
The antibody repertoire present in humans is generated 
as a result of two processes that take place in hemato-
poietic stem cells in the bone marrow - V(D)J recombina-
tion and somatic hypermutation. V(D)J recombination at 
the IGH (heavy), IGK (kappa), IGL (lambda) loci can lead 
to around 1011 combinations.

V(D)J RecombinationV(D)J Recombination

The joining of the V, D, J regions is accompanied by a 
variety of junctional modifications. These alterations 
make it difficult to map confidently to the shorter D and J 
genes, which are only 15-35bp in length. This, combined 
with somatic hypermutation, often modifies the D and J 
genes beyond recognition.

Junctional DiversityJunctional Diversity

Immunoglobulin reconstruction is a complicated problem primarily because of the high 
similarity in gene sequences. D and J genes are extremely short (15-35bp) in length, with 
each gene differing only slightly from the other. This, coupled with junctional modifica-
tions and somatic hypermutation, makes mapping reads to this region unfeasible. 
Mapping V genes, which can be up to 350bp in length is slightly more tractable. However, 
the V genes are extremely similar to each other as well. Consider the 100bp stretch for 
two V genes shown below.

Burkitt Lymphoma is caused by the translocation of the MYC gene to either of the IGH, 
IGK, or IGL loci [1]. Under normal conditions, every B cell has a unique immunoglobulin 
sequence contributes to the antibody repertoire. However, in Burkitt Lymphoma a clonal 
B cell keeps replicating and thus the population has a immunoglobulin clonotype that is 
present in higher proportions than otherwise expected.

              A normal B cell population                             B cell population in Burkitt Lymphoma

Reconstruction of clonal sequencesReconstruction of clonal sequences

A majority of the methods for immuno-
globulin sequence reconstruction use
single cell data whereas we perform the
same task using bulk sequencing data.
IGBLAST, the BLAST equivalent for
immunoglobulin mapping fails to work
since it attempts to map V(D)J junctions.

Mapping V(D)J junctions is infeasible
because of the short lengths of D and
J genes, and the junctional diversity
incorporated during recombination. In
order to circumvent this problem, I
created my own pipeline that identifies
the most likely V genes present in the
tumor clonotype sequence. My pipeline
relies on hierarchical mapping of reads
to contigs and contigs to genes to
overcome the difficulty of mapping to
this hypervariable locus.

Reconstruction PipelineReconstruction Pipeline
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We processed 101 paired tumor-normal Burkitt 
Lymphoma samples on this pipeline and reported the 
top V genes for each of the H, K, L loci. Three genes at 
each loci stand out from the rest of the genes and are 
likely to be tumor clonotype genes - those marked with 
an asterisk were also identified by a recent study [2]. 

Top IG(H/K/L) genesTop IG(H/K/L) genes

1> CAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTC
2> CAGGTCCAGCT TGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTC

1> AGTGAAGGTCTCCTGCAAGGCTTCTGGATACACCTTCACCGGCTAC T A TA
2> AGTGAAGGTT TCCTGCAAGGCTTCTGGATACACCTTCACT A  GCTA T GCTA

IGHV gene list

*IGHV3-7
*IGHV3-21
IGHV3-48
IGHV3-64
IGHV4-4
IGHV1-69
IGHV3-9
IGHV3-73
IGHV3-43
IGHV3-72

15 10 5

IGKV gene list

*IGKV1-33
*IGKV1-39
IGKV1-13
IGKV2-40
IGKV1-16
IGKV1-12
IGKV2-28
IGKV1D-16
IGKV1D-43
IGKV6D-21

15 10 520

IGLV gene list

15 10 5

*IGLV1-44
IGLV1-36
IGLV4-60
IGLV8-61
IGLV5-52
IGLV4-3
IGLV1-40
IGLV3-19
IGLV2-11
IGLV9-49

Assemble reads into contigs (ABySS)

Identify contigs that map to genes (LAST)

Align reads to above contigs (BWA-MEM)

Choose reads that map fully to other reads

Assemble reads into contigs (ABySS)

List genes with maximum contigs mapped

Select reads mapping to IG loci (samtools)

V genes D genes J genes

V(D)J junction

(V-D joining)

(D-J joining)

No junctional diversity
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P nucleotide addition

CCA
GGT

CAT
GTA
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N Nucleotide Addition
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GTA
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GCAT
CGTA
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