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Editorial

The simplest RNA replicons, viroids: A tribute to Ricardo Flores

Check for
updates

Dr. Ricardo Flores, a guru of viroid science, passed away from cancer
in December two years ago. The journal Virus Research has recently
invited Francesco Di Serio, Nobuhiro Suzuki and myself to organize a
special issue entitled ‘The simplest RNA replicons, viroids: A tribute to
(the legacy of) Ricardo Flores’. This special issue is published in memory
of Dr. Flores who made tremendous contributions to the field of viroid
research and served as an inspiring mentor to many students and post-
doctoral fellows (see Pallas et al. in this special issue). Dr. Flores has
made very significant contributions on the identification, replication,
pathogenesis and evolution of viroids -minimal non-protein-coding cir-
cular RNAs (250-400 nt) able to replicate and incite diseases in plants-
which are the lowest step of the biological scale (Pallas et al., 2022).

Currently, viroids are classified by the International Committee
Taxonomy of Viruses into two families based on differences in their
replication site and strategy and in their secondary structure: Avsunvir-
oidae and Pospiviroidae. The family Avsunviroidae accommodates three
genera (Avsunviroid, Elaviroid, Pelamoviroid), to which five species are
assigned (Di Serio et al., 2018). Thirty-nine species are classified in five
genera (Apscaviroid, Cocadviroid, Coleviroid, Hostuviroid, Pospiviroid)
within the family Pospiviroidae (Di Serio et al., 2021). Viroids, though
the smallest replicons, utilize many host factors to complete their in-
fectious cycle, from RNA replication to cell-to-cell and in-plant systemic
spread. Consequently, viroids alter host cell physiology at various levels
and often cause symptoms in many crops. Plant hosts perceive viroids
and exert antiviroid defense, while viroids tolerate host defense
responses.

The scope of this SI covers all aspects of viroid research such as viroid
identification and characterization, origin and evolution, replication,
pathogenesis, adaptation, and anti-viroid defense, and control measures.

Navarro et al. (2023) summarize early experiments that in the 90
allowed the identification of four new viroids in the Ricardo Flores’
laboratory and highlight how some of them became valuable experi-
mental model systems to unveil many general features of viroids.

de la Pena and Gago-Zachert (2022) discuss the origin and the evo-
lution of some plant-infecting viroids and human-infecting deltaviruses,
both of which have commonality such as the circular nature of genomic
RNAs and autocatalytic ribozyme activity, from the RNA world’s
viewpoint.

Balazs et al. (2022) point out why the studies on a pararetroviroid, a
viroid-like RNA identified by the research team directed by Ricardo
Flores and existing in both RNA and DNA forms in carnation plants,
marked a new paradigm in the co-evolution of plants and pathogens.

Several chapters deal with changes induced upon viroid infection. Di
Serio et al. (2023) address the role of RNA silencing in plant anti-viroid
defense and viroid pathogenesis. Gomez et al. (2022) review recent
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revelations in the relationship between viroid infection and DNA
methylation-mediated changes in host transcriptome, while the poten-
tial occurrence of RNA post-transcriptional RNA modification in both
viroids and viruses are investigated by Marquez-Molins et al. (2023). Li
et al. (2022) show the reprograming of metabolism in an important
traditional Chinese medicinal herb by infection with an apscaviroid.
Sano and Kashiwagi (2022) report the role of host selective pressure on
the evolution of infecting viroid populations.

In the article by Ma et al. (2022) the most relevant questions that
remain to be tackled to further understand the molecular interplay be-
tween viroids and their hosts are discussed.

Carbonell (2022) reviews RNAI strategies used to control viroid in-
fections in plants, focusing on the advantages and perspective of artifi-
cial small RNA (art-sRNA)-based tools for controlling viroid diseases.

It should be noted that one chapter features citrus tristeza virus on
which Dr. Flores also worked during his career. Moreno et al. (2022)
overview the biology of citrus tristeza virus (CTV), the largest (+) RNA
plant RNA virus, with a focus on a virally encoded protein p23.

Research on viroids has led to seminal discoveries in plant biology.
This special issue, dedicated to the memory of Dr. Ricardo Flores, pre-
sents recent progresses on various viroid studies and we strongly believe
that continued significant contributions to molecular biology in general,
virology and phytopathology will be made by this fascinating research
field in the near future.

References

Balazs, E., Hegedds, K., Divéki, Z., 2022. The unique carnation stunt-associated para-
retroviroid. Virus Res. 312, 198709.

Carbonell, A., 2022. RNAI tools for controlling viroid diseases. Virus Res. 313, 198729.

de la Pena, M., Gago-Zachert, S., 2022. A life of research on circular RNAs and ribo-
zymes: towards the origin of viroids, deltaviruses and life. Virus Res. 314, 198757.

Di Serio, F., Li, S.F., Matousek, J., Owens, R.A., Pallas, V., Randles, J.W., Sano, T.,
Verhoeven, J.T.J., Vidalakis, G., Flores, R., 2018. ICTV virus taxonomy profile:
avsunviroidae. J. Gen. Virol. 99, 611-612.

Di Serio, F., Owens, R.A., Li, S.F., Matousek, J., Pallas, V., Randles, J.W., Sano, T.,
Verhoeven, J.T.J., Vidalakis, G., Flores, R., 2021. ICTV virus taxonomy profile:
pospiviroidae. J. Gen. Virol. 102, 001543.

Di Serio, F., Owens, R.A., Navarro, B., Serra, P., Martinez de Alba, A.E., Delgado, S.,
Carbonell, A., Gago-Zachertf, S., 2023. Role of RNA silencing in plant-viroid inter-
action and in viroid pathogenesis. Virus Res. 323, 198964.

Gomez, G., Marquez-Molins, J., Martinez, G., Pallas, V., 2022. Plant epigenome alter-
ations: an emergent player in viroid-host interactions. Virus Res. 318, 198844.

Li, S., Wu, Z.G., Zhou, Y., Dong, Z.F., Fei, X., Zhou, C.Y., Li, S.F., 2022. Changes in
metabolism modulate induced by viroid infection in the orchid Dendrobium offici-
nale. Virus Res. 308, 198626.

Ma, J., Dissanayaka Mudiyanselage, S.D., Wang, Y., 2022. Emerging value of the viroid
model in molecular biology and beyond. Virus Res. 313, 198730.

Marquez-Molins, J., Judrez-Gonzalez, V.T., Gomez, G., Pallas, V., Martinez, G., 2023.
Occurrence of RNA post-transcriptional modifications in plant viruses and viroids
and their correlation with structural and functional features. Virus Res. 323, 198958.

0168-1702/© 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).


http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0001
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0001
http://refhub.elsevier.com/S0168-1702(22)00325-2/optqX3uggzKNu
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0002
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0002
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0003
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0003
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0003
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0004
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0004
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0004
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0005
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0005
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0005
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0006
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0006
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0007
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0007
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0007
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0008
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0008
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0009
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0009
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0009
www.sciencedirect.com/science/journal/01681702
https://www.elsevier.com/locate/virusres
https://doi.org/10.1016/j.virusres.2022.198996
https://doi.org/10.1016/j.virusres.2022.198996
https://doi.org/10.1016/j.virusres.2022.198996
http://crossmark.crossref.org/dialog/?doi=10.1016/j.virusres.2022.198996&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Editorial

Moreno, P., Lopez, C., Ruiz-Ruiz, S., Pena, L., Guerri, J., 2022. From the smallest to the
largest subcellular plant pathogen: citrus tristeza virus and its unique p23 protein.
Virus Res. 314, 198755.

Navarro, B., Ambrs, S., Di Serio, F., Hernandez, C., 2023. On the early identification and
characterization of pear blister canker viroid, apple dimple fruit viroid, peach latent
mosaic viroid and chrysanthemum chlorotic mottle viroid. Virus Res.

Pallas, V., Hernandez, C., Marcos, J.F., Daros, J.A., Ambros, S., Navarro, B., Navarro, J.
A., de la Pena, M., Gago-Zachert, S., Gas, M.E., Carbonell, A., Lopez, C., de Alba, A.E.
M., Di Serio, F., Moreno, P., 2022. In memoriam of Ricardo Flores: the career,
achievements, and legacy of an inspirational plant virologist. Virus Res. 312,
198718.

Sano, T., Kashiwagi, A., 2022. Host Selection-producing variations in the genome of hop
stunt viroid. Virus Res. 311, 198706.

Virus Research 323 (2023) 198996

Vicente Pallas®’, Francesco Di Serio”, Nobuhiro Suzuki®
@ IBMCP, Consejo Superior de Investigaciones Cientificas-Universitat
Politecnica de Valencia, Av. De los Naranjos s/n Ed. 8E CPI, Valencia
46020, Spain.

b Consiglio Nazionale delle Ricerche, Istituto per la Protezione Sostenibile
delle Piante, Via Amendola 122/D, Bari 70126, Italy

¢ Institute of Plant Science and Resources, Okayama University, Chuou 2-
20-1, Kurashiki, Okayama 710-0047, Japan

* Corresponding author.
E-mail address: vpallas@ibmcp.upv.es (V. Pallas).


http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0010
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0010
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0010
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0011
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0011
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0011
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0012
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0012
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0012
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0012
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0012
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0013
http://refhub.elsevier.com/S0168-1702(22)00325-2/sbref0013
mailto:vpallas@ibmcp.upv.es

	The simplest RNA replicons, viroids: A tribute to Ricardo Flores
	References


