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Table S1 - Quality control criteria for filtering single cell transcriptomes in each dataset, parameters for dimensionality reduction and QC rejection fractions. Cells were kept if they passed all these filters (see Methods). Related to Figure 1

Table S2 - Marker genes for low resolution clustering of all droplet-based scRNA-seq data. Related to Figure 1

Table S3 - Marker genes for Treg and Tmem subpopulations found per organ. Related to Figure 2

Table S4 - Genes exhibiting switch-like behaviour along NLT adaptation trajectories. Related to Figure 3

Table S5 - Information on human donors with biological material included in this study. Related to Figure 5�
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Ricardo Miragaia
(A) Flow cytometry-sorting strategy for sorting Treg and Tmem cells from (top) lymphoid (mLN) and (bottom) non-lymphoid (colonic lamina propria, cLP, as an example) organs.  (B) tSNE projection of all 10x dataset cells passing QC, coloured by the resulting graph-based clustering. Cells from the NKT, Stress/Mt and Undefined clusters were removed from further analysis. (C) Number of cells from each cluster in (D) originating from each sorted population. (D and E) Treg and Tmem cells were obtained with the same methodology as in Figure 1A, sequenced using Smart-seq2. t-SNE dimensionality reduction represents all sorted cells for each individual batch that passed quality control (see Methods). Colors match cell-type and tissue of origin. (F) Genes defining the identity of Treg and Tmem cells in lymphoid and non-lymphoid tissues, obtained from the Smart-seq2 datasets. Colon and skin were individually compared with their corresponding draining lymph node and spleen cells. Significantly expressed genes in each cell-type-tissue combination have an average log fold-change greater than 0.25 and and adjusted p-value lower than 0.05 (Wilcoxon test).

Ricardo Miragaia
Figure S1 (Related to Figure 1) - Sorting, clustering, and identification of Treg and Tmem cells.



S100a4

S100a6

Ikzf4

Itgae

Cd83

Ifngr1 Pim1

Dgat2

Batf

Gpr15

Gimap6

Lgals3

Erdr1

0

25

50

75

100

0 25 50 75 100

Colon Treg cells NLT %

Sk
in

 T
re

g 
ce

lls
 N

LT
 %

Tissue
skin
colon
Non−DE

A B

0

5.4

27.6

0

16.1

6.5

0

0

0

0

0.9

49.6

42.5

0

37.6

59.3

0

2.3

69.9

2.7

4.6

31.8

25.3

20.5

34.2

0

13.2

2.3

0

9.4

28.7

0

0

9.6

0

Su
pp

re
ss

ive

N
LT

LT
−l
ike

N
LT
−l
ike

eT
re

g

St
at

1

cT
re

g

spleen

bLN

mLN

Skin

Colon

Assignments to Treg cell subpopulations

Tr
eg

 c
el

ls
 s

or
te

d 
fro

m

0

20

40

60

% of
Treg cells

tSNE_1

tS
N

E_
2

Tmem cells spleenC

tSNE_1

tS
N

E_
2

Tmem cells bLN

tSNE_1

tS
N

E_
2

Tmem cells mLN

tSNE_1

tS
N

E_
2

Tmem cells colon

Tmem cell subpopulations

Th2 cells

Th17 cells

Th1 cells

Cycling cells

Cxcl10

LT−like

Tfh cells

LT

D

0

25

50

75

100

Spleen
bLN

mLN
Colon

%

E

−2.5

0.0

2.5

5.0

lo
g2

(N
LT

/L
T)

LT

Tf
h 

ce
lls

Th
1 

ce
lls

LT

Tf
h 

ce
lls

Th
1 

ce
lls

Th
17

 c
el

ls

C
xc

l1
0

C
yc

lin
g 

ce
lls

LT

Tf
h 

ce
lls

Th
1 

ce
lls

Th
17

 c
el

ls

LT
−l
ik
e

Th
1 

ce
lls

Th
17

 c
el

ls

Th
2 

ce
lls

Spleen bLN mLN Colon

Vps37b
Id2

Ramp3
Rora

Ctla2a
Il4

Il13
Gata3

Ccr5
Tbx21
Nkg7
Ccl5
Il17a

Cxcr6
Il17f
Rorc
Cdk1

Mki67
Cxcl10

Sostdc1
Cxcr5

Icos
Pdcd1
Slamf6

Tcf7
Il7r
Sell

Ccr7
Lef1

S1pr1

−1

0

1

2

Mean
Scaled
log(exp)

F

Tmem cell subpopulations

Spleen
bLN

mLN
Colon

Tmem cell subpopulations

Tm
em

 c
el

l 
su

bp
op

ul
at

io
ns

NLT

LT

Ricardo Miragaia
(A) Percentage of cells expressing each gene in skin Treg NLT and colon Treg NLT subpopulations in Smart-seq2 data. Genes that are upregulated in the skin Treg NLT subpopulation (log2(FC)>0.25 and adjusted p-value<0.05) are represented by an open circle, and genes upregulated in colon Treg NLT (log2(FC)<(-0.25) and adjusted p-value<0.05) are represented by a filled circle. (B) Matching of Smart-seq2 Treg cells sorted populations to identified Treg subpopulations in the 10x dataset using a logistic regression model (85% accuracy, see Methods). Table shows the percentage of each sorted population (y-axis) that were labelled as each Treg cluster (x-axis). (C) t-SNE projection of Tmem cells per tissue coloured by subpopulations found using graph-based clustering. (D) Subpopulation marker gene mean expression levels (z-score) per subpopulation. Gene markers exhibit |log2(FC)|>0.25 and adjusted p-value<0.05 in the comparison of each subpopulation versus all the other cells within the same tissue.  Values greater than 2.5 or lower than -1.5 are coloured equally. (E) Relative proportions of Tmem subpopulations within each tissue that revealed heterogeneity. (F) Measure of the NLT/LT signature score in each Tmem subpopulation, measured as the ratio between the number of NLT and LT genes that have been identified as significantly upregulated in each cluster.
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Figure S2 (Related to Figure 2) - Heterogeneity in SS2 and Tmem cell  LT and NLT populations.



0.0

0.1

0.2

0.3

LV0 LV1 LV2 LV3 LV4 LV5
Latent Variable

AR
D

 v
al

ue

0.00

0.05

0.10

0.15

LV0 LV1 LV2 LV3 LV4 LV5

Latent Variable

AR
D

 v
al

ue

C

LV0

LV
2

0.0
0.5
1.0
1.5

−2 0 2 4

bL
N

 &
 S

ki
n

(c
el

l d
en

si
ty

)

D

0.00

0.01

0.02

0.03

LV0 LV1 LV2 LV3 LV4 LV5

Latent Variable

AR
D

 v
al

ue

0.00

0.01

0.02

0.03

0.04

0.05

LV0 LV1 LV2 LV3 LV4 LV5

Latent Variable

AR
D

 v
al

ue

E

−2

0

2

−1 0 1 2
LV0

LV
5

0

5

10

−1 0 1 2
LV0

ce
ll 

co
un

t

Sorted
Tissue and Cell Type

colon Treg cells

LN Treg cells

Assigned
Labels

Suppressive

NLT

LT−like

NLT−like

eTreg

Stat1

cTreg

Stress/low qual

F

−2

0

2

−1 0 1
LV0

LV
3

0

10

20

−1 0 1
LV0

ce
ll 

co
un

t

Sorted
Tissue and Cell Type

skin Treg cells

LN Treg cells

Assigned
Labels

Suppressive

NLT

NLT−like

eTreg

Stat1

cTreg

Stress/low qual

G

100 94.7434.84 48.28

6.98 1004 5.33

52.33 81.58100 47.02

59.69 89.4738.71 100

Colon SS2

Skin SS2

Colon 10X

Skin 10X

Colon SS2

Skin SS2

Colon 10X

Skin 10X

LV0 correlated genes

LV
0 

co
rre

la
te

d 
ge

ne
s 25

50

75

100
%

%

25

50

75

100

H

I Data Randomized

0

1

0

0

0

0

0

0

0

0

3

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

0

Colon Tm
em

 cells
Colon Treg cells
LN Tm

em
 cells

LN Treg cells
Spleen Tm

em
 cells

Spleen Treg cells

Colon Tmem cells

Colon Treg cells

LN Tmem cells

LN Treg cells

Spleen Tmem cells

Spleen Treg cells

5

5

1

0

0

1

5

2

1

0

0

0

All

AB

0

4

0

0

0

0

0

1

0

0

7

0

0

0

0

1

1

0

0

0

1

0

0

0

0

0

0

0

0

0

24

5

0

0

5

0

14

3

0

0

5

0

All

AB

All chains
Pr

od
uc

tiv
e 

α 
an

d 
β 

ch
ai

ns
All chains

Pr
od

uc
tiv

e 
α 

an
d 

β 
ch

ai
ns

A B
Within population Within population

Treg cells subpopulations
suppressive
NLT
LT−like

NLT−like
eTreg
Stat1

cTreg

Colon Tmem cells

Colon Treg cells

LN Tmem cells

LN Treg cells

Spleen Tmem cells

Spleen Treg cells

Skin Tm
em

 cells
Skin Treg cells
LN Tm

em
 cells

LN Treg cells
Spleen Tm

em
 cells

Spleen Treg cells

Skin Tmem cells

Skin Treg cells

LN Tmem cells

LN Treg cells

Spleen Tmem cells

Spleen Treg cells

Skin Tmem cells

Skin Treg cells

LN Tmem cells

LN Treg cells

Spleen Tmem cells

Spleen Treg cells

Subpopulation
Treg suppressive
cells Treg NLT cells

Treg LT−like cells Treg NLT−like cells

eTreg cells Treg Stat1 cells

cTreg cells Tmem NLT cells

Ricardo Miragaia
(A and B) Clonotypes detected using TraCeR in the Smart-seq2 (A) Mouse Colon dataset, or (B) Mouse Skin dataset. In each panel, on the left, number of clonotypes detected spanning different tissues and cell type combinations. Top right half registers all events of TCR chain sharing, bottom left half only considers the sharing of productive ɑ and β TCR chain, and on the right, number of clonotypes detected within each cell type and tissue, considering the sharing of any chain or productive ɑ and β. (C) Automatic Relevance Determination (ARD) plots for BGPLVM of Treg in mLN and colon (top, referring to Figure 3A), and bLN and skin (bottom, referring to Supplementary Figure 6B) datasets. These plots show the relevance of each latent variable extracted from the data. (D) BGPLVM dimensionality reduction of bLN and skin Treg cells from the 10X dataset (top), with a density plot showing the distribution along LV0 of each identified subpopulation (bottom).  (E) Automatic Relevance Determination (ARD) plots for BGPLVM of Smart-seq2 Treg in mLN and colon (top, referring to Figure S3F), and bLN and skin (bottom, referring to Figure S3G) datasets. (F and G) BGPLVM dimensionality reduction of Smart-seq2 data of Treg from lymph nodes and non-lymphoid tissues (top), with a histogram plot showing the distribution along LV0 of each subpopulation identified (bottom). mLN and colon Treg are considered in (E), while bLN and skin Treg in (F). Cells are coloured by the inferred subpopulation they belong to as per the predictions made in Figure S2B. (H) Pairwise overlap between the sets of genes with absolute correlation with LV0 greater than 0.25 in each of the four steady-state datasets. The percentages refer to the proportion of the set on the x-axis that is overlapping the set on the y-axis. (I) Velocyto vectorfield overlaid on BGPLVM projection of mLN and colon Treg cells (related to Figure 3A).
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Figure S3 (Related to Figure 3) - Additional evidence on LN-to-NLT transition in the colon and skin datasets. 
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Ricardo Miragaia
(A) t-SNE dimensionality reduction coloured by cell cycle phase in the mouse melanoma dataset. (B) Clonotypes detected using TraCeR in the Smart-seq2 Mouse Melanoma dataset. In each panel, on the left, number of clonotypes detected spanning different tissues and cell type combinations. Top right half registers all events of TCR chain sharing, bottom left half only considers the sharing of productive ɑ and β TCR chain, and on the right, number of clonotypes detected within each cell type and tissue, considering the sharing of any chain or productive ɑ and β. (C) Automatic Relevance Determination (ARD) plots for MRD-BGPLVM of Treg in control and melanoma conditions. Colours show effect of gene groups in each obtained latent variable. (D) Velocyto vectorfield overlaid on MRD-BGPLVM projection of bLN and skin from both Control and Melanoma conditions (related to Figure 4D). (E) Automatic Relevance Determination (ARD) plots for BGPLVM of Smart-seq2 Treg in bLN and skin in the Control condition (left, related to Figure S4F), and Melanoma condition (bottom, related to Figure S4G). (F and G) BGPLVM projection of bLN and skin in control (F) and melanoma (G) conditions, using the top two latent variables. (H) Pairwise overlap between the sets of genes with absolute correlation with LV0 greater than 0.25 in each subset of the melanoma dataset. The percentages refer to the proportion of the set on the x-axis that is overlapping the set on the y-axis.
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Figure S4 (Related to Figure 4) - Additional details on the MRD-BGPLVM projection.
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(A and B) t-SNE dimensionality reduction. Shapes match cell type and tissue according to legend. Colours match either cell type and tissue (A) or sampled individual (B). (C) Z-score of mean expression levels of identified markers across all sampled cell types and tissues in human. (D) Clonotypes detected using TraCeR in the Smart-seq2 Human dataset. In each panel, on the left, number of clonotypes detected spanning different tissues and cell type combinations. Top right half registers all events of TCR chain sharing, bottom left half only considers the sharing of productive ɑ and β TCR chain, and on the right, number of clonotypes detected within each cell type and tissue, considering the sharing of any chain or productive ɑ and β.
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Figure S5 (Related to Figure 5) - Additional information about the Human Smart-seq2 dataset.


