SUPPLEMENTARY INFORMATION

doi:10.1038/naturel4171

SUPPLEMENTARY DISCUSSION

Supplementary Discussion 1: The mechanistic model of NIK1-mediated antiviral
signaling’.

Stress-induced oligomerization of the extracellular domain of NIK1 brings the intracellular
kinase domains into proximity and allows them to transphophorylate Thr-474 and activate one
another'. Alternatively, NIK1 interacts with an unknown ligand-binding LRR-RLK in a
stimulus-dependent manner. Activated NIK1 regulates the nucleocytoplasmic trafficking of the
ribosomal protein RPL10 in turn, linking the antiviral response to receptor activation. NSP
counters the activation of the pathway by binding to the NIK1 kinase domain and sterically
interfering with the phosphorylation of Thr-474 in the A-loop. Apart from the identification of
RPLI10 as a downstream effector in NIK1-mediated antiviral immunity, mechanistic knowledge
of the signaling pathway is lacking, and the molecular nature of the defense response remains
unclear. The limited progress toward deciphering this layer of plant defense is likely due to our
complete lack of knowledge of the molecular bases of the critical early events that trigger
signaling and transduction from the receptor. This lack of knowledge makes it impossible to
elicit the signaling pathway in a controlled manner without also eliciting the side effects of virus
infection, as the viral protein NSP suppresses the signaling pathway to cause disease. To
overcome this limitation, we generated a NIK1 phosphomimetic mutant by replacing the key
threonine residue at position 474 with an aspartate residue (T474D)>. The T474D gain-of-
function mutant receptor displayed a 1.5-fold increase in phosphorylation activity and an
enhanced capacity to relocate RPL10 to the nucleus. In this study, we replaced the normal NIK1
receptor with the gain-of-function mutant in transgenic Arabidopsis lines to understand the

molecular bases of the NIK1-mediated defense mechanism.
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Supplementary Discussion 2: Ectopic expression of T474D did not activate typical viral
defenses, such as SA signaling or virus-induced gene silencing

Compelling evidence in the literature has revealed a fundamental role for members of the
Arabidopsis LRRII-RLK subfamily as co-receptors for transducing defense and development
signals3. As a member of the LRR-RLKII subfamily, NIK1 may serve as a receptor for the co-
receptor BAK1, which has also been implicated in viral immunity4. However, the constitutive
activation of NIK1 and LIMYB overexpression did not induce typical BAK1-mediated defense
responses, such as PTI or SA signaling marker genes, but rather repressed translation-related
genes and impaired translation. In fact, our data indicate that virus infection is the trigger of the
NIK1-mediated antiviral signaling and the output of transducing the defense signal consists in
suppression of translation. Therefore, we reported here the identification of a new downstream
component of the NIK1-mediated antiviral immunity, LIMYB, which is linked to a translational

control branch of the antiviral signaling pathway.

Supplementary Discussion 3: Differential polysome loading of specific mRNAs by T474D
expression

The association of the host mRNAs (RBCS, AtWWP1, S13 and S39 genes) in actively translating
polysome (PS) fractions was significantly reduced in T474D-overexpressing lines compared to
the wild-type line, although to a different extent; S39 and viral mRNA were more affected. The
differential reduction on polysome loading of specific mRNAs mediated by T474D may be
linked to their intrinsic structural properties (size, uORFs, 5” and 3’ UTR cis-regulatory
elements), which can affect their specific association with ribosomal components5 7. Therefore,

the activation of NIK1 reduces the global levels of translation, but the effect may not be the same
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for all mRNAs. This down-regulation of cytosolic translation might at least partially underlie the
molecular mechanisms involved in NIK1-mediated antiviral defenses. Although the half-life of
plant ribosomes is not known, the ribosomes in plants are expected to have a relatively slow
turnover time. Accordingly, the fluctuations of RP transcript levels during undisturbed diurnal
cycles have little impact on ribosome abundance®. Despite the high stability of plant ribosome
complexes, we found a 12% reduction in the ribosome content after 8h of T474D expression, as
an indicative that activation of NIK1 may have also affected ribosome turnover in addition to
mediating a down-regulation of RP gene expression. The NIK1-mediated phosphorylation and
subsequent relocation of RPL10 to the nucleus may disrupt ribosome unit and affect ribosome
turnover. Yeast RPL10 is positioned close to the peptidyl-transferase site on the large subunit; it
is required for joining of the 40S and 60S subunits and for large subunit nuclear export through
direct interaction with Nmd3p, a NES (nuclear export signal)-containing protein that is
specifically associated with 60S subunits’. Disruption of RPL10-60S association may impact the
correct assembly of the 60S subunit; thereby increasing the ribosome turnover rate. Plant RPL.10
may also play fundamental roles in ribosome function, as it has been shown to be essential for

development and to function as a translational control factor under UV stress'.

Supplementary Discussion 4: Conclusion

In conclusion, the constitutive activation of NIK1 in the T474D lines impaired
translation; this activation might constitute an excellent strategy for fighting begomovirus
infection in host cells. Consistent with this finding, the overexpression of the downstream
component LIMYB repressed RP gene expression, suppressed translation and enhanced
tolerance to begomovirus. Nevertheless, antiviral defense systems mediated by suppression of

global host translation have not been previously identified in plants. However, as begomoviruses
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rely completely on the plant translational machinery and cannot circumvent host translational
regulation, the global repression of translation is expected to significantly affect virus infection,
as was observed in the T474D- and LIMYB-overexpressing lines. The demonstration that
immune receptor-mediated defense signaling controls translation in plant cells represents a new

paradigm for antiviral defenses in plants.
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