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Supplementary Note
Impact of technical factors on CytoTRACE 2 performance

To evaluate robustness to annotation errors, we applied a noisy labeling strategy', showing that
predictions remain stable even when up to 20% of cells or phenotypes were misannotated in
training (Extended Data Fig. 3a-c). We also tested the limits of CytoTRACE 2’s performance
under varying mRNA content and data sparsity. Predictions remained consistent with as few as
750 detectably expressed genes per cell (Extended Data Fig. 3d), 2,000 unique molecular
identifiers per cell (Extended Data Fig. 3e), and ~5 cells per phenotype (Extended Data Fig.
3f). These findings demonstrate that CytoTRACE 2 is resistant to moderate annotation errors
and performs reliably under practical data limitations.

Potency annotation scheme

We used the following annotation scheme to assign single-cell transcriptomes from our potency
atlas to six broad potency categories®®. Where possible, we also annotated developmental
orderings within each broad potency category, resulting in a larger repertoire of 24 granular
potency levels spanning the full range of cellular ontogeny (n = 2 in ‘“Totipotent’, n = 6 in
‘Pluripotent’, n = 7 in ‘Multipotent’, n = 4 in ‘Oligopotent’, n = 3 in ‘Unipotent’, n =2 in
‘Differentiated’; Fig. 1b; Supplementary Tables 2 and 3). However, such finer-grained
orderings have sparse representation across species and scRNA-seq datasets; therefore, we
restricted model training to the six broader categories. Rationale for the 24 granular states and
citations supporting the classification of every cell type with assignable potency in this study are
provided in Supplementary Tables 2 and 3. Granular potency levels are also indicated in the
descriptions below as numeric values between “1” (highest potency) and “24” (lowest potency).

Totipotent. Totipotency was defined as the potential of a cell to give rise to all the cell types in a
body, including extraembryonic cells, with maternal support. In addition to the totipotent zygote
(“17), we included the 2-cell stage of mouse and human embryos in which initial zygotic division
has formed a 2-cell embryo (“2”). This assignment was supported by experiments in mammalian
models showing development of physiologically normal organisms after re-implantation of
zygote and blastomeres from the 2-cell stage’™®.

Pluripotent. Pluripotency was defined as the potential of a cell to give rise to all the cell types in
a body except extraembryonic cells. Although there are some reports that suggest blastomeres
from the 4-cell stage are totipotent'®, given mixed reports and uncertainty in humans, we
conservatively assigned the 4-cell stage as the most primitive cell state in the pluripotent
category (“3”). Chronologically, the 8-cell stage (“4”) and 16-cell stage (“5”) — referred to as a
morula — come next. The embryo then progresses to the 32-cell stage (“6”) when it undergoes
compaction, in which a central cavity forms and cells separate to give rise to the trophectoderm
and inner cell mass, the latter of which is the origin of embryonic stem cells". As the pluripotent
cells divide and specialize, they transition from the early blastocyst through the mid- (“7”) and
late- (“8”) blastocyst stages, which mark the final stages of pluripotency in our analysis.

Multipotent. Multipotency was defined as the potential of an immature cell to give rise to
multiple cell types (at least four) across different lineages. Multipotent cells exist both during
early embryogenesis for specification of germ layers (mesoderm, endoderm, ectoderm) and
during the postnatal period as tissue-resident stem cell populations. Chronologically, the anterior
primitive streak is the earliest source of multipotent cells (“9”), which sequentially gives rise to
developmentally restricted cells in each germ layer (e.g., paraxial mesoderm (“10”), which then



segments into somitomeres (“11”) and somites (“12”))'%. Development occurs in parallel across
germ layers, so the granular order of multilineage precursors from different lineages was aligned
to relative developmental time using author-provided labels for embryonic age or somite stage.
For example, pre-cranial neural crest cells (pre-CNCCs; “12”) arise during the mouse 4-somite
stage'®, so their developmental timeline matched early somites (“12”). These cells then give rise
to CNCCs (“13”) and early multipotent precursors (“14”), such as the delaminating CNCC,
dermomyotome, and sclerotome. Given their tissue-specific developmental potency, tissue-
resident multipotent stem and progenitor cells, such as hematopoietic stem and progenitors,
pancreatic progenitors, skeletal stem cells, radial glial cells, and others, were annotated as the
least primitive among multipotent cells (“15”).

Oligopotent. Oligopotency was defined as the potential of an immature cell to give rise to more
than one but fewer than four cell types across different lineages and/or cell types immediately
downstream of known multipotent stem and progenitor cells. In our potency atlas, the most
primitive cells in this category are unpurified hematopoietic progenitors, such as CD34" cells,
which are enriched for restricted progenitors but also contain rare multipotent hematopoietic
stem cells (“16”). Sequentially, cells were granularly ordered as oligopotent progenitor
populations without rare multipotent cells (“17”)"®, restricted bipotent stem and progenitor cells
(“18”)'18 and then basal cells (“19”)'*?* which are a heterogeneous mixture of predominantly
bipotent progenitors, along with unipotent progenitors, differentiated cells, and rare multipotent
cells capable of regeneration in response to injury.

Unipotent. Unipotency was defined as the potential of an immature cell to predominantly give
rise to one mature downstream cell type. In our potency atlas, the most primitive cells in this
category are unipotent stem-like cells, such as limbal stem cells?>?, satellite stem cells®’, and
nascent type Il pneumocytes (“20”). Sequentially, cells were granularly ordered as unipotent
progenitors without self-renewal capacity (“21”), followed by immature cells transitioning toward
differentiation (“22”)%2.

Differentiated. Differentiated cells were defined as mature cells within a single lineage,
including non-terminally differentiated cells (“23”), which have limited potential to further
differentiate or change phenotypic state in response to a stimulus (e.g., naive B cells and naive
T cells upon antigen recognition; fibroblasts and other stromal cells in response to tissue injury),
and terminally differentiated cells (“24”), which essentially have zero potential to make other
cells, including of their same type.

Additional details, including lineage contributions, and references supporting these
classifications are provided in Supplementary Tables 2 and 3.
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