
A Peer-to-Peer Environment for Annotation of Genomes: The SEED 
  
!n open source tool is .eing designed1 de2eloped1 disse3in4ted1 4nd used to help 
scientists 34n4ge 4nd underst4nd the gro6ing .ody of geno3ic d4t4 
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Figure 1. The iterative process of genome annotation. 
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G##< 811'$$ 3# 84< $3(8/693;#(D8(< 48&/683/#4 #; 844#383'< 6'4#7'$ /$ 1(/3/18B ;#( 
$1/'43/$3$ D9# D/$9 3# :$' 6'4#7/1 <838 /4 )/#7'</18B ('$'8(19. S1/'43/$3$ $3:<-/46 39' 
$3(:13:(' 84< ;:413/#4 #; 6'4'$ ('>:/(' 811'$$ 3# 8 )(#8< /43'6(83/#4 #; &'(/;/'<+ =:)B/1B- 
8&8/B8)B' <838 E/41B:</46 4'DB- $'>:'41'< 6'4#7'$G /4 8 1#7=:3/46 '4&/(#47'43 3983 
$:==#(3$ 1#7=8(/$#4 #; 6'4#7'$. A<</3/#48BB-+ $1/'43/$3$ #;3'4 D/$9 3# /41B:<' 848B-$/$ 
#; 6'4#7'$ 3983 98&' 4#3 -'3 )''4 8<<'< 3# 39' =:)B/1 /43'6(83/#4$+ ):3  ;'D ('$#:(1'$  
3#<8- ='(7/3 /43'6(83/#4 #; <838 ;(#7 =:)B/1 $#:(1'$ D/39 <838 4#3 -'3 /4 =:)B/1 ('$#:(1'$. 
E4&/(#47'43$ ;#( 6'4#7' 1#7=8(/$#4 84< 1:(83/#4 3-=/18BB- '/39'( /41B:<' #4B- ;/48B 
=:)B/1 <838 #( 8(' 4#3 6'4'(8BB- 8&8/B8)B' ;#( :$' )- 39' $1/'43/;/1 1#77:4/3- )'18:$' 
39'- 8(' =(#=(/'38(- 3##B$ 1('83'< )- 1#77'(1/8B ;/(7$. 
 
T9' /4</&/<:8B ('$'8(19'( 3#<8- $/7=B- <#'$ 4#3  98&' 811'$$ 3# 84 ';;'13/&' ;(87'D#(* 
;#( 1#7=8(83/&' 848B-$/$ #; 6'4#7'$ 3983 184 /41#(=#(83' =:)B/1B- 8&8/B8)B' 6'4#7'$+ 
4#4 =:)B/1 <838 3# D9/19 39' ('$'8(19'( 98$ 811'$$ E):3 :4<'( ('$3(/13/#4$ #( B/1'4$' 
3'(7$G+ 84< 39' ('$'8(19'(J$ #D4 =(/&83' <838. W' 98&' 1('83'< 84< 8(' </$3(/):3/46 8 $:/3' 
#; 3##B$+ 18BB'< 39' SEED+ 3983 7''3$ 39/$ 4''< 84< 78*'$ 39' 1('83/#4 84< 78/43'4841' 
#; 4'D /43'6(83/#4$ #; 6'4#7/1 <838 ;'8$/)B' )- 38*/46 8<&84386' #; 39' 1#BB'13/&' 
18=8)/B/3/'$ #; 784- </$3(/):3'< ('$'8(19'($.  
 
T9' #)K'13/&' #; 39' SEED =(#K'13 /$ 3# =(#&/<' 3# 39' )/#B#6- 1#77:4/3- 8 $:/3' #; #='4 
$#:(1' 3##B$ 3983 D/BB '48)B' </$3(/):3'< 3'87$ #; ('$'8(19'($ 3# (8=/<B- 844#383' 4'D 
6'4#7'$+ =8(3/1:B8(B- 7/1(#)/8B 6'4#7'$. T9' /4/3/8B 6#8B ;#( 39' SEED /$ 3# $:==#(3 
(8=/< 844#383/#4 #; 39' ;/($3 1+LLL 6'4#7'$ 3983 8(' $'>:'41'<. I4 =8(3/1:B8(+ T9' SEED 
$:==#(3$ 6'4#7' 844#383/#4 84< '48)B'$ ('$'8(19'($ 3# 1('83'+ 1#BB'13+ 84< 78/438/4 $'3$ 
#; 6'4' 844#383/#4$ #(684/0'< )- 6(#:=$ #; ('B83'< )/#B#6/18B 84< )/#19'7/18B ;:413/#4$ 
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;:413/#4 8$$/647'43$ 3# $'3$ #; 6'4'$ /4 4'DB- $'>:'41'< #(684/$7$.  T9/$ $:)$-$3'7 
8==(#819 /$ :4/>:' 87#46 6'4#7' 844#383/#4 $-$3'7$.  I4<''<+ 7#$3 'C/$3/46 844#383/#4 
$-$3'7$ $:==#(3 844#383/#4 #; #4' 6'4#7' 83 8 3/7' E819/'&/46 /7=(#&'7'43$ /4 $=''< 
)- 811'B'(83/46 39' (83' 83 D9/19 '819 6'4#7' /$ 844#383'<G+ D9/B' 39' SEED  $:==#(3$ 
844#383/#4 #; 8 $/46B' $:)$-$3'7 #&'( 9:4<('<$ #; #(684/$7$ $/7:B384'#:$B- E/.'.+ 
844#383/46 #4' $:)$-$3'7 83 8 3/7'G. 
 
T9' SEED+ $3/BB )'/46 <'&'B#='< 84< 'C=84<'<+ D/BB 8BB#D :$'($ 3# '8$/B- 'C87/4' 39' 
D8- 8 6/&'4 6'4' ('B83'$ 3# #39'( 6'4'$+ /4 #(<'( 3# 'C=#$' 39' 1B:'$ ('B'&843 3# 
<'3'(7/483/#4 #; ;:413/#4. I3 D/BB '48)B'N 
  

!" (8=/< B#183/#4 84< &/$:8B/083/#4 #; 1B:$3'($ #; 6'4'$ 3983 8(' ('B'&843 3# 39' 
848B-$/$ #; 8 $='1/;/1 $:)$-$3'7+ 

!" /<'43/;/183/#4 #; $/7/B8( 6'4'$ ;(#7 #39'( #(684/$7$+ 



!" &/$:8B/083/#4 #; 8 4'/69)#(9##< #4 39' 19(#7#$#7'+  
!" 1#7=8(/$#4 #; #4' 4'/69)#(9##< #; 6'4'$ D/39 #39'( 4'/69)#(9##<$ 8(#:4< 

1#(('$=#4</46 6'4'$ /4 #39'( 6'4#7'$+ 
!" 'C87/483/#4 #; 6'4'$ 3983 /7=B'7'43 1B#$'B- ('B83'< 7'38)#B/1 ;:413/#4$+ 
!" 8<</3/#4 #; 84< :=<83/46 #;  ;:413/#4 8$$/647'43$ 84< 844#383/#4$+ 
!" <'3'13/#4 #; /41#4$/$3'43 ('=('$'4383/#4 #; ;:413/#4 84< 
!" <'&'B#=7'43 #; =81*86'$ #; 8$$/647'43$ 84< 844#383/#4$ 1#(('$=#4</46 3# 8 

$/46B' $:)$-$3'7. 
 
T9' 8)/B/3- 3# $3:<- '819 6'4' 8$ /3 ('B83'$ 3# 8BB #; 39'$' 1(/3/18B $#:(1'$ #; 1B:'$ 3# 
;:413/#4 /$ D983 </$3/46:/$9'$ /43'6(83/#4$ ;(#7 $/7=B' 1#BB'13/#4$ #; 6'4#7/1 <838. A$ 8 
('$:B3+ 39' SEED $9#:B< <(8783/18BB- ('<:1' 39' ';;#(3 84< 1#$3 ('>:/('< 3# 1#4$3(:13 
6'4#7' /43'6(83/#4$.  
 
T9' SEED $:==#(3$ </$3(/):3'< D#(*;B#D+ 39:$ '48)B/46 3'87$ 3# $98(' <(8;3 $:)$-$3'7 
844#383/#4$ 84< 39'/( 1#(('$=#4</46 6'4' ;:413/#4 8$$/647'43$ /4 8 =''(-3#-=''( ;8$9/#4.  
39:$ $:==#(3/46 8 483:(8B 4#4-9/'(8(19/18B D#(* $3-B'.   T9/$ 4#4- 9/'(8(19/18B D#(* $3-B' 
/$ (';B'13'< /4 39' 3D# $#:(1'$ #; 39' 487' SEED. O4' /$ FIG SEED+ 8 =B8- #4 39' /4/3/8B$ 
#; 39' F'BB#D$9/= ;#( 39' I43'(=('383/#4 #; G'4#7'$+ 39' 1#7=84- 3983 <'&'B#='< 39' 
/4/3/8B SEED. T9' #39'( $#:(1' /$ 8 =8$$86' /4 N'/B S3'=9'4$#4J$ 4#&'B T9' D/87#4< 
A6'+ D9/19 (';'($ 3# 39' 4#4 9/'(8(19/18B 483:(' #; $'B;-('=(#<:1/46 484#3'194#B#6- E/4 
#39'( D#(<$+ )/#B#6/18B $-$3'7$G 3983 <# 4#3 ('>:/(' 8 1'43(8B/0'< /4;(8$3(:13:(' 3# 
;:413/#4. 
 
T9' SEEDJ$ #(684/083/#4 /$ <'$/64'< 3# $:==#(3 39' &8(/#:$ D#(* $3-B'$ #; )/#B#6/$3$ D9# 
78- 1#BB8)#(83' /4 1#BB'13/#4$ #; B##$'B- 1##(</483'< </$3(/):3'< 3'87$ #( /4 3/693B- 
1#:=B'< 3'87$ B#183'< 83 8 $/46B' /4$3/3:3/#4.  E819 SEED /4$3841' /$ 8 $'B;-1#438/4'< 
6'4#7' 844#383/#4 $-$3'7 3983 ='(7/3$ 7:B3/=B' :$'($ 3# 811'$$+ :=<83'+ 84< 'C3'4< 39' 
844#383/#4 <838)8$' &/8 8 W')-)8$'< :$'( /43'(;81' EB#18B <'&'B#='($ 8B$# 98&' 811'$$ 3# 
8 (/19 API 84< =(#6(877/46 $9'BB /4 PERL 84< P-39#4G.  T9' <'$/64 #; 39' SEED 
'4$:('$ 3983 '819 :$'( 98$ 83 984< #4 8 B#18B 7819/4' 8BB 39' <838 84< 3##B$ ('>:/('< 3# <# 
844#383/#4$. T# $:==#(3 </$3(/):3'< 3'87$+ D' 98&' <'&'B#='< 8 )8$/1 =''(-3#-=''( 
$-419(#4/083/#4 ;81/B/3- 3983 $:==#(3$ $98(/46 /4;#(783/#4 )'3D''4 8< 9#1 1#BB'13/#4$ #; 
SEED /4$38BB83/#4$.  I4 =8(3/1:B8( 39' SEED $:==#(3$ 39' 8)/B/3- 3#N  

 
!" /4$38BB 84< $98(' 4'D 6'4#7'$ )'3D''4 $'(&'($+ 
!" $98(' $:)$-$3'7 <';/4/3/#4$ 84< 8$$#1/83'< 6'4' ;:413/#4 8$$/647'43$+ 
!" $98(' 6'4' ;:413/#4 8$$/647'43$ E39'$' 184 )' $'B'13/&'B- /4$38BB'<G+ 
!" $98(' 6'4' 844#383/#4$ E4#3'$+ =839D8- </86(87$+ '31.G+ 84< 
!" $98(' 487/46 (:B'$ E$'3$ #; ;:413/#4 3(84$B83/#4$G 

 
SEED <'&'B#=7'43 /41B:<'$ 39('' 78K#( $#;3D8(' =(#K'13$N <'&'B#=7'43 #; $18B8)B' 
$#;3D8(' /4;(8$3(:13:(' 3# $:==#(3 39' 1#4$3(:13/#4 #; B8(6'-$18B' /43'6(83/#4$ #; )/#B#6/18B 
<838 ED/39 6'4#7/1 <838 )'/46 39' =(/78(- /4/3/8B 38(6'3G+  39' 1#4$3(:13/#4 #; 8 =''(-3#-
=''( $#;3D8(' /4;(8$3(:13:(' 3# '48)B' 39' </$3(/):3'< 1:(83/#4 #; /43'6(83'< <838)8$'$ 84< 
$-419(#4/083/#4 #; 39' /43'6(83/#4$+  84< 39' <'&'B#=7'43 #; $#;3D8(' 3'194#B#6- 3# 



'48)B' 'C3'4$/#4$ #; 39' /43'6(83'< <838)8$' '4&/(#47'43 3# 8BB#D ;#( )(#8< 8<#=3/#4 84< 
8<8=383/#4 3# 4'D )/#B#6/18B 8==B/183/#4$. T9' SEED /$ 84 #='4 $#:(1' $-$3'7+ 84< /3 /$ 
)'/46 1##='(83/&'B- <'&'B#='< )- ('$'8(19'($ ;(#7 8 4:7)'( #; /4$3/3:3/#4$ D#(B<D/<'.  
T9' SEED 8(19/3'13:(' $:==#(3$ 39' </$3(/):3/#4 #;N 
 

!" SEED $#:(1' 1#<'+ /41B:</46 (8=/< 'C19846' #; :=<83'$ 84< 4'D ;'83:('$+ 
!" 6'4' ;:413/#4 8$$/647'43$ 84< 3(84$B83/#4 (:B'$+ 84<  
!" 1#7=B'3' $:)$-$3'7 844#383/#4 =81*86'$. 

 
T9'(' 8(' 1:(('43B- 3L SEED /4$38BB83/#4$. T9'$' SEED </$3(/):3/#4$ 1#438/4 39' R';S'> 
<838 </$3(/):3'< )- N83/#48B C'43'( ;#( B/#3'194#B#6- I4;#(783/#4+ 8B#46 D/39 4:7'(#:$ 
6'4#7'$ 3983 98&' 4#3 -'3 )''4 <'=#$/3'< /4 39' =:)B/1 8(19/&'$. T9' &'($/#4 /4 :$' 4#D 
1#438/4$ 2WX 1#7=B'3' #( 4'8(-1#7=B'3' 6'4#7'$ 84< 8B7#$3 YLL =8(3/8B 6'4#7'$. T9' 
SEED #;;'($ 811'$$ 3# 39' ;#BB#D/46 )8$/1 #)K'13 3-='$N E1G 6'4#7' Z #4' #( 7#(' 1#43/6$ 
8$$#1/83'< D/39 84 #(684/$7[ E2G 1#43/6 Z 1#43/6:#:$ DNA $'>:'41'[ E3G ;'83:(' Z ('6/#4 
#; DNA $'>:'41' 3983 98$ $#7' =(#='(3/'$ 8$$#1/83'< ECDS+ RNA+ '31.G[ E4G =(#3'/4 
$'>:'41' Z 87/4# 81/< $'>:'41'[ EXG ;:413/#48B (#B' Z 3'C3 <'$1(/=3/#4 #; 39' (#B' #; 8 
=(#3'/4 #( DNA $'>:'41'[ 84< E]G $:)$-$3'7 Z 1#BB'13/#4$ #; ;:413/#48B (#B'$ 3983 8(' 
('B83'< /4 $#7' D8-. T9/$ /4;#(783/#4 /$ #(684/0'< )- 6'4#7' ):3 /$ $'8(198)B' )- 784- 
</;;'('43 /4</1'$+ $:19 8$ 844#383/#4+ =839D8-+ 9#7#B#6-+ 84< $:)$-$3'7 1#43'C3. I3 8B$# 
1#438/4$ $:)$-$3'7 78=$ D/39 B/4*$ 3# 39' SEED #( 'C3'(48B <838)8$'$. S/41' </;;'('43 
('$'8(19'($ $#7'3/7'$ :$' </;;'('43 3'(7/4#B#6- 3# /4</183' 39' $87' ;:413/#48B/3-+ 39' 
SEED 8B$# 78/438/4$ 8 $'3 #; 3(84$B83/#4 (:B'$ 3# 1#4&'(3 )'3D''4 &8(/#:$ 4#383/#4$. T9' 
SEED <838 'C19846' 7#<'B /$ #:3B/4'< /4 F/6:(' 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. The SEED data exchange model

O:( 1#77/37'43 3# 8 =''(-3#-=''( =(#3#1#B 8$ =8(3 #; 39' SEED <'$/64 98$ 784- =#$/3/&' 
/7=B/183/#4$. S/41' '819 ('$'8(19'( 98$ 8 1#7=B'3' 1#=- #; 39' 1#<' 84< <838)8$' 84< 
D#(*$ =(/&83'B-+ 9' /$ ;('' 3# /41B:<' 84- <838+ ;(#7 84- $#:(1'+ ('$3(/13'< #( #39'(D/$'+ 



;#( ='($#48B :$'.  T9' 1#77#4 4#3/#4 #; =''(-3#-=''( 1#77:4/183/#4$ /$ #4' #; 
84#4-7#:$ :$'($ =8(3/1/=83/46 8$ )#39 1B/'43$ 84< $'(&'($ /4 8 1#77#4 $'8(19 $=81'[ 
>:'(/'$ 8(' B8:419'< /43# 39' $=81' 84<+ D9'4 #4' /$ $83/$;/'<+ 3D# =''($ 1#77:4/183' 
</('13B-. T9' SEED 98$ $#7'D983 </;;'('43 ('>:/('7'43$. I4$3'8< #; 84 84#4-7#:$ 
6(#:=+ 844#383/#4 3'87$ #; SEED :$'($ 8(' D'BB *4#D4 3# '819 #39'( 84<+ /4 ;813+ <'$/(' 
3# 18(';:BB- 1/(1:7$1(/)' 39' 7'7)'($9/=. D838 'C19846'$ 8(' 4#3 )8$'< #4 6'4'(/1 
>:'(/'$[ /4$3'8<+ >:'(/'$ ;#( $-419(#4/083/#4 8(' </('13'< 83 8 $='1/;/1 SEED /4$3841' 84< 
:$'(. T# ;81/B/383' 39/$ 7#<'B+ 39' $-$3'7 8(19/3'13:(' 98$ 8 S''< R'4<'0&#:$ P#/43 D9'(' 
8 </$3(/):3'< 844#383/#4 3'87 184 7''3 /4 1-)'($=81' 84< 'C19846' <838. T9' ;/($3 &'($/#4 
#; 39' S''< R'4<'0&#:$ P#/43 /$ /7=B'7'43'< 8$ 8 $/7=B' W') $'(&/1' 83 8 D'BB-*4#D4 
8<<('$$ 84< /$ ('8BB- K:$3 8 =B81' 3# ('6/$3'( =('$'41' 84< 813 8$ 8 39/(<-=8(3- $3#('-84<-
;#(D8(< ;81/B/3- 3# '48)B' 1#77:4/183/#4 /4 39' ;81' #; B#18B ;/('D8BB /$$:'$.  
 
T9' 8(19/3'13:(' ;#( ;:3:(' &'($/#4$ #; 39' SEED D/BB )' $/7/B8( /4 =(/41/=B' ):3 7#(' 
(#):$3 /4 3'(7$ #; $'1:(/3-+ 6'4'(8B <838 'C19846'$+ 84< 1#BB8)#(83/#4 18=8)/B/3/'$. U$/46 
8 =''(-3#-=''( 7#<'B 8BB#D$ </$3(/):3'< 844#383/#4 3'87$ 3# )' ;#(7'< D9'(' '819 
7'7)'( D#(*$ /4 84 8('8 #; 'C='(3/$' 84< 39' 3'87+ 84< #4B- 39' 3'87+ 184 $98(' 3983 
D#(*.  B- 1#43(#BB/46 811'$$ 3# <838 /3'7$+ ('$'8(19'($ :$/46 ('$3(/13'< <838 184 $3/BB 
=8(3/1/=83' /4 39' 'C19846' #; <838 D/39 B8(6'( 844#383/#4 3'87$ D9/B' 1#4<:13/46 39'/( 
#D4 ('$'8(19.  
T9'$' 18=8)/B/3/'$ 8BB#D /4<'='4<'43 6(#:=$ 3# 'C3'4< 39' ;:413/#48B/3- #; 39' SEED+ 
'/39'( 1##='(83/&'B- #( )- /43(#<:1/46 )(8419'$ /4 1#<' ('B'8$'$.  I3 ('B/'&'$ 84- 
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