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Fig 1. Infection by the phytoplasma causing witches’ broom
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Fig 2. The results from the electrophoresis of nested-PCR
products using P7 and P1 primers produced 1250 base pairs
which showed signs of witches’ broom disease. on 1% agarose
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marker, W contained water, ladder 1-5 showed Mexican lime
samples affected by phytoplasma aurantifolia of witches broom,
and ladder 1-6 showed healthy samples of Mexican lime.
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Fig 3. Image of 2DE gel of mexican lime tree infected by phytoplasma aurantifolia and changes in
protein expression in healthy and infected plants.
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Table 1. Proteins showing differential expression in response to witches’ broom disease in Mexican lime observed by
MALDI- TOF/TOF-MS mass spectrometry

Spott exp. , theo. \ gi No* protein name Score/ ] (PMF)/7 Induction8
PI/MW PI/MW Coverage MS-MS factor (IF)

29 5.6/33 9.3/25 0i/87299375  Miraculin like protein (1) 136/21 42 1.85
41 6.21/14 5.5/24 gi/87299377  Miraculin like protein (2) 200/15 212 2.35
48 47215  6/13 gi[183396761 L(;g:]?]la [Physcomitrella patens subsp. 67/13 212 2.58
50 5.2/16 7/94 i/119367485 Copper chaperon 103/56 5/2 161
62 6.4/24 9.5/24 gi/119367468  Miraculin like protein (2) 228125 5/3 3.85
103 5.3/30 6.4/33 0i/255635100  Triose phosphate isomerase putative 462/22 7/6 -1.54
107 12215, 5.6/17 0i/116643152 Pathogenesis-related protein 10.6 88/15 211 1.66
112 5.57/21 9/11 gi[30575570  Heat shock protein 73/15 212 -6.36
160 5.4 /28 9.3/68 0i|38346645 Hypothetical protein 73/23 212 -34
196 5.4/34 45/18 gi/217071716  Oxygen-evolving enhancer proteinl 119/32 312 -1.53
221 5.9/34 9.3/25 0i[87299375  Miraculin-like protein 1 [Citrus jambhiri] 104/13 42 6.00
246 5.8/17 9.1/15 0i/15234360  Acetyl glutamate kinase regulator 89/23 312 241
255 5.2/32 4.9/29 0i/110430677  6-phosphogluconal actorase 12217 212 1.58
258 5.08/23 7.6/33 0i[222849615  predicted protein 81/13 212 1.83
308 5.3/42 8.9/20 gi|585787  Ribulose bisphosphate carboxylase small chain 66/49 2/1 -2

358 5.7/43 9.6/38 0i[129809  Peroxidase C2 131/9 5/3 2.73
409 5.1/18 9.3/25 0i[223534416  Thylakoid lumenal protein, chloroplast precursor 76/12 4/2 -2.53
412 5.27/19 9/11 gi[30575570  Heat shock protein 75/15 31 -2.6
714 4.8/14 4.6/17 0i[223549501  calmodulin, putative 115/46 713 324

=) s S b b el = el -0 MASCOT NCBI (slaoll o313 53 o jows 3las =1 s kb J S g0 055 =Y oz J5K 50 035 =7 s 4T 6 slet =

OLLS s blae &Y nm do s e 0341 QLS 3 &U o d033) (U ile = A MALDI- TOF/TOF-MS L5 oas glabid gladzy slaas =V (JI5 4o

.(V,JLA

1- Protein stain number, 2- observed molecular weight, 3- theoretical molecular weight, 4- Access number in data bases NCBI MASCOT, 5-
protein name, 6- MASCOT score, 7- the number of peptides identified by MALDI- TOF/TOF-MS, 8- the percentage of stain volume in
infected plants divided by the percentage of stain volume in healthy plants

[ Downloaded from gebgj.ir on 2025-08-17 ]

[ DOR: 20.1001.1.25885073.1398.8.1.7.3 ]

S 5 S s 53 el 5 Kbl s S s, Sl
3 S b Slas opl a8 a0l onls s OF w0 olS L 506
(Liuand 5,15 0550 A= L olS ilis ;5 PR-10 o5,
Ekramoddoullah, 2006)

S e e slg s Ok S

«J) Miraculin like protein .55, Sl o= Jass 5o
Sl ol @ s L34S s lalis (TY5 Y ) T4
Gy e a3 SIS il banS ol sl 0L Ol
ol s Ses sl Gl il eSSl el gl

LM\OMJ&&TJALS)}]GMJ_MJ*JM@QJJLﬁwzjﬁ

gl 03 LOisl b Zisae 51 g PR-10 03 Oly ooul58l r..]a,u
53 ez 3 el ol only Ol alS i S5l sles 28
Cronartium (Park et al .2004) Capsicum annuum . sae

(Liu and Ekramoddoullah,  Pinus monticola_> ribicola
Vitis vinifera  ,> PISI Pseudomonas syringae .2006)

Acidovorax s (Robert et al. 2001) Magnaporthe grisea
(McGee et al. 2001) ol s sualiv T r o> avenae
05,5 W oGe 53 besS piees Sl S PRIO Gl
S, (Yan et al. 2008) ..l PR (sla: s,
0555 PR-10 jls Jolo 055 dais &S PR slaiss
(9 Se hs Sl das 5l dlie glas e 5 ol Jslo

e B


https://dor.isc.ac/dor/20.1001.1.25885073.1398.8.1.7.3
http://gebsj.ir/article-1-297-en.html

[ Downloaded from gebgj.ir on 2025-08-17 ]

[ DOR: 20.1001.1.25885073.1398.8.1.7.3 ]

S b e Ol S s s

oJ.QLwMJLgJALb

olos Wl LS 4 s Sl golew w o341 JlalS s

SoresS ke 5ol G Mg AE s opl S
. (Hiwatashi et al. 2008) L ba3blans ¢ 5 55l s 3

Sl e A S ALy gdalal Gags o @L:j
4 b San el ol 3 e el Lt
Cisie & (SSe Saed Sty muly Sl S s S

29 A1 LoDy 28

a bS5l L S Wil ekl bl gy ol
rales Sl edas il 05 8

N ofsn 0255 SLbd Gln (o (aicid S oslind (1)
s rl 03 ol Ll oS S aepiead Ao pe
Sl ol Gl s il e b ol Slelid s
LS T S e J xS 1 ol oS Slao)

G e 3 San e lle 5 esgll OALS Aglie L (Y)
Sy oben ol 4 maly e ol laeis oS L8 Ol
Gladol b 3 LSy ool 45 Conl ol el OLES LS
s s 5 St 5w maly e S ol
e 4 gsl; Miraculin like (sla 159 0 o Meay .S oo
Lojsl ale oS gl 53 2l Jlal a8 s Olo sl
TP Sl b el Sl e mB )l wdls oS s
g 03,5 ST ke a4 s Glaogesl 5 ey
Sl KI5 e i ol S L Lol gnd—olS alaly ol
IRl Gl L ol Ol oS aeS w3 Sla0) Sl )
Bl3 15 Bde 3550 0356 M5 s A oS e b olS e slis
b ol 3 L0 cpl 280 03,8 ST 6l =l b
Candidatus phytoplasma "« S35 (5 sed Ol s s slie
2 oesdhe 3,8 el b s 2y slahlsT Maurantifolia
g slaal 53 LGS ul a5 58 bl plas pal; Ol8 e o)
S S 5 JSd e ool

sl 0di gd 5 (gla s LTS 550 0ol S5 (1)
L e sl Sl 23U B350 N SGL s Ll snd b Jols

S5 e LT 4ol s ol ceal Sl S e L

s s ol Ol aal58l s g2 5 ol L .(Tsukuda et al. 2006)
4 Ol o ther Sl el odd 518 olS-05 50 Lokl s
S Slsanlr fte L Ok b 256 s 4 a5 Ly, o
.(Mozoruk et al. :.o.s 5 (Tsukuda et al. 2006) L. s
Citrus sinensis slaS , 53 1y (55 opl Ol il 5312006)
|, 55 a5 | 5 Homalodisca oagulate 5 oA 350 &S
OS5 bt S Ol ol blis 55 sy 3158
Gl ol olsd L o sod SLEL S o o D &S Jsa
s> Miraculin like protein 2 .55 , .(Cantu et al. 2008)
Jloss 2B do a5 ol by i S
S W3S Olge JiulS ol s eamen 55 Altemaria citri
blas 3 ol 5 Shas glls syls dlexs) bagptis ol
poed 3550 Olppe slad sk 45 Olo3 OF Plas caisl W05 5L
b ops s opl wsdeas (Tsukuda et al. 2006) L5 - 5l 3
b sl 5 sk ole Jeke 05 glbalad 4 el s
g il glagal sl 03gl e Bl s oo
S Aes e Olis Miraculin slaipss » 0 SUS lap 55l
s s 1 Ol Ol 68 el ek S8 S
Llp o hd ddlas 3 0850 Ll ol SRIP S
22 NS Sy D s e sy o 1y a8
«1,1 «Candidatus phytoplasma aurantifolia» o35l Ll

.(Tsukuda et al. 2006) s

SR S P 9 A f
DS St 5 a5 5 (6oL Dolane Ol b sla S
s (0+ &J) Copper chaperon .55, ales 31 cijls SIbss
SHHSP ol S s, 53 5 039 Ol Silsdl gl
Gty p Ol Jials amils ol RS ()Y Y (cla
Sty o See 5 Jltle b (gl S Sl Sl
OLS L3 il sl SO S 5L 0,8 e pll oy ol
Cosie s 4 Sl 03,500 Gla S, s Gl
ol Sl 3 as (Polesani et al. 2008) Lol o Ledly s

Aol S bl 4 (Sl 4l s LSy
KINID1 .55, Ol 1580 .(Monavarfeshani et al. 2012)

AN il 5Las 1) 0 Lon [l 0393 | gt 5 (g0 § S5 (susniign


https://dor.isc.ac/dor/20.1001.1.25885073.1398.8.1.7.3
http://gebsj.ir/article-1-297-en.html

[ Downloaded from gebgj.ir on 2025-08-17 ]

[ DOR: 20.1001.1.25885073.1398.8.1.7.3 ]

eJ.QLquL;]hua

S gl s 0 Ol SN s Sl s

&lw

Blum H, Beier H, Gross HJ. 1987. Improved silver staining
of plant proteins, RNA and DNA in polyacrylamide gels.
Electrophoresis. 8:93-99.

Bolton MD. 2009. Primary metabolism and plant defense-fuel
for the fire. Mol. Plant-Microbe Interact. 22: 487—-497.

Cantu M, Mariano A, Palma M, Carrilho E, Wulff N. 2008.
Proteomic Analysis Reveals Suppression of Bark
Chitinases and Proteinase Inhibitors in Citrus Plants
Affected by the Citrus Sudden Death Disease.
Phytopathology. 98: 1084—-1092.

Daniels MJ. 1983. Mechanisms of Spiroplasma pathogenesity.
Ann. Rev. Phytopathol. 21: 29-43.

Dubey H, Grover A .2001. Current initiatives in proteomics
research. The plant perspective. Current Sci. 802:262-269.

Hajheidari M, HosseiniSalekdeh GH, Heidari M,
Abdollahian Noghabi M, Sadeghian SY .2005. Proteome
Analysis of Sugar Beet Leaves under Drought Stress.
Proteomics. 5: 950-960.

Hiwatashi Y, Obara M, Sato Y, Fujita T, Murata T,
Hasebe M .2008. Kinesins Are Indispensable for
Interdigitation of Phragmoplast Microtubules in the Moss
Physcomitrella patens. The Plant Cell. 20: 3094-3106.

Kottapalli KR, Rakwal R, Satoh K, Shibato J, Kottapalli P,
Iwahashi H, Kikuchi S .2007. Transcriptional profiling of
indica rice cultivar IET 8585 (Ajaya) infected with
bacterial leaf blight pathogen Xanthomonas oryzae pv
oryzae. Plant Physiol. Biochem. 45: 834-850.

Li JW, Liu J, Zhang H, Xie CH. 2011. Identification and
transcriptional profiling of differentially expressed. Plant
Cell Rep.30: 345-357.

Liu JJ, Ekramoddoullah AKM .2006. The family 10 of plant
pathogenesis-related proteins: Their structure, regulation,
and function in response to biotic and abiotic stresses.
Physiol. Mol. Plant Pathol. 68:3-13.

Mardi M, Karimifarsad L, Gharechahi j, Hosseinisalekdeh
GH .2015. In-Depth Transcriptome Sequencing of
Mexican Lime Trees Infected with Candidatus
Phytoplasma aurantifolia journal PLoS ONE. PLo0S
ONE10: 0130425

Margaria P, Palmano S. 2011. Response of the Vitis vinifera
L. cv. ‘Nebbiolo’ proteome to Flavescence dorée
phytoplasma infection. Proteomics. 11: 212-224.

dj dl-;-v BE) ﬂ;d )‘ LS'UJL' ‘\de}}:lﬂ @ C‘Ab” BE) ol odalise

Wl iy Glata gty okt ki pd a5 GlacS s ol

McGee JD, Hamer JE, Hodges TK. 2001.Characterization of
a PR-10 pathogenesis-related gene family induced in rice
during infection with Magnaporthe grisea. Mol. Plant-
Microbe Interact. 14: 877— 886.

Mittler R. 2002. Oxidative stress, antioxidants, and stress
tolerance. Trends Plant Sci.7: 405-410.

Monavarfeshani A, Mirzaei M, Sarhadi E, Amirkhani A,
Khayam Nekouei M, Haynes P, Mardi M,
HosseiniSalekdeh GH .2012. Shotgun Proteomic
Analysis of the Mexican Lime Tree Infected with
“Candidatus Phytoplasma aurantifolia”. J. Proteome Res.
12:785-795.

Mozoruk J, Hunnicutt LE, Cave RD, Hunter WB, Bausher
M .2006. Profiling transcriptional changes in Citrus
sinensis (L.) Osbeck challenged by herbivory from the
xylem-feeding leafhopper Homalodisca oagulate (Say) by
cDNA macroarray analysis. Plant Sci.170: 1068-1080.

Neuhoff V, Arnold N, Taube D, Ehrhardt W .1988. Sample
complexity reduction for two-dimensional electrophoresis
using solution isoelectric focusing prefractionation.
Electrophoresis. 9: 255-262.

Park CJ, Kim KJ, Shin R, Park JM, Shin YC, Paek KH.
2004. Pathogenesis-related protein 10 isolated from hot
pepper functions as a ribonuclease in an antiviral pathway
Plant J. 37: 186-198.

Polesani M, Desario F, Ferrarini A, Zamboni A, Pezzotti
M, Kortekamp A, Polverari A .2008. cDNA-AFLP
analysis of plant and pathogen genes expressed in
grapevine infected with Plasmopara viticola. BMC
Genomics. 9, 142.

Robert N, Ferran J, Breda C, Coutos-Thevenot P, Boulay
M, Buffard D, Esnault R .2001. Molecular
characterization of the incompatible interaction of Vitis
vinifera leaves with Pseudomonas syringae pv. pisi:
expression of genes coding for stilbene synthase and class
10 PR protein. Eur. J. Plant Pathol.107: 249-261.

Salehi M, lzadpanah K, Siampour M, Bagheri A, Faghihi
SM .2007. Transmission of Candidatus Phytoplasma
aurantifolia to Bakraee (Citrus reticulata Hybrid) by Feral
Hishimonus phycitis leafhoppers in Iran. Plant Dis. 91,
466.

Salekdeh GH, Siopongco J, Wade LJ, Ghareyazie B,
Bennett J .2002. A proteomics approach to analyzing
drought- and salt-responsiveness in rice. Field Crop
Research 76:199-219.

YWAA Lewsl g 5l /Y o )losds [l 0590 [ o § (ood | 9 S oo -



https://dor.isc.ac/dor/20.1001.1.25885073.1398.8.1.7.3
http://gebsj.ir/article-1-297-en.html

[ Downloaded from gebgj.ir on 2025-08-17 ]

[ DOR: 20.1001.1.25885073.1398.8.1.7.3 ]

S sle S Ol S s O s

oJ.QL»:M}LQJALE

Sarhadi E, Mahfoozi S, Hosseini SA, Salekdeh GH .2010.
Cold Acclimation Proteome Analysis Reveals Close Link
between the Up-Regulation of Low Temperature
Associated Proteins and Vernalization Fulfillment J.
Proteome Res.9: 5658-5667.

Scharte J, Schon H, Weis E .2005. Photosynthesis and
carbohydrate metabolism in tobacco leaves during an
incompatible interaction with phytophthora nicotianae.
Plant, Cell Environ.28: 1421-1435.

Seki M, Narusaka M, Ishida J, Nanjo T, Fujita M, Oono.Y,
Kamiya A, Nakajima M, Enju A, Sakurai T .2002.
Monitoring the expression profiles of 7000 Arabidopsis
genes under drought, cold and high-salinity stresses using
a full-length cDNA microarray.Plant J. 31:279-292.

Somssich IE, Hahlbrock K .1998. Pathogen defence in
plants—a paradigm of biological complexity. Trends Plant
Sci. 3: 86—90.

Sze H, Ward JM, Lai S .1992. Vacuolar H*-translocating
ATPase from plants: Structure, function and isoforms. J.
Bioenerg. Biomembr. 24: 371-81.

Tsukuda S, Gomi K, Yamamoto H, Akimitsu K .2006.
Characterization of cDNAs encoding two distinct
miraculin-like proteins and stress-related modulation of
the corresponding mRNAs in Citrus jambhiri lush. Plant
Mol. Biol.60: 125-136.

Wu J, Zhang Y, Zhang H, Huang H, Folta KM, Lu J .2010.
Whole genome wide expression profiles of Vitis amurensis
grape responding to downy mildew by using Solexa
sequencing technology.BMC Plant Biol. 10, 234.

Yan Q, Qi X, Jiang Z, Yang S, Han L .2008.
Characterization of a pathogenesis-related class 10 protein
(PR-10) from Astragalus mongholicus with ribonuclease
activity. Plant Physiol. Biochem. 46: 93-99.

Zhong BX, Shen YW .2004. Accumulation of pathogenesis-
related type-5 like proteins in phytoplasma-infected
garland chrysanthemum chrysanthemum carinatum. Acta
Biochim. Biophys. Sin. 36: 773-779.

Zreik L, Carle P, Bové JM, Garnier M .1995.
Characterization of the mycoplasmalike organism
associated with witches'-broom disease of lime and
proposition of a Candidatus taxon for the organism,
"Candidatus phytoplasma aurantifolia”. Characterization
of the mycoplasmalike organism associated with witches'-
broom disease of lime and proposition of a Candidatus
taxon for the organism, "Candidatus phytoplasma
aurantifolia. Int. J. Syst. Bacteriol. 45: 449- 453.

AN il 5Las 1) 0 Lon [l 0393 | gt 5 (g0 § S5 (susniign


https://dor.isc.ac/dor/20.1001.1.25885073.1398.8.1.7.3
http://gebsj.ir/article-1-297-en.html

[ Downloaded from gebs.ir on 2025-08-17 ]

[ DOR: 20.1001.1.25885073.1398.8.1.7.3 ]

e&bw)éﬂ&

Genetic Engineering and Biosafety Journal
Volume 8, Number 1

Changes in Protein Expression Patterns of Lime Leaves Caused by Witches’
Broom Disease

Farzan Taheri*!, Ghasem Hosseini Salekdeh?

1- Department of Plant Breeding and Biotechnology, Takestan Branch, Islamic Azad University, Takestan,
Iran
2- Department of Systems Biology, Agricultural Biotechnology Research Institute of Iran, Karaj, Iran.

Corresponding Author Email: F.taheri@tiau.ac.ir

Abstract

"Witches' broom" Disease caused by the "Candidatus phytoplasma aurantifolia ”is one of
the important citrus disease that causes significant economic losses in Iran, western Asia
and North Africa. In this study the effect of disease stress on leaf proteome was
investigated. Leaf samples were collected from plants and were analyzed using 2-DE
coupled with MS. The power of 2DE for proteins separation makes it possible to study
various qualitative and quantitative changes in protein expression under normal and stress
condition. out of 801 leaf proteins from eight biological replicates of healthy and infected
plants that were analyzed by melani6 software, 63 proteins showed a significant response to
the disease. MS results indicated that 19 proteins were involved in oxidative stress defense
photosynthesis, metabolism and the stress response. Identifying these proteins can reveal
newer response pathways and the genes that control them. The results of this study can be
used in mexican lime breeding programs.
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