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Allergen recognition by IgE antibodies is a key event in allergic inflammation.
In this study, the IgE IGHV repertoires of individuals with allergy to the major birch pollen allergen,
Bet v 1, were analyzed over a four years period of allergen exposure by RT-PCR and sequencing of cDNA.
Approximately half of the IgE transcripts represented non-redundant sequences, which belonged

to seventeen different IGHV genes. Most variable regions contained somatic mutations but also non-
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mutated sequences were identified. There was no evidence for relevant increases of somatic mutations
over time of allergen exposure. Highly similar IgE variable regions were found after four years of allergen
exposure in the same and in genetically non-related individuals.

Our results indicate that allergens select and shape a limited number of similar IgE variable regions in
the human IgE repertoire.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Immunoglobulin E occurs in extremely low concentrations in
serum and other body fluids but can induce severe inflammatory
reactions via interaction with a variety of immune cells (Geha
et al., 2003; Ishizaka et al., 1966). IgE-mediated cross-linking of
FceRlI receptors on mast cells and basophils induces the immediate
release of inflammatory mediators, enzymes and pro-inflammatory
cytokines and represents a key mechanism in acute allergic inflam-
mation (Kraft and Kinet, 2007). Furthermore, IgE antibodies can
present minute amounts of antigens to T cells and thus contribute
to efficient T cell activation (van Neerven et al., 2006). Besides its
key role in allergic inflammation, IgE may play a part in defense
against parasitic infestations via activation of eosinophils (Gounni
et al., 1994). The class switch to IgE production in the course of the
primary immune response is induced by Th2 cytokines secreted
by Th2 helper cells upon allergen encounter (Geha et al., 2003;
Romagnani, 2001). Most of the allergens inducing IgE responses
in man are protein antigens of which many have been charac-
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terized down to their three-dimensional structure and biological
functions (Valenta, 2002). For some of these allergens evidence
exists that they may promote the development of IgE responses
through their intrinsic biological properties. Other studies suggest
that non-allergenic components present in allergen sources, certain
allergen carriers, Toll-receptor agonists/antagonists or environ-
mental factors may induce or hamper the development of Th2 and
IgE responses (Blumer et al., 2005; Traidl-Hoffmann et al., 2005).
Due to the extremely low concentrations of IgE in serum only
few studies have investigated the molecular basis of allergen-
specific IgE responses and the repertoire of IgE antibodies. In
fact, respiratory allergen contact has been shown to up-regulate
strongly IgE production in allergic subjects (Niederberger et al.,
2007). Several studies have analyzed the IgE repertoire in allergic
subjects but all the analyzed individuals mounted IgE responses
against numerous and unknown allergens. Hence it has been
impossible to draw conclusions regarding the repertoire of IgE anti-
bodies specific for defined allergens (Bando et al., 2004; Coker et al.,
2005; Davies and O’'Hehir, 2004; Janezic et al., 1998; Lim et al., 2007;
Snow et al., 1995; Tilgner et al., 1997; van der Stoep et al., 1993).
Those studies reporting the molecular characterization of allergen-
specific IgE antibodies have analyzed only few allergen-specific IgE
antibodies (Andreasson et al., 2006; Edwards et al., 2002; Flicker
et al., 2002, 2006; Niemi et al., 2007; Steinberger et al., 1996). To
gain insight into the allergen-specific IgE IGHV repertoire and its
development over several years of repeated allergen contact (i.e.,
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secondary IgE response) we have established a model for allergen-
specific IgE responses in man. We identified allergic subjects with
IgE reactivity against one defined protein allergen, the major aller-
gen of birch pollen, Bet v 1 (Breiteneder et al., 1989). The fact that
birch pollen allergic subjects are exposed to antigen during defined
periods of the year allowed us to study the IgE IGHV repertoire
over several years and episodes of antigen contact. Our finding that
highly similar IgE IGHV transcripts were used in different allergic
subjects after four years of allergen exposure strongly suggests that
allergens directly select and stimulate allergen-specific IgE produc-
tion (i.e., secondary IgE responses) via activation of a limited and
pre-defined set of IgE memory cells.

2. Methods
2.1. Pollen counts, characterization of allergic subjects

Five hundred allergic subjects were screened to identify six
individuals with exclusive allergic sensitization to birch pollen
using a multi-allergen test system (MAST CLA allergen-specific
IgE assay, Hitachi Chemical Diagnostics) containing 46 allergen
sources (Alder pollen, Almond, Alternaria, Apple, Aspergillus, Birch
pollen, Carrot, Casein, Cat dander, Celery, Cladosporium, Cockroach,
Codfish, Dermatophagoides farinae, Dermatophagoides pteronyssi-
nus, Dog dander, Grass pollen mix, Guinea pig dander, Hamster
dander, Hazel pollen, Hazelnut, Horse dander, Juniper, Latex, Milk
protein, Mugwort pollen, Olive tree pollen, Parietaria pollen, Peach,
Peanut, Penicillium, Pine mix, Plantain pollen, Plume mix, Potato,
Rabbit, Ragweed pollen, Rye pollen, Rye flour, Sesame, Shrimp, Soy
bean, Tomato, Walnut, Wheat flour, whole Egg). Blood samples
from the six allergic subjects were obtained in spring and summer
2002 and 2005. At each appointment, Bet v 1-specific IgE levels
were quantified in plasma by CAP-RAST measurements (Phadia,
Uppsala, Sweden) and allergic symptoms and anti-allergic medica-
tion were recorded. None of the selected subjects had received any
kind of allergen-specific immunotherapy. Birch pollen exposure in
the individuals living area was recorded as described (Drachenberg
etal., 2001).

2.2. HLA typing of the allergic subjects

HLA typing of allergic subjects was performed using a com-
mercially available typing HLA kit based on HLA-sequence specific
primers (PCR-SSP) according to the manuals provided by the man-
ufacturer (Dynal AllSet*™ SSP DR “low resolution”; Invitrogen
Corporation, Carlsbad, CA 92008, U.S.A.). Ambiguous HLA typing
results where further clarified by direct DNA sequencing after HLA
group-specific amplification with an automated DNA sequencer
(ABI Prism 310 Genetic Analyzer; PE Applied Biosystems, Foster
City, CA 94404, US.A.) as described elsewhere (McGinnis et al.,
1997).

2.3. Allergen-specific IgE antibodies

To confirm that all IgE in the allergic subjects is directed
exclusively against the major birch pollen allergen, Bet v 1, IgE
inhibition experiments with recombinant Bet v 1 were performed.
Recombinant Bet v 1, (Biomay, Vienna, Austria), was coupled to
CNBr-activated sepharose 4B (GE Healthcare Bio-Sciences AB) in a
concentration of five mg protein per ml medium according to the
manufacturer’s instructions. Samples of 1500 wl of plasma from
each of the six allergic persons were incubated with 500 ul of
allergen-coupled gel by end-over-end rotation overnight at 4°C.
Serum was recovered by centrifugation (4 °C, 5 min, 5000 x g). IgE
levels against food allergen mix (egg white, milk protein, codfish,
wheat flour, peanut and soy bean) and respiratory mix (mugwort,

birch pollen, parietaria, timothy grass and ribwort) as well as IgE
levels against birch pollen extract and rBet v 1 were determined
before and after the depletion by CAP-RAST measurements (Pha-
dia). In the IgE inhibition experiments three subjects (B, D, H) were
identified who reacted exclusively with Bet v 1 in birch pollen.

2.4. PBMC isolation and RT-PCR amplification of IgE transcripts

Peripheral mononuclear cells were isolated by Ficoll density-
gradient centrifugation at the time of serum collection. Total
cellular RNA was isolated using the guanidine isothiocyanate
method and CsCl gradient centrifugation (Eibensteiner et al., 2000).
IgE transcripts were generated by the SuperScript™ One-Step
RT-PCR with Platinum® Taq (Invitrogen) using VH1-VH6 family
specific primers together with a primer specific for the first constant
region of the IgE heavy chain (Eibensteiner et al., 2000) (Table 2).
Primers used for the experiments in 2002 had accessory Eco RI
restriction sites (Table 2 in parenthesis). The PCR amplification pro-
cedure consisted of an initial step reverse transcription of 30 min
at 47°C and 5min at 94° followed by 40 cycles of 20s 94°C, 30s
59 and 1 min 72 °C with final extension of 5min at 72°C. All PCR
products were agarose gel purified using the Wizard® SV Gel and
PCR Clean-Up System (Promega) according to the manufacturer’s
instructions. Subsequently cDNA was cloned into the AccepTor™
Vector (Novagen) and transformed into Escherichia coli XL1-blue.
Plasmid DNA was purified from 3 ml overnight cultures containing
100 pg/ml ampicillin using Wizard® Plus SV Miniprep DNA Purifi-
cation System (Promega) and digested with the restriction enzymes
Kpnl and Sacl (Roche). Plasmids with inserts of the correct size were
sequenced (Microsynth AG, Buchs, Switzerland). Non-redundant
sequences are defined as non-identical sequences from one PCR
reaction.

2.5. Sequence analysis of IgE transcripts

Analyses of immunoglobulin rearrangement, N-diversity and
somatic mutations were performed using SoDA (Volpe et al., 2006)
and IMGT/V-QUEST (Giudicelli et al., 2004) (Version 3.0.0). For
VD] germline fitting the consensus of IMGT/V-QUEST and SoDA
analyses was used. Mutation frequencies are listed based on the
IMGT/V-QUEST results, taking into account consistency with SoDA
mutation rates. Identification of sequences with more than 98%
identity to each other (Table 4) has been performed using Cd-hit
(Li and Godzik, 2006).

3. Results

3.1. Allergic patients with a defined IgE response against a
protein allergen

Most of the allergic subjects exhibit IgE reactivity against a
plethora of different allergenic proteins. In order to identify aller-
gic subjects with IgE reactivity against one defined allergen we
screened allergic patients for IgE antibody responses against 46
allergen sources covering the allergen repertoire in Europe and
identified subjects who were monosensitized to birch pollen. Using
recombinant Bet v 1 we finally identified three genetically unre-
lated subjects B, D, H (B: HLA-A *02, *32; HLA-B *39, *51; HLA-Cw
*07, *14; HLA-DR *03, *08; HLA-DQ *02, *04; D: HLA-A *01, *02;
HLA-B *08, *51; HLA-Cw *07, *15; HLA-DR *03, *07; HLA-DQ *02; H:
HLA-A*01, *30; HLA-B *13, *44; HLA-Cw *06, *07; HLA-DR *11, *13;
HLA-DQ *03, *06) with exclusive IgE reactivity to Bet v 1. The three
subjects suffered from respiratory allergy to birch pollen in spring.
They had never received any form of allergen-specificimmunother-
apy. Their Bet v 1-specific immune response therefore must have
been induced by natural allergen exposure. Pre-adsorption of their
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Fig. 1. Allergen exposure and allergen-specific IgE levels in the four years study period. Birch pollen exposure expressed as pollen counts per m? of air (y-axis: pollen count)
in the years 2002-2005 (x-axis: months are abbreviated). The time points when PBMCs were obtained from allergic subjects (B, D, H) for the characterization of IgE IGHV
regions are indicated (x) and the IgE levels specific for the major birch pollen allergen, Bet v 1 are displayed in KUA/L.

Table 1

IgE antibodies in the allergic subjects B, D and H are mainly directed to Bet v 1.
Quantitative measurements of IgE levels (kUA/L) against inhalant allergens (sx1),
food allergens (fx5), birch pollen, rBet v 1 and total IgE before (pre) and after (post)
pre-adsorption of sera with rBet v 1 in the allergic subjects (B, D, H). The percentage
inhibition of IgE achieved by pre-adsorption with rBet v 1 is displayed. The cut-off
level for the detection of specific IgE is 0.35 kUA/L.

B D H
sx1-pre 41.1 5.79 4.53
sx1-post 0.36 0.37 0
Inhibition 99.12% 93.61% 100%
x5 pre neg neg neg
x5 post neg neg neg
Inhibition - - -
Birch pollen pre 74.7 10.1 5.6
Birch pollen post 0 0 0
Inhibition 100% 100% 100%
rBetv 1 pre 65.7 9.78 4.92
rBet v 1 post 0 0 0
Inhibition 100% 100% 100%

sera with rBet v 1 depleted completely IgE antibodies against Bet v
1 and birch pollen extracts and either completely depleted IgE anti-
bodies specific for a respiratory allergen mix (subject H) or reduced
IgE levels close to the cut off detection level (0.35 kUA/L) for sub-
jects B and D (Table 1). No IgE antibodies were detected against a
food allergen mix in any of the three individuals (B, D, H; Table 1).
The subjects were studied over a period of four years (2002-2005)
with seasonal pollen exposure. The registration of pollen counts
during the full study in the living area of the subjects demonstrates
that they have been exposed to birch pollen in the spring of each
year with the pollen exposure being lowest in spring 2005 (Fig. 1).
Bet v 1-specific IgE antibodies were detected in serum of the three
individuals and symptoms of respiratory birch pollen allergy were
recorded in the first two years and at the end of the study (2005).

Table 2

3.2. Betv 1-allergic subjects use a relatively limited and similar
IgE-IGHV gene repertoire

From peripheral blood mononuclear cells of the three aller-
gic subjects 296 IgE transcripts (2002: n=121; 2003: n=2; 2005:
n=173) were sequenced (B: n=130; D: n=136; H: n=30). Among
the 296 sequences, 152 non-redundant sequences (B: n=99; D:
n=27; H: n=26) were identified and compared with the germ line
sequences deposited in the IMGT (Giudicelli et al., 2004) and SoDA
(Volpe et al., 2006) database. Non-redundant sequences have been
submitted to GenBank and accession numbers are displayed in the
Supplemental list 1. Each of these sequences was derived from IgE-
encoding transcripts due to the use of a 3’-primer located in the
end of DNA coding for the first constant region of IgE. The presence
of the IgE-encoding DNA in each of the sequences was verified by
sequence comparison.

Fig. 2 displays the frequencies of the closest related V-genes for
each subject and each point of time. The human germ line IGHV
locus contains in principle 129 genes belonging to 7 subgroups of
which 45 have been reported as functional genes (Pallares et al.,
1999). We found that the three Bet v 1-allergic subjects used only
17 different IGHV genes belonging to three IGHV families (IGHV1,
3 and 4) (Fig. 2). From the 9 functional IGHV1 genes 3 were used.
Eight of the 20 functional IGHV3 genes were utilized and 6 of the 10
IGHV4 genes. IGHV3-23 (n=55) was the most frequently used IGHV
gene among the sequenced clones followed by IGHV4-61 (n=15),
IGHV1-2 (n=11) and IGHV4-31 (n=11) (Fig. 2). Several IGHV genes
were used by each of the three subjects. They included IGHV3-15,
IGHV3-23, IGHV4-4, IGHV4-31, IGHV4-39 and IGHV4-61. The find-
ings are therefore consistent with previous observations according
to which IGHV3-23 is the most commonly used human V-gene
(Brezinschek et al., 1997).

The human germ line IGHD locus comprises 27 (Lefranc, 2001)
genes on chromosome 14 of which 19 were used by the three sub-
jects. More than two-thirds of all D genes could be identified. IGHD

Oligonucleotides used for RT-PCR amplification of cDNAs coding for IgE variable regions. Oligonucleotides used for RT-PCR amplification of cDNAs coding for IgE variable
regions. Names, specificities and sequences of the PCR primers are displayed. Eco RI restriction sites are underlined.

Name Specificity Sequence 5'-3'

VH1 hu VH1 gene family (GGA ATT) CAC TCC CAG GTG CAG CTG CTC GAG TCT GG

VH2 hu VH2 gene family (GGA ATT C)GT CCT GTC CCA GGT CAA CTT ACT CGA GTC TGG
VH3 hu VH3 gene family (GGA ATT C)GT CCA GGT GGA GGT GCA GCT GCT CGA GTC TGG
VH4 hu VH4 gene family (GGA ATT C)GT CCT GTC CCA GGT GCA GCT GCT CGA GTC GGG
VH5 hu VH5 gene family (GGA ATT C)GT CTG TGC CGA GGT GCA GCT GCT CGA GCT CGG
VH6 hu VH6 gene family (GGA ATT C)GT CCT GTC ACA GGT ACA GCT GCT CGA GTC AGG
IgEC1 hu e-chain first constant region (GAG AGG AAT TC)G CTA CTA GTT TTG TTG TCG ACC CAG TCT GTG
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Fig. 2. Frequency of the usage of V genes in the IgE repertoires of the allergic subjects over a four years period. Frequencies (x-axes: absolute numbers of non-redundant
sequences) of V genes are displayed for allergic subjects (B, D, H) at different dates (top of the figures).

3-3 was the most frequently used D gene and was found in 20% of
the Bet v 1 specific IgE sequences (data not shown). Regarding the
D genes it has to be noted that the annotation of the transcripts to
the closest germ line sequences was hampered by the high muta-
tion rates in this part of the transcripts and their short length. From
the six ] genes described for the human IGH] locus (Lefranc, 2001),
five were used by the Bet v 1-allergic subjects (data not shown).
J4 was by far the most frequently ] gene used (n=88) followed
by J6 and ]3. The results obtained for the usage of D and ] genes
were thus comparable to those obtained in a study analyzing the

heavy chain repertoire of human peripheral B cells by single cell
PCR (Brezinschek et al., 1995).

3.3. Usage of similar IgE-VH genes in Bet v 1-allergic subjects
during four years of allergen exposure

Fig. 2 shows that most of the identified V-genes are used in 2002
and after three additional seasons of pollen exposure in the year
2005. In the case of subject B PBMC were analyzed at three points
of time and all but two of the V genes were used at least twice in the
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Table 3
Number of sequences containing a certain number of somatic mutations displayed
for the three IGHV families.

observation period. IGHV3-23 was the most frequently IGHV gene
used by subject D and found in 2002 and 2005. Likewise, subject H
used certain IGHV genes in 2002 and 2005 (e.g., IGHV4-31, IGHV4-
39). The variation of the number of clones obtained for each IGHV
gene at different time points might be due to a repertoire shift or to
the fact that the primers used in 2002 and 2005 differed regarding
the presence of an additional Eco RI site which might have affected
PCR amplification.

3.4. Varying degree of somatic mutations in IgE variable regions:
some IgE variable regions are highly mutated whereas others
contain no somatic mutations

A comparison of the IgE variable DNA sequences with germ
line sequences was performed in order to analyze the presence of
somatic mutations in the FR1, FR2, FR3, CDR1 and CDR2. Since in the
CDR3 somatic mutations cannot be unambiguously distinguished
from junctional diversity, this part was not included in the anal-
ysis. The Supplemental Table 1 shows the detailed frequency and
distribution of somatic mutations in each of the 152 IgE variable
regions. Replacement and silent mutations are also shown there.
Table 3 gives an overview how many variable regions of each IGHV
family contained a certain number of somatic mutations in the
FR1, FR2, FR3, CDR1 and CDR2 together. The majority of variable
regions contained >10-30 somatic mutations (i.e., 116 out of 149
sequences). Variable regions with a number of somatic mutations
between >10-40 were evenly distributed among the three IGHV
families (IGHV1: 12/15;IGHV3:57/77;1GHV4: 47/55).In each of the
three IGHV families sequences containing more and less somatic
mutations were detected. Interestingly, 6 sequences, which con-
tained 1 or 0 mutations, were found in the IGHV3 family-derived
sequences (Table 3). Silent as well as non-silent somatic mutations
were evenly distributed over the CDR’s as well as in the FR’s in
the analyzed sequences (Supplemental Table 1). Three sequences
belonging to the IGHV1 family have been excluded from mutation
analysis due to high differences in their length.

3.5. Highly similar IgE IGHV transcripts can be detected in
genetically unrelated patients and in the same patient after
several years

When we performed a multiple sequence alignment of all non-
redundant IgE variable regions (Supplemental Figure 1) we found
several variable region-encoding cDNAs with more than 98% iden-
tity in different patients and in the same patient after four years
of allergen exposure. In patients D and H several highly similar
IGHV sequences were retrieved, e.g. sequence D191218 IGHV3-15
that was isolated from patient D in May 2005 was highly similar to
sequence H12125 (patient H) isolated in May 2002 (Table 4). Like-
wise, sequence H12115 (May 2002) and sequence D19111 (May

Table 4

Identification of IgE sequences in different patients and different years (cluster 1 and
cluster 2) with an identity of more than 98% to each other. The sequences have been
grouped according to IGHV subgroups (IGHV1: green; IGHV3: blue; IGHV4: red) and
the sequence identities with the corresponding germline sequences are displayed.
Designations of IgE variable regions and the colour codes correspond to those in the
Supplemental Figure 1. The first letter indicates the patient (B, D, H) and the time
point of blood sampling is identified by the second number (1, 2, 3: May 2002; 4:
August 2002; 8, 9: May 2005).

aD591220 (95%), D191227 (94%), D691227 (94%), DA9122 (94%), D59112 (93%),
D591217 (95%), D591218 (94%), D59122 (94%), D691225 (94%), D191216 (94%),
D591216 (94%), D691230 (94%), D191210 (94%), D59111 (94%), D59127 (94%),
D19111 (94%), D191224 (94%), D49117 (93%).

2005), D691110 isolated from patient D in May 2005 and H12131
(patient H) from May 2002 (Table 4) showed more than 98% iden-
tity.

Interestingly, variable region transcripts with more than 98%
identity were also found to occur in the very same patient
but at different points of time. For example, transcript B111126
(IGHV1-18) detected in patient B in May 2002 was isolated as
identical sequence (B383343) in May 2005. Additionally some
other sequences, e.g. B11229-IGVH1-2 May 2002; B31214-IGHV1-
2 May 2002; B111216-IGHV4-31 May 2002; B441313-IGHV4-30-4
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August 2002, which had been found to reach more than 98% identity
(Table 4 and Supplemental Figure 1).

4. Discussion

We have analyzed the IgE variable sequences in allergic subjects
who were sensitized against one defined allergen, the major aller-
gen of birch pollen Bet v 1 (Breiteneder et al., 1989). Similar as for
most other important respiratory allergens, IgE antibodies of aller-
gic patients recognize exclusively conformational epitopes on the
Bet v 1 allergens which require the intact three-dimensional struc-
ture of the protein for IgE recognition (Valenta and Kraft, 2001).
The IgE response to Bet v 1 thus resembles the features of typ-
ical IgE responses to other important respiratory allergens from
pollens, house dust mites, animal dander and moulds. Since aller-
gic subjects mostly exhibit IgE antibody reactivity against several
independent allergen molecules allergic patients were screened for
“IgE mono-reactivity” to Bet v 1 and its cross-reactive allergens
in order to establish a human system of allergic sensitization to
one defined antigen. It can thus be assumed that most of the IgE
variable sequences in these patients are specific for Bet v 1 but out-
liers cannot be excluded. The advantage of this human system over
experimental animal systems is that it is based on natural sensiti-
zation to physiological doses (i.e., ng) of inhaled allergen, whereas
most animal systems require injection of adsorbed artificial anti-
gens or inhalation/contact with non-physiologically high doses of
antigen in mostly inbred strains (Epstein, 2004). Although Bet v
1-monosensitized patients are rare in middle Europe, we do not
think that the patients studied by us represented a unique sub-
group of allergic patients. Similar as poly-sensitized patients our
patients did not change their molecular reactivity profile over time.
Their clinical symptoms to birch pollen were not different from
those of poly-sensitized patients and each of them had a differ-
ent genetic background. Interestingly, we found highly similar IgE
variable regions in the three different patients. Moreover, these
sequences reappeared unchanged in the same patients again after
several years of pollen exposure. We interpret this finding as a
molecular imprint of the antigenic signature of the Bet v 1 aller-
gen in the human IgE repertoire. Interestingly, we found a rather
limited usage of IGHV sequences in the allergic subjects which has
been suggested also for grass pollen allergic patients (Andreasson et
al., 2006). In eight blood samples taken over a period of four years
only 152 different non-redundant VH sequences were identified
among more than 296 sequenced PCR products. The non-redundant
sequences belonged to three IGHV families (i.e., IGHV1, IGHV3,
IGHV4) indicating that there is no bias towards the use of one cer-
tain IGHV family in the human IgE response (Bando et al., 2004;
Davies and O’Hehir, 2004; Edwards et al., 2002; Eibensteiner et al.,
2000; Janezic et al., 1998; Lim et al., 2007; Tilgner et al., 1997).

There is evidence that IgE antibodies bind much tighter to aller-
gen than IgG antibodies and that they recognize epitopes which are
either different from IgE epitopes or overlap only partially (Niemi
et al., 2007). The latter would explain why allergen-IgE immune
complexes could form even in the presence of higher amounts of
allergen-specific IgG antibodies in allergic patients. It was there-
fore quite surprising to discover also a considerable number of IgE
variable sequences containing few or almost no somatic mutations,
which are thought to contribute to high affinity binding.

There is evidence that the secondary IgE response is strongly
triggered by allergen contact but this response seems to be already
independent of T cell help (Linhart et al., 2007; Niederberger et al.,
2007).

The identification of identical and highly similar IgE variable
sequences at different points of time (i.e., after several periods of
allergen contact) may be interpreted in at least two ways. Either

allergen contact reactivates a pool of IgE memory cells that then
undergo development to IgE-secreting plasma cells. Consistent
with this assumption it has been observed that allergen-contact
strongly boosts allergen-specific IgE production in allergic subjects
(Niederberger et al., 2007). It is also possible that an established
pool of IgE-secreting plasma cells is the main source for continuous
IgE production (Radbruch et al., 2006) but this hypothesis would
not explain the strong boosts of IgE production which occur after
allergen contact because plasma cells do not respond to antigen
contact (Niederberger et al., 2007).

The fact that the allergen-specific IgE repertoire is rather limited
opens interesting possibilities for therapeutic approaches target-
ing the allergen-specific IgE production. It is well established that
the number of important disease-eliciting allergens is limited and
most of the relevant allergens have been isolated and characterized
down to their three-dimensional structure (Valenta, 2002; Valenta
and Kraft, 2001). It should thus be possible to characterize the corre-
sponding IgE variable sequences and to develop allergen mimicks,
which target as anti-idiotypic reagents specifically IgE producing
cells. Such a therapeutic approach would allow eliminating selec-
tively those IgE producing cells that are responsible for allergic
symptoms in patients and leave IgE specificities with potentially
physiological roles untouched.
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Supplemental Table I. Distribution of somatic mutations in the non-redundant IgE
variable sequences. IgE variable sequences are named and grouped according to
IGHV subgroups. The first letter identifies the patients (B, D, H) and the second
number identifies the time point of blood sampling (1, 2, 3: May 2002; 4: August
2002; 8, 9: May 2005). IGHV genes are displayed, total number of replacement (R)
and silent (S) mutations as well as for the FR’s and CDR’s are shown. The total
number of R+S mutations and the ratio of R/S mutations is also indicated.
Sequences containing a certain number of somatic mutations are indicated in a
colour code (dark green: <1; light green: 2-10; white: >10-30; blue >30). Grey

highlighted sequences have been excluded from mutation analysis.

name | IGHV gene [VH-R|FR1-R CDR1-R FR2-R CDR2-R FR3-R[VH-S |FR1-S CDR1-S FR2-S CDR2-S FR3-S |R+S| R/S
B111126 | IGHV1-18 | 12 1 0 2 3 6 10 1 2 1 0 6 22 [1.20
B383343 | IGHV1-18 | 12 1 0 2 3 6 10 1 2 1 0 6 22 [1.20
B111114 | IGHV1-2 6 0 1 0 3 2 3 0 0 0 0 3 9 |2.00
B11229 IGHV1-2 17 4 1 3 2 7 4 1 0 1 0 2 21 |4.25
B19113 IGHV1-2
B31214 IGHV1-2 19 4 2 2 3 1 0 1 0 1 22 16.33
B383114 | IGHV1-2 17 4 1 3 2 7 4 1 0 1 0 2 21 14.25
B59115 IGHV1-2 19 4 2 3 2 8 3 1 0 1 0 1 22 6.33
H12113 IGHV1-2
H121318 | IGHV1-2 25 2 4 4 4 10 7 2 0 0 0 4 30 |3.57
H12311 IGHV1-2 21 1 3 5 4 8 8 0 1 0 3 4 29 |2.63
H12313 IGHV1-2 22 1 3 5 4 9 8 0 1 0 3 4 30 |2.75
H42212 IGHV1-2
B112113 | IGHV1-69 9 0 2 0 3 4 9 3 0 0 1 5 18 [1.00
B11222 | IGHV1-69 [ 25 3 6 3 5 8 8 1 0 ) 2 2 33 |3.13
B11227 | IGHV1-69 | 30 3 3 5 1 18 11 2 1 1 1 6 41 |2.73
B15345 | IGHV1-69 | 13 1 3 1 2 6 8 2 1 2 2 1 21 |1.63
B38419 | IGHV1-69 9 0 2 0 3 4 9 3 0 0 1 5 18 |1.00
B383316 | IGHV3-15 5 0 2 1 1 0 3 0 1 0 0 2 7 |1.67
B59112 | IGHV3-15 8 1 0 0 0 7 5 0 0 0 0 5 13 |1.60
D191218 | IGHV3-15 | 15 0 2 0 3 8 9 3 0 0 1 5 22 |1.67
H12125 | IGHV3-15 [ 15 0 2 0 3 8 9 3 0 0 1 5 22 [1.67
B11111 | IGHV3-21 0 0 0 0 0 0 0 0 0 0 0 0 0 -
B31113 | IGHV3-21 10 0 0 2 2 5 9 2 1 0 1 5 18 |1.11
B311134 | IGHV3-21 1 0 0 1 0 0 0 0 0 0 0 0 1 -
B312110 | IGHV3-21 2 0 0 1 0 1 0 0 0 0 0 0 2 -
B353413 | IGHV3-21 17 3 4 3 2 5 5 2 1 0 0 2 22 |3.40
B38333 | IGHV3-21 0 0 0 0 0 0 0 0 0 0 0 0 0 -
B11214 | IGHV3-23 | 12 1 4 0 0 5 3 0 0 0 0 3 13 |4.00
B151213 | IGHV3-23 8 0 0 3 2 3 3 0 1 0 0 2 11 |2.67
B15321 | IGHV3-23 | 14 1 2 0 4 7 12 2 0 1 2 7 26 |1.17
B153410 | IGHV3-23 8 0 0 2 3 3 10 1 0 1 3 5 18 |0.80
B15412 | IGHV3-23 6 0 1 0 3 2 2 1 0 1 0 0 8 |3.00
B311120 | IGHV3-23 | 21 2 1 3 7 7 1 2 1 0 2 6 31 (1.91
B311122 | IGHV3-23 | 10 3 2 1 1 3 6 1 0 1 2 2 16 | 1.67




B311124 | IGHV3-23 3 1 3 7 7 10 1 1 0 2 6 2.20
B311128 | IGHV3-23 2 1 3 7 7 1 2 1 0 2 6 1.91
B311131 | IGHV3-23 1 4 0 0 5 3 0 0 0 0 3 4.00
B311137 | IGHV3-23 0 0 0 0 0 0 0 0 0 0 0 -

B31114 | IGHV3-23 1 1 0 4 2 4 0 1 1 0 2 2.00
B31211 | IGHV3-23 3 2 1 1 3 5 0 0 1 2 2 2.00
B31218 | IGHV3-23 3 3 5 8 7 9 3 1 1 1 3 3.00
B351116 | IGHV3-23 4 1 4 1 7 6 2 0 0 1 3 2.83
B352220 | IGHV3-23 1 2 0 4 6 12 2 0 1 2 7 1.08
B352228 | IGHV3-23 0 1 1 6 2 6 1 0 2 0 2 1.67
B35228 | IGHV3-23 6 2 6 0 7 7 1 1 1 1 3 3.00
B35229 | IGHV3-23 0 0 3 2 3 2 0 0 0 0 2 4.00
B352311 | IGHV3-23 1 1 2 3 3 12 1 1 2 3 5 0.83
B35233 | IGHV3-23 0 0 1 6 3 6 1 0 2 0 2 1.67
B353112 | IGHV3-23 0 1 1 1 2 2 1 0 0 1 0 2.50
B353120 | IGHV3-23 4 1 4 1 7 6 2 0 0 1 3 2.83
B35324 | IGHV3-23 0 0 1 6 3 6 1 0 2 0 2 1.67
B35326 | IGHV3-23 0 0 1 5 4 3 0 0 0 0 2 3.33
B35331 | IGHV3-23 0 2 2 1 2 7 1 0 1 1 3 1.00
B35334 | IGHV3-23 1 3 1 2 1 2 1 0 0 0 1 4.00
B35335 | IGHV3-23 0 1 2 1 2 1 0 0 0 1 0 6.00
B353411 | IGHV3-23 4 3 2 4 10 10 1 1 0 1 7 2.30
B383124 | IGHV3-23 3 2 2 1 3 2 0 0 1 0 1 5.50
B38336 | IGHV3-23 2 1 3 7 8 13 2 3 0 2 6 1.69
B491121 | IGHV3-23 0 3 3 5 6 5 1 0 1 2 1 3.40
D19111 | IGHV3-23 2 0 3 1 4 4 2 1 0 0 1 2.50
D191210 | IGHV3-23 2 0 3 1 5 4 2 1 0 0 1 2.75
D191216 | IGHV3-23 2 0 3 1 4 4 2 1 0 0 1 2.50
D191224 | IGHV3-23 2 0 3 1 4 5 2 1 0 0 2 2.00
D191227 | IGHV3-23 2 0 3 1 4 4 2 1 0 0 1 2.50
D333110 | IGHV3-23 1 2 1 1 5 6 0 2 1 1 2 1.67
D49117 | IGHV3-23 2 0 5 1 4 4 2 1 0 0 1 3.00
D49122 | IGHV3-23 2 0 4 1 4 4 2 1 0 0 1 2.75
D59111 | IGHV3-23 3 0 3 1 4 4 2 1 0 0 1 2.75
D59112 | IGHV3-23 3 0 3 1 4 5 3 1 0 0 1 2.20
D591216 | IGHV3-23 2 0 3 1 4 4 2 1 0 0 1 2.50
D591217 | IGHV3-23 0 0 3 1 4 3 1 1 0 0 1 2.67
D591218 | IGHV3-23 1 0 3 1 4 4 2 1 0 0 1 2.25
D59122 | IGHV3-23 0 0 3 1 4 3 1 1 0 0 1 2.67
D591220 | IGHV3-23 0 0 3 1 4 3 1 1 0 0 1 2.67
D59127 | IGHV3-23 3 0 3 1 4 4 2 1 0 0 1 2.75
D691225 | IGHV3-23 2 0 3 1 4 4 2 1 0 0 1 2.50
D691227 | IGHV3-23 2 0 3 1 4 4 2 1 0 0 1 2.50
D691230 | IGHV3-23 2 0 3 1 4 4 2 1 0 0 1 2.50
H12115 | IGHV3-23 2 0 3 1 4 4 2 1 0 0 1 2.50
H12117 | IGHV3-23 4 4 0 5 9 9 0 1 1 3 4 244
H12126 | IGHV3-23 2 0 3 1 4 4 2 1 0 0 1 2.50
H12127 | IGHV3-23 4 4 0 5 9 8 0 1 1 2 4 2,75
B352313 |IGHV3-30-3 4 1 3 3 3 7 1 3 2 0 1 2.00
B38126 |IGHV3-30-3| 5 0 1 1 1 2 5 0 0 1 1 3 1.00
B15221 | IGHV3-33 8 0 1 0 3 4 2 0 0 0 0 2 4.00
B15325 | IGHV3-33 7 1 2 0 1 3 2 0 0 0 0 2 3.50
H12111 | IGHV3-33 | 19 3 4 1 2 9 8 2 0 0 2 4 2.38
B31118 | IGHV3-48 | 16 2 3 1 6 4 6 1 0 2 1 1 2.67
B38335 | IGHV3-48 | 14 1 3 0 6 4 6 1 0 2 1 1 2.33
D36116 | IGHV3-53 4 0 1 0 1 2 5 1 1 1 1 1 0.80
D36313 | IGHV3-53 8 0 1 1 3 3 7 1 0 1 2 3 1.14
H310117 | IGHV3-53 8 0 2 1 4 1 5 1 0 0 1 3 1.60
B11123 IGHV3-7 4 0 1 0 1 1 0 0 0 0 0 0 -

B31115 IGHV3-7 2 0 0 0 1 1 0 0 0 0 0 0 -

B35313 IGHV3-7 0 0 0 0 0 0 1 0 0 0 0 0 0.00
B353412 | IGHV3-7 0 0 0 0 0 0 1 0 0 0 0 0 0.00
B352227 | IGHV4-30-4| 18 3 3 1 4 7 7 0 1 2 1 3 2,57
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(B431110 | IGHV4-31 | 18 | 1 3 3 2 9 | 2] 0 1 0 0 1 |20/ 000
2.07

2.23

D691213 | IGHV4-31 6 0 3 1 0 2 4 0 0 1 0 3 10 |1.50
H12137 | IGHV4-31 6 0 2 1 1 2 3 0 0 1 0 2 9 |2.00
H410119 | IGHV4-31 [ 16 2 3 1 3 7 7 1 1 2 0 3 23 |2.29
H42311 | IGHV4-31 6 0 3 1 0 2 4 0 0 1 0 3 10 |1.50
H42314 | IGHV4-31 6 0 3 1 0 2 4 0 0 1 0 3 10 (1.50
B391113 | IGHV4-39 | 13 2 2 3 1 5 8 0 3 3 1 1 21 [1.63
B431314 | IGHV4-39 | 19 4 2 3 4 6 9 1 4 3 0 1 28 |2.11
B491115 | IGHV4-39 [ 16 2 5 3 1 5 8 0 2 3 1 2 24 12.00
|B491126 | 1GHV4-30 | 34 | 3 12 5 4 10 (15| 4 0 3 0 8 |49|227
D691110 | IGHV4-39 ( 14 1 5 1 3 4 6 0 0 1 1 4 20 |2.33
H12131 | IGHV4-39 | 14 1 5 1 3 4 6 0 0 1 1 4 20 |2.33
H12135 | IGHV4-39 [ 13 1 5 1 2 4 5 0 0 1 1 3 18 |2.60
H410111 | IGHV4-39 | 17 0 5 3 4 5 12 0 4 2 1 5 29 |1.42
H4101122( IGHV4-39 | 17 0 5 3 4 5 12 0 4 2 1 5 29 [1.42
H42125 | IGHV4-39 [ 13 1 4 1 3 4 7 0 1 1 1 4 20 (1.86
B111112 | IGHV4-4 8 1 1 1 2 3 8 0 1 3 1 3 16 |1.00
B43135 IGHV4-4 9 0 4 1 1 3 2 1 0 0 0 1 11 14.50
D331124 | IGHV4-4 11 2 1 1 3 4 2 0 0 1 0 1 13 [5.50
D43112 | IGHV4-4 12 1 1 2 3 5 2 0 0 0 1 1 14 (6.00
H422112 | IGHV4-4 13 0 2 3 1 7 3 0 0 0 0 3 16 |4.33
H423110 | IGHV4-4 14 0 2 3 1 8 3 0 0 0 0 3 17 |4.67
B11125 | IGHV4-59 | 14 2 3 1 3 5 4 0 1 1 1 1 18 |3.50
B15235 | IGHV4-59 | 16 0 7 2 4 3 13 2 0 4 3 4 29 (1.23
B15344 | IGHV4-59 | 10 0 0 1 4 5 3 0 0 1 0 2 13 |3.33
B31212 | IGHV4-59 | 10 0 3 1 3 3 2 0 0 0 0 2 12 |5.00
B432119 | IGHV4-59 14 2 3 1 3 5 4 0 1 1 1 1 18 [3.50
B441229 | IGHV4-59 | 11 1 2 0 3 5 5 1 0 2 0 2 16 [2.20
B491130 | IGHV4-59 | 16 2 4 1 2 7 6 0 2 1 2 1 22 |2.67
B43119 | IGHV4-61 | 21 2 5 3 3 8 6 1 0 1 0 4 27 |3.50
B49111 | IGHV4-61 | 21 1 3 5 4 8 7 0 2 1 1 2 27 |3.00
B491114 | IGHV4-61 19 2 8 0 2 7 8 0 1 1 1 4 26 (2.38
B491118 | IGHV4-61 | 21 2 8 0 2 9 7 0 1 1 1 3 27 |3.00
B491119 | IGHV4-61 [ 22 2 8 0 2 10 7 0 1 1 1 3 28 |3.14
1.91

B49113 | IGHV4-61 | 21 2 8 0 2 9 7 0 1 1 1 3 27 |3.00
B49116 | IGHV4-61 | 21 1 3 5 4 8 8 0 2 1 1 3 28 |2.63
B49118 | IGHV4-61 | 22 2 3 5 4 8 7 0 2 1 1 2 28 |3.14
B69111 | IGHV4-61 | 23 2 9 0 2 10 8 1 1 1 1 3 30 (2.88
D43116 | IGHV4-61 11 0 4 0 4 3 10 0 0 3 1 6 21 [1.10
H12136 | IGHV4-61 14 1 3 3 3 3 6 1 2 1 0 2 19 1233
H422119 | IGHV4-61 [ 15 1 3 3 3 4 6 1 2 1 0 2 20 |2.50
H42316 | IGHV4-61 | 14 1 3 3 3 3 6 1 2 1 0 2 19 [2.33




H42212 ggctgaggtgaagaagec-t-ggggectcagtgaaggtctectggaaagtettcta ttcaacga------ctac--at cggggtgcgacagg-cc

B19113 ggctgaggtgaagaagee-t-ggggecteagtgaaggtetectggaagt -cttetagatacaccttcaacga ctac-tatataaacggggtgcgacagg-ce
-t t - ~ctcagt tetect t-cttct “cttcaacga-

acaagagattactttaa----------- ttcagggagt-ttttag-ttegecegttgttgat-actt-cegetaataa
acaagagattactttaa ttcagggagt-ttetag-ttogecegttgtigat-actt-cogotaataa

H12113 t -ctac-tatataaacggggtgcgacagg-c --acaagagattac ctaataa aacatggacgtttggggcaaagggaccgeggteaccgtetecgeag
H121318 ggctgaggtgaagaggcc-t-ggggecteagtgaaagtctectgtaaga-cttctggatacacctt t- tacaatggtgget € te 2 -ttgt ggtcaccgtctecteag
HI2313 ga t-ggggect t tetggatacgtetteacege- -- --cagtagtggggacaca- --atctatgcacaga-acttt g g-actgacgtcet gg-cegtetatta-ctge t tggtcaccgtetecteag
H12311 t - gaacag g

B31214 ggct t-ggggcctcagtgaacgtctectgteaga-cttetggat ttctecge- aca-agggcttgagt-ggatggg-gtacatcaacce -tcacactggtggcaca- tctgeacaga-agttteagggetaggt t t e t-gaagag-tct tct gcag ttatta-ctgt ttgatcact t tgtegt
B11229 ggctgaggggaagaagcc-t-ggggecteagtgaacgtcetectgtcaga-cttctggatacacctteaccge- gg- - -aca-agggcttgagt-ggatggg-gtacatcaacce -tcacactggtggcaca- cactctgeacaga-agtttcagggetgggt t t tggaaat-g g-actgaaatctgacg gg-ccgtgtatta-ctgt ttgatcact tggtcaccgtgtecteag
B383114 ggctgaggggaagaagee-t-ggggectcagtgaacgtctectgtcaga-cttetggatacaccttcacege- -ctac-tatatacactgggtgcgacagg-cccctgg- - -aca-agggettgagt -ggatggg-gtacatcaaccc--- --tcacactggtggcaca- cactctgcacaga-agtttcagggctgggteaccat: ccat tggaaat -gaagag-actgaaatctgacgac-gogg-cogtatat ta- ctgtgegagaggagg- ccgeggetggttecttgatcactggggecagggaaceetggtcacegtgtecteag
B59115 t -ctac-tata --aca-. ttgagt-ggatggg-gtacatcaacce - - -agttt tgggteaccat ccat. tggagat gag-tetgaaatctgacgac-gogg-cegtitatta ctgtgegagagsasy -

B111114 ggctgaggtgaagaagce-t-ggggecteagtgaaggtetectgeaagg-cttetggatacacettcategg- -ctac-tatatgeactgggt tgagt-ggatggg-atgy: tgatgt. £ tt 2 € tggagtt-gagtag-gctgagat —ctgt gaccgatatagtgggaactactactactceggtttggacgtet. accgtctectcag
B111126 agctgaggtgaagaagtc-t-ggggecteagtaaaggtetectgeaagg-cttctggatacacctttaccag- -ctac-ggtttcagetgggtgegacagg-cecctgg- - -aca-gggget tgagt -gggtggg-atggateagegg. -ttccactggtaacaca- tatgcacaga-aatt gacagagtcgecatgaccatagatacat: ggagct-gaggag- cctgagatctgacgac acgg-cogtttatta-tigtgegagacgtaa tggggcttactatctetggtattttgactact. ggtcaccgtctecteag
B383343 t ctgg- - -aca-ggggcttgagt -gggtggg-atggatcagegg -ttccactggtaacaca- aactatgcacaga-aattccaagacagagtcgccatgaccatagatacatccacaaacacagcccacatggaget -gaggag-cetgagatctgacgac-acgg-cegtttatta-ttgtgcgagacgtaa 9999 ctatctctgg gacta ggtcaccgtctecteag
B11227 tgagt t t a9

B11222 ggctgagttgaagaagcc-t-gggtetteggtgaacgtetect tet gagt-ggat t ttgatt t gatt. gagatct atagcagtggttctcacaactactttgactoct ggtcaccgtctecteag
B15345 t -tatctttggcacageg --gtctacgcacaga-agttccagggeagagtcacggtt gagatctgacgac acgg-ccgtgtatta ttgtgc 999t9gag- gtcteegegg
B112113 tatcagctgggtgcgaca: t t tea- t 1-agtt gattac tatta cgtetectegg
B38419 -ctct-getatcagetgggtyc a gectecteg

v3-07  B11123 -ctat- gaacag 99
v3-07  B31115 -ctat-tggatgagctgggtocgecagg-ctecagg gt -gggt: g -agatggaagtgagaaa- t-ctgt: tet tgtatctgcaaat-g g a9 t ga t ggtcaccgtctecteag
v3-07  B35313 -ctat- -agatggaagtgagaaa- t- cactgtatctgcaaat-gaacag-ccf gg- i
V3-07  B353412 t gaacag 99 ---

j9gaggcttag jcc-g-99cggg 3 jtgcag 39 tg aac: -ctacgctecac-te -agge jggcgattcteggagtggetattgggggtegtttgactactggggccagay tggt jtetett
v J99aggcttyg jcc-g-ggeggg ; jtgcag 9 jtg jgggcgatteteggagtggetattgggggtegtttgactactggggecaggg tggt jtctett
v3-15  B59112 t --- gaacag g
V3-15  B383316 t ggt! gaacag g
V3-21  B353413 gggaggcttaatatagcc-t-ggggggtocctgagactcetectgtgeag-cotetggattcacctttagtaa- -gggtege-gtccattagtac -tagtagtaattacata- gt tet tgtttctgcaaat-g g a9 tttttta-ctgt gtttgggggactt tttegatatet ggtcacegtetetteag
v3-21  B31113 -ggctcte- -cagtagtacttacaaa- gtatctgcaaat-gaacag-ctt cgg-cactatatta-ctgtg
v3-21  B311134 t gaacag 99 tt
V3-21  B312110 -gggaggccggtcaagec-t-ggggggtecctgagactcetectgtgeag-cotetggatteaccttcagtag- ggagt- gggtctc— tccattagt agtagtagttacat. -cagt tet. tgtatctgcaaat-g. g a9 —ctgt ttaggtgcttttgatatet ggtcaccgtctctteag
v3-21  B11111 gggaggcctggtcaagee-t-ggggggtocctgagactetactgtgeag-cotetggatteaccttcagtag- gtctc-at -tagtagtagttacata- - cactgtatctgcaaat-g g acgg-ctgtgtatta-ctg aatttgactact ggtcaccgtctecteag
V3-21  B38333 t 999 - gaacag a9
v3-23  B31218 g gaccag 99
V3-23  B353411 gggaggctgggtagagec-t-ggggggtocctgagactgtectgtgaag-totetggtttcagetttageaa- -gtat-gccatgaactgggt gt-gggtcte-agttattagt: -cggt gtct. get. tgcaaat-ggacag a9 - € tecatttttggagat acaattactacattctggacgtet accgtctecteag
v3-23 B38336 gggaggcttggtacagcc-g-ggggggtecctgagactctectgegttg-cotetggattcacgtttagtag- -tcat-gccatgaactgggtccgecagg-ctecagg- - -gaa-ggggetggagt -gggtcte-aggaataggeag- - - - tcttggtcatagtaca------------ tattacgcagact-ci cggtgcaccgtctccagagacaattccaagaatactctattcttgeaaat-gaacag-cctgegacctgacgac-acgg-cegtatattt -ctgtgegagagaceg --agggtctecgageggget tetgagtgggagt taccect ttgactat tggggecagggaat cetggtcacegtet ccteag
V3-23  B311124 g-999999 -ccat-g --gaa -gggtctc-aggaataggeag -tcttggtcatagtaca- att gcaccgtet tccaagaatactctattcttgcaaat—gaacag cetgegacctgacgac- acgg—ccgtatatta—ctgtgcgagagaccg— --aggg!
V3-23  B311128 gggaggcttggt tgagactctectgegttg-cotetggatt tttagtag- -ccat-gccatgaactgggt ccagg---gaa-ggggctggagt -gggtctc-aggaataggcag -tcttggtcatagtaca- -cegt. geaccgtet tactctattcttgcaaat gtatatta-ctgt t tgagtgggagtt tttgactatt. tettggt gtctecteag
v3-23  B311120 gggaggcttggtacagec-g-gggagg tgagactctoctgegttg-cctetggattcacctttagtag- -ccat-gccatgaactgggtccgecagg-ctecagg- - -gaa-ggggetggagt -gggt cte-aggaataggeag- --tcttggtcatagtaca- geagact -cogtg: ggtgcaccgtctcecagag t gaatactctattcttgeaaat -gaacag- cctchacctqacqac acgg-cegtatatta-ctgtgegagagaccg- --agggtet tgagtgggagtta tttgactatt atcctggteacegtetcecteag
V3-23  H12117 t - gg---gaa ggg gaacag 99
v3-23  H12127 t - tattcggact t-gaacag 99 tt
V3-23  B35228 gggagaagtcatacagcc-g-ggggggtocctgagagtetectgtgeag-cotetggatteagetttagtaa- atgaatggggt ctggagt-gggt: tagt -cegt tcatct. tctgcaaat-g g a9 - -tgttatagtggtggaagagtcttatatggacgtgt accgtctectcag
v3-23  B15321 t cagg---gaa- -gggtcte- -- --cagtggaactaccaca t- gcaaat -gaacag-cg 9g-cegtgtacta-ctg -gacgatett a ggtcaccgtctecteag
V3-23  B352220 t t t -
V3-23  B351116 gggatcactggtacagcc-g-ggggggtecctgagagtetectgtgeag-cotetggatteagetttageag- atgaattgggt ggage -gggtcte-aggaattagt gtagt: -cegt tcatct. gatctgcaaat - -tgttatagtggtggaagagtcttatatggacgttt accgtctectcag
v3-23  B352311 t -cctetggatt - -gggtete- g9 - teatct: tctaagaat tatatctgcaaat gtctatta-ctgt: -tgttatggtggtectaacttottatatggacgtet accgtetecteag

-aagtggaagtaccaca-

V3-23  B353120
V3-23  B491121 t
V3-23  B153410 gggaggcttggtacagec-g-ggggggtocctgagactetectgtgeag-cotetggatteacctttageag-
v3-23  B311122 gggatacttggtacagcc-t-ggggggtccctgagagtctettgtgeag-cotetggattcaactttageaa-
V3-23  D333110 t

999

tatta-ctgt: “Ztgttatggtggtcctaacttettatatggacgtot accgtctecteag

gt-gggtctc-agggataact. ggaagt -cegt. teatet. tctaagaatacactatatctgcaaat
-gggtete- -gagtggegotageaca- tactacgcagact - t a aaat

ttcacat tgacta ggtcaccgtctectcag

cttggt t-ggggggt tgtg: Jggte

Jactttt tggtcacegtetectc

gacctgggteeg: acacctgacttttgggy g
tgacttttgggg: 1
cacctgacttttggggec ccctggtcacegtetect
acctgacttt
tgacttttgggg:
cctgacttttggggee

t-ggggggt Jactttt

t-ggggggteccttaga cctgacttttgggg
J99gggteccttaga tgacttttgggg
acctgacttttggggecagggaac
599999t coctt totectgtgt c < c c 5 5 acctgactttt agggaa
-t -ggggggtecct tagagtctectgtgeag-cotecggat teac 1gca ta ~atgacc >cgecagg-ctecagg- - -gaa-ggggc Jt-gggteto-aag Jtag Jtggtggtageac ctacgcagact -ccgtgaag c ctec c cea cacgttgtttctgea gagcag-cctg: c 1 1 ctgtgcga 3 ga ggagtgs acacctgacttttgggg
jgggggtecct tagagtete te et

111111‘ff"‘
ggggggteccttar

caccatctccagagacaaatccaagaacacgetgtatctocaaat

3 a -ctat-gccatgagetgggteeged cte tagt ctageac ggttcaccatctccagag g gtatctccaaat
V3-23  B352228 gggaggcttggtacagcc 5-g9ggggtecctgagactetactgtgeag-cototggat teacct ttageag- —ctat gtcatgagttgggtecgecagg-ctacagg -gggtcte-ca -tagtgcttatggegea- - et € tgtttctgcaaat-g
V3-23  B35233 - accal t g gcaaat
V3-23  B35324
v3-23  Bli2l4  gggagacttggtacagee-t-ggggggtecctgagactetectgtgcag-cotetggatteageet taacaa- atgagctgggt gt-gggtete-agetattagt t -ccgt tecatet. € gat -cctctattacgatattttgactggetacttegatetetggggecgtggegecctggteactgtatactaag
V3-23  BI51213 gggaggcttggtacagec- t ggggggtecctgagactctectgtgeag-cotctggattcal atgacctgggt ccagg- - -gaa- -gggtcte-aa -- --tggtggtgatageaca t - € € g gcaagt-g g accgectecteag
V3-23  B311131 gg- - -g ggg gaacag -
v3-23  B31114 gggaggcttggtacagec- t ggggggtecctgagactctectgtacag-cototggatt tttagtaa- tgagttgggt ggagt-gggtcte-agetattatt ggtogtgat € -cegt tatct € tgcaaat-gaacag 99 -ctgtgcgaact tectaggatattgtagtggtgataggtgctetgatggtttogatatet ggtcaccgtctctteag
V3-23  B35326 gggaggcttggtacagectg-ggggggtocctgagactetectgtgeag- -ctetggatteacctttageag- -ctat-gccatgagetgggtocgecagg-ctecagg- - -gaa-ggggctggagt -gggtotc-aactgtaagtgg -tagtggttatggcaca- -cegt tet € gtttctgcaaat-g g gegg-cegtatatta-ttg gtt tegeaggttgactact: accgtctectcag
v3-23  B35331 -ctat gaa - t g gcaaat -gaacag gg-ccgtatatta-ttgtg
V3-23  B15412 ottt gaacag 99 te -
V3-23  B35229 gggaggcttggtacagec-t- g9ggggteocetgagact ctoctgtgeag-cototggat teacctttageag- -ctat-gecatgacctgggt ggagt-gggtcte-aactattagt. ggtggtgat € -ccgtgaagggteggtt. tet € gtttctgcaagt-g g a9 attatagtagtaccagttgetattgagtttetgggegtet accgtctectcag
V3-23  B35334 gggagacttggt -cctetggatteacecttateaa- -ctat-gccatgacctgggtocgecagg-ctecagg -gggtete- -gagtggtggtagcaca- t t gtatctgcaaat-g g gg-cegtttal tactattacggtatggacgtet accgtctecteag
V3-23  B353112 g -ctat ggg - gaacag 99
V3-23  B35335 t -ctat gaacag 99
V3-23  B311137 gggaggcttggtacagcc—t—ggggggtccctgagactctcctgtgcag—cctctggattcacctttagcag— —ctat gccatgagetgggtecgecagg- ctccagg———gaa—ggggctggagt—gggtctc—agctattagtgg—— --tagtggtggtagcaca -cegt tet t tgcaaat-g g a9 aggtgtagggtactttgactact ggtcacegtetecteag
V3-30-3  B352313 agg- - -gaa-ggggctggagt -gggtgge-tottgtateata-- --tgatggaatcaataca -tactacgcagact- t g acaaat-gaacag-cctgagagctgaggac-acgg-
V3-30-3  B38126 gaacag 99
V3-33 HI2IL gggaggegtggtoctace- t g9gaggteocetgagact ctoatgtgtgg-catatggat teacectoagtaa- atgcactgggt ggagt-ggctgge-agttatct: tggaagt. actatggagagt-ccgt tcattt. € gtacctgcaaat g a9 - £t tttactactacatggacttgt accgtctectcag
v3-33  B15221 -t-gggaggt -cgtctggatteacctteagtag- -cttt-ggcatgcactgggtecgecagg- ctccagg -gggtgge- -tgagggaagtgataaa- ta t- t atatctgcaaat-g. acgg-ctgtctatta-ctg gtgcatttgactact ggtcaccgtctecteag
V3-33  B15325 t -ctat gggtgg - gaacag 99
v3-48  B31118 jgtacagee-t-ggagggtocctgagactetecty j-cctetggattectetteaggag- -ttat-gasatgaattgggtoogocagy- (t:caaq gggtctc-atacattagtgg tggtggcggaaccgtt- ctacgeag g tcaccatct tcactgtatctgcaaat-gaacag-cc acgg-ctgtatatta-ctgtgcgcgagagga- gactggttactatgatggaactggtcactactacgatgtttttgatatgt aagggacaatggtcaccgtetettca
3 B38335 gggaggcttggt cc-t-ggagggtecctgagactetectgeaca tggattcctettcaggag- at-g ttgg: ccag tcetc-atacattagtgg t ggaaccgt actacgcagac ccgattcaccatct tcactgtatctgcaaat -gaacag-cctgagagecgaggac-acgg-ctgtatatta-ctgtgegegagagga- gactggttactatgatggaactggtcactactacgatgtttttgatatgt aagggacaatggtcaccgtetettcag
V3-53  D36313 t -gggtctc- .- -tagaggcggcaccgca- tactacgcagact-. t gta aaat -gagcag-tct. gg-ccgtctatta-ctg gagtaga
V3-53  H310117 t gaacag 99 te
V3-53  D36116 aggaggcttgatccagec-t-ggggggtecctgagactetectgtgeag-cotecggetteagegtcagtag- ggagt-gggtctc-agtaatct. cgcggtagt t -cegt tet € £t t-g a9 gtacta-ctgt - -tgggagttatttcatctggtacttegetctetggggecgtggeaccetggteactgtetecteag
V4-04  B111112 getgaagee-t-t gtcccteacctgeactg-tetetgggggetacateagtag------ttte-tactggagetggat ggaat-ggattgg-cettatet -ccctcaagagtcgagt. tgtcagtggacacgt. tetocctgaattt-aacttc-tgt 99 ~ctgt gcctect ttacgtggttegal t ggtcaccgtctectety
V4-04  H422112 ggtgaagee-t-t gtcccteacctgegetg-tetetggtgactaocatcageagtgg- - - taac-tggtggaat taggt -ggatt -tcatagtgggagcatc- aactacageccgt -cectcaagagtegegteacgttetcagtagacaagt. tetocctggagtt-gaggte-tgt a9 -ctgtgctggtggecg ttgaccact ggtcaccgtctecteag
V4-04  H423110 t- --taac- acg agtagacaagtccaagaaccagttctccctggagtt-gaggte-tgt 99 atatta-ctgtgctggtggecg
V4-04  D43112 t- --tacc- -ggat g 99 I
V4-04  B43135 ggtgaagec-t-t gteccteacetgegetg-totetggtggetocateaatagtac - taaa- tggtggagt taggt gt-ggatt t tagt -ccctcaagagtegagt: tatcagtagacaagt. tetecctgaagat-gaccte-tgt gcgg -ctgtgcgagagtt: atggacgtet accgtctectcag
V4-04  D331124 “t-t gtcccteacctgeactg-t -tacc-tggtggacttgggt - -ggatt. gt ttgacaagt gaacct-gagete-tgt gg-ccgtetatta-ctgtgegagaacgaa------ 999999 tttgacta ggtcaccgtctecteag
V4-30-4  B352227 t- 999 ggattgg

£l
t-acactc-cgtgactg

B38414 gtcectcacctgeacag-tetetggtgacteegtcageagtggtgattac-aactggagttggatecgt cc - gtcttgtcatgtcagtggacacgaccaagaggeagttetecctgaag tgce tagtgaatgcttttgatettt “caaggga atcgtotott
3 B441313 gtccct tgcacag-tetetggtgactecgteageagtagtgatta ctggagttgg: 7rcrr7rcarqrcaqr7qacacqaccaaqaqqcaqrrcrcccrqaaqcr acactc-cgtgactgecgeagac- arqqrrrjfrfafff ctgtgccagagtgge- tagtgaatgettttgatettt aaggga atcgtctcttea
V4-30-4  B441520 - taccatatcagttg: gaagct-gactte-tgtgactgt -ccgtgtatta-
V4-30-4 B59114 t-t tccctcacctgeactg-tetetggtggetecatcaccagtggtgattac-tact ttggatccgecagt -coce - ggattgg-atacctctt-- gagLLaccaLaLcagLLgacachccaagaaccagLLchchgaach gaccte-tetgactgecgeagac- acgg cegtctatta-ctgtgccagaggggg tgggaggatgectttgatatet tcaagggactttggtcacegtotott
V4-30-4  B441216 -t-t gtccct tgcactg-tetetggtggetccateageagtggtgattac-tactggagttggatecgecagt t-ggattgg-atacc - acage - caagagtcgagttaccatatcagttgacacgtccaagaaccagttetecctgaacgt-gaccte-tetgactgecgeagac-acgg-cegtgtatta-ctgtgccagaggagg ctgggatgatgectttgatatctggggtcaagggactttggtcacegtetettcag
v4-31  B111213 “t-t gtcegtea -tet tgtet -tactggacctgget aaa- gggcctggagt ggattgg- cgacattta»» tactacaacccgt cactcaagcccagatttacgatgtcaataaacgcgtctaacaaccagttctccctgaaggt ggcctc tgtgactgt a9 tatta-ttg gaatcee- --- t tega t ggtcaccgtctecteag
V4-31  B383311 t- - g --aaa - 99
V4-31  B491129 ggtgaagec-t-t gtcegt tgcgetg-tetetggtgectetgtetotagaggtggttat -tactggacetgget g ggagt-ggatt: tt. t t t -cact ttacgatgtcaat gegtet toteoctgaaggt -ggecte- tgtgactgt a9 tatta-ttgtgcgagaat t teg: t ggt gtctecteag
V4-31  B431111 ggtgaagec-t-t gtccgteacatgegetg-tetetggtgectetgtetetagaggtggttat -tactggacetgget gt-ggatt tta- -ttacactggggecace- t. -cact ttacgatgtcaataaacgcgtet tetocctgaaggt -ggecte-tgtgactgt a9 tatta-ttg gaat. t tega t ggtcacegtetecteag
V4-31  B111121 t- - gecatt tagacacgtctaagaatcagttttcgetgaacct-gaccte-tgtga gg-ccgtatatta-ctgt
V4-31  H410119 t- g 99 tt - --
V4-31  B431110 ggtgaagec-t-t gtcccteacctgeagtg-tetetgatggetoctteageagtggtggtaac-tattggacet ggagt-ggattgg-gtt € tacatt: € tcaagagt tcactagacacgtct. tetocctgaaget-gaccte-tgty; gt-ccgtetttta-ctgt €t tggctegtaaccgactteaccteat ggttcga t tggtcacegt tcag
V4-31  D691213 ggtgaagee-t-t gtcccteacctgeactg-tetetgetggetecatcageggtagtggttac-tactggacctggateogecage -acccagg- - -gaa-gggectggagt -ggat tgg-ctacateta ttacagtgggagcacc------------ tactacasccogt-cgotcaagagtogagt taccatatcageagatacgtetaagaaccagt teteectgaggtt-gagete- totgactgeegeggac- acgg- Cogtgtatta- Ctobgegagagyeee - -------- gtattactatggttcagggagtcateggtactactactacatggacgtet accgtctecteag
V4-31  H42314 t- cagg---gaa-gggcctggagt -ggattgg-ctacatceta- -ttacagtgggagcacc- -ttactacaacccgt-cgctcaagagtcgagt -accatatcagcagatacgtctaagaaccagttetcecctgaggtt -gagetc-tgtgactgecgeggac-acgg-cegtgtatta-ctgtgegagagg gtattact
V4-31  H42311 ggtgaagee-t-t gtccct tgcactg-tetetgetggetccateageggtagtggttac-tactggacctggat cc gaa-gggcctggagt-ggattgg-ctacatcta- -ttacagtgggagcacc- tact -cgetcaagagt: te tat tacgtct teteeet tt-gagcte-tgtgact gg-ccgtgtatta-ctgt gtattactatggt atcggtactactactacatggacgtet. . “accgtctectcag
V4-31  H12137 ggtgaagee-t-t gtcccteacctgeactg-tetetgotggetaocatcageggtggtggttac-tactggacctggat gaa- gt-ggattgg-ctacatcta- -ttacagtgggagegee- tactacaacccgt-coctcaagagtcgagtt tatcagtagacacgtct tetecctgaggtt-gagete-tgty: gg-cegtttatta-ctgt: gtattactacggttcagggagtcatcgetactactactacatggacgtet accgtetecteag
V4-39  B491126 t- --caa - caccgtgeeegf gt gaggct -cagete-tgt g-gaatttatta-ctg
V4-39  B431314 t- - teegt g 99 ttt
V4-39  H410111 ggtgaagee-t-t gtcccteacctgeactg-tetetggtgectecateagttcaagtegtgat -ttetgggactgget ggaat-ggattgg-gagtgtet teegt-cect tatccgtagacacgt. tctocctaaagtt-gagate-tgtgacegect g-ctgtctatta-ctgt ttctttgacttet ggtegeegtetecteag
V4-39 H4101122 ~t-t gtcccteacctgeactg-tetetggtgectocateagttcaagtegtgat -ttetgggactgget --gaa-gggactggaat-ggattgg-gagtgtcta- -tgacagcgggaccace- tacctcaatcegt-coct gacacgt aaagtt-gagatc-tgtga agac-acgg-ctgtctatta-ctg ttotttgacttet ggtcaccgtctecteag
V4-39  B491115 t- - 9gg- - -aaa ggattgg - g =
V4-39  B391113 t- t-ggat g
V4-39  D691110 ggtgaagec-t-t gtcccteacctgeactg- tctctggtggctccatcggcagtaatactgac ttetgggactggat --gaa-gggactggagt-ggattgg-gagtatcga- -ttacagtgggttcace- tacttcaatccgt-coctcaagagtcegaat tet tetocctgaaact -gaccte-tgtgacegeegcagac-acgg-ctgtctatta-ctgtgegagacateg “ggacggtggtaaagtctgggagtactactttgacttet ggtcacegtetecteag
V4-39  HI2131 “tot gtccctcacctgeactg-t tgac-ttctgggactggat gaa gggactggagt -ggattgg-gagtatcga- -ttacagtgggttoace- tacttcaatccgt-cectcaagagtcgaatcaccatctccgaagacacgtccaagaaccagttctecctgaaact -gaccte-tgtgaccgecgeagac-acgg-ctgtetatta-ctgtgcgagacatcg- -ggacggtggtaaagtctgggagtactactttgacttctggggecagggaaccetggteacegtetecteag
V4-39  H42125 t- g - -ggat: atcga-- tacttcaatcegt g 99 te -
V4-39  H12135 ggtgaagec-t-t gtccct tgcactg-tetotggtggetccateggeagtaatactgac-ttctgggactggat - gaa gggactggagt-ggattgg-gagtatcga-- tacttcaatcogt-cectcaagagtcgaat tatccgtagacacgt tetecctgaaact-gaccte-tgt gg-ctgtctatta-ctgt -ggacggtggtaaagtctgggagtactactttgacttct ggtcaccgtetecteag
v4-59  B15235 —t-t gtcccteacctgeactg-tetegggtgactecatgacgac- -ctte-ta --gaa-gggactggagt-ggatagg-ttatatata-- aact -ccet gt gttgacacgt. gaatct-gaggte-tgt gg-cegtctatta-ctg gagtaaa- --tgggggatcctetgactact ggtcaccgtctecteag
V4-59  B491130 t- ~ttte- gg---gaa ggattgg --- - gcg 99
V4-59  B11125 t- -ttac- -gga geg 99
V4-59  B432119 ggtgaggec-t-t gtcccteacctgeactg-tetetgotgactocatcageaa- tggat ggagt- ggattgg— tatatct gacagtgggagtagt t -ccctcaagagtegagt: tgtcagtagacacgt. tetocctgacget-gegtte-tgty; a9 -ctgt tagtgactacgatttgaacgtctactactactacgctatggacctet teggtcaccgtetcecacag
V4-59  B441229 t- cagg---gaa-gggacttgagt-ggattgg-atatatcta--- --tcacagtgggaccccc --aactacaacccct-cect: gt gtggacacgt. gaacct-tacctc-tgtgacctctgegg cgg- gtatta-ctg -
V4-59  B15344 t- teagt gag 99 tt
V4-59  B31212 ggtgaagec-t-t gtcccteacctgeactg-tetetggtggetecatcagtac-- tggat ggagt-gggttgg-gtatatct € £ -ccctcaagagtcgagt. tttcactagacacgt. tctocctgaaget-gaggte-tgty; a9 —ctgt gacgctggeccctttgactact: ggtcaccgtctecteag
v4-61  B49112 —t-t gtecctea -tctetggtgact --gaa-gggactggagt -ggatcgg-gegtatgta- -ta -cect gt tgtcagtggacacgtccaagaat ggtatt-aacgtc-tgtcactg gg-cegtctatta-ctg gaccattactact. ggtcacegtetecteag
V4-61  B491122 t- gccgg---gaa ggatcgg -- g =
V4-61  B69111 t- -ggat 99 tatt
v4-61  B43119 ggtgaagec-t-t gtcccteacctgeagtg-tetetggtgactocatcageagtggttacaac-tactggagttggat ggagt-ggetagg- t tttactat t-ccctcaagagtegagtcageatgteagtagacacgt tccctgeaatt-gacgte-tgtgact a9 tatta-ctgt gaccattactact. accgtctectcag
V4-61  B49111 t- - -ccgecag- - -taa-gggactggagt-ggattgg-cegtateca- - - --tatcagtggggacaca tt gt gaagct -gaggte-tgt gg-ccgtgtattt-ttg t gtgtccteag
V4-61  B491118 t- 99 tatt
V4-61  B491119 ggtgaagec-t-t gtcccteacctgeactg-tetetggggactacatcaacagtgectacaac-tactggagetggat ggagt-ggattgg-gegtatgt tet gagtcgact tgtcagtggacacgt. ttctecctgaaget -caacte-tgt a9 - gaccattactact. ggtcaccgtctegteag
V4-61  B49113 -t-t gtcccteacctgeactg-tetetggggactecatcaacagtgectacaac-ta “-gaa- g9gactggagt-ggattyg-gegtatgta- a tet -ccctcaagagtegactcaccatgteagtggacacgt tteteectgaaget -caacte-tgt a9 ta-ctg gaccattactact. ggtcaccgtctegteag
V4-61  B49116 t- - gocag-- ggattgg gagg =
V4-61  B49118 t- - -ggat —cct gagg a9 et
V4-61  B491114 ggtgaagee-t-t gtcccteacctgeactg-tetetggggactecatcaacagtgectacaac-tactggagetggat ggagt-ggattgg- tet -ccctcaagagtegagt. tgtcagtggacacgt. tctocctgaaget-caacte-tgt a9 - gaccattactact ggtcacegtetegteag
V4-61  D43116 t- cagg---gaa-gggactggagt-ggattgg-atatattca--- --tcacagtgggaagacc gt gtcgacacgt gaacct-gaggte-tgt acgg-ctgtatattt-ctg ttotttga ggtcaccgtctetteag
V4-61  HI2136 t- 9g---g gggttg gag 99 tatt
V4-61  H422119 ggtgaagec-t-t gtctcteaactgeactg-tetetggtgettocgtcageagtggeagttat -cactggagt tagat ggagt-gggttgc-atatatct. © € tcaagagtcgagt. tatcagtgga-acgt. tgtccctgaaget-gagete-tgty; 99 -ctgtgt atggacgtct accgtctectcag
V4-61  H42316 ggtgaagee-t-t gtctcteaactgeactg-tetetggtgettocgteageagtggeagttat -cactggagttggat - ggagt-gggttgc-atatatcta--- --ttccgg-gggggeacc --aattacaacccct-coctcaagagtegage tatcagtggacacgt: tgtccctgaaget-gagete-tgty: a9 ta-ctgtgt atggacgtet accgtctectcag




Supplemental list 1:

Sequence identification Accession
number number
B11214 GQ504851
H42311 GQ504852
B15235 GQ504853
D59122 G504854
B311134 GQ504855
D331124 G0Q504856
H12313 GQ504857
B491114 GQ504858
B31118 GQ504859
B69111 G0Q504860
B111114 GQ504861
H422119 G0Q504862
B31212 GQ504863
B491118 G0Q504864
B31115 GQ504865
B383316 G0Q504866
B31214-B59115 GQ504867
B35334 G0Q504868
B353411 GQ504869
B15412 G0Q504870
B111126-B383343 GQ504871
B31218 GQ504872
B49116 GQ504873
B43135 G0Q504874
B353112 GQ504875
B11125-B432119 G0Q504876
D43112 GQ504877
D191227 G0Q504878
B383124 GQ504879
D43116 G0Q504880
B311131 GQ504881
B111112 GQ504882
D591217 GQ504883
B31211 G0Q504884
B31113 GQ504885
B311124 G0Q504886
B38336 GQ504887
D191224 G0Q504888
D191210 GQ504889
B31114 G0Q504890
H12135 GQ504891
B112113 GQ504892
B11123 GQ504893

D59112 GQ504894
B35326 GQ504895
B311128 GQ504896
H12117 GQ504897
H12311 GQ504898
B15344 GQ504899
B11229-B383114 GQ504900
D59127 GQ504901
B11227 GQ504902
B151213 GQ504903
B351116 GQ504904
B49118 GQ504905
D191218-H12125 GQ504906
H12136 GQ504907
H4101122 GQ504908
B491121 GQ504909
D591220 GQ504910
B491126 GO504911
H410119 GQ504912
B111213-B383311-B431111 |[GQ504913
B11222 GQ504914
H310117 GQ504915
H12127 GQ504916
B15325 GQ504917
B352228 GQ504918
B352311 GQ504919
B15221 GQ504920
B352227 GOQ504921
B491122 GQ504922
B35229 GQ504923
B35331 GQ504924
B38126 GQ504925
B491115 GQ504926
B38419 GQ504927
B49112 GQ504928
B491130 GQ504929
H42314 GQ504930
H42316 GOQ504931
D691213 GQ504932
D49122 GQ504933
B441520 GQ504934
H410111 GQ504935
B153410 GQ504936
B35335 GQ504937
B35233 GQ504938
Bll111 GQ504939
H12137 GQ504940




D691230 GQ504988
B491129 GQ504989
H42212 GQ504990
B19113-H12113 GOQ504991

B15345 GQ504941
B352220 GQ504942
B59114 GQ504943
B38333 G0Q504944
H121318 GQ504945
DI19111-H12115 GQ504946
B311122 GQ504947
B431314 GQ504948
B38414-B441313 GQ504949
B352313 GQ504950
D49117 GQ504951
B111121 GQ504952
B311120 GQ504953
B49111 G0Q504954
H422112 GQ504955
B441216 GQ504956
D36116 GQ504957
B49113 GQ504958
D691110-H12131 GQ504959
B38335 GQ504960
B391113 GQ504961
B15321 GQ504962
B353412 GQ504963
D36313 GQ504964
B441229 GQ504965
B35228 GQ504966
B312110 GQ504967
D591218 GQ504968
B43119 GQ504969
HI2111 GQ504970
H423110 GQ504971
D59111 GQ504972
B491119 GQ504973
D591216 GQ504974
B35313 GQ504975
H12126 GQ504976
H42125 GQ504977
D691225 GQ504978
B35324 GQ504979
B59112 GQ504980
B353413 GQ504981
D333110 GQ504982
D691227 GQ504983
B353120 GQ504984
B311137 GQ504985
B431110 GQ504986
D191216 GQ504987
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