Hwa A. Lim

W OO0 G882, —
ﬂﬂ/‘df/—f/}‘

World Scientific



Preface

Chapter 1

CONTENTS

The Genome Project: Its Impacts and Implications

SO TCR N -

-]

Looking Back In The Future .......
Lewis-Clark Dé Javu..
The Human Genome Tour

Historical Perspective — The Tlmelme Of The Human Genorne Prq]ect ........

4.1
4.2

4.3
4.4
45
4.6
4.7
4.8
4.9

4.10 The Guienberg Press of the Human Genome Project ...

Pre-genomic Sequencing Cottage Industry ... v
Scaling up a la Big Science — A Biological Moonsho( A Blologlcal
Particle Smasher _..

Enters the Black nght
Divide-and-Conquer Slralegy

Shotgun Strategy.... reeereen

The Traveling Salesman Is a Chmeae Poslman

The Race to the Finishing Line — Bigger is Belter
Complementary Strategies — Ally or Foe...
From Genome Marathon to Sprint to the Flmshlng Lme

A Small Step For Genome, A Giant Step For Humankjncl..‘......"..“...‘........m.

5.1

Impacts and Implications — Deciphering the Rosetta Tablet...............
5.1.1 Genetic Engineering....

5.1.2  Humpty Dumpty ... .

5.1.3 Single Nucleotide Polymorphlsm
5.1.4 Patentability of Biocommons...
5.1.5 Ethical, Social, and Legal Issues ..............................................

WHAL IS II STOTET it ts e s e s e brb e s e e beese satma s s rab s sennsbensosaerans

6.1
6.2
6.3
64
6.3
6.6
6.7

The Next Fifty Years...

GapS FITHIZ ....cvieeivri it e et e s e
Gene FINAING ...
Other Genomes..

Gene Function... -

Single Nucleotlde Polymorphlsms
The Eclectic Bioinformatics ..
An Array of Possibilities — New Genormc Technologles............‘.......

The Test Oleme

Xi

ix

W b -

Lh

Ui

=i :
ISY-J- IR I N

e 11
R V4
S
.13

17
19

19
.
21

w2l

23
23
23
24

R———".L
rerenenn 26
e 26
26

27

27

29



xii Contents

Chapter 2
Post-Genomics Matters: Send out A Thousand Ships, Not Catalogue a
Thousand Genes 33
1 Genome Armada .. 33
2 Perplexity And Enllghtenment . e 33
2.1  The New Genetic Math — I 5 b Caenorhabdltls elegans = Homo
sapiens .. erreen- 34
22  Human Genome Archaeology .Y )
23 The Genome Topography.... .38

3  How The Suatistics Stack Up”41
3.1 On the Pessimistic Side.., T |
3.2 Onthe Mixed Side... R .
3.3 On the Positive and Opportumstlc Slde venened2
34  Comparatively Speaking.... cerreeennd3
4  Genestimate Discrepancies.... RO =
4,1  Humbled by Our Own Ego Genes e A5
5  Genome — A Map To Profitability?............... SRR
5.1  Biotech Bay, Biotech Beach, Biotech Beltway, Blolech Comdor ........ 49
5.2  Biotechnology Tools: Friends or Foes? ..., 50
6  The Other Sequencing Centers... - |
7  From The Book Of Life To Invenlory Of Llfe .53
Chapter 3
AgBiotechnology: Genetically Modified 55
1 The Biotech Revolution .. w33

Mother Nature, Father Tlme and Author Chxldren ..........................................

3 From Green Revolution To AgBiotech Revolution...........c.ccoonnn
3.1  Genetically Modified Crops....

3.1.1  Yield Increase via Genetlcs .

3.1.2  Genetically Fortified Crops — Go]den Rlce

3.1.3 Plant Antibody Factory ...

314 Petro Altematives ......o..oooveerriece et it

32 Genetically Modified Trees .......covveivecrvvicerricer s snessrsseenvearnervessessains

3.3 Genetically Engineered Animals...........cociiicneivcinecr e

34  Genetically Modified Microbes.........ccoceieeieccienieniinne oo e

35 Germ Warfare AZentS.......oeieveevireiiionineine s crnesseesienis

4 Biotech Backlash.......cooioiiciieiiiiiecce i s

56
57

vornenn 38
.58

59

...60

61
61
63

65



Chapter 4

Contents

StarLink For Hogs, Not Humans............

5.1
5.2
33
54

Organic Food
Long Term RamifiCations ............ccccorververieiresrsisssverssssnsermssscsessersneens
From Taco 10 GeNes ...t
Warranty of Edibility .....c..oovvcriii e e v

6.1
62
6.3

FD A Snafu...

Bt Not for Bullerﬂles

Com Dogs... -
The Extent of Commmglmg

Aqua Biotechnology

1
2

o

The Fish Tale ..
Need For AquaCulture

21
22

2.3
24
235

Gene Transfer Protocol in FlSh

Fish As Medical Tools... .
221 Knock Out The FlSh That Roars

222 Zebrafish in Development Sludles ...................................

2,23 The Zebrafish — Closer to Heart than You Know ........c.o.....
The Rule of the Game — Growth Enhancement...........vveecveeercensrerreess
ANIIERZE 1ovieiie et eece et aesrae e e em s esad s nreeacessb e rsearenbasraass
Disease ReSISTANCE . .cv vt iirieriveiiecine e ree e niresesrvessssssesesssnans sessssnsestnn

Gene Transfer In Fish,.,
Transgenic Fish...

4.1

42
43
4.4

Carp — Food ancl See Food
4.1.1  Genetically Modified Carp

4.1.2  Safety Considerations of Transgemc Carp for Human

Consumption.... -
4.1.3 Environmental Safety — Gene Flow

4,14 No Carping with Carp — Natural Gene Flow

The Tale of Catfish — Transgenic Creole ...

SAlMON TOr SUSHI...ociiviiiie it srti et s ebas sen s b e nsn e ssrreats

Shrimps....

The Prospect Of Transgemc FlSh '

Other Fish To Fry....



Xiv

Chapter 5

Contents

Clonology and Clonetechnology

I The Genetic Age ...

Clonolgy....
Paﬂhenogenesm — Vu*gm Birth

2.1
22
23

Photocopying Life Forms ..

103

.. 103

. 104

104

. 104

Win a Clone at the Dlary Expo
.. 109

3 Clonetechnology ...

3.1

32
33
34
35
3.6
37
38
39
310
3.1

312
3.13

Chapter 6

The Celebrated Dolly
311  AduleCeli Reprogram:mng
eeerae e 112

Monkeying with Nature ...
Sheep Factory ...

Dolly, Polly and “Hol}y” Calf
Got Milk? Goat Milk ...

Second Chance — Clone of the Oldest Bull

17

..109

110

e 113
.. 115

Artificial Monkey Twms
119

Inserted DNA and AND1 ..
Clone of a Clone — More Bulls

Five Piglets: Oink! Oink! Qink! Omk' Omk‘ — Organs for Sale

Spring Holy Cows...

3111 Telomerasc A V1 gnette of the Fountaln of Youth

Xena — No Warrior Princess but a Piglet....

Cow Pregnant with Clone — Jurassic Amusement Parlc
4  No Jurassic Amusement Yet

Pet Cloning And BioFactory

e 115
.6

118

U /1

121

. 123

125
...126

I Attempts At CLONINE ..ottt e st s
Cell SpPecialIZatiOn....covcvvirviriniressrcs et ieverevens v s srsssresirassessbovarsvarass

Embryo Sphmng
.. 136

11
1.2
13

Gaps in Cell Cycle...

2 Cloning Techniques ...

21
2.2

3.1

Embryo Sphmng Techmque

The Nuclear Transfer Techmque
2.2.1 The Roslin Technique ........cc.covvemimecieecivenercrcnicrseersmcenaes
222 The Honolulu Technique ..o
3 From Barnyard To PerPETually Yours........cccovivvvvimiieciiinnncrcrnveseermvanns
K- CLORING ..ottt sb st

. 129

130

133

133
133
135

136
136

137
138
140
143
145



4
5  White Elephant....
6 A Mammoth Undertaklng
7 Animal Factory — From Farmmg To Phanmng
7.1  Animal Bioreactors...
7.1.1 Antmncroblal Peptldes e
7.1.2  Transgenic Technology Development
7.1.3  Heterologous Protein Production...........cocccoviiciiinn.
7.1.4  Collecting and Purifying Product..........cccceeiermeivenveerivecnnnnns
7.2 Key Transgenic Players and Future Trends ..........cooooveceermvrorerrornree.
7.3  Bamyard Organ and Tissue Shops
7.3.1  Organ Supply and Demand ..
7.3.2  Strides in Xenotransplant....
74  Bamyard Teats as Spinnerets — Sllk in Mllk
8  Ethical Issues And Regulatory Compliance .........co.ocvveecerinnnns
Chapter 7

Contents

3.2 Feline the Copy Cat ..

Human Cloning And Stem Cell Research

1

3

=]

Human Cloning, To Be Or Not To Be7 ....... .o
crerers 168
e 169
v 170

ORI ) |
e 172
e 173
e 173
e 174
v 175
e 176
e 176

e 177
...178

Politics Of Cloning....

To Be Or Not To Be, That Is The Questlon

3.1  The Good — Medical Applications........
3.2 The Bad -— Clandestine Efforts...

33 TheUgly— Clomng Misconceptlons

Louis Brown Of Cloning...

4.1  Infertile Parents... eereernrreseeenas
4.2  Carriers of Defectlve Genes

Issues...

5.1 The Questlon of Idenllty — lee Father lee Son

5.2 Silver Linings....

53  The Dark Cloud S All Is Fme Unless You Are The Clone

5.3.1 Current State of the Art of Cloning....

5.3.2 Preliminary Evidence of Awry Clone —_ Problems wllh

Reprogramming ..

Dream Things That Never Were
ceereeenn 182
183
184
...185

The Law ..

7.1 The Geme ls Out of the Botlle mlo The Brave New World

Message In A Bottle From The Future...

Sherlock Holmes — The Clone Murder Detectwe

Xy

Which Comes First? The Chlcken Or The Egg‘?
v . 147

146

weeeee 148
vreenns 1530
ceenne 151

133

153

w154

156
156
158

coevernne- 1539
.. 161

163
164

167

167

..181

181



xvi

Contents

10 Stem Cell ReSearch ... ..ot cime e se et st s e s s e an e
Sem Cell 1O oottt et e e san s sarseeanses b s baessnsos
e 187
.. 188

...189

10.1
10.2
10.3
10.4
10.5
10.6
10.7

Derivation of Stem Cells...
Sources of Embryos....
Applications of Stem Cell Research

From Degenerative Disorders to Rogeneratwe Medrcmes

Embryonic Stem Cells versus Adult Stem Cells ...
Federal Support ...

1i  Private Companies In Stem Cell Busmess ...................................
12 Reactions To Bush’s Decision ..

13 What Next? ..............

14  Hotbed For Stem Cell Research — Umvemty Of Wlsconsm

141
14.2

6,200,806...

6,200,806 Reasons (o Worry Aboul

I5 Hot Off The Press ..

Chapter 8

Genomic And Proteomic Technologies And Beyond

1  Biochip....
2  The DNA Chlp Technology

2.1
22
2.3

3.1

4.1

5.1
52

The DNA Chip Array
Formats ..

Apphoauons of DNA M]croarray Technology .................

2.3.1 Functional Genomics Research...
2.3.2 Disease Diagnosis...

186
186

190

... 191

191

v 192
e 193
e 193

r. 195

195

- 197

199

e 199
e 200
e 201

202

204

204

204

2.3.3  Sequencing and Gene Dlscovery .........................

234 Drug Discovery....

2.3.5 Toxicogenomics ancl Pharmacogenormcs ............

2.3.6  Eavironmental Studies.........cooeiiveveccieniniisvenneane

205

..206

2.3.7  Agricultural SCIENCE.........ciiiviieeirancearrasrsasrsesssossessasenassncarsens
3 Biochip Market ..o
Market SEQIMENLS .....c.covivveiciriiee it
4 Microchip But Macro Impacts ... s nraneesees
A Chip off the Old BlocK........cc.oouiiiiiieeci s

5 FUBEE OUUOOK coeiiiiiiir ittt sttt ie et be e s ras s serbabensenrnbenrssas serares
e 212

e 212
214

Chalienges ... ererrerreerres
Future Developmenl

6  Crossing The Chasm From Genon‘ucs To Proleormcs

6.1
6.2

The Cell, DNA and Protein Synthesis ...

206
207
207
207
208
210
210
212

215

Proteomics — Direct Impact on Drug Dlscovery“..“..“.."..“..“...‘....‘

219



Contents xvil

6.2.1 Reducing Drug Toxicity.... 219

6.2.2 Diagnosing Disease... cerverrrresnnnren 219

6.2.3 Increasing Throughput of Drug Dlscovery cerrerrnerereeneeen 219

6.3 Turning Discovery Into Cure .. cerereerae e e 220

7 Automation Of Proteomics... deeteeebuenteessan et st enseseeesseraentessssstesessne rearss 22

8  Picks And Shovels Of Proteomics ..................................................... 223

8.1 2D Gel ElectrophOresis. ..o iinniiinecaceseensssncievnesnsessesisarinss 223

8.2  Classification by ABSOIPHON......coicrierve e nsrrerrrermerssernercerens 224

8.3  Emerging Approaches..... ..o ereienans 225

9 Promise Of Antibody Microarray.... rerenn 225

10 Two Useful Twists In The Protein Junkyard N " ..226

11 Paleontology Of Diseases — Beyond Genomlcs And Proteormcs.‘..."..“...“.228

12 Omics This And Omics That... . ...229

13 DirectedEvolution..‘..........................................“.“..“..‘...‘............................230

Chapter 9

Submicroen Technology And Nanotechnology 235

1 Midas! Gold In Potentia..........coouervirienminnpnircree e e saees 235

2 From Alchemy To ALZENY.....ccccvvvvirreirreirermrermreeeeiecvesrressrsess e tsesvestvesrissers S0

3 Now Nanotechnology ... 237

3.1 Nano Research And Development..........ccocecceieciverieireirvessniisnens 238

3.2 Self Assembly Versus Positional Assembly.........ccooovvvereinrnvcrnvinnnn., 240

3.3 Nature™s Assembler..........cocoooiiiieinrr e 242

34  The Diamond of Living System — Stem Cell .........oooovvvrvvivernienennn. 243

3.5 A Caveat in Mimicking NatUre ............cooovvvnvienvr s rnvervorevsevsreernerens 244

3.6 Drexler's ASSEMDbIErs. .. ..o icoieiioeriienninrere e en 245

3.7  Manipulations In Nanoscale .. reessisesan veern 247

4 From Controlled Environment To Work Env1r0nmcnt erereneemeenen 248

5 From Algeny To AIMOLY ... 249

6  Biomimetics — The Confluence Of Biotechnology, And Nanotechnology...251

T NANO DIAZON ..o s s e e 251
Chapter 10

Patentability in Biotechnology 253

1  Decoding A Genetic ANDOUNCEMENL ..ovvcviniiriiinieieee e s saessssaessrsesonss 293

2 Enclosing The Genetic COMINOIS ....cvoovvrvrereecrreireirnsssssssarssmnssssessereneerssasssner 204

2.1 BUIOPE oot set e e sa et st s e 254



Xviii

=

Chapter 11

Biological and Biology-Related Information as a Commodity and the

22

23

The Final Frontier — Where No Life Scientists Have Gone Before...........‘..
Biopatentability ..o s
Biopiracy And Biocolonialismt. ... st smessensssons
Cash Cows from CIOPS .....ocvoveniieriennrie e vae e sasstore e esbssns sraeres
Ethnobotany and Bioprospecting.........cciisrmininisisrsii s
ceereens 264
v 265
vrenn 260
e 267
...268

3.1
4.1

4.2
4.3

44

Contents

2.1.1 Tudor England ...
2.1.2  Medieval Europe -
2.1.3  Social Impact of Land Enclosure

2.1.4  Other Enclosures: Land, Sea, Air ancl the Inv131ble
The Middle Kingdom ...
2.2.1  West Meets Bast ....o.ocveveirieniiceriieninscvrresniessrresesesnssesrassraenss
222 Maritime Expedmons
e 258
e 258
eren 259

...260

2.2.3  East Meets West ..

The New World — USA ., -

2.3.1 Opening of the Genetlc Floodgate

2.3.2 Impacts of the Supreme Court’s De(:lsmn

Pirating Indigenous Knowledge...

4.3.1 Taxol for Cancer,.. .

4.3.2  Rose Periwinkle for lxukenua -
4.3.3 Repackaging Indigenous Knowledge for Sale
4.3.4 Sweet Profit ..

International Goveming Bodles
..270

Just Price ... -
The Blotech Century
Who Owns What? ..

Rise of Bioinformatics

1
2

-1 h L g W

The Dynamic High Tech World...
Types Of Focused Companies....

2.1
22
23

Operationally Efficient Compames
Service-oriented Companies...
Product-driven Companies ...

Biology And Biology-Related DlSClpllI‘leS — Place In Smence

Pharmaceutical Companies As Product-Driven Companies....

The Economics Of Dirug DISCOVETY ...t
Future Pharmaceutical DiscOveries ...t e
The Rise Of Bioinformatics ..........cocvoeierieiiciemninissrssnisrsissisrssssssrssaons
The BEZINNINE ...oocoovreiviiresrcinecersrecerncrersrer sae s e emrsaes e renessesseesrens

7.1

vrvenn 254
255
..255

255
256
256
257

261
261
262
263
263

269

v 270
272

273

w273
274
vere 274
275
e 276
e 276
=21

279
280
28t

282



Contents

7.2 Subsequent Years... e
7.3  Bioinformatics Conference Gomg Commerc:al‘......‘......‘...‘..“..m..“..
8  Genomic Companies As Service-Oriented Companies ......c..coocuevenirciiennnt
8.1  Bioinformatics — Mission and Goals.........ccoerveeervennecrernerireenns
8.2  Bioinfobahn...
9 A New Paradigm Of Dlscovery

10 HiStOrICAI D& JAVIIT . et eee et vereaasaeertaseseranaraessossmsessersassaesanass sonsnaen

Chapter 12

Turbo-Charging Bioinformation for Drug Discovery

Xix

...284

287

287

289

e 292
..293

294

297

1 From Gathering To Information Gathering........cc..ccoceoeciminenecsenensnennnn 297
2 Information Economy.... e 297
3 Drug Discovery ... ..298
4  The Human Genome PrOJect ......................................................................... 301
5  Enabling Bioinformatics — The Enabler........cocovevcinvcniccncinninnnnnnenn 301
6 Proliferation Of Bioinformatics.........co..c.oovvrveeeiercvnrovnnnneinrsssrnesisesssserneerees 303
7 Market Structures... rererarasarenans e 303

7.1  Perfect Cornpehtlon ..304

A Y (11T £ O 304
7.3 Monopolistic Competition .........ccvirennsisscsrares e 304
74  Oligopoly .... w305
8  Market Structures Of Blomformatlcs, Sequencmg, Blotechnology And
Pharmaceutical Companies ... - cevrersersaansssanseanees 3US
8.1 Goalsof BlOlI‘lfOl‘rl‘lallcs Compames 10 Monopohze v 306
8.2  Competition ... w308
9  Bioinformatics Entrepreneurs And New Entrants e 308
9.1  Bioinformatics Labor Supply.... cerveeenen 309
10 Technelogy-Push, Market-Pull Or Interactlve Marketmg Strategles ..311
11 New Paradigm Adoption... 313
12 Who Prevails... Y
12.1 Short-run Proﬁthoss Optumzatlon — ) [
12.2 Long-run Economic Profits... 316
13 Perfect Versus MonOopolistic .......ocvveeiieiecrii e e 316

14  Biotnformatics Gorillas, Chimpanzees And Monkeys .........o.cvvcrvriiniinrenn
15 Early And Late Majority Asian Bioinformatics And
Biotechnology Countries...
15.1 Singapore — One of lhe Four T:gers
15,2 Korea — A TiZer..ccocoiiiiiiiiiieiie et e e sreens
15.3 The Republic of China — A Tiger ...
154 Enter the Dragon — People’s Repubhc of Chma

317

e 318
..318

319

320

322



XX Contents

15.5 Rise with the Dragon ..ot eve s
15.6  Asia and Pacific Rim RISII‘Ig
..327

16 Who Owns What? ................

16.1 Loopholes In Intellectual Property System
. --329

16.2 Brain Drain Or Gain? ..............

Chapter 13

A New Kind Of War: Biowarfare And Info Warfare

1 A New Kind Of War ..
United States Of Anx1ely

3 High Tech, Low Tech And No Tech
3.1  Germ Warfare Agents....

3.2 Aum Shinrikyo — Japanese Cult )

3.3 Anthrax As Bioweapon....

34  Smallpox — Eradicated but Not Gone for Good
...339

3.5  Deadly Past in History — Smallpox .....

3.6  Countermeasures to Combat Bioterrorisrn..“..“..“..“.m.m..“..“..“..“..
crrnenn 342
e 342

.. 344

4  Anthrax Vaccines...
4.1 Clproﬂoxaem
4,2  Antimicrobial Nanoemulswn

5  Promises But Not Yet A Sure Cure
5.1 HypotheticalBioterrorism..................‘.m.m.m.m..“..‘...‘....................
renenn 346
e 346
oo 348
e 349
e 351
v 352
"..".353
e 353
e 354
G 1
e 356
e 357
...358

5.2  Protective Gear...
5.3  Surveillance and Momtormg
5.4  Quick Counter Jabs..,

6 BTWC Treaty — Firm But Unfair

Forcing Genie Back Into The Bottle'?

-]

8.1  The Mighty Electron..,

8.2 WWW— World Wlde Weapon
8.2.1 Computer Plagues...
8.2.2 Cyber Weapons....
8.2.3 The Bulgarian Vlrus Factory
8.2.4 The Computer Plague Threat...
8.2.5 Democratization of Hacking ...

8.2.6 The Nimda Worm — A Case Sludy
o360
v 361

...361

8.3  The New Villain ..
831 CV Please
8.3.2 911, Help Please
8.3.3 Power Grid...

8  Cyber Warfare — A Keyboard Is Truly Mlghuer Than A Gun

323
326

327

331

w331
vrnn 332
333
333
e 336
337

339

341

3435
345

358



Contents XXi

8.3.4 Psychological Warfare... - wrrreirranenenn 301

8.4  He Who Lives in Glass Houses Should Throw No Slones ............. 363

8.5  Friend or Foe?... veeeiresreriennnsens 304

9  WhatIs In Store? .. ..365

10 Ongoing And Fulure Busmess Pracnce ...................................................... 367

10.1 Business Warfare... rrrererrnisrersressrsaeseaessasssnessnestsetseraersesrrnsrassnns SO B

10.2 Business Cyber War ....................................................................... 368

1T Ending NOLE ..ot sssiireevreerrecrn e ssaessaesssssssssssnssssssessnesrsessassse 3 0
Chapter 14

b B LT T SN PV S

10

11

Two Decades of Biotechnology and a Decade of Bivinformatics 37
BT Meets IT ...ttt sssn st ssennssene s S 1 |
Technology CONVEIZENCE. .......c.o.occiiircireimece i 372
BT-IT Convergence ... e 373
Moore’s Law Says More sLess e [SUUTUNUITURUIURORN: ¥ 1
The Internet — The Backbone of BT IT Convergence e 375
Computers In Discovery Processes.. vernene 376
Challenges Of BT-IT Convergence e 378
7.1  Bioinformaticist Dearth .. . e 378
7.2 Bioinformatics Gorillas, Chlmpanzees and Monkeys JRTRUPRORRUOTC ¥ |
7.3 Opening up a Framework............cocoiiiieiiiicnicn s 379
7.4  Creating a Language out of ATCG... e 380
All The Fuss, Where Is The Beef? . ... 382
8.1  Information and Knowledge: Factors of Productlon e 383
8.2  Technology, Markets, and Competition.... 384
The River Of Change ... 385
9.1  Capability and Copability on the River of Change ... e 386
An Effective, Intelligent And Responsible Generalist With A Specnalty e 386
10.1 The Gentlemen And The Technologist.........c.coooiciiiiiininnn. 388
10.2  From Classrcom to Boardreom and Vice Versa.........cocivvieiiiiinnnnn. 390
10.3  Smart Work, Hard Work and Hyper Work.....oov 392
Training And Education... v 393
Above, At, Within the Laws .. 395

12
13
14

History Of Science On Trial.........ccoooieiiieiir e s
Case Closed And The Future Is ROSY.....oooiiiiiiiiiiininrnnvsnssrrsrneencnn s

Index

396
399

401



