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Abstract

Protein families are well characterized by a collection of
motifs (Sonnhammer & Kahn 1994), sometimes
referred to as the “common core” (Chothia & Lesk
1986).

These motifs can have structural and functional
significance, and they may frequently be operated upon
as units by diverse evolutionary mechanisms.

The quality of a multiple alignment depends upon how
accurately it identifies an ordered series of motifs
(McClure et al. 1994, 1995).

Hidden Markov models (HMMSs) provide a theoretically
sound modeling paradigm for collections of motifs for
which efficient algorithms exist.

Meta-MEME (Grundy et al. 1996, 1997) is a software
toolkit that builds left-to-right, motif-based HMMs that
focus upon the common core.

Meta-MEME has been shown to detect remote
homologies using smaller training sets than are
required by standard HMMs.

In an analysis of four protein families, Meta-MEME
alignments are shown to be of higher quality than those
produced by standard HMMs.

In a previous analysis of nine other multiple alignment
methods (McClure et al. 1994), only one method yields
significantly higher quality alignments than Meta-MEME.




Meta-MEME

o Step 1: MEME builds motif models with maximal
posterior probability, given a set of related sequences.

o Step 2: MAST uses only the motifs that appear in more
than half the training sequences to search a database
for the typical order and spacing of those maotifs.

o Step 3: Meta-MEME constructs a hidden Markov model
that combines the motif models in a linear fashion
according to the typical schema.




Methods

Four families were analyzed: globins, eukaryotic
kinases, aspartic acid proteases, and the RH domain of
the RNA-directed DNA polymerase (reverse
transcriptase).

Each family was represented by a test set of twelve
sequences (McClure et al. 1994).

Sequence identity among the sequences was 10-70%
for the globins and 8-30% for all other families.

Standard HMMs (Krogh et al. 1994) were created using
the HMMER v1.8 tool hmmt (Eddy 1995).

Meta-MEME and HMMER models were aligned using
hmmawith default parameter settings.




Multiple Alignments

Pre-determined test motifs are indicated by color.

The x’s above the alignments indicate Meta-MEME
motif positions or HMMER match state positions.

Amino acids are unaligned outside of motifs in Meta-
MEME alignments or within insertions in HMMER
alignments.




Meta-MEME Alignment of Globin Sequences

.......................... XXXXXXKX - XXKKXXKXXXXXXXXKX e

HAHU vispa................. dktnVKAAWGKVgahag.....eygaEALERMFLSF PTTKTYRphfd...

HAOR mltda................. ekkeVTALWGKAaghge.....eygaEALERLFQAF PTTKTYFshfd...

HADK vlsaa................. dktnVKGVFSKIgghae.....eygaETLERMFIAY PQTKTYphfd...

HBHU vhltp................ eeksaVTALWGKVnvde....... VQgEALGRLLVVY PWTQRFeésfgdls

HBOR vhisg................ geksaVTNLWGKVnine....... IggEALGRLLVVY PWTQRFéafgdls

HBDK vhwta................ eekgll TGLWGKVnvad....... cgaEALARLLIVY PWTQRFa&sfgnls

MYHU glsdg......ccooee.. ewqlVLNVWGKVeadip.....ghggEVLIRLFKGH PETLEKFRdkfkhlk

MYOR glsdg................. ewqlVLKVWGKVegdIp.....ghggEVLIRLFKTH PETLEKFdkfkglk

IGLOB mkffavlalcivgaiaspltadeaslVQSSWKAVshn......... evEILAAVFAAY PDIQNKFsqf....

GPUGNI altek................. gealLKQSWEVLkgnip.....ahsIRLFALIIEAA PESKYVIflkds.

GPYL gVl tdVQVALVKSsfeefnanipknthRFFTLVLEIA PGAKDLEflkgs.

GGZLB mldqqtin........... iikatvpVLKEHGVTIit........... tTFYKNLFAKH PEVRPLEIMg....
...... XXXXXXEXXXXXX e XXKXKKXK K e KXXKXXKXXKXXKKX

HAHU ..IShGSAQ KKVadalt......navaHVDDMPNALsa...... ISDLHAHKLRVDPVNFK.....

HAOR ...IshGSAQ KKVadals......taagHFDDMDSALsa...... ISDLHAHKLRVDPVNFK.....

HADK ...IshGSAQ KKVaaalv......eavnHVDDIAGALSK...... ISDLHAQKLRVDPVNFK.....

HBHU tpdavmGNPK KKVlgafs......dglaHLDNLKGTFat...... ISELH CDKLHVDPENFt.....

HBOR sagavmGNPK AKVItsfg......dalkNLDDLKGTFak...... ISELH CDKLHVDPENFn.....

HBDK sptailGNPM KKVItsfg......davkNLDNIKNTFaqg...... ISELH CDKLHVDPENFt.....

MYHU sedemkASED ATVltalggi..lkkkghHEAEIKP LAQ........ SH ATKHKIPVKYLEF......

MYOR tedemkASAD GTVltalgni..lkkkggHEAELKP LAQ........ SH ATKHKISIKFLEY......

IGLOB ...agkDLASIKDTGA TRIVSFLse......vIALSGNTSNAAAVNSIvsk lg

GPUGNI .neipeNNPK AVlfkticesatelrqkgHAVWDNNTLKr...... IGSIH LKNKITDPHFEvVmMK...

GPYL .sevpgNNPD GKVIkKlt....... yeaalQLEVNGAVasdatlks IGSVHVSKGVVDAHFPvVK...

GGZLB ...rqeSLEQ MTVlaa.......... agNIENLPAILpav...kk IAVKHCQAGVAAAHYPI.....
............. XXXXHXXXHKXXKXXEXHXXIHKKIXKKIEKKK e XXXXXXXXXX

HAHU ... ILSHC AAHLPAEFTPAVHSLDKI........ asVSTVLTSKYR

HAOR ........... ILAHC ARHCPGEFTPSAGANDKI........ SkVATVLTSKYR

HADK ............ fLGHC AIHHPAALTPEVHASLDKfm........ caVGAVLTAKYR

HBHU ........... ILGNV AHHFGKEFTPPVEAYQKwv........ agVANALAHKYH

HBOR ............ rLGNV ARHFSKDFSPEVEAVQKlv........ SsgVAHALGHKYH

HBDK ............ ILGDI AAHFTKDFTPECAVQKIv........ rvWAHALARKYH

MYHU ... ISEC QSKHPGDFGADA®@NKalelf..rkdmaSNYKELGFQG

MYOR ............. ISEA QSKHSADFGADA®@NGKalelf..rndmaAKYKEFGFQG

IGLOB  ddhkargvsaaqfGEFRTA QANVSWGDNXMAVNKalL......... dNTFAIVVPRL

GPUGNI ........... ga KEAIKENWSDEMG\VVEAYNQI........... VATIKAEMKE

GPYL ........... ea KEVVGDKWSEELNVTIAYDEIa......... iIIKKEMKDAA

GGZLB ............. VGQE KEVLGDAATDDIDAVGKaygviadvfiigvEADLYAQAVE




HMMER Alignment of Globin Sequences

D,9,9,0,9,0,0,9,0,0.0.89.0,0.9,9,0.0.0.0. 9 0.0,0 ¢, CHR_-. 0,9,9,0,0,0.99,9,0,0,0,0.0.89.0,0,0.0,0,0.0.0. 0.8 $.0.0.0.0.00.04
HAHU V.LSPADKTN..VKAAWGKVG.AHAGE.......... YGAEAL.ERMFLSF.. PTTKTYFPH.FDLS.HGSA
HAOR M.LTDAEKKE..VTALWGKAA.GHGEE.......... YGAEAL.ERLFQAF.. PTTKTYFSH.FDLS.HGSA
HADK V.LSAADKTN..VKGVFSKIG.GHAEE.......... YGAETL.ERMFIAY.. PQTKTY¥PH.FDLS.HGSA
HBHU VHLTPEEKSA..VTALWGKVN.VDEVG........... G.EAL.GRLLVVY.. PWTQRFES.FGDL.STPD
HBOR VHLSGGEKSA..VTNLWGKVN.INELG........... G.EAL.GRLLVVY.. PWTQRFEA.FGDL.SSAG
HBDK VHWTAEEKQL..ITGLWGKVNVAD.CG........... A.EAL.ARLLIVY.. PWTQRFAS.FGNL.SSPT
MYHU G.LSDGEWQL..VLNVWGKVE.ADIPG.......... HGQEVL.IRLFKGH.. PETLEKFDK.FKHL.KSED
MYOR G.LSDGEWQL..VLKVWGKVE.GDLPG.......... HGQEVL.IRLFKTH.. PETLEKFDK.FKGL.KTED
IGLOB M.KFFAVLALCiIVGAIASPLT.ADEASIvgsswkavsHNEVEIIAAVFAAY. PDIQNKFSQFaGKDLASIKD
GPUGNI A.LTEKQEAL..LKQSWEVLK.QNIPA.......... HS.LRL.FALIIEA.A PESKYVSF.LKDSNEIPE
GPYL GVLTDVQVAL..VKSSFEEFN.ANIPK........... N.THR.FFTLVLEIA PGAKDESF.LKGSSEVPQ
GGZLB M.L.DQQTIN..IIKATVPVLKEHGVT........... ITTTF.YKNLFAK.H PEVRPIEDM.GRQ..ESLE
),9,0,0,0.99.9,0,0,0,0.0,0,0.0.0.0.0. 89.0.0,0.0,0,0.0.0.0.00.00080.0000008.09090900008.099.9.9.90,9.0990000¢
HAHU Q KKVADA.LTN......AVA.HVDDMPNA...LSA  LS.D.LH AHKL....RVDPVNF.KLLSHC
HAOR Q KKVADA.L.S.....TAAGHFDDMDSA...LSA  LS.D.LH AHKL....RVDPVNF.KLLAHC
HADK Q KKVAAA.LVE......AVN.HVDDIAGA...LSK LS.D.LH AQKL....RVDPVNF.KFLGHC
HBHU AVMGNpK K.KVLGA..FSDGLAHLDNLKGT...FAT LS.E.LH CDKL....HVDPENF.RL.LGNV
HBOR AVMGNpK A.KVLTS..FGDALKNLDDLKGT...FAK LS.E.LH CDKL....HVDPENFNRL..GNV
HBDK AILGNpM K.KVLTS..FGDAVKNLDNIKNT...FAQ LS.E.LH CDKL....HVDPENF.RL.LGDI
MYHU EMKASeD A.TVL..... TALGGILKKKGHH..EAEIKP L.AQSHATK...HKIPVKYLEFISEC
MYOR EMKASaD G.TVL..... TALGNILKKKGQH..EAELKP L.AQSHATK...HKISIKFLEYISEA
IGLOB T.GA... TRIVSFLsSeVIALSGNTSNAAAV...NSLVSK L.GDDHKA....R.GVSAA.QF..GEFR
GPUGNI NNPK... AVIFKTI...CESATELRQKGHAVWANNTLKR..GSIH LK....N.KITDP.HF.EVMKG
GPYL NNPD... G.KVFKL..TYEAAIQLEVNGAVAS.DATLKSL.GSVHVS....K.GVVDA.HF.PVVKE
GGZLB Q...... M.TVL......AAAQNIENLPAIL..PAVKK IAVKH CQAGVaaaH.YPIVGQI= K
D,9,0,0,0,0,0,0,0.8.0,0.0,0.0.0.0.0. 8 0.0,0.0.0.0000009090999999990,8.
HAHU AAH.LPAEFTPA..VH ASLDKFLASV.STVLTS..KY..R
HAOR AR.H..CPGEFTPS..AH AAMDKFLSKV.ATVLTS..KY..R
HADK AlLH..HPAALTPE..VH ASLDKFMCAV.GAVLTA..KY..R
HBHU AH.H..FGKEFTPP..VQ AAYQKVVAGV.ANALAH..KY..H
HBOR AR.H..FSKDFSPE..VQ AAVQKLVSGV.AHALGH..KY..H
HBDK AAH..FTKDFTPE..CQ AAVQKLVRVV.AHALAR..KY..H
MYHU QSKHPgDFGADAIA. VMNKALELFRKDM.ASNYKELGFQ..G
MYOR QSKHSaDFGADA® .MGKALELFRNDM.AAKYKEFGFQ..G
IGLOB TA. QANVSWGDN¥AVNKA.LDN.TFAIVV..PR..L
GPUGNI A KEA.IKENWSDE..MGOQAWEAYNQLVATIKAE..MK..E
GPYL A KEV.VGDKWSEE..LNTAVIIAYDELAIIIKKE..MKdaA

GGZLB EVLGDAAT..DDIL DAVGK.AYGVIADVFIQVEADLYAQ..AV..E




Meta-MEME Alignment of RH Sequences

.............. XXXXXXXXK e vvvvvnvnennneneeeeeeeeeeeeeeseesss s XXXXXXXX

HTLV-II Idt......... apCLFS DG gkaayviwdgtilqqd.......... itplpshethsaqgkg LLALICG

SRV-l Inn......... alLVFT DGStgmaaytladtti................ kfgtninsaglv LQALIAV

RSV  pvp......... gpTVFT DASSsthkgvvvwregprw........... eikeiadlgasvqq| ARAVAMA

HIV-1l ipg......... aeTFYT DGEnrgskegkagyvtdrg.......... kdkvkklegttngga LEAFAMA

MoMLV pda......... dhTWYT DGSllgeggrkagaavttet....... eviwakaldagtsaqra LIALTQA

Ingi  pre......... hyKLWT DGY/slgekigaaallhrnntl......icapktgagelscsyraECVAL IG

CAMV  pee......... KINET DA dywggmlkaikinegtntelicryasgsfkaaeknyhsndk TLAVINT

17.6  ftk......... KfTLTT DA®valgavisqdghplsyi........ srtineheinystiek LLAIVWA

MAUP  fnnstnlgeps dsr LLYRKGSWvnirfaay..........ccccceeeeeeeeeee. lysklseEKHGLVPK

HBV  rpg......... ICQVFA DATPtgwglvmghgrmr................ gtfsaplpihta LLAACFA

Copia fen......... kilGYV DSDNagseidrksttgylfkmfdf.nlicwntkrgnsvaasst aEYMALFEA

E.coli mlk......... gvEIFT DG Ignpgpggygailryrg....... rektfsagytrttnnrm LMAAIVA
Xeverrerneeeaanaaaens XXXXHXXXHKK et eeeeaeaeeee e e e

HTLV-Il Lraak............ pwpsLNIFL DSKYLikylhslaigaflgtsahqgtlqaalp..............

SRV-l  Lsafp............. NgpLNIYT DSAYLahsiplletvagikhisetaklflgcqg............

RSV  Lllwp............. ttpTNVVT DSAFVakmllkmggegvpstaaafiledal...............

HIV-Il Ltds.............. gpkVNIIV DSQ¥Vmgisasqgpteseskivngiie...................

MoMLV Lkmae............. gkkLNVYT DSRYAfatahihgeiyrrrglitsegkeiknkdeil.........

Ingi  Lgrllkwlp....ryrstpsrLSIFS DSLSMltalgtgplavtdpilrriwrll.................

CAMV  IKkkfsiy......... [tpvhFLIRT DNTHFksfvninykgdsklgrnir.....................

17.6  Tktfrhy......... llgrhFEISS DH@Lswlyrmkdpnskltrwr.......................

MAUP  Flek.............. Ir INFALDKVDVtei dsk Isrimkfsvsaaydevgtlalkslfkfrnseres

HBV  Rsrs............... gaNIIGT DNS/Visrkytsfpwllgcaanwilrgtsfvyvpsa.........

Copia VrealwlkflltsiniklenpIKIYE DN@Cisiannpschkrakhidiky....................

E.coli Lealk............ ehceVILST DSQ¥Vrqgitgwihnwkkrgwktadkkpvknvd............
....................................... XXXXXXKXX e

HTLV-Il ............. pllggktiylhhvrshtnlpdpistf SLILapl..............

SRV-l ... liynrsipfyighvrahsglpgpiahg LATKtvasn............

RSV ... sqrsamaavlhvrshsevpgffteg SQATfgay.............

HIV-IT emikkeaiyvawvpahkgigg HLVSqgirgvl..........

MoMLV ......... allkalflpkrisiihcpghgkghsaearg QAARKkaaitetpdtstll...

INgi Igvqrrkirirlgfvfdhcgvkr EMAKkaadlpql.........

CAMV wgawlshysfdvehikgtd FLSRefnkvns..........

176 e, vkisefdfdikyikgke ALSRIikleety..........

MAUP ikasfkglrengkiaefsearrlwfeilklirldifnas DLLShlqgdrrsi.........

HBV ... Inpaddpsrgrlglsrpliripfrpttgrt SPSVpshlpdrvh........

(0] o] - hfareqvgnnvicleyipte IFTKplpaarfve........

E.coli ............ lwgrldaalgghgikwewvkghaghpe ELARaaamnptledtgyqvev




HMMER Alignment of RH Sequences

H#=RF XXX XXXXXXXK . XXXXKXKK L XXXKXK XXXK XK. XXX K XXXXXXXX. L XXXXXL X

HTLV-Il LDTAPCLFS DG®Q.KAAYVLW..DQTIL.QQDI..T...PLP......... SH.ETHS....... AQ...K
SRV-l LNNALLVFT DGS...TGMAA...YTL.A.D.. T..TIKF........ QT.NLNS....... AQ...L

RSV  PVPGPTVFT DASSS.THKGVVV...W.R.E.GP..R..WEIK........ EIADLGA.....5VQQ....
HIV-Il IPGAETFYT DGXN.RQSKEGK..AGY.V.T.DR..G...KDKV........ KKLEQTT......NQQ....
MoMLV PDADHTWYDGSL.LQEGQRK..AGAAV.T.TE..T...EVIW........ AK.ALDAG....TSAQ...R
Ingi PREHYKLWT DGS/S.LGEKLGA...AALL.H.RN..N...TLIC........ AP.KTGA.....GELSCsyR
CAMV PEEKLIET DA®D.YWGGMLK..AIKIN.EGTN..T...ELICryasgsfkAA.EKNY.....HSND....
17.6 FTKKFTLTT DA®ValLGAVLSQ..DGHPL.S.YIs.R...TLN......... EH.EINY......STI...E
MAUP FNNSTNLQEP.S DS.RLLYRKG...SWVN.I.RFaaY...LYSK........ LSEEKHGLVpkKfLEKL...R

HBV RPGLCQVFA DATP.TGWGLVM...GHQR.M..R..G...TFSA........ PL.PIHT.....A LL....
Copia FENKIIGYV DSDNA.GSEIDRKstTGYLFKMFDF..N...LICW........ NTKRQNSVa...ASST...E
E.coli MLKQVEIFT DGXL.GNPGPGG..YGAIL.R.YR..GrekTFSA........ GYTRTTNNTF...M LM....
#=RF  XXXXXXX...... 0,9,9,0,9,9,99,9,0,9,9,0,0.89.0,0.8.0,0.0.0.0. 0. 89.0.0.0. 8 .0.0.0.0.0.0.0.0000 BN 6000000 N

HTLV-II G ELLAL....... ICGLRAaKPWPSL..NI..FL D.S....K  YLLKYL.HSLAIGAFI...GTSAHQ....
SRV-I V LQAL....... IAVLSA.FPNQPL..NI..YT D.S....A YLA.HSI.PLLETVAQIkhiSETAKL....
RSV L ARAV....... AMAL...LLWPTTP.TNV.VT DSA-..VAKM.LLK.MGQEGV.P....STAAAF....
HIV-II A LEAF....... AMAL... TDSGPKV.NI..IV D.S...Q YVM.GIS.ASQPTESE....SKIVNQ....
MoMLV A ELIALTqa...IKMAEGK.KLNVYT D.SRYaFATAHI...HGEI.YRR.RGLLTS.E....GKEIKN....
Ingi AECVAL E..... IGLQRL.LKWLPRYrST..PSRLSIFs. DSLS.MLT.ALQTGPLA....VTDPIL....
CAMV K ETLAV....... INTIL.K.KFSIYL..TPVhFLLR....T DNTHFK.SFVNLN.Y....KGDSKL....
176 K LLAI....... VWAT.K.TFRHYLL.GRH.FEISS D...HQ PL.SWL.YR.M.KD......PNSKL....
MAUP INFALDkvdvtel DSHKLS.RLMKFSV.SA..AYDEVGTI.ALKS.LFKFRNSERESI....KASFKQLRen
HBV  AACFARSr.....SGANIIgT DNS/VL.SR..KYTSFPWIIGCAA.NWILRGTSFV.Y....VPSALNPA..
Copia A YMAL....... FEAVREaLWLKFLL.TS..INIKL....ENPI.KIYE DN@GCISla..nNPSCHKRAK.
E.coli AAIVALE......ALKEHC.EVILST D.SQ..YVRQGI... TQWIhNWKKRGWKTADK....KPVKNV....
#=RF ..... 0,9,9,0,0,0,0,9,0,0,9,0,0.0,0.0.0..9.0.0.0.0.8.0.0.0.0.0.0.0.089 00000000000 000 0008008800004

HTLV-II .... TLQA..ALPPLLQGKT....IYLH.HVRSHT......N.LPDPISTF SLIL...APL.
SRV-I ..... FLQCQ.QLIYNRSIPF....YIGH.V.RAHS......G.LPGPIAHG .LATktvASN.
RSV ... ILED..ALS..QRSAM...AAVLH.V.RSHSEVPgfFT.EG S....QAT..F.....QAY.
HIV-II ... IIEEM.IKK..EAIYV...AWVPA.H.KGIGG..... HLV....SQG...IR...QVL.
MoMLV ..... KDEIL.ALLKALFLPKRISIIHCPgHQKGHSAEAr.G QAARKaaiTET..PDT...STLL
Ingi ... RRLWR.LLLQVQRRKI...RIRLQ.FVFDHCGVK..R .EMA....KKA..ADL...PQL.
CAMV ... GRNIRWQAW..LSHYS...FDVEH.I.LKGTD...... .FLS....REF..N.....KVNS
176 ... TRWRV.KLS..EFDFD....IKY..I.LKGKE...... ALSR...IKL..E.....ETY.
MAUP gkiaeFSEAR.RLW.FEILKL....IRLD.L.FNAS......S. LL....SHL..QDR...RSI.
HBV ... DDPSRGRLG..LSRPL....LRLP.F.RPTTGR....T .SPSV...PSHL.PD....RVH.
Copia ....hIDIKYHFAR.EQVQNN...VICLE.Y.IPTE...... IFTK....PLP..AAR...FVE.

E.coli ..... DLWQRLDAALGQHQIKW.EWVKGH.AGHPE ELAR.AAAM...NPTL.EDTg.yQVEV




Alignment Scores

Globins 1 2 3 4 5 Total

META-MEME 12 11 11* 11* 12* 57

HMMER 11 12% 11* 10* 11* 55

AMULT 12 12 12 12 12 60

ASSEMBLE 12 11 12 12 12 59

CLUSTAL V 12 11 12 12 12 59

DFALIGN 12 12 12 12 12 60

GENALIGN 11* 12 12 10 11 56

MULTAL 12 11 12 12 12 59

MACAW 9 11 9 8 8 45

PIMA 12 12 12 12 12 60

PRALIGN 8 8* o* 8* 10 43

Kinases 1 2 3 4 5 6 7 8 Total
META-MEME 12 11 10 12 12 12 12 11 92
HMMER 12 12* 12* 12 12 12 12 12 96
AMULT 12 10 11 12 12 12 12 12 93
ASSEMBLE 11 7 10 12 12 12 12 12* 87
CLUSTALV 12 11 11* 12 12 12 12 12* 94
DFALIGN 12 12 12 12 12 12 12 12 96
GENALIGN 12 o* 10 12 12 12 12* 11* 90
MULTAL 12 o* 10* 12 12 12* 12 12 91
MACAW 8 0 9 12 12 10 12 0 63
PIMA 12 11 11 12 12 12 12 12 94
PRALIGN 12 10* 6* 4 9* 9* 4 4 58
Proteases 1 2 3 Total

META-MEME 12 4* o* 25

HMMER 11 8 6* 25

AMULT 11 7 10 28

ASSEMBLE O O O 0

CLUSTALV 12 o* 6* 27

DFALIGN 12 12* 12 36

GENALIGN 11 8+ T* 26

MULTAL 10 7* o* 26

MACAW 12 4 8 24

PIMA 12 5* 5* 22

PRALIGN 8* 4* 8* 20

RHs 1 2 3 4 Total

META-MEME 11 9 11 12 43

HMMER 11 10* 5% 7* 33

AMULT 11 o* 8* T* 35

ASSEMBLE O O O O 0

CLUSTALV 12 9 o* o* 39

DFALIGN 12 12 10 12 46

GENALIGN 12* 7 8*' o 36

MULTAL 11* 11* o* 10 41

MACAW 7 5 7 3 22

PIMA 10 9 8* 11* 38

PRALIGN 9 8* 6* 3 26

Scores represent the number of sequences in which each motif was correctly
aligned. Scores for non-HMM methods are from (McClure et al. 1994). A * indicates
that the motif was correctly aligned in two or more misaligned subsets of the test
sequences. A’ indicates that a gap was inserted into the motif.



Results

Globins Kinases Proteases RHs Total
DFALIGN 60 96 36 46 238
CLUSTALV 59 94 27 39 219
META-MEME 57 92 25 43 217
MULTAL 59 91 26 41 217
AMULT 60 93 28 35 216
PIMA 60 94 22 38 214
HMMER 55 96 25 33 209
GENALIGN 56 90 26 36 208
MACAW 45 63 24 22 154
PRALIGN 43 58 20 26 147
ASSEMBLE 59 87 0 0 146

Meta-MEME ranks third overall.
MEME discovers 19 of the 20 motifs in the test set.

Only DFALIGN (Feng & Doolittle, 1987)
significantly outperforms other methods.




Discussion

Meta-MEME'’s focus on the common core allows
accurate models to be trained from fewer
sequences than are required by standard HMMs.

By focusing its models on highly conserved regions
of the training set, Meta-MEME effectively ignores
noisy portions of the data, thereby allowing the
software to properly align distant homologs.

Meta-MEME alignments could be extended by
running another alignment program on the
unaligned, non-motif regions.

A server for MEME and MAST, as well as the
source code for Meta-MEME, is available at
http://www.sdsc.edu/MEME
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