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1. INTRODUCTION

This study focuses on animal regeneration, especially how animals such as axolotls can rebuild complex
body structures after injury. The main question is not simply how cells grow, but how regenerating tissue
appears to maintain the correct position, identity and pattern of the missing structure.

Existing studies describe several important pieces of this process: cells can retain positional information;
chromatin can carry segment-specific information; chemical signals such as retinoic acid can change
positional identity; and extracellular matrix and cell-to-cell communication can provide positional cues.
The question explored here is how these different information layers may work together.

2. RESEARCH PAPERS + MY HYPOTHESIS — COMBINED
COMPARISON

Otsuki & Tanaka (2022) Strongly supports the starting idea that cells can retain
Reviews positional memory: adult salamander cells retain positional information about their original location.
spatial identity used during regeneration.

Kawaguchi et al. (2024) Supports the idea that cellular position is linked to an
Found segment-specific chromatin patterns, especially internal regulatory layer and gives a possible molecular
H3K27me3, associated with limb segment identity. basis for positional memory.

Duerr et al. (2025) Supports the idea that chemical signals can influence
Shows that retinoic-acid breakdown helps establish which positional identity is produced.

proximodistal positional identity during axolotl
regeneration.

Phan et al. (2015) Supports the idea that information is not only inside cells;
Position-specific extracellular-matrix signals can influence the surrounding tissue can also provide positional cues.
limb pattern formation through heparan

sulfate/FGF-related mechanisms.

Vieira et al. (2021) Strongly fits the communication part of the hypothesis,
Distinguishes positional memory in connective-tissue cells while showing that ECM cues are not necessarily the
from positional cues communicated to other cells; ECM original source of positional memory.

appears to facilitate positional communication.

McCusker et al. (2021) Supports the idea that regeneration involves several
Reviews coordinated cellular and signaling events in interacting cell types and signaling processes rather than
salamander limb regeneration, including connective one isolated mechanism.

tissue, nerves, immune cells and blastema formation.
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3. WHAT THE COMBINED EVIDENCE SUGGESTS

When the papers are read together, they do not give one single “master signal” that explains the entire
process. Instead, they support several connected layers of positional information and communication.

Part of the hypothesis What the literature shows m

Cells retain positional information Positional memory is well documented in salamander Supported
regeneration.

Chromatin contributes to positional ~ Segment-specific chromatin patterns are associated with limb  Supported
identity segment identity.

Chemical signals influence position RA-related signaling can change proximodistal positional Supported
identity.

Surrounding tissue gives positional ECM and related signaling systems can influence pattern Supported

cues formation.

Cells communicate during Multiple cell types and signaling interactions coordinate Supported

regeneration blastema formation and patterning.

All layers form one integrated Evidence points toward interaction, but the complete Open question

information system integration mechanism is not yet established.

The tissue determines what is The final anatomical outcome is controlled, but this complete  Hypothesis

missing, where, how much, and information-processing explanation is not yet fully

when to stop demonstrated.

4. MY WORKING HYPOTHESIS

Regeneration may work as a distributed biological information system. Cells may retain positional
identity through internal states such as gene regulation and chromatin, while also receiving information
from neighbouring cells and the surrounding tissue through molecular, extracellular and other signals.
By continuously interacting, these local information sources may help regenerating tissue reconstruct
the appropriate anatomical pattern.

In simple terms: the cells may not receive one single instruction saying “build this limb.”
Instead, positional information may be distributed across cells and their environment and
combined during regeneration.

5. THE RESULT / DECODE

The literature supports the main building blocks of the hypothesis, but it does not prove the complete
unified mechanism. The strongest result of this study is therefore a possible explanation for how several
known information systems could be connected.

Proposed decode: After injury, remaining cells retain information about where they belong.
They respond to local sighals, communicate with neighbouring cells, and activate
position-appropriate gene and chromatin programs. Together, these interactions may
progressively restore the missing anatomical pattern.
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6. HOW THE INFORMATION SYSTEM MAY WORK

The following section explains the hypothesis as a possible information-processing model. It connects
the research findings without claiming that the complete mechanism has already been proven.

1. The different signals appear to work together as a distributed information
system.

Cells retain positional memory through gene regulation and chromatin state, while chemical signals,
extracellular matrix cues and neighbouring-cell communication modify and coordinate that information.
For example, in axolotl limb regeneration, changing retinoic-acid signalling can change positional
identity, while chromatin patterns are associated with different limb segments. This supports the
hypothesis that cells use multiple layers of information together rather than relying on one master
signal.

2. The exact “decision-making” process is still an open question.
A 1icefiil wav to 1inderstand the hvnonthecis ig:
each cell provides local positional information - communicates with nearby cells -

receives chemical/extracellular signals —» updates its state — collectively the tissue
reconstructs the correct pattern.

This could explain why regeneration produces an organised limb rather than random tissue growth.
However, scientists still do not have a complete explanation of how all these information layers are
integrated into one system and how the system knows when the correct anatomy has been restored. So
the hypothesis is a possible framework for explaining the missing connection, not a proven final answer.

7. WHAT THIS RESEARCH ACTUALLY EXPLAINS

This study does not claim that a new regeneration mechanism has been experimentally discovered. It
combines findings from existing research and proposes a way of thinking about how the different
findings may fit together.

The central research question that remains:

How are positional memory, chromatin state, chemical signals, extracellular cues and
cell-to-cell communication integrated into one coordinated process that produces the
correct anatomy?
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8. CONCLUSION

The collected research shows that positional information is a real and important part of regeneration.
Different studies provide evidence for cellular positional memory, chromatin-based identity, chemical
signaling and environmental positional cues. However, the complete process that integrates these layers
into a precise, self-organizing regeneration program is not yet fully understood.

Therefore, this study should be considered a working hypothesis and a literature-based research
framework, not a confirmed discovery. Its value is in connecting established findings and identifying a
clear question for future investigation.

Final statement:

This research presents a possible framework for future research into how biological systems
store, communicate and integrate positional information during regeneration.
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Research note: This project is based on published scientific literature and the student's own synthesis and hypothesis. No
physical experiment was conducted as part of this study.
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