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Different nature of IG genes:  

IG genes = a unique set of genes 	
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Structure: 

 

Single gene – one       many exons 

 

Variations: 

 

•  SNP 

•  Pathogenic mutations 

 

Origin of variants: 

 

•  Inherited 

•  Acquired 

 



Different nature of IG genes:  

IG genes = a unique set of genes 	
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Different nature of IG genes:  

IG genes = a unique set of genes 	
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Variations 

 

•  SNP 

Generation of diversity 

 

•  Acquired 
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•  Rearranged IG gene 

•  Loss of nucleotide 

•  Non-templated nucleotides 

 

Structure 



Generation of diversity:  

IG genes = a unique set of genes 	

1.   	Combinatorial	diversity		

–  V	region	encoded	by	2	or	3	genes	

–  Reservoir	of	mul7ple	IG	V,	D,	J	genes	

–  Random	assembly	

2.   	Junc7onal	diversity		

–  Imprecise	joining	at	the	CDR3	

3.   	Combinatorial	diversity		

–  Pairing	of	heavy	and	light	chain	IG	genes	

4.   	Matura7on	diversity		

–  Soma7c	hypermuta7ons	(SHM)	

Central  
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(2o lymphoid organs) 



Germline organization of the IGH locus	
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Junctional diversity:  
created by processing of the coding ends  
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Modification due to: 
 

• Nucleotide trimming 

 

Exonuclease 

activity  
• nontemplated nucleotides 

 

Terminal 

deoxynucleotidyl 

transferase (TdT)  

N 

 

• Palindromic nucleotides 

P 



From the bone marrow to the periphery  
Antigen exposure further shapes the repertoire 

Kuppers, Nat Rev Cancer, 2005 



Diversification in the mature B cell repertoire 
Several modes of modification 

1.   Somatic hypermutation (SHM) 

–  V region 

2.   Class switch recombination (CSR)  

–  C region 

3.   Switch from mIGs to secreted Igs 

•  Mostly single base substitutions 

 

•  Exceptionally high mutational  frequency: 10-3 to 10-4/base/cell division 

 

•  Localized : start near the 5’ end of the V-D-J-EXON and extend for 1-2 kb 

•  Preferred target hotspot motifs  

      

•  Transitions more frequent than transversions 

 

•  Silent (S) or replacement (R) or stop codon 



Diversification in the mature B cell repertoire 
Several modes of modification 

•  Mostly single base substitutions 

 

•  Exceptionally high mutational  frequency: 10-3 to 10-4/base/cell division 

•  Localized : start near the 5’ end of the V-D-J-EXON and extend for 1-2 kb 

•  Preferred target hotspot motifs  

      

•  Transitions more frequent than transversions 

 

•  Silent (S) or replacement (R) or stop codon 

 

Rare events (3%) 

 

Insertions/Deletions 

Productive? If reading frame is maintained 

 

Subset #2 (25%)  



Considerations for protocol optimization 

IGHV mutational analysis - optimization at two levels 

 

 - technical protocols - generate a reliable IGH sequence   
 

  - avoid missing sequences 

  - avoid incorrect sequence data 

 

 - clinical interpretation - generate a reliable report 
 

  - correct interpretation/implications 

 

 
    



From the patient to an IG sequence:  

important parameters 

  Material: 

•  Cell source 

•  Anticoagulant 

•  Work-up of cells 

Type of nucleic 
acid  PCR methodology 

•  PCR protocol 

•  Taq polymerase  

•  PCR primers 

Processing & 
clonality 

Sequencing 



IG gene analysis in CLL 

Material: Cell source 

•  peripheral blood 

•  bone marrow  

•  lymph node 

•  other 
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Survey from previous workshop (n=63) 

IGHV SHM status 

•  stable feature irrespective of the leukemic cell source  

•  stable throughout the disease course 



•  EDTA tubes (Ethylene diamine tetra-acetic acid) 

•  CPT tubes (Citrate/pyridoxal 5’-phosphate/tris) 

•  heparinized tubes 

•  other 
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IG gene analysis in CLL 

Material: Anticoagulant 



•  Ficoll gradient (PB / BM) 

•  cell suspension of biopsy (e.g. for flow analysis) 

 

IG gene analysis in CLL 

Material: Work-up of cells 
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•  genomic DNA (gDNA) 

•  RNA / complementary DNA (cDNA) 

IG gene analysis in CLL 

Type of Nucleic acid 
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Quantity of gDNA / RNA 

-mostly 100-500 ng gDNA 

(range 1 ng – 1 ug) 

-mostly 1 ug RNA for 

cDNA reaction (range 400 

ng – 2 ug) 



  Molecule            advantages   disadvantages 

gDNA   - more optimal for long-distance  - non-productive  

   transport     rearrangement can 

  - use of archival material   also be amplified 

 

RNA/cDNA  - identifies mostly only   - reverse transcription 

  productive rearrangement  step required 

  - allows isotype identification   

à no scientific rationale for choosing gDNA or RNA/cDNA 

à advisable to use similar type of nucleic acid in multi-center trials 

IG gene analysis in CLL:  

Type of Nucleic acid 



RNA/cDNA: 1,6% 

gDNA: 13,9% 

Langerak et al. Leukemia 2011 

IG gene analysis in CLL: 

 Type of Nucleic acid 

RNA/cDNA: 0,4% 

gDNA: 0,8% 

Unproductive rearrangements 
are not restricted to gDNA! 

9,1% cases carried 
unproductive rearrangements 



RNA/cDNA: ≈ 1/3 

gDNA: ≈ 2/3 

Langerak et al. Leukemia 2011 

IG gene analysis in CLL:  

Type of Nucleic acid 

Double rearrangements are 
not restricted to gDNA! 

RNA/cDNA: 3,8% 

gDNA: 14,8% 



•  IGHV leader primers 

•   LH (family-specific) – CH (Sahota, Blood 1996) 

•   LH & VH (family-specific) – CH (Fais, J Clin Invest 1998) 

•  IGHV FR1 primers 

•   FR1 consensus – JH (Aubin, Leukemia 1995) 

•   FR1 multiplex – JH (BIOMED-2) (Van Dongen, Leukemia 2003) 

•  IGHV FR2 primers: short IGHV  

•  IGHV FR3 primers: too short IGHV sequences 

• Downstream primers: IGHJ or isotype specific IGHC 

IG gene analysis in CLL 

PCR methodology: PCR primers 



IG gene analysis in CLL 

PCR methodology: PCR primers 

IMGT®, http://imgt.cines.fr  



Primer sets 

•  IGHV leader primers à ERIC 2017 UPDATED RECOMMENDATIONS  

•  LH (family-specific) – CH  (Sahota, Blood 1996) 

•  LH & VH (family-specific) – CH (Fais, J Clin Invest 1998) 

•  IGHV FR1 primers à only in RARE CIRCUMSTANCES  

•  FR1 consensus – JH (Aubin, Leukemia 1995) 

•  FR1 multiplex – JH (BIOMED-2) (Van Dongen, Leukemia 2003) 

•  IGHV FR2 primers : short IGHV sequences à NOT ACCEPTABLE  

 (only recommended upon negative leader / FR1 results, due to SHM) 

•  IGHV FR3 primers : too short IGHV sequences à NOT ACCEPTABLE 

IG gene analysis in CLL 

PCR methodology: PCR primers 



Preferred methods for clonality testing 

•  heteroduplex analysis 

•  high resolution PAGE  

•  Gene Scan / fragment analysis  

•  agarose gel electrophoresis : too low resolution à DISCOURAGED 

IG gene analysis in CLL 

Clonality Testing 

Strategy     advantage                       disadvantage 

HD analysis /  -unlabeled products   -lower detection limit 

PAGE   allows direct sequencing 
 

GS analysis  -higher detection limit   -labeled products less  

  -optimal visualization   optimal in sequencing

    



Patients A, C, E, F, G 

monoallelic  

à direct sequencing  

 

Patient D  

bi-allelic  

 

Heteroduplex analysis in clonality testing: 

interpretation and sequencing strategy 

What is the next step ? 

•  direct sequencing 

•  single PCR à sequencing 

•  gel excision à sequencing 

•  cloning à sequencing 
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Heteroduplex analysis in clonality testing: 

interpretation and sequencing strategy 

What is the next step ? 

•  direct sequencing 

•  single PCR à sequencing 

•  gel excision à sequencing 

•  cloning à sequencing 



Patient B: What are the possible scenarios? 

 

Heteroduplex analysis in clonality testing: 

interpretation and sequencing strategy 

a.  Small clone below detection limit à follow-up sample 

b.  Clone is present, but not recognized à different primer set required 

c.  Lymphocytosis not due to CLL clone à check immunophenotype 



Case 1 

Case 3 

Case 2 

IGH  FR1 

Genescan analysis in clonality testing: 

interpretation and sequencing strategy 

Case 1: monoallelic à direct sequencing in principle possible 

 

Case 2: monoallelic + background à 1. direct sequencing ? ; 2. gel excision 

 

Case 3: polyclonal à 1. no clone (no CLL ?); 2. small clone below detection 

(follow-up sample ?) 



Direct sequencing 

•  one product from multiplex PCR 

       àstarting from IGHJ / IGHC, then reverse sequence via IGHV family primer 

•  one product from single PCR 

       à sequencing via specific primers from both sides 

 

Sequencing after gel excision + elution 

•  bi-allelic rearrangement : physical separation of products 

Sequencing after subcloning 

•  final option, e.g. physical separation of bi-allelic rearrangements impossible 

IG gene analysis in CLL:  

Sequencing strategies 



  IG gene analysis in CLL 

ERIC recommendations 

Most important and relevant parameters 

•  Type of nucleic acid  RNA / cDNA and/or gDNA 

•  PCR primers   Leader primers 

•  Clonality analysis  PAGE / HD analysis or GeneScan analysis 

•  Sequencing   mostly direct (w or w/o gel excision) 

 reliable sequence from two strands 

à Many parameters: no clear scientific rationale for one or the other option 

à  Some strategies show complementary value 

à  Clonality testing is an essential phase in the strategy ! 



http://www.ericll.org/eric-recommendations/ 



http://www.ericll.org/ighv-gene-analysis-certification/ 



http://www.ericll.org/tools/ 
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