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A diverse antibody repertoire requires inclusion of all available

VH and DH genes. Large-scale processes, including non-coding

transcription and Ig locus contraction, are thought to facilitate

accessibility of distal 50 VH genes to the recombination center

over the DJ region, where the recombination activating gene

(RAG) 1 and 2 bind (Ji et al., 2010, Corcoran et al., 1998; Bolland

et al., 2004; Yancopoulos and Alt, 1985, Chowdhury and Sen,

2003; Fuxa et al., 2004; Jhunjhunwala et al., 2008; Sayegh











checkpoint, and MYC were downregulated in the IL-7Ra/Rag2�/�

cells (Figures S4B–S4D). Consistent with previous reports,

expression of both Ebf1 and



Figure 4. TF motif analysis at genomic sites

of altered accessibility

Peaks identified from ATAC-seq by MACS peak

calling from two biological replicates.

(A) Sites less accessible in IL-7Ra/Rag2�/�

analyzed using DESeq2. TF motif enrichment us-

ing HOMER is shown. Relevant significantly en-
IL-7Ra�/� display widespread defects at both stages of Igh

recombination. Most importantly, the VH repertoire was highly

biased toward 30 VH genes. Reduced use of 50 VH genes was

much more pronounced than in FL pro-B cells, indicating that

IL-7R signaling is specifically needed in the BM to make all VH

genes available for the primary antibody repertoire. The pres-

ence of N-additions within IL-7Ra�/� VDJH sequences demon-

strates that they are derived from BM, not FL, progenitors. Our

findings concur with a study in neonatal IL-7Ra�/� BM (Hesslein

et al., 2006). Detection of N-additions at DH-JH junctions indi-

cated that DH to JH recombination also took place de novo in

the BM. Thus, V(D)J recombination progressed with normal dy-

namics but severely restricted participation of both VH and DH

genes. Previous models of a block in B cell development in IL-

7Ra�/� BM (Kikuchi et al., 2005; Peschon et al., 1994; Miller

et al., 2002; Carvalho et al., 2001) inferred that IL-7Ra�/� BM B

cells had originated in the FL, where the IL-7R is not essential (Er-

landsson et al., 2004), due to their restricted Vh gene usage.

Here, our demonstration that V(D)J recombination occurs de

novo in the BM, albeit in the very few remaining B cells, has

enabled us to uncover specific roles of the IL-7R in regulating

DH and VH gene usage in the Igh repertoire in BM pro-B cells.

A previous study showing that IL-7Ra�/� B cell development

could be partially rescued by a vav-cre bcl2 transgene, indi-

cating a crucial role in CLP survival (Malin et al., 2010), suggested

that IL-7R signaling is not required for BM B cell recombination.

However, Bcl2 driven by the Igh Em enhancer did not rescue
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