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Abstract 
 

"ecent progress in geno-ics .nd e0peri-ent.l 2iology 
h.s 2rought e0ponenti.l gro6th of the 2iologic.l 
infor-.tion .8.il.2le for co-put.tion.l .n.lysis in 
pu2lic geno-ics d.t.2.ses9 Ho6e8er; .pplying the 
potenti.lly enor-ous scientific 8.lue of this infor-.tion 
to the underst.nding of 2iologic.l syste-s re<uires 
co-puting .nd d.t. stor.ge technology of .n 
unprecedented sc.le9 The >rid; 6ith its .ggreg.ted .nd 
distri2uted co-put.tion.l .nd stor.ge infr.structure; 
offers .n ide.l pl.tfor- for high-throughput 
2ioinfor-.tics .n.lysis9 To le8er.ge this pl.tfor-; 6e 
h.8e de8eloped the >eno-e @n.lysis "ese.rch 
An8iron-ent B>C@"AD E . sc.l.2le co-put.tion.l 
syste- for the high-throughput .n.lysis of geno-es; 
6hich pro8ides .n integr.ted d.t.2.se .nd 
co-put.tion.l 2.cFend for d.t.-dri8en 2ioinfor-.tics 
.pplic.tions9 >C@"A efficiently .uto-.tes the -.Gor 
steps of geno-e .n.lysis; including .c<uisition of d.t. 
fro- -ultiple geno-ic d.t.2.sesH d.t. .n.lysis 2y . 
di8erse set of 2ioinfor-.tics toolsH .nd stor.ge of results 
.nd .nnot.tions9 

High-throughput co-put.tions in >C@"A .re 
perfor-ed 2y using distri2uted heterogeneous >rid 
co-puting resources such .s >ridIJJK; Ter.>rid; .nd 
the LMA Ncience >rid9 Multistep geno-e .n.lysis 
6orFflo6s in8ol8ing -.ssi8e d.t. processing; the use of 
.pplic.tion-specific tools .nd .lgorith-s; .nd upd.ting 
of .n integr.ted d.t.2.se to pro8ide inter.cti8e Pe2 
.ccess to results .re .ll e0pressed .nd controlled 2y . 
Q8irtu.l d.t.R -odel th.t tr.nsp.rently -.ps 
co-put.tion.l 6orFflo6s to distri2uted >rid resources9  

This p.per descri2es ho6 >rid technologies such .s 
>lo2us; Sondor; .nd the >ryphyn Tirtu.l L.t. Nyste- 
6ere .pplied in the de8elop-ent of >C@"A9 Pe focus on 
our .ppro.ch to >rid resource .lloc.tion .nd to the use 
of >C@"A .s . co-put.tion.l fr.-e6orF for de8eloping 
2ioinfor-.tics .pplic.tions9 

 

1. Introduction 
D)4#$5 &', E%A& 3,9%3,- &', A9#,$&#=#9 92CC)$#&H '%A 

P#&$,AA,3 %$ )$E4,9,3,$&,3 %99)C)*%&#2$ 2= 5,$, 
A,Q),$9, 3%&% %$3 3%&% 4,*%&,3 &2 &', E'HA#2*25H %$3 
G#29',C#A&4H 2= 245%$#ACA. T2 3%&,- 2TJ 5,$2C,A '%>, 
G,,$ A,Q),$9,3- %$3 5,$2C,A 2= C24, &'%$ 1-JJJ 

245%$#ACA %4, %& >%4#2)A *,>,*A 2= 92CE*,&#2$ U1V. I$ 243,4 
&2 ,0E*2#& &', ,$24C2)A A9#,$&#=#9 >%*), 2= &'#A 
#$=24C%&#2$ =24 )$3,4A&%$3#$5 G#2*25#9%* AHA&,CA- &', 
#$=24C%&#2$ C)A& G, #$&,54%&,3- %$%*H6,3- 54%E'#9%**H 
3#AE*%H,3- %$3 )*&#C%&,*H C23,*,3 92CE)&%&#2$%**H U2V. 

C2CE%4%&#>, %$3 ,>2*)&#2$%4H %$%*HA#A 2= &', P#3, 
AE,9&4)C 2= E'H*25,$,&#9%**H 3#>,4A, 245%$#ACA 
4,E4,A,$&A 2$, 2= &', C2A& E2P,4=)* %EE42%9',A =24 
#$&,4E4,&#$5 5,$2C,A %$3 =24 )$3,4A&%$3#$5 '2P 
245%$#ACA %3%E& &2 ,$>#42$C,$&A. S)9' %$%*HA#A %**2PA 
=24 AHA&,C%&#9 ,0E*24%&#2$ 2= C,9'%$#ACA &'%& '%>, *,3 &2 
3#>,4A#=#9%&#2$ 2= G#2*25#9%* AHA&,CA 2$ %** *,>,*A 2= &',#4 
245%$#6%&#2$W 5,$2C#9- C,&%G2*#9- %$3 E',$2&HE#9. A 
92CE%4%&#>, %EE42%9'- '2P,>,4- 4,Q)#4,A &', 
3,>,*2EC,$& 2= '#5'-&'42)5'E)& 92CE)&%&#2$%* 
,$>#42$C,$&A &'%& #$&,54%&, *%45, %C2)$&A 2= 5,$2C#9 %$3 
,0E,4#C,$&%* 3%&%- E2P,4=)* &22*A %$3 %*524#&'CA =24 
+$2P*,35, 3#A92>,4H %$3 3%&% C#$#$5- &22*A =24 
92**%G24%&#>, %$%*HA#A 2= G#2*25#9%* 3%&% GH &', ,0E,4&A 
4,A#3#$5 #$ 4,C2&, *29%&#2$A- %$3 A9%*%G*, 92CE)&%&#2$%* 
G%9+,$3A.  

T', ,==#9#,$9H %$3 %99)4%9H 2= 5,$,&#9 A,Q),$9, 
%$%*HA#A #A %9'#,>,3 GH )A#$5 >%4#2)A G#2#$=24C%&#9A &22*A 
%$3 %*524#&'CA Y,.5.- %$%*HA#A 2= 5*2G%* A#C#*%4#&#,A U3V U4V 
UTV- 32C%#$ %$3 C2&#= %$%*HA#A UIV UOV U8V- %$%*HA#A 2= &', 
4,*,>%$& A&4)9&)4%* UMV U1JV- %$3 =)$9&#2$%* 3%&%[. 
A9Q)#4#$5 %$3 #$&,54%&#$5 &', $,,3,3 #$=24C%&#2$ 9%$ G, 
,0&4,C,*H &,3#2)A- &#C,-92$A)C#$5- %$3 E42$, &2 ')C%$ 
,4424 #= 32$, GH C%$)%**H. R,*#%G*, ,0,9)&#2$ 2= A)9' 
C)*&#A&,E %$%*H&#9%* E429,AA,A 92)*3 G, %9'#,>,3- 
'2P,>,4- GH 92$&42**,3 P24+=*2PA %$3 %$%*H&#9%* 
E#E,*#$,A. A$2&',4 E42G*,C &'%& ,C,45,A #$ '#5'-
&'42)5'E)& G#2#$=24C%&#9A #A 4,*%&,3 &2 &', =%9& &'%& C2A& 
2= &', &22*A %$3 %*524#&'CA )A,3 =24 %$%*HA#A 2= 5,$2C#9 
3%&% %4, CPU-#$&,$A#>,- 4,Q)#4#$5 92CE)&%&#2$%* 
4,A2)49,A G,H2$3 &'2A, %>%#*%G*, &2 4,A,%49',4A %& % A#$5*, 
*29%&#2$. T', %554,5%&,3 %$3 3#A&4#G)&,3 92CE)&%&#2$%* 
%$3 A&24%5, #$=4%A&4)9&)4, 2= &', G4#3 2==,4A %$ #3,%* 
E*%&=24C =24 C#$#$5 G#2*25#9%* #$=24C%&#2$ %& &'#A *%45, 
A9%*,. A $)CG,4 2= 542)EA %4, P24+#$5 2$ )&#*#6#$5 G4#3 
&,9'$2*25#,A =24 G#2#$=24C%&#9A E)4E2A,A. E0%CE*,A 
#$9*)3, &', I$&,54%&#>, G,$2C, A$$2&%&#2$ P#E,*#$, 
Y#GAP[- P'#9' '%A G,,$ )A,3 GH &', #$&,4$%&#2$%* 
92$A24&#)C _E$9H9*2E,3#% 2= L#=,` U11V =24 &', ,0&,$A#>, 
%$$2&%&#2$ 2= E42&,#$ A,Q),$9, 3%&%a CHG4#3 U12V- % *%45,-
A9%*, G4#3-G%A,3 E)42E,%$ ,==24&a &', N24&' C%42*#$% 



B#2GRID U13Va EUROGRID U14Va %$3 &', AA#% P%9#=#9 
B#2G4#3 I$#&#%&#>, U1TV. 

W, '%>, 3,>,*2E,3 %$3 92$&#$), &2 ,0&,$3 % AHA&,C 
&'%& )A,A G4#3 &,9'$2*25H &2 %334,AA &', $,,3A 2= '#5'-
&'42)5'E)& 5,$,&#9 A,Q),$9, %$%*HA#A. T'#A G,$2C, 
A$%*HA#A R,A,%49' E$>#42$C,$& YGNARE[ #A % '#5'-
E,4=24C%$9,- A9%*%G*, 92CE)&%&#2$%* ,$>#42$C,$& &'%& 
%**2PA ,==#9#,$& %)&2C%&#2$ 2= &', C%d24 A&,EA 2= 5,$2C, 
%$%*HA#A- #$9*)3#$5 3%&% %9Q)#A#&#2$ =42C 3#>,4A, 5,$2C#9 
3%&%G%A,A %$3 %$%*HA#A GH A,>,4%* G#2#$=24C%&#9A &22*A %$3 
%*524#&'CA. GNARE %*A2 ,0E,3#&,A &', E429,AA 2= A&24#$5 
&', 4,A)*&A 2= %$%*HA,A %$3 %$$2&%&#2$A. I& #A G%A,3 2$ G4#3 
&,9'$2*25H YAE,9#=#9%**H &', G*2G)A T22*+#&e U1IV- 
C2$324 U1OV- %$3 &', G4#P'HN >#4&)%* 3%&% AHA&,C U18V[ 
%$3 )A,A &', 92CE)&%&#2$%* 4,A2)49,A 2= GRID2JJ3 U1MV- 
T,4%G4#3 U2JV- %$3 &', DOE S9#,$9, G4#3 U21V &2 E,4=24C 
'#5'-&'42)5'E)& 92CE)&%&#2$A. GNARE8A =*,0#G*, 
%49'#&,9&)4, %**2PA )A,4A &2 &%#*24 &', 5,$2C, %$%*HA#A 
E429,AA &2 &',#4 #$3#>#3)%* $,,3A. T', AHA&,C 9%$ =)$9&#2$ 
#$ %$ %)&2C%&,3 C23, %A P,** %A #$&,4%9&#>,*H &'42)5' % 
W,G-G%A,3 #$&,4=%9,. 

T'#A E%E,4 3,A94#G,A &', GNARE #CE*,C,$&%&#2$ %$3 
#&A %)&2C%&,3 3%&%G%A, )E3%&, E#E,*#$, GADU- 2)4 
,0E,4#,$9,A )A#$5 GNARE 2$ &', G4#3- %$3 2)4 ,==24&A &2 
#$94,%A, &', %EE*#9%&#2$8A 92CE)&%&#2$%* E2P,4 %$3 AE,,3 
&'42)5' =)4&',4 G4#3 #$&,54%&#2$ %$3 ,$'%$9,C,$&. W, 
%*A2 3,A94#G, A9#,$&#=#9 %EE*#9%&#2$A &'%& )A, GNARE =24 
'#5'-&'42)5'E)& %$%*HA#A %$3 %$$2&%&#2$ 2= 5,$2C,A. 

 

2. System Overview and Design 
GNARE 92CE4#A,A &'4,, C%#$ 92CE2$,$&A- %A 

#**)A&4%&,3 #$ F#5)4, 1W GNARE A49'#&,9&)4,. GADU #A 
&', C%#$ ,$5#$, &'%& ,0,9)&,A 92CE)&%&#2$%**H #$&,$A#>, 
P24+=*2PA 2$ &', G4#3 %$3 E,4=24CA &', I$&,54%&,3 
D%&%G%A, )E3%&,A. T', I$&,54%&,3 D%&%G%A, YA,, S,9&#2$ 
4[ P%4,'2)A,A A,Q),$9, 3%&% %$3 %$$2&%&#2$A =42C &', 
C2$#&24,3 E)G*#9 3%&%G%A,A %A P,** %A &', 4,A)*&A 2= 3%&% 
%$%*HA,A =42C &', GADU )E3%&, ,$5#$,. T', &'#43 
92CE2$,$& #A &', A,& 2= W,G-G%A,3 %EE*#9%&#2$A &'%& )A, 
&', I$&,54%&,3 D%&%G%A, YA,, S,9&#2$ T.2[ %$3 GADU8A 
%$%*HA#A A,4>#9,A. 
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Figure 1: GNARE Architecture 

GADU A,4>,A %A &', ',%4& 2= &', AHA&,C. I& %9&A %A % 
5%&,P%H &2 &', G4#3- '%$3*#$5 %** 92CE)&%&#2$%* %$%*HA#A 
=24 &', GNARE AHA&,C. I& #A %$ %)&2C%&,3- A9%*%G*,- '#5'-
&'42)5'E)& 92CE)&%&#2$%* P24+=*2P ,$5#$, &'%& ,$%G*,A 
&', G4#3 ,0,9)&#2$ 2= G#2#$=24C%&#9A &22*A. T', 
#$&,4E4,&%&#2$ 2= ,>,4H $,P*H A,Q),$9,3 5,$2C, #$>2*>,A 
&', %$%*HA#A 2= A,Q),$9, 3%&% GH % P24+=*2P E#E,*#$, 
92CE2A,3 2= C)*&#E*, G#2#$=24C%&#9A &22*A- &', ,0,9)&#2$ 
2= 4,A)*& %$3 %$$2&%&#2$ E%4A,4A- %$3 2&',4 #$&,4C,3#%&, 
3%&%-&4%$A=24C#$5 A94#E&A. T', GADU #CE*,C,$&%&#2$ 
92CE4#A,A &P2 C23)*,AW %$ A$%*HA#A S,4>,4 %$3 %$ 
UE3%&, S,4>,4. T', A$%*HA#A S,4>,4 %)&2C%&#9%**H 94,%&,A 
P24+=*2PA #$ &', %GA&4%9& ;#4&)%* D%&% L%$5)%5,- G%A,3 
2$ E4,3,=#$,3 &,CE*%&,A YS,9&#2$ 3.T[- P'#9' #& &',$ 
,0,9)&,A 2$ 3#A&4#G)&,3 G4#3 4,A2)49,A A)9' %A G4#32JJ3 
%$3 T,4%G4#3. T', UE3%&, S,4>,4 )E3%&,A &', I$&,54%&,3 
D%&%G%A, P#&' 4,9,$&*H 9'%$5,3 3%&% =42C % A,& 2= 
C2$#&24,3 E)G*#9 3%&%G%A,A Y9)44,$&*H #$9*)3#$5 NCBI 
R,=S,Q U22V- PIR U23V- I$&,4P42 UIV- %$3 KEGG U24V[.  

I$ &', =2**2P#$5 A,9&#2$A- P, 3,A94#G, &', 
#CE*,C,$&%&#2$ 3,&%#*A 2= ,%9' 2= &', 92CE2$,$&A 2= 
GNARE. 
 

3. The GADU Analysis Server 
W, A&%4& P#&' &', GADU A$%*HA#A S,4>,4- P'#9' #A 

4,AE2$A#G*, =24 ,0,9)&#$5 G#2#$=24C%&#9A %$%*HA,A 2$ &', 
G4#3. I&A 92CE2$,$&A %4, A'2P$ #$ F#5)4, 2 %$3 3,A94#G,3 
G,*2P. 
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Figure 2: GADU Analysis Server 
 

3.1. Job Description File 
T', Uo2 Lescription Vile Y#&,C 3 #$ F#5)4, 2[ 

3,A94#G,A % d2G &'%& C%H #$>2*>, A#CE*H 4)$$#$5 % 
G#2#$=24C%&#9A &22* 2$ &', *29%* C%9'#$,- 24 %*&,4$%&#>,*H 
&', ,0,9)&#2$ 2= % E4,3,=#$,3 92CE*,0 P24+=*2P 2$ &', 
G4#3. 

F24 ,0%CE*,- &', %$%*HA#A 2= % A,& 2= E42&,#$ A,Q),$9,A 
)A#$5 BLAST U2TV %5%#$A& A2C, 3%&%G%A, #A 4,E4,A,$&,3 
#$ &', g2G D,A94#E&#2$ F#*, P#&' %** &', #$=24C%&#2$ 
4,Q)#4,3 &2 E,4=24C &'#A %$%*HA#A- #$9*)3#$5 &', &22* $%C, 
YBLAST[- E%&' 2= &', #$E)& A,Q),$9, =#*,- E%&' 2= &', 
3%&%G%A, A,Q),$9, =#*,- %$3 E%4%C,&,4A &2 G, )A,3 =24 
BLAST. S#C#*%4*H- ,>,4H %$%*HA#A Y,.5.- BLOCKS U2IV- 
PFAM U2OV- TMHMM U28V[ 9%$ G, 4,E4,A,$&,3 GH % g2G 
D,A94#E&#2$ F#*, %EE42E4#%&, =24 &', &22*. UA#$5 &', 
#$=24C%&#2$ =42C &'#A =#*,- &', g2G P429,AA#$5 S,4>,4 
%*2$5 P#&' W24+=*2P G,$,4%&24 94,%&,A &', %9&)%* 
P24+=*2P #$ % ;#4&)%* D%&% L%$5)%5, %$3 ,>,$&)%**H #$ 
&', =24C 2= % 92$324 DAG. 

 
3.2. Job Processing Server 

T', Uo2 Processing Ner8er Y#&,C 1 #$ F#5)4, 2[ %99,E&A 
% g2G D,A94#E&#2$ F#*, %$3 94,%&,A % P24+,4 E429,AA Y#&,C 
2[ &2 '%$3*, &', d2G. O&',4 A&%$3-%*2$, A,4>#9,A %4, %*A2 
#$>2+,3 %& &'#A &#C,- $%C,*H- &', S#&, S,*,9&24 Y#&,C 4[ 
%$3 W24+=*2P G,$,4%&24 Y#&,C T[. I$ %33#&#2$ &2 94,%&#$5 
&', P24+,4 E429,AA- &', A,4>,4 %*A2 &%+,A 9%4, 2= 94,%&#$5 % 
A,AA#2$ =24 ,%9' d2G %$3 92$&42*A &', _S#&, S,*,9&24` A2 %A 
&2 +,,E %$ )E3%&,3 *#A& 2= 5223 P24+#$5 A#&,A =24 d2G 
A)GC#AA#2$. T', A#&, A,*,9&24 #A ,0E*%#$,3 *%&,4.  

 
3.3. Worker Process 

T', P24+,4 E429,AA Y#&,C 2 #$ F#5)4, 2[ 3,&,4C#$,A 
'2P &2 '%$3*, ,%9' d2G G%A,3 2$ &', #$=24C%&#2$ #$ &', 
g2G D,A94#E&#2$ F#*,. T', P24+,4 E429,AA =#4A& 94,%&,A &', 
3#4,9&24H A&4)9&)4, =24 &', d2G %$3 &',$ A,$3A &', 
A,Q),$9, 3%&%G%A, Y,.5.- #$ &', 9%A, 2= BLAST[ &2 %** 

)A%G*, A#&,A 2$ &', G4#3. A *#A& 2= )A%G*, A#&,A #A 92**,9&,3 
=42C &', _S#&, S,*,9&24` Y#&,C 4[.  

T', $,0& A&,E #A &2 94,%&, % G%&9' d2G P',4, P, A,*,9& % 
G%&9' 2= Q),4H A,Q),$9,A &2 G, A)GC#&&,3 &2 % A,*,9&,3 
G4#3 A#&,. T', P24+,4 E429,AA =#4A& %A+A =24 % _5223 
E,4=24C#$5 A#&,` =42C &', A#&, A,*,9&24. B%A,3 2$ &', 
#$=24C%&#2$ #& 5,&A G%9+ Y,0E*%#$,3 #$ $,0& A)GA,9&#2$[- #& 
E#9+A % G%&9' 2= A,Q),$9,A =42C &', 24#5#$%* #$E)& 
A,Q),$9, =#*, %$3 A,$3A &',C &2 &', A#&, A,*,9&,3. F24 
,0%CE*,- #= &', S#&, S,*,9&24 E#9+,3 % A#&, P#&' 2J CPUA 
&2 G, )A,3 =24 1-JJJ A,Q),$9,A &2 G, E429,AA,3 =24 
BLAST- &',$ &', P24+,4 E429,AA P2)*3 E#9+ % G%&9' 2= 
1-JJJ A,Q),$9,A =42C &', C%#$ #$E)& =#*, %=&,4 &', *%A& 
A,Q),$9, E429,AA,3. N,0&- &', P24+,4 E429,AA 9%**A &', 
W24+=*2P G,$,4%&24 Y#&,C T #$ F#5)4, 2- 3,A94#G,3 #$ 
3,&%#* #$ S,9&#2$ 3.T[- P'#9' ,$923,A &', P24+=*2P #$ %$ 
%GA&4%9& ;#4&)%* D%&% L%$5)%5, Y;DL[. C2$324 4,E4,A,$&A 
% P24+=*2P #$ &', =24C 2= % DAG %$3 ,0,9)&,A &', 
P24+=*2P 2$ &', A,*,9&,3 G4#3 A#&,. O$9, &', W24+,4 
P429,AA A)GC#&A % G%&9' d2G- 24 4%&',4 % C2$324 DAG- &2 
&', A,*,9&,3 G4#3 A#&, )A#$5 C2$324- #& P4#&,A %** &', 
3,&%#*A 2= &', d2G &2 % *25 =#*, Y#&,C I #$ F#5)4, 2[ %$3 
52,A G%9+ &2 5,$,4%&, &', $,0& G%&9' d2G. T', P24+,4 
E429,AA 92$&#$),A #$ &'#A C%$$,4 )$&#* %** A,Q),$9,A '%>, 
G,,$ E429,AA,3. 

 
3.4. Site Selector 

O$, 9'%**,$5, #$ )A#$5 &', G4#3 4,*#%G*H =24 '#5'-
&'42)5'E)& %$%*HA#A #A C2$#&24#$5 &', A&%&, 2= %** G4#3 
A#&,A %$3 '2P P,** &',H '%>, E,4=24C,3 =24 d2G 4,Q),A&A 
=42C % 5#>,$ A)GC#& '2A&. I= P, %4, ,0,9)&#$5 % P24+=*2P 
&'%& C%H A)GC#& *%45, $)CG,4A 2= d2GA &2 3#==,4,$& G4#3 
A#&,A 2>,4 % E,4#23 2= A,>,4%* 3%HA- #& #A #CE24&%$& &2 +,,E 
&4%9+ 2= P'#9' A#&,A %4, %>%#*%G*, &2 4)$ d2GA %& 3#==,4,$& 
&#C,A. W, >#,P % A#&, %A _%>%#*%G*,` #= 2)4 A)GC#& '2A& 
9%$ 92CC)$#9%&, P#&' #&- #= #& #A 4,AE2$3#$5 &2 G*2G)A 
T22*+#& d2G-A)GC#AA#2$ 92CC%$3A- %$3 #= #& P#** 4)$ 2)4 
d2GA E42CE&*H- P#&' C#$#C%* Q),)#$5 3,*%HA. 

T2 %334,AA &'#A #AA),- P, '%>, 3,>,*2E,3 % S#&, 
S,*,9&24 Y#&,C 4 #$ F#5)4, 2- %$3 %*A2 F#5)4, 3[ &'%& )A,A 
#$=24C%&#2$ 92**,9&,3 %& &', A)GC#& '2A& &2 3,&,4C#$, 
P'#9' A#&,A C,,& &', 4,Q)#4,3 4,AE2$A#>,$,AA 94#&,4#%. 
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Figure 3: Implementation of the Site Selector 

 
T', A#&, &,A&,4 Y_E42G,`[ A94#E& Y#&,C 3 #$ F#5)4, 3[ 9%$ 

G, A&%4&,3 %$3 92$&42**,3 C%$)%**H 24 GH )A#$5 &', g2G 
P429,AA#$5 S,4>,4. T', A94#E& A)GC#&A % AC%** &,A& d2G &2 
%** G4#3 A#&,A 2= #$&,4,A& %$3 &',$ 4,9243A =24 ,%9' A#&, 
P',&',4 &', A#&, 4,AE2$3,3 %$3- #= A2- #&A E,4=24C%$9, 
Y#.,.- 4,AE2$A, &#C,[. T', 4,A)*&#$5 S#&, S&%&)A F#*, Y#&,C 
4[ $2&,A =24 ,%9' A#&, % A&%&)A Y,#&',4 &', A#&, 4,AE2$3,3 
9244,9&*H- 24 &', A#&, 4,AE2$3,3 #$9244,9&*H 24 =%#*,3 &2 
4,AE2$3 G,=24, % &#C,2)& E,4#23[ %$3 &', &#C, &%+,$ =24 
&', A#&, &2 4,AE2$3. W, )E3%&, &'#A S#&, S&%&)A F#*, 
4,5)*%4*H &2 C%#$&%#$ &', 9)44,$& A&%&)A 2= %** &', A#&,A. 

T', S#&, S,*,9&24 &',$ )A,A &', #$=24C%&#2$ #$ &', S#&, 
S&%&)A F#*, &2 A,*,9& &', A#&, &2 P'#9' P, 9%$ A)GC#& 2)4 
$,0& d2G. T', A,*,9&24 A94#E&A &%+,A #$&2 92$A#3,4%&#2$ &', 
A&%&, 2= &', C2$324 Q),), %& &', A)GC#& '2A& Y#&,C I #$ 
F#5)4, 3[ #$ 243,4 &2 C%+, % 3,9#A#2$. W',$,>,4 &',4, #A 
4,Q),A& =42C &', _g2G P429,AA#$5 S,4>,4` &2 A,*,9& % 5223 
A#&,- &', S#&, S,*,9&24 A,*,9&A %** &', A#&,A =42C &', S#&, 
S&%&)A F#*, &'%& '%>, G,,$ =*%55,3 %A %99,E&%G*, GH &', 
&,A&,4 A94#E&. F24 ,%9' A#&, #& &',$ *22+A %& &', A)GC#& 
'2A&8A C2$324-G Q),), Y)A#$5 &', 92$324iQ 92CC%$3[ 
=24 &', $)CG,4 2= d2GA &'%& '%>, %*4,%3H G,,$ A)GC#&&,3 
&2 &'%& A#&,. I= %** &', E4,>#2)A*H A)GC#&&,3 d2GA &2 &'#A A#&, 
%4, #$ _R)$$#$5` A&%&, 24 #= &',4, %4, $2 d2GA A)GC#&&,3 &2 
&'#A A#&,- &',$ #& A,*,9&A &', A#&, =24 &', $,0& d2G. I=- 
'2P,>,4- ,>,$ 2$, d2G %& &'#A A#&, #A P%#&#$5 &2 4)$- &',$ 
&', A#&, #$ 92$A#3,4%&#2$ #A $2& A,*,9&,3- %$3 &', A,*,9&24 
A94#E&A *22+A %& &', $,0& A#&,. O$9, % d2G '%A G,,$ 
A)GC#&&,3- &', A,*,9&24 A94#E& C%+,A A)4, &'%& &', A%C, 
A#&, #A $2& A,*,9&,3 %5%#$ =24 % AE,9#=#,3 E,4#23- A2 &'%& &', 
$,P*H A)GC#&&,3 d2G '%A &#C, &2 A'2P )E #$ &', C2$324 
Q),),.  

AE%4& =42C A,*,9&#$5 % A#&,- &', A#&, A,*,9&24 %*A2 
4,&)4$A d2G-AE,9#=#9 #$=24C%&#2$ &2 &', 4,Q),A&,4. B%A,3 
2$ &', A&%&#A&#9A 2= &', E4,>#2)A*H ,0,9)&,3 d2GA- #& 94,%&,A 
% 92$=#5)4%&#2$ =#*,- &', S#&, I$=2 F#*, Y#&,C O[. T'#A =#*, 
4,9243A &', C%0#C)C $)CG,4 2= $23,A Y24 CPUA[ %& ,%9' 
A#&,- &', $)CG,4 2= $23,A &2 G, 4,Q),A&,3 =24 ,%9' G%&9' 
d2G A)GC#&&,3 %& &'#A A#&,- &', $)CG,4 2= A,Q),$9,A &2 G, 
E429,AA,3 %& ,%9' $23,- %$3 2&',4 A#&,-AE,9#=#9 
#$=24C%&#2$. B%A,3 2$ &'#A 92$=#5)4%&#2$ =#*,- &', A,*,9&24 
A94#E& %*A2 9%*9)*%&,A &', $)CG,4 2= A,Q),$9,A &'%& A'2)*3 
G, E429,AA,3 #$ % A#$5*, d2G %& &', A,*,9&,3 A#&, %$3 &', 
$)CG,4 2= $23,A &2 G, 4,Q),A&,3 =24 &'%& d2G. T'#A 
#$=24C%&#2$ #A %** 4,&)4$,3 &2 &', 4,Q),A&,4- P'#9' #$ 2)4 
9%A, #A &', W24+,4 P429,AA.  

 
3.5. Workflow Generator 

H%>#$5 3,&,4C#$,3 &', A#&, &2 P'#9' % d2G A'2)*3 G, 
3#4,9&,3- &', P24+,4 E429,AA %AA,CG*,A % 92CE*,&, 
3,A94#E&#2$ 2= &', d2G &'%& #A &2 G, ,0,9)&,3 %$3 E%AA,A 
&'#A #$=24C%&#2$ &2 &', W24+=*2P G,$,4%&24 Y#&,C T #$ 
F#5)4, 2[. T', W24+=*2P G,$,4%&24 #A &',$ 4,AE2$A#G*, 
=24 E423)9#$5 % P24+=*2P A)#&%G*, =24 ,0,9)&#2$ #$ &', 
G4#3 ,$>#42$C,$&. T'#A &%A+ #A %992CE*#A',3 &'42)5' &', 
)A, 2= &', G4#P'HN >#4&)%* 3%&% AHA&,C8A _>#4&)%* 3%&% 
*%$5)%5,` Y;DL[ U2MV. ;DL E42>#3,A A#CE*#=#,3- %GA&4%9& 
%99,AA &2 *%45,-A9%*, G4#3 92CE)&%&#2$ %$3 A&24%5, 
4,A2)49,A. I& %*A2 E42>#3,A &', %G#*#&H &2  

!" &4%9+ %99)4%&,*H &', E42>,$%$9, 2= 4,A)*&A 2= &', 
P24+=*2PA- 3,A94#G#$5 '2P &',H P,4, 2G&%#$,3 
=42C &4%$A=24C%&#2$A 2= #$E)& 3%&%a 

!" 3#A92>,4 3%&% &'42)5' &22*A &'%& A,%49' =24 AE,9#=#9 
&4%$A=24C%&#2$Aa 

!" E423)9, $,P %$%*HA#A P24+ G%A,3 2$ E4,>#2)A*H 
,0,9)&,3 P24+- P'#9' %**2PA =24 &', 92CE%4#A2$ 
2= &4%$A=24C%&#2$ E%&&,4$A ,0,9)&,3 %& 3#==,4,$& 
&#C,Aa %$3 

!" %)3#& %$3 3#AA,C#$%&, 4,A)*&A. 
F#5)4, 4 #**)A&4%&,A &', A#0-A&%5, P24+=*2P E423)9,3 

=24 % A#CE*, 92CE%4%&#>, %$%*HA#A 2= 1JJ E42&,#$ 
A,Q),$9,A- 542)E,3 #$&2 =#>, A,&A- &'42)5' &', BLAST 
&22*. T', A&%5,A #$9*)3, &4%$A=,44#$5 3%&% &2 %$3 =42C 
G4#3 A&24%5, A,4>,4A- E%4&#&#2$#$5 #$E)& 3%&% =24 &', 
A)GA,Q),$& BLAST E429,AA- E%4A#$5 AE,9#=#9 #$=24C%&#2$ 
&'%& &', )A,4 P%$&A &2 9%E&)4, =42C E42&,#$ A,Q),$9,A- %$3 
92$9%&,$%&#$5 &', =#$%* 4,A)*&A. 



 
 #$E)&=#*,.1

92CEG#2WWF#*,B4,%+,4jIDJJ1

d2GN2i1i1.B*29+2

92CEG#2WWBLASTjIDJJI
2)&.d2GN2i1i1.B*29+2

92CEG#2WWB*%A&P%4A,4jIDJJO

E%4A,.2)&.d2GN2i1i1.B*29+2

92CEG#2WW9%&jIDJ12

2)&=#*,.d2GN2i1i1.BLASTPIR
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92CEG#2WWF#*,B4,%+,4jIDJJ1
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2)&=#*,.d2GN2i1i1.BLASTPIR  
Figure 4: BLAST workflows 

T2E- % I-A&,E P24+=*2P P#&' T-P%H E%4%**,*#ACa G,*2PW &', 
9,$&,4-E%&' 3,&%#*A. 

 
T'#A P24+=*2P #A 4,E4,A,$&,3 #$ ;DL >#% % A,& 2= 

tr.nsfor-.tion 3,=#$#&#2$A Y%GA&4%9& #$&,4=%9,A &'%& 
3,A94#G, %$ %EE*#9%&#2$ E4254%C A)9' %A BLAST- B*29+A- 
24 4,A)*&-E%4A,4[ %$3 % A,& 2= deri8.tionsk#$ ,==,9&- 
=)$9&#2$ 9%**A &'%& AE,9#=H #$E)&A A)9' %A 5,$2C, 
A,Q),$9, =#*,A- 2)&E)& =#*,A =42C 92CE%4%&#>, %$%*HA#A 
&22*A- %$3 &,0&)%* E%4%C,&,4AW #$ 2&',4 P243A- %** &', 
#$=24C%&#2$ 92C#$5 =42C &', P24+,4 E429,AA. 

T', ;DL =4%5C,$&A G,*2P #**)A&4%&, &', $2&%&#2$. T', 
=#4A& &P2 A&%&,C,$&A 3,=#$, &', &4%$A=24C%&#2$A 
F#*,B4,%+,4 %$3 BLAST A'2P$ #$ F#5)4, 4. T',A, 
&4%$A=24C%&#2$ 3,=#$#&#2$A %9& %A =)$9&#2$ 3,=#$#&#2$A %$3 
AE,9#=H &', =24C%* %45)C,$&A &2 %$ %EE*#9%&#2$- %A P,** %A 
&', 3,&%#*A 2= '2P &'2A, %45)C,$&A %4, E%AA,3 &2 %$3 =42C 
&', %EE*#9%&#2$ 4,E4,A,$&,3 GH &', TR 3,=#$#&#2$. I$ &', 
9%A, 2= F#*,B4,%+,4- &', %45)C,$&A #$9*)3, % 5,$2C, 
A,Q),$9, #$E)& =#*,- &', A)GA,Q),$& 2)&E)& =#*,A- %$3 &', 
$)CG,4 2= 92CE)&,4 4,A2)49,A &2 )A, #$ &', G4#3 
,$>#42$C,$&. 

  TR FileBreaker,input filename, none nodes, 
output se7uences9:, none species; < 
  argument > ?<species@A 
  argument > ?<filename@A 
  argument > ?<nodes@A 
  profile globus.maxwalltime > F300FA 
@ 
 
TR BLAST, none OutPre, none evalue, input 
7uery9:, none type ; < 
  argument > ?<OutPre@A 
  argument > ?<evalue@A 
  profile globus.maxwalltime > F300FA 
@ 
 
DV jobNoT1T1separator-WFileBreaker, 
  filename>X<input:Finputfile.1FZrt@,  
  nodes>F5F,  
  se7uences>9X<output:Fjob1.0F:FtmpF@, 
             X<output:Fjob1.1F:FtmpF@, 
             X<output:Fjob1.2F:FtmpF@, 
             X<output:Fjob1.3F:FtmpF@, 
             X<output:Fjob1.4F:FtmpF@ :, 
  species>FAeropyrumTPernixF 
; 

Figure 5: RDL for BLAST workflow 
 
T', &'#43 A&%&,C,$& AE,9#=#,A % F#*,B4,%+,4 3,4#>%&#2$. 

D,4#>%&#2$A- 3,=#$,3 GH _D;` A&%&,C,$&A- AE,9#=H &', 
%9&)%* %45)C,$&A &2 G, E%AA,3 &2 % &4%$A=24C%&#2$. F#*, 
$%C,A )A,3 %A %45)C,$&A #$ D; A&%&,C,$&A %4, _*25#9%* 
$%C,A-` C%EE,3 &2 E'HA#9%* =#*, $%C,A %& 4)$ &#C,. 

D%&% &4%$A=,4 =24 ;DL #A E,4=24C,3 %)&2C%&#9%**H %$3 
&4%$AE%4,$&*H =24 &', )A,4. F24 ,0%CE*,- &', E'HA#9%* =#*, 
=24 &', *25#9%* =#*,$%C, _#$E)&=#*,.1` P#** G, &4%$A=,44,3 
%)&2C%&#9%**H &2 &', A#&, A,*,9&,3 =24 ,0,9)&#2$ 2= &', 
F#*,B4,%+,4 &4%$A=24C%&#2$ >#% G4#3FTP U3JV- P'#9' 
E42>#3,A A,9)4,- ,==#9#,$& 3%&% C2>,C,$& #$ G4#3 
,$>#42$C,$&A. I$E)& =#*,A &2 &4%$A=24C%&#2$A %4, 
%)&2C%&#9%**H *29%&,3 #$ &', G4#3 GH A,%49'#$5 =24 
E'HA#9%* 92E#,A 2= % *25#9%* =#*, #$ % 4,E*#9% *29%&#2$ 
A,4>#9, A)9' %A RLS U31. O)&E)& =#*,A %4, %)&2C%&#9%**H 
9%&%*25,3 #$ &', A%C, *29%&#2$ A,4>#9, =24 )A, #$ 
A)GA,Q),$& &4%$A=24C%&#2$A %$3 P24+=*2PA. I$ &', 
&4%$A=24C%&#2$ _BLAST-` %G2>,- P, )A, &', _E42=#*,` 
=,%&)4, 2= ;DL &2 AE,9#=H &', 4)$-&#C, *#C#& =24 &'%& 
E429,AA. ;DL E42=#*,A E,4C#& E%4%C,&,4A &2 G, E%AA,3 &2 
92CE2$,$&A 2= &', 4)$-&#C, ,$>#42$C,$&. 

O$9, &', ;DL =24 &', P24+=*2P #A P4#&&,$- &', P24+,4 
E429,AA #$>2+,A &', G4#P'HN >#4&)%* 3%&% AHA&,C &2 
,0,9)&, &', P24+=*2P %& &', G4#3 A#&, A,*,9&,3 E4,>#2)A*H 
GH &', A#&, A,*,9&24. T'#A &%A+ #A %9'#,>,3 >#% &', 
DAGC%$ YD#4,9&,3 A9H9*#9 G4%E' M%$%5,4[- % 
C,&%A9',3)*,4 =24 C2$324- P'#9' A)GC#&A d2GA &2 4,C2&, 
A#&, >#% C2$324-G #$ %$ 243,4 3,&,4C#$,3 GH AE,9#=#,3 
#$&,43,E,$3,$9#,A- P'#9' #$ &'#A 9%A, %4, 3,4#>,3 =42C &', 
;DL AE,9#=#9%&#2$. 



 

4. Update Server and Integrated Database 
 
AA A'2P$ #$ F#5)4, 1- &', UE3%&, S,4>,4 ',*EA #$ &', 

%9Q)#A#&#2$ 2= 5,$2C#9 3%&% =42C &', E)G*#9 3%&%G%A,A *#+, 
NCBI- PIR- PDB U32V- KEGG %$3 E%4A,A %$3 )E*2%3A &', 
3%&% #$&2 &', I$&,54%&,3 D%&%G%A,. I& %*A2 )E*2%3A &', 
E%4A,3 4,A)*&A 2= &', >%4#2)A %$%*HA#A &22*A %$3 P24+=*2PA 
#$&2 &', #$&,54%&,3 3%&%G%A,. 

T', UE3%&, S,4>,4 )A,A #&A *#G4%4H 2= E%4A,4A =24 %** &', 
3#==,4,$& 3%&%G%A,A Y=*%& =#*,A[ &'%& #& 32P$*2%3A =42C &', 
E)G*#9 3%&%G%A,A. T', %9Q)#A#&#2$ E429,AA 9%$ G, 
%)&2C%&#9%**H ,0,9)&,3 %& % E4,3,=#$,3 #$&,4>%* 2= &#C,- #$ 
P'#9' 9%A, &', A,4>,4 9',9+A =24 $,P )E3%&,A &2 
32P$*2%3- 24 #& 9%$ G, A&%4&,3 C%$)%**H P',$,>,4 &',4, #A 
% $,P 4,*,%A, 2= )E3%&,3 3%&%. O$9, &', 3%&%G%A,A %4, 
32P$*2%3,3 %$3 E%4A,3- &', UE3%&, S,4>,4 )E*2%3A &', 
3%&% #$&2 &', #$&,54%&,3 3%&%G%A,. T', )E*2%3#$5 E429,AA 
'%A G,,$ E%4%**,*#6,3 *29%**H GH =24+#$5 %EE42E4#%&, 
$)CG,4 YG%A,3 2$ &', C%0#C)C E,4C#&&,3 $)CG,4 2= 
3%&%G%A, '%$3*,A[ 2= 9'#*3 E429,AA,A &'%& )E*2%3 &', 3%&% 
)A#$5 SlLL2%3,4. S#C#*%4*H P',$,>,4 P, '%>, E%4A,3 
4,A)*&A =42C &', >%4#2)A %$%*HA#A &22*A %$3 E4,3,=#$,3 
P24+=*2PA &'%& %4, ,0,9)&,3 GH &', A$%*HA#A S,4>,4- &', 
UE3%&, S,4>,4 )E*2%3A &', 3%&% #$&2 &', I$&,54%&,3 
D%&%G%A,. 

T', >2*)C, %$3 92CE*,0#&H 2= &', 3%&%- %A P,** %A &', 
3#>,4A#&H 2= &', %EE*#9%&#2$A G,#$5 3,>,*2E,3 %& 
M%&',C%&#9A %$3 C2CE)&,4 S9#,$9, D#>#A#2$- 4,Q)#4, &', 
3%&% &2 G, A&24,3 #$ % '#5'*H #$&,54%&,3 =%A'#2$. W, '%>, 
3,>,*2E,3 %$ #$&,54%&,3 4,*%&#2$%* 3%&%G%A, &'%& A,4>,A %A 
% E*%&=24C 2$ P'#9' P, 9%$ ,==#9#,$&*H 3,>,*2E 
G#2#$=24C%&#9A %EE*#9%&#2$A. T', I$&,54%&,3 D%&%G%A, 
#$9*)3,A A,Q),$9, %$3 %$$2&%&#2$ 3%&% =42C E)G*#9 
3%&%G%A,A NCBI- SP#AAP42& U33V- PIR- U$#P42& U34V- %$3 
I$&,4E42- %A P,** %A C,&%G2*#9 E%&'P%H #$=24C%&#2$ =42C 
EMP U3TV %$3 KEGG. T', 3%&%G%A, %*A2 92$&%#$A &', 
4,A)*&A 2G&%#$,3 =42C %EE*H#$5 3#==,4,$& G#2#$=24C%&#9A 
&22*A &2 &', A,Q),$9, 3%&%- =24 ,0%CE*,- BLAST- B*29+A- 
%$3 TMHMM. T', GADU UE3%&, S,4>,4 #$5,A&A %$3 
#$&,54%&,A %** 2= &'#A 3%&% #$&2 %$ #$&,54%&,3 P%4,'2)A, 
3%&%G%A,- %)&2C%&#9%**H 942AA-4,=,4,$9#$5 4,*%&,3 ,$&#&#,A 
=42C &', >%4#2)A 3%&% A2)49,A. 

 

5. Results 
 
I$ &'#A A,9&#2$ P, 3,A94#G, &', &P2 A#5$#=#9%$& G,$,=#&A 

&'%& '%>, 4,A)*&,3 =42C 3,>,*2E#$5 %$3 3,E*2H#$5 &', 
GNARE AHA&,CW &', '#5'-&'42)5'E)& %$%*HA#A 2= )E3%&,3 
5,$2C, A,Q),$9, 3%&% &'%& P, '%>, %9'#,>,3 P#&' 
GADU- %$3 &', E2P,4 &'%& GADU %$3 &', I$&,54%&,3 
D%&%G%A, '%>, E42>#3,3 =24 G)#*3#$5 E2P,4=)* #$&,4%9&#>, 
%EE*#9%&#2$A. 
 

 
5.1. GADU Throughput 
 

GADU '%A G,,$ )A,3 ,0&,$A#>,*H GH &', 
92CE)&%&#2$%* G#2*25H 542)E %& A452$$, N%&#2$%* 
L%G24%&24H %A P,** %A GH &', SEED U3IV E42d,9&- &', NIH 
M#3P,A& C,$&,4 =24 S&4)9&)4%* G,$2C#9A YMCSG[ U3OV- 
%$3 &', NIH G4,%& L%+,A R,5#2$%* C,$&,4 2= E09,**,$9, 
U38V. W, '%>, 3,>,*2E,3 %$3 92$&#$), &2 3,>,*2E 
%)&2C%&,3 %$%*H&#9%* E#E,*#$,A =24 &', %EE*#9%&#2$A #$ 
243,4 &2 C%$%5, %$3 A)GC#& 92CE)&%&#2$%**H #$&,$A#>, 
d2GA &2 &', G4#3. O$, A)9' E#E,*#$, #A % >,4H G%A#9 2$, 
3,A#5$,3 &2 )A, &', BLAST &22* =24 92CE%4%&#>, %$%*HA#A 
92CE)&%&#2$A 2$ &', 92CE*,&, E42&,#$ A,Q),$9, )$#>,4A,.  
T',4, %4, 92$A&%$& )E3%&,A &2 &', E42&,#$ A,Q),$9, 
)$#>,4A,a %& &'#A E2#$& #& 92CE4#A,A 2>,4 2.1 C#**#2$ %C#$2 
%9#3 A,Q),$9,A. T',A, A,Q),$9,A %4, %$%*H6,3 
#$3#>#3)%**H &2 =#$3 2)& A#C#*%4#&#,A %C2$5 &',C &'%& 
92)*3 5#>, 9*),A %G2)& '2P A,Q),$9,A %4, 4,*%&,3 P#&' 
,%9' 2&',4. T', *%45, $)CG,4 2= E42&,#$ A,Q),$9,A C%+,A 
&',A, 92CE)&%&#2$A >,4H 92CE)&,4 #$&,$A#>,. T', 
=2**2P#$5 4,A)*&A 3,C2$A&4%&, '2P % G4#3 ,$>#42$C,$& 
=24 &', 92CE)&%&#2$A #$94,%A,A &', ,==#9#,$9H 2= &', 
GNARE ,$>#42$C,$&. 

S,>,4%* 2= &', 542)EA C,$&#2$,3 %G2>, '%>, )A,3 &', 
BLAST E#E,*#$, =24 &',#4 A,Q),$9, %$%*HA#A %$3 
%$$2&%&#2$A. O$, 2= &', =#4A& #$A&%$9,A 2= )A#$5 &'#A 
BLAST E#E,*#$, P%A =24 &', %$%*HA#A 2= &', 3%&% =24 &', 
SEED E42d,9&- P'#9' %& &', &#C, 92$A#A&,3 2= E%#4P#A, 
92CE%4#A2$A 2= % 3%&%G%A, 2= 1.8 C#**#2$ E42&,#$ 
A,Q),$9,A %5%#$A& #&A,*=. T', 92CE*,&, %$%*HA#A P%A 
E,4=24C,3 #$ 84 '2)4A )A#$5 2TJ $23,A =42C &', DOE 
S9#,$9, G4#3 A#&, %& &', A452$$, L%G24%&24H C2CE)&#$5 
R,A2)49, C,$&,4. THE#9%**H- 3,E,$3#$5 2$ &', E*%&=24C 
%$3 A#6, 2= &', 3%&%G%A,- % A#$5*, BLAST E429,AA =24 2$, 
A,Q),$9, C%H &%+, %$HP',4, =42C 2J A,92$3A &2 IJ 
A,92$3A. 

S#$9, &'%& =#4A& 4)$- C%$H C24, BLAST E#E,*#$, 
#$>29%&#2$A '%>, G,,$ E,4=24C,3- %$3 &', 4)$A '%>, 
G,92C, C24, ,==#9#,$& P#&' &', %33#&#2$ 2= C24, G4#3 
4,A2)49,A Y,.5.- GRID2JJ3 %$3 T,4%G4#3[. T', A#6, 2= &', 
E42&,#$ A,Q),$9, 3%&%G%A, '%A %*A2 #$94,%A,3 &2 2>,4 2.1 
C#**#2$ A,Q),$9,A. U$*#+, &', =#4A& 4)$- C24, 4,9,$& 4)$A 
'%>, G,,$ E,4=24C,3 P#&' &', S#&, S,*,9&24 C,9'%$#AC.  
T'#A C,9'%$#AC 3,94,%A,3 &', *%G24 2= &', ,%4*#,4 4)$A #$ 
'%>#$5 &2 C%$)%**H A,*,9& &', A#&,A &2 P'#9' &2 A,$3 &', 
%$%*HA#A. I$3,,3- ,>,$ &'2)5' &', Q)%$&#&H 2= &', E42&,#$ 
A,Q),$9, )$#>,4A, '%A #$94,%A,3- &', 4,%* &#C, &%+,$ &2 
92CE*,&, &', P'2*, 3%&%G%A, '%A 3,94,%A,3- %A A'2P$ #$ 
T%G*, 1. T'#A &#C, 4,3)9&#2$ #A 3), C%#$*H &2 &', %G#*#&H 
2= &', S#&, S,*,9&24 &2 &,A& &', %>%#*%G#*#&H 2= % G4#3 A#&, 
G,=24, A)GC#&&#$5 % d2G &2 &'%& A#&,. O$, 2= &', C%#$ 
E42G*,CA #$ &', ,%4*#,4 4)$A P%A &', &#C, P%A&,3 



4,92CE)&#$5 C%$H 2= &', E42&,#$ A,Q),$9,A A)GC#&&,3 &2 
)$%>%#*%G*, 4,A2)49,A. 

 
T%G*, 1W R)$&#C, 4,A)*&A P#&' %$3 P#&'2)& &', S#&, 

S,9*,9&24 
 

   Runtime 
         (hours) 

 
Pipeline 

DOE S9#,$9, 
Pj2 S#&, S,*,9& 

 
1.4 C#**#2$ A,Q 

GRID3 
Pj2 S#&, S,*,9& 

 
1.T C#**#2$ A,Q 

GRID3- T,4%G4#3 
Pj S#&, S,*,9& 

 
1.O C#**#2$ A,Q 

BLAST XYJ XZ[ XJZ 
B*29+A IX\ II[ XIJ 

 
T', BLAST E#E,*#$, #A $2& &', 2$*H E#E,*#$, 4)$ )A#$5 

&', G4#3 ,$>#42$C,$&a '2P,>,4- #& #A &', C2A& 92CC2$ 
2$, &'%& P, 4)$ &23%H. O&',4 G#2#$=24C%&#9A &22*A %4, %*A2 
4)$ =24 &', 92CE*,&, E42&,#$ A,Q),$9, 3%&%G%A, )A#$5 
3#==,4,$& &22*A Y,.5. B*29+A- TMHMM[ &2 ,0&4%9& 3#==,4,$& 
>,9&24 #$=24C%&#2$ %G2)& &', #$3#>#3)%* E42&,#$ 
A,Q),$9,A.  &22*A %4, %A 92CE)&,4 #$&,$A#>, %A &', BLAST 
E#E,*#$, %$3 &%+, % A#C#*%4 %C2)$& 2= &#C, &2 %$%*H6,. 

 
5.2. GNARE Applications 

 
T', )A, 2= GNARE '%A G,,$ ,AA,$&#%* #$ 3,>,*2E#$5 

&', =2**2P#$5 G#2#$=24C%&#9A %EE*#9%&#2$AW 
PUMA2 U3MV- % AHA&,C =24 '#5'-&'42)5'E)& %$%*HA#A 

%$3 C,&%G2*#9 4,92$A&4)9&#2$ 2= 5,$2C,A =42C &', 
A,Q),$9, 3%&%- E42>#3,A % E*%&=24C =24 #$&,4%9&#>, 5,$2C, 
=)$9&#2$%* %$$2&%&#2$- C,&%G2*#9 4,92$A&4)9&#2$ %$3 &', 
A&)3H 2= ,>2*)&#2$ 2= C,&%G2*#AC %$3 G#2*25#9%* =)$9&#2$. 
I& 92$&%#$A %$%*HA,A 2= 2>,4 1-JJJ 92CE*,&,3 %$3 E%4&#%**H 
A,Q),$9,3 245%$#ACA &'42)5' E4,92CE)&,3 A,Q),$9, 
%$%*HA#A 4,A)*&A )A#$5 GNARE. 

Pathos U4JV E42>#3,A &', G#2#$=24C%&#9A A)EE24& &2 
C,CG,4A 2= &', NIHjNIAID G4,%& L%+,A R,5#2$%* C,$&,4 
2= E09,**,$9, #$ B#23,=,$A, 4,A,%49'.  

TarGet U41V- % 92CE)&%&#2$%* ,$>#42$C,$& A)EE24&#$5 
&', NIH M#3P,A& C,$&,4 =24 S&4)9&)4%* G,$2C#9A 
YMCSG[ A,4>,A 4,A,%49',4A P24+#$5 2$ A,*,9&#2$ 2= 
E42&,#$ &%45,&A 2= G#2C,3#9%* #CE24&%$9, =24 &', 
3,&,4C#$%&#2$ 2= 3D A&4)9&)4,. 

Sentra U42V E42>#3,A %$ #$&,4=%9, &2 % 3%&%G%A, 2= 
E42+%4H2&#9 S#5$%* T4%$A3)9&#2$ E42&,#$A. 

MetaGenome A,4>,A 4,A,%49',4A 2= &', DOE 
M#942G#%* G,$2C, E4254%C U43V. I& E42>#3,A 
G#2#$=24C%&#9A A)EE24& =24 &', #3,$&#=#9%&#2$ %$3 
9'%4%9&,4#6%&#2$ 2= 245%$#ACA E4,A,$& #$ ,$>#42$C,$&%* 
A%CE*,A &%+,$ =42C &', H%$=243 A#&,. 

Chisel U44V E42>#3,A =)$9&#2$ E4,3#9&#2$- ,>2*)&#2$%4H 
%$3 '#5'-4,A2*)&#2$ %$%*HA,A 2= 5,$,&#9 A,Q),$9, 3%&% =24 
,$6HC%&#9 =)$9&#2$A. 

I$ 243,4 &2 E42>#3, )E-&2-3%&, 3%&% %$3 %$%*HA,A &2 &', 
4,A,%49',4A #$>2*>,3 #$ &',A, E42d,9&A- 5#>,$ &', 542P&' 
2= 5,$2C#9 A,Q),$9, 3%&%- &', )A, 2= A&%&,-2=-&',-%4& 

92CE)&%&#2$%* &,9'$2*25#,A A)9' %A 3#A&4#G)&,3 92CE)&#$5 
#A ,AA,$&#%*. 

 

6. Summary and Future Work 
 
T', )A, 2= GNARE '%A E42>,3 ,AA,$&#%* #$ 3,>,*2E#$5 

%EE*#9%&#2$A #$ ,>2*)&#2$%4H %$%*HA#A 2= 5,$2C,A 
YPUMA2- &', SEED[- G#23,=,$A, 4,A,%49' YP%&'2ADB[- 
A&4)9&)4%* G#2*25H YT%4G,& DB[- %$3 G#24,C,3#%&#2$ 
YM,&%G,$2C,[- %** 2= P'#9' 3,E,$3 2$ &', %>%#*%G#*#&H 2= 
)E-&2-3%&, %$$2&%&#2$A %$3 4,*H 2$ 92CE%4%&#>, %$%*HA#A 
2= *%45, A,&A 2= E'H*25,$,&#9%**H 3#>,4A, 245%$#ACA. UA, 
2= GNARE 34%C%&#9%**H 4,3)9,3 &', &#C, %$3 ')C%$ 
4,A2)49,A 4,Q)#4,3 =24 5,$2C, %$%*HA#A. T', #$94,%A, #$ 
,==#9#,$9H %$3 AE,,3 2= 5,$2C, %$%*HA#A ,$%G*,3 &', 
,0E,4& G#2*25#A&A #$>2*>,3 #$ &',A, %EE*#9%&#2$ E42d,9&A &2 
92$9,$&4%&, 2$ ,AA,$&#%* G#2*25#9%* E42G*,CA P#&'2)& 
P%A&#$5 &#C, %$3 ,==24& 2$ 3%&% E429,AA#$5.  

GNARE8A C23)*%4 %49'#&,9&)4, #A ,AE,9#%**H )A,=)* =24 
%$$2&%&#2$ %$3 %$%*HA#A 2= $,P*H A,Q),$9,3 5,$2C,A. 
A>%#*%G#*#&H 2= $,P ,0E,4#C,$&%* 4,A)*&A 92$9,4$#$5 
=)$9&#2$A 2= E42&,#$A E4,>#2)A*H %$$2&%&,3 %A 
'HE2&',&#9%*- %A P,** %A #CE42>,C,$&A #$ &', A,$A#&#>#&H 
%$3 %99)4%9H 2= G#2#$=24C%&#9A &22*A- 4,Q)#4,A E,4#23#9 
4,>#A#&#$5 2= E4,>#2)A*H %$$2&%&,3 5,$2C,A %$3 
4,%AA#5$C,$& 2= =)$9&#2$A )A#$5 &'#A $,P*H %9Q)#4,3 
+$2P*,35,. T', #$94,%A,3 ,==#9#,$9H 2= 5,$2C, %$%*HA#A 
2==,4,3 GH &', GNARE AHA&,C %$3 &', G4#3 92$A#3,4%G*H 
A#CE*#=#,A &', %$%*HA#A 2= $,P*H A,Q),$9,3 5,$2C,A %$3 
&', 4,%$$2&%&#2$ 2= E4,>#2)A*H %$$2&%&,3 5,$2C,A. 
GNARE 9%$ G, %$ #$&,4=%9, &2 *,>,4%5, G4#3 4,A2)49,A 
=24 %** G#2*25#A&A #$&,4,A&,3 #$ E,4=24C#$5 A)9' 92CE*,0 
92CE)&%&#2$A. I& 9%$ '#3, &', 92CE*,0 &,9'$2*25#,A 
#$>2*>,3 #$ )A#$5 3#A&4#G)&,3 G4#3 4,A2)49,A %$3 ',*E 
)A,4A E,4=24C =%A&,4 %$3 G,&&,4 %$%*HA,A. 

I$ =)&)4, P24+- P, E*%$ &2 %3>%$9, =)4&',4 &', )A, 2= 
G4#3 &,9'$2*25H =24 &', $,,3A 2= G#2#$=24C%&#9A 
%EE*#9%&#2$A #$ &P2 C%#$ %4,%A. F#4A&- P, P#** E42>#3, 
A,4>#9,A &2 G#2#$=24C%&#9A 92CC)$#&H >#% % W,G-G%A,3 
5%&,P%H- &')A %**2P#$5 )A,4A &2 A)GC#& %$3 %$%*H6, &',#4 
3%&% GH >%4#2)A &22*A %$3 %*524#&'CA )A#$5 GNARE %A %$ 
,$&4H E24& &2 &', G4#3 ,$>#42$C,$&. T'#A A,4>,4 P#** %*A2 
,$%G*, )A,4A &2 94,%&, 9)A&2C#6,3 92$&42**,3 P24+=*2PA 
)A#$5 GNARE8A #$&,4=%9,. T', 3,>,*2EC,$& 2= A)9' % 
A,4>,4 P#** %**2P %99,AA &2 %3>%$&%5,A 2==,4,3 GH &', G4#3 
&2 P#3, 92CC)$#&H 2= 4,A,%49',4A P'2 P#** $2& G, %G*, &2 
)A, &', G4#3 2&',4P#A, G,9%)A, 2= &', *%9+ 2= $,9,AA%4H 
,0E,4&#A, 24 4,A2)49,A. A E42&2&HE, 2= &', GNARE W,G 
A,4>,4 '%A %*4,%3H 3,>,*2E,3.  

S,92$3- P, P#** #CE*,C,$& % >#4&)%* 3%&% P%4,'2)A, 
&'%& P#** )A, &', G4#3 ,$>#42$C,$& =24 $%>#5%&#2$ %$3 
%$%*HA#A 2= 3%&% 4,A#3#$5 #$ 4,C2&, *29%&#2$A. 
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1I. F2A&,4- I. - K,AA,*C%$- C. Y1MMO[ G*2G)AW A C,&%92CE)&#$5 

#$=4%A&4)9&)4, #22*+#&. _ntern.tion.l Uourn.l of 
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F#$$- R. D.- S2$$'%CC,4- E. L. Y2JJJ[ T', P=%C 
E42&,#$ =%C#*#,A 3%&%G%A,. Cucl9 @cids "es9 28: 2IJn
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B2,9+C%$$ B.- F,442 S- G%A&,#5,4 E- H)%$5 H- L2E,6 R- 
M%54%$, M- M%4&#$ Mg- N%&%*, DA- OsD2$2>%$ C- 
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Cucl9 @cids "es9 30Y1[W 134M-13TJ. '&&EWjjPPP-
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