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d ~ "1 1.d • QJ Q " " 11· I I 'lf1ffl'H'l"U1'Ylff (bioinfonnatics) 11J'Uff1ff\11'j '\1lJ'Ylf11'Cl'lHlHUf111l1'U1 um.11'l'.i1~ 
u 

l ~111 lldh·H'l n'j::'Yl'l.J~ e> nu1~u111u1f11ff111 f~1fl wi 1u11 nu 'U'U 'l :if1ff1'j ff'Ul'Ylffln~ u 1 n 
q 

" QJ " " " U 'U 'U WU 1f)'l.Jfl11lJf)1111'U1'Yl1-1~1 'U 

Q "1 .., d v .::t Q 1 v ~I 1 . I 'JI 
fleJlJ'W 1l~HJ 'j 'Un 1 HJ~lf)'l.J 'j11J'.i 1lJ'Uf.>lJll'Yll'l'lf11'Yl tJ1 111 u'U '.i ::1J1J 'U iuu 1J1J!1'U 'Utllq!ll 

Q "" I t " A 4 .et "I t ,! A 'J) 
(databases) 11ri:;11fl '.i 1::Wll f.>1Jflll1fl1'U 'U~ 1Ulfl ':i f.>-1 lJ fJ (tools) l'l '.i elttfeJvJU 1'.i~ 1-lci 'Yl'l'Ul'YW 111 

1n~m11.u'11~1 un1::1J1um1~1.:Jci 1u~ .:Ji'.i~1111 i.u'11 ~ mniH1'U'lleJ'lV'U fl11JJfflJ~'Wn 
I d Y .d d 

'j ::1111-.l tJ'U lf 'U 1'Yl'll fl-ltJ'U 

.., QJ " ~ .., ~ 11" Q~ ,% Ad ':ilfff'W'U~f)'j'jlJlJ'lfl:ltJ (Human Genome Project) 'lf-l\111 I fl':i -1 f)1'j leH ~\]f)':i 1'.ilJ'UlHlJtJU 

.~ " f cl ~ d ,.. 0 °' 
'Vi.ff. 2528 U\111'.ilJl'l'Uf.>tJ1'111J'Ul11-ln1':i 1'UiJ 'Vi.fl'. 2533 (fl .ff. 1990) 1~tJn1 ':i 'U1CUeM':i~'l.Jlfl ,, 
ff Mi'~ f.>m1 m 1 fl'.i -1m'jof.>~1M'ff'W''W1l n11 ""~ llvilih{l 1'11lJ1U 1um1111il1Yi' 'U'.iMff~tJ~ 

.:: " d " .., 'J) d .... n'.i'.ilJ'Yl-llfl.Jfl'lleJ'llJ~llu fl1u1u1::u::nm 15 iJ 1'lf'l1JU'.i::lJ1tu 3 'Vi'Umu1111uqJffl1'.i~ 
I SI V 

uri::nwihv-:i1tJM flwul1.:J'ti11"m.u'1~1" 1 flH m'jil uriu.:J1u 1 flHm1i1 1l~utl.:J'11u m1 

flnll1il1Yi'tJ1M'ff'Wu1lnnJJf.>e>n1111JJ tfl'.i '" 1cttJJ (22 ~ + 2 ~1.:J) 1~v1cM1nfff1-:iuriu~ 
nwfl1'Vi (physical map) ~uneiu ~1mf u~.:Jli1m1f1n111M1il1Yi'1J'lle>-:i1M'ff'Wu~nnlJ 1~w . ,, 
""d 'J) d 'l 'J) ~ d 'l ii 1 " 11i automated DNA sequencing 'UtllJfl'Yl ~u1f) &flHf)ll'U ~'Ylt.JeltJ'l.J'.i'l~ 'U~1'U'U61Jll 

.d " .:S 'l " "" " d " A .et .., " -;;ti ff11i1'.i-tu::'Ylff1lJ1'.i tH'U1tl'l f1111.:ie>w111e>1l'U111 u ci::ur111lJ ei1~ e>'U fJlJfl1'Yl'U 11 u 'Vi. ff. 2544 

d I V.::t 1 ci o OJ cv .., t a'I V 
<fl.ff. 200 l> n l~lJ m1u1::mf111m1fl'nll1ri1~1J':il1ff'Vi'U~n':i'.ilJ'Yl'll11J~'ll eJ'llJ~llV l~ 

,, ,, ,, 
ri11~u1~v'l.Jf vu"W! t1JJli'-:i 'l~nm1~wtJw1w"::1~v~ 1u1uff 111'lf1nuiutl1li-:i 2 u u'l.J 

.et 1! Cl.I 1 Cl.I d Cl.I " <;11 'l " " flt! Nature Uri:: Science 'Vi"JtilJci f)'U 'U'i11J'l.J!flf.>'UQlJfl1'Vi'U'fi u fl.fl'. 2001 Ult:: ~lJeJ'l.J'lltl 

0 .., .., 1 " ~ . I ~ "q "" " A q v v q lJ 'Cl Cl 1 ~ 'l.J'Vi 'U ~ f) 'j '.i lJ '111U 'U ff lTi l'.i tu u 'j:: 1 {l'lf'U 1tJel'U1\11ti'.i1 'U 'YI !'Vi fl 'l'I ~ff 'U '~ff l lJ 1 'jt) 
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,, JI 

download 1ctJ1~9Ju 1lctJ 1l~ r·Hlfl1':ifffl1fl'Hlil1fl1J~'Ul!fl'l"1lJlJ'4lJ6;1-lihHi11 3,000 n'1'U 

q .A' J) \lJ) d d nl d .A QI I Qlad do d 
!1J ff 1 'UlUU -l~'U ¥)Yl1J V'Ul'YH.l\llJ':i::lJlut 39,000 f.l'U m1::t'lftl fl'U 11f.l\1:1Jf.l'U ti fl'11'U 1'UlJ1 f1'VI 

V'.:i 1hJ'Y1 'J1Utttl'1~ V-1 1l~jj~¥)fffll:l1 f)1'jfff11:l 11~f.Jl1~'1'11fltlt'1 f.Jfl11m11'1 f.Jl1~\l~l 'U:JJ 

QI J) o QI QI QI cr'd I .: d .A' 
(post-genomics) Utl::'1::U1ffV~ l'U '\IUlJtl t'l1111J 'jlf ffYl'U ~fl'j 'j:IJlJ'41lf.J'VI f1t'l11'Ul iJ'U Yl'U»1'U 

• • JI 

1'U'iJ11~D'u1l~fliflHm1 f1n1l1ii1'11J1 ttff'W'u l!flfi:JJ'\lt1.:in.:ifl'lf1\Pl~'U 'l ~ m.n n:JJw i1'-1
1b 

QI d d <!i QI o' I dci I d QI QI o' ""' J J) q d 
':iff HUfll11rn Yl'lf u"::ff~1~1.:J'l l1lJff1'UlfW1Ylunu:JJ'4'l4Vm11'\l'U '!jff'U i11':i1£Jt1::rn£J11 

cl. A J) 'l- I J) 11 JJd 
1Yl:IJl~:IJ ff1:1J1Hll'\11 lJ~'\IU'J" 1l'YI http://www.ncbi.nlm.nih.gov/ 

r ' JI 

11~ 111ru.,Yu11" ii 1~u ff n ~ u tin 'j'jlJYi 'l ~t ~ 11~1u1u ~ u t1u1.:i"1 o:JJ w t1d1-1'j1111~1 
~ . 

I I I T 

1 'l '~Id' _..... 0 1 ,,...., ""' o'J) ""di d QI 

'U':i::m:nm :1Jfl1Jl1mu111 <aun o 'Yll ttun1l1Vlff1ff~1~t1-ltt11n um1l1'1::'111m1 

d J) I ~I QI J) •• I .,...,;, J) ~I .A ,.!j, 1 
lf1U'\IUlJ ti tlf.11.:JllJ'U 1::uu Yl~'U 1Jl'W 'llUlJ ti ~ti tl111l'W C)ttlnll1':il1 'lfllJ'Ulfl':iU-ll.Jtl 'W fll':i 

A o' nl o QI d d q J) q nl J) d 
11 fl n:: 'H Utl ::u lJfl fl 11lJ'HlJ1tl'U ti -1ti1111J11 ttl'WHJ 1 'H ti ti fllJl 1 'W i lJ 'll ti -1'H'W1l1U"::fl1':i 

li1.:i1u'll tl-ltj'W nt1 ll nm1li1'11'U 1u1::~rnC)tt1" \l'W g.:int1
1
lnn1n11-:>1'W tu~ .:i)j~1\PI 

Growth of GenBank 

16 16000 ' ,, "' l ltlri I 'llfll.JMl~LPl'U Pl'llfM GenBanlc 

14 14000 n:;d1~TI fl.ff. 1982-2001 9llmlUHU 

'llflll National Center for Biotechnology 
12 12000 -.;-

"" 
c lnfom1ation (NCBI) 1.h:al'll'ft'l'Hi'J 

c: g 
0 10 10000 = em~m rn. i~euii11mfl1J iJfl.fl'. 
I 

g 
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u .. 
c 0 ,, r SI C> 

~ !l'U'llfll.Ji'I (llHM'IJflJ.ji'l\110 :J 
IT 6 GOOO ~ 
C> 0.. (/) 

C> http://www.ncbi.nlm.nih.gov/Gen Ill 

"' 4000 co 
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bank/genbankstats.html) 

2 --sequen:es 2000 

0 0 
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d A I .:k J) QI QI o' ,.!j, QI 

'lf11l1Vl (biological databases) ~ 1 ~'l C)t.:J1J ':i':i~'UUlJ"':ilfffYl'UJifl':i'JlJ'UU.:.llJlfhlV lf'j tl':i 'H ff 

" 'W''Wl!fl'j'jlJ'lJtl-ll~tl l Hl~l-1'1 'H~tlyj'lf~H'l 
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(nucleotide sequence) f11'.i 1~ tl.:J9i'1'lJV·Hl~ln '\.J l'Uffltl l iJ'.i~'U (protein sequence) l fl H fff 1-:J 

'L I .d. ~ v q ~ v v d.d. I ,: 0 

'llcl.:J LIJHl'U (protein structure) LU'U9l'U 1'\.Jf11'.iffUfl'U'lltllJ!:l'Yl)Jfl11lJ'l-HllffHmt1nHll'U'll 

l1'.JtJ~tl.:JCllfftlflel)J~1!9Wl Vlfft11nm'.i~l1!:llfftt!:lltl 9lf:ltl~'1'\.Jl~C]f~)'Yh11{~1~t11~tN 

:mm.nt1 H'1~~rl1fi' ty~'cl~ftti m'.i ~~v.:iijfl tl)J~1191v{~1~mJ~vvv1.:iiiiJ '.i~ff'Yl1ifl1Y• 
QJ ~ I 

n1Hfl'.itl'll1V internet U"~ World Wide Web 

(WWW) 

.d. q 21 "' d ll v I q '9 d I A I 
'l11.fllr11'\.Ju'l~U'U '1~1l1'U ~1l 1'U'.i~t1~n'11tnti1Jirn.:i'Ylff1nl:l'YIN1'\.JlJl iIJ!!1JU'lJti.:Jf11'.i 

""'QJ ""' rid. 11 v d 11A I "" .J d ~ .d. d 
1'1tl1'Ylt'.llfflff91'.i'l11fllr1 ~uiJ'1t1'\.J IJ'llnL~lJ (paradigm shift) G)J'.:j!1JtJnl'.inffilltl'U!~t11'1 

'tt'sv 1 iJ1~w~t1.:i91'11~t11 
11 iJ11'.luf111lJU1lJ1n11un11f1n1:11vuwet1t1'1 vu 'H's ti 1 iJs~u 

"" v "' .d. .d. d <"1 i .d. 
'H''11tl'l '11'\.J~Yl'.itllJ'l fl'U'Yl!~W1 t1ltJfll'.ifffll:ll'Yl.:J'1 l'\.JlJ (whole genome analysis) iiJuuu 

SI 

'UV.:J nu1~ v1'tt'l.iilif1uu9i lflurm'11nfl11lJti'11l1il'1~1'\.J!l'lfl 1uL'1vnui~t1~1uu L 'WlJ 

1~ 11 '111ii ~~ 1 ~"~u111n Lfl'.i .:inu ov~ 1'11inru ~ n1 '.i ""'41:16 ~.:i 1l~ilri1u vd1.:ilJ 1n~rit1 
1if 1n~ nuiJ~i~m1i~t11uiiJu 1Jul l1" 

1hJ11'1~1~u 1u~1u m 1~mu 1inm'.i t~lJ~'1 
~ , q vd A q v 

fl1llJffllJ1'.i(l (high-throughput) l1Hlnl'.1Vtl'.i~'UU L'H'mmN (miniaturization) lr1V t'H' 

SI I I I f So" 

'ti l.:jl'\.J 'UV .:i rJ'\.JU '\.J 11lJ nu rl'\.Jll!nt11,Y tl.:J nu n'.i ~u 1'U f)l'j ~'\.J'l lllfl~~'\.J, '\.Jlt)J'"" u tlu V'U 
SI • SI 

ll1 ~Vt nu i 1n'.i~1J1'\.J fll '.i ! l1 ~TU '1~ffn1J ~UcMV '\.JlJ 1t11 '\.Jff .:iii~i9l~'U-q .:i 1 'U nn1:1ru::'U v .:i 
.J .d. QI v QI .d. d "" rl A rd 

metabolic network Glf.:JlJ'1nl:ltu~fl't'tltl'l flU1.:J'1'Hl1"fl'YIHl'Wnff (llJ'YI 2) 
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01 ICJO 715102 

1tl~ 2 LLM1..:ii~LlJ~nua~"" LL\J\J1'1v'i metabolic network ('liam1v1n 
u u 

http: I /www. genome. ad .jp/ke gg/ metabolism .html) 

QI ""QI d I d 11 i/"1 o i/ d .cl I 

'Ufl1\ltHl1f11.h~mmy~'UC]f~ ~1ilVl'Yl1 resources Vll'U bioinfonnatics 'Yl1'HJfl11 KEGG (Kyoto 

, QI .etc! "" .. ~~ ~ 
Encyclopedia of Genes and Genomes) 'U"f11:1U!~1.:J1il'HJUlfl'Yl'i~'Uflffl'Vie:lt1fl1flfl11lJl'lfe:llJ 

1u.:itt1e:i~ fl'j~1J1'U m'i1lJ~1ue:i~n-lJ1rn~11u1~1\JtJ.:JW'U 11 CJfU~t~t.11.UtM 1'lfu 111n«u i 10 
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nucleotide metabolism Off1l.J1'Hl click \h.J~ box ~1~£J'W11 

ffll.JlHl 
1l~.u'm.reimY11~1'11l'.l~'1mh1~'1Uff~H1u liJ~ 3 

-k 
nucleotide metabolism 9$~1)~ 

NUCLEOTIDE 
:METABOLIS!vl 

.. 
Py1:.i.mi<1.µ10 metilJ)QJ.is1~1 

·"11·-·--<0t-· ••· '1')··--·\7'····<:.<-· · ·~ ...... ,~. ), . 

......... , ..... ,, ............ I -::: 

.· 

Pur·ine metnJ.>olism 

atJ~ 3 Uff¥i,:j101l.JVl11JViiffl.J'UV.:J1.:J~'j nucleotide metabolism 

(~mJ"~1n htto://www.genome.ad.io/kegg/oathwav/mao/maoOl 140.html) 

Mrn9l'el~n1nw-ei~1vu~~~ntl-1 1l ti n11tf nrr1l.Jnt:l click 
11 tlu-1 metabolism ~ 

j/ ~ d .t Q \1 o' I d 
91 el~ m19f ~1l~11rr~~ 1 Wtl~te:i a~l\JtH n1~'U1'W m n1lJ'Yl'1 ':il£Jtl~mu11 l\J~Nm'W 9fl.J9l 1'1c-i 'VI 

1rlu1.u'e:i~ti'Utlfin1m 1ilu9l'u 

u u1'V11~ fll'.l ti ':i~ Qn9i°i ~'M1rrn -crumff1ilu1fl~el'1i1t:i 1u~ 1u1~a1'VI u1ff1tr\1li''lf1 

fll'Yi~n1'1~1ilu~rru11l fie:i m1t1'u'111 protein targets u-ei::m'.l~'W'l1W1 ctr11u'Ui'1) ~el 
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1 i '''"'" ~ ~ \1 Y<11 <11 ~ Y 1 1 1 
targets mmt..!'U 11ifl1 ':il1'U'1Clf'1 fl'j'l.J fl1 H'l~U lt'VHJflU r11 protein targets rtlJci UQfl 

tt~.:i~ 1u:Ufltlfll':iW~U11~l'Vlfl1u 1 f:lV DNA chips l'Vlfl 1u 1f:lv~,rnrl11ftUJ1Hl 1 ~~~WlllJ 

fll':iftf 1'11ll':i~'W1 u 'J::u::~1'1ci 'llti'1fl1'.l 11il~tyl~'l.J 1 ~'1Jt1'1lciff:lcl°~~'e"J.:i m n11 fll ':iffffhll 

' 1 ~ d d (V I <11 d<'.l Y 
!'Ylfl U lf:ltl DNA chip 1Jr1f:lWl:lffl:lt'U:: l'lfU f:lffl:ltu::l11'lf EST (Expressed Sequence Tags) 

~ ~ y d <!I <11 

l'VW:Ulnffhll'Utll.Jl:l fll'JUff fl"ltltlfl'IJ eNtltJ l1'.ltlf:lffl::llli::'IJ'e"J'1 proteomics 2D-gel 

~ ~-' d d y d q 1 ~ "" ... ~ " nffl:ll rn '.l~U l1ff ':i 1'11il 1nuu L 'W'.l::u:: fl'.l::u::11u '1'\J 'e"l"l fll'.l t1il'.ltyWl'l.J L ~'U'e"J'11Clff:lf:l 

I !ii ' "" I .J y y I y Y<:I ... ,,. I 

1wnrnri1u ll:lummuii1uu f:l111V'l~ti.:i 1 'lf'lf1ft1':ifftJll1f11ufll':i1tfl'.l1::11 t'lftJ sequence 

assembly fll ':iitfl ':i 1::r11~.:i1m urnYia'l.J '1Jt1.:i~uri'1tti''l.J 111'.l~tJ~ffu 11il mn11t.1w1 fl'.l .:i 

ftf 1.:i'IJ 'e"J.:i 111'.l~u \?lf:lt1fl1ilt.1m'.lflnll11lun"~u1i'J::tt-11.:i 111 'j~u 1u~1u m ':ifi't.1111 e.11 

<!I <v i 1 t I Yd Y Y "' <I <11 

r1 'J'e"JftUUlJtl"l~'eJ targets UU lflllfl111Jfl11r1U lfll'jft '11fl'j 1::11 i Uf:lfllllli:: combinatorial 

synthesis NU1 nnlJfl11lJ fl11ttU1 iu fll':ifffllll 1 fl'J '1ftf1.:i l1h~u 1'111-tt'ir nil1 tllf11ft91 { 
' v 

ffllJ n tl''r11u1a1 fl'.l .:iftf 1.:iYiml11::ff:u'IJ 'e"J"lffl':i V'l.JV'1911:U 1 fl'.l "lfff 1.:i'l.J1nrud.:i111t111~nrn 
' v ""19,IQI "' QI QI <!I 

l1 'lf 1illJ fl'l.Jftl'j tl'l.Jtl"l (rational r1 'jtJ structure-based design) 

VrlV1rl"IJeNtd'Jtr11trUmff1uq'f1'HiJ-:JiJTu" 

fl11:url1fifY'IJ 'eJ.:i'lh'C1'1'JffU1l1rrl i111il:: 'e)~~ n1':i~~u 1':i ::'l.Jui~1n'l.J 
~ o' J) ~ I I ,et ~ ~~~ I I 

Vlf:l 'e"lfl 1iltJ 1lfl ':i1::Wlltll.Jl:lfl11lHr1lJtl'UU f:l::fl11lJ~1'1 ':i::l111'1 tl'U'IJ ti"! ft "llJ'lf'J\?1911'1'1 U~ 

1~ 1l11J1tll1~ n~rl1fi rufi'e"J fll':i 1 ~~1ftl':iff'Ul'VI rrl un 1':ifff 1.:ifl111J1,j'1l1il iu fl111Jtt1J1 ti'UiM ., 
SI ' 

nn l~ a.:i~1'Ut1'1il 1~rn'l.Jff't1.:i 4 'lftJfl 1 uft1a~1~uw ri11:uft11J1'.l~ 1um'.l1,j'111ilfi.:irtu1-vi 

.q 'l d ,,..,; ... "" d 
'IJ 'e"l"l au 1rn::m1 nm':i Uftfl"lfl'e"J fl'IJ'e"J.:iau ~f:l'e"Jfl 1ilU rtu ll1'Ut1.:imwrn-n'IJ'e"J'1 uu 'lf1ffn 

' SI ' 

ft'U1l1f1
1l ~U l'l'J ntl11J 11\J1

11 iJ~'l.Jl1'l.J1l1lfltl1~tJ n'l.Jff1U 'U 'Nin fll'Jl1'0 laff1'U fl n't1.:i ~'11fltl1 

,j' tM n'l.Jff l'IJ 1i'lf 1 V'e"J a fl fll1f:llaftl'Uli'lf1 
1

1~111il::1flu~ l'U fl1'Jl1fl 'j 1::r1fll'j1~ a.:iii1l91 'lJ 

1 d q <!I. ,, "" 
'Utl'11'l.Jff UU'U l'U1'.ltl'1 base calling, physical mapping, fragment assembly fl1'jfltJl1W'U 

(gene finding) fi't.1l11Uf:l::flfllllfl11lJfflfii)j'IJeN'l.J~nru~1flu non-coding regions 1u~1'U1J 
Ji ~I ... d"" I "" " '"" "" C}f '1'e"J11il l utJ'l.J'j l1t'Ul1 lJNl:l91tlfl1 ':ifl1lJf'llJ fll'JU ff~Hfltl fl'IJ 'e"l"IUU fll 'j 1 u ':i tlutl1tl'l.Jfl111J 

<!I 0 <11 ... ~ 1 ~"I d Ji 0 'l· I I ,, q q ,, d 
t'HlJt>tJ'IJtl"lf:llfl'l.Jfl'Jfltl::lJ Lt.I UffW llJ'J\?l'U Clf'11il::'U1 u~fl111J1'1J111il lUl1U1l1'U~N 

1 ll':i ~u u l:l:: iuVJ1.:in~'l.J nu nnflnll 111tl'1~'1J'e"J.:i 1 U'.l~u~ritiwri~.:i nu 1il::1~ul1i.:i'W 111 iJ 
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~HlV.:J UCl~ftfl'1:111fll'·H1'~1.:Jn'1lJi'.191 fl1'.iflfl'1:11 Lfl'.i.:Jff!'1.:J'UV~ DNA ll'tl~ RNA 9l't'IV~'\l'U 

1 'J} d 1 A ~ 11 'J} I nl"""' ., ,/ I 

fl'.i .:Jff'.i 1.:J'U V~'lf1 l.Jl'tl fJCIV'U'l t}f~ ~Ufl lipid um~ carbohydrate U'tl~IJ{jffl.J'Vi'U 'li'.i~l11H 
ti 

'1111lJlClfJCltli~1ij 

fl~ 111~amiiJ rn fl 1u1 'tlu~1ffnffu rnm~ml'lfl 1uL't'IV~fl1Mll~t~v ii lti,:i nlJ 

rnfl 1u1'tla~1.fl1'Yi mn·iwiu 1t}fv..J111{rl1Mi'1Jml'iml'1~li'~vlJ'tlfl1l't'1v~~1~1J'.i ttff 

"" l'i 'JJ .:t a "" ""1 n I "' "' q 'JJ 'Yi'U ~fl'.i HJ li'.iV'U VlJ'tl fll'.it'.i ti~ Cl1~1JfU~'1~1J lJ lJ '.i:;flVlJ fllJ fll'.iYIWJ'U 1 internet 1 li 

ff 1lJ 1'Jm.u'1~ ~ .u' mJ'tlff11ii'.iru ~~" '1 ~1ui1u .u' v l.JCIU '1~11w flu~ .:irl1~ty~'1:;tl 111 ll~m'.i 
n r "<i 'J} 1 1 d I d n I ""' ""' 'J} ..,:. J' 
lJ '.i~ Qfl9l 1 'lHYlfl 'W 't'IVff1'.iff'Wl'Ylf1'1tn~lJlJ'.i~ff'Yl1i.fl 1'YiU 'tl ~ fl11~!\111.:JlJ1 fltWIJ'U '11f1 

fl 1n1rl1~ tu'U '1.:it}f 1 ffllff'Wl Ylf1~"u u11 U' lJ~'\l :i.:~1JY11J1'YlV aH ii rnviv.:i1u 1'1' tll'l H~ 1u 
CJ 

1Y1mf11ff91{~1.fl1'Yi 1u Qfll1i1'.:i~ 1 ulJ flru:i.:1Y1t11f11n"VJ{ iiM1iY1t1T~l'v"-H11'tl~.:i 
1
111'.Yh nn 

Cll i ' J::31Cll d d ti 
'11191.:Jli'W 1tl11J tl'll'1ff1'.iff'U1'Ylf1U 'tl~ '11 'WlJll'.i ~ Qf191 (Center for Bioinformatics and Applied 

~ ?I r q ., "' 'J} ., 
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