










Extended Data Fig. 5 | Detailed exploration of the dhurrin BGC. a GWAS 
‘Manhattan’ plots for dhurrin concentration, and hydrogen cyanide potential 
at the early seedling (3-4 leaf) and early vegetative (7-8 leaf) growth stages across 
the BTx623 V5 genome coordinate system. Dhurrin concentration association 
plot is the same as in Fig.�5a. Wald test P-values (-log10 scale) are reported along 
with the FDR (alpha = 0.05) corrected threshold for genome-wide significance. 
b Homology models of the CYP79A1 enzyme containing either an alanine (left, 
A211) or valine (right, V211) residue at position 211 were generated in SWISS- 
MODEL and oriented within the ER membrane using the PPM3.0 server of the 
Orientation of Proteins in Membranes (OPM) database ( https://opm.phar.
umich.edu/ppm_server ). In each model, residue 211 is outlined in green.  
c Predicted docking poses of the substrate L-tyrosine in the binding pocket of 
CYP79A1 A211 (left) and V211 (right) variants. Ligand docking was performed 

using SwissDock with the AutoDock Vina protocol. The most energetically 
favorable pose for each variant is shown, along with the predicted binding free 
energy (�G, kcal/mol), where more negative values indicate stronger binding 
affinity. d Phenotypic effects of resequenced short variant allelic combinations 
across six relatively unlinked sites in the BGC. Here, we include two additional 
SNPs that show high levels of missingness (SNP3-4: Chr01: 1,094,821, 1,149,356). 
INDEL1-2 and SNP1-2 are the same as in Fig.�5c. BTx623 genotype homozygote is 
yellow, heterozygote is green, alternative homozygote is blue, and missing 
genotype call is gray. The number of phenotyped samples with a given allelic 
combination is denoted to the left (unlabeled rows have only a single library 
with that combination of genotypes). e  The log-transformed seedling dhurrin 
content of plants corresponding to allelic combinations.
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Reporting Summary
Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency 
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection ODM (v2.1)

Data analysis CANU (v1.8), MECAT (v1.4), HiFiAsm+HIC (v16.1), ARROW (v2.1), RACON (v1.14), OatK pipeline (v1.0), bwa-mem (v0.7.17-r1188), GATK 
(v3.6-0-g89b7209), PERTRAN (no version), GSNAP/GMAP (v.2013-09-30), PASA (v.2.0.2), RepeatModeler/RepeatMasker (v.open1.0.11), 
InterProScan (v5.47-82.0), EXONERATE (v.2.4.0), FGENESH+ (v.3.1.0), AUGUSTUS (v.3.1.0), Minigraph-Cactus (v2.9.3), vg (v1.59.0), ODGI 
(v0.9.080), sequenceTubeMap (v0.1.0), vcfwave (vcflib v1.0.10), GENESPACE (v1.3.1), OrthoFinder (v2.5.5), minimap2 (v2.22-r1101), 
DEEPSPACE (v0.1.0), Picard (v2.21.5), SAMtools (v1.7), varscan (v2.4.089), SHAPEIT (v3), GATK 3.056, python (various versions), R (various 
versions), ADMIXTURE (v1.3.0), PLINK (v1.90b6.12), bcftools (v1.9), feems (no version), xpnsl (v1.3.0), GEMMA v0.98.3, SWISS-MODEL (no 
version), PlantPAN (v4.0) PyMOL (3.1.6.1), SyRI (v1.6.3),  topGO (v.2.42.0), Cycles (v.0.13.0), neuralnet (v1.44.2), Beagle (v5.4), SnpEff (v5.1d)  

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A description of any restrictions on data availability 
- For clinical datasets or third party data, please ensure that the statement adheres to our policy 

 

Reference genome assembly and annotation files of all pangenome members are available online (https://phytozome-next.jgi.doe.gov). Primary genome 
annotations and assemblies are available from EMBL/ENA with study and sample IDs reported in Supplementary Table 1. Pangenome graph (.gfa) and short-read 
variants called against the V5 assembly (.vcf) are available on the Phytozome landing page for that genome. Raw sequencing reads supporting genome assembly 
and annotation have been deposited into the SRA under the BioProject IDs listed in Supplementary Table 2. Phenotype and sample metadata can be found in the 
corresponding supplementary data files, including SRA BioProjects for the short-read libraries (Supplementary Data 3). Databases and datasets used in the study 
include Phytozome (https://phytozome-next.jgi.doe.gov), NCBI (https://www.ncbi.nlm.nih.gov/) and OPM (https://opm.phar.umich.edu/). Source data are provided 
with this paper.

Research involving human participants, their data, or biological material
Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation), 
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender N/A

Reporting on race, ethnicity, or 
other socially relevant 
groupings

N/A

Population characteristics N/A

Recruitment N/A

Ethics oversight N/A

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences  Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Ecological, evolutionary & environmental sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description Here and below, we provide directions to find this information in the manuscript. This is not due to laziness, but because there are 
many discrete elements that would make each of these sections very long.  
 
Depending on your definition of 'study', there are at least 6 distinct elements. The sample sizes for each of these are well described in 
the methods and, if necessary, SI.

Research sample The number of elements are clearly defined for each unique study when the study is first introduced. 

Sampling strategy Sampling strategy is detailed in the methods under subheading: "Diversity panel source material" for genotypes and "Plant material 
preparation and nucleic acid extractions" for tissue types

Data collection The team responsible for data collection is provided in the methods for each discrete data type. 

Timing and spatial scale The timing and location of data sampling is recorded where appropriate

Data exclusions Data exclusions for genotyping, assembly and annotation are detailed in the methods. No data from other experiments were not 
excluded.

Reproducibility The exact methods are provided for all analyses and data generation approaches. 
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Randomization Where appropriate, field trials were randomized according to best practices

Blinding N/A

Did the study involve field work? Yes No

Field work, collection and transport

Field conditions Field experiments were conducted primarily under rainfed conditions. The Missouri site received one supplemental irrigation during 
each growing season in 2023 and 2024 due to regional drought conditions, while the South Carolina site remained fully rainfed. Trials 
otherwise experienced typical seasonal temperature and precipitation patterns for each location. The Missouri site (DeSioux loam 
soil) is situated in a temperate continental climate, whereas the South Carolina site (Norfolk, Noboco, and Rains loamy sands) has a 
humid subtropical climate. 

Location Field experiments were conducted at two locations: the Danforth Field Research Site (FRS) in St. Charles, Missouri, USA (38.8472 N, 
−90.4493 W), and the Clemson University Pee Dee Research and Education Center in Florence, South Carolina, USA (34.3072 N, 
−79.7447 W). Both are low-elevation agricultural research stations with well-characterized soil profiles and long-term environmental 
monitoring infrastructure.

Access & import/export All field experiments were conducted on research land owned and managed by the Donald Danforth Plant Science Center and 
Clemson University, respectively. No access to protected habitats or collection of wild species occurred. Plant material consisted 
solely of cultivated Sorghum bicolor accessions from the publicly available sorghum pangenome panel. No import or export of 
regulated materials was required, and all research complied with institutional and U.S. federal regulations.

Disturbance The study was conducted on existing agricultural research plots and caused no long-term disturbance to surrounding ecosystems. 
After harvest, plant material was removed or incorporated into the soil following standard agronomic practices, and no lasting 
alteration of field structure or vegetation occurred.

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 

Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Plants

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Novel plant genotypes N/A

Seed stocks We have a thorough methods section describing sourcing of samples

Authentication N/A

Plants




