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Abdract
A new bacterial species is described, for which we propose theStaeptomyces alkaliscabi€Bhis organism causes a scab disease of potatoes
(Solanum tuberosumThe alkaline scab symptoms caused by this organism are indistinguishable from the symptormsaf sab caused by
Streptomyces scabids.culture,S. alkaliscabies distinct from other scab-causiBgeptomycespecies, having flexuous spore chains and grey mass
colour with non-diffusible pigment& alkaliscabieggrows on agar media at pH 7-11 (versus pH 5.0 fec&ie¥ andhas high utilization of all
tested sugars including mannitol, sucrose, glucose, raffinose, fructose, melibiose, cellulose, maltose and lactose as carbon source. Itis intolerant to 1!
phenol and salinity (NaCl at 5, 6 and 7%), melanoid pigments are produced from peptone-iron agar and tyrosine, it degrasheksadidntoin and
is sensitive to thallium acetate at 100 pg/ml, streptomycin (25 pg/ml), oleandomycjrg{(f@Pand penicillin (10 IU/ml) and tolerates thallium
acetate at 10g/ml. The 16S-23S ITS region sequence was 466 bp in length and showed relatively low sequence similarity, less thantB@®o, with o
strains. Aphylogenetic tre constructed on the basis of 16S rRNA gene sequence showed Stepitmmycespp. that cause potato scab, including
S. scabiesS. acidiscabies, S. turgidiscabies, S. reticuliscabie, S. stelliscabiei, S. chiniscal8esuropaeiscabiesonstitute unique branches. Itis
evident that strain 85 alkaliscabiesforms a distinct phyletic line from known pathogenic strains.

Keywords: Streptomyces scabies, Streptomyces alkaliscginesto scab, taxonomy.

Introduction

Potato scab disease has long been recognized as one of the gi@igdl chains, production of melanin, utilization of L-arabinose, D-
recalcitrant diseases afflicting potatoes worldwiti&cab disease fructose, D-mannitol, rhamnose, sucrose, D-xylose and raffinose
harms a broad range of root crops, including potato, sweet potaas, sole carbon source and sensitivity to streptomycin. These
radish, carrot, sugar beet and burdock, with potato scab diseég®lates were referred & scabies
especially causing large economic loSsBsseased potato tubers
exhibit characteristic dark-brown, corky lesions. The ugly Materialsand Methods
symptoms of the disease reduce the market value of cropsigcaudisolation of Streptomyces spp.: Potato tubers with scab lesions
economic difficulties for potato producérs were obtained from potato field in western desert in Egypt,

The causative agents of potato scab disease are multiple spe€idtivated in calcareous soils (Fig. 1). The method of Loria and
of the genusStreptomycesStreptomyces scabiedtreptomyces Davis*® was used to isolate actinomycetes associated with these
acidiscabiesindStreptomyces turgidiscabiage the most studied lesions. Spores from colonies were picked off and streaked onto
and well-known causal agert& To date, these are the only starch-nitrate medi&. To ensure pure cultures, developing
three species of potato scab pathogens reported in Japan. Recent
studies have shown a correlation between the amounts of these
pathogens in soils and the incidence of the diséast
suggesting that decreasing the quantity of the pathogens in soils
could mitigate scab disease damage.

DifferentStreptomycespp. (more than 14) are all able to cause
scab diseases on potato all over the wadd differ from each
other and fron®. scabiem their morphological and physiological
cultural practices either in laboratory or in the fiéldThe
identification and taxonomy &treptomycespp. has been based
on morphological, physiological and pathological té@stgtro
andin vivo“. Selectivity to types and quantity of antibiotics and
to various concentrations of antibiotics was very important for
isolation ofS. scabiefrom lesiong®. Three phenotypic groups
have been divided by Faucletral.'’. Isolation of the first group - Figure 1. Typical scab lesions on a field
characterized by tea to brown colonies, grey spores, borne grown potato in western desert in Egypt.
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colonies were purified at least three times by serial passage ondgar plug fronStreptomyceagar culture was placed at the center
same mediurtf. All isolates were maintained on the same mediunof the potato tuber disks. The disks were incubated in a moist
The following additional strains were included as reference strairdosed container for 5 to 7 days at 22-24°C in the dark. Necrosis of
Streptomyces scabidFCC 23282, S. acidiscabie&TCC 49004°,  the tuber slices was evaluated as the area of necrosis minus the
S. turgidiscabieATCC 700248, S. europaeiscabi€sFBP 449Y,  area of inoculation.
S. griseu\TCC 10246°, S. tendadTCC 19812t andS. setonii
ATCC 254972 DNA extraction and purification: All strains were grown in YEME
medium?® at 28°C for 48 h with shaking. The cultures were
Morphology and pigment production: Spore chain morphology harvested by centrifugation at 309fbr 10 min, and the mycelia
was assessed as described by Shirling and Gottlicdpore  pellets were rinsed and suspended in 10 ml cold TS (50 mM Tris,
ornamentation was examined by scanning electron microscof8% sucrose, w/v; pH 8.0). The tubes containing the suspensions
(SEM). The sample used for scanning electron microscopy wagere placed in boiling water for 3 min and in liquid nitrogen for 3
prepared by the method of Eguehal 2. Transmission electronic min. This operation was repeated three times to weaken the cell
microscope (TEM) was also used. The presence of melanoialls. Lysozyme (5 mg m) and EDTA (0.1 M) were added and the
pigments on tyrosine and peptone-yeast extract-iron agarfedmaixture incubated at 37°C for 1 h. Proteinase K (0.2 mg/ml) was
was recorded. Colour determinations were made for the maadded and incubation continued for 15 min. SDS was added to a
colour of mature, sporulating aerial mycelium, substrate myceliurnpncentration of 2% (w/v) and the homogenate was incubated at
and diffusible pigment using medium 1, 2, 3, 4, 5 described bB37°C overnight, until fullysis wa achieved. DNA was purified as
International Streptomyces Project (ISP). The pH sensitivity alescribed by Brennet al.*.
both the substrate mycelium and diffusible pigments was assessed
by the addition of acid or alkef#i 25 Analysis of the 165-23S I TSregion: The 16S-23S ITS region
sequences of the test isolates were derived from fragments
Determination of degradation activity: The degradation of generated by PCR with the following primer sets: AM44 (5"-CTT
allantoin was recorded using the media and methods of Gord@GG GGT GTG GGG ACT CAC-3’, corresponding to positions
and Horan?® and Gordoret al 2. Arbutin degradation was 1113-1134 of the 16S rDNA Btreptomyces lividangK21) and
determined on a medium containing (%, w/v) yeast extract, 0.B3M42 (5"-CAA GGG CAT CCA CCG T-3’, corresponding to
ferric ammonium citrate, 0.05 and agar, 0?75 positions 21-35 (reverse complement) of the 23S rDNA in L1 st&)ns
Amplification was carried out in 20 of reaction system containing
Determination of carbon source utilization: The ability to use 10 mM Tris-HCI (pH 9.0), 50 mM KClI, 0.1% Triton X-100, 1.0t0 2.0
sole carbon sources was examined on carbon utilizatiortFagarmM MgCl,, 250uM each dNTP, 10 pmol each prim&agDNA
Carbon sources were added at 1.0% (¥0\jasal agar medium. polymerase at 5 l, 2 to 25 ng DNA template, and MilliQ water to
The basal medium contained (¢:((NH,),SO,, 2.64 g; KHPO,,  bring the volume to 20l. The thermal cycle was set to the following
2.28 9; KH,PO,.3H,0, 5.65g; MgSQ7H,0, 1 g; CuSQ5H,0,4.6  conditions: initiakdenaturatiorat 95°C for 3 min; followed by 40
g; FeSQ.7H,0, 1.1 g; MnCJH,0, 7.9 g; ZnSQ7H,0, 1.5 g; agar, cycles of denaturing at 95°C for 20 s, annealing at 60°C for 30 s,
15¢% and extension at 72°C for 2 min; and ending with a 4°C hold. The
PCR product was verified by agarose gel electrophoresis and
Determination of antibiotic activity: The toxicities of antibiotics purified by using the QIAquick PCR product purification kit
and other inhibitory compounds were determined on modifie@Qiagen Science, MD). The PCR product was sequenced. The 16S
Bennett agar medium composed of (g/l) beef extract, 4 g; yeafINA ITS region sequences were aligned. A phylogenetic tree
extract, 1 g; trypton, 2 g; glycerol, 10; agar, 15. The toxic compoun@sn unrooted tree and all branch lengths) was constructed using
tested were selected from those used by Willi@ial. . ClustalX version 2334 To generate the tree, sequences of 16S
Compounds were added to melted agar after autoclaving. ReadingslAs of all the collected isolates were aligned.
were taken at 1, 2, 3 and 7 days, and presence of growth was
scored as positive. Results
| solation of Streptomyces spp. from scabbed potato: In this study,
Determination of temperature and pH sensitivity: Tolerance to eight different strains were isolated in pure cultures from scab
temperature was tested on modified Bennett agar. The minimdeasions. The eight strains were cultivated on five standard agar
pH that allowed growth was determined on media described bgedia (ISP media 1-5) (Table 1). Strains 1 and 2 were similar in the
Williamsetal #. phenotypic characters with buff aerial mycelium, yellow to
yellowish brown substrate mycelium, spiny spore surface with no
Determination of pathogenicity by tuber slice assay: Potato  diffusible pigmentsStrains 3 and 7 were also similar in possessing
tubers free from surface disease were washed and sterilized fargéy aerial mycelium, spiny spore surface and produce purple
min with 10% bleach (0.06 % NaClO). A tissue disk (2.0 cm irdiffusible pigment on ISP medium 1only. Strains 3 and 7 differ in
diameter and 1.0 cm in height) was bored from the tuber and placadstrate mycelium colour, which are yellowish brown in strain 3,
on moist filter paper in a Petri plat@éathogenicitpf isolate (S8) while grey on ISP medium 1, buff on media ISP media 2-4 and
was examined and compared w&hscabiesand photographed yellow on ISP medium 5 for strain 7. Strain 4 characterized by rose
as described by Haet al ° Streptomycesp. inoculum was aerial mycelium on all ISP media except ISP medium 4 which is
prepared from the culture grown on oatmeal agar medium forbuff, with spiny spore surface and no diffusible pigments. Strain
days.Streptomycespore suspension (10) or 3 mm diameter 4 has yellowish brown substrate mycelium on all ISP media tested.
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Table 1. Phenotypic characterization of the ei§itieptomycestrains grown on different selective media.

Character Strain Starch nitrate Inorganic Oat meal Yeast-malt Glycerol-Asparagin
Agar salt-starch Agar extract Agar Agar

S1 Buff Buff Buff Buff Buff

S2 Buff Buff Buff Buff Buff

S3 Grey Grey Grey Grey Grey
Aerial S4 Rose Buff Rose Rose Rose
mycelium S5 Grey White/Grey White/Grey White/Grey White/Grey

S6 Grey White/Grey White/Grey White/Grey White/Grey

S7 Grey Grey Grey Grey Grey

S8 White/Grey White/Grey Grey Grey/Green Grey

S1 Yellow Yellow/Brown Yellow/Brown  Yellow/Brown Yellow/Brown

S2 Yellow Yellow/Brown Yellow/Brown  Yellow/Brown Yellow/Brown

S3 White/Yellow Yellow/Brown Yellow/Brown  Yellow/Brown Yellow/Brown
Substrate S4 Yellow/Brown Yellow/Brown Yellow/Brown  Yellow/Brown Yellow/Brown
mycelium S5 Grey Grey Grey Grey Yellow

S6 Grey Grey Grey Grey Yellow

S7 Grey Buff Buff Buff Yellow

S8 Grey Grey/Green Grey Grey/Green Grey

S1 Spiny Spiny Spiny Spiny Spiny

S2 Spiny Spiny Spiny Spiny Spiny

S3 Spiny Spiny Spiny Spiny Spiny
Spore S4 Spiny Spiny Spiny Spiny Spiny
Surface S5 Smooth Smooth Smooth Smooth Smooth

S6 Smooth Smooth Smooth Smooth Smooth

S7 Spiny Spiny Spiny Spiny Spiny

S8 Smooth Smooth Smooth Smooth Smooth

S1 None None None None None

S2 None None None None None

S3 Purple None None None None
Diffusible S4 None None None None None
pigments S5 None None None None None

S6 Purple None None None None

S7 None None None None None

S8 None None None None None

Strains 5 and 6 were phenotypically danto each other and to causing common scal$ ( acidoscabies, S. turgidiscabies, S.
standards. scabiesn having smooth spore surface, grey aeriataviscabies, S. europaeiscabies, S. stelliscabies, S.
and substrate mycelium and no diffusible pigments (Table 1). reticuliscabie$. S. alkaliscabiesshare almost all the
morphological and biochemical characteristics that are important
in the identification otreptomycespecies. It does not grow in
the presence of different NaCl concentrations, phenol, penicillin,
was consistent with its assignment to the g&teptomyced’.  oleandomycin and streptomycin, but uses manitol, sucrose,
After 14 days of growtt. alkaliscabiegorms highly branched glucose, raffinose, fructose, melibiose, cellulose, maltose and
aerial mycelium, which was well developed. Smooth, cylindricahctose. It degrades arbutin and allantoin. It does not grow at
spores with 1.9 -2.1 mm long were born in long, flexuous spous°C and pH 4.5 (Table 2). Sporangial and sclerotial formation
chains (Fig. 2). Growth of aerial and substrate mycelium was fouggtuctures were not observed, while chlamydospores are present.
on all ISP media tested. Spore colour developed from white {Qecrosis was observed 36 h after inoculation on potato tuber
grey after 10 days (Fig. 2). This strain is fully differentiated f®m disks inoculated with either strain®. @lkaliscabigsor S. scabies
scabiesand from other phytopathogerfitreptomycespecies  Necrotic lesions continued to expand over a period of 7 days. No
necroses or any colour changes of the tuber disks were observed
when non-inoculated agar was used (Fig. 3). The pathogenicity
test confirmed tha8. alkaliscabiegproduces common scab
lesions.

The pH tolerance of the strain 8 revealed that the minimum pH
for growth was 5.0, associated with weak necrotic symptoms on
the potato tuber disks. The growth and pathogenicity of the strain
begins to increase gradually with an increase in the alkalinity up
to pH 11. The experiment reveals exclusively, that the strain is
alkali-resistant or alkalophilic strain. This character is another
distinctive feature in addition to the previously described
phenotypic, physiologic and pathogeni@acacters (Table 3).

Consensus primers AM44 and AM42 successfully amplified

Description of Streptomyces alkaliscabies sp. nov.: The
morphological properties of strain (Gtfeptomyces alkaliscab)es

) R

30kV V X5,000 5um 0008 01IOéTI11
Figure 2. Morphological properties obtreptomyces alkaliscabies
strain. Chain morphology by SEM (left) and spore surface

ornamentation by TEM (right).
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Table 2. Phenotypic and physiological characterization that differeriattkaliscabie$S8)
from otherStreptomycespecies.

Characteristics S. al S. s* S.ac St Se S st S. g S.te S. se
Spore mass colour® G G W G G G G G G
Chain morphology® F S RF RF S S RF RF RF
Spore surface? Sm Sm Sm Sm ND ND Sm Sp Sm
Diffusable pigments® None None R/Y None ND ND None Y/O None
Utilization

Mannitol + + + ND + + + + +
Sucrose + + + ND + + + + +
Glucose + + + ND + + + + +
Raffinose + + - + + + - - -
Fructose + + + ND + + + +
Melibiose + ND ND ND ND ND - ND -
Cellulose + ND ND ND ND ND ND ND ND
Maltose + ND ND ND ND ND ND ND ND
Lactose + ND ND ND ND ND ND ND ND

Growth in 1% phenol

+
z
w)
Z
w)
+
+
+

Melanin from peptone agar + + ND ND + + ND ND ND
Melanin from tyrosine agar + + - ND + + - - -
Degradation

Arbutin + + - ND ND ND + - +
Allantoin + - - ND ND ND ND ND -
Growth in NaCl 5, 6, 7% - + - - ND ND + + +
Growth at 45°C - ND ND ND ND ND + + -
Growth at pH 4.5 - - + + ND ND - + -
Sensitivity test (growth)

Thallium acetate (100 pg/ml) - - - - ND ND + - +
Thallium acetate (10 pg/ml) + + - - ND ND + + +
Penicillin (10 IU/ml) - - + ND + + + + +
Oleandomycin (100 pg/ml) - - - - ND - + + +
Streptomycin (25 pg/ml) - - + - - - + + +

+, positive reaction; -, negative reactiéata ofS. scabies, S. acidoscabies, S. turgidiscabies, S. caviscabies, S. europaeiscabiei, S. stelliscabiei, S. reticuliscabi
S. griseusS.tendagS. setonit-** Type strain of S.sS. scabiesS.ac,S. acidoscabies.tu,S. turgidiscabiesS.e,S. europaeiscabigs.st,S. stelliscabieiS.g,S.

griseus S.te,S.tendagS.seS. setonii® G, grey, W, whites F, flexuous; RF, Recti-flexuous; S, Spit&m, smooth; Sp, Spiriyr/Y, red/yellow; Y/O, yellow/orange.

ND, not determined.

~ amn the 16S-23S ITS region. The 16S-23S ITS region sequence was

466 bp in length and considerable sequence variation was
observed between species (Fig. 4). Strais.8afkaliscabies
showed relatively low sequence similarity, less than 60%, with
other strains (Table 4).

A phylogenetic tree constructed on the basis of 16S rRNA gene
sequence showed that tB&reptomycespp. that cause potato
scab, includingS. scabiesS. acidiscabies, S. turgidiscabies, S.
reticuliscabie, S. stelliscabiei, S. chiniscabiasd S.
europaeiscabigiconstitute unique branches. It is evident that
strain 8 6. alkaliscabiggorms a distinct phyletic line from known
pathogenic stras (Fig. 5).

Control .'_: 5. scabies

Figure3. Pathogenicity assay on tuber slices: necrotic halos produced

around the agar plugs taken from 5-day-old oatmeal agar cultures of Discussion
Streptomyces alkaliscabigsft), agar only (middle), aritreptomyces  pjant pathogeniStreptomycespecies has been classified by
scabiegright) phenotypic characteristics suchcatour of spores and substrate
Table 3. Effect of pH on growth and pathogenicity mycelium, spore chain morphology, pigment production, sugar

of Streptomyces alkaliscabies. utilization of InternationalStreptomyce#roject (ISP), and

S_ alkaliscabies (S8) resistance to inhibitory compoun@s® 2 In recent years,

PH Growth Pathogenecity phylogenetic analyses using rRNA operon and DNA relatedness,
3 - - and guanine and cytosine composition (GC) have been extensively
4 X X used for identification at species le¥ét % 3¢ |n this study eight
5 + + . . . :
6 - . Streptomycestrains grown on five selective standard media (ISP
7 -+ + media 1-5) showed differences in their morphological
8 -+ + characteristics. Strains 5 and 6 were identiced.tscabiesn
9 A + possessing grey aerial mycelium, smooth spore surface and no
10 +++ + . . . . . .
1 et . diffusible pigments. Non scabies but scab producing strains are
12 B . usually less virulent and have been identifie8 agriseusg® 2137
+, weak growth; ++, moderate growth; +++, heavy growth. Streptomyces olivacedh S. aureofacien® andsS. flaveolus?
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S. scabies —-—--TTTCTAAGGAGCATCTA-——--—————— GCTG-————==———-— CCGC————=——- AAGG 29
S. acidiscabies -—-—-TTTCTAAGGAGCATCTA-————————— GCTG——=—==———~— TCGC-—==———~— AAGG 29
S. turgidiscabies ---TTTCTAAGGAGCATCTAG----- GCC-GCCAG-—————- ACATTGT-——=———-— CTGG 37
S. reticuliscabiei —-------- AAGGAGCATCTAG-—-—--- GCC-GCCAG-————— GCATTGT----———— CTGG 32
S. stelliscabiei  —-—--—----- AAGGAGCATCTAG----- GCT-GCCGG—---~-~ GC-TTGC--—=-———~ CCGG 31
S. chiniscabies  ——-—-—-—-—-- AAGGAGCACTT--—————— CTCACCGA-————— TCCCTTC——=————— GGGG 30
S. europaeiscabiei -------- AAGGAGCACTT--—————— CT-ACCGA-———-—— ACTCTTC-——=———— GGGG 29
S. alkaliscabies CCCGGGCTAAACCCCGTCTCTTTGTCGCGAACCGAATTTACGCTTTACCCGCGGAAGAGG 60
S. scabies CAG---CCAGGGCCA-—-———— CAACGTCG—=—====——=——————————————— GCGAAT 55
S. acidiscabies CAG---CCAGGGCCA-—-———— CGACGCAG———=====—=———=———————————— GCGAAC 55
S. turgidiscabies TG--GTCCAGGGCCA------ TTACGTCG-===—=—=——————————————————— GCATAC 64
S. reticuliscabiei TG--GTCCAGGGCCA------ TTACGTCG—===———=————=—————————————— GCATAC 59
S. stelliscabiei TG--GTCCAGGGCCA-—-—-——— TAACGCAG-————=———=——————————————— GCGAAT 58
S. chiniscabies TGAGGTCAGAGGCCA-——-——— GTTCATCA-———————————————————————— GCGAAC 59
S. europaeiscabiei TGAGGTCAGAGGCCA------ GATCATCA-—-————————=——————————————— GCGAAC 58
S. alkaliscabies TTAAACCCGAAGCCCGTCTCCTAACGCGGCTCGCTGCTCAGGCTTCGCCCTTCTGCATAT 120
S. scabies GTTCGACGGTGGTT-GCTCATGGG----TGGAACGTTGATTATTCGGCCGGTTCGTCGGG 110
S. acidiscabies GTTCTGCGGTGGTT-GCTCATGGG----TGGAACGTTGATTATTCGGCCGGAACATCGGG 110
S. turgidiscabi GTTCGACGGTGGTT-GCTCATGGG----TGGAACGTTGATTATTCGGCACTCTTGA-TCG 118
S. reticuliscabiei GTTCGACGGTGGTT-GCTCATGGG----TGGAACGTTGATTATTCGGCACTCTTGA-TCG 113
S. stelliscabiei GTTCTGCGGTGGTT-GCTCATGGG----TGGAACGTTGATTATTCGGCG-TCTTGAGTCA 112
S. chiniscabies GTCTGATGCTGGTT-GCTCAAGGG----TGGAACGTTGATTATTCGGCACTTCTGA-CTG 113
S. europaeiscabiei GTCTGATGCTGGTTCGCTCA-GGG----TGGAACGTTGATTATTCGGCCGGTTCAC-GGG 112
S. alkaliscabies TCCCCACTGTGCCT--CCCGTAGGAGCCCGGGCCGTTC-TCACTC--CCAGTGTGCCCGG 175
S. scabies CCGGAGGCTGTGAGT--ACTACCCCTT-GTGGGTGTGGAAAGCATGATCTCCGGACG-AG 166
S. acidiscabies TCGGAGGCTGCGAGT--ACTGCTC-TT-AGGAGCGTGGAAAGCATGATCTCCGGACG-GG 165
S. turgidiscabies TCTTCTCCTTCCAGT--ACTGTCCTTC--GGGGCGTGGAACG-——-—— ATGAGGGAAGCGG 169
S. reticuliscabiei TCTTCTCCTTCCAGT--ACTGTCCTTC--GGGGCGTGGAACG——-—--- ATGAGGGAAGCGG 164
S. stelliscabiei TCTCAGGCTGTGAGT--ACTGTCCTTTCGGGGGCGTGGAAAG————— CTGATCGGAGTGG 165
S. chiniscabies TCTTCTCCTTCCAGT--ACTGCTCTTT--AGAGCGTGGAACG-—-~-~ TCGAGGGAAGCGG 164
S. europaeiscabiei CCGGAGGCTGTGAGT--ACTGCTCGTA--AGAGTGTGGAAAGCATGATCTCTGGA--CGG 166
S. alkaliscabies CCGCCCTCT-CAGGCCGGCTACCCTACGACGTTTGTGAGCCATTACCTCACACAACAAGC 234
S. scabies AGACCGGT--CGG--—--—=-———~ GCAC-GCTG--==-====—====——~— TTGGGTGTCTGAG 198
S. acidiscabies AGTCTGGT--CGG—————————— GCAC-GCTG-——————————————— TTGGGTGTCTGAG 197
S. turgidiscabies TGAAGGGTGTCGG--——---——-- GCAC-GCTG-——————————————— TTGGGTGTCTGAG 203
S. reticuliscabiei -GAAGGGTGTCGG----—--—---- GCAC-GCTG----=-—=—==—=-——~— TTGGGTGTCTGAG 197
S. stelliscabiei TGAGGGATGCCGG—————————— GCAC-GCTG-————==———————— TTGGGTGTCTGAG 199
S. chiniscabies TGAGGGGTGCCGG—————————— GCAC-GCTG-————==———————— TTGGGTGTCTGAG 198
S. europaeiscabiei GGACGGGT--CGG--——-—--———- GCAC-GCTG-—————=————————— TTGGGTGTCTGAG 198
S. alkaliscabies TGATAGGCCGCGGCCTCATCCTAGCACCGCCGGAGCTTTCGAGCCGCTTGACTGCCCAAG 294
S. scabies -GGT--ATGGCCGTAC--GGCTGC---CTTCAGTGCCGACCCCGGTARAAAA--—--TTCGC 246
S. acidiscabies -GGA--ATGAAC-———————— CCCC---TCATGATGCCGACCCCGGTAAAGA----TCCGT 239
S. turgidiscabies -GGT--CCGGCCGATT--GTTGGTCGCCTTCAGTGCCGGCCCCAGTGAA--——-—~ CTCGC 252
S. reticuliscabiei -GGT--ATGGCCGTGA--GGTTGT-GTCTTCAGTGCCGGCCCCAGTGAA--—-—~ CTCGC 245
S. stelliscabiei -GGT--ATGGCCGTAT--GGCTGC---CTTCAGTGCCGGCCCCAGTGCA-—--——— CTCGG 245
S. chiniscabies -GGT--GCGAGCGT-T--GCTCGT-TCCTTCGGTGCCGGCCCCAGTGCA-—--——— CTCGA 245
S. europaeiscabiei -GGT--ATGGCCGTAT--GGCTG---CCTTCAGTGCCGGCCCCAGTGCA--—--~ CTCGA 244
S. alkaliscabies CAGTCAATATCCGGATTAGACCCC--TTTCCAGGACTTGCCAGAGTGCAGGGCAGTTCGC 352
S. scabies GTG-AAGCGG——————— GTT----G-TGAC—-———————— GGGTGGTTG--GTCG--TTGT 280
S. acidiscabies GT--AAGCGG————-—--— GTT----G-TGAC—-——--=-———-— GGGTGGTTG--GTCG--TTGT 272
S. turgidiscabies CC---TGTAG------- GGGTGGGG-TGGT---—=-——-—~ GGGTGGTTG--GTCG--TTGT 288
S. reticuliscabiei CC---TGTAG------- GGGTGGGG-TGGT-———=———— GGGTGGTTG--GTCG--TTG- 280
S. stelliscabiei AC---TTCTG-—————— GTTCGGGG-TGAT-———=———— GGGTGGTTG--GTCG--TTG- 280
S. chiniscabies ACC-GTAAGG---—--—- GTTCGGGG-TGAT---—-———— GGGTGGCTG--GTCG--TTGT 283
S. europaeiscabiei AC---TTCTG------- GTTCGGGG-TGAT---—-———~ GGGTGGTTG--GTCG--TTG- 279
S. alkaliscabies CCACGTGTTACTCACCCGTTCGCCACTAATCCCTCCCGAAGGAGGTCATCGTCGACTTGC 412
S. scabies TTGAGAACTGCACAGTGGACGCGAGCATCTGTGGCCAAGTTTTTAAGGGCGC-- 332

S. acidiscabies TTGAGAACTGCACAGTGGACGCGAGCATCTGTGGCCAAGTTTTTAAGGGCGC-- 324

S. turgidiscabies TTGAGAACTGCACAGTGGACGCGAGCATCTGTGGCCAAGTTTTTAAGGGCGC-~ 340

S. reticuliscabie ————————————

S. stelliscabieli  ——=—————————

S. chiniscabies TTGAGAACTGCACAGTGGACGCGAGCATCTGTGG-=—=======—===—=——=———— 317

S. europaeiscabiel ——————————m-———m——

S. alkaliscabies ATGTGTTAGGCACGCCGCCAGCGTTCGTCCTGAGCCACCCACCAACCTCTCCAA 466

Figure 4. Multiple sequence alignment of nucleotide sequences of 16S rRNA gene sequences. The 16S rDNA sequences of the
Streptomyces isolates were downloaded from the GenBank with accession numbers and additional resource iBfaeptatioyces
scabiegAB042775) Streptomyces acidiscabigsB041130) Streptomyces turgidiscabi@sB041147) Streptomyces reticuliscabies
(AY296981), Streptomyces chiniscabi¢aY845137), Streptomyces stelliscabi¢aY296993), Streptomyces europaeiscabies
(AY296985). Alignment was done with ClustalW 2.0 softwiére
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Table4. Relative similarity of sequence of 16S-23S ITS regidd. @lkaliscabiesp. nov. with other potato pathogeSBiteptomyces
species sequences obtained from gene data bank.

Species S. scabies  S. acidiscabies  S. turgidiscabies  S. reticuliscabie S. stelliscabiei  S. chiniscabies S. europaeiscabiei

S. acidiscabies 79

S. turgidiscabies 90 79

S. reticuliscabie 75 96 73

S. stelliscabiei 71 83 71 81

S.chiniscabies 80 82 75 83 77

S. europaeiscabiei 81 76 75 76 83 83

S. alkaliscabies 53 57 55 60 53 54 59
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Streptomyces alkaliscabies

Figure 5. Phylogenetic tree of Streptomyces spp. based on the 16S rRNA gene sequences showing the relationship of Streptomyces alkaliscabies to «
Streptomyces spp. The 16S rDNA sequences of the Streptomyces isolates were downloaded from the GenBank with accessiord raddliEnsah
resource informationStreptomyces scabig¢&B042775 ATCC 33282) Streptomyces acidiscabi€¢8B041130), Streptomyces turgidiscabi¢&B041147),
Streptomyces reticuliscabi¢AY296981), Streptomyces chiniscabi€¢fY845137), Streptomyces stelliscabiéAY296993), Streptomyces europaeiscabiei

(AY296985).

Journal of Food, Agriculture & Environment, Vol.10 (3&4), July-October 2012 483



