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Extended Abstract

Background: One of the principal and challenging animal studies in population genetics is to
identify the signs of selection to improve economic traits and reduce diseases. Johne's disease is
an incurable chronic bacterial infection that primarily affects the lower parts of the small intestine
of ruminants, although its pathology and symptoms vary among species. The economic
consequences of Johne's disease include reduced production, loss of genetic value, increased
sensitivity to other diseases, increased interval between calving, weight loss, reduced carcass
value, reduced fertility (due to reduced serum progesterone formation and corpus luteum),
decreased quality and quantity of milk (decreasing fat and protein and increasing somatic cells in
milk), and premature elimination. According to the results of new research, this bacterium may
be a zoonotic pathogen that plays a role in causing Crohn's disease (a chronic inflammatory bowel
disease (IBD)) in humans. Even after milk pasteurization, this pathogen remains alive and is
therefore a threat to the health of society. This disease is one of the main diseases economically
and one of the most prevalent diseases, causing great economic damage to the livestock industry
worldwide. In this study, an extensive genome-wide scan was performed using single nucleotide
polymorphisms (SNPs) to identify the signs of selection between populations of Holstein cows
affected by Johne's disease and healthy animals.

Methods: In this study, 145 Holstein cows of the Feka cattle farm in Isfahan were genotyped
based on Illumina 30K chips. Cows were grouped into two sick and healthy groups, with 45 and
100 cows, respectively. Quality control indicators included the animal read rate (mind), SNP read
rate (geno), rare allele frequency (MAF), and Hardy-Weinberg equilibrium. To identify important
metabolic pathways, ClueGo (version 2.5.6) was used in Cytoscape software, which provides
biological interpretations of genes. In this study, two statistics, iHS and RSB, were used to identify
the signs of selection.

Results: Using iHS statistics, 63 and 70 genes were identified in the diseased and healthy
populations of Holstein cows, respectively. The important genes identified by iHS statistics
included HCN2, DOCK4, ITGAS8, and STAGL1 in the patient population, and CAV2, CNTNAP4,
MIB1, and TTC23 in the healthy population. After examining the selected regions, 39 and 53
genes were identified in the diseased and healthy populations of Holstein cows with RSB
statistics. The important genes identified by RSB statistics included GRID2, PPIP5K2, and
CTNNAZ in the patient population, and DOCKZ1, PCDH9, and AK1 in the healthy population.
Conclusion: In the present study, the results of the iHS statistics showed that 84 and 96 genomic
regions were under selection in the healthy and patient populations, as well as 152 and 129
genomic regions in the healthy and patient populations using the RSB statistics. Most of the genes
identified in this study were related to immunity, cancer, bacterial invasion of cells, cell aging,
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cell response, growth, and cell adhesion, which are among the important biological traits and
characteristics of living organisms. By identifying possible candidate genes related to and
resistance to Johne's disease in cattle, this information can be used in breeding programs (selection
to reduce or increase the expression and frequency of important genes) for Holstein cows in Iran.
However, due to the incomplete information related to the function of the genes in cattle species
and the small population used in this study, more extensive studies with more samples and the
analysis of several separate populations will provide a better understanding of candidate genes
for Johne's disease in the cattle population.
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Table 2. Identified pathways related to RSB genes in healthy and diseased populations of Holstein cows.
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case and control populations

Figure 2. Distribution of RSB values between two diseased and healthy populations. The upper population
corresponds to the healthy and the lower population corresponds to the patient

OP9 S2s5 (e 9 o 95 0 by 3 )Slas 4 by
A b 5o pinS Ol caslllas ol 53 oolisiwl 3 )50 Cunex
Sy blia Cumen W o3 g 4550 9 il Sladiged
2ol o5 Cumen 13 (g2 (Slow sl 28 a3 5l s e
9 Olrl > plidle 55 ()9 Comnl 4 dogi L 0ges Aalgs
b p ol p8U aiej ol > Sledbl 38l e
)’] UA)L oLl L;Lm)),o' u.,.mlf 9 d.)‘}‘jc%ol Lglmdu:ljﬁ
S i salg HeiS plile oS > (o)l
L adlae cpl 32jb 5l oad plolid 3ble (o Sligeen
&y oan] 3 b uls Conl (Sao Lol el o8 LS lalllas
N3 daginyge o5 ladlp o Cbl sbailas olulis

28

References

Cazer 50 a8 db 4Lis THS o)lol gl (sl aslllae )

5 o95] ailate AF jlow Cunex 3 5 (sog3j adlais AY ol
5 295 Atk VOV WJlu Cuzos 2 RSB ojlol jo yicren
..X;.DQJ. ul:xu‘ Cod L;oy) adkhis VYR )Lo.».s Cuxoz )0
sl Sy s law b adllas ")g.‘ o olwlus s
@ 8L w2l Gl el Jro hlSl (ke
ok (Sdie 9 M) o Jobo Gl ¢ Jobo 5y a5l
L;Lo.b-l Ll sy ol gasuie b Wby bl
Ol 98 0 og Solow 4 polie 5 (2 rlew b sy
a5 obal) ols Mol sladaliy > cleMbl oyl 5l
slogls (wae o) Sl 5 ole Gl b el
028l Cledbl Lsay anl 58 oolatwl jouiS o pluils

Akis, 1., Oztabak, K., Gonulalp, I., Mengi, A., Un, C. (2010). IGF-1 and IGF-1r gene polymorphisms in
East Anatolian Red and South Anatolian Red cattle breeds. Genetika, 46(4), 497-501.
https://doi.org/10.1134/S1022795410040083

Bahador, Y., Mohammadabadi, M., Khezri, A., Asadi, M., & Medhati, L. (2016). Study of genetic diversity
in honey bee populations in Kerman province using ISSR markers. Research On Animal Production,
7(13), 192-186. https://doi.org/10.18869/acadpub.rap.7.13.192 [In Persian]

Bellucco, F. T., Rodrigues de Oliveira-Junior, H., Santos Guilherme, R., Bragagnolo, S., Alvarez Perez, A.
B., Ayres Meloni, V., & Melaragno, M. I. (2019). Deletion of chromosome 13 due to different
rearrangements and impact on phenotype. Molecular Syndromology, 10(3), 139-146.
https://doi.org/10.1159/000497402



https://doi.org/10.1134/S1022795410040083
https://doi.org/10.18869/acadpub.rap.7.13.192
https://doi.org/10.1159/000497402
http://dx.doi.org/10.61186/rap.15.3.30
https://rap.sanru.ac.ir/article-1-1430-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-11-20 ]

[ DOI: 10.61186/rap.15.3.30]

Py Qlogz 9 (o i (Bolo o Sl (3150 s o Sgls 4L
¥a VY Y ojled oma sl Jlo el Sligs sla sings,

Bindea, G., Mlecnik, B., Hackl, H., Charoentong, P., Tosolini, M., Kirilovsky, A., Fridman, W.H., Pages,
F., Trajanoski, Z., & Galon, J. (2009). ClueGO: a Cytoscape plug-in to decipher functionally grouped
gene ontology and pathway annotation networks. Bioinformatics, 25(8), 1091-1093.
https://doi.org/10.1093/bioinformatics/btp101

Brito, L. F., Mallikarjunappa, S., Sargolzaei, M., Koeck, A., Chesnais, J., Schenkel, F. S., ... & Karrow, N.
A. (2018). The genetic architecture of milk ELISA scores as an indicator of Johne's disease
(paratuberculosis) in dairy cattle. Journal of Dairy Science, 101(11), 10062-10075.
https://doi.org/10.3168/jds.2017-14250

Breuza, L., Halbeisen, R., Jend, P., Otte, S., Barlowe, C., Hong, W., & Hauri, HP. Proteomics of
endoplasmic reticulum-Golgi intermediate compartment (ERGIC) membranes from brefeldin A-treated
HepG2 cells identifies ERGIC-32, a new cycling protein that interacts with human Erv46. Journal of
Biological Chemistry, 279, 47242-47253. https://doi.org/10.1074/jbc.M406644200

Cahn, C.M., & Line, S. (2005). The Merck Veterinary Manual. 9th ed. John Wiley & Sons.

Castanon, B. I., Stapp, A. D., Gifford, C. A., Spicer, L. J., Hallford, D. M., & Hernandez Gifford, J. A.
(2012). Follicle-stimulating hormone regulation of estradiol production: possible involvement of WNT2
and beta-catenin in bovine granulosa cells. Journal of Animal Science, 90, 3789-3797.
https://doi.org/10.2527/jas.2011-4696

Chamberlain, P. P., Qian, X., Stiles, A. R., Cho, J., Jones, D. H., Lesley, S. A,, ... & Spraggon, G. (2007).
Integration of inositol phosphate signaling pathways via human ITPK1. Journal of Biological
Chemistry, 282(38), 28117-28125. https://doi.org/10.1074/jbc.M703121200

Chen, M., Pan, D., Ren, H., Fu, J., Li, J., Su, G., Wang, A., Jiang, L., Zhang, Q., & Liu, J. F. (2016).
Identification of selective sweeps reveals divergent selection between Chinese Holstein and Simmental
cattle populations. Genetics Selection Evolution, 48(1), 1-12. https://doi.org/10.1186/s12711-016-0254-
5

Cui, C.Y. and Schlessinger, D., 2015. Eccrine sweat gland development and sweat secretion. Experimental
Dermatology, 24(9), 644-650. https://doi.org/10.1111/exd.12773

Damon, M., Wyszynska-Koko, J., Vincent, A., Herault, F., & Lebret, B. (2012). Comparison of muscle
transcriptome between pigs with divergent meat quality phenotypes identifies genes related to muscle
metabolism and structure. Plos One, 7(3), €33763. https://doi.org/10.1371/journal.pone.0033763

Denicol, A.C., Block, J., Kelley, D.E., Pohler, K.G., Dobbs, K.B., Mortensen, C.J., Ortega, M.S. and
Hansen, P.J. (2014). The WNT signaling antagonist Dickkopf-1 directs lineage commitment and
promotes survival of the preimplantation embryo. The FASEB Journal, 28(9), p.3975.
https://doi.org/10.1096/f].14-253112

Dong, Y., Xie, M., Jiang, Y., Xiao, N., Du, X., Zhang, W., Tosser-Klopp, G., Wang, J., Yang, S., Liang, J.,
& Chen, W. (2013). Sequencing and automated whole-genome optical mapping of the genome of a
domestic goat (Capra hircus). Nature Biotechnology, 31(2), 135-141. https://doi.org/10.1038/nbt.2478

Fonseca, P. A. S, Lam, S,, Chen, Y., Waters, S. M., Guan, L. L., & Céanovas, A. (2023). Multi-breed host
rumen epithelium transcriptome and microbiome associations and their relationship with beef cattle
feed efficiency. Scientific Reports, 13(1), 16209. https://doi.org/10.1038/s41598-023-43097-8

Gautier, M., & Vitalis, R. (2012). rehh: an R package to detect footprints of selection in genome-wide SNP
data from haplotype structure. Bioinformatics, 28(8), 1176-1177.
https://doi.org/10.1093/bioinformatics/bts115

Gholamhoseinzadeh Gooki, F., Mohammadabadi, M. R., & Asadi Fozi, M. (2018). Polymorphism of the
growth hormone gene and its effect on production and reproduction traits in goat. Iranian Journal of
Applied Animal Science, 8(4), 653-659.

Hasonova, L., & Pavlik, 1. (2006). Economic impact of paratuberculosis in dairy cattle herds: a review.
Veterinarni Medicina, 51(5), 193.

Hellstrom, A., et al. (2016). Role of insulin-like growth factor 1 in fetal development and in the early
postnatal life of premature infants. American Journal of Perinatology, 33, 1067-1071.
https://doi.org/10.1055/s-0036-1586109

Hu, GF., Chang, Sl., Riordan, JF., Vallee, BL. (1991). An angiogenin-binding protein from endothelial
cells. Proceedings of the National Academy of Sciences of the United States of America, 88, 2227-2231.
https://doi.org/10.1073/pnas.88.6.2227

Huang, J. S. X. Y., & Deng, C. Y. (2009). Cloning and expression analysis of porcine ACTA2 gene and its
association with production traits. Yi Chuan, 31(5), 489-494.
https://doi.org/10.3724/sp.j.1005.2009.00489

Jew, C. P.,, Wu, C. S, Sun, H., Zhu, J., Huang, J. Y., Yu, D, ... & Lu, H. C. (2013). mGIuRS5 ablation in
cortical glutamatergic neurons increases novelty-induced locomotion. PLoS One, 8(8), e€70415.
https://doi.org/10.1371/journal.pone.0070415

Johnson, S. A., Kaneene, J. B., Asare-Dompreh, K., Tasiame, W., Mensah, 1. G., Afakye, K., ... & Addo,
K. (2019). Seroprevalence of Q fever in cattle, sheep and goats in the Volta region of Ghana. Veterinary
Medicine and Science, 5(3), 402-411. https://doi.org/10.1002/vms3.160

Kosinska-Selbi, B., Suchocki, T., Egger-Danner, C., Schwarzenbacher, H., Fraszczak, M., & Szyda, J.
(2020). Exploring the potential genetic heterogeneity in the incidence of hoof disorders in Austrian



https://doi.org/10.1093/bioinformatics/btp101
https://doi.org/10.3168/jds.2017-14250
https://doi.org/10.1074/jbc.M406644200
https://doi.org/10.2527/jas.2011-4696
https://doi.org/10.1186/s12711-016-0254-5
https://doi.org/10.1186/s12711-016-0254-5
https://doi.org/10.1111/exd.12773
https://doi.org/10.1371/journal.pone.0033763
https://doi.org/10.1096%2Ffj.14-253112
https://doi.org/10.1038/nbt.2478
https://doi.org/10.1038/s41598-023-43097-8
https://doi.org/10.1093/bioinformatics/bts115
https://doi.org/10.1055/s-0036-1586109
https://doi.org/10.1073/pnas.88.6.2227
https://doi.org/10.3724/sp.j.1005.2009.00489
https://doi.org/10.1371/journal.pone.0070415
https://doi.org/10.1002/vms3.160
http://dx.doi.org/10.61186/rap.15.3.30
https://rap.sanru.ac.ir/article-1-1430-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-11-20 ]

[ DOI: 10.61186/rap.15.3.30]

g g 5 (Sie dei (Bolo e Selired (530 (e (SBgl anbolb
¥ Sl il clagls )5 (g silon b baiye ol cow 3ble olulis

Fleckvieh and Braunvieh cattle. Frontiers in Genetics, 11, 577116.
https://doi.org/10.3389/fgene.2020.577116

Kreitman, M. (2000). Methods to detect selection in populations with applications to the human. Annual
Review of Genomics and Human Genetics, 1(1), 539-559.
https://doi.org/10.1146/annurev.genom.1.1.539

Lee, K.T., Chung, W.H., Lee, S.Y., Choi, J.W., Kim, J.,, Lim, D., Lee, S., Jang, G.W., Kim, B., Choy, Y.H.,
& Liao, X. (2013). Whole-genome resequencing of Hanwoo (Korean cattle) and insight into regions of
homozygosity. BMC Genomics, 14(1), 1-14. https://doi.org/10.1186/1471-2164-14-519

Li, J., Akanno, E. C., Valente, T. S., Abo-Ismail, M., Karisa, B. K., Wang, Z., & Plastow, G. S. (2020).
Genomic heritability and genome-wide association studies of plasma metabolites in crossbred beef
cattle. Frontiers in Genetics, 11, 538600. https://doi.org/10.3389/fgene.2020.538600

Li, N., Yu, Q. L., Yan, X. M., Li, H. B., & Zhang, Y. (2020). Sequencing and characterization of miRNAs
and mRNAs from the longissimus dorsi of Xinjiang brown cattle and Kazakh cattle. Gene, 741, p.
144537. https://doi.org/10.1016/j.gene.2020.144537

Lu, X., Abdalla, I. M., Nazar, M., Fan, Y., Zhang, Z., Wu, X., Xu, T., & Yang, Z. (2021). Genome-wide
association study on reproduction-related body-shape traits of Chinese Holstein cows. Animals, 11(7),
1927. https://doi.org/10.3390/ani11071927

Malik, A., Lee, E. J., Jan, A. T., Ahmad, S., Cho, K. H., Kim, J., & Choi, I. (2015). Network analysis for
the identification of differentially expressed hub genes using myogenin knock-down muscle satellite
cells. PLoS One, 10(7), e0133597. https://doi.org/10.1371/journal.pone.0133597

Mallikarjunappa, S., Brito, L. F., Pant, S. D., Schenkel, F. S., Meade, K. G., & Karrow, N. A. (2021).
Johne's disease in dairy cattle: An Immunogenetic perspective. Frontiers in Veterinary Science, 8,
718987. https://doi.org/10.3389/fvets.2021.718987

Manca, E., Cesarani, A., Gaspa, G., Sorbolini, S., Macciotta, N. P., & Dimauro, C. (2020). Use of the
multivariate discriminant analysis for genome-wide association studies in cattle. Animals, 10(8), 1300.
https://doi.org/10.3390/ani10081300

Manning, E. J., & Collins, M. T. (2001). Mycobacterium avium subsp. paratuberculosis: pathogen,
pathogenesis and diagnosis. Revue scientifique et technique (International Office of Epizootics), 20(1),
133-150. https://doi.org/10.20506/rst.20.1.1275

McElwee, M., Beilstein, F., Labetoulle, M., Rixon, F.J., Pasdeloup, D. (2013). Dystonin/BPAG1 Promotes
Plus-End-Directed Transport of Herpes Simplex Virus 1 Capsids on Microtubules during Entry. Journal
of Virology, 87, 11008-11018. https://doi.org/10.1128/JV1.01633-13

Mengistie, D., Edea, Z., Sisay Tesema, T., Dejene, G., Jemal, J., Dessie, T., Kim, K.S., Samuel, B., & Dadi,
H. (2022). Detection and Evaluation of Breed-specific SNPs and Minor allele frequency in Ethiopian
Indigenous and European Beef Cattle Breeds. https://doi.org/10.21203/rs.3.rs-1618777/v1

Mohammadifar, A., & Mohammadabadi, M. (2018). Melanocortin-3 receptor (mc3r) gene association with
growth and egg production traits in Fars indigenous chicken. Malaysian Applied Biology, 47(3), 85-90.

Mohamadipoor Saadatabadi, L., Mohammadabadi, M., Amiri Ghanatsaman, Z., Babenko, O., Stavetska,
R., Kalashnik, O., ... & Asadollahpour Nanaei, H. (2021). Signature selection analysis reveals candidate
genes associated with production traits in Iranian sheep breeds. BMC Veterinary Research, 17(1), 1-9.
https://doi.org/10.1186/s12917-021-03077-4

Mokhber, M., Moradi-Shahrbabak, M., Sadeghi, M., Moradi-Shahrbabak, H., Stella, A., Nicolzzi, E.,
Rahmaninia, J., & Williams, J. L. (2018). A genome-wide scan for signatures of selection in Azeri and
Khuzestani buffalo breeds. BMC Genomics, 19(1), 1-9. https://doi.org/10.1186/s12864-018-4759-x

Moré, D. D., Cardoso, F. F., Mudadu, M. A., Malag6-Jr, W., Gulias-Gomes, C. C., Sollero, B. P, Ibelli, A.
M., Coutinho, L. L., & Regitano, L. C. (2019). Network analysis uncovers putative genes affecting
resistance to tick infestation in Braford cattle skin. BMC Genomics, 20, 1-20.
https://doi.org/10.1186/s12864-019-6360-3

Ponsuksili, S., Murani, E., Phatsara, C., Schwerin, M., Schellander, K., & Wimmers, K. (2009). Porcine
muscle sensory attributes associate with major changes in gene networks involving CAPZB, ANKRD1,
and CTBP2. Functional & Integrative Genomics, 9, 455-471. https://doi.org/10.1007/s10142-009-
0131-1

Puckowska, P., Borowska, A., Szwaczkowski, T., Olenski, K., & Kaminski, S. (2019). Effects of a novel
missense polymorphism within the SIGLECS5 gene on fertility traits in Holstein Friesian cattle.
Reproduction in Domestic Animals, 54, 1163-1168. https://doi.org/10.1111/rda.13484

Purfield, D. C., Bradley, D. G., Kearney, J. F., & Berry, D. P. (2014). Genome-wide association study for
calving traits in Holstein—Friesian dairy cattle. Animal, 8(2), 224-235.
https://doi.org/10.1017/S175173111300195X

Qanbari, S., Gianola, D., Hayes, B., Schenkel, F., Miller, S., Moore, S., Thaller, G., & Simianer, H. (2011).
Application of site and haplotype-frequency based approaches for detecting selection signatures in
cattle. BMC Genomics, 12(1), 1-12. https://doi.org/10.1186/1471-2164-12-318

Saatchi, M. (2018). Putative Functional Variants in the NCAPG, ARRDC3, PLAG1 and ERGIC1 Genes
are Remarkably Associated with Pre-and Post-Natal Growth in Beef Cattle. In Plant and Animal
Genome XXVI Conference (January 13-17, 2018). PAG.



https://doi.org/10.3389/fgene.2020.577116
https://doi.org/10.1146/annurev.genom.1.1.539
https://doi.org/10.1186/1471-2164-14-519
https://doi.org/10.3389/fgene.2020.538600
https://doi.org/10.1016/j.gene.2020.144537
https://doi.org/10.3390/ani11071927
https://doi.org/10.1371/journal.pone.0133597
https://doi.org/10.3389/fvets.2021.718987
https://www.mdpi.com/2076-2615/10/8/1300
https://doi.org/10.20506/rst.20.1.1275
https://doi.org/10.21203/rs.3.rs-1618777/v1
https://doi.org/10.1186/s12864-018-4759-x
https://doi.org/10.1186/s12864-019-6360-3
https://doi.org/10.1007/s10142-009-0131-1
https://doi.org/10.1007/s10142-009-0131-1
https://doi.org/10.1111/rda.13484
https://doi.org/10.1017/S175173111300195X
https://doi.org/10.1186/1471-2164-12-318
http://dx.doi.org/10.61186/rap.15.3.30
https://rap.sanru.ac.ir/article-1-1430-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-11-20 ]

[ DOI: 10.61186/rap.15.3.30]

P30 lag 5 (3o i (Bolo e Saliyed (5300 s o Sedgl Aol
¥y VEY Y ojlouds /o3l Jlo (ool clidos (sla yings

Sanchez, M. P., Guatteo, R., Davergne, A., Saout, J., Grohs, C., Deloche, M. C, ... & Boichard, D. (2020).
Identification of the ABCC4, IER3, and CBFA2T2 candidate genes for resistance to paratuberculosis
from sequence-based GWAS in Holstein and Normande dairy cattle. Genetics Selection Evolution,
52(1), 1-17. https://doi.org/10.1186/s12711-020-00535-9

Schaffer, A. E., Breuss, M. W., Caglayan, A. O., Al-Sanaa, N., Al-Abdulwahed, H. Y., Kaymakcalan, H.,
... & Gleeson, J. G. (2018). Biallelic loss of human CTNNA2, encoding aN-catenin, leads to ARP2/3
complex overactivity and disordered cortical neuronal migration. Nature Genetics, 50(8), 1093-1101.
https://doi.org/10.1038/s41588-018-0166-0

Shahmoradi, A.H., Mosavari, N., Aref Pajouhi, R., Heidari, M.R., Noamaan, V., Nabinejad, A., Tadaion,
K., & Hosseini, S.M. (2009). Study of John’s disease in industrial & semi-industrial cattle husbandry
of Esfahan province. Veterinary Research & Biological Products, 22(1), 13-17. [In persian]

Sigurdsson, M. I., Waldron, N. H., Bortsov, A. V., Smith, S. B., Maixner, W. (2018). Genomics of
cardiovascular measures of autonomic tone. Journal of Cardiovascular Pharmacology, 71, 180-191.
https://doi.org/10.1097/FJC.0000000000000559

Tang, K., Thornton, K.R., & Stoneking, M. (2007). A new approach for using genome scans to detect recent
positive selection in the human genome. PLoS Biology, 5(7), el71.
https://doi.org/10.1371/journal.pbio.0050171

Tao, L., He, X., Wang, F., Zhong, Y., Pan, L., Wang, X., Gan, S., Di, R., & Chu, M. (2020). Luzhong
mutton sheep: Inbreeding and selection signatures. Journal of Animal Science and Technology, 62(6),
777. https://doi.org/10.5187/jast.2020.62.6.777

Taye, M., Kim, J., Yoon, S.H., Lee, W., Hanotte, O., Dessie, T., Kemp, S., Mwai, O.A., Caetano-Anolles,
K., Cho, S., & Oh, S.J. (2017). Whole genome scan reveals the genetic signature of African Ankole
cattle breed and potential for higher quality beef. BMC Genetics, 18(1), 1-14.
https://doi.org/10.1186/s12863-016-0467-1

Testa, J. R., & Tsichlis, P. N. (2005). AKT signaling in normal and malignant cells. Oncogene, 24, 7391—
7393. https://doi.org/10.1038/sj.0nc.1209100

Tiwari, A., VanLeeuwen, J.A., McKenna, S.L., Keefe, G.P., & Barkema, H.W. (2006). Johne’s disease in
Canada: Part I: Clinical symptoms, pathophysiology, diagnosis, and prevalence in dairy herds. The
Canadian Veterinary Journal, 47(9), 874.

Tizioto, P. C., Kim, J., Seabury, C. M., Schnabel, R. D., Gershwin, L. J., Van Eenennaam, A. L., ... &
Taylor, J. F. (2015). Immunological response to single pathogen challenge with agents of the bovine
respiratory disease complex: an RNA-sequence analysis of the bronchial lymph node transcriptome.
PloS one, 10(6), e0131459. https://doi.org/10.1371/journal.pone.0131459

Tribulo, P., Moss, J.I., Ozawa, M., Jiang, Z., Tian, X.C., Hansen, P.J. (2017). WNT regulation of embryonic
development likely involves pathways independent of nuclear CTNNBL. Reproduction, 153, 405-419.
https://doi.org/10.1530/REP-16-0610

Vignal, A., Milan, D., SanCristobal, M., & Eggen, A. (2002). A review on SNP and other types of molecular
markers and their use in animal genetics. Genetics Selection Evolution, 34(3), 275-305.
https://doi.org/10.1051/gse:2002009

Voight, B. F., Kudaravalli, S., Wen, X., & Pritchard, J. K. (2007). Correction: A map of recent positive
selection in the human genome, PLoS Biology, 5(6), 1382-1382.
https://doi.org/10.1371/journal.pbio.0050147

Wang, Y., Zhang, C., Wang, N., Li, Z., Heller, R., Liu, R., ... & Qiu, Q. (2019). Genetic basis of ruminant
headgear and rapid antler regeneration. Science, 364(6446), eaav6335.
https://doi.org/10.1126/science.aav6335

Wara, A. B., Kumar, A., Singh, A., Arthikeyan, A. K., Dutt, T., & Mishra, B. P. (2019). Genome-wide
association study of test day’s and 305 days milk yield in crossbred cattle. Indian Journal of Animal
Science, 89, 861-865.

Wilke, K., Martin, A., Terstegen, L. and Biel, S.S., 2007. A short history of sweat gland biology.
International Journal of Cosmetic Science, 29(3), pp.169-179. https://doi.org/10.1111/j.1467-
2494.2007.00387.X.

Yang, L., Xu, L., Zhu, B., Niu, H., Zhang, W., Miao, J., Shi, X., Zhang, M., Chen, Y., Zhang, L., & Gao,
X. (2017). Genome-wide analysis reveals differential selection involved with copy number variation in
diverse Chinese cattle. Scientific Reports, 7(1), 14299. https://doi.org/10.1038/s41598-017-14768-0

Yang, W., Kang, X., Yang, Q., Lin, Y., & Fang, M. (2013). Review on the development of genotyping
methods for assessing farm animal diversity. Journal of Animal Science and Biotechnology, 4(1), 1-6.
https://doi.org/10.1186/2049-1891-4-2

Yi-Lei, M., Yi-Fan, W., Cao, X. K., Cheng, J., Yong-Zhen, H., Ma, Y., ... & Chen, H. (2019). Copy number
variation (CNV) in the IGF1R gene across four cattle breeds and its association with economic traits.
Archiv Fuer Tierzucht, 62(1), 171-179. https://doi.org/10.5194/aab-62-171-2019

Zhong, L., Ma, S., Wang, D., Zhang, M., Tian, Y., He, J., Zhang, X., Xu, L., Wu, C., Dong, M., & Gou, M.
(2023). Methylation Levels in the Promoter Region of FHIT and PIAS1 Genes Associated with Mastitis
Resistance in Xinjiang Brown Cattle. Genes, 14(6), 1189. https://doi.org/10.3390/genes14061189



https://doi.org/10.1038/s41588-018-0166-0
https://doi.org/10.1097%2FFJC.0000000000000559
https://doi.org/10.1371/journal.pbio.0050171
https://doi.org/10.5187%2Fjast.2020.62.6.777
https://doi.org/10.1186/s12863-016-0467-1
https://doi.org/10.1038/sj.onc.1209100
https://doi.org/10.1371/journal.pone.0131459
https://doi.org/10.1530/REP-16-0610
https://doi.org/10.1051/gse:2002009
https://doi.org/10.1371/journal.pbio.0050147
https://doi.org/10.1126/science.aav6335
https://doi.org/10.1111/j.1467-2494.2007.00387.x
https://doi.org/10.1111/j.1467-2494.2007.00387.x
https://doi.org/10.1038/s41598-017-14768-0
https://doi.org/10.1186/2049-1891-4-2
https://doi.org/10.5194/aab-62-171-2019
https://www.mdpi.com/2073-4425/14/6/1189
http://dx.doi.org/10.61186/rap.15.3.30
https://rap.sanru.ac.ir/article-1-1430-fa.html
http://www.tcpdf.org

