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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

Phytoplasma strain

Acronym designation RFLP Group Accession number
A. laidlawii Acoleplasma laidlawii D13260
. Candidatus
Ca. P. asteris Phytoplasma asteris 16SrI M30790
Candidatus
Ca. P. aurantifolia Phytoplasma 16SrII Ul15442
aurantifolia
Ca. P. braziliens Candidatus 16SIXV AF147708
T Phytoplasma braziliens
. Candidatus
Ca. P. cynodontis Phytoplasma cynodontis 16SrXIV AJ550984
. . Candidatus
Ca. P. fraxini Phytoplasma fraxini 16SrVII AF092209
. Candidatus
Ca. P. mali Phytoplasma mali 16SrX AJ542541
Candidatus
Ca. P. oryzae Phytoplasma oryzae 16SrXI D12581
Candidatus
Ca. P. palmae Phytoplasma palmae 16SrIV U18753
Candidatus
Ca. P. phoenicium Phytoplasma 16Sr1X AF515636
phoenicium
Lo Candidatus
Ca. P. trifoli Phytoplasma trifoli 16SrVI AY392610
. Candidatus
Ca. P. ziziphi Phytoplasma ziziphi 16SrV AY072722
GLL Gliricidia little leaf 16Sr1X AF361019
PEY Picris echioides yellows 16Sr1X Y16389
Knautia arvensis
KAP phyllody 16Sr1X Y18052
LWB Loofah witches' broom 16SrV111 L33764
Mexican periwinkle
MPV phyllody 16SrXIIL AF248960
Pigeon pea witches'
PPWB broom 16Sr1X U18763
Stol Stolbur 16srXII X76427
WXD Western X- disease 16SrIII L04682
Khafr almond witches'
KhAWB broom 16Sr1X DQ195209
Kerman almond
KAWB 1 witches' broom 1 16Sr1X IN565012
Kerman almond
KAWB 2 witches' broom 2 16Sr1X IN565013
Moshkan almond
MAWB witches' broom 16Sr1X IN565017
Neyreez almond
NAWB 1 witehes' broom 1 16Sr1X IN565014
Neyreez almond
NAWB 2 witches' broom 2 16Sr1X IN565016
SAWB Sanandaj almond 16Sr1X INS65015

witches' broom
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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 Kerman?2 isolates; D, severe little leaf and witches' broom , internode shortening

and leaf yellowing induced by the Neyreezl 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 Neyreezl, 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 Neyreezl, Neyreez2,
Moshkan, Kermanl, Kerman2, and Sanandaj almond witches' broom isolates (Lanes 1-6, respectively). Lane M,
DNA ladder. DNA products were digested with Alul , Cfol, Haelll, Hinfl, Hpall, Rsal and Taql 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 Neyreezl, Neyreez2, Moshkan, Kermanl, Kerman2,
and Sanandaj almond witches' broom isolates (Lanes 1-6, respectively). Lane M, DNA ladder. DNA products
were digested with Alul, Cfol, Haelll, Hinfl, Hpall, Rsal andTaql and separated through a 2% agarose gel.
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Table 2. Disease symptoms induced by different isolates of almond witches' broom in bitter almond seedlings

Isolates Disease symptoms
Neyreez1 Severe little leaf and witches' broom , internode shortening and leaf yellowing
Neyreez 2 Severe little leaf and witches' broom , internode shortening and leaf yellowing

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

Sanandaj 1
eaves
Mild little leaf and witche's broom, mild internode shortening and no obvious change of
Moshkan
leaf color
Kermanl Severe little leaf, mild witches' broom,internode shortening and leaf reddening
Kerman2 Severe little leaf, mild witches' broom,internode shortening and severe leaf reddening
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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.
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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.

L ooitems PCR Jya e oyl pin J5 (7 JS2)
S essms @l ol ST 05 e PI/PT S56T i
YIS 05 gl 5 Y88 esssa 05 Sl dlwls
4S5l Olis S Sdee slae =T L Gl i VAee)
dnsle el il OLSS andllas 5550 slag s
s Gfol o 5T G oy 5l a5 Jool 255
Hinfl 55 o551 L a5l s il 5 00

Slaallr 53 (K55 g5 (V51 s IS0 150l
RELP sl 503 555 oy 2 2550 plal Sl
515k cim VYoo Ly ) (sled> o35 PCR Jpams
Alul Cfol, L;uﬁgu.(dwﬁ) sl ol T 05 sl
sbala= s s Haelll, Hinfl, Hpall, Rsal, Taql
OBie) s Ol (Yol S 5 V0l S) Ol S Ol

Ma@.}gjwcw)\qlb&ij(“ﬂﬁj\ﬂﬁ

Y5


www.sid.ir

e ol pon Sl 528 sl S5 55 2l 5 e

45 | Ca. P. mali
WX
100 [OLL

100 96 | PPWB
~KhAWB

100 Lap

NAWBI

100 61

53 MAWB?2

Ca. P. phoenicium

87 | _"KAWBI
<7 ~KAWB2
36 |KAWB

SAWB

A. laidlawii

3 LoD 528 03 s (055 9m) (81 OF LT (o35 4B g5 31 5l i VAo o i 1S 5 ol cald 3l ol ¢S sV S
Ll s2d ol (sl 2 DNAMAN,!J'.}I(;JS 23 S akd Ca s 4y ¥ 5l ealinul b outgroup O gisa Acholeplasma laidlawii

Y NSRRI Joder 4 lajled )y

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

KhAWB* KAWB1 KAWB2 MAWB NAWBI NAWB2 SAWB AP laicgz.zwii

KhAWB 98.7 98.7 98.5 98.9 98.8 98.7 82.4 423
KAWBI1 99.6 98.5 99.2 99.6 99.6 82.9 42.8
KAWB2 98.1 98.9 99.2 99.2 82.4 42.8
MAWB 99.2 98.1 98.1 81.4 42.8
NAWBI1 98.9 98.9 82.4 42.4
NAWB2 99.2 82.9 42.8
SAWB 82.4 42.8

AP 423

g ana-l 0 )

*: see Table 1 for abbreviations and accession numbers.
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