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Figure S1: Characterization of mouse MAIT cell subsets

(A) Representative flow cytometry gating identified mouse lung MAIT cells, used for other
tissues as well. Live/Dead Yellow negative single cell events were gated by excluding
antigen-presenting cells (DUMP: CD11c, CD11b, IgD, B220) and y6 T cells from the
CD45" population, CD4*, CD8" double positive cells were excluded as well. The majority
of experiments did not include a 6-FP loaded control, indicated when used. (B) UMAP
plot showing the degree to which MAIT cell clusters are composed of cells from the
indicated mouse tissues. Each cluster has the same UMAP coordinates as in Fig. 1A. (C)
MFI indicating expression of T-bet and RORyT transcription factors in spleen MAIT cell
subpopulations defined as CXCR3* and ICOS*. Paired t-test. n = 3. *: p < 0.05; **: p <
0.01; (D) Frequency of ICOS* and CXCR3* MAIT cells in the indicated tissues. One-way
ANOVA with post-hoc Tukey test. Liver n = 7, Lung n= 15, Spleen n= 9, Thymus n= 5.
****. adjusted p < 0.0001. (E) Lung MAIT cell subpopulations were detected by flow
cytometry according to markers for MAIT cell clusters determined by scRNA-seq. The
total MAIT cell gate was initially separated by CD62L expression. The CD62L negative
gate was further divided into MAIT17a (ICOS*CD138*CXCR3"), MAIT17b (ICOS*CD138"
CXCR3) or MAIT1 (ICOS'CD138CXCR3"). (F) Percentage of each MAIT cell
subpopulation, as defined above, in different tissues. Using the global gating strategy
defined in (E) in combination with thymus-specific markers to detect immature MAIT cells
(CD44-CD24*CCR9O*LEF1*SATB1"), the proportion of MAIT cell subpopulations was
determined for each tissue combined from 11 female C57BL/6 mice (12.3+6.1 weeks-

old). Data from 5 additional thymus tissues also were included.
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Figure S2: Transcriptional signatures reveal different stages of thymus MAIT cell
differentiation

(A) Expression of the indicated stage-specific genes along the pseudotime trajectory as
constructed by Monocle 3. (B) Representative flow cytometry plots for staining of gated,
thymus MAIT cells for surface expression of CD44 compared to intracellular SATB1 or
LEF1, n = 5, from 2 experiments. (C) Expression of Cd24a and Cd44 along the

pseudotime trajectory for MAIT thymus cells as constructed by Monocle 3.
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Figure S3

Circulating signature
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Figure S3: CD62L" mouse MAIT cell function and origin

(A) UMAP showing the circulatory gene expression signature scores from scRNA-seq data
from mouse MAIT cells combined from liver, lung, spleen and thymus. (B) UMAP feature
plots showing expression of key genes in MAIT cells combined from the four organs. (C)
Representative plots showing CD44 and CD62L and Lef1 by MAIT cells from liver, lung,
spleen and thymus. One-way ANOVA with post-hoc Tukey test. n = 4. ****: adjusted p-
value < 0.0001. (D) Representative plot of CD62L and PLZF expressed by mouse spleen
MAIT cells (top). Mean fluorescent intensity of PLZF expressed by mouse spleen CD4,
CD8, and MAIT cell subsets. Paired one-way ANOVA with post-hoc Bonferroni test. n =
3. ***: adjusted p-value < 0.001, *: adjusted p-value < 0.05. (E) Number of cells expressing
specific Tcra genes detected by scRNA-seq of sorted mouse CD62L* and CD62L" spleen
MAIT cells. Representative of 2 experiments (Total of 1896 and 441 cells for CD62L" and
CD62L* MAIT cells, respectively). (E) Mouse CD62L* and CD62L- spleen MAIT cells
were isolated by cell sorting and cultured with anti-CD3/CD28 beads or stimulated with 5-
OP-RU. Left: T-bet and RORyT expression were evaluated by flow cytometry of TCRp*
mMR1:5-OP-RU* MAIT cells. Right: Cultured MAIT cells were re-stimulated briefly with
PMA and lonomycin before intracellular were measured. Representative of 2
experiments. (F) (top) Number of MAIT cells in the indicated chimeric mice. Donor BM
cells were from Mr1** mice (black symbols) or Mr1~~ mice (red symbols); recipients were
Mr1** (filled circles) or Mr1~- mice (open circles). Thymus tissues were harvested after 8
weeks and analyzed by flow cytometry for MR1-tetramer binding cells. (bottom)
Expression of CD44 and CD62L on MR1 tetramer-binding spleen cells from chimeric

mice. Absolute numbers of CD62L" and CD62L~tetramer-binding spleen cells are shown.
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1345  Data analyzed by Kruskal-Wallis with Tukey post-test for multiple comparisons, displayed as
1346 mean £+ SEM, NS: P2 0.05.
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Figure S4: Different metabolic signatures of mouse MAIT cell subsets

(A) UMAP of scRNA-seq data showing oxidative phosphorylation, mitochondrial gene, fatty
acid metabolism and glycolysis signature scores for MAIT cells combined from thymus,
spleen, liver and lung. (B) Gating strategy for subsets of mouse thymic (fop) MAIT cells,
splenic MAIT cells (middle) and conventional (conv) CD8* T cells (bottom). Spleen TCRB*
CD8a" T cells, excluding MAIT cells, were subdivided into naive, central memory (CM) and
effector memory (EM) subsets based on expression of CD62L and CD44. (C) MAIT cells
were isolated from indicated tissues and kinetics of fluorescent glucose analog (2-NBDG)
uptake in CXCR3* (MAIT1, yellow) and ICOS* (MAIT17, red) cell subsets were quantified;
representative histograms of either Spleen (top) or Liver (bottom) MAIT cells for 2-NBDG
uptake and dynamic quantification for both tissues (bottom-left, Liver; bottom-right, Spleen).
Timepoints represent technical replicates from 8 pooled mice. Data analyzed by 2-way
ANOVA with Geisser-Greenhouse correction, displayed as mean + SEM, ***P<0.001 and

****P<0.0001.
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Figure S5: Human tissues have a distinct transcriptional signatures

(A) Representative flow cytometry gating to identify human MAIT cells in different tissues.
Live/Dead Yellow negative single cell events were gated by excluding B cells (CD19).
MAIT cells were identified as Va7.2 TCR* and 5-OP-RU human MR1 tetramer® cells. (B)
UMAP plots representing human MAIT cells colored by their origin from different tissues. (C)
Bar graph indicating percentage of contributed by individual donors to the different MAIT cell
clusters (left) and to MAIT cells in the different tissues (right). (D) Transcriptomic analysis of
human MAIT cells from PMBCs from normal healthy donors. (right) UMAP plots were
generated by combining cells from six individuals; (/eft) Dot plot showing top 5 positive marker
genes in each cluster. (E) Score of MAIT1 or MAIT17 gene signatures from human PBMCs
from normal donors. (F) UMAP plot of expression of ZBTB16, RORC TBX21, CXCR6 and

CCR6 by human MAIT cells combined from the different tissues.
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Figure S6: Transcriptional signatures reflected different stages of MAIT cell
development in human thymus

(A) Expression of the indicated stage-specific genes along the pseudotime trajectory as
constructed by Monocle 3. (B) Expression of CD27 and KLRB1 by MAIT cells from human
thymus with a Monocle 3 trajectory analysis. (C) Human thymus, lung and blood tissue
were processed for flow cytometry analysis. Human MAIT cells were detected as Va7.2+
hMR1:5-OP-RU+ cells, as in Fig. SSA. Dimensional reduction was performed using Opt-
SNE algorithm using the OMIQ software, considering either surface makers candidates
or characteristics transcription factors identified by single cell RNA-seq. Representative
of 2 experiments. (D) Expression of SATB1 and CD44 by human thymic MAIT cells (top)

and MAIT cells in PMBCs (bottom). Representative of 2 experiments.
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Figure S7: Metabolic signature of human MAIT cells.

(A) UMAP showing the oxidative phosphorylation, mitochondrial genes, fatty acid
metabolism and glycolysis signature scores for human MAIT cells combined form the four
tissues. (B) Cells were isolated from human lung biopsies and stained with non-specific
tetramer control MR1 loaded with 6FP (left) or 5-OP-RU loaded MR1 tetramer to identify
MAIT cells (right). CD3" 5-OP-RU-tetramer® MAIT cells were further tested for Va7.2 TCR
and subdivided into three subsets based on expression of CD161 and CD103, as shown.
TCRB* CD8* T cells excluding MAIT cells were subdivided into naive, central memory (CM),
effector memory (EM) and resident memory (RM) subsets based on expression of CD45RA,

CCRY7 and CD103. On right, percentage of CD161" cells are shown in lung and PBMCs.
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Figure S8: Integration of human and mouse MAIT cell datasets.

(A) Integrated UMAP of mouse and human MAIT cells showing clusters of cells with same
coordinates as in the Fig 7A. Cells are labeled according to the cluster numbers in Fig 5
A (human) and Fig 1A (mouse). (B) UMAPs showing expression by human and mouse

MAIT cells of the top two marker genes of the indicated i-clusters.
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Figure S9: Altered MAIT cell phenotype in pet shop and cross-fostered mice.

(A) Representative flow cytometry plots from SPF, pet store and cross-fostered mice
showing percentage of lung MAIT cells, and the percentage of MAIT cells that expressed
the indicated proteins. (B) Cumulative data of lung MAIT cell protein expression analyzed
by one-way ANOVA with Tukey test displayed as meant S.D. SPF mice n = 8, Pet shop

mice n=10 and cross fostered mice n=6.
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Figure S10: Batch effect correction and quality control of single cell libraries.

(A) Comparison of the performance of difference batch-effect correction methods.
Performance metrics for conservation of biological changes and batch correction are
indicated, as described (70). Overall scores are computed by a 40:60 weighted mean of
these category scores, as described (70). scANVI method displayed best overall
performance for our dataset. Color density indicates the ranking of the method, size of
the circles the performance score. (B) Comparison of label conservation metrics obtained
without (PCA-based aggregation shown in Fig. 1A) and with scANVI batch-effect
correction. The distribution of local inverse Simpson’s index (LISI) scores for the number
of batches (left) and clusters (right). If major batch effect were present, then scANVI
corrected LISI scores will show major differences from those obtained without correction.
(C) Single-cell transcriptomes of mouse MAIT cells displayed by UMAP based on Seurat-
based clustering of scANVI batch-effect corrected data displayed in Fig. 1A (without
batch-effect correction). The color of the cells (dots) in the plot indicate their cluster
annotations obtained without batch-effect correction. Cells from the original clusters also
map onto distinct clusters in the batch-effect corrected clustering shown here. (D) Quality
controls metrices of single-cell libraries from different organ and batches. Violin plots
show the distribution of total UMI counts (left) and number of genes expressed in single

cells (right) for the indicate batches and organs.
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