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Aim. B. thuringiensis (Bt) are gram-positive spore-forming aerobic or facultative anaerobic bacteria able
to form during sporulation species specific crystal-like inclusions of protein nature, consisting of
particular thermolabile 3-endotoxins. Serological Bt variants produce different entomotoxins; their
synthesis in many respects depends on the conditions of cultivation. There was accumulated a vast

information on the entomotoxins, their origin, synthesis, structure, toxic properties and mechanisms of
action on insects. These bacteria are dominating in the microbiomethods of pest control in plants and
animals. There are more than 70 serovariants of Bt selectively specific to the definite groups of host insects.
However, the description of new variants not always looks justified considering the phylogenetic
systematization based on phenotype signs. Methods. A comparative phylogenetic analysis of the Bt
intraspecific interrelations was performed on the basis of the cloned 16S rRNA genes of entomopathogenic
bacteria BtH, BtH,, BtH,, Results. The phylogenetically homogeneous lines were investigated — a
homology of 16S rRNA of the strains 1 and 10 ranged from 90,0 to 94,0 %, no distinct genetic isolation
among the strains of 14" and 10" serovars was revealed. Conclusions. The comparison of nucleotides
sequences of 16S rRNA has shown the existence of strains polymorphism within the group of
entomopathogens BtH, BtH,, BtH,, connected with their entomocide activity.
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Introduction. The use of genome or its fragments in
the systematization of microorganisms is of special
importance due to its relative conservatism compared
to any other features; besides, genetic differences better
reflect evolutionary formed relations between
microorganisms, which makes them a good foundation
for modern classification of bacteria.
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The application of the methods of evaluating
genetic similarity (comparative DNA analysis and
analysis of amino acid sequences of proteins) allows
extending the possibilities of researchers in creating
molecular evolutionary systematics and phylogeny of
bacteria. The phylogeny of a group of organisms is
traditionally presented in the form of hierarchic “tree”,
reflecting possible evolutionary relations [1, 2]. The
application of molecular and genetic approaches in
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The list of Bacillus thuringiensis strains, used in the study

Abbreviated name
(according to the

Variant Serovariant Number of strains catalogue of Institute Functional group
Pasteur)
thuringiensis 1 THU I
darmstadiensis 10a, 10b DAR v
israelensis 14 ISR v

microbiology resulted in the establishment of several
directions in the systematization of bacteria, in
particular, the formation of  phylogenetic
systematization of bacteria, identification of strains
using phylogenetic and phenotypic information, and
detection of microorganisms in the environment
without their cultivation. It allows controlling the
purity of biopreparations, based on active,
technological strains, and monitoring cultures in
corresponding conditions. There is a need for
foundation of further studying on genotype of cultures,
promising for biotechnologies, as well as for the search
and detection of genes, predetermining high biological
activity.

B.  thuringiensis (Bt) are  gram-positive
spore-forming aerobic or facultative anaerobic
bacteria able to form species specific crystal-like
inclusions of protein nature, consisting of particular
thermolabile d-endotoxins, during sporulation.
Serological Bt  variants  produce  different
entomotoxins; in many respects their synthesis
depends on the conditions of cultivation. There was
accumulated a vast information on the entomotoxins,
their origin, synthesis, structure, toxic properties, and
mechanisms of their action on insects.

Bt strains are pathogenic for larvae of Colorado
potato beetle, younger larvae of Mamestra brassicae,
Pieris brassicae, Plutella maculipennis, Phyllotreta
atra F. and Brevicoryne brassicae on vegetables. They
are highly remarkable for their activity against
populations of Yaponomeuta padellus L., Hyphantria
cunea Drury, Archips crataegana Hb., Malacosoma
neustria L., Ocneria dispar L., Dendrolimus pini L., D.
sibiricus, Operophtera brumata Cl., Erannis difoliaria
L., Euproctis chrysorrhoea, E. karghalica M. on fruit

trees; Tetranychus urticae Koch., T. telarius L. on
cucumbers in protected soil; caterpillar of Loxostege
sticticalis L. on beets, carrots, cabbage, sunflower and
permanent grasses; caterpillar of Tortrix viridana L. on
vineyards and many other pests [3].

Therefore, Bt are dominating in the
microbiomethods of pest control in plants and animals.
There are more than 70 serovariants of Bt, selectively
specific to the definite groups of host insects. However,
the description of new variants does not always seem
justified considering the phylogenetic systematization
based on phenotype features.

The current work is aimed at phylogenetic analysis
of various serological variants of entomopathogenic Bt
bacteria, isolated from natural populations of insects,
which is based on the study on polymorphism of
nucleotide sequences of 16S rRNA genes.

Materials and Methods. The different strains of
entomopathogenic Bt bacteria, isolated from natural
populations of insects, were used in the work, namely,
exotoxinogenic Bt var. thuringiensis (BtH,), Bt var.
darmstadiensis (BtH,), Bt var. israelensis (BtH,,)
(Table).

The DNA of entomopathogenic bacteria was
extracted using the method, described in [4]. After
electrophoretic separation in 1% agarose gel the
samples of DNA obtained were visually detected as
described in [5]. Polymerase chain reaction (PCR) for
16S rRNA was performed according to the standard
procedure in the amplifier BioRad My Cycler, using
oligonucleotides SSU-642-F
HAATHYGTGCCAGCAGC  and  SSU-1445-R
GTCRTCCYDCCTTCCTC. After extraction from 1%
agarose gel the products of amplification were used for
cloning in vector pAL-TA [6, 7].
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Bacillus thuringiensis serovar thuringiensis |
Bacillus thuringiensis serovar darmstadiensis 1
Bacillus thuringiensis serovar thuringiensis 2

Bacillus thuringiensis serovar darmstadiensis 2

Bacillus thuringiensis serovar darmstadiensis 3
Bacillus thuringiensis serovar thuringiensis 3

Bacillus thuringiensis serovar thuringiensis 4

Bacillus thuringiensis serovar israelensis |
Bacillus thuringiensis serovar darmstadiensis 4
Bacillus thuringiensis serovar israelensis 2
Bacillus thuringiensis serovar thuringiensis 5

Bacillus thuringiensis serovar israelensis 3

Phylogenetic interrelation of Bt variants, based on the analysis of sequences of 16S rRNA genes

Automatic sequencer CEQ 8000 Genetic Analysis
System (Beckman Coulter, USA) was used to analyse
nucleotide sequences and to check their identity to
corresponding sequences of 16S rRNAs of various Bt
variants from the GenBank database. Obtained
nucleotide sequences were used to build the
dendrogram and to estimate the similarity of
serological variants by Vector NTI Advance 8.0
software.

Results and Discussion. The phylogenetic
analysis is based on the comparison of genes or
proteins, similar in structure or functions, starting with
their primary sequences. The analysis of 16S rRNA
proved to be a more efficient molecular and taxonomic
means in evaluating genetic variety and relations
between bacterial kinds (serotypes) of Bt
entomopathogens, compared to approaches, based on
phenotypic data (e.g. serotyping by H-antigen).
However, it is noteworthy that reconstructions of
phylogenetic relations between strains, conducted on
the basis of different molecular data are not always in
good agreement with “morphological” classification or
among themselves. The main reasons of divergence of
morphological and molecular reconstructions are based
on the fact that only a small part of genetic information,

242

enclosed in the genome of the organism, is revealed on
the morphological level. The combination of data of
the study on 16S rRNA may be used to obtain visually
evident fingerprints and to confirm species
membership of strains and phylogenetic interrelations
inside the specific species.

The dendrogram, built on the basis of data obtained
(Figure), demonstrates existing interrelations between
Bt strains of the 1%, 10", and 14" serotypes. Almost all
Bt types may be divided into groups; they demonstrate
phylogenetic similarity, however, there are some
evident isolated variants. The topology of dividing
bacilli types on the dendrogram testifies to the
existence of three main clusters, corresponding to six
genotypes. The comparison of Bt strains showed that
genetically-wise there are three closely-related
genotypes of the first cluster with the similarity level of
90.0-93.5% (BtH, (thuringiensis), demonstrating
entomocide activity regarding Lepidoptera, and BtH
(darmstadiensis), active against Coleoptera. Thus,
genetic homology of entomopathogenic strains is also
confirmed by the spectrum of their entomocide
activity.

The BtH,, (israelensis) strains, affecting the larvea
of Culicidae, gnat and herbovorous mosquitoes
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(Cricotopus silvestris, Licoriella fucorum, etc.) are in
the second and the third clusters with the smallest
similarity level of 16S rRNA (less than 70%
homology). It is noteworthy that the unique effect of
israelensis bacteria on the larvae of dipterans,
including larvicidal effect, is solely related to the
specificities of their crystalline endotoxin.

Bt strains, producing various sets of entomotoxins,
may vary greatly in their biological activity regarding
susceptible insects or show considerable similarities,
e.g. some mosquitocide strains, etc. The
entomopathogens of the same type are known for their
frequently observed similar set of pathogenicity factors
as well as for similar biochemical and genome
characteristics. However, the descendants of different
clones of the same type are specific for some variability
both on genotype and phenotype levels.

Therefore, the molecular and genetic analysis of
BtH,, BtH,, BtH,, based on the comparison of
nucleotide sequences of 16S rRNA, revealed existence
of strain polymorphism within the group of
entomopathogens. The differences, defined by
morphological, physiological and biochemical, and
serological characteristics of Bt strains, allow making
an interim conclusion on their belonging to at least two
phylogenetically homogeneous lines. The similarity
level of 16S TRNA of strains of the 1™ and 10" serotypes
is 90.0-94.0%. There was no distinct phylogenetic
isolation revealed between the strains of the 10" and
14" serotypes. The reliability of phylogenetic results
will depend greatly on the combination of various data
which will give a possibility in future to influence the
congruence of phylogenetic trees, statistical support,
and definition of their branches, eliminating the
systematic error.

T. U. Ilamwvika, H. B. [lamwvixa, B. ®. [lamuvixa

DUIOTeHETHYECKHE B3aUMOCBSI3H CCPOJIOTMYCCKUX BapHUAHTOB

Bacillus thuringiensis

ILlenw. B. thuringiensis (Bt) — epamnonoscumenvhsie cnopoobpasy-
owue aspobuvie uiu GakyibmamueHo aHa’spobHvie baxkmepuu,
cnocobHvle 8 npoyecce CROpyasyuU 00paz08vl8ams UOOCneyuUdu-
yecKkue KpucmanioodpasHvle @KIOUeHUs GeIKo8ol npupoosl, co-
cmoawue U3  0COOLIX  MEPMONAOUNLHBIX — O-IHOOMOKCUHOS.
Ceponocuueckue eapuanmsl Bt npodyyupyiom pasmvle SHMOMO-
MOKCUHbL, UX CUHIME3 60 MHO20M 3AGUCUIN O YCAOGULL KYIbMUBUDO-

eanus Kyrobmypul. Haxonnen 6oeamuiii hakmuyeckuti mamepuan o
NPOUCXONCOCHUU IHMOMOMOKCUHOG, YCIOBUAX CUHMe3d, Cmpoe-
HUU, cOCMage, MOKCUYECKUX CEOUCMBAX U MEXAHUIMAX Oetcmeus
Ha Hacekomblx. Bt npuobpenu domunanmuoe nonodxceHue 8 MUKpo-
buomemoode 6opvoObL ¢ BpeduUmenAMU pacmeHUll U HUeOMHuIX. B Ha-
cmosiujee 8pems cyujecmeayiom pasHosuonocmu Bt ¢ bonee uem 70
sapuanmax (cepomunax), usoOUpamenbHoO cneyupuUUHsIX K onpeoe-
JIeHHOMY Kpy2y xo03se6-Hacekombix. OOHAKo onucanue HOBbIX pa3-
HOBUOHOCHEN He 6ce20a 8bl2NA0UM ONPABOAHHBIM C MOYKU 3PeHUs
Gunozcenemuueckol cucmemMamuru, OCHOBAHHOU HA penomunuyec-
Kux npusnaxax. Memoowvl. Ha ocnoge kronupogannvix 2enoe 16S
pPHK sumomonamozennvix bakmepuii BtH1, BtH10, BtH14 npose-
0eH cpasHUmMenbHbll PUIo2eHemUu4eckKull anaius 6HYmpueUOO8blx
szaumocesseti Bt. Pesynvmameut. [Ipociedcenvi puiocenemuuecku
00HOPOOHbLE uHUU (YyposeHb cxoocmea 16S pPHK wmammos 1-20
u 10-20 cepomunos cocmaensem om 90,0 0o 94%,; omuemaugoii ce-
Hemuueckou 06ocobiennocmu cpedu wmammosg 10-20 u 14-2o0 ce-
pomunog He gvisgneno). Borgoowr. Ilpu cpasnenuu nykneomuonwix
nocnedosamenvuocmeii no 16S pPHK ycmanosneno cywecmeosa-
HUe WMamMmo8020 NOAUMOPPUIMA GHYMPU 2PYRNbL IHMOMONAMO-
eenos BtHI, BtHI10, BtHI14, ceészanno2o ¢ ux 3HMOMOYUOHOU
AKMUBHOCMBIO.

Kuwouesvie crosa: ceposapuanmot, Bacillus thuringiensis, ¢u-
Jl02enemuiecKuil aHauu3.

T. I. Ilamuka, M. B. [lamuxka, B. II. [lamuxa

®dinoreHeTHYHI B3a€EMO3B’S3KM CEPOJOTIYHUX BapiaHTiB Bacillus

thuringiensis
Pesrome

Mema. B. thuringiensis (Bt) — epamnozumueni cnopoymeoprwuyi
aepobHi abo akyremamuerno anaepobui bakmepii, 30ammi 6 npo-
yeci cnopyasayii ¢opmysamu eudocneyugpiuHi KpucmaionooibHi
BKIIOUEHHS OLIKOBOI NpuUpoouU, siKi CKIA0aomscsi 3 0COOIUBUX mep-
monabinerux d-endomoxcunis. Ceponoeiuni eapianmu Bt npooyxy-
10Mb pi3HI eHIMOMOMOKCUHY, CURmMe3 ix 6a2amo 8 YoMy 3a1edACUmb
6i0 yM0O8 KyAbmugysanus Kyrbmypu. Haxonuueno 6acamuii ¢ax-
MUYHUL Mamepian wooo NOXOONCEHHs eHMOMOMOKCUHIE, YMO8
cunmesy, 6y008u, cKiady, MOKCUYHUX 6AACMUBOCHEN | MeXAHIZMIG
0ii na komax. Bt nabyau oominanmnoeo nonoscenns y mikpobiome-
mooi 6opomvbu i3 wKioHuxamu pocaun i meapun. Ha cvo200ui
icuyroms pisnosuou Bt y oinew nisxc 70 eapianmax (cepomunax),
6UbOIpK060 cneyudiunux 00 nesHoeo Koaa xassaig-komax. OOHax
ONUC HOBUX PI3HOBUOIE He 3AB8XHCOU € BUNPABOAHUM 3 MOYKU 30DY
¢inocenemuynoi cucmemamuru, OCHO8AHOI HA (heHOMUNOBUX O3HA-
kax. Memoou. Ha 6a3i knionosanux eenie 16S pPHK enmomonamo-
eennux Oaxmepin BtHI1, BtHI10, BtHI14 30iticneno nopisnaivHuil
Ginocenemuunuii ananiz 6HYmpiUHbOBUOOBUX B3AEMO38 'A3Ki6 Bt.
Pesynomamu. Ilpocriokosano pinoceHemuuno 0OHOPIOHI NiHIT
(pisens cxoorcocmi 16S pPHK wmamise 1-20 u 10-20 cepomunie cma-
nosums 6i0 90,0 0o 94 %, uimkoco ceHeMuUuHO20 BUOKPEMICHHS
wmamie 10-20 i 14-20 cepomunis ne susnaueno). Bucnoeku. Ilpu
nopieuaHHi HyK1eomuoHux nocrioosnocmetl 3a 16S pPHK ecma-
HOBNIEHO ICHY8AHHSA UUMAMOB0O20 NOXIMOPPI3ZMY 6CepeOuHti epynu eH-
momonamoczenie BtHI, BtHI0, BtHI4, nosé’sazano2o 3 ixXHboio
EHMOMOYUOHOIO AKMUBHICTIO.

Kuntouosi cnosa: ceposapianmu, Bacillus thuringiensis, ¢ginoze-
HemuyHUll aHauis.
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