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Introduction

Contig3000 is a 5368 base pair consensus sequence from a 35 fragment contig of Giardia lamblia genomic
DNA. It was generated in the laboratory of Dr. Mitchell L. Sogin of the Josephine Bay Paul Center for
Comparative Molecular Biology and Evolution at the Woods Hole Marine Biological Laboratory. See their
World Wide Web pages at http://www.mbl.edu/Giardia for a general description, cloning strategies, and
preliminary fragment data from their Giardia genome sequencing project. Dr. Andrew G. McArthur of that
laboratory kindly supplied contig3000 and the following reference regarding it:

Contig3000 comes from the June 9", 1999 assembly. This contig is an assembly of 35 genomic shotgun
sequences from the B, D, F, G, |, and J libraries. However, | is a resized subset of G, and J a resized subset
of F. Thus, it is derived from four contributing libraries:

B from LambdaZapll (3-5 Kbp EcoRI digestion inserts)

D from pBluescriptlIKS- (2-6 KBp Tsp509I digestion inserts)
F from pUC18 (2.5-3 Kbp sheared inserts)

G from pUC18 (3-5 Kbp sheared inserts)

Also note that while 35 sequences make up this contig, many are from the use of different primers or multiple
attempts on the same DNA. In total the 35 sequences are from 10 independent pieces of genomic DNA.
Normally the Sogin lab Giardia contigs do not contain such high redundancy, however, it is a good example of
a genomic sequence to be used in this tutorial.

Where to begin with a brand new sequence is daunting a problem. The impulse to quickly send it off for a
fast-and-dirty network BLAST search is undeniable, and OK, just don't rely too heavily on it. It is merely the
beginning of a long analysis process.

One fortuitous observation regarding the Giardia genome is introns have never been discovered. This makes
the gene discovery mission much less complicated. Introns and exons really make matters difficult. So what
is the general plan of attack after generating a big contig such as contig3000? The following outline suggests
one good approach:

Gene Finding Strategies, After the Sequencing’s Done, What’s Next?
Given the nucleotide sequence of a biological molecule, what can we know about that molecule?
How are coding sequences recognized in genomic DNA? Understanding the concepts and
differentiating between the approaches:

. Search for signals — transcriptional and translational regulatory sites (and, when relevant, exon/intron splice sites);

FindPatterns and FitConsensus. And simple translation tools.
Il.  Search by content — ‘nonrandomness’ and codon usage;

TestCode, Frames, and CodonPreference.
lll. Search through the databases for sequence similarity and thereby infer gene location through homology — what’s

available, the methods and the algorithms — motifs, hashing techniques and heuristics, dot matrix analysis, and

significance;

Motifs, the BLAST and FastA families, Compare and DotPlot, and Gap, BestFit, and FrameAlign. How to make sense
of them all.



IV. Annotate your sequence in order to see ‘how it all comes together.” The combinatorial approach.
V. And finally — multiple sequence alignments. What good are they? They are. ..

. very useful in the development of PCR primers and hybridization probes;

. nice for producing annotated, publication quality, graphics and illustrations;

. invaluable in addressing structure/function questions through inference by homology;

. essential for building sensitive “Profiles” for remote homology similarity searching; and

. required for molecular phylogenetic inference programs such as those from PAUP* (Phylogenetic Analysis Using
Parsimony [and other methods]) and PHYLIP (PHYLogeny Inference Package).

SeqLab is a part of the Genetics Computer Group’s (GCG) Wisconsin Package. This comprehensive
package of sequence analysis programs is used world-wide. It has become the global standard in sequence
analysis software. The Wisconsin Package provides a comprehensive toolkit of over 130 integrated DNA and
protein analysis programs, from database, pattern, and motif searching; fragment assembly; mapping and
sequence comparison to gene finding; protein and evolutionary analysis; primer selection; and DNA and RNA
secondary structure prediction. The SeqlLab X-windows based Graphical User Interface (GUI) is a ‘front-end’
to the package. It provides an intuitive alternative to the much dreaded UNIX or VMS command line by
allowing menu-driven access to most of GCG’s programs. It is based on Steve Smith’'s (1994) GDE (the
Genetic Data Environment) and makes running the Wisconsin Package much easier by providing a common
editing interface from which most programs can be launched. This introductory workshop will expose you to
many of SeqlLab's multitude of features, just the ‘tip-of-the-iceberg,” hopefully whetting your appetite enough
to make you want to learn it even further and to use it for all of your sequence analysis tasks. Once you gain
an appreciation for its power and ease of use, | don't think you'll be satisfied with any other sequence analysis
system.

Current genome projects are generating billions of base pairs of data at an explosive rate. GenBank has
doubled in size about every 14 months since 1982 and now contains more than four million sequences.
Given all this unknown DNA, how are encoded genes determined and positioned? Translating from all
translational start codons to all ‘nonsense’ chain terminating, stop codons in every frame provides a list of
ORF’s (Open Reading Frames), but which of them, if any, actually code for proteins? And if you are dealing
with eukaryotic genomic DNA, then exons and introns often considerably complicate the matter. Three
general approaches to the gene finding problem can be imagined: 1) all genes have certain regulatory
signals positioned in or about them, 2) all genes by definition contain specific code patterns, and 3) many
genes have already been sequenced in other organisms so we can infer through homology if our new
sequence is similar to an existing sequence. We can utilize all of these facts to help locate the position of
genes in DNA. These methods are often known as “searching by signal,
“homology inference” respectively. Although no method is absolutely reliable, one seldom has the luxury of
knowing the complete amino acid sequence to the protein of interest and simply translating DNA until the

searching by content,” and

correct pieces fall out. This is the only method that would be 100% positive. Since we are usually forced to
discover just where these pieces are, especially with genomic DNA, computerized analysis becomes
invaluable.

Signal searches look for transcriptional and translational features. Transcriptional regulatory sites such as
promoters and other transcription factor and enhancer binding sequences can help identify the beginnings of
genes, however, some of these motifs can be quite distant from the actual start of transcription. The
prokaryote Shine-Dalgarno consensus and other eukaryote ribosome binding sites obviously relate to
translation initiation, as does the methionine start codon. However, matters can be complicated by alternative



start codons; AUG works in about 90% of cases, but there are exceptions in some prokaryotes and organellar
genomes. Transcriptional terminator and attenuator sequences can help identify gene ends as do the
termination (stop) codons, but, again, exceptions can be found, especially in some ciliated protists and due to
eukaryote suppresser tRNA’s. Furthermore, splice site donor-acceptor consensus sequences can point to
intron-exon borders. All of these types of signals can help us recognize coding sequences. A major problem
is simple consensus pattern type searching is often either overly or insufficiently stringent because of the
variable and loosely defined nature of these types of sites. Weight matrix approaches are more powerful, but
not nearly as simple to set up in most commercial sequence analysis packages.

There are two general strategies for finding coding regions of DNA based on the content of the DNA itself —
one is based on the local ‘nonrandomness’ of a stretch and the other is based on the known codon usage of a
particular life form. The first, the nonrandomness test, does not tell us anything about the particular strand or
reading frame; however, it does not require a previously built codon usage table. The codon usage approach
is based on the fact that different types of organisms use different frequencies of codons to code for particular
amino acids. This approach requires a codon usage table built up from known translations; however, it also
tells us the strand and reading frame as opposed to the former.

To use content approaches based on codon usage, you must decide which codon usage table to specify. By
default GCG codon usage programs will use a frequency table designed from highly expressed E. coli genes.
Therefore, if you're working with an E. coli gene, the program’s default is appropriate. However, if your
protein comes from anything else, you will want to use an alternate table. GCG provides alternate data files
in a public data library with the GCG logical name GenMoreData. The available tables, in addition to the
default codon usage table, ecohigh.cod, are: celegans_high.cod, celegans_low.cod, drosophila_high.cod,
human_high.cod, maize_high.cod, and yeast_high.cod. Even more tables are available at various molecular
biology data servers such as IUBIO (http://iubio.bio.indiana.edu/soft/molbio/codon/). The TRANSTERM
database at the European Bioinformatics Institute (ftp://ftp.ebi.ac.uk/pub/databases/transterm/) also contains
several and an especially good selection derived from a recent GenBank version comes from the CUTG
database (http://www.dna.affrc.go.jp/~nakamura/codon.html) available in GCG format through various SRS
servers (e.g. see http://www.sanger.ac.uk/srs5bin/cgi-bin/wgetz?-fun+pagelibinfo+-info+CUTG). Furthermore,
if you are not satisfied with any of the available options, GCG has a program, CodonFrequency, that enables
you to create your own codon frequency table from known coding sequences.

Both content approaches, nonrandomness and codon usage, rely on implicit biological constraints imposed
on the genetic code, constraints which we can utilize to help discriminate structural genes from all the rest of
the, some would incorrectly say, ‘junk’ DNA found in most genomes. The content approach is often more
accurate; it does not generate nearly as many false positives as signal type searches, but its answers aren’t
concise either. Starting and stopping points are never exactly delineated.

What about comparisons with other sequences? What do database searches and pairwise comparisons tell
us and what can we gain from them? Why even bother? Can we learn about one molecule by comparing it
to another? Yes, naturally we can; inference through homology is one of the fundamental principles of
biology. It can often be the most powerful method, especially now that so many sequences have been
collected and analyzed. But it too can be misleading and seldom gives exact start and stop positions.
However, if portions of our new sequence fall into a preexisting group then we can gain knowledge of its
location within the overall sequence, its function, and possibly even its structure. Database searches can
provide valuable insights into enzymatic mechanism and even evolution. Are there any ‘families’ that parts of
your newly discovered sequence fall into? Even if no similarity can be found, the very fact that your sequence



is new and different could be very important. Granted, it's going to be a lot more difficult to discover functional
and structural data about it, but in the long run its characterization might prove very rewarding.

By comparing the conserved portions of sequence amongst a set, all of the sensitivity and power of
computational biology techniques are magnified. The basic assumption is that those portions of sequence of
crucial functional value are most constrained against evolutionary change. They will not tolerate many
mutations. Not that mutations don’t happen in these portions, just that most mutations in the region are lethal
so we never see them. Other areas of sequence are able to drift more readily and are subject to less
evolutionary pressure. Therefore, the sequence ends up a mosaic of quickly and slowly changing regions
over evolutionary time. However, in order to learn anything by comparing sequences, we need to know how
to compare them. We can use those constrained portions as ‘anchors’ to create a sequence alignment so
that we can compare them. But this brings up the alignment problem and ‘similarity.” It is easy to see that
two sequences are aligned when they have identical symbols at identical positions, but what happens when
symbols are not identical or the sequences are not the same length? How can we know that the most similar
portions of our sequences are aligned, when is an alignment optimal, and does optimal mean biologically
correct? Part of the solution to this problem is known as the dynamic programming algorithm.

The mechanics of dynamic programming are beyond the scope of the present exercise; however, | encourage
you to read some of the classic papers and modern revisions on the method. Needleman and Wunsch (1970)
first described the method pertaining to biological sequences as a global solution. Later refinements (Smith
and Waterman, 1981) demonstrated how dynamic programming can also be used to find optimal local
alignments. In considering dynamic programming, always remember a very important point. Just because
dynamic programming is guaranteed to find an optimal alignment, it is not necessarily the only optimal
alignment. Furthermore, the optimal alignment is not necessarily the ‘right’ or biologically relevant alignment.
As always, question the results of any computerized solution based on what you know about the biology of
the system.

A further complication occurs in protein sequences. Certain amino acids are very much alike, structurally,
chemically and genetically. How can we take advantage of the similarity of amino acids in our alignments?
People have been struggling with this problem since the late 1960's. Margaret Dayhoff (Schwartz and
Dayhoff, 1979) unambiguously aligned closely related datasets (no more than 15% difference) available at
that point in time and noticed that certain residues, if they mutate at all, are prone to change into certain other
residues. As it works out, these propensities for change fell into the same categories that chemists had
known for years — those same chemical and structural classes mentioned above, conserved through the
evolutionary contraints of natural selection. However, Dayhoff's empirical observation quantified these
changes. Based on the alignments that she created, the assumption that estimated mutation rates in closely
related proteins can be extrapolated to more distant relationships, and fancy matrix and logarithmic
mathematics that smooth out the statistics of the system, she was able to specify the probabilities at which
different residues mutated into other residues through evolutionary history. This is the basis of the famous
PAM (corrupted acronym of accepted point mutation) 250 (meaning that the matrix has been multiplied by
itself 250 times) table. Since Dayhoff's time other biomathematicians (e.g. see Henikoff and Henikoff's [1992]
BLOSUM series of tables) have created newer tables with more or less success than Dayhoff's original but
the concept remains the same and Dayhoff's original PAM 250 table remains the classic as historically the
most widely used one. Collectively these types of tables are known as symbol comparison tables or scoring
matrices and they are fundamental to all sequence comparison techniques.



Once these problems are understood we can screen the database to look for sequences to compare ours to.
However, classic dynamic programming techniques take far too long to be used against an entire database
with a ‘normal’ computer. Therefore, most database searching programs use the concepts discussed above;
however, they use tricks to make things happen faster. These tricks fall into two main categories, that of
hashing and that of approximation. Hashing is the process of breaking your query sequence into small
‘words’ or ‘ktuples’ of a set size and creating a ‘look-up’ table with those words keyed to numbers. Then when
any of the words match part of an entry in the database, that match is saved. In general, hashing reduces the
complexity of the search problem from N? for dynamic programming to N, the length of all the sequences in
the database. Approximation techniques are collectively known as ‘heuristics.” Webster's defines heuristic as
“serving to guide, discover, or reveal; . . . but unproved or incapable of proof.” In database searching
techniques the heuristic usually restricts the necessary search space by calculating some sort of a statistic
that allows the program to decide whether further scrutiny of a particular match should be pursued. This
statistic may miss things depending on the parameters set — that's what makes it heuristic.

Most database searches work best when submitted as a batch or background process. This is because of
the size of the databases. In spite of the fast hashing style algorithms incorporated, most programs can take
qguite a while to search through that much data. There is no way you want to wait in front of a unusable
terminal while the computer cranks away at work comparing your query to that many sequences, therefore,
take advantage of batch capablities. All of the GCG database searches accept a really handy automatic
batch submission option to make this very easy.

An exception to the standard ‘submit the search and wait’ style of most database searching is the network
BLAST program. This program uses an extremely fast heuristic statistical hashing algorithm on a large
parallel computer located at the National Center for Biotechnological Information. Typical searches run in just
a few minutes, after you get through the waiting queue; however, realize the limitation of the BLAST algorithm
of not being optimized for nucleic acid sequences. It works best on protein queries and is usually not
recommended as a tool for comparing DNA queries to DNA databases unless both sequences are ‘translated
on the fly’ as in TBLASTX.

All database searching is far more sensitive at the amino acid level than at the DNA level because proteins
have twenty match criteria versus DNA’s four. This drastically cuts down the ‘noise’ level of the search.
Therefore, whenever dealing with coding sequence, it is always prudent to search at the protein level. Even
though protein searching is more sensitive, the DNA databases are much larger. This drawback has been
partly overcome with programs which take a protein query and compare it to translated nucleotide databases,
but one still needs to know if the translation is ‘real.” So, even though there are advantages and
disadvantages to both types of searching, the general rule is to query with a peptide sequence, if at all
possible, and screen whichever database you choose.

A big question and a very common mistake that is made in this whole area of searching and alignment is the
concept of homology versus similarity: There is a huge difference! Similarity is merely a statistical parameter
which describes how much two sequences, or portions of them, are alike according to some set scoring
criteria. Homology, by definition, implies an evolutionary relationship — more than just the fact that we've all
evolved from the same old pond scum. You need to be able to demonstrate some type of lineage between
the organisms or genes of interest in order to claim homology. Even better, be able show some experimental
evidence, morphological, genetic, or fossil, that corroborates your assertion. There is really no such thing as
percent homology; something is either homologous or it is not. Dr. Walter Fitch likes to relate the joke
“homology is like pregnancy — you can’t be 45% pregnant, just like something can't be 45% homologous.



You either are or are not.” Do not make the mistake of calling any old sequence similarity homology, it will get
you in trouble with a lot of scientists, especially the evolutionists of the world, though it is a particularly
common misnomer.

How do you tell if a similarity is significant or is truly homologous? Many of the programs generate percent
similarity scores, however these really don't mean a whole lot. The ‘quality’ score means a lot more but it is
hard to interpret. They are only relevant within the context of a particular comparison or search. At least they
take the length of similarity, all of the necessary gaps introduced, and the matching of symbols all into
account. To get a better handle on what these various scores mean, read the algorithm section of the GCG
Program Manual for the various methods — statistics are always confusing but the descriptions do help.
Some of the programs can generate histograms of score distributions, but again, they can be confusing.

One way of deciding significance is to take advantage of the Monte Carlo randomizations option available in
the two dynamic programming comparison programs BestFit and Gap. To utilize this strategy, pull the
sequence you wish to evaluate from your search output list and compare it to your query using the
appropriate algorithm, either Gap or BestFit depending on whether you're trying to compare the entire length
of each sequence or only the best regions of similarity to each, respectively, and specify the
Randomizations=100 option. This option jumbles the second sequence of the comparison 100 times and
then generates scores and a standard deviation based on the jumbled matches. You can then compare the
random scores to the unjumbled score using a “Z score” calculation to help decide significance. The FastA
(Pearson and Lipman, 1988), BLAST (Altschul, et al., 1990), and ProfileSearch (Gribskov, et al., 1987)
algorithms use a similar approach but base their statistics on the distance from the distribution of all the rest,
‘insignificantly similar,” members of the database being searched. They all generate Expectation or
Probalitilty statistics based on this distribution in which the closer the number is to zero, the more probable it
is that the discovered similarity is not due to chance.

Another powerful method that should always be considered in similarity analysis is the dot matrix procedure.
In dot matrix analysis one sequence is plotted on the vertical axis against another on the horizontal axis using
a very simple approach; wherever they match according to some scoring system that you specify, a dot is
generated. Dot matrix analysis can point out areas of similarity between two sequences that all other
methods might miss. This is because most other methods align either the overall length of two sequences or
just the ‘best’ parts of each to achieve one optimal alignment. Dot matrix methods enable the operator to
visualize the entirety of both sequences; if you will, it allows the ‘Gestalt’ of the alignment to be seen.
However, their interpretation is entirely up to the user — you must know what the plots mean and how to
successfully filter out extraneous background noise. Using this method correctly, you can identify areas
within sequences that happen to have significant matches that no other method would ever notice. Again,
this is a method that you would perform after running initial searches as it only compares one sequence
against another, not the entire database.

One small database that you should screen just as a matter of course is PROSITES. The GCG program
Motifs performs this search. Motifs searches for recognized structural, regulatory and enzymatic consensus
sequences in the PROSITE Dictionary of Protein Sites and Patterns (Bairoch, 1992). This approach is
wonderful for trying to ascertain function in an unidentified peptide sequence, but keep in mind the inherent
problems of consensus style searches discussed above in signal searching. The program can tolerate
mismatches with a mismatch option and it displays an abstract with selected references for each motif
signature found. Another small database that should not be ignored is NRL_3D. This database contains all



the sequences from the three-dimensional coordinate database PDB and, thus, can serve as a link between
structural and sequence based methods.

Several powerful E-mail and World Wide Web based InterNet servers have also been established that can
help with these types of analyses. Many combine several of the methods discussed above. In particular
some have been designed to use neural net and artificial intelligence approaches to help in the ‘decision’
process. A careful application and interpretation of the many resources at one’s disposal can go a long way
to increasing our understanding of gene structure and function. But, as always, carry a healthy dose of
skepticism to, and be extremely wary, at any session with the terminal, as the naive can easily be misled into
accepting inappropriate or downright wrong results. Regardless of your approach, all available methods
should be used together to help reinforce and/or reject the others’ findings. The chore of identifying coding
sequences is far from trivial and is a long way from being solved in an unambiguous manner; however, it is
extremely important anytime anyone starts sequencing genomic DNA and doesn’t have the luxury of an
available cDNA library.

Once you have identified where your coding regions lay, then you can progress to the next logical step. That
is, prepare a multiple sequence alignment of the region against the homologs discovered by your analysis.
The power and sensitivity of sequence based computational methods dramatically increases with the addition
of more data. As in pair-wise comparisons, those areas most resistant to change are functionally the most
important to the molecule. However, with increased dataset size, the patterns of conservation become
evermore clear. But how does one work with more than just two sequences at a time? You could
painstakingly manually align all your sequences using some type of editor, and many people do just that, but
some type of an automated solution is desirable, at least as a starting point to manual alignment. However,
solving the dynamic programming algorithm for more than just two sequences rapidly becomes intractable as
computational needs increase with the exponent of the dataset size (complexity=[sequence length]"umPe" °f
sequences) -~ Mathematically this is an N-dimensional matrix, quite complex indeed. One program, MSA (version
2.0, 1995), does attempt to globally solve this equation, however, the algorithm’s complexity precludes its use
in most situations.

Several heuristics have been employed over the years to simplify the complexity of the problem. One way to
still globally solve the algorithm and yet reduce its complexity is to restrict the search space to only the most
conserved ‘local’ portions of all the sequences involved. This approach is used by the program PIMA (version
1.4, 1995). The most commonly used approach to the problem is known as the pairwise, progressive
dynamic programming solution. This variation of the dynamic programming algorithm generates a global
alignment, but restricts its search space at any one time to a local neighborhood of the full length of two
sequences. The pairwise, progressive solution is implemented in several programs including Des Higgins’
ClustalW (1994) and the GCG program PileUp. Both programs insert gaps to align the full length of a
sequence set to produce a multiple sequence alignment.

One of the more difficult aspects of multiple alignment is knowing what sequences you should attempt it with.
Be sure that your list of homologs discovered in the previous gene finding analysis is restricted to only those
sequences that actually should be aligned. Beware the ‘apples and oranges’ problem. Make sure that the
group of sequences that you align are in fact related, that they actually belong to the same gene family, and
that the alignment is meaningful. An alignment is a statement of homology — be sure that it makes sense.
Either make paralogous (i.e. evolution via gene duplication) comparisons to ascertain gene phylogenies, or
orthologous (within one ancestral loci) comparisons to ascertain organismal phylogenies; try not to mix them
up without complete data representation. Lots of confusion and extremely misleading interpretations can



result otherwise. Also be wary of trying to align genomic sequences with cDNA when working with DNA; the
introns will cause all sorts of headaches. Similarly, don’t align mature and precursor proteins from the same
organism and loci. It doesn’t make evolutionary sense, as one is not evolved from the other, rather one is the
other. These are all easy mistakes to make; try your best to avoid them.

As in pair-wise alignment and sequence database searching, all of this stuff is much easier with protein
sequences versus nucleotides. Twenty symbols are just much easier to align then only four; the signal to
noise ratio is so much better. If you are forced to align nucleotides the whole process becomes much more
difficult. Therefore, as it is in database searching, translate nucleotide sequences to their protein counterparts
if you are dealing with coding sequences before performing further analyses including multiple sequence
alignment. If one is required to align nucleotides because the region does not code for a protein, then
automated methods may be able to help as a starting point, but they are certainly not guaranteed to come up
with a biologically correct alignment. The resulting alignment will probably have to be extensively edited, if it
works at all.

Another powerful approach that should be utilized if at all possible is the Profile suite (Gribskov, et al., 1987).
This strategy works best when one has prepared and refined a multiple sequence alignment of significantly
similar sequences or regions within sequences. Profile searching involves forming a ‘profile’ from an
alignment of related sequences and then searching the databases with that profile. Profile searching is
tremendously powerful and should be pursued whenever possible. It can provide the most sensitive, albeit
extremely computationally intensive, database similarity search possible. A very appropriate strategy is to
find similar genes to a newly sequenced gene using traditional database searching techniques and then align
all of the significantly similar proteins or protein domains. The aligned sequences can then be run through the
Profile package to generate a profile of the family. Often Profile analysis can show features not obvious to
individual members. A distinct advantage is in further manipulations and database searches, evolutionary
issues are considered by virtue of the Profile algorithms. Gaps are penalized more heavily in conserved
areas than they are in variable regions and the more highly conserved a residue is, the more important it
becomes. Furthermore, any generated consensus sequences are not based merely on the positional
frequency of particular residues but rather utilize the evolutionary conservation of substitutions based on the
amino acid substitution matrix specified, by default the BLOSUM®62 table (Henikoff and Henikoff, 1992) (other
substitution matrices can also be specified). Therefore, the resultant consensus residues are the most
evolutionarily conserved rather than just statistically the most frequent. This can mean much more to us than
an ordinary consensus and is especially appropriate in the design of hybridization and PCR probes for
unknown sequences where data is available in related species.

We can visualize these areas of an alignment that profile searching puts the most emphasis on. They are the
most conserved areas of an alignment, and thus functionally the most important. Realize that in addition to
the primary sequence conservation seen in these regions, structure and function is also conserved. We will
use Seglab’s built in color functions and the GCG program PlotSimilarity to help visualize these crucial
regions within our alignment. PlotSimilarity can be used to ascertain alignment quality by showing which
portions of an alignment are conserved, by indicating the overall average similarity, and by noting the
changes in these estimates as an alignment is adjusted. Furthermore, PlotSimilarity is a very helpful
assistant in probe design by allowing you to visualize the most important, conserved regions of an alignment.
It is invaluable for designing phylogenetic specific probes as it clearly localizes areas of high conservation and
variability in an alignment. Depending on the dataset that you analyze, any level of phylogenetic specificity
can be achieved. Pick areas of high variability in the overall dataset that correspond to areas of high

10



conservation in phylogenetic category subset datasets to differentiate between universal and specific potential
probe sequences. One can then use various primer discovery programs such as the GCG program Prime to
further localize and test potential probes for common PCR conditions and problems.

Finally, we can use multiple sequence alignments to infer phylogeny. A multiple sequence alignment is itself
a hypothesis about evolutionary history. Based on the explicit assertion of homologous positions in an
alignment several algorithms available can estimate the most reasonable evolutionary tree for that alignment.
Therefore, devote considerable time and energy toward developing the most satisfying multiple sequence
alignment possible. Quality alignments mean everything for obtaining meaningful results from phylogenetic
inference algorithms. All of the molecular sequence phylogenetic inference programs make the validity of
your input alignment their first and most critical assumption. Be sure that the alignment makes biological
sense. Use all available information and understanding to insure that your alignment is as good as it can be.
Make sure that known enzymatic, regulatory, and structural elements all align, for the results of your inference
are absolutely dependent upon your alignment. To help assure the reliability of any alignment always use
comparative approaches. Look for conserved structural and functional sites to help guide your judgment. In
ribosomal RNA alignments researchers have successfully used the conservation of covarying sites to assist in
this process. That is, as one base in a stem structure changes the corresponding Watson-Crick paired base
will change in a corresponding manner. This process has been used extensively by the Ribosomal Database
Project formerly at the University of lllinois, Urbana Campus, but now housed at the Center for Microbial
Ecology at Michigan State University to help guide the construction of their rRNA alignments and structures
(http://www.cme.msu.edu/RDP/). Use everything available to insure that you have prepared a satisfying
alignment. Remember the old adage: “garbage in — garbage out!”

One of the biggest problems in biocomputing is that of sequence format. Each suite of programs requires a
different sequence format. GCG sequence format exists both as single and Multiple Sequence Format (MSF)
and SeqLab has its own format called Rich Sequence Format (RSF) that contains both sequence data and
reference and feature annotation. PAUP* has a required format called the NEXUS file and PHYLIP has its
own unique input data format requirements. Several different programs are available to allow us to convert
formats back and forth between the required standards, but it all can get quite confusing. One program
available, ReadSeq by Don Gilbert at Indiana University, allows for the back and forth conversion between
several different formats. The PAUP* interfaces in the GCG system, PAUPSearch and PAUPDisplay,
automatically generate their required NEXUS format directly from the GCG formatted files, so this is not
nearly as much of a hassle. Alignment gaps are another problem. Different program suites may use different
symbols to represent them. Hyphens (dashes), “-“'s, are used by most sequence analysis programs to
represent gaps, but GCG alignment programs insert periods, “.”s, to represent gaps in the alignment and
tildes, “~"'s, to show uneven end lengths. However, periods mean “the same symbol as the above sequence”
to PHYLIP and it doesn’t regognize the tildes at all. Furthermore, not all gaps in sequences should be
interpreted as deletions. Interior gaps are probably okay to represent this way, as regardless of whether a
deletion, insertion or a duplication event created the gap, logically they will be treated the same by the
algorithms. These are called indels. However, end gaps should not be represented as indels because a lack
of information beyond the length of a given sequence may not be due to a deletion or insertion event; it may
have nothing to do with the particular stretch being analyzed at all. It may just not have been sequenced!
These gaps are just place holders for the sequence. Therefore, it is safest to manually edit an alignment to
change leading and trailing gap symbols to “x™s which mean “unknown’s” to all program packages. This will
assure that the programs do not make incorrect assumptions about your sequences.
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| reiterate, the most important factor in inferring reliable phylogenies is the accuracy of the multiple sequence
alignment. The interpretation of your results is utterly dependent on the quality of your input. In fact, many
experts advice against using any parts of the sequence data that are at all questionable. Only analyze those
portions which assuredly do align. If any portions of the alignment are in doubt, throw them out. This usually
means trimming down the alignment’s terminal ends and may require internal trimming as well. SeglLab
makes this process much easier than previous means. Another possibility is to exclude portions with
SeglLab’s Mask option. This allows the user to differentially weight different parts of their alignment to reflect
their confidence in it. It can be a handy trick with some data sets, especially those with both highly conserved
and highly variable regions.

The Tutorial: A ‘Real-Life’ Project Oriented Approach.

| will use bold type in this tutorial for those commands and keystrokes that you are to type in at your console
or for buttons that you are to click in SeqlLab. | also use bold type for section headings. Screen traces are
shown in a “t ypewriter” style Courier font.and“//////////]" indicates abridged data. The percent
symbol, “% indicates the system prompt and should not be typed as a part of commands. Really important
statements may be underlined.

The Wisconsin Package only runs on either UNIX or VAX/VMS operating system computers. Specialized “X-
server” graphics communications software is required to use GCG’s SeqlLab interface. This needs to be
installed separately on personal style ‘Wintel'’ or Macintosh machines but comes standard with most UNIX
operating systems. The details of X and of connecting to your GCG server will not be covered in this
exercise. If you are unsure of these procedures ask for assistance in the computer laboratory. | am also
available for individualized help; just contact me at stevet@bio.fsu.edu. A couple of tips at this point should
be mentioned though. Rather than holding mouse buttons down to activate them, while using X software, just
click on items. And do not close windows with the X-server software’s close icon in the upper right- or left-
hand window corner, rather, always use GCG's “Close” or “Cancel” or “OK” button.

1) Log onto your GCG account and launch SegLab.

Use the appropriate connection commands on the personal computer or terminal that you are sitting at to
launch X and log onto the UNIX host computer that runs GCG at your site. Get my assistance for this step if
you are unsure of yourself. There are too many variations in method for them all to be described here. A
terminal window should appear on the desktop after a few moments.

The GCG package should have initialized automatically as soon as your terminal window launched. If it
didn't, type the command “gcg” (without the quotes) at the system prompt in the terminal window to start it up
now. This process activates all of the programs within the package and displays the current version of both
the software and all of its accompanying databases.

Issue the “fetch” command to transfer contig3000 from the GCG public data files where | put it for the
purpose of this tutorial. It has already been converted to GCG format. The command line follows:

% fetch contig3000. seq

Use the UNIX “more” utility to scroll through the file a page at a time so that you can see what GCG single
sequence format looks like. Press the <space bar> not the <return key> to move from one page to the next;
press the <g> key at any point to quit more.
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% nore contig3000. seq

11 NA_SEQUENCE 1.0
Cont i g3000

conti g3000.seq Length: 5368 June 24, 1999 15:19 Type: N Check: 9121
1 CAGAACATGT GTGCCCGIGI TGTAGACCTT CCTATTGITC ACTGGGIGGT
51 GCACTTCGAC TGTCCAGATG GIGTGATCAC CTACGCACAC AGAGCAGGTC
101 GIGCAGCAAG AATGAACCTC CCTGCCTTCT CACTTCTATT CCTAACAGAT
NN NN
5251 TTCCAGATTA TCCGITGCGG ACAGTACATT ATCCATTCGC TCTCTGIGCT
5301 CGGTAAGGCC CTTCTTGTAG CTTTGAAGAG ACACCTCCAG ACATGCTATC

5351 TGAGCCTTCA GCATGCAG

OK, now for something completely different; issue the command “seqlab &” in your terminal window to fire up
the SeqLab interface. The ampersand, “&,” is not necessary but really helps out by launching seglab as a
background process so that you can retain control of your initial terminal window. This should produce two
new windows, the first an introduction with an “OK” box; check “OK.” You should now be in SeglLab’s List
mode.

Before beginning the analyses, go to the “Options” menu and select “Preferences. . .” We should check a
few options there to insure that SeqlLab runs its most intuitive manner.

First notice that there are three different “Preferences” settings that can be changed: “General”, “Output,”
and “Fonts;” start with “General.” The “Working Dir . . .” setting will be the directory from which SeqglLab was
initially launched. This is where all SeqlLab’s working files will be stored; it can be changed in your accounts if
desired, however, it is probably OK to leave it as is for now. Be sure that the “Start SeqlLab in:” choice has
“List mode” selected and that “Close the window” is selected under the “After | push the “Run” button:”
choice. Next select the “Output” “Preference.” Be sure “Automatically display new output” is selected.
Finally, take a look at the “Fonts” menu. We will leave all these choices as is but | want to point out that if
you are dealing with very large alignments, then picking a smaller Editor font point size may be desirable in
order to see more of your alignment on the screen at once. Click “OK” to accept all of your changes.

Be sure the “Mode:” “Main List” choice is selected in your main window and then go to the “File” menu. Pick
“Add sequences from” and select “Sequence Files.” (Only GCG format compatible sequences or list files
are accessible through this route. Use SeglLab’s “Import” function to directly load GenBank format sequences
without the need to reformat.) This will produce an “Add Sequences” window from which you can select
sequences to add to your working.list. The “Filter” box is very important here! By default files are filtered
such that only those that end with the extension “.seq” are displayed. For contig3000.seq that is fine, but it
would not be appropriate if we were looking for something else. (For your own information, use the following
method to see all the files in your working directory. Delete the “.seq” extension in the “Filter” box; be sure to
leave the “*” wild card. Press the “Filter” button to display all of the files in your working directory.) Select the
file entitled “contig3000.seq” from the “Files” box and then check the “Add” and then the “Close” buttons at
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the bottom of the window to put the file in your working.list. It will appear in the SeqlLab “Main List” window.
Be sure it is selected and then switch to “Editor” “Mode:” to load the sequence into the SeglLab editor. Notice
that the sequence now appears in the editor window with the bases color-coded. Any portion of or all of the
sequence is now available for analysis by any of the GCG SeqlLab compatibloe programs. Drag the window
to an appropriate size by ‘grabbing’ the bottom-left corner of its ‘frame’ and ‘pulling’ it out as far as desired.
The display will look something like this:
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=1
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Explore the editor interface for a while. Nearly all GCG programs are accessible through the "Functions"”
menu including the powerful similarity search tools FastA and BLAST. Do not run a similarity search at this
point as we will be running similarity searches later in the exercise on the protein translations from
contig3000. The scroll bar at the bottom allows you to move through the sequences linearly. You can select
the sequence or any position(s) within it by ‘capturing’ them with the mouse. The “pos:” and “col:” indicators
show you where the cursor is located in any particular sequence and the overall dataset respectively. The
“1:1" scroll bar near the upper right-hand corner allows you to ‘zoom’ in or out on the sequences; move it to
2:1 and beyond and notice the difference in the display.

2) Map contig3000 with SeqlLab’s translate function.

URF's and ORF's: what's the difference? Locate all potentially translated reading frames.

The first order of business is to translate all six reading frames within the sequence. We need to tell SeqlLab
to translate all three forward reading frames and all three reverse reading frames because there is no way of
knowing where any genes may lay. It is not uncommon for a stretch of DNA to have genes on opposite
reading frames. This will generate all Unidentified Reading Frames (URF’s) as opposed to Open Reading
Frames (ORF’s) which by definition start with a start codon and end with a stop codon. (This can be an
especially important consideration when dealing with organisms that have exons and introns, since many
exons will not begin with a start codon [only the first will necessarily begin with one], therefore, URF’s are the
more appropriate choice for most genomic eukaryotic sequences.) Select contig3000 in your SeqgLab editor
display by clicking on it with your mouse. If a "Which selection" window pops up asking if you want to use
the "selected sequences" or "selected region;" choose "selected sequences" to run the program on the
full length of contig3000. Now go to the “Edit” menu and select “Translate. . ..” Specify “Reading Frame:”
“All Three” in the “Translate” window that comes up and then press the “OK” button. Next, with contig3000
still selected, press the “COPY” button and then select the bottom-most sequence, contig3000_frame3, and
then press the “PASTE” button. This will insert a duplicate version of contig3000 as last sequence in the
" Specify “Reverse and
Complement” in the “Reverse” window that pops up so that we can analyze contig3000’s opposite strand.

display; select it, only. Now go back to the “Edit” menu and select “Reverse. . ..
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Finally, go through the same “Edit” “Translate. . .” steps that we did on the forward strand so that all six
frames will be available. The display should look similar to the following:
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Both strands of the DNA sequence can now be seen together with all of the URF’s for each; asterisks indicate
stop codons. At this point we can see that there are many potentially translated stretches; so what? What
can be done with them; how can we turn them into potential genes?

. Signal Methods: promoters, terminators, repeat regions . ..

FindPatterns and Consensus/FitConsensus; also consider StemLoop & Repeat.

Typical signals to look for are promoter and terminator consensus stretches. GCG provides a searching
program named Terminator for looking for the latter in prokaryotic rho-independent cases; however, promoter
signals from both prokaryotes and eukaryotes are so varied that they do not have a ‘canned’ search for them.
An impressive eukaryotic transcription factor consensus sequence database has been assembled though,
and prokaryotic promoter sequences are fairly well characterized. We can utilize the GCG program
FindPatterns to look for these type of sites within our sequence. GCG also provides the ability to find short
consensus patterns based on a family of related sequences using weight matrix analysis with the programs
Consensus and FitConsensus. These can be used to form and search for specific promoters or other signals
based on known sequences. Also, remember that many termination sites are accompanied by inverted
repeats, and enhancer sequences are often strong direct repeats; because of these points, the GCG
programs StemLoop and Repeat, as well as dotplot procedures, may be helpful.

3) Look for potential regulatory sites by screening with FindPatterns.

One-dimensional signal hunting: simple consensus and pattern matching.

We will use GCG’s pattern searching algorithm FindPatterns to locate promoter regions in contig3000.
However, let's sidetrack momentarily. | have written and placed a prokaryote promoter consensus pattern
based on the E. coli data of Hawley and McClure (1983) in the GCG logical directory location GenMoreData.
You are welcome to screen contig3000 with this pattern by specifying data=genmoredata:promoter.dat,
although it is not required and probably will not be relevant since the pattern encompasses both the -35 and -
10 regions (if it was just the -10 portion, some eukaryotic TATA boxes might be found with it). FindPatterns
reads its patterns from a distinct type of file known as a pattern.dat file. The Pribnow box pattern file follows
so that you can see it's format and content:
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The standard E. coli RNA pol ynerase pronmoter "Pribnow' box file for the program
FI NDPATTERNS. This pattern includes both the -35 & the -10 region. For an
incredibly extensive |list of eukaryotic transcription factor recognition sites
see the GCG public datafile tfsites.dat. To specify one of these files use the
command |ine option -data=_datafil e_nane.

Nane O fset Pattern Overhang Docunentation

Pri bnow 1 TTGACWX{ 15, 21} TAt AaT 0 !Hawley & McClure (1983)

Now for the tougher case — contig3000, a eukaryote example. A huge public pattern data file is available.
This file (Ghosh, 1990) is called tfsites.dat and is also available in the GCG logical directory location
GenMoreData. (You are welcome to take a look at the Transcription Factor Sites database by using the GCG
command name to resolve the disk location of genmoredata and then by using more to display it to your
terminal.) Run FindPatterns on contig3000 against tfsites.dat by selecting contig3000, only, and then going
to SeglLab’s “Function” menu. From the “Gene Finding and Pattern Recognition” submenu select
“FindPatterns.” Next you must specify both the “Search Set. . .” and the “Patterns” to be used by the
program. This gets a bit interesting as you have to navigate through several file chooser boxes to designate
your desired input file and the tfsites.dat file. First click the “Search Set. . .” button to get a dialog box entitled
“Build FindPattern’s Search Set.” Click on “Add Main List Selection” to produce the “List Chooser;” there
select and then “Add” the file we've been working on, “contig3000.seq.” “Close” the chooser boxes to return
to the FindPatterns program box. Now punch “Patterns. . .” to get the “Pattern Chooser.” Click in the blank
box next to “Pattern Data File. . .” and insert the words “genmoredata:tfsites.dat” and then press the
<return key>. SeglLab should find the tfsites.dat file and display the patterns in it; “Close” the “Pattern
Chooser.” After specifying the search and pattern sets, press the “Run” button in the FindPatterns window.
The program box will go away and the output will display after a bit. Scroll thorough the file, noticing the
incredible quantity of transcription factor patterns found. Also notice that FindPatterns looks on both the
forward and reverse strands by default, indicating reverse strand locations with the /Rev designation. “Close”
the windows when done. An abridged contig3000 tfsites.dat FindPatterns output file follows below:

! FI NDPATTERNS on /users/thonmpson/ wor ki ng/ G ardi a/ conti g3000. seq allowing O nmism
at ches

! Using patterns from /gcg/gcgcore/data/noredata/tfsites.dat June 26, 1999 16:
45 ..

conti g3000.seq ck: 9121 len: 5,368 ! Contig3000

GCN4- hi s3-189 / Rev ATGAGTCAT
3, 305: CTGCA ATGAGTCAT CGTAC

BPV- E2_CS2 ACCNNNNNNGGT
3,174: ATCGC ACCCCTCATGGT CATCA
4, 453: CCACT ACCTTAACGGGT CCAAC

GCRE TGACTC
990: TATGA TGACTC CTCTT

CCRE / Rev GAGICA
976: AACAA GAGTCA AGCTA
1,006: TTGAT GAGTCA GAGGA
3,307: GCAAT GAGICA TCGTA
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NN NNy

TBP- ADA / Rev TTTTTTA
1,471: TTGAC TTTTTTA GACTC
4,837: CGCAG TTTTTTA ATTCA

REB1- consensus / Rev CGGGTRRNNR
4,564: GITCA CGGGTGGCTA GGAGT

c- Myb-c-nyb / Rev TTCAAT
1,277: GTAAT TTCAAT CTTGA

CP2- consensus GCNIVNANCVAG
4,318: GCTCC GCAAGACCCAG CTCCT

CP2- consensus / Rev CTKGNTNKNGC
42: GITCA CTGGGTGGIGC ACTTC

Spl- ganme- gl obin_(3) /Rev GGECCCC
1, 138: TGACC GGCCCC ACACC
2,016: CTCAA GGCCCC GGCCG

gama- gl obi n-undefi ned-site-4 /Rev GACCCA
1, 691: GGAGC GACCCA GCATA
4,322: CGCAA GACCCA CCTCC
5,207: TTAGI GACCCA TTGGT

Total finds: 691
Total |ength: 5, 368
Total sequences: 1
CPU ti ne: 05. 18

The output is huge; 691 finds doesn’'t do us much good. Skim through your output and see if anything stands
out as significant. It's not easy to recognize whether anything from this type of search is at all relevant. | do
recognize some TATA boxes and a few other well known sites. You can use the system level search utility
grep to search the Transcription Factor Sites database by issuing the command grep string ‘'name -f
genmoredata:tfsites.dat™. It is neccessary to embed the GCG command name -f genmoredata:tfsites.dat
in single back quotes () to expand it's meaning within the UNIX grep utility; otherwise grep would not be able
to find the input file. For instance, to search for the second entry above in tfsites.dat issue the following
command:

% grep BPV-E2_CS2 "nane -f gennoredata:tfsites.dat’

BPV- E2_CS2 0 ACCNNNNNNGGT 0
! BPV-E2 Nucl ei ¢ Acids Res 15: 10267-84 (1987)

to get the reference and this may help some, but then you have to go look up the references. Whatever you
do, this approach is not at all ‘user friendly.” There's got a be a better way.

Other signals that could be looked for in a similar fashion are the Shine-Dalgarno prokaryote translational
initiation site, (AGG,GAG,GGA)x{6,9}ATG (Stormo et al., 1982) and eukaryotic ribosome binding sequences.
Ribosome hinding sequences are based on complementarity to 16s rRNA in prokaryotes; however, in
eukaryotes ribosomes seem to initiate translation at the first AUG encountered following the modified
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guanosine 5’ cap. Kozak (1984) has compiled a consensus at the start codon of cc(A,g)ccAUGg which
doesn’'t seem to relate to 18s rRNA complementarity at all, yet seems to hold true in many cases. Try to find
this pattern in your sequence, however, we're going to do it in a different, and a bit friendlier way. Select both
the forward and reverse contig3000 sequences by holding down the <ctrl> key while you click on the second
entry. This allows you to select multiple, nonadjoining entries (To selct a range of adjoining entries, <shift>
click the first and last entry.) Next, go to SeqlLab’s “Edit” menu and launch it's “Find. . .” utility. If a "Which
selection" window pops up asking if you want to use the "selected sequences" or "selected region;"
choose "selected sequences." Type Kozak’s pattern complete with the parenthesis and comma, which
mean either an A or a G, into the blank box next to “Patterns. . .” and then press the “Find All” button. The
case of the letters does not matter and T's and U’s are treated as identical. Keep increasing the mismatch
level until you find at least one occurrence of the pattern. You can tell when you've found something because
the residues will all go black. Press the “Find Next” button at that point and the display will scroll over to the
first occurrence of the pattern. It will be highlighted in red. Keep pressing “Find Next” until you've seen all
the places where the pattern is found. Take notes of where the patterns are on the sequences.

A main point consensus searches emphasize is “Don't believe everything your computer tells you!” (von
Heijne, 1987a). A computer can provide guidance and insight but the limitations can sometimes be
overwhelming as is all too evident in these promoter analyses. Oftentimes weight matrix analysis is more
appropriate to this type of search. Unfortunately, they are not nearly as simple to set up.

3) Using the weight matrix program FitConsensus to find regulatory sites.

Two-dimensional signal hunting: weight matrices.

GCG has preassembled consensus weight matrices of the donor and acceptor site sequences at exon-intron
splice junctions for use with FitConsensus available in their public data files. However, they do not provide
any others; therefore, | have reformatted the four weight matrix descriptions of eukaryotic RNA polymerase Il
promoter elements reported by Bucher (1990) into a form appropriate for GCG’s programs. Additionally,
McLauchlan et al. (1985) assembled a eukaryotic terminator weight matrix that | have also reformatted for
GCG use.

Use the five weight matrices that | reformatted in FitConsensus to help locate the transcription start and
termination signals within contig3000 both in the forward and reverse directions. These matrices have the file
names tata.csn, cap.csn, ccaat.csn, gc.csn, and terminator.csn. They have all been placed in the GCG
logical location GenMoreData. There is no need to run FitConsensus with the GCG donor and accepter
matrices because, as mentioned in the introduction, Giardia introns have never been found.

Start the program run in your SegqLab window by selecting just contig3000 and going to the “Functions”
“Gene Finding and Pattern Recognition” menu; select “FitConsensus” there. If a "Which selection”
window pops up asking if you want to use the "selected sequences" or "selected region;" choose "selected
sequences" to run the program on the full length of contig3000. Specify “genmoredata:tata.csn” as the
“Consensus matrix file. . .” by typing it into the box next to the button. Leave the other parameters at their
defaults to assure that “100%” positions’ fit is assured and to generate lists of the 40 best fits to the matrix.
Press “Run” to launch and then scroll through the output file when it is displayed. Repeat this procedure with

procedure on it. The SeqlLab “Windows” menu keeps track of the programs run in a session and so provides
a handy ‘shortcut’ to repeated commands.
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Notice the output includes the position, frame, and “quality” of each match. The position and quality are
tremendously helpful. Position is where in your sequence the specified weight matrix begins, perhaps not
where the site that you are most concerned is occurs, rather only where the matrix begins. This is particularly
important in the donor and acceptor matrices as these both begin in front of the splice site, not at it. Quality is
the percentage fit to the matrix. The higher the percentage, the more probability that the site is an actual
signal. The frame designation is troubling — it is misleading as it identifies the frame of the best fit to the
matrix not to the coding region — so disregard it. Also note that none of the hits would have been found by a
normal FindPatterns type consensus search without mismatches because the scores are all less than 100%.

Those ten files follow below, abridged to include only those sites with a better than 50% fit for each:

==Ceneral comments

FI TCONSENSUS of : Conti g3000
Usi ng Consensus: cap.csn

CONSENSUS from Cap signa

Eukaryotic pronoter Cap region. Base freguencies according to
Phili pp Bucher (1990) J. M. Biol. 212:563-578.

Preferred region: center between 1 and +5.

Optim zed cut-off value: 81.4%

Li st-size: 40 Average quality: 35.27 June 27, 1999 15: 34
position: 1101 2159 2352 2972

frane: 3 2 3 2
quality: 51.25 51.63 50.50 50.25

==Ceneral comments
FI TCONSENSUS of : Conti g3000
Usi ng Consensus: ccaat.csn

CONSENSUS from CCAAT box

Eukaryoti c pronoter CCAAT region. Base freguencies according to
Phili pp Bucher (1990) J. M. Biol. 212:563-578.

Preferred region: notif within -212 to -57

Optim zed cut-off value: 87.2%

Li st-size: 40 Average quality: 31.45 June 27, 1999 15: 44

posi tion: 493 727 1155 1589 1791 2199 2267 2749
frane: 1 1 3 2 3 3 2 1
quality: 52.25 54.50 50.17 53.33 52.00 50.00 51.25 59.08

position: 2864 3598 3741 4486 4902 5278
frane: 2 1 3 1 3 1
quality: 51.00 52.17 53.08 51.67 54.25 54.08

==Ceneral comments
FI TCONSENSUS of : Conti g3000

Usi ng Consensus: gc.csn
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CONSENSUS from GC box

Eukaryotic pronoter GC-Box region. Base freguencies according t
Phili pp Bucher (1990) J. M. Biol. 212:563-578.

Preferred region: notif within -164 to +1

Optim zed cut-off value: 88%

Li st-size: 40 Average quality: 30.23 June 27, 1999 15:45
posi ti on: 41 338 3087 4576 4979
frane: 2 2 3 1 2

qual ity: 51.77 50.46 53.85 50.92 51.31

==Ceneral coments
FI TCONSENSUS of : Conti g3000
Usi ng Consensus: tata.csn

CONSENSUS from TATA Box

Eukaryotic pronoter TATA region. Base freguencies according to
Phili pp Bucher (1990) J. M. Biol. 212:563-578.

Preferred region: center between -36 and -20.

Optimzed cut-off value: 79%

Li st-size: 40 Average quality: 25.33 June 27, 1999 15:47
posi tion: 643 1292

frame: 1 2
quality: 50.85 50.46

==Ceneral comments

FI TCONSENSUS of : Conti g3000
Usi ng Consensus: term nator.csn

CONSENSUS from Ter mi nat or

Possi bl e eukaryotic term nation signal region. Base freguencies
according to MLauchlan et al. (1985) N. AR 13:1347-1368.

found in about 2/3's of all eukaryotic gene sequences.

0]

Li st-size: 40 Average quality: 24.78 June 27, 1999 15:48
posi ti on: 8 16 70 228 345 1198 1225 1306 1384
frane: 2 1 1 3 3 1 1 1 1

quality: 55.75 59.88 53.75 52.88 62.50 53.50 53.38 56.38 55.38

position: 2048 2411 2630 2705 2733 2856 2947 3048 345
frane: 2 2 2 2 3 3 1 3

9

quality: 54.75 59.88 61.50 54.88 52.50 56.50 53.00 58.38 57.63

position: 3631 3641 3683 3685 3702 3930 3955 4068 425
frane: 1 2 2 1 3 3 1 3

1

quality: 56.25 54.38 54.25 56.75 54.00 56.63 55.38 55.13 57.25
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posi tion:
frane:
quality:

4283 4681 4683 4835 4873 4937 5105
2 1 3 2 1 2 2
52.75 53.38 66.50 53.63 56.13 55.88 58.00

==Ceneral coments

FI TCONSENSUS of : Conti g3000 reverse strand

Usi ng Consensus: cap.csn

CONSENSUS from Cap signal

Eukaryotic pronoter Cap region. Base freguencies according to
Phili pp Bucher (1990) J. M. Biol. 212:563-578.

Preferred region: center between 1 and +5.

Optim zed cut-off value: 81.4%

Li st-si ze:

posi tion:
frane:
quality:

40 Average quality: 35.11 June 27, 1999 15:50

590 773 2742 5254
2 2 3 1
51.63 52.00 50.63 51.75

==Ceneral comments

FI TCONSENSUS of : Conti g3000 reverse strand

Usi ng Consensus: ccaat.csn

CONSENSUS from CCAAT box

Eukaryotic pronoter CCAAT region. Base freguencies according to
Phili pp Bucher (1990) J. M. Biol. 212:563-578.

Preferred region: notif within -212 to -57.

Optim zed cut-off value: 87.2%

Li st-si ze:

posi tion:
frane:
quality:

posi tion:
frane:
quality:

40 Average quality: 31.04 June 27, 1999 15:51

148 163 355 496 692 794 828 984 1541 1593
1 1 1 1 2 2 3 3 2 3
51.08 61.83 50.67 51.58 53.67 50.42 51.92 51.42 52.33 55.75

2299 2426 3031 4009 4131 4961 5239 5319 4961 5239 5319
1 2 1 1 3 2 1 3 2 1 3
50. 67 51.50 61.17 53.33 56.83 56.75 50.42 53.5056. 75 50.42 53.50

==Ceneral comments

FI TCONSENSUS of : Conti g3000 reverse strand

Usi ng Consensus: gc.csn

CONSENSUS from GC box

Eukaryotic pronoter GC-Box region. Base freguencies according to
Phili pp Bucher (1990) J. M. Biol. 212:563-578.

Preferred region: notif within -164 to +1.

Optimzed cut-off value: 88%

Li st-si ze:

posi tion:

40 Average quality: 30.38 June 27, 1999 15:52

300 369 1666 2709 3341
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frane: 3 3 1 3 2
quality: .54 50.46 54.38 50.15 50.15

==Ceneral comments

FI TCONSENSUS of : Conti g3000 reverse strand
Usi ng Consensus: tata.csn

CONSENSUS from TATA Box

Eukaryotic pronoter TATA region. Base freguencies according to
Phili pp Bucher (1990) J. M. Biol. 212:563-578.

Preferred region: center between -36 and -20.

Optimzed cut-off value: 79%

Li st-size: 40 Average quality: 25.17 June 27, 1999 15:52
posi ti on: 620 1685 2261 2749 3166 3889

frane: 2 2 2 1 1 1
quality: 50.08 52.46 50.08 52.38 50.15 50.31

==Ceneral comments

FI TCONSENSUS of : Conti g3000 reverse strand
Usi ng Consensus: term nator.csn

CONSENSUS from Term nat or

Possi bl e eukaryotic term nation signal region. Base freguencies
according to McLauchlan et al. (1985) N. A R 13:1347-1368.

found in about 2/3's of all eukaryotic gene sequences.

Li st-size: 40 Average quality: 25.40 June 27, 1999 15:54
posi ti on: 34 36 123 182 575 952 991 1042 1755 1758 1847
frame: 1 3 3 2 2 1 1 1 3 3 2

quality: 58.50 54.00 55.88 52.75 53.25 61.75 61.75 55.75 55.13 53.25 56.50

position: 1990 2324 2328 2477 2549 2716 2725 2917 2957 3062 3140
frane: 1 2 3 2 2 1 1 1 2 2 2
quality: 56.25 62.25 55.38 65.50 57.38 55.00 54.63 55.88 55.88 56.63 56.50

position: 3242 3299 3420 3464 3466 3471 3632 4066 4103 4443 4470
frane: 2 2 3 2 1 3 2 1 2 3 3
quality: 62.50 55.13 52.63 55.00 54.63 54.63 60.13 58.63 66.50 57.00 54.63

position: 4477 4531 4601 4603 4912 5083 5278
frane: 1 1 2 1 1 1 1
quality: 53.00 60.63 59.38 66.50 56.88 56.25 55.50

4) Help in locating the ends of genes: Terminator in prokaryotes; StemLoop, Repeat, and finding
poly(A) signals in eukaryotes.

The GCG program Terminator will find about 95% of all prokaryotic factor-independent terminators. This is
great odds for any computer algorithm; even its namesake Arnold Schwarzenegger would have a hard time
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matching this! This program is mentioned for those of you involved with prokaryotic data in your own
research programs. However, realize that a main disadvantage of most signal searches, even a sophisticated
two-dimensional approach like Terminator, is they find too many false positive sites, in other words they are
not discriminatory enough. Just like Schwarzenegger in T2, a few innocents always manage to get in the
way.

The GCG programs StemLoop and Repeat may provide some regulatory insight with eukaryotic sequences
since many eukaryotic terminators also have hairpin structures associated with them and some enhancer
sequences contain strong direct repeats.

The sequence YGTGTTYY has been reported as a eukaryotic terminator consensus (McLauchlan et al., 1985
[this is the consensus from the weight matrix used above]) and the poly(A) adenylation signal AAUAAA is
well conserved (Proudfoot and Brownlee, 1976); however, realize the inherent problems with consensus
searches, as has been previously illustrated. Run the poly(A) search mentioned above on both the forward
and reverse strands of contig3000 through the “Edit” “Find” function as shown previously with the Kozak
pattern. Just as with Kozak’s pattern, rerun the program increasing the mismatch level until you find at least
one poly(A) pattern. Once again, take notes of their locations. You should already have data regarding the
termination site from the FitConsensus runs previously made.

Il.  Content Methods: what the sequence ‘looks’ like

You have now been exposed to many of the pitfalls of signal type searches. In general, the second type of
gene-finding technique, ‘searching by content,” is more reliable, at least it seems to be less fraught with false
positive problems, however, it can not locate exact positions. Used in concert with the former, the two can be
quite powerful tools. Adding in the third, inference through homology, often clinches the story.

Searching by content utilizes the fact that genes necessarily have many constraints placed upon them. This
induces certain periodicities and patterns which we can use to help locate coding sequences as opposed to
noncoding stretches of DNA. These constraints arise in a number of fashions — the three base genetic code,
the ‘wobble’ hypothesis, an unequal use of synonymous codons, translational factors, the amino acid content
of the encoded proteins themselves, and, possibly, because of remnants of an ancient genetic code. All
together these factors create distinctly unique coding sequences; non-coding stretches do not exhibit this type
of periodic compositional bias. This fact can serve as a gene finding tool in two manners.

5) Using methods based on sequence composition alone.

‘Nonrandomness’ techniques: TestCode, a gene finding algorithm based exclusively on statistics

The first technique relies solely on the base compositional bias of every third position — nonrandomness. A
truly random sequence does not show any type of pattern at all and is not characteristic of any coding
sequence. The program can estimate the probability that any stretch of DNA sequence is either coding or
noncoding. It will not tell us the strand or the reading frame; however, it does not require any a priori
assumptions as it relies exclusively on a statistical evaluation of the sequence itself. To run TestCode select
contig3000 and go to the “Functions” “Gene Finding and Pattern Recognition” menu and pick “TestCode.
. .." As before, if a "Which selection" window pops up asking if you want to use the "selected sequences"
or "selected region;" choose "selected sequences." One limitation of this program is it is not designed to
detect coding regions shorter than 200 base pairs, hence the 200 bp window size. No claim is made for
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significance with windows less than the default 200; therefore, smaller eukaryotic exons may be missed. Run
the program at its defaults by pressing the “Run” button to produce the following plot:

O fusers ABampsonfsmekingAheardiadcontig DL sErode figure BE

| A 1] (11|
L N N L e o Lk L]
bt g SR AR B o0 b B Bl ol
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Erint...| ose o Poge | of | Gl

The plot is divided into three regions. The top and bottom areas predict coding and noncoding regions,
respectively, to a confidence level of 95%, while the middle area claims no statistical significance. Diamonds
and vertical bars above the graph denote potential stop and start codons respectively.

You may want to press the “Print. . .” button to generate a PostScript file of this and all following graphic
plots. If you do this, be sure that the “Output Device:” in the “Print” menu is set to be an Encapsulated
PostScript file and that you give it a different filename in the “Port or File:” box each time that you create a
new PostScript file. Click “Proceed” to create the EPSF output in your current directory. To actually print this
file you may need to ftp it to a local machine attached to a PostScript savvy printer unless you have a
PostScript print queue on your GCG server. (All Macintosh compatible laser printers run PostScript by
default. Carefully check any laser printer connected to a Wintel system to be sure that it is PostScript
compatible before trying to send it a PostScript file.)

Repeat the TestCode procedure on the reverse strand to yield the following graphic:
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6) Running codon usage analysis programs.

Codon Usage: codon frequency tables and using CodonFrequency.

The second content type of gene finding strategy utilizes the fact that different organisms have different codon
usage preferences. In other words, genomes use synonymous codons unequally in a phylogenetic fashion.
Codon usage frequency is not the genetic translation code — the genetic code is nearly universal across all
phylogenetic lines. However, not all lineages use the same percentage of the various degenerate codons the
same amount. The manner in which different types of organisms utilize the available codons is usually
tabulated into what is known as a codon usage or frequency table. In order to utilize the codon usage type of
gene finding strategy a codon usage table for the particular organism in question must be accessible. The
GCG default table for these programs is from highly expressed E. coli genes. If your sequence comes from
anything else, this table is not appropriate. GCG provides alternate data files in GenMoreData. The available
tables, in addition to the default codon usage table, ecohigh.cod, are: celegans_high.cod, celegans_low.cod,
drosophila_high.cod, human_high.cod, maize_high.cod, and yeast high.cod. As mentioned in the
Introduction, tables are also available at various molecular biology data servers such as IUBIO
(http://iubio.bio.indiana.edu/soft/molbio/codon/), the TRANSTERM database at the European Bioinformatics
Institute (ftp://ftp.ebi.ac.uk/pub/databases/transterm/), and the CUTG database
(http://www.dna.affrc.go.jp/~nakamura/codon.html) available in GCG format at SRS servers (e.g. see

http://www.sanger.ac.uk/srs5bin/cqgi-bin/wgetz?-fun+pagelibinfo+-info+CUTG). Furthermore, if you are not

satisfied with any of the available options, GCG has a program, CodonFrequency, that enables you to create
your own codon frequency table from known coding sequences.
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To make your own codon usage table gather all of the known and appropriate coding sequences for your
organism and run them through this program. A strategy to achieve this objective, if the need ever arises,
follows: To find the sequences in the database you could use the GCG searching program LookUp. The
resulting output file is then edited to include only those sequences that refer to structural genes, excluding
inappropriate organelle genomes, if that is of concern. The title lines of the sequence files aren’t quite what
you need though — you need the sequences’ references which list CDS regions. Use “fetch -reference -
out=filename.ext @your_LookUp_filename” to pull over the references from the database into your own
directory. Then use the program CodonFrequency being very careful to only specify the coding regions for
each gene from your list. In the case of our Giardia genome tutorial, | have placed a copy of a Giardia
specific codon frequency table in GenMoreData.

Programs that can utilize codon usage tables to help find genes: Frames & CodonPreference.

The two GCG content analysis programs that can use codon usage tables in this context — Frames, a very
simple open reading frame identifier which can utilize codon frequency tables to show rare codon usages, and
the quite sophisticated codon frequency analyzer CodonPreference — need to know which codon usage table
you want to use. You must determine and specify the codon usage table appropriate for your situation. Do
remember, however, that for most eukaryotic genomic sequences, only the first exon will actually have a start
codon. Therefore, Frames is generally more appropriate for sequences without exons such as cDNA or
prokaryotic data. We just lucked out that Giardia appears not to have introns. Perform a Frames analysis with
contig3000’s forward strand only selected, since Frames automatically runs on both forward and reverse
strands. “Frames” is located under the “Functions” “Gene Finding and Pattern Recogniton” menu. Press
the “Options” button for a chance to change from the default E. coli codon frequency table. Type
“genmoredata:giardia.cod” into the box next to the “Codon Frequency Table. . .” button to use that table.
Press the “Run” button to produce a plot like the following:
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The plot shows all open reading frames and marks rare codon choices with a dot above each.

Next run CodonPreference. It is also located under the “Functions” “Gene Finding and Pattern
Recogniton” menu. First change from the default E. coli codon usage table by typing
“genmoredata:giardia.cod” into the box next to the “Codon Frequency Table. . .” button. Then press the
“Options” button and check “Show all start and stop signals, not just open frames.” Since this is
preliminary genomic data, this option will allow us to see whether sequencing errors may be respossible for
the interruption of ORFs. The plot from the CodonPreference run on the forward strand is illustrated below:
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The plot shows two color coded curves, a codon preference curve and a third position bias curve, for each
reading frame of the sequence in question. The curves rise above background scatter in areas of strong
probability of coding potential. The horizontal lines within each plot are the average values of each attribute.
CodonPreference moves its window in increments of three recalculating its statistic at each position to
generate a continuous function so that each function defines an individual reading frame. An open reading
frame display accompanies each panel with start codons represented as vertical lines rising above each box
and stop codons shown as lines falling below the reading frame boxes. Rare codon choices are also shown
for each frame as hash marks. An optional output from the program can help in the interpretation of
significance by calculating the average codon preference for each frame and for the whole sequence
randomized, which can be compared to the peaks of the plot. One must realize, however, that not all genes
show particularly high codon usage preference. This is especially true of genes which are only weakly
expressed. Therefore, you must, as always, interpret results with more than just a few grains of salt. Use as
many sources of information as possible!

Repeat the CodonPreference analysis on the reverse strand of contig3000 to produce this plot:
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lll.  Search the databases for sequence similarity, thereby infer gene location through homology.

Enter the world of database searching — background processes, parallel processing, huge numbers, and questions such
as, “Is this significant; does it mean anything?” and “This is homologous?” A world often fraught with frustrating results
but also exciting discoveries!

As | discussed in the introduction, similarity analysis should usually be done on the protein level versus the
DNA level. Therefore, for this section of the tutorial, select all the translations made at the beginning; there
should be six of them. Be sure that the DNA is not selected. Many of the programs in this section are cpu
‘hogs’ so in some cases | do not want you to run the search. | will clearly state the situation for each search

discussed.

7) Search the PROSITES database.

A Quick and Dirty Method — GCG’s Motifs search of PROSITES.

Many, many features have been described and catalogued in sequences over the years. Many of these have
recognizable consensus patterns that allow you to screen an unknown sequence for their occurrence. This
database of catalogued structural, regulatory and enzymatic consensus patterns is Dr. Amos Bairoch’s
protein signature database, the PROSITE Dictionary of Protein Sites and Patterns (1992). It is one of the
quickest and easiest databases to search with a peptide sequence. The GCG program Motifs performs this
search. The program can tolerate mismatches with a mismatch option and it displays an abstract with
selected references for each motif signature found. In many cases this can be a tremendous aid in
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ascertaining the function of an unknown peptide sequence. It can often lead to immediate answers and
routes of investigation. It should always be utilized — it's just too fast and simple to ignore.

Be sure all of your tentative translations are selected, but not the DNA. Start the Motifs program by clicking
on the “Functions” “Database Sequence Searching” “Motifs. . .;” button. A "Which selection" window may
pop up asking if you want to use the "selected sequences" or "selected region;" choose "selected
sequences" to run the program on all the selected sequences. The "Motifs" program window will then
display and should look similar to the following:

selas hiedils oo e e ]

File @it Fockios optios  Hindoes Hotifs looks for sequence otlfs by seorchirg through
proteine for the patherns defined 1n the PROGITE Ddctionary
f| of Protsin Sited ord Pobteres,  Mobife con disploy on

Liste | Aumes s/ thospoonetutor iol o fearkdng. LisT pbetroct of the current literoture on eoch of the motifs £t
Finds-
Mok el e Cdmplay  Pemidhe Coloring
|| Hotif= of

[Selected =equerces from Edator

e Ueirg cefault File prosd beopatierra,
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Check the “Save results as features in file motifs.rsf” button. We’'ll use this file later on. We don’t need
any of the other options so press the “Run” button. After a few minutes you should get output. The file
displayed, “motifs.rsf,” isn’'t very interesting at this point so “Close” it and use the “Output Manager” to display
the file with the “.motifs” extension. Carefully look over the text file that is displayed. Notice the sites that
have been characterized in these sequences and the extensive bibliography associated with them:

MOTI FS from @ users/thonpson/.seql ab-nmendel /notifs_74.1i st

M smat ches: 0 July 14, 1999 21:54

i nput _74.rsf{CONTI G3000_FRAME1_1} Check: 311 Length: 1,790 !

Prokar_Lipoprotein  ~(D E RK6(L I,V,MF, WS T,AQ2(LI,VVMFY,STAGCQ
(AGS9C
~(DERK{6}(V,9{2}(1)(9C
1,419: |*GAL FAI Al MBVI SC
FQLTS

LR S S S O S O R S O

* Prokaryotic menbrane |lipoprotein |lipid attachnent site *
IR R E R RS EEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEE RS

In prokaryotes, menbrane |ipoproteins are synthesized wth a precursor signal
peptide, which is cleaved by a specific |lipoprotein signal peptidase (signal
peptidase I1). The peptidase recogni zes a conserved sequence and cuts upstream
of a cysteine residue to which a glyceride-fatty acid lipid is attached [1].
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Some of the proteins known to undergo such processing currently include (for
recent listings see [1,2,3]):

- Major outer nenbrane |ipoprotein (nurein-lipoproteins) (gene |pp).

- Escherichia coli |ipoprotein-28 (gene nlpA).

- Escherichia coli |ipoprotein-34 (gene nlpB).

- Escherichia coli lipoprotein nlpC

- Escherichia coli |ipoprotein nlpD.

- Escherichia coli osmotically inducible |ipoprotein B (gene osnB).
- Escherichia coli osmotically inducible |ipoprotein E (gene osnE).
- Escherichia coli peptidoglycan-associated |ipoprotein (gene pal).
- Escherichia coli rare lipoproteins A and B (genes rpl A and rpl B).
- Escherichia coli copper honeostasis protein cutF (or nlpE).

- Escherichia coli plasnmids traT proteins.

- Escherichia coli Col plasmids |ysis proteins.

- A nunber of Bacillus beta-|actanases.

- Bacillus subtilis periplasnmc oligopeptide-binding protein (gene oppA).

- Borrelia burgdorferi outer surface proteins A and B (genes ospA and ospB).
- Borrelia hernsii variable nmajor protein 21 (gene vnp2l) and 7 (gene vnp7).
- Chl anydi a trachomatis outer menbrane protein 3 (gene onp3).

- Fi brobacter succinogenes endogl ucanase cel - 3.

- Haenophil us influenzae proteins Pal and Pcp.

- Klebsiella pullulunase (gene pul A).

- Klebsiella pullulunase secretion protein pulS.

- Mycopl asma hyorhinis protein p37.

- Mycopl asma hyorhinis variant surface antigens A B, and C (genes vl pABC).
- Neisseria outer nenbrane protein H. 8.

- Pseudonobnas aerugi nosa |ipopeptide (gene | pplL).

- Pseudonpbnas sol anacear um endogl ucanase egl .

- Rhodopseudononas viridis reaction center cytochrome subunit (gene cytC).
- Rickettsia 17 Kd anti gen.

- Shigella flexneri invasion plasnmd proteins nxiJ and nmxi M

- Streptococcus pneunoni ae ol i gopeptide transport protein A (gene am A).

- Treponena pallidium 34 Kd anti gen.

- Treponema pal lidium menbrane protein A (gene tnpA).

- Vibrio harveyi chitobiase (gene chb).

- Yersinia virulence plasm d protein yscJ.

- Hal ocyani n from Natrobact eri um pharaonis [4], a menbrane associ ated copper -
binding protein. This is the first archaebacterial protein known to be
nmodi fied in such a fashion).

From the precursor sequences of all these proteins, we derived a consensus
pattern and a set of rules to identify this type of post-translational
nmodi fication.

- Consensus pattern: {DERK}(6)-[LI VMFWSTAG (2)-[ LI VMFYSTAGCQ - [ AGS] - C
[Cis the lipid attachnment site]
Additional rules: 1) The cysteine nust be between positions 15 and 35 of the
sequence in consideration.
2) There nust be at |east one Lys or one Arg in the first
seven positions of the sequence.
- Sequences known to belong to this class detected by the pattern: ALL.
- her sequence(s) detected in SWSS-PROT: some 100 prokaryotic proteins. Some
of them are not nenbrane |ipoproteins, but at |least half of themcould be.
-Last update: Novenber 1995 / Pattern and text revised.

[ 1] Hayashi S., Wi H.C
J. Bioenerg. Bionenbr. 22:451-471(1990).
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[ 2] Klein P., Sonorjai R L., Lau P.C K
Protein Eng. 2:15-20(1988).
[ 3] von Heijne G
Protein Eng. 2:531-534(1989).
[ 4] Mattar S., Scharf B., Kent S.B.H , Rodewald K., Qesterhelt D.,
Engel hard M
J. Biol. Chem 269:14939-14945(1994).

ANNNANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

Thiol Protease Hs (L 1,V,MGS T,ANXHGS ACE(LI,V,Mx(L,1,V,MA T)2G
(G'S, ADNH
(1) xH(S) (L) x(L, V) {2} & (A
1,760: RCGQY | 1 HSLSVLGKA
LLVAL

R S S S R O

* BEukaryotic thiol (cysteine) proteases active sites *
R R E R EEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEESEEEEEEEEES]

Eukaryotic thiol proteases (EC 3.4.22.-) [1] are a famly of proteol ytic
enzynes which contain an active site cysteine. Catal ysis proceeds through a
thioester internediate and is facilitated by a nearby histidine side chain; an
asparagi ne conpl etes the essential catalytic triad. The proteases which are
currently known to belong to this fanmily are listed below (references are
only provided for recently determn ned sequences).

- Vertebrate |ysosomal cathepsins B (EC 3.4.22.1), H (EC 3.4.22.16), L
(EC 3.4.22.15), and S (EC 3.4.22.27) [2].

- Vertebrate |ysosonal dipeptidyl peptidase | (EC 3.4.14.1) (also known as
cathepsin C) [2].

- Vertebrate cal pains (EC 3.4.22.17). Cal pains are intracellular cal cium
activated thiol protease that contain both a Ntermnal catalytic domain
and a Ctermnal cal ci umbi ndi ng domai n.

- Manmal i an cat hepsin K, which seens involved in osteoclastic bone resorption
[3].

- Human cathepsin O [4].

- Bleonycin hydrolase. An enzynme that catalyzes the inactivation of the
antitumor drug BLM (a gl ycopeptide).

- Plant enzymes: barley aleurain (EC 3.4.22.16), EP-B1l/B4; kidney bean EP-C1,
rice bean SHHEP;, kiwi fruit actinidin (EC 3.4.22.14); papaya |atex papain
(EC 3.4.22.2), chynopapai n (EC 3. 4. 22. 6), caricain (EC 3.4.22.30), and
proteinase |V (EC 3.4.22.25); pea turgor-responsive protein 15A; pineapple
stem bronel ain (EC 3.4.22.32); rape COT44; rice oryzain alpha, beta, and
gammm; tomato | owtenperature induced, Arabidopsis thaliana A494, RD19A and
RD21A.

- House-dust nites allergens DerPl and Eur M.

- Cathepsin B-like proteinases fromthe worns Caenorhabditis el egans (genes
gcp-1, cpr-3, cpr-4, cpr-5 and cpr-6), Schistosoma nansoni (antigen SM31)
and Japonica (antigen SJ31), Haenmonchus contortus (genes AC-1 and AC- 2),
and Ostertagia ostertagi (CP-1 and CP-3).

- Slime nold cysteine protei nases CP1 and CP2.

- Cruzipain from Trypanosonma cruzi and brucei.

- Throphozoite cysteine proteinase (TCP) from various Pl asnodi um speci es.

- Proteases from Lei shmani a nexi cana, Theileria annulata and Theileria parva.

- Bacul oviruses cathepsin-like enzyme (v-cath).

- Drosophila small optic |obes protein (gene sol), a neuronal protein that
contains a cal pain-Ilike domain.
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- Yeast thiol protease BLH1/YCP1/LAP3.
- Caenorhabditis el egans hypothetical protein CO6G4.2, a calpain-like
protein.

Two bacterial peptidases are also part of this famly:

- Ami nopeptidase C from Lactococcus |lactis (gene pepC) [5].
- Thiol protease tpr from Porphyrononas gingivalis.

Three other proteins are structurally related to this famly, but may have
lost their proteolytic activity.

- Soybean oil body protein P34. This protein has its active site cysteine
repl aced by a gl ycine.

- Rat testin, a sertoli cell secretory protein highly simlar to cathepsin L
but with the active site cysteine is replaced by a serine. Rat testin
shoul d not be confused with nouse testin which is a LIMdomain protein (see
<PD0OC00382>) .

- Pl asnodi um f al ci parum serine-repeat protein (SERA), the nmjor blood stage
antigen. This protein of 111 Kd possesses a C-terninal thiol-protease-Ilike
domain [6], but the active site cysteine is replaced by a serine.

The sequences around the three active site residues are well conserved and can
be used as signature patterns.

- Consensus pattern: Q x(3)-[CGE]-x-C[YW-x(2)-[STAGC] - [ STAGCV]
[Cis the active site residue]
- Sequences known to belong to this class detected by the pattern: ALL, except
for P34, testins, SERA antigen, and Theileria annul ara protease.
- her sequence(s) detected in SWSS-PROT: 4.

-Note: the residue in position 4 of the pattern is al nost al ways cysteine; the
only exceptions are cal pai ns (Leu), bleonycin hydrolase (Ser) and yeast YCPl
(Ser).

-Note: the residue in position 5 of the pattern is always Gy except in papaya
protease |V where it is G u.

- Consensus pattern: [LIVMSSTAN] - x-H [ GSACE] - [ LI VM - x- [ LI VMAT] ( 2) - G x- [ GSADNH]
[His the active site residue]

- Sequences known to belong to this class detected by the pattern: ALL, except

for cal pains, P34 and tpr.

- her sequence(s) detected in SWSS-PROT: 104.

- Consensus pattern: [FYCH -[W]-[LIVT]-x-[KRQAG -N-[ST]-WxXx(3)-[FYW-G x(2)-G
[ LFYW - [ LI VMFYQ - x- [ LI VIMF]
[Nis the active site residue]
- Sequences known to belong to this class detected by the pattern: ALL, except
for cal pains, bronelain, yeast BLHL, tomato | owtenperature induced protease,
cat hepsin O pepC and tpr.
- her sequence(s) detected in SWSS-PROT: NONE.

-Note: these proteins belong to fanmly Cl (papain-type) and C2 (cal pains) in
the classification of peptidases [7, E1l].

-Expert(s) to contact by email: Turk B.
boris.turk@js. si

-Last update: Novenber 1997 / Text revised.
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ANNNANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNANNNNNNNNNNNNNNNNNNNNNNNNNNNANNNNNNNNNNNNNNN

i nput _74.rsf{CONTI G3000_FRAME2_1} Check: 6238 Length: 1,789 !

Prokar_Lipoprotein  ~(D E RK)6(L I,V,MF,WS T,AQ2(LI,VVMFY,STAGCQ
(A GS)C
~(DERK{6}(L N{2}(T(9C
396: LAVKT SWSWYTLTSC
LLWG

~(DERK{6}H(LWV{2ZH(V(GC
402: WSVY TLTSCLLWGC

SVQKV
Fi nd reference above under sequence: input_74.rsf{CONTI G3000_FRAMELl 1}, pattern:

Pr okar _Li poprotein.

i nput _74.rsf{CONTI G3000_FRAME3_1} Check: 5853 Length: 1,789 !

At pase_C (GS T, ARN QPx10(L, I,V,MF, Y, W2x3(L,1,V,MF,Y, Wx(D, E)
(S)R(Q Px{10} (L) {2} x{3}(L)x(D)
1,726: GVDSC SRQPLGHW.VTHWCLLLEGLYD
TPLPD

khkkkhkkhkkkhkhkkhkhhkhkdhhkhkdhhkhkkhhhrhrhkhxhhrxx*k

* ATP synthase ¢ subunit signature *

khkkkhkkhkkkhkkhkhkhhhkhkdhhkhkdhhkhkhhrxhhkrxhdrxx*%

ATP synt hase (proton-translocating ATPase) (EC 3.6.1.34) [1,2] is a conponent
of the cytoplasm c nenbrane of eubacteria, the inner nenbrane of mtochondria,
and the thyl akoi d nenmbrane of chloroplasts. The ATPase conplex is conposed of
an oligoneric transmenbrane sector, called CF(0), which acts as a proton
channel, and a catalytic core, ternmed coupling factor CF(1).

The CF(0) c¢ subunit (also called protein 9, proteolipid, or subunit 111) [3,4]
is a highly hydrophobic protein of about 8 Kd which has been inplicated in the
proton-conducting activity of ATPase. Structurally subunit ¢ consist of two
long termnal hydrophobic regions, which probably span the nmenbrane, and a
central hydrophilic region. N, N - di cycl ohexyl carbodi i mi de (DCCD) can bind
covalently to subunit ¢ and thereby abolish the ATPase activity. DCCD binds to
a specific glutamate or aspartate residue which is located in the mddle of
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t he second hydrophobi c region near the C-termnus of the protein.
We derived a signature pattern which includes the DCCD bi ndi ng residue.

- Consensus pattern: [GSTA]-R-[NQ-P-x(10)-[LI VMFYW (2)-x(3)-[LIVMFYW - x- [ DE]
[D or E binds DCCD]

- Sequences known to belong to this class detected by the pattern: ALL, except

for sunflower mtochondrial encoded subunit C which has Trp instead of Arg in

position 2 of the pattern.

-O her sequence(s) detected in SWSS-PROT: 2.

-Note: the proteolipid subunit of the vacuol ar ATPase, a 16 Kd protein, which

al so binds DCCD, is evolutionary related to subunit ¢ and has arisen by the
duplication of a subunit c type donmain. This protein is however too divergent
to be detected by this pattern.

-Expert(s) to contact by emmil: Recipon H
reci pon@cbi . nl m ni h. gov

-Last update: Decenber 1992 / Text revised.

[ 1] Futai M, Noumi T., Mieda M
Annu. Rev. Biochem 58:111-136(1989).
[ 2] Senior A E
Physiol. Rev. 68:177-231(1988).
[ 3] Ivaschenko A T., Karpenyuk T.A., Ponomarenko S.V.
Bi okhi mia 56:406-419(1991).
[ 4] Recipon H., Perasso R, Adoutte A, Quetier F.
J. Mdl. Evol. 34:292-303(1992).

ANNNANNNNNANNNNNNNNNNNNNNNNNNNNNNNNANNNNNNNANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

Prokar_Lipoprotein  ~(D E RK6(L I,V,MF,WS T,AQ2(LI,VVMFY,STAGCQ
(A GS)C
~(DERK{6}(F,A{2}(1)(9C
1,208: NKELL SWCLPAFI SC
VIM G

Fi nd reference above under sequence: input_74.rsf{CONTI G3000_FRAMELl 1}, pattern:
Pr okar _Li poprotein.

i nput _74.rsf{CONTI G3000_R FRAME1_1} Check: 7049 Length: 1,790 !

Prokar_Lipoprotein  ~(D E RK6(L I,V,MF, WS T,AQ2(LI,VVMFY,STAGCQ
(A GS)C
~(DERK({6}(S A{2}(Q(9C
316: C*LRR PWGVFAASGSC
* SMAS

~(DERK{6HT A{2}(S)(AHC
1,435: QLTNR VS| SLSTASAC
ACSAF

~(DERK{6}(S,A{21(O(AC
1,437: TNRVS | SLSTASACAC
SAFPP

Fi nd reference above under sequence: input_74.rsf{CONTI G3000_FRAME1l 1}, pattern:
Pr okar _Li poprotein.
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i nput _74.rsf{CONTI G3000_R FRAME2_1} Check: 8505 Length: 1,789 !

Oyt ochrone_C C~(C, P, WH, F)~(C, P, WR) CH~(C, F, Y, W
C~(C, P, WH, F)~(C, P, WR) CH~(C, F, Y, W
1,627: WADP CS* CHL LF*CR

LR S S S S S R

* Cytochrome ¢ fam |y hene-binding site signature *
LR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEES

In proteins belonging to cytochrome ¢ family [1], the heme group is covalently
attached by thioether bonds to two conserved cysteine residues. The consensus
sequence for this site is Cys-X-X-Cys-Hi s and the histidine residue is one of
the two axial ligands of the hene iron. This arrangenent is shared by all
proteins known to belong to cytochrome c famly, which presently includes

cytochrones ¢, ¢', cl to c6, c550 to ¢556, cc3/Hnt, cytochrome f and reaction
center cytochrone c.

- Consensus pattern: C {CPWHF}-{CPWR}-C H { CFYW

- Sequences known to belong to this class detected by the pattern: ALL, except
for four cytochrone c¢'s which lack the first thioether bond.

- her sequence(s) detected in SWSS-PROT: 421.

-Note: sone cytochrome c's have nore than a single bound hene group: c4 has 2,
c7 has 3, c3 has 4, the reaction center has 4, and cc3/Hnt has 16 !

-Last update: June 1992 / Text revised.

[ 1] Mathews F.S.
Prog. Biophys. Ml . Biol. 45:1-56(1985).

ANNNANNNNNANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

i nput _74.rsf{CONTI G3000_R FRAME3_1} Check: 4540 Length: 1,789 !

Pii_dnb_Unp Y(K, R G(A S) (A EY
Y(KES)(AY
562: TGQAH YKGSAY HRNAG

LR S S S S

* P-11 protein signatures *
khkhkkkhkhkkhkhkhkhkdkrhkhkhkhkdkhkhkhkxhhkkxx

The P-11 protein (gene glnB) is a bacterial protein inportant for the control
of glutamine synthetase [1,2,3]. |In nitrogen-linmting conditions, when the
ratio of glutamine to 2-ketoglutarate decreases, P-11 is uridylylated on a
tyrosine residue to form P-II-UMP. P-I1-UWw allows the deadenylation of
gl utam ne synthetase (GS), thus activating the enzyme. Conversely, in nitrogen
excess, P-11-UW is deuridylated and then pronpotes the adenylation of GS. P-11I
also indirectly controls the transcription of the GS gene (gl nA) by preventing
NR-1I (ntrB) to phosphorylate NR-1 (ntrC) which is the transcriptional
activator of glnA. Once P-11 is uridylylated, these events are reversed.

P-11 is a protein of about 110 anmino acid residues extremely well conserved.
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The tyrosine which is wurydylated is located in the central part of the
protein.

In cyanobacteria, P-11 seens to be phosphorylated on a serine residue rather
t han bei ng urydyl at ed.

In nethanogeni c archaebacteria, the nitrogenase iron protein gene (nifH is
followed by two open reading frames highly simlar to the eubacterial P-1I1
protein [4]. These proteins could be involved in the regulation of nitrogen
fixation.

In the red alga, Porphyra purpurea, there is a glnB honol og encoded in the
chl oropl ast genone.

O her proteins highly sinmlar to glnB are:

- Bacillus subtilis protein nrgB [5].
- Escherichia coli hypothetical protein ybal [6].

We devel oped two signature patterns for P-11 protein. The first one is a
conserved stretch (in eubacteria) of six residues which contains the
urydyl ated tyrosine, the other is derived froma conserved region in the C
termnal part of the P-11 protein.

- Consensus pattern: Y-[KR -G [AS]-[AE]-Y
[ The second Y is uridylated]
- Sequences known to belong to this class detected by the pattern: ALL glnB's
from eubacteri a.
- her sequence(s) detected in SWSS-PROT: 4.

-Consensus pattern: [ST]-x(3)-G[DY]-G[KR-[IV]-[FW-[LIVM-x(2)-[LIVM
- Sequences known to belong to this class detected by the pattern: ALL.
- her sequence(s) detected in SWSS-PROT: NONE.

-Last update: Novenber 1997 / Patterns and text revised.

[ 1] Magasani k B.
Bi ochi mi e 71:1005-1012(1989).

[ 2] Holtel A, Merrick M
Mol . Gen. Genet. 215:134-138(1988).

[ 3] Cheah E., Carr P.D., Suffolk P.M, Vasuvedan S.G, Dixon N E.,
Alis D L.
Structure 2:981-990(1994).

[ 4] Sibold L., Henriquet M, Possot O, Aubert J.-P.
Res. Mcrobiol. 142:5-12(1991).

[ 5] Way L.V. Jr., Atkinson MR, Fisher S . H
J. Bacteriol. 176:108-114(1994).

[ 6] Alliknets R, Gerrard B.C., Court D., Dean MC.
Gene 136:231-236(1993).

ANNNANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNANNNNNNNNNNNNNNNNNNNNNNNNNNNANNNNNNNNNNNNNNN

Prokar_Lipoprotein  ~(D E RK)6(L I,V,MF, WS T,AQ2(LI,VVMFY,STAGCQ
(A GS)C
~(DERK({6}(S {2} (VN(GC
308: VKWD NPLLTATSVGC
LRCLR

~(DERK{6HT, Q{2 (A(GC
1,172: GVEIE ANASPGGTAGC
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AHS| P

Fi nd reference above under sequence: input_74.rsf{CONTI G3000_FRAMELl 1}, pattern:
Pr okar _Li poprotein.

Extensive abstract and reference lists follow the identified sequence locations for each site. This information
can save anybody a tremendous amount of work! The sites themselves are shown with their sequence
locations below each consensus pattern. More sites will be listed if you specify the frequent option. However,
realize that just as in promoter consensus searches, many sites may be false positives. This is most likely the
case in the contig3000 example with the prokaryotic lipoprotein site. Whether any of the other sites are
biologically relevant should become clearer with the completion of the analysis.

8) Traditional database searching: FastA style approaches — running the algorithms.

Two different symbol matching algorithms have traditionally been utilized in database searching. These two
algorithms (see the GCG Program Manual for details) are incorporated into GCG’s FastA (Pearson and
Lipman, 1988) and WordSearch (Wilbur and Lipman, 1983) programs. WordSearch is rarely used anymore,
although, since the algorithms do differ, the output results will also differ. As in all computerized molecular
biology analyses, the prudent may want to run as many strategies as practical and try to interpret the results
in light of this. Here | will not be illustrating WordSearch. Most of these programs eat cpu; pay attention to
the necessity of running them in the background.

A great solution: TFastX — takes advantage of the sensitivity of a protein query, the size of the nucleic acid databases,
and allows frame shifts due to sequencing errors.

TFastA is one of the more robust of the searching programs around. It compares your peptide sequence
against translations of the DNA database. This way you can take advantage of the multitude of DNA
sequences that never make it to the protein databases and yet still retain the sensitivity of protein searches.
TFastX makes it even more robust by allowing frame changes that minor sequencing mistakes can cause.

This is one of those cpu intensive programs that | do not want everybody running on every seguence.
Therefore, only run TFastX on the first forward-frame translation. | will show the output from the other five
searches. Therefore, just select the contig3000_framel sequence and go to the “Functions” “Database
Sequence Searching “ menu and select “TFastX. . .” to start the Translation FastX program. If a "Which
selection" window pops up asking if you want to use the "selected sequences" or "selected region;"
choose "selected sequences" to run the program on the full length of contig3000_framel. The default
database to search, “Search Set. . .” “Using genembl:*" is fine as are the other parameters in the main

TFastX window. (I should point out that the GenEMBL sequence specification does not include the “Tags”
division, i.e. all EST's and GSS's; to search all nucleic acid databases use the sequence specification
GenEMBLPIus [or GEP].) Press the “Options. . .” button to check out and change optional parameters.
Scroll down the window and uncheck “Show sequence alignments in the output file” to take advantage of
the command line option -noalign in order to suppress all the alignments since most are redundant for our
purposes and we will be investigating the more interesting ones later anyway. Some of the other options can
be very helpful depending on your specific situation and should be explored in your own research. The -optall
option, in particular, is very useful and is now the program default. This causes the algorithm to sort its output
based on a normalized derivative of the optimum score, the result of the final dynamic programming pass,
rather than the initn score, the longest combined word score. “Close” the “Options” window, be sure that the
“TFastX” program window shows “How:” “Background Job,” and then press the “Run” button. To check on

38



the progress of the job you can go to SeqlLab’s “Windows” menu and choose “Job Manager.” Select the
“TFastX” entry to see its progress and then close the window. Go on with the rest of the tutorial rather than
waiting for results at this point.

Contrast with normal FASTA — protein against protein.

Now run the normal FastA program on the same contig3000_framel sequence searching either the “PIR:*"
and/or “SwissProt:*" or “SwissProtPlus:*" logical protein sequence specification. (Build a “Search Set” as

desired.) Start and run the program just like above with TFastX only this time pick “FastA. . .” off of the
“Functions” “Database Sequence Searching” menu. Be sure to suppress alignments again by unchecking
“Show sequence alignments in the output file” in the “Options” menu. “Close” the “Options” window and
“Run” the FastA program. Again, proceed with the remainder of the exercise, as these programs will run for a
while. Their results will appear as they finish (or be there next time you log on). We will review the results of
all of the searches later on.

9) BLAST; Internet and local similarity searching.

The BLAST (Altschul, et al., 1990) server at NCBI can provide the most up to date and quickest database
search available. BLAST is a heuristic algorithm for searching sequence databases developed by the
National Center for Biotechnology Information at the National Library of Medicine. The acronym stands for
Basic Local Alignment Search Tool. NCBI's BLAST by default runs on an eight processor parallel computer
system. The original BLAST only looked for ungapped segments; however, the current version (Altschul, et
al., 1997) adds a dynamic programming step to produce gapped alignments. BLAST ranks matches
statistically and provides probability values for each to help evaluate significance. It is best for identifying
shorter regions of high similarity — exactly what you might want with a sequence of unknown function. It is
very fast, about an order of magnitude over traditional sequence similarity database searching, yet maintains
the sensitivity of older methods for local similarity in protein sequences! BLAST shows you the best
alignment for each similar sequence found linked to the next best alignments up to a certain preset cutoff
point. This combines the power of dot-matrix type analyses and the interpretative ease of traditional
sequence alignments. One can fine-tune BLAST by altering its operating parameters and taking advantage of
the many options available in it; however, BLAST is not very appropriate for comparing non-protein-coding
nucleotide sequences against the nucleotide database. When you are forced to perform this type of
nucleotide-to-nucleotide search it is usually best to use FastA style algorithms instead.

NCBI's BLAST accesses the latest (GenBank updates every night) database by default, nucleotide or protein.
The GCG implementation of NCBI's BLAST, called NetBLAST, runs in a remote client-server mode such that
NCBI's database and computer perform the analysis. Alternatively you can run GCG'’s local BLAST program
if you have BLAST databases assembled at your site. For help in interpreting BLAST results refer to the
GCG BLAST documentation or the BLAST HELP file obtained off the web or by sending the single word
“HELP” to BLAST@ncbi.nim.nih.gov (leave the subject line blank). An advantage to running GCG's local
BLAST program is the output file can be in valid GCG “list file” format so that it can be fed directly to other
GCG programs. Unlike all other GCG programs, the list generated by NetBLAST is not appropriate as input
to other GCG analyses. NetBLAST returns files in NCBI's own format and it is not compatible with GCG's.
For that reason | will be showing local BLAST here, though the same procedures and logic apply to
NetBLAST.

(If you do use NetBLAST, because your site does not maintain local BLAST databases or because you need the very latest
sequence data available, then you may have to wait for a few moments in a user waiting queue at NCBI because it tends to get
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quite busy off of Web traffic. Furthermore, you will have to modify NCBI's format to make it comply with GCG standards, if you
want to be able to read it with GCG programs. For your information some features of BLAST'’s output format need to be
pointed out. This output list is generated by NCBI's computer which doesn’t know about GCG format requirements. Therefore,
if you want to use the results of a NCBI BLAST search in another GCG program you must manually edit the list changing the
database names to reflect the logicals that GCG understands. For example, change sp|P40250|PRIO_CERAE to SW:P40250
PRIO_CERAE (either insert a blank space or ! between the access code and sequence name). The “gi” designation is all the
translations from GenBank’s CDS references. For instance, “gi|190518 (M81929) prion protein [Homo sapiens]” is the CDS
translation from GenBank accession code M81929. This database, GenPept, is installed on some site’s systems. The GCG
logicals “GP,” “GenPep,” and/or “GenPept” (case independent) usually point to the GenPept database, if your site maintains it.
A number following an underscore indicates the respective CDS region of the entry. For example, this representative line from
a BLAST report:

0i|21913 (X62626) vicilin [Theobroma cacao] 99 1.2e-10 4

Tells me that | either have to translate GenBank:X62626 entry’s CDS region or | can directly specify the sequence from
GenPept that corresponds to GenBank accession code X62626. Unfortunately, BLAST reports list GenBank accession codes
and GenPept is based on Locus names; therefore, first run GCG's “typedata -ref” command on the GenBank entry’s accession
code in order to find the corresponding Locus name. Here that Locus name is TCCSVSV; therefore, specify
GenPept: TCCSVSV_1 (or just gp:tccsvsv_1) to use it in any GCG program. This does make life a bit more complicated but is
not that difficult to work around.)

To launch GCG's local BLAST program, be sure that only contig3000_framel is selected and then pick
“Blast. . .” off of the “Functions” “Database Sequence Searching” menu. As above, if a "Which selection"
window pops up asking if you want to use the "selected sequences" or "selected region," choose "selected
sequences." Accept the program defaults on the main window including “Search a nucleotide database”
“Search Set. . .” “Using local genembl.” Using BLAST in this manner, that is a protein query against the
nucleotide database, activates TBLASTN and provides maximum sensitivity and database size just as it did
with TFastX. Push the “Options. . .” button to get a chance to review and use some of them. Notice that
“Filter input sequences for complex / repeat regions” is checked by default. This activates a very powerful
option that should generally be taken advantage of. This option, the -filter=xs switch, causes the troublesome
portions of the query sequence to be ignored in the search. This is very powerful for screening out low
complexity and repeat sequences from your query to minimize confusion due to random noise. (The
programs that perform this function, Xnu and Seg, are available separately in GCG for prescreening your
sequences prior to other types analyses besides BLAST.) Change “Display alignments from how many
sequences” from 100 to 1 (this is the same as specifying -segments=1 at the command line), to suppress
segment alignments to only the first one and hence reduce the size of the output file. The standard output file
is very long because BLAST automatically aligns the best 100 matches. Check in “Process the output to be
a valid GCG list file” so that we can directly pass the output back to SegLab. “Close” the “Options” window
and then press the “Run” button in BLAST’s window. You should get the following output after a few minutes.
You may also get your TFastX and FastA outputs somewhere along now. Use the “Output Manager” located
under SeglLab’s “Windows” menu to display and manage these files. You can also use the “Job Manager”
located there to check on the status of your running jobs. Just select the job to see its status. | will show the
abridged output files next, all for contig3000_framel, from local TBLASTN, TFastX, and FastA. They follow
below:

TBLASTN 2. 0.5 [ May-5-1998]
Ref erence: Altschul, Stephen F., Thomas L. Madden, Alejandro A Schaffer,
Ji nghui Zhang, Zheng Zhang, Webb MIler, and David J. Lipnman (1997),

"Gapped BLAST and PSI-BLAST: a new generation of protein database search
prograns"”, Nucleic Acids Res. 25:3389-3402.
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Query= /users/thonpson/. seql ab-
mendel /i nput _38. r sf { CONTI G3000_FRAMEL_1}
(1790 letters)

Dat abase: genenbl
602, 539 sequences; 1,199,477,030 total letters

Sear Chi Ng. . ..o done

Score E
Sequences produci ng significant alignments: (bits) Value
GB_PL1: SCU72149 U72149 Saccharomyces cerevisiae putative RNA he... 111 2e-22
GB_PL1: SCYJLO33W 249308 S. cerevi siae chronosome X reading frane. .. 109 6e-22
GB_PR3: HSU28042 U28042 Human DEAD box RNA helicase-like protein... 98 2e-18
GB_PR1: HSRNAHELC X98743 H. sapi ens nRNA for RNA helicase (Myc-re... 78 2e-12
GB_PL1: SPACIF7 767998 S. ponbe chronosone | cosnmid clF7. 4/98 78 2e-12
GB PL1:SC8175 X80836 S.cerevisiae chromosone Xl Il cosmid 8175. ... 73 8e-11
GB_| N: DMU84552 U84552 Drosophil a nel anogaster helicase pitchoun... 64 4e-08
GB_PL2: ATH010468 AJ010468 Arabi dopsis thaliana mRNA for DEAD bo. .. 59 1le-06
GB_I N: CEZK512 722177 Caenorhabditis el egans cosmid ZK512, conpl. .. 57 4e-06
GB_PL2: ATH010469 AJ010469 Arabi dopsis thaliana mRNA for DEAD bo. .. 55 2e-05
GB_PL1: AB005232 AB005232 Arabi dopsis thaliana genom c DNA, chro.. 52 2e-04
GB_PL1: SC9346 748784 S. cerevisiae chronmosome |V cosmid 9346. 8/ 97 52 2e-04
GB_I N: CELC43H8 AF098499 Caenorhabditis el egans cosmi d C43H8. 10/ 98 50 6e-04
GB_I N: CELB0511 AF067608 Caenorhabditis el egans cosm d B0511. 5/98 50 6e-04
GB_PL2: SPBC21H7 AL023286 S. ponbe chromosone Il cosmid c21H7. 10/98 47 0. 006
GB_I N: DDU78759 U78759 Dictyostelium di scoi deum | fdA (ifdA) nRNA. .. 47 0. 006
GB_PR1: HSU49082 W49082 Human transporter protein (gl7) mRNA, co... 47 0. 006
GB | N: DDHEL2A X81823 D. di scoi deum Hel 2A nRNA for RNA helicase. ... 46 0. 007
GB_PL2: SPBCAF6 AL031534 S. ponbe chronosome Il cosnid c4F6. 9/98 46 0. 007
GB_PL2: ATH010475 AJ010475 Arabi dopsis thaliana mRNA for DEAD bo. .. 46 0. 009
GB_PL1: YSCH9986 U00027 Saccharomyces cerevisiae chromosonme VIII. .. 45 0.021
GB_BA1: AB001488 AB001488 Bacillus subtilis genome sequence, 148... 43 0.063
GB_PL1: SCE9669 U18795 Saccharomyces cerevisiae chronosome V cos. .. 43 0.063
GB_BA1: BSUBO003 799106 Bacillus subtilis conplete genone (secti... 43 0. 063
GB_I N: AC004321 AC004321 Drosophil a mel anogast er DNA sequence (P... 43 0.082
GB_PL1: SCSPB4 X16147 S.cerevisiae spb4 gene for a probable rRNA. .. 43 0.082
GB_PL1: YSCF4682H D44600 Saccharomyces cerevisi ae chronosonme VI ... 43 0.082
GB_PL1: YSCCHRVI N D50617 Saccharomyces cerevisi ae chronosonme VI ... 43 0.082
GB BA2: AE0O00458 AE000458 Escherichia coli K-12 MGL655 section 3... 42 0.14
GB_BAl: ECORECQ M30198 E.coli recQ gene conplete cds, and pldA g... 42 0.14
GB_I N: AE001395 AE001395 Pl asnodi um fal ci parum chrompsone 2, sec. .. 42 0.14
GB_I N: AF017777 AF017777 Drosophila mel anogaster tweety (tty), f... 42 0.14
GB_BAl: ECOUMM85 MB7049 E. coli genom ¢ sequence of the region fr... 42 0.14
GB_PL2: ATH010463 AJ010463 Arabi dopsis thaliana nmRNA for DEAD bo. .. 42 0.18
GB_BA2: U39711 U39711 Mycopl asnma genitalium section 33 of 51 of ... 42 0.18
GB_PL1: TOBRDB10 D16247 Tobacco nRNA for RNA helicase like prote... 42 0.18
GB_PL1: SCYOR202W Z75110 S. cerevi siae chronosome XV reading fram .. 42 0.18
GB_PL1: SCDED1 X57278 S.cerevisiae DED1 (SPP81) gene for putativ... 42 0.18
GB_PL2: ATH010466 AJ010466 Arabi dopsis thaliana nmRNA for DEAD bo. .. 42 0.18
GB_PL2: SPBC17D1 AL031322 S. ponbe chronmosone Il cosmd c17Dl. 8/98 41 0.24
GB_PL2: SPBC24C6 AL031786 S. ponbe chronmosonme Il cosm d c24C6. 9/98 41 0.24
GB_PL1: SPAC13F4 769379 S. ponbe chronpsone | cosnmid cl13F4. 1/98 41 0.24
GB_OV: DRRNAHELI Y12819 Danio rerio pll0a nRNA for putative RNA ... 41 0.24
GB | N: LBU19888 U19888 Lei shmani a braziliensis ribosomal DEAD bo... 41 0.32
GB_PL1: SCDB1G X55993 S. cerevisiae DBP1 gene. 2/97 41 0.32
GB_PR3: HSAF000985 AF000985 Honp sapi ens dead box, Y isoform (DB... 41 0.32
GB_PL2: AB010259 AB010259 Arabi dopsis thaliana mRNA for DRH1, co... 41 0.32
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GB_PL1: SCI RA1 X78937 S. cerevisiae (S288C) |RAl, YBR1118 and YBR. .. 41 0.32
GB_PL1: SCU43503 WA3503 Saccharomyces cerevisiae chronmobsonme XVI ... 41 0. 32
GB_PR3: HSAF000984 AF000984 Honp sapi ens dead box, Y isoform (DB... 41 0.32
GB_PL1: SCYBR142W 736011 S. cerevisiae chronosonme |l reading fram.. 41 0. 32
GB_PL1: D89270 D89270 Schi zosaccharomyces ponbe nmRNA, partial cd... 41 0.41
GB_PL2: ATH010457 AJ010457 Arabi dopsis thaliana nmRNA for DEAD bo. .. 41 0.41
GB_PL1: SPCC1795 AL022598 S. ponbe chronosone 111 cosmd c1795. 4/98 41 0.41
GB_PL1: SPAC17G6 799162 S. ponbe chronpsone | cosmid cl17G6. 9/ 97 41 0.41
GB_BA1l: SPU10405 U10405 Streptomyces purpurascens ATCC 25489 Rdm .. 41 0.41
GB_PL2: AF084222 AF084222 Schi zosaccharonyces pormbe putative DEA. .. 41 0.41
GB_PL1: AB012389 AB012389 Schi zosaccharonyces pormbe nRNA for Moc. .. 41 0.41
GB_PL1: AF025536 AF025536 Schi zosaccharonyces pombe suppressor o. .. 41 0.41
GB_I N: AE001274 AE001274 Lei shnmania maj or chrompbsone 1, conplete. .. 40 0.54
GB_STS: KLAJ9837 AJ229837 Kl uyveronyces lactis DNA fragnent for ... 40 0.71
GB_BAl: TTHERAGEN X97017 T.thernophil us DNA for RNA dependent AT... 40 0.71
TEEEEEEEEE b r bbb r b bbb r b rrrrrrnn
GB_OV: XLRNAP54H X92421 X.laevis nmRNA for RNA helicase p54. 4/97 37 4.7
GB_PL1: ATTI FAA1 X65052 A.thaliana nRNA for eukaryotic translati... 37 4.7
GB_RO MUSDVH D14859 Mouse nRNA for drosophila vasa honol ogue, p... 37 4.7
GB_I N: CELF55F8 U80447 Caenorhabditis el egans cosnmid F55F8. 12/96 37 6.2
GB_PL2: ATH010465 AJ010465 Arabi dopsis thaliana nmRNA for DEAD bo. .. 37 6.2
GB_HTG AC005456 AC005456 *** SEQUENCI NG | N PROCRESS *** DS05130. . . 36 8.1
GB_PL1: AB011474 AB011474 Arabi dopsis thaliana genom c DNA, chro... 36 8.1
GB | N: DDHEL2B X81824 D. di scoi deum Hel 2B nRNA for RNA helicase. ... 36 8.1

>GB_PL1: SCU72149 U72149 Saccharomyces cerevisiae putative RNA helicase
(UF1) gene, conplete cds. 10/96
Length = 2977

Score = 111 bits (274), Expect = 2e-22
Identities = 68/ 159 (42%, Positives = 89/159 (55%, Gaps = 1/159 (0%

Query: 2 NMCARVVDLPI VHW/VHFDCPDGVI TYAHRAGRAARWNLPGFSLLFLTDQEQ- GFTKRLD 60
++ AR +D P V WWV DCP+ V TY HR GR AR G SL+ LT QEQ F KRL+
Shj ct: 1519 DVWARG DFPAVDW/VQVDCPEDVDTY! HRVGRCARYGKKGKSLI MLTPQEQEAFLKRLN 1698

Query: 61 EAKI DYQKKTVKLRTWVSI RQKLTELCI TDTY! KHLAQKAI VSYAKSI HVQGDREVFPPA 120
KI+ K +K SI+ +L L D +K+L QKA +SY +SI +VQ D+EVF
Shj ct: 1699 ARKI EPGKLNI KQSKKKSI KPQLQSLLFKDPELKYLGQKAFI SYVRSI YVQKDKEVF- KF 1875

Query: 121 SELNLTDI ALSYGLASNI NLSVGKQPA STQHPASEQQVA 160
EL + ASCG + K G T AEH+A
Shj ct: 1876 DELPTEEFAYSLGLPGAPKI - - - KMKGWKTI EQAKERKNA 1986

Dat abase: genenbl

Posted date: Jan 4, 1999 10: 04 AM
Nunber of letters in database: 1, 199,477,030
Nurmber of sequences in database: 602,539

Lanbda K H
0. 337 0. 144 0. 462

Gapped

Lanbda K H
0. 270 0. 0470 0. 230
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Matri x: BLOSUMB2

Gap Penalties: Existence: 11, Extension: 1

Nunber of Hits to DB: -2084241564

Nunmber of Sequences: 602539

Nunber of extensions: 30369647

Nunber of successful extensions: 230051

Nunmber of sequences better than 10: 266

Nunmber of HSP's better than 10.0 without gapping: 124
Nunmber of HSP's successfully gapped in prelimtest: 15
Nunmber of HSP's that attenpted gapping in prelimtest: 229770
Nunmber of HSP's gapped (non-prelim: 445

I ength of query: 1790

I engt h of database: 399825676

effective HSP | ength: 54

effective length of query: 1736

effective |l ength of database: 367288570

effective search space: 637612957520

frameshi ft wi ndow, decay const: 50, 0.1

T: 13

A 40

X1: 15 ( 7.3 bits)

X2: 38 (14.8 bits)

X3: 64 (24.9 bits)

S1: 39 (21.7 bits)

S2: 81 (36.0 bits)

Especially pay attention to BLAST's Poisson distribution E value scores. These are the likelihoods
(expectation) that the observed matches could be due to chance. Therefore, the smaller the number, the
more significant. You should be able to see somewhat of a demarcation where the scores drop off between
the significant hits and background noise.

Next, the output from TFastX; notice the commonallities and differences:

' SEQUENCE_LI ST 1.0

(Peptide) TFASTX of: input_75.rsf{contig3000_franel} from 1 to: 1790 July 15,
1999 11: 38

TO genenbl : * Sequences: 605, 925 Synbols: 1e9 + 198,161,167 Wrd Size: 2

Sequences too short to analyze: 27 (123 synbol s)

Dat abases searched
CGCenBank, Rel ease 112.0, Rel eased on 15Junl1999, Formatted on 1Jul 1999
CGenBank, Rel ease 110.0, Rel eased on 14Dec1998, Formatted on 14Dec1998
EMBL, Rel ease 56.0, Rel eased on 16Sepl1998, Fornmatted on 15Dec1998

Sear chi ng both strands.
Scoring matri x: GenRunDat a: bl osunb0. cnp

Vari abl e panfactor used
Gap creation penalty: 15 Gap extension penalty: 2 Franeshift penalty: 20

Hi st ogr am Key:
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Each hi st ogram synbol represents 996 search set sequences
Each inset symbol represents 5 search set sequences
z-scores conputed from opt scores

z-score obs exp
(=) (*)
< 20 2081 0: ===
22 56 0: =
24 140 1:
26 302 13: *
28 631 137: *
30 1617 834: *=
32 3739 3225:; ===*
34 9373 8747 ========*=
36 21227 17964: ===*===
38 37029 29689: *
40 52538 41413:
42 57927 50622:
44 59721 55841:
46 58101 56876:
48 53270 54452:
50 47116 49688:
52 39827 43684:
54 33829 37313:
56 27238 31168: ===
58 22731 25588: === *
60 17579 20728: === *
62 13629 16618: *
64 10765 13216: =========== *
66 8742 10446: ========= *
68 6731 8216: =======
70 4826 6439; ===== *
72 3565 5031; ==== *
74 2667 3923: ===*
76 2124 3053; ===*
78 1575 2373 ==*
80 1160 1843: =*
82 924 1410: =*
84 734 1117: =*
86 550 864: *
88 431 669: *
90 293 517: *
92 217 400: *
94 192 310: *
96 136 240: *
98 103 185: *
100 79 143: * ==
102 77 111:+* ==
104 61 86: * ¢ ============= *
106 50 66: * i ========== *
108 34 51:* i ======= *
110 31 40: * | ======c%
112 18 31:* i==== %
114 20 24 * D ====%
116 11 18: * ===%
118 13 14 * ==*
>120 95 11:* e
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Joining threshold: 41, opt. threshold: 29, opt. width: 16, reg.-scal ed

The best scores are: strand initl initn opt z-sc E(605486) .

GB_PL1: SCU72149

I U72149 Saccharomnmyces cerevisiae put...(f) 188 328 386 441.4 5.3e-17
GB_PL1: SCYJLO33W

1 749308 S.cerevisiae chromosone X re...(f) 188 324 379 433.1 1.6e-16
GB_PR3: HSU28042

I U28042 Hunman DEAD box RNA helicase-...(f) 290 361 331 375.4 2.6e-13
GB_PR1: HSRNAHELC

I X98743 H.sapiens nRNA for RNA helic...(f) 123 149 257 287.3 2.1e-08
GB PL1: SPACLF7 Strand: -

1 767998 S. pormbe chrompsone | cosmid ... (r) 125 125 257 272.1 1.5e-07
GB PL1:SC8175 Strand: -

I X80836 S.cerevisiae chromosone Xl I1...(r) 128 128 246 264.0 4. 1le-07
GB_| N. DMJg84552
I U84552 Drosophila nel anogaster heli...(f) 111 136 220 245.5 4.4e-06

GB_PL2: ATH010469

I AJ010469 Arabidopsis thaliana nRNA ... (f) 124 124 176 196.6 0.0023
GB | N CEZK512 Strand: -

! 722177 Caenorhabditis el egans cosm ... (r) 136 202 179 178.6 0. 023
GB_PL1: SCSPB4

I X16147 S.cerevisiae spb4 gene for a...(f) 109 133 164 178. 2 0. 025
GB_PL2: ATH010468

I AJ010468 Arabidopsis thaliana nRNA ... (f) 153 153 155 172.4  0.052
GB_PR1: HSU12968

1 U12968 Human clone S3/1 dinucleotid...(f) 56 105 151 165. 7 0.12
GB_PL1: AB005232 Strand: -

I AB005232 Arabi dopsis thaliana genom..(r) 152 189 172 165. 3 0.13
GB_|I N: CELC43H8

I AF098499 Caenorhabditis el egans cos...(f) 112 112 158 162.6 0.18
GB_PL1: SCNSR1

I X57185 Yeast NSR1 gene for nuclear ... (f) 62 90 144 156. 4 0.4
GB_PR1: HSU49082

1 U49082 Human transporter protein (g...(f) 75 125 145 155. 3 0. 46
GB_PAT: | 15828

1 115828 Sequence 3 frompatent US 54...(f) 62 90 144 155. 3 0. 46
GB PL1:SC9346 Strand: -

| 748784 S.cerevisiae chromosone |V c...(r) 150 185 155 154. 1 0.54
GB PL1: SCYGR159C Strand: -

| Z72944 S.cerevisiae chromosone VII ... (r) 62 90 144 153. 7 0. 57
GB_PL2: ATH010475

I AJ010475 Arabidopsis thaliana nRNA ... (f) 138 197 144  153.1 0.61
GB_| N: DbU78759

1 U78759 Dictyosteliumdiscoideuml|fd...(f) 123 123 140 153.0 0. 62
GB_| N: DDHEL2A

I X81823 D. di scoi deum Hel 2A nRNA for ... (f) 92 92 140 151.5 0.76
GB_STS: KLAJ9837 Strand: -

1 AJ229837 Kl uyveronyces lactis DNA f...(r) 65 65 128 145. 6 1.6
GB_BAL: ECORECQ
! M30198 E.coli recQ gene conplete cd...(f) 103 186 136 144.0 2

GB_RO AF103809
LEEEEETEEEr bbb rrnd

GB_OV: DRRNAHELI
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! Y12819 Danio rerio pll0a nmRNA for p...(f) 122 153 128 133.6 7.5
GB_PL1: D89270

! D89270 Schi zosaccharomyces ponmbe nR .. (f) 56 56 124 133.4 7.7
GB PL2: SPBC4AF6 Strand: -

! ALO31534 S. ponbe chromosonme Il cosm..(r) 140 195 142 133.3 7.8
GB_PL2: ATH010467

I AJ010467 Arabidopsis thaliana nRNA ... (f) 86 86 122 133.1 8
GB_RO MMU46690

I U46690 Mus muscul us ATP-dependent R .. (f) 115 115 124 132. 7 8.4

\\End of List

I Distributed over 1 thread.
! Start tinme: Thu Jul 15 10:34:03 1999
! Conpletion tine: Thu Jul 15 11:38:35 1999

I CPU time used:

! Dat abase scan: 0:58:49.3

! Post-scan processing: 0:00:00.5

! Total CPU tine: 0:58:49.8

I Qutput File: /users/thonpson/working/ G ardia/contig3000_franel_75.tfastx

Had we not chosen to suppress aligning the results, the TFastX output would also show the sequence
alignment for as many pairs as we were to specfify, in which case the beginning and ending alignment points
could be used to go back to the original nucleotide entries to check whether the match-ups correspond to
actually translated areas. Notice that the output file is an acceptable GCG list file that can serve as input to
other programs such as their multiple sequence alignment program PileUp. A histogram of the score
distribution is also displayed in the FastA outputs. This can be helpful to get a feeling for the statistical
significance of the search and in ascertaining whether you ran your search list large enough. The more
closely the curve of asteriks follows the actual distribution, the better the statistics. The histogram can be
suppressed with the nohistogram option if desired. Another thing to notice in the output is that the entries are
sorted by a “z” score parameter based on a normalization of the opt scores and their distribution from the rest
of the database. This z-score is a bit different than the more traditional Monte Carlo style distribution Z score
that | will describe below. Here it is calculated from a simple linear regression against the natural log of the
search set sequence length. (See William R. Pearson, Protein Science 4; 1145-1160 [1995] for an
explanation of how this z-score is calculated.) Either type can be very helpful as they help describe the
statistical significance of an alignment. Sometimes initial extended word scores, initn’s, are greatly changed
after the opt dynamic programming and normalization pass. A good example is shown in the above output
under the GB_PL1:AB005232 entry. It scored a relatively good initn score of 189 versus its somewhat
mediocore final z-score of 165.3. This point underscores the importance of using multiple algorithms.

The Expectation function, E(), is the most important column. It is very similar to the Poisson style E value in
BLAST reports and describes the number of search set sequences that would be needed to obtain a z-score
greater than or equal to the z-score obtained in any particular search purely by chance; in-other-words, just
like with BLAST E-values, the smaller the number, the better. As a rule-of-thumb, for a search against a
database of about 10,000 sequences, as long as optimization is not turned off, E() scores of less than 0.01
are almost certainly homologous, and scores between 1 to 10 may be, although these guidelines can be
skewed by compositional biases.

Next, the abridged example FastA output file:

' SEQUENCE_LI ST 1.0
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(Peptide) FASTA of: input_77.rsf{contig3000_franel}

1999 14:22

TO SwissProtPlus:* Sequences: 254,782 Synbol s:

Dat abases sear ched:

from 1 to:

1790 July 15,

82,009,484 Wrd Size: 2

SW SS- PROT, Rel ease 36.0, Released on 18Jul 1998, Formatted on 18Aug1998
SPTREMBL, Rel ease 8.0, Rel eased on 21Nov1998, Fornmmtted on 15Dec1998

Scoring matri x: GenRunDat a: bl osunb0. cnp

Vari abl e panfactor used

Gap creation penalty: 12 Gap extension penalty: 2

LELEEETEEEr i r i rrnd

The best scores are:

SW DBP4_YEAST

! P20448 saccharomyces cerevisiae (ba...

SW DDXX_HUNMAN

! QL3206 homp sapi ens (hunman). probab...

SW YAK2_SCHPO

I Q09916 schi zosaccharomyces ponbe (f...

SP_HUM Q92732

I @®2732 honmo sapiens (hunman). rna he. ..

SW YOQ_ CAEEL

! P34640 caenorhabditis el egans. puta...

SP_PL: 49530

! 049530 arabi dopsi s thaliana (nouse-...

SW HAS1_YEAST

! Q03532 saccharomyces cerevisiae (ba...

SP_I'N: 077001

! 077001 drosophila nelanogaster (fru...

SP_PL: 48546

! 048546 arabi dopsis thaliana (nouse-...

SP_PL: Q42400

I Q42400 arabi dopsi s thaliana (nouse-...

SP_I'N: 061815

! 061815 caenorhabditis el egans. bO51...

SW SPB4_YEAST

! P25808 saccharomyces cerevisiae (ba...

SP_HUM Q09624

I @9624 honmp sapi ens (hunman). transp...

SW YSPK_CAEEL

I QL9425 caenorhabditis el egans. hypo...

SP_FUN: O74764

! 074764 schi zosaccharomyces ponbe (f...

SW YBI 9_YEAST

! P38176 saccharomyces cerevisiae (ba...

SW M516_YEAST

! P15424 saccharomyces cerevisiae (ba...

SW Y308_MYCGE

! P52271 nycopl asma genitalium proba...

SP_IN: ™45198

! 045198 caenorhabditis el egans. w09g. ..

SP_PL: 22719

I 22719 arabi dopsis thaliana (nouse-...

SP_IN: 017275

188

290

125

123

136

125

128

111

73

73

112

109

75

82

36

46

150

123

61

53

47

initl initn

355

379

207

123

136

165

164

111

103

103

146

109

106

82

36

77

150

123

61

53

opt

398
340
266
266
258
257
255
229
202
199
192
189
176
169
167
166
164
148
146

146

Z-SC

428.1

364. 6

287.1

286. 8

278.5

276. 8

276.0

246. 3

219.0

215. 7

207. 2

203.6

190.6

181.8

179.8

179.8

176.0

161.6

160.1

159.3

E(254390) . .

1. 2e-16
4.3e-13
8. 9e-09
9. 3e-09
2.7e-08
3. 3e-08
3.7e-08
1. 7e-06
5. 5e-05
8. 4e-05
0. 00025
0. 0004
0. 0021
0. 0065
0. 0084
0. 0085
0.014
0. 087
0.11

0.12



! Ol7275 caenorhabditis el egans. t27a...

SP_FUN: 074393

! 074393 schi zosacchar omyces ponbe (f...

SP_I N: P90529

I P90529 dictyostelium discoideum (sl...

SW VI E3_MCWS

! P29832 nurine cytonegal ovirus (stra...

SP_IN: Q1205

! @QR1205 caenorhabditis el egans. kO4c...

SP_Ov: 013098

I 013098 xenopus laevis (african claw. ..

SP_BA: 068668

! (068668 bacillus nmegaterium gas ves...

SW DBP2_YEAST

! P24783 saccharomyces cerevisiae (ba...

SP_I N: Q23909

I @3909 dictyosteliumdiscoideum (sl...

SP_PL: 23506

! 23506 arabi dopsis thaliana (nouse-...

SW YGLF_YEAST

! P53214 saccharomyces cerevisiae (ba...

SW YAXB_SCHPO

! QL0202 schi zosacchar omyces ponbe (f...

SP_IN: Q1736

! @Q@1736 caenorhabditis el egans. ro05d...

SW RECQ_ECOLI

! P15043 escherichia coli. atp-depend...

SP_OMm P79801

! P79801 nicrocebus nurinus. presenil...

SW DB10_NI CSY

! P46942 nicotiana sylvestris (wood t...

SW DBP8_YEAST

! P38719 saccharomyces cerevisiae (ba...

SP_BA: (83483

! (0B3483 treponema pal lidum conserve...

SP_IN: Q1472

I Q1472 caenorhabditis elegans. sim...

SP_RG 088832

! 88832 nus nuscul us (nouse). garp34...

SP_HUM QL3061

! QL3061 homo sapiens (human). triadi...

SP_HuUM Q00580

! 000580 homp sapi ens (hunan). cerebe...

SW NUCL_XENLA

! P20397 xenopus laevis (african claw. ..

64

140

123

57

55

41

49

90

92

129

56

78

115

103

51

127

103

65

49

45

71

69

95

64

140

123

86

93

41

49

90

121

129

56

78

115

103

78

127

103

65

49

45

98

69

124

146

145

142

143

142

145

138

140

140

140

137

136

136

136

134

134

132

131

131

129

133

134

131

158.

155.

155.

153.

153.

153.

152.

151.

150.

149.

147.

146.

146.

146.

146.

144.

144.

143.

143.

142.

141.

140.

140.

4

0.19

0.24

0.24

0.24

0. 27

0.33

0.39

0.6

0.6

0.82

1.1

1.3

1.3

NN NNy

SP_FUN: C60080

! 060080 schi zosaccharomyces ponbe (f...

\\End of List

I Distributed over 1 thread.

116

! Start tine: Thu Jul 15 14:19:57 1999
! Conpletion tine: Thu Jul 15 14:22:48 1999

! CPU time used:
! Dat abase scan: 0:02:48.5
! Post-scan processing: 0:00:00.7
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! Total CPU tine: 0:02:49.2
I Qutput File: /users/thonpson/working/ G ardia/contig3000_franel_77.fasta

So that you don’t need to run similarity searches on the rest of the frames | will include those results here. |
list abridged TBLASTN output first for frames 2 and 3 in the forward direction and then frames 1, 2, and 3 for
the reverse strand. Next are the abridged TFastX output files for the same set.

TBLASTN 2. 0.5 [ May- 5- 1998]

Dat abase: genenbl 602, 539 sequences; 1,199,477,030 total letters

Ref erence: Altschul, Stephen F., Thomas L. Madden, Alejandro A Schaffer,
Ji nghui Zhang, Zheng Zhang, Webb MIler, and David J. Lipnman (1997),
"Gapped BLAST and PSI-BLAST: a new generation of protein database search
prograns"”, Nucleic Acids Res. 25:3389-3402.

Query= CONTI G3000_FRAME2 (1789 letters)

Score E
Sequences produci ng significant alignments: (bits) Value
GB_PR3: HS75C10 AJ011931 Hono sapi ens chronmpbsonme 21g22.3, PAC cl... 38 2.1

>GB_PR3: HS75C10 AJ011931 Hono sapi ens chronmosonme 21g22.3, PAC cl one
75C10 conpl ete sequence bases 1..98443. 11/98
Length = 98443

Score = 38.3 bits (87), Expect = 2.1
Identities = 23/70 (32%, Positives = 32/70 (44%

Query: 588  FKVWSKGFRKRAVRWGL SAHTLQCRREKRLLRFPHPI GARLPAQHSTPRCLLSTLQVRRL 647
F++ + A StHLCHR+ L PP P HTP C+ + +MRL
Sbj ct: 57415 FRLAPDAHEREACSEASSSHPLPCQRLQHPLPSPLPSLPCGPPAHPTPVCMCTVTEMRVL 57236

Query: 648 EHNSGTFNRR 657
SGI' RR
Shj ct: 57235 GRRSGTVWWRR 57206

R
Query= CONTI G3000_FRAME3 (1789 letters)

GB_BA1l: XCU33548 U33548 Xant honbnas canpestris hrpB pathogenicit. .. 40 0.55
GB_BAl: XANHRPAL1A MB9173 Xant homonas canpstris HrpAl gene, conpl... 40 0.55

>GB_BA1l: XCU33548 U33548 Xant honpbnas canpestris hrpB pat hogenicity
| ocus proteins HrpBl, H pB2, HpB3, HrpB4, HrpB5, HrpB6,
HrpB7, HrpB8, HrpAl, and ORF62 genes, conplete cds. 9/96
Length = 8429

Score = 40.2 bits (92), Expect = 0.55
Identities = 25/65 (38%, Positives = 34/65 (51%, Gaps = 2/65 (3%

Query: 976 HPSGDVMRCHRLVSHHPSPCPGL - - HNAVDSI QQDERENRHNCI LLRW.WCNI AVHGRSH 1033

HP GtV++ R VS HP C L H+ D +Q+ RH+ L+R L AH +
Shj ct: 7521 HPGGEVI KI GRCVSAHPDECL L L VWHDRFDVVQRRNL GRRHDL CLVRRL QRRHARHQVAP 7342
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Query: 1034 VI PQHRR 1040

I HR
Sbhjct: 7341 RI SQHGR 7321
NN NNy
Quer y= CONTI G3000_R _FRAME1 (1790 letters)
GB_PR2: AC004542 AC004542 Homo sapi ens PAC cl one DJ430N08 from 2. .. 37 4.8
>GB_PR2: AC004542 AC004542 Honp sapi ens PAC cl one DJ430N08 from

22ql2.1-qter, conplete sequence. 4/98

Length = 134914

Score = 37.1 bits (84), Expect = 4.8
Identities = 19/60 (31%, Positives = 27/60 (44%

Query: 626  RLWRGPCRYRTRHI ATWAAQCLEAVSFQGPCEYVSXDWSVCPXKTTSQARRRLXNYSPCT 685
RW PC +T  +WA++C AV+ Q PC+ cP + RL PC+

Sbj ct: 23052 RPWPSPCGLQTSGGRSWASECRHAVASQUWPCQ- - - - - GRDCPI PRQ MRKLRL* EVKPCS 23216

R R R

Query= CONTI G3000_R FRAME2 (1789 letters)

* %k k Kk % l\b hItS found * Kk Kk k kK

NN NNy

Query= CONTI G3000_R FRAME3 (1789 letters)

GB_I N: G ACPAL1 L49236 G ardi a duodenalis multigene unit CPAl enc. .. 63 7e-08
GB_IN: G ACPA2 L49298 G ardi a duodenalis multigene unit CPA2 enc. .. 62 le-07
GB_PR1: HSANKB440 726634 H.sapi ens nRNA for ankyrin B (440 kDa).. .. 54 3e-05
GB_RO RNU65916 U65916 Rattus norvegi cus ankyrin nRNA, nenbrane ... 54 3e-05
GB_PR3: HSBRANK2 X56958 Human nRNA for brain ankyrin (brank-2). ... 54 3e-05
GB_I N: CET28D6 781134 Caenorhabditis el egans cosmid T28D6, conpl. .. 48 0.003
GB_HTG CEY47D3 798865 Caenorhabditis el egans DNA *** SEQUENCI NG . . 48 0.003
GB PL1: SC9916 Z48952 S.cerevisiae chromosone Xl Il cosmid 9916. ... 46 0.012
GB_PR3: AF082557 AF082557 Hompo sapi ens TRF1-interacting ankyrin-... 44 0. 037
GB_PR3: AF082556 AF082556 Hompo sapi ens TRF1-interacting ankyrin-... 44 0. 037
GB_HTG CEY43C5 AL021449 Caenorhabditis el egans DNA *** SEQUENCI . .. 43 0.11
GB_I N: CER1OH10 Z70686 Caenorhabditis el egans cosnid RLOH10, com .. 42 0.19
GB_RO RNU50185 Us50185 Rattus norvegi cus ki dney protein phosphat. .. 42 0.19
GB_RG S74907 S74907 PP1M ML10=protei n phosphatase 1M 110 kda re. .. 42 0.19
GB_PR2: AB003062 AB003062 Homo sapi ens MYPT2 nRNA, conplete cds.... 40 0.54
GB_OV: CHK130KDA D37985 Chi cken nmRNA for 133 kDa nyosin-binding ... 40 0.71
GB_OV: CHK130KDB D37986 Chicken nmRNA for 130 kDa nyosin-binding ... 40 0.71
GB_PL1: VFPOTCHAN Y10579 V.faba nRNA for potassium channel. 8/97 39 0.93
GB_RO MUS25RNASE L10382 Mius nuscul us 2-5A- dependent RNase gene,. .. 39 0.93
GB_ RO MMUJ010902 AJ010902 Mus nuscul us MRNA for inversin. 10/98 39 0.93
GB_PR2: D87930 D87930 Honp sapi ens nRNA for nyosin phosphatase t... 39 0.93
GB_PL1: ATFCA1 797336 Arabi dopsis thaliana DNA chronpbsone 4, ESS... 39 1.6
NN NNy
GB_I N: CEF02A9 719555 Caenorhabditis el egans cosmid FO02A9, conpl. .. 36 8.1

>GB_ | N: G ACPA1 L49236 G ardi a duodenalis multigene unit CPAl encodi ng
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cysteine-rich protein, protein kinase and ankyrin
horol og. 5/ 96
Length = 6822

Score = 60.1 bits (143), Expect = 6e-07
Identities = 44/138 (31%, Positives = 71/138 (50%, Gaps = 10/138 (7%

Query: 190 AAVASCDQPLVAGYSPRFKKSVNENGMIAL MWAAQTGNTELAAI LLKDEQQ KD- - - - SQ 245
+A A+tG  +V + + NG TALMtAA+ G+ E  +LL+ E +K S
Shj ct: 6230 SAAANGHAE! VELLLEKEGGVRDRNGKTALM AAEKGHPEC! KLLLEKEGAVKKNDFFSN 6409

Query: 246 CRTALI YAl QSGQSQLCRLLATRELDTSNLKSQSPFSVAI QONDAHDCL EAMLQAVGPVKV 305
G TAL+ A ++G+ + RLL +E + +A QN DC+E +L+ G ++
Shj ct: 6410 GGTALMCAARNGRPECVRLLLDKEGGVKGSNGGTALM AAQNGHSDCVEI LLEKEGGMQE 6589

Query: 306 VD------ NPLLTATSVGCLRCLRI LLE 327
L+ AS + CR+tL E
Shj ct: 6590 GGFFSNGWALMMVSCSQ ECARLLAE 6673

FEEEEETEEEr b r i rrnd

Score = 51.2 bits (120), Expect = 3e-04
Identities = 25/86 (29%, Positives = 49/86 (56%

Query: 212 NENGVTALM/AAQTGNTELAAI LLKDEQQ KDSQGRTALI YAl QGSGQSQLCRLLATRELD 271
++ GMIA M AAQ G+ +L++ E+ +KD G TAL++A +G ++ +++A E
Shj ct: 4907 DKQGMIAFMHAAQQGHGRPVEL LVEKEKGL KDKNGWT AL MVHAAHNGHPEI VKI | APHEHG 5086

Query: 272 TSNLKSQSPFSVAI QNDAHDCLEAML 297
+L + +A Q + + ++ +L
Shj ct: 5087 LQDLHGHTALM AAQQGSLEVVKLLL 5164

Score = 51.5 bits (121), Expect = 2e-04
Identities = 55/236 (23%, Positives = 101/236 (42%, Gaps = 11/236 (4%

Query: 212 NENGVTALM/AAQTGNTELAAI LLKDEQQ KDSQGRTALI YAl QGSGQSQLCRLLATRELD 271
++NG TALM AA G+ E+ |+ E ++D G TAL+ A QG ++ +LL E
Shj ct: 5000 DKNGWIALMHAAHNGHPEI VKI | APHEHGL QDLHGHTALM AAQQGSLEVVKLLLDHEKG 5179

Query: 272 TSNLKSQSPFSVAI QONDAHDCLEAM_QAVGPVKVWVD- NPLLTATSVGCLRCLRI LLEYGQ 330
+ + + A++N E ++ P L+ A+ G +R+L+ +
Sbhj ct: 5180 LRDKQHHNALYHALENGHLGVAEM | PYEDPTDGNGVTALMRAAARGDTEMVRLLI PVQK 5359

Query: 331 CFEMSEFDXXXXXXXXXXXXXXCTELVSWKHEI TDI | Al ANKAPQ- - - - - - - - - - | SKEK 380
M+ D T +V KHE + + + A K+K
Shj ct: 5360 -- GVKDKDGNTAFMHALKNKHI DTGVWLGKHEDSSWI PLMHAAADGGE EAVKKHLSDKDK 5533

Query: 381 FHNTI DTSTRALVESHFVDI SEVKHDLNERI AHLLAENKEL RAMLKNLEANNKVLRAELA 440
+NT +T+ + + E+ +E K + A+++ + N+ LA
Shj ct: 5534 KNNTGETALM AARARHRNI VELLDPTDE- - - - - - - - - KGVTALMRAADRNDPAAVKALA 5686

Query: 441 DVRTQQE 447

++T Qf
Shj ct: 5687 PLQTGXK 5707

Score = 57.4 bits (136), Expect = 4e-06
Identities = 33/116 (28%, Positives = 64/116 (54%, Gaps = 2/116 (1%
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Query: 212 NENGVTALM/AAQTGNTELAAI LLKDEQQ KDSQGRTALI YAl QGSGQSQLCRLLATRELD 271
NE+G TALMrAA+ + +  +LL+ E ++D+ G+tTAL+ A + G +++ +L +E
Shj ct: 6017 NEDGETALM AAEGSHADCVKLLLEKEGSMRDNNGQTALVTAAEKGHTKI VEI LLEKEGG 6196

Query: 272 TSNLKSQSPFSVAI QNDAHDCLEAM_QAVGPVKVVD- - NPLLTATSVGCLRCLRI LLE 327
+ + A N + +E +L+ G ++ + L+ A G C+++LLE
Shj ct: 6197 LRDNGGWALMSAAANGHAEI VELLLEKEGGVRDRNGKTALM AAEKGHPECI KLLLE 6370

Score = 63.2 bits (151), Expect = 7e-08
Identities = 36/116 (31%, Positives = 67/116 (57%, Gaps = 6/116 (5%

Query: 212 NENGVTALM/AAQTGNTELAAI LLKDEQQ KDSQGRTALI YAl QGSGQSQLCRLLATRELD 271
+ NG TAL+ AA+ G+T++ | LL+ E ++D+ G TAL+ A +G +++ LL +E
Shj ct: 6110 DNNGQTALVTAAEKCGHTKI VEI LLEKEGG. RDNGGW AL MSAAANGHAEI VELLLEKEGG 6289

Query: 272 TSNLKSQSPFSVAI QONDAHDCLEAM.QAVGPVKWD- - - - - - NPLLTATSVGCLRCLRI L 325
+ ++ +A + +C++ +L+ G +K D L+ A G C+R+L
Shj ct: 6290 MRDRNGKTALM AAEKGHPEC! KLLLEKEGGVKKNDFFSNGGTALMCAARNGRPECVRLL 6469

Query: 326 LE 327
L+
Shj ct: 6470 LD 6475

Score = 55.8 bits (132), Expect = le-05
Identities = 36/114 (31%, Positives = 60/114 (52%, Gaps = 2/114 (1%

Query: 214 NGMTALMVAAQTGNTELAAI LLKDEQQ KDSQGRTALI YAl QSGQSQLCRLLATRELDTS 273
+G TALMA G+ ++ |ILL++E ++D CGRTAL A +S S RLL +E
Shj ct: 5744 HGGTALMRAVAYCGHAKI VEI LLEEEAGMQDI FGRTALHLAAESNNSDCVRLLVKKEGGWY 5923

Query: 274 NLKSQSPFSVAI QNDAHDCLEAM.QAVGPVKVWVD- - NPLLTATSVGCLRCLRI LLE 327
+ ++A Q +C++ +L+ G ++ D L+ A C+++LLE
Shj ct: 5924 TSYGSTALTI AAQRCHLECVKLLLEKEGGMONEDGETALM AAEGSHADCVKLLLE 6091

FEEEEETEEEr i r b i i

And now the abridged TFastX output files:
(Peptide) TFASTX
of: input_44.rsf{contig3000 frame2} from 1 to: 1789 June 27, 1999 02:47
TO GenEMBLPI us: * Sequences: 3,049,812 Synbols: 2e9 + 170,427,914 Wrd Size: 2

Sequences too short to analyze: 27 (120 synbol s)

Dat abases searched:
CGCenBank, Rel ease 110.0, Rel eased on 14Dec1998, Formatted on 14Dec1998
GenBank_Tags, Rel ease 110.0, Rel eased on 14Dec1998, Formatted on 15Dec1998
EMBL, Rel ease 56.0, Rel eased on 16Sepl1998, Fornmatted on 15Dec1998
EMBL_Tags, Rel ease 56.0, Rel eased on 16Sepl1998, Fornatted on 15Dec1998

Sear chi ng both strands.

Scoring matrix: GenRunDat a: bl osunb0. cnp

Vari abl e panfactor used

Gap creation penalty: 15 Gap extension penalty: 2 Franeshift penalty: 20
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The best scores are: strand initl initn opt z-sc E(3049546)..

\\End of List
! No sequences found with E() < 10.00

NN NNy
of: input_45.rsf{contig3000 frame3} from 1 to: 1789 June 27, 1999 02:51

GB_EST14: AA595274
! AA595274 no35a02.s1 NCI _CGAP_Pr23 H...(f) 90 116 167 168.0 0. 46
\\End of List

NN NNy
of: input_46.rsf{contig3000_r franel} from 1 to: 1790 June 27, 1999 03:21

\\End of List
! No sequences found with E() < 10.00

N NN NNy
of: input_47.rsf{contig3000_r frane2} from 1 to: 1789 June 27, 1999 03: 17

GB_VI: 1 BU30819
1 U30819 Infectious bursal disease vi...(f) 46 72 148 152. 4 3.4
\\End of List

NN NNy
of: input_48.rsf{contig3000_r frane3d} from 1 to: 1789 June 27, 1999 02:55

GB_GSS2: AQD48799

I AQD48799 cLM 10a7-u cLM G ardia int...(f) 122 184 190 221.2 0.0005
GB_GSS2: AQD47478

I AQD47478 cLM 1c6-u cLM G ardia inte...(f) 162 162 188 220.0 0.00058
GB_GSS2: AQD47866

I AQD47866 cLM 3g8-u cLM G ardia inte...(f) 147 175 182 211.1 0.0018
GB_I N: G ACPA2

1 L49298 G ardi a duodenalis multigene...(f) 152 152 193 209.9 0.0021
GB_I N: G ACPAL

! L49236 G ardi a duodenalis multigene...(f) 113 180 191 208.7 0.0025
GB GSS2: AQ48634 Strand: -

I AQD48634 cLM 8h6-t cLM G ardia inte...(r) 145 145 173  200.4 0.0072
GB GSS2: AQD49321  Strand: -

I AQD49321 cLM 13f8-t cLM Gardia int...(r) 69 107 171  198.4 0.0093
GB_RO RNU65916

1 U65916 Rattus norvegi cus ankyrin nR .. (f) 80 138 171 190.1 0. 027
GB_PR3: HSBRANK2

I X56958 Human nRNA for brain ankyrin...(f) 80 197 171 184.9 0. 052
GB BA2: AB012226 Strand: -

I AB012226 Vibrio alginolyticus gene ... (r) 79 162 167 183. 4 0. 064
GB GSS2: AQ047580 Strand: -

! AQD47580 cLM 2al0-t cLM Gardia int...(r) 147 147 158 181.5 0.081
GB PL1:SCU72149 Strand: -

I U72149 Saccharomyces cerevisiae put...(r) 96 165 164 180. 6 0.09
GB GSS2: AQD48941 Strand: -

I AQD48941 cLM 11a8-t cLM Gardia int...(r) 153 153 156 180.1 0.097
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GB_GSS2: AQD49113

I AQD49113 cLM 12b9-t cLM G ardia int...(f) 91 91 154 178.5 0.12
GB_PL1: SCYJLO33W Strand: -

1 749308 S.cerevisiae chrombsone X re...(r) 84 153 161 177.0 0.14
GB_PR1: HSANKB440

! 726634 H.sapiens nRNA for ankyrin B...(f) 75 170 166 174.7 0.19
GB_GSS2: AQD47571

I AQD47571 cLM 1h4-u cLM G ardia inte...(f) 114 114 152 174.6 0.2
GB_GSS2: AQD48114

| AQD48114 cLM5ell-u cLM Gardia int...(f) 131 131 150 172.2 0. 27
GB_GSS2: AQD49051

I AQD49051 cLM 11g5-t cLM Gardia int...(f) 129 153 149  170.6 0. 33
GB_GSS2: AQD47729

I AQD47729 cLM 2g9-t cLM G ardia inte...(f) 133 133 147  169.3 0. 39
GB_GSS2: AQD48414

I AQD48414 cLM 7e6-t cLM G ardia inte...(f) 100 100 147 169. 1 0.4
GB GSS2: AQ049706 Strand: -

I AQD49706 cGR-64c6-t cGR Gardia int...(r) 145 145 145  168.3 0. 44
GB GSS2: AQ49672 Strand: -

I AQD49672 cCGR-63d4-t cGR Gardia int...(r) 120 120 140 162.6 0.91
GB GSS2: AQ48035 Strand: -

! AQD48035 cLM 4h7-u cLM G ardia inte...(r) 119 119 141  161.0 1.1
GB GSS2: AQU47774 Strand: -

I AQD47774 cLM 3b2-t cLM Gardia inte...(r) 118 118 141  160.8 1.2
GB_RO AF069525

! AF069525 Rattus norvegicus 190 kDa ... (f) 89 121 151 160.5 1.2
GB_RO MUSANK3B

! L40632 Mus muscul us epithelial anky...(f) 89 169 151 159. 7 1.3
GB_RO AF102552

! AF102552 Rattus norvegicus 270 kDa ... (f) 89 145 151 159.1 1.4
GB GSS2: AQD49413 Strand: -

I AQD49413 cLM 14c8-t cLM Gardia int...(r) 114 114 137 156. 3 2
GB_GSS2: AQD48219

I AQD48219 cLM 6c8-t cLM G ardia inte...(f) 118 118 135 155.7 2.2
GB_EST13: AA576640

I AA576640 nnv2g02.s1 NCl _CGAP_Co9 Ho... (f) 87 87 135 155.5 2.3
GB_PR1: HSU13616

I U13616 Human ankyrin G (ANK-3) nRNA. .. (f) 89 116 151 155.4 2.3
GB_EST20: Al 074225

I Al 074225 0z85a05. x1 Soares_senescen. .. (f) 71 96 134 154. 7 2.5
GB_GSS2: AQD49513

I AQD49513 cGR-10g11-t cCR Gardia in...(f) 117 117 132 154. 3 2.7
GB_GSS2: AQD48456

I AQD48456 cLM 7g5-t cLM G ardia inte...(f) 101 101 134 151.8 3.7
GB_EST19: Al 036566

I Al 036566 uel7f11.yl Sugano nouse em.. (f) 74 74 132 151. 4 3.9
GB GSS2: AQ047654 Strand: -

I AQD47654 cLM 2d2-u cLM G ardia inte...(r) 122 122 132 151.0 4.1

\\End of List

NN NNy

The only obviously significant hits were found on frame 1 in the forward direction and frame 3 in the reverse
direction. Although frame 3 forward did have an interesting possibility that should probably be checked out.
And, back in the content section of the exercise, | noticed that the mid-section of forward frame 1 had high
TestCode and CodonPreference coding potential. It is interesting that the long ORF there doesn’'t show
obvious similarity to anything in the database. Though, perhaps, the higher similarity of the first ORF on
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frame 1 to helicases, is ‘swamping’ out the signal from the second ORF. To test this you should run just that
second ORF alone in a similarity search.

Two other powerful search algorithms available in GCG should be mentioned at this point but 1 do not want
you to run them because they are incredibly cpu intensive. These are FrameSearch and SSearch. They are
both full dynamic programming searches, that is they use no hashing or heuristics. The former allows reading
frame transitions in protein to nucleotide comparisons, the latter is used for comparing sequences of the same
type. FrameSearch is a ‘native’ GCG program written by Irv Edelman, SSearch uses William Pearson’s
implementation of the method of Smith and Waterman (1981).

What Next? Comparisons, interpretations, and further analyses.
Interpreting Results — what is significant.

It should be obvious by now that we have at least two genes in contig3000, one in forward frame 1 and one in
reverse frame 3. Where they begin and end needs to be ascertained, and the possiblility of any other genes
in the sequence needs to be addressed. How can we make any sense out of all of these individual analyses?
The strength lies in a combinatorial approach.

Let's try to get a handle on the two genes that we've tentatively identified. [I'll illustrate with the first one,
contig3000_framel. Look at the search results for this sequence — every one identified the same
Saccharomyces cerevisiae putative RNA helicase (UF1) gene as the most significantly similar sequence to
compare ours to. Therefore, pull this sequence, SW:DBP4_YEAST, equivalent to GB:SCU72149, into your
SeqglLab display by going to the “File” “Add sequences from” “Databases. . .” menu. Merely type
“SW:DBP4_YEAST” in the “Database Specification:” box in the “SeqlLab Database Browser” and then
press the “Add to Main Window” button. Let’s also try to get a control, “twilight zone,” sequence to compare
contig3000_framel with for comparison purposes. From the FastA output file SW:NUCL_XENLA appears a
likely candidate. This sequence scored a FastA expectation value of 1.3; it should provide a good
comparison. “Add” this sequence also. “Close” the browser box after adding the sequence.

10) Dot matrix methods.

Compare and DotPlot: the GCG implementation of dot matrix analysis.

Dot matrix analysis is one of the few ways to identify other elements beyond what dynamic programming
algorithms show to be similar between two sequences. GCG implements dot matrix methods with two
programs. Compare generates the data that serves as input to DotPlot which actually draws the matrix.
Analyze contig300_framel to the two sequences loaded into SeqlLab above using these methods. Start the
program by selecting “contig3000_framel” and “DBP4_YEAST” (remember to select nonadjacent entries
with the <ctrl> key) in the SegLab main Editor display. Next go to the “Functions” menu and select
“Pairwise Comparison” “Compare. . .“ to produce a Compare program window. Notice that with “DotPlot. .
." checked the output from Compare will automatically be passed to DotPlot and the graphic will be drawn
after the “Run” button is punched. This will run the program at the GCG protein stringency default of 11
points within a window of 30 residues.

Just as in all windowing algorithms, you want to use a window size of approximately the same size as the
feature that you're trying to recognize. Leave the window at its default setting of 30 for these runs, unless one
of your sequences is too short for this size of a window to find much, in which case you should reduce the
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window size appropriately. (In general, put the longer sequence along the horizontal axis. An advantage to
this is you can page through the resultant dotplot, if desired, to see more detail by changing the density
function when you run the program.) To clean up the graph, rerun the program increasing the stringency of
the comparisons until the number of points generated is of the same order of magnitude as the length of the
longest sequence being compared. This is done through the “Options” menu. Below, | found that a
stringency score of 15 within the default window of 30 resulted in 1265 points — right between the two
sequences’ lengths being compared. In this case, wherever the average of match scores within the window is
equal to or exceeds 15, a point will be drawn at the middle of the window, then the window will be slid over
one position at which point the process is repeated. When run at this stringency the graphic looks like the
following:
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Notice that running the comparison at an appropriate stringency, in this case 15 in a window of 30, produces
a very clean plot with very little confusing noise. Still, sometimes interpreting a dotplot can be a major
accomplishment in itself — just remember that diagonals are regions of similarity between the two sequences
and that any diagonal off the main center line is indicative of regions that do not correspond in linear
placement between the two sequences yet are still similar. The regions of similarity between
contig3000_framel and the yeast helicase are very clear in the dotplot. Contig3000_framel lines up with
DBP4_YEAST where its beginning through about residue 350 corresponds to around 350 to the end of the
yeast protein. Also notice the direct repeat region; a sequence located around 700 on the yeast protein
occurs at least twice in each sequence. Columns or rows of diagonals always mean direct repeat sequences.
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To contrast the extensive similarity seen above, here’'s the dotplot of contig3000 framel to
SW:NUCL_XENLA. | ran this comparison at a stringency of 24 within the default window size of 30 to
generate 857 points. The plot follows below on the next page:
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Here similarity is restricted to two columns of small diagonals near the beginning of the NUCL_XENLA protein
— most probably direct repeat regions. When running all the dotplots, take notes of those particular regions
in the proteins that appear similar. For example, as noted in the above plot, at least two short regions of the
contig3000_framel sequence from around residue 150 to 200 and 300 to 350 are repeated several times in
the NUCL sequence from about residue 1 through 225. We will need these numbers in the next section.

11) The dynamic programming alignment algorithms: use the right one for the right job — Gap and
BestFit and FrameAlign.

You need to understand the difference between these first two algorithms! Gap is a ‘global’ alignment
scheme and BestFit is a ‘local’ algorithm. Using one versus the other implies that you are looking for distinctly
different relationships. Know what they mean. If you already know that the full length of two sequences are
pretty close, that they probably belong to the same family, then Gap is the program for you; if you only
suspect an area of one is similar to an area of another, then you should use BestFit. To force BestFit to be
even more local, try specifying a more stringent alternative symbol comparison table, such as pam250.cmp or
blosum100.cmp located in the logical directory GenMoreData. Both programs can generate ‘gapped’ output
files in standard sequence formats; this can be handy as direct input to other GCG routines — patrticularly
multiple sequence analysis programs.
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BestFit and Gap: how to use them to estimate significance.

What is significant? GCG provides a way to estimate significance in these two programs. When running
them specify the option -randomizations=100 and the second input sequence will be jumbled a 100 times
after the initial alignment is produced. Comparing the quality scores of the randomized alignments to the
initial alignment can help you get a feeling for the relative meaning of the scores. An old ‘rule-of-thumb’ that
people often use is, if the actual score is much more than three standard deviations above the mean of the
randomized scores, the analysis may be significant, if it is more than five, then it most probably is significant,
if it's above around nine, then certainly so. This distance above the mean is often known as a “Z score” and
can be calculated with the following formula:

Zscore = [ (actual score) - ( mean of randomized scores ) ]
(I
( standard deviation of randomized score distribution )

This type of significance analysis is known as a Monte Carlo approach; it has many implicit statistical
problems, however, few practical alternatives exist. | will use randomizations with BestFit and
contig3000_framel cross the DBP4 and NUCL proteins to illustrate. Before beginning though, study your
dotplot notes from before. This approach works best when applied to local areas where you already know
some similarity exists and you wish to further test that similarity. Therefore, restrict your analyses to those
regions identified by the dotplots. However, remember that dotplots show us all the regions that are similar,
whereas dynamic programming only gives us one optimal solution.

Unfortunately SeqLab will not allow us to choose two different ranges on two different sequences, so we need
to trick it into doing this analysis. Some things are still simpler from the command line. In lieu of switching to
the command line, first create a new space to hold duplicate sequence data by going to the “File” “New
Sequence. . .” menu and then specify “Protein.” Next, select “contig3000_framel” and then use the “Edit”
function “Select Range. . .” to select just the desired region in contig3000_framel. For this first comparison
with DBP4 that is a region from residue 1 through 350; type these numbers into the “Select Range” “Begin:”
and “End:” boxes and then press "Select” and “Close” to select the region. Press the “COPY” button, then
answer “Selected regions” in the “Which selection” window that appears. Next select the “NewProtein”
sequence and place your cursor on the residue adjacent to the name in position one, then press the “PASTE”"
button. If you are asked “Which clipboard,” answer “Text clipboard.” Repeat this whole procedure with
“DBP4_YEAST” so that you now have two new sequences with just those portions of the original that we
want to test. Select the two new sequences and return to the “Functions” “Pairwise Comparison” menu
only this time choose “BestFit. . ..
Don't mess with the top several options, but do check the box next to “Generate statistics from randomized
alignments” and change the “Number of randomizations” up to “100.” “Close” the “Options” window. The
display should look like the following:

Press the “Options” button there to take advantage of randomizations.
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Press “Run” in the BestFit window and in a few moments your output file will appear. That output file is
shown below; notice the extensive similarity over the length analyzed, the high original quality, and the low
randomized quality. The Z score calculates out to be 32.5; therefore, the interpretation is that the similarity is

extremely significant.

BESTFIT of : input_82.rsf{NewProtein} check: 5464 from 1 to: 350

to: input_82.rsf{NewProtein_1} check: 7330 from 1 to: 421

Synbol conparison table: /gcg/gcgcore/ datal/rundatal bl osunb2. cnp
ConpCheck: 6430

Gap Wi ght: 8 Average Match: 2.912
Lengt h Wi ght: 2 Average Msmatch: -2.003
Quality: 295 Lengt h: 350
Ratio: 0.875 Gaps: 10

Percent Similarity: 40.120 Percent ldentity: 29.641
Average quality based on 100 randoni zations: 47.7 +/- 7.6

Mat ch di splay thresholds for the alignment(s):
| = IDENTITY
. = 2
= 1

i nput _82.rsf{NewProtein} x input_82.rsf{NewProtein_1} July 15, 1999 21:18

2 NMCARVVDLPI VHW/VHFDCPDGVI TYAHRAGRAARMNLPGFSLLFLTDQ 51

R IR
2 DVVARG DFPAVDW/\VQVDCPEDVDTY! HRVGRCARYGKKGKSLI MLTPQ 51

52 EQ GFTKRLDEAKI DYQKKTVKLRTWVSI RQKLTELCI TDTYIl KHLAQKA 100

1 I O P B I I N
52 EQEAFLKRLNARKI EPGKLNI KQSKKKSI KPQLQSLLFKDPELKYLGQKA 101
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101

102

149

151

199

200

248

249

293

299

If you suspect a frame shift sequencing error in the sequence frame being considered, a very powerful
pairwise alignment program, FrameAlign, is available. This program uses dynamic programming to align a
protein to a DNA sequence with the allowance of frame shifts.
with this program to see what happens. You can try this on your own, without my guidance.

| VSYAKSI HVQGDREVFPPASELNLTDI ALSYGL. . ASNI NLSVGKQPG 148
S Tl [ O I 1 A R
FI SYVRS| YVQKDKQVF. KFDELPTEEFAYSLGLPGAPKI KNKGVKTI EQ 150

STOHPASEQQVASATG ROQPEGEHTDADDEEERDDL LKVTKI VTSVLSSK 198

Lo R S I - S |. . I
AKERKNAPRQLAFL SKANE. DGEVI EDKSKQPRTKYDKMFERKNQTI LSE 199

EKEEL QQEREKQ ERKLLKGSI EEAARI AREAGRHKI . LNTSSDEESQST 247

C o . [ S N
HYLNI TKAQAQEDEDDDFI . SVKRKDHEI NEAELPALTLPTSRRAQKKAL 248

SGAFSAKHTNNSAQ. . . . DESDESEL SSYTSASEEHS. GTTFPNEASHVS 292

I [ AR LT
SKKASLASKGNASKL | FDDEGEAHPVYEL EDEEEFHKRGDAEVQKTEFLT 298

RLQQR! AHNDSFDREAHKRKNRRKSKRRAAS. . . EQESSYDDS. SFDESE 338
: o I O L R e B O B N
KESAVMADI DNI DKQVAKEKKQEKKRKRLEAVRREMEAAMEEE| SGDEEE 348

abridged result of my run, where | used the BLOSUMS30 scoring matrix:

Local FraneAlign alignment of: Contig3000

to: dbp4_yeast

FEEEEETEEEr e rrrd

13

354

63

371

113

388

160

404

210

421

260

438

GCCCGTGITGTAGACCTTCCTATTGT TCACTGGGTGGTGCACTTCGACTG 62

R N N N N e N R R R R R R N R R AN
Al aAr gd yl | eAspPhePr oAl aVal AspTr pVal Val G nVal AspCy 370

TCCAGATGGT GT GATCACCTACGCACACAGAGCAGGTCGTGCAGCAAGAA 112

R e R R R A A RN R R R AR RN
sProd uAspVal AspThr Tyr | | eHi sArgVal A yArgCysAl aArgT 387

TGAACCTCCCTGCCTTCTCACTTCTATTCCTAACAGATCAGGAGCAG. . . 159

e R AR AR R N A R RN
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nl | eLysd nSerLysLysLysSer || eLysProd nLeud nSer LeuL 437

GCATCACAGATACATACATAAAGCACCTAGCACAAAAAGCGATAGITTCA 309

11 S L e R R R R AR N N
euPhelLysAspProd uLeuLysTyr Leud yd nLysAl aPhel | eSer 453
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310

454

360

470

410

486

460

503
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556

536
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553

656

570

706
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794

620
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891
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941
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991
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It appears as if no frame shift errors are in this stretch of DNA since all gaps are multiples of three and the
similarity extends nearly to the end of DBP4. Not only that, but we didn't discover any other similarity to any
helicase type proteins on any other contig3000 frames except forward framel.

However, often a seemingly good alignment will not be significant upon further inspection — do not blindly
accept the output of any computer program! Always investigate further for similarities can be strictly
artifactual. The second comparison that | chose, contig3000_framel against the NUCL_XENLA protein,
turned out to be entirely insignificant. Repeat this analysis in a manner similar to the above BestFit run with
DBP4, if desired. From the previous DotPlot analysis, | saw that at least two short regions of the
contig3000_framel sequence within the area of residue 150 to 350 are repeated several times in the NUCL
sequence from about residue 1 through 225. A Monte Carlo analysis of this comparison is shown below. The
Z score is 3.5, right near the bottom of Doolittle’s “Twilight Zone:”

BESTFI T of : conti g3000a.rsf{conti g3000_franmel} check: 311 from 150 to: 350

to: NUCL_XENLA check: 3302 from 1 to: 225

I D NUCL_XENLA STANDARD; PRT; 650 AA
AC  P20397;

DT  01-FEB-1991 (REL. 17, CREATED)

DT  01-FEB-1994 (REL. 28, LAST SEQUENCE UPDATE)
DT  01-OCT-1994 (REL. 30, LAST ANNOTATI ON UPDATE)
DE  NUCLEOLIN (PROTEIN C23).

Synbol conparison table: /gcg/gcgcore/ datal/rundatal bl osunb2. cnp
ConpCheck: 6430

Gap Wi ght: 8 Average Match: 2.912
Lengt h Wi ght: 2 Average Msmatch: -2.003
Quality: 92 Lengt h: 111
Ratio: 0.852 Gaps: 2

Percent Similarity: 32.710 Percent ldentity: 27.103
Average quality based on 100 randomi zations: 64.2 +/- 8.0

Mat ch di splay thresholds for the alignment(s):
| = IDENTITY
. = 2
= 1

conti g3000a. rsf{conti g3000_framel} x NUCL_XENLA July 15, 1999 22:16

242 EESQSTSGAFSAKHTNNSAQDESDESEL SSYTSASEEHSGI TFPNEASHV 291

IERE L LIl
34 EEDDSSDEEVEVPVKKTPAKKTATPAKATPGKAATPGKKGAT. PAKNGKQ 82

292 SRLQQRI AHNDSFDREAHKR. . . KNRRKSKRRAASEQESSYDDSSFDESE 338

S N O e £ L e e e A N A N
83 AKKQESEEEEDDSDEEAEDQKPI KNKPVAKKAVAKKEESEEDDDDEDESE 132

339 EEMQSKRKCKP 349

' o
133 EEKAVAKKPTP 143
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The extreme aspartate and glutamate richness of both sequences is what the program found, yet the Monte
Carlo test suggests that this similarity is not at all significant, it is merely the result of compositional bias. As
mentioned previously, the programs Xnu and Seg are now available outside of BLAST for prefiltering your
sequences. This is particularly prudent in situations with molecules where you know that a lot of repeat
and/or low complexity sequence composition has the potential to confound search algorithms.

Database searching analysis is one of the most commonly misunderstood areas in computational molecular
biology and bioinformatics today. There is a tremendous amount of confusion in this field and anything that
can be done to try and clear up some of the mess is entirely worthwhile. One point that still needs to be made
is that the previous techniques were performed largely using GCG’s suggested defaults. This usually will
work for you, but it is a good idea to think about what these default values imply and adjust them accordingly,
especially if the results seem inappropriate after running through a first pass with the default parameters
intact.

Now that we've seen how powerful homology inference methods are, how can we tie it all together; how can
we delineate exactly where our genes are? What else is available to help? We still have one more ‘trick up
our sleeve.’

12) Combined methods for gene inference available on the Internet.

An additional source of information that should not be ignored are the powerful Internet servers available for
these type of analyses. Most of these servers combine many of the methods that we have already explored
in this exercise but they consolidate the information and often combine signal and content methods with
homology inference in order to ascertain exon locations. Many use powerful neural net or artificial intelligence
approaches to assist in this difficult process.

Most gene inference services are available through the World Wide Web. A very nice bibliography on
computational methods for gene recognition has been compiled at Rockefeller University
(http://linkage.rockefeller.edu/wli/gene/). Four popular gene-finding servers listed there are GRAIL, Geneld,
NetGene, and GenMark. GRAIL (Gene Recognition and Analysis Internet Link) is a neural net system for
detecting exons (trained on human data). It looks for base composition that ‘appear’ exon-like. It does not
define boundaries. Geneld is an Artificial Intelligence system for analyzing vertebrate genomic DNA and
predicting exon and gene structure. NetGene predicts splice sites likelihood using neural net techniques.
GenMark is based on a special type of Markov chain model of coding and noncoding sequences; it is
optimized for enteric eubacteria. The BCM Gene Finder (http:/dot.imgen.bcm.tmc.edu:9331/gene-
finder/gf.html) is particularly powerful. You should find all these services to be extremely helpful but I will not
demonstrate their use here.

IV. Annotate your sequence to see ‘how it all comes together.” The combinatorial approach.

13) Interpretations: data annotation and analysis.
Translation: where to start and stop — Exons and Introns, Splice Junctions, etc.

What about precursor versus mature, signal peptides and processing?
How can we tell just what makes up the mature protein?
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About the best way to make any sense out of all of this data is to get it all in one spot. | used to make paper
maps of the sequences and annotate the ‘heck’ out of them with colored markers. Now with SegLab we can
prepare annotations right in the context of the editor. Whereever a preponderance of data suggests a gene,
then | believe one is there; where the data is contradictory, decisions can't be made very well; and where lots
of data argues against the location of genes, then | believe one is not there. You will want to have all data at
your disposal to do this step. Either prepare and print PostScript graphics of the various figure files prepared
in the exercise or look back through the figures | have supplied in the tutorial. The mechanics of printing
PostScript graphics at your site will vary and will have to be resolved with the assistance of the system
administrator.

(Another way to get PostScript files from all the figures in the exercise is to initialize GCG graphics to PostScript at the
command line in a terminal window. Either type the command postscript, and then specify epsf for Encapsulated PostScript
File as the graphics device, and then specify a temporary filename as the output port, or use the Encapsulated PostScript
choice on the SetPlot menu. All graphics output will now be written to your account in PostScript format under the specified
temporary filename. A sample screen trace of the PostScript command follows:

% post scri pt
Use Postscript graphics with what device:

LaserWiter

Lzr 1200

LNO3- Scri pt Printer

LPS20

Col or Scri pt - 100

EPSF (single page encapsul ated postscript format)

Pl ease choose one ( * LASERWRI TER * ) epsf
To what port is your EPSF connected (* term *) tenp.epsf
Plotting Configuration set to:

Language: psd

Devi ce: EPSF
Port or Queue: tenp. epsf

Next use the Figure program to draw each plot to a PostScript file. Launch the program by typing figure with the option -
plot=(new actual EPSF output filename) in order to redirect the output from temp.epsf to your_plot.epsf. A screen trace
illustrates:

% figure -plot=contig3000_testcode. epsf
Fi gure makes figures and posters by draw ng graphics and text
together. You can include output from other GCG graphics prograns as
part of a figure.
FIGURE fromwhat file ? contig3000_testcode.figure
Post Script instructions for a EPSF are now being sent to contig3000_testcode. epsf.)
Also either make printouts of the text files from the one- and two-dimensional signal searches as well as the
similarity searches that you performed earlier or use my screen traces in the tutorial. The point — you want to

compare all of these methods of analysis and try to make some educated guesses as to where the genes
actually start and stop.
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To annotate sequences in the SegLab editor go to the “File” “New Sequence. . .” menu and press the “Text”
button. This will place an empty text line below your sequences. You may want to add several “NewText”
lines. You may also want to “CUT” out the test sequences that we tested above under the pairwise
comparison section of the exercise. Finally it may be helpful to have translations of contig3000 generated
that are aligned to their respective codons. To do this go through the “Edit” “Translate. . .” function just like
you did at the very beginning of the tutorial, but this time check the “Align Translation” button. Repeat this
for every frame, forward and backward. Arrange your display any way that makes sense to you with the
“CUT” and “PASTE" buttons. “PASTE” inserts sequences below whatever sequence is selected at the time.
Change entries’ names by quickly double-clicking them (or by pressing the “INFO” button) and editing the
“Name:” box of the “Sequence Information” window.

Now would also be a good time to add in the feature annotation that we created automatically back when we
ran Motifs. Remember the file motifs.rsf? We’'re going to load that into the editor now so that the location of
the PROSITE signatures will be included in the editor sequence display. To do this use the “SeqLab Output
Manager.” This is a very important window available through the SeglLab “Windows” menu and will contain
all of the output from your current SeglLab session. Files may be displayed, printed, saved in other locations
with other names, and/or deleted from this window. We need to use an extremely important function at this
point; select the file motifs.rsf, then press the “Add to Editor” button and specify “Overwrite old with new”
in the next window when prompted, to take the motifs.rsf feature file and merge it with the old RSF (Rich
Sequence Format: the sequence data as well as any reference information) file in the open editor. “Close”
the “Output Manager” after loading your new RSF file.

My display looks like the following after doing all of this:
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Many matters complicate this process. Eukaryotic exons and introns (in most eukaryota) can be especially
confusing, but prokaryotic and organellar DNA have their own problems too. One that concerns all genes is,
after you do translate the entire thing, whether it has a signal peptide portion and how to tell which is what. A
database of preprotein signal peptides is available through Gunnar von Heijne for just this type of analysis
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(1987b). The program SPScan incorporates von Heijne’'s method and can be run with a prokaryote gram
negative or positive switch to change from the default eukaryote search matrix.

Analyze and ponder all your data. It won't be as easy as you would have hoped for. Fortunately, often in a
lab situation cDNA data is also available on a given sequence, although with the increased emphasis on
genomic sequencing this is becoming less and less true. Go into the new text lines and type in your
annotations at the appropriate spots. Changing from “Insert” to “Overstrike” may help you type in text lines
without skewing data downstream. Another way to annotate RSF files is to use the colored feature display.

Develop a coding system to represent various attributes and then embed them in your RSF file. Do this by

first selecting a region within your sequences with your mouse that you wish to annotate (you can select
multiple, nonadjacent regions in the same sequence, if desired) and then go to the “Windows” “Features”
menu. Press “Add” in the “Sequence Features” window and then type in relevant information under the
“Keyword:” and “Comments” areas; also choose an appropriate shape, fill, and color for your new custom
feature. Press “OK” after adding your new feature and then “Close” the “Sequence Features” window. It is
probably a good idea to periodically save your work by going to the “File” “Save As. . .” menu and supplying
an appropriate RSF file name. If you are prompted by a “File exists” box, then answer “Overwrite” to
replace your old file with the update. Used in combination text and color annotation can help produce
stunning presentations for publication or poster display. Annotate the sequences in the editor at the precise
position where you believe relevant features lay. Indicate where the various signals and content biases you
found are located. Note where you feel the actual starts and stops of the coding regions are in your
sequence. Similarities discovered through database searching will greatly assist your interpretation. This is
often very helpful, especially if you are dealing with a system that has much available database information.
We need to synthesize all this data to decide what portions of the tentative URF’s actually code for proteins.
Putative coding regions (CDS’s) that the analyses have indicated will then be used in the next portion of the
tutorial to prepare multiple sequence alignments of those regions. The validity of your interpretations will
relate directly to your understanding of the molecular biology of the system you are dealing with.

Go to the “Display:” box and change it from “Residue Coloring” to “Feature Coloring.” Zoom out on the file
so that you can see more of it at once. The colors are now based on the information that we coded into the
file. There would be even more color feature information were these sequences from the databases as
SeqglLab reads the Feature Table for each entry and annotates correspondingly. Change the “Display:” to
“Graphic Features;” now the features are represented using the same colors as before but in a ‘cartoon’
fashion. Use the mouse to move your cursor to one of the colored areas; quickly double-click it. This will
produce a new window that describes the features located at the cursor. Click on one of the features to get
more information on it. As you've seen, all the features are fully editable through the “Edit” check box in this
panel and new features can be added with several desired shapes and colors through the “Add” check box.
The display will look something like my example below:
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Close the "Sequence Features" window and return your display to “1:1."

You have been exposed to a perplexing variety of technique for the identification of protein coding regions in
genomic DNA. As in all molecular and biological computer analyses, the more you understand the chemical,
physical and biological systems involved, the better your chance of success in analyzing them. Certain
strategies are inherently more appropriate to others in certain circumstances. Making these types of
subjective, discriminatory decisions and utilizing all of the available options so that you can generate the most
practical data for evaluation are two of the most important ‘take-home’ messages that | can offer!

Several general references are available in this field — most provide extensive weight matrices for consensus
pattern searches. Naturally each would have to be tailored into the format correct for whichever matrix
searching program you might be using. They also all describe many of the factors involved and the
constraints used in content type algorithms. Sequence Analysis Primer, by Gribskov and Devereux (1992), is
a good starting point.

V. And finally — multiple sequence alignments. What good are they?

Now we can prepare a multiple sequence alignment of the regions identified as CDS. [I'll illustrate with the
helicase sequence found on contig3000_framel and the FastA file that we ran against that sequence. Create
space for a new protein sequence through the “File” “New Sequence. . .” “Protein” menu and then select the
region of the DNA aligned contig3000_framel sequence that you believe is actually translated with the “Edit”
“Select Range” function and “COPY” and “PASTE" it into the new empty sequence slot. Remember to place
your cursor in position one of the new empty sequence space before pasting and to paste from the “Text
clipboard,” not the “Sequence clipboard.” Now go to the “Edit” “Remove Gaps. . .” menu and “Remove all
gaps” within the sequence to create something we can build an alignment off of. Next, go to the “File” menu.
Pick “Add sequences from” and select “Sequence Files.” (Reminder: only GCG format compatible
sequences or list files are accessible through this route. Use SeglLab’s “Import” function to directly load
GenBank format sequences without the need to reformat.) This will produce an “Add Sequences” window
from which you can select sequences to add to the editor. Use the “Filter” box to find the proper file. Files

67



are normally filtered so that only those that end with the extension “.seq” are displayed. This won't help us
becuase the sequences that we want to add are in the FastA file that we produced a while ago. That file
should have the word fasta in it somewhere, unless you changed it to something else. Therefore, delete the
“.seq” extension in the “Filter” box; and insert “*fasta*,” a wild card expression that should find all files in your

working directory with the word fasta in them. Press the “Filter” button to screen your file list. Select the
correct file from the “Files” box and then check the “Add” button at the bottom of the window to load the
FastA file into the SeqglLab editor window. Press the “Interrupt Loading” button after about 15 to 20
sequences to limit the number of sequences in the alignment to not more than 20 so that we can do the rest
of the exercise in ‘real’ time. (In reality you should cut your list off at a point determined by the significance of
the hit.) “Close” the “Add Sequences” window afterward. The sequences will load at the bottom of the
display. Take a look at some of the members from the FastA list. Quickly double click on various entries’
names to see the database reference descriptions for them. (This is the same sort of information that you can
get with the GCG command “typedata -ref” at the command line.) Select the duplicated contig3000 ORF and
all the FastA sequences by dragging the mouse through the entries or by shift-clicking the bottom and top
entry desired (select non-adjacent entries with Cntrl-clicks). The editor display should look similar to the
following now:
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14) Performing the alignment — the PileUp program

After your sequences are selected, go to the “Functions” menu and select “Multiple comparison.” Click on
“PileUp . . .” to align the entries. A new window will be produced with the parameters for running PileUp. Be
sure that the “How:” box says “Background Job.” For this first pass accept all of the program defaults by
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merely pressing the “Run” button and the window will go away. The run may produce an empty output file
and a log file. If this happens, go to the “Windows” “Job Manager” menu and select the “PileUp” job listed
there to read the error message. If the message is “*** ERROR! More than 2000 gap insertions. ***” then
cut some more sequences off the bottom of your list as they are too divergent of a set to align. This
happened to me in the above example and | ended up cutting the list down to about 15 entries.

You may also want to try using an alternate symbol comparison matrix. The default BLOSUMG62 matrix is
very good for ‘run-of-the-mill’ similarity but other, more appropriate, matrices can be specified in the options
menu. The BLOSUM30 matrix is most appropriate for datasets with a high degree of divergence. To specify
this matrix, press the “Options” button in the PileUp window and then check the box in front of “Scoring
Matrix. . .” and press the “Scoring Matrix. . .” button to select “blosum30.cmp” off of the “Chooser for
Scoring Matrix” window displayed. Click “OK” in the “Chooser” window, “Close” the “Options” window, and
then press “Run” in the PileUp window. Once you do get the program to run, it will first compare every
sequence with every other one. This is the pairwise nature of the program, and then it will progressively
merge them into an alignment in the order of determined similarity, from most to least. The window will go
away and then, after a few moments, depending on the complexity of the alignment and the load on the
server, new output windows will automatically display. The top window will be the Multiple Sequence Format
(MSF) output from your PileUp run. Notice the BLOSUM matrix and gap introduction and extension penalties
used. In most cases the default values work fine. Scroll through your alignment to check it out and then
“Close” the window afterwards. If it is unacceptable, reperform the PileUp with fewer sequences still and/or
lower gap penalties. | ended up using 13 sequences along with the BLOSUM30 matrix with a gap creation
penalty of 10 and a gap extension penalty of 3 before | was happy with my initial alignment. An abridged
output file from my example follows below. Notice the interleaved character of the sequences, yet they all
have unique identities, addressable by using their MSF filename together with their own name in braces,
{name}:

11 AA_MULTI PLE_ALI GNMVENT 1.0
PileUp of: @users/thonpson/.seql ab-nendel /pil eup_88.11i st

Synbol conparison table: /gcg/gcgcore/ datal/ noredat a/ bl osunB80. cnp ConpCheck: 85
99

GapWei ght: 10
GapLengt hWei ght: 3

pi | eup_88. nsf MSF: 1378 Type: P July 16, 1999 16:54 Check: 3960 .

Name: 048546 Len: 1378 Check: 7617 Wight: 1.00
Name: 42400 Len: 1378 Check: 7512 Wight: 1.00
Name: yak2_schpo Len: 1378 Check: 3110 Wight: 1.00
Name: hasl_yeast Len: 1378 Check: 6635 Wight: 1.00
Name: 92732 Len: 1378 Check: 8484 Wight: 1.00
Name: 077001 Len: 1378 Check: 1009 Wight: 1.00
Name: 061815 Len: 1378 Check: 6967 Wight: 1.00
Name: 049530 Len: 1378 Check: 6662 Wight: 1.00
Nanme: dbp4_yeast Len: 1378 Check: 4306 Wight: 1.00
Name: ddxx_human Len: 1378 Check: 5150 Wight: 1.00
Nanme: yoq2_caeel Len: 1378 Check: 1590 Wight: 1.00
Nanme: spb4_yeast Len: 1378 Check: 8219 Wight: 1.00
Name: contig3000_orfl Len: 1378 Check: 6699 Wight: 1.00
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conti

048546
42400
yak2_schpo
hasl_yeast
92732
077001
061815
049530
dbp4_yeast
ddxx_human
yoq2_caeel
spb4_yeast
g3000_orf1l

50

M\VG

MKKELSQKKG NKKAQKQEPP KONGNKPSKK PEKLSKKHVA KDEDDDLEED

MANLDM EQHSSENEEI

KKKKHKKRAR

DEAKKLKQPA

NN NN NNy

501

conti

conti

048546
42400
yak2_schpo
hasl_yeast
92732
077001
061815
049530
dbp4_yeast
ddxx_human
yoq2_caeel
spb4_yeast
g3000_orf1l

048546
42400
yak2_schpo
hasl_yeast
92732
077001
061815
049530
dbp4_yeast
ddxx_human
yoq2_caeel
spb4_yeast
g3000_orf1l

048546
42400
yak2_schpo
hasl_yeast
92732
077001
061815
049530
dbp4_yeast
ddxx_human

550

G LLCTNVAA
G LI CTDVAA
GILLCTDVAA
G LLCTDVAA
G LLCTDVAA
G LLCTNVAA
VCLFATDWA
AVLFATDI AA

RG.DI PAVDW | VQYDPPDDP RDYI HRVGRT
RG.DI PAVDW | | QFDPPDDP RDYI HRVGRT
RG.DI PEVDW | VQYDPPDDP KEYI HRVGRT
RG.DI PQVDW | VQYDPPGDQ ASI | HRVGRT
RG.DI PAVDW | VQYDPTDEP REYI HRVGRT
RGLDFPHVDW | VQYDPPDNP TDYI HRVGRT
RG DFPAVDW WQVDCPEDV DTYI HRVGRC AR. YGKKCGKS
RGLDFPAVNW VLQFDCPEDA NTYI HRAGRT

ARGTKGTGKS
ARGTKGKGEKS
ARGLNGRGHA
ARGSGTSGHA
ARGINGSGKA
ARGEGAKGKA

AR. YKEDGEA

GvM STDVVA RA DI SDI DW VI QFDLPKHS SWFVHRAGRT AR. CGREGNA
SVLFTTDVAA RA DI PDVDL VI QLDPPTNT DVFMHRCGRT GR. ANRVGKA
~~~~~~~ MCA RVWVDLPI VHW VWHFDCPDGV | TYAHRAGRA AR. MNLPGFS
551 600
LMFLAPSEL. GFLRYLKTAK VSLNEFE. .. ... FPANKVA NVQSQLEKLV
LMFLTPNEL. GFLRYLKASK VPLNEYE. .. ...FPENKI A NVQSQLEKLI
LLI LRPEEL. GFLRYLKQSK VPLSEFD. .. ...FSWSKI S DI QSQLEKLI
LLLMRPEEL. GFLRYLKAAK VPLNEFE. .. ...FSWXI A DI QQQLEKLI
LLVLRPEEL. GFLRYLKAAK VTLNEFE. .. ...FSWSKVA N QSQLENLI
LLVLTPQEL. KFI QYLKAAK | PVEEHE. .. ... FEEKKLL DVKPFVENLI
LI MLTPQEQE AFLKRLNARK | EPGKLN. .. ... | KQSKKK SI KPQLQSLL
LLI LLPSE. K AWQQLLKK VPVKEI K. .. ... I NPEKLI DVQKKLESI L
L. 1 LI ASEQL AYVNFL. . DN HEKVKLDEI K VPTNNSRKSE ELRQKM KI Q
| TFLNEGREE DFI PFMQVKN VELEELD. LE VKA TTNFYE DFRNW LE. .
LLFLTDQEQ GFTKRLDEAK | DYQK. . ... . KTVKLRTW SI ROKLTELC
601 650
SKNYYLQQSA KDGYRSYLQA YASYS. . ... ... ... ..
KSNYYLHQTA KDGYRSYLQA YASHS. . ... .......... ... .. ....
EKNYFLHKSA QEAYKSYIRA YDSHS. . ... .......... ... ......
AKNYFLNQSA KEAFKSYVRA YDSHQ. . ... .......... ..........
SKNYYLNKSA KEAYKCYLRA YDSHSLKVI H . KVOWITYET NCHGVSRCPA
SENYALKESA KEAYKTYISG YDSHS. . ... .......... ... .......

FKDPELKYLG QKAFI SYVRS | YVQKDKQVF . KFDELPTEE FAYSLGLPGA
AQDQDLKERA QRCFVSYVRS VYLMKDKEVF . DVSKLPI PE YALSLG.AVA
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conti

conti

conti

conti

yoq2_caeel
spb4_yeast
g3000_orf1l

048546
42400
yak2_schpo
hasl_yeast
92732
077001
061815
049530
dbp4_yeast
ddxx_human
yoq2_caeel
spb4_yeast
g3000_orf1l

048546
42400
yak2_schpo
hasl_yeast
92732
077001
061815
049530
dbp4_yeast
ddxx_human
yoq2_caeel
spb4_yeast
g3000_orf1l

048546
42400
yak2_schpo
hasl_yeast
92732
077001
061815
049530
dbp4_yeast
ddxx_human
yoq2_caeel
spb4_yeast
g3000_orf1l

048546
42400
yak2_schpo
hasl_yeast
92732
077001
061815
049530
dbp4_yeast

VSDRAI LEAG
. . DRDRFDKG
| TDTYI KHLA

651

TRAFVSHVES
VKAYVAFI KY
KAl VSYAKS

YAKHDCHLI C
YSNHSATSI F

| HVQGDREVF

. SLDDLNWG
. RLQSLDYVG
PPASELNLTD

LANSYALLRL
| AKLYGLFRL
| ALSYGLASN

700

LKS
LKT
LKQ

. LKD

| NLSVGKQPG | STQHPASEQ QVASATG RQ

701

| FDI NKLDLA
VYQ DKLDLA
| FNVNNLNLP

| FDVTNVDLT
VFNVHQLNLT
. KMKGVKTI E
QKMXKQPTKE
... LSQRKDL
TKYLATEKQE

KVAKSFGFAH
KVAKSYGFPV
QVALSFGFKV

LKQ | FNVNTLDLQ AVAKSFGFLV

AVSKSFGFSV
EVATSFG-SD
QAKERKNAPR
LVRSQADKVI
DVFDRSAI ET
G FPGN\WLVD

PPNVNI Tl GA
PPKVNI Tl GA
PPFVDLNVNS
PPVVDLKVAR
PPFVDLPI SN
PPKVALKI DR
QLAFLSKANE
EPRAPSLTND
SEI KYADVKL
PPVNVDEYKY
PEGEHTDADD

SGRTDKKERR
SGKTPNTKRR
NEG KQKKRG
PSGSDRKSDV
KPKVEI RSKL
GGYRSKREPV
DGEVI EDKSK
EVEEFRAYFN
EANRETVIMKE
KDKKREKERQ
EEERDDLLKV

750

AGYNKKNHVD
KTHK:

VYSKOQRSSA

SQDKERGWER

GGGGFGYQKT
GGGGFGFYKK
SGAGYRKKKQ
NKFKRGRGGG
QPRTKYDKNMF
EKVBI LQKGG
KHEKKVETLA
ETLKNI SLI N
TKI VTSVLSS

751

KKVEKSKI FK
MNEGSASKCR
SFTFKAKK~~
RPGEKSKFER
ERKNQTI LSE
KRLEGT. . . E
AKDKKRREKE
DKKKLKSELK
KEKEEL QQER

HI SKKSSDSR
HFKQVNRDQA

Y

HY. LNI TKAQ AQEDEDDDF

HRQDNDTGNE
ARKLKKMGGR
KKNLAWSDKT
EKQ ERKLLK

EQEEEEDDEE
FRNGGGTGRK
LTKERKLERK
GSI EEAARI A

SVKRKDHEI N
EMEEKLAKAK
AEEKKALKRK
. . EKMSLKRK
REAGRHKI LN

800

EAELPALTLP
GSQAP. . SLP
AEEEDDAQND
Al EEELKAEE
TSSDEESQST

801

TSRRAQKKAL
NTSEAQKI KE
| RLLKRI KRG
LDENAEEERI

SGAFSAKHTN

SKKASLASKG
VPTQFLDRDE
KLSKKEI KDV
KEDWKE . . V
NSAQDESDES

NASKLI| FDDE
EEEDADF. LK
L

GEAHPV. . YE
VKRHNVFGLA

LQNKRKKVSS
ELSSYTSASE

KAl QGNFDDL
EHSGITTFPNE

850

LEDEEEFHKR GDAEVQKTEF LTK. .. ESAV MADI DNl DKQ VAKEKKQEKK
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ddxx_human LKDEKTLQKK DPSNSSI KKK MIKVAEAKKY MKRNFKVNKK | TFTDEGELV
yoq2_caeel
spb4_yeast
conti g3000_orfl ASHVSRLQQR | AHNDSFDRE AHKRKNRRKS KRRAASEQES SYDDSSFDES

851 900

048546 ~~~MKSFNTE
42400 ~~~MKSFNTE
yak2_schpo
hasl_yeast
92732
077001
061815
049530
dbp4_yeast RKRLEAMRRE MEAAMEEEI S GDEEEGKTVA YLGIGNLSDD MSDGDMVPDSE
ddxx_human QQAWPQMQKSA | KDAEEDDDT GG NLHKAKE RLQEEDKFDK EEYRKKI KAK
yoq2_caeel
spb4_yeast
conti g3000_orfl EEEMPBKRKQ KP~~~~~~~~

NN NNy

Notice the listing of sequence names near the top of the file. This listing contains an important number called
the checksum. All GCG sequence programs utilize this number as a unique sequence identifier. There is a
checksum line for the whole alignment as well as individual checksum lines for each member of the
alignment. If any two of the checksum numbers are the same, then those sequences are identical. If they
are, an editor can be used to place an exclamation point, “I” at the start of the checksum line in which the
duplicate sequence occurs. Exclamation points are interpreted by GCG as remark delineators, therefore, the
duplicate sequence will be ignored in subsequent programs. Another important number on the individual
checksum lines needs to be pointed out. The “Weight” designation determines how much importance each
sequence contributes to a profile made of the alignment (see the Profile section below). Sometimes it is
worthwhile to adjust these values so that the contribution of a collection of very similar sequences does not
overwhelm the signal from a few more divergent sequences. The “Sequence Info . . .” window can be used to
accomplish this. However, we will not be bothering with it here.

After scrolling through your alignment and then “Close”ing its window, the next window visible will be the
“SeqlLab Output Manager.” This important window contains all of the output from your current SeqlLab
session. Be sure to press the “Add to Editor” button and specify “Overwrite old with new” in the next

window when prompted, to take your new MSF (Multiple Sequence Format) output and merge it with the RSF
file in the open editor. This will keep all feature information intact, yet renumber all of its reference locations.
“Close” the “Output Manager” after loading your new alignment. The next window will contain PileUp’s
cluster dendrogram; in my example’s case, the following:
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This dendrogram of the similarity clustering relationships between the sequences is automatically created
when you run PileUp. It shows the clustering process used to create the alignment. The length of the vertical
lines is proportional to the difference in similarity between the sequences. This figure is not an evolutionary or
phylogenetic tree and should not be presented as one, although if the rates of evolution for each lineage are
exactly the same, which is seldom the case in nature, it can be the same as one. It is basically a UPGMA
style dendrogram — no substitution models for multiple hits or methods for correction of unequal rates of
divergence are used in its construction. It merely indicates the relative similarity of the sequences. However,
as discussed above, the dendrogram can assist in determining sequence weighting factors to even out each
sequences’ contribution to a profile. It can also help point out sequences that should probably be excluded
from the analysis; here 048546 and Q42400 are distinct outliers.

“Close” the dendrogram window to return to the editor. Now notice that your residues align by color. My
editor display looks like the following after loading the MSF file:
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Notice the typical ATP-dependent helicase ‘DEAD’ box signature in most of the sequences visible in this
section.

15) Visualizing conservation in multiple sequence alignments.

To easily visualize the most conserved portions of a multiple sequence alignment we can utilize the GCG
graphics program PlotSimilarity. Additionally this is a very nice way to see those areas of your alignment that
may need improving by pointing out the most variable regions. This program draws a graph of the running
average similarity along a group of aligned sequences (or of a profile with the Profile option).

Be sure that only the sequence names within the alignment are selected and then go back to the “Functions”
menu; under the “Multiple Comparison” section choose “PlotSimilarity. . ..” We need to change some of
the program defaults there so choose “Options. . .” Check “Save SeqlLab colormask to” and “Scale the
plot between:” the “minimum and maximum values calculated from the alignment.” The first option's
output file will be used in the next step and the second specification launches the program’s command line -
expand option which blows up the plot, scaling it between the maximum and minimum similarity values
observed so that the entire graph is used rather than just the portion of the Y axis that your alignment
happens to occupy. The Y-axis of the resulting plot will use the similarity values from whichever symbol
comparison matrix you specify. The default matrix, BLOSUMG62, begins its identity value at 4 and ranges up
to 11; mismatches go as low as -4. “Close” the window; notice that the “Command Line:” box now reflects
your updated options. Click the “Run” box to launch the program. The output will quickly return. “Close” the
plotsimilarity.cmask display and the “Output Manager” and then take a look at the similarity plot. My
example follows below:
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Make a PostScript file of this plot too, if desired. “Close” the window. Regardless of whether you print this
plot or not, take notes of where the similarity significantly falls off within and at the beginning and end of the
alignment. In my example above the overall average similarity indicated by the blue dashed line is pretty
poor, nonetheless, it is easy to see that some regions are much better than others, especially that portion
before about 150 and after around 600. Now go to the “File” menu and click on “Open Color Mask Files.”
This will produce another window from which you can select your new “plotsimilarity.cmask” file. Click on
“Add” and then “Close” the window. This will produce a gray scale overlay on your sequences that describes
their regional similarity. My sample alignment, using a zoom factor of 8 to 1, looks like the following:
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16) Improving alighments within SeqlLab.

The beauty of this representation is you can now select only those regions of low similarity to try to improve
their alignment automatically. This is possible because of PileUp’s InSitu option. Be sure that all of your
sequences in the alignment are selected and then zoom back in your alignment to 1:1 so that you can see
individual residues and then scroll to the end. It's best to start at the carboxy termini in this process so that
the positions of the low similarity regions do not become skewed as you proceed through the procedure. Now
select a region of low similarity, either by using the mouse or by using the “Edit” “Select Range” function
(determine the positions by placing your cursor at the beginning and end of the range to be selected and
noting the column number). It may help you recognize similarity by switching back and forth between
“Residue Coloring” and “Color Mask” “Display:.” Once all of your sequences and the region that you wish
to improve are selected, go to the “Functions” menu and again select “Multiple Comparison.” Click on
“PileUp . . .” to realign all of the sequences within that region. (Reminder: The “Windows” menu also
contains a listing of all of the programs that you have used in the current session; you can launch any of them
from there as well.) You will be asked whether you want to use the “Selected sequences” or “Selected

region;” it is very important to specify “Selected region.” This will produce a new window with the
parameters for running PileUp. Next, be sure to click on “Options. . . ” to change the way that PileUp will
perform the alignment. The BLOSUMS3O0 natrix should still be selected if you had it chosen earlier. | would
definitely recommend using it in this dataset because of the high level of sequence divergence. In the
“Options” window check the gap creation and extension boxes and change their respective values to much
less than the default. Changing them to 5 and 1 respectively seems to work pretty well for the BLOSUM30
matrix. You will have to experiment to see what works best for you. Most importantly check “Realign a
portion of an existing alignment;” this calls up the command line -InSitu option. Otherwise only that portion
of your alignment selected will be retained in the output. Furthermore, we really don’t need another similarity
dendrogram, so uncheck the “Plot dendrogram” box. “Close” the “Options” window and notice the new
options in the PileUp “Command Line:” “Run” the program to improve your alignment. The window will go
away and your results will return very quickly since you are only realigning a portion of the alignment; new
output windows will automatically display. The top window will be the MSF output from your PileUp run.
Notice the matrix used and the lowered gap introduction and extension penalties of 5 and 1 respectively.
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Scroll through your alignment to check it out and then “Close” the window. The next window will be the
“Output Manager.” Just like before, if you like the alignment, click on “Add to Editor” and then specify
“Overwrite old with new” in the new “Reloading Same Sequences” window to merge the new alignment
with the old one and retain all feature information. This feature information may help guide alignment efforts
in subsequent steps. “Close” the “Output Manager” window after loading your new alignment.

Your alignment should now be a bit better within the specified region. Repeat this process in all areas of low
similarity, again, working from the carboxy termini toward the amino end. Notice that all of the options that
you last specified are retained by the program so you don'’t need to respecify them. You can also save these
run parameters so that they will come up in subsequent sessions by clicking on the “Save Settings” box in any
of the program run windows. As before, you may want to go to the “File” menu periodically to save your work
using the “Save as . . .” function in case of a computer or network problem. It's also probably a good idea to
reperform the PlotSimilarity and color mask procedure after going through the entire alignment to see how
things have improved after you've finished the various InSitu PileUps. If you discover an area that you can
not improve through this automated procedure, then it is time to either manually ‘correct’ it or ‘throw it away.’
Again, note those ‘problem’ areas and then switch back to “Residue Coloring.” This will ease manual
alignment by allowing your eyes to work with columns of color.

Other things that can help manual alignment are “GROUP”ing and “Protections.” The “GROUP” function
allows you to manipulate ‘families’ of sequences as a whole — any change in one will be propagated
throughout them all. To “GROUP” sequences, select those that you want to behave collectively and then click
on the “GROUP” icon right above your alignment. You can have as many groups as you want. The space
bar will introduce a gap into the sequence and the delete key will take a gap away. However, you can not
delete a sequence residue without changing that sequence’s (or the entire alignment’s) “Protections.” Click
on the padlock icon to produce a “Protections” window. Notice that the default protection allows you to
modify “Gap Characters” and “Reversals” only. If needed, check “All other characters” to allow you to
“CUT” regions out of your alignment and/or delete individual residues and then click “OK” to close the
window. A very powerful manual alignment function can be thought of as the ‘abacus’ function. To take
advantage of this function select the region that you want to slide and then press the shift key as you move
the region with the right or left arrow key. You can slide residues greater distances by prefacing the
command keystrokes with the number of spaces that you want them to slide.

Make subjective decisions regarding your alignment. Is it good enough; do things line up the way that they
should? If, after all else, you decide that you just can’t align some region, or even an entire sequence, then
perhaps get rid of it with the “CUT” function. | did this with both 048546 and Q42400. Another alternative is
the mask function that | will describe below. Cutting out an entire sequence may leave some columns of gaps
in your alignment. If this is the case, then reselect all of your sequences and go to the “Edit” menu and select
“Remove Gaps. . .” “Columns of gaps.” Notice the extreme amino and carboxy ends of the alignment.
Amino and carboxy termini seldom align properly and are often jagged and uncertain. This is fairly common
in multiple sequence alignments and subsequent analyses should probably not include these regions. If
loading sequences from a FastA or BLAST run, allowing SeqgLab to trim the ends based on beginning and
ending constraints considerably improves this situation. Overall, things to look for include strongly conserved
residues such as tryptophans, cysteines, and histidines, important structural amino acids such as prolines,
tyrosines and phenylanines, and the conserved isoleucine, leucine, valine triumvirate; make sure they all
align. After you have finished tweaking, evaluating, and readjusting your alignment to make it as ‘satisfying’
as possible, change back to “Feature Coloring” “Display:.” Those features that are annotated should align
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perfectly. This is another way to assure that your alignment is as biologically ‘correct’ as possible. Everything
you do from this point on, and especially later if you use alignments to ascertain molecular evolution, is
absolutely dependent on the quality of the alignment! You need a very clean, unambiguous alignment that
you can have a very high confidence in — truly a biologically meaningful alignment. Each column of symbols
must actually contain homologous characters.

Sometimes you may want to align DNA sequences along with their corresponding proteins (the “Group”
function is very helpful for this) in order to perform phylogenetic analyses on the DNA rather than on the
proteins. This is especially important when dealing with datasets that are quite similar since the proteins may
not reflect many differences hidden in the DNA. That is not a problem here, but many people prefer to run
phylogenetic analyses on DNA rather than protein regardless — the multiple substitution models are much
more robust for DNA.

The logic to this approach is as follows: 1) The easy case where you can align the DNA. If the DNA
sequences are alignable, then merely create your DNA alignment, use the Edit-Translate function to create
aligned corresponding protein sequences, and then Group each protein to its corresponding DNA sequence
so that subsequent manipulations will keep them together. 2) The way more difficult case where you need to
use the protein sequences to create the alignment. In this case you need to load the protein sequences first,
create their alignment, and then load the corresponding DNA sequences. Next translate the unaligned DNA
sequences into new protein sequences with the Edit-Translate function using the “align translations” option
and Group these to their corresponding DNA sequences, just as above. However, this time the DNA along
with their translated sequences are not aligned as a set, just the other protein set is aligned. Also Group all of
aligned protein dataset together, separately from the DNA/aligned translation set. Now comes the manual
part; painstakingly rearrange your display to place the DNA, its aligned translation, and the original aligned
protein sequence side-by-side and then manually slide one set to match the other. It sounds difficult, but
since you're matching up two identical protein sequences, the DNA translation and the original aligned
protein, it's really not to bad. The Group function keeps everyting together the way it should be so that you
don’t lose your original alignment as you space residues apart to match them up to their respective codons.

Many other alignment editors are available for cleaning up multiple sequence alignments. However, | think
that you will find SeglLab most satisfying, and only using a GCG compatible editor assures that the format will
not be corrupted. If you do make any changes to a GCG sequence data file with a non-GCG compatible
editor, you must reformat the alignment afterwards. However, reformatting MSF (or RSF with the -rsf option)
files requires a couple of tricks. If this step is not done exactly correct, you will get very weird results. If you
do need to do this for any reason, you must use the MSF option of Reformat (or RSF with the -rsf option) and
you must specify all the sequences within the file, i.e. “{x},” for example:

% reformat -nmsf your_favorite. nsf{*}

Here you will not need to perform this step, unless for some perverse reason you decided to edit your
alignment with a non-GCG compliant editor such as pico; however, it may prove necessary in other situations.
After reformatting, the new MSF or RSF file will follow GCG convention, with updated format, numbering, and
checksums.

17) Masking and export format issues.
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Consensus methods are another powerful way to visualize similarity within an alignment besides GCG's
PlotSimilarity program. The SegLab “Edit” menu allows you to easily create several types of consensus. In
addition to standard consensus sequences using various similarity schemes, SeqlLab also allows you to
create consensus “Masks” that screen specified areas of your alignment from further analyses by specifying 0
or 1 weights for each column. Masks can be created manually also through the “New Sequences” menu and
can have values all the way through 9. Masking can be very helpful for phylogenetic analysis by excluding
those less reliable columns in your alignment where you are not confident in the positional homology. At this
point be sure all of your alignment sequences are selected and then create a Mask style sequence consensus
of them by going to the “Edit” “Consensus . . .” menu and specifying “Consensus type:” “Mask Sequence.”
The default mode is to create an identity consensus at the 2/3'rds plurality level (“Percent required for
majority”) with a threshold of 5 (“Minimum score that represents a match”); however, these are a very high
values for phylogenetic analysis and would likely not leave much phylogenetically informative data.
Therefore, experiment with different lower plurality and threshold values as well as different scoring
comparison matrices to see the difference that it can make in the appearance of your alignment. Be sure that
“Shade based on similarity to consensus” is checked to generate a color mask overlay on the display to
help in the visualization process. (At certain levels you can generate a gray intermediate similarity color as
well as the black and white representation, if making a normal sequence consensus rather than a weight
mask. This is a nice way to prepare alignment figures for publication.) The following screen illustrates my
example using the BLOSUM30 matrix, a plurality of 25%, and a threshold cutoff value of 4:
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File Edit Functlons Optione  HLndows — |
Li=t: P S hoapaory butor fal idwer king. 1l et
oder | Eal tor Msplog e 11 :

LT AT = = ]~ g - & -3
T f:'-:&' T ] .!-.: | e rop & Imaort
Ta T

contiglill_r_frmel
cankiglb_r_froneld
eontigdMi r_Tromed
T S

ol ool S50 contHgiB0 ol == Coluwr= Si0 = £55 =temun

Areas excluded by the Mask will be ignored by subsequent analyses. Once a Mask has been created in
SeqlLab any of the programs available through the “Functions” menu will use that Mask, if the Mask is
selected along with the desired sequences, to weight the columns of the alignment data matrix appropriately.
This only occurs through the “Functions” menu. Just like most computational molecular biology techniques,
one is always balancing signal against noise — and it can be quite the balancing act! Too much noise or too
little signal both degrade the analysis to the point of nonsense.

When you've found a combination that you like, go to the “File” “Print. . .” command and change “Output
Format:” to “PostScript” in order to prepare a PostScript file of your SeqlLab display. Play around with the
other parameters as you like — notice that as you change the font size the number of pages to be printed
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varies. In the “Print Alignment” menu specify “Destination. . . File” and give it an appropriate filename and
then click “OK.” This should result in a PostScript file of the alignment using the displayed coloring and the
specified parameters to be created in the directory that you launched SeqlLab from which can then be
transferred to another machine for color PostScript printing, or for importing into PostScript savvy programs
for further manipulation, or that can be printed to a black and white laser printer that will simulate the colors
with gray tones. Unfortunately the format of this 'raw' PostScript file is different enough from a standard
Encapsulated PostScript file that you may have to use a different print queue in many instances. Discuss
these matters with your system administrator. It may require some variation of the following type of
command:

% | pr - PPost Scri pt_que seql ab_al i gnment . ps

Return to the “SegqLab Main Window” and go to the “File” “Export” menu; click “Format” in the new window
and notice that “MSF,” “GenBank,” and “GDE2.2" are all available for saving a copy of your RSF file in some
alternative formats. At this point do not export any of these formats and “Cancel” the window. Be sure to
realize that using this export route does not use the Mask data to include or exclude columns from your
alignment. Since we want to take advantage of the Mask data for any subsequent phylogenetic analyses, we
will export our alignment using another method. Therefore, after being sure that all of your alignment
sequences as well as your Mask are selected, go to the “Functions” menu, where all choices will be affected
by the Mask, and choose “Importing/Exporting” “ToFastA . . ..” No options are required here; just press
“Run” to convert your alignment into FastA format. We will use FastA as a good intermediate format on our
way to PHYLIP's required format. The new file will be displayed by SegLab; notice that it excludes those
positions that were masked with zero and that it now follows all FastA format conventions including the
automatic conversion of all GCG style gap periods and tildes to the more universal gap dash representation.
This step, therefore, circumvents the common ‘dot to dash’ problem often encountered in sequence format
conversion. “Close” the ToFastA output window. You may want to use the “Output Manager” to save the
file under a name that makes more sense to you through the “Save As. ..” menu. You can next use
ReadSeq to convert this FastA format file to PHYLIP compatible format.

Temporarily switch to your terminal window to run Don Gilbert’'s program ReadSeq that can be used to
change your FastA format file into something acceptable for PHYLIP use. A limitation of ReadSeq is it does
not allow you to only choose a portion of an alignment, nor does it automatically convert dots and tildes to
hyphens. However, since we've taken care of these points while in SeqLab, it'll work just fine for us here.
ReadSeq runs a bit backward from what most people are used to. Begin the program by typing “readseq.” It
first prompts you for an appropriate output file name, not an input file. Do not make a mistake in this step by

giving the name of your input file first; if you do, you will overwrite the input file while running the program and
then when it tries to read it there will be nothing left to read! Next choose “12” off of the ReadSeq menu for
the current PHYLIP format and then designate the input sequence file name (Do not use the GCG {*}
designator; this is not a GCG program.) Finally, after the program has read all of the input sequences, specify
“All" the sequences by typing the word “all.” When the program again asks for an input sequence, press
return, and let it do its thing. A sample screen trace is shown below; as usual, responses are shown in bold:

% r eadseq
readSeq (1Feb93), nulti-format nol bi o sequence reader.

Name of output file (?=help, defaults to display):

cont i g3000. phy
1. Id Stanford 10. dsen (in-only)
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2. GenBank/ GB 11. Phylip3.2

3. NBRF 12. Phylip

4. EMBL 13. Pl ai n/ Raw

5. GCG 14. Pl R/ CODATA

6. DNAStri der 15. MSF

7. Fitch 16. ASN. 1

8. Pearson/Fasta 17. PAUP/ NEXUS

9. Zuker (in-only) 18. Pretty (out-only)

Choose an output format (name or #):
12

Name an input sequence or -option:

conti g3000.tfa

Sequences in contig3000.tfa (format is 8. Pearson/Fasta)
1) YAK2_SCHPO In situ PileUp of: @users/thonpson/.seql ab-nmendel / pileup_98.1is
2) HASL1_YEAST In situ PileUp of: @users/thonpson/.seql ab-nendel /pileup_98.1is
3) @2732 In situ PileUp of: @users/thonmpson/. seql ab-nendel / pil eup_98.11i st
4) Or77001 In situ PileUp of: @users/thonpson/.seql ab-nmendel / pil eup_98.1i st
5) 061815 In situ PileUp of: @users/thonmpson/. seql ab-nendel / pil eup_98.11i st
6) 49530 In situ PileUp of: @users/thonmpson/. seql ab-nendel / pil eup_98. 11 st
7) DBP4_YEAST In situ PileUp of: @users/thonpson/. seql ab-nendel /pileup_98.1is
8) DDXX_HUMAN In situ PileUp of: @users/thonpson/.seql ab-nendel /pileup_98.1is
9) YOR_CAEEL In situ PileUp of: @users/thonpson/. seql ab-nendel /pileup_98.1is
10) SPB4_YEAST In situ PileUp of: @users/thonpson/.seql ab-nmendel / pil eup_98.1i
11) CONTIG3000_ORF1 In situ PileUp of: @users/thonpson/. seql ab- mendel / pi | eup.

Choose a sequence (# or All):
al |

Name an input sequence or -option: <rtn>

You may get the program notice “Thi s format requires equal |ength sequences. Sequence
truncated or padded to fit."” Don't mind it — the program is just doing what it is supposed to do. Do
realize, though, that had we not used ReadSeq on the output from ToFastA to convert to PHYLIP, and had
rather used a GCG MSF file as input, then an essential change would have to be made before it would be
correct for PHYLIP. As mentioned in the Introduction, periods and tildes will not work to represent indels
(gaps); they must all be changed to hyphens (dashes). The following, rather strange, UNIX command works
very well for this step from the command line, but you should not need to use it in this exercise:

%tr \~\. \- < infile.phy > outfile.phy

Return to your SeqLab display to generate a NEXUS file for PAUP*. To build NEXUS format files it is easiest
to use GCG's interface to the PAUP* package. The interface is the paired programs PAUPSearch and
PAUPDisplay. However, | do not recommend seriously analyzing your dataset with PAUP* from within GCG
through their PAUPSearch and PAUPDisplay programs because GCG's version of PAUP* in both GCG
version 9.1 and 10 is an old 4.0.0d55 version, rather PAUPSearch can be used as a very handy tool for
generating NEXUS format files which can then be fed directly to the most recent version of PAUP*. Naturally,
if you do not have access to the latest and greatest version of PAUP*, which contains several bugs fixes since
4.0.0d55 was incorporated into the GCG package, then this is a legal alternative. If you absolutely have to
rely on GCG's version of PAUP*, then at least bother to learn how to run the most robust searches possible,
before accepting any of its output as possible phylogenetic inferences. However, | would strongly suggest
contacting Sinauer Associates to acquire the current version of PAUP*,
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Begin the NEXUS conversion process by again being sure all of your alignment sequences, including the
weight Mask, are selected and then go to the “Functions” “Evolution” menu. Select “PaupSearch. . .” to
launch the dialogue box. Because we merely want to generate a NEXUS file, we will run PAUPSearch in its
fastest mode. Accept the default “Tree Optimality Criterion” “maximum parsimony” and the “heuristic
tree search (fast)” “Method for Obtaining Best Tree(s).” Be sure that the “perform bootstrap
replications. . .” button is not pressed and then launch the “Options” menu by pressing the appropriate
button. In the “PaupSearch Options” menu check in the top box to save the PAUPscript file. The
PAUPScript output file results from the automatic conversion of your alignment to NEXUS format and
contains all the PAUP commands as well as your alignment. (If needed, the PAUP log file keeps track of all
that happened during the program run and is a good place to look for any error messages.) You can change
or leave the file names as you wish. Uncheck the next box, “Perform the anaysis.” This makes the program
do the conversion to generate the NEXUS script but prevents it from performing the heuristic search for the
best tree (equivalent to the command line option —norun). Scroll down through the options menu, leaving the
rest of the options in their default settings, but do check them out. “Close” the options menu. Normally
PAUPSearch and PAUPDisplay are linked to each other when you run them from the SeqlLab interface.
Therefore, since we don’'t want to run PAUPDisplay, uncheck the “PaupDisplay . . .” button in PaupSearch’s
main window. Be sure that “How:” “Background Job” is specified on the main PAUPSearch menu and then
press “Run” there. After a moment the results will be displayed. An abridged version of mine follows:

#NEXUS

[! Aligned sequences from GCG file(s) ' @users/thonpson/. seql ab- nendel / paupsear c

h_100.1ist" ]
[Length: 589 Type: P July 16, 1999 23:59]
[ Nane: YAK2_SCHPO Len: 589 Check: 1130 Weight: 1.00]
[ Nane: HAS1_YEAST Len: 589 Check: 8758 Weight: 1.00]
[ Nane: @2732 Len: 589 Check: 6220 Weight: 1.00]
[ Nane: Or7001 Len: 589 Check: 8242 Wight: 1.00]
[ Nane: 061815 Len: 589 Check: 7881 Weight: 1.00]
[ Nane: O49530 Len: 589 Check: 4054 Weight: 1.00]
[ Nane: DBP4_YEAST Len: 589 Check: 7409 Weight: 1.00]
[ Nane: DDXX_HUMAN Len: 589 Check: 310 Wight: 1.00]
[ Nane: YOQ_CAEEL Len: 589 Check: 4903 Weight: 1.00]
[ Nane: SPB4_YEAST Len: 589 Check: 5093 Weight: 1.00]
[ Nane: CONTI G3000_ORF1 Len: 589 Check: 6536 Weight: 1.00]
begi n dat a;
di nensi ons ntax=11 nchar =589;
format datatype=protein interleave gap=.;
mat rix
[ 1 50]
YAK2_SCHPO M ... AKKRK GNEEKKDAEE P........ D EDDYEQEEE. AQNTSVEED.
HAS1_YEAST M...ATKR ....S.DTEE P......... WD. . ... E. SQNNAAP. ..
2732 MELQGM SQE GNI KSKNASE KKKKKRK. DE PDTKKAKTEK S. EESAEEEE
077001 MELQGNKKQE GN. KKKDDQE PPKKKQKQDE SDDDEQEDED SLDEAAEEDE
061815 MDV..KKKRK GHEK. .. AEE PE....... E EDEEEVEEEK T..ESSE. ..
049530 MNLQSENKKK RDEAKADKDE PKKKKKNKDG EDEAVAEEEK KKNKKLQQDE
DBP4_YEAST MK...... R .T...... TQ ... KTR QK EDEY.IE... ..N......
DDXX_HUMAN  MKTPGARVRS KH. . . . .. SH QKKKQRKQ K KPEWQVERElI LON.......
YOQR_CAEEL  IMKV. . .o e e e
SPBA_YEAST  MBL. . .. e e e e
CONTI GBO00_ORFL M ..ottt it i e e e e



NN NNy

[ 501 550]
YAK2_SCHPO ....... I FD I NKL. . DLKV . ...AKS. FG FAH.. PPVNI | ASGRK. ...
HAS1 YEAST ....... VYQ I DKL. . DLKV . ...AKS.YG FPV..PPVNI |ASGKN....
Q2732 ....... I FN VNNL. . NLQV ....ALS. FG FKV. . PPVDL VNSNEK. . ..
o77001 ....... I FN VNTL. . DLAV ....AKS. FG FLV..PPVDL VARPSD....
061815 P...TYDIFD VINM . DLAV . ... SKS.FG FSV..PPVDL | NKPKI . . ..
049530 ... ... DVFN VHQL. . NLEV ....ATS.FG FSD..PPVAL |.........
DBP4_YEAST . KVETLHYLN | TKAQEDFSV HI AN. ASKLI FDDEEPVE.. LDEEE. LDDE
DDXX_HUMAN EEMEGQSLPN TSEAQEDFKV HVANVNKKI T FTDEEPQQKS | DAEEDLDDK
YOQ® CAEEL PKMEQKDVF. ... ... DRAI ....ETSEI K YADVLET. .. MK .. E
SPB4_YEAST PRVETKG FP GNWL. . D. PV . ... NVDEYK YKDKRETKNI LNDKKK...E
CONTI G3000_ORF1 LKVKSKE. .. ..ELQEARAR H ANAQDE.. . SDEE...SS TASEE. LDD.
[ 551 589]
YAK2_ SCHPO ...ERR.... .AG..... Y NKKNHV. YSI SQD. RGR. .
HASL YEAST ... KRR ... .......... CKTH . K. .
Q2732 ...KKR ... .GGGGGF..Y QKTKKVSKI K SSD. RQH. .
O77001 ...KSD.... .VGGGGF..Y KKMNEGSKFV NRD. KKR. .
061815 ...SKL.... .SGAG ...Y RKKKQ SF.. ....KK ..
49530 ....DR... .GG..... Y RSKREPKFGR PGG. KFY. .
DBP4_YEAST KKEMRREAME EGKTVAYDD. D...MP...D SEG KK..P
DDXX_HUMAN KKKARREAKE E. ... AFDDF DPSTLPDKED SEDI KKGKP
YOQ®_ CAEEL KAKKRREAKF NGGGTGR .. .EEKKALKE. .DDI KRRK.
SPB4_YEAST KWKKERE. K. ...SLKR .| EEELKALDElI KEDI.QRK.
CONTI G3000_ORF1 . K. NRR .KE ES...SYDDF D........ E SE..EESRP

endbl ock;

begi n paup;
set errorstop;

set criterion=parsinony;

set increase=no;
pset col | apse=no;

hsearch start=stepw se addseq=si npl e swap=t br;

savetrees /brlens file="/users/thompson/working/ G ardi a/ paupsear ch_100. pauptr ees

repl ace;
quit;
endbl ock;

The top-most file will be the PAUP* script file with the “SeqLab Output Manager” right behind it.

PAUPSscript file is very important. As mentioned above, it contains the NEXUS format file that was generated
by GCG to run PAUP*. Notice that columns of your alignment with zeroes in their Mask are excluded from
the NEXUS alignment. This file can be used to run the latest version of PAUP*, if available, in its native mode
by ‘ftping’ it to an appropriate machine. Using a Macintosh may be desirable in order to take advantage of
PAUP*'s very friendly Macintosh graphical user interface. Since GCG automatically creates this file for you,
correctly encoding all of the required format data, when you run PAUPSearch, there is no need to hassle with
a later conversion of your alignment to NEXUS. As | stated in the introduction, file format conversion can be
the biggest headache of this whole area and here GCG has done all of that work for you. When using this file
as input to native PAUP* you will need to delete, comment out, or modify any inappropriate commands within
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the command block with a simple text editor. Likewise, this file can be greatly expanded by encoding any
desired commands within its command block.

18) Profile Analysis: How to use ProfileMake to create a weighted matrix of the alignment and
ProfileSearch to scan the database with that profile.

The Profile Suite: ProfileMake, ProfileSearch, and ProfileScan. And finally — interpreting Profile analysis — why even
bother?

Dr. Gribskov et al. (1987 and 1992; see additional references in GCG program manual) have assembled an
elegant package for associating distantly related proteins and discovering structural motifs with the Profile
analysis suite. John Devereux of GCG has written an excellent overview essay of the method in the GCG
program manual; please take the time to read this section at some point with the GenManual command.

The Profile method enables the researcher to recognize features that may otherwise be invisible. The greatly
enhanced information content of a Profile over individual sequences has the potential to find similar motifs in
sequences which may be only distantly related and that will not be found by any other search algorithms.
Even though ProfileSearches do require some work to setup and run — a meaningful multiple sequence
alignment must be assembled, the sequences should be appropriately weighted, ProfileMake needs to be
run, and the search job itself takes quite a long time to run — it is well worth the bother.

A profile should usually be refined to only include the most highly conserved area of an alignment and its
members should be appropriately weighted. This refinement procedure, including repeatedly searching the
databases and including or excluding members as the case may be, is known as validating the profile. If
using Profile analysis in your own research, following the validation procedures outlined in the GCG Program
Manual in the ProfileScan description is a very prudent idea, but we do not have the time for that now.
However, we will restrict the length of our profile to exclude the diverged terminal regions of our alignment.
(By the way, ProfileScan is another great ‘Motifs’-like program to run on unknown protein sequences to help
ascertain function.)

A profile, and its inherent consensus, is created with the GCG program ProfileMake. Be sure that all of your
alignment sequences except the consensus mask are selected and then, based on your previous
observations, select the longest, most conserved, overall length available. Restrict the length of your profile
so that any jagged ends in your alignment are excluded. Do this through the “Edit” “Select Range. . .” menu.
“Select” and then “Close” the box. Another effective strategy is to develop multiple, shorter profiles just
centered around the similarity peaks of your alignment. After your range is selected go to “Functions”
“Multiple Comparison” “ProfileMake” and reply “Selected region” in the “Which selection” dialog box. Go
to the “Options . . .” menu from the “ProfileMake” dialog box and specify the -SeqOut command option by
checking “Write the consensus into a sequence file” and giving it an appropriate name. This will generate
a normal sequence file of the consensus in addition to the profile file. Play with any of the other options that
you would like, such as the scoring matrix. “Close” the “Options” box and then “Run” ProfileMake. The top
window returned will display your profile consensus sequence. Notice that all positions are filled; there are no
gaps. This is because the Profile algorithm will decide on the most conserved residue for each position,
regardless. Also notice that the header contains information relating to the sequence’s creation through
ProfileMake; this can be valuable.

“Close” the window. The “ Output Manager " will also list a .prf file. This is the profile itself. You are
welcome to take a look. It is a huge table of numbers that doesn’'t make a whole lot of sense to us mere
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mortals, but it is a tremendously powerful tool in subsequent analyses. As described in the Introduction, other
programs can read and interpret this alignment customized scoroing matrix to perform very sensitive
database searches and alignments by utilizing the information within the matrix that penalizes misalignments
in phylogenetically conserved areas more than in variable regions. Whatever you do, “Save As. . .” the profile
giving it an appropriate name that you can recognize; retain the .prf extension. “Close” the “Output
Manager.”

Follow the instructions in this next paragraph to run ProfileSearch on your own data at some point in the
future. DO NOT RUN PROFILESEARCH WHILE IN THIS WORKSHOP. It would load the cpu too heavily
and negatively impact other participants! To run ProfileSearch at some point in the future, go to the
“Functions” menu and select “Database Sequence Searching” “ProfileSearch.” Specify the “Query profile. . .”
in the “File Chooser” and click “OK.” Uncheck “ProfileSegments. . .” and then go to “Options. . ..” Use the
MinList option by changing “Lowest Z score to report in output list” from 2.5 to 3.5 and then “Close” the

command window. MinList sets a list Z score cut-off value — a very handy way to limit your output list size.
ProfileSearch Z scores are normalized and reflect the significance of the results. Here rather than
randomizing sequences to evaluate the Z score as is done in the Monte Carlo approach with the
Randomization option of GCG's programs Gap and BestFit, they are calculated based on all of the nonsimilar
sequences from the database search similar to the way that BLAST and FastA calculates their
Probability/Expectation scores. As with Monte Carlo approaches, Z scores much below 3 are probably not
worth considering, from around 4 to 7 may be interesting , and above 7 are most probably significant. Be
sure that “How:” “Background Job” is selected and then click on “Run.”

Now get out of SeqlLab by going to the “File” menu and clicking on “Exit.” You will probably be asked if you
want to save your RSF file and any changes in your list. Accept the suggested changes giving appropriate
names and SeqLab will close. This will return you to the xterm window.

19) Conclusions and Profile results.

What Profile analysis can show us.

Obviously, even in such an extensive tutorial, | have only touched the ‘tip of the iceberg’ regarding SeqlLab’s
full potential. For example, | haven't discussed primer design and analysis or protein or nucleotide structural
analysis — three ‘hot’ fields, readily ammenable to SeglLab study. Please refer to the printed or online GCG
documentation on SeqlLab available through GenHelp or the Help menus in SeqLab itself to fully explore its
many possibilities. Also, freel free to contact me in the future at stevet@bio.fsu.edu. SeglLab is an incredibly
powerful way to run the Wisconsin Sequence Analysis Package.

ProfileSearches take a very long time to run, they are incredibly cpu intensive, perhaps the most of any
program in the GCG package, so if you ever do perform one, be sure to submit your search as early as
possible. When you return to a completed ProfileSearch take a careful look at the output. There is a strong
chance that some of the sequences in it were not found by other search algorithms. If launched from SeqLab,
it'll be located in the same directory as you were working in and will have a cryptic name of the form
profilesearch_some-number.pfs. Pay particular attention to the reported Z scores. Notice that in my example
ProfileSearch output file below, the program is finding all of the RNA helicases plus some other interesting
nucleotide binding proteins such as initiation factors. The nucleotide binding motifs in our profile are among
the most highly conserved portions of the alignment and hence more importance are placed on them by the
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search, therefore, other proteins with similar domains are found. An abridged screen trace of my
ProfileSearch output follows below:

11 SEQUENCE_LI ST 1.0
(Peptide) PROFI LESEARCH of: /users/thonpson/working/ G ardia/profil emake_103. prf
Length: 441 to: Swi ssProt:*

Scores are not corrected for conposition effects

Gap Weight: 43.05
Gap Length Weight: O0.48
Sequences Exami ned: 71064
CPU tinme (seconds): 1158
* * * * * * * * * * * * * * * *
Profile information:
(Peptide) PROFI LEMAKE v4.50 of:
@ user s/ thonmpson/ . seql ab- nendel / profil emake_103.1ist Length: 441
Sequences: 11 MaxScore: 1094.30 July 17, 1999 00:41

Gap: 1.00 Len: 1.00
GapRatio: 0.33 LenRatio: 0.10
* * * * * * * * * * * * * * * *
Nor mal i zati on: July 17, 1999 01:12

Curve fit using 47 length pools
0 of 47 pools were rejected

Normal i zati on equati on:
Cal c_Score = 553.44 * ( 1.0 - exp(-0.0013*SeqLen - 0.2731) )
Correlation for curve fit: 0.719
Z score cal cul ation:
Average and standard devi ation cal cul ated using 70959 scores
105 of 71064 scores were rejected

Z Score = ( Score/Calc_Score - 0.983 ) / 0.095

Sequence Strd ZScore Oig Length ! Docunentation

SW HAS1_YEAST + 17. 33 892. 88 505 ! Q03532 saccharomyces cerevisiae

(baker's yeast). probabl e atp-dependent rna helicas

SW YAK2_SCHPO + 15. 65 887. 85 578 ! Q09916 schi zosaccharomyces ponbe
(fission yeast). putative atp-dependent rna helica

SW DBP4_YEAST + 8.22 711.90 770 ! P20448 saccharomyces cerevisiae

(baker's yeast). probabl e atp-dependent rna helicas

SW YOQ2_ CAEEL + 7.99 626. 14 578 ! P34640 caenorhabditis el egans. p

utative atp-dependent rna helicase zk512.2 in chrom

SW Y669 METJA + 7.80 510.18 367 ! (B8083 net hanococcus jannaschii.
put ative atp-dependent rna helicase nj0669. 11/97

SW SPB4_YEAST + 7.79 631.78 606 ! P25808 saccharomyces cerevisiae

(baker's yeast). atp-dependent rrna helicase spb4.

SW YN21_ CAEEL + 7.70 574.23 489 | P34580 caenorhabditis elegans. p

utative atp-dependent rna helicase t26g10.1 in chro

SW DDXX_HUMAN + 7.67 724.47 875 ! QL3206 homo sapi ens (hunman). pro

babl e at p-dependent rna helicase ddx10 (deah box pr

SW DBP8_ YEAST + 7.15 527.25 431 ! P38719 saccharonyces cerevisiae

(baker's yeast). probabl e atp-dependent rna helicas

86



SW RRP3_YEAST + 7.04 578.31 543 | P38712 saccharomyces cerevisiae
(baker's yeast). atp-dependent rrna helicase rrp3

SW RHLB_ECOLI + 7.01 517.18 420 ! P24229 escherichia coli. putativ
e atp-dependent rna helicase rhlb. 11/97

SW | FAA CAEEL + 6. 93 505. 23 402 ! P27639 caenorhabditis el egans. e
ukaryotic initiation factor 4a (eif-4a). 11/97

SW SRVB_ECOLI + 6.91 526.79 444 | P21507 escherichia coli. atp-dep
endent rna helicase srnmb. 11/97

SW | FAN_SCHPO + 6. 88 499. 40 394 ! QL0055 schi zosacchar omyces ponbe
(fission yeast). eukaryotic initiation factor 4a-I

SW | F4AA_SCHPO + 6. 76 494.87 392 | P47943 schi zosacchar omyces ponbe
(fission yeast). eukaryotic initiation factor 4a (

SW | FAA_ CANAL + 6. 69 495.43 397 ! P87206 candi da al bi cans (yeast).
eukaryotic initiation factor 4a (eif-4a). 11/97

TEEEEEEEEE i bbb rr b bbb bbb
d box protein 3 (dead-box rna helicase dead2). 11/9

SW Y425_MYCPN + 4.40 452.51 450 ! P75172 nycopl asma pneunoni ae. pr
obabl e rna helicase nmy425 honol og. 11/97

SW DEAD_HAEI N + 4.36 514.72 613 ! P44586 haenophilus influenzae. a
t p- dependent rna helicase dead honmol og. 11/95

SW YAJ3_SCHPO + 4.35 558. 67 754 ! Q9903 schi zosacchar omyces ponbe
(fission yeast). putative atp-dependent rna helica

SW AN3_XENLA + 4.29 539.51 697 ! P24346 xenopus laevis (african c
lawed frog). putative atp-dependent rna helicase an

SW Y308_MYCPN + 4.28 430. 89 409 ! P75335 nycopl asma pneunoni ae. pr
obabl e rna helicase nmy308 honol og. 11/97

SW DDX4_RAT + 4.04 535. 27 713 ! Q64060 rattus norvegicus (rat).
dead box protein 4 (vasa honolog) (rvlg). 11/97

SW DEAD_ECOLI + 3.98 512.18 646 ! P23304 escherichia coli. atp-dep
endent rna helicase dead. 11/97

SW DBP9_YEAST + 3.97 494,27 594 | Q6218 saccharomyces cerevisiae
(baker's yeast). probabl e atp-dependent rna helicas

SW Y425_MYCGE + 3.90 436. 86 449 | PA7664 nycopl asma genitalium pr
obabl e rna helicase ng425. 11/97

SW DEAD_KLEPN + 3.86 512.07 659 ! P33906 kil ebsiella pneunoni ae. at
p- dependent rna helicase dead. 2/95

SW DBP6_ YEAST + 3.85 502.01 629 ! P53734 saccharomyces cerevisiae
(baker's yeast). probabl e atp-dependent rna helicas

SW VASA_DROVE + 3.81 510.81 661 ! P09052 drosophila nel anogaster (

fruit fly). vasa protein. 2/96

SW MAK5_ YEAST + 3.71 539.68 773 ! P38112 saccharomyces cerevisiae
(baker's yeast). atp-dependent rna helicase nak5. 1

SW GLH1_CAEEL + 3.67 519.60 707 ! P34689 caenorhabditis el egans. a

t p-dependent rna helicase glh-1. 11/95

The program ProfileSegments makes BestFit style alignments of the results of a ProfileSearch. A great
option, -msf, in ProfileSegments allows you to prepare a multiple sequence alignment of the ProfileSearch
segments. The full information content of the profile is utilized in this alignment procedure. Since you didn't
run ProfileSearch here, you will not be able to run ProfileSegments; however, | will illustrate the output. The
importance of the conserved portions of an alignment as reflected in the content of a profile is fully utilized in
this alignment procedure. When you've checked out a ProfileSearch output, a nice idea is to edit it to exclude
most of the sequences that you expected to be found by the search except a few positive controls. If you
ever do this, be sure not mess with the header portion of the file! Then alignments can be made off of the

modified ProfileSearch output file with ProfileSegments. If you do run ProfileSegments sometime in the
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future, be sure to set your list size to include all of the sequences remaining in the ProfileSearch output and
accept the rest of the defaults. An abridged example of the results of a ProfileSegments run is shown below.
Notice how much different the alignments are, after the obvious ones, from the examples seen with other
algorithms. Notice in the following examples how the conserved portions of the profile do not allow the
corresponding portion of alignment to gap. ‘Clustering’ is much more critical to Profile analyses than any
other method. This is because of profile analysis’ variable gap penalties where conserved areas are not
allowed to gap and variable regions are. My abridged output from the ProfileSegments follows:

(Local ) PROFI LESEGMVENTS of: HAS1_YEAST check: 7270 from 1 to: 505

ID  HAS1_YEAST STANDARD; PRT; 505 AA
DE  PROBABLE ATP- DEPENDENT RNA HELI CASE HAS1.

to: profilenmake_103.prf check: 6788 from 1 to: 441

hasl_yeast x profil enmake_103.prf July 17, 1999 01: 12

S 12 SESTEEPWDEKSTSKQ\INAAPEGEQT TCVEKFEELKLSQ:’TLKAI EKI\/G 61
o vse . N LKA KEVE 12
S 62 FTTMI'SVQAi?TI PPLLAG?iDVLGAAKTGSéKTLAFLI PAi ELLHSL. . . 107
b 13 FITMIE PARS) P LOCROVL G KL AL P vt YRLEQNT 62

S 108 . KFKPRNGTG | VI TPTRELALQ FGVARELME. FHSQTF. . G . | VI GG 151
S R R I [ R A N I I I R [ R R S (O Y e N
P 63 AKFMPRNGTGVI | | SPTRELAMQ FGVLRELMEHYHHHTFSVGCQLVI GG 112

S 152 ANRRQEAEKL I\/KGVNM_I ATPGRLLDHLQ\ITKGFV . FKNLKALI 194

N BN e N R R N R S P R
P 113 QEANRRAEAEKLLRNKG NI LVATPGRLLDHLQNTPGFI ARKFRNLQCLY 162

S 195 | DEADRI LEI GF. EDEMRQ | KI LPNEDRQSMLFSATQTTKVEDLA. . Rl 241
SRR L R R e N N R RN R | R
P 163 | DEADRI LDl GFI EDEMRQ | KLLPKQNRQTM.FSATQTQKVEDLAI FRI 212

S 242 SLRPGPLFI N\/VPET ....... DNSTADGLE(X;YW C DSDKRFLLL 280
N [T I - N N B I
P 213 SLRPNPI YVG. VHDVNVDGNQNKDNATPDGLEQGY! VECRVDPSDKRFLLL 261

S 281 ..... FSFLKRNQ KKKI | VFLSSCNSVKYYAELLNY. . . . .. IDLP... 315
I R I B I I I B | [ 2]
P 262 Sl CNNFTFLKRNRLKKKI | VFFSSCNSVKYHYELFNYCLGKRNI DLPGVP 311

S 316 VLELHGKQKQQKRTNTFFEFCNAER. G LI CTDVAARGLDI PAVDW | QF 364
R N L R R R AR A R R R RNy
P 312 | LSI HGKQKQKRTTTFFQFCNAETNG LFCTDVAARGLDI PAVDW VQY 361

S 365 DPPDDPRDY! HRVGRTARGTKGKGKSLMFLTP. . NELGFLRYLKASKVPL 412
AR R R R RN R A RN R R N N N R N R B
P 362 DPPDDPRDYl HRVGRTARGTNGKGKALLFLTPGQEELGFLRYLKAAKVPY 411

S 413 NEYEFPENK. . | ANVQSQLEKLI KSNYYLH 440

B I - N I e
P 412 NEFEFEWNPKI TANI QSQLEKLI SKNYYLH 441
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(Local ) PROFI LESEGVENTS of: YAK2_SCHPO check: 2426 from 1 to:

ID  YAK2_SCHPO STANDARD,; PRT; 578 AA
DE  PUTATI VE ATP- DEPENDENT RNA HELI CASE C1F7. 02C.

to: profilenmake_103.prf check: 6788 from 1 to: 441

yak2_schpo x profil emake_103.prf July 17, 1999 01:12

S 4 SELKRKKI—@GNEEVKEKRQ(PLKNDKKI AEELPQDEDD'YEﬁEENEDAiD 53
P 1 SE ................................................ 2

S 54 ONT SVESESiEELDNENEDE'R\/Q<SVNLNA'SSTSDI EKFSiDLQ_SENI Q(A 103
P 3.NT....... L KA 7

S 104 | KEMGFETMIEI QKRSI PPLLAGRDVLGAAKTGSGKTLAFLI PTI EMLYA 153
SRR AR R R AR N R A R A A N N

P 8 | KEMGFTTMIEI QARS| PPLLQGRDVLGAAKTGSGKTLAFLI PAI EM YR 57

S 154 L..... KFKPRNGTGVI | | SPTRELALQI FGVAKELLK, YHHQTF. . G . 193
: S R R R N N N R RN N R PR

P 58 LEQNTAKFMPRNGTGVI | | SPTRELAMQ FGVLRELMEHYHHHTFSVGCQ 107

S 194 | VI GG . ANRRAEADKLYV. . KGVNLLVATPGRLLDHLONTKGFV. . . FRN 236
S N S S S N N N O A S
P 108 LVI GGQEANRRAEAEKLLRNKG NI LVATPGRLLDHLQNTPGFI ARKFRN 157

S 237 LRSLVI DEADRI LEI GF. EDEMRQ MKI LPSENRQTLLFSATQTTKVEDL 285
R L R L I R R e R R R R R RN R
P 158 LQCLVI DEADRI LDI GFI EDEMRQ | KLLPKQNRQTMLFSATQTQKVEDL 207

S 286 A . R SLKPGPLYVI\NDS ...... GKPTSTVEGLEQGYWAV. . . . DSDKR 323
S I P I N i
P 208 Al FRI SLRPNPI YVGVHDVIVDGNQNKDNATPDGLEQGY! VECRVDPSDKR 257

S 324 FLLL..... FSFLKRN. LKKKVI VFMSSCASVKYMAELLNY. . . . .. I DL 361
[ ] S I B I N I I | | o
P 258 FLLLSI CNNFTFLKRNRLKKKI | VFFSSCNSVKYHYELFNYCLGKRNI DL 307

S 362 P...VLDLHGKQKQQRRTNTFFEFCNAEK. Gi LLCTNVAARGLDI PAVDW 407
R e A R L R L R A R A R R R R R RN
P 308 PGVPI LS| HGKQKQKRTTTFFQFCNAETNG LFCTDVAARGLDI PAVDW 357

S 408 | VQYDPPDDPRDY! HRVGRTARGTKGTGKSLMFLAP. . SELGFLRYLKTA 455
RN R RN R RN N T R R B I R R N

P 358 | VQYDPPDDPRDY! HRVGRTARGTNGKGKALLFLTPGQEEL GFLRYLKAA 407

S 456 KVSLNEFEFPANK..VANVQSQLEKLVSKNYYLQ 487

[ I I R IR I P
P 408 KVPYNEFEFEWNPKI TANI QSQLEKLI SKNYYLH 441

(Local ) PROFI LESEGVENTS of: DBP4_YEAST check: 893 from 1 to:

89
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I D  DBP4_YEAST STANDARD,; PRT; 770 AA
DE  PROBABLE ATP- DEPENDENT RNA HEL|I CASE DBP4 (HELI CASE CA4) (HELI CASE .

to: profilenmake_103.prf check: 6788 from 1 to: 441

dbp4_yeast x profil emake_103.prf July 17, 1999 01: 12

S 2 AKKNRLNTT'Q?KT LRQ(EDiEYI ENLKTKI iDEYDPKI TKAkFFKDLPI SDi:’ 51
P 1 SE NT. ..o LKA IKE ... . 10
S 52 TLKGLRESSi:I KLTEI QADéI . PVSLQ}IiDVLAAAKTGS'GKTLAFLVPVi 100
P 11 MG FITNTE OWSI PL. LQEROV GAKTCSGKTLARL PAL 52
S 101 EKLYRE. .. . KV\TEFDG.GALI | SPTRELAI\/Q YEVLT'KI GS. . H. T'S 141
P 53 IEM YRLEQ\II'AKIFI\/PRNIGTlGVI II I SlPlTlRlEI_ANIQ FGl\/LRELNEHYlHHHT 101

S 142 FSAG . LVI GG . KDVKFELERI . . SR | NI LI GTPGRI LQHLDQAVG.N 184

|| S R R A NN R :
P 102 FSVGOQLVI GGQEANRRAEAEKLLRNKG NI LVATPGRLLDHL. Q .. . N 146

S 185 T........ SNLQ\/LVLDEADRCLDI\/G: KKTLDAI VSTLSPS. . RQTLL 223

I N N N N N I e B A N A
P 147 TPGFI ARKFRNLQCLVI DEADRI LDI GFI EDEVRQ! | KLL. PKQNRQTM. 195

S 224 FSAT@@VADLA . RLSL: TD. . YKTVG:I' HDVI\/DCSVN'KEASTPETLQ'Q 268
o 106 L'SL\'Tlm'D'LA. R SLRAP! v, . VGUHOVVDGNONKONATPDGLED 243
S 269 FYIEV... .. PLADK LDI L..... FSFi K. SHL. KCKM VFLSSSKd\/ 304
P 244 GlYI VECRVDL SDKRFL LLSI CNNlFTlFLKRNRLKk IKI | l\/LFSSCNsl\/ 289
S 305 HFVYETFRKi\/Q. ...... Pé SLM—ILHG?Q(QR’ARTETLiDKFNRA(pJ. C 346
P 290 KlYHYELlFNYCLGKRNI DLL’G\/PI i_SI |I-|IGK|Q(|(n<|R|'I'T!I'FFQ|:0\IAETI\IG 339
S 347 LFATDVVARG DFPAVDV\X/'VQ\/DCPEDVD;I'YI HRVGRCAi:{ YGKKGKSLi 395
b 300 LFCIOVAARGLD! PAVDI VGYDPPODPRY! HRVERTARGINGKGKALL 3689
S 396 M.TP. QE@AFLKRLNARKi EPGKLNI KQéKKKSI KPQ_@LLFKDPELi( 444
b 300 FLIPGOEEL GHL RYLKAAKVPYNEFEFEVPII TAN CSQLEKLI SKNYY 439
S 445 Y 445

P 440 L 440
TP rirriirrrrrlrg
(Local ) PROFI LESEGMENTS of: |F41_ARATH check: 9135 from 1 to: 412

ID | F41_ARATH STANDARD; PRT; 412 AA.
DE  EUKARYOTI C | NI TI ATI ON FACTCOR 4A-1 (ElF-4A-1).
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to: profilenmake_103.prf check: 6788 from 1 to: 441

if4l_arath x profil enake_103. prf July 17, 1999 01: 12

S 4 SAPEGTQFDARQFDQ<LNEVL. E. GQDEFi:. . TSYDDVHESFDANG_QE 48
e Ls.enn. LA KENG . FTTME o E o108 21
S 49 NLLRA YAYd:EKPSAI @?G VPFCKGLiDVI QRAQSGT GKT . ATFCSd/ 97
T b L OGROVL GAAKTGSGKTLA FL. .| 49
S 98 ..LQ ..CLb ..... FS..:.L.ICKEALVLAPTRELAQQ EKVNRALGb 132
b 50 PA EM YRLEQNTAKENPRNGTGY. 11| SPTRELAMD « ... .. 66
S 133 YLGV..KV.:..HA.....:C..V.GGT.éVR..EDQRILCA.GVHVVVG 163
b 87 F. O/LRELNEMYHLHTFSVGo0 I GOCEANRRAEAEKLLRAKG N LVA 135
S 164 TPGRVFDNLkRQ.S..L..:..RADNIKN#VLDEADENLéR....GF.Kb 200

(N R P SRR RN N I e
P 136 TPGRLLDHL.. QNTPGFI ARKFR. . NLQCLVI DEAD. . . . RI LDI GFI ED 177

S 201 ... Q YD FQLLPP. . KI QVGVFSATMPP. . EALEI TR. KFMSKPVRI LV 242

S Y B I S L R
P 178 EMRQ ... KLLPKQNR QTMLFSATQTQKVEDLAI FRI SLRPNPI YVGV 223

S 243 ... .. ... KhDELTLEG KQFYVNVEKEE“KLETLC...:.D ..LYETL 276
b 224 HDVNDGNOAKONATPDGLEGON VE. ... CRVDPSOKRFLL. . L 261
S 277 AI....TCSVIFVNTR.R.:KVDMLTDK.NRSRDHTV..é ......... : 306
P 262 SICNNF%....LLK.&N?LKk ...... Lli ...... LFFSSCNSVKYHYE 294
S 307 .........: ......... ATHGDNDQNT&DIINREF..:.RSGSSRVLi 333

b a3 I
P 295 LFNYCLGKRNI DLPGVPI LSI HGKQKQQKRTTTFFQFCNAETNG. . . | LF 341

S 334 TTDLLARG DVQQVSLVI NFDLPTQPENYLHRI GRSGR. FGRKGVAI NFV 382
I I U I T R B 1 Y I
P 342 CTDVAARGLDI PAVDW VQYDPPDDPRDY! HRVGRTARGTNGKGKALLFL 391

S 383 TRDDERMLF 391

L
P 392 TPGQEELGF 400

LEEEEETEEEr b rrr

The abridged multiple sequence alignment output that | created with the -msf option follows below:

11 AA_MULTI PLE_ALI GNVENT 1.0

Mul tiple alignnent of profil emake_103. prf and
hasl_yeast yak2_schpo dbp4_yeast yoQ2_caee
y669 _netja spb4_yeast yn21_caeel ddxx_hunman
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dbp8_yeast
srnb_ecol i
if4a_drone
ifd4a_maize
srnb_haein

conti g3000_franel. prf. nsf

rrp3_yeast
i f4n_schpo
rhl b_haein
rhle_ecoli

MSF: 1238 Type:

rhlb_ecoli
i f4a_schpo
fal 1_yeast
i f4y_t obac

i f4a_caeel
i f4a_canal
i f48 _t obac
if4l arath

P July 17, 1999 01:12 Check: 4310

N NN NN

/1

hasl_yeast
yak2_schpo
dbp4_yeast
yoQ2_caee

y669 _netja
spb4_yeast
yn21_caee

ddxx_hunan
dbp8_yeast
rrp3_yeast
rhl b_ecol

i f4a_caee

srnb_ecol

i f4n_schpo
i f4a_schpo
if4a_cana

i f4a_drone
rhl b_haein
fal 1_yeast
i f48 _t obac
ifd4a _maize
rhl e_ecol

i f4y_t obac
if4l arath
srnb_haein
profil emake_103. prf

1
So..... EST EEPVVDEKST
So.....

A, KKN RL. . ......
So..... KVG ..........
So..... Dot v
So..... Koo
So..... DGE DNQKFLG.
So..... PGS GARPD. . ...
A, Dot v
SKI VKRKEKK A. ... .....
So..... Koo
So..... ELE LDE. ......
....... Ev oo
SVI....E. ..
So..... EG TEl DSGLI
G..... P
So..... Q. i
SFDR. . . EED QKLKF. . ...
....... M. oo
So..... P
SAP....E.. ..........
So..... P
So..... Ev v,

NN NN

hasl_yeast
yak2_schpo
dbp4_yeast
yoQ2_caee
y669 _netja
spb4_yeast
yn21_caee
ddxx_hunan
dbp8_yeast
rrp3_yeast
rhl b_ecol
i f4a_caee
srnb_ecol
i f4n_schpo
i f4a_schpo

GKQ KQQKRTNTFF
GKQ KQQRRTNTFF
GRQ KQRARTETLD
GKC SNPHRASQI K
GDL SQSQREKVI R
GKL QTSARTKTLT
GOV SQEKRLGSLN
GRQ QQVRRVEVYN
SQVl PQQERTNSLH
GDL NQNQRMGSLD

HRVGLLTGDV AQKKRLRI LD

GDM DQAERDTI MR
GEM VQGKRNEAI K
GEM PQKERDAI MQ

GDM DQAQRDTLMH

EFCNAER. G ..l...LICT
EFCNAEK. G ..l...LLCT
KFNRAQQV. . ..C...LFAT
AFSDS. TNG ..V...M ST
LF. KKKIR .. 1...LIAT
AFTDSLSNS. ..V...LFTT
KF. KSKARE. ..l...LVCT
EFVRKRA. A. ..V...LFAT
RF. RANAAR. .. l...LIAT
LF. KAGKRS. ..l...LVAT
EF....TRGD LDI...LVAT
EF....RSGS SRV...LITT
RL....TEGR VNV...LVAT
DF....RQGN SRV...LICT
EF....RTGS SRI...LITT
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1150
DVAARGLDI P
NVAARGLDI P
DWARG DFP
DVMARG DI S
DVMSRG DVN
DVAARG DI P
DVAARGLDI P
DI AARGLDFP
DVASRGLDI P
DVAARGLDI P
DVAARGLHI P
DI LARG DVQ
DVAARG DI P
DI WARG DVQ
DLLARG DVQ



if4a _cana
i f4a_drone
rhl b_haein
fal 1_yeast
i f48_t obac
i fd4a _maize
rhl e_ecol

i f4y_t obac
if4l arath
srnb_haein

profil emake_103. prf

hasl_yeast
yak2_schpo
dbp4_yeast
yoQ2_caee

y669 _netja
spb4_yeast
yn21_caee

ddxx_hunan
dbp8_yeast
rrp3_yeast
rhl b_ecol

i f4a_caee

srnmb_ecol

i f4n_schpo
i f4a_schpo
i f4a _cana

i f4a_drone
rhl b_haein
fal 1_yeast
i f48_t obac
ifd4a _maize
rhl e_ecol

i f4y_t obac
if4l arath
srnb_haein

profil emake_103. prf

hasl_yeast
yak2_schpo
dbp4_yeast
yoQ2_caee
y669 _netja
spb4_yeast
yn21_caee
ddxx_hunan
dbp8_yeast
rrp3_yeast
rhl b_ecol
i f4a_caee
srnb_ecol
i f4n_schpo
i f4a_schpo
i f4a _cana
i f4a_drone
rhl b_haein

ADL

HRVGLLTGDV

G\K

1151
AVDW | QFDP
AVDW VQYDP
AVDWNV/QVDC
DI DVW/I QFDL
DLNCVI NYHL
DVDLVI QLDP

PQAERDTI MK

GDM EQRDREVI MK

AQKKRLSLLK

GDM KQEERDKVIMN
GDM DONTRDI | MR
GDM DONTRDI | MR

SQGARTRALA

GDM DQNTRDI | MR
GDM DQNTRDI | MR
GEM AQTQRNNAI D
GKQ KQKRTTTFF

PDDPRDYI HR
PDDPRDYI HR
PEDVDTYI HR
PKHSSWFVHR
PQNPESYMHR
PTNTDVFMHR

HVDWI NYDM PSQSKDYVHR

AVNWLQFDC
TVELWNYDI
SVDI WNYDI
AVTHVFNYDL
QVSLVI NYDL

PEDANTYI HR
PSDPDVFI HR
PVDSKSYI HR
PDDCEDYVHR
PSNRENYI HR

DVSHVFNFDM PRSGDTYLHR

QVSLVI NYDL
QVSLVI NYDL
QVSLVI NYDL
QVSLVI NYDL
DVTHVFNYDL
QVSLVI NYDL
QVSLVI NYDL
QVSLVI NYDL
ELPHVVNYEL
QVSLVI NYDL
QVSLVI NFDL
DVSHVMNFDL
AVDW VQYDP

1201

LKASKVPLNE
LKTAKVSLNE
LNARKI EPCK
HEKVKLDEI K
AMKLKI KKLK
MQVKNVEL EE
NLGKKLDEYK
LLOQKKVPVKE

PANRENYI HR
PANRENYI HR
PANKENYI HR
PSNRENYI HR
PDDREDYVHR
PEI I ENYI HR
PTQPENYLHR
PTQPENYLHR
PNVPEDYVHR
PTQPENYLHR
PTQPENYLHR
PYSADTYLHR
PDDPRDY!I HR

YEFPENK. .

FEFPANK. . V
LNI KQSKKKS
VPTNNSRKSE

LDLEVK. ..
CVENEVMWLV
.. | KI NPEKL

.. RSGS
.. RSGS
.. TDGD
... RTGH
EF. ... RSGS
EF. ... RSGS
DF. ... KSGD
EF. ... RSGS
EF. ... RSGS
KL. . ..KSG
QFCNAETNG

BRR N

VGRTARGTKG
VGRTARGTKG
VGRCAR. Y&
AGRTARCGRE
| GRTGRAGKK
CCRTGR. ANR
VGRTARAGRS
AGRTAR. YKE
SCRTAR. AGR
VGRTAR. AGR
| GRTGRAGAS
| GRSCGR. FGR
| GRTARAGRK
| GRSCGR. FGR
| GRGGR. FGR
| GRGGR. FGR
| GRGGR. FGR
| GRTGRAGES
| GRSCGR. FGR
| GRSCGR. FGR
| GRSCGR. FGR
| GRTGRAAAT
| GRSCGR. FGR
| GRSCGR. FGR
| GRTARAGKK
VGRTARGING

ANVQSQLEKL
ANVQSQLEKL

| KPQLQSLLF
ELRQKM K. .

ERTQEATEN
| DVQKKLESI
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SRI. ..
SRV. ..
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DLLARG DVQ
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DVW\ARG DVQ
DLLARG DVQ
DLLARG DVQ
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DLLARG DVQ
DLLARG DVQ
DVAARG DI D
DVAARGLDI P

1200
.. NELGFLRY
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. GEQEAFLKR
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GHSI SLACEE
KGVAI NFVTE
GTAlI SLVEAH
KGVAI NFVT.
KGVSI NFVT.
KGVAI NFVT.
KGVAI NFI T.
GVSI SFACEE
KGVAI NFI TK
KGVAI NFVTT
KGVAI NFVTR
GEALSLVCVD
KGVAI NFVTK
KGVAI NFVTR
GTAVSFVEAH
KGKALLFLTP
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| KSNYYLH
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YALNLPAI ET

DDERI VF. . .
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DYKLLGKI KR
GQEELGFLRY



fal 1_yeast ... ... ... e e
if48 tobac .......... ... e e
ifda maize ... . ... e e
rhle ecoli LLKKEIP... .......... ... . ... .. . iou...
ifdy tobac ....... ... L
if41l arath ... .. ... . e e
srmb_haein YTEE. ..... ... ... ... . .. ..
profil emake_103. prf LKAAKVPYNE FEFEVWPKI T ANI QSQLEKL | SKNYYLH

Notice the ‘gappiness’ of the alignment due to the profile method used. This can be a very handy strategy for
pregapping sequences in order to introduce them into existing alignments. This particular alignment may not
be biologically meaningful, but you should be able to see the power of the technique illustrated.

Gunnar von Heijne in his quite readable treatise, Sequence Analysis in Molecular Biology; Treasure Trove or
Trivial Pursuit (1987), provides a very appropriate conclusion:

“Think about what you're doing; use your knowledge of the molecular system involved to guide both
your interpretation of results and your direction of inquiry; use as much information as possible; and
do not blindly accept everything the computer offers you.”

He continues:

“. . .if any lesson is to be drawn . . . it surely is that to be able to make a useful contribution one must
first and foremost be a biologist, and only second a theoretician . . . . We have to develop better
algorithms, we have to find ways to cope with the massive amounts of data, and above all we have to
become better biologists. But that'’s all it takes.”

Supplemental Information for Further Exploration:
Phillipp Bucher’s Eukaryotic Promoter Database (EPD) (1995):
Dr. Bucher has assembled an extensive list of eukaryotic promoter regions compiled from the EMBL database. His database includes a
user's manual, the sequence information itself, and an independent, journal abstracted data reference section for each entry. In order to
be included in EPD an entry must:

1) be recognized by eukaryotic RNA POL II,

2) be active in eukaryotes (excludes phycophytes, fungi, myxomycetes, protists),

3) be experimentally defined or sufficiently similar to one defined as such,

4) be biologically functional,

5) be available in the current EMBL release,

6) be distinct from other promoters in the database.

EPD Release 48 (September 1996) has 1285 total promoter entries (846 independent entries).
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