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abstract
the Aicda locus encodes the activation induced cytidine deaminase (aiD) and is highly 

expressed in germinal center (gc) b cells to initiate somatic hypermutation (shm) and class 

switch recombination (csr) of immunoglobulin (ig) genes. besides these ig specific activities 

in b cells, aiD has been implicated in active Dna demethylation in non-b cell systems. We here 

determined a potential role of aiD as an epigenetic eraser and transcriptional regulator in 

b cells. rna-seq on different b cell subsets revealed that Aicda-/- b cells are developmentally 

affected. however as shown by rna-seq, methylcap-seq, and snP analysis these transcriptome 

alterations may not relate to aiD, but alternatively to a cba mouse strain derived region around 

the targeted Aicda locus. these unexpected confounding parameters provide alternative, 

aiD-independent interpretations on genotype-phenotype correlations previously reported in 

numerous studies on aiD using the Aicda-/- mouse strain.
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introDUction 
During b cell development the gc cycle is initiated when mature b cells contact with cognate 

follicular helper t cells within secondary lymphoid organs. extensive proliferation of antigen-

primed b cells causes secondary follicles to polarize and form two micro-anatomically distinct 

regions within the gc, the t cell zone-proximal dark zone (DZ) and the distal light zone (lZ). 

in the DZ, rapidly proliferating b cells (centroblasts (cb)) can change the genetic code of 

antibodies due to the initiation of two independent processes: somatic hypermutation (shm) 

and class switch recombination (csr). exit of the centroblast from the cell cycle coincides with 

the relocation of non-cycling gc b cells (centrocytes (cc)) to the lZ. the lZ contains antigen 

specific follicular helper t cells and networks of follicular dendritic cells. the latter are coated 

with immune-complexes. ccs continuously scan these coated follicular dendritic cells to test 

their variant b cell receptors for antigen binding ability. eventually, these cells differentiate into 

memory b cells to establish immunological memory or plasma b cells to ascertain effective 

immunity. survivors of the gc reaction express the appropriate antibody class and bind antigen 

with higher affinity (mcheyzer-Williams et al., 2012). the observation that the vast majority of 

mature b cell lymphomas arise from gc implies that b cells undergoing the gc reaction are at 

high risk for oncogenic transformation (kuppers and Dalla-favera, 2001). 

the crucial finding, that both shm and csr require the activity of aiD led to the first 

profound insights into the molecular mechanism of these processes (Di noia and neuberger, 

2007; muramatsu et al., 2000). aiD is a member of the Apobec gene family of cytosine 

deaminases (conticello et al., 2007; harris and liddament, 2004; liddament et al., 2004). 

aiD binds ssDna and preferentially deaminates cytosine residues that reside within the Wrc 

motif (maccarthy et al., 2009; Pham et al., 2003; rogozin and Diaz, 2004). During shm, aiD 

deaminates cytosines within rearranged v(D)J segments that encode the variable domain of 

ig heavy and light chains. subsequent processing of the uracil involves error prone Dna repair 

enabling the introduction of somatic mutations at a rate approximating one point mutation 

per generation. this process eventually leads to formation of high affinity antibody variants. 

to initiate csr, aiD deaminates c in the top and bottom strands of two transcriptionally active 

s regions. to generate Dna double strand breaks (Dsbs) in switch regions, the uracil has to be 

processed by components of the base excision repair or mismatch repair system. once the 

Dsbs are generated, the intervening Dna fragment is deleted, and the downstream constant 

region is juxtaposed to the upstream variable region. this process enables b cells to change 

their antibody isotype and adapt the effector function of the antibody (stavnezer et al., 2008). 

the majority of the aiD pool resides cytosolic and only a small fraction is actively shuttled 

between cytosol and nucleus, which is one of several strategies to control its mutagenic 

potential (Di noia and neuberger, 2007).

studies in non-b cell systems implicate a role for aiD in active cpg demethylation (bhutani et 

al., 2010; fritz and Papavasiliou, 2010; morgan et al., 2004; morgan et al., 2005; Popp et al., 2010; 

rai et al., 2008). Dna demethylation controls biological functions like changes in gene expression 

and chromatin organization to orchestrate cellular differentiation. in addition, Dna methylation 

contributes to genome stability and is a hallmark off X chromosome inactivation in females. 

reprogramming of hetereokaryons was proposed to require aiD-dependent Dna demethylation 
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of the Oct4 and Nanog promoters (bhutani et al., 2010). in primordial germ cells genome-wide 

aiD-dependent Dna demethylation was proposed to occur in exons, introns and intergenic 

regions but not in promoters. this study further favored the view that aiD targets genome-wide 

and functions as an epigenetic regulator (Popp et al., 2010). the possibility that aiD exerts an 

additional function as an epigenetic eraser in gc b cells, in which aiD expression is highest, has not 

been tested to date. 

in some b lymphoid cancers translocation breakpoints found in or near switch regions 

implicated aiD in stimulating ectopic chromosomal translocations. besides the scheduled 

aiD-dependent Dsbs in switch regions, aiD is implicated in generating Dsbs also in non-ig 

genes (kuppers, 2005; nussenzweig and nussenzweig, 2010; Zhang et al., 2010). high-

throughput, genome-wide translocation sequencing (htgts) and translocation capture 

sequencing (tc-seq) studies suggest that aiD may be required to induce Dsbs in ~120 genes 

leading to chromosomal translocations (chiarle et al., 2011; klein et al., 2011). further indirect 

evidence for aiD ‘off-targeting’ was provided by somatic mutation analysis in tss-proximal 

regions. the authors estimate that 25% of expressed genes in germinal center b cells are 

deaminated by aiD (liu et al., 2008). of note, conclusions on potential genome-wide impact 

of aiD are heavily based on a single Aicda-/- mouse model (muramatsu et al., 2000), which was 

generated in the embryonic stem cell line tt2 derived from f1 c57bl/6 x cba blastocysts (yagi 

et al., 1993). so far, in depth validations of this mouse model by next-generation technologies 

are lacking.

to study the potential role of aiD in b cell programming and tumor development, we here applied 

methylcap (bock et al., 2010; brinkman et al., 2010) and rna-seq (mortazavi et al., 2008) on different 

b cell subsets. our analyses provide alternative aiD-independent interpretations on genotype-

phenotype correlations previously observed in numerous studies on aiD using the Aicda-/- mice.

resUlts
Aicda-/- GC B cells have a CC signature
active Dna demethylation by aiD has previously been implicated in gene regulation of non-b cell 

systems (bhutani et al., 2010; Popp et al., 2010; rai et al., 2008). to explore the possibility that aiD 

alters transcription in b cells to control b cell differentiation we applied rna-seq on cD19+/cD95+/

Pnahi gc b cells, isolated from spleens of immunized Aicda-/- and Aicda+/+ mice. the expression 

of 155 genes (fDr < 0.01) was found to differ between Aicda-/- and Aicda+/+ gc b cells (table s1 & 

figure s1 and s2). go analysis indicated six major categories: cellular response, signaling, regulation, 

homeostasis, differentiation/development, and cellular activation (figure s3a and s3b). to further 

pinpoint the phenotype of Aicda-/- gc b cells, we took advantage of two previously defined gene 

groups that distinguish naïve b cells from cbs (klein et al., 2003) and DZ b cells (cb) from lZ (cc) 

b cells (victora et al., 2012). When plotting the differential gene expression distribution of each 

gene group individually, we revealed that gc b cells of Aicda-/- mice have a more pronounced 

cc signature (figure 1a; left panel). Igh transcription increases at the transition from cb to cc. 

consistent with this notion, Ighv transcripts are more abundant in gc b cells of Aicda-/- mice 

(figure 1b; left panel). 
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In vitro activated Aicda-/- B cells have a CB signature
the in vivo results not necessarily relate to aiD since failure to undergo shm and csr may affect 

the composition of cD19+/cD95+/Pnahi gc b cells such that cc are overrepresented within 

enlarged gc of Aicda-/- mice (muramatsu et al., 2000). to identify b cell intrinsic transcriptional 

differences, we applied rna-seq on in vitro activated b cells isolated from Aicda-/- and Aicda+/+ 

mice. this approach revealed that 145 genes differed in their expression (fDr cut-off at 0.01) 

(table s1 and figure s2b). go analyses indicated that these genes fall into the same six go 

categories (figure s3c). the assessment of the cb and cc gene signatures revealed that in 

vitro activated b cells of Aicda-/- mice acquire a cb like signature (figure 1a, right panel). as 

Figure 1. transcriptome comparisons of gc b cells and in vitro activated b cells from Aicda+/+ and Aicda-/- mice. 
a) box-plot of previously defined gene groups which are differentially expressed between Aicda+/+ and Aicda-/- 

gc (left panel) and activated (right panel) b cells: con, control group; lZs light zone signature genes (victora 
et al., 2012), DZs, dark zone signature genes (victora et al., 2012); nvs, naïve b cell signature genes (klein et 
al., 2003), cbs, centroblast signature genes (klein et al., 2003). for statistical analysis the sign test was applied. 
b) volcano-plot of genes differentially expressed between Aicda+/+ and Aicda-/- gc (left panel) and activated 
(right panel) b cells. the Ighv genes are shown in red. for statistical analysis the sign test was applied.
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Igh transcription decreases at the transition from naïve to cb stage, one expects that Ighv 

transcripts are less abundant in activated Aicda-/- b cells, which indeed was the case (figure 1b, 

right panel). 

Methyl-Cap does not reveal AID-dependent CpG demethylation
as aiD has been proposed to affect the transcriptional program via deamination of methylated 

cpgs in specific promoters of hetereokaryons (bhutani et al., 2010) and the methylome in 

exons, introns, and intergenic regions, but not in promoters of primordial germ cells (Popp 

et al., 2010), we argued that aiD may affect the gc reaction by active cpg demethylation. 

to test this possibility we applied methylcap-seq on gc (cD19+/cD95+/Pnahi) b cells from 

immunized Aicda-/- and Aicda+/+ c57bl/6 mice. methylcap takes advantage of a high affinity 

methylbinding domain (bock et al., 2010; brinkman et al., 2010) which when coupled to 

paramagnetic beads enables an efficient enrichment of methylated Dna fragments. although 

methylcap did enrich effectively for methylated fragments (figure s4), the methylation load 

in promoters, exons, introns and intergenic regions remained indistinguishable between 

Aicda-/- and Aicda+/+ gc b cells (figure 2a). the methylation load of individual tsss did 

not differ as well (figure 2b). apparently, methylcap-seq failed to reveal aiD-dependent 

cpg demethylation. 

Naïve Aicda-/- B cells are pre-activated
to further assess transcriptional differences between Aicda-/- and Aicda+/+ mice, we isolated 

naïve cD19+/cD43- b cells. as revealed by rna-seq, naïve b cells from Aicda-/- and Aicda+/+ mice, 

in which aiD is not expressed, differ substantially (figure 3). DZ signature genes are expressed 

at higher levels in Aicda-/- naïve b cells (figure 3a and 3b). furthermore, go-analysis revealed 

go-terms linked to cell cycling (figure s3D). these analyses revealed that naïve Aicda-/- b cells 

are pre-activated when compared to naïve Aicda+/+ b cells and extend on previous observations 

made (muramatsu et al., 2000).

Figure 2. assessment of aiD-
dependent Dna demethylation. 
a) comparisons of cpg 
methylation load between 
Aicda+/+ and Aicda-/- gc b cells in 
defined genomic elements. tss, 
transcription start sides (tss); 
eXn, exons; int, introns; ing, 
intergenic regions are shown. 
various statistical tests revealed 
no differences. b) correlation 
plot of methylcap data obtained 
from Aicda+/+ and Aicda-/- 

gc b  cells. the correlation 
coefficient, r was determined 
applying the Persons’ test.
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Aicda-/- mice are not congenic
as an alternative to aiD in causing the transcriptional differences observed between Aicda-/- 

and Aicda+/+ b cells, we considered artifacts related to gene targeting in es cells as potential 

confounders for genotype-phenotype alterations previously observed when using these mice. 

Aicda-/- mice originate from the embryonic stem cell line tt2, which were derived from f1 c57bl/6 

x cba blastocysts (yagi et al., 1993). in these tt2 cells the Aicda locus was targeted conventionally 

by replacing exon 3 and partially exon 4 encoding the cytidine-deaminase domain of aiD with a 

neor selection cassette. this likely explains the observation of non-functional Aicda transcripts 

in naïve Aicda-/- b cells (table s1). chimeras were backcrossed to c57bl/6 mice. to determine 

whether the c57bl/6- or cba-allele was targeted we performed snP analysis. snP analysis 

revealed that the cba allele was targeted (figure 4a and 4b). moreover, the cba derived region 

around the targeted Aicda locus persisted even after extensive backcrossing for 15 generations. 

to assess whether this region is also transcriptionally affected we analyzed the transcriptome 

of the various b cell subsets. in all subsets, this region (chr6:e2-g1) always contributed most 

to the top hundred differentially expressed genes (figure 4c and 4D; table s1). the fact that 

genes within this region are up- as well as downregulated implies a deregulated region, where 

potentially due to strain differences, genetic or epigenetic alterations during es cell culturing, 

and conventional gene targeting, wide ranging transcriptional alterations arise in cis and in trans 

(table s1). being aware of these major confounding variables, direct attributions to aiD-specific 

functions cannot be based solely on genotype-phenotype correlations when using these mice. 

DiscUssion
this study was initiated to address the potential impact of aiD on gene regulation of b cells. 

to address the potential role of aiD in b cell programming, we applied rna-seq on diverse 

b cell subsets. rna-seq analysis revealed major differences between the transcriptomes of gc 

b cells from Aicda-/- and Aicda+/+ mice. cc-specific transcripts were clearly overrepresented 

in gc b cells of Aicda-/- mice. the observation that gc b cells of Aicda-/- mice are enriched 

for cc-specific transcripts suggests that ccs accumulate in gc of Aicda-/- mice. in addition, 

Figure 3. naïve b cells are 
pre-activated. a) box-plot 
of previously defined 
gene groups differentially 
expressed between Aicda+/+ 
and Aicda-/- naive b cells: 
con, control group; lZs light 
zone signature genes(victora 
et al., 2012), DZs, dark zone 
signature genes(victora et 
al., 2012); nvs, naïve b cell 
signature genes(klein et al., 

2003), cbs, centroblast signature genes(klein et al., 2003). b) volcano-plot of genes differentially 
expressed between Aicda+/+ and Aicda-/- naïve b cells. the DZs genes are shown in red.
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major alterations in the transcriptome were also observed when comparing in vitro activated 

b cells from Aicda-/- and Aicda+/+ mice, indicating major intrinsic differences between these 

activated b cells. interestingly, in vitro activated Aicda-/- b cells acquire already a cb like gene 

signature. this signature likely relates to the fact that even naïve b cells from Aicda-/- are pre-

activated. these findings are consistent with previous notions that Aicda-/- mice and patients 

suffering from the autosomal recessive form of hyper-igm syndrome (higm2) have enlarged 

gcs and hyper-activated b cells (muramatsu et al., 2000; revy et al., 2000). lack of aiD activity 

suppresses Dna damage responses and maintains antigen-reactivity of gc b cells, which is 

likely to provide a selective advantage to aiD deficient b cells. a defective gc reaction will delay 

antigen clearance and prolong immune activation, which in turn may break tolerance and 

stimulate the generation of autoreactive antibodies in mice and patients lacking aiD (kuraoka 

et al., 2011; meyers et al., 2011), with wide ranging consequences on adaptive immunity, 

including b cell development and the establishment of peripheral and central b cell tolerance. 

therefore, in contrast to previous notions, an indirect aiD-dependent effect on central and 

peripheral b  cell tolerance cannot be excluded. the pre-activated status of ‘naïve’ b cells in 

Aicda-/- mice may also provide a cell-autonomous, aiD-independent, preferential outgrowth of 

Aicda-/- b cells in bone marrow chimeric mice (kuraoka et al., 2011; meyers et al., 2011).

the dramatic transcriptional alterations observed in different Aicda-/- b cell subsets let us to explore 

whether aiD exerts a function in gene regulation by cpg demethylation as previously proposed for 

non-b cells (bhutani et al., 2010; Popp et al., 2010; rai et al., 2008). methyl-cap did not reveal aiD-

Figure 4. Aicda-/- mice are not congenic and Aicda-/- b cells are transcriptionally deregulated. a) cba 
derived snPs reside in chromosome 6. b) number of variants per 50kb window is plotted against the 
position on chromosome 6, where Aicda (indicated in red) is located. cba derived snPs accumulate in 
a specific region. c) contribution of each chromosome to the top 100 of differentially expressed genes 
between Aicda+/+ and Aicda-/- gc b cells. the chi square test revealed that differential expressed genes 
located on chromosome 6 are significantly (p < 2.2e-16) enriched in the region were cba snPs were 
found (see figure 4b, supplementary table 1). D) as ‘c’, but now on activated Aicda+/+ and Aicda-/- b cells. 
the chi square test revealed that differential expressed genes located on chromosome 6 are significantly 
(p < 2.2e-16) enriched in the region were cba snPs were found (see figure 4b, supplementary table 1).
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dependent demethylation, neither region-specifically nor generically in gc b cells where aiD is highly 

abundant. however, given the sensitivity of methylcap, we cannot exclude the possibility that subtle 

differences in cpg methylation may have escaped detection. notably, these results are consistent 

with biochemical insights demonstrating that in vitro aiD has a strong preference in deaminating 

cytosine rather than methyl-cytosine (larijani et al., 2005; nabel et al., 2012).

most unexpectedly, Aicda-/- mice are not congenic. based on snP analysis, the cba-derived 

Aicda allele was inactivated in tt2 es cells. surprisingly, the remaining cba fragment around 

the targeted Aicda locus was differentially regulated throughout b cell development. genes 

within this region significantly contributed to the top hundred of most differentially expressed 

genes found between naïve, activated and gc b cell subsets derived from Aicda-/- and Aicda+/+ 

mice. besides strain-specific differences, other genetic as well as epigenetic changes may 

have been acquired during gene targeting or maintaining t2 es cells. this observation is not 

a specific feature of our mouse cohort, as these mice were backcrossed for 15 generations, 

which extensively exceeds the conventional number of backcrosses. as many studies heavily 

(or solely) rely on this unique Aicda-/- strain, these confounding variables add an unexpected 

level of complexity, which has not been considered before. 

While it would be of interest how exactly the targeting affected gene regulation around the 

aiD locus, such experiments require a heroic effort that unlikely contributes to our understanding 

about aiD biology. investing selective candidate genes, which could be responsible for the 

phenotypes, comes down to a ‘fishing expedition in deep water’ with partial or no phenocopy. 

the massive transcriptional alterations seen may relate to the cba derived fragment (in cis), which 

may have systemic impact in trans. furthermore, we cannot exclude genetic and epigenetic 

alterations that arose during es cell culturing in this region. given the long distance changes, 

the mere presence of a neor selection cassette is unlikely the driving force behind these drastic 

transcriptional alterations on chromosome 6. the finding that Aicda-/- mice carry a cba-derived 

fragment in their genome argues that direct phenotype-genotype correlations in Aicda-/- mice 

cannot be made and consequently, additional validations are required to distinguish between 

aiD-independent and dependent effects when comparing Aicda-/- and Aicda+/+ mice.

however, one confounding issue may relate to Mbd4, a Dna glycosylase encoding gene 

implicated in active Dna demethylation (rai et al., 2008). Mbd4 is encoded within the cba 

region of chromosome 6 and is differentially expressed in Aicda-/- b cell subsets. Provided 

that Mbd4 has a function in active Dna demethylation, this might have influenced previous 

methylation differences measured in gene bodies between primordial germ cells of Aicda-/- 

and Aicda+/+ mice (Popp et al., 2010; rai et al., 2008). clearly, the scope of this study is not to 

validate retrospectively the contribution of these complex confounding variables to previous 

conclusions made in numerous aiD-studies. to distinguish easily between aiD-dependent and 

confounding, i.e. aiD-independent issues in the future, the generation of a novel, conditional, 

congenic Aicda-/- strain using the cre/loxP recombination system in c57bl/6 derived es cells 

is likely the most straight forward solutions in solving these problems.

in conclusion, while transcriptional differences were observed between Aicda-/- and Aicda+/+ 

b cells, methylcap and snP analyses question whether these differences merely relate to the 

presence or absence of aiD. confounding parameters related to conventional gene-targeting 
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in mice may have major implications on previous genotype/phenotype comparisons, where 

conclusions were based on the assumption that differences between Aicda-/- and Aicda+/+ 

b cells only relate to the mere absence of aiD. 

eXPerimental ProceDUres
Mice 
Aicda-/- mice were kindly provided by t. honjo and backcrossed for 15 generations to c57bl/6. 

all experiments were approved by an independent animal ethic committee of the netherlands 

cancer institute and executed according to national guidelines.

Isolation of B cell subsets
cD43 expressing cells were depleted from splenic single-cell suspensions of 2-mo-old Aicda-/- 

and Aicda+/+ mice using paramagnetic streptavidin-beads and biotinylated anti-cD43. from the 

remaining cells a fraction was used to sort naïve b cells (cD19+, igm+, cD43-, DaPi-). from the other 

fraction in vitro activated b cells were derived by stimulation with lPs [20μg/ml] and il-4 (10% 

of supernatant of il-4 producing cells). In vitro activated b cells (cD19+, DaPi-) were sorted four 

days after culturing. to isolate gc b cells, 2-mo-old Aicda-/- and Aicda+/+ mice were immunized by 

a single intraperitoneal injection of 108 sheep red blood cells in 200 μl hbss. ten days later, gc 

b cells (cD19+, Pnahigh, cD95+, DaPi-) were sorted from splenic single-cell suspensions.

Cells
human embryonic kidney cells (hek 293t) and ramos cells (burkitt’s lymphoma) were 

maintained in imDm (gibco) supplemented with 8% fcs and antibiotics. 3t3-ntZ indicator 

cells(yoshikawa et al., 2002) were cultured in Dmem supplemented with 8% fcs and antibiotics.

Methyl-Cap 
the methylcap protocol (Diagenode) and sequence library preperation (illumina) were 

performed according to manufacturers protocol.

RNA-Seq
truseq rna sample preparation and subsequent library preparation was according to 

manufacturers protocol (illumina).

Experimental design, analysis and statistical testing
each Aicda-/- (2x) and Aicda+/+ (2x) gc b cell library (methylcap and rna-seq), originates from 

pooled lymphocytes of at least 3 mice. for rna-seq on Aicda-/- (4x) and Aicda+/+ (4x) naïve b cells, 

and Aicda-/- (4x) and Aicda+/+ (4x) activated b cells, a total of sixteen libraries were individually 

prepared and indexed for each individual mouse. for all experiments it holds that the complete 

procedures were repeated on different days to generate true biological replicates. for further 
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quality checks, and statistical testing, we used the r packages limma, edgeR and GoSeq 

(robinson et al., 2010; young et al., 2010). for go visualization we used with the enrichment 

map plugin of cytoscape2. for snP analyses variants were called between Aicda-/- and Aicda+/+ 

with somatic sniper, intersected with cds.gtf (ucsc), and coding variants are linked to sanger 

snP file. for further analysis we used the r language (http://www.r-project.org/).

Data accession
rna-seq and methylcap data deposited under accession number gse47705.
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sUPPlemental figUres

Figure S1. experimental design. each Aicda-/- (2x) and Aicda+/+ (2x) gc b cell library (methylcap and rna-seq), 
originates from pooled lymphocytes of at least 3 mice. for rna-seq on Aicda-/- (4x) and Aicda+/+ (4x) naïve 
b cells, and Aicda-/- (4x) and Aicda+/+ (4x) activated b cells, a total of sixteen libraries were individually prepared 
and indexed for each individual mouse. for all experiments it holds that the complete procedures were 
repeated on different days to generate true biological replicates.
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Figure S2. assessment of the reproducibility of rnaseq data. a) ma-plot of Aicda-/- and Aicda+/+ gc 
b cells (left panel). the top 100 differentially expressed genes, higher in the Aicda+/+ (red) of replicate 1, 
are indicated in replicate 2 (red). Differentially expressed genes with a fDr < 0.1 after combining datasets 
(edgeR(Robinson et al., 2010)) are indicated in blue. b) same as in ‘a’, but activated b cells. c) ma-plot 
of Aicda-/- and Aicda+/+ naive b cells. the top 100 differentially expressed genes, higher in the Aicda-/- of 
replicate 1, are indicated in replicate 2.

Figure S3. go-analysis. a) go-terms differential between Aicda-/- and Aicda+/+ gc b cells as unbiased 
identified by GOseq and clustered by cytoscape2. b) as, in ‘a’. go-groups were as follows: cellular response 
(i), signalling (ii), regulation (iii), homeostasis (iv), differentiation/development (v), and cellular activation 
(vi). c) go-groups differential between Aicda-/- and Aicda+/+ activated b cells. same group definition as 
in ‘b’. D) go-groups differential between Aicda-/- and Aicda+/+ naïve b cells. go-groups were as follows: 
deamination (vii) and cell cycle(viii).

▶
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Figure S4. enrichment of 
methylated Dna fragments 
from b cells. Pie charts 
reveal specific enrichment 
of hypermethylated Tsh2 
and hypomethylated Gapdh 
genes in the bound fractions 
and flow through fraction, 
respectively. the quantitative 
Pcr was performed according 
to manufacturers protocol. 
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ensembl_gene_id mgi_symbol chr. band logFC* logCPM PValue FDR

ensmUsg00000076614 ighg1 12 f1 6,254 9,686 3,21e-128 4,28e-124

ensmUsg00000076613 ighg 12 f1 5,380 6,843 1,53e-98 1,02e-94

ensmUsg00000076613 ighg2b 12 f1 5,380 6,843 1,53e-98 1,02e-94

ensmUsg00000030329 c530028o21rik 6 f2 -8,931 3,482 1,45e-56 6,47e-53

ensmUsg00000076612 ighg2c 12 f1 7,570 3,695 1,48e-49 4,96e-46

ensmUsg00000009246 trpm5 7 f5 -2,598 5,878 1,44e-25 3,84e-22

ensmUsg00000030207 8430419l09rik 6 g1 -2,122 5,507 6,34e-22 1,41e-18

ensmUsg00000030214 Plbd1 6 g1 -2,372 4,521 3,02e-20 5,77e-17

ensmUsg00000030103 bhlhe40 6 e2 -1,961 5,294 3,00e-18 5,01e-15

ensmUsg00000090192 gm16556 6 f1 5,006 1,559 4,94e-18 7,33e-15

ensmUsg00000036931 nfkbid 7 b1 -1,727 6,415 1,44e-16 1,92e-13

ensmUsg00000030319 cand2 6 e3 2,187 4,094 3,17e-16 3,85e-13

ensmUsg00000034115 scn11a 9 f3 3,397 2,206 6,23e-16 6,94e-13

ensmUsg00000069662 marcks 10 b1 -1,733 5,188 6,94e-15 7,12e-12

ensmUsg00000087150 bc064078 6 f3 -1,846 4,500 1,05e-13 1,01e-10

ensmUsg00000023034 nr4a1 15 f1 -1,823 5,094 2,30e-13 1,92e-10

ensmUsg00000064373 sepp1 15 a1 1,476 7,032 4,15e-13 3,26e-10

ensmUsg00000083773 gm13394 2 a3 -8,025 0,273 8,90e-13 6,60e-10

ensmUsg00000022505 emp2 16 a1 2,490 2,633 1,42e-12 9,97e-10

ensmUsg00000052305 hbb-b1 7 e3 -2,104 4,190 1,77e-12 1,18e-9

ensmUsg00000048031 fcrl5 3 f1 -2,449 2,948 6,19e-12 3,94e-9

ensmUsg00000063816 gm4987 X a4 -2,493 2,628 7,13e-12 4,33e-9

ensmUsg00000047632 fgfbp3 19 c2 2,910 1,851 1,03e-11 6,00e-9

ensmUsg00000047515 bc049715 6 g1 7,781 0,136 1,44e-11 8,03e-9

ensmUsg00000026167 Wnt10a 1 c4 -2,552 2,249 2,60e-11 1,39e-8

ensmUsg00000029333 rasgef1b 5 e3 -1,526 4,789 4,80e-11 2,46e-8

ensmUsg00000057315 arhgap24 5 e5 -2,133 3,030 5,91e-11 2,82e-8

ensmUsg00000076731 ighv8-12 12 f2 -1,686 4,391 6,25e-11 2,88e-8

ensmUsg00000033730 egr3 14 D2 -1,708 4,063 6,60e-11 2,94e-8

ensmUsg00000030203 Dusp16 6 g1 1,387 5,652 7,24e-11 3,12e-8

ensmUsg00000076617 ighm 12 f1 -1,421 12,966 9,21e-11 3,84e-8

ensmUsg00000028459 cd72 4 a5 -1,360 8,311 1,28e-10 5,17e-8

ensmUsg00000046805 mpeg1 19 a -1,465 6,034 1,33e-10 5,23e-8

ensmUsg00000029084 cd38 5 b3 -1,623 5,380 1,43e-10 5,46e-8

ensmUsg00000029026 trp73 4 e2 -2,173 2,571 3,63e-10 1,31e-7

ensmUsg00000052684 Jun 4 c5 -2,591 2,676 6,86e-10 2,41e-7

ensmUsg00000048001 hes5 4 e2 -1,715 3,652 9,29e-10 3,18e-7

ensmUsg00000003283 hck 2 h1 -1,873 3,236 9,74e-10 3,25e-7

ensmUsg00000006574 slc4a1 11 D -2,332 1,894 1,94e-9 6,31e-7

ensmUsg00000034981 Parm1 5 e2 1,275 5,687 3,53e-9 1,10e-6

*if logfc < 0, then the gene is higher expressed in Aicda -/- b cells, when logfc > 0 higher in Aicda+/+ b cells

sUPPlemental table
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