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We are entering the age when we know the genetic sequences of

many living things. These DNA, RNA, and protein sequences are
the blueprints of life: they hold the instructions for making a brain,
for maintaining a healthy organism, and for the functioning of
ecosystems (interactions between organisms). They have evolved
for ~4 billion years by gradual changes and repurposing of genetic
elements: so these sequences hold evidence of their evolutionary
history.

A B

CATGACGTCGCGGACAACCCAGAATTGTCTTGAGCGATGGTAAGATCTAACC
CTGGGGCTTTACTGATGTCATACCGTCTTGCACGGGGATAGAATGACGGTGC
ATTTTCTGAAAGTTACAGACTTCGATTAAAAAGATCGGACTGCGCGTGGGCC
TTTTTCGACGTGTCAAGGACTCAAGGGAATAGTTTGGCGGGAGCGTTACAGC
CGATAAAATTCAACTACTGGTTTCGGCCTAATAGGTCACGTTTTATGTGAAA
CCCTGGGTGTTCTATGATAAGTCCTGCTTTATAACACGGGGCGGTTAGGTTA
ATCCAAGCGCCCGCTAATTCTGTTCTGTTAATGTTCATACCAATACTCACAT
AGCCCAGTCGCAAGGGTCTGCTGCTGTTGTCGACGCCTCATGTTACTCCTGG
GGTTAAGGCGTGTGATCGACGATGCAGGTATACATCGGCTCGGACCTACAGT
TCGCGGTTCGGCGCGTAGTTGAGTGCGATAACCCAACCGGTGGCAAGTAGCA

AGACAACCTAACTAATAGTCTCTAACGGGGAATTACCTTTACCAGTCTCATG
CAATGATATCGCCCACAGAAAGTAGGGTCTCAGGTATCGCATACGCCGCGCC
GACAGTAGAGAGCTATTGTGTAATTCAGGCTCAGCATTCATCGACCTTTCCT
TCTCGTCCGTAACGATCTGGGGGGCAAAACCGAATATCCGTATTCTCGTCCT
TGCGCGTGATCGTCAGTTAAGTTAAATTAATTCAGGCTACGGTAAACTTGTA
ACGGGTTCGCTACAGATGAACTGAATTTATACACGGACAACTCATCGCCCAT
AAAGTGGCAGATTAGGAGTGCTTGATCAGGTTAGCAGGTGGACTGTATCCAA
CCAAAGCGTTGTAGTGGTCTAAGCACCCCTGAACAGTGGCGCCCATCGTTAG
AGGTGCGACATGGGGCCAGTTAGCCTGCCCTATATCCCTTGCACACGTTCAA
TTTTTAAATTAGGATGCCGACCCCATCATTGGTAACTGTATGTTCATAGATA
AGCTGACACGCAAGGGTCAACAATAATTTCTACTATCACCCCGCTGAACGAC
CTTAGATTCGCGTCCTAACGTAGTGAGGGCCGAGTCATATCATAGATCAGGC

Fig.1 A The Instructions of Shuruppak, ~4500 years old. B Genome, up to
~4000000000 years old: parts have remained recognizably similar for billions of
years.

Our research group aims to develop and use methods for finding
interesting functional and historical information in these
sequences. Everyone's own creativity and original ideas are
especially welcome; breakthroughs will likely come from weird or
overlooked aspects of genetics and biology.

Genetic fossils Scale

Genomes contain decaying relics

Finding interesting things in
genetic sequences
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Repeats

Genomes include many repeated sequences, such as tandem
repeats and interspersed repeats. These repeats are prone to
complex mutations, which are known to cause dozens of diseases,
yet they have been under-studied, partly because of technical
difficulties in analyzing repeats. So our knowledge of repeat
contribution to disease, to healthy functioning, and to evolution
is likely just the tip of the iceberg. We have developed methods to
detect various kinds of repeat alteration, which have found causes
of disease, and revealed overlooked evolution and mutation of

repeats.

Rearrangements

Sometimes, genomes mutate and evolve by complex
rearrangements, such as shattering into segments that rejoin
in a different order. We have developed methods to detect and
reconstruct such rearrangements, which has enabled diagnosis of

genetic diseases.

Absent sequences

Some sequences, such as tattatgcgcg, never occur in the human
genome. Why not? Is it just chance absence of some sequences in a
finite genome? We have developed methods to detect absences that
are unlikely to occur by chance. Some of these significantly absent
sequences are targets of immune systems: this might help us to
better understand immunity and pathogen-host relationships.

1 kb hg38

o
chr19: | 30,153,500 | 30,154,000 | 30,154,500 | 30,155,000 | 30,155,500 | 30,156,000 |

Homology to transposable element proteins
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