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a b s t r a c t

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.
vailable online xxx
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llergy
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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-
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
.
gE repertoire the human IgE repertoire

. Introduction

Immunoglobulin E occurs in extremely low concentrations in
erum and other body fluids but can induce severe inflammatory
eactions via interaction with a variety of immune cells (Geha
t al., 2003; Ishizaka et al., 1966). IgE-mediated cross-linking of
c�RI receptors on mast cells and basophils induces the immediate
elease of inflammatory mediators, enzymes and pro-inflammatory
ytokines and represents a key mechanism in acute allergic inflam-
ation (Kraft and Kinet, 2007). Furthermore, IgE antibodies can

resent minute amounts of antigens to T cells and thus contribute
o efficient T cell activation (van Neerven et al., 2006). Besides its
ey role in allergic inflammation, IgE may play a part in defense
gainst parasitic infestations via activation of eosinophils (Gounni
t al., 1994). The class switch to IgE production in the course of the
Please cite this article in press as: Marth, K., et al., Tracing antigen
doi:10.1016/j.molimm.2010.05.285

rimary immune response is induced by Th2 cytokines secreted
y Th2 helper cells upon allergen encounter (Geha et al., 2003;
omagnani, 2001). Most of the allergens inducing IgE responses

n 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-
signatures in the human IgE repertoire. Mol. Immunol. (2010),

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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econdary IgE response) we have established a model for allergen-
pecific IgE responses in man. We identified allergic subjects with
gE reactivity against one defined protein allergen, the major aller-
en of birch pollen, Bet v 1 (Breiteneder et al., 1989). The fact that
irch pollen allergic subjects are exposed to antigen during defined
eriods of the year allowed us to study the IgE IGHV repertoire
ver several years and episodes of antigen contact. Our finding that
ighly similar IgE IGHV transcripts were used in different allergic
ubjects after four years of allergen exposure strongly suggests that
llergens directly select and stimulate allergen-specific IgE produc-
ion (i.e., secondary IgE responses) via activation of a limited and
re-defined set of IgE memory cells.

. Methods

.1. Pollen counts, characterization of allergic subjects

Five hundred allergic subjects were screened to identify six
ndividuals with exclusive allergic sensitization to birch pollen
sing a multi-allergen test system (MAST CLA allergen-specific

gE assay, Hitachi Chemical Diagnostics) containing 46 allergen
ources (Alder pollen, Almond, Alternaria, Apple, Aspergillus, Birch
ollen, Carrot, Casein, Cat dander, Celery, Cladosporium, Cockroach,
odfish, Dermatophagoides farinae, Dermatophagoides pteronyssi-
us, Dog dander, Grass pollen mix, Guinea pig dander, Hamster
ander, Hazel pollen, Hazelnut, Horse dander, Juniper, Latex, Milk
rotein, Mugwort pollen, Olive tree pollen, Parietaria pollen, Peach,
eanut, Penicillium, Pine mix, Plantain pollen, Plume mix, Potato,
abbit, Ragweed pollen, Rye pollen, Rye flour, Sesame, Shrimp, Soy
ean, Tomato, Walnut, Wheat flour, whole Egg). Blood samples
rom the six allergic subjects were obtained in spring and summer
002 and 2005. At each appointment, Bet v 1-specific IgE levels
ere quantified in plasma by CAP-RAST measurements (Phadia,
ppsala, Sweden) and allergic symptoms and anti-allergic medica-

ion were recorded. None of the selected subjects had received any
ind of allergen-specific immunotherapy. Birch pollen exposure in
he individuals living area was recorded as described (Drachenberg
t al., 2001).

.2. HLA typing of the allergic subjects

HLA typing of allergic subjects was performed using a com-
ercially available typing HLA kit based on HLA-sequence specific

rimers (PCR-SSP) according to the manuals provided by the man-
facturer (Dynal AllSet+TM SSP DR “low resolution”; Invitrogen
orporation, Carlsbad, CA 92008, U.S.A.). Ambiguous HLA typing
esults where further clarified by direct DNA sequencing after HLA
roup-specific amplification with an automated DNA sequencer
ABI Prism 310 Genetic Analyzer; PE Applied Biosystems, Foster
ity, CA 94404, U.S.A.) as described elsewhere (McGinnis et al.,
997).

.3. Allergen-specific IgE antibodies

To confirm that all IgE in the allergic subjects is directed
xclusively against the major birch pollen allergen, Bet v 1, IgE
nhibition experiments with recombinant Bet v 1 were performed.
ecombinant Bet v 1, (Biomay, Vienna, Austria), was coupled to
NBr-activated sepharose 4B (GE Healthcare Bio-Sciences AB) in a
oncentration of five mg protein per ml medium according to the
anufacturer’s instructions. Samples of 1500 �l of plasma from
Please cite this article in press as: Marth, K., et al., Tracing antigen
doi:10.1016/j.molimm.2010.05.285

ach of the six allergic persons were incubated with 500 �l of
llergen-coupled gel by end-over-end rotation overnight at 4 ◦C.
erum was recovered by centrifugation (4 ◦C, 5 min, 5000 × g). IgE
evels against food allergen mix (egg white, milk protein, codfish,

heat flour, peanut and soy bean) and respiratory mix (mugwort,
 PRESS
nology xxx (2010) xxx–xxx

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 SuperScriptTM 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 5 min at 94◦ followed by 40 cycles of 20 s 94 ◦C, 30 s
59 and 1 min 72 ◦C with final extension of 5 min 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 AccepTorTM

Vector (Novagen) and transformed into Escherichia coli XL1-blue.
Plasmid DNA was purified from 3 ml overnight cultures containing
100 �g/ml ampicillin using Wizard® Plus SV Miniprep DNA Purifi-
cation System (Promega) and digested with the restriction enzymes
KpnI and SacI (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
VDJ 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;
signatures in the human IgE repertoire. Mol. Immunol. (2010),

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-specific immunother-
apy. Their Bet v 1-specific immune response therefore must have
been induced by natural allergen exposure. Pre-adsorption of their

dx.doi.org/10.1016/j.molimm.2010.05.285


ARTICLE IN PRESSG Model

MIMM-3490; No. of Pages 7

K. Marth et al. / Molecular Immunology xxx (2010) xxx–xxx 3

Fig. 1. Allergen exposure and allergen-specific IgE levels in the four years study period. B
in the years 2002–2005 (x-axis: months are abbreviated). The time points when PBMCs
regions are indicated (×) and the IgE levels specific for the major birch pollen allergen, Be

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%
fx5 pre neg neg neg
fx5 post neg neg neg
Inhibition – – –
Birch pollen pre 74.7 10.1 5.6
Birch pollen post 0 0 0
Inhibition 100% 100% 100%
rBet v 1 pre 65.7 9.78 4.92
rBet v 1 post 0 0 0
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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)

T
O
r

Inhibition 100% 100% 100%

era with rBet v 1 depleted completely IgE antibodies against Bet v
and birch pollen extracts and either completely depleted IgE anti-
odies specific for a respiratory allergen mix (subject H) or reduced

gE levels close to the cut off detection level (0.35 kUA/L) for sub-
ects B and D (Table 1). No IgE antibodies were detected against a
ood allergen mix in any of the three individuals (B, D, H; Table 1).
he subjects were studied over a period of four years (2002–2005)
ith seasonal pollen exposure. The registration of pollen counts
uring the full study in the living area of the subjects demonstrates
hat they have been exposed to birch pollen in the spring of each
ear with the pollen exposure being lowest in spring 2005 (Fig. 1).
Please cite this article in press as: Marth, K., et al., Tracing antigen
doi:10.1016/j.molimm.2010.05.285

et v 1-specific IgE antibodies were detected in serum of the three
ndividuals and symptoms of respiratory birch pollen allergy were
ecorded in the first two years and at the end of the study (2005).

able 2
ligonucleotides used for RT-PCR amplification of cDNAs coding for IgE variable regions

egions. Names, specificities and sequences of the PCR primers are displayed. Eco RI restr

Name Specificity

VH1 hu VH1 gene family
VH2 hu VH2 gene family
VH3 hu VH3 gene family
VH4 hu VH4 gene family
VH5 hu VH5 gene family
VH6 hu VH6 gene family
IgEC1 hu �-chain first constant region
irch pollen exposure expressed as pollen counts per m3 of air (y-axis: pollen count)
were obtained from allergic subjects (B, D, H) for the characterization of IgE IGHV
t v 1 are displayed in kUA/L.

3.2. Bet v 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
signatures in the human IgE repertoire. Mol. Immunol. (2010),

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
iction sites are underlined.

Sequence 5′–3′

(GGA ATT) CAC TCC CAG GTG CAG CTG CTC GAG TCT GG
(GGA ATT C)GT CCT GTC CCA GGT CAA CTT ACT CGA GTC TGG
(GGA ATT C)GT CCA GGT GGA GGT GCA GCT GCT CGA GTC TGG
(GGA ATT C)GT CCT GTC CCA GGT GCA GCT GCT CGA GTC GGG
(GGA ATT C)GT CTG TGC CGA GGT GCA GCT GCT CGA GCT CGG
(GGA ATT C)GT CCT GTC ACA GGT ACA GCT GCT CGA GTC AGG
(GAG AGG AAT TC)G CTA CTA GTT TTG TTG TCG ACC CAG TCT GTG

dx.doi.org/10.1016/j.molimm.2010.05.285
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ig. 2. Frequency of the usage of V genes in the IgE repertoires of the allergic sub
equences) of V genes are displayed for allergic subjects (B, D, H) at different dates

-3 was the most frequently used D gene and was found in 20% of
he Bet v 1 specific IgE sequences (data not shown). Regarding the

genes it has to be noted that the annotation of the transcripts to
he closest germ line sequences was hampered by the high muta-
ion rates in this part of the transcripts and their short length. From
Please cite this article in press as: Marth, K., et al., Tracing antigen
doi:10.1016/j.molimm.2010.05.285

he six J genes described for the human IGHJ locus (Lefranc, 2001),
ve were used by the Bet v 1-allergic subjects (data not shown).

4 was by far the most frequently J gene used (n = 88) followed
y J6 and J3. The results obtained for the usage of D and J genes
ere thus comparable to those obtained in a study analyzing the
ver a four years period. Frequencies (x-axes: absolute numbers of non-redundant
f the figures).

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
signatures in the human IgE repertoire. Mol. Immunol. (2010),

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

dx.doi.org/10.1016/j.molimm.2010.05.285
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Table 3
Number of sequences containing a certain number of somatic mutations displayed
for the three IGHV families.
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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%), D49122 (94%), D59112 (93%),
bservation period. IGHV3-23 was the most frequently IGHV gene
sed by subject D and found in 2002 and 2005. Likewise, subject H
sed certain IGHV genes in 2002 and 2005 (e.g., IGHV4-31, IGHV4-
9). The variation of the number of clones obtained for each IGHV
ene at different time points might be due to a repertoire shift or to
he fact that the primers used in 2002 and 2005 differed regarding
he presence of an additional Eco RI site which might have affected
CR amplification.

.4. Varying degree of somatic mutations in IgE variable regions:
ome IgE variable regions are highly mutated whereas others
ontain no somatic mutations

A comparison of the IgE variable DNA sequences with germ
ine sequences was performed in order to analyze the presence of
omatic mutations in the FR1, FR2, FR3, CDR1 and CDR2. Since in the
DR3 somatic mutations cannot be unambiguously distinguished

rom junctional diversity, this part was not included in the anal-
sis. The Supplemental Table 1 shows the detailed frequency and
istribution of somatic mutations in each of the 152 IgE variable
egions. Replacement and silent mutations are also shown there.
able 3 gives an overview how many variable regions of each IGHV
amily contained a certain number of somatic mutations in the
R1, FR2, FR3, CDR1 and CDR2 together. The majority of variable
egions contained >10–30 somatic mutations (i.e., 116 out of 149
equences). Variable regions with a number of somatic mutations
etween >10–40 were evenly distributed among the three IGHV
amilies (IGHV1: 12/15; IGHV3: 57/77; IGHV4: 47/55). In each of the
hree IGHV families sequences containing more and less somatic

utations were detected. Interestingly, 6 sequences, which con-
ained 1 or 0 mutations, were found in the IGHV3 family-derived
equences (Table 3). Silent as well as non-silent somatic mutations
ere evenly distributed over the CDR’s as well as in the FR’s in

he analyzed sequences (Supplemental Table 1). Three sequences
elonging to the IGHV1 family have been excluded from mutation
nalysis due to high differences in their length.

.5. Highly similar IgE IGHV transcripts can be detected in
enetically unrelated patients and in the same patient after
everal years

When we performed a multiple sequence alignment of all non-
edundant IgE variable regions (Supplemental Figure 1) we found
everal variable region-encoding cDNAs with more than 98% iden-
ity in different patients and in the same patient after four years
Please cite this article in press as: Marth, K., et al., Tracing antigen
doi:10.1016/j.molimm.2010.05.285

f allergen exposure. In patients D and H several highly similar
GHV sequences were retrieved, e.g. sequence D191218 IGHV3-15
hat was isolated from patient D in May 2005 was highly similar to
equence H12125 (patient H) isolated in May 2002 (Table 4). Like-
ise, sequence H12115 (May 2002) and sequence D19111 (May
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
signatures in the human IgE repertoire. Mol. Immunol. (2010),

(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

dx.doi.org/10.1016/j.molimm.2010.05.285
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ugust 2002, which had been found to reach more than 98% identity
Table 4 and Supplemental Figure 1).

. Discussion

We have analyzed the IgE variable sequences in allergic subjects
ho were sensitized against one defined allergen, the major aller-

en of birch pollen Bet v 1 (Breiteneder et al., 1989). Similar as for
ost other important respiratory allergens, IgE antibodies of aller-

ic patients recognize exclusively conformational epitopes on the
et v 1 allergens which require the intact three-dimensional struc-
ure of the protein for IgE recognition (Valenta and Kraft, 2001).
he IgE response to Bet v 1 thus resembles the features of typ-
cal IgE responses to other important respiratory allergens from
ollens, house dust mites, animal dander and moulds. Since aller-
ic subjects mostly exhibit IgE antibody reactivity against several
ndependent allergen molecules allergic patients were screened for
IgE mono-reactivity” to Bet v 1 and its cross-reactive allergens
n order to establish a human system of allergic sensitization to
ne defined antigen. It can thus be assumed that most of the IgE
ariable sequences in these patients are specific for Bet v 1 but out-
iers cannot be excluded. The advantage of this human system over
xperimental animal systems is that it is based on natural sensiti-
ation to physiological doses (i.e., ng) of inhaled allergen, whereas
ost animal systems require injection of adsorbed artificial anti-

ens or inhalation/contact with non-physiologically high doses of
ntigen in mostly inbred strains (Epstein, 2004). Although Bet v
-monosensitized patients are rare in middle Europe, we do not
hink that the patients studied by us represented a unique sub-
roup of allergic patients. Similar as poly-sensitized patients our
atients did not change their molecular reactivity profile over time.
heir clinical symptoms to birch pollen were not different from
hose of poly-sensitized patients and each of them had a differ-
nt genetic background. Interestingly, we found highly similar IgE
ariable regions in the three different patients. Moreover, these
equences reappeared unchanged in the same patients again after
everal years of pollen exposure. We interpret this finding as a
olecular imprint of the antigenic signature of the Bet v 1 aller-

en in the human IgE repertoire. Interestingly, we found a rather
imited usage of IGHV sequences in the allergic subjects which has
een suggested also for grass pollen allergic patients (Andreasson et
l., 2006). In eight blood samples taken over a period of four years
nly 152 different non-redundant VH sequences were identified
mong more than 296 sequenced PCR products. The non-redundant
equences belonged to three IGHV families (i.e., IGHV1, IGHV3,
GHV4) indicating that there is no bias towards the use of one cer-
ain IGHV family in the human IgE response (Bando et al., 2004;
avies and O’Hehir, 2004; Edwards et al., 2002; Eibensteiner et al.,
000; Janezic et al., 1998; Lim et al., 2007; Tilgner et al., 1997).

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

There is evidence that the secondary IgE response is strongly
riggered by allergen contact but this response seems to be already
Please cite this article in press as: Marth, K., et al., Tracing antigen
doi:10.1016/j.molimm.2010.05.285

ndependent of T cell help (Linhart et al., 2007; Niederberger et al.,
007).

The identification of identical and highly similar IgE variable
equences at different points of time (i.e., after several periods of
llergen contact) may be interpreted in at least two ways. Either
 PRESS
nology xxx (2010) xxx–xxx

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 3 2 8 3 1 0 1 0 1 22 6.33

B383114 IGHV1-2 17 4 1 3 2 7 4 1 0 1 0 2 21 4.25
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 3 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 11 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 22 3 1 3 7 7 10 1 1 0 2 6 31 2.20
B311128 IGHV3-23 21 2 1 3 7 7 11 2 1 0 2 6 31 1.91
B311131 IGHV3-23 12 1 4 0 0 5 3 0 0 0 0 3 13 4.00
B311137 IGHV3-23 0 0 0 0 0 0 0 0 0 0 0 0 0 -
B31114 IGHV3-23 8 1 1 0 4 2 4 0 1 1 0 2 12 2.00
B31211 IGHV3-23 10 3 2 1 1 3 5 0 0 1 2 2 15 2.00
B31218 IGHV3-23 27 3 3 5 8 7 9 3 1 1 1 3 35 3.00

B351116 IGHV3-23 17 4 1 4 1 7 6 2 0 0 1 3 23 2.83
B352220 IGHV3-23 13 1 2 0 4 6 12 2 0 1 2 7 25 1.08
B352228 IGHV3-23 10 0 1 1 6 2 6 1 0 2 0 2 15 1.67
B35228 IGHV3-23 21 6 2 6 0 7 7 1 1 1 1 3 28 3.00
B35229 IGHV3-23 8 0 0 3 2 3 2 0 0 0 0 2 10 4.00

B352311 IGHV3-23 10 1 1 2 3 3 12 1 1 2 3 5 22 0.83
B35233 IGHV3-23 10 0 0 1 6 3 6 1 0 2 0 2 15 1.67

B353112 IGHV3-23 5 0 1 1 1 2 2 1 0 0 1 0 7 2.50
B353120 IGHV3-23 17 4 1 4 1 7 6 2 0 0 1 3 23 2.83
B35324 IGHV3-23 10 0 0 1 6 3 6 1 0 2 0 2 15 1.67
B35326 IGHV3-23 10 0 0 1 5 4 3 0 0 0 0 2 12 3.33
B35331 IGHV3-23 7 0 2 2 1 2 7 1 0 1 1 3 13 1.00
B35334 IGHV3-23 8 1 3 1 2 1 2 1 0 0 0 1 10 4.00
B35335 IGHV3-23 6 0 1 2 1 2 1 0 0 0 1 0 7 6.00

B353411 IGHV3-23 23 4 3 2 4 10 10 1 1 0 1 7 33 2.30
B383124 IGHV3-23 11 3 2 2 1 3 2 0 0 1 0 1 13 5.50
B38336 IGHV3-23 22 2 1 3 7 8 13 2 3 0 2 6 34 1.69

B491121 IGHV3-23 17 0 3 3 5 6 5 1 0 1 2 1 22 3.40
D19111 IGHV3-23 10 2 0 3 1 4 4 2 1 0 0 1 14 2.50

D191210 IGHV3-23 11 2 0 3 1 5 4 2 1 0 0 1 15 2.75
D191216 IGHV3-23 10 2 0 3 1 4 4 2 1 0 0 1 14 2.50
D191224 IGHV3-23 10 2 0 3 1 4 5 2 1 0 0 2 15 2.00
D191227 IGHV3-23 10 2 0 3 1 4 4 2 1 0 0 1 14 2.50
D333110 IGHV3-23 10 1 2 1 1 5 6 0 2 1 1 2 16 1.67
D49117 IGHV3-23 12 2 0 5 1 4 4 2 1 0 0 1 16 3.00
D49122 IGHV3-23 11 2 0 4 1 4 4 2 1 0 0 1 15 2.75
D59111 IGHV3-23 11 3 0 3 1 4 4 2 1 0 0 1 15 2.75
D59112 IGHV3-23 11 3 0 3 1 4 5 3 1 0 0 1 16 2.20

D591216 IGHV3-23 10 2 0 3 1 4 4 2 1 0 0 1 14 2.50
D591217 IGHV3-23 8 0 0 3 1 4 3 1 1 0 0 1 11 2.67
D591218 IGHV3-23 9 1 0 3 1 4 4 2 1 0 0 1 13 2.25
D59122 IGHV3-23 8 0 0 3 1 4 3 1 1 0 0 1 11 2.67

D591220 IGHV3-23 8 0 0 3 1 4 3 1 1 0 0 1 11 2.67
D59127 IGHV3-23 11 3 0 3 1 4 4 2 1 0 0 1 15 2.75

D691225 IGHV3-23 10 2 0 3 1 4 4 2 1 0 0 1 14 2.50
D691227 IGHV3-23 10 2 0 3 1 4 4 2 1 0 0 1 14 2.50
D691230 IGHV3-23 10 2 0 3 1 4 4 2 1 0 0 1 14 2.50
H12115 IGHV3-23 10 2 0 3 1 4 4 2 1 0 0 1 14 2.50
H12117 IGHV3-23 22 4 4 0 5 9 9 0 1 1 3 4 31 2.44
H12126 IGHV3-23 10 2 0 3 1 4 4 2 1 0 0 1 14 2.50
H12127 IGHV3-23 22 4 4 0 5 9 8 0 1 1 2 4 30 2.75

B352313 IGHV3-30-3 14 4 1 3 3 3 7 1 3 2 0 1 21 2.00
B38126 IGHV3-30-3 5 0 1 1 1 2 5 0 0 1 1 3 10 1.00
B15221 IGHV3-33 8 0 1 0 3 4 2 0 0 0 0 2 10 4.00
B15325 IGHV3-33 7 1 2 0 1 3 2 0 0 0 0 2 9 3.50
H12111 IGHV3-33 19 3 4 1 2 9 8 2 0 0 2 4 27 2.38
B31118 IGHV3-48 16 2 3 1 6 4 6 1 0 2 1 1 21 2.67
B38335 IGHV3-48 14 1 3 0 6 4 6 1 0 2 1 1 19 2.33
D36116 IGHV3-53 4 0 1 0 1 2 5 1 1 1 1 1 9 0.80
D36313 IGHV3-53 8 0 1 1 3 3 7 1 0 1 2 3 15 1.14

H310117 IGHV3-53 8 0 2 1 4 1 5 1 0 0 1 3 13 1.60
B11123 IGHV3-7 4 0 1 0 1 1 0 0 0 0 0 0 3 -
B31115 IGHV3-7 2 0 0 0 1 1 0 0 0 0 0 0 2 -
B35313 IGHV3-7 0 0 0 0 0 0 1 0 0 0 0 0 0 0.00

B353412 IGHV3-7 0 0 0 0 0 0 1 0 0 0 0 0 0 0.00
B352227 IGHV4-30-4 18 3 3 1 4 7 7 0 1 2 1 3 25 2.57



B38414 IGHV4-30-4 16 0 3 2 1 10 7 1 0 1 0 5 23 2.29
B441216 IGHV4-30-4 11 1 0 1 3 6 3 0 0 1 1 1 14 3.67
B441313 IGHV4-30-4 16 0 3 2 1 10 7 1 0 1 0 5 23 2.29
B441520 IGHV4-30-4 16 3 1 3 2 7 6 2 2 0 0 2 22 2.67
B59114 IGHV4-30-4 13 1 1 2 3 6 4 0 0 1 1 2 17 3.25

B111121 IGHV4-31 22 2 3 6 3 7 7 0 0 1 0 6 28 3.14
B111213 IGHV4-31 29 2 3 5 3 16 14 1 5 2 1 5 43 2.07
B383311 IGHV4-31 29 2 3 5 3 16 14 1 5 2 1 5 43 2.07
B431110 IGHV4-31 18 1 3 3 2 9 2 0 1 0 0 1 20 9.00
B431111 IGHV4-31 29 2 3 5 3 16 14 1 5 2 1 5 43 2.07
B491129 IGHV4-31 29 2 3 5 3 16 13 1 5 1 1 5 42 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 2.00
B491126 IGHV4-39 34 3 12 5 4 10 15 4 0 3 0 8 49 2.27
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 4.50

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
B49112 IGHV4-61 21 2 5 0 1 13 11 1 1 2 0 7 32 1.91

B491122 IGHV4-61 21 2 5 0 1 13 11 1 1 2 0 7 32 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 2.33

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

 



  V1-02    H42212  ggctgaggtgaagaagcc-t-ggggcctcagtgaaggtctcctggaaagtcttctagatacaccttcaacga------ctac--atataaacggggtgcgacagg-cccctgg---ata-agggcctgagt-ggctggg------------------------------------------------------------------------------------------------------------acaagagattactttaa-----------ttcagggagt-ttttag-ttcgcccgttgttgat-actt-ccgctaataa-----------------------------------------------------------------aacatggacgtttggggcaaagggaccgcggtcaccgtctccgcag
  V1-02    B19113  ggctgaggtgaagaagcc-t-ggggcctcagtgaaggtctcctggaagt-cttctagatacaccttcaacga------ctac-tatataaacggggtgcgacagg-cccctgg---ata-agggcctgagt-ggctggg------------------------------------------------------------------------------------------------------------acaagagattactttaa-----------ttcagggagt-ttttag-ttcgcccgttgttgat-actt-ccgctaataa-----------------------------------------------------------------aacatggacgtttggggcaaagggaccgcggtcaccgtctccgcag
  V1-02    H12113  ggctgaggtgaagaagcc-t-ggggcctcagtgaaggtctcctggaagt-cttctagatacaccttcaacga------ctac-tatataaacggggtgcgacagg-cccctgg---ata-agggcctgagt-ggctggg------------------------------------------------------------------------------------------------------------acaagagattactttaa-----------ttcagggagt-ttttag-ttcgcccgttgttgat-actt-ccgctaataa-----------------------------------------------------------------aacatggacgtttggggcaaagggaccgcggtcaccgtctccgcag
  V1-02   H121318  ggctgaggtgaagaggcc-t-ggggcctcagtgaaagtctcctgtaaga-cttctggatacaccttccccct------ctcc-tatatccactgggtgcgacagg-cccctgg---aca-agggcttgagt-acatggg-acgggtcaaccc------------------------------ttacaatggtggctca------------cactcctcacaga-agtttcagggcagggtcaacatgaccagggacacgtccatcaccacagcctacatggaatt-gaatag-cctgacatctgacgac-acgg-ccgtatatta-ttgtacgagggaagt------------------------------------ggctggtaggagagagtttttggactggggccagggagccctggtcaccgtctcctcag
  V1-02    H12313  gactgaggtgaagaagcc-t-ggggcctcagtgaaggtctcctgcaagg-cttctggatacgtcttcaccgc------ctat-tatctgcactggatgcgacagg-cccctgg---aca-agggcctgagt-ggatggg-acgcataagccc------------------------------cagtagtggggacaca------------atctatgcacaga-actttcaaggcagggccaccatgaccagagacgcgtccatcagcacagcctacctggagct-gaacag-actgacgtctgccgac-acgg-ccgtctatta-ctgtgcgagagataa------------------------------------------------tattatcgacccctggggccagggaaccttggtcaccgtctcctcag
  V1-02    H12311  gactgaggtgaagaagcc-t-ggggcctcagtgaaggtctcctgcaagg-cttctggatacgtcttcaccgc------ctat-tatctgcactggatgcgacagg-cccctgg---aca-agggcctgagt-ggatggg-acgcataagccc------------------------------cagtagtggggacaca------------atctatgcacaga-actttcaaggcagggccaccatgaccagagacacgtccatcagcacagcctacctggagct-gaacag-actgacgtctgccgac-acgg-ccgtctatta-ctgtgcgagagataa------------------------------------------------tattatcgacccctggggccagggaaccttggtcaccgtctcctcag
  V1-02    B31214  ggctgaggggaagaagcc-t-ggggcctcagtgaacgtctcctgtcaga-cttctggatacaccttctccgc------ctac-tatatacactgggtgcgacagg-cccctgg---aca-agggcttgagt-ggatggg-gtacatcaaccc------------------------------tcacactggtggcaca------------cactctgcacaga-agtttcagggctgggtcaccatgaccagggacacgtccatcagcacagcctacatggagat-gaagag-tctgaaatctgacgac-gcgg-ccgtttatta-ctgtgcgagaggggg---------------------------------------ccgcggctggttccttgatcactggggccagggaaccctggtcgccgtgtcgtcag
  V1-02    B11229  ggctgaggggaagaagcc-t-ggggcctcagtgaacgtctcctgtcaga-cttctggatacaccttcaccgc------ctac-tatatacactgggtgcgacagg-cccctgg---aca-agggcttgagt-ggatggg-gtacatcaaccc------------------------------tcacactggtggcaca------------cactctgcacaga-agtttcagggctgggtcaccatgaccagggacacgtccatcagcacagcctacatggaaat-gaagag-actgaaatctgacgac-gcgg-ccgtgtatta-ctgtgcgagaggggg---------------------------------------ccgcggctggttccttgatcactggggccagggaaccctggtcaccgtgtcctcag
  V1-02   B383114  ggctgaggggaagaagcc-t-ggggcctcagtgaacgtctcctgtcaga-cttctggatacaccttcaccgc------ctac-tatatacactgggtgcgacagg-cccctgg---aca-agggcttgagt-ggatggg-gtacatcaaccc------------------------------tcacactggtggcaca------------cactctgcacaga-agtttcagggctgggtcaccatgaccagggacacgtccatcagcacagcctacatggaaat-gaagag-actgaaatctgacgac-gcgg-ccgtgtatta-ctgtgcgagaggggg---------------------------------------ccgcggctggttccttgatcactggggccagggaaccctggtcaccgtgtcctcag
  V1-02    B59115  ggctgaggggaagaagcc-t-ggggcctcagtgaacgtctcctgtcaga-cttctggatacaccttctccgc------ctac-tatatacactgggtgcgacagg-cccctgg---aca-agggcttgagt-ggatggg-gtacatcaaccc------------------------------tcacactggtggcaca------------cactctgcacaga-agtttcagggctgggtcaccatgaccagggacacgtccatcagcacagcctacatggagat-gaagag-tctgaaatctgacgac-gcgg-ccgtttatta-ctgtgcgagaggggg---------------------------------------ccgcggctggttccttgatcactggggccagggaaccctggtcgccgtgtcgtcag
  V1-02   B111114  ggctgaggtgaagaagcc-t-ggggcctcagtgaaggtctcctgcaagg-cttctggatacaccttcatcgg------ctac-tatatgcactgggtgcgacagg-cccctgg---aca-agggcttgagt-ggatggg-atggatcaaccc------------------------------taacaatgatgtcaca------------cactatgcacagc-agtttcagggcagggtcaccatgaccagggacacgtccatcagcacagcctacatggagtt-gagtag-gctgagatctgacgac-acgg-ccgtatatta-ctgtgcgagagataa---------------ccctgaccgatatagtgggaactactactactccggtttggacgtctggggccaagggaccacggtcaccgtctcctcag
  V1-18   B111126  agctgaggtgaagaagtc-t-ggggcctcagtaaaggtctcctgcaagg-cttctggatacacctttaccag------ctac-ggtttcagctgggtgcgacagg-cccctgg---aca-ggggcttgagt-gggtggg-atggatcagcgg------------------------------ttccactggtaacaca------------aactatgcacaga-aattccaagacagagtcgccatgaccatagatacatccacaaacacagcccacatggagct-gaggag-cctgagatctgacgac-acgg-ccgtttatta-ttgtgcgagacgtaa------------------------------tggggcttactatctctggtattttgactactggggccagggaagcctggtcaccgtctcctcag
  V1-18   B383343  agctgaggtgaagaagtc-t-ggggcctcagtaaaggtctcctgcaagg-cttctggatacacctttaccag------ctac-ggtttcagctgggtgcgacagg-cccctgg---aca-ggggcttgagt-gggtggg-atggatcagcgg------------------------------ttccactggtaacaca------------aactatgcacaga-aattccaagacagagtcgccatgaccatagatacatccacaaacacagcccacatggagct-gaggag-cctgagatctgacgac-acgg-ccgtttatta-ttgtgcgagacgtaa------------------------------tggggcttactatctctggtattttgactactggggccagggaagcctggtcaccgtctcctcag
  V1-69    B11227  ggctgaggtgaagaagcc-c-gggtcctcgatgagggtctcctgcaggg-cctctgaaggcaccttcagtac------ctat-gttgtcagctgggtccgacagg-cccctgg---aca-agggcttgagt-ggatcgg-aactatcatccc------------------------------tatctttggaacaaca------------acttacgcacaga-ggttccagggcagactcacgcttagtgcggacgaatctctgagcacagtctatatggaggt-gtccag-cctcatgtctaatgac-acgg-ccgtgttctt-ctgcgcgagcaatcg---------------------gcggagcaccggcattaaaataccgggggcttttgatacctggggccaagggacactggtcaccgtctcttcag
  V1-69    B11222  ggctgagttgaagaagcc-t-gggtcttcggtgaacgtctcctgcaggg-cttctgaagacaccttcaggag------atat-gtaataagttgggtccgacagg-cccctgg---aca-acggcctgagt-ggatggg-agcgatcatccc------------------------------catacttgattcgaca------------aaccaggcacgga-aattccaggacagagtcacgattaccgcggacttatccacgagcacagcctacatgcaact-gagcag-cctgagatctgaagac-acgg-ccgtgtatta-ctgtgcgagaggact------------taggggggggcccctccatagcagtggttctcacaactactttgactcctggggccagggaaccctggtcaccgtctcctcag
  V1-69    B15345  ggcggaggtgaagaagcc-t-gggtcctcggtgaaggtctcctgcaagg-ccactggaggcaacttcagcag------ttcc-gctatcaactgggtgcgacagg-cccctgg---aca-agggctcgagt-ggatggg-aggcttcatcca------------------------------tatctttggcacagcg------------gtctacgcacaga-agttccagggcagagtcacggttaccgcggacgaattcacgaccacagcctacatggagct-gagcag-cctgagatctgacgac-acgg-ccgtgtatta-ttgtgcggggtggag------------------------------------agagtcatcgttggtctttgacctctggggccggggaaccctggtcaccgtctccgcgg
  V1-69   B112113  ggctgaggtgaagaagcc-t-ggatcctcggtgaaggtctcctgcaagg-cctcaggaggcaccttcagcac------ctct-gctatcagctgggtgcgacagg-cccctgg---aca-agggcttgagt-ggatggg-agggatcatccc------------------------------taagtttggaacatca------------aactatgcacaga-agttccagggcagagtcacgattaccgcggacgaatctacgagcacaggttacatggacct-gagcag-cctcacatctgaagac-acgg-ccgtctatta-ctgtgcggctggctt------------------------------ttacgccagtggctggtatcgttacgagtcgtggggccagggaaccctggtcaccgtctcctcgg
  V1-69    B38419  ggctgaggtgaagaagcc-t-ggatcctcggtgaaggtctcctgcaagg-cctcaggaggcaccttcagcac------ctct-gctatcagctgggtgcgacagg-cccctgg---aca-agggcttgagt-ggatggg-agggatcatccc------------------------------taagtttggaacatca------------aactatgcacaga-agttccagggcagagtcacgattaccgcggacgaatctacgagcacaggttacatggacct-gagcag-cctcacatctgaagac-acgg-ccgtctatta-ctgtgcggctggctt------------------------------ttacgccagtggctggtatcgttacgagtcgtggggccagggaaccctggtcaccgcctcctcgg

  V3-07    B11123  gggaggcttggtccagcc-t-ggggggtccctgagactctcctgtgcag-cctctggattcacctttagtac------ctat-tggatgagctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtggc-caacataaagcg------------------------------agatggaagtgagaaa------------tactatgtggact-ctgtgaagggccgattcaccatctccagagacaacgccgagaactcactgtatctgcaaat-gaacag-cctgagagccgaggac-acgg-ctgtgtatta-ctgtgcgaaagtgag---------------------------gactctcctgagcgacgtgggcggattcgacccctggggccagggaaccctggtcaccgtctcctcag
  V3-07    B31115  gggaggcttggtccagcc-t-ggggggtccctgagactctcctgtgcag-cctctggattcacctttagtag------ctat-tggatgagctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtggc-caacataaagaa------------------------------agatggaagtgagaaa------------tactatgtggact-ctgtgaagggccgattcaccatctccagagacaacgccaagaactcactgtatctgcaaat-gaacag-cctgaaagccgaggac-acgg-ctgtgtatta-ctgtgcgagagtgaa---------------------------gactctcctgagcgacgtgggcgggttcgacccctggggccagggaaccctggtcaccgtctcctcag
  V3-07    B35313  gggaggcttggtccagcc-tgggggggtccctgagactctcctgtgcag-cctct-gattcacctttagtag------ctat-tggatgagctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtggc-caacataaagca------------------------------agatggaagtgagaaa------------tactatgtggact-ctgtgaagggccgattcaccatctccagagacaacgccaagaactcactgtatctgcaaat-gaacag-cctgagagccgaggac-acgg-ctgtgtatta-ctgtgcgagggagag---------------------------ccgaccctatagcagccc------ctgtgactactggggccagggaaccctggtcaccgtctcctcag
  V3-07   B353412  gggaggcttggtccagcc-t-ggggggtccctgagactctcctgtgcag-cctctggattcacctttagtag------ctat-tggatgagctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtggc-caacataaagca------------------------------agatggaagtgagaaa------------tactatgtggact-ctgtgaagggccgattcaccatctccagagacaacgccaagaactcactgtatctgcaaat-gaacag-cctgagagccgaggac-acgg-ctgtgtatta-ctgtgcgagggagag---------------------------ccgaccctatagcagccc------ctgtgactactggggccagggaaccctggtcaccgtctcctcag
  V3-15   D191218  gggaggcttggtcaagcc-g-ggcgggtcccttagactctcctgtgcag-cctctggtctcactttcagtga------cgcc-tggatgaactgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtcgg-ccgtattcaaagtaaatc------------------------tgatggtgagacaaca------------gcctacgctccac-tcgtgacaggcagattctccatttcaagagatgattcaaaaaacatgttgtatctgcatat-gaacag-gctgaaaacggaggac-acag-ccgtatatta-ttgttgcacaggtga------------------aaggggcgattctcggagtggctattgggggtcgtttgactactggggccagggaaacctggtcaccgtctcttcag
  V3-15    H12125  gggaggcttggtcaagcc-g-ggcgggtcccttagactctcctgtgcag-cctctggtctcactttcagtga------cgcc-tggatgaactgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtcgg-ccgtattcaaagtaaatc------------------------tgatggtgagacaaca------------gcctacgctccac-tcgtgacaggcagattctccatttcaagagatgattcaaaaaacatgttgtatctgcatat-gaacag-gctgaaaacggaggac-acag-ccgtatatta-ttgttgcacaggtga------------------aaggggcgattctcggagtggctattgggggtcgtttgactactggggccagggaaacctggtcaccgtctcttcag
  V3-15    B59112  gggaggctgggtaaagcc-t-ggggggtcccttagactctcctgtgcag-cctctggattcactttcag-----------------------------------------------------------------------------------------------------------------tgatggtgggacaaca------------gacttcggtgcac-ccgtgaaaggcagattcaccgtctcaagagatgactcaaaagacacactgtatttgtcaat-gaacag-cctgaaaacagaggac-acag-ccgtctatga-ctgttctggtccttt-----------------gagagtagtggttattactcaaacagcgatactactctgactgccggggccagggaaccctggtcaccgtctcttcag
  V3-15   B383316  gggaggcttggtaaagcc-t-ggggggtcccttagactctcctgtgcag-cctctggattcactttcaataa------cgct-tgcatgggctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggttgg-ccgtattaaaagcaaatctgatggtgggactaaaagcaaaactgatggtgggacagca------------gactacgctgcac-ccgtgaaaggcagattcaccatttcaagagatgattcaaaaaacacgctgtatctgcaaat-gaacag-cctgaaaaccgaggac-acag-ccgtgtatta-ttgtatcacagacca------------------catagcgaatagtgggaactacctcaagaggcgcattgactattggggccagggaaccctggtcaccgtctcctcag
  V3-21   B353413  gggaggcttaatatagcc-t-ggggggtccctgagactctcctgtgcag-cctctggattcacctttagtaa------cttt-gccatgaactgggtccgccagg-ctccagg---gaa-ggggccggagt-gggtcgc-gtccattagtac------------------------------tagtagtaattacata------------tattacgcagagt-cagtgaagggccgattcaccatctccagagacaacgccaagaactcactgtttctgcaaat-gaacag-cctcagagccgaggac-acgg-ctctttttta-ctgtgcgagagatcgaaccccaacctattatgattacgtttgggggacttaccagacccgggatcctttcgatatctggggccaagggacaatggtcaccgtctcttcag
  V3-21    B31113  gggcggcctggtcaagcc-g-ggggggtccctgagactctcctgtgcag-cctctggattcaccttcagtag------ttat-agcatgaactgggtccgccagg-ctccagg---gaa-ggggctggagt-ggctctc-agccattagtag------------------------------cagtagtacttacaaa------------tactatgcagact-cagtgaggggccgattcaccatctccagagacaacgccaagacgtccttgtatctgcaaat-gaacag-cttgagagccgaggac-acgg-cactatatta-ctgtgtgagaggccc---------------------------cctcgtagtggttccagttgctatgtctccctactggggccagggaaccctggtctccgtctcctcag
  V3-21   B311134  gggaggcctggtcaagcc-t-ggggggtccctgagactctcctgtgcag-cctctggattcaccttcagtag------ctat-agcatgaagtgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-atccattagtag------------------------------tagtagtagttacata------------tactacgcagact-cagtgaagggccgattcaccatctccagagacaacgccaagaactcactgtatctgcaaat-gaacag-cctgagagccgaggac-acgg-ctgtgtatta-ctgtgcgagaagcta------------------------------------------cttaggtgcttttgatatctggggccaagggacaatggtcaccgtctcttcag
  V3-21   B312110  -gggaggccggtcaagcc-t-ggggggtccctgagactctcctgtgcag-cctctggattcaccttcagtag------ctat-agcatgaagtgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-atccattagtag------------------------------tagtagtagttacata------------tactacgcagact-cagtgaagggccgattcaccatctccagagacaacgccaagaactcactgtatctgcaaat-gaacag-cctgagagccgaggac-acgg-ctgggtatta-ctgtgcgagaagcta------------------------------------------cttaggtgcttttgatatctggggccaagggacaatggtcaccgtctcttcag
  V3-21    B11111  gggaggcctggtcaagcc-t-ggggggtccctgagactctcctgtgcag-cctctggattcaccttcagtag------ctat-agcatgaactgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-atccattagtag------------------------------tagtagtagttacata------------tactacgcagact-cagtgaagggccgattcaccatctccagagacaacgccaagaactcactgtatctgcaaat-gaacag-cctgagagccgaggac-acgg-ctgtgtatta-ctgtgcgagaacaaa---------------------------acgtagtatagtgggagccactcaatttgactactggggccagggaaccctggtcaccgtctcctcag
  V3-21    B38333  gggaggcctggtcaagcc-t-ggggggtccctgagactctcctgtgcag-cctctggattcaccttcagtag------ctat-agcatgaactgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-atccattagtag------------------------------tagtagtagttacata------------tactacgcagact-cagtgaagggccgattcaccatctccagagacaacgccaagaactcactgtatctgcaaat-gaacag-cctgagagccgaggac-acgg-ctgtgtatta-ctgtgcgagagaact---------------------------ggttggctactactacttctacggtatggacgtctggggccaagggaccacggtcaccgtctcctcag
  V3-23    B31218  gggcgacttggtacagcc-g-ggggggtccctgagactctcttgtgtag-gctctggattcagcttcaacaa------ctat-gccttcagctgggtccgccagg-ctccagg---gaa-gggcctggagt-gggtctc-actaattacgcg------------------------------tcttggtcatagttca------------aattacgcagact-ccgtgaagggccggttcaccatctccagggacaattccaagaccacggtgtctttgcaaat-gaccag-cctgagagccgatgac-acgg-ccgtctatta-ctgtgcgagagatcg---------------agggtccccgagcgggcttctgagtgggagttacccctttgacctctggggccagggaaccccggtcaccgtttcctcag
  V3-23   B353411  gggaggctgggtagagcc-t-ggggggtccctgagactgtcctgtgaag-tctctggtttcagctttagcaa------gtat-gccatgaactgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-agttattagtaa------------------------------tagtggtgataccacg------------aagtgcgcagact-cggtggagggccgattcaccgtctcgcgagacaatgctaagaacaccctgtatctgcaaat-ggacag-cctgcgagccggggac-acgg-ccatatatta-ttgtgcgaaagaatt------gagggcttccatttttggagatcgggggttttacaattactacattctggacgtctggggacaagggacgacggtcaccgtctcctcag
  V3-23    B38336  gggaggcttggtacagcc-g-ggggggtccctgagactctcctgcgttg-cctctggattcacgtttagtag------tcat-gccatgaactgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aggaataggcag------------------------------tcttggtcatagtaca------------tattacgcagact-ccgtgaagggccggtgcaccgtctccagagacaattccaagaatactctattcttgcaaat-gaacag-cctgcgacctgacgac-acgg-ccgtatattt-ctgtgcgagagaccg---------------agggtctccgagcgggcttctgagtgggagttacccctttgactattggggccagggaatcctggtcaccgtctcctcag
  V3-23   B311124  gggaggcttggtacagcc-g-gggggg-ccctgagactctcctgcgttg-cctctggattcacctttagtag------ccat-gccatgaactgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aggaataggcag------------------------------tcttggtcatagtaca------------tattacgcagact-ccgtgaagggccggtgcaccgtctccagagacaattccaagaatactctattcttgcaaat-gaacag-cctgcgacctgacgac-acgg-ccgtatatta-ctgtgcgagagaccg---------------agggtctccgagcgggcttctgagtgggagttacccctttgactattggggccagggaatcctggtcaccgtctcctcag
  V3-23   B311128  gggaggcttggtacagcc-g-ggggggtccctgagactctcctgcgttg-cctctggattcacctttagtag------ccat-gccatgaactgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aggaataggcag------------------------------tcttggtcatagtaca------------tattacgcagact-ccgtgaagggccggtgcaccgtctccagagacaattccaagaatactctattcttgcaaat-gaacag-cctgcgacctgacgac-acgg-ccgtatatta-ctgtgcgagagaccg---------------aggctctccgagcgggcttctgagtgggagttacccctttgactattggggccagggaatcttggtcaccgtctcctcag
  V3-23   B311120  gggaggcttggtacagcc-g-ggggggtccctgagactctcctgcgttg-cctctggattcacctttagtag------ccat-gccatgaactgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aggaataggcag------------------------------tcttggtcatagtaca------------tattacgcagact-ccgtgaagggccggtgcaccgtctccagagacaattccaagaatactctattcttgcaaat-gaacag-cctgcgacctgacgac-acgg-ccgtatatta-ctgtgcgagagaccg---------------agggtctccgagcgggcttctgagtgggagttacccctttgactattggggccagggaatcctggtcaccgtctcctcag
  V3-23    H12117  gggaggctcggtacagcc-t-ggggggtccctgagactctcctgtgtag-gctttggattcacatgtagcat------cttt-cccatgagctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-agccattagcgg------------------------------tactgagagcagtacg------------tattattcggact-ccgtgaagggccggttcaccatctccagagactgttccaagaacacagtgtatctgcatat-gaacag-cctgagcggcgaggac-tcgg-ccgtctatta-ctgtgcgaaaccagc------------------------------aggtatcacagcagctggctactttgaattttggggccagggaaccctggtcgccgtctcttcgg
  V3-23    H12127  gggaggctcggtacagcc-t-ggggggtccctgagactctcctgtgtag-gctttggattcacatgtagcat------cttt-cccatgagctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-agccattagcgg------------------------------tactgagagcagtaca------------tattattcggact-ccgtgaagggccggttcaccatctccagagactgttccaagaacacagtgtatctgcatat-gaacag-cctgagcggcgaggac-tcgg-ccgtctatta-ctgtgcgaaaccagc------------------------------aggtatcacagcagctggctactttgaattttggggccagggaaccctggtcgccgtctcttcgg
  V3-23    B35228  gggagaagtcatacagcc-g-ggggggtccctgagagtctcctgtgcag-cctctggattcagctttagtaa------ctat-gccatgaatggggtccgccagg-ctccagg---gaa-gggtctggagt-gggtcgc-aggaattagtgg------------------------------tagtggcggtagcaca------------aactacgcagact-ccgtgaagggccggttcatcatctccagagacaatgcaaagaacacactaaatctgcaaat-gaaaag-cctgagcgccgaggac-acgg-ccgtatatta-ttgtgcgaaaggaga---------------------------tgttatagtggtggaagagtcttatatggacgtgtggggccaagggaccaccgtcaccgtctcctcag
  V3-23    B15321  gggaggcttggtgcggcc-t-ggggggtccctgagactctcctgtgcgg-cctctggattcacctttagcaa------cttt-gccatgagctgggtccgccagg-cgccagg---gaa-ggggctggagt-gggtctc-agcttttagtgg------------------------------cagtggaactaccaca------------tactatgctgact-ccgtgaagggccgattcaccatcttcagagacaactcccggaacacgatatatttgcaaat-gaacag-cgtgagagccaaggac-acgg-ccgtgtacta-ctgtgcgaaagcgaa------------------------gacgatcttcggagtggttcgcgaaggctttgatcactggggccagggaaccctggtcaccgtctcctcag
  V3-23   B352220  gggaggcttggtgcggcc-t-ggggggtccctgagactctcctgtgcgg-cctctggattcacctttagcaa------cttt-gccatgagctgggtccgccagg-cgccagg---gaa-ggggctggagt-gggtctc-agcttttagtgg------------------------------cagtggaactaccaca------------tactatgctgact-ccgtgaagggccgattcaccatcttcagagacaactcccggaacacgatatatttgcaaat-gaacag-cgtgagagccgaggac-acgg-ccgtgtacta-ctgtgcgaaagcgaa------------------------gacgatcttcggagtggttcgcgaaggctttgatcactggggccagggaaccctggtcaccgtctcctcag
  V3-23   B351116  gggatcactggtacagcc-g-ggggggtccctgagagtctcctgtgcag-cctctggattcagctttagcag------ctat-gccatgaattgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aggaattagtgg------------------------------tagtggtgggaacaca------------aattacgcagact-ccgtgaagggccggttcatcatctccagagacaatgcaaagaacacactagatctgcaaat-gaacag-cctgagcgccgaggac-acgg-ccgtatatta-ttgtgcgaaaggaga---------------------------tgttatagtggtggaagagtcttatatggacgtttggggccaagggaccaccgtcaccgtctcctcag
  V3-23   B352311  gggaggcttggtacagcc-g-ggggggtccctgagagtctcctgtgcag-cctctggattcacgtttagcaa------ctat-gccatgagttgggtccgccagg-ctcccgg---gaa-ggggctggagt-gggtctc-agggataactgg------------------------------aagtggaagtaccaca------------aactacgcagact-ccgtgaagggccggttcatcatctccagagacaattctaagaatacactatatctgcaaat-gaacgg-cctgagagccgaggac-acgg-ccgtctatta-ctgtgcgaaagcaga---------------------------tgttatggtggtcctaacttcttatatggacgtctggggccaggggaccacggtcaccgtctcctcag
  V3-23   B353120  gggatcactggtacagccgg-ggggggtccctgagagtctcctgtgcag-cctct-gattcagctttagcag------ctat-gccatgaattgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aggaattagtgg------------------------------tagtggtgggaacaca------------aattacgcagact-ccgtgaagggccggttcatcatctccagagacaatgcaaagaacacactagatctgcaaat-gaacag-cctgagcgccgaggac-acgg-ccgtatatta-ttgtgcgaaaggaga---------------------------tgttatagtggtggaagagtcttatatggacgtttggggccaagggaccaccgtcaccgtctcctcag
  V3-23   B491121  gggagggttggtacagcc-t-ggggggtccctgagactctcctgtgcag-cctctaaattcacctttagcag------ccat-gccatgacctgggtccgccagg-ctccagg---gaa-ggggctggaat-gggtctc-aagtattagtaa------------------------------tggtggcggtactact------------tactacacagact-ccgtgaagggccggttcaccatctccagagacaattccaaggacatgctgtatctgcaaat-gaacac-cctgagagtcgaggac-acgg-ccgtttattt-ctgtggaagatatgg---------------------ttcggggaattatactcacttctactacggcctggacgtctggggccatgggaccacggtcaccgtctcctcag
  V3-23   B153410  gggaggcttggtacagcc-g-ggggggtccctgagactctcctgtgcag-cctctggattcacctttagcag------ctat-gccatgagttgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-agggataactgg------------------------------aagtggaagtaccaca------------aactacgcagact-ccgtgaagggccggttcatcatctccagagacaattctaagaatacactatatctgcaaat-gaacgg-cctgagagccgaggac-acgg-ccgtctatta-ctgtgcgaaagcaga---------------------------tgttatggtggtcctaacttcttatatggacgtctggggccaggggaccacggtcaccgtctcctcag
  V3-23   B311122  gggatacttggtacagcc-t-ggggggtccctgagagtctcttgtgcag-cctctggattcaactttagcaa------ctat-gccatgagctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-gggtattagtgg------------------------------gagtggcgctagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaaatccaagaacacgctctatctccaaat-gagcag-cctgagagccgacgac-acgg-ccgtatatta-ctgtgcgaagcaaac---------------------ttcacatcatgtgtggtattccagtggcccgtctgactactggggccagggaaccctggtcaccgtctcctcag
  V3-23   D333110  gggaagcttggtacagcc-t-ggggggtccctgagactctcctgtgcag-cctctggattcagcttcagtaa------ctat-gccatgagctgggtccgccagg-ctccagg---gaa-ggggcttgagttgggtctc-aactattactgg------------------------------tagtggtgg-agcacg------------tactacgcagact-ccgtgcagggccgcttcaccatctccagagacaattccaacaacacactgtatctgcaaat-gaacgg-cctgacagccgaggac-acgg-ccatatatta-ctgtgcgaaaaggcc---------------------------------aggccgggggagggtcccggacgacccctggggccagggaaccctggtcattgtctcctcag
  V3-23    D49117  gggagacttggtacagcc-t-ggggggtcccttagagtctcctgtgcag-cctccggattcacgtttagcag------ctat-gccatggcctgggtctgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aagtattagtag------------------------------tagtggtggtagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgttgtttctgcaaat-gagcag-cctgagagtcggggac-acgg-ccgtatatta-ctgtgcgaaaggaga------------------------------tcgatttttggagtggcccacacctgacttttggggccagggaaccctggtcaccgtctcctcag
  V3-23   D591220  ---------------------------------------tcctgtgcag-cctccggattcacgtttagcag------ctat-gccatgacctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aagtattagtag------------------------------tagtggtggtagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgttgtttctgcaaat-gagcag-cctgagagtcggggacaacgg-ccgtatatta-ctgtgcgaaaggaga-------------------------------cgatttttggagtggcccacacctgacttttggggccagggaaccctggtcaccgtctcctcag
  V3-23   D691227  gggagacttggtacagcc-t-ggggggtcccttagagtctcctgtgcag-cctccggattcacgtttagcag------ctat-gccatgacctgggtccgccagg-ctccagg---gaa-ggggctggaggtgggtctc-aagtattagtag------------------------------tagtggt-gtagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgttgtttctgcaaat-gagcag-cctgagagtcggggac-acgg-ccgtatatta-ctgtgcgaaaggaga------------------------------tcgatttttggagtggcccacacctgacttttggggccagggaaccctggtcaccgtctcctcag
  V3-23   D191227  gggagacttggtacagcc-t-ggggggtcccttagagtctcctgtgcag-cctccggattcacgtttagcag------ctat-gccatgacctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aagtattagtag------------------------------tagtggtggtagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgttgtttctgcaaat-gagcag-cctgagagtcggggac-acgg-ccgtatatta-ctgtgcgaaaggaga------------------------------tcgatttttggagtggcccacacctgacttttggggccagggaaccctggtcaccgtctccttag
  V3-23    D49122  gggagacttggtacagcc-t-ggggggtcccttagagtctcctgtgcag-cctccggattcacgtttagcag------ctat-gccatgacctgggtccgccagg-ctccagg---gaa-ggggctgaagt-gggtctc-aagtattagtag------------------------------tagtggtggtagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgttgtttctgcaaat-gagcag-cctgagagtcggggac-acgg-ccgtatatta-ctgtgcgaaaggaga------------------------------tcgatttttggagtggcccacacctgacttttggggccagggaaccctggtcaccgtctcctcag
  V3-23   D591217  -------------------------------------------gtgcag-cctccggattcacgtttagcag------ctat-gccatgacctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aagtattagtag------------------------------tagtggtggtagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgttgtttctgcaaat-gagcag-cctgagagtcggggac-acggcccgtatatta-ctgtgcgaaaggaga------------------------------tcga-ttttggagtggcccacacctgacttttggggccagggaaccctggtcaccgtctcctcag
  V3-23    D59122  ------------------------------------------------------cggattcacgtttagcag------ctat-gccatgacctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aagtattagtag------------------------------tagtggtggtagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgttgtttctgcaaat-gagcag-cctgagagtcggggac-acgg-ccgtatattacctgtgcgaaaggaga------------------------------tcgatttttggagt-gcccacacctgacttttggggccagggaaccctggtcaccgtctcctcag
  V3-23   D591216  gggagacttggtacagcc-t-ggggggtcccttagagtctcctgtgcag-cctccggattcacgtttagcag------ctat-gccatgacctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aagtatt-gtag------------------------------tagtggtggtagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgttgtttctgcaaat-gagcag-cctgagagtcggggac-acgg-ccgtatatta-ctgtgcgaaaggaga------------------------------tcgatttttggagtggcccacacctgacttttggggccagggaaccctggtcaccgtctcctcag
  V3-23   D191216  gggagacttggtacagcc-t-ggggggtcccttagagtctcctgtgcag-cctccggattcacgtttagcag------ctat-gccatgacctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctcaaagtattagtag------------------------------tagtggtggtagcaca------------t-ctacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgttgtttctgcaaat-gagcag-cctgagagtcggggac-acgg-ccgtatatta-ctgtgcgaaaggaga------------------------------tcgatttttggagtggcccacacctgacttttggggccagggaaccctggtcaccgtctcctcag
  V3-23   D691225  gggagacttggtacagcc-t-ggggggtcccttagagtctcctgtgcag-cctccggattcacgtttagcag------ctat-gccatgacctgggtccgccagg-ctccagg---gaa-ggggctggagtggggtctc-aagtattagtag------------------------------tagtggtggta-caca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgttgtttctgcaaat-gagcag-cctgagagtcggggac-acgg-ccgtatatta-ctgtgcgaaaggaga------------------------------tcgatttttggagtggcccacacctgacttttggggccagggaaccctggtcaccgtctcctcag
  V3-23   D191224  gggagacttggtacagcc-t-ggggggtcccttagagtctcctgtgcag-cctccggattcacgtttagcag------ctat-gccatgacctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aagtattagtag------------------------------tagtggtggtagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagggacaattccaagaacacgttgtttctgcaaat-gagcag-cctgagagtcggggac-acgg-ccgtatatta-ctgtgcgaaaggaga------------------------------tcgatttttggagtggcccacacctgacttttggggccagggaaccctggtcaccgtctcctcag
  V3-23    D59127  gggagacttggtacagcc-t-ggggggtcccttagagtctcctgtgtag-cctccggattcacgtttagcag------ctat-gccatgacctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aagtattagtag------------------------------tagtggtggtagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgttgtttctgcaaat-gagcag-cctgagagtcggggac-acgg-ccgtatatta-ctgtgcgaaaggaga------------------------------tcgatttttggagtggcccacacctgacttttggggccagggaaccctggtcaccgtctcctcag
  V3-23    H12126  gggagacttggtacagcc-t-ggggggtcccttagagtctcctgtgcag-cctccggattcacgtttagcag------ctat-g-catgacctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aagtattagtag------------------------------tagtggtggtagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgttgtttctgcaaat-gagcag-cctgagagtcggggac-acgg-ccgtatatta-ctgtgcgaaaggaga------------------------------tcgatttttggagtggcccacacctgacttttggggccagggaaccctggtcaccgtctcctcag
  V3-23    D59112  angagacttggtacagcc-t-ggggggtcccttagagtctcctgtgcag-cctccggattcacgtttagcag------ctat-gccatgacctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aagtattagtag------------------------------tagtggtggtagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgttgtttctgcaaat-gagcag-cctgagagtcggggac-acgg-ccgtatatta-ctgtgcgaaaggaga------------------------------tcgatttttggagtggcccacacctgacttttggggccagggaaccctggtcaccgtctcctcag
  V3-23    H12115  gggagacttggtacagcc-t-ggggggtcccttagagtctcctgtgcag-cctccggattcacgtttagcag------ctat-gccatgacctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aagtattagtag------------------------------tagtggtggtagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgttgtttctgcaaat-gagcag-cctgagagtcggggac-acgg-ccgtatatta-ctgtgcgaaaggaga------------------------------tcgatttttggagtggcccacacctgacttttggggccagggaaccctggtcaccgtctcctcag
  V3-23   D591218  ------------------------gggtcccttagagtctcctgtgcag-cctccggattcacgtttagcag------ctat-gccatgacctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aagtattagtag------------------------------tagtggtggtagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgttgtttctgcaaat-gagcagccctgagagtcggggac-acgg-ccgtatatta--tgtgcgaaaggaga------------------------------tcgatttttggagtggcccacacctgacttttggggccagggaaccctggtcaccgtctcctcag
  V3-23   D691230  gggagacttggtacagcc-t-ggggggtcccttagagtctcctgtgcag-cctccggattcacgtttagcag------ctat-gccatgacctgggtccgccagg-ctccagg---gaa-ggggctggagtggggtctc-aagtattagtag------------------------------tagtggtggta-gaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgttgtttctgcaaat-gagcag-cctgagagtcggggac-acgg-ccgtatatta-ctgtgcgaaaggaga------------------------------tcgatttttggagtggcccacacctgacttttggggccagggaaccctggtcaccgtctcctcag
  V3-23   D191210  gggagacttggtacagcc-t-ggggggtcccttagagtctcctgtgcag-cctccggattcacgtttagcag------ctat-gccatgacctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aagtattagtag------------------------------tagtggtggtagcaca------------tactacgcagact-ccgtgaagggccggttaaccatctccagagacaattccaagaacacgttgtttctgcaaat-gagcag-cctgagagtcggggac-acgg-ccgtatatta-ctgtgcgaaaggaga------------------------------tcgatttttggagtggcccacacctgacttttggggccagggaaccctggtcaccgtctcctcag
  V3-23    D19111  gggagacttggtacagcc-t-ggggggtcccttagagtctcctgtgcag-cctccggattcacgtttagcag------ctat-gccatgacctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aagtattagtag------------------------------tagtggtggtagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgttgtttctgcaaat-gagcag-cctgagagtcggggac-acgg-ccgtatatta-ctgtgcgaaaggaga------------------------------tcgatttttggagtggcccacacctgacttttggggccagggaaccctggtcaccgtctcctcag
  V3-23    D59111  ggnagacttggtacagcc-t-ggggggtcccttagagtctcctgtgcag-cctccggattcacgtttagcag------ctat-gccatgacctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aagtattagtag------------------------------tagtggtggtagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgttgtttctgcaaat-gagcag-cctgagagtcggggac-acgg-ccgtatatta-ctgtgcgaaaggaga------------------------------tcgatttttggagtggcccacacctgacttttggggccagggaaccctggtcaccgtctcctcag
  V3-23    B31211  gggatacttggtacagcc-t-ggggggtccctgagagtctcctgtgcag-cctctggattcaactttagcaa------ctat-gccatgagctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-gggtatcagtgg------------------------------gagtggtgctagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaaatccaagaacacgctgtatctccaaat-gagcag-cctgagagccgacgac-acgg-ccgtctatta-ctgtgcgaaacagac---------------------ttcacatcatgtgtggtattccagtggcccgtctgactactggggccggggaaccctggtcaccgtctcctcag
  V3-23   B383124  gggatacttggtacagcc-t-ggggggtccctgagagtctcctgtgcag-cctctggattcaactttagcaa------ctat-gccatgagctgggtccgccagg-ctccagg---gag-ggggctggagt-gggtctc-gggtattagtgg------------------------------tagtggtgctagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaaatccaagaacacgctgtatctccaaat-gagcag-cctgagagccgacgac-acgg-ccgtatatta-ctgtgcgaaacagac---------------------ttcacatcatgtgtggtattccagtggcccgtctgactactggggccagggaaccctggtcaccgtctcctcag
  V3-23   B352228  gggaggcttggtacagcc-g-ggggggtccctgagactctcctgtgcag-cctctggattcacctttagcag------ctat-gtcatgagttgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-cactgttagtgg------------------------------tagtgcttatggcgca------------taccacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacactctgtttctgcaaat-gaacag-cctgagagccgaggac-acgg-ccgtatatta-ttgtgctaaaggggc------------------------------gttccacggccccgtcgcgcacattgactgctggggccagggaacccaggtcaccgtctcctcag
  V3-23    B35233  gggaggcttggtacagcc-g-ggggggtccctgagactctcctgtgcag-cctctggattcacctttagcag------ctat-gccatgagttgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-cactgtaagtgg------------------------------tagtgcttatggcaca------------taccacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacactctgtttctgcaaat-gaacag-cctgagagccgacgac-acgg-ccgtatatta-ttgtgctaaaggggc------------------------------gttccacggccccgtcgcgcacattgactgctggggccagggaacccaggtcaccgtctcctcag
  V3-23    B35324  gggaggcttggtacagccgg-ggggggtccctgagactctcctgtgcag-cctct-gattcacctttagcag------ctat-gccatgagttgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-cactgtaagtgg------------------------------tagtgcttatggcaca------------taccacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacactctgtttctgcaaat-gaacag-cctgagagccgacgac-acgg-ccgtatatta-ttgtgctaaaggggc------------------------------gttccacggccccgtcgcgcacattgactgctggggccagggaacccaggtcaccgtctcctcag
  V3-23    B11214  gggagacttggtacagcc-t-ggggggtccctgagactctcctgtgcag-cctctggattcagccttaacaa------ctat-gccatgagctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-agctattagtgg------------------------------tagtggtggtagcaca------------tactacgcagact-ccgtgaggggccggttctccatctccagagacaattccaagaccacgctgtatttgcagatagaacag-cctgagagccgaggac-acgg-ccatttatta-ttgtgtgagagatcc------------------------cctctattacgatattttgactggctacttcgatctctggggccgtggcgccctggtcactgtctcctcag
  V3-23   B151213  gggaggcttggtacagcc-t-ggggggtccctgagactctcctgtgcag-cctctggattcacctttagtag------ctat-gccatgacctgggtccgccagc-ctccagg---gaa-ggggctggagt-gggtctc-aactattagtgg------------------------------tggtggtgatagcaca------------tactacgcagact-ccgtgaagggtcggttcaccatctccagagacaattccaagaacacactgtttctgcaagt-gaacag-cctgagagccgacgac-acgg-ccgtatatta-ctgtgcgaaagatcg---------ccacgtattgcctattatagtagtaccagttgctattgagtttctgggcgtctggggccaagggaccacggtcaccgcctcctcag
  V3-23   B311131  gggagacttggtacagcc-t-ggggggtccctgagactctcctgtgcag-cctctggattcagccttaacaa------ctat-gccatgagctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-agctattagtgg------------------------------tagtggtggtagcaca------------tactacgcagact-ccgtgaggggccggttctccatctccagagacaattccaagaccacgctgtatttgcagat-gaacag-cctgagagccgaggac-acgg-ccatttatta-ttgtgtgagagatcc------------------------cctctattacgatattttgactggctacttcgatctctggggccgtggcgccctggtcactgtctcctcag
  V3-23    B31114  gggaggcttggtacagcc-t-ggggggtccctgagactctcctgtacag-cctctggattcacctttagtaa------ctat-gccatgagttgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-agctattattag------------------------------tggtggtgatagcaca------------tactacgcagact-ccgtgaagggccggttcactatctccagagacaattccaagaacacgctgtatctgcaaat-gaacag-cctgagagccgaagac-acgg-ccatttatta-ctgtgcgaactacgc------aaaccgcttcctaggatattgtagtggtgataggtgctctgatggtttcgatatctggggccaagggacaatggtcaccgtctcttcag
  V3-23    B35326  gggaggcttggtacagcctg-ggggggtccctgagactctcctgtgcag--ctctggattcacctttagcag------ctat-gccatgagctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aactgtaagtgg------------------------------tagtggttatggcaca------------taccacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaacaacacactgtttctgcaaat-gaacag-cctgagagccgaggac-gcgg-ccgtatatta-ttgtgctaaaggggc------------------------------gttccacggcccagtctcgcaggttgactactggggccagggaacccaggtcaccgtctcctcag
  V3-23    B35331  gggaggcttggtacagcc-g-ggggggtccctgagactctcctgtgcag-cctctggattcacctttaacaa------ctat-gccatgagctgggtccgccagg-ctccagg---gaa-gggcctggagt-gggtctc-agaaattagtgg------------------------------cagtggtggtaggaca------------tcctacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacactctgtttctgcaaat-gaacag-cctgagggccgaggac-acgg-ccgtatatta-ttgtgctaaaggggc------------------------------gttccacggccccgtcgcgcacattgactgctggggccagggaacccaggtcaccgtctcctcag
  V3-23    B15412  gggaggcttggtacagcc-g-ggggggtccctgagactctcctgtgcag-cctctggattcacctttagcag------cttt-gccatgagctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-agcaattggtgg------------------------------tagtggtgataccaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgctgtatctgcaaat-gaacag-cctgagagccgaggac-acgg-cctcatatta-ctgtgcgaagttcca---------------------------------gttggtacgctggggaaggttcgacccctggggccagggaaccctggtcaccgtctcctcag
  V3-23    B35229  gggaggcttggtacagcc-t-ggggggtccctgagactctcctgtgcag-cctctggattcacctttagcag------ctat-gccatgacctgggtccgccagc-ctccagg---gaa-ggggctggagt-gggtctc-aactattagtgg------------------------------tggtggtgatagcaca------------tactacgcagact-ccgtgaagggtcggttcaccatctccagagacaattccaagaacacactgtttctgcaagt-gaacag-cctgagagccgacgac-acgg-ccgtatatta-ctgtgcgaaagatcg---------ccacgtattgcctattatagtagtaccagttgctattgagtttctgggcgtctggggccaagggaccacggtcaccgtctcctcag
  V3-23    B35334  gggagacttggtacagcc-g-ggggggtccctgagactctcctgtgcag-cctctggattcacccttatcaa------ctat-gccatgacctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-agctattagtag------------------------------gagtggtggtagcaca------------tactacgcagacc-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgctgtatctgcaaat-gaacag-cctgagagccgaggac-acgg-ccgtttatta-ctgtgcgaaagatcg------------------------atgtagtggctgcacctactattacggtatggacgtctggggccaagggaccacggtcaccgtctcctcag
  V3-23   B353112  gggaggcttggtacagcc-g-ggggggtccctgagactctcctgtgcag-cctctggattcacctttagcag------ctat-gtcatgagctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-aggtattagtgg------------------------------tggtgggggtagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgctgtatctgctaat-gaacag-cctgagagccgcggac-acgg-ccgtatatta-ctgtgcgaaagagcc---------------------------------------tactactttgattccgcactgctggggccagggaaccctggtcaccgtctcctcag
  V3-23    B35335  gggaggcttggtacagcc-t-ggggggtccctgagactctcctgtgcag-cctctggattcacctttagcag------ctat-gtcatgagctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtccc-aggtattagtgg------------------------------tggtgggggtagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgctgtatctgctaat-gaacag-cctgagagccgcggac-acgg-ccgtatatta-ctgtgcgaaagagcc---------------------------------------tactactttgattccgcactgctggggccagggaaccctggtcaccgtctcctcag
  V3-23   B311137  gggaggcttggtacagcc-t-ggggggtccctgagactctcctgtgcag-cctctggattcacctttagcag------ctat-gccatgagctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-agctattagtgg------------------------------tagtggtggtagcaca------------tactacgcagact-ccgtgaagggccggttcaccatctccagagacaattccaagaacacgctgtatctgcaaat-gaacag-cctgagagccgaggac-acgg-ccgtatatta-ctgtcttggggggtg--------------------------------------caggtgtagggtactttgactactggggccagggaaccctggtcaccgtctcctcag
V3-30-3   B352313  gggaggcttcgtacagcc-t-ggggggtccctgagactctcctgtgcag-gctctggattcacctttagcac------ctat-gccatgagctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtggc-tcttgtatcata------------------------------tgatggaatcaataca------------tactacgcagact-ccgtgaagggccgattcaccatctccagagacaattccaagaacagactgtttctacaaat-gaacag-cctgagagctgaggac-acgg-ctgtgtatta-ctgtgcgagaggcgt------------------------------------ggctcgtcaagctccaattgactattggggccagggaaccctggtcaccgtctcctcag
V3-30-3    B38126  gggaggcgtggtccagcc-t-gggaggtccctgagactctcctgtgcag-cctctggattcaccttcagtag------ctat-cctatgcactgggtccgccagg-ctccagg---caa-ggggctggagt-gggtggc-ccttatctcata------------------------------tgatggaagcactaaa------------tactacgcagact-ccgtgaagggccgattcaccatctccagagacaattccgagaacacactgtatctccaaat-gaacag-cctgaggggtgaggac-acgg-ctgtgtatta-ctgtgcgagagagag---------------------------gcaggagtgggagctgcacaactgcttcgacccctggggccagggaaccctggtcaccgtctcctcag
  V3-33    H12111  gggaggcgtggtcctgcc-t-gggaggtccctgagactctcatgtgtgg-catctggattcaccctcagtaa------tcatggccatgcactgggtccgccagg-ctcca-g---gca-ggggctggagt-ggctggc-agttatctggca------------------------------taatggaagtaacaaa------------tactatggagagt-ccgtaaagggccgactcatcatttccagagacaattccaagaacacggtgtacctgcaaat-caacag-cctgagagccggggac-acgg-ctgtatattc-gtgtgcgagagattt---------------------------tgaccggggaggcttttactactacatggacttgtggggcagagggaccacggtcaccgtctcctcag
  V3-33    B15221  gggaggcgtggtccagcc-t-gggaggtccctgagactctcctgtgcag-cgtctggattcaccttcagtag------cttt-ggcatgcactgggtccgccagg-ctccagg---caa-ggggctggagt-gggtggc-agttgtatggta------------------------------tgagggaagtgataaa------------tactatgcagact-ccgtggagggccgattcaccatctccagagacaattccaagaacatgctatatctgcaaat-gaacac-cctgagagccgacgac-acgg-ctgtctatta-ctgtgcgagagatcg------------------------------ggggagtacagcagctcgtgcatttgactactggggccagggaaccctggtcaccgtctcctcag
  V3-33    B15325  gggaggcgtggtccaggc-t-gggaggtccctgagactctcctgtgcag-cgtctggattcagtttcagtag------ctat-ggcatgcactgggtccgccagg-ctccagg---caa-ggggctggagt-gggtggc-agttatatggta------------------------------tgatggaagtaataga------------tactatgcagact-ccgtgaagggccgattcaccatctccagagacaattccaagaacacgctatatatgcagat-gaacag-cctgagagtcgacgac-acgg-ctgtgtatta-ctgtgcgagagaccc---------------------tttttaccgggcaagcagtggctggtacgactttgactcctggggccagggaaccctggtcaccgtctcctcag
  V3-48    B31118  gggaggcgtggtacagcc-t-ggagggtccctgagactctcctgcacag-cctctggattcctcttcaggag------ttat-gaaatgaattgggtccgccagg-ctccaag---gaa-ggggctggagt-gggtctc-atacattagtgg------------------------------tggtggcggaaccgtt------------tactacgcagact-ctgtgaagggccgattcaccatctccagagacaacacccagacttcactgtatctgcaaat-gaacag-cctgagagccgaggac-acgg-ctgtatatta-ctgtgcgcgagagga------------gactggttactatgatggaactggtcactactacgatgtttttgatatgtggggccaagggacaatggtcaccgtctcttcag
  V3-48    B38335  gggaggcttggtacagcc-t-ggagggtccctgagactctcctgcacag-cctctggattcctcttcaggag------ttat-gaaatgaattgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-atacattagtgg------------------------------tggtggcggaaccgtt------------tactacgcagact-ctgtgaagggccgattcaccatctccagagacaacacccagacttcactgtatctgcaaat-gaacag-cctgagagccgaggac-acgg-ctgtatatta-ctgtgcgcgagagga------------gactggttactatgatggaactggtcactactacgatgtttttgatatgtggggccaagggacaatggtcaccgtctcttcag
  V3-53    D36313  aggaggcttgattcagcc-t-ggggggtccctgagactctcctgtgcag-cctctgggttcaccgtcagtag------gaac-tacatgacctgggtccgccaggcccccagg---gaa-ggggctggagt-gggtctc-agtattta----------------------------------tagaggcggcaccgca------------tactacgcagact-ccgtgaagggccgattcaccatctccagagacaattccaccaacaccctgtatcttcaaat-gagcag-tctgagagccgaggac-acgg-ccgtctatta-ctgtgcgagagtaga---------------------------ggtgggttactactattactacgggatggacgtctggggccaagggaccacggtcaccgtctcctcag
  V3-53   H310117  aggaggcttgatccagcc-t-ggggggtccctgagactctcctgtgcag-cctccgggttcaccgtcagtgg------caac-ttcctgagctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-agttctgta---------------------------------tagcagtgggaccaca------------tactacgcagatt-ccgtgaagggccgcttcaccatctccagagacaattccaagaacacgctgtatcttcaaat-gaacag-cctgagagtcgaggac-acgg-ccgtgtatta-ttgtgcggccccggt---------------------atccaggctggaccactaccactactactacatggacatctggggcaaagggaccacggtcaccgtctcctcag
  V3-53    D36116  aggaggcttgatccagcc-t-ggggggtccctgagactctcctgtgcag-cctccggcttcagcgtcagtag------caac-tacatgagctgggtccgccagg-ctccagg---gaa-ggggctggagt-gggtctc-agtaatcta---------------------------------tcgcggtggtagcaca------------tactacgcagact-ccgtgaagggccgattcaccatctccagagacaattccaagaacacgctgcatcttcaaat-gaacac-cctgagagccgaggac-acgg-ccgtgtacta-ctgtgcgagagccag------------------------------tgggagttatttcatctggtacttcgctctctggggccgtggcaccctggtcactgtctcctcag

  V4-04   B111112  cccaggactgctgaagcc-t-tcggagaccctgtccctcacctgcactg-tctctgggggctccatcagtag------tttc-tactggagctggatccggcagc-ccgccgggaagaa-gggcctggaat-ggattgg-ccttatcta---------------------------------tcccaggggcagcacc------------aactacaacccct-ccctcaagagtcgagtcaccatgtcagtggacacgtccaagaaccagttctccctgaattt-aacttc-tgtgaccgccgcggac-acgg-ccgtgtatta-ctgtgcgagaggtcg---------tcgcctcctcccaaccctgcgcatacaaccacctcttacgtggttcgacccctggggccagggaaccctggtcaccgtctcctctg
  V4-04   H422112  cccaggactggtgaagcc-t-tcggggaccctgtccctcacctgcgctg-tctctggtgactccatcagcagtgg---taac-tggtggaattgggtccgccagc-ccccagg---gaa-ggggctggagt-ggattgg-gaagatcta---------------------------------tcatagtgggagcatc------------aactacagcccgt-ccctcaagagtcgcgtcacgttctcagtagacaagtccaagaaccagttctccctggagtt-gaggtc-tgtgaccgccgcggac-acgg-ccatatatta-ctgtgctggtggccg---------------------------------------ttacgccagctcccttgaccactggggccagggagccctggtcaccgtctcctcag
  V4-04   H423110  cccaggactggtgaagcc-t-tcggggaccctgtccctcacctgcgctg-tctctggtgactccatcagcagtgg---taac-tggtggaattgggtccgccagc-ccccagg---gaa-ggggctggagt-ggattgg-gaagatcta---------------------------------tcatagtgggagcatc------------aactacagcccgt-cccccaagagtcgcgtcacgttctcagtagacaagtccaagaaccagttctccctggagtt-gaggtc-tgtgaccgccgcggac-acgg-ccatatatta-ctgtgctggtggccg---------------------------------------ttacgccagctcccttgaccactggggccagggagccctggtcaccgtctcctcag
  V4-04    D43112  cccaggactggtgaagcc-t-tcggggaccctgtccctcacctgcactg-tctctggtggctccatcagcagtag---tacc-tggtggacttgggtccgccagc-ccccaga---gaa-ggggctggagt-ggattgg-ggaaatcta---------------------------------ttatagtggagacacc------------aactacaacccgt-ccctcaagagtcgagtcaccatatccacagacaagtccaagaaccacttctccctgaatct-gacctc-tgtgaccgccgcggac-acgg-ccgtgtatta-ctgtgcgaggacgaa------ggggggcttgaaaggctacgatttttggagtggttacccgtactactttgactgctggggccagggagtcctggtccccgtctcctcag
  V4-04    B43135  cccaggcctggtgaagcc-t-tcggggaccctgtccctcacctgcgctg-tctctggtggctccatcaatagtac---taaa-tggtggagttgggtccgccagg-ccccagg---gaa-ggggctggagt-ggattgg-ggaaatcta---------------------------------tcatagtgggaacacc------------aactacaacccgt-ccctcaagagtcgagtcaccatatcagtagacaagtccaagaaccagttctccctgaagat-gacctc-tgtgaccgccgcggac-gcgg-ccgtatatta-ctgtgcgagagttcc------------------ccgtattacgctttttggagtgattagccccggtatggacgtctggggccaagggaccacggtcaccgtctcctcag
  V4-04   D331124  cccaggactggtgaagcc-t-tcggagaccctgtccctcacctgcactg-tctctggtggctccatcagcagtag---tacc-tggtggacttgggtccgccagc-ccccagg---gaa-ggggctggaat-ggattgg-ggaaatcta---------------------------------ttatagtggggacacc------------aactacaagccgt-ccctcaagagtcgagtcaccatatcaattgacaagtccaagaaccagttctccctgaacct-gagctc-tgtgaccgccgcggac-acgg-ccgtctatta-ctgtgcgagaacgaa------ggggggcttgaaaggctacgatttttggagtggttacccatattactttgactactggggccagggaaccctggtcaccgtctcctcag
V4-30-4   B352227  cccaggactggtgaagcc-t-ttagagaccctgtccctcaactgcactg-tctctggtgactccatcagcagtggcaatcac-tactggagttggttccgccagc-ccccggg---gaa-gggcctggagt-ggattgg-ctacatctt---------------------------------ttacaatggaatctcc------------tactacaagccgt-ccctcaagactcgatttaccatatcagtagacacgtcgcagaaccagttctccctgaggct-gacttc-tgtgaccgccgcagac-acgg-ccgtatatta-ctgtgccagaactta---------------------------------ctatggttcggggaggccatctgactactggggccagggagccctggtcagcgtctcctcag
V4-30-4    B38414  cccaggactggtgaagcc-t-tcacagaccctgtccctcacctgcacag-tctctggtgactccgtcagcagtggtgattac-aactggagttggatccgtcagg-ccccagg---gaa-gggcctggagt-ggattgg-gcacatcta---------------------------------tcacagtgggagcacc------------tactacaacccgt-ccctcaagagtcgtcttgtcatgtcagtggacacgaccaagaggcagttctccctgaagct-acactc-cgtgactgccgcagac-acgg-ccgtctattt-ctgtgccagagtggc---------------------agccttgtggtacggggacttagtgaatgcttttgatctttggggccaagggacaatggtcatcgtctcttcag
V4-30-4   B441313  cccaggactggtgaagcc-t-tcacagaccctgtccctcacctgcacag-tctctggtgactccgtcagcagtggtgattac-aactggagttggatccgtcagg-ccccagg---gaa-gggcctggagt-ggattgg-gcacatcta---------------------------------tcacagtgggagcacc------------tactacaacccgt-ccctcaagagtcgtcttgtcatgtcagtggacacgaccaagaggcagttctccctgaagct-acactc-cgtgactgccgcagac-acgg-ccgtctattt-ctgtgccagagtggc---------------------agccttgtggtacggggacttagtgaatgcttttgatctttggggccaagggacaatggtcatcgtctcttcag
V4-30-4   B441520  cccaggactggtgaagcc-c-tcacagaccctgtctctcatgtgcaatg-tctctggtggttccatcaacagtggtgattac-tattggaattggatccgccacc-acccagg---gaa-gggcctggagt-ggattgg-gtacatcca---------------------------------tcacagtgggagcacc------------tactacagcccgt-ccctcaagggtcgagttaccatatcagttgccatgtccaagaaccagttttccctgaagct-gacttc-tgtgactgtcgcagac-acgg-ccgtgtatta-ctgtgccagaggggg---------------------------gccaggggcattaaacagtgggagctattggatctggggccaagggacaatggtcaccgtctcttcag
V4-30-4    B59114  cccaggactggcgaagcc-t-tcacagaccctgtccctcacctgcactg-tctctggtggctccatcaccagtggtgattac-tactggaattggatccgccagt-ccccagg---gaa-gggcctggagt-ggattgg-atacctctt---------------------------------ttatagtgggggcacc------------tactacagcccga-ccctcaagagtcgagttaccatatcagttgacacgtccaagaaccagttctccctgaacgt-gacctc-tctgactgccgcagac-acgg-ccgtctatta-ctgtgccagaggggg---------------------------------------ctgggaggatgcctttgatatctggggtcaagggactttggtcaccgtctcttcag
V4-30-4   B441216  cccaggactggcgaagcc-t-tcacagaccctgtccctcacctgcactg-tctctggtggctccatcagcagtggtgattac-tactggagttggatccgccagt-ccccagg---gaa-gggcctggagt-ggattgg-atacctctt---------------------------------ttatagtgggggcacc------------tactacagcccga-ccctcaagagtcgagttaccatatcagttgacacgtccaagaaccagttctccctgaacgt-gacctc-tctgactgccgcagac-acgg-ccgtgtatta-ctgtgccagaggggg---------------------------------------ctgggatgatgcctttgatatctggggtcaagggactttggtcaccgtctcttcag
  V4-31   B111213  cccaggactggtgaagcc-t-tcacagaccctgtccgtcacatgcgctg-tctctggtgcctctgtctctagaggtggttat-tactggacctggctccgccagc-cgccagg---aaa-gggcctggagt-ggattgg-cgacattta---------------------------------ttacactggggccacc------------tactacaacccgt-cactcaagcccagatttacgatgtcaataaacgcgtctaacaaccagttctccctgaaggt-ggcctc-tgtgactgtcgccgac-acgg-ccacttatta-ttgtgcgagaatccc---------------------ggcggcacacacgtcctccggcccacaaggcttcgacccctggggccagggaaccctggtcaccgtctcctcag
  V4-31   B383311  cccaggactggtgaagcc-t-tcacagaccctgtccgtcacatgcgctg-tctctggtgcctctgtctctagaggtggttat-tactggacctggctccgccagc-cgccagg---aaa-gggcctggagt-ggattgg-cgacattta---------------------------------ttacactggggccacc------------tactacaacccgt-cactcaagcccagatttacgatgtcaataaacgcgtctaacaaccagttctccctgaaggt-ggcctc-tgtgactgtcgccgac-acgg-ccacttatta-ttgtgcgagaatccc---------------------ggcggcacacacgtcctccggcccacaaggcttcgacccctggggccagggaaccctggtcaccgtctcctcag
  V4-31   B491129  cccaggactggtgaagcc-t-tcacagaccctgtccgtcacatgcgctg-tctctggtgcctctgtctctagaggtggttat-tactggacctggctccgccagc-cgccagg----aa-gggcctggagt-ggattgg-cgacattta---------------------------------ttacactggggccacc------------tactacaacccgt-cactcaagcccagatttacgatgtcaataaacgcgtctaacaaccagttctccctgaaggt-ggcctc-tgtgactgtcgccgac-acgg-ccacttatta-ttgtgcgagaatccc---------------------ggcggcacacacgtcctccggcccacaaggcttcgacccctggggccagggaaccctggtcaccgtctcctcag
  V4-31   B431111  cccaggactggtgaagcc-t-tcacagaccctgtccgtcacatgcgctg-tctctggtgcctctgtctctagaggtggttat-tactggacctggctccgccagc-cgccagg---aaa-gggcctggagt-ggattgg-cgacattta---------------------------------ttacactggggccacc------------tactacaacccgt-cactcaagcccagatttacgatgtcaataaacgcgtctaacaaccagttctccctgaaggt-ggcctc-tgtgactgtcgccgac-acgg-ccacttatta-ttgtgcgagaatccc---------------------ggcggcacacacgtcctccggcccacaaggcttcgacccctggggccagggaaccctggtcaccgtctcctcag
  V4-31   B111121  cccaggactggtgacgcc-t-tcacagaccctgtccctcgcctgcactg-tctctggtgtctccgtcaacagtggtggttac-tactggacctggctccgccagc-tcccagg---gaa-gggcctggagt-atcttgg-atacatcta---------------------------------ttacactgggaacgcc------------tactacaacccgt-cgtttaagagtcgacttgccatttcaatagacacgtctaagaatcagttttcgctgaacct-gacctc-tgtgactgccgcggac-acgg-ccgtatatta-ctgtacgagagcccc---------------------ggcgccacacctatcctcccccccacaaggcttcgacccctggggccagggaaccctggtcaccgtctcctcag
  V4-31   H410119  cccaggactggtgaagcc-t-tcacagagcctgtctctcacctgcattg-tctctggggactccatcgacagtggtggttac-tactggtcctggatccgccagc-acccagg---gaa-gggcctggagt-ggattgc-gtacatgta---------------------------------tcacagtgggagcgcc------------tactacaatccgt-ccctcaggagtcgaatttcctcatcagtagacacgtcgaagaaccagttctccctgaggct-gacctc-tgtgactgccgcggac-acgg-ccgtgtatta-ttgtgcgagagggct---------------------------------cggttttggagtggcccccctattattttggggccagggaatcctggtcaccgtctcctcag
  V4-31   B431110  cccaggactggtgaagcc-t-tcacagaccctgtccctcacctgcagtg-tctctgatggctccttcagcagtggtggtaac-tattggacctggacccgccagc-acccagg---gaa-gggcctggagt-ggattgg-gttcaccta---------------------------------ttacattgggagcacc------------tactacaacccgt-ccctcaagagtcgaacaaccatatcactagacacgtctaagaaccgcttctccctgaagct-gacctc-tgtgactgccgcggac-acgt-ccgtctttta-ctgtgcgagacattt-------------ttggctcgtaaccgacttcacctcataacggacggctggttcgacccctggggccagggaatcctggtcaccgtcccctcag
  V4-31   D691213  cccaggactggtgaagcc-t-tcacagaccctgtccctcacctgcactg-tctctgctggctccatcagcggtagtggttac-tactggacctggatccgccagc-acccagg---gaa-gggcctggagt-ggattgg-ctacatcta---------------------------------ttacagtgggagcacc------------tactacaacccgt-cgctcaagagtcgagttaccatatcagcagatacgtctaagaaccagttctccctgaggtt-gagctc-tgtgactgccgcggac-acgg-ccgtgtatta-ctgtgcgagaggccc------------gtattactatggttcagggagtcatcggtactactactacatggacgtctggggcaaagggaccacggtcaccgtctcctcag
  V4-31    H42314  cccaggactggtgaagcc-t-tcacagaccctgtccctcacctgcactg-tctctgctggctccatcagcggtagtggttac-tactggacctggatccgccagc-acccagg---gaa-gggcctggagt-ggattgg-ctacatcta---------------------------------ttacagtgggagcacc-----------ttactacaacccgt-cgctcaagagtcgagt-accatatcagcagatacgtctaagaaccagttctccctgaggtt-gagctc-tgtgactgccgcggac-acgg-ccgtgtatta-ctgtgcgagaggccc------------gtattactatggttcagggagtcatcggtactactactacatggacgtctggggcaaagggaccacggtcaccgtctcctcag
  V4-31    H42311  cccaggactggtgaagcc-t-tcacagaccctgtccctcacctgcactg-tctctgctggctccatcagcggtagtggttac-tactggacctggatccgccagc-acccagg---gaa-gggcctggagt-ggattgg-ctacatcta---------------------------------ttacagtgggagcacc------------tactacaacccgt-cgctcaagagtcgagttaccatatcagcagatacgtctaagaaccagttctccctgaggtt-gagctc-tgtgactgccgcggac-acgg-ccgtgtatta-ctgtgcgagaggccc------------gtattactatggtccagggagtcatcggtactactactacatggacgtctggggcaaagggaccacggtcaccgtctcctcag
  V4-31    H12137  cccaggactggtgaagcc-t-tcacagaccctgtccctcacctgcactg-tctctgctggctccatcagcggtggtggttac-tactggacctggatccgccagc-acccagg---gaa-gggcctggagt-ggattgg-ctacatcta---------------------------------ttacagtgggagcgcc------------tactacaacccgt-ccctcaagagtcgagttaccatatcagtagacacgtctcagaaccagttctccctgaggtt-gagctc-tgtgactgccgcggac-acgg-ccgtttatta-ctgtgcgagaggccc------------gtattactacggttcagggagtcatcgctactactactacatggacgtctggggcaaagggaccacggtcaccgtctcctcag
  V4-39   B491126  cccaggactggtgaagcc-t-tcggagactctagacctcacgtgcaatg-tgtctggtgctcctatcgacaggagtattgtc-ctctgggcctggatccgccaga-ccccagg---caa-ggccctggagt-ggattgc-gtctgtctc---------------------------------ttttagtgggaacacc------------tatcacaatccct-ccctaaagagtcgagtcaccgtgcccgtcgacacgtccaggaaccagttctccctgaggct-cagctc-tgtgaccgccgccgac-actg-gaatttatta-ctgtgcgagacgggg------------------------------aattattgcgggtgtcagtcactttgactactggggccagggagccctggtcttcgtctcctccg
  V4-39   B431314  cccaggactggtgaagnc-t-tcngntaccctgtccctcacctgcagtg-tctctggngggtccatcagcggtagcacttat-tactgggcctggatccgccagc-ccccggg---aaa-ggggctgaatt-ggattgg-tagtgtcta---------------------------------ttatagngnaagcacc------------tactacaacccgt-ccctcaagagtcgagtcaccatatccgtagacacgtncaagaaccaattctccctgcacct-gacctc-tgtgaccgccgcagac-acgg-ctgcgtattt-ctgtgcgagatcttt------aagatattactatgatagnagtgactctctgaccgaaaatgatgcttttgagatctggggccgagggacaatggtcaccgtctctgcag
  V4-39   H410111  cccaggactggtgaagcc-t-tcggagaccctgtccctcacctgcactg-tctctggtgcctccatcagttcaagtcgtgat-ttctgggactggctacgccagc-ccccagg---gaa-gggactggaat-ggattgg-gagtgtcta---------------------------------tgacagcgggaccacc------------tacctcaatccgt-ccctcaagagccgaatcaccatatccgtagacacgtccaagaaccagttctccctaaagtt-gagatc-tgtgaccgcctcagac-acgg-ctgtctatta-ctgtgcgagacatcg------------------------ggacgctgggaaaatctgggaatacttctttgacttctggggccggggaaccctggtcgccgtctcctcag
  V4-39  H4101122  cccaggactggtgaagcc-t-tcggagaccctgtccctcacctgcactg-tctctggtgcctccatcagttcaagtcgtgat-ttctgggactggctacgccagc-ccccagg---gaa-gggactggaat-ggattgg-gagtgtcta---------------------------------tgacagcgggaccacc------------tacctcaatccgt-ccctcaagagccgaatcaccatatccgtagacacgtccaagaaccagttctccctaaagtt-gagatc-tgtgaccgcctcagac-acgg-ctgtctatta-ctgtgcgagacatcg------------------------ggacgctgggaaaatctgggaatacttctttgacttctggggccggggaaccctggtcaccgtctcctcag
  V4-39   B491115  cccaggactggtgaagcc-t-tcggataccctgtccctcacctgcagtg-tctctggtgcgtccatcagcggcagcacttat-tactgggcctggatccgccagc-ccccggg---aaa-ggggctgaatt-ggattgg-tagtgtcta---------------------------------ttatagtggaagcacc------------tactacaacccgt-ccctcaagagtcgagtcaccatatccgtagacacgtccaagaaccaattctccctccacct-gacctc-tgtgaccgccgcagac-acgg-ctgcgtattt-ctgtgcgagatcttt------aagatattactatgatagtagtgactctctgaccgaaaatgatgcttttgagatctggggccgaggaacaatggtcaccgtctctgcag
  V4-39   B391113  cccaggactggtgaagcc-t-tcggataccctgtccctcacctgcagtg-tctctggtgggtccatcagcggtagcacttat-tactgggcctggatccgccagc-ccccggg---aaa-ggggctgaatt-ggattgg-tagtgtcta---------------------------------ttatagtggaagcacc------------tactacaacccgt-ccctcaagagtcgagtcaccatatccgtagacacgtccaagaaccaattctccctgcacct-gacctc-tgtgaccgccgcagac-acgg-ctgcgtattt-ctgtgcgagatcttt------aagatattactatgatagtagtgactctctgaccgaaaatgatgcttttgagatctggggccgagggacaatggtcaccgtctctgcag
  V4-39   D691110  cccaggactggtgaagcc-t-tcgcagaccctgtccctcacctgcactg-tctctggtggctccatcggcagtaatactgac-ttctgggactggatccgccagc-ccccagg---gaa-gggactggagt-ggattgg-gagtatcga---------------------------------ttacagtgggttcacc------------tacttcaatccgt-ccctcaagagtcgaatcaccatctccgaagacacgtccaagaaccagttctccctgaaact-gacctc-tgtgaccgccgcagac-acgg-ctgtctatta-ctgtgcgagacatcg------------------------ggacggtggtaaagtctgggagtactactttgacttctggggccagggaaccctggtcaccgtctcctcag
  V4-39    H12131  cccaggactggtgaagcc-t-tcgcagaccctgtccctcacctgcactg-tctctggtggctccatcggcagtaatactgac-ttctgggactggatccgccagc-ccccagg---gaa-gggactggagt-ggattgg-gagtatcga---------------------------------ttacagtgggttcacc------------tacttcaatccgt-ccctcaagagtcgaatcaccatctccgaagacacgtccaagaaccagttctccctgaaact-gacctc-tgtgaccgccgcagac-acgg-ctgtctatta-ctgtgcgagacatcg------------------------ggacggtggtaaagtctgggagtactactttgacttctggggccagggaaccctggtcaccgtctcctcag
  V4-39    H42125  cccaggactggtgaagcc-t-tcgcagaccctgtccctcacctgcactg-tctctggtggctccatcggcagtaa-actgac-ttctgggactggatccgccagc-ccccagg---gaa-gggactggagt-ggattgg-gagtatcga---------------------------------ttacagtgggttcacc------------tacttcaatccgt-ccctcaagagtcgaatcaccatctccgaagacacgtccaagaaccagttctccctgaaact-gacctc-tgtgaccgccgcagac-acgg-ctgtctatta-ctgtgcgagacatcg------------------------ggacggtggtaaagtctgggagtactactttgacttctggggccagggaaccctggtcaccgtctcctcag
  V4-39    H12135  cccaggactggtgaagcc-t-tcgcagaccctgtccctcacctgcactg-tctctggtggctccatcggcagtaatactgac-ttctgggactggatccgccagc-ccccagg---gaa-gggactggagt-ggattgg-gagtatcga---------------------------------ttacagtgggcgcacc------------tacttcaatccgt-ccctcaagagtcgaatcaccatatccgtagacacgtccaagacccagttctccctgaaact-gacctc-tgtgaccgccgcagac-acgg-ctgtctatta-ctgtgcgagacatcg------------------------ggacggtggtaaagtctgggagtactactttgacttctggggccagggaaccctggtcaccgtctcctcag
  V4-59    B15235  cccaggactggtgaagcc-t-tcggagacgctgtccctcacctgcactg-tctcgggtgactccatgacgac------cttc-tactgggcctggatccgccagc-cccccgg---gaa-gggactggagt-ggatagg-ttatatata---------------------------------cgatgatggaagcacc------------aactccaacccct-ccctcaagagtcgagtcaccatatcagttgacacgtccaagaaccagttctccctgaatct-gaggtc-tgtcaccgcggcggac-acgg-ccgtctatta-ctgtgcgagagtaaa------------------------------------------tgggggatcctctgactactggggccagggaaccctggtcaccgtctcctcag
  V4-59   B491130  cccaggactggtgaggcc-t-tcggggaccctgtccctcacctgcactg-tctctgttgactccatgagcag------tttc-tattggacctggatccggcagc-ccccagg---gaa-gggactggagt-ggattgg-atatatcta---------------------------------tgacagtggaagtaac------------aattacaacccct-ccctcaagagtcgagtcagcatgtcagtagacacgtccaagaaccaattctccctgacgct-gcgttc-tgtgaccgctgcggac-acgg-ccatctatta-ctgtgcgagggggag---------acgatatagtggctacgatttgaacgtctactactactacgctatggacctctggggccaagggacttcggtcatcgtctccacag
  V4-59    B11125  cccaggactggtgaggcc-t-tcggggaccctgtccctcacctgcactg-tctctgctgactccatcagcaa------ttac-tactggacctggatccggcagc-ccccagg---gaa-gggactggagt-ggattgg-atatatcta---------------------------------tgacagtgggagtagt------------aattacaacccct-ccctcaagagtcgagtcaccatgtcagtagacacgtccaagaaccagttctccctgacgct-gcgttc-tgtgaccgctgcggac-acgg-ccatgtatta-ctgtgcgagggggag---------acgatatagtgactacgatttgaacgtctactactactacgctatggacctctggggccaagggacttcggtcaccgtctccacag
  V4-59   B432119  cccaggactggtgaggcc-t-tcggggaccctgtccctcacctgcactg-tctctgctgactccatcagcaa------ttac-tactggacctggatccggcagc-ccccagg---gaa-gggactggagt-ggattgg-atatatcta---------------------------------tgacagtgggagtagt------------aattacaacccct-ccctcaagagtcgagtcaccatgtcagtagacacgtccaagaaccagttctccctgacgct-gcgttc-tgtgaccgctgcggac-acgg-ccatgtatta-ctgtgcgagggggag---------acgatatagtgactacgatttgaacgtctactactactacgctatggacctctggggccaagggacttcggtcaccgtctccacag
  V4-59   B441229  cccaggactggtgaagcc-t-tcggagactctgtccctcacctgcacta-tctctggtggctccatcagtac------ttac-ttctggagctggatccggcagc-ccccagg---gaa-gggacttgagt-ggattgg-atatatcta---------------------------------tcacagtgggaccccc------------aactacaacccct-ccctcaagagtcgagtcaccatatcagtggacacgtccaagaaccacttctccctgaacct-tacctc-tgtgacctctgcggac-acgg-ccatgtatta-ctgtgcgagaggggg---------------------------------tctaaagtatagtagacgatttgactcctggggccagggaaccctggtcaccgtctcctcag
  V4-59    B15344  cccaggactggtgaagcc-t-tcggagaccctgtccctcacctgcactg-tctctggtggctccgtcagtag------ttac-tactggagctggatccggcagc-ccccagg---gaa-gggactggagt-ggattgg-acatatcta---------------------------------ttacggtgggaggagt------------tactacaatccct-ccctccagagtcgagtcaccatatcagtagacacgtccaagaacgacttctccctgaacct-gagctc-tgtgaccgctgcggac-acgg-ccgtttatta-ctgtgcgaggctctg---------------------------ggtcggaggacactactactacggtatggacgtctggggccaagggaccacggtcaccgtctcatcag
  V4-59    B31212  cccaggactggtgaagcc-t-tcggagaccctgtccctcacctgcactg-tctctggtggctccatcagtac------ttac-ttttggagctggatccggcagc-ccccagg---gaa-gggactggagt-gggttgg-gtatatcta---------------------------------ttacaatggggccacc------------aactacagcccct-ccctcaagagtcgagtcaccatttcactagacacgtccaagaaccagttctccctgaagct-gaggtc-tgtgaccgctgcggac-acgg-ccgtttatta-ctgtgcgagagatgg---------------------acacagcagcagctggtacgacgctggcccctttgactactggggccagggagccctggtcaccgtctcctcag
  V4-61    B49112  ncccggactggtgaagcc-t-tcacagaccgtgtccctcacctgcgctg-tctctggtgactccatcagtagtggttacaac-tactggagctggatccgccagc-ccgccgg---gaa-gggactggagt-ggatcgg-gcgtatgta---------------------------------taccagtgggagcaccggtgggaacatttattaccacccct-ccctcaagagtcgagtcaacatgtcagtggacacgtccaagaatcagatttccctggtatt-aacgtc-tgtcactgtcgcagac-acgg-ccgtctatta-ctgtgcgagagatcg---------------------------------------gggagccatcgaccattactactggggccggggaaccctggtcaccgtctcctcag
  V4-61   B491122  ccccggactggtgaagcc-t-tcacagaccgtgtccctcacctgcgctg-tctctggtgactccatcagtagtggttacaac-tactggagctggatccgccagc-ccgccgg---gaa-gggactggagt-ggatcgg-gcgtatgta---------------------------------taccagtgggagcaccggtgggaacatttattaccacccct-ccctcaagagtcgagtcaacatgtcagtggacacgtccaagaatcagatttccctggtatt-aacgtc-tgtcactgtcgcagac-acgg-ccgtctatta-ctgtgcgagagatcg---------------------------------------gggagccatcgaccattactactggggccggggaaccctggtcaccgtctcctcag
  V4-61    B69111  cccnggactggtgaagcc-t-tcagagaccgtgtccctcacctgcactg-tctctggggactccatcaacagtgcctacaac-tgctggagctggatccgacagc-ccgccgg---gaa-gggactggagt-ggattgg-gcgtatgta---------------------------------caccaatgggggcaccggtgggaacaccttctaccacccct-ccctcaagagtcgactcaccatgtcagtggacacgtccaggaaccatttctccctgaagct-caactc-tgtgaccgccgcggac-acgg-ccatatatta-ctgtgcgcgagatcg---------------------------------------gggagccatcgaccattactactggggccggggaaccctggtcaccgtctcgtcag
  V4-61    B43119  ccccggactggtgaagcc-t-tcacagaccgtgtccctcacctgcagtg-tctctggtgactccatcagcagtggttacaac-tactggagttggatccggcaga-ccgccgg---gaa-gggactggagt-ggctcgg-gcgtatgta---------------------------------taccaatgggaacaccacacagtccatttactatcacccct-ccctcaagagtcgagtcagcatgtcagtagacacgtccaagaaccagatctccctgcaatt-gacgtc-tgtgactgccgcagac-acgg-ccgtctatta-ctgtgcgagagatcg---------------------------------------gggagccatcgaccattactactggggccggggaacccaggtcaccgtctcctcag
  V4-61    B49111  cccaggactggtgaagcc-t-tcacagaccctgtccctcacctgcactg-tcgctggttactctatcagcagtggtcgttat-tactggacttggatccggcagt-ccgccag---taa-gggactggagt-ggattgg-ccgtatcca---------------------------------tatcagtggggacaca------------aattacaatccct-ccttcaagagtcgagtcaccatgtcagaggacatgtccaagaaccagttctccctgaagct-gaggtc-tgtgaccgccgcagac-acgg-ccgtgtattt-ttgtgcgcgagtccg------------------ggacgacccagagcgggccacaattcagtatgcttttgatatctggggccaagggacaatggttaccgtgtcctcag
  V4-61   B491118  cccaggactggtgaagcc-t-tcagagaccgtgtccctcacctgcactg-tctctggggactccatcaacagtgcctacaac-tactggagctggatccgacagc-ccgccgg---gaa-gggactggagt-ggattgg-gcgtatgta---------------------------------caccaatgggggcaccggtgggaacaccttctaccacccct-ccctcaagagtcgactcaccatgtcagtggacacgtccaagaaccatttctccctgaagct-caactc-tgtgaccgccgcggac-acgg-ccatatatta-ctgtgcgcgagatcg---------------------------------------gggagccatcgaccattactactggggccggggaaccctggtcaccgtctcgtcag
  V4-61   B491119  cccaggactggtgaagcc-t-tcagagaccgtgtccctcacctgcactg-tctctggggactccatcaacagtgcctacaac-tactggagctggatccgacagc-ccgccgg---gaa-gggactggagt-ggattgg-gcgtatgta---------------------------------caccaatgggggcaccggtgggaacaccttctaccaccccg-ccctcaagagtcgactcaccatgtcagtggacacgtccaagaaccatttctccctgaagct-caactc-tgtgaccgccgcggac-acgg-ccatatatta-ctgtgcgcgagatcg---------------------------------------gggagccatcgaccattactactggggccggggaaccctggtcaccgtctcgtcag
  V4-61    B49113  nccaggactggtgaagcc-t-tcagagaccgtgtccctcacctgcactg-tctctggggactccatcaacagtgcctacaac-tactggagctggatccgacagc-ccgccgg---gaa-gggactggagt-ggattgg-gcgtatgta---------------------------------caccaatgggggcaccggtgggaacaccttctaccacccct-ccctcaagagtcgactcaccatgtcagtggacacgtccaagaaccatttctccctgaagct-caactc-tgtgaccgccgcggac-acgg-ccatatatta-ctgtgcgcgagatcg---------------------------------------gggagccatcgaccattactactggggccggggaaccctggtcaccgtctcgtcag
  V4-61    B49116  cccaggactggtgaagcc-t-tcacagaccctgtccctcacctgcactg-tcgctggttactctatcagcagtggtcgttat-tactggacttggatccggcagt-ccgccag---taa-gggactggagt-ggattgg-ccgtatcca---------------------------------tatcagtggggacaca------------aattacaatccct-ccttcaagagtcgggtcaccatgtcagaggacatgtccaagaaccagttctccctgaagct-gaggtc-tgtgaccgccgcagac-acgg-ccgtgtattt-ttgtgcgcgagtccg------------------ggacgacccagagcgggccacaattcagtatgcttttgatatctggggccaagggacaatggttaccgtgtcctcag
  V4-61    B49118  cccaggactggcgaagcc-t-tcacagaccctgtccctcacctgcactg-tcgctggttactctatcagcagtggtcgttat-tactggacttggatccggcagt-ccgccag---taa-gggactggagt-ggattgg-ccgtatcca---------------------------------tatcagtggggacaca------------aattacaatccct-ccttcaagagtcgagtcaccatgtcagaggacatgtccaagaaccagttctccctgaagct-gaggtc-tgtgaccgccgcagac-acgg-ccgtgtattt-ttgtgcgcgagtccg------------------ggacgacccagagcgggccacaattcagtatgcttttgatatctggggccaagggacaatggttaccgtgtcctcag
  V4-61   B491114  cccaggactggtgaagcc-t-tcagagaccgtgtccctcacctgcactg-tctctggggactccatcaacagtgcctacaac-tactggagctggatccgacagc-ccgccgg---gaa-gggactggagt-ggattgg-gcgtatgta---------------------------------caccaatgggggctccggtgggaacaccttctaccacccct-ccctcaagagtcgagtaaccatgtcagtggacacgtccaagaaccagttctccctgaagct-caactc-tgtgaccgccgcggac-acgg-ccatatatta-ctgtgcgcgagatcg---------------------------------------gggagccatcgaccattactactggggccggggaaccctggtcaccgtctcgtcag
  V4-61    D43116  cccaggactggtgaagcc-t-tcggagaccctgtccctcacctgcactg-tctctggtggctccgtcagcagtgagagtgcc-tactggagttggatccgacagc-ccccagg---gaa-gggactggagt-ggattgg-atatattca---------------------------------tcacagtgggaagacc------------aactacaacccct-cactcaagagtcgagtcaccatatcagtcgacacgtccaagaaccaattctccctgaacct-gaggtc-tgtgaccgccgcggac-acgg-ctgtatattt-ctgtgcgagagattt---------------------------------------ggctatttccttctttgactgctggggccagggaaccctggtcaccgtctcttcag
  V4-61    H12136  cccaggactggtgaagcc-t-tcggagaccctgtctctcaactgcactg-tctctggtgcttccgtcagcagtggcagttat-cactggagttggatccggcagc-ccccagg---gaa-gggactggagt-gggttgc-atatatcta---------------------------------ttccagggggggcacc------------aattacaacccct-ccctcaagagtcgagtcaccatatcagtggacacgtccaagaaccagttgtccctgaagct-gagctc-tgtgaccgctgcggac-acgg-ccatatatta-ctgtgtgagaacagg------------------------------------aatgataataagatacatggacgtctggggcaaagggaccacggtcaccgtctcctcag
  V4-61   H422119  cccaggactggtgaagcc-t-tcggagaccctgtctctcaactgcactg-tctctggtgcttccgtcagcagtggcagttat-cactggagttggatccggcagc-ccccagg---gaa-gggactggagt-gggttgc-atatatcta---------------------------------ttccagggggggcacc------------aattacaacccctcccctcaagagtcgagtcaccatatcagtgga-acgtccaagaaccagttgtccctgaagct-gagctc-tgtgaccgctgcggac-acgg-ccatatatta-ctgtgtgagaacagg------------------------------------aatgataataagatacatggacgtctggggcaaagggaccacggtcaccgtctcctcag
  V4-61    H42316  cccaggactggtgaagcc-t-tcggagaccctgtctctcaactgcactg-tctctggtgcttccgtcagcagtggcagttat-cactggagttggatccggcagc-ccccagg---gaaggggactggagt-gggttgc-atatatcta---------------------------------ttccgg-gggggcacc------------aattacaacccct-ccctcaagagtcgagtcaccatatcagtggacacgtccaagaaccagttgtccctgaagct-gagctc-tgtgaccgctgcggac-acgg-ccatatatta-ctgtgtgagaacagg------------------------------------aatgataataagatacatggacgtctggggcaaagggaccacggtcaccgtctcctcag



Supplemental list 1: 

Sequence identification 
number

Accession 
number

B11214 GQ504851
H42311 GQ504852
B15235 GQ504853
D59122 GQ504854
B311134 GQ504855
D331124 GQ504856
H12313 GQ504857
B491114 GQ504  858  
B31118 GQ504859
B69111 GQ504860
B111114 GQ504861
H422119 GQ504862
B31212 GQ504863
B491118 GQ504864
B31115 GQ504865
B383316 GQ504866
B31214-B59115 GQ504867
B35334 GQ504868
B353411 GQ504869
B15412 GQ504870
B111126-B383343 GQ504871
B31218 GQ504872
B49116 GQ504873
B43135 GQ504874
B353112 GQ504875
B11125-B432119 GQ504876
D43112 GQ504877
D191227 GQ504878
B383124 GQ504879
D43116 GQ504880
B311131 GQ504881
B111112 GQ504882
D591217 GQ504883
B31211 GQ504884
B31113 GQ504885
B311124 GQ504886
B38336 GQ504887
D191224 GQ504888
D191210 GQ504889
B31114 GQ504890
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 GQ504911
H410119 GQ504912
B111213-B383311-B431111 GQ504913
B11222 GQ504914
H310117 GQ504915
H12127 GQ504916
B15325 GQ504917
B352228 GQ504918
B352311 GQ504919
B15221 GQ504920
B352227 GQ504921
B491122 GQ504922
B35229 GQ504923
B35331 GQ504924
B38126 GQ504925
B491115 GQ504926
B38419 GQ504927
B49112 GQ504928
B491130 GQ504929
H42314 GQ504930
H42316 GQ504931
D691213 GQ504932
D49122 GQ504933
B441520 GQ504934
H410111 GQ504935
B153410 GQ504936
B35335 GQ504937
B35233 GQ504938
B11111 GQ504939
H12137 GQ504940



B15345 GQ504941
B352220 GQ504942
B59114 GQ504943
B38333 GQ504944
H121318 GQ504945
D19111-H12115 GQ504946
B311122 GQ504947
B431314 GQ504948
B38414-B441313 GQ504949
B352313 GQ504950
D49117 GQ504951
B111121 GQ504952
B311120 GQ504953
B49111 GQ504954
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
H12111 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

D691230 GQ504988
B491129 GQ504989
H42212 GQ504990
B19113-H12113 GQ504991
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