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Precise specification of cell fate or identity within stem cell lineages is critical for

ensuring correct stem cell lineage progression and tissue homeostasis. Failure to

specify cell fate or identity in a timely and robust manner can result in develop-

mental abnormalities and diseases such as cancer. However, the molecular

basis of timely cell fate/identity specification is only beginning to be under-

stood. In this review, we discuss key regulatory strategies employed in cell

fate specification and highlight recent results revealing how timely and robust

cell fate/identity commitment is achieved through transcriptional control.
1. Introduction
1.1. Cell fate and bistability
‘Timeliness is best in all matters.’
Hesiod
Cell fate decision-making in stem cell lineages is often binary: that is, newly

born sibling cells ultimately rest in two discrete, steady and switch-like equili-

brium states [1–3]. Such bistable cell fate specification can be achieved by either

intercellular or intracellular signalling network [3,4]. Lateral inhibition is a typi-

cal intercellular competition that diversifies cell fates: two adjacent sibling cells

inhibit each other, eventually resulting in a winner cell and a loser cell that

adopts mutually exclusive cell fates (figure 1). A classic example is Notch-

Delta-mediated lateral inhibition, which has been implicated in cell fate

determination within various stem cell lineages [5,6]. On the other hand, intra-

cellular bistable regulation converts differential external or intrinsic signals

into binary cell fates [7–15] (figure 1). For example, in Drosophila ovarian germ-

line stem cell (GSC) lineages, differential strengths of niche-derived BMP signal

can be sensed by a GSC and its sibling cystoblast cell, and converted into

bistable cell fates through cell-autonomous negative feedback loops [16,17].

Another example is asymmetric segregation of Numb protein during mitosis

dictates neural stem cell versus neural progenitor/precursor binary cell fate

decisions [18–23]. Similar strategies are employed during cell fate decision-

making in a wide range of stem cell lineages [7], including the very first cell

fate differentiation events in early mammalian development [24,25].

The intercellular and intracellular regulatory strategies are not mutually

exclusive. Instead, they are complementary to each other and can be used in

combination to confer differential cell fates in a precise and robust manner.

1.2. The beginning of the end—from cell fate decision to cell fate
commitment

The past decade has witnessed an extraordinary progress in understanding

asymmetric stem cell division, in which the intrinsic cell polarity cues and
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Figure 1. Bistability can be achieved by intercellular competition or intracellular signalling. (a) Lateral inhibition relies on intercellular competition between adjacent
daughter cells to confer mutually exclusive binary cell fates. Small initial difference between adjacent daughter cells can be amplified and locked into distinct cell
fates through intercellular feedback loops. On the other hand, (b) differential extracellular (such as niche-derived ligand gradient) or (c) intrinsic signals (such as
asymmetric distribution of cell fate determinants) can dictate binary cell fate decisions via intracellular signalling network.
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Figure 2. Cell fate/identity commitment in stem cell lineages. (a) Schematic drawing of a stem cell hierarchy. A stem cell undergoes asymmetric cell division to self-
renew and produce intermediate progenitors, which in turn produce differentiated cells. Cells at the same level share similar cell fates, but acquire distinct
cell identities. Here, cell fate commitment is defined as the lock-in of a cell to a specific fate within a stem cell hierarchy—a pluripotent stem cell fate, a
transit-amplifying intermediate progenitor fate or a differentiated cell fate. On the other hand, cell identity commitment is defined as the acquisition of
a tissue-specific, highly specialized functional potential or property. For example, cells 1 and 2 share same cell fate as terminally differentiated cells but acquire
distinct functional properties and hence different cell identities. (b) Consequences of defective cell fate/identity commitment. Failure in cell fate or identity commit-
ment leads to devastating consequences. Whereas defective stem cell fate commitment results in stem cell premature differentiation and tissue atrophy, defective
progenitor fate commitment can lead to dedifferentiation of the progenitor back to a stem cell-like status and tumorigenesis. On the other hand, failure in cell
identity commitment often results in tissue malformation in development, impairing organ functionality.
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extrinsic niche signals govern the establishment of cell

polarity and proper orientation of mitotic spindle, and conse-

quently asymmetric segregation of cell fate determinants to

one of the daughter cells [26–29] (figure 1). In theory, after

asymmetric division of a stem cell, its daughter cells could

immediately and automatically adopt distinct cell fates. How-

ever, recent time-lapse live imaging of neurogenesis in flies,

fish and mice clearly demonstrated that, in reality, the estab-

lishment of an initial fate bias, or cell fate decision, at the end of
stem cell asymmetric division is only the beginning phase of

cell fate specification [30–32]. At this stage, the fate differ-

ences between two daughter cells remain small and the cell

fates still plastic. Only after the fate bias between the daugh-

ter cells becomes large enough to reach certain threshold, it

can be consolidated and stabilized into distinct and irrevers-

ible cell fate outcomes. This is when the cell fates are

ultimately committed and locked-in. Between cell fate

decision and cell fate commitment (figure 2), there exists a
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Figure 3. Emerging strategies ensuring timely cell fate/identity commitment. (a) An ‘amplifier’ strategy. By forming a positive feedback loop with the Notch – HES
axis, SEC acts as an intrinsic amplifier to rapidly magnify and consolidate the fate bias between daughter cells and thereby drive fly type II neural stem cell fate
commitment. (b) A ‘poising’ mechanism. (i) A ‘poising and activation’ strategy. Fast-activating enhancer of transcription factor erm, critical for restraining the devel-
opmental potential of neural progenitors, is poised through continual histone deacetylation in NSCs. Immediately after the birth of neural progenitors, the absence
of HDAC allows rapid activation of erm transcription and hence timely fate commitment of neural progenitors. (ii) A ‘poising and bridging’ strategy. Spatial
signal-induced transcriptional activators bind to the enhancer of cut, and a transcription factor dictates midgut – renal lineage reprogramming. The pulse of hormone
ecdysone induces peak expression of temporal factor Br, which in turn acts as a transcription activator and meanwhile likely serves as a looping factor juxtaposing
the distal enhancer with cut promoter, triggering timely cut transcription and midgut – renal progenitor identity conversion.
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previously overlooked yet tightly controlled transition stage.

Stem cells and progenitors, especially the fast-cycling ones,

face the daunting challenges of ensuring timely and robust

cell fate determination in every cell cycle. In these rapid-

dividing cells, strategies accelerating the transition from fate

decision to fate commitment need to be employed to drive

cell fate determination in a speedy way.

2. How to speed up—emerging strategies
driving timely cell fate/identity
specification

2.1. An ‘amplifier’ strategy
An amplifier is a device in electronics that magnifies a small

input signal to a large output signal until it reaches a desired

level. It is conceivable that the fast-cycling stem cells or pro-

genitors might ensure timely cell fate commitment through

rapid amplification of the initial small fate bias upon their

asymmetric division. Indeed, recent studies in fly central

brain type II neural stem cell lineages revealed that the evolu-

tionarily conserved super elongation complex (SEC), best
known for transcription elongation checkpoint control, acts

as a crucial intrinsic amplifier to accelerate the previously over-

looked fate transition phase and drive neural stem cell fate

commitment [32,33] (figure 3). Inactivation of SEC prevents

the self-reinforcing feedback loop between SEC and Notch sig-

nalling from running, resulting in NSCs with ambiguous stem

cell identity and ultimate loss of stemness. Conversely, ectopic

overactivation of SEC initiates and sustains this positive feed-

back loop within neural progenitors, driving dedifferentiation

and tumorigenesis [32,33]. Given that SEC regulates rapid

transcriptional induction in response to dynamic developmen-

tal or environmental cues [34,35], it is particularly suitable for

being an amplifier in driving timely cell fate commitment. It is

not surprising that rapidly dividing stem cells choose SEC as a

regulatory component to induce immediate activation of

master fate-specifying genes that in turn form a self-amplifying

loop with SEC to rapidly magnify the initial fate bias and

ensure prompt fate commitment. Notch signalling plays a con-

served role during vertebrate embryonic neurogenesis in

maintaining the undifferentiated status of NSCs [36]. Given

that SEC is also highly conserved in mammals, it is interesting

to speculate that a similar amplifier mechanism is used to

ensure timely mammalian NSC fate commitment.
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2.2. A ‘poising’ strategy
Another emerging strategy ensuring timely cell fate/identity

commitment is ‘enhancer-poising’. The complete process of

transcriptional activation involves a few sequential steps,

including the inactive, primed, pre-activated and activated

transcription states [37]. To rapidly transcribe critical fate/

identity genes to catch up with the developmental timing,

many of these genes are kept at a pre-activated state,

primed for their timely activation in response to appropriate

inducing signals. Recently, this ‘enhancer-poising’ strategy

has been nicely exemplified in fly type II neural progenitor

fate commitment [38] and midgut-to-renal progenitor natural

lineage reprogramming [39] (figure 3).

2.2.1. Poising and activation

Timely restrain of the developmental potential of neural pro-

genitors in fly type II central brain NSC lineages depends on

the rapid expression of the highly conserved transcription

factor Earmuff (Erm). Recent studies revealed that the rapid

transcription of erm in newly born neural progenitors is

achieved via a ‘poising and activation’ mechanism [38]. A

fast-activating erm enhancer is kept at a ‘poised’ chromatin

state through continual histone deacetylation in NSCs [38].

Despite the presence of multiple histone acetyltransferases

in NSCs, their activity is counteracted by the robust deacety-

lase activity of HDACs, effectively preventing the premature

activation of Erm in NSCs [38]. Following asymmetric NSC

division, the activity of HDACs is rapidly downregulated.

This permits histone acetylation on erm enhancer and thereby

rapid activation of erm transcription, ensuring timely fate

commitment of neural progenitors [32,38,40,41] (figure 3).

This fast-activating poised enhancer mechanism [42–45]

might represent a general strategy that is employed by

tissue-specific stem cells to initiate differentiation programmes

in their newly born intermediate progenitors.

2.2.2. Poising and bridging

The ‘enhance-poising’ strategy has also been implicated in

timely fly progenitor identity conversion. Recent studies

unveiled a natural midgut-to-renal lineage reprogramming

event during Drosophila metamorphosis and identified the

evolutionarily conserved homeodomain protein Cut as a

master switch in this process [39]. A steep Wnt/Wingless

morphogen gradient intersects with a pulse of steroid hor-

mone ecdysone to induce cut expression in a subset of

midgut progenitors and reprogramme them into renal pro-

genitors (RPs) [39]. Mechanistically, the temporal and

spatial signals inducing cut transcription in future RPs
intersect through a ‘poising and bridging’ strategy: spatial

cues induce the binding of transcription activator TCF/Arm

to the distal enhancer of cut, poising it for timely activation

[39]. At the onset of metamorphosis, the pulse of hormone

ecdysone induced peak expression of temporal factor Broad

(Br). Br, in turn, acts as a transcription activator through its

physical interaction with TCF/Arm. Meanwhile, Br serves

as a looping factor juxtaposing the TCF/Arm-bound enhan-

cer with cut promoter via its self-association, triggering

timely cut transcription and hence midgut-renal lineage

reprogramming [39] (figure 3). Importantly, because protein

dimerization or oligomerization occurs only when the protein

concentration rises above certain threshold [46], such protein

dimerization-based regulatory mechanisms [39,47–49] are

ideal for integrating and translating gradual changes in

temporal and spatial signalling strength into a timely and

all-or-none biological event such as cell identity switch.
3. Perspectives
As a slightly modified version of Lewis Wolpert’s famous

‘gastrulation’ quote: ‘It is not birth, movement, or death,

but fate specification, which is truly the most important

decision in a cell’s life’ [50]. Once thought an immediate

and automatic step, cell fate/identity specification has

recently been found to be a progressive and tightly regulated

process. Strategies that accelerate the transition from cell fate/

identity decision to commitment must be in place to ensure

timely and robust fate/identity specification. Recent studies

identified positive feedback loop-based ‘amplifier’ mechan-

ism and ‘enhancer-poising’ mechanism as two such

strategies used in various developmental settings. Future

work using powerful model systems such as fly stem cell

lineages and naturally occurring lineage reprogramming

promise to unveil new regulatory principles underlying

timely fate/identity determination. Advanced time-lapse

live imaging technique precisely monitoring gene transcrip-

tion and 3D chromatin dynamics in vivo will certainly be

helpful in extending and deepening our understanding of

the rapid cell fate/identity commitment process.

Data accessibility. This article has no additional data.

Competing interests. We declare we have no competing interests.

Funding. The work of the authors is supported by grants from the
National Natural Science Foundation of China (31471372 and
31771629), Ministry of Education Key Laboratory of Cell Proliferation
and Differentiation and the Peking-Tsinghua Joint Center for Life
Sciences (CLS) awarded to Y.S., CLS Postdoctoral Fellowship to K.L.
and Peking University Presidential Predoctoral Fellowship to K.X.

Acknowledgements. We thank members in the Song Laboratory for help-
ful discussions regarding the manuscript.
References
1. Balazsi G, van Oudenaarden A, Collins JJ. 2011
Cellular decision making and biological noise: from
microbes to mammals. Cell 144, 910 – 925. (doi:10.
1016/j.cell.2011.01.030)

2. Bertrand V, Hobert O. 2010 Lineage
programming: navigating through transient
regulatory states via binary decisions. Curr. Opin.
Genet. Dev. 20, 362 – 368. (doi:10.1016/j.gde.
2010.04.010)

3. Losick R, Desplan C. 2008 Stochasticity and cell fate.
Science 320, 65 – 68. (doi:10.1126/science.1147888)

4. Brandman O, Meyer T. 2008 Feedback loops shape
cellular signals in space and time. Science 322,
390 – 395. (doi:10.1126/science.1160617)
5. Artavanis-Tsakonas S, Rand MD, Lake RJ. 1999
Notch signaling: cell fate control and signal
integration in development. Science 284, 770 – 776.
(doi:10.1126/science.284.5415.770)

6. Koch U, Lehal R, Radtke F. 2013 Stem cells living
with a Notch. Development 140, 689 – 704. (doi:10.
1242/dev.080614)

http://dx.doi.org/10.1016/j.cell.2011.01.030
http://dx.doi.org/10.1016/j.cell.2011.01.030
http://dx.doi.org/10.1016/j.gde.2010.04.010
http://dx.doi.org/10.1016/j.gde.2010.04.010
http://dx.doi.org/10.1126/science.1147888
http://dx.doi.org/10.1126/science.1160617
http://dx.doi.org/10.1126/science.284.5415.770
http://dx.doi.org/10.1242/dev.080614
http://dx.doi.org/10.1242/dev.080614


royalsocietypublishing.org/journal/rsob
Open

Biol.9:180243

5
7. Ferrell Jr JE. 2012 Bistability, bifurcations, and
Waddington’s epigenetic landscape. Curr. Biol. 22,
R458 – R466. (doi:10.1016/j.cub.2012.03.045)

8. He L, Ahmad M, Perrimon N. 2019
Mechanosensitive channels and their functions in
stem cell differentiation. Exp. Cell Res. 374,
259 – 265. (doi:10.1016/j.yexcr.2018.11.016)

9. Homem CC, Repic M, Knoblich JA. 2015 Proliferation
control in neural stem and progenitor cells. Nat.
Rev. Neurosci. 16, 647 – 659. (doi:10.1038/nrn4021)

10. Jiang H, Edgar BA. 2012 Intestinal stem cell
function in Drosophila and mice. Curr. Opin. Genet.
Dev. 22, 354 – 360. (doi:10.1016/j.gde.2012.04.002)

11. Kohwi M, Doe CQ. 2013 Temporal fate specification
and neural progenitor competence during
development. Nat. Rev. Neurosci. 14, 823 – 838.
(doi:10.1038/nrn3618)

12. Lehmann R. 2012 Germline stem cells: origin and
destiny. CellStemCell 10, 729 – 739. (doi:10.1016/j.
stem.2012.05.016)

13. Lin H. 2008 Cell biology of stem cells: an enigma of
asymmetry and self-renewal. J. Cell Biol. 180,
257 – 260. (doi:10.1083/jcb.200712159)

14. Losick VP, Morris LX, Fox DT, Spradling A. 2011
Drosophila stem cell niches: a decade of discovery
suggests a unified view of stem cell regulation. Dev.
Cell 21, 159 – 171. (doi:10.1016/j.devcel.2011.06.
018)

15. Yoon KJ, Vissers C, Ming GL, Song H. 2018
Epigenetics and epitranscriptomics in temporal
patterning of cortical neural progenitor competence.
J. Cell Biol. 217, 1901 – 1914. (doi:10.1083/jcb.
201802117)

16. Xia L et al. 2010 The Fused/Smurf complex controls
the fate of Drosophila germline stem cells by
generating a gradient BMP response. Cell 143,
978 – 990. (doi:10.1016/j.cell.2010.11.022)

17. Xia L, Zheng X, Zheng W, Zhang G, Wang H, Tao Y,
Chen D. 2012 The niche-dependent feedback loop
generates a BMP activity gradient to determine the
germline stem cell fate. Curr. Biol. 22, 515 – 521.
(doi:10.1016/j.cub.2012.01.056)

18. Bowman SK, Rolland V, Betschinger J, Kinsey KA,
Emery G, Knoblich JA. 2008 The tumor suppressors
Brat and Numb regulate transit-amplifying
neuroblast lineages in Drosophila. Dev. Cell 14,
535 – 546. (doi:10.1016/j.devcel.2008.03.004)

19. Brand AH, Livesey FJ. 2011 Neural stem cell biology
in vertebrates and invertebrates: more alike than
different? Neuron 70, 719 – 729. (doi:10.1016/j.
neuron.2011.05.016)

20. Li X, Erclik T, Bertet C, Chen Z, Voutev R, Venkatesh
S, Morante J, Celik A, Desplan C. 2013 Temporal
patterning of Drosophila medulla neuroblasts
controls neural fates. Nature 498, 456 – 462.
(doi:10.1038/nature12319)

21. Lin S, Lai SL, Yu HH, Chihara T, Luo L, Lee T. 2010
Lineage-specific effects of Notch/Numb signaling in
post-embryonic development of the Drosophila brain.
Development 137, 43 – 51. (doi:10.1242/dev.041699)

22. Song Y, Lu B. 2011 Regulation of cell growth by
Notch signaling and its differential requirement in
normal vs. tumor-forming stem cells in Drosophila.
Genes Dev. 25, 2644 – 2658. (doi:10.1101/gad.
171959.111)

23. Song Y, Lu B. 2012 Interaction of Notch signaling
modulator Numb with alpha-Adaptin regulates
endocytosis of Notch pathway components and cell
fate determination of neural stem cells. J. Biol.
Chem. 287, 17 716 – 17 728. (doi:10.1074/jbc.M112.
360719)

24. Shi J et al. 2015 Dynamic transcriptional symmetry-
breaking in pre-implantation mammalian embryo
development revealed by single-cell RNA-seq.
Development 142, 3468 – 3477. (doi:10.1242/dev.
123950)

25. Wang J et al. 2018 Asymmetric expression of
LincGET biases cell fate in two-cell mouse embryos.
Cell 175, 1887 – 1901.e1818. (doi:10.1016/j.cell.
2018.11.039)

26. Inaba M, Yamashita YM. 2012 Asymmetric stem cell
division: precision for robustness. CellStemCell 11,
461 – 469. (doi:10.1016/j.stem.2012.09.003)

27. Knoblich JA. 2010 Asymmetric cell division: recent
developments and their implications for tumour
biology. Nat. Rev. Mol. Cell Biol. 11, 849 – 860.
(doi:10.1038/nrm3010)

28. Morrison SJ, Kimble J. 2006 Asymmetric and
symmetric stem-cell divisions in development and
cancer. Nature 441, 1068 – 1074. (doi:10.1038/
nature04956)

29. Williams SE, Fuchs E. 2013 Oriented divisions, fate
decisions. Curr. Opin. Cell Biol. 25, 749 – 758.
(doi:10.1016/j.ceb.2013.08.003)

30. Dong Z, Yang N, Yeo SY, Chitnis A, Guo S. 2012
Intralineage directional Notch signaling regulates
self-renewal and differentiation of asymmetrically
dividing radial glia. Neuron 74, 65 – 78. (doi:10.
1016/j.neuron.2012.01.031)

31. Imayoshi I, Isomura A, Harima Y, Kawaguchi K, Kori
H, Miyachi H, Fujiwara T, Ishidate F, Kageyama R.
2013 Oscillatory control of factors determining
multipotency and fate in mouse neural progenitors.
Science 342, 1203 – 1208. (doi:10.1126/science.
1242366)

32. Liu K, Shen D, Shen J, Gao SM, Li B, Wong C, Feng
W, Song Y. 2017 The super elongation complex
drives neural stem cell fate commitment. Dev. Cell
40, 537 – 551. e536. (doi:10.1016/j.devcel.2017.02.
022)

33. Rossi AM, Desplan C. 2017 Asymmetric Notch
amplification to secure stem cell identity. Dev.
Cell 40, 513 – 514. (doi:10.1016/j.devcel.2017.03.
010)

34. Lin C, Garrett AS, De Kumar B, Smith ER, Gogol M,
Seidel C, Krumlauf R, Shilatifard A. 2011 Dynamic
transcriptional events in embryonic stem cells
mediated by the super elongation complex (SEC).
Genes Dev. 25, 1486 – 1498. (doi:10.1101/gad.
2059211)

35. Luo Z, Lin C, Shilatifard A. 2012 The super
elongation complex (SEC) family in transcriptional
control. Nat. Rev. Mol. Cell Biol. 13, 543 – 547.
(doi:10.1038/nrm3417)
36. Pierfelice T, Alberi L, Gaiano N. 2011 Notch in the
vertebrate nervous system: an old dog with new
tricks. Neuron 69, 840 – 855. (doi:10.1016/j.neuron.
2011.02.031)

37. Levine M, Cattoglio C, Tjian R. 2014 Looping back to
leap forward: transcription enters a new era. Cell
157, 13 – 25. (doi:10.1016/j.cell.2014.02.009)

38. Janssens DH, Hamm DC, Anhezini L, Xiao Q, Siller
KH, Siegrist SE, Harrison MM, Lee CY. 2017 An
Hdac1/Rpd3-poised circuit balances continual self-
renewal and rapid restriction of developmental
potential during asymmetric stem cell division. Dev.
Cell 40, 367 – 380. e367. (doi:10.1016/j.devcel.2017.
01.014)

39. Xu K, Liu X, Wang Y, Wong C, Song Y. 2018
Temporospatial induction of homeodomain gene cut
dictates natural lineage reprogramming. eLife 7,
e33934. (doi:10.7554/eLife.33934)

40. Eroglu E, Burkard TR, Jiang Y, Saini N, Homem CCF,
Reichert H, Knoblich JA. 2014 SWI/SNF complex
prevents lineage reversion and induces temporal
patterning in neural stem cells. Cell 156,
1259 – 1273. (doi:10.1016/j.cell.2014.01.053)

41. Koe CT et al. 2014 The Brm-HDAC3-Erm repressor
complex suppresses dedifferentiation in Drosophila
type II neuroblast lineages. eLife 3, e01906.
(doi:10.7554/eLife.01906)

42. Calo E, Wysocka J. 2013 Modification of enhancer
chromatin: what, how, and why? Mol. Cell 49,
825 – 837. (doi:10.1016/j.molcel.2013.01.038)

43. Creyghton MP et al. 2010 Histone H3K27ac
separates active from poised enhancers and predicts
developmental state. Proc. Natl Acad. Sci. USA 107,
21 931 – 21 936. (doi:10.1073/pnas.1016071107)

44. Heinz S, Romanoski CE, Benner C, Glass CK. 2015
The selection and function of cell type-specific
enhancers. Nat. Rev. Mol. Cell Biol. 16, 144 – 154.
(doi:10.1038/nrm3949)

45. Rada-Iglesias A, Bajpai R, Swigut T, Brugmann SA,
Flynn RA, Wysocka J. 2011 A unique chromatin
signature uncovers early developmental enhancers
in humans. Nature 470, 279 – 283. (doi:10.1038/
nature09692)

46. Marianayagam NJ, Sunde M, Matthews JM. 2004
The power of two: protein dimerization in biology.
Trends Biochem. Sci. 29, 618 – 625. (doi:10.1016/j.
tibs.2004.09.006)

47. Deng W, Lee J, Wang H, Miller J, Reik A, Gregory
PD, Dean A, Blobel GA. 2012 Controlling long-range
genomic interactions at a native locus by targeted
tethering of a looping factor. Cell 149, 1233 – 1244.
(doi:10.1016/j.cell.2012.03.051)

48. Phillips JE, Corces VG. 2009 CTCF: master weaver of
the genome. Cell 137, 1194 – 1211. (doi:10.1016/j.
cell.2009.06.001)

49. Weintraub AS et al. 2017 YY1 is a structural
regulator of enhancer-promoter loops. Cell 171,
1573 – 1588.e1528. (doi:10.1016/j.cell.2017.11.008)

50. Furlong EE. 2010 The importance of being specified:
cell fate decisions and their role in cell biology. Mol.
Biol. Cell 21, 3797 – 3798. (doi:10.1091/mbc.e10-
05-0436)

http://dx.doi.org/10.1016/j.cub.2012.03.045
http://dx.doi.org/10.1016/j.yexcr.2018.11.016
http://dx.doi.org/10.1038/nrn4021
http://dx.doi.org/10.1016/j.gde.2012.04.002
http://dx.doi.org/10.1038/nrn3618
http://dx.doi.org/10.1016/j.stem.2012.05.016
http://dx.doi.org/10.1016/j.stem.2012.05.016
http://dx.doi.org/10.1083/jcb.200712159
http://dx.doi.org/10.1016/j.devcel.2011.06.018
http://dx.doi.org/10.1016/j.devcel.2011.06.018
http://dx.doi.org/10.1083/jcb.201802117
http://dx.doi.org/10.1083/jcb.201802117
http://dx.doi.org/10.1016/j.cell.2010.11.022
http://dx.doi.org/10.1016/j.cub.2012.01.056
http://dx.doi.org/10.1016/j.devcel.2008.03.004
http://dx.doi.org/10.1016/j.neuron.2011.05.016
http://dx.doi.org/10.1016/j.neuron.2011.05.016
http://dx.doi.org/10.1038/nature12319
http://dx.doi.org/10.1242/dev.041699
http://dx.doi.org/10.1101/gad.171959.111
http://dx.doi.org/10.1101/gad.171959.111
http://dx.doi.org/10.1074/jbc.M112.360719
http://dx.doi.org/10.1074/jbc.M112.360719
http://dx.doi.org/10.1242/dev.123950
http://dx.doi.org/10.1242/dev.123950
http://dx.doi.org/10.1016/j.cell.2018.11.039
http://dx.doi.org/10.1016/j.cell.2018.11.039
http://dx.doi.org/10.1016/j.stem.2012.09.003
http://dx.doi.org/10.1038/nrm3010
http://dx.doi.org/10.1038/nature04956
http://dx.doi.org/10.1038/nature04956
http://dx.doi.org/10.1016/j.ceb.2013.08.003
http://dx.doi.org/10.1016/j.neuron.2012.01.031
http://dx.doi.org/10.1016/j.neuron.2012.01.031
http://dx.doi.org/10.1126/science.1242366
http://dx.doi.org/10.1126/science.1242366
http://dx.doi.org/10.1016/j.devcel.2017.02.022
http://dx.doi.org/10.1016/j.devcel.2017.02.022
http://dx.doi.org/10.1016/j.devcel.2017.03.010
http://dx.doi.org/10.1016/j.devcel.2017.03.010
http://dx.doi.org/10.1101/gad.2059211
http://dx.doi.org/10.1101/gad.2059211
http://dx.doi.org/10.1038/nrm3417
http://dx.doi.org/10.1016/j.neuron.2011.02.031
http://dx.doi.org/10.1016/j.neuron.2011.02.031
http://dx.doi.org/10.1016/j.cell.2014.02.009
http://dx.doi.org/10.1016/j.devcel.2017.01.014
http://dx.doi.org/10.1016/j.devcel.2017.01.014
http://dx.doi.org/10.7554/eLife.33934
http://dx.doi.org/10.1016/j.cell.2014.01.053
http://dx.doi.org/10.7554/eLife.01906
http://dx.doi.org/10.1016/j.molcel.2013.01.038
http://dx.doi.org/10.1073/pnas.1016071107
http://dx.doi.org/10.1038/nrm3949
http://dx.doi.org/10.1038/nature09692
http://dx.doi.org/10.1038/nature09692
http://dx.doi.org/10.1016/j.tibs.2004.09.006
http://dx.doi.org/10.1016/j.tibs.2004.09.006
http://dx.doi.org/10.1016/j.cell.2012.03.051
http://dx.doi.org/10.1016/j.cell.2009.06.001
http://dx.doi.org/10.1016/j.cell.2009.06.001
http://dx.doi.org/10.1016/j.cell.2017.11.008
http://dx.doi.org/10.1091/mbc.e10-05-0436
http://dx.doi.org/10.1091/mbc.e10-05-0436

	Faster, higher, stronger: timely and robust cell fate/identity commitment in stem cell lineages
	Introduction
	Cell fate and bistability
	The beginning of the end—from cell fate decision to cell fate commitment

	How to speed up—emerging strategies driving timely cell fate/identity specification
	An &lsquo;amplifier&rsquo; strategy
	A &lsquo;poising&rsquo; strategy
	Poising and activation
	Poising and bridging


	Perspectives
	Data accessibility
	Competing interests
	Funding
	Acknowledgements
	References


