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            Abstract
Apomixis, the clonal formation of seeds, is a rare yet widely distributed trait in flowering plants. We have isolated the PARTHENOGENESIS (PAR) gene from apomictic dandelion that triggers embryo development in unfertilized egg cells. PAR encodes a K2-2 zinc finger, EAR-domain protein. Unlike the recessive sexual alleles, the dominant PAR allele is expressed in egg cells and has a miniature inverted-repeat transposable element (MITE) transposon insertion in the promoter. The MITE-containing promoter can invoke a homologous gene from sexual lettuce to complement dandelion LOSS OF PARTHENOGENESIS mutants. A similar MITE is also present in the promoter of the PAR gene in apomictic forms of hawkweed, suggesting a case of parallel evolution. Heterologous expression of dandelion PAR in lettuce egg cells induced haploid embryo-like structures in the absence of fertilization. Sexual PAR alleles are expressed in pollen, suggesting that the gene product releases a block on embryogenesis after fertilization in sexual species while in apomictic species PAR expression triggers embryogenesis in the absence of fertilization.
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                    Fig. 1: Deletion mutant seed-head phenotypes.[image: ]


Fig. 2: Structural characteristics of the PAR locus and LD analysis.[image: ]


Fig. 3: Identification of the PAR gene by CRISPRâ€“Cas9 mutagenesis.[image: ]


Fig. 4: Comparative transcriptomics of female gametophytic cell types of Apo, LOP and Sex T. officinale.[image: ]


Fig. 5: Microsynteny between Taraxacum and Pilosella PAR regions and the structure of the PAR and sex alleles.[image: ]


Fig. 6: Complementation and transformation experiments in the Taraxacum CRISPRâ€“Cas9 LOP mutant and sexual lettuce.[image: ]


Fig. 7: A model of the possible function of PAR in Taraxacum spp. as a repressor of an unknown gene that suppresses the embryo developmental program in the egg cell.[image: ]
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                Data availability

              
              Transcriptome data of 27 laser-assisted microdissected female gametophyte tissue samples of T. officinale are deposited in the ENA SRA database under accession no. PRJEB40645. Illumina HiSeq2500 paired end sequencing datasets of T. richardsianum, T. albidum, T. brevicorniculatum, T. brachyglossum, T. gratum, T. cylleneum, and T. koksaghyz are deposited in the ENA SRA database under accession no. PRJEB40739. The T. officinale ONT PromethION sequence reads, and the Illumina NovaSeq6000 reads from the overlap library are deposited in the ENA SRA database under accession no. PRJEB48186.
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