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Positional information specifies the site of organ regeneration and 
not tissue maintenance in planarians. 
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introduction



Organisms with strong regenerative ability in many cases also undergo
abundant homeostatic maintenance in the absence of injury, making them ideal
systems to interrogate the requirements for these processes (Newmark and
Sánchez Alvarado, 2000; Elliott and Sánchez Alvarado, 2013; Maden et al., 2013;
Srivastava et al., 2014; Rodrigo Albors et al., 2015; Schaible et al., 2015; Bodnar
and Coffman, 2016).

Indeed, functional studies of gene function in highly regenerative organisms,
including planarians and zebrafish, indicate that a large majority of factors
required for regeneration are also required for tissue maintenance in uninjured
animals (Reddien et al., 2005; Whitehead et al., 2005; Wills et al., 2008).
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Despite the similarity between regeneration and growth programs, most animals
exhibit an age-dependent reduction in the ability for de novo tissue formation
without a coinciding loss of proliferative growth or tissue maintenance ...

…Therefore, the mechanisms accounting for age-associated loss of regenerative
capacity are unlikely to derive from generic reductions in cell proliferation or
differentiation.
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Adult freshwater planarians, which have a nearly unlimited ability to undergo
regeneration and tissue replacement through homeostasis, use constitutive
positional information as an essential upstream regulator of regeneration
(Elliott and Sánchez Alvarado, 2013).

They express patterning molecules that demarcate the main body axes and are
used for regional identity determination through regeneration:

Wnt and FGFRL signaling for the anteroposterior (AP) axis (Gurley et al., 2008;
Petersen and Reddien, 2008; Petersen and Reddien, 2009a; Gurley et al., 2010;
Petersen and Reddien, 2011; Hill and Petersen, 2015; Lander and Petersen, 2016;
Scimone et al., 2016),
BMP signaling for the dorsoventral (DV) axis (Molina et al., 2007; Reddien et al.,
2007; Gaviño and Reddien, 2011; Molina et al., 2011),
and Slit/Wnt5 signaling for the mediolateral (ML) axis (Cebrià et al., 2007; Gurley
et al., 2010).

introduction



Perturbations to these factors can result in tissue duplications or alterations to
regional proportionality, either in regenerating animals (Bartscherer et al., 2006;
Owen et al., 2015; Lander and Petersen, 2016; Scimone et al., 2016) or in
animals undergoing RNAi inhibition over a period of prolonged tissue
homeostasis in the absence of injury (Hill and Petersen, 2015; Reuter et al.,
2015; Lander and Petersen, 2016; Stückemann et al., 2017).
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All mature tissues in planarians derive from a body-wide pool of adult
pluripotent stem cells of the neoblast population (Wagner et al., 2011;
Guedelhoefer and Sánchez Alvarado, 2012). Therefore, a compelling model to
account for the robustness of both pattern restoration through regeneration and
pattern maintenance through perpetual homeostasis is the use of positional cues
to precisely control the differentiation and targeting of planarian neoblast stem
cells for tissue production at correct locations (Reddien, 2011).

One expectation of this model is that the sites of organ regeneration and organ
homeostasis should be identical along the body axis even if patterning
information is experimentally modified.
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We investigated this model by examining the regenerative and homeostatic
properties of tissue duplication phenotypes generated by pattern disruption
through RNAi treatment.

We focused our analysis on regeneration and maintenance of the planarian eye,
a simple, well characterized, and regionally restricted organ that can be
specifically removed and easily studied.
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results: notum RNAi shifts the site of eye regeneration anteriorly.
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results: notum RNAi shifts the site of eye regeneration anteriorly.



results: notum RNAi shifts the site of eye regeneration anteriorly.



results: Both regenerative and non-regenerative eyes are homeostatically maintained.



results: Non-regenerative eyes are mispositioned with respect to positional control genes and the brain.



results: Non-regenerative eyes and regenerative eyes compete for progenitor acquisition.



results: Modulation of other patterning factors alters the sites of eye or pharynx regeneration.
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Discussion

Pattern alteration uncouples the sites of regeneration and homeostasis.

(A) Model showing shifts to the anteroposterior target site of eye regeneration (yellow box) in 
animals undergoing notum RNAi or wnt11-6 and fzd5/8-4 RNAi. Eye progenitors (purple dots) are 
present in a broader anterior domain and can renew pre-existing eyes left behind by the pattern 
alteration. (B) Shifts to the location of eye regeneration during the remodeling of head fragments 
(top series). Eye removal during this process results in eye regeneration at the target location for 
proportion re-establishment (bottom series).
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