MetaViewer and MetaCommander:

Applying WWW T o ols to Genome Informatics

Y asuhik o Kitamura

1

Hideyuki Nak anishi

2

kitamura@info.eng.osaka-cu.ac.jp nuka@lab7.kuis.kyoto-u.ac.jp

T etsuy a Nozaki

1

T eruhisa Miura

2

noz@kdel.info.eng.osaka-cu.ac.jp miura@lab7.kuis.kyoto-u.ac.jp

T oru Ishida

2

ishida@kuis.kyoto-u.ac.jp

1

Department of Information and Communication Engineering,

F acult y of Engineering, Osak a City Universit y

3-3-138 Sugimoto, Sumiyoshi-ku, Osak a 558, Japan

2

Department of Information Science,

F aculty of Engineering, Kyoto Universit y

Y oshida-Honmachi, Sakyo-ku, Kyoto 606-01, Japan

Abstract

With the advance of the Human Genome Proje ct, a huge amount of various genome

data has be en stor e d in a numb er of datab ases and the WWW system is widely use d to

acc ess these databases. F r om the viewpoint of information supplier, the WWW is a quite

useful tool to provide various types of data e asily, but from the viewpoint of information

consumer, it is not goo d enough be c ause of lack of rigid data format and di�culty of data

acc ess. In this p ap er, by extending a current WWW browser, we prop ose two generic

WWW tools; MetaViewer and MetaCommander, and try to apply them to the genome

informatics to support rese ar chers who sear ch, analyze, and dispatch genome data, and

discuss their potential advantages fr om the viewp oint of information consumer.

1 Intro duction

With the adv ance of the Human Genome Pro ject, a huge amount of v arious genome data has

been stored in a number of databases and the amount is rapidly increasing day by day

. Most conten ts of current genome databases are represented as text data such as nucleic acid or amino

acid sequences with their bibliographical data, and furthermore graphical data are also going

to b e used widely to represent more complex structures such as motif, pathwa y , or 3D-structure

of protein. Nowada ys, with adv ance and p ervasion of information netw ork technology

, ma jor

genome databases are linked together by using the WWW interface to b e o�ered to researchers

all ov er the world.

The WWW technology has b een rapidly p ervaded on the Internet b ecause of its high freedom

of data format and its easiness of information dispatching. Information suppliers can make their

own homepages as easy as they do word-processing and their homepages can contain not only

text but also graphic, sound, and movie data. F urthermore, it is easy to relate a page with other

pages on the Internet by attaching hyperlinks. An information supplier can dispatch his/her

own information tow ard the world just by creating his/her homepages on a server machine

connected to the Internet.

F rom the viewp oint of information consumer, however, it is not easy to �nd desired pages or

to analyze contained data mechanically since the contained data are not sorted out in a standard

manner b ecause of its high freedom of data format. Complex hyperlinks make �nding desired

pages more di�cult and often makes novice users get lost in the web. The current WWW

system hence is a useful to ol for information suppliers but not go o d enough for information

consumers who collect data, reorganize them, and dispatch them again.

The Human Genome Pro ject tends to gradually move its research e�ort from structure

analysis such as nucleic acid or amino acid sequences alignment to function analysis such

that estimates functions of enzymes or proteins. F unction analysis is a challenging research

�eld, but its metho dology has not b een established, so we often hav e to take trial and error

approaches. Hence it is essential to make e�ective use of facts already found and compiled in

genome databases to verify hyp otheses of function or to reduce the num b er of hypotheses. A

system will b e appreciated which supp orts researchers to collect data from a number of various

databases, compare them, classify them, and dispatch the obtained result immediately to other

researchers.

In this pap er, by extending the current WWW technology

, we prop ose two generic WWW

tools; MetaViewer and MetaCommander, and try to apply them to the genome informatics to

support researchers who search, analyze, and dispatch genome data, and discuss their p otential

adv antages from the viewp oint of information consumer.

2 MetaViewer

2.1 Background

How we retrieve only desired data and present them e�ectively is one of fundamental research

issues of large-scale database systems. The WWW system stores a huge amount of data, but

has no rigid data mo del and data management system, so it leaves the ab ove issue to its users.

How ever, existing WWW browsers are not designed well enough to supp ort such users. F or

example, it is not easy to even view or compare data from multiple pages at a glance. Some

browsers may op en multiple windows, but each window displays the whole page although the

user hop es to view just a part of it or the relation among the parts. As a remedy

, we prop ose the

MetaViewer which is an interactiv e WWW to ol to collect, arrange, view, store, and dispatch

WWW data originated from multiple pages, by extending a current WWW browser. Ohmi et

al. [4] also take a similar approach and develop a WWW to ol called P

AN-WWW, which uses

index-card metaphor.

How we sort or arrange retrieved data is also another imp ortant research issue to supp ort

users’ problem solving. W e do not discuss much ab out this issue in this pap er, but we can �nd

some pap ers in the research �eld called \Creative Thinking Supp ort Systems" [3].

2.2 F unctions

F unctions of MetaViewer are describ ed as follows.

Collecting data. W e can easily collect pieces of text or graphical data through a WWW

browser by cutting and pasting it onto the MetaViewer. Collected pieces of data are

represented as a group of panels on the �eld of MetaViewer If we like to emphasize a

relation b etween tw o panels, we can attach a link b etween them as shown in Figure 1(A).

Figure 1: Op erations on MetaViewer.

Figure 2: An example of click able map.

Rearranging panels. W e can rearrange panels as we like shown in Figure 1(B). Note the

attached links mov e with the panel.

Zo oming in/out. W e can zo om in/out the �eld of the MetaViewer as shown in Figure 1(C).

By zo oming in the �eld, we can view details of the panels, and by zo oming out, we can

view the whole group of panels at a glance.

Linking panels with originated pages. By clicking a panel, we can make the WWW browser

show the WWW page from which the data of the panel is originated.

Storing data. W e can save the �eld of the MetaViewer into a �le.

Dispatc hing data. W e can transform the �eld of the MetaViewer into a click able map in

the HTML format as shown in Figure 2, and can dispatch the results obtained through

op erations on the MetaViewer.

2.3 Example

W e can collect text and graphical data concerning the human hemoglobin from v arious databases

as shown in Figure 2. These contents are originated from the following databases.

� Descriptions of the hemoglobin theta-1 chain from a protein database SWISS-PROT

(P09105).

� Bibliographical data ab out the hemoglobin theta-1 chain from MEDLINE (MUID:88122547)

and descriptions ab out \base sequence".

� Descriptions ab out the dihydropteridine reductase from ENZYME (EC 1.6.99.7).

� Path way data around the ab ov e enzyme from P A THW A Y database (MAP00790).

� 3D-structure data of hemoglobin from NRL 3D database at the John Hopkins University

(http://www.gdb.org).

2.4 Applications to genome informatics

As we mention ab ov e, the WWW interface has b een widely used to access v arious genome

databases. However, from the viewp oint of information consumer, we can p oint out several

shortcomings in current WWW browsers and the MetaViewer can b e a remedy .

� F or genome data analysis, we often need to refer a num b er of WWW pages at once.

Current WWW browsers are not designed to b e go o d enough to compare even tw o pages

or to view a num b er of pages at a glance. By using the MetaViewer, we can cut and paste

pieces of desired data from a num b er of WWW pages and compare or view them on the

MetaViewer.

� Hyp erlinks to relate WWW pages are usually o�ered by only information suppliers who

made the pages, and it is imp ossible to add p ersonal links on them. By using the

MetaViewer, we can easily make a p ersonal page which contains related WWW pages

and links.

� Some research groups are creating databases which represent interactions among molecules

such as pathw ay database[5]. They usually draw a number of click able maps manually

to represent the interactions. W e can facilitate such pro cesses by attaching the drawing

function to the MetaViewer.

3 MetaCommander

3.1 Background

Another user supp ort in the WWW system is automating information retrieval. There are a

num b er of search engines developed to �nd desired WWW pages. Most of them use keyword

search technique aiming at general purp ose use, but recently we are often annoyed with the

fact that they often hit a large number of pages with almost the same number of junk pages.

Aiming at sp ecial purp ose search engines, Etzioni [1] is developing Internet Softb ots (Software

Robots), for example, the Ahoy! softb ot for searching p eople’s home pages and the Shopb ot

for supp orting user’s shopping on the Internet.

In this pap er, we develop a to ol and a language to build sp ecial-purp ose softb ots easily

. The

MetaCommander is a script-based WWW to ol to collect, arrange, store, and dispatch WWW

data automatically

, by extending a current WWW browser. The MetaCommander consists of

an interpreter and a script language. The MetaCommander interpreter interprets a script and

executes the commands. User can build their own softb ot by describing a script for its purp ose.

3.2 F unctions

Ma jor commands which are supp orted by the MetaCommander script language are as follows.

� Op en URL:

getURL(url, �lter)

postURL(url, �lter, par ameter1, p ar ameter2, : : : )

These commands are used to get an HTML do cument from the designated URL url and

to put it into the MetaCommander bu�er. The postURL command is used for supp orting

the CGI interface. �lter is used to transform a non-standard do cument to a standard

HTML format. Each p ar ameter is describ ed as \argument name = strings" and used to

p ost the parameter to the CGI interface.

� Print:

print(strings)

This command is for printing out strings strings. When strings are missing, the do cument

section in the scop e is printed out.

� Search strings:

searchString(number, strings)

This command is for searching the designated strings in the scop e. The number is set to

b e the number of rep eats.

� Search anchor:

searchAnchor(number)

This command is for �nding the number-th anchor URL in the scop e.

� HTML tag:

tag(tag)

This command is for inserting a tag as we can shap e up the output in an HTML format.

1:$keyword = "interleukin human"

2:$searchNumber = 5

3:tag( "H1" ) {

4: print("Keyword(s):" $keyword )}

5:postURL( "http://www.genome.ad.jp/htbin/www_bfind_sub?genbank-today", none,

"keywords"=$keyword , "selection"="bfind" ) {

6: tag( "UL" ) {

7: searchString( $searchNumber , "gb:" ) {

8: print( "<LI>" )

9: print()

10: getURL( searchAnchor( 1 ), filter ) {

11: searchString( 1, "REFERENCE" ) {

12: print()

13: }}}}}

Figure 3: An example of the MetaCommander script.

Each command has a scop e where it works. F or example, let us use the following script.

getURL("http://www.kdel.info.eng.osaka-cu.ac.jp/"){

print()

}

print()

As the �rst print command is in a scop e of

getURL("http://www.kdel.info.eng.osaka-cu.ac.jp/"), it prints out the whole page at

the URL. The second print command is out of the scop e, so it prints out nothing.

3.3 Example

W e here give an example of the MetaCommander script in Figure 3. In line 5, the MetaCom-

mander gets a HTML do cument from GenBank

(http://www.genome.ad.jp/htbin/www bfind sub?genbank-today) with keywords \interleukin

human" as de�ned in line 1. In line 7, it searches strings \gb:" in the bu�er and prints out

them in line 9. It then searches and op ens the �rst anchor URL (line 10), and prints out the

\REFERENCE" section (line 11). W e use a �lter to transform the obtained page b ecause

GenBank pages are not in the standard HTML format. Lines b etw een 8 and 13 are rep eated 5

times as de�ned in line 2 and 7. Lines 3, 6, and 8 are included for the output should b e printed

as in an HTML format. The output of executing this script is shown in Figure 4.

3.4 Applications to genome informatics

The MetaCommander also can contribute to genome informatics at the following p oints.

Figure 4: An output of the MetaCommander script in Figure 3.

Automating data collection. F or genome data analysis, we often require to collect a large

num b er of data from various databases. Users which use only interactiv e WWW browsers

hav e to collect them manually and take long time esp ecially when the netw ork is con-

gested. By using the MetaCommander, this pro cess can b e automated. F or example, if

we prepare a script which describ es how to collect data b efore we leave our lab oratory

in the evening, the MetaCommander, on b ehalf of us, collects and sorts the data in the

night time, and we can get the sorted data in the next morning.

Automating rep eated op erations. When we execute the homology search on many molec-

ular sequences, we are often forced to do rep eated op erations many times. What is worse,

if we use a sequence interpretation to ol such as BLAST, we are forced to input many

parameters at each time. The MetaCommander can automate these op erations.

Up dating p ersonal databases. The contents of genome databases are up dated day by day .

Even if we collect data from such databases and make our own p ersonal database for

sp ecial purp ose, it will b e obsolete so on. The MetaCommander can access the original

databases regularly and can automatically up date the p ersonal databases to the latest

version.

4 Summary and F uture Study

W e intro duced the MetaViewer and the MetaCommander which are generic WWW to ols for

supporting information consumers and have shown how they can b e applied to genome infor-

matics. These are under development on the UNIX op erating system by extending a current

WWW browser as shown in Figure 5. W e are planning to release b eta versions of them av ailable

to genome researchers near future. Collecting comments from them, we evaluate and further

extend these to ols. Our current future study includes the following p oints.

Automatic generation of script. It is not easy for novice users to make the MetaCom-

mander scripts from scratch by themselves. It is p ossible to generate the scripts semi-

automatically by integrating the MetaViewer and the MetaCommander. Namely

, we can

extend the MetaViewer as it generates a MetaCommander script which re ects the history

of usage. Users can change the script also as they like by using an text editor.

In tegrating inference scheme. T o estimate functions of genes or proteins, it is required to

not only collect a large number of data, but also verify hypotheses or reduce the number

of them. By integrating AI techniques such as search, deduction, and learning capabilities

into the MetaCommander, it will serve genome informatics as a more advanced analysis

to ol.

Ac kno wledgemen t

This work was supp orted in part by a Grant-in-Aid for Scienti�c Research on Priority Areas,

\Genome Science," from The Ministry of Education, Science, Sp orts and Culture in Japan.

Figure 5: Implementation of MetaViewer and MetaCommander.

References

[1] Oren Etzioni, \Moving Up the Information F oo d Chain: Deploying Softb ots on the

W orld Wide W eb," Pro ceedings Thirteenth National Conference on Arti�cial Intelligence,

pp.1322{1326, 1996.

[2] Minoru Kaneshisa, \Genome joho eno shotai (in Japanese)," Kyoritsu Shuppan, 1996.

[3] Susumu Kunifuji, \A Survey on Creative Thinking Supp ort Systems and the Issues for

Developing Them," Journal of Japanese So ciety for Arti�cial Intelligence, V ol.8, No.5,

pp.552{559, 1993.

[4] Y oshihiro Ohmi, et al., \P

AN-WWW: A Card-Based Internet Resource Accessing T ool,"

T ransactions of Information Pro cessing So ciety of Japan, V ol.37, No.1, pp.154{162, 1996.

[5] Naoko T ateishi, et al., \An Integrated Database SP

AD for Signal T ransduction and Genetic

Information," Pro ceedings Genome Information W orkshop 1995, pp.160{161, 1995.