
CERTAINDATA
CONTAINEDINTHIS
DOCUMENTMAYBE
DIFFICULTTOREAD

INMICROFICHE
PR'ODuCTS"



PNL-SA--21737

DE93 009482

GNOME VIEW: A TOOL FOR VISUAL
REPRESENTATIONOF HUMAN GENOME DATA

i

,_ _ c_'_ "_"_ _

-'_ _" E_ = _ _ o o'I::

•=_ J E Pelkey G S Thomas_-= 8_-x _'- = = ....

R.=,=,8, o D.A. Thurman V.B. Lortz
=_=_=-_ o R J Douthart

0 v "' := _A Orm _ _.

0{I U I_ 0

p hl_ll_V,v 1993

•°-'a_ _ '-" 0 - 0 0 _ _° _ _" ,:-,.

•_-_ Presented1993atithe _]!_ __ __ _ _vmnos um on

Appl i ed Computing
February 14-16, 1993
Indianapolis, Indiana

Preparedfor ......:,.,;,,
the U.S. Departmentof Energy .... -.,,_, .,,,,
under ContractDE-AC0676RLO 1830 -'_ ;" ''

-- f:°"u " ...." ' ' , ' _%' _t_

PacificNorthwestLaboratory
Richland,Washington 99352

plSTBIBUTIO#OFTHISDOCUMENTIS tJNLIMILB!,.

I "



G nome\:ie_'" A _foolfor A'isualRepresen=,a=_on

of Human Genome Da=a

.]o_nne E. Pelkey. Gregory 5. Thomas.

David A. Thurman: A'iczor B. Lortz, Richard .].Douthart

Pacific _._;orthwestL£Dora_ory

by the lquman Genome Project. h tarF-ets one of theo

current mformaUcs _ods Of the Tj.S. lquma_ Genome
Project. name])', _the creation of database _oois _hat

Abs=rac_ provideeasyaccessto uT-_c_-date[mappin_ and se-
auencin/_iniormationand al_owread)"comparisor,of_he

Gnome\riew is a tool £o_e,x-pioring dat_ generated by the aa_ in these several daz_ sets" [!2].
_uman Genome Project. GnomeXriew provides, both

_raphica2 and _e.x'_ua2s_yi_ ofdat_ presentauor.: err_ There are present))" a varie=)' ofmethods thm ca_ be
ploysan intuitivewindow-based_aphic,dqueryintm- used_o accesspublic})'a_'aiiabiegenome d_ta. Mos"
_ace:and inze_at_ itsunder]yinggenome databas_in of_hesemethod-¢supporton])"te.x'zuai(i.e..c, "

such _ way thattheuse."can n_vit:atesmoothiyacross based)inputand output.Yor e.x_-mpic,eiec=ro:

database__and be_.weendifferentlevebof data. This serversaccepta_:_and/o:reo.ueszs,pedo:=i_
_aoe: describesGnome\"iew and discuss_how.i:ad- and/or analysis,and m_ baci:results(e._., .
- - _'lu_ozremo_eio_ services_)rovidemore interact',e
dressesvarioustzenomein_ormazicsissues.

ouch" iadii_ies, but are s=L!]]_rge_)" tex'_u_ [14]. _ cor_-.

Kev words: _tm_an genome in_orma=ics,_-aphic_1 _r_._,,x_-u_a_io_ isa central_heme of Gnome'_;ie_r.
• Gra_hic_2 representazio: of da_ can revea_ _a_ternsdat_'o_se inzeriaces.•

_ha; nigh= otherwise be dL_cui, to detect. Gnome\:iew
a_o provid_thec_pab_,)"tc,view aa=_ te.xzu_])':_he

introduction us_ m_._"se_ec;ei;,he:o:bo=h _.yie(s)ofpresentazio=.

_fher_mainde:ofzh_.sp_pe:iso:_muizedasfollows.The

Z'he_uma= Genome Projec:is_ wozidwid_,research secondseczio:provioesperunentmio.n'nauonabou: the

e_ior= aimed a- an_'I)'zin_, the s:ruc_e of huma_ D.NA _robiem dom-,_ _ w,hi_ Gnome'giew, oper_es, dk_-
•rod determimn_ _he ioc_ionofal_huma_ genes[12]. cussin_genome mappmg and genome ria=abases.The

h isesnma'_ed _ha__here areu;,_o I00.000genes ]_o]•""- key c_p_'m_zies, syste:= ar_Stecture, and imoiemen=_-
encoded by the8.$bi_o: nuc}eo_ides:20ii:theD._A %_o:of Gnome\:iev:are de=_iiedi= =he thirdseczio=.

seouenc_. \Vi=h ear_ nucieo=ide represented as _ single "_he _ot_'_hsectio_ concludes by summa_L_in_ _he c_-• • •

le:re: i_ IC_-point _._e. _h_ sequence wou_c be b.O00 rem s'_ of and fu=ure plans _o: Gnome_-iew,.

mi_es_ong[_.

_o provide e_/ec_ve wBys to access such enormo '_ qua_-
_Ues ofdz,_a_o:bioio_ic_rese_che-_and s_uden_who Problem Domain-

axeno: m:imate]Yim_ftii_wi=h zhede:_iisofda:_ac- "'---.
c,i_kio=, s_ora_. _d re_r_ev_]emp}oyed by numerous _wo _A'p.eccsof Gnom,..'C_e_'sproblem dom_--_enome
_nd v_ied da=_oa_es. GnomeVie_ isbeinF_developed mappmt and g_nome d_ab_s__--a_ediscussedi=_his

;! as _ _aphica'luse:mte=iacezo in_o,-_azior_genera=ed se_io=.

.

2

i Genome MappLu_

[ One of the prLm_y go_3sof the _uman Genome Projem
! is_he Senermio_ofgeneucand physicalmaps of_ by-

; m_n gnromosomes. _ar_ chromosome con'_ _ ]ozg
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moiecuie of DNA. the chemica! o:"wh,d. gene._ are made. "" '_- _ ....=v Ma=: Chr9 .._es .KE:D "
D.NA isa douoi,--stranoedcomDte:,:macromoiecuJ_.I:.

'_:]Mcm-b,d.'.which eacLs:randisa hneararr_.vofumt,_caiiecnu- ""

cieo_ioes. Each nucieotioe ronsists of a sugar, t-.pims- "7 .... .' "4 ' ii i )
DhaLe. and a base (5._. Ti_e four differem b_es are named ....: ..... i ! ,
A T. C, and G Ti_e order of ti_e base pairs _eaci_ base • .;::.:..:.... _:s : iii..........: :

" ' ..'" "' . '.',_,_,t :t ......... :: :
is paired with its complement in the oti_er strand) de- . ,_ " . _ : " .

termines the informauon contem ofa particular gene or ": ::::.1:!:-.;.'............. . .:. -"it ! • ' . . :

pmce of DNA_the "genetic code." 3tappm_ is the pre,- .. .:_.!::..:..:.:_ . :i I :..:.ii_...... i:.:. ::: ::" _:_,,Z" '--. ..... ' ,, ......... : : ..".:!_ : ' :" " :!:
cess ofdeterminingthe poskion and spacing ofgenes, or '........' ......i:::.:__ _ ": .... I:i)::.::! )::.:.:...:::ii.:.:::

• :-:: ,':':'"':"::'::: ! "' :: ':: .. "." .. , : " . . " .: ':.,1 i " : • :. • :

o_her genetic landmarks, on the chromosomes reiative ............................i::_._:!..:...iii:'_'L::_:II:I_) ":: !:!_i"::!:.i!!i!:_:::::._i:i!:i._
to one another [12]. !:!,_:n ::::!i(iiii:i!.:::_.:_:::::i:!i'_ ! !:_:i:.:::_:.i_i::::!i:::_:_iiii:

There are var;,ous _}'pes of biological mapping, each hay- :?i::::i:::::i i._:!::i._:::i:#:i:i_.:_::i::

ing an associated metric (or metrics). A metric de- " ,.:..::.:::.:.::.::.......
• ._ _xl"....,........ ' :: :: ":':'"":"

scribes the size of mapped objects and their poskion ii:::i:T:i:::i::i:i:_::)_)!::._:_¢_._:::)i.:_:.::_::,::-)::::::::::::T::::::::::::::::::::::::::::::
relative to one anon,he:. The different, resolutions of the .......:.........

metrics t.ypica!)y impl.v a hierarchy of da_-. Consider an ........................:i:_:::_ ........ :.:.

anaio/_' _o geographical mapping: a globe is a low reso-
lution map e.'_pressed in _errns of longkude and ia_kude,
and a s_reet map is a high resolution map expressed in ..........
_erms of miles. Both maps describe _,he same thins, bm
at different levels of de_a£l.

!.

GnomeView current]}' supports t,wo t,yp_ of maps: . :::::
chromosome maps and DNA sequence maps. The stan-
dard representation of a chromosome map is a sD'l-
ized depiction of how _he chromosome appears under
a fight, microscope after chemical s_ainmg. The stair,-
ing produces a pa_tern of bands in contrasdnt col ..........

• I/:'_

ors. !'i_re I shows a GnomeView map of chromosome
c. GnomeView computes band dimensions based upon

d_,a derived from _he digkizauon of pictures in [6). Figure 1: Gnome\:iew Chromosome 9 Map

The metric at. _he _romosome level is chromosome factors. A_ the highest magnification facto:, a "repeat
bands. Each chromosome has a cenzrorn.ere separating region" :feature i_ seen to ex_end item base pair !96 (G)
the shor_ (pl and long (q) arms of the chromosome, to base pair 206 (C).
Bands are numbered outward in bo_h directiom from

_he cen_romere, a_ can be seen along _he left side of

the chromosome in Figure I. Gen_ or other biologY- Genome Da_abase._
cal landmarks are located to the bands, l:ore_xampie.

ABL1 (a locus related _,oleukemia) is located to a spe-
cific band. 9q34.i. The iocus NBCCS (related _o basal Another primer:," goal of _he Euman Genome Project i_
cell carcinoma syndrome) is ioca_ed _oa rangeofband_, _he deveiopmem of capabiiiues lo:managing the da_a
9q,...,-gq_,. i_ produces. Comvu_er databases will. of course, oiav a

crucial role in _.'." da_a managemem endeavor. There

DNA sequence map._ provide a level of resolution which are presently a number of publicly accessible genome
is orders of magnitude higher _han _hat provided by databas_ (e.g., [i4, E. T. 3]). each of which _end., to
chromosome map_. Gnome\flew represents _he st-- s_ore a dhTerem r:,.'pe of da_a.. THUS. GnomeViev: relies
quence of base pairs as a number hne. drawing; each on one source (the Genome Da_ Base (GDB'! [14]) :for
base pair a_ a color-coded tid: mark or letter as space chromosome information and a dhderem source (Gen-
permir_. Bank [8]) :[or sequence in:[orma_ion.

The metric m the sequence level is base pair coordi- A major problem wkb the current sea of databases
na_es. _he _ levelobjects, called :featUres. are located is iack of integration. _here ha_ been no conveniem
_.o _he sequence according to _heir base pair st.ar_ and way zo foliow reference_ across database boundari_;
s_.op coordinates. In Yigure 2. for example, the sequence the researcher must make a manual _ransi_ion from one

t_UMSODGi is shown a_ three different magnification database _o the othe r and know. how _v use each of the





._ '*¢_ r I ...............................................

banc _.qq_.... "_ .............................. :_,-u,_,_,,,_,.u_,._, !

One of'he mos_ powerful featur_ Gnom,_\'_,_w provioe._ "-- - '....... 1
is the ability t.c, mleractiveJy ma gni[v and stroP, any
maD. As _he user seiects smalier regions o( a map ,.o im_i_..
v_e_v, more deLail becomes visibie. AI any Darucuiar. ....:,.,,,_,,;r _,,_,.:_,,.....=,_,,m._

magnificauon, a map ma.v be scrolled in eiti_er direc- .:_,,-__,_,,= •'tm_,,_-r-.-,,_:)_,,_,,,,,?
zion. A compiete DNA sequence map. for exampit, ma:, _a=,,,,,-. .1
com, ain _oo many base pairs _o display them individu- _ "• :lF,_:ti':"::.: .... : .:: ::::..:.:...." . '.........:.::... :..-.:.:. ..

. [ ]''" "" " " ] . ]" ........ ] " ] ] : :"' _ ]" 1 ] _ ] ] ' : :: ' : ] " "

ali)'. A_ "_his level, only the high level fea=ures o,t ti_e ...t, _.. -

seouence are msplayec. Base pairs appear as =he user " ............::.._:.;:::_ \2 _ .--:..i
"zooms in." iniziall.v as _ick marks and eventuall.v as ._.'a_..:_._ _,,,,s, _i_,_,,,,,_).-_._. _:_,,.:;:<:i!

-"_1 : ,_._" ): ,_om-r. ;_ _ ,_ _.'. _:_w. i:i::77,iletters. The _ie_kmarks and the le_ers are color-coded _:.'a_i ' ....... " "• ..,., _ _ _ _...= ...... - ,. ..___
........': ....::':..... _i

to improve the ease wit,h which patterns (e.g.. AT-rich ::_.Tr_. _0_ _" '
regions) can be discerned. Figure 2 shows a sequence a_ .:._,_,_iiiiiii:(:::!_:i._i::_ii_!7:!:::.::::ii:./i::ii::i:i:i!::_i_:.::.!iii::i:i:i_i;!:::i:i.i::i:i!'....:::i::,:.:i_i_.%:ii:/i_::::.i!

three different magnificauon levels. ..-- .;. .""F;.._=,,_- )!. =_'_-):,""::_';,u,- _..v_,_.:.':- :.:.-).:..........=,_ :_i_"::.!ii::.?:ii:.i_:_i_:::>:_:_:_:::.:.::_

Graphical User Inter/ace ..... :...... : ....... :" -- .... " " -- ":::_::_::':: _::_ ......... "

•:./ , -.: - -- .::.... -_._ ,- ' x:i:!:i:k..:i::':.i:!':i::.!::'.:':
The window-based Query m_erfar.e provided by .-==-i!- _"_" )._:.-'_=)?_'_.{:ii!_:ii::ii:::ii!ii_:::i_i_i:

' " " .:: _. _):_i_i_:_!::_:_7:_;i_i_i_i_:_ii_!_._!_!_ii_;_i_!_i_iii_{_i_ii_._i!_!_i_:_i._!_i_i_i_i•ii_i_;ii_ii_ii_i!i!i!_i_i_!i:

piex) queries simply zhrough _he use of bu_ons, menus, :::!:::i;i;
and minimal _ex_ entry. Vv'e believe th_ a graphical _:_$_?_/_;_:_:_._;_:_:_::_:_:_i_:_:_;._S_S_._._.
user in_erface (GUI) is more in_uhive _han one based .:::_'.:_!T_:_.-_.;'_,._T_i ,,_"_'_'j_i_:iWi'i_y:_!_::::_:::::::ii:._i::i_;ii_iii_!;.!:i:::::::::i::_i!ii:!_7_;::i!]
on zradhiona] da._abase form_ packages o: SQL (S_an- ............... :_': ..... '........................................................'...............................•",_n.', ':_i%- "_'.---* • .-_,_" • *--_' "_ • •:_"-" .-_"- : "::::::::: .:::::::::: .:: : ::,: '% :... ", :::: :.:.: :';::.:.•

•.._N_ • _ • ,_,,,,, .;.:,_._.:. _,m_...: ,,,w. •_,,_.. ,_--,_ ..-,_.. _ .,....._A:.._,_ :,:.: =============================================================================

d_d Query Lmaguage)imeffac_. GnomeView empow- _:u_=_]_;_t_;_:_:_:_:_;___:_:_};_:_
ers users zo explore zhe dasa and its interrelationships ---,- ...._:_:_._:_._:_:_:_:_:_:_:_:_._:......:._.`_i_

because it relieves zhem from having _o learn query Ian- _._-_.r_m_iii_i_i_i_!_!i_iii_:_:_.i_:_i_!_.i_:_:_:_:_:!_::._:_:_i_._:_:_._:_:/_._::_:_:_:_:_:!_i_#:_._........
guages and database derails. ._._.;:_:_:_:_:;_._.;_.:_._._;_;_:_:::_"=_`_.:_._._.::_:.._._..._._.._...............:_"_:_ ""| i |

A Gnome\:iew window used to query for chromosome Figure 4: GnomeView Chromosome Query Window
loci is shown in Figure 4. The currem semngs in
zh_s window will remeve all loci rela_e_ _e Ahheimer's

mim.da_a_s:a_us-key • zinyin=
disease. The user• mere)y pushes [Disorder J. _.ypes mim.i d "in_,
A_zhe,.me.-_. and pushes _ Performing this mi_,_ref • char_ 12))
query whhom using Gnome\.'iev," would require "know]-

edge of bo_h SQL and zhe scheme of _he under)ying mim-disorders = (
database (GDB). mi_disorde:.anno: ' _ex_.

}'or example..using zhe follomng reievam GDB schema mirr_iisorde:.map-me_k-key • _inyin'_;
• mizn,disorde:-name • var char _,ao),

aenmnons, mim.Aisorde:-num " zinyim,

mim.id "m;,)
locus = ( ....

locus.armor • zexz, an appropriate SQ.L s_a_emem based on :his schema
tocu_..c_oned • _inym_., migh_ look like: "-_
iocusAd m_:

locus.name • varchar(255), select *
locus.symbol • char(:[2))

from locus

locus.mim.eref = ( .... where"
locusAd .m_. mim.disorders.mkn-disorder-name = ""A2zheimer*"

locu_-mirr..anno_ • zexz, - .............. and mim.disorders..mirn-_ d = mim-d azo.mi=,3 d
and min._da_a.mm-.-re_ = locus.zram_ereln:ar=.rd "mim_tel • char(12) )

• and locu_..mirr, eref.iocus.id = iocu_.iocus,id

rn_.data = (

mim,anno_ • tem, The loc_ relation, with primary key _oc_s.id. contains

• . .... o.

ti



,i

the higbes_ ieve] of information abou: _enomi¢ ioc! in
• GDl. Tile mm..ae.Ic and ro:rr,oa:Sorrier5 reiauons, wit_,

primary keys mTm.rc; and mTv,_.zc:,respectively, com.am _,_r
-,

de_.aited informauor, abou: d_sorders contained in [I I_ _ . J
Tb_ locus.minn..cfff: reiauon i_ essentially used to join
tile locus and mim relations to find the svecific disorder ou_-_ u_ o_rm i I Gra_b_cain_x_o,er,, _uit_
information associatec u-ltr_ a particuiar iocus. : I .... ,

, L

I Cmome"41e_ iAs queries become more sophisticated, a GUI that
shields the user from this level of dalai] becomes ever ITo_l=,r_,¢_|
more imperative. _ -)

I

_U._I[31I_ O..Irle, I 1 _'Ul_ ¢] tje'1_" Tc' tt_113

gration among the curren t public genome databases .... L _

GnomeView addresses this problem by presenung _o I ^__of_oc_c_v_the user a f_cade of seamiess database in_egration_the a_b,_ tre_ A_cn a_ fr_,

ability _o transition smoothly across databases and be- [

zween dif[erem levels of da_a. GnomeView can achieve lc"_v*'wthis because among the da_a elements stored in its ioca]

database are _'ne cross references toother ¢ia_abases pro- _ o,'_c:_ _

vided by each of its constituent da_bases. Thus, given D "--....._]_bh_ _a_

a locus in GDB, for example. GnomeView can easiJy --.. _om_

vice versa, without, reouirmg an}" manual intervention T-*ubh¢

.. on the pan.of the user. @ @ @ D_

The de_ee of searatessness in the database inhalation L_ o _) .C:_..)
is influenced by the cros_referentia] in_e_ity ofthe vaz-
ious da_a'o._es. As researchers peruse data relationships Figure 5: Gnome\"ie_ System Architecture
more often, cros,,-referentie2 m_egriry becomes more irr:-

por_ant. Even st this ear]}" s_age_ GnomeView's multi- platform is a workstation running Uh'IX and X. with
pie da_Eoase capEDi]j_y has aiready been useful in ex- an attached, high resoiu_ion monizoz. The deveiopmem
posing inconsistencies in references across da_Eoases, environmem consists primarily of Sun SPAR.Cs_a_ions

running SunOS.

System Archi_ec_,ure
Curren_ Status and _Fuzure Plans

:Figure 5 depicts _he system ardaitec_ure of Gnome\qew.
ASCII fiat :flies are downloaded from the public GnomeView entered a beta _,est phase in October, 1992.
databases to a loc_ disk via anonymous TTP (The h will be made available _o the general communir:" in
"iransfer Protocol) over the interneu The local 1995, a_er feedback from the beta tes_sites is received
GnomeView database is then loaded from the :fia_flies, and incorporated into the system.
The user interacts with the local GnomeView database
via _he GUI. :Future wor_: on Gnome\riew will address severe2 areas:

• Expansion of Data Coverage

....... Implementation in addition _o more da_a _rom the cu:rem
._

sources being made avafaEoie (Gnome\:iew do_ not

GnomeView is written in C [9!. The user inte,_ace presently use all of the d_a available from GDB
is based on the X Window System, .Version !I [17], and Gen:_ank). the number of da_.a sourc_ ac-

c,he X "ioolkk [I, 10], and the Athena widget set cessed by GnomeView will be increased. Some of

[15]. GnomeView employs a network model database, the new sources will provide da_a ior mappin_ lev-
db.'_qSTA [26], as its internal database. The _,arget eis other than the zwo GnomeViev: now supports
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ichromosom._ and DNA seauencet, h is like)>"faa: _eferences

Gnome\'iev"s {:rsinew source will be conu[, map-
pin_ "'_" [_7 - "" ,!_... aata /row, tile ilumaz genome center a' ,, P. '] AsenI_. anc ]:L. K.._wlci:. "" I, 7_a'c,7: .4v._Terr..

Lawrence Livermore Xation£, Laboratory. Toolk::. Dl_.,,--.' Press. ,"9.%.

,o, K.J. Douti_ar:. J. J. Thomas. S. D. hosie:. ,1 E* Direct ]:Lunzhne Access to Public Databases i-.
Schmaizz. and J. W. x,\es:. Cloning simuiauon m

As exDiained eariie:. GnomeView load._ a local the CAGE env2ronmen_..Wucic:c .4c:a,Ats,arci..

database after downloading data from the public 14(1)'"85-2.c7. January 1980.
databases. This gives maximum flexibility in how
the data is represented locally, but has the disad- [3] European, Molecular Biology Laboratory. :-_'_'
vantage that all data used by GnomeView mum. be ._'ucteoltd_ Sequenc_ Data Libran.' A_ieas_ 7(oleh,
replicated and stored locMly. 1t. is estimated that January 198_. R.eiease 14.
only one tenth of one percent of the data thal the

Hum_m Genome Proiect will eventuallv generate is [4] K. A. l:renkel. The human genome projec_
" " and informaucs. Comrnun2canon._ of _he A CM,

currently available: while the currem local storage 34(II):4]-5i..November1991.
requirement of 225 megabytes is acceptable, a thou-

sand times this figure is not. Direct runtime ac- [5] L. Gonick and M. Wheelis. The Cartoo_ Guide
tess to the public databases over the Internet would to Gene_ic.,. _arperPerennial, .New York, NY, up-
soive the prob]em of lack of su:_cient local s_orage dated edition. 1991.

capaciD'. , [6] D.G. lqarnden and H. P. Kiinger. editors. ISCF
Databas_ such as GDB already provide some ser- 1985: A_ jniernanon'al 5yslern for Buma_ C?-

vices along these lines, but the interfaces are still togenic Nomencia:ure (2985). Karge:, Basel,
schema-dependem. The development ofhigh level, Swkzerland. 1985. Published in collaboration with

schema-independem application programmer inter- Cytogeneuc.s and Cell Genetics.
faces to the public databases is necessary ior direc_
rumime access to be feasible. [7] Buman Gene Mappin_ Library. Repiona! Localize.

tton of Gen_s and D]¢A Sepmem_ on 5uma_ Cb ro.
* Analysis Capability and Map Creation mosomet. ]5oward _ughes Medical institute, :New

Eventually GnomeView will incorporate data anal- _aven, C'/, Yebruary 198_.

3'sis capabiiikv similar to tha_ of various so- [8] IntelliGeneti_. lhc. GenBank(P,) Aelease 73.0.
auence analysis vackages, e.g. CAGE/GEM [2].• " ' September 1992.
GnomeView will aiso provkie a mechanism for user_

to create and modif3." their own local map_. thus at- [9] B. W. Kermghan and D. M. Kkchie. The C
lowing _hem to dynamically investigate such things )_regrarnmmf Lanpua9_. Prentice-Ea!!. Englewood
as chromosome crossovers and mutations. C1L_..NJ. 2c75.

- Implement, anion En,hancemen_s [103 2. lvlcCormack. P. 2. Aseme, and R,. R,. 5wick. ""
Toolki_ ]n:,':nsic,--C Lanpuap_ ]merjac_, .7( I'Fir,.5;i_ation from XIIR4 _,o XI1R5 is imminent.
do_ System. )f I,'ersw_ 22, _eiease ,_. Digital

Longer,range pim:L_include porzin_ to a differem Eouiomem Corporation.
widge_ se_ (cd.. Motif), reimplemen_ation in C-- " "

[18].andthe replacement ofGnomeViev: .: net.work [!i]Victor A. McKusick. M.D. Mendeiiar, inheritance
model d_;_base with an ob_cx oriemed database, in Ma_ (MIM). The 3ohns ]5opkins Dniversir.y

-- Press, Baltimore, MD, 1992.
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