


Subscriptions 

\ 111 l'k -\, , Rororilt " ruMnhrd tv.t1."t' mom.hi~ tZJ 1,\Ut'I ~r )CVI 

",,ab,...nf"ltum aft' C'•l"ml on a i;.aknJ.lr )CM tt..a"I, onl) .mJ arc au1Lih\e _.., a 
pnn.1cd ,CNOn 1tnduJl1lJ 1ia1.anr a,,:._f:'\I or.._., onhnc .-:ct", oal) ;11 a d1""--oun1 or 
IO'l , + \ \ T m l >,;, Pnt.."C, inc!udt l"'N• h, Mirlok"t' mail Of. f(lf \Uh,(TI~ 1n 
11 l \ .\ J ( t,, .au lm~ht. 11r m lnd1.1. J:if'-l". Au..u11.ha md ,cv. /..eal.uld. 
t, \1 , 1 kJ p, 1 .\m wa1 r"'tc .&rt" ;o~l;aMe oo ~ 

\nnu.al .. ut.r,crip!Nln rah• t\ olumf' J l. 10031: 

:, On! 11.cn,.: lK hn"J'Cil\M,RNQf \\ DrlJ 2W:I 
r 
rmu anJ C>ilhot l "- .and lunip- L~:\ RN ,11 \\ o,IJ Ci621 
R l me" pocn m a,,ibblt on ~uc<J Pk.&'-t :aJd ,._.~ u, 1n thr pn,.:c .. 

Ordc"'- Ordcn .an,J pnmcnh hum. or on heh.all of. 'Ml~nht-r\ 1n the ,.nou, 
.I.I .atta, ~. t-.:lov. .JnJIJ hr !oftll In 1hr l'n::" l>ll1','C' 1ndic.11cJ 

T ""' ,u 0\1,wd l ftl\rNI\ Pm, Inc 1001 F,~ R1~ CM') , c ~""ii\ 
l\\ 

Rru ttl IN U ,,-IJ Joumah \L1!:N.nrt1~ Di:~mm1 O\lorJ l m,t"r-11~ Pm,. 
Cirr:at rbrfflJon \irffl 0,1,ll'd 0\2 faOP l "-
T ..a-11;..MOJOIMi'\1 l·HQO"I I.a, 1-Wl~M1 \"iU!il"i 
f- -s,,011l 

\ d,C'rd .. ,n:. To -.hm•~ Ill \wrfn< .\,--.dl Rrt1anli UlOt.kl o,r.,nJ l'n1\cn1l} 
Pr, l \ It 'C'• 1111hr .\nflK-1\ or ()\forJ t·n,u:nit) Pr-(-\~ 1l K lllh\:cl lfl 1hr 
Rc.!uf \\,dJ(\tt~\C1,~,c:) 

B.ai.l. \\llu~ ot 1h1, ,-.,um.,.t Mt: ,oaalo1blt tn If> mm mrnlf1lm \'\ mm ni..mhlm 
,uw IM nu,rotw;hc- fnlfTl t:m,c~1•~ \1,1.rtfllrn, lnll-rnJ;lull'I I JOI '"''h /a:h 
Road \nn \rt,.,r, \II ..l!Clllb,.IJ.U-1 l \\ C'('J"IC 1 I ailM.k putil J ;I.ft' alw 
,1u.1l,1Nt ln>m l \II 

\u<lrK \, 1J1 Rr,r,mh II\\' O\CI~ I0..1~1 h J'Uhh\hcJ 1"11;~ molllhh t>, Chll>IJ 
l nt\<'f'1l\ Pm. Od1,rJ. l "- \n11wl whw:nphon prw;,i,: 1, l' !WI ,,,. 1 
\, ,J, RrU°o,, I, 1, J1,tnt>ulr'J t;,~ \kn:u~ ln1c-rru111'111,1I \l,'i 111.ur kOild \\ ncl 
,J 07fXII l \.\ Pt·no1,hl.ah P,N.1~ p,.tJ .at R.&h1o1..ay ,1 l \ \ nJ .Jtl1tmn:aJ 
c-ntr, f'OtRh 

l "i PO'-il\1 \~Tl-R \COJ .aJdrt"\\ Hlff~IMlfh 10 \,url"lc \, k/1 Re rcli C 

\knW) \1rtrt1Jhl lntema!rnn:d I 1J \M 81.l.lt Rn.ad \,c:ncl ,1 u7Uu; l \ \ 

J~~ mJ pnn1cd t,~ ln1umu1ton Ph:\ I 1J ChtOfJ l "- on 1k: J It« rarer 

C-111 i-r: .1D-Jul) model of the -terminal R meth, Jtr.in,fc od I 
Imm p,111cm ... ,ul le nng from A R ( C\ Cr" A ~ R ' ra--c rn u c of the large ORFI ab pro1cm ol tht..: coronJ\ ,ru, 1 ... ol,11cd 
k-,i-.1blc u,mg ,1JntlJrd ,cqucnce compan ... ~n ,~~:~oc1~"'pira1or) } ndrnmc). Thi.., kmd ol , 1ruc1urc ,1\ \1gnmcn1 I\ currcnll} 1101 

Nucleic Acids Research 
Contents 

I Ill !OHi \I 

l>l'Ct<:111111 of rd1,1hlt• ,ind Ufl{' \l>tCltd 1m111:111 fold 
1>rullt 1m11, u,mg l l>-.Jun 

l)"-t"-tPt·onl (OIIIIIIUOU\ '-l'(Olld,1n ,,ru-.-turt 

11,\il,!.llrllt"llh for ,,roh:111, 

l'ROl 1"\I (): ,trnnclJn ,incl h:r11.1n 1>rol C'i11 
,trut:IUl l' J)ll'tl1c:11on 

I ht• P rl·dit: I l'roll'in ,u \ «,•r 

\II I \ • l'P: ,inl,!lt' inte rface 10 crurial 1>redir1io11 
,cnl''' 

I\\: t',alu~nion of pro1ri11 ,,ructure prl'dir tion 
,C'n('r, 

, \J>\lt : :1 ,, eb , en er for qm1111i1n1h r r,:iluntion of 
1>ro1ci11 ,1rncturr <1m1lilJ 

I '-il'r ipl I "\0,cripl : r,traclinl,! :incl rt'nderinJ! 
,cqucnce ttnd JD inforrna1io11 from ;t10111ic 
"'lruc1ure, of 1u·o1rin;,, 

\\ r b l ~ \ I l lU .: :in in1rrac1he n ('b tool for 
id('ntifJ inj.! nnd \ i,m11i;in j.! funr1ion1tl 1-iH'S o n 
rnacromolrrul:1r ,1ruc111rc, 

.h1\I NI\ and ,l,10111: :1 1>ru1ci11 ,trur turr 
,hm1li✓:1tio 11 ,,,IC'm for ron~rn rd , ec1ue11rr 111u1if, 

\ lo1if.H>: l'l'hllint: pro1r in wqucnt(' mu1if~ IO JO 
,1r11r1Ur(' 

I 0( JU: 11111101::ill' ,ub•rrll11l:1r locttli;:ilion tor 
prutl'in ,1rurtur(', 

\ nnolalion i11 lhl'C'(' di111C'n,ion,. 1•1"\ I~: P:111l•rn, in 
"\nn•hom oloj!ou, IC'rliurJ \1ruc1url', 

' ( I: :1 , ('rH•r IO id rntif~ non--r:111011ic-:1I i111ernr1io11, 
in pro1cin ,1rur1un.-, 

\ Jul",urft'r : u 111.ltromoh•rnla r inh•rf:ice na , ii::n1or 

(' \" I p: ( ompulC'd \ 11:1, uf "'- urf:1l'l' lopogr.t1>h~ of 
1>roll'in , 

Volume 31 number 13. July 1 2003 

I .If llung Jnd R "amudrJla 

ll Rthl and J I tu 

\I \ l\.un1\\,l.1 and J \I Bu1md1 

\ \ I )rit:h .md B fh1,t 

I 'r 't Koh.\ \ I )ni.:h. \ I \ \lan1•Rcnum. D PrJ')b)l,l.1. 
\I~ \ladhu,udhan. '\ I \\\Jr. (H,rni'IJ. I Pa✓,h. \ \'alcni.:1a. 
\ \ all anJ 13 Rthl 

l \\ ill.ml \ RanJJn. 11 /h.mg, II \lon✓J\1. Rf Bo~l.o, 
13 D S~ kc-. Jnd D \\ hh,1n 

PGoucl. X Rv~n ,md I Coun:dlc 

\I Pl 1,mi:?, I) R 13JnJtJo. TI "-lcm. D 1 Bnul.1g :ind 
R 13 \llmJn 

'-. Plknni:11. [ I u and I) I Uru1lag 

\ C,Juhun and r I\. \tt\HM"IJ 

R , ,ur and B Rthl 

\ ~url. .rnd R B Ru"c:11 

\I \I ll.1bu 

R R (,ah<loulhnl..'. R (. \\ Jdl..' JnJ I) \\Jhhl·r 

llO' llfP 

1111 11 I> 

1'41 1144 

(imt1n11nl 



Contents (Continued) 

SE\1 ( ~nuuetr~ £quhalcnt \ 1olecules): 11 ,, eb­
based Cl I to generate and, isualiLe the 
macromolecules 

eners for se<1uence-st ructure relationship anal)Sis 
and prediction 

POP : a fast alv.ori1hm for soh ent accessible surface 
areas at atomic and residue h~,el 

\I \TR \ S: a 11rogram for protein 30 structure 
comparison 

LG \ : a method for finding O similarities In 
protein structures 

Tools for comparlllhe protein s1ructure modeling 
and anal~ sis 

\\ I -\\ODEL: an automated protein homolo~­
modcling !ten,er 

Tl'\G \lillennium: a ,,eb--based suite of programs 
for comprehensh e and simultaneous anal) sb of 
protein structure and equence 

lntl'1,!.rated databanks access a nd se<1uene structure 
1rnal~sis ser.ices at the PHIL 

,n. \ : '\uc:lear Receptor Structure nal}Sis 
eners 

EP: secondar} structural elemen1s of pro1eins 

S \lfold \,eh ~ener fo r nucleic arid folding and 
h ) bridl,ation predk1ion 

R'\ soft : u suite of R' \ secondan structure 
prediction and de ign sofl,\are toois 

S Pfold: R..'\A secondar) s1ruc1ure prediction using 
st0chas1ic co111e,1-free grammars 

Vienna R'\ \ secondar} !.tru lure sen er 

P,1too\ 11\\IR2: \isualization of R'\A pseudoknots 
of an) t ) pe 

\ sofl\\are tOol-bo, for anal~sis of regulaton ll\. \ 
elements • 

GPR.\1: a genetic programming approarh lo find ing 
common R"\A seronda'1 structure elernenl.s 

Volume 31 number 13, J uly 1, 2003 

A Z.llu sam. Ch K Kumar, K RaJcsh, 
K kar 

hc1k and 

Z Do,,ztanyt. C \1agyar. G LTusnod,. \ 1 (,cr16. A I 1,cr 

and I 1mon 

L.Cavallo. J KlcmJung and FFratcmah 

TKawabata 

A Zcmla 

"'.J E war. B John, , \11rkov1c. A F1~r. \ A llym, U Pieper, 
AC. tuan. MA '1Jn1-Rcnom. \I l\1adhu,;,udhan. 
B Yerko, 1ch and A h 

T h"cdc, JKopp. '- Gucx and \1 C Pettsch 

G , csh1ch. R.C Togawa. L \ lancm1, PR Ku\Cr, 
\1 EB Yamag, ht. G.Pappa,, Jr \\ \'Tor=. nc<·ampo,. 
L.L.Fcrrc1ra, F.M Luna, AG Oll\c1ra. RT \hura. 
1\1 K Inoue. LG I font.a. D f- de Sou,a. f [X)mm1qum1, 
A.Al\aro. CS Luna. f- 0 Oga"a. Ci 8 (J(lmc,. Jr PalandrJm. 
G.F.do, Santo,. l \ t dc l-re1t.a, .• \ R \ IJtuu,, ICC ,,-.1J. 
C L.dc A1mc,da. u,a. C Baudct and R II I ltga 

G Pcmcre, C Combcl. Pencl. (. BJan,hct. J Th1oulou~. 
C- GcourJOn. J Gra,)()t. C C-hara,a). \ l Ciou), L Ourct and 
G.Dcleagc 

E..Bculer, R Krau!,,C, f Hom and G \'nend 

,. hantht. P l,arani. C'h K Kumar. C. \ 1ohm, and 
K kar 

\ I Zukcr 

M Andn>ne u. R Agu1m,-Jlemandez A Condon and 
11 11 Hoo, 

B Knudsen and J 11cm 

IL llofacker 

K flan and Y Byun 

P Bengen and T Dandekar 

Y-J llu 

Ht,4 11hh 

317S 33XII 

33R1 lJ 5 

HR<> 3392 

1400 3401 

1404 1405 

l406 1415 

1421 142 

1429 1411 

3432 3440 

)441 1445 

3446 1449 

(mwnut.J 

Contents (Continued ) 

l ool'i for 1he a uionmlic id<'ntilica1ion a nd 
cla,, ifkat ion of I(\. \ b lhC pair, 

C.I P\ : a \H:b-ha, cd rc, ource for microarra, f.!Cne 
e,pre,-.ion darn a na l\lii\ -

I ~Cl l "',i\l': .1 \\ Cb porial and i <'n ice rci.:i-.;1n for 
1111cro:1rr.1, 11 11d rl'J!Ul:Hon \ <'c1uenc(' ana l) ,i,· 

{;t ne l1ubll, tu:r: ituionrnted anah,i1; of o,, 
miuoar rn, d.11.1 

I ,pre,,, cnir,elf: a modular platform for 1>rocc,sing 
.rnd \ 1,uall11ni,! microarra, darn 

C hiplnfo: , 0(1,\a r(' for e,1rac1ini:t J.!CII<' annorntion 
and J.!cne on1ohlf.!' informa11on for micro:irra, 
a11:1h , ..., • 

IU l>L ( I : an Online IOOI for infC'rrlng t'l\-rCj!ulaton 
r l<'me111, a nd 1ran,cri1>1ional module arlh itic'l from· 
microarr:n data 

l)C',ij!n of oli;.:onuclco1ide, for mirroarr:n, and 
pcr,pccliH, for de,iJ.!n of mul1i-1n111,cri1)1ome 
arm~, 

\lultiplr ,N1uence ali~runr nt "ith th<' C lurn1I seri('li 
of proi,tramr,, 

( I Ol lU.: (lu,tal Output l(rformall('r. a prOJ!rlllll 
for rt>formattin1! { lu,rnl'\/C luo;rnJ\\ out pub for ~,p 
anal,1;i, and rnolecu h,r ,~'itcm:uicli 

I coffee a ij!,: a "rb \('ner for com1rnting. l'\ ::ilu:iling 
and combininµ. mullipl(' ,C'QU('ncc :ili~nmenh 

"'I I \ \I \\C'b ,en er for rom1>arathe gene finding a nd 
alii:nm<'nt 

1 he~un:•: a ,oft":ire 1001 fo r dc1ail<'d rompnrati, e 
a n:1l~,i1; and , i,11:1lilltlio11 of genomic , equence 

\l ulliPi1>'1uker nnd ,upportinl! 1001,: :1li~nmenh 
and :1nal~ r..h, or mul1iplr l,!.enomir D\ \ 1.C'qucncr, 

\I\\ II) mul1ipl<' a lij!IHIIC'III '!IC'n er 

(. nl<'ri'\ 2003: \ j<;u:1lill1tio11 IOOh for j:!l' IIOIIIC 
:alignment, of I 11tC'ruh11c1eriac('nC 

\IG \li!!ll ll : :1 ,, eh ,enil'r for lhl' :ilii:nmC'nl of 
ml-t\. t-"'11 1111d i:,~nomk "Jf•qu('nc(', 

I((' , I ran,: multiple :iliJ!lllllC' lll of codinp. I)'\\ from 
:1lii:tm•d :1111ino :1dd ,equence, 

S Prum ll : 1iro111otrrs idrntir.ration '"in~ ortholo~un, 
l,!C'l101llir \ l'(Jll l'lll' ('\ 

Volume 31 number 13, July 1, 2003 

I I Yang. f Jo,;smct. Lconus. L Chen. J \\ c\1brook, 
11 Berman and E We;thof 

J llcrrero. EAi• hahrour. R D1v-L.nanc. \ \.lati..'t'h, 
J \.1 \'aqucn1a,, J SanlO)O and J Dopvo 

£3 C'OC\\Cn,. G ThlJ'I. S •\en,. K \1.irchal. I 1k ~met. 
K l ngdcn. PGh:m,\tm, \ \.1oreau. J \I.1th~, .i.nd B De \four 

S Knud-.cn. C \\orkman. T S11.:hcnt1-Puntcn anJ C f-m..,, 

'\1 l U'4.:ombc. f I RO)cc. PBcnunc. '.\ 1-chnl,. ( I Horal,.. 
J TC. hang. \I Sn~dcr and \I (1cNcm 

S /hong. ( Lt and \\ II \\ on~ 

( RO\cn and 11 J Du,-.cmakcr 

11 B '\1cJ...cn. R \\cmcl"\,on and S Knud-.cn 

R ( henna. II Suga"ara, T Ko1kc. R Lur,c,, T J (j1b,on. 
D G I ltggtn, and J D Thompson 

0 Poirot, [ ()'TtX>lc and ( '-otn:damt 

S Co" le), L Pm.:htcr .i.nd \1 \k,andcr,,',()n 

Y J K [d"arJ,. T J.( Jl"Cr. T \a\oun. \I J nth. \1 J 131,hop 
and 0 [ lgar 

S ·ch"Jnt. I 1 lmhkl. \111. \I \\c1raui.:h. C. Riemer. 
\ ~mu. "\ISC. Comparamc: St.-qucn~mg Pnlgram. 

[- D C,n..-en. R C llard1"'n and \\ \tiller 

3450 3460 

1491 1496 

3497 3500 

3501 3502 

350) 1506 

3507 )509 

35!0 !517 

lS I 1<24 

Bl J... I cc. T \\ Ian and ~ Rang,m,uhan 3533 H36 



Contents (Continued) 

S f 1F2: a pro~ram for 1he r ,,raction of g('nomic D'A 
, ec1urnce!I around tht' 3tar1 and tra n,lation initiation 
,itc of human ~enc, 

Promo~<'r: a larJ!l'-'calc nrnmnrnli:lll pro11101er and 
1ran,crip1ion ,1art ,i1e ide111ific:ttion '-<'f\ ire 

Dragon Gl'n<' 'it:,rt 1-inder idcn1ifi<'~ appro,inrntc 
loca1ion, of 1hr S end, of 1?,cnc, 

l- \I- tinder: a ''<'b rl', ourcc 10 id€-ntih e, onir 
,plicinl! rnh:mcer, • 

",itr ")N r : ,i,uali!lation and a nal~ i, of 1ran,c-ri1uion 
factor bindin~ ,ilh in nucl('otidc scc1ucncl"ii 

\ I\ IC 11 1 ": a tool for ,e:.1rrhing tram~cription factor 
blndin~ ,ile, in o, \ scqut'ncr, 

Gibb, RC<'Ur'\h e ",ampler: rinclin~ tr!m,cription 
foctor bindinJ! ,i1e, 

, \II- : a 1>rol!ram for discoH'Q of noHI 
1r:1ns ription fal'IOr bindiuv. !litc.-, b~ , rn1b1ical 
O\ errepre,l'ntalion 

Target 1-~,plOrC"r: an a utom:lll'd 1001 for 1he 
id C1ntific111ion of ne" 1:1rgN ~C'nh for :1 ~pecififd SN 
of 1ra1M·ription fac1or~ 

Gene~eqera Pl:rn1C.Oll: genf !ilrucrnre 1>n>dk1ion in 
plant \!fllOlll('S 

Glimmer\1. l:., 0110111, :tnd lmeil: thrfe uh i11itio 
cul..ar~otic i:enerinde.rs 

S Dragon I- IU 1-inder , l.'~ion 2: a tool for accunu r 
deiection and anal~sh of e~1rogC1n re,1>01t!ie el('menh 
in ,ertebralC' !!,enomr, 

Pat~ean-h: a progra m for the del('('lion of p:lll('rnS 
:rnd s1ruc1ural motif!! in nucleotid(' <1:equench 

P Olfl -ll: impro, in:,: 1>ro1riu subcellular locali,ation 
prrdk1ion for Cram-nC'~athe b:1c1eria 

\ IIICPn>d: a _,rner for quan1i1a1hr prrdklion of 
P<'Jllid \111( bindin~ 

Volume 31 number 13, July 1, 2003 

A Chong. G Lhang and \ ll llaJIC 

I !alee ... D LC) fer and 7 \\cng 

\ ll llaJ1c and S II cah 

\ , ckrutcnko. II . \ ( hung and I\ II I , 

L.Cancgna. J \\ ang. / /hu, \1 Q 7hang and \ R Kramer 

PL Boardman. S <, Oh, er and ', J llubbard 

A Ket. I· GOOlmg. I Reuter. l thcremu.,hkm. 
0 Kel-~targouh, and l \\ mgender 

\\ Thomp-.on. F C Rouchka and C [: La" rencc 

D 5,hlueicr. Q Dong and \ Brendel 

\\ H \1aJonh, \ I Pcrtca. ( \ntone~u and SI ')..11,hcrg 

\ B BaJu:. C, I fan. \ Chnng. "> lJng. \ \trom. 
J. \ Gu.,tJ"wn. ( ., Im and f T l.1u 

Ci Cinllo. f l h.:c1ulh S L ium, E \h1\.J and Ct Pc-.olc 

J L (1anf~ .. C \pcm.:cr. I\. \\ang. \I [ ,ter. C, I Tu\n,,d\ 
I ~,mon. S I lua. I\. def a~,. ( Lamhl:n. K :\aka, ,md • 
f I BnnJ..man 

G \mbnNm. \ Pra, \ JJgannJlhan .rnd P Bu,hcr 

P(,uJn. I .\ l)u)tt..:hnk.na. C /}goun and DR I kmer 

J54t, 15H 

35 0 15 5 

1(,11 1(,1" 

Cm1111111,d 

Contents (Continued) 

I• I 't ~t r ,t:r: a 11('\\ r('\Ou rec for ill\ (',ti~ut ing shor1 
function,11 ,iu·, in modulur cu h.a r)otk pro1ri11, 

Prcd1r 1io11 of hJ)id 1>0,11rA11,la1ionul modific:11iom 
a nd loc,1hn1urn ,ij.!mt" from protein .,r<1uenc'-": 
h h,HI. ,,11 .tnd Pl'-i l 

",can,;,,111: 2.0: 1u-01r omr-" id c 1>rr dic1ion o f cr ll 
, iJ.!n,1linJ.! in1e r.1cli<H1\ u, iu~ ,hon , e<1ucncr motif, 

',fal ic h<.·nchnmr"rni:: of mr mhran(' hl'lh prcdic1io"' 

I he \\ l'h w1 H r of lll\J\ Uiomlttrmar,c, and Pall('rn 
l>i\ CO\ (.' I \ J.!rollp 

ldr 1111fir ;Hion of pa11r rm1 in bioloi;: i al , et1urnre, :11 
1he \I CC.I ' .,enrr: PR0\10 and \I \I Gf, 

\I \RC IIPk.",: ;1 1>roj.!r:tlll for deu.•c lion :t11d arrnl~~h 
of poh l..eiide .,, 11111:1 .. e domain"I 

S \I \k.. :1 com1>u1:11io11:1I 1001 1..il for !lulonrnted 
\JI 11 an:1l~1iib 

C lu, 1er-Uu,ter: find in!?, dcmc clu,ter, of motif) in 
I),\ \ l'(ILIC'llf(''ii 

"ii( : :1 IOOI IO deter l \hort im rrtl'd '!IC'J!llll'lll) in a 
bioloi;:icnl ,ec1ucnrl' 

mreps: effieienr ttnd fl r , ibll' d r 1ec1ion of rnndem 
l't'p ('tth in I),\ 

",P \ : ,implr \\Cb tool 10 a,,c,~ ,rnti<1:1ic:il )ig11 ifiranre 
of o, \ 1>a ll<.' rn" 

I R \ C I',: :1 proJ!r:1111 to 11m1> 
oliJ!opu rine.olig,op~rimidin(' and orhcr binar~ o , \ 
11':iCh 

IJ '\ \ :111:1l~)i) ) ener,: plot.ii. bcnd.it. model.it a nd 
1, 

' 1-lkuttr r : a progr:1111 10 cleaH~ o, \ \\ilh 
re.,1rk1ion en,~ mr., 

~' \I -Prot : ,, ch-ba,C'd ,upporl , rrtor marhin(' 
.,oft ,,:, n~ fur func1 io11~1I d n!i,ifil'alion of :t pro1cin 
from ih 1n·i111ar~ .,r<1uente 

lll'RO \ I P I : :1 conwn,u, ;11l'ni•r for membrnnr 
1>rull'i11 p r ('dk1io11 

Glohl'lot: r ,plorini.: 1>rolei11 ,('flUC'llf(', for 
i,!lobul:1ri1~ :11111 dhord1:r 

Volume 31 number 13, July 1, 2003 

P Punten oll. R.Lmdmg. ( .Gcmund • ChabJm-.,Da, 1d'>tlll, 
\I \lamng'-<fal .. Cameron. D \I \ \IJnm. (j \u,1cllo. 
8 Brannc111. \ C'o .. wnum. I- fem:. \ \1J~lh. \ \'1a. 
CJ Cc"1rem. f 01clla. (1 Supcm-l·urgJ. I \\~rn1..:1, C Ramu. 
( \k(,u1gJn. R C,uda\alh, I lc1um,, Pllork. L R,~hk,"~'-
13 h:.u,tcr \I llclm~r-( nh:n..:h. \\ , llun1cr. R \J~IJnJ .mJ 
T J C,,b,on 

I I 1-.cnhJbcr. B h~nhJllcr. \\ f...'.uhma. ', \IJurc- ',tr 1~ 

Ct :\t.-ubcrgcr. Ct Schneider anJ \I \\ aldrJncr 

J ( O~naul.!'r. I ( ( an1k~ .md \I B )atk 

I) I Jm. R Ru-.c1. \I llucna. JI \d,uara. I R(1~llo. 
\ I \I \lbJ and \ \lc,-.c~ucr 

<, Yad,l,. R \ C,okhak anJ I) \lohant~ 

u \Jng and l ( ll,111 

\I(' Fnth. \IC L1 and/ \long 

I) R,)b.:1111. II R1,hard Jnd U Prum 

R K.olpako,. C, BJna and C, Ku,hcro, 

11 R1,h,1rd Jnd (1 ,ucl 

I\. \ 'IJht"'-Kd I i--:JJJll anJ '.") Pongvr 

( / ( a1. l , lfJn. / I J1. \ ('hen Jnd \ / C. hen 

1101 n,s 



Contents (Continued) 

iSPOT: a " "b tool to infer the interaction specificit~ 
of familirs of protein modules 

Automa1C'd Grnl' Ontolo~ annotation for 
a non~ mou, sequence darn 

l:. I \n no1a1or : a 1001 for high 1hroughput [ T 
annotation 

Ph~ dbat (ph~ lof!enomic dis1lla~ of bacterial genes): 
an interaeth e resource for the annotation of 
bac1crinl t,:momes 

\ \IICene: \ nnotation of \llcrobial Genes 

\ll\111: \ gent 10 llelp \ticrobial Information 
Integration 

S O'\annoia tor: a nnotation , oft" nre tool kit for 
region:11 genomic !!o<'qul'nre~ 

Bio\l~rse: functional. strw: tural and conte,tua l 
announion of ilrotein, and protMm~ 

S t-rameD: a nc, ible pro~ra m for <1ualil) ched, and 
gN1e predi lion in llrokar')Olic genome, and noi.s:~ 
matured cu~ar)otic ~r<1u<'nCl"!I 

~~1 , t ,, ·110,1: a g<'ncrk similarit~-bascd g<'nc finder 
using muhi1>I<' homolOl!OU'i S('{jUC'll ('('S 

PROBf.ml'r : a " eb-based sofl,H1re IOOI for selec1ing 
optimal o, \ oligos 

Primer Design h i!iiSlant (PD\): a ,, eb-based primer 
design tool 

OC'rl[: Dhigning Primer) fo r Pro1ei11 Interaction 
E,pcriment1r; 

OligoDesign: oplimal desii;?n of L '\ \ (loc"ed nuclc-k 
acid) oligonudeo1id(' cap1ure probe, for ~enr 
C\J)rt>, !li0n Jlrofiling 

CODEIIOP (COn.,ensus-Dl:.gC'neratc II~ brid 
Oligonur leotide Primer ) P R prinwr de lgn 

S n., \ -related toob on t h<' Uielcfold Hioinforrna1ics 
~ rn l"r 

'"°, IR\\ : u ,,eb !ler,<'r for the Sim1>I<" lnde, ing and 
R('lrlr,ul ~~stem tha1 combines se1.1uenre motif 
SC':lrthe, \\ilh " ('~\\ Ord \('Arrhe!) 

Volume 31 number 13, July 1, 2003 

B Brannctu and \ I llclrncr-Cntcnch 

I lennig. D Groth and II Lehraeh 

Hotz-Wagenblan. T lfonkcln. PEm-,1. K -11 Glatung. 
F R. chm1dt and uha1 

F[nauh. K uhn:. OPou-01, C Abcrgcl and J -\t.C la,cnc 

Boes. Cru,e1l1cr, D Val\enct. G \.uel and C \1cd1gul! 

ii . uga,,ara and \hyill.ak1 

Liu. Tl Bonner. T,guyen. J l.L}OII\. L.Chn,uan and 
E. Gershon 

J \1c0crmou and R amudrala 

T hie,. JGoul) .. \ \l01\.ln and Ydc Oh,e1ra 

FOI\\JC, ro.mlou. ,\ \ 101\JII. \I .J (. ro, and T \(;hie\ 

\ J 1'.mn,h. \\ l.tl\\C and \ l Dckhcr 

II Chen, C Y Lin. C Cho, CZ Lo and C \ IIS1ung 

G Lu. II flallcn. Pollo,;k and D Thoma, 

'\ Tohtrup. P - '\1d\Cn, J (i Kolb(-rg. \ \I hankcl. 
11 \"1,-.mg and S Kauppmcn 

T\I Ro...:. JG lkniko!Tand S llenikoll 

A t:Z)rba, J Krugl!r. 11 \leN:h. ~ k.uro and R (m~gcm.:h 

(' Ramu 

S Dragh1t1. Pkhatn. PBha,\.lr. \ hah. \ Kra,,ct, il1ld 
\I \ Tam,k} 

l falquct. L Bordoh \ l0Jnmd1-.. \1 Pagm and 
( \ 'Jongcnecl 

J71)<l 371 I 

3729 )")< 

3736 3737 

J7)' 1'41 

17<1 17<4 

.17<< 1757 

1771 .1774 

17X2 171, 1 

Contents (Continued) 

E,P\ \~ : the pro1eomks sen er for in-de1uh protein 
kno\\h:di:e and an::tl~sis 

l niquel'ro1. lrtatinJ! rt'prc-srnta1h e protein 
sequence "Ith 

81 \", I 2\R',. ::t "C'b sen er for ne, ible rNrie, al of 
rela1ed proltin 1iequ<'nces in 1he ',\\ 1S5.-PRO I and 
',P l rl \JUI dntab:t-;c-s 

\\ l -Bla1i12 ,,•rHr ar rhe 1- uro1>ea11 Bioinformatic~ 
IW1IIIUtl' 

OntoBl.1,1 func1ion: from se<1u nee ,imlluriti{', 
du-c-c1h to l>0l {'nlial funcrional a111101a1ion\ b, 
ontol0J!' trrm, • 

O IU rm,: detection of disranr homolo~ usinJ! 
-;equenre profile, and 1>rrdlt1ed \econd:tQ 1;1ruc1ure 

P,R._,,,,.: a tool for 1he anal~ .,is of nucleotide 
poh rnorphi,1n-. 

'ill I: 1>reditring amino acid ch:rngrs 1ha1 :1ffrc1 
p rotein funclion 

\ clion \l up: n \\ eb•hascd sort" ar<' 1hat au1orn1m•., 
loci a~si~n metW• 10 fra mr" ork maps 

\\ 1- B- 111 ► R \lOD, '\ : li<'Qucncc anal~ sis ,oft,, arr 
for 1>rofillnJ! I)'\\ helir:tl s1abili1~, 

'\F \\1 , a nc,, 1:1, 0 110 111~ porta l 

Comprchcrhhc qua111i1ath r ana l~,c, of thl' effC<'I.S 
of 1>rorno1er se-<1uenre e lement., on mR'\ \ 
1ra n,trip1ion 

Pipe \ liJm: a ne" toolkit for 1>ro1r in fa mil~ ana l~ sls 

, O R"1>: predi 1ion-s of long rc-gions "ithout regular 
secondar~ s1r uc1ure 

Biological ",O \P srn er, and ,,eb 1;enire, pro, ided 
b~ the public ,<'quenc<' d:1111 bank 

l·ootPrinter: a progr:1 111 designrd fo r ph~ logenetir 
foo1prin1ing 

GC'neFin: a ,,rb tool 10 corn1nir<' genetic (coding/ 
non-coding) and llh~ , ic.11 (helh/coil) segmentation, 
of O"'\ \ ~equence, . Grnr dbt·o, rr~ and r ,ot111io11:1r) 
1>rr-.pecti, e1i 

S C <'no2ph<'no: e, tinrnting ph~not~ pir drug reilibtancc 
from 111\ -1 genot~ pC', 

Volume 31 number 13, July 1 , 2003 

E Gasie,ger, A Go111kcr, C lloogland I !\any,. RD Appel 
and \ Ba1roch 

\11ka and 8 Ro,1 

K. 1311np1k1,. A Budd. R Lmdmg and T J (11b"'-,n 

C, lehctncr 

"- timaM,1. J Pa). LS \\\rn1c1. \1 ,~10 Gnmhu,,, 
J \I 8uJn1d1 and L R)chk.._,,1,.1 

'\ l- Ta~ lor and l- \ Greene 

PC ' g ond llcnikofl 

G \ lbm1. \1 Falque and J.Joct-. 

Y Huang ond D Ko,.obk, 

I Q 11 Phan, S f P1lbou1. \\ FkNhmann and \ Bomxh 

\I Lop1do1 and ) P,lpcl 

r- Pie" mak. L 81,mi.:hett1. 'i Brei" ct. \ < .-irle,. f ( halrnd. 
0 Lecompte. T \todel. L \louhmcr. \ \ loller, J \lullcr. 
\ Pngen1. R Ripp. J -( Thie"). JD Thomp-.on. '\ \\ u::kl!r 
ond O Poch 

J Liu and (3 Ro..,t 

\ 1 Dlanchenc and \ I T ompa 

f Ycrnm1an and L Jone, 

, llel!ren,, mkel. \I OJumer. \I Ocnc. K Korn. D Hoffmann. 
R Kaber. T Lcng,1ul!r, J. clb1g and II \\ahcr 

37 4 31 X 

J. II J 11 

J I< JXI~ 

1841 1XJ9 

1 <O J 5< 



Contents (Continued) 

Huilding protC'in diagrams on thl" ""b \\ilh the 
n',idul.'--ba,rd diagr-:1111 editor RbDe 

CRP: Clea,ttl!l' of l{adiol:tbrled Pho,1>hoprotrins 

S J\ irCrl: calcula1ion of, irtual '" o-dimen~ional 
pro1rln ~el, 

l 1>da1 on '\plor\led: a ,,eb , er,er for e,ploring 
scicn1lnc li1r ra ture 

\l TIIOR l'\DE'-

Volume 31 number 13, July 1, 2003 

L. krabanek. F ampagne and II \\cm!ttem 

A J \ lad,C:). T. J 11:t)"ttead and \\ R PcaNm 

K I hller, \I hoben, ( llundenmark, D Jahn and R \ lunch 

( Pcrcz-lr:uxcta J P!!rct. PBork and \I \ \ndradc 

\uc/eu: Acid, Research, !1103, lo/ 3/, \'<> /3 3289 
DOI to /093 11ur gki:~.l/ 

EDITORIAL 

kn ~c.1r, .11.!,1 \11de1, l<1d, Rt.·\t:t1ffh puhli,hcd a ,pc,1al 1' .. -.uc dc,otcd to fm:tual da1aba,c, m the h1olog1i.:al ,c1cncc-. I he 
D.11.1h.1~ l,,111.:, \\ h1d1 .1ppc:al'\ a.., the fit"'\I 1,,uc of each )l.!ar. h.i., nm, bt..>t:omc .t n!gular tc.uurc Jnd pro, 1dc, an c,,cnt1al rc-.ourcc 
IM -.ch:1111,1-. 11111.:n .. ·,tcd m lot.:.umg da1aha,c-. 1hat cm:.1p.,ulatc ,~c.:11ic bmlog1cal lmmh..'tlgc Ill a compu1cr-.u:i.:c.,."1ble fom1 \lore 
rcccntl~. m,111) ,,ch -.cf'\cl' h.1,c .1p~arl!d 1ha1 perform u,cful computa11on.., on D'- \ . R'\ \ and protein ~qucncc., Jnd ,trulturc., 
B1..·mccn 1hc:rn 1hc~ Jlfl" u.lc .m unp.1rnllclcd arra~ of u-.cful computa11un.1l ... en 1cc, Thi-. nc,, .,~c1.1I \\ch 'icncr l"uc 1, dc,oh:d 
10 dc,a1puo1t-. ol thc,c mtcrnct rc,,,un.:c, .111<l am,.., 10 pro, 1dc both ,1 .,mglc ... ourcc "here .iu1hor... ul thc-.c ,,cb ,en er, 1..:an 
highlight 1hc1r ,,llcnng, and,, here rc.1dcr, c.111 find out,, hat 1, a,a1lahlc It ,.., the nalur.il companion to the l)Jtah.t-.\!' 1..-.uc .md unc 
1h.1t \\ 111 he rcpc,lh,·d 111 .:!00-t 

In th..: i.:um:nt 1,,uc 1hi:rc arc report, nt DI ,,ch .,cncr-. th.It run the gamut from ,unplc pattern prcd1i.:1n10 1,, thn:c-<lnncn,1011.11 
rw1c111 ,1rullurc prc,fo..:11011 1 he ,cncr-. de-.a1l'k!d ha,l:' all ~en .,ubjectcd to ngurou, pcl:'r re, 1c,,. arc .1,a1lahlc trcc-ul-chargc .md 
pnl\1,k 1m.1lu.1hk rc,oun:c, to the ,1..:1cntttk communll) Ihc ..c1cnu,1-. and progrnmmcr.. ,,ho h.1,c pm,1dc<l the,c rc~mrcc, 
dc,i:n l' our 1mn11:11-.i: th.mk, I he~ 1llu,tr,1tc thi: \Cl) bc ... 1 of the ... c,cnufil: ,pmt that tr.uhccn<l.., nauunal boundanc, and pnimoti:, 
thl' t.:t'14.lpcr.111011 .md ,h.mng of rc,ourt.:c, 

\uthor intcri:,ti:<l 111 ,ubmlltmg amclc, for the 2004 \\ch 'cr,cr 1..,..,uc ,hould cont.ii;t Dr R. J Roben, (rob1:n., a ncb com} ~h.-uc 
,cmhnµ in thcir .ln1dc,. pn:krabl~ befori: D1..'t:cmbcr , I. 1()0.l I he <lcadhnc t(1r ,uhm1"'ion of..1nidc.., ,, 111 bc I cbrua~ 15. 2004 
Pro,pell1,1..· ,lllthur, tor p.iri:r-. m cuhcr the Da1.ib.i...c 1,.,uc or the \\cb St:f'\cr J.,..,ue ..,J10ultl ,un-.ult the '\ \R ,1.ch ,nc 
(\\ ,, ,, oar uup1~,um.1I-, orgl for tunhcr dc1.11I, and ... ubrni... ... mn 111..,tnu.:uon.., '\otc thal the 200-t D.uaba..,i: ,..,..,uc ,, 111 be cducd b) Dr 
\le, 13ati:m.m. ,1. ho ..,hould bi: con1a,tt!d at nardataba"ie u mrc-hnb.cam ac.uk. no lati:r than Jul) I b) all au1hor-. ct'n..,tdcnng OC\\ 

,ubm1..-.mn, to th.II 1"uc 
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ABSTRACT 

Single nucleotide polymorphism (SNP) studies and 
random mutagenesis projects identify amino acid 
substitutions in protein-coding regions. Each sub­
stitution has the potential to affect protein function. 
SIFT (~orting !ntolerant from !olerant) is a program 
that predicts whether an amino acid substitution 
affects protein function so that users can prioritize 
substitutions for further study. We have shown that 
SIFT can distinguish between functionally neutral 
and deleterious amino acid changes in mutagenesis 
studies and on human polymorphisms. SIFT is 
available at http://blocks.fhcrc.org/sif SIFT.html. 

INTRODUCTION 

mglc nuclcoudc pol) morph1,m.., ( \.P,) an: u .. cd a, marker,, 
m hnkagc and ~1..,.~oc1at1on ,1ud1c, 10 detC\:I ,, h1ch region.., m 
the human genome ma) be 1moht.~ m d1-.ea"iC . \p.., m 
coding and regulalo?) rcg1lm, ma) be 1mphcatcd m d1..,ca",C 
thcnl',ch c-, \.on-..,, nom mou, <i'\ P, that lead to an ammo acid 
change m the pmicm i,rodm.:t arc of maJor mtcrc-..l. bccau~ 
ammo acid ,uh,11tut10n, current!) account for approx1matcl}' 
half of 1hc knm, n gene lc,1011, n:,pon,1blc for human mhcntcd 
dtsca,e (I). SIH Coning !ntolcr:tnt [rom !olerant) use 
..,cqucncc homoh:,g) to prcd11.:1 \\ hcthcr an ammo acid 
..,uh..,tuuuon \\ 1ll atTcc1 pro1l'.'m funcuon and hence. potcnuall)­
altcr phcnot~pc (2.3) 

\If r ha, b'-"Cn apphl.~ to human \anant databa'tC'-o and wa-, 
ahlc 10 d1,1mgm,h mutJllon.., 1mohcd m dl',ca1oe from neutral 
pol)-mmph1..,nh (J) \,,ummg that d,..,ca~-cau..,mg ammo acid 
..,ub ... utuuon-, arc d,unagmg to protein funcuon. \\C applied IF-T 
m J <lat~1ba,c ol m1v"':n..,c .. ub,utuuon.., av~oc,ated \\ nh or 
1mohcd m d1-,cJ\C (4). SlrT prcd1c1cd 6900 10 be damaging 
\\ hen Sii 7 ,,a-. .tpphcd 10 the non-,ynonyrnou-. '.\P'\ m 
db. '\P (5). a dataha,l' of putamc . '\P". 25°0 of the '"anam, 
,,cre prcd1c1cd to be dclctcnou, Th1, ,,a, ..,,m1lar 10 ffT\ 
:!()" o fol-,c po,u1, c error ,, h1ch ... uggc,IL"CI that mo,;1 non­
') nOn) mou... , p.., arc func:uonall) neutral hinhcnnon:. a 
... ub'it!t of the \Jnant... !nun <lb. \ P predtctt!d to affi .. -ct funcl! n 
\\t!J'C 1mohl.'.'d in d1-.ca-.c \\l11ch confinncd. If-I .!tCm,1t1\1t, 

I he \ 11 T algonthm rd1c ... ,olcl~ on ,cqucncc for prcd1;t1on. 
~ c1 pcrfonn ... ..,1milarl) to tool, that u~ ,tructurc 0.6 l 

ad\antagc of not requmng ,mn:turc 1, th.It ,, larger number of 
-.ub~111ut101\.!, can be predicted on. 01 the non-,ynon}mou, 
'\ P-, 1dcntiliOO b) the i\P (on,ortmm. 7 411

,, \\Cre ,u!l1Ctcntl} 
-,1m1lar to homolog"' m protcm ,l.-qucru.:e d1.ttaba._,l-.., for "IFT 
prediction. The number of .... ub .... utuuon, that SIi I can predict 
on 1, c,~cH .. -d to mere~ a..., more genome, are ,cqucni.:cd and 
more pm1em ,cqucncc, hl--x:omc a, .11labk 

SIFT PREDICTION METHOD 

I FT prc...,umc, that 1mponant ammo acid..., \\ 111 be con~f\ cd 
m the protein famil). and .... o change.., at \\Cll-con,cncd 
po">lllon.., tend to be predicted a, dclctcn<.)U.., !·or c,amplc. tf a 
po,1110n m an alignment of a protcm famtl) on!)' contmn, 1hc 
ammo acid 1-.olcucme. n I\ pre .... umcd that -.ub...,t1tut1on to an} 
other ammo acid 1.., ,elected agam..,1 and that 1-.olcucmc I\ 

nccc">\ar) for protcm funcuon. l hereforc. a change to an) 
other ammo acid \\Ill be predicted to bl! delctcnou, to pro1cm 
funcuon If a po-,1uon m an alignment contain-, the 
h)drophob1c ammo actd\ ""olcucmc. \almc and lcucmc. then 

IFT a\-,umc-,. m effect. that th1-, po,111011 can onl) contam 
ammo acid-, ,,nh h}drophob1 character \t th!\ po<,11100. 

change~ 10 other h) drophobtc ,um no nc,d-, arc u<iuall) 
predicted to be 1olera1cd but change-. to other rc,iduc-, c....uch 
a~ charged or polar) \\ 111 be predicted m ;.1fTec1 protein 
function 

To predict \\ hethcr an ammo acid ,ub-.1Hut1on m a pro1cm 
\\ 111 affect protcm f'uncuon. II T cmh1dcr,, the po..,11ion at 
\\ h1ch the change occurred and the t} pc or ammo Jc1d 
change (JI\Cn a prutem ,equcm:c. Sii 1 cho«.he.., related 
protcm~ and obtam, an alignment of thc,e protein-, \\ 1th the 
qucf) Ba,cd on the ammo acid..., t.1ppeanng at each po~111on 
m the ahgnmcm. ·1rr calcu\,11c, the prob,1b1ht) then an 
ammo acid m a Jl()\Jt1011 1~ tolerated cond1uonal on the 100"1 

frequent ammo acid being tolermcd If 1111, nom1alucd ,alue 
I\ le~~ than a cutoff. the -.ub,1nut10n 1, pn:d1ctcd 10 be 
dclctcnou, (2). The l f-T algorithm and ,on\,,1re h.t\e been 
dc..cnbcd prc\iou,ly (2.3) 

SIFT WEBSITE 

I nput 

l;~cn, can obtam prcd,cuon'.) for ammo acid change-, ol 1111cr~:,t 
at http· \\\\\\ block-, n1crc org -,.11l II Thtml I rom 1hi-,. page. 

i\ 11cleic Acids Researr:lr, 1003, l'o/ 31, i\'o. /3 3813 

substitution e.t pos 1426 troll S t.o P i5 predicted to Arn::CT PROTEIN FUNCTION vith e. ,core ot 0. 02. 
Medi en sequence conservation: 2. 90 
sequence, i::epre,ented at. tlu, po.!ition:26 

Subst:it.uuon e.t pos 1432 fro• N to K is predicted to be TOLERJ.TI:D with e. score of O. OB. 
Median s equence c on .!et:ve.t i on : 2. 90 
Sequences r:epresented a t. thl.! pos i tion : 26 

sub,citucion at po5 1445 tr:on. D to N 15 pred1ct.ed t.o Arn:r-r PPOTEIN fl.JHC-X 1•N vith e. scor e ot 0 . 01. 
Median s equence conse cve.t1on : 3. 66 
Sequence s cepi::esented e.t tlus po.!1 t1on: 21 

,. •• 1111is substl tut.i on n.ay heve been pi::edict.ed to e.t t ect. r.unc t1on Ju:i t. bece.u:ie 
the sequences u:ied were not d1ve[se enough . There is LOW CONFIDDfCE ia this prediction. 

there Jrc lmJ...., tn three ,uhml\....ion page, \,h1ch alkm u,l.!r. 
Jiffcrent h:, cl, ot 1m oh cmcn1 111 order to i.:ontrol the quahl) of 

th1.:1r pred1L:t1on, 
For minimal m,ohcmcn1. u~f' can ,unpl) -,.ubmn their 

protem ,cqucni.:e.., 1.md .1mmo ;.u::1d -.ub-,11tut1011, In 1h full) 
automated m«.xlc. Sll"l \\ 11\ ...cJrch for prn1c111 ... equcnce-. 
honmlogou..., to 1hc qucf) pro1c111 and ba,cd on 1he~c 
-,cqucncc, cakulatc probab1h11e, for ca~h po-.,1blc ammo acid 
change L~et" can ,elect from among\\\ I. -PROT. - \\ I ·s­
PROTTrl \IBL. or '-CBI\ non-redundant protctn database, 
for ~IIT to search (4,9) 

Although Sll·T can choo-.c ... cqucnce, automaucall). better 
prcdicuon re-,ulh ma) be obmmcd \\ hen all of the -,equcncc~ 
that an: pro, 1ded arc onhologou.., 10 the qucl) protein. Thi~ 1., 
lx.'Cau-.c mclu-.1011 of parnlogou, '>cqucncc, confound.., prcdic­
llon at re\lduc.., con,cncd onl; among 1hc onhologuc, If a 
u",,Cr already ha-, ..,l.!quencc..., that arc 1hough1 to be func11onnll) 
,11n1lar to 1he protein of m1crc'>t. thc ... c ..,cqucncc~ an be 
d1rectl) ..,ubmtttcd 1.md SIFT\ -.tcp fir choo'>mg c.,cqucnce,; 
..,kipped (11\cn the qucJ'} protcm and homologou~ ,cqucncc<i. 

-,rT obtam, the allgnmen1 cd 
It region, arc m1,ahgncd. II 1 \\ 111 not rccog111.1c con-,cr\ 

po,11101\\ and therefore m1,.., po1en11all) damagmg ~ub.!tt!lu­
uon, For bc ... t prcd1c11on qua\11y. a third mode of opcmuon 
a!IO\\.., u-.cr.. IO -.ubmu 1he1r m, n ahgnmcnh 

Output 

Prcd1cuon-, are gl\ en rm all 20 po-,\tblc ammo acid changes 31 

t.-ach po,111011 Ill the protein. fhc alignment i~ al,o returned~~ 
1h,11 u-..e" can e,am111c 1hc -.cqucncc.., u:-.ed for prcdicu~n 

1 
a; 

modtf}' them fi..lr re,ub1m'I\IOll. Thi-, option 1" aho u:-.c u fi or 
rcmo\ mg unccnam. erroncou-. r111d rni...,,.,hgncd -.cqucncc:-. rom 
alignment outpu1 gcm:rmed hJ 117 " 111 ih automatic mode . 

!"or ammo acid -.ub-,111u11on.., ,ubm11tcd b; the u,cr. 3 mori:. 
dcta1kd "')nop,1, 1..., pro\1dcd (Ilg. I). ! he ..,corc 1 ~.., 

1
.~c 

nonn,1h1ed probab1ht; 1h..1t 1hc ammo acid chnngc 1' to i.:
0
~lc 

511 1 prcd1ch ,ub-.u tullOlh \\ 1th ~core-, \c-,-; than O • a-, 
dclctcnou-, 5omi: I ,-r u..,l.!r, ha\ c found 1h31 ..,ub~lltuuon~ 
\\ 1th ,core.., 11:,.., than 0.1 prO\ ide better -,en,111\ II) for dL'tL-ctmg 
dclctcnou, '\ P.., (Cornelia Inch. pcr-,onal commumc:111011 

and J OJ. The quantnam c ,core allo\,.., u,c1' 10 pnontul.! their 
ammo acid change, b; rank mg 1hcm from the.! IO\\C-.t -,core-, to 

the highest 
Confidence m a -,ub\l1tu11on predicted 10 be 1.lclc1cnou-.. 

depend-. on the d1, cr,Jt) of the M!quencc~ m 1hc all~mncnl II 
ihc -.cqucncc, u...cd for pn.·~chcuon arc clo,cl; rclatccl then 
man; po">tUOn\ \\111 appear com~cf\cd and ITT \\tll prcd1c1 
mo...i :i.ub">t1tut1om, 10 affect protem function Thi-, lead, 10 a 
high fal-,c pos111, c error \\ here funcuonally neutral ,ub,111u-
11on.., arc prcd1 tcd to be delctcnou.., 

To alcn the u~r 10 1hcsc .!tlluauon~. !FT alculmc-, the 
median conscf\a11on ,alue \\luch mea~urc:-. 1hc d1\cr-.1t) o the 
-;cqucncc\ m the alignment. on~cf\ auon. a, mea-,ured b) 
mformauon contcn1 ( 11 ). 1~ calculated for each po~rn n m the 
alignment and rhe medmn of 1hc~ ,aluc.., I\ ob1amcd 
Conscf\at1on range~ from log~20 < 4.32). \\ hen a po,111011 

I!-> complete!) com,cn cd and on!) one ammo a Hi I\ ob\Cf\ eel 
tO zero. \\hen all 20 mnmo acids arc ob~cf\ cd a1 a po,n1on. _13) 
d f: It !Ff build:, ahgnmcnts \\ nh a median con...cf\allon 
,~I~~ ~f 3.0. Prcd1c11on~ ba:-.cd on ,cqucncc ahgnmc.111, \\ nh 
higher median con-,cnauon ,aluc-, arc le....., d1, cl"\C: and "tll 
ha\C a higher fal"e po'l111,e error (fig. 2}. 

bcn if there arc fc\, homologou.., -,cqucncc-, a\a1labl?. II T 
"rfonru. bcuer than itunpl) prcd1crmg non-con.,en au, c ammo 

~1d -,ub, 111ut1on~ a.., delctcnou-,. \\here non-con~nat1,e 
~h1.mge.!t are defined a, ha, mg nt.<gall\ t.' -,core-, in ~~111~,:~~o 
acid :,ub:,tnuuon :,conng mam, \\ e ha\ c ,ho" ~~a~an prcd}t 

nc -,c ucncc homologou, 10 the 1c-,1 protein. 
~, ,cc ~:, man) neutral sub,111u1101b corrcc1l) co1hnparcdl 10 ;.1 

n main, (>}. hen \\ nh fc\, omo ogou.., 
,ub,11w11on \COn\\~ll b~ ... n~on, 1ha1 differ bct\\CCll 1he tc'lt 

,cqucncc\i t~crc h ;,,cqu~cc, Dcpcndmg on the ammo ac1lh 
pro1c111 an t col er IIT ma) predict the-,e po'ltllOJh 
appcanng. at thc-.c po~~uon\oPm fun,uon Thi, :1d(ht1onal 

:~fo~na~::~n~~a~lltmll~~t: u~ciionall) m:utrnl -.ub,tnuuon, 
• d I tc-nou.., ,ub,111U1ton.., 

and mcrca-.c -,clccll\ 11> 1~1~/'of ~ub,t11ut1on~ can be obt<.unc<l 
In ..,ummaf). a large i.1~' ,r data,l'b. and changc'i bcrnccn 

from mutagcne ... 1-, prOJCcl • \\ h n II i-, no! foa~tblc to conducl 
clo,cl; related org~;11~1~-.t1tu11~n .... Sil T .and 01her ..,11111\ar 
cxpcnrncnh on 3 u be u-.cful 111 pnonu,mg \\ h1eh 
pn.:d1c11on tool, < 11) ma) 
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ABSTRACT 
Genetic linkage computation may be a repetitive and 
wne consuming task, especially when numerous loci 
are assigned to a framework map. We thus devel­
~ ActionMap, a web-based software that auto­
mates genetic mapping on a fixed framework map 
without adding the new markers to the map. Using 
this tool, hundreds of loci may be automatically 
~sslgned to the framework in a single process. 
ActionMap was initially developed to map numerous 
ESTs with a small plant mapping population and is 
limited to inbred lines and backcrosses. ActionMap 
~ highly configurable and consists of Perl and PHP 
scripts that automate command steps for the 
!apMaker program. A set of web forms were 

designed for data import and mapping settings. 
Results of automatic mapping can be displayed as 
tables or drawings of maps and may be exported. 
The user may create personal access-restricted 
projects to store raw data, settings and mapping 
results. All data may be edited, updated or deleted. 
ActionMap may be used either online or downloaded 
\or tree (http:1/moulon.inra.fr/-bioinfo/). 

(,eneuc hnkage map compu1a11on may be a h1e,cd by usmg 
d11Tercn1 ,of\"an:, such as \lap\.laker (I). Jom\lap (2) or 
(, \lcndel () l \lap\(akcr " a command \me ,oftware "1dely­
u~d m plant geneu !,. 1t I!, \\ell !->uned for automauon 3.., 

command \me, ma} be read d1rcctly from 1e'1 files that ha,e 
been ,,nttcn b) the uc,,cr or b) other rt,,arc Jlo"c,cr. 
bu1ldmg a gcncuc map dt• non.1 rcqu1f'C) too much human 
c,pe111Se to be ea>) 10 automate E,pert sys1ems de,elopcd for 
automated con..,trucuon of human geneuc linkage map~ remain 
10 be ,mpro,cd (4 ). and canno1 be apphcd 10 1he genetic 
,m1c1ure of usual plan1 mapping populauons , c, crtheless. 1f 
toe, are a,s,gncd to a fLxed framc\\Ork map. \lnpMakcr 
command Mep~ required to 3!, 1gn ne,, markers to the 
framc\\ork are s,m,tar for each marker \\e 1hu;, de,ctopcd 
Acuon~lap; a ..,of\warc that automates the a,~1gnment of 
markers to a fixed frnmeworl.. map "1thou1 addmg the nC\' 
marken, to the map. Thi!, chmcc was dn,en b) the 
requ,remcnb of proJCCI> m,oh mg high numbers of loci 
(thousand,) mapped on a ,mall number of scgregaung planb 
(less 1han one hundred) In such proJeCb. three pomt orders 
bct,,cen clo~ely hoked loci arc not musucally 1gmficant, ,o tt 
,s beucr no1 10 include all 1he markers to 1he map. 

Action\\ap perfonns mapping step by ;1cp by gcneraung 
command t,ne file, for \\ap\lakcr. Outputs from ~lap\lakcr 

re captured and anal) zed ,n order to gencra1c 1he nC\1 step 
~ommand t,nc file and so on. unul mapping ,s complc1cd For 

INTRODUCTION 

uaht con1rol purposes. u ,s cnucal 10 s10re ~II ,he 
~1c~cd1a1e da1a Therefore. a dnmbasc was ,n1egra1cd m10 
our software 10 sa,c 1hc au1oma11c ,napping ,cumg,. the 
,n1cm1ed1a1e darn and the re,ulb as \\CII a, the ,al\ scgregauon 
da1a This damba can 1hcn be considered as a mapping dam 

1cm s po1n1cd ou1 by L1 et al (5). such n 

:~:~;~::~:.)~manage lhe fact that ~cgrcgdauon datalOmr!) 
ated e,penmentsl an arc nol u o 

change o~~c':r:r~::· ~ft.ware pro' ides funcuons for ea-.) 

~::;~;,on. dctcuon and also ed111o~r1:n,u~;~re
0
;0

1
~~d~'.~ 

Rehabth1) of the darn ,s al~ •;;:i, of dam as "ell a, 1he1r 
For ,nstan c. conhs,s\1\cnc~1:~er are chcc\..ed ,,hen data file, arc 
compaub1ht ,, It . ap, 
tran:,ferrcd to cuon\1op 

ldenuficauon of gene, 111, oh cd in plant tra1h 1":> a fin,t :,tcp to 
mf'Standmg b1olog1cal procc,,c, undcrl) mg thc:,c 1ra1b 

Transcnptomc and protcomc ..,,ud1c,. func11onal annotation and 
u\um:nely co-locahzauon of a gl.!nc ,, 1th a Q fL mu~t be mkcn 
mto accoum to track camhdatc g.cnc~ do,, n 3 only ,,,o 
complete plant genome -,cqucncc, arc a, :ulablc. large cffi rt:, 

art SUII required to gcncucall) map gene:-. in numerous other 
plant species E T:-. darnba..,c, an! a maJOT -,ourcc for ne,, 
sequences 10 map. The throughput of genetic mapping docs 
~ t •ll01, sy,1cma11c mapping ol all 1hc,c I. T,. bu1 htmdreds 
0 cDNAs can ~ull be mapixd \\ 1thm a } car b; n inglc 
~rnlory. For such proJCCh. t1a1a ,1oragc and mappmg IMPLEMENTATION 
ompuum n need 10 be op11m11cd u101na11on of gencu cd as a "eb ,cncr. "hich may be used 

linkage map compUlall<>n ,1,a) ,,,cr••a'lc the throughput n'., \\el\ 1-\ cuonMnp '" pa \...ndg" fi (http'. n,oulon mra fr -b1omfo) 
~ h ~-~~~~:=-.-----~on~t~m~c:r:do: '~'n~\o:a:d~c=•O~r~re=e::::-;--------

1 c rehab,tny of hirgc-,calc m'.'.:p1ng proJCCb n I t,q3 :!340. (m;ul 1ocht1rnoulontnralr 

'To-.homtOJTC:<,f'Ondencc -,hould be Jddrc,..cd Tel •HI t,Q H B 
18

• ta, 
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