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ABSTRACT 

The BLAST programs are widely used tools for 
searching protein and DNA databases for sequence 
similarities. For protein comparisons, a variety of 
definitional, algorithmic and statistical refinements 
described here permits the execution time of the 
BLAST programs to be decreased substantially while 
enhancing their sensitiv ity to weak similarities. A new 
criterion for triggering the extension of word hits, 
combined with a new heuristic for generating gapped 
alignments, yields a gapped BLAST program that runs 
at approximately three times the speed of the original. 
In addition, a method is introduced for automatically 
combining statistically significant alignments pro­
duced by BLAST into a position-specific score matrix, 
and searching the database using this matrix. The 
resulting Position-Specific Iterated BLAST (PSI­
BLAST) program runs at approximately the same 
speed per iteration as gapped BLAST, but in many 
cases is much more sensitive to weak but biologically 
relevant sequence similarities. PSI-BLAST is used to 
uncover several new and interesting members of the 
BRCT superlamily. 

INTRODUCTION 

Vanauon, ot 1hc 131 \ "T Jlgornhm f I , h,1\ c lx-cn m,orpor.uc<.I 
mto ...c,er.il popular program, for -.cJRhmg pI01t:m Jnd D' A 
da1ab.1-,c\ for -..cqucm.:c , 111111,tnl u!, BL \ST prog1,1m, hJ,c been 
v.nucn 10 i.:ornpare pmtcm or D'\ \ qucnc, \\1lh pm1c111 or D '\ \ 
daiaha-.c, m ,tn) cornh1n.n1on. \\ nh D '\ \ -.cquc1u.:c, o ften 
undergoing 1..·onccptu,1I 1r.m,l.1tmn hclorc i.111) ttm1p,m,un 1, 
~rfonned \\'c " 111 U\c! 1hc h/U\tf' prngram. "h1d1 <.:ompJrc, 
protcm qucnc, 10 pro1c111 dJl.th.t"l"'· .1, .1 pmlOl)l:>C for BL\ 1. 
although the 1di:,1, p,c-.cml-<l c,rcnd 1mmc-d1.ucl) 10 01hcr 
'Cl'\t01l\ th,u 1mohc 1hc 1r.m,IJt1011 ol ,1 l)'\A lJUCI) ord.u.1b.1...c 
Some of the rcfincmcnh dc"-.nlx•d .ire .1ppln:.1hlc .1, \\CII to 
D\JA Di\A tomp.in,on. but h,t\ c ) er io he nnph: mcmcd 

BL..-\ST 1, J hcun,111.: 1h,11 ,tlh.:mpl\ to npt1m11c.· .1 'Jll'llhc. 

,umlaru} mca-,urc It pcm1Ih a lmdcolt hcl\\c.'\.'11 'Jll'c.'ll .md 
~n,1t1\ 11), \\ 1th the ~11111µ0! .1 'lhre,hold' p.1rJmc1cr, / \ h1!.!hcr 
,.1luc of /') 1cld, gre.l!cr ,pc..-cd. bu1 alw Jn 111ac.1~d pmOJh1hl) 
ol tn!"i,mg "c.1J.. "m1lanuc,. 1111! BL \ ST pro~r.un re4um:, tmw 
propon1on.1l to the product ol the lcnµth, ot the.· quc~ '<-'qlh.'111.:c.• 

,md lhc dJ1ab.1,c -.c,m:hl~ S111i.:-e 1hc rah: nt ch.mp:c.· 111 c.l.11Jh.1x· 
,11e, cummll) C\<.:1..'\..'tl-. 1hJt of proc.·c-,,or ,pt.'t..'d,. compu1c.·,-... 
running Bl.\_ T ..ire ,uhJc."ttc."<110 mcrc.1,mµ load. llo\\C!\c."r, 1hc 
conJUn<.:11011 ol \C\Cr,1! nc\\ algon1hm1<.: u.lc.1-, .1lkm .1 nc\\ \C!r-.1tm 
o f BLAST to ,11.:h1e,c 1111pm,cJ -..cn,111,11) JI ,ub-,1.11111.111~ 
.mgmcntc..~ ,r,cx"'tl. Th 1, p..t~r dc,a,hc, three rn,tJor rl'I 1rk.'ml!11h 
10 Bl\ T 

(1) For n1l:rea'-OO 'JX.~d. 1hc crncnon tor c,1cnd1ng \\Ol'll p.11r, 
h;.1, Ol.--cn nt(xhficd. The original Bl \ST proµram x-cJ.., ,tmn 
\\Ord fl<ll r\ \\hO"iCJh!:!nc<l 'l'.ore 1-,,n le!a\l 7 LJc.h ,uch ·1111· ,, thc.•n 

extended. to 1c,1 "helh!!r u " con1.uncd "nhm a lugh ~onng 
ahgnmcnt. For the tlclJuh r, ,1luc. 1h1, c,1cn,1un ,rc.·r u11i...t1111c:, 

mo,, ofthc proce,,mg time. The Ile!\\ ·1\\o•hat' mc1h,,d n.·quire!, 
the c\l,1encc of l'Ml non-mcrl.1pp111g \\Ord p,ur, on the ,.unc 
d1.1gun.1I. .md \\ nhm ,I d1,1.mcc: \ ol one .molhcr. hclorc.· .u1 
c,1cn\lon " m,oJ..cd Tn ,Khtc,c n>rnp.1r.1hlc "'-'n,I11,u~. the.• 
1hrc,hold paramL·lcr r mu,1 ht.• hmcrcd. ) 1cldm~ more.· hn, rh.m 
pre, 1ou,I) I IO\\C!\Cr. lxXJU'< onl) a ,mall tr.1dmn of d1ex• 1111, 

Jr\! c,1c1k.lcd. 1hc a,cr.il_?C .1mou111 nl LOmpu1,11I011 rc.'ljllJrc.•d 

t k'\.·n:,l\C\ 

( Ill n K' ,1h1hl) to gcncralc gapped .1hgnmc-m, h,1, hc.-cn ,1ddc.'tl 

fhc ongm,LI Bl \ . T program olle!n !ind, ~,er.ti Jh!_!nrnc-nh 
,mohmg a ,mglc d.11.1b,1-.c -.equcnc.c ,,h1c.h, \\hen lOfhllkrcd 
1ogc1hcr. are ,ra11,11<.:.1II) "gni lll'Jnl. O,e!rlonl...mg .in) Ofk' ot 
1tw,C! ,thgnmcnh i:•111 cmnpmm1-< lhc l·omhmc.'<.I rc,uh H~ 
uuroduung Jll .dgoiuhm lor gc.·ncr.um~ g.1ppc:d ,1hgnm,·ni-.. 11 
tx-,omc, nci.:c,-...1l) 10 t1nd onl) onc r;.u l1t:r 1h.m .111 the un~.1rr~:d 
.1lignmcm, ,uh-,umcd 111 ., ,1gmlll"an1 rc.·,uh To,, alhm, lhc / 
p..tr::1111c1cr10 ~ r.11,cd. 111c.rc,hmg 1hc ,pc.-cd ul lhc.• 111111.il d.tt,1b.1x· 
'l:Jll TI1c ncv. g.1ppcd .1hgnml!Ul ,llgunrhm 11'-t.", d) n.umt.. 
progr.ummng U> c,tcnJ J u·mr.tl p.11~ ol .1hgncd .,rc-,1~u1.•, 111_ hull: 
d1rcc.l10Jh. For-,rx:cd. C!.1rl1cr hcun,11c mc1luxl, t--'J 1.,mt1111.:d lhc. 

altgnmcnh produced 10 J prcddmcd ,inp ol lhe! d)ll,tllllt.. 
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progr.unmmg pa1h graph (4). Our approach considers onli 
ahgmncm, that drop m ore no more than x, belo" 1he bcq 
\COrc )Ct \t"Cn. The .tlgornhm I able thcrcb) 10 adapt the region 
of the path grnph n explore~ 10 the data. 

Cin) Bl.J\ T -.can:hc, ma) be nermcd. w11h a po.,1uon•,pcc1fic.­
,;,core m;itm. gcncmtc<l from ,1gmficant allgnmenh found 111 
round , U"--d lor round , + I ~ 1ouf or prollle search mclhoch 
lrequcml) arc muth more -,cn.,1t1\'e than pa1nq~ ompari\On 
mc1hoth JI d~lc.."Cung d1-.tam rdauon,tup,. llov.e\C.r. reaung J 

-.et of mouf, or a prohlc that dc"i(.:nbe, a protcm family. and 
~arching a d,ttab.t-.c "11h them. typ1call} ha\ ln\'Oh cd nmnmg 
-.C\eral d11tcrcnt program,. v.nh ,ub-,tamml u~r mtel'\cntion ,u 
,mou, ,1.,gc, 1ne BL\, T alg mhm 1, ca,lly gcncralln.-d 10 u-.c 
an Jrbllr.tr) J'l(hlll011·,pc..'l.:1fa "'-t:Orc marnx m pl.ice ol a quct) 
',C(Juence Jnd a,'-OC1atL-d ,ub-.1nu11on mmnx. Accon.lmgl). \\C 
ha\c Julon1a1cd the pnx:c<lure ol gencrmmg ,udt a matn\ from 
1hc ou1pu1 pmducc-d h) ii Bl A T sc.1rch . .tnd ,1d,1p1cd 1hc Ill \ T 
algon1hm 10 1.tle th,, main, J\ input. The re,ul11ng P0\111on-

ptX1hc ller.ucd BL\ T. or I I-BL\ T. progmm ITIJ) not he ,1, 

-.cn,1U\e a~ 1hc htN J\ rnlahle mout -,carch progmrn,. Out Jh ,peed 
and ea..1ie of operauon cJn bnng 1hc p<mer ol thc\C mc:1hod, m10 
more common u...c. 

Afterdc-.cnbmg the\C relmemcn1, to BLA Tm grcatcrdetJ1I. 
\\Ccon~1ckr\C,eml b1ologu.:al c~arnplc, for\\h1t:h the \Cn,I11, It}­
and ,pcc'Cl of 111< program arc greail) enhanced 

STATISTICAL PRELIMINARIES 

To :lllJl)le the BLA T al{!on1hrn Jnd u, refmcrncni-.. \\I! nr..'CJ 
fir\t to re, IC\\ 1hc ,tJ.11,uc.:, ol h1gh•'-COrmg 11.kal ahJ;!nmcni-. 
BLA _ T emplo),a ,uth111u11011 matn.\. "h1ch ,pcc1f1c, a \l'.Ore .,,~ 
for alrg111ng each pair of ammo~1\;1d,, a1ldJ. G1\.CJ1 I\\O \c..""qucnce, 
10 compare. 1hc ongmal BL\ T prt>f!r:.un \c..-ck, l.'<.JUJl-length 
\Cgme111, \\ llhm each 1h.11. v,, hen ~1ligned to one Jnother v,, 11hou1 
gap,. ha\e m.1,1mal aggregate x:on:. '\01 on!) till! ,mgle hl:,1 
...egmcm pair ma) be foun<l. hut Jho 01hcr lot.""·' oplllnlll pan·, 
(3.5 -7). \\.hO\C -.core, ,.utnm be nnprmed b) C\IClhlOll or 
Lnmmmg. u,h kx.:all) (lf>ltmal alignmcm, Jre i.:alk-d 'h1gh-"-:"or-
111g \Cgmcn1 pair,,· or ll~P, 

Forthc,JJ...cot 1hc,1au,1u.:al lhc.~I). "CJ\\urnc a , Implcpro1cin 
model 11~ \\h1,h lhc amino ai.:1d, occ~r random!\ JI .lll JXl'illlOlh 
"nh bai.:J...ground probJb1hue, P1. \\c rci.tuirc tilat thi.: c\pt.--C.:tc.-d 

\.t:orc lor l\\o randam ammo ac:1d, IP ,P \ be ncg,u,,c Gi\.'Cn 

the P, and .\,1• the b.1,u.; lhl.'1lr) ( .9) )Jell.I, t\\O cakulahle 
parameter,,, A and K. \\hKh can ~ U\4.XI 10 c(m\ en nonun .. 11 J f. p 
'lOrc, to nonnah,ed. \t:orc,. rhcrcb) rcndcnng all ,ronng 
')'h!m, d1rei.:_tl) cornparJhlc from ,1 ,1mI\t1c:.1I JlC"Jl'..~11\C. The 
nonn.Jlw .. "<i \COre s· lor ,lll II pi, gI\e11 b) the cquatmn 

S' = },S - lnK 
ln2 

In tlu, 1x1pcr. a nommJI \C.:Orc l\gI,cn "llhout un1h v,,h1lc I \lore 
ll0m1Jl11cd h) equation I i, \J1d 10 be c,prc,-.cd 1;1 hth ( io 11 J 
When tv,,o random protein -.cquence, ol ,uf11ucn1 length,,,; and 

:~~~ ~~~;\arc~ .. !he nu_rnber ~ ol d1,t11Kt II P, "nh nom1.1l11cd 
h) . ca I C\pt.~kd tnoccurh) t:hancc" \\Cll .tppm\lmaied 

where := nm " the ,carch ,pace ,11c (8 10). If a proccm h 

compared 10 a whole databa\C rnther rh~in a ,mglc \t"quence. n" 
the dat:tb:t\C leng.1h m re\lduc,. Equ,111011 2 Illa} be 1m cned 10 
yield = log.2(,\i'l.). the nommlucd \t.:Of'C' re4uirc<l to ach1c,ea 
pamcular E-\ .,Jue In a I) pu.:al current d.11.1b.1-.c 't!.m:h. ,1 pro1em 
of length 250 1mgh1 be compared 10 ., protein cLualwc ol <;()(JOO CXXJ 
total rc\1duc, To at:h1c,c J m,1rgm.1ll~ ,1g111hlant / \Jluc ol 
0.05. ;.t nonnali1t.xl \Core of ~8 h11, 1, net:cv~.an 

\ \'Jule the 1het1r) JU,t outlmt-d ha, 1101 Ol-cn p~-i\L'ti tor g.1pp..,t 

local ahgnmcnh .rnd thc1r J,Wl:1a11:<l \l:nn:,, 1.:ornpu1.111onal 
c,pcnrncm,"ilrnngl) ,u~c,t th,1111 rcmJ111-. \Jiu.I c.l 12 1.51.1111: 
"il,111,11cal p.trJrnetcr,, A and A. hO"-C' er. art' ncl longcr,uppl1L'tl O) 
1hcol) bu1 mti..t he e,11matt't.l u,m!! c.·omp.in,on, ol c11hc....­
,1mul;.t1cd or real hut unrclalell ,equcnl·e, lf., d1,ungu1,h hl•lo" 
"hc1hcr .1 g1\en ,ct ol p.1rarnc1er-. 1.. and K fL'kr to ~Jppc..-J or 
ungappcd ahgnmcnh. \\e U'C 1hc ,ub"npi.. v ,md u rc,lll'l"II\C-1\ 

Wlk!n gal" arc not .1lhmcd .. 1 lunltcr Impon.m1 theorem ,1a1~ 
that\\ 1thin 11 P, the al1pncd p.11rof k11e1' (1

1
11 ll·nch 1<,,1i1.:i.:urv,, nh 

the 't.Lrgc1 trc4uenr.) • 

,,, 
The,,,, of cquauon 3 ,um to I. mdec..xl. i--u 1, cakul.1ted 10 he 1he 
umque JX)\111\·e number for \\h1d11h1, 1"i 1hc1.:.1...c cX.91. TI1c "-:"ore, 
s11 arcap11rnal lordc1ec11nµ .1l1).!nme111," 1th thc-.c panll·ul,ir 1,u"gcl 
lrcqucnuc, C .10). and h) 111,cnm!! i.:qua1Ion J to .\

11 
= 

fln<q,/P1PJ)IA..,. "icorc, ma) be cho-.cn. ,, uh arhural} ~ale. that 
corre,pood 10 an) ck"red "'' of q,1 111c populJr 1'·\ \I < 16. I 7 Jand 
BLO L 1 C lk) ,uh,1nu11on n1.11r1t:c,arec.:on,tni1.:1ed "'11he,pl1i.:11 
u-.c of thl\ Ing-odd, tonnula ·o corrc,JX>ndmg rc,uh h~,, heen 
c,tahll,ht."Cl for gttppc<l .11ignmcnt \.COnng ') ,tcm,. llo"c\cr. ,I 
the gap c.:o,t"i U\Cd arc ,ull1c.:1cn1I) l,1rgc. 11 "e\J~c..:tcd that 1he 
tar.get lrequem.:1c, ob...cncd m h1gh-~or111g l(x:al ,ihgnrncnl\ ol 
random -.cqucncc, "111 not differ prcall) Imm tho-.c tnr 1he 
no-gap c..:.i-.c 

REFINEMENT OF THE BASIC ALGORITHM: THE 
TWO-HIT METHOD 

111c ccmral 1dc.1 of the BLAST algorulun 1, tha1 a ,1.111,11c.tll) 
.,,g111f1<..·.11u .tflgnmi:111 1, like!) 10 t<'HHJm a h1gh•"il:onnp p,ur ol 
ah~ne<l v,,ord,. BLAST 111'1 ,,.111, the d.11,1h.1-.c !or uo,Js 
Ct)J)1call) of lenl:"!lh thrc."C for pm1cmq th.II "'-'Ore .11 lc-,1\t / "hen 
aligned" uh ,oml!' v,,onl "1th111 the qucl') \Cqucnt:c. \n~ .thJ!lll~ 
\I.Ord pa1r,ml\l) mg th1, c.:om.l1t1on 1,c.:alled .1 /111. I h~ ,1..·umd ,rep 
of the algon1hrn chct.J..., "hethcreach hn l1e, \\ 11h1n ,Ill ,1l1j.!nmcn1 
\\ nh ",('.Ore ,ulf1c.:icm to he rcrxmed flu, 1, don.: b) C\ll'1td1n~ J 

hu m hoth dir1.."t.:tion,. until 1hc mnnmg ;.th!:!nmcnt\ "'-'On: h,1, 
dropf>I..XI more 1h.111 ,\ bclm\ the m.1,I111um '<.:Ure )Ct ;.1t1.11m:d. Tlm 
C\tcn,1011 ,1cp "1.:ompu1,111onall) 4u11c <.:<NI}; \\ uh Ihe f .md \ 
p.1r.unclc-1""'i nccc,-..:1f} 10 illl,1111 rc.l\tlll,1hlc "\Cll"illl\ I[\ to \~C.l~ 
,thgnmc~1,. the cx1en,mn ,1cp t} p1lJII) .1nm1111, fu; >90' f of 
BLA T' e\ct:u11on lime. It I\ therefore tk,ir.1hlc lo J\.'tluc.:e tilt: 
number ol C'-ICll\lOW•, pcrfonned 

Our rcfmc.xl .tlgornhm '"' h.1..cd upon the oh,cf\,llmn 1h.11 .m 
I ~SP of m1cre,1 I\ mui.:h longer than ,1 ,mgle "-<ml p.ur. ,md m.i\ 
t crcforc cm~ul muh1plc hie, on 1hc '-llllC c.ha!!on.il ,md v,, ulun :1 
rcla1 I,cl) ,hort d1,tanc..:c of one another nne dun.:onul ol .1 hn 
lll\Oh•mg v,,ord, \l;.mmg JI JXhllIom C\ 1, \~) ol 1hc d.11.1b.1,L' ,m<l 
qucf} -.c4ucnt:c, 111,1) ~dcrmed ·" , 1 ,,. r 1te ,IHtu11cc· hct\\L'en 
I\\O hu, on the ...._1mc d1,1gonal 1, lhc d1llc;cnle hel\\een then· 11"1 
coordm:ilc\.) Thi-. 'l1gn:1111rc 111,1) he U'-Cd 10 lo<..,ilc lfSP, more.' 
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I 1c_un.· I llr ~ Ill\ 11, 111 lhc l\l.o 1111 anJ JOC fut h...-un'-h1,.\ ii\.& lum1100 ul 
ll"iP'4•1ft l lnl?lhcHI fl\l \I,, ... mmoai,;iJ"'-'l'o!.1lluhoo11u1rnl!S1 .anJ1ht 
W¥f111\'\jlk'nllC'- ,, 1mplacd tty cqu.ihon .l anJ lhc "'-•d-~muoJ Mtlllltl JOI 

,, .... ,IICPI.IC' I', ol N,ot..n~IO aoiJ R,>tiu~IO 4:'fll 1110 Ill) ino,.ld 11\P .. \I,('~ 

..,,a-,11,.-.;I l(lf e.kh nl I~ nnnun.11 M.1,r,.~ 11 lJ:! \.Om,:-.pon,lu1g 10 l'll1ffll.s.lllni 

\(()fl"!, llJQ..J~ I t-i11 fl 14,l ..k:h;mlll~I t,~ tn JX"-llclfl \l.hcthctca...h II\Plo1d1:J 

1ou-.iuin t""o Otlf"I u,crl.11-,,.oi lcotlft \ .,,.,.,J p.i1r'" 141th ourruo;d "-ore .1t k-J'-1 
II an,h111hm,1 ,J1,1.1n,,:c ..Ulof ,..,It ,nt.>ehcr ur J ,mfk k-n •th l v.,,rJ r,urv.uh 
nonurw "°'ire ,II k-;1'-1 I\ 1hr c:tlflc.: pn.lmic l"'~~h1a:-.. ul m,,,mg .m 11\P 
uwni the ,.,,.11-1111 lleun,111,, 1,1,11h / 11. anJ thr c"lfli'.' h11 hcurl\.l11,. '-'Ith f • I\ 
Mt pluu~,J .1 J IUlklU"lfl c•I nnnn.1l1h,,l ll'\P ,,un lhe IV.1).hJI mc1hoJ h murt 
terNII\ l,,r fl\l' 1411h '4:.l"lft.' JI lc.a,1 H llih 

ell1rn~nll) Spc..'t.:1l1c.:all). \\C dmo-..c .1 \\llldO\\ lcng1h \. ,md 
m\Olc an e\tcn"on onl) ,\hen t\\O non•c.l\erl.1ppmg h1h .trc 
found "'11h1n d1,1anu: \ tlf one another on 1he,.11ncd1agonal \n) 
hu 1hat O\.crl.1p, the 1110,1 recent one 1, ignored (·.fftr.:1e111 
e,et:utIon rcqum:, an arr.t) to rcl·ord. tor c.Kh <l1.1gon.il. the fl"t 
<:oonlma1e of the mo,l rc.'t:em h11 lound . mcc d.11.th;.1-.e 'L'qUCllt:c, 
Jrc \(,;Jnned -.cquen11,1II). 1h1, l.:tX)rdm,uc Jl\\,l)"i 111cre;.1\C, for 
..,u,c:c,"i1\C h11\. Jne idea ol 't!ckmg mul11ple 1t11, on the ,.unc 
dtagon.al v,,a, f1N tl'(..'c.l in the r.:on1c,1 of biolog1t.:al d,11ab,1r,,,c 
1e:11,11<, b) Wilbur ,md l.1p111an ( 19). 

Bcxau'tC v,,e rc«.IuIrc I\\O hn, r.nher than one 10 111\oki.: an 
C\tcn,mn. tht: 1lm.:,l10ld p,1ramch:r / mu,t he lo\\cred 10 rc1.1111 
comparable \l'n,11I\ II). Ille elfct.:t I\ 1h,11 m,tn) more ,mgle hu, 
JrC toun<l. hut onl) .1 ,rn.1ll lr,1lt1on lu\e .m ·'"'K1,ucJ ~"t.:oml hn 
on the '-tme d1.1gon,1l th,H 1nggc1' a.n C\len,1011 ·1nc grcJI 
ffiJJOfll) ol h11, m;.1\ he d1'1111v,,4, .. 'c.l .1llcr 1hc minor c.:alrnl.111011 ol 
lookmi up. tor 1hc"' ~•ppropn,uc d1Jgon.1I. 1hc c.:t.xmlin,11c of t/1'! 
JOO\I rcl·cnt Im. chel-kmg \\ hc-11,cr 11 ,, ,, 11hm d1"il<lllLC \ ol lhe 
cum:m hu\ corndm.uc .• mtl tm.1II) n:pl.1c.:mg 1he old\\ uh the nc,\ 
coordm;.ue. Empint:all). 1ht! compu1.11Ion ..,_1,t."CI b) rc4umng 
k\\er C\IC-11\IO!l, more rh.m uft-.ch the c\lr.1 i.:omput.111011 
~utred to proc..:c,, the l•tI}!L"r numhcr ol hth 

fiHtUd) the rcl,111,c,1h1h11<..·, of 1hcorn:·hll .md t\,o-hn rnc1hod, 
lodell'll l l~P, of \ ,tl)Ing ,,ore. \\e rm><lcl pro1c111 .. u,Ing the 
h'.Kl ground ,unmo .,ud I n:qucni.: Ic, ol Rohm"<m .111d Robm,on 
C!O) • .ind u-.c 1hc Bl ().)L \I 62' ,uh,11tu11011 111,Urt\ ( I ") lor 
\l.~ucncc 1.:omp.in,011 G1, en thc."-.c /'

1 
and ,IJ' 1hc ,1,111,111 .. .11 

par.in1ctcr,. lor ung.1pfk..~I loc.:,tl .d1gnmc.•ni.. ,ire c..:.tlcul.11cd tn l~ 
Au= 0.-1176 ,ml.I Au= 0.1 "\4. L ,111~ cqw11Ion J .1bmc. \\e rn,1) 
calcutitc lhc q11 lor \\h1ch the ,umng. ')'lcm 1 ... op111n1Lcd. :md 
emplo) lhl''C 1.1rgc1 f1cc1ul'11<.:1c, to gc111.;r.1tc model JI P,. l"-1nal l). 
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I tRllf'f' l. ~ Bl ·\ST u,n1r,u-11o1.,n ul ltruJJ h:;m k-t;hrnlt'):lohin I 
S\\ISS l'k:OTJC'-C-.'-k"lflnu PU2~l:?1ilfll.lhor~IJflcih1ntS"i1•"i\\l\"i 11U>I 

A\C ,nn11 PO:.?U('l:!1 flw: l'ih1h .... 1th .... 1"lfl"alk:;l'-l ll1an-m,,li.:.nc.ll:1'\opfu 
"!!"' An.-lJ111clf\JJ 2:!lk,rHt\t'"fl.aJ'lrlos hit ""11h""•""ra1 kil"'>t I I lltt' •tJo.h ... a1ro 
h) doh OI thc-~ n h1h uni~ the- tv.,, 1nd,c:.i1'--J r,i1r .:Ul." 1,n Ihc- "1mC ck1g(lnal 
.&1k.l ~nhm d1'-l.&rlc.:e 40 ol 1lOC' C"lt>Chc-r Tl\u .. 1hc ,.,,.n hit h...-un,1ti.: "' lh I 11 
'"l?f('t' {\I.II C\.lc.'tNCWh. In rtxc ol (he- )'i C\k'0\.111"'1. ln\1,l..,:.I ~ lhe unr tut 
hrun'-lk. ""tlh / • J'\ Bo.:.tu~1h1'"1'" lll\.lOr~r,.unpk· 1hc rdJll\cnum"'---n ,t 
h1h Jnd C\lc-n,K,o, al the \.tnou .. -.cuing, ,,1 f \.tlff('\.flt>flll onh flJUl!!hh 111 ,hr 
r.atic-... founJ m .1 lull J.t1.aN....: •,c..nh \n un~"l"'flCtl C\ll"thM"lfl 1•l 1hc klt1,1,.1nl 
Pl the 11,1,oh11 f'Jir, )tckh .m llSP .... uh °''"1uul 11u"lft:" .l'i. ,. ~J ht-i1h c-.1l.:uLr.cJ 

U\111J i,. .mJ A 

\\C evalu,uc lht! ...en,111\ll) ol the one-h11 and tv,,o-hu RI \<il 
hcun\lJC, u,mg 1he-.e I ISP, 

1l1conc-h11 mc1hod v,,1IJ dcti.:1,;t ,m I ISP ii n ,omcv,,hercc.:ont,1111, 
;,1 lcngth-l\ \\Ord of -.core ,n lcJ,1 / I-or l\ = .l .u1d / = I J. l ·1gurc 
I ..,ho,\, the cmp1m:all) e,urn,ucd pmb..ththt) 1h.1t an IISP " 
ntl\...cd b) 1h1, mc1hod. a, .i lunu1on of 11-. nonn.1h1c.•d ,lore fhl' 

1,,o-h11 mc1hod "111 tlctt."t.:I an 11. P 11 It r.:0111,1111, tv,,o nun 
O\CrlJppmg lcng1h-U \I.Ord, ol \(.'()l"C .ti leJ,t '· "-llh ,1.tn111!! 
J)O"illlon, th,11 differ b) no more 1h,m \ rc,1dul!',. ~or l\ :: '· I .,. 11 
and 1 =40. Figure 1 ,J10v,,1- thcc,111n.11cd proh,1h1ht) 1h.11.111 !ISP 
1, m1,\Cd b) 1111, method. a, J tunl"l1on ol Ih nom1;.d11t.-J 'l·orc. l ·or 
11 P, "uh ",(On: JI le,N l"\ hu,. tht! I\\O-hll heun,tal 1, more 
\Ctl\lll\C 

To ,m.1l)IC the rcl.111\c ,pc.'"l-d, of 1he nne-h11 .md 1v,,o-h11 
mcthoc.t... u,mg the p..ir-Jme1cr-. ,1uchct.l Jhmc. \\C nore 1h.11 1ltc 
l\\O-h11 mclhod gcncratc,nn 3\Cragc .1.211rnc, ,1, m.1n~ h11,. hut 
onl) 0.14 tm1c"i a, man) hu c,tcn,ion, (f-1g. 2> Bl~.,u~ 111.1~e, 
,1ppro,1111JtCI) one 11111th .1, long 10 dt.•1,:1dc \l.hcthcr .1 hn 111..-cd he.' 
c,tcndcd .i, ,1c.:1u.tll) to e\lcnd 11. 1he hn pn'l(,."L''"n~ c.:rnnp1.m1..·nt of 
1hc I\\O-hll method 1, appro,11n.Ucl) I\\ 1n: J, rapid ~1, the.• -..1mc 
c..:omponcnl ol 1hc one-1111 method 

TRIGGERING THE GENERATION OF GAPPED 

ALIGNMENTS 

hgurc I "ihO\\, that e, cn \\hen u,mg the ong1n.1I OllL'·IHI me1hod 
"'nh 1hn:\lmld p,1rarnc1cr I :: I"\. lhcrc "!:!Cnc."r,tll) rm grc~terth.111 
a .t' r thance of 1111 .. ,mg ,Ul !ISP\\ 1th 't:OfC >J8 hll"i \ \ hllc 1h" 
,,ould ,1ppc.Ir ,utl 1c.:1e111 lor 1110,1 purpo-.c,. the orlc.'-hll tkl,mll / 
p.ir:.11111.;lcr h.i, 1)-ptcall) bc."Cn \Cl ,1, Im, .1, 11. ) 1elthn~ ,m 
c,ecu11011 tune ncarl) three 11mc, th.11 101 / = 1.l \\ h) p,t) 1~11, 
pnu: tor v,,,h,11 .1ppcal""I .u be,I m,1rg111al g.1111, 111 -.cn,111\ II) .' I ht: 
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reason " th.u th< ongmal BL \Sl program treah gapped 
alignment\ nnplu.:111) b} locJtlOg. m man} t:J',C,, \C\er.11 d1,11m.:1 
II P, 1moh mp I~ \affie dJ1aha-.e ",t..'tfUCn1.:c .• md c.ikuiJung ,1 
\l.lll'illc.:al ~h...c,,rncnt ol the combmi...\.l n:,ul! {21,:?~). Thi, mean.., 
tha1 tY.o or more II P, "nh ~ore, Y.ell ~!01,1, 18 hth c.:an. m 
c,:omh1n.111on. n-.c to ,t,lll\lll,11 "£nil1C,m1..c. II .111\ one of tlh!\C 
It. P, 1, m,,'l-d. "> ma> he the c.:omhmc..'d re\uh. • 

The ,1pproa1.:h tJkcn here al101,1,.., BL\ST 10 ,1mull.10t.-ou..,J> 
procluc,:e (!appc<l ,1lignmcn1, JJ1d run ,1g111ilcan1I> f,Ncr thJ.11 
pre, IOU\!) . The c.:clllrJI idea 1, 10 mggcr .1 gapped e,1crhlnn for 
.lfl} 11 P 1hJ1 e,cet.-d a moderate \Core S~·· cho\Cn "' 1ha1 no more 
th~1 about onc e\lcn...mn 1, 1molo.cd per SO datJbJ\C ~-qucnc.:c, 
f 13) ~~u,umn 2. for.1 typtc.:al-kngth protc:mqUl'l),.)

1 
,hould he -.c~ 

JI .... h11,.1 \ g.1ppcd c,1cn,1011 IJlo.1,;, mw.:h longer 10 e\t..-cu1c 
tllJ.n Jn ung.ipJ)l.."CI e,1cn,1on. hu1 h} pcrfunnmg \Cl) le,, ol them 
the lr,td1lm of the totJI n.111111ng ume I~} c.:on,ume can be 1-.cpt 
rl!l~H1\l·I> 101,1, 

B) "--'l'i-.mg J "ngJc gJpJ)l'd allgmncni. rather 1han ,l c.:ollct.11on 
ol ung.ippcd one,. onl) one ol the c.:on,tnuent 11 P, need be 
loc:.ucd for the t:0mhin1..'Cl re-,ult 10 be generated ,uc.:c.:c,,full}. Tiw, 
rncJn.., I hat "-C mJ) 1olcra1c .1 mw.:h higher chance ot m",mg an 
,mglc modcnucl) -.c.:ormg I ISP l·or cumple. con,idcr J. rcwh 
111, oh mg 1"-<J 11\P,. cad1 "'uh the 'ilmc prob..1h,ln p ot hcmg 
llU...\t.'d Jt lhc h11-,1agc of the BL ST algoruhm. and ,uppo-.c th 

1 
,,c dc...ire to lmd lhc l·omhmcd rc,uh v.-nh probab,111) at Jca~1 

0.95. The ongmal Jlgonthm. net.'tling to rind both 11 l's. require, 
'2.P P1 

S 0.05. or P le,, 1han 0.025. In colllr.t\l, 1he nc\, 
• 1lgonthm reqmre, on!) th.tl P~ s 0.05. ,md 1hu, c,:an 1olcrJtc Pa\ 
!ugh ,1, 0.11. Thi, pcnnu, the r pJramc1cr lor 1hc h11.,1,1gc of 1hc 
algornhm 10 he ra1"-t.-d ,u0\1JJ1t1Jlt} 1Af11lc rctJmmg l:Omp.trahlc 
\Cll\111\11) Imm 7"= 11 10 f = 11 for the onc•hll hcurl\l1c.:. (The 

l"-O•hll hcun..,llc.: de-.cnbctl ,1bo\C lo"cr,., fh.1tl.. to 11 .l '\,"ill he 
ch\l:U\\t..'<l hchl\\. the rc,ullmg maca'-C 111 ,peed more 1han 
c,:ompcn ..... 11c, for lhc cx1m tune n,-qu1r1..-d for the r.:trc g.1ppcd 
cx1cn,1on 

In ,umm.tl), 1hc nc1,1, gJppcd BL \ST .tlgornhm rcqu1n:, mo 
non--0\ crl,1ppmg h1h of \C re .it lca,1 / . "nhm .1 d1,t:111<:c \ of one 
•mother, to 1n,ol-..c Jn ung.ip~d cxten,mn of 1hc -.c1.:orul h11. JI the 
11 P gencrJ1c<l ha.., nonn,ll11cd \Core ,u lca~t . ~ h11,. 1hcn .1 g..ipJX~ 
Cli.lcn,10111\ 1nggcrcd ·me rc,ultmg g,1pp:d ;1l1gnmc111 1, rc1xm1..~ 
onl> 1f 11 ha_,an /;.•\Jlue lo"' cnough to bcof 1mcrc,1. Fore,.1111plc. 
111 the P.llr"- l",C c.:omJ>Jn",On of F1gun.: 2. the lmg;ippcd c,1c1N(m 
111, okcd b> the h11 pJir on the lclt produce, ,m 11 p ,, uh \Core 
21.6 h1h (c,1lcul,1100 U\ lllg /"U Jnd K u). Thi\,.., 1-uf1ic.:,cn110 trigger 
J. gapped C\lcn...ion. "- h1c,:h gcncr..uc\ an .1l1gnment "uh '-(;Ore .l2A 
bu, k .tlcul.11cd_ u,mg ¾ Jlld K1J .md /·.•\;lluc o l 0.5 Ch g. lJ. rl1c 
ongm.,J BLA r pro!!,mm l<x:atc,onl; the f1r,,1 mi d b,1 ungJpJx:d 
..cgmcnh of th1, J.hgnmem Chg. 3c). Jnd .1\\1g11-, them a 
combined/•. , Jlue >50 11mc, grc.11cr. 

THE CONSTRUCTION AND STATISTICAL 
EVALUATION OF GAPPED LOCAL ALIGNMENTS 

n1e Mandard d}ll.llllll: pmgr.1mmmg ,1lgornhm, for p.urw1...c 
...equcncc Jh~nmem pcrlom1 .1 ti,c..'tl ,1111oun1 of c.:ompu1.1t1011 per 
cell of a p.uh gr.1ph. \\ ho"-" dnncn"on, .ire the length, of the l"-O 

...equcn'--c' hcmg c.:omp.irc:d (2'\ :!)1. In order 10 gam ,pt.-cd. 
d:JtabJ-.c ...c..inh J!g,m1hm, ,u1.:h .1, I-J,1,1 ( 2> ,lll<l .m earlier ,g.ippt..~ 
,eNoll of BL \Sr < lJ ,.1c.:nfll1..' n~or h) umtmmg the d)nJ.rmc.: 
prugrJl1ll11111g In .1 hJnJed '-4:dlOJl ol lhc lull palh graph (4 ). 

dlO'Cn lo 11Klude J r1..•gmn ol .1lrc.1d~ 1dcn11fu~d \IJJlliJfll). One 
problem,~ uh 1h1, .1ppro .. 1d1 1, th,u the opl11n.1l gJpp..'ll .ihgnmcnt 
mJ} , l rJ} hc)ond lhe l:01tl111l·,,1' the h,md cxploreJ. \, lhL' v. 1d1h 
of 1hc b.ind 1, 111ae.1 ...... ·J 10 r\."dUL.t: 1h" p<h'lbil1t), th1..• ,peed 
JJ\.UllJgc ol the Jl~onthrn 1,, 111,111..'d 

\\e h.1,e .tt:nmiln,!!1~ 1.1ken ,I d1llercnt hcun,tK Jpp10.1t .. h lU 
t:Ofhlrudtng gJpp1:d lix:al .11ignrn\."nh. ,, h1d11, J "mple gcner.tl• 
lf..JIIOl1 ol BL. \S·1 ·, rnc1ho<l lur u)11'1mll111µ I ISP,. I~ l:cntral 
,<lea 1,1oc.:on,1dcronl) l:ell, l<lT \\hll:h 1heop11m.tl lo<.:JI .111.µnmcm 
..core IJlh no mun.· th.m \ ix'hm the hc,1 ahgnmc!nt \(;ore )Cl 
lound . 1.inmg Imm .1 ,m~lc .,hgned p.ur of n:,1due,. c.:Jllcd 1hc 
.,aJ. 1hc <l)n,1m1l pm!.!'r,1m111111!.!' pnx:cc<.h Omh lol"',trcl and 
hJ<.k".ird through lhc p.uh ~raph <lhcng /h.in!! t'I ul .. m.mu1-t:np1 
m prcpa.rallun) thg, 1.t .111d -t,. lllc .1ch.mt.1~c ol thi... .1pproad1 
1, thJt 1hc rc:g1on ol 1hc pa1h graph c,plorcd ad.1p1, to the 
alignment hcrng um,tmued. TI1e al1gmnc111 c.111 "~mdcr arh11mn• 
I) many d1agon.1I-. a\l..l~ Imm the 'L'\.'tL bul 1he number of cell, 
e,pandcd on ea<.:h nm tcmh 1n rcm..im l11n11cd .• ind ma) c, cn 
\hnnlo. m ,cro t'lclorc a bound.tr) o1 1hc p.11h graph ,, c11<:otmtcrcd 
fFrg 4 }. 1llC \ f p .. 1r.unc1cr ...crvc, ,1 ,111111..ir lun1.:11on 10 lhc 
band-\l.1dth par.unetcrol 1hecarl1crhcun,11c. hut lhc rcgmn ol the 
path graph 11 11nplu.:1tl) ,(X'i.:1tic, he c,plorcd I\ m gcncr.il more 
produLu,cl} cho-.cn 

n 1mpon,u11 clcmc111 for 1h1, hcun,1ic.: 1, the mtclhgcnt chou.:c 
of a !)CL'tJ. G1\cn an 11 P \\ho-.c ,core:" ,ufl1c1cntl) high th;it 11 

1nggel"\ a g,1ppc<l C\ICll\1011, lum doc, one t:hoo-.c ,1 rc\1duc pair 
to forte m1oal1gnmenr• \\ h1lc more ,oph1,1u.:,11ed .1ppro,1<.:hc,arc 
p0\\1ble. 1hc ,1mplc prou-dure \\C h,1,c 1mpkmcn1cd 1, 10 l<x:me . 
along lhc !ISP. the length- II segment "1th h1ghe,1 .,lignmcnt 
'<:ore. and U'\C n, cemr.11 rc\ldue pour ,1.., 111'.' -.ct.'tl II 1he II P 11...cll 
1, ~honer 1h,m 11. a central n!\lduc p.ur 1, t..110,c,1 l·or c , ~1mplc. 
the fiN ung;1ppcd reg.um m 1ht.· .1l1gnmc111 ol f ·1gurc le.: cocl\tllutc.., 
lhc II P th.11 mggcrcd the .1lignmc111 The l11ghc,1•-.cor111g 
length- 11 ...cgmcn1 ol lhl\ 11 • P ,1hg1h lcghcmoglohm n:,1duc, 
55-6. "nh P·gloh111 rt·, 1duc, 57 .{-.7 1lm, the ,1IJ11111c rc,1due, ,u 
rc...pi...xme po,uion, 60 ,tnd 61 .m: u-.cd ·" the \l.-Cd for thl' g..tp~d 
e,tcn"on 11lu ... 1ra1cd 111 F11rnrc la \ , d1".:u,-.cd 111 the pcrionn• 
ancc c,Jlu.iuon -.ct:uon hcio". 1111, proc.:1..··durc 1, c,trcmcl) good 
a1 -.clcc.:ung 't'L'tl, th.u 111 l.1t..1 p..1111l·1p.llc m .111 op111n..il allgnmcm 

\ lo...1 gapp,:d C\ten...iorh .tre 1n~gcred b) d1.11x-c ,1111J!Jn11c,. 
:ind .ire therefore hkel) 10 hi.· ot limned c,1en1. ,1, 1llu-..1r.ucd m 
Figure 4 TI1c rc,1.·r-.e l·\len,mn 1111h1, C\Jlnplc c,plon!, 1(X)() 
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I ll!Ufe4. l"hi:r,ath,:r.q'ltu~~•unc\plun:Jl,\ IJl \ST ,lunngu JJflr('>Jc\lcmtun 
h1C" the Ulfflp.&n\.11'1 111 tiol;IJ hi'.-.an lq'hcm(.,.:)ohm I ..,kl lht f ! H rrolcm m.ill 

I J.nU~"ffl Imm hum..n .llk1lo\tN\ hpc- -I H•.tJI (S\\ l~S PROI &1.t \ll.lft no 
PIUJ()(,1 f'hc \ JmpoflPJ,rJmckr1,1tk-1J111mn.&l\l.Orc.lCl.u..c-dm\OClJUOlhOIII 
.... uh HLO\l \1 h!wt,..111u1111n\l.1,n-,,;ultJ IO+A ,:.1pur,,h llk'!l7tm 11'-IP 

lh.tl ln~rct" th1, C~lcn,,on. tn\ohina: ~lltlfi.lbm h."llhlt.°' Jll1 .lei ilntJ 
.Jcno\tru, re,,.tJue.. IOI 112. ,,. mi.-rd) .a '"""-"im 111111.anl\ .ult.I noc f1,i111 ol a 
l.ari:cr .nJ h1~htr ...... 1111n, .i.hi:M~II ~ ,..rr,cJ t\k"fl..Xlll I\ \ttJ..-J h, 1hc­

.d1i:nnk"RI olrew.lLIC" 1~4,tnJ 10ft Th(1,p11nwlal1ii:nmc111...,;orc lhmui:hrumh 

m 1ht p.tlh rr.&ph tlnliJI" ,tcJt.Jil~ ... ,. one ffll.1\c, hc-)1,nJ 1hc ltlffcnns 11\P .anJ 
lhc 11:\CJ\C' c"m,«1'1 1enmnak, htlt~ the- hi'.-iWUIIOC ot l'llhcr l'f\,tc1n ... 
l'r'ikhtd \ ttiul til 27M p.uh ,r.aph \CU, "" c\p&,in-J ~•lh th,: fl!'\\'""\C 

C\lnNllfl <k.U1U011ng lclf 10"7 11! thc--,,c \-C!I, 

p<11h gmph cell,.\() that J l}pic.:,11 I\\O·\\,I) gapp..-d e,1cn...ion th.u 
dOc.!, not cnc.:oum~r the end ol cuhcr ",Cqucnt:c 1, c,pcll1.·d 10 
111\ ol, c OCX) c.:cll\. Bc1.:au...c s, 1, \Cl "I() 1h,u a !!appc<l C\len,mn 
I\ 1moi-.ed Je..,.., 1h.m Ollt:c J)l'r 50 datab.1...c -.cqucncc,. IC\\er th.111 
O t·ell, need be e,plor1..-d per dJt.1ha...c ,cqucnt:c. 
l l 1c c:\ccuuon ume n."qmn.,~ for a g,1pj'.k!<l C\CCl1'JOl1 1, 51X) 

11mc, lhJl for .m ung;1ppcd c,tcrNurl I lm,c,cr. h) ln!!!!~nn!! 
gappt.·d c,1cn\1on, 1111hc manncrdc'-1.:ntx."tl. "h1lc ,1muhJneou,J~ 
rJl\111!?, / for the \t11glc~h11 \c-r-.1011 of BL.\ST lrom 11 tu I l. 
.ippm,1111.ud> onc g.ippcd c,1e1Non 1, 1mokcd tor L'\CI') moo 
ungappl.-d c,1c1h10ll\ ..1, 01detl. 81..'l:.IU\C 1he number ol ungJppi..·d 
c\lcrNon," redm.:cd h> ,1bou111,1,01h1rd,. the 101;.11 tune ,~111 Pn 

thec,tcn..,1011 ,1,1gc ol Bl AST 1, c.:u1 h> \\CJl u,er h.111 01 l<lllr-..c, 
the t\\04 hn ,1ra1cg) dc-.cnlx'tl ,1ho\c n!duc.:c, lhc: lune nce«.led lur 
1he ung.tpJ~d e,tcn,m1h ,11\1 lunht.'r. Onl:e pmgrJm mc:rhc.1«.I ,, 
.1t:c.:oumcd tor. the ncl ..,pc..,:dup ,, .1 f,1t1or ot .1hout thre1..• 

For Jll) ,t11gnn1Cnl ,tctu.111~ rcponed. J f!Jppcd c,tl'n\lon 1h.1t 
reconh ·1r,Kcb.1d. • mfonnauon (2"i> tll."Cd, ltl he C\C-lUll."tl fo 
11Krco1\C BL \ T\ J1..cur::1<.) m pmduung op11m,1I hx.-,il ,lh!!II 
rncnt,. 1he...c g.1p~d e,1en,1on, U\C' h) dct,mh J ,uh~t,uu1.1II) 
l.1rger \ par..unclcr th.in cm pin) t:d during the pmgr::un , ,c;m.:h 
,tJgt!. 

(hl·,hc-~I d.11,1'1., ...... 

.... Jnmn~ 11111pu1. c.-,,. 

("~)).' \t,IJi•lhi.."f 1111, L n~.ir,,cJ C\ICIM(lfh 

Or111n.il Bl \\I 

G.ippro BL\\ I -
~u.Jth tor un '.irl"-~I C'\tCft',11111 

11('7') :-i1t·V I 
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1bc ume, required b) ,anou-, \lep-, of the BLA T a)gonthm 
, ,lf) ,ub-.tanuall) from one quef) JI1d one database 10 ano1hcr. 
T,1ble I .Jiov., l)ptul relau,c unw:, -,penl b) 1he ongmnl and the 
gapped BLA T program, on ,Jnou, algonthm, stage;. The 
·ongmal BL-\ T' p~mm " reprc,cmcd. here and belo\\, b) a 
,an,1111 fom1 ol hlm1p ,el"'i1on IA 9. modified ,o 1hm II u-,e!) the 
\Jnte cdi!c-cllc<:I corrccuon (2~J Jnd ba lground ammo ac,d 
lrequcn.,e, a, the 'gapped BLAST' The lime, rcprescm the 
,,, cragc for thn.-c: d11terem qucnc,. v. uh 1hc tune for the ongmal 
Bl.\. T pmt1r,1rn nonnali,ed in each 1m1.1.nce 10 I()() un11-,. 

\lore wr1<rctei). to ,c,1n:h \VJ -PROT (26), rclca,e 3-1 
(59,76 "'<!UCnce,. 21219450 re,idue,), \\Uh the lcngth-567 
mtluc111a \ Hru, hemal:'!glutmm prt>t:Ur\Or (27) a~ qu;f), 1he 
ongmal Bl \ST prt>grJJn requ,re\4t ,. and the gapped BLA T 
pn>gritJll I. • , llw .. un11ng c,penmem. and other, referred 10 
helm~. v..i-, run on one 200 \flit R l<XXK) c:pu procc,'iOr of a 
hghtl) IOJd..'d GI Po"cr Challenge XL computer ""h 2.5 
Gh)lc-, nl R.\ \I 11u-, mJ,hme run-, rhc opcrntmg ")\tern lRIX. 
,·cr\1on 6.1. \l.h1t:h 1, .m rmplcmemJJIIOn of L IX. We u-.ccl the 
,tandutf GI C complier. "'uh 1hc -0 Oag for opumizauon. 10 

compile all ,cl"'i1on, ol the progrJm">. The ume, reponcd ,ire 1hc 
u-.er lime-. i:men b) t~ 11me command, and arc for the beucr of 
tv.o 1dentJCi1l run, 

\ closel) relaied type of g,tppcd e'1cn,ion routmc 10 that u\Cd 
here".._, dc,eJopet1 b) G. \l)c" dunng the esaJua11on of the 
ongmal BL\ T algorithm. It "a, not mcludcd ,n the pubhcl) 
d1,1nbu1ed code pnrnanl) becau\C the 1hcn currem ,1rmeg) of 
c"end,ng e,cl} hn da:rea,cd the algonthm \ ,peed undul) for the 
rclatJ\el) ,maJJ gam m "<fh1t1, II) real11ed c I). 
. h dr'(;U">'l.'d JbO\c, rhe ,tJll'illcJI ,1gmficancc of gapJX..-d 
a!ignmcm, ma} be C\JluatL-d u,mg the I\I.O ,1a11,11cal parameter, 
>.., ,ml.I K, lnccurrent ,cr,ron of the Fa,ra program {2)c,1

1
mme, 

1hc-.e PJ[amcrel"\ on each run. b) anal) 11ng 1he d1,1nbu11on of 
ah~nmcru ',(:Ore, proclucc..-d h) all 1he -,cqucncc, m tht- dJl<lb.t-.c 
BLA T ga,n speed h) producmg ahgnmcnt, for onh the le" 
datab,he x'quence, hkcl) to be related to the qucl) . and.thcrclorc 
doc, not ha,e the opuon ol c,11mJtmg i~ and K,. on lhe n, 
ln,lead, II U\e\ c,11ma1c, Of lhc'IC P.,ITTUTICICI'\ prodUt.:1..~ hcfore. 
~db) random ,imulaoon (]). \ dra"hack of th,; approach " 
t h I ~he Pf'Ol?ram ma) not a<:cep1 .in .trbllrJ.r) ¼:Onng ') .,,cm. for 
~ ich no ,1mula11on ha, lx--cn pcrformc..-d. and ,1111 produce 
accurmc e,urn~te, of ,1a1MKJI ,1gn1 fit:am.:e 1nc ongmal BLAST 
p~ram,. '" comra,1. b..'<,tu;c the) dealt onl) "uh ung.ippcd 
local alignmcm,. could dem e , .... and K from the . I 
'llormg m.un, ( .Q). u Of) or illl) 

ITERATED APPLICATION OF BLAST TO 
POSITION-SPECIFIC SCORE MATRICES 

?JtJba")C \Can;hc., U'-mg po-.n1on-,pcc1fic ',(;On: mmncc.., JI'-,() 
c~lllctJ prnf1le,ormo111,. ofren an: much bt:ucr .iblc1odct1X.1. . k 
re atJOn'-lup, lhan are dJIJb.J'IC -.can.:he lh v. ca 
""qucn1..·c <.h quef\ p 1 F ' •" U\C a ,1mple 
frequcml) ha, m~ol~ed ih!·u~n~:~:

1
~~~~; m~thod,. ho\\c,cr. 

J f.ur dcgn:c of C'(peni1oe .. rd 
I 

erem program\ and 
mo111 -.ca.nhc.., more re~d1to \mg). to rcndc_r the pov.er of 
PffK.edurc 1o con,1ruu a ) J ,ulablc. \\e h.1,c "'nt lcn a 
l",tll) from rhc ouipui 0f ~~~;~:;1>etific ,core m,l!n\ au1oma11-
opera1e u-,mg ,uch a main'( in rhc ~~:· and modified BLA T to 
rc,uhmg p 1-BLA T P • ce of J " mplc qucl). The 
..cn,111,c rh·m the c • pm~rnm ofren I\ ..,ulx1amml1) more 

• orrc,pon mg BLA T progrJm. bu1 for each 

ller.:111011 lake, llllle more 1han the ...amc 11rnc 10 run In rclmc:d 
\\Ork. I lcnll,off and I lemkoff (39) have de,cnhcd ho". ,hon ol 
mod1f) rng BL T ,o that II Jtltl) opcrarc on a 1x,,111on-,pecific 

ore main,. a ,mg:lc JI11ficial "4..'qUCnt:c th.11 appm\lmme, \UCh 
a m:un, ma} be u-.ed ,1, :i <JUCJ) "1th 1hc on~mal BU\ T 
program<. 

·1ne con,trucuon of a po,11mn•,pec1lk '-l:ore main, i-. a 
mulll-'itage proce,,. J.nd .11 each ,1~1gc a choll'c mu,1 be rllJdt 
among a number of altcm,111,c mule,. \\"c ha, c hcen gu,dr..~ b\ 
the goal, of au1om.itrc: opcrm1on. 'if)c..'c..~ of exl..~-utmn. ,ind gcncffil 
">1mphc11> The 1\\ue, d1 u,\Cd bckm arc ( 1) general .1rd1111..'C 
ture of 1hc \<:Ore main,; (1i) co11,1mc11on ol lht:' rnul11plc 
ahgnmem from "h1ch the m;nn, 1, dcrl\c<.L (111 ) \\c1~h1, ! ('If 

-.cquence, \\llhin 1hc mulr1ple .ihgnmc111. Jnd e,,tluarmn of 1hr: 
ettecu,e number of mdcpcndcm oh-.c!n..111011, 11 nm,111u1~ 
(i,) c,111n•U1on of 1arge1 frcqucn~:1c,. Jnd 1hc con,1rut.:11on ol 
m.un, -.core-,~(\) appl) 1ng BL\. T 10 J po,111011-,pcl:1l1c matm,. 
and the \ IJIMical c,alu.tllon ol -..carch re,uh,. \\·c d<1 not da1m 
our current 1mplemema11011 1, op11111al .• md H i-. h~eh tha1 O\er 
umc \Ome of lh detail-., ,, 111 ch.mgc # 

core m;urh architcc1ure 

lne alignment of J ,1mplc \l'qUcnce "1th a p.u1cm embodied b) 
a JXhlllon-1,pcc1fiL \Core main, 1, .1frno,1 complc1cl) .inalogoo-., 
to the ahgnmcn1 of I\\O , implc -.cqucm:c-,. TI1c 0111} real 
d11fcrence ,.., thm the \tore for ahgnmg a lcucr "uh ;.1 pauem 
J>O'illlon 1, g1, en b) the rnJtnx 11\Clf. rm her 1hJ.J1 "uh rclcrcncc 10 
.i ,ub-,111u11on m,nn,. For protein,. ,t qucf) of lcng1h / Jnd J 

\Uh-,1 11u11on ma1nx. of d11ncn-,1on :!O x 20 .ire replaced b) a 
po,111on-,pec1fic: rn,unx of d1mcn,1011 / x 20. Po,111on-,pccific" 
g.ip co,1; ma) be dclmed as "ell (J4A0). \, \\Ith p,urn,-.c 
-.equ_1..•ncc compan-.on. one m,t) choo~ among lind111g the he,1 
glob.JI .11Jgmnc111 ol the marn>i. and the ,1rnple ,cqucncc (2J J. 
finding Ilk! l~,t Jhgnmcn1 of 1hc complc1c main, "uh J -.cgmcru 
ol the \C4ucnc:c (41 ). and find111g 1hc bc\l local ,1llgnmcn1 of lhe 
main\ and -.cqucncc { 24 ). 

Po-,11
1on-,pcc1fi~ pr01e111 \COl'C matncc-. drJ\\ their po"'cr l rorn 

1\1.0\0urcc, TI1c hn.11, 11npro,cd e,um,111011 o f the! prob.1h1ht1C\ 
v. nh "hn.:h ,umno ,1ud, occur ,u, anou, paucm J>0..,111on,. lcadmg 
10 

.i more \Cn,111,c \<.:Ormg ')"tent The \l.~Ond " rd .. 111,cl) 
prcc1<,c dcl111111on of 1hc bound.tnc, of unpon.1n1 mo11f,. B) 
dcmandmg the complc1c ,1hgnmc111 of one or more mouh. r.uhcr 
ihan \C..~l111g an arburaf) loc;.tl <th!,!nmcm. the ,11c ol 1hc 'i-C'Jn:h 
,pace lllJ) be gre,ttl) l\.'tluc:cd. lhcrcb) lo\\cnng 1he Jc,cl 01 
random no1-.c. nlonun.ncl). 1hcn: .arc ma11) oh,1,Jdc, 10 
Jutorn.itmg "ell 1he dclmcauon of a -..c1 of mout.. from 1he ou11,ut 
ol a d.uab,1\C ..can.:h. The qucr) \Cqucncc m••> co111.11n .1 \ .me!) 
of different domam~. and ..,hdrc d1ftcrc111 , ub-..ct, of 1111:m "uh 
diffcrcm pro1cm, 111 the d,uabJ...e. Funhcnnorc. dcl111111g 1hc 
proper C\h!l1I of c,cn J , mgle rnouf rm.t) be chJllcngmg c4:!). 

ccordmgl). \\e ha\ c cho<,cn 10 forgo the potcnu.11 a<.h .1111Jgc, 
of re,1nc1mg 1hc lcng1h of our dcrl\t-d m,unc:c, .md rhcn 
~cmandmg 1ha1 lhC) be complcrcl) ,11Jgncd \\llh ~gmc111, of 

1 araba.,c \e(fuence'\ (4 l ). hNc:.1d. e::1ch main, \\C corhtnu:1 ha, 
\~~gih P':u...cly equal 10 1ha1 of rhc ongmJ) quef) -.cqucncc 
, en \.Carchmg rhe da1aba-.e wnh , uch .1 rnc11n\;. \\C -..eek lex.al 
~lignmeni... m full analog) to tho...c w ugtu b) BLAST" hen u,cd 
dor \ lnugluf rnard -,cqucncc- ~ucncc cornpan-.on. hnall}. " c 

o not aucmp1 Jo dcm c po-.i 11or1-,pccit i c: gnp ',('Ore-, for U\C "uh 
our po,111on-,1>cc1fic \ Ub\tllu11on,. ore,. hhlc .1d. m c:u.h i1cr.111on 
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111n ,h-.• •ru1 p,c-,. • u wr• itrwanirr !'11. t'ICPl'A "'TV, KV!f'hlv• f'U.t. r 
.f' ♦o •• It II• P • J 
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t ~urt' .t 111( mul11pk 1h ,mer:• .t&i: t Mo 1 ..... 1 B l \\J •hen the hunu.n lr.t~1k- hi,.11J11Y 1n..J IHIT1 J!mktn 1611 (S\\ IS', PROT .11.1.~,1,lfl nn l'l1f'•w 11 
\lll11JW'Nlt1 'i\\J\,f>ltO I \ llfU1 I -.: l1.1hM1r11hh.nc/ \ .llur<00I JIIJ .u-e ulo:n11IK'J m S\\I\SPROT.1\ ~ lon~tn!l' lo thc: l1lrt,um l) lb1d, M •11hm 

thC' II\ J.i&.ah.i-.c k"ll~ rq,rt''l('J)I 111(111 thJt 3,htm •1th \Jrk1,h ~rtlC'lll \ lwm !he 'l~ In Ulfl\ tnkllll!l' ~Ul'nc.t - '1~hl, tor (hc: tndk.Jlt\J mult1J,I.: .ii i ·nmc:nl 
'- 1lumn 1;1ltlt~puni.lmg10 r.,; kluc If of 1hc QU1.'l,.11t1I\ lhc ,h,..k.-,1 p.ll11un,11I tht mulupk- .ah!l'nnk'nt .ut u-.cd 1b 1 A H,.il .1l11,:nmm1 t•I rhc hunu n I I IT p-ucrnt o1llJ 
l/,n/7,-n:« fJU..to'(" I rfk"ph.dc 11r11.l~l}hr.v1 kr.a.v: 1M1 ,\\\JS\ l>f<OI a...1.C'"1on fkl P'\Pt-,..11 In 1r.. hN JIO"tU0n ~p.., 1lk. 11cr.1tkm. P\I Ill \ST 11,i::, thn 
11.1.nmrnt.1,uircol .J~ .i hu com:~1u,ltng roan / \JIUC\il -1 •IO~ •· "}mNtl,rclhtp.,.,.lli\ C' Bl OSl \I b!m.,.tm: ...._,~.t, ni tJ11.1111,:h .1 p.Nlklfl ,pn1lk. nurn , 
a,,u-.cJ11Ju111,1RktlhC'o1hpunrn1 t ) \ kllJI Jh~nm1..·m,,11hi:hunwi Bil rn111.·1n;1n J ~tJ , t 4i' 4i"' Pl PJ ti:1t.tphc"Ph,11i:: ~ ptliw-:-,Ll....: l tb-4 ,tS\\ ISS PROI ;ti.1..n ion 
,., PIM~h In 111. \n(ol p.,.,.111on ,p.·(11.c n~·1.i1,on PSI Ill \'ii rni::, thn, JhS:IUlll'III J "1.0~ ol -1 '\ J bih. u ltl'C .. pondmic 10 .1n f- ., .11~ Pl 2" lfl-' 

of PSI -BL.\ST. \\ c cm pin) lhi: '-Jill«.' g.1p \\.'(lrt:', lhJI Jrc U'll.'tl m 
1he hN. ,1rnplc Bl \Sr mn. Our ft:'J'-tm,Jre lhJt lhcrc 1, no good 
lheol) torda1, mg gJp ul-.1, trom ., muluple .ll1gnmem Jnd lh;.u . 
J, v. 111 he d1~u,-.c!d hchm. h} C\lhc\\ mg po,111on-,pcc11!c: g.ip 
'°"" \I.C c.m mak.t:' a lc..',NmJhlc c,11111a1c ol the ,1.11i-.11cJI 
,1gmlh.:.1nc..c ot ll'h: re,ultmp loc..11 .1hgnmcnt, 

\lulliplc ;1lignrnt::nt eun..,1ruc1io11 

To pmducc J mul11ple ;.1!Jgnrnt:'nt Imm the Bl \ST ou1pu1. \I.C 
,1mpl) collt..'c..l JJI d.11Jb ;1"1(' '>('qucnn• -..cgmcni-. 1hJt h,1,c bt.~n 
J11glk..'d 10 1he qucf) \\ uh / , ;._1luc bcl<.m J thre,hold. h) dcf.tuh 
'lei to 0.01 ll1e 4uer) 1, u,cd ·" •1 n1;1..,1cr. or tcmpl,nc. lor 
1..-oo,1ruumg a muh1plc ,lh!,'!nmcnt \/ \n) ro\\ (1c .. d,11.1ba1.,c 
\Cquencc ...cgmcm> 1c.knt1l·JI 1u 1l'h..• qucf) '-l'gmem \I.Uh "hic:h II 
ah~n-., J\ purged. and uni) one c:op} 1, rct;.11ncd or Jll) m,,, 1ha1 
are >9 c-;. 1dcm1c.1I w one .111mhcr P.urv.1,c ,1hgnmcn1 L·olumn, 
that 1mot,c g.1p ch.irJ1..ll.·r, m"'--'ncd 11110 1hc tjUCr) .m: ,1rnpl) 
1goorc..'l.l. '-tl th.u \/ h•" c\,ll.11) rhe ,.unc lcng1h ,1, the qucr) 
lk~au,c \I.Can: de.ti mi" 11h lo,.11 .ihgnmcnt-.. 1hc column, of \/ 
ma) 111, ()1\c ,.11)111g nurnll\.'r, ol ~-qurn<c,. ;.md man) column, 
m,i) mc:luclc rmthmg hut 1he qucl) \\c m,1lc no <.utcmpt to 
1mprm c \/ b) l ·omp.mng d.11.1h.1-..c "'--'tlucncc, ,, uh one ,mm her. 
or h1 Jll) Olht:'r trnc mul11plc al1pnmcm pnx.:c..xlurc 

A, \\Ill he d1-.c.:uv,cd. rhc m.un, <tc.:orc, 1.:on,1ruc:1cd for .t g,,cn 
aligrnnem column ,hould di:pt:nd 1101 onl) upon 1hc rc,1duc, 
.t.ppeanng lhcrc. but upon tlmx- m t)thcrn,lum1h.l'I \\ell Tn m.t~c 
1h1,dcpcndcnl\ t:'.1,\ 1n tom1ul;1tc lnmc..·,cr. ,,c nl-cd to prnnc our 
ra"' multiple :,1ign;11L"nl \/ 10 .1 ,ampler ·,cdunxr one. 1111, 
pruning •" done mde1x·ndi:ml\ lor c.Kh column. "° 1hc reduced 
muh1plc <tligmm:111 \fc "111 11; gi:ni:r.11 , ,u) lrom one L·olumn C 
10 rl~ nc,1. To con,1niu \/(". " c l1r--1 ,pcul) the --ct R of 
x~ucnc.:c, II mdudc, tn he c,.11.11\ tho-..c 1h.11 contnbu1c: .1 rc,1dur 
lo column C \\ \.! 1hcn ddme the..· ·u1lu11111, of \le 10 Ix: 1u,1 1ho-.c 
column,ol \f 111 ,,hich .1ll 1l1c: ,1..•quc11t:c, of N .ire n:prc-..cn1cd. B) 
COO<iill\Jtllon. the ft:'duccd multiple .1hgnmi.:111 He- ha, rc,1duc, or 

gJp chamctcf"'i 111 C\Cf) fO\\ .md column ( l·1g. 5J) .• md ,, therefore 
amenable 10 the \anou, 111J111pula11on, dc\l:nbcd belo" 

Sec.1uc11ce ,u.~igh1, 

\\"hen romtruttmg a -.core m•Hn:-; from a mul11plc ;.1hgmnc111. 11 
"J m1,1J.l..c 10 g1,c all 'il.'C.JUC11<.:c, of 1hc .1l1gnmcnt c..-qual \\-C1gh1 

l..1rgc \Cl of clo-,cl) rclatc..'f.l '-C.'<1ucncc, c:amc, hulc more 
mlonn,1110111han a ,mglc mcmhcr. hur 11\ ,11c alone m.t) allo"' 11 
c,1\1!) 10 ·ou1, 01e· a ,mall number of more d1,cfl?em ..,,.,"llucnce, 
One v.a) p.N 1hi-. d1f11cuh) 1, 10 a,\lgn "c1gh1, 10 the ,anou, 
\C.."f.(Ucnu:,. "uh 1ho-.c hJ\ 111g 111.111) do,c rcl,111, c, rL't:c1, mg 
,rn.tllcr \\eight Them.in) -.cqucrk:c \\C1ghtmg mc1hoch th.u ha,c 
been propo~ (·B 5 1) ollcn produce rough!) cqu1\,tlcnt rc,uli... 
Becau-.c ol 1i.. \JX,'t,~ ~nd ,1111phcll). \\C hJ,c 1111plemcmc<l <I 
mod1f 1cd , Cf",1011 of 1hc ...cquc11cc \\ c1ghung mc1hod al I lcmloll 
.md llc111lofl C-17). G.ip ch.1rat:h~J'\ arc treated .1, ., 2 ht d1,tnll.t 
d1.ar.:it:1cr. and Jll} column, COJN\lmg of 1den11c.1I rc\ldue, .u'l.!· 
ignored m l,1lcul,umg \\Cll:111_..,. In -,pe,1krng ol .1 column·, 
oh--cn cd rc'1due fre4ucnt:1c, } 1• \\C ,h.111 hcncelonh m1..~.111 11, 
\\Ctghtcd r.uher 11, r,t\\ lrc..-quc11e1c,. , 

In co1Nrut:1111g mJtn, -.core,. nrn onl) a column, oh..cn.l..-<l 
rc,,duc 1rc4ucnc1c, .ire 1mpon,1111. hm .il,o the clk'<.11,c numhcr 
of mdcpcndcrn ohr.,cr, ,ii ion, II co11'111u1c, a culumn con,1-.img nf 
,1 ,mglc ,.lime .rnd ,, ,mg.le 1--0lcucmc camt:', d1llcrcm mlonn.1 
1mn rhan oncton,1,1111gol f1\c mdi:pcndenll) oc.:-1.:urrmg tmlanr.:c, 
ol eJch ct:orcimgl). \\C need toc,11111,nc 1hc rel.111,c number \c 
ol mdcpcndcnt ob,cr. .1tm1h co1Nnutc:d h) the .ihgnrncm \/c \ 
, 1mplccoun1 ol the numbcrol ..equcncc, 111,\/c· 1,,1 poormcJ,u~. 
tor JO 1dcnt1c:al '-<--qucnt.:c, unpl) IC\\Cr 1ndcpenden1 oh\Cn ~t11011' 
1tmn do 10 d1,crgcm one, \\-c thu, pmpo-.c a, .1 ,1111plc lil"lt 
c:,tun.nc lor c 1hc mcJn mm1~r ul d1flcre111 rc,,duc I) pc,. 
ir1<.:luding g.1p chJr.tlter-,. oh-..er. cd 111 the, .inou, colunm, ol \/< 
1111 , c,11111,11c " dt.:,lrl) 1101 1dc.1I. :1, 11 ,:1iur:11c, .11 21 no rn.1t1cr 
ho" m,m) 111clcpendc111 -.cqucnce-, ,ire con1.1mcd 111 Mc I lo" i:, er. 
lor the d.11 ,1 \\c .m:: hlcl) 10 r.!ncounter. \ c 1.., l)pttall} mud1 

• 
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,mallcrth.m 21. and 1hercfore pcrhap1.o J good enough appro>.1mn-
11on tor our purpthe,. , v. 111 be -.een. 11 1, nol Lhc ab--olutc , ,llue 
ol .\c 1ha1 1, unponant. hut r.ilher 1b rel au, e , aJm: from one 
c.:olumn 10 JrKllhcr. \t 1, cv1cn11all) 1he \ame mca,;,ure of 
allgmncm \-,tnah1lll) ,1, 1hJ1 pmf'.)('N..--d h) I lemlon .md I lemloff 
(52) lor u-.c m J d1llcn:nt m,mncr. 

J'hrgel rre(111enc., e--tinmtiun 

GI\ en a muluplc JIJ!!nmcnl. man) method, for gcnemtmg -.core 
rn.um:c, hJ,c hc.-cn ,tt.h,m,cd (:!, .nA2.52~ 5-l). 1bc pre-,cnp­
uon "nh pcrhap-. the.- ~,t thcoreuc.:JI found.111011 1,;, 1h,ll the ',(;Ore, 
for a ,pt..'C.:tfli.: pattern rx,-.nmn be ol 1hc fom1 log (QJP1). ,,here Q1 
"1hcc,11m.1h:t.l proh.1h1III) lor rc,1duc, 10 he found m th;U column 
t29.10J2.:n.16.:'7.-t!5~ '.'4). Thi, lc.1,c, open 1hc quc,11011 
hll" lx,1 10 e,umah: the Q1• 

GtHm .t mulupk ahgnmc:111 Im oh mg .1 large numhcr of 
indcpcnJcm '4..~uc111..~,. the c,1m1.1tc of Q, tor a ,~c1t1t: column 
,tlOUld t.Omcr~c ,1mpl) 10 the oh",Ct"\t..-d tn.-qucm.) al re,1duc t 111 

thJt 1.:olumn. lkmc\Cr. m add111011 10 the -.t.-quc1'k.:c "e1ghtmg 
1,,uc-. d1"-'.:u,'l'tl abt,,c. l.11..-uw.. 1h.tt compht.~nc e,11ma11ng the Q

1 

mcludc: ,mall -.ample '1/C ( .10}. and pnor lno" h.."Clge of relauon. 
,hip,. Jmong 1th: rc,1duc, l 16.~75.11. \Jriou, ,1ud1c, ,uggc,t thJt 
the be,1 currenll) J\,UIJhle mc1hod lorc,um~umg the Q, 1, thJt of 
Dmt.hlc1 m1,ture, c'.':? '\61. llo,\C\cr. tx.,·au-.c n olicn pcrtonn, 
lll!J.rl) ii\ \\CII (52). and due to lh rclatnc ,unphc.:lt), \I.C h:\\e 
implemented 1hc da1.t-dcpcndc111 p'4:udocount method mtro­
dui:ed b) Taiu-.o, ,., C1I. C.17). 1111, ttk:lhod u-.c, 1hc pnor 
lno" k-d)?c ol ammo a1.:1d rela11011,h1p, crnbod1cd 111 the ,ub,111u 
ll<>n m.tlm; .,11 to ~cncrJlc re,1duc p-.cudou,,unt lrequcnc1c, i:,. 
"lud1 Jre a,cragcd "nh the oh~l'\t..'tl ll\.'t{uc11t.1c, / 1 10 c,1m1.t1c 
thcQ, 

Spc.."t.·1tu.:Jll). for .t pl\Cll rnlumn C. "e com1ruu p-..cudo(..'ount 
frl.-quen1.:1c, i:1 u,mg the lonnula 

J 
_,,'I 

"here the C/iJ arc the 1argc1 ln."qUCn<..·11:, m1pht:11 m 1hc ,uh,11tu11on 
rn.11n,. and g1,cn h)- cquJllon J lntuU1\cl). lhO\C rc,1duc, 
l.1, on.'tl b) !he ,uri,111u11on main, 10 .thgn v. nh 1hc rc,idue, 
a<..tu.dl) ob,c.:ncd rcrc1,e h11?h p-.cudtx.-t)Unt ln:qucnc.1c,_ \\ 'c 1hcn 
c,11ma1e Q, h) 

Q - tl} + p~ 
"+ p 

\\hen.- CL .md P arc the rdJll\e \\C1ghh g1\en 10 oh-.cl"\c<l .111d 
P'>t.'u<lcx.:oum rc,1due lr<..-qucnt.1e,. So thJI 1he \<:Ore, "C 1.:011,trucl 
"111 reduce 10 , 11 111 «.:olurnrh "here nmhmg hJ, bt.-cn .1l1gnc<l 10 the 
4UCr) '4..'qUCnu:. \\C let u = \c I p rcm;.uth .111 .irbnntI) 
~udtX:(lUlll p.,tr.unctcr. the IJrgcr Ii.., , Jluc. the gn.-J1er the 
cmph,1,1, g1\ en 10 pnor lrlO\I. ledge of rc,1duc rcl.11mn,h1p,, 1, J 

\ 1, tlh-.cl"\1..'(I rc,1duc lre4ucnuc, \\e hJ, c lound empin<.:all}' th::u. 
111 um1un<..11on v. llh our method lor cakulJllng a. a rc,t\011.1bl) 
good -<llm!! tor~ ,, 10. 

Bl. \ ST :.11,plicd In 1>u,it iun-,1>el'ific , t·nrc mat rice, 

Ille 111111,,I ,1cp ol lht.· Bl ,s·1 .1lgornl11n h 1hc 1.:on,tru uon of a 
li-.t ,,1_,\ord, 1h,t1 .1!1gn lo 4ucr) \l.ord.., "11h \l.Orc ,11 lca,1 / . Onl) 
mmm mod1lu.:.111on, 10 the t.·oc.lc .ire 111..."(·c.,...Jf) tor thh , 1cp lo be 

perfonncd on .1 query 01hI'\11ng of a po,;,111on•,pt.--c..:1lic matri,: 
rmher than a ,ample -,equence. 111c \ame hold, for the ungapped 
and gapped e,1c1h1on , teJh of BLA T. One 11nponan1 I\,ue i~ 
whether 1-.C) parameter\ , uch 3'.'I TandX g• u,cd .it , annu, hcun\Ut: 
,1agc, oflhe algonihm .md tuned to_wnple -,cquem.:c compan'tOn. 
can be :ipphed unch,mgcd lo p<hJ11on-,pcc1llt: m.unu:, v. 11hou1 
degrading undul) euhcr 1he ,peed or ,en'11I\ II) ol databa"iC 
...eard1e,. We approat:h th1, problem b) cn,tmng 1ha1 1he \C.:tlc I.,, 
of the maim ore, produced uucmalli b) P I Bl \ST corn,. 
,pond, 10 that of 1he ,uh,rnt111on mJlfl\ ,IJ' In mhcr "ord,. "e 
calculme 1he ,;,core, f r a column ol the m.un, ~1, (ln(QyP1WAu. 

There 1, no anal) tic 1heor1 \\ 11h ,, h1t:h 10 c,1I111.1h.· the ,1.11I,11cal 
,,g.mlicancc ol J gapped ahgnmen1 ol J )Xl\111011-,pcclfK \l:Ore 
m,nm, and .:1 -..implc "--"'<lucn,c. lln\\c,cr. one ma) h)pothc'11~ 
that tor .i \t.:orc matn~ con,;,1ruc.:1cd m the ...amc \(.;Jlc .1, .\1J- .t ~men 
-,ct ol gap co\l, ,hould produc.:c 1hc -..unc gapped ah!!,nrncm \t:ale 
par.tmc1cr ~ J..\ lor \11. Thi, \\OUld he COll\ClllCnl. hct:au-..c then 
I I-BL\ T i.:ould c,umalt! ,1.111,11c.1I ,1g111lu.:;.uu:t Y.llhom 
e,pendmg after c,1ch nerauon the ,ub\lJ.ntiJI 1Imc rc4uirc<l lo 
e,11rnatc Ag .tnd Ag b) random ,1mulat1on. To tc,1 1111, h) potlJC,". 
"c pcrfonm,..-d a number of ..,,.111,ucal 1c,t-. on PSI Bl. \ST 
gencm1ed \COl'C m.ttm:e,. \Caled 10 ha, c ""' = (). "l 176. the , .1luc 
.ipphcable to pre, 1ou,I) publ1,hcd BLO. L \ I 62 ,unul,111011, (]J 

F1f\t. \\C \Can:ht"d \\'I S-PROTu,mg.i,qucJ) 1hc lcng1h-567 
mflucn,a A ,1ru, hcmaggluunm pn.--..:ur.orf27). ,md <.·aplun!d 1hc 
\Core m;.11nx con,1ruucd b) P l•Bl.AST from the I:! lt.){JI 
al1gnmcn1, "nh /:-value S0.01 \Ve 1hcn t:OmpJrcd 1h1, matn:\ 10 
10 (XX) random '-t.."'\JUC11Cc, of length '!-i67. gi:ncr.ucd u,111g the 
ba1.:lgmund ammo ac:1d frequenc1c, of Robm\On and Robin-.on 
(20). A gap ol length I.""' charged a cost of 10 + I. mmh of 
1hc op11m,1l local .thgnmcnt \Core,. cakul.ncd u,mg Jn ,,ppmpn­
atc!) mochftcd \.Cf\ion ol the. mnh- \\.a1cm1,m .llgonthm (24). 
,in: plolll'd m hgurc 6 \l,o ,ho\, n " the lx\l f 11t1ng c,1rcmc 
\.tlue dl'lrtbuuon n.15) "h1ch. u,mg the cdgc-clfcc1 corn.'(;llon 

dc"nhcd b) Alt\C.:hul Jnd G"h n). h.:t, ,1Jll\llt:JI parameter\ }'1-
= 0.2':, I Jnd K,_ = 0.0.11 It" appan:1111ha1 the d1,tnhu11on f lh 1hc.! 
random lnal re.1\0nabl) "cit a x1 gocx.lnc,,.ot Ill 1c,1 \\1th '.U 
dcgrt!c,ol fn.'t.'(iom ha-. ,.,Juc4 I .. \i.h11.:h" I0,,cr1han one Y.ou ld 
C\pl,--..:t 2(Y( of 1hc tune C\'CO \\Crc 1hc 1hcol') pre,1'CI) , ahd Thi\ 
,upJlOn, 1hc idea th.11 the \IJil\llcal 1hcoT) d~\tnhcd .1h0\ c 
,1ppl Ic, 10 local ,111gnrncn1' of po,11 mn-,JX'C I fie \C"orc m<llm.:c, and 
,1mplc -.cquencc,. 1~unhcnnore. 1hc c,t1matc Ai? O.:!) I o.oo, 
J!!I\.--C, 10 \\ 11h111 cxpcrnnen1al error "uh 1hc hlluc () 255 
pre, 1ou,I) puhll,hcd for lhc\C gap (..'0\h 0). S1m1l.1r agn."Cment 
\\J, oh1.t1ncd "1th ,1 number of other pro1c111 -.cc.1uc111..c, .1, 111111JI 
queI) frc,uh, nm ,ho\\-11). an<l mall cJ,c, thi.: much Jc,, 11npon.u11 
K p.1rarnc1cr could he c,11m.11cd ,1nuratcl) .h \\CII. In t!Cncral. 
,alue, or Ar for the comp~tn\Ofl or 1")(),J1It.m-,1,culn.: \Cort.: 
matncc, "11h ,1mplc "'-"<-1ucncc, .tppcar 1od1fler b) <:!rt lrom the 
,;.1luc, for ,1mplc paIrv.1't' \Cqui.:ncc compan'°n L·,111g 1he"~ 
precomputed , .ilue\ tor )"I ,houlcl thu, c111~111 an error of le" th.m 
one bn for P 1-13 /\ST ,core, <50 b11,. corrc,JX-mdmg 10 .1 t.1uor 
of lc,1.o 1h;.m mo 1111hc c,11mn.1Ion or ,t.t11\11c,il ,1gnil1c.:ant.:c 

PERFORMANCE EVALUATION 

To lt.:\l more dmx:tl) the ,1:.Ul\llc, u-,cd b; p l•BLAS'I. \\C 
compared qucr) ~qucncc-, from 11 ldfgl! and "ell char.11..tcn1cd 
protcm IJ1111he, to the \ ISS-PROT dm.,ba\C. and th..:n ran 1hc 
J)(hJtion•,J)L't.:1!1<.: ,core rn,I1m:c, gl!ncr.ucd ngaIn,1 a ,hufflcd 
\C"1on ol the ,~unc d,llJb.1"-C. l~or cac.:h lfllCI). \\C recorded 1hc 
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Fi~utt 6. The J1,mhulklf1 ol ••JllmWI lu,.,,I .111 'fVlk:111 "'-llf(' lrum the 
llwrtpM'l'lllfl ul .ii J"l.""'llklf'I ,r-...-.;11-.: "-'"l' 11,Jln\ ~llh ID 111(1 rJnJ..1111 J'lfl>l,.:111 

.a{UC111.c, n.r...._,tfcIDJlrl,~o1,u,n,1rt11.tl-Jll) JX,I Hl \')l lwmthc l~Xl,,11,..d 

MIJMIC'tlh '41th I ,,dlk' "'0111 lounJ III o1 ....-,,h.h vi 1;\\ I\\ PROT \hJOg o1 

QUC1) th,: kn~lh (it,l mlllk.'"IUJ \ \lr\h hc-m.1i,:~lu110m rnxur.cir12,,1S\\ I\S 
PR.OT .a:i.~,t(., no l.lflU"l(i) lhc fo&l'k",m ~1.11;1w.:e,. e.11.h ,~11cn,:-1h (i(,7 v.ert 

grrnmi1~ u,mg the .umnn oM.iJ 1rcq1K·1w.:k''- ol R,~m"'lfl .ukJ K1>hm"''lfl (!()) 

OrcJITlo\l kx:.tl o1hp:nmcn1 "-u,c, ~('IC lJli.ul.111.-J u,mg 1ht- p,-,111un ,rc·ulk 

m.&Ul\"1\:llflJUO,..ltO!l~Jlh 10+.&. j!JjlU""-h Tlk'ntremc\J.llk'J1,1nhul1<lllth.t1 

be\l li1,1hed.au ,,.1,, h rlnlll'II \ ;c' g:u,idnc-.,-111 hi"-""' ~,th ,.i Jc-grccH1t 
htokcn h,h \J.luc 41 ti( lone p,c11.hn~ to JP \,due ul fl ~I 

k,\\e...t r -,i.llue found . .1., \\CII ,t, 1hc numht.:r of .Jiuflk..--d 'lt.'tjUCilCt..'\ 
)lt'ldmg /-.-\aluc, ~I .tncl 10. ! ·or c.:omp.:u,,on. \\C pcrtonm.-d the 
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idc011ca/ 1;hufflcd-dmabasc IC\I on the gapped and ongmal 
1ers, n;, of BLAST. To reduce the prob.ob1l11) 1ha1 lugh-sconng 
ahgmncnh Yvere m1\~ due 10 lht: heun\llc nature of 1hc 
algon1hm,;,. we performed thc,;;e IC\I\ Yvllh 7 = 9 rather 1han the 
dcfnul1 value of 11 ·inc rc,ulh arc gI,cn 111 Tahle 2. For 1hc I I 
qucnc,. lhe median of the lo" P 1-BLA T t•,aluc, "'"" 0. 7. 
"h1 h corrc.,pon(I\ io a mt•c.han P-value of0.5M t .9l. The mc.111 
number\ of ,huffic.•d d.unba~ '>CCJUcni:c, \\-Jlh f.".v.1luc, < I .m<l I 0 
\\Crc I .0,md 8.7. re,pccllvcl). "11h111 20", of thC:c:\pt."Cle<l \Jluc, 
of l .Oand 10.0.111c e4m\ ,tlcm te,h tor1hc ungJppcd and gapped 
\.Cf\100,ot BL.A T .il\o) 1cldcd rc,ul!, 1ha1 d1\.CJl!t..~ from then') 
b) <.'\O', 

The Jb1l1t) 10 c,11m,t1c \\ 11h re,Nm,1hlc ac.:cur-.tc) the ,1l:!n1fl­
c.:am.:c of g.1ppcd lot.:,1I matn\•\.l·quenc..:c .thgnrncm, pcnn11, u, 10 
aumm,uc 1hc comtrut.:1I011 of 1x,,u1cm-,f)(.'t.:1fit: \Core maincc, 
dunng mult1plc 1ll!ra11011,ot 1hc P I BLAST program. \ ltcrcJch 
llcriltion. \H~ generate J nc" 111ul11pl!! allgnrncnl ,nnpl} b~ 
«.:olk~tmg 1ho-,c ahgnmen1, \\llh /'. -,alue lo\.\-er 1h.m a <ldme<l 
lhrc,hold An Intcrac.;11,c ,er...1011 of PSI BL\ T JIIO\\\ the u\Cr 
10 o,cmde either the mdu,1011 or c,clu\1011 ol \pt.."'t.:1IK kll:.JI 
al1gmncnh Once a gl\cn d.uaba\C \c:qucncc h,1, been U\(..--c.l 1111he 
gc11cr.1t1011 of .t JXNllonw,pectfu.: -..core matn,. lo" /- -,,due, lor 
th11.o -,cqucnc.:c .ire vinuall) guaranteed m futurc llcratu)n\. tor tl"lC 
...equencc 1, 10 J ccnam c,1en1 bcmg compJrcd "Hh 11\CII The 
b1olog1cal rele,Jncc of P I-BLAST output thus depend, cn1I 
cJII) on .1,01dmg 1hc m,IppmpnaIc 111t.lu ... Ion ol \Cqucni:c, 111 the 
mul11plc alignment c.:011\lruc1cd pc..-c1fical1). the ullhl) ol the 
"><.:Ore m:-ttn\ pnxluccd i, 1mmcd1~11cl) , 1t1atcd b) 1hc mdu,1011 of 
•tn) allgnmc111 1moh mg ;.1 region ol high!; h1.t\Cd .unmo .tud 
t:0111JXhll1011 {57.5 ). 

G•l'f"'d BL\\r l'>I BL \ST 

l<•• ,u 111 \\'q, l<•• ' o ,,1 -.cq, 

f-,.alllt' ~llh / -,.1Ju~ f ,.a!IJC' -.11h / -,.aloe 

SI '!:JO SIU 

111 Cl l)IJ.l 

um, I < (I 

'" 0 11 II 

0 ,1 u 
ll·ltl ,. Ok7 I 

on 0 II II 

OMI I< II 

Oil OCNI\I • . ' 11•"' t< 

" II II \fl 

U.?6 I• 1171/ Ill 

11 . I "" 711 ti 7 IO '1 
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Tahir J. The number 01 S\\ ISS PROT <,equcncC\ > ,cldtng JIIJnmcol\ wi1h f ·\.tluc S0.01 J.nd rtlJuu~ ruMml! rm~\. for Srmlh \\Jtcnn.m ,mJ \Jnou, \C'f'tOnl. 

01 llL-\ST 

Prolcm l,urnl) Ou<') Smnh \\ ,.ucnn311 Oni1rul Bl AST u•rr<J Ill \ST PSI HI \ST 

Senne pro!C.l\C P007b2 zn 27l 2?-i ~"ih 
Snlnt rrocc.a~ 1nh1tl1hlf f'OI( IOI< IOS HIM II 

R" POIIII 2c;c; 249 2.Ci2 ,,, 
Globm P022l2 11> :,:.. ti.,.\ 

Hroupelutmm P{J\.H'\ 1:?i-. 114 121'i I lO 
lnlcrlcrun a PO~0I\ " " 

,, <1 

Akoh.11 dth)dtogtn.l\C P07\27 "" 12K 11' lt,0 
lh\l.xomp.111tt1ht) ~111tn PIIHI 262 241 2<11 '" C')tlllhmn~ PJCifl PIOM'\ 211 101 211 "4 
GlulJthN~ lf.&n,lcr.aK PIJ'l.42 " 'O Kl 41 
J-1"-tr.m,J-"llftUlC \TP ,)nlh.1-.c P207o'\ IQ~ 101 IQ'.' 207 

\onnah,cJ r\JMmg llnM: ... Ill ()\4 '" 
To "'-"t'ff md c,.lll.Wc the ,igmh.,..IJlLc of the ahprlk'nh t~w.mJ. 1hr IJf'll!tn.d BL \ST pt1'1)!r.un U'lt: BL OSl \I fl:' ,ut,..111u11<1n ~o'"-" 1 lst.u1<I \Ulll ,1.,11,tM., 
The Smuh \\.11cmun .ulJ JJrf'C'd BL.\ST pmgraoh U-.(' BLO\l \IM ,ut,..111u11on ~(tr,e,, 10+ L ,Jpcc..,.h .• mJ the: ,1.tu,111-, ol t'qu.mnn, I .111.J l 111 lttrilUfllhon 

v.uhlhct'\ptnrntnt.dl~ dr1cnnmcdp.ar.amc1m "f •O :?<li<li and A OCH<li1,1 PSl·BL .\liTu'IC',1ht· .._.mt ~J(lHhhanJ). hut.tpplic,llod,e ,.._ .... ,1,on 'J\\."llhl "-rtt 
m.llmt:elfhll'\klcdln"lflltht11U1pu111lthe~BL.\. Trun Onl)oncPSI BL .\ST1tc1o11111rl1\t"\<'l.UlcrJ \llthl'l:'c81 \\l pn~r.u11,u'oC'lhc~r,u.11tk'lU!lt:ll1np 
~\ m T.libk :?.ntqt th.at T 1,\Ct 10 11 ,.,.,rm.th,cJrunnmg llnlC',.ar(' 1hc me.an rlllkll'I pr r;un rum1mg umc 101h.t1 ltir 1ht- OflJ:ltlJl Bl \~ I Thc: IUT'lt' lor P\I IH \SI 
tntludc, tht- Um< for lhc uuu,,J BL \Sl \C,m .. h 

To compare the pcrfonn,1nc.:e of the ncv. A?appcd , c"'1on of 
BLA T and '" I I-BL.A T rncn,1on to 1hat ol the mnh 
Wa1ennan algonthm 124) and the ongmal ungapped Bl.A 1 
algomhm. v..c emplO)t..-d rhe \31TIC 11 quef) -.cqucn1.·c, 1ha1 v.crc 
used abo,e 10 m,e,11ga1e the accuraq of PSl-81 \ T ,tau,111.: ... 
Becau\C •• 1, ,hov..n, the\C ,1a1I,tK, arc qune accurate. v.e ma) u~ 
the number of ,1at1'11tall) "ilgn1IK..i.nt \Ct1ucncc, found m .1 
daiaba~ -.,carch a, a rea.\Orlahlc mc,hurc of .llgoruhm ...cn,111, 11) , 

\\'c cmplo)ed lhc Heon I, program. ,eNon :!.Ou5-J. Imm 1h~ 
F~ 1a pad.age <2) 3\ our 1rnplcmc111J1Ulfl of 1hc Smnh \\ J1erman 
algonLhm L,ing each lll the 11 quern~,. \\e -.c.m.:hcd \\ ISS 
PROT "nh each of the four program, 1, ·e ,h,m m T.tblc 11hc 
number,, of \C<JUCnl·c, found v.nh I ,aluc S0.01. J., v.cll a, thc­
a, crage m110 of running umc to th.u tor 1hc.! <.mgmal Bl \ . T 
program. Ba\Cd upon \\ IS PROT .mnmJ11on. all \CljUCncc, 
recorded m TJble 3 appear to ht: 1nx.- I.urn!) mcmhel"\. v. uh the 
cxl·epuon of one of the lov.c,t•',(,'.Onng alignmc111, lound h, 

muh Watcnn,m "'hen applu .. -d 10 the lm1ocomp.111b1ht} ant1icn 
quel). and Ille lov.c,1--.conng alignment found b) the ongmal 
BLA r ,1pphcd 10 the hcmaggluunm quel) \ \ Jule 't)mc 
Jl1gnmcm, 1mohe h)J:>o1hc11i.:al protein,. 1hc p.mcm ol con• 
',Cl"\cd rc,1duc, m ..i.11 ,uch ca-..e, ,ugge,l\ a true p(NIJ,e 

'can be \een, the gapped BLA T progrJm run, on .1\ cmge 
rhree tune~ fa'itcr then the ongmJI. ,1ml 111 all bu1 one l:a\C 

c1;.an11ned lmd, J grcJtcr numhcr ol ..,,.111,11'~111) ..,1g,11fic:am 
:il1gnmcm,. It nm ... >100 tnnc ... tJ..,lcr lhJn ·muh \\a1erman. ffin 
for lhc combined 11 quenc, m1 ... \C-, onl) eight ot the 17.W 
, 1g111fi ant ,1mllan11c, found b) 1he ngomu, algomhm. 01 the~ 
eight. onl) one hJ, .in f. -,aluc <0.001. and another Jppca~ lo tic 
a r.indom J, o.ppo...cd 10 a h1olog1call) mc,mI11gl ul "mlfaru). The 
,core ... produlctl b) g,tppcd BLAST for 1hc l7ll ,nrnl.mtu:, 

11 
find, chffcr from tho..c produced b) 1he mnh \\ .ttcnnan 
Jlgoruhrn m onl) I\\ o llht,m c .... The d1-.(;IX.'p.ml) .m...c-, m both 
CJ -..e, from an x, pararnc1cr 1h.11 ,, 100 lo" rather 1hm1 from an 
1~~orrec1 choice ol ,ccd. Thu, de,puc 11., , irnpht1t). the 
-.ccd•...clcc11011 hcurh11c.: I\ c~trcmel) accuraIc. 

\ \Can.:h 1hat mdudc, .1 ... 111glc P ·1 Bl \ST 11cr.uI011 ,1111 run, 
la,tcr 1h.in the ongmal BL.A T. .ind -m 11111c, 1~1,11:r than 
mnh \\'J1ennan. hut ran m man) c.:a ... c ... he: mu<.:h mo~ --cn,11I,~ 

fl lmch c,er') 1ruc- pchI11,c returned b) Smnh \ \ Jtennan. 001 
lrcquen1l) mJn) mhc"' a, "ell I fer., on!) a ,,n~)c PSI 131 \ST 
llcratmn h," ht..-en ,·on,1dcrcJ but. a, 1o1. ill he: '-.CCn hc:1t,1o1.. muhtple 
ncr.11I011, can }lcld c,cn bl·th:r re,uh,. h1rth~m1ore. ,,c ha,t 
found P I BL \ST 10 ~rtonn heuer on -.can.h~, ot the non­
rcdundam pmtem \C4ucnce d.11ah..1~ mam1.11n1..'tl h) the , cm 
«59) Ihan on \Can:hc, of \\ IS -PROT. 1~1..\ tu-.C of 1he gri:.ucr 
number ol ,1g111fil·at11 ,11111J.m11c, 1h.11 .m: lound h) 1hc 1111ual 
Ill. \ ST run 

For the panicular e\itmplC\ m Table 1, 1hc PSI Bl \ST 
ncmuon laf..e.., no11ceahl) longer than 1th: gJppcd BL \ T 
11crn11on. due pnm,lnl} 10 the time needed tu corl\tntct 1he 
JX),11mn-,pc~1fu.: '<.:Ore main, lrom 1he l.1rg(" numhi:r ol ,1{!111h­
l:;.1111 loc,al ;.1hgnmcm, foun<l h) Bl \ <;T l·or qucrie, 1h.n 1ctum J 

\11\JII nurnhcr of \l{!mlicam allgnmcm .... c.i<:h PSI Bl \ T 
ncr..i.uon n..~um.:, more nc.irl} 1hc ,ami: 11rnc .1, B l \\I 

PSI-BLAST EXAMPLES 

In m,lll) 10\l,lfk:e,. PSJ-81 \ r I\ .thli: ,llllOnl,llli.:Jlh lO Ufk"()\l.!r 
b1ologxall} mtcn.....,,ung ,111111.mu c.., that clulk: ,uni,lt.• du.1h.t-.c: 
-.CJ.Jt:hc,. \1uh1plc 1tcrat101l\ ol PSl-131 \ ST .tre '-fllllCllll"k ..... l\.'C.JU!n.-d 
10 n.x:ogm,c tl'k! Im,re <l1,1.u11I) n:li.111..-d pn)lcm tJ.mtl) mcmhcf't. \\c 
here COINcler 1v.o reprc-.cnt.111,c t:J.'t.. ..... m gn:.ucr &.·t.11I 

HIT protein~ 

I lolm ..uxt 5,Uldicr t60J tk·'-<.:nl:\! hov. "<.omp.tn"lltl t)I 1hn..x·-<.l11ncn 
\ 1 11,11 ,1ruc1urL'\ 1 ... Jble to 1dcmif) ,1gn1ficant ,mulJnt, hct,\c..'CII 
lu ... udme triad (I In) pmtcm .... anc.l g,1l.1lto-.c- l -pt10,1ll1.11~· unJ) I) 1· 
trnrhfor-.t.'C {G1rr, pmtcm,. hKl'C.'<.I. u..,mg th!! hum.m I lrl protc.:itl 
(61) a. ... qucl). , t BLAS1 \C,tn:.:h ol \\ I -PROT re, e.11, hn, ,, nh 
I A,tluc <0.01 onl) to other I lfl pm1c111, (h g. )J), n ahgnrncnt m 

!he r:ll Ga!T protcm (621 h.t, 1hc only margmally , igmr.cam £-value 
of 0.012. PSI-BLAST -.c,trCh. u"ng U,c score matm gcncmted 
from the , 1, ahgnmcni, 1llu,tmh .. 'CI m Figure 5a. can Immedimcly 
cemi...,-11 confick..,x:c m the h1olog1cal relevance of th1, , unilanty. The 
£-,J.luc of tJ"k! ,11111I.uit~ "1th rat Garr dl'Op', 10 2 x lo-4. and an 
ahgnnk.'1ll tO /lmmop/11/m 111Jluu1:ll<' G~tll C6l) Cl-;1g. 5b) rccc1\C\ 

the C\\11 more , 1g111lkJnl / \ .tllk.' ol -l JC IO <Ii f1lC\C \lllldanttC'\, of 
l..'oor,,c . • m: mk.:m ~l\.'O u,mg no ...rru1..1ur.tl mfonnauon. In Jddutclfl, 
00 1h: nc,1 111..·ra11on. PSI RI \SI find, a ,tmngl) \lgJUfi<:a111 
ahgnmcru {h!? ~l.'. / ,.1!ut." 2 " IO -t1 10 )eJ\l S'.5'" PI.P➔ 1ctr:.1 
pt.,-.phatc plkhl.,,"'lf)l.L-.C I (fl➔ I. lor v.h11 .. h no ,lllktun: 1, J\.ul.1tilc. 

BR( "I proiein, 

Protcm, u>rll.u!llnJ.! 01~ ur muluplc l.'op1e"' ol 1hc: BRCT domam 
fr,rrn a ... upcrt.t1111l~ m.111~ of''™'"--' 1111..'mhi:r, .Lrc m,oht..-d 111 I)' \ 

J.unagc-n....,ptm..,1,c 1.:cll (..~1..IL· 1,.;hL\. l..po1111, C6'.' 671. \\ 'h1lc d1:1.ulcd 
.mal)"''' 1, lk.."L"llcd 10 Jdtnt.'.th: i.:umplctd~ 1h1, <ll\cr,.,c -.el ul 
protcm .... PSI Bl \SI "Jhlc 1u .iu10111.u11...1II~ 1dcn1tl) mo,1 ol ti~ 
-.up!rt,uml) \\ c u-.c!d Ille! ( lc.:nnm.11 21"' TC"i!chx, ol human 
BRC\I 16 >. "lud, 111<lud<, mo BR( I <lom,un, 16~1. a, 1hc 
lnlllJI qui.!?) tor a -.c:.1rd1 ot ,cm\ non f'l-<lurn.luu pm1c111 
-.cquen<e <111.,t,a.., l ',mg the d<l.1uh rn1ol1 / -,aluc of (WI. the 
,mual BL \ ST-.c:arc:h n.xog11111.."ll ., .. ,1gmfk.m1 on!) J.h!_!nmcnl\ to 
o<her BRC \ I ,,:qucncc, .• ind 1hc prc\11~1SI) <lc .... nh<.'<l llRCT 
protem ll\RD 1691 (l,1hlc 4) Suh-...'tjUCnl l>\1-BI \Sf IICr:llllll1', 
hoY.C\t.-r, re1nc,cd all Ilk! pm1c1n.., rcc:onk'C.I 111 T.ihl!! 4; .1c.ld111onal 

cl()l,,C homolop:, .tre om1t1l'-J from ti~ tdhlc \ lrmN all Lth: BRCT 
pmtem, OC\Cnlx.-d h) Borl,,. ,., al. <66) ,,~re n...x-ogn11t.."C.I ' °' found 
'4ert 1hc reurmbla,mma iamtl). ,,ho\C pu1,i1I\e BRCT dom.un 1, 
pa111cularh d1\crgclll. \\-onn RI l-\ 'i. 11. ""hKh \\ .1, 1101 111 the 
dawba.,,_. .,;_.,,rd><'<l. and hum,u1 I)'\ \ -hg,,sc ))I PSI lllJ\ T <lid 
report }t!<L,1 R.\09 and YGRI01,,. the K/mrrro,m,n faun 
RAPI homolog. "onn /K675.2. ,ul<l ,anou, tcnmrli.ll ck..'OX)OU• 
deoudiltr:u1'icr.,._,,, ,md pol)(ADP-nho-.c) pul)n1<m..,,. but .,II 
'411h f-,aluc, ><101 CT.1hlc 4J. IXt,11100 c,,un111,1tton of the 
ahgnmeni... pmdun."l.l ,uggc,i... Ih,11 1hc onl) hl,,.cl) fal-.,c p<hllI,c, 
1moht..'d a tl)pan<.hOnlC 1--"S'I <70> ,111d the \fnlumo,·,>t. ,11., 
l(l#nu\<lm muff pm1cm c7 I). 1he l.111crdc,p11e 11, 1moherncm m 
D\ \ repair (Tahlc 4 ). 

Sc,cn rt"t:ent add111on, to dlC' prOlem <.Lu.11:,.1\C, .,re rcpo11cd ~re 
~,member-of 1he JJ RCT ,urcrt,1m,I) I lahlc 4). (1) \rah1d1111111 
TI0\ 11112 (7:!J. "the ltr-.1 pl.uu pmtcm ob-.cl"\1..'<I 10 l:Olll,un 

BRCT dom.1111,. (11) Kl\ \0259 (7_,, 1, .1 Ltrge hum.tn pm1c111 ol 
winov.n funumn ,,nh L'1gh1 BR(T do111.1m,. 1hc gre,ue ... 1 number 
\OfarOO...Cl"\ctl ,, 11h111 .1 ,m!!le pro1c111. (ml 11 ."H::2.1 <7➔ > 1~a \\Onn 

fnl(cm \I.Uh J ~()().rc'1duc lm, -u1mplcxll) (57) , -1cnnm11, 
11,1 PA 609.1 :! C75J "., f 1"1°'1 )c,1,1 pro1c111 ,tmngl} ,11111lar to 
lhcpn:\1011,)) rc-cogn11c'<l IMl '""'' BRC1 pmtc111 L. 5-H 18 (76). 
{\·) C1<,A4. {74) "J \\Onn rm1em \\hO\C ~ tcnnmu, COlll,lllh .i 
mgle BRC1 dom.1111. ;1nd \\hU'-C..' , 1cnrnnu .... crnu,11111ng a RI' , 

finger domJm, 1, , 1ronl!I) \111111.ir to tha1 of BRC' \ I 1bc , 11111lar 
orpn11a11on to BRC' \I 111.11-.t·, t111, pmtcIn ol partlt:ul.tr 1111cre,1. 
rvjJ ,m·, liocnll\ ,p D9()lX}.4 t77J " 1hc fiN h,1ch.:n.1I BRCT 
pio1em1h.u " not ,1 h.1ucn;1l lit!.1"4'. \\"J11lc 111.11lcd to pa..,, thccumfl 
l>\alucof O.Ol .It... C-tcnnm.tl BKC .... I dom.11111, ,cl) wrnl,ttto 1h~1 
of \C\eraJ h:1<..tcn.1I ltg.1-.c..,. \\l11ch pre ... um.1hl~ k,l 10 1h Im;om.."<:I 
cla~1,1fk,tl1on ,1, 'lllh 111 the d.11.1h..1~,. \ 10 ... 1 of the protcm 
' •1cnnmal tu u ... BR( I domain UlfN"'h 01 ;1 co1lccl-t;ml dom.1111. 
The ,k:lual ,\\11<•, Ju1< \\II\ ,p D' \ hl!.t\C (77.78) " lound h) 
PSI-BLA 1 on 1hc 11th 11cr.11Ion. \\llh .111 f -, aluc of 0.0<)2. 
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11:8,---------= 

A 11tal,_,. TIOM1312 

II JQ.plr,u KlAA0259 

C <lrt<i,u Tl3F2 3 

SP'-« SPAC6G9 12 

C rlr~, C36A4 8 -8-----c) 

I 1eure 7. The lli.:;,11,on ol ORCT durn.itn, "'11hm hum.in BR( \1 if.>,.1 
\r'1h1Jo{'U [I0\11\ I:! 17:!). humJ.n k.l-\\11:?.'.'iQ (711. "'1,rm 1111·2' J) 

ti,,tor1 \cJ,t \P,\{'h(J9 I:! 1751. iAmn C'~A4 M ,-JI .. \,,ir, h.:1n /11 p 
()l~M1,.t.1771anJhum.in ~.-hlloC7'11 HRC'Al J.nJ(.""\fi.H l-lc,11,.hh.i\c u1 
arJJn,oo . .v1 , 11.·mun.il Rl,G ltJltt'r &;-im;am 11w: nc:Jr Ldcnlll~ rn t11hl-r "'"mi 
\Cqunk:C°' nl J ,tNir1 rcgM.-i d1m:1l) pracJmir 1hc HRCT dilftlJm 111 (''¼ \J K 
..u ~'" 1hc p.,.,.,11llht) th.JI thl\ J'mh:ll\ h.i, httn m1...._ .... rmMcJ 

(\-11) P~"-:ad1llo I\ ;.1 human protein v.h<he ,cbrafl,h onholog 1, 
C...\CllllJI lor cmbl)on1c dc,clopm~n1 (79). JOO 1o1.htN! )C~t,1 

or:holog YGR l0.1" (80) has h<.'Cn prcv,ou,I) rccog1111c'<l "' • 
BRCT protcm (66,671. It foiled to P·'" the cutoff t -,Jluc ofU.01. 
but appeared "tth ncar-\ igmfitan1 L-, aluc, m PSI-BLAST outpu1 
trom 1hc 5th nera1Ion oiwJru. 111c .Ippro\Ima1e pCNt1om ol Lhc 

BRCT domrun, \\Jthm BR A 1 and 1hc \C\.CO ne"I} 10.:nufkxl 
BRCT pro1em, are ,llu,trated ,n hgure 7 

DISCUSSION AND CONCLUSION 

In add1t1011 10 1hc lllJJOr JJgornhmK ch.mge, dc'ltrthcd aho\.~, \\C 
ha\C mod,r.cd an a,pcc1 of the ongmal BL.AST progmm \ output 
rouunc 1h:u on occa.\lon cau\(..xl unportam ,m11l.in11c-. 10 he 
o, crloof..e<l. \ hen a , CT) large number of ,1a11 ... 11call} \l!_tml11.:.u1t 
.11lgnmcm, "a.' found. BL.A 1 "°"'" t)pltJII) n:pon onl) lhc Ulfl 
,;,conng 500. Thc-.c ahgmncn1,. 110\\c,er. might .. ,I I 1moh~ one 
domam of 1hc qucl) 1ha1 occum:<l fl'lXJU~ntl) v..uhm 1hc d.uah.t"C 
l111crc,1mg but \\~er rcl311011'h1p, to oihcr rcg,1011 ... of the <.jUC:1) 
might ,nnpl) be lorc1..-d ofl the bo110111 ot 1he II\I \ ~cordmgl). 
follov. mg the general 1<.lca of onnhmnmcr ,md Durb111 ( 1 ). \\e 
ha,c h1111tcd the number ol .1ilgnrncn1, rc,x,ne<l th,111mol,c c,K:h 
region of 1hc 4uc1). but \Cl no mcrall upper 1111111 

The BL \ T program, arc unh~d) 10 rcmam ,talll. Jnc.l lhcrc 
are man} !Xl''-lblc a, enue.._ for l u1ur~ nnprmemenr \\c d1,cu..,, 
rhrci: of them bndl) here. 

Gapped ahgrm1Cnl\ ma) ~ t\lmtmi.:tcd u,mg a , ,met) of cltllcn:m 
l)'JX;'> of gap co--t &,-.,,.~au-.c a ,mglc mut .. monal c,ent m,I} 111~~ or 
dclct\! ,1 l.trgc number of rc,1doc,. H Ju.., lx.--en aq;u1..-d tll.11 long g,lJl' 
-.tmuld nOI t..:O\l muc.·h mon: d1.u1 ..... hon 011e,. JJtd affim• gap cthh. 

\\hich .1.,~., .t \Core a+ IJ..) for .1 g,1p of length J.. ( 2 SJ. h.i,c 
D...--comc the 1110',l ,, 1dcl} u-.c.."CI. gcncr:.,IIL.ll1on of thc-.c l:thh h;i.. 

P..--cn prt>JXNXI. 1ha1 .1llov., .1 gap lO 1moh c rc,1duc, 111 t>olh 
',t,'ljUcnce"' ra1hcr than JU' I one { 6). (A!C1fic.1II) .• 1 g,1p m ,,h,i.:h I,. 
n.-...,1{ilk.,-.... are m-.crtcd or dclc11..-d and J JXlU" of rc,1duc, ,U'C ldt 
ui1..ihgncd ruce1, e, the ,core u + hJ.. + tJl 'The algonthm nc..x:c,')JJ) 
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for u,mg such co,.~ 1~ onl) a mlllOr , anant on Ula1 for tr..tdmon.1I 
affine gap CO,.L'- In man) """°"· the ne" gap co;,t,; generate local 
al1gnmen~ lha1 are bolh more ~uurme and rnore ,tausucally 
srgmfi :tnt ( 6). The,e CO>LS arc potcnuall) of p:uucular v:iluc for 
u,e "1th PSI-Ill ST, u,c b) unposmg alignment onl) where 

II I\ JUSl.lfit.'CI. they ffi.1) lead to the COll 'ilnJCf.1011 ol more \Cll",IU\ 'C 

pos1uon-')pec1fic -.core matn~. \Vhcrhcr u 1, ck.~1mble 10 lht 

gcncrahzcd afline gap co;.L, :,; the default for general f'UllJOI< 
cbtab..~ ~arche\ a\lv.tll:-. dcm1led empincal ,tu<.I} 

'l :1blr -t PSI BL..\ST prucem dJ.1.;ab.,,-.c ~;m.:h rt">Ulh U)tng 1hc C"-1cnmnu\ ol BRC"Al .&\ qucl') 

Pnl(c1n JlCCIC\ 

B \RD Jl4t11(J~lt'IH 

TIO\IP 12• 4ruhrJopt11 1Ml1,1,w 

f·2b02W ( arnorh.Jh.lt11J rlrtt"'" 
KIAAll.2W• llklr1rtu 

f-17061 Crlrti11u 

Cl1Kil007 \,Ju:,n",1Mn"'1\,t'I/J'l"1"' 
l<.:I\AOl70 H "1pthl1 

CjlBPI l/wp,r111 
T!1F2 l• CelrNn, 

KOlC.:!J C"de,:u,u 
Tt9LIO I ( rlti:u,i, 
R,d,I "'' Sp,mlv 
RE\I \'unh.Jr,..,Ht'J(t'rrtUl,J( 

~m \lu1 mu1,ul,o 

,RCC't \lmu'tu/10 

Crb2 ,r-,..,.,. 
RAPJ \,t'trllll<J( 

Td:.STUl(}I, Tnpul'IOJ1>1J1Ju"·' 
OPBIJ .\ t'rtl'1l<lt' 

U,.~.n I \ Ctn/liar 
l:)PACt,(jq 11• ,,,..,,.,,,,. 

Y\1~2101 \ lt'Tt'1t11J,r 

'tJfRIII\J,. ~,e,nu,u, 
Cl6AJ !I• C rlet.i,i1 
l '-E.411\:? \11'll"\H/<l1 

O'\Ah8,1'1CJ\ JI~""'"" cocv CunJ,J.J "!hr, lltu 
D'\Aht.i-.t Tlu-rwu,1 U.'f)lv.111 1u1 
G,t I 

/Jwu,phdu Mrl.J1t0):J11r, 
muil'- \IJ&11t1W1<h11 

RAl:W l•rrrt,uur 
R ·\Pl homo!i11 A /u,111 
/Kt,711\:? C rl<tllnt 
D'J<NOI• 

SH1nh,11)1111 '{I 
m1 Uu,d "k"lt11J 

'tGRI°',. S rrrin,<lr 
Pc'M..k.1111,1" """"'"" l'POL \ur, ,,p/u1,•,J {'f'lt'ftllll<l 

Gt-nB.W. ID number 

17IOIH 
2IOJ~c; 

JQIJJ76 

IM'i"sc; 

JJ(kCj21 

1721~1 

ll¼-10:1 

Jl(>;Cjl,'I:? 

166H\.$ 

4701'\I 

1067(>611\ 

7\0.170 

l l:!J{J9 

4:?111\1,17 

b:!7h67 

1.U9177 

17111\11\)oj 

J'i,hXll\7 

11~:NW 
w .. ,o .. 11\ 

lhJ.Jl:!.$ 

111 .. ~ll\ll 

7117~ 

IM7M7 

1111\1(1(1() 

1-.flhJl\1 

17flh-t>il 

1111\2~1 

~ ... U()J 

::?!:?qi¼ 

Jll!-,17 

-1210111 

11\49711 

IM21W 

::?IJl}()l.J 

17:!lf,91 

:?1'1-1201 

17(J97JJ 

PSI BI.AST IIcr.iImn f ,.ii~ 

Ill 

II ,, 

11 

" 
" 16 

16 

16 

.'.!c,l,t, 

-l('.{)('i 

lc·OJ 

om1 
-k Oh 

he'·O' 
000::? 

O(NIS 

2dl7 

ldl7 

7c.04 

OflO:' 

II INH 

le OJ 

()r.()J 

OIXl2 

uonti 
fllNII 

0001 

IHIIU 

-k·C~ 

00011\ 

OUOh 

01111) 

OJ 

flfl(I~ 

(l(l()t, 

OOIO 

l)fl(l,J 

U(XIX 

074 

0.21 

" 017 

U.t6 

0017 

0017 

Ufl60 

Position-specific 1,core matrice-i. U'i' input to PSI-BLA T 

PSI-BLAST pertom,s dm:c dl\t1nc1 opcra110,1s: 11 OlistrucLs a 
multiple ahgnmcnt fnwn BL ·\ST output data: 11 procc-<.cs thl\ 
alignment llllO .::1 JXNll()ll•'Jll~lfa: \l,.'()n! "1,llff\, .lJld II U\O Ih1, 
m.ttnl( 10 -.earch the <lu.1ha-..e \ n..~an:hcr rtt.:t) 'w1,h, hcw,--c, er. 10 
h)'f'l'' the liN I\Hl ol 1f-k..~ opt~r.11100, .• Uld provide .1 '<Ol'C main, 
,., qucl) drrectl) to PSI Bl \Sr TI,c <'-Ollr.u drlfrcuh) " ret.untng 
~ Jb!III) to c.:.tkutnc: n·h.1t,Jc: ,t.1t1,tK,; a., c.k..'4:nlx..--d ..lbo,c. 
PSI-BL \ST unpc.:,,,,c, ,1m:t ".1hn~ rule, on the: m.11m.:1;...., 11 gcncmtL, 
J\,mumng 1hc u-.c ot pn..•,:ompulL'll >..,. 1c1 ,h"IC!,, ,Iµ1111il:.mtc. nu-ce 
JX,...,1t,Je rtlUIC... .ire tfll."ll (II On,: m.1) pcnrnt the '1X"t.:1fic.:Jll<>n ol 20 
urg,ec trcquclllk!'' Q, tor c.kh Jl(hll1on r.1tlll·r th,u, ~O '4.:0t\., 1111.-...c 
wn 1.hcn l"\.- t.:on,cn1.-J mh..·n1JII} 10 h~•udd, "c)l'C, \\ 1th the: 
,n,ropn;uc '<,tic for prt."t.:ompuh .. -J ,t.111,Ul.JI p.tr.u11c1cl"\ 10 JPPI> 
111>0ne rlli.l} t....,tunJtc h~ r.u1<k»11 ,1mul.11mn 1ht- ,t.UI\Uc,1I p.tra 

mt'1Cf'- for .u1 input 'l.'On: 11'1.un, , ~l \n .1<han1.1gc 1, 1l1t: 
~K.i.li1llt) ltl a gn\ttL·r ran!!c: of '"'·:onn~ ') ,tcm,. mdudmg the 
ro'---'1bk- U\C ol P<"'-lll<lfl·\P,."t1lk ~•IP Uht, \ t11 .... 1<han1,1µc 1, thJt 
rol.unmg rea.-.c111.1hl} Ji..:,:ur..uc 1.·,111n,1tc, of the relc,JJ11 "·1t1,tKJI 
p.ir.imc1cr,. ma} Jfk.f\\1.-.e the: pn'>1,!r.un\ C\L"l'-Ult()ll umc undul> 
fui) Qne m.1) .1b.ul<.klfl tlk: ,tJll,tK.tl ,l"-..... "'ll'lClll of the .1ligntTk."tlh 

po<llk.'t.'d Tiw,, g1h."\ 1hc !!re.11c,1 -.c.·~ to 111pu1 "-'.onng "'},1cm,. bul 
ffl'Cllkk...., an) n:a\Of1,1hlc 'l.'h.:rnc tor ,tutorn.11K· 11c:r.111on ul PSI 
BLAST \ ILK:h c,pcnmcntatttlft v. 111 Ol! n-c.1u1n'tl 10 dr.!1cnn1nc "h1c:h 
of the-c JP1lllxk.:he-, 1, the rnrN lru11tul 

Re:1lignmen1 

Alter the rn111al BL \ST nm. or a later PSI-Bl \ ·1 11cr.111on. the 
muluple Jhgnmcm U\.Cd for ,uh...cqucm ucrJUon, co.111 be ton­
\lructed m J more "t0ph1,11c.:Jtc<l m.umcr th,m dc\Cnlx-d ahmc. 
Rather thJn c.:oole"-Cmg all 1hc p..urn 1...c ;.11Jgnmcn1..,, thJI p,h, 1hc 
thre,hold 11nmcd1atcly mto .1 mult1plc Jllgnmcnt . the 1110,1 
,1g:mfi ant ,unong 1hem c.:an be u...cd to hu1ld .m m111.1I muhiph: 
ahgnmcm and i.l"l"IOr.;tJICd po,111011-,pculu: -.core m.un,. v.Jm:h 
can then be u\Cd 10 rc\C.:orc Jnd realign d.u.1b.1-.c 'L--qucnc.:c, that 
rccc1,ed )O\\Cr ,core,. 1111, ,1cp can he 11cratcd "IC, cr::11 tame, 
refore another full- \C<tlc d.uab.1-.c ",C;.trch " ext.~Utt.-c.l 1l1ere arc 
\C\eral po1em1al Jd\Jntagc..,, to 1h1..,, procedure. Ci) \ \'cakcr 
fQIN 1...e Jhgnrne111,. lh<II Illa) ~ ,omc,, hm 111,1cc.:ura1c. can be 
tmpro,ed and pcrh.1p,-, c,1c11dcd hclorc 1hc) an.- mcorpor::ucd mlo 
the e,ohmg muh1plc ,thgnmcm (11) l nrd,ucd "IC4ucnce, tha1 
r?CC1,ed chance high \Core, ,an h.1, c their 'Core, do" ngmded b) 
an 1mpm\Cxl main,. ,tnd pcrhap, he re1cctcd hcforc the) Jrc 
tnclud!..~ m 1hc i.l llgnmcm (111) Rd.ucd ,cqucnt.:c\ th.11 rc,c1,ed 
rtla11,cl) !ugh al1gnmcn1 ,t:orc,. hut m""...cd 1hc thrc,hold lor 
nclw~1or1. can ha, c their '<.:ore, 1nuc.1,l.-d. ;.111d pcrh;.1p, he 
mcluded m thc mul11plc ;.1hgnrncnl In ,hon. 1he rcallgnmcm 
PRXt-durc c;.m pre\.cnt mac<:ur.uc p.11f'\\ I,c .t11gnmcnl\ Imm 
corrupting 1he c,oh mg rnultrpk alignment. Jnd c~rn act.:ch:r::nc 
the retogn11I011 of rcl.nt--d --c4uc1K:c, .• 111 lor ,cl') lmlc compu1.,­
uonal CCht Prelumn.ll) ,1udll·, ,uggc,1 1h1, hne ol deH:loprnc111 
to be a fruuful one. 

In condu...ion. tht: nc,\ g,tppcd ,cr...um of BL \SI "" both 
COO'idembl)1 f,htcr th,m 1hc on~m.tl one. ~md .,hie 10 prodm . .:i.: 
gapped ahgnmc111,. \Vh1lc 1hc rclc, Jill ,t.111,11rJI p.1rJ.me1cr-, can 
no longer be cakulaicd Imm theon. r,mdom ,1mub11on .1\10"' 

them 10 he c,ummcd bcforch.md lo; common!, u-.cd ammo .1c1d 
\Ubs111u11on matncc, ,Hid gJp c.:o,i... !·or 1,-;-,tn) qucnc,. the 
PSI-BLAST c tcn\1011 c;m grc.Ul) mt.rl.'J"-C ,c1J-.lli\ll} 10 "c,1k 
bot b1olog1call) rclc\11111 ,~qrn:m.:c n:l.11ion,l11 p,. P ·1-BI T 
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retains 1he abilit) to repon accurare srnu~uc~. per 11crat1on run, m 
lime,, not much greatcrthan gapped BLA T. and can be u'>Cd both 
11cra11"ely and foll) automatically. 111esc development, ,hould 
enhance \1gni 1 ·mt!) the u11l1ty of databa~ search mclhod, to the 
molt.'Cular b1olog1\1. 

\ ute 

Sourt.:c todc for the nc" BL.A T program, i, a,.ulahlc h) 
,mon)mou, hp from 1hc mJchmc ncb1.nlm.mh.go,. v.nhm thc­
c.hrc<.:tof) ·1i1,1,t". .Uld the program, ma) be run trom , car ... \\c!h 
,uc ,u hllp://\\ \\-\\ Jkb1.nlnuuh.gov/ 
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ABSTRACT 

The requirement for Watson-Crick base pairing sur­
rounding a nick In duplex DNA to be sealed by DNA 
ligase is the basis for oligonucleotide ligation assays 
that distinguish single base mutations in DNA targets. 
Experiments in a model system demonstrate that the 
minimum length of oligonucleotide that can be joined 
differs for different ligases. Thermus thermophilus 
(Tth) DNA ligase is unable to join any ol igonucleotide 
of length six or less, while T4 DNA ligase and TT DNA 
ligase are both able to join hexamers. The rate of 
oligonucleotide ligation by Tth DNA ligase increases 
between heptamer and nonamer. Mismatches which 
cause the duplex to be shortened by fraying, at the end 
distal to the join, slow the ligation reaction. In the case 
ol Tth DNA ligase, mismatches at the seventh and 
eighth position 5' to the nick completely inhibit the 
ligation of octamers. The results are relevant to 
mechanisms of ligation. 

INTRODUCTION 

0 \ \ lle.1"iC, ari: "itk•l) u-.c...·d "tth o llgnnuc.:h..~11dc, 111 pnx:cv~c.., 
'll,h a, ohgonudcoudc hg.umn ,1,'kt}' (01 \ ) ( I ). Ille! hg•1"iC 
ch.un rn.1e.11c.m <LCR) (4> and 10 prm 1dc pnmcr,, for D\J \ 
'IClJUt:~mg()). lllc , u1 . ."lC,\Ol lht.·-.c mcthtxh dcpcmhon l1g.111or1 

ol pair-. of oliµonudcot1th:, \\lm..:h Jrc lull) (.:Omph: mcnt.11) 10 
ad_JJecl\l n:gIor1' on the 1.1rgeI ncmpl.th:) I)\, \ I hi: ~4uircInc111 
ol mo-,1 I)'\ \ ilga-.,, tor lull} 1>.1,,:.p,urcdduplcx nc.1r101hc I)\,\ 
,wction h.t\ ,tl"'-l hr...'\.'n c,plo1h .. 'll 10 1mpRl\C d'k! pcrlonn,ullc ol 
~lk!'r'k.:mg h) h)hnd1,uion lfll. 

D\ \ lig.t"iC, ,ire louml m .tit org.111I-.m,. thc:ir 111.1Jor tundmn, 
JI'l" 10 Jnm 1hc Ol,11Jl,.1 lr,1gmcni-. on thi: l.1gµang l):'\ \ ,1rJnd 
dunng r...hrnmo'>(>mr...· n .. ·p!it.:.llton .• ind 10 r\!'-l:.1I 111d., 111 D'\ \ 
during rcp.ur h) the: C\U"lon/n:pl,11..cmc111 p.t1h\\,t~ l)'\ \ ll~a",C, 
protllk-c a i.:m.1k·111 plm..,ph«x.llc,1cr hond hcl\\l.\!11 l\'«l nude1\ 
acid,. \lilt.' 1.: ,111) mg ,t 5' phthph,llc group .1ml thc 01hcr J .1 
h)dm,>I ~roup. ·n1L' l1g.t11011 P' '"'l"-"" rl·t1um:, \\,u,on Cm . .,_ hJ-.c 
J)Jmng .u lhl.." rC,tlllon ,11c ,111d 11 ,, on thl\ propcn) th.ti m nm, 
"'"'), depend (7 .X ). 

lo 1hc c,,.., ol 01 \ 1-11. \\hc,c the ,uh,1r.11e, ,m: l)p1c.1li) 
!Orner,,, onl) 1hc l'\qu1,11c R"c.1u1rcmc111 tor \\ ,1r...on Cm.-.,_ h.1'\C 
p.unng In thc , uc, 1mmc<.h.11cl\ .1dJ,1t.:c111 10 thc JOtnmg pmrn h,i-,, 
tk.-enc,ploucd ,md 1h1, l1dcl11~~ h.,.., tx"t..·n , tu<.hcd m dct.11I lor / th -

111!,,t-.C c-1.9). \\c ~quired ..1 1)\ \ hg.1'-,C ,1.h1ch \\(>ukl JOm ,hon 
ohgonudc-011dc, ranging fmm hcx,1mcr-. 10 det:l1rncr,. "11h luf!h 
'J~uticu~ lor pcrlt't:l b..1~ pa1rmg m 1hc ,,hole ,uh,1r.1tc 
ollgonud1,..•011<k. for u-.e ma llC\\ rrk!thotl ol '-,CQUL"t'k..-C dctcnnm,111on 
undcr dc1,clnprncnt m tht\ labomtor'). Pre, IOU\ ,1ud1c, ,uggc,tcc.l 
1hJt 1hc b.1c.:tcn.1ll) ·<len,cd D'\ \ l1gJ-.C\Jrc more \Cn,It11,c to Ihc 
n.iturc ol thc1r ohgonud1..~t1dc target\ than \ trJI or cu~.U)011c.: 
D\ \ h!!a\C, c➔.9.I0). hu1 there h,11.c bt.."l!n h~" ,1ud1c, ol the 
efkc1, of ml\m.uchmg. and hulc hJ, been puhh\ht..--d about 1hc 
minnnum kng1h ol ohgtlf1Ut:k..'01tck! th..Jt D'\ \ hg.L'4-"\ n."t1u1re a., 
-.uh-.tratc 

I lt:re \\c ,hc1\\ th.u "here the ,uO\trnte<-. .tre ,hon ohgonlk:lc.:•u11dt..'\. 
h!!i.l'-1! ,pt..~1flc11) for full) \\.,u-.cm Crid, N\C•pam.'<l duple, 
D'\ \ <.:,tn, m 1hci.:.1~ofT1h D\JA l1g;.1\C. extend a, for a, 1hc mmh 
p<Nt1011 ~• 10 lhc JOln ,md ha\ c a ,1gmfa:an1 cfltX:t on the rn1c of 
h~.n,on 

MATERIALS AND METHODS 

Oll~onuclcoudc, 1.\cre '} nllk!,1\l-d on .tn Bl 3908 D \ 
,,mhc,1..cr. Pho,phoramul11c monomer,, \\Crc lrom ruachcm 
ilU'rmm 1/u·mtop/11/m D'\ hga\C ( fthl \\-J\ from th .,nc.:cc.l 
ilmtC<hnol"!?"-" Inc. ( \ tole P.ork. um:)). T-1 pol)nuckoudc km.,.., 
\\J, from Fp1ccn1n:Tci.:hnolog1c, (Cambm .. unhm.lgc. l K l. TT 
,lll<l Bun/Im ,1,·arotlu•r,m,plulm D ;-\ hg;.1,c \\en: g1lh lrom 
Dalc \V1~.lc) .md. tc,c \ ,htonl \t:l)IJm1dc ,olutmn (➔0',.I9 I 
.1<:l")l,m11ddw.tcl)l,umdcl ln11n •,cm 811~,-.:h (Bnstol. L Kl Jnd 
\nadiem (LuIon. L K ). \II (ii.her l.:hcm1c.:,1I rc~1gcni,,. "-C~ punJt..b.c.."tl 
lrom BDII krd 

Oil~onuclco11de, "en: an.tl}"-XI h) n:,cN.'tl ph""' IIPLC 
(\\ ..111ir-,, tXXJ-.cne,J. on C ,:ulmnn, {R.unm D}11.1111a., ~(XlJ. Bulkr 
\\,1, 0.1 \l tnclh) larnmornum .1cct..1tc (pl I 7> .md ol1gonw.:k"<.ll1dc\ 
\\Crc clt111..'ti u,mg grJd1cni... ol .Kctorntnlc. Com po,1110,1 01 lht.· 

dcgcner.uc oh!,!onutlooudc, (h g. 4l ,i.J, a-.,c,~--ct h} --cpanumn ol 
1hc 1hr....'1..' component, m cad1 1111\lu~ on a grnd,cm runnml? Imm 
7.:! 109.6', .1t.·e1on11nlc mer 10 mm II m1,n1.11t.:h m1,1urc, ,1.c~ 
cqunnol,ir for ca,h i.:umponc111 ± 2(>', \ II oligonud t:.·ot1dc, \\Cn: 
>tX)', fl'"qlllRxl pmdut:r .i,c,11mi.ltc.:xl t,~ mtcgr:.llionol I IPI C 1r.1t.·c, 

Pho,phur~ ta lion or oligonudentidc--, 

1) pu.:ltl pluhphol) IJllt'lfl n:,K:llon, i.:0111J11-.,xl :!O pmol oligonuc.:kt'>~ 
11dc .. H 111 \l I n,·,ll·c1.11c (pit 7.h>. 66 m~1 r,01.1"10111 .1u:\1;1~c. 
10 m\l m J gnc,1um .11.:ct..111 ..... 0.5 1111\ l DTI .md 50 m \l fy- I I 
JdcmhlllC 1npho,ph.11c ( \ mcr-h,un ln1cm,111or1.1! Jlld Dupoml. 

•Tu v.h.,,m wnc,p.11klc:1k.c ,.llt,uld tx· aJJrc,.'I.C,1 Id -t.J.J I h"i -:!7'\lZh. l·.t, -t l.J ll'lfi'\ -:!7~lsl lm,ul 1.cJ,chllui...h \I\,._ ol 




