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Abstract

Anti-nuclear antibodies constitute the hallmark of lupus. The NZM2410-derived Slel lupus
susceptibility interval on murine chromosome 1 breaches tolerance, leading to the emergence of anti-
nuclear autoantibodies targeting nucleosomes. However, little is known about the molecular structure
of the anti-nucleosome autoantibodies from this genetically simplified mouse model of lupus. In this
study, the immunoglobulin heavy chain and light chain sequences of 50 anti-nuclear monoclonal
antibodies derived from five B6.Sle1* mice were compared to non-nuclear antibody controls.
Compared to 2 different sets of non-nuclear antibodies, anti-nucleosome antibodies derived from
B6.Slel1? congenic mice exhibited a high degree of clonal expansion and 3 distinct sequence motifs
in their heavy chains—cationic CDR3 stretches, non-anionic CDR2 regions, and an increased
frequency of aspartate residues at H50, which together increased the likelihood of an antibody being
chromatin-reactive by ~4-fold.
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1. Introduction

Antinuclear antibodies (ANAS) constitute an important hallmark of systemic lupus
erythematosus, as extensively reviewed (Hahn, 1998; Kotzin, 1996; Pisetsky, 2000), though
autoantibody-independent mechanisms leading to lupus nephritis have also been described
(Chan et al., 1999; Lefkowith and Gilkeson, 1996; Liang et al., 2004; Shi et al., 2007; Waters
et al., 2004). Comparative studies of ANAs with non-nuclear antigen reactive Abs have
highlighted several interesting molecular features, particularly in the immunoglobulin (Ig)
heavy chains (HC), including the prominence of “R” residues in the CDR3 regions (Eilat and
Anderson, 1994; Liang et al., 2004; Marion et al., 1992; Radic and Weigert, 1994); (Chen et
al., 2002), whose importance in facilitating DNA-reactivity has been unequivocally
demonstrated through site-directed mutagenesis (Martin et al., 1994; Radic et al., 1993; Radic
and Seal, 1997; Wloch et al., 1997). The evidence for distinct molecular signatures that
distinguish the CDR2 regions of ANA HCs from those of non-ANAs has been less convincing.
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Nevertheless, sequence comparison studies and site-directed mutagenesis has helped
demonstrate the potential importance of polarity at selected CDR2 positions in conferring or
enhancing DNA-reactivity (Chen et al., 2002; Katz et al., 1994; Radic et al., 1993; Radic and
Seal, 1997). In contrast to the HC, the light chains (LCs) of ANAs possess few molecular
“signatures” that consistently light up across different data sets (Liang et al., 2003; Marion et
al., 1992). This is in line with the prevailing notion that the HC may play the “dominant” role
in dictating nuclear antigen reactivity, while the LC may serve to modulate, or even veto this
reactivity in the context of certain HC partners (Fitzsimons et al., 2000; Ibrahim et al., 1995;
Li et al., 2001; Spatz et al., 1997).

As reviewed above, several previous studies have documented the sequence differences
between anti-nuclear Abs and non-ANA controls. However, caution should be exercised in
interpreting these data, for 2 important reasons. First, in most documented murine and human
Ig repertoire studies, the lupus-afflicted subjects (or mice) and normal controls have had very
different genetic backgrounds. Second, in both species, since lupus is polygenic in origin, one
cannot attribute the observed repertoire differences to any single genetic event. To circumvent
these two limitations, we elected to study the antibody repertoire in lupus using a genetically
simplified mouse model-B6 mice rendered congenic for the NZM2410-derived lupus
susceptibility interval, Sle1? (Mohan et al., 1998; Morel et al., 1997).

Whereas B6 mice do not exhibit anti-nuclear autoantibodies, B6.Sle1% congenics (which are
on the same B6 genetic background) exhibit high titers of anti-nuclear autoantibodies, with
preferential binding to nucleosomes and DNA/histone complexes (Mohan et al., 1998; Morel
etal., 1997). A panel of anti-chromatin mAbs were generated from this strain and examined
for antigen specificity and sequence structure. In contrast to their LC sequences, ANA HC
sequences from B6.Slel1%-derived mAbs exhibited three distinct sequence motifs—cationic
CDRa3 stretches, non-anionic CDR2 regions, and an increased frequency of aspartate residues
at H50. Together, these 3 motifs increased the likelihood of an antibody being chromatin-
reactive by ~4-fold.

2. Materials and Methods

2.1 Mice

B6.Slel% are C57BL/6 (B6) mice rendered congenic homozygotes for NZM2410-derived
Sle1?, a 37 centimorgan lupus susceptibility interval on chromosome 1, with termini at
D1MIT101 and D1IMIT155 (Morel et al., 1997). These mice are strongly seropositive for anti-
chromatin and anti-histone/DNA Abs, but weakly positive for anti-dsDNA Abs (Mohan et al.,
1998), while the B6 controls were seronegative for these specificities. Mice used for studies
were 6-9 mo old females, housed in a specific pathogen free colony at UT Southwestern
Medical Center Department of Animal Resources.

2.2 Hybridoma Studies

Spleens removed aseptically from 6-9 mo old, anti-chromatin seropositive B6.Sle1? mice were
fused to the SP2/0 fusion partner and plated as described (Liang et al., 2004). Single-colony
wells that were secreting antibodies (IgM or IgG) were subcloned twice, to ensure clonality,
as described (Liang et al., 2004). Hybridoma supernatants were purified using ammonium
sulfate precipitation and Protein A chromatography, quantitated using a Coomassie PLUS
assay kit (Pierce, Rockford, IL), isotyped using ELISA, adjusted to a concentration of 1-10
ug/ml and tested for anti-nuclear reactivity by ELISA, as described (Liang et al., 2004; Mohan
etal., 1998). For the binding strengths shown in Table 1, ODs in the respective antigen-specific
ELISAs were mapped onto a semi-quantitative scale, by normalizing against the total Ig level
in each sample, as described (Liang et al., 2004). On this scale, “+”, and “++” indicate that the
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antigen specific OD values registered by the respective mAbs were 0.2 to 0.5, or > 0.5 fold
higher, respectively, relative to the corresponding OD values recorded for “total 19”, assayed
in parallel.

2.3 Antibody sequence analysis

Sequences were aligned using OMIGA 3.0 (Oxford Molecular, Oxford, UK), blasted against
public databases of mouse 1g sequences (http://www.nchi.nlm.nih.gov/igblast), assigned to
their respective germline origins as described (Gu et al., 1991; Haines et al., 2001), and
deposited into Genbank (accession numbers AY436820-AY436914).The control databases of
non-ANA sequences described in this study represent recently assembled collections of hon-
ANA HC and LC sequences drawn from the Genbank (Liang et al., 2003; Sedrak et al.,
2003). Importantly, these abridged databases had no clonal replicates, and no 2 Abs shared the
same antigen specificity. For the statistical comparisons, multi-member clones were
represented by one member each so as to minimize the impact of clonal bias. Specifically, the
single clone selected was the most mutated clone, so that as much of the mutational information
was preserved. The respective frequencies of Vi and Vi gene usage, as well as the frequencies
of individual amino acid residues at the different CDR positions were compared between the
ANAs and control Abs using Chi square tests (with Yates correction, where appropriate), or
Fisher’s exact test. The Student’s t-test was used for comparing group means. All statistical
comparisons were performed using SigmaStat (Jandel Scientific).

3. Results

3.1 Monoclonal ANAs from B6.Slel? mice

Table 1 lists the mAbs rescued from 5 B6.Sle1% mice, named B6.Sle1? #1 to #5. The percentage
of singleton wells that tested positive for histone/DNA binding in the fusions from the 5 mice
ranged from 6.9% to 22.0%, with an average of 17.2%. All mAbs that were reactive with
histone/DNA complexes, nucleosomes, dSDNA, ssDNA or histones were retained, and sub-
cloned twice, resulting in 50 nuclear antigen binding mAbs, of which only the clonally
independent mAbs have been listed in Table 1. In addition, 72 non-nuclear antigen binding
control mAbs were also saved (not tabulated). The vast majority of the retrieved clones were
IgM or IgG2a in isotype, consistent with the serum isotype profile noted in this strain (Mohan
et al., 1998;Morel et al., 1997). Almost all of the mAbs derived from B6.Sle1? mice were
reactive with nucleosomes, but less so with dSDNA (Table 1). In addition, about a third of the
generated mAbs showed reactivity with DNA-free histones, or with sSDNA. Overall, the
antigen reactivity profiles of the generated mAbs closely resembled the serum ANA profile
reported in this strain (Mohan et al., 1998;Morel et al., 1997). The exception to this rule were
the mAbs derived from B6.Slel? #2, a mouse which was seropositive for anti-dsDNA (as well
as anti-nucleosome Abs); indeed about 30% of B6.Sle1? mice have been reported to be
seropositive for anti-dsDNA Abs, in addition to possessing anti-nucleosome Abs (Mohan et
al., 1998).

As indicated in Table 1 and Table 2, there was a strong degree of clonal expansion (based on
shared HC CDR3 sequences), particularly in the first two mice studied. Unlike these 2 mice,
which apparently exhibited a monoclonal expansion of ANAs, the anti-nuclear Ab repertoires
in the remaining three mice were more polyclonal, albeit with several examples of oligoclonal
expansion (as indicated in Table 1 and Table 2). Table 2 and Table 3 detail the Ig HC and LC
CDR sequences of the ANAs generated from the B6.Sle1? congenics, with multi-member
clones being listed once each only. Sequence comparisons were next made to 2 sets of non-
ANA controls — non-nuclear antigen binding mAbs derived from NCBI/Genbank (Liang et al.,
2003;Sedrak et al., 2003), and also to non-ANA mAbs generated from the same 5 B6.Sle1*
congenics. The former control databases comprised of a large number of mAbs with a wide
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spectrum of non-overlapping, non-nuclear antigen specificities, extracted in an unbiased
fashion following a comprehensive screen of all mAbs deposited into the public Ab databases
(Liang et al., 2003;Sedrak et al., 2003). One caveat pertaining to the use of these databases
relates to the fact that most of these mAbs were not of B6 origin, but had been generated from
several other strains, notably BALB/c. In contrast, the second control database of non-ANAs
that we used in this study overcame this limitation as they had been generated from the same
B6.Slel1? congenic mice as the ANAs.

3.2 Ig LC usage by B6.Slel? ANAs

When the Ig Vi repertoire of B6.Sle1?-derived ANAs were compared to the NCBI database of
non-ANA control Abs (Liang et al., 2003), ANAs exhibited a significant expansion of 2 Vy
families — Vi 4/5 and V23, and this was totally attributable to the increased usage of 2 particular
Vi germline genes, V ai4 (33.3% vs. 3.4%, P <0.001), and V| 23-39 (9.1% vs. 0.7%, P <0.05)
(summarized in Fig. 1A, and Table 3). In contrast, B6.Sle1?-derived ANAs and non-ANAs
isolated from the same set of 5 mice did not differ significantly in Vi usage, with one exception
- ANAs exhibited significantly reduced frequencies of V21, compared to both groups of non-
ANAs (Fig. 1A), and this might relate to the reported role of this LC in vetoing DNA-binding
(Li et al., 2001). Finally, it was intriguing that both the ANAs and non-ANAs derived from
the B6.Slel1? congenics exhibited increased usage of Vi 4/5, and reduced frequencies of V1,
compared to the NCBI-derived non-ANAs, possibly reflecting the contribution of strain-
specific factors.

Next, when the residue usage frequencies among B6.Sle1%-derived ANA LCs were compared
against the NCBI-derived non-ANAs, the ANAs exhibited increased frequencies of “T” at L24,
“R”atH26, “R” at L27c, “S” at L27d, “H” at L89, and “R” at L93 (data not shown). However,
all of these differences were accounted for by the differential usage of Vi family/germline genes
(notably V,4/5 and V1) between these 2 sets of Abs, as noted above. In contrast, no residue
usage differences emerged when the LCs of B6.Sle1?~derived ANAs and non-ANA mAbs
were compared (data not shown). These observations resonate well with the reported absence
of any statistically significant molecular signatures in previously reported ANA LC sequence
comparison studies (Chen et al., 2002; Liang et al., 2003).

3.3 Ig HC usage and sequence motifs by B6.Slel? ANAs

With respect to the Ig HC usage profiles, the ANAs exhibited significantly increased usage of
VH1/3558 HC genes compared to both control groups of non-ANAs, with this increased
frequency being compensated by reduced usage frequencies of most other V family members
(Fig. 1B). The ANA HCs did not differ significantly from the non-ANAs in terms of their
CDRa3 lengths or frequencies of D:D fusions (data not shown). Most HC residues were
germline-encoded, with the frequencies of mutations being similar among the ANAs and non-
ANA s (Table 4). When residue usage frequencies across the HC CDR and FR positions in the
three Ab databases were compared, three different sets of molecular differences of statistical
significance emerged, all confined to the CDR regions.

First, B6.Sle1%-derived ANA HCs exhibited significantly increased usage of cationic residues,
notably “R”, in their HC CDR3 regions, compared to both databases of non-ANAs, with these
differences becoming statistically significant at several positions, including H96, H97, H98,
H100 and H100a (Fig. 2). Indeed, three quarters of the ANAs exhibited at least one cationic
residue in their CDR3 regions (referred to in this manuscript as motif “A’), compared to ~ 50%
of non-ANAs, with this difference being statistically significant (Table 2). The presence of this
motif in these Abs conferred a 1.4 fold increased “risk™ of nuclear antigen reactivity (Fig. 3).
It was intriguing that positions H96, H98, H100 and H100a exhibited the highest peaks of
cationicity within the HC CDR3 regions, with the intervening positions H95, H97 and H99
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showing relatively lower increases in N/R/K usage (Fig. 2), a sequence pattern that resembles
the cationicity profiles previously reported among NZM2410-derived ANAs (Liang et al.,
2004). Somatic recombination with N-nucleotide addition accounted for 74% of all CDR3 “R”
residues among the ANA HCs (data not shown).

Second, ANAs tended to use less anionic residues and more cationic residues within H52-H56.
The frequency differences of charged residues at each of these positions were not significant
when the different Ab databases were compared (Fig. 2); indeed the presence of motif

“B” (defined as the absence of D/E residues across H52-H56) by itself did not confer
significantly increased risk towards being nuclear-antigen reactive (Fig. 3). However, when
one considered the co-expression of both motifs, A and B (i.e., HC with cationic CDR3 motifs
and also non-anionic CDR2 regions), the “relative risk” of being nuclear antigen reactive
increased to 1.7 (Fig. 3).

Acthird motif, “C”, that distinguished ANAs from both sets of non-ANA HCs was the increased
presence of “D” residues at H50 in CDRZ2, conferring 2.7-fold increased “risk” towards nuclear
antigen binding (Fig. 3). Importantly, the co-ordinate presence of all 3 HC sequence matifs,
A, B, and C, rendered the Abs 3.9-fold more likely to be nuclear-antigen reactive, with an odds
ratio exceeding 5 (Fig. 3). A fourth pattern, the increased presence of charged residues at H31
in CDR1 among the ANAs, did not attain statistical significance, and hence was not pursued
further. To sum, 3 sequence motifs, distinguished ANA HCs from non-ANA HCs, particularly
when acting in concert. None of the above motif differences were the result of any potential
data-skewing by expanded Ab clones, since all multi-member clonal families were represented
only once, before executing these comparisons.

4. Discussion

Whereas most other lupus-prone strains exhibit high levels of anti-dsDNA Abs (and other Ab
specificities), the serology in B6.Sle1Z congenic mice is rather unique in being skewed towards
recognizing nucleosomes, as a consequence of polymorphisms in Ly108 that infringe B-cell
tolerance (Kumar et al., 2006). This gave us the unique opportunity to define the molecular
signatures of anti-nuclear Abs arising in this strain, compared to non-ANAs derived from the
same congenics. Consistent with previous reports in the literature, the present work has
uncovered several signatures associated with nuclear antigen reactivity. In addition, signature
motifs not previously described in the ANA literature have also emerged from these studies.

The presence of “R” residues in HC CDR3 (i.e., motif A) is perhaps the most commonly
reported molecular signature among ANAs, particularly at H96 and H98-H100a (Chen et al.,
2002; Eilat and Anderson, 1994; Kieber-Emmons et al., 1994; Koelsch et al., 2007; Koutouzov
etal., 1997; Liang et al., 2004; Marion et al., 1992; Radic and Weigert, 1994; Shlomchik et
al., 1990), further bolstered by structural studies (Barry et al., 1994; Cygler et al., 1987; Herron
etal., 1991; Mol et al., 1994; Pokkuluri et al., 1994; Seeman et al., 1976). Our observation that
“R” residues in ANA HCs reach the highest usage frequencies at H96, H98, H100, and H100a
in CDR3, and the finding that they are necessary for maximal anti-nuclear reactivity resonate
well with previously published reports (Chen et al., 2002; Eilat and Anderson, 1994; Martin
etal., 1994; Radic and Seal, 1997; Radic and Weigert, 1994; Wloch et al., 1997). Interestingly,
anti-dsDNA ANAs have been reported to exhibit relatively lower increases of “R” usage at
H97, as well as H99 (Chen et al., 2002; Krishnan et al., 1996; Krishnan and Marion, 1998;
Liang et al., 2004; Tillman et al., 1992). Krishnan et al. have suggested that an “R” residue at
H97 might actually destabilize key structural components of the antigen-binding groove, thus
precluding dsDNA reactivity (Krishnan et al., 1996; Krishnan and Marion, 1998). Taking all
of the published and current findings together, “R” at H96, H98, H100-100a in HC CDR3
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appear to be particularly important for DNA-binding, while “R” at the intervening positions
may serve to preferentially augment nucleosome-binding (over DNA-binding).

Charged residues have also been previously shown to be important in HC CDR2 regions of
ANAs (Chen et al., 2002; Katz et al., 1994; Radic et al., 1993; Radic and Seal, 1997). Of note,
deliberate mutagenesis of “D” at H56 to “R” profoundly enhanced DNA binding (Li et al.,
2001). Conversely, “D” residues at these positions have been suggested to augment
nucleosome/histone binding (Chenetal., 2002; Monestier, 1991; Monestier etal., 1993). Given
the modest “relative risk” this motif alone contributes towards nuclear antigen binding (Fig.
3), we postulate that this motif might influence nuclear antigen binding most effectively when
operating in concert with motif A.

In contrast to the above 2 motifs, no information is available in the literature concerning how
motif “C” (i.e., “D” residues at H50) might impact anti-nuclear reactivity. In reviewing the
origins of “D” at this position, they appear to be largely germline-encoded among the ANAs,
though somatic mutation appears to contribute in part (Table 2, Table 4). Besides directly
influencing nuclear antigen contact, it is also possible that the “D” residue at H50 might
indirectly influence nuclear antigen specificity through potential intra-molecular salt bridges
that impact the 3-dimensional conformation of the antigen binding pocket.

A further point of interest is the tremendous degree of clonal expansion noted among the ANAs
in B6.Sle1? mice. Indeed, 2 of the 5 mice studied exhibited a monoclonal ANA repertoire, with
the remaining mice showing evidence of oligoclonal expansions. Importantly, the ANA-
associated HC sequence motifs described in this communication are over-expressed among
the expanded ANA-secreting clones within these mice. Whereas the expanded ANA clones d,
e, and f exhibited all 3 motifs and bound nucleosomes predominantly, clone b that exhibited
motifs A and B, but not “D” at H50, bound DNA in addition to nucleosomes (Table 1 and
Table 2). An examination of the remaining expanded ANA clones indicates that additional
molecular events (besides motifs A, B, and C) may also be playing a role in shaping the anti-
nuclear Ab repertoire in lupus, an observation that warrants future study.

Collectively, these studies indicate that cationic CDR3 residues, non-anionic CDR2 regions,
and an increased frequency of aspartate residues at H50 constitute 3 specific Ig HC sequence
motifs that may be critical for nucleosome and/or DNA binding. Site-directed mutagenesis to
further validate these predictions is clearly warranted. Further studies aimed at defining the Ig
HC (and LC) residues that dictate whether ANAs bind nucleosomes or dsDNA preferentially
are also in order. Finally, it would be important to elucidate if the molecular signatures
described in this communication are already inscribed in the primary Ig repertoire, possibly as
a consequence of defects in early B-cell tolerance, as suggested by leads from recent genetic
studies (Kumar et al., 2006). If it indeed becomes established that the VV-gene usage repertoire
(either at the naive B-cell level, or as reflected by the expressed Abs) is significantly different
in B6.Sle1Z mice compared to B6 controls, we can be confident that these differences are not
due to structural or requlatory differences at the 1g Vi gene locus, because both strains are
identical at this locus. Rather, these findings would imply that the Ig gene usage repertoire
differences observed in lupus evolve as a consequence of B-cell selection events, such as those
impacted by the key disease gene within the SlelZ locus, Ly108 (Kumar et al., 2006).
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A. Ig LC family usage among mAbs
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Figure 1. Ig HC and LC V-gene usage by the different groups of antibodies examined in this study
A

The Ig Vi LC gene family usage of B6.Slel?-derived nuclear antigen reactive mAbs (as listed
in Table 1) was compared to that of non-ANAs derived from the same strain or non-ANAs
assembled from the NCBI/Genbank database, as described previously (Liang et al., 2003). In
all 3 Ab groups, clonal replicates were represented by one member each; this resulted in a final
panel of 32 ANAs, 73 non-ANA, and 145 non-ANA mAb LC sequences, respectively. Where
ANAs differed significantly from B6.Sle1? non-ANAs (as determined using Chi squared test)
this is indicated within the left-most pie; where the NCBI/Genbank-derived mAbs differed
from the B6. Slel1?-derived mAbs, this is indicated in the right-most pie (**, P < 0.01; ***, P
<0.001).

B. The Ig V gene family usage of B6.Sle1%-derived nuclear antigen reactive mAbs (as listed
in Table 1) was compared to that of non-ANAs derived from the same strain or non-ANAs
assembled from the NCBI/Genbank database, as derived previously (Sedrak et al., 2003). In
all 3 Ab groups, clonal replicates were represented by one member each; this resulted in a final
panel of 32 ANAs, 58 non-ANAs and 165 non-ANA mAb HC sequences, respectively. Where
ANA s differed significantly from the non-ANAs (as determined using Chi sequared test) this
is indicated within the left-most pie (***, P < 0.001). No other differences reached statistical
significance.
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Figure 2. The frequencies of polar/charged residues in the HC CDR2 and CDR3 regions of
B6.Sle1? monoclonal ANAs and non-ANA controls derived from 2 sources

Depicted are the respective frequencies of the indicated amino acid residues at the HC CDR2
positions, H50, H52, H54, H56 (A-D), and CDR3 positions H95-H100a (E-L), observed
among B6.Sle1? derived ANAs (as listed in Table 1) and non-ANAs, as well as NCBI/Genbank
derived non-ANA control Abs (Sedrak et al., 2003). In all 3 Ab groups, clonal replicates were
represented by one member each; this resulted in a final panel of 32 B6.Sle1? ANAs, 58
B6.Sle1% non-ANAs, and 165 non-ANA mAb HC sequences from NCBI/Genbank. Indicated
P-values pertain to Chi-square test or Fisher’s exact test comparisons of ANAs against both
groups of non-ANAs, pooled.
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Figure 3. The frequencies of ANA-associated HC sequence motifs, “A”, “B”, and “C” among
B6.Sle1Z monoclonal ANAs and non-ANA controls

The ANA and 2 non-ANA control datasets of Ig HCs detailed in Fig. 1B and Table 1 were
examined for the frequencies of motif A (i.e., presence of at least 1 N/R/K residue within CDR3
H95-H100a), motif B (i.e., the absence of D/E residues across H52-H56), or motif C (i.e., D
residue at H50) in the HC sequences. Clonal replicates have been removed from all datasets.
Indicated P-values pertain to Chi-square test or Fisher’s exact test comparisons of each non-
ANA control against the ANAs (1, P < 0.05; 2, P <0.01; 3, P <0.001; 4, P <0.0001; 5,P <
0.00001). Indicated below each motif is the relative risk and odds ratio pertaining to the
likelihood of the Ab being nuclear-antigen reactive if it were to possess that particular motif
or combination of motifs. Note: the co-presence of motifs A and C, or motifs B and C, did not
significantly increase the likelihood of an AB being nuclear antigen reactive; hence these
combinations are not plotted.
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Table 4

Frequency of non-germline amino acid residues in B6.Sle1?-derived ANAs and non-ANA control Abs

Total number of Frequency Frequency of  Frequency of
clonally of mutationsin  mutationsin  mutations in
independent HCs Hcl HC CDR1 HC CDR2
B6.Slel? ANAs 32 7.5% 16.4% 13.4%
B6.Sle1?- non-ANAs 58 5.9% 10.9% 12.0%
NCBI- non-ANAs 165 7.2% 15.7% 13.0%

1 . . . . . .
Indicated are the frequencies of amino-acid residues that are non-germline, when compared to the NCBI/IgBlast database.
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