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(Mutation bias reflects natural selection in Arabidopsis thaliana)
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(Published: 12 January 2022)
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www.nature.com/articles/s41586-021-04269-6
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New study provides first evidence of non-random mutations in DNA

By Harry Baker published January 14, 2022

This goes against one of the key assumptions of the theory of evolution.

www. livescience.com/non-random-dna-mutations
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We conclude that epigenome-associated mutation bias reduces the occurrence of
deleterious mutations in Arabidopsis, challenging the prevailing paradigm that
mutation is a directionless force in evolution.
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1. Random Mutations
2 . Evolution

3. Genetic recombination: Recombination is a process by which pieces of DNA are broken
and recombined to produce new combinations of alleles. This recombination process creates
genetic diversity at the level of genes that reflects differences in the DNA sequences of
different organisms.

4. Genetic drift: Genetic drift describes random fluctuations in the numbers of gene variants
in a population. Genetic drift takes place when the occurrence of variant forms of a gene,
called alleles, increases and decreases by chance over time. These variations in the presence
of alleles are measured as changes in allele frequencies.

5 . Natural selection: Natural selection is a mechanism of evolution. Organisms that are more
adapted to their environment are more likely to survive and pass on the genes that aided their
success. This process causes species to change and diverge over time.

6 . Isolation: Reproductive isolation and Gametic isolation. Isolation means that organisms of
the same species are separated, and happens when there is something between the organisms
that they can't cross. Organisms become isolated as a result of environmental change. The
cause of isolation can be gradual, like when mountains or deserts form, or continents split
apart.

7. Survival of the fittest

8 . Codon: A codon is a DNA or RNA sequence of three nucleotides (a trinucleotide) that
forms a unit of genomic information encoding a particular amino acid or signaling the
termination of protein synthesis (stop signals). There are 64 different codons: 61 specify
amino acids and 3 are used as stop signals.

9. Amino acid: Amino acids are molecules that combine to form proteins. Amino acids and
proteins are the building blocks of life. When proteins are digested or broken down, amino
acids are left. The human body uses amino acids to make proteins to help the body: Break
down food.

10. Non-coding regulatory elements

11. Small nuclear RNAs (snRNAs) are critical components of the spliceosome that catalyze
the splicing of pre-mRNA. snRNAs are each complexed with many proteins to form RNA-
protein complexes, termed as small nuclear ribonucleoproteins (ShRNPs), in the cell nucleus.
www.frontiersin.org/articles/10.3389/fgene.2021.652129/full

12. Piwi-interacting RNA (piRNA) is the largest class of small non-coding RNA molecules
expressed in animal cells.

13. Transposable elements (TESs), also known as "jumping genes" or transposons, are
sequences of DNA that move (or jump) from one location in the genome to another. Maize


www.frontiersin.org/articles/10.3389/fgene.2021.652129/full

geneticist Barbara McClintock discovered TEs in the 1940s, and for decades thereafter, most
scientists dismissed transposons as useless or "junk™ DNA.
www.nature.com/scitable/topicpage/transposons-or-jumping-genes-not-junk-dna-1211/

14. Fragile sites: Chromosomal fragile sites are specific loci that preferentially exhibit gaps
and breaks on metaphase chromosomes following partial inhibition of DNA synthesis.

A ghn Sols g dls sy 1 ) 5> (Chromosome breakage) L g 5505 5" sle SenSs i

15. Epigenetic
16. Correlation
17. Causal

18. A correlation is a statistical indicator of the relationship between variables. Causation
means that changes in one variable brings about changes in the other; there is a cause-and-
effect relationship between variables. The two variables are correlated with each other, and
there's also a causal link between them.

19. Intelligent Design
20. Mobile Genetic Elements
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Mutation Bia:
https://www.cell.com/trends/ecology-evolution/fulltext/S0169-5347(19)30030-8

22. Histone: A histone is a protein that provides structural support for a chromosome. Each
chromosome contains a long molecule of DNA, which must fit into the cell nucleus. To do
that, the DNA wraps around complexes of histone proteins, giving the chromosome a more
compact shape.

23. Department of Molecular Biology, Max Planck Institute for Biology Tiibingen, Tubingen,
Germany.

24. Department of Plant Sciences, University of California Davis, Davis, CA, USA.
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26. Arabidopsis thaliana: Arabidopsis thaliana is a small flowering plant that is widely used
as a model organism in plant biology. Arabidopsis is a member of the mustard (Brassicaceae)
family, which includes cultivated species such as cabbage and radish.

27. DNMs: De novo mutations (DNMSs), or mutations that appear in an individual despite not
being seen in their parents. Germline de novo mutations are genetic changes in the individual
caused by mutagenesis occurring in parental gametes during oogenesis and spermatogenesis.
Here, the term “de novo" should not be confused with the term “novel mutation." Despite the


http://www.nature.com/scitable/topicpage/transposons-or-jumping-genes-not-junk-dna-1211/
https://www.cell.com/trends/ecology-evolution/fulltext/S0169-5347(19)30030-8
https://www.nature.com/articles/s41586-021-04269-6#author-information

fact that DNMs in the context of a trio (father, mother, and child) are novel mutations, they
may be common, rare, or novel variants in the general population.
www.pnas.org/doi/10.1073/pnas.1902766117
www.frontiersin.org/articles/10.3389/fgene.2018.00315/full

28. Germline

29. Somatic

30. Mutation rates

31. Protein-coding genes

32. Non-coding genes

33. Essential genes

34. Blind Evolution

35. Neo-Darwinism

36. Directionless

37 . From the Nature article: Finally, we find that genes subject to stronger purifying
selection have a lower mutation rate. We conclude that epigenome-associated mutation bias2

reduces the occurrence of deleterious mutations in Arabidopsis, challenging the prevailing
paradigm that mutation is a directionless force in evolution.
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39. Regulatory regions
40. Adaptation
41. DNA repair system
42. Methylation: A chemical reaction in the body in which a small molecule called a methyl
group gets added to DNA, proteins, or other molecules. DNA methylation is a biological

process by which methyl groups are added to the DNA molecule.

43. Cytosine: Symbol C or Cyt, is one of the four nucleobases found in DNA and RNA,
along with adenine, guanine, and thymine (uracil in RNA).

44. The CpG sites or CG sites are regions of DNA where a cytosine nucleotide is followed
by a guanine nucleotide in the linear sequence of bases along its 5' — 3' direction. CpG sites
occur with high frequency in genomic regions called CpG islands (or CG islands).


http://www.pnas.org/doi/10.1073/pnas.1902766117
http://www.frontiersin.org/articles/10.3389/fgene.2018.00315/full
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46. Transcription (biology)

47. Adaptive Mutation Bias:

Critics of standard evolutionary theory have argued that mutational bias is an alternative
evolutionary process or cause that can increase organismal adaptation independently of
natural selection.

www.cell.com/trends/ecology-evolution/fulltext/S0169-5347(19)30030-8

Adaptive mutation, also called directed mutation or directed mutagenesis is a controversial
evolutionary theory. It posits that mutations, or genetic changes, are much less random and
more purposeful than traditional evolution, implying that organisms can respond to
environmental stresses by orthogenetically directing mutations to certain genes or areas of the
genome.

en.wikipedia.org/wiki/Adaptive_mutation

Adaptive mutation is defined as a process that, during nonlethal selections, produces
mutations that relieve the selective pressure whether or not other, nonselected mutations are
also produced.

pubmed.ncbi.nlm.nih.gov/11084622/

Adaptive' mutation denotes a collection of stress responses that include the induction of
spontaneous mutation mechanisms in slowly growing or non-growing cells. In adaptive
mutation, some of the mutations generated enable these cells to grow.
www.nature.com/articles/35080556

48. Protein Marker or Protein Ladder

49. Gene expression

50. Label

51. From the Nature article: With independent genomic mutation datasets, including from the
largest Arabidopsis mutation accumulation experiment conducted to date, we demonstrate
that epigenomic and physical features explain over 90% of variance in the genome-wide
pattern of mutation bias surrounding genes.

52. Directionless

53. Hypotheses


http://www.cell.com/trends/ecology-evolution/fulltext/S0169-5347(19)30030-
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en.wikipedia.org/wiki/Adaptive_mutation
http://www.pubmed.ncbi.nlm.nih.gov/11084622/
http://www.nature.com/articles/35080556

