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Abstract  
 
Scanning electron microscopy (SEM) and molecular techniques were employed to investigate the possible causal agents of yel-
low-type diseases in tomato and pepper in Baja California Sur (BCS) state of Mexico. Mixed infection of phytoplasmas (16SrIII, 
X-disease group) and two different begomoviruses (TYLCV and ToChLPV) was identified in pepper. Phytoplasma infection was 
also confirmed in tomato by SEM and nested PCR assays and along with mixed infection by two begomoviruses (TYLCV and 
PepGMV). 
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Introduction 
 
In the Mexican state of BCS the occurrence of phyto-
plasmas associated with yellow type diseases of toma-
toes and peppers was obtained by SEM analysis during 
2005-2008 in field and greenhouse-growing crops from 
principal agricultural areas (Lebsky and Poghosyan, 
2007, Poghosyan et al., 2008). Some symptoms in pep-
per and tomato plants associated with phytoplasma in-
fection are similar to those provoked by begomovirus 
group (Geminiviridae). Thus and accurate disease diag-
nosis is necessary to prove the disease aetiology and the 
possible presence of both pathogens.  

The study was initiated in 2008 to determine the ori-
gin of yellow type disease in tomato and pepper in two 
experimental plots of CIBNOR in El Comitan (tomato 
of Japanese selection) and in El Carrizal (chile ancho), 
where the plantings were established. A very high inci-
dence of disease (up to 80-90%), was recorded on both 
crops. The yellows-type symptoms may be indicative of 
both phytoplasma and begomovirus presence and the 
presence of large whiteflies populations in the crops 
also confirm the possibility of mixed infection. To ver-
ify this hypothesis scanning electron microscopy (SEM) 
and molecular techniques were applied. 
 
 
Materials and methods 
 
Symptoms in diseased plants were strong reduction, 
chlorosis and foliar malformations in apical and inter-
nodal leaves, more differently and extensively ex-
pressed in tomato plants (spoon-like lamina and claw-
like apex), discoloration and necrotic lesions on old 
leaves, shortened internodes, distortion and thickness of 
leafstalks and stems, dried and aborted flowers and 
fruits, deformed and  reduced in size and quantity. 

The symptoms of disease were transmitted by grafting 
from field plants to tomato and pepper test plants in 
greenhouse conditions. Samples from both field and test 

plants were processed for SEM (S-3000N Hitachi) 
analysis of phytoplasmas as reported earlier (Lebsky 
and Poghosyan, 2007), and for molecular probes. Mi-
cropropagated plants (phytoplasma-free) were used as 
controls. For molecular detection of phytoplasmas total 
DNA was extracted from the same plants by Zhang et 
al. (1998). Nested-PCR assay was performed with phy-
toplasma-specific primer pairs P1/P7 and 
R16F2n/R16R2 (Gundersen and Lee, 1996). PCR prod-
ucts were analysed as discribed by Lee et al., (1998), 
cloned in vector pGEM-T-Easy vector, sequenced 
(Genwiz, USA). 

To detect virus, total DNA from symptomatic sam-
ples was obtained by a modified Dellaporta method and 
analyzed by nested PCR using the begomovirus univer-
sal primers (Mauricio-Castillo et al., 2007, Wyatt and 
Brown, 1996). Amplicons of ~1.4 kb were cloned and 
digested by enzymes EcoRI and HinfI. Sequence of ge-
nomic component A of viruses was determined by PCR 
amplification of viral DNA with degenerate primers 
(Mauricio Castillo et al., 2007). Cloning, sequencing 
and subsequent analysis using GenBank database 
(BlastN and ClustalV alignment method) were em-
ployed. 
 
 
Results 
 
Observations of field and greenhouse indexed samples 
by SEM revealed the presence of phytoplasma cells 
ranging from 400 to 1500 nm in the phloem of diseased 
plants: in leafstalks, leaf midribs, stems floral parts and 
roots (figure 1). Some asymptomatic field samples also 
had a low concentration of phytoplasmas in their 
phloem tissue. 

No pathogen was detected in healthy micropropagated 
plants. In phloem tissue of some samples along with 
phytoplasmas some rod-shaped bacteria and groups of 
twinned particles caracteristic of geminiviruses (Gemi-
niviridae) were detected (figure 2).  
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Figure 1. Phytoplasmas (ph) in sieve tubes of tomato. 

Sp: sieve pore. 
 
 

 
 
Figure 2. Groups of geminate virus particles (vir) in 

phloem parenchyma of the same tomato. Bac: rod 
shaped bacteria. 

 
Nested PCR analysis of both pepper and tomato sam-

ples from the plants tested by SEM, revealed a 1,200 bp 
amplified product, thus supporting the presence of phy-
toplasmas in plants with yellows symptoms. 

Phytoplasma were not detected in micropropagated 
plants. Sequence analysis of amplified products proved 
that the phytoplasma detected in pepper belonged to 
16SrIII X-disease group. Sequence analysis of amplified 
DNA products of tomato demonstrated only 80% of 
similarity with known phytoplasmas. The taxonomic 
grouping of this phytoplasma needs further confirmation. 

The results of PCR assays indicated association of two 
different begomoviruses in pepper: Tomato yellow leaf 
curl virus (TYLCV), reported first time in Baja Califor-
nia Peninsula, and Tomato chino La Paz virus (first re-
port of ToChLPV in pepper, Cardenas-Conejo et al., 
2010). Virus analysis of tomato symptomatic samples 
by nested PCR and subsequent procedures also revealed 
a co-infection with two begomoviruses: TYLCV and 
Pepper golden mosaic virus (PepGMV). 

Discussion 
 
The presence of phytoplasmas and two different bego-
moviruses in tomato and pepper samples in Mexico was 
verified by SEM and PCR assays. This si the first evi-
dence of mixed phytoplasma-begomovirus infection in 
tomato and pepper plants. In the last decade the com-
plex phytoplasma-virus associations with plant diseases 
are discussed more extensively (Arocha et al., 2009). 
Such mixed infections need to be analysed from both 
epidemiological and pathogens interaction point of 
view. The work is in progress to define the phytoplasma 
identity in tomato and the phylogenetic position of phy-
toplasmas detected in tomato and pepper plants showing 
yellows symptoms in Mexico. 
 
 
References 
 
AROCHA Y., PIÑOL B., ACOSTA K., ALMEIDA R., DEVONSHIRE 

J., VAN DE MEENE A., BOA E., LUCAS J., 2009.- Detection of 
phytoplasma and potivirus pathogens in papaya (Carica pa-
paya L.) affected with “Bunchy top symptom” (BTS) in 
eastern Cuba.- Crop Protection, 28(8): 640-646. 

CARDENAS-CONEJO Y., ARGUELLO-ASTORGA G., POGHOSYAN 

A., HERNANDEZ-GONZALEZ J., LEBSKY V., HOLGUIN-PEÑA J., 
MEDINA-HERNANDEZ D., VEGA-PEÑA S., 2010.- First report 
of Tomato yellow leaf curl virus co-infecting pepper with 
Tomato chino La Paz virus in Baja California Sur, Mexico.- 
Plant Disease, 94(10): 1266. 

GUNDERSEN D. E., Lee I-M., 1996.- Ultrasensitive detection of 
phytoplasmas by nested PCR assays using two universal 
primers.- Phytopatologia Mediterranea, 35: 144-151. 

LEBSKY V., POGHOSYAN A., 2007.- Phytoplasma associated 
diseases in tomato and pepper in the state of BCS, Mexico: a 
breaf overview.- Bulletin of Insectology, 60(2): 131-132. 

LEE I-M., GUNDERSEN-RINDAL D., DAVIS R. E., BARTOSZYK I., 
1998.- Revised classification scheme of phytoplasmas based 
on RFLP analyses of 16S rRNA and ribosomal protein gene 
sequences.- International Journal of Systematic Bacteriol-
ogy, 48: 1153-1169. 

MAURICIO-CASTILLO J. A., ARGUELLO-ASTORGA G. R., 
AMBRIZ-GRANADOS S., ALPUCHE-SOLIS A. G., 2007.- First 
report of Tomato golden mottle virus on Licopersicon escu-
lentum and Solanum rostratum in Mexico.- Plant Disease, 
99(11): 1513.  

POGHOSYAN A., LEBSKY V., SERVIN-VILLEGAS R., LANDA L., 
2008.- Phytoplasma associated diseases in organic vegetable 
crops in Santo Domingo Valley.- Phytopathology, 
98(Supplement): S200. 

WYATT S. D., BROWN J. K., 1996.- Detection of subgroup III 
geminivirus isolates in leaf extracts by degenerate primers and 
polymerase chain reaction.- Phytopathology, 86: 1288-1293. 

ZHANG Y. P., UYEMOTO J. P., KIRKPATRICK B. C., 1998.- A 
small scale procedure for extracting nucleic acids from 
woody plants infected with various phytopathogens for PCR 
assay.- Journal of Virology Methods, 71: 45-50. 

 
 
 
 
 
 
Corresponding author: Arevik POGHOSYAN (e-mail: 
arevik04@cibnor.mx), CIBNOR, S.C., Mar Bermejo 195, Col. 
Playa Palo de Santa Rita, 23090, La Paz, BCS, Mexico. 




