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PHYTOPATHOGENIC BACTERIUM PECTOBACTERIUM
CAROTOVORUM CRYPTIC PLASMIDS DISTRIBUTION

Information on the extrachromosomal elements occurrence in phytopathogenic bacte-
rium Pectobacterium carotovorum is insufficiently presented in modern scientific litera-
ture. Data on the pectobacteria plasmid content are random. The aim was to study the
Pectobacterium carotovorum plasmids spectra, cryptic plasmids distribution and general
characteristics. Materials and methods. Plasmid spectra of 54 strains of different ori-
gins were studied. Standard hot alkaline Kado and Liu method was used to isolate plas-
mids DNA [Kado C.J., Liu S.-T. Rapid procedure for detection and isolation of large and
small plasmids. J. Bacteriol. 1981, 145 (3): 1365—1373]. Results. It was found that 16
strains contained plasmids of various sizes. Isolated plasmids belonged to four discrete
size classes: 2.5—6.8, 9.8—16.7, 47.7—-64.5 and 129 kb. Approximately 50 % of the isolated
P. carotovorum plasmids belonged to the second discrete size class with a size of 8.7-10.4
kb. Four large 129 kb P. carotovorum plasmids had unique primary DNA sequence accord-
ing to results of restriction analysis. Conclusions. Pectobacteria plasmids isolation results
correlate with data obtained earlier that 30 % of strains contained plasmids [Tovkach
FI. [Isolation and preliminary characterization of cryptic plasmids from Erwinia caro-
tovora]. Microbiology. 2001; 70 (6): 804-810. Russian]. Strains’ plasmid maintenance
was associated with environmental and ecological niches where bacteria persisted. These
extrachromosomal DNAs may present silent "selfish", and probably prophage, replicons.

Keywords: Pectobacterium carotovorum, cryptic plasmids, restriction analysis,
ecology, species” plasmids spectra

Extrachromosomal DNAs are widely spread among Enterobacteriaceae
family members and play an important role in the bacteria ecology and
pathology [12]. Phytopathogenic bacterium Pectobacterium carotovorum
forms a complex taxon which includes strains with different phenotypic,
biochemical, genetic and plant-pathogen interactions characteristics, which
allows dividing this species to several subspecies [11, 13].

Plasmid spectrum (or profile) is an important species characteristic, based
on the specific set of plasmids in the cell. Strains may lose some of the plas-
mids, but species typical basic set remains unchanged [6].

Pectobacteria strains plasmids spectra are strictly species specific for this
bacteria species in nature. The circular DNA plasmids presence was revealed
for most bacterial pathogens however, for a significant number of identified
plasmids functions remained unclear, which is also true for pectobacteria cryp-
tic plasmids. Usually plasmids make up on between 2 % and 30 % of the total
bacterial genome in size [10, 14].

Pectobacterium genus bacteria can inhabit the plants surface, soil, water as
symbiotic microorganisms, but mostly they are host plants pathogens. P. caro-

© Zh.Yu. Sergieieva, F.I. Tovkach, 2016

106 ISSN 0201-8462. Mixpobion. scypu., 2016, T. 78, Ne 5



tovorum subsp. carotovorum (Pcc) can cause soft rot on cabbage, potato and
carrot roots and tubers and closely related P. carotovorum subsp. atrosepticum
(Pca) can cause plants “black leg” [8, 10].

Autonomous genetic elements involvement in the formation of new bacteri-
al variants by horizontal pathogenicity gene transfer is the undisputed scientific
fact of modern bacteriology. Due to the genes transfer between related bacteria,
that inhabit a particular ecological niche, their adaptive capacity is extended,
and biodiversity is formed. P. carotovorum genetic determinants responsible
for adaptational ability and pathogenic potential associated with plasmids or
phages pathogenicity islands still have not been identified [11, 13, 14].

The research was carried out to study plasmids spectra, distribution and
characteristics of P. carotovorum strains cryptic plasmids.

Materials and methods. Plasmid profiles of 54 P. carotovorum strains of
different origins (Ukraine, Belarus, Russia, Armenia, Romania, Czech Repub-
lic, Belgium) were studied: P. carotovorum subsp. carotovorum —48A, 75, 144
a,482 E, 741, 808 a, 7869, NCPPB 550, 718, 566 BKM, 246, 915, 184, 2, 481,
5311, 9111, 921, 2054, ATCC 27388 = NCPPB 1065, G 147, G 117, 258, 133, 5,
180, 495, ATCC 15713" = NCPPB 312" (T-type strain), NCPPB 438, SR165,
E193, 162, 209, Cc 110, 33A, 13A/15, 4", 9', 10, 11', 16', 18, 3', 15', 23"; P.
carotovorum subsp. atrosepticum — 58A, NCPPB 549 = ATCC 332607, 90,
2217, 5A, 37A, 40A, 46A, 194-8; E. carotovora subsp. «toxica» 47 a, K-47.
Agrobacterium tumefaciens C58 pTi-C58 plasmid (188 kb) and Escherichia
coli K12 F plasmid (100 kb) and RP4 plasmid (60 kb), E. coli J53 were used
as markers in determining the large extra-chromosomal DNAs size.

A standard hot alkaline Kado and Liu method was used to isolate plasmid
DNA [9], but with an important modification. Reproducible results were ob-
tained due to the method's adequacy and universality. However, the P. caro-
tovorum plasmid DNA isolation required two- or threefold centrifugation for
the aqueous and phenolic phases separation due to the strains mucous material
presence after several repeated mixings with phenol. In rare cases, it was not
possible to isolate strain’s plasmid due to the cells’ high nuclease activity.
Also, the pectobacteria plasmids isolation was followed by chromosome less
degradation, which affected the track purity during electrophoresis.

P. carotovorum plasmids isolation using Kado and Liu method was ad-
equate, and thus obtained plasmid DNAs were suitable for further molecular
genetic studies, including restriction analysis. Hpal, Bgll, Sall, EcoRl, EcoRV
and Pst endonucleases were used for restriction analysis. Plasmid copy num-
ber was determined using an analytical transilluminator «BioRad Molecular
Imager Doc XR + imaging system» and «Quantity One» program.

Results. Comparison of plasmid DNA samples isolation from bacterial cells
grown on solid and liquid nutrient media showed, that cells grown on liquid
medium contained more plasmid material. It was found that P. carotovorum
cells grown on 1 % pectin liquid selective medium contained more plasmid
DNA and these samples’ bacterial chromosome eliminated better. However,
it was true only in case of small plasmids isolation. P. carotovorum large
plasmids” samples, isolated from cells grown on pectin, contained minimal
amounts of the chromosomal DNA impurities compared with samples isolated
from cultures grown on plates [2].

It was found that 16 of 54 tested strains contained plasmids of various sizes.

ISSN 0201-8462. Mixkpobion. scypu., 2016, T. 78, Ne 5 107



Isolated plasmids belonged to four discrete size classes: 2.5-6.8, 9.8-16.7,
47.7-64.5 and 129 kb. Approximately 50 % of the isolated P. carotovorum
plasmids belonged to the second class and had a discrete size 9.8 kb. These
plasmids copy number was about 8—13 molecules per cell. Next by the occur-
rence frequency went large 129 kb plasmids. They were found in P. carotovo-
rum subsp. carotovorum 194—8, NCPPB 3127, 33A and P. carotovorum subsp.
atrosepticum NCPPB 549" and g217. Plasmids 47.7 and 64.5 kb in size had
sporadic occurrence. 47.7 kb plasmid was isolated from NCPPB 549" = ATCC
332607 strain, and 64.5 kb plasmid was isolated from NCPPB 312" = ATCC
157137 strain (Fig. 1, 2).

1 2 34 56 789 10111213 14 1516

6.8
4.8

Fig. 1. P. carotovorum 3.8 — 16.7 kb plasmids electrophoregram: 33A (1), 495 (2), 3" (3),
2 (4), 75 (5), 48A(pCA25) (6), 921 (7), G147 (8), 718 (9), 566 BKM (10),
48A(pCA25::Tn9) (11), 246 (12), 184 (13), 16" (14), 23" (15) and
E. coli (pLOF; 9,9 kb) (16)

129
64.5
47.7

16.7

Fig. 2. P. carotovorum subsp. carotovorum large plasmids electrophoregram:
194-8 (1), NCPPB 3127 (4), 33A (129 kb) (10); P. carotovorum subsp. atrosepticum:
9® (2), NCPPB 549" (5), g217(8); E. coli: J53 (RP4) (3), K12 (F) (6); A. tumefaciens:
C58 (pTi-C58) (7, 9)

P. carotovorum 48A(pCA25), 2, 75, 921, G 147, 718, 566 BKM,
48A(pCA25::Tn9), 246, 184 strains extrachromosomal DNAs restriction anal-
ysis via Hpal and EcoRV endonucleases showed that these genetic elements
had restriction sites homology. The difference in the restriction fragments sizes
resulted only from the original difference in plasmids’ sizes due to the deletion-
insertion mutations type presence (Fig. 3).
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Hpal EcoRV
Fig. 3. P. carotovorum plasmids Hpal and EcoRV restriction fragments electrophore-
gram: 2 (1), 75 (2), 921 (4), G147 (5), 718 (6), 566 BKM (7), 246 (9),
23" (10), 48A(pCA25) (11), 184 (12), 16" (14), 48A-7/4b (pCA25::Tn9) (15);
control 3, 8, 13— A/ HindIIl

Four P. carotovorum large plasmids restriction analysis with Sall, Hpal
and EcoRI endonucleases revealed that each large plasmid DNA had a unique
primary sequence (Table 1). Due to the several plasmids presence in the strains
only the upper electrophoregram fragments ranging from 25 to 9 kb in size,
which presented the large plasmids restriction fragments, were compared. It
was established that pCA16-1, pCA42-1 u pCA549-1 plasmids DNAs had re-
striction sites for each of the three restriction endonucleases used (Sall, Hpal
and EcoRI). The results indicated that the large plasmids restriction patterns
were unique. Thus, unlike P. carotovorum plasmids of about 10 kb in size with
a similar restriction patterns, all the studied large plasmid were presented by
unique sequences.

Table 1
Large plasmids of P. carotovorum strains

Strain Plasmid Molecule length, kb
33A pCA16-1 129
pCA16-2 5.3
NCPPB 5497 pCA 549-1 129
pCA 549-2 47.7
NCPPB 3127 pCA 312-1 64,5
pCA 312-2 3.8
C366 pCA 42-1 129
pCA 42-2 43

P. carotovorum strains plasmids presence screening revealed that most of
the small extrachromosomal DNAs had a size of 9.8 kb or close to it (Fig. 4).
One of the most studied P. carotovorum genetic elements is pCA25 plasmid
[1] also having a size of 9.8 kb. The previous data support the suggestion of its
prophage nature [1, 4, 5]. pCA25 plasmid variant — pCA25::Tn9 — containing
the Tn9 transposon was used for physical mapping. As a result of restriction
analysis, it was found that the transposon integrated into a specific locus on a
plasmid pCA25 DNA. Similarly, transposons integrate into prophage genomes’
non-essential regions. Plasmid pCA2S5 size is close to the size of the E. coli
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Fig. 4. P. carotovorum plasmids DNA electrophoregram: 2 (1), 75 (2), 921 (3),
G147 (4), 718 (5), 566 BKM (6), 246 (7), 23" (8), 48A(pCA25) (9), 184 (10),
16" (11), 48A 7/4b (pCA25::Tn9) (12)

circular prophage P4 (11.6 kb) [1]. In addition, plasmid pCA25 deletion and
insertion variants, isolated from other strains, have genome size changes de-
tected in the same region, where transposon Tn9 insertion occurs in the strain
48A7/4b and its clones.

All three Hpal sites were located in a short distance from each other, thus
resulting in one large and two smaller fragments appearance (Table 2). Bg/l site
was located in the area between the Hpal sites (Table. 2). These Bg/l and Hpal
sites were located within EcoRV A fragment, in just a short distance from one
of three EcoRV sites. It was found that the Tn9 transposon integrated pCA25
DNA in the EcoRV B fragment, also in a short distance from the EcoRV restric-
tion site. Transposon Tn9 insertion only into plasmid pCA25 DNA's certain
region was confirmed by the study of a significant plasmid pCA25::Tn9 clones
number, which were independently obtained. EcoRI and Pstl sites were not
found on pCA2S5 plasmid DNA. There is one EcoRI site CAT gene located on
the Tn9 transposon DNA in plasmid pCA25::Tn9, and two Pstl sites located
within the Tn9 transposon IS1 sequences.

Table 2
Plasmids pCA25 and pCA25:: Tn9 DNA restriction fragments sizes
= Hydrolysis option
E Bgll | EcoRl | Hpal + | Bgll + | EcoRl | Hpal +| Bgll + | EcoRV | EcoRV | EcoRV
& + + Bgll | Pstl + Pstl | EcoRT |+ + +
= EcoRl1 | Hpal Pstl + Pstl | Bgll | Hpal | EcoRIl
pCA25
A 9.8 9.2 9.2 9.8 — 9.2 9.8 4.55 3.2 4.7
B — 0.4 0.25 — — 0.4 — 4.5 4.5 4.5
C — 0.2 0.2 — — 0.2 — 0.65 | 0.65 | 0.65
D — - 0.15 — — - — 0.15 — -
pCA25:: Tn9
A 8.3 8.9 11.4 8.3 10.5 8.8 7.9 4.5 3.2 4.7
B 4.1 0.4 0.35 2.7 1.9 6.8 2.7 7.1 7.1 5.3
C — 0.2 0.2 1.7 — 4.3 1.9 0.65 | 0.65 | 0.65
D — 3.0 0.15 — — — — 0.15 | 045 1.85

n_n

Note: Numbers indicate the fragments' size in kb .;
not identified.

— the absence of fragment or fragment was
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Discussion. Pectobacteria plasmids isolation results coincide with earlier
data showing that 30 % of strains contained plasmids [7].

A comparative study of plasmids intra-species distribution by molecu-
lar weight for two representatives of the Enterobacteriaceae family showed
that E. coli and P. carotovorum strains plasmids profiles differed greatly
(Fig. 5, 6) [12].
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Fig. 5. E. coli strains plasmid profiles

The most common E. coli strains plasmids were falling in a group with the
size range 64—128 kb. This feature differed from the P. carotovorum subsp.
carotovorum (Pss) and P. carotovorum subsp. atrosepticum (Psa) plasmid pro-
files, which plasmids, falling into a group of 64—128 kb, were the exception
rather than regularity (Fig. 5). The pectobacteria characteristic indicator was
the large 129 kb plasmids” presence, that were not found in E. coli strains.
Furthermore, pectobacteria plasmids also fall within the size ranges from 4 kb
up to 32 kb, that was the most typical for Pcc strains and not typical for all E.
coli strains (Fig. 6).
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Fig. 6. P. carotovorum subsp. atrosepticum (Pca) and P. carotovorum subsp. carotovorum
(Pcc) strains plasmid profiles

It was discovered that P. carotovorum plasmids of the same size class were
found in strains isolated from a particular ecological niche (Table 3). Half of
the strains carrying 9.8 kb plasmid or its natural insertion-deletion variants
were from Russian collections and obtained on the territory of Russia. The rest
of the strains of this group were identified on the territory of Ukraine, Armenia
and Romania. Pectobacteria strains from Canada carried no plasmids. With a
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single exception, strains, that were isolated on the territory of Belarus, also
carried no plasmids. Large plasmids were detected in the strains of the Belgian
and Czech collection of microorganisms (Table 3).

Table 3
Plasmid composition of P. carotovorum strains
Strain Plasmid Size, kb Geographic area

75 pCA 75 9.8 Russia
718 pCA 718 9.8 Russia
566 BKM pCA 566 9.8 Russia
246 pCA 246 9.8 Russia
2 pCA 2 9.8 Russia

184 pCA 184 6.8 Ukraine

921 pCA 921 10.4 Armenia

G147 pCA 147 9.8 Romania
495 pCA 495 5.8 Russia

NCPPB 3127 pCA 312-1 64.5 Czech Republic
pCA 312-2 3.8
NCPPB 549° pAT 549-1 129 Belgium
pAT 549-2 47.7

90 pAT 9 16.7 Russia

3 pCA 3" 4.8 Ukraine

16° pCA 16 6.8 Ukraine
23 pCA 23° 8.7 Ukraine
89 pCA 89 15.5 Belarus

The most common group of extrachromosomal elements identified in P,
carotovorum were 9.8 kb plasmids and their insertion-deletion variants. The
second most common group were 129 kb plasmids. This group is of a keen
interest, but these elements study has certain difficulties, first of all associated
with the isolation of large plasmids DNA avoiding gaps in their molecules.
Restriction analysis showed that, despite the same size, 129 kb plasmids differ
in restriction patterns [3]. Moreover, strains containing large plasmids were
isolated from different ecological niches.

Quite the opposite situation was observed with 9.8 kb plasmids. Half of
the strains containing these plasmids belonged to the same ecological niche
(Table 3). We assume that these P. carotovorum strains’ different origins and
large plasmids’ primary sequences data mismatch may be due to the fact that
the large extra-chromosomal DNAs play an important role in the pectobacteria
pathogenicity formation towards certain host-plants in their respective
ecological niches.

P. carotovorum cryptic plasmids pCA25 and pCA25::Tn9, that represented
this bacterium most common extra-chromosomal DNA size class, restriction
maps were built as a physical mapping result. The transposon marker in the
plasmid made possible the restriction sites mutual position specification and
Tn9 transposon location within plasmid DNA [4, 5].

Thus, plasmid maintenance is common among phytopathogenic bacteria
P. carotovorum strains. Pectobacteria plasmids isolation showed that 30 % of
strains contained plasmids of different sizes — from 2.5 to 129 kb. Strains were
also characterized by maintenance of two or more plasmids of different sizes
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in one cell. Strains plasmid maintenance was associated with environmental
niches where bacteria persisted. Pectobacteria extrachromosomal DNAs are the
objects of interest as they may present silent prophage replicons. This study
creates the role and importance determination prospect of the autonomous ge-
netic elements in the bacteria P. carotovorum ecology and physiology.
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IOIIMWPEHHS KPUIITUYHUX ITJIASMIJ
®ITOMMATOTEHHOI BAKTEPII PECTOBACTERIUM CAROTOVORUM

VY cy4acHiif HayKOBiH JiTeparypi peACTaBIeHO HEJOCTaTHBO iH(pOpMaIlii 111010 HasIB-
HOCTI 103aXPOMOCOMHHX €JIEMEHTIB y BaXJIMBOI (iTonaroreHHoi daxrepii Pectobacterium
carotovorum. JlaHi Ipo TUIa3MiZOyTpUMaHHS ITEKTOOAKTepiii HOCATh BUIIAIKOBHI Xapak-
Tep. MeToro ociipKeHHst OyJIo BUBYCHHS TUTa3MIIHUX CHIEKTPIB, IXHBOTO MOMINPEHHS Ta
3arajbHa XapaKTepUCTHKA KPUIITUYHUX TuIasMin P. carotovorum. Marepiasii Ta MeTOIH.
VY xoni mociimKeHHs OyIio MPOBEIEHO CKPUHIHT IIa3MiTHUX CIIEKTPiB 54 mTaMiB pPi3HOTO
moxopkeHHst. [ Buninenns miasmigaux JJHK BUKopucTOBYBaBCS CTaHIAPTHUI TYKHUH
meron Kano i Jliy [Kado CJ, Liu S-T. Rapid procedure for detection and isolation of large
and small plasmids. J. Bacteriol. 1981; 145 (3): 1365-1373]. Pe3yasTaTu. Y X0mi g0Ci-
JUKeHHs! OyII0 BCTAHOBJICHO, 1110 B JaHiH 1HUBIAyasIbHiN BUOOpPLI 16 NOCiKEHNX MITaMiB
MICTSITh TUIA3MIiJIU PI3HUX PO3MipiB. BusiBiieHi ra3minm nekrodakTepii Hajiexarh J10 40-
THUPHOX TUCKPETHHUX PO3MIPHHX KIaciB: 2,5-6,8, 9,8—16,7,47,7-64,5 i 129 T.n.1. [Ipubnus-
HO 50 % BunLIEHUX TWIA3MIN P. carotovorum BITHOCSATBCS IO IPYTOTO TUCKPETHOTO KIacy
i MatoTh posmip 8,7-10,4 T.i.H. Y pe3yabrari pecTpUKIIIHOTO aHaITi3y BEIMKUX IIa3Mif 3
OJTHAKOBHM PO3MipoM 129 T.I.H. YOTHPHOX PI3HUX MITaMiB P. carotovorum BUABICHO, IO
JIHK koxxHOT 11a3miii Mae yHIKaJIbHY IIEpBUHHY TIOCIIIOBHICTh. BucHOBKH. Pesynbratn
3 BUSIBJICHHSI TIIa3Mi/J] IEKTOOAKTEPii 301raroThesl 3 OTPUMaHUMHK PaHillle JaHUMH IPO Te,
mo 30 % mTaMiB nekrobakTepiit MicTats mnasmign [ Tovkach FI. [Isolation and preliminary
characterization of cryptic plasmids from Erwinia carotovora]. Microbiology. 2001; 70 (6):
804—810. Russian]. [Tna3MigoyTpuMaHHsI IITAMIB [TOB’sI3aHE 3 CKOJIOTIYHUMH HIIIAMH, B
SIKUX TIepeicTyroTh 6aktepii. Ilosaxpomocomui THK mexTodakTepiii MOXYTh SIBISITH CO-
0010 MOBYA3HI «ETOICTHYHI», MOMKJIMBO MPO(HaroBi, perIikKoHN.

Knrouosi cnosa: Pectobacterium carotovorum, KpUNTHYHI I1a3MiI1, PECTPUKIIIAHINA

aHai3, eKOJIOTis, IIa3MiTHUH CIIEKTp BUY.
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PACITPOCTPAHEHHUE KPUIITUYECKHUX IJIAZMU ]
®UTOIMATOTEHHOM BAKTEPUU PECTOBACTERIUM CAROTOVORUM

B coBpemMeHHOI HaydHO! THTEpaType MpeICTaBICHO HE0CTaTOYHO HH()OPMAITIH
OTHOCHTEJIEHO BCTPEYAEeMOCTH BHEXPOMOCOMHBIX 3JIEMEHTOB Y BXKHOHN (PUTOITATOreHHON
Oakrepun Pectobacterium carotovorum. JlaHHbIE O TUIA3MUAHOM COJIEPKAHMH MEKTOOAK-
Tepuil HOCAT CIy4aiHbIif xapakrep. Lleablo nccnenoBanms ObLI0 H3YUIECHUE THIA3MHITHBIX
CHEKTPOB, UX paclpoCTpaHEHHs M 0OIIas XapaKTepUCTHKa KPUNTHUCCKHUX TIIa3MH]L
P. carotovorum. MarepuaJjbl U MeToAbI. B xoze uccienoBanust ObuT IPOBEAEH CKPU-
HUHT TUIA3MUIHBIX CIIEKTPOB 54 IMITaMMOB pa3IHMIHOTO MPOUCXOKACHHSA. J[11 BRIICICHIS
miasmunaeix JIHK ucnmonbs3oBaiics crangapTHbI menounoit meron Kano u Jlny [Kado
CJ, Liu S-T. Rapid procedure for detection and isolation of large and small plasmids.
J. Bacteriol. 1981;145(3):1365—-1373]. Pe3yabrarsl. B xone nccnenoBanus ObUIO ycTa-
HOBJICHO, YTO B JJAHHON MH/NBUIyaIbHON BEIOOpKE 16 MCCIIeIOBAaHHBIX IITAMMOB COJICP-
JKaT TUIa3MUJIbI Pa3IMYHBIX pazMepoB. OOHApYKEHHBIE TIa3MUJIbI IEKTOOAKTEPHUil TIPH-
HaJIeKaT K 9eTHIPEM TUCKPETHBIM pa3sMepHBIM KiaccaMm: 2,5-6,8, 9,8—-16,7, 47,7-64,5
129 1..H. [TpubmusutensHo 50 % BBIACNCHHBIX IWIA3MUI P. carotovorum OTHOCSTCS KO
BTOPOMY JTMCKPETHOMY KilacCy M uMmerot pasmep 8,7—10,4 T.m.H. B pe3synbrare pecTpuk-
OMOHHOTO aHamu3a OONBIINX IUIA3MHUJ C OOAWHAKOBBIM pa3MepoM 129 T..H. 4eThIpEx
pa3IMuHBIX WTAaMMOB P. carotovorum BeisiBieHo, yto JIHK kaxxkno# mimazmuael umeet
YHUKAJIbHYIO MEPBUYHYIO MMOCJICAOBATCIbHOCTD. B])IBO)][)I. PeSyJ'II)TaTI)I 10 BBISIBJICHUIO
TUTa3MHJ] NEKTOOAKTEpUil COBNAJAIOT C MOJyYCHHBIMH paHee JaHHBIMU O ToM, 4To 30 %
TaMMOB TTeKToOaKTepHii coneprkar miuasmMunabl [ Jovkach FI. [Isolation and preliminary
characterization of cryptic plasmids from Erwinia carotovora]. Microbiology. 2001; 70 (6):
804—810. Russian]. [TmasMugoconepkanne MTaMMOB CBSI3aHO C YKOJIOTHYECKAMH HHIIIA-
MH, B KOTOPBIX ITEpCUCTHPYIOT 6akTeprn. Buexpomocomusre /IHK nekrobakrepuii MmoryT
MPEACTABIISITh COOON MOTYAIIUE «3ITOUCTHYHBIC», BO3MOXKHO MPO(AroBsie, PEITUKOHBI.

Knrwouesvie cnosa: Pectobacterium carotovorum, KPpUNTHYECKHE TUIa3MUIBI,
PECTPUKINOHHBII aHAJIN3, PKOJIOT S, TUIA3MH/THBIA CIIEKTpP BU/A.
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