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Introduction

Saffron (Crocus sativus L.) has been cultivated in 
Sardinia since ancient times. The plant  was known 
during the Roman period and its cultivation and uses 
were later spread by the Arabs and Spanish (Picci, 
1986). Since the early years of the 20th century, saf-
fron cultivation has progressively decreased, as it is 
the case in most European countries, with the excep-
tion of Spain and Greece. In spite of this collapse in 
production, 80–90% of the world market is still con-
trolled by European companies.

The area currently planted with saffron in Sar-
dinia is about 35 ha,  and most is cultivated in the 
centre of the island (San Gavino Monreale, Turri 
and Villafranca). Saffron cultivation is traditional 
in these areas and plants are cultivated through 
biological systems. The dried stigmas are sold 
exclusively as threads. Even though this kind of 
farming is profitable, it is not widely used because 
of the out-dated techniques used and the low lev-
els of mechanization. Saffron cultivation involves 
intense manual work both for the harvest and the 
treatment of flowers. In addition, saffron mono-
culture has resulted in the development of serious 
pathogens that infect plants and corms adversely 
affecting production.

Different pathogens, mainly fungi, have been 
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Summary. Twenty five isolates of Burkholderia gladioli, the causal agent of a bacterial disease recently 
reported on saffron (Crocus sativus L.) grown in central Sardinia (Italy), were characterized using different 
approaches. The characteristic symptoms of the disease on saffron plants were rot of emerging shoots and 
leaves and spots on leaves and corms. In the field, the disease was destructive and reduced flowering by 
about 80%. Two types of colonies of bacteria cultured from affected plants were selected on the basis of their 
characteristic morphology and pigment production on nutrient-glucose-agar. One type was round, wrinkled, 
and producing yellowish pigment; while the second was round, smooth and without pigment. All 25 selected 
isolates were pathogenic on saffron leaves and corms. Ten were pathogenic on gladiolus and lily leaves. 
None of the tested isolates was pathogenic on onion plants. The isolates were characterized by conventional 
tests, Biolog, PCR and PCR-RFLP analysis. Conventional tests and PCR identified all isolates as B. gladi-
oli. PCR-RFLP analysis of 16S rDNA products digested with the three restriction enzymes Alu I, Dde I and 
Bss KI, identified ten of the isolates as B. gladioli pv. gladioli. Sequencing and comparison of the 16S rDNA 
PCR products confirmed that ten of the isolates were B. gladioli and the remaining 15 were an unidentified 
Burkholderia species. Sequencing the gene encoding for β-subunit polypeptide of DNA gyrase (gyrB) did not 
assist identification of these isolates. This study suggests that other Burkholderia species are involved with 
bacterial softrot of saffron in Sardinia, and further studies are in progress to verify this hypothesis.
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reported on saffron. These include: Macrophomi-
na phaseolina (Carta et al., 1982; Thakur et al., 
1992; Ionita et al., 1995); Fusarium oxysporum f. 
sp. gladioli (Yamamoto et al., 1956; Shah and Sriv-
astava, 1984; Garcia-Jimenez et al., 1985; Garcia-
Jimenez and Alfaro-Garcia, 1987; Cappelli, 1994); 
Fusarium solani (Sud et al., 1999); Penicillium 
aurantiogriseum Dierckx (Penicillium cyclopium 
Westl.) and Penicillium hirsutum Dierckx (Peni-
cillium corymbiferum Westl.) (Francesconi, 1973; 
Picci, 1986; Cappelli et al., 1991; Gu and Zhi, 1997; 
Fiori, 2002); Rhizoctonia violacea (Voglino, 1905; 
Nannizzi, 1941); Stromatinia gladioli (Drayton) 
Whetzel (Fiori et al., 2007); Phoma crocophila 
(Mont.) Sacc. (Nannizzi, 1941); Rhizoctonia viola-
cea var. crocorum (Nannizzi, 1941); Bacillus croci 
(Mizusawa, 1923) Burkholderia (Pseudomonas) 
gladioli pv. gladioli (Xu and Ge, 1990); Bean yel-
low mosaic virus (Russo et al., 1979); and Turnip 
mosaic virus (Chen and Chen, 2000).

Since 1980 researchers have found that differ-
ent fungal diseases were associated with saffron 
diseased plants in Sardinia (Carta et al., 1982; 
Fiori, 2002; Fiori et al., 2007). Some of these are 
transmitted through the corms (Cappelli et al., 
1991; Cappelli, 1994; Fiori, 2002). In addition, in 
2003 a disease caused by bacteria was observed on 
saffron plants in the areas of San Gavino Monre-
ale and Turri (Fiori et al., 2005). Severe outbreaks 
of the disease occurred in the field, reducing flow-
ering by about 80%.

Bacillus croci and B. (Pseudomonas) gladioli 
pv. gladioli are the only bacterial pathogens found 
in saffron. Bacillus croci is Gram negative, faculta-
tively anaerobic with peritrichous flagella, patho-
genic on Crocus sativus and the causal agent of rot 
lesions mainly on tubers. Burkholderia gladioli 
pv. Gladioli was isolated for the first time in 1921 
(McCulloch, 1921), and is normally pathogenic on 
Gladiolus spp. and Iris spp. (Palleroni, 1984).

The objective of the present study was to char-
acterize Burkholderia spp. isolates obtained from 
diseased saffron plants grown in Sardinia, using 
conventional and molecular methods.

Materials and methods
Surveys and samples collection 

Surveys were mainly carried out in saffron 
fields in San Gavino Monreale and Turri, and 

some fields in Villafranca, an area where bacterial 
softrot was not observed. A preliminary survey 
was carried out in 2003; subsequently the obser-
vations were made  in 2005, 2006 and 2007. Field 
samples were collected in November (at the begin-
ning of blooming) and then in March. Corms and 
plants were sampled in fields. In total 204 samples 
were processed (20 were collected from flowers, 80 
from leaves and 104 from corms).

Symptoms

Field symptoms were observed in autumn and 
spring. They were characterized by rot on plants 
and spots on leaves and corms. In particular in au-
tumn, during rainy and mild periods just before 
blooming, the sheaths that wrapped emerging 
shoots showed brown lesions (Figure 1a). Later 
the disease spread to the leaves and flowers and 
they rotted (Figure 1b and c). Brown rounded 
marks, surrounded by widespread reddish brown 
halos were observed on corms (Figure 1f). At the 
last stage of the disease, under high humidity, the 
spots became rotted. Symptoms on leaves were 
observed in autumn and also in spring. Reddish-
brown spots, surrounded by widespread chlorotic 
halos occurred on foliar limbs (Figure 1, d and e). 
Subsequently, during wet periods, the veins and 
leaf edges are sometimes affected by the disease 
and in some cases the leaves bend and distal parts 
wither.

Isolation and purification of bacteria

The isolations were performed as reported by 
Fiori et al. (2005). Small portions (2–3 cm long) 
of flowers and leaves were disinfected by immer-
sion in 0.5% sodium hypochlorite, while corms 
were washed in tap water before being disinfected 
by immersion in 0.5% sodium hypochlorite. After 
washing several times with sterile distilled water, 
pieces of infected tissues were taken from the edg-
es of the symptomatic areas, and each sample was 
ground in a mortar with sterile phosphate buffer 
(PBS 0.1 M, pH 7.0). The resulting suspensions 
were diluted 1:10, streaked onto nutrient agar 
(NA, OXOID CM3, Basingstoke, Hampshire, UK) 
supplemented with 1% of D-glucose (NDA) Petri 
dishes, and then incubated at 25°C. The dishes 
were regularly checked and two different colony 
types appeared within 72 h: one type was smooth 
and the other wrinkled. Colonies were purified 
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Figure 1. Symptoms of bacterial softrot in naturally infected saffron plants and corms: rot on emerging shoots, leaves 
and flowers (a, b and c); spots on leaves (d and e); brown marks surrounded by reddish brown halos on corm (f).

twice on NDA and streaked on NA for long-term 
storage at 4°C.

Pathogenicity test

The isolates were grown on NA for 3 d at 25°C 
and then colonies were resuspended in sterile dis-
tilled water (SDW). Bacterial suspensions were 
spectrophotometrically measured and adjusted 
to a concentration of about 107 cfu mL-1. Each iso-
late was inoculated into ten saffron plants and 
ten corms, four gladiolus, four lily and four on-
ion plants. Saffron plants were inoculated by 
nebulizing leaves each previously injured with 
a sterile needle. Corms, gladiolus, lily and onion 

plants were inoculated by pouring a drop of bac-
terial suspension on injured surfaces. The same 
number of saffron plants and corms, gladiolus, 
lily and onion plants were inoculated with SDW 
as controls. The inoculated plants were covered 
with plastic bags and kept in greenhouse at a 
minimum temperature of 20°C, and fertilised and 
watered as required. Saffron corms, after inocu-
lation, were planted in pots containing a sterile 
commercial soil, kept in greenhouse and similarly 
managed. Plants and corms were checked regu-
larly for symptom development. Re-isolations 
were made from diseased plants and corms, as 
described above.

a b c

d e f
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Identification of bacteria

Bacterial isolates and their re-isolates were 
identified using biochemical and physiological 
tests (Palleroni, 1984; Chun and Jones, 2001) (Ta-
ble 1), nutritional profile analysis using computer-
ised the Biolog system (Biolog Inc., Hayward, CA, 
USA) and PCR. 

The Biolog system is based on tests for the oxi-
dation of 95 substrates in 96-well microtiter plates. 
For nutritional profile analysis the isolates were 
grown on Biolog universal growth medium (Biolog 
Inc.) and incubated at 28°C. After 18 h the cul-
tures were collected using swabs and suspended 

in 0.85% saline solution (GN/GP-IF; Biolog Inc.). 
Each plate was inoculated with 150 µl per well of 
bacterial suspension, which had been turbidimet-
rically adjusted with saline solution to the appro-
priate density (optical density was determined at 
590 nm). The microplates were incubated at 28°C 
for 20 h, analyzed and identified using the data-
base software, version 6.01 (Biolog Inc.).

For PCR identification, total DNA was extract-
ed by Dneasy Blood & Tissue Kit (Qiagen, Valen-
cia, CA, USA) according to the manufacturer’s 
instructions. PCRs were performed using prim-
ers LP1 (5’-GGGGGGTCCATTGCG-3’) and LP4 

Table 1. Main characteristics of bacterial isolates from saffron and B. gladioli pv. gladioli CFBP2427 type strain.

Characteristic
Bacterial isolates from saffron B. gladioli pv. gladioli

CFBP2427Group Aa Group Bb

Gram reaction - - -

Oxidase + + +

Catalase + + +

Poly-b-hydroxybutyrate + + +

Arginine dihydrolase - - -

Nitrate reduction to NO2 - + -

Hydrolysis of: gelatin - + +

                         starch - - -

O-F Glucose test O O O

Growth at: pH 4 - + +

                    pH 8 + + +

                    pH 9 - - -

Growth in 3% NaCl - + +

Growth at 40° C + + +

Utilization of: Arabinose + + +

Maltose - - -

Mannose + + +

L-Arabitol + - -

meso-Erythritol - - -

D-Tartrate - + +

L- Tartrate - + +

meso-Tartrate + - +

L-Threonine + + +

a  Group A = DPPZ 9, DPPZ 10, DPPZ 11, DPPZ 12, DPPZ 13, DPPZ 14, DPPZ 15, DPPZ 16, DPPZ 17, DPPZ 18, DPPZ 19, DPPZ 20, 
DPPZ 21, DPPZ 23 and DPPZ 27:

b Group B = DPPZ 22, DPPZ 24, DPPZ 25, DPPZ 26, DPPZ 28, DPPZ 29, DPPZ 30, DPPZ 31, DPPZ 32, DPPZ 33
+, Positive reaction; - , negative reaction; O,  oxidative reaction.
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(5’-AGAAGCTCGCGCCACG-3’) designed on 23S 
ribosomal DNA sequence (Whitby et al., 2000), 
with a PCR express Thermal cycler (Hybaid). Each 
reaction contained 1 µM of each primer, 200 µM 
each deoxynucleoside triphosphate, 1 U of Go Taq 
DNA polymerase (Promega), 1× buffer containing 
1.5 mM MgCl2, 10 ng of genomic DNA in a total 
volume of 50 µl. The PCR program consisted of an 
initial denaturation of 95°C for 3 min and subse-
quent 30-cycle amplification: annealing at 60°C for 
10 s, denaturation at 95°C for 10 s and extension 
at 72°C for 60 s. Following amplification, 10 µl of 
each reaction mixture was subjected to electro-
phoresis in a 1% agarose gel in TAE buffer (pH 
8.0). The PCR products were visualized and pho-
tographed after SYBR Safe (Invitrogen, Carlsbad, 
CA, USA) DNA gel staining. Positive results were 
assessed by the amplification of a 700 bp band 
(Whitby et al., 2000).

Molecular characterization of bacteria

RFLP analysis was carried out using the restric-
tion endonucleases Alu I, Dde I and Bss KI (New 
England Biolab, Beverly, MA, USA) on PCR prod-
ucts (about 1500 bp) obtained with primers fD1 
(5’-CCGAATTCGTCGACAACAGAGTTTGATC-
CTGGCTCAG-3’) and rD1 (5’-CCCGGGATCCAA-
GCTTAAGGAGGTGATCCAGCC-3’) (Segonds 
et al., 1999) which amplify the 16S rDNA. Type 
strains of B. gladioli pv. gladioli CFBP 2427, B. 
gladioli pv. agaricicola CFBP 3580, B. gladioli pv. 
alliicola CFBP 2422, B. glumae CFBP 2430 and B. 
plantarii CFBP 3997 were used as reference con-
trols. 

PCR amplification of gyrB gene, encoding the 
β-subunit polypeptide of DNA gyrase, was carried 
out according to Maeda et al. (2006). The degener-
ate primers UP-1E (5’-CAGGAAACAGCTATGAC-
CAYGSNGGNGGNAARTTYRA-3’) and AprU 
(5’-TGTAAAACGACGGCCAGTGCNGGRTCYT-
TYTCYTGRCA-3’) were used for the first ampli-
fication and a nested PCR was carried out on the 
obtained product with primers M13(-21) (5’-TG-
TAAAACGACGGCCAGT- 3’) and M13R (5’- CAG-
GAAACAGCTATGACC-3’) (Maeda et al., 2006). A 
fragment of 1000 bp was produced for this gene.

In order to obtain the entire sequence of gyrB 
and 16S rDNA both strands of the fragments were 
sequenced by BMR Genomics s.r.l., DNA sequenc-
ing service (Padua, Italy; www.bmr-genomics.it). 

The 16S rDNA gene of the type strains B. gladioli 
pv. gladioli CFBP 2427, B. gladioli pv. agaricico-
la CFBP 3580 and B. gladioli pv. alliicola CFBP 
2422 were also sequenced as they were not present 
in Genbank. Sequences were aligned using the 
CLUSTAL W software (Chenna et al., 2003; www.
ebi.ac.uk/clustalw) and compared with those pre-
sent in Genbank using the BLAST software (Alts-
chul et al., 1997; www.ncbi.nlm.nih.gov/blastn). 
Comparison with other Burkholderia sequences 
were made using BLASTN 2.2.22 software (Alts-
chul et al., 1997).

Results

The bacterial isolates obtained from diseased 
saffron plants were divided in two groups accord-
ing to their colonial morphology on NDA medium 
after 4 d incubation. The colonies of the first group 
were smooth, white-cream and, with backlight, 
pale green in colour. The colonies of the second 
group were wrinkled, green-yellow in colour and 
each produced a yellow diffusible pigment. On the 
basis of these characteristics, a total of 25 isolates 
were selected: 15 belonged to the group A (smooth 
colony type) and 10 to the group B (wrinkled type) 
(Table 1).

All the 25 isolates were pathogenic and in-
duced specific symptoms on saffron leaves and 
corms (Figure 2a and b). The isolates of the group 
B (isolates DPPZ 22, DPPZ 24, DPPZ 25, DPPZ 26, 
DPPZ 28, DPPZ 29, DPPZ 30, DPPZ 31, DPPZ 32, 
DPPZ 33) were also pathogenic on gladiolus and 
lily leaves (Figure 2, c and d). None of the isolates 
were pathogenic on onion plants.

The results of the main biochemical and physi-
ological tests are reported in Table 1. Although 
there were some differences, on the basis of these 
results group A and group B isolates could be as-
cribed to B. gladioli. Characterisation using the 
Biolog system resulted in the identification of ten 
isolates as B. gladioli (probability ranged from 82 
to 99%), while the remaining fifteen isolates were 
not identified (Table 2).

In the PCR analysis using the primers LP1 and 
LP4, the 25 saffron isolates and the type strains of 
B. gladioli. pv. gladioli CFBP 2427 and B. gladioli 
pv. alliicola CFBP 2422 used as controls produced 
the same species-specific amplification product of 
700 bp (Whitby et al., 2000) (Figure 3). Moreover, 
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Figure 2. Symptoms of bacterial softrot in an experimentally infected saffron plant and corm (a and b), and on gladi-
olus (c) and lily (d) leaves.

a single 16S rDNA amplification product of about 
1500 bp was produced for all the isolates using 
primers fD1 and rD1 (Figure 4). RFLP analysis of 
the 16S rDNA fragments using Alu I, Dde I and 
Bss KI restriction endonucleases gave the same 
patterns  for the group B isolates (B, D, F) of the 
type strain B. gladioli pv. gladioli CFBP 2427. The 
patterns produced by the isolates of the group A 
were different from all the reference strains used 
in this study (Figure 4).

Both strands of PCR products were sequenced 
using primers fD1 and rD1. The 16S ribosomal gene 
sequences were aligned. Two types of sequences 
were obtained with about 96% similarity; they dif-
fered for 58 out of 1460 nucleotides. The first type 
of sequence, which was common to the group B 
isolates, had the most significant similarity (99%) 
with the 16S ribosomal RNA gene sequence of B. 
gladioli with accession number EF088208. They 
differed only for two nucleotides: C instead of T (nt 
176) and T instead of C (nt 178). One of these iden-
tical sequences, DPPZ22, was deposited in Gen-
bank under accession number GU479033.

The group A isolates had a second type of se-
quence which had the highest similarity (99%) 
with a Burkholderia sp. that degrades phenan-
threne AF247494 (Friedrich et al., 2000). The se-
quence of DPPZ13, representative of this group of 
isolates, was deposited in Genbank under acces-
sion no. GU479034. None of the Genbank sequenc-
es that matched this type of sequence belonged to 
B. gladioli.

The two types of 16S sequences, GU479033 
and GU479034 B. gladioli, were aligned with the 
sequences of B. gladioli EF088208, B. cepacia 
EU024184, B. multivorans EU024178, B. plan-
tarii EU024175 and B. glumae EU24181, already 
present in Genbank, and with B. gladioli pv. glad-
ioli CFBP 2427 (GU936677), B. gladioli pv. aga-
ricicola CFBP 3580 (GU936678) and B. gladioli  
pv. alliicola CFBP 2422 (GU936679), sequenced 
in the present study, as they were not present in 
Genbank (Tables 3 and 4). 

Comparison of the data obtained indicated a 
similarity of 99% between sequence GU479033 
and the following: B. gladioli (EF088208), B. glad-
ioli pv. gladioli CFBP 2427 (GU936677), B. gladi-
oli pv. agaricicola CFBP 3580 (GU936678) and 
B. gladioli pv. alliicola CFBP 2422 (GU936679). 
The comparison with B. plantarii (EU024175) and 
B. glumae (EU024181) revealed 98% similarity, 
while 97% similarity was found with B. cepacia 
(EU024184) and B. multivorans (EU024178) (Ta-
ble 3).

Sequence GU479034 had 96% similarity with 
B. gladioli (EF088208), B. gladioli pv. gladi-
oli CFBP 2427 (GU936677), B. gladioli pv. aga-
ricicola CFBP 3580 (GU936678) and B. gladi-
oli pv. alliicola CFBP 2422 (GU936679), B. 
plantarii (EU024175), B. glumae (EU024181), 
B. cepacia (EU024184) and 95% with B. multi-
vorans (EU024178) (Table 4). Burkholderia sp. 
GU479034 sequence has 41 nucleotides which are 
present only in this species.
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Isolate Identification BIOLOG PROB          SIM            DIST

DPP 9z Not identified (B. gladioli) - 0.355 10.85
DPP 10z Not identified (B. gladioli) - 0.121 13.31
DPP 11z Not identified (P. fluorescens; 

B. gladioli)
-
-

0.275
0.00

12.87
15.31

DPP 12z Not identified (P. fluorescens; 
B. gladioli)

-
-

0.304
0.011

11.84
12.91

DPP 13z Not identified (P. fluorescens; 
B. gladioli)

-
-

0.313
0.00

11.95
14.15

DPP 14z Not identified (P. fluorescens; 
B. gladioli)

-
-

0.237
0.002

13.95
15.59

DPP 15z Not identified (B. gladioli;
Acinetobacter calcoaceticus gen. 1)

-
-

0.122
0.060

14.28
14.51

DPP 16z Not identified (B. gladioli) - 0.351 10.97
DPP 17z Not identified (P. fluorescens; 

B. gladioli)
-
-

0.274
0.00

12.95
15.04

DPP 18z Not identified (P. fluorescens; 
B. gladioli)

-
-

0.274
0.00

12.95
15.04

DPP 19z Not identified (B. pyrrocinia; 
B. gladioli)

-
-

0.202
0.103

11.66
11.88

DPP 20z Not identified (B. gladioli;
P. fluorescens)

-
-

0.350
0.037

10.18
10.92

DPP 21z Not identified (P. fluorescens; 
B. gladioli)

-
-

0.343
0.00

11.20
14.65

DPP 23z Not identified (B. phenazinium;
P. fluorescens)

-
-

0.328
0.001

11.54
13.34

DPP 27z Not identified (B. gladioli) - 0.256 13.45

DPP 22z Identified B. gladioli 96% 0.784 2.80

DPP 24z Identified B. gladioli 91% 0.691 3.62

DPP 25z Identified B. gladioli 98% 0.742 3.62

DPP 26z Identified B. gladioli 96% 0.744 3.41

DPP 28z Identified B. gladioli 99% 0.706 4.40

DPP 29z Identified B. gladioli 96% 0.784 2.80

DPP 30z Identified B. gladioli 98% 0.824 2.36

DPP 31z Identified B. gladioli 99% 0.830 2.44

DPP 32z Identified B. gladioli 98% 0.839 2.19

DPP 33z Identified B. gladioli 82% 0.527 5.44

Table 2. Results of Biolog test for 25 saffron isolates.
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Figure 3. Amplification products from Burkholderia spp. obtained using LP1 and LP4 primers. Lane M, 1 Kb plus 
DNA ladder (Invitrogen); lane 1, type strain B. gladioli pv. gladioli CFBP 2427; lane 2, B. g. pv. alliicola CFBP 2422; 
lane 3, SDW; lane 4, band produced by group A and group B saffron isolates.

Figure 4. Restriction fragment length polymorphism patterns of Burkholderia gladioli and unidentified strains iso-
lated from saffron after digestion of PCR amplification products obtained with fD1 and rD1 primers with the restric-
tion endonucleases AluI (A and B), DdeI (C, D, D1 and D2) and BssKI (E, F and G). M = 100 bp ladder (Invitrogen); U 
= uncut product; (B, D, F) = B. gladioli pv. gladioli CFBP 2427; (B, D, F) = Group B isolates; (B, D2, F) = B. gladioli 
pv. alliicola CFBP 2422; (A, D1, F) = B. glumae CFBP 2430; (B, D, G) = B. gladioli pv. agaricicola CFBP 3580; (B, D1, 
F) = B. plantarii CFBP 3997; (A, C, E) = Group A isolates.

To obtain more precise identification of the 
group A saffron isolates, DPPZ 13 gyrB gene 
was sequenced (data not shown) and analysed. 
BLAST search gave the following results: the 
highest similarity of 90% was found with B. thai-

landensis (CP000086); 87% with B. plantarii 
(AB190644) and B. cepacia (AB190575); only 86% 
with B. gladioli (AB190622), B. gladioli pv. aga-
ricicola (AB220902) and B. gladioli pv. alliicola 
(AB190640) (Table 5).
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Table 3. Comparison between B. gladioli pv. gladioli (strain DPPZ22, group B) GU479033 and other Burkholderia 
species.

Accession 
No. Description Max 

score
Total 
score

Query 
coverage 

(%)
E value

Max 
ident. 

(%)

EF088208 Burkholderia gladioli strain S10 16S 
ribosomal RNA gene, partial sequence

2626 2626 99 0.0 99

GU936677 Burkholderia gladioli pv. gladioli CFBP 
2427

2610 2610 100 0.0 99

GU936678 Burkholderia gladioli pv. agaricicola CFBP 
3580

2610 2610 100 0.0 99

GU936679 Burkholderia gladioli pv. alliicola CFBP 
2422

2628 2628 100 0.0 99

EU024184 Burkholderia cepacia strain CIP 8272 16S 
ribosomal RNA gene, partial sequence

2244 2244 89 0.0 97

AF148555 Burkholderia multivorans 16S ribosomal 
RNA gene, partial sequence

2277 2277 99 0.0 97

EU024175 Burkholderia plantarii strain CIP 105979 
16S ribosomal RNA gene, partial sequence

2298 2298 89 0.0 98

EU024181 Burkholderia glumae strain CIP 106418 16S 
ribosomal RNA gene, partial sequence

2286 2286 89 0.0 98

GU479034 Burkholderia sp. strain DPPZ13 16S 
ribosomal RNA gene, complete sequence

2372 2372 100 0.0 96

Accession 
No. Description Max 

score
Total 
score

Query 
coverage 

(%)
E value

Max 
ident. 

(%)
AF247494 Burkholderia sp. S2.1 16S ribosomal RNA 

gene, partial sequence
2607 2607 98 0.0 100

EF088208 Burkholderia gladioli strain S10 16S 
ribosomal RNA gene, partial sequence

2385 2385 99 0.0 96

GU936677 Burkholderia gladioli pv. gladioli CFBP 
2427

2396 2396 99 0.0 96

GU936678 Burkholderia gladioli pv. agaricicola CFBP 
3580

2405 2405 99 0.0 96

GU936679 Burkholderia gladioli pv. alliicola CFBP 
2422

2385 2385 99 0.0 96

EU024184 Burkholderia cepacia strain CIP 8272 16S 
ribosomal RNA gene, partial sequence

2168 2168 89 0.0 96

EU024181 Burkholderia glumae strain CIP 106418 
16S ribosomal RNA gene, partial sequence

2154 2154 89 0.0 96

EU024175 Burkholderia plantarii strain CIP 105979 
16S ribosomal RNA gene, partial sequence

2145 2145 89 0.0 96

AF148555 Burkholderia multivorans 16S ribosomal 
RNA gene, partial sequence

2143 2376 90 0.0 95

GU479033 Burkholderia gladioli pv. gladioli 16S 
ribosomal RNA gene, partial sequence

2369 2369 99 0.0 95

Table 4. Comparison between Burkholderia sp. (strain DPPZ13, group A) GU479034 and other Burkholderia species.
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Discussion

The genus Burkholderia includes opportunistic 
or obligate plant, animal and human pathogens. 
Also included are species and strains that are ben-
eficial to plants (Compant et al., 2008). Originally, 
plant pathogenic strains were included in the genus 
Pseudomonas (Severini 1913; McCulloch, 1921). 
Currently, these bacteria are included in Burk-
holderia (Yabuuchi et al., 1992). 

Two groups of bacterial pathogens isolated from 
diseased saffron plants were characterized in the 
present study. Preliminary identification of the ten 
isolates of group B (Table 1 and Table 2) was based 
on results of biochemical and physiological tests and 
Biolog analysis. On the basis of these characteristics 
they could be ascribed to B. gladioli. Further differ-
entiation from the isolates of the group A was based 
on pathogenicity on gladiolus and lily; on the basis 
of these results they can be ascribed to the pathovar 
gladioli.

Burkholderia gladioli is an heterogeneous spe-
cies with phenotypic and genetic variability. Their 
discrimination is based mainly on pathogenicity 

(Saddler, 1994). The species was divided into three 
pathovars (pv. gladioli, pv. alliicola and pv. aga-
ricicola) based on their host ranges (Young et al., 
1996). Burkholderia gladioli pv. gladioli causes rot 
of stems and corms mainly on Gladiolus and Iris 
spp. and other plants (e.g. orchids) including Cro-
cus species, rot of rice, and leaf spots and blight of 
ferns (Saddler, 1994; Ura et al., 2006; Compant et 
al., 2008; Nandakumar et al., 2009). On saffron this 
pathogen was only reported in China as the causal 
agent of corm rot (Xu and Ge, 1990). This bacterium 
is also an opportunistic human pathogen and may 
be involved in various nosocomial infections ob-
served in cystic fibrosis patients (Bauernfeind et al., 
1998).

The identification of group B isolates was con-
firmed also using genomic analyses: PCR (Whitby 
et al., 2000) (Figure 3) and RFLP of the 16S rDNA 
fragments produced the same patterns (B, D, F) of 
the type strain B. gladioli pv. gladioli CFBP 2427 
(Segonds et al., 1999) (Figure 4).

Sequencing of the 16S rDNA gene was useful for 
strain differentiation and to compare the saffron iso-
lates with Burkholderia spp. reported in Genbank. 

Accession No. Description Max 
score

Total 
score

Query 
coverage 

(%)
E value

Max 
ident. 

(%)

CP000086 Burkholderia thailandensis E264 chromosome 
I, complete sequence.

1258 1320 95 0.0 90

AB207070 Burkholderia glumae gyrB gene for DNA 
gyrase subunit B, partial cds, isolate: H94

1218 1218 95 0.0 88

AP009385 Burkholderia multivorans ATCC 17616 DNA, 
complete genome, chromosome 1

1186 1228 97 0.0 87

AB190644 Burkholderia plantarii gene for DNA gyrase 
subunit B, partial cds, strain: MAFF 302381

1007 1053 82 0.0 87

AB190575 Burkholderia cepacia gene for DNA gyrase 
subunit B, partial cds, strain: ATCC 25416

980 1047 81 0.0 87

AB220902 Burkholderia gladioli pv. agaricicola gyrB for 
DNA gyrase subunit B, partial cds, strain: 
GTC1730

962 1011 82 0.0 86

AB190640 Burkholderia gladioli pv. alliicola gene for 
DNA gyrase subunit B, partial cds, strain: 
ATCC 19302

971 1020 82 0.0 86

AB190622 Burkholderia gladioli gene for DNA gyrase 
subunit B, partial cds, strain: MAFF 302385

944 993 82 0.0 86

Table 5. Comparison between Burkholderia sp. (strain DPPZ13, group A) gyrB gene sequence and other Burkholderia 
species.
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Sequences of the strains belonging to the group B 
had the most significant similarity (99%) with the 
16S ribosomal RNA gene sequence of B. gladioli 
EF088208. The sequence GU479033, representative 
of this group, was compared with other Burkholde-
ria species and a similarity of 99% was found also 
with the sequences of B. gladioli pv. gladioli CFBP 
2427 (GU936677), B. gladioli pv. agaricicola CFBP 
3580 (GU936678) and B. gladioli pv. alliicola CFBP 
2422 (GU936679) (Table 3). These three sequences 
were very similar and not distinguishable. For ex-
ample, the sequences of B. gladioli EF088208 and 
B. gladioli pv. alliicola GU936679 were identical.

Isolates of group A were pathogenic on saffron, 
but not pathogenic on gladiolus and lily. On the ba-
sis of the results of biochemical and physiological 
tests they can be ascribed to B. gladioli. The differ-
ences recorded in some tests (Table 1), except the 
lack of growth at pH 4, have also been reported else-
where (Palleroni, 1984; Saddler, 1994; Chun and 
Jones, 2001). 

The results of Biolog and molecular analyses did 
not allow us to identify the group A isolates. It was 
not possible either to reach species determination 
by 16S sequencing. BLAST analysis of Burkholde-
ria sp. sequence GU479034, representative of this 
second group, showed the highest similarity (99%) 
with Burkholderia sp. AF247494. The comparison 
of GU479034 with B. gladioli sequences gave a sim-
ilarity of 96% for all the pathovars reported above, 
while it was 95% with the saffron strain B. gladioli 
pv. gladioli GU479033 (Table 4). We also found that 
GU479034 had 41 nucleotides which differed from 
all the other Burkholderia species considered. These 
could be peculiar bases of a new Burkholderia spe-
cies. In addition, even the analysis of the gyrB gene 
did not give complete identification, as the similari-
ty with the sequences available in Genbank was not 
sufficiently high to determine the species (Table 5).

In conclusion, these strains of bacteria, which 
have the ability to cause softrot in saffron, are close 
to B. gladioli. Therefore, further studies are neces-
sary to verify if the isolates of this group belong to a 
new species or pathovar of this bacterium.
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