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Exceptions to linear, unitary,
atomistic coding 1n genomes

e Alternative promoters, splicing patterns, RNA and
protein processing pathways

 Combining separate RNA and DNA segments to
form novel coding domains

e Systemic rather than atomistic view of genotype and
phenotype:

— DNA, RNA and proteins composed of multiple
interacting domains and signals

— All phenotypes produced by multiple interacting
molecules encoded in the genome & contingent
structures not encoded in the genome



Critical Issues in Genome Conceptualization

1. Re-evaluating long-held DNA-centric views on
the role of the genome 1n the cellular information
economy

2. Incorporating the ability of cells and organisms
to deal with predictable and unpredictable
contingencies by responding to inputs containing
information about the environment and the status
of the biological system



Implications (and Irony) of Molecular Biology

Revisiting the Central Dogma shows that information
transfer 1s interactive and involves all molecular classes and
compartments of the cell (no Cartesian dualism).

External and internal signals modulate all kinds of cellular
information transfer (signal transduction).

Genome operates as RW memory system at various time
scales based on obligatory interactivity of DNA with other
molecules.

Combinatorial nature of biological specificity (# from lock-
and-key) enhances the information content and processing
power of molecular interactions.



The Central Dogma of Molecular Biology
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Revisiting the Central Dogma

Conventional expression of the Central Dogma of Molecule Biology:
(DNA ==>2X DNA) ==> RNA ==> Protein ==> Phenotype
Contemporary statements of molecular information transfer in cell:

DNA+0==>0

DNA + Protein + ncRNA ==> Chromatin

Chromatin + Protein + ncRNA ==> DNA replication, chromatin maintenance/reconstitution
Protein + RNA + lipids + small molecules ==> Signal transduction

Chromatin + Protein + signals ==> RNA (primary transcript)

RNA + Protein + ncRNA ==> RNA (processed transcript)

RNA + Protein + ncRNA ==> Protein (primary translation product)

Protein + nucleotides + Ac-CoA + SAM + sugars + lipids ==> Processed and decorated protein
. DNA + Protein ==> new DNA sequence (mutator polymerases)

10. Signals + Chromatin + Protein ==> new DNA structure (stimulated DNA rearrangements)

11. RNA + Protein + chromatin ==> new DNA structure (retrotransposition, retroduction,
retrohoming)

12. Signals + chromatin + proteins + ncRNA + lipids ==> nuclear/nucleoid localization of genome
domains

©Oo~NOOA~ON -

SUMMARY:

DNA + Protein + ncRNA + signals + other molecules <==> Genome Structure & Phenotype



Signals at all steps of cell information transfer

INFORMATION TRANSFER SIGNAL (example)
DNA + Protein + ncRNA ==> chromatin Bacterial infection

Chromatin + Protein + ncRNA ==>DNA  Ecdysone
replication, chromatin
maintenance/reconstitution

Signals + Protein + RNA + lipids + small Too many to count (by
molecules ==> Signal transduction definition)

Chromatin + Protein + signals ==> RNA Extracellular matrix
(primary transcript)

RNA + Protein + ncRNA ==> RNA Insulin
(processed transcript)

RNA + Protein + ncRNA ==> Protein LPS
(primary translation product)

Protein + nucleotides + Ac-CoA + SAM +  Osmotic, hypoxic, heat,
sugars + lipids ==> Processed and oxidative and genotoxic
decorated protein stresses

DNA + Protein ==> new DNA sequence Antigen binding
(mutator polymerases and repair processes)

Signals + Chromatin + Protein ==> new Aerobic starvation
DNA structure

Signals + RNA + Protein + chromatin ==> Mating pheromone
new DNA structure (retrotransposition,
retroduction, retrohoming)

Signals + chromatin + proteins + ncRNA + TNF alpha
lipids ==> nuclear/nucleoid localization
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Genome as RW Memory System: Functional Content

Data files (Protein and RNA coding sequences)

Signals formatting data files for transcriptional and post-
transcriptional access

Signals formatting genome for organization as
chromatin

Signals formatting genome for localization in the
nucleus or nucleoid

Signals formatting genome for replication and
transmission

Signals formatting genome for proofreading and repair
Signals formatting genome for restructuring

Genome System Architecture - taxonomically specific



Genome as RW Memory System:

Time Scales

e Within cell cycle by adjustment of DNA binding
protein complexes (e.g. replication factors,
transcription factors, cell cycle and checkpoint
monitors, cohesins)

e Over multiple cell cycles by chromatin reformatting
(DNA methylation, histone modification, chromatin
binding proteins)

e Within organismal life cycle and over evolutionary
time by natural genetic engineering (immune system,
antigenic variation, macronuclear development;
duplications, transpositions, chromosome
rearrangements)



Genome as RW Memory System: Cellular
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Combinatorial
nature of
biological
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Significance of the combinatorial
nature of biological specificity

Limitless specificities can be built from a finite
number of components.

Domain repeats 1n biological molecules (DNA,
RNA, proteins) are essential elements of system
architecture.

Each molecule is a system of domains, not a
unitary structure.

Combinatorial interactions of domains and
molecules can each assume various logical forms
(arithmetic, geometric, Boolean, Bayesian, fuzzy,
etc.)



Significance of cognitive systems view of
genome operation

e “Turtles all the way down” = no informatic units, only
systems (proteins, RNAs, genetic loci, traits); system >
collection of many parts, has functional architecture and
can respond logically to inputs.

* Biological functions have a contingent, historical nature
rather than hardwired outcomes ==> molecular structure
alone 1nsufficient to explain maintenance of information
content and reliable operation of system.

* Need to find additional sources of hereditary and
developmental reliability 1n response to unlimited range
of possible inputs (features of system architecture).

e Evolution by natural genetic engineering responses to
challenge (McClintock, 1984; Shapiro, 2005)



