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Abstract The progress of plant regeneration in vitro in molecular level is reviewed in this paper, including the main stages of plant
tissue culture of explants, the molecular mechanisms of dedifferentiation of differentiated tissues, shoot regeneration and root
regeneration, as well as the cytogenetic basis of regeneration traits in cereal crops. It is summarized that the limitation of plant
genotypes with high and stable regeneration performance, shortage of cloned key genes associated with regeneration traits, and weak
function of identified genes related to somatic embryogenesis in other plants are the main problems in the investigation of plant
regeneration in molecular biology. In future the identification or development of the plant genotypes with desirable regeneration ability
should be stressed by using various strategies to expand the gene resource for the exploration of the corresponding phenotype. The aim
of this review is to deepen the awareness of the importance of molecular investigation in plant regeneration, and to boost the
characterization of more plant regeneration—relevant genes for the further understanding of molecular mechanism of underlying plant
organogenesis during plant tissue culture in vitro and the development of plant genetic engineering breeding.
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Fig. 1 Protocol of wheat regeneration

during tissue culture in vitro
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Fig. 2 Molecular mechanism of plant cell
dedifferentiation®*?
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Fig. 3 Gene regulatory network controlling crown root
initiation and development in plant®®
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Fig. 4 Developmental events during shoot regeneration
from root explants in Arabidopsis thaliana L.*”
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Table 1 Genes in response to shoot organogenesis during in vitro culture of higher plants
B ik P
ARP Asymmetric leaves1/rough sheath2/phantastica [62]
ARRS A type response regulator gene [3],[58]
CKI1 Conferring cytokinin—independent phenotype [61]
CRE1 A cytokinin receptor [58]
CUCl1, cuc2 CUP-SHAPED COTYLEDON [63]
CYCD3 Acquisition of competence for organogenesis [64]
ESR1 Enhance shoot regeneration, vegetative—to—organogenic transition [65]
ETR1 An ethylene receptor [66]
IBC6, IBCT Putative response regulator genes induced by cytokinin [67]
KN1 Responsible for the knotted leaf phenotype [68]
SERK Somatic embryogenesis receptor—like kinase [69]
SRD Shoot redifferentiation [70]
STM Shoot meristemless [71]
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