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Quantitative PCR (qPCR) has been widely utilized in the study of cytokine 

expression profile upon vaccination of recombinant fowlpox virus and challenge of 

avian influenza virus. Although Taqman qPCR method offers specific detection of 

amplified products, SYBR green qPCR is more cost effective and relatively reliable 

to be used in expression profiling. In this study, total RNA samples were first 

harvested from spleens of two-week-old control chickens before reverse-transcribed 

to cDNA using iScript Supermix, with minor modifications. Sensitive qPCR assays 

based on real-time analysis of amplified products, intercalated with SYBR Green I 

dyes were designed and optimized using specific pairs of primers, to quantify 

chicken IL-15, IL-12, IL-18 and IFN-γ cytokine expressions. Amplification 

efficiency and coefficient of determination (R2) were calculated by Bio Rad CFX 

Manager Software after a linear standard curve was generated. From the findings, 

qPCR assays of two chicken cytokine genes, IL-15 and IL-18, and two housekeeping 

genes, GAPDH and β-actin, were successfully optimized. Optimal annealing 
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temperature of IL-15, IL-18, and β-actin were 59˚C, while GAPDH was 64˚C. 

Amplification efficiencies of those genes were within the ideal range, which is 

95%-105%. R2 values of those genes were also higher than 0.98 (>0.98). Melt-curve 

analysis of those genes showed that there was only one significant peak which 

corresponded to single specific amplified product. However, no result was obtained 

for cytokines IL-12 and IFN-γ. With the optimized amplification condition and 

annealing temperature of qPCR assays of each cytokine, differences of cytokine 

expression between control and vaccinated chicken can be studied in future work. 

Keywords : qPCR, chicken cytokine, SYBR green. 
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Kuantitatif PCR telah banyak digunakan dalam kajian profil pengekspresan sitokin 

setelah divaksinasi oleh virus cacar ayam rekombinan dan dicabar oleh virus selsema 

burung. Walaupun kaedah Taqman qPCR menyediakan pengecaman tepat untuk 

produk terganda, SYBR green qPCR adalah lebih murah dan boleh dipercayai, secara 

relatif, untuk digunakan dalam ujian pengekspresan. Dalam kajian ini, pada mulanya 

semua sampel RNA diperolehi daripada limpa ayam berumur dua minggu sebelum 

ditranskripsi songsang kepada cDNA menggunakan iScript Supermix, dengan 

modifikasi yang minor. Asai qPCR yang sensitif berdasarkan analisis masa nyata 

produk terganda, interkalari dengan pewarna SYBR green telah direka dan 

dioptimumkan menggunakan pasangan primer yang sesuai, untuk mengukur 

pengekspresan sitokin ayam IL-15, IL-12, IL-18 dan IFN-γ. Suhu sepuh lindap IL-15, 

IL-18 dan β-actin ialah 59˚C, manakala GAPDH ialah 64˚C. Kecekapan 

penggandaan dan pekali penentuan (R2) telah dikira menggunakan perisian Bio Rad 
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CFX Manager setelah lengkung piawai linear dihasilkan. Daripada 

penemuan-penemuan ini, asai qPCR untuk gen sitokin ayam IL-15 dan IL-18, juga 

gen penyelenggara, GAPDH dan β-actin, telah berjaya dioptimumkan. Kecekapan 

penggandaan untuk kesemua gen adalah dalam lingkungan julat yang sesuai, iaitu 

95%-105%, nilai R2 untuk kesemua gen adalah lebih tinggi daripada 0.98 (>0.98). 

Analisis lengkung-lebur untuk kesemua gen menunjukkan hanya satu puncak 

bermakna yang mewakili satu produk tunggal yang spesifik. Walau bagaimanapun, 

tiada keputusan didapati untuk sitokin IL-12 dan IFN-γ. Dengan kondisi 

penggandaan dan suhu sepuh lindap asai qPCR yang telah dioptimumkan, perbezaan 

pengekspresan sitokin antara ayam kawalan and ayam yang divaksinasi boleh dikaji 

pada masa depan.  

Kata kunci : qPCR, sitokin ayam, SYBR green. 
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CHAPTER 1 

INTRODUCTION 

 

 In this era, agriculture is still an important sector to economic development of 

Malaysia. It contributes a high percentage to the national gross domestic product. 

Agriculture can be defined as practices of farming, crops plantation and cultivation, 

and raising livestock. In order to maintain the development of agriculture sector, 

scientific research and their application are essential. For example, marker-assisted 

selection in plant breeding program, genetic engineering in improving the quality and 

productivity of crops, and development of vaccine against virus infection in livestock. 

In sector of animal husbandry, virus infection in poultry has possibility in leading to 

serious economic losses. One of the popular virus infections or diseases in poultry is 

avian influenza. 

 Avian influenza (AI), is a disease syndrome attributed by influenza A virus, a 

type of virus from Orthomyxoviridae family (Lee et al., 2004; Qiao et al., 2003). 

This virus is not only accountable for major disease in avian, but also in mammals 

(Lee et al., 2004). However, first case of secondary spreading which is associated 

with human involvement, transmission of H5N1 virus from chicken to humans has 

occurred in 1997 (Subbarao, 1998). Thus, a major worry has emerged and shown the 

necessary to develop efficacious vaccines that give protection for poultry especially 

chickens and prevent distribution of virus. In the last 20 years, various types of 

vaccine against avian influenza virus has been developed and studied extensively. 

Wide varieties of vaccines were invented and have shown their effectiveness to 

protect chickens against avian virus.  
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However, in a recent research, in neonatal chickens, immunization is fail after 

vaccination with recombinant fowlpox virus that containing H5 hemagglutinin and 

certain cytokine gene inserts. Problem statement of this project is that after the 

injection of recombinant fowlpox virus into those neonatal chickens, signs of illness 

were observed instead of developing protection against challenge of virus. Therefore 

the researchers hypothesized that chicken will be able to express IL-12, IL-15, IL-18, 

and IFN-γ at different level. Reason of doing this is because it is predicted that 

immunosuppression happened in neonatal chicken due to the overexpression of 

cytokine. Thus, in order to understand the immune response and cytokine gene 

expression level, investigation of their different expression level and its composition 

in neonatal chicken before and after vaccination is one of the ways. Prior of studying 

the expression level quantitatively, qPCR assay of the cytokine gene of chicken has 

to be optimized. 

In order to address the general aim, specific objectives are outlined: 

(i) to isolate pure and good quality RNA from chicken spleen and 

(ii) to optimize the qPCR assay of four chicken cytokine genes and two 

housekeeping genes. 

  



© C
OPYRIG

HT U
PM

50 
 

REFERENCES 

Afonso, C. L., Tulman, E. R., Lu, Z., Zsak, L., Kutish, G. F., & Rock, D. L. (2000). 
The genome of fowlpox virus. Journal of Virology, 74(8), 3815-3831. 

Alexander, D. J. (2007). An overview of the epidemiology of avian influenza. 
Vaccine, 25(30 SPEC. ISS.), 5637-5644. 

Boursnell, M. E. G., Green, I. P. F., Campbell, J. I. A., Deuter, A., Peters, R. W., 
Tomley, F. M. Binns, M. M. I. (1990). Insertion of the fusion gene from 
Newcastle disease virus into a non-essential region in the terminal repeats of 
fowlpox virus and demonstration of protective immunity induced by the 
recombinant. Journal of General Virology, 71, 621-628. 

Boyle, D. B., & Coupar, B. E. (1988). Construction of recombinant fowlpox viruses 
as vectors for poultry vaccines. Virus Research, 10(4), 343-356. 

Boyle, D. B., & Heine, H. G. (1993). Recombinant fowlpox virus vaccines for 
poultry. Immunology and Cell Biology, 71 ( Pt 5)(May), 391-397. 

Boyle, D. B., Selleck, P., & Heine, H. G. (2000). Vaccinating chickens against avian 
influenza with fowlpox recombinants expressing the H7 haemagglutinin. 
Australia Veterinary Journal, 78(1), 44-48. 

Brisbin, J. T., Gong, J., Parvizi, P., & Sharif, S. (2010). Effects of lactobacilli on 
cytokine expression by chicken spleen and cecal tonsil cells. Clinical and 
Vaccine Immunology : CVI, 17(9), 1337-43. 

Cai, Y., Song, Z., Zhang, X., Wang, X., Jiao, H., & Lin, H. (2009). Increased de 
novo lipogenesis in liver contributes to the augmented fat deposition in 
dexamethasone exposed broiler chickens (Gallus gallus domesticus). 
Comparative Biochemistry and Physiology. Toxicology & Pharmacology: CBP, 
150(2), 164-9. doi:10.1016/j.cbpc.2009.04.005 

Capua, I., & Alexander, D. J. (2008). Avian influenza vaccines and vaccination in 
birds. Vaccine, 26(SUPPL. 4), D70-D73. 

Capua, I., & Marangon, S. (2006). Control of avian influenza in poultry. Emerging 
Infectious Diseases, 12(9), 1319-1324. 

Carson, B. W. E., Giri, J. G., Lindemann, M. J., Linett, M. L., Ahdieh, M., Paxton, R. 
Caligiuri, M. A. (1994). Interleukin (IL) 15 is a novel cytokine that activates 
human natural cells via components of the IL-2 receptor. Journal of 
Experimental Medicine, 180, 1395-1403. 



© C
OPYRIG

HT U
PM

51 
 

Chen, Z., Kadowaki, S., Hagiwara, Y., & Yoshikawa, T. (2000). Cross-protection 
against a lethal influenza virus infection by DNA vaccine to neuraminidase. 
Vaccine, 18, 3214-3222. 

Chervoneva, I., Li, Y., Schulz, S., Croker, S., Wilson, C., Waldman, S. a, & Hyslop, 
T. (2010). Selection of optimal reference genes for normalization in quantitative 
RT-PCR. BMC Bioinformatics, 11, 253. doi:10.1186/1471-2105-11-253 

Choi, K. D. (1999). Molecular and functional characterization of chicken IL-15. 
Developmental and Comparative Immunology, 23, 165-177. 

De Jonge, H. J. M., Fehrmann, R. S. N., de Bont, E. S. J. M., Hofstra, R. M. W., 
Gerbens, F., Kamps, W. a, … ter Elst, A. (2007). Evidence based selection of 
housekeeping genes. PloS One, 2(9), e898. doi:10.1371/journal.pone.0000898 

Degen, W. G. J., Van Daal, N., Van Zuilekom, H. I., Burnside, J., & Schijns, V. E. J. 
C. (2004). Identification and molecular cloning of functional chicken IL-12. The 
Journal of Immunology, 172(7), 4371-4380. doi:10.4049/jimmunol.172.7.4371 

Degen, W. G. J., Van Zuilekom, H. I., Scholtes, N. C., Van Daal, N., & Schijns, V. E. 
J. C. (2005). Potentiation of humoral immune responses to vaccine antigens by 
recombinant chicken IL-18 (rChIL-18). Vaccine, 23(33), 4212-4218. 
doi:10.1016/j.vaccine.2005.04.003 

Ginzinger, D. G. (2002). Gene quantification using real-time quantitative PCR : An 
emerging technology hits the mainstream, Experimental Hematology,30, 
503-512. 

Giulietti, a, Overbergh, L., Valckx, D., Decallonne, B., Bouillon, R., & Mathieu, C. 
(2001). An overview of real-time quantitative PCR: applications to quantify 
cytokine gene expression. Methods (San Diego, Calif.), 25(4), 386-401. 
doi:10.1006/meth.2001.1261 

Gobel, T. W., Schneider, K., Schaerer, B., Mejri, I., Puehler, F., Weigend, S., 
Kaspers, B. (2003). IL-18 Stimulates the Proliferation and IFN-  Release of 
CD4+ T Cells in the Chicken: Conservation of a Th1-Like System in a 
Nonmammalian Species. The Journal of Immunology, 171(4), 1809-1815. 
doi:10.4049/jimmunol.171.4.1809 

Grabstein, K. H., Eisenman, J., Shanebeck, K., Rauch, C., Srinivasan, S., Fung, V 
Giri, J. G. (1994). Cloning of a T cell growth factor that interacts with the beta 
chain of the interleukin-2 receptor. Science, 264, 965-968. 

Heine, H. G., & Boyle, D. B. (1993). Infectious bursal disease virus structural protein 
VP2 expressed by a fowlpox virus recombinant confers protection against 
disease in chickens. Archives of Virology, 131, 277-292. 



© C
OPYRIG

HT U
PM

52 
 

Hilton, L. S., Bean, A. G. D., & Lowenthal, J. W. (2002). The emerging role of avian 
cytokines as immunotherapeutics and vaccine adjuvants. Veterinary 
Immunology and Immunopathology, 85(3-4), 119-128. 
doi:10.1016/S0165-2427(01)00414-7 

Johansson, B. E., Bucher, D. J., & Kilbourne, E. D. (1989). Purified influenza virus 
hemagglutinin and neuraminidase are equivalent in stimulation of types of 
immunity to infection. Journal of Virology, 63(3), 1239-1246. 

Kaiser, P., Rothwell, L., Galyov, E. E., Barrow, P. A., Burnside, J., & Wigley, P. 
(2000). Differential cytokine expression in avian cells in response to invasion 
by Salmonella typhimurium , Salmonella enteritidis and Salmonella gallinarum. 
Microbiology, 146, 3217-3226. 

Karlsson, M., Wallensten, A., & Brytting, M. (2007). A real-time PCR assay for the 
monitoring of influenza a virus in wild birds, Journal of Virological Methods,  
144, 27-31. doi:10.1016/j.jviromet.2007.03.013 

Kobayashi, B. Y. M., Fitz, L., Ryan, M., Hewick, R. M., Clark, S. C., Chan, S Nk, 
N.-C. D. (1989). Identification and purification of natural killer cell stimulatory 
factor ( NKSF ), a cytokine with multiple biologic effects on human 
lymphocytes human b lymphoblastoid cell lines facilitate the growth in vitro of 
human nk cells and of t cell clones. Journal of Experimental Medicine, 
170(September). 

Lee, C. W., & Suarez, D. L. (2004). Application of real-time RT-PCR for the 
quantitation and competitive replication study of H5 and H7 subtype avian 
influenza virus. Journal of Virological Methods, 119(2), 151-158. 
doi:10.1016/j.jviromet.2004.03.014 

Lillehoj, H. S., Min, W., Choi, K. D., Babu, U. S., Burnside, J., Miyamoto, T., … 
Lillehoj, E. P. (2001). Molecular, cellular, and functional characterization of 
chicken cytokines homologous to mammalian IL-15 and IL-2. Veterinary 
Immunology and Immunopathology, 82(3-4), 229-244. 
doi:10.1016/S0165-2427(01)00360-9 

Liu, S., Hou, G., Zhuang, Q., Shu, Y., Chen, J., Jiang, Li, J. (2009). A SYBR Green I 
real-time RT-PCR assay for detection and differentiation of influenza A 
( H1N1 ) virus in swine populations. Journal of Virological Methods 
162,184-187. doi:10.1016/j.jviromet.2009.07.035 

Lowenthal, J. W., Lambrecht, B., Berg, T. P. Van Den, Andrew, M. E., Strom, A. D. 
G., & Bean, A. G. D. (2000). Avian cytokines - the natural approach to 
therapeutics. Developmental and Comparative Immunology, 24, 355-365. 



© C
OPYRIG

HT U
PM

53 
 

Mattei, F., Schiavoni, G., Belardelli, F., & Tough, D. F. (2001). IL-15 Is Expressed 
by Dendritic Cells in Response to Type I IFN, Double-Stranded RNA, or 
Lipopolysaccharide and Promotes Dendritic Cell Activation. The Journal of 
Immunology, 167(3), 1179-1187. doi:10.4049/jimmunol.167.3.1179 

Nazerian, K., Lee, L. F., Yanagida, N., & Ogawa, R. (1992). Protection against 
Marek ’ s disease by a fowlpox virus recombinant expressing the glycoprotein B 
of Marek ’ s disease virus . Protection against Marek ’ s Disease by a Fowlpox 
Virus Recombinant Expressing the Glycoprotein B of Marek ’ s Disease Virus. 
Journal of Virology,66(3):1409. 

Newby, D. T., Hadfield, T. L., & Roberto, F. F. (2003). Real-Time PCR Detection of 
Brucella abortus : a Comparative Study of SYBR Green I , 5 Ј -Exonuclease , 
and Hybridization Probe Assays. Applied and Environmental Microbiology, 
69(8), 4753-4759. doi:10.1128/AEM.69.8.4753 

Ogawa, R., Yanagida, N., Saeki, S., Saito, S., Ohkawa, S., Gotoh, H., Iritani, Y. 
(1990). Recombinant fowlpox viruses inducing protective immunity against 
Newcastle disease and fowlpox viruses. Vaccine, 8(5), 486–490. 

Pal, S., Judith, F., & Michael, A. S. (1993). Fowlpox virus host range restriction: 
gene expression, DNA replication, and morphogenesis in nonpermissive 
mammalian cells. Virology, 197, 439-444. 

Plachý, J., Weining, K. C., Kremmer, E., Puehler, F., Hala, K., Kaspers, B., & 
Staeheli, P. (1999). Protective effects of type I and type II interferons toward 
Rous sarcoma virus-induced tumors in chickens. Virology, 256(1), 85-91. 
doi:10.1006/viro.1999.9602 

Ponchel, F., Toomes, C., Bransfield, K., Leong, F. T., Douglas, S. H., Field, S. L., 
Markham, A. F. (2003). Real-time PCR based on SYBR-Green I fluorescence : 
An alternative to the TaqMan assay for a relative quantification of gene 
rearrangements , gene amplifications and micro gene deletions TCR-alpha, 
BMC Biotechnology,13, 1–13. 

Qiao, C., Jiang, Y., Tian, G., Wang, X., Li, C., Xin, X. Yu, K. (2009). Recombinant 
fowlpox virus vector-based vaccine completely protects chickens from H5N1 
avian influenza virus. Antiviral Research, 81(3), 234-8. 
doi:10.1016/j.antiviral.2008.12.002 

Qiao, C., Yu, K., Jiang, Y., Jia, Y., Tian, G., Liu, M., … Tang, X. (2003). Protection 
of chickens against highly lethal H5N1 and H7N1 avian influenza viruses with a 
recombinant fowlpox virus co-expressing H5 haemagglutinin and N1 
neuraminidase genes. Avian Pathology : Journal of the W.V.P.A, 32(1), 25-32. 
doi:10.1080/0307945021000070688 



© C
OPYRIG

HT U
PM

54 
 

Rapacz, M. (2013). Reference genes in real-time PCR, 391-406. 
doi:10.1007/s13353-013-0173-x 

Romanova, N., Corredor, J. C., & Nagy, É. (2009). Detection and quantitation of 
fowl adenovirus genome by a real-time PCR assay. Journal of Virological 
Method, 159, 58-63. doi:10.1016/j.jviromet.2009.02.026 

Schneider, K., Puehler, F., Baeuerle, D., Elvers, S., Staeheli, P., Kaspers, B., & 
Weining, K. C. (2000). cDNA cloning of biologically active chicken 
interleukin-18. Journal of Interferon & Cytokine Research : The Official 
Journal of the International Society for Interferon and Cytokine Research, 
20(10), 879–83. doi:10.1089/10799900050163244 

Song, K. D., Lillehoj, H. S., Choi, K. D., Zarlenga, D., & Han, J. Y. (1997). 
Expression and functional characterization of recombinant chicken 
interferon-gamma. Veterinary Immunology and Immunopathology, 58(3-4), 
321–333. doi:10.1016/S0165-2427(97)00034-2 

Su, B. S., Chiu, H. H., Lin, C. C., Shien, J. H., Yin, H. S., & Lee, L. H. (2011). 
Adjuvant activity of chicken interleukin-12 co-administered with infectious 
bursal disease virus recombinant VP2 antigen in chickens. Veterinary 
Immunology and Immunopathology, 139(2-4), 167-75. 
doi:10.1016/j.vetimm.2010.10.001 

Su, B. S., Yin, H. S., Chiu, H. H., Hung, L. H., Huang, J. P., Shien, J. H., & Lee, L. 
H. (2011). Immunoadjuvant activities of a recombinant chicken IL-12 in 
chickens vaccinated with Newcastle disease virus recombinant HN protein. 
Veterinary Microbiology, 151(3-4), 220-8. doi:10.1016/j.vetmic.2011.02.047 

Suarez, D. L., & Schultz-Cherry, S. (2000). Immunology of avian influenza virus: A 
review. Developmental and Comparative Immunology, 24(2-3), 269-283. 

Subbarao, K. (1998). Characterization of an Avian Influenza A (H5N1) Virus 
Isolated from a Child with a Fatal Respiratory Illness. Science, 279(5349), 
393-396. doi:10.1126/science.279.5349.393 

Swayne, D. E., Garcia, M., Beck, J. R., Kinney, N., & Suarez, D. L. (2000). 
Protection against diverse highly pathogenic H5 avian influenza viruses in 
chickens immunized with a recombinant fowlpox vaccine containing an H5 
avian influenza hemagglutinin gene insert. Vaccine, 18(11-12), 1088-1095. 

Taylor, J., & Paoletti, E. (1988). Fowlpox virus as a vector in non-avian species. 
Vaccine, 6(6), 466-468. 



© C
OPYRIG

HT U
PM

55 
 

Taylor, J., Weinberg, R., Kawaoka, Y., Webster, R. G., & Paoletti, E. (1988). 
Protective immunity against avian influenza induced by a fowlpox virus 
recombinant. Vaccine, 6(6), 504-508. 

Taylor, J., Weinberg, R., Languet, B., Desmettre, P., & Paoletti, E. (1988). 
Recombinant fowlpox virus inducing protective immunity in non-avian species. 
Vaccine, 6(6), 497-503. 

Todd, R., & Klein, D. (2002). Quantification using real-time PCR technology: 
applications and limitations, TRENDS in Molecular Medicine, 8(6), 257-260. 

Tong, G. Z., Zhang, S. J., Wang, L., Qiu, H. J., Wang, Y. F., & Wang, M. (2001). 
Protection of chickens from infectious laryngotracheitis with a recombinant 
fowlpox virus expressing glycoprotein B of infectious laryngotracheitis virus. 
Avian Pathology: Journal of the W.V.P.A, 30(2), 143-148. 
doi:10.1080/03079450120044542 

Wang, Y., Liu, W., Tian, M., Lin, Y., Zhao, F., & Shi, M. (2012). Downregulation of 
IL-15 and IL-18 in Chicken Embryo Fibroblasts in Response to Virulent or 
Lentogenic Newcastle Disease Virus Infection, 789-800. 

Webster, R. G., Kawaoka, Y., Taylor, J., & Weinberg, R. (1991). Efficacy of 
nucleoprotein and haemagglutinin antigens expressed in fowlpox virus as 
vaccine for influenza in chickens. Vaccine, 9(May), 303-308. 

Wigley, P., & Kaiser, P. (2003). Avian cytokines in health and disease. Revista 
Brasileira de Ciência Avícola, 5(1), 1-14. 

Wild, F., Giraudon, P., & Spehner, D. (1990). Fowlpox virus recombinant encoding 
the measles virus fusion protein: protection of mice against fatal measles 
encephalitis. Vaccine, 8(5), 441-442. Retrieved from 
http://www.sciencedirect.com/science/article/pii/0264410X9090243F 

Xing, Z., & Schat, K. a. (2000). Inhibitory Effects of Nitric Oxide and Gamma 
Interferon on In Vitro and In Vivo Replication of Marek’s Disease Virus. 
Journal of Virology, 74(8), 3605-3612. doi:10.1128/JVI.74.8.3605-3612.2000 

Xu, X., Sun, Y., & Hoey, T. (1996). Cooperative DNA Binding and 
Sequence-Selective Recognition Conferred by the STAT Amino-Terminal 
Domain. Science, 273(August), 794-797. 

 




