
A Friendly Introduction to the Information Theory of 

Aging 

June 13 2025 

 

Why Aging Became an Information Problem 

Life stores data twice. First, in the genome—a stable, digital string of A, T, C and G that 

hardly changes after conception. Second, in the epigenome—a fluid layer of chemical 

tags, DNA loops and chromatin folds that decides which genes switch on in any given 

cell.  

 

 

  

 

Fig. 1. The genome and the epigenome 

The Information Theory of Aging (ITOA) argues that we grow old because this second, 

flexible code gradually degrades, much as static drowns a radio signal. The idea borrows 

directly from Claude Shannon’s 1948 Information Theory of Communication: when noise 

eclipses signal, messages fail. Aging, in this view, is corrupted gene-reading rather than 

broken genes. 

Think of a scratched CD: the music is still encoded, but clicks and pops ruin playback. 

Polish the disc and the symphony returns. Similarly, if we can clean up the epigenome, a 

cell’s youthful program could play again. 

 

https://www.nature.com/articles/s43587-023-00527-6


Digital Hardware, Analog Software, and the Perils of Noise 

Genetic information is nearly immutable; epigenetic information is digital-analog—part 

on/off switches, part variable dials. That hybrid nature makes it exquisitely responsive to 

diet, stress and sunlight—and vulnerable to cumulative “epimutations.” Over time, those 

tiny errors pile into epigenetic noise that blurs cellular identity, triggering many 

downstream hallmarks of aging like inflammation, mitochondrial drift, stem-cell 

exhaustion and senescence. 

Developmental biologist C.H. Waddington pictured cell fate as marbles rolling through a 

landscape of valleys. With age, the landscape erodes; marbles drift into the wrong valleys 

in a process now called exdifferentiation—cells neither youthful nor neatly specialized. 

 

 

 

 

 

 

 

 

Fig. 2. Waddington’s landscape and ex-differentiation.  

From Yeast Mysteries to the RCM Hypothesis 

The story began in 1990s yeast labs. Researchers found that aging yeast weren’t filling 

with mutations; they were losing control of chromatin—DNA wrapped around histone 

proteins. Key among the guardians were sirtuins (Sir2 in yeast), enzymes that zip to 

DNA breaks, de-acetylate histones and keep transcription orderly. When DNA damage 

mounted, Sir proteins re-localized away from their posts, leaving genes unsupervised. 

This “Relocalization of Chromatin Modifiers” (RCM) hypothesis, published by Sinclair and 

Oberdoerffer in 2008, laid the groundwork for ITOA. 



The notion was bold: aging could be a side-effect of an evolutionary survival circuit—

great for rapid DNA repair in youth, but epigenome-eroding with age (an example of 

antagonistic pleiotropy). 

 

 

 

 

Fig. 3. How epigenetic information gets lost 

 

How Damage-Repair Loops Create Epigenetic Chaos 

Every mammalian cell endures 10-50 double-strand DNA breaks (DSBs) per day. A 

break broadcasts an SOS that summons chromatin remodelers—SIRT1, SIRT6, HDAC1, 

PARP1 and RAD51—to bind the lesion, reshape nearby histones and coordinate repair. 

Most regulators return home, but not all. Each round leaves a few molecules mis-shelved, 

slightly altering local chromatin. Gradually, compact heterochromatin loosens, open 

euchromatin spreads, and transcriptional boundaries blur. The result: rising Shannon 

entropy in the epigenome, falling cellular coherence in the body. 

 

 

 

 

Fig. 4. Heterochromatin and euchromatin 



Because chromatin factors now ping-pong between breaks and genes, the DNA becomes 

even more fragile—a positive feedback loop that accelerates aging. 

 

The Hidden “Observer” and the Promise of Reprogramming 

Shannon’s solution to information loss was an observer with access to a backup copy. 

ITOA extends that logic to biology, proposing that cells keep a pristine record of their 

youthful epigenetic state. Evidence from multiple species suggests such a registry exists: 

when an egg and sperm fuse, their epigenomes are wiped clean and rebuilt from scratch, 

proving a master template is somehow retained. 

Enter epigenetic reprogramming. In culture, the Yamanaka quartet OSKM resets adult 

cells to pluripotency, but at a cancerous cost. Researchers found that omitting c-MYC—

or pulsing only OSK—partially reboots the epigenome, dropping DNA-methylation age 

while preserving cell identity. While the hard evidence belongs in our second e-book, this 

conceptual breakthrough reinforces a central ITOA claim: aging is a software bug, and 

software can be debugged. 

 

 

 

 

 

 

Fig. 5. (Partial) epigenetic reprogramming. 

 



Why a Software View of Aging Matters 

If the epigenome truly functions like code, interventions could one day: 

• Prevent age-related diseases by guarding chromatin modifiers and damping 

epigenetic noise. 

• Repair tissues through targeted bursts of OSK or future chemical cocktails that 

mimic its effects. 

• Extend health-span by restoring lost cellular identity rather than replacing organs 

piecemeal. 

ITOA also explains baffling puzzles: why identical twins diverge with age, why many 

species share common aging changes despite unique DNA, and why cloning an old 

nucleus yields a young animal—the genomic text is fine; only the formatting had slipped. 

The road ahead is rigorous science, ethical debate and meticulous testing. Yet the 

trajectory is clear: aging no longer looks like irreversible rust but like corrupted software 

awaiting a skilled systems engineer. In the next e-book, we’ll dive into the experiments—

germ-line resets, cloning, ICE mice and more—that shift this theory from intriguing to 

compelling. 
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