Unaerstanding

GENESand =~




Contents

Preface
Chapter 1. Getting Started

1.1 Scientific JAFZOM . ocooiiiirir i
1.2 Nucleic Acids, Proteins, Carbohydrates & Lipids.......ccocoeveieienn
1.3 BIOTECHNOLOZY .o cv i
1.4 Experimental Organisms ...
1.5 My Example of 8 GeDe ..o e
1.6 What t0 EXPECt oot e
1.7 Take-Away MESSAZE ...ccooiiririrr e

Chapter 2, Life: Cells, Organisms & Evolution

2.1 T the Be@INNiNg .....cvoveieeeiieeieeeies s se e ere s ere s e ssees
2.2 MetabholiSIN ..o s ere e e era e st ae et
2.3 CeIIS ettt e b s sra e st beserreenes
24 VATUSES ottt ctecte et ettt e et s ey e necneernesresebe st e s resntean
2.5 Protein INteractiOns........oovvveeceeee e si s srnts s s srnes s ressrataenne
2B EVOIULION ooovciviiii e evre et e sreerneerneeresere s b e st aestaan
2.7 The Concept 0F GEINES .......oovveverirrin e
2.8 Take-Away MESSALE ......cooeivrirrvrinin i errerrersesssneessssssssasssssssnns

Chapter 3. How Biological Molecules Are Put Together

3.1 Nucleic Acids: DNA & RINA ..ot
I o 1T SO
3.3 Carbohydrates......oovviviriv it
3.4 Glycosaminoglycans (GAGS).....cooeeeereeeeeeeeeeee e,
F S LAPIAS ettt e en e enene
3.6 Cell Membranes.........couvivoiiriiroriinitoeee e eees e ee e eee s eeeeeeee e reenees

xi



Chapter 4. What Is a Gene?

4.1 DNA Replication ..covvvvevcrrrriccsisimimsees e
4.2 Genes and the Genome........ceivimiicnis e
4.3 MULBHIONS ..oooiis i e
4.4 Cell DIVISION...c.iviviv ittt
4.5 Sex DetermiNAtion .....ocviieriviire e reeres e eta s et
4.6 Transcription and Translation ...
4.7 Mitochondria and Chloroplasts...........coooeveeeeveiiniceccies
4.8 Take-Away MESSAEE ...oocci i vree e en s e s s

Chapter 5. How Do Genes Work?

5.1 GENE SIMUCTUTE ..o oottt e e nt e e e e aeaen e rbbae s e e sanareen
5.2 Regulating Gene EXpression.......o oo
5.3 Chromatin SIIUCTHIS ....covviieee et eeeseter e srecsee e esss e e e
5.4 How Genes Are Studied ........ccccoioviievei ittt
3.5 Development of Body Shape......ccvviiie e
S0 VIIHSES o vveeee i ivveseeeieee s s e veseasinrerreeeeaaasanres e e saaaasnsetsaaesaeaaanserrsrmneaeenan
5.7 The New World of RINA ..ottt e
S8 HOW Sex WOTKS . ..ottt s
5.9 Take-Away MESSAEE ..o

Chapter 6. Genetic Engineering

6.1 Woarking with DNA ... e
0.2 Gene CIOMIME. ... oottt e
6.3 Protein Expression SYSIENIS. ..o seesaen o
6.4 Transgenic ANIMALS .........ccovviriiieniiiic e v
6.5 Transgenic PIANIS. ..o ivvviieie e
6.6 Gene Modifications . ... s
6.7 Take-Away MESSAZE ..cccviireieeeriirse e ae e e

Chapter 7. DNA Amplification & Analysis

7.1 Polymerase Chain Reaction (PCR)......c.ocovveviviininiecinicnice e,
7.2 DNA SBQUENCINZ....oovivrimiiiiiiiee oottt e em et sbssse e
7.3 Mutagenesis by PCR ..ot
7.4 SNP and STR Genetic Markers ..o
7.5 MICTOAITAYS....oovevieieiecerimeiss ettt st s
7.6 Take-Away MESSAZE ....ovvoveeiiiiii e

Chapter 8. Genes in the Natural World

8.1 Natural Gene FIOW ..o cescrneesne
B2 TUnK DNA .ottt et e e
8.3 Geographical Gene Flow: Animals......cccccomininicninnniccmnns
8.4 Geographical Gene Flow: Exotic Plants.......ccoviniiiiiinnn

Xii



8.5 GM PIANLS ..ottt bbbt te e eeeeee s
8.6 GM ANIMALS ....ooiviiiriiriieis et
8.7 Gene Transfer from Plants 0 Animals .....ooveeeeveeeeeeoeeeeeeeee
2.8 Bioleaching of Metals in Mining...........ccevviiiiiveeiciis e
8.9 Genes in Remediation..........ccooveveiiieieeseesieecen s eaeats e e e e
8.10 Take-Away MESSAZE ..oooiiviiiiieiiieesees ettt e

Chapter 9. People & Our Genes

0.1 OUL HISTOTY oottt et as sttt
9.2 Human MiIgration ..o
O3 RACE .ttt s

0.5 Genetic Profiling ........ocooomeeeeeeeceee et
9.6 GENELIC DHSCASE ..oooe et eeeree e e e s e e rerre e s eeaeaasssseeans

9.8 Mutations in Haemoglobin ..........ccccvvciiiininmrrinccccresivn
9.9 Cystic FIDrosis . ..o
9.10 Gene TREIAPY oot
9.11 RNA Inhibition (RNAD ... i e
9.12 Multi Gene Effects: ASthma.......c.ccooeivivveciiii e,
9.13 Take-Away MESSAZE ..occcoveret e e

Chapter 10. Genetics of Some of Our Pathogens

TOL TUDEICULOSIS . vvveeiriiiiiiiiiit ettt e e e et eseeeraes
10.2 The Pasteurella GroUP .......ccvvieivierirnieeceecec e s
TOB TRITUGIIZA ..ot e st e v e s et e e st aeaanes

Chapter 11. Biotechnology & Sustainable Agriculture

111 IMProved CLOPS ...v vttt '

11.2 Growing or Eating GM.......coociiiiniinee s
11.3. Sustainable Agriculture ........... ettt
11.4 Certified Organic Farming........ccoieocorinnineenceeeereens
11.5 Reliability and Profitability of Food Production ......ccccoeceeeeeenno.
11.6 Three Elements of Profitable Farming........c.ccooevveeveeveecieecevinroneinss
F17 Plant NUTTIHON oo
11.8 Pest Management. ..o e sesce e s s
11.9 Pesticide ResiStaNce.....cc.ovveciiiiio oo
11.10 Traditional Breeding & Biotechnology ...........ccoooeveiieecvnivennnnn,
1111 Take-Away MESSAZE .....covviiiiiiirerieee et

Xiii



Chapter 12. GMOs in Agriculture 276

12.1 Seed Fertilisation and Viability .........ccoocvmiiiiiiieiiiieciesienn, 277
12.2 Herbicide RESIStANCE ........ccviviirieee ettt et v e e eanae s 282
12.3 INSECE RESISTATICE 1oviieeeiiiccerie ettt ee e e st s e e ana e 286
12.4 Phosphate UPtaKe .........cooocvviviemieieecensieeeeee et enbanaeians 288
12.5 Nitrogen MetaboliSI.........ovivveeiiiienirieee st 290
12.6 Resistance 10 ADIOtIC STrE8S. e s eriieeseieie et ee e saa e esenans 295
12.7 Dsease RESISIAINCE. ...t steee s s et e st eeeerare 300
12,8 GOIen (GraliiS...cuivoiceericciice et er st st e s sss et sbaaaa s e reaeeees 302
12.9 Iron Enriched PIAnts ..o ettt nn s 305
12.10 Improved Vegetables........ccovvveivniiieceeececcnceen e, 307
12,171 FOTESE TTEES .vveivii ittt e vre e st be s st e erbnae s emes e e ses 309
12.12 Take-Away MeSSAZR ....ccccorrimirrnreeiei i 313
Chapter 13, Patents, Repulations & the Future 315
13,1 Patenting (GEINES ......c.cviuviiviiereeeeasrersieessesseseserssesseessaensrrsssteneessens 317
13.2 Patenting OTZaniSImNS . ... c..c.ceeeveeeerreriiieseessessemsessesssaeressseseeseessens 319
13.3 Testing Drugs and FOod .....oovoeviiiiiiiencee e e 321
13.4 Tomorrow’s Natural World ....oocoevoeeieee e e 323
13.5 Health 10 the FUTUTE ..oovve it ccvvr st eeeessr s eavsssie s esrre s 325
13.6 GM Food. A World Snapshot .......oeeoiv e 326
13.7 A LIttle DICAI.....ooiviiric et erre e sttt s et s e raenseeas 332
Glossary 335

Index 341



