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Five intensive weeks of brainstorming and coding culminated in a stand-alone Java appl et: the Genomic
Dictionary Visualizer (GDV). The GDV tool should prove to be useful to researchersinvolved in
computational biology. It facilitates quick and simple visualization of interesting regions of arbitrary
genetic material. While alot of features are missing, GDV'’s fundamental contribution isits
completeness:. al of the basic functionality is there and the framework for adding features exists. To the
authors knowledge, GDV isthefirst and only tool for visualizing genetic sequences.

Top.

I ntroduction

Originally begun in 1990, the U.S. Human Genome Project is coordinated by the U.S. Department of
Energy and the National Institutes of Health. Conceived as a 15-year endeavor, rapid technological
advances have accel erated the project to an expected completion date of 2003. Project goalsareto 1)
identify all the estimated 80,000-100,000 genes in human DNA; 2) determine the sequences of the 3
billion chemical bases that make up human DNA; 3) store thisinformation in databases; 4) develop tools
for dataanalysis; and 5) address the ethical, legal, and social issues (ELSI) that may arise from the
project. Once the genes are identified and their nucleic sequences are determined, researchers will have
to tackle new and more difficult problems to understand what it is that these genes do. To get afeel for



just how difficult this problem is, consider the modern central biological dogma:

genes (DNA) are transcribed into RNA by the enzyme RNA polymerase
RNA transcripts are subjected to post-transcriptional modification
MRNA molecules are translated by ribosomes

newly synthesized proteins are often modified after translation

the protein carries out its function

grLONE

Not all DNA is expressed as protein. Sections of non-expression are termed introns. Introns are excised
by spliceosomes during the pre-mRNA phase, and are not found in the final MRNA product. Exons are
all that remain of the original DNA message upon completion of transcription. Clearly, even knowing all
the nucleotides that make up a gene is not enough to predict a protein that it codes for.

Gene Recognition

In light of these complications, gene recognition emerged as a subfield of computational biology.
Researchersin this area attempt to design algorithms and heuristics which would eventually compile to
efficient computer programs for variations of the following problem: given alarge sequence of genetic
material (read: a string of hundreds of thousands of nucleotides)

L ocate the promoter regions (these occur just before the genes).
Identify the genes.

I dentify the exons and the introns within each gene.

Predict the initial amino acid sequences.

Predict the proteins made by each gene.

agrwdPE

Gene Annotation

Of particular interest in the gene recognition problem is the subproblem of gene annotation. Suppose
that we had accessto areliable promoter detector. Recall that promoters are short regions of DNA that
occur close to the beginning of the gene. They are the chemical signals which alert the biological
machinery that thereis a gene to be expressed and specify how much of the protein should be made.
Having identified the promotersin our large chunk of DNA, we could then split that DNA into shorter
segments, each beginning with the promoter region and ending just before the next promoter region. We
would then be confident that the resulting segments of DNA contain exactly one gene. The next task
would be to annotate that gene: to specify which segments are introns (to be cut out) and at which point
the cell begins and ends its trandlation of the concatenation of the remaining segments (exons). Of
tremendous help in thistask are several biological facts:

1. Trandation begins after an ATG.

2. Trandation ends at the first stop codon (one of { TAA, TAG, TGA}).
3. Introns start with a GT.

4. Introns end with an AG.

This limits the number of possible annotations or *‘ parses’”’ of a gene substantially, but does not reduce
the solution space to asingle nice crisp answer. As aresult, there is a need for good tools for evaluating
or scoring a parse. Armed with an arsenal of such tools, a gene annotation algorithm could intelligently
decide between parses and predict the ‘*best’” one. Even if the level of gene annotation were not good



enough for the gene recognition problem, it would still be extremely useful. One of the main challenges
facing biologists today is the accurate annotation of newly sequenced genomic data. If the annotating
algorithm could latch on to more than just a handful of the most basic signals, it would save alot of
hours of human work. Available for thistask are extremely large databases of proteins, expressed
sequence tags (roughly, snippets of coding regions of DNA), and much smaller databases of annotated
genes.

Dictionary

Onetool already developed is afast and fully automated dictionary for looking up genomic information.
Qualitatively, given abrand new sequence, the dictionary answers the question ** Have we ever seen
anything like it before?’ Quantitatively, the answer to that question isalist of all matches (longer than a
cutoff value) between the substrings of the input sequence and the substrings of all the sequences on
which the dictionary was based.

I mplementation

All of the dictionary code is in the C++ programming language, written and tested under the Linux
operating system. It was designed and optimized to utilize the resources of the host computer as
efficiently as possible. The alphabet used by the dictionary is entirely user-defined. Combined with the
fact that there are no restrictions on lengths, numbers, and types of sequencesin the dictionary, the uses
for it are virtually endless.

Exon Prediction & Gene Recognition

Exons, the coding regions of DNA, are under high selective pressure to not mutate very much. Asa
result, large pieces of coding DNA are conserved between various proteins and even species. Therefore,
one could build adictionary of the known exons or proteins. Faced with a new sequence, using the
dictionary, one could quickly find all the segmentsin it that match reasonably long pieces of known
exons or proteins. These portions of the new sequence could be safely labeled as‘*exon,”” reducing the
parse search space and yielding hints to the origin of the sequence. Introns, the non-coding regions
between exons, are under much less of a selective pressure to conserve themselves: most changesin
introns go unnoticed. Therefore, finding a reasonably long match between an exon and an intron is
highly unlikely.

Repeat Masking

One could easily build a dictionary from repeat databases. Repeats are long sequences of DNA that
occur very frequently in introns and very rarely in exons. A dictionary could then be used to rapidly find
repeat segmentsin genes. This technique provides an aternative to alignment based repeat maskers such
as RepeatM asker. The method is especially useful for exon prediction and gene recognition and
annotation, where it is advantageous not only to mask complete repeats, but to mask segments (perhaps
from repeats) that do not occur in exons.

Finding Related Sequences
The dictionary approach offers an alternative algorithm for finding similarities between sequences. The

most widely used program developed for this purpose is BLAST, which is an alignment tool; it is often
manually applied for the purposes of gene annotation. Alignment based algorithms do not require the



matches to be exact. On the other hand, they do run into problems because they rely on amost arbitrary
scoring functions in their dynamic programming routines. Also, the notion of alignment altogether
eliminates many non-consecutive matches. Consider the strings AAAAABBBBBCCCCC and
CCCCCBBBBBAAAAA. An alignment algorithm would find at most one set of segments that match
between these two strings. A dictionary approach would find all three.

Demand for Visualization

The dictionary generates alot of information, which can be passed on to heuristics that implement the
artificia intelligence and statistical analysis which, using the raw dictionary hit data, solve high-level
gene recognition subproblems. The data shuttled between these abstraction layersisvery rich in
information. Some of this information may be lost or masked by the high-level programs -- it would be
very useful if the researchers could have access to this knowledge base. Whileit is possible to leave a
trace of the hits found by the dictionary in the form of atext file, such communication of information is
inefficient, from the human point of view: the amount of datais huge and it is virtually impossible to
extract any insights for more than afew isolated regions.

A visualization tool which could depict the similarities between sequences, point out known biological
signals, allow context switching between sequences on-the-fly, and just smply display rudimentary
statistics is greatly needed. This demand is fueled by researchers specializing in gene recognition: if they
could visualize the information their algorithms are getting, they could improve their own understanding
of how those algorithms behave. That would be useful for drawing insights and for debugging. More
importantly, this visualization tool would come in handy for many biologists. Having gotten a sequence
hot off the press, he or she may want to know what it is he or sheislooking at. Combining the GDV
with some known dictionaries, the biologist could very quickly pull up the sequence on the screen and
highlight the areas of activity. Thiswould yield some clues as to what the researcher is dealing with.
Parts of the genetic sequence may match some known proteins, and looking at the names of the
matching sequences may even hint at the function of genes within the data.

Asfar asthe authors know, such visualization tools either do not exist or aren’t widely available. Yet
from a computational point of view, the functionality sought is far from overwhelming. While the
project may not have much to do with graphics per sg, it is a perfect example of scientific visualization,
aviable option for the final project. The tool in question has everything to do with the problem of
effective communication of awealth of knowledge.

Top

Goals

Our intent was to rectify the problem of a missing means of communication of biological sequence data
to the scientific community. We set out to solve the problem through a visualization by utilizing avery
high-bandwidth communication channel we humans have: our eye-sight. The challenge we faced was
finding afast and elegant way to deliver the important information in an understandable way, while
keeping the visualization intuitive and easy to use. We have been able to split our task into several
logical components or goals:

® Abstract representation of a single sequence:



Global view of the sequence, local views of the sequence -- ability to zoom in on actual characters,
annotation of interesting user-defined patterns -- for instance the ATG and the stop codons (in the
case of DNA), annotation of interesting user-defined regions -- perhaps the user already knows
that some portions of the sequence are exons or introns (in the case of DNA), etc.

® Abstract representation of a query result:

Initially, this datais a huge stream of text. We planned to set up filters, to process the information
only at the desired resolution. The user may be interested in viewing only avery small subset of

the result, and the abstract visualization could run very fast, as there won’t be much real geometry
to render. The abstract representation had to provide insights into the hidden properties of the hits.

We intended to explore varieties of abstract representations to find a subset suitable for our task.
Some basic thoughts: graphing the number of hits through locations of the input sequence,
somehow incorporating the lengths of the hits into the chart, highlighting the sources of the hitsif
multiple dictionaries are queried, using color.

® Abstract representation of just two sequences.

The plan was to enable the user to identify a particular match, take alook at the sequence from
which the match came, and compare that sequence to the input sequence at avery high level of
detail. An interesting representation could include a two-dimensional image with the sequences
positions on each of the axes and the color (or surface value) at each location evaluating to some
informative function. A ssmple function could be a binary 0/1 value based on whether or not the
characters at the two positions match; then the easily identified diagonal streaks would represent
subsequence matches. A more complicated function could be something like the number of
matches of some length that go through both of these locations.

® |nteraction:

While the visualization tool would be incredibly useful even in its static form, the users could
benefit tremendoudly if empowered to interact with it dynamically. Letting the user play with the
parameters -- perhaps turning a knob hooked up the the hit cutoff level -- and immediately see the
effects of the actions could bring about further insights. Being able to see clusters of hits spring up
at various areas as the hit cutoff is altered may alert the user and direct the user’ s attention towards
the interesting regions. Something like this could even be animated.

Our most important goal, however, was to end up with afinished product. In our view, it was more
important to produce an intuitive, usable, stable, stand-alone tool, however simple, rather than a highly
complex contraption with broken features.

Because there was a potential for visualizing alot of data, we stressed that the tool must be fast; at the
same time, the usefulness of the tool depends on its accessibility. With these concernsin mind, we
choose to implement the visualization tool as a Java applet communicating with the dictionaries over
TCP connections; al of the computationally intensive crunching was to be done on the host computer
running the optimized C++ binaries. The applet itself was to be kept aslight as possible, to maintain
adequate speed. The graphics need not be glamorous: they need to be informative, efficient, and fast.
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Achievements

Despite the challenge to produce a project in a matter of some four or five weeks, we managed to meet
our most crucial goal: to produce a product capable of stand-alone usage. The Java applet we ended up
with isas bare as could be, yet it is complete. It contains most of the basic functionality we set out to
giveit.

Dictionany: UC3C Genes
Machine Name: potoo.lcsmit.edu
Port Number: BE38
Color:
Update Remaove
Stats Cancel

Description: Intron Stop

|

AG Upidate

Cancel

Thereis an easy way to quickly gather statistics about a known dictionary:

Humbhber of Sequences:
Average of Sequence Length:

Standard Deviation of Sequence Length:
Total Length of Sequences:
Accession Code Length:

Dismiss

The applet maintains an dynamic base of known dictionaries and patterns to highlight:



Dictionary Sequence Pattern |

New F3
Genomic o Exon Start (AT6)
@ Exon Stop (TAA TAG TGA)

Dictionary

47

O Intron Start (GT)
m Intron Stop (AG)

J known dictionaries ... 1 open sequence ... 4 annotated patterns

Sedquence

Dictionary

New N |

= OWL Protein | Genomic
oUCSC Genes DiCtiOFI-ﬂPy
O RepeatMasker Repeats . .

41

3 known dictionaries ... 1 6fien sequence .. 4 annotated patterns

Each dictionary and pattern is associated with a color which is later used to highlight the appropriate
regionsin loaded sequences. The user can open multiple sequences at once, pulling them out of either
known dictionaries or files/ urls:

Sequence Index: 16

O URL: filectrnpisen b

i OWA Protein

i UCSC Genes

i RepeatMasker Repeats

Seek Cancel

Dictionary Sequence

New F2

HSATH:0lds R, - UCSC Genes[16]

Dictionary

3 known dictionaries ... 1 6fien sequence .. 4 annotated patterns

In addition to known patterns and dictionary queries, a sequence can be annotated via known segments



if some of the structure has been solved:

Dictichary | (Bt s

= OV Protein
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o RepeatMasker Repeats

.

[C] Memonyless

[¥] DMNA Translation

Cancel

Update
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) o Exon Start (ATG)
) @ Exon Stop (TAA TAG TGA)
) O Intron Start (GT)
] = Intron Stop (AG)

[¥] Memoryless

Cancel

Update
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rDictiunary |/Pattern rﬁnumm Segments |/External HRites;

Color Description Positions
Exon [604,644] [2943,3309] [5842,6057] 5
’ﬁ| Intron [645,2042] [2210,5841] [6058,6962] [
Repeat [2102,2468] [2783,3064] [4006,4283]

Allele [151,256]

[C] Memonyless

Update

Cancel

The user isfree to add highlights to a particular sequence to light up interesting areas of activity:

Sequence Highlight ‘

OWA. Protein [30] Hits: 3 New F4 [fa0

Total Length: 14206 Current Position: 643 603,670
otal Lenit urrent Position: TGS 6 )

OW. Protein [30]
Repeatiasker Repeats [14]
Exon Start (A TG)

Exon Stop (TAA TAG TGA)
Intron Start (GT)
Intran Stop (AG)

The sequence depicted above is aknown gene (HSAT3), see appendix. Using the known segments
interface, the we' ve marked the exons, introns, and repeats in this sequence. We a so highlighted the
standard patterns: ATG, { TAA, TAG, TGA }, GT, and AG. In addition, we screened this sequence
against two known dictionaries of proteins and repeats. Observe the close correspondence between areas
of similarity and actual exons and repeats. The user isfreeto load alist of the actual matches -- the
program pulls up atable of hits -- which the user can sort by all the valuesin any of the columns. To a
biologist, the names of the sequences with long matches actually suggest the function performed by the
proteins encoded for by the exons of this particular sequence:



Input Position Destination Seque.. |Destination Position Hit Length
oo TR [ F SO ] r b
13774 HUMATIIN [2393.. [407 93
13774 HUMATHIUY [23... [406 5]
e JHO364 [7O883] G2 102
ag42 AMNTI_MOUSE [2... [137 102
a842 AMNT3I_SHEEP [2... [137 102
ag42 AMNTI_BOVIM [28... (1045 102
Toa5 AMNT3_SHEEFP [2... 283 111
a0z22 AMNTI_MOUSE [2... [292 111
NN ANTI_MOUSE [2... |94 114
BHE3 AMNTI_HUMAM [2... |208 138
BHE3 HUMATII [2393.. |204 138
REE3 HUMATH3UYT [23 . |208 138
13774 AMNTI_HUMARM [2... [406 174
3a0 HUMATIN [2393.. |FT 183
2841 HUMATIIN [2393.. (13 1892
ag42 AMNTI_HUMAM [2... [136 216
a842 HUMATHN [2393.. [137 2B
ag42 HUMATHIUT [23.. [136 216
2841 AMNTI_HUMAM [2... (13 KX
2841 HUMATHIUY [23.. (13 ar2
=N AMNTI_HUMAM [2... [254 393
TE11 HUMATIN [2393.. |255 383
Ta11 HUMATHIUT [23... | 254 Ki=k]

Okay

Finally, the user can easily pull out a matching sequence and run sequence-to-sequence comparison on
the two strands:

Once the user specifies the sequences to compare, the user can select a portion of each of the images to
do mutual hit comparision. Grayscale levels on each panel represent the relative number of hits for that
particular location for that sequence. The user is also able to interactively change the cutoff length and
see the number of hits vary. When the user changes the cutoff and hits the recompute button, the
grayscale image changes dynamically displaying increasing or decreasing number of hits.



— Two Sequence Visualize FEE
There were 440 matches
frame0
Startat 496 997 1488 1984 2480
Endat 496 997 1488 1984 2480
frame1
Startat 107 814 1221 1628 2035
Endat 407 814 1221 1628 2035
compare Quit T Recompute

The user is presented with atwo-dimensional hit matrix display where grayscale intensity at a particular
position represents the relative number of matches at that position between the two sequences along
horizontal and vertical axes. Sparse white dots mean very little similarity between the sequences, and the
matches are very short. Small Dense white dots represent lots of small hits while large blocks of
grayscale box represent long matches. The horizontal and vertical sidebar shows the accumulated hits

for that sequence in that position.
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The user is able to zoom in and zoom out to study the area of interest. Here is a closeup of a hit dataset.
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Our final product works; it isasimple implementation of functionality that is demanded. Yet it is
disappointing how few features we actually managed to implement in the short time we had. Some
blatant omissions come to mind: animations of the amount of activity in aregion as afunction of the
cutoff length, various representations of the amount of activity -- not just a gradient of colors -- graphs,
nonlinear scaling of the graphs/ colors, etc. A million ideas come to mind just thinking of the table of
hits: we did implement the sorting of hits, but there are other features just begging to be implemented.
For example, clicking on a hit could move the local viewing region of the sequence to the position
where the hit occurs, information could be gathered not just based on hits but incorporating their
sources: which sequence produced the most / longest hits? Which sequence had the most total /
consecutive area covered? Two-sequence representation could get away from flatland and attempt to
draw surface maps with peaks where the sequences are similar. The list goes on and on. We didn’t get a



chance to allow for user-defined highlights, which would let a user plug in his or her own classfile for
annotating the sequence. However, we developed aframework for a HitSet class that would make such a
future extension very ssimple. Thiswould be useful for annotating structures that have variation (for
example, pyrimidine tracks -- regions that arerich in G’'sand C’s -- that occur frequently near the ends
of introns) as well as the presentation of various statistical analyzers (for instance frame-tests which
compute conditional probabilities -- if this segment were in an exon, what is the probability that it would
bein frame O, frame 1, or frame 2).

A basic aim that we failed to meet was to put the applet on the web. To do this, we needed to learn about
jar files and how to sign applets and to create certificates to allow usersto set up their browsers to trust
our product. Despite these holes, we are not too upset. The number of ideas on our wish-list is growing
and we are psyched enough about the project that we plan to continue working on it over AP to produce
amore robust and a more useful applet, getting away from version 0.01.

The main problem with our product is that it just sort of evolved without areal thought-through design.
While we wanted to think things over before coding them up, we didn’t get a chance to do that because
of the limited time. We simply could not afford to spend two weeks designing the thing and have zero
lines of code until then. We started work immediately after the last homework assignment and still had
no shortage of stressful nights all the way till the end of the term. Before future work on this project is
undertaken, the entire system should be scrapped and redesigned. However, the benefit of version 0.01
isthat it highlighted the areas that need attention. They are:

First of all, the networking model. Thisis something that had no relevance to the class, so we made an
effort to get it out of the way as soon as possible. As of now, we've got avery simple blocking server in
C++ which serves as awrapper for the dictionary code RPC. We aso have a Java client model for
interacting with the server. The server could be made more fault-tolerant and morereliable. The client is
mostly fine, but it would be nice to come up with a good interface for passing data (right now, we are
just passing strings) which would utilize the bandwidth fully; perhaps compressionisin order. Speed is
aproblem.

Second, the user interface needs to be designed with the biologist in mind. Although we wanted to, we
didn’t get a chance to ask our friends in course seven for what they would want in a visualization tool --
the sort of representations of genetic material they found most expressive in their bio books, etc. We had
enough trouble just trying to get the GUI to work, seeing as how neither of us programmed GUI’s
before.

Finally, we suspect that our usage of the Javamodel is highly suboptimal. Our interfaces probably
generate objects right and left, sucking off memory and valuable resources from the actual visualization
methods. Now that we have some idea of how Swing works, redesigning the code could produce afaster
and more light-weight program.

The major source of both help and trouble was Java. The great things about it are the tremendous wealth
of specifications, example code, and tutorials available on the web for this language. It was nice not to
have to worry about platform-dependent issues and just to know that our code will run anywhere. It was
also great to avoid dealing with motif and unix network programming, for the most part. Finally, it was
very useful to be able to go home for Thanksgiving and to continue to work on the project there, now
running the applet in Windows instead of Linux. But the troubles with Java almost outweighed the
benefits. I1t’sbuggy... it's Slow. Compiling the code takes forever, even with well-designed makefiles.



Running it takes even longer. Various bugs creep up, driving you nuts trying to pin them down, only to
find out that everything works fine on a different platform, meaning that it’s a Java bug. Some features
of our program fail on the Suns -- sometimes the networking blocks, sometimes the menus don’'t get
drawn correctly. On the SGI’ s, the networking almost always fails and the last menubar is always drawn
wrong. In Linux, the program just hangs every now and then. Surprisingly enough, Windows has been
the most stable platform... We can only hope that Java 1.3, to be released soon, will fix most of these
bugs. When will Java compile to faster code is another question.

Top

Individual Contributions

Om worked on the code for sequence-to-sequence visualization and also created the help and about
dialogs. Val wrote everything else. Both teammates brainstormed possible representations. We really
felt the impact of a missing teammate...

Top

L essons L ear ned

While we didn’t write a flexible user interface, we certainly learned enough to write a better one next
time. Some of the lessons that were reinforced included the idea that the first prototype will be thrown
away -- when we redesign the applet for its next version, we will probably have to rewrite most of the
code from scratch. As mentioned above, the hardest and easiest problems came from Java. Its speed and
bugs redlly crippled what we could implement and how quickly we could implement it. At the same
time, it really eased our life by providing us with ready-made code for GUI’ s through its Swing
interface.

By a complete accident, we learned a bunch about fonts. We wasted the first week on the idea that our
sequence representation should look cool. We wanted to render the text using ray-tracers, incorporating
shadows, specular highlights and all. We even considered using the color of the shadows and the color
of the text plus the color of the background to convey information about a particular character. In the
process of looking for fonts, we discovered a wealth of them at sites like http://fontz.de. However, most
of these fonts are true-type -- we found programs that convert ttf to bdf, bdf to pcf, etc. We found a
program called font3d which creates include files for a shareware raytracer POVRAY, given astring to
render and atruetype font. We even found a monospace molecular font: here are our rendered red letters
a, b,andc.



But the problem was that the images took along time to load into the Java program and didn’t look so
good when they were reduced to a size of atext character. Finally, we settled on aless glamorous but
more efficient solution. But now we know a bunch about dealing with fonts and even a bit about using
fonts with raytracers.

Other new knowledge we reaped: user interface design, Java Swing, some networking, etc. Most
importantly, we gained valuable team project experience, which will improve our performancein a
future team project. We learned a bit about managing a small team faced with a high-paced open-ended
task.

Top.
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Conclusion

A new visualization tool is now available for highlighting common regions between sequences. The
standard applications for the dictionary tool are augmented with a graphical user interface: a

high-bandwidth channel for absorbing the results. The implementation is relatively fast, light, elegant,

and informative. It should be extremely useful to biologistsin general and to researchersin
computational biology, especialy in the fields of gene recognition and gene annotation.

Top.

Appendix

Thisisthe entry for UCSC Gene #16 (HSAT3) which we visualized using GDV.

LOCUS
DEFI NI TI ON
ACCESSI ON
KEYWORDS

SQURCE
ORGANI SM

REFERENCE
AUTHCORS
TI TLE
JOURNAL

REFERENCE
AUTHORS

JOURNAL
REFERENCE

AUTHORS

TI TLE

JOURNAL
MEDLI NE
REFERENCE
AUTHORS

TI TLE
JOURNAL

VEDLI NE
COMVENT

FEATURES

HSAT3 14206 bp DNA PRI 03- NOV- 1994
H. sapi ens gene for antithrombin I11.

X68793 S52236 S52240

antithronmbin; antithronbin Il gene; AT3 gene; plasna protein;
serine proteinase inhibitor; serpin.

human.

Hono sapi ens

Eukaryot ae; mtochondrial eukaryotes; Metazoal/ Eumycota group;

Met azoa; Eunetazoa; Bilateria; Coel onata; Deuterostonia; Chordata,;
Vertebrata; Gnathostomata; Osteichthyes; Sarcopterygii; Choanata;

Tetrapoda; Amiota; Manmulia; Theria; Eutheria; Archonta; Prinates;
Cat arr hi ni ; Hom ni dae; Hono.

1 (bases 1 to 14206)

adds, R

Di rect Submi ssion
Submitted (12-COCT-1992) to the EMBL/ GenBank/ DDBJ dat abases. R

A ds, Institute of Ml ecular Medicine, John Radcliffe Hospital,
Oxford OX3 9DU, WK

2 (bases 1 to 14206)

Qds,R J., Lane,D. A, Chowdhury,V., De Stefano,V., Leone, G and

Thein, S. L.

Bi ochem stry In press

3 (bases 1 to 14206)

Bock,S. C., Marrinan,J. A and Radzi ej ewska, E.

Antithronbin 11l Utah: proline-407 to |leucine nmutation in a highly
conserved regi on near the inhibitor reactive site [published
erratum appears in Biochenistry 1989 Apr 18;28(8): 3628]

Bi ochemi stry 27 (16), 6171-6178 (1988)

89050967

4 (bases 1 to 14206)

dds,RJ., Lane,D. A, Ireland, H, Leone, G, De Stefano,V.,
Wesel,ML., Cazenave,J.P. and Thein, S. L.

Novel point nutations leading to type 1 antithronbin deficiency and
t hr onbosi s

Br. J. Haenmatol. 78 (3), 408-413 (1991)

91337920

rel ated sequences: M21636- M21645.

28906
Location/ Qualifiers

NCBI gi:



source

allele

MRNA

exon

i ntron
repeat region

exon

intron

repeat region

repeat _region

exon

i ntron

exon

i ntron

repeat _region

exon

vari ation

1..14206

/ or gani sm="Hono sapi ens”

/ chronosonme="1q 23-25"

152..259

/ not e=" pol ynor phi snt

/citation=[ 3]

j 0oi n(<605. . 645, 2944. . 3310, 5843. . 6058, 6964. . 7101
7912..8302, 10336. . 10400, 13775. . >13951)

/ gene="AT3"

<605. . 645

/ gene="AT3"

/ nurber =1
join(605..645,2944..3310, 5843. . 6058, 6964. . 7101, 7912. . 8302,
10336. . 10400, 13775. . 13951)

/ gene="AT3"

/note="NCBI gi: 28907"

/ codon_start=1

/ product ="anti t hr ombi n"

/transl ati on="MYSNVI GTVTSGKRKVYLLSLLLI GFWDCVTCHGSPVDI CTAKP
RDI PMNPMCl YRSPEKKATEDEGSEQKI PEATNRRVVEL SKANSRFATTFYQHLADSK
NDNDNI FLSPLSI STAFAMIKL GACNDTL QQLMVEVFKFDTI SEKTSDQ HFFFAKLNC
RLYRKANKSSKLVSANRLFGDKSLTFNETYQDI SELVYGAKL QPL DFKENAEQSRAAI
NKVW/SNKTEGRI TDVI PSEAI NELTVLVLVNTI YFKGLVWKSKFSPENTRKEL FYKADG
ESCSASMWQEGKFRYRRVAEGT QVLEL PFKGDDI TMVLI LPKPEKSLAKVEKEL TPE
VLQEW.DEL EEMML WHVPRFRI EDG-SLKEQL QDMGL VDL FSPEKSKLPG VAEGRD
DL YVSDAFHKAFL EVNEEGSEAAASTAVVI AGRSLNPNRVTFKANRPFLVFI REVPLN
Tl I FMGRVANPCVK"

646. .2943

/ nunmber =1

conpl emrent (2193. . 2469)

/note="Alu repeat elenent"

2944. . 3310

/ gene="AT3"

/ nunmber =2

3311..5842

/ nurber =2

conpl erent (3784. . 3965)

/parti al

/note="Alu repeat el enent"

conpl errent (4007. . 4284)

/note="Alu repeat elenent"

5843. . 6058

/ gene="AT3"

/ note="A"

/ nunmber =3

6059. . 6963

/ not e="A"

/ nurber =3

6964..7101

/ gene="AT3"

/ not e="B"

/ nurber =3

7102..7911

/ not e="B"

/ nunber =3

conpl erent (7277. . 7558)
/note="Alu repeat el enent
7912..8302

/ gene="AT3"

/ note="4"

repl ace(8131,"a")



vari ati on

i ntron
vari ation

repeat reg

on

/ gene="AT3"

/ not e=" pol ynor phi sni

repl ace(8160, "a")

/ gene="AT3"

/ not e="pol ynor phism Pstl site"
8303..10335

/ nunmber =4

repl ace(8521,"t")
/ note="Nhel site
8670. . 8687

pol yrmor phi snt

repeat _regi
repeat reg
repeat _regi
repeat reg
repeat _regi

repeat reg

exon

on

on

on

on

on

on

intron

vari ation

repeat _reg

repeat reg

exon

BASE COUNT

ORIG N

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261

on

on

3715 a

[rpt_famly="att"
conpl erent (8692. . 8951)
/note="Alu repeat elenent"
conpl erent (8994. . 9264)
/note="Alu repeat elenent"

8994. . 9264

/note="Alu repeat elenent"
conpl emrent (9362. . 9633)
/note="Alu repeat elenent"

9823. . 9867

[rpt_famly="att"
conpl erent (9871..10152)

/note="Alu repeat elenent"
10336. . 10400

/ gene="AT3"
/ nunmber =5

10401. . 13774

/ number =5

repl ace(10427,"c")

/ note="Ddel site

conpl enent (10732. . 110
/note="Alu repeat ele
conpl erent (12124. . 124
/note="Alu repeat ele
13775..13951
/ gene="AT3"
/ nunber =6

3338 ¢ 3217 ¢

ccacaggtgt aacattgtgt tttccttgtc

t gaaggt agc
ctctctccat
gacat t aact
gtttctcctc
ccttttctat
tttccctggg
cactttgctt
agct ct ct gc
tt caggcgga
ggccat gt at
tttccecttg
ccaacacctt
aagacgt cat
gctacccctt
ct gt gcagga
ctgccat cca
gctctttett
act aaagggc
cacacact cc
ctgtcttggt
tttccaaatg

agcttgtcce
aaagaaaact
atttctatct
agt caggt at
aaagct gagg
cctgattgaa
aaccct ggga
cccaccct gt
ttgcctcaga
tccaat gt ga
cctgcceccta
t gagaagacc
tt caagt gct
gggt ccct ag
agt cagcact
t ccgggaaga
ccact cagat
caaaact gct
cttcttcatc
tttaatttgt
t agt t gaagg

tctttgeett
at gagagagg
tctgatttag
ttcctaacca
agaagagt ga
ctttaaaact
actggtcatc
cct ct ggaac
tcacactatc
t aggaact gt
ctgggttttg
aggccctctc
ctccctccca
cct aagaaac
cacgggat cc
gagcaaat gc
ccaccccact
tccttttctc
tgagttgtca
gct t cat age
gacagagt gg

pol yrmor phi sni

11)
ment "
05)
ment "

3936 t

t gt gccaggg
ctctaattag
gaatt acagg
tt aacgagaa
agt t t gaggg
gggagt gt gg
tctctactaa
agcctttgac
ct ct gcgaga
tccacttgce
aacct ct gga
t gacctccaa
cctggt agtt
ccccacct ct

aagggggat g

aggggacgct
t acccat gag

ccacccccac
acaat gagag
caggaggct a
cct cccaggt
gcaaccgaag

acacct t ggc
atatttctct
t agagggct a
acaaaaaat c
t at gaacat a
gcaagagagg
tt aaacaaca
ctcagttccc
tttagaggaa
cagccctgtg
aaaaggt aag
aggact caca
acagt caaag
t ggggt aagg
t cat ccct gg
ccaaggggaa
gacctcctca
ccaaat ccca
ttgtccctce
gaaacggggt
cct ct cagee
cagcagt gga

at cagat gcc
ctctctctce
gaagtttttg
ct gcagacaa
ctctccetttt
t ggct cagge
ctgggctcta
cctcct gacc
agaaccagt t
gaagat t agc
aggggt gagc
ggaat gacct
acctgtttgg
cctttcctaa
t gt aaagat g
t ccccagggce
ctccecttttt
gtgacctttg
ct caat gcca
ggt ggcacaa
t caaatt gca

gat gggaaga



1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921

t gaat ggcag
ttggtgccge
act cagacca
gcttgcccaa
gaagat ggga
accagct gga
tttatctctt
ttagcttcat
aaagggat ga
aact gattga
agggaggaat
gagcaggcct
cttgtaggag
gt t agggct g
tttgtttgtt
ggaggt cagt
ttctgcctca
ttttgtattt
aacct caagt
cacccggcca
atctctctge
taccaccctg
cacaaacagg
t ccaaat aac
cccct ggcaa
ttagcctttc
t gt ggt gggc
caggaaggt t
cgggagccct
catttaccgc
ggaggccacc
tttctatcag
gagt at ctcc
act gat ggag
cttccat agg
ttatgcatta
tt aaaaaat t
agcaccttaa
at ct at at gt
gt gccaggca
t ggt gacat c
tttgagat gg
ct ccaaactc
gat t acaggc
t caccacgtg
ctctgtcatc
gggt t caagc
cat gcct gge
tagtcttgaa
caggcgt aac
cttcccaaag
gagaccaggg
t gggaagt at
ttttgtggga
t ggcct ct gg
cttggctgca
tagggaggca
agt ct gt ggg
cacctttgct
tagatttaaa
gtatacattg

ggtcctctce
tgcttctctc
cgcaagaagg
cggaccacgt
agat ccagt a
ggcagcccct
gatttgcttc
ttaccttcat
gagcct gaac
ctctggggt g
ccagggt gat
gt gggggaga
ttcctggtgg
gagct agaga
tgtttgttgt
ggcacaat ct
gcct ccct ag
tt agt agaga
gatctgcatg
gat att gcct
ct gcat ct at
actcttcact
aagcttctca
cat cagat ga
gaagt ct agg
tcttggccac
agt ggggct a
tatcttttgt
gt ggacat ct
tccccggaga
aaccggcgt g
cacct ggcag
acggcttttg
gt acgaccaa
cccaagt cca
cgattccctt
agccaaggaa
aat gggggaa
ttactcatta
atgtgtagtg
aggcat at ag
aat ctcgctc
tgcctcccag
acacgccatc
gccagact gg
caggct ggag
aattct cagc
taattttttt
ct cct gacct
gaccgcgcct
tgct gggat t
gcccaggaaa
ggatcatttc
gggaagt agg
ggct at gaca
t gacagtctt
tgagtccctt
t ctt aggagg
cagggctctg
aact ct gaag
gt act ggt ct

tctctctctc
cggctttgea
caagt ccccc
ccgt gaat ct
cccacacaca
gccccaccct
at cgagtgtc
t gaat ccat g
t aaagcagt g
aact gattga
tctcaggttt
attaattacc
aact gt ccag
t gt aggaat c
tgctgttttg
cagct cact g
tagcttggga
cagggtttca
cctcagcctc
ttgctccatc
cagagt cctt
gggcact aaa
ttcttttttc
ttctaattcc
act gaacct g

accaggt ggg

ggggttgcag
ccttgctget

gcacagccaa
agaaggcaac
t ct gggaact
att ccaagaa
ct at gaccaa
aggtcttctg
atgattcctc
t gaacat cac
tcttggct at
ggcttgtatc
atttgat cat
ccagtccctc
gct ct cgt gg
tattgcccag
gtt caagcaa
acgcccagct
tct caaactt
cgcagt gcac
ct cagcct cc
tcttcttagt
cgt gat ccac
ggcct caaac
acaagcat ga
gccaagagaa
agct cagt ga
gcat gat aag
agt cat ggat
tcttcaagtt
caagat ggt a
gttccttcta
gggtgagtta
acacat aat a
caaagt act t

tgcttcttca
cctctgttct
t cagct gccc
gcact gggt g
gacccccttg
gtcttatcta
ccaact acct
tt ggcgact a
gcaat aact g
ctctggggtt
ct gt acggga
agttcagttt
caaat agt ca
tt cagcacac
aagacacagt
caaccttcgc
ctacagtgtg
ccatgttgtc
caaagt gctg
catttcttct
ccccaaacag
gccgattttt
tcccagcgtg
aacat gacca
t cccgggece
ct ggaat cct
cctagcttaa
cattggcttc
gccgegggac
t gaggat gag
gt ccaaggcc
t gacaat gat
gct gggt gec
cccagccacc
aaccaacact
tgtgttataa
ctacttttta
ttctctcaac
ttatttattt
ct ct ggt gga
aaaaaaattc
gct ggagt gc
ttctcccacc
aatttctata
tteetttttt
gat ct cagct
cgagt agct g
agagat gggg
ctgccettgge
tcttgacttc
gccact gcac
gcct caagga
cttagttcce
at gaaat gtc
ggaaacact a
ggat cacact
tacggt gctt
ttctagt ggt
acccaagt ct
ctgccttcte
ccat at cact

gcctgectte
t gaaagggct
cagcttccag
cctgtctttc
t gt acacgca
caaaaaat at
cattttttta
ttaaaaattc
gt gaaagagt
t gact aaat g
tt cact gagc
ggtcctgttt
gt ct ggagct
agat attgcc
ctcactttgt
ctcctgggtt
cgccaccaca
caggctgatc
ggat t acagc
ttttctcttg
tttctgtaga
taggcat gca
gggaat t gag
cgt ccaggca
ctgtacttgg
ctgctttact
cttggcattt
t gggact gcg
attcccat ga
ggct cagaac
aattcccgct
aacattttcc
t gt aat gaca
ttgttaggag
gcagccact a
ttccctttga
aat cct ggt't
ttcttttcag
attcattcag
agaagagt ag
t aggat agt a
agt ggt gcag
t cagcct cct
tttttagtag
ttttttgaga
cact gcaacc
ggat t acagg
tttcaccatg
ct cccaaagt

aagggat cgg
ggggcct agg
cgt gagagt g
acccccttce
at agat t gat
gat ctttaat
tt ggaagcag
attt gaaact
caatttccat
tcactctttg
t gggcecttce
catgtctctg

cacatctccc
gcagaact gg
ccagccccag
t ct cccagga
ggaaccat aa
t acaagagac
aaat gt gaaa
caggcaat aa
aaaaaaacag
aggaggagag
ccact cacag
ccct gaagaa
cagt ggaagg
attgtttttg
cacccaggtt
caagtgattc
cccagct aat
t cgaacaccc
gt gagccacg
tgttgct gaa
tggctccecce
cat t ccat gt
cacat aat ac
act gaact gt
tt caaaggat
ggggcaaccc
tgtctccttg
t gacctgtca
atcccatgtg
agaagat ccc
ttgctaccac
t gt cacccct
ccctccagcea
cacctttggg
ggggcgcet ca
aaatcatttt
tcctettttg
taattctttc
cacttcctct
ctttaccata
tteetttttt
tctcggctca
gagt agat gg
agat ggggt t
cggagt ctcg
tctacctccc
cccccggeac
tt ggccagge
gctgtgatta
cctgacttgg
atggtatatt
tttctggetc
ccccact gce
t gat cact gt
ctgtccttgg
agt t cat caa
t ggacact aa
ggaact t cat
aaagaaattg
agtcattttt
tccccaggt a



4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581

agat ctt aaa
acatgttcct
ct aaat ct ct
ccccct aaaa
aaaccaaaag
ctcacccatt
at ggat gact
cttgctgata
gagcagct gg
tctcttctct
gt gtt gat ct
atccttccta
atttatgctg
gagact gacc
catttttttt
t cagat ccac
ctccaagtta
ct accaggac
gagttgcaga
t ggagaaaca
aaaagt t aga
at gctt ggat
ccaccaactt
tacttaattt
tcctcttgga
agaaat ct gt
tctctcctce
cattcattgc
caaagt caga
tttcatttat
aggaaagat t
ggcttcttaa
t gggaaaat g
caggaaaat g
ggccgaat ca
gtt aacacca
cttgctcttc
aat ggact gc
ttatttattt
at ct cggctc
caagt agct g
agt aaagacg
tgcccacctc
ttggcttctt
actcatttct
tattcatcta
act cat aatt
tcttttttcc
t aact at cct
aagt caaagt
tcgtgttcag
ggcacccagg
cccaagcctg
gagt ggct gg
gaggacggct
cct gaaaagt
aaggt agt ct
gact cct gga
agacct cagt
cagcact ggt
ttt gaaaggg

t gt aaccctt
ttggtcctce
ct ggagaaaa
aaagt gcct a
gccttttgta
ttgccttggg
t ct aagt cct
gat t cact ct
ccccagt aga
gt ccagaatc
agaggcgttt
cccttcatte
t cccaggt ac
agcat gt gct
tgacttct at
ttcttctttg
gt at cagcca
at cagt gagt
tgttacccct
gcat ccaaat
acccct gcaa
t gt agt gact
caaat at ata
gaact gtt at
gat t cat gaa
tggctttatt
at at aacct g
ttcccctgge
gaaaat aat a
ttcttcctat
cat ggaact a
t caaat ggt g
gagaagccaa
cagagcaat c
ccgat gt cat
tttacttcaa
agcttaccce
cgaaagct ac
atttttgaca
act gcaagct
ggaat acagg
gggtttcacc
ggcct cccaa
tcacctagta
tcttagcatg
ct gaaggaca
ccatcattct
gaat aat t at
cct at gaat g
t cagccct ga
cat ct at gat
tgcttgagtt
agaagagcct
at gaat t gga
tcagtttgaa
ccaaact ccc
gaccaaaagt
tact gat cct
ttcctcttct
gccct gt gag
cattggaatt

cct acaagaa
cctctacaca
gagaaattca
tt ggagcaaa
gcct gaggag
gat ggt gaag
tttcagccct
tcctttttca
t gccacaaaa
accaagagga
agagacttta
ttcttttatc
tgtgcttgaa
caccacccat
aggtatttaa
ccaaact gaa
atcgcetttt
t ggt at at gg
gacct ccgag
t cacact gct
tagttattct
gcccagaaaa
ccaaagggt g
cat ggt caaa
gcacat gggc
caat cggcat
ccaaccccat
acatgccttg
ttttatcttc
ttctttttgt
t att agat at
ggaaaggaca
tt gaat agca
cagagcggcc
tccctcggaa
ggt act caga
cttttttttt
acaggt acag
gagt ct cgct
tcgecctcctg
cacccaccac
gtgttagcca
agt gct ggga
aaatgcattt
gaat agcat t
ttttggctge
gacacagcca
at at t aat gt
tttgtgttct
gaacacaagg
gt accaggaa
gcccttcaaa

ggccaaggt g
ggagatgatg
ggagcagct g
aggtttgtct
ggaagagttg
agtttctact
gt aaaaggga
tct gt at cag
cagagcaaag

gaacagaaca
aacgccat gt
gcaccaagct
at caggaaaa
agagcat gga
gtgggcattg
gagctcttag
cccctaccac
gtgtttgtta
cttttcccat
ggt ggcaacc
cttttattca
ggagtt aaca
gtt aact agg
gtttgacacc
ctgccgactc
t ggagacaaa
agccaagctc
ttcttcctct
ttgctgctga
tact t gaaac
cat gaattaa
ttttgaagat
t aaagt t ggt
ct at gaaggt
tcct caaat g
at aacct gcc
gaaatt ct ac
tttttcccag
ctttttcttc
gt gaggcttc
gagggat ggt
caggt gagt a
at caacaaat
gccatcaatg
at ggccct gg
aaat ggcgag
gt cagcaggg
ctgtcgccca
ggttctcgge
cat gcct gge
ggatagtctt
ttacaggcat
actgttcctt
acatttggtc
ttccaaggtt
ttgttaacct
aacact at aa
tactttgtga
aaggaact gt
ggcaagttcc
ggt gat gaca
gagaaggaac
ctggt ggt cc
caagacat gg
aggaaggagt
gagaaagaat
gctaatttgt
agtttgttct
gt agaggaga
agacagat at

gaacact gct
gt t gggaaag
tttgat caaa
ccaaaggcag
aagggcagga
ggggat t cca
attct gagcc
cagt at ccca
cgagaaggac
t ccagcaaga
tagtctct ct
t cagaacaca
act gaggt gg
cagcccacca
at at ct gaga
t at cgaaaag
tcccttacct
cagcccct gg
ccact cagag
agact gct gg
ct gagaaat ¢
taat caattc
gccagttcta
acat gat gca
t ct gagaaac
tatttgactg
aaccccat at
ttttgtgagt
actattttcg
t gat aat at t
ccaatttggg
gagaaaaat a
ggtttatttt
gggt gt ccaa
agct cact gt
agagacccca
accgaagccc
caggt caatc
ggct ggagt g
attctcctge
taattttttg
gat ctcctga
gagccaccgc
tgtgttttcg
t ggat gt acc
tgacagtt at
ttttgtgcat
t at ggat at g
ttctcttcca
t ct acaaggc
gttatcggcg
t caccat ggt
t caccccaga
acat gccccg
gccttgtcga
ttcctcccett
agaaaggagc
ggaaat ct ct
tggatctcca

t gggaccagg
t aagagct gg

t ccaaaccac
cagggt gaga
agcat aat cc
agaacagat a
ggggaacagc
act t caaagc
tgtttaatcc
gagcct ccat
accgt ct gat
aaacgt ct gt
ttttcecettt
agagt t gagc
ctattagtca
aacccaccac
aaacat ct ga
ccaacaaat ¢
t caat gagac
act t caaggt
at t gaggagg
agggct gact
aaaggt at cc
ttcattccat
caagat at ct
tgttacattc
tct gcaacaa
cat gggcat t
aacct gcaat
taaggttttc
ccttccttct
tattaact ac
tt agagcaat
aaat gct gcc
ctgttctcct
t aagaccgaa
tctggtgctg
gggact t cct
t gagagggca
tattatttat
cagtggcgt g
ct cagcct cc
gttttttttt
cctcgtgatc
gcccggcaga
tggctttgtc
acagtctgtc
gaat aaacct
at cccgccag
tctgtgtcaa

gggcct gt gg
t gat ggagag
cgt ggct gaa
cctcatcttg
ggt gct gcag
cttccgcatt
tctgttcagce
ct ccacccge
aacaagt cag
tttcecttttg
t gggcccagce
t ggagaggaa
ggaaat gt gg



8641
8701
8761
8821
8881
8941
9001
9061
9121
9181
9241
9301
9361
9421
9481
9541
9601
9661
9721
9781
9841
9901
9961
10021
10081
10141
10201
10261
10321
10381
10441
10501
10561
10621
10681
10741
10801
10861
10921
10981
11041
11101
11161
11221
11281
11341
11401
11461
11521
11581
11641
11701
11761
11821
11881
11941
12001
12061
12121
12181
12241

ttcccattac
tcttactctg
cct cccgggt
acgt caccat

aggat ggt ct
attacaggcg

cagggt ggct
agcccat gag
aaaaat t agc
gggaggattg
ctccagcctg
gtttacgatg
t gagacgaag
t gcaacct cc
att acaggcg
cactatgttg
t cccaaagt g
ttttgaaaac
gttttttctg
atgaattatc
attattatta
t ggagt gcag
tcctgcctca
tttgtatttt
gacct caggt
ct gcacccag
tt aggt gaag
caaact gaat
cggtcttcct
t ccat aaggc
gat gcat gaa
ggcct ccaca
ccttcectce
gt gat at agg
ccagaagagt
cttcgttcge
tccegegtte
gccat cacgc
aggcaggt ct
ggat t acagg
at agcat cta
accttgggag
caacat agt g
gact gcccat
at ggat gaag
aaagt gt gct
aat gcatatc
cccacagt aa
ggaaccct gt
cact aaact a
at gggccctg
agattt ggga
gat t ggacaa
gt caaagaga
agaggaaagt
t aat ct gaga
t ccaaggt at
gat gaaagaa
at t gaaat gg
ct gcaacctc
gact acaggt

acaggcct ca
tt gcccaggce
t caagcgat t
acct ggt aat
tgaactcttg
t cacgaccgc
cacgcctgta
tt cgagacca
caggcat ggt
cct gagt ccg
agcaacagag
ttaagt aat t
tcttgctctt
accccccaga
cctgccacca
gccaggct gg
ct gggattac
t aaaaat gt t
t aagaacaga
aggagccat g
ttattattat
tggcgt gatc
gtcttccaag
cacgat agag
gat ct gt aca
cccccaaagt
atttaggatt
t cccat ct gt
tccaggtatt
atttcttgag
cagcaggaac
ggctgctata
cact acct ct
aaaagaagcc
at ggggt cgc
tcgttgccca
aagcgat t ct
ccggct aatt
t gaact cccg
cat gagccac
gt aagaagac
gct gagat gg
agaccctgtc
agtttacctt
agcaaat gga
ccaact agag
ct ct cat ggg
agaagacggt
gtt agagt aa
t ggaccaaca
agaatctctg
accact ggta
t ggt agagat
aaggtttcag
ggaattttaa
aagat gct at
agccat ggac
at gggagact
agtcttgctc
cgcct cct gg
gcccgecace

ctgacattta
t ggagt gcag
ctcatgcctc
ttctgtattc
acctt gt gat
acct ggcaca
at accagcac
gcct ggacaa
gacgcacacc
ggaggt caac
t gaggtccta
agatttatct
gt cccccagg
tt caagt gat
cgcccggcet a
tcttgaactc
aggcgt gagce
gccagact gg
gtcttgccgt
ct gaacaagc
tattattttt
tt ggct cact
t agct gggat
acaaggtttc
ccttggecte
actttattat
tcttcttatg
ggat t gaagc
gtt gcagaag
gt gagt acac
acgt ggaaaa
at acagccct
t ct gt agcag
agcaaaggcc
agaaacccag
ggct agagt g
cct gecct cag
tttgtatttt
at ct caggt g
t gcacccgge
tcct gggct g
aagat cactt
tct accaaaa
t ccct gagga
aggt aagaaa
cact agact a
agat gaacag
t gaat at cac
tagcgt gt ac
gcagtagtta
tat gtact aa
tagactattt
gttcctagaa
aggat ggt gc
cgggagcgag
taat ataatt
aggtttgctt
agggt gtt ga
tct cgcct ag
gtt caagcga
acgcccgact

ttattattat tattattact tgagacagag

cggtgcgatc
agcctcctga
tt agt agaga
ccgect gect
ttaaaatatc
tttgggaggce
cat agt gaga
tgtagtccta
gct gt ggt gt
tcact aaat a
ttattgacct
ct ggagt gca
tctcctgect
atttttgcat
ct gacct cag
cactgtgcta
aaagaaagat
tctctctcca
ccaaagt act
gagat gcagt
gcaacct cca
t acacgat gc
accat att ag
ccgaagt gct
ttttaacaca
ttt caaaaag
caactttctc
gccgagat ga
cttccccact
ggcctgtttc
ct ccaaaacc
gt caagcggg
at caagaaga
ggagaatttt
caat ggt gcg
cct cct gggt
t agt agaaac
at ccacctcc
cat acct agg
ggcat ggt gg
t gagcccagg
aaat ctt aaa
cagaat agt g
gggaagct gg
cact ggagga
tacacact ga
ttaacgtgtt
agcct gt gga
t ct ggggagc
act cct cagg
tttgcgggag
t caaagaaat
t aagt aaat a
gaaat gt gat
t caaaggt ag
aagt ggaat a
acgggt ctcc
gct ggaat gc
tcctctcgee
aaatttttgt

t cggcet cact
gt agct ggga
tgggtttcac
tggcttccca
ttttaaagaa
t gaggt ggga
tggt ct ct ac
gcttcttggg
act gt gat ca
aat aaat aaa
tteetttttt
gt ggt gcaat
cagcct ccca
ttttagtaga
gcgat ct acc
ttgggctgtce
gttccttctg
caaaaagct g
ttattattat
tttgctcttg
cct cccgagt
gccaccacac
ttagagtgtc
gggat t acag
tattcattgt
ccccaaagga
ccat ct caca
cctctatgte
ctcttagggt
cagt gt t aag
ttcat ggt gt
aacacaaaca
aatttacagc
tttttttttt
acct cact ac
agct gggat g
agggtttctc
ttggctccce
gagaagtttt
ttcacacctg
agtttgcaac
aaaaaaaaaa
t ggccacat g
t gagt gt gca
aacgaaaagg
cat gct gagg
cccccaaat g
acttctggtt
tttatctttg
ggattcttat
ccaggctgtg
cgaaaagaat
t agat ccagg
agct t gaaag
agtagttctg
aggcaat gct
t aat gagat t
agt ggt at ga
t cagcct cce
atttttagta

gcaacctctg
ttacaggcac
cat gt t ggcc
aagt gct ggg
gt t ggct ggc
ggatcgtcta
aaaaaat aaa
aggcagagct
caccact gca
t aat aaaat a
tteetttttt
cttggct cac
aggagct agg
aacggggttt
tgccttggee
tttaagct ag
gat ggagt ga
aagcct gaga
tattattatt
tt gcccagge
t caagcgat c
ctggctaatt
t ccaact cct
gt gt gagcca
gagagt at ga
tctcttaatc
aagacttctc
t cagat gcat
acagaaagga
gcat gcaaaa
gattgttctg
tttagggagg
at gaggagaa
t gagacagag
aacttctgcc
acaggcat gt
catgttggtc
caaagt gctg
aagaaaat gg
t aaccccagce
cagccct gag
aaagtttgga
cctaattgta
tcagtgtctt
t ggt caaat a
t ct gacaagt
agat gt gcat
ct caagt aaa

gagatt ct gg
gcaaacaat g

agggat agga
gaaggttgta
gat caaact c
aacccagtta
agat ggcaag
cattaggttt
tttttttttce
tctcagttca
aagt agct gg
gagacggggt



Top.

12301
12361
12421
12481
12541
12601
12661
12721
12781
12841
12901
12961
13021
13081
13141
13201
13261
13321
13381
13441
13501
13561
13621
13681
13741
13801
13861
13921
13981
14041
14101
14161

tt caccat gt
cct cccaaag
aattgcctca
agt gt gggga
gt agaggt at
agt t aagat g
ggaagact gc
aaggact cca
gaagaagcag
ttttccatgg
caggacccca
aaaggat cct
at gagcat ga
gggaaggaag
agccggttaa
cct gaggcaa
ccattgtttc
cttttcatag
gct ccaagag
t cagcggct g
t gt gat aacc
acct agcaca
gaaagt agga
aagcatttga
ggctaattta
t gcaagt acc
ggccaacagg
gggcagagt a
tttttggttt
t ggact ct gc
aaaat gat gc

gagagagcga

t ggccaggct
tgct gggatt
aat gat agca
t at aat ct at
t gaggt caga
acact gctca
aagggaaat t
gt t agaagt g
aggt ct ggat
ttcttacaac
actaattgta
ggt cat gcaa
aat aggt aat
agt gagaagg
tcatgtgctt
aattttctga
agtctattac
gccct aggtc
t gaaact gt t
gt acaaaaaa
t gt gt acatt
aggct t ggac

ttctggaggg
ggaattgctg
gttttattcc
gctgttgtga
cctttcctgg
gccaaccctt
gt gaacagaa
atttgaaatg
cttcaagttg
t aaaagat gg

ggt ct caaac
acaggcat ga
ggagt t ggag
aggacaat ga
acaagggat t
caccctcttt
gagt cct cag
gt caact cag
tcattttatc
aaagccgttt
gacct gagaa
acact ct agt
at ggggagat
aaggagaaga
t catt aagag
aggtgtttcc
t ccaagaaaa
ct gagt ggct
tctttcaact
aat ccgct gt
cagatttctg
aaacacaagt
aat ccaacct
t gt ct gt gga
cat gt gacct
ttgctggecg
tttttataag
gtgttaagta
gt aaaaat aa
aagacaagga
ttctttaccc
t agacagcca

tcctgacctt
gccacgt gcc
t ggacagaaa
at gt caat ga
tt acaagagt
cacat ggatt
ggt ttt aact
acctccttga
cacct gagcc
tctttgaaaa
gccatt aaaa
ct gct aat aa
agcggot aag
cat cat caac
cagaaacaga
ct ct agat cg
t ggcat ct cg
ctttggagta
at ggagttca
aaaaccattt
ggttacctga
accttacatt
gacccaaat g
tgatttacct
gcaggt aaat
ttcgct aaac
agaagt t cct
aaatgttctt
at acaaact a
aaggggaaac
agt aaccaca

gaaagggaag

aagt gat cca
cggcctactg
ggct aagt gc
cctttaagac
gctgtattaa
ttt ggaagaa
ct catt gaat
ggggt ct gag
cagt acacaa
cct t gggaat
accagaat ct
gct aat aat t
gaagggagga
cagct ccaca
gttttagtga
ct at cagcca
t ccagccaga
gctgtatctt
gat ctt gagc
acaat ggt ac
at ggaact ct
ctctgcat ga
tactttttac
gccaaaat ga
gaagaaggca
cccaacaggg
ct gaacact a
attctttgca
cttccatctc
atgct attgg
t ct ggat caa

ggagag

cct gact cgg
agatattttt
aaaaat cat c
aat agcaaga
tggttttgga
agaacactta
at cct ct ggt
ttactattag
t at gt aagat
ccttaat aaa
gatttgaata
t agt gct gga
acaaaggaag
aaacccaggg
tattctgggt
tgttcaaat a
gaacccacct
ggat ct t gat
caaaaat ctt
cagccagaaa
tacacttatt
aagaat gagt
t ggaaaacaa
acggcagagt
gt gaagcagc
tgactttcaa
ttatcttcat
cctcttccta
acatt at aaa
ggcacat ggt
gaaaat gagg




