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Abstract

A total of five different multiple sequence alignment methods were analyzed in
this study. The purpose of this study is to evaluate each method’s ability to correctly align
highly conserved motifs and secondary structure elements including a-helix and {3 strand
in the input sequences, especially, to avoid putting gaps in those regions. Forty-six
protein sequences from the thymidylate kinase family were used to test the methods.
Among the methods tested, the Hidden Markov Model (HMM) method generated the
best alignment.

Introduction

The simultaneous alignment of a number of nucleotide or amino acid sequences to
produce optimal global or local alignment is of great utility in molecular biology.
Multiple alignments are used to find motifs or conserved domains to characterize families
of sequences. It can also be used to identify new members of existing protein families to
assign function to new sequences. If the structure of some members of a family is known,
then multiple sequence alignments can help predict the secondary and tertiary structure of
other family members. Multiple sequence alignment can also be used for phylogenetic or
evolutionary analysis.

Automatic multiple sequence alignment is an important topic in computational
biology. The importance of multiple sequence alignment algorithms is clearly evidenced
by the large number of programs available for this task. They can be divided into four
categories: 1) Progressive global alignment of the sequences starting with alignment of
the most similar pair of sequences and then adding more sequences to the alignment by
aligning sequences to the consensus of the alignment already generated. ClustalW (41)
and Pileup (6) belong to this category. 2) Iterative alignment methods that make an initial
alignment of the input sequences and then try to iteratively refine the initial alignment to
achieve better results. DIALIGN (25, 26) and SAGA (30) belong to this category. 3)
optimal local alignments of common subsequences among input sequences. BLOCK-
MAKER (9-11), MACAW (39), eMotif (13, 29), MOTIF and Profile-Maker belong to
this category. 4) Use of statistical methods and probabilistic models of the sequences.
Hidden Markov Models (14, 17, 19), MEME (2-4, 8), Gibbs sampler (23, 28) belong to
this category.

Multiple sequence alignments are usually inferred from primary sequence alone.
In multiple sequence alignment, residues among a set of sequences are aligned together in
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columns. The residues in one column are supposed to be structurally or evolutionarily
related. So ideally a column of aligned residues should occupy similar three-dimensional
structural positions or all residues in that column diverge from a common ancestral
residue. The gold standard for multiple structure alignments is the structural alignments.
One difficulty in making sequence alignments reflect structural similarity is that gaps in
the alignment should be confined to regions not in the core. Alignments that reflect
structures in the core regions should have few if any gaps. The core region consists of
secondary structure elements including a helix and 3 strand. So in a good multiple
alignment there should be few gaps in a helix and 3 strand since gaps will usually disturb
the structure. Also there should be few gaps in those very conserved motifs or domains
for a protein family.

In this study, five different multiple sequence alignment methods were analyzed
to evaluate their ability to correctly place gaps in a helix, 3 strand and highly conserved

motifs.

Materials and Methods
Test Data Set

Forty-six thymidylate kinases from prokaryotes and eukaryotes were chosen as
data set to test multiple alignment methods. The Swiss-Prot ID for these forty-six proteins
are as follows: KTHY_AQUAE, KTHY_THEMA, KTHY_BACHD, KTHY_BACSU,
KTHY_LACLA, KTHY_HALN1, KTHY_ECOLI, KTHY_YERPE, KTHY_HAEIN,
KTHY_PASMU, KTHY_VIBCH, KTHY_BUCAI, KTHY_CAUCR, KTHY_DEIRA,
KTHY_NEIMA, KTHY_NEIMB, KTHY_PSEAE, KTHY_CHLMU, KTHY_CHLTR,
KTHY_CHLPN, KTHY_MYCGE, KTHY_MYCPN, KTHY_UREPA, KTHY_RICPR,
KTH1_SULSO, KTHY_ARCFU, KTHY_THEAC, KTHY_XYLFA, KTHY_AERPE,
KTHY_METTH, KTHY_METJA, KTHY_HELPJ, KTHY_HELPY, KTHY_CAMIE,
KTHY_SYNY3, KTHY_PYRAB, KTHY_PYRHO, KTHY_CAEEL, KTHY_SCHPO,
KTHY_HUMAN, KTHY_MOUSE, KTHY_YEAST, KTHY_VACCV, KTHY_VARYV,,
KTH2_SULSO, KTHY_ASFB?7.

The Prosite motif for this family is PS01331: [LIV]-[LIVMGSTC]-[DET]-[RH]-
[FYHCS]-x(2)-S-[GSTNP]-x-[AVC]-[FY]-[STANQ].

The X-ray structure of Escherichia coli and yeast thymidylate kinase was solved.
The PDB ID for these two structures are 4TMK and 3TMK respectively. The secondary
structure of Escherichia coli thymidylate kinase (Fig. 1)and yeast thymidylate kinase
(Fig. 2) are very similar to each other. As you can see from the superimposition of 3D
structures of these two proteins (Fig. 3), the 3D structure of these two kinases are very
similar, which suggests that thymidylate kinase in prokaryote and eukaryotes may take
similar structure.
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Multiple alignment programs tested

Five different multiple alignment programs were tested in this study: Clustalw,
PSI-BLAST, HMM, BLOCK-MAKER, Pileup. Please see Table 1 for details about these
five programs.
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Fig. 1. Secondary structure of Escherichia coli thymidylate kinase (PDB ID: 4TMK).
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Fig. 2: Secondary structure of Yeast thymidylate kinase (PDB ID: 3TMK)
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Fig. 3. 3D Superimposition of Escherichia coli thymidylate kinase and yeast thymidylate
kinase.

Table 1. Multiple alignment programs used for comparative analysis in this study.

Program Source Reference
Name
Clustalw ClustalW 1.81 installed in Eli Lilly and Company (41)
Bioinfo server.
HMM http://www.cse.ucsc.edu/research/compbio/HMM- (14, 17, 19)
apps/T99-tuneup.html
Pileup Pileup in GCG package installed in Eli Lilly and A part of
Company Bioinfo server GCG package
of sequence
analysis
programs.
Derived from
(6)
BLOCK- http://lwww.blocks.fhcrc.org/blockmkr/make_blocks.html  (9-11)
MAKER
PSI-BLAST  http://www.ncbi.nlm.nih.gov/BLAST/ (@)




Results

Five different multiple alignment programs listed in Table 1 were analyzed to
evaluate each program’s ability to correctly place gaps in a helices, 3 strands and those

highly conserved motifs identified by eMOTIF-SEARCH and eMATRIX-SEARCH.

The structure of Escherichia coli thymidylate kinase were used as a gold standard
for evaluating the output alignment from each of the five multiple alignment program.
There are totally eight a helices and four 3 strands in Escherichia coli thymidylate

kinase.

Totally four statistically significant motifs were identified in Escherichia coli
thymidylate kinase by both eMOTIF-SEARCH and eMATRIX-SEARCH. The four
blocks are as follows:

IPBO00062A Thymidylate kinase 5-YIVIEGLEGAGKTT-18

IPB000062B Thymidylate kinase 65-ITDKAEVLMFYAAR-78

IPB000062C Thymidylate kinase 86-IKPALANGTWVIGDRHDLSTQAYQ-109
IPB000062D Thymidylate kinase 133-PDLTLYLDVTPEVGLKR-149

Clustalw

ClustalW was run using BLOSUM as scoring matrix, gap opening penalty of 10
and gap extension penalty of 0.1 for pair-wise alignment, gap opening penalty of 10 and
gap extension penalty of 0.2 for multiple alignment, Gonnet series were used as protein
weight matrix.

In the output alignment (Appendix 1) from ClustalW, gaps were put in two a
helical and two [3 strand regions of Escherichia coli thymidylate kinase. The size of the
gaps ranges from one to nine. One gap was put in one block (IPB000062D).

One example of incorrect gap placement:

In Escherichia coli thymidylate kinase, 35-DMVFTRE-40 is a 3 strand
region. But in the output alignment from ClustalW, a gap of size one was inserted
into this region. In the alignment, this region is DMVFT-RE.

HMM method (SAM-T99 Alignment Tuneup)
SAM-T99 was run without providing a seed alignment.
In the output alignment (Appendix 2) from SAM-T99 Alignment Tuneup

program, one gap was put in one a helical region of Escherichia coli thymidylate kinase.

The gap size is three. So the HMM method generate better alignment than ClustalW in
terms of gap placement in a helices and 3 strands. One gap was put in one block

(IPB000062B).
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One example of incorrect gap placement:

In Escherichia coli thymidylate kinase, 67-
DKAEVLMFYAARVQLVETVIKPALAN-92 is a a helical region. But in the
output alignment from HMM method, two gaps of size three and size one,
respectively, were inserted into this region. In the alignment, this region is
DKAEVLMFYAARVQLV...E.TVIKPALAN:

Pileup

Pileup was run with gap opening penalty of 6 and gap extension penalty of 2 and
other parameters as default.

In the output alignment (Appendix 3) from Pileup program, gaps were placed in
three a helical regions of Escherichia coli thymidylate kinase. The gap size ranges from
one to five. Gaps were put in three out of four blocks identified by eMATRIX-SEARCH.
So HMM method make a much better alignment than Pileup.

One example of incorrect gap placement:

In Escherichia coli thymidylate kinase, 67-
DKAEVLMFYAARVQLVETVIKPALAN-92 is a a helical region. But in the
output alignment from Pileup, three gaps of size one, size three and size one,
respectively, were inserted into this region. In the alignment, this region is
DKAEV.L MFYAARVQLV...ETVIKPAL.AN

Block-Maker

Block-Maker found totally four conserved blocks (Appendix 4). These four
blocks is almost the same as the ones identified by eMOTIF-SEARCH and eMATRIX-
SEARCH. The blocks found are all ungapped. So gap analysis could not be performed.

PSI-Blast

Escherichia coli thymidylate kinase was used as a query to run PSI-Blast. Five
iterations were run with inclusion E-value threshold of 0.05. In the output (Data not show
due to big file size) for PSI-Blast There are few incorrect gaps in those alignments with
hits very similar to Escherichia coli thymidylate kinase. But many gaps were incorrectly
placed in those alignments with hits remotely related to Escherichia coli thymidylate
Kinase.
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Discussion

Among the five multiple alignment programs tested, the HMM method (SAM-
T99 Alignment Tuneup) generated best alignment in terms of gap placement in secondary
structure elements including a helices and 3 strands and in those highly conserved motifs
or domains of Escherichia coli thymidylate kinase. But the HMM method still incorrectly
put few gaps in the a helices and 3 strands and conserved motifs. A good multiple
alignment programs should output alignment that has very few gaps in the core region
consisting of a helices and 3 strands. But most of the current multiple sequence
alignment programs make alignments from primary sequences alone. Although the
number of protein structure in PDB does not grow as fast as sequences, we should use the
structure information to make more accurate alignment. To improve the quality of
alignment, many additional strategies could be applied to the current multiple alignment
methods.

First, for those families with some member’s structure already solved, a multiple
alignment program could make use of that structure information. The multiple alignment
program could take the PDB file as input in additional to input primary sequences. It
could automatically find secondary structure information in the PDB file and use that
information to help decide gap penalties. In this case, position specific gap penalties
should be used. A high gap opening or extension penalty should be imposed on those o
helices and 3 strands forming core regions.

Second, for those families with no structure information available, secondary
structure prediction algorithms including Chou-Fasman algorithm (5), neural net
algorithm (12, 18, 27, 31-33, 40) and nearest-neighbor methods (7, 24, 36-38, 42), could
be integrated into a multiple alignment program. Although the best secondary structure
program could only achieve about 75% accuracy, it should still be helpful for making a
more accurate alignment. Then a multiple alignment program could use the predicted
secondary structure to help define position specific gap penalty used for scoring the
alignment.

Third, a multiple alignment program could use threading technique (15, 16, 20-
22, 34, 35) to get some structure information about the input sequences, though structure
information obtained from threading may not be very accurate. Then the multiple
alignment program could use that structure prediction obtained from threading to define
position specific gap penalty.
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Appendix 1. Output Alignment from ClustalW

CLUSTAL W (1-81) multiple sequence alignment

KTHY_AQUAE
KTHY_THEMA
KTHY_BACHD
KTHY_BACSU
KTHY_LACLA
KTHY_HALN1
KTHY_ECOLI
KTHY_YERPE
KTHY_HAEIN
KTHY_PASMU
KTHY_VIBCH
KTHY_BUCAI
KTHY_CAUCR
KTHY_DEIRA
KTHY_NEIMA
KTHY_NEIMB
KTHY_PSEAE
KTHY_CHLMU
KTHY_CHLTR
KTHY_CHLPN
KTHY_MYCGE
KTHY_MYCPN
KTHY_UREPA
KTHY_RICPR
KTH1_SULSO
KTHY_ARCFU
KTHY_THEAC
KTHY_XYLFA
KTHY_AERPE
KTHY_METTH
KTHY_METJA
KTHY_HELPJ
KTHY_HELPY
KTHY_CAMJE
KTHY_SYNY3
KTHY_PYRAB
KTHY_PYRHO
KTHY_CAEEL
KTHY_SCHPO
KTHY_HUMAN
KTHY_MOUSE
KTHY_YEAST
KTHY_VACCV
KTHY_VARV

KTH2_SULSO
KTHY_ASFB7

KTHY_AQUAE
KTHY_THEMA
KTHY_BACHD
KTHY_BACSU
KTHY_LACLA
KTHY_HALN1
KTHY_ECOLI
KTHY_YERPE
KTHY_HAEIN

———————————————— MLIAFEGIDGSGKTTQAKKLYEYLKQKGYF---—----VSLYR--
———————————————— MFITFEGIDGSGKSTQIQLLAQYLEKRGKK-=-=---VILKR--
———————————— MTKGCF I TVEGGEGAGKTSALDAIEEMLRENGLS-------VVRTR--
————————————— MSGLFITFEGPEGAGKTTVLQEIKNILTAEGLQ-------VMATR--
————————————— MNGILISLEGPDGAGKTTVLKEILPEIQKMKRE-----—-1VPTR--
———————————————— MLVTLEGLDGSGKTTVWESLRASHDDG---—----—---VTFTA--
————————————— MRSKY 1VIEGLEGAGKTTARNVVVETLEQLGIR-------DMVFT-R
————————————— MNSKFIVIEGLEGAGKTTTRDTVVAVLRAQGIN-------DIVFT-R
————————————— MKGKF 1VIEGLEGAGKSSAHQSVVRVLHELGIQ-------DVVFT-R
———————————— MTTGKFIVLEGIEGAGKTTARDSIVRALHAHGIH-------DIVFT-R
————————————— MNAKFIVIEGLEGAGKSTAIQVVVETLQONGID-------HITRT-R
———————————— MIKSKFIVIEGLEGAGKTNACICIKNLLKKNSIK-=-----NVLLV-R
———————————— MTQGFF I SFEGGEGAGKSTQIRRLADRLKAAGH--------DVIVT-R
———————————— MSQGLF ITLEGPEGAGKTTQLARLEARLRAAGH--------AVTVT-R
————————————— MKPQF I TLDG IDGAGKSTNLAVIKAWFERRGL--------PVLFT-R
————————————— MKPQFITLDG IDGAGKSTNLAV IKAWFERRGL-—-------PVLFT-R
————————————— MTGLFVTLEGPEGAGKSTNRDYLAERLRERG I --------EVQLT-R
———————————————— MFIVVEGGEGAGKTQFTQALSKRLMEEGK----~----EVVLT-R
———————————————— MF IVVEGGEGAGKTQF IQALSKRLIEEGR--------EIVTT-R
———————————————— MFIVIEGGEGSGKSSLAKALGDQLVAQDR--------KVLLT-R
———————————— MNKGVFVVIEGVDGAGKTAL IEGFKKLYPTKFLN-------YQLTYTR
———————————— MKQGVFVAIEGVDGAGKTVLLEAFKQRFPQSFLG-------FKTLFSR
MILTKNSNEKKPLKKGLFIVFEGIDGAGKTSILKQLLEVLKEPKLY——=—--- NKIFLTR
————————— MNKLTQGKFITFEGVDGIGKSTQSKMLYEYLKSQ--K-=----—IPVILTR
—————————————— MQKLTATEGIDGSGKTTLANLLKEHLESKMK--------LNVIVTR
———————————————— MLIAVEGIDGAGKTTIAAY IAELLKEKG--—-------YKVKVLK
———————————————— MFIAIEGIDGAGKTTLARGIGNMLLGEG--------=-YRVYMTK
———————————————— MLVAIEGIDGAGKTTLARSLALKLRGVG-=-------LETVVSK
——————————————— MRIVALEGIDGSGVSTHSRLLHARLAGAG--—-—-----VKSCLWK
———————————————— MY ICFEGIDGSGKTTHAALTASWLRENG---------YMVHEVR
———————————— MVDNMFIVFEGIDGSGKTTQSKLLAKKMD - —===—===————-AFWTY
———————————————— MYVVLEGVDGAGKSTQVGLLKDRFKN----——————-——-ALFTK
———————————————— MYVVLEGVDGAGKSTQVELLKDRFKN--====———-——--ALFTK
———————————————— MYVVFEGIDCVGKSTQISLLKEIYKD--=====—————-AIFTL
————————————— MAALFIVLEGIDGSGKTTQGDLLLAHFQRQG---------LAAVLSP
————————————— MRGYFVVLEG IDGSGKTTQAKLLAEWFEEQG—------—-WDVLLTK
————————————— MRGYFIVLEGIDGSGKTTQAKLLAEWFEDKG—--------YEVLLTK
———————— MATDQKRGLL IVFEGLDRSGKSTQAKRLVES INKKSTESGDASSSPSAVLQA
————————— MSKQNRGRLIVIEGLDRSGKSTQCQLLVDKL -=-------1SQHEKAELFK
—————————— MAARRGAL I VLEGVDRAGKSTQSRKLVEAL -——------CAAGHRAELLR
—————————— MASRRGAL IVLEGVDRAGKTTQGLKLVTAL -———------CASGHRAELLR
—————————— MMGR-GKLILIEGLDRTGKTTQCNILYKKL--=-=----QPN---CKLLK
——————————— MSR-GAL1VFEGLDKSGKTTQCMNIMES 1 -———-----PAN--TIKYLN
——————————— MSR-GAL1VFEGLDKSGKTTQCMNIMES I -—=——-----PTN--TIKYLN
————————————— MRGLL IAFEG IDGSGKSSQAVLLKDWIEMRR-—------—-DVYLTE
————————————— MRGILITIEGINGVGKSTQAMRLKKALECMDYN---------AVCIR
= ek = X .
EPGG--TKVGEVLREILLT-==---- EELDERTELLLFEASRSKLIEEK---11PDLKRD
EPGG--TETGEKIRKILLE------- EEVTPKAELFLFLASRN-LLVTE---1KQYLSEG

EPGG--1PIAEQIRSI ILDVDH----TRMDPRTEALLYAAARRQHLVEK---VLPALEAG
EPGG--1DIAEQIREVILNENN----ILMDPKTEALLYAAARRQHLVEK---VKPALEQG
EPGG--VRVAEEIRQI ILDPKN----TDIDSKTELMLFAAARRLHMQEK---MLPALQAG
EPTD--SQYGQAVR---RSESA----ADADPIAELFLFTADHADHLSRV---VSPALDRG
EPGG--TQLAEKLRSLVLDIKSVG-DEVITDKAEVLMFYAARVQLVETV---1KPALANG
EPGG--TPLAEKLRDL IK--QGID-GEVLTDKAEVLMLYAARVQLVENV---1KPALARG
EPGG--TPLAEKLRHL IK---HET-EEPVTDKAELLMLYAARIQLVENV---1KPALMQG
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KTHY_PASMU
KTHY_VIBCH
KTHY_BUCAI
KTHY_CAUCR
KTHY_DEIRA
KTHY_NEIMA
KTHY_NEIMB
KTHY_PSEAE
KTHY_CHLMU
KTHY_CHLTR
KTHY_CHLPN
KTHY_MYCGE
KTHY_MYCPN
KTHY_UREPA
KTHY_RICPR
KTH1_SULSO
KTHY_ARCFU
KTHY_THEAC
KTHY_XYLFA
KTHY_AERPE
KTHY_METTH
KTHY_METJA
KTHY_HELPJ
KTHY_HELPY
KTHY_CAMJE
KTHY_SYNY3
KTHY_PYRAB
KTHY_PYRHO
KTHY_CAEEL
KTHY_SCHPO
KTHY_HUMAN
KTHY_MOUSE
KTHY_YEAST
KTHY_VACCV
KTHY_VARV

KTH2_SULSO
KTHY_ASFB7

KTHY_AQUAE
KTHY_THEMA
KTHY_BACHD
KTHY_BACSU
KTHY_LACLA
KTHY_HALN1
KTHY_ECOLI
KTHY_YERPE
KTHY_HAEIN
KTHY_PASMU
KTHY_VIBCH
KTHY_BUCAI
KTHY_CAUCR
KTHY_DEIRA
KTHY_NEIMA
KTHY_NEIMB
KTHY_PSEAE
KTHY_CHLMU
KTHY_CHLTR
KTHY_CHLPN
KTHY_MYCGE
KTHY_MYCPN
KTHY_UREPA
KTHY_RICPR

EPGG--TPLAEKLRQL IK---HET-EEPVTDKAELLMLYAARIQLVENV---1KPALAQG
EPGG--TLLAEKLRALVK--EEHP-GEELQDITELLLVYAARVQLVENV---1KPALARG
QPGS--TPIAEDIRRL IK--KKFN-DDNL IKETELLLMYAARIQLVEKK---IKPALKNG
EPGG--SPGAEAIRELLVNG----AADRWSPVTESLLMYAARRDHIERV---1RPGLARG
EPGG--TPLGTRVREVVLDP----AVE-1EPLGEFLLYSASRAQLVREV---LRPALERG
EPGG--TPVGEALREILLNP----- ETKAGLRAETLMMFAARMQHIEDV---ILPALSDG
EPGG--TPVGEALREILLNP---—- ETKAGLRAETLMMFAARMQHIEEV---ILPALSDG
EPGG--TPLAERIRELLLAP----SDEPMAADTELLLMFAARAQHLAGV---1RPALARG
EPGG--SALGEQLRDLVLDV----- TQEISSYAELLLFLAARAQHIQEK---1LPALESG
EPGG--CSLGDSVRGLLLDP----- EQKISPYAELLLFLAARAQHIQEK---11PALKSG
EPGG--CLIGERLRDLILEP----PHLELSRCCELFLFLGSRAQHIQEV---11PALRDG
EPGG--TLLAEKIRQLLLN-====—- ETMEPLTEAYLFAAARTEHISKL---IKPAIEKE
EPGG--TPLAEKIRALLLH-—----- EAMEPLTEAYLFAASRTEHVRQL---1QPALQQK
EPGGKNNNAAEMIREFFLKN-—--—- LEVFDPLTLAYLYASSRAEHVKKT---INPHLEKD
EVGG--TTVAEKMREILVN--=--—-- EELLPMSELLQAMAARYDHMARK---11PALKDG
EPFS—----EDIIKLIEKIG-WNDPILL------- VLLFAADRE IHV----NWLSKIK-DA
EPGD----SKFGKKIKSSEERLSPEEE------- LELFLKDRE IDARE--NILPALQ-SG
EPTDG--MENYAGDGVELFLKFTINR-—====--- YAHQREIDRHIKN--GEIVICD-RY
EPTNG--PWGMLLRQSAATGRFSPEEE--——--- VDVLLRDRRQHVED--LIVPMIG-RG
EPTEG--PVGRLIRGFLRSTEGVDSD------ LMALLFAADRLWGLRL--GVVERCGGSP
EPTDS--NIGSLIRSMLSSPDARTPDVQR---MLALLFAADRLT---L--RSK1EGDWAE
EPSNS--LVGKI IREILSGKTEVDNK-—---- TLALLFAADRIEH----- TKLIKEELKK
EPGGT--RMGESLRRIALNEN--1SELAR----- AFLFLSDRAEHIES---VIKPALKEK
EPGGT--RMGESLRRIALNEN--1SELAR----- AFLFLSDRAEHTES---VIKPALKEK
EPGGT--ELGKHLREILLNKTHP INKRAE-—--- LLLFLADRAQHFEE---1LK--TNQN
EPTNG--PVGRL IRQALQGDLFTYNDARQFEAQMGYLFAADRHYHLYHPGDGVEAKLAQQ
EPTDT--EFGRLIRELVLKNS-1IDGSRISYEAEALLFAADRAEHVKK---VILPALEKG
EPTDS--ELGKLIRRIILEES-VIDGSKISYEAEALLFAADRAEHVKK-~--11LPALSEG

FPDRS-SSIGKLIDQYLRKElI-——--- DMDEHALHLLFSADRFSKNQ----MIRDNIAKG
FPDRT-TAIGKKIDDYLKESV------ QLNDQVIHLLFSANRWET 1Q----Y1YEQINKG
FPERS-TEIGKLLSSYLQKKS------ DVEDHSVHLLFSANRWEQVP----L1KEKLSQG
FPERS-TEIGKLLNSYLEKKT-=---- ELEDHSVHLLFSANRWEQVP----L1KAKLNQG
FPERS-TRIGGLINEYLTDDSF----- QLSDQAITHLLFSANRWEIVD----KIKKDLLEG
FPQRS-TVTGKMIDDYLTRKK-——--- TYNDHIVNLLFCANRWEFAS----FIQEQLEQG
FPQRS-TVTGKMIDDYLTRKK-—=---- TYNDHIVNLLFCANRWEFAS----FIQEQLEQG
WNSSE--WIHD I IKEAKKKN——————— MLTSITFSLIHATDFSDRYERY---ILPMLKSG
FPNPD-TTTGGL ILQVLNKMT ———--- EMSSEQLHKLFTKHHSEFSAE--—--1AALLKLN

KVVILDRFVLSTIAYQGYGKGLDVEF IKNLNEFATRG--VKPDITLLLDIPVDIALRRLK
YAVLLDRYTDSSVAYQGFGRNLGKE IVEELNDFATDG--LIPDLTFY IDVDVETALKRKG
HVVLCDRFIDSSLAYQGYARGIGFEDILAIN--EFAIEGRYPDLTLLFRVDPDVGLSRIH
FIVLCDRFIDSPLAYQGYARGLGIDEVLSIN--EFAIGDMMPHVTVYFSIDPEEGLKRI1Y
KVVIVDRFIDSSVAYQGYGRDLGVEVVDWLN--YFATDGLKPDLTLYFDVDTDVALERIM
DVVISDRYSDSRYAYQGATLADTVPRAMEYVRG IHQPWTRPPDVTLYFDVDPDTGAARSG
TWVIGDRHDLSTQAYQGGGRG IDQHMLATLRDAVLGD--FRPDLTLYLDVTPEVGLKRAR
SWVVGDRHDLSSQAYQGGGRG I DSQLMASLRDTVLGE--FRPDLTLYLDLPPAVGLARAR
KWVVGDRHDMSSQAYQGGGRQLDPHFMLTLKETVLGN--FEPDLT1YLD IDPSVGLARAR
KWV 1GDRHDMSSQAYQGGGRQLDQHLLHTLKQT I LGE--FEPDLTLYLD IDPVLGLSRAK
EWVVGDRHDMSSQAYQGGGRQIAPSTMQSLKQTALGD--FKPDLTLYLD IDPKLGLERAR
IWV1SDRHDLSSLAYQGGGLGIPKKI1YQLQSLFLNN--FIPDLT1YLDVSPEIGLARAL
AVVLCDRFADSTRAYQGAGGDAPASL IAALEEHVLGG--TVPVLTLILDLPAEVGLQRAE
ETVLCDRYADSSLAYQGAGRGLSLPLLRQITAEVTGG--LTPGLTVLLDLDPALGLQRAA
IHVVSDRFTDATFAYQGGGRGMPSED I E I LEHWVQGG--LRPDLTLLLDVPLEVSMARIG
IHVVSDRFTDATFAYQGGGRGMPSED I EILEHWVQGG--LKPDLTLLLDVPLEVSMARIG
AVVLCDRFTDATYAYQGGGRGLPEARIAALESFVQGD—--LRPDLTLVFDLPVEIGLARAA
KTVICDRFHDSTIVYQGIAGGLGEAFVTDLCYRVVGDEPFLPD I TFLLDLPEKEGLLRKT
KTVISDRFHDSTIVYQGIAGGLGESFVTNLCYHVVGDKPFLPD I TFLLD IPAREGLLRKA
YIVICERFHDSTIVYQGIAEGLGADFVADLCSKVVGPTPFLPNFVLLLDIPAD IGLQRKH
QLVISDRFVFSSFAYQGLSKKIGIDTVKQINHHALRN--MMPNFTF ILDCNFKEALQRMQ
QLVIVDRFVWSSYAYQGL I KKVGLDVVKKLNADAVGD--SMPDFTF1VDCDFETALNRMA
HIVISDRFVHSSY 1YQGIVQNQSLDVIYQINQQAIGE--LEIDYVFYFDVNVNNALNRMK
YIVICDRFIDSTACYQGLELENGIDLVYSLHKTLMPS--LMPDITFFIDVEPHTAIKRVN
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KTH1_SULSO
KTHY_ARCFU
KTHY_THEAC
KTHY_XYLFA
KTHY_AERPE
KTHY_METTH
KTHY_METJA
KTHY_HELPJ
KTHY_HELPY
KTHY_CAMJE
KTHY_SYNY3
KTHY_PYRAB
KTHY_PYRHO
KTHY_CAEEL
KTHY_SCHPO
KTHY_HUMAN
KTHY_MOUSE
KTHY_YEAST
KTHY_VACCV
KTHY_VARV

KTH2_SULSO
KTHY_ASFB7

KTHY_AQUAE
KTHY_THEMA
KTHY_BACHD
KTHY_BACSU
KTHY_LACLA
KTHY_HALN1
KTHY_ECOLI
KTHY_YERPE
KTHY_HAEIN
KTHY_PASMU
KTHY_VIBCH
KTHY_BUCAI
KTHY_CAUCR
KTHY_DEIRA
KTHY_NEIMA
KTHY_NEIMB
KTHY_PSEAE
KTHY_CHLMU
KTHY_CHLTR
KTHY_CHLPN
KTHY_MYCGE
KTHY_MYCPN
KTHY_UREPA
KTHY_RICPR
KTH1_SULSO
KTHY_ARCFU
KTHY_THEAC
KTHY_XYLFA
KTHY_AERPE
KTHY_METTH
KTHY_METJA
KTHY_HELPJ
KTHY_HELPY
KTHY_CAMJE
KTHY_SYNY3
KTHY_PYRAB
KTHY_PYRHO
KTHY_CAEEL
KTHY_SCHPO

DLIILDRYYFSSIAYQGALGVDE----- QWIKMVNS-YFPKPDMVILLDLPIEVAISRIK
YAVVMDRYYFSNIAYQSARGIDA--—-- RLIREMNEKIAPKPDLTILLDVEPEIALERVR
IRSSYAYQFEGI AEFFGNSEKAW----— EWMDSVSEI IKIRPDVQIYVDVDEETAMERIS
AVVILDRYFPSMVAYQGAAGLPV-—--- DALLEANAFAP-RPDVLLLLDVPPAIGLQRIW
EVLVVDRYKYSSLAYQGVG-SGL----- EWVDAVNR-KAPEAEILVY IDVPTEVALRRIT
DVVVSDRCYYSSMVYQGP----E-——-- EWVCEINR-FAPRPDVVILLDIDVEVAMERCG
RDVVCDRYLYSSIAYQSVAGVDE--—-- NFIKSINR-YALKPDIVFLLIVDIETALKRVK
KLIISDRSLISGMAYS-QFSS--—---—- LELNLLATQSVLPEKI ILLL INKENLKQRLS
KLIISDRSLISGMAYS-QFSS-————-—- LELNLLATQSVLPAKI ILLL IDKEGLKQRLS
KL I ISDRSFISGMAYAKDFENDL--—-- LFALNSFALENFFPQKI IFLKGDANL IQERLS
CHVITTRYYFSSLAYNCHTEAD---—--- WEFVQRLNQSFPQPDWV I YLDLPVDLALQRLG
KVVICDRYLYSSLAYQWARGLS-—---- LEWLMQINSFAPRPDLAILLDLPVKESIRRTK
KVVICDRYFYSSLAYQWARGLD-—-—-- LNWLIQVNSFAPRPDLAILLDLPVKESLRRIK
IDVICDRYCYSGVAYSLAKGL—----- PEQWVRSSDVGLPKPDAVLFFDVSPEV-AAQRG
VTCILDRYAFSGIAFSAAKGL------ DWEWCKSPDRGLPRPDLVIFLNVDPRI-AATRG
VTLVVDRYAFSGVAFTGAKEN----- FSLDWCKQPDVGLPKPDLVLFLQLQLAD-AAKRG
VTLVLDRYAFSGVAFTGAKEN---—- FSLDWCKQPDVGLPKPDL I LFLQLQLLD-AAARG
KNIVMDRYVYSGVAYSAAKGTNG—---MDLDWCLQPDVGLLKPDLTLFLSTQDVDNNAEKS
ITLIVDRYAFSGVAYAAAKGA--——-- SMTLSKSYESGLPKPDLVIFLESGSKE---INR
ITLIVDRYAFSGVAYATAKGA-—---- SMTLSKSYESGLPKPDLVIFLESGSKE---INR
FVVICDRYVYTAYARDVVRNVD-—---- FDWVKRLYSFAIKPNFTFY IRVTPEIALERIR

FIVIVDHY IWSGLAYAQADGITIETKNIFKPDYTFFLSSKKPLNEKPLTLQRLFETKEKQ

EKNR—————————o—mmmme FENKEFLEKVRKGFLELAKEE-ENV--—-- VVIDASG-
ELNR————————m—mmmme FEKREFLERVREGYLVLAREHPERI --—-- VVLDGKR-
RDQSRE-—————————— QNRLDQEALTFHQKVKEGYERIVETYPERV--—-- VE IDANQ-
ANGSRE—-———————-— KNRLDLEKLDFHTKVQEGYQELMKRFPERF-—-—— HSVDAGQ-
KNRADE - —————————— VNRLDLERAEMHRKVREGYLE I VVKEPERF---—— VKIDASQ-
ATN=——m e KFETAAFLADVRANYEQL IDYTPERF -—- - VRIDATQ-
ARGE-———————————— LDRIEQESFDFFNRTRARYLELAAQDK-S I -———- HTIDATQ-
ARGE-————————o——— LDRIEQESLAFFERTRARYLELAASDA-SI-———- KTIDASQ-
GRGE-———————————— LDR 1 EQMDLDFFHRTRARYLELVKDNP-KA----~ VVINAEQ-
GRGA-———————————— LDR I EQQNLDFFHRTRQRYQELVRHNP—-KA-—-—~- VT IDASQ-
GRGE-———————————— LDRIEKMD I SFFERARERYLELANSDD-SV—-—-—- VMIDAAQ-
KRNP———— - — == LDL IESRSLFFFKKTRRCYLEKSKLDK-KT----- 11 INANL-
ARGG-———————————— AARFESKGLAFHERLRAGYLE I ARREPDRC--——— VVIDADA-
RRGQ-———————————— PDRLEQADLTFHRRVRQGFLDLAHAEPQRF -—- - LVLDATR-
QTRE-———————mmm—— KDRFEQEQADFFMRVRSVYLNRAAACPERY - - - AVIDSNL-
QTRE-—————— o - KDRFEQEQADFFMRVRGVYLDRAAACPERY -—--- AVIDSNR-
ARGR=-———————————— LDRFEQEDRRFFEAVRQTYLQRAAQAPERY ————— QVLDAGL-
RQKN————————m—— o LDRFEQKPTSFHRAAREGF I SLAERSPDRY - - KILDALL-
RQKH—-————=— === = LDKFEQKPQ I FHRSVREGFLALAEKAPDRY - - - KVLDALL-
RQKV————————m—m o FDKFEKKPLSYHNR IREGFLSLASADPSRY -—- - LVLDARE-
KRGNDNL - —=——————— LDEF IKGKNDFDTVRSY - --YLSLVDKKNC-—--- FLINGD--
KRGQDNL -—————=——— LDNTVKKQADFNTMRQY - --YHSLVDNKRV-—- - FLLDGQ--
NRFDNTN-————————— AFDSQNKQFYEKLLKQYPSVFKVYNQPKK I -———— IFIDANK-
ARN=——— oo MSNKFDIRS IDFYKK IYTCFKELSNR--—-- FPERIKT-
N—-De—mmmmmmmmmo KFNFEEK IKSLAKVR-—-EKYLKLAKEYN--—-- FYVVDA--
KR-G-———m——mmm e o KLSPFEKLDYLRKVR---KCFLENADET--—-—-- TVVVDA--
RRGL—-————————————— RNPHFENEQKLRSVR---Q1 YKGFQWD—----——-- LIVDG--
ERGS—-———————m—me— TPNHFETTENLSRCR---DIFLALELPS-—--—- KRV IDA--
AR-E--————mmmmmm - RREVFETPEFLERVKSMYEEVLRLARARG-—-—-- VKVIRVEG
Gommmmm o TDEFEDPLYLAGVR---ERYLELADKNG----- FYTVN---
| KD I FEKKDFLKKVQ-—--DKYLELAEEYN---—— FIVIDT--
LKSL==—mm—mmmmmmm— DK IENQGIEKLLT1Q---QKLKTHAYALQ--—-- EKFG-—--
1 I —— DK IENQG I EKLLH1Q---QKLKTHAYALQ--—-~- EKFG-—--
0] (= I DS IEKRG I EYFLSVQ-—-DKLEKVLHFLK--—-- EKIS-—--
DR-—————mmmmmmme QQLEDQAPRECYEQR---EKL ISVHRNYD---—— RIFAHYQ-
ARG-—————mmmmmmmm e NMSEFDKLLELQ---RKVRMNYLKLA----~ EMFK—-—--
LRG———————mmm oo TLTEFDK IVELQ---RKVRHNYLKLA--—-- EMFP———-
] =] ERLETAT 1QQKVAAVMPTLRDDAY -~ ————— WKTVNADGD
QYGE-————mm - ERYEK I EMQEKVLKNFQRLQKEFREEGLE--F I TLDASSS
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KTHY_HUMAN
KTHY_MOUSE
KTHY_YEAST
KTHY_VACCV
KTHY_VARV

KTH2_SULSO
KTHY_ASFB7

KTHY_AQUAE
KTHY_THEMA
KTHY_BACHD
KTHY_BACSU
KTHY_LACLA
KTHY_HALN1
KTHY_ECOLI
KTHY_YERPE
KTHY_HAEIN
KTHY_PASMU
KTHY_VIBCH
KTHY_BUCAI
KTHY_CAUCR
KTHY_DEIRA
KTHY_NEIMA
KTHY_NEIMB
KTHY_PSEAE
KTHY_CHLMU
KTHY_CHLTR
KTHY_CHLPN
KTHY_MYCGE
KTHY_MYCPN
KTHY_UREPA
KTHY_RICPR
KTH1_SULSO
KTHY_ARCFU
KTHY_THEAC
KTHY_XYLFA
KTHY_AERPE
KTHY_METTH
KTHY_METJA
KTHY_HELPJ
KTHY_HELPY
KTHY_CAMJE
KTHY_SYNY3
KTHY_PYRAB
KTHY_PYRHO
KTHY_CAEEL
KTHY_SCHPO
KTHY_HUMAN
KTHY_MOUSE
KTHY_YEAST
KTHY_VACCV
KTHY_VARV

KTH2_SULSO
KTHY_ASFB7

Y =] —— ERYENGAFQERALRCFHQLMKDT-TLN----WKMVDASKR
=] ERYETGTFQKQVLLCFQQLMEEK-NLN----WKVVDASKR
] =] JE ERYETVKFQEKVKQTFMKLLDKE- IRKGDES I TIVDVTNK
NVGE-——————mmmmmmme E1YEDVTFQQKVLQEYKKMIEEG-D IH--—-WQ1 I SSEFE
NVGE-———————mmmmmm E 1 YEDVAFQQKVLQEYKKMIEEGED IH--—-WQ1 I SSEFE
KAKRK IKPQEAG 1D I LGE IPLEEGFLKYQSRIVE I YDK IAKEESNF I -————— TIDGNR-
ETIFTN-——————————— FT1IMNDVPKNRLC I IPATLNKE I IHTMILTKT IKVFDNNSC
——————— EEEEVFKE--———————ILRALSGVLRV———————————————
------- SIEEIHRD---—-—-=--VWREVKRRWKLDV-=~———————=——
——————— SFDQVVAD---—-—==~AVRMIKQRLSL-——=—————=——————
——————— SKDLVVQD-=-—-===-VLKVIDEALKKIQL-~—————————
------- PLEKVVAD---——==--TLSVLKKRFVSEF - ———————————
------- SPEAVIAD----——---AEAALADALPDDAWA-——————————
——————— PLEAVMDA--———==—— IRTTVTHWVKELDA-~ === ===~
------- PIEQVSAS—-———————ISQALAQWLTNQEPY-——————————
------- SIELVQAD---———=—- | ESAVKNWWKSNEK -~ === ===
——————— TMSKVAED—-—-——-=——VESAIETWLTTR-—————————————
——————— SIEQVTAD---—-———— IRRALQDWLSQVNRV-——————————
------- NEKKVTQN= ===~ I TKKMLNWLNKQV I - === === ===
——————— ELDAVTAA--————=-—I1SDVVVQRLGL-——————————————
——————— PEDELEAE--——————— IWAAVSERGH-———————————————
------- GLDEVRNS---—-——===IEKVLDRHFGC--~——=—————————
------- NLDEVRNS- === 1EKVLDGHFGC-——-~———=———=——
——————— PLAEVQAG--—-—-—==--LDRLLPNLLERLNG----===——=——
------- PTEVSVDQ----—---~ALLQIRAL I ~————————————mm
------- PTEASVDQ----—----ALLQIRAL I ~— === ———— e
——————— SLASLIDK-==-=====VMLHTQLGLCT-=—=———————————
——————— NKQEHLEK----——--—FIELLTRCLQQPTHY-—————————
------- NQTGCLEQ----—---—FIEQLSQCLTQPTLS-~-———————-
——————— NENEVLCE--—-——----VKEQLLKIFKEHKY I === ——————
——————— IKASHLSP--———————LEVHEL IQKHL-=—=———————————
----- SKDKNEVLEQ-——==--==ATKI IQKNLF=—=—————————ec——
----- SKPLEEVKEE - -——-—-—--=VRKV I ESFLNLKKNSN—=-———————
————— GRDKEAI ISE---—————-TFEKI IARLRQEKT - == —————————
----- TANAETVLSA-------——ALALVMEVLRVRLGALGAVVLRRLAG
VRGGVERG I EDVQGE---—————~- IAERVFEALGLARA-———————————
————AERGVNLIQRD---—————- IRRILAPHFGICSGGIM-————————
————TKKSVEEVHNE---—————- LIGYLKNIPH-——— oo
~CEVLELDAQKSAKN-———————— LHEK IATFIECV-———————— ==
~CEVLELDAKESVKN---—————- LHEK I AAFIKCAV-————————————
~VEILTLDAKESKEK-—-—————- LHQQIKEFLQ-—=—————————————
~GQLCRLDASLPVEQ---—---—- LHQAI I TKVEEML-————————————
~—EMRIVNAMASVEE---—————— VHED IVALVKHELLGL--———=—-—-—
——EMRIVNALSSIED---—————-— IHSDIVALVKHELLGL-—————————
----- LDSVEKNVFR-~—-—-————1YENLDREKPFESLEK I - =~ -———~-
----- LEDVHSQIVD-—-—=---=—LVSNVNIHETLDVL -~ == === ===~
————— LEAVHEELR---—----VLSEDAIRTATEKPLG-ELWK---———-
TP-——SETLHRGHWGSYGNKSAS IANT I FWFCKRLVEGSHLYT I SRS———
G-—-—1QEVEAL IW-——————— QIVEPVLSTHIDHDKFSFF-————————
—————— EDVKKEL IK---===-NIVIEAIHTVTGPVGQLWM--——————-
—————— EDVKKEL IK---====NIVIEAIHTVTGPVGQLWM--——————-
------- PLKDVQID----==--=IRKILGEY IDNSL—-~-—————————

LNY IKMYDDKYLNVQDLN-LFDFDWQKC IEDNNDKEEYDDDDGFI I ----
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Appendix 2. Output Alignment from HMM Method

;  SAM: /projects/compbio/programs/hmm-server-2.0/bin/i686/prettyalign v3.2.1
(Noverber 14, 2000) compiled 11/17/00_00:59:04
; (c) 1992-2000 Regents of the University of California, Santa Cruz

Sequence Alignment and Modeling Software System
http://www.cse.ucsc.edu/research/compbio/sam.html

————————————————— Citations (SAM, SAM-T99, HMMS) ———————————oomm
R. Hughey, A. Krogh, Hidden Markov models for sequence analysis:
Extension and analysis of the basic method, CABIOS 12:95-107, 1996.
K. Karplus, C. Barrett, R. Hughey, Hidden Markov models for detecting
remote protein homologies, Bioinformatics 14(10):846-856, 1999.
A. Krogh et al., Hidden Markov models in computational biology:
Applications to protein modeling, JMB 235:1501-1531, Feb 1994.
Sequences correspond to the following labels:

KTH1_SULSO

KTHY_AERPE

KTHY_AQUAE

KTHY_ARCFU

KTHY_ASFB7

KTHY_BACHD

KTHY_BACSU

KTHY_BUCAI

KTHY_CAEEL

10 KTHY_CAMJE

11 KTHY_CAUCR

12 KTHY_CHLMU

13 KTHY_CHLPN

14 KTHY_CHLTR

15 KTHY_DEIRA

KTHY_ECOLI

17 KTHY_HAEIN

18 KTHY_HELPJ

19 KTHY_HELPY

20 KTHY_HUMAN

21 KTHY_LACLA

22 KTHY_METJA

23 KTHY_METTH

24 KTHY_MOUSE

25 KTHY_MYCGE

26 KTHY_MYCPN

27 KTHY_PASMU

28 KTHY_PYRAB

29 KTHY_PYRHO

30 KTHY_RICPR

31 KTHY_SCHPO

32 KTHY_SYNY3

33 KTHY_THEAC

34 KTHY_THEMA

35 KTHY_VACCV

36 KTHY_VARV

37 KTHY_VIBCH

38 KTHY_YEAST

39 KTHY_YERPE

40 KTH2_SULSO

41 KTHY_HALN1

42 KTHY_NEIMA

43 KTHY_NEIMB

44 KTHY_PSEAE

OCo~NOOUODhWNE

[
()]
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45
46

O©CoO~NOOOARAWNE

KTHY_UREPA
KTHY_XYLFA

10 20 30 40 50

|
mq. - -———-KLIATEGIDGSGKTTLANLLKEHLESK .MKL. . . .. NVIVTREPF. _.SEDIIKLIEK
mr...---—1VALEGIDGSGVSTHSRLLHARLAG. .AGV. . ... KSCLWKEPT . .EGPVGRLIRG
..... -—-MLIAFEGIDGSGKTTQAKKLYEYLKQ. .KGY. ... .FVSLYREPG. .GTKVGEVLRE
..... -—-MLIAVEGIDGAGKTTIAAYIAELLKE. .KGY. . . . .KVKVLKEPG. . DSKFGKKIKS
..... MRGILITIEGINGVGKSTQAMRLKKALEC. .MDY. ... _NAVCIRFPNp.DTTTGGLILQ
M. ...TKGCFITVEGGEGAGKTSALDAIEEMLRE. .NGL. . ... SVVRTREPG. .GIPIAEQIRS
..... MSGLFITFEGPEGAGKTTVLQEIKNILTA. .EGL. . .. .QVMATREPG. .GIDIAEQIRE
M. ... IKSKFIVIEGLEGAGKTNACICIKNLLKK. .NSIk. . . .NVLLVRQPG. .STPIAEDIRR
matdgKRGLLIVFEGLDRSGKSTQAKRLVESINK. .KSTes9spSAVLQAFPDr . SSSIGKLIDQ
..... -—-MYVVFEGIDCVGKSTQISLLKENYK-. .-——_ ... .DAIFTLEPG. .GTELGKHLRE
m. .. .TQGFFISFEGGEGAGKSTQIRRLADRLKA. _.AGH. . ... DVIVTREPG. .GSPGAEAIRE
..... ---MFIVVEGGEGAGKTQFTQALSKRLME . .EGK. . . . .EVVLTREPG. .GSALGEQLRD
..... -—-MFIVIEGGEGSGKSSLAKALGDQLVA. .QDR. . . . .KVLLTREPG. .GCLIGERLRD
..... -—-MFIVVEGGEGAGKTQFIQALSKRLIE. .EGR. . . . _EIVTTREPG. .GCSLGDSVRG
ms. . .-QGLFITLEGPEGAGKTTQLARLEARLRA. _.AGH. .. .. AVTVTREPG. .GTPLGTRVRE
..... MRSKY IVIEGLEGAGKTTARNVVVETLEQ. .LGIr. .. .DMVFTREPG. .GTQLAEKLRS
..... MKGKFIVIEGLEGAGKSSAHQSVVRVLHE. .LGIq. .. .DVVFTREPG. . GTPLAEKLRH
..... -—-MYVVLEGVDGAGKSTQVGLLKDRFK-. .-——=__ .. _NALFTKEPG. .GTRMGESLRR
..... ---MYVVLEGVDGAGKSTQVELLKDRFK-. .-——_ ... _NALFTKEPG. . GTRMGESLRR
maa. .RRGALIVLEGVDRAGKSTQSRKLVEALCA. .AGH. . ... RAELLRFPEr.STEIGKLLSS
..... MNGILISLEGPDGAGKTTVLKEILPEIQK. .MKR. . . . _EIVPTREPG. .GVRVAEEIRQ
m. . ..VDNMFIVFEGIDGSGKTTQSKLLAKKM——_ . ———. . _ .. DAFWTYEPS. _.NSLVGKI IRE
..... -—-MYICFEGIDGSGKTTHAALTASWLRE. .NGY. . .. .MVHEVREPT. .DSNIGSLIRS
mas . .RRGALIVLEGVDRAGKTTQGLKLVTALCA. .SGH. . ... RAELLRFPEr .STEIGKLLNS
m. . . .NKGVFVVIEGVDGAGKTALIEGFKKLYPT. .KFLny. . .QLTYTREPG. .GTLLAEKIRQ
m. . . .KQGVFVAIEGVDGAGKTVLLEAFKQRFPQsSTLGF. . . .. KTLFSREPG. .GTPLAEKIRA
M. ...TTGKFIVLEGIEGAGKTTARDSIVRALHA. .HGIh. .. .DIVFTREPG. .GTPLAEKLRQ
..... MRGYFVVLEGIDGSGKTTQAKLLAEWFEE. .QGW. . . . .DVLLTKEPT. .DTEFGRLIRE
..... MRGYFIVLEGIDGSGKTTQAKLLAEWFED. .KGY. . .. .EVLLTKEPT. .DSELGKLIRR
mnk1 . TQGKFITFEGVDGIGKSTQSKMLYEYLKS. .QKI ... .. PVILTREVG. .GTTVAEKMRE
mskq -NRGRLIVIEGLDRSGKSTQCQLLVDKLIS. .QHE. . . .. KAELFKFPDr . TTAIGKKI1DD
..... MAALFIVLEGIDGSGKTTQGDLLLAHFQR. .QGL. . . . .AAVLSPEPT. _.NGPVGRLIRQ
..... -——-MFIAIEGIDGAGKTTLARGIGNMLLG. .EGY. ... _RVYMTKEPT. .D-—————-—-
..... -—-MFITFEGIDGSGKSTQIQLLAQYLEK. .RCGK. . . . .KVILKREPG. .GTETGEKIRK
ms. . .-RGALIVFEGLDKSGKTTQCMNIMESIPA. .N--_._ .. TIKYLNFPQr .STVTGKMIDD
mS. . .-RGALIVFEGLDKSGKTTQCMNIMESIPT. .N-—. .. .. TIKYLNFPQr.STVTGKMIDD
..... MNAKFIVIEGLEGAGKSTAIQVVVETLQQ. -NGId. .. .HITRTREPG. .GTLLAEKLRA
mmg. . -RGKLILIEGLDRTGKTTQCNILYKKLQP . . ——=_ . _ .. NCKLLKFPEr .STRIGGLINE
..... MNSKFIVIEGLEGAGKTTTRDTVVAVLRA. .QGIn. .. .DIVFTREPG. .GTPLAEKLRD
..... MRGLL IAFEGIDGSGKSSQAVLLKDWIE-. .MRR. . . . .DVYLTEWNS. .SEWIHDIIKE
..... —-—-MLVTLEGLDGSGKTTVWESLRASHDD. .---_ ... _.GVTFTAEPT. _.DSQYGQAVRR
..... MKPQFITLDG IDGAGKSTNLAVIKAWFER. .RGL. . . . .PVLFTREPG. .GTPVGEALRE
..... MKPQFITLDG IDGAGKSTNLAVIKAWFER. .RGL. . . . .PVLFTREPG. .GTPVGEALRE
..... MTGLFVTLEGPEGAGKSTNRDYLAERLRE. .RGI . . .. _.EVQLTREPG. .GTPLAERIRE
m13p IKKGLFIVFEGIDGAGKTSILKQLLEVLKE. .PKLvn. . .KIFLTREPGgkNNNAAEMIRE
..... -—-MLVAIEGIDGAGKTTLARSLALKLRG. .VGL. . .. .ETVVSKEPT. .NGPWGMLLRQ
60 70 80 90 100
| | |

IGWND--_ . .—--—___ _PILLVLLFAADREIHV. . _-.-NWLSKIKDADLIILDRYYFSSIAYQ
FLRSTE-...-GVD. .. .SDLMALLFAADRLWGL . . .RIGVVERCGGSPEVLVVDRYKYSSLAYQ
ILLTE--...-ELD....ERTELLLFEASRSKLI .. _E.EKIIPDLKRDKVVILDRFVLSTIAYQ
————— SE...ERLS..._PEEELELFLKDREIDA. . _.R.ENILPALQSGYAVVMDRYYFSNIAYQ
VLNKMT-_ . .-EMS_ .. .SEQLHKLFTKHHSEFS. . .- . AETAALLKLNFIVIVDHY IWSGLAYA
T1LDVDH. . .TRMD. . . .PRTEALLYAAARRQHL. . .V.EKVLPALEAGHVVLCDRFIDSSLAYQ
VILNENN. . . ILMD. . . _.PKTEALLYAAARRQHL . . .V_EKVKPALEQGFIVLCDRFIDSPLAYQ
LIKKKFNd. .DNLI. .. . KETELLLMYAARIQLV. . .E.KKIKPALKNG IWVISDRHDLSSLAYQ
YLRKEI-...-DMD. .. .EHALHLLFSADRFSKN. . .-.QMIRDNIAKGIDVICDRYCYSGVAYS
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10 ILLNKT-...HPIN. ... KRAELLLFLADRAQHF. ._.E.EILK--TNQNKLIISDRSFISGMAYA
11 LLVNGAA.._DRWS. .. _.PVTESLLMYAARRDHI .. _E.RVIRPGLARGAVVLCDRFADSTRAYQ
12 LVLDVT-...QEIS....SYAELLLFLAARAQHI . ..Q.EKILPALESGKTVICDRFHDSTIVYQ
13 LILEPPH.._LELS....RCCELFLFLGSRAQHI .. .Q.EVIIPALRDGYIVICERFHDSTIVYQ
14 LLLDPE-.._QKIS. .. _PYAELLLFLAARAQHI .. _Q.EKIIPALKSGKTVISDRFHDSTIVYQ
15 VVLDPA-...VEIE....PLGEFLLYSASRAQLV. . .R.EVLRPALERGETVLCDRYADSSLAYQ
16 LVLDIKSvgdEVIT. .. .DKAEVLMFYAARVQLV. . .E.TVIKPALANGTWVIGDRHDLSTQAYQ
17 LIKHETE.._.EPVT. .. _.DKAELLMLYAARIQLV. . _.E_NVIKPALMQGKWVVGDRHDMSSQAYQ

18 IALNE--...-NIS..._ELARAFLFLSDRAEHI .. _E.SVIKPALKEKKLIISDRSLISGMAYS
19 TALNE--...-NIS....ELARAFLFLSDRAEHT. ..E.SVIKPALKEKKLIISDRSLISGMAYS
20 YLQKKS-...-DVE....DHSVHLLFSANRWEQV. . .-.PLIKEKLSQGVTLVVDRYAFSGVAFT
21 1ILDPKN...TDID..._.SKTELMLFAAARRLHM. . .Q.EKMLPALQAGKVVIVDRFIDSSVAYQ
22 ILSGKT-...-EVD....NKTLALLFAADRIEHT. . .-.KLIKEELKKR-DVVCDRYLYSSIAYQ
23 MLSSPDA. . .RTPDv...QRMLALLFAADRLTLR. . .-.SKIEGDWAED-VVVSDRCYYSSMVYQ
24 YLEKKT-...-ELE..._DHSVHLLFSANRWEQV. . .-_.PLIKAKLNQGVTLVLDRYAFSGVAFT
25 LLLNE--...-TME....PLTEAYLFAAARTEHI .. .S.KLIKPAIEKEQLVISDRFVFSSFAYQ
26 LLLHE--...-AME..._PLTEAYLFAASRTEHV...R.QLIQPALQQKQLVIVDRFVWSSYAYQ

27 LIKHETE...EPVT..._DKAELLMLYAARIQLV. .. E.NVIKPALAQGKWYIGDRHDMSSQAYQ
28 LVLKNSIidgSRIS. ... YEAEALLFAADRAEHV. . .K.KVILPALEKGKVVICDRYLYSSLAYQ
29 11LEESVidgSKIS. ... YEAEALLFAADRAEHV. . .K.KI1LPALSEGKVVICDRYFYSSLAYQ

30 ILVNE--...-ELL....PMSELLQAMAARYDHM. . .A.RKIIPALKDGY IVICDRFIDSTACYQ
31 YLKESV-...-QLN....DQVIHLLFSANRWETI . . .-.QYIYEQINKGVTCILDRYAFSGIAFS
32 ALQGDLF. . .TYNDarqFfEAQMGYLFAADRHYHLYhpG . DGVEAKLAQQCHV I TTRYYFSSLAYN
33 ———GMEN. ..YAGD. . ..GVELFLKFTINRYAHQ. . .- . REIDRHIKNGEIVICDRY IRSSYAYQ
34 ILLEE--...-EVT....PKAELFLFLASRNLLV. . .-.TEIKQYLSEGYAVLLDRYTDSSVAYQ
35 YLTRKK-...-TYN....DHIVNLLFCANRWEFA. . . -.SFIQEQLEQG I TLIVDRYAFSGVAYA
36 YLTRKK-...-TYN....DHIVNLLFCANRWEFA. . .-.SFIQEQLEQGITLIVDRYAFSGVAYA
37 LVKEEHPG. .EELQ. . ..DITELLLVYAARVQLV. . .E.NVIKPALARGEWVVGDRHDMSSQAYQ
38 YLTDDS-...FQLS. .. .DQAIHLLFSANRWEIV. . .- .DKIKKDLLEGKN IVMDRYVYSGVAYS
39 LIKQGIDg. .EVLT. .. .DKAEVLMLYAARVQLV. . .E.NVIKPALARGSWVVGDRHDLSSQAYQ
40 AKKKN--. ..-MLT....SITFSLIHATDFSDRY. . .E.RYILPMLKSGFVVICDRYVYTAYARD
41 SESAA—-...-DAD....PIAELFLFTADHADHL. . .S_RVVSPALDRGDVVISDRYSDSRYAYQ

42 1LLNPE-.._TKAG....LRAETLMMFAARMQHI . . .E.DVILPALSDGIHVVSDRFTDATFAYQ
43 ILLNPE-.._TKAG. .. .LRAETLMMFAARMQHI . . .E_.EVILPALSDGIHVVSDRFTDATFAYQ
44 LLLAPSD.._EPMA. .. _ADTELLLMFAARAQHL. . .A_GVIRPALARGAVVLCDRFTDATYAYQ
45 FFLKNL-...EVFD....PLTLAYLYASSRAEHV. . . K.KTINPHLEKDHIVISDRFVHSSYIYQ

46 SAATG--...-RFS..._PEEEVDVLLRDRRQHV...E.DLIVPMIGRGAVVILDRYFPSMVAYQ
110 120 130 140 150
|
1 ..... - . .GALGVDEQWIKMVNSYF---. _PKPDMVILLDLPIEVAISRIKND. . . .. K---FNF
2 ... G..--VGSGLEWVDAVNRKA---. .PEAEILVYIDVPTEVALRRITAR. .. .. E--RREV
3 ... G..YGKGLDVEFIKNLNEFATRG. .VKPDITLLLDIPVDIALRRLKEK. . . .. N-———-— R
4 ... - . -SARGIDARLIREMNEKI--A. _.PKPDLTILLDVEPEIALERVRKR. . . .. GKLS--P
5 ..... -. .QADGITIETKNl -——————- . .FKPDYTFFLSSKKPLNEKPLTLQ. . ... R-———- L
6 ..... G..YARGIGFEDILAINEFAIEG. .RYPDLTLLFRVDPDVGLSRIHRDQgsS.- . -.REQNRLD
7 ... G..YARGLGIDEVLSINEFAIGD. .MMPHVTVYFSIDPEEGLKRIYANgsS. . .REKNRLD
8 ..... G. .GGLGIPKKITYQLQSLFLNN. _.FIPDLTIYLDVSPEIGLARALKR. .. .. NPLDLIE
9 ..... - . .LAKGLPEQWVRSSDVGL---. .PKPDAVLFFDVSPEVAAQR----. .. .. GGFGEER
10 ..... - ..——KDFENDLLFALNSFALEN. . FFPQKI IFLKGDANLIQERLSQK. . . .. E-LDSIE
11 ... G. .AGGDAPASLIAALEEHVLGG. . TVPVLTLILDLPAEVGLQRAEAR. . . .. GGAARFE
12 ... G. . IAGGLGEAFVTDLCYRVVGDepFLPDITFLLDLPEKEGLLRKTRQ. . . . - KNLDRFE
13 ..... G. . 1AEGLGADFVADLCSKVVGPtpFLPNFVLLLDIPADIGLQRKHRQ.- - - - . KVFDKFE
14 ... G. . IAGGLGESFVTNLCYHVVGDKpFLPDITFLLDIPAREGLLRKARQ. . . . . KHLDKFE
15 ... G. .AGRGLSLPLLRQITAEVTGG. .LTPGLTVLLDLDPALGLQRAARR. . ... GQPDRLE
16 ..... G. .GGRGIDQHMLATLRDAVLGD. .FRPDLTLYLDVTPEVGLKRARAR. . . .. GELDRIE
17 .. ... G. .GGRQLDPHFMLTLKETVLGN. .FEPDLTIYLDIDPSVGLARARGR. . . . . GELDRIE
18 ..... Q..FSS——————- LELNLLATQS. . VLPEKI ILLLINKENLKQRLSLKsId. .KIENQGI
19 ..... Q..FSS——————- LELNLLATQS. . VLPAKIILLLIDKEGLKQRLSLKsId. .KIENQGI
20 ..... G. . AKENFSLDWCKQPDVGL---_ .PKPDLVLFLQLQLADAAKR---—__ ... GAFGHER
21 ... G. .YGRDLGVEVVDWLNYFATDG. . LKPDLTLYFDVDTDVALERIMKNra. . .DEVNRLD
22 ..., - . .SVAGVDENFIKSINRYA---_ _.LKPDIVFLLIVDIETALKRVKTK. . ... D-——-—- 1
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24 ... G. .AKENFSLDWCKQPDVGL-~~ . . PKPDL I LFLQLQLLDAAAR---—_ _ . . . GEFGLER
25 ... G. .LSKKIGIDTVKQINHHALRN . .MMPNFTF I LDCNFKEALQRMQKRgnN . - . DNLLDEF
26 ..... G. . LIKKVGLDVVKKLNADAVGD . . SMPDFTF IVDCDFETALNRMAKRQ( - - - DNLLDNT
27 ... G. .GGRQLDQHLLHTLKQTILGE. .FEPDLTLYLDIDPVLGLSRAKGR. - - . . GALDRIE
28 ..... - . .WARGLSLEWLMQINSFA--~- . .PRPDLAILLDLPVKESIRRTKAR. . . . . GNMSEFD
29 ... — . .WARGLDLNWL 1QVNSFA--~- . .PRPDLAILLDLPVKESLRRIKLR. - - . . GTLTEFD
30 ..... G. .LELENGIDLVYSLHKTLMPS. .LMPDITFFIDVEPHTAIKRVNAR.. . . . . NMSNKFD
31 ..... - . .AAKGLDWEWCKSPDRGL-~~ . .PRPDLVIFLNVDPRIAATR---—_ _ . .. GQYGEER
32 ... - . .CHTEADWEFVQRLNQSF--- . .PQPDWV I YLDLPVDLALQRLGDRqq I e . DQAPREC
33 fegiakE. .FFGNSEKAWEWMDSVSEI IK. . IRPDVQIYVDVDEETAMERISRR. . . . . G-LRNPH
34 ..... G. .FGRNLGKE IVEELNDFATDG. . LIPDLTFY IDVDVETALKRKGEL . . . . . N-———— R
35 ..... - . .AAKGASMTLSKSYESGL--~ . .PKPDLVIFLESGSKE INRN---—_ _ _ . . --VGEEI
36 ..... — . .TAKGASMTLSKSYESGL-~~ . .PKPDLVIFLESGSKE INRN---— - . . . ~-VGEEI
37 ... G. .GGRQIAPSTMQSLKQTALGD. . FKPDLTLYLDIDPKLGLERARGR. - - . . GELDRIE
38 ..... AakGTNGMDLDWCLQPDVGL--- . . LKPDLTLFLSTQ---DVDNNAEK. . . - . SGFGDER
39 ... G. .GGRGIDSQLMASLRDTVLGE . . FRPDLTLYLDLPPAVGLARARAR. . . . . GELDRIE
40 ..... - . .VVRNVDFDWVKRLYSFA---. . IKPNFTFY IRVTPE IALERIRKAK11giDILGEIP
41 ... .. GatLADTVPRAMEYVRGIHQPWT . .RPPDVTLYFDVDPDTGAARSGAT - . . . . N-———— K
42 ... .. G. .GGRGMPSEDIE I LEHWVQGG . . LRPDLTLLLDVPLEVSMARIGQT - . . . . REKDRFE
43 ... G. .GGRGMPSEDIE I LEHWVQGG.. . LKPDLTLLLDVPLEVSMARIGQT - . - . . REKDRFE
a4 .. .. G. .GGRGLPEARIAALESFVQGD. . LRPDLTLVFDLPVEIGLARAAAR. . . . . GRLDRFE
45 ... .. G. . IVONQSLDVIYQINQQAIGE . . LEIDYVFYFDVNVNNALNRMKNRF . - . . DNTNAFD
46 ... .. - . .GAAGLPVDALLEANAFA--~- . .PRPDVLLLLDVPPAIGLQRIWER. . . . . G-STPNH
160 170 180 190 200
|
1 EEK. . IKSLAKVREKYLKLAKEY. . ... - _NFYVVDASK . . DKNEVLEQAIKI 1QK-nIF. - .
2 FET..PEFLERVKSMYEEVLRLAra8viRV.EGVRGGVER. .GIEDVQGE IAERVFEAIg6ra.
3 FEN..KEFLEKVRKGFLELAKE-. . ... EE.NVVVIDASG. . EEEEVFKEILRALSGVIrv. . .
4 FEK._.LDYLRKVRKCFLENADE-. . . .. —— _TTVVVDASK. . PLEEVKEEVRKVIESFIn8sn.
5 FET..KEKQETIFTNFTIIMNDV. . ... PKNRLCIIPATL . .NKE I IHTMILTKTIKVF51ii .
6 QEA..LTFHQKVKEGYERIVETY..... PE .RVVE IDANQ. . SFDQVVADAVRMIKQRISI . . .
7 LEK. .LDFHTKVQEGYQELMKRF. . . .. PE . RFHSVDAGQ.. . SKDLVVQDVLKVIDEAIK6Gq] -
8 SRS..LFFFKKTRRCYLEKSKL-. . ... DK_KT 1 TINANL . .NIKKVTQNITKKMLNWINGvi -
9 LET..ATIQQKVAAVMPTLRD—-. . ... DA . YWKTVNADG . . DLDSVEKNVFRIYENLd12Ki -
10 KRG. . IEYFLSVQDKLEKVLHFLkeKi .SV.EILTLDAKE . . SKEKLHQQIKEFLQ--. . . . . .
11 SKG. .LAFHERLRAGYLEIARRE. . ... PD_RCVVIDADA. .ELDAVTAAISDVVVQRIgL . . .
12 QKP..TSFHRAAREGFISLAERS. . . .. PD_RYKILDALL . .PTEVSVDQALLQI---rali ..
13 KKP. .LSYHNRIREGFLSLASAD. . . .. PS_RYLVLDARE. . SLASLIDKVMLHTQ--lIglct.
14 QKP. .QIFHRSVREGFLALAEKA. . . . . PD_RYKVLDALL . .PTEASVDQALLQI---rali ..
15 QAD. .LTFHRRVRQGFLDLAHAE. . . .. PQ.RFLVLDATR. . PEDELEAE IWAAVSERgh. . . .
16 QES..FDFFNRTRARYLELAAQ-. .. .. DK .SIHTIDATQ. . PLEAVMDAIRTTVTHWvk6da .
17 QMD. .LDFFHRTRARYLELVKD-. . . .. NP _KAVVINAEQ. - STELVQAD I ESAVKNWwk6ek -
18 EKL. .LTIQQKLKTHAYALQEKF. . . .. GC.EVLELDAQK . . SAKNLHEKIATFIECVv. . . . .
19 EKL..LHIQQKLKTHAYALQEKF. . . .. GC.EVLELDAKE. . SVKNLHEK IAAFIKCAV. . . . .
20 YEN..GAFQERALRCFHQLMKDT. . ... TL.NWKMVDASK . . RLEAVHEELRVLSEDA{ 14wk .
21 LER..AEMHRKVREGYLEIVVKE. . ... PE_RFVKIDASQ. . PLEKVVADTLSVLKKRFvsef.
22 FEK..KDFLKKVQDKYLELAEEY. . ... —— _NFIVIDTTKK.SVEEVHNE 1 IGYLKNIph. . - .
23 FED. .PLYLAGVRERYLELADK-. . ... -N.GFYTVNAER. .GVNLIQRDIRRILAPHFg9im.
24 YET..GTFQKQVLLCFQQLMEEK. . ... NL . NWKVVDASKrtPSETLHRGHWGSYGN-k28rs .
25 1KG. .KNDFDTVRSYYLSLVDKK. - - . . NC . FL INGDNKQe . HLEKFIELLTRCLQQ-pthy .
26 VKK..QADFNTMRQYYHSLVD—-. . ... NK .RVFLLDGQN . . QTGCLEQFIEQLSQCLtg61s.
27 QON. .LDFFHRTRQRYQELVRH-. . ... NP _KAVTIDASQ. . TMSKVAEDVESAIETWIttr .
28 —KL. .LELQRKVRMNYLKLAEM-. . ... FK_.EMRIVNAMA . . SVEEVHEDIVALVKH-el Igl .
29 —KI..VELQRKVRHNYLKLAEMF. . . .. P—_EMRIVNALS. . SIEDIHSDIVALVKH-el Igl .
30 IRS..IDFYKKIYTCFKELSNRF. . ... PE_RIKTIKASHI . SPLEVHEL 1QKHL-—-. . . . . .
31 YEK. . lEMQEKVLKNFQRLQKEFree. .GL.EFITLDASS. . SLEDVHSQIVDLVSNVNiovl .
32 YEQ..REKLISVHRNYDRIFAHY .. ... QG.QLCRLDASL . .PVEQLHQAIITKVEEMI . . . . .
33 FEN..EQKLRSVRQIYKGFQWD-. . ... ——_—-LIVDGGR. .DKEAI ISETFEKI I --ar8kt.
34 FEK..REFLERVREGYLVLAREH. . ... PE_RIVVLDGKR. . SIEEIHRDVVREVKRRwK I dv
35 YED..VTFQQKVLQEYKKMIEEG. . ... DI _HWQI ISSEF . .EEDVKKEL IKNIVIEA[ 13wm.
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YED. . VAFQQKVLQEYKKMIEEGe. . . .DI .HWQI ISSEF . .EEDVKKELIKNIVIEAT13wm.
KMD. . ISFFERARERYLELANS-. . . .. DD.SVVMIDAAQ. -SIEQVTADIRRALQDWIS7rv.
YET . . VKFQEKVKQTFMKLLDKE# rkg .DE.SITIVDVTNK.GIQEVEALIWQIVEPVI13ff.
QES. .LAFFERTRARYLELAAS-. . ... DA_SIKTIDASQ. .PIEQVSASISQALAQWIt7pv.
LEEgFLKYQSRIVEIYDKIAKE-. . ... ES_NFITIDGNR. .PLKDVQIDIRKILGEYidnsl.
FET. .AAFLADVRANYEQLIDYT. . ... PE.RFVRIDATQ. . SPEAVIADAEAALADAIp7wa.
QEQ. -ADFFMRVRSVYLNRAAAC. . . .. PE_RYAVIDSNL . .GLDEVRNSIEKVLDRHfgC. . .
QEQ. -ADFFMRVRGVYLDRAAAC. . . .. PE_RYAVIDSNR. .NLDEVRNSIEKVLDGHfgC. . -
QED. .RRFFEAVRQTYLQRAAQA. . . .. PE_.RYQVLDAGL . .PLAEVQAGLDRLLPNL1e6ng.
SON. . KQFYEKLLKQYPSVFKVYn(. . . PK_.KI IFIDANK. .NENEVLCEVKEQLLKIFfK7yi .
FET . .TENLSRCRDIFLALELP-. .. .. --_SKRVIDATA. .NAETVLSAALALVMEV118ag.-
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Appendix 3. Output alignment from Pileup

TTAA_MULTIPLE_ALIGNMENT 1.0
PileUp of: *_pep

Symbol comparison table: GenRunData:blosum62.cmp CompCheck: 1102

GapWeight: 6
GapLengthWeight: 2

tmk.msf MSF: 285 Type: P June 6, 2002 15:02

Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:

//

kthy vaccv
kthy_varv

kthy human
kthy_mouse
kthy_schpo
kthy yeast
kthy_ caeel
kthy_asfb7
kthy_helpj
kthy helpy
kthy camje
kthy_arcfu
kthy xylfa
kthy_ pyrab
kthy_pyrho
kthy metja
kthl sulso
kthy_metth
kthy_ aerpe
kthy_syny3
kthy_mycge
kthy_mycpn
kthy urepa
kthy haein
kthy_ pasmu
kthy ecoli
kthy_yerpe
kthy_vibch
kthy bucai
kthy_chlmu
kthy chltr
kthy_chlpn
kthy neima
kthy neimb
kthy pseae
kthy_ caucr
kthy deira
kthy_bachd
kthy_bacsu
kthy lacla
kthy_aquae
kthy_thema
kthy ricpr
kthy halnl
kthy_theac
kth2_sulso

Len:
Len:
Len:
Len:
Len:
Len:
Len:
Len:
Len:
Len:
Len:
Len:
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Len:
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Len:
Len:
Len:
Len:
Len:
Len:
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Len:
Len:
Len:
Len:
Len:
Len:
Len:
Len:
Len:
Len:
Len:
Len:

285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285
285

Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:
Check:

5453
7296
7808
5725
9984
5416
1668
7870
6785
5514
8775
1818
7819
3935
3609
9215
8486
3120

754
3659
4361
4770
2551

170

923
2166
9296

505
1466
8232
6572
6898

312
9059
7550
9502
1457
4468
9036
2734
9732
9164
7836
5319
4218
4946
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Check: 7952 ..

Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
Weight:
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kthy_vaccv
kthy_ varv
kthy human
kthy_mouse
kthy_schpo
kthy yeast
kthy caeel
kthy asfb7
kthy helpj
kthy helpy
kthy camje
kthy_arcfu
kthy xylfa
kthy pyrab
kthy pyrho
kthy metja
kthl_sulso
kthy metth
kthy_aerpe
kthy syny3
kthy_mycge
kthy_mycpn
kthy urepa
kthy haein
kthy pasmu
kthy ecoli
kthy_yerpe
kthy vibch
kthy bucai
kthy_chlmu
kthy_chltr
kthy_chlpn
kthy neima
kthy_neimb
kthy pseae
kthy_ caucr
kthy deira
kthy bachd
kthy_bacsu
kthy lacla
kthy aquae
kthy thema
kthy ricpr
kthy_ halnl
kthy_ theac
kth2_sulso

kthy_ vaccv
kthy_varv
kthy_human
kthy_mouse
kthy_schpo
kthy_yeast
kthy_ caeel
kthy asfth7
kthy helpj
kthy helpy
kthy_camje
kthy_arcfu
kthy_xylfa
kthy_ pyrab
kthy_ pyrho

~~~~~~~~~ M
~~~~~~~~~ M
~~~~~~~~~ M

~~MSRGAL IV
~~MSRGALIV
AAR_RGALIV
ASR.RGALIV
SKQNRGRLIV
~MMGRGKLIL

MYVV

MYVV
MYVV

~~~~~~ MLIA
MLVA

~~~MRGYFVV
~~~MRGYFIV
~~MVDNMF IV

MQKLIA

MILTKNSNEK

MAALFIV
~~MNKGVFVV
~~MKQGVFVA
KPLKKGLF1V
~~~MKGKF 1V

MFEIV
MFIV

MFIV

~~~MKPQFIT
~~~MKPQFIT
~~~MTGLFVT
~~MTQGFFIS
~~MSQGLFIT
~~MTKGCFIT

MNGILIS
MLTA

MFEIT

NKLTQGKFIT
MLVT
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A_ _NTIKYLN
T..NTIKYLN
AAGHRAELLR
ASGHRAELLR
SQHEKAELFK
- -QPNCKLLK
SSSPSAVLQA
----NAVCIR
FTKEP.GG. .
FTKEP.GG. .
FTLEP.GG. .
VLKEP...GD
VSKEP. . _TN
LTKEP...TD
LTKEP...TD

FPQRSTVTGK
FPQRSTVTGK
FPERSTEIGK
FPERSTEIGK
FPDRTTAIGK
FPERSTRIGG
FPDRSSSI1GK
FPNPDTTTGG
TRMGESLRRI
TRMGESLRRI
TELGKHLREI
SKFGKKIKS.
GPWGMLLRQ.
TEFGRLIREL
SELGKLIRRI

FEGLDKSGKT
FEGLDKSGKT
LEGVDRAGKS
LEGVDRAGKT
IEGLDRSGKS
IEGLDRTGKT
FEGLDRSGKS
IEGINGVGKS
LEGVDGAGKS
LEGVDGAGKS
FEGIDCVGKS
VEGIDGAGKT
1EGIDGAGKT
LEGIDGSGKT
LEGIDGSGKT
FEGIDGSCGKT
IEGIDGSGKT
FEGIDGSGKT
LEGIDGSGVS
LEGIDGSGKT
I1EGVDGAGKT
1EGVDGAGKT
FEGIDGAGKT
IEGLEGAGKS
LEGIEGAGKT
IEGLEGAGKT
IEGLEGAGKT
IEGLEGAGKS
IEGLEGAGKT
VEGGEGAGKT
VEGGEGAGKT
IEGGEGSGKS
LDGIDGAGKS
LDGIDGAGKS
LEGPEGAGKS
FEGGEGAGKS
LEGPEGAGKT
VEGGEGAGKT
FEGPEGAGKT
LEGPDGAGKT
FEGIDGSGKT
FEGIDGSGKS
FEGVDGIGKS
LEGLDGSGKT
IEGIDGAGKT
FEGIDGSGKS

MIDDYLTRKK
MIDDYLTRKK
LLSSYL.QKK
LLNSYL . EKK
KIDDYL .KES
LINEYLTDDS
LIDQYL .RKE
LILQVL .NKM
ALNE. .. .N.
ALNE. .. .N.
LLNK....TH

VLKNSI11DGS
ILEESVIDGS
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TQCMNIMES
TQCMNIMES
TQSRKLVEAL
TQGLKLVTAL
TQCQLLVDKL
TQCNILYKKL
TQAKRLVES
TQAMRLKKAL
TQVGLLKDRF
TQVELLKDRF
TQISLLKEIY
TIAAYIAELL
TLARSLALKL
TQAKLLAEWF
TQAKLLAEWF
TQSKLLA. ..
TLANLLKEHL
THAALTASWL
THSRLLHARL
TQGDLLLAHF
ALIEGFKKLY
VLLEAFKQRF
SILKQLLEVL
SAHQSVVRVL
TARDSIVRAL
TARNVVVETL
TTRDTVVAVL
TAIQVVVETL
NACICIKNLL
QFTQALSKRL
QF 1QALSKRL
SLAKALGDQL
TNLAV IKAWF
TNLAV IKAWF
TNRDYLAERL
TQIRRLADRL
TQLARLEARL
SALDAIEEML
TVLQEIKNIL
TVLKEILPEI
TQAKKLYEYL
TQIQLLAQYL
TQSKMLYEYL
TVWESL. ...
TLARG IGNML
SQAVLLKDWI

T.YNDHIVNL
T.YNDHIVNL
SDVEDHSVHL
TELEDHSVHL
VQLNDQV IHL
FQLSDQAIHL
I DMDEHALHL
TEMSSEQLHK
.ISELARA.F
.ISELARA.F
PINKRAEL . L
RLSPEEEL .E
RFSPEEEV.D
RISYEAEA.L
KISYEAEA.L

KEK. .GYKVK
RGV. .GLETV
EEQ. .GWDVL
EDK. .GYEVL
- -K. _KMDAF
ESK . MKLNVI
REN. .GYMVH
AG. .AGVKSC
Q.R.QGLAAV
PTKFLNYQLT
PQSFLGFKTL
KEPKLVNK IF
HELGI .QDWV
HAHGI _HDI1V
EQLGI .RDMV
RAQGI _NDIV
QQNGI .DHIT
KKNST . KNVL
MEEG. .KEVV
IEEG. .REIV
VAQD. .RKVL
ERRG. .LPVL
ERRG. . LPVL
RERG. . IEVQ
KAAG. _HDVI
RAAG. _HAVT
RENG. .LSWV
TAEG. .LQUM
QKMK. _REIV
KQKG. . YFVS
EKRG. .KKVI
KSQKI . .PVI
-RASHDDGVT
. .LGEGYRVY
E...MRRDVY
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LFCANRWEFA
LFCANRWEFA
LFSANRWEQV
LFSANRWEQV
LFSANRWETI
LFSANRWEIV
LFSADRFSKN
LFTKHHSEFS
LFLSDRAEHI
LFLSDRAEHT
LFLADRAQHF
LFLKDREIDA
VLLRDRRQHV
LFAADRAEHV
LFAADRAEHV



kthy metja
kthl sulso
kthy metth
kthy_aerpe
kthy syny3
kthy_mycge
kthy_mycpn
kthy urepa
kthy_haein
kthy pasmu
kthy_ecoli
kthy_yerpe
kthy_vibch
kthy bucai
kthy chlmu
kthy chltr
kthy_chlpn
kthy neima
kthy _neimb
kthy pseae
kthy_caucr
kthy deira
kthy_ bachd
kthy_bacsu
kthy lacla
kthy aquae
kthy_thema
kthy ricpr
kthy halnl
kthy_ theac
kth2_sulso

kthy_vaccv
kthy varv
kthy human
kthy_mouse
kthy_schpo
kthy yeast
kthy_ caeel
kthy asfb7
kthy helpj
kthy_ helpy
kthy camje
kthy_arcfu
kthy xylfa
kthy_ pyrab
kthy pyrho
kthy metja
kthl_sulso
kthy_metth
kthy_aerpe
kthy syny3
kthy_mycge
kthy_mycpn
kthy urepa
kthy_ haein
kthy pasmu
kthy ecoli
kthy_yerpe
kthy_vibch
kthy bucai
kthy _chlmu

WTYEP...SN
VTREP...FS
EVREP...TD
LWKEP. . .TE
LSPEP.._TN
YTREP.GG. .
FSREP.GG. .
LTREP.GGKN
FTREP.GG. .
FTREP.GG. .
FTREP.GG. .
FTREP.GG. .
RTREP.GG. .
LVRQP.GS..
LTREP.GG. .
TTREP.GG. .
LTREP.GG. .
FTREP.GG. .
FTREP.GG. .
LTREP.GG. .
VTREP.GG. .
VTREP.GG. .
RTREP.GG. .
ATREP.GG. .
PTREP.GG. .
LYREP.GG. .
LKREP.GG. .
LTREV.GG. .
FTAEP...TD
MTKEPTDGME
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SFIQEQL. ..
SFIQEQL. ..
PLIKEKL. . .
PLIKAKL. . .
QYIYEQI. ..
DKIKKDL. . .
QMIRDNI - . .
AEIAALL . ..
.. .ESVIKPA
.. .ESVIKPA
.. .EEILK..
.. .RENILPA
.. .EDLIVPM
- - .KKVILPA
- - .KKIILPA
- - . .KLIKEE
.. .NWL. .SK
. . .SKIEGDW
- . .RLGVVER
YHPGDGVEAK
- . .SKLIKPA
.. .RQLIQPA
- - .KKTINPH
- . .ENVIKPA
.. .ENVIKPA
.. .ETVIKPA
.. .ENVIKPA
- . .ENVIKPA
- . .EKKIKPA
.. .QEKILPA

SLVGKIIREI
EDIIKLIEKI
SNIGSLIRSM
GPVGRLIRGF
GPVGRLIRQA
TLLAEKIRQL
TPLAEKIRAL
NNAAEM I REF
TPLAEKLRHL
TPLAEKLRQL
TQLAEKLRSL
TPLAEKLRDL
TLLAEKLRAL
TPIAEDIRRL
SALGEQLRDL
CSLGDSVRGL
CLIGERLRDL
TPVGEALREI
TPVGEALRE
TPLAERIREL
SPGAEAIREL
TPLGTRVREV
IPIAEQIRSI
IDIAEQIREV
VRVAEE IRQI
TKVGEVLREI
TETGEKIRKI
TTVAEKMRE I
SQYGQAVRR.
NYAGDGV. . .
WNSSEWIHDI

. .EQGITLIV
. .EQGITLIV
. -SQGVTLWV
. .NQGVTLVL
. .NKGVTCIL
. .LEGKNIVM
. .AKGIDVIC
. .KLNFIVIV
LKEK.KLI1S
LKEK.KLI1S
TNQN.KLIIS
L.QSGYAVVM
1 .GRGAWVIL
L.EKGKWIC
L.SEGKWIC
L.KK.RDVVC
I .KDADLIIL
A_ED._VWS
CGGSPEVLVV
LAQQCH.VIT
I .EKEQLVIS
L -QQKQLVIV
L.EKDHIVIS
L . MQGKWVVG
L.AQGKWVIG
L.ANGTWVIG
L.ARGSWVVG
L . ARGEWVVG
L.KNGIWVIS
L.ESGKTVIC

LSGKTEVDNK
GWNDPIL. ..
LSSPDA. .RT
LRSTEGVDS.
LQGDLFTYND

FLK. ...NLE
IKHET . . .EE
IKHET. . .EE
VLD IKSVGDE
IK. .QGIDGE
VKEEH. .PGE
IK . .KKFNDD
VLDVT...0Q.
LLDPE. . .Q.
ILEPP. . .HL
LLNPET. .KA
LLNPET. .KA
LLAPSD. .EP
LVNGAA. .D.
VLDPAV. _E.
ILDVD. . .HT
ILNEN. . .NI
ILDPK. . .NT

IKEAKKKNML

DRYAFSGVAY
DRYAFSGVAY
DRYAFSGVAF
DRYAFSGVAF
DRYAFSGIAF
DRYVYSGVAY
DRYCYSGVAY
DHY IWSGLAY
DRSLISGMAY
DRSL ISGMAY
DRSFISGMAY
DRYYFSNIAY
DRYFPSMVAY
DRYLYSSLAY
DRYFYSSLAY
DRYLYSSIAY
DRYYFSSIAY
DRCYYSSMVY
DRYKYSSLAY
TRYYFSSLAY
DRFVFSSFAY
DRFVWSSYAY
DRFVHSSY 1Y
DRHDMSSQAY
DRHDMSSQAY
DRHDLSTQAY
DRHDLSSQAY
DRHDMSSQAY
DRHDLSSLAY
DRFHDSTIVY
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PDVQRMLA . L
....DLMA.L
ARQFEAQMGY
TMEPLTEA.Y
AMEPLTEA.Y
VFDPLTLA.Y
PVTDKAEL . L
PVTDKAEL . L
VITDKAEV. L
VLTDKAEV.L
ELQDITEL.L
NLIKETEL.L
EISSYAEL.L
KISPYAEL.L
ELSRCCEL.F
GLRAET...L
GLRAET...L
.MAADTEL .L
RWSPVTES. L
. 1EPLGEF.L
RMDPRTEA. L
LMDPKTEA. L
DIDSKTEL .M
.LDERTEL.L
.VTPKAEL .F
.LLPMSEL.L
DADPIAEL .F

TSITFSLIHA

AAAK. . .GAS
ATAK. . .GAS
TGAK. .ENFS
TGAK. .ENFS
SAAK...GLD
SAAKGTNGMD
SLAK...GLP
AQA. . .DGIT

N..C.HTEAD
Q. .GLSKKIG
Q. .GLIKKVG
Q. .GIVQNQS
Q. .GGGRQLD
Q. .GGGRQLD
Q. .GGGRGID
Q. .GGGRGID
Q. .GGGRQIA
Q. .GGGLGIP
Q. .GIAGGLG

LFAADRIEHT
LFAADREIHV
LFAADRLTLR
LFAADRLWGL
LFAADRHYHL
LFAAARTEHI
LFAASRTEHV
LYASSRAEHV
MLYAARIQLV
MLYAARIQLV
MFYAARVQLV
MLYAARVQLV
LVYAARVQLV
LMYAARIQLV
LFLAARAQHI
LFLAARAQHI
LFLGSRAQHI
MMFAARMQHI
MMFAARMQHI
LMFAARAQHL
LMYAARRDHI
LYSASRAQLV
LYAAARRQHL
LYAAARRQHL
LFAAARRLHM
LFEASRSKLI
LFLASRNLLV
QAMAARYDHM
LFTADHADHL
KFTINRYAHQ
TDFSDR. . ..
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M.TLSKSYES
M.TLSKSYES
L . DWCKQPDV
L . DWCKQPDV
W . EWCKSPDR
L .DWCLQPDV
E .QWVRSSDV

.S.._LELNL
.S.._LELNL
-NDLLFALNS
-ARLIREMNE
_VDALLEAN.
.LEWLMQIN.
-LNWLIQVN.
_ENFIKSIN.
_EQWIKMVN.
.EEWVCEIN.
.LEWVDAVNR
-WEFVQRLNQ
- IDTVKQINH
.LDVVKKLNA
_LDVIYQINQ
-PHFMLTLKE
-QHLLHTLKQ
-QHMLATLRD
-SQLMASLRD
.PSTMQSLKQ
-KKI11YQLQS
_EAFVTDLCY



kthy_chltr
kthy_chlpn
kthy neima
kthy_neimb
kthy pseae
kthy_caucr
kthy deira
kthy_ bachd
kthy_bacsu
kthy lacla
kthy_aquae
kthy_ thema
kthy ricpr
kthy_ halnl
kthy theac
kth2_sulso

kthy_ vaccv
kthy varv
kthy_human
kthy_mouse
kthy_schpo
kthy_yeast
kthy caeel
kthy asfb7
kthy helpj
kthy helpy
kthy_camje
kthy_arcfu
kthy_xylfa
kthy_ pyrab
kthy_ pyrho
kthy metja
kthl_sulso
kthy metth
kthy_aerpe
kthy syny3
kthy_mycge
kthy_mycpn
kthy urepa
kthy haein
kthy_ pasmu
kthy_ecoli
kthy_yerpe
kthy vibch
kthy bucai
kthy chlmu
kthy_chltr
kthy_chlpn
kthy_neima
kthy _neimb
kthy pseae
kthy_caucr
kthy deira
kthy bachd
kthy_bacsu
kthy lacla
kthy_aquae
kthy_ thema
kthy_ricpr
kthy halnl
kthy_ theac

.. .QEKIIPA
.. .QEVIIPA
.. .EDVILPA
.. .EEVILPA
.. .AGVIRPA
- . .ERVIRPG
- . .REVLRPA
- . .VEKVLPA
- . .VEKVKPA
- . .QEKMLPA
.. .EEKI1PD
.. .TE.IKQY
- . .ARKIIPA
. . .SRVVSPA
REIDRHIK. .
. .YERYILPM
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NI
LATQSVL. .P
LATQSVL. .P
FALENFF. .P
- - . .KIAPKP
. .. .AFAPRP
... .SFAPRP
... .SFAPRP
- - . .RYALKP
- .. .SYFPKP
- .. .RFAPRP
- .. .K.APEA
....SF.PQP
HALRN . .MMP
DAVGD. . SMP
QAIGE. .LEI
TVLGN. .FEP
TILGE. .FEP
AVLGD. .FRP
TVLGE. .FRP
TALGD. .FKP
LFLNN. .FIP
RVVGDEPFLP
HVVGDKPFLP
KVVGPTPFLP
WVQGG. . LRP
WVQGG.. .LKP
FVQGD. .LRP
HVLGG. . TVP
EVTGG. .LTP
FAIEG. .RYP
FAIGD. .MMP
FATDG. .LKP
FATRG. .VKP
FATDG. .LIP
TLM. .PSLMP
GIHQPWTRPP
SVSEIIKIRP

L.KSGKTVIS
L_RDGYIVIC
L.SDGIHVVS
L.SDGIHVVS
L_.ARGAVVLC
L.ARGAVVLC
L.ERGETVLC
L.EAGHVVLC
L.EQGFIVLC
L.QAGKWVIV
L.KRDKVVIL
L_.SEGYAVLL
L.KDGYIVIC
L.DRGDVVIS
---NGEIVIC
L.KSGFWVIC

DLVIFLESGS
DLVIFLESGS
DLVLFLQLQL
DLILFLQLQL
DLVIFLNVDP
DLTLFLSTQD
DAVLFFDVSP
DYTFFLSSK.
EKITLLLINK
AKTILLLIDK
QK1 IFLKGDA
DLTILLDVEP
DVLLLLDVPP
DLAILLDLPV
DLAILLDLPV
DIVFLLIVDI
DMVILLDLPI
DVVILLDIDV
EILVYIDVPT
DWVIYLDLPV
NFTFILDCNF
DFTFIVDCDF
DYVFYFDVNV
DLTIYLDIDP
DLTLYLDIDP
DLTLYLDVTP
DLTLYLDLPP
DLTLYLDIDP
DLTI1YLDVSP
DITFLLDLPE
DITFLLDIPA
NFVLLLDIPA
DLTLLLDVPL
DLTLLLDVPL
DLTLVFDLPV
VLTLILDLPA
GLTVLLDLDP
DLTLLFRVDP
HVTVYFSIDP
DLTLYFDVDT
DITLLLDIPV
DLTFYIDVDV
DITFFIDVEP
DVTLYFDVDP
DVQIYVDVDE

DRFHDSTIVY
ERFHDSTIVY
DRFTDATFAY
DRFTDATFAY
DRFTDATYAY
DRFADSTRAY
DRYADSSLAY
DRFIDSSLAY
DRFIDSPLAY
DRFIDSSVAY
DRFVLSTIAY
DRYTDSSVAY
DRFIDSTACY
DRYSDSRYAY
DRYIRSSYAY
DRYVYTAYAR

KEINR. . .NV
KEINR. . .NV
AD . AAKRGAF
LD .AAARGEF
RI .AATRGQY
VDNNAEKSGF
.EVAAQRGGF
KPLNEKPLTL
-ENLKQRLS.
.EGLKQRLS.
_NLIQERLS.
_EIALERVR.
_AIGLQRIW.
-KESIRRTK.
-KESLRRIK.
.ETALKRVK.
_EVAISRIK.
_EVAMERC. .
.EVALRRIT.
.DLALQRLG.
-KEALQRMQ.
_ETALNRMA.
-NNALNRMK .
.SVGLARAR.
_VLGLSRAK.
.EVGLKRAR.
.AVGLARAR.
-KLGLERAR.
.EIGLARAL.
.KEGLLR. . .
-REGLLR. . .
_DIGLQR. . .
.EVSMARI . .
_EVSMARI . .
_EIGLARA. .
.EVGLQRA. .
.ALGLQRA. .
_DVGLSRIH.
.EEGLKRIY.
.DVALERIM.
_DIALRRL. .
_ETALKRK. .
-HTAIKRV. .
_DTGAAR. . .
_ETAMERIS.

Page 23/30

Q. .GIAGGLG
Q. .GIAEGLG
Q. .GGGRGMP
Q. .GGGRGMP
Q. .GGGRGLP
Q. .GAGGDAP
Q. .GAGRGLS
Q. .GYARGIG
Q. .GYARGLG
Q. .GYGRDLG
Q. .GYGKGLD
Q. .GFGRNLG
Q. .GLELENG
Q. .GATLADT
QFEGIAEFFG
DVV. . .RNVD

GEEIYEDVTF
GEE1YEDVAF
GHERYENGAF
GLERYETGTF
GEERYEKIEM
GDERYETVKF
GEERLETATI
-QRLFETKEK
LKSLDKIEN.
LKSLDKIEN.
QKELDSIEK.
KRGKL.S..P
ERGSTPN. .H
ARGNMSE. .F
LRGTLTE. .F

. .NDKFN. .F
. .GGTDE. .F
ARERREV. .F
DRQQLEDQAP
K.R.GNDNLL
K.R.GQDNLL
N.RFDNTNAF
G. .RGELDRI
G. .RGALDRI
A. .RGELDRI
A. .RGELDRI
G. .RGELDRI
K. _.RNPLDLI
KTRQKNLDRF
KARQKHLDKF
KHRQKVFDKF
.GQTREKDRF
.GQTREKDRF
.AARGRLDRF
.EARGGAARF
.ARRGQPDRL
RDQSREQNRL
ANGSREKNRL
KNRADEVNRL
- - . .KEKNRF
... .GELNRF
.NARNMSNKF
. . .SGATNKF
RRGLRN . PHF

-ESFVTNLCY
-ADFVADLCS
-SEDIEILEH
-SEDIEILEH
-EARIAALES
-ASLIAALEE
-LPLLRQITA
-FEDILAINE
- IDEVLSINE
-VEVVDWLNY
-VEFIKNLNE
-KEIVEELND
- IDLVYSLHK
-VPRAMEYVR
NSEKAWEWMD
F.DWVKRLYS
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QQKVLQEYKK
QQKVLQEYKK
QERALRCFHQ
QKQVLLCFQQ
QEKVLKNFQR
QEKVKQTFMK
QQKVAAVMPT
QETIFTNF.T
-QGIEKLLTI
-QGIEKLLHI
-RGIEYFLSV
FEKLDYLRKV
FETTENLSRC
DKLLELQRKV
DK 1VELQRKV
EK . KDFLKKV
EEKIKSLAKY
EDPL.YLAGV
.ETPEFLERV
RECYEQREKL
DEF IKGKNDF
DNTVKKQADF
DS.. . QNKQFY
EQ. .MDLDFF
EQ. .QNLDFF
EQ..ESFDFF
EQ. .ESLAFF
EK. .MDISFF
ES. .RSLFFF
EQ. .KPTSFH
EQ. .KPQIFH
EK. .KPLSYH
EQ. .EQADFF
EQ. .EQADFF
EQ. .EDRRFF
ES. .KGLAFH
EQ. .ADLTFH
DQ. .EALTFH
DL . .EKLDFH
DL . .ERAEMH
- .. .ENKEFL
- .. .EKREFL
DI..RSIDFY
ETAA....FL
ENE . QKLRSV



kth2_sulso

kthy_vaccv
kthy varv
kthy human
kthy_mouse
kthy_schpo
kthy yeast
kthy caeel
kthy_ asfb7
kthy helpj
kthy_ helpy
kthy camje
kthy _arcfu
kthy xylfa
kthy_ pyrab
kthy pyrho
kthy metja
kthl_sulso
kthy_metth
kthy_aerpe
kthy_ syny3
kthy_mycge
kthy_mycpn
kthy urepa
kthy_ haein
kthy pasmu
kthy ecoli
kthy_yerpe
kthy_vibch
kthy bucai
kthy_chlmu
kthy_chltr
kthy chlpn
kthy neima
kthy_neimb
kthy pseae
kthy_caucr
kthy deira
kthy_bachd
kthy_ bacsu
kthy lacla
kthy_aquae
kthy_ thema
kthy ricpr
kthy halnl
kthy theac
kth2_sulso

kthy_ vaccv
kthy varv
kthy_human
kthy_mouse
kthy_schpo
kthy_ yeast
kthy caeel
kthy_asfb7
kthy helpj
kthy_helpy
kthy_ camje
kthy_arcfu

FAL..... KP NFTFYIRVTP .EIALERIR. KAKRKIKPQ.
201

MIEEG....D IHWQII...S SEFEEDVKKE LIKNIVIEAI
MIEEG...ED IHWQII...S SEFEEDVKKE LIKNIVIEAI
LM.K...DTT LNWKMVDASK RL..EAVHE. ELRVLSEDAI
LM.E...EKN LNWKVVDASK RTPSETLHRG HWGSYGNKSA
LQ.KEFREEG LEFITLDASS SL..EDVHSQ IVDLVSNVNI
LLDKEIRKGD ESITIVDVTN K.GIQEVEAL IWQIV.EPVL
Leen-. RDD AYWKTVNADG DL..DSVEKN VFRIYENLDR
LIMNDVPKNR LCIIPATLNK ENIHTMILTK TIKVFDNNSC
- .QQKLKTHA .YALQ..... EKFGCEVLEL DA.QKSAKNL
- -QQKLKTHA .YALQ..... EKFGCEVLEL DA.KESVKNL
. .QDKLEKVL .HFLK..... EKISVEILTL DA.KESKEKL
..RKCF...L .ENAD..... E..TT..VVV DASK.PLEEV
..RDIF...L .ALEL..... P..SK..RVI DATA.NAETV
-.RMNY...L .KLAE..... M. .FKEMRIV NAMA.SVEEV
-.RHNY...L .KLAE..... M. .FPEMRIV NALS.SIEDI
-.QDKY...L .ELAE..... E..YNFIVID TTKK.SVEEV
-.REKY...L .KLAK..... E..YNFY.VV DASK.DKNEV
..RERY...L .ELAD..... K..NGFYTV. NAER.GVNLI
. .KSMYEEVL .RLAR..... ARGVKVIRVE GVRG.GVERG
.. ISVHRNYD .RIFA..... HYQGQLCRL. DASL.PVEQL
..DTVRSYYL .SLV...... ... .DKKNCF LINGDNKQEH
. .NTMRQYYH .SLV...... -...DNKRVF LLDGQNQTGC
- .EKLLKQYP .SVFK..... VYNQPKKIIF IDANKNENEV
. .HRTRARYL .ELVK..... D.NP.KAWI NAE.QSIELV
. .HRTRQRYQ .ELVR..... H.NP.KAVTI DAS.QTMSKV
- .NRTRARYL .ELAA..... Q-DK.SIHTI DAT.QPLEAV
. .ERTRARYL .ELAA..... S.DA.SIKTI DAS.QPIEQV
. .ERARERYL .ELAN..... S.DD.SVVMI DAA.QSIEQV
- .KKTRRCYL .EKSK..... L.DK.KTIIT NAN_LNIKKV
. .RAAREGFI .SLAE..... R.SPDRYKIL DAL.LPTEVS
. .RSVREGFL .ALAE..... K.APDRYKVL DAL .LPTEAS
. .NRIREGFL .SLAS..... A.DPSRYLVL DAR.ESLASL
- .MRVRSVYL .NRAA..... A.CPERYAVI DSN.LGLDEV
. .MRVRGVYL .DRAA..... A.CPERYAVI DSN.RNLDEV
. .EAVRQTYL .QRAA..... Q-APERYQVL DAG.LPLAEV
. .ERLRAGYL .EIAR..... R.EPDRCVVI DAD.AELDAV
- .RRVRQGFL .DLAH..... A.EPQRFLVL DAT.RPEDEL
. .QKVKEGYE .RIVE..... T.YPERVVEI DAN.QSFDQV
. .TKVQEGYQ .ELMK..... R.FPERFHSV DAG.QSKDLV
- .RKVREGYL .EIVV..... K.EPERFVKI DAS.QPLEKV
. .EKVRKGFL .ELAK..... E.E.ENVWI DAS.GEEEEV
. .ERVREGYL .VLAR..... E.HPERIVVL DGK.RSIEEI
- .KKIYTCFK .ELSN..... R.FPERIKTI KASHLSPLEV
. .ADVRANYE .QLI...... DYTPERFVRI DAT.QSPEAV
- .RQIYKGFQ WDLIV..... DGGRDKEAI I SETFEKI IAR
PLEEGFLKYQ SRIVEIYDKI AKEESNFITI DGN.RPLKDV
251 285
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LWM

LWK

FWFCKRLVEG SHLYTISRS~

FF

YLNVQDLNLF DFDWQKCIED NNDKEEYDDD DGFI I

wW
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FLNLKKNSN~
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EAGIDILGEI

250
HT .VTGPVGQ
HT .VTGPVGQ
RTATEKPLGE
SIANT... .1
HETLDVL~~~
STHIDHDKFS
EKPFESLEKI
LNY IKMYDDK
HEKIATFIEC
HEKIAAFIKC
HQQIKEFLQ~
KEEVRKVIES
LSAALALVME
HEDIVALV.K
HSDIVALV.K
HNETIGYL.K
LEQAIKIIQK
QRDIRRILAP
IEDVQGE IAE
HQAT I TKVEE
LEKFIELLTR
LEQFIEQLSQ
LCEVKEQLLK
QADIESAVKN
AEDVESAIET
MDAIRTTVTH
SASISQALAQ
TADIRRALQD
TQNITKKMLN
VDQALLQIRA
VDQALLQIRA
I1DKVMLHTQL
RNSIEKVLDR
RNSIEKVLDG
QAGLDRLLPN
TAAISDVVVQ
EAE IWAAVSE
VADAVRMIKQ
VQDVLKVIDE
VADTLSVLKK
FKEILRALSG
HRDVVREVKR
HEL1QKHL~~
1 ADAEAALAD
LRQEKT~~~~
QIDIRKILGE



kthy_xylfa
kthy_ pyrab
kthy pyrho
kthy metja
kthl_sulso
kthy metth
kthy_aerpe
kthy_syny3
kthy_mycge
kthy_mycpn
kthy urepa
kthy haein
kthy_ pasmu
kthy_ecoli
kthy_yerpe
kthy_vibch
kthy bucai
kthy chlmu
kthy_chltr
kthy_chlpn
kthy_neima
kthy_neimb
kthy pseae
kthy_caucr
kthy deira
kthy_ bachd
kthy_bacsu
kthy lacla
kthy_aquae
kthy_ thema
kthy_ricpr
kthy halnl
kthy_ theac
kth2_sulso

VLRVRLGALG
- - -HELLGL~
- - -HELLGL~

NLF

AVVLRRLAG~

HFGICSGGIM
RVFEALGLAR
ML

CLQQPTHY~~
CLTQPTLS~~
IFKEHKY I~~
WWKSNEK~~~
WLTTR

WVKELDA~~~
WLTNQEPV~~
WLSQVNRV~~
WLNKQV 1~~~
L1

LI
GLCT

HFGC

HFGC

LLERLNG
RLGL

RLSL

ALKKI1QL~~~
RFVSEF~~~~
VLRV

RWKLDV

ALPDDAWA~~

YIDNSL
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Appendix 4. Blocks from Block-Maker

Your blocks are being made, please wait ...

Check for Warnings before re-submitting
Block Maker Results

Introduction

Warnings

Block Maps [ About Block Maps]

BLOCKS from MOTIF

COBBLER sequence from MOTIF [ About COBBLER]
BLOCKS from GIBBS

COBBLER sequence from GIBBS [ About COBBLER]
Blocks Formatted for Searching Programs

BLIMPS Searchable BLOCKS from MOTIF [ About BLIMPS] [Download BLIMPS]
BLIMPS Searchable BLOCKS from GIBBS

MAST Searchable PSSMS from MOTIF [ About MAST]
MAST Searchable PSSMS from GIBBS

BLOCKS from MOTIFLogos: [Postscript][PDF]J[GIF] [About Logos] [Map]Tree:
[Data] [XBitmap] [Postscript] [PDF][GIF][Newick] [About Trees]Search: [LAMA]
[About LAMA] [MAST] [About MAST]Primers:[CODEHOP] [About
CODEHOP]Substitutions:[SIFT] [About SIFT on Blocks]

**BLOCKS from MOTIF**

>unknown Q9UXG7 Probable thymidylate kinase 1 (EC 2.7.4.9) ... family
40 sequences are included in 4 blocks

unknownA, width = 14unknownB, width = 7

KTH1_SULSO 4 LIAIEGIDGSCGKTT ( 19) 37 TREPFSE
KTHY_AERPE 3 IVALEGIDGSGVST ( 22) 39 TEGPVGR
KTHY_AQUAE 2 LIAFEGIDGSGKTT ( 18) 34 YREPGGT
KTHY_ARCFU 2 LIAVEGIDGAGKTT ( 18) 34 LKEPGDS
KTHY_ASFB7 5 LITIEGINGVGKST ( 24) 43 DTTTGGL
KTHY_BACHD 6 FITVEGGEGAGKTS ( 18) 38 TREPGGI
KTHY_BACSU 5 FITFEGPEGAGKTT ( 18) 37 TREPGGI
KTHY_BUCAI 6 FIVIEGLEGAGKTN ( 19) 39 VRQPGST
KTHY_CAMJE 2 YVVFEGIDCVGKST ( 14) 30 TLEPGGT
KTHY_CAUCR 6 FISFEGGEGAGKST ( 18) 38 TREPGGS
KTHY_CHLMU 2 FIVVEGGEGAGKTQ ( 18) 34 TREPGGS
KTHY_CHLPN 2 FIVIEGGEGSGKSS ( 18) 34 TREPGGC
KTHY_CHLTR 2 FIVVEGGEGAGKTQ ( 18) 34 TREPGGC
KTHY_DEIRA 6 FITLEGPEGAGKTT ( 18) 38 TREPGGT
KTHY_ECOLI 5 YIVIEGLEGAGKTT ( 19) 38 TREPGGT
KTHY_HAEIN 5 FIVIEGLEGAGKSS ( 19) 38 TREPGGT
KTHY_HALN1 2 LVTLEGLDGSGKTT ( 15) 31 TAEPTDS
KTHY_HELPJ 2 YVVLEGVDGAGKST ( 14) 30 TKEPGGT
KTHY_HELPY 2 YVVLEGVDGAGKST ( 14) 30 TKEPGGT
KTHY_LACLA 5 LISLEGPDGAGKTT ( 18) 37 TREPGGV
KTHY_METJA 6 FIVFEGIDGSCGKTT ( 13) 33 TYEPSNS
KTHY_METTH 2 YICFEGIDGSGKTT ( 18) 34 VREPTDS
KTHY_MOUSE 8 LIVLEGVDRAGKTT ( 24) 46 STEIGKL
KTHY_MYCGE 6 FVVIEGVDGAGKTA ( 20) 40 TREPGGT
KTHY_MYCPN 6 FVAIEGVDGAGKTV ( 20) 40 SREPGGT
KTHY_NEIMA 5 FITLDGIDGAGKST ( 18) 37 TREPGGT
KTHY_NEIMB 5 FITLDGIDGAGKST ( 18) 37 TREPGGT
KTHY_PASMU 6 FIVLEGIEGAGKTT ( 19) 39 TREPGGT
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KTHY_PSEAE 5 FVTLEGPEGAGKST ( 18) 37 TREPGGT
KTHY_PYRAB 5 FVVLEGIDGSGKTT ( 18) 37 TKEPTDT
KTHY_PYRHO 5 FIVLEGIDGSGKTT ( 18) 37 TKEPTDS
KTHY_RICPR 9 FITFEGVDGIGKST ( 18) 41 TREVGGT
KTHY_SYNY3 5 FIVLEGIDGSGKTT ( 22) 41 TNGPVGR
KTHY_THEAC 2 FIAIEGIDGAGKTT ( 18) 34 TKEPTDG
KTHY_THEMA 2 FITFEGIDGSGKST ( 18) 34 KREPGGT
KTHY_UREPA 18 FIVFEGIDGAGKTS ( 20) 52 TREPGGK
KTHY_VIBCH 5 FIVIEGLEGAGKST ( 19) 38 TREPGGT
KTHY_XYLFA 2 LVAIEGIDGAGKTT ( 22) 38 TNGPWGM
KTHY_YEAST 7 LILIEGLDRTGKTT ( 21) 42 STRIGGL
KTHY_YERPE 5 FIVIEGLEGAGKTT ( 19) 38 TREPGGT

unknownC, width = 15 unknownD, width = 17
KTH1_SULSO ( 40) 84 I11LDRYYFSSIAYQG ( 18) 117
KTHY_AERPE ( 43) 89 LVVDRYKYSSLAYQG ( 17) 121
KTHY_AQUAE ( 45) 86 VILDRFVLSTIAYQG ( 22) 123
KTHY_ARCFU ( 43) 84 VVMDRYYFSNIAYQS ( 19) 118
KTHY_ASFB7 ( 40) 90 VIVDHYIWSGLAYAQ ( 13) 118
KTHY_BACHD ( 48) 93 VLCDRFIDSSLAYQG ( 22) 130
KTHY_BACSU ( 48) 92 VLCDRFIDSPLAYQG ( 22) 129
KTHY_BUCAI ( 49) 95 VISDRHDLSSLAYQG ( 22) 132
KTHY_CAMJE ( 45) 82 1ISDRSFISGMAYAK ( 19) 116
KTHY_CAUCR ( 48) 93 VLCDRFADSTRAYQG ( 22) 130
KTHY_CHLMU ( 47) 88 VICDRFHDSTIVYQG ( 24) 127
KTHY_CHLPN ( 48) 89 VICERFHDSTIVYQG ( 24) 128
KTHY_CHLTR ( 47) 88 VISDRFHDSTIVYQG ( 24) 127
KTHY_DEIRA ( 47) 92 VLCDRYADSSLAYQG ( 22) 129
KTHY_ECOLI ( 51) 96 VIGDRHDLSTQAYQG ( 22) 133
KTHY_HAEIN ( 48) 93 VVGDRHDMSSQAYQG ( 22) 130
KTHY_HALN1 ( 45) 83 VISDRYSDSRYAYQG ( 24) 122
KTHY_HELPJ ( 45) 82 I11SDRSLISGMAYSQ ( 15) 112
KTHY_HELPY ( 45) 82 1ISDRSLISGMAYSQ ( 15) 112
KTHY_LACLA ( 48) 92 VIVDRFIDSSVAYQG ( 22) 129
KTHY_METJA ( 44) 84 VVCDRYLYSSIAYQS ( 18) 117
KTHY_METTH ( 47) 88 VVSDRCYYSSMVYQG ( 14) 117
KTHY_MOUSE ( 40) 93 LVLDRYAFSGVAFTG ( 19) 127
KTHY_MYCGE ( 45) 92 VISDRFVFSSFAYQG ( 22) 129
KTHY_MYCPN ( 45) 92 VIVDRFVWSSYAYQG ( 22) 129
KTHY_NEIMA ( 47) 91 VVSDRFTDATFAYQG ( 22) 128
KTHY_NEIMB ( 47) 91 VVSDRFTDATFAYQG ( 22) 128
KTHY_PASMU ( 48) 94 VIGDRHDMSSQAYQG ( 22) 131
KTHY_PSEAE ( 48) 92 VLCDRFTDATYAYQG ( 22) 129
KTHY_PYRAB ( 51) 95 VICDRYLYSSLAYQW ( 18) 128
KTHY_PYRHO ( 51) 95 VICDRYFYSSLAYQW ( 18) 128
KTHY_RICPR ( 45) 93 VICDRFIDSTACYQG ( 22) 130
KTHY_SYNY3 ( 51) 99 VITTRYYFSSLAYNC ( 18) 132
KTHY_THEAC ( 35) 76 VICDRYIRSSYAYQF ( 27) 118
KTHY_THEMA ( 44) 85 VLLDRYTDSSVAYQG ( 22) 122
KTHY_UREPA ( 49) 108 VISDRFVHSSYIYQG ( 22) 145
KTHY_VIBCH ( 49) 94 VVGDRHDMSSQAYQG ( 22) 131
KTHY_XYLFA ( 41) 86 VILDRYFPSMVAYQG ( 18) 119
KTHY_YEAST ( 41) 90 IVMDRYVYSGVAYSA ( 21) 126
KTHY_YERPE ( 49) 94 VVGDRHDLSSQAYQG ( 22) 131

[return to top]

PDMVILLDLPIEVAISR
AEILVYIDVPTEVALRR
PDITLLLDIPVDIALRR
PDLTILLDVEPEIALER
PDYTFFLSSKKPLNEKP
PDLTLLFRVDPDVGLSR
PHVTVYFSIDPEEGLKR
PDLTIYLDVSPEIGLAR
PQK T IFLKGDANLIQER
PVLTLILDLPAEVGLQR
PDITFLLDLPEKEGLLR
PNFVLLLDIPADIGLQR
PDITFLLDIPAREGLLR
PGLTVLLDLDPALGLQR
PDLTLYLDVTPEVGLKR
PDLTIYLDIDPSVGLAR
PDVTLYFDVDPDTGAAR
PEKTILLLINKENLKQR
PAKTILLLIDKEGLKQR
PDLTLYFDVDTDVALER
PDIVFLLIVDIETALKR
PDVVILLDIDVEVAMER
PDLILFLQLQLLDAAAR
PNFTFILDCNFKEALQR
PDFTFIVDCDFETALNR
PDLTLLLDVPLEVSMAR
PDLTLLLDVPLEVSMAR
PDLTLYLDIDPVLGLSR
PDLTLVFDLPVEIGLAR
PDLAILLDLPVKESIRR
PDLAILLDLPVKESLRR
PDITFFIDVEPHTAIKR
PDWVIYLDLPVDLALQR
PDVQ1YVDVDEETAMER
PDLTFYIDVDVETALKR
IDYVFYFDVNVNNALNR
PDLTLYLDIDPKLGLER
PDVLLLLDVPPAIGLQR
PDLTLFLSTQDVDNNAE
PDLTLYLDLPPAVGLAR

COBBLER sequence from MOTIF>unknown KTHY_ECOLI from 1 to 213 with embedded

consensus blocks

mrskFIVIEGIDGAGKTTarnvvvetleqlgirdmvfTREPGGTqlaeklrslvidiksvgdevitdkaevimfyaarv

q
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lvetvikpalangtwVICDRYYYSSLAYQGggrgidghmlatlrdavligdfrPDLTIYLDVDPEVALQRarargeldri
e
gesfdffnrtrarylelaaqdksihtidatgpleavmdairttvthwvkelda

[Blast Search] of COBBLER sequence vs non-redundant protein database using
default parameters

[GAP-Blast Search] of COBBLER sequence vs non-redundant protein database using
default parameters

[[PSI-Blast Search] of COBBLER sequence vs non-redundant protein database using
default parameters
Structures found by BLAST:
[return to top]

[3D Blocks] [About 3D Blocks]

BLOCKS from GIBBSLogos: [Postscript][PDF][GIF] [About Logos] [Map]Tree:
[Data] [XBitmap] [Postscript] [PDF][GIF][Newick] [About Trees]Search: [LAMA]
[About LAMA] [MAST] [About MAST]Primers:[CODEHOP] [About
CODEHOP]Substitutions:[SIFT] [About SIFT on Blocks]

**BLOCKS from GIBBS**

>unknown Q9UXG7 Probable thymidylate kinase 1 (EC 2.7.4.9) ... family
44 sequences are included in 4 blocks

unknownA, width = 14unknownB, width = 14

KTH1_SULSO 4 LIAIEGIDGSCGKTT ( 19) 37 TREPFSEDIIKLIE
KTHY_AERPE 3 IVALEGIDGSGVST ( 18) 35 WKEPTEGPVGRLIR
KTHY_AQUAE 2 LIAFEGIDGSGKTT ( 18) 34 YREPGGTKVGEVLR
KTHY_ARCFU 2 LIAVEGIDGAGKTT ( 18) 34 LKEPGDSKFGKKIK
KTHY_BACHD 6 FITVEGGEGAGKTS ( 18) 38 TREPGGIPIAEQIR
KTHY_BACSU 5 FITFEGPEGAGKTT ( 18) 37 TREPGGIDIAEQIR
KTHY_BUCAI 6 FIVIEGLEGAGKTN ( 19) 39 VRQPGSTPIAEDIR
KTHY_CAEEL 10 LIVFEGLDRSGKST ( 27) 51 QAFPDRSSSIGKLI
KTHY_CAMJE 2 YVVFEGIDCVGKST ( 14) 30 TLEPGGTELGKHLR
KTHY_CAUCR 6 FISFEGGEGAGKST ( 18) 38 TREPGGSPGAEAIR
KTHY_CHLMU 2 FIVVEGGEGAGKTQ ( 18) 34 TREPGGSALGEQLR
KTHY_CHLPN 2 FIVIEGGEGSGKSS ( 18) 34 TREPGGCLIGERLR
KTHY_CHLTR 2 FIVVEGGEGAGKTQ ( 18) 34 TREPGGCSLGDSVR
KTHY_DEIRA 6 FITLEGPEGAGKTT ( 18) 38 TREPGGTPLGTRVR
KTHY_ECOLI 5 YIVIEGLEGAGKTT ( 19) 38 TREPGGTQLAEKLR
KTHY_HAEIN 5 FIVIEGLEGAGKSS ( 19) 38 TREPGGTPLAEKLR
KTHY_HALN1 2 LVTLEGLDGSGKTT ( 15) 31 TAEPTDSQYGQAVR
KTHY_HELPJ 2 YVVLEGVDGAGKST ( 14) 30 TKEPGGTRMGESLR
KTHY_HELPY 2 YVVLEGVDGAGKST ( 14) 30 TKEPGGTRMGESLR
KTHY_HUMAN 8 LIVLEGVDRAGKST ( 18) 40 LRFPERSTEIGKLL
KTHY_LACLA 5 LISLEGPDGAGKTT ( 18) 37 TREPGGVRVAEEIR
KTHY_METJA 6 FIVFEGIDGSGKTT ( 13) 33 TYEPSNSLVCGKIIR
KTHY_METTH 2 YICFEGIDGSGKTT ( 18) 34 VREPTDSNIGSLIR
KTHY_MOUSE 8 LIVLEGVDRAGKTT ( 18) 40 LRFPERSTEIGKLL
KTHY_MYCGE 6 FVVIEGVDGAGKTA ( 20) 40 TREPGGTLLAEKIR
KTHY_MYCPN 6 FVAIEGVDGAGKTV ( 20) 40 SREPGGTPLAEKIR
KTHY_NEIMA 5 FITLDGIDGAGKST ( 18) 37 TREPGGTPVGEALR
KTHY_NEIMB 5 FITLDGIDGAGKST ( 18) 37 TREPGGTPVGEALR
KTHY_PASMU 6 FIVLEGIEGAGKTT ( 19) 39 TREPGGTPLAEKLR
KTHY_PSEAE 5 FVTLEGPEGAGKST ( 18) 37 TREPGGTPLAERIR
KTHY_PYRAB 5 FVVLEGIDGSGKTT ( 18) 37 TKEPTDTEFGRLIR
KTHY_PYRHO 5 FIVLEGIDGSGKTT ( 18) 37 TKEPTDSELGKLIR
KTHY_RICPR 9 FITFEGVDGIGKST ( 18) 41 TREVGGTTVAEKMR
KTHY_SCHPO 9 LIVIEGLDRSGKST ( 18) 41 FKFPDRTTAIGKKI
KTHY_SYNY3 5 FIVLEGIDGSGKTT ( 18) 37 SPEPTNGPVGRLIR
KTHY_THEAC 2 FIAIEGIDGAGKTT ( 18) 34 TKEPTDGMENYAGD
KTHY_THEMA 2 FITFEGIDGSGKST ( 18) 34 KREPGGTETGEKIR
KTHY_UREPA 18 FIVFEGIDGAGKTS ( 20) 52 TREPGGKNNNAAEM
KTHY_VACCV 6 LIVFEGLDKSGKTT ( 34) 54 TRKKTYNDHIVNLL

Page 28/30



KTHY_VARV
KTHY_VIBCH
KTHY_XYLFA
KTHY_YEAST
KTHY_YERPE

6 LIVFEGLDKSGKTT
5 FIVIEGLEGAGKST
2 LVAIEGIDGAGKTT
7 LILIEGLDRTGKTT
5 FIVIEGLEGAGKTT

34)
19)
18)
15)
19)

AN

54 TRKKTYNDHIVNLL
38 TREPGGTLLAEKLR
34 SKEPTNGPWGMLLR
36 LKFPERSTRIGGLI
38 TREPGGTPLAEKLR

unknownC, width = 25

KTH1_SULSO
KTHY_AERPE
KTHY_AQUAE
KTHY_ARCFU
KTHY_BACHD
KTHY_BACSU
KTHY_BUCAI
KTHY_CAEEL
KTHY_CAMJE
KTHY_CAUCR
KTHY_CHLMU
KTHY_CHLPN
KTHY_CHLTR
KTHY_DEIRA
KTHY_ECOLI
KTHY_HAEIN
KTHY_HALN1
KTHY_HELPJ
KTHY_HELPY
KTHY_HUMAN
KTHY_LACLA
KTHY_METJA
KTHY_METTH
KTHY_MOUSE
KTHY_MYCGE
KTHY_MYCPN
KTHY_NEIMA
KTHY_NEIMB
KTHY_PASMU
KTHY_PSEAE
KTHY_PYRAB
KTHY_PYRHO
KTHY_RICPR
KTHY_SCHPO
KTHY_SYNY3
KTHY_THEAC
KTHY_THEMA
KTHY_UREPA
KTHY_VACCV
KTHY VARV
KTHY_VIBCH
KTHY_XYLFA
KTHY_YEAST
KTHY_YERPE

ANAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAD

unknownD,

KTH1_SULSO
KTHY_AERPE
KTHY_AQUAE
KTHY_ARCFU
KTHY_BACHD
KTHY_BACSU
KTHY_BUCAI
KTHY_CAEEL
KTHY_CAMJE
KTHY_CAUCR

AAAAAAAAAAAAAA

23) 74
30) 79
28) 76
26) 74
31) 83
31) 82
32) 85
29) 94
28) 72
31) 83
30) 78
31) 79
30) 78
30) 82
34) 86
31) 83
28) 73
28) 72
28) 72
29) 83
31) 82
27) 74
30) 78
29) 83
28) 82
28) 82
30) 81
30) 81
31) 84
31) 82
34) 85
34) 85
28) 83
29) 84
38) 89
18) 66
27) 75
32) 98
11) 79
11) 79
32) 84
28) 76
30) 80
32) 84
width = 18
18) 117
17) 121
22) 123
19) 118
22) 130
22) 129
22) 132
18) 137
19) 116
22) 130

WLSK IKDADL I ILDRYYFSSIAYQG
VERCGGSPEVLVVDRYKYSSLAYQG
1 1PDLKRDKVV I LDRFVLSTIAYQG
ILPALQSGYAVVMDRYYFSNIAYQS
VLPALEAGHVVLCDRF IDSSLAYQG
VKPALEQGF IVLCDRF IDSPLAYQG
IKPALKNG IWV I SDRHDLSSLAYQG
IRDNIAKG IDVICDRYCYSGVAYSL
EILKTNQNKL I ISDRSFISGMAYAK
IRPGLARGAVVLCDRFADSTRAYQG
ILPALESGKTV ICDRFHDSTIVYQG
1 1PALRDGY IVICERFHDSTIVYQG
1 IPALKSGKTV ISDRFHDSTIVYQG
LRPALERGETVLCDRYADSSLAYQG
IKPALANGTWV I GDRHDLSTQAYQG
1 KPALMQGKWVVGDRHDMSSQAYQG
VSPALDRGDVV I SDRYSDSRYAYQG
IKPALKEKKL I I SDRSL 1 SGMAYSQ
IKPALKEKKL I I SDRSL 1 SGMAYSQ
IKEKLSQGVTLVVDRYAFSGVAFTG
MLPALQAGKVV IVDRF I1DSSVAYQG
LIKEELKKRDVVCDRYLYSSIAYQS
K 1EGDWAEDVVVSDRCYYSSMVYQG
IKAKLNQGVTLVLDRYAFSGVAFTG
IKPAIEKEQLV I SDRFVFSSFAYQG
1QPALQQKQLV IVDRFVWSSYAYQG
I LPALSDG IHVVSDRFTDATFAYQG
ILPALSDG IHVVSDRFTDATFAYQG
IKPALAQGKWV I GDRHDMSSQAYQG
IRPALARGAVVLCDRFTDATYAYQG
I LPALEKGKVV ICDRYLYSSLAYQW
ILPALSEGKVV ICDRYFYSSLAYQW
1 IPALKDGY IVICDRFIDSTACYQG
1'YEQINKGVTCILDRYAFSG IAFSA
VEAKLAQQCHV I TTRYYFSSLAYNC
IDRHIKNGE IV ICDRY IRSSYAYQF
IKQYLSEGYAVLLDRYTDSSVAYQG
INPHLEKDH IV I SDRFVHSSY 1YQG
1QEQLEQG I TL IVDRYAFSGVAYAA
1QEQLEQG I TL1VDRYAFSGVAYAT
I KPALARGEWVVGDRHDMSSQAYQG
1VPMIGRGAVV I LDRYFPSMVAYQG
IKKDLLEGKN I'VMDRYVYSGVAYSA
I KPALARGSWVVGDRHDLSSQAYQG

PDMVILLDLPIEVAISRI
AEILVYIDVPTEVALRRI
PDITLLLDIPVDIALRRL
PDLTILLDVEPEIALERV
PDLTLLFRVDPDVGLSRI
PHVTVYFSI1DPEEGLKRI
PDLTIYLDVSPEIGLARA
PDAVLFFDVSPEVAAQRG
PQKTIFLKGDANL IQERL
PVLTLILDLPAEVGLQRA
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KTHY _CHLMU ( 24) 127 PDITFLLDLPEKEGLLRK
KTHY _CHLPN ( 24) 128 PNFVLLLDIPADIGLQRK
KTHY_CHLTR ( 24) 127 PDITFLLDIPAREGLLRK
KTHY DEIRA ( 22) 129 PGLTVLLDLDPALGLQRA
KTHY_ECOLI ( 22) 133 PDLTLYLDVTPEVGLKRA
KTHY_HAEIN ( 22) 130 PDLTIYLDIDPSVGLARA
KTHY _HALN1 ( 24) 122 PDVTLYFDVDPDTGAARS
KTHY_HELPJ ( 15) 112 PEKIILLLINKENLKQRL
KTHY_HELPY ( 15) 112 PAKIILLLIDKEGLKQRL
KTHY_HUMAN ( 19) 127 PDLVLFLQLQLADAAKRG
KTHY_LACLA ( 22) 129 PDLTLYFDVDTDVALERI
KTHY_METJA ( 18) 117 PDIVFLLIVDIETALKRV
KTHY_METTH ( 14) 117 PDVVILLDIDVEVAMERC
KTHY_MOUSE ( 19) 127 PDLILFLQLQLLDAAARG
KTHY_MYCGE ( 22) 129 PNFTFILDCNFKEALQRM
KTHY_MYCPN ( 22) 129 PDFTFIVDCDFETALNRM
KTHY_NEIMA ( 22) 128 PDLTLLLDVPLEVSMARI
KTHY_NEIMB ( 22) 128 PDLTLLLDVPLEVSMARI
KTHY_PASMU ( 22) 131 PDLTLYLDIDPVLGLSRA
KTHY_PSEAE ( 22) 129 PDLTLVFDLPVEIGLARA
KTHY_PYRAB ( 18) 128 PDLAILLDLPVKESIRRT
KTHY_PYRHO ( 18) 128 PDLAILLDLPVKESLRRI
KTHY _RICPR ( 22) 130 PDITFFIDVEPHTAIKRV
KTHY_SCHPO ( 18) 127 PDLVIFLNVDPRIAATRG
KTHY_SYNY3 ( 18) 132 PDWVIYLDLPVDLALQRL
KTHY_THEAC ( 27) 118 PDVQIYVDVDEETAMERI
KTHY_THEMA ( 22) 122 PDLTFYIDVDVETALKRK
KTHY_UREPA ( 22) 145 IDYVFYFDVNVNNALNRM
KTHY_VACCV ( 18) 122 PDLVIFLESGSKEINRNV

KTHY_VARV ( 18) 122 PDLVIFLESGSKEINRNV
KTHY_VIBCH ( 22) 131 PDLTLYLDIDPKLGLERA
KTHY_XYLFA ( 18) 119 PDVLLLLDVPPAIGLQRI
KTHY_YEAST ( 21) 126 PDLTLFLSTQDVDNNAEK
KTHY_YERPE ( 22) 131 PDLTLYLDLPPAVGLARA
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COBBLER sequence from GIBBS>unknown KTHY_PASMU from 1 to 209 with embedded
consensus blocks
mttgkFIVIEGIDGAGKTTardsivralhahgihdivfTREPGGTPVGEKLRgl ikheteepvtdkael Imlyaariqgl
\%

envIKPALKQGKVVICDRYYYSSIAYQGggrqldghl IThtlkgtilgefePDLTIFLDVDPEVALQRVkgrgaldrieq

q
nldffhrtrqrygelvrhnpkavtidasqtmskvaedvesaietwlttr

[Blast Search] of COBBLER sequence vs non-redundant protein database using
default parameters

[GAP-Blast Search] of COBBLER sequence vs non-redundant protein database using
default parameters

[[PSI1-Blast Search] of COBBLER sequence vs non-redundant protein database using
default parameters

Structures found by BLAST: [3D Blocks] [About 3D Blocks]
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