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Background and Objectives: Milk production and reproductive
traits are important economic traits in goat. The different approaches
including candidate gene mapping and genome-wide association
studies (GWAS) are now implemented in goats in an attempt to
identify the molecular mechanisms affecting these economically
important traits. The gene ontology (GO) analysis gives a controlled
vocabulary for describing attributes of genes and gene products.
Kyoto Encyclopedia of Genes and Genomes (KEGG) provides the
mythology for the careful examination of gene functions in respect
of networks of genes and molecules. Gene network analysis can also
identify paths and processes shared by candidate genes. The purpose
of the present study was to bioinformatics analysis (GO, path
enrichment, and network analysis of the effects of protein-protein
interaction) of genes effective in litter size and milk production in
goat.

Materials and Methods: Candidate genes associated with studied
traits were retrieved from literature review, review of candidate gene
studies, GWAS and NCBI database. GO analysis and enrichment
analysis of the signaling pathways of KEGG were performed using
online database of G: Profiler. The String database was used to infer
the network of protein-protein interactions (PPI) and the selection of
performance module. Cytoscape software was used to draw the
resultant networks of protein-protein interactions. Finally,
cytoHubba was used to identify Hub genes.

Results: GO analysis for litter size showed that, for molecular
function the candidates genes enriched in signaling receptor binding,
signaling receptor active activity, hormone activity, protein binding
and transforming growth factor beta receptor activity. The effect of
the transforming growth factor B (TGF-B) family on fertility and
reproduction, embryonic development, organogenesis, and uterine
growth and function is remarkable in a wide range of organisms. In
mammals, even early stages of reproductive development, including
male and female germline specification, are controlled by TGF-B-
related proteins. Hormone binding play an important role in fertility
and reproduction. Sex hormone-binding globulin  (SHBG),
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specifically bound to the biologically active androgens and
estrogens that are key regulators of the reproductive organs as well
as other sex-differentiated tissues such as muscle, adipose tissue,
and bone. KEGG analysis also identified some signaling pathways
including <«PI3K-Akt signaling pathway, TGF-beta signaling
pathway and ovarian steroidogenesis which are significantly
associated with litter size. GO analysis for 33 candidate genes
related to milk production traits identified only one GO category for
biological process namely linoleic acid metabolic process.

Conclusion: In this study, we identified several significant
biological and signaling pathways that can be used to better
understand the biological processes associated with litter size and
milk production in goats.
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Table 1. Significant candidate genes for litter size in goat

03 (O8)odeus 35 85 (O8)edens 55 85 (O8)okiny 55
Gene Author(s) Gene Author(s) Gene Author(s)
Thomas et al. .
AA-NAT Sharma et al. (2015a) IGF1 (2017) THEM4 Lai et al., 2016
Heikal and Naby (2017); Sharma et al
BMP15 Ahlawat et al. (2016); Song INHbb (2015b) ' CDH26 Lai et al., 2016
et al. (2023)
. Zhang et al.
Ahlawat et al. (2015b; KDM6 Cui et al. (2018); . '
BMPRIB  5016); Song et al.,(2023) A Laietal. (2016)  <HDRBS2 2018a’| v;(;i%jo et
Lai et al., 2016, Li Mishra et al.,
BMP4 Sharma et al. (2013) SMAD2 etal., 2008 POUF1 2017
CART Wang et al. (2011) ADCY1  Laietal., 2016 PRP 1 M'Sggal‘;t al.,
CSNS1 Wang et al. (2018) CCNB2  Laietal., 2016, PRP 6 M'Sggal;‘t al.,
FSHp Zhang et al. (2011b) AR Zhao et al., 2019, KITLG Anetal. 2012
FSHR Guo et al. (2013) PNMTS Laietal, 2016 KiSS-1 Mekuzrgal"; etal.
Feng et al. (2011); Ahlawat
et al. (2012, 2016); Chu et . .
GDF9 al. (2011): Song et al., AMHR2 Lai etal., 2016 LHp Lietal. (2011)
(2023)
GH Zhang et al. (2011a) ERBB2 Lai et al., 2016 PRLR Lietal. (2011)
Chu et al. (2009); Yang et
GnRHR al. (2011); Ariyarathne et al. FGFR1 Lai etal., 2016 SETDB2 Lai et al. (2016)
(2017); Bemiji et al. (2018)
GPRS54 Ahlawat et al. (2015a) MAIZSK Lai et al., 2016
P e M S LA GO -Y Jsie
Table 1. Significant candidate genes for milk production in goat
03 (O&)ode 3 o3 (O&)ods 5 N} (O8)e s 3
Gene Author(s) Gene Author(s) Gene Author(s)
Sebastian Mucha et al., Scholtens et al. Mullen et al.,
SLC1A1 (2018) ELP5 2020 GH1 2011
Sebastian Mucha et al., Scholtens et al. Scholtens et al.
ALOX12 (2018) CNTROB 2020 KIAAQ753 2020
Lan et al., 2007; Pardo Scholtens et al. Scholtens et al.
POU1F1 etal (2022) GUCY2D 2020 WSCD1 2020
Dettori et al., 2015; El Scholtens et al. Scholtens et al.
LGB Hanafy et al., 2015 ALOXE3 2020 NLRP1 2020
. Scholtens et al. Scholtens et al.
LALBA Dettori et al., 2015 TMEM107 2020 RABEP1 2020
Scholtens et al. Scholtens et al.
MTHFR Anetal., 2012 PIK3R6 2020 ZNF232 2020
Scholtens et al. Scholtens et al.
PRLR Hou et al., 2013 NTN1 2020 ZFP3 2020
Malveiro et al., 2001;
GH Marques et al., 2003; STX8 SCho'ztgg%et al. KIF1C SCho'ztgrz‘Zet al.
Dettori et al., 2013
Grisart et al., 2002; Scholtens et al. Scholtens et al.
DGATL Winter et al., 2002 GLP2R 2020 ZMYND15 2020
ASGR2 Scholtens et al. 2020 VPS13 Zhangetal. 2018  RNASEK SChO'ZtSrZ‘Zet al.
DLG4 Scholtens et al. 2020 BTNAL Dong et al., 2015 cTCl1 SChO'Ztggf)Et al.
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Figure 1- Terms and signaling pathways of GO, KEGG and HP analysis related to litter size in goat
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Table 1- Significant terms identified in gene ontology analysis for litter size in goat

& £S5 o‘}:& 07 et 05 ,,)-l_-le L;.Uﬂajl-.x;l - 5\,:.,‘:!- o311 . P_value(ad)
source term_id term_name term_size query size intersection_size
GO0:0005102  Signaling receptor binding 974 27 14 8.15E-09
GO:0030546  S'9naling receptor activator 7 27 9 9.20E-07
activity
GO'MF G0:0005179 Hormqne gcti_vity 100 27 5 0.0001
' G0:0005515 Protein binding 6900 27 22 0.0033
GO:0005024  |ransforming growth factor 7 27 2 0.0134
beta receptor activity
G0:0042562 Hormone binding 51 27 3 0.0184
GO:0003006 Deévelopmental process 592 25 10 6.76E-06
involved in reproduction
GO:0010647  POSitive regulation of cell 1098 25 12 1.55E-05
communication
GO:0023056 " ositive regulation of 1105 25 12 1.66E-05
signaling
GO0:0022414 Reproductive process 876 25 11 1.96E-05
G0:0000003 reproduction 881 25 11 2.08E-05
GO:BP Cellular process involved in
GO0:0022412  reproduction in multicellular 258 25 7 9.40E-05
organism
G0:0048589 Developmental growth 428 25 8 0.0001
G0:0023052 Signaling 4859 25 20 0.0001
G0:0007154 Cell communication 4912 25 20 0.0001
GO0:0007292  Female gamete generation 90 25 5 0.0002
GO:0043405 ~ Regulation of MAP kinase 25 5 0.0013

activity
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GO0:0007276 gamete generation
G0:0048477 Oogenesis
GO:0043408 Regulation of MAPK
cascade
GO:0010646 Regulatlop of'cell
communication
G0:0019953 Sexual reproduction
G0:0007548 Sex differentiation
G0:0048599 Oocyte development
GO:0009755 Hprmqne-medlated
signaling pathway
GO:0001541 Ovarian follicle
development
GO:0003006 Developmental process

involved in Reproduction

GO:CC  GO0:0005576 extracellular region

399 25 7 0.0017
58 25 4 0.0022
439 25 7 0.0034
2185 25 13 0.0038
477 25 7 0.0058
170 25 5 0.0064
30 25 3 0.0173
113 25 4 0.0322
37 25 3 0.0330
592 25 10 6.76E-06
1341 27 9 0.0187

GO: Geno Ontology; MM: Molecular Function; BP: Biological Process; Cellular Component

505 2B sl et llis KEGG s e S5 550 W e ¥ Jsd
Table 2. Significant KEGG and HPO pathways identified for litter size in goat

& p5 o\}i.o 07 et £5 U‘l.-le J.wﬂb)'l-.ul - 5\}:;;!- o311 - P_value(ad)
source term_id term_name term_size query size intersection_size
KEGG:04060  CYtokine-cytokine receptor — »q, 26 10 9.62E-07
interaction
KEGG:04151 PI3K-Akt signaling pathway 339 26 9 5.64E-05
KEGG KEGG:04350 TGF-beta signaling pathway 95 26 5 0.0008
KEGG:04913 Ovarian steroidogenesis 62 26 4 0.0031
KEGG:04114 Oocyte meiosis 118 26 4 0.0378
KEGG:04080 Neuroactive ligand-receptor 340 2% 6 0.0483

interaction

KEGG: Kyoto Encyclopedia of Genes and Genomes;
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Figure 2- Protein-protein interaction network of genes related to littersize (a) and milk production (b) in goat.
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Figure 3- Extracted functional modules for milk production (A) and litter size (B) in goat
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Table 3- Hub genes identified for litter size and milk production in goat

s L
as, Litter size Milk production
Rank Oj b o o 03 ¢b o o
Gene Name Score Gene Name Score
1 IGF1 9 ALOXE3 8
2 AR 8 ALOX12 7
3 AMHR2 7 RNASEK 6
4 SMAD2 7 ASGR2 6
5 BMP4 7 TMEM107 3
6 FSHR 7 CTC1 2
7 BMPR1B
8 BMP15
9 ERBB2
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