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Identification of antifungal biomarkers in Piper species through untargeted metabolomics
for the control of phytopathogens in Passiflora

Identificacion de biomarcadores antifungicos en especies del género Piper mediante
metabolomica no dirigida para el control de fitopatogenos en Pasifloras.
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ABSTRACT

In Colombia, the production of exotic fruits such as granadilla, gulupa, and passion fruit (Passiflorae) represents
one of the agricultural activities with the greatest economic potential. However, its performance is limited by the
incidence of diseases caused by phytopathogenic fungi, highlighting the need to develop more effective and
sustainable control strategies //-/. This study focused on identifying antifungal biomarkers in Piper spp. extracts
active against phytopathogenic fungi from Passifloras, through metabolomic and statistical analysis. The
antifungal activity (%ICM) of 65 ethanol extracts of Piper was evaluated against Colletotrichum sp., Alternaria
sp., Cladosporium sp., and Fusarium sp., isolated from infected leaves and fruits of Passiflora, using the agar
dilution method /#%. The chemical characterization of the extracts was performed by LC-MS (ESI-qTOF). The
integration of the metabolic profiles with bioactivity data, along with multivariate analysis through OPLS-DA
and S-plot graphs, allowed for the prioritization of species and compounds of interest. Subsequently, univariate
analysis with volcano plots was applied to identify differential compounds in the most active extracts (%ICM >
60), and compounds with significant differences (FC > 1.2; p < 0.05) were identified /”/. The results allowed for
the classification of Piper extracts into two distinct groups based on their antifungal activity: one highly active
group, with mycelial growth inhibition (%ICM) above 60%, and another with low or no activity. Within the more
active group, extracts from P. aduncum, P. umbellatum, P. lanceifolium, and P. trachidermum stood out, with
consistent effects against several phytopathogens. The comparison between groups established a direct
relationship between chemical composition and bioactivity. In particular, specific chemical biomarkers were
identified according to the evaluated fungus. Against Fusarium sp., compounds with m/z 137.1297, 589.4081,
and 681.5123 [M-H]" were highlighted in extracts of P. aduncum and P. umbellatum. For Colletotrichum sp., the
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most relevant biomarkers were m/z 455.3409, 614.4784, and 717.4617 [M-H]", identified in P. lanceifolium.
Against Cladosporium sp. and Alternaria sp., common compounds such as m/z 589.4081 and 702.4910 [M-H]*
were observed in species like P. aduncum and P. trachidermum. In conclusion, the untargeted metabolomics
approach, supported by multivariate and univariate statistical analyses, allowed for the differentiation of active
and inactive Piper spp. extracts and the identification of antifungal activity biomarkers. This chemical profile
differentiation reinforces the usefulness of this strategy to prioritize species with bioactive potential, whose
compounds represent promising candidates for the development of bioproducts aimed at controlling diseases in
Passiflora crops.
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RESUMEN

En Colombia, la produccion de frutas exdticas como la granadilla, la gulupa y el maracuya (Passiflorae),
representa una de las actividades agricolas con mayor proyeccion econdmica. No obstante, su rendimiento se ve
limitado por la incidencia de enfermedades causadas por hongos fitopatdgenos, lo que resalta la necesidad de
desarrollar estrategias de control mas efectivas y sostenibles //-¥/. El presente estudio se enfoco en identificar
biomarcadores antifungicos en extractos de Piper spp. activos frente a hongos fitopatogenos de Passifloras,
mediante andlisis metabolomico y estadistico. Se evalud la actividad antifungica (%ICM) de 65 extractos
etanolicos de Piper frente a Colletotrichum sp., Alternaria sp., Cladosporium sp. y Fusarium sp., aislados de
hojas y frutos enfermos de Passifloras, utilizando el método de dilucidon en agar /4. La caracterizacidn quimica
de los extractos se realizo mediante LC-MS (ESI-qTOF). La integracion de los perfiles metabolicos con los datos
de bioactividad, junto con analisis multivariado mediante OPLS-DA y graficos S-plot, permitid priorizar especies
y compuestos de interés. Posteriormente, se aplicd un analisis univariado con graficos de volcan para identificar
compuestos diferenciales en los extractos mas activos (%ICM > 60), y se identificaron compuestos con
diferencias significativas (FC > 1.2; p < 0.05) /7. Los resultados permitieron clasificar los extractos de Piper en
dos grupos bien diferenciados de acuerdo con su actividad antifungica: un grupo altamente activo, con inhibicion
del crecimiento micelial (%ICM) superior al 60%, y otro con baja o nula actividad. Dentro del grupo mas activo,
se destacaron extractos de P. aduncum, P. umbellatum, P. lanceifolium y P. trachidermum, cuyas muestras
mostraron efectos consistentes frente a varios fitopatogenos. La comparacion entre los grupos permitio establecer
una relacion directa entre la composicion quimica y la bioactividad. En particular, se identificaron biomarcadores
quimicos especificos segin el hongo evaluado. Frente a Fusarium sp., se destacaron compuestos con m/z
137.1297, 589.4081 y 681.5123 [M-H]" presentes en extractos de P. aduncum y P. umbellatum. Para
Colletotrichum sp., los biomarcadores mas relevantes fueron m/z 455.3409, 614.4784 y 717.4617 [M-H]",
identificados en P. lanceifolium. Frente a Cladosporium sp. y Alternaria sp., se observaron compuestos comunes
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como m/z 589.4081 y 702.4910 [M-H]" en especies como P. aduncum y P. trachidermum. En conclusion, el
enfoque basado en metabolémica no dirigida, apoyado en andlisis estadisticos multivariados y univariados,
permiti6 diferenciar extractos activos e inactivos de Piper spp. E identificar biomarcadores con actividad
antifiingica. Esta diferenciacion de perfiles quimicos refuerza la utilidad de esta estrategia para priorizar especies
con potencial bioactivo, cuyos compuestos representan candidatos promisorios para el desarrollo de bioinsumos
dirigidos al control de enfermedades en cultivos de Pasifloras.
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