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Supplementary Figure 1. SWIBRID pipeline and benchmarking of CSR junction PCRs.
(Figure legend on the next page).
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Supplementary Figure 1. SWIBRID pipeline and benchmarking of CSR junction PCRs. a.
Scheme of library preparation and data analysis workflow. b. Representative human CSR junction

PCRs using indicated materials were analyzed by agarose gel electrophoresis. The smear reflects

the size distribution of CSR junctions from polyclonal samples. Single bands represent the

amplification of defined junctions from monoclonal cell lines. Left: 30 PCR cycles; Right: 25 PCR

cycles. Top: CSR junction PCR with S��forward, S���and S��reverse primers. Bottom: S��forward,

S�� S�� and S� reverse primers. M = 25,000 CD27+ IgG+ IgA+ B cells, B = 50,000 CD19+ PBMCs,

P = 200,000 PBMCs, “+” = positive control deriving from a monoclonal EBV-immortalized cell line

with alleles switched to S��and S�� respectively. “-“ = negative control without template. c.
TapeStation results of PCR amplicons obtained from CSR junction of samples from Fig.1b and

Supplementary Fig.1e, namely, the monoclonal B cell line, d. an oligoclonal, EBV-immortalized B

cell pool, e. 25,000 IgG/A+ human B cells, and f, a plasmid containing the human S� region was

linearized via a restriction enzyme digest, representing an outcome in absence of PCR

amplification. g. Read plot obtained from the linearized plasmid with 2,500 reads. h. Multiple

sequence alignments of representative reads from major and minor clones associated with the

two alleles of the monoclonal cell line (Fig. 1b) across the SM-SA1 and SM-SG3 junctions,

respectively. Switch region reference sequence (hg38) is indicated in gray. Mismatch nucleotides

are highlighted in red. i. Scheme of the mouse Igh locus, with forward and reverse primer positions

indicated. Primers used by Vincendeau et al.30 are depicted in light grey. j. Agarose gel

electrophoresis of PCR amplicons obtained from mouse CSR junctions. Left: in vitro activated

CH12 cells. Right: ex vivo mouse splenocytes. The S� forward primer was combined with either

S�1� S�2� S�3 or S��as indicated. 0BC = primers without barcodes were used, 1BC = the forward

primer contained a barcode, 2BC = forward and reverse primers contained barcodes. k. Read plot

of a CH12 sample and splenocytes.
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Supplementary Figure 2. CSR junction characteristics. (Figure legend on the next page).
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Supplementary Figure 2. CSR junction characteristics. a. Depiction of 5mer homology in 50nt

bins between different human switch regions. Forward homology is shown in the lower right

diagonal, reverse-complementary homology in the upper left diagonal. The features

homology_score_fw and homology_score_rv are derived by weighting this homology score with

the frequency of breakpoints. b. Motif frequency scores and sequence complexity used to create

associated features by weighting with breakpoint frequencies along the human IGH locus in 50nt

bins, S=G/C, W=A/T. c. Classification of break type and depiction of inversions and duplications

in a two-dimensional plot visualizing class-switch recombination events (see also Fig. 2a). d.
Illustration of features related to structural aberrations or single-nucleotide variants in the read plot

of the polyclonal B cell pool of Fig. 1b; inversion events are colored in orange, duplication events

in violet. e. Illustration of sequence context features homology (top) or untemplated_inserts

(bottom) for two exemplary reads from WT CH12 cells. Read sequence (middle) is re-aligned to

genomic sequence surrounding the upstream (top) and downstream (bottom) breakpoint.

Alignment block boundaries are indicated by the slashes. f. Box plots of percent explained

variance by donor, sex, age, batch, or sequencing method, for n=70 features in indicated

categories. g. Scatter plot of feature values (as z-scores) for samples from 10 donors that were

sequenced with PacBio or Nanopore technology. Overall correlation (R) is indicated. h. Heatmap

of feature-to-feature correlation values using the C2 cohort. Background colors on axis as in Fig.

2a. i. Comparison of explained variance by donor, batch, or sequencing methods for diversity

measures calculated using all reads or on samples downsampled to 1,000 reads (top); for context

measures calculated globally or per isotype (lower left); for context and break features calculated

by averaging over reads or clusters (lower right). P-values from two-sided Wilcoxon test. * p < .05.

j. Mean fragment length of reads in different samples from mouse lymph nodes, splenocytes, or

from data of Vincendeau et al.30, where a different primer design leads to much longer PCR

products (see Supplementary Fig. 1i). Boxes in f,i and j indicate 25th to 75th percentile; whiskers

extend to largest/smallest value no further than 1.5x interquartile range, lines indicate median.
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Supplementary Figure 3. SWIBRID re-analysis of CSR junction short read data generated
via the HTGTS CSR assay from Panchakshari et al.27 (Figure legend on the next page).
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Supplementary Figure 3. SWIBRID re-analysis of CSR junction short read data generated
via the HTGTS CSR assay from Panchakshari et al.27 a. Comparison of scaled mean SWIBRID

features of different genotypes in CH12 and splenocytes. Significantly different features are

indicated using larger symbols (adj. p-value < 0.05 from two-sided t-test compared to WT (n=3-6

replicates per group) with Benjamini-Hochberg correction). b. PCA of re-analysed CH12 (top) and

splenocyte (bottom) using 39 robust features. c. Box plots of selected SWIBRID features. It should

be noted that spleen data lack Lig4 KO samples (**: p < 0.01 from two-sided Wilcoxon test). d.
Analysis of homology used for repair. Error bars indicate s.e.m.
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Supplementary Figure 4. SWIBRID stratifies CVID patients. (Figure legend on the next

page).
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Supplementary Figure 4. SWIBRID stratifies CVID patients. a. Box plots of percent explained

variance by donor, diagnosis, sex, age, batch, treatment, or Ig administration for n=70 features

in indicated categories. b. Box plots of indicated feature values for groups that test positive or

negative for serum IgG against diphtheria, pneumococcal (PnPs), or tetanus antigens. No data:

antibody titers were not measured. c. (Absolute) feature loadings for the PCA of Fig. 4e. d.
Fraction of clusters with different isotypes for donors with subclass deficiencies or controls. e.
Scatterplot comparing relative proportions of IgA B cells from a FACS analysis against S�

junctions detected in SWIBRID. Pearson correlation values indicated for CVID patients or

controls, respectively. f. Heatmap of category scores (sum of absolute z-scores of all features in

a category) for CVID and CVID-like samples. g. Top 19 coefficients in a multinomial ridge

regression model derived from the 29 training samples. Features are colored according to the

classification of Fig. 2a. Higher coefficients indicate higher values in the CVID group. h. PCA of

Fig. 4d,e colored by class membership from Fig. 4h, together with data points from DNA repair

set (Fig. 4f). P-values in b and d from two-sided Wilcoxon test (****: p < 0.0001, ***: p < 0.001,

**: p < 0.01, *: p < 0.05). Boxes in a,b and d indicate 25th to 75th percentile; whiskers extend to

largest/smallest value no further than 1.5x interquartile range, lines indicate median.
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Supplementary Figure 5. Gating strategy for IgA+, IgG+ quantification in Supplementary Fig. 
4e. A. Example of immunodeficient donor FB_01 (Hyper-IgM, PI3K-deficient). B. Example of a healthy 
donor FB_02. Quantification of IgG and IgA B cells for comparison with SWIBRID results was done 
using the antibodies: IgG-AF647 (dilution: 1:500, Dianova, #109-606-170); IgA-APC-Vio770 (dilution: 
1:170, Miltenyi Biotec, #130-113-473, clone IS11-8); CD19-Brilliant Violet 6005 (dilution: 1.160, 
Becton Dickinson, #562653) and CD20-PerCP-Vio700 (dilution: 1:170, Miltenyi Biotec, #130-113-377, 
clone LT20) in a BD LSRFortessa™ Cell Analyzer. 
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Supplementary Figure 6: FACS Gating Strategy for memory B cells in donor A, B, C in Figure 
1f,g. PDF created from the BD FACSDiva™ Software during the sorting of donor A. Same gating 
strategy was used for donor B and C. Sorted memory B cells are highlighted. Sorting was done using 
CD27-PE (dilution: 1:170, Miltenyi Biotec, #130-114-156, clone M-T271); IgD-PE-Cy7(dilution: 1:80, 
Miltenyi Biotec, #130-098-584), IgM-AF488(dilution: 1:1000, Life Technologies, #A21215); IgG-
AF647(dilution: 1:500, Dianova, #109-606-170); IgA-AF647 (dilution: 1:500, Dianova, #109-606-01) 
in a BD FACSAria™ Fusion Flow Cytometer.
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Supplementary Figure 8. Uncropped gel - Supplementary Figure 1j. Cropped image is highlighted 
in red.

Supplementary Figure 7: Uncropped gel - Supplementary Figure 1b. Cropped image is 
highlighted in red.



Supplementary Figure 9. Histogram of gap sizes in the MSA of different samples. A non-
PCR, linearized plasmid control and pooled data from 10 healthy donors sequenced with either 
minION or pacBio technology. Dashed vertical line indicates the 75nt cutoff separating likely 
artefactual from presumably real breaks.

Supplementary Figure 10. Determining a dendrogram cutoff. Number of clusters as a function 
of dendrogram cutoff, colored by number of input clones (A) or number of input reads (B), together 
with one component of a double-exponential fit tailored to capture the trends at high or low cutoff 
respectively. Vertical line indicates cutoff value of 0.01.

Supplementary Figure 11. Cluster filtering strategy. Fixed cutoff as a function of synthetic and 
real data A. position of inflection point in the curves of Supplementary Figure 10 for different input 
numbers of reads and clones. Horizontal line indicates cutoff value of 0.01. B. Entropy of cluster 
size distribution as function of the fraction of reads used when including bigger clusters first (for 
50k input reads). Dashed vertical line indicates 95% cutoff.
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Supplementary Figure 12. Cluster vs. clone number in synthetic data. Number of clusters as 
a function of input clone number, for different numbers of input reads. A. unfiltered cluster number, 
B. cluster number when considering only the biggest clusters containing at least 95% of reads.

Supplementary Figure 13. Comparing exact and approximate linkages. Comparison of an 
exact linkage created by fastcluster (A) with an approximate linkage generated using sparsecluster 
(B). Time (C) and memory (D) requirements for exact and approximate linkage generation.

A B

A B

C D

14



Supplementary Note 1: rationale for clustering strategy
Clustering on the order of tens of thousands of reads of 2-5 kb length presents unique

challenges. In this case, these include the lack of information on the true cluster number

a priori, even by order of magnitude, the size of true differences between different clones,

and the likely substantial amount of technical noise due to sequencing and mapping.

We decided to use hierarchical clustering to take advantage of i) the naturally induced

one-dimensional ordering by the resulting dendrogram, which we used for read plots, and

ii) its structure that optimally resolved the presumably hierarchical structure of the data:

different isotypes present large coarse clusters that are subdivided into smaller clusters,

potentially even with hierarchical substructure due to different clones sharing donor or

acceptor break points. We further opted to avoid clustering read sequences themselves

via a true multiple sequence alignment, which would be very resource intensive and suffer

from technical noise. Instead, we transformed (genome-)aligned read sequences into a

pseudo multiple sequence alignment, encoded as a sparse matrix of dimensions #reads

by #positions, which can be clustered easily and much more efficiently using low-level

math routines. Restricting the Igh locus to relevant intronic regions leaves us with about

30k positions, of which roughly 10% are used for any given read. Given a high rate of

sequencing errors, only the coverage of a position (not nucleotide identity) was

considered. Further, long-read sequencing is prone to create indels. Insertions are

ignored in the pseudo multiple sequence alignment, but are taken into account at other

points in the pipeline if they are either templated and detected by mapping, or untemplated

and occurring around larger break points, in which case they are identified in the

breakpoint realignment step. We noticed that deletions of up to 75nt length appear

frequently, even in a non-PCR plasmid control, but much less often when using pacBio

instead of minION sequencing technology (Supplementary Figure 9). To increase the

robustness of the clustering by preferentially comparing the positions of larger breaks

rather than likely random small deletions, we ignored all gaps smaller than 75nt.

Identification of structural rearrangements (duplications and inversions) was enabled by

encoding coverage as integer values, where 1x means regular 1-fold coverage, 2x

signifies a duplication event, and -1x an inversion. In that encoding, two reads (=rows of

the matrix) can be quickly compared using cosine distance, and hierarchical clustering

can be performed using a very fast implementation in the fastcluster python package.
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Average (UPGMA) linkage demonstrated optimal performance based on visual inspection

of resulting breakpoint positions per cluster and the presence of cluster-specific (likely

somatic) single nucleotide variants. We next devised a strategy for choosing the

dendrogram cutoff and designed a post-clustering filter.

To address these issues, we performed extensive simulation studies using the test mode

of the SWIBRID pipeline, taking as input SWIBRID results for a pool of human donors in

the form of alignment block coordinates (usually 2 blocks for one switch event; bed

format). The simulation creates reads from the associated genomic sequence, and adds

mutations, insertions, and deletions according to parameters estimated on the non-PCR

plasmid control. Simulations were done for a number of clones ranging from 10 to 25,000,

and for a total number of reads between 10,000 and 200,000.

Plotting the resulting number of clusters (on a log-scale) as function of the dendrogram

cutoff resulted in curves exhibiting a two-exponential decay pattern, with slopes (roughly)

independent of number of input reads or clones, and the intercepts (prefactors) strongly

correlated to input read or clone number (Supplementary Figure 10).

This behavior suggested that the trend at low cutoff values is mainly driven by technical

noise (rapidly increasing the number of clusters), while the trends at high cutoff values

reflect true biological variability. A cutoff value to suppress the noise while keeping as

much of the biological variability as possible would therefore lie near the intersection of

the two trends, or near the inflection point of the curve. On the synthetic data, these

inflection points show a residual dependence on input read and clone number, which is

minimal around a cutoff value of 0.01 (Supplementary Figure 11A). Fitting these trends

on actual data yielded less robust and somewhat unstable estimates. We therefore

decided to adopt this fixed cutoff value to ensure that different runs remain comparable.

We further noticed small isolated clusters in our synthetic data that were likely the result

of technical noise, while “true” clones had a relatively even size distribution (specifically,

the Poisson model was used). This suggested that we could filter out spurious clusters by

omitting reads from the smallest cluster. Plotting the entropy of the cluster size distribution

as function of the fraction of reads used (bigger clusters first), elicited a sharp drop in the

entropy around 95% of reads included, in line with the idea that spurious small clusters

decrease the entropy (Supplementary Figure 11B).
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Adopting this additional 95% cutoff in the end leads to an agreement between input clone

number and resulting filtered cluster number, largely independent of the input read number

over several orders of magnitude (Supplementary Figure 12).  The unfiltered cluster

number strongly overestimates the clonality, especially for samples with low clonality, and

shows a substantial dependence on the number of input reads. A saturation effect was

observed when the input clone number approaches the input read number.

Typical read numbers per sample in our experiments showed a relatively wide distribution

from below 1,000 to several 100,000 reads. Although results in the simulation experiments

were largely independent of input read number, we wanted to ensure that samples with

different read numbers are comparable. Larger read numbers also lead to performance

issues in terms of required CPU time and memory. Therefore, the read number used for

clustering was capped at 50,000. Nevertheless, to make our method scalable, we

implemented another clustering strategy based on the construction of an approximate

nearest-neighbor graph followed by graph-based hierarchical clustering1 . This method,

implemented in a novel python package sparsecluster, allows for sparse input, and

exhibits superior time and memory efficiency, while showing similar performance

(Supplementary Figure 13).
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Supplementary Note 2: estimating reproducibility by cluster tracing
In order to estimate how reproducibly we can detect and characterize individual switching

events in different samples, we devised a meta-clustering strategy to identify recurring

clusters. For this, we averaged the pseudo multiple sequence alignments across all reads

per cluster in a given sample and created a meta-alignment by pooling these averaged

clusters from different samples. This meta-alignment was clustered using the same

hierarchical clustering approach (cosine metric, average linkage) and cluster cutoff as

before. Clusters from different samples assigned to the same meta-cluster are considered

recurring events. Below, we show top recurring events between different samples together

with read alignment to genomic regions upstream and downstream of CSR junctions or

templated inserts. While the exact coordinates of the junctions and the number of

untemplated or homologous nucleotides surrounding them do not always agree exactly,

many of these events (templated insertions or intra-switch deletions) are sufficiently

characteristic to make accidental agreements highly unlikely.

Example 1 (page 20, 21, 22 – Supplementary Data 1) shows SWIBRID read plots for 3

independent replicates of 50000 class-switched memory B cells from the same donor.

The top 15 shared clusters are highlighted with matching colors across the three plots,

and recurring templated insertions are indicated in black. E.g., one templated insertion

(#16; chr3:141391308-141391553) occurs within SM (between chr14:105860269 and

chr14:105860271) followed by a break from chr14:105860076 to SG1 (chr14:105744764)

that is associated with around 40 untemplated nucleotides. Another templated insertion

(#17; chr16:22336035-22336493) occurs within SA2 (between chr14:105589576 and

chr14:105589587), with the main switch junction from SM (chr14:105860866) to SA2

(chr14:105589849) again featuring around 50 untemplated nucleotides. Recurring intra-

switch deletions are repeatedly observed within SM, once marked as #13 in dark red at

chr14:105859194-105860296 followed by a break to SA1 (from chr14:105859001 to

chr14:105710805), with several homologous nucleotides around both breaks, and once

marked as #12 in yellow at chr14:105860418-105859294 followed by a break to SA2 (from

chr14:105858630 to 105589508).

Example 2 (page 23, 24 - Supplementary Data 1) shows read plots for a pool of amplicons

generated from PBMCs of a healthy donor that were subsequently sequenced with
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minION or pacBio technology, respectively. In this case, the largest clusters are clearly

matched in relative size, and easily recognizable events include a sequential switching

event marked as #3 in blue from SM (chr14:105860419) to SA1 (chr14:105709995-

105710378) to SA2 (chr14:105589053), or a simple junction without untemplated or

homologous nucleotides marked as #13 in dark red from SM (chr14:105860677) to SA1

(chr14:105709826).
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SA2SESG4SG2SA1SG1SG3SM

#2 4367119d-a5d0-4e7e-9ef6-e9897ba3a41d
chr14:105745020-105860337: n_homology=4, n_untemplated=1
CCCCTGAGCTCCAG-TGCCTGAC/CCCT/GCTC--CTCC---TGC--C-CC
|||||||||||||| |||||| /|||./|||| | || |.| | |.
CCCCTGAGCTCCAG-TGCCTG--/CCCG/GCTCAAC-CC-GATTCAACTCA
.||| |||| ||| | |.| /|.|./||||||| || | |||||||||
GCCC--AGCT-CAGCT--CAG--/CTCA/GCTCAAC-CCAG-TTCAACTCA

#7 3ef254d4-da34-42ea-a7bf-19ed247d2503
chr14:105744915-105860335: n_homology=1, n_untemplated=0
CTCA-CCTGCGGCT--GCTCTGCC-/CTGGTC--CCCTGAGCTCCA-G
|||| ||||||||| |||||| | /|.|.|| ||| ||.||.| .
CTCA-CCTGCGGCT--GCTCTG-C-/CAGCTCAACCC--AGTTCAACT
| | || |.||| ||||.| | /||||||||||| |||||||||

-T-AGCC--CAGCTCAGCTCAG-CT/CAGCTCAACCC--AGTTCAACT

#5 249e4e2e-aac6-4935-80c2-965f180db3f1
chr14:105860381-105744895: n_homology=0, n_untemplated=0
--AGA-CTAAAC-AAGGCTGAACT/---GGGCTGAGCTGAGCTGAACT

||| |||||| |||||||||||/ |||| ||.||.|..|.| .
--AGA-CTAAAC-AAGGCTGAACT/CAGGGGC--AGGTGGGGGGCA-G

||| | |..| .||| ||| ./||||||| |||||||||||| |
GCAGAGC-AGCCGCAGG-TGA--G/CAGGGGC--AGGTGGGGGGCA-G

#6 0b0effb2-b94c-4a32-af0a-0039e81c0a68
chr14:105744983-105860085: n_homology=1, n_untemplated=0
-ACCTGCCCCTGCTCACCTGC/-G-/GCTGCTCTGC-C---CTGGTCCC
||||| ||||||||||||||/ | /.|.||.|.|| | ||.| ||

CACCTG-CCCTGCTCACCTGC/AG-/TCAGCCCAGCTCAG-CTAG--CC
|.|| |.|.||.||.|| |/|| /|||||||||||||| |||| |

--CTTG-CTCAGCCCAGCT-C/AGC/TCAGCCCAGCTCAGCCTAG---C

#16 bf223e01-ca19-4e2b-9210-10859ead7679
chr3:141391308-chr14:105860271
GTAATGCCCCA-CGTCAG---ATC-/T--T-CA-CC-TGACTAGATCCT
||||||||||| |||||| ||| /| | || || .|.|.|| ||
GTAATGCCCCA-CGTCAG---ATC-/TAGTGCAGCCAAGCCCAG---CT

.| | |||| | |||| |.| /|||||||||||||||||| ||
--CA-G-CCCAGC-TCAGCCCAGCT/TAGTGCAGCCAAGCCCAG---CT
chr14:105860269-chr3:141391553
--C-TCAGCC--CAGCTCAGCCCAG/CTT-AGTGCAGCCAAGCCCAG--

| .||||| |||.|||||||||/.|| || | |.|..|.|..|
--C-CCAGCC--CAGGTCAGCCCAG/TTTCAG-G--GTCGTGACGGGGT

| |.| || |.| .|| |||/|||||| | |||||||||||||
TACTCTA-CCTTCTG--AAG--CAG/TTTCAG-G--GTCGTGACGGGGT
chr14:105744764-105860076: n_homology=0, n_untemplated=48
GCGGCTGCTCTGCCCTGGTC/CC------------------CT------------G---AGCT------CCAG---TGC-----------------/--------CT-------GC-
||.|||||||||||||||||/|| || | |||| |||| ||| / || ||
GCAGCTGCTCTGCCCTGGTC/CCCAGGTCAGCCCAGCTTAACTCAGCCCAGCCCAGCCCAGCTCAGCCCCCAGCTCTGCTCCAGCCCAGCCCAGCT/CAGCTCAGCTCAGCCCAGCT
||| ||| / ||| ||| |||||||| /||||||||||||||||||||

-CAG---------CCT----/--------AGC----CTT---------------------GCTCAGCC----------------------------/CAGCTCAGCTCAGCCCAGCT

#14 2412a262-ef37-406e-9675-4f2359011e75
chr14:105710222-105859340: n_homology=8, n_untemplated=0
AGCCCAGCTCAGCCTAGCCCA/GCC-/CAGCTCAG--CA---CAGGT
.|.||||||||||||.|||| /|.| /|||||||| || |||||
CGGCCAGCTCAGCCTGGCCC-/GGC-/CAGCTCAGCCCAGCCCAGGT
|.||| || |||...||| /.|| /||||||||||||||||||||
CAGCC--CT--GCCCAACCC-/AGCT/CAGCTCAGCCCAGCCCAGGT

#10 9f0a18d9-4c07-4bab-98ab-83daabb257f3
chr14:105860353-105859673: n_homology=8, n_untemplated=0
----CTGAGCTGAACTGGGCTGAG/TTGA-ACTGGGTTGAGCTGAG

||||||||||||||||||||/.| | .|||||.||.|||.||
----CTGAGCTGAACTGGGCTGAG/CT-AGCCTGGGCTGGGCTCAG

|||.|||| ||||||||/|| |.||||||||||||||||
TAACCTGGGCTG----GGGCTGAG/CT-AACCTGGGCTGGGCTCAG
chr14:105859510-105710584: n_homology=7, n_untemplated=1
-----GCTGAGCTAACCAGGGCTGG/-/GCTGAG-CTGGGCTGAG-CTGA

||||||||||||||||||||/ /||| || |||||||| | ||||
-----GCTGAGCTAACCAGGGCTGG/A/GCT-AGACTGGGCTG-GACTGA

||||.|||.|||.|||||||/ /||| | | |||| ||||||
CCTGGGCTGGGCTGACCTGGGCTGG/-/GCT-A-A----GCTG-GACTGA

#13 8fb3fa1d-d0e4-4344-a517-62e72c2e2d1d
chr14:105860296-105859194: n_homology=4, n_untemplated=0
AAGTTGCACC--AGGTGA-GCTG/AGCTGAGCTGGGCTTG-GCTG
|||||||||| |||||| ||||/.||||.||||||| || ||.|
AAGTTGCACC--AGGTGA-GCTG/GGCTGGGCTGGGC-TGAGCCG
||.|| |.| ||.| | ||||/||||||||||||| |||||||

-AGCTG-AGCTGAGCT-ACGCTG/GGCTGGGCTGGGC-TGAGCCG
chr14:105859001-105710805: n_homology=4, n_untemplated=0
AGGCG-A-GCAGGGCCGAGCTG/AGCAGAGCTAAGCCGAGGCT-
.||| | ||||||||||||||/.||.|.|.|..||.|| .||
GGGC--AGGCAGGGCCGAGCTG/GGCTGGGTTGGGCTGA-ACTG
||| |.||.||.|.|.||||/|||||||||||||||| ||||

-GGC-TAAGCTGGACTGGGCTG/GGCTGGGTTGGGCTGA-ACTG

#4 c289c430-cd71-4c3b-a9a4-6d3475e20ea1
chr14:105709859-105859892: n_homology=1, n_untemplated=2
AA-CCAAACCCAGCTCAGCTCA-/G---CCT-/AG----CTCAGCCCAG-CTC
|. |||..||||||||||||| /| ||| /|| |||||||||| ||.
AG-CCAGGCCCAGCTCAGCTC--/GCTCCCTC/AGCCCACTCAGCCCAGCCTA
|| ||| |||.|||||||||| /|| ||| / | |||||||||||||
AGCCCA-GCCTAGCTCAGCTC-A/GC-CCC--/-G----CTCAGCCCAGCCT-

#3 d71f9086-d773-443a-a8ea-2cbd7025c0e6
chr14:105860140-105709982: n_homology=0, n_untemplated=37
GCTAGGCTGGGCTGGGCTG-/---------------------------------------------AGCTGGGCTGA-------/GCTGG-GCTGA---------
|||.||||||||||||||| / ||||||||||| /||||| |||||
GCTGGGCTGGGCTGGGCTGA/GGGTGGGCTGAGCCAAGGTAGGCTGAGCTGTGCCAAGTTGAGCTTAGCTGGGCTGAGCTAACT/GCTGGAGCTGAGCTGGACTG
||| | |/ ||||| | |||||||| | |||||||| / ||||||||||| |
GCT--------------T-A/-GGTGG-------------A--CTGAGCTG-----------G----GCTGGGCT---------/----GAGCTGAGCTG----G

#15 cd6830bd-42f0-40f5-b30e-a7285f6963d4
chr14:105860426-105709905: n_homology=0, n_untemplated=1
T-TTCAGAAATGGACTCAGATGGGC/A-/-AAACTGACCTAAGCT----
| ||||||||||||||||||| /| / .|.|||..||.||||
T-TTCAGAAATGGACTCAGAT----/AT/TGAGCTGGGCTGAGCTGGGG
| ..|.||..|||..|..| / ./||||||.|||||||||||||
TGGGCTGAGCTGGGGTGGG------/-C/TGAGCTAGGCTGAGCTGGGG

#1 9668282d-f572-4928-a1ab-c993de77421a
chr14:105860419-105709649: n_homology=1, n_untemplated=0
AATGGACTCAGA-TGGGC---AAA/A--C--TGACCTAAGCTGACCTAG
|||||||||||. ||||| |||/| | ||.||| ||.| ||.|
AATGGACTCAGG-TGGGC---AAA/AAGCTGTGGCCT--GCGG--CTGG

||.|| .|| ||.|| |../|||| |||||| | || ||||
---GGGCT-GGGCTGAGCTGTACT/AAGC--TGGCCT--G-GG--CTGG

#8 d3b25d5c-c31c-4398-aba9-47a59c946715
chr14:105709710-105860410: n_homology=0, n_untemplated=0
--GCTCAGTAC-AGCTCAGCTC-/-AGCTCAGCCCAGCCCAGCCCA

||||||||| |||||||||| / ||.||||....||||| .|.
--GCTCAGTAC-AGCTCAGCTCA/TAGGTCAGTTTTGCCCA--TCT

|.|.||| | ||.|||||| /||||||||||||||||| |||
TTGTTTAGT-CTAGGTCAGCT--/TAGGTCAGTTTTGCCCA--TCT

#9 bc6b810a-c8af-493d-90b0-4a3f51273ca5
chr14:105859617-105710266: n_homology=7, n_untemplated=0
----TGGGCT-GGGCTGGGC/TGA/GCC-GAGCTGAACTGGGC-TGAG

|||||| ||||||.||/| |/.|| |.||||.|||..| || |
AACCTGGGCTGGGGCTGAGC/T-A/ACCTGGGCTGGACTCAG--TG-G
...|||.|| ||.|||.||/| ./|||||.||||.|||.|| | |

-GGTTGGACT-GGTCTGGGC/T-G/ACCTGAGCTGTACTGAG-CT--G

#12 511adac7-8b0a-4f0f-9625-83d4321d963b
chr14:105859294-105860418: n_homology=0, n_untemplated=0
CT----GGCTC--GGCCCAGCTCACC/CTAGTT---CAGCTTAGCT-CAGC

||||| .||||||||||||/.| || ||.||.|| | || .
------GGCTCAAAGCCCAGCTCACC/TT--TTGCCCATCTGAG-TCCA-T

|| || |||..||.||| ./|| ||||||||||||| |||| |
--TCTAGG-TC--AGCTTAGGTCA-G/TT--TTGCCCATCTGAG-TCCA-T
chr14:105589508-105858630: n_homology=1, n_untemplated=4
CAGCCCAGCCCAGTCCAACC/----CAG-C---C-/-CAGCCCAGTCCAACC----
||||||||||||||||||||/ .|| | | / ||.||..|.|||.||
CAGCCCAGCCCAGTCCAACC/GGTTTAG-CTGGCA/TCAACCTGGCCCAGCCTGGT

.|||| | |/||.|||| |..|| /||||||||||||||||||||
----TCAGC----T-----C/GGCTTAGCCCAGC-/TCAACCTGGCCCAGCCTGGT

#11 8d8f06c0-26e4-4bfc-955c-621bd78e3a94
chr14:105860094-105589844: n_homology=7, n_untemplated=1
----CTGAGCAAGGCTAGGCTGAG/C/TGGGCTGAGCTGAG-CTGGG-

||||||||||||||||||||/./||.||||||||| | |||||
----CTGAGCAAGGCTAGGCTGAG/T/TGAGCTGAGCTG-GACTGGGC

|||||| .| | ||||||/./|||||||||||| ||||||||
TAGGCTGAGC--TG--A-GCTGAG/C/TGAGCTGAGCTG-GACTGGGC

#17 0338943c-103e-4273-bd39-a703f968ef8d
chr16:22336035-chr14:105589576
CATGCC-TGGCATTGAGGCTTA---/CTGAGGTATG-TGCCTG----GA--A
||||| ..|||||||||||| /||| || .|| .| ||| || .

-ATGCCACAGCATTGAGGCTT----/CTG-GG-CTGAAG-CTGA---GAGCT
.|| .|| || || || /||| || ||| .| |||| |||||

-CTG----GGC--TG-GG-TT-GGA/CTG-GG-CTG-GG-CTGAGCTGAGCT
chr14:105860866-105589849: n_homology=0, n_untemplated=55
-AGAGGGAATTTAAAGGCAGG/-------------------------------GGT---------------T----------T---------ACTG---C-AG-ACTCA/-----------GA-----A-
||| ||||||||||||||||/ ||| | | ||.| | || |||||/ || |

TAGA-GGAATTTAAAGGCAGG/CCCTCAGGGGACCAGGGCAGAGCAGCCACCAGGTGGAAGGCAGGGCCGGTGGAGGCAGGATGAGCAGGGGACAGGCACTAGAACTCA/TGAGCTGAGCTGAGCTGGAC
| / |||| | |||| | || || ||||| /||||||||||||||||||||
T--------------------/--------------GGGC---------------T---AGGC--------T-GA-GC----TGAGC----------------------/TGAGCTGAGCTGAGCTGGAC
chr14:105589587-chr16:22336493
GCTGAGCTG--GGC-TGGGCTGG/-G/TTGGACTGGGCTGG--GC-TGA
.|||||||| ||| ||||||||/ |/| ||.||..||.| .| ||.
ACTGAGCTG--GGC-TGGGCTGG/AG/T--GATTGTTCTTGATCCTTGT
.|| | || .|| | |.|| ./../| |||||||||||||||||||

-TTG-G-TGATAGCAT-GTCT-C/CC/T--GATTGTTCTTGATCCTTGT

top recurring clusters in replicate 1 of 50000 B cells of donor A
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#17 8603036d-a20a-45ca-be07-82fce8ad0f82
chr3:141391556-chr14:105860270
CC--GTCACGACCCTGAAACT-/-/GCTTCAGAAGGTAGAG-T--ACAT-
|| |.||||||||||||||| / /||| | ||.|.||| | .| |
CC--GCCACGACCCTGAAACTG/G/GCT---G-AGCTGGAGCTGGGC-TG
.| |.|..| .||| .|||././||| | .||| ||||||||| ||
GCTGGGCTTG--GCTG-CACTA/A/GCT---G-GGCT-GAGCTGGGC-TG
chr14:105860272-chr3:141391307
G---A-G--CTGGGCTTGGCTGCACTA/AGCTGGGCTGAGC-T-GGGC--T-

| | ||||||||||||||||| /||.| |||| | | |||| |
----AGG--CTGGGCTTGGCTGCACT-/AGAT---CTGA-CGTGGGGCATTA

||| ||.|.| .|| || | /|||| |||| ||||||||||||
-AGAAGGATCTAGTC-AGG-TG-A---/AGAT---CTGA-CGTGGGGCATTA
chr14:105860081-105744764: n_homology=0, n_untemplated=41
GGCTGAGCTG----------/-GGCTGAGCT--------------GAGCT---GGGCTGAGC------------------------AA----GGCT--------/--------------A------
|||||||||| / ||||||||| ||||| ||||||||| || |||| / |
GGCTGAGCTGGGCTGGGCTG/AGGCTGAGCTGGGCTGGGTGTGGGGAGCTGGGGGGCTGAGCGCTGGGCTAGGGCTGGGCTGAGTTAAGCTGGGCTGACCTGGG/GACCAGGGCAGAGCAGCC-CT

|| /|||| | |||| |||| | | |||/|||||||||||||||||| |
----------------GC--/AGGC---------------------------------------------A---CTGG---------AGCT---C--A---GGG/GACCAGGGCAGAGCAGCCGC-

#7 417d8a2d-52cf-4ca1-bb31-253b638ad64d
chr14:105744883-105860319: n_homology=2, n_untemplated=0
C-C-CCTGCT-C--CTCCT-GCCCCCC/A/CCTGCCCCTGCTCA---C--CTG
| | |||||| | ||||| | |||||/|/||.| |.|.|.||| | ||.
C-C-CCTGCT-C--CTCCT-G-CCCCC/A/CCAG-CTCAGGTCAGCTC--CTT
| | ||||.| | || | | | / /|||| |||||.||||||| |
CTCACCTGGTGCAACT--TAG-C----/-/CCAG-CTCAGCTCAGCTCAGC--

#5 c4330b03-15fb-4dbb-94ae-3ab5a2081e36
chr14:105744913-105860374: n_homology=0, n_untemplated=0
--TGCTCACCTGCGGCTGCTC--T/---GCCCTGGTCCCCTGA-GCTCC

|||||||||| |||||||| |/ ||||.|.| |.|| ..|..
-CTGCTCACCTG-GGCTGCTC--T/TCAGCCCAGTT--CTTG--TTTGA
|.|| ||.| ..|.|||| ./||||||||||| | .| .|||.

TCAGC---CCAG-TTCAGCTCAGC/TCAGCCCAGTT--C-AG-CCTTGT

#2 accf086c-3f1e-43a2-88aa-7222f4be375a
chr14:105860353-105745008: n_homology=3, n_untemplated=0
-CT-GAGCTGA---ACTGGGCTGAG/TTGAACTGGGTTG----AGCTG---AG
|. | |||.| |||||||||||/.| |.||| | ||..| ||

-CA-G-GCTAAG--ACTGGGCTGAG/CT---CAGGG--GACCAAGGGGC--AG
|| | |.|.|| |||| |||/|| ||||| ||||| |||| ||

GCAGG-GGTCAGGCACTG----GAG/CT---CAGGG--GACCA--GGGCAGAG

#6 0ce6c946-df15-4e3d-a1da-eb322d8e0f67
chr14:105744993-105860040: n_homology=1, n_untemplated=0
-----GCT-CACCTGCGGCTGCTCTGC/C-CTGGTCC-CCTGAGCTC-CA

.|| | .|||||||||||||| /| |.|.||| .||.||| | ..
-----CCTGC-TCTGCGGCTGCTCTG-/C-CAGCTCCAGCTCAGC-CTTG

||.|| ||.|| ||.||.|.| /| ||||| |||||||||
CCAGCCCAGC-TCAGC-GCAGCCCAG-/CTCAGCT-CAGCTCAGC-----

#9 5757b034-ee5d-435d-b6cc-b351883762c0
chr14:105859618-105710253: n_homology=2, n_untemplated=8
CTGGGCTGGGCT-GGGCTGAG/---CC-GAGCTGAAC----/TGGG-----CTGA-----G-
|...||||||| ||||||||/ || |.||||.|| /|||| |||| |

-TAACCTGGGCTGGGGCTGAG/TAACCTGGGCTGGACTCAG/TGGGCTGGTCTGACCTGTGC
| |||||| / |||||.||||.|| /||.|||||||||||||||||

-T-----------GGGCTG--/--ACCTGAGCTGTAC----/TGAGCTGGTCTGACCTGTGC

#10 1c2a27f5-ff60-4164-a1b7-019386ced98f
chr14:105859694-105860353: n_homology=10, n_untemplated=0
T-CAGCCCCAGCCCAGGTT-AG/CTCAGCCCAGCTCAGCTCTG
. |||.||||||||||||| ||/||||||||||.|||||||.|
C-CAGGCCCAGCCCAGGTT-AG/CTCAGCCCAGTTCAGCTCAG
| || ||.||.|||| ||| |./||||||||||||||||||||
CTCA-GCTCAACCCA-GTTCAA/CTCAGCCCAGTTCAGCTCAG
chr14:105710568-105859495: n_homology=1, n_untemplated=0
CCCAG-CCTAGCC-CAGATCAG-/TCCAGCTTAGCCCAGCCCAG-
.|||| ||| |.| |||||||| /| ||||..|||.||||||||
ACCAGCCCT-GGC-CAGATCAG-/T-CAGCCCAGCTCAGCCCAGC
||||..| .|| |||.|||| /| |||||||||||||||||||

-CCAGTTC--AGCTCAGCTCAGC/T-CAGCCCAGCTCAGCCCAGC

#13 45344013-7f34-46f5-a523-8b843c025c33
chr14:105860296-105859194: n_homology=4, n_untemplated=0
AAG-TTGCACC--AGGTGA-GCTG/AGCTGAGCTGG-GCTTG-GCTG
| ||||||| |||||| ||||/.||||.||||| || || || .
A---TTGCACCCAAGGTGA-GCTG/GGCTGGGCTGGAGC-TGAGC-C
| .|| |.|..||.| | ||||/||||||||||| || ||||| |
A--GCTG-AGCTGAGCT-ACGCTG/GGCTGGGCTGG-GC-TGAGC-C
chr14:105859000-105710799: n_homology=0, n_untemplated=3
G--GCGAGCAGGGCCGAGCTGA/--GCA/---GAGCT-AAGCCGAGGC-T--G
| |||||||||||||||||||/ .||/ |.||| || |.| || | |
G--GCGAGCAGGGCCGAGCTGA/ACCCA/GTTGGGCTGAA-CTG-GG--TGGG
| | || |.||||.|.|||| / ./||||||||||| ||| || | ||
GCTG-GA-CTGGGCTGGGCTG-/----G/GTTGGGCTGAA-CTG-GG-CT-GG

#14 c21cbfe0-2c9b-4e5b-b31b-81224e589178
chr14:105710234-105859346: n_homology=3, n_untemplated=0
CCTAG-CCCAGCCCAGCTCAGCA--/C/AG-GTCAG-ACCAGCTC-AG
||.| ||||||||||||||| /|/|| ..||| .||||.|| .|

-CTGGCCCCAGCCCAGCTCAG----/C/AGCCCCAGCCCCAGGTCTGG
|| ||||.|||||||||| /|/|| ||||| ||||||| |.|

--TG--CCCAACCCAGCTCAG--CT/C/AG-CCCAG-CCCAGGT-TAG

#4 d3809d74-b806-4cd7-8825-82e9eafab9a9
chr14:105709896-105859880: n_homology=7, n_untemplated=1
CTCAGCCCACCCCAGCTCAG/C/CTAGCT-CAGCCCA-CCCCAG
||||||||||||||||||||/./|||.|| ||||.|| |||| |
CTCAGCCCACCCCAGCTCAG/G/CTAACTCCAGCTCAGCCCC-G
||||||||.||||||.|||/./|||.|| |||||||||||| |

-TCAGCCCAGCCCAGCCCAG/C/CTAGCT-CAGCTCAGCCCC-G

#8 61ae86df-2939-4ea8-934e-f06340bbe79e
chr14:105860411-105709720: n_homology=0, n_untemplated=3
CAGATGGGCAAAACTGACC-/----TAAGCT----/--GACCTAGA-CTAAAC--A--
||||||||||||||||||| / |.|||| / || || || ||.|.| |
CAGATGGGCAAAACTGACCT/GGG-TGAGCTTAAG/TGGA-CT-GAGCTGAGCTGAGG

|||| |||..||/||| ||.||| |/ || || |||||||||||||.
----TGGG-----CTGGGCT/GGGCTGGGCT---G/-GG--CT-GAGCTGAGCTGAGC

#1 0fcc1bff-7f2a-49df-8b29-b58825f31fa8
chr14:105860422-105709644: n_homology=2, n_untemplated=1
AGAAATGGACTCAGATG-----GGCAAAAC/T/GACCTAAGCTG----AC---C
..||||||||||||||| || |/./|.||||.|||| || .
CCAAATGGACTCAGATG-----GG-----C/G/GGCCTAGGCTGGGCTACAG-G

||.||.||.|| .| |/./|||||.||||||||| .|| .
------GGGCTGAGCTGTACTAAG-----C/T/GGCCTGGGCTGGGCT-GAGCT

#3 c783aa6c-09a4-4d4d-bbe5-0065d09ca201
chr14:105860099-105709992: n_homology=2, n_untemplated=0
--CTGGGCTGAGC-AAGGCTAGG/-CTGAGCTGGGC--TGAGCTGAG

||||||||||| |||||||||/ ||||||||||| ||.|||
--CTGGGCTGAGC-AAGGCTAGG/ACTGAGCTGGGCTATGGGCT---

||||| ||||| .||| | ||/|||||||||||| ||||||
AGCTGGG-TGAGCTTAGG-T-GG/ACTGAGCTGGGC--TGGGCT---

#15 ec732dc5-e52a-4d4d-b010-48c9af945da9
chr14:105860425-105709903: n_homology=2, n_untemplated=0
TTCAGAAATGGACTCAGATG/GGC-AAAACTGACCTAAGCTG
|.||||||||||||||||||/.|| |..|||||.||..|.|
TCCAGAAATGGACTCAGATG/AGCTAGGACTGAGCTGGGGT-
..|.||..|||..|..|.||/||||||| ||||||||||||
GGCTGAGCTGGGGTGGGCTG/AGCTAGG-CTGAGCTGGGGT-

#12 36f54cd6-0d2a-4c9a-a7d7-bdb3eb596113
chr14:105859293-105860426: n_homology=1, n_untemplated=1
CCTGGCTC--GGCCCAG-CTCAC/---C-CTAGTTC/AGCTTAG--C---TC----AG

|||||| ||||||| |||||/ | || || /|.||.|| | || ||
--TGGCTCT-GGCCCAGCCTCAC/TTGCACT--TT-/ATCTGAGTCCA-TTCTGAAAG

.||| | || .||| | ./||||.| /||||||||||| ||||||||
---AGCT-TAGG-TCAG--T--T/TTGCCC------/ATCTGAGTCCATTTCTGAAA-
chr14:105589509-105858620: n_homology=2, n_untemplated=1
AGCCCAGCCCAG-TCCAACCC/AGC/CCAGC-CCAGTC-CAA-CC---C
.||||||||||| ||||||||/.|./..|| |||| | .|| || |
GGCCCAGCCCAG-TCCAACCC/GGT/TTAG--CCAG-CTGAAGCCTGGC

.||||.||| | ||.|.|/||./|||| |||| ||.|| ||||||
---TCAGCTCAGCT-CAGCTC/GGC/TTAG-CCCAG-CTCAA-CCTGGC

#11 64201c3e-ecc2-435d-84f8-9cfb19cac81c
chr14:105589831-105860041: n_homology=19, n_untemplated=3
TCAGCCCAGCCCGGCCCAGT/----C/CAGCTCAGCTCAGCTCAG-C
||||||||||||||||||||/ |/||||||||||||||.||| |
TCAGCCCAGCCCGGCCCAGT/CCGGC/CAGCTCAGCTCAGCACAGCC
|||||||||.|.||.||| / | |/||||||||||||||.|||||

-CAGCCCAGCTCAGCGCAG-/-C--C/CAGCTCAGCTCAGCTCAGCC

#16 d191ea75-98e7-48b8-a0d4-8c1201237466
chr16:22336035-chr14:105589576
CAT-GCCTGGCATTGAGGCT-T/A/CTGAGG-T-ATG-TGC-CTGGAA
||| |||||||||||||||| |/./||| || | |.| ||. || ||.
CAT-GCCTGGCATTGAGGCT-T/C/CTG-GGCTGAGGCTGA-CT-GAG
| | |.|||| .||| |.|| ././||| |||||| ||||| || |||
C-TGGGCTGG-GTTG-GACTGG/G/CTG-GGCTGA-GCTGAGCT-GAG
chr14:105860866-105589849: n_homology=1, n_untemplated=53
-AGAGGGAATTTAAAGGCAGG/------------------------------GGT------------T-----------T---------ACT--GCA----G-ACTCA/-----------GA-----A-
.| |||||||||||||||||/ ||| | | ||| ||| | |||||/ || |

CTG-GGGAATTTAAAGGCAGG/CCACTCAGGGGACCAGGGCAGAGCAGCGCAGGTAGGCAGGGCCAGTGGGAGGCAGGATGAGCAGGGGACTGGGCACTGGGAACTCA/TGGGCTGAGCTGAGCTGGAC
|| | / || ||||| | || || |||| ||| |/ |||||||||||||||||

-TG-G----------------/---------------------------GC---TAGGC--------T--GA-GC----TGAG--------------CTG-------A/---GCTGAGCTGAGCTGGAC
chr14:105589585-chr16:22336492
TGAGCTG--GGC-TGGGCTGGGTTG/GACTGGGCTGG--GC-TGAG
||||||| ||| |||||||||| /||.||..||.| .| ||.|
TGAGCTG--GGC-TGGGCTGGGT--/GATTGTTCTTGATCCTTGTG
|| | || .|| | |.||...| /||||||||||||||||||||
TG-G-TGATAGCAT-GTCTCCCT--/GATTGTTCTTGATCCTTGTG

top recurring clusters in replicate 2 of 50000 B cells of donor A

21



SA2SESG4SG2SA1SG1SG3SM

#16 8b133693-3e97-4264-8fac-661287f9bbcf
chr3:141391307-chr14:105860286
TAATGCCCCACGTCAGATCT/--T-CA-CC---T-G/-A-CT-AGATC--CT--TCT
||||||||||||||||||||/ | || .| . |/ | || ||.|| || .||
TAATGCCCCACGTCAGATCT/AGTGCATGC---G-G/CAGCTCAGCTCAGCTCACCT

|||.| |/|||||| || | ./||||||||||||||||||||
-------------CAGCT-T/AGTGCA-GCCAAGCC/CAGCTCAGCTCAGCTCACCT
chr14:105860269-chr3:141391553
--CTC-AGCCCAGCT-CAGCCCAGC/T/TAGTGCA--GCCAAGCCCAG--

||| ||||||||| |||||||| /|/| |.|| |.|..|.|..|
--CTC-AGCCCAGCT-CAGCCCAG-/T/T--TTCAGGGTCGTGACGGGGT

||| | ||..|| .|| ||| / /| |||||||||||||||||||
TACTCTA--CCTTCTGAAG--CAG-/-/T--TTCAGGGTCGTGACGGGGT
chr14:105744764-105860076: n_homology=0, n_untemplated=47
GC-GGCTGCTCTGCCCTGGTC/CC------------------CT------------G---AGCT------CCAG---TGC----------------/--------CT-------GC-
| ||||||||||||||||||/|| || | |||| |||| ||| / || ||

-CAGGCTGCTCTGCCCTGGTC/CCCAGGTCAGCCCAGCTTAACTCAGCCCAGCCCAGCCCAGCTCAGCCCCCAGCTCTGCTCAGCCCAGCCCAGCT/CAGCTCAGCTCAGCCCAGCT
||| ||| / ||| || ||||||||| /||||||||||||||||||||

-CAG----------CCT----/-------------------------------------------AGC------CT-TGCTCAGCC----------/CAGCTCAGCTCAGCCCAGCT

#5 36847a2b-f10f-42ab-8c26-3c5e9cbeef43
chr14:105860364-105744903: n_homology=0, n_untemplated=0
---ACTGGGCTGAGCTGAGCTGA/-A-CTG--GGCTGAGTTGAACTG--G

.|||||||||.|||.|||||/ | .|| ||| || |..|.| |
---TCTGGGCTGAACTGGGCTGA/CAGGTGGAGGC--AG--GGGCAG--G

.|.||||.||.| .||.| /||||| || || || |||||| |
GGACCAGGGCAGAGC--AGCCG-/CAGGT-GA-GC--AG--GGGCAGGTG

#7 5fb475ea-e43a-4558-bec2-19404e4a325e
chr14:105860316-105744890: n_homology=0, n_untemplated=0
G--AGCTG-AGCT-GA-GCTGGGCT/--AAGT-TGCACCAGGTGAGC

||||| |||. || ||||||||/ |.|| .|...||||.|.||
---AGCTG-AGCG-GAGGCTGGGCT/GCAGGT-GGGGGCAGGAGGGC

|||.| || | || ||.||| /|||||| |||||||||| ||.
-GCAGCCGCAG-GTGA-GCAGGG--/GCAGGTGGGGGGCAGGA-GGA

#6 9201a5e8-2eaa-4ba6-a2c7-cc228a928a3c
chr14:105860045-105744971: n_homology=1, n_untemplated=6
GCTAGGCTGAGCTGAGCTGA/-----GCTGGGC--TGC-G--CT/G---AGCTG----------G
|||.||||||||..||||||/ |.||||| ||| | ||/| ||.|| |
GCTGGGCTGAGCCAAGCTGA/ACCAGGTTGGGCAGTGCTGTTCT/GGGCAGGTGGGGGGCAGGAG

|||| |||.| / |||| ||.|||| /||||||||||||||||||||
--------GAGC--AGCCG-/--CAGG-TGAGCAG---------/GGGCAGGTGGGGGGCAGGAG

#2 f4996e4f-1127-4450-8fbc-d986fc212fb3
chr14:105745016-105860344: n_homology=2, n_untemplated=0
--TGGTCCCCTGAGCTCCAGTG/CCTGACCCCTGCTC--CTCCTG-

|||||||||||||| |||||/|| |...|.|||| | ||.|
-CTGGTCCCCTGAGCT-CAGTG/CC--AGTTCAGCTCAGC-CCAGT
|.|.||..||.|||| || ../|| ||||||.|||||| |||||

TCAGCTCAGCTCAGCT-CA-AC/CC--AGTTCAACTCAGC-CCAGT

#12 cef184a1-bd87-4853-951b-de8e0b18f5a7
chr14:105859295-105860418: n_homology=1, n_untemplated=0
T---GGCTCGGCCCAGCTCACCC/TAGTTCAGCTTAGCTCAG-CC--
| |||||.|||||||||||||/| || .||..|.||.|| ||
T---GGCTCAGCCCAGCTCACCC/T--TT-TGCCCATCTGAGTCCAT
| || |||||..||.||| ./| || |||||||||||||||||
TCTAGG-TCAGCTTAGGTCA--G/T--TT-TGCCCATCTGAGTCCAT
chr14:105589505-105858635: n_homology=3, n_untemplated=9
GCTCAGCCCAGCCCAGTCCA/AC-------CCAGC-C--/C-AGCCCAGTC-----CA---
||||||||||||||||||||/.| ||||| | /| .||||||.| ||
GCTCAGCCCAGCCCAGTCCA/GCAGTTTGGCCAGCTCTT/CTGGCCCAGCCTGGT-CAGGT

||.||..||| |||/|| | ||.| /||||||||||||||| ||||
--TCGGCTTAGC-----CCA/GC----T---CAAC----/CTGGCCCAGCCTGGTCCAGG-

#17 b12c6e7e-cef8-4611-ac13-24e4da87a521
chr16:22336492-chr14:105589585
CA--CAAGGATCAAGAACAATC--/AGGGAG-ACATGCTATCA-C-CA
| ||.||||||||||||||| /|...|| .|| || .|| | ||

-AC-CACGGATCAAGAACAATC--/ACCCAGCCCA-GC--CCAGCTCA
.| || | .|.||..||.|| /|||||||||| || ||||||||

-GCTCA--G-CCCAGCCCAGTCCA/ACCCAGCCCA-GC--CCAGCTCA
chr14:105589849-105860866: n_homology=0, n_untemplated=57
-GTCCAGCTCAGCTCAGCTCA/-----------------------GCT------------CA--------GCTCA--------------------G--CCT-AG-----/-C--CC-----A--------
|| |||||||||||||||||/ ||| || ||||| | ||| || / | || |

AGT-CAGCTCAGCTCAGCTCA/TGAGTTCTAGTGCTGTGTCCCCTGCTCCTCCTGCCCACCACGGCCCCTGCTCACCTGCGGCTGCTCTGCCCTGGTCCCTGAGGGCTT/CCTGCCTTTAAATTCCCTCT
| || /|||| || |||.|| | | ||| /||||||||||||||||||||

-------------T----TC-/TGAG-TC---TGCAGT--------------------A--A------------ACC--------------------------------/CCTGCCTTTAAATTCCCTCT
chr14:105589576-chr16:22336035
CT-CA-GCTCAGCTCAGCC-CAGCC-/CAGTC-CAA-CCCAGCCCA-G
|| || ||||||||||||| ||| /.||.| ||| .|||| .|| |
CT-CA-GCTCAGCTCAGCC-CAG---/AAGCCTCAATGCCAG-GCATG
.| || ||.|| | | || ||| /||||||||||||||| |||||
TTCCAGGCACA--T-A-CCTCAG--T/AAGCCTCAATGCCAG-GCATG

#11 0f6aed5a-0a14-4c28-92da-bc921997113f
chr14:105860062-105589858: n_homology=1, n_untemplated=0
GAGCTGGGCTGAGCAAGGCTA/G-GCTGAGCTGA-GCTGAGCT
|||||||||||||||||||| /| ||||||.||| |||||||
GAGCTGGGCTGAGCAAGGCT-/GAGCTGAGTTGAGGCTGAGC-
.|.||||.|||.||.||||| /||||||||.||| |||||||
AAACTGGACTGGGCTAGGCT-/GAGCTGAGCTGA-GCTGAGC-

#9 76bca090-ee6a-41af-ad94-ec120b314822
chr14:105859639-105710269: n_homology=0, n_untemplated=9
GCTCAGCTGAGCTGAGCTAC/-----G-----CTGGGCTGGG-----/-----CTGGGCTG-----A-
||..||||||||||.|||||/ | |||||||||| / |||||||| |
GCAGAGCTGAGCTGGGCTAC/CCAGAGCTAACCTGGGCTGGGGCTGG/CTAACCTGGGCTGGACTCAG

|||||.| / | | | ||||.|| |||||| / |||||.||||.|||.||
-----------CTGGGTT--/---G-G---A-CTGGTCT-GGGCTG-/---ACCTGAGCTGTACTGAG

#13 055d13fc-ab5e-45cb-abe2-fe39e722fa15
chr14:105860292-105859191: n_homology=7, n_untemplated=0
TGCA--CCAGGT-GAGCTGAGCTG/AGC/TGGGCTTGGCTG---C-A-C
|||| |||||| | ||||.||| /| |/||||||.||||| | | |
TGCA-CCCAGGT-G-GCTGGGCT-/A-C/TGGGCTGGGCTGAGCCGAGC
|| | |..||.| . |||||| / |/||||||||||||||||||||
TG-AGCTGAGCTAC-GCTGGG---/--C/TGGGCTGGGCTGAGCCGAGC
chr14:105859001-105710805: n_homology=4, n_untemplated=0
AGGC--GAGCAGGGCCGAGCTG/AGCAGAGCTAAGCCGAGGCT-
||| ||||||||||||||||/.||.|.|.|..||.|| .||

-GGC-AGAGCAGGGCCGAGCTG/GGCTGGGTTGGGCTGA-ACTG
||| | |||.||.|.|.||||/|||||||||||||||| ||||

-GGCTA-AGCTGGACTGGGCTG/GGCTGGGTTGGGCTGA-ACTG

#10 b4f685e9-10ef-4b87-af03-d9e5709274e5
chr14:105860353-105859673: n_homology=8, n_untemplated=0
----CTGAGCTGAACTGGGCTGAG/TTGA-ACTGGGTTGAGCTGAG

||||||||||||||||||||/.| | .|||||.||.|||.||
----CTGAGCTGAACTGGGCTGAG/CT-AGCCTGGGCTGGGCTCAG

|||.|||| ||||||||/|| |.||||||||||||||||
TAACCTGGGCTG----GGGCTGAG/CT-AACCTGGGCTGGGCTCAG
chr14:105859496-105710570: n_homology=1, n_untemplated=0
GGCTGGGCTGAGCTGGGCTGA/G-CTGAGCTGAGCTGA-ACTG
|||||||||||||||||||| /| ||||.||||||| | ||||
GGCTGGGCTGAGCTGGGCTG-/GACTGATCTGAGCT-AGACTG
..||||||||.|||..|||| /||||||||||.||| ||.|||
ACCTGGGCTGGGCTAAGCTG-/GACTGATCTGGGCT-AGGCTG

#3 580b2f62-74c8-40eb-8bed-03ad914eb903
chr14:105709987-105860110: n_homology=6, n_untemplated=0
TCAGCTCAGCCCAGCCCAGC/TCAGTCCACCTAAGCTCACC
|||||.||||||||||||||/||||.|||.||.|||.||.|
TCAGCCCAGCCCAGCCCAGC/TCAGCCCAGCTCAGCCCAGC
.||||.|||||.||||..||/||||||||||||||||||||
CCAGCTCAGCCTAGCCTTGC/TCAGCCCAGCTCAGCCCAGC

#15 f464acd2-75f0-4e91-8f74-fb12c3b100c1
chr14:105709903-105860425: n_homology=2, n_untemplated=0
CACCCCAGCTCAGCCTAGCT/CAGCCCACCCCAGCT-CAGCC
||||||||||||||||.|||/||.|..|..||| .| |.|..
CACCCCAGCTCAGCCTGGCT/CATCTGAGTCCA-TTCCTGAA
||.|..||.||||..|.||./|||||||||||| ||.|||||
CAGCTTAGGTCAGTTTTGCC/CATCTGAGTCCA-TTTCTGAA

#1 a9ad2975-a61b-4bdb-8ac6-826714eab211
chr14:105709659-105860410: n_homology=0, n_untemplated=0
-AGGCCAG-CTTA-GTACAGCTC/-AGCCCA-----GCCCAGCTCAG
||||||| |||| |||||||||/ ||..|| ||||| ||.|

-AGGCCAG-CTTA-GTACAGCTC/TAGGTCAG-TTTGCCCA--TCTG
.|...|| | || || ||||| /|||||||| |||||||| |||

TTGTTTAGTC-TAGGT-CAGCT-/TAGGTCAGTTTTGCCCA--TCT-

#8 3dffe1a9-d092-4ab6-9c2c-6c0947a78c69
chr14:105860403-105709683: n_homology=1, n_untemplated=2
CA------AAACTGACCTAAGCTGAC/---/--CTAGACTAAACAAGGCTG
| |||||| |.||||||/ / |.|||||.|.|..|||||

-ATGGGC-AAACTG----AGGCTGAC/ATA/GGCCAGACTGAGCTGGGCTG
| || ..|||| | ||||.|/.|./||||||.|||||||||||||

-A---GCTGTACTG----A-GCTGGC/CTG/GGCCAGGCTGAGCTGGGCTG

#4 a0f904a9-c046-4a45-a48d-ec498c385217
chr14:105709864-105859890: n_homology=8, n_untemplated=2
--AACCCAG-CTCAGCTCAGCCT/AGC/TCAGCCCAGCTCAGCC---C

||||||| |||||||||||||/..|/|||||||.|||||||| |
--AACCCAG-CTCAGCTCAGCCT/CCC/TCAGCCCCGCTCAGCCCAGC

|.||||| || ||||||| / |/||||||||||||||||||||
CCAGCCCAGCCT-AGCTCAG---/--C/TCAGCCCCGCTCAGCCCAGC

#14 c50173e2-eae8-4f66-aff3-5c1810d8c729
chr14:105710226-105859340: n_homology=9, n_untemplated=0
CAGC-T--CAGCCTAGCCCAGCC/CAGCTCAGCACAGGTCAGAC

|| | |||||||||||||||/|||||||||.|||..|||..
--GC-TCCCAGCCTAGCCCAGCC/CAGCTCAGCCCAGCCCAGGT

| .|||.|||.|.||||||./||||||||||||||||||||
---CAGCCCTGCCCAACCCAGCT/CAGCTCAGCCCAGCCCAGGT
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#7 f1624dda-6b91-40a2-9f01-0421feb9720f
chr14:105744712-105860695: n_homology=0, n_untemplated=0
GCT-CT----AGTGCCTGTCCCCTGC/TCGTCCT--GCCTCCCACCGG
||| || ||||||||||||||| /.|.||.| |..|...||| .
GCT-CT----AGTGCCTGTCCCCTG-/ACATCTTGAGAATGAGACC-A
||| || ||| |.| | ... /||||||||||||||||||| |
GCTGCTTTAAAGT-CAT-T---AAA-/ACATCTTGAGAATGAGACC-A

#3 5a41bdc2-7872-42a4-9f11-fca54ecf1921
chr14:105709995-105860419: n_homology=0, n_untemplated=0
CTGAGCTGGGTGAGCTTAGG--/TGG/ACTG---AGCTGGGCTGGGC----
|||||||||||||.|||||| /.||/..|| |.|| |.|.|
CTGAGCTGGGTGACCTTAGG--/AGG/TTTGCCCATCT----TAGTCCATT
|| | |||.|.|||||| /||./||||||||||| .||||||||
CT-A----GGTCAGCTTAGGTC/AGT/TTTGCCCATCT----GAGTCCATT
chr14:105589053-105710378: n_homology=1, n_untemplated=0
TTTCCTT-CAGGCAGTGGGC--A/AG/AGAG-AAGACAGAATC-ATG-
|||||| |||||||||||| |/.|/.|.| ..|.|.| ..| |.|

-TTCCTTCCAGGCAGTGGGC--A/GG/TGGGTTCGGCTG-GGCTAGGC
|...|| |.| .||||| |/|./|||||||||||| ||||||||

-TGGGTT---GAC-CTGGGCTGA/GC/TGGGTTCGGCTG-GGCTAGGC

#6 fd226b5d-ac2f-4417-a066-ca46d3b77768
chr14:105860313-105589239: n_homology=1, n_untemplated=0
--CTG-A-GCTGAGCTGGGCTAAGTT/GCAC-CAGGTGAG-CTGAGC--

|| | |||||||||||||||| /| || .||||| | ||||||
--CT--AGGCTGAGCTGGGCTAAG--/G-ACTGAGGTG-GACTGAGCTG

|| | ||||.|||||||| | /| ||||||.|| ||||||||||
GGCT-GA-GCTGGGCTGGGCT--G--/G-ACTGAGCTG-GACTGAGCTG

#9 d023b3db-b35e-4124-9be3-0ed55f47bcdb
chr14:105589162-105860446: n_homology=0, n_untemplated=1
-------T-CA-CACTCAACCCACGGCCT/-/CCTTCCCACAT-TAGCAGCCA---

| || ||||||||| ||||||/ /.|| ..|| .||..|.||
------GTCCA-CACTCAACC--CGGCCT/G/GCT----GGATGGAGTTGTCATGG

||||| ..||.|| /./||| |||||||||||||||||
ATCTGAGTCCATTTCTGAA----------/A/GCT----GGATGGAGTTGTCATGG

#15 8a650f98-290b-49a9-8bd3-3d45ec8483c8
chr14:105709913-105860772: n_homology=1, n_untemplated=4
CAG---CCTAGCTCAG----CCC/A-CCCCAGCT-C--AGC-/-C--CAG--C-TCAG--CC-
|| ||||||||.| |||/| ||||.||| | ||| / | ||| | ||.| ||

-AG--CCCTAGCTCTGGCCACCC/AGCCCCTGCTGCAGAGCA/GCAGCAGATCTTCTGCACCA
| ||||.|||||.| | /|| || /||||||.|||||||||||||

--GTCCCCTTGCTCTAG--A---/AG-------TG-------/GCAGCATATCTTCTGCACCA

#11 967983cb-7314-432d-89af-04d6162ba2f7
chr14:105860677-105710130: n_homology=1, n_untemplated=1
--GTTTTA-ATGACTT--TAAAGCA/G/C-AAAGAAAT--ATTCCA-CCCA-

|||||| ||||||| |.|||||/./| .||| | |.| .| |..|
--GTTTTA-ATGACTT--TTAAGCA/C/CTTAAG---TGGACT-GAGCTGAG

| .| .||||.| .|.|| / /|||||| |||||| ||||||||
ACG---GAGCTGACCTGGGTGAG--/-/CTTAAG---TGGACT-GAGCTGAG

#16 0036d9d9-4f44-48cb-87e9-cf4c8a4f27b5
chr14:105860553-105710007: n_homology=2, n_untemplated=0
-TCAAG--TAGAGG--GAGACAAAAGA/T-/GG-AAGC-CAGCCTGG-CT-G
||||| |||| | |||||||| |/| /|| .||| .|| .||| || |

ATCAAG--TAGA-G--GAGACAAA--A/T-/GGTGAGCTTAG-GTGGACTGG
|.|.|| | || | ||| | /| /||||||||||| ||||||||.
AGCTAGACT-GA-GCTGAG-C------/TG/GGTGAGCTTAG-GTGGACTGA

#8 6017b924-0f63-4618-8c6e-a99123682d3e
chr14:105860811-105709710: n_homology=1, n_untemplated=0
GGGAAGGTGGAGGCT---CTGAGC/ATC/TCAA-T-A-CCCTCCT---C
||||||||||||||| ||||| /| /|.|| | | |..|.|| |
GGGAAGGTGGAGGCT---CTGAG-/A--/TGAACTGAGCTGTACTGAGC
.|| |.|| |||| ||||| /. /|||.||||||||||||||||
TGG--GCTG--GGCTGGGCTGAG-/C--/TGAGCTGAGCTGTACTGAGC

#17 de994b77-69a3-442e-9b19-d17dbfe91fe3
chr14:105860624-105709697: n_homology=1, n_untemplated=0
GGTAA--TGATTGGTAATGCT-T/--TGGAAC----CAAAACCCAGGTGG
||||| |||||||||||||| |/ | ||.| | ....||| ||
GGTAA--TGATTGGTAATGCT-T/ACT-GAGCTGG-C-TGGGCCA---GG
|.|.| ||| |.|.| ||| |/||| ||||||| | ||||||| |
GCTGAGCTGA--GCTGA-GCTGT/ACT-GAGCTGGCC-TGGGCCA----G

#1 88c38d15-7be2-4124-bbcb-4ed5389e6ae8_part2
chr14:105709614-105860677: n_homology=0, n_untemplated=1
-AGGT-CAACCCA-GCCCAGGCC/-A/-GCTCAGTACAGCTC-----AGCCC
|||| ||||||| |||||||||/ |/ ||| .||.|| || || |

-AGGT-CAACCCA-GCCCAGGCC/GA/TGCT--TTAAAG-TCAATAAAG--C
.||| .|| .| ..|...|| / /|||| |||||| |||.||||. |

TGGGTGGAA--TATTTCTTTGC-/--/TGCT--TTAAAG-TCATTAAAA--C

#13 6a142250-ee88-4730-bd3f-7abce6c3018f
chr14:105860677-105709826: n_homology=0, n_untemplated=0
GT----TTTA-AT-GACTTTAAAGCAGC/A/AAGAAATATT---C----CACCCA
| |||| || |||||||||||| /|/..| |.|| | | ||||

-T---GTTTA-AT-GACTTTAAAGCA--/A/CTG---TGTTGAGCTGGGC-CCCA
| |||.| || |||| | | /./||| |||||||||||| |.|

-TTTGGTTGACATGGACT-----G-A--/G/CTG---TGTTGAGCTGGG---CTA

#14 ddd8e616-21b8-46c3-85f4-b84fa21a7e93
chr14:105860637-105709786: n_homology=2, n_untemplated=0
GGTAGTGGAG--GGTGGTAATGATT/GG--TAA/-T--GCT---TTGGA-AC---C
|||||||||| .||||||||| /|| .||/ | ||| || || .| |
GGTAGTGGAG--AGTGGTAATG---/GGC-GAA/CTGAGCTAGGTT-GAGGCT-AC
.|| || | || .|| /||| ||./|||||||.|||| | |||| |.

-CTA----AGCTA--GG--CTG---/GGCGGAG/CTGAGCTGGGTT-G-GGCTGAG

#18 97b19ce3-a653-4267-9686-26f399c3a40e
chr14:105860510-105709561: n_homology=2, n_untemplated=1
AGGAACCC-GGCAATGAGAT-G/G/CTTTAGCTGAGA--CAAGC-AG
|||||||. ||||.|||||| |/./| |..|.||.|| ...|| |
AGGAACCT-GGCAGTGAGAT-G/A/C-TGGGATGGGATGTGGGCTA-
..||.|| ||| |||..| |/./| |||||||||| |||||||

-CTAAGCTGGGC--TGACCTGG/G/C-TGGGATGGGA--TGGGCTA-

#4 d835c4f5-73bf-4000-987f-cb22d82219d4
chr14:105860280-105709538: n_homology=2, n_untemplated=0
GCTGAGCTGAGCTGGGCT----TG/GC-TGCACTAAG-CTGGGCTGA
|||||||||||||||||| ||/.| ||..|| .| |||||| |.
GCTGAGCTGAGCTGGGCT----TG/ACTTGGGCT-GGACTGGGC-GG
| || ||.|.|||||| ||/||||||||| ||||||||| ||
G--GA--TGGGATGGGCTAGGATG/ACTTGGGCT-GGACTGGGC-GG

#2 f898db86-2be9-4c97-a521-aec57cc1d81d
chr14:105860415-105709478: n_homology=2, n_untemplated=0
GACTCAGATGGGCAAAACT-/GACCTAAGCT-GACCTAGACTA
||||||||||||||||||| /|| ||.|||| || ||.|.||.
GACTCAGATGGGCAAAACTG/GA-CTGAGCTGGA-CTGGCCTG
|.||.||.|||||....|||/|| |||||||||| ||||||||
GGCTGAGCTGGGCTGGGCTG/GA-CTGAGCTGGA-CTGGCCTG

#12 88ff5746-6fe3-4cd8-be00-fc3e332ed75d
chr14:105860350-105709475: n_homology=7, n_untemplated=0
AGCTGAACTGGGCTGAGTTGAACTG/GGT/TGAGCTGAG-CTG--------
|||||||||||||||||| ||/|.|/||||||| | |||
AGCTGAACTGGGCTGAGT-----TG/GAT/TGAGCTG-GACTGGCCCAGGC

|||.||||||||.|. ||/||./||||||| ||||||||..|||
---TGAGCTGGGCTGGGC-----TG/GAC/TGAGCTG-GACTGGCCTGGGC

#5 89e96075-f33c-4aad-8916-94ee2de305fc
chr14:105860447-105709718: n_homology=1, n_untemplated=2
GCCATGACAACTCCAT--CCAG/---C-T/TTCAGAAAT-GGACTCAGA---
||||||||||.||||| ||||/ | ./..|.||..| .||||.| |
GCCATGACAAGTCCAT--CCAG/GGAC-A/GGCTGAGCT-AGACTGA-ACTG
|.| || |.| | .|.|/|| | ./||||||||| || |||| .|||
GGC-TG----GGC--TGGGCTG/GG-CTG/GGCTGAGCTGAG-CTGA-GCTG

#10 7ae9205a-07de-4932-a128-cbf9c2e39a6f
chr14:105709722-105860319: n_homology=5, n_untemplated=1
-TCAG-CTCAGCT-CAGCCCAGC/-/CCAGCCCAGCCCAGCCCAGT
|||| |.|| || |||||||||/ /|||||.||||.||||.|||.

-TCAGACCCA-CT-CAGCCCAGC/T/CCAGCTCAGCTCAGCTCAGC
|| |||.. .| ||.|..|||/ /||||||||||||||||||||

CTC--ACCTG-GTGCAACTTAGC/-/CCAGCTCAGCTCAGCTCAGC

#19 e49845b5-38b3-4562-9a29-286096bd88e0
chr14:105860339-105709620: n_homology=7, n_untemplated=0
---GCTGAGTTGAACTGGGTTGAGC-/TGAGCTGAG-CTGAGCTGG--

|||||||||||||||||||| /||||||| | |||.|||||
---GCTGAGTTGAACTGGGTTGA---/TGAGCTG-GCCTGGGCTGGGT

||||.|.|||.||| | | /||||||| |||||||||||||
TGGGCTGGGCTGAGCTG---T-A--C/TGAGCTG-GCCTGGGCTGGGT

#20 446c8618-82f8-4c8d-9aeb-d8ff8a89e037
chr14:105860422-105709630: n_homology=5, n_untemplated=0
-AGAAATGGACTCAGATGGGC/AAAACTGAC--CTAAGCTGACC--
||||||||||||||||||||/..|.||| ||.|||||.||

-AGAAATGGACTCAGATGGGC/TGAGCTG----CTGAGCTGGCCTG
| |..|||.||..|.|||||/||||||| |||||||||||

TA-AGCTGGCCTGGGCTGGGC/TGAGCTG--TACTGAGCTGGCC--
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#7 m64316_230503_124837/122093586/ccs
chr14:105744712-105860695: n_homology=0, n_untemplated=0
GCTCTAGTGCCT----GTCCCCT--GC/TCGTCCT--GCCTCCCACCGG
|||||||.|||| ||||||| | /.|.||.| |..|...||| .
GCTCTAGCGCCT----GTCCCCT--G-/ACATCTTGAGAATGAGACC-A
||| ||.| || |..| . /||||||||||||||||||| |
GCT-----GCTTTAAAGT-CATTAAA-/ACATCTTGAGAATGAGACC-A

#16 m64316_230503_124837/73924654/ccs
chr14:105710007-105860553: n_homology=1, n_untemplated=0
TCAGTCCA-CCTAAGCT--CACCC/AG/CTCAG-CTCAGTCTAGCT---
|||||||| |||||||| || ||/| /.|..| |||..|||| ||
TCAGTCCA-CCTAAGCT--CA-CC/A-/TTTTGTCTCCCTCTA-CTTGA
||| ||| .|| .||| || .|/ /||||||||||||||| |||||

-CAG-CCAGGCT-GGCTTCCA-TC/--/TTTTGTCTCCCTCTA-CTTGA

#11 m64316_230503_124837/124717640/ccs
chr14:105710130-105860677: n_homology=0, n_untemplated=1
CTCAGCT-CAGTCCA---CTTAA-/-/-GC-TCACCCAGGTCAGCTCCGT-----
||||||| ||||||| ||||| / / || |.| |.|||| | |
CTCAGCT-CAGTCCA---CTTAAG/G/TGCTTTA---AAGTCA--T---TAAAAC
| .|.| .|.| | ||| .|/./||||||| |||||| | ||||||

-T-GGGTGGAAT--ATTTCTT-TG/C/TGCTTTA---AAGTCA--T---TAAAAC

#14 m64316_230503_124837/146866927/ccs
chr14:105860637-105709793: n_homology=2, n_untemplated=0
GG-TAGTG-GAGGG-T-GGTAATG/ATTGG---TAATGCT---TTG
|| ||||| |||.| | |||||||/...|| |.| ||| |||
GG-TAGTG-GAGAG-T-GGTAATG/GGCGGAGCTGA-GCTGGGTTG
|| ||| | .| || | || .||/||||||||||| |||||||||
GGCTAG-GCTA-AGCTAGG--CTG/GGCGGAGCTGA-GCTGGGTTG

#13 m64316_230503_124837/58394842/ccs
chr14:105709826-105860677: n_homology=0, n_untemplated=1
CCTAGCCCAGCT-CAACA---C--A-/-/-GCT---CAGTCCATGTCAACCAAA
|||||||||||| ||||| | | / / ||| .||| ||| | || ||.
CCTAGCCCAGCT-CAACA---C--AG/T/TGCTTTAAAGT-CAT-T-AA--AAC

| | |.| .||.| | .|/./||||||||||| ||| | || |||
--T-G----GGTGGAATATTTCTTTG/C/TGCTTTAAAGT-CAT-T-AA--AAC

#17 m64316_230503_124837/10748742/ccs
chr14:105860624-105709697: n_homology=1, n_untemplated=0
GGTAA--TGATTGGTAATGCT-T/--TGGAACCAAAACCCAGGTG---G
||||| |||||||||||||| |/ || |.| ...||.|| | |
GGTAA--TGATTGGTAATGCT-T/ACTG--AGC--TGGCCTGG-GCCAG
|.|.| ||| |.|.| ||| |/|||| ||| |||||||| |||||
GCTGAGCTGA--GCTGA-GCTGT/ACTG--AGC--TGGCCTGG-GCCAG

#1 m64316_230503_124837/111870343/ccs
chr14:105860677-105709614: n_homology=0, n_untemplated=1
GTTTTAA--TG-ACTTTAAAGCA/--/-GCAAAGAAAT--ATTCCACCCA
||||||| || |||||||||||/ / || ..|...| .|| .| ||.
GTTTTAA--TG-ACTTTAAAGCA/TC/GGC-CTGGGCTGGGTT-GA-CCT
|...|.| || ||| .||| /| /||| |||||||||||| || |||
GGGCTGAGCTGTACT---GAGC-/T-/GGC-CTGGGCTGGGTT-GA-CCT

#8 m64316_230503_124837/78184532/ccs
chr14:105709710-105860811: n_homology=5, n_untemplated=0
--GCTCAGTACAGCTCAGCT--CA/G-/CTCAGCCCAGC--CCAGC--CCA

||||||||||||||||.| ||/. /||||| ||| |||.| ||.
--GCTCAGTACAGCTCAGTT--CA/T-/CTCAG---AGCCTCCACCTTCCC

| ||.| .|.| | || .|/| /||||| |||||||||||||||
AAG---AGGA-GGGT-A-TTGAGA/TG/CTCAG---AGCCTCCACCTTCCC

#15 m64316_230503_124837/72221450/ccs
chr14:105860773-105709903: n_homology=1, n_untemplated=0
TTGG-TGCAG--AAGATATGCTGCC/A-CT--TCTAGAGCAAGGGG-A
|||| ||.|| ||||||||||| /| || .|| |||| .|||| .
TTGG-TGTAG--AAGATATGCTG--/AGCTAGGCT-GAGC-TGGGGTG

|| || || ..|.|..|||| /||||||||| |||| |||||||
--GGCTG-AGCTGGGGTGGGCTG--/AGCTAGGCT-GAGC-TGGGGTG

#10 m64316_230503_124837/155191192/ccs
chr14:105860323-105709697: n_homology=16, n_untemplated=1
TTGAGCTGAGCTGAGCTGAG/CTGG-/GCTAAGTTG--C---ACCAGG
||||.|||||||||||||||/| || /.||.||.|| | .|||||
TTGAACTGAGCTGAGCTGAG/C-GGC/ACTGAGCTGGCCT-GGCCAGG

| |||||||||||||||/| .|./||||||||||||| ||||| |
--G--CTGAGCTGAGCTGAG/C-TGT/ACTGAGCTGGCCTGGGCCA-G

#18 m64316_230503_124837/146541063/ccs
chr14:105860504-105709566: n_homology=3, n_untemplated=1
CCGGCAATGAGAT-GGCTTTA/G/CTGAGACAAGCA-GGTCT-GG
|.||||||||||| |||||||/./||| |.|..|.| ||..| ||
CTGGCAATGAGAT-GGCTTTA/A/CTG-GGCTGGGATGGGATGGG
|||| |.|.||.| ||| |.|/./||| |||||||||||||||||
CTGG-ACTAAGCTGGGC-TGA/C/CTG-GGCTGGGATGGGATGGG

#5 m64316_230503_124837/72943781/ccs
chr14:105860448-105709716: n_homology=2, n_untemplated=1
--GGCCATGACAACTCCAT--CCA/G--/CT-TTCAGAAAT-GGACTCAG

|||||||||||.||||| |||/| /|| ..|.||..| .||||.|.
--GGCCATGACAAGTCCAT--CCA/GGA/CTGAGCTGAGCT-AGACTGAA

||.| || |.| | .|./||./|||||||||||| || |||.|
CTGGGC-TG----GGC--TGGGCT/GGG/CTGAGCTGAGCTGAG-CTGTA

#19 m64316_230503_124837/39455372/ccs
chr14:105709626-105860328: n_homology=9, n_untemplated=0
CCCAGGC-CAGCTCAG-TACAG/CTCAGCCCAGCCCAGGCCAG
||||||| |||||||| |||||/||||||.||||.||..||||
CCCAGGC-CAGCTCAG-TACAG/CTCAGCTCAGCTCAACCCAG
..|| .| .|||.||| | |||/||||||||||||||||||||
TGCA-ACTTAGCCCAGCT-CAG/CTCAGCTCAGCTCAACCCAG

#20 m64316_230503_124837/92211914/ccs
chr14:105709632-105860408: n_homology=1, n_untemplated=0
CC-AGCTCAGTAC-AGCTCAGCCCAG/CCCAGGCCAGCTTAG----T
|| |||||||||| |||||||| /|..|||.|||.||.| |
CC-AGCTCAGTAC-AGCTCAGC----/CTTAGGTCAGTTTTGCCCAT
|| .|.|.||| | ||.|||| /||||||||||||||||||||
CCTTGTTTAGT-CTAGGTCAG-----/CTTAGGTCAGTTTTGCCCAT

#4 m64316_230503_124837/96143482/ccs
chr14:105860280-105709538: n_homology=2, n_untemplated=0
GCTGAGCTGAGCTGGGCT----TG/GC-TGCACTAAG-CTGGGCTGA
|||||||||||||||||| ||/.| ||..|| .| |||||| |.
GCTGAGCTGAGCTGGGCT----TG/ACTTGGGCT-GGACTGGGC-GG
| || ||.|.|||||| ||/||||||||| ||||||||| ||
G--GA--TGGGATGGGCTAGGATG/ACTTGGGCT-GGACTGGGC-GG

#2 m64316_230503_124837/33817635/ccs
chr14:105860415-105709478: n_homology=2, n_untemplated=0
GACTCAGATGGGCAAAACT-/GACCTAAGCT-GACCTAGACTA
||||||||||||||||||| /|| ||.|||| || ||.|.||.
GACTCAGATGGGCAAAACTG/GA-CTGAGCTGGA-CTGGCCTG
|.||.||.|||||....|||/|| |||||||||| ||||||||
GGCTGAGCTGGGCTGGGCTG/GA-CTGAGCTGGA-CTGGCCTG

#12 m64316_230503_124837/84870289/ccs
chr14:105860352-105709480: n_homology=3, n_untemplated=0
TGAGCTGAACTGGGCTGAGTTGAAC/TGGGTTGAGCT-GA---G-C
|||||||||||||||||||| /|||.||||||| || | |
TGAGCTGAACTGGGCTGAGT-----/TGGATTGAGCTGGACTGGCC
||.|||||.||||||||.|. /||||.|||||||||||||||
TGGGCTGAGCTGGGCTGGGC-----/TGGACTGAGCTGGACTGGCC

#3 m64316_230503_124837/93586597/ccs
chr14:105709995-105860419: n_homology=0, n_untemplated=0
CTGAGCTGGGTGAGCTTAGG--/TGG/ACTG---AGCTGGG--C-TGGGC
|||||||||||||.|||||| /.||/..|| |.|||.| | | .
CTGAGCTGGGTGACCTTAGG--/AGG/TTTGCCCATCTGAGTCCAT---T
|| | |||.|.|||||| /||./||||||||||||||||||| |
CT-A----GGTCAGCTTAGGTC/AGT/TTTGCCCATCTGAGTCCAT---T
chr14:105589053-105710378: n_homology=1, n_untemplated=0
T---TT--CCTTCAGGCAGTGGGCA/AG/AGAG-AAGACAGAATC-ATG-
| || |||||||||||||||||/.|/.|.| ..|.|.| ..| |.|
T---TT--CCTTCAGGCAGTGGGCA/GG/TGGGTTCGGCTG-GGCTAGGC
| || ||| .||| || |/|./|||||||||||| ||||||||
TGGGTTGACCT--GGGC--TG---A/GC/TGGGTTCGGCTG-GGCTAGGC

#9 m64316_230503_124837/82118127/ccs
chr14:105860440-105589160: n_homology=1, n_untemplated=0
-CAACTCCAT----CCAGCTTTCA-/GAAATGGACTCAGATGGGCA-A
||||||||| |||||||||| /|...|||..|.|| ||.| | .

-CAACTCCAT----CCAGCTTTCAG/GCCGTGGGTTGAG-TGTG-ACT
|..|| .|| ..|| .||/||||||||||||| |||| |||

GCTGCT-AATGTGGGAAG----GAG/GCCGTGGGTTGAG-TGTG-ACT

#6 m64316_230503_124837/41944237/ccs
chr14:105860314-105589240: n_homology=1, n_untemplated=0
--GCTGAGCTGAGCTGGGCTAA/GTTGCAC-CAGGTGAG-CTGAG--

||||||||||||||||||||/| | || .||||| | |||||
--GCTGAGCTGAGCTGGGCTAA/G--G-ACTGAGGTG-GACTGAGCT

|||||||||.|||||||| /| | ||||||.|| |||||||||
GGGCTGAGCTGGGCTGGGCT--/G--G-ACTGAGCTG-GACTGAGCT

top recurring clusters for PBMCs(pacBio sequencing)
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Supplementary Table 1. Primers used in CSR joint PCR

Name Sequence Specie PMID
Sm FW CACCCTTGAAAGTAGCCCATGCCTTCC human 28847005
Sa RV CTCAGTCCAACACCCACCACTCC human 28847005
Sg RV CTGCCTCCCAGTGTCCTGCATTACTTCTG human 28847005
Se RV GGAGGGAATGTTTTTGCAGCAGCG human this study
mSm FW GGAGGGACCCAGGCTAAGAAGGC mouse 15195091
mSa REV GCAAGCAGTGGACCCAAAGACGAGAGG mouse this study
mSg2bc
REV CTGATGGGGGTGTTGTTTTGGCTG mouse this study
mSg3 REV GGGCTGTTGTTGTAGCTGCAAGATAGG mouse this study
mSg1 REV GCTCAGAGTGTAGAGGTCAGACTGC mouse this study
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Supplementary Table 2. Primers used in BCR transcript sequencing

Name Sequence Purpose Step
SmartNN
Next

AAGCAGUGGTAUCAACGCAGAGUNNNNUNN
NNUNNNNUCTTrGrGrGrG

Switch RT oligonucleotide
with UMI

RT

hIGG_r1 GAAGTAGTCCTTGACCAGGCA

r1 primers Heavy Chain
hIGM_r1 GTGATGGAGTCGGGAAGGAAG
hIGA_r1 GCGACGACCACGTTCCCATCT
hIGD_r1 GGACCACAGGGCTGTTATC
hIGE_r1 AGTCACGGAGGTGGCATTG
hIGLC_r1 GCTCCCGGGTAGAAGT

r1 primers Light ChainhIGKC_r
1 GCGTTATCCACCTTCC

M1ss AAGCAGTGGTATCAACGCA

Universal primer
annealing on
SmartNNNext

I
PCR

hIGGE_r
2 ARGGGGAAGACSGATG

r2 primers Heavy ChainhIGA_r2 CAGCGGGAAGACCTTG
hIGM_r2 AGGGGGAAAAGGGTTG
hIGD_r2 ATATGATGGGGAACAC
hIGLC_r2 GYGGGAACAGAGTGAC

r2 primers Light ChainhIGKC_r
2 GATGGTGCAGCCACAG
M1ss-C-
U1

TCGTCGGCAGCGTCAGATGTGTATAAGAGAC
AGAAGCAGTGGTATCAACGCA

Universal primer with
Illumina adapters

II
PCR

hIGGE_r
2-C-U2

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA
CAGARGGGGAAGACSGATG

r2 primers Heavy Chain w.
Illumina

hIGA_r2-
C-U2

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA
CAGCAGCGGGAAGACCTTG

hIGM_r2-
C-U2

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA
CAGAGGGGGAAAAGGGTTG

hIGD_r2-
C-U2

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA
CAGATATGATGGGGAACAC

hIGLC_r2
-C-U2

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA
CAGGYGGGAACAGAGTGAC r2 primers Light Chain w. Illumina

hIGKC_r
2-C-U2

GTCTCGTGGGCTCGGAGATGTGTATAAGAGA
CAGGATGGTGCAGCCACAG

FC-i5-
index5-
U1

AATGATACGGCGACCACCGAGATCTACAC
XXXXXXXX TCGTCGGCAGCGTC Illumina indexing primers Inde

xing
PCR

FC-i7-
index7-
U2

CAAGCAGAAGACGGCATACGAGAT
XXXXXXXX GTCTCGTGGGCTCGG
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