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The G+C con tent in ge nome DNA and nu cle o tide se quence of 16S RNA of Pseu do mo nas lu pin³ Beltyukova, Korolyova
strains have been de ter mined for the first time. On the ba sis of these re sults and ear lier ob tained genotypic prop er ties of
Pseu do mo nas lu pin³ the ma jor ity of the strains be longs to Pseu do mo nas syringae. .In our opin ion the only ex cep tion is
strain 8531, which ac cord ing to its ge no type be longs to Pseu do mo nas sàvastanoi pv. glycinea.

Key words: Pseu do mo nas lu pin³, Pseu do mo nas syringae, Pseu do mo nas sàvastanoi, G+C con tent, nu cle o tide se quence
of 16S RNA.

Pseudomonas lupini is con sid ered to be the bac te rial
agent of lu pin, Beltyukova, Korolyova. The spe cific
name of the patho gen is iden ti fied on the ba sis of some
phenotypic fea tures [1, 6, 10]. In mod ern de ter mi na tive
man u als the sep a rate spe cies of Pseu do mo nas lupini is
ab sent. The ma jor ity of phytopathogenic Pseu do mo nas
is rep re sented by 45 pathovars that be long to two phe -
no type-like spe cies Pseu do mo nas syringae and Pseu -
do mo nas savastanoi [11, 12]. Mo lec u lar and ge netic re -
search meth ods, se quenc ing of 16S rRNA gene, mo lar
con tent of gua nine and cy to sine in to tal genomic DNA
and DNA-DNA-hy brid iza tion, in par tic u lar, are widely 
used in bac te rial sys tem ati za tion in the re cent years [14, 
16, 17, 18, 20]. At the same time, the polyphase ap -
proach which in cludes de tailed bac te ria re search, i.e.
the in te gra tion of anal y sis of phenotypic fea tures with
mo lec u lar and ge netic re search [7, 8, 18], is use ful in
ques tion able is sues of bac te ria sys tem ati za tion. We
stud ied a wide com plex of phenotypic fea tures of
P.lupini ear lier [2, 3, 4, 5]. 22 strains of Pseu do mo nas
lu pine ac cord ing to patho ge nic ity for 10 spe cies of

plants, morphologo-cul tural, phys i o log i cal and 49 bio -
chem i cal prop er ties, an ti genic and fat ac ids con tent of
to tal cell lipids are re lated to each other as well as to
typ i cal strains of Pseu do mo nas syringae pv. Syringae
8511 and Pseu do mo nas savastanoi pv. phaseolicola
9066 [3].

As the anal y sis of phenotypic fea tures did not give
the fi nal an swer con cern ing spe cies be long ing bac te rial 
agent of lu pin spot ti ness, there fore, the aim of our re -
search was to study genotypic fea tures of the col lec tion
and new strains of P.lupini, namely mo lar con tent of
G+C in genomic DNA and nu cle o tide se quence of the
16S rRNA gene of these strains.

Ma te ri als and Methods. 5 col lec tions, 2 new
strains of P.lupini, and the typ i cal strain of Pseu do mo -
nas syringae pv. syringae 8511 were cho sen for our re -
search (Ta ble 1).

The ex trac tion and pu ri fi ca tion of genomic DNA to
de ter mine G+C con tent were con ducted ac cord ing to
com monly ac cepted meth ods [9, 13]. The mo lar con tent 
of guanidine and cy to sine sum in per cent (%) was de -
ter mined by the anal y sis of DNA de na tur ation curve us -
ing spectrophotometer DU-8 (Becman). DNA melt ing
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tem per a ture was de ter mined as the mid point on the
func tion curve of rel a tive ab sorp tion to tem per a ture.
G+C con tent in DNA was cal cu lated as:

%G+C = (Tm-53.9?):0.41+D%G+C
Tm – melt ing tem per a ture of DNA
D%G+C – cor rec tion, which is cal cu lated us ing

DNA E.coli ATC 11775T [9, 19].
To ex tract DNA for poly mer ase chain re ac tion

(PCR) Sil ica Spin col umns and the set of re agents
“DNA-sorb-B” were used. The DNA copy of 16S
rRNA gene was am pli fied us ing the uni ver sal prim ers
pA - 5¢ - AGAGTTTGATCCTGGCTCAG-3¢ (8-27 in
E.coli num ber ing sys tem) and pH - 3¢ -
AAGGAGGTGATCCAGCCGCA - 5¢ (1542-1523 in
E.coli num ber ing sys tem) at ex per i men tally spec i fied
con di tions, as fol lows, DNA de na tur ation –

94°C/15sec, an neal ing - 65°C/15sec, elon ga tion -
72°C/5min, (Fig.1) [15].

The prod ucts of am pli fi ca tion were cloned us ing
ter mi nal transferase ac tiv ity of Taq-poly mer ase into
T-vec tor on the ba sis of pBLuescript SK(+) in EcoRV
re stric tion site. 16S rDNA amplificate was se quenced
by au to matic se quencer 3130 Ge netic An a lyzer
(Hitachi). The search for ho mol o gous nu cle o tide se -
quences of 16S rDNA, de pos ited in GenBank, was per -
formed us ing BLAST pro gram
(http://www.ncbi.nlm.nih.gov/BLAST/). Ho mol o gous
se quences of nu cleo tides with like li hood were se lected
us ing AliBee pro gram
(http://www.genebee.msu.su/genebee.html). The to -
pol ogy of re con structed max i mum like li hood tree was
cre ated by the boot straps method. The con struc tion of
max i mum like li hood tree was per formed on the ba sis of 
like li hood dis tance ma trix us ing Tree Top pro gram –
Phylo gen etic Tree Pre dic tion
(http://www.genebee.msu.su/ser vices/phtree).

Re sults and Dis cus sion. It is known that G+C con -
tent in genomic DNA is one of the most im por tant fea -
tures of a spe cies. Ac cord ing to Yamamoto G+C con -
tent in genomic DNA for II clus ter, in side Pseu do mo -
nas fam ily, to which be long G-, mov able, rod-like
mi cro or gan isms, ca pa ble of pro duc ing flu o res cent pig -
ment and grow ing at 4?C and not ca pa ble of grow ing at
41?C, var ies in the range of 59.0-63.6 mol.%. The au -
thor also in cluded so called syringae com plex, which
con sists of Pseu do mo nas amygdali, Pseu do mo nas
caripapayae, Pseu do mo nas ficuserctae, the pathovars
of Pseu do mo nas syringae and Pseu do mo nas
savastanoi spe cies [20] to this clus ter. It was found that
mo lar % of G+C var ies from 58.5 up to 60.8 % (Fig.2),
for the ma jor ity of the in ves ti gated strains of P. lupini,
which, ac cord ing to the lit er a ture data, cor re sponds to
the val ues for Pseu do mo nas syringae and Pseu do mo -
nas savastanoi [16, 20].

In our re search mo lar % of G+C in genomic DNA
of typ i cal strain 8511 val ues to 58.8%, which agrees
with [16]. The only ex cep tion is P.lupini strain 8531,
the mo lar % of G+C in genomic DNA of which val ued
to 62.5. It means that the G+C con tent in DNA of
P.lupini strain 8531 is 2.5mol.% higher than in other
P.lupini strains and the typ i cal strain, which ac cord ing
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Ta ble 1.
 Strains used in the re search

Strain, No. Origin Source of strain obtaining

Pseudomonas lupin³
collection 8531-8535.

lupin

The collection of the
department of
phytopatogenic bacteria
of the Institute of
Microbiology and
Visurology NAS of
Ukraine

Pseudomonas lupin³ 6, 17 lupin Extracted by us

Pseudomonas syringae pv.
syringae 8511- UCM**
Â1027Ò ATCC-19310,
NCPPB*-281

lilac UCM**

Note: * - NCPPB – Na tional Col lec tion of Plant Patho genic Bac te ria, UK
** - UCM – Ukrai nian Col lec tion of Mi cro or gan isms

 

1500  b. p. 

          1                 2               3                 4                   5 

Fig.1 The search for op ti mal an neal ing tem per a ture of prim ers at PCR:

1-50°C; 2-55°C; 3-60°C; 4-65°C; 5- marker DNA



to the lit er a ture data [12] tes ti fies to its be long ing to an -
other spe cies (Ta ble 2).

It was found that only P.lupini strain 8531 has
100% homology of 16S rRNA gene se quence with the
ref er ent strain Pseu do mo nas savastanoi pv. glycinea in
the nu cle o tide da ta base GenBank (Ta ble 3).

As it is seen from the di a gram, strain 8531 is the
most ge net i cally iso lated in com par i son with other in -
ves ti gated strains and typ i cal Pseu do mo nas syringae
pv. syringae 8511 strain (Fig. 3).

It is worth men tion ing that the higher value of G+C
con tent in DNA, com par ing to other strains by 2 mol.%, 
also has P.lupini 8535, and by 1.5 mol.% strains 8532
and 17. How ever, the strains P.lupini 8535, 8532 and
17 as well as the rest of strains have high like li hood of
se quences of 16S rRNA gene with those de pos ited in
GenBank nu cle o tide se quences of this gene of some
pathovars, which ac cord ing to mod ern sci en tific data
be long to both spe cies Pseu do mo nas syringae and
Pseu do mo nas savastanoi.

Our re sults sup port com pletely the lit er a ture data
about the high per cent age of iden tity of nu cle o tide se -
quences of 16S rRNA gene in closely re lated spe cies of
Pseu do mo nas syringae and Pseu do mo nas savastanoi
[20]. Ac cord ing to the data of Gardan et al., the
pathovars of phytopathogenic pseudomonades
glycinea and phaseolicola, which cause an gu lar spot ti -
ness of soy and kid ney beans are trans ferred from
P.syringae to P.savastanoi spe cies, ex cep tion ally on
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Fig 2. Mo lar % of G+C in DNA of Pseu do mo nas lupini and typ i cal Pseu do -
mo nas syringae pv. syringae 8511 strains.

Ta ble 2. 
The level of ge no type like li hood of bac te rial taxons de ter mined by dif fer -
ent meth ods.

Taxons, which
are being
compared

The level of likelihood

The difference 
in G+C

content in
DNA, mol. %

The level of
DNA-DNA-h
ybridization,

%

The level of
likelihood of
16S rRNA
genes, %

Families(or geni
of one family)

* * less than 15 * less than 90

The species of
one genus

more than 10
not less than

20
91-98

Strains belonging 
to different
species

from 1 to 10
less than

60-70
less than 97

The strains of one 
species

from 0 to 1 60-70 97.5-99.9

Ta ble 3.
 The iden tity of nu cle o tide se quences of 16S rRNA gene of P.lupini strains with nu cle o tide se quences of 16S rRNA gene of bac te ria in the nu cle o tide da ta -
base GenBank

Investigated strain number
Species name, pathovar (i) number of reference

strain in the nucleotide database GenBank
The quantity of nucleotides in 

the fragment of 16S rRNA
The identity of sequences, %

8531

P.savastanoi pv. glycinea

P.syringae pv. syringae B 728a

P.savastanoi pv. phaseolicola

P.savastanoi pv. savastanoi ATCC 13522T

P.syringae pv.pisi

1478 100

8532, 8533, 8534, 8535, 6, 17

P.savastanoi pv. glycinea

P.syringae pv. syringae B 728a

P.savastanoi pv. phaseolicola

P.savastanoi pv. savastanoi ATCC 13522T

P.syringae pv.pisi

1476 ¾1491 99



the ba sis of the re sults of DNA-DNA hy brid iza tion [16, 
20, 21]. Thus, the level of like li hood of DNA, found as
the re sult of DNA-DNA hy brid iza tion, be tween typ i cal
strain P.savastanoi 1392 and typ i cal strains of
pathovars phaseolicola and glycinea val ued to 72-83%, 
and be tween these strains and typ i cal strain P.syringae
pv. syringae 1670T – 50-56%, which ev i dences the au -
thor’s opin ion, be long ing of pathovars phaseolicola
and glycinea to P.savastanoi spe cies [20]. This re clas -
si fi ca tion is still con sid ered to be the ques tion able is sue
in phytopathogenic pseudomonades sys tem ati za tion
[17, 18].

There fore, the pre vi ously per formed phe no type
fea tures anal y sis and the pre sented anal y sis of
genotypic fea tures in the cur rent pa per tes tify to the ab -
sence of Pseu do mo nas lupini spe cies in na ture. The ma -
jor ity of in ves ti gated strains be long to the Pseu do mo -
nas syringae spe cies ac cord ing to pre vi ously shown
phenotypic like li hood and re cently in ves ti gated G+C
con tent in genomic DNA, nu cle o tide se quence of 16S
rRNA gene with typ i cal strain Pseu do mo nas syringae
pv. syringae 8511. The ex cep tion is strain 8531 which
was as cribed by us to Pseu do mo nas savastanoi
pv.glycinea on the ba sis of G+C con tent of genomic
DNA and the nu cle o tide se quence of 16S rRNA gene.

Ë. À. Äàíêåâè÷, Ð. È. Ãâîçäÿê

Ãåíîòèïè÷åñêèå ñâîéñòâà âîçáóäèòåëÿ áóðîé áàêòåðèàëüíîé

ïÿòíèñòîñòè ëþïèíà Pseu do mo nas lupini

Ðåçþìå

Îïðåäåëåíî ñîäåðæàíèå GC-ïàð â ãåíîìíîé ÄÍÊ è íóêëåîòèäíàÿ
ïîñëåäîâàòåëüíîñòü ãåíà 16S pPHK øòàììîâ P. lupini Beltjukova,
Koroljova. Íà îñíîâå ýòèõ è ïîëó÷åííûõ ðàíåå ôåíîòèïè÷åñêèõ
ïðèçíàêîâ áîëüøèíñòâî øòàììîâ P. lupini îòíåñåíî ê Pseu do mo nas
syringae. Èñêëþ÷åíèå ñîñòàâèë øòàìì P. lupini 8531, êîòîðûé èç-çà
ñðîäñòâà GC-ñîñòàâà ãåíîìíîé ÄÍÊ è íóêëåîòèäíîé
ïîñëåäîâàòåëüíîñòè ãåíà 16S pPHK îòíåñåí íàìè ê Pseu do mo nas
sàvastanoi pv. glycinea.

Êëþ÷åâûå ñëîâà: Pseu do mo nas lupini, Pseu do mo nas syringae, Pseu -
do mo nas sàvastanoi GC-ñîñòàâ ÄÍÊ, íóêëåîòèäíàÿ
ïîñëåäîâàòåëüíîñòü ãåíà 16S pPHK.
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