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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 | 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?
| 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. | will test two algorithms, the Multiple Em for Motif Elicitation
(MEME)*2 program, and the eMATRIX maker program®*. 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 maker>®to 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 InterPro’ 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 domain® and the TGF-beta receptor,
type /11 extracellular region®°. The last group is formed from homologoues of the RNA
polymerase | transcription factor, RRN3™. 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 |
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 CLUSTALW***2 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, parta. Itis
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 TRAR_RHISN
EXPR_ERWCH NARP_ECOLI
EXPR_ERWCA CARR_ERWCA
SLR1_RALSO DCTR_RHOCA
LUXS_VIBFI

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, cONA 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. | 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
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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 |- TGF-beta external binding domain Interpro Acc# IPR000109

“High Identity Sequences”

>s5p|001840|0OPT2_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 ldentity 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|Q9WU8B0 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 1l- Auto-inducer family- Interpro Acc. # IPR005143

“Higher Identity Sequences”

>s5p|O30919|SLR2_RALSO Transcriptional activator protein solR - Ralstonia solanacearum (Pseudomonas
solanacearum).

>s5p|O54452|RAIR_RHIET Transcriptional activator protein raiR - Rhizobium etli.

>sp|087971|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 rhIR (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).

*>5p|P55629|Y4QH_RHISN Hypothetical transcriptional regulator Y4QH - Rhizobium sp. (strain NGR234).
>sp|P74946|VANR_VIBAN Transcriptional activator protein vanR - Vibrio anguillarum (Listonella anguillarum).
>s5p|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 ldentity Sequences”

>tr|Q914J9 Probable transcriptional regulator - Pseudomonas aeruginosa.

>tr|Q9KJ71 AHL-dependent transcriptional regulator CinR - Rhizobium leguminosarum.

>tr|Q9KL60 Transcriptional regulator, LuxR family - Vibrio cholerae.

>tr|Q9L318 SmaR protein - Serratia sp. ATCC 39006.

>tr|Q9L6US 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|Q9WWADS Conjugal transfer regulatory protein - Agrobacterium tumefaciens.

>tr|QO9WWB2 Conjugal transfer regulatory protein - Agrobacterium tumefaciens.

>tr|Q9XDD1 LuxR homolog YpsR - Yersinia pseudotuberculosis.

>tr|Q9ZIUO0 Transcriptional activator - Burkholderia cepacia (Pseudomonas cepacia).

Part lll- RRN3 sequences

>P36070 RRN3 — Saccharomyces cereviseae (yeast)

>tr]Q9NYV6 RRN3 - Homo sapiens (Human).

>s5p|P48322|YPJ1_CAEEL Hypothetical 75.1 kDa protein C36E8.1 in chromosome 111 - Caenorhabditis elegans.
>s5p|Q10110]YAQB_SCHPO Hypothetical protein C18G6.11c in chromosome | - Schizosaccharomyces pombe
(Fission yeast).

>(XM_156394) similar to CG3278 gene product mus musculus putative RRN3 sequence

>tr|Q9VIM6 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]001840
sp] 007380
sp|P32901
sp|P36574

tr|Q63422
tr|Q8zLD6
tr|Q8XDs3
tr|Q43390
tr |Q9FRU2
tr|Q9Sszy4
tr | QOWUS0
tr|QOXIF3
tr|Q9zPSs2
tr|Q9zZTX4

tr|Q8XDS3
tr| Q43390
tr | QOFRU2
tr|Q9SzY4
tr| QOWUS0
tr|QOXIF3
tr|Q9zPSs2
tr|Q9zZTX4

sp] 001840
sp] 007380
sp|P32901

------------------- MNPFQQNESKETLFSPVSTEETPPRLSSPAKKT———————-
———————————— MVSSDFENEKQPDVVQVLTDEKN I SLDDKYDYEDPKNYSTNYVDDYNP
MSS1EEQITKSDSDF I I SEDQSYLSKEKKADGSAT INQADEQSSTDELQKSMSTGVLVNG

----------------------- MSLPETKT--------QTLLDAWDFQGR-—----——~-
------------------------- MESKGS--------WTVADAVDYKGR--—————-~-
------------------------------------- MSAPRAEEQPSRSGERQ-—----
--------------- MAS I DEERSLLEVEESL 1QEEVKLYAEDGS ID IHGN-———————~-
-------------- MKYLFSKNGGLLEDENS------GLYTRDGSVD IKGN—--————-—~-
~MEEKSLLQKLRSYPPAVF——————— FMLGNEFCERFSFYGMKT ILFIYL-————————-

MONLNKTEKTFFGQPRGLL-=-=—--- TLFQTEFWERFSYYGMRAILVYYLYA-—————--
————— SKSLSCFGYPLSIF-------F1VVNEFCERFSYYGMRALLILYF-————————-
—-MNTTTPMGMLQQPRPFF——————- MIFFVELWERFGYYGVQGVLAVFF-—————————
———————— MKTPSQPRAIY---—---YIVAIQIWEYFSFYGMRALLILYL--—-——————-
————— PPKICGSNYPLSIA-------FIVVNEFCERFSYYGMKAVLTLYF-—--—-——--

KGLRRPTPQESKSLRRVIGNIRYSTFMLCICEFAERASYYSTTGILTNY1QRRIDPDSPH
DLYPSPTEEELATLPSVCGTIPWKAFII11VELCERFAYYGLTVPFQNYMQF----—---

------------------------------ XEFCERFSYYGMRALLVLYF~—---————-
——MNTTAPTGLLQQPRPFF—---——— MIFFVELWERFGYYGVQG I LAVFF-—————————
-------- MKTPSQPRATY---—---Y IVAIQIWEYFSFYGMRALLILYL---——-—-——
----- PADRSKTGGWASAA-----——MILCIEAVERLTTLGIGVNLVTYL---——————-—
————ENDPK I DYRGWKAMP—-————— F1IGNETFEKLGAIGTLANLLVYL-————————-
----- PADKSKTGGWI TAA-----—-LILGIEVVERLSTMGIAVNLVTYL-—-—————-
—PLVARGPRGPRRWRRTAAA-————— AVLLVQMLERAAFFGVTSNLVLYLN--——————~—
----- PPLKQTTGNWKACP-----——FIFANECCERLAYYGIAKNLITYF----————-
----- PVLKSETGNWRACP- - ---—~FILGNECCERLAYYG I AANLVTYL-~-——————-

_____________ I TEHEFSPSKATFI1YHLFTCIAYLTPLIGSIMADSVFGRFKVILYGS
_____________ KGGLGMSQTTAASIMSIYGSLVYLSTLVGGWLSDRVWGSRKTVFYGG
——————— GPNDSPKGVLSLNSQGATGLSYFFQFWCYVTPVFGGYVADTFWGKYNTICCGT
-------- LTTADNAGLGLPKAQAMAIVSIYGALVYLSTIVGGWVADRLLGASRTIFLGG
_____________ RNF IGWDDNLSTVIYHTFVALCYLTP ILGAL IADAWLGKFKT IVWLS
_____________ VKQLGFSQEQAFVTFGAFAALVYGLISIGGYVGDHLLGTKRT IVLGA
_____________ THQLGFDDNHAISLFSAYASLVYVTP ILGGWLADRLLGNRTAV IAGA
_____________ LYFLHWNEDTSTSVYHAFSSLCYFTPILGAAIADSWLGKFKTIIYLS
GWGAPPPGSPDASAGALGKGLQAASALTNLLTFLAYVFPLIGGYLGDST IGRWKAIQWGY
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——————— GPKDATPGALNLGETGADGLSNFFTFWCYVTPVGAAL IADQFLGRYNT1VCSA
_____________ RNFLGWDDDLSTAIYHTSVALRYLTPILGAL IADSWLGKFKTIVSLS
_____________ VKQLGFSQEQAF ITFGAFAALVYGLISIGGYVGDHLLGTKRTLVLGA
_____________ THQLGFDDNHAISLFSAYASLVYVTPILGGWLADRLLGNRTAVIAGA
_____________ TGTMHLGNATAANTVTNFLGTSFMLCLLGGFIADTFLGRYLTIAIFA
_____________ TTVENLKNITATNI INIFNGSTNFATFIGAFLSDTYFGRYKTIGFCT
_____________ METMHLPSSTSANIVTDFMGTSFLLCLLGGFLADSFLGRFKTIGIFS
_____________ SLNFNWDGQQASRATLLFLGASYLLAPVGGWLADVYLGRFLTISLSL

————————————— TNELHETNVSAARHVMTWQGTCY ITPLIGAL IADAYWGRYWT IACFS
————————————— TKKLHEGNVSAARNVTTWQGTCY ITPLIGAVLADAYWGRYWT IATFS

SIYVVGHVLLSLGAVPFLSYPl--—==—— ==~ RSSLDFSGLFVI
VLIMLGHIVLALPAGVTVLYRS === === 1ALI
AIYTAGIFILFITSIPSVGNRDSAIGGF—-——=————- TAATILIGIATGMIKANLSVLI
ILITLGHIALATPFGLSSLFVA-— === === LFLI
IVYTIGQAVTSLSSYVNELTDNNHDG--—————————————— TPDSLPVHVAVCMIGLLLI
LVLAIGYFMTGMSLLKPDLIFl -——— === ALGTI
LLMTLGHVVLGIDTNSTFSLYL---—==—=—= === —— oo ———— ALAILI
LVNVLGHVIKSLSAFPILGGKV-==—=— === —— VHTVLSLVGLCLI
FFGFVAHLFFIFASIPQAIENANAGLGLC--—=—--—- VIAIITLSAGSGLMKPNLLPLV
VIYFIGILILTCTAIPSVIDAGKSMGGF--=—=—-—-—- VVSLI I 1GLGTGGIKSNVSPLM
IVYTIGQAVISVSSINDLTDHDHDG-—=========——=——~ SPNNLPLHVALSMIGLGLI
IVLAIGYFMTGMSLLNPDLIFI - == === == e e ALGTI
LLMTLGHVVLGIDTNSTFSLYL-=-====— === —— ALAILI
AIQATGVSILTLSTIIPGLRPPRCDPTT—————————- SSHCVQANGIQLTVLYLALYLT
FTSFLGLLVIQLTAVFKNLHPPHCGK-E--———-———- MKTCKGPTAGQMAFLVSGFGLL
TIQALGTGALAVATKLPELRPPTCH--H---————-—- GEACIPATAFQMTILYVSLYLI
LLYLAASGLLLTTITNDGRRSFCGEMPELPLEPACPSSSCQGSWSSPYCATTLYLVLLLL
HVYSQGF I LLSVQAHLPQLKPPKCNPLI-======—-~ DQTCEEAKGFKAMIFFMALYLV
ALIYFTGMVALTLSASVPGLKPAECT ————————————- GSLCPPATMVQSTVLFSGLYLI
TIYFIGMCTLTLSASVPAFKPPQCV--=—=———————- GSVCPSASPAQYAIFFFGLYLI

AFATGCIKPCVSAFAADQFTEDQKD---LRSQFFSFFYFAINGGSLFAT I 1 TPILRGRVQ
VVGTGLLKPNVSDMVGGLYSVEDPR----RDAGFSIFVFGINLGS 1 IAPWLVPWAAQGFG
ADQLPKRKPSIKVLKSGERVIVDSN--ITLONVFMFFYFMINVGSL-SLMATTELEYH--
ILGTGMLKPNISNMVGHLYSKDDSR----RDTGFNIFVVGINMGSLIAPLIVGTVGQG--
ALGTGGIKPCVSAFGGDQFEEGQEK---QRNRFFSIFYLAINAGSLLST1ITPMVRVQ-Q
AVGNGLFKANPASLLSKCYPPKDPR----LDGAFTLFYMSINIGSLIALSLAPVIADR--
ICGYGLFKSNISCLLGELYDENDHR----RDGGFSLLYAAGNIGSIAAPIACGLAAQW--
ALGTGGIKPCVAAFGGDQFEEKHAE---ERTRYFSGFYLAINAGSLISTFITPMLRGDVQ
LDQYPEERDMVKVLPTGESI ILDRE--KSLSRITNVFYLAINIGAFLQIATSYCERRV--
AEQLPKIPPYVKTKKNGSKVIVDPV--VTTSRAYMIFYWT INVGSL-SVLATTSLEST--
GLGTGGIKPCVSAFGGDQFGEGQEK—---QGNPVFSIFYLAINAGSLLSTIITPILRVQ-Q
AVGNGLFKANPASLLSKCYQPKDPR----LDGAFTLFYMSINIGSLLSLSLAPVIADK--
ICGYGLFKSNISCLLGELYDENDHR----RDGGFSLLYAAGNIGS1AAP IACGLAAQW--
ALGTGGVKASVSGFGSDQFDDTEPKERSQMTYFFNRFFFCINVGSLMAVTVLVY I1QDD--
LIGAAGVRPCNLAFGADQFNPNTDSGKKG INSFFNWYFFTFTFAQMVSLTLIVYVQSN--
ALGTGGLKSS I SGFGSDQFDDKDPKEKAHMAFFFENRFFFF I SMGTLLAVTVLVYMQDE--
ALAASSVRSTLTSFGADQVMDLGRD---ATRRFFNWFYWS INLGAILSLLVVAFIEQN--
ALGSGCVKPNMIAHGADQFSQSHPKQSKRLSSYFNAAYFAFSMGELTALTLLVWVQTH--
ALGTGGIKPCVSSFGADQFDKTDPSERVRKASFENWFYFT INIGAFVSSTVLVWIQEN--
ALGTGGIKPCVSSFGADQFDDTDPKERVKKGSFFNWFYFSINIGALISSSLIVWIQEN--

C——FGNAHCFPLAFGVPGVLMLLALILFLMGWSMYKKHPPSkENVéSKVVAVIYTSLRKM
VHIFGSQLNFHAGFSLAAVGMFFGLVQYVLGGKKYLSTESLTPNDP IDKGDLLNV IKWVV
——————— KGFWAAYLLPFCFFWIAVVTLIFGKKQY IQRP IGDKV 1 -AKSFKVC--WILTK
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——————— VNYHLGFSLAAIGMIFALFAYWYGRLRHFPE IGREPSNPMDSKARRNFLITLT
CGIHVKQACYPLAFGIPAILMAVSLIVFIIGSGMYKKFKPQGNIL-SKVVKCICFAIKNR
——————— FGYSVTYNLCGAGLI ITALLVY 1ACRGMVKD IGSEPDFR-PMSFSKLLYVLLGS
——————— YGWHVGFALAGGGMF I GLL I FLSGHRHFQSTRSMDKKA-LTSVKFALPVWSWL
C---FGEDCYALAFGVPGLLMVIALVVFAMGSKMYKKPPPEGN 1V-AQVVKCIWFAISNR
———————— GFWLAFFVPMILY I'1VPIFLFIVKPKLKIKPPQGQVM-TNVVKILAVLFSGN
——————— KGFVYAYLLPLCVFVIPLIILAVSKTAFTSTLLPPVPS-LFVLVKCSSLLLKT
CGIHSQQACYPLAFGVPAALMAVAL IVFVLGSGMYKKFQPQGN IM-GKVAKC IGFATKNR
——————— FGYAVTYNLCGAGL IVALLVYFACRGMVKN IGSEPDHK-PLRFRNLLLVLLGT
——————— YGWHVGFALAGGGMF I GLL I FLSGHRHFQSTRSMDKKA-LTSVKFALPVWSWL
——————— VGRKWGYGICALAIVLSLSIFLAGTNRYRFKKL IGSPM-TQVGTVLVAAWRNR
——————— VSWAIGLGIPAALMLISCVVYFMGSKI1YVKVEPSGSP I -AGIVQVFVVAVKKR
——————— VGRSWAYGICTVSMATAIVIFLCGTKRYRYKKSQGSPV-VQIFQVIAAAFRKR
——————— ISFLWGYSIT1VGLVGLAFFIFLFATPVFITKPPTGSQV-SSMLKLAFQNCCPC
——————— SGMD IGFGVSAAAMTMG I ISLVSGTMYFRNKRPRRSIF-TPI1AHVIVAAILKR
——————— YGWELGFLIPTVFMGLATMSFFFGTPLYRFQKPRGSP I -TSVCQVLVAAYRKS
——————— AGWGLGFGIPAVFMG IATIASFFFGTPLYRFQKPGGSPL-TRMCQVLVAVFHKW

VGGASRDKP = = =V THWLDHA - = = = = = = oo

111IAIVAILAAMAGVGQLSVD————————————— NVITLLTILAIALP- -~ -~~~
NKFDFNAAKP— = SVHPEKNY — = = = = = = = o o oo
IVVIVATIGFFLLYQASPANF I - —————————— NNFINVLSHIGIVVP | —————————— I
FRHRSKQFPK — ~RAHWLDWA ~ — = == = == = = — o oo o
VVMIFVCAW=-~LMHNVEVAN -~ == === —— LV-=LIVLS IV e
VVMLCLAPVFFTLLLENDWSG————=——=——=————— YL--LAIVCLIA-——————————
FKNRSED I PK~~RQHWLDWA~— = === = = = = — m oo
F IKRLWNGTFWDHARPSHMEA -~~~ =~ = == === RGT1YYNSKKK=—————————-

NL I SKKLNHL = =ALLLLERYV == mmm m m o o o o o o o e e e
FRHRSKAFPK = —REHWLDWA === == = = — — — m o o o o e e

VVMIFLCAW=—~LMHNVK IAN=== === === — VAN V=] V)V ——
VVMLCLAPVFFTLLLENDWSG=—--————=——————— YL--LAIVCLIA-——————————
RLELPSDPSF--LYDLDDV I AAEGSMKSKQKLPHTNQFRSLDKAA I1KDQ---—-EMAMTQN
SIKLPAEHPMLSLFNYVPPMSV----- NS-KLPYTFQFRLLDKAAIVTPKD--KIKPDGS
KMELPQSIVY—--LYEDNP-——-————— EGIRIEHTDQFHLLDKAAIVAEGDFEQTLDGVA
RKSSSRDSES-—~AHLLPDQR—— === === = ——— oo
KLASPSDPRM--LHGDHHVANDV---VPSSTLPHTPRFRFLDKAC IK1Q-----—— DTNT
NLKVPEDST----———- 0] =]

NLSVPDDSTL--LYETPDKSSAI ---EGSRKLLHTDELRCLDKAAVVSD----NELTTGD

-APEHSQKMIDSTRGLLNVAVIFCPL I ---FFWALFDQQGSTWVLQARRLDGRVGH----
IYYFVMMFRSSKVTKIELG IHLLPVSLKNRLFFKKGYKRLKQT I1QLELAITKRQSFI 1 ---
--—-PWNDKFVDE IKRALAACKVFIFYP---1YWTQYGTMISSFITQASMMELHG------
YFVMMFTSKKVESDERRKLTAY IPLFLSAIVFWATEEQSST I IAVWGESRSNLDPTWFGI
—KEKYDERL TAQIKMVTRVLFLY IPLP---MFWALFDQQGSRWTLQATTMSGRIGI ———-
T11FFRQAFKLDKTGRNKMFVAFVLMLEAVVFY ILYAQMPTSLNFFAINNVHHEILG---
AQI TARMMIKFPEHRRA-LWQIVLLMFVGTLFWVLAQQGGST ISLFIDRFVNRQAFN—---
-AEKYPKQL IMDVKTLTRVLFLY IPLP---MFWALLDQQGSRWTLQATKMNGNLGF----
SAITWSDQWILDIKQTFDSCKIFLYY 1---1FNLADSGLGSVETSL 1GAMKLDG--—-—--
-KDQWDDLF IDELKRALRACKTFLFYP---1YWVCYGQMTNNL I SQAGQMQTGCN-=—---
-KEKYDERL ISQIKMVTKVMFLY IPLP---MSWALFDQQGSRWTLQATTMTGKIGT —---
TI1FFFREAFRLDKTGRNKMFVAFILMIEAVLFY ILYAQMPTSLNFFAINNVHHEILG---
AQI TARMMIKFPEHRRA-LWQIVLLMFVGTLFWVLAQQGGST ISLFIDRFVNRQAFN—--
VYNKWTLSTVTDIEEVKQIVRMLP IWATCILFWTVHAQLTTLSVAQSETMDRHIGS—--—
AADPWNLCS 1QQVEEAKCVVRVLP IWFAATVYHLVIVOQMHTLLVFQALQSDRRLGSSN--
IPNPWKLSSVTKVEEVKMMVRLLP IWATTHIFWTTYAQMITFSVEQASTMRRNIGS-—--
-SNQPGPSPQEDMANFQVLVKILPVMVTLVPYWMVYFQMQSTYVLQGLHLHIPNIFRTNP
KESPWRLCTVTQVEQVKTLISLVPIFASTIVENT ILAQLQTFSVQQGSSMNTRLSNS---
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NTNPWKLCTVTQVEEVKILLRLVPIWASGI IFSVLHSQIYTLFVQQGRCMKRTIGL—---
YSNAWRLCTVTQVEELKILIRMFP IWATGIVFSAVYAQMSTMFVEQGMVMDTAVGS----

———————————— FSILPEQIHAINPVCVLILVPIFEGWVYPALRKIT-----RVTPLRKM
———————————— LIALTIMASILIPNKVIITAKHLLKLVLLVFYWIGL-----NLIPFSTF
—————————————— IPNDFLQAFDSIALITIFIPIFEKFVYPFIRRYT-----PLKPITKI
T FHIDPSWYQLLNPLFIVLLSPIFVRLWNKLGERQP——-———-- STIVKF
———————————— LEIQPDQMQTVNTILITILVPIMDAVVYPLIAKCGL----NFTSLKKM
———————————— FSINPVSFQALNPFWVVLASP ILAG I YTHLGNKGK-—----DLSMPMKF
———————————— IEVPTALFQSVNAITAVMLAGVVLAWLASPESRGNS -—----TLRVWLKF
———————————— FVLQPDQMQVLNPLLVLIFIPLFDLVIYRLISKCGI----NFTSLRKM
—————————————— VPNDLFNNFNPLTIHILIPILEYGLYPLLNKFKI----DFKPIWRI
—————————————— VSNDLFQAFDSITALTIFIPICDNITYPLLRKYNI----PFKPILRI
———————————— I1EIQPDQMQTVNAILIVIMVPIVDAVVYPLIAKCGF----NYTSLKKM
———————————— FAINPVSFQALNPFWVVVASPVLAATYTRLGSKGK-----DLTMPMKF
———————————— IEVPTALFQSVNATAVMLAGVVLAWLASPESHGNS-----TLRVWLKF

———————————— FEIPPAAMAVFY IGGLLLTTAVYDRLAIPLCKKLFNYPH-GLRPLQRI
———————————— FKIPGASFNVFLMLSMTLWLP 1'YDRIVVPFSLSNTPEKSGGITLLQSD
———————————— FKIPAGSLTVFFVAAILITLAVYDRAIMPFWKKWKGKP--GFSSLQRI
NISLLLRSDSSNYRIPEAWLLLANVAVILILIPVKDHLIDPLLLRCKL----LPSSLQKM
———————————— FHIPPASLQAIPY IMLIFLVPLYDSFLVPFARKLTGHNS-GIPPLTRI
———————————— FEIPPATLGMFDTASVLISVPI1YDRVIVPLVRRFTGLAK-GFTELQRM
———————————— FKIPAASLSTFDTISVIVWVPVYDKILVPIARRFTGIER-GFSELQRM

AVGGLLTAFSFAIAGVLQLKVNETMEFPPSL—————- GRIYLQRVGNESL ISDFRYKSDG
VLSFLFLDY IKHMFKKEGEQAKKTKEKSR IHH---—- GIEIPLFLRQLIINIFTLIILEG
FFGFMFGSFAMTWAAVLQSFVYKAGPWYNEPL -—--- GHNTPNHVHVCWQIPAYVLISFS
GLGLMLTGISYLIMTLPGLLNGTSGRASAL--—=—==—==——————- WL-VLMFAVQMAG
TI1GMFLASMAFVAAAILQVE IDKTLPVFPKA--—--- NEVQIKVLNVGSENMI ISLPGQT
TLGMFMCSLGFLTAAAAGMWFADAQGLTSP---=—===————- WFIVLV----YLFQSLG
AFGLLLMACGFMLLAF-DARHAAADGQASM-—-——=——————— GVMISG----LALMGFA
AVGMVLACLAFAAAATVEIKINEMAPPQPGS--—--- QEILLQVLNLADDEVKLTVLGNN
CFGFVVCSFSQIAGFVLQKQVYEQSPCGYYAT ———-- NCDSPAP I TAWKASSLFILAAAG
TLGFMFATASMIYAAVLQAKITYQRGPCYANFT————- DTCVSNDISVWIQIPAYVLIAFS
TVGMFLASMAFVVAAIVQVE IDKTLPVFPSG——---- NQVQIKVLN IGNNDMAVYFPGKN
TLGMFLCALGFLTAAA-GMWFADAQGLTSP----————————— WFIVLV----YLFQSLG
AFGLLLMACGFMLLAF-DARHAAADGQASM-—-——=——————— GVMVSG----LALMGFA
GLGLLLAAMGMAVAALVEIKRLRTAHAHGPT-—=—--—- VKTLPLGFSLLIPQYLIVGIG
GIGIFISALCMIVAGVVEEHRRSLALTNP IGVQ---PRKGAI SSMSGLWL IPQLSLAGLS
AIGLVLSTAGMAAAALVEQKRLSVAKSSSQ---——=—--- KTLPISVFLLVPQFFLVGAG
ALGMFFGFTSI IVAGVLEKERLQY TAANQTVPQL IGKDLYYAAPLS IWWQIPQYLLIGVS
GIGLFLSTFSMVSAAMLEKKRRDSSVLDGR-—==—====———- ILSIFWITPQFLIFGIS
GIGLFVSVLSLTFAAIVETVRLQLARDLDLY —————— ESGDIVPLNIFWQIPQYFLMGTA
GIGLFLSMLCMSAAAIVEIRRLQLARDLGLY-——--- DEAVSVPLSIFWQIPQYFILGAA
R-LIGDGMLPKGRTELDAGIYTFNTGLKNESQE I ---DISTPNKGYVMAVFRLKDAVEV-
ETLFDENGVEVNIAEHPVQGYTELNINLLNKD----- SIDLWADWIQSVAKYLLNIMY -~
EIFASITGLEYAYSKAPASMKSFIMSIFLLTN=----- AFGSAIGCALSPVTVDPKFTW--
ELLVSPVGLSVSTKLAPVAFQSQMMAMWFLAD-—--- STSQAINAQITPLFKAATEVH--
VTLNQMSQTNEFMTENEDTLTSINITSGSQ-—-—-=—-- VTMITPSLEAGQRHTLLVW--
ELFISALGLAMIAALVPQHLMGFILGMWFL-—=—--—- TQAAAFLLGGYVATFTAVPD--
ELFIDPVAIAQITRLK---MSGVLTGI YMLA-—————- TGAVANWLAGVVAQQTTESQ--
NNSLLADS IKSFQKTPHYSKIHLNTKSQDFYFHLKYHNLS1YTEHSVEERNWYSL 1 1RED
ECWAYTTAYELAYTRSPPALKSLVYALFLVMS-—--- AFSAALSLAITPALKDPNLHW--
EIFASITGLEFAFTKAPPSMKSIITALFLFTN-—--- AFGAILSICISSTAVNPKLTW--
VTVAQMSQTDTFMTFDVDQLTSINVSSPGSPG-—--—-~- VTTVAHEFEPGHRHTLLVW--
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ELLISALGLAMVAALVPQHLMGFILGMWFL---—--—- TQAAAFLLGGYVATFTAVPE--
ELFIDPVAIAQITRLK---MSGVLTGIYMLA--—--—- TGAVANWLAGVVAQQTTESQ--
EAL1YTGQLDFFLRECPKGMKTMSTGLLLSTL----- ALGFFFSSVLVTIVEKVTDKA--
ESFTAVGQVEFYYKQFPENMRSIAGSLFYCGM-—~--- AGSSYLSTLLISIVHNTSEKS--
EAFIYTGQLDFFITQSPKGMKTMSTGLFLTTL----- SLGFFVSSFLVSIVKRVTSTS--
EIFASIPGLEFAYSEAPRSMQGAIMGIFFCLS-—--- GVGSLLGSGLVALLSFPGGWM--
EMFTAVGL 1EFFYKQSAKGMESFLMALTYCSY -—--- SFGFYFSSVLVSVVNKITSTS--
GVFFFVGRIEFFYEQSPDSMRSLCSAWALLTT-—--- TLGNYLSSLIITLVAYLS-——--
EIFTFIGQLEFFYDQSPDAMRSLCSALSLLTT--—-- ALGNYLSSFILTVVTSITTRG--

VKFDYKVEKTDNGATRVFVVTAREDADTLVYAINKKGKILSSCELKSGSYVDVIPGIISD
-TADVIVI 1 IFYLVKMAALWWAWSY IPLSTVFVGYKYSGKDESLQAALEVL —=———=——--
-LFT-GLAVACFISGCLFWLCFRKYNDTEEEMNAMDYEEEDEFDLNP ISAPKANDIEILE

APNNYRVVNDGLTQKSDKGENG IRFVNTYSQP INVTMSGKVYEHIASYNASEYQFFTSGV
-NITDPLETLPVYTNVFGKIGLVTLGVAVVMLLMVPWLKRMIATPESH---—=——————-
- 1SGMATAAYQRFFSQMGEWTLACVAI IVVLAFATRFLFSTPTNMIQESND————————-
GKSI1SSIMVKDMENETTYGMTAIRFINTLQENVNISLGTD ISLNVGENYGVSA--YRTVQ
-VFL-A1GLAGFLCAIVMLAQFWNLDKWMENETNERERLDREEEEEANRG IHDVDHP IEA
-MYT-GIAVTAFIAG IMFWVCFHHYDAMEDEQNQLEFKRNDALTKKDVEKEVHDSY SMAD
GPNNYRVV == = = - — e e e e e e e e e e
-NITDPLQTLPIYTGVFSKIGLVTLAVTVVMAIMVPWLNRMINTPGTEQ----=—=—---
-1SGMATAAYQRFFSQMGEWTLACVAIT IVVLAFATRFLFSTPTNMVQESND—-——=—---
-HP--W1AD-DLNKGRLYN--FYWLVAV IVALNFLVFLVFSKWYVYKEKRLADLGIELED
-ATGNWLPE-DLNKGRLDF--FYYMIAALEIMNLGYFLLCSKWYKYKEIGSSDLELNQVP
~TDVGWLAD-NINHGRLDY--FYWLLVILSGINFVVY 1 ICALWFKPTKGKDS---VEKEN
---YCPKDFGNINNCQMDR--YFFLLAGIEAVTAVLFLWIAGRYERTRQDPASQRSSSRV
VDSKGWLGENDLNKDRLDL--FYWLLAVLSLLNFLSYLFWSRWNIKSSRRNNTNVVGDEN
-GKDCWIPSDNINNGHLDY --FFWLLVSLGSVNIPVFVFFSVKYTHMKV - === ——————
-GKPGWIPN-NLNGGHLDY --FFWLLAALSFFNLVIYVFLCQMYKSKKAS-—-———=—---

PNVRLYWGPKNSCSGVDCPNTVTLNAQMGAVHVLHIHPSTTEGDFNLLVRPNSVSILWSL

RGEYPAVHCKTEDKDFSLNLGLLDFGASYLFV I TNSTKQGLQAWKMED I PANKVS 1 AWQL
BVS IKS == = = = —
ESQYNLEKANC == = = = = — o o e e e



sp|P46029

sp]001840
sp] 007380
sp|P32901
sp|P36574
sp|P36836
sp|P36837
sp|P39276
sp|P46029

PQYALVTAGEVMFSVTGLEFSYSQAPSSMKSVLQAAWLLTVAIGNI IVLVVAQFSGL-VQ

ALEFFFYSTLMVIVMGVFILLAMQYTYVEDNDDEITITESEKKDVIALTEIESGTATSDK

TGF-Beta External Domain Alignment- High Sequences

sp]001840
sp] 007380
sp|P32901
sp|P36574
sp|P36836
sp|P36837
sp|P39276
sp|P46029
sp|P46030
sp|P46031

sp] 001840
sp] 007380
sp|P32901
sp|P36574
sp|P36836
sp|P36837
sp|P39276
sp|P46029
sp|P46030
sp|P46031

sp] 001840
sp] 007380
sp|P32901
sp|P36574
sp|P36836
sp|P36837
sp|P39276
sp|P46029
sp|P46030
sp|P46031

----------------------------- MEEKSLLQKLRSYPPAVFFMLGNEFCERFSF

MNPFQQNESKETLFSPVSTEETPPRLSSPAKKTPPK I CGSNYPLS I AF IVWVNEFCERFSY
---------------------------------------------- MVSSDFENEKQPDV
---------------------------------------------- MSSIEEQITKSDSD

YGMKT ILFIYL I TEHEFSPSKATFIYHLFTCIAYLTPL IGS IMADSVFGRFKVILYGSSI
AQDEKQGDFPV I EEEKTQAVTLKDSYVSDDVANSTERYNLSPSPEDEDFEGPTEEEMQTL
--------------------------------------------------- MQNLNKTEK
YGMRALL ILYFRNF IGWDDNLSTV I YHTFVALCYLTP ILGAL I ADAWLGKFKT IVWLS 1V

YGMKAVLTLYFLYFLHWNEDTSTSVYHAFSSLCYFTP ILGAATADSWLGKFKT 11 YLSLV
VQVLTDEKNISLDDKYDYEDPKNYSTNYVDDYNPKGLRRPTPQESKSLRRVIGNIRYSTF
F1 1SEDQSYLSKEKKADGSAT INQADEQSSTDELQKSMSTGVLVNGDLYPSPTEEELATL

YVVGHVLLSLGAVPFLSYPl —————————- RSSLDFSGLFVIAFATGCIKPCVSAFAADQ
———————————————————————————————————————— MRATLLFYMYYAVTKGGLGM
RHVGGKIPMRCWLIAIVELS--—-—-—————- ERFSYYGLSAPFQNYMEYGPNDSPKGVLS
TFFGQPRGLLTLFQTEFWER---—==-—=————- FSYYGMRAILVYYLYALTTADNAGLGL
YTIGQAVTSLSSVNELTDNNHDGTPDSLPVHVAVCMIGLLL IALGTGG IKPCVSAFGGDQ
MNTTTPMGMLQQPRPFFMIF--—=————————- FVELWERFGYYGVQGVLAVFFVKQLGF
—————— MKTPSQPRAIYYIV---—————————-AIQIWEYFSFYGMRALLILYLTHQLGF
NVLGHVIKSLSAFPILGGKV-=—==———- VHTVLSLVGLCLIALGTGGIKPCVAAFGGDQ
MLCICEFAERASYYSTTGIL--———--- TNY 1QRR IDPDSPHGWGAPPPGSPDASAGALG
PSVCGTIPWKAFITTIVELC-—————————-— ERFAYYGLTVPFQNYMQFGPKDATPGALN

FTEDQKDLRSQFFSFFYFAINGGSLFAT I I TPILRGRVQC---FGNAHCFPLAFGVPGVL
SQTTAASIMSIYGS--LVYLST--LVGGWLSDRVWGS--—-——=——=———- RKTVFYGGVL
LNSQGATGLSYFFQ-FWCYVTP--VFGGYVADTFWGK-YNT--1C---CGTAIYIAGIFI



sp|P36574
sp|P36836
sp|P36837
sp|P39276
sp|P46029
sp|P46030
sp|P46031

sp]001840
sp] 007380
sp|P32901
sp|P36574
sp|P36836
sp|P36837
sp|P39276
sp|P46029
sp|P46030
sp|P46031

sp]001840
sp]007380
sp|P32901
sp|P36574
sp|P36836
sp|P36837
sp|P39276
sp|P46029
sp|P46030
sp|P46031

sp]001840
sp]007380
sp|P32901
sp|P36574
sp|P36836
sp|P36837
sp|P39276
sp|P46029
sp|P46030
sp|P46031

sp]001840
sp]007380
sp|P32901
sp|P36574
sp|P36836
sp|P36837
sp|P39276
sp|P46029
sp|P46030
sp|P46031

sp] 001840
sp] 007380
sp|P32901
sp|P36574
sp|P36836

PKAQAMAIVSIYGA--LVYLST--1VGGWVADRLLGA-—--————————— SRTIFLGGIL
FEEGQEKQRNRFFSIFYLAINAGSLLSTI 1 TPMVRVQ-QCGIHVKQA-CYPLAFGIPAIL
SQEQAFVTFGAFAA--LVYGLI--SIGGYVGDHLLGT--—=======——- KRTIVLGALV
DDNHAISLFSAYAS--LVYVTP--ILGGWLADRLLGN--======—=——- RTAVIAGALL

FEEKHAEERTRYFSGFYLAINAGSLISTFITPMLRGDVQC---FGED-CYALAFGVPGLL
KGLQAASALTNLLT-FLAYVFP--LIGGYLGDST IGRWKA---1Q---WGVFFGFVAHLF
LGETGADGLSNFFT-FWCYVTP--VGAALIADQFLGR-YNT--1V---CSAVIYFIGILI

MLLAL I LFLMGWSMYKKHPPSKENVGSKVVAV1YTSLRKMVGGASRDKP-VTHWLDHAAP
IMLGHIVLALPAGVTVLYRS-ITALIVVGTGLLKPNVSDMVGGLYSVEDPRRDAGFSIFVF
LFITSIPSVGNRDSAIGGFI-AATILIGIA--TGMIKANLSVLIADQLPKRKPSI--KVL
ITLGHIALATPFGLSSLFVA-LFLIILGTGMLKPNISNMVGHLYSKDDSRRDTGENIFVV
MAVSLIVF 1 IGSGMYKKFKP-QGN I LSKVVKC I CFATKNRFRHRSKQFPKRAHWLDWAKE
LAIGYFMTGMSLLKPDLIFIALGT IAVGNGLFKANPASLLSKCYPPKDPRLDGAFTLFYM
MTLGHVVLGIDTNSTFSLYLALAT I 1CGYGLFKSNISCLLGELYDENDHRRDGGFSLLYA
MVIALVVFAMGSKMYKKPPP-EGNIVAQVVKC IWFATSNRFKNRSED I PKRQHWLDWAAE
FIFASIPQAIENANAGLGLCVIAI ITLSAG--SGLMKPNLLPLVLDQYPEERDMV--KVL
LTCTAIPSVIDAGKSMGGFV-VSLI 1 IGLG--TGGIKSNVSPLMAEQLPKIPPYV--KTK

EHSQKMIDSTRGLLNVAVIFCPLIFFWALFDQQ------- GSTWVLQARRLDGRVGHFSI
GINLGSI11APWLVPWAAQGFGVHIFGSQLNFHAGFSLAAVGMFFGLVQYVLGGKKYLSTE
KSGERVIVDSNITLONVFMF--F--YFMINV-=—=————- GSLSLMATTELEYHKGFWAA
GINMGSLIAPLIVGTVGQGVNYHLGFSLAAL -———=———- GMIFALFAYWYGRLRHFPEI
KYDERLIAQIKMVTRVLFLY IPLPMFWALFDQQ------- GSRWTLQATTMSGRIGILEI
SINIGSLIALSLAPVIADRFGYSVTYNLCGA-—=——————- GLITALLVYITACRGMVKDI
AGNIGSIAAPIACGLAAQWYGWHVGF-ALAG———-————-— GGMFIGLLIFLSGHRHFQST
KYPKQL IMDVKTLTRVLFLY IPLPMFWALLDQQ-----—- GSRWTLQATKMNGNLGFFVL
PTGESIILDREKSLSRITNV--F--YLAINI-———————- GAFLQIATSYCERRVGFWLA

KNGSKVIVDPVVTTSRAYMI —-F--YWTINV--——————- GSLSVLATTSLESTKGFVYA

LPEQIHAINPVCVLILVPIFEGWVYPALRKI-TRVTPLRKMAVGGLLTAFSFA-———---
SLTPNDP IDKGDLLNVIKWVVITTTAIVAIL-AAMAGVGQLSVDNVITLLTILA-—=——-
YLLPFCFF-WIAVVTLIFGKKQY 1QRPIGDKV IAKSFKVC--WILTKNKFDFN-=—--—-
GREPSNPMDSKARRNFLITLTIVVIVAIIGFFLLYQASPANFINNFINVLSTIGI ————-
QPDOQMQTVNTILI I ILVP IMDAVVYPLIAKCGLNFTSLKKMT IGMFLASMAFY ——————-
GSEPDFRPMSFSKLLYVLLGSVVMIFVCAWL-——-- MHNVEVANLVLIVLSIV-—————-
RSMDKKALTSVKFALPVWSWLVVMLCLAPVF---FTLLLENDWSGYLLAIVCL---—---
QPDQMQVLNPLLVLIFIPLFDLVIYRLISKCGINFTSLRKMAVGMVLACLAFA--—--—-
FFEVPMILY 1 IVPIFLFIVKPKLKIKPPQGQVMTNVVKILAVLFSGNF IKRLWNGTFWDHA
YLLPLCVF-VIPLIILAVSKTAFTSTLLPPVPSLFVLVKCSSLLLKTNLISKK-===-—-

------ 1AGVLQLKVNETMEFPPSLGR1YLQRVGNESL I SDFRYKSDGRL I GDG-MLPKG
------ IALP1YYFVMMFRSSKVTK I ELG IHLLPVSLKNRLFFKKGYKRLKQI I --QLEL
------ AAKPSVHPEKNY - - ~PWNDKFVDE I KRALAACKVF I FYP I YWTQYGTM-— I SSF
------ VVPI 1YFVMMFTSKKVESDERRKLTAY IPLFLSAIVFWAIEEQSST I IAVWGES
------ AAATLQVE I DKTLPVFPKANEVQIKVLNVGSENMI I SLPGQTVTLNQMSQTNEF
---------- VT 1 IFFRQAFKLDKTGRNKMFVAFVLMLEAVVFY I LYAQMPTSLNFFAIN
--------- 1AAQI 1 ARMM I KFPEHRRALWQ I VLLMFVGTLFWVLAQQGGST ISLF IDRF
------ AAATVE IK INEMAPPQPGSQE I LLQVLNLADDEVKLTVLGNNNNSLLADS IKSF
RPSHMEARGT I YYNSKKKSA I TWSDQW I LDIKQTFDSCKIFLYY I IFNLADSGLGSVETS
------ LNHLALLLLERYVKDQWDDLF IDELKRALRACKTFLFYP I'YWVCYGQM--TNNL

RTELDAGIYTFNTGLKN=-=————————~ ESQEIDISTPNKGYVMAVFRLKDAVEVVKFDY
AITKRQSFIILIALIIMA-——————— e S—ILIPNKVIIAKHLLK-==—————~
IT-—-QASMMELHGIPND-=—————————————— FLQAFDSIALIIFIPIFE-—————- K-
RS-NLDPTWFGITFHID-————————————- PSWYQLLNPLFIVLLSPIFV-———————-
MTFNEDTLTSINITSGS--—-—--- QVTMITP-SLEAGQRHTLLVWAPNNY --RVVNDGL



sp|P36837
sp|P39276
sp|P46029
sp|P46030
sp|P46031

sp]001840
sp]007380
sp|P32901
sp|P36574
sp|P36836
sp|P36837
sp|P39276
sp|P46029
sp|P46030
sp|P46031

sp]001840
sp] 007380
sp|P32901
sp|P36574
sp|P36836
sp|P36837
sp|P39276
sp|P46029
sp|P46030
sp|P46031

sp]001840
sp]007380
sp|P32901
sp|P36574
sp|P36836
sp|P36837
sp|P39276
sp|P46029
sp|P46030
sp|P46031

sp]001840
sp]007380
sp|P32901
sp|P36574
sp|P36836
sp|P36837
sp|P39276
sp|P46029
sp|P46030
sp|P46031

sp]001840
sp]007380
sp|P32901
sp|P36574
sp|P36836
sp|P36837
sp|P39276

NV—--HHE ILGFSINPVS-———————— oo FQALNPFWVVLASPILA-———————-
VN--=-RQAFNIEVPTA-———— - LFQSVNAIAVMLAGVVLA-———————-
QKTPHYSK IHLNTKSQDFYFHLKYHNLS I YTEHSVEERNWYSL I IREDGKS 1SS IMVKDM
L1--—-GAMKLDGVPND=——————————————— LENNFNPLTILILIPILE-———————-
1S--QAGQMQTGNVSND—————— = ——— LFQAFDSIALIIFIPICD--————- N-
KVEKTDNGATRVFVVTAREDADTLVYAINKKGK I LSSCELKSGSYVDVIPGI 1 SDPNVRL
———————————— LVLLVFYWIGL---=-NLIPFSTFVLSFLFLDY IKHM=—————————-
———————————— FVYPFIRRYT----PLKP I TKIFFGFMFGSFAMTWAA-——————————
----------- RLWNKLGERQP------STIVKFGLGLMLTGISYLIMT === ——————-
TQKSDKGENG IRFVNTYSQP INV---TMSGKVYEH IA-SYNASEYQFFTSG------ VKG

ENETTYGMTAIRFINTLQENVN I ---SLGTD ISLNVGENYGVSAYRTVQ-—-————-- RG
----------- YGLYPLLNKFK I ---DFKP IWR 1 CFGFVVCSFSQIAGF———————————
------------ 11YPLLRKYNI--—PFKP ILRITLGFMFATASMIYAA-——————————

YWGPKNSCSGVDCPNTVTLNAQMGAVHVLHIHPSTTEGD--FNLLVRP-NSVSILWSLPQ

--------------- FKKEGEQAKKTKE—---KSRIHHGIEIP-------LFLRQLIINIF
-------------- VLQSFVYKAGPWY - - - ~NEPLGHNT - - - -~ ==—P-NHVHVCWQ I PA
----------------- LPGLLNGTSG-————=====—————=——————~~RASALWLVLM
FTVSSAG I SEQCRRDFESPYLEFGSAYTYL I TSQATGCPQVTEFED I PPNTMNMAWQ 1 PQ
----------------- AAGMWFADAQ----—————=———————————-GLTSPWF IVLV
—————————————— FDARHAAADGQAS----MGVMI SGL--------ALMGFAELF IDPV
EYPAVHCKTEDKDFSLNLGLLDFGASYLFV I TNSTKQGLQAWKMED I PANKVS I AWQLPQ
—————————————— VLQKQVYEQSPCG-—-—---YYATNCD--—-—-----SPAP I TAWKASSL
—————————————— VLQAKIYQRGPCY ----ANFTDTCV--------S-NDISVWIQIPA

Y11 ITLGEVLLSVTGLEFAYSQAAPNMKSVLTAMWLLTVFAGNL IDMMISGTRLIP-HPA
TLIITLEGETLFDENGVEVNIAEHPVQGYTELNINLLNKDS IDLWADWIQSVAKYLLNIMY
YVLISFSEIFASITGLEYAYSKAPASMKSFIMSIFLLTNAFGSAIGCALSPVTVDPKFTW
FAVOMAGELLVSPVGLSVSTKLAPVAFQSQMMAMWFLADSTSQAINAQI TPLFKAATEVH
YFLITSGEVVFSITGLEFSYSQAPSNMKSVLQAGWLLTVAVGNI IVLIVAGAGQIN-KQW
YLFQSLGELFISALGLAMIAALVPQHLMGF I LGMWFLTQAAAFLLGGYVATFTAVPDNIT
ATAQITRLKMSGVLTGI'YMLATGAVANWLAGVVAQQTTESQISGMATAAYQRFFSQMGEW
YALVTAGEVMFSVTGLEFSYSQAPSSMKSVLQAAWLLTVAIGNI IVLVVAQFSGL--VQW
FILAAAGECWAYTTAYELAYTRSPPALKSLVYALFLVMSAFSAALSLAITPALKDPNLHW
YVLIAFSEIFASITGLEFAFTKAPPSMKS I I TALFLFTNAFGAILSICISSTAVNPKLTW

LEFFFYSTLMVIVMGVFILLAMQYTYVEDNDDEITITE-SEKKDVIALTEIESGTATSDK
TADVIVI I IFYLVKMAALWWAWSY IPLSTVFVGYKYSGKDESLQAALEVL -——====—--
LFTGLAVACFISGCL-FWLCFRKYNDTEEEMNAMDYEEEDEFDLNP ISAPKANDIEILEP
FFAITGHIGIIVGIILLIVKKPILKLMGDVR-===== === ——
AEYILFAALLLVVCVIFAIMARFYTYVNPAE IEAQFEE-DEKKKNPEKNDLYPSLAPVSQ
DPLETLPVYTNVFGKIGLVTLGVAVVMLLMVPWLKRMIATPESH-—-—-———————————-
TLACVAIIVVLAFATRFLFSTPTNMIQESND—- - == === === === ———
AEFVLFSCLLLVVCLIFSIMGYYYIPIKSEDIQGP-—--- EDKQIPHMQGNMINL-ETKK
VFLAIGLAGFLCAIVMLAQFWNLDKWMENETNERERL--DREEEEEANRG IHDVDHP IEA
MYTGIAVTAFIAGIM-FWVCFHHYDAMEDEQNQLEFKRNDALTKKDVEKEVHDSY SMADE



sp|P46029
sp|P46030
sp|P46031

IVSIKS----
SQYNLEKANC

Auto-inducer Binding Domain Alignments — Total Sequences

sp] 030919
sp| 054452
sp]087971
sp|P07026
sp|P12746
sp|P25084
sp|P33905
sp|P54292
sp|P54293
sp|P54295
sp|P54303
sp|P74946
sp| Q03316
sp Q44059
tr]Q93UxX7
tr]Q98A91
tr]Q9AmM51
tr]Q9ANB1
tr]Q9o14J9
tr]QoKJ71
tr|Q9KL60
tr|QoL318
tr]Q9oL6US
tr]QoLeu7
tr|Q9R9G8
tr|Q9RH45
tr|Q9RMS5
tr]Q9XDD1
tr]Q9Z1Uo

sp]030919
sp| 054452
sp| 087971
sp|P07026
sp|P12746
sp|P25084
sp|P33905
sp|P54292
sp|P54293
sp|P54295
sp|P54303
sp|P74946

sp|Q03316

sp Q44059
tr]Q93UX7

tr|Q98A91
tr|Q9AM51
tr | Q9ANB1
tr|Q914J9

————————————————————————————— MEPDFQ------DAYHAFRTAEDEHQLFREI
----------------------------- MSPSHAEQF--SFFLLSGPDLRIADIAGSGN

------------------------------ MQDKDFFSWRRTMLLRFQRMETAEEVYHEI
----------------------------- MKN INADDTY--R 1 INKIKACRSNND INQCL
----------------------------- MALV--------DGFLELERSSGKLEWSAIL
————————————————————————————— MQHWLD------KLTDLAAIEGDEC I LKTGL
————————————————————————————— MRNDGGFLLWWDGLRSEMQP IHDSQGVFAVL
————————————————————————————————————————— MFSFFLENQTITDTLQTYI
————————————————————————————————————————— M1 IDYFDNES INEDIKNY I
----------------------------- MELGQQ-LGWDAYFYS I FARTMDMQEFTAVA

----------------------------- MYK I L-------RLIQENQQI TSHDDLENVL
---------------------------- MKEESSAVSNLVFDFLSESASAKSKDDVLLLF
----------------------------- MKQDQLL-----EYLEHFTSVTDGDRLAEL I
MSRVAPAGRTVAPVTRGASRRGEWEARSCAVGEKSVDGDLRSL I DMTEAAHDERMIKSAL
————————————————————————————— MQLVFE------TLLEQLSLSVDEVDFHNAL
————————————————————————————— MELRWQ------DAYQQFSAAEDEQQLFQRI

————————————————— MDDQSHGKMPLASSRRESRGPDLFSFIECAIQTRS IAALFDLL
————————————————————————————— MTDYASLL---FDSVARLRKAATTEAVCREM
------------------------------ MIENTYSE---KFESAFEQIKAAANVDAAI
-------------------- MLKLSRNK IEQKEPMPAVDL I TL I SQLEESHSFSTVQDIV
----------------------------------------- MSNSFENNTS INISIKNYL
----------------------------- MERQQDFMHWWNDLRMEMLKLQESAQVFALL
----------------------------- MDSRLKY-----SDF I PADESKSNVCLKLEL
————————————————————————————— MELGQQ-LGWDSYFYN I FARTMDMQEFTAVT
————————————————————————————————————————— M1 INFFDNES INEDIKNY I

————————————————————————————— MHDERE------GYLEILSRITTEEEFFSLV
————————————————————————————————————————— M1 INFFDNES INED IKNY I
----------------------------- MELRWQ- - -—--DAYQQFSAAEDEQQLFQRI

AATARQLGFDYCCYGARM----PLPVSKPAVAIFDTYPAGWMQHYQASG---FLDIDPTV
DAGRSRPHLCDIAYGSPC---DLAGATDSNPLLMLTYPPEWVKQYRDRD---YFSIDPVV
DRKLERYDSPRYTYMV—-—=—-- IDKKNPVDVFIVTSYPDEWADIYTSQN---YQHIDPIV
ELQAQQLEYDYYSLCVRH----PVPFTRPKVAFYTNYPEAWVSYYQAKN---FLAIDPVL
SDMTKMVHCEYYLLAL1Y----PHSMVKSD ISILDNYPKKWRQYYDDAN---LIKYDPIV
QKMASDLGFSKILFGLLP----KDSQDYENAF IVGNYPAAWREHYDRAG---YARVDPTV

ADIADHFGFTGYAYLH--——————- IQHRHITAVTNYHRQWQSTYFDKK---FEALDPVV
EKEVRRLGFDYYAYGVRH----TIPFTRPKTEVHGTYPKAWLERYQMQN---YGAVDPAI
QRKLSPLGSPDYAYTV--—--- VSKKNPSNVL I 1SSYPDEWIRLYRANN---FQLTDPVI
QRRIKTYGDLCYSYLV--—--- MNKKTPLHPT I ISNYPLDWVKKYKKNS---YHLIDPVI

LRALRELRFDFFRYGMCS----VTPFMRPRTYMYGNYPEDWVQRYQAAN---YAVIDPTV
NGLNNL IGHEFFLFGLSF----QPTLKTSETLVTDNYPNSWRQQYDESG---FMHIDP IV
GKI1SQYFGFSYFAISGIP----SPIERIDSYFVLGNWSVGWFDRYRENN---YVHADP 1V

GRFTLGMGYDYYRFALI 1 -—---PMSMQRPKVVLFNQCPDSWVQAYTANH---MLACDPI 1
KTFAHACGFERFAYLQ-———————- TEGSEIRTFNSYPEEWQGVYLESH---YSRIDPVV
ASAAGAFDIPAFAYLS-———-- LVSDRVTKPRL ISNYHSGWTSHYLRHQ---YERIDPVI

AAYSKRLGFEYCCYGIRV----PLPVSKPSVAIFDTYPDGWMAHYQAHN---YI1EIDSTV
VNFASNEGFDKVAYGALSCSNERRLPEYLPPPPTINFPSDWCQRYAEQE---YQAIDPVV
VEFAARLGFDRVIVCSLF----PRPDEDEL I DELFFVHGDWAEGRSAQERDAYLLHCPVT



tr|Q9KJI71
tr | Q9KL60
tr|QoL318
tr|QoL6US
tr|QoL6U7
tr | Q9R9GS
tr | Q9RH45
tr | QORMS5
tr | QOXDD1
tr|Q9Z1U0

sp]030919
sp] 054452
sp]087971
sp|P07026
sp|P12746
sp|P25084
sp|P33905
sp|P54292
sp|P54293
sp|P54295
sp|P54303
sp|P74946

sp|Q03316

sp Q44059
tr]Q93UX7

tr|Q98A91
tr|Q9AM51
tr | Q9ANB1
tr|Q914J9
tr|QoKJ71
tr | QOKL60
tr|QoL318
tr|QoL6U5
tr|QoL6U7
tr |QOR9G8
tr | Q9RH45
tr | QORMS5
tr | Q9XDD1
tr|Q9Z1U0

sp]030919
sp] 054452
sp]087971
sp|P07026
sp|P12746
sp|P25084
sp|P33905
sp|P54292
sp|P54293
sp|P54295
sp|P54303
sp|P74946
sp| Q03316
sp| Q44059
tr|Q93Ux7
tr]Q98A91

RILQAEYNLDFVTYHLAQ----TIASKIDSPFVRTTYPDAWVSRYLLNS---YVKVDPIV

RQRAHFYGYDKIVFFS---—-- AHSTLDGIIER1YWIEGDWFDDGENIDAATY IKYCPIT
EKNLKVFENNIKYAYAl -—--—- MNKKNPNDFAT1 I SNR-MEWFDFYTKNN---LQF IDPVL
EREVQYLGFDFYAYGIRH----SIPFTRPKTE1YGSYPQPWMERYQQQN---YAAIDPSI
EKLLGDLQGASYAYFA-—-—-—- APRNREVAPL IVSNYPARWLKAYKNAN---YHLIDPI1
LRVLRELRFDFFAYGMCS----VTPFMRPRTCMYGNYPEDWVQRYQAAN---YAVIDPTV
QRRIKAYGNIRYSYLL-=—--- MNKKVPLHPAT ISNYPLDWVKKYKKNS---YHLIDPVI
LEICGNYGFEFFSFGARA-—--PFPLTAPKYHFLSNYPGEWKSRY I SED---YTSIDPIV
QRRIKAYGNIRYSYLL-—--—- MNKKVPLHPAT ISNYPLDWVKKYKKNS---YHLIDPVI

AAYSKRLGFEYCCYGIRV----PLPVSKPAVAIFDTYPDGWMAHYQAQN---YIEIDSTV
*

RAGASSSDL IVWPVSIR------ DDAARLWSDARDAGLN-I1GVARSSWTAHGAFGLLTLA
RLGRRGFLPVEWSASGWDS----GRAYGFFKEAMAFGVGRQGVTLPVRGPQGERSLFTVT
LTAFKRISPFAWDENITILS--DLKSSKIFALSKKYN1V-NGFTFVLHDHMNNLAMLSLI
NPENFSQGHLMWNDDLF--—---- SEAQPLWEAARAHGLR-RGVTQYLMLPNRALGFLSFS
DYSNSNHSP INWNIFENNAV--NKKSPNV IKEAKTSGL 1 -TGFSFP IHTANNGFGMLSFA
SHCTQSVLPIFWEPS1YQT----RKQHEFFEEASAAGLV-YGLTMPLHGARGELGALSLS
KRARSRKH I FTWSGEHERPTL-SKDERAFYDHASDFGIR-SGIT IP IKTANGFMSMFTMA
LNGLRSSEMVVWSDSLF--—--- DQSRMLWNEARDWGLC-VGATLP IRAPNNLLSVLSVA
LTAFKRTSPFAWDENITLMS--DLRFTKIFSLSKQYN1V-NGFTYVLHDHMNNLALLSVI
LTAKDKVAPFAWDDNSV INK--KSTDSAVFKLAREYNIV-NGYTFVLHDNSNNMATLNIS
KHSKVSSSPILASNELF---—-- RGCPDLWSEANDSNLR-HGLAQPSFNTQGRVGVLSLA
KYSITNFLP IRWDDAKRVN----NDGRV IFEEARCNGLK-AGFS 1P IHGLRGEFGMISFA
HLSKTCDHAFVWSEALRDQKL-DRQSRRVMDEAREFKL I -DGFSVPLHTAAGFQSIVSFG
QLARKQTLP I'YWNRLDERARFLQEGSLDVMGLAAEFGLR-NG ISFPLHGAAGENGILSFI
WEAKTRME I FPWTADEWPSRG-KSELRQFRDQAINHGIR-SGVTIPVEGSFGSTMMLTFA
EWARCSECPFQWGPGLGHAG I -STRQQQLFDEAAEFGIC-CGLT IPLVDRRGGVAAMTFA
RDGALSTNMIVWPDVDQ------ I EPCPLWQDARDFGLS-VGVAQSSWAARGAFGLLSIA
RRTAMLPRPFLWDELTSRYEL-QPRELRVLREAKEAGLK-HGMSVPLFGSQGRSAFVSFA
RHILELDEPFFWSKSPSEDP--ERMTYRIVRGVRDLGQV-NGMQVPVFGRNGLEGAVSFA
KQGFERQLPFDWSEVEPT--—--- PEAYAMLVDAQKHGIGGNGYS 1 PVADKAQRRALLSLN
RHI1ETDRPFFWTKKPDVN----REQYRVVAKPKGSGI --HGLQIPIFGHLGLEGAVSLG
ITASCCFTPFLWDEN IM1SS--GLKMPKIFNMAKNYDV I -NGYTFVLHDHNHNLVVLSI 1
LNGLRSTEMVVWNDVLF---—-- GKGSVLWGEAQDWGLR-VGATVPIRTPDGALSVLSVA
HHGLKSCAPFSWSDALQAAP--CERSRELFRRSSQYRIC-TGATFTLHDAGGMFSSLSLC
KHSKVSSAP I LWSNELF-——--- RGCPDLWSEANDSNLC-HGLAQPSFNAQGRVGMLSLA
LTAKGKVAPFAWDDNSV IN1--KSTDSAVFNLAREYN1V-NGYTFVLHDNNNNMATLNVS
RHGLLEYTPL IWNGEDF------ QENRFFWEEALHHG IR-HGWS IPVRGKYGL I SMLSLV
LTAKGKVAPFAWDDNSV IN1--KSTDSAVFNLAREYNIV-NGYTFVLHDNNNNMATLNVS
RDGALNTNMIVWPDVDR--—---- IDPCPLWQDARDFGLS-VGVAQSSWAARGAFGLLSIA
*

RHADPLTAAE--LGQLSIATHWLANLAHTLMSPFL-====—-- VPQLVPESN-AVLTTRE
SNHPDAYWRQ-FRMDSMRDLQFLAHHLHDRAMVLS - ——=——=———- GMRKVADLPRLSRRE
MDNNADKGLNSR I ESDKDRLQMNL I K ITHEKMLMLEQNKLGVSNGKNTDTSGK-G ILSPRE
RCSAREIPIL--SDELQLKMQLLVRESLMALMRLN-=—————-- DEIVMTPE-MNFSKRE
—HSEKDNY IDSLFLHACMNIPLIVPSLVDNYRKIN---—=—————- I ANNKSNNDLTKRE
VEAENRAEANRFMESVLPTLWMLKDYALQSGAGLA-—-—————-- FEHPVSKPVVLTSRE
SDKPVIDLDR---EIDAVAAAATIGQIHARISFLR--—=—=——-- TTPTAEDAAWLDPKE
RDQQNISSFE--REEIRLRLRCMIELLTQKLTDLE-====—-~ HPMLMSNP--VCLSHRE
IKGNDQTALEQRLAAEQGTMQMLL IDFNEQMYRLAGTE-GERAPALNQSADK-TIFSSRE
NGSDDSISFDERIEINKEKIQMLL I ITHEKMLGLY-QSNSDKNENRNTQIER-DIFSPRE

RKDNP I SLQE--FEALKVVTKAFAAAVHEKISELE--—-——-- SDVRVENTD-VEFSGRE
TSDTKSYDLN---QQSIHTSQLIVPLLAHNIGNIT-———————- RYHKDAKPRAVLTARE
AEKVELSTCD--RSALYLMAAYAHSLLRAQIGNDA---———————- SRKIQALPMITTRE
TAERASSDLL---LESSPILSWMSNY IFEAAIRIV-—————-- RVSLREDDPQEALTDRE
SSAPAADVSK---LQDGQKAVRAVLAIHYRLKMLA--—=—————- ATTI1VPPKRLLSPRE
ADRLDPTFLR-VAEQYEQALEIMAMCFHIGVRRKL--====—-~ ARGLAVDG-VSLTPRE



tr|Q9AM51
tr | Q9ANB1
tr|Q914J9
tr|QoKJ71
tr | QOKL60
tr|QoL318
tr|QoL6U5
tr|QoL6U7
tr|QOR9G8
tr | Q9RH45
tr | QORMS5
tr | Q9XDD1
tr|Q9Z1U0

sp]030919
sp] 054452
sp]087971
sp|P07026
sp|P12746
sp|P25084
sp|P33905
sp|P54292
sp|P54293
sp|P54295
sp|P54303
sp|P74946
sp| Q03316
sp| Q44059
tr]Q93Ux7
tr]Q98A91
tr]Q9AvM51
tr]Q9ANB1
tr]Qo14J9
tr]Q9KJ71
tr]Q9KL60
tr]QoL318
tr]QoL6U5S
tr|QoL6U7
tr|Q9R9G8
tr|Q9RH45
tr|Q9RMS5
tr]Q9XDpD1
tr]Q9z1Uo

sp] 030919
sp| 054452
sp]087971
sp|P07026
sp|P12746
sp|P25084
sp|P33905
sp|P54292
sp|P54293
sp|P54295
sp|P54303
sp|P74946
sp]Q03316

RHADRLTPAE--INMLTLQTNWLANLSHSLMSRFM—-—--—-- VPKLSPAAG-VTLTARE
SPFDDADPQD---RMAHLT--TLASAFHNAVAQIT--—-—--- PPLDESCETDIPLTPRE
GERLDLNAGC------ KLAAQAFCPILFFALKRLR--====—--- GPVSAGDAQALSERE
ARIPADEWTE---LVRRCRNEWIEIAHL IHRKAVY -—=——=———- ELHGENDPVPALSPRE
GKAIDSSPRA---—-- RCELSLLSTYAFFAARRLL-=-====——-—- ESSDPNRSALLSKRE
MDKSCDDD 1 EK T 1VDKKNDLQMLLLTTHEKLITLY--QEINDTHQFNKKNQK-E I LSKRE
RRNTAISAVE--REVIRLRLRCII1ELAAGRLSELG--==-—-- HSNTQSDP--QELSARE
-NSGPQAEFERRMADQQGHLQMAL IRFHGRLLSLR—————-- AMDELFPEPQTGPLSARE
RKDNP I SLQE--FEALKLMTKAFAAAIHEKISELE--———-—- SDVRVENTD-VEFSGRE
SGDDDSIFFDESIEVNKEK IQMLL IFIHDKMLGLYNKSHHENNTLNKKENKR-E I FSPRE
RSSESIAATE--I1LEKESFLLWITSMLQATFGDLL-=--=-—-~- APRIVPESN-VRLTARE
SGDDDSIFFDES1EVNKEK IQMLL I LFHDKMLGLYNKSHHENNTLNKKENKR-E I FSPRE
RHADRLTPAE--INMLTLQTNWLANLSHSLMSRFM====—=—-~ VPKLSPAAG-VTLTARD

REVLCWTGEGKTAYEIGQILRISERTVNFHVNNVLLKLAATNKVQAVVKAIATGL —---
LQCLEMTANGLLAKQICARLSISVSAVQLYLASARRKLTVATTSEQLLGPRRSN-=—---
NEVLHWASMGKTYPETALIAGITTRTVKHHMGNVVKKLGV INARQAIRLGVELEL 1KPVL
KEILRWTAEGKTSAEIAMILSISENTVNFHQKNMQKKINAPNKTQVACYAAATGL I -——-
KECLAWACEGKSSWD I SKILGCSERTVTFHLTNAQMKLNTTNRCQS ISKAILTGAIDCPY
KEVLQWCAIGKTSWE ISVICNCSEANVNFHMGN IRRKFGVTSRRVAAIMAVNLGLITL--
ATYLRWIAVGKTMEE IADVEGVKYNSVRVKLREAMKRFDVRSKAHLTALAIRRKL I -—--
REILQWTADGKSSGEIAIILSISESTVNFHHKN IQKKFDAPNKTLAAAYAAALGL L —---
NEVLYWASMGKTYAETAAITGISVSTVKFHIKNVVVKLGVSNARQAIRLGVELDL IRPAA
NETLYWASVGKTYAEISIILGIKRSTVKFHIGNVVRKLGVLNAKHAIRLGIELKLIKPI-
CDVLRWTADGKTSEEIGVIMGVCTDTVNYHHRNI1QRKIGASNRVQASRYAVAMGY I -——-
VQCLAWAAEGKSAWE IAT I INTSERTVKFHFSNACKKLGATNRYQAITKAILGGY INPYL
REI THWCAAGKTAIEITATILGRSHRT IQNVILNIQRKLNVVNTPQMIAESFRLRI IR—--
TECLFWASEGKTSGEIACILGITERTVNYHLNQVTRKTGSMNRYQATAKGVSSGILLPNL
AMCLKWAAKGKTAPETAILTGINPRTVQHYLDKAREKLEAATVPHLVAIAKDHGLL----
YECLEWTAKGKSAWEIGCILGIKERTAAFHLDNAKKKLGVRTKNQAVTLLASSRSSIL--
REVLCWTAEGKTACEIGQILSISERTVNFHVNNILEKLGATNKVQAVVKAISAGL IEAP-
TECLYWVAEGKSAWV IGQLVNVTDNTVNFHMKNV IRKLGAANRTNAVAKATRRGI I -—--
REVLQWIALGKQQAEVAAILMISERTVENHLRAARRRLGAASTAQAVARALRLGDIEV--
IECLHWTALGKDYKDISVILGISEHTTRDYLKTARFKLGCAT ISAAASRAVQLRIINP--
KEVLSLTALGRRQADIATALGVSPRTIENHLRNARLKLGGATTAETIRIAIQRGD INSHS
NEILYWASMGKSYQETALILGIKLTTVKYHVGNAVKKLGVTNAKHAIRLGVELKLIRPIL
REILQWTADGKSSGEIALILGISVNTVNFHLKV IQKKFGAANKTLAAAYAAVLGLE ----
LGVLKWVMMGKAYREIAVICAISERTVKFHMSN I SGKLQVCNAKQAVYEAQRQGIL—---
CDVLRWTADGKTSEEIGVIMGVCTDTVNYHHRNIQRKIGASNRVQAVSYAVAMGY I -——-
NEITLYWASVGKTYSEITAIILGIKKSTVKFHIGN IVRKLGVLNAKHAIRLGIELQLIKPI -
TEMLKWTAVGKTYGE IGLILSIDQRTVKFHIVNAMRKLNSSNKAEATMKAYAIGLLN---
NETLYWASVGKTYSEITAIILGIKKSTVKFHIGNIVRKLGVLNAKHAIRLGIELQLIKPI -
REVLCWTAEGKTACEIGQILSISERTVNFHVNNILEKLGATNKVQAVVKAISAGLI1EAP-
- * -



sp| Q44059
tr]Q93Ux7
tr]Q98A91
tr|Q9AM51
tr|Q9ANB1
tr|Q914J9
tr]Q9KJ71
tr|Q9KL60
tr|QoL318

EQVVVTNFPKLMQ

Auto-inducer Binding Domain Alignments — High Sequences

sp]030919
sp| 054452
sp|087971
sp|P07026
sp|P12746
sp|P25084
sp|P33905
sp|P54292
sp|P54293
sp|P54295
sp|P54303
sp|P74946
sp| Q03316

sp Q44059

sp] 030919
sp| 054452
sp| 087971
sp|P07026
sp|P12746
sp|P25084
sp|P33905
sp|P54292
sp|P54293
sp|P54295
sp|P54303
sp|P74946
sp| Q03316
sp| Q44059

sp]030919
sp] 054452
sp]087971
sp|P07026
sp|P12746
sp|P25084
sp|P33905
sp|P54292
sp|P54293
sp|P54295
sp|P54303
sp|P74946

sp|Q03316
sp| Q44059

——————— MEPDFQDAYHAFRTAEDEHQLFREITAATARQLGFDYCCYGARMPLPV-SKPAV
-—-MSPSHAEQFSFFLLSGPDLRIADIAGSGNDAGRSRPHLCD IAYGSPCDLAGATDSNP
——————————————————————————————— IDRKLERYDSPRYTYMV IDKKN---PVDV
--MQDKDFFSWRRTMLLRFQRMETAEEVYHE 1ELQAQQLEYDYYSLCVRHPVPF-TRPKV
-——-MKNINADDTYRI INKIKACRSNND INQCLSDMTKMVHCEYYLLAT1YPHSM-VKSDI
————————— MALVDGFLELERSSGKLEWSAILQKMASDLGFSKILFGLLPKDSQ-DYENA
——————— MQHWLDKLTDLAAIEGDECILKTGLAD IADHFGFTGYAYLHIQHRH------1
-MRNDGGFLLWWDGLRSEMQP IHDSQGVFAVLEKEVRRLGFDYYAYGVRHT IPF-TRPKT
——————————— MFSFFLENQTIT--DTLQTY IQRKLSPLGSPDYAYTVVSKKN---PSNV
——————————— MIIDYFDNESIN--EDIKNY IQRRIKTYGDLCYSYLVMNKKT ---PLHP
--MELGQQLGWDAYFYSI1FARTMDMQEFTAVALRALRELRFDFFRYGMCSVTPF-MRPRT
———————— MYKILRLIQENQQI TSHDDLENVLNGLNNL IGHEFFLFGLSFQPTL-KTSET
MKEESSAVSNLVFDFLSESASAKSKDDVLLLFGKISQYFGFSYFAISGIPSPIE-RIDSY
—————— MKQDQLLEYLEHFTSVTDGDRLAEL IGRFTLGMGYDYYRFAL I IPMSM-QRPKV

AIFDTYPAGWMQHYQASGFLD IDPTVRAGASSSDL I VWPVSIRDDAARLW==—-~— SD-AR
LLMLTYPPEWVKQYRDRDYFS IDPVVRLGRRGFLPVEWSASGWDSGRAYG----FFKEAM
FIVTSYPDEWADIYTSQNYQHIDPIVLTAFKRISPFAWDENIT ILSDLKSS--KIFALSK
AFYTNYPEAWVSYYQAKNFLA IDPVLNPENFSQGHLMWNDDLFSEAQPLW—-————— EAAR
SILDNYPKKWRQYYDDANL IKYDP IVDYSNSNHSP INWN IFENNAVNKKSP--NVIKEAK
FIVGNYPAAWREHYDRAGYARVDPTVSHCTQSVLPIFWEPS I YQTRKQHE----FFEEAS
TAVTNYHRQWQSTYFDKKFEALDPVVKRARSRKH I FTWSGEHERPTLSKDER-AFYDHAS
EVHGTYPKAWLERYQMQNYGAVDPA I LNGLRSSEMVVWSDSLFDQSRMLW-—~-- NE-AR
LI ISSYPDEWIRLYRANNFQLTDPVILTAFKRTSPFAWDEN I TLMSDLRFT--KIFSLSK
T1HISNYPLDWVKKYKKNSYHL 1DPV ILTAKDKVAPFAWDDNSV INKKSTDS--AVFKLAR
YMYGNYPEDWVQRYQAANYAV IDPTVKHSKVSSSP I LASNELFRGCPDLW==—--- SEAN
LVTDNYPNSWRQQYDESGFMHIDP IVKYSITNFLP IRWDDAKRVNNDGRV----1FEEAR
FVLGNWSVGWFDRYRENNYVHADP 1 VHLSKTCDHAFVWSEALRDQKLDRQSR-RVMDEAR
VLFNQCPDSWVQAYTANHMLACDP I IQLARKQTLP I YWNRLDERARFLQEGSLDVMGLAA
* * *x - -

DAGL-NIGVARSSWTAHGAFGLLTLARHADPLTAAELGQLS--—-—--—- IATHWLANLA
AFGVGRQGVTLPVRGPQGERSLFTVTSNHPDAYWRQFRMDS—-———————- MRDLQFLAH
KYNI-VNGFTFVLHDHMNNLAMLSL IMDNNADKGLNSR IESDKDRLQMNL I KIHEKMLML
AHGL-RRGVTQYLMLPNRALGFLSFSRCSAREIPILSDELQ---—=—-——- LKMQLLVRE
TSGL-ITGFSFPIHTANNGFGMLSFAHSEKDNY IDSLFLHA-=—==———- CMNIPLIVPS
AAGL-VYGLTMPLHGARGELGALSLSVEAENRAEANRFMES——=—-—-—- VLPTLWMLKDY
DFGI-RSGITIPIKTANGFMSMFTMA-SDKPVIDLDREIDA-————————- VAAAATIGQ
DWGL-CVGATLPIRAPNNLLSVLSVARDQQNISSFEREEIR-————————- LRLRCMIEL

QYNI-VNGFTYVLHDHMNNLALLSV 1 IKGNDQTALEQRLAAEQGTMQMLL IDFNEQMYRL
EYNI-VNGYTFVLHDNSNNMATLN I SNGSDDS1SFDERIEINKEKIQMLL I ITHEKMLGL

DSNL-RHGLAQPSFNTQGRVGVLSLARKDNP I SLQEFEALK-——=—=——-- VVTKAFAAA
CNGL-KAGFSIPIHGLRGEFGMISFATSDTKSYDLNQQS---—====—-- IHTSQLIVPL
EFKL-1DGFSVPLHTAAGFQS IVSFGAEKVELSTCDRSALY - = —=—=——=——- LMAAYAHSL
EFGL-RNGISFPLHGAAGENGILSFITAERASSDLLLES-S--—————-- PILSWMSNY



sp]030919
sp] 054452
sp]087971
sp|P07026
sp|P12746
sp|P25084
sp|P33905
sp|P54292
sp|P54293
sp|P54295
sp|P54303
sp|P74946

sp]0Q03316
sp| Q44059

sp]030919
sp| 054452
sp]087971
sp|P07026
sp|P12746
sp|P25084
sp|P33905
sp|P54292
sp|P54293
sp|P54295
sp|P54303
sp|P74946
sp| Q03316
sp Q44059

* -

HTLMSPFLVPQLVPESNA-VLTTREREVLCWTGEGKTAYEIGQILRISERTVNFHVNNVL
HLHDRAMVLSGMRKVADLPRLSRRELQCLEMTANGLLAKQICARLSISVSAVQLYLASAR
EQNKLGVSNGKNTDTSGKG I LSPRENEVLHWASMGKTYPETALIAGITTRTVKHHMGNVV
SLMALMRLNDE IVMTPEM-NFSKREKE I LRWTAEGKTSAE IAMILS 1 SENTVNFHQKNMQ
LVDNYRKINTANNKSNND--LTKREKECLAWACEGKSSWD I SKILGCSERTVTFHLTNAQ
ALQSGAGLAFEHPVSKPV-VLTSREKEVLQWCAIGKTSWEISVICNCSEANVNFHMGNIR
IHARISFLRTTPTAEDAA-WLDPKEATYLRWIAVGKTMEE IADVEGVKYNSVRVKLREAM
LTQKLTDLEHPMLMSNPV-CLSHRERE ILQWTADGKSSGE IATILSISESTVNFHHKNIQ
AGTE-GERAPALNQSADKT IFSSRENEVLYWASMGKTYAETAAITGISVSTVKFHIKNVV
YQSN-SDKNENRNTQIERDIFSPRENEILYWASVGKTYAEISIILGIKRSTVKFHIGNVV
VHEKISELESDVRVFNTDVEFSGRECDVLRWTADGKTSEEIGVIMGVCTDTVNYHHRNIQ
LAHNIGNITRYHKDAKPRAVLTAREVQCLAWAAEGKSAWE IAT I INTSERTVKFHFSNAC
LRAQIGNDASRKIQALPM--ITTREREI IHNCAAGKTAIEIATILGRSHRTIQNVILNIQ
FEAAIRIVRVSLREDDPQEALTDRETECLFWASEGKTSGEIACILGITERTVNYHLNQVT
- - - *

- % -

LKLAATNKVQAVVKAIATGLl -——————————————————
RKLTVATTSEQLLGPRRSN--——==——————————————
KKLGV INARQAIRLGVELELIK-PVLV---—=———————
KKINAPNKTQVACYAAATGLE -———-——————————————
MKLNTTNRCQSISKAILTGAIDCPYFKN--—===————-
RKFGVTSRRVAAIMAVNLGLITL--=======—=—=————
KRFDVRSKAHLTALAIRRKLEI-===—=—=— === == ————
KKFDAPNKTLAAAYAAALGLE -—==—=————————————
VKLGVSNARQAIRLGVELDLIR-PAASAAR-——————--
RKLGVLNAKHAIRLGIELKLIK-Pl-—————————————
RKIGASNRVQASRYAVAMGY  -—————————————————
KKLGATNRYQAITKAILGGY IN-PYL----—=——————-—
RKLNVVNTPQMIAESFRLRIIR---—=—= === === ————
RKTGSMNRYQATAKGVSSGILL-PNLEQVVVTNFPKLMQ

RRN3 Alignments

P36070

tr]Q9ONYV6
sp|P48322
sp]Q10110
XM_156394
tr]Q9VvoMe
NM_102796

P36070
tr|QONYV6
sp|P48322
sp|010110
XM_156394
tr|QoVoMe
NM_102796

P36070

tr]QoONYV6
sp|P48322
sp]Q10110
XM_156394
tr]Q9VvoMe
NM_102796

-MMAFENTSKRPPQDFVAP I DQKK-RKVQFSDSTGLVTLQPEE IKDEVFSAAMYSRFVKS
MAAPLLHT--RLPGDAAASSSAVKKLGASRTG ISNMRALENDFFNSPPRKTVRFGGTVTE
——————————————— MKRSTANAPKLSPKHESESDPKKVKLEEEAKPTVNQAPTGREIVE
MPST1SSTNPQY INKCVNNGTMASSTNVPDRTVGSKSFASSVSKNDGRLMQQMLRAFVNK
MAAPLLHT--RLSGDVTAAASAT--LSASRTGLSDMLALESDFFNSPPKKTVRFGGTVTE
——————————————— MSFYTSKTDVTS ILKTFSGVKRNQANAVAINKVRFSTPKEKGLAE
———————————————————————————— MGAEEFPSVPFNSNAMDNAEYTDTDLVFAVRK

ALDDLDKNDSTQIGI IANQVALPSKNPER INDKNLNILLDILSSNINRIESSRGTFLIQS
VLLKYKKGETNDFELLKNQLLDP-DIKDD----QI INWLLEFRSSIMYLTKDFEQLIS--
NYLKGDVTAAVLYRKICNALETFEQWESE---APKIQLLDQFLNIADAMEARTETLVK--
ALDDKAEGNFAGYEDLRRQFAAKSDTKDAPSSLQLQNLLSALTCNVSRLDSSNSSLVM--
VLLKYKKGETNDLELLKNQLSDP-DIKDD--—-Q1 INWLLEFRSSVMYLTKDFEQL IN--
SVRVALEERNFHLVKEFTYFLREAELSDD—----EVVI I IKDAKRIVHNLTPEFVTVVE--
ALASVQNGDTDDYSQLKTVMCLTEDADFD-AVAQLETVLKSLSVSVAWIDLVHHKDLL--

I INFEKWWELPPHTLSKY I'YFIKILCSS IPKWWQDVSMILVSCFl-——=—==—=—————~
I 1 LRLPWLNRSQTVVEEYLAFLGNLVSAQTVFLRPCLSMIASHFVPPRVI IKEGDVDVSD
RLLSLRWDKIPGSVIERFRNFLCELAIRHLCFTEEVYSAVVERLVPQISVTEETGV-VTL
SVLDSVWVSRDESFVRCYTRFLGNL I SAQSNYLPLVMTMLIQHML - =—==—=————- Y--
I 1LRLPWLNRSQRVVEEYLAFLGNLVSAQTVFLRPCLSMIASHFVPPRVIVKEGGIDVSD
ALLSLNWKKRSSEI1EAYTEFCIELMVTHNRYLPIGVSKL IVHWIPGDMDESD----WVH
EAMSLWYHSHRPSVMDALVDL I I SLAATSGKYLDPCLNMLVRNFSQPTFKHK-——-- VSQ



P36070

tr|QONYV6
sp|P48322
sp|Q10110
XM_156394
tr|Q9VOM6
NM_102796

P36070

tr]Q9ONYV6
sp|P48322
sp]Q10110
XM_156394
tr|Q9VoOM6
NM_102796

P36070

tr]QONYV6
sp|P48322
sp]Q10110
XM_156394
tr|Q9vVomMe
NM_102796

P36070

tr]QINYV6
sp|P48322
sp]Q10110
XM_156394
tr|Q9vVomMe
NM_102796

P36070

tr]QINYV6
sp|P48322
sp]Q10110
XM_156394
tr|Q9VvVoMe
NM_102796

P36070

tr]QINYV6
sp|P48322
sp]Q10110
XM_156394
tr|Q9VomMe
NM_102796

P36070

tr]Q9ONYV6
sp|P48322
sp]Q10110
XM_156394
tr]Q9VvoMe
NM_102796

* -

—————————————————— LPIKQTVCHHDMLKYFLRMIPSSMGF IDTYLAKFFPNKNDTR

SDDEDD-----==—--- NLPANFDTCHR-ALQI IARYVPSTPWFLMP ILVEKFPFVRKSE
ILTEKV-==——m - QNEHFEMAHH- 11 SSVLRCFPLSARALLKCVKRVMPHFTRPS
--RPDS-=-==—me e LAIHYEHAHM-ALKYVLELVPRAHSFLYSSILEEFPYKDESL
SDDEDDSEYDLRTWVLHDLPAIFDTCHR-ALQI I TRYVPSTPWFLMP ILVEKFPFVRKSE
GCPSEH--—-———————- VRNELKP IHK-VLDRILTAVPMAFDI I IDAISAKFPYFKKPY
TOLVKK-——————————- MQEVHPRVHA-ALHKISYL IPLAPWNLVS I LAQNMRK IDKKD
* - S - - -
RKLVNYTSNLLKLRGYCS-ELGFQIWSLLIEKIISIDVELQNELDELDDDVDDDDLEEVD
RTLECYVHNLLRISVYFP-TLRHEILEL I IEKLLKLDVNASRQ------—- GIEDAEET--
VTVAGYMRNL I LMQKY I PAS I SKDVWEAVFERLAKDDTHNWKC === —=——~ EQNEEMSKS
LAQMTY ISNVLSICEYVP-SIKGPVLHAIIDKIIQIDVEIQVE---—--- VDDDDEEEDE
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