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Figure S1. (A) Violin plots of quality metrics for each 10X genomics lane sequenced and/or analyzed (B)
UMAPs of all cells in the dataset, colored as shown in legends. Contaminant cells in the B cell
purifications cluster with the similar cells in unpurified fractions  (C) Pointplot quantifying the proportion of
celltypes in each sample_id. (D) Subclustering of B cell type annotations with greater leiden resolution.
(E) Differentially expressed genes which define each B cell type.
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Figure S2. (A) Empirical cumulative distributions of the fraction of V-gene based mutated away from the
germline V-gene, for each transcriptomically defined B cell type (B) A confusion matrix showing the
concordance between the mutation status based on S2A and each B cell type label based on leiden
clustering. (C) Empirical cumulative distributions of the standard deviation in v-identity within clones
shows mutations are not collected within clones over the time course (D) UMAP plot colored by the
mutation status assigned based on S2A.
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Figure S3. (A) Clone size distribution of the B cell population from the in vitro time-course (B) A graph
based representation of the persistent clones: clones which were detected in multiple time points. ©
Class-switching (isotype-switching) dynamics during the culture. ND = Not Detected in the Day 0
population, a pseudo-count is added for visualization purposes.
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Figure S4. (A) A volcano plot showing results of the transcriptome-wide permutation test only for the in
vivo (BM CD138+) sample. The q-values are Benjamini-Hochberg corrected p-values and the clonal index
is a normalized metric of expression variance described in the methods. Genes of interest are labeled and
groups of interest are colored.  (B) Empirical cumulative distribution plot of the number of clonal genes
detected with q-value < 0.01 by the Fraction of cells expressing a given gene (also known as gene
drop-out). (C) Clustermap of cells by transcripts detected at the IgH locus, standardized within each row
(cell)
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Materials and Methods:

Sample collection

PBMCs were obtained from 2 healthy adult male LRS chambers from the Stanford Blood Center.
LRS chamber product was diluted 1:4 in PBS + 2% FBS and PBMCs were isolated using a Ficoll
gradient and Red Blood Cell Lysis. Cells were frozen in Cryostor CS10 according to the
manufacturer’s instructions. Human bone marrow aspirates from a healthy male aged 50-55 were
obtained from AllCells. Mononuclear cells were isolated using Ficoll gradient and Red Blood Cell
Lysis.

Custom analysis code: https://github.com/michael-swift/seqclone3

B cell purification and culture:

PBMCs were thawed and B cells were purified by negative selection using the StemCell B cell
enrichment kit. The resulting cells were measured by flow cytometry to be over 84% pure, which was
confirmed by single-cell RNA sequencing. B cells were cultured for 8 hours in B cell media
(StemCell) at 37C 5% CO2 at a density of 2 x 104 cells per well. After 8 hours B cells were
stimulated using the B cell stimulation cocktail according to manufacturer’s instructions (Stem Cell).
B cell culture wells were thoroughly mixed every 24 hours, to mitigate any spatial effects of the
culture on particular B cells.  On Day 4, the cells were split into 3 wells and restimulated. Every 24
hours these three wells were pooled, mixed and redistributed into three new wells. On Day 8, the B
cells were restimulated and separated into 6 wells, at which point the pooling and mixing was carried
out using 6 wells.

Single-cell isolation and sequencing

B cells were washed 2 times in PBS + 1% BSA and stained with cite-seq antibodies according to
(Stoeckius et al., 2018). Then, cells were counted and loaded on the Chromium (10X Genomics) at a
target loading of 20,000 cells per lane.  Reverse transcription and complementary DNA (cDNA)
amplification were performed using the Single Cell V(D)J kit V2 (10X Genomics). VDJ and gene
expression libraries were prepared from each of the 4 time points. All library preparation was done
according to manufacturer’s instructions, except for the use of custom constant region primers
(Horns et al., 2016) for VDJ enrichment. On Days 8, and 12, cells from culture wells were sorted by
propidium iodide exclusion into cold PBS + 2% BSA, before proceeding to antibody staining.
Libraries were sequenced using the Illumina NovaSeq platform with paired-end reads of 26 bp and
98 bp.

Preprocessing of single-cell sequence data:

We used snakemake (Mölder et al., 2021) to manage the computational workflow. We CellRanger
6.1 to map, count, and assemble reads from the sequencing libraries. We used the Immcantation
docker (Gupta et al., 2015) pipeline and scirpy to reprocess the contigs assembled by CellRanger,
distinguish bonafide single cells from multiplets, and assign clonal barcodes, which agreed with our
in-house pipeline (Croote et al., 2018). Single B cells were identified by the presence of a single

https://github.com/michael-swift/seqclone3
https://sciwheel.com/work/citation?ids=6238963&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=3015209&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=11176542&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=1044663&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=6144528&pre=&suf=&sa=0
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productive heavy chain and a single productive light chain, yielding a total of 29,703 single B cells for
analysis. All other cells were excluded from further analysis.

Single cell sequencing data analysis:

Gene expression analysis of single cells was performed using scanpy (Wolf et al., 2018), and
exploratory analysis of the immune receptors with scirpy (Sturm et al., 2020). Briefly, single cell
transcriptomes were log-transformed and normalized to counts per 104 UMIs. Clusters were
identified using the leiden algorithm. These clusters were manually annotated (i.e., labels were
assigned) based on expression of marker genes for each cell state. Differentially expressed genes
were identified using the wilcoxon-rank sum test adjusted for multiple testing using the
Benjamini-Hochberg procedure as implemented in scanpy.

Analysis of mutated vs. germline outcomes:

To explore the cell fate biases of memory vs. naive progenitors, we binned VDJ sequences into
heavily mutated, mutated, and germline categories as shown in S2A. We used multiple different
levels of reasonable cutoffs and found they did not change our general conclusions. We calculated
the ratio of germline over mutated by dividing the number of germline cells by the number of mutated
or heavily mutated cells in a given type of category, such which IGH constant region is associated
with the cell’s VDJ or which b cell type is associated with a VDJ.

Analysis of clonal gene expression:

In general we employed the resampling and permutation methods to estimate confidence intervals
and p-values for all clonal effects. We implemented the approach lucidly described here (Horton et
al., 2018), and all code implementing these tests will be publicly available on GitHub. The test
statistic for genes was the within-clone variance in UMI counts for each gene averaged across all
clones. For calculating the clonal index in 4B, we divided the difference in the gene-statistics
between true labels and permuted labels by mean transformed UMI count for that gene.
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