losing motor ability, and these phenomena
extended the age by~ 30% (Sun et al,,
2002; Mockett et al., 1999). An extension
in the age of Murine had been achieved by
overexpression of CAT enzyme (Schriner
et al., 2005). Also, FOXO3 controls some
biological functions like detoxification of
reactive oxygen species (Kops et al.,
2002) and repair of damaged DNA (Tran
et al., 2002). Detoxifying reactive oxygen
species and repairing damaged DNA was
associated with increased organismal
lifespan in human and another 35 species
(Kirkwood and Austad, 2000) and these
additional functions of FOXO3 may be
relevant to FOXO3's ability to control
lifespan.

This study demonstrated that, ewes
with genotype BB have higher twining
rate in compare to other genotypes. This
means that the variation in FOXO3 plays a
role in sheep reproduction. An increasing
number of studies have provided evidence
that FOXO3 controls crucial steps in em-
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bryogenesis and is important for the de-
velopment of ovarian follicles and repro-
ductive organs (John et al., 2008; Pelosi et
al., 2013). A study confirmed a function
for FOXO3 in the control of follicular
development through its effect on glucose
metabolism (Hosaka et al., 2004). Another
work on FOXO3-null mice showed ab-
normal ovary development, and are sterile
(Castrillon et al., 2003). In spite of having
higher twining rate, the ewes with geno-
type BB had shorter age and decreased
rearing ability and TNLW. This result
may due to the decreased milk production
in Barki ewes which caused a negative
correlation between twining rate and each
lambing rate and pre-weaning survival
rate.

CONCLUSION

Based on the results of this study,
we could conclude FOXO3 gene appears
to be obvious candidate gene for Barki
ewe selection aiming at improving age
and reproductive traits. CC genotype is
favored in the farm to get ewes with long-
er age and high rearing ability. Further
investigations are needed to confirm the
effect of variation in FOXO3 gene on
lifespan traits in Barki sheep and other
local breeds using more number of ani-
mals.

SUMMARY

In this study the polymorphisms in
exon 2 of ovine Forkhead Box Class O3
(FOXO03) gene were detected in 96 Barki
ewes by the polymerase chain reaction-

single strand conformational polymor-
phism (PCR-SSCP) analysis. The associa-
tion of FOXO3 gene polymorphisms with
lifespan traits was tested using general
linear mixed effect models. Three alleles
(A, B and C) were detected with frequen-
cies of 0.57, 0.28 and 0.15, respectively.
Also five genotypes (AA, AB, AC, BB
and CC) were identified with frequencies
of 0.26, 0.44, 0.18, 0.06 and 0.06, respec-
tively. Genotypes of the FOXO3 gene
were shown to be associated with age,
twining rate, total number of lambs born
per ewe (TNLB) and total weight of lambs
born per ewe (TWLB). The presence of
allele C was associated with longer age
and increased TNLB, whereas the pres-
ence of allele B was associated with short-
er age, increased twining rate and de-
creased rearing ability and total number of
lams weaned per ewe (TNLW). The effect
of the number of allele copies present was
tested and it was found that the presence
of two copies of allele C was associated
with longer age and increased TNLB and
the presence of two copies of allele B was
associated with shorter age, increased
twining rate and decreased rearing ability
and TNLW. These results suggest that
variation in ovine FOXO3 gene is associ-
ated with lifespan traits of Barki ewes.

REFERENCES

Anselmi, C. V. A. Malovini, R.
Roncarati, V. Novelli, F. Villa, G.
Condorelli, R. Bellazzi and A. A.
Puca (2009). Association of the
FOXO3A locus with extreme lon-
gevity in a southern Italian cente-


http://www.ncbi.nlm.nih.gov/pubmed?term=Anselmi%20CV%5BAuthor%5D&cauthor=true&cauthor_uid=19415983
http://www.ncbi.nlm.nih.gov/pubmed?term=Malovini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19415983
http://www.ncbi.nlm.nih.gov/pubmed?term=Roncarati%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19415983
http://www.ncbi.nlm.nih.gov/pubmed?term=Novelli%20V%5BAuthor%5D&cauthor=true&cauthor_uid=19415983
http://www.ncbi.nlm.nih.gov/pubmed?term=Villa%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19415983
http://www.ncbi.nlm.nih.gov/pubmed?term=Condorelli%20G%5BAuthor%5D&cauthor=true&cauthor_uid=19415983
http://www.ncbi.nlm.nih.gov/pubmed?term=Bellazzi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19415983
http://www.ncbi.nlm.nih.gov/pubmed?term=Puca%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=19415983

VARIATION IN THE FORKHEAD BOX CLASS 03 (FOX03) GENE 345

narian study. Rejuvenation Re-
search, 12: 95-104.

Bradford, G. E. (1985). Selection for litter

Byun,

size. In: R. B. Land and D. W.
Robinson (Ed). Genetics of Repro-
duction in Sheep. Butterworths,
London, p. 3-18.

S. O. K., H. Zhou and J. G. H.
Hickford (2011). Characterization
of Genetic Variation in the
Forkhead Box Class O3 Gene
(FOXO03) in Sheep. DNA and Cell
Biology, 30: 449-452.

Byun, S. O., R. H. Forrest, H. Zhou, C. M.

Frampton and J. G. H. Hickford
(2013). Ovine forkhead box class
O 3 (FOXO03) gene variation and
its association with lifespan. Mo-
lecular Biology Reports, 405:
3829-3834.

Castrillon, D. H., L. Miao, R. Kollipara, J.

W. Horner and R. A. DePinho
(2003). Suppression of ovarian fol-
licle activation in mice by the tran-
scription factor Foxo3a. Science,
301: 215-218.

Chung, Y. M., S. Park, W. Tsai, S. Wang,

M. lkeda, J. S. Berek, D. J. Chen
and M. Hu (2012). FOXO3 signal-
ling links ATM to the p53 apoptotic
pathway following DNA damage. Na-
ture Communications 3, Article
number: 1000.

Flachsbart, F., A. Caliebe, R. Kleindorp,

H. Blanché, H. von Eller-Eberstein,

S. Nikolaus, S. Schreiber and A.
Nebel (2009). Association of
FOXO3A variation with human
longevity confirmed in German
centenarians. The Proceeding of
the National Academy of Sciences
of the United States of America,
1068: 2700-2705.

Gravina, S., F. Lescai and I. B. Roninson

(2009). Identification of single nu-
cleotide polymorphisms in the p21
(CDKN1A) gene and correlations
with longevity in the Italian popu-
lation. Aging, 1: 470-480.

He, Q., B. J. Morris, J. S. Grove, H.

Petrovitch, W. Ross, K. H. Masaki,
B. Rodriguez, R. Chen, D. A.
Donlon and B. J. Willcox (2014).
Shorter Men Live Longer: Associa-
tion of Height with Longevity and
FOXO3 Genotype in American
Men of Japanese Ancestry. PL0oS
ONE 9: €94385. d0i:10.1371/ jour-
nal.pone.0094385.

Hosaka, T., W. H. Biggs, D. Tieu, A. D.

Boyer, N. M. Varki, W. K
Cavenee and K. C. Arden (2004).
Disruption of forkhead transcrip-
tion factor (FOXO) family mem-
bers in mice reveals their function-
al diversification. The Proceeding
of the National Academy of Sci-
ences of the United States of
America, 101: 2975-2980.

Hudson, M. B., J. A. Rahnert, B. Zheng,

M. E. Woodworth-Hobbs, H. A.
Franch and S. R. Price (2014).


http://www.ncbi.nlm.nih.gov/pubmed?term=Byun%20SO%5BAuthor%5D&cauthor=true&cauthor_uid=23299403
http://www.ncbi.nlm.nih.gov/pubmed?term=Forrest%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=23299403
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhou%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23299403
http://www.ncbi.nlm.nih.gov/pubmed?term=Frampton%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=23299403
http://www.ncbi.nlm.nih.gov/pubmed?term=Hickford%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=23299403
http://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CBsQFjAA&url=http%3A%2F%2Fwww.springer.com%2Flife%2Bsciences%2Fbiochemistry%2B%2526%2Bbiophysics%2Fjournal%2F11033&ei=Oa9KVNXQD8fiywOohoHYBw&usg=AFQjCNHb7G7ELh2rVxAX0rbNfZv0M-urIQ
http://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CBsQFjAA&url=http%3A%2F%2Fwww.springer.com%2Flife%2Bsciences%2Fbiochemistry%2B%2526%2Bbiophysics%2Fjournal%2F11033&ei=Oa9KVNXQD8fiywOohoHYBw&usg=AFQjCNHb7G7ELh2rVxAX0rbNfZv0M-urIQ
http://www.nature.com/ncomms/journal/v3/n8/full/ncomms2008.html#auth-1
http://www.nature.com/ncomms/journal/v3/n8/full/ncomms2008.html#auth-2
http://www.nature.com/ncomms/journal/v3/n8/full/ncomms2008.html#auth-3
http://www.nature.com/ncomms/journal/v3/n8/full/ncomms2008.html#auth-4
http://www.nature.com/ncomms/journal/v3/n8/full/ncomms2008.html#auth-5
http://www.nature.com/ncomms/journal/v3/n8/full/ncomms2008.html#auth-6
http://www.nature.com/ncomms/journal/v3/n8/full/ncomms2008.html#auth-7
http://www.nature.com/ncomms/journal/v3/n8/full/ncomms2008.html#auth-8
http://www.ncbi.nlm.nih.gov/pubmed?term=Flachsbart%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19196970
http://www.ncbi.nlm.nih.gov/pubmed?term=Caliebe%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19196970
http://www.ncbi.nlm.nih.gov/pubmed?term=Kleindorp%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19196970
http://www.ncbi.nlm.nih.gov/pubmed?term=Blanch%C3%A9%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19196970
http://www.ncbi.nlm.nih.gov/pubmed?term=von%20Eller-Eberstein%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19196970
http://www.ncbi.nlm.nih.gov/pubmed?term=Nikolaus%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19196970
http://www.ncbi.nlm.nih.gov/pubmed?term=Schreiber%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19196970
http://www.ncbi.nlm.nih.gov/pubmed?term=Nebel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19196970
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hosaka%20T%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Biggs%20WH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tieu%20D%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boyer%20AD%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Varki%20NM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cavenee%20WK%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cavenee%20WK%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arden%20KC%5Bauth%5D

346

A.H. M. IBRAHIM AND S. M. ALSHEIKH

miR-182 attenuates atrophy-related
gene expression by targeting
FoxO3 in skeletal muscle. Ameri-
can Journal of Physiology-Cell
Physiology, 307: C314-C319.

John, G. B., T. D. Gallardo, L. J. Shirley,

and D. H. Castrillon (2008). Foxo3
is a PI3K-dependent molecular
switch controlling the initiation of
oocyte growth. Developmental Bi-
ology, 321: 197-204.

Kirkwood, T. B. L. and S. N. Austad

Kops,

Ktbl

(2000). Why do we age? Nature,
408: 233-238.

G. J. P. L, T. B. Dansen, P. E.
Polderman, 1. Saarloos, K. W. A.
Wirtz, P. J. Coffer and B. M. T.
Burgering (2002). Forkhead tran-
scription factor FOXO3a protects
quiescent cells from oxidative
stress. Nature, 419: 316-321.

(2009). Fleischschafhaltung-
Produktionsverfahren planen und
kalkulieren.  (2009).
Kuratorium fur Technik und

Auflage,

Bauwesen in der Landwirtschaft
e.V. (KTBL), Darmstadt.

Lee, J. C., M. Espéli, C. A. Anderson, M.

A. Linterman, J. M. Pocock et al.
(2013). Human snp links differen-
tial outcomes in inflammatory and
infectious disease to a FOXO3-
regulated pathway. Cell, 155: 57-
69.

Li, Y., W. J. Wang, H. Cao, J. Lu, C. Wu,

F. Y. Hu, J. Guo, L. Zhao, F. Yang,
Y. X. Zhang et al. (2009). Genetic
association of FOXO1A and
FOXO3A with longevity trait in
Han Chinese populations. Human
Molecular Genetics, 18: 4897-
4904,

Litvak, V., A. V. Ratushny, A. E.

Lampano, F. Schmitz, A. C.
Huang, A. Raman, A. G. Rust, A.
Bergthaler, J. D. Aitchison and A.
Aderem (2012). A FOXO3-IRF7
gene regulatory circuit limits inflam-
matory sequelae of antiviral responses.
Nature, 490: 421-425.

Mammucari, C., G. Milan, V. Romanello,

E. Masiero, R. Rudolf, P. Del Pic-
colo, S. J. Burden, R. Di Lisi et al.
(2007). FoxO3 controls autophagy
in skeletal muscle in vivo. Cell Me-
tabolism, 6: 458-471.

Marinkovic, D., X. Zhang, S. Yalcin, J. P.

Luciano, C. Brugnara, T. Huber
and S. Ghaffar (2007). Foxo3 is re-
quired for the regulation of oxida-
tive stress in erythropoiesis. The
Journal of Clinical Investigation,
117: 2133-2144.

Mockett, R. J., R. S. Sohal and W. C. Orr

(1999). Overexpression of gluta-
thione reductase extends survival
in transgenic Drosophila melano-
gaster under hyperoxia but not
normoxia. The Journal of the Fed-
eration of American Societies for


http://www.ncbi.nlm.nih.gov/pubmed?term=John%20GB%5BAuthor%5D&cauthor=true&cauthor_uid=18601916
http://www.ncbi.nlm.nih.gov/pubmed?term=Gallardo%20TD%5BAuthor%5D&cauthor=true&cauthor_uid=18601916
http://www.ncbi.nlm.nih.gov/pubmed?term=Shirley%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=18601916
http://www.ncbi.nlm.nih.gov/pubmed?term=Castrillon%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=18601916
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19793722
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=19793722
http://www.ncbi.nlm.nih.gov/pubmed?term=Cao%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19793722
http://www.ncbi.nlm.nih.gov/pubmed?term=Lu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19793722
http://www.ncbi.nlm.nih.gov/pubmed?term=Wu%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19793722
http://www.ncbi.nlm.nih.gov/pubmed?term=Hu%20FY%5BAuthor%5D&cauthor=true&cauthor_uid=19793722
http://www.ncbi.nlm.nih.gov/pubmed?term=Guo%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19793722
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhao%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19793722
http://www.ncbi.nlm.nih.gov/pubmed?term=Yang%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19793722
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20YX%5BAuthor%5D&cauthor=true&cauthor_uid=19793722
http://www.ncbi.nlm.nih.gov/pubmed/19793722
http://www.ncbi.nlm.nih.gov/pubmed/19793722
http://www.nature.com/nature/journal/v490/n7420/full/nature11428.html#auth-1
http://www.nature.com/nature/journal/v490/n7420/full/nature11428.html#auth-2
http://www.nature.com/nature/journal/v490/n7420/full/nature11428.html#auth-3
http://www.nature.com/nature/journal/v490/n7420/full/nature11428.html#auth-4
http://www.nature.com/nature/journal/v490/n7420/full/nature11428.html#auth-4
http://www.nature.com/nature/journal/v490/n7420/full/nature11428.html#auth-5
http://www.nature.com/nature/journal/v490/n7420/full/nature11428.html#auth-5
http://www.nature.com/nature/journal/v490/n7420/full/nature11428.html#auth-6
http://www.nature.com/nature/journal/v490/n7420/full/nature11428.html#auth-6
http://www.nature.com/nature/journal/v490/n7420/full/nature11428.html#auth-7
http://www.nature.com/nature/journal/v490/n7420/full/nature11428.html#auth-8
http://www.nature.com/nature/journal/v490/n7420/full/nature11428.html#auth-8
http://www.nature.com/nature/journal/v490/n7420/full/nature11428.html#auth-9
http://www.nature.com/nature/journal/v490/n7420/full/nature11428.html#auth-10
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
http://www.cell.com/cell-metabolism/issue?pii=S1550-4131%2807%29X0037-8
http://www.ncbi.nlm.nih.gov/pubmed?term=Mockett%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=10506576
http://www.ncbi.nlm.nih.gov/pubmed?term=Sohal%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=10506576
http://www.ncbi.nlm.nih.gov/pubmed?term=Orr%20WC%5BAuthor%5D&cauthor=true&cauthor_uid=10506576

VARIATION IN THE FORKHEAD BOX CLASS 03 (FOX03) GENE 347

Experimental Biology, 13: 1733-
1742.

Moniruzzaman, M, J. Lee, M. Zengyo and

T. Miyano (2010). Knockdown of
FOXO03 induces primordial oocyte
activation in pigs. Reproduction,
139: 337-348.

Pawlikowska, L., D. Hu, S. Huntsman, A.

Sung, C. Chu, J. Chen, A. H. Joyn-
er et al. (2009). Association of
common genetic variation in the
insulin/IGF1  signaling pathway
with human longevity. Aging Cell,
8: 460-472.

Pelosi, E., S. Omari, M. Michel, J. Ding,

T. Amano, A. Forabosco, D.
Schlessinger and C. Ottolenghi
(2013). Constitutively active Foxo3
in oocytes preserves ovarian re-
serve in mice. Nature Communica-
tions, 4: 1843.

Renault, V. M., P. U. Thekkat, K. L. Ho-

ang, J. L. White, C. A. Brady, D.
Kenzelmann-Broz, 0. S
Venturelli., T. M. Johnson, P. R.
Oskoui, Z. Xuan, E. E. Santo, M.
Q. Zhang, H. Vogel, L. D. Attardi
and A. Brunet (2011). The pro-
longevity gene FoxO3 is a direct
target of the p53 tumor suppressor.
Oncogene, Macmillan Publishers
Limited, p. 1-15.

Salcher, S., J. Hagenbuchner, K. Geiger,

M. A. Seiter, J. Rainer, R. Kofler,
M. Hermann, u. Kiechl-
Kohlendorfer, M. J. Ausserlechner

and P. Obexer (2014).
C100RF10/DEPP, a transcriptional
target of FOXO3, regulates ROS-
sensitivity in human
neuroblastoma. Molecular Cancer,
13: 224,

Sanguinetti, C. J., E. Dias Neto and A. J.

G. Simpson (1994). Rapid silver
staining and recovery of PCR
products separated on polyacryla-
mide gels. Biotechniques, 17: 915-
919.

Savkovic, S. D. (2013). Decreased

FOXO3 within advanced human
colon cancer: implications of tu-
mour suppressor function. British
Journal of Cancer, 109: 297-298.

Schriner, S. E., N. J. Linford, G. M. Mar-

tin, P. Treuting, C. S. Ogburn, M.
Emond, P. E. Coskun, W. N. Wolf,
H. Van Remmen and D. C. Wal-
lace (2005). Extension of Murine
Life Span by Overexpression of
Catalase Targeted to Mitochondria.
Science, 308: 1909-1911.

Seoane, J., H. V. Le, L. Shen, S. A. An-

derson and J. Massague (2004). In-
tegration of Smad and forkhead
pathways in the control of
neuroepithelial and glioblastoma
cell proliferation. Cell, 117: 211-
223.

Soerensen, M., S. Dato, K. Christensen,

M. McGue, T. Stevnsner, V. A.
Bohr and L. Christiansen (2010).
Replication of an association of


http://www.ncbi.nlm.nih.gov/pubmed?term=Moniruzzaman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19884171
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19884171
http://www.ncbi.nlm.nih.gov/pubmed?term=Zengyo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19884171
http://www.ncbi.nlm.nih.gov/pubmed?term=Miyano%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19884171
http://www.ncbi.nlm.nih.gov/pubmed/19884171
http://www.ncbi.nlm.nih.gov/pubmed?term=Pawlikowska%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19489743
http://www.ncbi.nlm.nih.gov/pubmed?term=Hu%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19489743
http://www.ncbi.nlm.nih.gov/pubmed?term=Huntsman%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19489743
http://www.ncbi.nlm.nih.gov/pubmed?term=Sung%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19489743
http://www.ncbi.nlm.nih.gov/pubmed?term=Chu%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19489743
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19489743
http://www.ncbi.nlm.nih.gov/pubmed?term=Joyner%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=19489743
http://www.ncbi.nlm.nih.gov/pubmed?term=Pelosi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23673628
http://www.ncbi.nlm.nih.gov/pubmed?term=Omari%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23673628
http://www.ncbi.nlm.nih.gov/pubmed?term=Michel%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23673628
http://www.ncbi.nlm.nih.gov/pubmed?term=Ding%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23673628
http://www.ncbi.nlm.nih.gov/pubmed?term=Amano%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23673628
http://www.ncbi.nlm.nih.gov/pubmed?term=Forabosco%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23673628
http://www.ncbi.nlm.nih.gov/pubmed?term=Schlessinger%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23673628
http://www.ncbi.nlm.nih.gov/pubmed?term=Ottolenghi%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23673628
http://www.sciencemag.org/search?author1=Samuel+E.+Schriner&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=Nancy+J.+Linford&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=Nancy+J.+Linford&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=George+M.+Martin&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=George+M.+Martin&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=Piper+Treuting&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=Charles+E.+Ogburn&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=Charles+E.+Ogburn&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=Mary+Emond&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=Pinar+E.+Coskun&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=Norman+Wolf&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=Holly+Van+Remmen&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=Douglas+C.+Wallace&sortspec=date&submit=Submit
http://www.sciencemag.org/search?author1=Douglas+C.+Wallace&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed?term=Soerensen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20849522
http://www.ncbi.nlm.nih.gov/pubmed?term=Dato%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20849522
http://www.ncbi.nlm.nih.gov/pubmed?term=Christensen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20849522
http://www.ncbi.nlm.nih.gov/pubmed?term=McGue%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20849522
http://www.ncbi.nlm.nih.gov/pubmed?term=Stevnsner%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20849522
http://www.ncbi.nlm.nih.gov/pubmed?term=Bohr%20VA%5BAuthor%5D&cauthor=true&cauthor_uid=20849522
http://www.ncbi.nlm.nih.gov/pubmed?term=Christiansen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20849522

348

A.H. M. IBRAHIM AND S. M. ALSHEIKH

variation in the FOXO3A gene
with human longevity using both
case-control and longitudinal data.
Aging Cell, 9: 1010-1017.

Sun, J., D. Folk, T. J. Bradley and J. Tow-

er (2002). Induced overexpression
of mitochondrial Mn-superoxide
dismutase extends the life span of
adult Drosophila melanogaster.
Genetics, 16: 661-672.

Tran, H., A. Brunet, J. M. Grenier, S. R.

Datta, A. J. Fornace, P. S.
DiStefano and M. E. Greenberg
(2002). DNA repair pathway
stimulated by the forkhead tran-
scription factor FOXO3a through
the Gadd45 protein. Science, 296:
530-534.

Vukasinovic, N. (1999). Application of

Survival Analysis in Breeding for

Longevity. 21% Interbull Meeting,
Jouy-en-Josas, France. Interbull
Bulletin, 21: 3-10.

Wang, B., Y. Mu, F. Ni, S. Zhou, J.

Wang, Y. Cao and X. Ma (2010).
Analysis of FOXO3 mutation in
114 Chinese women with prema-
ture ovarian failure. Reproductive
Biomedicine Online, 20: 499-503.

Willcox, B. J., T. A. Donlon, Q. He, R.

Chen, G. S. Grove, K. Yano, K. H.
Masaki, D. C. Willcox, B. Rodri-
guez and J. D. Curb (2008).
FOXO3A genotype is strongly as-
sociated with human longevity.
The Proceeding of the National
Academy of Sciences of the United
States of America, 105: 13987-
13992,


http://www.ncbi.nlm.nih.gov/pubmed?term=Sun%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12072463
http://www.ncbi.nlm.nih.gov/pubmed?term=Folk%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12072463
http://www.ncbi.nlm.nih.gov/pubmed?term=Bradley%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=12072463
http://www.ncbi.nlm.nih.gov/pubmed?term=Tower%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12072463
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20219431
http://www.ncbi.nlm.nih.gov/pubmed?term=Mu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20219431
http://www.ncbi.nlm.nih.gov/pubmed?term=Ni%20F%5BAuthor%5D&cauthor=true&cauthor_uid=20219431
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhou%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20219431
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20219431
http://www.ncbi.nlm.nih.gov/pubmed?term=Cao%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20219431
http://www.ncbi.nlm.nih.gov/pubmed?term=Ma%20X%5BAuthor%5D&cauthor=true&cauthor_uid=20219431

VARIATION IN THE FORKHEAD BOX CLASS 03 (FOX03) GENE

Table (1): Least Square means and standard errors of lifespan traits according to the FOXO3 genotypes effects in Barki ewes.
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. Mean + SE
Trait P-value
AA (25) AB (42) AC (17) BB (6) CC (6)

Age 6.20 + 0.28" 5.79 +0.21° 6.71+0.32° 5.67+0.42° 7.50 £ 0.42° *
Lambing Number 4.24 +0.26 3.71+0.22 453 +0.24 3.83+0.60 5.00 + 0.68 NS
Lambing Rate 0.82 +0.03 0.78 +0.03 0.81+0.03 0.83+0.11 0.77 +£0.08 NS
Twining Rate 1.00 +0.03" 1.03 £ 0.01%® 1.02 £ 0.02%® 1.10 £ 0.01° 1.03 £ 0.03® *
Rearing Ability 0.84 +0.03 0.87 +0.02 0.83 +0.03 0.71+0.01 0.81+0.05 NS
TNLB 476 +0.35% 3.71+0.23° 471 +0.24% 4.13 +0.60% 5.17 £ 0.75° *
TWLB 16.86 +1.33® |  13.07+0.84° 16.62 +0.92® | 1425+ 2.26° 18.22 + 2.83° *
TNLW 3.96 +0.30 3.49+0.20 3.88+0.20 3.19+0.20 4.17 +0.60 NS
TWLW 81.86 + 6.14 68.39 +4.17 81.97 + 3.99 81.92 + 12.68 84.75 + 10.66 NS

TNLB: total number of lambs born per ewe; TWLB: total weight of lambs born per ewe; TNLW: total number of lambs weaned per ewe; TWLW: total weight
of lambs weaned per ewe; NS: no significance; *: refers to significance at (P < 0.05); ** refers to significance at (P < 0.01).
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Table (2): Association of FOXO3 alleles with various lifespan traits of Barki ewes.

Allele Mean + SE .
Trait being Allele )
assessed | Allele absent N Drecert N | value
A 6.58 £ 0.39 12 6.10+0.16 | 84 NS
Age B 6.54 + 0.20 48 577+0.19 | 48 **

5.92+0.16 73 6.91+0.27 | 23 *x
442 +0.46 12 404+015 | 84 NS
414 +0.18 48 3.93+021 | 48 NS
3.90+0.17 73 465+025 | 23 *

0.80 +0.07 12 0.80+0.02 | 84 NS
0.81+0.02 48 0.79+0.03 | 48 NS
0.80 +0.02 73 0.80+0.31 | 23 NS
1.01+0.01 12 1.04+0.01 | 84 NS
1.01+0.02 48 1.07+0.01 | 48 *

1.04+0.01 73 1.03+£0.02 | 23 NS
0.91+0.04 12 0.85+0.01 | 84 NS
0.87 £0.02 48 0.75+0.02 | 48 *x
0.87 +0.02 73 0.82+0.02 | 23 NS
4.50 +0.50 12 423+0.17 | 84 NS

Lambing Number

Lambing Rate

Twining Rate

Rearing Ability

TNLB 4.29+0.22 48 3.93+022 | 48 NS
4.08 +0.19 73 483+0.26 | 23 *
16.23 +1.83 12 492+063 | 84 NS
TWLB 15.95+0.83 48 1422 +0.79 | 48 NS
1447 +0.71 73 17.04+0.98 | 23 NS
4.00+0.41 12 356+0.15 | 84 NS
TNLW 3.96£0.20 48 327020 | 48 *
3.51+0.17 73 3.96+021 | 23 NS
83.33+7.91 12 75.15+295 | 84 NS
TWLW 82.26 £ 3.67 48 75.08+3.98 | 48 NS

OB |>|O|TW|>IO|TW>IO|WW>IOF I>PIOFI>DONE I>DPOI IO

74.12 + 3.40 73 82.70+£3.92 | 23 NS

TNLB: total number of lambs born per ewe; TWLB: total weight of lambs born per ewe; TNLW: total
number of lambs weaned per ewe; TWLW: total weight of lambs weaned per ewe; NS: no signifi-
cance; *: refers to significance at (P < 0.05); ** refers to significance at (P < 0.01).
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Table (3): Association of FOXO3 allele copy number with lifespan traits of Barki ewes.

Allele Mean + SE p.
Trait being .
assessed| Allele absent | N | Allele 1copy | N |Allele 2 copies| N |value
A 6.58+039 | 12 | 6.05+0.18 | 59 | 6.20+0.20 | 25 | NS
Age B 6.54+0.20%| 48 | 579+021%| 42 | 567+042% 6 | *

592+0.16°| 73 | 6.71+0.33® 17 | 750+043% | 6 | **
4424046 | 12 | 395+0.18 | 59 | 4.24+0.26 | 25 | NS
414+018%| 48 | 3.71+0.22°| 42 | 3.83+0.60®| 6 | *

390+017 | 73 | 453+024 | 17 | 500+068 | 6 | NS
0.80+0.07 | 12 | 0.79+0.02 | 59 | 0.82+0.03 | 25 | NS
0.81+0.02 | 48 | 0.78+0.03 | 42 | 0.83+0.11 | 6 | NS
0.80+0.02 | 73 | 0.81+0.03 | 17 | 0.77+0.08 | 6 | NS
1.01+001 | 12 | 1.02+001 | 59 | 1.00+0.16 |25 | NS
1.01+0.02°| 48 | 1.02+0.01°| 42 | 1.10+001%| 6 | *

1.04+001 | 73 | 1.03+0.02 | 17 | 1.03+0.03 | 6 | NS
091+004 | 12 | 0.86+0.02 | 59 | 0.84+0.03 | 25 | NS
0.87+0.02°| 48 | 0.81+0.02® 42 | 071+001°| 6 | *

0.87+0.02 | 73 | 0.83+0.03 | 17 | 0.81+0.05 | 6 | NS
4504050 | 12 | 400+0.19 | 59 | 476+0.35 | 25 | NS

Lambing Number

Lambing Rate

Twining Rate

Rearing Ability

W(rOoO/wm|>|ojwm|>o|lwm|>|Oo|lw|>|O0o|lw|>|Oo|lvw|>O0|B|>|0O

TNLB 429+022 | 48 | 411+023 | 42 | 413+060 | 6 | NS
408+0.19°| 73 | 471+0.24® 17 | 517+075°| 6 | *
16.23+1.83 | 12 | 14.09+0.68 | 59 |16.86+1.33 | 25 | NS
TWLB 15.95+0.83%| 48 | 13.07+0.85° | 42 | 14.25+2.26®| 6 | **
1447 +0.71 | 73 | 16.62+0.92 | 17 |1822+2.84 | 6 | NS
400+041 | 12 | 3.39+0.16 | 59 | 3.96+0.31 | 25 | NS
TNLW 3.96+0.20°| 48 | 3.83+0.60%| 42 | 319+0.20°| 6 | *
351+0.17 | 73 | 388+0.21 | 17 | 417+060 | 6 | NS
83.33+791 | 12 | 72.31+3.27 | 59 | 81.86+6.14 | 25 | NS
TWLW 82.26+3.67 | 48 | 75.39+4.17 | 42 | 81.92+276 | 6 | NS

o 7412+3.40 | 73 | 81.97+3.99 | 17 | 8475+10.66| 6 | NS

TNLB: total number of lambs born per ewe; TWLB: total weight of lambs born per ewe; TNLW: total number of
lambs weaned per ewe; TWLW: total weight of lambs weaned per ewe; NS: no significance; *: refers to signifi-
cance at (P < 0.05); ** refers to significance at (P < 0.01).
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AA AB AB AB AB AA AA BB AB AB CC BB AA AA AB AB AC AC AB AC AB

Fig. (1): Polymorphisms in exon 2 of ovine FOXO3 identified using single strand conforma-
tional polymorphism analysis.



