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On transitional forms:

‘[D]irect transition between different “types” is 

only possible if the transitional forms have all the 

characters that the ancestral and the derived types 

have and are thus compatible with the 

factorization of both types. Transitional forms thus 

have to go over a “complexity hump” where they 

have more quasi-independent characters than 

either the ancestral as well as the derived type. The 

only logical, but biologically unlikely, alternative 

is a “hopeful monster” that transforms in a single 

step from the ancestral type to the derived type.’

Wagner GP, Stadler PF. 2003. Quasi-independence, homology and the unity of type: a topological theory of characters. 



Let us recall 

that 

chromatin 

folding

allows

different 

circuits

to be 

formed…



Gene folders/ALUs are in turn arranged into 

“superfolders.”



Different “superfolders” encode different classes of 

RNA outputs.



And chromosome “superfolders” are in turn ordered 

into banding patterns.



Now, most chromosome bands 

(“megafolders”) are conserved across 

mammals, but their ordering can be 

different.

The number,

types, and 

ordering of

protein-coding

genes is much 

the same across

mammals.





Aardvark and Human 

Chromosomes



Dolphin and Human Chromosomes

“…the dolphin 

genome and the 

human genome are 

basically the same. 

It’s just that there 

are a few 

chromosomal 

rearrangements that 

have changed the 

way the genetic 

material is put 

together.”

Dr. D. L. Busbee



The significance of this that the 

DNA data content for our protein 

“parts list” is largely shared with 

all mammals (and vertebrates in 

general). 



Which 

brings 

us to 

genetics 

in 3D 

and 4D



Co-expressed loci are clustered together along 

in the nucleus, sometimes to “create” genes



And these are in turn organized into “topologically-

associating domains” that are cell-specific.







Brain-

specific 

genes 

have 

dynamic 

3D 

shapes





From 

1D to 3D 

genomic 

states





L1-repeat RNAs 

are known to 

form CoT-1 

coats around 

chromosomes in 

nuclei, which are 

organizational. 

Most chromatin 

RNA is of this 

class, which is 

resynthesized 

with each cell 

division.



L1 elements also participate in barring access 

to large parts of an X chromosome. 



The chimp and human Y 

chromosomes are almost entirely 

species-specific.

Human Y chromosomal sequences 

makes up two percent of a man’s 

DNA…every man is 2% less a 

chimp than a woman is by 

Darwinian reckoning!



Moreover, the Y chromosome is can 

be critical in this context.



Indeed, the Y chromosome is 

essential for sperm formation, and 

sperm transmit a chromosome-order 

code to the egg.

The Y also 

forms a nuclear 

compartment 

for various 

RNAs and 

proteins.



But perhaps the main reason we are not 

chimps is that we process our DNA-

encrypted data in different ways.



Recall that 

how genes are 

“transcribed” 

or used by 

our cells is 

human-

specific in 

thousands of 

instances.

Ferrández-Peral L, Zhan X, Alvarez-Estape M, et al. 2022. Transcriptome innovations in primates revealed by single-molecule long-read 

sequencing. Genome Res. 32: 1448-1462.



Here a key piece of evidence is that some genes 

can potentially encode many different transcripts 

(over 1,000,000 in one case!)

/ /

/ / AAUAAAA…

transcription

/ / AAUAAAA…

Gene

Primary transcripts



And the splicing of RNAs generates yet 

more gene products

/ / AAUAAAA…

RNA splicing

/ / AAUAAAA…

AAUAAAA…

AAUAAAA…

AAUAAAA…

AAUAAAA…

AAUAAAA…



In addition, it was soon realized that the ‘junk’ 

sections of RNAs are processed into a host of 

functional sequences

Processing of exons

and introns

AAUAAAA…

AAUAAAA…

AAUAAAA…

AAUAAAA…

AAUAAAA…

ncRNAs

(various roles)

snoRNAs

(RNA editing)
microRNAs

(regulatory)



It is known that cellular pathways literally 

rewrite genetic scripts to make new 

transcripts and proteins, a widespread 

phenomenon called “RNA editing”

Fig. 1, Lev-Maor, G. et 

al., 2007. RNA-editing-

mediated exon 

evolution. Genome 

Biology 8(2): R29.



Human RNAs containing Alus are rewritten in 

brain cells. There are ~5 editing sites per element.



This species-specific difference is correlated with 

patterns of Alu distribution.



And with the fact that a substantial number of 

human-specific Alus are located in brain-specific 

data files.



Indeed, ribosomal and transfer RNAs 

must be highly edited in order to become 

functional in all known taxa



Clearly, a gene provides the substrate for 

many types of information that are layered on 

by the cell. In fact…

- Many RNAs, because of being 

rearranged and edited, do not mirror

any DNA sequence;

- The RNA-level codes that are formed 

are often topological in nature; and

- Many RNA-level codes are sequence-

independent.





Consider, say, only the lower-level 

process whereby transcripts are 

alternatively spliced to generate 

RNA and protein specifications



At any one time in a metazoan cell, thousands of 

RNAs are rewritten by editing, processing, and 

splicing events:



A spliceosome consists of hundreds of proteins 

and RNAs that are in a constant state of flux: 



At each stage, some protein/RNA complexes 

are added while others are removed…







We have, then, a factory that reorganizes itself 

as it performs diverse operations…



…a series of decision-making procedures that 

are mediated by a meta-dynamic network.



The mappings that are effected by 

the spliceosome are not directed 

by a static instruction set. What, 

then, guides this process? Where

are its specifications?



Not even our DNA code-letters are 

static, for they are changed in 

development.





And as more 

aspects of our 

genome’s 

“infinite 

complexity” 

are 

unraveled, we 

can only 

expect the 

number of 

differences 

that make a 

difference to 

grow.



…and I think we have to attribute the

“informing” principle to something

other than DNA.
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