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TACA INTRODUCTION: rg ae a megraseigens ("
Sigure.l. Genomic 1slands are prokdfyote- 1C 1le *Clerfien t c thogenic factors such as Replacement
What does a K-mer look like? antibiotic resistance. They carry integrase genes and integrate into chromosomes at specific sites. It has tRT;IgB?"E fragment
been observed that these islands often integrate into tRNA and tmRNA genes. This project sought to
answer the question of why islands prefer these sites. To do this, we looked at A-mers where £ equals 17
nucleotides, or 17mers, across a wide phylogenetic range of bacteria and archaea (5299 genomes). The lT Integrase
Pattern matching for genomic length 17 was chosen because the integrase sites that genomic islands typically match to are 17 base pairs Restored gene ?r'asg,lﬁ:ﬁf
Figure 2. 1sland integration long (figure 2). It 1s thought that because tRNA and tmRNA have such a specific 3 dimensional molecular —- Land*_
CORE Crossover CORE shape that those genes are highly conserved in DNA. Genomic 1slands would therefore want to place . attt v attR

themselves in these genes to ensure a better chance of long-term survival in the genome. 'sland signature pattern
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3 TAAGCATIA E | o
“ 17mer # taxa found in Gene Type Position Ori
attR-Phage P S s AAAGGAATTGGCGGGGG 246 16S ribosomal RNA IRNA 854 1
2 : ACTTAAAGGAATTGGCG 246 16S ribosomal RNA TRNA 858 1
o' TTCGTA £ i i CCGCCAATTCCTTTAAG 246 16S ribosomal RNA rRNA 851 -1
3 AAGCATTR 2 BPvsooccnce-.—-___»® CCOMITECTTIM  E6 s rhosom Rk o
AACTTAAAGGAATTGGC 244 16S rib 1 RNA RNA 849 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+ AAACTTAAAGGAATTGG 264 163 ribosomal RNA rRNA 848 1
GACGGGCGGTGTGTGCA 243 16S ribosomal RNA TRNA 1337 -1
: ACGGGCGGTGTGTGCAA 243 16S rib 1 RNA RNA 1336 -1
Occurrence across 5299 genomes (# of taxa 17mer appears in) CAATTOCTTTAAGTTTC 503 168 zibocomal RNA TRNA B4v 1
CCTTGCACACACCGCCC 243 16S ribosomal RNA rRNA 1334 1
METHOD/S OFT \N/ARE' CGGGCGGTGTGTGCAAG 242 16S ribosomal RNA TRNA 1335 -1
U AATTCCTTTAAGTTTCA 242 16S ribosomal RNA TRNA 846 -1
- - - - - - - - AATTGGCGGGGGAGCAC 234 16S ribosomal RNA rRNA 859 1
)1 U VULV (] J L [ ) - U (] L U U U ) )1 OU (] V d . ) *ye V'V PASLS AGGAATTGGCGGGGGAG 233 165 ribosomal RNA TRNA 856 1 —
~ ~ . ~ . ~ AAGGAATTGGCGGGGGA 233 16S ribosomal RNA TRNA 855 1
GCTCCCCCGCCAATTCC 233 16S rib 1 RNA RNA 857 -1
genome sequences from the Progenomes projects, that corrects for overrepresentation. From there a program called CCTCCO0COCCAATTCC 795 165 ribssonal A tRNA 857
Jellyfish was run on each genome’s fata files which contained the DNA sequence for that taxon’s genome. The program STCOTOOTTOOAACAC 232 168 ribocomal RNA TRA 1320 1
. . . . °1° . GGCGGTGTGTGCAAGGA 232 16S ribosomal RNA rRNA 1333 -1
made an output file with the unique 17mers and their frequencies for each taxon. Compiling a single file of all the CCCTGCTCCTTECACAC 232 168 ribosomal RNA ANA 1327 1
. . . . . . . CGGTGTGTGCAAGGAGC 231 16S ribosomal RNA TRNA 1331 -1
17mers found in the genomes, Jellyfish was rerun to find the 17mer distribution across the taxa, as opposed to within GOTGTGTGCAAGGAGCA 231 168 ribosomal RNA RNA 1330 -1
. . . CTCCTTGCACACACCGC 231 165 ribosomal RNA TRNA 1332 1
CCCGGGTTCAAATCCCG 227 RNA-Gly (TCC) RNA 46 1
cach taxon. From there a Perl script was made that put together a matrix file for the bacterial and archaeal genomes that CCCGEGTTCARATCCCS 227 tRNA-Gly(TCC) e
can answer questions such as what 1s the most widely distributed 17mer (CTCTACCAACTGAGCTA). Afterwards, the o LA 226 NASLYITCO) N a1
. . . . . . AAGTCGTAACAAGGTAG 220 165 ribosomal RNA rRNA 1422 1
project involved mapping the most conserved 17mers to the genes they are in by way of a Perl script that incorporates a COGGATTAGATACCCGE 217 165 ribosomal RNA RNA 720 1
CGGCTACCTTGTTACGA 217 16S ribosomal RNA rRNA 1425 -1
software called Bedtools. The 17mers that map to a tRNA gene are then modelled onto a tRNA gene. Another way we GTAACAAGGTAGCCGTA 217 16 ribosonal RNA RNA 1427 1
. . . . ACGGCTACCTTGTTACG 217 16S ribosomal RNA rRNA 1426 -1
AGTCGTAACAAGGTAGC 217 16S rib 1 RNA RMNA 1423 1
are {rying to anglyze the d.ata 1s by creating a phylogenetic tree for the 5,299 genomes to compare the 17mer ket A o ot S o -
distribution relative to how distanct the taxa are who share the 17mer. AACCoGATTAGATACCC 216 168 ribosomal RNA e 781
CGCGGGTTCAAATCCCG 216 tRNA-Asp(GTC) tRNA 48 1
ACCGGATTAGATACCCG 216 16S ribosomal RNA rRNA 719 1
ATTAGATACCCGGGTAG 215 16S ribosomal RNA TRNA 724 1

An example phylogenetic tree  Archaea

Figure 6. -

We found large numbers of conserved kmers; out of approximately 5 billion individual 17mers

in the genomes studied, 107,853,427 were found 1n over 20 genomes, with 2,559 found in over

1,000 genomes. After mapping all the 17mers from archaeal genomes to the genes and

positions they are most commonly found at, I found that the top 71 conserved 17mers in

archaca map to tRNA or rRNA genes. The most widespread 17mers 1n the archaeal genomes

mapped more often to rRNA than tRNA genes, which suggests that genomic 1slands may also

3 1_ have a mechanistic preference for choosing tRNA genes instead of a purely evolutionary

, approach. Future steps will be to reapply the gene mapping programs to the much larger set of

N o P rOte 1N bacterial data and analyze the results. What can then be done 1s to compare the results for

M«ﬁfﬁ // %%%% -|- f bacteria and archaea against the phylogenetic tree of our genomes, enabling us to see the kmer
@;@;:‘?Z;”%%” ree o distribution 1n relation to the relatedness of the taxa.
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