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Introduction

 The International Rice Genome Sequencing Project 
(IRGSP) has completed a finished quality sequence of the 
rice genome (Oryza sativa L. ssp. japonica cv. Nippon-
bare).  The genome size is estimated to be the smallest 

among the major crops belonging to the Gramineae fam-
ily10.  The genome organization of cereals exhibits a high 

degree of synteny15, so that rice can serve as a principal 

model system for cereal genomics.  With the availability 
of the rice genome sequence in the public domain, inno-
vative researches in functional and applied genomics 
have been accelerated. 
 A standardized and reliable annotation is indispens-
able for efficient utilization of the genome sequence.  Se-
quence information in databases continues to increase, 
for example, the number of sequences stored in GenBank 
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has increased at a rate of 1.4 times per year (http://www.
ncbi.nlm.nih.gov/Genbank/genbankstats.html).  At the 
same time, revisions of previously submitted entries ren-
der a lot of obsolete information.  Thus, a regularly up-
dated annotation using the latest reference databases is 
highly desirable.
 Several annotation databases have been developed 
for the rice genome sequence and are currently available 
in the public domain.  The Osa1 database stores rice gene 
models and functional characterization based on manual 
annotation25 and features a rice repeat database and a 
Distributed Annotation System (DAS)5.  The Rice Anno-
tation Database (RAD) has been developed to provide a 
contig-oriented annotation11.  It facilitates structural anal-
ysis for rice genome such as codon usage and splice site 
statistics.  The Rice Information System of Beijing Ge-
nomics Institute (BGI-RIS) is based on the draft genome 
sequence of the indica rice variety 93–1128.  In addition to 
the genome annotation, the cDNA sequences of japonica 
rice14 have been mapped on the indica genome.  Also, a 
jamboree style annotation has been implemented for the 
IRGSP genome sequence and rice full-length cDNA se-
quences14 and a database called RAP-DB has been devel-
oped to provide access to the manually curated annota-
tion18.  As for the cereal genomes, Gramene has been 
developed for comparative genomics with emphasis on 
rice13.  It stores various types of data such as genes, ge-
nomes, proteins, markers, quantitative trait loci, compar-
ative maps and literature citations using the rice genome 
sequence as an anchor.
 All the databases mentioned above are based on 
manual annotation and lack a scheme to update the stored 
data.  The RiceGAAS (Rice Genome Automated Anno-
tation System, http://ricegaas.dna.affrc.go.jp/) is a web-
based automated system for prediction of coding regions 
in the rice genome with automated update scheme20.  
However, it could not facilitate functional annotation of 
the gene models.  We have developed the GFSelector and 
incorporated it into the RiceGAAS to perform a compu-
tational classification of gene models and assignment of 
unique biological functions.  In the present paper, we will 
discuss the functional annotation by the GFSelector, the 
fully automated pipeline by the combined system of GF-
Selector and RiceGAAS, and its application to cereal 
crop analyses.

Materials and methods

 Annotation of rice genomic sequences was per-
formed using all rice BAC and PAC (P1-derived artificial 
chromosome) sequences (phase 2 and phase 3) in the 
HTG (high-throughput genomic) division of GenBank 

which are automatically checked daily by a data collect-
ing system.  Nearly 4,400 rice BAC/PACs have been ana-
lyzed so far.  Automated annotation for genomic sequenc-
es from other crops was evaluated using 4 wheat BACs 
(EF426565, DQ537335, 537336, 537337), 2 banana BACs 
(AY484588, 484589) and 4 soybean BACs (EF533695, 
533698, 533700, 533702). 
 Several analysis programs have been incorporated 
in the analysis pipeline.  A similarity search based on the 
BLASTP2 program against a non-redundant protein data-
base available from the ftp site of NCBI BLAST as ‘nr’ is 
mainly used to assign a function of gene model.  The ‘nr’ 
database has entries from GenPept, Swissprot, PIR, PRF, 
PDB, and NCBI RefSeq (http://www.ncbi.nlm.nih.gov/
blast/blast_databases.html).  A similarity search based 
on the BLASTN program against ‘dna_all’ database is 
used to select the significant similarity to the nucleic acid 
sequences of rice and Arabidopsis thaliana cDNAs.  The 
‘dna_all’ is a nucleotide sequence database with entries 
from DDBJ, EMBL and GenBank (ftp://ftp.dna.affrc.go.
jp/pub/dna_all/).  The gene prediction programs assem-
bled in the pipeline are GENSCAN4 for Arabidopsis thali-
ana, GENSCAN for maize, RiceHMM (http://rgp.dna. 
affrc.go.jp/RiceHMM/) and FGENESH21.  An exon pre-
diction program, MZEF26 is also incorporated. 

Results

1. Algorithm for assigning function and classification 
of gene model

 We have developed an algorithm for assigning func-
tion and classification of the gene models (Fig. 1) using 
the manual annotation system of the Rice Genome Re-
search Program (http://rgp.dna.affrc.go.jp/genomicdata/
AnnSystem.html) as a model.  The GFSelector program 
integrates the similarity search results which are inter-
preted using keyword search techniques.  It is designed to 
find a significant similarity to a known protein hidden in 
miscellaneous hits of similarity search.
 The BLASTP report is examined based on two crite-
ria.  First, if a full definition line in ‘Alignment’ contains 
predicted information such as ‘putative’, ‘unknown’, ‘hy-
pothetical’, and ‘probable’, the corresponding BLASTP 
hit is eliminated.  In this process, misspelled descriptions 
such as ‘putatative’ are considered and the hit which con-
tains such descriptions is also eliminated.  Second, the 
full definition line in the BLASTP report is analyzed to 
determine the relationship to biological function.  In the 
‘nr’ database, we found some entries with definitions not 
related to biological functions such as ‘awaiting function-
al assignment’.  We constructed a database including such 
descriptions.  If a full definition line in the BLASTP re-
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port contains a description in the database, the corre-
sponding hit is eliminated.
 Even after eliminating BLASTP hits which contain 
predicted information and/or information not related to 
biological functions, a BLASTP report sometimes in-
cludes redundant hits which contain same words based on 
different but similar sequences.  Thus, in order to provide 
a concise evidence for computational analysis, the system 
was also designed to keep the candidates for the assigned 
function after eliminating the redundancy.
 The overall process for assigning function is as fol-
lows: (i) The BLASTP hits containing predicted informa-
tion and/or not related to biological functions are deleted.  
(ii) The remaining hits are divided into two classes based 
on the database from which each sequence was obtained, 
namely, similarities against protein databases such as 
Swissprot and similarities against nucleotide databases 
such as GenBank.  (iii) For each class, BLASTP hits are 
clustered based on a word contained in the hit.  The clus-
tering configures a maximum of three groups.  If one of 
the first informative two words in a hit is the same as one 
of the first informative two words in another hit, these 
hits are clustered into the same group.  A hit with the 
highest probability score in each group is selected to rep-
resent the group.  In this step, the informative words are 
extracted from a full definition line in BLASTP report by 

eliminating a ‘gi’ identifier and a concatenated identifier 
for the database from which the corresponding sequence 
was obtained.  (iv) The selected hits (maximum of three) 
become the ‘Similar Protein Data from Protein Databas-
es’ and ‘Similar Protein Data from Nucleotide Databas-
es’.  (v) The group with the highest probability score in 
‘Similar Protein Data from Protein Databases’ is selected 
and the words contained in the corresponding hit are as-
signed as a predicted function.  In the absence of ‘Similar 
Protein Data from Protein Databases’, the group with the 
highest probability score in ‘Similar Protein Data from 
Nucleotide Databases’ is selected.  (vi) The BLASTN re-
sult against ‘dna_all’ database is then examined to select 
the significant similarity to the nucleic acid sequences of 
rice and Arabidopsis thaliana cDNAs.  The result is 
searched for similarity if it contains the corresponding 
name of the species and other qualifiers such as ‘cDNA’ 
or ‘mRNA’.
 The gene model is named using three kinds of quali-
fiers, namely, ‘putative’, ‘unknown’, and ‘hypothetical’ 
based on the IRGSP annotation standard (http://rgp.dna.
affrc.go.jp/genomicdata/AnnSystem.html).  A ‘putative 
protein’ reflects the most probable gene function output 
from GFSelector.  It indicates a significant similarity be-
tween the amino acid sequence of the gene model and the 
sequence of the known protein contained in NCBI ‘nr’.  

Fig. 1. Flowchart for assigning gene function and classification 
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An ‘unknown’ qualifier is used for a gene model that has 
significant similarity to the nucleic acid sequences of rice 
cDNAs but no significant similarity to proteins in ‘nr’ or 
similar proteins with no adequate functional annotations.  
If GFSelector finds some functional information regard-
less of adequacy in the similar protein data, ancillary in-
formation is attached to the protein name such as ‘un-
known protein similar to X’.  The gene model categorized 
into ‘hypothetical protein’ has no significant similarity to 
any database.  Ancillary information is also attached to 
indicate similarity to a database entry if some functional 
information regardless of adequacy is detected. 
 The main view with the summary of the output for 
functional annotation of a gene model is shown in Fig. 2.  
The function assigned by GFSelector and the results of 
similarity search are listed.  In addition, the GFSelector 
output also contains analyses for amino acid sequences.  
The analyses include Hmmer (http://www.biology.wustl.
edu/gcg/hmmerpfam.html) against Pfam database3, Pro-

fileScan23 against PROSITE database9, MOTIF (http://
motif.genome.jp/) against PROSITE database9, PSORT17, 
and SOSUI8.  GO terms22 based on functional domains 
identified by InterProScan19 are also incorporated.  The 
alignment against amino acid sequence motifs can be 
confirmed by a link to the corresponding graphical view 
of the gene model.

2. Analysis pipeline for user submitted genome  
sequences

 The analysis pipeline has been significantly im-
proved from the former-version of RiceGAAS20 by add-
ing the functional assignment and classification of gene 
models.  Furthermore, the gene modelling algorithm was 
modified to improve the accuracy and the analysis pipe-
line was accelerated so that the whole process could be 
accomplished within 24 hours.  The gene modelling in 
RiceGAAS was basically designed to select the most 
plausible gene model from the gene prediction programs, 

Fig. 2. An example of web view which shows the functional annotation of gene model ‘OJ1596_C06.Predgene03’
 The functional assignment described in the corresponding GenBank entry is indicated in the ‘GenBank CDS Feature’.  The 

functional assignment by GFSelector is indicated in the ‘Predicted Function’.  The alignment against amino acid sequence 
motifs can be viewed through a link on ‘Gene ID’.  Significant similarities are tabulated in ‘Similar Protein Data from Pro-
tein Databases’, ‘Similar Protein Data from Nucleotide Databases’, ‘Similar Rice cDNA’, and ‘Similar Arabidopsis cDNA’.  
The tabulated similarity has a link to the corresponding entry of the reference database and KOME database developed by 
large-scale rice cDNA project14.  Links to some analyses of amino acid sequence of the gene model are also provided.  The 
term from gene ontology based on functional domains identified by InterProScan19 is indicated at the bottom.
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namely, GENSCAN for Arabidopsis thaliana, GENSCAN 
for maize and RiceHMM, and to insert internal exons 
from an exon prediction program, MZEF.  Selection is 
based on a score for each gene model which represents 
the average exon score from each gene prediction pro-
gram.  The original exon score is automatically evaluated 
in the system.  If a predicted exon overlaps with another 
exon predicted by a different gene prediction program or 
a genome region similar to rice EST (expressed sequence 
tag) or protein, the predicted exon is emphasized by add-
ing a value to the original exon score.
 Two major modifications were incorporated in the 
process mentioned above.  First, the monocot matrix of 
FGENESH, which has been evaluated as the most accu-
rate gene prediction program for rice24 was added.  How-
ever, the exon score scale in FGENESH is different from 
GENSCAN and RiceHMM and should be normalized.  
We investigated the correlation among the scores and in-
duced the coefficients to normalize the scores from the 
gene prediction programs to enable to compare the re-
sults from different prediction programs.  Second, the 
condition was revised to detect an exon that overlaps a 
genomic region similar to a protein.  In the former-ver-
sion pipeline, only overlaps were checked.  In the modi-
fied pipeline, the coding frame of predicted exon is com-
pared with the results of BLASTX to check if the amino 
acid sequence from the exon has significant similarity 
with the protein mapped on the genome.
 Fig. 3 shows a flowchart and an example for gene 
modelling by the modified pipeline.  In the example, 
GENSCAN for Arabidopsis predicted a gene model of 
eight exons.  GENSCAN for maize predicted two gene 
models of two and three exons respectively.  FGENESH 
and RiceHMM showed the same prediction result and 
each program predicted a gene model of five exons.  A 
BLASTX hit overlapped with an internal exon predicted 
by the GENSCAN for Arabidopsis and terminal exons 
predicted by the GENSCAN for maize, FGENESH and 
RiceHMM.  The coding frame of the internal exon and 
the terminal exons was the same as that of the protein 
mapped on the genome.  The number with an underline 
for each predicted exon shows the overlap score (O-score) 
for the exon appearing in the second step in the flowchart 
(Fig. 3 (A)).  For example, the start/end position and the 
type (initial, internal or terminal) of the initial exon by 
the GENSCAN for Arabidopsis were the same as the 
GENSCAN for maize, FGENESH and RiceHMM.  Thus, 
the O-score for the initial exon by the GENSCAN for Ar-
abidopsis was 1.0.  On the other hand, the start/end posi-
tion and the type (initial, internal or terminal) of the ter-
minal exon by the RiceHMM were the same as the 
GENSCAN for maize and FGENESH, and the terminal 

exon had an overlap with a BLAST result (BLASTX) 
with a coding frame the same as the protein mapped on 
the genome.  Thus, the O-score for the terminal exon by 
the RiceHMM was 1.6 (1.0 by an overlap with another 
prediction program and 0.6 by an overlap with a similar-
ity search result).  The number in parenthesis shows the 
average of O-score per exon by the predicted gene model.  
The average exon score for each predicted gene model 
appearing in the fourth step in the flowchart (Fig. 3 (A)) 
was calculated from the O-score and B-score of predicted 
exon as the formula 3) in Fig. 3 (A).  In this case, the aver-
age exon score by the FGENESH and RiceHMM was 
greater than the GENSCAN for Arabidopsis and the 
GENSCAN for maize, and the gene model by the 
FGENESH and RiceHMM was selected and showed in 
the ‘Autopredgeneset’ row.

3. Stored data and update mechanism 
 As of February 2008, nearly 70,000 GenBank rice 
CDSs and 145,000 automatically predicted gene models 
by RiceGAAS are stored in the database (http://ricegaas.
dna.affrc.go.jp/rgadb/).  The difference between the num-
ber of gene models analyzed by the system and the esti-
mated number of genes for the rice genome12 was due to 
the inclusion of 567 Nipponbare clones overlapping the 
minimum tilling path of the 12 rice pseudomolecules 
(http://rgp.dna.affrc.go.jp/E/IRGSP/download.html), 456 
non-Nipponbare clones such as indica BAC clones, and 
redundant genes in the overlapping regions of adjacent 
BAC/PAC clones.  Furthermore, the automated system 
has been designed to generate all possible candidates for 
gene models including predicted transposons which could 
also be useful in understanding the genome structure.  A 
guide for filtering the gene models is available through 
http://ricegaas.dna.affrc.go.jp/filtering_guide.html.
 To update the rice gene models stored in the data-
base, the processes described in Fig. 1 are daily executed.  
All rice genome sequences in GenBank are daily checked 
by a data collecting system.  A keyword search is auto-
matically executed against GenBank database to collect 
the sequences in HTG sequence division of Oryza sativa.  
Automated analyses of genes are executed for the updat-
ed HTG phase 2 and 3 rice sequences in GenBank.  
Therefore, the analyses by GFSelector become available 
in a day after release of the sequence.  The re-analysis for 
the non-updated sequence is automatically executed ev-
ery 180 days.  Distributions of CpG island are also calcu-
lated for all collected rice BAC/PAC sequences in a 100 
bp window at 10 bp intervals (http://ricegaas.dna.affrc.
go.jp/CpG/).
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Discussion

1. Evaluation of automated functional annotation and 
update mechanism

 The GFSelector annotation was compared with the 
RGP manually curated annotation to evaluate the soft-
ware implementation.  The functions of 3,406 gene mod-
els on rice chromosome 1 as predicted by GFSelector 
were compared with the corresponding descriptions in 
GenBank entries which had been manually annotated by 
RGP.  Among 761 RGP annotated putative proteins, 95% 
(723) were also categorized as putative proteins by GFSe-

lector.  On the other hand, among 765 putative proteins 
categorized by GFSelector, 95% (723) were also catego-
rized as putative proteins by RGP.  In terms of functional 
assignment, 92% of 765 putative proteins predicted by 
GFSelector were assigned with similar function as the 
RGP annotation.  About 83% (399/482) of unknown pro-
teins and 95% (2,048/2,159) of hypothetical proteins cat-
egorized by GFSelector were the same as RGP.  The 
slightly low rate for unknown proteins (83%) may be 
caused by the accumulation of the rice cDNA sequences 
between the dates when manual annotation and computa-
tional annotation were executed.  These results suggest 

Fig. 3. Gene modelling by the analysis pipeline
 (A): Flowchart.  1): Overlap with another prediction program: if the exon is internal exon, the O-score is 0.6; else if the 

exon is initial or terminal exon, the O-score is 1.0.  2): Overlap with a similarity search result: the O-score is 0.6.  3): 
{Sum of (B-score)+(O-score) for all exons in a gene model} / {No. of exons in a gene model}.

 (B): Example. 
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that GFSelector showed relatively reliable functional as-
signment of predicted rice genes. 
 The combined system of GFSelector and RiceGAAS 
automatically presents a regularly updated annotation for 
all rice gene models using the latest reference databases.  
Fig. 4 shows a representative case of the automated up-

date (for rice PAC sequence, P0022F10).  Two genomic 
regions with significant similarity to recently registered 
protein in the Swissprot database were detected in the an-
notation map on December 2007 and a different gene 
modelling was performed for the gene model 22 (see ‘Au-
topredgeneset’ row) based on the similarity search re-

Fig. 4. Automated update of annotation based on the latest available information

Fig. 5. Annotation map and functional assignment for banana BAC sequence (AY484588)
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sults.

2. Utility for crop functional genomics
 The combined system of GFSelector and RiceGAAS 
can be utilized in various ways for crop functional ge-
nomics.  Using the analysis pipeline (http://ricegaas.dna.
affrc.go.jp/usr/), user submitted genome sequences can 
be analyzed.  We evaluated automated annotation by the 
pipeline based on the BAC sequences of wheat (total 
length: 808 kbp), banana (total length: 156 kbp) and soy-
bean (total length: 593 kbp).  These BAC sequences had 
been submitted to GenBank by the other research groups 
and the CDS features were assigned independently from 
our research.
 First, the automated gene modelling was evaluated.  
We investigated the nucleotide-level sensitivity and spec-
ificity for the CDSs contained in the GenBank entries 
(the number of CDSs contained in the GenBank entries 
was 20 CDSs in 4 wheat BACs, 23 CDSs in 2 banana 
BACs and 6 CDSs in 4 soybean BACs).  The sensitivity 
(Sn) was determined as follows:

 The calculated sensitivity was 97% for wheat, 83% 
for banana and 93% for soybean.  On the other hand, a 
sensitivity of 85% was calculated for the rice genome se-
quence (http://ricegaas.dna.affrc.go.jp/rga-bin/col_accur.
pl).  Although the automated system had been developed 
based on the rice genome sequence, the results suggest 
that the sensitivity is not correlated to the type of organ-
ism closely or distantly related to rice.
 The specificity (Sp) was determined as follows:

 The calculated specificity was 14% for wheat, 74% 
for banana and 11% for soybean.  The reasons for the low 
specificity for the wheat and soybean BACs were: (i) The 
automatically predicted gene models included DNA 
transposons and retrotransposons (54 out of 214 gene 
models for wheat and 6 out of 96 gene models for soybean 
were transposons and retrotransposons), but the Gen-
Bank CDSs did not include DNA transposons and ret-

rotransposons for the wheat and soybean BACs.  (ii) The 
GenBank entries of wheat and soybean BACs contained 
few CDSs (the corresponding gene density was 40 kb/
gene for wheat and 99 kb/gene for soybean).  It was sug-
gested from the related articles1,6,7,27 that the GenBank en-
tries of wheat and soybean BACs limited the CDSs to re-
search targets of the authors.  (iii) The automated system 
has been designed to generate all possible candidates for 
gene models.
 For the rice genome sequence, a specificity of 59% 
was calculated (http://ricegaas.dna.affrc.go.jp/rga-bin/
col_accur.pl).  The results suggest that the specificity is 
also not correlated to the type of organism closely or dis-
tantly related to rice. 
 It was also suggested that the specificity was im-
proved by integrating the GFSelector into the pipeline: (i) 
The GFSelector assigned transposons or retrotranspo-
sons to 54 automatically predicted gene models among 
214 gene models in the four wheat BACs.  The specificity 
for the wheat BACs will be improved from 14% to 28% 
by eliminating the gene models assigned transposons or 
retrotransposons by the GFSelector.  (ii) The GFSelector 
presented the predicted gene models three kinds of quali-
fiers.  The qualifier which means most probable is ‘puta-
tive’, and it indicates a significant similarity between the 
gene model and a known protein.  The specificity for the 
four wheat BACs will be further improved from 28% to 
35% by choosing the 85 gene models qualified as ‘puta-
tive’.
 Second, the functional annotation by the system was 
evaluated.  We investigated 20 CDSs with completely the 
same nucleotide sequence between the GenBank CDS 
feature and automatically predicted gene model (Table 1).  
Seventeen of 20 CDSs (85%) were almost equivalently 
annotated based on the GenBank CDS feature and auto-
mated annotation, or equivalent candidates were present-
ed by both systems.  Two CDSs (10%) had an appropriate 
function assigned automatically based on the reference 
database updated later than the corresponding GenBank 
entry.  Thus, 19 of 20 CDSs (95%) had an automatic an-
notation nearly equal or better than the corresponding 
GenBank CDS feature.  The annotation map with func-
tional assignment by the system for banana BAC se-
quence (AY484588) is shown in Fig. 5.  Three GO terms 
were automatically assigned for a gene model.  The re-
sults of similarity search and prediction programs will be 
useful for further analysis of the genome sequence such 
as splice variants etc.
 The combined RiceGAAS and GFSelector has other 
potential applications for crop functional genomics.  Us-
ing the similarity search through RiceBLAST16 (http://
riceblast.dna.affrc.go.jp/), a query sequence such as crop 
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Table 1.  Comparison between the GenBank CDS feature and automated annotation by the system

CDS GenBank feature Automated annotation Comment

Almost equivalent annotation was performed between the GenBank CDS feature and automated system (14 CDSs).
EF426565.30 unknown protein unknown protein similar to katanin p80 

subunit-like protein
EF426565.37 gamma gliadin 2 putative Gamma-gliadin precursor
EF426565.39 gamma gliadin 3 putative Gamma-gliadin precursor
DQ537335_2.19 X-type HMW glutenin putative Glutenin, high molecular weight 

subunit DX5 precursor
DQ537335_2.20 protein kinase putative protein kinase
DQ537336.10 Y-type HMW glutenin putative Glutenin, high molecular weight 

subunit 12 precursor
DQ537336.52 X-type HMW glutenin putative Glutenin, high molecular weight 

subunit DX5 precursor
DQ537337.05 receptor kinase 2 putative receptor kinase 2
DQ537337.09 Y-type HMW glutenin putative Glutenin, high molecular weight 

subunit DY10 precursor
DQ537337.27 X-type HMW glutenin putative Glutenin, high molecular weight 

subunit DX5 precursor
DQ537337.28 protein kinase putative protein kinase
AY484588.16 retrotransposon-like 

protein
putative gag-proteinase polyprotein

AY484588.09 hypothetical protein hypothetical protein similar to 
Os04g0495900

EF533702.02 LYK8 putative LYK8
Another candidate provided by the automated system was equivalent to the GenBank CDS feature (3 CDSs). 
DQ537335_1.23 globulin 1 putative Glutenin, high molecular weight 

subunit 12 precursor
The candidate was: 
gi|110341790|gb|ABG68030.1| globulin 1 
[Triticum aestivum].

DQ537336.08 globulin 1 putative Glutenin, high molecular weight 
subunit 12 precursor

The candidate was: 
gi|110341795|gb|ABG68034.1| globulin 1 
[Triticum aestivum].

DQ537337.07 globulin 1 putative Glutenin, high molecular weight 
subunit 12 precursor

The candidate was: 
gi|110341801|gb|ABG68039.1| globulin 1 
[Triticum aestivum].

Appropriate function was automatically assigned based on the reference database updated later than the corresponding 
GenBank entry (2 CDSs).
AY484589.01 hypothetical protein putative Zinc finger A20 and AN1 

domain-containing stress-associated 
protein 12 (OsSAP12)

The assignment was based on: 
gi|75133829|sp|Q6Z541|SAP12_ORYSJ 
Zinc finger A20 and AN1 
domain-containing stress-associated 
protein 12 (OsSAP12).

AY484589.05 crinkly4-like protein putative Nodulation receptor kinase 
precursor (Does not make infections 
protein 2) (Symbiosis receptor-like kinase) 
(MtSYMRK)

The assignment was based on: 
gi|71152016|sp|Q8L4H4|NORK_MEDTR 
Nodulation receptor kinase precursor 
(Does not make infections protein 2) 
(Symbiosis receptor-like kinase) 
(MtSYMRK).

A function was automatically assigned based on a low BLASTP score (1 CDS).
AY484588.11 hypothetical protein putative Solution Structure Of Rrm 

Domain In Protein Bab28521
The assignment was based on: 
gi|157880646|pdb|1WEX|A Chain A, 
Solution Structure Of Rrm Domain In 
Protein Bab28521 
(Score = 33.5, Expect = 7.6).
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EST will be located on a rice BAC/PAC.  The RiceBLAST 
result has a link to the annotation map of the correspond-
ing rice BAC/PAC, and each gene model on the map is 
linked to the functional annotation by GFSelector.  Thus 
a user can observe similar and/or adjacent rice gene mod-
els for the query sequence with structural and functional 
information of the rice gene models.  Furthermore, using 
the keyword search mechanism (http://ricegaas.dna.affrc.
go.jp/rgadb/index.html#KeyGFS), rice gene models con-
taining a keyword such as user’s target function can be 
easily retrieved.

Conclusion

 GFSelector performs a computational classification 
of gene models and assignment of unique biological func-
tions.  The combined system of GFSelector and Rice-
GAAS provides a fully automated annotation for user 
submitted genome sequences using the latest reference 
databases and covers a whole process from gene model-
ling to functional annotation of the gene models.  Com-
parison of the annotation with the GenBank CDS feature 
for other cereal crops as well as dicot plants suggests that 
a relatively reliable annotation can be obtained from auto-
mated annotation.  The system also provides analyses 
based on regularly updated rice gene models.  As a tool 
for analysis of genomic sequences, it can be used even by 
small groups with limited infrastructure and bioinfor-
matics staff.  Therefore the system could serve as an im-
portant bioinformatics resource for crop functional ge-
nomics.
 The automated annotation provided by the system is 
mainly for protein coding sequences.  The main process 
of the system is a prediction of protein coding gene and 
an assignment of a function for the predicted gene.  As a 
future work, an automated annotation module for non-
coding RNA will be developed. 
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