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FLOWERING 
RESEARCH IN 
Fragaria

Fragaria genus belongs to the 
economically important rose family and 
includes more than twenty species that are 
distributed all over the Northern 
hemisphere. Given the wide distribution of 
Fragaria species, it is conceivable that 
strawberries are adapted to different 
environmental conditions and have 
different environmental responses (Figure 
1). 

Figure 1.Long-day grown ’Hawaii-4' (left) and wild-type F. vesca 
(right) plants. ’Hawaii-4' is homozygous for non-functional 
FvTFL1, allowing the plant to flower under long days. 

The different environmental responses in 
’Hawaii-4' and wild-type F. vesca have 
been attributed to a mutation at 
TERMINAL FLOWER1 (FvTFL1), a strong 
floral repressor. Homozygous lack-of-
function mutation of FvTFL1 in ’Hawaii-4' 
converts a short-day strawberry into a 
long-day strawberry. 

Expression of FvTFL1 also responds to 
daylength; the repressor is down-regulated 
under short days (Figure 2), allowing the 
plant to flower.

Figure 2. Photoperiod regulates FvTFL1 expression. Long-day 
grown plants were subjected to short days for 6 weeks 
(wk 0-6) and returned to long days for 5 weeks (+5 LD). 
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SILENCING FaTFL1 
IN ’ELSANTA’

Diploid and octoploid strawberries have 
similar flowering responses to 
photoperiod and temperature. We were 
interested in elucidating whether the 
molecular pathways controlling flowering 
in the octoploid strawberry are similar to 
those in the diploid F. vesca. To find out 
whether the F. x ananassa TFL1  
(FaTFL1) is a floral repressor, we silenced 
FaTFL1 by RNAi in the short day cultivar 
'Elsanta'. Silencing FaTFL1 lead to 
daylength-independent flowering in two 
independent transgenic lines (Figure 3). 

Figure 3. Silencing FaTFL1 in the octoploid  cultivar 
’Elsanta’. Plants grown under long days.

Studying the gene expression profile of 
FaTFL1 in octoploid strawberry cultivars 
showed that flower induction is correlated 
with FaTFL1 downregulation. Early and 
late cultivars had different FaTFL1 
expression patterns; for example, in the 
early cultivar 'Glima', FaTFL1 expression 
was low under all tested conditions 
whereas in the mid-season cultivar 
'Elsanta' FaTFL1 was downregulated only 
under SDs (Figure 4). 

short day

Figure 4. Expression of the floral repressor FaTFL1 in ’Glima’ 
and ’Elsanta’ grown under different daylengths and 
temperatures for 30 days. 

WT ’Elsanta’               TFL1-RNAi ’Elsanta’

VERNALIZATION IN F. 
vesca

REGULATION OF 
TFL1

We have also studied the exceptional 
flowering response of the arctic diploid F. 
vesca accession 'Alta'. This accession 
appears to have an obligatory requirement 
for vernalization, as it does not flower even 
after prolonged exposure to short days. 
Studying the expression pattern of FvTFL1 
in 'Alta' showed that in this accession 
FvTFL1 is actually upregulated by short 
days and very low temperature is required 
for downregulating the gene (Figure 5).

Figure 5. Expression of FvTFL1 in ’Alta’ and wild type F. vesca 
under long days (LD), short days (SD) and cold treatments at 
stable 0°C or fluctuating temperature between -2°C and +2°C.

Crosses between ’Alta’ and wild type F. 
vesca indicate that the vernalization 
requirement is controlled by a single 
dominant gene. We are now trying to 
identify the gene causing the vernalization 
requirement by genetic mapping.

TERMINAL FLOWER1 appears to be a 
major factor determining flowering 
responses in strawberries. Absence of 
TFL1 leads to daylength-independent 
flowering in both diploid and octoploid 
strawberries. In octoploid strawberry 
cultivars, FaTFL1 regulation is diverse, 
with the early cultivar ’Glima’ showing 
daylength and temperature-independent 
FaTFL1 downregulation. Altered 
regulation of FvTFL1 in the arctic diploid 
accession 'Alta' effectuates a vernalization 
requirement. Understanding the 
regulation of TFL1 could open up new 
possibilities for designing strawberry 
cultivars better suited for specific 
environmental conditions.    
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