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From left to right, the structures of A-, B- and Z-DNA. Credit: Wikipedia

Researchers in human genetics have known that long nucleotide repeats
in DNA lead to instability of the genome and ultimately to human
hereditary diseases such Freidreich's ataxia and Huntington's disease.

Scientists have believed that the lengthening of those repeats occur
during DNA replication when cells divide or when the cellular DNA
repair machinery gets activated. Recently, however, it became apparent
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that yet another process called transcription, which is copying the
information from DNA into RNA, could also been involved.

A Tufts University study published online on November 20 in the
journal Cell Reports by a research team lead by Sergei Mirkin, the White
Family Professor of Biology at Tufts' School of Arts and Sciences, along
with former graduate student Kartick Shah and graduate students Ryan
McGuity and Vera Egorova, explores the relationship between
transcription and the expansions of DNA repeats. It concludes that the
active transcriptional state of a DNA segment containing a DNA repeat
predisposes it for expansions. The print version of the study will be
published on December 11.

"There are a great many simple repetitive motifs in our DNA, such as
GAAGAAGAA or CGGCGGCGG," says Mirkin. "They are stable and
cause no harm if they stay short. Occasionally, however, they start
lengthening compulsively, and these uncontrollable expansions lead to
dramatic changes in genome stability, gene expression, which can lead to
human disease."

In their study, the researchers used baker's yeast to monitor the progress
and the fundamental genetic machineries for transcription, replication
and repair in genome functioning.

"The beauty of the yeast system is that it provides one with a practically
unlimited arsenal of tools to study the mechanisms of genome
functioning," says Mirkin. "We created genetic systems to track down
expansions of the repeats that were positioned in either transcribed or
non-transcribed parts of reporter genes."

After measuring the rate of repeat expansions in all these cases, the
authors found that a repeat can expand under the condition when there is
practically no transcription, but the likelihood of the expansion process
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is drastically (10-fold) higher when the reporter is transcriptionally
active.

Surprisingly, however, transcription machinery does not need to
physically pass through the repeat to stimulate its expansion. Thus, it is
the active transcription state of the repeat-containing DNA segment,
rather than RNA synthesis through the repeat that promotes expansions.

In the transcriptionally active state, DNA is packaged in chromatin more
loosely than when it is transcriptionally inactive. More specifically, the
density of nucleosomes along the transcribed DNA segment is
significantly lower than that in the non-transcribed segment. This
packaging of repetitive DNA within the transcribed areas gives much
more room for DNA strand gymnastics, ultimately leading to repeat
expansions.

Whatever the exact model, says Mirkin, the fact that expandable DNA
repeats were always found in transcribed areas of our genome may not
be that surprising after all.

  More information: Shah et al., 2014, Cell Reports 9, 1-9 . December
11, 2014 . dx.doi.org/10.1016/j.celrep.2014.10.048
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