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Introduction:
There are many problem a researcher faces when trying to create a family of related

proteins based on sequence analysis.  The largest barrier is high sequence diversity compounded

with the number of organisms that the data set is being chosen from.  Often times, a researcher

can group proteins based on conserved function between organisms that are far removed on an

evolutionary ladder, but this requires experimental evidence to support the grouping and does not

exhaust all the possible members of a family.  For these reasons, searching the compendium of

bioinformatics data available online opens new avenues of identification.  Unfortunately, this

identification is compounded by the same factors that made grouping difficult, and often the

research only has a small number of highly divergent sequences to start with.  Using search

algorithms that utilize position specific probability modeling of amino acids for global sequences

or for conserved motifs as a basis for searching can aid this search.  These techniques may aid in

the identification of sequences that may not be completely homologous, but are still related to the

query proteins.  For this project the questions that I am interested in answering are:

• How is the identification of sequence members affected by the sequence content

using different position specific frequency scoring matrix?

• What program works best with large and/or small numbers of sequences?

• Can sequences that may represent new members of a protein family be identified

with this method?

I propose to test the methods for their ability to identify sequence members from protein

databases using three different sets of sequences groups that vary in their composition with

respect to one another.  I will test two algorithms, the Multiple Em for Motif Elicitation

(MEME)1,2 program, and the eMATRIX maker program3,4.  The MEME software prepares a set

of matrixes of conserved regions in the set of sequences, and can be queried against multiple

databases using Multiple Alignment and Search Tool (MAST).  The position scoring matrix

created in eMATRIX will be used to query the Swiss-Prot database using eMATRIX search.

The original plan had called for the use of BLOCKS maker5,6to create an independent

identification of conserved motifs, but this software did not provide the necessary output search

function necessary for a direct comparison with the other programs.  For these searches, three

sequence groups have been compiled.  Two were identified from the InterPro7 database of

sequence patterns, and the third is an experimental set of sequences that have been grouped



based on functional conservation between organisms experimentally.  These three groups differ

in sequence number, conserved identity between members, and function of sequence members.

Methods
Sequence Query Compilation:

The two sequence groups derived from the InterPro database were created from two

different patterns in that database, the Auto-inducer Binding domain8 and the TGF-beta receptor,

type I/II extracellular region8,9.  The last group is formed from homologoues of the RNA

polymerase I transcription factor, RRN310.  These sequences were identified experimentally, and

using different PSI-BLAST queries of each sequence identified.

The TGF-beta group comprised 187 protein members, or which 20 were selected for this

analysis.  The top and bottom 10 sequences of the family that were unique were selected.  The

top 10 were considered the “higher identity” group and the bottom 10 were considered the

“lower identity” group.  This was determine from pairwise alignment of 2 sequences from each

group either within the group, or outside the group.  There was a higher match within the group,

rather than outside the group, so this sufficed for the determination.  A more thorough test of the

overall identity may have been useful, but for the further analysis it was not too important.  The

list was later modified to remove extremely divergent sequences of significantly larger size

which prevented alignment of the total group to each other.  These sequences were replaced by

other unique sequences from the family.  The list of sequences used for this group and all others

is included in Appendix A at the end of this paper.  The composition of this group is determined

by its similarity to the TGF-beta external domain, and is spread across eukaryotic and

prokaryotic sequences.  This is a membrane bound protein that is used to transducer growth

signals, and transport the molecule into the cell.

The Auto-inducer sequence group comprised 86 members, of which 30 were taken for

analysis.  The sequences were identified in a similar manner as described for the TGF-beta group

selection.  No testing of the “high” and “low” identity groups was performed.  During the

analysis of this group a single sequence was removed prior to alignment and use of the data set in

the eMATRIX algorithm.  Inclusion of this sequence led to a very poor alignment, and poor

identification of sequences from the database, its exclusion increased the number and diversity of

sequences, as well as creating a better alignment.  The alignment that is included in Appendix B



for this group is excluding this sequence, which is identified as p55629 a hypothetical

transcriptional regulator for a strain of Rhizobium.  The overall composition of this group is

exclusively prokaryotic in origin, and the group is selected for their similarity in binding site for

the auto-inducer molecules of that organism.  The auto-inducer is usually a small molecule

excreted into the extracellular environment by the organism, where-upon it is taken up by similar

species and then binds to this transcription factor to induce or repression expression of

environmentally variable genes.

The third group of proteins was identified through a novel pathway separate from the

other two groups.  Using the sequences of human and yeast homologues of RRN3 in PSI-Blast a

total group of 7 unique sequences of full-length proteins was identified.  Individually, either

query would only find a subset of the sequences that were closest to the evolutionary distance to

itself, i.e. the human gene found mouse, Drosophila, and Arabadopsis homologues and not C.

elegans or yeast homologues and vice versa.  Sequence fragments, and small proteins were

ignored from these searches, and could be excluded when low complexity or non-redundancy

stringencies were applied.  Experimentally, there is functional conservation between yeast and

human homologues of this protein, and have the highest homology among all polymerase I

transcription factors.  It has been shown that deletion mutants of yeast RRN3, which are lethal,

can be rescued by expression of human RRN3.  As it has been described, the normal methods of

finding similar proteins is not sufficient, so testing this protein with the methods in this paper

may yield interesting results.

Search Techniques and Theory:
The two algorithms that will be used for this analysis is the eMATRIX and the MEME

programs to create matrixes of amino acid composition.  Both create a position specific matrix,

but the differences are in the amount of sequence that is used, and how alignments are

performed.

The eMATRIX software requires alignment of the group of sequences prior input into the

eMATRIX maker program.  This alignment can be performed on almost any multiple sequence

alignment program.  In this analysis the CLUSTALW11,12 program on the Decypher server was

used for this purpose.  The default alignment was used when possible, but some of the larger

groups required suspension of end-gap penalties or removal of certain sequences to obtain

alignments.  The eMATRIX then uses the alignments to determine the amino acid expectations



for each residue in the alignment with baseline frequency based on pre-determined values that

act as an assumption for the base occurrence of each amino acid at any residue.  This makes the

matrix more powerful than a Hidden Markov Model since the HMM determine residue

frequencies from within the dataset.  So with small sets where each amino acid does not have the

chance to be represented, the HMM loses significanct predictive value.

The MEME software package takes unaligned groups of related sequences and outputs

groups of position scoring matrixes for each conserved motif within that group.  It creates an

optimal alignment of the sequences, identifies user defined minimal ungapped region which are

homologous.  For each motif identified, the program creates position specific amino acid

frequencies.  The output matrixes are then applied to the MAST search algorithm in the default

nr database of sequences.

The output matches for both of these searches will be compared to the original group of

sequences that were used to create them.  Each search will be analyzed for how many original

sequences can be identified, and how many new sequences can be found.  These newly identified

sequences are not really false positive, but need to be identified for the known function and

relationship to the query group.  For those groups that two alignments are produced, an internal

comparison of performance will be made to determine the effects of sequence relationships to

each other.

Results

TGF-Beta Searches:
eMATRIX.  The searches using the eMATRIX algorithm were queried with matrixes

built with the eMATRIX maker from CLUSTALW alignments.  The two alignments produced

from the “high” and “total” sequence group alignments are included in Appendix B.  The total

sequence alignment has large blocks of ungapped sequence at base pairs 134 to 201, 236 to 265,

270 to 298, 308 to 369, 424 to 447, 452 to 476, 492 to 526, 532 to 568, 593 to 632,  and 637 to

655.  Each of these blocks is separated by gaps in half of the sequences at the same position.  The

high sequence alignment does not have as many ungapped blocks, with only 5 such blocks at

positions 160 to 194, 230 to 320, 340 to 413, 431 to 497, and 650 to 750.  These blocks are fewer

in number but larger in average size.  The major difficulty in aligning the complete set of



sequences was the end gap penalties, which needed to be suspended to achieve a successful

alignment.

The results of the eMATRIX searches was compiled together, and compared to the list of

sequences applied.  This information was tabulated into the graphs in figure 2, part a.  It is

interesting to note that the hits found in this search are redundant, with the same sequence being

found multiple times.  A total of 34 and 21 alignments were uncovered with the ”high” and

“total” alignments.  Both searches were able to identify most of the query sequences that were

derived from the Swiss-Prot, but more was found by the high- end search.  The total search was

unable to find most of the sequences input in the original alignment, but this may have been a

limitation of the database that was searched.  The low end sequences were primarily derived

from the TrEMBL database, while the Swiss-Prot database was the only one searched by

eMATRIX.  This search was able to identify three new sequences that were similar to the

queried group, these were orthologues of the PET1 and PET2 genes that was identified in rats

and humans.  Another sequence, YBGH from E. coli was also identified.

MEME.  This search created its own alignment and then identified ungapped motifs were

aligned, and scoring matrixes were developed for each motif.  The program requires that the

operator determine how many motifs would be searched for, and what would be the minimum

and maximum size would be.  For this analysis, the default parameters of 3 motifs with a

minimum size of 8 and maximum size of 50 bases.

The MEME engine identified different motifs for the two sets of queries that were used.

For the “high” sequence set, the three motifs were spread across the entire length of the protein.

The first and third motif are located at the N-terminal region of the sequence set, while the

second domain is located at the C-terminal end.  This coincides with the fact that this group of

sequences has an overall higher identity to each other, than to the second “low” group of

sequences.  Further, the MEME engine identified three motifs that were clustered around the N-

terminal region of the “total” sequence set.  This is expected, since the group was identified by

its homology for the extracellular domain, located at the N-terminus of the proteins.  The

consensus sequences for both of these alignments can be found in figure 3.  The actual file

describing the motif discovery, the relative alignments, and the scoring matrixes was too large to

be included in this paper.



The MEME model for the two groups of sequences was then input into the MAST search

database.  Initially, the “nr” database of sequences was queried, but it a more comparative result

of the search engines abilities was performed by querying the Swiss-Prot database only.  It is

interesting to note that the “nr” database yielded a larger list of sequences, many of which were

not directly related to the query sequences.  Secondly, this search only uncovered 5 of the ten

input sequences for the “high” sequence list, and 8 of the ten sequence from the “total” list by the

first 50 aligned sequences.  These sequences were not limited to only the “high” sequence list,

but spanned all the sequences from the “total” list, proving that the lack of identification from

before is based on the limitations of the database.

The results from the queries of the Swiss-Prot database were analyzed as with the

eMATRIX results, and compiled into the graph of figure 2b.  Both searches yielded equivalent

numbers of significant hits.  The “high” query was able to align all ten of the original query

sequences, while the “total” query could only uncover 9 of the original 20.  The “total” query

was able to uncover a larger list of new sequences, but both fell into the same set group as

identified with the eMATRIX search.

Auto-Inducer Searches:
eMATRIX.  The group of sequences identified for the Auto-inducer binding domain

groups have a higher homology to on another, so alignments with these sequences is better

described by analyzing where gaps are introduced.   The N-terminal region is variable, and

alignment does not begin until the first 6 to 10 residues for both alignments.  The “total” group

has four gaps greater than one resdue at position 77, 100, 132, and 193.  The “high” group only

has two significant gaps at 110 and 160.  These two gaps correspond to gaps 132 and 193 in the

total alignment.    Overall, there is a fewer number of gaps introduced in the “high” sequence set

as compared to the “total” set and there is a greater number of conserved and similar residues

that cluster around the C-terminal half of the protein.  This is interesting   One puzzling fact to

note is that earlier alignments were performed that included a sequence that was significantly

different from the rest of the data.  When used, this alignment yielded few hits on the eMATRIX

software, and would not produce an alignment when used in the “total” sequence set of

alignments without suspension of end-gap penalties.  The overall alignment with this sequence

was not that different, it just contained a large upstream sequence of 78 residues that affected its

position in the grouping.



The results of the eMATRIX search yielded from these alignments was summarized as

before, and plotted in the graph in figure 4a.  The “total” sequence set yielded significantly lower

numbers of aligned sequences, and found far fewer numbers of query sequences than the “high”

group was able to identify.  The “high” sequence set was able to identify far more new related

sequences as well.  Many of these were paralogous genes from related to the query set from the

same organism.  The list is as follows:

PHZR_PSEFL
EXPR_ERWCH
EXPR_ERWCA
SLR1_RALSO
LUXS_VIBFI

TRAR_RHISN
NARP_ECOLI
CARR_ERWCA
DCTR_RHOCA

Similar genes were identified from the “total” query, but in a more limited number.  42

sequences were aligned in the “high” query, while only 11 were aligned from the “total” query.

The total query was only able to identify half the original sequence set that was present in the

database, rather than complete recovery with the “high” query.  This is probably due to the lack

of sequence similarity over the entire sequence within the total group, but the higher C-terminal

homology within the “high” group.

MEME.  The MEME motifs are virtually identical for both alignment methods.  Motifs 1

and 3 are virtually identical to one another, except for the consensus sequence that is created

from the alignments.  The difference is at motif 2, which are in similar positions along the length

of the aligned sequences but are formed from different ungapped regions.  This second region is

at the N-terminal domain of these transcription factors where the auto-inducer molecule binds

the protein.  The total group has a smaller than the high group motif 2, and is contained within

the region that is used for motif 2 by the high group alignment.  The consensus sequences of the

motifs are included in figure 4.

The results from the MAST search were analyzed as before and compiled into the plot in

figure 3b.  Both programs worked equivalently at identifying the original sequences from the

search results.  The total query yielded more significant alignments of novel related sequences

than the high query, yet both worked equally well for this.  The sequences identified from this

search are along the same family as identified from the eMATRIX search.



RRN3 Searches:
Both search engines failed to fully detect all the original sequences from this data set.

This was due to the limitations of sequence presence in the query database, and could be

circumvented by using the “nr” database in MAST.  When analyzing only the Swiss-Prot

database, either algorithm could only identify the C. elegans, S.pombe, and S. cerevisae

homologues of the RRN3 gene.  When using the “nr” database, the majority of the hits were

among human, rat, mouse, and drosophila sequences.  The problem with this set of data, is that

most of the information is from fragments, cDNA library screens, or genomic screening.  There

is a lack of cross-referencing in this information, so it is difficult to discern if the information is

novel and represents a new member of the family, or if it is a redundant hit from the database.

The alignment produced did not have any glaring homologous regions.  There was more

homology in the middle of the alignment than at the ends, and there was a greater incidence of

similar and conserved sequences in ungapped blocks of this middle region.  Better results from

this alignment could have been obtained by modify the alignment parameters or using a more

stringent alignment software, but this would not have significantly affected the final sequence

search results.

Conclusions
The sum of this analysis was to determine how sequence composition affects search

results from two different pattern development search methods.  I used three different sequence

sets of varying size and composition.  The TGF-Beta group was a highly diverse set of

sequences, that differed in ungapped blocks depending on the total composition of the alignment

set.  The Auto-Inducer group maintained a fairly conserved set of regions independent of the

alignment group.  The final RRN3 group contained a small number of sequences that didn’t have

any significant regions of ungapped alignment blocks, but did have the most conservation and

similarity across the sequence sets.  These were used in the eMATRIX and MEME engines for

production of position specific sequence matrixes that were applied to search the Swiss-Prot

database of proteins.  The results were analyzed, and compared to each other to reach this

critique.

From this analysis, the MEME engine for identification of conserved motifs to create a

scoring matrix is the more powerful tool for this type of analysis.  It is able to be modified the

most by used defined parameters to create a more stringent or less stringent search matrix.  The



output of this can be easily applied to a search algorithm that is able to search a variety of

sequence databases to maximize the alignment results.  Finally, it performed well under all

variables tested, seemingly independent of sequence composition.

The eMATRIX engine has one major advantage over the MEME algorithm, which is ease

of use, and rapid return on queries.  While the MEME engine took almost 8 hours to return

MEME matrix alignments, which then required re-transmission to search the database, the

eMATRIX engine returned results in seconds, and was quickly applied to searching the Swiss-

Prot database.

The major problem that was encountered with this analysis, was limitations placed on

search results from database representation of the query proteins.  The query was built from the

InterPro database of pattern families, which includes Swiss-Prot and TrEMBL sequences.  The

limitation of searching a single database with eMATRIX limited the power of this analysis to

produce the best output.  The test sequence set of RRN3 was extremely hampered by this

problem which prevented a thorough analysis of how the sequence composition or size may have

affected the alignments.

To improve these engines would be to increase the speed of the MEME engine or to

allow the user to search multiple sequence databases with eMATRIX.  The eMATRIX algorithm

is more sensitive to sequence diversity, so when searching for a conserved region, and its

possible new family members, it is best to refine the query sequence to maximize the searching

criteria.



Figure 1- Map of Search Plan



Figure 2:  ROC plots based on query sequence set as true positive values for TGF-Beta Group

Alignments using eMATRIX or the MEME/MAST methods
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Figure 3- MEME motif identified consensus sequences

TGF-Beta Total Sequence List
MOTIF WIDTH BEST POSSIBLE MATCH
----- ----- -------------------
  1    29   LIACGTGCIKPCVSAFGGDQYDEKDPRER
  2    21   YVTPIIGGWIADHWWGRYKTI
  3    28   NECCERFSYYGMRANLVNYFTHQLHWDD

TGF-Beta High Sequence List
MOTIF WIDTH BEST POSSIBLE MATCH
----- ----- -------------------
  1    29   QPRSCFMICINEFCERFSYYGMRAILQNY
  2    42   QIPQYVLITAGEVFASITGLEFAYSQAPPSMKSVIQAMWLLT
  3    24   YVTPIIGGWIADRWWGRYKTICCG

Figure 4- MEME motif identified consensus sequences

Auto-Inducer Total Sequence List
Auto-Inducer Total Sequence List
MOTIF WIDTH BEST POSSIBLE MATCH
----- ----- -------------------
  1    50   LSPRECECLCWTAMGKTYWEIACILGISERTVNFHMKNIQR 

   KLGVTNKKQ
  2    26   NYPDDWVQHYQAQNYHHIDPVVKHGK
  3    21   VWDEARDYGLCNGYTFPLHDH

Auto-Inducer High Sequence List
MOTIF WIDTH BEST POSSIBLE MATCH
----- ----- -------------------
  1    50   LSPRECECLHWCAEGKTSWEIACILGISERTVNFHMKNVQK 

   KLGVTNKCQ
  2    46   PMTPPHVFIVGNYPDEWVQHYQANNYQHIDPVVKHCKKCFHPFVWD
  3    28   VWEEARDYGLCNGFTFPLHTANGELGML



Figure 3:  ROC plots based on query sequence set as true positive values for the Auto-Inducer

Group Alignments using eMATRIX or the MEME/MAST methods
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Appendix A: Sequences

Part I- TGF-beta external binding domain Interpro Acc# IPR000109
“High Identity Sequences”
>sp|O01840|OPT2_CAEEL Hypothetical oligopeptide transporter F56F4.5 - Caenorhabditis elegans.
>sp|O07380|DTPT_LACHE DI-/tripeptide transporter - Lactobacillus helveticus.
>sp|P32901|PTR2_YEAST Peptide transporter PTR2 (Peptide permease PTR2) - Saccharomyces cerevisiae (Baker's
yeast).
>sp|P36574|DTPT_LACLA Di-/tripeptide transporter - Lactococcus lactis (subsp. lactis) (Streptococcus lactis).
>sp|P36836|PET1_RABIT Oligopeptide transporter, small intestine isoform (Peptide transporter 1) (Intestinal
H+/peptide cotransporter) - Oryctolagus cuniculus (Rabbit).
>sp|P36837|YHIP_ECOLI Hypothetical transporter yhiP - Escherichia coli.
>sp|P39276|YJDL_ECOLI Hypothetical transporter yjdL - Escherichia coli.
>sp|P46029|PET2_RABIT Oligopeptide transporter, kidney isoform (Peptide transporter 2) (Kidney H+/peptide
cotransporter) - Oryctolagus cuniculus (Rabbit).
>sp|P46030|PTR2_CANAL Peptide transporter PTR2 - Candida albicans (Yeast).
>sp|P46031|PT2A_ARATH Peptide transporter PTR2-A - Arabidopsis thaliana (Mouse-ear cress).

“Low Identity Sequences”
>tr|Q63422 Proton-dependent peptide transporter (Fragment) - Rattus norvegicus (Rat).
>tr|Q8ZLD6 Putative POT family, peptide transport protein - Salmonella typhimurium.
>tr|Q8XDS3 Putative peptide transporter - Escherichia coli O157:H7.
>tr|Q43390 RCH2 protein - Brassica napus (Rape).
>tr|Q9FRU2 Nitrate transporter NRT1-5 (Fragment) - Glycine max (Soybean).
>tr|Q9SZY4 Nitrate transporter - Arabidopsis thaliana (Mouse-ear cress).
>tr|Q9WU80 CAMP inducible 1 protein - Mus musculus (Mouse).
>tr|Q9XIF3 F23H11.6 protein - Arabidopsis thaliana (Mouse-ear cress).
>tr|Q9ZPS2 Putative peptide/amino acid transporter - Arabidopsis thaliana (Mouse-ear cress).
>tr|Q9ZTX4 LeOPT1 - Lycopersicon esculentum (Tomato).



Part II- Auto-inducer family- Interpro Acc. # IPR005143
“Higher Identity Sequences”
>sp|O30919|SLR2_RALSO Transcriptional activator protein solR - Ralstonia solanacearum (Pseudomonas
solanacearum).
>sp|O54452|RAIR_RHIET Transcriptional activator protein raiR - Rhizobium etli.
>sp|O87971|YUKR_YERRU Transcriptional activator protein yukR (Fragment) - Yersinia ruckeri.
>sp|P07026|SDIA_ECOLI Regulatory protein sdiA - Escherichia coli.
>sp|P12746|LUXR_VIBFI Transcriptional activator protein luxR - Vibrio fischeri.
>sp|P25084|LASR_PSEAE Transcriptional activator protein lasR - Pseudomonas aeruginosa.
>sp|P33905|TRAR_AGRTU Transcriptional activator protein traR - Agrobacterium tumefaciens.
>sp|P54292|RHLR_PSEAE Regulatory protein rhlR (Elastase modulator) - Pseudomonas aeruginosa.
>sp|P54293|ESAR_ERWST Transcriptional activator protein esaR - Erwinia stewartii.
>sp|P54295|YENR_YEREN Transcriptional activator protein yenR - Yersinia enterocolitica.
>sp|P54303|PHZR_PSECL Transcriptional activator protein phzR - Pseudomonas chlororaphis (Pseudomonas
aureofaciens).
*>sp|P55629|Y4QH_RHISN Hypothetical transcriptional regulator Y4QH - Rhizobium sp. (strain NGR234).
>sp|P74946|VANR_VIBAN Transcriptional activator protein vanR - Vibrio anguillarum (Listonella anguillarum).
>sp|Q03316|RHIR_RHILV Regulatory protein rhiR - Rhizobium leguminosarum (biovar viciae).
>sp|Q44059|AHYR_AERHY Transcriptional activator protein ahyR/asaR - Aeromonas hydrophila, and Aeromonas
salmonicida.
*- This sequence was removed for improved alignments and searches.

“Lower Identity Sequences”
>tr|Q9I4J9 Probable transcriptional regulator - Pseudomonas aeruginosa.
>tr|Q9KJ71 AHL-dependent transcriptional regulator CinR - Rhizobium leguminosarum.
>tr|Q9KL60 Transcriptional regulator, LuxR family - Vibrio cholerae.
>tr|Q9L3I8 SmaR protein - Serratia sp. ATCC 39006.
>tr|Q9L6U5 Acylhomoserine lactone dependent transcriptional regulator - Pseudomonas fluorescens.
>tr|Q9L6U7 Acylhomoserine lactone dependent transcriptional activator - Pseudomonas fluorescens.
>tr|Q9R486 Conjugal transfer regulatory protein - Agrobacterium tumefaciens.
>tr|Q9R6E3 TIORF116 PROTEIN - Agrobacterium tumefaciens.
>tr|Q9R9G8 Transcriptional activator PhzR - Pseudomonas chlororaphis (Pseudomonas aureofaciens).
>tr|Q9RH45 Transcriptional activator YpeR (Quorum-sensing transcriptional activator YpeR) - Yersinia pestis.
>tr|Q9RMS5 PHZR (PROBABLE TRANSCRIPTIONAL REGULATOR) - Pseudomonas aeruginosa.
>tr|Q9WWA5 Conjugal transfer regulatory protein - Agrobacterium tumefaciens.
>tr|Q9WWB2 Conjugal transfer regulatory protein - Agrobacterium tumefaciens.
>tr|Q9XDD1 LuxR homolog YpsR - Yersinia pseudotuberculosis.
>tr|Q9ZIU0 Transcriptional activator - Burkholderia cepacia (Pseudomonas cepacia).

Part III- RRN3 sequences
>P36070 RRN3 – Saccharomyces cereviseae (yeast)
>tr|Q9NYV6 RRN3 - Homo sapiens (Human).
>sp|P48322|YPJ1_CAEEL Hypothetical 75.1 kDa protein C36E8.1 in chromosome III - Caenorhabditis elegans.
>sp|Q10110|YAQB_SCHPO Hypothetical protein C18G6.11c in chromosome I - Schizosaccharomyces pombe
(Fission yeast).
>(XM_156394) similar to CG3278 gene product mus musculus putative RRN3 sequence
>tr|Q9V9M6 CG3278 protein - Drosophila melanogaster (Fruit fly).
>NM_102796 arabadopsis thaliania putative RRN3 sequence



Appendix B: CLUSTAL Alignments

TGF-Beta External Domain Alignment- Total Sequences
sp|O01840      ------------------------------------------------------------
sp|O07380      ------------------------------------------------------------
sp|P32901      ---MLNHPSQGSDDAQDEKQGDFPVIEEEKTQAVTLKDSYVSDDVANSTERYNLSPSPED
sp|P36574      ------------------------------------------------------------
sp|P36836      -------------------------------------------------MGM--------
sp|P36837      ------------------------------------------------------------
sp|P39276      ------------------------------------------------------------
sp|P46029      -------------------MNPFQQNESKETLFSPVSTEETPPRLSSPAKKT--------
sp|P46030      ------------MVSSDFENEKQPDVVQVLTDEKNISLDDKYDYEDPKNYSTNYVDDYNP
sp|P46031      MSSIEEQITKSDSDFIISEDQSYLSKEKKADGSATINQADEQSSTDELQKSMSTGVLVNG
tr|Q63422      ------------------------------------------------------------
tr|Q8ZLD6      ------------------------------------------------------------
tr|Q8XDS3      ------------------------------------------------------------
tr|Q43390      -----------------------MSLPETKT--------QTLLDAWDFQGR---------
tr|Q9FRU2      ------------------------------------------------------------
tr|Q9SZY4      -------------------------MESKGS--------WTVADAVDYKGR---------
tr|Q9WU80      -------------------------------------MSAPRAEEQPSRSGERQ------
tr|Q9XIF3      ------------------------------------------------------------
tr|Q9ZPS2      ---------------MASIDEERSLLEVEESLIQEEVKLYAEDGSIDIHGN---------
tr|Q9ZTX4      --------------MKYLFSKNGGLLEDENS------GLYTRDGSVDIKGN---------

                                                                   
sp|O01840      -MEEKSLLQKLRSYPPAVF-------FMLGNEFCERFSFYGMKTILFIYL----------
sp|O07380      --------------------------------------MRAILLFYMYYAVT--------
sp|P32901      EDFEGPTEEEMQTLRHVGGKIPMRCWLIAIVELSERFSYYGLSAPFQNYMEY--------
sp|P36574      MQNLNKTEKTFFGQPRGLL-------TLFQTEFWERFSYYGMRAILVYYLYA--------
sp|P36836      -----SKSLSCFGYPLSIF-------FIVVNEFCERFSYYGMRALLILYF----------
sp|P36837      --MNTTTPMGMLQQPRPFF-------MIFFVELWERFGYYGVQGVLAVFF----------
sp|P39276      --------MKTPSQPRAIY-------YIVAIQIWEYFSFYGMRALLILYL----------
sp|P46029      -----PPKICGSNYPLSIA-------FIVVNEFCERFSYYGMKAVLTLYF----------
sp|P46030      KGLRRPTPQESKSLRRVIGNIRYSTFMLCICEFAERASYYSTTGILTNYIQRRIDPDSPH
sp|P46031      DLYPSPTEEELATLPSVCGTIPWKAFIIIIVELCERFAYYGLTVPFQNYMQF--------
tr|Q63422      ------------------------------XEFCERFSYYGMRALLVLYF----------
tr|Q8ZLD6      --MNTTAPTGLLQQPRPFF-------MIFFVELWERFGYYGVQGILAVFF----------
tr|Q8XDS3      --------MKTPSQPRAIY-------YIVAIQIWEYFSFYGMRALLILYL----------
tr|Q43390      -----PADRSKTGGWASAA-------MILCIEAVERLTTLGIGVNLVTYL----------
tr|Q9FRU2      ----ENDPKIDYRGWKAMP-------FIIGNETFEKLGAIGTLANLLVYL----------
tr|Q9SZY4      -----PADKSKTGGWITAA-------LILGIEVVERLSTMGIAVNLVTYL----------
tr|Q9WU80      -PLVARGPRGPRRWRRTAAA------AVLLVQMLERAAFFGVTSNLVLYLN---------
tr|Q9XIF3      ------------------------------------------------------------
tr|Q9ZPS2      -----PPLKQTTGNWKACP-------FIFANECCERLAYYGIAKNLITYF----------
tr|Q9ZTX4      -----PVLKSETGNWRACP-------FILGNECCERLAYYGIAANLVTYL----------

                                                                   
sp|O01840      -------------ITEHEFSPSKATFIYHLFTCIAYLTPLIGSIMADSVFGRFKVILYGS
sp|O07380      -------------KGGLGMSQTTAASIMSIYGSLVYLSTLVGGWLSDRVWGSRKTVFYGG
sp|P32901      -------GPNDSPKGVLSLNSQGATGLSYFFQFWCYVTPVFGGYVADTFWGKYNTICCGT
sp|P36574      --------LTTADNAGLGLPKAQAMAIVSIYGALVYLSTIVGGWVADRLLGASRTIFLGG
sp|P36836      -------------RNFIGWDDNLSTVIYHTFVALCYLTPILGALIADAWLGKFKTIVWLS
sp|P36837      -------------VKQLGFSQEQAFVTFGAFAALVYGLISIGGYVGDHLLGTKRTIVLGA
sp|P39276      -------------THQLGFDDNHAISLFSAYASLVYVTPILGGWLADRLLGNRTAVIAGA
sp|P46029      -------------LYFLHWNEDTSTSVYHAFSSLCYFTPILGAAIADSWLGKFKTIIYLS
sp|P46030      GWGAPPPGSPDASAGALGKGLQAASALTNLLTFLAYVFPLIGGYLGDSTIGRWKAIQWGV



sp|P46031      -------GPKDATPGALNLGETGADGLSNFFTFWCYVTPVGAALIADQFLGRYNTIVCSA
tr|Q63422      -------------RNFLGWDDDLSTAIYHTSVALRYLTPILGALIADSWLGKFKTIVSLS
tr|Q8ZLD6      -------------VKQLGFSQEQAFITFGAFAALVYGLISIGGYVGDHLLGTKRTLVLGA
tr|Q8XDS3      -------------THQLGFDDNHAISLFSAYASLVYVTPILGGWLADRLLGNRTAVIAGA
tr|Q43390      -------------TGTMHLGNATAANTVTNFLGTSFMLCLLGGFIADTFLGRYLTIAIFA
tr|Q9FRU2      -------------TTVFNLKNITATNIINIFNGSTNFATFIGAFLSDTYFGRYKTIGFCT
tr|Q9SZY4      -------------METMHLPSSTSANIVTDFMGTSFLLCLLGGFLADSFLGRFKTIGIFS
tr|Q9WU80      -------------SLNFNWDGQQASRATLLFLGASYLLAPVGGWLADVYLGRFLTISLSL
tr|Q9XIF3      ---------------------------------------------------------MYC
tr|Q9ZPS2      -------------TNELHETNVSAARHVMTWQGTCYITPLIGALIADAYWGRYWTIACFS
tr|Q9ZTX4      -------------TKKLHEGNVSAARNVTTWQGTCYITPLIGAVLADAYWGRYWTIATFS

                                                                   
sp|O01840      SIYVVGHVLLSLGAVPFLSYPI--------------------------RSSLDFSGLFVI
sp|O07380      VLIMLGHIVLALPAGVTVLYRS----------------------------------IALI
sp|P32901      AIYIAGIFILFITSIPSVGNRDSAIGGF----------IAAIILIGIATGMIKANLSVLI
sp|P36574      ILITLGHIALATPFGLSSLFVA----------------------------------LFLI
sp|P36836      IVYTIGQAVTSLSSVNELTDNNHDG----------------TPDSLPVHVAVCMIGLLLI
sp|P36837      LVLAIGYFMTGMSLLKPDLIFI---------------------------------ALGTI
sp|P39276      LLMTLGHVVLGIDTNSTFSLYL---------------------------------ALAII
sp|P46029      LVNVLGHVIKSLSAFPILGGKV-------------------------VHTVLSLVGLCLI
sp|P46030      FFGFVAHLFFIFASIPQAIENANAGLGLC---------VIAIITLSAGSGLMKPNLLPLV
sp|P46031      VIYFIGILILTCTAIPSVIDAGKSMGGF----------VVSLIIIGLGTGGIKSNVSPLM
tr|Q63422      IVYTIGQAVISVSSINDLTDHDHDG----------------SPNNLPLHVALSMIGLGLI
tr|Q8ZLD6      IVLAIGYFMTGMSLLNPDLIFI---------------------------------ALGTI
tr|Q8XDS3      LLMTLGHVVLGIDTNSTFSLYL---------------------------------ALAII
tr|Q43390      AIQATGVSILTLSTIIPGLRPPRCDPTT----------SSHCVQANGIQLTVLYLALYLT
tr|Q9FRU2      FTSFLGLLVIQLTAVFKNLHPPHCGK-E----------MKTCKGPTAGQMAFLVSGFGLL
tr|Q9SZY4      TIQALGTGALAVATKLPELRPPTCH--H----------GEACIPATAFQMTILYVSLYLI
tr|Q9WU80      LLYLAASGLLLTTITNDGRRSFCGEMPELPLEPACPSSSCQGSWSSPYCATTLYLVLLLL
tr|Q9XIF3      HVYSQGFILLSVQAHLPQLKPPKCNPLI----------DQTCEEAKGFKAMIFFMALYLV
tr|Q9ZPS2      AIYFTGMVALTLSASVPGLKPAECI-------------GSLCPPATMVQSTVLFSGLYLI
tr|Q9ZTX4      TIYFIGMCTLTLSASVPAFKPPQCV-------------GSVCPSASPAQYAIFFFGLYLI
                    .
sp|O01840      AFATGCIKPCVSAFAADQFTEDQKD---LRSQFFSFFYFAINGGSLFAIIITPILRGRVQ
sp|O07380      VVGTGLLKPNVSDMVGGLYSVEDPR----RDAGFSIFVFGINLGSIIAPWLVPWAAQGFG
sp|P32901      ADQLPKRKPSIKVLKSGERVIVDSN--ITLQNVFMFFYFMINVGSL-SLMATTELEYH--
sp|P36574      ILGTGMLKPNISNMVGHLYSKDDSR----RDTGFNIFVVGINMGSLIAPLIVGTVGQG--
sp|P36836      ALGTGGIKPCVSAFGGDQFEEGQEK---QRNRFFSIFYLAINAGSLLSTIITPMVRVQ-Q
sp|P36837      AVGNGLFKANPASLLSKCYPPKDPR----LDGAFTLFYMSINIGSLIALSLAPVIADR--
sp|P39276      ICGYGLFKSNISCLLGELYDENDHR----RDGGFSLLYAAGNIGSIAAPIACGLAAQW--
sp|P46029      ALGTGGIKPCVAAFGGDQFEEKHAE---ERTRYFSGFYLAINAGSLISTFITPMLRGDVQ
sp|P46030      LDQYPEERDMVKVLPTGESIILDRE--KSLSRITNVFYLAINIGAFLQIATSYCERRV--
sp|P46031      AEQLPKIPPYVKTKKNGSKVIVDPV--VTTSRAYMIFYWTINVGSL-SVLATTSLEST--
tr|Q63422      GLGTGGIKPCVSAFGGDQFGEGQEK---QGNPVFSIFYLAINAGSLLSTIITPILRVQ-Q
tr|Q8ZLD6      AVGNGLFKANPASLLSKCYQPKDPR----LDGAFTLFYMSINIGSLLSLSLAPVIADK--
tr|Q8XDS3      ICGYGLFKSNISCLLGELYDENDHR----RDGGFSLLYAAGNIGSIAAPIACGLAAQW--
tr|Q43390      ALGTGGVKASVSGFGSDQFDDTEPKERSQMTYFFNRFFFCINVGSLMAVTVLVYIQDD--
tr|Q9FRU2      LIGAAGVRPCNLAFGADQFNPNTDSGKKGINSFFNWYFFTFTFAQMVSLTLIVYVQSN--
tr|Q9SZY4      ALGTGGLKSSISGFGSDQFDDKDPKEKAHMAFFFNRFFFFISMGTLLAVTVLVYMQDE--
tr|Q9WU80      ALAASSVRSTLTSFGADQVMDLGRD---ATRRFFNWFYWSINLGAILSLLVVAFIEQN--
tr|Q9XIF3      ALGSGCVKPNMIAHGADQFSQSHPKQSKRLSSYFNAAYFAFSMGELIALTLLVWVQTH--
tr|Q9ZPS2      ALGTGGIKPCVSSFGADQFDKTDPSERVRKASFFNWFYFTINIGAFVSSTVLVWIQEN--
tr|Q9ZTX4      ALGTGGIKPCVSSFGADQFDDTDPKERVKKGSFFNWFYFSINIGALISSSLIVWIQEN--
                                                        . . :
sp|O01840      C--FGNAHCFPLAFGVPGVLMLLALILFLMGWSMYKKHPPSKENVGSKVVAVIYTSLRKM
sp|O07380      VHIFGSQLNFHAGFSLAAVGMFFGLVQYVLGGKKYLSTESLTPNDPIDKGDLLNVIKWVV
sp|P32901      -------KGFWAAYLLPFCFFWIAVVTLIFGKKQYIQRPIGDKVI-AKSFKVC--WILTK



sp|P36574      -------VNYHLGFSLAAIGMIFALFAYWYGRLRHFPEIGREPSNPMDSKARRNFLITLT
sp|P36836      CGIHVKQACYPLAFGIPAILMAVSLIVFIIGSGMYKKFKPQGNIL-SKVVKCICFAIKNR
sp|P36837      -------FGYSVTYNLCGAGLIIALLVYIACRGMVKDIGSEPDFR-PMSFSKLLYVLLGS
sp|P39276      -------YGWHVGFALAGGGMFIGLLIFLSGHRHFQSTRSMDKKA-LTSVKFALPVWSWL
sp|P46029      C---FGEDCYALAFGVPGLLMVIALVVFAMGSKMYKKPPPEGNIV-AQVVKCIWFAISNR
sp|P46030      --------GFWLAFFVPMILYIIVPIFLFIVKPKLKIKPPQGQVM-TNVVKILAVLFSGN
sp|P46031      -------KGFVYAYLLPLCVFVIPLIILAVSKTAFTSTLLPPVPS-LFVLVKCSSLLLKT
tr|Q63422      CGIHSQQACYPLAFGVPAALMAVALIVFVLGSGMYKKFQPQGNIM-GKVAKCIGFAIKNR
tr|Q8ZLD6      -------FGYAVTYNLCGAGLIVALLVYFACRGMVKNIGSEPDHK-PLRFRNLLLVLLGT
tr|Q8XDS3      -------YGWHVGFALAGGGMFIGLLIFLSGHRHFQSTRSMDKKA-LTSVKFALPVWSWL
tr|Q43390      -------VGRKWGYGICALAIVLSLSIFLAGTNRYRFKKLIGSPM-TQVGTVLVAAWRNR
tr|Q9FRU2      -------VSWAIGLGIPAALMLISCVVYFMGSKIYVKVEPSGSPI-AGIVQVFVVAVKKR
tr|Q9SZY4      -------VGRSWAYGICTVSMAIAIVIFLCGTKRYRYKKSQGSPV-VQIFQVIAAAFRKR
tr|Q9WU80      -------ISFLWGYSIIVGLVGLAFFIFLFATPVFITKPPTGSQV-SSMLKLAFQNCCPC
tr|Q9XIF3      -------SGMDIGFGVSAAAMTMGIISLVSGTMYFRNKRPRRSIF-TPIAHVIVAAILKR
tr|Q9ZPS2      -------YGWELGFLIPTVFMGLATMSFFFGTPLYRFQKPRGSPI-TSVCQVLVAAYRKS
tr|Q9ZTX4      -------AGWGLGFGIPAVFMGIAIASFFFGTPLYRFQKPGGSPL-TRMCQVLVAVFHKW
                              :      .
sp|O01840      VGGASRDKP---VTHWLDHA----------------------------------------
sp|O07380      IIIIAIVAILAAMAGVGQLSVD-------------NVITLLTILAIALP-----------
sp|P32901      NKFDFNAAKP--SVHPEKNY----------------------------------------
sp|P36574      IVVIVAIIGFFLLYQASPANFI-----------NNFINVLSIIGIVVPI----------I
sp|P36836      FRHRSKQFPK--RAHWLDWA----------------------------------------
sp|P36837      VVMIFVCAW---LMHNVEVAN----------------LV--LIVLSIVV-----------
sp|P39276      VVMLCLAPVFFTLLLENDWSG----------------YL--LAIVCLIA-----------
sp|P46029      FKNRSEDIPK--RQHWLDWA----------------------------------------
sp|P46030      FIKRLWNGTFWDHARPSHMEA-----------------RGTIYYNSKKK-----------
sp|P46031      NLISKKLNHL--ALLLLERYV---------------------------------------
tr|Q63422      FRHRSKAFPK--REHWLDWA----------------------------------------
tr|Q8ZLD6      VVMIFLCAW---LMHNVKIAN----------------LV--LIVLSIVV-----------
tr|Q8XDS3      VVMLCLAPVFFTLLLENDWSG----------------YL--LAIVCLIA-----------
tr|Q43390      RLELPSDPSF--LYDLDDVIAAEGSMKSKQKLPHTNQFRSLDKAAIKDQ----EMAMTQN
tr|Q9FRU2      SIKLPAEHPMLSLFNYVPPMSV-----NS-KLPYTFQFRLLDKAAIVTPKD--KIKPDGS
tr|Q9SZY4      KMELPQSIVY--LYEDNP---------EGIRIEHTDQFHLLDKAAIVAEGDFEQTLDGVA
tr|Q9WU80      RKSSSRDSES---AHLLPDQR---------------------------------------
tr|Q9XIF3      KLASPSDPRM--LHGDHHVANDV---VPSSTLPHTPRFRFLDKACIKIQ-------DTNT
tr|Q9ZPS2      NLKVPEDST--------DEGDA--------------------------------------
tr|Q9ZTX4      NLSVPDDSTL--LYETPDKSSAI---EGSRKLLHTDELRCLDKAAVVSD----NELTTGD

                                                                   
sp|O01840      -APEHSQKMIDSTRGLLNVAVIFCPLI---FFWALFDQQGSTWVLQARRLDGRVGH----
sp|O07380      IYYFVMMFRSSKVTKIELGIHLLPVSLKNRLFFKKGYKRLKQIIQLELAIKRQSFII---
sp|P32901      ---PWNDKFVDEIKRALAACKVFIFYP---IYWTQYGTMISSFITQASMMELHG------
sp|P36574      YFVMMFTSKKVESDERRKLTAYIPLFLSAIVFWAIEEQSSTIIAVWGESRSNLDPTWFGI
sp|P36836      -KEKYDERLIAQIKMVTRVLFLYIPLP---MFWALFDQQGSRWTLQATTMSGRIGI----
sp|P36837      TIIFFRQAFKLDKTGRNKMFVAFVLMLEAVVFYILYAQMPTSLNFFAINNVHHEILG---
sp|P39276      AQIIARMMIKFPEHRRA-LWQIVLLMFVGTLFWVLAQQGGSTISLFIDRFVNRQAFN---
sp|P46029      -AEKYPKQLIMDVKTLTRVLFLYIPLP---MFWALLDQQGSRWTLQATKMNGNLGF----
sp|P46030      SAITWSDQWILDIKQTFDSCKIFLYYI---IFNLADSGLGSVETSLIGAMKLDG------
sp|P46031      -KDQWDDLFIDELKRALRACKTFLFYP---IYWVCYGQMTNNLISQAGQMQTGN------
tr|Q63422      -KEKYDERLISQIKMVTKVMFLYIPLP---MSWALFDQQGSRWTLQATTMTGKIGT----
tr|Q8ZLD6      TIFFFREAFRLDKTGRNKMFVAFILMIEAVLFYILYAQMPTSLNFFAINNVHHEILG---
tr|Q8XDS3      AQIIARMMIKFPEHRRA-LWQIVLLMFVGTLFWVLAQQGGSTISLFIDRFVNRQAFN---
tr|Q43390      VYNKWTLSTVTDIEEVKQIVRMLPIWATCILFWTVHAQLTTLSVAQSETMDRHIGS----
tr|Q9FRU2      AADPWNLCSIQQVEEAKCVVRVLPIWFAAIVYHLVIVQMHTLLVFQALQSDRRLGSSN--
tr|Q9SZY4      IPNPWKLSSVTKVEEVKMMVRLLPIWATTIIFWTTYAQMITFSVEQASTMRRNIGS----
tr|Q9WU80      -SNQPGPSPQEDMANFQVLVKILPVMVTLVPYWMVYFQMQSTYVLQGLHLHIPNIFRTNP
tr|Q9XIF3      KESPWRLCTVTQVEQVKTLISLVPIFASTIVFNTILAQLQTFSVQQGSSMNTRLSNS---



tr|Q9ZPS2      NTNPWKLCTVTQVEEVKILLRLVPIWASGIIFSVLHSQIYTLFVQQGRCMKRTIGL----
tr|Q9ZTX4      YSNAWRLCTVTQVEELKILIRMFPIWATGIVFSAVYAQMSTMFVEQGMVMDTAVGS----
                                                       .

sp|O01840      ------------FSILPEQIHAINPVCVLILVPIFEGWVYPALRKIT-----RVTPLRKM
sp|O07380      ------------LIALIIMASILIPNKVIIAKHLLKLVLLVFYWIGL-----NLIPFSTF
sp|P32901      --------------IPNDFLQAFDSIALIIFIPIFEKFVYPFIRRYT-----PLKPITKI
sp|P36574      T-----------FHIDPSWYQLLNPLFIVLLSPIFVRLWNKLGERQP-------STIVKF
sp|P36836      ------------LEIQPDQMQTVNTILIIILVPIMDAVVYPLIAKCGL----NFTSLKKM
sp|P36837      ------------FSINPVSFQALNPFWVVLASPILAGIYTHLGNKGK-----DLSMPMKF
sp|P39276      ------------IEVPTALFQSVNAIAVMLAGVVLAWLASPESRGNS-----TLRVWLKF
sp|P46029      ------------FVLQPDQMQVLNPLLVLIFIPLFDLVIYRLISKCGI----NFTSLRKM
sp|P46030      --------------VPNDLFNNFNPLTIIILIPILEYGLYPLLNKFKI----DFKPIWRI
sp|P46031      --------------VSNDLFQAFDSIALIIFIPICDNIIYPLLRKYNI----PFKPILRI
tr|Q63422      ------------IEIQPDQMQTVNAILIVIMVPIVDAVVYPLIAKCGF----NYTSLKKM
tr|Q8ZLD6      ------------FAINPVSFQALNPFWVVVASPVLAAIYTRLGSKGK-----DLTMPMKF
tr|Q8XDS3      ------------IEVPTALFQSVNAIAVMLAGVVLAWLASPESHGNS-----TLRVWLKF
tr|Q43390      ------------FEIPPAAMAVFYIGGLLLTTAVYDRLAIPLCKKLFNYPH-GLRPLQRI
tr|Q9FRU2      ------------FKIPGASFNVFLMLSMTLWLPIYDRIVVPFSLSNTPEKSGGITLLQSD
tr|Q9SZY4      ------------FKIPAGSLTVFFVAAILITLAVYDRAIMPFWKKWKGKP--GFSSLQRI
tr|Q9WU80      NISLLLRSDSSNYRIPEAWLLLANVAVILILIPVKDHLIDPLLLRCKL----LPSSLQKM
tr|Q9XIF3      ------------FHIPPASLQAIPYIMLIFLVPLYDSFLVPFARKLTGHNS-GIPPLTRI
tr|Q9ZPS2      ------------FEIPPATLGMFDTASVLISVPIYDRVIVPLVRRFTGLAK-GFTELQRM
tr|Q9ZTX4      ------------FKIPAASLSTFDTISVIVWVPVYDKILVPIARRFTGIER-GFSELQRM
                                          : .   :
sp|O01840      AVGGLLTAFSFAIAGVLQLKVNETMEFPPSL------GRIYLQRVGNESLISDFRYKSDG
sp|O07380      VLSFLFLDYIKHMFKKEGEQAKKTKEKSRIHH-----GIEIPLFLRQLIINIFTLIILEG
sp|P32901      FFGFMFGSFAMTWAAVLQSFVYKAGPWYNEPL-----GHNTPNHVHVCWQIPAYVLISFS
sp|P36574      GLGLMLTGISYLIMTLPGLLNGTSGRASAL-----------------WL-VLMFAVQMAG
sp|P36836      TIGMFLASMAFVAAAILQVEIDKTLPVFPKA------NEVQIKVLNVGSENMIISLPGQT
sp|P36837      TLGMFMCSLGFLTAAAAGMWFADAQGLTSP-------------WFIVLV----YLFQSLG
sp|P39276      AFGLLLMACGFMLLAF-DARHAAADGQASM-------------GVMISG----LALMGFA
sp|P46029      AVGMVLACLAFAAAATVEIKINEMAPPQPGS------QEILLQVLNLADDEVKLTVLGNN
sp|P46030      CFGFVVCSFSQIAGFVLQKQVYEQSPCGYYAT-----NCDSPAPITAWKASSLFILAAAG
sp|P46031      TLGFMFATASMIYAAVLQAKIYQRGPCYANFT-----DTCVSNDISVWIQIPAYVLIAFS
tr|Q63422      TVGMFLASMAFVVAAIVQVEIDKTLPVFPSG------NQVQIKVLNIGNNDMAVYFPGKN
tr|Q8ZLD6      TLGMFLCALGFLTAAA-GMWFADAQGLTSP-------------WFIVLV----YLFQSLG
tr|Q8XDS3      AFGLLLMACGFMLLAF-DARHAAADGQASM-------------GVMVSG----LALMGFA
tr|Q43390      GLGLLLAAMGMAVAALVEIKRLRTAHAHGPT--------VKTLPLGFSLLIPQYLIVGIG
tr|Q9FRU2      GIGIFISALCMIVAGVVEEHRRSLALTNPIGVQ---PRKGAISSMSGLWLIPQLSLAGLS
tr|Q9SZY4      AIGLVLSTAGMAAAALVEQKRLSVAKSSSQ----------KTLPISVFLLVPQFFLVGAG
tr|Q9WU80      ALGMFFGFTSIIVAGVLEKERLQYIAANQTVPQLIGKDLYYAAPLSIWWQIPQYLLIGVS
tr|Q9XIF3      GIGLFLSTFSMVSAAMLEKKRRDSSVLDGR-------------ILSIFWITPQFLIFGIS
tr|Q9ZPS2      GIGLFVSVLSLTFAAIVETVRLQLARDLDLV------ESGDIVPLNIFWQIPQYFLMGTA
tr|Q9ZTX4      GIGLFLSMLCMSAAAIVEIRRLQLARDLGLV------DEAVSVPLSIFWQIPQYFILGAA
                .. ..
sp|O01840      R-LIGDGMLPKGRTELDAGIYTFNTGLKNESQEI---DISTPNKGYVMAVFRLKDAVEV-
sp|O07380      ETLFDENGVEVNIAEHPVQGYTELNINLLNKD-----SIDLWADWIQSVAKYLLNIMY--
sp|P32901      EIFASITGLEYAYSKAPASMKSFIMSIFLLTN-----AFGSAIGCALSPVTVDPKFTW--
sp|P36574      ELLVSPVGLSVSTKLAPVAFQSQMMAMWFLAD-----STSQAINAQITPLFKAATEVH--
sp|P36836      VTLNQMSQTNEFMTFNEDTLTSINITSGSQ---------VTMITPSLEAGQRHTLLVW--
sp|P36837      ELFISALGLAMIAALVPQHLMGFILGMWFL--------TQAAAFLLGGYVATFTAVPD--
sp|P39276      ELFIDPVAIAQITRLK---MSGVLTGIYMLA-------TGAVANWLAGVVAQQTTESQ--
sp|P46029      NNSLLADSIKSFQKTPHYSKIHLNTKSQDFYFHLKYHNLSIYTEHSVEERNWYSLIIRED
sp|P46030      ECWAYTTAYELAYTRSPPALKSLVYALFLVMS-----AFSAALSLAITPALKDPNLHW--
sp|P46031      EIFASITGLEFAFTKAPPSMKSIITALFLFTN-----AFGAILSICISSTAVNPKLTW--
tr|Q63422      VTVAQMSQTDTFMTFDVDQLTSINVSSPGSPG-------VTTVAHEFEPGHRHTLLVW--



tr|Q8ZLD6      ELLISALGLAMVAALVPQHLMGFILGMWFL--------TQAAAFLLGGYVATFTAVPE--
tr|Q8XDS3      ELFIDPVAIAQITRLK---MSGVLTGIYMLA-------TGAVANWLAGVVAQQTTESQ--
tr|Q43390      EALIYTGQLDFFLRECPKGMKTMSTGLLLSTL-----ALGFFFSSVLVTIVEKVTDKA--
tr|Q9FRU2      ESFTAVGQVEFYYKQFPENMRSIAGSLFYCGM-----AGSSYLSTLLISIVHNTSEKS--
tr|Q9SZY4      EAFIYTGQLDFFITQSPKGMKTMSTGLFLTTL-----SLGFFVSSFLVSIVKRVTSTS--
tr|Q9WU80      EIFASIPGLEFAYSEAPRSMQGAIMGIFFCLS-----GVGSLLGSGLVALLSFPGGWM--
tr|Q9XIF3      EMFTAVGLIEFFYKQSAKGMESFLMALTYCSY-----SFGFYFSSVLVSVVNKITSTS--
tr|Q9ZPS2      GVFFFVGRIEFFYEQSPDSMRSLCSAWALLTT-----TLGNYLSSLIITLVAYLS-----
tr|Q9ZTX4      EIFTFIGQLEFFYDQSPDAMRSLCSALSLLTT-----ALGNYLSSFILTVVTSITTRG--

                                                                   
sp|O01840      VKFDYKVEKTDNGATRVFVVTAREDADTLVYAINKKGKILSSCELKSGSYVDVIPGIISD
sp|O07380      -TADVIVIIIFYLVKMAALWWAWSYIPLSTVFVGYKYSGKDESLQAALEVL---------
sp|P32901      -LFT-GLAVACFISGCLFWLCFRKYNDTEEEMNAMDYEEEDEFDLNPISAPKANDIEILE
sp|P36574      -----FFAITGIIGIIVGIILLIVKKPILKLMGDVR------------------------
sp|P36836      APNNYRVVNDGLTQKSDKGENGIRFVNTYSQPINVTMSGKVYEHIASYNASEYQFFTSGV
sp|P36837      -NITDPLETLPVYTNVFGKIGLVTLGVAVVMLLMVPWLKRMIATPESH------------
sp|P39276      -ISGMAIAAYQRFFSQMGEWTLACVAIIVVLAFATRFLFSTPTNMIQESND---------
sp|P46029      GKSISSIMVKDMENETTYGMTAIRFINTLQENVNISLGTDISLNVGENYGVSA--YRTVQ
sp|P46030      -VFL-AIGLAGFLCAIVMLAQFWNLDKWMENETNERERLDREEEEEANRGIHDVDHPIEA
sp|P46031      -MYT-GIAVTAFIAGIMFWVCFHHYDAMEDEQNQLEFKRNDALTKKDVEKEVHDSYSMAD
tr|Q63422      GPNNYRVV----------------------------------------------------
tr|Q8ZLD6      -NITDPLQTLPIYTGVFSKIGLVTLAVTVVMAIMVPWLNRMINTPGTEQ-----------
tr|Q8XDS3      -ISGMAIAAYQRFFSQMGEWTLACVAIIVVLAFATRFLFSTPTNMVQESND---------
tr|Q43390      -HP--WIAD-DLNKGRLYN--FYWLVAVIVALNFLVFLVFSKWYVYKEKRLADLGIELED
tr|Q9FRU2      -ATGNWLPE-DLNKGRLDF--FYYMIAALEIMNLGYFLLCSKWYKYKEIGSSDLELNQVP
tr|Q9SZY4      -TDVGWLAD-NINHGRLDY--FYWLLVILSGINFVVYIICALWFKPTKGKDS---VEKEN
tr|Q9WU80      ---YCPKDFGNINNCQMDR--YFFLLAGIEAVTAVLFLWIAGRYERTRQDPASQRSSSRV
tr|Q9XIF3      VDSKGWLGENDLNKDRLDL--FYWLLAVLSLLNFLSYLFWSRWNIKSSRRNNTNVVGDEN
tr|Q9ZPS2      -GKDCWIPSDNINNGHLDY--FFWLLVSLGSVNIPVFVFFSVKYTHMKV-----------
tr|Q9ZTX4      -GKPGWIPN-NLNGGHLDY--FFWLLAALSFFNLVIYVFLCQMYKSKKAS----------

                                                                   
sp|O01840      PNVRLYWGPKNSCSGVDCPNTVTLNAQMGAVHVLHIHPSTTEGDFNLLVRPNSVSILWSL
sp|O07380      ------------------------------------------------------------
sp|P32901      PMESLRSTTKY-------------------------------------------------
sp|P36574      ------------------------------------------------------------
sp|P36836      KGFTVSSAGISEQCRRDFESPYLEFGSAYTYLITSQATGCPQVTEFEDIPPNTMNMAWQI
sp|P36837      ------------------------------------------------------------
sp|P39276      ------------------------------------------------------------
sp|P46029      RGEYPAVHCKTEDKDFSLNLGLLDFGASYLFVITNSTKQGLQAWKMEDIPANKVSIAWQL
sp|P46030      IVSIKS------------------------------------------------------
sp|P46031      ESQYNLEKANC-------------------------------------------------
tr|Q63422      ------------------------------------------------------------
tr|Q8ZLD6      ------------------------------------------------------------
tr|Q8XDS3      ------------------------------------------------------------
tr|Q43390      EPDIPMGH----------------------------------------------------
tr|Q9FRU2      KHI---------------------------------------------------------
tr|Q9SZY4      GKGFSVEDC---------------------------------------------------
tr|Q9WU80      RG----------------------------------------------------------
tr|Q9XIF3      I-----------------------------------------------------------

                                                                   
sp|O01840      PQYIIITLGEVLLSVTGLEFAYSQAAPNMKSVLTAMWLLTVFAGNLIDMMISGTRLIPHP
sp|O07380      ------------------------------------------------------------
sp|P32901      ------------------------------------------------------------
sp|P36574      ------------------------------------------------------------
sp|P36836      PQYFLITSGEVVFSITGLEFSYSQAPSNMKSVLQAGWLLTVAVGNIIVLIVAGAGQINKQ
sp|P36837      ------------------------------------------------------------
sp|P39276      ------------------------------------------------------------



sp|P46029      PQYALVTAGEVMFSVTGLEFSYSQAPSSMKSVLQAAWLLTVAIGNIIVLVVAQFSGL-VQ
                                                                   

sp|O01840      ALEFFFYSTLMVIVMGVFILLAMQYTYVEDNDDEITITESEKKDVIALTEIESGTATSDK
sp|O07380      ------------------------------------------------------------
sp|P32901      ------------------------------------------------------------
sp|P36574      ------------------------------------------------------------
sp|P36836      WAEYILFAALLLVVCVIFAIMARFYTYVNPAEIEAQFEEDEKKKNPEKNDLYPSLAPVSQ
sp|P36837      ------------------------------------------------------------
sp|P39276      ------------------------------------------------------------
sp|P46029      WAEFVLFSCLLLVVCLIFSIMGYYYIPIKSEDIQGPEDKQIPHMQGNMINLETKKTKL--

                                                                   
sp|O01840      KE-
sp|O07380      ---
sp|P32901      ---
sp|P36574      ---
sp|P36836      TQM

TGF-Beta External Domain Alignment- High Sequences
sp|O01840      -----------------------------MEEKSLLQKLRSYPPAVFFMLGNEFCERFSF
sp|O07380      ------------------------------------------------------------
sp|P32901      -------------------------------------------------MLNHPSQGSDD
sp|P36574      ------------------------------------------------------------
sp|P36836      ------------------------------MGMSKSLSCFGYPLSIFFIVVNEFCERFSY
sp|P36837      ------------------------------------------------------------
sp|P39276      ------------------------------------------------------------
sp|P46029      MNPFQQNESKETLFSPVSTEETPPRLSSPAKKTPPKICGSNYPLSIAFIVVNEFCERFSY
sp|P46030      ----------------------------------------------MVSSDFENEKQPDV
sp|P46031      ----------------------------------------------MSSIEEQITKSDSD

                                                                   
sp|O01840      YGMKTILFIYLITEHEFSPSKATFIYHLFTCIAYLTPLIGSIMADSVFGRFKVILYGSSI
sp|O07380      ------------------------------------------------------------
sp|P32901      AQDEKQGDFPVIEEEKTQAVTLKDSYVSDDVANSTERYNLSPSPEDEDFEGPTEEEMQTL
sp|P36574      ---------------------------------------------------MQNLNKTEK
sp|P36836      YGMRALLILYFRNFIGWDDNLSTVIYHTFVALCYLTPILGALIADAWLGKFKTIVWLSIV
sp|P36837      ------------------------------------------------------------
sp|P39276      ------------------------------------------------------------
sp|P46029      YGMKAVLTLYFLYFLHWNEDTSTSVYHAFSSLCYFTPILGAAIADSWLGKFKTIIYLSLV
sp|P46030      VQVLTDEKNISLDDKYDYEDPKNYSTNYVDDYNPKGLRRPTPQESKSLRRVIGNIRYSTF
sp|P46031      FIISEDQSYLSKEKKADGSATINQADEQSSTDELQKSMSTGVLVNGDLYPSPTEEELATL

                                                                   
sp|O01840      YVVGHVLLSLGAVPFLSYPI----------RSSLDFSGLFVIAFATGCIKPCVSAFAADQ
sp|O07380      ----------------------------------------MRAILLFYMYYAVTKGGLGM
sp|P32901      RHVGGKIPMRCWLIAIVELS-----------ERFSYYGLSAPFQNYMEYGPNDSPKGVLS
sp|P36574      TFFGQPRGLLTLFQTEFWER-------------FSYYGMRAILVYYLYALTTADNAGLGL
sp|P36836      YTIGQAVTSLSSVNELTDNNHDGTPDSLPVHVAVCMIGLLLIALGTGGIKPCVSAFGGDQ
sp|P36837      MNTTTPMGMLQQPRPFFMIF-------------FVELWERFGYYGVQGVLAVFFVKQLGF
sp|P39276      ------MKTPSQPRAIYYIV-------------AIQIWEYFSFYGMRALLILYLTHQLGF
sp|P46029      NVLGHVIKSLSAFPILGGKV---------VHTVLSLVGLCLIALGTGGIKPCVAAFGGDQ
sp|P46030      MLCICEFAERASYYSTTGIL--------TNYIQRRIDPDSPHGWGAPPPGSPDASAGALG
sp|P46031      PSVCGTIPWKAFIIIIVELC-----------ERFAYYGLTVPFQNYMQFGPKDATPGALN

                                                                   
sp|O01840      FTEDQKDLRSQFFSFFYFAINGGSLFAIIITPILRGRVQC---FGNAHCFPLAFGVPGVL
sp|O07380      SQTTAASIMSIYGS--LVYLST--LVGGWLSDRVWGS-------------RKTVFYGGVL
sp|P32901      LNSQGATGLSYFFQ-FWCYVTP--VFGGYVADTFWGK-YNT--IC---CGTAIYIAGIFI



sp|P36574      PKAQAMAIVSIYGA--LVYLST--IVGGWVADRLLGA-------------SRTIFLGGIL
sp|P36836      FEEGQEKQRNRFFSIFYLAINAGSLLSTIITPMVRVQ-QCGIHVKQA-CYPLAFGIPAIL
sp|P36837      SQEQAFVTFGAFAA--LVYGLI--SIGGYVGDHLLGT-------------KRTIVLGALV
sp|P39276      DDNHAISLFSAYAS--LVYVTP--ILGGWLADRLLGN-------------RTAVIAGALL
sp|P46029      FEEKHAEERTRYFSGFYLAINAGSLISTFITPMLRGDVQC---FGED-CYALAFGVPGLL
sp|P46030      KGLQAASALTNLLT-FLAYVFP--LIGGYLGDSTIGRWKA---IQ---WGVFFGFVAHLF
sp|P46031      LGETGADGLSNFFT-FWCYVTP--VGAALIADQFLGR-YNT--IV---CSAVIYFIGILI
                                         .  :                            ..
sp|O01840      MLLALILFLMGWSMYKKHPPSKENVGSKVVAVIYTSLRKMVGGASRDKP-VTHWLDHAAP
sp|O07380      IMLGHIVLALPAGVTVLYRS-IALIVVGTGLLKPNVSDMVGGLYSVEDPRRDAGFSIFVF
sp|P32901      LFITSIPSVGNRDSAIGGFI-AAIILIGIA--TGMIKANLSVLIADQLPKRKPSI--KVL
sp|P36574      ITLGHIALATPFGLSSLFVA-LFLIILGTGMLKPNISNMVGHLYSKDDSRRDTGFNIFVV
sp|P36836      MAVSLIVFIIGSGMYKKFKP-QGNILSKVVKCICFAIKNRFRHRSKQFPKRAHWLDWAKE
sp|P36837      LAIGYFMTGMSLLKPDLIFIALGTIAVGNGLFKANPASLLSKCYPPKDPRLDGAFTLFYM
sp|P39276      MTLGHVVLGIDTNSTFSLYLALAIIICGYGLFKSNISCLLGELYDENDHRRDGGFSLLYA
sp|P46029      MVIALVVFAMGSKMYKKPPP-EGNIVAQVVKCIWFAISNRFKNRSEDIPKRQHWLDWAAE
sp|P46030      FIFASIPQAIENANAGLGLCVIAIITLSAG--SGLMKPNLLPLVLDQYPEERDMV--KVL
sp|P46031      LTCTAIPSVIDAGKSMGGFV-VSLIIIGLG--TGGIKSNVSPLMAEQLPKIPPYV--KTK
               :    .                  :                     .       .
sp|O01840      EHSQKMIDSTRGLLNVAVIFCPLIFFWALFDQQ-------GSTWVLQARRLDGRVGHFSI
sp|O07380      GINLGSIIAPWLVPWAAQGFGVHIFGSQLNFHAGFSLAAVGMFFGLVQYVLGGKKYLSTE
sp|P32901      KSGERVIVDSNITLQNVFMF--F--YFMINV---------GSLSLMATTELEYHKGFWAA
sp|P36574      GINMGSLIAPLIVGTVGQGVNYHLGFSLAAI---------GMIFALFAYWYGRLRHFPEI
sp|P36836      KYDERLIAQIKMVTRVLFLYIPLPMFWALFDQQ-------GSRWTLQATTMSGRIGILEI
sp|P36837      SINIGSLIALSLAPVIADRFGYSVTYNLCGA----------GLIIALLVYIACRGMVKDI
sp|P39276      AGNIGSIAAPIACGLAAQWYGWHVGF-ALAG---------GGMFIGLLIFLSGHRHFQST
sp|P46029      KYPKQLIMDVKTLTRVLFLYIPLPMFWALLDQQ-------GSRWTLQATKMNGNLGFFVL
sp|P46030      PTGESIILDREKSLSRITNV--F--YLAINI---------GAFLQIATSYCERRVGFWLA
sp|P46031      KNGSKVIVDPVVTTSRAYMI--F--YWTINV---------GSLSVLATTSLESTKGFVYA
                     :
sp|O01840      LPEQIHAINPVCVLILVPIFEGWVYPALRKI-TRVTPLRKMAVGGLLTAFSFA-------
sp|O07380      SLTPNDPIDKGDLLNVIKWVVIIIIAIVAIL-AAMAGVGQLSVDNVITLLTILA------
sp|P32901      YLLPFCFF-WIAVVTLIFGKKQYIQRPIGDKVIAKSFKVC--WILTKNKFDFN-------
sp|P36574      GREPSNPMDSKARRNFLITLTIVVIVAIIGFFLLYQASPANFINNFINVLSIIGI-----
sp|P36836      QPDQMQTVNTILIIILVPIMDAVVYPLIAKCGLNFTSLKKMTIGMFLASMAFV-------
sp|P36837      GSEPDFRPMSFSKLLYVLLGSVVMIFVCAWL-----MHNVEVANLVLIVLSIV-------
sp|P39276      RSMDKKALTSVKFALPVWSWLVVMLCLAPVF---FTLLLENDWSGYLLAIVCL-------
sp|P46029      QPDQMQVLNPLLVLIFIPLFDLVIYRLISKCGINFTSLRKMAVGMVLACLAFA-------
sp|P46030      FFVPMILYIIVPIFLFIVKPKLKIKPPQGQVMTNVVKILAVLFSGNFIKRLWNGTFWDHA
sp|P46031      YLLPLCVF-VIPLIILAVSKTAFTSTLLPPVPSLFVLVKCSSLLLKTNLISKK-------

                                                                   
sp|O01840      ------IAGVLQLKVNETMEFPPSLGRIYLQRVGNESLISDFRYKSDGRLIGDG-MLPKG
sp|O07380      ------IALPIYYFVMMFRSSKVTKIELGIHLLPVSLKNRLFFKKGYKRLKQII--QLEL
sp|P32901      ------AAKPSVHPEKNY---PWNDKFVDEIKRALAACKVFIFYPIYWTQYGTM--ISSF
sp|P36574      ------VVPIIYFVMMFTSKKVESDERRKLTAYIPLFLSAIVFWAIEEQSSTIIAVWGES
sp|P36836      ------AAAILQVEIDKTLPVFPKANEVQIKVLNVGSENMIISLPGQTVTLNQMSQTNEF
sp|P36837      ----------VTIIFFRQAFKLDKTGRNKMFVAFVLMLEAVVFYILYAQMPTSLNFFAIN
sp|P39276      ---------IAAQIIARMMIKFPEHRRALWQIVLLMFVGTLFWVLAQQGGSTISLFIDRF
sp|P46029      ------AAATVEIKINEMAPPQPGSQEILLQVLNLADDEVKLTVLGNNNNSLLADSIKSF
sp|P46030      RPSHMEARGTIYYNSKKKSAITWSDQWILDIKQTFDSCKIFLYYIIFNLADSGLGSVETS
sp|P46031      ------LNHLALLLLERYVKDQWDDLFIDELKRALRACKTFLFYPIYWVCYGQM--TNNL
                                                        .
sp|O01840      RTELDAGIYTFNTGLKN-----------ESQEIDISTPNKGYVMAVFRLKDAVEVVKFDY
sp|O07380      AIKRQSFIILIALIIMA-----------------S-ILIPNKVIIAKHLLK---------
sp|P32901      IT--QASMMELHGIPND----------------FLQAFDSIALIIFIPIFE-------K-
sp|P36574      RS-NLDPTWFGITFHID--------------PSWYQLLNPLFIVLLSPIFV---------
sp|P36836      MTFNEDTLTSINITSGS--------QVTMITP-SLEAGQRHTLLVWAPNNY--RVVNDGL



sp|P36837      NV--HHEILGFSINPVS-----------------FQALNPFWVVLASPILA---------
sp|P39276      VN----RQAFNIEVPTA----------------LFQSVNAIAVMLAGVVLA---------
sp|P46029      QKTPHYSKIHLNTKSQDFYFHLKYHNLSIYTEHSVEERNWYSLIIREDGKSISSIMVKDM
sp|P46030      LI----GAMKLDGVPND----------------LFNNFNPLTIIILIPILE---------
sp|P46031      IS--QAGQMQTGNVSND----------------LFQAFDSIALIIFIPICD-------N-
                                                         ::
sp|O01840      KVEKTDNGATRVFVVTAREDADTLVYAINKKGKILSSCELKSGSYVDVIPGIISDPNVRL
sp|O07380      ------------LVLLVFYWIGL-----NLIPFSTFVLSFLFLDYIKHM-----------
sp|P32901      ------------FVYPFIRRYT----PLKPITKIFFGFMFGSFAMTWAA-----------
sp|P36574      -----------RLWNKLGERQP------STIVKFGLGLMLTGISYLIMT-----------
sp|P36836      TQKSDKGENGIRFVNTYSQPINV---TMSGKVYEHIA-SYNASEYQFFTSG------VKG
sp|P36837      -----------GIYTHLGNKGKD----LSMPMKFTLGMFMCSLGFLTAA-----------
sp|P39276      -----------WLASPESRGNST----LRVWLKFAFGLLLMACGFMLLA-----------
sp|P46029      ENETTYGMTAIRFINTLQENVNI---SLGTDISLNVGENYGVSAYRTVQ---------RG
sp|P46030      -----------YGLYPLLNKFKI---DFKPIWRICFGFVVCSFSQIAGF-----------
sp|P46031      ------------IIYPLLRKYNI---PFKPILRITLGFMFATASMIYAA-----------

                                                                   
sp|O01840      YWGPKNSCSGVDCPNTVTLNAQMGAVHVLHIHPSTTEGD--FNLLVRP-NSVSILWSLPQ
sp|O07380      ---------------FKKEGEQAKKTKE---KSRIHHGIEIP-------LFLRQLIINIF
sp|P32901      --------------VLQSFVYKAGPWY----NEPLGHNT--------P-NHVHVCWQIPA
sp|P36574      -----------------LPGLLNGTSG-----------------------RASALWLVLM
sp|P36836      FTVSSAGISEQCRRDFESPYLEFGSAYTYLITSQATGCPQVTEFEDIPPNTMNMAWQIPQ
sp|P36837      -----------------AAGMWFADAQ----------------------GLTSPWFIVLV
sp|P39276      --------------FDARHAAADGQAS----MGVMISGL--------ALMGFAELFIDPV
sp|P46029      EYPAVHCKTEDKDFSLNLGLLDFGASYLFVITNSTKQGLQAWKMEDIPANKVSIAWQLPQ
sp|P46030      --------------VLQKQVYEQSPCG-----YYATNCD--------SPAPITAWKASSL
sp|P46031      --------------VLQAKIYQRGPCY----ANFTDTCV--------S-NDISVWIQIPA

                                                                   
sp|O01840      YIIITLGEVLLSVTGLEFAYSQAAPNMKSVLTAMWLLTVFAGNLIDMMISGTRLIP-HPA
sp|O07380      TLIILEGETLFDENGVEVNIAEHPVQGYTELNINLLNKDSIDLWADWIQSVAKYLLNIMY
sp|P32901      YVLISFSEIFASITGLEYAYSKAPASMKSFIMSIFLLTNAFGSAIGCALSPVTVDPKFTW
sp|P36574      FAVQMAGELLVSPVGLSVSTKLAPVAFQSQMMAMWFLADSTSQAINAQITPLFKAATEVH
sp|P36836      YFLITSGEVVFSITGLEFSYSQAPSNMKSVLQAGWLLTVAVGNIIVLIVAGAGQIN-KQW
sp|P36837      YLFQSLGELFISALGLAMIAALVPQHLMGFILGMWFLTQAAAFLLGGYVATFTAVPDNIT
sp|P39276      AIAQITRLKMSGVLTGIYMLATGAVANWLAGVVAQQTTESQISGMAIAAYQRFFSQMGEW
sp|P46029      YALVTAGEVMFSVTGLEFSYSQAPSSMKSVLQAAWLLTVAIGNIIVLVVAQFSGL--VQW
sp|P46030      FILAAAGECWAYTTAYELAYTRSPPALKSLVYALFLVMSAFSAALSLAITPALKDPNLHW
sp|P46031      YVLIAFSEIFASITGLEFAFTKAPPSMKSIITALFLFTNAFGAILSICISSTAVNPKLTW
                                      .
sp|O01840      LEFFFYSTLMVIVMGVFILLAMQYTYVEDNDDEITITE-SEKKDVIALTEIESGTATSDK
sp|O07380      TADVIVIIIFYLVKMAALWWAWSYIPLSTVFVGYKYSGKDESLQAALEVL----------
sp|P32901      LFTGLAVACFISGCL-FWLCFRKYNDTEEEMNAMDYEEEDEFDLNPISAPKANDIEILEP
sp|P36574      FFAITGIIGIIVGIILLIVKKPILKLMGDVR-----------------------------
sp|P36836      AEYILFAALLLVVCVIFAIMARFYTYVNPAEIEAQFEE-DEKKKNPEKNDLYPSLAPVSQ
sp|P36837      DPLETLPVYTNVFGKIGLVTLGVAVVMLLMVPWLKRMIATPESH----------------
sp|P39276      TLACVAIIVVLAFATRFLFSTPTNMIQESND-----------------------------
sp|P46029      AEFVLFSCLLLVVCLIFSIMGYYYIPIKSEDIQGP-----EDKQIPHMQGNMINL-ETKK
sp|P46030      VFLAIGLAGFLCAIVMLAQFWNLDKWMENETNERERL--DREEEEEANRGIHDVDHPIEA
sp|P46031      MYTGIAVTAFIAGIM-FWVCFHHYDAMEDEQNQLEFKRNDALTKKDVEKEVHDSYSMADE

                                                                   
sp|O01840      KE--------
sp|O07380      ----------
sp|P32901      MESLRSTTKY
sp|P36574      ----------
sp|P36836      TQM-------
sp|P36837      ----------
sp|P39276      ----------



sp|P46029      TKL-------
sp|P46030      IVSIKS----
sp|P46031      SQYNLEKANC

Auto-inducer Binding Domain Alignments – Total Sequences
sp|O30919      -----------------------------MEPDFQ------DAYHAFRTAEDEHQLFREI
sp|O54452      -----------------------------MSPSHAEQF--SFFLLSGPDLRIADIAGSGN
sp|O87971      -----------------------------------------------------------I
sp|P07026      ------------------------------MQDKDFFSWRRTMLLRFQRMETAEEVYHEI
sp|P12746      -----------------------------MKNINADDTY--RIINKIKACRSNNDINQCL
sp|P25084      -----------------------------MALV--------DGFLELERSSGKLEWSAIL
sp|P33905      -----------------------------MQHWLD------KLTDLAAIEGDECILKTGL
sp|P54292      -----------------------------MRNDGGFLLWWDGLRSEMQPIHDSQGVFAVL
sp|P54293      -----------------------------------------MFSFFLENQTITDTLQTYI
sp|P54295      -----------------------------------------MIIDYFDNESINEDIKNYI
sp|P54303      -----------------------------MELGQQ-LGWDAYFYSIFARTMDMQEFTAVA
sp|P74946      -----------------------------MYKIL-------RLIQENQQITSHDDLENVL
sp|Q03316      ----------------------------MKEESSAVSNLVFDFLSESASAKSKDDVLLLF
sp|Q44059      -----------------------------MKQDQLL-----EYLEHFTSVTDGDRLAELI
tr|Q93UX7      MSRVAPAGRTVAPVTRGASRRGEWEARSCAVGEKSVDGDLRSLIDMTEAAHDERMIKSAL
tr|Q98A91      -----------------------------MQLVFE------TLLEQLSLSVDEVDFHNAL
tr|Q9AM51      -----------------------------MELRWQ------DAYQQFSAAEDEQQLFQRI
tr|Q9ANB1      -----------------MDDQSHGKMPLASSRRESRGPDLFSFIECAIQTRSIAALFDLL
tr|Q9I4J9      -----------------------------MTDYASLL---FDSVARLRKAATTEAVCREM
tr|Q9KJ71      ------------------------------MIENTYSE---KFESAFEQIKAAANVDAAI
tr|Q9KL60      --------------------MLKLSRNKIEQKEPMPAVDLITLISQLEESHSFSTVQDIV
tr|Q9L3I8      -----------------------------------------MSNSFFNNTSINISIKNYL
tr|Q9L6U5      -----------------------------MERQQDFMHWWNDLRMEMLKLQESAQVFALL
tr|Q9L6U7      -----------------------------MDSRLKY-----SDFIPADESKSNVCLKLEL
tr|Q9R9G8      -----------------------------MELGQQ-LGWDSYFYNIFARTMDMQEFTAVT
tr|Q9RH45      -----------------------------------------MIINFFDNESINEDIKNYI
tr|Q9RMS5      -----------------------------MHDERE------GYLEILSRITTEEEFFSLV
tr|Q9XDD1      -----------------------------------------MIINFFDNESINEDIKNYI
tr|Q9ZIU0      -----------------------------MELRWQ------DAYQQFSAAEDEQQLFQRI

                                                                   
sp|O30919      AAIARQLGFDYCCYGARM----PLPVSKPAVAIFDTYPAGWMQHYQASG---FLDIDPTV
sp|O54452      DAGRSRPHLCDIAYGSPC---DLAGATDSNPLLMLTYPPEWVKQYRDRD---YFSIDPVV
sp|O87971      DRKLERYDSPRYTYMV------IDKKNPVDVFIVTSYPDEWADIYTSQN---YQHIDPIV
sp|P07026      ELQAQQLEYDYYSLCVRH----PVPFTRPKVAFYTNYPEAWVSYYQAKN---FLAIDPVL
sp|P12746      SDMTKMVHCEYYLLAIIY----PHSMVKSDISILDNYPKKWRQYYDDAN---LIKYDPIV
sp|P25084      QKMASDLGFSKILFGLLP----KDSQDYENAFIVGNYPAAWREHYDRAG---YARVDPTV
sp|P33905      ADIADHFGFTGYAYLH---------IQHRHITAVTNYHRQWQSTYFDKK---FEALDPVV
sp|P54292      EKEVRRLGFDYYAYGVRH----TIPFTRPKTEVHGTYPKAWLERYQMQN---YGAVDPAI
sp|P54293      QRKLSPLGSPDYAYTV------VSKKNPSNVLIISSYPDEWIRLYRANN---FQLTDPVI
sp|P54295      QRRIKTYGDLCYSYLV------MNKKTPLHPTIISNYPLDWVKKYKKNS---YHLIDPVI
sp|P54303      LRALRELRFDFFRYGMCS----VTPFMRPRTYMYGNYPEDWVQRYQAAN---YAVIDPTV
sp|P74946      NGLNNLIGHEFFLFGLSF----QPTLKTSETLVTDNYPNSWRQQYDESG---FMHIDPIV
sp|Q03316      GKISQYFGFSYFAISGIP----SPIERIDSYFVLGNWSVGWFDRYRENN---YVHADPIV
sp|Q44059      GRFTLGMGYDYYRFALII----PMSMQRPKVVLFNQCPDSWVQAYTANH---MLACDPII
tr|Q93UX7      KTFAHACGFERFAYLQ---------TEGSEIRTFNSYPEEWQGVYLESH---YSRIDPVV
tr|Q98A91      ASAAGAFDIPAFAYLS------LVSDRVTKPRLISNYHSGWTSHYLRHQ---YERIDPVI
tr|Q9AM51      AAYSKRLGFEYCCYGIRV----PLPVSKPSVAIFDTYPDGWMAHYQAHN---YIEIDSTV
tr|Q9ANB1      VNFASNEGFDKVAYGALSCSNERRLPEYLPPPPTINFPSDWCQRYAEQE---YQAIDPVV
tr|Q9I4J9      VEFAARLGFDRVIVCSLF----PRPDEDELIDELFFVHGDWAEGRSAQERDAYLLHCPVT



tr|Q9KJ71      RILQAEYNLDFVTYHLAQ----TIASKIDSPFVRTTYPDAWVSRYLLNS---YVKVDPIV
tr|Q9KL60      RQRAHFYGYDKIVFFS------AHSTLDGIIERIYWIEGDWFDDGENIDAATYIKYCPIT
tr|Q9L3I8      EKNLKVFNNIKYAYAI------MNKKNPNDFAIISNR-MEWFDFYTKNN---LQFIDPVL
tr|Q9L6U5      EREVQYLGFDFYAYGIRH----SIPFTRPKTEIYGSYPQPWMERYQQQN---YAAIDPSI
tr|Q9L6U7      EKLLGDLQGASYAYFA------APRNREVAPLIVSNYPARWLKAYKNAN---YHLIDPII
tr|Q9R9G8      LRVLRELRFDFFAYGMCS----VTPFMRPRTCMYGNYPEDWVQRYQAAN---YAVIDPTV
tr|Q9RH45      QRRIKAYGNIRYSYLL------MNKKVPLHPAIISNYPLDWVKKYKKNS---YHLIDPVI
tr|Q9RMS5      LEICGNYGFEFFSFGARA----PFPLTAPKYHFLSNYPGEWKSRYISED---YTSIDPIV
tr|Q9XDD1      QRRIKAYGNIRYSYLL------MNKKVPLHPAIISNYPLDWVKKYKKNS---YHLIDPVI
tr|Q9ZIU0      AAYSKRLGFEYCCYGIRV----PLPVSKPAVAIFDTYPDGWMAHYQAQN---YIEIDSTV
                                                       *                .
sp|O30919      RAGASSSDLIVWPVSIR------DDAARLWSDARDAGLN-IGVARSSWTAHGAFGLLTLA
sp|O54452      RLGRRGFLPVEWSASGWDS----GRAYGFFKEAMAFGVGRQGVTLPVRGPQGERSLFTVT
sp|O87971      LTAFKRISPFAWDENITILS--DLKSSKIFALSKKYNIV-NGFTFVLHDHMNNLAMLSLI
sp|P07026      NPENFSQGHLMWNDDLF------SEAQPLWEAARAHGLR-RGVTQYLMLPNRALGFLSFS
sp|P12746      DYSNSNHSPINWNIFENNAV--NKKSPNVIKEAKTSGLI-TGFSFPIHTANNGFGMLSFA
sp|P25084      SHCTQSVLPIFWEPSIYQT----RKQHEFFEEASAAGLV-YGLTMPLHGARGELGALSLS
sp|P33905      KRARSRKHIFTWSGEHERPTL-SKDERAFYDHASDFGIR-SGITIPIKTANGFMSMFTMA
sp|P54292      LNGLRSSEMVVWSDSLF------DQSRMLWNEARDWGLC-VGATLPIRAPNNLLSVLSVA
sp|P54293      LTAFKRTSPFAWDENITLMS--DLRFTKIFSLSKQYNIV-NGFTYVLHDHMNNLALLSVI
sp|P54295      LTAKDKVAPFAWDDNSVINK--KSTDSAVFKLAREYNIV-NGYTFVLHDNSNNMATLNIS
sp|P54303      KHSKVSSSPILASNELF------RGCPDLWSEANDSNLR-HGLAQPSFNTQGRVGVLSLA
sp|P74946      KYSITNFLPIRWDDAKRVN----NDGRVIFEEARCNGLK-AGFSIPIHGLRGEFGMISFA
sp|Q03316      HLSKTCDHAFVWSEALRDQKL-DRQSRRVMDEAREFKLI-DGFSVPLHTAAGFQSIVSFG
sp|Q44059      QLARKQTLPIYWNRLDERARFLQEGSLDVMGLAAEFGLR-NGISFPLHGAAGENGILSFI
tr|Q93UX7      WEAKTRMEIFPWTADEWPSRG-KSELRQFRDQAINHGIR-SGVTIPVEGSFGSTMMLTFA
tr|Q98A91      EWARCSECPFQWGPGLGHAGI-STRQQQLFDEAAEFGIC-CGLTIPLVDRRGGVAAMTFA
tr|Q9AM51      RDGALSTNMIVWPDVDQ------IEPCPLWQDARDFGLS-VGVAQSSWAARGAFGLLSIA
tr|Q9ANB1      RRTAMLPRPFLWDELTSRYEL-QPRELRVLREAKEAGLK-HGMSVPLFGSQGRSAFVSFA
tr|Q9I4J9      RHILELDEPFFWSKSPSEDP--ERMTYRIVRGVRDLGQV-NGMQVPVFGRNGLEGAVSFA
tr|Q9KJ71      KQGFERQLPFDWSEVEPT-----PEAYAMLVDAQKHGIGGNGYSIPVADKAQRRALLSLN
tr|Q9KL60      RHIIETDRPFFWTKKPDVN----REQYRVVAKPKGSGI--HGLQIPIFGHLGLEGAVSLG
tr|Q9L3I8      ITASCCFTPFLWDENIMISS--GLKMPKIFNMAKNYDVI-NGYTFVLHDHNHNLVVLSII
tr|Q9L6U5      LNGLRSTEMVVWNDVLF------GKGSVLWGEAQDWGLR-VGATVPIRTPDGALSVLSVA
tr|Q9L6U7      HHGLKSCAPFSWSDALQAAP--CERSRELFRRSSQYRIC-TGATFTLHDAGGMFSSLSLC
tr|Q9R9G8      KHSKVSSAPILWSNELF------RGCPDLWSEANDSNLC-HGLAQPSFNAQGRVGMLSLA
tr|Q9RH45      LTAKGKVAPFAWDDNSVINI--KSTDSAVFNLAREYNIV-NGYTFVLHDNNNNMATLNVS
tr|Q9RMS5      RHGLLEYTPLIWNGEDF------QENRFFWEEALHHGIR-HGWSIPVRGKYGLISMLSLV
tr|Q9XDD1      LTAKGKVAPFAWDDNSVINI--KSTDSAVFNLAREYNIV-NGYTFVLHDNNNNMATLNVS
tr|Q9ZIU0      RDGALNTNMIVWPDVDR------IDPCPLWQDARDFGLS-VGVAQSSWAARGAFGLLSIA
                        .                  .            *              ...
sp|O30919      RHADPLTAAE--LGQLSIATHWLANLAHTLMSPFL--------VPQLVPESN-AVLTTRE
sp|O54452      SNHPDAYWRQ-FRMDSMRDLQFLAHHLHDRAMVLS----------GMRKVADLPRLSRRE
sp|O87971      MDNNADKGLNSRIESDKDRLQMNLIKIHEKMLMLEQNKLGVSNGKNTDTSGK-GILSPRE
sp|P07026      RCSAREIPIL--SDELQLKMQLLVRESLMALMRLN---------DEIVMTPE-MNFSKRE
sp|P12746      -HSEKDNYIDSLFLHACMNIPLIVPSLVDNYRKIN-----------IANNKSNNDLTKRE
sp|P25084      VEAENRAEANRFMESVLPTLWMLKDYALQSGAGLA----------FEHPVSKPVVLTSRE
sp|P33905      SDKPVIDLDR---EIDAVAAAATIGQIHARISFLR----------TTPTAEDAAWLDPKE
sp|P54292      RDQQNISSFE--REEIRLRLRCMIELLTQKLTDLE--------HPMLMSNP--VCLSHRE
sp|P54293      IKGNDQTALEQRLAAEQGTMQMLLIDFNEQMYRLAGTE-GERAPALNQSADK-TIFSSRE
sp|P54295      NGSDDSISFDERIEINKEKIQMLLIITHEKMLGLY-QSNSDKNENRNTQIER-DIFSPRE
sp|P54303      RKDNPISLQE--FEALKVVTKAFAAAVHEKISELE--------SDVRVFNTD-VEFSGRE
sp|P74946      TSDTKSYDLN---QQSIHTSQLIVPLLAHNIGNIT---------RYHKDAKPRAVLTARE
sp|Q03316      AEKVELSTCD--RSALYLMAAYAHSLLRAQIGNDA-----------SRKIQALPMITTRE
sp|Q44059      TAERASSDLL---LESSPILSWMSNYIFEAAIRIV--------RVSLREDDPQEALTDRE
tr|Q93UX7      SSAPAADVSK---LQDGQKAVRAVLAIHYRLKMLA----------ATTIVPPKRLLSPRE
tr|Q98A91      ADRLDPTFLR-VAEQYEQALEIMAMCFHIGVRRKL---------ARGLAVDG-VSLTPRE



tr|Q9AM51      RHADRLTPAE--INMLTLQTNWLANLSHSLMSRFM--------VPKLSPAAG-VTLTARE
tr|Q9ANB1      SPFDDADPQD---RMAHLT--TLASAFHNAVAQIT--------PPLDESCETDIPLTPRE
tr|Q9I4J9      GERLDLNAGC------KLAAQAFCPILFFALKRLR----------GPVSAGDAQALSERE
tr|Q9KJ71      ARIPADEWTE---LVRRCRNEWIEIAHLIHRKAVY---------ELHGENDPVPALSPRE
tr|Q9KL60      GKAIDSSPRA------RCELSLLSTYAFFAARRLL----------ESSDPNRSALLSKRE
tr|Q9L3I8      MDKSCDDDIEKIIVDKKNDLQMLLLTTHEKLITLY--QEINDTHQFNKKNQK-EILSKRE
tr|Q9L6U5      RRNTAISAVE--REVIRLRLRCIIELAAGRLSELG--------HSNTQSDP--QELSARE
tr|Q9L6U7      -NSGPQAEFERRMADQQGHLQMALIRFHGRLLSLR-------AMDELFPEPQTGPLSARE
tr|Q9R9G8      RKDNPISLQE--FEALKLMTKAFAAAIHEKISELE--------SDVRVFNTD-VEFSGRE
tr|Q9RH45      SGDDDSIFFDESIEVNKEKIQMLLIFIHDKMLGLYNKSHHENNTLNKKENKR-EIFSPRE
tr|Q9RMS5      RSSESIAATE--ILEKESFLLWITSMLQATFGDLL--------APRIVPESN-VRLTARE
tr|Q9XDD1      SGDDDSIFFDESIEVNKEKIQMLLILFHDKMLGLYNKSHHENNTLNKKENKR-EIFSPRE
tr|Q9ZIU0      RHADRLTPAE--INMLTLQTNWLANLSHSLMSRFM--------VPKLSPAAG-VTLTARD
                                                                      :  ::
sp|O30919      REVLCWTGEGKTAYEIGQILRISERTVNFHVNNVLLKLAATNKVQAVVKAIATGLI----
sp|O54452      LQCLEMTANGLLAKQICARLSISVSAVQLYLASARRKLTVATTSEQLLGPRRSN------
sp|O87971      NEVLHWASMGKTYPEIALIAGITTRTVKHHMGNVVKKLGVINARQAIRLGVELELIKPVL
sp|P07026      KEILRWTAEGKTSAEIAMILSISENTVNFHQKNMQKKINAPNKTQVACYAAATGLI----
sp|P12746      KECLAWACEGKSSWDISKILGCSERTVTFHLTNAQMKLNTTNRCQSISKAILTGAIDCPY
sp|P25084      KEVLQWCAIGKTSWEISVICNCSEANVNFHMGNIRRKFGVTSRRVAAIMAVNLGLITL--
sp|P33905      ATYLRWIAVGKTMEEIADVEGVKYNSVRVKLREAMKRFDVRSKAHLTALAIRRKLI----
sp|P54292      REILQWTADGKSSGEIAIILSISESTVNFHHKNIQKKFDAPNKTLAAAYAAALGLI----
sp|P54293      NEVLYWASMGKTYAEIAAITGISVSTVKFHIKNVVVKLGVSNARQAIRLGVELDLIRPAA
sp|P54295      NEILYWASVGKTYAEISIILGIKRSTVKFHIGNVVRKLGVLNAKHAIRLGIELKLIKPI-
sp|P54303      CDVLRWTADGKTSEEIGVIMGVCTDTVNYHHRNIQRKIGASNRVQASRYAVAMGYI----
sp|P74946      VQCLAWAAEGKSAWEIATIINTSERTVKFHFSNACKKLGATNRYQAITKAILGGYINPYL
sp|Q03316      REIIHWCAAGKTAIEIATILGRSHRTIQNVILNIQRKLNVVNTPQMIAESFRLRIIR---
sp|Q44059      TECLFWASEGKTSGEIACILGITERTVNYHLNQVTRKTGSMNRYQAIAKGVSSGILLPNL
tr|Q93UX7      AMCLKWAAKGKTAPETAILTGINPRTVQHYLDKAREKLEAATVPHLVAIAKDHGLL----
tr|Q98A91      YECLEWTAKGKSAWEIGCILGIKERTAAFHLDNAKKKLGVRTKNQAVTLLASSRSSIL--
tr|Q9AM51      REVLCWTAEGKTACEIGQILSISERTVNFHVNNILEKLGATNKVQAVVKAISAGLIEAP-
tr|Q9ANB1      TECLYWVAEGKSAWVIGQLVNVTDNTVNFHMKNVIRKLGAANRTNAVAKATRRGII----
tr|Q9I4J9      REVLQWIALGKQQAEVAAILMISERTVENHLRAARRRLGAASTAQAVARALRLGDIEV--
tr|Q9KJ71      IECLHWTALGKDYKDISVILGISEHTTRDYLKTARFKLGCATISAAASRAVQLRIINP--
tr|Q9KL60      KEVLSLTALGRRQADIAIALGVSPRTIENHLRNARLKLGGATTAETIRIAIQRGDINSHS
tr|Q9L3I8      NEILYWASMGKSYQEIALILGIKLTTVKYHVGNAVKKLGVTNAKHAIRLGVELKLIRPIL
tr|Q9L6U5      REILQWTADGKSSGEIALILGISVNTVNFHLKVIQKKFGAANKTLAAAYAAVLGLI----
tr|Q9L6U7      LGVLKWVMMGKAYREIAVICAISERTVKFHMSNISGKLQVCNAKQAVYEAQRQGIL----
tr|Q9R9G8      CDVLRWTADGKTSEEIGVIMGVCTDTVNYHHRNIQRKIGASNRVQAVSYAVAMGYI----
tr|Q9RH45      NEILYWASVGKTYSEIAIILGIKKSTVKFHIGNIVRKLGVLNAKHAIRLGIELQLIKPI-
tr|Q9RMS5      TEMLKWTAVGKTYGEIGLILSIDQRTVKFHIVNAMRKLNSSNKAEATMKAYAIGLLN---
tr|Q9XDD1      NEILYWASVGKTYSEIAIILGIKKSTVKFHIGNIVRKLGVLNAKHAIRLGIELQLIKPI-
tr|Q9ZIU0      REVLCWTAEGKTACEIGQILSISERTVNFHVNNILEKLGATNKVQAVVKAISAGLIEAP-
                  :     *                          :    .
sp|O30919      -------------
sp|O54452      -------------
sp|O87971      V------------
sp|P07026      -------------
sp|P12746      FKN----------
sp|P25084      -------------
sp|P33905      -------------
sp|P54292      -------------
sp|P54293      SAAR---------
sp|P54295      -------------
sp|P54303      -------------
sp|P74946      -------------
sp|Q03316      -------------



sp|Q44059      EQVVVTNFPKLMQ
tr|Q93UX7      -------------
tr|Q98A91      -------------
tr|Q9AM51      -------------
tr|Q9ANB1      -------------
tr|Q9I4J9      -------------
tr|Q9KJ71      -------------
tr|Q9KL60      I------------
tr|Q9L3I8      PDAE---------

Auto-inducer Binding Domain Alignments – High Sequences
sp|O30919      -------MEPDFQDAYHAFRTAEDEHQLFREIAAIARQLGFDYCCYGARMPLPV-SKPAV
sp|O54452      ---MSPSHAEQFSFFLLSGPDLRIADIAGSGNDAGRSRPHLCDIAYGSPCDLAGATDSNP
sp|O87971      -------------------------------IDRKLERYDSPRYTYMVIDKKN---PVDV
sp|P07026      --MQDKDFFSWRRTMLLRFQRMETAEEVYHEIELQAQQLEYDYYSLCVRHPVPF-TRPKV
sp|P12746      ---MKNINADDTYRIINKIKACRSNNDINQCLSDMTKMVHCEYYLLAIIYPHSM-VKSDI
sp|P25084      ---------MALVDGFLELERSSGKLEWSAILQKMASDLGFSKILFGLLPKDSQ-DYENA
sp|P33905      -------MQHWLDKLTDLAAIEGDECILKTGLADIADHFGFTGYAYLHIQHRH------I
sp|P54292      -MRNDGGFLLWWDGLRSEMQPIHDSQGVFAVLEKEVRRLGFDYYAYGVRHTIPF-TRPKT
sp|P54293      -----------MFSFFLENQTIT--DTLQTYIQRKLSPLGSPDYAYTVVSKKN---PSNV
sp|P54295      -----------MIIDYFDNESIN--EDIKNYIQRRIKTYGDLCYSYLVMNKKT---PLHP
sp|P54303      --MELGQQLGWDAYFYSIFARTMDMQEFTAVALRALRELRFDFFRYGMCSVTPF-MRPRT
sp|P74946      --------MYKILRLIQENQQITSHDDLENVLNGLNNLIGHEFFLFGLSFQPTL-KTSET
sp|Q03316      MKEESSAVSNLVFDFLSESASAKSKDDVLLLFGKISQYFGFSYFAISGIPSPIE-RIDSY
sp|Q44059      ------MKQDQLLEYLEHFTSVTDGDRLAELIGRFTLGMGYDYYRFALIIPMSM-QRPKV

                                                                   
sp|O30919      AIFDTYPAGWMQHYQASGFLDIDPTVRAGASSSDLIVWPVSIRDDAARLW-----SD-AR
sp|O54452      LLMLTYPPEWVKQYRDRDYFSIDPVVRLGRRGFLPVEWSASGWDSGRAYG----FFKEAM
sp|O87971      FIVTSYPDEWADIYTSQNYQHIDPIVLTAFKRISPFAWDENITILSDLKSS--KIFALSK
sp|P07026      AFYTNYPEAWVSYYQAKNFLAIDPVLNPENFSQGHLMWNDDLFSEAQPLW------EAAR
sp|P12746      SILDNYPKKWRQYYDDANLIKYDPIVDYSNSNHSPINWNIFENNAVNKKSP--NVIKEAK
sp|P25084      FIVGNYPAAWREHYDRAGYARVDPTVSHCTQSVLPIFWEPSIYQTRKQHE----FFEEAS
sp|P33905      TAVTNYHRQWQSTYFDKKFEALDPVVKRARSRKHIFTWSGEHERPTLSKDER-AFYDHAS
sp|P54292      EVHGTYPKAWLERYQMQNYGAVDPAILNGLRSSEMVVWSDSLFDQSRMLW-----NE-AR
sp|P54293      LIISSYPDEWIRLYRANNFQLTDPVILTAFKRTSPFAWDENITLMSDLRFT--KIFSLSK
sp|P54295      TIISNYPLDWVKKYKKNSYHLIDPVILTAKDKVAPFAWDDNSVINKKSTDS--AVFKLAR
sp|P54303      YMYGNYPEDWVQRYQAANYAVIDPTVKHSKVSSSPILASNELFRGCPDLW------SEAN
sp|P74946      LVTDNYPNSWRQQYDESGFMHIDPIVKYSITNFLPIRWDDAKRVNNDGRV----IFEEAR
sp|Q03316      FVLGNWSVGWFDRYRENNYVHADPIVHLSKTCDHAFVWSEALRDQKLDRQSR-RVMDEAR
sp|Q44059      VLFNQCPDSWVQAYTANHMLACDPIIQLARKQTLPIYWNRLDERARFLQEGSLDVMGLAA
                        *   *        ** :         .                      :
sp|O30919      DAGL-NIGVARSSWTAHGAFGLLTLARHADPLTAAELGQLS---------IATHWLANLA
sp|O54452      AFGVGRQGVTLPVRGPQGERSLFTVTSNHPDAYWRQFRMDS----------MRDLQFLAH
sp|O87971      KYNI-VNGFTFVLHDHMNNLAMLSLIMDNNADKGLNSRIESDKDRLQMNLIKIHEKMLML
sp|P07026      AHGL-RRGVTQYLMLPNRALGFLSFSRCSAREIPILSDELQ----------LKMQLLVRE
sp|P12746      TSGL-ITGFSFPIHTANNGFGMLSFAHSEKDNYIDSLFLHA---------CMNIPLIVPS
sp|P25084      AAGL-VYGLTMPLHGARGELGALSLSVEAENRAEANRFMES--------VLPTLWMLKDY
sp|P33905      DFGI-RSGITIPIKTANGFMSMFTMA-SDKPVIDLDREIDA----------VAAAATIGQ
sp|P54292      DWGL-CVGATLPIRAPNNLLSVLSVARDQQNISSFEREEIR----------LRLRCMIEL
sp|P54293      QYNI-VNGFTYVLHDHMNNLALLSVIIKGNDQTALEQRLAAEQGTMQMLLIDFNEQMYRL
sp|P54295      EYNI-VNGYTFVLHDNSNNMATLNISNGSDDSISFDERIEINKEKIQMLLIITHEKMLGL
sp|P54303      DSNL-RHGLAQPSFNTQGRVGVLSLARKDNPISLQEFEALK----------VVTKAFAAA
sp|P74946      CNGL-KAGFSIPIHGLRGEFGMISFATSDTKSYDLNQQS-----------IHTSQLIVPL
sp|Q03316      EFKL-IDGFSVPLHTAAGFQSIVSFGAEKVELSTCDRSALY----------LMAAYAHSL
sp|Q44059      EFGL-RNGISFPLHGAAGENGILSFITAERASSDLLLES-S---------PILSWMSNYI



                  :   * :          . ...
sp|O30919      HTLMSPFLVPQLVPESNA-VLTTREREVLCWTGEGKTAYEIGQILRISERTVNFHVNNVL
sp|O54452      HLHDRAMVLSGMRKVADLPRLSRRELQCLEMTANGLLAKQICARLSISVSAVQLYLASAR
sp|O87971      EQNKLGVSNGKNTDTSGKGILSPRENEVLHWASMGKTYPEIALIAGITTRTVKHHMGNVV
sp|P07026      SLMALMRLNDEIVMTPEM-NFSKREKEILRWTAEGKTSAEIAMILSISENTVNFHQKNMQ
sp|P12746      LVDNYRKINIANNKSNND--LTKREKECLAWACEGKSSWDISKILGCSERTVTFHLTNAQ
sp|P25084      ALQSGAGLAFEHPVSKPV-VLTSREKEVLQWCAIGKTSWEISVICNCSEANVNFHMGNIR
sp|P33905      IHARISFLRTTPTAEDAA-WLDPKEATYLRWIAVGKTMEEIADVEGVKYNSVRVKLREAM
sp|P54292      LTQKLTDLEHPMLMSNPV-CLSHREREILQWTADGKSSGEIAIILSISESTVNFHHKNIQ
sp|P54293      AGTE-GERAPALNQSADKTIFSSRENEVLYWASMGKTYAEIAAITGISVSTVKFHIKNVV
sp|P54295      YQSN-SDKNENRNTQIERDIFSPRENEILYWASVGKTYAEISIILGIKRSTVKFHIGNVV
sp|P54303      VHEKISELESDVRVFNTDVEFSGRECDVLRWTADGKTSEEIGVIMGVCTDTVNYHHRNIQ
sp|P74946      LAHNIGNITRYHKDAKPRAVLTAREVQCLAWAAEGKSAWEIATIINTSERTVKFHFSNAC
sp|Q03316      LRAQIGNDASRKIQALPM--ITTREREIIHWCAAGKTAIEIATILGRSHRTIQNVILNIQ
sp|Q44059      FEAAIRIVRVSLREDDPQEALTDRETECLFWASEGKTSGEIACILGITERTVNYHLNQVT
                                   :  :*   :     *    :*          :     .
sp|O30919      LKLAATNKVQAVVKAIATGLI------------------
sp|O54452      RKLTVATTSEQLLGPRRSN--------------------
sp|O87971      KKLGVINARQAIRLGVELELIK-PVLV------------
sp|P07026      KKINAPNKTQVACYAAATGLI------------------
sp|P12746      MKLNTTNRCQSISKAILTGAIDCPYFKN-----------
sp|P25084      RKFGVTSRRVAAIMAVNLGLITL----------------
sp|P33905      KRFDVRSKAHLTALAIRRKLI------------------
sp|P54292      KKFDAPNKTLAAAYAAALGLI------------------
sp|P54293      VKLGVSNARQAIRLGVELDLIR-PAASAAR---------
sp|P54295      RKLGVLNAKHAIRLGIELKLIK-PI--------------
sp|P54303      RKIGASNRVQASRYAVAMGYI------------------
sp|P74946      KKLGATNRYQAITKAILGGYIN-PYL-------------
sp|Q03316      RKLNVVNTPQMIAESFRLRIIR-----------------
sp|Q44059      RKTGSMNRYQAIAKGVSSGILL-PNLEQVVVTNFPKLMQ
                :    .

RRN3 Alignments
P36070         -MMAFENTSKRPPQDFVAPIDQKK-RKVQFSDSTGLVTLQPEEIKDEVFSAAMYSRFVKS
tr|Q9NYV6      MAAPLLHT--RLPGDAAASSSAVKKLGASRTGISNMRALENDFFNSPPRKTVRFGGTVTE
sp|P48322      ---------------MKRSTANAPKLSPKHESESDPKKVKLEEEAKPTVNQAPTGREIVE
sp|Q10110      MPSIISSTNPQYINKCVNNGTMASSTNVPDRTVGSKSFASSVSKNDGRLMQQMLRAFVNK
XM_156394      MAAPLLHT--RLSGDVTAAASAT--LSASRTGLSDMLALESDFFNSPPKKTVRFGGTVTE
tr|Q9V9M6      ---------------MSFYTSKTDVTSILKTFSGVKRNQANAVAINKVRFSTPKEKGLAE
NM_102796      ----------------------------MGAEEFPSVPFNSNAMDNAEYTDTDLVFAVRK
                                                            .           : .
P36070         ALDDLDKNDSTQIGIIANQVALPSKNPERINDKNLNILLDILSSNINRIESSRGTFLIQS
tr|Q9NYV6      VLLKYKKGETNDFELLKNQLLDP-DIKDD----QIINWLLEFRSSIMYLTKDFEQLIS--
sp|P48322      NYLKGDVTAAVLYRKICNALETFEQWESE---APKIQLLDQFLNIADAMEARTETLVK--
sp|Q10110      ALDDKAEGNFAGYEDLRRQFAAKSDTKDAPSSLQLQNLLSALTCNVSRLDSSNSSLVM--
XM_156394      VLLKYKKGETNDLELLKNQLSDP-DIKDD----QIINWLLEFRSSVMYLTKDFEQLIN--
tr|Q9V9M6      SVRVALEERNFHLVKEFTYFLREAELSDD----EVVIIIKDAKRIVHNLTPEFVTVVE--
NM_102796      ALASVQNGDTDDYSQLKTVMCLTEDADFD-AVAQLETVLKSLSVSVAWIDLVHHKDLL--
                                  .    .             :         :       :
P36070         IINFEKWWELPPHTLSKYIYFIKILCSSIPKWWQDVSMILVSCFI---------------
tr|Q9NYV6      IILRLPWLNRSQTVVEEYLAFLGNLVSAQTVFLRPCLSMIASHFVPPRVIIKEGDVDVSD
sp|P48322      RLLSLRWDKIPGSVIERFRNFLCELAIRHLCFTEEVYSAVVERLVPQISVTEETGV-VTL
sp|Q10110      SVLDSVWVSRDESFVRCYTRFLGNLISAQSNYLPLVMTMLIQHML------------Y--
XM_156394      IILRLPWLNRSQRVVEEYLAFLGNLVSAQTVFLRPCLSMIASHFVPPRVIVKEGGIDVSD
tr|Q9V9M6      ALLSLNWKKRSSEIIEAYTEFCIELMVTHNRYLPIGVSKLIVHWIPGDMDESD----WVH
NM_102796      EAMSLWYHSHRPSVMDALVDLIISLAATSGKYLDPCLNMLVRNFSQPTFKHK-----VSQ



                     : .     :     :   *      :       :
P36070         ------------------LPIKQTVCHHDMLKYFLRMIPSSMGFIDTYLAKFFPNKNDTR
tr|Q9NYV6      SDDEDD-----------NLPANFDTCHR-ALQIIARYVPSTPWFLMPILVEKFPFVRKSE
sp|P48322      ILTEKV------------QNEHFEMAHH-IISSVLRCFPLSARALLKCVKRVMPHFTRPS
sp|Q10110      --RPDS------------LAIHYEHAHM-ALKYVLELVPRAHSFLYSSILEEFPYKDESL
XM_156394      SDDEDDSEYDLRTWVLHDLPAIFDTCHR-ALQIITRYVPSTPWFLMPILVEKFPFVRKSE
tr|Q9V9M6      GCPSEH------------VRNELKPIHK-VLDRILTAVPMAFDIIIDAISAKFPYFKKPY
NM_102796      TQLVKK------------MQEVHPRVHA-ALHKISYLIPLAPWNLVSILAQNMRKIDKKD
                                         *   :  .   .* :   :   :   :
P36070         RKLVNYTSNLLKLRGYCS-ELGFQIWSLLIEKIISIDVELQNELDELDDDVDDDDLEEVD
tr|Q9NYV6      RTLECYVHNLLRISVYFP-TLRHEILELIIEKLLKLDVNASRQ-------GIEDAEET--
sp|P48322      VTVAGYMRNLILMQKYIPASISKDVWEAVFERLAKDDTHNWKC--------EQNEEMSKS
sp|Q10110      LAQMTYISNVLSICEYVP-SIKGPVLHAIIDKIIQIDVEIQVE-------VDDDDEEEDE
XM_156394      RTLECYVHNLLRISLYFP-TLRREILELVIEKLLKLDVSVSRQ-------DIEDAEEK--
tr|Q9V9M6      HVTAGYLYNVLWLLEYKP-IFEELVFQLVLQKLLLLDVNAPKD-----------------
NM_102796      PSIVTYVDNLLRLE-------NSSIGEVVGSVILMMVMERMLD-----------------
                    *  *:: :           :   : . :
P36070         LEDDDDLDDDSGDDDDENCGNSNEELRSGAADGSQSDSEDM-DIIEGMDGTEEYNVELTQ
tr|Q9NYV6      -----ATQTCGGTDSTEGLFNMDEDEETEHETKAGPERLDQ-MVHPVAERLDILMSLVLS
sp|P48322      PRLFALNDDILIEEVVEGNTNDSEDVTPEQLEQRKGEQMIQYLDSVCTDVITFIRSSVDS
sp|Q10110      -----VVTDDDGTSNADSEVITASTLYERHTAISSEMTSSTILTPPSLTDTRQLMQQLDQ
XM_156394      -----AAQTCGGTDTTEGLFNMDEDEDTDPEKKADQEQPNQ-MAHPTAERLDVLLCLLLS
tr|Q9V9M6      -----EIELEMNDEEEKVEADTLFEIDDVCAENVPKSEKSV--SHPVGKTLDVCLFLLYK
NM_102796      ------LDLVSGCDDSNGGMFDMELEDAVESTMNEGDEFPVGALKQNTSGGNVVSELLDK
                            .  .                                        : .
P36070         GIKELSTKLDSILTLVSTHVEEQVTPESLESGEGVGVFNTLTTLFKTHVLPTYYTRSIQY
tr|Q9NYV6      YMKDVCYVDGKVDNGKTKD-----------------LYRDLINIFDKLLLPTHASCHVQF
sp|P48322      EIDEENGNERTKLNDKWLRNFKITGDKVLPK---EKLFDTFLECLESTMLNATHVQYVSF
sp|Q10110      LLYTLFSYLDSNLKSTSRDR--------------YLVYNSLIKSFVNTVLKTFRCRYTQF
XM_156394      YIEDVCRVHGKIDNNKTKD-----------------LYRDLISIFDKLLLPTHASCHVQF
tr|Q9V9M6      FFDGKCRLNENSSEEQRRTA--------------NRLFKMLLYLFDEVLLPSHNTHHVQF
NM_102796      LMVLFFHHLESCQNSDRLDE----------------VFEILFKSFENYILNTYKTKFSQF
                :        .                         ::  :   :   :* :      .:
P36070         IMFHVSQQQLELMDS-FLVTLIDISFA-VNEAAEKKIK--SLQYLGSYIARAKKLSRTQI
tr|Q9NYV6      FMFYLCSFKLGFAEA-FLEHLWKKLQD-PSNPAIIRQA--AGNYIGSFLARAKFIPLITV
sp|P48322      IWLYFCSLSQEYEKK-MLEHLWQVTIRMPRAPADARKSQGAASYLAAFLARAKYVKKSTA
sp|Q10110      LIFWASQLDPEFTDI-FLGVLTEVCLD-PSQPYTLRLS--GAMYIGSYVARAKALEKNTI
XM_156394      FMFFLCSFKLGFAEA-FLEHLWKKLQD-PNNPAIIRQA--AANYIGSFLARAKFIPLITV
tr|Q9V9M6      ILFYATSLRSVYSEA-FLDSLWTKVQN-PNVSAVIRHA--AVSVDGLLHTDTVNDHMALT
NM_102796      LMFYACSLDPENCGVRFASKLLDIYLS-SNTCRLTRMS--AVAYLASYLSRGKFLPASFV
               : :   .         :   *              :    .    .   :
P36070         IFVASYLTSWLNRYVIEREEEVDQRG-GMERFKHFYAAFQALCYIFCFRHNIFRDTDGNW
tr|Q9NYV6      KSCLDLLVNWLHIYLNNQDSGTKAFC-DVALHGPFYSACQAVFYTFVFRHKQLLSGNLKE
sp|P48322      FTWLEEVYIWLRHYVDQFGSGSSQILPGLQRHGTFYSVSQAFFLVFAFRYKEFVKNKDML
sp|Q10110      QIIVNMMTRWVEAYL-DQCENELSDD-LLSKHSVFYAINQSIFYIFCFRWRELCVSDESE
XM_156394      KTCLDLLVNWLHMYLTNQDSGTKAFC-DVALHGPFYSACQAVFYTVVFRHKQLLSGNLKQ
tr|Q9V9M6      GPFAFLFAFEIFQAKINSCRSDSN--------GVY-------------------------
NM_102796      ASMLKRLVDECAEYCGTCNDDVKP-----EAHQVFYSGCQAILYVLCFRMRSIVEIPRFQ
                     .                           :
P36070         ECE------LDKF--FQRMVISKFNPLKFCNENVMLMFARIAQQESVAYCFSIIENNNNE
tr|Q9NYV6      GLQ-----YLQSL-NFERIVMSQLNPLKICLPSVVNFFAAITNKYQLVFCYTIIERNNRQ
sp|P48322      ETI-------RRW-GVGRVVHSPLEPLKYVSKPVARCFSAITRSLQLVYCNHIIPIEEVQ
sp|Q10110      SMEPRPNEWIPGLEILHRSVLSRLNPLRYCSPNIVLQFAKVANHLNFMYVYSIIEQNRKG
XM_156394      GLQ-----YLQSL-NFERIVLSQLNPLKICLPQVVNFFAAITNKYQLVFCYTIMERNSRQ
tr|Q9V9M6      ------------------------------------------------------------
NM_102796      SQF-------RSL---ESILSHKLNPLLVCLPSVVSEFLKQAKAGGLFIVSESFIFDDLH

                                                                   



P36070         RLRGIIGKADSDKKENSAQANTTSSSWSLATRQQFIDLQSYFPYDPLFLKNYKILMKEYY
tr|Q9NYV6      MLPVIRSTAGGDSVQICT-----------------NPLDTFFPFDPCVLKRSKKFIDPIY
sp|P48322      RP-----------------------------------FDDMFPFDCYHLKESSKFMTPLM
sp|Q10110      IF---R--EGFDT------------------------MDAYFPFDPYRLTKSSIIVQPFY
XM_156394      MLPVIRSTAGGDSVQTCT-----------------NPLDTFFPFDPCVLKRSKKFIDPIY
tr|Q9V9M6      ------------------------------------------------------------
NM_102796      ESELSRAFGGFER------------------------LDTFFPFDPCLLKMSSSYISPNF

                                                                   
P36070         IEWSEASGEYESD-----------GSDD--------------------------------
tr|Q9NYV6      QVWEDMSAEELQEFKKPMKKDIVEDEDDDFLKGEVP--QND--TVIGITPSSFDTHFRSP
sp|P48322      RKFSPLAEDMSTLTKALCWNAATADKSEKSAEAVSSSEGLDFLDEDDAMMMGGSSGYRER
sp|Q10110      NEWQQIPGLDDDE----------EEEDTDYESSTV--------M-LGESPF---------
XM_156394      QIWEDGSAEELQEFKKSTKKEVVEDEDDDFLKGEVP--QSD--TVTGLTPSSFDTHFQSP
tr|Q9V9M6      ------------------------------------------------------------
NM_102796      NFWSMVKTTYGEDGDEELCDEVIVNGDADSAEEPDDDVELD--SEMNTMSTTPKHSFMRE

                                                                   
P36070         ------------------------
tr|Q9NYV6      SSSVGSPPVLYMQ-PSPL------
sp|P48322      TFSCGQSSLINYSATPGLQTFNV-
sp|Q10110      ------------------------
XM_156394      SSSVGSPPVLYIPGQSPLLTRIYD
tr|Q9V9M6      ------------------------
NM_102796      TERLLKMPSRIRPSTSPPESFLI-
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