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Table 1. Accession number of phytoplasmas used in phylogenetic tree construction and  nucleotide similarity 

comparison of the phytoplasmas associated with almond witches' broom

Accession numberRFLP Group
Phytoplasma strain 

designation
Acronym

D13260Acoleplasma laidlawiiA. laidlawii

M3079016SrI
Candidatus 

Phytoplasma asteris
Ca. P. asteris

U1544216SrII
Candidatus 

Phytoplasma 
aurantifolia

Ca. P. aurantifolia

AF14770816SrXV
Candidatus 

Phytoplasma braziliens
Ca. P. braziliens

AJ55098416SrXIV
Candidatus 

Phytoplasma cynodontis
Ca. P. cynodontis

AF09220916SrVII
Candidatus 

Phytoplasma fraxini
Ca. P. fraxini

AJ54254116SrX
Candidatus 

Phytoplasma mali
Ca. P. mali

D1258116SrXI
Candidatus 

Phytoplasma oryzae Ca. P. oryzae 

U1875316SrIV
Candidatus 

Phytoplasma palmae
Ca. P. palmae

AF51563616Sr1X
Candidatus 

Phytoplasma 
phoenicium

Ca. P. phoenicium

AY39261016SrVI
Candidatus 

Phytoplasma trifoli
Ca. P. trifoli

AY07272216SrV
Candidatus 

Phytoplasma ziziphi
Ca. P. ziziphi

AF36101916Sr1XGliricidia little leaf GLL 
Y1638916Sr1XPicris echioides yellows PEY 

Y1805216Sr1X
Knautia arvensis 

phyllody KAP 

L3376416SrV111Loofah witches' broomLWB

AF24896016SrXIII
Mexican periwinkle 

phyllody
MPV

U1876316Sr1X
Pigeon pea witches' 

broom PPWB 

X7642716srXIIStolburStol

L0468216SrIIIWestern X- diseaseWXD

DQ19520916Sr1X
Khafr almond witches' 

broom
KhAWB

JN56501216Sr1X
Kerman almond 
witches' broom 1

KAWB 1

JN56501316Sr1X
Kerman almond 
witches' broom 2

KAWB 2

JN56501716Sr1X
Moshkan almond 
witches' broom

MAWB

JN56501416Sr1X
Neyreez almond 
witches' broom 1

NAWB 1

JN56501616Sr1X
Neyreez almond 
witches' broom 2 NAWB 2 

JN56501516Sr1X
Sanandaj almond 
witches' broom SAWB 
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Fig. 1. Reaction of bitter almond seedlings to inoculation with almond witches' broom isolates. A, mild little leaf 

and witches' broom, mild internode shortening and mild reddening of leaves induced by Sanandaj isolate; B, 

mild little leaf and witches' broom, mild internode shortening and no obvious change of leaf color induced by the  

Moshkan isolate; C, severe little leaf, mild witches' broom, internode shortening and severe leaf reddening 

induced by the  Kerman 1 and Kerman2 isolates; D, severe little leaf and witches' broom , internode shortening 

and leaf yellowing induced by the Neyreez1 and Neyreez 2 isolates.
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Fig. 2. Electrophoresis of direct  PCR product using primer pair  P1/P7(A) and nested PCR using primer pairs 

P1/P7 and R16F2n/R16R2 (B) in 1.2% agarose gel. Lane M, DNA ladder  Lanes 1-6, bitter almond graft 

inoculated with phytoplasmal agent of Neyreez1, Neyreez2, Moshkan, Kerman1, Kerman2, and Sanandaj almod 

witches' broom isolates , respectively. Lane 7 healthy bitter almond.
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Fig. 3. Restriction fragment length polymorphism (RFLP) profiles of nested polymerase chain reaction products 

using P1/P7 followed by R16F2n/R2 primer pairs  from bitter almond inoculated with Neyreez1, Neyreez2, 

Moshkan, Kerman1, Kerman2, and Sanandaj almond witches' broom isolates (Lanes 1-6, respectively). Lane M, 

DNA ladder. DNA products were digested with AluI , CfoI, HaeIII, HinfI, HpaII, RsaI and TaqI  and separated 

through a 2% agarose gel. 
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Fig. 4. Restriction fragment length polymorphism ( RFLP) profiles of direct polymerase chain reaction products 

using P1/P7 primer pair from bitter almond inoculated with Neyreez1, Neyreez2, Moshkan, Kerman1, Kerman2, 

and Sanandaj almond witches' broom isolates (Lanes 1-6, respectively). Lane  M, DNA ladder. DNA products 

were digested with AluI , CfoI, HaeIII, HinfI, HpaII, RsaI andTaqI and separated through a 2% agarose gel.

Table 2. Disease symptoms induced by different isolates of almond witches' broom in bitter almond seedlings

Disease symptoms
Isolat

es

Severe little leaf and witches' broom , internode shortening and leaf yellowingNeyreez1

Severe little leaf and witches' broom , internode shortening and leaf yellowing
Neyreez 

2

Mild little leaf and witches' broom, mild internode shortening and mild reddening of leavesSanandaj

Mild little leaf and witche's broom, mild internode shortening and no obvious change of 
leaf color

Moshkan

Severe little leaf, mild witches' broom,internode shortening and leaf reddeningKerman1

Severe little leaf, mild witches' broom,internode shortening and severe leaf reddeningKerman2
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Fig. 5. Phylogenetic tree constructed from the alignment of 1200 bp of 16S rRNA gene of 13 phytoplasmas and A. 

laidlawii, as outgroup using phylogenetic option of DNAMAN software. See Table 1 for abbreviations and 

accession numbers

Jawdah  et al., 2002

Salehi and Izadpanah 

1995; Salehi and Izadpanah 1998

Salehi et al. 2000

Ca. P.mali 

GLL 

PPWB 

90 

KAP 

KhAWB 
85 

95 

MAWB 

Ca.P.phoenicium 

SAWB 

NAWB1 

KAWB2 

 

 

KAWB1 

NAWB2  

 

51 

100 

WX 

100 

98 

A.laidlawii  

0.05 



16S Acholeplasma laidlawii

DNASTAR

Fig. 6. Phylogenetic tree constructed from the alignment of full length sequences of 16S rRNA gene of 26 

phytoplasmas and Acholeplasma laidlawii as outgroup, using phylogenetic tree option of DNASTAR software. 

See Table 1 for abbreviations and accession numbers.
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Acholeplasma laidlawiioutgroupDNAMAN

Fig. 7. Phylogenetic tree constructed from the alignment of 1800 bp of rRNA operon of 13 phytoplasmas and 

Acholeplasma laidlawii as outgroup, using phylogenetic tree option of DNAMAN software. See Table 1 for 

abbreviations and accession numbers.
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Table 3. Percent sequence identity between almond witches' broom isolates used in this study

A.

laidlawii
AP SAWBNAWB2NAWB1MAWBKAWB2KAWB1KhAWB*

42.382.4 98.798.898.998.598.798.7KhAWB

42.882.999.699.699.298.599.6KAWB1

42.882.499.299.298.998.1KAWB2

42.881.498.198.199.2MAWB

42.482.498.998.9NAWB1

42.882.999.2NAWB2

42.882.4SAWB

42.3AP 

*

*: see Table 1 for abbreviations and accession numbers.
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