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Supplementary Text S1: High LOE gene AGAMOUS-LIKE 12 
There is evidence that high LOE gene AGAMOUS-LIKE 12 (PtAGL12, Potri.013G102600) functions in a regulatory role in cell wall biosynthesis regulatory role is MADS box transcription factor (Supplementary Table S4). PtAGL12 is significantly associated with cis-3-O-caffeoyl-quinate via traditional metabolite-GWAS and with fructose via rare variant metabolite-GWAS (Supplementary Fig. S3) and is significantly coexpressed and comethylated with 20 cell wall anchor genes (Supplementary Table S6). AGAMOUS-LIKE genes form a large and diverse family, with many playing roles in floral organ identity, flowering time, and transition between reproductive and vegetative growth phases (Fernandez et al., 2014; Lee et al., 2000; Masiero et al., 2011; Ng and Yanofsky, 2001). There is also growing evidence that AGAMOUS-LIKE genes affect lignin content. A patent exists for altering the expression of AtAGL8 to control lignin content in Arabidopsis (Yanofsky et al., 2004), and AtAGL15 has been shown to regulate PRX17, which in turn affects lignin content (Cosio et al., 2017). In tomato, RNAi-silencing of TAGL1 results in increased expression of lignin biosynthesis genes and lignin content (Giménez et al., 2010). Phylogenetic analysis indicates PtAGL12 and Arabidopsis AtAGL12 / AT1G71692 are orthologous (Supplementary Fig. S4); birch BpMADS12, Arabidopsis AtAGL12, and PtAGL12 are SOC1/TM3 class MADS-box genes, which belong to the MIKCC-type of the type II MADS-box genes (Leseberg et al., 2006; Li et al., 2016). Li et al. (2016) found that lines overexpressing the BpMADS12 gene had significantly higher lignin content than wild-type lines, suggesting BpMADS12 might play a role in regulating the expression of lignin biosynthesis genes, possibly via brassinosteroid signalling. 
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Figure S1: (A) Distribution of observed gene coexpression correlation values (red) versus correlation values for randomized expression data (blue). We applied a threshold to exclude correlation values below 0.85 prior to LOE analysis (threshold indicated by vertical red line). (B) Distribution of observed gene comethylation correlation values (red) versus correlation values for randomized methylation data (blue). We applied a threshold to exclude correlation values below 0.95 prior to LOE analysis (threshold indicated by the vertical red line).
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Figure S2: A) Distribution of LOE breadth scores for all genes. B) Distributions of LOE scores for high LOE genes.
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Figure S3: MapMan annotations of high-LOE genes.
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Figure S4: LOE subnetwork depicting the one-hop neighbors of PtIQD10 (Potri.011G096500). Gene symbols are Arabidopsis Best-hit matches. See Supplementary Table S7 for detailed node information.
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Figure S5: LOE subnetwork depicting the one-hop neighbors of P. trichocarpa PtAGL12 (Potri.013G102600). Gene symbols are Arabidopsis Best-hit matches. See Supplementary Table S8 for detailed node information.
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Figure S6: Phylogram of Populus trichocarpa and Arabidopsis thaliana AGAMOUS-LIKE (AGL) amino acid sequences. PtAGL12 (Potri.013G102600; indicated in blue) is a member of the clade containing AtAGL12 (AT1G71692; in yellow). To assess support for orthology, we performed reciprocal BLASTp searches of amino acid sequences containing the SRF-type transcription factor domain (PF00319) and K-box region domain (PF01486) from A. thaliana and P. trichocarpa (obtained from UniProt; www.uniprot.org) and a phylogenetic analysis. Canonical amino acid sequences containing the SRF-type transcription factor (PF00319) domain and K-box region (PF01486) domain for Arabidopsis and P. trichocarpa were obtained from UniProt (www.uniprot.org). AGL amino acid sequences were aligned using MAFFT v7 (Katoh et al., 2017; Kuraku et al., 2013) using the E-INS-i method, BLOSUM62 scoring matrix, gap opening penalty of 1.53, offset value of 0.0, and default guide tree settings. A UPGMA tree was calculated to assess high- level relationships, in which sequences were grouped into two large clades. Sequences belonging to the same clade as AtAGL12 were retained (which included all P. trichocarpa sequences) and a new alignment was created using the same parameters described above. A neighbor-joining tree was constructed from the second alignment using all “gap-free sites” (84 amino acids), a Poisson substitution model, and bootstrapping with 1000 replicates. A phylogram was created using Archaeopteryx.js (Han and Zmasek, 2009; Zmasek and Eddy, 2001). Bootstrap scores above 70 are indicated on nodes. Our results support an orthologous relationship between PtAGL12 and AtAGL12, which is consistent with the phylogenetic analysis of (Leseberg et al., 2006). 
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Figure S7: Phylogram of Arabidopsis thaliana and Populus trichocarpa GROWTH-REGULATING FACTOR (GRF) amino acid sequences. PtGRF9a and PtGRF9b (indicated in blue) belong to the clade containing AtGRF7 (in yellow). Canonical amino acid sequences containing the WRC (PF08879) and QLQ (PF08880) domains for Arabidopsis and P. trichocarpa were obtained from UniProt (www.uniprot.org). GRF proteins were aligned using MAFFT v7 (Katoh et al., 2017; Kuraku et al., 2013) using the E-INS-i method, BLOSUM62 scoring matrix, gap opening penalty of 1.53, offset value of 0.0, default guide tree settings, MAFFT-homologs option with 50 homologs and a threshold of E=1e-10. A neighbor-joining tree was constructed using all “gap-free sites” (92 amino acids), a Poisson substitution model, and bootstrapping with 1000 replicates. A phylogram was created using Archaeopteryx.js (Han and Zmasek, 2009; Zmasek and Eddy, 2001). Bootstrap scores above 70 are indicated on nodes.
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Figure S8: Allelic effect of the SNP located 3,788bp upstream of the PtGRF9a coding region that associates with syringin. SNP location: Chr15:400369; PtGRF9a location: Chr15:394635..396581 (reverse strand).




[image: ]
Figure S9: Correlation between P. trichocarpa PtGRF9a, PtGRFb, PtGIF1 and PtDREB2A. See Supplemental Table S6 for additional information about Gene Atlas expression data.
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Figure S10: Tissue- specific expression heatmap of P. trichocarpa PtGRF9 paralogs (indicated by black pentagons), all PtKNOX genes, all PtBELL genes, and a subset of genes present in the PtGRF9 1-hop network: putative orthologs of AtKNOX-associated genes and cell wall biosynthesis genes down-regulated in bp mutants (Mele et al., 2003) (indicated by white pentagons; additional details are listed in Supplementary Table S13). Genes names with asterisks (*) do not have gene symbols or aliases in the Populus trichocarpa v3.0 genome annotation (Phytozome), therefore gene symbols from Arabidopsis Best-hit matches were used. See Supplementary Table S1 for additional information about Gene Atlas tissue samples.


Supplementary Tables
Table S1: Additional information about Gene Atlas expression data.
Table S2: Cell wall anchor genes used as input for LOE analysis.
Table S3: Cell wall anchor metabolites used as input for LOE analysis.
Table S4: Number of high LOE genes with regulatory-like MapMan annotations.
Table S5: High LOE genes with documented cell wall-related roles, including anchor genes retrieved as high LOE genes.
Table S6: LOE scores, Priority Tiers, and functional annotations for ranked and filtered high LOE genes (metabolite-GWAS score ≥1, breadth score ≥3).
Table S7: Node information for Supplemental Fig. S2 (one-hop LOE subnetwork surrounding P. trichocarpa PtIQD10).
Table S8: Node information for Supplementary Fig. S4 (one-hop LOE subnetwork around P. trichocarpa PtAGL12).
Table S9: Additional information for genes in Table 1 (Tier 1 of ranked high LOE genes).
Table S10: Node information for Figure 5 (Genome-wide neighborhood of P. trichocarpa PtGRF9 paralogs).
Table S11 BinGO output for set of genes negatively co-expressed with PtGRF9 paralogs.
[bookmark: _GoBack]Table S12: BinGO output for set of genes positively co-expressed with PtGRF9 paralogs.
Table S13: KNOX-associated genes and differentially expressed genes in bp mutants (Mele et al., 2003) that are present in the PtGRF9 genome-wide 1-hop network.
Table S14: Nodes present in the eQTN one-hop network surrounding PtGRF9 paralogs.
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