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Abstract

GpomeView is a tool for exploring date generatec by the
Euman Genome Froject. GnomeView proviges both
graphical and textual stvies of Gata presenialion: emn-
ploys an intuitive window-based graphical query inuer-
face: anc inlegrates iis underiving genome datapases in
such = wa)y thai the user can navigate smoothly across
Gatabases anC between difierent levels of date. This
paper descripes GnomeView and discusses bow it ac-
dresses various genome informatics issues.

Key words: Human genome informatics, graphical
database ipteriaces. -

Tntroduction

The Sumer Genome Project is & woridwide research
efior: airnec 2. znalyzing the struciure of pumar R4
ané Getermining the location of ali bumar genes 112
11 is estirnzte that ihere are Up ic 100.000 gepes 28]
encodec by the £.8 billlor nucieotides 120 iz the DNA
seouence. With eact nucieotide representec a< & SIngie
Jetier in 10-point T¥Pe; thic sequence would pe 5.000
miles long [4}.

"To provide effective wavs 10 access such epormous guar-
tities of daze for biological researcpers and students wao
are Dot intimnately jamilier with ine getalls of Gate at-
(1I5ILIOR. SLOTage. anC retrieval empiovec DY DUIMErOus
and veriec dazebases. GnomeView is peiny, deveiopec
as z graphical user interface to injormation generaie

by the Bumar Genome Froject. 1t tergeis one of the
current informatice goals of the T.S. Human Genome
Project, namely, “the creation of database 100is that
provide easy access 1O up-ic-Gate {mapping) anc se
guencing information and aliow ready comparison of the
Gate in these several data seis” [12].

There are presently & variety o methods that can be
used 1o access publicly available genome Gate. Mos:
of these methods suppori oniy wextual (e o -
based) input anc output. For exampie, eleciro:

servers accept Gaiz and/or reguests. periorm

and/jor analysis. 2n¢ mall back resuits (e.g., {--

aiup or remote login services DroviGe more iplerac: v
query faciiities, but are still jargely textual [14;. 1o con-
trast, visualization is & ceptral theme of GnomeView.
Graphicz! represeptatior ©f daiz cap revea! patlerns
thai might otherwise De difbcult 10 aetect. GnomeView
aiso proviges tne czpability 1o view date rextually: 1ne
user may seieci either ©F DOR stviels) of presenialion.

The remainder of this paper is organized as joliows. The
seconc sectio proviaes perupent miormelion abous be
probiem domair ir whics GnomeView operates, Qi
cussing genome meDDInRZ anc¢ genome Qziabases. 1D
kev czpabilities. svsiem architeciure. anc impiemenie-
uor of GnomeView ezre aeizilec 1T ibe 1hirc secuior.
~pe fourib section conciudes bY Simmesizing ibe cw-
rens siatus of ané future pians iot GonomeViewr.

Probiem Domain:
-
-\~ .
Two aspecis of GnomeView's probiem domzip——genome
mapping an genome GeziaDases—aTe discussed ir this
sectior.

Genome Mapping

One of the primary goals of the Euman Genome Project
is the generation of genelic anc poyvsical maps of all pu-
man chromosornes. Lach CHTOMOSOInE COmLains & iozg



moiecuie of DN A. the chemical 6f whicl. genes are made.
DNA 1s 2z douDie-strandeC COmMDiex malromolecuts 1L
which each, stranc 1s & linear array of uniws caliec nu-
cieotices. Lach nucieotiae consists of & sugar. & phos-
phate. and & base [5]. The jour different bases are namec
A.T.C.and G. The order of the base pairs 1each base
1s paired with its compiement in the other strand) de-
termines the information content of & particular gene or
prece of DNA—the “genetic code.” Mapping is the pro-
cess of determining the position and spacing of genes. or
other genetic landmarks, on the cnromosomes relative
to one another [12].

There are various types of biological mapping. each hav-
ing an associated imetric (or metrics). A metric de-
scribes the size of mapped objects and thelr position
relative 1o one another. The different resolutions of the
metrics tvpically imply a hierarchy of data. Consider an
anaiogy 1o geographical mapping: a globe is a low resc-
lutior map expressed in terms of longitude and latitude,
and a sireet map is & high resolutior map expressed in
1erms of miles. Both maps describe the same thing. but
at difierent levels of deail.

GnomeView currently supports two types of maps:
chromosome maps and DNA sequence maps. The siap-
dard representation of 2 chromosome map is a sty
jzed depiction of how the chromosome appears under
& light microscope after chemical siaining. The stain-
ing produces a patiern of bands in contrasting coi-
ors. Figure 1 shows a GnomeView map of chromosome
¢. GnomeView computes band dimensions based upon
data derived from the digitization of pictures in [6].

The metric at the chromosome level is chromosome
bands. Fach chromosome bas 2 centromere separating
the short (p) and long (q) arms of the coromosorme.
Eands are numbered outward in both directions from
1ne centromere, ac can be seen along the Jefi side of
the chromosome in Figure 1. Genes or other biologi-
cal landmarks are located 10 the bands. For exampie.
ABL1 (a locus reiated 1o leukemia) is located 10 2 spe
cific band. 9034.1. The locus NBCCS {related 1o basal
cell carcinoma svndrome) is locatec 10 a range of banas,
6¢22.:-0031.

DNA sequence maps proviae a ievel of resoiutior which
is orders of magnitude bigher than thai provided by
chromosome maps. GnomeView represents the se
guence of base pairs as @ number line. drawing each
base pair as & color-coded tlick mark or letter as space
permits.

The metric at the sequence level i¢ base pair coordi-
nates. Higher leve] objects, calied featires. are located
to the sequence according 1o their base pair start and
stop coordinates. In Figure 2, jor exampie. the sequence
HUMSODG! is shown at three difierent magnification

2] Morhbids J
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Figure 1: GnomeView Chromosome ¢ Map

factors. At the highes: meagnification factor. & “repeat
region” feature it seen 1o extend from base pair 196 (G)
10 base pair 208 (C).

Genome Databases

Another primarr goal of the Humar Genome Project is
the deveiopmen: o capabiiities for managing the date
it produces. Computer Gatabases will. of course, play &
crucial role in any Gate managemen: endeavor. Tnere
are presently z numbper of pubiiciy accessibie genome
databases (e.g.. [14, £. 7. 3]). eacn of whick tends 10
siore = difierent Tvpe of datz. 1ous. GnomeView relies
on one source (the Genome Dase Base (GDB! {14]) oz
cnromosome injcrmation anc @ difierent source (Gern-
Bank [8)) for sequence information.

A major probiem with the current set of databases
ic lack of imegration. There bas beer no convenient
way 10 foliow references across Galabase boundaries;
the researcher mus: make = manual transition from one
daiabase 1o the othe: ané know now to use each of the
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Figure 2 GpomeView Sequence EUMSODGI Map

veievan: databases. This makes it difficuls to track an
objec: tarough difierent levels of the maomn" hierarchy,
because oSt Gaiabases COntaln aa
ticuiar level.

irom oni} one par-

£ liprary that l insulates the applicatior aeveiope:r irom
the mundane issues OF Gaiabase manipuizliorn 1€ Qe
scriped i {21}, but inic work does noi address ibe issue
¢’ simultaneous access 10 multiple Gatabases. DOT aoes
i- relieve tne aeveioper from the burden of naving io
updersianc the incividual dalabase scnemas.

“rnomeView

GpomeView aliows 2 user 10 access and graphically view
daie at difierent mapping jevels. It sirives 1o make nav-
igatior tnrougr mepping levels anc hierarcnies of aate
ac eacy anG consistent as possible. obvialing ine peec for
Lne user 10 even Know which unaeriving Gale sources are
being accesseC. D¢ kev capabilities. svslem architec

ure. and xmmememamon of Gnome\ 1ev are QISCLSSGC
in this sectior.

" n FRIEE

Tigure 3: GnomeView Chromosome 1¢ Mar

Capabilities

Thie section Gescribes vhree of ne szlient capabilities of

GnomeView: VisuailzalloL. & craphical user ipteriace.
an¢ inlegraled Gaid Dresenialion.

Visugi:zalion

GnomeView ¢liow= +he user 10 seiec: z graphical 2nd/or
textual stvie of uaza presentation. LDe heart of ibe
graphical reDr°=en~a'uoz ic the genomic mep. Af Qi
cussec eariler. Gnome\View current!v SLpPCTLS COromc-
some maps anC DNA sequence maps.

ir addition ic ihese maps. Gnome\iew proviaes dem-
sy maps—z TVPe O color-codec niSLOgramm. A Qensity
mar indicates ibe distribution of objecls over ar &=

SOCIa'LGC genomlr mal. lenumg aL 1mpona.n'. sense of

1oDoiogY 10 1h€ Gale. Tigure 5 showe & mMak o’ chrome-
some 1¢ ané ar associalec density map of all tne morbid
joci on curomosome 1§. Frorm inis. one can readily see
tbatl morbic i0¢l On CRTOTNOSOINE 1¢ are concentralec OD




“non

panc 19Gid.l.

One of the most powerful features Gnome\ew proviges
& tne abiiity to interactively magnify and secroll any
map. As the user seiects smalier regions of @ map to
view, more detali becomes visibie. At apy parucuiar
magnification. a map may be serolled it either direc-
tion. A complete DNA sequence map. for exampie. mav
contain oo many base pailrs 1o display them individu-
aliv. At this level. only the high level features of the
sequence are displavec. Base pairs appear as the user
~zooms in.” initially as tick marks and eventually as
letters. The tick marks and the letters are coior-coded
1o improve the ease with which patierns (e.g.. AT-rich
regions) can be discerned. Figure 2 shows & sequence at
three difierent magnification levels.

Graphical User Interface

The window-based query interface provided by
GnomeView aliows the user 10 specify (potenually com-
piex) queries simply through the use of butions. menus,
and minimal text entry. We believe that @ graphical
user interface (GUI) is more intuitive than one based
on traditional database forms packages o SQL (Stan-
dard Query Language) interfaces. GnomeView empow-
ers users 1o explore the datz and its interrelationships
because it relieves tpem from having 1o learn query lan-
guages and database details.

A GnomeView window used to query for chromosome
loci is shown in Figure 4. The current setuings in
this window will retrieve all loci related 1o Alzheime:r's
disease. ‘The user merelr pushes |Disorder ] 1pes

Aizneimer=. and pushes |Search | Ferforming this
query without using Gnome\iew would require knowl-
eage of botb SQL and the scheme of the underiving

database (GDB).

For exampie, using the foliowing reievant GDB schema
aefinitions,

locus = (....
locus.annot : 1exx,
locus.cioped : tipvint,
locusdd : inz,
locus.name : varchar{253),
locus.sympo} : char(12))

locus.mim.eref = (
locusdd : int,
locus.mim.annot : text, ST
mim..ref : cnar(12))

mim.date = ( .
Mim.annot : text,
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Figure 4: GnomeView Chromosome Query Window

mim.date.status.key : tiovint,
mim.Jdd : inz,
mirc.re! : cnar{l?))

mim.disorders = (
mir.disorder.annot : 1ex:,
mim.disoraer.mar.metkt.ke} : tinyvini,
mim.disoraer.name : varchar{253j,
mim.disorae:.num : uinyine,
mim.id : ins)

an appropriate SQL statement based on this schema
might look like: T~

select =
from jocus
where
mim.disoraers.mim.disorae:.name = “Alzpeimers”

e ==e- - and mim.disorders.mir.dc = mim.date.mimaé

and mim-date.mimrel = locus.mim.eref. mirrref
and locus.mim.erel.jocusdc = locus.iocusld

The locus relation. with primary key locus.id. contains



the highest jevel of inicrmatiorn abou: genomic ioci in
GDE. The min._daic anc mim..disorders reiations. Witk
primary kevs mim_re’ anc mimi.ad. respectively. contair
detailed informatlon abou! disorders contained in 11;.
The locus.mim.ere! reiation is essentially used to Join
the locus and mim reiations to find the specific disorder
information associateC Wilh & particuiar iocus.

As queries become more sophisticated. 2 GUI that
shields the user from this level of adetail becomes ever
more imperative.

Integraied Data Presentation

As discussed earlier, there is a decided lack of inte-
gration among the current public genome databases.
GnomeView addresses this problern by presenting 10
the user a facade of seamiess database iniegration—the
ability 1o transition smoothly across databases and be-
tween different levels of data. GnomeView can achieve
this because among the data elements stored in its iocal
database are the cross reierences to other databases pro-
vided by each of its constituent databases. Thus, given
2 locus in GDB, for exampie, GnomeView can easily
retrieve all the associated sequences in GenBank, and
vice versa, without requiring any manual intervention
on the part of the user.

The degree of seamlessness in the database integration
is infivenced by the cross-referential integrity of the var-
jous databases. As researchers peruse data reiationsnips
more often. cross-referential integrity becomes more -

portant. Even at this early stage. GnomeView's multi-
pie davabase capapility has aiready been useful in ex-
posing inconsistencies in rejerences across davabases.

Svstem Architecture

Figure 5 depicts the syvstem architecture of GnomeView.
ASCIl fiar files are downioaded from the public
daiabases 10 2 local disk viz anonvmous I'TP (Fiie
Transier Protocol) over the Intermet.  The local
GnomeView database is then loaded from the fiat files.
The user interacts with the local GnomeView database
via the GUL

Implementation

GnomeView is written in C [9]. The user interface
is based on the X Window Syster, Version 11 [i7),
the X Toolkiz [1, 10}, anc the Athena widger set
[15). GnomeView employs = network model database,
db.VISTA [16], as iis internal databpase. The target

User

GUi-based user guenes | [ Graphicalnexmwal ouery resuits
; i
| Gnome View ‘
!

, User Interface

4

Kuntime quenes ' \ Kunume query resuits

GnomeView

Database

Aulomaied load of local GnomeView
Qatabase from ASCTl dawa fuses

FTP of ASCT data files '
. from public genome
"~~ unbms

PR .

Publsc Public ' Pubie |

. ' !
Datapase Database N X : Daubase '
L (GDB) (GenBank) ™ 1

Figure 5: GpomeView System Architecture

platform is & workstation running UNIX anc X. with
ar attached high resolution monitor. The aeveiopment
environment consiste primarily of Sur SPARGCstations
running SunOS.

Current Status and Furure Plans

GpomeView entered 2 bete test phase in Oclober, 1062,
I: will be made avaliable 10 the generz! community i
1093, afier jeedback from the bete test sites it received
anc incorporated 1010 the svsiem.

N~
Tuture work or GnomeView will address several areas: -

e Expansion of Data Coverage

in addition 10 more data from the current
sources being made avaiiabie (GnomeView does not
presently use all of the daiz avaiiable from GDB
and Genbank), the number of datz sources ac-
cessed by GnomeView will be increased. Some of
the new sources will provide cate for mapping iev-
eis other than the two GnomeView now supporis



icnromosome anc DN A seauence). 1t i likely tnar
GnomeView s first new source will be contiz mar-
f10°

ping [12 cate from: the humar genome center a
Lawrence Livermore Nationa! Laboratory.

4

¢ Direct Runtime Access to Public Databases

As explained earile:. GnomeView loads a local
database after downloading data from the public
databases. This gives maximum fiexibility in how
the dzta is represented Jocally. but has the disad-
vantage that all data used by Gnome\View must be
replicated and stored locally. 1t is estimated that
only one tenth of one percent of the data that the
Human Genome Project will eventually generate is
currently available: while the current local storage
requirement of 225 megabyies is acceptable. a thou-
sand times this figure is not. Direct runtime ac-
cess to the public databases over the Internet would
solve the problem of lack of sufficient local siorage
capacity. . :

Databases such as GDB already provide some ser-
vices along these lines, but the inverfaces are still
schema-dependent. The development of high level,
schema-independent application programmer inter-
faces 1o the public databases is necessary for direct
runtime access 10 be jeasibie.

s Analysis Capabilit}; and Map Creation

Eventually GoomeView will incorporate data anal-
vsis capability similar 1o that of various se
quence analysis packages. e.g., CAGE/GEM [2].
GnomeView will also provide a mechanism for users
to create and modify their own Jocal maps. thus al-
lowing them 1o Gynamically investigate such things
as caromosome cross-overs and rutations.

o Implementation Enhancements

Migration from X11R<4 10 X11RD is imminpent.
Longer range pians include poriing 10 a different
widget set (e.g.. Mouif), reimpiementatior in C——
[18]. and the replacemen: of GnomeView : network

mode} Gatabase with an object oriented database.
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