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All computer code used to retrieve and analyze data is available through Dataverse (static) and GitHub (dynamic)

All analyses were done using the R software. Grain yield and Overall appreciation measured in centralised trials were used to derive best
linear unbiased prediction (BLUP) values using the R package ASReml. The benchmark representing a centralised breeding system was
conducted using genomic selection models and marker-based genetic relationship matrices computed on BLUP data with the package rrBLUP.
To measure accuracy of genomic selection predictions, we calculated the Kendall’s tau coefficient ("), a measure of similarity of rankings,
between predicted values and observed values. The 3D-breeding scenario was developed using the data generated by the citizen science
decentralised trials using ‘PlackettLuce’, an implementation of Plackett-Luce model in R. The Plackett-Luce model estimates for each genotype
the probability that it wins, against all other genotypes in the set. To take into account explanatory variables, we created Plackett-Luce Trees
(PLT) through model-based recursive partitioning. For model-based recursive partitioning with the PLT we used the variables described in the
previous section. The PLT models had a cut-off value of !=0.01 and a minimal group size of 20 percent of the total dataset partitioning
selection. We used the PLT models with 100-fold cross-validation in an extension of 3D-breeding, which uses an additive matrix derived from
the genotypes’ SNP values as a prior for the environmental model associated with the agroclimatic indices described in the later section.

Full data and code is available through Dataverse <https://doi:10.7910/DVN/OEZGVP>. The full project replication workflow is available through GitHub <https://
github.com/agrobioinfoservices/tricot-genomic>

Sample size was determined following standard procedures in quantitative genetics. Our study is in line with recent wheat literature both in
terms of number of genotypes and number of markers (e.g. <https://www.g3journal.org/content/ggg/9/1/125.full.pdf>). Number of
locations/seasons tested in the centralized approach are in line with variety evaluation trials and quantitative genetics studies in wheat (e.g.
<https://link.springer.com/article/10.1007/s11032-016-0508-5Z>). Sample size in the crowdsourcing approach exceeds most citizen science
approaches used in crop science.

Only data from genotypes tested in at least two seasons were retained for the analyses.

Attempts to replicate the analyses were successful.

We used a randomised controlled trial design, under the triadic comparison of technologies (tricot) method. Which assigns from a larger pool
of items (genotypes) a blind and randomised set of three items as incomplete blocks. The design strives for approximate A optimality, this
means that it is robust to missing observations. It also strives for balance for positions of each option. Options are equally divided between
first, second, third, etc. position. The strategy is to create a "pool" of combinations that does not repeat combinations and is A-optimal. Then
this pool is ordered to make subsets of consecutive combinations also relatively balanced and A-optimal.

In both centralised and decentralised trails, farmers had no previous knowledge of the genotypes included in this study to prevent bias in the
evaluations. In the decentralised trials, blind sets of three local genotypes plus an improved variety were allocated randomly to farmers as
described in the later section. Genotypes were labeled with letters (a, b, c, d).




