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The immunoglobulin heavy chain constant (IGHC) locus houses genetic determinates of antibody function 
and specificity. In this issue of Cell Genomics, Jana et al. use long-read sequencing to characterize extensive 
inter-individual diversity in the IGHC region across ancestrally diverse populations, highlighting potential 
functional consequences.

The adaptive immune response is charac-

terized by the ability of effector cells to 

respond to an astonishing array of foreign 

antigens. Somatic recombination is 

fundamental to the generation of a legion 

of immune cells endowed with a fine 

degree of specificity for antigen and a 

wide variety of effector functions. During 

this process, variable genomic building 

blocks are rearranged in developing T or 

B cells to exponentially increase the po-

tential diversity of their antigen receptors 

beyond what is encoded in the germline. 

In both T and B cells, these building 

blocks—the variable (V), diversity (D), 

and joining (J) segments—are spliced 

together in a process known as V(D)J 

recombination. 1 Significant insights into 

immune effector function have been 

gained in the past several years

through examination of T cell

receptor (TCR) diversity and

its relationship to health and

disease. 2 Like TCRs, B cell 

receptors (BCRs) and their

related antibodies are the prod-

uct of V(D)J recombination;

here, these building blocks are

housed within the immuno-

globulin light chain and immu-

noglobulin heavy chain (IGH)

region, alongside the IGH con-

stant (IGHC) locus. The BCR is 

comprised of two identical light

chains and two identical heavy

chains. For the heavy chain,

the product of V(D)J recombi-

nation is spliced to a specific

IGHC gene. While the V, D,

and J segments contribute to

antigen specificity, it is the IGHC that 

determines the antibody class (IgG, 

IgM, IgD, IgA, IgE) and thus the effector 

function (e.g., complement activation, 

mucosal immunity, Fc receptor binding) 

of the antibodies produced by the B cell 3 

(Figure 1). Upon activation, B cells can 

modulate these effector functions through 

a process known as class switching, in 

which further recombination events 

replace the constant region from the 

IGHC to produce a different class of anti-

bodies, while maintaining antigen speci-

ficity. 4

There is clear evidence of variation 

within the IGHC locus, which consists of 

nine annotated genes. 5 However, only 

limited studies have interrogated this re-

gion, and it is certain that variation in the

IGHC is significantly greater than currently 

known. This understudied genomic region 

harbors structural variants representing 

gene duplications and deletions, as well 

as single nucleotide variation (SNV) poly-

morphism. While the functional conse-

quences of IGHC polymorphism are not 

fully understood, variants resulting in pro-

tein changes may influence isotype distri-

butions in antibody repertoires, serum 

antibody levels, Fc receptor affinity, and 

antibody-dependent cellular cytotoxicity 

(ADCC). 6 Understanding whether and 

how this variation is associated with im-

munity, health, and disease outcomes is 

reliant on first characterizing its full nature 

and extent. 

In this issue of Cell Genomics, Jana 

et al ..7 describe application of long-read 

sequencing to fully resolve 

the IGHC region. Accurate 

representation of this varia-

tion is a critical tool underpin-

ning large-scale studies 

aimed at more fully under-

standing how this variation is 

relevant for antibody struc-

ture and function and human 

health. Here, the authors 

present data that drastically 

increases the number of 

haplotype resolved assem-

blies for this region and 

bootstrap that work to 

develop a bioinformatic pipe-

line for long-read assemblies 

of the region to provide new 

data regarding both struc-

tural and SNV polymorphism 

across human populations.

Figure 1. Variation in the immunoglobulin heavy chain constant 

region determines antibody specificity and effector functions

The B cell receptor is composed of identical pairs of light and heavy chains. 
The Fab region of the antibody is responsible for antigen specificity, while the 
Fc region determines effector function.
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Importantly, the tools and resources devel-

oped in this work will enable other re-

searchers to more accurately examine 

both germline and somatic variation in the 

context of health and population studies. 

The cornerstone of the work presented 

here is the full resolution of 16 total haplo-

types from eight donors, providing a set 

of validated reference haplotypes from 

highly accurate long-read sequencing 

methods. Eight haplotypes from four do-

nors were resolved using a combination 

of overlapping fosmid clones and long-

read assemblies, while eight additional 

haplotypes were resolved using haplo-

type-phased assemblies from parent-child 

trios. Building on these carefully curated 

haplotypes, the authors were able to vali-

date a bioinformatic pipeline capable of 

assembling the IGHC locus from long-

read sequencing data at scale. Having 

demonstrated the fidelity of these 

methods, application at high throughput 

in an additional 97 individuals allowed 

them to develop a catalog of IGHC variation 

from 105 individuals across a diverse set of 

ancestral backgrounds. In doing so, they 

identified several structural variants, 

including insertion-deletions and inver-

sions. Likewise, they identified 2,000 

SNVs comprising over 200 IGHC alleles, 

the vast majority of which had not been pre-

viously characterized. Remarkably, every 

individual examined harbored at least one 

novel allele, which were especially frequent 

in individuals with African ancestry. Similar 

to other highly variable immunogenomic 

regions, such as HLA, 8 the authors clearly 

demonstrate that this variation tracks 

closely with geographic ancestry. 

One of the most striking results from this 

work is the finding that a large percentage 

of the variants identified are not repre-

sented in the dbSNP catalog 9 or 1000 Ge-

nomes 10 variant calls. This has important 

implications for genome-wide association 

studies (GWASs), for example, as it is 

likely that association signals in this 

region may have been missed or misinter-

preted, including potential functional con-

sequences of associated variation. Like-

wise, in the increasing number of whole 

genome sequencing studies, accurate 

and comprehensive reference sequence 

is critical to understanding whether a novel 

variant is rare or potentially deleterious, or 

likely due to sequencing artifact. The 

contribution by Jana et al. to the represen-

tation of IGHC variation will support work 

reliant on comprehensive variant catalogs. 

While high-fidelity long-read sequencing 

and the accompanying validated bio-

informatic pipeline were crucial to this 

work, extension to short-read sequencing 

data will be an important next step toward 

further characterization of IGHC variation. 

The potential to capitalize on the work pre-

sented by Jana et al. to provide a scaffold 

for both bioinformatic and targeted 

sequencing methods that take advantage 

of the lower cost and higher throughput 

characteristic of short read data is a tanta-

lizing prospect. In the meantime, this work 

promises to catalyze research into the 

impact of genomic variation on antibody 

structure and function.
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