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Supplementary Materials 

Supplemental Figure 1: Long-term donor T cell chimerism in peripheral blood of ITx 

recipients. T cell macrochimersim occurs without GVHD and is associated with reduced 

rejection and de novo DSA development. Percentage of donor CD3+ T cells in PBMCs after 

MVTx (circles), LITx (squares), or iITx (triangles). (A) Pts 1, 3, 5, 6, 7, 13, 15, 16’’, 17, 18, 19, 

21, 22 and 23 had peaks of donor T cell chimerism in blood ≥4% (macrochimerism). “Pt16’’” 

represents the secondary transplant (MVTx) of this patient. (B) Pts 2, 4, 9, 10, 14, 16’, 20 and 24 

had peaks of donor T cell chimerism in blood <4%. “Pt16’” represents the first transplant (LITx) 

of this patient. (C) Occurrence rate of GVHD (black bar: 1/22) and blood macrochimerism (open 

white bar, 14/22) is shown. (D) Kaplan-Meier plot of freedom from moderate or severe rejection 

of patients with or without donor T cell macrochimerism (≥4%) in blood post-ITx (POD0-600). 

Kaplan-Meier plot of freedom from Class I (E) or Class II (F) de novo DSA development in 

serum of patients with or without donor T cell macrochimerism in blood post-ITx (POD0-600). 

Pt10 was excluded from the de novo DSA plots because she had preformed DSA prior to 

transplant that lasted over a year following transplantation. The p value was measured by Log-

rank (Mantel-Cox) test. 
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Supplemental Figure 1 
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Supplemental Figure 2: (A) Representative FCM gating shows percentages of γδ, CD4 and 

CD8 T cells and chimerism among total and subsets of T cells (“D”: donor; “R”: recipient) in 

Pt18 ileum IELs on POD105. Dynamics of recipient CD4 (B), CD8 (D) and γδ (F) T cell 

repopulation in ileum allograft IELs in patients with (“+”, left panel) or without (“-”, right panel) 

donor T cell macrochimerism in blood post-ITx (POD0-600). Patients with donor age <1 and ≥1 

are shown in blue and orange, respectively. Area under the curve (AUC) of individual patients 

shown in (B), (D), (F) normalized by follow-up period (up to POD200) is shown in (C), (E), (G), 

respectively. Statistical differences were seen between patients with (“+”) or without (“-”) 

macrochimerism, and between patients with donor age <1 (blue) and ≥1 (orange) using a two-

tailed unpaired student t test (****p<0.0001, ***p<0.001, **p<0.01).  
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Supplemental Figure 2 
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Supplemental Figure 3: (A) Degree of ileoscopy-proven rejection and de novo Class I and II 

DSA development in serum are shown in Pt10 up to POD384 (“++”: deceased). Pt10 had 

preformed DSA prior to transplant (Class I DSA MFI>10,000; Class II DSA MFI>10,000). (B) 

Percentage of donor CD3+ T cell chimerism in PBMCs after MVTx (circles) in Pt10. Percentage 

of recipient CD3+ T cells in ileum IELs (C) and LPLs (D) in Pt10. Cumulative frequency of GvH 

(pink) and HvG (blue) clones among all TCRs detected in ileum biopsies (Bx) (E) and PBMCs 

(F) in Pt10. 
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Supplemental Figure 4: (A) Kinetics of cumulative frequency of GvH clones (left Y axis: 

colored curve) and percentage of donor T cell chimerism (right Y axis: black curve) in the 

circulation of patients with (“+”: Pts 21, 22, 17, 18 and 23) or without (“-”: Pt 24) donor T cell 

macrochimerism. Kinetic plots of additional patients are shown in Figure 3. Patients were 

included in this analysis if there were at least one time point of TCR-seq data and two time 

points of FCM chimerism data available within 40 days post-Tx (POD ≤40). Colored dotted 

vertical line indicates the POD of peak cumulative frequency of GvH clones in blood and black 

dotted vertical line indicates the POD of peak percentage of donor T cell chimerism in blood. (B) 

Differences in the timing to achieve peak cumulative frequency of GvH clones in blood (PODpeak 

GvH) and peak percentage of donor T cell chimerism in blood (PODpeak chimerism) in patients with 

(“+”) or without (“-”) macrochimerism. PODpeak GvH - PODpeak chimerism <, =, > 0 indicates that 

peak cumulative frequency of GvH clones in blood occurs before, at the same time as, or after 

the peak percentage of donor T cell chimerism in blood, respectively. Mann-Whitney U test was 

performed. Significant difference was seen when comparing patients with or without 

macrochimerism (*p<0.05). 
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Supplemental Figure 4 
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Supplemental Figure 5: Kinetics of cumulative frequency of HvG clones in the circulation of 

patients with (“+”) (A) or without (“-”) (B) donor T cell macrochimerism.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 9 

Supplemental Figure 6: Kinetics of percentage of CD28+ cells among donor CD8 IELs of 

patients with (“+”) (A) or without (“-”) (B) donor T cell macrochimerism. (C) Peak level of 

CD28+ cells among donor CD8 IELs in patients with (“+”) or without (“-”) macrochimerism. 

Fisher’s exact test was performed with the Y axis cut-off value at 40%. Significant difference 

was seen when comparing patients with or without macrochimerism (p<0.05). (D) Flow 

cytometric gating of donor CD69+CD103+ TRMs within CD8 IELs isolated from ileal allograft 

of representative ITx patients. CD28 expression and the contribution of effector memory-like 

(Tem: CD45RA-CCR7-), central memory-like (Tcm: CD45RA-CCR7+), naïve-like 

(CD45RA+CCR7+) and terminally differentiated effect memory-like (Temra: CD45RA+CCR7-) 

T cells are shown. Pts 21 and 22 are with (“+”) blood T cell macrochimerism and Pt20 is without 

(“-”) blood T cell macrochimerism. ACR: acute cellular rejection. Healthy control (HC) PBMCs 

were used as gating references. 
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Supplemental Figure 6 
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Supplemental Figure 7: (A) BM GvH clones identified at one time point were not detected in 

either ileum biopsy or PBMCs in Pts 18, 20 and 24 at the time points when we performed TCR-

seq, as shown in each clone tracking plot. Grey squares denote sequencing time points in 

relevant tissues where the tracked clones were not detected. (B) Proportional Venn diagrams 

show the clone number and percentage of clonal overlap among all TCRβ sequences detected in 

ileum biopsy, BM and PBMC of Pt19 POD105 and POD734, Pt18 POD357 and Pt16’’ POD126 

(shared the same Venn diagram with Pt16’ POD912).  
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Supplemental Figure 8: (A) Gating strategy of FACS-sorted donor T cells (DAPI-

CD45+/dimHLA-ABC+HLA-A3+CD3+) from recipient BM collected on POD357 for Pt18 (upper 

panel), POD105 for Pt19 (middle panel) and POD126 for Pt16’’ (lower panel). (B) Expression 

levels of BM homing marker CXCR4 and ITGA4 in different UMAP clusters (Figure 5B) of 

Pt18 (left panel), Pt19 (middle panel) and Pt16’’ (right panel) are shown in violin plots. (C) 

Percentages of overlapping shared DE genes among Pt18_cluster 0/1/2/3, Pt16_cluster 1/3/4/6 

and Pt19_cluster 0 (upper panel) and among Pt18_cluster 4, Pt16’’_cluster 0 and Pt19_cluster 1 

(lower panel) are shown. (D) Gene expression of selected transcription factors (TBX21, 

EOMES, RORC, RUNX3, PRDM1, ZNF683 and TCF7), cytokines (IFNG, TNF and IL17A), 

granzymes (GZMA, GZMB) and perforin (PRF1), and ligands to trigger activation induced cell 

death (FASLG, TNFSF10) in major T cell clusters of Pt18 (left panel), Pt19 (middle panel) and 

Pt16’’ (right panel) are shown in dot feature plots. 
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Supplemental Figure 8 
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Supplemental Figure 9: (A) Top 10 most frequent TCRab clones are shown in UMAP plots of 

FACS-sorted donor T cells from recipient BM collected on POD357 for Pt18 (left panel), 

POD105 for Pt19 (middle panel) and POD126 for Pt16’’ (right panel). Major clonotypes contain 

one productive TCRb chain are labeled with numbers within each sample. (B) Clone frequencies 

of representative clones (identified by scRNA-seq) in different tissues at variable time points 

post-Tx by high throughput TCRb DNA-seq are shown in clonal tracking plots. Clonotype 1, 2 

and 3 took up 2.84%, 1.53% and 0.74% of TCRab repertoire identified by scRNA-seq, 

respectively, in FACS-sorted donor T cells from recipient BM of Pt18 POD357. (C) Clonotype 

7, 220 and 470 (CD8 GvH) took up 0.68%, 0.11% and 0.11% of TCRab repertoire identified by 

scRNA-seq, respectively, in FACS-sorted donor T cells from recipient BM of Pt16’’ POD126. 
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Supplemental Figure 9 
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Supplemental Figure 10: (A) Heatmaps of selected gene expression related to lineage markers 

(CD79A, CD74, CD3E, CD3D, CD3G), T cell subsets (CD4, CD8A, TRDC, Foxp3) and Treg 

features (CTLA4, IL10) in each UMAP clusters identified from FACS-sorted donor HLA+ CD3+ 

T cells from Pt18 POD357 BM, Pt19 POD105 BM and Pt16’’ POD126 BM, respectively. FoxP3 

expression is demarcated in blue boxes. (B) Normalized expression by log fold changes of 

selected genes related to T cell subset transcription factors (Foxp3, TBX21), Tscm features 

(TCF7, LEF1, SELL/CD62L), ectoenzymes (ENTPD1/CD39, NT5E/CD73), cytotoxicity 

(GZMB, PRF1, GZMA, GNLY) and chemotaxis (CCL5) are shown between CD8 GvH (n=8) 

and CD4 Tregs (n=30) cells identified from BM infiltrating donor T cells in Pt16’’ POD126. 

Five CD8A+ and/or CD8B+ Foxp3+ Tregs were excluded from this analysis. Mann-Whitney U 

test was performed (****: p<0.0001; ***: p<0.001; **: p<0.01; *: p<0.05). (C) Flow cytometric 

analysis of CD34-depleted components from Pt19 POD105 BM, identifying donor chimerism 

(D: Donor, HLA-A3+ HLA-A2+; R: Recipient, HLA-A3- HLA-A2+) among total CD3+ T cells 

and CD3+CD4+CD25+Foxp3+ Tregs. Among approximately 1,000 - 1,200 donor T cells, 1 CD4 

Treg was detected by flow cytometry and 4 CD4 Tregs were detected by scRNA-seq. Healthy 

control (HC) PBMCs (HLA-A3- HLA-A2+) were used as a control. 
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Supplemental Figure 10 
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Supplemental Figure 11: (A) MLR using Pt15 post-Tx total or CD25- recipient T cells sorted 

from recipient PBMCs collected on POD214 as responders, and irradiated donor pre-Tx 

splenocytes or 3rd party PBMCs as stimulators. CFSE proliferation profile of gated recipient CD4 

and CD8 T cells is shown. HLA typing (HLA-A, -B, -C, DRB1, and DQ) and number of HLA 

mismatches of recipient with donor and 3rd party is shown for Pt15. Pt15’s recipient had a greater 

number of HLA mismatches to the donor (8/10) than to the 3rd party (7/10). (B) MLR using 

Pt16’ post-Tx total or CD25- splenocytes collected on POD786 from the recipient before the 

secondary transplant as responders, and irradiated 1st donor pre-Tx splenocytes or 3rd party 

splenocytes as stimulators. CFSE proliferation profile of gated recipient CD4 and CD8 T cells is 

shown. HLA typing (HLA-A, -B, -C, DRB1, and DQ) and number of HLA mismatches of 

recipient with 1st donor and 3rd party is shown for Pt16. Pt16’s recipient had a greater number of 

HLA mismatches to the 1st donor (8/10) than to the 3rd party (4/10). 
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Supplemental Figure 11 
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Table S1. Epidemiological and clinical characteristics of patients. TCMR: T-cell mediated rejection. PTLD: Posttransplant 
lymphoproliferative disease. Pt16 was retransplanted on POD786 following the 1st transplant. Pt16’ represents the 1st transplant (LITx) 
and Pt16’’ represents the 2nd transplant (MVTx) in that patient.  
 

Pt 
(#) 

Recipient 
age at Tx 

(yrs) 

Recipient 
sex Type 

of Tx 

Donor 
age 

(yrs) 

Donor  
sex Rejection 

(Early: POD<90) GVHD Death 

1 53 Male MVTx 6 Male No No No 

2 47 Female iITx 48 Female Early pure TCMR  
(moderate) No Yes  

(Sudden death) 
3 17 Female MVTx 21 Male No No Yes (PTLD) 

4 6 Female iITx 2 Male Early mixed Rejection 
(moderate) No No 

5 27 Male iITx 13 Female No No No 

6 3 Male iITx 3 Female Early pure TCMR (mild) Self-limited 
(skin)  No 

7 53 Male MVTx 44 Male Early pure TCMR 
(mild) No Yes (Pneumonia) 

9 2 Male iITx 1 Female Early mixed Rejection 
(moderate) No Yes (respiratory 

failure) 

10 32 Female MVTx 2 Male Early mixed Rejection 
(moderate) No Yes (sepsis after 

severe rejection) 
13 2 Male iITx 2 Male Early pure TCMR (moderate) No No 

14 2 Male iITx <1 Female Early mixed Rejection (mild) No No 

15 5 Female MVTx 7 Female Late pure TCMR (mild) No No 

16’ <2 Male LITx <1 Male Early pure TCMR  
(moderate to severe) No No 
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16’’ <4 Male MVTx 1 Male Early pure TCMR  
(mild to moderate) No No 

17 5 Male iITx 5 Male Early mixed Rejection  
(mild to moderate) No No 

18 1 Male MVTx <1 Female No No No 

19 3 Male MVTx <1 Female No No No 

20 <2 Female iITx <1 Female Early mixed Rejection  
(mild to moderate) No No 

21 <3 Female MVTx <1 Male No No No 

22 44 Female MVTx 23 Male Early pure TCMR 
(mild) No Yes 

(Sepsis) 

23 2 Male MVTx <1 Male Early pure TCMR 
(mild to moderate) No No 

24 6 Male iITx 1 Male Early mixed Rejection  
(mild to moderate) No No 
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Table S2. A summary of bulk TCRb-seq data on each patient enrolled in our cohort, indicating which patients were included 
in our previous publication and new analyses were performed in the current study. “D”: donor; “R”: recipient. “D4U”: donor 
CD4 unstimulated T cells pre-Tx. “D8U”: donor CD8 unstimulated T cells pre-Tx. “D4L”: donor CD4 CFSElow T cells in pre-Tx GvH 
MLR. “D8L”: donor CD8 CFSElow T cells in pre-Tx GvH MLR. “R4U”: recipient CD4 unstimulated T cells pre-Tx. “R8U”:  recipient 
CD8 unstimulated T cells pre-Tx. “R4L”: recipient CD4 CFSElow T cells in pre-Tx HvG MLR. “R8L”: recipient CD8 CFSElow T cells 
in pre-Tx HvG MLR. “LN”: lymph nodes. “SP”: spleen. “BM”: bone marrow. Pt16 was retransplanted on POD786 following the 1st 
transplant.  Pt16’ represents the 1st transplant (LITx) and Pt16’’ represents the 2nd transplant (MVTx) in that patient. 
 
 
Pt ID POD T cell source Total 

productive 
templates 

Productive 
template 
counts after 
resolve 
ambiguity (see 
Methods) 

% discard in 
ambiguity 
removal 

Data 
presented in 
Zuber et al, 
Science 
Immunology 
2016 

Data 
presented in 
Fu et al, 
Cell Stem 
Cell 2019 

Data with 
new analysis 
in current 
study 

Pt4 0 LN D4U 121204 120654 0.45 No No Yes 
Pt4 0 LN D8U 59579 59229 0.59 No No Yes 
Pt4 0 LN D4L 96277 95444 0.87 No No Yes 
Pt4 0 LN D8L 3266 3173 2.85 No No Yes 
Pt4 0 LN R4U 165011 164299 0.43 Yes No Yes 
Pt4 0 LN R8U 187731 184083 1.94 Yes No Yes 
Pt4 0 LN R4L 85576 84166 1.65 Yes No Yes 
Pt4 0 LN R8L 81212 79646 1.93 Yes No Yes 
Pt4 13 ileum 266 266 0.00 No No Yes 
Pt4 524 ileum 109009 108291 0.66 Yes No Yes 
Pt4 674 ileum 57914 57140 1.34 Yes No Yes 
Pt4 65 PBMC 36269 36075 0.53 No No Yes 
Pt4 324 PBMC 34522 34446 0.22 No No Yes 
Pt4 541 PBMC 16992 16945 0.28 No No Yes 
Pt7 0 SP D4U 153269 149434 2.50 Yes Yes Yes 
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Pt7 0 SP D8U 182562 85250 53.30 Yes Yes Yes 
Pt7 0 SP D4L 63875 60960 4.56 Yes Yes Yes 
Pt7 0 SP D8L 69302 51384 25.85 Yes Yes Yes 
Pt7 0 SP R4U 134589 130774 2.83 Yes Yes Yes 
Pt7 0 SP R8U 119492 89352 25.22 Yes Yes Yes 
Pt7 0 SP R4L 48612 47348 2.60 Yes Yes Yes 
Pt7 0 SP R8L 31922 27137 14.99 Yes Yes Yes 
Pt7 24 ileum 56740 50513 10.97 Yes Yes Yes 
Pt7 225 ileum 30158 27525 8.73 Yes No Yes 
Pt7 22-50 PBMC_R CD4 7083 7017 0.93 Yes No Yes 
Pt7 22-50 PBMC_R CD8 4750 4642 2.27 Yes No Yes 
Pt7 253 PBMC 123327 119333 3.24 No No Yes 
Pt9 0 SP D4U 184813 183849 0.52 Yes No Yes 
Pt9 0 SP D8U 154316 153231 0.70 Yes No Yes 
Pt9 0 SP D4L 87812 87223 0.67 Yes No Yes 
Pt9 0 SP D8L 22893 22590 1.32 Yes No Yes 
Pt9 0 LN R4U 177444 176402 0.59 Yes No Yes 
Pt9 0 LN R8U 164606 163538 0.65 Yes No Yes 
Pt9 0 LN R4L 113353 111220 1.88 Yes No Yes 
Pt9 0 LN R8L 66490 64433 3.09 Yes No Yes 
Pt9 20 ileum 95113 94983 0.14 Yes No Yes 
Pt9 254 ileum 27914 27889 0.09 Yes No Yes 
Pt9 66 PBMC 39993 39957 0.09 No No Yes 
Pt9 156 PBMC 33334 33298 0.11 No No Yes 

Pt10 0 SP D4U 101126 100153 0.96 Yes No Yes 
Pt10 0 SP D8U 130066 128206 1.43 Yes No Yes 
Pt10 0 SP D4L 38550 38264 0.74 Yes No Yes 
Pt10 0 SP D8L 32128 31735 1.22 Yes No Yes 
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Pt10 0 SP R4U 199313 194697 2.32 Yes No Yes 
Pt10 0 SP R8U 146772 81003 44.81 Yes No Yes 
Pt10 0 SP R4L 82042 80082 2.39 Yes No Yes 
Pt10 0 SP R8L 91908 75713 17.62 Yes No Yes 
Pt10 17 ileum 36523 36112 1.13 Yes No Yes 
Pt10 204 ileum 83572 80002 4.27 Yes No Yes 
Pt10 338 ileum 16824 15627 7.11 Yes No Yes 
Pt10 8 PBMC 13096 12621 3.63 No No Yes 
Pt10 118 PBMC 85643 80112 6.46 No No Yes 
Pt13 0 SP D4U 181221 180274 0.52 Yes No Yes 
Pt13 0 SP D8U 163514 162433 0.66 Yes No Yes 
Pt13 0 SP D4L 103116 102419 0.68 Yes No Yes 
Pt13 0 SP D8L 107612 106763 0.79 Yes No Yes 
Pt13 0 LN R4U 181609 180510 0.61 Yes No Yes 
Pt13 0 LN R8U 142485 140256 1.56 Yes No Yes 
Pt13 0 LN R4L 91432 90291 1.25 Yes No Yes 
Pt13 0 LN R8L 106031 104890 1.08 Yes No Yes 
Pt13 12 ileum 71567 71450 0.16 Yes No Yes 
Pt13 142 ileum 46757 46462 0.63 Yes No Yes 
Pt13 460 ileum 32050 31850 0.62 No No Yes 
Pt13 41 PBMC 14651 14601 0.34 No No Yes 
Pt13 453 PBMC 168939 168124 0.48 No No Yes 
Pt13 1032 PBMC 19076 19023 0.28 No No Yes 
Pt14 0 SP D4U 169468 168428 0.61 Yes No Yes 
Pt14 0 SP D8U 174027 173020 0.58 Yes No Yes 
Pt14 0 SP D4L 108276 106778 1.38 Yes No Yes 
Pt14 0 SP D8L 83807 82100 2.04 Yes No Yes 
Pt14 0 LN R4U 219754 218350 0.64 Yes No Yes 
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Pt14 0 LN R8U 171416 170033 0.81 Yes No Yes 
Pt14 0 LN R4L 73641 71206 3.31 Yes No Yes 
Pt14 0 LN R8L 112231 109934 2.05 Yes No Yes 
Pt14 9 ileum 9430 9391 0.41 Yes No Yes 
Pt14 16 ileum 50726 50585 0.28 Yes No Yes 
Pt14 156 ileum 9995 9971 0.24 Yes No Yes 
Pt14 226 ileum 27745 27650 0.34 Yes No Yes 
Pt14 527 ileum 22940 22870 0.31 No No Yes 
Pt14 717 ileum 46904 46823 0.17 No No Yes 
Pt14 30 PBMC 33728 33691 0.11 No No Yes 
Pt14 456 PBMC 50511 50382 0.26 No No Yes 
Pt15 0 SP D4U 155734 154695 0.67 Yes Yes Yes 
Pt15 0 SP D8U 159944 155487 2.79 Yes Yes Yes 
Pt15 0 SP D4L 113816 112886 0.82 Yes Yes Yes 
Pt15 0 SP D8L 116894 114732 1.85 Yes Yes Yes 
Pt15 0 SP R4U 162968 161391 0.97 Yes Yes Yes 
Pt15 0 SP R8U 159370 154277 3.20 Yes Yes Yes 
Pt15 0 SP R4L 97055 95662 1.44 Yes Yes Yes 
Pt15 0 SP R8L 85268 83305 2.30 Yes Yes Yes 
Pt15 17 ileum 16282 16219 0.39 Yes No Yes 
Pt15 27 ileum 44871 44673 0.44 Yes No Yes 
Pt15 55 ileum 36144 35986 0.44 Yes No Yes 
Pt15 237 ileum 35678 35599 0.22 No No Yes 
Pt15 455 ileum 27661 27498 0.59 No No Yes 
Pt15 1018 ileum 9968 9937 0.31 No No Yes 
Pt15 11 PBMC 14708 14515 1.31 No No Yes 
Pt15 19 PBMC 4379 4354 0.57 No No Yes 
Pt15 26 PBMC 114544 113880 0.58 No No Yes 
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Pt15 83 PBMC 10043 9996 0.47 No No Yes 
Pt15 255 PBMC 165577 164341 0.75 No No Yes 
Pt15 1070 PBMC 78000 77457 0.70 No No Yes 
Pt16' 0 SP D4U 52503 52200 0.58 No No Yes 
Pt16' 0 SP D8U 52261 51941 0.61 No No Yes 
Pt16' 0 SP D4L 46022 44842 2.56 No No Yes 
Pt16' 0 SP D8L 12311 11657 5.31 No No Yes 
Pt16' 0 LN R4U 167782 167274 0.30 No No Yes 
Pt16' 0 LN R8U 144573 144056 0.36 No No Yes 
Pt16' 0 LN R4L 107489 101110 5.93 No No Yes 
Pt16' 0 LN R8L 107975 100694 6.74 No No Yes 
Pt16' 800 ileum 31270 31255 0.05 No No Yes 
Pt16' 818 ileum 462 462 0.00 No No Yes 
Pt16' 912 ileum 15166 15161 0.03 No No Yes 
Pt16' 1280 ileum 33279 33271 0.02 No No Yes 
Pt16' 9 PBMC 18373 18365 0.04 No No Yes 
Pt16' 23 PBMC 9486 9482 0.04 No No Yes 
Pt16' 463 PBMC 35848 35837 0.03 No No Yes 
Pt16' 786 PBMC 68698 68688 0.01 No No Yes 
Pt16' 912 PBMC 36453 36450 0.01 No No Yes 
Pt16' 1071 PBMC 32785 32782 0.01 No No Yes 
Pt16' 1280 PBMC 40790 40786 0.01 No No Yes 
Pt16' 912 BM 58768 58754 0.02 No No Yes 
Pt16'' 0 SP D4U 172708 171686 0.59 No No Yes 
Pt16'' 0 SP D8U 133406 130452 2.21 No No Yes 
Pt16'' 0 SP D4L 2045 2012 1.61 No No Yes 
Pt16'' 0 SP D8L 3394 3333 1.80 No No Yes 
Pt16'' 0 LN R4U 167782 167052 0.44 No No Yes 
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Pt16'' 0 LN R8U 144573 143921 0.45 No No Yes 
Pt16'' 0 LN R4L 52002 51593 0.79 No No Yes 
Pt16'' 0 LN R8L 41668 41322 0.83 No No Yes 
Pt16'' 14 ileum 31270 31173 0.31 No No Yes 
Pt16'' 32 ileum 462 456 1.30 No No Yes 
Pt16'' 126 ileum 15166 15090 0.50 No No Yes 
Pt16'' 494 ileum 33279 33243 0.11 No No Yes 
Pt16'' 8 PBMC 2144 2139 0.23 No No Yes 
Pt16'' 33 PBMC 2102 2098 0.19 No No Yes 
Pt16'' 126 PBMC 36453 36369 0.23 No No Yes 
Pt16'' 285 PBMC 32785 32734 0.16 No No Yes 
Pt16'' 494 PBMC 40790 40738 0.13 No No Yes 
Pt16'' 126 PBMC_D 1755 1741 0.80 No No Yes 
Pt16'' 126 BM 58768 58692 0.13 No No Yes 
Pt16'' 126 BM_D  2858 2836 0.77 No No Yes 
Pt16'' 126 stomach 3641 3623 0.49 No No Yes 
Pt16'' 126 duodenum 10448 10381 0.64 No No Yes 
Pt16'' 494 gut LN 58024 57994 0.05 No No Yes 
Pt17 0 SP D4U 165770 164006 1.06 No No Yes 
Pt17 0 SP D8U 159165 155761 2.14 No No Yes 
Pt17 0 SP D4L 29421 29205 0.73 No No Yes 
Pt17 0 SP D8L 19160 19003 0.82 No No Yes 
Pt17 0 LN R4U 188911 188132 0.41 No No Yes 
Pt17 0 LN R8U 137059 135690 1.00 No No Yes 
Pt17 0 LN R4L 72313 70993 1.83 No No Yes 
Pt17 0 LN R8L 64476 63087 2.15 No No Yes 
Pt17 7 ileum 1820 1820 0.00 No No Yes 
Pt17 17-21 ileum 5815 5809 0.10 No No Yes 
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Pt17 57 ileum 2938 2931 0.24 No No Yes 
Pt17 98 ileum 56185 56078 0.19 No No Yes 
Pt17 231 ileum 10424 10409 0.14 No No Yes 
Pt17 472 ileum 20807 20776 0.15 No No Yes 
Pt17 584 ileum 27462 27418 0.16 No No Yes 
Pt17 662 ileum 6345 6314 0.49 No No Yes 
Pt17 18 PBMC 34002 33971 0.09 No No Yes 
Pt17 31 PBMC 11433 11393 0.35 No No Yes 
Pt17 231 PBMC 34771 34718 0.15 No No Yes 
Pt17 267 PBMC 64109 64012 0.15 No No Yes 
Pt17 662 PBMC 87069 86937 0.15 No No Yes 
Pt18 0 SP D4U 81129 80568 0.69 No Yes Yes 
Pt18 0 SP D8U 38214 37871 0.90 No Yes Yes 
Pt18 0 SP D4L 44271 43459 1.83 No Yes Yes 
Pt18 0 SP D8L 81866 80632 1.51 No Yes Yes 
Pt18 0 SP R4U 42232 41844 0.92 No Yes Yes 
Pt18 0 SP R8U 165319 159880 3.29 No Yes Yes 
Pt18 0 SP R4L 47094 46280 1.73 No Yes Yes 
Pt18 0 SP R8L 84370 83368 1.19 No Yes Yes 
Pt18 5+7 ileum 6400 6329 1.11 No No Yes 
Pt18 18 ileum 3952 3935 0.43 No No Yes 
Pt18 35 ileum 458 456 0.44 No No Yes 
Pt18 105 ileum 6795 6754 0.60 No No Yes 
Pt18 307 ileum 11790 11699 0.77 No No Yes 
Pt18 357 ileum 96967 96877 0.09 No No Yes 
Pt18 5 PBMC 1174 1164 0.85 No No Yes 
Pt18 7 PBMC 1821 1818 0.16 No No Yes 
Pt18 14 PBMC 29065 28946 0.41 No No Yes 
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Pt18 28 PBMC 40878 40803 0.18 No No Yes 
Pt18 98 PBMC 109212 109006 0.19 No No Yes 
Pt18 314 PBMC 58599 58127 0.81 No No Yes 
Pt18 357 PBMC 26465 26312 0.58 No No Yes 
Pt18 357 PBMC_D 2593 2580 0.50 No Yes Yes 
Pt18 357 BM 4373 4328 1.03 No No Yes 
Pt18 357 BM_D 1446 1432 0.97 No No Yes 
Pt18 357 stomach 17317 17229 0.51 No No Yes 
Pt18 357 duodenum 7323 7292 0.42 No No Yes 
Pt18 357 colon 14128 14086 0.30 No No Yes 
Pt18 357 native colon 17804 17745 0.33 No No Yes 
Pt19 0 SP D4U 166916 165700 0.73 No No Yes 
Pt19 0 SP D8U 154820 152684 1.38 No No Yes 
Pt19 0 SP D4L 95496 93001 2.61 No No Yes 
Pt19 0 SP D8L 93393 91454 2.08 No No Yes 
Pt19 0 SP R4U 171420 168751 1.56 No No Yes 
Pt19 0 SP R8U 165164 155206 6.03 No No Yes 
Pt19 0 SP R4L 86046 83968 2.41 No No Yes 
Pt19 0 SP R8L 113650 111286 2.08 No No Yes 
Pt19 12 ileum 3057 3013 1.44 No No Yes 
Pt19 22 ileum 1436 1422 0.97 No No Yes 
Pt19 43 ileum 704 696 1.14 No No Yes 
Pt19 105 ileum 8388 8272 1.38 No No Yes 
Pt19 356 ileum 2714 2687 0.99 No No Yes 
Pt19 729 ileum 16208 16080 0.79 No No Yes 
Pt19 9 PBMC 1294 1270 1.85 No No Yes 
Pt19 16 PBMC 2349 2329 0.85 No No Yes 
Pt19 43 PBMC 14129 13953 1.25 No No Yes 
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Pt19 105 PBMC 17331 16979 2.03 No No Yes 
Pt19 355 PBMC 58157 57987 0.29 No No Yes 
Pt19 734 PBMC 57748 57022 1.26 No No Yes 
Pt19 105 BM_D 776 771 0.64 No No Yes 
Pt19 734 BM_D 69 66 4.35 No No Yes 
Pt19 734 BM_R 113632 111696 1.70 No No Yes 
Pt20 0 SP D4U 87005 86475 0.61 No No Yes 
Pt20 0 SP D8U 56677 56330 0.61 No No Yes 
Pt20 0 SP D4L 67636 67411 0.33 No No Yes 
Pt20 0 SP D8L 57984 57595 0.67 No No Yes 
Pt20 0 LN R4U 187496 186754 0.40 No No Yes 
Pt20 0 LN R8U 159431 157729 1.07 No No Yes 
Pt20 0 LN R4L 76929 76288 0.83 No No Yes 
Pt20 0 LN R8L 60562 60064 0.82 No No Yes 
Pt20 16 ileum 482 479 0.62 No No Yes 
Pt20 23 ileum 30264 30227 0.12 No No Yes 
Pt20 37 ileum 108 108 0.00 No No Yes 
Pt20 68 ileum 3512 3512 0.00 No No Yes 
Pt20 104 ileum 41525 41500 0.06 No No Yes 
Pt20 250 ileum 3502 3501 0.03 No No Yes 
Pt20 306 ileum 25431 25402 0.11 No No Yes 
Pt20 523 ileum 4423 4422 0.02 No No Yes 
Pt20 16 PBMC 46139 46034 0.23 No No Yes 
Pt20 26 PBMC 909 906 0.33 No No Yes 
Pt20 39 PBMC 33334 33300 0.10 No No Yes 
Pt20 68 PBMC 14478 14469 0.06 No No Yes 
Pt20 110 PBMC 25645 25624 0.08 No No Yes 
Pt20 242 PBMC 16630 16618 0.07 No No Yes 
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Pt20 306 PBMC 20756 20740 0.08 No No Yes 
Pt20 524 PBMC 68974 68942 0.05 No No Yes 
Pt20 125 BM 27509 27465 0.16 No No Yes 
Pt20 521 BM 15629 15618 0.07 No No Yes 
Pt21 0 SP D4U 75707 75043 0.88 No No Yes 
Pt21 0 SP D8U 72851 68956 5.35 No No Yes 
Pt21 0 SP D4L 68223 67512 1.04 No No Yes 
Pt21 0 SP D8L 67033 66114 1.37 No No Yes 
Pt21 0 SP R4U 132217 131839 0.29 No No Yes 
Pt21 0 SP R8U 91743 91359 0.42 No No Yes 
Pt21 0 SP R4L 77622 76753 1.12 No No Yes 
Pt21 0 SP R8L 79119 78230 1.12 No No Yes 
Pt21 23 ileum 385 383 0.52 No No Yes 
Pt21 109 ileum 1735 1727 0.46 No No Yes 
Pt21 243 ileum 21 21 0.00 No No Yes 
Pt21 262 ileum 1750 1742 0.46 No No Yes 
Pt21 11 PBMC 4547 4532 0.33 No No Yes 
Pt21 23 PBMC 23221 23201 0.09 No No Yes 
Pt21 109 PBMC 20772 20768 0.02 No No Yes 
Pt21 262 PBMC 86588 86569 0.02 No No Yes 

Pt ID POD T cell source Total 
productive 
reads 

Productive 
read counts 
after resolve 
ambiguity (see 
Materials and 
Methods) 

% discard in 
ambiguity 
removal 

Data 
presented in 
Zuber et al, 
Science 
Immunology 
2016 

Data 
presented in 
Fu et al, 
Cell Stem 
Cell 2019 

Data with 
new analysis 
in current 
study 

Pt22 0 SP D4U 1778226 1747717 1.72 No No Yes 
Pt22 0 SP D8U 1626233 1374837 15.46 No No Yes 
Pt22 0 SP D4L 583728 563149 3.53 No No Yes 



 32 

Pt22 0 SP D8L 657485 591764 10.00 No No Yes 
Pt22 0 SP R4U 1759451 1697344 3.53 No No Yes 
Pt22 0 SP R8U 1276455 752834 41.02 No No Yes 
Pt22 0 SP R4L 845403 821468 2.83 No No Yes 
Pt22 0 SP R8L 531758 403406 24.14 No No Yes 
Pt22 24 ileum 683330 609950 10.74 No No Yes 
Pt22 104 ileum 433141 413454 4.55 No No Yes 
Pt22 10 PBMC 6652 6647 0.08 No No Yes 
Pt22 20 PBMC 70985 63916 9.96 No No Yes 
Pt22 83 PBMC 14747 12002 18.61 No No Yes 
Pt23 0 SP D4U 435831 423636 2.80 No No Yes 
Pt23 0 SP D8U 786493 776269 1.30 No No Yes 
Pt23 0 SP D4L 450443 402720 10.59 No No Yes 
Pt23 0 SP D8L 359851 262350 27.09 No No Yes 
Pt23 0 SP R4U 1040526 934984 10.14 No No Yes 
Pt23 0 SP R8U 1358940 1346118 0.94 No No Yes 
Pt23 0 SP R4L 387321 378479 2.28 No No Yes 
Pt23 0 SP R8L 422041 406258 3.74 No No Yes 
Pt23 10 ileum 229299 220028 4.04 No No Yes 
Pt23 15-17 ileum 445759 442327 0.77 No No Yes 
Pt23 37 ileum 349003 345688 0.95 No No Yes 
Pt23 44-49 ileum 174710 172196 1.44 No No Yes 
Pt23 149 ileum 211542 209916 0.77 No No Yes 
Pt23 346 ileum 107328 99865 6.95 No No Yes 
Pt23 10 PBMC 157247 155211 1.29 No No Yes 
Pt23 18 PBMC 499963 482499 3.49 No No Yes 
Pt23 46 PBMC 748056 742788 0.70 No No Yes 
Pt23 119 PBMC 257241 256139 0.43 No No Yes 
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Pt23 346 PBMC 2209837 2188595 0.96 No No Yes 
Pt23 346 BM 652708 647697 0.77 No No Yes 
Pt24 0 SP D4U 1069819 1067682 0.20 No No Yes 
Pt24 0 SP D8U 1251892 1249746 0.17 No No Yes 
Pt24 0 SP D4L 277823 275904 0.69 No No Yes 
Pt24 0 SP D8L 174315 105875 39.26 No No Yes 
Pt24 0 LN R4U 160813 160171 0.40 No No Yes 
Pt24 0 LN R8U 839508 558907 33.42 No No Yes 
Pt24 0 LN R4L 446253 423759 5.04 No No Yes 
Pt24 0 LN R8L 298562 248158 16.88 No No Yes 
Pt24 18 ileum 7116 7116 0.00 No No Yes 
Pt24 32 ileum 302672 299377 1.09 No No Yes 
Pt24 39 ileum 136627 134738 1.38 No No Yes 
Pt24 8 PBMC 247367 238847 3.44 No No Yes 
Pt24 20 PBMC 1621 1621 0.00 No No Yes 
Pt24 36 PBMC 262714 247111 5.94 No No Yes 
Pt24 54 BM 260453 250745 3.73 No No Yes 
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Table S3. Absolute number and cumulative frequency of GvH and HvG clones identified by TCRβ CDR3 DNA sequencing in 
pre-Tx spleen or lymph nodes (LN) and post-Tx ileum biopsies (Bx) in patients with (“+”) or without (“-”) macrochimerism. 
“D”: donor; “R”: recipient. Pt16 was retransplanted on POD786 following the 1st transplant.  Pt16’ represents the 1st transplant (LITx) 
and Pt16’’ represents the 2nd transplant (MVTx) in that patient. “Cumulative frequency” was calculated as a percentage of all 
sequences weighted by copy numbers in designated populations. 
 

macrochimerism (+) Mappable clones Mappable alloreactive 
clones 

Cumulative Frequency 
(Cum.freq.)  

of alloreactive clones in sample 
Total 

Patient 
# 

T cell 
source POD D CD4 D CD8 R CD4 R CD8 GvH 

CD4 
GvH 
CD8 

HvG 
CD4 

HvG 
CD8 

GvH 
CD4 

GvH 
CD8 

HvG 
CD4 

HvG 
CD8 

Cum. 
freq. of 

GvH 

Cum. 
freq. of 

HvG 
Pt7 
  
  
  

Spleen 0 (CFSE-MLR+ unstim) 9145 3534 13324 2851             
Spleen 0 (unstim) 94413 34335 89713 38837 3082 1256 1276 362 0.06007 0.08449 0.02356 0.05736 0.14456 0.08092 
ileum Bx 24 4098 2540 768 230 1587 817 721 195 0.19037 0.19466 0.01716 0.00485 0.38503 0.02201 
ileum Bx 225 2999 1822 446 367 1227 678 50 73 0.17766 0.15012 0.00229 0.01366 0.32778 0.01595 

Pt13 
  
  
  

Spleen + LN 0 (CFSE-MLR+ unstim) 6735 6891 18445 8146             
Spleen + LN 0 (unstim) 150943 146306 159881 117293 340 347 314 471 0.00357 0.00541 0.00261 0.00965 0.00898 0.01226 
ileum Bx 12 775 850 1852 1529 87 146 1414 1163 0.00857 0.04528 0.02495 0.0219 0.05385 0.04685 
ileum Bx 142 823 1091 218 207 270 464 37 34 0.02124 0.07869 0.0017 0.00228 0.09993 0.00398 
ileum Bx 460 239 490 473 395 38 84 61 54 0.01272 0.03739 0.00301 0.00634 0.05011 0.00935 

Pt15 
  
  
  
  
  
  
  

Spleen 0 (CFSE-MLR+ unstim) 4499 3999 9057 10081             
Spleen 0 (unstim) 121126 121615 137515 114646 453 408 878 513 0.00568 0.0327 0.01436 0.02052 0.03838 0.03488 
ileum Bx 17 606 1208 10 20 86 185 4 3 0.03545 0.07189 0.00031 0.00025 0.10734 0.00056 
ileum Bx 27 1363 1673 36 77 116 202 7 9 0.01712 0.05037 0.0002 0.0002 0.06749 0.0004 
ileum Bx 55 838 1782 30 74 94 228 4 7 0.02857 0.08103 0.00011 0.00028 0.1096 0.00039 
ileum Bx 237 539 1664 228 305 57 220 60 25 0.01343 0.11807 0.00289 0.00093 0.1315 0.00382 
ileum Bx 455 507 1168 419 628 59 172 79 51 0.01051 0.05291 0.01764 0.00353 0.06342 0.02117 
ileum Bx 1018 195 274 344 347 29 40 86 31 0.00715 0.01037 0.06018 0.00453 0.01752 0.06471 

Pt16'' 
  
  

Spleen + LN 0 (CFSE-MLR+ unstim) 665 1262 6989 6442             
Spleen + LN 0 (unstim) 144960 105254 155446 134386 103 147 125 39 0.00214 0.01548 0.00147 0.00098 0.01762 0.00245 
ileum Bx 14 739 847 24 29 23 67 2 3 0.0026 0.0238 0.00006 0.00077 0.0264 0.00083 
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ileum Bx 32 5 115 0 1 0 23 0 0 0 0.08772 0 0 0.08772 0 
ileum Bx 126 695 561 19 23 29 47 1 2 0.00358 0.01186 0.00007 0.0002 0.01544 0.00027 
ileum Bx 494 180 127 182 36 6 6 5 6 0.00024 0.0003 0.00045 0.00081 0.00054 0.00126 

Pt17 
  
  
  
  
  
  

Spleen + LN 0 (CFSE-MLR+ unstim) 3852 2570 14725 10611             
Spleen + LN 0 (unstim) 135878 94685 172764 125189 267 255 177 118 0.00355 0.01064 0.00139 0.00232 0.01419 0.00371 
ileum Bx 7 46 433 1 4 1 25 0 0 0.00055 0.02198 0 0 0.02253 0 
ileum Bx 17-21 197 876 9 3 16 34 1 1 0.00327 0.01326 0.00017 0.00069 0.01653 0.00086 
ileum Bx 57 123 558 12 6 1 25 2 0 0.00034 0.01228 0.00068 0 0.01262 0.00068 
ileum Bx 98 679 2177 328 449 20 87 24 46 0.00064 0.00654 0.00048 0.00144 0.00718 0.00192 
ileum Bx 231 247 861 126 45 12 31 3 5 0.00134 0.0048 0.00029 0.00067 0.00614 0.00096 
ileum Bx 472 206 796 462 171 5 21 25 16 0.00039 0.00144 0.00188 0.0012 0.00183 0.00308 
ileum Bx 584 169 342 540 112 5 13 12 9 0.00036 0.00066 0.00088 0.00036 0.00102 0.00124 
ileum Bx 662 15 105 147 35 1 1 3 2 0.00016 0.00032 0.00048 0.00048 0.00048 0.00096 

Pt18 
  
  
  
  
  
  
  

Spleen 0 (CFSE-MLR+ unstim) 9305 13259 8469 12805             
Spleen 0 (unstim) 75372 36247 38166 125686 249 11 87 47 0.00665 0.00029 0.00282 0.00084 0.00694 0.00366 
ileum Bx 5+7 248 162 18 30 41 2 4 2 0.00964 0.00047 0.00111 0.00063 0.01011 0.00174 
ileum Bx 18 113 68 5 14 12 4 1 4 0.00483 0.00127 0.00025 0.00102 0.0061 0.00127 
ileum Bx 35 11 4 1 5 1 0 1 1 0.00219 0 0.00219 0.00219 0.00219 0.00438 
ileum Bx 105 76 42 112 76 8 1 14 5 0.00163 0.0003 0.00267 0.00133 0.00193 0.004 
ileum Bx 307 35 30 249 176 6 4 17 2 0.00051 0.00043 0.00256 0.00026 0.00094 0.00282 
ileum Bx 357 112 70 509 339 20 15 43 13 0.00029 0.0002 0.00164 0.00015 0.00049 0.00179 

Pt19 
  
  
  
  
  
  

Spleen 0 (CFSE-MLR+ unstim) 16007 15997 13067 10915             
Spleen 0 (unstim) 152861 142081 137997 116180 318 97 828 234 0.00284 0.0012 0.00989 0.00488 0.00404 0.01477 
ileum Bx 12 113 77 4 7 7 9 1 0 0.00299 0.00498 0.00033 0 0.00797 0.00033 
ileum Bx 22 45 32 1 6 3 4 0 0 0.00211 0.00281 0 0 0.00492 0 
ileum Bx 43 31 30 13 4 4 3 1 0 0.00575 0.00431 0.00144 0 0.01006 0.00144 
ileum Bx 105 72 75 457 140 4 5 29 6 0.0006 0.00073 0.01064 0.00073 0.00133 0.01137 
ileum Bx 356 4 27 89 107 0 2 5 0 0 0.00149 0.00298 0 0.00149 0.00298 
ileum Bx 729 17 44 215 275 3 3 9 3 0.00044 0.00056 0.00056 0.00025 0.001 0.00081 

Pt21 
  
  

Spleen 0 (CFSE-MLR+ unstim) 7837 7277 12690 13186             
Spleen 0 (unstim) 68574 49548 120254 87803 73 18 845 107 0.00185 0.0009 0.0123 0.00229 0.00275 0.01459 
ileum Bx 23 24 21 0 4 1 0 0 0 0.00261 0 0 0 0.00261 0 
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ileum Bx 109 29 21 27 14 1 0 12 2 0.00058 0 0.00811 0.00174 0.00058 0.00985 
ileum Bx 243 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ileum Bx 262 2 4 55 63 0 0 12 5 0 0 0.01091 0.01091 0 0.02182 

Pt22 
  
  
  

Spleen 0 (CFSE-MLR+ unstim) 5228 3901 3340 1335             
Spleen 0 (unstim) 65493 41189 44698 15566 494 376 644 209 0.00953 0.02201 0.02274 0.02639 0.03154 0.04913 
ileum Bx 24 659 693 24 26 124 213 6 11 0.06102 0.08169 0.01013 0.00643 0.14271 0.01656 
ileum Bx 104 297 248 3 5 47 81 0 1 0.03362 0.0554 0 0.00196 0.08902 0.00196 

Pt23 
  
  
  
  
  
  

Spleen 0 (CFSE-MLR+ unstim) 1096 1391 2399 3043             
Spleen 0 (unstim) 18601 40597 44581 85970 67 5 100 9 0.00247 0.00001 0.0022 0.00004 0.00248 0.00224 
ileum Bx 10 37 25 26 12 7 2 4 2 0.00359 0.00001 0.00866 0.01003 0.0036 0.01869 
ileum Bx 15-17 27 22 25 24 8 1 1 2 0.00023 0 0 0 0.00023 0 
ileum Bx 37 19 25 38 23 2 2 2 1 0.00706 0.00071 0.00039 0.00006 0.00777 0.00045 
ileum Bx 44-49 4 3 10 7 0 0 2 0 0 0 0.00225 0 0 0.00225 
ileum Bx 149 0 0 45 19 0 0 6 0 0 0 0.00354 0 0 0.00354 
ileum Bx 346 0 1 12 2 0 1 2 0 0 0.00001 0.00124 0 0.00001 0.00124 

  

macrochimerism (-) Mappable clones Mappable alloreactive 
clones 

Cumulative Frequency 
(Cum.freq.)  

of alloreactive clones in sample 
Total 

Patient 
# 

T cell 
source POD D CD4 D CD8 R CD4 R CD8 GvH 

CD4 
GvH 
CD8 

HvG 
CD4 

HvG 
CD8 

GvH 
CD4 

GvH 
CD8 

HvG 
CD4 

HvG 
CD8 

Cum. 
freq. of 

GvH 

Cum. 
freq. of 

HvG 
Pt4 
  
  
  
  

LN 0 (CFSE-MLR+ unstim) 9213 1894 14446 14361             
LN 0 (unstim) 115611 57599 146227 160214 858 37 171 245 0.01117 0.00157 0.00144 0.00426 0.01274 0.0057 
ileum Bx 13 3 4 2 2 0 1 2 2 0 0.00376 0.00752 0.00752 0.00376 0.01504 
ileum Bx 524 44 24 1730 1825 7 2 205 152 0.00009 0.00006 0.0193 0.01427 0.00015 0.03357 
ileum Bx 674 51 22 1547 1523 7 1 145 109 0.00021 0.00014 0.0091 0.00691 0.00035 0.01601 

Pt9 
  
  
  

Spleen + LN 0 (CFSE-MLR+ unstim) 12157 3325 14629 8569             
Spleen + LN 0 (unstim) 165856 138944 158626 148012 397 147 345 148 0.00377 0.00563 0.00361 0.00242 0.0094 0.00603 
ileum Bx 20 184 88 394 558 26 3 70 36 0.00051 0.00044 0.00206 0.00136 0.00095 0.00342 
ileum Bx 254 27 14 471 392 2 5 43 34 0.00011 0.00036 0.03173 0.00262 0.00047 0.03435 
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Pt14 
  
  
  
  
  

Spleen + LN 0 (CFSE-MLR+ unstim) 4983 7603 15085 8963             
Spleen + LN 0 (unstim) 151200 160214 195261 149232 227 17 452 684 0.00331 0.00023 0.0031 0.01079 0.00354 0.01389 
ileum Bx 9 234 114 251 157 10 2 58 42 0.00202 0.00032 0.023 0.00735 0.00234 0.03035 
ileum Bx 16 205 127 405 305 13 1 96 123 0.00036 0.00002 0.00518 0.01137 0.00038 0.01655 
ileum Bx 156 19 9 620 184 0 0 44 33 0 0 0.00963 0.00552 0 0.01515 
ileum Bx 226 24 20 1067 280 1 0 76 51 0.00007 0 0.00546 0.003 0.00007 0.00846 
ileum Bx 527 19 17 828 262 4 0 38 29 0.00017 0 0.00354 0.00171 0.00017 0.00525 
ileum Bx 717 23 28 1163 296 1 0 77 27 0.00004 0 0.00414 0.00149 0.00004 0.00563 

Pt16' 
  

Spleen + LN 0 (CFSE-MLR+ unstim) 6009 2196 9761 4915             
Spleen + LN 0 (unstim) 49927 49877 155599 134499 61 8 128 44 0.00161 0.00023 0.00111 0.00071 0.00184 0.00182 
ileum Bx 800 20 13 28 32 4 0 0 2 0.00019 0 0 0.0001 0.00019 0.0001 
ileum Bx 818 0 0 2 3 0 0 0 0 0 0 0 0 0 0 
ileum Bx 912 11 7 21 30 1 0 0 1 0.00007 0 0 0.00007 0.00007 0.00007 
ileum Bx 1280 8 2 195 41 2 0 7 2 0.00006 0 0.00036 0.00009 0.00006 0.00045 

Pt20 
  
  
  
  
  
  
  
  

Spleen + LN 0 (CFSE-MLR+ unstim) 7089 6655 12551 10086             
Spleen + LN 0 (unstim) 82051 54382 172726 147594 69 29 397 94 0.00123 0.00103 0.00351 0.00104 0.00226 0.00455 
ileum Bx 16 6 88 2 4 0 9 1 2 0 0.03758 0.00209 0.00418 0.03758 0.00627 
ileum Bx 23 84 203 213 185 2 10 54 17 0.00007 0.00079 0.00337 0.00079 0.00086 0.00416 
ileum Bx 37 0 11 1 0 0 0 0 0 0 0 0 0 0 0 
ileum Bx 68 2 62 41 59 0 8 8 0 0 0.00541 0.00256 0 0.00541 0.00256 
ileum Bx 104 37 80 519 296 3 6 37 21 0.0001 0.00022 0.00147 0.00058 0.00032 0.00205 
ileum Bx 250 6 85 104 16 0 5 5 0 0 0.00343 0.00171 0 0.00343 0.00171 
ileum Bx 306 42 180 517 70 1 12 24 5 0.00008 0.00303 0.00146 0.00031 0.00311 0.00177 
ileum Bx 523 4 38 112 28 0 2 3 3 0 0.00045 0.00068 0.01967 0.00045 0.02035 

Pt24 
  
  
  
  

Spleen + LN 0 (CFSE-MLR+ unstim) 514 428 837 650             
Spleen + LN 0 (unstim) 44835 33623 10369 7866 8 29 33 0 0.00012 0.00433 0.00371 0 0.00445 0.00371 
ileum Bx 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ileum Bx 32 52 1 40 17 8 1 16 0 0.0069 0.00014 0.01527 0 0.00704 0.01527 
ileum Bx 39 4 2 26 13 1 0 6 3 0.00017 0 0.0277 0.00003 0.00017 0.02773 

Pt10 
  

Spleen 0 (CFSE-MLR+ unstim) 4355 5929 9350 5134             
Spleen 0 (unstim) 82927 101269 142634 47070 154 461 1176 464 0.00305 0.0164 0.01446 0.05558 0.01945 0.07004 
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ileum Bx 17 534 2094 481 307 25 319 149 49 0.00277 0.09711 0.00601 0.00238 0.09988 0.00839 
ileum Bx 204 39 42 3440 1617 4 3 485 201 0.01229 0.04145 0.01571 0.01315 0.05374 0.02886 
ileum Bx 338 12 5 1133 725 3 1 196 77 0.01107 0.03667 0.02041 0.02521 0.04774 0.04562 
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Table S4. Absolute number and cumulative frequency of GvH and HvG clones identified by TCRβ CDR3 DNA sequencing in 
post-Tx PBMCs in patients with (“+”) or without (“-”) macrochimerism. “D”: donor; “R”: recipient. Pt16 was retransplanted on 
POD786 following the 1st transplant.  Pt16’ represents the 1st transplant (LITx) and Pt16’’ represents the 2nd transplant (MVTx) in that 
patient. “Cumulative frequency” was calculated as a percentage of all sequences weighted by copy numbers in designated populations. 
 

macrochimerism 
(+) Mappable clones Mappable alloreactive 

clones 

Cumulative Frequency 
(Cum.freq.)  

of alloreactive clones in sample 
Total 

Patient # POD D  
CD4 

D  
CD8 

R  
CD4 

R  
CD8 

GvH 
CD4 

GvH 
CD8 

HvG 
CD4 

HvG 
CD8 

GvH 
CD4 

GvH 
CD8 

HvG 
CD4 

HvG 
CD8 

Cum. 
freq. of 

GvH 

Cum. 
freq. of 

HvG 
Pt7 253 390 188 11392 4434 119 30 752 264 0.00116 0.0004 0.02718 0.01814 0.00156 0.04532 
Pt13 
  

41 19 15 123 202 3 5 10 27 0.00021 0.00034 0.00103 0.00404 0.00055 0.00507 
453 132 161 987 992 9 27 110 99 0.0001 0.00051 0.00167 0.00378 0.00061 0.00545 
1032 24 24 209 227 1 7 24 23 0.00005 0.00058 0.002 0.00331 0.00063 0.00531 

Pt15 
  
  
  
  
  

11 22 60 151 1077 4 11 20 93 0.00028 0.00103 0.00145 0.01529 0.00131 0.01674 
19 6 17 55 257 1 5 10 10 0.00023 0.00367 0.00666 0.00276 0.0039 0.00942 
26 127 372 1045 2729 8 41 130 195 0.00008 0.00045 0.00162 0.0049 0.00053 0.00652 
83 13 30 161 418 0 1 19 19 0 0.0001 0.0021 0.003 0.0001 0.0051 
255 362 748 4017 4221 4 0 328 139 0.00018 0.00055 0.00842 0.00433 0.00073 0.01275 
1070 37 39 2404 2601 0 0 80 22 0.0001 0 0.0091 0.00489 0.0001 0.01399 

Pt16'' 
  
  
  

8 4 78 12 9 1 4 1 2 0.00047 0.00374 0.00047 0.02805 0.00421 0.02852 
33 0 28 7 14 0 1 0 2 0 0.00048 0 0.00953 0.00048 0.00953 
126 29 258 138 62 0 16 5 10 0 0.00162 0.00014 0.00393 0.00162 0.00407 
285 30 119 159 72 1 7 9 7 0.00003 0.0004 0.00043 0.0018 0.00043 0.00223 
494 45 262 170 55 0 10 2 2 0 0.00071 0.00012 0.00368 0.00071 0.0038 

Pt17 
  
  

18 39 90 271 266 5 6 7 10 0.00018 0.00018 0.00021 0.00035 0.00036 0.00056 
31 6 38 112 356 0 1 0 13 0 0.00009 0 0.00158 0.00009 0.00158 
231 19 59 503 488 2 1 17 14 0.00012 0.00003 0.0006 0.00043 0.00015 0.00103 
267 50 96 873 721 4 1 35 29 0.00006 0.00003 0.00066 0.00069 0.00009 0.00135 
662 66 90 748 454 9 2 36 17 0.00015 0.00002 0.00049 0.00025 0.00017 0.00074 

Pt18 5 1 0 4 35 0 0 0 0 0 0 0 0 0 0 
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7 3 3 3 19 0 0 0 0 0 0 0 0 0 0 
14 56 39 238 358 11 10 28 9 0.00038 0.00035 0.00128 0.00048 0.00073 0.00176 
28 58 38 207 285 6 6 22 8 0.0002 0.00017 0.00074 0.00022 0.00037 0.00096 
98 143 90 782 640 20 13 55 22 0.00024 0.00018 0.0008 0.00029 0.00042 0.00109 
314 75 48 769 405 15 6 53 15 0.00028 0.00014 0.00175 0.00026 0.00042 0.00201 
357 54 30 373 419 7 4 34 9 0.00027 0.00019 0.00171 0.00038 0.00046 0.00209 

Pt19 
  
  
  
  

9 3 3 14 11 1 1 3 0 0.00079 0.00079 0.00315 0 0.00158 0.00315 
16 7 11 48 93 1 0 3 3 0.00043 0 0.00129 0.00129 0.00043 0.00258 
43 28 23 453 306 1 1 26 7 0.00036 0.00007 0.00222 0.00065 0.00043 0.00287 
105 24 35 742 616 2 7 33 8 0.00012 0.00041 0.00247 0.001 0.00053 0.00347 
355 67 68 873 475 9 9 44 12 0.00017 0.00016 0.00086 0.00021 0.00033 0.00107 
734 60 65 1278 831 4 8 54 10 0.00007 0.00016 0.00112 0.00037 0.00023 0.00149 

Pt21 
  
  
  

11 8 34 35 25 2 1 3 1 0.00044 0.00022 0.00066 0.00022 0.00066 0.00088 
23 28 31 138 80 4 2 18 10 0.00017 0.00009 0.00082 0.00043 0.00026 0.00125 
109 11 10 180 63 2 1 31 4 0.0001 0.00005 0.00173 0.00019 0.00015 0.00192 
262 26 13 622 141 0 0 83 5 0 0 0.00144 0.00009 0 0.00153 

Pt22 
  
  

10 6 2 5 3 3 0 3 0 0.00045 0 0.31262 0 0.00045 0.31262 
20 14 7 37 8 7 5 5 1 0.05728 0.00224 0.03653 0.00002 0.05952 0.03655 
83 0 0 2 6 0 0 0 1 0 0 0 0.01716 0 0.01716 

Pt23 
  
  
  

10 16 7 11 7 6 2 2 1 0.00004 0.03821 0.00877 0.00001 0.03825 0.00878 
18 34 35 65 44 6 8 7 4 0.00001 0.00002 0.00005 0.00001 0.00003 0.00006 
46 1 1 46 9 0 0 0 0 0 0 0 0 0 0 
119 2 4 42 14 0 1 2 0 0 0.00019 0.00031 0 0.00019 0.00031 
346 39 46 883 239 2 2 29 7 0.00005 0.00007 0.00089 0.00015 0.00012 0.00104 

 

macrochimerism  
(-) Mappable clones Mappable alloreactive 

clones 

Cumulative Frequency 
(Cum.freq.)  

of alloreactive clones in sample 
Total 

Patient # POD D CD4 D CD8 R CD4 R CD8 GvH 
CD4 

GvH 
CD8 

HvG 
CD4 

HvG 
CD8 

GvH 
CD4 

GvH 
CD8 

HvG 
CD4 

HvG 
CD8 

Cum. 
freq. of 

GvH 

Cum. 
freq. of 

HvG 
Pt4 65 21 18 434 876 7 1 31 48 0.00019 0.00017 0.00208 0.00358 0.00036 0.00566 
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324 9 7 257 618 0 1 15 27 0 0.00009 0.00099 0.00409 0.00009 0.00508 
541 19 4 162 413 2 1 8 12 0.00012 0.00006 0.00053 0.00083 0.00018 0.00136 

Pt9 
  

66 51 47 686 638 2 3 28 32 0.00005 0.0001 0.001 0.00168 0.00015 0.00268 
156 36 43 657 401 5 4 35 19 0.00018 0.00012 0.00165 0.00075 0.0003 0.0024 

Pt14 
  

30 42 45 410 315 1 0 24 36 0.00003 0 0.00145 0.00137 0.00003 0.00282 
456 64 45 946 456 5 2 33 21 0.00012 0.00004 0.00093 0.00095 0.00016 0.00188 

Pt16' 
  
  

9 8 17 83 87 2 4 1 0 0.00011 0.00022 0.00005 0 0.00033 0.00005 
23 7 7 25 28 0 2 0 0 0 0.00021 0 0 0.00021 0 
463 24 26 235 60 3 1 17 1 0.00011 0.00003 0.0005 0.00003 0.00014 0.00053 
786 24 63 401 141 1 3 17 4 0.00001 0.00007 0.00025 0.00006 0.00008 0.00031 
912 11 31 144 65 2 1 3 3 0.00008 0.00005 0.00008 0.00008 0.00013 0.00016 
1071 13 21 169 74 0 2 6 3 0 0.00009 0.00024 0.00012 0.00009 0.00036 
1280 12 22 185 61 1 1 6 3 0.00002 0.00007 0.00022 0.00007 0.00009 0.00029 

Pt20 
  
  
  
  
  
  

16 27 32 283 346 1 3 24 18 0.00002 0.00007 0.0007 0.00041 0.00009 0.00111 
26 0 1 3 26 0 0 0 2 0 0 0 0.00221 0 0.00221 
39 16 26 380 395 2 3 28 21 0.00006 0.00009 0.00183 0.00078 0.00015 0.00261 
68 13 14 170 170 0 1 9 4 0 0.00007 0.00069 0.00028 0.00007 0.00097 
110 18 15 506 286 0 1 13 10 0 0.00004 0.00078 0.00039 0.00004 0.00117 
242 13 6 361 187 2 1 9 4 0.0003 0.00006 0.0006 0.00024 0.00036 0.00084 
306 18 7 470 235 1 1 11 6 0.0001 0.00005 0.00087 0.00039 0.00015 0.00126 
524 51 23 818 315 4 2 32 12 0.00009 0.00003 0.00057 0.00032 0.00012 0.00089 

Pt24 
  
  

8 12 1 40 45 0 0 6 0 0 0 0.00103 0 0 0.00103 
20 0 0 2 0 0 0 2 0 0 0 0.00123 0 0 0.00123 
36 4 2 66 103 1 0 15 0 0.00291 0 0.00168 0 0.00291 0.00168 

Pt10 
  

8 10 9 419 244 1 0 33 8 0.00008 0 0.00277 0.00182 0.00008 0.00459 
118 61 54 5644 2463 4 6 224 78 0.00032 0.00029 0.00396 0.00166 0.00061 0.00562 
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Table S5. Graft-derived T cells including GvH-reactive T cells enter recipient BM. NA: not available. Pt16 was retransplanted on 
POD786 following the 1st Tx. Pt16’ (LITx: 1st Tx) POD912 was the same day as Pt16’’ (MVTx: 2nd Tx) POD126, when we collected 
the BM aspirate and detected cells from both donors. 
 

Patient  
 

Type 
of Tx 

POD %donor 
among  
total BM 
CD45 

%CD3 
among 
donor 
BM 
CD45 

%donor 
CD3 
among  
total 
BM 
CD45 

%CD34 
among 
donor 
BM 
CD45 

%donor 
CD34 
among  
total BM 
CD45 

GvH clones 
identified among 
donor-mappable 
sequences in BM 
post-Tx (GvH/ 
donor-mappable) 

# of 
overlapping 
GvH clones 
identified in 
BM and 
PBMC at the 
matched POD 

HvG clones 
identified among 
recipient-mappable 
sequences in BM 
post-Tx (HvG/ 
recipient-mappable) 

Pt16’ LITx 912  
(1st Tx) 

0.638  
(1st D) 

41.7 
(1st D) 

0.266 
(1st D) 

3.66 
(1st D) 

0.0234 
(1st D) 

G1vH: 2/11 (CD4),     
           2/35 (CD8) 

0 (CD4),  
0 (CD8) 

HvG1: 11/221 (CD4),    
            6/102 (CD8) 

Pt16’’ MVTx 126  
(2nd Tx) 

1.52  
(2nd D) 

53.1 
(2nd D) 

0.807 
(2nd D) 

0.292 
(2nd D) 

0.00444 
(2nd D) 

G2vH: 0/37 (CD4),  
        10/184 (CD8) 

0 (CD4),  
7 (CD8) 

HvG2: 11/215 (CD4),    
           10/98 (CD8) 

Pt19 MVTx 105 0.035 72.2 0.0253 1.89 0.000662 2/5 (CD4),  
1/22 (CD8) 

0 (CD4),  
0 (CD8) 

18/330 (CD4),     
10/300 (CD8) 

734 0.00929 45.6 0.00424 0 0 6/106 (CD4),  
20/113 (CD8) 

0 (CD4),  
1 (CD8) 

105/2553 (CD4),     
38/1492 (CD8) 

Pt23 MVTx 346 0.0167 10 0.00167 0 0 0/7 (CD4),  
0/14 (CD8) 

0 (CD4),  
0 (CD8) 

12/415 (CD4),     
2/122 (CD8) 

Pt18 MVTx 357 1.65 80.1 1.322 0.128 0.00211 1/10 (CD4),  
1/31 (CD8) 

0 (CD4),  
0 (CD8) 

1/40 (CD4),     
1/172 (CD8) 

Pt15 MVTx 1070 0 0 0 NA NA NA NA NA 
1154 0 0 0 NA NA NA NA NA 
1312 0 0 0 0 0 NA NA NA 

Pt24 iITx 54 0.0033 92.9 0.00307 0 0 8/8 (CD4),  
3/7 (CD8) 

NA 4/27 (CD4),     
0/38 (CD8) 

Pt20 iITx 125 0.0161 9.15 0.00147 4.93 0.000793 0/23 (CD4),  
0/17 (CD8) 

NA 16/500 (CD4),     
9/391 (CD8) 

521 0.0229 23.5 0.00538 0 0 1/11 (CD4),  
1/7 (CD8) 

0 (CD4),  
0 (CD8) 

7/99 (CD4),     
2/105 (CD8) 

Pt13 iITx 1032 0.00255 0 0 0 0 NA NA NA 
Pt4 iITx 2319 0.000201 0 0 0 0 NA NA NA 
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Table S6: PCR Primers for TCR-seq of Pts22, 23 and 24.  Nucleotide sequences of the primers used for PCR amplifications of 
TCR Vβ and Jβ gene rearrangements are shown (see Methods for PCR details).  
 
Vβ mix 

NexteraR2-Hu-biomed2Vβ2 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGAACTATGTTTTGGTATCGTCA-3' 

NexteraR2-Hu-biomed2Vβ4 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCACGATGTTCTGGTACCGTCAGCA-3' 

NexteraR2-Hu-biomed2Vβ5/1 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCAGTGTGTCCTGGTACCAACAG-3' 

NexteraR2-Hu-biomed2Vβ6a/11 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGAACCCTTTATTGGTACCGACA-3' 

NexteraR2-Hu-biomed2Vβ6b/25 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGATCCCTTTTTTGGTACCAACAG-3' 

NexteraR2-Hu-biomed2Vβ6c 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGAACCCTTTATTGGTATCAACAG-3' 

NexteraR2-Hu-biomed2Vβ7 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCGCTATGTATTGGTACAAGCA-3' 

NexteraR2-Hu-biomed2Vβ8a 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCTCCCGTTTTCTGGTACAGACAGAC-3' 

NexteraR2-Hu-biomed2Vβ9 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCGCTATGTATTGGTATAAACAG-3' 

NexteraR2-Hu-biomed2Vβ10 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTTATGTTTACTGGTATCGTAAGAAGC-3' 

NexteraR2-Hu-biomed2Vβ11 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCAAAATGTACTGGTATCAACAA-3' 

NexteraR2-Hu-
biomed2Vβ12a/3/13a/15 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGATACATGTACTGGTATCGACAAGAC-3' 

NexteraR2-Hu-biomed2Vβ13b 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGGCCATGTACTGGTATAGACAAG-3' 

NexteraR2-Hu-
biomed2Vβ13c/12b/14 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGTATATGTCCTGGTATCGACAAGA-3' 

NexteraR2-Hu-biomed2Vβ16 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTAACCTTTATTGGTATCGACGTGT-3' 

NexteraR2-Hu-biomed2Vβ17 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGGCCATGTACTGGTACCGACA-3' 

NexteraR2-Hu-biomed2Vβ18 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTCATGTTTACTGGTATCGGCAG-3' 
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NexteraR2-Hu-biomed2Vβ19 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTTATGTTTATTGGTATCAACAGAATCA-3' 

NexteraR2-Hu-biomed2Vβ20 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCAACCTATACTGGTACCGACA-3' 

NexteraR2-Hu-biomed2Vβ21 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTACCCTTTACTGGTACCGGCAG-3' 

NexteraR2-Hu-biomed2Vβ22 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGATACTTCTATTGGTACAGACAAATCT-3' 

NexteraR2-Hu-biomed2Vβ23/8b 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCACGGTCTACTGGTACCAGCA-3' 

NexteraR2-Hu-biomed2Vβ24 5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCGTCATGTACTGGTACCAGCA-3' 

 

Jβ mix 1 

NexteraR1-Hu-biomed2Jβ1.1 5'-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGACTTACCTACAACTGTGAATCTGGTG-3' 

NexteraR1-Hu-biomed2Jβ1.2 5'-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTGCTTACCTACAACGGTTAACCTGGTC-3' 

NexteraR1-Hu-biomed2Jβ1.3 5'-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGAAAACTTACCTACAACAGTGAGCCAACTT-3' 

NexteraR1-Hu-biomed2Jβ1.4 5'-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTGCGACATACCCAAGACAGAGAGCTGGGTTC-3' 

NexteraR1-Hu-biomed2Jβ1.5 5'-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGANCTTACCTAGGATGGAGAGTCGAGTC-3' 

NexteraR1-Hu-biomed2Jβ1.6 5'-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGCATACCTGTCACAGTGAGCCTG-3' 

NexteraR1-Hu-biomed2Jβ2.2 5'-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGNGACTTACCCAGTACGGTCAGCCT-3' 

NexteraR1-Hu-biomed2Jβ2.6 5'-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGCTCGCCCAGCACGGTCAGCCT-3' 

NexteraR1-Hu-biomed2Jβ2.7 5'-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTAAAACTTACCTGTAACCGTGAGCCTG-3' 

 

Jβ mix 2 

NexteraR1-Hu-biomed2Jβ2.1 5'-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGAACCTTCTTACCTAGCACGGTGA-3' 

NexteraR1-Hu-biomed2Jβ2.3 5'-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTTCCCGCTTACCGAGCACTGTCA-3' 
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NexteraR1-Hu-biomed2Jβ2.4 5'-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCAGCTTACCCAGCACTGAGA-3' 

NexteraR1-Hu-biomed2Jβ2.5 5'-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGNCGCGCACACCGAGCAC-3' 
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Table S7: Performance metrics of scRNA-seq based on 10x Cell Ranger outputs.   

Sample ID Estimated 
cell # from 
5’GEX-seq  

Cell # 
after QC 

% discard 
after QC 

Total # of 
reads 

Mean 
reads per 
cell 

Sequencing 
saturation 

Mean 
genes 
per cell 

Total 
genes 
detected 

Median 
UMI counts 
per cell 

Pt18 BM 
POD357 

6,842 6,380 6.75 395,153,619 57,754 87.3% 1,496 19,542 3,929 

Pt19 BM 
POD105 

1,289 1,193 7.45 55,549,605 43,095 79.9% 1,337 17,158 3,746 

Pt16’’ BM 
POD126 

1,388 1,275 8.14 47,896,566 34,508 80.2% 1,384 16,956 3,772 

 

Sample ID Estimated 
cell # 
from 
TCR-seq 

# cells 
with 
productive 
TCRab 
clonotypes 

% 
discard 

Number of 
read pairs 

Mean 
read 
pairs 
per cell 

Reads 
mapped 
to any 
V(D)J 
gene 

Reads 
mapped 
to TRA 

Reads 
mapped 
to TRB 

Median 
TRA 
UMIs 
per cell 

Median 
TRB 
UMIs 
per cell 

Cells with 
productive 
V-J 
spanning 
pair 

Pt18 BM 
POD357 

2,005 1,598 20.3% 38,931,842 19,417 81.0% 22.7% 58.2% 4 13 47.4% 

Pt19 BM 
POD105 

430 382 11.2% 35,276,561 82,039 81.1% 21.0% 59.7% 2 13 26.5% 

Pt16’’ BM 
POD126 

885 789 10.8% 6,271,621 7,087 88.2% 33.0% 54.9% 5 9 87.9% 

 


