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Alfalfa (Medicago sativa L.) is one of the most important forage crops worldwide. This is mainly due to several 

traits such as its adaptability to varying external conditions, its excellent high-quality forage yield and its capacity 

to fix nitrogen. Alfalfa constantly increases in yield during spring and until summer’s onset, and reaches its peak 

when alfalfa plants start to flower. From this point onwards, the quality of the forage decreases due to 

morphological changes, such as an increase in the proportion of steams and a reallocation of photosynthetic 

resources to the development of reproductive structures. Therefore, this decrease in quality represents a 

considerable loss of nutritive value. In alfalfa, flowering onset depends mainly on day-length and temperature. 

The combined cues of long days (LD, 16:8) and temperatures above 18ºC are the primary signals that trigger 

flowering. It has been studied that both signals induce the expression of a gene known as FLOWERING LOCUS 

T (FT), one of the most prominent flowering inductors in plants. The main objectives of this study involved the 

identification of FT orthologues genes in alfalfa and the development of transgenic alfalfa lines with 

downregulated FT levels in order to delay flowering, extend the vegetative phase and increase biomass yield. 

 

 
 
Figure 1: Late flowering transgenic plants overexpressing miRNAFTL. A) Phenotype of apical stems at the moment of wt 

flowering B) Total nodes to first flower and C) Total days to first flower.N= 5-10 replicates per line. Means with asteriks 

denote significant differences. (p<0.05=*, p<0.001=**, p<0.0001=***). 

In order to accomplish this, a FT like gene was identified in alfalfa (msFTL) and based on its DNA sequence a 

specific microRNA (miRNA FTL) was designed to downregulate. This microRNA was transformed into Alfalfa 

through Agrobacterium tumefaciens (INDEAR) and 4 independent transgenic lines were obtained. All lines were 

then tested in growth chambers under inductive flowering conditions (24º, 16:8 photoperiod) in order to asses 

flowering time. Alfalfa plants overexpressing miRNA FTL under the 35S:CAMV promoter showed a clear 

delayed flowering time determined as both, nodes to first flower and days to first flower compared to wt controls 

regenerated from calli (Fig 1). In particular transgenic lines E1, E2 and E8 did not show any flowering signs at 

the moment harvest. Additionally, dry weight measurements from each tissue (leaves and stems) were 

performed at the moment of flowering in order to analyze biomass distribution (Table 1). All lines show a clear 

tendency for a higher biomass accumulation, with E2 and E8 lines presenting a significant increase in leaf 

biomass and in the leaf/stem ratio. 

 

Our data support the use of the FT family of genes as a flowering regulator and how its downregulation 

successfully leads to an effective delayed flowering with a concomitant increase in biomass yield. 
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