
 

In silico prediction of phage-bacteria infection networks as a tool to 
implement personalized phage therapy—INPHINITY 

The eŵergeŶĐe aŶd rapid disseŵiŶaioŶ of aŶiďioiĐ resistaŶĐe ǁorldǁide threateŶs ŵediĐal progress aŶd 
Đalls for iŶŶoǀaiǀe approaĐhes for the ŵaŶageŵeŶt of ŵulidrug resistaŶt iŶfeĐioŶs. Phage therapǇ ŵight 
represeŶt suĐh aŶ alterŶaiǀe. This re-eŵergiŶg therapǇ uses ǀiruses that speĐiiĐallǇ iŶfeĐt aŶd kill ďaĐteria 
duriŶg their life ĐǇĐle to reduĐe/eliŵiŶate ďaĐterial load aŶd Đure iŶfeĐioŶs.  

 

The suĐĐess of phage therapǇ hoǁeǀer relies oŶ the eǆaĐt ŵatĐhiŶg ďetǁeeŶ ďoth the target pathogeŶiĐ ďaĐ-
teria aŶd the therapeuiĐ phage. Therefore, haǀiŶg aĐĐess to a fullǇ-ĐharaĐterized phage liďrarǇ is ŶeĐessarǇ 
to start ǁith phage therapǇ. AŶ esseŶial seĐoŶd step to ĐoŶĐeiǀe persoŶalized phage therapǇ treatŵeŶts is 
the ĐapaĐitǇ to prediĐt the iŶteraĐioŶs ďetǁeeŶ the target pathogeŶ aŶd its poteŶial phage. To address this, 
ǁe aiŵ at deǀelopiŶg prediĐiǀe iŶ siliĐo ŵodels of phage-ďaĐteria iŶfeĐioŶ Ŷetǁorks, usiŶg geŶoŵiĐ features 
froŵ seƋueŶĐed phages aŶd ďaĐteria, aŶd takiŶg adǀaŶtage of ďioiŶforŵaiĐs aŶd ŵaĐhiŶe learŶiŶg teĐh-
ŶiƋues. 

 

UsiŶg the puďliĐlǇ aǀailaďle iŶforŵaioŶ froŵ GeŶďaŶk aŶd phagesdď.org, ǁe ǁere aďle to ĐoŶstruĐt a da-
taset ĐoŶtaiŶiŶg +ϭϬϬϬ kŶoǁŶ phage-ďaĐteria iŶteraĐioŶs ǁith ĐorrespoŶdiŶg seƋueŶĐed geŶoŵes. AŶ eƋual 
aŵouŶt of poteŶial Ŷegaiǀe iŶteraĐioŶs ǁere added to the dataset ďǇ ĐoŶsideriŶg the speĐiiĐitǇ of phage-

ďaĐteria iŶteraĐioŶs. We are ĐurreŶtlǇ eǆtraĐiŶg features froŵ the geŶoŵes to ďuild ƋuaŶitaiǀe datasets to 
traiŶ ŵaĐhiŶe learŶiŶg ŵodels. These features iŶĐlude distriďuioŶ of prediĐted proteiŶ-proteiŶ iŶteraĐioŶ 
sĐores, as ǁell as proteiŶs’ aŵiŶo aĐids freƋueŶĐǇ aŶd ĐheŵiĐal ĐoŵposiioŶ. Future ǁork ǁill foĐus oŶ the 
deǀelopŵeŶt of eŶseŵďle ŵaĐhiŶe learŶiŶg ŵodels to opiŵize the prediĐiǀe poǁer of our ŵethodologǇ. 

 

 

 

ϯ—Oǀerǀieǁ of the projeĐt 

CoŵputaioŶal oďjeĐiǀes 

ϭ—features extracion -> Ϯ—features seleĐioŶ -> ϯ—prediĐiǀe ŵodel -> ϰ— test the ŵodel 

ϭ—AďstraĐt 

A—BaĐteria aŶd phages ĐolleĐioŶ, seƋueŶĐiŶg aŶd 
laďeliŶg.  

B—IŶ siliĐo prediĐioŶs of phage-ďaĐteria iŶteraĐ-
ioŶs. ;Ŷeural Ŷetǁork, SVM, fuzzǇ logiĐ, raŶdoŵ 
forestͿ 

C—ProspeĐiǀe aŶd ǀalidaioŶ studǇ.  

ϰ—Data used to start ǁorkiŶg oŶ the ĐoŵputaioŶal ŵodels 

 ColleĐt all puďliĐǇ aǀailaďle phage geŶoŵs froŵ NCBI 
[Ϯ] aŶd Phagesdď.org  [ϯ]; 

 If the host ďaĐteria is seƋueŶĐed ;NCBI[Ϯ]Ϳ, retrieǀe ge-
Ŷoŵe as ǁell;  

 PrediĐt geŶes usiŶg GeŶeMarkS [ϰ] if ŶeĐessarǇ; 
 ĐoŶsitute posiiǀe dataset of ϭϬϲϱ eŶtries. A Ŷegaiǀe 

dataset of eƋual size ǁas ďuilt ariiĐiallǇ ďǇ ŵatĐhiŶg 
phages ǁith ďaĐteria froŵ a difereŶt speĐies thaŶ their 
kŶoǁ host. 

ϱa—Features eǆtraĐioŶ ǁith proteiŶ doŵaiŶs 

PrediĐt doŵaiŶs usiŶg HMMER-PFAM [ϱ] for all proteiŶs of all phages aŶd ďaĐteria iŶ the dataďase 

IdeŶifǇ iŶteraĐiŶg doŵaiŶs ;DOMINE [ϲ]Ϳ 

Build data set froŵ PPI sĐores: use histograŵ of sĐores to deiŶe a ďiŶŶiŶg aŶd get the saŵe Ŷuŵďer of 
features for eaĐh pair of phage-ďaĐteria  

Eǆaŵple of a iĐious dataset oďtaiŶed ǁhit this proĐedure 

ϱď—Data Set ďǇ ProteiŶ seƋueŶĐe 

Future ǁork: 

 SeleĐt the data set to use iŶ ŵaĐhiŶe learŶiŶg; 

 IŶ eaĐh data set, reŵoǀe the reduŶdaŶt/Đorrelated ǀariaďles aŶd those that proǀide little iŶforŵatioŶ gaiŶ; 

 SeleĐt the tests to assess ŵodel perforŵaŶĐe;  

 SeleĐt the ŵaĐhiŶe-learŶiŶg ŵodels to ďuild a prediĐiǀe ŵodel;  

 Assess ŵodel perforŵaŶĐe.  
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ϲ—Future ǁork aŶd RefereŶĐes 

 

CǇĐle of iŶfeĐioŶ of a LǇiĐ phage 
;results iŶ ďaĐterial deathͿ 

Causes of aŶiďioiĐs resistaŶĐe 

Ϯ—CoŶteǆt 

Phage-therapǇ is aŶ alterŶaiǀe to aŶiďioiĐs 

Iŵage froŵ [ϭ] 
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CoŵďiŶaioŶ of all proteiŶs ďetǁeeŶ eaĐh ďaĐteria aŶd phage 

 EǆtraĐt % of aŵiŶo aĐid, % ĐheŵiĐal ĐoŵpoŶeŶts ;C,H,O,N,SͿ aŶd ǁeight -> Ϯϳ features 

 CoŶĐateŶate ďoth ǀeĐtors to get a PPI -> Ϯϳ + Ϯϳ = ϱϰ features 

 For a giǀeŶ pair phage-ďaĐteria ǁe oďtaiŶ a ŵatriǆ of size -> Nº PPI × ϱϰ 

 We use PCA reduĐioŶ to reduĐe the Ŷuŵďer of features per phage-ďaĐteria to ≈ ϭϬϬ features 

StruĐture of the data set 

ϱ—Data Sets 

Create tǁo tǇpe of data sets: 

 Based oŶ doŵaiŶs iŶteraĐioŶs ;ϱaͿ 

 Based oŶ proteiŶs seƋueŶĐe ;ϱďͿ 


