
ɺ.ɸ. ʃʶʙʝʮʢʠʡ(lyubetsk@iitp.ru)

ʢʘʬʝʜʨʘ 

çʄʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ ʠ ʪʝʦʨʠʠ ʘʣʛʦʨʠʪʤʦʚè 

ʤʝʭ-ʤʘʪʘ ʄɻʋ (http://lpcs.math.msu.su/rus/staff.htm)

ʣʘʙʦʨʘʪʦʨʠʷ 

çʄʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʚ 

ʙʠʦʠʥʬʦʨʤʘʪʠʢʝè 

ʀʥʩʪʠʪʫʪʘ ʧʨʦʙʣʝʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʈɸʅ

(http://lab6.iitp.ru/ru/pub/)



ʇʦ ʘʜʨʝʩʫ http://lab6.iitp.ru/ru/pres/

ʣʝʞʠʪ ʩʧʠʩʦʢ ʩʦʙʩʪʚʝʥʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ 

ʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ɹʠʦʠʥʬʦʨʤʘʪʠʢʠïʜʦʢʣʘʜ 

ɺ.ɸ. ʃʶʙʝʮʢʦʛʦ çʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ computer science 

ʧʨʦʙʣʝʤʳ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠèGraphHPC-2017, ʄɻʋ, 

2 ʤʘʨʪʘ 2017.ʉʤ. ʪʘʢʞʝ http://lab6.iitp.ru/ru/pub/

(ʅʝʢʦʪʦʨʘʷ ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ ʧʨʠʩʫʪʩʪʚʫʝʪ.)

ʅʦ ʤʥʝ ʙʳ ʢʘʟʘʣʦʩʴ ʧʨʘʚʠʣʴʥʳʤ ʥʘʯʘʪʴ ʩ ʙʦʣʝʝ 

ʰʠʨʦʢʦʛʦ ɺʚʝʜʝʥʠʷ ʚ ʵʪʦʪ ʇʨʝʜʤʝʪ: çʅʘʯʘʣʦ 

ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʪʝʤʘʪʠʢʠè



ɺɸʂʦʚʩʢʘʷ ʩʧʝʮʠʘʣʴʥʦʩʪʴ 03.01.09: 

çʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʙʠʦʣʦʛʠʷ, ɹʠʦʠʥʬʦʨʤʘʪʠʢʘè. 

ɺ ʥʘʟʚʘʥʠʠ ʫʢʘʟʘʥʳ ʜʚʝ ʯʘʩʪʠ ʦʜʥʦʛʦ ʧʨʝʜʤʝʪʘ, 

ʟʜʝʩʴ ʭʦʨʦʰʘʷ ʘʥʘʣʦʛʠʷ ʩ ʄʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʦʡ: 

çʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʙʠʦʣʦʛʠʷèïʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ 

ʠʥʬʦʨʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ (ʙʠʦʣʦʛʠʯʝʩʢʠʭ) ʷʚʣʝʥʠʡ, 

ɹʠʦʠʥʬʦʨʤʘʪʠʢʘïʩʯʸʪ ʵʪʠʭ ʤʦʜʝʣʝʡ (ʪ.ʝ.ʢʦʤʧʴʶ-

ʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ ʩʘʤ ʩʯʸʪ ʥʘ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʝ 

= ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʩʠʩʪʝʤʝ).



ɿʜʝʩʴ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ: (1) (ʙʠʦʣʦʛʠʯʝʩʢʠʝ) ʀʉʍʆɼ-

ʅʓɽ ɼɸʅʅʓɽ, ʪ.ʝ. ʧʦʣʴʟʦʚʘʥʠʝ ʠ/ʠʣʠ ʨʘʟʚʠʪʠʝ ʫʞʝ 

ʛʦʪʦʚʳʭ ʠ/ʠʣʠ ʩʦʟʜʘʥʠʝ ʦʨʠʛʠʥʘʣʴʥʳʭ ɹʘʟ ʜʘʥʥʳʭ. 

ʕʪʦ ïʦʛʨʦʤʥʳʝ ɹʘʟʳ ʜʘʥʥʳʭ: ʜʣʠʥʘ ʛʝʥʦʤʘ ʭ

ʫʤʥʦʞʠʪʴ ʥʘ ʯʠʩʣʦ yʦʨʛʘʥʠʟʤʦʚ (ʥʳʥʝ ʞʠʚʫʱʠʭ ʠʣʠ 

ʢʦʛʜʘ-ʣʠʙʦ ʙʳʚʰʠʭ, ʠ ʠʭ ʯʠʩʣʦ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʪʸʪ)! 

ɼʦ ʩʦʟʜʘʥʠʷ ʩʘʤʦʡ (3) ʄʆɼɽʃʀ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʷʚʣʝʥʠʷʥʫʞʝʥ ʢʘʢʦʡ-ʪʦ (2) BACKGROUND ʢ ʠʩʧʦʣʴʟʫ-

ʝʤʳʤ ʚ ʤʦʜʝʣʠ ʦʩʥʦʚʥʳʤ ʧʦʥʷʪʠʷʤ. ʀ ʵʪʦʪ Background 

ʜʦʣʞʝʥ ʙʳʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ = ʩʪʨʦʛʠʤ ʦʧʠʩʘʥʠʝʤ!

(4) ʀʅʊɽʈʇʈɽʊɸʎʀʗ ʨʝʟʫʣʴʪʘʪʦʚ ʩʯʸʪʘʠ ʠʭ (5) 

ʉʈɸɺʅɽʅʀɽ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ

(ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʜʨʫʛʠʭ ʙʘʟʘʭ ʜʘʥʥʳʭ ʠ ʚ 

ʩʪʘʪʴʷʭ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ).



background

ʆʅʆ ʞʝ ʅɸ ʗɿʓʂɽ 

BACKGROUNDʘ! ʤʦʜʝʣʴ

ʧʨʦʛʨʘʤʤʘ
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ʩʯʸʪ

ʠʥʪʝʨʧʨʝʪʘ

ʮʠʷ ʩʯʸʪʘ

ʩʨʘʚʥʝʥʠʝ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ

ʷʚʣʝʥʠʝ+



ʈɸɹʆʏʀʁ ʇʃɸʅ ɺʆɿʄʆɾʅʆɻʆ ʂʋʈʉɸ/ʇʈɸʂʊʀʂʋʄɸ:

ʆɹʑɸʗ ʏɸʉʊʔ: BACKGROUND.

1. ɺʚʝʜʝʥʠʝʕʪʠ ʜʚʝ ʯʘʩʪʠ ʠ

2. Background ʩʦʩʪʘʚʣʷʶʪ ʤʦʡ ʪʝʢʫʱʠʡ ʜʦʢʣʘʜ. 

3. ɹʘʟʳ ʜʘʥʥʳʭ: GenBank ʠEnsembl

(3ʘ. ʉʧʝʮʠʬʠʯ. ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ: ANSI-C + MPI)

ʉʇɽʎʀɸʃʔʅɸʗ ʏɸʉʊʔ: ʄʆɼɽʃʀ ʀ ɸʃɻʆʈʀʊʄʓ 

ʆʉʅʆɺʅʓʍ ʗɺʃɽʅʀʁ: ʪʨʘʥʩʢʨʠʧʮʠʠ, ʪʨʘʥʩʣʷʮʠʠ, 

ʵʚʦʣʶʮʠʠ.

4. ʂʦʥʩʝʨʚʘʪʠʚʥʳʝ ʩʣʦʚʘ ʚ ʛʝʥʦʤʘʭ.

5. ɺʳʨʘʚʥʠʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ.

6. ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʙʝʣʢʦʚ.

7. http://lab6.iitp.ru/ru/pres/2017_graphhpc.pdf ʠ ʪ.ʜ.

}



NCBI (ʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ http://www.ncbi.nlm.nih.gov/)

ʉʦʜʝʨʞʠʪ ʪʘʢʠʝ ʙʝʩʮʝʥʥʳʝ ʨʝʩʫʨʩʳʢʘʢ GenBank (çʘʥʥʦʪʠʨʦʚʘʥʥʘʷ ʢʦʣʣʝʢʮʠʷ ʚʩʝʭʦʙʱʝʜʦʩʪʫʧʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɼʅʂè), Reference Sequence (RefSeq) (ʥʝʠʟʙʳʪʦʯʥʳʡʭʦʨʦʰʦ ʘʥʥʦʪʠʨʦʚʘʥʥʳʡ 

ʢʫʨʠʨʫʝʤʳʡ ʥʘʙʦʨ ʵʪʘʣʦʥʥʳʭʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʤʦʚ, ʪʨʘʥʩʢʨʠʧʪʦʚ ʠ ʙʝʣʢʦʚ),PubMedʠPubMed

Central (PMC) (ʙʘʟʘ ʜʘʥʥʳʭ ʘʥʥʦʪʘʮʠʡ ʩʪʘʪʝʡ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʪʝʤʘʪʠʢʠ ʠ ʘʨʭʠʚ ʠʭ ʧʦʣʥʳʭ ʪʝʢʩʪʦʚ),

Sequence Read Archive (SRA) (ʭʨʘʥʠʣʠʱʝ çʩʳʨʳʭè ʜʘʥʥʳʭ ʩ ʩʝʢʚʝʥʘʪʦʨʦʚçʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷè) ʠ ʤʥ. ʜʨ.;

ʘ ʪʘʢʞʝ ʠʥʩʪʨʫʤʝʥʪʳʜʣʷ ʨʘʙʦʪʳ ʩ ʥʠʤʠ, ʪʘʢʠʝ ʢʘʢBasic Local Alignment Search Tool (BLAST) (ʥʘʭʦʜʠʪ 

ʫʯʘʩʪʢʠ ʣʦʢʘʣʴʥʦʛʦ ʩʭʦʜʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ) ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ 

(ʢʦʪʦʨʳʝ ʩʪʫʜʝʥʪʘʤ ʦʩʚʦʠʪʴ) ʠTaxonomy Browser (ʥʘʚʠʛʘʪʦʨ ʧʦ (ʜʦʚʦʣʴʥʦ ʫʩʪʘʨʝʚʰʝʡ) ʪʘʢʩʦʥʦʤʠʠ).

Ensembl (http://www.ensembl.org/) ð ʭʦʨʦʰʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ɹɼ, ʩʦʜʝʨʞʘʱʘʷ çʠʟʙʨʘʥʥʳʝè 

ʧʦʣʥʳʝ ʛʝʥʦʤʳ. ʆʩʥʦʚʥʦʡ ʩʘʡʪ ʧʦʩʚʷʱʸʥ ʧʦʟʚʦʥʦʯʥʳʤ(~100 ʚʠʜʦʚ), ʥʦ ʝʩʪʴ ʘʥʘʣʦʛʠ ʧʨʦ ʜʨʫʛʠʭ 

ʞʠʚʦʪʥʳʭ(~50), ʨʘʩʪʝʥʠʷ(~50), ʛʨʠʙʳ(~600), ʧʨʦʩʪʝʡʰʠʝ(~200) ʠ ʙʘʢʪʝʨʠʠ(> 40 000).

EuPathDB (http://eupathdb.org/) ð ɹɼ, ʧʦʩʚʷʱʸʥʥʘʷ ʛʝʥʦʤʘʤ ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʧʘʨʘʟʠʪʦʚ.

OrthoMCL DB (http://orthomcl.org/) ð ɹɼ ʦʨʪʦʣʦʛʠʯʥʳʭ ʛʨʫʧʧ. ʉʦʜʝʨʞʠʪ 1.5 ʤʣʥ ʙʝʣʢʦʚ150-ʪʠ 

ʦʨʛʘʥʠʟʤʦʚ (ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʬʦʨʤʳ ʞʠʟʥʠ, ʚʢʣʶʯʘʷ ʚʠʨʫʩʳ), ʦʙʲʝʜʠʥʸʥʥʳʝ ʚ ~125 000 ʦʨʪʦʛʨʫʧʧ.

UniProt (http://www.uniprot.org/) ð ɹɼ ʙʝʣʢʦʚʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʭ ʬʫʥʢʮʠʷʭ.

Xfam (http://xfam.org/) ð ɹɼ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʜʦʤʝʥʦʚʙʝʣʢʦʚ (Pfam) ʠ ʈʅʂ(Rfam), ʧʦʚʪʦʨʦʚ ɼʅʂ

(Dfam), ʬʠʣʦʛʝʥʠʠʙʝʣʢʦʚʳʭ ʩʝʤʝʡʩʪʚ(TreeFam), ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʙʝʣʢʦʚ(iPfam) ʠ ʜʨ.

Genomicus (http://genomicus.biologie.ens.fr/) ð ʠʥʩʪʨʫʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʥʪʝʥʠʠʫ ʧʦʟʚʦʥʦʯʥʳʭ.



ʆʜʠʥ ʠʟ ʨʘʟʜʝʣʦʚ ɹʘʟʳ ʜʘʥʥʳʭ GenBank

(ʩ ʥʝʛʦ ʧʦʣʝʟʥʦ ʥʘʯʠʥʘʪʴ):

http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.

cgi?mode=Undef&id=2759&lvl=3&keep=1&srchmode=1

&unlock)

ʊʝʧʝʨʴ ʧʝʨʝʡʜʸʤ ʚ ʨʘʟʜʝʣʫ BACKGROUND,

ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ 

ɻɽʅʆʄʀʂʀ ʠ ʌʀʃʆɻɽʅɽʊʀʂʀ.



1. ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ (= ʪ.ʝ. ʩʪʨʦʛʠʡ) 

Background: ʛʝʥʦʤʠʢʘ

(ʨʘʩʩʢʘʟʳʚʘʶ, ʚ ʦʩʥʦʚʥʦʤ, ʦ ʙʘʢʪʝʨʠʷʭ)



ɼʅʂïʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚ 4-ʙʫʢʚʝʥʥʦʤ ʘʣʬʘʚʠʪʝ {A,C,T,G}

ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʠʥʦʡ 3 ʤʠʣʣʠʦʥʘ ï6 ʤʠʣʣʠʘʨʜʦʚ (ʙʳʚʘʝʪ ʠ 

ʜʣʠʥʘ 17 ʪʳʩ ʙʫʢʚ). ʂʘʞʜʘʷ ʙʫʢʚʘʥʘʟʳʚʘʝʪʩʷ ʥʫʢʣʝʦʪʠʜ: 

TTGACATGGCTATATAAGTCATGTTATACT - ʟʜʝʩʴ 30 ʧʦʟʠʮʠʡ

çʉʫʪʴ ʞʠʟʥʠè: ʛʝʥ (=ʩʣʦʚʦ) ʢʦʜʠʨʫʝʪ ʤʦʣʝʢʫʣʫ (=ʩʣʦʚʦ) ʠ 

ʩʯʠʪʳʚʘʝʪʩʷ ʠʣʠ ʥʝ ʩʯʠʪʳʚʘʝʪʩʧ̫ʦ 

ʩʠʛʥʘʣʫ (ʩʣʦʚʫ ʠʣʠ ʩʠʩʪʝʤʝ ʩʣʦʚ) ʠʟ ʤʝʞʛʝʥʥʦʛʦ ʫʯʘʩʪʢʘ

ʛʝʥ 1 ʛʝʥ 2 ʛʝʥ 3

ʢʦʜʠʨʫʝʪ ʤʦʣʝʢʫʣʫ ï

ʬʝʨʤʝʥʪ (ʩʣʦʚʦ!)

ʩʠʛʥʘʣ 2 ʩʠʛʥʘʣ 3

ʤʝʞʛʝʥʥʳʡ 
ʫʯʘʩʪʦʢ

ʢʦʜʠʨʫʝʪ ʤʦʣʝʢʫʣʫ ï

ʩʪʨʦʠʪ ʢʠʨʧʠʯ (ʩʣʦʚʦ!)

ʢʦʜʠʨʫʝʪ ʤʦʣʝʢʫʣʫ 

(ʈʅʂ ïʩʣʦʚʦ!)

ʤʝʞʛʝʥʥʳʡ 
ʫʯʘʩʪʦʢ

DNA



ʅʘ ʩʘʤʦʤ ʜʝʣʝ: ʛʝʥʳ ʠ ʩʠʛʥʘʣʳ ïʚʝʢʪʦʨʳ!



ʇʨʠʤʝʨ ʉʀɻʅɸʃɸ(=ʫʯʘʩʪʢʘ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤ ʙʫʢʚʝʥʥʳʤ 

ʩʦʩʪʘʚʦʤ ʠ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ), ʟʜʝʩʴ çʧʨʦʤʦʪʦʨʘè: 

human CAAACCCCAAAGACA

frog                                ACRTTATA (R=Aʠʣʠ G)

bacteria TTGACA -17..18- TATAAT -4..7- R


