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Figure S1. Generation of the peripheral TCR database. (A) Sequence datasets from normal mice. The number of TRAV14 (Va2) TCRa chain sequences 
from T cell subsets at each location are shown. Experiment numbers 1–3 consisted of cells pooled from three to five mice, whereas experiment 4 con-
sisted of three independently sequenced mice. Cells from axillary and inguinal LNs were not isolated in experiment 4, as indicated by asterisks. Axil, axil-
lary; Cerv, cervical; Ing, inguinal; Mes, mesenteric. (B) FACS purification strategy. Representative flow cytometric plot of CD4+ splenocytes from TCli TCRb 
transgenic 3 Foxp3gfp 3 Tcra+/2 mice illustrate the three sorted populations: CD44hi, CD44lo, and Foxp3+. Numbers indicate percentages in the gates.
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Figure S2. Characterization of TRAV14 TCRa datasets from normal mice. The numbers of unique CDR3 amino acid sequences that were found the 
indicated numbers of times in the pooled TCRa sequence data (Table I) from the indicated populations are shown. Estimated (Est) diversity is calculated as 
described in Materials and methods. LNs are shown as in Fig. S1.
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Figure S3. Distribution of top 15 TCRs from each phenotype. The 15 most prevalent TCRa sequences found in the T reg, CD44hi, and CD44lo T cell 
populations in the data pooled from all four experiments (Table I) are shown in order of decreasing counts within each phenotype. The number of in-
stances is the total count for each TCR in the pooled dataset. Red TCR sequences showed statistically significant differences in their prevalence at differ-
ent locations based on the generalized linear model testing described in Materials and methods. We considered the Bonferroni adjusted p-value (second 
column from the left) significant if it was <0.05. Of note, cell purification typically results in the contamination of minor populations (T reg and CD44hi 
cells) by the major population (naive cells), with the reverse occurring to a much lower degree. A 95–98% purity of the Foxp3+ population generally 
means that 1 out of 20–50 cells are naive cells, which creates a small degree of false overlap. For example, a naive TCR found at 2–5% could be found at 
0.1% in the T reg TCR dataset because of impurity from FACS purification.
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Figure S4. The CD44hi, CD44lo, and Foxp3+ TCR repertoires are distinct. (A) The frequency of the 50 most abundant TCRs in the Foxp3+ and CD44lo sub-
sets are shown as in Fig. 2 A. (B) Analysis of mouse-to-mouse variability. Morisita-Horn similarity indices from individual mice datasets (experiment 4 in Fig. 
S1) show that the various subsets use distinct TCR repertoires (left), consistent with analysis of experiments using pooled mice (Fig. 2 B). However, there was 
variability between individual mice (right) that was not obvious in those experiments using pooled mice (Fig. 2 B). (C) The three most frequent TCRa se-
quences from each phenotype were selected, and their frequency within each phenotype in each experiment was plotted. Different symbols represent each of 
the four experiments. Each TCR tends to be prominent in only one of the three phenotypes, as would be expected from the overall dissimilarity.



5

Figure S5. The effect of random sampling on observed TCR frequency. Two independent TCR sequence datasets from each of four TRAV14 cDNA 
libraries were obtained by random sampling, with 150–200 sequences obtained per dataset. Shown for each sample is the frequency with which each 
unique TCRa CDR3 amino acid sequence was found in the first (blue) and second (red) dataset.
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Figure S6. Analysis of the immune response caused by Foxp3– cells in lymphopenic hosts. (A) The frequencies of Foxp3+ cells arising from the transferred 
Foxp3– T cells are summarized, with each line representing an independent experiment. The open circles represent the mean values (6SEM) from three mice within 
an independent experiment; the closed circles are values from experiments that consisted of pooled cells. The dashed line is the percentage of Foxp3+ cells found in 
a normal animal (for comparison). (B) Description of TCR sequence datasets obtained 2.5 wk after adoptive transfer of Foxp3– cells into Tcrb2/2 hosts. The total 
number of sequences by experiment, location (Crv, cervical; Mes, mesenteric; Spl, spleen) and phenotype are shown. (C) The 14 most prevalent TCR sequences pooled 
from the four mice in experiment 1 are listed. The 15th most frequent TCR in the Foxp3+ and Foxp3– TCRs are each also found in the opposite dataset, as indicated 
by asterisks. We did not observe a strong skewing of T reg TCR usage based on anatomical location in these mice, unlike normal mice (Fig. 2), possibly as a result of 
the empty T reg cell niche in lymphopenic animals. Precursor frequency (%) is calculated using 534 TCRa sequences from the sorted CD4+Foxp3– input cell popula-
tion (note that 0.2% represents a TCR found once in this dataset).
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Figure S7. TCR dataset after adoptive transfer of Foxp3– cells into T cell–deficient hosts. Data shown are the number of unique TRAV14 TCRa 
sequences that were found the indicated numbers of times in each population (similar to Fig. S2). Estimated diversity (Est Div) is typically lower in the 
converted than in the nonconverted TCR datasets. C, cervical LN; M, mesenteric LN; S, spleen.
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Figure S8. Reproducibility of TCR-dependent conversion. Foxp3– CD4+ cells were transferred into ab T cell–deficient hosts and recovered 2.5 wk 
later for TCR sequencing (see Fig. 4 and Figs. S4–S6). TCRs that were identified at a frequency of >1% in two or more recipients were selected, and the 
frequencies of the indicated TCR in each of the six individual mice are shown. The frequencies within the Foxp3+ (converted) population (green) are 
shown above the axis, and the frequencies within the Foxp3– (nonconverted) population (orange) are shown below the axis. Ms, mouse.
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Figure S9. Comparison of the normal dataset with TCRs found after adoptive transfer of Foxp3– cells into T cell–deficient hosts. TCRs isolated 
after adoptive transfer are listed by their ability to facilitate peripheral conversion (Conv %) as in Fig. 4 B. Rare TCRs found at <0.5% in the posttransfer 
Foxp3+ and Foxp3– subsets were excluded. The number of times the TCR was found in the posttransfer and normal peripheral and thymic TCR datasets is 
shown. These more abundant TCRs found in our peripherally converted dataset (Conv >80%) account for 5% (302 out of 5,973) of the total sequences 
in the normal T reg TCR repertoire. However, the appearance of a number of these TCRs in the thymic T reg cell subset suggests that the actual contribu-
tion of peripheral conversion may be considerably lower under normal conditions.
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Figure S10. Recirculation of peripheral CD4+ T cells to the thymus. 20 million CD4+ T cell–enriched spleen and lymph node cells were injected into 
normal congenic recipients. 1 wk later, the spleen and thymus were harvested and analyzed by flow cytometry to determine the percentage of CD4+ T 
cells derived from the donor (left), and the percentage of those that are Foxp3+ (right). Data are pooled from two independent experiments (n = 5 mice) 
and are summarized in the bottom graphs (closed circle, individual mouse; horizontal line, mean). To estimate the percentage of thymic T reg cells that 
come from recirculating peripheral T cells, we assumed that the behavior of our adoptively transferred CD4+ cells represented that of the normal periph-
eral T cell population. Therefore, recirculating cells comprise 0.8% of the CD4SP population (0.03% of donor T cells in the CD4SP thymus multiplied by 
26.3, the ratio of host to donor cells in the spleen [1:0.038]). Because 16.4% of recirculating cells are Foxp3+, this suggests that recirculating T reg cells 
comprise 0.13% of the CD4SP population. Thus, 4% of the normal thymic T reg cell subset may arise from recirculation (0.13% of 3%, the normal 
thymic T reg cell frequency; not depicted). If we assume that T reg cells that develop in the periphery recirculate to the thymus with the same frequency 
as estimated, then the extent of thymic recirculation is not sufficient to account for the presence of thymic T reg cells with TCRs that are also found in 
the converted population. For example, two of the most frequent TCRs found within the converted Foxp3+ population, represented by the CDR3 amino 
acid sequences AASDYGSSGNKLI and AASANSGTYQR (see Fig. S7), are found in the normal T reg cell population at a frequency of 0.8 and 0.4%, respec-
tively. Therefore, we could expect that they would account for 0.032% (0.8 x 4%) and 0.016% (0.4 x 4%) of thymic T reg cells. However, their frequencies 
within the normal thymic Foxp3+ population are far greater (0.4 and 0.3%, respectively).


