[bookmark: viroidheat-supplementary-information]ViroidHeat — Supplementary Information
Additional file 1 to: Coordinated suppression of photosynthesis- and nitrogen-related gene expression is associated with Citrus bark cracking viroid stunting in hop.
[bookmark: supplementary-information-inventory]Supplementary Information: Inventory
Organised as six thematic Supplementary Notes in order of first citation in the main text; figures (Fig S1–S13) are numbered globally within this file (Fig S12 and S13 were added in the revision) and data tables (Table ST1–ST19) are provided as Additional file 2.
[bookmark: supplementary-notes]Supplementary Notes
	Note
	Topic
	Cited in main text

	1
	Leaf proline (methods + figure + discussion)
	Methods, Physiological measurements

	2
	Sequencing & mapping QC (Cascade)
	Methods, RNA sequencing

	3
	DEG overview, sample MDS + model sensitivity
	Methods, Read processing; Results

	4
	GO & KEGG gene-set enrichment (Cascade)
	Methods, Functional annotation; Results

	5
	qPCR validation + Sanger amplicon confirmation
	Methods, qPCR and Sanger validation; Results; Discussion

	6
	Reference-genome comparison (Cascade, Kew, Apollo)
	Methods, Reference cross-validation


[bookmark: supplementary-figures]Supplementary Figures
	Fig
	Note
	Content

	S1
	1
	Leaf proline time course

	S2
	2
	Per-library mapping QC (Cascade), fate + library size

	S3
	3
	Sample MDS

	S4
	3
	Core genes under two DE models (sensitivity)

	S5
	4
	GO enrichment map, May

	S6
	4
	GO enrichment map, August

	S7
	4
	GO enrichment map, treatment × timepoint interaction

	S8
	4
	GO ridge, treatment × timepoint interaction

	S9
	5
	qPCR per-gene boxplot

	S10
	6
	Kew read mapping fate (cross-validation)

	S11
	6
	Cascade vs Kew log₂FC of the Cascade DEGs

	S12
	2
	Sequencing depth, PCA and sample correlation (revision)

	S13
	5
	Hop NRT2 family phylogeny (revision)


All figures are sized to Springer column widths (85 mm single / 170 mm double; max height 225 mm).
[bookmark: supplementary-tables-additional-file-2]Supplementary Tables (Additional file 2)
	Table
	Note
	Content

	ST1
	1
	Leaf proline per-plant data

	ST2
	2
	Per-library sequencing/mapping QC incl. assigned read pairs

	ST3
	3
	DEGs May (228)

	ST4
	3
	DEGs August (41)

	ST5
	3
	Persistent DEGs (8, May ∩ August)

	ST6
	3
	Genes with significant treatment × timepoint interaction (12)

	ST7
	4
	GSEA GO/KEGG, May, August and interaction

	ST8
	4
	ORA per timepoint, GO (a) / KEGG (b)

	ST9
	5
	qPCR primers (F/R sequence, length, GC %)

	ST10
	5
	qPCR × RNA-seq correlation (16 points)

	ST11
	5
	Sanger amplicon consensus sequences (FASTA)

	ST12
	6
	Cascade↔Kew reciprocal best hits (genome-wide)

	ST13
	6
	Kew cross-validation of the Cascade DEGs (a pairs, b summary)

	ST14
	5
	Hop NRT2 gene family (location, identity to Arabidopsis NRT2)

	ST15
	2/3
	Raw featureCounts (a) / TMM-normalised (b) counts

	ST16
	3
	Leave-one-library-out sensitivity analysis

	ST17
	–
	Virus and viroid reads per library (AHpLV, HpLV, HLVd, HSVd, CBCVd)

	ST18
	–
	HLVd and CBCVd RT-qPCR of the experimental plants, September 2022

	ST19
	1
	Mixed-model results for chlorophyll, proline and biomass


[bookmark: notes-on-completeness]Notes on completeness
· Data & code availability: raw reads at ENA PRJEB110290; all scripts, intermediate tables
and publication figures at the accompanying repository (Zenodo DOI to be assigned).
· Supplementary Methods are distributed into the relevant Notes (proline assay → Note 1; STAR/
edgeR pipeline → main Methods + Note 2; Sanger → Note 5; reference comparison → Note 6).
· 
[bookmark: methods]

Supplementary Note 1: Leaf proline
Methods
Free proline was determined in leaf material of the same field/chamber experiment by the acid-ninhydrin colorimetric assay (after Bates et al. [S1]): tissue was extracted, reacted with ninhydrin, and absorbance read at 520 nm against an L-proline standard curve (three technical replicates per sample), and the content expressed per gram fresh weight. Samples spanned the 2023 season (26 May, 16 June, 2 August, 14 August) for CBCVd-infected and CBCVd-negative control plants in both temperature chambers; an additional date in the previous season (3 August 2022), when no symptoms were visible, is included in Table ST1. All plants received the same irrigation (main text, Methods). The 2023 data were analysed with a linear mixed model (treatment × date, chamber as fixed effect, plant as random effect; lme4/lmerTest, Satterthwaite degrees of freedom), with treatment contrasts per date and 95 % confidence intervals (emmeans). Raw values: Table ST1; model results: Table ST19.
Reference cited in this Note
[bookmark: result][S1] Bates LS, Waldren RP, Teare ID. Rapid determination of free proline for water-stress studies. Plant Soil. 1973;39(1):205–7. https://doi.org/10.1007/BF00018060
Result
[image: media/image1.png]
Supplementary Fig S1. Leaf proline over the 2023 season, by infection status. Leaf proline (µg g⁻¹ fresh weight); points = individual plants (jittered), symbols and error bars = group mean ± SE; green = CBCVd-negative control, magenta = CBCVd-infected; per-date Welch t-tests annotated (significance code and p; uncorrected, the mixed-model results are given in the text). Temperature chambers (1 and 2) are pooled; 26 May and 2 August coincide with the RNA-seq sampling dates.
[bookmark: brief-discussion]Brief discussion
In the mixed model, the effect of CBCVd on leaf proline depended on the date (treatment × date P < 0.001; treatment P = 0.002). Proline was strongly elevated in infected plants on 26 May, the date of the May RNA-seq sampling (+246 µg g⁻¹ FW, +154 %; 95 % CI +168 to +324), but did not differ on 16 June, 2 August or 14 August (95 % CIs including zero; Table ST19), nor on 3 August 2022, before symptoms were visible (Welch P = 0.19). The transient proline accumulation in May coincides with the ABA- and drought-associated transcriptional signature in the May DEG set (ATHB7, DHN1, MFT) and suggests an osmotic-stress component early in the season that is not maintained later. (Leaf chlorophyll, the other physiological readout, is shown in main Fig 1B.)


[bookmark: X404996a1090e9487745e3528e9cfe68d95e782f]Supplementary Note 2: Sequencing & mapping quality control
Per-library read and mapping statistics for the 16 mRNA libraries against the Cascade reference used for all downstream analyses. (The parallel Kew/drHumLupu mapping is shown as a reference cross-validation in Supplementary Note 6.) Full per-library table: Table ST2.
[image: media/image2.png]
Supplementary Fig S2. Per-library sequencing and mapping QC (Cascade reference). (A) Read mapping fate (STAR 2-pass): uniquely mapped (blue), multi-mapping (amber), unmapped (grey), as % of input reads. (B) Library size (million raw read pairs) by infection. cutadapt v5.2 retained 99.97–99.98 % of read pairs (raw ≈ trimmed). The unmapped fraction is high (mean uniquely mapped ≈ 31 %, range 18–64 %), as expected from Herkules × Cascade cultivar divergence, hop genomes are highly heterozygous with large structural variation between cultivars. Trimming pass rates are ~100 %, and the same pattern reproduces against an independent reference (Note 6). However, effective sequencing depth differs strongly between libraries: 1.1 to 32.7 M fragments per library (median 5.9 M) were assigned to genes, and the shallowest library (K-P1-5) is an outlier in the PCA and in the sample correlations (Fig S12). The sensitivity of the DEG calls to single libraries is quantified in Table ST16 (leave-one-library-out). The main reason for the low and uneven mapping is ribosomal RNA: it was not depleted before library preparation and accounts for about 30 % of the reads on average (blastn against SILVA, 50,000 reads per library), with a strong association with timepoint (39 to 66 % in August against mostly 4 to 18 % in May). This explains the libraries individually, including the extremes in both directions: CB-P2-8 has 1.8 % rRNA and the highest unique-mapping rate (63.8 %), K-P1-5 has 64.2 % and the lowest (16.9 %). Re-mapping after computational rRNA removal left the gene-level results unchanged (log₂FC correlation r = 1.00 overall and 0.999 in August, with identical DEG sets), so the differential expression reported here is not driven by this contamination. Cascade mapping statistics are from the original study STAR run (parameters as in Methods).
[image: media/image2.png]
Supplementary Fig S12. Effective sequencing depth and sample structure (added in revision). (A) PCA of log-CPM (genes with CPM > 1 in at least four libraries); colour = infection, symbol = timepoint. (B) Spearman correlation between libraries. (C) Read mapping fate per library against the Cascade reference. Assigned fragments per library ranged from 0.5 to 32.7 M; library K-P1-5 (lowest effective depth) is separated in (A) and (B).


[bookmark: Xf48d8ab2a05fcab82298c35430431d1366f044b]Supplementary Note 3: Differential-expression overview
Sample relationships and a sensitivity analysis of the differential-expression model. In the revised analysis, CBCVd-infected and control pools are compared separately at each timepoint without a blocking factor, and the treatment × timepoint interaction is tested within pools (main text, Methods). In the originally submitted analysis, a four-level blocking factor (pool numbers P1 to P4) was shared between the CBCVd-infected and the control series, although these pools are not paired; the residual correlation of libraries with the same pool number across treatments was −0.03 (P = 0.68), whereas repeated sampling of the same pool in May and August gave a weak positive correlation (0.13, P = 0.008). The effect sizes of the core genes are nearly identical under both models, whereas their significance depends on the model (Fig S4). DEG lists: Tables ST3–ST6.
[image: media/image3.png]
Supplementary Fig S3. Sample MDS (edgeR leading-log₂FC distances, Cascade, 16 libraries). Colour = infection (green control / magenta CBCVd), symbol = timepoint (circle May / triangle August), labels = biological replicate plant. Dimension 2 separates the two timepoints; the infection effect is subtler, consistent with the modest per-timepoint DEG counts. Library K-P1-5, the library with the lowest effective depth, is separated from the other libraries (see Fig S12).
[image: media/image4.png]
Supplementary Fig S4. Sensitivity of the core genes to the differential-expression model. log₂FC of CBCVd vs control for the persistent genes of the submitted analysis (grey, per timepoint with the shared blocking factor P1 to P4) and of the revised analysis (green, per timepoint without blocking factor), in May and August; filled symbols = FDR < 0.05 and |log₂FC| ≥ 1. Effect sizes agree closely, significance differs for some genes (e.g. NRT25b at both timepoints, E13B and 002581F.g2 in May). Across models, the number of DEGs was 139 to 216 in May and 15 to 24 in August with the earlier, reverse-stranded counting; with the unstranded counting used here it is 162 in May and 12 in August; the treatment × timepoint interaction was significant for 0 genes in models with a shared or no blocking factor and for 9 genes in the paired within-pool test used in the main text.
Tables: ST3 DEGs May (162) · ST4 DEGs August (12) · ST5 persistent DEGs (1, May ∩ August) · ST6 genes with significant treatment × timepoint interaction (9) · ST16 leave-one-library-out analysis. Counts: ST15.


[bookmark: X136b4811263596f79501dd8c33d5f30c96797a5]Supplementary Note 4: GO & KEGG gene-set enrichment
GSEA (fgsea) on the full ranked gene lists per timepoint and for the treatment × timepoint interaction, complementing the per-timepoint KEGG ridge in the main text (main Fig 3). Normalised enrichment scores of the revised and the submitted analysis correlate closely (GO gene sets: r = 0.90 in May and 0.83 in August; KEGG: 0.92 and 0.84; same direction for 84 to 91 % of the gene sets). Enrichment tables: ST7 (GSEA GO/KEGG, single table with Contrast and Database columns), ST8 (per-timepoint ORA, GO and KEGG in one table). KEGG enrichment used an Arabidopsis thaliana proxy mapping that assigned only 17 % of the tested genes to a pathway, so the GO results are shown here.
[bookmark: go]Per timepoint
[image: media/image5.png]
Supplementary Fig S5. GO enrichment map, May (CBCVd vs control). Nodes = top 28 GO sets by adjusted P (fill = NES, blue suppressed / orange activated; size = set size), edges = shared leading-edge genes (Jaccard ≥ 0.10), MDS layout. Photosynthesis/chloroplast, cell-wall and cytosolic-translation sets are suppressed.
[image: media/image6.png]
Supplementary Fig S6. GO enrichment map, August (CBCVd vs control), encoding as Fig S5. Photosynthesis/chloroplast sets remain suppressed (chloroplast thylakoid membrane NES −2.61, padj 2×10⁻²⁴), whereas cytosolic ribosome and translation sets are now activated.
[bookmark: kegg]Treatment × timepoint interaction
[image: media/image7.png]
Supplementary Fig S7. GO enrichment map of the treatment × timepoint interaction (paired within-pool test; positive NES = CBCVd effect more positive in August than in May), encoding as Fig S5. Cytosolic ribosome and translation (structural constituent of ribosome NES +2.91, padj 8×10⁻²⁸), plant-type cell wall and apoplast sets shift upwards, response to heat and chromatin-related sets downwards.
[image: media/image8.png]
Supplementary Fig S8. GO ridge plot of the treatment × timepoint interaction. Density of the member-gene interaction log₂FC for the top 22 sets by adjusted P; dashed line = 0.

[bookmark: Xf36911057c93eed8b19ed5f3387a4c2102ffcbf]Supplementary Note 5: qPCR validation & Sanger amplicon confirmation
Independent validation of the RNA-seq DEGs by RT-qPCR, with the qPCR amplicons of the significant differentially expressed genes checked for identity by Sanger sequencing. Primers: Table ST9; qPCR×RNA-seq values: Table ST10; Sanger amplicon consensus sequences: Table ST11. (The main-text qPCR×RNA-seq correlation is main Fig 2D.)
The qPCR followed MIQE essentials: amplification efficiencies from LinRegPCR, 7SL reference gene, the Linker sample as calibrator, and n = 8 biological replicates per group.
[bookmark: per-gene-qpcr-detail]Per-gene qPCR detail
[image: media/image11.png]
Supplementary Fig S9. Per-sample relative expression (log₂, −ΔΔCt vs 7SL, Linker calibrator) by gene and treatment group (n = 8); boxplots with individual points, green = control, magenta = CBCVd. NRT25b is excluded from the quantitative correlation (LinRegPCR efficiency 71.9 ± 6.9 %, flagged for redesign); overall Pearson r = 0.89 across the remaining genes (May 0.96, August 0.96; main Fig 2D).
[bookmark: sanger-confirmation-of-amplicon-identity]Sanger confirmation of amplicon identity
The qPCR products were Sanger-sequenced from both the forward and reverse primer across two sequencing rounds (Macrogen Europe), base-called and quality-trimmed (Biopython, Mott's algorithm), and identified by BLASTn against the full panel of target transcripts. Accepted reads (≥ 25 bp aligned, ≥ 85 % identity) were assembled into a reference-guided, per-amplicon consensus by orienting each read onto the plus strand of its target transcript and merging overlapping reads by per-position majority vote. Every assembled amplicon returned its intended target transcript as the best BLAST hit, giving a gapless, multi-read consensus for each of the differentially expressed genes below; the consensus sequences are provided in Table ST11.
	Gene
	Target transcript
	Function
	Reads
	Consensus

	NRT25
	000404F.g19.t1
	High-affinity nitrate transporter 2.5
	4
	169 bp, gapless

	MIOX4
	001331F.g30.t3
	Inositol oxygenase
	4
	98 bp, gapless

	SODCP
	004860F.g4.t1
	Superoxide dismutase [Cu-Zn]
	3
	62 bp, gapless

	YSL1
	000482F.g43.t1
	Metal-nicotianamine transporter
	6
	189 bp, gapless

	PSY
	000802F.g35.t2
	Phytoene synthase
	4
	148 bp, gapless

	DHN1
	000562F.g82.t1
	Dehydrin
	4
	73 bp, gapless

	E13B
	007625F.g12.t1
	Glucan endo-1,3-β-glucosidase
	4
	128 bp, gapless


Reads were pooled across both sequencing rounds; per-read BLAST metrics and the read-to-gene assignment are in the run tables.
[image: media/image11.png]
Supplementary Fig S13. Hop NRT2 gene family (added in revision). (A) Maximum-likelihood tree (FastTree, LG model; MAFFT alignment) of the five hop NRT2 genes with SwissProt NRT2 proteins, rooted on Arabidopsis NPF6.3; node labels = local support values. The two NRT2.5-like loci (000404F.g19, 006054F.g2; magenta) cluster with Arabidopsis NRT2.5, the three genes on scaffold 000450F with NRT2.1 to NRT2.4. (B) Amino-acid identity of the hop genes to the Arabidopsis NRT2 proteins (74 % for both NRT2.5-like loci to NRT2.5). (C) log₂FC CBCVd vs control in leaves (* FDR < 0.05 and |log₂FC| ≥ 1); two of the three NRT2.1/2.4-like genes were not expressed in leaves and were removed by the expression filter, and the third (000450F.g31) passed the filter in May only and showed no response (log₂FC 0.5). Gene locations and identities: Table ST14.
Supplementary Note 6: Reference-genome comparison (Cascade, Kew and Apollo)
[bookmark: rationale]Rationale
The primary analysis used the H. lupulus cv. Cascade assembly (combinedMaskedCascadePrimary_v2), which diverges from the sequenced cultivar (Herkules) and yields a high unmapped fraction (Note 2). To confirm that the CBCVd response is biological rather than a Cascade-assembly artefact, and that Cascade is the best available reference, we benchmarked three public hop genomes against each other on the same data.
[bookmark: design]Design
All three references were first pre-screened by mapping quality on all 16 libraries (the identical 2 × 2 design, CBCVd vs control × May vs August, four replicates). The differential-expression deep-dive was then run only on the references that passed the pre-screen (Cascade and Kew), using the same edgeR model as in the main text (CBCVd vs control per timepoint, FDR < 0.05 and |log₂FC| ≥ 1). The European chromosome-level genome Kew serves as the independent cross-validation, and the European × North-American hybrid genome Apollo was tested as a candidate alternative.


[bookmark: mapping-pre-screen-16-libraries]Mapping pre-screen (16 libraries)
Mean STAR mapping across the 16 libraries (unique / multiple / unmapped):
	Reference
	Accession
	Type
	n libs
	Unique %
	Multi %
	Unmapped %

	Cascade
	GCA_023660075
	draft, contigs (US cultivar)
	16
	30.4
	20.2
	49.4

	Kew / drHumLupu1.1
	GCA_963169125
	chromosome-level (European)
	16
	31.2
	4.5
	64.4

	Apollo
	GCA_963992765
	chromosome-level (Hybrid)
	16
	30.7 ¹
	26.6 ¹
	42.7 ¹


¹ Apollo was run single-pass without a gene model (no matching annotation available, see below), per-library unique range 12.6–69.8 %. Multi = "multiple" + "too many" loci; unmapped = "too short" + "other". Per-library values in Table ST2.
The three genomes give the same share of usable (uniquely mapped) signal (Cascade 30.4 %, Kew 31.2 %, Apollo 30.7 %): neither chromosome-scale contiguity (Kew) nor the hybrid assembly (Apollo) raises unique mapping materially above the Cascade draft. The surplus only shifts elsewhere, into multi-mapping for Cascade and Apollo (20–27 %, from redundant or repetitive content) and into the unmapped fraction for Kew (64 %). The consistently high unmapped fraction across all genome references reflects the divergence between Herkules and every public cultivar assembly (hop genomes are highly heterozygous); it is not a library-quality problem, since adapter and quality trimming passed essentially all reads (Note 2).
[bookmark: Xe1cd4e89fe56609a3c822152b813709c0358724]Apollo: assessed by mapping but not taken forward to differential expression
Apollo was evaluated at the mapping stage only and was not carried into the differential-expression analysis, for two reasons. First, it provided no gain in usable signal: its mean unique mapping (30.7 %) was in the same range as Cascade (30.4 %) and Kew (31.2 %), while its multi-mapping was the highest (mean 26.6 %, up to 61 % in individual libraries), consistent with duplicated and repetitive content in the hybrid assembly. This comparison is conservative in Apollo's favour, as Apollo was mapped single-pass without a gene model whereas Cascade and Kew were mapped two-pass with annotation. Second, because the Apollo genome was published only very recently, no matching gene annotation is yet publicly available for gene-level read counting: the only Apollo annotation (PGSB Augustus models) is on the phased pseudomolecules and does not correspond to the downloadable haploid assembly, and the matching phased FASTA is not publicly deposited. Given the absence of any mapping advantage together with the lack of a usable annotation, we restricted the differential-expression deep-dive to Cascade and Kew.
[bookmark: cascade-vs-kew-cross-validation]Cascade vs Kew cross-validation
DEGs were called against the Kew reference with the same model and compared with Cascade through genome-wide reciprocal best hits (DIAMOND blastp, longest protein per gene; 18,544 ortholog pairs, Table ST12):
· 98 of the 162 May DEGs and 8 of the 12 August DEGs have a Kew ortholog that was tested (Table ST13).
· All of them agree in direction (98/98 and 8/8), and their log₂FC values correlate closely (r = 0.99 at both timepoints); across all orthologous pairs tested, r = 0.95 (May, 11,232 pairs) and 0.92 (August, 10,087 pairs).
· Against Kew, however, only one of the 98 May DEGs and one of the eight August DEGs also reach FDR < 0.05; the cross-validation therefore supports the direction and the magnitude of the effects but not the crossing of the significance threshold. The difference comes from the threshold, not from the effects: the dispersion is slightly higher against Kew (BCV 0.474 vs 0.457 in May, 0.514 vs 0.449 in August) and a different number of genes enters the multiple-testing correction. It is also not an independent biological replication, because the same reads are mapped to a different reference.
· The same high unmapped fraction appears under both references (cultivar divergence), while multi-mapping is lower against the more contiguous Kew assembly.
[image: media/image9.png]
Supplementary Fig S10. Per-library read mapping fate, Cascade vs Kew (STAR 2-pass, 16 libraries). (A) Cascade (primary reference) and (B) Kew (cross-validation): uniquely mapped (blue), multi-mapping (orange) and unmapped (grey) as percent of input reads per library; (C) library size in million read pairs, bars coloured by treatment (green control, magenta CBCVd). Mean uniquely mapped is 30.4 % against Cascade and 31.2 % against Kew, so the high unmapped fraction is reference-independent and reflects Herkules genotype divergence rather than library quality (cutadapt pass rate 99.97 to 99.98 %).
[image: media/image10.png]
Supplementary Fig S11. log₂FC of the Cascade DEGs against their reciprocal-best-hit orthologs in Kew, May and August; dashed line = 1:1. All pairs agree in direction (May 98/98, r = 0.99; August 8/8, r = 0.99); colour marks whether a gene also reaches FDR < 0.05 against Kew, which is the case for one gene at each timepoint.
[bookmark: conclusion]Conclusion
Tested on the same 16 libraries, Cascade (draft, contigs) is the best and chosen primary reference; Kew (chromosome-level, European) gives the same unique mapping (31.2 % vs 30.4 %) and reproduces the direction of all Cascade DEGs with an ortholog, so chromosome-scale contiguity adds no extra usable signal; and Apollo (chromosome-level, hybrid) was assessed but not carried into the differential-expression analysis, showing no gain in unique mapping and the highest multi-mapping of the three and lacking a publicly available annotation matching its downloadable assembly. Usable, uniquely mapped signal, not assembly contiguity, limits DEG detection, because Herkules is a different genotype from every public assembly. With the currently available references, the Cascade draft therefore gives the best usable signal; neither the European chromosome-level genome nor the hybrid genome exceeds it in uniquely mapped reads, so a dedicated chromosome-scale Herkules genome would be needed to improve on it.
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Effect sizes of the core genes are stable; significance depends on the model
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Enrichment map — GO GSEA (Cascade, May)
Top 28 sets by padj - edges: Jaccard(leading-edge genes) = 0.10 - MDS layout
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Enrichment map — GO GSEA (Cascade, August)
Top 28 sets by padj - edges: Jaccard(leading-edge genes) = 0.10 - MDS layout
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Enrichment map — GO GSEA (Cascade, treatment x timepoint interaction)
Top 28 sets by padj - edges: Jaccard(leading-edge genes) = 0.10 - MDS layout
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Ridgeplot — GO GSEA (Cascade, treatment x timepoint interaction)
Top 22 sets by padj - density of member-gene log2FC - dashed line =0
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log, relative expression (- AACt)

qPCR validation — individual expression by gene
log2 relative expression (—~AACt); boxplot + biological replicates (n = 8). Green = control, magenta = CBCVd.
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A NRT2 family, maximum likelihood (root: A. thaliana NPF6.3)
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Cascade DEGs reproduce in direction and size against the Kew genome
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