
12 recent discoveries that have 

changed the debate about design in 

the universe

Part IV



11.  Extensive post-transcriptional processing 

(editing) of genes:  the spliceosome and the 

splicing code. 

12.  Genes that extensively overlap in the same 

or opposite directions within a stretch of DNA 

(overlapping codes)



11.   Extensive post-transcriptional 

processing (editing) of genes:  the 

spliceosome and the splicing code. 



Some references:

https://bio.libretexts.org/Bookshelves/Cell_and_Molecular_Biology/Book%3A_Cells
_-_Molecules_and_Mechanisms_(Wong)/08%3A_Transcription/8.04%3A_Post-
Transcriptional_Processing_of_RNA

The highly studied example of tropomyosin: 

  TRENDS in Cell Biol 2005, 15, 333-341.

  Journal of Muscle Res. and Cell Motility (2020) 41:11–22 

  BioArchitecture 2011, 1:4, 135-164; 

  Hepatology International (2009) 3:378–383 

Alternative splicing in aging and longevity Human Genetics (2020) 139:357–369, 

    https://doi.org/10.1007/s00439-019-02094-6

Alternative splicing in the heart Circulation Research 2016;118:454-468. 

https://bio.libretexts.org/Bookshelves/Cell_and_Molecular_Biology/Book%3A_Cells_-_Molecules_and_Mechanisms_(Wong)/08%3A_Transcription/8.04%3A_Post-Transcriptional_Processing_of_RNA
https://bio.libretexts.org/Bookshelves/Cell_and_Molecular_Biology/Book%3A_Cells_-_Molecules_and_Mechanisms_(Wong)/08%3A_Transcription/8.04%3A_Post-Transcriptional_Processing_of_RNA
https://bio.libretexts.org/Bookshelves/Cell_and_Molecular_Biology/Book%3A_Cells_-_Molecules_and_Mechanisms_(Wong)/08%3A_Transcription/8.04%3A_Post-Transcriptional_Processing_of_RNA
https://doi.org/10.1007/s00439-019-02094-6


DNA

ATCGCCTATATAGCGTACAATGGCTACATCGCCTATATAGCGTACAATGGCTACGTAGCTACGATGCTAGCTAGCTAGC 

GCTACATCGCCTATATAGCGTACAATGGCTACGTAGCTACGATGCTAGCTAGCTAGCATCGCCTATATAGCGTACAATGGCTAC

ATCGCCTATATAGCGTACAATGGCTACGTAGCTACGATGCTAGCTAGCTAGCATCGCCTATATAGCGTACAATGGCTACATCGC

CTATATAGCGTACAATGGCTACGTAGCTACGATGCTAGCTAGCTAGCATCGCCTATATAGCGTACAATGGCTACATCGCCTATAT

AGCGTACAATGGCTACGTAGCTACGATGCTAGCTAGCTAGCGCTACATCGCCTATATAGCGTACAATGGCTACGTAGCTACGAT

GCTAGCTAGCTAGCATCGCCTATATAGCGTACAATGGCTACATCGCCTATATAGCGTACAATGGCTACGTAGCTACGATGCTAG

CTAGCTAGCATCGCCTATATAGCGTACAATGGCTACATCGCCTATATAGCGTACAATGGCTACGTAGCTACGATGCTAGCTAGC

TAGC

A chain of nucleotides:

Nucleotides
4 in DNA

Some general background:



Some general background:

DNA RNA             protein               structure/function

RNA 

polymerase

ribosome chaperones

RNA also has many other functions



Some general background:

DNA RNA             protein               structure/function

something 

else happens 

here in 

eukaryotes



From CHESS 3 database:

No. of protein-coding genes in humans:  19,839

No. of protein sequences in humans:  73,767

as transcribed from DNA sequence

after RNA editing
s 



as transcribed from DNA sequence

after RNA editing

A machine (spliceosome) does this

A splicing code governs the process

s 



mRNA editing affects:

 -sequences of the proteins that are made in 

     different cell types at different times 

 -nuclear transport

 -efficiency of translation

 -rate of degradation

 

Errors in mRNA editing are associated with:

 -cancers

 -neurodegenerative diseases

only occurs in eukaryotes



fibroblast

fibroblast

fibroblast

fibroblast

brain

brain

brain

smooth muscle

full sequence

Example:  -tropomyosin  

(regulates muscle contraction)

From TRENDS in Cell Biology Vol.15 No.6 June 2005 



U replaces T in RNA

Y is a pyrimidine (C and T)

N is any nucleotide

R is purine  (A or G)

Some basics of the splicing code

from: https://bio.libretexts.org/Bookshelves/Cell_and_Molecular_Biology/Book%3A_Cells_-
_Molecules_and_Mechanisms_(Wong)/08%3A_Transcription/8.04%3A_Post-
Transcriptional_Processing_of_RNA

https://bio.libretexts.org/Bookshelves/Cell_and_Molecular_Biology/Book%3A_Cells_-_Molecules_and_Mechanisms_(Wong)/08%3A_Transcription/8.04%3A_Post-Transcriptional_Processing_of_RNA
https://bio.libretexts.org/Bookshelves/Cell_and_Molecular_Biology/Book%3A_Cells_-_Molecules_and_Mechanisms_(Wong)/08%3A_Transcription/8.04%3A_Post-Transcriptional_Processing_of_RNA
https://bio.libretexts.org/Bookshelves/Cell_and_Molecular_Biology/Book%3A_Cells_-_Molecules_and_Mechanisms_(Wong)/08%3A_Transcription/8.04%3A_Post-Transcriptional_Processing_of_RNA


Many other factors are involved in the code:

Intron and exon regions contain additional sequence elements that 

repress or enhance the process by binding to proteins or RNAs

Different cell types express different splicing factors (proteins and 

RNAs)

Deep Learning AI is being used to try to sort this out

Some basics of the splicing code



Videos of RNA splicing by the spliceosome:

https://www.google.com/search?q=splicosome+video&sca_esv=0a9855b1adeae542&biw=1022&bih=51
6&tbm=vid&sxsrf=ADLYWIKEizApoXReSL85_tiniP4jMUz6-
Q%3A1730234576666&ei=0EghZ5KpKLiA0PEPmJe_iQ8&ved=0ahUKEwiS0ceKurSJAxU4ADQIHZjLL_EQ4d
UDCA0&uact=5&oq=splicosome+video&gs_lp=Eg1nd3Mtd2l6LXZpZGVvIhBzcGxpY29zb21lIHZpZGVvMgY
QABgWGB4yCxAAGIAEGIYDGIoFMgsQABiABBiGAxiKBTILEAAYgAQYhgMYigUyCBAAGIAEGKIEMggQABiAB
BiiBDIIEAAYogQYiQUyCBAAGIAEGKIEMggQABiABBiiBEixQ1AAWMc6cAB4AJABAJgBogGgAf8NqgEEMi4xN
LgBA8gBAPgBAZgCEKACtg7CAgsQABiABBiRAhiKBcICChAAGIAEGEMYigXCAgsQABiABBixAxiDAcICDhAA
GIAEGLEDGIMBGIoFwgIFEAAYgATCAggQABiABBixA8ICDRAAGIAEGLEDGEMYigXCAhAQABiABBixAxhDGI
MBGIoFwgIKEAAYgAQYsQMYCsICDRAAGIAEGLEDGIMBGArCAgcQABiABBgKwgIHEAAYgAQYDcICBhAAGA
0YHsICCBAAGAgYDRgemAMAkgcEMi4xNKAH82g&sclient=gws-wiz-
video#fpstate=ive&vld=cid:e320c8b6,vid:aVgwr0QpYNE,st:0

https://www.google.com/search?q=splicosome+video&sca_esv=0a9855b1adeae542&biw=1022&bih=51
6&tbm=vid&sxsrf=ADLYWIKEizApoXReSL85_tiniP4jMUz6-
Q%3A1730234576666&ei=0EghZ5KpKLiA0PEPmJe_iQ8&ved=0ahUKEwiS0ceKurSJAxU4ADQIHZjLL_EQ4d
UDCA0&uact=5&oq=splicosome+video&gs_lp=Eg1nd3Mtd2l6LXZpZGVvIhBzcGxpY29zb21lIHZpZGVvMgY
QABgWGB4yCxAAGIAEGIYDGIoFMgsQABiABBiGAxiKBTILEAAYgAQYhgMYigUyCBAAGIAEGKIEMggQABiAB
BiiBDIIEAAYogQYiQUyCBAAGIAEGKIEMggQABiABBiiBEixQ1AAWMc6cAB4AJABAJgBogGgAf8NqgEEMi4xN
LgBA8gBAPgBAZgCEKACtg7CAgsQABiABBiRAhiKBcICChAAGIAEGEMYigXCAgsQABiABBixAxiDAcICDhAA
GIAEGLEDGIMBGIoFwgIFEAAYgATCAggQABiABBixA8ICDRAAGIAEGLEDGEMYigXCAhAQABiABBixAxhDGI
MBGIoFwgIKEAAYgAQYsQMYCsICDRAAGIAEGLEDGIMBGArCAgcQABiABBgKwgIHEAAYgAQYDcICBhAAGA
0YHsICCBAAGAgYDRgemAMAkgcEMi4xNKAH82g&sclient=gws-wiz-
video#fpstate=ive&vld=cid:ca71552c,vid:FVuAwBGw_pQ,st:0

https://www.google.com/search?q=splicosome+video&sca_esv=0a9855b1adeae542&biw=1022&bih=516&tbm=vid&sxsrf=ADLYWIKEizApoXReSL85_tiniP4jMUz6-Q%3A1730234576666&ei=0EghZ5KpKLiA0PEPmJe_iQ8&ved=0ahUKEwiS0ceKurSJAxU4ADQIHZjLL_EQ4dUDCA0&uact=5&oq=splicosome+video&gs_lp=Eg1nd3Mtd2l6LXZpZGVvIhBzcGxpY29zb21lIHZpZGVvMgYQABgWGB4yCxAAGIAEGIYDGIoFMgsQABiABBiGAxiKBTILEAAYgAQYhgMYigUyCBAAGIAEGKIEMggQABiABBiiBDIIEAAYogQYiQUyCBAAGIAEGKIEMggQABiABBiiBEixQ1AAWMc6cAB4AJABAJgBogGgAf8NqgEEMi4xNLgBA8gBAPgBAZgCEKACtg7CAgsQABiABBiRAhiKBcICChAAGIAEGEMYigXCAgsQABiABBixAxiDAcICDhAAGIAEGLEDGIMBGIoFwgIFEAAYgATCAggQABiABBixA8ICDRAAGIAEGLEDGEMYigXCAhAQABiABBixAxhDGIMBGIoFwgIKEAAYgAQYsQMYCsICDRAAGIAEGLEDGIMBGArCAgcQABiABBgKwgIHEAAYgAQYDcICBhAAGA0YHsICCBAAGAgYDRgemAMAkgcEMi4xNKAH82g&sclient=gws-wiz-video
https://www.google.com/search?q=splicosome+video&sca_esv=0a9855b1adeae542&biw=1022&bih=516&tbm=vid&sxsrf=ADLYWIKEizApoXReSL85_tiniP4jMUz6-Q%3A1730234576666&ei=0EghZ5KpKLiA0PEPmJe_iQ8&ved=0ahUKEwiS0ceKurSJAxU4ADQIHZjLL_EQ4dUDCA0&uact=5&oq=splicosome+video&gs_lp=Eg1nd3Mtd2l6LXZpZGVvIhBzcGxpY29zb21lIHZpZGVvMgYQABgWGB4yCxAAGIAEGIYDGIoFMgsQABiABBiGAxiKBTILEAAYgAQYhgMYigUyCBAAGIAEGKIEMggQABiABBiiBDIIEAAYogQYiQUyCBAAGIAEGKIEMggQABiABBiiBEixQ1AAWMc6cAB4AJABAJgBogGgAf8NqgEEMi4xNLgBA8gBAPgBAZgCEKACtg7CAgsQABiABBiRAhiKBcICChAAGIAEGEMYigXCAgsQABiABBixAxiDAcICDhAAGIAEGLEDGIMBGIoFwgIFEAAYgATCAggQABiABBixA8ICDRAAGIAEGLEDGEMYigXCAhAQABiABBixAxhDGIMBGIoFwgIKEAAYgAQYsQMYCsICDRAAGIAEGLEDGIMBGArCAgcQABiABBgKwgIHEAAYgAQYDcICBhAAGA0YHsICCBAAGAgYDRgemAMAkgcEMi4xNKAH82g&sclient=gws-wiz-video
https://www.google.com/search?q=splicosome+video&sca_esv=0a9855b1adeae542&biw=1022&bih=516&tbm=vid&sxsrf=ADLYWIKEizApoXReSL85_tiniP4jMUz6-Q%3A1730234576666&ei=0EghZ5KpKLiA0PEPmJe_iQ8&ved=0ahUKEwiS0ceKurSJAxU4ADQIHZjLL_EQ4dUDCA0&uact=5&oq=splicosome+video&gs_lp=Eg1nd3Mtd2l6LXZpZGVvIhBzcGxpY29zb21lIHZpZGVvMgYQABgWGB4yCxAAGIAEGIYDGIoFMgsQABiABBiGAxiKBTILEAAYgAQYhgMYigUyCBAAGIAEGKIEMggQABiABBiiBDIIEAAYogQYiQUyCBAAGIAEGKIEMggQABiABBiiBEixQ1AAWMc6cAB4AJABAJgBogGgAf8NqgEEMi4xNLgBA8gBAPgBAZgCEKACtg7CAgsQABiABBiRAhiKBcICChAAGIAEGEMYigXCAgsQABiABBixAxiDAcICDhAAGIAEGLEDGIMBGIoFwgIFEAAYgATCAggQABiABBixA8ICDRAAGIAEGLEDGEMYigXCAhAQABiABBixAxhDGIMBGIoFwgIKEAAYgAQYsQMYCsICDRAAGIAEGLEDGIMBGArCAgcQABiABBgKwgIHEAAYgAQYDcICBhAAGA0YHsICCBAAGAgYDRgemAMAkgcEMi4xNKAH82g&sclient=gws-wiz-video
https://www.google.com/search?q=splicosome+video&sca_esv=0a9855b1adeae542&biw=1022&bih=516&tbm=vid&sxsrf=ADLYWIKEizApoXReSL85_tiniP4jMUz6-Q%3A1730234576666&ei=0EghZ5KpKLiA0PEPmJe_iQ8&ved=0ahUKEwiS0ceKurSJAxU4ADQIHZjLL_EQ4dUDCA0&uact=5&oq=splicosome+video&gs_lp=Eg1nd3Mtd2l6LXZpZGVvIhBzcGxpY29zb21lIHZpZGVvMgYQABgWGB4yCxAAGIAEGIYDGIoFMgsQABiABBiGAxiKBTILEAAYgAQYhgMYigUyCBAAGIAEGKIEMggQABiABBiiBDIIEAAYogQYiQUyCBAAGIAEGKIEMggQABiABBiiBEixQ1AAWMc6cAB4AJABAJgBogGgAf8NqgEEMi4xNLgBA8gBAPgBAZgCEKACtg7CAgsQABiABBiRAhiKBcICChAAGIAEGEMYigXCAgsQABiABBixAxiDAcICDhAAGIAEGLEDGIMBGIoFwgIFEAAYgATCAggQABiABBixA8ICDRAAGIAEGLEDGEMYigXCAhAQABiABBixAxhDGIMBGIoFwgIKEAAYgAQYsQMYCsICDRAAGIAEGLEDGIMBGArCAgcQABiABBgKwgIHEAAYgAQYDcICBhAAGA0YHsICCBAAGAgYDRgemAMAkgcEMi4xNKAH82g&sclient=gws-wiz-video
https://www.google.com/search?q=splicosome+video&sca_esv=0a9855b1adeae542&biw=1022&bih=516&tbm=vid&sxsrf=ADLYWIKEizApoXReSL85_tiniP4jMUz6-Q%3A1730234576666&ei=0EghZ5KpKLiA0PEPmJe_iQ8&ved=0ahUKEwiS0ceKurSJAxU4ADQIHZjLL_EQ4dUDCA0&uact=5&oq=splicosome+video&gs_lp=Eg1nd3Mtd2l6LXZpZGVvIhBzcGxpY29zb21lIHZpZGVvMgYQABgWGB4yCxAAGIAEGIYDGIoFMgsQABiABBiGAxiKBTILEAAYgAQYhgMYigUyCBAAGIAEGKIEMggQABiABBiiBDIIEAAYogQYiQUyCBAAGIAEGKIEMggQABiABBiiBEixQ1AAWMc6cAB4AJABAJgBogGgAf8NqgEEMi4xNLgBA8gBAPgBAZgCEKACtg7CAgsQABiABBiRAhiKBcICChAAGIAEGEMYigXCAgsQABiABBixAxiDAcICDhAAGIAEGLEDGIMBGIoFwgIFEAAYgATCAggQABiABBixA8ICDRAAGIAEGLEDGEMYigXCAhAQABiABBixAxhDGIMBGIoFwgIKEAAYgAQYsQMYCsICDRAAGIAEGLEDGIMBGArCAgcQABiABBgKwgIHEAAYgAQYDcICBhAAGA0YHsICCBAAGAgYDRgemAMAkgcEMi4xNKAH82g&sclient=gws-wiz-video
https://www.google.com/search?q=splicosome+video&sca_esv=0a9855b1adeae542&biw=1022&bih=516&tbm=vid&sxsrf=ADLYWIKEizApoXReSL85_tiniP4jMUz6-Q%3A1730234576666&ei=0EghZ5KpKLiA0PEPmJe_iQ8&ved=0ahUKEwiS0ceKurSJAxU4ADQIHZjLL_EQ4dUDCA0&uact=5&oq=splicosome+video&gs_lp=Eg1nd3Mtd2l6LXZpZGVvIhBzcGxpY29zb21lIHZpZGVvMgYQABgWGB4yCxAAGIAEGIYDGIoFMgsQABiABBiGAxiKBTILEAAYgAQYhgMYigUyCBAAGIAEGKIEMggQABiABBiiBDIIEAAYogQYiQUyCBAAGIAEGKIEMggQABiABBiiBEixQ1AAWMc6cAB4AJABAJgBogGgAf8NqgEEMi4xNLgBA8gBAPgBAZgCEKACtg7CAgsQABiABBiRAhiKBcICChAAGIAEGEMYigXCAgsQABiABBixAxiDAcICDhAAGIAEGLEDGIMBGIoFwgIFEAAYgATCAggQABiABBixA8ICDRAAGIAEGLEDGEMYigXCAhAQABiABBixAxhDGIMBGIoFwgIKEAAYgAQYsQMYCsICDRAAGIAEGLEDGIMBGArCAgcQABiABBgKwgIHEAAYgAQYDcICBhAAGA0YHsICCBAAGAgYDRgemAMAkgcEMi4xNKAH82g&sclient=gws-wiz-video
https://www.google.com/search?q=splicosome+video&sca_esv=0a9855b1adeae542&biw=1022&bih=516&tbm=vid&sxsrf=ADLYWIKEizApoXReSL85_tiniP4jMUz6-Q%3A1730234576666&ei=0EghZ5KpKLiA0PEPmJe_iQ8&ved=0ahUKEwiS0ceKurSJAxU4ADQIHZjLL_EQ4dUDCA0&uact=5&oq=splicosome+video&gs_lp=Eg1nd3Mtd2l6LXZpZGVvIhBzcGxpY29zb21lIHZpZGVvMgYQABgWGB4yCxAAGIAEGIYDGIoFMgsQABiABBiGAxiKBTILEAAYgAQYhgMYigUyCBAAGIAEGKIEMggQABiABBiiBDIIEAAYogQYiQUyCBAAGIAEGKIEMggQABiABBiiBEixQ1AAWMc6cAB4AJABAJgBogGgAf8NqgEEMi4xNLgBA8gBAPgBAZgCEKACtg7CAgsQABiABBiRAhiKBcICChAAGIAEGEMYigXCAgsQABiABBixAxiDAcICDhAAGIAEGLEDGIMBGIoFwgIFEAAYgATCAggQABiABBixA8ICDRAAGIAEGLEDGEMYigXCAhAQABiABBixAxhDGIMBGIoFwgIKEAAYgAQYsQMYCsICDRAAGIAEGLEDGIMBGArCAgcQABiABBgKwgIHEAAYgAQYDcICBhAAGA0YHsICCBAAGAgYDRgemAMAkgcEMi4xNKAH82g&sclient=gws-wiz-video
https://www.google.com/search?q=splicosome+video&sca_esv=0a9855b1adeae542&biw=1022&bih=516&tbm=vid&sxsrf=ADLYWIKEizApoXReSL85_tiniP4jMUz6-Q%3A1730234576666&ei=0EghZ5KpKLiA0PEPmJe_iQ8&ved=0ahUKEwiS0ceKurSJAxU4ADQIHZjLL_EQ4dUDCA0&uact=5&oq=splicosome+video&gs_lp=Eg1nd3Mtd2l6LXZpZGVvIhBzcGxpY29zb21lIHZpZGVvMgYQABgWGB4yCxAAGIAEGIYDGIoFMgsQABiABBiGAxiKBTILEAAYgAQYhgMYigUyCBAAGIAEGKIEMggQABiABBiiBDIIEAAYogQYiQUyCBAAGIAEGKIEMggQABiABBiiBEixQ1AAWMc6cAB4AJABAJgBogGgAf8NqgEEMi4xNLgBA8gBAPgBAZgCEKACtg7CAgsQABiABBiRAhiKBcICChAAGIAEGEMYigXCAgsQABiABBixAxiDAcICDhAAGIAEGLEDGIMBGIoFwgIFEAAYgATCAggQABiABBixA8ICDRAAGIAEGLEDGEMYigXCAhAQABiABBixAxhDGIMBGIoFwgIKEAAYgAQYsQMYCsICDRAAGIAEGLEDGIMBGArCAgcQABiABBgKwgIHEAAYgAQYDcICBhAAGA0YHsICCBAAGAgYDRgemAMAkgcEMi4xNKAH82g&sclient=gws-wiz-video
https://www.google.com/search?q=splicosome+video&sca_esv=0a9855b1adeae542&biw=1022&bih=516&tbm=vid&sxsrf=ADLYWIKEizApoXReSL85_tiniP4jMUz6-Q%3A1730234576666&ei=0EghZ5KpKLiA0PEPmJe_iQ8&ved=0ahUKEwiS0ceKurSJAxU4ADQIHZjLL_EQ4dUDCA0&uact=5&oq=splicosome+video&gs_lp=Eg1nd3Mtd2l6LXZpZGVvIhBzcGxpY29zb21lIHZpZGVvMgYQABgWGB4yCxAAGIAEGIYDGIoFMgsQABiABBiGAxiKBTILEAAYgAQYhgMYigUyCBAAGIAEGKIEMggQABiABBiiBDIIEAAYogQYiQUyCBAAGIAEGKIEMggQABiABBiiBEixQ1AAWMc6cAB4AJABAJgBogGgAf8NqgEEMi4xNLgBA8gBAPgBAZgCEKACtg7CAgsQABiABBiRAhiKBcICChAAGIAEGEMYigXCAgsQABiABBixAxiDAcICDhAAGIAEGLEDGIMBGIoFwgIFEAAYgATCAggQABiABBixA8ICDRAAGIAEGLEDGEMYigXCAhAQABiABBixAxhDGIMBGIoFwgIKEAAYgAQYsQMYCsICDRAAGIAEGLEDGIMBGArCAgcQABiABBgKwgIHEAAYgAQYDcICBhAAGA0YHsICCBAAGAgYDRgemAMAkgcEMi4xNKAH82g&sclient=gws-wiz-video
https://www.google.com/search?q=splicosome+video&sca_esv=0a9855b1adeae542&biw=1022&bih=516&tbm=vid&sxsrf=ADLYWIKEizApoXReSL85_tiniP4jMUz6-Q%3A1730234576666&ei=0EghZ5KpKLiA0PEPmJe_iQ8&ved=0ahUKEwiS0ceKurSJAxU4ADQIHZjLL_EQ4dUDCA0&uact=5&oq=splicosome+video&gs_lp=Eg1nd3Mtd2l6LXZpZGVvIhBzcGxpY29zb21lIHZpZGVvMgYQABgWGB4yCxAAGIAEGIYDGIoFMgsQABiABBiGAxiKBTILEAAYgAQYhgMYigUyCBAAGIAEGKIEMggQABiABBiiBDIIEAAYogQYiQUyCBAAGIAEGKIEMggQABiABBiiBEixQ1AAWMc6cAB4AJABAJgBogGgAf8NqgEEMi4xNLgBA8gBAPgBAZgCEKACtg7CAgsQABiABBiRAhiKBcICChAAGIAEGEMYigXCAgsQABiABBixAxiDAcICDhAAGIAEGLEDGIMBGIoFwgIFEAAYgATCAggQABiABBixA8ICDRAAGIAEGLEDGEMYigXCAhAQABiABBixAxhDGIMBGIoFwgIKEAAYgAQYsQMYCsICDRAAGIAEGLEDGIMBGArCAgcQABiABBgKwgIHEAAYgAQYDcICBhAAGA0YHsICCBAAGAgYDRgemAMAkgcEMi4xNKAH82g&sclient=gws-wiz-video
https://www.google.com/search?q=splicosome+video&sca_esv=0a9855b1adeae542&biw=1022&bih=516&tbm=vid&sxsrf=ADLYWIKEizApoXReSL85_tiniP4jMUz6-Q%3A1730234576666&ei=0EghZ5KpKLiA0PEPmJe_iQ8&ved=0ahUKEwiS0ceKurSJAxU4ADQIHZjLL_EQ4dUDCA0&uact=5&oq=splicosome+video&gs_lp=Eg1nd3Mtd2l6LXZpZGVvIhBzcGxpY29zb21lIHZpZGVvMgYQABgWGB4yCxAAGIAEGIYDGIoFMgsQABiABBiGAxiKBTILEAAYgAQYhgMYigUyCBAAGIAEGKIEMggQABiABBiiBDIIEAAYogQYiQUyCBAAGIAEGKIEMggQABiABBiiBEixQ1AAWMc6cAB4AJABAJgBogGgAf8NqgEEMi4xNLgBA8gBAPgBAZgCEKACtg7CAgsQABiABBiRAhiKBcICChAAGIAEGEMYigXCAgsQABiABBixAxiDAcICDhAAGIAEGLEDGIMBGIoFwgIFEAAYgATCAggQABiABBixA8ICDRAAGIAEGLEDGEMYigXCAhAQABiABBixAxhDGIMBGIoFwgIKEAAYgAQYsQMYCsICDRAAGIAEGLEDGIMBGArCAgcQABiABBgKwgIHEAAYgAQYDcICBhAAGA0YHsICCBAAGAgYDRgemAMAkgcEMi4xNKAH82g&sclient=gws-wiz-video
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A code exists to govern when and where this happens



Goal of research - a splicing model that 

can predict from genome sequence alone 

the complete set of transcripts and their 

frequencies in any cellular context



Does RNA editing and the 

spliceosome represent an 

informational discontinuity?



12.  Genes that extensively overlap in 

the same or opposite directions within a 

stretch of DNA (overlapping codes)



The

Genetic

Code

DNA:  C, A, T, G

RNA:  C, A, U, G

an information processing system



20 types of amino acids,   chains of amino 

acids 300 units long

20300    possibilities

Only a miniscule fraction of sequence space 

can be searched!

enzymes 

in E. coli

A.

B. Fraction of sequences that fold  (150 amino acids):

       1 in 1063  (Sauer et al Proteins: Struct. 

 Function, and Genetics,  1990)

      1 in  1074  (Axe J. Molec. Biol. 2004)

Only a miniscule fraction are 

highly functional (i.e.. enzymes)!

So where do the functional sequences come from?



Nature 

2001, 410, 717

Caveat – some functions such as binding a small molecule 

do not require sophisticated folds, and sequences that 

perform that function are much more prevalent



Nature 2001, 410, 717

sequences of 80 amino acids

4 out of 6 trillion sequences bound ATP

very low-level functionality

 -unclear that sequences must fold to 

bind ATP

 -subsequent work showed that a 12 aa 

peptide binds to ATP

ATP



Alternative reading frames:

6 possible reading frames:  3 on each DNA strand

Picture : Emmanuel Douzery

example  - human mitochondrial DNA



Recent discovery :  Genes that extensively overlap in the 

same or opposite directions within a stretch of DNA 

(overlapping codes)

Seemingly impossible to explain by random mutation 

and natural selection:   if one message is randomly 

mutated invariably the other one that is layered on top 

will be destroyed

Initially discovered in viruses, now known in all 

domains of life

> 26% of protein-coding genes in humans have some 

overlapping features   (but most overlaps are short)



Nature March 2022, 23, p 154

Review article





Background – essential requirements for a gene



from “Essential Cell Biology”
Alberts et al

“promotor” 

or 

“enhancer” 

sequences

Background – essential requirements for a gene





Example:

Frontiers in Microbiology 

2020, 11, 377



Example:



Length:  (177 nt, 303 nt,  and 552 nt) genes, antisense

Microbiology Spectrum 

2023, 11, e0235122

Example:



iScience 2022, 25, p 103844

Exceptionally long (957nt and 1536 nt) genes, antisense

Example:



iScience 2022, 25, p 103844

Each has a promoter sequence, start and stop codons

Transcription and translation were verified

Expression is regulated during growth

Example:



iScience 2022, 25, p 103844

Example:



Example:



Example:

model for the 

function of 

Mdf1p 

The MDF1 gene is regulated by the ADF1 gene that 

overlaps antisense to MDF1

from Li et al 

Cell Research 2010

Mdf1p binds to Mat2p and the complex binds to DNA to 

suppress genes in the mating pathway 



Example:

Mdf1p also promotes vegetative growth by binding to 

Snf1p blocking de-repression of glucose-repressed genes

from Li et al., Scientific Reports 2014



Do extensively overlapping genes 

represent an informational discontinuity?

Matter and

energy is all

there is

sc
ie

n
ce

Matter and

energy is all

there is

sc
ie

n
ce

OR



An important question: 

Do the two overlapping genes code for 

proteins with functions that require 

sophisticated folds and/or rare 

sequences? 
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