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The current research was detected at Agricultural
Research Station/ ministry of Agriculture on 49 animals
to clarify effect of paired like homeodomain
transcription factor 2 (pitx2) gene on some reproductive
traits as litter size, twining rate, fertility rate and
revealing of polymorphisms for this gene. This study
was founded four mutations in promoter region of pitx
gene in different sites with appearance two dominant
genotypes TT and GG with high effect on litter size due
to each of C1141T and G1003A mutations with high
litter size received to 1.48 and 1.57 born/ birth whilst
G1089A and G1148A mutations not affect litter size, on
another side, genotypes which refer to both mutations
C1141T and G1003A influence on twining rate (p <
0.01). However, higher rate were for mutant genotypes
CC and AA recorded 47.97% and 52.38% respectively
while G1148A and G1089A and their genotypes did not
affect the twining rate, moreover, genotypes within four
single nucleated polymorphisms have an importance
significantly (p < 0.01) on fertility rate which were more
in local goat than Shami breed. Whereas, fertility rates
were close to each other among different genotypes and
lower rate belonging to GA heterozygous received 0.37
and 0.18 for native and Shami goats respectively.
Values of Chi square for genetic and allelic frequencies
tend up to 88.46 of GG refer to first and third mutations
with higher allelic frequency for G, in the same side,
frequencies were 0.50 and 0.648 due to TT and T as
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arrangement in spite of allelic frequency for A was
declined to 0.060, 0.068 and 0.154 to G1148A and
G1089A and G1003A sequentially.

Keywords: Gene, Genotypes, Goat, paired like homeodomain 2, Reproduction.
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Introduction

Environmental factors such as feeding, management, in addition, genetics
influence on reproductive performance of cattle especially goat which considered
economic animals with long productivity periods and survival more of that high
fertility (6 and 7) also have a foundation role in animal production faculty due to their
multiple purposes of breeding, this give a good chance for persons whom working to
improve their economic status so that, many of researches try to develop breeding
programs (23) The most crucial trait in goat and sheep production is reproduction
(1), for improving projects of goat breeding these demands highlight some
reproductive traits such as fertility and prolificacy (9) Goat featuring high
reproductive efficiency coupled with increasing productivity plus rising litter size (2
and 16) thus, considered efficiency indicator for adaptation to harsh conditions (26)
on another side, reproductive is the most crucial side at animal production faculty
which includes quantitative traits such as fertility, embryonic mortality, prolificacy,
twining and lambing rates (5). Raising the production carrying out traditional
methods that not enough because depending upon morphological observations, at
present time, using various molecular parameters like RFLP, SSR, RAPD, and DNA
sequencing that helping to evaluation animals rapidly on the same side, improving
this faculty, especially SNPs (single nucleotide polymorphisms) which play active
markers (12 and 32) which give an idea about whole genome to selection depending
on DNA level (4) pitxo a transcription factor 2 is a member of paired- like
homeodomain transcription factor2, this gene was discovered firstly in persons whom
suffered from Axenfeld Riger syndrome where was named RIEG which have a role
in development throughout several paths as Wnt/ DVI/ B- catenin, error expression of
this gene resulted several of infections (14 and 33).

In other hand, pitx. gene is responsible on pituitary gland development, however,
it is member of a transcription, translation regulators group which have a significant
role in control on cell differentiation moreover, regulation of transcription plus
activity of Prolactin, Thyroid Stimulating Hormone (TSH), Growth Hormone
Releasing Hormone (GHRH), growth hormone (11). pitx2 gene encoding for protein
linked with specify sites along DNA and regulates activities of other genes thus,
depending on this activity it called a transcription factor in the same direction,
expression of this gene reflects on several of body parts, eye, teeth, internal organs,
organizing reproductive cells and blood formation during early embryonic
development a symmetric between both of right and left parts of body (4). Study by
31 were illustrated that pitx. protein deficiency result in malformations in pituitary,
heart, eye and teeth, on another hand, transcription factors working together, their
functions various depending on location so that, they interference with occurrence of
diseases (3) in other words, transcription factors are proteins associated specifically
with parts of DNA through regulation transcription of genetic information from DNA
to mMRNA however, linkage sites are short averaged 5- 20 bp so, they can turn on or
turn off RNA polymerase which perform to determine level of gene activity and
association sites with promoter region, on same side, transcription factors linkage
groups called enhancer and silencers, whereas, activity of transcription factors
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regulating by phosphorylation. moreover, pitxz expression is controlled by two levels,
the first one is transcription through the determination of the amount of mMRNA
produced from the gene, and the other one is regulating the translation of MRNA to a
protein (15, 18 and 24), genotyping of this gene by sequencing method using for
many of application including evaluation of genetic variation, breeding values, in
addition clarify different of genomic fractions for genetic prediction by bio
information for kinds of animals (17 and 22). A few previous studies deal with effect
of genotypes due to mutations in promoter region of pitx2 gene on reproductive traits
especially litter size, twining rate and fertility rate so that this study was conducted to
evaluate effects of pitx. genotypes within mutations on some of reproductive traits
and their distributions.

Materials and Methods

Blood samples were obtained from the Jugular vein of 49 Iragi and Shami goat
ages one to seven years, this research was conducted in the Ruminant Research
Station which belongs to the ministry of Agriculture/ General Authority of
Agricultural Researches, and laboratory in Baghdad was used to isolate DNA then
determined isoforms of pitx. gene from 3/3/2022- 30/7/2022. Animals were kept in
semi - opened barns, quantity and quality of forage various according to seasons and
their availability, however, green forage was produced freely while a concentrate diet
of 500 g/ animal/ day, this quantity may be increase before mating period for adult
females and no grazing on the other hand, neonates stay with their mothers for
suckling then began to have a little of green forage plus 100 g/ day of concentrate
which given with 3% of body weight for lambs even one year meanwhile, weaning
processed at ages 3-4 months, on other direction, animals undergo to protecting
program by vaccinations and dipping against parasites.

DNA Extraction: Each 5ml of blood were collected in tubes with anti agglutination
EDTA K> (produced from AFCO Jordian Company) and contained in cooled box in -
4 C’ then carry out for extraction by 300 pl of blood sample put in Eppendorf 1.5 ml
then 900 pl of RBC lysis buffer affixed to them, Added 20 ml of proteinase and
mixed up quietly for 10 minutes in room temperature for lysing blood cells, then
centrifuged at 3000 r.p.m for 5 minutes, the clear was discarded without damaging
the white layer and 50 pl of mixture mixed by vortex after that tubes put in incubator
for 10 minutes at 60 C° with mixing every 3 minutes three times, absolute ethanol was
added to tube, 600 ml of wash buffer was added to GD column and tubes located in
the centrifuge for 30- 60 second with 14000 cycle/ minute also the residue was
deserted, GD column was transferred to Eppendorf 1.5 ml with adding 0.75 ml of
Elution buffer in bath water at 60 C’ for 3- 5 minutes and centrifuged for 30 seconds
at 14000 - 16000 r.p.m finally, GD column lift from Eppendorf then kept at -20 C’.

Preparation of agarose via 100 ml of IXTAE was poured into a flask. Then 1.5 g.
(for 1.5%) agarose was added to the buffer, The solution was heated to boiling (using
microwave) until all the gel particles were dissolved, 1 ul of Ethidium Bromide (10
mg/ml) was added to the agarose. After that the agarose was stirred in order to get
mixed and to avoid bubbles, The solution was left to cool down at 50- 60 C'.
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Fig. 1: Result of the amplification of pitx2 gene were fractionated on 1.5%
agarose gel electrophoresis stained with Eth.Br. M 100 bp ladder marker.
Primer preparation: Primers were supplied by Macrogen Company in a lyophilized
form, lyophilized primers were dissolved in a nuclease - free water to give a final
concentration of 100 pmol/ pl as a stock solution, a working solution of these primers
was prepared by adding 10 pl of primer stock solution (stored at freezer -20 C°) to 90
pl of nuclease- free water to obtain a working primer solution of 10 pmol/ pl By
using DNA sequencing was resulted four mutations in promoter region which
recorded in gene bank NCBI in goat.

Table 1: Primer of pitx2 gene.

Sequence 5' - 3! Annealing Temp.  Product size
c (bp)
Forward TGGTGACCTGGGTTATTT 58 966
Reverse GAGAGGATGGCAGAAGAA

Table 2: Numbers and mutations sites in promoter region and genotypes of

Pitx2 gene.
Mutant Heterozygous Wild Loci
- GA GG G1148A
CcC CT TT  C1141T
AA GA GG G1089A
AA GA GG G1003A
G G A G O G
e==—ro
i
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Fig. 2: Mutation site G1148 A in promoter region of pitx2 gene.
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Fig. 3: Mutation site C1141 T in promoter region of pitx2 gene.
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Fig. 4: Mutation site G1089A in promoter region of pitx2 gene.
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Fig. 5: Mutation site G1003A in promoter region of pitx2 gene.

Statistical Analysis: Data analysed by Statistical Analysis system (27) to study
effect of genotypes for Pitx?> gene in some reproductive traits such as litter size,
fertility rate, twining rate (10) as next equations:
litter size = No. of infants born/ No. of lambing ewes x100.

Fertility rate = No. of lambing ewes/ No. of ewes available for ram x100.
Twining rate = No. of twin lambs/ No. of lambing ewes x100.
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Significance difference between means were comprised throughout Least square
means (20).
The model used for studied traits was as following:
Yijki=+ Gi+ Tj+ Bk + €iju
Yijki: Value of observation due to birth type j and breed k.

M: General mean. G;i: Effect of genotype. T;: Birth type. ejjw: Value of random
error.

Results and Discussion

The current study indicated that a significant effect for different genotypes of Pitx>
gene on litter size belonging to mutations C1141T and G1003A (P< 0.01), increasing
litter size for individuals which have AA genotype due to G1089A and G1003A were
recorded 1.50 and 1.57 neonatal/ birth further was 1.48 goat born / birth for each of
GA hybrid and mutant CC within G1148A and C1141T respectively however, the
least litter size were 1.38 and 1.39 born/ birth back to CT and GA for C1141T and
G1089A correspondingly, on other hand, there was no effect of genotype which
resulted from G1148A and G1089A mutations on litter size (Table 3). The present
paper was indicated a significant impact for some of the genotypes on litter size. In
another research of 8 whom reported least litter size received to 1.15- 1.19 in
traditional goat flock compared with present result, in the same hand, the values of
litter size which resulted from study of 29 were close to these of current research,
however, these researchers were indicated that mutation 22 bp in promoter region in
Pitx2 gene had a real effect on litter size which associated with different genotypes
significantly, reduction of litter size was 1.27 for DD whilst raised to 1.40 and 1.44
born/ birth for both of ID and Il isoforms in white Cashmere goat. The significant
effect of Pitx2 genotypes refers to some loci in new research due to active of this gene
by organizing, transcription, and expression of POUIFI, LHX3 and PROP genes these
have an important and effect on growth hormone secretion also development and
reproduction furthermore, metabolism products for these genes influence on litter size
(32).

Table 3: Effect of Pitx2 genotypes for all mutations on litter size.

Standard error = litter size No. Genotype Mutation site

Ns 0.04 £1.43 a 44 GG G > Asite 1148

0.07+1.48a 5 GA

0.07+1.44ab 26 TT C > T site 1141
** 0.06+138 b 15 CT

0.05+1.48 a 8 CcC

0.04+143a 44 GG G > A site 1089
Ns 0.06 £1.39 a 4 GA

011+150a 1 AA

0.04+£142b 37 GG G > Assite 1003
**0.05+1.43ab 10 GA

0.10+157a 2 AA

Means with different letters various significantly (p< 0.01)™: highly significant Ns.: non significant.

Present study was indicated that C1141T and G1003A mutations significantly (p<
0.01) affect the twining rate which received to 47.97% and 52.38% for animals that
have mutant genotypes CC and AA respectively while, no importance for G1148A
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and G1089A in twining births that were induced in goat flocks despite they have a
close percentage in most mutation sites which averaged 45.15, 47.67, 45.43 and
43.56% for GG and AA due to G1148A and G1089A.Whereas,were approximated
for the same genotypes in site 1003 while received to 46.03 for TT and 42.79 for CT
genotype (Table 4). According to twinning rate, this study agree with results of 30
whilst contrast to 7 report whom indicated to higher rate reached to 84.94% for
mountain goat, in opposite side, mutation 22pb in promoter region not effect on
twining rate furthermore, higher rate was 45.29% for mothers with twining that have
ID while was recorded 33.33% due to DD but decreased to 21.36% for recessive 1l
(29). The reason of significant effect of Pitx> gene in some genetic loci on twining
births may be refers to that Pitxo gene have multi organizing for embryo by its
influence on embryonic polarity and axis formation (10), moreover, Pitx, gene act as
direct regulator for cVVgl gene expression in bird and other animals by correlation
enhancers with close genes those nearest to this gene during normal development and
organizing embryo to form and regulate twining (28).

Table 4: Effect of genotypes of Pitx2 gene for all mutations on twining rate.

Standard error + twining rate % No. Genotype Mutation site

Ns 251+45.15a 44 GG G > Assite 1148
3.96 £ 47.67 a 5 GA

* 3.60 + 46.03 ab 26 TT C > Tsite 1141
3.38+42.79 b 15 CT
3.04+4797 a 8 CcC

Ns 2.07 £4543 a 44 GG G > Asite 1089
3.54 + 43.56 a 4 GA
6.00 +52.00 a 1 AA

* 2.53+45.05b 37 GG G > A site 1003
3.03+45.32ab 10 GA
5.36 +52.38a 2 AA

Means with different letters differ significantly, (p< 0.05): significant.

Mutations in all genetic sites influence on fertility rate for private and Shami goat
(p< 0.01) fertility rate was 0.74 for local breed higher than 0.68 for Shami and these
belong to GG genotype whereas, the lower were 0.37 and 0.18 for GA within
G1148A mutation, in general, local goat predominate Shami in fertility rate for all
genotypes so that, rates were close to other and more according to dominant zygosity
TT was 0.71 for C1141T mutation also 0.76 and 0.75 due to GG within G1089A plus
G1003A, while, rate of CT was recorded 0.75 in same side, fertility rate for mutant
CC was the same in C1141T and GA for G1089A furthermore, G1003A received to
0.66 however, fertility rate ranged between 0.72 and 0.66 for both of CT and GG
belong to C1141T, G1089A respectively whilst differences widely among genotypes
which were 0.69, 0.75 and 100 for GG, GA and AA that for G1003A (Table 5).
Compared to current study fertility rate was higher in the result of 7 which received
to 80.72% in mountain goat, effect of various genotypes of Pitx2 gene on fertility rate
because of action of this gene by regulating signal path Wnt/B-catenin which affect
embryonic implantation (22)
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Table 5: Effect of genotypes of Pitx2 gene for all mutations on fertility rate in
Native and Shami breed.

Shami breed Native breed
SE = fertility rate No. SE = fertility rate No. Genotype Mutation site
** 0.00£0.68b 16 0.00+0.74a 25 GG G > Asite 1148
0.00+£0.18d 3 0.00 £0.37¢c 1 GA
* 0.09+£0.72b 11 0.07+£0.71b 14 TT C>T site 1141
0.16 £ 0.66 ¢ 3 0.08+0.75 b 11 CT
0.00 £ 100 a 5 0.16 +0.66 ¢ 1 CcC
* 0.04+0.66b 18 0.04+0.76 b 24 GG G > A site 1089
0.00+ 100 a 1 0.04+£0.66 ¢ 2 GA
* 0.00+£0.69 ab 13 0.00+£0.73 b 20 GG G > A site 1003
0.00+£0.75 b 4 0.00 £ 0.66 ¢ 6 GA
0.00 £ 100 a 2 - AA

Means with different letters various significantly.

Conclusions

The results of this study which concluded that genotypes GA intra G1148A and
CC for C1141T have higher litter size and twining rate in particular recessive CC
which had more values of reproductive traits reached to 1.48 born / birth, 47.97%
twining rate plus 100% fertility rate so, recommended to including the individuals
which carry this genotype in the selection program also producing more studies about
relation between Pitx2 gene and reproductive diseases in future.
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