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Motivation

o Personal ...

o After over 20 years =2 can’t do GWAS anymore !

o Contradict application oriented research
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K-mers
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o DNA sequence motifs of length Ke {3, ..., 40 } bps
e K-mer for de novo genome assembly
e K-mer for improvement of variant calling accuracy

e K-mer for GWAS

® (missing) K-mer in medicine
o Motivation = identification of nullo-mers = missing K-mers
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K-mer vocabulary
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o Nullomers - K-mers missing in a given species
o Primers - K-mers missing in nature

e Nature > e.g. set of sequences in GeneBank
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nullo-mers

“The absence of certain words in a sequence ... is a
mathematical necessity.” Herold et al. 2008

... true for longer words ~ K> 10

If the same sequence is absent in several individuals, some
biological meaning can be expected.

Searching for nullo-mers in WGS of 42 cows
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w Material

e ARS-UCD1.2 assembly

e \WWGS = 42 Holstein-Friesian cows
e Call —> GATK HaplotypeCaller, Coverage > 10x
e Edits —2> >2 alternative alleles, QUAL<20, 2 variants at the same position

e 42 individual fasta files
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, Methods
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e 42 individual fasta files

e Custom written Fortran
e ... but public software is available

e |dentification of K-mers 2> Ke{4,5,6, 7, 8,9, 10,11, 12, ... 15}
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o Number of possible k-mers: 4
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K-mer
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o Expected number of missing k-mers: 4%e 4k
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Non-existing 12-mers in 42 HF cows



7///\\\\\ -, Missing 12-mers in 42 HF cows
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o Number of possible 12-mers - 16 777 216 567
o Probability of a 12-nullomer - 4.98.107/1 missing in all
o Expected number of 12-nullomers - 8.36-10%4 COWS
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Missing 12-mers in 42 HF cows
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o Why?

Translate missing 12-mers to amino-acid sequence = 4 AA each
Compare with “random” sequences of the same length > BTA25
Excess of Arginine

Arginine rich peptides = intracellular delivery vectors
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Arginine enriched nullomers = drug delivery to (cancer) cells
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o None of the 567 missing 12-mers annotates to

 GenBank, EMBL, DDBJ, PDB, RefSeq

Missing 12-mers in 42 HF cows

o None of the 567 missing 12-mers annotates to Bos taurus in
e WAGS, SRA databases

o 445 of the 567 (~78%) missing 12-mers annotate to Bos taurus in
 High Throughput Genomic Sequences (HTGS) database

o None of the remaining 122 missing 12-mers annotate to Mammals ijg s
* High Throughput Genomic Sequences (HTGS) database

o 7 of the remaining 122 missing 12-mers annotate to Vertebrates in
 High Throughput Genomic Sequences (HTGS) database
 @Gallus gallus (1), Xenopus tropicalis (1), Danio rerio (5)

EAAP 2022



Conclusions

o Some K-mer pattern do not miss at random

o Evolutionary implications
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