














Figure 8. Model of mixed-type gene family evolution. Gene families evolve through two major events, whole genome multiplications (WGM) and 

small-scale duplications (SSD). Genes related to environmental responses and secondary metabolism experience SSDs in the form of tandems, whereas 

highly connected genes associated with transcriptional and developmental regulation or signal transduction functions are preferentially retained after 

WGMs. a) Prevailing hypothesis for the retention pattern is dosage-balance; for highly connected genes the stoichiometric balance needs to be 

maintained, and therefore selection acts against gene losses after WGMs and against duplications by SSDs. b) On the other hand, gene family evolving 

through tandem duplications (evolution before the speciation node) has a high birth rate and therefore the number of duplicates between species can vary. 

After duplications the homogeneity of the duplicates is maintained through gene conversion events, which has a high probability with homologous 

sequences that are near-by. This can be maintained for long periods, but eventually over time the sequences diverge by drift and selection based on dosage. 

Our data suggests that a tandemly expanding gene family may evolve into a dosage balance mode as a result of WGMs ( evolution after speciation node). 

Following WGMs, the duplicated tandems may experience extensive fractionation due to drift and selection by dosage which breaks the tandem 

structure. At the same time, the connectivity of the gene family has been accumulating through sub- and neofunctionalization, and these phenomena 

together may result into a dosage balance model of evolution (top branch after speciation node). This does not necessarily occur across all WGM events, 

as was observed for bCRKs in Solanaceae (bottom branch), where there exist both single copies and tandem copies in the genome. Different subfamilies 

can be in different states of this process. c) We observed CRRSPs and PDLPs to follow dosage balance mode after the paleohexaploid event, whereas 

bCRKs have assumed the mode in later WGM events. The overall numbers of the bCRKs are preserved but identification of orthologs between species 

that have experienced independent WGMs is difficult, suggesting that convergent functionality of the members is recent. Gene families expanding 

through tandem duplications such as vCRKs and CRRSPs have high birthrate and demonstrate several lineage-specific expansions. 

*Lost in Brassicaceae species and rice
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