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Abstract

Background and Objective: Phytoplasmas are small, cell wall-less bacteria that live as
obligate parasites in the phloem tissues of plants and can cause significant diseases. Due to the
absence of a cell wall, these bacteria are capable of penetrating plant cells and utilizing plant
nutrients. Phytoplasmas are recognized as plant pathogens and can directly affect plant
metabolic processes. Symptoms caused by phytoplasma infection include leaf yellowing,
dwarfism, conversion of flowers into leaf-like structures (phyllodes), and reduced plant
productivity. These symptoms not only compromise plant health but may also lead to decreased
agricultural output and considerable economic losses. Given the critical importance of
agriculture for food security and the livelihoods of farmers, understanding and managing
diseases caused by phytoplasmas is essential.

Methodology: In this study, Haloxylon ammodendron shrubs showing symptoms of witch’s
broom were sampled in Qom and Tehran provinces to conduct a detailed investigation of
phytoplasma presence in these plants. Total DNA extraction was performed, involving the
isolation and purification of DNA from plant tissues. This procedure required high precision and
strict adherence to specific conditions to prevent sample contamination. Following DNA
extraction, Nested-PCR was employed to identify and confirm the presence of phytoplasma in
the samples. This method enables accurate detection and allows further analysis of phytoplasma
genetic diversity. Additionally, modern molecular techniques, including genome sequencing,
may provide deeper insights into the biological and pathogenic characteristics of phytoplasmas.
Results: The findings revealed that phytoplasma is widespread in certain areas of Qom and
Tehran provinces, posing a significant threat to Haloxylon-planted regions in these areas. This
report is particularly noteworthy as it represents the first confirmed occurrence of phytoplasma
infection in H. ammodendron shrubs in Iran and worldwide. Desert ecosystems, such as
Haloxylon shrublands, play a crucial role in soil preservation and erosion prevention, and the
spread of phytoplasma could lead to the degradation of these habitats. Furthermore, the results
highlight the urgent need for effective control measures to prevent the disease from spreading,
as these shrublands are critical not only for the environment but also for the livelihoods of local
communities.

Conclusion: There is a clear necessity for further research and the implementation of
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appropriate management strategies to control and prevent phytoplasma disease in Haloxylon
shrublands. Considering the disease’s occurrence in multiple regions, identifying vectors and
transmission pathways is of particular importance. This knowledge can assist researchers and
practitioners in designing effective control and prevention strategies. Therefore, a
comprehensive and multifaceted approach is required for managing this disease, involving
scientific research, interdisciplinary collaboration, and active participation of local communities
to preserve the health of Haloxylon ecosystems. In addition, educating farmers about disease
symptoms and preventive measures should be an integral component of management programs
aimed at minimizing the damage caused by phytoplasma.

Keywords: Phytoplasma, Haloxylon ammodendron, Qom, Tehran, detection



e s b, 5l GBI ol \AY

ol?,f o
Ol5e 9 o SBOLW! (S 1326 15 lowdlygiud b3y 1 sl 3 sl

T olio ol th_;aljgl; walsde e T Sles anpeans sde o3l pde 3l e
Ol O «s00\S ss s sl olid gl sl oS &l (PILCRCIE -2V AP S-S P P
OlR) OIA5 s555W8S s s IS ICHER2 N VS WL ¢ &l (i Ol a0 s bkl (J s sty 5 =Y
mzamani@rifr-ac.ir : s Slcws
O O 5555888 s 5 el Ol plasle 538 e 5 s OlEN Ao (2053 Ll Y

.[_,‘j"‘ Q_,‘,g.? (oM Cam S Kl ‘Léi}?bk.; e); UL,,&J‘: -f

ARAZAN VAL SN JRUr AEAZAM AL VRO P VER/ /Y sl s Ll

0duS>
ufSV.T sl Js gl dL»wa’l Slyed oS s ‘_J:Lw o5l oM s ug-’!:s sbe st ‘L”Lwyiﬁé ERCIPIYI W o

2B (Jha ol olais Jdsas g L cnl L 5a obls s ot S olen o e s Ml e 5 WS ofﬁj obls
wrlis AL b S ey olsiea blawdly d .axS o osliza) obLE die sl 3 5 aes AL b 4 358 &
@305 dolt Ludy s ST 51 8 e K Ll ol Sabie Gbunl by s 5 sbay W15 e 5 X 00
oM La w5 el aile LS 2oLl 2 5 (ashd) S bl 4 LIS IS L (NS LS,
by basd e am S b galasl sl 5 65l O pame a5 2l 4 Wl e ik 138 e S LS
s 3 2 Ly 528 51 30 sla gy Co i 5 calis ol slas cutme 5 38 Cuel wb BERTEEY| RN

3 08 sleplil 5l bl s s sl @y (N Gl ls & A LI RSN P I SR LN PRI PO
I Glolss gl Gy 3 skl (ln s plel oLl ol 5o Ldy sd 32y 51 iEs s n U il ool oles
ol Lls cule, 5 VG eds wiesls B cl s LS il ) cloles ileoals 5 ilulia Jols &5 us saliza
2 5 pllis sl (Nested-PCR) wlsl LT pw g L35, 31 eslols AT RO YL S35 6.8 e sl
03 5 ool i sad 3 Ly 52 sz

ol 530 325 00 28 S ba 0l 5 03 leolial bl B s Lewdly sz ol ol Ol s leal 5 @l
o3l 8 el ol o g o Sl sssa 4Bl cul 5 5d @ smme biolial ) GLLIEL Gl ar b KI5 e g se
Olsea LIl s, sleda Sl e 3 o s 0lal 53 BU ol sy olewdsd oler Jan S SIS
o) G2 a il e LB b gt 5 Wl o) Gl 5 S e 5 S Bk s s 2 Slly e s sST
5 et ($olenr ol 28 51 S sl sl J RS Ll 4 g5 5L samaglis s izt 355 e el
Sl Comrl 5 ow pel s cotime ) AL o Sl (ol s bl 20

LolEU Lo plewdy st olow JAS° 5 Cone sl oY Slanger 3Bl 5 iy Ol alxl &2 (S S A
T Jl b, 5 soben UL ol (il 3ble s olen ool 28 & 425 L 358 0 ool 20254
5 0 Gla i bl U s K8 pluls,l8 5 pliime 4 Wiy o plelis ol awl Lla,s5 0 Gl Coesl
oS 3l 32y ol ol Conte gl aslris @le 5805 K ok el ply s olb soles o 3l gs,»f\‘%
S8 Lo slptann ST 5 LI5E0 codle Bis a4y b aal Jow anels oS5 lie 5 pduin oKes (Ll Oliis Jols


mailto:mzamani@rifr-ac.ir
https://orcid.org/0000-0002-4654-7023

\AY

Vsled Y e ol e 5 elln cBlis 5 culer Clid ole 4y

olsu b8 3 sonte sl 5oz WL oS d;fw-d sLia 5 olew WM oLl ol)Lsles Jw’y’T Omzed 3 5

5 e Al e 058 o) (2015; Kumari et al., 2019
S S Gl b 3 ) B L8N
508 OV sz 4 3L ol (Lol
lew 525 (Che et al., 2009) 5,4 0 JKix olalS 4
Gzl 5 a8 amas LS AT sbwsl & ssase
Ws s dse slog,ben NAVE JLo s ol s
LM 52 > .(Lee et al., 2000) el s 3155
(NS Jals a5 wale WMo ) s i b ol s
S So S il sl gl gl S s 8
K, i 5 ) S ook Sl ole
A e cba S s e ) il sl
Kby plie e S Loasle ol
Marcone, ) s sé oo 3bn) e 5ol 53 Ludl 28
A b Sl olsea b8l S cnl (2015
Sad @8l L 2 ol con VA4Y JL o
PCRIRFLP sl J S35 b l3l .(Lee et al., 2000)
Sl a8l axw 57 16S IDNA 4G 5, Nested-PCR
s el Gln Js8dt 5 sl e SU
oalizal 3,00 Bos S 55 5 Loy 8 5o Ludly s gunes,
o) 1) &5 x> (Zhao et al., 2009) 5,5 o )3
(Contaldo et al., 2012, 2016, 2019) Wl cuis LG

o BB S5 e, Gl (N sUis s
Nlos S gdes, 05 S YY s, LuLw)&w.le.o\ S
f4 olids o5 3 .(Bertaccini et al., 2018)
&S cwl sad 4 20 Candidatus Phytoplasma ;) &8

(Bertaccini, 2022) K5 ls esisms 035 x5 Yoo
whas glils sl a8 bl s 5 6ol
Al e saicus ol s e saslin Joa
(b Bl U3 im w2 b ST J aa

b3 Ol o8 U e s i gudST slae 3l

dadie
K55 oz s Juls (Haloxylon spp.) §b sbaa S

a gl Smsld Bt o W58 e bags s |
Caryophyllales aw.l, 5 Amaranthaceae 35
S U &l mse 5l gl z Haloxylon jus sl e
sl i Wy e g ool LS ol e s Ll
oSt 5 3k JaS Wb (b bLis 3 |, e
o sblse 4 Wl e gl e sl asl
5l s sbolinb 5 WG bl oLl Ses aib
ol ol sl S5 K 5l .(Dong et al., 2016) 4 53
5 Il YeY0 350 55 K5 emns 03 Ll
=il o L V0= 350 s 5L ‘,K\’ S ) S
3 0S| sl GhaseS Gy S8 a4 oLl
sy SLly 5 K gble 5l Lam s saicy S

sls GYsb el olal 5s oSl ssms Ksd e
oS olsea oS ol SIAREE Ju 5l Jes s s
L b oSl s ol Sl gble s el
s Sa sy b SK3d8e 0hs Oleosas
Co Ll 3 3 Lbon 5 Cwslie 50y i,
»las dble js 5 SLl Lls s Llg o o
P ol 53 5 88 Sl 4z 0 350 & plls
S5d s ey o :l)fusﬁl_w az ;3 YO A ssue &
S e Ll g 5o ol ) sl asly el i)
shls axba ol 1, ol Jo o8] @Lf S
Doy 5 S (23 LS ) L1ae sl da LUls
.(Farzaneh et al., 2007) ¢l .8
s a8 i LS LS Sl Ly 26
5 LSS oLl oy ool 5 golasl s e S
Marcone, ) Xsi o 252 3505w O35 aax 5l dlancs




e s b, 5l GBI ol

el (lr e ) aE Ll paise il
sBRaylsl & DNA plzadl 5 aass sboibs!
.J.JJ..ZQ;J‘.\&:\J?GULNQJ:Y’ wles s 5 Jis

cade sl ls sapl 51 DNA ¢l sl
/N ) U bS5 cdl 5IDNA gl sl ol

Al Y Ul K mle el Gaass 3 il 5 8
3 I8 51 &S CTAB 3L ads S Av v o 03 Jiio
-k e VA RIS ‘a; 35 il 4z 50 gles
il ol gbdls s S Wl Jus & Jsblsls .
arys WY les s L Sl eSS S s BL s
S e a ai By 53 s VA ce e b ol S sl
Ol 3 e s 8 4 S) (overnight) o
Ai33 )3 53 Avee S w53 adSy Ve e 4 LS
cil ey ol 5 bu Bl b sad 5k sl
ox Jbs S a s G e NS G LS
Comd) JSI ool p 3505 Sl e 5 2 Jite
Ol adds VO G 4 bdswe 5 ud wilsl o) 4 (YF:N
\Weoo Copw 3 338 5o 0l s e ol Lol sals
ol 5 w8 Jlis aids N0 e 4 akds 3 o
SR Jealsibp 3508 038 Lol sy pibu JUs!
PRS- g (P S P S P T WP ERI
a4 ¥5 NACL O Jsow sz 3l o dn dl>
s S ay Sl T b AEB Vo Sdeay 5 A Blol b e
w2 /Y 5 N ¥ i Sl 4yl g /N e
cele K Cueny 5 w3 Blol Dl a0 Jsbs )
I IR PV [ A WP, PP PP
ax0 F ol Ly adds VO G 4 blsw s e
A2 sl akBs 3 s WWe e Cow ol S Sl
o3 Ve IS 2ds Se Foe (s Uiy Bds 3l e
a1 U1 gles Lo adds 0 Caeay 5 ad il el &
o 358 5508 ks SS,5 L DNA el b s 8
ai3d 55 590 VYoo S o 5 0ad Skl ol

.c,é)f)ljsaljfdﬁua.?ﬁf sl jsaddn Ve o a

\AY

A das s am,s il (SN pun cwl (S
Slr 3l ssba Ludly s a8 Wiz (nizas 3,8 o
ol U s K 5l K ol w4 alS ) Yl
Sl aslal blandy wd miy 5,5 55 gt (ML
£ 55 5l dond IS calis e ol il ol sl
350 53 63k balol (anb gble s bl 2
s s b glulis L 8 5881 S
S LS 5l es,S o) (Trivellone et al., 2022)

o) &8 Nsd len Sl Wilg e 5o ol
S sshpe gzt 5 o 0 Jels Lol
(5SS (s ol (K55 0 el Ll ) el
(Bertaccini, 2022) ax s b Kied (N3 425
S8 0L; (Harrison et al., 2003) & o5
«(Babaei et al., 2020) 5" (Bricker & Stutz, 2004)
s Gls,5 (Alfaro-Fernandez et al., 2011) .
 (Laimer da Camara Machado et al., 2001) ;L,JT

il e 0 E

0 L s el ) addlae ol ol G
5 o3 sbegled Ls (Haloxylon persicum) gb obls
o) a alaws Gl o sadesalin M b Lo e ol g
K K S s ealina) Nested-PCR s, 5 B
el Ly 528 s, sl el Sl

L by, 9 olge
LSl 528 oo & S Se sap b 31 (515 s
able 51 wasl s N Jl caagus)) Y4 s
LSl 52 sy St e ol 5 Ko 5 3 bl
SN olsea &8 gl s opl s saalie bLI5E0 )
N e wls Gble el 5s aslie 5 e sbaSS
SaSiS w5 (V JKE) gad aale WS Gl
03 ol ) WMe epl ol las adsl b s W s
JE O s kS Y ssue U sl gl
soeddy ol Cle 385 plals ) shiea ail e saalie
sble L3 U ol bS5 5l (IS5 sl g



\AO

.(Porebski et al., 1997) » 54 (gin

Vot V¥ s ol e s el cBlis 5 cyles Sl ale 4

ol 25K 00 5058 K I, DNA el weulg e
iyl Gl eslimal s3lel b ws wlo) of &y zal

U loazas 5 65, 0ad pale WO -\ S
Figure 1. Symptoms of witches' broom in Haloxylon shrubs.
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Figure 2. A 1250-nucleotide band associated with the detection of phytoplasma on Haloxylon. Bands 1 to 3 are from Qom,
while bands 4 and 8 are from Tehran.
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