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Abstract 
An economically-important trait in poultry for which gene identification 
continues to be a challenge is immune response. The objective of the study 
was to quantitate the expression of major histocompatibility complex (MHC) 
class II BLB2 gene at cytolytic and latent immune response stages in Nigerian 
indigenous chickens. A total of 108 Nigerian indigenous chickens (NIC) were 
sourced across the South-western states in Nigeria. The birds were inoculated 
with sheep red blood cells (SRBC), after which blood samples were obtained 
(5 days post-inoculation) and antibody haemagglutination test was carried 
out to place the birds into groups of high and low antibody titre levels. The 
categorisation of the birds resulted in six groups of normal feather high, 
normal feather low, naked neck high, naked neck low, frizzle feather high and 
frizzle feather low antibody groups. A total of 48 chicks were selected from 
the progeny for gene expression studies. Surgical excision of thymus and 
spleen was carried out for the detection of cytolytic and latent responses of 
the birds. β-actin was used as the endogenous control and the critical thre-
shold method (2–ΔΔCт) was carried out for the determination of fold change. 
The fold change of spleen tissue expression at cytolytic immune response of 
the birds was 30,362.44 compared to latent response 294.07; and the fold 
change of thymus expression at cytolytic immune response of the birds was 
51.98 compared to latent response 5.24. At both cytolytic and latent stages of 
immune response to SRBC antigen, BLB2 expression in the spleen was com-
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paratively higher than in the thymus and the height of transcriptional activity 
was associated with the cytolytic stage. The birds of high titre at both the cy-
tolytic and the latent responses had higher mRNA expression. This study 
concluded that BLB2 gene expression in the Nigerian indigenous chicken was 
induced at the cytolytic stage and repressed at the latent stage. During avian 
infections, the category of high immune response birds would perform better 
than the low immune response counterpart; and the protective response that 
BLB2 gene offers will be repressed from one time point to the other. 
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1. Introduction 

Chickens represent the most numerous poultry species [1] and widely distri-
buted in Nigeria [2]. Local chickens of the tropics are mainly kept for meat and 
egg production and sold sometimes for their socio-economic value [3]. One of 
the hot spots in chicken genetics and breeding research has been to identify ma-
jor histocompatibility complex (MHC) haplotypes. Chen et al. [4] reported that 
MHC is a constellation of immune and immune-related genes involved in infec-
tious disease prevention. It plays a fundamental role in both humoral and cellu-
lar immunity [5]. Thus, it is the most polymorphic loci in the chicken genome 
[6], containing two genetically-unlinked clusters; the B complex (MHC-B) and 
the restriction fragment pattern-Y (Rfp-Y) region [7]. The MHC-B contains the 
class I (BF), class IIβ (BLB), and extended class IV (BG) regions [8]. 

As reviewed by Han et al. [9], many approaches have been used to assess 
chicken MHC genotypes, including 2-dimensional electrophoresis, DNA ran-
dom fragment length polymorphism (RFLP), single-strand conformation poly-
morphism, a genotyping method based on DNA sequence typing and red blood 
serological procedures. Serological procedure involving the use of sheep red 
blood cells (SRBC) have been used and reported in establishing some birds as 
chicken lines but such procedures have not been utilized in the Nigerian indi-
genous chicken. Ngongeh et al. [10] reported that there was evidence that resis-
tance or susceptibility to some avian diseases was associated with inheritance 
and eventually, chicken lines resistant to such diseases could be established by 
genetic selection. No such documented evidence is known to the authors about 
the Nigerian indigenous (local) chicken in comparison to their exotic counter-
parts such as, broilers and layers where some related studies had already been 
conducted. Sheep red blood cell (SRBC) is an antigen that has been used to 
monitor immune response in chickens and has been used frequently as a poten-
tial antigen in immune response for it is non-pathogenic, strongly immunogenic 
and does not interfere with the measurement of antibody response [3].  
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The ability to simultaneously measure the transcript abundance of every 
known gene in a tissue sample opens the possibility of using gene expression as 
an intermediary molecular procedure to highlight genes governing a trait. Map-
ping of the encoding chicken genes suggests that BLB, the gene for MHC class II 
β chain, is a positional candidate gene [11]. BLB2 gene, pertaining to immune 
defense is regarded a major gene and expressed in a large variety of tissues in 
relatively high quantity in chickens [12]. Thus, the MHC is considered a baro-
meter for the genetic health of species populations [13].  

Data on the MHC class II and specifically BLB2 gene (classified as a major 
gene in immune defence) expression and characterisation in Nigerian indige-
nous chickens (NIC) therefore requires identification and proper elucidation of 
the immunological variation in the major genotypes (naked neck, frizzle and 
normal feathered chickens) based on quantitation indices. Thus, the alarming 
rate of loss of birds due to immune compromise at the point of disease attack 
which represents a substantial burden to farmers has evoked the need to study 
the precise mechanism of the immune protective mechanism via the BLB2 gene 
at the cytolytic and the latent stages in Nigerian indigenous chickens. Cytolytic 
response establishes after initial infection of birds followed immediately by a re-
sponse phase that extends from 3 to 6 days post-infection [14]. Following cyto-
lytic response, there is a switch to latent phase in T cells which occurs approxi-
mately 7 days post-infection [15]. 

2. Methods 

2.1. Experimental Site 

The study was carried out at the Poultry Unit of the Directorate of University 
Farms (DUFARMS), Animal Breeding and Genetics Departmental laboratory, 
the Biotechnology Centre Laboratory of the Federal University of Agriculture, 
Abeokuta and International Institute of Tropical Agriculture (IITA) Oyo State, 
Nigeria. 

2.2. Experimental Animals 

A total of 108 indigenous chickens were sourced across the six South-western 
states in Nigeria including Lagos, Ogun, Oyo, Osun, Ekiti and Ondo States, with 
18 birds obtained per State, six (6) of each genotype of frizzle feather, naked 
neck and normal feather indigenous chickens and two (2) males and four (4) 
females. The birds were acclimatized and screened for diseases two weeks after 
sourcing. They were inoculated with sheep red blood cells (SRBC), after which 
blood samples were obtained from them (5 days post-inoculation) and antibody 
hemagglutination test was carried out to place the birds into groups of high and 
low antibody titres. One millilitre (1 ml) of washed 1% suspension SRBC antigen 
was intravenously administered to each of the birds. After 5 days post-injection, 
1.5 ml of blood sample was collected from each bird via the jugular vein and was 
emptied into a non-heparinized bottle to induce clotting. Serum samples were 
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separated from clotted blood and stored in eppendorf tube for hemagglutination 
test. Based on the result of the hemagglutination assay, birds from each genotype 
were grouped into high titre (≥9) and low titre (≤7) categories [16]. The catego-
risation of the birds into high and low titres resulted in six groups of two catego-
ries; high and low antibody titres. Hence, there were normal feather high, nor-
mal feather low, naked neck high, naked neck low, frizzle feather high and frizzle 
feather low antibody groups. Thereafter, artificial insemination was done to ob-
tain progeny chicks. Semen from high titre males was used to inseminate high 
titre females and semen from low titre males was used to inseminate low titre 
females. Eggs generated from the birds were separated into different trays at the 
hatchery to avoid mixing up of birds after hatching.  

2.3. Sample Collection 

The chicks obtained across each group were sacrificed via cervical subluxation 
and dissected, commencing from eight weeks of age. Tissues (thymus and spleen) 
were subsequently removed aseptically, cleaned off, weighed (recorded) and 
placed in eppendorf tubes. Using blunt forceps, the tissues were teased apart 
immediately and stored in RNA latter to prevent degradation of the RNA prior 
to the time of extraction. This was thereafter stored in a −20˚C freezer, until the 
determination of the level of expression of the desired genes was carried out. 

A total of 48 birds were isolated for surgical excision of thymus and spleen for 
detection of cytolytic and latent responses of the birds at eight (8) weeks. Cyto-
lytic response detection in high and low titre chicks followed a selection of four 
birds (males and females) which were sacrificed for sample collection across the 
normal feather, naked neck and frizzle feather groups resulting in 24 birds. La-
tent response was detected in high and low titre birds by selecting two birds 
(male and female) which were sacrificed for sample collection across the normal 
feather low, naked neck low and frizzle feather low groups making a total of 24 
birds. For cytolytic response, samples were obtained 5 days post-inoculation 
while for latent response, samples were obtained 14 days post-inoculation. 

2.4. RNA Extraction and Quantitation Analysis 

The total RNA of each tissue sample (thymus and spleen) was extracted using 
Isolate II RNA mini-kits (Bioline, London, UK) according to the manufacturer’s 
protocol. The primers used in the amplification of the BLB2 and β-actin genes 
were BLB2F (5'-CCCTCGGCGTTCTTCTTCTAC-3') and BLB2R (5'-CCCTCGG 
CGTTCTTCTTCTAC-3') and β-actinF (5'-GAGAAATTGTGCGTGACATCA-3') 
and β-actinR (5'-CCTGAACCTCTCATTGCCA-3') as reported by Lian et al. 
[17]. 

Two-step qPCR was conducted with the cDNA synthesis. Quantitation of reverse 
transcription product (cDNA) was achieved using SensiFASTTM SYBR Hi-ROX kit 
(Bioline, London, UK), using real time ABI 7500 machine which adopted two-step 
cycling; 1 cycle at 95˚C for 2 minutes (polymerase reaction) and 40 cycles at 95˚C 
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for 5 seconds (denaturation) and 65˚C for 30 seconds (annealing/extension). The 
total reaction volume mixture used was 10 µl which included 2x SensiFAST 
SYBR Hi-ROX mix 5 µl, 0.5 µM forward primer, 0.5 µl reverse primer, 2.5 µl 
template cDNA and 1.5 µl water. 

2.5. Statistical Analysis 

The cycle threshold (Ct) from the qRT-PCR reactions of accumulated fluores-
cent signal curves was used to compute mean expression levels of the gene in 
tissues at different response phases and analysis of variance was conducted. Sig-
nificant means were separated using least significant difference mean compari-
sons in R [18]. Interactions were not significant and thus unreported. The statis-
tical model employed was: 

ijkl i j k l ijklY G H eµ α β= + + + + +  

where 

ijklY  = is the response/dependent variable  
µ  = is the overall mean response 

iα  = is the effect due to the ith genotype (i = normal feather, naked neck, friz-
zle) 

jβ  = is the effect due to the jth antibody (j = high, low) 

kG  = is the effect due to the kth sex (k = male, female) 

lH  = is the effect due to the lth tissue (l = thymus, spleens) 

ijkle  = residual error 

3. Results 

The confirmation of presence of RNA after extraction from the tissue samples 
informed the choice of data analysis. Effects of tissue, genotype, antibody titre 
level and sex on the mean threshold cycle (CT) values of BLB2 gene expression of 
Nigerian indigenous chicken at cytolytic immune response stage are presented 
in Table 1. The results show that tissue (p < 0.001), titre grouping (p < 0.001) 
and sex (p < 0.01) significantly affected the mean expression of BLB2 gene at cy-
tolytic immune response phase. 
 
Table 1. Analysis of variance showing effects of tissue, genotype, titre and sex on BLB2 
gene expression at the cytolytic stage of Nigerian indigenous chickens based on CT. 

Source d.f Mean square 

Tissue 1 774.94*** 

Genotype 2 98.29 

Titre 1 965.11*** 

Sex 1 252.04** 

**p < 0.01, *** p < 0.001. 
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Table 2 shows separated ΔCT threshold means and fold difference (2−ΔΔCт) ac-
cording to tissue, titre and sex at the cytolytic stage of Nigerian indigenous 
chickens. The result shows also that tissue (p < 0.001), titre grouping (p < 0.001) 
and sex (p < 0.01) significantly impacted the overall expression of BLB2 gene at 
cytolytic immune response phase. 

The effects of tissue, genotype, titre and sex on the mean CT of BLB2 gene ex-
pression of Nigerian indigenous chickens at latent stage are presented in Table 
3. The results show that tissue (p < 0.001), titre grouping (p < 0.01) and sex (p < 
0.05) significantly affected the latent immune response phase.  

Consequently, effects of tissue, genotype, titre and sex on ΔCT threshold 
means and the fold difference (2−ΔΔCт) of BLB2 gene expression of Nigerian in-
digenous chickens at latent stage is presented in Table 4. The result shows that 
tissue (p < 0.001), titre grouping (p < 0.01) and sex (p < 0.05) affected the latent 
immune response phase.  
 
Table 2. Effects of tissue, titre, sex and genotype at the cytolytic gene expression in Nige-
rian indigenous chickens. 

Source Category ΔCт ± SD 2−ΔΔCт 

Tissue 
Spleen 14.89 ± 2.03a*** 30,362.44 

Thymus 5.70 ± 1.21b*** 51.98 

Titre 
High 12.57 ± 0.49* 6080.61 

Low 7.36 ± 0.32b* 164.28 

Sex 
Male 13.75 ± 0.44a** 13,777.25 

Female 6.08 ± 0.41b** 67.65 

Genotype 

Naked neck 8.03 ± 1.21 261.38 

Frizzle feather 7.27 ± 0.91 154.34 

Normal feather 7.71 ± 1.03 209.38 

abcMeans in the same column within variable grouping bearing different subscripts are significantly differ-
ent; SD—Standard Deviation; CT—Cycle threshold; ΔCт—Delta cycle threshold. 

 
Table 3. Effects of tissue, genotype, titre and sex of latent gene expression of Nigerian in-
digenous chicken based on the CT threshold values. 

Source D.F Mean square 

Tissue 1 479.14*** 

Genotype 2 54.14 

Titre 1 212.84*** 

Sex 1 145.25** 

**p < 0.01, ***p < 0.001; D.F—degree of freedom. 
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Table 4. Effects of tissue, titre, sex and genotype at the latent gene expression in Nigerian 
indigenous chickens. 

Source Type ΔCт ± SD 2−ΔΔCт 

Tissue 
Spleen 8.20 ± 1.03a* 294.07 

Thymus 2.39 ± 0.32b* 5.24 

Titre 
High 8.14 ± 0.32a* 282.09 

Low 1.83 ± 0.14b* 3.56 

Sex 
Male 7.13 ± 0.35 140.70 

Female 6.90 ± 0.44 119.43 

Genotype 

Naked neck 6.48 ± 0.45 89.26 

Frizzle feather 5.92 ± 0.66 60.55 

Normal feather 6.02 ± 0.62 64.89 

abcMeans in the same column within variable grouping bearing different subscripts are significantly differ-
ent; **p < 0.01, ***p < 0.001; SD—Standard Deviation; ΔCT—Delta cycle threshold. 

4. Discussion 

Tissue difference in CT values of spleen and thymus in the Nigerian indigenous 
chickens at cytolytic and latent immune response phases show that, average 
mean estimate for spleen and thymus at cytolytic phase was elevated. This result 
agrees with Patterson et al. [19] that CTs less than 29 are strong positive reactions 
indicative of abundant target nucleic acid in the sample. Birds categorised as 
having high titre estimates of immune response at the cytolytic stage had higher 
CT than at the latent phase, and this distinction was similar to the low immune 
response category. This finding conforms to the report by Le Blastier et al. [20] 
that CTs of 30 - 38 are moderate while CTs of 38 - 40 are weak reactions indicat-
ing minimal amounts of target nucleic acids. The result from this study suggests 
that higher mRNA content after extraction is an indication of marked deviation 
resulting from the low and high groups. Sarson et al. [21] reported that the CT of 
genes in the MHC-II pathway showed lower expression of genes of infected 
compared to uninfected chickens.  

Observations from this study indicate that the CT values at the cytolytic phase 
were affected by tissue. Tissue expression of BLB2 gene considering 2−ΔΔCт 
represents the fold difference between the sample and the calibrator. The 2−ΔΔCт 
shows that the fold change of spleen at the cytolytic immune response of the 
birds was more profound (30,362.44) compared to the latent response (294.07). 
This could be due to the modulation of physiological manifestation of antigen 
response, which results in a burst of productive/restrictive infection in B cells 
that it is associated with high transcriptional activity of antigen at the cytolytic 
immune response stage which is followed by attraction and subsequent infection 
of thymus-derived CD4+ T cells at about 7 days post-infection. This finding is 
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similar to the report of Heidari et al. [22] which verified an increase in physio-
logical response in chicken following exposure to antigen in less than one week. 
Thymic expression was higher at the cytolytic phase compared to the latent 
phase of the high immune response birds than the low category. This result is 
congruent with the reports of Lian et al. [17] that the expression of genes in the 
MHC-IIpathway showed a decreased trend at all-time points in spleens of in-
fected chickens compared to uninfected controls. 

According to titre separation, 2−ΔΔCт values showed higher expression in birds 
categorised as high than in low counterparts at both the cytolytic and latent ex-
pression; and the fold difference on the overall. This observation is supported by 
the report of Xiaofei and Shannon [23] that experimental chicken lines would 
have a high possibility of multiple gene copy number per cell. Furthermore, the 
observation is in concord with the findings of Thanthrige-Don et al. [24] that 
there is significant down-regulation of MHC-II β-chain expression at 4, 14, and 
21 days post-infection (d p.i.), and other components of the MHC-II hetero-
trimer (α chain and Ii chain) are also down-regulated at 4- and 21-days 
post-inoculation. Considering our results with the high and low categories at 
cytolytic immune response; and the same categories at the latent immune re-
sponse, it could be inferred that the response of chicks of high-titre birds would 
most probably confer better survivability than the low-titre counterpart. Conse-
quently, it would not be concluded that there was down-regulation considering 
the major gene BLB2 but repression. Heidari et al. [22] proposed that log fold 
change less than zero depicted down regulation and when the log fold values are 
greater than zero, it is not concluded as down-regulation. 

Mean differences in the birds was also observed as the males had higher ex-
pression (2−ΔΔCт) estimates than females at both immuncompetence response 
stages. This observation conforms with the report of Zhao et al. [25] that nearly 
every cell in the body of chickens (from wattle to toe) has an inherent sex 
identity which is expressed; and in contrast with mammals, it demonstrates that 
avian somatic cells possess an inherent sex identity and as such, in birds, sexual 
differentiation is substantively cell-autonomous. In addition, it has been reported 
by Pierre [26] that both primary and secondary immune organs can be dramati-
cally influenced by sex hormones. 

5. Conclusion 

At both cytolytic and latent stages of immune response to SRBC antigen, BLB2 
expression in spleen was comparatively higher than thymus and the height of 
transcriptional activity was associated with the cytolytic stage. Consequently, ac-
cording to antibody categorisation (high and low), birds of high titre at both cy-
tolytic and latent responses had the highest mRNA expression. Nigerian indi-
genous birds of the male sex apparently had increased expression at cytolytic re-
sponse stage at 8 weeks of age. During avian infections, it is proposed that the 
category of high immune response birds would most probably perform better 
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than the low immune response counterpart. The use of SRBC to understand this 
phenomenon and the protective response BLB2 gene provides offer an under-
standing that the gene will be repressed from one time point to the other. It is 
important to note that mRNA levels documented in this report may not corre-
late with the amount of active protein expressed in vivo in the birds if there was 
post-translational modification of BLB2 product in the Nigerian indigenous 
chicken lines. It is therefore recommended that when considering diseas-
es/infections responsible for substantial economic losses that plague the poultry 
industry, high response birds should be preferred. Also, for the purpose of 
commercial production, Nigerian indigenous chicken of the high immune re-
sponse birds should be favoured. Studies should be carried out to compare the 
performance on the basis of immune traits to traits of economic importance 
(meat/body weight and egg production) and diseases. 
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