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ABSTRACT
Objective: of the research was to know the incidence of CTV to try to associate it with the yellowing and death 
of citrus trees. 
Design/Methodology/Approach: the presence of the virus was diagnosed in seven citrus-producing 
municipalities in northern Veracruz. A total of 804 samples from citrus trees were collected in 90 locations 
belonging to the municipalities of Álamo, Castillo de Teayo, Cazones, Chicontepec, Ixhuatlán, Papantla and 
Tihuatlán. 
Results: out of all the samples, 380 were positive for CTV; 68% corresponded to attenuated variants and 40% 
to severe variants. The following symptoms were observed in all the municipalities: death of branches (68%), 
yellowing of shoots (41%), trees with small leaves (38%), and debarking of the trunk (32%); the incidence of small 
fruits was 31%, and finally, generalized yellowing (19%). 
Limitations/Implications of the study: to manage the disease there are various alternatives, the most 
frequent is the use of tolerant rootstocks, however, with the existence of severe variants there may be tree 
deaths even with tolerant rootstocks, so it is necessary to search for and implement other far-reaching options. 
Findings/Conclusions: the results show that even with the regulations for the production and mobilization of 
plants, the virus is widely distributed in the seven municipalities of northern Veracruz.

Keywords: citrus, incidence, variants, virus. 

INTRODUCTION
 Citrus trees can be affected by different pathogens such as bacteria, fungi, viruses, 
and viroids which limit the production of citrus plantations (Bar-Joseph et al., 2010). The 
disease known as citrus decline virus is caused by the Citrus tristeza virus (CTV), which 
has been present in Mexico since 1983 when the first positive plants were detected in 
Tamaulipas, Veracruz (1986 and 1992), and then in Yucatán, Quintana Roo, Campeche, 
Morelos, Michoacán (2000), Colima and Nuevo León (2005), with severe variants in some 
states (Loeza-Kuk et al., 2008; Herrera-Isidrón et al., 2009; Rivas-Valencia et al., 2017). In 
2001, the NOM-031-FITO-2000 norm was published, which established “the campaign 
against the citrus decline virus”, although the dispersion of the disease still continues 
(Rivas-Valencia et al., 2010; Contreras-Maya and Villegas-Monter, 2020).
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 Citrus decline has been one of the most devastating diseases in the citrus producing zones 
of the world; in the 1930s and 1940s it affected practically the entire citrus production in 
Argentina, Brazil and Uruguay, and by 1950 in Colombia and Peru, which had rootstock 
of sour orange (Citrus aurantium), and as a result 20 000 000 trees were eliminated (Müller 
and Rezende, 2004). In 1980, another similar disaster happened in Venezuela and Jamaica 
(Mendt, 1992; Roistacher, 1999). However, it is unknown why such an epidemic had not 
happened in Mexico, considering that since 2003 there are reports of severe isolates in C. 
sinensis in the states of Baja California, Nuevo León, Tamaulipas and Veracruz (Herrera-
Isidrón et al., 2009; Mendoza et al., 2003; Loeza-Kuk et al., 2005; Contreras-Maya and 
Villegas-Monter, 2020; Contreras-Maya et al., 2022). There are several isolates of CTV 
that differ biologically and primarily in the symptoms that they cause in citruses (Dawson 
et al., 2013, 2015). The variants responsible for the sudden decline have been designated 
as severe, while the ones that do not cause symptoms are known as mild. The CTV is 
transmitted through infected shoots and in a semi-persistent way by many species of aphids 
(Harper et al., 2016).
 In northern Veracruz, in recent years, symptoms of yellowing, dry branches, small 
leaves and fruits, and even tree deaths have been seen, which lead to the deterioration 
and low yield of plantations. There is lack of knowledge of the pathogens associated to 
yellowing. Therefore, the aim is to evaluate the presence and distribution of CTV and its 
variants in seven orange producing municipalities in northern Veracruz, Mexico, with the 
aim of updating the phytosanitary status of CTV and to give it the importance it has as 
a threat to Mexican citrus production, which could be devastating as it has happened in 
other countries, since the sour orange rootstock predominates.

MATERIALS AND METHODS
Sample collection 
 The study was conducted in citrus plantations located in the municipalities of Álamo 
(153 samples), Castillo de Teayo (76), Cazones (117), Chicontepec (100), Ixhuatán (79), 
Papantla (183), and Tihuatlán (96), which are the leading orange producers in northern 
Veracruz, where 804 citrus samples were collected in 90 localities. The sampling was 
directed at trees with symptoms of yellow shoots, death of branches, small fruits, trunk 
debarking, and small leaves. Four vegetative shoots were collected in each tree in active 
growth (a shoot per cardinal orientation), which were labeled and placed in polyethylene 
bags and stored in cold, to transport to the Biotechnology and Plant Physiology Laboratory, 
Montecillo Campus, Colegio de Postgraduados. In addition, a questionnaire was carried 
out with the producers to understand the origin of the plants, as well as the age, variety, 
rootstock and management.

RNA extraction and molecular analysis
 Once the samples arrived to the laboratory, they were stored at 4°C for their 
processing, which consisted in cleaning the leaves with interfolded paper towels (Sanitas®, 
Mexico) and alcohol at 75%, then the leaf midribs were extracted with single-edge razors 
(CORTY®, Mexico) and finely chopped for storage in microtubes of 2 ml (AXYGEN®, 
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Mexico) at 20 °C. Tissue maceration was done in a disruptor (Retsch®, Mexico) at 
30 frequencies per 20 min, with 0.25 g of leaf midrib plus 1 ml of saline buffer (Tris-
HCL 10mM, EDTA 1mM, NaCl 2M, Bovine albumin 0.05%; Sigma-Aldrich, USA) 
and 3 stainless steel pellets (3/16”) in microtubes of 2 ml. Once the tissue is macerated, 
the microtubes were centrifuged for 5 minutes at 13500 rpm at 4 °C; the pellets were 
retrieved and the supernatant discarded; again, 800 L of saline buffer were added, 
there was vortex and then it was centrifuged for 5 minutes at 13500 rpm at 4 °C and the 
supernatant discarded.
 For the extraction of nucleic acids, the Minas et al. (2011) protocol was followed with 
some modifications. In the phase of cell lysis, CTAB 2% was used (Tris-HCL 1M (pH 
8; Sigma-Aldrich, USA), EDTA 20 mM (pH 8; Sigma-Aldrich, USA), NaCl 1.4 M (pH 
8; Sigma-Aldrich, USA), and CTB 2% (w/v; Sigma-Aldrich, USA)), vortex happened. 
All the samples were incubated at 65 °C for 40 minutes, centrifuged at 13500 rpm 4 °C 
for 5 min, 800 L of the supernatant was transferred to microtubes of 2 ml adding 400 
L of phenol: chloroform: isoamyl alcohol (25:24:1; invitrogen, USA) to each sample, it 
was mixed by inversion during 3 min at room temperature. During this phase of enzyme 
inhibition and precipitation of nucleic acids, the microtubes were centrifuged at 14000 
rpm for 10 min at 4 °C to recover 500 L of the supernatant in a microtube of 1.5 ml, 
adding 500 L of isopropyl alcohol (20 °C) and 50 L of ammonium acetate 7.5 M 
(CH3COONH4; Sigma-Aldrich, USA), and it is left to incubate all night at 20 °C. The 
samples were centrifuged at 14000 rpm for 10 min at 4 °C, and the supernatant was 
discarded. Finally, the pellets or pills were washed with ethanol (Sigma-Aldrich, USA) 
at 70% (v/v) 1 ml at 14000 rpm for 5 min at 4 °C; the pellets were left to dry at room 
temperature and were re-suspended in 50 L of water free of nucleases (IDT, USA), 
stored at 4 °C for 24 h.
 Then, the qualities (260/280 nm; 260/230 nm) and RNA concentrations were verified 
through spectrophotometry using the Nano Drop 2000 (Thermo Fisher Scientific, USA) 
with 1 L of total RNA sample.
 In the reverse transcription reaction (RT; Reverse Transcription), each microtube of 
0.2 ml was added with 0.75 L of each primer (P25-R, VT-R, T30-R at 10 pmol, Table 
1) in 6.87 L of water  3 L of RNA from each sample and incubated at 72 °C for 5 
min in a thermocycler (MAXIGENE AXIGEN, USA), unique cycle. Then, each sample 
was added with 7.87 L of the mixture that contained 5 L Buffer 5X of M-MLV  1.5 
L of dNTP’s Mix  0.625 L of RNAsin  0.75 L of M-MLV Reverse Transcriptase 
(Promega, USA), placing the tubes in the thermocycler at 42 °C for 60 min followed by 
72 °C for 10 min, unique cycle.
 The samples were analyzed through qPCR for the detection of CTV in a thermocycler 
C1000 (Bio-Rad, USA). The final reaction volume was 20 L: 10 L of Ssoadvance 
universal for sybr green mix (Bio-Rad, USA), 0.5 L of each primer P25F-23 and 
P25R-20 (125 nM) (Saponari et al., 2008), 7 L of water free of nucleases and 2 L 
of cDNA. Each sheet contained two Not target and NTC control which validated the 
absence of contaminants or dimers in the reaction; they were fit with the adhesive cap 
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manipulating it only by the edges. The thermocycling program was 55 °C for 2 min with 
initial denaturalization followed by 95 °C for 5 min, then 40 cycles at 95 °C for 15 s, and 
aligning at 57 °C for 40 s. Finally, a melting curve of 65 to 95 °C was used with increase 
of 0.5 °C/cycle.
 Considering the viral concentration, samples were selected for the final point PCR 
reaction, with the objective of identifying existing severe and attenuated variants, using 
for this purpose a thermocycler (MAXIGENE AXIGEN, USA). It was done by adding to 
each tube 9 L of the mixture that contained 2 L Green buffer GoTaq DNA Polymerase 
 0.4 L of MgCl2 (10 Mm)  0.2 L of dNTP’s (10 Mm)  0.6 L of each primer (VT-F, 
VT-R, T30-F and T30-R)  0.1 L of GoTaq DNA Polymerase (Promega, USA)  2 L 
of cDNA  5.1 L of water. The PCR conditions for the five variants were: one cycle of 
3 min 94 °C, 30 cycles of 30 s at 94 °C, 30 s at 56 °C, 45 s at 72 °C and a final extension 
of 10 min at 72 °C (Saponari et al., 2008; Contreras-Maya and Villegas-Monter, 2020; 
Contreras-Maya et al., 2022). The products were visualized in non-denaturalizing agarose 
gel at 2%, dyed with ethidium bromide. The gel was observed and photographed in a 
QUANTUM ST5® (Vilver Lourmat, USA) transilluminator, using positive, negative and 
100bp DNA Ladder controls (Promega, USA). Some of the samples that were positive were 
sent to Macrogen Corp. (South Korea) for sequencing and thus corroborate the presence 
of CTV.

Impact of symptoms and CTV
 According to the producers and the field visits that were carried out, the symptoms 
were grouped into: generalized yellowing, yellow shoots, death of branches, small fruits, 
trunk debarking, and small leaves. Therefore, the sampling was directed at trees that 
presented one or more of the symptoms mentioned before; 804 samples were collected, 
among which 722 were orange trees (Citrus sinensis L. Osbeck), species that predominates 
in northern Veracruz, 33 Persian lime (Citrus latifolia Tanaka), 31 mandarin (Citrus 
reticulata Blanco), and 18 grapefruit (Citrus paradisi Macf.). To determine the impact of 
each of these symptoms, the number of plants with symptoms was divided by the total 
number of trees collected by municipality and multiplied by 100. In the case of the 
impact of CTV, the number of samples that were positive in the qPCR reaction was also 
taken into account, as well as the total number of samples by municipality.

Table 1. Sequences of primers for RTqPCR and RT-PCR.

Name Polarity Sequence 5´-3´ Size 
(pb)

Product 
size Reference 

P25-F Sense AGCAGTTAAGAGTTCATCATTAC 23
101

Saponari et 
al., 2008P25-R Antisense TCAGTCCAAAGTTTGTCAGA 20

VT-F Sense TTTGAAAATGGTGATGATTTCGCCGTCA 28
302

Roy et al., 
2010

VT-R Antisense GACACCGGAACTGCYTGAACAGAAT 25

T30-F Sense TGTTGCGAAACTAGTTGACCCTACTG 26
206

T30-R Antisense TAGTGGGCAGAGTGCCAAAAGAGAT 25
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RESULTS AND DISCUSSION
 The RT-qPCR technique allowed detecting the pathogen in 380 positive samples to the 
citrus decline virus. The primers P25F-23 and P25R-20 amplified for the protein layer of 
the virus. The samples that amplified with Cq (Cycle quantification) 35 were considered 
positive and presented temperature or melting curve (fusion curve) Tm80.5 °C (0.5 °C) 
that corresponded to the product obtained by the primers, and in addition, the NTC did 
not present amplifications, which confirmed the absence of primer dimers or of any type 
of non-specificity (Figure 1).

Distribution of the virus
 Mexico is considered one of the leading citruses producing countries; however, in 
recent years the yield has decreased due to different biotic and abiotic factors (Orozco-
Santos et al., 2014). Among these, we can highlight problems with diseases such as the one 
caused by the citrus decline citrus, whose impact varied from 27% in Chicontepec to 63% 

Figure 1. Amplification by qPCR of Citrus tristeza virus in samples of symptomatic plant tissue. a) Amplification 
curves obtained from cDNA; b) Fusion curves for CTV amplification, the temperature (°C) is presented on 
the (x) axis, and the fluorescence units (RFU) on the (y) axis; c) Amplifications obtained by final point RT-
PCR for attenuated variants (T30); and d) Amplifications for severe variants (VT) of CTV, where lanes 1 and 
23 correspond to the molecular weight marker of 100 pb; 2 and 16 positive controls; lanes 8 and 22 negative 
controls; lastly, 3-7 and 17-21 samples of citruses that were positive.

a b

c d

Positive control
Negative control
Plant tissue cDNA
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in Álamo. In Álamo and Papantla, more than 50% of the samples were positive, situation 
that is worrying because of the distribution of the disease since more than 50% of the 
surface planted with citruses in northern Veracruz is concentrated in these municipalities. 
It should be indicated that in Chicontepec and Ixhuatlán there were lower percentages; 
however, this does not exempt them from reaching risk zones because at any time the 
impact could increase because most of the producers use non-certified plants purchased in 
nurseries of the municipality of Álamo with the highest percentage of CTV according to 
the study’s results.

Propagation of the virus and its variants
 The CTV is transmitted in a semi-persistent way by Aphis gossypii and Toxoptera citricida, 
among other aphids (Cambra et al., 2000). However, the high impact allows indicating that 
the virus has also been disseminated by the mobility of the infected plant material (purchase 
of non-certified plants), in addition to recent reports that CTV can be transmitted by 
diaphorina citri (Wu et al., 2021; Zhang et al., 2023). Taking into account that more than 
95% of the plants used come from non-certified nurseries, where the plants are produced 
outdoor and the shoots are collected from trees of unknown origin and that the federal 
campaign against CTV was eliminated since 2014, it is easy to understand why there is 
massive death of citrus trees in northern Veracruz and there is no doubt that the same can 
happen in the rest of the country in a short amount of time.
 The detection of severe variants of CTV in mandarin plantations in California in the 
year 2000 originated from the illegal imports of shoots (Matos et al., 2013), the discovery 
of VT type variants in commercial citruses in Florida (Hilf et al., 2005), which represent 
clear examples that severe variants can emerge due to oversight in the introduction of plant 
materials, which are a continuous threat for the citrus industries in many countries. The 
eradication of infected trees, as well as the development of means to protect the plantations 
against severe variants, become critical to coexist with the virus.
 It should be mentioned that in Mexico, the first detections of CTV were carried out in 
Tamaulipas (1983) and Veracruz (1986); however, despite the eradication of the initial focal 
points, the dispersion of the disease has continued (Silva-Vara et al., 2001; Rivas-Valencia 
et al., 2010; Contreras-Maya et al., 2022). Currently, there are several aphid species that 
can transmit CTV, the main ones are Aphis gossypii (Glover), A. spiraecola (Patch), Toxoptera 
aurantii (B de F) and T. citricida (Kirkaldy). T. citricida is found in all the citrus producing 
states of the country, with the risk of causing severe outbreaks of citrus decline because 
severe variants have been detected in Nuevo León, Colima, Baja California and Tamaulipas 
(Mendoza et al., 2003; Loeza-Kuk et al., 2005; Herrera-Isidrón et al., 2009), and recently in 
several municipalities of Veracruz (Contreras-Maya et al., 2022). Taking this into account, 
the situation is more worrying because the disease is widely distributed and there are 
increasingly more vectors that favor the dispersion. A factor that is not considered is the 
number of non-certified nurseries, which in northern Veracruz exceed 400 selling points, 
because they have never been controlled and are probably the most important vector.
 Variants of CTV of the attenuated and severe type were found in every municipality 
sampled, and more than two variants were even found in the same tree. It should be pointed 
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out that in Álamo, 60% of the CTV-positive samples were VT type while in Castillo only 
3% (Figure 2). The presence of severe variants in all the municipalities and the use of sour 
orange as rootstock explain the accelerated death of plants in northern Veracruz, but it is 
important to consider that psorosis, exocortis, and cachexia are also present based on the 
symptoms observed in the plant trunk and branches. These diseases have been reported 
previously by Almeyda et al. (2007) and Contreras-Maya et al. (2018).

Symptoms associated to citrus death
 Concerning the symptoms, trees were observed with death of branches (68%) in every 
municipality, with higher impact in the municipalities of Tihuatlán, Papantla, Cazones, 
Castillo de Teayo and Álamo. Another symptom that presented high impact was yellowing 
of shoots (41%), principally in Tihuatlán, Papantla, Álamo and Cazones. The symptoms 
of small leaves and trunk debarking had values of 38 and 32%, respectively; the trees with 
small fruits had impact of 31%, and lastly generalized yellowing (19%) (Figure 3). However, 
it is difficult to attribute the death of plants to a causal agent, because the problem presents 
in citrus producing zones is multifactorial. Nevertheless, there are plants that die because 
of the presence of CTV and it can be verified in the field because the leaves and the fruits 
remain adhered to the plant (Figure 3e), where the classical syndrome is present, or else 
the rootstock dies from the base and this causes the death of the variety (Figure 3d). The 
producers manage to distinguish a sudden death of the trees and colloquially called it “died 
out of nowhere”, term that is frequently heard in the community of Santa Emilia, Álamo, 
Veracruz.
 Depending on the virus variant and the citrus graft/rootstock combination, CTV causes 
two primary symptoms, which have had an impact on the global production of citrus. 
The first is the sudden decline of trees grafted in sour orange (Citrus aurantium). During 
the past century, the severe outbreaks of CTV caused a fast decline that developed in 
the citrus producing regions and destroyed nearly 100 million trees (Moreno et al., 2008). 
The solution to the outbreak was to use disease-tolerant rootstock. Although this allowed 
an effective control of CTV, these rootstocks require a different management than sour 
orange (Folimonova et al., 2013), including fertilization, which is scarcely used in the study 

Figure 2. Impact of Citrus tristeza virus variants in seven municipalities of Veracruz, based on the samples 
collected by municipality and which were positive in the qPCR reaction.
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zone, tree pruning, considered until now as unnecessary in citrus trees, although essential 
for the “new citrus production” and irrigation; due to climate change, it is necessary to 
apply four to six irrigation events in the months of April-May, July-August, and this if we 
want to continue producing citrus trees.
 Another symptom caused by some variants of CTV is stem pitting, which affects 
grapefruit (C. paradisi), orange (C. sinensis), and Mexican key lime (C. aurantifolia), regardless 
of the rootstock used. The stem pitting is the result of the areas of virus multiplication 
(Tatineni et al., 2011). However, during the sampling carried out, stem pitting was not 
observed, although rootstock death was, starting from the thinnest roots to those of first 
order, and then the stem base which climbs progressively; this is what we see in the field, 

Figure 3. Symptoms observed and associated to Citrus tristeza virus in seven municipalities of northern Veracruz. 
a) Dry branches (68%), b) yellow shoots (41%), c) small leaves (38%), d) trunk debarking (32%), small fruits (31%), 
and generalized yellowing (19%).

a b c

d e f
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death from the tips of the terminal branches and the continuing descending death, which 
confuses technicians and producers because they do not observe the base of the trunk, in 
plants with these symptoms that are consistently found in VTC.
 From the symptoms evaluated, death of branches, leaves with yellow midribs, small 
leaves and fruits are related to Citrus tristeza virus, which is why the cause of death can be 
due to this virus; however, we cannot forget that the plants also have psorosis, exocortis, 
cachexia, HLB, leprosis, in addition to the attack from fungi (Colletotrichum spp. and 
Lasiodiplodia spp.) oomycetes, lethal fungus (Usteulinea deusta); these pathogens weaken 
the plant and as consequence it is more susceptible to diseases. We should also take into 
account that in northern Veracruz most of the producers do not fertilize and pruning is 
incipient; these two factors also impact the “presence, or make the plants more sensitive 
to attack from diseases”. With the results obtained, it is possible to point out that: there is 
NO control in the mobility of plants (certified material is generally not used), and there is 
no control of vector insects. There is lack of knowledge of the main diseases of economic 
importance, which evidence the lack of training of technicians and producers in general. 

CONCLUSIONS
 The high impact of CTV and severe type VT variants explain in part the death of 
plants in northern Veracruz, although we must not forget that there are other quarantine 
diseases that are also contributing and aggravating the problem.
 Some of the samples collected were young plants, which were positive to Citrus tristeza 
virus and this shows the risk that viability and productivity present in the orange plantations 
in northern Veracruz.

ACKNOWLEDGEMENTS
 The authors wish to thank CONAHCYT for the funding of project 321118, from which this study results; 

Colegio de Postgraduados and Universidad Autónoma Chapingo for access to the facilities and equipment.

REFERENCES 
Almeyda, L. I. H., Rocha, P. M. A., Iracheta, C. M. M., Orona, Kahlke, C. F. y C. J. (2007). “Método Simple 

Para La Detección Múltiple de Viroides de Cítricos”. Agrociencia 41: 87-93.
Bar-Joseph, M.; Batuman, O.; Roistacher, C. (2010). The history of Citrus tristeza virus. In Citrus tristeza virus 

Complex and Tristeza Diseases; Karasev, A.V., Hilf, M.E., Eds.; APS Press: St. Paul, MN, USA, pp. 
3-26. 

Cambra, M., Gorris, M. T., Marroquín, C., Román, M. P., Olmos, A., Martínez, M. C.,  de Mendoza, A. H., 
López, A. and  Navarro, L. (2000). Incidence and epidemiology of Citrus tristeza virus in the Valencian 
community of Spain. Virus Research, 71(1-2): 85-95. https://doi.org/10.1016/s0168-1702(00)00190-8 

Contreras-Maya, R., Nava-Diaz, C., Villegas-Monter, A., Mora-Aguilera, J. A. and Ochoa-Martinez, D. L. 
(2018). First report of citrus psorosis virus (CPsV) in persian lime in Veracruz, Mexico. Journal of Plant 
Pathology 100:115. https://doi.org/10.1007/s42161-018-0011-4 

Contreras-Maya, R. and Villegas-Monter, A. (2020). First report VT isolate of Citrus tristeza virus in Veracruz, 
Mexico. Horticulture International Journal, 4(3): 75-76.  https://doi.org/10.15406/hij.2020.04.00161 

Contreras-Maya, R., Villegas-Monter, A., Santacruz-Varela, A., Cruz-Huerta, N., Ortega-Arenas, L. D. and 
Ochoa-Martinez, D. L. (2022). Prevalence of mild T30, T3, and severe VT strains of Citrus tristeza 
virus in Central-Northern Veracruz, Mexico. American Journal of Plant Sciences 13: 494-495. https://doi.
org/10.4236/ajps.2022.134023

Dawson, W. O., Bar-Joseph, M., Garnsey, S. M., and Moreno, P. (2015). Citrus tristeza virus: making an ally from 
an enemy. Ann. Rev. Phytopathol, 53, 137-155. https://doi.org/10.1146/annurev-phyto-080614-120012

https://pubmed.ncbi.nlm.nih.gov/?term=Cambra+M&cauthor_id=11137164
https://pubmed.ncbi.nlm.nih.gov/?term=Gorris+MT&cauthor_id=11137164
https://pubmed.ncbi.nlm.nih.gov/?term=Marroqu%C3%ADn+C&cauthor_id=11137164
https://pubmed.ncbi.nlm.nih.gov/?term=Rom%C3%A1n+MP&cauthor_id=11137164
https://pubmed.ncbi.nlm.nih.gov/?term=Olmos+A&cauthor_id=11137164
https://pubmed.ncbi.nlm.nih.gov/?term=Mart%C3%ADnez+MC&cauthor_id=11137164
https://pubmed.ncbi.nlm.nih.gov/?term=de+Mendoza+AH&cauthor_id=11137164
https://pubmed.ncbi.nlm.nih.gov/?term=L%C3%B3pez+A&cauthor_id=11137164
https://pubmed.ncbi.nlm.nih.gov/?term=Navarro+L&cauthor_id=11137164
https://doi.org/10.1016/s0168-1702(00)00190-8
https://doi.org/10.1007/s42161-018-0011-4
file:///C:\Users\Valeria\Desktop\2706%20Dra.%20Contreras%20Colpos-Montecillo\%20https:\doi.org\10.15406\hij.2020.04.00161%20
https://doi.org/10.4236/ajps.2022.134023
https://doi.org/10.4236/ajps.2022.134023


162 AGRO PRODUCTIVIDAD 2024. https://doi.org/10.32854/agrop.v17i5.2706

Dawson, W. O., Garnsey, S. M., Tatineni, S., Folimonova, S. Y., Harper, S. J., and Gowda, S. (2013). Citrus 
tristeza virus-host interactions. Front. Microbiol, 4:88. https://doi.org /10.3389/fmicb.2013.00088 

Folimonova, S. Y. (2013). Developing an understanding of cross-protection by Citrus tristeza virus. Frontiers in 
Microbiology, 4(76):1-9.  https://doi.org/10.3389/fmicb.2013.00076 

Harper, S.J., Killiny, N., Tatineni, S., Gowda, S., Cowell, S.J., Shilts, T. and Dawson, W.O. (2016). Sequence 
variation in two genes determines the efficacy of transmission of citrus tristeza virus by the brown 
citrus aphid. Archives of Virology 161, 3555–3559. https://doi.org/10.1007/s00705-016-3070-x

Herrera-Isidron, L., Ochoa-Sánchez, J. C., Rivera-Bustamante, R. and Martínez-Soriano, J. P. (2009). 
Sequence diversity on four ORFs of citrus tristeza virus correlates with pathogenicity. Virology Journal. 
6(116): 1-16. https://doi.org/10.1186/1743-422x-6-116  

Hilf, M. E., Mavrodieva, V. A., Garnsey, S. M. (2005). Genetic marker analysis of a global collection of isolates 
of Citrus tristeza virus: characterization and distribution of CTV genotypes and association with 
symptoms. Phytopathology, 95(8):909-917. https://doi.org/10.1094/PHYTO-95-0909  

Loeza-Kuk, E., Palacios-Torres, E. C., Ochoa-Martínez, D. L., Mora-Aguilera, G., Gutierrez-Espnosa. M. 
A., Febres, V. J., Moore, G. A. and Álvarez-Ramos, R. (2005). Molecular characterization of Citrus 
tristeza virus Isolates from Veracruz and Tamaulipas states, Mexico. International Organization of Citrus 
Virologists Conference Proceedings (1957-2010), 16(16):4007-411. https://doi.org/10.5070/C50682709x  

Loeza-Kuk, E., Ochoa-Martínez, D., Mora-Aguilera, G., Rivas-Valencia, P., Gutiérrez-Espinosa, A., Cintra 
de Jesús Junior, W., Villegas-Monter, A. and Arno Wulff, N. (2008). Acquisition of CSDAV and 
haplotypes of Citrus tristeza virus by Toxopetera citricida and Aphis spiraecola and the implication on 
Citrus Sudden Death. Agrociencia 42: 669-678.

Matos, L. A., Hilf, M. E., Cayetano, X. A., Feliz, A. O., Harper, S. J. and Folimonova, S. Y. (2013). Dramatic 
change in Citrus tristeza virus populations in the Dominican Republic. Plant Disease, 97(3):339-345. 
https://doi.org/10.1094/PDIS-05-12-421-RE

Mendoza, A., Salazar, C., Alvarado, O., Cruz, M. A. and Becerra, H. (2003). Diferenciación molecular de 
razas severas y débiles de aislamientos del virus tristezas de los cítricos en México. Revista Fitotecnia 
Mexicana, 26(4): 223-230.

Mendt, (1992). History of CTV in Venezuela. In: Proc. of a Workshop on Citrus Tristeza Virus and Toxoptera 
citricidus in Central America Development of Management Strategies and use of Biotechnology 
for Control (eds. Lastra, R., Lee, R.F, Rocha-Peña, M., Niblett, C., Ochoa, F., Garnsey, S.M., and 
Yokomi, R.K.) Maracay, Venezuela, pp. 137-142.

Orozco-Santos, M., Robles-González, M.M., Velázquez-Monreal, J.J., Manzanilla-Ramírez, M.A., Bermúdez-
Guzmán, M.J., Carrillo-Medrano, S.H., Medina-Urrutia, V.M., Hernández- Fuentes, L.M., Gómez-
Jaimes, R., Manzo-Sánchez, G., Farías-Larios, J., Nieto-Ángel, D., Mijangos-Hernández, E., Sánchez-
de la Torre, J.A. y Varela-Fuentes, S. 2014. El limón mexicano (Citrus aurantifolia). Libro Técnico Núm. 
1. SAGARPA, INIFAP, CIRPAC, Campo Experimental Tecomán. Tecomán, Colima, México. 477 p. 

Rivas-Valencia, P., Loeza-Kuk, E., Domínguez-Monge, S. and Lomas-Barrie, C. T. (2017). Chronic infection 
of the Citrus tristeza virus in Citrus sinensis/C. aurantium trees in a restrictive thermal regime in Yucatán. 
Revista Chapingo Serie Horticultura, 23(3):187-202. https://doi.org/10.5154/r.rchsh.2016.11.028  

Rivas-Valencia, P., Loeza-Kuk, E., Mora-Aguilera, G., Ruiz-García, N., Ochoa-Martínez, D. L., Gutiérrez-
Espinosa, A. and Febres, V. (2010). Análisis espacio-temporal de aislamientos del Citrus tristeza virus 
de Yucatán y Tamaulipas. Revista Mexicana de Ciencias Agrícolas, 1(4):493-507.

Minas, K., McEwan, N. R., Newbold, C. J., Scott, K. P. (2011). Optimization of a high-throughput CTAB-
based protocol for the extraction of qPCR-grade DNA from rumen fluid, plant and bacterial pure 
cultures. FEMS Microbiol, 325(2):162-9. https://doi.org/10.1111/j.1574-6968.2011.02424.x

Moreno, P., Ambrós, S., Albiach-Martí, M. R., Guerri, J. and Peña, L. (2008). Citrus tristeza virus: pathogen 
that changed the course of the citrus industry. Molecular Plant Pathology, 9(2):251–268. https://doi.
org/10.1111/j.1364-3703.2007.00455.x 

Müller, G. W. and Rezende, J. A. M. (2004). Preimmunization: applications and perspectives in virus disease 
control. pp. 361-395. In: Naqvi, S.A.M.H., ed. Diseases of Fruits and Vegetable-Diagnosis and 
Management 1. Kluwer, Amsterdam, Netherlands.

Roistacher, C. N. (1999). A report on a technical visit and consultancy to Jamaica. May 16-21.FAO, Rome.
Roy, A., Ananthakrishnan, G., Hartung, J. S. and Brlansky, R. H. (2010). Development and application of a 

multiplex reverse-transcription polymerase chain reaction assay for screening a global collection of Citrus 
tristeza virus isolates. Phytopathology, 100(10):1077-1088. https://doi.org/10.1094/PHYTO-04-10-0102

Saponari, M., Manjunath, K. and Yokomi, R. K. (2008). Quantitative detection of Citrus tristeza virus in citrus 
and aphids by real-time reverse transcription-PCR (TaqMan). J Virol Methods, 147(1):43-53. https://doi.
org/10.1016/j.jviroment.2007.07.026 

file:///C:\Users\Valeria\Desktop\2706%20Dra.%20Contreras%20Colpos-Montecillo\%20https:\doi.org\10.3389\fmicb.2013.00076
https://doi.org/10.1007/s00705-016-3070-x
https://doi.org/10.1186/1743-422x-6-116
https://doi.org/10.1094/PHYTO-95-0909
https://doi.org/10.5070/C50682709x
https://doi.org/10.1094/PDIS-05-12-421-RE
https://doi.org/10.5154/r.rchsh.2016.11.028
https://doi.org/10.1111/j.1574-6968.2011.02424.x
https://doi.org/10.1111/j.1364-3703.2007.00455.x
https://doi.org/10.1111/j.1364-3703.2007.00455.x
https://doi.org/10.1094/PHYTO-04-10-0102
https://doi.org/10.1016/j.jviroment.2007.07.026
https://doi.org/10.1016/j.jviroment.2007.07.026


163 AGRO PRODUCTIVIDAD 2024. https://doi.org/10.32854/agrop.v17i5.2706

Silva-Vara, S., Peña del Río, M. A., Peña-Martínez, R., Villegas-Jiménez, N., Byerly-Murphy, K. F. y Rocha-
Peña, M. A. (2001). Distribución del virus de la tristeza en tres plantaciones comerciales de cítricos del 
estado de Nuevo León, México. Agrociencia, 35(4): 441-450. 

Tatineni, S., Robertson, C. J., Garnsey, S. M. and Dawson, W. O. (2011). A plant virus evolved by acquiring 
multiple nonconserved genes to extend its host range. Proceedings of the National Academy of Sciences of the 
United States of America. 108(42):17366-1737. https://doi.org/10.1073/pnas.1113227108  

Wu, F., Huang, M., Fox, E.G.P., Huang, J., Cen, Y., Deng, X. and Xu, M. (2021). Preliminary Report on the 
Acquisition, Persistence, and Potential Transmission of Citrus tristeza virus by Diaphorina citri. Insects, 
12(735), 1-15. https://doi.org/10.3390/insects12080735     

Zhang, J., Xiao, Y., Chen, L., Cui, X., Deng, X. and Xu, M. (2023). First repor t of Citrus Tristeza virus in 
Diaphorina citri of different nymphal and adult stages or different sexes collected from field. Research 
Square 1, 1-10. https://doi.org/10.21203/rs.3.rs-2572097/v1

     

 

https://doi.org/10.1073/pnas.1113227108
https://doi.org/10.3390/insects12080735
https://doi.org/10.21203/rs.3.rs-2572097/v1

	_GoBack
	_Hlk34137943
	_Hlk67225462
	_Hlk66625406
	_Hlk156152290
	_Hlk135124183
	_Hlk159688226
	_Hlk159686677
	_Hlk159686704
	_Hlk159687716
	_Hlk159319033
	_Hlk159323641
	_Hlk159321167
	_Hlk159421783
	_Hlk159420825
	_Hlk159356796
	_Hlk150832918
	_Hlk150571745
	_Hlk150571839
	_Hlk148281513
	_Hlk148273364
	_Hlk148291850
	_Hlk148292255
	_Hlk148317692
	_Hlk135085597
	_Hlk149351189
	_Hlk135086097
	_Hlk135086145
	_Hlk163948452
	page3
	_Hlk160101892
	_Hlk158748510

