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Abstract

Phytoplasmas are microscopic plant pathogenic and cell wall-less
prokaryotes of the class Mollicutes the obligate intracellular parasites of
plants and insects cause devastative destruction and loss of valuable crops
worldwide. Phytoplasmas affect annual and perennial plants and gradually
cause decline and death of host plants. Genome sequencing of plant
pathogenic prokaryotes reveals their survival and parasitism strategies.
Considering the genome sequencing of a large number of phytoplasma
species and advances in understanding phytoplasma biology, the most
important mechanisms of pathogenicity in phytoplasmas have been
described in this research. The main pathogenic factors determined in
phytoplasmas include the Sec secretion system, effector proteins such as
TENGU, SAP11, PHYL1, SWP11 and SAP54, and membrane proteins.
Phytoplasmic effectors secreted by the Sec secretion system are the most
important pathogenic factors which by reducing activity of plant hormones
such as auxin and jasmonic acid, affect host plants and cause symptoms such
as witches’ broom, phyllody, virescence and etc. These symptoms are able
to increase the production of more young and green organs in infected plants
and the chance of phytoplasmas multiplication in the tissues. Leafhoppers,
which are the main insect vector of phytoplasmas, prefer young and
green/yellow tissues for feeding and laying eggs. Thus, phytoplasmas are
able to manipulate the infected host plants in a manner that they seem more
attractive to insects and increase their own transmission efficiency and
survival. Thus, Phytoplasma-induced symptoms in host plants might be a
benefit increasing their fitness and extending their ecological niche.
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Fig 1. Symptoms of virescence in flowers of delphinium, big bud on tomato and phyllody in the green rose (left to right)
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Table 1. Some important hosts of phytoplasmas, phytoplasma species and associated vectors reported from Iran

Host

disease name

phytoplasma

Transmission

Symptoms

References

Citrus limetta

Prunus avium

Cucumis sativus

Solanum lycopersicum

Prunus persica

Solanum tuberosum

Capsicum annuum

Prunus amygdalus

Vitis vinifera

Pistacia vera

Olea europaea

Helianthus annuus

Morus alba

Salix alba

Glycine max

Lime witches'
broom

Cherry
decline
disease
Cucumber
witches'
broom
Tomato
yellow
disease
Peach decline
disease

Potato purple
top disease

Pepper
phyllody

Almond
witches'
broom
Grapevine
yellows
disease

Pistachio
witches'
broom

Olive decline
disease

Sunflower
phyllody

Mulberry
dwarf disease

Salix
witches'
broom
Soybean

phyllody

Candidatus
Phytoplasma
aurantifolia
Candidatus
Phytoplasma asteris

Candidatus
phytoplasma asteris

Candidatus
Phytoplasma
aurantifolia
Candidatus
Phytoplasma
phoenicium
Candidatus
Phytoplasma solani

Candidatus
Phytoplasma asteris

Candidatus
Phytoplasma
phoenicium
Cabdidatus
Phytoplasma solani
Candidatus
Phytoplasma trifolii
Candidatus
Phytoplasma
aurantifolia
Candidatus
Phytoplasma asteris

Candidatus
Phytoplasma asteris

Candidatus
Phytoplasma mori

Candidatus
Phytoplasma salicis

Candidatus
Phytoplasma trifolii

Hishimonus
grafting, doddor

Cacopsylla pruni, root

grafting

Hyalesthes obsoletus,
grafting

Orosius  albicinctus,
grafting

Hyalesthes obsoletus,
grafting

Circulifer tenellus,
root grafting

Orosius  albicinctus,
grafting

Hyalesthes obsoletus,
grafting

Hyalesthes obsoletus,
grafting

Hishimonus  phycitis,

root grafting

Hyalesthes obsoletus,

grafting

Orosius
grafting

Hyalesthes obsoletus,

grafting

Cacopsylla pulchella,

grafting

Orosius albicinctus

phycitis,

albicinctus,

Witches' broom, yellowing,
crop reduction

Low growth of trees,
shrinking of leaves

Thickening of
greening of petals

leaves,

Swelling of buds, reduction
of fruit production

Witches' broom, yellowing,
necrosis and death of trees
Wilt, leaf aerial
tubers

rolling,

Yellowing, big bud,
viruscence

Witches' broom,
and tree death

necrosis,

Yellowing, stunted growth,
leaf necrosis

Witches' broom, yellowing,
reduced yield

Phyllody, small leaf
formation, stunted growth

phyllody, stunted growth,
and reduced seed production

Witches' broom, dwarf

witches' broom, proliferation

Bud proliferation, aborted
seed pods, stunting, chlorosis

Bové et al. 2000

Akbari motlagh et
al. 2016

Zarhoun et al. 2022

Sharifi et al. 2014

Zarhoun et al.
2022

Salehi et al. 2017

Faghihi et al. 2016

Verdin et al. 2003

Shahryari et al.
2019

Hosseini & Babaie,
2023

Gayeb Zamharir &
Razavi, 2016

Salehi et al. 2015

Salehi et al. 2020

Gayeb Zambhari,

2017

Zamharir et al.
2022

Lalowdy g2d )3 (2 § o

(OY-M) by 5355 by sid Jals T e 45 (Wang et @l 2024) ool o b 155 Lawdly 23 Y IS 6335 058G
s (Ca. P. Australiense) (AUSGY) Ul <.l 5551 63,5 dCa. P. asteris) (AY-WB) L. 3,5 «Candidatus Phytoplasma asteris

VP Ll g jleg /) 0 Lol /(000 Jumw 0590 [ (St § (S| 9 Sl ) (oo


http://dx.doi.org/10.61882/gebsj.13.1.2
https://gebsj.ir/article-1-493-fa.html

[ Downloaded from gebsg.ir on 2026-02-16 ]

[ DOI: 10.61882/gebsj.13.1.2 ]

olls s Ll 2 2156 b sla,8 50 ol 9 A llae

e S 03V SLa03 l (s1as perme (Sy13 Lalewsdly 23 oS sl ol 3 el 055 sop bl (Ca Pomali) o a5l el
LS o bl Ol Jghor a0 1) plandl gnd 5 oS0l (gla 55 0 aS ((SecY 5 SecE SecA) wc..a Sec (et 4 Al g 55 5 JWE
Dok glie Ul e 3 oS M S el e 55 bty I oLl due3ls SEC 4 ately i glacSs s
835% &5 Lalewdly 58 53 SBC ot (nl by 550 7 Ol Jsho s ity JUSw BB Wl (0555 5 555 0 S Lol i
s Lalay 923 55 (ot opl 5 05 (Kakizawa et al. 2004) s,ls (g5 Shas ot b, oSGl Jlsl 55 sl 508 Ol J sk

(Serek et al. 2004) ol o s lluliss SLis sla s ploal (6l YiIAC

LoDy g (5L, 53N (59 2

A Gl s s b sl S RISl Ol dske s 6 oie b S Solen SISl i3 50
BSE Sla 5T alsns 0 528 ol S5 L ST S 35 sl Jol il o L5501 50 o 5l /s S Ly
SLIL L balewdly sid 55 55 slacss » (Hogenhout, 2009) il Obsee OLLS sdias uxs slad S50 sl 5 Jsle o5l s
ok bl Sl (9305 Gl gid o5 55 Il (2 5 0S5 2 T ) e a8l o2 Gl e B0k Sl e
(Kakizawa etal. wsls ol 1, (S5 sS 5 Sl gaslr dile asiie 3o 5Ly 6355 4 o331 OlalS .(Oshima et al. 2004) |

el 0 03,51 LT 31 L el sz 51 (galins [ 583l lacptis o ¥ s 3 .2004)

e iile daladly 31 51 50 (S5 50 5m Gla S S5 00 S s 5 ST Al (LS slalsessa Sl oS s sd e OLS
Lo old antle LS 5 Ol Slapt 5o 55 i eS| (Christensen et al. 2005) 150> ,5,8 b i SgS L Sl gl
(Mori et al. &S o lge |y LS €l sy oWl dlr oS ol oyl (28 okl Sl S 3 eS| 358 o 03 4y
.(Cline, 1997) 352 o 35U olenl 6l Stscanl b 55, Ole 51 L (g LS glawil s> Ls, les 2005)

Ole 03 Ol e b by n 5o ola g sSKeals il 61 b asls b olS s ST b s e szl » TENGU 55
OLLS b aear 55« oy » x| 53 (Hoshi et al. 2009) di  lales (Aals) gus O 5 tengu O L sl 5 e sholyT 0lalS
=05 led (a3 pl o s dzdls Ol EalS 03 0V0 5 Ols il O3 YVY (gl sme 5sb 4 tengu asie )l 5 OlalS s QUS a1 S
Ole b el 2o o8 55 VU (05 35058 05 mbidatls aly ol el 15 5 ym a5 o 02 85 4 ST L L e ols
eS|y sdiasiealy 4l sa03 el ckimils Ol JEalS slallns LT s & ST Las e sladS sl ials TENGU
s 5 (s 051 5 SAUR) SAURACL o3l il slads (IAATIAUX2JAA29) (SKeasl J syl dewsl / :ponST) AUXIAA o5l 5l
s b Slosply s soms TENGU (55 ol 51 g oo o b Wl ST L LT s oS s 52 (GH3.5/ WESL) GH3 sl 5l
{(Hagen &Guilfoyle, 2002) &S o Josea |, eS| ol

(Timpte et sls ol 1) i K558 ol punS 4 Jyl sdiasgnly 05 &S IAA/JAXR2 ;> a5l e Arabidopsis thaliana oS
TENGU &5 ias o 0L il g some 3 .2l TENGU (55 3l asl 5 0LLS ole & (ol alis o al. 1094)
tengu a5l 5 WS 3 lel el Al Hlgs 5 (LS laailsr diy Jilpl amed 53 5 AS o S e | olS uS] slagal

0331 S 5ils 0 3 5u omms CpemST L led a8 ol 0l (55058 cpizman (Y JS2) 555 oo e 15 (O )5l (65,55 (il 0 0341 L
el s (WSl sdkinS saal> & Wl g s TENGU S s o Ol Laasl -l (Hogenhout, 2009) <ol sl Lasdly 52 4

. VP Ll g jleg /) 0 Lol /(000 Jumw 0590 [ (St § (S| 9 Sl ) (oo


http://dx.doi.org/10.61882/gebsj.13.1.2
https://gebsj.ir/article-1-493-fa.html

[ Downloaded from gebsg.ir on 2026-02-16 ]

[ DOI: 10.61882/gebsj.13.1.2 ]

Ol s bl b ook sla, 5l ol 5 dere gl

Taphrina 5 Rhodococcus fascians Jibe alS S jle Szl 5 o SL 5l galuss .(Bertaccini et al. 2019; Hoshi et al. 2009)
ey el e Gy 3 oS At Wl se ) 30 5 o liSAS & 5 sl |y S st 5 ST Ctle Cens 5 L s s sla 5 wiesneri
Nt 0L zn oS S| s 53 555 e85 0 b L ctgis) b 0 a0 g g0 3 St a3 5l 55 sy 55 Ll s

(Oshima et al. 2004) .S o sl

Cﬂitches’ broom symptoms)

apical buds

TENGU (aa 1-12)
down-regulation of
(— 12
auxin-related genes
transportation to

meristem tissues

T 1-
phloem GE’_(_a_a___f_z_’:
in planta
TENGU processing

>
St ' transportation to
adjacent tissues

Sec system parenchyma

TENGU preprotein

SP (32 aa)
phytoplasma cell

35 S el Y Az IS b ad sl TENGU s 5 el 5 51 el S Se S s TENGU L Sl ole K o 25 85500 Y IS
,\;j)-\ﬁ,;@c;,: oS ST T 0303 4 sl o 3 eSS o Aol gial YA QU Bl 51 oy 5 oS Ll SEC o 5 s a5 i
Jb g5 apdpe bl ol o Sl VY Lels Jles g5 4 TENGU LS s Ul e 3 3550 Jime el glasilyr 5 peiibl S3b o ST

.(Bertaccinietal.,2019):,.;ydbl;.-vzw;w\%y4;..‘;;)>,,\-5@)L€J\)wswhgf6uwwzsu

Fig 2. Hypothetical mechanism of witches’ broom symptoms induced by a small protein secreted by phytoplasma (TENGU). The primary
TENGU protein is detected by the Sec secretion system with a 32 amino acid signal peptide at the N-terminal, and after removing the signal,
the 38 amino acids at the C-terminal of the primary protein are secreted into the phloem vessel and transported from phloem into parenchyma
and apical buds. During the transfer process in the plant, TENGU is converted into an active form containing 12 amino acids at the N-

terminal. The active form of the protein inhibits the auxin-related pathways and resulting in the witches’ broom symptoms (Bertaccini et al.,

2019).
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synthesis. Gray letters indicate negative effects of TENGU in each part of the flower maturation pathway (Minato et al. 2014)

3 okt 03 45 303 355 SAPLL S san usle [ ySGl 55 5 bl adias i (slacss Ca. Pusolani 51 SA-L oy xul g 555 3
S350 b Ke3 5la S oy dle WaleniSl 523 5 slages s Ol (RRO €t al. 2018) 555 0 3l 3 Koo (slabedl 2
Aas o LS 1 BU e ie il 55 elS Sl b Caglie [ Sl ) croman 513 2B 235k 53 OL e

S s oS (Teosinte Branchedl, Cycloidea, Proliferating Cell factors 1,2) TCP . 55, Sls L la, 356 L SAPLL | oSl
CIN-TCPs 5 Jylu 35 | 05,5 TCP (gla, 556 . tizeos (TB/ICYC TCP 5 CIN-TCPs aile ) 1l 51655 55 Jald Lo, sS6 ol sl
Sl (55,0 oS 505 5 sy sl TCPS 058 55 cpl Ol Joles 5 diS o J 28 1, J gl Fsl 25,5 s (Cincinnata-TCPs)
55S51 Ol s S oS LU 1 1 es Ssla TCP Ll S o lulL |, Ls CIN-TCP SAPLL | Sl (Martin-Trillo & Cubas, 2010)
Sl 5 0 y3 AY-WB oy 2l SAPILL 555l adiSOby sl 5 oy sikl s QLS 53 sl La CIN-TCP it oS o 2y SAPIL
ol Loy 55851l (6 K238 4 53 CIN-TCP (gl s a0 a8 L o o slals Ol L3 a5 535853 mis 5 aUS 35 S s oS
.(Sugio et al. 2011)

Sl 581 SAPLL Sl S o o Sslite s & |y S sanle dol Ctluces s TENGU 5 SAPLL bl s 5 5556 55
dowl Clecn s TENGU « Llieys el oo SSganlr dond Ctlacny S 5w &0 5 LS o JILLL 1) (TCP) s sis
A. thaliana «LS ,> SAP11 , &SGI (Ectopic expression) g ¢S1 Ols «opl 5 033 . das o ialS ARF8 5 ARFB L 1 S pansls
5 Sl dowl W TENGU S 51 0ly ¢ blie 3 ool S panilr el el J2alS 4 S 2 00E o5 5l e L
DS 55 cpl s cnl 31 AE o 51 (U sl s 53 5L ezl 4 5ol el Wl LS s o ) e s LS el
2 los S 55 el HLulis SAPIL (gla ) siSGl (sann ST dins o (2alS 1) S samlr Aol Ol 0505 slaS5L L

. VP Ll g jleg /) 0 Lol /(000 Jumw 0590 [ (St § (S| 9 Sl ) (oo


http://dx.doi.org/10.61882/gebsj.13.1.2
https://gebsj.ir/article-1-493-fa.html

[ Downloaded from gebsg.ir on 2026-02-16 ]

[ DOI: 10.61882/gebsj.13.1.2 ]

olls s Ll 2 2156 b sla,8 50 ol 9 A llae

6)L0~;J VJW eJ.‘JS .Dl?r.il dLﬁ‘ &bd‘)w du)jfsb LONEY LJ':\ LJ LJ.J)\JU QLJ:«‘ dul:f DL éj}jﬁﬁ 9 L;«“?u\;?u”) Lsu‘_s)‘)_gg;,.w.)

RS ij.alg- Sl
SAP54 s PHYL1 ‘_;laa.;s‘gﬁ

b s sl Sl SIS OLS 5o sl bty SLS 5 L 3,bd ol IS laphil 55 15 (533 4y o3e Laleudly 52
e ol EBlis e Ol 655, L 5 Ly e 0L 4 45 Lyl sl ABCE o3, 5 (MTFS) MADS (o)l L cpues
L5 e3,8 )15 Gas PHYLL LE 5 A a5y sls s dils S oo 3lad 5 ¢l s Slees pie LB E 5 A as) sla s
3 b 55y Sl sS6 e 31 5 Waledl i Ol 53 PHYLL (slocS Jas (S5 cbliz ol oy 55 0 5 0035552

s LS s e e e 0T a8 Jpen 5 PHYLL 8 05 s sleis L5 SIS 0alS 0L s ABCE (5o, 51 MADS

2 S s S8 S w e il sdd 21 Ca. P.asteris glawdl 58 AY-W w5 5155 SAPSA o 4 (6 05 (5
> SI (MacLean et al. 2011) ol LDl 42 4 o3 J1 OlaLS s LS #le s uS Ul 5 el s o syl 55 IS el s
Sas o3 s L0 3 S L s Lty b 5l e 5 slantis 4 5580 LS ileile atliil S ge sl S5l g
Lelsl o LOT o5 @ 5 ol E 5 A OIS GMTF & 55 SAP54 555, (Sugio et al. 2011b) dib azils J=lu S
A 5y GLS n e st JsS4e S50 Olse 0 035k LE 5 A o3, GMTF o 5 Ol (MacLean et al. 2014)
s s 3lae 5 Lol sluls 08U Gleudlsid VY o Saes 3 SAPBA 54k laS Jsan 555 e w23l thaliana
Sugio et al. ) wlesls OL&S 1 (wwls ol MBB) Sl i 4 5 (K awls G gul>) alS GLMTF L (55, ) i S en

(2011

L o sks . (Minato et al. 2014) ws LS 5 s teSW (055h8) 55 ool 5t sliael Ol slaS 5o 5 SAP5A PHYLL (olocy

)4;1564 JJJ\..J fﬁm.\) Laﬁ MADS <uls s S, St Lk Ol{}:ﬁ).}t}fﬂhju sl Q>ﬁwj\j";;&wﬁ
(Kitazawa et al. 2022

Sl pbie O pae dile (aiioms oo DI E) (So T il oolse Jlis @ leodl b (Solew oDle oS Wiy sk cpl O SCEa g3
s bleadl b s Lo ple Sl 5 5l st g Sla e 51 ok 3550 b (Slo3I1 B Ao il ol 555 e Sy 63 T OlalS
Sty Ol ol s Sl gdan 0lse 5 la Lol sle o sl Wl gladileles il (Godins ) yiws 805 51 (SOl Slod 3555
4 Ll 5o Ll 523 015 i 5 &yl ol b, & SAP54 5 SAPI1 TENGU _lulit caan ol L (Oshima et al. 2004) 1
el gl st (ssy o2l sl (Sugio et al. 2011a) 555k Lk LS s 5 SGl sla S oA LD e exle b
23 oDl S Gl S a gy LB sk 4 by sl adlae g dalpr e e Ll 085 5o 55Ol Sla S 5
G5 et b b ST 51 36 (S s (NS w1l plalSile en (pl bl 63,8 S Lawdl g2 slags e

NGV PR VA PL 2L e

OAs J5 S (SlS 5 S SuSs o Sals ol Sl a4 Jsl ates oS Col s 5o Jels Loty g2 (gla, 55l 5 SHIS S 58
ol s ans Helwil oo J gk J<>;)L:<.3 03 ¢ 5 LS slis LgLAC'r:,JL’ ("3‘1"’ (LU alS g0 L ¢ oI5t
SIS e e 5 olS eSen e (sl ook slas SIS 5 ol e L

(Wang etal. (¢ JS& 5 Y Jsie) S Jos oS o alin oDhe slol sl alilen L aly o Lol y23 K 08055 (sl 550
2024)

. VP Ll g jleg /) 0 Lol /(000 Jumw 0590 [ (St § (S| 9 Sl ) (oo


http://dx.doi.org/10.61882/gebsj.13.1.2
https://gebsj.ir/article-1-493-fa.html

LS s blewdl 2 o155k s, 5la

Sob A 9 S s

Lalad 52 51 gales 3 T 2 5, Gl gla oty o =Y J ot
Table 2. Effector proteins and their roles in various phytoplasmas

[ Downloaded from gebsg.ir on 2026-02-16 ]

[ DOI: 10.61882/gebsj.13.1.2 ]

Phytoplasma  Effector Function Reference
AY-WB SAP11 Witches' broom, Affects hormones, Attract Chang et al. 2018, Boonrod et al. 2023, Sugio et al.
insects, Immunity 2011, Luetal. 2014
SAP05 Dwarf, Witches' broom Huang et al. 2021
SAP54 Floral dysplasia, Attract insects MacLean et al. 2011
PHYL1 Floral dysplasia Maejima et al. 2014,
oY-M TENGU Witches' broom, Dwarf, Floral dysplasia, Hoshi et al. 2009
Affects hormones
WBDL SAP11 Witches' broom Al-Subhi et al. 2021
CaPT SWP1 Witches' broom Wang et al. 2018
SWP11,12 and Immunity Bai et al. 2022
16
CaPM SAP11 Witches' broom, Leaf dysplasia, Dwarf, Mittelberger et al. 2022, Tan et al. 2016
Volatile
PM19_00189 Witches' broom, Leaf dysplasia, Boonrod et al. 2022, Boonrod et al. 2023
PME2 Disrupts cell integrity Mittelberger et al. 2019
ATP_00189 Affects hormones Janik et al. 2017
PM19 00185 Attract insects Strohmayer et al. 2021
ATP_00136 Immunity Mittelberger et al. 2019
CaPT: Ca. Phytoplasma tritici, CaPM: Ca. Phytoplasma mali
e =" Phytoplasma
TENG srssr e srneoaa e ARF '* Eggs
SAPI11 26S TCPs
Proteasome
A SAP54 MTFs
> SAP05 — :“\SPL GATA
SWP12 WRKY
PM19 00185 E2 -~.
SWPI16 SKP1
Healthy Effector Pathway Target Phyvtoplasma-infected

s omlBl s Ny slagls Jals o s bileadl 2d SWP16 ; PM19_00185 SWP12 (cls, oGl . olewdly snd sla, 556l L olS (65550 -8 IS5
St ol i Ll s JUl 5s 5 s e Sl 1 el e g Uy 5 a8 e coder 4l gl |y ol i SAPBA 5y b 065 oo LoDl 52
S o sloml QLS 3 S50 5e sla S S5 SAPO5 , TENGU SAP54 SAP11

Fig 4. Phytoplasma effectors modulate plants through various mechanisms. The effectors SWP12, PM19_00185, and SWP16 reduce plant
defense responses and promote the accumulation of phytoplasmas. SAP54 attracts insects to feed on plants and increases their reproductive
potential, thus enhancing phytoplasma transmission. Besides, SAP11, SAP54, TENGU, and SAP05 induce morphological changes in plants.
(Wang et al. 2024).
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