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I. Molecular Immunogenetics



Innate Immunity
Non-specific responses such as phagocytosis

Adaptive Immunity
Specifically acquired T and B lymphocytic responses 

to particular antigens
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Genes of Key Components of the 

Adaptive Immune Response

• Major Histocompatibility Complex (MHC)

• Immunoglobulin (Ig) 

• T-Cell Antigen Receptor (TCR)

“ Immunoglobulin gene superfamily ”
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MHC Class I Mediated Antigen 

Presentation
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MHC Class II Mediated Antigen 

Presentation



Gene Structure of the Human MHC

Chromosome 6p21.3

Class I + II  → Classical HLA 
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Major Histocompatibility Complex

MHC region: 

o The MHC genomic region, located on the short arm of 

chromosome 6 (6p21.3)

o Contains the HLA (Human Leukocyte Antigen) genes 

o At least 200 other genes (≈40% involved in some aspect of the 

immune response)

o Spanning ≈ 3.6 Mb   (Shiina et al, 2009)

o It is the most gene-dense region of the genome (≈ 1 gene/16 kb) 

o High levels of polymorphism 

o Referred to as the HLA region (in humans)
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Extended MHC region: 

o ≈ 8 Mb of chromosome 6, containing over 250 

protein-coding genes 

o This region expands the MHC borders to 

segments with high linkage disequilibrium with the 

MHC 

o Contains additional genes involved in the immune 

response  (Horton et al, 2004; Shiina et al, 2009)
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Major Histocompatibility Complex



MHC / HLA Class

• Class or loci of HLA genes: 

oClassical HLA genes are the highly 

polymorphic loci that code for the proteins that 

present peptides to the T-cell receptors (HLA-

A, -B, -C, -DPA1, -DPB1, -DQA1, -DQB1, -

DRB1, -DRA1) → Class I, II

oNon-Classical genes which have reduced 

polymorphism and do not have a role in 

peptide presentation. → Class III
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Class III is not HLA
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HLA allele

o A specific DNA sequence at an HLA gene

oCan be thought of as a haplotype of SNP 

variants 

o There are extraordinarily large numbers of 

HLA alleles, with > 12,000 for class I alleles 

and > 4,000 for class II.
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HLA Haplotype

The combination of alleles at several HLA genes 

on a single chromosome of a given individual.
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Protein & DNA Variation at HLA Loci

HLA Locus      Antigenic Variants DNA Variants

HLA-A 25 83

HLA-B 53 186

HLA-C 11 42

HLA-DR 20 221

HLA-DQ 9 49

HLA-DP 6 88
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HLA Function

• HLA class I molecules 

o Expressed in most cells, bind peptides of intracellular origin and present 

them on the cell surface to the TCRs of CD8+ T-cells 

o Initiating a cytotoxic response if they are recognized as foreign. 

• HLA class II molecules

o Expressed in antigen presenting cells, typically bind peptides of extracellular 

origin and present them to the TCRs of CD4+ T-cells 

o Triggering a signaling process that leads to the multiplication of T-helper 

cells 

o Leading to the stimulation of B-cells, which produce antibodies to the 

antigen that triggered the response.
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Inheritance of HLA Haplotypes

AB CD

AC BD AD BC
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HLA Allele & Diseases Associations

Ankylosing spondylitis                          B27

Reiter syndrome                                   B27

Acute anterior uveitis                            B27

Nacrolepsy DQ6

Celiac disease                                      DQ2

Hemochromatosis                                 A3

Congenital adrenal hyperplasia            Bw47
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Nomenclature of HLA Allele
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N = Null 

L = Low 

S = Secreted 

C = Cytoplasm 

A = Aberrant 

Q = Questionable



Immunoglobulin

(Ig)
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Ig H Chain Gene Rearrangements

IGH@

14q32

Somatic rearrangement

Somatic rearrangement

(recombinases)
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Ig L Chain Gene Rearrangements

IGK@

2p12

Note: λ L chain gene 

is IGL@ on 22q11

(recombinases)
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Restricted Expression

• Isotypic exclusion

Ig produced by single B cell contains only 

a single H isotype and a single L isotype

• Allelic exclusion

Either the paternal or maternal allele for 

each H and L chain is expressed within 

single cell

7/24/2019 Col Kitti Buranawuti, MD, FACMG 27



Generation of Antibody Diversity

Germline Genes             H              κ λ

V                         200          100           100

D                         20             - -

J                           6              5               6

V x D x J                2.4x104             500           600

H x κ 1.2x107

H x λ 1.4x107

Total potential              ~1011

repertoire
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Immunoglobulin Diversity

• Unique somatic rearrangement of DNA 

sequence in lymphocyte precursor cells

• Can generate ~ 1011 different antibodies

• Protect against the large array of 

infectious organisms, toxins, cancer cells
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T Cell Receptor

(TCR)
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T Cell Receptor Genes

TRB@ Chromosome 7q34

TRG@ Chromosome 7p14

TRA@ and TRD@ Chromosome 14q11.2

TRD@
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ABO Red Cell Antigen
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ABO gene

• Chromosome:   9q34.2

• ABO gene is organized in 7 exons

• Spans over 19 kb 

• Base pairs:   1,147

• Amino acids:   373
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ABO Alleles
• O blood: deletion of guanine 258 near the N-terminus of the protein 

which results in a frameshift and translation of an almost entirely 

different protein
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• A, B blood:  

o The first of the seven nucleotide 

substitutions which distinguish the 

A and B transferases, resides in 

coding exon 6; exon 7 contains the 

other 6 nucleotide substitutions which 

result in four amino acid substitutions 

that differentiate the A and B 

transferases. 

o Among those, substitutions 

responsible for alterations at two sites 

(L266M and G268A) determine the A 

or B specificity of the enzyme 

(Yamamoto and Hakamori). 



II. Clinical Immunogenetics
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SCID Genetic Analysis Today
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SCID Genes 

T          B         NK

• IL2RG               XL       50%        - +          -

• ADA                  AR      14%        - - -

• JAK3                 AR        7%        - +          -

• IL7RA                AR        7%        - +         +

• RAG                  AR      <7%        - - +

• ARTEMIS          AR      <5%        - - +

• CD45                 AR      rare         - +         +

• TCRD (CD3δ)    AR      rare         - +         +

• FOXN1               AR      rare         - +         +
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Gene Therapy for the Treatment of Primary Immune 

Deficiencies.  Kuo CY, Kohn DB 

Curr Allergy Asthma Rep. 2016 May;16(5):39. 

Gene Therapy for X-Linked Severe Combined Immunodeficiency: 

Where Do We Stand? 

Cavazzana M, Six E, Lagresle-Peyrou C, André-Schmutz I   

Hum Gene Ther. 2016 Feb;27(2):108-16. 
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Thank You & Good Luck !
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