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Additional strategies for multiple
sequence alignment

» Matrix extension (T-coffeg)
* Profile pre-processing
(Praline)

 Secondary structure-induced
alignment

Objective: try to avoid (early) errors

PRALINE web-interface

RALINE mulple saquance alignment

Flavodoxin-cheY : Pre-processing (prepro=1500)

FERTV ToFY - s

Profile pre-processing

— Score 1-2

_ Score 1-3

G G hom
000

— —_— — Score 4-5

— Koy Sequence

Pre-alignment
g

Master-slave (N-to-1)

. alignment
\
A
5
J Pre-profile
Pi
Px




Pre-profile generation
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PRALINE pre-profile generation

n ldea: use the information from all query
sequences to make a pre-profile for each query
sequence that contains information from other
sequences

n You can use all sequences in each pre-profile,
or use only those sequences that will probably
align ‘correctly’. Incorrectly aligned sequences in
the pre-profiles will increase the noise level.

n Select using alignment score: only allow
sequences in pre-profiles if their alignment with
the score higher than a given threshold value.
In PRALINE, this threshold is given as
prepro=1500 (alignment score threshold value is
1500 — see next two slides)

Reliable sequences for pre-profiles

The curve each time gives the
number of pairwise
alignments (y) scoring less
than x. The range

1000 1500<x<1800 shows a flat
section of the curve that can
e serve as a natural cut-off
200 / point for admitting sequences
r// into the pre-alignment blocks
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Global pre-processing
(prepro=0)
Preprocessed profile for sequence 2:

2rcr 19,1 FESTSTNTTENVALR) GCTLGAEAP! VIOV TEFQULDNDLLPLGAPTVR AOTERSIISHEFL VT, PEVIMELVA F QLGP
161 KALI VYGSTTC FAETI ARQL ELGDDFLFDS! SYE
atxn M VYHEOTATERASL A SOOMI WOV SELLNE, D LI LG SUEEVL EESEREPF EB 5T SORQAL
A aFvGrQrG(rEsvaE | FOEFGNDWTLHOVSEVTD: -

FLAV_AZON

FLAV_CLOB m sw LYSSKTGKTERVaKL| EE- - GVKRSGN EVKDAVDKKFLQESEG | FTPTYYAN! SVENK- - KW - - - | CESSEFN. EGKLGAN ST
FLAV_DESDE VFGESTONTES| aQUEEL| A GHEVTLLNADISALAOYDAVLFICSAVEN FDLENQ .-~ DOFLFEEFIVCLACRIVAN ASCDE &
FLAV_DESGl VYGSTTGNTEGVEA! AKTLNSEGTT\ G ELGEDFVP- L ST
FLAV_DESSA e Yol TCATETAaEVHEAEENKC 1 DVEL K /v AN WrCSTW- ... =5 T r LV KAV e ¥ T
FLAV.DESVH  KALI VYGSTTGNTEYTAETI AREL- Wi ELCDDFLFDSL SY-E
FLAV_ECCL Al G FFGSDTGNTEN akM GKQLG - KDV- AD/HDI SSKEDLEAYD! LLLg| PTWIYG- TP o VA e
FLAVCENTAS TG FFGSOTGUTRAKLI LD AOHPLOVFRATRECFL SYPWLLLOTPTLGOL PGUEAGSSUGEFT: NTLSEATL TGTVAL! QL0 vk
FLAV_VEGEL WEl AP L { GYGIGSG - -
3chy LKL WEDF ST VP LKEL GHAEEAEDO/DALNKL . oGP MMM - PRI LLKT| AOSAGAL VL. TABARE
2rcr NFCDAI EEI HOCE GLPLOWNDQ

101 YFCGAVDAI EEKLI EIVQD---- QR VGMHDVRGA - -

atxn FEERVNG YGOWVE - e - COCI EFGRKI AN

FLAV_ANASP

FLAV_AZON

FLAV_CLOB

FLAV_DESDE - EERAKELG-

FLAV_DESGl 'VFOGAVDVI EKKAEELQATLVA-

FLAV_DESSA  YFCGAVDAI EEKLS

FLAV_DESVH  YFCGAVDAI EEKLL

FLAV_ECCL YFCDALGTI RDI | EPROATI ACDHFVGLA SEELH

FLAV.ENTAG  NFVSAMRI LYDLVI wmmwsswmwammmzsm TS KA

FLAV_VEGEL

achy NAA - AQGS- - G- vt e i

Iteration-1 SP= 127728.00 ASP= 10.705 Sid= 3764 AvSId= 0.315

Global pre-processing

(prepro=0)

Preprocessed profile for sequence 3:

atxn K VYVEGTGNTEKIAELI AKG! | ESGKDVNTI NVSDVN DELLNED! LI LGCSAMGDEVL EESEFEPFI EE1 STK) SCKKVALFGSYGACDGWHRDFE
1 | VYGSTTGNTEYTAET! FDAASVEAGAL FEGDLVLLGCSTWEDDS! E¢ GAQGRKVACFGS

arer 1 G FFSTSTGNITEVADFI GKTL- - GAKADAPI DVEDVTOPQALKDOL L FLGANT GADTERSGT SVDEFL YDKL PEVEIKDL V- Al FGLGDAEGYPDFC
FLALAUSE I GPGTIOIOTENGE 7D - EFODNTUVSGRENTELIOIN 90 G YSELDVDFNGKLVAYI GTI GrADNDAl Gl LE
FLAV_AZOVI | LOTPTLGEGEL ENESVEEFLPK] GLOFSGKTVAL( GQVGYPEGELYSFFK
FLAV cLore [Pryibesttotiivmy EEGUKRSGNEVKTINL DAVDXKFL QESEG | Fg TPTYYAN - - SHENKKW DESSENL EGKLGAAS STAGGSDI ALLTI LN
FLAVDESCE VLI VFGSSTGNTES! QL EEL AAGGHEVTLLNAADASAEN ADYDAVL FgCSAWGVEDL ECDOFL SLFEEFNRGLAGRKVAAT AS- - - GDGEYVPAI E
FLAV_DESG AL VYGSTTGNTEGVAEA AKTLNSEGVETTWVADVTAPGLAGYDWLLY YEDLDAGLKDKKVGH GSYTYFOGA- VOV £
FLAV.DESSA NS VYGSTTGNTETASEYVAEAFENKE DVELKNVTDVSVADLGNYD VI.FqCSTWGEEE] EQDDFI PLYDSLNADL KGKKVSVT GDYTYFCGA- VDA E
FLAVDESVH  ALI VYGSTTGNTEYTAETI AREL FEGDLVLLGCSTWED0S! EQDOF PLFDSLETGAQERKVACY GSYEYFOGA- VDA E
FLAV_EOTLI TG FFGSOTGNTEN akM QK- - - QLGKDVADVD! AKSSKETLEAYD! LLLg! PTYGEAQCD/DOFFPTLEEI D - FNGKLVAL( GDYAFCDAGTI ROI £
FLAV_ENTAG | G FFGSDTGQTRKVAKLI HQX- LD ADA PLOVRRATREGFLSYPVLLLQ TPTLGDELY GKTVALY GNYSKNFVSAVRI LY.
FLALMEGEL VB LLgCPANGSEEL APKLKGKKVGLT

3chy DKEL KFLVVDDFSTIRR! VRNLLKEL G - FNNVEEAEDGVD- ALNK- LQAGGY /] SDUNVPNVDGL ELLKT - - RADGANBALPVLWTABAKKEN! | A
atxn ERMNGYGCVWETPLI VQNEPDEAEGDD) EFGIK AN

1 EKLKNL GAE] VQUGL R DGDPRAARDD!

arer DAl EEHDOPAKQUPVGFSNPDDESKNDQ PVEKRVAGH

FLAV_ANASP  EXI SGYGSKALRNGKFVGLALDEDNGEL TOOR! KVAGL

FLAV_AZOVI DRTDGYEAVVGLAL DL DNGSGKTDERVAANLAQ! APE

FLAV.CLOB  HLNKgYGGVAFGKPYVH NEI GENEDENARS GERI

FLAV_DESOE  ERAKELQATI | AEGLINEGDASNCPEAVASI AEDVLKQ

FLAV_DESG KKAEELQATLVASSLKI DGEPDSAE. - VLDVAREVARY

FLAVDESSA  EXLI GOSLKI DEDPERCE. -1 VSuGSG

FLAVDESVH  EKLKNLQAE VQDGLI

FLAV_EOOLI PRTAGYGLAFVGLA| DEDRQPEL TAEF E=

FLAV_ENTAG DLV ARJCVGMWPLLENNEPDQENGEL TELEKKPAVL

Gch[

CRTEDTQATVI GT- Al VNENPONA. PECKE] GEAAMKA
AAQAGASGYVVK- PFTAATLEEKLNKI FEKLGM.

Iteration -1 SP= 121196.00 AvSP= 10,075 Sid= 3288 AvSId= 0.273

Reliable sequences for pre-profiles

Presrocessing: 1,  2]-» score 1959.00 comsared to threshold 1500.00
1, 2]-» =core 1370100 comsared to Ehreshold 1500.00
1, 3]-> score 1395.00 compared to threshold 1500.00
1,  Bl-» score 1323.00 compared to threshold 1500.00
1.  &]=> ceore 1313.00 compared te thresheld 150000
1l T]=> ceore 180D0.00 eompared te thresheld 160000
1. 8]-> =core 1952.00 combared to thresheld 1500.00
1. 9]-» =more 1911.00 commared te thresheld 1500.00
1, 1D]-» score 2594 00 compared to threshold 150000
1, 11]-> score 1358.00 compared to threshold 150000
1. 12]=> score 1393.00 compared to threshold 150000
1l 13]=> score 1353.00 compared to threshold 150000
1] 13]=> ceore 1010.00 ecmpared e thresheld 1500.00
2, "2]-> ccore 1250.00 combared to threshold 150000
2; —» score 1820.00 comsared to threshold 1500.00
2, 5]-» score 1907.00 comsared to threshold 1500.00
2, 8]-» score 1315.00 compared to threshold 1500.00
3,  T]=> ceore 1330 00 comnared te thresheld 150000
3]  8]=> ceore 1338 00 compared te thresheld 150000
3 9]-» zeore 1105, 00 comaared to threshold 180000

2, 13]=> score 1165.00 compared to threshold 150000
2] 13]=> score 1025.00 compared to threshold 150000
3, T4]-> =eore 1232.00 comsared te thresheld 150000
3] B]-» seore 1265.00 commared te thresheld 1500000
3] &]-» score 1228.00 compared to Ehreshold 1500.00
3, 7]-P score 1312100 comsared to Ehreshold 1500.00
3, 8]-» score 130700 compared to threshold 1500.00
3. ®]=> score 1393 00 compared to threshold 150000
3 1D]=> ceore 1338.00 compared e thresheld 150000
3] 11]-> =core 1313.00 compared to threshold 150000
3 12)-» ecore 134300 commared e hreshold 1500000
2, 12]-» score 1690.00 pared o th a0

O e [ teetlell HAEY et M-l psterafic LAY

Pre-profiles (prepro=1500)
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Pre-profiles (prepro=1500)
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Local pre-processing

Local alignments
are calculated
from high to low
scoring -~ each
time the sequence

parts
corresponding to a
selected local
alignment are
blocked such that
anext local
alignment has to
emerge before or
after the earlier
selected one —
this preserves co-
linearity of the
local alignments
and assocaited
sequence
fragments in the
pre-alignments




Local pre-processing

(locprepro=0)

Preprocessed profile for sequence 2: 2fcr

arer KI G FESTSTGNITEVADFI GKTLGAKADAPI DVDOVTCPQAL KDYDLLFLGAPTVINTGADTERSGT SYDEFL YDKL PEVONKDLPVAI FGLGDAEGYPD
11 I WYaSTTGTE 1 ARG LL COFLFOSL sv-

LFDSL s sv-
DVADVHOKEDLEAYD! LLLQI G - EATONDOR- FPTLES NG VALY GoeoRnnE
FLAV_ENTAG e 3 FrGSDTOUTRAKL! oo ADRPLDIRRATREGEL: SYPULLLGTPT LG, DGEL POISYGEFT- NTLSEARL TGKTVALT GLGDQLNYSK
X INE| EXAAGADVESDTNVDDV - DVI LLGOPA. - NGSE- ELEDSVVEPFFTOLAPK. - LKGKKVGL! GYGIESG - -
achy ADKELKFLVVDDF! VRN - - - LKEL - - - - GFANVES

arer NFCDAI EE] HOOPAKQAKPVGF LALPLOWNDQ

K- LKNLG - - AEI VGD: - -~ GLRI D- - G- - PRAARI VGIHD.
AEQDA EFGK.

DIGYDFNDSKAL RNGKFVGLAL CEDNGSOL TOORI KSWAQLKSEFGL

FLAVDESSA  YFCGAVDA! EEKLEKM)AVVI GDSLKI DGDPERDE VSHGS- - G - -
FLAVDESVH  YFCDAIEE------ K- LKNLg- TRV .. QR D (| PR VD
FLAV_EOaLI YFCDALGTI RDI | EPRGATI ACDHEVGLAI D - =3
FLAVENTAG  NFVSANRI LYDLVI ARGACVG: - NPEGYKFSFSAAL ENNEFVGLPLOGENQYDL TEERI DSWLEAVL.
FLAV_NEGEL EVKDAVKQTED: -- - TATVI GTANPON.

AGGYGF SNVPANEL ELLKTI ROGANBALPVLM/TAEAKKEN | AGYVAATLEE.

Local pre-processing
(locprepro=0)

Preprocessed profile for sequence 3: 4fxn

atxn MKI VYVISGTGNTEKMAELI AKGI | ESGKDVNTI NVSDVN DELLNEDI LI LGCSAMEDEVLEESEFEPFI EEI STKI SGKKVAL FGSYGIEDGKVWRDFE
101 | VYGSTTGNTEYTAET! ARGLANAGYEVDSRDAASVEAGGL FEGDLVLLGCSTVIEDDS! EQDDF! PLFDSLETGAQGRKVAGFCE - - GISSYVDA! E
KI | FFSSTGNTTEVADFI GATL. - - GAKADAI DVEDVTOPQAL KDDLL FLGAPTTGADT- ERSSVDEFL PEVDAK: - DLPVAL - - - GLGDAE:
FLAV_ANASP LPVOTQORTESIAE) | 70 - S QOWTLOMSRE/ITLIOKLI 0GP G - L- GOHECLYSEL OVDE VA G| AT
FLAV_AZO ALl | LgTPTLGEGELNESEFLPKI EGLD- - FSGKTVALT GVGYGEGSVETD -
FLAV_CLOB it DAVD KKFLQEEG | EAf STANSGSOI ALL
FLAV_DESDE rsestitpivhe - GHEVTLLNAADASAEN. ADYDAVL Fg CSAVIGEDL EDDFL SLFEEFNRGLAGRKVAAS AS- - - GDQEY- EHFE
FLAV_DESGl | VYGSTTGNTEGVAEA AKTLNSEGVETTVWIWADVTAPGLAGYDWILLGCSTWEDDE] EQEDFVPLYEDL DAGLKDKKVOM GC- - - GIBSYTYD! E
FLAV_DESSA 1 STICHTETAEVASAF B DVELIOWTOVSVACL G L FGCSTVEEED EQUF1 PLYCSL OGSV 60 G5 -~ 0T
FLAV_DESVH | VYGSTTGATE ADHOIELDSFOMVEAGELFEGELLL§CSTVEOS! G PLFDSL ETGAGTA GO - COoSNYON &
FLAV_ECCL oo it cx———qaw—mm ‘SKEDLEAYDI LLLgI
FLAV_ENTAG | FFGSDTGQTRKVaKLI HQG ADAPLDVRR. - Rsmsvmugmmnvasqmsvmnmma(wm QL COENYSKNEY

FLAVMEGEL VI LLGCPAVGSEEL APKLKGRKVAL!
‘GFVEEAEDVDALNI SOPAVDELLRADVLMTAEAKKEN! | AMAQUKPFLEEKLNKI FEK.

achy. RV, N LKEL-
atxn ERNOYCONETPLI VEPDSAECED EFGI AN
101
2rer
FLAV_ANASP
Az

FLAV_CLOB
FLAV_DESDE

AV_DE:
FLAV_DESSA
FLAV.DESVH  EKLKNLGAEI VQDGLRI DGDPRAARDOI V.
FLAV_ECCL E---- YFCDALGIDI | - -- EP,
FLAV_ENTAG  SAVRg- ACVGNVPLLENNEPDGENGDLTE.
FLAV_MEGEL ~ GRTEDTGATVI GTAI V- - NEPDNA PECKE GE.
achy.

CLUSTAL X (1.64b) multiple sequence alignment Flavodoxin-
cheY

Flavodoxin-cheY : Pre-processing (prepro=1500)

1 - PKALI VYGSTTGT- EYTAET| ARGLANAG YEVESRDAASVEAGG FEGFDLVLLGCSTWEDDS! -
NBKVLI VFGSSTGNT- ESI aQKLEEL| AAGG: HEVTLLIAADASAENLADGYDAVLFg CSAGHEDL -
VEVDSRDAASVEAGGLF cSTViEDDS -

1x1 - PKALI VYGSTTGNTEYTAETI ARQLANAG Y- EVDSRDAASVEAGGL ! FLAV_DESVH FEGFDLVLLg
FLAV_DESVH MPKAL| VYGSTTGNTEYTAETI ARELADAG- FLAV_DESSA
FLAV_DESG MPKAL| VYGSTTGNTEGVAEAI AKTLNSEG: M ETTV FLAV_DESG
FLAV_DESSA MBKSLI GNTETAAEYVAEAFENKE: | - DVEL KNVTDVSVADLGNGYD! VILFGCSTVWGEEE E- 2ter GAPTVNTG-
FLAV_DESDE VBKVL| VFGSSTGNTES| AQKLEELI AAGG H- EVTLLNAADASAENLADGYDAVL FGCSAWGVEDL E- FLAV_AZOVI /S- AEDFAQYGFLI LG TPTLGEGEL PQL
B o o T res e oot oo vt L
paaos wa s : o o o oot Wi smar .

MKI VYVSGTGNTEKMAEL| AKG! | ESG- K- DVNTI NVSDVNI DELLN- EDI LI LGCSAMEDE- - V- FLAV_ECQLI - Al TG FFGSDTGNT- ENl akM QKQLGK- - - DVADVHDI AKSS- KEDLEAYDI LLLQ'W
FLAV_ANASP SKKI C{FVGTQTCKYESVAEI | RDEFGNDWT- - - - LI 4fxn = MK- - 1 VYVBGTGNT- EKVAELI AKG | ESG- KDVNTI NVSOVNI CEL
iprprililiehs u iR e e et s hevent
2er -~ Ki G FFSTSTGNTTEVADF| GKTLGAKADAP- - - | DVDDVTDPQALKD- YDLL FLGAPTWNTGADTERSGT - FLAv_ Q.o -Md S LYSSKTGKT- ERVaKLI EEGVKRSGN EVKTMILDAVD- KKFLQESEG | FgTPTYYAN-
FLAV_ENTAG NATI G FFGSDTGQTRKVAKLI HOKLDGH ADAP- - - LDVRRATREQFLS- - YPVLLLGTPTL GDGEL PG/EAGSQYDSWQEFTN- TLSEADLTGKT 3chy ADKELKFLVVDOFSTMRR VRNLLKELGFN- - NVEEAEDGVDAL NKLQAGGYGFVI - - - SOMRWPNM:
FLAV_ECOLI - Al TG FFGSDTGNTENI AKM QKQLGKDVAD- - - - VHOI AKSSKEDLEA- YDI LLLG PTWYYGEAQ: CD-
T R SR S e

T —

o — AT FIAVCEDM GO, 51 EYFG VoM EERLIN oA VD
FLAV_DESVH DGCPRAARDD! VGWAHDVRGA FLAV_DESSA (GOGDS- DY- TYFOGA- VDAl EEKLEKMAW G- -
Et:&;z; FLAV_DESG acms SY- TYFOGA- VIV EXKAEELGATLVAS- - DWAREVLARV-

A T
FLAV_CESDE FLAV_AZOVI aaxm;vvﬂmm LGELYSFFKDRYAKI VWDGKFVGLAL AQ APEFALS- - L--
FLAV_CLO8 FLAV_ENTAG GLGDQLNYSKNFVSA- MR LYDLVI wmmws:mmmunnzmrm DSWLEKLKPAV: L-- - - - -

AA_ e FLAV_ANASP GTGDQ GYADNFQDA- | G LEEKI SQR) GKTVIGYWST DGYDFNDSKA-

A FLAV_ECOLI GTI RDI | EPRGATI

Raier i o i i

ter = FLAV_QLOAB 'STANS! AGGSDI A- - - LLTI LNHLM/KGMLVYSG- - - - GVAFGKPKTHLGYVH NEI GENEDENAR f GERI ANKVKQ F-

FLAV_ENTAG vALFC{CDQmS(wVSwR LYOLV A achy - KPETAATLEEKL NI FEXLGM -

iy e

pistrerasiiintifrabetd

Flavodoxin-cheY: Local Pre-processing PSI-PRALINE
(locprepro=300)
—
e
FLAV_DESSA H H H
i Multiple alignment of distant sequences
st
afxn - H
- ey using PSI-BLAST
e e e e ey

FLAV_ANASP - SKKI GLFYGTQTGKTESVaE] | ROEFGNDVTL H- - DVSQAEV- TDLNDYQYLI | gCPTWNI GEL- SOVEC
FLAV_AZON K CLFFGSNTGATRIVaS! KKFFDOETNEDA. LAVNRVSA. ECFAQIGFL LgTPTLGECEL PG SSOCENESYEEF. LPid EGLOFSGKTVALT P f P S | - B |_ A ST h f h
Fahme o jefesli P frivlitveee nPerform a search tor eac
i AR A
FLAV_CLOAB. m s\ LvssKrGaEwaku EEGVKRSGM EVKTMNL DAVDKKFLGESEG | FgTPTYYA- - S eq uence
e e ™ e
s o0 o - .
U cesin B oA o n Keep putative homologs found as
Rai e e e A
i Vsl ‘ ,
e background’ sequences

ossatim s ailes
o 5 A PCEAL 1 —Make local pre-profile for each sequence
FLAV_ANASP ‘GTGDQ! - GYADNFQDA- | G- - | LEEKI mm@mmmm G(WC{MDEDN{SUJDR mm—
iRt Nt ey ) . .
FLALENTA GO0 IS LI ARSI —Align original sequences using extended
T e i e
e e et A ; ;
bt e information from homologous sequences

G




Pair-wise alignment
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Multiple alignment
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—o— PRALINE™
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o = T-COFFEE v2.03
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Acs accuracy (%)
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Example: methyltransferases

PRALINE BASIC (0.10)
1620A SEIYG..... IHAVQALLER APERFQEVFI LKG.REDKRL LP....LIHA LESQGVVIQL ANRQY LoBK:
LIPAA MRITSTANPR IKELARLLER KHRDSQRRFL IEGAREIERA LQAGIELEQA LVWEGGLNPE EQQUYAALLA LLEV

ALICAO 0.00)
SEIYG IHAVOALLER APERFQEVPI LKG.REDKRL LP.
1577 WRITSTANGR, TXELARLLER KHRDGQRAFL TBGARETSRA LOAGIRLEGA

VVIQL ANRQYLDEKS DGAVHQGIIA RVKPGRQ
EGGLNPE EQQVYAALLA LLEVSEAVLK KLSVRDNPAG LIALARMPER

MUSCLE v3.51 (0.15)
1620 SEIYG..... IHAVQALLER APERFQEVFI LKG.REDKRL LP....LTHA LESQGVVIQL ANRQY..... LDEKSDGAVH Q
1IPAA MRITSTANPR IKELARLLER KHRDSQRRFL IEGAREIERA LOAGIELEA LVWEGGLNPE EQUYAALLA LLEVSEAVLK KLSVRON

T-COFFEE v2.03 (0.15)
1GZOA .....SEIYG IHAVQALLER APERFQEVFT LKG.REDKRL LP....L
1IPAA MRITSTANPR IKELARLLER KHRDSQRRFL TEGAREIERA LOAGIELEQA Lt

PSI-PRALINE (0.92)
16208 SE IYGTHAVQAL LERA
LIPAR MRITSTANPR IKELARLLER KHRDSQRRFL I

HOMSTRAD REFERENCE
16208

SE IYGIHAVQAL LERAPERFQE VFILKGREDK RLLPLIHALE SQGVVIQLAN RQYL
Dssp & EESHHHHHHH HHS GGGB E EEEESS T TTHl H HHT EEEEE SHEHHHTT
LIPAA MRITSTANPR IKELARLLER KHRDSQRRFL IEGAREIERA LOAGIE.LEQ ALVWEGGLNP BEQQVYAALL

DSSP EE TTSHH HHHHHCGGSH HHHHHHTEEE EESHHHHHHH HHTT B B BEEETT H HHHHHHH

The effects of using E-
value thresholds of
increasing stringency in
PRALINEPSI on the 624
HOMSTRAD pairwise

: /?,/_,J&/
g 05 V——_“—’/ alignments.
. )

2
[+ 0100% =~ 0-30% 4 30-60% —- 60-100%]

(A) The difference between the
average Q scores of PRALINEPSI
005 and the basic PRALINE method
0 10 5 1 e0le02e03e06 inc max
evaue threshold (B) The distributions of improved,
B equal and worsened cases

compared with the basic

100%
PRALINE method for each E-
80% value threshold.
60%
The'inc’ column is the
40% PRALINEPSI incremental strategy
starting from athreshold of 106,
2w and the ‘max’ column is
%4 PRALINEPSI's theoretica upper

5 1 e0l e02 03 e06 inc max limit for the tested threshold
evaluethreshold range.

Strategies for multiple sequence
alignment

* Profile pre-processing
» Secondary structure-induced
alignment (Praline-SS)

Globalised local alignment
e Matrix extension

Objective: integrate secondary structure
information to anchor alignments and avoid
error

Additional strategies for multiple
seguence alignment

» Matrix extension (T-coffee)

* Profile pre-processing (Praline)
Secondary structure-induced
alignment

Objective: try to avoid (early) errors




Protein structure hierarchical levels

‘ PRIMARY STRUCTURE (amino acid sequence) ‘

| SECONDARY STRUCTURE (helices, strands) |

VHLTPEEKSAVTALWGKVNVDE
VGGEALGRLLVVYPWTQRFFE

SFGDLSTPDAVMGNPKVKAHG “
KKVLGAFSDGLAHLDNLKGTFA ‘ «Q
TLSELHCDKLHVDPENFRLLGN Q/ ™~
VLVCVLAHHFGKEFTPPVQAAY k&
QKVVAGVANALAHKYH <

TERTIARY STRUCTURE (fold)

QUATERNARY STRUCTURE (oligomers)

Why use (predicted) structural
information

n “Structure more conserved than sequence”

— Many structural protein families (e.g. globins) have
family members with very low sequence similarities. For
example, globin sequences identities can be as low as
10% while still having an identical fold.

n This means that you can still observe equivalent
secondary structures in homologous proteins even
if sequence similarities are extremely low.

n But you are dependent on the quality of prediction
methods. For example, secondary structure
prediction is currently at 76% correctness. So, 1
out of 4 predicted amino acids is still incorrect.

How to combine secondary structure
and amino acid information

Dynamic programming élﬂp)lsnt(l)tuatf:(;(rj]

matrices

search matrix

MDAGSTVI LCFV
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OO N0 Z
OOmMMMOOIIIT

Using predicted secondary structure
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PRALINE™ (Pirovano et al., 2008)

n Membrane-bound proteins are a special class:
different hydrophobicity patterns

n 20 — 30% of all ORFs are likely to be
transmembrane (Wallin and Von Heijne, 1998)

n Less than 2% of all solved structures show a
membrane topology (www.pdb.org)

For each input sequence predict Progressively align sequences or
transmembrane topology pre-profiles using both

PHAT and BLOSUM

1 TTTTTT
? TTTT ‘Sequence/ Prepro 1 Incl.

3 TTTT position specific TM struct.
4 —TTTTT sLewssT

Tree-based consistency iteration
on Sum-of-Pairs score

[
!

-
£2
gE
g%
@)

PHAT BLOSUM




Substitution matrices

n JTT (Jones et al., 1994)
polar residues are highly conserved,
hydrophobic residues more interchangeable.
n PHAT (Ng et al., 2000)
use background frequencies characteristic of
twilight zone rather than the amino acid
frequencies of the database.

Transmembrane topology predictors

n HMMTOP (Tusnady and Simon, 2001)
n TMHMM (Krogh et al., 2001)
n PHOBIUS (Kall et al., 2005)

However, not many techniques have been developed
to improve alignment of transmembrane proteins
n STAM (Shafrir and Guy, 2004)

Benchmark

n BALIBASE v2.0 transmembrane set:
435 aligned sequences — 8 families
av. seglen = 567 — from 2 to 14 TM helices

Query Reference
n Accuracy: —3 =
" Columscore <~
“strict”
- —
—— —
Sum-of-Pairs score
more “lenient”

Independent contributions
PHAT matrix and gap values

a) b)

PRALINET 21 pHaT
= PRALINE BLOSUM62 {BLOSUME
PRALINE ™ PHAT /PHAT

080 085 090
040 045

TC score

SP score
015 020 025 030 035

055 060 065 070 075

150 155 160 165 170 175 180 150 155 160 165 170 175 180
Go transmembrane Go transmembrane

Strategies for multiple sequence
alignment

* Profile pre-processing
» Secondary structure-induced alignment
e Matrix extension

Objective: try to avoid (early) errors

Multiple alignment methods

q Multi-dimensional dynamic programming
> extension of pairwise sequence alignment.

q Progressive alignment
> incorporates phylogenetic information to guide the
alignment process

q Iterative alignment
> correct for problems with progressive alignment by
repeatedly realigning subgroups of sequence




|terative strategies

Iteration can help in cases
where one can learn from the
data produced in a preceding
step, so that the next step can
be taken in a ‘more informed’
way.

Convergence

Limit cycle

oo

Divergence

Iterate similarity matrix, guide tree and MSA

= Score1-2

000

)
1 Score 1-3
3
4
5

— Score 4-5

Scores . Thisway of iterating
Similarity wasalready
: implemented in 1984
matrix by Hogeweg and

< (] =

5X5

Guide tree Multiple alignment

Pre-profile alignment
Alignment consistency
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Flavodoxin-cheY consistency scores — comies

(PRALINE prepro=0) /:gdn:a oo

11 - VTAETI ARQLB776-
FLAV_DESVH TAET| ARELTTTT-

FLAV_DESG G/AEAI AKTLOOO7-

oF
FLAV_ANASP - 47B99LFYGTQIGKTESVAE |
A

FLAV_AZOVI 791 GLF
X 477777. 7777799999999

FLAV.CLOAS 869991 L

3chy 1

Avrg Consi st
Conser vati on

FLAV_DESDE 77783 9877777

3chy 1135543111

Avrg Consi st
Conser vati on

Iteration 0 SP= 135136.00 AvSP= 10.473 Sid= 3838 AVSId= 0.297

Consistency values are scored from0 to 10; the value 10 is represented by the corresponding amino acid (red)

Flavodoxin-cheY consistency scores
(PRALINE prepro=1500)

11 - 424441 VYGSTTGNTEYTAET| ARQL8866666665777777756678880L WL GCSTWI 776¢

995476666769- 778887BBA0CRKVACE
FLAV_DESVH - 344441 VYGSTTGNTEYTAETI AREL77666666657777777566 8880 VLLGCSTV 776¢

995476666769- 778887B80CRKVACE

FLAVDESSA  -334441 FCCSTWI7777- - -- 996466666779- BBSL9BADLKGKKVSVF
FLAV_DESG - 344441 WYGSTTGNTE LacsTw777 79. 88887688888
FLAVDESDE - 447771 VEGSSTGNTE g
afxn -322221 888856601 L L SGKVALF
FLAV_MEGEL -122221 LLGoPAVGSET
afer - 414561 FFSTSTGNTTEVA999998665432222765554443244779 VDL LFL GAPTO44411999- 111112450441 BOKL PEVDUKDLPVA F
FLAV_ANASP - DD456LFYGTQIGKTESVAE | I 32 - e
FLAV_AZOVI - 424451 FF 777YGFLI LGTPTL F
FLAV_ENT/ KLI HOKL LL 8- BNTLSEADLTGATVALF
FLAV_EOQL -511141 FFGSOTGTEN AKM 96 LLLG PTO54431. - VALE
FLAV.CLOA® 636661 L | GESEG [ FGTPT) cr
3chy ADKELKFLWODFSTHRR! VR\LLKELGF NKLQ: AGGYGVI EL- - LKT| RADGAVBAL PVLM
Avrg Consi st
Conser vati on %

1001 Co8879- 89- 999877977 -

FLAV.DESVH  COBB79- B9- 999877977- -

FLAV_DESSA

FLAV_DESGl cosB79-

FLAV.DESDE  ASB886-

afxn Gs2228-

FLAV_VEGEL A888- - 28- 7 77222-- 12-------

2fcr GLGDAS. BYSDNF

FLAV_ANASP  GICDGS- GY5899999- 99- - 99EEKI

FLAV_AZON GLGOC5- 885777555-

FLAVENTAG  GLGDGL- NYSKNFVSA- IR -1 LYDLVI FSAAGB6NERVCLPL

FLAV_ECCLI 1

FLAV_CLOAB DENARI FGERI ANKVKQ

3chy VTABA- -~ KKEN | A==~ AQAGAS- - === mmmmm e GYVWKC - -- - PFTAATLEEKLNK FEKLGM: - - ---

Avrg Consi st

Conservation 746640037

teration 0 SP= 136702.00 AvSP= 10.654 Sid= 3955 AVSId= 0.308

'
Consistency values are scored from0 to 10; the value 10 is represented by the corresponding amino acid (red)

Consistency iteration

Pre-profiles

Multiple
alignment
positional
consistency
scores

[LE




Pre-profile update iteration

Pre-profiles

Multiple
alignment

Secondary structure-induced
alignment
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Flavodoxin-cheY multiple alignment/
secondary structureiteration
cheY SSEs

3chy- AA SEQUENCE] | AA | ADKELKFLVVDDFSTIRRI VRNL L KEL GFNNVEEAEDGVDAL NKL QAGGYGFVI SDWNWP|
3chy- | TERATI ON-0] | PHD |  EEEEEEE E HHHEEE |

3chy- AA SEQUENCE] | AA | NVDGLELLKTI RADGAVBALPVLM/TAEAKKEN! | AAAQAGASGYVWKPFTAATLEEKLNKI FEKLGM
3chy- | TERATI ON- 0] | PHD | |

Flavodoxin-cheY multiple alignment/
secondary structureiteration
cheY SSEs

3chy- AA SEQUENCE| | AA | ADKELKFLVVDDFSTNVRRI VRNLL KEL GFNNVEEAEDGVDAL NKL QAGGYGFVI SDVINVP|
3chy- | TERATI ON-0] | PHD |  EEEEEEE 3 HHHEEE |

3chy- | TERATI ON- 1] | PHD |  EEEEEEEE  HHHHHHHHHHHHHHH HHHHHHHH  EEEEEE |

3chy- AA SEQUENCE| | AA | NVDGLELLKTI RADGAVBALPVLM/TAEAKKEN | AAAQAGASGYVVKPFTAATLEEKLINKI FEKLGM
3chy- | TERATI ON- 0] | PHD |

3chy- | TERATI ON- 1] | PHD | HHH EEE |

Flavodoxin-cheY multiple alignment/
secondary structureiteration
cheY SSEs

3chy- AA SEQUENCE] | AA | ADKELKFLVVDDFSTIRRI VRNL L KEL GFNNVEEAEDGVDAL NKL QAGGYGFVI SOWNWP|
3chy- | TERATI ON-0] | PHD |  EEEEEEE E HHHEEE |
3chy- | TERATI ON-1] | PHD |  EEEEEEEE  HHHHHHHHHHHHHHH HAHHHHHH  EEEEEE |
3chy- | TERATI ON- 2] | PHD |  EEEEEEEE  HHHHHHHHHHHHHH HAHHHHHAH  EEEEEE |
3chy- AA SEQUENCE] | AA | NVDGLELLKTI RADGAVBALPVLM/TAEAKKEN! | AAAQAGASGYVWKPFTAATLEEKLNKI FEKLGM
3chy- | TERATI ON- 0] | PHD | |
3chy- | TERATI ON- 1] | PHD | HHH EEE |

3chy- | TERATI ON- 2] | PHD | EEE |




Flavodoxin-cheY multiple alignment/
secondary structure iteration
cheY SSEs

Flavodoxin-cheY multiple alignment/
secondary structure iteration
cheY SSEs

3chy- AA SEQUENCE| |

AA | ADKELKFLVVDDFSTNRRI VRNL LKEL GFNNVEEAEDGVDAL NKL QAGGYGFVI SDVINVP|

3chy- | TERATI ON- 0] | PHD |  EEEEEEE E HHHEEE |
3chy- | TERATI ON- 1] | PHD | EEEEEEEE  HHHHHHHHHHHHHHH HHHHHHAH  EEEEEE |
3chy- | TERATI ON- 2] | PHD | EEEEEEEE  HHHHHHHHHHHHHH HHHHHHHHH  EEEEEE |
3chy- | TERATI ON-3] | PHD | EEEEEEEE  HHHHHHHHHHHHHH  EEE HHHHHH  EEEEE |

3chy- AA SEQUENCE| |

AA | NVDGLELLKTI RADGAMSAL PVLM/TAEAKKEN! | AAAQAGASGYWKPFTAATLEEKLNKI FEKLGM

3chy- | TERATI ON-0] | PHD | |
3chy- | TERATI ON- 1] | PHD | HHH EEE |
3chy- | TERATI ON- 2] | PHD | EEE |
3chy- | TERATI ON- 3] | PHD | EEE |

3chy- AA SEQUENCE] | AA | ADKELKFLVVDDFSTIRR! VRNL L KEL GFNNVEEAEDGVDAL NKL QAGGYGFVI SDWNVP|
3chy- | TERATI ON- 0] | PHD |  EEEEEEE E HHHEEE |
3chy- | TERATI ON- 1] | PHD | EEEEEEEE  HHHHHHHHHHHHHHH HHHHHHHH  EEEEEE |
3chy- | TERATI ON- 2] | PHD |  EEEEEEEE HHHHHHHHHHHHAH HHHHHHHH  EEEEEE |
3chy- | TERATI ON- 3] | PHD | EEEEEEEE  HHHHHHHHHHHHHH  EEE HHHHHH  EEEEE |
3chy- | TERATI ON-4] | PHD |  EEEEEEEE  HHHHHHHHHHHHHH HHHHHHH  EEEEE |

3chy- AA SEQUENCE] |

AA | NVDGLELLKTI RADGAMSAL PVLM/TAEAKKEN! | AAAQAGASGYWKPFTAATLEEKLNKI FEKLGM

3chy- | TERATI ON-0] | PHD | |
3chy- | TERATI ON-1] | PHD | HAH EEE |
3chy- | TERATI ON- 2] | PHD | EEE |
3chy- | TERATI ON- 3] | PHD | EEE |
3chy- | TERATI ON- 4] | PHD | HHHHEH EEEEE EEE |

Flavodoxin-cheY multiple alignment/
secondary structureiteration
cheY SSEs

Flavodoxin-cheY multiple alignment/
secondary structureiteration
cheY SSEs

3chy- AA SEQUENCE| |

AA | ADKELKFLVVDDFSTNRRI VRNL LKEL GFNNVEEAEDGVDALNKLQAGGYGFVI SDVINVP|

3chy- | TERATI ON-0] | PHD |  EEEEEEE 3 HHHEEE |
3chy- | TERATI ON- 1] | PHD |  EEEEEEEE  HHHHHHHHHHHHHHH HHHHHHHH  EEEEEE |
3chy- | TERATI ON- 2] | PHD |  EEEEEEEE HHHHHHHHHHHHH HHHHHHHHH  EEEEEE |
3chy- | TERATI ON- 3] | PHD | EEEEEEEE  HHHHHHHHHHHHHH  EEE WHHH  EEEEE |
3chy- | TERATI ON- 4] | PHD | EEEEEEEE  HHHHHHHHHHHHHH WHHHHH  EEEEE |
3chy- | TERATI ON-5] | PHD | EEEEEEEE  HHHHHHHHHHHHHH  EEE WHHH  EEEEE |

3chy- AA SEQUENCE| |

AA | NVDGLELLKTI RADGAVBAL PV M/ TAEAKKEN! | AAAQAGASGYWKPFTAATLEEKLNKI FEKLGM

3chy- 1 TERATI ON- 0] | PHD |

3chy- | TERATI ON- 1] | PHD | HHH EEE |
3chy- | TERATI ON- 2] | PHD | EEE |
3chy- | TERATI ON-3] | PHD | EEE |
3chy- | TERATI ON-4] | PHD | HHHHH EEEEE EEE |
3chy- | TERATI ON-5] | PHD | HHHHHHHH EEEEE EEE |

3chy- AA SEQUENCE] |
3chy- | TERATI ON-0] |

3chy- | TERATI ON-1] | PHD |  EEEEEEEE  HHHHHHHHHHHHHHH HAHHHHHH  EEEEEE |
3chy- | TERATI ON- 2] | PHD |  EEEEEEEE HHHHHHHHHHHHH HAHHHHHAH  EEEEEE |
3chy- | TERATI ON- 3] | PHD |  EEEEEEEE HHHHHHHHHHHHH BB HHHHHH  EEEEE |
3chy- | TERATI ON- 4] | PHD |  EEEEEEEE HHHHHHHHHHHHAH HHHHHH  EEEEE |
3chy- | TERATI ON- 5] | PHD |  EEEEEEEE HHHHHHHHHHHHH BB HHHHHH  EEEEE |
3chy- | TERATI ON- 6] | PHD |  EEEEEEEE HHHHHHHHHHHHAH HHHHHHHH  EEEEEE |

3chy- AA SEQUENCE] |

AA | ADKELKFLVVDDFSTMRRI VRNLLKEL GFNNVEEAEDGVDAL NKL QAGGYGFVI SDWAWP|
HH

PHD |  EEEEEEE

E

HEEE

AA | NVDGLELLKTI RADGAVBALPVLM/TAEAKKEN! | AAAQAGASGYVWKPFTAATLEEKLNKI FEKLGM

3chy- | TERATI ON- 0] | PHD | |
3chy- | TERATI ON- 1] | PHD | HHH EEE |
3chy- | TERATI ON- 2] | PHD | EEE |
3chy- | TERATI ON- 3] | PHD | EEE |
3chy- | TERATI ON-4] | PHD | HHHHH EEEEE EEE |
3chy- | TERATI ON- 5] | PHD |  HHHHHHHH  EEEEE EEE |
3chv- | TERATI ON- 61 | PHD | HHHHHHHH  EEEEE EEEE 1

Flavodoxin-cheY multiple alignment/
secondary structureiteration
cheY SSEs

Flavodoxin-cheY multiple alignment/
secondary structureiteration
cheY SSEs

3chy- AA SEQUENCE| |

AA | ADKELKFLVVDDFSTNRRI VRNL LKEL GFNNVEEAEDGVDALNKLQAGGYGFVI SDVINVP|

3chy- | TERATI ON-0] | PHD |  EEEEEEE 3 HHHEEE |
3chy- | TERATI ON- 1] | PHD |  EEEEEEEE  HHHHHHHHHHHHHHH HHHHHHHH  EEEEEE |
3chy- | TERATI ON- 2] | PHD |  EEEEEEEE HHHHHHHHHHHHH HHHHHHHHH  EEEEEE |
3chy- | TERATI ON- 3] | PHD | EEEEEEEE  HHHHHHHHHHHHHH  EEE HHHH EEEEE |
3chy- | TERATI ON- 4] | PHD | EEEEEEEE  HHHHHHHHHHHHHH WHHHHH  EEEEE |
3chy- | TERATI ON-5] | PHD | EEEEEEEE  HHHHHHHHHHHHHH  EEE HHHH EEEEE |
3chy- | TERATI ON- 6] | PHD | EEEEEEEE  HHHHHHHHHHHHHH HHHHHHHH  EEEEEE |
3chy- | TERATI ON- 711 PHD | EEEEEEEE  HHHHHHHHHHHHHH  EEE HHHHHH  EEEEE |

3chy- AA SEQUENCE| |

AA | NVDGLELLKTI RADGAVBAL PV M/ TAEAKKEN! | AAAQAGASGYWKPFTAATLEEKLNKI FEKLGM

3chy- | TERATI ON-0] | PHD |

3chy- | TERATI OV 1] | PHD | HHH EEE |
3chy- | TERATI ON-2] | PHD | EEE |
3chy- | TERATI ON-3] | PHD | EEE |
3chy- | TERATI ON- 4] | PHD | HHHHH EEEEE EEE |
3chy- | TERATI O\ 5] | PHD | HHHHHHHH  EEEEE EEE |
3chy- | TERATI O\ 6] | PHD |  HHHHHHHH  EEEEE EEEE |
3chy- | TERATI ON-7| | PHD | HHHHHHHH EEEEEE EEE |

3chy- AA SEQUENCE] |
3chy- | TERATI ON-0] |

3chy- | TERATI ON-1] | PHD |  EEEEEEEE  HHHHHHHHHHHHHHH HAHHHHHH  EEEEEE |
3chy- | TERATI ON- 2] | PHD |  EEEEEEEE HHHHHHHHHHHH HAHHHHHAH  EEEEEE |
3chy- | TERATI ON- 3] | PHD |  EEEEEEEE HHHHHHHHHHHHH BB HHHH  EEEEE |
3chy- | TERATI ON- 4] | PHD |  EEEEEEEE HHHHHHHHHHHHAH HHHHHAH  EEEE |
3chy- | TERATI ON- 5] | PHD |  EEEEEEEE HHHHHHHHHHHHH BB HHHH  EEEEE |
3chy- | TERATI ON- 6] | PHD |  EEEEEEEE HHHHHHHHHHHHAH HHHHHHHH  EEEEEE |
3chy- | TERATI ON- 7] | PHD |  EEEEEEEE HHHHHHHHHHAH  EEE HHHHHH  EEEEE |
3chy- | TERATI ON- 8] | PHD |  EEEEEEEE  HHHHHHHHHHHHHH HHHHHHH  EEEEEE |

3chy- AA SEQUENCE] |

AA | ADKELKFLVVDDFSTNRRI VRNL L KEL GFNNVEEAET
PHD |  EEEEEEE

E

DGVDAL NKL QAGGYGFVI SOWKVP)
HH

HEEE

AA | NVDGLELLKTI RADGAVBALPVLM/TAEAKKEN! | AAAQAGASGYVWKPFTAATLEEKLNKI FEKLGM

3chy- | TERATI ON- 0] | PHD | |
3chy- | TERATI ON- 1] | PHD | HHH EEE |
3chy- | TERATI ON- 2] | PHD | EEE |
3chy- | TERATI ON- 3] | PHD | EEE |
3chy- | TERATI ON- 4] | PHD | HHHHH EEEEE EEE |
3chy- | TERATI ON-5] | PHD |  HHHHHHHH  EEEEE EEE |
3chy- | TERATI ON- 6] | PHD |  HHHHHHHH  EEEEE EEEE |
3chy- | TERATI ON- 7] | PHD |  HHHHHHHH  EEEEEE EEE |
3chy- | TERATI ON- 8] | PHD |  HHHHHHHH  EEEEE EEE |
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Flavodoxin-cheY multiple alignment/
secondary structure iteration
cheY SSEs

AA | ADKELKFLVVDDFSTVRRI VRNLLKELG:NWEEAEDWDAL NKLQAGGYGFVI SOVRVP|

3chy- AA SEQUENCE| |

Flavodoxin-cheY multiple alignment/
secondary structureiteration
cheY SSEs

3chy- AA SEQUENCE] |

AA | ADKELKFLVVDDFSTNRRI VRNLLKELGFNWEEAEIE\/DALNKLQM}GVGC\/\ SOMAVP|
E

3chy- | TERATI ON- 0] | PHD | EEEEEEE HHEEE | 3chy- | TERATI G0 | PO | Eeeeeee Trere
3chy- | TERATI ON- 1] | PHD |  EEEEEEEE HHHHHHHHHHHEHRH HHHHHHAH - EEEEEE | 3chy- | TERATI ON-1] | PHD | EEEEEEEE HHHHHHHHHHHHHHH HHHHHHHH  EEEEEE |
3chy- | TERATI ON-2] | PHD |  EEEEEEEE HHHHHHHHHEHHRH HHHHHHHRH  EEEEEE | 3chy- | TERATI ON- 2| | PHD | EEEEEEEE HHHHHHHHHHHHHH HHHHHHHHH  EEEEEE |
3chy- | TERATI ON-3] | PHD | EEEEEEEE  HHHHHHH EEE  HHHH  EEEEE | 3chy- 1 TERATI ON- 3] | PHD | EEEEEEEE  HHHHHHHHHHHHHH  EEE  HHHHHH  EEEEE |
3chy- | TERATI ON-4] | PHD | EEEEEEEE  HAHHEHHHHH HHHEH  EEEEE | 3chy- | TERATI ON-4] | PHD | EEEEEEEE  HHHHHHHHHHHHHH M EEEEE |
3chy- | TERATI ON-5 | PHD | EEEEEEEE  HHHHEHHH  EFE HHHH  EEEE 3chy- | TERATI ON-5] | PHD | EEEEEEEE  HHHHHHHHHHHHHH  EEE  HHHHPH EEEEE |
3chy- | TERATI ON-6] | PHD | EEEEEEEE  HHHEHHHHH HHHHH EEEEEE | 3chy- | TERATI ON-6] | PHD | EEEEEEEE  HHHHHHHHHHHHHH M EEEEEE |
3chy- | TERATI ON- 7 | PHD | EEEEEEEE  HHHHHHHHHHHH  EEE HHHHH EEEEE | 3chy- 1 TERATI ON-7] | PHD | EEEEEEEE  HHHHHHHHHHHHHH  EEE  HHHHHH EEEEE |
3chy- | TERATI ON-8] | PHD |  EEEEEEEE HHHHHHHHHEHHHH HHHHHHH EEEEEE | 3chy- | TERATI ON- 8| | PHD | EEEEEEEE HHHHHHHHHHHHHH HHHHHHH  EEEEEE |
3chy- | TERATI ON- 9| | PHD |  EEEEEEEE HHHHHHHHHHHHRH HHHHHHHAHH  EEEEE | 3chy- | TERATI ON-9] | PHD | EEEEEEEE HHHHHHHHHHHHHH HHHHHHHHHH  EEEEE |
Schy- A SEQUENCE] | A | NVDGLELLKTI RADGAVBAL PVLM/TAEAKKEN | AMAQAGASGIWKPFTAATLEEKLNKI FEKLGM 3chy- AA SEQUENCE | A | NDGLELLKTI RADGAVBAL PVLW/TAEAKKEN | AAAQACASGYWKPFTAATL EEKLNKI FEKLGM
3chy- | TERATI ON-0] | PHD | 3chy- | TERATI ON- 0] | PHD | \
3chy- | TERATI ON-1] | PHD | HH EEE | 3chy- | TERATI ON- 1] | PHD | HH EEE |
Schy-| TERATI ON- 2] | PHD | EEE | 3chy- | TERATI ON- 2] | PHD | EEE |
Schy-| TERATI ON-3] | PHD | EEE | 3chy- | TERATI ON- 3] | PHD | EEE |
3chy- | TERATI OV-41 | PHD | e EEEEE EEE I 3chy- 1 TERATI ON- 4] | PHD | HHHH EEEEE EEE |
3chy- | TERATI ON- 5| | PHD | HHHHHHHH EEEEE EEE | 3chy- | TERATI ON-5] | PHD | HHHHHHHH EEEEE EEE |
achy- 1 TERATI ON-6] | PHD| MM EEEEE =g I 3chy- | TERATI ON- 6] | PHD|  HHHH  EEEEE Eeee |
achy- 1 TERATI ON- 7] | PHD|  HEEHEH  EEEEEE = I 3chy- | TERATI ON-7] | PHD | HHEEHHHH  EEEEEE Eee |
achy- 1 TERATI ON-8] | PHD|  HEEHEH  EEEEE = I 3chy- | TERATI ON-8] | PHD | HEEHHH  EEEEE o= |
achy- 1 TERATI ON-9] | PHD | HEHEHEH  EEEEE =g I 3chy- | TERATI ON-9] | PD|  HHHH  EEEEE Eeee |
Istheinitial SS prediction good enough? MUSCLE
Edgar 2004

3chy- AA SEQUENCE| | AA | ADKELKFLVDDFSTMRRI VRNLLKELGFNNVEEAEDGVDALNKLQAGGYGFVI SDVNVP|
hy- | TERATI QW- 0 EEEEEEE  HHHHHHHHHHHHHHHHH E__HHHHHHHHHH HHHEEE.
3chy- I TERATI OV-1| | PHD | EEEEEEEE  HHHHHHHHHHHHHHH HHFHHHHH  EEEEEE
3chy- I TERATIOV-2| | PHD | EEEEEEEE  HHHHHHHHHHHHHH HHHHHHHHH  EEEEEE
3chy-ITERATI QW3] | PHD | EEEEEEEE  HHHHHHHHHHHHHH  EEE  HHHHHH  EEEEE
3chy- I TERATI OV-4] | PHD | EEEEEEEE  HHHHHHHHHHHHHH HHHHHHH  EEEEE
3chy-ITERATIOV-5|| PHD | EEEEEEEE  HHHHHHHHHHHHHH  EEE  HHHHHH  EEEEE

3chy- | TERATI OV-6] | PHD | EEEEEEEE  HHHHHHHHHHHHHH HHHHHHHH  EEEEEE
3chy-ITERATIQV7|| PHD | EEEEEEEE  HHHHHHHHHHHHHH  EEE  HHHHHH  EEEEE
3chy- I TERATI QW8] | PHD | EEEEEEEE  HHHHHHHHHHHHHH HHHHHHH  EEEEEE
3chy- I TERATI OV-9] | PHD | EEEEEEEE  HHHHHHHHHHHHHH HHHHHHHHRH  EEEEE

3chy- AA SEQUENCE| | AA | NNDGLELLKTI RADGAVSAL PVLM/TAEAKKEN! | AAAQAGASGYVVKPFTAATLEEKL NKI FEKLGM
3chy: | TERATI QV-0]| PHD |

I
3chy- | TERATI Qv 1] | PHD | HAH EEE |
3chy- | TERATI V2| | PHD | EEE |
3chy- | TERATI V3| PHD | EEE |
3chy- | TERATI Q%4 | PHD | HHHHH EEEEE EEE |
3chy- I TERATI OV-5| | PHD |  HHHHHHHH  EEEEE EEE I
3chy- I TERATI OV-6] | PHD |  HHHHHHHH  EEEEE EEEE 1
3chy- I TERATIOV-7| | PHD |  HHHHHHHH  EEEEEE EEE |
3chy- I TERATI QW8] | PHD |  HHHHHHHH  EEEEE EEE 1
3chy- I TERATI V9] | PHD |  HHHHHHHH  EEEEE EEEE |

1.1 k-mer 3 progressive
cowmng UPGMA alrgnment
B mﬂ MSA1

unaligned
sequences k-mer distance  TREEA
matrix D1 J L 2.1 compute
- %ids from MSAT
P Kimura distance
N matrix D2
2.3 progressive 22 UPCMA
MSA2 alignment TREE2
No.
delete
NN N
Y v /
| 33re-align” g ” Yes,
/X 3.2 compute  profiles 3.4 SP save
\5\ subtree profiles score better? o ns
3.1 delete T . - repeat

edge from TREE2 o
giving 2 subtrees

PRALINE and MUSCLE method

n PRALINE and MUSCLE use different
formalisms to compare two profiles:

n MUSCLE: 0
LU

Ty

LEY =1~ f*)A- fYc)log). > f5fY;

n PRALINE: 0

score® = (1- f%6)(1- %)Y > % f;log

PP

Thedifferenceis the position of the log in the above equations:
Edgar (2004) calls the Muscle scoring scheme “Log-
expectation scoring (LE)”

So what do we do ?

n A single shot for a good alignment without
thinking: MUSCLE, T-COFFEE, PROBCONS
(maybe POA)

n If you want to experiment with making alignments
for a given sequence set: PRALINE
— Profile pre-processing
— lteration
— Secondary structure-induced alignment
— Globalised local alignment

n There is no single method that always generates
the best alignment

n Therefore best is to use more than one method:
— include Dialign2 (local)

— PROBCONS scores well in recent assessments
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Rec
n Pairwise alignment by Dynamic Programming

n Weighting schemes to use information from all sequences
right from the start during the progressive MSA protocol:

— Profile pre-processing (global/local) (PRALINE)
— Matrix extension (well balanced scheme) (T-Coffee)
n Smoothing alignment signals:

— Consistency based mixing of local and global alignment
(T-Coffee and PRALINE)

— Homology-extended alignment (PRALINE)
n Using additional information:
— secondary structure driven alignment (PRALINE(TM))

n lterative schemes to alleviate the ‘greediness’ of the
progressive MSA protocol:

— Profile pre-processing iteration (PRALINE)
— secondary structure driven iteration (PRALINE)

— Binary cutting of guide tree and realignment of groups
(MUSCLE)

Evaluating multiple alignments

¢ There arereference databases based on structural
information: e.g. BAIIBASE and HOMSTRAD

¢ Conflicting standards of truth
— evolution
— structure
— function

« With orphan sequences no additional information
« Benchmarks depending on reference alignments
¢ Quality issue of available reference alignment databases

« Different ways to quantify agreement with reference
alignment (sum-of-pairs, column score)

» “Charlie Chaplin” problem

Evaluating multiple alignments

» Asastandard of truth, often areference alignment
based on structural superpositioningis taken

These superpositionings can be
scored using the root-mean-

BAIIBASE benchmark alignments
Thompson et al. (1999) NAR 27, 2682.
8 categories:
e cat. 1 - equidistant
e cat. 2 - orphan sequence
« cat. 3 - 2 distant groups
« cat. 4 —long overhangs
e cat. 5 - long insertions/del etions
e cat. 6 —repeats
e cat. 7 — transmembrane proteins
e cat. 8 —circular permutations

BAIIBASE

BB11001 laab refl Refl V1 SHORT high mobility group protein
BB11002 1aboA_refl Ref1 V1 SHORT SH3

BB11003 1ad3_refl Refl V1 LONG adehyde dehydrogenase
BB11004 ladj_refl ReflV1LONG histidyl-trna synthetase
BB11005 1ajsA_refl ReflV1LONG aminotransferase

BB11006 1bbt3 refl Refl V1 MEDIUM foot-and-mouth disease virus
BB11007 1cpt_refl ReflV1LONG cytochrome p450

BB11008 1csy_refl Refl V1 SHORT SH2

BB11009 1dox_refl Refl V1 SHORT ferredoxin [2fe-2s]

T-Coffee: correctly aligned Kinase nucleotide binding
sites

Fim i rmman = e
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Scoring asingle MSA with the
Sum-of-pairs (SP) score

Good aignments
should have a high SP
score, but it is not
always the case that
the true biological
alignment has the
highest score.

Sum-of-Pairs score

* Calculate the sum of all pairwise alignment scores

* This is equivalent to taking the sum of all matched

a.a. pairs

* The latter can be done using gap penalties or not

Evaluation measures

Query Reference

\

" Column score
What fraction of the MSA columnsin the reference alignment i s reproduced by the computed alignment

ﬂ
I

Sum-of-Pairs score

What fraction of the matched amino acid pairsin the reference alignment is reproduced by the computed alignment.

Evaluating multiple alignments

8 3

Avarage alignmen aa par score (Blosume2]

80
bl £000.0 )00¢ 150000 20000.0
BAIBASE elignment lengthnseq

Evaluating multiple alignments
Charlie Chaplin problem

800000

600000

490000

ASP

200000

-200000 =
00 S000.0 10000.0 15000.0 20000.0

BAILiBASE alignment nseq * len

Evaluating multiple alignments
Charlie Chaplin problem

300

/

Alignment % with Praline SP > BAIBASE SP
>

200

00 1000.0 20000 3000.0 4000.0 5000.0
BaliBASE alignment nseq * len > x

T-coffee global, local or both

Table 1
Evaluation of different protocols with BalBase,
Method [ BalBase Reference (Num ber of famiHes) | CLE
Cat1 | Catz | Cat3 | Cata | Cats | Ter |Oupetfoumed
@ | @» | an | a» | ab | am | SR
[Name Protocol
c Clomtat W 506 | 255 | 430 | 360 | w0 | sew R
[
cE Clostatw extena TI1 | 3.6 | 976 | &8 | 3 | eas [EEEs
[
T Latign &4 | 121 | 228 | sie | eee | sz T8
o
I3 Lalign  |extend 728 25.8 7.2 7.5 255 o2 16.3 =
P
cL ClostalW |Latign 762 | 320 | 483 | 62 | e | &S 1
[ P
CLE  |ClosialW  |Lakgn |extend s07 | 373 | 528 | 32 | ss7 | 721
- P

25
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Comparing T-coffee with other methods BAIiBASE benchmark alignments
Comparison of T—Coffee and Prrp
Table 2
‘Evaluation of four packages with BalBase
e thod ‘ ‘BaliBase Referemce (Number of familles) T—Cofes T—Coffee Accuracy
MName Catl | Cat2 | Cat3 | Cat4 | Cat5 | Tofall | Total 2 | by method Prep Accuracy
(82} 23 €12y €13y €11y {141y {141 (m 53% 50% 47%
-
Dialign2 71.0 25.2 35.1 7+7 204 al.5 57.3 11.3%+ < -
CluostalV 785 322 425 &s5.7 743 eo4 s8.6 2628
Prrp R 325 502 S1.1 227 eo4 520 369 - - - by
T—Coffee { CLE} B0.7 373 52.9 83.2 887 F21 6B 7 i - - -
* T T -
° .,:f oot o > =
et
(et « Balibase
Alignmen
38,% r 3“;% r . 36“%‘ . | % ldentity within
10 20 30 40 50 o0 the core region

END




