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passed to Immcantation to perform phylogenetic lineage inference.

Extended Data Fig. 1 | List of features included in AgR repertoire analysis pipelines. A
table outlining the features of other methods compared to Dandelion. As the output from
Dandelion is compatible with any AIRR-compliant softwares e.g. Dandelion output can be
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Extended Data Fig. 2 | Dandelion offers improved contig annotations. a, Left: barplot of
proportion of contigs that are productive or non-productive in each locus. Right: barplot
showing the causes of non-productive contigs in each locus. For both plots, sc-ydTCR, -
afTCR and -BCR data were taken from Suo et al. 20223 excluding thymus samples. b,
Schematic illustration showing that mRNA without V genes would be captured by 5’'RACE +
Switch oligo technique but not by multiplex PCR strategy. ¢, Pointplot of proportion of
contigs with multi-J mapping in the presence of V gene in control and cycloheximide-treated
PBMC samples. Points are colored by locus of TCR/BCR. d, Schematic illustration showing
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the factors associated with multi-J mapping and the proposed mechanisms. e, Boxplots of sc-
vOTCR contig counts annotated by 10X cellranger vdj v6.1.2 versus v7.0.0 using data from
Suo et al. 20223, Left: all high confidence contigs (P-value 5.43e-6, r 0.91 in the Wilcoxon
signed-rank test). Right: high confidence productive contigs (P-value 1.69¢-6, r 0.96 in the
Wilcoxon signed-rank test).
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Extended Data Fig. 3 | V(D)J feature space. a, Gene expression UMAP of all T cells from
Conde et al. 2022°, colored by donor ID (left) or high-level cell type annotations (right). Each
point represents a cell. b, UMAP of the pseudo-bulk V(D)J feature space of the same cells as
in a, colored by donor ID (left) or high-level cell type annotations (right). Each point
represents a cell pseudo-bulk. ¢, Left: UMAP of DP to mature T cells with paired productive
afTCR in data from Suo et al. 20223, Each point represents a cell, colored by cell types.
Right: cell neighborhood graph on the same UMAP embedding. Each point represents a cell
neighborhood, colored by cell types. The point size represents neighborhood size, with
connecting edges representing overlapping cell numbers between any two neighborhoods.
Only edges with more than 30 overlapping cells are shown. The layout of nodes is
determined by the position of the neighborhood index cell in the UMAP on the left. d, The
root cell and terminal states selected for pseudotime inference in Fig. 3c¢. e, Gene expression
trends over CD8+T pseudotime imputed with palantir?®. Only the top 10 most frequently
used TRAV or TRAJ genes are shown. f, UMAP representation of terdist-derived PCA
coordinates of VDJ data computed by CONGA?*, with the same dataset as used in ¢, colored
by cell types.
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Extended Data Fig. 4 | T cell development pseudotime inference comparison. a, DP to
mature T cells with paired productive o TCR in data from Suo et al. 20223, on the same
UMAP embedding as in Fig. 4a and Supplementary Fig. 3c. The first two panels show the
root cell and terminal states selected for pseudotime inferred directly from single-cell gene
expression. The last panel shows the cell types. b, Top: pseudotime and branch probabilities
inferred directly from single-cell gene expression on the same UMAP embedding as in a.
Bottom: scatterplot of branch probability to CD8+T against pseudotime. Each point
represents a cell. ¢, UMAP of neighborhood GEX space, with the same neighborhoods as
sampled in Supplementary Fig. 3¢ and UMAP embedding computed on gene expression
pseudo-bulked by neighborhoods. Each point represents a cell neighborhood. The first two
panels show the root cell and terminal states selected for pseudotime inferred from
neighborhood GEX space. The last panel shows the cell types. d, Inferred pseudotime, and
branch probabilities to CD8+T and to CD4+T respectively overlaid onto the same UMAP
embedding in c.
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Extended Data Fig. 5 | Comparing pseudotime inferred from neighborhood V(D)J space
or GEX space. a, Pearson’s correlation coefficients of pseudotime order and average relative
TRAYV location over sliding windows of 30 adjacent neighborhoods on the pseudotime order
(left: pseudotime inferred from neighborhood V(D)J space; right: pseudotime inferred from
neighborhood GEX space). Y-axis is the correlation coefficient and the x-axis is the median
pseudotime order of the 30 adjacent neighborhoods. The color of the points represents
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statistical significance (orange: P-value from the Pearson’s correlation < 0.05; blue: P-value
> 0.05). The red dashed lines mark the correlation coefficient of 0. b, The same plot as in a
but for TRAIJ. ¢, Scatterplots of branch probability to CD8+T against pseudotime in
abT(entry) cells. Each point represents a cell. Top panel: pseudotime inferred from
neighborhood V(D)J space as in Fig. 4a top panel. Bottom panel: pseudotime inferred from
neighborhood GEX space as in Fig. 4a bottom right panel. d, Volcano plot summarizing
results of TFs that are correlated with branch probabilities to CD8+T lineage in V(D)J
pseudotime within abT(entry) cells. The y-axis is the -logio(BH adjusted P-value) and the x-
axis is the correlation coefficient. Labeled TFs that had significant (BH adjusted P-value <
0.05) positive correlations (correlation coefficient > 0.1) were colored in red, the ones with
significant negative correlations (correlation coefficient < -0.1) were colored in blue, and the
rest were colored in black.
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Extended Data Fig. 6 | Non-productive BCR and TCR. a,b,c, Boxplot of the proportion of
cells with productive (blue) or non-productive (orange) BCR light chain (a) and heavy chain
(b), and TRB (¢) in different fetal lymphocyte subsets. Each point represents a sample and
data were taken from Suo et al. 20223. Only samples with at least 20 cells are shown. Boxes
capture the first to third quartiles and whisks span a further 1.5X interquartile range on each
side of the box. d, Barplot showing the VDJ composition of non-productive TRB contigs in
selected lymphocyte subsets from Fig. Sa.



Proportion of cells with productive/nonproductive TRA in fetal lymphocyte subsets

@ productive

® nonproductive

EENQIY

g FUNLYWNI

T eraudvis

g 3¥d 39¥V1

8 0Yd 31V

g 0ud

8704d 3¥d

TN ddWT

ddW OSH

SN ONITOAD

N

JWONMNJAD

j3oa )

o

F L 3LVNNITT 3dAL

100

2 a 3
3 @ <

(%) S|192 Jo uoipodoud

F LT3LVNNITE 3dAL

[ Yv8ad

F L"ONMdAD

[ O34l

[ 1+8ad

[ 1+vad

I (AYLN3)L8Y

F 1 (0)da

F 1 (d)da

L(oiNa

L(dNa

1 (Apea)na

cell type

Proportion of cells with productive/nonproductive TRG in fetal lymphocyte subsets

@ productive
® nonproductive!

—

Feonmon
b1
REETI

F 8 3uNLYWWI
" baaudves
| 873ud 3981
| 6 0ud 31v1
F 8 oud

'+ aoud 3ud

T- 4T dd

F ddiW DSH

SINTONIMOAD

N

DUONMOAD

€

o

1TILVYNNITT 3dAL

LTILVNNITE 3dAL

vv8ad

LTONIMDAD

PELCTE

1+80d

1+vad

(AYINI)L8Y

17(0)da

1(d)da

L(oINa

L(dNa

100
8
6
4
2

(%) S|122 j0 uoiodoud

cell type

$
B - 87ONDAD
v ©
232
g £ I
T 2 .
°§
o C . _
L X ENLITY]
[ 873N LYWINI
F 8734 1IVINS
L) o
9] 97 34d 394V
0
2 - -
2 KR CENG]
0
o] -
5, | 8 oud
€
2 K
nmv | 8 0ud 3ud
= ..—. dIW ddW
=
2 | ddW osH
a . [ SNTONIMDAD
[a] AR
= ——T
FoIN
2 R
2
© [ D1ONIMOAD
=3
8 {2
= . o
Qo
c
e Fzon
c
S~
$ RN - -
LTILYNNITT 3dAL
B ——
3 N - -
LTILYNNITE 3dAL
3 —
s
1 wv8ad
<
=
s LTONMDAD
»
w BENTS
—
(=]
c 14802
°
= .
o 14+vQD
s
— .
[ (AYINI)LBY
1 (d)da
- HilH L(d)da
L(oNa
T-. L(dNa
- 1 (Auea)Na
s S ° ° °
=1 @ 3 g <
2

(%) s|122 jo uorpodoid

cell type

Proportion of cells with nonproductive TRB in fetal lymphocyte subsets

®sK
ou
oGU
@Kl
®sP
®BM
®TH
@ MLN

a0

[ 8 ONIMAD

ris

F 8 3unLvi

8 3UNLYWII

8 3¥d TIVIWS

9 3d 398V

“Feovd

[ 87 0Yd

[ 870¥d 3ud

[ 1 ddW1

[ ddiW OSH

[ YNONIMDAD

AN

[ 217ONIMDAD

=l

rzo

[ L 3LVYNNI T 3dAL

[ L3LVNNITE 3dAL

[ vv8ad

LTONMAD

[ 93dL

1+800

r 1+vad

I (AYLN3)L8V

F L (©)da

F L (d)da

I L (0N

I L (dNa

[ 1 (Auea)Na

100

o 2 3 o o
&

(%) Sl192 o uoipodoud

cell type



O 00 1 N D A W N =

Extended Data Fig. 7 | Non-productive TCR. a,b,c, Boxplot of the proportion of cells with
productive (blue) or non-productive (orange) TRA (a), TRG (b) and TRD (¢) in different
fetal lymphocyte subsets. Each point represents a sample and data were taken from Suo et al.
20223, Only samples with at least 20 cells are shown. Boxes capture the first to third quartiles
and whisks span a further 1.5X interquartile range on each side of the box. d, Boxplot of the
proportion of cells with non-productive TRB in different fetal lymphocyte subsets, colored by
organs. Each point represents a sample. Only samples with at least 20 cells are shown. Boxes
capture the first to third quartiles and whisks span a further 1.5X interquartile range on each
side of the box.
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Extended Data Fig. 8 | TRBJ-based trajectory for ILC/NK/T cell lineage. a,
Neighborhood V(D)J feature space covering ILC, NK and developing T cells with TRBJ on
the same UMAP embedding as in Fig. Sb. The first two panels show the root cell and
terminal states selected for pseudotime inference. The last panel shows the cell types. b,
Heatmap of gene expression for genes encoding cell surface proteins across pseudotime in
DN T cells. Pseudotime is equally divided into 100 bins, and the average gene expression is
calculated for DN T cells with pseudotime that falls within each bin. Genes selected here had
significantly high Chatterjee’s correlation with pseudotime (BH adjusted P-value < 0.05, and
correlation coefficient > 0.1). ¢, Heatmap of gene expression for TFs known to be important
in mouse DN T cell development*, across pseudotime in human fetal DN T cells. TFs that
showed discordant expression patterns between mouse and human are highlighted in red.
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Supplementary Tables

Supplementary Table 1: top_10_j multimappers.csv (separate file)
Top 10 J gene combinations with multi-J mapping for each locus in data from Suo et al.
20223, with the number of contigs containing each combination shown next to it.

Supplementary Table 2: LR _results.csv (separate file)
Logistic regression results exploring factors associated with multi-J mapping presence in data
from Suo et al. 20223,

Supplementary Table 3: LR results combined.csv (separate file)
Logistic regression results exploring factors associated with multi-J mapping presence in
control and cycloheximide-treated PBMC data.

Supplementary Table 4: j_sequence_affect_j multimapper.csv (separate file)

List of leftmost (5" end) J genes that had significant association with increased or decreased
multi-J mapping, together with the sequences of their last 10 nucleotides at 3’ ends and the
first 11 nucleotides of its 3’ end intron.

Supplementary Table 5: panimmune_differential VDJ.csv (separate file)
Differential V(D)J usage across CD4+T, CD8+T, and MAIT cells in data from Conde et al.
2022°.

Supplementary Table 6: abtentry cor_result.csv (separate file)

Pearson’s correlation coefficients and BH adjusted P-values of all genes with branch
probabilities to CD8+T lineage within abT(entry) cells.

[cor tcr] Pearson’s correlation coefficients for pseudotime inferred from neighborhood V(D)J
space

[pval tcr] Pearson’s correlation P-values for pseudotime inferred from neighborhood V(D)J
space

[adjp_tcr] P-values from pval tcr adjusted by BH procedure

[cor gex] Pearson’s correlation coefficients for pseudotime inferred from neighborhood GEX
space

[pval gex] Pearson’s correlation P-values for pseudotime inferred from neighborhood GEX
space

[adjp_gex] P-values from pval gex adjusted by BH procedure



