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(BAESHE T XERAHE X FEAREERFEALAR
LARMMEzRA BEGLARESHORENEAE  THALL
#% > ity £ B B (Department of State)Z 3t Meridian
International Center LR A M2 2 F B8 SO R HFRRZ
FREL PV EEMEFE - ARV ELTAHLARLRERE
¥2HRREDE  ERFENEARRRLENEERFDOMEALER
BEMZEEIHA  ARBERHEARKNIDAMABRLR
2 AMBEEABZAL ARERAAYEG AR RBH
AREEH TREE AV HLORELRZIAEEM  HHE TS
ARERURKMAEDEF] > A =#8(8/10/2001 ~ 8/31/2001) -
355 #h2E5 %) & Washington, DC ; Buffalo, NY; Kansas City, MO;
San Diego, CA; Los Angelus, CA; %% ¥4x &35 FDA (Food and
Drug Administration) , NIH (National Institute of Health) ,
NIST (National Institute of Standards and Technology )@ AIT

(American Institute in Taiwan), TECRO (Taipei Economic and
Cultural Representative Office) , PhRMA, AdvaMed, Roswell
Medical Research Center, State of New York Hospital , AIDS

Community Service , U. of Buffalo (Technology Transfer
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Center) , MRI (Midwest Research Institute), U. of Missouri,
CAS (Chemical Abstract Service), Edison Biotechnology
Transfer Center, Advanced Tissue Sciences, Agouron/Pfizer,
Alliance Pharmaceutical Corp., UCLA, Salk Research

Institute °

I. Washington, DC 8/11-8/18, 2001

AR EE A EBRE R - Meridian International Center 45 %] 422 HE
— {1 & ¥ 45 3 Miss Elinor Ford & B2 #2F - 2@474#2 8] & Miss
Joanne Clark (Program Officer) & Fi A T4f - AR P RHET
#MAF G T ABRLS W /A Mr Richard Bush P &% K% - B
1998 £ ERTHTA FAFRAME L TEERBHBMAFAI . £F
Z 4% > SbREAF = RA Mr. Richard Bush € & - P R&SHEXRLE
Z A EFABRMETAEFNS - dNBATHEFBF > sbiTdi
POBEHT 2R ERHHN LRABHREH2THIMA, RA
AdvaMED) - £ H# # 24 (PARMA)» X EHAELHARBRESLAR

BEMZEARSE ANV EFELEREHIITES CGMP £
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ARBALEAMY  RFTHXREBPLEEFHAETERNZENR
A LB S E B2 AR BRI BT £ L
@R EEFZSE (TECRO) A RE#4T T £ BHa HFHBHAE

Z X i E FDA ERMEZF LR -

WRHHZRABRLELRAEYRSEES (FDA) AEART
M RANBESCHMAR - FDARE LB EEAE (reviewer)
s> it E2%E %% 8 € (review board committee) » BEMEEE
RoMBEZ P TEBBRAOMEE S X BT AGHRERBRY > £F
BE L EET AN BHREENBRY £ FDA reviewer # 5 2
A ZREZHAARAL  BITRTABNEZ IR - ANMET
BERLF2H FRAGEBABESE  LAABURENTHEFTH
BHBEZ R LA ERBDINF  SATFARXLFEUNRZ
ERAETFAAE] - ARILREBLMBES G FEXE I RAER
Bp g CNN 3R 51838 -

sk sk FDA it % %)% 3k & CDER (drug evaluation) ~ CBER
(biological evaluation) ~ CDRH (medical device evaluation) #1
International Office KM & & - AN ERENBELMFARZIANKE
& MG H B EEMRNAS T2 - AR IEURHASHE

( combination of drug and medical device ) Z & & & 32 » 3L & BHAE
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2 4% % ST BAE B 804 2 FDA £ RM3Hh - ®% B A A WA AR
REFFEH 2 AR FDA Akl i8ia Rl i BAEZE  —
QA P2 EEME 0 ko CORH £ CBER TR & sb45 4 » AT
BAES RN EEERLABRN2ZEEASER - F—F@AETF
MERERETHE TREANESZSEANSEY  HAFER

%, (4 GTP, Good Tissue Practice) SAF| B 4K 4% °

LBERFEHLEMER (NIH) HLER4T  LEEARBHRA
& AIDS #4545 + R4 N A 7T 2000 4 £ BH 44 Clinton 24 T A
AR A% B2 HERAF M henil  ERHXEE
538 ~ sE48 - a4 44 & (ELSI, Ethical, Legal, and Social Implications )
BBREEH AR RMBRARFF RSN ENTSTRAE
MEZEBEHA - AMAWPHARZE  EEREABREY Bush &
e 2R LTS min (stemeell) Z B R > R RBZFALHTH
%2 cell line 2% Mk » & RFHA— » B-FEH T A A WX FURIALK -
LEARNZEE  BHREM AR ERHARAEZL  BERS
A Z -
£ FHAMER A — AT R M LB BRI Z
# 47 - A & Diviosion of Acquired Immunodeficiency Syndrome %41 » %

o A H RS AIDS AR &0 T A S+ A7 645 09 B IR S
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Ky #ITIUAIDS 8 B2 B R 2 RE LB R R T #TS
Pz RER 0 AFEREE o bR HN SR FER—FEAERNK

B P oMBERRBRE A THESHESE -

ERAEAXEE  RMRAFLEHAET T ARAREBZAYSE
Celera 208 - Z A HAXHE > OB A KRB WEBEE - 8 i
BAFISHHR - HREBERAARBBEZ LY TRAL - B HE
ERBATE - 2hHRIER  NARKERAERAAZARLL
g 2 b 0 B854 functional genome 2 EZEHAT - EE B ATHE B
BAZEN G FERIARBARLTw RETIABLHEAE

BHERF QB EEE Celera 2 3 RE B 2A8H -

LFRBRAZREANISTZ o4k HEEHEBRMMEIRBREH R
BEEVMB - ATHRBREHBHZRABARE  URBIIMRRAE A
Mt msEmE % KB ALH ZTRETHHK - NIST 45haE 8
KRETHARG A ETAlL > EFTELERAEHE - P OALAHIA
ETHRAMERFRGARILE > RRES KWL - 162 i~

FEMEAMHAREAR  HEFEHEL -



I1. Buffalo, New York 8/19-8/22, 2001

d % Buffalo 4 M & 0 A0 4 > BAIL S0 HE RIS B A3t A
FHHNBE LB R F A B % 8 Roswell Medical Research Center
(RPCI)£-% » Photodynamic Therapy(PDT)44# £ Department of
Photodynamic Therapy F 4 & 4 R 6958 JE 76 F ik o 3%0kA A o e B
#1(photosensitizer) » specifically bind with the tumor cells » 5% KA 4F &
BEZEH B BPTRIERBE @R ABERBIE - LT
Photofrin i €.54F FDA Z E W3+ > B AT EA &H ¥ 3F LT HUT
BEARIRER P o % P.o i Dr. RavindraPandy A% » 3z &4z R &
A& WAL E - MR RE - RRA R - 4 FHIE R ~ Formulation
PDT E4HABEA - GMP Bz N ERYEE - REBRTRATH
4T o 3% P > f& Photodynamic Therapy(PDT)#F % b €40 % B 3% w B 84E
A ¥4 » B P g A phase I study - Dr. Ravindra Pandy F] 8% 4 3%
FigraM AR BR » #BRF &R PDT » 885 ik %16 » 235 5F
%% 8 PDT T %M i o ¥ 2 HIV,HBV 5% -

BN BEATREATE LSRR LY RE BT ELE
Fchn 57 2 B .49 Photofrin 41 1 S 4765 6 5041 » 18 B
#HzRZERABMAE > +47% Dr. Ravindra Pandy & #74s k1t

Z Photofrin > PR G B R RILLEESV > REE K THAW S



Bhkzix o BTEEIEDBT -

Sister General Hospital 44 State of New York Hospital 2 — » A $iL
NIH (National Institute of Health)4&-#F #4.47 HIV clinical trial &5 35 1&
BE R T oz — o B A AIDS & BB ARA 0 BEAR K BR U phase
I # Phase IV A % - B #74£ Immunology Department 3447 P & ' &
H F.4% anti-AIDS #4104 B — 46 anti-AIDS /& % ° %Mzt & 8 T A3
& IRB - H clinical trial protocol review 4% % sb & University of Buffalo
2 University of Rochester & IRB #.47 - 4 &4 multi-center clinical trial
Z Bl 847 » S B RE R %R E & & (inform consent)#k i F i IRB
% EAZ £ #7520 IRB B € -F 3558 A — R(University of Rochester
IRB 8]4 2 #8 —=R) » %2R FIAH =1 researchnurses * 1} By AT EE AR
Ex > it #% pharmacokinetic sample # 47 f £ g AT RIE » #—F H M HR
Ex B i % University of Buffalo #447 - st4h HIV virus % B 5 & &g &
B ERIBEREZ RE > K P4E4TH B virus stain 2
identification B|i# reference lab i 47 8]3R -

Research nurse 44 2% /8 # University of Buffalo » # % & University of

Buffalo 1A & pharmaceutical companies 3£ ] & 3% -

st 9p » AIDS Community Service 14 /8 State of New York A7 @ %



P B B AIDS J5 & AT S BRBhRE B RITRMIEH 0
77 3 324 35 30 F Sister General Hospital » Immunology Department

# AT anti-AIDS 7% 8 Z R E -

University of Buffalo, State University of New York #) RERC on
Technology Transfer ¥ wia dée M EBh 2 Hslrdafg F.or & H A Dr
Stephen Bauer ° 3% & o R B #7845 program » S AU TIHFFE R
2 % ) 45 Market pull $AR A 47 % £ $4#) Technology programe ¥«
EIHARHBBBRAANLE ERZBRBELE AFELEERZIL
MAERE  FEREGKN  AAZARABRFZESN > EHFEFZZAS
R H A AL B BE 4% 2 Siemens 2 5] A A 2 &4 &
ERBAAEREBRE LY - HRAPERARTHLERT R TS
(incubation center) » 3% 4a M AF RAARBAA Sz L H LR 48

RUEMRGAEERG AMARAZER THEEAS

II1. Kansas City, Missouri 8/23 - 8/25, 2001

University of Mossouri at Kansas City, School of Biological

Science £ HF AR L ¥ & 4 ¥4 32 biophysics, &% 4 4% structure
biology, % F % 4% molecular biology, A & 4 #7162 biochemistry %

B MBNEABREE SR EH ARG SRR



HEBZEOEGERTED - st AL RRZ I 0FRBR - 2R
% M4 3% 6§ 53 (proteomics)Z 4 4% HL o A % FE R o NI

School of Pharmacy Z & % % & 75 £ #7338 o2 5 B 4 F £ 4 B A 41t
28 Rz #Hi% A H 4516 & 4 biological receptor 89 A B & F & 442

&

R

A Dr.lee REEAHB LR EHBRAZFAEOR 6 R RS
M2 A4E2 - 5 drugdelivery » e FHHHAEBMBEA » b

BRI -

Research and Clinical Counsuling, Inc. (RxCCI) 44 e 3% 2 3] £ #%
AR B % B % B & CRO project rnanagér IHe =+ E 2 BRI P
MRILZFERBR NG o NI ZFF o AL ERARKRENTR
A ERABRS -AMEB - BREMEEASLTATHFTRER

RECHBERATZEHYEE - ZET T2 B4  BRETR
protocol Z 3% 3t 2 monitoring ~ % JR 3K 5 & 4431 ~ research nurse 44
4R ~ L& GLP (Good Laboratory Practice) #1 GCP(Good Clinical
Practice)#y &£ 4% - 3%\ 3] # A B CAP (Clinical Accredited Practice)3% 3%
ARZREEARAMBRBRTLEEE SR EHM%G 7RG
FDA ¥35 LW AT T A M2 &3t a8 2 — » & FDA local field

inspector EA%R ° Z N ESMUANTHRIATHE > &4 FDA
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#2 IND- DNA -~ B4 510k~ 449 % # BLA s & g i# Centralized

drug license applications * &% H RO LB F R BB R SH B -

MRI (Midwest Research Institute) & /& £ B E B ¥ i 2o
KM AARKEEUBAB T EAMEAE L PRI IF] &
BEA AR ERTERLRRTERARRE oM ERRIERZE
ARATRIAIEE - REM LG RERBAIARZHEREDH > hEnml

WEREMRER -

IV. Columbus, Ohio 8/26 — 8/28, 2001

© #] Columbus Ohio-# k3% Ph.D. &3 » $EBER ZNLMIE
o EEERRY c R THAF TN CEREFHRALRA
S WS EAMRENE NN REABSRNERE

CAS (Chemical Abstract Serviqe)El: #% 7 0SU(Ohio State
University)R Bl g, B £ B XA -BRERE Rk 2162804 F > CAS
HEREBBERRA AEL2HRALEHMHR - ARZTCEHR
SHKBHAEERER - £+ L% SciFinder 233t & A user
friendly, A X B RO ES - ZFAHER THATZIHA TR EN
gh o FTREEACSMZ ORI -MERHRBRZIEEN - RR

HBEAHER - HNER2ZAREIFUARERZ B BAEETHA -
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Edison Biotechnology Transfer Center R4 #* OSU 42 Bl 34
RAES OSU M S & % AR AEMGEY - LB EEHHHE XS
#HATE > Edison LIEHALE AL - RALK RILMFT K
oo PEERTEREAFEMEE - RRAAREEALARAEEZ
BE HRIBRAZRENE  CRIANAVEZFHIE - B4
UEMBEOHEEFX  FARKERE—ER - Chio®4AHK
EEERSAAME RS CIARARKSERATRINALAHRBER

0 B AbARAY o
V. LA/San Diego, LA 8/29 — 8/31, 2001

Ao RFABLAE - RAERFHAENER 2 F)
MM BT 2R BEEWEMELAR > RG4ofE - 2EBHH
BUABS MM IASUCLA BRI1RA 422 ARERAES L
BeBhAEEQRNNBTHS ERMEREZNESBE o
RANEAZBER A AR LR 1 A EEESLR
LEFDARASHERLR  AHAUNEHZESRARRER
RBOERERL CABRMNTBTHSTRER - N AR LS

W AREEHATNLETRL  BAASIKEMERREL
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UCLA » #EZ 5V H ¥ -

IHMEALHRRRFEEE SRR TAHEN -
X 8) & HK413% % T Advanced Tissue Sciences, Agouron/Pfizer,
Alliance Pharmaceutical Corp. A & Medtronics °

Advanced Tissue Sciences 2 & A BB I RBEAF HAEAL
Mg ERMERTELESE PATEH AR ALN ¥
¥ - BMAEGRANESI T SR THEALELEARRE LT HRA
B - RAMEHHM T4 FDA GTP(f R A MB) B R R F
EA TP RBHRIT oo BRRA T TIEM ? A 0
BEAR” BALSHBERYH LGETHE -

Medtronics B A H 5 AT OB (BRB#S) B X - N
SEFORMANBTALAEAFABRURBRARKRZER » LEZ FDA #
HEASETHZBRERERNERZHNER AHLIRGLBE
REGZEREAEINR wBZ2AINKEZBH  RELRLR
EHEZUBRY BLEEFARRARBEESE  LARKEHA
RABRBZER CREIIREFHRERB T FREMR
LT ATEE AR5 2 B 69 BT 7

Agouron/Pfizer & — Z 8] % Pfizer #f 2 8 8 - NS A%

BEEHRRDREGARAR  RAHEHBELT BHBARER
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HAME — m A 1b% w5k 5 - Agouron B 4% rationale drug design
MR AR o R AEARS  BTINABE I HAEE

£ o

= B REH

[~ 8HEERA

1. FDA#»#MBHESLE » LEHE B 8 (review board
committee)thk AHEEF X BT FHREBBREE S FDA
reviewer ¥ ¥ Z i AL RE ZHARNAK > BITXFT RSB
B2 R

2. FDA #n#ARaHAE S FIRESTER MR IM
H o REF2—FE ¥k H lead reviewer > 37T A AR
z#%E ¥ (#% CDER, £4 % # CBER, %+ CDRH) #

Fl%E -

I ~ #HhaaE 4
1. B2MEPOEAE REZ B A2 » 4o Roswell
Medical Research Center, 8 A% —2 B E AKX ELHAT

o BAEERBME RS dA#RA A FEBER
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W OMP Bxz N EHis » REBRTRIGTHAT - EULRE
JE 774 # ik Photodynamic Therapy %4 » $%R%Bp € B 5 i
WEBERARRY AR 2R EY AP meEA
phase [ study -

2. NIHTRBERRSRBYAE LT EREZEBNRE > 5
TihABt 2 £ % A NIH Bie ZBERRE 7o 0 B #4T
multi-center clinical trial

3. £BBUREE Xty NISTRR MRI 5448 TRERA S
EEZFE R TR AR ERE (standards) » ERERF
FEB/ERBITE SR -

4. R P45 CRO (Contract Research Organization) #AgFR]2
g RERWBRAEE » BB BB AT clinical trial, &
EEXEAET ML £ A% CAP (Clinical
Accredited Practice) REBETHRZEEAR  hohaH &
ATGLP~GCP~GMP ¥z st % &4 - 55— & CRO R & IF T A&

ATDAzEB¥ £ -

III. ¥R8R%

1. 288 - N8 (Calera)z AR BA X AL B ERAE R T
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Letter from Meridian International Center
Letter from United States Department of State

[II. Genomics, Science and Medicine: Future is Now
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"F=1 Meridian International Center

Programming Division

August 10, 2001

Dr. HUANG Hsiau-Wen

The Carlyle Suites

1731 New Hampshire Avenue, NW
Washington, DC 20009

Dear Dr. Huang,

On behalf of the Programming Division of Meridian International Center, we would like to take this
opportunity to extend to you a cordial welcome to the United States. Meridian International Center,
a private and non-profit organization, has been asked by the United States Department of State to
assume responsibility for the planning and coordination of your U.S. itinerary.

We will meet Monday, August 13“‘, at 10:00 am at Meridian Intemnational Center, 1624 Crescent
Place, NW. Mr. John Anderegg, State Department Program Officer, will join us for the meeting to
discuss your program. Please bring your passport and international airline ticket with you to
this meeting. Enclosed in the welcome packet you will find your program itinerary and sightseeing
information to familiarize you with Washington, DC. There is also a copy of your biographic
information. Please look it over and alert us of any changes or additions that need to be made at the
opening on Monday morning.

You will also find your perdiem check and a letter to the Bank of America. Please plan to cash this
check and purchase travelers cheques at the Bank of America on Dupont Circle with Ms. Elinor
Ford, your United States English Language Officer, on Monday morning before your first
appointment.

Please be assured that we shall make every effort to assist you throughout the remainder of your
stay in our country, and we look forward to meeting you on Monday, the 13",

Sincerely yours, R ‘
</<WMC&J/ 90% W

Joanne Clark Jocelyn Ditzel
Program Officer Program Associate

The Programming Division, under a grant agreement with the U.S. Department of State, Bureau of Educational and Cultural Affairs,
arranges professional programs and travel in the United States for foreign visitors participating in the International Visitor Program.

1624 Crescent Place, N.'W. Washington, D.C. 20009 Tel: 202-667-6670 800-424-2974  Fax: 202-667-8980



United States Department of State

Bureau of Educational and Cultural Afjuirs
Washington. D.C. 20547

wwuw.state.gor

Welcome to the United States of America. We at the United States
Department of State are pleased and honored that you have accepted our
invitation to take part in the International Visitor program.

This visit will offer you a wonderful opportunity to become personally
acquainted with our country. At the same time, your presence here will help
our citizens gain a better understanding and appreciation of your nation.

Although the Intemnational Visitor program is sponsored by the U.S.
Government, it reflects the open and democratic nature of our society
through the essential involvement of private organizations and individuals.
Many of the people who make the arrangements for your visit in cities
throughout the United States are volunteers. Friendships and associations
established during our visitors’ programs often develop into personal and
professional relationships that last long after the visitors have returned to
their countries.

" Both our Washington staff and our embassy colleagues in your country
welcome your impressions and observations from this program. We would
greatly appreciate hearing from you after the conclusion of your visit.

We wish you the best for a pleasant and beneficial trip.
Sincerely,
William Morgan

Acting Director
Office of International Visitors
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Genomics, science and medicine:
the future is now

J. Craig Venter

Celera Genomics

45 West Gude Drive
Rockville

MD 20850

usa

*Corresponding author

1359-6446/01/$ - see front matter £:2001 Elsevier Science Ltd. All rights reserved. PIl: $1471-1931(01)00175-8

¥ Basic researchers, clinical investigators, practicing
physicians, patients and the general public, now live in a
paradigm-shifted world in which the 2.9 billion letter
sequence (nucleotide base pairs) of the human genome
is available as a fundamental resource for scientific dis-
covery'-2. Some findings from the completion of the
human genome were expected, confirming knowledge
presaged by many decades of research in both human
and comparative genetics. Other findings, such as the
relatively low gene number and large segmental DNA
duplications, were unexpected and starding in their
scientific and philosophical implications'. In either case,
the availability of the human genome sequence will
probably have profound implications, first on basic

. research and then on the practice of medicine.

EST technology for genome sequencing

The journey to this point was not a straight line, nor was
it easy in any sense. For us, expressed sequence tags
(ESTs) were a crucial starting point. Since recombinant
DNA techniques became available in the 1970s, scientists
had developed an ability to use cloned DNA, representing
a gene of interest, in a wide variety of molecular studies
in biology. In the late 1980s, as the Human Genome
Project was under discussion, a case was made for a
complete genome sequence and a catalog of genes. It
is astonishing how quickly access to the complete gen-
ome sequence of an organism has become an essential
step for any new comprehensive research project. How-
ever, only a few years ago, this goal seemed very far away
for all but a handful of viruses with very small genomes.
Most of the genome sequence projects before 1990 were
unavoidably slow and tedious, and targets for achieving
even intermediary goals were measured in decades. The
EST technology was the first to unleash the full power
of an automated random c¢DNA library sequencing strat-
egy for rapid gene discovery3#. Other efforts lacked both
scale and speed. ESTs would help identify new genes by
sequencing 300-500 base pairs each of a very large
number of cDNAs from a variety of tissues. ESTs could
also be used to help map the chromosomal location of
genes, recover corresponding genomic sequence, and
retrieve complete <DNA clones for further analysis.
Perhaps most important of all, ESTs contained enough

information 1o identify an enormous number of genes
by similarity searching of electronic databases. When
the results were published, the sciemiific community
had the largest collection of human genes in the his-
tory of genomic research at that point in time.

Necessity is the mother of invention, and this is no less
true for genomics than for other fields. By the mid- 1990s,
increasingly large numbers of ESTs necessitated the devel-
opment of computational methods to combine overlap-
ping sequences in a way similar to contig assembly, but
with orders-of-magnitudes more data. EST assembly
served both to reduce redundancy (multiple copies of the
same EST sequence) and to capitalize on it (to create con-
sensus sequences representing up to the full length of the
cDNA). The bioinformatics that developed as a conse-
quence of those efforts, in turn, made it possible to explore
the entire genomic sequence of a free-living organism.

The first organism targeted was Haemophilus influenzae
(Ref. 5). This is an important pathogen in its own right,
and an elegant model for all of microbiology. The plan
was to randomly fragment the bacteria’s genomic DNA
into small pieces, repeatedly sequence the fragmented
DNA until, on average, every nucleotide had been
sequenced an appropriate number of tmes according to
a Poisson distribution, and then apply very powerful
computational assembly tools (combined with a di-
rected effort to close the remaining gaps) to provide a
final fully-assembled complete genome. Along the way,
it became necessary to master the advanced automation,
robotics and other features of industrial scale DNA
sequencing. Since the 1995 publication of H. influemzae
(Ref. 5), many more genome sequences of free-living
organisms have been determined (http://www.tigr.
org/tdb/mdb/mdbcomplete. html). The approach is
called whole-genome shotgun sequencing, and it formed
the basis for our publication of the sequence of first
the fruit fly¢ and then the human genome!'.

Shifting the paradigms

Our genomic sequence provides a unique record of who
we are and how we evolved as a species, including the
fundamental unity of all human beings”. The knowledge
fostered by understanding the genome might resolve
which human characteristics are innate or acquired, as

563
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well as the interplay between heredity and environment in defining
susceptibility to illness. Such an understanding will make it possible to
study how our genomic DNA varies among cohorts of patients, especially
the role of such variation in important illnesses and in responses to
pharmaceuticals®-!2. We can also begin new ways of asking fundamental
questions regarding complex aspects of the human condition such as
language, thought, self-awareness, and higher-order consciousness. The
study of the genome and the associated protein content (proteomics) of
free-living organisms will eventually make it possible to localize and
annotate every human gene, as well as the regulatory elements that con-
trol the timing, organ-site specificity, extent of gene expression, protein
levels, and the post-translational modifications that define health or
illness. For any given physiological process, we will have a new para-
digm for addressing its evolution, development, function and mechanism
in causing disease, and in affecting the onset and outcome of disease.

Now, we can also more systematically explore curious, and indeed
almost mysterious, innate differences berween individuals, mediated by
epigenetic factors. For example, there are vast numbers of retroelements
in mammalian genomes'2, Recent data suggests that somatically active
retrotransposons might mediate interference of transcription in neigh-
boring genes, and in some cases this can lead to heritable epigenetic
effects. Thus, one can observe variable gene-expressivity in the ab-
sence of genetic diversity in the classic sense — a phenomenon illus-
trated in isogenic agouti (A7) mice!!. Such mice can display a variable
pattern of yellow fur, obesity, diabetes, and so on, depending on the
presence of an active intra-cisternal A particle retrotransposon. Whole
genomic databases should significantly help to bring an understanding
to these most decidedly non-Mendelian phenomena.

tmpact on drug discovery
We have also completed the mouse genome, and rat and dog genome
sequencing is currently underway. A number of novel genes have been
discovered through this sequencing. These achievements, and the sup-
porting computational biology that has been simultaneously devel-
oped, will drive the discovery of new diagnostics and pharmaceuticals
in ways that were unimaginable even a few years ago. For the first
time, we can utilize the reference DNA sequence for the entire human
genome, and the entire set of protein coding genes that toal
~30,000, a number smaller than expected. We will have an ever-
growing anthology of genomic information from various modef or-
ganisms that will be essential to modern pharmacentical discovery and
development, and eventually we will have the tools to understand how
human complexity is reconciled with relatively small gene numbers.
Target discovery will be accelerated through: (1) interactive pro-
grams of protein-based analysis at scale; (2) proteomic analysis of cell
compartments in tssues and swandardized cell lines; (3) evaluation of
post-translational modification and proteolytic processing profiles;
(4) true exon-based RNA analysis; (5) DNA variation analyses; (6) high-
throughput funcdonal assays; and (7) predictive/molecular toxicology
(toxicogenomics), including protein surrogate markers of adverse reac-
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tions and efficacy. Sophisticated computational biology tools now make
possible a broad examination of gene classes and gene variations (poly-
morphisms), including the regulatory elements that govern the rate and
tissue specificity of gene expression. Comparative genomics will enable
significantly more-efficient prediction of gene structure and function
and, perhaps more importantly, will enable better use of animal inodels
to define and validate targets for drug development and predict the
outcome of clinical trials. Understanding the full range of gene dupli-
cations might make it possible to anticipate unintended or ‘non-specific’
actions of what appear to be ‘specific’ therapeutic interventions.

Target discovery, lead compound identificadon, biochemical phar-
macology, toxicology, exhaustive literature annotation, and clinical
trials, can now be merged with the science of bioinformatics into a
powerful and unified machine for discovering and developing new
products. This unified process will provide new opportunities for ra-
tiona! small- and large-molecule design, including novel approaches
for cancer vaccines, and the reduction of unexpected serious side ef-
fects. Fewer pharmaceuticals will be encumbered by *black box’ warn-
ings on the product label or be the subject of market withdrawls.

Taken together, these advances will permit scientists who are versed
in the new world of information and computation, to speed the
identification of new agents, eliminating products that will probably
display toxicity or poor efficacy, and reducing the formidable costs
and risks associated with the current paradigms of drug discovery and
development. The future is now.
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