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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
gel from left to right, the first ladder indicated 1 kb DNA size
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.

o=l Bl ol Jole b ol s B 0 Al o sl ol
sl Ol Ol Rl S s s s DS 5 Ol
osy obesladd Lowslite O L g Ss s Slubs
Ld G N e el 4 e e (55 S

O dsa)

Oy St g Amdls Ol Rl s 035k slas ol
Sl Ok U ot sler (USE) dmil Ol il
ATV Y ) (Y4 laasT) W 5 Miraculin like protein (1)
(0+ &) Copper chaperon G ciol5380 Ol b a5y sl
Pathogenesis-related protein l5 ke 4 by 25,

calmodulin, (oA iJ) Peroxidase .55, () +V 450)10.6
(YoA &) predicted o5, (VVE &T)  putative
6-phosphogluconal .55, 5 ((A &) KINID 555

Lils Oy malS oS sla g Lol (Yoo 4SJ) actorase
Oxygen- «(E\Y WY laaSH) HSP Sl > Sed 085, 93
Ol als hyls &S sla sy, sl (V47 (slaasT) evolving
Triose phosphate isomerase putativel sy <oyle Ls g

Ribulose (Y1 a30) Acetyl glutamate kinase (VY a)
(¢+4 &) Thylakoid 5 (¥« A )

e e |



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

[ Downloaded from gebg.ir on 2026-02-01 ]

[ DOR: 20.1001.1.25885073.1398.8.1.7.3 ]

oJS.‘L.uW}dIAUa

S sl s Ol SN s Sl s

3I9Vd-SAs

Control Stress

s blE Ol e 5 pbakised 5 Saslr lewdlsmd wen T 5 5sad )3 S cdm 53 U e T S

Dy Sl Sladly b 4 e3y)] 5 Wl olS S
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
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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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