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Abstract
In 2016, potato tuber soft rot symptoms were observed in major potato production fields 
in Jiroft county (southern Kerman province, Iran). Bacteria, which appeared as white to 
creamy colonies, were isolated from diseased tissues and shown to be pathogenic on po-
tato tubers after inoculation and re-isolation of the isolates. Based on the assessment of 
colony morphology, biochemical characteristics, and analysis of 16S rRNA and gyrB gene 
sequences, the pathogen was identified as Pseudomonas marginalis. To our knowledge, this 
is the first report of P. marginalis causing potato tuber soft rot disease in Iran.
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potato fields in Jiroft county (southern Kerman pro- 
vince, Iran), where potatoes are largely grown. Symp-
toms included rotting of the seed tuber and wilting of 
the stem and upper leaves. As the disease progressed, 
decaying tubers turned into a mushy, whitish, unpleas-
ant-smelling pulp (Fig. 1B). Approximately 10% of 
plants were affected. Here, we identified the bacterial 
isolates causing tuber soft rot of potato in Iran using 
phenotypic characteristics and analysis of 16S rRNA 
and gyrB gene sequences. 

Tubers were collected from 10 potato plants show-
ing disease symptoms in five surveyed fields and taken 
to the laboratory. The suspected pathogen was isolated 
on sucrose nutrient agar medium (SNA, 1% sucrose), 
using the streak plate technique described by Li et al. 
(2007) and Basavand et al. (2021), with slight modifi-
cations. In brief, the naturally infected potato tubers 
were washed with tap water to remove excess soil. 
They were then surface disinfected in 70% ethanol 
for 2 minutes, rinsed in sterile distilled water (SDW), 
dried on filter paper and broken open just past the 
margin of the rot. Small parts at the infection margin 

Potato (Solanum tuberosum L.) is considered the third 
most significant crop globally and has been ranked 
first among non-cereal crops in terms of human con-
sumption (Singh and Sandhu 2023). According to 
FAOSTAT data for 2022, China, India, Ukraine, the 
Russian Federation and the USA are the world’s lead-
ing producers of potatoes (FAO 2022). In the same 
ranking, Iran is the 12th largest potato producer. Po-
tatoes are susceptible to a wide range of diseases, of 
which the most serious are caused by bacterial patho-
gens. About seven bacterial diseases, including black-
leg and soft rot (Pectobacterium spp., Dickeya spp., 
P. marginalis), brown rot, bacterial wilt and ring rot 
(Ralstonia solanacearum, Clavibacter spp.), common 
scab (Streptomyces spp.) and zebra chip (Candidatus 
Liberibacter), affect potatoes worldwide and cause 
severe damage, particularly to the tuber, which is the 
most economically important part of the potato plant 
(Li et al. 2007; Charkowski et al. 2020; Sadunishvili 
et al. 2020).

In April 2016, symptoms of tuber soft rot potato 
(cv. Sante) (Fig. 1A) were observed in commercial 
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were removed aseptically and macerated in 1–2 ml of 
SDW in a Petri dish using a sterile surgical blade. After 
25 minutes incubation at room temperature, 20 µl of 
the resulting suspension were streaked onto plates of 
SNA. The plates were incubated at 28°C in the dark for 
2–5 days. Pure colonies, which were predominantly 
white to creamy, circular, slightly raised, and had 
smooth edges were consistently isolated from the 
samples. A total of five isolates of pure colonies were 
selected and used for further testing.

The five purified bacterial isolates were subjected 
to phenotypic and biochemical tests (Schaad et al. 
2001), including the evaluation of features related to 
the LOPAT profile. The isolated strains were charac-
terized as rod-shaped, Gram-negative and catalase- 
-positive. They grew on nutrient agar at 35°C, hydrolyzed 
gelatin and starch, and produced fluorescent pigment 
on King’s B medium. The LOPAT profile results were 
L+, /O+, /P+, /A+ and T −. Moreover, all isolates pro-
duced acid from sucrose, glucose, mannitol, mannose 
and salicin, but did not utilize cellobiose.  Based on this 
phenotypic feature, we identified all isolated strains as 
being similar to rare P. marginalis strains reported in 
the literature (Li et al. 2007; Liyanapathiranage et al. 
2023).

The pathogenicity of all five isolates was assessed 
using the methods described by Li et al. (2007). Two 
rinsed and surface sterilized tubers of potato (cv. 
Sante) were inoculated with 100 μl bacterial cell sus-
pension (1 × 107 CFU · ml–1) in SDW by using a sterile 
syringe at two positions on the tuber, 10 mm below 

the tuber surface, for each of the five isolates. Similarly, 
10 control tubers were inoculated with SDW. The 
inoculated tubers were placed in sealed polythene 
bags and incubated at 25°C. The pathogenicity test 
was repeated twice, and yielded similar results. Rot 
symptoms appeared 7 days after inoculation with the 
bacterial suspension, and gradually developed inside 
the tubers (Fig. 1C). The negative control, inoculated 
with SDW had no symptoms. The bacteria isolated 
from the inoculated roots and tubers, which displayed 
symptoms, were found to be identical to the inoculum. 

To confirm the identity of the pathogen causing 
soft rot of potato tubers, we analyzed the 16S rRNA 
and gyrB gene sequences of the two representative 
isolates, i.e., L1 and L4 (their selection was based on 
the identical phenotypic and biochemical character-
istics among the bacterial isolates). Bacterial prepara-
tion and genomic DNA extraction followed previously 
described methods (Ausuble et al. 1992; Basavand 
et al. 2022). PCR was used to amplify partial sequences 
of the 16S rRNA (small subunit ribosomal RNA) and 
gyrB (DNA gyrase subunit B) genes using primer pair 
FD1/RD1 (Weisburg et al. 1991) and UP-1/UP-2r (Ya-
mamoto and Harayama 1995), respectively. A 25 µl 
reaction mixture containing 12.5 μl of universal PCR 
Kit−Ampliqon® Taq DNA Polymerase Master Mix 
Red (Odense, Denmark), 6.5 μl of DNA-free water, 
1 µl of each 10 µM primer and 4 µL of genomic DNA 
were used. The PCR conditions were: 4 min of pre-
denaturation at 94°C, followed by 35 cycles of 1 min 
of denaturation at 94°C, annealing at 58°C (16S rRNA) 

Fig. 1. Collected in the field, potato tuber with soft rot symptoms – A and rotted at later stages of the disease – B, from which the 
isolated casual bacteria were identified as Pseudomonas marginalis; C – rot developed on potato tubers 7 days post inoculation with 
P. marginalis strain L1
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and 55°C (gyrB) for 1 min, 1 min of extension at 72°C; 
and then a final extension at 72°C for 10 min. The PCR 
products were analyzed using 1.5% agarose gel electro-
phoresis, and bands of the expected sizes (~1400 bp for 
16S rRNA and 1200 bp for gyrB) were observed. The 
bands were purified and sequenced by the Macrogen 
sequencing service in Seoul, South Korea, using Sanger 
sequencing technology. The nucleotide sequences ob-
tained were read and manually edited using FinchTV 
software (Geospiza, http//: www.finchtv.software.in-
former.com/1.4/), and compared using the BLASTn al-
gorithm online in the GenBank with already deposited 
sequences in GenBank database. Blast searches revealed 
that the sequences of strains isolated from potato (Gen-
Bank accession no. PP373795, PP373796 for 16S rRNA; 
MZ346599, OK483346 for gyrB) shared 99-100% nucle-
otide identity to 16S rRNA and gyrB sequences of Pseu-
domonas marginalis in the GenBank (NCBI) database. 

A phylogenetic dendrogram was constructed using 
the concatenated sequences that consisted of partial 
gene sequences of 16S rRNA and gyrB. The sequences 
of related Pseudomonas spp. were downloaded from 
GenBank and aligned using the ClustalW program 
implemented in BioEdit software (Hall 1999). The 

sequences were subjected to Modeltest 3.7 to determine 
the best-fitting evolutionary model (Posada and Cran-
dall 1998). Neighbor‐joining (NJ) and maximum‐like-
lihood (ML) trees were reconstructed using MEGA7 
(Kumar et al. 2016), applying the models and param-
eters set by Model test (Kimura 2-parameter model). 
A bootstrap analysis consisting of 1,000 replicates 
was conducted on the trees to assess the reliability of 
the generated cluster nodes. Both methods produced 
similar trees, and the phylogenetic dendrogram re-
vealed that two strains isolated from potato belonged to 
P. marginalis (Fig. 2). 

To the best of our understanding, this is the first 
documented case of P. marginalis causing soft rot 
disease in potatoes in Iran. P. marginalis commonly 
causes soft rot in multiple hosts and inhabits various 
environments, with an extensive host range. It can also 
infect economically important crops such as tomato, 
faba bean, cucurbits and maize (Sawada et al. 2023). 
To determine the current and future economic impor-
tance of P. marginalis in Iran, it is essential to assess the 
geographical distribution, the yearly rate of infection 
spread and the extent of damage caused by P. margina-
lis to potato and other hosts. 

Fig. 2. Maximum likelihood phylogenetic tree based on an alignment using the gyrB gene sequences. The phylogenic analysis shows 
the position of potato isolates i.e., L1 and L4 among related strains of Pseudomonas spp. The tree was constructed using Kimura 2-pa-
rameter model with a gamma distribution and invariant sites (T93 + G + I). Stenotrophomonas maltophilia ATCC 13637T was used as the 
outgroup and bootstrap values (%) are marked on the branches. Bar lengths (0.05) indicate sequence dissimilarity. Bootstrap values 
calculated for 1000 replications are indicated
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