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the activation-induced cytidine deaminase aiD (encoded by Aicda) is essential in triggering 

the somatic hypermutation, gene conversion and class-switch recombination of genes 

encoding immunoglobulins.1 in an article published in Nature Immunology, yamane et al. 

addressed a central issue in aiD biology.2 applying chromatin immunoprecipitation followed 

by deep sequencing (chiP-seq) to primary, switch-induced b cells, they set out to establish 

the chromatin-binding ‘preferences’ of this Dna modifier. Using chiP-seq to identify genomic 

targets of aiD is not trivial, given that aiD is not a true chromatin-associated protein. most aiD 

is retained in the cytosol and only a small portion of the aiD pool is actively shuttled between 

the cytoplasm and nucleus.1 of the nuclear fraction, only a small proportion is expected to 

interact with chromatin. hence, extensive controls are needed for measurement of specific 

enrichment of the minor chromatin-bound aiD fraction in Aicda+/+ b cells relative to its 

absence in Aicda−/− b cells. here we argue that the chiP-seq data provided do not support the 

authors’ conclusions.2

to determine whether there was locus-specific enrichment for aiD we mapped sequence 

‘reads’ of both chiP-seq libraries to the mouse reference genome. for further analysis we 

only used deduplicated uniquely mapping reads. for both the Aicda+/+ and Aicda−/− samples, 

we counted mapped reads in the islands as defined by sicer3, the peak-finding algorithm the 

authors applied. after linear normalization of the counts, we correlated the results for both 

samples. this unbiased analysis showed that Aicda+/+ and Aicda−/− samples did not differ in 

the read counts in islands, including those located in well-described targets of aiD, and that 

binding by aiD was not likely to be measured (figure 1a).

Figure 1. analysis of chiP-seq libraries of switch-induced Aicda+/+ and Aicda−/− b cells. (a) genome-wide 
correlation of unique read counts (after linear normalization) in islands of reported aiD targets (key) in 
Aicda+/+ and Aicda−/− samples, determined with the sicer algorithm. (b) Density of unique read counts 
(after linear normalization) in promoters classified as elongating, stalled or unclassified2, in Aicda+/+ and 
Aicda−/− cells.
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for ‘generic’ comparison of the Aicda+/+ and Aicda−/− libraries, we reanalyzed the distribution 

of mapped reads in the various promoter classes defined by the authors (stalled, elongating or 

unclassified; supplementary table 1 in reference 2). this classification is based on (relative to) 

the occupancy of rna polymerase ii measured in promoters and the gene body.4 We did not 

find a ‘preference’ for aiD binding in a specific promoter class (figure 1b). our findings also 

affect another published study using the same chiP-seq experiment to support the hypothesis 

that aiD ‘preferentially’ accumulates at stalled promoters.5 our reanalysis of that chiP-seq 

experiment also indicates that retrospective association of aiD-binding sites with open 

chromatin regions (such as active histone marks and promoters) is premature.

‘generic’ and local differences between two large data sets do occur because of technical and 

biological variations in genome-wide studies.6 at least one true biological replicate is regarded 

as the minimal prerequisite for estimating whether a difference in results obtained in two 

different conditions has a biological or technical origin.7-9 this is particularly important for aiD, 

for which enrichment of specific protein-Dna complexes is limited. Unfortunately, the studies 

of yamane et al. lack biological replicates.2 moreover, the preparation of the Aicda−/− and Aicda+/+ 

samples is not equivalent, as the Aicda−/− sample underwent a single immunoprecipitation and 

the Aicda+/+ sample underwent a combination of three immunoprecipitations. consequently, 

the degree of ‘success’ (reproducibility and specificity) of the single immunoprecipitation 

of the Aicda−/− sample and each of three combined immunoprecipitations of the Aicda+/+ 

immunoprecipitations remains unknown. notably, even if true biological replicates were 

included, differences in genomic elements are not necessarily aiD dependent, as such 

differences can be the consequence of many aiD-independent factors.7-9

When independently confirming putative genomic aiD-binding sites, comparison of the 

mutation loads of b cells with transgenic expression of aiD under the control of a promoter-

enhancer cassette from the immunoglobulin k-chain gene (igk) and deficient in uracil Dna 

glycosylase (Igk-aiD Ung−/− b cells) with those of Aicda−/− b cells is invalid. the experimental 

protocols do not control for the duration and amount of aiD expression, or the repair capacity 

of Igk-aiD Ung−/− b cells, all of which are also nonphysiological. the last point is well documented 

in the first report of igk-aiD mice showing that in such mice, even in the presence of Ung, 

more than 95% of all mutations are generated in resting b cells, in which normally aiD is not 

expressed.10 hence, these comparisons cannot be considered as confirmation of physiological 

aiD binding and activity.

in summary, generating and confirming the chromatin profile of aiD is not trivial but 

requires many specific precautions and controls. the experimental setup of yamane et al. 

does not meet the generally accepted criteria and standards for the design, performance and 

analysis of a chiP-seq experiment.7-9 the following conclusions are not supported by the data: 

that the chiP-seq analysis of aiD in activated b cells was successful; that recruitment of aiD 

indicates hypermutation; that aiD ‘preferentially’ targets genes in open chromatin; that the 

recruitment of aiD follows the distribution of rna polymerase ii; and that aiD ‘preferentially’ 

binds stalled promoters.5
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