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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment  

of the requirement for the degree of Doctor of Philosophy 

CHICKEN TRANSCRIPTOME ANALYSIS AND DISCOVERY OF NOVEL 

GENES INVOLVED IN IBDV INFECTIOUS BURSAL DISEASE VIRUS 

INFECTION 

By 

SHARANYA RAVI 

January 2018 

Chairman :   Nurulfiza Mat Isa, PhD 

Faculty :   Biotechnology and Biomolecular Sciences 

Infectious bursal disease (IBD) is a major concern to food security because pathogenic 

strain of IBD virus (vvIBDV) can cause high mortality and immunosuppression in 

chickens that has not been controlled till date. This study aims to study the differential 

expression and discover novel genes in IBDV infected chickens. 18 transcriptomes 

generated from de novo sequencing of samples from six different lines of IBDV 

infected and control chicken were analysed. Sequences that did not map to the 

reference genome of Gallus gallus were analysed for differentially expressed genes 

(DEG) in IBDV infected chickens. About 600 unigenes out of 10,828 were selected 

for VENNTURE (Venn diagram) analysis that resulted in 12 upregulated and 18 

downregulated DEGs that were common to all the six lines of chicken. Annotation 

predicted the functions to be involved in the transcription factor activities and extra 

cellular binding activities which aids in the immune response. Three upregulated and 

four downregulated unigenes did not have any significant BLAST hits. Gene networks 

generated using the weighted gene correlation network analysis (WGCNA) predicted 

the functions of the unknown sequences to be related to interleukin 18 binding protein, 

mucin13 isoform XI and extracellular matrix protein, cerebellar degenerative protein, 

cell surface protein, ubiquitin conjugating protein. Quantitative PCR was performed 

on 10 genes including the unknown genes (7 genes), FoxP3 gene and two known genes 

that were homologues with species other than Gallus gallus to validate the differential 

expression. Presence of FOX P3 gene was validated by visualizing the amplification. 

Based on the results, four out of seven unknown were found to be in chicken and their 

functional prediction contributes to the resistance against the disease. 
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Januari 2018 

 

 

Pengerusi :   Nurulfiza Mat Isa, PhD 

Fakulti :   Bioteknologi dan Sains Biomolekul 

 

 

Penyakit bursal berjangkit (IBD) adalah sangat penting dari sudut ekonomi bagi 

industri makanan dan menjadi kebimbangan utama dalam isu keselamatan makanan. 

Strain sangat patogenik virus IBD (vvIBDV) pertama kali dilaporkan di Eropah pada 

tahun 1980-an dan ia menyebabkan kematian yang tinggi serta kemerosotan sistem 

imun pada ayam. Penyebaran penyakit tersebut masih belum dikawal sepenuhnya 

walaupun kajian penyelidikan telah dijalankan bertahun lamanya. Oleh itu, kajian ini 

dijalankan bertujuan untuk melihat gen novel yang boleh membantu penentangan 

penyakit atau dapat memberikan lebih banyak maklumat tentang kerintangan ayam. 

Sebanyak 18 transkriptom dari enam titisan sel ayam yang berbeza bagi ayam kontrol 

dan dijangkiti IBDV telah digunakan untuk analisis. Data mentah yang diperolehi 

melalui penjujukan Illumina tertakluk kepada pemprosesan hiliran khas kawalan 

mutu, pemetaan rujukan dan perhimpunan de novo bagi jujukan yang tidak dapat 

dipetakan. Set jujukan yang tidak dipetakan kepada genom rujukan Gallus gallus 

dianalisis untuk pengekspresan gen berbeza akibat jangkitan IBDV. Daripada 10,828 

unigenes yang tidak dipetakan dengan genom rujukan, jujukan yang paling signifikan 

(log 2 perubahan kali ganda <-2 atau> 2) telah ditapis (~ 600 jujukan nukleotida). 

Untuk mengelakkan jujukan yang bertindih bagi enam titisan sel tersebut, analisis 

VENNTURE (Venn Diagram) digunakan. Ini menghasilkan 12 jujukan nukleotida 

mengalami ekspresi meningkat dan 18 jujukan nukleotida mengalami ekspresi 

menurun yang hadir bagi kesemua enam titisan sel ayam. Setelah anotasi dilakukan, 

terdapat tiga jujukan unigenes mengalami ekspresi meningkat dan empat jujukan 

unigenes mengalami ekspresi menurun yang tidak mempunyai hits BLAST yang 

signifikan. Analisis istilah ontologi gen (GO) mendedahkan bahawa jujukan ini 

kebanyakannya terdapat di rantau nukleus. Fungsi utama mereka adalah dalam aktiviti 

faktor transkripsi khususnya membantu dalam tindak balas imun dan aktiviti 

pengikatan sel luaran. 
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Untuk memahami fungsi jujukan yang tidak diketahui, analisis rangkaian gen 

dilakukan menggunakan perisian R rangkaian korelasi gen yang tertimbang 

(WGCNA), di mana ia melihat gen yang paling berkorelasi dan mengelompokkannya 

ke dalam modul. Ini menghasilkan ramalan fungsian bagi tiga jujukan yang 

mengalami ekspresi meningkat dikaitkan dengan protein pengikatan interleukin 18, 

mucin13 isoform XI dan protein matriks ekstraselular; manakala empat gen yang 

mengalami ekspresi menurun adalah berkaitan dengan protein degeneratif cerebellar, 

protein sel permukaan dan protein ubiquitin berkonjugat. PCR kuantitatif telah 

dilakukan pada 10 gen iaitu tiga gen yang tidak diketahui yang mengalami ekspresi 

meningkat dan empat gen yang tidak diketahui yang mengalami ekspresi menurun, 

gen FoxP3 dan dua gen yang diketahui yang mempunyai homolog dengan spesies lain 

selain daripada Gallus gallus. Ujian ini mengesahkan gen pengekspresan berbeza bagi 

gen yang mengalami ekspresi meningkat dan gen yang mengalami ekspresi menurun 

pada fasa kontrol dan jangkitan. Keputusan gen yang mengalami ekspresi menurun 

terbukti konsisten dengan ramalan yang dibuat melalui analisis penjujukan. Walau 

bagaimanapun, ujian pengesahan bagi gen yang mengalami ekspresi meningkattelah 

menunjukkan keputusan yang sebaliknya bila dibandingkan dengan sel ayam kontrol. 

Dua daripada gen yang dipilih untuk untuk ujian pengesahan tidak diamplifikasi 

sekaligus mencadangkan ralat semasa penjujukan atau primer yang tidak spesifik. 

Menariknya, FOX P3 gen yang sebelum ini tidak diketahui hadir pada Gallus gallus 

telah didapati hadir dan disahkan melalui amplifikasi PCR. Kesimpulannya, empat 

daripada tujuh jujukan yang tidak diketahui telah terbukti hadir dan ditemui dalam 

ayam bersama dengan ramalan fungsian mereka yang menyumbang kepada ketahanan 

terhadap penyakit. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background of the study 

The world has over 23 billion poultry birds—about three per person on the planet 

(FAOSTAT, 2016) and about five times more than 50 years ago. They are kept and 

raised in a wide range of production systems, and provide mainly meat, eggs and 

manure for crop fertilization. Poultry meat and eggs are among the most common 

animal source of food consumed at global level, through a wide diversity of cultures, 

traditions and religions, making them the key to food security and nutrition. Within 

the livestock sector, poultry emerges as the most efficient subsector in its use of natural 

resources and in providing protein to supply a growing global demand. 

Global production of eggs is about 73 million tons and global production of poultry 

meat is close to 100 million tons (GLEAM 2, 2016). Demand for animal food source 

is increasing because of population growth; rising income and urbanization, and 

poultry meat has shown the fastest growth in the last decades. The average annual 

growth rate over the last five decades was 5%, which was the highest among other 

sources of animal protein (Alexandratos & Bruisma, 2012). 

The growth of the global livestock sector is expected to continue. Global human 

population is estimated to reach 9.6 billion in 2050, in this context, Alexandratos and 

Bruisma (2012) projected that the demand for animal source food could grow by 70% 

between the year 2005 and 2050. Demand for eggs will increase by 65%. Thus, it 

becomes vital to protect the poultry industry from economic losses due to epidemics 

(Mottet & Tempio, 2017). 

Infectious bursal disease virus (IBDV) that causes the Infectious bursal disease (IBD), 

otherwise known as the Gumboro disease, belongs to the Avibirnavirus genus of the 

Birnaviridae family. IBDV typically replicates in the bursa of Fabricius; thus, leading 

to suppression in both humoral and cellular immunity in chicken that are infected with 

them. IBD is one of the primary reasons for the reduced productivity and this incurs 

loss to the poultry industry all over the world, irrespective of the country’s 

development (Shane, 1997). IBD is spread worldwide with two serotypes (Sharma, 

Kim, Rautenschlein, & Yeh, 2000) (OIE, Terrestrial Manual 2008). Serotype 1 is the 

one responsible for clinical cases of the disease and many commercial vaccines have 

been produced for Serotype 1 (OIE, Terrestrial Manual 2008).  

The very virulent IBD virus is capable of infecting chickens in the presence of 

maternally derived or higher levels of vaccinal antibodies causing very high 

mortalities and bursal damage with severe economic losses (Shane, 1997; Lukert, 

1997; Sainsbury, 2000; Islam & Samad , 2004; Mbuko et al. 2010). The chickens are 
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most susceptible to IBD between the age of 3 and 6 weeks, when the bursa of fabricius 

is at its maximum rate of development and the bursa follicles are filled up with 

immature lymphocytes. The IBD virus replicates and cytolytically affects the actively 

dividing B lymphocytes in the bursa of Fabricius (Baxendale, 1981; Lukert, 1997). 

Thus, it is very important to look for methods to control the disease. 

IBDV enters by the oral route of the host organism (chicken) and is transported to 

other tissues by the phagocytic cells most probably by the resident macrophages. The 

virus attacks the actively dividing B cells in the bursa of fabricius that bear the IgM 

(Rodenberg et al., 1994). The virus destroys the lymphoid follicles in the bursa of 

fabricius as well as the circulating B cells in the secondary lymphoid tissues such as 

gut-associated lymphoid tissue (GALT); conjunctiva associated lymphoid tissue 

(CALT), bronchial associated lymphoid tissue (BALT), caecal tonsils, Harderian 

gland, etc. Apart from B cells, they infect and replicate in macrophages as well, where 

they produce pro-inflammatory mediators and cytokines, whose levels rises to the 

maximum during the early phase of active virus replication (Palmquist et al., 2006). 

The draft chicken genome used as a reference sequence was assembled using whole 

genome shotgun sequencing of DNA from a single inbred female jungle fowl (Gallus 

gallus, the ancestor of domesticated chickens; Fumihito et al., 1994) using fosmid, 

bacterial artificial chromosome (BAC) and plasmid (Hillier et al., 2004). In birds, 

female is the heterogametic sex, with single copies of the Z and W chromosomes. 

Thus, the final assembly had very poor representation of these chromosomes. Unlike 

the rest of the genome, the W chromosome has a high repeat content thus; only 

minimal sequence assembly was possible. About 5%–10% of genes were missing from 

the final assembly. This could have been due to the possibility of gene duplications 

and GC-rich sequences. Consequently, it becomes important to complete the chicken 

genome sequence to a high quality for comparative genomics and gene discovery. 

Moving forward, there is a high demand for food that is safe to consume, Thus, raising 

the demand for livestock that has been treated with lesser chemicals and antibiotics. 

Discovery of disease resistant traits using conventional genetic selection is both time 

consuming and costly; hence, studying the chicken genomics aids in finding a solution 

to this problem (Burt, 2005). 

1.2 Statement of problem 

Vaccination is the main strategy used to contain IBD. However, IBD outbreaks still 

occur in chicken farms worldwide due to the emergence of variant strains of IBDV 

and very virulent IBDV (Lee, Kim, Wu, & Lin, 2015). As a result, it would be a vital 

analyse the transcriptomes of the infected and the uninfected chickens to compare and 

understand the different RNA contents in both states and use the differences to 

improve resistance. 
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1.3 Justification of research 

Understanding the expression of the genes in the system, especially those that are 

affected during a disease condition and are involved in the disease could pave path to 

develop therapeutic strategies to combat the disease. High-throughput RNA 

sequencing (RNA-seq) technology, a powerful way to profile the transcriptome with 

great efficiency and higher accuracy, has been employed in various viral infections 

and disease. RNA-seq technology has the potential to reveal the alterations of the 

dynamics of the genome of the pathogen itself and the systemic change in host gene 

expression in the process of infection by pathogens, which could help uncover the 

pathogenesis of the infection.  Previous study comparing the gene expression in 

chicken under the influence of two different viral infection caused by influenza viruses 

H5N8 and H1N1 showed that the transcriptomic data of the host could reveal the 

underlying genes involved by analysing their expression levels at two different 

conditions (Park et al., 2015). 

1.4 Research hypotheses 

Transcriptomic data obtained from RNA seq analysis of infected and uninfected states 

of six different lines of chicken will help complete the missing parts of the Gallus 

gallus genome and differential expression profiles would reveal genes that play a vital 

role in the IBDV infection. Thus, they can give better understanding of the 

pathogenesis leading to better treatment against the disease. 

1.5 Research objectives 

1.5.1 General objective 

To analyse the differential expression of de novo assembled transcriptome and 

discover novel genes present in control and IBDV infected chickens. 

1.5.2 Specific objectives 

1. To annotate the transcribed genes of de novo assembled transcriptome dataset 

from six different lines of control and IBDV infected chickens. 

2. To investigate the differential gene expressions of the annotated genes; 

3.   To perform gene network analysis for function prediction of novel 

differentially expressed genes; 

4. To validate the genes using quantitative PCR.  © C
OPYRIG

HT U
PM



61 

 
6 REFERENCES 

 
Alkan, C., Sajjadian, S., & Eichler, E. E. (2010). Limitations of next-generation 

genome sequence assembly. Nature Methods, 8, 61. Retrieved from 

http://dx.doi.org/10.1038/nmeth.1527 

 

Aricibasi, M., Jung, A., Heller, E. D., & Rautenschlein, S. (2010). Differences in 

genetic background influence the induction of innate and acquired immune 

responses in chickens depending on the virulence of the infecting infectious 

bursal disease virus (IBDV) strain Veterinary Immunology and 

Immunopathology, 135(1-2), 79-92. doi:10.1016/j.vetimm.2009.11.00504 

 

Bansal, M., Belcastro, V., Ambesi-Impiombato, A., & di Bernardo, D. (2007). How 

to infer gene networks from expression profiles Molecular Systems Biology, 3. 

doi:10.1038/msb4100120. 

 

Block, H., Meyer-Block, K., Rebeski, D. E., Scharr, H., de Wit, S., Rohn, K., & 

Rautenschlein, S. (2007). A field study on the significance of vaccination 

against infectious bursal disease virus (IBDV) at the optimal time point in 

broiler flocks with maternally derived IBDV antibodies. Avian Pathology : 

Journal of the W.V.P.A, 36(5), 401–409. 

https://doi.org/10.1080/03079450701589175 

 

Bumstead, N., Reece, R. L., & Cook, J. K. A. (1993). Genetic differences in 

susceptibility of chicken lines to infection with infectious bursal disease virus 

Poultry Science, 72(3), 403-410. doi:10.3382/ps.0720403. 

 

Chen, Y., Lu, Z., Zhang, L., Gao, L., Wang, N., Gao, X., & Wang, X. (2016). 

Ribosomal protein L4 interacts with viral protein VP3 and regulates the 

replication of infectious bursal disease virus. Virus Research, 211, 73-78. 

http://doi.org/10.1016/j.virusres.2015.09.017. 

 

Chettle, N., Stuart, J., & Wyeth, P. (1989). Outbreak of virulent infectious bursal 

disease in east Anglia Anglia. Veterinary Record, 125(10), 271-272. 

doi:10.1136/vr.125.10.271. 

 

Ching Wu, C., Rubinelli, P., & Long Lin, T. (2007). Molecular detection and 

differentiation of infectious bursal disease virus. Avian Diseases, 51(2), 515-

526. doi:10.1637/0005-2086(2007)51[515:MDADOI]2.0.CO;2. 

 

Conesa, A., Götz, S., García-Gómez, J.M., Terol, J., Talón, M., & Robles, M. (2005). 

Blast2GO: a universal tool for annotation, visualization and analysis in 

functional genomics research. Bioinformatics, 21(18), 3674-3676. 

doi:10.1093/bioinformatics/bti610. 

 

 Devadas K, Biswas S, Haleyurgirisetty M, Wood O, Ragupathy V, Lee S, et al. (2016) 

Analysis of Host Gene Expression Profile in HIV-1 and HIV-2 Infected T-

© C
OPYRIG

HT U
PM



62 

Cells. PLoS ONE 11(1): e0147421. 

https://doi.org/10.1371/journal.pone.0147421 

 

Dequéant, M-L., & Pourquié, O. (2005). Chicken genome: New tools and concepts. 

Developmental Dynamics,; 232(4), 883-886. doi:10.1002/dvdy.20266. 

 

Duan, X., Schmidt, E., Li, P., Lenox, D., Liu, L., Shu, C., & Liang, C. (2012). Peanut 

DB: An integrated bioinformatics web portal for Arachis hypogaea 

transcriptomics. BMC Plant Biology, 12(1), 94. doi:10.1186/1471-2229-12-

94. 

 

Dünzinger, U., Nanda, I., Schmid, M., Haaf, T., & Zechner, U. (2005). Chicken 

orthologues of mammalian imprinted genes are clustered on macro 

chromosomes and replicate asynchronously. Trends in Genetics,21(9) , 488-

492. doi:10.1016/j.tig.2005.07.004. 

 

Edwards, S. V., Bryan Jennings, W., & Shedlock, A. M. (2005). Phylogenetics of 

modern birds in the era of genomics. Proceedings (Royal Society of 

Edinburgh). Section B, Biological sciences., 272(1567), 979-992. 

doi:10.1098/rspb.2004.3035. 

 

Eisen, M. B., Spellman, P. T., Brown, P. O., & Botstein, D. (1998). Cluster analysis 

and display of genome-wide expression patterns. Proceedings of the National 

Academy of Sciences, 95(25), 14863 LP-14868. Retrieved from 

http://www.pnas.org/content/95/25/14863.abstract. 

 

Eldaghayes, I., Rothwell, L., Williams, A., Withers, D., Balu, S., Davison, F., & 

Kaiser, P. (2006). Infectious bursal disease virus: Strains that differ in 

virulence differentially modulate the innate immune response to infection in 

the chicken bursa. Viral Immunology, 19(1), 83-91. 

doi:10.1089/vim.2006.19.83. 

 

Ellison C.E., Kowbel D., Glass N.L., Taylor J.W., & Brem R.B. (2014). Discovering 

functions of unannotated genes from a transcriptome survey of wild fungal 

isolates. mBio 5(2):e01046-13. doi:10.1128/mBio.01046-13. 

 

Ellegrene H. (2005). The avian genome uncovered. Trends in Ecology & Evolution, 

20(4):180-186. doi:10.1016/j.tree.2005.01.015. 

 

Eterradossi, N., & Saif, Y. M. (2008). Infectious bursal disease. In Y. M. Saif, A. M. 

Fadly, J. R. Glisson, L. R. McDougald, L. K. Nolan & D. E. Swayne (Eds.), 

Disease of poultry (12th edition ed., pp. 185-208). Ames, IA, USA: Blackwell 

Publishing. 

 

Fallis, A. (2013). No Title. Journal of Chemical Information and Modeling, 53(9), 

1689-1699. http://doi.org/10.1017/CBO9781107415324.004. 

 

FAOSTAT. (2016). FAO statistical database, access in July 2016. Gerber, P.J., 

Henderson, B., Opio, C., Mottet, A., & Steinfeld, H. (2013). Tackling climate 

© C
OPYRIG

HT U
PM

https://searchworks.stanford.edu/?q=%22+Proceedings+%28Royal+Society+of+Edinburgh%29.%22&search_field=search_title
https://searchworks.stanford.edu/?q=%22+Proceedings+%28Royal+Society+of+Edinburgh%29.%22&search_field=search_title


63 

change through livestock-a global assessment of emissions and mitigation 

opportunities. Rome: FAO. 

 

Fazzari M.J., & Greally J.M. (2004). Epigenomics: beyond CpG islands. Nature 

Reviews Genetics, 5(6), 446-455. doi:10.1038/nrg1349. 

 

Fernandez-Cuesta, L., Sun, R., Menon, R., et al. (2015). Identification of novel fusion 

genes in lung cancer using breakpoint assembly of transcriptome sequencing 

data. Genome Biology,16(1) ,7. doi:10.1186/s13059-014-0558-0. 

 

Fonseca, N. A., Rung, J., Brazma, A., & Marioni, J. C. (2012). Tools for mapping 

high-throughput sequencing data. Bioinformatics (Oxford, England), 28(24), 

3169-3177. doi:10.1093/bioinformatics/bts605 [doi]. 

 

Fox, J. (2003). Effect Displays in R for Generalised Linear Models. Journal of 

Statistical Software, 8(15), 1-27. http://doi.org/10.2307/271037. 

 

Fumihito, A., Miyake, T., Sumi, S., Takada, M., Ohno, S., & Kondo, N. (1994). One 

subspecies of the red jungle fowl (Gallus gallus) suffices as the matriarchic 

ancestor of all domestic breeds. Proceedings of the National Academy of 

Science, 91(26), 12505-12509. doi:10.1073/pnas.91.26.12505. 

 

Gallus genome. GBrowse: 480 kbp from chr23:2,120,000..2,599,999. Retrieved from 

http://128.175.126.109/cgi-bin/gbrowse/gallus/?name=chr23 

 

Gene, A., Kavak, E., & Sandberg, R. (2012). Next Generation Microarray 

Bioinformatics. Methods,; 802(6), 101-112. doi:10.1007/978-1-61779-400-1. 

 

GLEAM 2, 2016. Global Livestock Environmental Assessment Model. FAO, Rome. 

Available at http://www.fao.org/gleam 

 

Gyorfy, Z., Ohnemus, A., Kaspers, B., Duda, E., & Staeheli, P. (2003). Truncated 

chicken interleukin-1ßwith increased biologic activity. Journal of Interferon 

& Cytokine Research, 23(5), 223-228. doi:10.1089/107999003321829935. 

 

Haas, B. J., & Zody, M. C. (2010). Advancing RNA-Seq analysis. Nature 

Biotechnology, 28(5), 421-423. doi:10.1038/nbt0510-421. 

 

Han, D., Zhang, Y., Chen, J., et al. (2017). Transcriptome analyses of differential gene 

expression in the bursa of Fabricius between Silky Fowl and White Leghorn. 

Science Reports, 7, 45959. doi:10.1038/srep45959. 

 

Hedges, S. B. (2002). The origin and evolution of model organisms. Nature Reviews 

Genetics, 3(11), 838-849. doi: 10.1038/nrg929. 

 

Hill, W. G., & Robertson, A. (1966). The effect of linkage on limits to artificial 

selection. Genetics Research, 8(3), 269. doi: 10.1017/S0016672300010156. 

© C
OPYRIG

HT U
PM

http://128.175.126.109/cgi-bin/gbrowse/gallus/?name=chr23
http://www.fao.org/gleam


64 

Hillier, L. W., Miller, W., Birney, E., et al. (2004). Sequence and comparative analysis 

of the chicken genome provide unique perspectives on vertebrate evolution. 

Nature, 432(7018), 695-716. doi: 10.1038/nature03154. 

 

Hocking, P. M. (2005). Review of QTL mapping results in chickens. Worlds Poultry 

Science Journals, 61(2), 215-226. doi: 10.1079/WPS200461. 

 

How to optimize a SYBR Green-based qPCR reaction - Kappa Biosystems. 

https://www.kapabiosystems.com/qpcr/optimize-sybr-green-based-qpcr-

reaction/. 

 

Hubbard, S. J. (2005). Transcriptome analysis for the chicken based on 19,626 

finished cDNA sequences and 485,337 expressed sequence tags. Genome 

Research, 15(1), 174-183. doi:10.1101/gr.3011405. 

 

Hudson, P. J., McKern, N. M., Power, B. E., & Azad, A. A. (1986). Genomic structure 

of the large RNA segment of infectious bursal disease virus Nucleic 

AcidsResearch, 14(12), 5001-5012. doi:10.1093/nar/14.12.5001. 

 

Hillier, L. W., Miller, W., Birney, E., et al. (2004). Sequence and comparative analysis 

of the chicken genome provide unique perspectives on vertebrate evolution. 

Nature, 432(7018), 695-716. doi: 10.1038/nature03154. 

 

Juul-Madsen, H. R., Nielsen, O. L., Krogh-Mailbox  T., et al. (2002). Major 

histocompatibility complex-linked immune response of young chickens 

vaccinated with an attenuated live infectious bursal disease virus vaccine 

followed by an infection. Poultry Science, 81(5), 649-656. doi: 

10.1093/PS/81.5.649. 

 

Infectious bursal disease. Retrieved from http://waddl.vetmed.wsu.edu/animal-

disease-faq/infectious-bursal-disease 

 

Ingrao, F., Rauw, F., Lambrecht, B., & van den Berg, T. (2013). Infectious Bursal 

Disease: A complex host–pathogen interaction. Developmental &  

Comparative Immunology,; 41(3), 429-438. doi:10.1016/j.dci.2013.03.017. 

 

Islam MT, & Samad MA2004. Mortality in chicks associated with economic impact 

and prospect of layer chick rearer package programme of the participatory 

livestock development project in Bangladesh. International Journal of Poultry 

Science, 3(2), 119-123. doi:10.3923/ijps.2004.119.123. 

 

Jackwood, M. W., Hilt, D. A., Williams, S. M., Woolcock, P., Cardona, C., & 

O'Connor, R. (2007). Molecular and serologic characterization, pathogenicity, 

and protection studies with infectious bronchitis virus field isolates from 

California. Avian Diseases, 51(2), 527-533. doi:10.1637/0005-2086(2007)51. 

 

Jansen, T., Forster, P., Levine, M. A., et al. (2002). Mitochondrial DNA and the origins 

of the domestic horse. Proceedings of the National Academy of Sciences, 

99(16),10905-10910. doi:10.1073/pnas.152330099. 

© C
OPYRIG

HT U
PM

https://www.kapabiosystems.com/qpcr/optimize-sybr-green-based-qpcr-reaction/
https://www.kapabiosystems.com/qpcr/optimize-sybr-green-based-qpcr-reaction/
http://waddl.vetmed.wsu.edu/animal-disease-faq/infectious-bursal-disease
http://waddl.vetmed.wsu.edu/animal-disease-faq/infectious-bursal-disease
http://waddl.vetmed.wsu.edu/animal-disease-faq/infectious-bursal-disease


65 

Jordan, C. T. (2008). Discovery of agents that eradicate leukaemia stem cells using an 

in silico screen of public gene expression data. Blood, 111(12), 5654-5662. 

doi:10.1182/blood-2007-11-126003. 

 

Juul-Madsen, H. R., Dalgaard, T. S., Røntved, C. M., Jensen, K. H., & Bumstead, N. 

(2006). Immune response to a killed infectious bursal disease virus vaccine in 

inbred chicken lines with different major histocompatibility complex 

haplotypes. Poultry Sciences, 85(6), 986-998. 

http://www.ncbi.nlm.nih.gov/pubmed/16776466. 

 

Kasanga, C. J., Yamaguchi, T., Munang’andu, H. M., Ohya, K., & Fukushi, H. (2013). 

Molecular epidemiology of infectious bursal disease virus in Zambia. Journal 

of the South African Veterinary Association, 84(1), E1-4. 

 

Kaiser, P., Poh, T. Y., Rothwell, L., et al. (2005). A Genomic Analysis of Chicken 

Cytokines and Chemokines. Journal on Interferon Cytokine Research, 25(8), 

467-484. doi:10.1089/jir.2005.25.467. 

 

Kaiser, P. (2004). Evolution of the interleukins. Developmental & Comparative 

immunology, 28(5), 375-394. doi:10.1016/j.dci.2003.09.004. 

 

Ka-Shu Wong, G., Liu, B., Wang, J., et al. (2004). A genetic variation map for chicken 

with 2.8 million single-nucleotide polymorphisms. Nature, 432(7018), 717-

722. doi: 10.1038/nature03156. 

 

Kibenge, F. S. B., Dhillon, A. S., & Russell, R. G. (1988). Biochemistry and 

immunology of infectious bursal disease virus. Journal of General Virology, 

69(8), 1757-1775. doi:10.1099/0022-1317-69-8-1757. 

 

Kibenge, F. S. B., Qian, B., Cleghorn, J. R., & Martin, C. K. (2014; 1997). Infectious 

bursal disease virus polyprotein processing does not involve cellular proteases. 

Archives of Virology, 142(12), 2401-2419. doi:10.1007/s007050050251.  

 

Korf, I., Flicek, P., Duan, D., & Brent, M. R. (2001). Integrating genomic homology 

into gene structure prediction. Bioinformatics, 17(Suppl 1), S140-S148. 

doi:10.1093/bioinformatics/17.suppl_1.S140. 

 

Langfelder, P., & Horvath, S. (2008). WGCNA: an R package for weighted correlation 

network analysis. BMC Bioinformatics, 9, 559. doi: 10.1186/1471-2105-9-

559. 

 

Langfelder, P., & Horvath, S. (2007). Eigengene networks for studying the 

relationships between co-expression modules. BMC Systems Biology, 1, 54. 

doi:1752-0509-1-54 [pii]. 

 

Larson, G., Karlsson, E. K., Perri, A., et al. (2012). Rethinking dog domestication by 

integrating genetics, archaeology, and biogeography. Proceedings of the 

National Academy of Sciences, 109(23), 8878-8883. 

doi:10.1073/pnas.1203005109. 

© C
OPYRIG

HT U
PM



66 

Lasher, H. N., & Davis, V. S. (2013). History of infectious bursal disease in the 

U.S.A.—the first two decades. Avian Diseases, 41(1), 11-19. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/9087316 

 

Lee, C-C., Kim, B-S., Wu, C. C., & Lin, T. L. (2015). Bursal transcriptome of chickens 

protected by DNA vaccination versus those challenged with infectious bursal 

disease virus. Archives of Virology, 160(1), 69-80. doi:10.1007/s00705-014-

2232-y. 

 

Liu, L., Li, Y., Li, S., Hu, N., He, Y., Pong, R., Law, M. (2012). Comparison of next-

generation sequencing systems. Journal of Biomedicine and Biotechnology, 

2012. https://doi.org/10.1155/2012/251364 

  

Liu, X., Zhang, F., Shan, H., et al. (2016). mRNA expression in different 

developmental stages of the chicken bursa of Fabricius. Poultry Sciences, 

95(8), 1787-1794. doi:10.3382/ps/pew102. 

 

Lombardo, E., Maraver, A., Espinosa, I., Fernández-Arias, A., & Rodriguez, J. F. 

(2000). VP5, the nonstructural polypeptide of infectious bursal disease virus,  

 

Lopez-Maestre, H., Brinza, L., Marchet, C., et al. (2016). SNP calling from RNA-seq 

data without a reference genome: identification, quantification, differential 

analysis and impact on the protein sequence. Nucleic Acids Research, 44(19), 

gkw655. doi:10.1093/nar/gkw655. 

 

Lukert, P.D. YMS (1997). Infectious Bursal Disease. In: B. W. Calnek, H. J. Barnes, 

C. W. Beard, L. R. McDougald YMS, ed. Diseases of Poultry. 10th ed. Iowa 

State University Press, Ames: 721-738. 

 

Lynn, D. J., Lloyd, A. T., & O’Farrelly, C. (2003). In silico identification of 

components of the Toll-like receptor (TLR) signaling pathway in clustered 

chicken expressed sequence tags (ESTs). Veterinary Immunology and 

Immunopathology, 93(3–4), 177–184. https://doi.org/10.1016/S0165-

2427(03)00058-8 

 

Makadiya, N. R., Jhala, M. K., Gaba, A., Joshi, C. G., & Rank, D. N. (2006). Detection 

of infectious bursal disease virus (IBDV) from bursal tissue by RTPCR and its 

comparative efficacy with conventional precipitation assays. Indian Journal of 

Poultry Science, 41(1), 82-84. 

 

Mardassi, H., Khabouchi, N., Ghram, A., Namouchi, A., & Karboul, A. (2004). A 

Very Virulent Genotype of Infectious Bursal Disease Virus Predominantly 

Associated with Recurrent Infectious Bursal Disease Outbreaks in Tunisian 

Vaccinated Flocks. Avian Diseases, 48(4), 829-840. doi:10.1637/7210-

052004R. 

 

Martin, B., Chadwick, W., Yi, T., Park, S., Lu, D., Ni, B., & Maudsley, S. (2012). 

Correction: VENNTURE–A Novel Venn Diagram Investigational Tool for 

© C
OPYRIG

HT U
PM



67 

Multiple Pharmacological Dataset Analysis. PLoS ONE, 7(5). 

doi:10.1371/annotation/27f1021c-b6f2-4b90-98bc-fcacd2679185. 

 

Martin, J. A., & Wang, Z. (2011). Next-generation transcriptome assembly. Nature 

Review on Genetics, 12(10), 671-682. doi:10.1038/nrg3068. 

 

Masabanda, J. S. (2004). Molecular Cytogenetic Definition of the Chicken Genome: 

The First Complete Avian Karyotype. Genetics, 166(3), 1367-1373. 

doi:10.1534/genetics.166.3.1367. 

 

Mbuko, I. J., Musa, W. I., Ibrahim, S., et al. (2010). A Retrospective Analysis of 

Infectious Bursal Disease Diagnosed at Poultry Unit of Ahmadu Bello 

University, Nigeria. International Journal of Poultry Sciences, 9(8), 784-790. 

doi:10.3923/ijps.2010.784.790. 

 

McQueen, H. A., Fantes, J., Cross, S. H., Clark, V. H., Archibald, A. L., & Bird, A. 

P. (1996). CpG islands of chicken are concentrated on microchromosomes. 

Nature Genetics, 12(3), 321-324. doi:10.1038/ng0396-321. 

 

Mohammed, M. H., Ameer, A., Zahid, H., Kadhim, L. I., & Hasoon, M. F. (2013). 

Conventional and Molecular Detection of Newcastle Disease and Infectious 

Bursal Disease in Chickens. Journal of World’s Poultry Research 3(1), 5-12. 

http://jwpr.science-line.com/. Accessed May 20, 2016. 

 

Mundt, E., Beyer, J., & Muller, H. (1995). Identification of a novel viral protein in 

infectious burssal disease virus-infected cells. Journal of General Virology, 

76(2), 437-443.doi:10.1099/0022-1317-76-2-437 

 

Muscarella, D. E. (1985). The ribosomal RNA gene cluster in aneuploid chickens: 

evidence for increased gene dosage and regulation of gene expression. Journal 

on Cell Biology, 101(5), 1749-1756. doi:10.1083/jcb.101.5.1749. 

 

Nakamura, H., Katahira, T., Sato, T., Watanabe, Y., & Funahashi, J. (2004). Gain- and 

loss-of-function in chick embryos by electroporation. Mechanism of 

Development, 121(9), 1137-1143. doi:10.1016/j.mod.2004.05.013. 

 

Nikolaidis, N., Makalowska, I., Chalkia, D., Makalowski, W., Klein, J., & Nei, M. 

(2005). Origin and evolution of the chicken leukocyte receptor complex. 

Proceeding on National Academy of Sciences;102(11):4057-4062. 

doi:10.1073/pnas.0501040102. 

 

OIE 2008. Office International des Epizootics. No Title. In: Infectious Bursal Disease 

(Gumboro). Terrestial Manual. ; 2008. 

 

Outlook and challenges. http://www.wpsa.com/index.php/wpsa-

proceedings/2016/xxv-world-s-poultry-congress/2087-global-poultry-

production-current-state-and-future-outlook-and-challenges/file. Accessed 

August 8, 2016. 

 

© C
OPYRIG

HT U
PM



68 

Ovcharenko, I., Loots, G. G., Nobrega, M. A., Hardison, R. C., Miller, W., & Stubbs, 

L. (2005). Evolution and functional classification of vertebrate gene deserts. 

Genome Research, 15(1), 137–145. https://doi.org/10.1101/gr.3015505 

 

Palmquist, J. M., Khatri, M., Cha, R. M., Goddeeris, B. M., Walcheck, B., & Sharma, 

J. M. (2006). In VivoActivation of chicken macrophages by infectious bursal 

disease virusViral Immunology, 19(2), 305 - 315. 

doi:10.1089/vim.2006.19.305 

 

Park, S-J., Kumar, M., Kwon, H., et al. (2015). Dynamic changes in host gene 

expression associated with H5N8 avian influenza virus infection in mice. 

Science Reports,5(1), 16512. doi:10.1038/srep16512. 

 

Parra, G., Agarwal, P., Abril, J. F., Wiehe, T., Fickett, J. W., & Guigó, R. (2003). 

Comparative Gene Prediction in Human and Mouse. Genome Research, 13(1), 

108–117. http://doi.org/10.1101/gr.871403  

 

Piskol, R., Ramaswami, G., & Li, J. B. (2013). Reliable identification of genomic 

variants from RNA-seq data. American Journal of Human Genetics, 93(4), 

641-651. doi:10.1016/j.ajhg.2013.08.008. 

 

Pitcovski, J., Cahaner, A., Heller, E. D., Zouri, T., Gutter, B., Gotfried, Y., & Leitner, 

G. (2001). Immune Response and Resistance to Infectious Bursal Disease 

Virus of Chicken Lines Selected for High or Low Antibody Response to 

Escherichia coli. Poultry Science, 80(7), 879–884. Retrieved from 

http://dx.doi.org/10.1093/ps/80.7.879 

 

Quick-R: Graphical parameters Retrieved from 

http://www.statmethods.net/advgraphs/parameters.html 

 

Qureshi, M. (2003). Avian macrophage and immune response: An overview. Poultry 

Science, 82(5), 691-698. doi:10.1093/ps/82.5.691 

 

Rajaonarison, J. J., Rakotonindrina, S., Rakotondramary, E. K., & Razafimanjary, S. 

(1994). Gumboro disease (infectious bursitis) in Madagascar. Revue d’elevage 

et de Medecine Veterinaire Des Pays Tropicaux, 47, 15–17. 

https://doi.org/10.1080/01652176.2008.9697673 

 

Rautenschlein, S., Yeh, H. -., Njenga, M. K., & Sharma, J. M. (2002). Role of 

intrabursal T cells in infectious bursal disease virus (IBDV) infection: T 

cellspromote viral clearance but delay follicular recovery Archives of Virology, 

147(2), 

 

Rautenschlein, S., & Alkie, T. N. (2016). Infectious bursal disease virus in poultry: 

current status and future prospects. Veterinary Medicine Research Reports, 

7:9. doi:10.2147/VMRR.S68905. 

Rautenschlein, S., Yeh, H., & Sharma, J. M. (2003). Comparative 

immunopathogenesis of mild, intermediate, and virulent strains of classic 

© C
OPYRIG

HT U
PM

http://www.statmethods.net/advgraphs/parameters.html


69 

infectious bursal disease virus. Avian Diseases, 47(1), 66-78. 

doi:10.1637/0005-2086(2003)047[0066:CIOMIA]2.0.CO;2 

 

Robertson, G., Schein, J., Chiu, R., et al. 2010. De novo assembly and analysis of 

RNA-seq data. Nature Methods, 7(11), 909-912. doi:10.1038/nmeth.1517. 

 

Rodenberg, J., Sharma, J. M., Belzer, S. W., Nordgren, R. M., & Naqi, S. (1994). Flow 

cytometric analysis of B cell and T cell subpopulations in specific-pathogen-

free chickens infected with infectious bursal disease virus. Avian Diseases, 

38(1), 16. doi:10.2307/1591831 

 

Rodríguez-Lecompte, J. C., Niño-Fong, R., Lopez, A., Frederick, Markham R. J., & 

Kibenge, F. S. B. (2005). Infectious bursal disease virus (IBDV) induces 

apoptosis in chicken B cells. Comparative Immunology, Microbiology, and 

Infectious Diseases, 28(4), 321-337.doi:10.1016/j.cimid.2005.08.004. 

 

Rodríguez-Lecompte, J. C., Niño-Fong, R., Lopez, A., Frederick Markham, R. J., & 

Kibenge, F. S. B. (2005). Infectious bursal disease virus (IBDV) induces 

apoptosis in chicken B cells. Comparative Immunology, Microbiology and 

Infectious Diseases, 28(4), 321-337. 

http://doi.org/10.1016/j.cimid.2005.08.004 

 

Rothwell, L., Young, J. R., Zoorob, R., et al. (2004). Cloning and Characterization of 

Chicken IL-10 and Its Role in the Immune Response to Eimeria maxima. 

Journal of Immunology,  173(4), 2675-2682. 

doi:10.4049/jimmunol.173.4.2675. 

 

Roussn, D. A., Al-saleh, W., Khawaldeh, G. Y., & Totanji, W. S. (2012). 

Characterization of infectious bursal disease virus fi eld strains in Jordan using 

molecular techniques - a short communication. Veterin Arski Arh, 82(1), 115-

124. 

 

Ruby, T., Whittaker, C., Withers, D. R., Chelbi-Alix, M. K., Morin, V., Oudin, A., & 

Zoorob, R. (2006). Transcriptional Profiling Reveals a Possible Role for the 

Timing of the Inflammatory Response in Determining Susceptibility to a Viral 

Infection. Journal of Virology, 80(18), 9207-9216. doi:10.1128/jvi.00929-06 

 

Sainsbury, D. (2000). Infectious Bursal Disease: Poultry Health and Management.;. 

 

Salzberg, S. L., Yorke, J. A. (2005). Beware of mis-assembled genomes. 

Bioinformatics, 21(24), 4320-4321. doi:10.1093/bioinformatics/bti769. 

 

Sang, H. (2004). Prospects for transgenesis in the chick. Mechanism of Development, 

121(9), 1179-1186. doi:10.1016/j.mod.2004.05.012. 

Schmid, M., Nanda, I., & Burt, D.W. (2005). Second report on chicken genes and 

chromosomes 2005. Cytogenetic Genome Research, 109(4), 415-479. 

doi:10.1159/000084205. 

 

© C
OPYRIG

HT U
PM

http://doi.org/10.1016/j.cimid.2005.08.004


70 

Schmidt, C. J., Romanov, M., Ryder, O., Magrini, V., Hickenbotham, M., 

Glasscock,J., & Stein, L. D. (2007). Gallus GBrowse: A unified genomic 

database for the chicken. Nucleic Acids Research, 36(Database), D719-D723. 

doi:10.1093/nar/gkm783. 

 

Sequencing data using R and bioconductor. Nature Protocols, 8(9), 1765-1786. 

doi:10.1038/nprot.2013.099 [doi] 

 

Shane, S. (1997). Infectious Bursal Disease: The Poultry Disease Handbook. 

 

Sharma, J. M., Kim, I. J., Rautenschlein, S., & Yeh, H. Y. Infectious bursal disease 

virus of chickens: pathogenesis and immunosuppression. Developmental and 

Comparative Immunology, 24(2-3), 223-235. 

http://www.ncbi.nlm.nih.gov/pubmed/10717289. Accessed October 10, 2016. 

 

Sharma, J. (2000). Infectious bursal disease virus of chickens: Pathogenesis and 

immunosuppression. Developmental & Comparative Immunology, 24(2-3), 

223-235. doi:10.1016/S0145-305X(99)00074-9 

 

Sharma, J. M., Kim, I. J., Rautenschlein, S., & Yeh, H. Y. (2000). Infectious bursal 

disease virus of chickens: Pathogenesis and immunosuppression. 

Developmental and Comparative Immunology, 24(2-3), 223-235. doi:S0145-

305X(99)00074-9[pii] 

 

Smith, J., Bruley, C. K., Paton, I. R., et al. (2000). Differences in gene density on 

chicken macrochromosomes and microchromosomes. Animal Genetics, 31(2), 

96-103. doi:10.1046/j.1365-2052.2000.00565.x. 

 

Smith, J., Sadeyen, J. -R., Butter, C., Kaiser, P.,   & Burt, D. W. (2015). Analysis of 

the early immune response to infection by infectious bursal disease virus in 

chickens differing in their resistance to the disease. Journal of Virology, 89(5), 

2469-2482. doi:10.1128/JVI.02828-14. 

 

Smith, J., Speed, D., Law, A. S., Glass, E. J., & Burt, D. W. (2004). In-silico 

identification of chicken immune-related genes. Immunogenetics, 56(2):122-

133. doi: 10.1007/s00251-004-0669-y. 

 

Speller, C. F., Kemp, B. M., Wyatt, S. D., et al. (2010). Ancient mitochondrial DNA 

analysis reveals complexity of indigenous North American turkey 

domestication. Proceedings of the National Academy of Science, 107(7), 2807-

2812. doi:10.1073/pnas.0909724107. 

 

Sreedevi, B., LeFever, L. J., Sommer-Wagner, S. E., & Jackwood, D. J. (2007). 

Characterization of infectious bursal disease viruses from four layer flocks in 

the United States. Avian Diseases, 51(4), 845-850. doi:10.1637/7923-020607-

REGR1.1. 

 

Staeheli, P., Puehler, F., Schneider, K., Göbel, T. W., & Kaspers, B. (2001). Cytokines 

of Birds: Conserved Functions—A Largely Different Look. Journal of 

© C
OPYRIG

HT U
PM



71 

Interferon and Cytokine Research, 21(12), 993-1010. doi: 

10.1089/107999001317205123. 

 

Stanke, M., Steinkamp, R., Waack, S., & Morgenstern, B. (2004). AUGUSTUS: A 

web server for gene finding in eukaryotes. Nucleic Acids Research,; 32(WEB 

SERVER ISS.). doi:10.1093/nar/gkh379. 

 

Stanke, M., & Morgenstern, B. (2005). AUGUSTUS: A web server for gene prediction 

in eukaryotes that allows user-defined constraints Nucleic Acids Research, 

33(Web Server), W465-W467. doi:10.1093/nar/gki458 

 

Stein, L. D., Mungall, C., Shu, S., Caudy, M., Mangone, M., Day, A., & Lewis, S. 

(2002). The generic genome browser: A building block for a model organism 

system database Genome Research, 12(10), 1599-1610. 

doi:10.1101/gr.403602 [doi] 

 

Stern, C. D. (2004). The chick embryo – past, present and future as a model system in 

developmental biology. Mechanism of Development, 121(9), 1011-1013. 

doi:10.1016/j.mod.2004.06.009. 

 

Tassy, O., Pourquié, O. (2014). Manteia, a predictive data mining system for 

vertebrate genes and its applications to human genetic diseases. Nucleic Acids 

Research,; 42(D1), 882-891. doi:10.1093/nar/gkt807. 

 

The Cost of Sequencing a Human Genome - National Human Genome Research 

Institute (NHGRI). https://www.genome.gov/sequencingcosts/. Accessed 

August 1, 2017. 

 

Tirunagaru, V. G., Sofer, L., Cui, J., & Burnside, J. (2000). An Expressed Sequence 

Tag Database of T-Cell-Enriched Activated Chicken Splenocytes: Sequence 

Analysis of 5251 Clones. Genomics,; 66(2), 144-151. 

doi:10.1006/geno.2000.6189. 

 

Tong, C., Wang, X., Yu, J., et al. (2013). Comprehensive analysis of RNA-seq data 

reveals the complexity of the transcriptome in Brassica rapa. BMC Genomics, 

14(1), 689. doi: 10.1186/1471-2164-14-689.  

 

Trapnell, C., Pachter, L., & Salzberg, S.L. (2009). TopHat: discovering splice 

junctions with RNA-Seq. Bioinformatics, 25(9), 1105-1111. 

doi:10.1093/bioinformatics/btp120. 

 

Trapnell, C., Roberts, A., Goff, L., et al. (2012). Differential gene and transcript 

expression analysis of RNA-seq experiments with TopHat and Cufflinks. 

Nature Protocol, 7(3), 562-578. doi:10.1038/nprot.2012.016. 

 

Trapnell, C., Williams, B. A., Pertea, G., et al. (2010). Transcript assembly and 

quantification by RNA-Seq reveals unannotated transcripts and isoform 

switching during cell differentiation. Nature Biotechnology, 28(5), 511-515. 

doi:10.1038/nbt.1621. 

© C
OPYRIG

HT U
PM



72 

Tranchevent, L. C., Barriot, R., Yu, S., Van Vooren, S., Van Loo, P., Coessens, B., … 

Moreau, Y. (2008). ENDEAVOUR update: a web resource for gene 

prioritization in multiple species. Nucleic Acids Research, 36(Web Server 

issue), W377–W384. https://doi.org/10.1093/nar/gkn325 

 

Uchikawa, M., Takemoto, T., Kamachi, Y., & Kondoh, H. 2004. Efficient 

identification of regulatory sequences in the chicken genome by a powerful 

combination of embryo electroporation and genome comparison. Mechanism 

of Developement, 121(9), 1145-1158. doi:10.1016/j.mod.2004.05.009. 

 

Van den Berg, T. P., Eterradossi, N., Toquin, D., & Meulemans, G. (2000). Infectious 

bursal disease (Gumboro disease). Revue Scientifique et Technique,; 19(2), 

509-543. http://www.ncbi.nlm.nih.gov/pubmed/10935278. Accessed June 1, 

2017. 

 

Wallis, J. W., Aerts, J., Groenen, M. A. M., et al. (2004). A physical map of the 

chicken genome. Nature, 432(7018), 761-764. doi:10.1038/nature03030. 

 

Winterfield, R. W., Fadly, A. M., & Bickford, A. (1972). Infectivity and distribution 

of infectious bursal disease virus in the chicken. Persistence of the virus and 

lesions. Avian Diseases, 16(3), 622. doi:10.2307/1588678 

 

Wong, R. T. -., Hon, C. -., Zeng, F., & Leung, F. C. -. (2007). Screening of 

differentially expressed transcripts in infectious bursal disease virus-induced 

apoptotic chicken embryonic fibroblasts by using cDNA microarrays. Journal 

of General Virology, 88(6), 1785-1796. doi:10.1099/vir.0.82619-0 

 

Wu, C. C., Wu, C. C., Rubinelli, P., Rubinelli, P., Lin, T. L., Lin, T. L. (2007). 

Molecular detection and differentiation of infectious bursal disease virus. 

Avian Diseases, 51(2):515-526. 

http://www.ncbi.nlm.nih.gov/pubmed/17626477. 

 

Xiang, H., Gao, J., Yu, B., et al. (2014). Early Holocene chicken domestication in 

northern China. Proceedings of the National Academy of Science, 111(49), 

17564-17569. doi:10.1073/pnas.1411882111. 

 

Yassour, M., Kaplan, T., Fraser, H. B., et al. (2009). Ab initio construction of a 

eukaryotic transcriptome by massively parallel mRNA sequencing. 

Proceeding of the National Academy of Science U S A, 106(9), 3264-3269. 

doi:10.1073/pnas.0812841106. 

Yokomine, T. (2005). Structural and functional analysis of a 0.5-Mb chicken region 

orthologous to the imprinted mammalian Ascl2/Mash2-Igf2-H19 region. 

Genome Research,15(1), 154-165. doi:10.1101/gr.2609605. 

 

Zahid, B., Aslam, A., Tipu, Y., Yaqub, T., & Butt, T. (2016). Conventional and 

Molecular Detection of Infectious Bursal Disease Virus in Broiler Chicken. 

Pakistan Journal of Zoology, 48(2), 601-603. 

 

© C
OPYRIG

HT U
PM

http://www.ncbi.nlm.nih.gov/pubmed/17626477


73 

Zerbino, D. R., Birney, E. (2008). Velvet: algorithms for de novo short read assembly 

using de Bruijn graphs. Genome Research, 18(5), 821-829. 

doi:10.1101/gr.074492.107. 

 

Zhang, B., Horvath, S. (2005). A General Framework for Weighted Gene Co-

Expression Network Analysis. Statistic Application of Genetics Molecular 

Biology, 4(1). doi:10.2202/1544-6115.1128. 

 

Zheng, X., Hong, L., Shi, L., Guo, J., Sun, Z., & Zhou, J. (2007). Proteomics Analysis 

of Host Cells Infected with Infectious Bursal Disease Virus. Molecular and 

Cellular Proteomics, 7(3), 612-625. doi:10.1074/mcp.M700396-MCP200.  

© C
OPYRIG

HT U
PM




