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RESULTS

Average distances from phages (120) to all E. coli bacteria (2342)

INTRODUCTION

Environmental impact of uncultured phages is shaped by therr ..
preferred life cycle (lytic or lysogenic), however, our ablility to predictit = - L
is very limited. In recent years several studies have shown that - B
Homology-free methods (genomic signature) can be useful for the .-
classification of wviral genomes (1) and for characterizing
bacteriophages by comparing their genomic signature with that of their . '
hosts to obtain host-phage relationships and determine their lifestyle - gt et
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We explored 5126 reference
bacterial host strains and
284 associated phages from
NCBI RefSeq.

kdfreq

- The thresholds for
_ Escherichia coli. DSW(k14exact) dlStlﬂgUlShlng IySOgeniC and
o : lytic phages using the

We present two approaches to discriminate lysogenic and lytic phages ~ kafreq method was 0.026,
and 0.955 using the

based on the comparison of the similarity of their genomic signatures
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with those of their hosts which may reflect their co-evolution. i : mperste «Laexact method
| | | | - _ : S — The kl4exact performed
A) The Euclidean distance between the relative frequencies of short length k- - T Tt better than k4freg. The
mers, in our case k = 4 (k4dfreq) and ” example shows E. coli
Word in  Frequency Relative Words in  Frequency Relative e phages.
Seq 1 Frequency Seq 2 Frequency
AAAA 185588 0.219 AAAA 18 0.175
AAAC 47630 0.056 AAAC 5 0.049 Most of the phages are associated to their host on the level of genus or species.
AAAG 57613 0.068 AAAG 6 0.058 Nevertheless, the different strains of the same species can have very different
AAAT 137216 0.162 AAAT 15 0.146 morphological and physiological characteristics and different reactivity with the
AACA 39934 0.047 AACA 4 0.039 phages. Therefore, we assess genomic distances of lytic and lysogenic phages to
e . all bacterial strains available in NCBI. We clustered the strains by their hexamers
TTTG 48929 0.058 TTTG 5 0.049 frequencies to obtain strain groups with similar genomic content.
TTTT 184609 0.218 TTTT 19 0.184

For a given k-mer w, its occurrence in a contig X is defined as X, and the relative
frequency of this k-mer is defined as:
KXy

fr =
2w Xw
Following the guidelines of Vinga & Almeida (2003) [44], we calculated the
Euclidean distance (k4freq) between the pairs of genomes:

All 2342 Escherichia
strains formed a
single hexamer-
based group and
they had similar
distances to the set
of 120 Escherichia

hages.
Fu,v) = | ) I = i1 Phes
\ wesk smmemnea | = IN CONtrast, the 727
B) Alignment-free comparison based on exact k=14 oligonucleotide matches - ~=  Pseudomonas strains were
(kl4exact). We proposed a new distance of similarity for high values of k (k > 14) e - me splitinto two hexamer-based
[3], where the value of 4k is two orders of magnitude larger than the size of the o = groups which had different
largest genome. s, o distances to the set of 18
S e ... Pseudomonas phages. Some
SX = z Xy SY = z Y, bl N e et 7 discrepancies were
w w o ok 4 —., observed: e.g. lytic phage
If SX < SY, we define the similarity function SIM between two sequences as: . pthMV_ appeared among the
Yo Xy Y —»_ lysogenic phages when
SIM(X,Y) = v(Y,, > 0) = compared with Pseudomonas
SX ; s strains group 2.

Pseudomonas genomes

Finally, we define the distance measure DSW(kl1l4exact) as the inverse of the
Similarity function, as follows:

DSW(X,Y) = (1 — SIM(X,Y)

For both bacterial genera, clear differenciation between lysogenic and lytic
phages was observed.
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» The oligonucleotide-based genome analysis methods can be used for
predictions of life cycles of phages

» In the near future, we plan to study uncultured environmental phages
by applying this method to large metagenomic and single-cell
genomics data sets
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