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Abstract: The association between genetic markers and serological major histocompatibility
complex (MHC) definition was studied in experimentalWhite Leghorn lines selected for different
immune traits. Different markers, three variable number tandem repeats (VNTRs) and 10 single
nucleotide polymorphisms (SNPs), distributed along the MHC sequence were genotyped.
Correlation between VNTR marker alleles and serology was studied in more than 800 animals
and correspondence between SNP haplotypes and allele size was defined. A complete table of
correspondence between VNTR allele sizes, SNP genotypes and serology was then drawn.
This research shows that integrating new molecular tools can definitely help in MHC haplotype
characterization and that, since the chicken MHC locus has been associated with disease
resistance, these tools are becoming more and more needed for disease resistance and
immunogenomics studies.

INTRODUCTION

Chickens are the primary animal protein source of human food at the global
level.Today inEurope,poultryproductionsystemsare facinga trend towards reduced
use of drugs, thus strengthening the need for robust animals. Moreover, disease
resistance has always been considered in selection objectives. Genetic variability
for disease resistance has been shown to take place both between and within lines
or breeds of chickens. However, reliable and convenient selection criteria are still
under investigation. Furthermore, disease resistance is still difficult to characterize
in the numerous local breeds identified worldwide for which experimental data is
scarce and generally only genomic DNA is accessible. Thus, universal molecular
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tools are needed to characterize functional diversity regarding disease resistance
across populations.
The chicken major histocompatibility complex (MHC) is a genomic region

comprising genes coding for proteins mainly involved in peptide presentation to T
cells (Class-I and Class-II molecules). The chicken MHC locus has been associated
with disease resistance, susceptibility, and differential response to vaccine. Amajor
concern has arisen about the fine dissection ofmolecular variation in this locuswhich
is divided in two genetically independent regions (B and Y). Molecular MHC
genotyping tools in the chicken would permit exploration of the diversity of more
breedsat this level.Historically, theB-locusgenotypehasbeenstudiedusingserology,
andDNAstudiesof theB- andY-locuspolymorphismshavebeenbasedon restriction
fragment lengthpolymorphisms(RFLPs)andsingle-strandconformationpolymorphism
(SSCP).Several atypical variable number tandemrepeat (VNTR)markers, including
MCW0370, MCW0371, and LEI0258, are now available to replace the serological
tests, but further studies are required in order to fully understand the limits of their
correlationwith the serology tests.They are also not polymorphic enough to describe
the whole variability of coding sequences, particularly at the level of the peptide
binding regionsequenceof theClass-I andClass-IIgenes.Aspecific singlenucleotide
polymorphism (SNP) strategy would help to establish and validate a correlation
between classical serology and polymorphism at the gene level.

MATERIALS AND METHODS

White Leghorn lines were previously selected for 12 generations at INRAfor different immune traits (line
1, antibody response to Newcastle vaccine; line 2, delayed hypersensitivity measured by phytohemagglutinin;
line 3, carbon clearance as an indicator of phagocytosis; line 4, control [1]). The founders were genotyped
with three atypical markers, LEI0258, MCW0370 and MCW0371 as described in Fulton et al. [2] (Table 1,
Fig. 1) and studied by serology, to determine the correlation between the markers and serology in those lines.
Other animals from the selected lines, including one whole generation (generation 9, with 800 animals born
in 2003 from 110 families) were genotyped for LEI0258 (Fig. 2). Twenty-four animals, six per selected line,
from another generation of selection (generation 12, animals born in 2006) were studied for SNP using 10
SNPspredicted in thechickengeneticvariationmapof the InternationalChickenPolymorphismMapConsortium
[3] (Table 1), chosen and typed by Wageningen University in the framework of an Eadgene project focusing
on the genetic basis of the immune response within chickens. Eight of those SNPs are located in the B-region
and two are in the Y-region (Fig. 1); they were typed using Illumina technology. PHASE 2.1 software [4,5]
was used; it implements a Bayesian statistical method for reconstructing haplotypes from population SNP
data. A Neighbour-Joining unrooted tree was then constructed, based on the number of differences, using
MEGA 3.1 [6].

RESULTS

LEI0258,MCW0370 andMCW0371 observed allele sizes for the founders were
compared to the serology previously determined for those animals (B15, B19, B21,
B34, and B124). A strong correlation was found between the MHC haplotypes
determined by both techniques, and a correspondence table was made (Table 2).
Genotyping selection generation 9 for LEI0258 confirmed those results, but 8.6%
incompatibility was observed between the known serology and the LEI0258 alleles
(261 bp, 359 bp, 422 bp, 489 bp and 544 bp). One example of a family in which
such incompatibilities were found is shown in Table 3; parents are from generation
8 with known serology but no LEI0258 typing. In this family, parents’ serology was
consistentwith thatof theprogeny,but threeoffspringsexhibitedunexpectedLEI0258
genotypes that were incompatible with their own serology and their parents’. This
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Table 1: SNP or marker characteristics (name, chromosome, position in bp on reversed sequence published
by Shiina et al. [8], region information, known variations, 5’ and 3’ near 30 bp sequence for SNPs
or forward and reverse primers).

Name Chr Position Region Variations
5' near 30 bp or

forward primer

3' near 30 bp or

reverse primer

rs16057122 16 3386 NA [A/G]
atggataattagacccatag-

gtttcacagc

tgtgcagaaatcccaacc-

tatgagtacttc

rs15026791 16 65849 BF2 [A/G]
gctgatatgcaagaaca-

cacggtgacccac

gggacaaccaggagc-

catggggacatgtgg

rs15788177 16 112368 Blec1 [A/G]
gttgcactggaaaagcatgaa-

gaaagcacc

catgatgagag-

gaacagttcatcccacagc

MCW0370 16 112482 Blec1 (A)n
GAAAGAGGAGAG-

TAGTTCACG

TCCCACCTCAT-

CATGCATTCC

MCW0371 16 114542 Blec2 (A)n
TTTCATGGCATCC-

TAAGATGG

CTGCTCCGAGCT-

GTAATCCTG

rs15026773 16 116738 Blec2 [G/T]
acacggacggaggctga-

gaggcagaaaatt

tgtcagaattccgtcagctc-

cgccgttttc

LEI0258 16 124903 BG1 12-13 bp
TCGGGAAAA-

GATCTGAGTCATTG

TGATTTTCA-

GATCGCGTTCCTC

rs15788101 16 133829
B-

BTN2
[C/T]

aggcagcagcctcagctc-

caacccttctca

attcccgtcctcac-

cgggctttatctccct

rs15788011 16 165938
TRIM2

7.2
[A/G]

aacgcagcagggattct-

taggggaataagg

tgtaaaagataaacaca-

gatggaagattaa

rs15026648 16 211705 Bzfp2 [A/C]
cagctccccaaaagagcaa-

cacaaccaaac

gtccttcaaccattccctttg-

caaatatgt

rs15787808 16 227307 Bzfp3 [A/C]
tgtgaatggatgggt-

gagtctcccctctca

attaaaaatgttggggtcttc-

ctgtgagag

rs14096793 16 NA
Y-

region
[C/T]

tgtttcgttccttccctcctc-

ctttccttc

ttccttccctcctttcttccttc-

cttcctt

rs16742957 16 NA
Y-

region
[C/T]

caactgcactatgtgtctgccc-

ctccacac

tctgaaaccaccg-

taagggcctgaaggaca

exampleonly shows incompatibilities regardingB15andB21haplotypes, but similar
situationsof incompatibilityoccurredforall fiveobservedhaplotypes in thegeneration
under study.
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Fig 1: Schema of the 242 kb B-region showing gene content (modified from [8]) and positions of the markers (MCW0370, MCW0371, LEI0258) and the 10 SNPs.
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Fig 2:Marker LEI0258 PCR products separated on an agarose gel showing the correspondence between the
allele sizes and the MHC B-region defined by serology.

Table 2: Table of correspondence between serology; MCW0370, MCW0371, and LEI0258 allele sizes and
haplotypes defined by the eight SNPs located in the MHC B-region.

Serology MCW0370 MCW0371 LEI0258 Haplotype(s)

B15 null 201 261 ABBBABAA ABBBABAB

B21 181 203 359 BAAAAABA

B34 179 203 422 ABABABBA

B19 178 203 544 BAABBBBB BBABBBBB

B124 179 203 489 BAABBBBB BBABBBBB

GENOTYPING THE CHICKEN MHC 275
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Table 3:Comparison between serology and LEI0258 allele sizes showing incompatibilities in one family from
selection generations 8 and 9

Table 4: Comparison between LEI0258 allele sizes and haplotypes defined by 10 SNPs for 24 individuals
from the four selected lines.

Serology LEI0258

Male B15 B21

Female B15 B124

Offspring 1 B15 B21 359 = B21 359 = B21

Offspring 2 B15 B21 359 = B21 359 = B21

Offspring 3 B21 B124 359 = B21 489 = B124

Offspring 4 B21 B124 359 = B21 489 = B124

Offspring 5 B15 B21 261 = B15 359 = B21

Offspring 6 B21 B124 359 = B21 489 = B124

Offspring 7 B15 B21 359 = B21 359 = B21

ind line LEI0258 10 SNP haplotypes

1 1 359 489 BAAAAABABA BAABBBBB BA

2 1 359 489 BAAAAABAAA BAABBBBBAA

3 1 359 489 BAAAAABAAA BAABBBBB BA

4 1 489 489 BBABBBBBAA BBABBBBBAA

11 2 489 544 BBABBBBB BA BBABBBBBAA

23 4 489 489 BBABBBBB BA BBABBBBBAA

5 1 422 489 ABABABBAAA BBABBBBBAA

6 1 359 359 BAAAAABAAA BAAAAABAAA

7 2 489 544 BBABBBBB BA BBABBBBB BA

8 2 489 544 BBABBBBB BA BBABBBBB BA

10 2 489 489 BBABBBBB BA BBABBBBBAA

13 3 261 359 ABBBABAB BA BAAAAABAAA

18 3 261 359 ABBBABAB BA BAAAAABAAA

22 4 261 359 ABBBABAB BA BAAAAABAAA

14 3 261 359 ABBBABAB BA BAAAAABABA

24 4 261 359 ABBBABAB AA BAAAAABAAA

15 3 261 261 ABBBABAA BA ABBBABAB AA

17 3 261 261 ABBBABAA BA ABBBABAB BA

9 2 261 544 ABBBABAA BA BBABBBBBAA

12 2 261 544 ABBBABAA BA BBABBBBBAA

16 3 261 544 ABBBABAA BA BBABBBBBAA

19 4 261 489 ABBBABAA BA BBABBBBBAA

20 4 261 489 ABBBABAA BA BBABBBBBAA

21 4 261 489 ABBBABAA BA BBABBBBB BA
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Genotyping of the selected lines revealed a new allele size for LEI0258, 557 bp,
in one animal from the generation 11 [7]. This new allele is probably mutated from
the mother’s 544 bp allele, the 557 bp size would be obtained by one additional 13
bp repeat, as LEI0258 is a 12-13 bp repetition.
For the eight typed SNPs located in region B, the PHASE software predicted the

most likely haplotype pairs for each individualwith a probability ranging from0.658
to 1.000. Only the information for the eight SNPs located in region B was used
because one of the two SNPs located in region Y was monomorphic and the other
seemed independent, so the 10 SNP genotypes could not be considered as linked.
Predicted haplotypes were compared with independently typed LEI0258 alleles and
with the serological typing (Table 4) and used to complete the correspondence table
(Table 2). This table shows several discrepancies between sequence polymorphism
on one hand andLEI0258 alleles or serology on the other: two SNPhaplotypes could
be found for a given LEI0258 allele (as with B15) and SNP haplotypes could not be
used to discriminate B19 from B124. The haplotypes from the eight B-region SNPs
were used to construct a tree (Fig. 3) which, interestingly, clustered on one hand
with B15 and B34 and B21, B19 and B124 on the other hand.

DISCUSSION

In this report, we describe the application of molecular approaches based on
differencesdue torepeat length in threemarkers,LEI0258,MCW0370,andMCW0371,
and 10 SNPs, on the characterization of the MHC region in four lines selected for
different immune traits. This approach also helps to determine the extent to which
integrating molecular tools can help with MHC haplotype characterization, which
is becoming more and more needed for disease resistance and immunogenomics
studies.
For example, in this study, we detected incompatibilities between serology and

LEI0258 within families that could be explained by serology errors and parentage
errors as well as by recombination within the MHC locus.
Typing SNPs yields information on other parts of the MHC B-region, indicating

possible recombination spots. The 4th and 5th SNPs surrounding the LEI0258 locus
are an example of this, and may indicate that B15 and B34 (BA) are the result of a
recombination between B19 or B124 (BB) and B21 (AA). The 7th and 8th SNPs are
an example of this as we can find the four combination : AA, AB, BA and BB.
This research focused on well-documented experimental lines that allowed for

the study of allele segregation. The next step would be to examine various others
breeds, including local breeds that have never been explored at this level.
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Introduction 

 
Avian infectious diseases are a major problem in intensive poultry production systems. Avian infectious 
diseases are also a matter of concern to the human population as chickens may be carriers of human 
bacterial pathogens such as Salmonella or Escherichia coli. Furthermore, viral pathogens may evolve in 
chickens, cross species barriers, and infect humans. The outbreaks of avian influenza in Hong Kong in 1997 
and 2003 are good examples (Kuhnlein et al., 2003).  
 
The major tools to combat avian diseases have so far been antibiotics and vaccines. However, there are 
major concerns that both antibiotics and vaccines may contribute to the evolution of more resistant 
pathogens, which require the development of new and more efficient vaccines. This has been so for 
Infectious Bursal Disease Virus (IBDV) for several years. Increased response to vaccines in combination with 
better hygiene may therefore be a favourable production principle of choice.  
 
The immune system is the natural means by which animals resist infection, and immunological parameters 
may reflect the functional capacity or immuno-competence of the immune system and, in turn, the ability of 
the animal to resist infection. So far only a few genes have been implicated in affecting disease resistance. 
Genes from the Major Histocompatibility Complex (MHC) involved in antigen presentation were among the 
earliest genes to be identified. These genes encode some of the most polymorphic molecules known in the 
animal kingdom. Diversity at the population level is thought to evolve via the interaction between host MHC 
molecules and pathogens leading to a balanced evolution of both species.  
 
In chickens, the MHC genes are located in two chromosomal regions (the B system and the Rfp-Y system) 
that assort in a genetically independent way, although located on the same micro-chromosome (Briles et al., 
1993, Miller et al., 1994; Fillon et al., 1996). The B system is considered the strongest histocompatibility 
antigen delivering locus and contains at least two B-F genes, which are homologous to mammalian MHC 
class I genes, and at least two B-LB genes which are homologous to mammalian MHC class IIB genes. In 
addition, the B system contains genes encoding a third group of molecules, namely the B-G genes. The B-G 
molecules have so far only been found in birds, and are just as polymorphic as the B-F and the B-L 
molecules. However, their function is still unknown (Guillemot et al., 1989; Kaufman et al., 1989; Miller et al., 
1990). B-F antigens are expressed on almost all chicken cells including nucleated chicken erythrocytes 
whereas the B-L antigens primarily are expressed on B-cells, activated T-cells, and antigen presenting cells. 
The B-G molecules are primarily expressed on erythrocytes and thrombocytes although white blood cells 
also have B-G epitopes (Salomonsen et al., 1991). The Rfp-Y system is considered to be an MHC-like region 
rather that a second MHC since there is no report on rapid allograft rejection due to polymorphism in Rfp-Y 
(Kaufman and Wallny, 1996). 
 
Genetic disease resistance is known to influence several diseases in poultry. In many cases, this resistance 
has been mapped to the MHC region. One of the most significant associations between MHC and disease 
resistance is Marek’s disease (Lamont, 1998), but resistance to other virus-induced diseases such as Rous 
sarcoma virus (Schierman and Collins, 1987) and avian leukosis (Yoo and Sheldon, 1992) have been linked 
to the MHC region as well. In addition to viral diseases, other diseases have been shown to be influenced by 
the MHC. These include fowl cholera (Lamont et al., 1987), coccidiosis (Lillehoj et al., 1989) and salmonella 
infections (Cotter et al., 1998).  
 
In relation to IBDV, disease resistance between different chicken lines has been reported (Bumstead et al., 
1993), however, no disease resistance has so far been associated with the B system. But recently Juul-
Madsen et al. (2002) showed a difference in response to live attenuated IBDV vaccine that in part was 
related to the MHC.  
 
Analysis of genetic variation in the chicken MHC can be approached by different methods. Originally MHC 
typing was performed with a haemagglutination technique based on allospecific polyclonal antisera. The 
serological agents, however, often cross-react between different MHC haplotypes and typing of outbred 
chicken populations can be difficult (Kroemer et al., 1990). DNA may easily be isolated from the nucleated 
chicken erythrocytes, and MHC genotyping by restriction fragment length analysis (RFLP) or by a PCR 
based test of a polymorphic micro-satellite located in the B complex (Zoorob et al., 1998) are useful 
supplements. 
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Serological typing of MHC   
 

Introduction 
Serological typing of MHC is performed by a haemagglutination test at room temperature in which the allo-
antibody react (agglutinate) with the allo-antigen on the surface of erythrocytes. The haemagglutination is 
performed on open glass slides supplemented with 20% normal chicken plasma as a source of 
haemagglutination-enhancing factor (Simonsen 1975). Before a MHC haemaglutination test can be 
performed, specific B antisera must be produced by immunisation of chickens (recipients) with donor cells 
expressing different MHC antigens than the recipient. B-G allo-antiserum is produced by immunisation of 
chickens with Red Blood Cells (RBC) whereas B-F allo-antiserum is produced by immunisation of chickens 
with White Blood Cells (WBC) to avoid the simultaneous formation of anti-B-G specific antibodies. 
 

Equipment 
 

 ! Glass slides with 4x10 holes  (Figure 1) 

 ! A humid chamber  

 ! A light table 

 ! Table centrifuge e.g. Hereus Omnifuge 2.0 

 ! Rotator 

 ! Syringes (1, 2, and 20 mL)  

 ! Needles (20G, 23G, 25G, and 21G x 31/4)   

 ! CPD (Citrate Phosphate Dextrose adenine) tubes (code VT-050SCPD17) (TE)  

 ! Glass Pasteur pipettes 

 ! 13 mL centrifuge tubes 

 ! 4 mL polystyren test tubes  

 ! 50 mL polypropylen tubes  
 

Reagents  
 

 ! 3.8 % Sodium citrate  

 ! PBS buffer pH 7.4 

 ! 10 % Na-azide 

 ! 4 mL of Normal Chicken Plasma (NCP) 

 ! Lymphoprep (Me) 

 ! “Ready-to-use” allo-antisera (the antibody) reacting with different MHC haplotypes.   
 

Preparation of Normal Chicken Plasma (NCP) 
 

1. Centrifuge blood from a chicken stabilised in 1/5 vol.  3.8 % Sodium Citrate at 500xg for 8 min at 

20"C.  

2. Remove the upper phase and store the plasma in 4 mL aliquots at -20"C. 
 

Preparation of B-F and B-G allo-antisera (antibodies) 
 

1. Bleed a donor chicken for 8 mL of blood and stabilise the blood in 1/5 vol. 3.8% Natrium Citrate. 
2. Purify the white blood cells (WBC) on a Lymphoprep gradient according to the manufacturer’s 

description.  
3. Collect the WBC from the interphase and transfer the cells to a new 13 mL tube.  

4. Pipette 100 #L of packed peripheral Red Blood Cells (RBC) from the bottom of the gradient and 
transfer the cells to a new 13 mL tube containing 5 mL PBS buffer.  

5. Gently resuspend both kinds of cells in PBS buffer up to 10 mL and centrifuge the cells at 200xg for 

10 min at 4"C. 
6. Wash the cells gently 2 times in 5 mL cold PBS buffer and repeat the centrifugation. 
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7. For the RBC aspirate the supernatant down to 0.5 mL and add 4.5 mL cold PBS – mix gently. 
8. For the WBC aspirate the supernatant down to 0.5 mL and add 0.5 mL cold PBS – mix gently. 
9. Place the tubes on a rotator at room temperature until immunisation.  
10. Immunise each recipient chicken in the wing vein with either 1 mL WBC or 1 mL RBC according to 

your immunisation plan.  
11. For each kind of donor cells two recipients having different MHC haplotypes are chosen (two for 

WBC and two for RBC).  
12. The immunisation is carried out once a week during 8 weeks, and bleeding for collection of allo-

antibodies is initiated after the 3rd immunisation and then once a week.  
13. Test-typing of the bled sera, diluted 1:2 in PBS buffer, must be analysed for specificity using the 

haemagglutination test (se below).  

14. Add 0.2% Na-azide to the produced allo-antisera and store at - 20"C in aliquots with batch numbers. 
15. One animal may be bled for 20 mL for at lest 4 times.  

 

Preparation of “ready-to-use” allo-antiserum 
 

1. Defrost an allo-antiserum diluted 1:2 in PBS buffer containing 0.2% Na-azide. 
2. Prepare a panel of 2% blood suspension from animals with known MHC haplotypes (se below). 
3. Make a test dilution series of the allo-antiserum in PBS buffer (e.g. 1:2 to 1:128)  
4. Test all the dilutions against the panel of known MHC haplotypes using the haemagglutination test 

described below. The test is performed to find the correct dilution for optimal reaction (agglutination 
in the highest dilution) and to test the allo-antiserum for cross-reaction to other MHC antigens than 
the one the allo-antiserum was raised against.  

5. If a cross-reaction is found, the allo-antiserum has to be absorbed to remove antibodies reacting 
with unwanted MHC antigens. Below an example of absorption is described.  

 
Example: the allo-antiserum anti-B-F19 cross-reacts with blood cells from animals carrying the B21 
haplotype. These antibodies therefore have to be removed by absorption. 
 

1. Bleed 10-20 mL blood from an animal carrying the B21haplotype and stabilise the blood with 
1/5 vol. 3.8% natrium-citrate.   

2. Collect the blood cells by centrifugation at 500xg in 8 min at 20
o
 C. 

3. Wash the blood cells 2-3 times in 5-10 mL PBS buffer by vortexing followed by centrifugation 
at 500xg in 8 min at 20

o
 C until the supernatant is clear.  

4. After the last wash, the white layer of cells (the lymphocytes on top of the red blood cells) is 
removed with a Pasteur pipette and discarded. 20 mL blood gives about 5–6 mL packed 
RBC.  

5. Make a test-absorption by mixing 1 mL anti-B-F19 allo-antiserum and 1 ml packed RBC from 
the B21 animal.  

6. Rotate the tube for 30 min on a rotator.  
7. Centrifuge the solution at 500xg for 8 min at 20

o
 C.  

8. Transfer the supernatant to a new tube. Discard the RBC.  
9. Test the anti-B-F allo-antiserum for specificity by haemagglutination (se below) of various 

dilutions of the absorbed sera (1:2 to 1:128) against 2% blood suspentions from an animal 
carrying the B19 haplotype (positive control) and an animal carrying the B21 haplotype 
(negative control).  

10. If there still seems to be a cross-reaction to B21 cells, it may be enough to dilute the 
absorbed allo-antiserum further to solve the problem. Otherwise, the test-absorption must be 
repeated.  

11. If the absorbtion is acceptable, larger portions of absorbed allo-antiserum may be prepared. 
It is important that the antibody/antigen ratio is the same as in the test-absorption.  

12. If an antibody is to be absorbed with various haplotypes, it may be an advantage to absorb it 
with one or two haplotypes first, and then test the allo-antiserum against the panel of cross-
reactive haplotypes. Sometimes the cross-reactive unspecific antibodies can be removed at 
the first absorption.  

13. The absorbed allo-antiserum is now “ready–to-use” in the haemagglutination test. The 

batches of “ready-to-use” allo-antisera are kept at -20"C. 
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Haemagglutination test 
 

1. Bleed 1-2 mL blood from animals to be serotyped and stabilise the blood in 1/5 vol. 3.8 % Sodium 
Citrate. 

2. Bleed 1-2 mL blood from animals with known MHC haplotypes (controls) and stabilise the blood in 
1/5 vol. 3.8 % Sodium Citrate. The control blood may be kept for 2 weeks in the refrigerator if the 
blood is transferred to a CPD (Citrate Phosphate Dextrose adenine) tube. 

3. Produce a 2 % suspension of the blood samples in PBS buffer in 4 mL test tubes (2-3 drops of blood 
+ 2 ml PBS buffer - i.e. the blood colour turns into light orange). All the blood suspensions must have 
exactly the same colour. The suspensions may be kept for a maximum of 2 days in the refrigerator. 

4. Drop onto the glass slide one drop of “ready-to-use” allo-antiserum (the antibody) and one drop of 2 
% blood suspension (antigen).  

5. Mix the two solutions gently by rocking the glass slide back and forth.  
6. Incubate the glass slide in a humid chamber for 30 min. 
7. Defrost a 4 mL NCP tube and dilute the plasma with PBS buffer up to 10 mL (20% dilution).  
8. Filtrate the solution through a piece of gaze placed at the bottom of a 20 mL syringe into a 50 ml 

tube. 
9. Adjust the vol. to 20 mL again with PBS buffer and repeat the filtration step using a new piece of 

gaze and the same 50 mL tube.   
10. After incubation for 30 min take the glass slide out of the humid chamber and add one drop of 20% 

NCP. Mix the solution by rocking the glass slide back and forth.  
11. Leave the glass slide for another 30 min in the humid chamber.  
12. The haemagglutination is read on the light table and categorised as very positive (++), positive (+), 

or negative (-). Please, be aware that a positive reaction may stick to the bottom so rock the glass 
slide back and forth when reading. 

13. The slide may, if necessary, be placed in the humid chamber for another 10-15 min in order to have 
a more clear reaction, however; this may result in a fainter reaction.  

 
 

Serological MHC typing of offspring  
 
As the antibody titre in the allo-antiserum may change when frozen, “ready-to-use” allo-antisera are always 
test-titrated before use. Testing is carried out using a panel of 6 – 10 different haplotypes with known positive 
and negative reactions. The typing of animals with unknown haplotypes can then be performed on the glass 
slides. The schema below shows a simple result of a serological MHC typing.  
 
 

Antibody/Antigen B15 animal B19 animal B21 animal Unknown Unknown Unknown 

Anti-B-F15 +++ - - +++ - - 

Anti-B-F19 - +++ - - +++ - 

Anti-B-F21 - - +++ - - +++ 

Anti-B-G15 +++ - - +++ - - 

Anti-B-G19 - +++ - - +++ - 

Anti-B-G21 - - +++ - - +++ 

Typing result OK OK OK B15 B19 B21 

  
 

Restriction Fragment Length Polymorphism (RFLP) typing of MHC 
 
Introduction 
The use of RFLP analysis to molecular characterisation of genetic variation in the MHC is a valuable 
supplement to serological analysis. The RFLP analysis can examine sub-regions of genotypes for which the 
production of serological reagents has been elusive, analyse MHC chromosomal recombinants, and 
categorise newly identified genotypes. Identification of new MHC haplotypes by RFLP analysis makes it 
easier to make an immunisation plan for generation of new allo-antisera to unknown MHC antigens. Actually, 
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this was the method of choice when we distinguished between 5 to 6 new MHC haplotypes in a commercial 
breeding flock from the Lohmann Company (unpublished results).  
 
The method is very time consuming and expensive compared to the serological typing but we use the 
method routinely in the lab as a supplement when we have problems with the serological typing. In our lab all 
our chicken lines containing different MHC haplotypes have been analysed by this method and a system has 
been worked out to distinguish between the different MHC haplotypes using one single restriction enzyme 
(Bgl II) and cDNA probes for B-F, B-L and B-G (Juul-Madsen et al., 1993 and 2000). 
 

Equipment  
 

 ! Micro-tube centrifuge  

 ! High Speed centrifuge 

 ! 37"C incubator 

 ! Tubes (1.5 mL, 2.2 mL, 50 mL) 

 ! Tea filters 

 ! 10 ml pipettes 

 ! 13 mL Sarsted centrifuge tubes 

 ! Pasteur pipette 

 ! Hybond N+ nylon membranes (RPN203B, AM) 
 

Reagents 
 

 ! TKM-1 buffer (10mM Tris-HCl** pH 7.6; 10mMKCL; 10mM MgCl2; 2mM EDTA)  

 ! TKM-2 buffer (10mM Tris-HCl** pH 7.6; 10mM KCL; 10mM MgCl2; 2mM EDTA; 0.4M NaCl) 

 ! NP-40 

 ! SDS 

 ! 6M NaCl (It is OK with some undissolved crystals in the bottle)  

 ! 2-propanol 

 ! TE buffer (Sambrook et al., 1989) 

 ! 10 mg/mL BSA 

 ! 0.2 M Spermidine  

 ! 0.5 M EDTA (Sambrook et al., 1989) 

 ! 7.5M NH4-O-A 

 ! 99% Ethanol  

 ! DNA loading buffer (Sambrook et al., 1989) 

 ! 0.25 M HCl 

 ! 4M NaOH 

 ! 10 mg/ml carrier DNA (Sambrook et al., 1989) 

 !
32

P labelled probe (Sambrook et al., 1989) 
 

**    Trizma Base 99.9% from Sigma # T-8524 
 

Purification of genomic DNA with Sodium Chloride 
 
This method is included because it is a very easy, safe and cheap method to get large amounts of genomic 
DNA but the method is not very known. The method is adapted from the paper of Lahiri and Nurnberg 
(1991).  
 
1. Transfer a blood sample to a micro tube with a Pasteur pipette and centrifuge in a micro centrifuge at 

300xg for 5 min. 

2. Mix 200#l packed cells with 25mL TKM-1 buffer containing 2.5% NP-40 in 50mL tubes. 
3. Centrifuge at 1000xg for 10 min at room temperature (RT). 
4. Discard the supernatant and resuspend the pellet (the nuclei’s) in 20 mL TKM-1 buffer and vortex 

thoroughly. 
5. Centrifuge at 1000xg for 10 min at RT. 
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6. Discard the supernatant and immediately resuspend the pellet thoroughly in 300#L TKM-1 buffer.  
7. Add 10 mL TKM-2 buffer containing 0.625% SDS and shake the tube vigorously – do not vortex at this 

step as it will break the DNA into smaller pieces. 

8. Incubate for a minimum of 1 hour (possibly o/n) at 60"C in a water bath and shake a couple of times 
with your hands. The solution has to be viscously but clear for best results.  

9. Transfer the DNA solution to a 13mL Sarstedt centrifuge tube containing 3.75mL 6M NaCL - mix well 
by shaking with your hands. 

10. Centrifuge in a high-speed centrifuge at 10.844xg for 10 min at RT. 
11. Filter the supernatant through a tea filter into a new 50 ml tube. 
12. Add 1 vol. 2-propanol and mix carefully until the DNA precipitates. 
13. Spool the DNA onto a Pasteur pipette, wash in 70% EtOH and dry the DNA by rotating the pipette on 

the inside of a clean tube. 
14. Resuspend the DNA in 2 mL TE buffer in a 2.2 mL micro tube. 

15. Incubate for 30 min at 65"C, then o/n at 4"C and shake until the DNA dissolutes. 
16. If the DNA has not dissoluted, filter the DNA solution through a tea filter. 
17. Measure OD 260 and 280 nm. 

18. Store the DNA in 2.2mL micro tubes at -20"C. 
 
 

Genomic DNA restriction digestion 
 
1. Use 1.5 mL micro tubes. 

2. 7.5 - 10#g DNA is digested in an end concentration of 0.075 - 0.1#g/#L. 
3. Add in the following order: 

dH20 

  0.1#g/#L BSA 
  2 mM Spermidine 
  1/10 end volume of 10 x restriction buffer 
  the DNA  

4. Digest the DNA with a given restriction enzyme - 2U/#g DNA for 6-8 hours at an enzyme determined 
temperature.  

5. Add an extra 2U/#g DNA and continue the digestion o/n. 
6. Terminate the digestion by adding EDTA up to 10 mM, ½ volume 7.5M NH4-O-Ac, and 3 volume 99% 

Ethanol. Mix and incubate the samples for a minimum of 1 hour at -20"C. 

7. Centrifuge the samples at 26384xg for a minimum of 15 min at 4"C. 
8. Discard the supernatant and dry the pellet. The pellet must not dry completely as it then is difficult for 

genomic DNA to dissolute again. 

9. Resuspend the pellet thoroughly in 20#L TE buffer containing 1:5 amount DNA loading buffer. 

10. Incubate the samples for 30 min at 37"C with the lid open to evaporate the alcohol.  

11. The samples are ready to be loaded on an 0.6 – 1% agarose gel containing 0.5 #g/mL Etitium 
Bromide – the percentage of agarose depends on how often the restriction enzyme cut the DNA. 

 

Alkali Blotting - DNA hybridisation 
 
1. Photograph the gel to check for successful digestion of the samples.   
2. Place the gel in ½ L 0.25 M HCl on a shaking table for 20 min (gentle shaking). This treatment 

depurinizes the DNA and breaks the DNA into smaller pieces which makes the transfer to the Hybond N+ 
membrane easier. 

3. Pour off the acid and rinse the gel several times in MilliQ H2O to remove all the acid.  
4. Make a Southern Blot according to the manufacturer’s description for alkali blotting using Hybond N+ and 

0.4M NaOH. 

5. Prehybridise in 10 - 20 mL prehybridisation buffer (6 X SSC; 1% SDS; 10 x Denhardt; 200 -400 #L Carrier 

DNA** (10mg/mL) at 67"C in shaker water bath for 2 – 4 hrs. 

6. Hybridise in 10 – 20 mL hybridisation buffer (prehybridisation buffer + 
32

P-labelled probe**) at 67"C in 
shaker water bath over night.    

7. Wash the filter in a 55"C hot water bath after the following program: 
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 2 times in 1 x SSC, 0.1% SDS for 25 min 
 2 times in 0.1 x SSC, 0.1% SDS for 25 min. 
 2 times in 0.1 x SSC for 25 min.  
8. The filter is then ready for autoradiography.  
 
** Boil the probe and the carrier DNA for 5 min and place on ice for 5 min. Add 

32
P-labelled probe until there 

is 6-8 * 10
6
 cpm/ml. 

 
 

Micro-satellite fragment typing of MHC  
 
Introduction 
Micro-satellites are DNA sequences consisting of stretches of repeated short nucleotide motifs that may 
show polymphism in the number of repeats. Micro-satellites are usually embedded in DNA with a unique 
sequence and can therefore easily be amplified by PCR. The LEI0258 micro-satellite (Zoorob et al., 1998; 
EMBL Accession no. Z83781) is a polymorphic 12-mer located within the B region of the chicken MHC on 
chromosome 16. The length of the LEI0258 was found to differ in 13 different MHC haplotypes from inbred 
lines with the exception of B2 that was identical with B15 (unpublished results). The use of fluorescent-
labelled primers and automatic gel scanning makes this technique an attractive and rapid alternative to the 
other two MHC typing techniques. 
 

Equipment 
 

 ! PCR instrument 

 ! 0.2 #L PCR tubes 

 ! Automatic Gel Scanner (e.g. ALFexpress$ DNA Sequencer AM) 

 ! Analysis software (e.g. ALFwin Fragment Analyser 1.0 AM) 
 

Reagents 
 

 ! QIAamp$DNA Mini Kit (QI) 

 ! PCR primers:  [f]: 5’-(Cy5)-CACGCAGCAGAACTTGGTAAGG-3’ 

[r]: 5’-AGCTGTGCTCAGTCCTCAGTGC-3’ 

 

 ! Taq DNA Polymerase (27-0799-05, AM) 

 ! PCR nucleotide mix (US77170, AM) 

 ! PCR buffer (50 mM KCl, 1.5 mM MgCL2, 10 mM Tris-HCl) 

 ! Polyacrylamide (e.g. Reprogel High resolution, AM) 

 ! Loading Buffer (5 mg/ml of dextran blue in 100 % deionised formamide) 

 ! Fluorescent 50 bp fragment ladder (e.g. ALFexpress%Sizer, 27-4539-01, AM) 
 

 

PCR amplification of micro-satellite 
 

1. Purify genomic DNA from tissue or blood samples with the QIAamp$ DNA Mini Kit according to the 

manufacturer’s instructions (15 - 40#g DNA). 
Alternatively genomic DNA can be purified from red blood cells by the sodium chloride method 
mentioned above. 

2. Set up a PCR reaction in a total volume of 25 #L PCR buffer including: 

1 #L of genomic DNA 

0.05 #M of each primer 
0.2 mM of each dNTP (PCR nucleotide mix) 
1 U of Taq DNA polymerase 

3. Apart from samples, a panel of DNA from known MHC haplotypes can be included in the PCR step. 
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4. Perform PCR with a reaction profile of 94
o
C/5 min followed by 94

o
C/1 min, 56

o
C/1 min, 72

o
C/2 min 

for 25 cycles and finally 72
o
C/10 min. 

 
 

Fragment analysis 
 

5. Use 1.5 #L of the PCR reaction and mix it with 3-4 #L of Loading Buffer 
6. Denature samples at 95

o
C for 2 min. 

7. Keep samples on ice for 2 min. 
8. Separate PCR products on polyacrylamide gel along with 50 bp fragment ladder and controls. 
9. Evaluate results on automatic gel scanner.  
10. Deduce MHC type of unknown samples by comparing fragment sizes with known MHC controls. 

 
 
Suppliers 
AM:  Amersham Biosciences, Little Chalfont, UK 
ME: Medinor ASA, Oslo, Norway 
QI: Qiagen, GmbH, Hilden, Germany  
TE:  Terumo Europe NV, Paris, France 
 

Concluding remarks 
 

 ! The three typing methods do not replace but complement each other depending on the purpose of 
the typing.  

 ! The fragment analysis may also be run on a 3% metaphor agarose gel or a 20 cm 6 – 9% 
polyacrylamid gel stained with ethidium bromide. A 40 cm 4% denaturing polyacrylamide gel 
visualised by silver staining may also be used.  

 ! A table of inbreed and partly inbreed chicken lines with known MHC haplotype in the whole world will 
be published by Marcia Miller, USA (manuscript in preparation).  

  
 

Acknowledgements 
The author’s whish to thanks the technicians Lene Rosborg Dal and Hanne Svenstrup - the real experts in 
the lab for critical reviewing of the methods.    
  

References 
Briles W.E., Goto R.M., Auffray C. & Miller M.M. (1993) A polymorphic system related to but genetically 
independent of the chicken major histocompatibility complex. Immunogenetics 37, 408-14. 
 
Bumstead N, Reece RL, and Cook JKA (1993). Genetic difference in susceptibility of chicken lines to 
infectious bursal disease virus. Poultry Science 72: 189-193. 
 
Cotter P F, Taylor RL, and Abplanalp H (1998). B-complex associated immunity to Salmonella enteritidis 
challenge in congenic chickens.  Poultry Sci. 77:1846-1851.  
 
Fillon V., Zoorob R., Yerle M., Auffray C. & Vignal A. (1996) Mapping of the genetically independent chicken 
major histocompatibility complexes B

@
 and RFP-Y

@
 to the same microchromosome by two-color fluorescent 

in situ hybridisation. Cytogenetics Cell Genetics 75, 7-9. 
 
Guillemot F., Kaufman J.F., Skjødt K. & Auffray C. (1989) The major histocompatibility complex in the 
chicken. Trends in Genetics 5, 300-04. 
 
Juul-Madsen HR, Hedemand JE, Salomonsen J, and Simonsen M (1993). RFLP analysis of the chicken B-F 
and B-L genes and their association with serologically defined B haplotypes. Animal Genetics 24: 243-247. 
 
Juul-Madsen HR, Afanassieff M,  and Dalgaard TS (2000). Molecular characterisation of major and minor 
MHC class I and II genes in B21-like haplotypes in chickens. Animal Genetics, 31: 252-261. 

 9

-225-



 
Juul-Madsen HR, Nielsen OL, Krogh-Meibom T, Rontved CM, Dalgaard TS, Bumstead N, and Jørgensen PH 
(2002). Major histocompatibility complex-linked response of young chickens vaccinated with an attenuated 
live infectious bursal disease virus vaccine followed by an infection. Poultry Science 81: 649-656. 
 
Kaufman J., Salomonsen J. & Skjødt K. (1989) B-G cDNA clones have multiple small repeats and hybridize 
to both chicken MHC regions. Immunogenetics 30, 440-51.  
 
Kaufman J and Wallny HJ (1996). Chicken MHC molecules, disease resistance and the evolutionary origin of 
birds. Current Topics in Microbiological Immunology 212: 129-141. 
 
Kroemer G, Guillemot F and Auffray C (1990). Genetic organisation of the Chicken MHC. Immunol Res 9: 8-
19. 
 
Lahiri DK and Nurenberg Jr. JI (1991). A rapid non-enzymatic method for the preparation of HMW DANN 
from blood for RFLP studies. Nucl Acid Res 19: 5444. 
 
Lamont SJ (1998). The chicken major histocompatibility complex and disease.  Rev. Sci. Tech. 17:128-142. 
 
Lamont S. J., C. Bolin, and N. Cheville (1987).  Genetic resistance to fowl cholera is linked to the major 
histocompatibility complex. Immunogenetics 25:284-289. 
 
Lillehoj H S, Ruff MD, Bacon LD, Lamont SJ, and Jeffers TK (1989). Genetic control of immunity to Eimeria 
tenella. Interaction of MHC genes and non-MHC linked genes influences levels of disease susceptibility in 
chickens. Vet. Immunol. Immunopathol. 20:135-148. 
 
Miller M.M., Goto R., Bernot A., Zoorob R., Auffray C., Bumstead N. & Briles W.E. (1994). Two MHC class I 
and two MHC class II genes map to the chicken Rfp-Y system outside the B complex. Proceedings of the 
National Academy of Science USA 91, 4397-401. 
 
Salomonsen J, Dunon D, Skjødt K, Thorpe D., Vainio O, and Kaufman J (1991). Chicken MHC encoded B-G 
antigens are found on many cell types that are important for the immune system. Proc Natl Acad Sci 88: 
1359-1363. 
 
Sambrook J, Fritsch EF, and Maniatis T (1989). Molecular Cloning – A Laboratory Manual, second edition 
Cold Spring Habor Laboratory Press.  
 
Schierman LW, and Collins LW (1987). Influence of the major histocompatibility complex on tumor 
regression and immunity in chickens. Poultry Sci. 66:812-818. 
 
Simonsen M (1975). Serological identification of the major genetic locus. Acta Pathol Microbiol Scand 83: 1-
14.  
 
Yoo B H, and Sheldon BL (1992). Association of the major histocompatibility complex with avian leukosis 
virus infection in chickens. Br. Poult. Sci. 33:613-620.  
 
Zoorob R, Auffray C, Chaussé AM (1998). Réactifs et méthodes pour la detection des genes lies au CMH 
d’oiseaux d’élevage tels que le poulet. Patent PCT/FR98/02501, France. 
 

 10

-226-



Figure 1: Glass plates 
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