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Abstract
Background and Objective
Streptomyces are recognized as a rich source of bioactive compounds among actinomycetes.
Systematic studies have provided an appropriate framework for identifying species within this
genus. In previous studies, isolates of the common scab pathogen from central potato-growing
provinces in Iran were not grouped with any of the globally recognized pathogenic
Streptomyces species based on 16S rRNA gene sequencing. Although the 16S rRNA gene is
widely used in phylogenetic studies of Streptomyces species, its sequence often fails to
differentiate species within this genus. In plant-pathogenic Streptomyces, housekeeping genes
are used as stable markers for accurate identification and classification of different species. Due
to their essential roles in cellular processes, housekeeping genes are rarely subject to natural
selection pressures, thereby undergoing fewer changes compared to other genes. Utilizing these
genes can facilitate the precise identification of Streptomyces species and reduce diagnostic
errors. The present study aimed to investigate the phylogeny of pathogenic Streptomyces
isolates representing different provinces of Iran using Multilocus sequence analysis.
Materials and Methods
Twelve pathogenic Streptomyces isolates were examined based on their morphological
characteristics, including the color of aerial and substrate mycelia, colony morphology, pigment
production in culture medium, and the shape of spore chains. Pathogenicity was assessed under
laboratory conditions using radish seeds and seedlings as well as potato tuber slices.
Additionally, the presence of txtAB, tomA, and necl genes was investigated in the isolates.
Finally, phylogenetic analysis of the representative pathogenic Streptomyces isolates was
conducted based on the sequencing of four housekeeping genes: atpD, recA, rpoB, and trpB.
For this purpose, multiple sequence alignments were performed, and phylogenetic trees were
constructed both individually for each gene and in combination using Multilocus sequence
analysis approaches. The trees were generated using the Neighbor-Joining and Maximum
Likelihood methods.
Results
Variation in the color of aerial and substrate mycelia was observed among the isolates. Spore
chain patterns were spiral in 57% and rectiflexibiles in 43% of the isolates. Isolates SA3 and
SFF completely inhibited the germination of radish seeds. Other isolates, including SA4, SA6B,
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SF6, SKH1, SKH2, and SA1, induced a broader range of symptoms, such as necrosis, stunting,
and hypertrophy, excluding seed germination inhibition. Symptoms such as necrosis and pitting
in potato disks were observed in isolates SA3, SA4, SFF, SKH2, and SH. In PCR assays, a 700
bp fragment corresponding to the necl gene was detected in two of the eight selected isolates
including SA6B and SSH1. The txtAB gene (385 bp) was amplified in three isolates: SFF, SA4,
and SKH1. The tomA gene (392 bp) was amplified only in isolate SF5. The phylogenetic trees
generated using both Neighbor-Joining and Maximum Likelihood algorithms demonstrated
consistent interpretations. The position of the Streptomyces isolates from this study was
identical in both algorithms when compared with reference strains.

Discussion

Detection of genes associated with the pathogenicity island in Streptomyces isolates using the
primers employed in this study was primarily negative. It was revealed that there is no
correlation between the presence of pathogenicity-related genes and the pattern of disease
symptoms observed in bioassays on radish seedlings and potato slices. Identifying unknown
secondary metabolites produced by species of this genus may provide insights into possible
links between genotype and pathogenic phenotype. In accordance with the previous
phylogenetic revision of Streptomyces species, the clustering pattern in the final concatenated
tree, based on four housekeeping genes, was consistent in both the Neighbor-Joining and
Maximum Likelihood algorithms. Accordingly, isolates SA1, SKH1, and SH were clustered
within the S. rochei species group. Isolates SSH1 and SA6B were grouped with the reference
strains S. fimicarius and S. caviscabies. Isolate SA4 was clustered with the reference strain S.
anulatus, while isolates SFF and SF5 exhibited greater nucleotide differences and were
considered as Streptomyces sp. To validate these results, multilocus sequence analysis (MLSA)
is recommended for a larger number of pathogenic isolates collected from various regions of
the country.
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Table 1. Sequence and annealing temperature of used primers for housekeeping genes screening in
pathogenic Streptomyces isolates (Guo et al., 2008)
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Table 2. Morphological characteristics of putative pathogenic Strepfomyces isolates obtained from scabby
potato tubers related to different provinces of Iran

. . Color of Soluble .
Bacterlal Sampllng s * loni Color of . ton Spore chain
isolates region ymptoms colonies on spores pigmen type
YME-agar YME-agar

SAl Ardabil R White Grayish White - Spiral

SA3 Ardabil S, P White Pale gray Yellow Rectiflexibiles™

SA4 Ardabil S White Pale yellow Yellow Rectiflexibiles
SA6B Ardabil R White Grayish White Brown Rectiflexibiles

SFF Isfahan S,P White Pale yellow - Rectiflexibiles

SF1 Isfahan S,P White Pale gray - Spiral

SF2 Isfahan R Pale gray Dark gray - Spiral

SF5 Isfahan S Grayish White Dark gray - Spiral

SF6 Isfahan S,P Pale gray Dark gray - Spiral

SH Hamadan S White Dark gray - Spiral
SSH1 Fars P White Grayish White Brown Rectiflexibiles
SSH4 Fars R White Grayish White Brown Rectiflexibiles
SKH1 Razavi-Khorasan ND Grayish White Pale gray - Spiral
SKH2 Razavi-Khorasan ND Pale gray Dark gray Brown Spiral
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Figure 1. Pathogenic Streptomyces isolates colony morphology on YME agar and their pattern of spore
chains (red arrows) (scale bar=0. 2 mm). A(SF2) B(SA4) C(SH) D(SKH2) E(SF5) F(SA6B) G(SSH1)
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Figure 2. Effect of pathogenic Streptomyces isolates obtained from infected potatoes from different provinces
of Iran on seed germination and radish seedling growth in Yeast, Malt Extract Agar medium. (A) Control,

germination and normal seedling growth without bacteria, and isolates (B)SA4 (C)SA6B (D)SA1 (E)SFF
(F)SKH1 and (G)SKH2 show different degrees of pathogenicity
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Table 3. The results of pathogenicity of representative Streptomyces isolates obtained from infected potatoes
in Ardabil, Isfahan, Hamadan, Fars and Khorasan Razavi provinces on radish and potato slices.

Pathogenicity  Pathogenicity Pathogenicity

Pathogenicity on

Bacterial Isolates on raFiisrj on potito Bacterial  radish seedling’ on ;_Jotﬁto
seedling slice Isolates slice
SAl NG,N,D NS SF5 NG,N,D NS
SA3 NG N,P SF6 NG,N,D P
SA4 NG,N,D N,P SH D.NGN N,P
SA6B NG,N,D NS SSH1 N,D NS
SFF NG N,P SSH4 NG,N,D NS
SF1 NG,N,D P SKH1 NHNG.D NS
SF2 NG,N,D N SKH2 DH.NNG NP

*NG: No Germination, D: Dwarfing, H: Hypertrophy, N: Necrosis
**: N: Necrosis, P: Pitted, NS: No symptoms
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Figure 3. Left: Necrosis and pitting on potato slices of Agria cultivar inoculated with pathogenic
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Table 4. Results from detecting pathogenicity island genes of representative Streptomyces isolates obtained
from infected potatoes in Ardabil, Isfahan, Hamadan, Fars and Khorasan Razavi provinces
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Figure 4. Phylogenetic tree drawn based on relative sequences of recA (A) and rpoB (B) genes of Streptomyces isolates representing the common potato scab pathogen
from Iran (indicated by solid circle) with other standard isolates registered in the Gene Bank (indicated by collection number) using the neighbor-joining algorithm.
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Numbers recorded at the branch points indicate the percentage of clustering confirmation with 1000 bootstrap.
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Figure 5. Phylogenetic tree drawn based on relative sequences of recA (A) and rpoB (B) genes of Streptomyces isolates representing the common potato scab pathogen

from Iran (indicated by solid circle) with other standard isolates registered in the Gene Bank (indicated by collection number) using the neighbor-joining algorithm.
Numbers recorded at the branch points indicate the percentage of clustering confirmation with 1000 bootstrap.
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Figure 6. Phylogenetic tree drawn based on relative sequences of recA, rpoB, atp D and trpB genes of Streptomyces isolates representing the common potato scab

pathogen from Iran (indicated by solid circle) with other standard isolates registered in the Gene Bank (indicated by collection number) using the neighbor-joining
(A) and Maximum Likelihood (B) algorithm. Numbers recorded at the branch points indicate the percentage of clustering confirmation with 1000 bootstrap.
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