
 

'Jumping genes' help stabilize DNA folding
patterns
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"Jumping genes"—bits of DNA that can move from one spot in the
genome to another—are well-known for increasing genetic diversity over
the long course of evolution. Now, new research at Washington
University School of Medicine in St. Louis indicates that such genes,
also called transposable elements, play another, more surprising role:
stabilizing the 3-D folding patterns of the DNA molecule inside the cell's
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nucleus.

The study appears Jan. 24 in the journal Genome Biology.

The DNA molecule inside the nucleus of any human cell is more than six
feet long. To fit into such a small space, it must fold into precise loops
that also govern how genes are turned on or off. It might seem
counterintuitive that bits of DNA that randomly move about the genome
can provide stability to these folding patterns. Indeed, the discovery
contradicts a long-held assumption that the precise order of letters in the
DNA sequence always dictates the broader structure of the DNA
molecule.

"In places where the larger 3-D folding of the genome is the same
between mice and humans, you expect the sequence of the letters of the
DNA anchoring that shape to be conserved there as well," said senior
author Ting Wang, Ph.D., the Sanford C. and Karen P. Loewentheil
Distinguished Professor of Medicine. "But that's not what we found, at
least not in the portions of the genome that in the past have been called
'junk DNA.'"

Studying DNA folding in mouse and human blood cells, the researchers
found that in many regions where the folding patterns of DNA are
conserved through evolution, the genetic sequence of the DNA letters
establishing these folds is not. It is ever so slightly displaced. But this
changing sequence, a genetic turnover, doesn't cause problems. Because
the structure largely stays the same, the function presumably does, too,
so nothing of importance changes.

"We were surprised to find that some young transposable elements serve
to maintain old structures," said first author Mayank N.K. Choudhary, a
doctoral student in Wang's lab. "The specific sequence may be different,
but the function stays the same. And we see that this has happened
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multiple times over the past 80 million years, when the common
ancestors of mice and humans first diverged from one another."

The fact that a new transposable element can insert itself and serve the
same role as an existing anchor creates a redundancy in the regulatory
portions of the genome—regions of the DNA molecule that determine
how and when genes are turned on or off.

According to the researchers, this redundancy makes the genome more
resilient. In providing both novelty and stability, jumping genes may help
the mammalian genome strike a vital balance—allowing animals the
flexibility to adapt to a changing climate, for example, while preserving
biological functions required for life, protecting against the DNA
damage that is wrought by living and reproducing on Earth over the span
of deep time, measured in tens to hundreds of millions of years.

Even so, the researchers were careful to distinguish between portions of
the genome that hold genes responsible for producing proteins and the
rest of the genome. In genes that code for proteins, the genetic sequence
and the structure are both conserved, and this study does not contradict
that. However, the new research suggests that jumping genes in the non-
protein coding areas of the genome follow different rules of
conservation than the protein-coding genes.

"Our study changes how we interpret genetic variation in the noncoding
regions of the DNA," Wang said. "For example, large surveys of
genomes from many people have identified a lot of variations in
noncoding regions that don't seem to have any effect on gene regulation,
which has been puzzling. But it makes more sense in light of our new
understanding of transposable elements—while the local sequence can
change, but the function stays the same.

"We may need to revisit these types of studies in light of the new
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understanding we now have of transposable elements," he added. "We
have uncovered another layer of complexity in the genome sequence that
was not known before."

  More information: Mayank NK Choudhary et al, Co-opted
transposons help perpetuate conserved higher-order chromosomal
structures, Genome Biology (2020). DOI: 10.1186/s13059-019-1916-8
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