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Candidate genes for Average root length (ARL), Lateral root length (LRL) and Lateral root density (LRD)

As regard ARL, at qARL-1H.1, two genes were identified as major candidate genes, HORVU.MOREX.r2.1HG0000900 and HORVU.MOREX.r2.1HG0000910. Haplotypes #4 and #5 of HORVU.MOREX.r2.1HG0000900 showed highest ARL values and contained only one unique common missense SNP (at chr. position 1H:2224685) causing Q28K amino acid substitution (Fig. S3). HORVU.MOREX.r2.1HG0000900 encodes a pectate lyase protein, known to play an important role in cell wall formation (Freshour et al. 1996; Somssich et al. 2016). Pectate lyase participates in the degradation of cell wall pectin and its overexpression promotes the elongation of several organs including primary root in Arabidopsis (Sun et al. 2020). At the same QTL, haplotypes #3 and #7 of HORVU.MOREX.r2.1HG0000910 gene had significantly higher ARL value than other haplotypes, with two SNPs at chr. positions 1H:2239529 and 1H:2239529, causing G19R and S18P amino acid substitutions. HORVU.MOREX.r2.1HG0000910 encodes a jasmonate induced protein. In rice, jasmonate signaling suppresses crown root and primary root elongation in a manner dependent on the F-box protein CORONATINE INSENSITIVE1 (COI1). Mutants in specific JA receptors (e.g., OsCOI2) show altered sensitivity to JA, confirming that JA perception itself contributes to reduced root length  (Howe et al. 2018; Li et al. 2022; Han et al. 2023; Nguyen et al. 2023).
At qARL-5H.2, barley accessions carrying HORVU.MOREX.r2.5HG0439520 haplotypes #5 and #6 exhibited high ARL values (Fig. S3). These haplotypes contain multiple missense mutations resulting in amino acid changes affecting protein sequence. HORVU.MOREX.r2.5HG0439520 encodes an F-box protein. F-box proteins have been repeatedly identified as involved in root growth, both as indirect regulators of the stress response and as directly involved in the regulation of cell division independent of stress conditions (Dong et al. 2006; Yan et al. 2011; Zheng et al. 2011; Abd-Hamid et al. 2020).
Taking into consideration LRL, a major QTL, qLRL_5H.2, co-maps with MQTL9-5 identified for different root traits in a syntenic region in rice (Daryani et al. 2022). qLRL_5H.2 includes the HORVU.MOREX.r2.5HG0405780 gene. Haplotype #4 is characterized by one unique SNPs (5H:481976013) resulting in K416R amino acid substitutions. This gene encodes a member of WPP-domain proteins, which are associated with nuclear envelope in Arabidopsis. RNA interference-based suppression of the Arabidopsis WPP family caused shorter primary roots and a reduced number of lateral roots, through the reduction of the mitotic activity (Patel et al. 2004; Du et al. 2022). WIPs, a family of WPP-domain interacting proteins, may modulate auxin responses and influence lateral root density and growth across diverse plant species (Crawford et al. 2015; Roldan et al. 2020; Dwivedi et al. 2024).
As regards LRD, qLRD_2H.3 co-maps also with a QTL identified in rice for root traits MQTL2-4 (Daryani et al. 2022). It contains the putative candidate gene HORVU.MOREX.r2.2HG0151020. Haplotype 3# exhibited a unique SNP (2H:572931283) leading to an amino acid substitution G128D. This gene is expressed at a relatively high level in the barley root elongation zone and encodes a protein with a domain of unknown function, DUF761. Evidence observed in Arabidopsis plants overexpressing the DUF761 domain suggests a role for DUF761-containing proteins in altered root morphology, specifically affecting primary root elongation (Zhang et al. 2019).
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