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Table 1- PCR reaction temperature schedule.
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Reaction stage Number of Temperature (degrees Celsius) Time (min)
cycles
Initial denaturation 1 94 3-5
Denaturation 94 1
Annealing 30 58 2
Extension 72 3
Final extension 1 72 10
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Figure 1- A- Symptoms of phyllodes and stem flattening in Angelica archangelica. B- yellowing symptoms
in Mirabilis jalapa. C- signs of proliferation and phyllody in Ligustrum sp. D- yellowing symptoms in

Hibiscus cannabinus.
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Figure 2- Electrophoretic patterns related to the amplified fragment of a part of the phytoplasma genome
with a pair of general primers P1/P7 (Figure: A1850 bp) and nested primers R16MF2 / R1I6MR2 (Figure:
B1250 bp) corresponding to the 16S rDNA gene. Wells No. 1 to 4 are respectively related to infected
plants of Angelica archangelica, Ligustrum sp., Mirabilis jalapa and Hibiscus cannabinus, and Well 5 is a
positive control sample obtained from Vinca plants infected with Sesame Phytoplasma from Plant
Virology Research Center. Shiraz university. M: .DNA Ladder Mix (Fermentas).
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Table 2- The available information related to the nucleotide sequence of a part of the 16S rDNA genome
of the species used in drawing the phylogenetic tree, including species name, isolate name, relevant

census, host, and country name from which the species was reported. and determining the position of the
isolates investigated in this research among similar species reported from different regions of the world.

&;CU

species name

wlder ol

Isolates name

)W}

Accession number

s dd BI85 b
The name of the
reported country

Ol e
Host

Candidatus HSD1 MN861357 India Helichrysum sp.
Phytoplasma trifolii
Manilkara zapota' Unknown MK271072 India Manilkara zapota
flat stem little leaf
phytoplasma
Hyptis suaveolens'  Biswanath (Assam) MG821483 India Mesosphaerum
phytoplasma suaveolens
Datura stramonium' Gorakhpur MH393563 India Datura stramonium
witches'-broom
phytoplasma
Candidatus Orissa KY815100 India Solanum tuberosum
Phytoplasma trifolii
Candidatus Orissa KY815099 India Solanum tuberosum
Phytoplasma trifolii
Chilli witches'- IARI KY612251 India Capsicum annuum
broom phytoplasma
Candidatus SB1 JQ730749 Croatia Vitis vinifera
Phytoplasma solani
Candidatus EC-KH-Dezfol KX685881 Iran Eucalyptus sp.
Phytoplasma solani
Candidatus EC-FA-Mamasani KX685880 Iran Eucalyptus sp.
Phytoplasma solani
Candidatus EC-FA-Kazeron KX685879 Iran Eucalyptus sp.
Phytoplasma solani
Candidatus BN-Fc6 JQ797669 Italy Vitis vinifera
Phytoplasma solani
Ligustrum Fe2 HE649495 Turkey Ligustrum sp.
ovalifolium'
phytoplasma
Juniperus excelsa' Jnp-Tr-K1 OP610568 Turkey Juniperus excelsa
phytoplasma
Ligustrum F2\57 HG994080 Turkey Zea mays
ovalifolium'
phytoplasma
Ligustrum F2\51 HG994078.1 Turkey Zea mays
ovalifolium'
phytoplasma
Ligustrum F1\d HG994077.1 Turkey Zea mays
ovalifolium'
phytoplasma
)
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Mirabilis jalapa’ 40C JQ268255.1 India Mirabilis jalapa
little leaf

phytoplasma
Candidatus Kawanda EU315314.2 Uganda Hibiscus rosa-
Phytoplasma sinensis L.
aurantifolia
Candidatus CB01 MT555412.1 India Croton
Phytoplasma bonplandianus
aurantifolia
Candidatus SYDP1 MT555411.1 India Croton
Phytoplasma bonplandianus
aurantifolia

Exitianus indicus' CLY1 MT500683.1 India Exitianus indicus
phytoplasma

NINS16357.1, India

MK271072.1, India
o8| MG821483.1, India

MEH393563.1, India "€l archangelica
YZD-002, IRAN
96, KY815100.1, India
KY815099.1, India
KY612251.1, India
JQ797669.1, Italy
JQ730749.1, Crotia
ol KX685878.1, Iran

KX685879.1, Iran
— KX685881.1, Iran  Hibiscus cannabinus
6| KX685880.1, Iran
_[

84L y7D-0014, Iran

_: HGY994080, Turkey
74 HG994078, Turkey
— YZD-0016, IRAN

64l HE649495.1, Turkey

OP610568.1, Turkey
L 58 MN047258, Serbia

JQ268255.1, India

YZD-009, Iran
E EU315314.2, Uganda  Mirabilis jalapa
2 MT555412.1, India

MT500683.1, India
MT555412.1, India
98 MT555411.1, India

Ligustrum ovalifolium

K(C222509.1, Bacillus cereus
0.05
p55 3 (A TS § DBl 5 plal it glalewdy b ple b Sl laalia glawdl b daly 150l <5 ps Y S
PSS Maximum Parsimony s, « r!,fu.m s Clustal X 31 eslial b s 928 5 Sl 5 3wz yon .16S rDNA
el o ab £ i s outgroup of e« Bacillus subtilis 16S rDNA p55 P 5 it el 0l o 5 MEGA 8.0
JA\S &L.«‘ .MA& ol I) r‘;}).u: w‘ &Aﬁ slezs J.:U Q‘}:ﬁ EXLXY) BOOtStrap Jgﬂﬁ C,."»)A 6\#4"\.’5 BL PR %Y é‘_, slas!
el 0k 03,51 ¥ Jgdm 55 Walewsdy gud
Figure 3- Pedigree tree showing the relationship of phytoplasmas of Iranian isolates with other different

phytoplasmas based on the nucleotide synonymy of a part of the 16S rDNA genome. Nucleotide synonym
alignment was drawn using Clustal X and dendrogram by Maximum Parsimony method of MEGA 8.0
software. A part of the 16S rDNA genome sequence of Bacillus subtilis is considered an outgroup. The
numbers located in the branches of the tree represent Bootstrap and show the reliability of this
dendrogram. Full names of phytoplasmas are given in Table 2.
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S plen s s S 3 (Babaei et al., 2007) sl o SITIFD16 65,5 Ll 3l (sls mti sad sla e
Gto S 5 LT & ez S (Jols x5 slaob e 5, Candidatus Phytoplasma australiense .o 51 glewdl s
e Slab 3l slal lesas slas3l s (Nikooei et al., 2017) as 2,058 ol ol 5l Slepdsl ol o 7o pdains 5 °
b S Dy so sl as sed A repens s Alternantera ficoidea e sl L 1ob 31 s olS w58 53 51 5108
53 3 LS 5 oas sl Altemanther ficoidea sai,S 55 55 S 5 (63,5 sl 55 8 53 S, e sla alis
olalS 5l (Tazehkand et al., 2010) A sdalive olam sl Glil &jsma WS, SUS s~ Al repens i sS
Gl ol 55058 SIT16 o5 8 51 balewd 528 5l s i L IS (60,0 5 Oy 7zl ool gl o by e 25
5 be 8 olgls OlS S, 0o i b 5 Ble oy S W Sl A5, (Tazehkand et al., 2010)
Vo SR 5 eel e ladisil s el e Jlel OBU gladis [, 5o Yl Ol 2l
5 A3k WJlw 5 03T OLLS n eas b Bl o e SN sl o sdalin OLALS ) (555 03 58 &) oy
Solew g5 o5 s (Amirmijani et al., 2020) &S Jame sl slaam s Bl 4 1) S sley Y|
WSSl O S w5055 (S s A pls Gl ) Slul i Sl mulps lpdiaan S Lol en plendl
e Ay B8 5 0dd el ets 5 S b sbadiler A S LIS Oud e @l il sladl e
SLdS s sl ol iPhy Classifier 5 esliel U 38 3l RFLP 6,81 A sdalin jlpainen S gbasy
S35 2 b, (Ashnaei & jamshidi, 2018) il s A o5 S 55 5 ST VILB o5 S a0 hate Olil cpl 55 lpaiaen
ot Jale Gl 5 L3S oslmer 33 Dbl elidelS Bl Sl LIS Gl WL L lpeiees
{(Esmailzadeh et al., 2011) > s <. Ca. Phytoplasma aurantifoli (\#SrII) o5, S « |, jlgaiws S5 LIS
(VFSHID) oasplsl Spilr 05,5 sleaieas J§ SLUS ule londly sz 05,5 15 0lal 51 s 318 S bl
SASaer §535 53 egr M a3l Slawmiy Ylensl DIl 53 iy Salr gy 4 axs LA e
3 SIVI16 o5 8 5l ey SO Kos days o> (Amirmijani et al., 2020) 1S o 5L Slpadimen S LIS
S LS 05y €50 S ol yamiy b s Gl Sola 0 S5t slo w0l Sl ) 5 olS 3 A 05 S5

Dsd aS ey 3,5 e ela Ls wlis s S Lg)ﬂt‘,.q- ;)lj_a;;.\.:g..ﬁalf..iil; Lguu\);_jj O, 55, el

Candidatus phytoplasma aurantifolia -+ Calendula officinalis Phyllofy -v Alfalfa witches’-broom -\
Cascuta sp. -v Melaleuca citrina -# Acacia salicina -o Eucalyptus camaldulensis Dehnh ¥

Typha latifolia -A
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Slow 52 i 0L e Ol 54 (Phragmites australis) oz Jie3 5 olS « 55 |1 .(Marcone et al., 2018) .
woam g bl el 5518 g Ol o e Ol (Candidatus phytoplasma cynodontis) @_ﬂ Shtor S
Duduk etal., ) 55 A o5 S 553 5 SIXIVIB o3 5 4 Glate ;35S0 QLS b ol jon (slaudly gud (ol )l sla )
e S (Caglar etal, 201) 8 5 5548 51 sl smd (colew w0 alin gbs Glid L 5 S, 0blS 5 (2018
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Abstract

In spring and summer 2023, a survey of plant samples from green spaces and ornamental
greenhouses, along with adjacent weeds in Yazd City, showed symptoms likely linked to phytoplasma
disease. Notable symptoms included stem flattening, phyllody, and yellowing observed in Angelica
archangelica, Ligustrum sp., Mirabilis jalapa, and Hibiscus cannabinus. Five samples from each
plant were sent to the Plant Virology Research Center at Shiraz University for DNA extraction via the
CTAB method. Polymerase chain reaction (PCR) was conducted using general primers (P1/P7) and
nested primers (R16MF2/R16MR2) specific for phytoplasma. As expected, fragments of 1800 bp and
1250 bp were amplified with the general and nested primers, respectively. These fragments were
excised from the gel, purified, and sent to Sinohe Company for sequencing. Comparison of the
sequences with those in the NCBI database using BLAST showed that the phytoplasmas from
Angelica archangelica, Ligustrum sp., Mirabilis jalapa, and Hibiscus cannabinus were closely related
to Indian (MH393563.1; host: Datura stramonium; identity: 98.94%), Turkish (HE649495.1; host:
Ligustrum sp.; identity: 99.24%), Ugandan (HE649495.1; host: Hibiscus rosae; identity: 99.14%), and
Iranian (KX685880.1; host: Eucalyptus sp.; identity: 98.64%) isolates. A phylogenetic tree was
created to compare Iranian isolates with similar global isolates using MEGA 8.0 software.

Keywords: Phylogenetic analysis, Ornamental plants, Yellowing, Phyllody.



