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BIOIHO®OPMALIMHUMA AHAJII3
MOJIMOP®I3MY KOAYIOUHUX JLISHOK T'EHY
bla TEM Y IITAMIB ESCHERICHIA COLI
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Onunm 3 METOIB (byHIaMeHTaTbHUX
JIOCITIPKEHb  €BOJIIONIT  aHTHOIOTHKOPE3UCTEHTHOCTI €
Oioindopmaniitnuii aHami3 OakTepiaJibHOrO TE€HOMY 3
MPOBEACHHIM CKPUHIHTY TCHCTHYHHX €JICMEHTIB I
BUSIBJICHHSA BapiabeIbHOCTI HYKJICOTUHUX
MOCiIOBHOCTEH. [H(pOpMAILiF0 TPO CEKBEHCH TCHOMIB
CKOHIICHTPOBAHO y MiXKHapoaHux 6azax manux (GenBank,
ENA, DDBJ Ta in.). [Jlna anHamizy HOCTIIOBHOCTEH
HYKJICOTH/IIB  TEHIB  BHUKOPHCTOBYIOTHCS ~ MaKeTH
npukiaagaux nporpam «Vector NTI Advancey, «Profilesy,
«Blasty, «HMM» Ta iH., AKi I03BOJAIOTH BU3HAYUTH
KOHCEpBAaTHBHI ~ Ta  BapiaOelbHI  JTUISHKH  TCHIB
aHTHUOI0TUKOPE3UCTCHTHOCTI.  [IOpIBHSAUIBHMIA  aHaJi3
MOJICKYJISIPHO-T€HEeTHYHO1 MIHJIMBOCTI abo
KOHCEPBATUBHOCTI TCHOMHOT'O CEKBEHCY
BUKOPUCTOBYETHCSI  SIK  3PYYHHH  IHCTPYMEHT  JUIs
PO3YMIHHS 3aKOHOMIPHOCTEH EBOJIOIIITHOIO IMPOIECY
yepe3 BU3HAYCHHs (ioreHeTHYHUX 3B's13KiB. EBoutoniitna
iCTOpis, BCTAHOBJIEHA 32 Pe3yJibTaTaMu (DIIIOreHeTHYHOTO
aHamizy,  3a3BWYai, 300paxyeTbca Yy  BHUIIIAIOI
JIEPEBOIIOTIOHNX Jiarpam, SKi SIBISIOTh CO00I0 HMOBIpHE
poAOCHiB'sI CIaAKOBOCTI Mix siBuIinamu [1, 2].

ta blaSHV. IIpencrasurku pepmentis TEM i SHV (TEM-
1, TEM-2, SHV-1) 3aranom ckianaroTh 0iasm Hix 90 %
BCiX IUIa3MigHuX B-nakramas [5-8]. Buepuie miasmigaa -
nmakrtamaza TEM-1 BusiBiieHa y TpaMHETaTUBHUX OakTepiit
me Ha mo4atky 60-X pOKiB MHUHYJIOrO CTONITTS, a Ha
CbOTOJIHI BCTAaHOBJIIEHO Bxe Maibke 100 moxigHux
depmenty TEM-1, mo oOyMOBIICHO BapiaOelIbHICTIO
HYKJICOTHUHUX TOCIIOBHOCTEH B KOAYIOUMX MiJITHKAaX
reny blaTEM [9].

Metoro pociaigxeHHsi 0y/10 NpPOBEACHHS
OioindopmariiiiHoro  aHamizy  BapiaOeldbHOCTI  TEHY
antubiotukopesucTenTHocti blaTEM y mrramis E. coli.

Marepianu i meroau. s 6ioiHpopmMamniiHOTO
aHai3y BHUKOPHUCTOBYBAJM TIONMIYKOBY 0a3zy JaHHX
HykieinoBux kuciaor GenBank. ITomyk HykieoTHmHHX
nociaimosHocrei reny blaTEM mposoaumm y fasta-format.
Just anamisy mocunioBHOCTE# Hykimeotuais reny blaTEM
BHUKOPUCTOBYBAJIM MakeT MPUKIATHUX Iporpam “Vector
NTI Advance 11.0” MHoXHHHE BHPIBHIOBaHHS Ta HOTO
CTAaTUCTHYHHIA aHaJI3 /U1 BU3HAYCHHS KOHCCPBATHBHHX 1
Bapiabenpuux mimsHOok reHy bla TEM mpoBomwnu 3a
JIOTIOMOTOK0 ~ [IPOTPAMHOTO  KOMITOHEHTHOTO ~ MOJYJIIO
“AlignX[1, 2].

[IpoaHanizoBaHO HYKJICOTHIHI IMTOCIITOBHOCTI 21
cekBency reny blaTEM, suapinenux Binm mramis E. coli B
11 xpainax cBiry Ta 3apeectpoBanux y 0asi GenBank 3
1996 o 2019 pokwu.

Pe3yabTaTH n0cailxkeHb Ta iX 00roBOpeHHs.
MHOXHHHE BUPIBHIOBaHHS MTOCIITOBHOCTEH HYKJICOTHIIB
JIOCITI/DKEHUX — cekBeHCiB reHiB  bIaTEM  nosBoswmiio
BU3HAYHUTH SIK KOHCEPBATHBHI Tak 1 BapiaOeibHI IUISHKA
reHy.

BusiBiieHo 12 KOHCEpBaTHBHHMX MAUISIHOK TeHY

. S - blaTEM OBXHHOIO He MeHm 30 HYKICOTHIHUX
Bizomo, 1m0 ocHOBY Tepamii iH(peKuii, =i, JIOBX Haii6i yidIeoTIa
. HOCIIi IOBHOCTEH. aioinbII NPOTSKHUH 3a
BUKIIMKaHHX  CHTEpPOOAaKTepisiMH, CKJIAJalTh  Oera- JLOBHOC 134 .
. . TOMOJIOTIYHICTIO arMeHT TeH HYKJICOTH/IHI
naktamui antubiotnku [3, 4]. OcHOBHHM (akTopoM X ) bp Y ,__(5 29 6};2 A
: . i MOCIIi IOBHOCTI) 3HAXOAUBCS Y TO3MLIIT - HH (pHC.
(opMyBaHHS  PE3UCTEHTHOCTI  MIKPOOPraHi3MiB 110 ) Hﬂ . 6) e Y bl TEM i (p :
- . . . . . IIpo BapiabenpHicTh reny bla CBIJUMIIM TOYKOBI
3a3HAYEHO1 TPYIIH aHTUOIOTHUKIB € MPOIYKITisl PEePMEHTIB — ) p,“ p41 N y A . o
.. MyTarii MO3UII1 HYKJICOTHIHHUX IIOCIIIOBHOCTEH.
[B-makramas. Cepen B-makramaz  eHTepobaTepiit Hy”6L'I Y Il HyIJICoTHA A
. aiiOinpIl  reTeporeHHa JIUISTHKAa — IIpeJCTaBieHa
nominytots pepmentu rpyn TEM Tta SHV, o nos'szano o 697 717p 773Z[8 13 P 221 y
: o . . no3unisx 697-717 uu ta 773-813 uHH (puc. 2).
3 IUTA3MiHOKO JIOKai3aIi€ro Koayounx ix redis — blaTEM 1 (P )
529 330 540 550 560 570 580 590 600 610 620 £30 640 650 660 70
[TECCIORY 520| GACACCACGATCCCTGOAGCARTGECARCARCETTGCECARACTATTAACTGECEARCTACTTACTCTAGCTTCCCGGCARCARTTARTAGACTGEATGEAGECOEATARRETTECAGGACCACTICTGCECTCBABCCTTCN,
¥10281.1 | 520 GACACCACGATGCCTGCAGCART CECARCARC AT TG ECARACTAT TAACT GO EAACTACTTACT CTAGC T TCCC B G AR CAR T TARTAGACTC AT GEAGECEATARRETTECACEACCACTICTECGCTCEABCCTTCR:
K¥271103.1 | 529| GACACCACGATGCCEGCAGCAATGGCAACAACGTTGCGCARRCTATTARCTGECGARCTACTTACTCTAGCTTCCCGRCARCARTTANT AGACT GEATGGAGGCGEATARAGT TGCAGGACCACTTCTGCGCTCGEECCTTCCE
K¥418040.1 | 529| GACACCACGATGCCEGCAGCAATGGCAACAACGTTGCGCARRCTATTARCTGECGARCTACTTACTCTAGCTTCCCGRCARCART TANT AGACTGEATGEAGGCGEATARAGT TGCAGGACCACTTCTGCGCTCGEECCTTCCE
FR848831.1 | 529 GACACCACGACGCCEGCAGCAATGECAACARCGTTGCGCARACTATTAACTGECGAACTACTTACTCTAGCTTCCCGRCARCARTTAATAGACTGEAT GEAGGCGEATARAGT TGCAGEACCACTICTGCGCTCGEECCTICCE
KC149518.1 | 52| GACACCACGACECCTGCAGCARTGECARCARCETTGCGCARACTATTAACTGECGRACTACTTACTCTAGCT TCCCGECARCAR T TARTAGAC TG GATGEAGGCEGATARAGTTGCARGACCACTICTGCGCT CERECCT TR,
KV432403.1 | 520| GACACCACGACGCCTGCAGCART GGCARCARCETTCCGCARACTATTAACTGECEARCTACTTACTCTAGCTTCCCGGCARCARTTAATAGACTGEATGEAGECEEATARRGTTGCAGEACCACTICTGCGCTCEEECCTICN:
KM114268.1 | 529| GACACCACEATGCCTCCARCARTGECARCAR T TCOGCARACTAT T TG GCCAR CTACT TACTCTAGC T TCC A CAACAR T TAATAGA CTGGATGEACGCOEATARATT GCACGACCACTTCTGCGCTCERECCT R
MH133325.1 | 520 CACACCACGACECCCE0AGCART CECARCARCET TG G CARACTAT TAACTCaCEAACTACTTAC T CTAGC TTCCC B G AR CAR T TARTAGACTCEATGAACECEATARRETTECACEACCACTICTECGCTCEA8CCTTEN:
MH270416.1 | 520 CACACCACGARCCCRGCAGCART CoCARCARC BT TG ECARA AT TAACT GO EAACTACTTACT CTAGC T TCC OB G AR CAR T TATAGACT AT GEAGECEATARRETTECACEACCACTICTECGCTCEAECCTTCN:
F1405211.1 | 529 GACACCACGARGCCIGCAGCAATGECARCARCGTTGCGCARACTATTAACT GGCGARCTACTTACT CTAGCTTCCCGECARCART TARTAGACT GGAT GEAGGCGGATARAGT TGCAGGACCACTICTGCGCTCGGECCTICCE
F1668751.1 | 528| GACACCACGARGCCIGCAGCARTGGCAACAACGTTGCECARACTATTAACT GECGARCTACTTACT CTAGCTTCCCGRCARCARTTAATAGACT GEAT GEAGGCGEATARAGT TGCAGRACCACTICTGCGCTCGRECCTTCCE
KP012538.1 | 529 GRCACCACGATGCCIGCAGCAATGGCARCARCGTTGCGCARACTATTAACT GECGARCTACTTACT CTAGCTTCCCGGCARCART TART AGACTGGAT GGAGGCGGATARAGT TGCAGGACCACTICTGCGCTCGGECCTICCE
KCB18234.1 | 52| GACACCACGATGCCTCCAGCARTGECARCARCETTGCGCARACTATTAACTGECGAACTACTTACTCTAGCTTCCCGECARCAR T TARTAGACTGGATGEAGGCEGATARAGTTGCARGACCACTICTGCGCT CERECCT TR,
FI197316.1 | 529| GACACCACGATCCCIGCAGCARTGECARCARCETTGCGCARACTATTAACT GGCCARCTACTTACT CTAGCTTCCCRGCARCART T ARTAGACTCGATGEACECGRATARAG T TECAGGACCACTICTGCGCTCEEECCTTCN
KC783461.1 | 520| GACACCACGATCCCTCCAGCARTCECAACARCET T CoCCARA CTAT TACTGECEAACTACTTACTCTAGCT TCCCECARCARTTARTAGA CTGCATGEAGGCOAATARATT CCACGACCACTTCTGCGCTCERECCT TR
KF044358.1 | 52| GACACCACEATGCCTCCARCARTGECAACARCET TG CGCARAC TAT TAC T GGCCARCTACT TACTCTAGC T TCC G CAACAR T TARTAGA TG GAT CCAGGCOEATARRTT CCACGACCACTTCTGCGCTCEAEECTTCCE
KV646301.1 | 520| CACACCACGATGCCTGEAGCART CECARCARC AT TG ECARACTAT TAACT GO EAACTACTTACT CTAGC TTCCC B G AR CAR T TAATAGACTCCAT GEAGECOEATARRETTECACEACCACTICTECGCTCEETCCTTCN:
KP050492.1 | 529| GACACCACGARGCCIGCAGCAATGGCARCARCGTTGCGCARACTATTAACT GECGAACTACTTACT CTAGCTTCCCGRCARCANT TARTAGACT GGAT GEAGGCGGATARAGT TGCAGGACCACTICTGCGCTCGGECCTICCE
JA310327.1 | 529| GACACCACGARGCCEGCAGCAAT GECAACARCGTTGCGCARACTATTAACT GECGAACTACTTACTCTAGCTTCCCGRCARCARTTAATAGACTGEAT GEAGGCGEATARAGT TGCAGEACCACTICTGCGCTCGRECCTTCCE
MG821377.1 | 529| GACACCACGATGCCIGCAGCARTGGCARCAACGTTGCGCARACTATTAACT GECGARCTACTTACT CTAGCTTCCCGGCARCARTTAAT AGACT GEATGEAGGCGEATARAGT TGCAGEACCACTICTGCGCTCGEECCTTCCE

Puc. 1. Bikno Bizyamizanii ginsaku cekpency rery blaTEM E. coli (mo3wmitist Big 529 H 10 672 H)
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695 700 710 720 750 760 770 780 790 200 210
D(38888 605| AATCTGEAGCCARTGAGCGTGEATCTCGLRS GGGEECCAGATGETARGCCCTCCCATATCETARI TATCTACATGACGGEGAGTCAGGEARCTATGGAT GARCGARR

¥10281.1 | §95| AATCTGEAGCCAGTARGCGIGEATCTCGCGE
KY271103.1 | 695| AATCTGEAGCCGETGAGCGIGGATCICGCGE
KY418040.1 | 695| AATCTGEAGCCABTGAGCGIGGATCICGCGE
FR848831.1 | 695| AATCTGEAGCCGETGAGCGIGGETCTICGCGE
KC149518.1 | 695( AARCTGGAGCCERETGAGCETGEEICTCGCGGTATCATTGCAGCACT
KY432403.1 | 695| AATCTGGAGCCAGTGAGCGIGGEICTCGCGE
KM114268.1 | 695| RATCTGGAGCCGRT GAGCGIGERICTCGCGGTATCATTGCAGCACT
MH133325.1 | 695 RATCTGGAGCCGETGAGCGIGGEICTCGCGE
MH270416.1 | 695 RATCTGEAGCCGETGRGCGIGEEICICGLEE
F1405211.1 | 695| RATCTGGAGCCGGT GAGCGIGEGICTCGCGE
F1668751.1 | 694| AATCTGGAGCCGGT GAGCGIGEGICTCGCGE
KP012538.1 | 695( AARCTGGAGCCEET GAGCETGEETI CTCGCEGTATCATTGCAGCACT
KC818234.1 | 695( AATRCTGGAGCCEETBEECETGERICTCGORE
F1197316.1 | 695| AATCTGGAGCCEGT GAGCGIGERICTCGCGGTATCATTGCAGCACT
KC783461.1 | 695 AARCTGGAGCCEREIGAGCEIGERICTCGCRE
KF944358.1 | 695| AATCTGEAGCCEGT BAGCGIGERICTCECGE
KY646301.1 | 695| AATCTGGAGCCAGTGAGCGIGGEICTCGCGE
KP050492.1 | 695 RATCTGGAGCCEEIGAGCETIGERICTCGCRE
JX310327.1 | 695| RATCTGCAGCCGETGAGCGIGGEICICGCEE
MG821377.1 | 695| RRACTGEAGCCGGTGAGCEIGEGICTCGCGE
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GGGGCCAGATGGTAAGCCCTCCCATATCGTAGTTATCTACACGACGGEGAGT CAGGEAACTAT GGATGAACGAAR
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GGGGCCAGATGETAAGCCCTCCCGTATCGTAGTTATCTACAT GACGGEGAGT CAGGEAACTAT GGATGRACGARR

TGGTAAGCCCTCCCGTATCGTAGTTATCTACAT GACGEEGEET CAGGEAACTAT GGAT GRACGARA'
TGGTAAGCCCTCCCATATCGTAGITATCTACAT GACGEEEAGT CAGGCARCTAT GGAT GRACGARA
TGGTAAGCCCTCCCATAT CATAGI TATCTACACAACGEEEAGT CAGGEARCTATGGAT GRACGARA

TGGTAAGCCCTCCCATAT COTAGI TATCTACACAACGEEGAGT CAGGEARCTATGGAT GRACGARA

GATGETAAGCCCTCCCGTATCGTAGITATCTACACGACGGTGAGT CAGGCARCTATGGAT GRACGRAL
GATGGTAAGCCCTCCCGTATCGTARITATCTACACGACGGRGAGT CAGGTAACTATGGAT GRACGRAL
GATGGTAAGCCCTCCCGTATCGTATTTATCTACACGACGGGEGAGT CAGGCAACTATGGATGAACGRAL
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GATGGTAAGCCCTCCCGTATCGTAGITATCTACACGACGEEGAGT CAGGEAACTATGGATGRAGCRAR
GATGGTARGCCCTCCCGTATCGTAGITATCTACACGACGEEGAGT CAGGCAACTAT GGAT GRACGRRR

CRRARCCACE
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TGGTAAGCCCTCCCGTATCGTAGITATCTACACGACGEEGAGT CAGGCAACTAT GGAT GRACGRRR
TGGTAAGCCCTCCCATATCETAGITATCTACACGACGEEEAGT CAGGCARCTAT GGAT GRACGARA

TGGTAAGCCCTCCCATAT CATAGI TATCTACACAACGEEEAGT CAGGEARCTATGGAT GRACGARA

GATGETAAGCCCTCCCGTATCGTAGITATCTACACGACGGEGAGT CAGGCARCTATGGAT GRACGRAL
GATGETAAGCCCTCCCGTATCGTAGITATCTACACGACGGEGAGT CAGGCARCTATGGAT GRACGRAL

RrERCCAR

GlrLLAGA

TGETRAAGCCCTCCCGTATCGTARTTATCTACACGACGAGEGAGT CAGGCALCTAT GGATGRAACGAAR

Puc. 2. BikHo Bi3yamizariii giasHKE cekBency reny blaTEM E. coli (mosuist Bix 695 H 10 815 H)

Myrarii npoananizoBanux rexis blaTEM E. coli
Oynu OOYMOBIICHI MEPEBAXKHO TPaAH3UIISIMU (3aMiHa
MYPUHOBUX OCHOB Ha IMypUHOBI a00 MIpUMIJMHOBHUX Ha
MpUMIIHHOBI), siKi ckiaganu (60,5 %). Myrauii y Burisi
TpaHCBepcii (3aMiHa MyPHUHOBHUX OCHOB Ha MipUMIJIWHOBI
Ta HaBmaku) ckiananu (37,2 %), neneuii — (2,3 %).

CTymiHb CIIOPITHEHOCTI MPOaHalli30BaHUX HaMHU
cekBeHnciB reny bIaTEM mpeacraBieno y  Burisimi

JeHaporpamu (puc. 3).

Ha ¢inorenernaHOMy IpeBi MPEICTaBICHO TPHU
BepxHio mo3wuito
JICHApOrpaMu 3aiiMae Kiactep, chOpMOBAaHHH HOTHpMA
cyOKkiacTepamu, siKi BKJIFOYAJIH B ce0Oc BICIM CEKBEHCIB
reny blatem (DQ388882.1; Y10281.1;
KY418040.1;, FR848831.1; KC149518.1; KY432403.1;
KM114268.1), BumimeHux y kpaiHax €ppomn — 2y
Opanmii 1 mo omaomy y [ombmi, Himewuwni, AHCI,
Hopryranii, Irtami ta Hinepnanmax. [axuii kmactep
XapaKTepu3yBaBCsl 3HAYHOIO KUIBKICTIO EBOJIIOIIMHUX
noxi (Big 4 1o 9), noB's3aHUX 3 3aMiHAMU HYKJICOTHIHUX
MOCJIIZIOBHOCTEH, 110 Ha JAEHApOrpami IpeACTaBICHO
JIMBEPTEHITIEI0 T1TOK (QiIOreHETHIHOTO JIPEeBa.

CEepelHIO  TIO3HIII0
JIEHAPOTPaMH, TPEICTABICHO M'ATbMa (iJOTeHETUIHUMHU
rinkamu. JlaHW# KiacTep BKIIIOYAa€ CEKBEHCH TEHIB

YMOBHHUX T'CHECTUYHHUX KJIACTCPH.

Knacrep, sxuii 3aiimae

DOI: 10.5281/zenodo.3885218

KY271103.1;

blaTEM. (KM114268.1, MH270416.1, FJ405211.1,
FJ668751.1, KP012538.1), Buamineni y Kopei, Kwurai,
Himeuunni ta IHaii. ¥ mepeBakHOi O1BIIOCTI CEKBEHCIB
3a3HAYCHOTO KJIACTEPy BCTAHOBICHO 1-2 HYKICOTHIHI
3aMiHH.

HwkHs mO3UIlis JEHIpPOrpaMH CKJIAJIaeThCs 13
cexBencie reniB bIaTEM, (KC818234.1, FJ197316.1,
KC783461.1, KF944358.1, KY646301.1, KP050492.1,
JX310327.1, MGS821377.1), mo XapaKTepH3yBaIUCh
BUCOKHM CTYIICHEM CIOPiIHEHOCTI Ta HE3HAYHOIO
KUTBKICTIO 3aMiH HYKJICOTHIHUX ITOCITiTOBHOCTEH. 3HAUHA
KUTBKICTh (75 %) cexBerciB BumineHa y CIIIA ta Kurai.

BucHoBku

1. 3a pesynbpraTamMu OPOBEICHOrO Oi0iH(GOPMAIIHHOTO
aHaJi3y BCTAHOBJICHO, 110 HYKJICOTHJHI ITOCIiIOBHOCTI
redy blIaTEM E. coli B icropuunoMy acrmekTi 3a3HaH
JIEKITBKOX CBONIOIIMHUX TUBEPTeHIIN, Ta HAOYIH O3HAK
TeTePOreHHOCTi, 1IN0, BOYEBHIb, OOYMOBIIOE TMOSBY
BEJIMKOI KiIbKOCTI pi3zHOBUIB reHy blaTEM.

2. TomonoriuyHi  MOCHZOBHOCTI  HYKJICOTHIIB Y
Jocrnimkennx cekseHcax redny blaTEM E. coli € ocHoBoro
B KOHCTPYIOBaHHI CHCTEMH TpailMepiB AJs BUSBICHHS Y
E.coli rewiB pesucreHTHOCTI 10  [P-TaKTAMHHX
AHTHOIOTHKIB ~METOAOM  IONIMEpa3Hoi  JIAHIFOTOBOI
peaxiii.
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00338832, 1(0.0022)

KY271103.1(0.0022)

FR848331.1 (0.0045)

KC149518.1 (0.0013)

K¥432403.1(0.0022)

MH133325.1 (0.0028)

102311 (0.0038)

K¥418040.1 (0.0041)

KM114268.1 (0.0025)

F1405211.1 (0.0012)

Fls63751.1 {0.0000)

KPO12538.1(0.0023)

KY646301.1 (0.0033)

ME821377.1(0.0023)

KC313234,1(0.0012)

F1197316.1(0.0012)

KC733461.1 (0.0008)
Lwe%ass. 1{0.0017)

KP050432.1 (0.0012)

J%310327.1(0.0023)

MH270416. 1 (0.0070)

Puc. 3 — lenaporpama cexsencis reny blaTEM E. coli
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Bioinformation analysis of polymorphism of the
blaTEM gene coding regions in Escherichia coli strains
Peretyatko O.G., Yagnuk Y.A., Sklyar N.I.,
Bolshakova G.M., Cholodna T.V.

Bioinformation analysis of the bacterial genome with
screening of genetic elements to detect variability of
nucleotide sequences is one of the methods of antibiotic
resistance evolution fundamental research. Comparative
analysis of the molecular genetic variability or genome
sequence conservatism is used as a convenient tool for
understanding patterns of the evolutionary process
through definition of the phylogenetic relationships. The
aim of the study was to conduct a bioinformation
analysis of the variability of the antibiotic resistance
blaTEM gene in E. coli strains. Materials and methods.
The GenBank nucleic acid search database was used for
bioinformation analysis. The search for nucleotide
sequences of the blaTEM gene was performed in fasta-
format. "Vector NTI Advance 11.0" software package
was used to analyze the nucleotide sequences of the
blaTEM gene. Multiple alignment and its statistical
analysis to determine conservative and variable regions of
the blaTEM gene was performed using software
component module “AlignX”. Nucleotide sequences of
the 21 blaTEM gene sequences isolated from E. coli
strains in 11 countries and registered in the GenBank
database from 1996 to 2019 were analyzed. Research
results and discussion. Multiple alignment of the
nucleotide sequences of the studied blaTEM gene
sequences allowed to determine both conservative and
variable regions of the gene. 12 conservative regions of
the blaTEM gene with a length of at least 30 nucleotide
sequences were identified. The longest homologous
region of the gene (144 nucleotide sequences) was found
at the 529 - 672 nn position. blaTEM gene variability was
evidenced by point mutations at 41 positions of the
nucleotide sequences. The most heterogeneous region was
found at the 697-717 nn and 773-813 nn positions.
Mutations in the analyzed E. coli blaTEM genes were
caused by transitions (60,5%), transversions (37,2%) and
deletions (2,3%). The degree of relatedness of the
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analyzed blaTEM gene sequences is presented in the form
of a dendrogram. The phylogenetic tree shows three
conditional genetic clusters. The top position of the
dendrogram is occupied by the cluster that includes eight
blaTEM gene sequences, isolated in European countries:
2 - in France and one each - in Poland, Germany,
England, Portugal, Italy and the Netherlands. This cluster
was characterized by a significant number of evolutionary
events (from 4 to 9) associated with nucleotide sequence
substitutions, which is represented on the dendrogram by
the divergence of the phylogenetic tree branches. The
cluster which occupies the middle position of the
dendrogram is represented by five phylogenetic branches.
This cluster includes blaTEM gene sequences isolated in
Korea, China, Germany and India. 1-2 nucleotide
substitutions were identified in the majority of the
sequences in this cluster. The lower position of the
dendrogram consists of blaTEM gene sequences
characterized by a high degree of relatedness and a small
number of nucleotide sequence substitutions, a significant
number of sequences were isolated in the United States
and China (75%). Conclusions. Results of the
bioinformation analysis showed that the nucleotide
sequences of the E. coli blaTEM gene have historically
undergone several evolutionary divergences and acquired
signs of heterogeneity, which apparently causes the
emergence of a large number of species of the blaTEM
gene.
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