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Phenotypic, pathogenicity and molecular evaluation of potato pathogenic Streptomyces strains
in Razavi-Khorasan
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Abstract

Common scab is one of the most important bacterial diseases of potato which restricts the optimal production of this economical crop.
Following sampling in 2018-2019, the powdery colonies with Streptomyces morphology were purified and evaluated based on phenotypic
features, pathogenicity and detecting the genes on Pathogenicity Island including txtAB, necl and tomA. The colony morphology of the
strains on malt yeaste extract agar was variable and pathogenic strains showed symptoms such as no germination, dwarfing and necrosis on
radish seedlings which were divided into six phenotypic groups. 11 out of 20 pathogenic strains on radish, were capable of causing necrosis
or pitting on potato slices and eight of them showed chlorosis or necrosis on tobacco leaves after 10 days. The results of pathogenicity
including superficial or raised lesions with the lesion severity index of 1-4 were recorded in greenhouse conditions. The 700 bp fragment was
detected in six out of eight selected strains. While, txtAB and tomA were amplified in JR-12 and TM-29, respectively. Based on 16rSRNA
sequencing results, JR-12 and TM-29 strains were characterized as Streptomyces bottropensis and Streptomyces sp. Respectively. It seems
that the Razavi-Khorasan strains have a virulence factor other than Thaxtomine A, which needs further experiments to confirm.
Keywords: Molecular characterization,pathogenicity, Streptomyces, virulence

X s.baghaee@ferdowsi.um.ac.ir


mailto:%20s.baghaee@ferdowsi.um.ac.ir
mailto:%20s.baghaee@ferdowsi.um.ac.ir

S92 0Ll B 55 gt Sile rmslo g il Glaaldr JsS 50 5 2565k (o 55 2551 10K 5 5w o YYA

ol 53, 4l o S s 5 (Scheible et al., 2003) axalS A,
adl Syh (Tegg et al., 2005; Errakhi et al., 2008) ujjld
Al Sl sl Sl sbalis s 5l LS
Wanner, 2004; Cao etal.,, ) 5,15 555 e 52eSU A 55 Ol 55
J_Ea\_{ 5 (2012; Fyans et al., 2016; Pankova et al., 2012
2SS a0 b st e sl ple d

(Bignell etal., 2014) L.l axils 30 CSul Ve anes 8
A5 1ol Sl L 55,80 e Wl sy G onecl O

.(Bukhalid and Loria, 1997) <l S50 (s,l50 55 53 aS 03 S
B 5 et A e ST g Sl S S 0l
L gl 4o oS t'l_b O3 503 O3S s 534S dw) 0
el ey .(Joshi et al., 2007) wil ails & e 5.SU
Ly ol o sl gt il 555 s 4 S 05 0] GHC
IV T b 53 3 055 sl 5 a0 Sl I s
Sloae S ay Fslime o 51 03 sl 45 5l
.(Bukhalid and Loria, 1997) el a3l Jlas b s 2l
sloaallr 1 sl o0 ol sl necl O
05 o=l 3L s s (63l ok rmsle s 2l
.(Bukhalid et al.,2002; Wanner 2006; 2009 ) L2l
A ST SIS Ll 5 ol S LS OMA O paieosd
Gl 0500 bbb jshea oS o 1) il s s Seds
Kres et al., ) das s 5,5 Ga 3550 S3l 4 Ol
ot il 156l 53 TOMA (55, 24 (2005
J—lie ;5. scabiei 87-22 ;| ﬁjj o=l l s sl
oY LT e Lol osls ol el o5l - LT
.(Seipke and Loria, 2008) 5,1 (s3> Shas oo i
Lokl 5l e icam Jgeme Sl ol Ol o
=30k 5 5 S (o 5 i ) 558 il
Eini et al., 2003; Khodakaramian et al., 2003; Taghavi and )
JJ—Q)‘ o  (Faghihi 2006; Fadaee-tehrani et al., 2015

L .ol a3 S 513 ) 5, 4e (Hasani and Taghavi 2014)

Golosr S35 2588 o 55 4B S bl gl ) 2 325

4ndle

Sl S an Glaolan 5| S Jsans S
Iy slasl J s ol aig L) oS Sl i
o= (Loriaetal., 1997) 53l s 550 >e 515 55 bas
(Slady (s plw juer il bl S Lo g gl
Loria ) 3 5 oo 3Ll Grmsle gy il S35 5 Zte o S
s yoea e ol S slew slads S .(1997; Wanner, 2009
Jol adss 5 ) S OLLS Sl s wals 53 (K558
5 (Wanner, 2004) w5 5 0ald o 98 i ()3 ‘f.uf
L Gees 5 e o elan Slgast s AOI5 o e iam 2
(Loria et al., 2006) J_slas sl 4t g0 b 5 150 O ) 504
Ceglie (S 53 sl sl oy 4 5 b o3l S
ol Sl iy e Ll LS
(Leiminger et al., 2013) ol & slite s lo s 2l
2 Faeme Sl Juile 655 05 A o 5 et
L e slad§ L (Wanner 2009) Ll i S. scabies Los
Bouchek-Mechiche et al., ) S. europaeiscabies JJL.” &p};
«(Miyajima et al., 1998)S. turgidiscabies (2000
—a liee bLA 5| (Lambert and Loria, 1989) S. acidiscabies
las S K gla s p oy doledd o158 Los
«(Bouchek-Mechiche et al., 2000)S. stelliscabiei
Park et al., ) S. niveiscabiei s S. puniscabiei S. luridiscabiei
«(Wanner  2007) Streptomyces  sp. IdahoX (2003
Streptomyces s (Hao et al., 2009) Streptomyces sp. DS3024
Aledd yeseie 50 (Caoetal, 2012) sp. GK18

9> 4= S. scabies ;> oI5 las o5 O 40 semme
J3) e sieSE g (B35 S il (Sl
tomA s necl lad) Jool> &gl oS 5 (sl5sslbes 2
Seipke and Loria, ) cul sl SUS& (sul50 5 55 Jets)
AS Solen b S 55 e abisolen 2t ls (2008
S s e 85 AL or (n inSU U 5 i
oAl s ek B 5 olasll (Healy et al., 2000) 3 4l



Y4

o 4l g9y 2lisoben

Ao 33 4,0 e o S g 3 Cherry PR BERY
el hde CTL L cpdir 5 Jsdedss adds S Sdess
bos S5 a0l Jaieds jpdy LS el plnd
malo gt zal 055, cza (OMAY) ST BN, 5T s
Sl pds (Loriaetal., 1995) L& o is I SO sl o
ol Hlas sdn 3 55K 5 bkl b 8 A (G5
(Flores-Gonzalez et al., 2008; Fyans et al., .3 S =
ssliul e J 1S Olseas g SL 136 OMA Lass 2016)
WY
S (5 S Sh

s (e o jlas e 53 el gt sl Slaali
0303 CuiS o gk 453 YA (gl 53 55, V8 Seay ST
5 sle s, b Ladlis aen gl C; STy LA
23 Al e gl glaS SO Ld 8 el (VAAT) O Ses
3 b SIS 4 mle e (53l SRl A1)
0 s Ed 6 8L Do il e b Gl slac b
adax 5l ola Sy 80 sbeas b ISE L)l
sl o3 S 55 5 ol 03 Sy (IS K
S1u, A 5 (Shirling and Gottlieb, 1966) A& ) »
(TSB) Sl iy (5 St 5 oS Jamn 53 (5he Sl g3
S S @ bl Caslas 5 s a5 YA Gles o
ST 55 S lamen 53 G ks oy S5 ST gl
sLapH 3 i, (Fyansetal., 2016) A% ., » (NA”)
53 iy oob YMEA S L see 3 5 i e
W5y el (Y0 ) O
e 9859 S0 2lisobes

Sdets (Sole WMo Sl ke L ST 035 sl a s
(P Lo S e o WS g 3 By SO

gu&géjjjfjﬂdkwwﬁwbwbwué)}

' Oat Meal Agar

A4 wdl ¥ oylad M M 1 aLE slas lew 5 ST

o b adaly s Sl DS e Jgene (S
S5 Ol 2 Ol 53 0F Jsle sasi S 5 (olo
sl Gua b sl Gded ol 45 S5 plonl
5l 03 P SRl oo S50 5 9 alebs
S slals 2l wgsbs Olel 2 s slasll
Lawlir oliolen bl 5 5 @il p 5 hles 3

ol s plol SIS 5 oKl sl 5

ST N XD
b SL a5 )ls 4 sed

gl 3TV 5T Gladle ol Jsma b
Olul = Ol (sla el ys s iaw slaailss w5 il
il o5 DSl Ol 58 Dbl cgla Jold (652,
oo e e (ks slaed 5 sl &) S
o Sl (gl L i oSt le3T 4 LS)}TC"’.'
L ol Ssie s w301 nimm glaods (g5t Sl
5l Sladas 28 8 el ag 3 S Ddeas doys Ve WSl
3,5 O e s gl e T 5 (Il Sl o 5 e
S50 AL Ol g ads Ve C208 51 g s S
olas o, 1) S 51 edlay YMEA ¢iS L
00 LSl p S Y i55,2u85 0 5 £ lo ojlas p 3 Vo pasis
Vol S (oS e 0l S s
Lol B IS 05 oo 00 5 o oty ik 05 s
sbes ;3 las m (Schaad et al., 2001) &> S cis (2] s
3oV S e 5 GO e 4 5 YOSTA
5 Pl el il i s (S5 L laeS
CiS Ladases Oy g I3dms LAl IS 4 o) 5
s 3| (SH) Streptomyces  sp. 4 ldr S LU
dals Ol e 3l o8l (g3,5LiS ealiils Ko 5elS

uﬁ)\)}fﬂ‘)fb‘)yudjﬂ‘)]w)bw



S50, Ol B 53 ponsomw Solon mmlo g il slaaglis J S0 5 al5bom (i 55 2b50) 0K 5 b o Yy

SRR w@gb;.,,gsupf‘\n (o Sl 10 Gas L
OIS S S 5 bglse 5l as Lol olulS S 5 0
Gl ot ST Olpea 0l Jles S Sess
o 0kd el (o glaeds 5 Ad OIS (6,
ax s Vi gles 5 LIS 5 wsls S0 4N s L S
Wl a gl B (IS azin VT et o gk
Olgea S0 6L oS o a S o 15 1 ST e
(SH) Streptomyces sp. L el jles bolulS 5 e J 28
skl s w5 k5 s ke J xS Ol sews 5l ad
ol bl S (S5 el bl Glas s Dud
=Y J"‘ \~>J>J4M v;'-j:\ ij‘;&_o Osdo=2) =0
‘J:”Q;L:‘\'>“**’-'ﬁr->")'=v‘f"dl':‘ \~<u_>gh,v_>')-
kel 55=0 (o lae VoS a5 o5 bedd sl =t
(Wanner, 2006)= 8 oLl (3l o i (bt 5 L ol
@ssken o Sl 505 obs)

o5 el (glaas o o 555 (DNA s s
A ol g (V44Y) OLSes 5 sl oy elod e
tomA XtAB o5 4w L5, .(Ausuble et al, 1992)
slaaslue > Bukhalid et al., 1998 ) necl 5 (Wanner, 2006)
YO 5l asks (Slo iy iS1y bshses LAS )y n St
Red oslal by e )y SaVV/0 i (5, 2)s S
DNA s S 35 « Amplicon &S & Amplicon PCR mix
o ol 53l SHLT 51K a5l Jpe S Ve ol e
53 el Sl ol 4l b (0LJT) Biometra IS Le
.(Wanner, 2006; Bukhalid et al., 1998 ) <5 $ el b
dals Ol yean o555 DNA 03 S wlsl o STy &
A S s el LS 5 S5 0T U S (ol e
05 Cde J 28 Olgeas 31,05 (SH) Streptomyces sp. 4l
ol janay ol (claesysl 5.0 eslinal b [2ST5 28
J5 53 (016 SMOBIO) 3000 bp DNA ladder 3, SiLi

LS 3,5 S A ,s VY LT

S I3 S b 50 LSS A s 5 sk e 5 0 e
CiS laoe 3l )l Sos SO i B3 2 S
OMA ¢ _iS Lame )5 peslosn mol glaaslis o35, Ve
23 5 s 4 3 YY=VE Glos 5o g0 Gy b s elg
C5J8 5l e J(Hao et al, 2009) Lud oIS S0
Lo oo (S5 b 5 55,50 el peb o)
A e
055 S p s s

aw 3 o B3 = Slada 25 058 g sonb
laallr 8L s O il g Sl slinadl L 1SS
plomdl 053w O3y K s 51 03lisl by Sl il g0 2
S g g a3 YY=VE clas 3 0lalS o5 S
3 e A3 S 18 505 Ve Sl arele VN (555 000
5l .(Fyans et al., 2016 ) i (5,15 p WS sl oS 5
b sl e J S O ey 03 o ke
O P N Y SRS S| O

CoiS YME CiiS Lo 53 ot agldr Yo 3l
O g 42 55 YA (glos 5 atds aw dedy 5 A 63l
.(Wanner et al., 2013; Hao et al, 2009) L (g ,ldalss
£x Ve Bl b g ,SL bl 6 sl O gl s
00 43 01 5l 1ds Ko Voo ldie 5 45 (Wanner, 2007)
S e YOr 53 YME glo CiS lae 1) o
S gk 4253 YA (glos 53 5 55, ¥ ey (oS
L bt sladshe sl nis 45 .(Wanner, 2004) LA
s e OT sl oo g G 3 5 1 5 e 5L
o o O gl s 51 ) (oo @ s A8 0 il 5
oS Eerfols CiS laes 5l 1) Jue 00 ol ey S
oslae C; Y+ KHPO, C; VAR W ¢J§ Y/855,S s
cm? Gl S 4O e | Jlade O 1Y s aske
(Wanner, 2004) s S alsl ¢ 0w 5K, Yo e
3 YA los 53 55,1 Doy 0l e sl 5K



AR

(JB Al g 53 0 () il il Glagli JS

a5 laamalS (6o abislen S > LOT Ao s s
GlaShs o p 5 b K Bl 5 s bl e
Jodr) s SSE 558 05,5 b 4 5 adlllas ge o5 5
Bl r\.x_ige.:ajs «glite a8, b IS5 gl (Y
T0) b i 2 5,5 KB i shans S
- S 6_:T)J_~é>)s axdllas 5550 aasli= 5l (Ao s
el 408, scabiel s el ol DL Eopilim Gl
A, ol jsa> 53 S. europaeiscabiel Js lo> S5 go 5
1.5, 1) 5 .(Boucheck-Mechiche et al., 2000) A=S
Gbge patie G5 S S Ulsea M Glesed
Boucheck-) S. europaeiscabiei s S. scabiei l_sa_ S
o S J_f (Mechiche et al., 2000; Lambert and Loria, 1989
Sl Glaalir ¢ some 51 Lol G 53 Zonl 0
A5 an 5ol Gled albor el jent 4l VT canlllas 5 ) 5o
el 53 Ly U035 TSB mle S Loy e
S pldSzs 53 cul 8. scabiei sla S5 5l aS Gl

AL oMu.A Ty e ] 6&4{\.1}

S3o) Olul 2 (R14) slo s ol gl Ll56 50y —) JS.&
5 de (OMA) BT (Y g 5,1 CiS ams 3 amm 5 slaanalS (s,

GlaamalS (€ 55,58 5 (S50 ¢ 35 alyr pte (A 5y, o
656 BB OMA L 5 dals
Fig. 1. Pathogenicity of Razavi-Khorasan Streptomyces strain
(JR-14) on radish seedlings on oat meal agar medium after 8 days.
a) No germination; b) Dwarfing and necrosis; ¢) Control seedlings
on OMA medium without bacterium
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Table 1. Streptomyces strains obtained from potato showing common
scab symptoms from different regions of Razavi-Khorasan province.

Pathogenicity

Phenotypic on radish Cultivar Sampling Strain
group seedlings place

1 N¢<D¢NG Fantana Chochan CHE-11
1 N¢H«NG¢«D  Agria Jolge-rokh JR-12
1 D¢NG¢<H Fantana Chochan CHE-26
1 NG¢«D¢<N Agria Torbatejam  TM1-18
1 D<NG Fantana Chochan CHE-20
1 N¢NG¢<H Fantana Chochan CHE-13
2 D<N<NG Fantana Chochan CHE-10
2 D<NG Marfana Mashhad MASH-28
2 NG<D Agria Jolge-rokh JR-33
2 D<NG¢N Fantana Chochan CHE-21
2 D<«NG Fantana Chochan CHE-25
2 N¢ H{NG Agria Jolge-rokh JR-14
3 N¢D<NG¢H  Fantana Chochan CHE-9
3 D Agria Mashhad MASH-27
4 D¢H¢N¢NG  Bambo Torbatejam  TM-29
4 D¢N¢H¢NG  Agria Torbatejam  TM-32
4 N¢<D Fantana Chochan CHE-15
5 D¢NG¢N Agria Radkan CHB-22
6 NG¢<D Fantana Chenaran CHE-24
6 D<«NG Fantana Chochan CHE-31
- D<NG¢N - Shiraz SH+

5N by gl H e« S8 D¢ 53 algr ¢s NG
NG: No Germination, D: Dwarfing, H: Hyperthrophy, N: Necrosis
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Fig 1. Necrosis symptoms on potato slices inoculated by
streptomyces strains a) TM-29, b) TM-32 from Razavi-Khorasan.
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Table 2. Phenotypic groups of pathogenic Streptomyces strains from Razavi-Khorasan.
Phenotypic group

Test 1(6)* 2(6) 3(2) 4 (3) 5 (1) 6(2) SH+x**
Spore color on YMEA Light gray Light gray Darkgray  Darkgray Cream  Greenish white white
Colony color on YMEA gray Pale.gray- Dark gray with Gra)./ish Crea.\my White with Gra)_/ish
pink red border white white green border white
Melanin production in TSB medium 5 5 2 2 0 2 +
Straight spore chain 0 0 0 0 0 2 -
Regular screw spore chain 3 1 2 3 1 0 -
Irregular screw spore chain 3 5 0 0 0 0 +
Growth at pH:4 0 0 0 0 0 0 -
Growth at pH:6 6 6 2 3 1 2 +
Sensitivity to penicillin G 3 1 1 2 0 0 -
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Table 3. Pathogenicity of representative Streptomyces strains obtained from infected potatoes from Razavi-Khorasan on radish seedling, potato slice,
tobacco leaf and evaluation of scab lesion index on tuber under greenhouse conditions.

. Strain . Pathogenicity on e Pathogenicity . Pathogenicity ‘ Scab lesion index
radish seedling® on potato slice” on tobacco leaf* on potato ¢

. CHE-11 . N¢D<NG o NOS . NOS .

. JR-12 . N¢H¢«NG<D . P . N . 4
. CHE-26 . D¢NG¢H o NOS . NOS .

. TM-18 . NG<«D<N . NOS . NOS .

. CHE-20 . D¢NG o NOS . NOS .

. CHE-13 . N¢NG<H . N . NOS .

. CHE-10 . D¢N<NG o NOS . NOS .

. MASH-28 D«NG D NOS . NOS .

. JR-33 . NG<D . P . CH . 1
. CHE-21 . D<NG¢N . NOS . NOS .

. CHE-25 . D¢NG o NOS . NOS .

. JR-14 . N¢ HENG . P . NOS .

. CHE-9 . N¢<D¢NG<H o P . N . 3
. MASH-27 . D . N . NOS .

. TM-29 . D<H¢N¢NG o N . N . 4
. TM-32 . D<N¢<H«NG . N, P . CH . 3
. CHE-15 . N¢<D . P . CH . 4
. CHE-24 . NG<«D . NOS . NOS .

. CHE-31 . D<NG . N . CH . 1
. SH+ . D<NG¢<N . N . CH . 3

a: NG: No Germination, D: Dwarfing, H: Hypertrophy, N: Necrosis
b: N: Necrosis, P: Pitted, NOS: No symptom
e c: CH: Chlorosis, N: Necrosis, NOS: No symptom
d: 0 =no lesions; 1 = superficial lesions <10 mm in diameter; 2 = superficial lesions >10 mm in diameter; 3 = raised lesions <10 mm in diameter; 4 =
raised lesions >10 mm in diameter; and 5 = pitted lesions



S92 0Ll B 55 gt Sile rmslo g il Glaaldr JsS 50 5 2565k (o 55 2551 10K 5 5w o Yyy

Sl Sl ey il 55 I3 Sl 03 35 e
Wanner, 2004; Cao et al., ) Jledi 3 ,=e tXt AB o 431

o 3 .(2012; Fyans et al., 2016; Pankova et al., 2012

JR-12 CHE31 TM-32 CHE.15 CHE9 TM-29 Sht

e glaaldr janecl 05 et iS5 PCR Jsame -t IS5
Cote dals SH+ (Ot aie U1 C g Slul 5 slo g 2l

Ykb IS5 055 Sl L (e ali)
Fig. 4. Amplified PCR product of necl gene in selected
Streptomyces strains of Razavi-Khorasan. C: sterile distilled water;
SH+: positive control (Shiraz strain); L: 3 kb Marker.
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