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Genomic regions of V. vinifera FCA was identified by 
tBLASTn search against grapevine genome using Arabi-
dopsis FCA protein as a query. V. vinifera FCA EST se-
quences were identified by BLASTn search against grape-
vine EST database using FCA genomic sequence as a 
query (ALTSCHUL et al. 1997, JAILLON et al. 2007). The V. 
vinifera 'Pinot Meunier' was kindly provided by Peter S. 
COUSINS of USDA Grape Genetics Research. Total RNAs 
were extracted from fresh leaves. cDNA synthesis was 
conducted in two steps: 1. Denaturation of total RNAs at 
65 °C for 5 min with FCA X13R primer; 2. cDNA synthe-
sis with DTT, RNAase inhibitor and AMV Reverse-Tran-
scirptase at 50 °C for 30 min followed by 85 °C for 5 min. 
The FCA cDNA was used as templates for following PCR 
with primer FCA X1F and FCA X13R (denaturation at 72 
°C for 3 min, annealing at 54 °C for 0.5 min, elongation 
at 72 °C for 1.5 min, 35 cycles). The product was cloned 
using Topo-TA cloning kit and harvested by PCR using 
plasmids as templates. The final products were cleaned and 
submitted for sequencing by AU-GSL (GenBank accession 
number GU300763).   

12 EST sequences of FCA were identified in V. vinif-
era by BLAST search. When mapped to genomic regions, 
10 ESTs are composed of first three exons, with various 
portions of first exon and third intron. Most of these ESTs 
have poly-A tails within intron 3, suggesting that they 
come from FCA transcripts β. Two remaining ESTs (at 3' 
end) contain the last five exons and only the last exon, re-
spectively. They apparently come from FCA transcript α 
or γ if alternative transcription is conserved between Vitis 
and Arabidopsis (Table). A new transcript was recovered 
from cDNA library of 'Pinot Meunier', a very close related 
variety of 'Pinot Noir'. The transcript spans from exon 1 
to exon 9, with canonical splicing sites (GT/AG) in every 
intron. Intron 3 was correctly spliced out, indicating that 
this transcript does not belong to the α or β form. If alter-
native transcription of FCA is highly conserved between 
Vitis and Arabidopsis, this transcript can be γ or δ. The 
relative abundance of the two forms in Arabidopsis young 
seedlings are ~35 % and ~10 %, respectively. Therefore, 
the newly identified transcript in Vitis leaves is very likely 
transcript γ.

An improved annotation of FCA was suggested based 
on ESTs and the new transcript (Figure). The 3’-neighbor-
ing gene of FCA of current annotation was included in the 
newly annotated FCA (JAILLON et al. 2007). This was sup-
ported by the presence of two 3’ ESTs, and protein simi-
larity between grapevine and Arabidopsis at this end. In 
addition, canonical intron splicing sites for the newly intro-
duced intron are present after connecting the last exon of 
FCA and the first exon of the downstream gene. 

An improved annotation of Vitis vinifera 'Pinor Noir' 
FCA gene was proposed based on EST data and sequence 
homology. The incorrect annotation split FCA exons into 
separate genes due to ambiguous intron position and splic-
ing sites identification. This phenomenon is fairly common 
in annotation of V. vinifera genome as many genes contain 
extraordinary long introns. About 10 % of all grapevine 
genes contain introns larger than 3 kb, supported by ESTs 
or cDNAs and canonical splicing sites. In V. vinifera, there 
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Flowering time of plants is controlled through interac-
tions of several pathways and many genes (PUTTERILL et al. 
2004), integrating both endogenous and environmental 
signals. FCA, a flowering promoter, is an RNA process-
ing factor influencing flowering time in Arabidopsis. FCA 
undergoes alternative transcription in an autoregulated 
fashion to control the amount of fully functional protein 
products, and thus flowering time in Arabidopsis (QUE-
SADA et al. 2003). As many as four transcript forms have 
been identified although 90 % of all transcripts were of two 
kinds, transcript α and γ (MACKNIGHT et al. 1997) in Arabi-
dopsis. The functional FCA protein encoded by transcript 
γ contains two RNA recognition motifs (RRM) and one 
WW domain. The FCA protein interacts with FY, a poly-
adenylation factor, forming a protein complex with both 
RNA recognition and cleavage-polyadenylation abilities. 
The FCA-FY complex directs cleavage and polyadenyla-
tion within intron 3 of FCA pre-mature mRNA, producing 
transcript form β, which leads to a non-functional protein 
in flower development (MACKNIGHT et al. 1997, MACK-
NIGHT et al. 2002). As a result, FCA protein promotes flow-
ering while limiting its own amount by negative-feedback 
autoregulation of mature mRNAs in Arabidopsis. Multiple 
transcript forms also have been identified in cabbage, pea 
and rice, suggesting that FCA autoregulation may be con-
served among these plants (MACKNIGHT et al. 2002, LEE 
et al. 2005). However, the fca mutant of Arabidopsis is 
late flowering  due to improper processing of Arabidopsis 
Flowering Locus C (FLC). As no FLC gene has been iden-
tified outside Brassicaceae, it is not clear whether FCA is 
relevant to the timing of flowering process in other plant 
species. 

Vitis vinifera 'Pinot Noir' is the fourth complete se-
quenced plant genome. As an important horticultural crop, 
its flowering time is of high value in both fundamental re-
search and crop improvement. Even with detailed analyses, 
FCA gene was not correctly identified nor annotated in the 
genome (JAILLON et al. 2007). Here we combine EST data, 
transcript analysis, and sequence homology to improve the 
annotation of grapevine FCA. 
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are 2800 introns in the size range of 3 bkb to 100 kb, com-
pared to only 10 and 50 such introns in Arabidopsis and 
Populus, respectively (JIANG and GOERTZEN, unpubl.). The 
presence of large introns presents a major difficulty to au-
tomated genome annotation (WANG et al. 2003). Here, we 
suggest an annotation combing evidence from genomic se-
quences, homology and expression data. As more EST and 
cDNA data are available in both model and non-model sys-
tems, large-scale verification of gene annotation by com-
paring with expression data is both practical and necessary 
to improve annotation quality (COYNE et al. 2008). 

The similarities between alternative transcription of 
FCA in Vitis and Arabidopsis suggests that conserved FCA 
autoregulation mechanism in grapevine is possible. This 
is perhaps not surprising since the functional conservation 
can also be found between Arabidopsis and rice, indict-
ing that FCA functional components could be present in 
the common ancestor of monocots and dicots (LEE et al. 
2005). The homology of RRMs can also be traced back to a 
Plasmodium protein, indicating an extremely long history 
of FCA and its RNA-recognizing abilities. 
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T a b l e

V. vinifera FCA ESTs and cDNA 

GenBank
Accession

Type Range Transcript
Form

Vitis vinifera
variety

TissueStart End
CB009457 EST exon 1 intron 3 β Chardonnay berry
EC928409 EST exon 1 intron 3 β Cabernet Sauvignon seed
EC980349 EST exon 1 intron 3 β Muscat Hamburg berry
EC978833 EST exon 1 intron 3 β Muscat Hamburg pericarp
EC952213 EST exon 1 intron 3 β Cabernet Sauvignon mixed
CD013791 EST exon 1 intron 3 β Chardonnay berry
CD013721 EST exon 1 intron 3 β Chardonnay berry
EC953975 EST exon 1 intron 3 β Cabernet Sauvignon mixed
EC972841 EST exon 1 intron 3 β Muscat Hamburg pericarp
EE091476 EST exon 1 intron 3 β Thompson-seedless berry
CB975855 EST exon 14 exon 18 α or γ Cabernet Sauvignon berry
CB976362 EST exon 18 exon 18 α or γ Cabernet Sauvignon berry
GU300763 cDNA exon 1 exon 9 γ or δ Pinot Meunier mixed

Figure: Diagram of improved annotation of Vitis vinifera FCA 
gene, dashed bar: genomic coordinates (kbp); dark bar: genomic 
sequences; shade boxes: exons; lines: introns; filled boxes: prim-
ers. ESTs and cDNAs annotated with GenBank accession num-
bers and putative transcript form (β, γ or δ).


