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Biology	  vs	  Physics	  
(the	  viewpoint	  of	  a	  theore'cal	  physicist)	  

!  	  Compare	  and	  contrast	  the	  situa'on	  in	  the	  study	  of	  	  
	  	  	  	  Biological	  systems	  	  

! 	  “Complex”	  structures	  governed	  by	  (as	  yet)	  unknown	  macro-‐laws	  
! 	  Powerful	  and	  cheap	  experimental	  techniques	  
! 	  Huge	  amount	  of	  data	  

! 	  Inadequate	  models:	  poor	  understanding	  of	  “micro”	  to	  “macro”	  transi'on	  	  

!  	  and,	  at	  the	  other	  extreme,	  of	  	  
	  	  	  	  Elementary	  Par'cle	  Physics	  	  

! 	  Supposedly	  “simple”	  systems	  governed	  by	  “elegant”	  known	  micro-‐laws	  
! 	  Very	  complicated	  and	  expensive	  experiments	  
! 	  Very	  few	  new	  experimental	  data	  (LHC	  is	  running!)	  

! 	  Rather	  good	  models	  (almost	  “theories”)	  

A	  few	  “concepts”	  



The	  BIG	  problem	  of	  the	  “omic	  era”	  a5er	  genome	  
sequencing:	  

Protein	  annota*on	  
How	  to	  computationally endow	  sequences	  with	  structural	  and	  func*onal	  features?	  

Genomes	  

code	  for	  

Protein	  sequences	  

that	  are	  endowed	  
with	  

Protein	  structure	  and	  
func*on	  



The Computational Bottleneck 

The number of computations is the cartesian product 
of the number of the input sequences.  

~ 17 x 1013 

(~ 17,000 billion matches) 

In the real world the output consist in 13 million files 
but each one contain only few rows 



>1_1_1000 
MNYREYQQIVRRKSRQISVGPVKVGGDAPITVQTMTNTPTDDVAATVAQIHRAERAGVDIVRVSCPDEAA 
TAALADIVRQVNVPIVADIHFHYRRAIEAAKAGAACLRINPGNIGSAERVREVVAAARDHGCSIRIGVNA 
GSLEKHLLEKYGEPNPDALVESALEHAKILQDHDFHEFKISVKASDVFMAVAAYQQLAEVCDHPLHIGIT 
EAGGRRTGTVKSSIGLGSLLWAGIGDTMRVSLSAEPEEEVAVGWDILKSLGIRHRGVRVISCPSCARQGF 
NVIDTVAQLEDRLAHIEEPITLSIIGCVVNGPGEALMTDLGVTGGGNGRHMVYAAGKTDHTIEGAAMIDH 
VVELVEQRAARLREEKAAAKQAAE 
>1_1_1001 
MTKPQPVRGTQDIIGEDARRHHHVVETARRVAGLYGAAEWATPVFELTSVFARNLGETSDVVTKEMYTFE 
DRSGESVTLRPEGTAGVCRALVSNGLTQTLPQKIFYQGPMFRYERPQKGRYRQFHQIGLEIIGAAEPLAD 
AEAIACGQQILDELGVGASITLHINTLGDRDSRDAYRTALVDYLSRYESELSDESKVRLVKNPLRILDTK 
DANDIRLLAEAPRIYDHLNPASAAFYDGLKAALSAFGIAFVENPRIVRGFDYYNHTAFEFVSTALGAQGT 
VLGGGRYDQLVEQMGGPPTPGVGWAAGIERLAMLLAATPATPRPVAVIPMGEAEQTAAIEILATLRRAGI 
AAEAAYRGNLKKRLERANRINARAAVLIGADELARGAVTLKTLDDGAQRELPRAELLAALG 
>1_1_1002 
MTLEQKLDRIVLRAEELRAMLAAGVDGERFVAASRELAEIEPVEQQILLLRAAERARDEAEAARADPELR 
ELADAELDSLRETLPRLEHEIRLALLPRDAADERPAILEIRPAAGGDEAALFAAELFAAYRRYADLRGWR 
FEILDYTETELGGLREGIAEITGRAVFARLKFESGVHRVQRVPATETQGRIHTSTVTVAVLPEAEDVDVE 
VNEADLRIDVFRASGAGGQHVNKTESAVRITHLPTGIVVAMQEERSQHKNRAKAMKILRARLYEQTRAAA 
AAGRAADRKSQVGTGDRSERIRTYNFPQGRVTDHRINLTLHKIDRVMLGEFDEIIDALTEEDQAARLAAA 
GA 
>1_1_1003 
MIPTTEALRELGRILAAGGVENPTREARLILAHALGVDLAALWALDEVDPEPAFALARRRAAREPLAYIT 
GAKGFWSLDLAVSPATLIPRPDTETLIEAALRHRPDRRKIRTILDLGTGTGALLLAALAEYPDAFGIGID 
RVPAACALARANAARTGLAARAAFCCGDWADALAARFDLILANPPYIPSADIPGLMAEVAAHEPASALDG 
GADGFDAYRRIVADLPRLLAPGGLAILEAGIGQAAPLAALAAAHGLDATAEPDLAGIPRAVIMAAREKYS 
>1_1_1004 
MNIKRMRGRNNRGGGGGFRNYQSGGTPLNRNHVFDSNGPEQRVRGTAQQLYDKYQQLGRDASGAGDRVLA 
ESYFQHAEHYFRIISAMNQAAQAPHGNGHSRRGDAQPAEAQDEAELVEAAPGLGEQPPTEAREIPISAAP 
PEA 
>1_1_1005 
MDTIYRGDLSTPAGRRNAWIDALFVDHAVLRLGWTNFAPVKPGALYRSNHPVPFQLAKFRRLVGINTLIN 
LRGECRNGSDALSREAARRLGLDFYDMALESRGAPHRDRILRLAEIIRTMRRPALVHCKSGADRAGIASA 
LFVLIEGGSVAEARRQLSLRFGHIRQSNTGILDAFLDMYEEEGGGMAFLDWVRDAYREQALRERYARETR 
NRPGRRIARFVNDRLLARE 
>1_1_1006 
MRLALPALAAPLLLAACATSRFAGYGTPTTLTCVPYARAVSGIELTGDAWRWWDEADGLYPRAHHPVPGA 
VLVFRRHGAMTAGHVAVVTRVLGPREILVTQANWLPGRLQRATPVLDVSPANDWTSVRVWYAPDHEPGRT 
IYPTDGFILPARPRLATVPATR 
>1_1_1007 
MLRNALTVGAWTMGSRVLGFARDILIAALLGAGPAADAFFVALRLPNLFRRLFGEGAFSAAFIPAYAGAL 
AQEGEAPARRLAEEVTAIMAVFLMALTILGLLFMPLVLDVLAPGFRADPAKFALAVRLSRITFPYLWLIC 
LCALFSGVLNARGHFAAASAAPILFNVCIIATLLILHAAGQRVPEALAYGVALSGIVQFVLLAWALARAG 
SPLRLRVPRLTPGARTVLRRLGPGLIGAGVTQLNLTVDTIIASLLPTGTVSVLYYADRVNQLPLGVIGTA 
VGTVLLPSLSRQFRRNETDAARESLNRAIAVSLLLTLPAAAALAAIGLPVMRTLFAHGAFSDADAARSAA 
ALAVYAFGLPAFVLVKLFAPGFFARGDTSTPVKTGLAAVAINLALNLALMHPLQQVGIALSTSLAAWFNA 
LALALLLRRRADFAPDRALARRILAIALASGLMALALLALRRTALMHLAPVASLALLIAAGLAVFALAGI 
LLGAIRPTELRLLLRRPKPA 
>1_1_1008 
MARIFSGIQPTGIAHLGNYLGAIQNWVALQEGNEGIYCLVDLHALTVWVEPEALRQQTRVNAALLVACGI 
DPARSILFHQSAVHAHARLAWIFNCVARFGWLNRMTQFKDKAGKDREAVSTGLFVYPNLMAADILAYHAT 
EVPVGEDQSQHLELANDIAQKFNHDYGVEFFPAITPRIIGGSARIMSLRDGTRKMSKSDTSDQSRINLTD 
DADAIAQKIRRARTDPEPLPERPAQLDSRPEARNLVGIYAALAGITAEEVLRQHAGSGFGPFKERLTELA 
VQKLTPIGAETKRLAADPAEIDRMLQAGAARAAAIAEPIVAEAERLVGLLPAR 
>1_1_1009 
MHDKTGFSHQFPASTLREYDIRGIVGETLHETDAFAIGRTFGSMVARKGGSRVIVGRDGRLSSPAMARAV 
IAGLVASGMQVTDIGCGPTPMLYYAATVAEADGAVMVTGSHNPSNYNGFKMMLGRKPFFGAQIQELGRLA 
TAGNVEPEGEGSVEEKDVSDAYLARLLEDWEGGDRMLNVVWDTGNGAAGEIVARLVQALPGRHMVLNAEI 
DGRFPAHHPDPTVPKNLEQLVAAVKKQGADIGIAFDGDADRIGIVDDTGEILFGDQFLVLLARDVLAAHP 
GAMIIADVKASQVLFDQIAAAGGTPLMWKTGHSLIKSKMAETGAPLAGEMSGHIFFADKWYGFDDAIYAA 
IRVLNAVNRSGESVSAFRKSLPQVINTPELRFDCAEDRKFEVVAEVAERLRADGATVSETDGVRVTTEDG 
WWLLRASNTQAVLVARAEAGSAEGLARLKQILASQLAASGLAPDFSGANSGH 
>1_1_100 
MTTKILALTDALGNLVRFRLMPGNRYDSIEVPPLIDNVEFGGLIADKAFDSNALVAELNERGARIVISQH 
PARALKLKIDHETYKWRHLIENFFCKLKEFKRIALRACKTDQSFQPMIHLAAAVINSR 
>1_1_1010 
MPIKPLKKAVLPVAGLGTRFLPATKAIPKEMLPVVDKPLIQYAIDEARAAGIEQFCMVTGRGKTALIDHF 
DIAFELEATLAERGKQDALDMLHEEVMEPGSIVTVRQQVPLGLGHAIWCARAFIGDDPFAILLPDDLVLS 
QTPCLGQLADAYRATGGNVVAVEEVPMEQVHRYGVLKTGATERNLVEVKGLVEKPKREEAPSNLSIIGRY 
VLLPEVIGHLARMERGAGNEVQLTDAMAKMIGAAPFHGLKFEGRRFDCGDKAGYLEAQIAFGLVRPDLGP 
SIRHFLKAYSDA 
>1_1_1011 
MAELVKLGHSFETDHVFHESASRAFALLVGDTNPMHHDEAKAKASRYGGLIVSGTETTARMMGLTAAHFA 
RLGPTVGMEFSFRFRRAVPMGAHARIRWEVTELDYKPGLGTIAICAGTLTLLESGEVAVEGTSKGVLLER 
>1_1_1012 
MDGATETIRVPANGLEFVVDSAGSGKKLALCLHGFPESRFSWRFQLPLLASLGYTAWAPDLRGYGHSSRP 
EGVENYRISHLLRDVAGLIDAAKARGIDEGVVLLAHDWGGALGWLFVLNGVRPVERFIVMNMPHPYLFAR 
GLRTWKQLRRSWYIFGFQIPRWPERVLAANRAAWIARAFRGAAIDKSRFPDEVLEVYRQNALIPGALTAM 
INWYRANFRNPFRGLAPAKRLAVPTLMIWGERDVALGRELTEGTGALVDDLTLRYLPDVSHWVQQEAPES 

>1_1_1000 
MNYREYQQIVRRKSRQISVGPVKVGGDAPITVQTMTNTPTDDVAATVAQIHRAERAGVDIVRVSCPDEAA 
TAALADIVRQVNVPIVADIHFHYRRAIEAAKAGAACLRINPGNIGSAERVREVVAAARDHGCSIRIGVNA 
GSLEKHLLEKYGEPNPDALVESALEHAKILQDHDFHEFKISVKASDVFMAVAAYQQLAEVCDHPLHIGIT 

EAGGRRTGTVKSSIGLGSLLWAGIGDTMRVSLSAEPEEEVAVGWDILKSLGIRHRGVRVISCPSCARQGF 
NVIDTVAQLEDRLAHIEEPITLSIIGCVVNGPGEALMTDLGVTGGGNGRHMVYAAGKTDHTIEGAAMIDH 
VVELVEQRAARLREEKAAAKQAAE 
>1_1_1001 
MTKPQPVRGTQDIIGEDARRHHHVVETARRVAGLYGAAEWATPVFELTSVFARNLGETSDVVTKEMYTFE 
DRSGESVTLRPEGTAGVCRALVSNGLTQTLPQKIFYQGPMFRYERPQKGRYRQFHQIGLEIIGAAEPLAD 
AEAIACGQQILDELGVGASITLHINTLGDRDSRDAYRTALVDYLSRYESELSDESKVRLVKNPLRILDTK 
DANDIRLLAEAPRIYDHLNPASAAFYDGLKAALSAFGIAFVENPRIVRGFDYYNHTAFEFVSTALGAQGT 

VLGGGRYDQLVEQMGGPPTPGVGWAAGIERLAMLLAATPATPRPVAVIPMGEAEQTAAIEILATLRRAGI 
AAEAAYRGNLKKRLERANRINARAAVLIGADELARGAVTLKTLDDGAQRELPRAELLAALG 
>1_1_1002 
MTLEQKLDRIVLRAEELRAMLAAGVDGERFVAASRELAEIEPVEQQILLLRAAERARDEAEAARADPELR 
ELADAELDSLRETLPRLEHEIRLALLPRDAADERPAILEIRPAAGGDEAALFAAELFAAYRRYADLRGWR 
FEILDYTETELGGLREGIAEITGRAVFARLKFESGVHRVQRVPATETQGRIHTSTVTVAVLPEAEDVDVE 
VNEADLRIDVFRASGAGGQHVNKTESAVRITHLPTGIVVAMQEERSQHKNRAKAMKILRARLYEQTRAAA 

AAGRAADRKSQVGTGDRS 

>1_1_1000 
MNYREYQQIVRRKSRQISVGPVKVGGDAPITVQTMTNTPTDDVAATVAQIHRAERAGVDIVRVSCPDEAA 
TAALADIVRQVNVPIVADIHFHYRRAIEAAKAGAACLRINPGNIGSAERVREVVAAARDHGCSIRIGVNA 
GSLEKHLLEKYGEPNPDALVESALEHAKILQDHDFHEFKISVKASDVFMAVAAYQQLAEVCDHPLHIGIT 

EAGGRRTGTVKSSIGLGSLLWAGIGDTMRVSLSAEPEEEVAVGWDILKSLGIRHRGVRVISCPSCARQGF 
NVIDTVAQLEDRLAHIEEPITLSIIGCVVNGPGEALMTDLGVTGGGNGRHMVYAAGKTDHTIEGAAMIDH 
VVELVEQRAARLREEKAAAKQAAE 
>1_1_1001 
MTKPQPVRGTQDIIGEDARRHHHVVETARRVAGLYGAAEWATPVFELTSVFARNLGETSDVVTKEMYTFE 
DRSGESVTLRPEGTAGVCRALVSNGLTQTLPQKIFYQGPMFRYERPQKGRYRQFHQIGLEIIGAAEPLAD 
AEAIACGQQILDELGVGASITLHINTLGDRDSRDAYRTALVDYLSRYESELSDESKVRLVKNPLRILDTK 
DANDIRLLAEAPRIYDHLNPASAAFYDGLKAALSAFGIAFVENPRIVRGFDYYNHTAFEFVSTALGAQGT 

VLGGGRYDQLVEQMGGPPTPGVGWAAGIERLAMLLAATPATPRPVAVIPMGEAEQTAAIEILATLRRAGI 
AAEAAYRGNLKKRLERANRINARAAVLIGADELARGAVTLKTLDDGAQRELPRAELLAALG 
>1_1_1002 
MTLEQKLDRIVLRAEELRAMLAAGVDGERFVAASRELAEIEPVEQQILLLRAAERARDEAEAARADPELR 
ELADAELDSLRETLPRLEHEIRLALLPRDAADERPAILEIRPAAGGDEAALFAAELFAAYRRYADLRGWR 
FEILDYTETELGGLREGIAEITGRAVFARLKFESGVHRVQRVPATETQGRIHTSTVTVAVLPEAEDVDVE 
VNEADLRIDVFRASGAGGQHVNKTESAVRITHLPTGIVVAMQEERSQHKNRAKAMKILRARLYEQTRAAA 

AAGRAADRKSQVGTGDRS 

>1_1_1000 
MNYREYQQIVRRKSRQISVGPVKVGGDAPITVQTMTNTPTDDVAATVAQIHRAERAGVDIVRVSCPDEAA 
TAALADIVRQVNVPIVADIHFHYRRAIEAAKAGAACLRINPGNIGSAERVREVVAAARDHGCSIRIGVNA 
GSLEKHLLEKYGEPNPDALVESALEHAKILQDHDFHEFKISVKASDVFMAVAAYQQLAEVCDHPLHIGIT 

EAGGRRTGTVKSSIGLGSLLWAGIGDTMRVSLSAEPEEEVAVGWDILKSLGIRHRGVRVISCPSCARQGF 
NVIDTVAQLEDRLAHIEEPITLSIIGCVVNGPGEALMTDLGVTGGGNGRHMVYAAGKTDHTIEGAAMIDH 
VVELVEQRAARLREEKAAAKQAAE 
>1_1_1001 
MTKPQPVRGTQDIIGEDARRHHHVVETARRVAGLYGAAEWATPVFELTSVFARNLGETSDVVTKEMYTFE 
DRSGESVTLRPEGTAGVCRALVSNGLTQTLPQKIFYQGPMFRYERPQKGRYRQFHQIGLEIIGAAEPLAD 
AEAIACGQQILDELGVGASITLHINTLGDRDSRDAYRTALVDYLSRYESELSDESKVRLVKNPLRILDTK 
DANDIRLLAEAPRIYDHLNPASAAFYDGLKAALSAFGIAFVENPRIVRGFDYYNHTAFEFVSTALGAQGT 

VLGGGRYDQLVEQMGGPPTPGVGWAAGIERLAMLLAATPATPRPVAVIPMGEAEQTAAIEILATLRRAGI 
AAEAAYRGNLKKRLERANRINARAAVLIGADELARGAVTLKTLDDGAQRELPRAELLAALG 
>1_1_1002 
MTLEQKLDRIVLRAEELRAMLAAGVDGERFVAASRELAEIEPVEQQILLLRAAERARDEAEAARADPELR 
ELADAELDSLRETLPRLEHEIRLALLPRDAADERPAILEIRPAAGGDEAALFAAELFAAYRRYADLRGWR 
FEILDYTETELGGLREGIAEITGRAVFARLKFESGVHRVQRVPATETQGRIHTSTVTVAVLPEAEDVDVE 
VNEADLRIDVFRASGAGGQHVNKTESAVRITHLPTGIVVAMQEERSQHKNRAKAMKILRARLYEQTRAAA 

AAGRAADRKSQVGTGDRS 

>1_1_1000 
MNYREYQQIVRRKSRQISVGPVKVGGDAPITVQTMTNTPTDDVAATVAQIHRAERAGVDIVRVSCPDEAA 
TAALADIVRQVNVPIVADIHFHYRRAIEAAKAGAACLRINPGNIGSAERVREVVAAARDHGCSIRIGVNA 
GSLEKHLLEKYGEPNPDALVESALEHAKILQDHDFHEFKISVKASDVFMAVAAYQQLAEVCDHPLHIGIT 

EAGGRRTGTVKSSIGLGSLLWAGIGDTMRVSLSAEPEEEVAVGWDILKSLGIRHRGVRVISCPSCARQGF 
NVIDTVAQLEDRLAHIEEPITLSIIGCVVNGPGEALMTDLGVTGGGNGRHMVYAAGKTDHTIEGAAMIDH 
VVELVEQRAARLREEKAAAKQAAE 
>1_1_1001 
MTKPQPVRGTQDIIGEDARRHHHVVETARRVAGLYGAAEWATPVFELTSVFARNLGETSDVVTKEMYTFE 
DRSGESVTLRPEGTAGVCRALVSNGLTQTLPQKIFYQGPMFRYERPQKGRYRQFHQIGLEIIGAAEPLAD 
AEAIACGQQILDELGVGASITLHINTLGDRDSRDAYRTALVDYLSRYESELSDESKVRLVKNPLRILDTK 
DANDIRLLAEAPRIYDHLNPASAAFYDGLKAALSAFGIAFVENPRIVRGFDYYNHTAFEFVSTALGAQGT 

VLGGGRYDQLVEQMGGPPTPGVGWAAGIERLAMLLAATPATPRPVAVIPMGEAEQTAAIEILATLRRAGI 
AAEAAYRGNLKKRLERANRINARAAVLIGADELARGAVTLKTLDDGAQRELPRAELLAALG 
>1_1_1002 
MTLEQKLDRIVLRAEELRAMLAAGVDGERFVAASRELAEIEPVEQQILLLRAAERARDEAEAARADPELR 
ELADAELDSLRETLPRLEHEIRLALLPRDAADERPAILEIRPAAGGDEAALFAAELFAAYRRYADLRGWR 
FEILDYTETELGGLREGIAEITGRAVFARLKFESGVHRVQRVPATETQGRIHTSTVTVAVLPEAEDVDVE 
VNEADLRIDVFRASGAGGQHVNKTESAVRITHLPTGIVVAMQEERSQHKNRAKAMKILRARLYEQTRAAA 

AAGRAADRKSQVGTGDRS 

BLAST	  

BLAST	  

BLAST	  

BLAST	  

Database 
13M sequences 

GRID nodes Split 
Database 

Check 

Genome to be aligned  
5-100K sequences 

>1_1_100 
MTTKILALTDALGNLVRFRLMPGNRYDSIEVPPLIDNVEFGGLIADKAFDSNALVAELNERGARIVISQH 
PARALKLKIDHETYKWRHLIENFFCKLKEFKRIALRACKTDQSFQPMIHLAAAVINSR 
>1_1_1010 
MPIKPLKKAVLPVAGLGTRFLPATKAIPKEMLPVVDKPLIQYAIDEARAAGIEQFCMVTGRGKTALIDHF 
DIAFELEATLAERGKQDALDMLHEEVMEPGSIVTVRQQVPLGLGHAIWCARAFIGDDPFAILLPDDLVLS 
QTPCLGQLADAYRATGGNVVAVEEVPMEQVHRYGVLKTGATERNLVEVKGLVEKPKREEAPSNLSIIGRY 
VLLPEVIGHLARMERGAGNEVQLTDAMAKMIGAAPFHGLKFEGRRFDCGDKAGYLEAQIAFGLVRPDLGP 
SIRHFLKAYSDA 
>1_1_1011 
MAELVKLGHSFETDHVFHESASRAFALLVGDTNPMHHDEAKAKASRYGGLIVSGTETTARMMGLTAAHFA 
RLGPTVGMEFSFRFRRAVPMGAHARIRWEVTELDYKPGLGTIAICAGTLTLLESGEVAVEGTSKGVLLER 
>1_1_1012 
MDGATETIRVPANGLEFVVDSAGSGKKLALCLHGFPESRFSWRFQLPLLASLGYTAWAPDLRGYGHSSRP 
EGVENYRISHLLRDVAGLIDAAKARGIDEGVVLLAHDWGGALGWLFVLNGVRPVERFIVMNMPHPYLFAR 
GLRTWKQLRRSWYIFGFQIPRWPERVLAANRAAWIARAFRGAAIDKSRFPDEVLEVYRQNALIPGALTAM 
INWYRANFRNPFRGLAPAKRLAVPTLMIWGERDVALGRELTEGTGALVDDLTLRYLPDVSHWVQQEAPES 
VNAMIRAWLTGAPVPEHPAG 
>1_1_1013 
MAKRWYVLHVYSGFEKKIATQIMETAAQKGLADQIEQVMVPAEEVVEIRRAQKVNAERKFFPGYVLVKME 
MTDDAWHLVRDIPKVTGFLGTKLKPTPISEAEAQRMLQQVQEGTEHRRPAVVFEIGEQVRVADGPFTSFN 
GVIEDIDEDKGRVKVSVSIFGRSTPVELEYGQVEKL 
>1_1_1014 
MAFNPAKFLRDVRSEASKTTWPSRKETLVTTGVVLAMVVVTIVFFLVVDQVIGFGMRLLFGVGN 
>1_1_1015 
MVSGHVMERLGPMRALTASGQRAPQERPVVPAPPAAARLPESRRLRLLVHPPGIPAALREAKDMPAAFRR 
AGERHAHDGQRFRAVRIASFA 



Setup of BAR 

1 cpu  6,7 years 
100 cpu  24 days 
500 cpu  5 days 

13M 
seq 

Filtering,	  clustering,	  
mapping	  



JDL	  –	  Parametric	  Job	  
[	  

JobType	  =	  "Parametric";	  

Executable	  =	  "alignment_PARAM_.sh";	  

StdOutput	  =	  "alignmentpar_PARAM_.out";	  

StdError	  =	  "alignmentpar_PARAM_.err";	  

Arguments	  =	  "_PARAM_";	  

Parameters	  =	  999;	  

ParameterStart	  =	  0;	  

ParameterStep	  =	  1;	  

InputSandbox	  =	  {	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  "/home/bencivenni/bioinfo/script/8000/alignment_PARAM_.sh",	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  "/home/bencivenni/bioinfo/blast/c++/ReleaseMT/bin/blastp",	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  "/home/bencivenni/bioinfo/input/inputdb_PARAM_"	  };	  

OutputSandbox	  =	  {"alignmentpar_PARAM_.out",	  "alignmentpar_PARAM_.err"	  };	  

RetryCount=3;	  

MyProxyServer	  =	  "myproxy.cnaf.infn.it";	  

]	  



alignment_PARAM_.sh	  
touch	  alignment_out_644;	  

lcg-‐cp	  -‐-‐vo	  gridit	  lfn:/grid/gridit/bencivenni/bioinfo/db.fasta.psq	  
file:db.fasta.psq;	  

lcg-‐cp	  -‐-‐vo	  gridit	  lfn:/grid/gridit/bencivenni/bioinfo/db.fasta.pin	  
file:db.fasta.pin;	  

lcg-‐cp	  -‐-‐vo	  gridit	  lfn:/grid/gridit/bencivenni/bioinfo/db.fasta.phr	  
file:db.fasta.phr;	  

hostname;	  

chmod	  a+x	  blastp;	  

./blastp	  -‐db	  db.fasta	  -‐query	  inputdb644	  -‐dbsize	  100000	  -‐evalue	  1E-‐10	  -‐
num_alignments	  10000	  -‐out	  alignment_out_644	  -‐outfmt	  6;	  

lcg-‐cr	  -‐v	  -‐-‐vo	  gridit	  	  -‐l	  lfn:/grid/gridit/bencivenni/bioinfo/alignment_out_644	  
file:alignment_out_644;	  



OUTLINES	  
-‐ 	  La	  tecnologia	  massively	  parallel	  sequencing	  perme^e	  il	  
sequenziamento	  di	  acidi	  nucleici	  in	  tempi	  brevi	  e	  cos'	  
contenu'	  rispe^o	  al	  tradizionale	  metodo	  Sanger;	  
-‐ Ricavare	  informazioni	  biologiche	  dai	  da'	  di	  
sequenziamento	  è	  un	  problema	  che	  richiede	  una	  
rilevante	  capacità	  computazionale;	  
-‐ 	  L’u'lizzo	  del	  calcolo	  condiviso	  perme^e	  di	  uniformare	  i	  
tempi	  di	  analisi	  dei	  da'	  ai	  tempi	  di	  analisi	  strumentale	  e	  
di	  o^enere	  rapidamente	  informazioni	  	  sui	  da'	  
molecolari	  di	  pazien'	  affee	  al	  fine	  di	  individuarne	  
rapidamente	  la	  diagnosi	  e	  la	  terapia.	  

MASSIVELY	  PARALLEL	  SEQUENCING	  



Allineamento	  
GENOMA	  DI	  RIFERIMENTO	  

READS	  

-‐ GENOMA	  4,4	  GB	  
-‐ GENI 	  1,6	  GB	  
-‐ ESONI 	  250	  MB	  
-‐ cDNA 	  250	  MB	  

SEQUENZIAMENTO	  DELL’	  INTERO	  TRASCRITTOMA	  

-‐ NUMERO	  DI	  READS	  2,4	  X	  108	  

-‐ DIMENSIONE	  DEL	  RAW	  DATA	  txt	  48	  GB	  per	  19	  Gb	  

-‐ DIMENSIONE	  COMPRESSA	  11	  GB	  



1)	  

2)	  

-‐	  
-‐	  
-‐	  
-‐	  
-‐	  
-‐	  
n)	  

Raw	  data	  

Genoma	  di	  riferimento	  +	  indici	  

Genoma	  di	  riferimento	  +	  indici	  

Genoma	  di	  riferimento	  +	  indici	  

STRATEGIA	  GRID	  (1)	  



Storage	  
Element	  

 Split	  dei	  da'	  in	  n	  par'	  

 Indexing	  del	  genoma	  di	  
riferimento	  

SUBMISSION	  
Raw	  data	  spli^ato	  
Genoma	  di	  riferimento	  
Indici	  

INPUT	  
 4,6	  GB	  genoma	  di	  
riferimento	  +	  indici	  
 11/n	  GB	  	  raw	  data	  

STRATEGIA	  GRID	  (2)	  

Comput-‐ER	  



STRATEGIA	  GRID	  (3)	  

Storage	  
Element	  

OUTPUT	  
50/n	  GB	  allineamento	  
in	  SAM	  format	  

ALLINEAMENTI	  
tempo	  =	  49/n	  ore	  

 Join	  degli	  allineamen'	  

 Compressione	  dei	  da'	  

 Analisi	  downstream	  

Comput-‐ER	  



Workflow	  

1	  -‐-‐-‐-‐-‐-‐-‐-‐	  
2	  -‐-‐-‐-‐-‐-‐-‐-‐	  
3	  -‐-‐-‐-‐-‐-‐-‐-‐	  

1	  -‐-‐-‐-‐-‐-‐-‐-‐	  
2	  -‐-‐-‐-‐-‐-‐-‐-‐	  
3	  -‐-‐-‐-‐-‐-‐-‐-‐	  

1	  -‐-‐-‐-‐-‐-‐-‐-‐	  
2	  -‐-‐-‐-‐-‐-‐-‐-‐	  
3	  -‐-‐-‐-‐-‐-‐-‐-‐	  

1	  -‐-‐-‐-‐-‐-‐-‐-‐	  
2	  -‐-‐-‐-‐-‐-‐-‐-‐	  
3	  -‐-‐-‐-‐-‐-‐-‐-‐	  

1a	  -‐-‐-‐-‐-‐-‐-‐-‐	  
2a	  -‐-‐-‐-‐-‐-‐-‐-‐	  
3a	  -‐-‐-‐-‐-‐-‐-‐-‐	  
1b	  -‐-‐-‐-‐-‐-‐-‐-‐	  
2b	  -‐-‐-‐-‐-‐-‐-‐-‐	  
3b	  -‐-‐-‐-‐-‐-‐-‐-‐	  

File1.fastq	   File2.fastq	  

File2.sai	  File1.sai	  

7.5	  GB	  

700	  MB	   700	  MB	  

20	  GB	  

7.5	  GB	  

5	  GB	  

1a	  -‐-‐-‐-‐-‐-‐-‐-‐	  
2a	  -‐-‐-‐-‐-‐-‐-‐-‐	  
3a	  -‐-‐-‐-‐-‐-‐-‐-‐	  
1b	  -‐-‐-‐-‐-‐-‐-‐-‐	  
2b	  -‐-‐-‐-‐-‐-‐-‐-‐	  
3b	  -‐-‐-‐-‐-‐-‐-‐-‐	  

Align	  with	  BWA	  

Join	  with	  BWA	  

Alignment.sam	  

Alignment.bam	  

Compress	  with	  SAMtools	  



DAG	  JDL	  
[ �
   Type = "dag”; �
   DefaultNodeRetryCount=3; �
   MyProxyServer = "myproxy.cnaf.infn.it”; �

   nodes = [ �
      nodeA = [ �
               file = ”align1.jdl"; �
      ]; �
      nodeB = [ �
               file = ”align2.jdl"; �
       ]; �
	  	  	  	  nodeC	  =	  [	  
	  	  	  	  	  	  	  	  	  	  description	  =	  [	  
	  	  	  	  	  	  	  	  	  	  	  JobType	  =	  "Normal";	  
	  	  	  	  	  	  	  	  	  	  	  Executable	  =	  ”join.sh";	  
	  	  	  	  	  	  	  	  	  	  	  Arguments	  =	  	  
	  "root.nodes.nodeA.description.OutputSandbox[0]”	  
  “root.nodes.nodeB.description.OutputSandbox[0]”;	  
	  	  	  	  	  	  	  	  	  	  	  InputSandbox	  =	  {	  
	  "root.nodes.nodeA.description.OutputSandbox[0]”,	  
  “root.nodes.nodeB.description.OutputSandbox[0]”, �

"“Join.sh”};	  
	  	  OutputSandbox	  =	  {	  “Alignment.sam”	  }	  
	  	  	  	  	  	  	  	  	  	  ];];	  

	  nodeD	  =	  [	  
	  	  	  	  	  	  	  	  	  	  description	  =	  [	  
	  	  	  	  	  	  	  	  	  	  JobType	  =	  "Normal";	  
	  	  	  	  	  	  	  	  	  	  Executable	  =	  “compress.sh";	  
	  	  	  	  	  	  	  	  	  	  Arguments	  =	  
"root.nodes.nodec.description.OutputSandbox";	  
	  	  	  	  	  	  	  	  	  	  InputSandbox	  =	  
{"root.nodes.nodeB.description.OutputSandbox",”compres
s.sh"};	  
OutputSandbox	  =	  {	  “Alignment.bam”	  }	  
	  	  	  	  	  	  	  	  	  	  ];];	  
];];	  

dependencies	  =	  {	  {	  nodeA,	  nodeB	  },	  nodeC	  },	  
{nodeD,	  nodeC	  }};	  
];	  



align1.jdl 
[	  

JobType	  =	  "Parametric";	  

Executable	  =	  "alignment_PARAM_.sh";	  

StdOutput	  =	  "alignmentpar_PARAM_.out";	  

StdError	  =	  "alignmentpar_PARAM_.err";	  

Arguments	  =	  "_PARAM_";	  

Parameters	  =	  999;	  

ParameterStart	  =	  0;	  

ParameterStep	  =	  1;	  

InputSandbox	  =	  {	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  "/home/bencivenni/bioinfo/script/bwa/alignment_PARAM_.sh”,	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  "/home/bencivenni/bioinfo/input/inputdb_PARAM_"	  };	  

OutputSandbox	  =	  {"alignmentpar_PARAM_.out",	  "alignmentpar_PARAM_.err”,	  	  };	  

Requirements	  =	  other.	  GlueHostMainMemoryRAMSize	  >=	  3500;	  

]	  


