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Progressive multiple alignment
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Additional strategies for multiple
seqguence alignment

o Matrix extension (T-coffee)
e Profile pre-processing
(Praline)

e Secondary structure-induced
alignment

Objective: try to avoid (early) errors



PRALINE web-Interface

PRALINE multiple sequence alignment
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Flavodoxin-cheY : Pre-processing (prepro=1500)
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The current colorscheme of the alignment is by residue. You can also view the alignment by

Reliabilty | | Sec structure |

‘ Consarvation | | Hydrophobicity |

The colour assignments have been adapted from the defaults in CLSTALX (Thompson &f &, 1997 ) Abstract :
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Pre-profile generation
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Pre-profile alignment
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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
seqguences 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
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than x. The range
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Global pre-processing
(prepro=0)
Preprocessed profile for sequence 2:

2fcr

1f x1

4f xn

FLAV_ANASP
FLAV_AZOVI
FLAV_CLOAB
FLAV_DESDE
FLAV_DESA
FLAV_DESSA
FLAV_DESVH
FLAV_ECOLI
FLAV_ENTAG
FLAV_MEGEL
3chy

2f cr

1f x1

4f xn

FLAV_ANASP
FLAV_AZOVI
FLAV_CLOAB
FLAV_DESDE
FLAV_DESG
FLAV_DESSA
FLAV_DESVH
FLAV_ECOLI
FLAV_ENTAG
FLAV_MEGEL
3chy

Kl G FFSTSTGNTTEVADFI GKTLGAKADAPI DVDDVTDPQALKDYDL LFLGAPTWNT GADT ERSGT SWDEFL YDKL PEVDMKDL PVAI FGLGDAEGYPD
KALI VYGSTTGNTEYTAETI ARQL- ANAGYEVDSRDAASVEAFEGFDLVLLGCSTW - GDD- - - SI ELQDDFLFDSL EET GAQGRKVACFGCCDS- SY- E
- MKI VYWSGTGNTEKMAEL I AKG SGKDVNTI NVSDVNI DELLNE- DI LI LGC- - - SAMGDEVLEESEFEPFI EEI STKI SGKKVAL GSYGNEDGKVWRD
Kl GLFYGTQTGKTESVaE! | RDEFGNDWTLHDVSEVTD- - - LNDYQYLI | gCPTWNI G- - - ELQ- SDW EGLYSEL DDVDFNGKLVAYf GTGDQI GYAD
Kl GLFFGSNTGKTRKVaKSI KKRFDTMSDA- LNVNRVS- AEDFAQYQFLI LgTPTLGPGLSSDCENESWEEFL - PKI EGLDFSCKTVALf GLCDQVGYPE
Kl SI LYSSKTGKTERVaKLI EE- - GVKRSGNI EVKDAVDKKFLQESEG | FgTPTYYAN SVEEMK- - KW - - - | DESSEFNLEGKLGAAf STANAGGSDI

KVLI VFGSSTGNTESI aQKLEELI AA- GGHEVTLLNAADASAL ADYDAVL FgCSAWGM EDLEMY- - - - DDFLFEEFNRFGLAGRKVAAf ASCDQE- Y- E
KAL| VYGSTTGNTEGVaEAI AKTLNSEGT TVVNVADVTAPGLAEGYDVVLLGCSTW - GDDEI EL QEDFVP- L YEDL DRAGLKDKKVGVf GCCDS- SY- T
KSLI VYGSTTGNTETAaEYVAEAFENK- EI DVELKNVTDVSVANGYDI VLFgCSTW - G - - EEEI ELQDDFL YDSLENADL KGKKVSVf GCGDSD- Y- T
KAL| VYGSTTGNTEYTaETI AREL- ADAGYEVDSRDAASVEAFEG-DLVLLGCSTW - CDD- - - S| ELQDDFLFDSL EETGAQGRKVACH GCGDS- SY- E
Al G FFGSDTGNTENI aKM (KQLG- - KDV- ADVHDI SSKEDLEAYDI LLLglI PTWYYG - - - EAQCDWDDF- FPTLEEI DFNGKLVALT GCGDQEDYAE
TI A FFGSDTGQTRKVaKLI1 HQKLDG ADAPLDVRRATREQFL- SYPVLLLGTPTLGDG.PGVEAGSSWEFT- NTLSEADLTGKTVALT GLGDQLNYSK
MVEI VYWSGTGNTEAVRNEI EAAVAAGADVSVRFED- TNVDDVASKDVI LLgCPA- - MGSE- ELEDSVVEPFFTDLAPK- - LKGKKVGLf GYGAGSC- - -

KELKFLVVDDFSTRRI VRNLLKEL GFNEEAEDGVDAL NKLQA- GGYGFVI - - - SDVWAM - - PNIVDGL- - - ELLKTI RADGAMSAL PVLMV- - - TAEAKKE

NFCDAI EElI HDCFAKQGAKPVGFSNPDDYDYEESKSVRDGKFL GLPL DMW/NDQ PMEKRVAGWEAVVSETGV
YFCGAVDAI EEKLKNLGA- - - - - - ---------- El VQD- - - - GLRI D- - GDPRAARDDI VGAHDVRGA! - -
- FEERWNG YGCVWVE- - TPLI VONEPD- - - - EAE- - - - - - - - - - - - - - - QDCl EFGKKI ANl - - - - - - - - - -
NFQDAI G LEEKI SQRg GKTVGYWSTDGYDFNDSKAL RNGKFVGLAL DEDNQSDL TDDRI KSWAQLKSEFGL
NYLDAL GEL YSFFKDRgAKI VGSWSTDGYEFESSEAVVDGKFVGLAL DL DNQSGKTDERVAAWLAQI APEFGL
ALLTI LNHVKgMLVYSGG- - VAFGKPKTHGYVHI NEI QENE- - - - - - D- ENARI - f GERI ANKVKQ F- - - - -
HFCGAVPA - - - - - EERAKELQ- ---------- ATl | AEG - LKMEGDASND- - P- - EAVASf AEDVLKQL- -
YFCGAVDVI EKKAEELgATLVA- - -------- SSLKI - DGE------------- PDSAEVL DWAREVLARV- -
YFCGAVDAI EEKLEKMyAVVI GDSLKI DGDPERDEI VSWGS- - G- - -- -1 ADKl - - - - - === - === - - - - - -
YFCGAVDAI EEKLKNLgA---------------- El VQD- - - - GLRI D- - GDPRAARDDI VOGNAHDVRGA! - -
YFCDALGTI RDI | EPRgATI VGHWPTAGYHFEASKGLADDHFVGLAI D- - EDRQPTAERVEKWKQ SEELHL
NFVSAMRI LYDLVI ARgACVVGNWPREGYKFSFSAAL ENNEFVGL PLDQENQYDL TEERI DSWLEKL - - KPAV
EVWDAVWKQRTE- - - DTgATVI G- - - - - - - - - - - TAlI VNE- - - - - MP- - - - - DNAP- ECKEl G- - EAAAKA- - -
N TAA-------- AQAGAS- - GY------------ VVK- - PFTAATLE-------- EK----- LNKI FEKLGM

Iteration -1 SP= 127728.00 AvSP= 10.705 Sld= 3764 AvSIid= 0.315



Global pre-processing
(prepro=0)
Preprocessed profile for sequence 3:

4f xn

1f x1

2fcr

FLAV_ANASP
FLAV_AZOVI
FLAV_CLOAB
FLAV_DESDE
FLAV_DESG
FLAV_DESSA
FLAV_DESVH
FLAV_ECOLI
FLAV_ENTAG
FLAV_MEGEL
3chy

4f xn

1f x1

2fcr

FLAV_ANASP
FLAV_AZOVI
FLAV_CLOAB
FLAV_DESDE
FLAV_DESG
FLAV_DESSA
FLAV_DESVH
FLAV_ECOLI
FLAV_ENTAG
FLAV_MEGEL
3chy

MKI VYWSGTGNTEKVAEL | AKG | ESGKDVNTI NVSDVNI DELLNEDI LI LGCSAMGDEVLEESEFEPFI EEI STKI SCKKVAL FGSYGWEDGKWRDFE
ALI VYGSTTGNTEYTAETI ARQLANAGYEVDSRDAASVEAGGL FEGDLVLL GCSTWGEDDSI EQDDFI PLFDSLETGAQGRKVACFGSYEYFCGA- VDAI E
| @ FFSTSTGNTTEVADFI GKTL- - GAKADAPI DVDDVTDPQAL KDDL LFL GANTGADTERSGT SWDEFL YDKL PEVDVKDL PV- Al FGLGDAEGYPDFC
| GLFYGTQTCKTESVaE! | RD- - - EFGNDVWTLDVSQAEVTDLNDYQYLI | gCPTWNI GEL - QSDWEGL YSEL DVDFNGKLVAYf GT1 GYADNDAI G LE
| GLFFGSNTCKTRKVaKSI KKRFDDETMS- DALNVNRVSAEDFAQYQFLI LgTPTLCGEGELENESWEEFL PKI GLDFSGKTVALf GQVGYPECGEL YSFFK
MKI LYSSKTGKTERVaKLI EEGVKRSGNEVKTMNLDAVDKKFLQESEG | FgTPTYYANI - - SWEMKKW DESSENL EGKL GAAf STAGGSDI ALLTI LN
VLI VFGSSTGNTESI aQKLEEL| AAGGHEVTL LNAADASAENL ADYDAVL Fg CSAWGVEDL EQDDFL SLFEEFNRGLACGRKVAAf AS- - - GDQEYVPAI E
ALl VYGSTTGNTEGVaEAI AKTLNSEGVETTVVNVADVTAPGLAGYDVVLLgCSTWGEDDEI EQEDFVPL YEDL DAGLKDKKVGV GSYTYFCGA- VDVI E
MBI VYGSTTGNTETAaEYVAEAFENKEI DVELKNVTDVSVADLGNYDI VLFgCSTWEEEEI EQDDFI PLYDSLNADL KGKKVSVF GDYTYFCGA- VDAI E
ALl VYGSTTGNTEYTaETI ARELADAGYEVDSRDAASVEAGGLFECDLVLLgCSTWGEDDS| EQDDFI PLFDSLETGAQCGRKVACE GSYEYFCGA- VDAI E
TG FFGSDTGNTEN aKM (K- - - QLGKDVADVDI AKSSKEDLEAYDI LLLgl PTYGEAQCDWODFFPTLEEI D- - FNGKLVALf GDYAFCDAGTI RDI E
| d FFGSDTGQTRKVaKLI HQK- LDG ADA- PLDVRRATREQFL SYPVLLLGTPTLCGDELVEASQYDSWEFTNTDLTGKTVALf GNYSKNFVSAMRI LY
VEI VYWSGTGNTEAMANEI EAAVKAAGADVESVRFEDTNVDDVASKDVI LLgCPAMGSEEL EDSVVEPFFTDLAPKLKGKKVGALf GSYGNGSGEVWDAVK
DKELKFLVVDDFSTMRRI VRNLLKELG- - FNNVEEAEDGVD- ALNK- LQAGGYGVI SDWNVPNVDGLELLKTI - - RADGAMSAL PVLMWTAEAKKEN | A

ERMNGYGCVWVETPLI VQNEPDEAEQDCH EFGKKI ANI
EKLKNL GAEI VQDGLRI DGDPRAARDDI VGAHDVRGA
DAl EEHDCFAKQKPVGFSNPDDESKNDQ PVEKRVAGWV
EKI SGYGSKAL RNGKFVGL AL DEDNQDL TDDRI KVAQL
DRTDGYEAVWVGLAL DL DNQSGKTDERVAAWLAQ APE
HLMKg YGGVAFGKPYVHI NEI QENEDENARf GERi ANK
ERAKELgATI | AEGLKMEGDASNDPEAVASf AEDVLKQ
KKAEELgATLVASSLKI DGEPDSAE- - VL. DWAREVARV
EKLEKMyAWVI GDSLKI DGDPERDE- - | VSWGSG ADI
EKLKNLgAEI VQDGLRI DGDPRAARDDI VGVAHDVRGA
PRTAGYGLAFVGLAI DEDRQPEL TAERVEKWKQ SEE
DLVI ARgCVVGNWPL L ENNEPDQENQDL TEL EKKPAVL
QRTEDTQATVI GT- Al VNEMPDNA- PECKEI GEAAAKA
AAQAGASGYWWK- PFTAATLEEKLNKI FEKLGM - - - -

Iteration -1 SP= 121196.00 AvSP= 10.075 Sld= 3288 AvSId= 0.273



Reliable sequences for pre-profiles

Freorocessinag: [ 1, Z]=r score 14059 00 comoared to threshold 1500_00
Freorocessinag: [ 1, A]=2» =corse 147000 comoared to threshold 1500_00
FreoroceEssing: | 1, )= gcore 1299.00 comoared to thresheld 150000
FreoroceEssing: | 1, Gl=a gcore 1223200 comoared to thresheld 150000
FreEoroceEs=sing: | 1, E]l=>2 score 121400 comoared to threshold 1500_00
FreEoroceE=sing: | 1, T]=a gcorse 1200.00 comoared to threshold 1&500_00
FreEoroceE=sing: | 1, Bl=a gcore 19632 00 comoasred to threshold 1500_00
FreEoroceEssing: | 1, Ql=a gcore 19494900 comoared to threshold 1500_00
FreEoroceEssing: | 1, 10 ]=* scores 259900 comoared to threshold 1500_00
FreEoroceEssing: | 1, 11 ]=* scores 14553 00 comoared to threshold 1500_00
FreoraoceEssing: | 1, 12 ]=a scores 1294900 comoared to threshold 1500_00
FreoraceEssing: | 1., 13 ]=>3 scores 125400 comosared to threshold 1500_00
FreoraceEssing: | 1., 19 ]=>a* scores 1049000 comosred to threshold 1500_00
FreoroceEssing: | 3, A]=ar gcore 12050.00 comoared to thresheld 150000
FreoroceEssing: | 3, A ]=» gcore 1230.00 comoared to thresheld 150000
FreoroceEssing: | 2, Gl=2 scorese 1907_.00 comoared to threshold 1500_00
Freorocessinag: [ X, E]=» =score 12319 00 comoared to threshold 1500_00
Freorocessinag: [ X, T]=» =score 12329 00 comoared to threshold 1500_00
Freorocessinag: [ X, B]=» =core 1233 00 comoared to threshold 1500_00
FreoraceEssing: | 3, Q= scores 110c. 00 comoared to threshold 1500_00
FreoraoceEssing: | 3, 10 ]=3 score 126000 comosred to threshold 1500_00
FreoraceEssing: | 3, 11 ]=>* score 176300 comoasred to threshold 1500_00
FreoraoceEssing: | 3, 12 ]=a scores 1772200 comoasred to threshold 150000
FreEoroceEssing: | 3, 12 ]=a scores 116500 comoared to threshold 1500_00
FreoroceEssing: | 3, 14 ]=» scorse 102500 comoasred to threshold 1500_00
FreoroceEssing: | 2, A4 ]=>> score 1242 00 comoared to threshold 150000
FreoroceEssing: | 2, Gl=a score 126500 comoared to threshold 1500_00
FreEoroceEssing: | 3, E]=* Sscore 12358 00 comoasred to threshold 1500_00
FreEoroceE=sing: | 3, T]=a gcorse 121200 comoared to threshold 1500_00
FreEoroceEs=sing: | 3, B]=>r scors 1907.00 comoared to threshold 1500_00
FreEoroceEs=sing: | 3, Q=2 scorse 12949 00 comoared to threshold 1500_00
FreEoroceEs=sing: | 3, 10 ]=> scorse 1328353 00 comoasred to threshold 1500_00
FreoroceEssing: | 2, 11 J=> =core 1242 00 comosared to threshold 1500 00
FreoroceEssing: | 2, 12 = score 124200 comoared to thresheld 150000
FreoroceEssing: | 2, 12 )= score 159000 comoared to thresheld 150000
FreoroceEssing: | 2, 14 )= score 92353 00 cormoared to threshoeld 15000 Q0



re-profiles (prepro=1500)

FreoroceEessed orofile for seguyeEace 1:
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1fx]1
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PEAL IV S ST TGl I TE Y TAE T I A LAl R s VD SR DR A S VE A LEFECE DLY LLGCT ST HS
SHEVLIVEFGSSESE TG TES ITaE LEELI ARCOCHEYWT LLIWEAD AES AREIILADCSY DALY LE of” SR vEs
PEAL IV S ST TG I T E S YVaEREsR I AR T LIS EGHME T I VWY IV AWV T AP CL AR S Y I LLo ST WS
SHESL IV S ST TGS I T E N ARy VA A R E IV E L 1INW TR WS YA DLGEGHS Y D IY LE o S TIPS
FE AL IV S ST TG I T E Yy TaE T I A R E LA A S W D SR A ASYEASGCSLEFESE DLY LLGE ST ¥ES

DO S TELODLDEF ITF LF DS LE R TGRSRy A RS S DS Sy E Y PO GAEYV O AT EE R LK IILGAERE T Vi
HMEDLEMODDE LS LEFEEEFLIEREERSLAESERFVAEE FT A SS O E Y EHEF O ESAEVEF AT EEEAF ELCETT I
DoDEIELDOELDFVE LYED LDEASLEOEEFVEY S OESDSsS Sy TYFCEAYVL VI EN HAEEL R TL VR
EEEIELDODOF IFLYDS LENADLESHEY SWEISOSDESYy TYFCOEAEYVRD AT EEK LERRMOiaLY 15
DoDSIELDDOF IF LFDS LEE TGS SRR Y A fSOsSnD S Sy EYFCEAYRD AT EERKLFIILOGEET WD

DELEINDGODPEAARRELDLDTI WVS¥WAE HOWES AT
ESLFEMESDAESIDPEAVYEAES TAEDWVLEOQL
SSELE IDGEEFDSAE ——EV LIDWAEEREEY LEEY
DELFE IDGCGDPE ——FOEIVSES S IADET
DELEIDGCDPEAREEDDT VEWE HODWES AT

FreoroceEssed orofile for SsEgueEaceE 22
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FLAEY FElLITAES
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F LAYV FARI1ASE

FLEY ATOW T

FL&EY BECOLI
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ho i ok
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[Ty
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X feoxr

F L&Y AEIESRE
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HIG I FFSTISTIGH T TEVeEDF IGHR TGS AR AR A TNV W T PO R LF DY LLEF LG A THWITIGE
HIGCGLFYySTIO IrICSK TE SYWakE I T FDODERF G LDV TLHDWVSEYW T —— —LIIMDYOY L I Igr " THWINI S —
HIGCLFFSSI I TG TR RS S I FHREF D TS A~ LIFIYVHEY S— AR NDF AOYOFL I Ly TEF TLSEFGSL
EAETICSITIFFSS TEHNTEN T SFHMIOR QLG ——F DV —EREDVHDT SSFEDLESE YD I L LI ITFTW Y Y s—
TIGIFF G T TREFVaE LT O LDST A A LD VEEREE TEEREOFL — S P VL LLg TETLEODGELL

DTEE S =TSYDEF LY DK LEFEV I EF O LY AT PGS DA RSY RPN CDE TEET HOe PR FOSREFE
— EL—SDWM—BES LY SELDDVLFIIGH LVWAY S TE ISYADNEFOLRE IS I LEER I SOEGSET
SSECEHNESVMIEEF L—FHIESLOEF S TV AL fS LG WVEYFEI Y LOE LESEL Y SEFHEOEGRRI
—— —ErACOWMIDLOEF - FEFTLEEILFIIGH LVWAL fSOS D ER Yy A EYFCLDE LIESTIEDI IEFEGATI
PEYVEASSSYOERF T 1IT LESEADLTEH TY AL S LELDD LI SFHEY SEAME I LYDLWI ARy

WEFRF ST F LD Y DY EESESYEDGCSHFE LELEF LAYV DO I FMEFERE VW AEGHVWVE AV WS E TS
WM S TS D F DS LE IS R R WS LA LD EDIIOS DL TR LDE I SwhyeEOLKESERS L
WME S S TS Y EFE SRR Y Y DS R E WE LA LD LDIIOSGHR TR ER YA AW L=EOT AFEFGS L
YEHWM P T A S YHFE A SRS LA DHEF WVELA T D —— ENDEOPF TEERVERWYEOTI SEELHIL
YE MM PFEREE S Y R P SRS AR LE I ERF VELEP LRI Y DL TEERE I Sw LERL ——FEAL



Pre-profiles (prepro=1500)
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FreoroceEssed orofile for s=esgrweEaces 12:

1 — 1=
@ - =
ECE L
R CE L
HMESGE L

F L&Y - MEGE L

Afxn

My EI VY HSS TIEH TE A Sl I E T RS AV AV ESYVERERFEDTIWV DDWE SHFIW I LLOgCFAME SE
T I VY HMSS TIEHATERHMAE LT AN GI I ESEEDIVWVIIT IHNYSIWVINAIDE LLITIEDT LI LGC SAMSDE

ELEOSVWYWEFRFFFEFIDLARFFKLESFR WEL fES Sy SHE S SR MDD E MR ORE TEL TR TWI ST AT VWI1E
VLEESEFEPE IEEI STHEI S CFKE VAL S Sy GHIGCDCH "M EFD FEERMAGCY STV W ET LI WO lIE
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L ocal 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
a next 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




L ocal pre-processing

(locprepro=0)

Preprocessed profile for sequence 2: 2fcr

2fcr

1f x1

4f xn

FLAV_ANASP
FLAV_AZOVI
FLAV_CLOAB
FLAV_DESDE
FLAV_DESA
FLAV_DESSA
FLAV_DESVH
FLAV_ECOLI
FLAV_ENTAG
FLAV_MEGEL
3chy

2f cr

1f x1

4f xn

FLAV_ANASP
FLAV_AZOVI
FLAV_CLOAB
FLAV_DESDE
FLAV_DESG
FLAV_DESSA
FLAV_DESVH
FLAV_ECOLI
FLAV_ENTAG
FLAV_MEGEL
3chy

Kl G FFSTSTGNTTEVADFI GKTLGAKADAPI DVDDVTDPQALKDYDL LFLGAPTWNT GADT ERSGT SWDEFL YDKL PEVDMKDL PVAI FGLGDAEGYPD
... | VYGSTTGNTEYTAETI ARQL- - - ANAGYEVDDAASVEAFEG-DLVLLGCSTW - GCDDSELQ- - - - DDFLFDSL EETGAQGRKVACFGCGEDS- SY- E
Kl - VYWS- GTGNTEKMAEL I AK@ GKDVNT- | NVSDVNI DELLNE- DI LI LGCSA- - MGDEVEES- - EFEPF- - - - | EEl STKGKKVAL FGAEDCKGYG
Kl GLFYGTQTGKTESVaE! | RDEFGNDWTLHDVSEVTD- - - LNDYQYLI | gCPTWNI G - - ELQ- SDW EGLYSEL DDVDFNGKL VAYf GTGDQI GYAD
Kl GLFFGSNTGKTRKVaKSI KKTM - - SDA- LNVNRVS- AEDFAQYQFLI LgTPTLGEGSDCENE- - SWEEFL- PKI EGLDFSCKTVALf GLCDQVGYPE
Kl SI LYSSKTGKTERVaKLI| EE- - GVKRSGNI EVKDAVDKKFLQESEG | FTPTY- - - - - - - YANI SVEKW - DESSEFNL EGKL GAAT STANSAGGSD
KVLI VFGSSTGNTESI aQKLEELI AAAADA- - SAENLAD- - - - - GYDAVLFgCSAWGM EDLEMY- - - - DDFLFEEFNRFGLAGRKVAAf ASCDQE- Y- E
... | VYGSTTGNTEGVaEAlI AKTLNSEGTTVWNVADVTAPGLAEGYDWWLLGCSTW - GDDI ELQ- - - - EDFLYEDL DRAGLKDKKVGVf GCGDS- SY- T
... | VYGSTTGNTETAaEYVAEAFENK- - - EI DVENVTD- VSVADYDI VLFgCSTW - G - - EEEl ELQDDFL YDSL ENADLKGKKVSVF GCCDSD- Y- T
... | VYGSTTGNTEYTaETI AREL- - - ADAGYEVDDAASVEAFEGFDLVLLgCSTW - GDDSELQ- - - - DDFLFDSLEETGAQGRKVACE GCEDS- SY- E
.. @ FFGSDTGNTENI akKM (KQLG- K- - - - - DVADVHDKEDLEAYDI LLLgl PTWYG- - - - EAQCDWDDF- FPTLEEI DFNGKL VAL GCGDQEDYAE
. | @ FFGSDTGQTRKVaKL| HKLDA ADAPLDVRRATREQFL- SYPVLLLGTPT- - LG DGELPGVSWQEFT- NTLSEADLTGKTVALF GLGDQLNYSK
. VEI VYWSGT GNTEAMBNEI EKAAGADVESDTNVDDV- - - - ASK- - DVI LLgCPA- - MGSE- ELEDSVVEPFFTDLAPK- - LKCGKKVGELf GYGAGSC- - -
........................................................... ADKELKFLVVDDFI VRNL- - - - LKEL- - - - - GFNNVEEAED

NFCDAI EElI HDCFAKQGAKPVGFSNPDDYDYEESKSVRDGKFL GLPL DMW/NDQ PMEKRVAGWEAVVSETGV
YFCDAI EE- - - - - - K--LKNLG ---------- AElI VQD- - - - GLRI D- - GD- - PRAARI VOGMAHDV. . . . . .
--CVWE----------- TPLI VONPDE- - - AEQDCI EFGK. . . .. ..
NFQDAI G LEEKI SQRg GKTVGYWSTDGYDFNDSKAL RNGKFVGL AL DEDNQSDL TDDRI KSWAQLKSEFGL
NYLDAL GEL YSFFKDRgAKI VGSWSTDGYEFESSEAVVDGKFVGLAL DL DNQSGKTDERVAAWLAQI APEFGL

--- 1 ALLTI H LMWKSGG - VAFGKPKTHGYVHI NEI QENE- - - - - - D- ENARI - f GERI ANKVKQ . . . . ..
HFCGAVPA - - - - - EERAKELQ- ---------- ATl | AEGKMEG- - - DASND- - P- - EAVASF AEDVLKQ. . .
YFCGAVDVI EKKAEELgATLVASSEPD- - - - - - SAEVLD. . . ...
YFCGAVDAI EEKLEKMyAVVI GDSLKI DGDPERDEI VSWGS- - G- ----1ADKI . . . ... ... .. ... ...
YFCDAI EE- - - - - - K--LKNLg----------- AElI VQD- - - - GLRI D- - GD- - PRAARI VOGNVAHDV. . . . . .

YFCDALGTI RDI | EPRgATI VGHWPTAGYHFEASKGLADDHFVGLAI D- - EDRQPTAERVEKWKQ SEE. . .
NFVSAMRI LYDLVI ARGACVVG- - NPEGYKFSFSAAL ENNEFVGLPLDQENQYDLTEERI DSWLEAVL. . . . .
EWWDAVWKQTED- - - - TQATVI GTANPDN. . . . . .. e
G VDALNKLQ - ----- AGGYG-SNVPNVDLELLKTI RDGAMSALPVLMWTAEAKKENI | AGYVAATLEE. .



L ocal pre-processing

(locprepro=0)

Preprocessed profile for sequence 3: 4fxn

4f xn

1f x1

2fcr

FLAV_ANASP
FLAV_AZOVI
FLAV_CLOAB
FLAV_DESDE
FLAV_DESG
FLAV_DESSA
FLAV_DESVH
FLAV_ECOLI
FLAV_ENTAG
FLAV_MEGEL
3chy

4f xn

1f x1

2fcr

FLAV_ANASP
FLAV_AZOVI
FLAV_CLOAB
FLAV_DESDE
FLAV_DESG
FLAV_DESSA
FLAV_DESVH
FLAV_ECOLI
FLAV_ENTAG
FLAV_MEGEL
3chy

MKI VYWSGTGNTEKVAEL | AKG | ESGKDVNTI NVSDVNI DELLNEDI LI LGCSAMGDEVLEESEFEPFI EEI STKI SCKKVAL FGSYGWEDGKWRDFE
.. | VYGSTTGNTEYTAET! ARQLANAGYEVDSRDAASVEAGGL FEGDLVLL GCSTWGDDSI EQDDFI PLFDSLETGAQGRKVACFGC- - - GDSSYVDAI E
. KI'l FFSSTGNTTEVADFI GKTL- - - GAKADAI DVDDVTDPQAL KDDL LFLGAPTTGADT- ERSSWDEFL PEVDWK- - DLPVAI F- - - GLGDAE- - - - - -
.. LFYGTQTCKTESVaEI | RD- - - EFGNDWTLDVSQAEVTDLNDYQYLI | gCPTI GE- - L- QSDWEGL YSEL DVDFNGKLVAYf GTI GYADGKWSTDFN
. . LFFGSNTCGKTRKVaKSI KKRFDETMSD- - ALNVNRVSAEDFAQYQFLI LgTPTLGEGELNESEFLPKI EGLD- - FSCKTVALf GQVGYGEGSWSTD- -
MKI LYSSKTGKTERVaKLI EEGVKRSGNEVKTMNLDAVD- KKFLQEEG | FgTPTIMKKW DESSEFN- - LEAf STANSGSDI ALLGGVAFGKPK- - - - - -
.. | VFGSSTGNTEKLEELI AAG - - - GHEVTLLNAADASAENL ADYDAVL Fg CSAWGVEDL EQDDFL SLFEEFNRGLAGRKVAAf AS- - - CDQEY- EHFE
.. | VYGSTTGNTEGVaEAI AKTLNSEGVETTVVNVADVTAPGLAGYDVVLLgCSTWEDDEI EQEDFVPL YEDL DAGLKDKKVGVf GC- - - GDSSYTYDI E
.. | VYGSTTGNTETAaEYVAEAFENKEI DVELKNVTDVSVADLGNYDI VLFgCSTWEEEEI EQDDFI PLYDSLNADLKGKKVSVf GC- - - CDS- - - - DYE
.. | VYGSTTGNTEYTaETI ARELADAGYEVDSRDAASVEAGGL FEGDL VL LgCSTWEDDSI EQDDFI PLFDSL ETGAQGRKVACK GC- - - GDSSYVDAI E
.. | FFGSDTGNTENI aKM (K- - - QLGKDV- - ADVHDI SKEDLEAYDI LLLgl PTYGEAQCDWODFFPTLEEI D- - FNGKLVALf GC- - - GC- - - QEDYA

.. | FFGSDTGQTRKVaKL| HQG ADAPLDVRR- - - - - ATREQFLSYPVLLLQTPTLGDEL VEASQYDSWEFTNTDLTGKTVALT - - - GLGDQNYSKNFV
VEI VYWSGTGNTEAMANEI EAAVKAAGADVESVRFEDTNVDDVASKDVI LLgCPAMGSEEL EDSVVEPFFTDLAPKLKGKKVGALf GSYGNGSGEVWDAVK
SRV N. . . LKEL- - - GFVEEAEDVDALNI SDPNVDELLRADVLMWTAEAKKEN | AAAQVKPFLEEKLNKI FEK. . ... ... ... . o

ERMNGYGCVWVETPLI VQNEPDEAEQDCH EFGKKI ANI
EKLKNL GAEI VQDGLRI DGDPRAARDDI V. . . . . . . ..
- - - - GYPCDAI EKPVGFSN- PDDEESKSVRDCK. . . . .
DSRNGVGLALDE- - - - - DNQSDLTD- DRI EFG. . . . . .
- - - - GYEAVWGLALDLDNQTDELAQ APEFG . . . . .
THL- GY- - - - VHI NEI QENEDENAR: - - | - f GERi AN.
ERAKELgATI | AEGLKVENDP- EAAEDVLK. . . . . . . .
KKAEELgATLVASSLKI DGEPDSAE- - VL. DWAREVARV
EKLEKMyAWVI GDSLKI DGDPERDE- - | VSWGSG AD.
EKLKNLgAEI VQDGLRI DGDPRAARDDI V. . . . . . . ..
E----YFCDALGTDI | ---EP. .. ..o,
SAMRg- ACVWGNWPLLENNEPDQENQDLTE. . . . . . . .
QRTEDTQATVI GTAI V- - NEPDNA- PECKEI GE. . . . .



CLUSTAL X (1.64b) multiple sequence alignment Flavodoxin-

1f x1

FLAV_DESVH
FLAV_DESG
FLAV_DESSA
FLAV_DESDE
FLAV_CLOAB
FLAV_MEGEL
4f xn

FLAV_ANASP
FLAV_AZOVI
2fcr

FLAV_ENTAG
FLAV_ECOLI
3chy

1f x1

FLAV_DESVH
FLAV_DESG
FLAV_DESSA
FLAV_DESDE
FLAV_CLOAB
FLAV_MEGEL
4f xn

FLAV_ANASP
FLAV_AZOVI
2fcr

FLAV_ENTAG
FLAV_ECOLI
3chy

cheY

- PKALI VYGSTTGNTEYTAETI ARQLANAG- Y- EVDSRDAASVEAGGLFEGFDLVLLGCSTWGEDDSI E- - - - - - LQDDFI PLFD- SLEETGAQGRK
MPKALI VYGSTTGNTEYTAETI ARELADAG Y- EVDSRDAASVEAGGLFEGFDLVLLGCSTWEDDS! E- - - - - - LQDDFI PLFD- SLEETGAQGRK
MPKALI VYGSTTGNTEGVAEAI AKTLNSEG M ETTVVNVADVTAPGLAEGYDWWLLGCSTWEDDE! E- - - - - - LQEDFVPLYE- DLDRAGLKDKK
MBKSLI VYGSTTGNTETAAEYVAEAFENKE- | - DVELKNVTDVSVADLGNGYDI VLFGCSTWGEEE! E- - - - - - LQDDFI PLYD- SLENADLKGKK
MBKVLI VFGSSTGNTESI AQKLEELI AAGG H- EVTLLNAADASAENL ADGYDAVL FGCSAWGVEDLE- - - - - - MQDDFL SLFE- EFNRFGLAGRK
- MKI SI LYSSKTGKTERVAKLI EEGVKRSGNI - EVKTMNLDAVDKKFLQE- SEG | FGTPTYYAN- - - - - - - - - | SWEMKKW D- ESSEFNL ECGKL
- - MWVEI VYWSGTGNTEAMANEI EAAVKAAG- A- DVESVRFEDTNVDDVAS- KDVI LLGCPAMGSE- - E- - - - - - LEDSVVEPFF- TDLAPKLKGKK
- - - MKI VYWSGTGNTEKVAELI AKG | ESG- K- DVNTI NVSDVNI DELLN- EDI LI LGCSAMGDE- - V- - - - - - LEESEFEPFI - EEl STKI SGKK

SKKI GLFYGTQTGKTESVAEI | RDEFGNDVVT- - - - LHDVSQAEVTDLND- YQYLI | GCPTWNI GELQ- - - SD- - - - - \EGLYS- EL DDVDFNGKL
- AKI GLFFGSNTGKTRKVAKSI KKRFDDETMSD- - - ALNVNRVSAEDFAQ- YQFLI LGTPTLCGECGEL PG SSDCENESVEEEFLP- KI EGLDFSCGKT
- - KI G FFSTSTGNTTEVADFI GKTLGAKADAP- - - | DVDDVTDPQALKD- YDLLFLGAPTWNTGADTERSGT- - - - SWDEFL YDKL PEVDMKDL P
MATI G FFGSDTGQTRKVAKLI HQKLDG ADAP- - - LDVRRATREQFLS- - YPVLLLGTPTLGDGELPGVEAGSQYDSWQEFTN- TLSEADL TGKT

- Al TA FFGSDTGNTENI AKM QKQLGKDVAD- - - - VHDI AKSSKEDLEA- YDI LLLG PTWYYCEAQ- CD- - - - - - - WDDFFP- TLEEI DFNGKL
- - ADKELKFLVVDDFSTVRRI VRNLLKELG- - - - FNNVEEAEDGVDALN- - - - - - KLQAGGYGFV--1 ------ SDWNVPNVDG- LELLKTI R- - -
VACFGCGDSSYEYF- - CCAVDAI EEKLKNLGAEI VQDG- - - - ------------ LRI DADPRAARDDI VOMHDVRGAI - - - - - - - == - - - - - -
VACFGCGDSSYEYF- - CGAVDAI EEKLKNLGAEI VQDG- - - ------------- LRI DGDPRAARDDI VOMHDVRGAI - - - ------------
VGVFGCGDSSYTYF- - CGAVDVI EKKAEELGATLVASS- - - ------------- LKI DGEPDSAE- - VLDWAREVLARV- - - - - - - - - - - - - - -
VSVFGCGDSDYTYF- - CGAVDAI EEKLEKMGAWI GDS- - - ------------- LKI DGDPERDE- - | VSWGSE ADKI - - - ------------
VAAFASGDQEYEHF- - CGAVPAI EERAKELGATI | AEG- - -------------- LKMEGDASNDPEAVASFAEDVLKQL- - - - - - - --------
GAAFSTANSI AGGS- - DI ALLTI LNHLMVKGVLVYSGGVA- - - - FGKPKTHLGYVHI NEI QENEDENARI FGERI ANKVKQ F-----------
VCGLFGSYGWGSGE- - - - - WWDAVKCQRTEDTGATVI GTA- - - - - - - - - ----- -~ | VN- EMPDNAPECKE- LGEAAAKA: - - - - - - - - - - - - - - -
VALFGSYGWEDGK- - - - - WWRDFEERMNGYGCVWWETP- - - - - - - - - - - - - - - - LI VONEPDEAEQDCI EFGKKI ANl - - - - === - - - - - - - -

VAYFGTGDQ GYADNFQDAI G LEEKI SQRGGKTVGYWSTDGYDFNDSKAL R- NGKFVGLAL DEDNQSDL TDDRI KSWWAQLKSEFGL- - - - - -
VALFGLGDQVGYPENYLDAL GEL YSFFKDRGAKI VGSWSTDGYEFESSEAVV- DGKFVGLAL DL DNQSGKTDERVAAW. AQN APEFGLSL- - - -
VAl FGLGDAEGYPDNFCDAI EEI HDCFAKQGAKPVGFSNPDDYDYEESKSVR- DGKFL GLPLDWNDQ PVEKRVAGWEAVVSETGV- - - - - -
VALFGLGDQLNYSKNFVSAMRI LYDLVI ARGACVVGNWPREGYKFSFSAAL L ENNEFVGLPLDQENQYDL TEERI DSW.EKLKPAVL- - - - - - -
VALFGCGDQEDYAEYFCDALGTI RDI | EPRGATI VGHWPTAGYHFEASKGL ADDDHFVG. Al DEDRQPEL TAERVEKVWKQ SEELHLDEI LNA
AD- - GAMSALPVL- - - - - MTAEAKKENI | AAAQAGAS- - -------------- GYV- VKPFTAATLEEKLNKI FEKLGW - - - - - - - - - - - - -



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

1f x1

FLAV_DESDE
FLAV_DESVH
FLAV_DESSA
FLAV_DESG
2fcr

FLAV_AZOVI
FLAV_ENTAG
FLAV_ANASP
FLAV_ECOLI
4f xn

FLAV_MEGEL
FLAV_CLOAB
3chy

1f x1

FLAV_DESDE
FLAV_DESVH
FLAV_DESSA
FLAV_DESG
2fcr

FLAV_AZOVI
FLAV_ENTAG
FLAV_ANASP
FLAV_ECOLI
4f xn

FLAV_MEGEL
FLAV_CLOAB
3chy

- PKALI VYGSTTGNT- EYTAETI ARQLANAG- YEVDSRDAASVEAGCGLFEGFDLVLLGCSTWEDDS - - - - - - ELQDDF| PLF- DSLEETGAQGRKVACF
MBKVLI VFGSSTGNT- ESI aQKLEELI AAGG- HEVTLLNAADASAENLADGYDAVLFgCSAWGVEDL - - - - - - EMQDDFLSLF- EEFNRFGLAGRKVAAf
MPKALI VYGSTTGNT- EYTaETI ARELADAG YEVDSRDAASVEAGGLFEGFDLVLLgCSTWEDDS! - - - - - - ELQDDFI PLF- DSLEETGAQGRKVACK
MBKSLI VYGSTTGNT- ETAaEYVAEAFENKE- | DVELKNVTDVSVADLGNGYDI VLFgCSTWGEEE! - - - - - - ELQDDFI PLY- DSLENADL KGKKVSVf
MPKALI VYGSTTGNT- EGVaEAI AKTLNSEG- METTVVNVADVTAPGLAEGYDVWVLLgCSTWEDDE! - - - - - - ELQEDFVPLY- EDL DRAGL KDKKVGVf

- - KI G FFSTSTGNT- TEVADFI GKTLGA- - - KADAPI DVDDVTDPQALKDYDLLFLGAPTWNTG- - - - ADTERSGT SVWDEFL YDKL PEVDMVKDL PVAI F
- AKI GLFFGSNTGKT- RKVaKS| KKRFDDET- MSDA- LNVNRVS- AEDFAQYQFLI LgTPTLGEGEL PGL SSDCENESWEEFL - PKI EGL DFSGKTVALf
MATI A FFGSDTGQT- RKVaKLI HQKLDG - - | ADAPLDVRRAT- REQFLSYPVLLLgTPTLCGDGEL PGVEAGSQYDSWEFT- NTLSEADL TCKTVALf
SKKI GLFYGTQTGKT- ESVaEl | RDEFGN- - - DVWTLHDVSQAE- VTDLNDYQYLI | gCPTWNI GEL-------- QSDVEGL Y- SEL DDVDFNGKL VAYf
- Al TG FFGSDTGNT- ENl aKM QKQLCK- - - DVADVHDI AKSS- KEDLEAYDI LLLgl PTWYYGE-------- AQCDWDDFF- PTLEEI DFNCGKLVALf
- MK- - | VYWSGTGNT- EKVAELT AKG | ESG- KDVNTI NVSDVNI DELL- NEDI LI LGCSAMGDEVL- - - - - - - EESEFEPFI - EEl S- TKI SGKKVALF
MVE- - | VYWSGTGNT- EAMaNEI EAAVKAAG- ADVESVRFEDTNVDDVA- SKDVI LLgCPAMGSEEL - - - - - - - EDSVVEPFF- TDLA- PKLKGKKVGLf
- MKI SI LYSSKTGKT- ERVaKLI EEGVKRSGNI EVKTMNLDAVD- KKFLQESEG | FTPTYYAN- - - - - - - - - | SWEMKKW - DESSEFNL EGKL GAAT
ADKELKFLVVDDFSTVRRI VRNLLKELGFN- - NVEEAECGVDALNKLQAGGYCFVI - - - SDWNMPNV- - - - - - - - - - CGLELL- KTl RADGAMSALPVLV

GOGDS- SY- EYFCGA- VDAl EEKLKNLGAE] VQD- - - = = == == == m s e e oo GLRI DGD- - PRAARDD! VGMAHDVRGAI - - - - - - - -
ASGDQ EY- EHFCGA- VPAI EERAKELGATI | AE- - - === === mmmmmee oo om GLKNVEGD- - ASNDPEAVASf AEDVLKQL- - - - - - - -
GOGDS- SY- EYFCGA- VDAl EEKLKNLGAE] VQD- - - = = == = = = = m e s oo oo GLRI DGD- - PRAARDDI VOWAHDVRGAI - - - - - - - -
GOGDS- DY- TYFCGA- VDAl EEKLEKMJAWI GD- - - = = == == == m e me e oo SLKI DGD- - PE- - RDEI VSWGSG ADKI - - - - - - - -
GOGDS- SY- TYFCGA- VDVI EKKAEELGATLVAS- - - - = ==« == m e eme oo o SLKI DGE- - PD- - SAEVLDWAREVLARV- - - - - - - -
GLGDAEGYPDNFCDA- | EEI HDCFAKQGAKPVGFSNPDDYDYEESKS- VRDGKFL GLPLDMWNDQ PVEKRVAGWEAWSETGV- - - - - -
GLGDQVGYPENYLDA- LGEL YSFFKDRgAKI VGSWSTDGYEFESSEA- VWDGKFVGL AL DLDNQSGKTDERVAAWLAQ APEFGLS- - L- -
GLGDQLNYSKNFVSA- MR LYDLVI ARgACVVGNWPREGYKFSFSAAL L ENNEFVGL PLDQENQYDL TEERI DSWLEKLKPAV- L- - - - - -
GTGDQ GYADNFQDA- | G LEEKI SQRgGKTVGYWSTDGYDFNDSKA- L RNGKFVGL AL DEDNQSDL TDDRI KSWAQLKSEFGL- - - - - -
GOGDQEDYAEYFCDA- LGTI RDI | EPRgATI VGHWPTAGYHFEASKGL ADDDHFVGL Al DEDRQPEL TAERVEKWKQ SEELHLDEI LNA

G - - - - SY- GAEDGKVWRDFEERVNGYGOVWVET - - - - - < = = =« 2o c e oo o PLI VQNE- - PDEAEQDCI EFGKKI ANl - - - = - - - - -
G - - - - SY- GAGSGEWWDAWKQRTEDTGATVI GT- - = - -« = =« w o e e e e oo Al VNEM - PDNA- PECKEI GEAAAKA:- - - - - - - - -
STANSI AGGSDI A- - - LLTI LNHLM/KgM_VYSG- - - - GVAFGKPKTHLGYVHI NEI QENEDENAR! f GERi ANKVKQl F- - - - < = - - - - -
VTAEAKK- - ENI | AAc == - == - - - AQAGAS- - = = === m s e e GYW- - - - - KPFTAATLEEKLNKI FEKLGM - - - - -

Iteration O SP= 136944.00 AvSP= 10.675 Sld= 4009 AvSId= 0.313



1f x1

FLAV_DESVH
FLAV_DESSA
FLAV_DESG
FLAV_DESDE
4f xn

FLAV_MEGEL
2fcr

FLAV_ANASP
FLAV_AZOVI
FLAV_ENTAG
FLAV_ECOLI
FLAV_CLOAB
3chy

1f x1

FLAV_DESVH
FLAV_DESSA
FLAV_DESG
FLAV_DESDE
4f xn

FLAV_MEGEL
2fcr

FLAV_ANASP
FLAV_AZOVI
FLAV_ENTAG
FLAV_ECOLI
FLAV_CLOAB
3chy

Flavodoxin-cheY: Local Pre-processing
(locprepro=300)

- - PKALI VYGSTTGNTEYTAET! ARQLANAGYEVDSRDAASVEAGGL FEGFDLVLLGCSTWGEDDS - - - - - - ELQDDFI PL- - FDSLEETGAQGRKVACF
- MPKALI VYGSTTGNTEYTaET! ARELADAGYEVDSRDAASVEAGGLFEGFDLVLLgCSTWGEDDS - - - - - - ELQDDFI PL- - FDSLEETGAQGRKVACT
- MSKSLI VYGSTTGNTETAaEYVAEAFENKEI DVELKNVTDVSVADLGNGYDI VLFgCSTWGEEE! - - - - - - ELQDDFI PL- - YDSLENADL KGKKVSVf
- MPKALI VYGSTTGNTEGVaEAI AKTLNSEGVET TVWNVADVTAPGLAEGYDVVLLgCSTWGEDDEI - - - - - - ELQEDFVPL- - YEDL DRAGL KDKKVGVf
- MSKVLI VFGSSTGNTESI aQKLEEL| AAGGHEVTLLNAADASAENLADGYDAVL FgCSAWGVEDL - - - - - - EMQDDFLSL - - FEEFNRFGLAGRKVAAf
- - MK- - | VYWSGTGNTEKVAEL T AKG | ESGKDVNTI NVSDVNI DELLN- EDI LI LGCSAMGDEVL- - - - - - E- ESEFEPF- - | EEl S- TKI SGKKVALF
- WE- - | VYWSGTGNTEAMBNEI EAAVKAAGADVESVRFEDTNVDDVAS- KDVI LLgCPAMGSEEL - - - - - - E- DSVVEPF- - FTDLA- PKLKGKKVGLf
- - - KI G FFSTSTGNTTEVADFI GKTLGAKADAPI - - DVDDVTDPQALKDYDLLFLGAPTWNTGAD- - - - TERSGTSV\IDEFL - YDKLPEVDVKDLPVAI F
- SKKI GLFYGTQTGKTESVaEIl | RDEFGNDVVTLH- - DVSQAEV- TDLNDYQYLI | gCPTWNI GEL-------- QSDVEGL - - YSEL DDVDFNGKLVAYf

- - AKI GLFFGSNTGKTRKVaKS| KKRFDDETMSDA- LNVNRVSA- EDFAQYQFLI LgTPTLGEGEL PGLSSDCENESWEEF- - LPKI EGLDFSCKTVALf
- MATI G FFGSDTGQTRKVaKLI HQKLDG- - | ADAPLDVRRATR- EQFLSYPVLLLQTPTLGDGEL PGVEAGSQYDSWEF- - TNTLSEADL TGKTVALf

-- Al TGl FFGSDTGNTENI aKM QKQLGKDVADVH- - DI AKSSK- EDLEAYDI LLLgl PTWYGEA- - - - - - - - QCDWDDF- - FPTLEEI DFNGKLVALf
- - MKI SI LYSSKTGKTERVaKL| EEGVKRSGNI EVKTMNLDAVDKKFLQESEG | FgTPTYYA- - - - - - - - - - - NI SWEMKKW DESSEFNL EGKL GAAf
ADKELKFLVVDDFSTVRR! VRNL L KEL GFNNVEEAEDGVDAL NKLQ- AGGYGFVI - - - SDWNIVPNM - - - - - - - - - DGLEL- - LKTI RADGAVBALPVLM
GCGDS- - SY- EYFCGA- VD- - Al EEKLKNLGAE] VQD- - = = === === === ==z - - GLRI D- - GDPRAARDD! VGWAHDVRGAI - - - - - - - -

GCGDS- - SY- EYFCGA- VD- - Al EEKLKNLGAE] VQD- - - = - =« = === = s 2o e - QLRI D- - GDPRAARDDI VONWAHDVRGAI - - - - - - - -

GCGDS- - DY- TYFCGA- VD- - Al EEKLEKMJAWWI GD- - - = - -« = === = c e oo - SLKI D- - GDPE- - RDEI VSWGSGA ADKI - - - - - - - -

GCGDS- - SY- TYFCGA- VD- - VI EKKAEELGATLVAS- - - = - =« = === cc e o e o SLKI D- - GEPD- - SAEVLDWAREVLARV- - - - - - - -

ASGDQ - EY- EHFCGA- VP- - Al EERAKELGATI | AE- - - - = = <« = <o oo oo GLKME- - GDASNDPEAVASf AEDVLKQL- - - - - - - -
GS----- Y- GAWEDGKW/R- - DFEERVNGYGCV\VVET- - - = - -« = = s o e e oo o PLI VQ - NEPDEAEQDCI EFGKKI ANl - - - = - - - - -
GS----- Y- GAGSGEWWD- - AWKQRTEDTGATVI GT- - - = = =« == = c = mm e oo Al - VN- - EMPDNA- PECKE| GEAAAKA: - - - - - - - -

GLCGDAE- GYPDNFCDA- | E- - El HDCFAKQGAKPVGFSNPDDYDYEESKSVRD- GKFLGLPLDWNDQ PVEKRVAGWEAVVSETGV- - - - - -
GIGDQ - GYADNFQDA- | G- - | LEEKI SQRgGKTVGYWSTDGYDFNDSKAL RN- GKFVGEL AL DEDNQSDL TDDRI KSWAQLKSEFGL- - - - - -
GLGDQV- GYPENYLDA- LG - ELYSFFKDRgAKI VGSWSTDGYEFESSEAVVD- GKFVGEL AL DLDNQSGKTDERVAAWLAQ APEFGLS- - L- -
GLGDQL- NYSKNFVSA- MR- - | LYDLVI ARJACVWGNWPREGYKFSFSAAL L ENNEFVGEL PLDQENQYDL TEERI DSWLEKLKPAV- L- - - - - -
GCGDQE- DYAEYFCDA- LG - Tl RDI | EPRgATI VGHWPTAGYHFEASKGL ADDDHFVGL Al DEDRQPEL TAERVEKWWKQ SEELHLDEI LNA
STANSI AGGSDI ALLTI LNHLMVKgM_VYSGGVAFCKPKTHLGYVH- - - - - - - - - - | NEI QENEDENARI f GERi ANKVKQI F-----------
VTAEA- - - KKENI | AA----------- AQAGAS- - - - - - - - - GYWK- - - - - PFTAATLEEKLNKI FEKLGM - - - - -

G



PSI-PRALINE

Multiple alignment of distant sequences
using PSI-BLAST

nPerform a PSI-BLAST search for each
sequence

n Keep putative homologs found as
‘background’ sequences

—Make local pre-profile for each sequence

—Align original sequences using extended
Information from homologous sequences



Pair-wise alignment
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Multiple alignment
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Example: methyltransferases

PRALINE BASIC (0.10)

1GZ0A SEIYG..... THAVQALLER
1IPAA MRITSTANPR IKELARLLER

ALICAO (0.00)

1GZ0A SEIYG IHAVQALLER
1IPAA MRITSTANPR IKELARLLER

MUSCLE v3.51 (0.15)

1GZ0A SEIYG..... IHAVQALLER
1IPAA MRITSTANPR IKELARLLER

T-COFFEE v2.03 (0.15)

1GZ0A SEIYG IHAVQALLER
1IPAA MRITSTANPR IKELARLLER

PSI-PRALINE (0.92)

1GZOA . ... ... ..
1IPAA MRITSTANPR IKELARLLER

HOMSTRAD REFERENCE
1GZ0A
DSSP

1IPAA MRITSTANPR IKELARLLER
DSSP EE TTSHH HHHHHGGGSH

APERFQEVFI
KHRDSQRRFL

APERFQEVFI
KHRDSQRRFL

APERFQEVFI
KHRDSQRRFL

APERFQEVFI
KHRDSQRRFL

KHRDSQRRFL
HHHHHHTEEE

LKG.REDKRL
IEGAREIERA

LKG.REDKRL
IEGAREIERA

LKG.REDKRL
IEGAREIERA

LKG.REDKRL
IEGAREIERA

IYGIHAVQAL
IEGAREIERA

AAAAAAAAAA

IYGIHAVQAL
EESHHHHHHH
IEGAREIERA
EESHHHHHHH

LP....LIHA
LOAGIELEQA

LP....LIHA
LOAGIELEQA

LP....LIHA
LOAGIELEQA

LP....LIHA
LOQAGIELEQA

LERAPERFQE
LOAG.IELEQ

AAMAA AAA

LERAPERFQE
HHS GGGE E
LQAGIE.LEQ
HHTT .B E

LESQGVVIQL
LVWEGGLNPE

LESQGVVIQL
LVWEGGLNPE

LESQGVVIQL
LVWEGGLNPE

LESQGVVIQL
LVWEGGLNPE

VFILKGREDK
ALVWEGGLNP

AAAAAAAAAA

VFILKGREDK
EEEESS T
ALVWEGGLNP
EEEETT H

ANRQY.....
EQQVYAALLA

ANRQYLDEKS
EQQVYAALLA

EQQVYAALLA

RLLPLIHALE
EEQQVY. ...

AAAAAAN

RLLPLIHALE
TTHHHHHHHH
EEQQVYAALL
HHHHHHH

LDEKSDGAVH
LLEVSEAVLK

DGAVHQGIIA
LLEVSEAVLK

LDEKSDGAVH
LLEVSEAVLK

LDEKSDGAVH
LLEVSEAVLK

SQOGVVIQLAN
AALLALLEVS

AAAAMA

SQGVVIQLAN
HHT EEEEE
....ALLEVS
....EEEEE

KLSVRDNPAG

A

RVKPGRQ. . .
KLSVRDNPAG

KLSVRDNPAG

ROYLDEKSDG
EAVLKKLSVR

AAAAAAAAAM

RQYLDEKSDG
SHHHHHTTTS
EAVLKKLSVR
HHHHHHH S

IIARVK.PGR
LIALARMPER

AAAAAA

LIALARMPER

ITARVKPGRQ
LIALARMPER

AAAAAAAAAA

IIARVKPGRQ
LIALARMPER

AAAAAAAAAA

AVHQGIIARV
DNPAGLIALA

AAAAAAAAAA

AVHQGIIARV

TTEEEEE
DNPAGLIALA
SS SEEEEE

Q

KPGRQ
RMPER

AAAAA

KPGRQ

RMPER
E
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The effects of using E-
value threshol ds of
Increasing stringency in
PRALINEPSI on the 624
HOMSTRAD pairwise
alignments.

(A) The difference between the
average Q scores of PRALINEPS
and the basic PRALINE method

(B) The distributions of improved,
egual and worsened cases
compared with the basic
PRALINE method for each E-
value threshold.

The‘inc’ column isthe
PRALINEPSI incremental strategy
starting from a threshold of 10,
and the ‘max’ column is
PRALINEPSI’s theoretical upper
limit for the tested threshold

range.



Strategies for multiple sequence
alignment

* Profile pre-processing

e Secondary structure-induced
alignment (Praline-SS)

o Globalised local alignment

e Matrix extension

Objective: integrate secondary structure
Information to anchor alignments and avoid

error



Additional strategies for multiple
seqguence alignment

o Matrix extension (T-coffee)
* Profile pre-processing (Praline)

e Secondary structure-induced
alignment

Objective: try to avoid (early) errors



Protein structure hierarchical levels

PRIMARY STRUCTURE (amino acid sequence)

SECONDARY STRUCTURE (hélices, strands)

VHLTPEEKSAVTALWGKVNVDE
VGGEALGRLLVVYPWTQRFFE

VLVCVLAHHFGKEFTPPVQAAY
QKVVAGVANALAHKYH

SFGDLSTPDAVMGNPKVKAHG e
KKVLGAFSDGLAHLDNLKGTFA - | u&v‘
TLSELHCDKLHVDPENFRLLGN Q CSQ
w
N

QUATERNARY STRUCTURE (oligomers)

TERTIARY STRUCTURE (fold)




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 guality of prediction
methods. For example, secondary structure
prediction is currently at 76% correctness. So, 1
out of 4 predicted amino acids Iis still incorrect.



How to combine secondary structure
and amino acid information

Dynamic programming Ino acid
search matrix substitution
matrices
MDAGSTVI LCFV

HHHOCCEEEEEE

VOO N0
OOMMMOOIIIT




Using predicted secondary structure

1fx1 - PK- ALl VYGSTTGNTEYTAETI ARQLANAG YEVDSRDAASVEAGGELFEGFDLVLLGCSTWEDDS - - - - - - ELQDDFI PLFDS- LEETGAQGRKVACF
e eeee b ssshhhhhhhhhhhhhhttt eeeee stt tttttt seeee b ee sss ee ttthhhhtt ttss tt eeeee
FLAV_DESVH MPK- ALl VYGSTTGNTEYTaETI ARELADAG YEVDSRDAASVEAGGLFEGFDLVLLgCSTWEDDS - - - - - - ELQDDFI PLFDS- LEETGAQGRKVACS
e eeeeee hhhhhhhhhhhhhhh eeeeee eeeeee hhhhhh eeeee
FLAV_DESG MPK- ALl VYGSTTGNTEGVaEAI AKTLNSEG METTVWNVADVTAPGLAEGYDWVLLgCSTWEDDE! - - - - - - ELQEDFVPLYED- L DRAGL KDKKVGVF
e eeeeee hhhhhhhhhhhhhh eeeeee hhhhhh eeeeeee hhhhhh eeeeee
FLAV_DESSA MBK- SLI VYGSTTGNTETAaEYVAEAFENKE- | DVELKNVTDVSVADLGNGYDI VLFgCSTWCEEEE! - - - - - - ELQDDFI PLYDS- LENADL KGKKVSVF
eeeeee hhhhhhhhhhhhhh eeeee eeeee hhhhhhh h eeeee
FLAV_DESDE MBK- VLI VFGSSTGNTESI aQKLEEL| AAGG HEVTLLNAADASAENLADGYDAVL FgCSAWGAVEDL - - - - - - EMQDDFL SLFEE- FNRFGLAGRKVAAf
eeee hhhhhhhhhhhhhh eeeee hhhhhhhhhhheeeee hhhhhhh hh eeeee
2fcr - - K- 1 G FFSTSTGNTTEVADFI GKTLGAK- - - ADAPI DVDDVTDPQALKDYDLLFLGAPTWNTGAD- - - - TERSGTSWDEFL YDKLPEVDVKDLPVAI F
eeeee ssshhhhhhhhhhhhhggg b eeggg S gggggg seeeeeee stt s s s sthhhhhhhtggg tt eeeee
FLAV_ANASP SKK- | GLFYGTQTGKTESVaE!l | RDEFGND- - VWTL- HDVSQAE- VTDLNDYQYLI | gCPTWNI GEL- - - - - - - - QSDWEGL YSE- LDDVDFNGKLVAYf
eeeee hhhhhhhhhhhh eee hhh hhhhhhheeeeee hhhhhhhhh eeeeee
FLAV_ECOLI - Al - TG FFGSDTGNTENI aKM QKQLGKD- - VADV- HDI AKSS- KEDLEAYDI LLLgl PTWYYGEA- - - - - - - - QCDWDDFFPT- LEEI DFNGKLVALf
eee hhhhhhhhhhhh eee hhh hhhhhhheeeee hhhhh eeeeee
FLAV_AZOVI - AK- | GLFFGSNTGKTRKVaKS| KKRFDDET- MSDA- LNVNRVS- AEDFAQYQFLI LgTPTLGEGEL PGLSSDCENESWEEFL PK- | EGLDFSGKTVALf
eee hhhhhhhhhhhhh hhh hhhhhhheeeee hhhhhhhhh eeeeee
FLAV_ENTAG MAT- | G FFGSDTGQTRKVaKLI HKLDG - - | ADAPLDVRRAT- REQ:LSYPVLLLgTPTLGDGELPC:VEAGSQYDSWJEFTN‘I’ LSEADL TGKTVALf
eeee hhhhhhhhhhhh hhh hhhhhhheeeee eeeee
4f xn - - - - MKI VYWSGTGNTEKVAEL I AKG | ESG KDVNTI NVSDVNI DELLNE- DI LI LGCSAMGDEVL- - - - - - E- ESEFEPFI EE | ST- KI SGKKVALF
eeeee ssshhhhhhhhhhhhhhht t eeeettt sttttt seeeeee bttth ttthhhhhhh hst t tt eeeee
FLAV_MEGEL M - - VEI VYWSGTGNTEAMaNEI EAAVKAAG ADVESVRFEDTNVDDVASK- DVI LLgCPAMGSEEL - - - - - - E- DSVWEPFFTD- LAP- KLKGKKVGE.f
hhhhhhhhhhhhhh eeeee hhhhhhhh eeeee eeeee
FLAV_CLOAB M K- 1 SI LYSSKTGKTERVaKLI EEGVKRSGNI EVKTMN\L- DAVDKKFLQESEG | FgTPTY- YANI - - - - - - - - SWEMKKW DE- SSEFNLEGKLGAAf
eee hhhhhhhhhhhhhh eeeeee hhhhhhhhhh eeee hhhhhhhhh eeeee
3chy ADKELKFLVVDDFSTVRRI VRNLLKELGFNN- VEEAEDGV- DALNKLQAGGYGFVI SD- - - WAVPNM - - - - - - - - - DGLELLKTI RADGAMSAL PVLW
tt eeee s hhhhhhhhhhhhhht eeeesshh hhhhhhhh eeeee S SSS hhhhhhhhhh ttttt eeee
1f x1 GCGDS- SY- EYFCGAVDAI EEKLKNLGAEI VQD- - - == == === === === === - - GLRI DGD- - PRAARDDI VGAMHDVRGAI - - - - - - - -
eee s ss sstthhhhhhhhhhhttt ee s eeees gggghhhhhhhhhhhhhh
FLAV_DESVH GOGDS SY- EYFCGAVDAI EEKLKNLQAEI VQD- - - - - == == === oo oo o - GLRI DGD- - PRAARDDI VGNAHDVRGA - - - - - - - -
hhhhhhhhhhhh eeeee eeeee hhhhhhhhhhhhhh
FLAV_DESGA GCGDS SY- TYFCGAVDVI EKKAEELQATLVAS- - - - - - - - o e e oo oo SLKI DGE- - P- - DSAEVLDWAREVLARV- - - - - - - -
hhhhhhhhhhhh eeeee hhhhhhhhhhh
FLAV_DESSA GCGDS DY- TYFCGAVDAI EEKLEKMJAWI GD- - - = = == == == === oo oo - - - SLKI DGD- - P- - ERDEI VSWGSA ADKI - - - - - - - -
hhhhhhhhhhhh eeeee eee
FLAV_DESDE ASGDQ EY- EHFCGAVPAI EERAKELGATI | AE- - - - = === - o e e e e oo - GLKI\/EGD ASNDPEAVASf AEDVLKQL- - - - - - - -
hhhhhhhhhhhhhh eeeee hhhhhhhhhhh
2fcr GLGDAEGYPDNFCDAI EEI HDCFAKQGAKPVG-SNPDDYDYEESKSVRD- GKFLGLPLDM/NDQ PMEKRVAGWEAWSETGV- - - - - -
eee ttt ttsttthhhhhhhhhhhtt eee b gggs s tteet teesseeeettt ss hhhhhhhhhhhhhhhht
FLAV_ANASP GTGDQ GYADNFQDAI G LEEKI SQRgGKTVGYWSTDGYDFNDSKAL R- NGKFVGE. AL DEDNQSDL TDDRI KSWAQLKSEFGL- - - - - -
hhhhhhhhhhhhhh eeee hhhhhhhhhhhhhhhh
FLAV_ECOLI GCGDQEDYAEYFCDALGT! RDI | EPRgATI VGHWPTAGYHFEASKG. ADDDHFVGE. Al DEDRQPEL TAERVEKWKQ SEELHLDEI LNA
hhhhhhhhhhhhhh eeee hhhhhhhhhhhhhhhhhh
FLAV_AZOVI GLGDQJGYPENYLDALGELYSFFKDRgAKI VGSWETDGYEFESSEAVVD- GKFVGELAL DLDNQSGKTDERVAAWLAQ APEFGLS- - L- -
hhhhhhhhhhhhhh eeeee hhhhhhhhhhh
FLAV_ENTAG GLGDQ_NYSKNFVSANRI LYDLVI ARGACVWGNWPREGYKFSFSAAL LENNEFVG.PLDQENQYDL TEERI DSWLEKLKPAV- L- - - - - -
hhhhhhhhhhhhhhh eeee hhhhhhh hhhhhhhhhhhh
4f xn G - - - - SYGWGDGKWWRDFEERMNGYGCWVET - = === = = = = === === - - == - - PLI VQNE- - PDEAEQDCI EFGKKI ANl - - - - - - - - -
e eesss shhhhhhhhhhhhtt ee s eeees ggghhhhhhhhhhhht
FLAV_MEGEL G - - - - SYGANGSGEWWDAWKQRTEDTGATVI GI- - = = = == = m e e oo oo Al VNEM - PDNAPE- CKEl GEAAAKA- - - - - - - - -
hhhhhhhhhhh eeeee eeee h hhhhhhhh
FLAV_CLOAB STANSI A- GGSDI ALLTI LNHLMVK- gMLVYSG - - - - GVAFGKPKTHLG - - - - YVHI NEI - - QENEDENARI f GERi ANK V- - KQJI F- -
hhhhhhhhhhhhhh eeeee hhhh hhh hhhhhhhhhhhh h
3chy e TAEAKKEN! | AAAQAGASGY- - - - === === --cmmmmmmmmm o VK- - - - P- FTAATLEEKLNKI FEKLGMW - - - - -
ess hhhhhhhhhtt see ees S hhhhhhhhhhhhhhht

G



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 Heljne, 1998)

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



PRALINE™ strategy

For each input sequence predict Progressively aligh sequences or
transmembrane topology pre-profiles using both
: PHAT and BLOSUM

1 TTTTTT
Z TITT Sequence / Prepro 1 incl.
3 TTTT— —— ———— position specific TM struct.
3 TR i MDRAGLPWYSST
TS ~——TTTTTT---
. — ~a| H-
Tree-based consistency iteration oF| HC- «
oh Sum-of-Pairs score f’é K-
-~ @
sa| ol
ff"”’ groeses Sequence / Prepro 1 §5| k-
/K 55| &
: [ ] i
f b Sequence / Prepro 2 <:| -]
! ? Sequence f Prepro 3 \ |‘:
\ ] N
1 ;7 222209

’*\\ ) Sequence { Prepro 4 .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

% Column score —

n Accuracy:

“strict”

- ==

Sum-of-Pairs score
more *lenient”

|

|
|




Independent contributions
PHAT matrix and gap values

SP score
055 060 065 070 075 080 0.85 090

a)

- PRALINE BLOSUM62 / PHAT
- PRALINE BLOSUMGZ /BLOSUME2
“*** PRALINE™ PHAT / PHAT

-
n_.__-——-"_a_'—_n q\\-o___._—-——'—“

T T T T T T T
15.0 15.5 16.0 16.5 17.0 17.5 18.0

Go transmembrane

TC score

0.20 0.25 0.30 0.35 0.40 0.45

0.15

b)

- PRALINE BLOSUM62 /PHAT
- PRALINE BLOSUM62 /BLOSUMSG2
“*** PRALINE™ PHAT / PHAT

\\-o I — 1
T T T T T T T
15.0 16.5 16.0 16.5 17.0 17.5 18.0

Go transmembrane




Strategies for multiple sequence
alignment

* Profile pre-processing
« Secondary structure-induced alignment
 Matrix extension

Objective: try to avoid (early) errors



Multiple alignment methods

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

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

q Iterative alighment
> correct for problems with progressive alignment by

repeatedly realigning subgroups of sequence



|terative strategies

Convergence

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.

Limit cycle

Diver(qence




Iterate similarity matrix, guide tree and M SA

e Score 1-2

S — Score 1-3

)
1
3
4
5

— Score 4-5

Scores . Thisway of iterating
Slmllarlty was already

implemented in 1984
by Hogeweg and

5X5
matrix

[N e

Guide tree Multiple alignment
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Pre-profile alignment
Alignment consistency

Alal 31

A131

A131
L133




1f x1

FLAV_DESVH
FLAV_DESDE
FLAV_DESA
FLAV_DESSA
4f Xn

FLAV_MEGEL
2fcr

FLAV_ANASP
FLAV_ECOLI
FLAV_AZOVI
FLAV_ENTAG
FLAV_CLOAB
3chy

Avrg Consi st

Conservation

1f x1

FLAV_DESVH
FLAV_DESDE
FLAV_DESA
FLAV_DESSA
4f Xn

FLAV_MEGEL
2fcr

FLAV_ANASP
FLAV_ECOLI
FLAV_AZOVI
FLAV_ENTAG
FLAV_CLOAB
3chy

Avrg Consi st

Conservation

FHavodoxin-cheY consistency scores canpioay
(PRA L I N E preprO:O) Zc“igdr;ed amino

/

- - 7899999999999 TEYTAETI ARQL8776- 6657777777777777553799VL999ST97775599989- 435566677798998878 AQGRKVACF
-46788999999999TEYTAETI AREL7777-7757777777777777553799VL999ST97775599989- 435566677798998878 AQGRKVACF
-47899999999999999999999988776695658888777777778763YDAVLIQ9SAVO877789877753556666669777776789CGRKVAAF
-46788999999999TEGVAEAI AKTL9997- 76678888777777887539DVVLO99ST987776- - 9889546667776697776557777888888
93677799999999999999999999988759765777888888888876399999999STW 7765- - 9999536666677797998779999999999
-878779999999999999999999776666967567788888888888777999999988777776--9889577788888897773237888888888
9776779999999999999999997777766- 665666677788899976799999999987777669- - 887362334466695555455778888888
--87899999999999TEVADFI GK996541900300000112233355679DLLF99999855312888111224555555407777777888888888
-47899LFYGTQIGKTESVAEI | RO777653922356677777777897779999999999988843- - 9998555778777899998879999999999
997789999GSDTGNTENI AKM (B774222922456678889999995569999999999755553- - - - 99262225555495777767778999999
- - 791 GLFFGSNTGKTRKVAKSI K99887759657577888888999777899999999999877761112222222244555- 5555555778999999
94789999999999999999999998755229223234555555555555688899999998875521111111133477777-7777777999999999
- 869991 LYSSKTGKTERVAK9997555555057678887888887777765778899998522223- - 9888342234455597777777777777777
0122222223333335666665555555222922222222222221112163335555755553222888877674533344493332222222222222

8667778888888889999999998776554844455566666666665557888888888766544887666334445566586666556778888888
0125538675848969746963946463343045244355446543473516658868567554455000000314365446505575435547747759

(888799955555559888888888899777----7777797787787978- - - 555555566776555677777778888799- - - - - -
(888799955555559888888888899777----7777797787787978- - - 555555566776555677777778888799- - - - - -
AB8878685555555999988888889998879- - 8777788-98777777--8555555554433245667777777777599- - - - - -
87775977755555677777777777777778---88888887667778777775555555555542424667888887777--------
O77768777555556777777777777777767887777777778888-978985555555556536556888888888877--------
867777555555552666666666555555577887767999877777977777665555555555444466666666555798- - - - - -
8577775666666525556777778888888689977888988776558677885544333222222212233223355557--------
877773573333333777766667777765533333333333333322833333333332244444567777777888777633------
977773775333344777888888777777733334444444444433833333344444444444455577777788777734------
O77743786444444777788888888888833334444444444444244444555554555775667788888888877734110000
97776355333333466666667777777773333444444444444482333355555555555545558888888877772311----
977773886555555866666666677666633333333333333322123333344444444455555665566666555582- - - - - -
766627222222212444444444455555587882222222222222111111122222222222344443333333233399----- -
222227222222224111355431113324578-87778997666556877776322222222222322222323344444422- - - - - -

866656564444444666666666666666656665555565555555655565444443444443344455666666666666889999
73663057433334163464534444* 746710000011010011000000010434744645443225474454448434301000000

Iteration O SP= 135136.00 AvSP= 10.473 Sld= 3838 AvSId= 0.297

Consistency values are scored from 0 to 10; the value 10 is represented by the corresponding amino-acid (red)



Flavodoxin-cheY consistency scores
(PRALINE prepro=1500)

1f x1 -42444]1 VYGSTTGNTEYTAETI ARQL886666666577777775667888DLVLLGCSTW 7766- - - - 995476666769- 77888788 AQGRKVACF

Conservation

FLAV_DESVH - 344441 VYGSTTGNTEYTAETI AREL776666666577777775667888DLVLLGCSTW 7766- - - - 995476666769- 77888788 AQGRKVACF
FLAV_DESSA - 334441 VYGSTTGNTET99999888777655777668888899666686YDI VLFGCSTW 7777~ - - - 996466666779- 88SL98ADLKGKKVSVF
FLAV_DESG - 344441 VYGSTTGNTEGVA9999999999765555677777886666678DVVLLGCSTW 7777~ - - - 995466666779- 88887688888KKVGVF
FLAV_DESDE -447771 VFGSSTGNTE988777666655566777778899999777777YDAVLFGCSAWB8877----997587777779-8887766777GRKVAAF
4f xn - 322221 VYWSGTGNTE8888888876666778888888888NI 8888586DI LI LGCSA888888- - - - - - 8- 8888886- - 666653781 SCKKVALF
FLAV_MEGEL - 122221 VYWSGTGNTEANVA8888888888888888555555555555485DVI LLGCPAMGSE? 7- - - - - - 572222288- - 8888755588 CKKVGLF
2fcr - 414561 FFSTSTGNTTEVA999998865432222765554443244779YDLLFLGAPT944411999- 111112454441 - 8DKLPEVDVKDLPVAI F
FLAV_ANASP - 00456 LFYGTQITGKTESVAEI | 987755323322427776666623589YQYLI | GCPTW5532- - 999843678V988899998888888GKLVAYF
FLAV_AZOVI - 424451 FFGSNTGKTRKVAKSI K87777434333536666665467777YQFLI LGTPTLGEGB62222222222355558- 45666666888KTVALF
FLAV_ENTAG - 2661 G FFGSDTGQTRKVAKL| HOKL6664664424DVRRATR88888SYPVLLLGTPT88888644444444446\WEF8- SNTLSEADLTGKTVALF
FLAV_ECOLI -511141 FFGSDTGNTENI AKM 987743311111555555588355599YDI LLLG PT954431- - - - 88355225544- - 44666666779KLVALF
FLAV_CLOAB - 636661 LYSSKTGKTERVAKLI| E63333333333333333333366LQESEG | FGTPTY63--6-------- 66SVE33333333333333GKLGAAF
3chy ADKELKFLVVDDFSTVRRI VRNLLKEL GFNNVEEAEDGVDALNKLQ- AGGYGFVI - - - SDANVPNM - - - - - - - - - DG_EL- - LKTI RADGAMVSALPVLM
Avrg Consi st 9334459999999999999999988776655555555666667756667889999999999767658888775555566668967777677889999999
Conservati on 0236428675848969746963946463344354312564565414344366588685675544550000003144654460055575345547747759
1f x1 (08879-89-999877977--7788899999999955- - 88888-9988887798999777778766553344588776666222266899899
FLAV_DESVH (08879-89-999877977--7788899999999955- - 88888-9988887798999777778766553344588776666222266899899
FLAV_DESSA (08878-688688888- 88- - 88999999999999979988888887788889-89-9787777666756645577776666654466899899
FLAV_DESG (08879-898688888987- - 788888999CGATLV7698899- 9998789888-8899787878776663122477788888333276899899
FLAV_DESDE AS8888- 68- 888888899- - 9999999999988888- 99988888988778897888776668854222212255555555333277999999
4f xn (G52228-228222222222--2388888888888888888888888888888888888887778866765535577555533221288888888
FLAV_MEGEL (4888- - 28- 8888882ND- - AVKQRTEDTGATVI 77--------------------- T77222--224444222222244222112- -------
2fcr GLGDAS- 8YS5DNFC88- 88--8877777777777765444555555555544385555777774465333357799999987555333899899
FLAV_ANASP GIGD(B- GY5899999- 99- - 99EEKI SQRGE09975555544444444433284444466665555555556666676666433333899899
FLAV_AZOVI GLGD(B- 885777555- 55- - 55555788888888555555555555555554855555555555666555555888855555544442- - 288
FLAV_ENTAG GLGDQL- NYSKNFVSA- VR- - | LYDLVI ARGACVVGE8888EGYKFSFSAAG6664NEFVG.PLDOENS8888EERI DSW.E88842242688688
FLAV_ECOLI (C09549784688888987997777777778888855444444444444444114444777774455775567788888887433322100100
FLAV_CLOAB STANS6366663333333333336666666666666666663333363366336663333336EDENARI FGERI ANKVKQ 333333666666
3chy VTAEA- - -KKENI | AA----------- AQAGAS--------mmmmm e - GYWK- - - - - PFTAATLEEKLNKI FEKLGMW - - - - -
Avrg Consi st 9988779787777 777777997788888888888866777777777767766677777676667766655455577776666433355788788

746640037154545706300354534444* 745753000001010010000000010683760144442335574454448434301000000

Iteration O SP= 136702.00 AvSP= 10.654 Sld= 3955 AvSId= 0.308

Consistency values are scored from O to 10; the value 10 is represented by the corresponding amino-acid (red)
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Flavodoxin-cheY multiple alignment/
secondary structure iteration
cheY SSEs

3chy- AA SEQUENCE] | AA | ADKELKFLVVDDFSTVRRI VRNL LKEL GFNNVEEAEDGVDAL NKL QAGGYGFVI SDVWNIVP
3chy- 1 TERATI ON- 0] | PHD | EEEEEEE  HHHHHHHHHHHHHHHHH E  HHHHHHHHHH HHHEEE |
3chy- AA SEQUENCE] | AA | NVDGLELLKTI RADGAVMSAL PVLMWTAEAKKEN | AAAQAGASGYVWVKPFTAATLEEKLNKI FEKLGM

3chy- 1 TERATI ON- 0] | PHD | HHHHHHEEEEEE HHHHHHHHHHHHHHAHA HHHHHHHHHHHHHH |



Flavodoxin-cheY multiple alignment/
secondary structure iteration
cheY SSEs

3chy- AA SEQUENCE] | AA | ADKELKFLVVDDFSTVRRI VRNL LKEL GFNNVEEAEDGVDAL NKL QAGGYGFVI SDVWNIVP
3chy- 1 TERATI ON- 0] | PHD | EEEEEEE  HHHHHHHHHHHHHHHHH E  HHHHHHHHHH HHHEEE |
3chy- 1 TERATI ON- 1| | PHD | EEEEEEEE HHHHHHHHHHHHHHH HHHHHHHH ~ EEEEEE |
3chy- AA SEQUENCE] | AA | NVDGLELLKTI RADGAVMSAL PVLMWTAEAKKEN | AAAQAGASGYVWVKPFTAATLEEKLNKI FEKLGM
3chy- 1 TERATI ON- 0] | PHD | HHHHHHEEEEEE HHHHHHHHHHHHHHAHA HHHHHHHHHHHHHH |

3chy- 1 TERATI ON- 1| | PHD | HHHHHHEEEEEE ~ HHH HHHHHHHHHHHHHHHHHH EEE HHHHHHHHHHHHHH |



Flavodoxin-cheY multiple alignment/

3chy- AA SEQUENCE] |
3chy- 1 TERATI ON- 0] |
3chy- | TERATI ON- 1] |
3chy- | TERATI ON- 2| |

3chy- AA SEQUENCE] |
3chy- 1 TERATI ON- 0] |
3chy- | TERATI ON- 1] |
3chy- 1 TERATI ON- 2| |

secondary structure iteration

cheY SSEs

AA | ADKELKFLVVDDFSTVRRI VRNLLKEL GFNNVEEAEDGVDAL NKL QAGGYGFVI SDVNVP|

PHD | EEEEEEE  HHHHHHHHHHHHHHHHH E  HHHHHHHHHH HHHEEE |
PHD | EEEEEEEE HHHHHHHHHHHHHHH HHHHHHHH ~ EEEEEE |

PHD | EEEEEEEE HHHHHHHHAHHHHH HHHHHHHHH  EEEEEE |

AA | NVDGLELLKTI RADGAMSALPVLMWTAEAKKENI | AAAQAGASGYVVKPFTAATLEEKLNKI FEKLGM
PHD | HHHHHHEEEEEE HHHHHHHHHHHHHHAHA HHHHHHHHHHHHHH |
PHD | HHHHHHEEEEEE ~ HHH HHHHHHHHHHHHHHHHHH EEE HHHHHHHHHHHHHH |
PHD | HHHHHHEEEEEE HHHHHHHHAHAHAHHHHH EEE HHHHHHHHHHHHHH |



Flavodoxin-cheY multiple alignment/

3chy- AA SEQUENCE] |
3chy- 1 TERATI ON- 0] |
3chy- | TERATI ON- 1] |
3chy- | TERATI ON- 2| |
3chy- | TERATI ON- 3] |

3chy- AA SEQUENCE] |
3chy- 1 TERATI ON- 0] |
3chy- | TERATI ON- 1] |
3chy- 1 TERATI ON- 2| |
3chy- | TERATI ON- 3] |

cheY SSEs

secondary structure iteration

AA | ADKELKFLVVDDFSTVRRI VRNL LKEL GFNNVEEAEDGVDAL NKL QAGGYGFVI SDVWNIVP

PHD | EEEEEEE  HHHHHHHHHHHHHHHHH
PHD | EEEEEEEE HHHHHHHHHHHHHHH
PHD | EEEEEEEE HHHHHHHHAHHHHH
PHD | EEEEEEEE HHHHHHHHAHHHHH EEE

HHHHHH

E  HHHHHHHHHH HHHEEE |
HHHHHHHH |
HHHHHHHHH  EEEEEE |

I

EEEEEE

EEEEE

AA | NVDGLELLKTI RADGAVMSAL PVLMWTAEAKKEN | AAAQAGASGYVWVKPFTAATLEEKLNKI FEKLGM

PHD | HHHHHHEEEEEE HHHHHHHHHHHHHHAHA
PHD | HHHHHHEEEEEE ~ HHH HHHHHHHHHHHHHHHHHH
PHD | HHHHHHEEEEEE HHHHHHHHAHAHAHHHHH
PHD |  HHHHHHHHHHHH HHHHHHHHHHAHAHHHHH

EEE
EEE
EEE

HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH



Flavodoxin-cheY multiple alignment/
secondary structure iteration
cheY SSEs

AA | ADKELKFLVVDDFSTVRRI VRNL LKEL GFNNVEEAEDGVDAL NKL QAGGYGFVI SDVWNIVP
E  HHHHHHHHHH HHHEEE

3chy- AA SEQUENCE] |
3chy- 1 TERATI ON- 0] |
3chy- | TERATI ON- 1] |
3chy- | TERATI ON- 2| |
3chy- | TERATI ON- 3] |
3chy- | TERATI ON- 4] |

3chy- AA SEQUENCE] |
3chy- 1 TERATI ON- 0] |
3chy- | TERATI ON- 1] |
3chy- 1 TERATI ON- 2| |
3chy- | TERATI ON- 3] |
3chy- | TERATI ON- 4] |

PHD |
PHD |
PHD |
PHD |
PHD |

EEEEEEE

EEEEEEEE
EEEEEEEE
EEEEEEEE
EEEEEEEE

HHHHHHHHHHAHAHHHA
HHHHHHHHHHHHHHH
HHHHHHHHAHHHHH
HHHHHHHHAHHHHH
HHHHHHHHAHHHHH

EEE

HHHHHHHH ~ EEEEEE
HHHHHHHHH  EEEEEE

HHHHHH  EEEEE
HHHHHHH EEEEE

AA | NVDGLELLKTI RADGAVMSAL PVLMWTAEAKKEN | AAAQAGASGYVWVKPFTAATLEEKLNKI FEKLGM

PHD |
PHD |
PHD |
PHD |
PHD |

HHHHHHEEEEEE
HHHHHHEEEEEE
HHHHHHEEEEEE
HHHHHHHHHHHH
HHHHH

HHHHHHHHHHHHHHAHA

HHH  HHHHHHHHHHHHAHHHHH

HHHHHHHHAHAHAHHHHH
HHHHHHHHHHAHAHHHHH

EEE
EEE
EEE

EEEEE HHHHHHHHHHHHHHHHH  EEE

HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH



Flavodoxin-cheY multiple alignment/
secondary structure iteration
cheY SSEs

3chy- AA SEQUENCE] |
3chy- 1 TERATI ON- 0] |
3chy- | TERATI ON- 1] |
3chy- | TERATI ON- 2| |
3chy- | TERATI ON- 3] |
3chy- | TERATI ON- 4] |
3chy- | TERATI ON- 5] |

3chy- AA SEQUENCE] |
3chy- 1 TERATI ON- 0] |
3chy- | TERATI ON- 1] |
3chy- 1 TERATI ON- 2| |
3chy- | TERATI ON- 3] |
3chy- | TERATI ON- 4] |
3chy- 1 TERATI ON- 5] |

AA
PHD |
PHD |
PHD |
PHD |
PHD |
PHD |

AA
PHD |
PHD |
PHD |
PHD |
PHD |
PHD |

EEEEEEE  HHHHHHHHHHHHHHHHH E  HHHHHHHHHH HHHEEE |
EEEEEEEE HHHHHHHHHHHHHHH HHHHHHHH ~ EEEEEE |
EEEEEEEE HHHHHHHHAHHHHH HHHHHHHHH  EEEEEE |
EEEEEEEE HHHHHHHHAHHHHH EEE HHHHHH  EEEEE |
EEEEEEEE HHHHHHHHAHHHHH HHHHHHH EEEEE |
EEEEEEEE HHHHHHHHAHHHHH EEE HHHHHH  EEEEE |

HHHHHHEEEEEE
HHHHHHEEEEEE
HHHHHHEEEEEE
HHHHHHHHHHHH
HHHHH
HHHHHHHH

HHHHHHHHHHHHHHAHA

HHH  HHHHHHHHHHHHAHHHHH

EEEEE  HHHHHHHHHHHHHHHHH
HHHHHHHHAHAHHHHH

EEEEE

HHHHHHHHAHAHAHHHHH
HHHHHHHHHHAHAHHHHH

EEE
EEE
EEE
EEE
EEE

| ADKELKFLVVDDFSTMRRI VRNL L KEL GFNNVEEAEDGVDAL NKL QAGGYGFVI SDWNIVP

HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH

| NVMDGLELLKTI RADGAMSAL PVLMWTAEAKKENI | AAAQAGASGYVVKPFTAATLEEKLNKI FEKLGV



Flavodoxin-cheY multiple alignment/
secondary structure iteration
cheY SSEs

AA | ADKELKFLVVDDFSTVRRI VRNL LKEL GFNNVEEAEDGVDAL NKL QAGGYGFVI SDVWNIVP
E  HHHHHHHHHH HHHEEE

3chy- AA SEQUENCE] |
3chy- 1 TERATI ON- 0] |
3chy- | TERATI ON- 1] |
3chy- | TERATI ON- 2| |
3chy- | TERATI ON- 3] |
3chy- | TERATI ON- 4] |
3chy- | TERATI ON- 5] |
3chy- | TERATI ON- 6] |

3chy- AA SEQUENCE] |
3chy- 1 TERATI ON- 0] |
3chy- | TERATI ON- 1] |
3chy- 1 TERATI ON- 2| |
3chy- | TERATI ON- 3] |
3chy- | TERATI ON- 4] |
3chy- 1 TERATI ON- 5] |
3chy- | TERATI ON- 6] |

PHD |
PHD |
PHD |
PHD |
PHD |
PHD |
PHD |

EEEEEEE

EEEEEEEE
EEEEEEEE
EEEEEEEE
EEEEEEEE
EEEEEEEE
EEEEEEEE

HHHHHHHHHHAHAHHHA
HHHHHHHHHHHHHHH
HHHHHHHHAHHHHH
HHHHHHHHAHHHHH
HHHHHHHHAHHHHH
HHHHHHHHAHHHHH
HHHHHHHHAHHHHH

EEE

EEE

HHHHHHHH
HHHHHHHHH
HHHHHH

HHHHHHH
HHHHHH
HHHHHHHH

I
EEEEEE |
EEEEEE |

EEEEE |
EEEEE |
EEEEE |
EEEEEE |

AA | NVDGLELLKTI RADGAVMSAL PVLMWTAEAKKEN | AAAQAGASGYVWVKPFTAATLEEKLNKI FEKLGM

PHD |
PHD |
PHD |
PHD |
PHD |
PHD |
PHD |

HHHHHHEEEEEE HHHHHHHHHHHHHHAHA
HHHHHHEEEEEE ~ HHH HHHHHHHHHHHHHHHHHH EEE
HHHHHHEEEEEE HHHHHHHHAHAHAHHHHH EEE
HHHHHHHHHHHH HHHHHHHHHHAHAHHHHH EEE
HHHHH EEEEE HHHHHHHHHHHHHHHHH  EEE
HHHHHHHH EEEEE HHHHHHHHHHHHHHHH EEE
HHHHHHHH EEEEE HHHHHHHHHHHHHHHH EEEE

HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH



Flavodoxin-cheY multiple alignment/
secondary structure iteration
cheY SSEs

AA | ADKELKFLVVDDFSTVRRI VRNL LKEL GFNNVEEAEDGVDAL NKL QAGGYGFVI SDVWNIVP
E  HHHHHHHHHH HHHEEE

3chy- AA SEQUENCE] |
3chy- 1 TERATI ON- 0] |
3chy- | TERATI ON- 1] |
3chy- | TERATI ON- 2| |
3chy- | TERATI ON- 3] |
3chy- | TERATI ON- 4] |
3chy- | TERATI ON- 5] |
3chy- | TERATI ON- 6] |
3chy- | TERATI ON- 7] |

3chy- AA SEQUENCE] |
3chy- 1 TERATI ON- 0] |
3chy- | TERATI ON- 1] |
3chy- 1 TERATI ON- 2| |
3chy- | TERATI ON- 3] |
3chy- | TERATI ON- 4] |
3chy- 1 TERATI ON- 5] |
3chy- | TERATI ON- 6] |
3chy- 1 TERATI ON- 7] |

PHD |
PHD |
PHD |
PHD |
PHD |
PHD |
PHD |
PHD |

EEEEEEE

EEEEEEEE
EEEEEEEE
EEEEEEEE
EEEEEEEE
EEEEEEEE
EEEEEEEE
EEEEEEEE

HHHHHHHHHHAHAHHHA
HHHHHHHHHHHHHHH
HHHHHHHHAHHHHH
HHHHHHHHAHHHHH
HHHHHHHHAHHHHH
HHHHHHHHAHHHHH
HHHHHHHHAHHHHH
HHHHHHHHAHHHHH

HHHHHHHH
HHHHHHHHH
HHHHHH

HHHHHHH
HHHHHH
HHHHHHHH
HHHHHH

EEE

EEE

EEE

I
EEEEEE |
EEEEEE |

EEEEE |
EEEEE |
EEEEE |
EEEEEE |
EEEEE |

AA | NVDGLELLKTI RADGAVMSAL PVLMWTAEAKKEN | AAAQAGASGYVWVKPFTAATLEEKLNKI FEKLGM

PHD |
PHD |
PHD |
PHD |
PHD |
PHD |
PHD |
PHD |

HHHHHHEEEEEE HHHHHHHHHHHHHHAHA
HHHHHHEEEEEE ~ HHH HHHHHHHHHHHHHHHHHH EEE
HHHHHHEEEEEE HHHHHHHHAHAHAHHHHH EEE
HHHHHHHHHHHH HHHHHHHHHHAHAHHHHH EEE
HHHHH EEEEE HHHHHHHHHHHHHHHHH  EEE
HHHHHHHH EEEEE HHHHHHHHHHHHHHHH EEE
HHHHHHHH EEEEE HHHHHHHHHHHHHHHH EEEE
HHHHHHHH EEEEEE  HHHHHHHHHHHHHHHH  EEE

HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH



Flavodoxin-cheY multiple alignment/
secondary structure iteration
cheY SSEs

AA | ADKELKFLVVDDFSTVRRI VRNL LKEL GFNNVEEAEDGVDAL NKL QAGGYGFVI SDVWNIVP
E  HHHHHHHHHH HHHEEE

3chy- AA SEQUENCE] |
3chy- 1 TERATI ON- 0] |
3chy- | TERATI ON- 1] |
3chy- | TERATI ON- 2| |
3chy- | TERATI ON- 3] |
3chy- | TERATI ON- 4] |
3chy- | TERATI ON- 5] |
3chy- | TERATI ON- 6] |
3chy- 1 TERATI ON- 7] |
3chy- | TERATI ON- 8| |

3chy- AA SEQUENCE] |
3chy- 1 TERATI ON- 0] |
3chy- | TERATI ON- 1] |
3chy- 1 TERATI ON- 2| |
3chy- | TERATI ON- 3] |
3chy- | TERATI ON- 4] |
3chy- 1 TERATI ON- 5] |
3chy- | TERATI ON- 6] |
3chy- 1 TERATI ON- 7] |
3chy- | TERATI ON- 8| |

PHD |
PHD |
PHD |
PHD |
PHD |
PHD |
PHD |
PHD |
PHD |

EEEEEEE

EEEEEEEE
EEEEEEEE
EEEEEEEE
EEEEEEEE
EEEEEEEE
EEEEEEEE
EEEEEEEE
EEEEEEEE

HHHHHHHHHHAHAHHHA
HHHHHHHHHHHHHHH
HHHHHHHHAHHHHH
HHHHHHHHAHHHHH
HHHHHHHHAHHHHH
HHHHHHHHAHHHHH
HHHHHHHHAHHHHH
HHHHHHHHAHHHHH
HHHHHHHHAHHHHH

EEE

EEE

EEE

HHHHHHHH
HHHHHHHHH
HHHHHH

HHHHHHH
HHHHHH
HHHHHHHH
HHHHHH

HHHHHHH

EEEEEE
EEEEEE
EEEEE
EEEEE
EEEEE
EEEEEE
EEEEE
EEEEEE

AA | NVDGLELLKTI RADGAVMSAL PVLMWTAEAKKEN | AAAQAGASGYVWVKPFTAATLEEKLNKI FEKLGM

PHD |
PHD |
PHD |
PHD |
PHD |
PHD |
PHD |
PHD |
PHD |

HHHHHHEEEEEE
HHHHHHEEEEEE HHH
HHHHHHEEEEEE
HHHHHHHHHHHH

HHHHH EEEEE
HHHHHHHH EEEEE
HHHHHHHH EEEEE
HHHHHHHH EEEEEE
HHHHHHHH EEEEE

HHHHHHHHHHHHHHAHA
HHHHHHHHAHAHAHHHHH
HHHHHHHHAHAHAHHHHH
HHHHHHHHHHAHAHHHHH

HHHHHHHHHHHHHHAHA
HHHHHHHHAHAHHHHH
HHHHHHHHAHAHHHHH
HHHHHHHHAHAHHHHH
HHHHHHHHAHAHHHHH

EEE
EEE
EEE
EEE
EEE
EEEE
EEE
EEE

HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH
HHHHHHHHHHHHHH



Flavodoxin-cheY multiple alignment/
secondary structure iteration
cheY SSEs

AA | ADKELKFLVVDDFSTVRRI VRNL LKEL GFNNVEEAEDGVDAL NKL QAGGYGFVI SDVWNIVP

3chy- AA SEQUENCE] |
3chy- 1 TERATI ON- 0] |
3chy- | TERATI ON- 1] |
3chy- | TERATI ON- 2| |
3chy- | TERATI ON- 3] |
3chy- | TERATI ON- 4] |
3chy- | TERATI ON- 5] |
3chy- | TERATI ON- 6] |
3chy- 1 TERATI ON- 7] |
3chy- | TERATI ON- 8| |
3chy- | TERATI ON- 9| |

3chy- AA SEQUENCE] |
3chy- 1 TERATI ON- 0] |
3chy- | TERATI ON- 1] |
3chy- 1 TERATI ON- 2| |
3chy- | TERATI ON- 3] |
3chy- | TERATI ON- 4] |
3chy- 1 TERATI ON- 5] |
3chy- | TERATI ON- 6] |
3chy- 1 TERATI ON- 7] |
3chy- | TERATI ON- 8| |
3chy- 1 TERATI ON- 9] |
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PHD |
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AA | NVDGLELLKTI RADGAVMSAL PVLMWTAEAKKEN | AAAQAGASGYVWVKPFTAATLEEKLNKI FEKLGM
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Flavodoxin-cheY multiple alignment/
secondary structure iteration
cheY SSEs

AA | ADKELKFLVVDDFSTMVRRI VRNL LKEL GFNNVEEAEDGVDAL NKLQAGGYGFVI SDWAVP

3chy- AA SEQUENCH] |
3chy- | TERATI ON- O] |
3chy- | TERATI ON- 1]
3chy- | TERATI ON- 2| |
3chy- | TERATI ON- 3] |
3chy- | TERATI ON- 4] |
3chy- | TERATI ON- 5] |
3chy- | TERATI ON- 6] |
3chy- | TERATI ON- 7] |
3chy- | TERATI ON- 8] |
3chy- | TERATI ON- 9| |

3chy- AA SEQUENCH] |
3chy- | TERATI ON- O] |
3chy- | TERATI ON- 1]
3chy- | TERATI ON- 2| |
3chy- | TERATI ON- 3] |
3chy- | TERATI ON- 4] |
3chy- | TERATI ON- 5] |
3chy- | TERATI ON- 6] |
3chy- | TERATI ON- 7] |
3chy- | TERATI ON- 8| |
3chy- | TERATI ON- 9| |
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Isthe initial SS prediction good enough?

3chy- AA SEQUENCE| | AA | ADKELKFLVVDDFSTMRRI VRNL LKELGFNNVEEAEDGVDALNKLQAGGYGFVI SDVKMP
3chy- | TERATION-O| | PHD | EEEEEEE _ HHHHHHHHHHHHHHHHH E__HHHHHHHHHH HHHEEE |
3chy- | TERATION-1| | PHD | EEEEEEEE  HHHHHHHHHHHHHHH HHHHHHHH ~ EEEEEE

3chy- | TERATI ON-2| | PHD | EEEEEEEE HHHHHHHHHHHHHH HHHHHHHHH EEEEEE |
3chy- | TERATI ON-3| | PHD | EEEEEEEE HHHHHHHHHHHHHH EEE HHHHHH ~ EEEEE |
3chy- | TERATI ON-4| | PHD | EEEEEEEE HHHHHHHHHHHHHH HHHHHHH ~ EEEEE |
3chy- | TERATION-5|| PHD | EEEEEEEE HHHHHHHHHHHHHH EEE HHHHHH ~ EEEEE |
3chy- | TERATION-6| | PHD | EEEEEEEE HHHHHHHHHHHHHH HHHHHHHH EEEEEE |
3chy- | TERATION-7| | PHD | EEEEEEEE HHHHHHHHHHHHHH EEE HHHHHH ~ EEEEE |
3chy- | TERATI ON-8| | PHD | EEEEEEEE HHHHHHHHHHHHHH HHHHHHH ~ EEEEEE

3chy- | TERATI ON-9| | PHD | EEEEEEEE HHHHHHHHHHHHHH HHHHHHHHHH ~ EEEEE

3chy- AA SEQUENCE| | AA | NMDGLELLKTI RADGAMSALPVLMWTAEAKKEN | AAAQAGASGYVVKPFTAATLEEKLNKI FEKLGM

3chy- | TERATION-O| | PHD |  HHHHHHEEEEEE HHHHHHHHHHHHHHHHH HHHHHHHHHHHHHH |
3chy- I TERATION-1|| PHD |  HHHHHHEEEEEE  HHH HHHHHHHHHHHHHHHHHH =~ EEE  HHHHHHHHHHHHHH |
3chy- | TERATION-2|| PHD |  HHHHHHEEEEEE HHHHHHHHHHHHHHHHHH ~ EEE HHHHHHHHHHHHHH |
3chy- | TERATI ON-3| | PHD |  HHHHHHHHHHHH HHHHHHHHHHHHHHHHHH ~ EEE HHHHHHHHHHHHHH |
3chy- | TERATI ON-4| |  PHD | HHHHH EEEEE  HHHHHHHHHHHHHHHHH ~ EEE  HHHHHHHHHHHHHH |
3chy- | TERATION-5|| PHD |  HHHHHHHH EEEEE  HHHHHHHHHHHHHHHH ~ EEE  HHHHHHHHHHHHHH |
3chy- | TERATION-6| | PHD |  HHHHHHHH EEEEE  HHHHHHHHHHHHHHHH ~ EEEE  HHHHHHHHHHHHHH |
3chy- I TERATION-7|| PHD |  HHHHHHHH EEEEEE  HHHHHHHHHHHHHHHH ~ EEE  HHHHHHHHHHHHHH |
3chy- | TERATION-8|| PHD |  HHHHHHHH EEEEE  HHHHHHHHHHHHHHHH ~ EEE  HHHHHHHHHHHHHH |
3chy- I TERATION-9| | PHD |  HHHHHHHH EEEEE HHHHHHHHHHHHHHH ~ EEEE  HHHHHHHHHHHHHH |



MUSCLE

Edgar 2004
1.1 k-mer 1.2 1.3 progressive
counting UPGMA alignment
> > == wmsAt
unaligned e
sequences k-mer distance TREE1
matrix D1 2.1 compute
< %ids from MSA1
------------------------- /’ - -
— ’ : Kimura distance
< /! ﬁ -
— — h N matrix D2
"""""""""""""" 2.3 progressive 2 2 UPGMA
MSA2 alignment TREE? o
| No,
R —— . delete
___________________ 33 re-ahgn MSA | L —  Yes,
32 Compute profiles 3.4 SP — . save
Subtree profiles score better MSA3
y
delete e
3.7 de e -
— r -
edge from TREE?2 TTTTe—— fp_eat____;g_

giving 2 subtrees



PRALINE and MUSCL E method

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

n MUSCLE: .
LE” = (1= Fo)a- Te)log3 3, -
n PRALINE:
store” = (1- £6)(A- )T T 141y log

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



n

So what dowe do ?

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

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

There is no single method that always generates
the best alignment

Therefore best is to use more than one method:
— include Dialign2 (local)
— PROBCONS scores well in recent assessments



Recap
Pairwise alignment by Dynamic Programming

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)
Smoothing alignment signals:

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

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

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 are reference databases based on structura
Information: e.g. BAIIBASE and HOMSTRAD

Conflicting standards of truth
— evolution
— dtructure
— function

With orphan sequences no additional information
Benchmarks depending on reference alignments
Quality i1ssue of avallable reference alignment databases

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

“Charlie Chaplin” problem



Evaluating multiple alignments

o Asastandard of truth, often areference alignment
based on structural superpositioning is 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

e cat. 3 - 2 distant groups

e 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 Refl V1 SHORT SH3

BB11003 1ad3 refl Refl V1 LONG adehyde dehydrogenase
BB11004 1ad] refl ReflV1LONG histidyl-trna synthetase
BB11005 1gsA_refl Refl V1 LONG aminotransferase

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

BB11008 1csy refl ReflV1 SHORT SH2

BB11009 1dox_refl Refl V1 SHORT ferredoxin [2fe-25]



T-Coffee: correctly aligned Kinase nucleotide binding

sites
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Scoring asingle M SA with the
Sum-of-pairs (SP) score

Good alignments
should have ahigh SP
score, but it is not
aways 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

e 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 is reproduced by the computed alignment

ﬂ
|

Sum-of-Pairs score
What fraction of the matched amino acid pairsin the reference alignment is reproduced by the computed alignment



Evaluating multiple alignments
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Evaluating multiple alignments
Charlie Chaplin problem
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Evaluating multiple alignments
Charlie Chap] In prpblem .
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T-coffee global, local or both

Table 1

Evahhmation of different protooolks with BaHBase,

Miethod BallBase Reference (Nom ber of Tamd Hes) CLE
Cat 1 Cat2 | Cat3 | Cata Cat 5 Tot Dl;“F"’l‘F”“jd
(82) (23 (123 (133 (113 (1413 ¥ P[%”L“]
T BTV P rotosol
C Clostal¥ 7065 257 43.0 560 &0.0 529 7.8 %%
P
CE Clustal¥ extend 77.1 336 175 &).2 755 Ptk 17.7 =%
P
L Laligh &S5 4 12.1 228 S350 &0 520 7.8 =%
P
LE Laligh |extend 725 25.6 472 77.5 25.5 &2 16.3 =3
P
CL ClustalW Lalign TE2 320 423 762 746 O 5 12.1 ==
P P
CLE Clostal™ Labhgn extend T aAT.3 53 0 g53.2 2E.7 721
P P

Frompcalehows 1h= way the libmary waes creaied. ClusEa /W g emf Labga pwv chow 1hs pair—wis= alignm= mies compmed with one of thes= progmme, osing d=fanl
pammei=ms. Exeas indicaies thai 1hs libmary was =wiend=d before progressive alignmem. CLE mes a combination of Clmstwl% and Lalign alignm=ni and hibrary
=xtnsion. Cat [ 10 Ca15 are the five reference categori=s of BaliHass, nom bers in paremhesis indicats the mmoberofalignmemes ina catgory. The avemges accomcy
i th=n given for=ach protocol. The besi acconmcies in =ach colum n are shown in bald anpd onderslined. Tl gives 1hs avemges accnmcy across all 1AL 4251 alignme=ms.
The= lasi colom n shaws the perce=mags of 1im=e that CLE ic omparformed by =ach oither proiocal. The slatistical signitica noe of1he improvem em of CLE over =ach
procol ie shown by * (F<0.01 jand = (F=0 00 1.

25



Tabhke 1

Evahhmation of foor pac kages with BaliBase

Comparing T-coffee with other methods

]:fleﬂmd BalilBase Reference {Nomber of famiHes ) a ut:;:_-_:;ﬁ'i:'d
ame Cat 1l Cat X Cat 3 Cat 4 Caths Total 1 | Total 2 by niethod
(H2) {23) {12) {13) (11} {141) {141) L
Dialign2 T1.0 25 2 =351 T4 - 515 57.3 11 . 35%
iCIos 1o 1Y TEA 322 425 [ T43 [ P 58 & A5 ATFEF
Frrp TE & =25 522 51.1 220 [ P 590 a5 0
T—Coffee (CLE) 8507 7.3 5.9 #3.2 BE.7 1.1 68,7




BAIIBASE benchmark alignments

Comparison of T—Coffee and Prrp

T—Colifee Accoracy

Prrp Accoracy
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END



