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Figure 1- Symptoms of phytoplasma associated with phyllody cowpea showing little, thickened, wrinkled and malformed
leaves (A,B), phyllody (C) and stem fasciation (D) collected from East Azarbaijan province
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Figure 2- Periwinkle plant infected by cowpea phyllody phytoplasma showing phyllody after one month
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Table 1- Characteristics of the sequences identified in this study

Isolates name Location Host plant GenBank acc No.
alaa ol Cydge Objee U slowd )

Nazarlou, East Azarbayejan provinces

Iranian vigna virescence phytoplasma isolate Nazarlou-182 .. N g Vigna unguiculata KC633092
g phytop I A PR gnating
lrani i i h | isolate Shabest Shabestar, East Azarbayejan provinces vi iculat KC633093
ranian vigna virescence oplasma isolate Shabestar ., K . igna unguiculata
’ prvtop B 3l s gnaung
i i i X i Tabriz, East Azarbayejan provinces X i
Iranian vigna virescence phytoplasma isolate Tabriz-172 Vigna unguiculata KC633094
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Figure 3- Result of electrophoresis of PCR product from cowpea infected by cowpea phyllody phytoplasma using P1/P7

phytoplasma specific primer pairs in 1 % agarose gel. Lane 1 positive control, lanes 2-7 infected cowpea, lane 8 infected
Periwinkle by dodder in greenhouse, lane 9 negative control, M 100bp DNA ladder
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Figure 4- Electrophoresis pattern of nested PCR using primer pairs R16F2n/R16R2 from infected cowpea in 1 % agarose gel.

Left first lane negative control, M 100bp DNA ladder, lane 1 positive control, Lanes 2-7 infected cowpea, lane 8 infected
Periwinkle by dodder in greenhouse
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Table 2- List of Phytoplasmas with group designations and GenBank accession numbers used in phylogenetic study

Phytoplasma

16S rRNA Group and subgroup  GenBank acc No.

Vinca virescence phytoplasma
Strawberry multiplier disease
Illinoise elm yellows
Perwinkle little leaf
Centarurea solstitialis virescence
Catharanthus phyllody phytoplasma
Portulaca little leaf phytoplasma
‘Candidatus Phytoplasma sudamericanum’
‘Candidatus Phytoplasma asteris’
Behshahr(Iran) periwinkle phyllody
Zanjan tomato big bud
Khorasan Razavi tomato big bud
‘Candidatus Phytoplasma aurantifolia’
‘Candidatus Phytoplasma trifolii’
‘Candidatus Phytoplasma fraxini’
‘Western X-disease’
‘Candidatus Phytoplasma ulmi’
‘Candidatus Phytoplasma australiense’
‘Candidatus Phytoplasma palmae’
‘Candidatus Phytoplasma luffae’
‘Candidatus Phytoplasma cynodontis’
‘Candidatus Phytoplasma solani’
‘Candidatus Phytoplasma oryzae’
‘Candidatus Phytoplasma mali’
'Vigna unguiculata’ flat stem phytoplasma
Iranian potato witches-broom phytoplasma
Columbia Basin potato purple top phytoplasma
'Vigna radiata’' phyllody phytoplasma
Acholeplasma laidlawii

16SrVI-A AY500817
16SrVI-B AF190224
16SrVvI-C AF409070
16SrVI-D AF228053
16SrVI-E AY270156
16SrVI-F EF186819
16SrVI-H EF651786
16SrVI-1 GU292081
16Srl-1 M30790
16SrVI-A KC661072
16SrVI-A KR150879
16SrVI-A JF508509
16SrlL U15442
16SrVI AY390261
16SrvIl AF092209
16SrIIL L04682
16SrV-A AY197655
16SrXII L76865
16Sriv uU18753
16SrVIll AF086621
16SrX1IV AJ550984
16SrX11 AF248959
16SrXI AB052873
16SrX AJ542541
16SrXIV-A KY439870
16SrVI-A FJ427295
16SrVI AY692279
16Srl1-D KY439871
------- M23932

3l oael e wd ay laddaly s oaigilS s wlis e .S
Al MalS K0, | il 3o 53 035 o g sloeiges

Coplo PLPT (ol 55T b 0 135 dabad (8315 e gl
e |y (ot g (935kd L olyen Lele (plawdygnd



1397 )beuli 20 Loy 320k (5359l galivo g pole) LS cbilis 4,85 190

(7) cod olpl 3 xo;

ol ons b Jlg laalis a8 ol L jo S5ekd U
L oS0035 adaly (glyls 9 0090 16SIVI 09,5 ay slaie aios
JsGs) asb e Vinca virescence phytoplasma (AY500817)
09,5 2 3290 (slog S 5 oll 2 00 s 5 plS 5,05 5 (7
alaly ol 55 lpl o Loy (o9l Jole slowdgid (16SIVI
(8 JS5) 592 16SIVI 09,5 I A 09,5 pj cliael b (Sod5

b KC633092 (slalouis oy s gl 5l digod duw ]3940
(L Joae) 3513 e (NCBI) 3 b 5L ,» KC633094
05 SO 50 9390 3l b ode] vy (slacddl ) aulis |
9L Jole sladlgis o 1 paseits Blast sl abuy
Vinca slaleuMignd L (s5odgen 1oy 99 ()l Lo
Columbia Basin potato purple g virescence (AY500817)
b Loyl (35Ld slawdlgid puman .cuwl tOp (AY692279)
o Fo)le 5 (17) I8 (635 Jole (slowdlysid b conles %99

M 1 2 3 4 M5 6 7 8M 91011 12 M 13 14 15 16 M 17 18 19 20

Hinfl

Aw 5 Cuo 2L 31 (RIBF2M/R16R2) 551l s U (1aildl ) o (o1 Jonazo (RFLP) Jsb (JSUW5 i (55989 531 sl -5 JSUWs
Hinfl, Rsal, Alul, Tagl, oy W 351 b famd 9 915 52505 $blo 5l i & (L Jgae) pols @uiod 53 00 (b JIg5 sl
100b S5 M o aaL5 17 513 090 1e0 5l yiw Hpall

Figure 5- RFLP pattern of nested PCR using R16F2n/R16R2 primer pair from positive control and three infected cowpea
isolates (Table 1) from Tabriz, Nazarlou and Shabestar with Hinfl, Rsal, Alul, Taql, and Hpall restriction enzymes; Lanes 1,
5,9, 13 and 17 are positive control; M: 100bp DNA ladder
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Figure 6- Virtual RFLP patterns of 1245 bp fragment of 16S ribosomal RNA gene from cowpea phyllody phytoplasma
(Right) and reference isolate of 16SrVI-A subgroup of phytoplasmas (Left)
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@ 16SrVI-A Vigna unguiculata phytoplasma isolate Sabestar (KC633092)
&8 @ 16SrVI-A Vigna unguiculata phytoplasma isolate Nazarlou (KC633092)
@ 16S1VI-A Vigna unguiculata virescence phytoplasma isolate Tabriz (KC633094)

16SrVI-A Columbia Basin potato purple top phytoplasma (AY692279)
100

16SrVI-A Vinca virescence (AY500817)

‘i— 16SrVI-A Iranian potato witches-broom phytoplasma (FJ427295)
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52

16SrVII Ca.P.fraxini (AF092209)
98
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97 16SrlV Ca.P.palmae (U18753)
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87

100 16SrXIV-A Vigna unguiculata flat stem phytoplasma (KY439870)
1

901 165rXv Ca.P.cynodontis (AJ550984)
98

16Srlll Western X-disease (L04682)

76 ,— 16Srll-D Vigna radiata phyllody phytoplasma (KY439871)
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Ca. P. asteris 16Srl-I (M30790)
100 16SrXIl_Ca.P.australiense_(L76865)
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Figure 7- A neighbor-joining tree (Bt x 1000) constructed by Mega7 program using the 16S rRNA, intergenic spacer region
(SR) and portion of 23S rRNA of three phytoplasmas strains (Table 1) used in this study (showed with e) associated with
some phytoplasmas groups selected phytoplasmas from GenBank. The sequence of Acholeplasma laidlawii served as an out
group. See Table 2 for abbreviations and accession numbers
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16SrVI-A Behshahr periwinkle phyllody (KC661072)
16SrVI-A Zanjan tomato big bud (KR150879)
16SrVI-A Khorasan Razavi Tomato big bud (JF508509)

@ 16SrVI-A Vigna unguiculata phytoplasma isolate Nazarlou (KC633092)

77 | @ 16SrVI-A Vigna unguiculata phytoplasma isolate Sabestar (KC633092)

@ 16SrVI-A Vigna unguiculata virescence phytoplasma isolate Tabriz (KC633094)

91| L 16SrVI-F Catharanthus phyllody phytoplasma (EF186819)

60

— 16SrVI-B Strawberry multiplier disease (AF190224)

16SrVI-C lllinoise elm yellows (AF409070)

16SrVI-H Portulaca little leaf phytoplasma (EF651786)

93

79

66

16SrVI-E Centarurea solstitialis virescence (AY270156)

16SrVI-D Perwinkle little leaf (AF228053)

16SrVI-l Candidatus Phytoplasma sudamericanum (GU292081)

A laidlawii (M23932)
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Figure 8- A neighbor-joining tree (Bt x 1000) constructed by Mega7 program using subgroups of 16SrVI group. Strains used
in this study (showed with ). The sequence of Acholeplasma laidlawii served as an out group. See Table 2 for abbreviations
and accession numbers
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