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Figure 3. Bubble plot of significantly enriched gene ontology (GO) terms in coccidiosis; Each circle represents a
significant GO term and the size of each circle represents the number of genes involved in each term

LB S )5 4l 51 50 b iy b &8 sl S5 4y
9 dboﬁﬁsﬁ 9 Adg J.;lszm bLJ)\ &; dl)b Jﬁ\» &
(F USC5) 805 GBI 00d s 3 4 51 o ilize b))

PPI s (g Jilie 51 e
ol s LRI L slags sl ead pew PP aSs
S obml 4 e juawSsS lew 4 bgrye jblixe
Gl L 0F VeV Jeld) owBgn TYVY el PPI oS
piY b e SIVAY L (ple 2l L 03 WYY 5 oo

hoifl S

eSS 53 fobias (30,8) (e IS 5 (30) 2l L slnsj sl o3 PPI o505 =¥ IS5
Figure 4. Constructed PPI network for up- (green) and down-regulated (red) genes in coccidiosis

Sl sl @5 "STAT  (fign  (gedlybud
LD (A udlwd "O}"Mf
dwd Slgigign Sl byl dilize cladgw
o opl 3l g 00 ales g5 glabiee 039y 4 oS
degerte pj sy NS Dly bl 4 sl laces]

oS ke 0A5 weoy 4Sad (55, MCODE asby (olo!
b dcgeome pj b dcgerme pj WV oglsl 4 e
2 3l 05 56T 5 end Q! gy Sl e
owgy 48,5 Oygo ludiwd wlely A5 1! o o,
2 9290 SlpSon b by glag; ClUEGO aby
gy Jols 095 9 B ) bl assere


http://dx.doi.org/10.52547/rap.13.36.154
https://dor.isc.ac/dor/20.1001.1.22518622.1401.13.36.16.4
https://rap.sanru.ac.ir/article-1-1248-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-08-24 ]

[ DOR: 20.1001.1.22518622.1401.13.36.16.4 ]

[ DOI: 10.52547/rap.13.36.154 ]

Culdd Cuass g 30y (JBdS Lo ¢y piin Loy

2 bl €38 b o ins] i 2,Slas (goliait] slos 45 5 psie Sl gy (slamelio adlas

Jo lislen Jolge Jlie ) o sloan]d 5 o]
slj ol adlas pl da g LB @l 5l (S ais
&S g byl 4 o9l jeb > blae ol LialS L
@y il Sdpbie gboanlp b oV Stures
Jly Ol & joinSsS ol & ggdse cnl (il
@1)10 20 ul.o.o}u 4 »\:.{un 3)19 o] Lzboj P]JS
Ssoby b bl 4y Sl sy
025 oVl Jle pobo 4 S o SLLE S8 (e
soate 4 dlS )3 jotnSsS Egnd (> > culio 0y
L Ly slags ol el 36 e BT s
dy oo Hla5 4 il LiSel ) wlgs oo @9 S5 galie
F o ooldlas glaedh b glalyln,  glaesly 5.l
Sl gpb dilize lagslen 2)90 ) poin Sl
A2 53 ldese Hlasl o gl s by SleMbl

SiPE 03 Pl Sl aie sloos,S 5l (o oS
o ol sl e "deS Sabls Lglm.\;i'l)é"
»j » MMP9 4 MMP7 .MMP1) MMP' sl
005 Jd o1y et Hluws ids Yleis] (o0 0 degeze
o Mo agye odgy 3 oINS madpblS anly
IS ol &S obol S e b GedenSsS
u,u:gd))Lo W 2 Lg.\S% L;lmc;élg LA‘”‘ «.5‘}?‘
Ol 4 cuml Wl o Jlad & (1) 039y (Jolwg,ls
Zlg 0 wjluly oyl @ 1y e oM Sy e
o Sy glyisas plgice [y MMP (b ole pil38)
SoS g (oM & Sl o @b &5 S5 S5 5> g

(YY) 25 o 4 (s slacum] cely pa 1S
5 claosls ggy pols adllas 3 4,8 ploul 5T ol
Slow 4 bgye Affymetrix  laallsn, (o

ol olaw a8 ad olays olelid 4 yoxie jedus oS

&l

1. Bindea, G., B. Mlecnik, H. Hackl, P. Charoentong, M. Tosolini, A. Kirilovsky, W.H. Fridman, F.
Pagés, Z. Trajanoski and J. Galon. 2009. ClueGO: a Cytoscape plug-in to decipher functionally
grouped gene ontology and pathway annotation networks. Bioinformatics, 25: 1091-1093.

2. Blake, D.P. and F.M. Tomley. 2014. Securing poultry production from the ever-present Eimeria
challenge. Trends in parasitology, 30: 12-19.

3. Boulton, K., M.J. Nolan, Z. Wu, V. Riggio, O. Matika, K. Harman, P.M. Hocking, N. Bumstead, P.
Hesketh, A. Archer and S.C. Bishop. 2018. Dissecting the genomic architecture of resistance to
Eimeria maxima parasitism in the chicken. Frontiers in genetics, 9: 528.

4. Bremner, A., S. Kim, K. Morris, M.J. Nolan, D. Borowska, Z. Wu, F. Tomley, D.P. Blake, R.
Hawken, P. Kaiser and L. Vervelde. 2019. Kinetics of the immune response to Eimeria maxima in
relatively resistant and susceptible chicken lines. BioRxiv, p.757567.

5. Casterlow, S., H. Li, E.R. Gilbert, R.A. Dalloul, A.P. McElroy, D.A. Emmerson and E.A. Wong.
2011. An antimicrobial peptide is downregulated in the small intestine of Eimeria maxima-infected
chickens. Poultry Science, 90: 1212-1219.

6. Chen, Z., M. McGee, Q. Liu, M. Kong, Y. Deng and R.H. Scheuermann. 2009. A distribution-free
convolution model for background correction of oligonucleotide microarray data. BMC genomics, 10:
1-13.

7. Chin, C.H., S.H. Chen, H.H. Wu, C.W. Ho, M.T. Ko and C.Y. Lin. 2014. cytoHubba: identifying hub
objects and sub-networks from complex interactome. BMC Systems Biology, 8: 1-7.

8. Feng, M., T. Xie, Y. Li, N. Zhang, Q. Lu, Y. Zhou, M. Shi, J. Sun and X. Zhang. 2019. A balanced
game: chicken macrophage response to ALV-J infection. Veterinary Research, 50: 1-14.

9. Frantz, C., K.M. Stewart and V.M. Weaver. 2010. The extracellular matrix at a glance. Journal of Cell
Science, 123: 4195-4200.

10. Freitas, F.L.C., K.S. Almeida, R.Z. Machado and C.R. Machado. 2008. Lipid and glucose metabolism
of broilers (Gallus gallus domesticus) experimentally infected with Eimeria acervulina Tyzzer, 1929
oocysts. Brazilian Journal of Poultry Science, 10: 157-162.

11.Freitas, F.L.D.C. 2014. Metabolic alterations in broiler chickens experimentally infected with
sporulated oocysts of Eimeria maxima. Revista Brasileira de Parasitologia Veterinaria, 23: 309-314.

12. Gautier, L., L. Cope, B.M. Bolstad and R.A. Irizarry. 2004. Affy-analysis of Affymetrix GeneChip
data at the probe level. Bioinformatics, 20: 307-315.

13.Gray, L.R., S.C. Tompkins and E.B. Taylor. 2014. Regulation of pyruvate metabolism and human
disease. Cellular and Molecular Life Sciences, 71: 2577-2604.

14. Griffith, JW., C.L. Sokol and A.D. Luster. 2014. Chemokines and chemokine receptors: positioning
cells for host defense and immunity. Annual Review of Immunology, 32: 659-702.

15.Guo, A., J. Cai, W. Gong, H. Yan, X. Luo, G. Tian, S. Zhang, H. Zhang, G. Zhu and X. Cai. 2013.
Transcriptome analysis in chicken cecal epithelia upon infection by Eimeria tenella in vivo. PLoS
One, 8: e64236.

16. Hamzic, E., B. Bed'Hom, H. Juin, R. Hawken, M.S. Abrahamsen, J.M. Elsen, B. Servin, M.H. Pinard-
van der Laan and O. Demeure. 2015. Large-scale investigation of the parameters in response to
Eimeria maxima challenge in broilers. Journal of Animal Science, 93: 1830-1840.

1- Matrix Metalloproteinase


http://dx.doi.org/10.52547/rap.13.36.154
https://dor.isc.ac/dor/20.1001.1.22518622.1401.13.36.16.4
https://rap.sanru.ac.ir/article-1-1248-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-08-24 ]

[ DOR: 20.1001.1.22518622.1401.13.36.16.4 ]

[ DOI: 10.52547/rap.13.36.154 ]

Colia Cuasd g Byl SIS Lo oy Lo
it VF Y bl /Y ojloss /2 3w Jlo ol Clidgs (slouing

17.Hamzi¢, E., B. Buitenhuis, F. Hérault, R. Hawken, M.S. Abrahamsen, B. Servin, J.M. Elsen, M.H.
Pinard-van der Laan and B. Bed’Hom. 2015. Genome-wide association study and biological pathway
analysis of the Eimeria maxima response in broilers. Genetics Selection Evolution, 47: 1-17.

18.Huang, G., S. Zhang, C. Zhou, X. Tang, C. Li, C. Wang, X. Tang, J. Suo, Y. Jia, S. El-Ashram and Z.
Yu. 2018. Influence of Eimeria falciformis infection on gut microbiota and metabolic pathways in
mice. Infection and Immunity, 86: e00073-18.

19. Huang, K., A. Herrero-Fresno, I. Thafner, S. Skov and J.E. Olsen. 2019. Interaction differences of the
avian host-specific Salmonella enterica serovar gallinarum, the host-generalist S. Typhimurium, and
the cattle host-adapted S. Dublin with chicken primary macrophage. Infection and Immunity, 87:
€00552-19.

20. Kalenik, B.M., A. Gora-Sochacka, A. Stachyra, M. Olszewska-Tomczyk, A. Fogtman, R. Sawicka, K.
Smietanka and A. Sirko. 2020. Response to a DNA vaccine against the H5N1 virus depending on the
chicken line and number of doses. Virology Journal, 17: 1-10

21. Kauffmann, A., R. Gentleman and W. Huber. 2009. arrayQualityMetrics-a bioconductor package for
quality assessment of microarray data. Bioinformatics, 25: 415-416.

22.Khatlab, A.D.S., A.P. Del Vesco, A. Rodrigues Oliveira Neto, F.L.A. Almeida and E. Gasparino.
2019. Dietary supplementation with free methionine or methionine dipeptide improves environment
intestinal of broilers challenged with Eimeria spp. Journal of Animal Science, 97: 4746-4760.

23. Lazar, C., S. Meganck, J. Taminau, D. Steenhoff, A. Coletta, C. Molter, D.Y. Weiss-Solis, R. Duque,
H. Bersini and A. Nowé. 2013. Batch effect removal methods for microarray gene expression data
integration: a survey. Briefings in Bioinformatics, 14: 469-490.

24.Li, Z., M. Martin, J. Zhang, H.Y. Huang, L. Bai, J. Zhang, J. Kang, M. He, J. Li, M.R. Maurya and S.
Gupta. 2017. KLF4 regulation of Ch25h and LXR mitigates atherosclerosis susceptibility. Circulation,
136: 1315.

25.Liu, Y., Y. Cheng, W. Shan, J. Ma, H. Wang, J. Sun and Y. Yan. 2018. Chicken interferon regulatory
factor 1 (IRF1) involved in antiviral innate immunity via regulating IFN-B production. Developmental
& Comparative Immunology, 88: 77-82.

26. Macdonald, S.E., M.J. Nolan, K. Harman, K. Boulton, D.A. Hume, F. M. Tomley, R.A. Stabler and
D.P. Blake. 2017. Effects of Eimeria tenella infection on chicken caecal microbiome diversity,
exploring variation associated with severity of pathology. PL0oS One, 12: p.e0184890.

27.Manicone, A.M. and J.K. McGuire. 2008. February. Matrix metalloproteinases as modulators of
inflammation. Seminars in Cell & Developmental Biology, 19: 34-41.

28.Ovington, K.S. and N.C. Smith. 1992. Cytokines, free radicals and resistance to Eimeria. Parasitology
Today, 8: 422-426.

29. Ritchie, M.E., B. Phipson, D.I. Wu, Y. Hu, C.W. Law, W. Shi and G.K. Smyth. 2015. Limma powers
differential expression analyses for RNA-sequencing and microarray studies. Nucleic acids Research,
43: e47-e47.

30. Schulenborg, T., O. Schmidt, A. Van Hall, H.E. Meyer, M. Hamacher and K. Marcus. 2006.
Proteomics in neurodegeneration—disease driven approaches. Journal of neural transmission, 113:
1055-1073.

31.Shannon, P., A. Markiel, O. Ozier, N.S. Baliga, J.T. Wang, D. Ramage, N. Amin, B. Schwikowski
and T. Ideker. 2003. Cytoscape: a software environment for integrated models of biomolecular
interaction networks. Genome Research, 13: 2498-2504.

32.Sherman, B.T. and R.A. Lempicki. 2009. Systematic and integrative analysis of large gene lists using
DAVID bioinformatics resources. Nature Protocols, 4: 44.

33. Shivaramaiah, C., J.R. Barta, X. Hernandez-Velasco, G. Téllez and B.M. Hargis. 2014. Coccidiosis:
recent advancements in the immunobiology of Eimeria species, preventive measures, and the
importance of vaccination as a control tool against these Apicomplexan parasites. Veterinary
Medicine: Research and Reports, 5: 23.

34.Sun, J., Z. Han, T. Qi, R. Zhao and S. Liu. 2017. Chicken galectin-1B inhibits Newcastle disease virus
adsorption and replication through binding to hemagglutinin—neuraminidase (HN) glycoprotein.
Journal of Biological Chemistry, 292: 20141-20161.

35. Walter, W., F. Sanchez-Cabo and M. Ricote. 2015. GOplot: An R package for visually combining
expression data with functional analysis. Bioinformatics, 31: 2912-2914.

36. Wickham, H. 2011. Ggplot2. Wiley Interdisciplinary Reviews: Computational Statistics, 3: 180-185.

37.Xie, T., M. Feng, M. Dai, G. Mo, Z. Ruan, G. Wang, M. Shi and X. Zhang. 2019. Cholesterol-25-
hydroxylase is a chicken ISG that restricts ALV-J infection by producing 25-hydroxycholesterol.
Viruses, 11: 498.

38.Zhang, B., Z. Lv, H. Li, S. Guo, D. Liu and Y. Guo. 2017. Dietary l-arginine inhibits intestinal
Clostridium perfringens colonisation and attenuates intestinal mucosal injury in broiler chickens.
British Journal of Nutrition, 118: 321-332.

39.Zhang, Z., D. Chen and D.A. Fenstermacher. 2007. Integrated analysis of independent gene
expression microarray datasets improves the predictability of breast cancer outcome. BMC genomics,
8:1-13.


http://dx.doi.org/10.52547/rap.13.36.154
https://dor.isc.ac/dor/20.1001.1.22518622.1401.13.36.16.4
https://rap.sanru.ac.ir/article-1-1248-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-08-24 ]

[ DOR: 20.1001.1.22518622.1401.13.36.16.4 ]

[ DOI: 10.52547/rap.13.36.154 ]

Research on Animal Production, Vol. 13, NO. 36, SUMMET 2022 .........iiiiitiiiie et et ettt e et e r e e e e e e e 162

Comparative Study of Transcriptome Profile and Immune-Related Genes
Network Associated with Intestinal Epithelial Tissue based on Microarray Data
in Poultry Infected with Coccidiosis

Reza Seyed Sharifi', Reza Khalkhali Ayurig® and Nemat Hedayat®

1- Associate Professor, Department of Animal Sciences, Faculty of Agriculture and Natural Resources,
Mohaghegh Ardabili University, (Corresponding author: reza_seyedsharifi@yahoo.com)
2- Researcher, Department of Animal Sciences, Faculty of Agriculture and Natural Resources, Mohaghegh
Ardabili University
3- Associate Professor, Department of Animal Sciences, Faculty of Agriculture and Natural Resources,
Mohaghegh Ardabili University
Received: 10 November, 2021 Accepted: 7 December, 2021

Extended Abstract

Introduction and Objective: Coccidiosis caused by Eimeria parasites is one of the most costly
diseases in the poultry industry. Understanding how the immune system responds to coccidiosis
can be helpful in designing molecular prevention and treatment methods against it. The aim of
this study was to identify the important genes involved in the response of chicken’s immune
system to infection with Eimeria parasites using microarray data available in public databases.
Material and Methods: In the present study, after searching the GEO database, two microarray
datasets related to coccidiosis in poultry were selected. After quality control and removal of
inappropriate data, significantly up- and down-regulated genes in response to infection with
Eimeria were identified using the LIMMA package in the R program. Gene ontology and
KEGG pathways analysis were performed using the DAVID program. Subsequently, the
protein-protein interaction network of the genes with significant expression level changes was
constructed using the Cytoscape program.

Results: The obtained results in this study showed that most of the genes that had a significant
increase in expression level were associated with the innate immune system. Significantly
down-regulated genes were also involved in metabolic processes. According to the outputs of
present study, it seems coccidiosis has the greatest negative effect on metabolic processes,
including fat metabolism, due to damage to the poultry intestine. Existing scientific evidences
about a significant increase in the expression of MMP1, MMP7 and MMP9 genes revealed that
collagen catabolism in coccidiosis is one of the increased cases that can be caused by damage to
intestinal tissue. It seems that changing the expression level of genes affecting the metabolism
of some nutrients, including fats, is one of the important effects of coccidiosis.

Conclusion: The obtained results of the present study can be useful in better understanding how
the poultry's immune system responds to coccidiosis and the observed changes in the expression
of some genes can help designing treatment methods for this disease.

Keywords: Coccidiosis, Eimeria, Economic loss, Gene expression, Poultry industry, Public
health
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