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394  Fig.3: Kinetics of clonal reconstitution is associated with HSC lineage biases. a)

395  Reconstitution kinetics of exemplary HSC-derived clonal systems ordered from slow (left) to
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396 fast (right). 5 clonal systems selected for single-cell RNA-sequencing (scRNA-seq) are
397  depicted. Respective cell lineages are color-coded. b) Global UMAP representation of sScRNA-
398 seq data from 20-week bone marrow of the 5 selected clonal, as well as 2 polyclonal,
399  hematopoietic systems from (a). Cell types are highlighted by color. Differentiation trajectories
400 are illustrated by arrows. ¢) Pseudotime inference and density plots visualizing the distribution
401  of cells for each clonally-derived HSPC compartment over pseudotime. Pseudotime from HSC
402  to committed progenitors is color-coded on UMAP and trajectories indicated by arrows (top
403 left). Relative frequencies of differentiation states along pseudotime are indicated for distinct
404  lineages and highlighted separately for each clonal system (I - V) from (a). d) Density UMAP
405  representation of the hematopoietic BM ecosystem split by clone from (a) and colored by
406 density and distribution of clonally-derived progeny. e) Bar graphs depicting the fold change
407  (log2FC) in clonally-derived hematopoietic cell type abundances from each system, compared
408 to the mean of the polyclonal controls. f) Exemplary composition of HSPC compartments of
409 clonally-derived systems | - V, based on the cytometric analysis from Fig. 1. Progenitors are
410 ordered by Pearson correlation distance from HSCs based on clonal compositions of the
411  progenitor compartments 20 weeks post-transplant (see right illustration). The arrow indicates
412  the mean composition of the respective clonally-derived HSPC compartment and illustrates
413  the current state of “HSPC transition”. See Supplementary Fig. 6 for all HSPC compartments.
414  g) Spearman correlation analysis of HSPC transition (see (f)) and kinetic parameters of all
415  clonal systems with sustained engraftment from Fig. 1. Each dot represents a single HSC-
416  derived hematopoietic system. Spearman’s Rho and significance are highlighted.
417  Abbreviations: cDC: conventional dendritic cell; RBC: red blood cell; HSC: hematopoietic stem
418  cell; P: progenitor; Mk: megakaryocyte; NK: natural killer cell; Eo: eosinophil; baso: basophil;
419  preMegE: pre-megakaryocyte-erythrocyte; CFU-E-ProEry: colony-forming-unit-erythroid-
420  proerythroblast; GMP: granulocyte-monocyte progenitor; CLP: common lymphoid progenitor;
421  HSPC: hematopoietic stem and progenitor cell.

422

423  from the primary recipients (Fig. 4c). The overall percentage of daughter HSCs with
424  detectable engraftment in peripheral blood at any time point declined from 36.3% in
425 primary recipients to 9.9%, in secondary recipients, while the percentage of clones
426  with long-term engraftment capacity dropped even more dramatically, from 24.8% to
427 2.6%, (Fig. 4d,e). In line with this observation, the reconstitution of the HSPC
428 compartment by daughter HSCs declined significantly in the majority of clones (Fig.
429  4f). Remarkably, all but one of the re-transplanted HSCs (99.8%) exhibited decreased
430 chimerism levels compared to their parent HSC at week 24 post-transplant (Fig. 4e),
431 representing a decline in functional potency in virtually all secondary HSC clones and
432  suggesting that full self-renewal is a very rare event in the context of transplantation.
433  Toinvestigate whether these data are consistent with the kinetic hierarchy model (Fig.
434  4a, b), we quantified kinetic parameters for both parent- and daughter-derived clonal
435 systems. Compared to their respective parents, daughter clonal systems exhibited
436  significantly accelerated kinetics across all parameters (Fig. 4h, Supplementary Fig.
437 7). Notably, almost all daughter stem cells unidirectionally shifted from myeloid-biased
438 to more lymphoid-biased blood production, consistent with our previous data linking
439 faster reconstitution kinetics to this shift in lineage output (Fig. 4g). In very rare cases,
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441  Fig.4: A shift from slow to fast kinetics in daughter HSCs is associated with a decline
442  in functional potency. a) lllustration of mathematical model in which HSCs can initiate
443  differentiation from an upstream or downstream compartment. b) Average chimerism data in
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444  peripheral blood cells from fast and slow reconstituting clones (experimental data, validation
445  cohort) and fits derived from the mathematical model described in (a) are displayed. n = 8
446  clones per cluster ¢) Experimental scheme of secondary single-cell transplantations. d) Pie
447  charts displaying the percentage of clones with successful engraftment (>0.1% chimerism in
448  peripheral blood) at any time point post-transplantation (left), and with positive long-term
449  chimerism (at 24 weeks post-transplantation) (right), for primary (top) and secondary (bottom)
450 transplants. 1ry ScTx: primary single-cell transplantation; 2ry ScTx: secondary single-cell
451 transplantation. e) Chimerism in peripheral blood at 4, 12 and 24 weeks post-transplantation
452  comparing each primary to their corresponding secondary daughter HSC transplant. Within
453  each primary plot, the chimerism of the respective parent HSC is highlighted by color. Dotted
454  lines in the secondary plots indicate the maximum blood chimerism reached by the parent
455  HSC in the primary transplantation. The percentage and fraction of long-term engrafting clones
456 s indicated at the 24-week time point of each secondary transplantation plot. n = 6 paired
457  primary to secondary transplantations, each of them with n = 60-141 single transplanted
458  HSCs. f) Percentage of Lineage-, Sca1+, Kit+ HSPC (LSK) chimerism in the bone marrow at
459 24 weeks post-transplantation comparing the primary and secondary transplantations. Each
460 number corresponds to a paired analysis between an individual parent HSC and its
461 corresponding daughter HSCs. n = 51 clonal systems. g) Ratio of myeloid to lymphoid progeny
462  of primary and secondary daughter HSC transplantation measured at 24 weeks post-
463 transplantation in peripheral blood. Each number corresponds to a paired analysis between
464  an individual parent HSC and its corresponding daughter HSCs. n = 13 clonal systems h)
465  Reconstitution parameters (t0, tyMax, tGrowth, tDecline, tHalfReg) in primary and
466  corresponding secondary single-cell transplantations. Significance was tested by paired
467 Wilcoxon test and is indicated as follows: * for p < 0.05, ** for p < 0.01, *** for p < 0.001, ****
468 for p < 0.0001. Abbreviations: HSC: hematopoietic stem cell; PLT: platelet; RBC: red blood
469  cell; UBC-GFP: ubiquitin C-green fluorescent protein; KuOrange: Kusabira Orange; LT-HSC:
470  long-term hematopoietic stem cell; BM: bone marrow; LSK: Lineage-Sca1+cKit+.

471

472  daughter clones maintained reconstitution kinetics comparable to their parents, which
473  was linked to high self-renewal of the HSPC compartment and the maintenance of
474  myeloid-to-lymphoid ratio in secondary transplantation endpoint analyses (Fig. 4f-h,
475 Supplementary Fig. 7). These findings support the prediction from our model that
476 slow engrafting clones unidirectionally give rise to faster engrafting HSC clones,
477  associated with a progressive change in lineage output and loss of functional potency.
478

479  Cellular competition between progeny of slow and fast engrafting clones

480 contributes to extrinsic regulation of lineage-biased HSC output.

481 Our paired daughter cell experiments support the concept of cell intrinsic
482 inheritance of functional properties, as we observe a generational acceleration in
483 engraftment kinetics alongside decreased self-renewal. However, in our studies,
484  single purified HSCs are not transplanted in isolation; rather, they are co-transplanted
485  with additional supportive bone marrow. This indicates that total blood cell production
486 arises from the combined output of both slow- and fast-reconstituting clones,
487  suggesting that these co-existing clonal systems may interact to regulate their overall
488 output. To explore this concept, we exploited the fact that both the total number of
489 long-term engrafting HSCs (at 24 weeks) and their mature progeny vary from mouse
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490 to mouse. We employed mathematical modeling to simulate this process, devising two
491  mutually exclusive models: Model 1 lacks feedback regulation, while Model 2
492 incorporates feedback regulation where the sizes for mature cell compartments are
493  set by negative feedback (Fig. 5a). As expected, in Model 1 the variation in total HSC
494  numbers, as measured by the coefficient of variation, were passed on to the variation
495 in mature cell numbers, whereas in Model 2 feedback regulation strongly reduced the
496 variation in the cellularity of mature blood populations (Fig. 5b). This suggests that,
497  despite variability in contributions from individual HSC-derived hematopoietic systems,
498 the production of mature hematopoietic cells remains tightly constrained by
499 homeostatic feedback mechanisms that enforce strict compartment size limits
500 (Supplementary Fig. 8a). In contrast, HSCs exhibited a significantly higher coefficient
501  of variation, suggesting that the compartment size limit, if present at all, is much
502 weaker for HSCs or has not been reached in the setting where only a small number of
503 input stem cells have been transplanted. Given the compartment size restriction in
504 mature cell populations, we reasoned that the replenishment of mature blood
505 populations by single HSC clones might be influenced by competing HSC clones. If
506 correct, this hypothesis would predict that fast engrafting clones would rapidly fill up
507  cellular compartments to their limit, while slowly engrafting clones would only be able
508 to contribute to mature cell production once the levels of mature blood cells had
509 declined below this limit, due to exhaustion of fast engrafting HSCs and their progeny.
510 To investigate this hypothesis, we quantified the absolute levels of mature blood cells
511  produced by the transplanted single HSCs versus those derived from the co-
512 transplanted supportive bone marrow in the same mice. Consistent with our
513 hypothesis, we observed a strict inverse correlation between absolute numbers of
514  mature cells generated by the single LT-HSCs and the co-transplanted supporting
515 bone marrow (Supplementary Fig. 8b). Notably, the competition between clonal
516  offspring and supportive bone marrow was low at the beginning of transplantation and
517 gradually increased over time, eventually plateauing as the compartments reached
518 their maximum compartment size limit (Supplementary Fig. 8c). Collectively, these
519 data suggest that feedback regulation restricts the compartment size of mature blood
520 populations, and raise the possibility that clonal competition between slow- and fast-
521  reconstituting clones might contribute to lineage biases in a cell-extrinsic manner.
522  Thus, we hypothesized that after the exhaustion of the HSPC compartment in fast
523  engrafting clones, the myelo-erythroid output will decline more rapidly than the much
524  longer-lived lymphoid lineages. Therefore, more slowly engrafting clones will initially
525 only have space to produce myelo-erythroid progeny, while new lymphoid progeny
526  could only be generated later, once the lymphoid progeny of fast engrafting clones had
527 declined to the extent that they failed to sustain the compartment size limit for these
528 lineages (see model: Supplementary Fig. 8d).

529 To interrogate this hypothesis, we made use of the congenic Rag2 knockout
530 mouse (Rag2’) model®®, whose HSCs are capable of erythro-myeloid reconstitution
531  but lack the ability to produce mature lymphoid cells (Fig. 5¢). We transplanted a total
532 of 154 single Rag2-wild type UBC-GFP or KuO LT-HSCs, together with Rag2”
533  supporting bone marrow cells, into Rag2” recipient mice. In this setting, neither the
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534  Fig.5: Cellular competition contributes to the establishment of HSC lineage biases. a)
535 lllustration of mathematical models describing the process of HSC hematopoietic
536 differentiation in the absence (model 1) or presence of homeostatic regulation (model 2). b)
537  Coefficient of variation in mature cells (M) relative to stem cells (S) predicted by model 1 and
538 2 from (a), compared to experimental data. n = 129 clones. ¢) Experimental scheme of single-
539 cell transplantations in Rag2” recipients using Rag2” supportive bone marrow cells. d)
540  Frequency of indicated cell types produced by the single HSC at 24 weeks post-
541  transplantation in peripheral blood using regular C57BL/6 (B6) supportive bone marrow and
542  recipients (left), or using Rag2” supportive bone marrow and recipients (right). e) Ratio of
543  myeloid to lymphoid frequency in peripheral blood at 24 weeks post-transplantation,
544  comparing fast (t0 < 6)- and slow (t0 > 6)-reconstituting clones transplanted in the B6 or Rag2
545  systems. f) Spearman correlation analysis between the average time delay (t0) in
546  reconstitution of a single HSC and its percentage of lymphoid contribution in peripheral blood
547  at 24 weeks post-transplantation, in B6 versus Rag2” hosts. Spearman’s Rho and significance
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548  are indicated. n = 36-49 Rag2” or B6 clonal systems used in d-f. If not stated otherwise,
549  significant differences between groups were tested by a two-sided Wilcoxon rank-sum test.
550  Significance levels are indicated by: ns for not significant, * for p < 0.05, ** for p < 0.01, *** for
551 p < 0.001, *** for p < 0.0001. Abbreviations: S: stem cell; P: progenitor; M: mature cell; A:
552  proliferation rate; &: differentiation rate; UBC-GFP: ubiquitin C-green fluorescent protein;
553  KuOrange: Kusabira Orange; Rag2”: homozygous knock-out of the recombination activating
554  gene 2; BM: bone marrow; B6: C57BL/6J mouse model.

555

556  supporting bone marrow nor the residual recipient hematopoiesis could contribute
557 towards filling the mature lymphoid compartment size limit. We then measured the
558 clonal lineage output and reconstitution kinetics of the wild type HSCs and compared
559 this to wild type LT-HSCs transplanted into wild type recipients along with wild type
560 supporting bone marrow (Fig. 5c¢,d). Interestingly, we observed both fast and slow
561 engrafting clones in both experimental arms, suggesting that kinetic parameters are
562 independent of the lineage output of the co-transplanted competitor cells. However,
563 slow engrafting clones demonstrated an altered lineage output dependent on the cell
564  extrinsic environment (Fig. 5e). While slow clones co-transplanted with lymphoid-
565 proficient competitors displayed a pronounced myeloid bias, those transplanted into a
566 Rag2’- hematopoietic system did not exhibit the same lineage skewing. These findings
567 demonstrate that the link between kinetic-based reconstitution parameters and
568 apparent myeloid bias can be uncoupled by modulating the capacity of competitor
569 HSPCs to contribute towards filling mature lymphoid lineages to their compartment
570 size limits. (Fig. 5f, Supplementary, Fig. 8e). Taken together, these data provide
571  compelling evidence that apparent intrinsic lineage biases are in fact highly dependent
572 on cell extrinsic regulation, resulting from a competition between slow and fast
573 engrafting HSC clones to saturate the production of mature blood cells until lineage-
574  specific compartment sizes are filled.

575

576  Discussion

577

578 Numerous studies have used single-cell transplantations to describe functional

579 heterogeneity within the primitve HSC pool>71026-28 including at the level of
580 reconstitution kinetics?3. However, there has been a lack of clarity regarding whether
581 these diverse phenotypic outcomes represent discrete intermediates in a branched
582  hierarchy of the most primitive HSCs, or rather cell states aligned along a linear
583 trajectory. This has been particularly confusing with regards to the relationship
584 between HSC lineage bias and multipotency, since the concept of progressive lineage
585 commitment does not seem to be compatible with a model where the most primitive
586 HSCs demonstrate an intrinsic lineage bias, yet generate HSC progeny which are
587 more permissive in the spectrum of cell types they can produce. Our alignment of
588 functionally heterogeneous outcomes along a kinetics-based scale not only provides
589 a novel framework to assign potency based on self-renewal capacity, but also offers a
590 new rationale to explain why the most potent HSCs predominantly produce platelet
591  and myeloid progeny once they first contribute to mature blood cell production, despite
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592  being multipotent’'-"3. Indeed, the revelation that lineage-skewed output from slower
593 engrafting clones is likely driven by extrinsic feedback from the mature progeny of
594 more rapidly engrafting competitor clones has important implications for our
595 understanding of normal and diseased hematopoiesis and perhaps also explains why
596 data demonstrating a concrete molecular basis for such biases in the HSC
597  compartment has not yet emerged.

598 A kinetics-based functional hierarchy aligns well with other transplantation-
599 based studies that clearly support successive waves of HSC clones contributing to
600 mature blood cell production where sustained engraftment and regeneration of the
601 HSC pool was supported by slow or low output clones, including barcoding
602 approaches in murine and primate HSCs®?° and analyses of human engraftment
603 based on retroviral integration sites3%3'. However, it remains unclear how this relates
604 to the setting of native hematopoiesis, where the transition time from primitive HSCs
605 through to mature blood cells is longer and challenging to measure in an experimental
606 setting in the absence of stimuli that provoke emergency hematopoiesis3?33,
607 Nonetheless, it is tempting to speculate that slow-engrafting HSC clones may equate
608 to so-called dormant HSCs, which maintain a state of long-term quiescence during
609 native unperturbed hematopoiesis?®. Certainly, both cell types appear to represent a
610 subset of highly potent HSCs which have an inherent capacity to restrict their output
611  of progeny, either in the face of pro-proliferative stimuli acting over the course of long
612 time periods in the native niche, or in a myeloablated niche. A direct comparative
613 analysis is restricted by the fact that both cell types can only be identified
614  retrospectively, but it would be interesting to understand the underlying molecular
615 basis for this restricted output, as well as how and why such HSCs eventually
616 overcome this restriction following a temporal delay.

617 One setting of native hematopoiesis where our findings may be of immediate
618 relevance is the accumulation of myeloid-biased HSCs during aging, which has been
619 attributed as the root cause of a number of age-associated pathological processes
620 ranging from the evolution of myeloid malignancies to immune dysfunction3*-3¢. One
621  could extrapolate from our data that aging may result in a progressive accumulation
622 of multipotent HSCs with delayed kinetics and therefore appear myeloid-biased
623 following transplantation. Perhaps such a phenotype might even be selected for during
624  aging, since clones that actively contribute to blood formation will be preferentially lost
625 from the HSC pool®’38. This hypothesis aligns with the enrichment of so-called latent
626 HSCs within aged murine bone marrow, which demonstrate low output myeloid-
627 skewed production in primary recipients, but give rise to robust multilineage
628  reconstitution upon secondary transplantation?’.

629 Collectively, our study identifies reconstitution kinetics as a unifying metric for
630 classifying primitive HSCs according to their functional potential and provides a novel
631 underlying rationale for lineage-skewed output from these multipotent cells.
632  Furthermore, the kinetics-based principles outlined in this manuscript may have broad
633 relevance for understanding the establishment and remodeling of clonal mosaicism
634 during the development and aging of other regenerating tissues throughout the body.
635
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767

768  Materials and Methods

769

770  Animal experiments

771 All animal experiments were approved by the Animal Care and Use Committees of the
772  German Regierungsprasidium Karlsruhe fur Tierschutz und Arzneimitteliberwachung
773  (Karlsruhe, Germany) under the TVAs G-41/19 and G-50/17. Mice were maintained in
774  individually ventilated cages under specific pathogen-free (SPF) conditions at the
775 German Cancer Research Center (DKFZ, Heidelberg). Wild type mice (C57BL/6J)
776  were obtained from Janvier Laboratories. Recipient mice were 8-12 weeks when
777  experiments were initiated. UBC-GFP and KuOrange (KuO) mice were used as donors
778  for transplantation experiments. The Rag2’” mouse line was used for recipient mice
779 and to isolate supportive bone marrow.

780

781  Single-cell transplantations

782 CD45.2* C57BL/6J mice were lethally irradiated with two rounds of 500 Rad. 24 hours
783 later, mice were transplanted via i.v. injection with a single CD45.1* LT-HSC (EPCR",
784 CD34:, CD150*, CD48", LSK) derived from a transgenic CD45.1* UBC-GFP donor
785 mouse, together with 1.5*10° WT CD45.1*/CD45.2* supportive whole bone marrow
786 cells. In a second group of experiments, co-transplantations of single CD45.1* UBC-
787 GFP LT-HSC plus single CD45.1* KuO LT-HSC together with 1.5*105 WT
788 CD45.1*/CD45.2* supportive whole bone marrow cells were performed. Co-
789 transplantation were also performed in combination with Rag2’ supportive bone
790 marrow into Rag2’ recipient mice. Engraftment potential was assessed at 4, 8, 12,
791 16, 20 and in some cases at 24 weeks post-transplantation in peripheral blood cells,
792 and at 20 or 24 weeks in the bone marrow. The discovery cohort also included
793 chimerism analysis in spleen, lymph nodes, liver, lung, thymus, colon and peritoneal
794  cavity at 20 weeks post-transplant. Secondary engraftment potential was evaluated by
795  re-transplanting 5*108 total bone marrow cells or by single-cell transplantations of
796  donor-derived HSCs (GFP* or KuO™*) from primary recipient mice.

797

798 Bleeding and hematopoietic cell isolation

799  Peripheral blood was withdrawn from the vena facialis and collected into EDTA-coated
800 tubes. Blood cell counts were analyzed using a Hemavet 950 FS (Drew Scientific) or
801 ScilVet abc-Plus+ veterinary blood cell counting machine (Scil GmbH). For the
802 comprehensive immunophenotypic characterization, hematopoietic cells were
803  collected from the peritoneal cavity (PerCav) in 2 mL PBS, and hematopoietic organs
804 andtissues were dissected, including bones, spleen, lymph nodes (LNs), thymus, lung
805 and liver. Bone marrow (BM) was harvested by isolating, cleaning and crushing the
806 vertebral column, tibia, femur, limbs and sternum of sacrificed mice in RPMI + 2%
807 FCS. Cell suspensions were filtered through a 40 um cell strainer, centrifuged and
808 resuspended in ACK buffer for red blood cell lysis for 3 minutes at room temperature
809 (RT). After washing, 5*10° BM cells were used for secondary transplantation, 3*10’
810 cells were kept for subsequent flow cytometric analysis and the remaining BM was
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811 used for scRNA-sequencing and stored in liquid nitrogen until further use. Lungs and
812 liver were minced into small pieces. Lungs were further filtered initially through a 100
813 um and subsequently through a 70 um cell strainer. Liver, LNs, spleen and thymus
814 were filtered through a 40 um cell strainer. Cell suspensions were spun down,
815 resuspended in RPMI + 2% FCS and split for multiple flow cytometric analysis. Colons
816  were turned inside out, cleaned and incubated in 25 mL extraction medium (RPMI
817 1640 + 2% FCS + 1 mM DTT + 0,5 mM EDTA) for 20 min at 37 °C to digest the
818 intraepithelial layer. 1 mL FCS was then added to block the digestion, samples were
819 filtered through a 40 um cell strainer, centrifuged and resuspended in RPMI + 2% FCS
820 for staining. If not stated otherwise, each step was performed on ice, RPMI or PBS
821 supplemented with 2% FCS was used for washing and resuspending and
822  centrifugation was done at 600 g, 4°C for 5 min. For the large-scale validation cohort,
823 the same experimental protocol was followed for the isolation of bone marrow
824  hematopoietic cells.

825

826 Isolation of murine EPCR" LT-HSCs cells via FACS.

827 Bone marrow cell suspension was subjected to depletion of mature blood cell lineages
828 incubating with a mix of rat anti-mouse biotin-conjugated lineage markers (4.2 ug/mL
829 CD5, 4.2 ug/mL CD8a, 2.4 ug/mL CD11b, 2.8 ug/mL B220, 2.4 uyg/mL Gr-1, 2.6 ug/mL
830 Ter-119) for 40 min at 4°C. After incubation, cells were washed once with PBS + 2%
831 FBS, span down at 350 g at 4°C for 5 min, resuspended in 800 yL PBS + 2% FBS and
832 mixed with 800 pL Biotin Binder Dynabeads (Thermo Fisher), which were previously
833 washed (2 washes with PBS + 2% FBS). Beads were added at a concentration of 1
834 mL beads /1*108 cells. Cells-beads mix was incubated for 45 min at 4°C with constant
835 rotation. Subsequently, lineage-positive cells were depleted using a magnetic particle
836  concentrator (Dynal MPC-6, Invitrogen), and the resulting LSK-enriched fraction was
837 washed once with PBS + 2% FBS, and stained with the panel of antibodies indicated
838 in Table 1a,b for 30 minutes at 4°C. After the incubation, stained cells were washed
839 once with PBS + 2% FBS, resuspended in a final concentration of 2 mL PBS + 2%
840 FBS and filtered through a 40 pym cell strainer FACS tube before the sort. All sorting
841  experiments were performed using a BD FacsAria | or Il flow cytometer (BD
842  Bioscience) with a 100 ym nozzle and single-cell purity. Single EPCR" LT-HSCs
843 (Supplementary Fig. 9) were sorted into round-bottom 96-well plates with 100 pL
844 RPMI + 2% FBS with a cooling system. After the sort, 100 pL of supportive total bone
845 marrow at a concentration of 1.5*10° cells/ mL was added in each well on top of the
846  sorted single HSC using a multichannel pipette, reaching a final volume of 200 yL per
847  well.

848

849 Antibody-based staining of hematopoietic cells.

850 Peripheral blood, bone marrow, spleen, lymph nodes, liver, lung, thymus, colon and
851 peritoneal cavity cell suspensions were stained using monoclonal antibodies
852  recognizing cell-specific surface proteins. Cells were incubated with an antibody mix
853 prepared in PBS + 2% FBS. For organ-derived hematopoietic staining, cell
854  suspensions had a concentration of 1*10° cells/uL antibody mix. For white blood cell
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855 staining, 50 pL peripheral blood was incubated with 100 puL antibody mix. Blood
856 platelet and erythrocyte staining involved 3 uL peripheral blood and 27 uL antibody
857 mix. Cells were incubated for 30 min at 4°C in the dark. All samples stained with
858 antibodies against white blood cell epitopes were subjected to an erythrocyte lysis step
859 using an ACK lysis buffer. Blood cells were incubated with ACK lysis buffer for 10 min,
860 and remaining organ-derived hematopoietic cells were incubated with ACK lysis buffer
861 for 2 min at room temperature. In case of the platelet and erythrocyte staining, this
862 lysis step was not performed. After the lysis, cells were washed once with PBS + 2%
863 FCS and resuspended in a final volume of PBS + 2% FCS. All samples were filtered
864  prior to flow cytometry analysis.

865

866 Flow cytometry analysis.

867 Cells were analyzed by flow cytometry using a LSRFortessa or a LSRII cytometer (BD
868 Biosciences), both equipped with 350 nm, 405 nm, 488 nm, 561 nm and 641 nm
869 excitation lasers. Each antibody panel was manually compensated using OneComp
870 eBeads (eBioscience) stained with single antibodies.

871

872 Data pre-processing

873  Flow cytometry data were initially analyzed in FlowJo (v10.6.1, BD). Each defined cell
874  population was divided into their parental congenic origin GFP+ CD45.1+ (donor),
875 CDA45.1/2+ (supportive bone marrow) and CD45.2+ (recipient) and the cell count, or
876  frequency of parent (FoP) was imported into R (v4.1). For count data, percent relative
877 donor engraftment (DE) per cell population was calculated as follows: DE = #donor /
878  (#donor+#supportive+#recipient). For frequencies, the FoP of donor-derived cells
879  corresponded to DE. To account for technical noise, the lower bound detection limit
880 was adjusted for by setting the cell populations’ DE with less than 20 detected events
881  to NA and the DE of less than 0.1% to 0%. Further, cell populations that did not reach
882 the detection threshold in at least 10 analyzed samples were excluded from
883 downstream analysis. For peripheral blood reconstitution analysis of the discovery
884  cohort, mice were excluded if they experienced graft failure post-transplantation or did
885 not reach an overall DE (i.e. donor chimerism) of greater than 0.1% at any time point.
886  For final time point analysis of the discovery cohort, mice were excluded if they did not
887 reach sustained DE of at least 0.1% in any PBMC sample at week 20 post-transplant.
888

889 Dimensionality reduction and clustering

890 For each clonally-derived system, filtered DE levels of each organ-specific cell type
891  were transformed into compositions. Prior to regression analysis, missing values were
892 imputed by their mean. Dimensionality reduction was performed by principal
893 component analysis (PCA) and the top 3 dimensions were chosen for hierarchical
894  clustering on principal components (HCPC) using the FactoMineR (v2.6) package. For
895 comparison of the generated clusters with previously defined HSC subtypes,
896 hematopoietic systems were classified as described in Dykstra et al.® and visualized
897  using ggtern (v3.4.2).

898
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899 Relative repopulation capacity
900 The relative repopulation capacity of each hematopoietic system was calculated by
901  dividing the overall peripheral blood chimerism levels (filtered DE levels of all blood
902 cell types per system) from the secondary transplantation by its corresponding
903 chimerism levels from the primary transplantation per week.
904
905 Model fitting
906 Hematopoietic reconstitution kinetics were modeled by fitting the filtered DE levels of
907 blood cells per hematopoietic system for each available time point using the ‘single
908 humped function’ that is described as: x(t) =0, ift<T; x(t)=A*(t-1)/(1 + ((t-7)/0)
909 A n), ift>=r1, where 1is the delay, A the amplitude, 0 the repression coefficient, and n
910 the Hill coefficient. Parameter fitting was performed in Julia (v1.6) using the
911  ModelFitter package (https://github.com/vkumpost/ModelFitter). Curve-specific
912 characteristics (kinetic parameters) for each fitted curve were calculated as follows:
913

0 = {T if tyMax < tMax

0 otherwise

yMax = A,;e(n — D=V if tyMax < tMax
0 otherwise

x(t+tn) —x(t) .
Slope = { N0 g <29
0 otherwise

0 .
tyMax = {tO + (n— Dyam if yMax > 0
0 otherwise
6

tGrowth = {m if yMax > 0

0 otherwise

tHalfReg = {tHalf— 7 if yMax >0
& 0 otherwise

tHalf — tyMax if yMax > 0

tDecline = {O therwi
914 otherwise

915

916 tHalf needed to be estimated using the Gauss-Newton method for non-linear systems.
917 This was done by newtonsys(Ffun = x(t) — 0.5*yMax, x0 = tyMax+x0) from pracma
918 (v2.3.8). The AUC for each fitted curve was calculated using the auc function from flux
919  (v.0.3). Fits were excluded if the RMSE was > 0.08. All kinetic parameters except
920 yMax, tyMax and AUC were set to NA if no decline was observed at the end of the
921  study (tMax). Parameters yMax, tyMax and AUC were set to its value at tMax. All
922 parameters were set to NA, if no chimerism was observed (t0 = tMax).

923

924  Correlation analysis
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925 Correlation analysis was performed using the rcorr() function from the Hmisc (v4.7-1)
926 package. If not stated otherwise, Spearman rank correlation was used as a method.
927 Polyclonal controls were excluded for these analyses. For visualization, either
928 ComplexHeatmap (v2.10.0) or corrplot (v0.92) was used.

929

930 HSPC transition

931  For each clonally-derived system, filtered DE levels of each HSPC were transformed
932 into compositions. The compositions were ordered clockwise by their Pearson
933  correlation distance to HSCs. The HSPC transition for each system was defined as
934 the radian from HSC to median composition.

935

936 Hierarchical clustering

937 Hematopoietic systems were clustered using hierarchical clustering on parameters t0
938 and AUC with Euclidean distance, ward.D2 as algorithm and k = 4 clusters
939 (stats::hclust(), (v4.1.0)). Entanglement with clusters from PCA analysis was
940 visualized and calculated using dendextend (v1.15.2). Kruskal Wallis test was used to
941  assess significant differences between the kinetic parameters and the 3 groups for
942  each blood cell type.

943

944  Single-cell RNA sequencing and data preprocessing

945  For single-cell RNA sequencing, the Chromium Single Cell 3’ kit (v3.1) was used
946  according to the manufacturer’s instructions. Libraries were sequenced on an lllumina
947 HiSeq4000. FastQ files were processed and aligned using the Cell Ranger pipeline
948 (v3.1) and the murine reference genome GRCm38 (mm10).

949

950 Quality control and batch integration

951 Each individual sample was loaded into a SeuratObject (v4.0.4) using the Seurat
952 framework (v4.1.0) for downstream analysis. cKit+ and total bone marrow (tBM) cells
953 were filtered separately. cKit+ cells were kept if they had 700 — 6,000 features, 1,400
954 — 45,000 counts and less then 10% mitochondrial reads. tBM cells were retained if
955 they had 300 — 5,500 features, 1,000 — 40,000 counts and less than 8% mitochondrial
956 reads. The data were log-normalized, and the top 3000 variable features were scaled
957 according to Seurat defaults. For data integration, LIGER was used via
958  SeuratWrappers (v0.3.0) with default parameters, besides k = 50. Samples were
959 treated as independent batches.

960

961 Dimensionality reduction and clustering

962 The 50 factors generated from the data integration via LIGER were used for further
963 dimensionality reduction into two-dimensional space using uniform manifold
964 approximation and projection (UMAP), as well as for Louvain clustering with a final
965 resolution of 0.9. Final annotation was performed based on known marker genes for
966 each population.

967

968 Differential abundance analysis
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969 For differential abundance analysis, cell counts were transformed to compositions for
970 each sample. Changes in abundance were assessed by calculating the log2-fold
971 change difference between each clonally-derived cell type fraction and the
972  corresponding polyclonal control fraction that was summarized as mean.

973

974 Pseudotime analysis

975 Slingshot (v2.2.1) was used to calculate pseudotime trajectories for the progenitor
976  compartment. The HSPC compartment was subset from the global dataset. The HSC
977  cluster was chosen as the starting point and the distinct progenitors as endpoints. The
978 UMAP was used as dimensionality input, on which the minimum spanning tree was
979 calculated with default parameters. The curves were fitted using getCurves(extend =
980 “n”, stretch =0).

981

982 Modeling chimerism dynamics in mature blood populations

983 To investigate the differences in chimerism dynamics between fast and slow clonal
984  systems in mature blood populations, an ordinary differential equation model was
985 constructed. The model consists of three hierarchically arranged stem cell

986 populations, subsequent progenitor populations and a final mature cell compartment.
987  The number of populations downstream of stem cells was set to ten to account for
988 progressive maturation of progenitor/precursor cells. Production of blood cells from
989 the upstream compartments along the hematopoietic hierarchy is allowed by

990 differentiation reactions. Chimerism dynamics were described by the following

991  ordinary differential equation system:

dffisc, ® _o

dt

T - e o 0, ®
dfit(t) =P* Utisc,® =1p, )
dfit(t) =p*(fr_O—f )
df,z,t(t) = B* (f5 () = f5, )

992

993 HSC;, P;and M denote stem, progenitor and mature cell compartments, respectively,
994 and fpri(t) denotes chimerism in population Pi. The model was separately fitted to
995 average chimerism dynamics of seven hematopoietic lineages denoted by the
996 asterisk: PLT, RBC, monocytes, granulocytes, B cells, CD4" T cells and CD8* T cells.
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997 For each lineage, average chimerism dynamics in slow and fast clusters were fitted

998 simultaneously. The clusters were identified by hierarchical clustering of chimerism

999 values in stem cells and mature lineages. Bayesian inference was employed to obtain
1000 posterior distributions of a and B using Turing.jl package (v0.24.0) in Julia (v1.8.5). For
1001  each differentiation step, involving a progenitor and a product population pair, a and 3
1002 represent the product of the respective differentiation rate and compartment size ratio
1003  of the progenitor and product populations. Initial chimerism values were estimated for
1004 upstream and downstream stem cell populations in slow and fast clusters and set to
1005  zero for other populations.

1006

1007 Mathematical modeling of the coefficient of variation in linear and feedback
1008 compartment models

1009 To address our observation that cell counts in mature blood populations display
1010  significantly lower coefficients of variation than LT-HSCs, we simulated two

1011 compartment models. Both models consist of three populations: stem cells (S),

1012  progenitors (P) and mature cells (M). Stem cells proliferate with rate As and

1013  differentiate into progenitor cells with rate &s. Progenitor cells, in turn, proliferate with
1014 rate Ap and differentiate into mature cells with rate &p. Mature cells undergo cell

1015 death with rate dw. In the linear model, all proliferation and differentiation fluxes are
1016  proportional to the respective population sizes. In the feedback model, progenitor cell
1017  proliferation is governed by negative feedback and is implemented using a carrying
1018  capacity for the progenitor population, Pc; this ensures stable regulation of mature
1019  cell numbers The dynamics of the linear model are described by the following

1020 ordinary differential equation system:

dS(t)
— = g S(t) — 64 S(t)
dP(7)
— = Ap P(1) — 8p P(t) + 64 S(0)
‘%?:@mm—%Mm

1021

1022  Similarly, the feedback model is described by the following nonlinear ordinary
1023  differential equation system.

ds(t)

— == A58 = 550

dP(n) RONE

o = Ap P(2)(1 —PC) op P(2) + 64 5(7)
MO _ 5 by 5., M

o (1) — 6y M(2)

1024

29


https://doi.org/10.1101/2025.02.04.636388
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.02.04.636388; this version posted February 5, 2025. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC 4.0 International license.

1025 Simulations for both models were initiated with hundred cells in the stem cell
1026  compartment (So = 100, Po = 0, Mo = 0) and propagated up to 300 days. Proliferation
1027 and differentiation rates of the linear compartment model were set to the following
1028 values: As = 0.1, 8s= 0.1, Ap = 2.0, &p = 2.02, dm = 0.1. For the feedback model the
1029 following rates were used: As= 0.1, 8s= 0.1, Ap = 2.1, dp = 2.02, Pc=10500, ém = 0.1.
1030  Coefficients of variation for individual compartments were computed from hundred
1031  independent simulations and normalized to the stem cell compartment. Simulations
1032  were performed with CoRC (v0.11.0, COPASI v4.34)3%4% in R (v3.6.1).

1033 Data visualization and statistical analysis

1034  If not specifically stated otherwise, significance was tested using paired samples
1035 Wilcoxon test. For multiple comparisons, p-values were adjusted according to
1036 Benjamini & Hochberg. Plots were generated using ggplot2 (v3.4.2) or FlowJo
1037  (v10.6.1).

1038

1039 Table 1a. Antibody panel for the isolation of GFP* EPCRM LT-HSCs

1040

Antigen Fluorophor Clone Supplier, Catalog number
e

CD4 AF700 GK1.5 eBioscience (56-0041)

CD8 AF700 53-6.7 eBioscience (56-0081)

B220 AF700 RA3-6B2 eBioscience (56-0452)

CD11b AF700 M1/70 eBioscience (56-0112)

Gr-1 AF700 RB6-BC5 eBioscience (56-5931)

Ter119 AF700 TER-119 Biolegend (116220)

cKit (CD117) BV711/APC 2BS8 Biolegend (105835)/eBioscience

Sca1 (Ly- APC-Cy7 D7 (17-1171)

6A/E) PE-Cy5 TC15- BD Biosciences (560654)

CD150 12F12.2 Biolegend (115912)

CD48 PE-Cy7 HM48-1 Biolegend (103424)

CD34 eFluor4d50 RAM34 eBioscience (48-0341)

EPCR PE eBio1560 eBioscience (12-2012)
GFP* cells

1041

1042 Table 1b. Antibody panel for the isolation of KuO* EPCR" LT-HSCs
1043
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Antigen Fluorophore Clone Supplier, Catalog
number
CD4 PE-Cy7 GK1.5 eBioscience (25-0041)
CD8 PE-Cy7 53-6.7 eBioscience (25-0081)
B220 PE-Cy7 RA3-6B2 eBioscience (25-0452)
CD11b PE-Cy7 M1/70 eBioscience (25-0112)
Gr-1 PE-Cy7 RB6-BC5 eBioscience (25-5931)
Ter119 PE-Cy7 TER-119 eBioscience (25-5921)
cKit (CD117) BV711 2B8 Biolegend (105835)
Sca1 (Ly-6A/E) APC-Cy7 D7 BD Biosciences (560654)
CD150 APC TC15-12F12.2 Biolegend (115910)
CD48 BUV395 HM48-1 BD (740236)
CD34 eFluor4d50 RAM34 eBioscience (48-0341)
EPCR PerCP-eF710 eBio1560 eBioscience (46-2012)
KuO™ cells
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1047 Supplementary Figures
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1048
1049  Supplementary Fig.1: Overview of single-HSC transplantation experiment. a) Heatmap

1050 of donor chimerism over time split between overall leukocyte, and erythrocyte and platelet
1051 chimerism of transplanted mice within primary and secondary transplantation ordered by their
1052  overall chimerism. Black color indicates chimerism <0.1%, gray color indicates missing value.
1053 b) Pie charts displaying the percentage of clones with successful engraftment (>0.1%
1054  chimerism in peripheral blood) at any time point post-transplantation (left), and with positive
1055  long-term chimerism (at 20 weeks post-transplantation) (right), for primary (top) and secondary
1056  (bottom) transplants. 1ry scTx: primary single-cell transplantation; 2ry bulkTx: secondary bulk
1057  bone marrow transplantation. ¢) Clonal hematopoietic compositions 20 weeks post-transplant
1058  split per organ and cell types are highlighted by color. BM1 and BM2 correspond to two
1059 different antibody stainings of the bone marrow. Abbreviations: HSC: hematopoietic stem cell;
1060 RBCs: red blood cells; Plts: platelets; W: week; BM: bone marrow; ScTx: single-cell
1061 transplantation; LNs: lymph nodes, MPP: multipotent progenitor; MkP: megakaryocyte
1062  progenitor; PreMegE: pre-megakaryocyte-erythrocyte; GMP: granulocyte-monocyte
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1063  progenitor; PreCFU-E: pre-colony-forming-unit-erythrocyte; CFU-E-ProEry: colony-forming-
1064  unit-erythrocyte-proerythroblast; CLP: common lymphoid progenitor; DP: double positive;
1065  c¢DC: conventional dendritic cell; pDC: plasmacytoid dendritic cell; NK: natural killer cell.

1066
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1067
1068  Supplementary Fig.2: Principal component analysis of clonally-derived hematopoietic

1069 systems. a) Scree plot showing the percentage of explained variance by each principal
1070  component. b) First and second principal component projections. Individuals are labeled by
1071 experiment ID and colored by group (single HSC-derived: red, polyclonal control: blue). c)
1072  Variable contribution map explaining the distribution of individuals between the first two
1073  dimensions based on organ tropism and lineage contribution. d) Hierarchical clustering on
1074  principal components based on the first three PCs. e) First and third principal component
1075  projections, see (b). f) Variable contribution map of first and third principal component
1076  projections, see (c). g-h) Spearman correlation coefficients between active and
1077  supplementary variables and dimensions, highlighting associations between principal
1078  components and cell types (g) as well as organs (h). i) Relative repopulation capacity (defined
1079 by the ratio of chimerism in secondary and primary transplantations) across the three clusters
1080 defined in Fig. 1, and polyclonal controls based. If not stated otherwise, significant differences
1081 between groups were tested globally by Kruskal Wallis test and post hoc by two-sided
1082  Wilcoxon rank-sum test. For multiple comparisons, p values were corrected according to
1083  Benjamini-Hochberg. Significance is indicated by: * for p < 0.05, ** for p < 0.01, *** for p <
1084 0.001. The standard deviation is indicated by error bars. Box plots: center line, median; box
1085 limits, first and third quartile; whiskers, smallest/largest value no further than 1.5*IQR from
1086  corresponding hinge. Abbreviations: Ctrl: control; HSPC: hematopoietic stem and progenitor
1087 cell; ¢DC: conventional dendritic cell; pDC, plasmacytoid dendritic cell; NK cell: natural killer
1088 cell; RBC: red blood cell; BM: bone marrow; LN: lymph node; PerCav: peritoneal cavity; ctrl:
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1089  control; dim: dimension; LS-K: Lineage-Sca1-cKit+; MkP: megakaryocyte progenitor; LSK:
1090 Lineage-Sca1+cKit+.
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1093  Supplementary Fig.3: Kinetic curve fitting parameters. a) Exemplary behavior of single
1094  humped function fits with variation in its four coefficients. Repression coefficient and hill
1095 coefficient describe how stretched, or compressed the curve declines, the time delay marks
1096 the initial time point of growth and the amplitude controls the initial growth of the curve. b)
1097  Reconstitution kinetics of peripheral blood cells from transplanted HSCs separated by
1098  hierarchical clusters and cell type. Each coloured line corresponds to a single clonally-derived
1099  system. Polyclonal controls are colored in gray. ¢) Blood cells ordered by their ranked
1100 engraftment delay t0 within clonally-derived hematopoietic systems. Significant differences
1101 between cell types were tested globally by Kruskal Wallis test and post hoc by Dunn’s test.
1102  For multiple comparisons, p values were corrected according to Benjamini-Hochberg. d)
1103  Spearman correlation matrices of clonal cell type compositions within the blood. Correlations
1104  of single HSC-derived blood cell compositions were calculated for each measured time point,
1105  orusing the overall chimerism values derived from AUC of each fitted curve, respectively. Cell
1106  types are ordered by angular order of eigenvectors from the correlation of AUC compositions.
1107  Significance is indicated by: * for p < 0.05, ** for p < 0.01, ***for p < 0.001, **** for p < 0.0001.
1108 Box plots: center line, median; box limits, first and third quartile; whiskers, smallest/largest
1109  value no further than 1.5*IQR from corresponding hinge. Dots indicate outliers. Abbreviations:
1110 cDC: conventional dendritic cell: RBC: red blood cell; W: week; AUC: area under the curve.
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Supplementary Fig.4: Validation cohort confirms reconstitution kinetics as a central
feature associated with HSC potency and lineage biases. a) Heatmap displaying the
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1115  percentage of chimerism in peripheral blood at different timepoints post-transplantation and in
1116  the bone marrow at the endpoint (24 weeks). Chimerism values are presented as 10g;,-
1117  transformed percentages. Each row represents a single HSC transplantation that displayed
1118  positive chimerism (>0.1% in peripheral blood) at any time point. Agglomerative clustering,
1119  named AGNES (AGglomerative NESting) was used. b) Principal component analysis (PCA)
1120  considering the cellular composition of all HSC-derived cell types at the endpoint of the primary
1121 transplant (week 24). The first two components are displayed and overall chimerism is
1122  highlighted by dot size. ¢) Variable contribution map of (b) highlighting the loadings by
1123  differentiation status and lineage. d) First and fourth principal component projections of PCA
1124  from (b). Overall chimerism is highlighted by dot size. e) Variable contribution map of (b)
1125  highlighting the loadings by differentiation status and lineage from (d). Abbreviations: wks:
1126 weeks; PLT: platelet; RBC: red blood cell; B: B cell; CD4: CD4+ T cell; CD8: CD8+ T cell;
1127  Grans: granulocytes; Macs: macrophages; LT-HSC: long-term hematopoietic stem cell; LSK:
1128 Lineage-Sca1+cKit+; Lin-: lineage negative; BM: bone marrow;, Dim: dimension; MPP:
1129  multipotent progenitor; ST-HSC: short-term hematopoietic stem cell.

1130
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1132
1133  Supplementary Fig.5: Single-cell transcriptomics analysis of clonally-derived

1134  hematopoietic systems. a) Gene expression heatmap illustrating major marker genes for
1135  each progenitor and cell type cluster. The color scale highlights the scaled average expression
1136  per gene in each cluster. b) Boxplots highlighting module scores of gene sets characteristic
1137  for low-output HSCs, multilineage HSCs, serial engrafting HSCs and Mk-biased HSCs in each
1138  HSC per clonally-derived system ordered by increasing blood cell repopulation and decrease
1139  in self-renewal. Gene sets are derived from®. Box plots: center line, median; box limits, first
1140  and third quartile; whiskers, smallest/largest value no further than 1.5*IQR from corresponding
1141 hinge. Abbreviations: HSC: hematopoietic stem cell; MPP: multipotent progenitor; Mk:
1142  megakaryocyte; Eosino: eosinophil; Baso: basophil; NK: natural Killer cell.
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Supplementary Fig.6: HSPC transition clocks for clonally-derived hematopoietic
systems. Composition of HSPC compartments of clonally-derived systems from Fig. 1 that
displayed sustained engraftment. Progenitors are ordered by Pearson correlation distance
from HSCs based on clonal compositions of the progenitor compartments 20 weeks post-
transplant (see illustration Fig. 3f). The arrow indicates the mean composition of the respective
clonally-derived HSPC compartment and illustrates the current state of “HSPC transition”.
Clonally-derived systems marked as |, 11, I, IV and V correspond to the exemplary plots shown
in Fig. 3f. Abbreviations: HSC: hematopoietic stem cell; MkP: megakaryocyte progenitor;
PreMegE: pre-megakaryocyte-erythrocyte; CFU-E-ProEry: colony-forming-unit-erythrocyte-
proerythroblast; GMP: granulocyte-monocyte progenitor; CLP: common lymphoid progenitor.
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Supplementary Fig.7: HSCs transition from slow to fast reconstitution kinetics upon
secondary transplantation. Paired dot-plots of time-dependent kinetic parameters
highlighting changes in blood cell replenishment between transplanted parent and daughter
HSCs per clone. Cell types are highlighted by color. Each row represents a paired analysis
between parent (primary) and corresponding daughter (secondary) HSCs. Abbreviations:
RBC: red blood cell.
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Supplementary Fig.8: Cell-extrinsic mechanisms modulate HSC lineage biases. a)
Coefficient of variation of bone marrow LT-HSCs and peripheral blood B cells (B),
granulocytes (Gran), monocytes (Mono), CD4+ T cells (CD4), CD8+ T cells (CD8), platelets
(PLT) and red blood cells (RBC) at 24 weeks post-transplantation. b) Correlation analysis
between the absolute counts of single HSC-derived GFP+ and non-clonal GFP- RBCs
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1170  measured in the peripheral blood at 4, 8, 12, 16, 20 and 24 weeks post-transplantation. c)
1171 Correlation coefficient extracted from (b) at different time points post-transplantation. d)
1172  Schematic representation of the proposed relationship between HSC clonal reconstitution
1173  kinetics, mature lineage compartment size limitations and lineage skewing. Three HSC clones
1174  with differing kinetics are depicted. The fast clone rapidly populates all mature blood lineages
1175  up to their compartment size limits. After the HSPC compartment of the fast clone exhausts,
1176  the mature cell progeny decline according to the rate of turnover of each lineage, meaning
1177  that the intermediate kinetics HSC clone first has space to populate the platelet and RBC
1178 compartment, then the myeloid compartment and finally the lymphoid compartment.
1179  Eventually the HSPC compartment of the intermediate clone exhausts, resulting in its progeny
1180  being sequentially replaced by those of the slow kinetics HSC clone. The resulting apparent
1181 lineage biases are indicated at three different time points post-transplantation. e) Spearman
1182  correlation between the average kinetics parameters tyMax, tHalf, tHalfReg and tDecline of a
1183  single HSC and its percentage of lymphoid contribution in peripheral blood at 24 weeks post-
1184  transplantation, in B6 versus Rag2” hosts. Spearman’s Rho and significance are indicated.
1185  Abbreviations: LT-HSC: long-term hematopoietic stem cell; B: B cells; Gran: granulocyte;
1186  Mono: monocyte; CD4: CD4+ T cell; CD8: CD8+ T cell;, PLT: platelet; RBC: red blood cell; w:
1187  week; B6: C57BL/6J mouse model; Rag2: homozygous knock-out of the Recombination
1188  Activating Gene 2.
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1192  Supplementary Fig.9: Gating strategy to sort donor EPCRhi LT-HSCs for
1193  transplantations studies.
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