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Aim. B. thur³ng³ens³s (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 d-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 BtÍ1, BtÍ10, BtÍ14. 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 14th and 10th serovars was revealed. Conclusions. The comparison of nucleotides
sequences of 16S rRNA has shown  the  existence  of  strains polymorphism  within the  group  of
entomopathogens  ÂtÍ1, ÂtÍ10, ÂtÍ14, connected with   their entomocide activity.
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In tro duc tion. The use of ge nome or   its frag ments in
the sys tem ati za tion of mi cro or gan isms is of spe cial
im por tance due to its rel a tive con ser va tism com pared
to any other fea tures; be sides, ge netic dif fer ences better 
re flect evo lu tion ary formed re la tions be tween
mi cro or gan isms, which makes them a good foun da tion
for mod ern clas si fi ca tion of bac te ria.

The ap pli ca tion of the meth ods of eval u at ing
ge netic sim i lar ity (com par a tive DNA anal y sis and
anal y sis of amino acid se quences of pro teins) al lows
ex tend ing the pos si bil i ties of re search ers in cre at ing
mo lec u lar evo lu tion ary sys tem at ics and phy log eny of
bac te ria. The phy log eny of a group of or gan isms is
tra di tion ally pre sented in the form of hi er ar chic “tree”,
re flect ing pos si ble evo lu tion ary re la tions [1, 2]. The
ap pli ca tion of mo lec u lar and ge netic ap proaches in
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mi cro bi ol ogy re sulted in the es tab lish ment of sev eral
di rec tions in the sys tem ati za tion of bac te ria, in
par tic u lar, the for ma tion of phylo gen etic
sys tem ati za tion of bac te ria, iden ti fi ca tion of strains
us ing phylo gen etic and phenotypic in for ma tion, and
de tec tion of mi cro or gan isms in the en vi ron ment
with out their cul ti va tion. It al lows con trol ling the
pu rity of biopreparations, based on ac tive,
tech no log i cal strains, and mon i tor ing cul tures in
cor re spond ing con di tions. There is a need for
foun da tion of fur ther study ing 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-pos i tive
spore-form ing aer o bic or fac ul ta tive an aer o bic
bac te ria able to form spe cies spe cific crys tal-like
in clu sions of pro tein na ture, con sist ing of par tic u lar
thermolabile d-endo tox ins, dur ing sporulation.
Serological Bt vari ants pro duce dif fer ent
entomotoxins; in many re spects their syn the sis
de pends on the con di tions of cul ti va tion. There was
ac cu mu lated a vast in for ma tion on the entomotoxins,
their or i gin, syn the sis, struc ture, toxic prop er ties, and
mech a nisms of their ac tion on in sects.

Bt strains are patho genic for lar vae of Col o rado
po tato bee tle, youn ger lar vae of Mamestra brassicae,
Pieris brassicae, Plutella maculipennis, Phyllotreta
atra F. and Brevicoryne brassicae on veg e ta bles. They
are highly re mark able for their ac tiv ity against
pop u la tions 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
cu cum bers in pro tected soil; cat er pil lar of Loxostege
sticticalis L. on beets, car rots, cab bage, sun flower and
per ma nent grasses; cat er pil lar of Tortrix viridana L. on
vine yards and many other pests [3].

There fore, Bt are dom i nat ing in the
microbiomethods of pest con trol in plants and an i mals.
There are more than 70 serovariants of Bt, se lec tively
spe cific to the def i nite groups of host in sects. How ever, 
the de scrip tion of new vari ants does not al ways seem
jus ti fied con sid er ing the phylo gen etic sys tem ati za tion
based on phenotype features.

The cur rent work is aimed at phylo gen etic anal y sis
of var i ous serological vari ants of entomopathogenic Bt
bac te ria, iso lated from nat u ral pop u la tions of in sects,
which is based on the study on poly mor phism of
nu cle o tide se quences of 16S rRNA genes.

Ma te ri als and Meth ods. The dif fer ent strains of
entomopathogenic Bt bac te ria, iso lated from nat u ral
pop u la tions of in sects, were used in the work, namely,
exotoxinogenic Bt var. thuringiensis (BtH1), Bt var.
darmstadiensis (BtH10), Bt var. israelensis (BtH14)
(Table).

The DNA of entomopathogenic bac te ria was
ex tracted us ing the method, de scribed in [4]. Af ter
elec tro pho retic sep a ra tion in 1% agarose gel the
sam ples of DNA ob tained were vi su ally de tected as
de scribed in [5]. Poly mer ase chain re ac tion (PCR) for
16S rRNA was per formed ac cord ing to the stan dard
pro ce dure in the am pli fier BioRad My Cycler, us ing
oligonucleotides SSU-642-F
HAATHYGTGCCAGCAGC and SSU-1445-R
GTCRTCCYDCCTTCCTC. Af ter ex trac tion from 1%
agarose gel the prod ucts of am pli fi ca tion were used for
clon ing in vec tor pAL-TA [6, 7].
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Variant Serovariant Number of strains

Abbreviated name
(according to the

catalogue of Institute
Pasteur)

Functional group

thuringiensis 1 5 THU I

darmstadiensis 10a, 10b 4 DAR IV

israelensis 14 3 ISR IV

The list of Bacillus thuringiensis strains, used in the study



Au to matic se quencer CEQ 8000 Ge netic Anal y sis
Sys tem (Beckman Coul ter, USA) was used to ana lyse
nu cle o tide se quences and to check their iden tity to
cor re spond ing se quences of 16S rRNAs of var i ous Bt
vari ants from the GenBank da ta base. Ob tained
nu cle o tide se quences were used to build the
dendrogram and to es ti mate the sim i lar ity of
serological vari ants by Vector NTI Advance 8.0
software.

Re sults and Dis cus sion. The phylo gen etic
anal y sis is based on the com par i son of genes or
pro teins, sim i lar in struc ture or func tions, start ing with
their pri mary se quences. The anal y sis of 16S rRNA
proved to be a more ef fi cient mo lec u lar and tax o nomic
means in eval u at ing ge netic va ri ety and re la tions
be tween bac te rial kinds (serotypes) of Bt
entomopathogens, com pared to ap proaches, based on
phenotypic data (e.g. serotyping by H-an ti gen).
How ever, it is note wor thy that re con struc tions of
phylo gen etic re la tions be tween strains, con ducted on
the ba sis of dif fer ent mo lec u lar data are not al ways in
good agree ment with “mor pho log i cal” clas si fi ca tion or 
among them selves. The main rea sons of di ver gence of
mor pho log i cal and mo lec u lar re con struc tions are based 
on the fact that only a small part of ge netic in for ma tion, 

en closed in the ge nome of the or gan ism, is re vealed on
the mor pho log i cal level. The com bi na tion of data of
the study on 16S rRNA may be used to ob tain vi su ally
ev i dent fin ger prints and to confirm species
membership of strains and phylogenetic interrelations
inside the specific species.

The dendrogram, built on the ba sis of data ob tained
(Fig ure), dem on strates ex ist ing in ter re la tions be tween
Bt strains of the 1st, 10th, and 14th serotypes. Al most all
Bt types may be di vided into groups; they dem on strate
phylo gen etic sim i lar ity, how ever, there are some
ev i dent iso lated vari ants. The to pol ogy of di vid ing
ba cilli types on the dendrogram tes ti fies to the
ex is tence of three main clus ters, cor re spond ing to six
ge no types. The com par i son of Bt strains showed that
ge net i cally-wise there are three closely-re lated
ge no types of the first clus ter with the sim i lar ity level of 
90.0–93.5% (BtH1 (thuringiensis), dem on strat ing
entomocide ac tiv ity re gard ing Lepidoptera, and BtH10

(darmstadiensis), ac tive against Coleoptera. Thus,
ge netic homology of entomopathogenic strains is also
confirmed by the spectrum of their entomocide
activity. 

The BtH14 (israelensis) strains, af fect ing the larvea
of Culicidae, gnat and herbovorous mos qui toes
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(Cricotopus silvestris, Licoriella fucorum, etc.) are in
the sec ond and the third clus ters with the small est
sim i lar ity level of 16S rRNA (less than 70%
homology). It is note wor thy that the unique ef fect of
israelensis bac te ria on the lar vae of dip ter ans,
in clud ing larvicidal ef fect, is solely re lated to the
specificities of their crys tal line endotoxin.

Bt strains, pro duc ing var i ous sets of entomotoxins,
may vary greatly in their bi o log i cal ac tiv ity re gard ing
sus cep ti ble in sects or show con sid er able sim i lar i ties,
e.g. some mosquitocide strains, etc. The
entomopathogens of the same type are known for their
fre quently ob served sim i lar set of patho ge nic ity fac tors 
as well as for sim i lar bio chem i cal and ge nome
char ac ter is tics. How ever, the de scen dants of dif fer ent
clones of the same type are spe cific for some vari abil ity 
both on genotype and phenotype levels.

There fore, the mo lec u lar and ge netic anal y sis of
BtH1, BtH10, BtH14, based on the com par i son of
nu cle o tide se quences of 16S rRNA, re vealed ex is tence
of strain poly mor phism within the group of
entomopathogens. The dif fer ences, de fined by
mor pho log i cal, phys i o log i cal and bio chem i cal, and
serological char ac ter is tics of Bt strains, al low mak ing
an in terim con clu sion on their be long ing to at least two
phylo gen eti cally ho mo ge neous lines. The sim i lar ity
level of 16S rRNA of strains of the 1st and 10th serotypes 
is 90.0–94.0%. There was no dis tinct phylo gen etic
iso la tion re vealed be tween the strains of the 10th and
14th serotypes. The re li abil ity of phylo gen etic re sults
will de pend greatly on the com bi na tion of var i ous data
which will give a pos si bil ity in fu ture to in flu ence the
con gru ence of phylo gen etic trees, sta tis ti cal support,
and definition of their branches, eliminating the
systematic error.

Ò. È. Ïà òû êà, Í. Â. Ïà òû êà, Â. Ô. Ïà òû êà 

Ôè ëî ãå íå òè ÷åñ êèå âçà è ìîñ âÿ çè ñå ðî ëî ãè ÷åñ êèõ âà ðè àí òîâ

Bacillus thuringiensis

Öåëü. B. thur³ng³ens³s (Bt) – ãðàì ïî ëî æè òåëü íûå ñïî ðî îá ðà çó -
þ ùèå àý ðîá íûå èëè ôà êóëü òà òèâ íî àíà ý ðîá íûå áàê òå ðèè,
ñïî ñîá íûå â ïðî öåñ ñå ñïî ðó ëÿ öèè îá ðà çî âû âàòü âè äîñ ïå öè ôè -
÷åñ êèå êðèñ òàë ëî îá ðàç íûå âêëþ ÷å íèÿ áåë êî âîé ïðè ðî äû, ñî -
ñòî ÿ ùèå èç îñî áûõ òåð ìî ëà áèëü íûõ d-ýí äî òîê ñè íîâ.
Ñå ðî ëî ãè ÷åñ êèå âà ðè àí òû Bt ïðî äó öè ðó þò ðàç íûå ýí òî ìî -
òîê ñè íû, èõ ñèí òåç âî ìíî ãîì çà âè ñèò îò óñëî âèé êóëü òè âè ðî -

âà íèÿ êóëü òó ðû. Íà êîï ëåí áî ãà òûé ôàê òè ÷åñ êèé ìà òå ðè àë î
ïðî èñ õîæ äå íèè ýí òî ìî òîê ñè íîâ, óñëî âè ÿõ ñèí òå çà, ñòðî å -
íèè, ñî ñòà âå, òîê ñè ÷åñ êèõ ñâî éñòâàõ è ìå õà íèç ìàõ äå éñòâèÿ
íà íà ñå êî ìûõ. Bt ïðè îá ðå ëè äî ìè íàí òíîå ïî ëî æå íèå â ìèê ðî -
áè î ìå òî äå áîðü áû ñ âðå äè òå ëÿ ìè ðàñ òå íèé è æè âîò íûõ. Â íà -
ñòî ÿ ùåå âðå ìÿ ñó ùåñ òâó þò ðàç íî âèä íîñ òè Bt â áî ëåå ÷åì 70
âà ðè àí òàõ (ñå ðî òè ïàõ), èç áè ðà òåëü íî ñïå öè ôè÷ íûõ ê îïðå äå -
ëåí íî ìó êðó ãó õî çÿ åâ-íà ñå êî ìûõ. Îäíà êî îïè ñà íèå íî âûõ ðàç -
íî âèä íîñ òåé íå âñåã äà âû ãëÿ äèò îïðàâ äàí íûì ñ òî÷ êè çðå íèÿ
ôè ëî ãå íå òè ÷åñ êîé ñèñ òå ìà òè êè, îñíî âàí íîé íà ôå íî òè ïè ÷åñ -
êèõ ïðè çíà êàõ. Ìå òî äû. Íà îñíî âå êëî íè ðî âàí íûõ ãå íîâ 16S
ðÐÍÊ ýí òî ìî ïà òî ãåí íûõ áàê òå ðèé BtÍ1, BtÍ10, BtÍ14 ïðî âå -
äåí ñðàâ íè òåëü íûé ôè ëî ãå íå òè ÷åñ êèé àíà ëèç âíóò ðè âè äî âûõ
âçà è ìîñ âÿ çåé Bt. Ðå çóëü òà òû. Ïðîñ ëå æå íû ôè ëî ãå íå òè ÷åñ êè
îä íî ðîä íûå ëè íèè (óðî âåíü ñõî äñòâà 16S ðÐÍÊ øòàì ìîâ 1-ãî
è 10-ãî ñå ðî òè ïîâ ñî ñòàâ ëÿ åò îò 90,0 äî 94%; îò ÷åò ëè âîé ãå -
íå òè ÷åñ êîé îá îñîá ëåí íîñ òè ñðå äè øòàì ìîâ 10-ãî è 14-ãî ñå -
ðî òè ïîâ íå âû ÿâ ëå íî). Âû âî äû. Ïðè ñðàâ íå íèè íóê ëå î òèä íûõ
ïî ñëå äî âà òåëü íîñ òåé ïî 16S ðÐÍÊ óñòà íîâ ëå íî ñó ùåñ òâî âà -
íèå øòàì ìî âî ãî ïî ëè ìîð ôèç ìà âíóò ðè ãðóï ïû ýí òî ìî ïà òî -
ãå íîâ ÂtÍ1, ÂtÍ10, ÂtÍ14, ñâÿ çàí íî ãî ñ èõ ýí òî ìî öèä íîé
àê òèâ íîñ òüþ.  

Êëþ ÷å âûå ñëî âà: ñå ðî âà ðè àí òû, Bacillus thuringiensis, ôè -
ëî ãå íå òè ÷åñ êèé àíà ëèç.
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Ô³ëî ãå íå òè÷í³ âçàºìîç â’ÿç êè ñå ðî ëîã³÷íèõ âàð³àíò³â Bacillus

thuringiensis

Ðåçþìå 

Ìåòà. B. thur³ng³ens³s (Bt) – ãðàì ïî çè òèâí³ ñïî ðî óò âî ðþ þ÷³
àå ðîáí³ àáî ôà êóëü òà òèâ íî àíà å ðîáí³ áàê òåð³¿, çäàòí³ â ïðî -
öåñ³ ñïî ðó ëÿö³¿ ôîð ìó âà òè âè äîñ ïå öèô³÷í³ êðèñ òà ëî ïîä³áí³
âêëþ ÷åí íÿ á³ëêî âî¿ ïðè ðî äè, ÿê³ ñêëà äà þòü ñÿ ç îñîá ëè âèõ òåð -
ìî ëàá³ëüíèõ d-åí äî òîê ñèí³â. Ñå ðî ëîã³÷í³ âàð³àíòè Bt ïðî äó êó -
þòü ð³çí³ åí òî ìî òîê ñè íè, ñèí òåç ¿õ áà ãà òî â ÷îìó çà ëå æèòü
â³ä óìîâ êóëü òè âó âàí íÿ êóëü òó ðè. Íà êî ïè ÷å íî áà ãà òèé ôàê -
òè÷ íèé ìà òåð³àë ùîäî ïî õîä æåí íÿ åí òî ìî òîê ñèí³â, óìîâ
ñèí òå çó, áó äî âè, ñêëà äó, òîê ñè÷ íèõ âëàñ òè âîñ òåé ³ ìå õàí³çì³â
ä³¿ íà êî ìàõ. Bt íà áó ëè äîì³íà íòíî ãî ïî ëî æåí íÿ ó ì³êðîá³îìå -
òîä³ áî ðîòü áè ³ç øê³äíè êà ìè ðîñ ëèí ³ òâà ðèí. Íà ñüî ãîäí³
³ñíó þòü ð³çíî âè äè Bt ó á³ëüø í³æ 70 âàð³àí òàõ (ñå ðî òè ïàõ),
âèá³ðêî âî ñïå öèô³÷íèõ äî ïåâ íî ãî êîëà õà çÿ¿â-êî ìàõ. Îäíàê
îïèñ íî âèõ ð³çíî âèä³â íå çà âæäè º âèï ðàâ äà íèì ç òî÷ êè çîðó
ô³ëî ãå íå òè÷ íî¿ ñèñ òå ìà òè êè, îñíî âà íî¿ íà ôå íî òè ïî âèõ îçíà -
êàõ. Ìå òî äè. Íà áàç³ êëî íî âà íèõ ãåí³â 16S ðÐÍÊ åí òî ìî ïà òî -
ãåí íèõ áàê òåð³é BtÍ1, BtÍ10, BtÍ14 çä³éñíå íî ïîð³âíÿëü íèé
ô³ëî ãå íå òè÷ íèé àíàë³ç âíóòð³øíüî âè äî âèõ âçàºìîç â’ÿçê³â Bt.
Ðå çóëü òà òè. Ïðîñë³äêî âà íî ô³ëî ãå íå òè÷ íî îä íîð³äí³ ë³í³¿
(ð³âåíü ñõî æîñò³ 16S ðÐÍÊ øòàì³â 1-ãî è 10-ãî ñå ðî òèï³â ñòà -
íî âèòü â³ä 90,0 äî 94 %; ÷³òêî ãî ãå íå òè÷ íî ãî âè îê ðåì ëåí íÿ
øòàì³â 10-ãî ³ 14-ãî ñå ðî òèï³â íå âèç íà ÷å íî). Âèñ íîâ êè. Ïðè
ïîð³âíÿíí³ íóê ëå î òèä íèõ ïîñë³äîâ íîñ òåé çà 16S ðÐÍÊ âñòà -
íîâ ëå íî ³ñíó âàí íÿ øòà ìî âî ãî ïîë³ìîðô³çìó âñå ðå äèí³ ãðó ïè åí -
òî ìî ïà òî ãåí³â ÂtÍ1, ÂtÍ10, ÂtÍ14, ïî â’ÿ çà íî ãî ç ¿õíüîþ
åí òî ìî öèä íîþ àê òèâí³ñòþ.

Êëþ ÷îâ³ ñëî âà: ñå ðî âàð³àíòè, Bacillus thuringiensis, ô³ëî ãå -
íå òè÷ íèé àíàë³ç.
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