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1. Standard Wald test statistic 
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Fig. 1. Manhattan plot for twinning trait in Baluchi sheep. X axis, SNPs positions on chromosomes, Y axis, -
Log10 P-value 
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Fig. 2. Q-Q plot for twinning trait in Baluchi sheep. X axis, -Log10 expected P-values, Y axis, -Log10 observed 
P-values. Red line shows expected P-values under null hypothesis (no significant association), (λ = 1) 
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3.RNA recognition motif (RRM) 
4. Prostaglandin EP3 receptor 
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Table 1. SNPs significantly associated with twinning in Baluchi sheep 

Distance (bp) The nearest known ovine genes P-value 
(Adjusted (GC)) 

Position Chr SNP 

- Without gene in 1Mb 1.24×10-6 6718174 10 OAR10_4976585.1 

-17674 
CTH, cystathionine gamma-
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1. Cumulus 
2. Granulosa 
3. Plasminogen activator proteolytic pathway 
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4. Lactate dehydrogenase (LDH) 
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Table 2. GO terms significantly (P < 0.01) associated with twinning trait  

Category P-value numDEInCat1 numInCat2 Term Ontology 
GO:0006952 1.79E-08 48 75 defense response BP 
GO:0007155 0.000359439 100 232 cell adhesion BP 
GO:0006821 0.000408927 32 59 chloride transport BP 

GO:0007156 0.00067336 43 87 
homophilic cell adhesion via 
plasma membrane adhesion 

molecules 
BP 

GO:0007611 0.001041252 17 27 learning or memory BP 

GO:0035335 0.001050407 44 91 
peptidyl-tyrosine 

dephosphorylation 
BP 

GO:0051895 0.00106603 9 11 
negative regulation of focal 

adhesion assembly 
BP 

GO:0019372 0.001140339 6 6 lipoxygenase pathway BP 
GO:0005856 0.001587861 82 192 cytoskeleton CC 
GO:0090630 0.002425294 19 33 activation of GTPase activity BP 

GO:0019369 0.002727764 8 10 
arachidonic acid metabolic 

process 
BP 

GO:0019835 0.002727764 8 10 cytolysis BP 
GO:0007507 0.003012913 65 150 heart development BP 
GO:0030539 0.003034805 9 12 male genitalia development BP 

GO:0008286 0.003844635 19 34 
insulin receptor signaling 

pathway 
BP 

GO:0045171 0.004118489 24 46 intercellular bridge CC 
GO:0014069 0.004649462 41 89 postsynaptic density CC 
GO:0008585 0.005615842 12 19 female gonad development BP 

GO:0048009 0.005771475 6 7 
insulin-like growth factor 

receptor signaling pathway 
BP 

GO:0043968 0.007032834 9 13 histone H2A acetylation BP 

GO:1902476 0.008269465 26 53 
chloride transmembrane 

transport 
BP 

GO:0032147 0.008732735 19 36 
activation of protein kinase 

activity 
BP 

GO:0007052 0.008738724 13 22 mitotic spindle organization BP 
GO:0030054 0.009294876 78 192 cell junction CC 
GO:0005768 0.009668248 60 143 endosome CC 

BP: Biological Process; CC: Celular Components

                                                           

1. Number of DEGs in category 
2. Total number of category’s genes in test 
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Abstract 

Baluchi sheep is one of the indigenous sheep breeds originating from the eastern part of Iran and it is adapted to 
the severe weather conditions. The economic efficiency of sheep breeding is clearly related to the reproduction 
efficiency of the ewes. In this study, twinning trait was studied as an important reproductive trait. To identify the 
genes associated with twinning trait, genome-wide association was done using 91 Baluchi ewes genotyped with 
50k Illumina SNP chips. For this purpose, the extended repeatability model was used. In the next step, a gene set 
enrichment analysis was implemented to identify the biological pathways associated with the twinning. Six SNP 
markers on chromosomes 1, 3, 10, 15 and 25 located in CTH, ANKRD13C, SRSF11, PTGER3, LDHB, 
LRRC40, and KCNMA1 genes were identified. According to pathway analysis, 25 pathways were associated 
with the twinning trait. Among those pathways, the defense response biological pathway has an important role 
in the ovulation. Interferons and interleukins are the main cytokine proteins in this pathway. These cytokines 
create a process such as inflammation that causes oocytes release from the follicle into the oviduct for transport 
and fertilization. Cell adhesion and intercellular bridge pathways were other significant pathways. Cell junction 
pathway via the CX43 protein can affect the transfer of GDF9 effects to granulosa cells. To the best of our 
knowledge, this is the first study that reports indirect effects of GDF9 on twinning trait in Iranian sheep. 
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