
Organization and Expression of 
Immunoglobulin Genes

And 
Antibody Diversity



B lymphocyte development





In 1950’s:  central dogma stated DNA→ RNA→ protein

One gene for each protein

Required millions of genes just for the immune system

Does not seem possible, but most scientists thought it might be

Today we know the human genome is less than 30,000 genes

So, what is really going on???

Problem…the immune system makes over one billion different 
antibody proteins



They proposed radical theory to account for diversity of antibodies

►Each antibody was coded for by two separate genes

●One for the variable region
●One for the constant region

►These genes combined at the DNA level and expressed single
mRNA

►Suggested 1000’s of variable region genes and only one
constant region gene

Most biomedical scientists did not like this idea and rejected it!!!

Dryer and Bennett, 1965



Genetic models of the 1960’s were also unable 
to explain:

• How B cells shut down the Ig genes on just one of their chromosomes.

All other genes known at the time were expressed co‐dominantly. B
cells expressed a light chain from one parent only and a heavy chain
from one parent only (evidence from allotypes).

• A genetic mechanism to account for increased antibody affinity in an
immune response

• How a single specificity of antibody sequentially switched isotype.

• How the same specificity of antibody was secreted and simultaneously
expressed on the cell surface of a B cell.



Current theory must account for the following known properties of antibodies



Embryonic Mouse Cell DNA

Variable and conserved 
regions of light chain are 
not linked originally in the 
stem cell lineage!

Tonegawa and 
Hozumi, 1976



1976—used restriction enzymes and  DNA probes to show that germ cell DNA contained 
several smaller DNA segments compared to DNA taken from developed lymphocytes 
(myeloma cells)

Tonegawa’s demonstration





Multigene organization of Ig genes



Kappa light chain rearrangement



Heavy chain rearrangement



Mechanism of Variable‐Region DNA rearrangements

• Recombination signal sequences (RSSs)
• Between V, D, and J segments
• Signal for recombination
• 2 kinds

» 12 base pairs (bp) – 1 turn of DNA
» 23 bp – 2 turns of DNA
» 12 can only join to 23 and vice versa





Recombination Activating Gene
(RAG):

Schatz, David G., and Patrick C. Swanson. "V (D) J recombination: mechanisms of initiation." Annual review of genetics 45 (2011): 167-202.
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Nicking: first step of DNA cleavage by RAG in which
one DNA strand is broken 5’ of the heptamer

Paired (synaptic) complex (PC): protein-DNA complex
in which the two RSSs are held in close juxtaposition by
the RAG proteins

Signal end: after DNA cleavage by the RAG proteins,
the DNA end that terminates in the RSS

Coding end: after DNA cleavage by the RAG proteins,
the DNA end that terminates in the coding segment

CSC: cleaved signal complex

SEC: signal end complex

Nonhomologous end joining (NHEJ): a DNA repair
process that joins broken DNA ends (double-strand
breaks) without using homologous DNA as a template

Hairpin formation: second step of DNA cleavage by
RAG in which the 3’-hydroxyl of the nicked strand
attacks the other strand

HMGB: high mobility group box

V(D)J recombination:

Schatz, David G., and Patrick C. Swanson. "V (D) J recombination: mechanisms of initiation." Annual review of genetics 45 (2011): 167-202.
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Retroviral construct

Assay for demonstrating recombination of Ig gene segments

RAG 1/RAG2 expression:



N nucleotide addition at joining segments:  the addition of random



Randomness in joining process helps generate diversity by creating hypervariable of 
antigen binding site



Imprecise joining generates diversity



Some rearrangements are productive, others are non‐productive:  frame shift 
alterations are non‐productive



Allelic exclusion:  only one chromosome is active in any one lymphocyte



7 means of generating antibody diversity





Location of variability occurs within CDR regions of V domains (antigen binding 
sites)



Somatic hyper mutation:

(1) At a frequency   ̴ 10‐3 /bp/generation  > 105 fold than spontaneous mutation 
rate (10‐8 /bp/generation)

(2) It occurs within germinal centers in secondary lymphoid organs within a 
week or so of immunization with an antigen at active T‐cells dependent B‐
cells resonse.

(3) Target sites → 1500 nucleotides (VJ or VDJ segments) 

AID (Activation induced cytidine deaminase) :

Somatic hyper mutation
Class switiching

Affinity maturation



Somatic hypermutation
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Wu ‐ Kabat analysis compares point 
mutations in Ig of different specificity.

What about mutation throughout an immune response to a single epitope?
How does this affect the specificity and affinity of the antibody?
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Somatic hypermutation leads to affinity maturation

Hypermutation is T cell dependent
Mutations focussed on ‘hot spots’ (i.e. the CDRs) due to double stranded breaks repaired by an 

error prone DNA repair enzyme.

Cells with 
accumulated 
mutations in 
the CDR are  
selected for 
high antigen 
binding 
capacity –
thus the 
affinity 
matures 
throughout 
the course of 
the response



Class switching among constant regions:  generation of IgG, IgA and IgE with same 
antigenic determinants—idiotypes



(a)







Synthesis, assembly and 
secretion of immunoglobulins



Each lymphocyte rearranged gene has regulatory sequences that control gene expression
Promoters:  initiation sites of RNA transcription
Enhancers:  upstream of downstream that transcription from the promoter sequence
Silencers:  down‐regulate transcription in germline cells
Gene rearrangement brings enhancer and promoter regions close together and 
eliminates silencer regions allowing transcription 

Regulation of Ig gene transcription



Antibody Engineering
• Monoclonal Abs used for many 

clinical reasons (anti‐ tumor Ab, 
for instance)

• If developed in mice, might 
produce immune response when 
injected

• Can be cleared in which 
they will not be efficient

• Can create allergic 
response

• Creating chimeric Abs or 
humanized Abs are beneficial
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