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Downy mildews affect important crops and cause severe losses in production worldwide. Accurate identification and
monitoring of these plant pathogens, especially at early stages of the disease, is fundamental in achieving effective
disease control. The rapid development of molecular methods for diagnosis has provided more specific, fast, reliable,
sensitive, and portable alternatives for plant pathogen detection and quantification than traditional approaches.
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| 1. Downy Mildew Pathogens

Downy mildew (DM) pathogens include several species of obligate oomycetes that can cause devastating damage to
commercial @, landscape @, and natural ecosystem plants [BI4IE  Species such as Plasmopara viticola €,
Pseudoperonospora cubensis 4, Pseudoperonospora humuli B2, peronospora belbahrii 19, plasmopara obducens 11,
Peronospora tabacina 12 Peronospora effusa 13|, Peronosclerospora philippinensis, and Sclerophthora rayssiae var.
zeae 14 have resulted in significant losses due to downy mildew epidemics around the world. In some instances, the
epidemics have been so severe that they have prompted historical shifts in crop production 22617118 |y addition to the
aggressiveness of these pathogens, fungicide insensitivity further compounds losses attributed to disease 12120121][22]
Thus, research to improve diagnostics and management of downy mildew pathogens has become a priority for the

scientific community in recent years [2311241125](26]

| 2. How to Find Downy Mildew Pathogens

The diagnostics of downy mildew diseases has mainly relied upon direct observation of symptoms and signs using the
naked eye or hand lenses and microscopes Z4. This is possible after observing their sexual (e.g., antheridia and oogonia)
and asexual structures (e.g., sporangiophores, sporangia, and zoospores) (Figure 1) involved in survival and dispersion,
and because many downy mildew pathogens produce distinctive foliar signs and symptoms when colonizing a host plant
(21281291 However, such methods fall short when detection in seed or planting material is needed B2 when symptoms
and/or signs are not characteristic enough, resulting in misdiagnosis 2%, or when the pathogen identity to species,
pathotype, or clade level has disease management implications B4 (Figure 2).




Figure 1. Sporangiophores and sporangia of downy mildew pathogens observed under a compound microscope. Bremia
lactucae (A); Peronospora belbabhrii (B); Pseudoperonospora cubensis (C); Peronospora chenopodii-ambrosioidis (D).
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