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Momusayus u yenv: Pa3BuTHE TEXHOIOTHH MOJTHOT€HOMHOTO CEKBEHUPOBAHUS OTKPBLIO
MepCreKTHBY  ocymiectBiaenuss in Silico mowmcka opranusmMoB, 00JamArOIINX
OTpeAeIeHHBIMI CBOMCTBaMHU. TakoW MOUCK MOXKET OCYIIECTBIATHCS C MOMOIUBIO
nporpammel BLAST+. PaGoTa ¢ maHHO# IporpaMMoii MOKET OBITh OTHOCHTEIHHO JIETKO
aBTOMATH3MPOBaHA C TOMOIIbI0 MHHHU-TIPOTPaMM, HAMUCAHHBIX Ha  S3BIKE
nporpammupoBanuss  Perl.  OmHoit w3  obmacteif, B  KOTOPBIX  MMOJOOHBIN
aBromMatn3upoBaHHbli BLAST+ monck MoXeT OBITh HPUMEHHUM, SBISETCS IMOHCK
OakTepuii, oOJagaroIUXx QepMeHTaMu KaTabomu3Ma cTepounoB. CTepouaHbIe
COCIIMHEHUSI aKTUBHO HCIIONB3YIOTCS B Pa3IMYHBIX OOJIACTSIX MEIHWIMHBI, a TaKKe
BerepuHapud. llpu mnomydeHHMHM NOJOOHBIX COEOMHEHHH AKTUBHO HCIIONB3YIOTCS
OuoTexHosoruueckue Meronbl. lllTaMMBl  MHUKpPOOPTraHM3MOB, IpPHMEHSEMbIE B
OMOTEXHOJIOTHUECKHUX MPOLIEcCaX, B CBOIO 0YEPEIb, MOTYT OBITH MOMYYEHBI C TOMOIIBIO
METOJIOB TEHHOW WH)KEHEpUH W3 OakTepuii, obnanaromux ¢epMeHTaMu KaTtaboimm3ma
CTEpPOUIOB.

Memoowt u areopummur: 1nst aBromatuzanmu padotsl nmporpamMmel BLAST+ Ha si3bike
Perl Opura Hammcana mporpamma blastconductor.pl. JlaHHas mporpamMma HCIIONB3yeT
HYKJICOTHIHBIE M0CIIE0BATEILHOCTH T€HOMOB u AMHHOKHUCIIOTHBIE
MoCJeI0BaTebHOCTH pedepeHCHbIX OenkoB. OHa 3amyCKaeT BhIpAaBHHBaHUE KaXKIOU
TCHOMHOM TIOCJIEJIOBATEIBHOCTH C KaXIO0H pedepeHCHON IMOCIea0BaTeIbHOCTRIO C
nomomnisto nporpammsel BLAST+ B pexxume tblastn. Pesynbrar Kamoro Takoro
BBIpaBHMBaHUS COXpaHseTcs B BUAe BpeMeHHoro Qaina. U3 kaxkaoro Takoro ¢aiina
nporpaMMa H3BJIEKAeT WHPOPMAIUIO O JUTHHE peepeHCHON TOCiIeA0BaTEeIbHOCTH;
KOJINYECTBO MIEHTUYHBIX aMUHOKHCIOT Ul KaKJOrO BBIPOBHSBILIETOCS Y4acTKa; e-
value, w gp. Jlanmee mnpoucxomiuT OTOOP M  aAHAIM3  BBIPOBHSBLIMXCS
MOCJIeI0BaTeIbHOCTEH. Pe3ynbTaTel COXpaHsIOTCS B BUJAE OTACHBHBIX (aitnos. s
MOWCKa T'eHOB KaTaboNM3Ma CTEpPOHJIOB, TMOMHMO OITMCAHHOW BBIIIE MPOrPaMMBI
blastconductor.pl, ucnons3oBanmu nporpammy BLAST+ Bepcum 2.11.0, a Taxxe
aMHUHOKHUCIIOTHBIE TTocTe1oBaTelbHOCTH 230 peepeHCHBIX OEITKOB, KOTOPBIE CBS3aHBI
¢ kxartabomm3mom crepuHoB (111 mocnenoBaTenbHOCTEH), KEMYHBIX KHCIOT (46
M0CJIeI0BAaTENIbHOCTEN), a TaKkXke AuocreHnHa (73 mocnenoBaresibHOCTH). [lonck reHoB,
ACCOLMMPOBAHHBIX C KaTabOJIM3MOM CTEPOHIIOB, MPOBOIWIN cpedu 567 H3BECTHBIX
F€HOMOB  IIPOKapuoT, JICIOHUPOBAaHHBIX BO  Bcepoccuiicko — KOJUIEKIIMHU
mukpoopranm3smoB (BKM) B MUB®M PAH. Bce pedepeHcHble HYKICOTHIHBIE U
AMHUHOKHUCIIOTHBIE TI0OCTIEI0BATEILHOCTH ObUTM IMOy4eHbl U3 0a3bl naHHbIX GenBank
(NCBI).
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Peszynomamur: Tlouck TeHOB, CBA3aHHBIX C KaTaOOJM3MOM CTEPOHIOB, MO3BOJMI
BBISIBUTh B 64 OakTepuainbHBIX TeHOMax He MeHee 30 TeHOB, CXOXHX C TCHaMH,
aCCOIMMPOBAHHBIMUA C KaTaOONM3MOM CTepuHOB He MeHee yem Ha 50 %. M3 Hux
21 otHocuimch K poay Rhodococcus, 16 — k poay Streptomyces, 6 mraMMoB — K poy
Gordonia, 4 — k poxy Actinomadura u 3 mramma — k poxy Amycolatopsis. B stoii
rpyIIe TaKKe MPUCYTCTBOBaIM mpeacTaButean pogo Mycolicibacterium, Nocardia,
Saccharopolyspora, Couchioplanes, Nocardioides, Actinocorallia, Actinoplanes u
Crossiella. Ot 20 o 29 Takux reHoB ObUIO OOHAPY)KEHO y OOJBIIOTO KOJMYECTBA
mramMMoB (Tabn. 1). KonwuecTBO mTaMMOB, y KOTOPHIX HAaWJCHO 3HAYMTEIBHOC
KOJINYECTBO TEHOB, CXOXKHUX C TCHaMH KaraboJM3Ma >KEIYHBIX KHUCIOT, ObLIO
3HAYUTEILHO MeHbIIe (cM. TaOu. 1). MeHblne Bcero ObUIO OOHAPYXKEHO IITAMMOB,
00Ja1aloNMX 3HAYUTEIBHBIM KOJMYECTBOM TI'€HOB, CXOXHX C TEHaMHU Kjactepa
Karabomu3Ma JuocreHnHa (cM. Tabi. 1).

Taﬁnuua 1. KoandecTBO BBISBIICHHBIX IITAMMOB C PA3JIMIHBIM KOJIHNYCCTBOM I'CHOB,
aACCONMMUPOBAHHLBIX C KaTaboIu3MOM CTCPOUIHBIX COCIUHECHUMN

KonnuecTBo reHOB, CX0XKHUX C KonmnyecTBo OakTepHaIbHBIX IITAMMOB, Y KOTOPBIX
pedepeHcHbIMU reHaMH BBISIBJICHBI T€HbI, CXOXKHE C TeHAMHU KaTaboan3Ma
He MeHee 4eM Ha 50 % CTEpUHOB JKEITYHBIX KUCIIOT JIMOCT€HUHA
10-19 20 3 23
20-29 98 18 3
>30 64 15 1

Buvigoowi: Cozpgana aBroMatusupyromas padbory BLAST+ mporpamma
blastconductor.pl, mo3Bossromas ObICTPO W MPOCTO OCyIecTBIATH N Silico
MOUCK 3HAYUTEIILHOTO KOJMYECTBA T'€HOB B OOJBIIOM KOJIMYECTBE T'€HOMOB.
HaiineHo 3HauMTENbHOE KOJUYECTBO OaKTEpUANIbHBIX IITAMMOB, 00JIaaroUX
TeHAaMH, CBS3aHHBIMH C KaTaOOIU3MOM CTEPOHMIIOB, KOTOpPHIE MOTYT OBITH
UCMOJb30BaHbl NPU CO3JAHUU IITAMMOB, 33JCHCTBOBAaHHBIX B IOJIyYE€HUH
CTEPOUAHBIX COCTUHEHUM.

Qunancuposanue. PaboTa BbIOJHEHAa MpU  (PUHAHCOBOM  MOAJEpiKKe
Poccwuiickoro Hayunoro ¢onpaa (mpoekt Ne 21-64-00024).
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Motivation and Aim: The full-genome sequencing technologies development had opened
up the possibility of in silico searching for organisms with certain properties. Such a
search can be carried out using the BLAST+ program. Working with this program can
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be relatively easily automated using mini-programs written in the Perl programming
language. One of the areas in which such an automated BLAST+ search can be applied
is the search for bacteria possessing steroid catabolism enzymes. Steroid compounds are
actively used in various fields of medicine, as well as in veterinary. Biotechnological
methods are actively used in the production of such compounds. Strains used in
biotechnological processes can be obtained using genetic engineering methods from
bacteria possessing steroid catabolism enzymes.

Methods and Algorithms: To automate the operation of the BLAST+ program, the pro-
gram which was named blastconductor.pl was written in Perl language. This program
uses nucleotide sequences of genomes and amino acid sequences of reference proteins.
It starts the alignment of each genomic sequence with each reference sequence using the
BLAST+ program in tblastn mode. The result of each alignment is saved as a temporary
file. From each such file the program extracts the following information: length of the
reference sequence; number of identical amino acids for each aligned region; e-value
and others. The selection and analysis of aligned sequences are carried out. The results
are saved as separate files. To search for steroid catabolism genes, in addition to the
blastconductor.pl program described above, the BLAST+ program version 2.11.0 was
used, as well as the amino acid sequences of 230 reference proteins, which associated
with catabolism of sterols (111 sequences), bile acids (46 sequences) and diosgenin
(73 sequences). An in silico search for genes associated with steroid catabolism was car-
ried out among 567 known prokaryotic genomes deposited in All-Russian collection of
microorganisms (VKM) IBFM RAS. All reference nucleotide and amino acid sequences
were obtained from the GenBank database (NCBI).

Results: The search for genes associated with steroid catabolism made it possible to iden-
tify at least 30 genes in 64 bacterial genomes that are similar to known genes associated
with sterol catabolism by at least 50 %. Of these, 21 belong to the genus Rhodococcus,
16 to the genus Streptomyces, 6 strains to the genus Gordonia, 4 to the genus Actino-
madura and 3 strains to the genus Amycolatopsis. Representatives of the genera Myco-
bacterium, Nocardia, Saccharopolyspora, Couchioplanes, Nocardioides, Actinocoral-
lia, Actinoplanes and Crossiella were also present in this group. From 20 to 29 such
genes were found in a large number of strains (Table 1). The number of strains in which
a significant number of genes similar to the genes of the bile acid catabolism were found
was significantly smaller (Table 1). The least number of strains were found with a sig-
nificant number of genes similar to the genes associated with the diosgenin catabolism
(Table 1).

Table 1. The amount of founded strains with different numbers of genes associated with the
catabolism of sterols, bile acids and diosgenin

The number of revealed bacterial strains possessing
The number of genes similar to the | genes similar to genes associated with the catabolism
reference genes by at least 50 % of
sterol bile acids diosgenin
10-19 20 3 23
20-29 98 18 3
> 30 64 15 1
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Conclusion: The program, which automates the operation of BLAST+, has been
created to quickly and easily perform in silico searches for a significant number
of genes, in a large amount of genomes. A significant number of bacterial strains
have been found that possessing genes associated with steroid catabolism, which
can be used in the creation of strain-biocatalysts involved in the production of
valuable steroid compounds.
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