Contents

Prisfacet)i o+ iavk ds ot ifmdsies s mis 168 o Wil ndibis e suanb- el v » - vii

1 Introduction; Aims of Applied Genetics; Revision of
Basic Genetic Concepts and Terminology 1

1.1 e ynt o SRR AT S I R T TSN FE R 1
1.2 The aims of applied genetics in humans, animals, plants
and fungi; the use of genetic variation; improving the

harvest index oo 2HROGIGIOEE Lol L LN e 8
1.3 Revision of basic genetic concepts, definitions and

SRSt )7 VL5 B0 QRTDTA FIONPGRTEUE e . 14

1.3.1  Alleles, genes, loci, wild-types and mutants . . 14

1iauds #iBloidy <0 (00 TDITE R | e o 17

1.3.3  Genotype and phenotype; homozygotes and
heterozygotes; hemizygotes; the time of gene
expibemaion (AT Lo ERngeR GRRt, &

1.3.4  Dominance and recessiveness; incomplete
dominance and additive action; primes,

overdominance; co-dominance; pure breeding 19
1.3.5  Additive and multiplicative gene action . .. 22
1.3.6 - PlEiGmapy /. e e Al it dilah 2§ (s 22
137 onhIntbafent s ARSI IR ) GG RS 23

1.3.8  Recombination; linkage: syntenic and
non-syntenic loci; coupling and repulsion
BITANZEMENLS 0 0 v ooy boalaie e 5w o le o 24
1.3.9  Allelism and the cis/transtest . . . . .. . .. 26

ix




X Applied Genetics of Humans, Animals, Plants and Fungi

1.3.10 MHeritability . . - - . . . .o oW 29

1.3.11 Selection: natural, sexual, artificial and
commercial o WA e et el s i, | 30
1.3.12 Populations . ... ....... .00 31
1:3.13- - Polymearphismm- - 45 e oo s e 35
1.3.14 Random mating . . ... ......-+«. .. 34
Suggested Reading . . . ... ... ... . ... ... 35

2 The Inheritance and Analysis of Qualitative and

Quantitative Characters 37
2.1 Single-locus qualitative characters: autosomal loci with
complete dominance, partial dominance, additive action,
overdominance; X-linked and holandric loci . . . . . . 37
2.1.1 Qualitative characters . . .. ... .. ..., 37
2.1.2  Autosomal loci: complete dominance . . . .. 38
2.1.3 Autosomal loci with partial dominance, additive
action or overdominance . . . ... .. .. . 38
214  X-linked and holandric loci . . . . . . . ... 4
2.2 Multiple-loci qualitative characters: dihybrid ratios and
gene interactions such as epistasis causing modified ratios 42
221 Standard dihybridratios . . . . . .. ... .. 42
2.2.2  Gene interactions such as epistasis causing
modified dihybrid ratios . . . . .. ... ... 45
2.3 Quantitative characters; quantitative trait loci and
polygenes; modifiers; threshold characters . . . . . . . 49
24  Threshold characters . . .. ... ...« 0o x 62
Suggested Reading . . . .. ... ... 64

3 Regression, Transgression, Environmental Effects and
Heritahility; Correlations Between Characters;

Genotype, Phenotype and Breeding Values 65

31 Genetic and environmental causes of regression and
transpesskion: (L QU0 ULV L L L e 63

3.2  Environmental effects on phenotypes . . . . . . . . . . 70

321 Sex-limited characters . . . . . ... ... .. 70




FORR g

Contents

3.22  Phenocopies, conditional mutants and
environmental effects . . . . ... ... ..
3.2.3  Phenotype plasticity . . . ... ... .. ...
3.24  Variable expressivity : . . <. ¢ o0 e s
325 Incompletepenetrance . . . . .. .......
3.3 Narrow and broad sense heritabilities; equations,
estimation and use; use of twins; realised heritabilities;
correlations between characters . . . . . . .. .. ...
3.4  Genotype value, phenotype value and breeding value
35  Estimated Breeding Values (EBV) and Best Linear
Unbiased Predictions (BLUP). . . . . . .. ... ...
snggestad Readin®: .. o s s i Fasbo Rasesr, apobbimiebelai s s

Population Genetics: Allele Frequencies, Genetic
Equilibria, Population Mixing, Genetic Drift and
Gene Flow
4.1 Introduckienr=; .57 o R Al — LA 0L
4.2 The Hardy-Weinberg equilibrium for one locus and two
loci; linkage disequilibrivm, and population mixing . .
421 One locus, twoalleles . . . . .. .. .....
4.2.2  One locus, more than two alleles . . . . . ..
4.2.3  Allele segregation at two loci and the
importance of recombination frequencies . . .
424  What happens when two pure-breeding but
different populations mix? . . . . .. ... ..
4,3 Genetic drift, fixation and effects of population size . .
44  Gene flow and population strocture . . . . . . .. . . .
4.5  Effects on allele frequencies of selection, mutation,
migration and gene conversion; frequency-dependent
selection; equilibria between forces in populations . . .
451 DBRlectON; . ;i iivn e peada s . 5

D AMEION e S sl B L
530 " Mutation. oo L s asniRring aeenl o L
snggested Reading . . . .. .. .. ... on i e

Xi

70
71
12
72

74
&l

83




Xii Applied Genetics of Humans, Animais, Plants and Fungi

5 Types and Uses of Selection 114
5.1 Natural, artificial and sexual selection . . . . . . ... 114
5.2 Stabilising selection, towards uniformity . . . . . . .. 116
5.3 Directional selection, favouring one extreme . . . . . . 118
5.4  Cyclic selection, alternatively favouring different

sutremyestls e T QApd BROIEL U HITREE, | 119
5.5  Disruptive selection, selecting against the average type 120
5.6  Pedigree selection; breed records, prepotent stud males

and grmp-ap 000, SRV IRERRT TR L 121
57  Progenytesting . .. ....... . . e 123
5.8  Half-sib and family selection . . . .. ... ... ... 125
5.9  Selecting for correlated characters . . . . . . .. ... 126

5.10  Selection for more than one characier: tandem
selection, independent culling levels and index

geleptiont it} | siigit, iy aaripignt, shididig 126
5.10.1 Tandemselection . ... .. .. ... .... 127
5.10.2 Independent cullinglevels . . . ... ... .. 127

5.10.3 Index selection, including PTA, PIN and £PLI 128
5.11  Selection intensities and rates of response to selection; a

key equation for selection responses . . . . . . i iw 138

512 Invitroselection. . . . . . .. .. v v i v v 134

5.13 Selection at the haploid stage . . . . . ... ... ... 135

5.14  Selection for meat characteristics . . . . . . . . . . .. 135

Suggested Reading . . o o opov o v meagigioth o alaials o 138

6 Departures from Random Mating 140

f.1 Positive and negative assortative mating . . . . . . . . 140
6.2 Inbreeding and outbreeding and their consequences;

inbreeding depression and outbreeding depression . . . 143

6.3  Why breeders often use inbreeding . . . . . ... ... 149

6.4  Wright's inbreeding coefficient, F; Wright's equilibrium

for genotype frequencies under inbreeding; calculation

of Ffrompedigrees . . ... .. .. .o0 v oo ee . 151
Suggested Reading . . . .. ... ... ... 160




Contants wiii

7 Mutation and its Uses 161
7.1 Molecular types of mutation and their revertibility;
mutation frequencies . . . . ... ... .. L. 161
710 ReMestibility -~ it il SEPER0 e o0, . 161
7.1.2  Germ-line and somatic mutations . . . . . . . 162
7.1.3 Basesubstitutons . .............. 163
T4 Frme shifts ) L 0 U T 164
7.1.5 Largedeletions .. .............. 164
7.1.6  Unstable length mutations . . . . ... .. .. 165
7.2 Spontaneous and induced mutation; mutagenic agents . 166
7.2.1  Spontaneous mutations; mutation mechanisms;
varieties or breeds they have produced . . .. 167
7.2.2  Induced mutations . . . ... ......... 170
7.3 Mutation control and repair systems . . . .. ... L. 174
7.3.1  Mutagenaccess . . . .. .00 BT L, 174
732 Repairsystems. .. ... ... ... 000, 174
7.3.3 ' Suppressor mutations . .. .o L. L L 175
7.34  Optimom mutation rates . . . . . . . .. ... 176
7.4  How different types of mutation can complicate
population genetics calculations . . . . . . ... ... 176
7.5 Usinginduced mutations . ............... 177
Suggested Reading . . . . .. .. ... .. oL L. 180
8 Recombination, Mapping and Genomics 181
8.1 Recombination, genetic distances and the numbers of
progeny needed to get particular recombinants . . . . . 18]
8.2 Types of recombination and their effects; meiotic and
mitotic crossovers; interference and map functions . . . 183

B3 Numbers of types of gamete, and of offspring
genotypes and phenotypes, for different numbers of

segregatingloci . . . .. ..o e e e e oo 187
8.4 Calculation of the frequencies of particular genotypes
and phenot¥PesS . . . . . v v v e e e e e s 188

8.5  Mapping, including physical mapping . . .. .. ... 188




xiv Applied Genstics of Humans, Amimals, Plants and Fungi

8.6  Locating genes on particular chromosomes, including
the use of pseudodominance, parasexual methods and

hybridisation probes . . . . . . . ... .. .. ... .. 192

B.6.1 Pseudodominance . .. ............ 192

§.6.2 Parasexual methods . . . ... ... ..... 194

8.6.3 Hybridisaionprobes . . . . . ... ... 195
87  Practical uses of molecular markers in agriculture . . . 196
B8  GEnOIUCE . - . ¢ e v nre bttt Fob ma e 198
8.9  Human gene sequencing, including the HapMap

Brodeet L o il e e 201
SuggestedReading . . ... .... ... ... ..., 202

9 Structural Chromosome Aberrations: Their Origins,

Properties and Uses 205
9.1 Introduction . . . . . - . i ARG G - -l e 205
9.2  Delefiond il v scivo s aasiage wegadt LA 207
9.3 Inversions, paracentric and pericentric; their effects
ondertility .« - loaprene s TER e L Y L R L 210
9.4  Duplications and the origin of new genes . . . . . . .. 213
9.5  Translocations, single and multiple . . . . . . ... .. 2135
Suggested Reading . .. . . ... ..o 219

10 Changes in Chromosome Number: Their Effects and Uses 220

10:1 ~“Background 25PN UL EINAAE SUURATR, 220
10,2 Changes i ploddy: oo imnon aaeaiinousi « . 222
10.3 Monoploids and anther culture . . . . . .. .. ... 224
10.4: caDaplodds 4 o il b imuivmdiioear 1o puged, . . 228
10.5 - Friplioids oo Do sR TR SREGRERNEE , 228
10.6 -« Tetsaploids .. v o B ian e, s el o 228
10.7 Higherpolyploids . .. ... ............. 232
10.8 Loss or gain of single chromosomes: aneuploids,
monosomics and trisomics . . . .. L. 0oL 232
10.9  Chromosome manipulations and substitutions . . . . 233

SuggestedReading . . ... L L LSS L iUV 236




Contents Pl

11 Supernumerary (“B') Chromosomes 238
11.1  Definition, origins, numbers, size and functions . . . . 238
FLEET * WOmgnet T, o S L N L 238

11.1.2  Numbers, occurrence and transmission . . . 238

11.1.3  Size, sequences and function . . . . . . .. 240

11.2  Effects on phenotype and fertility . . . . . . . .. .. 240
Suggested Reading . . . . . .. .. .. ... ... ... .. 242

12 Human and Medical Genetics 244
12.1 Imtroduction . . .o b i o e A L 244

12.2  Finding out how or whether characters are inherited:
pedigree studies; twin studies; Hardy—Weinberg

analysis; familial incidence . . . . .. ... ... .. 246

122.1 Pedigreestudies . . . .. .......... 246

1222 Twinstudies . . . .. .. .. ... ..... 248

12.2.3  Hardy—Weinberg analysis of populations . . 253

12.2.4  Familial incidence . . . . . . .. ... ... 253

12,3 Single gene characters and disorders, and their treatments 255

123.1 Autosomalgenes . ............. 256

1232 X-linkedgenes .. ............. 265

124 Polygenic and multifactorial disorders . . . . . . .. 266

12,5 X-inactivation and Barr bodies . . . . . . .. .. .. 268

12.6  Sex differences in disease susceptibility . . . . . . . . 271

12.6.1 X-linked diseases . . . ... ........ 271

12.6.2  Non-X-linked diseases . . . . . ... ... 273

12.7 Causes of human mutation; cancer . . . . . . . . .. 274

P2 o -Rghets o 00 [ny St o, i Al 277

1272 . Chemicals.. ... . ... . . SUs pgrasga) 277

12.7.3  lonising radiations . . . .. ... ... ... 280

1274 Temperature . . . . .. .. ... .. .. .. 281

1275 Infection. ... ... ... oy 282

i P2 76 ICanter genes! U,y oynaliobl e bl 282
12.8  Chromosome number abnormalities and chromosome

aberrations =0 [ E ] e TIO TR R0 L L 283

12.8.1 Human chromosome methods . . . . . . . . 283




Xvi Applied Genetics of Humans, Animals, Plants and Fungi

12.8.2  Autosomal abnormalities . . . . ... ... 289

12.83  Sex chromosome abnormalities . . . . . . . 296

129  Selection before and after birth . . . . .. ... ... 207
12.10 Blood groups, especially ABO and Rhesus . . . . . . 299
12.10.1 Blood groups and transfusions . . . . . .. 299
12.10.2 The ABObloodgroup . . . . . . . ... .. 02
12.10.3 The Rhesus blood gronp . . . . . . .. .. 303
12.10.4 Blood groups in farm animals . . . . . . . . 305

[2.11 The major histocompatibility complex . . . . . . .. 305
12.12 Prenatal, neonatal and adult screening . . . . . . . .. 307
12.12.1 Amniocentesis . . . . . . . ... ...... 307
12.12.2  Early amniocentesis . . . . . . .. ... .. 308

12.12.3  Chorionic villus sampling . . . . . .. . .. 308
12.12.4 Ultrasound screening . . . . .. ... ... 309
12.12,5 Maternal blood sampling . . . . . ... . . 309
12.12.6  Pre-implantation genetic diagnosis . . . . . 310
12.12.7 Foetal DNA screening . . . . . .. . . . . . 311
12.12.8 Neonatal screening (birth to one month of age) 312
12,129 Adult or adolescent screening . . . . . . . . 313

12.13 Effects of human inbreeding . . . . . .. ... .. .. 315
12.14 Geneticcounselling . . .. ... .. .. ... ..., 319
12.15 Twins and other multiple births . . . . . . . ... .. 327
12.16 Mosaics, chimeras and hermaphrodites . . . . . . . . 334
12,17, Gene therapy:| o mne, sie et b bl emansy il g o 338
12.17.1 Introduction . . .. ... .. ........ 338

12.17.2  Methods for somatic gene therapy . . . . . 339
12173 'Progresss: oiteiomansmstd.lo aaue’) o I 342

12.18 Stem cell therapy, including the use of cord blood . . 345
SuggestedReading . . . . ... ... ... ... . ..., 348
13 Plant and Animal Breeding Methods and Examples 353
13.1 Using hybrid vigour . . . . . . ... .. ... .. .. 353
13.1.1  Definition of hybrid vigour (heterosis) . . . 353

13.1.2  Explanations of hybrid vigour . . . . . .. 354

13.1.3  Typical F1 hybrid breeding programmes . . 355

13.1.4  Hybrid maize production . . . .. .. ... 358




]

13.3
13.4
13.5

13.6
13.7

13.8

Contents

13.1.5 Hybrid sprout production . . .. ... . ..
13.1.6  Hybrid rice production . . . .. ... ...
1317 Hyrbnd animals S frgnt DREpaepmeie
Selection methods forinbreeders . . . . . . ... ..
132.1  Single line selection . . . . . ... ... ..
13.2.2  Using a mixture of lines, with agricultural
mass selection . . . .. ... ...
1323 Bulk population breeding . . . . . . .. ..
1324  Pedigreebreeding . . . ... ... ... ..
Sclcciinn methods in outbreeders or random-maters
Recurrent backcrossing for gene transfer . . . . . . .
Interspecific and intergeneric hybrids . . . . . . . ..
13.5.1 Interspecifichybrids . . . . . . ... .. ..
13.5.2 |Intergenerichybnds . . . ... ... ... ..
Making.nalyploiids o s soneiciseno sgdiims = cpei? - 4
Examples of plant and animal breeding programmes .

13.7.1 Semi-dwarf wheats and rice — the
“Green Revolution™ o0 v o ool . o

13.7.2 "Broadbeans .. om0 L
13.7.3  Semi-leafless combiningpea . . . ... ..
13.74  Cocaplants for cocaine . . . . . ... ...
13.7.5  Potato breeding and disease-resistance . . .
1376 Lime-tolerant Rhododendrons . . . . . . .
1377 Sugarcane . . . . . . . .. .00 ...
13.7.8  Hops in Britain — dwarf “hedgerow™ hops .
13.7.9  Sheep, including cross-breds and Border
Leicesters . . . . .. ... ... ......

13.7.10  Cattle, including Ayrshires {dairy) and
Aberdeen-Angus (beef) . . . . . ... ...
13.7.11 Peruvian guineapigs . . ... . ... ...
13.7.12 Chinese crocodiles . . . ... ... .. ..
13.7.13 Pig breeding to meet the buyver’s specifica-
tions; meat quality factors . . . . . . . . ..
Breeding for shows; breeds and varieties . . . . . ..

377
379
379
380
380
384
385
386




i Applied Genetics of Humans, Animals, Plants and Fumndgi

13.9 Breeding programmes from crosses to selection,
to local and national trials, possible commercial

release, and approved lists . . . . . .. ..o 402
13.10 Selection in feral animals; feral and farmed animals . 405
13.11 DNA fingerprinting . . . . .. . .« oo s oo 407
SuggestedReading . . . . . . . .o b0 oo e 408

14 Genetic Engineering in Plants, Animals

and Micro-Organisms 411
141 TImtroduction . . . . . - v v o oo e v e s 411
14,2 Restriction endonucleases and ligases . . . . .. . .. 412
143  VEChOrs . . . - o v vls o ks e e e re 414
144 Getting a particular piece of DNA into a vector, and

recognising a clone containing it . . . . .. ... 416
145  Site-directed mutagenesis . . . . .. ..o .- 418
14.6  Gene targeting; cosuppression; RNA interference n

humans, animals and plants . . . . . . .. ... - . 419
14.7 Genetic engineering inplants . . . . .. .. ... 423
14.8 Genetic engineering in animals . . . . ... ... .. 428
149 Genelic engineering in micro-organisms . . . . . . - 433
14.10 Some dangers of genetic engineering; the amount

of genetically engineered crops grown . . . .. . .. 434
Suggested Reading . . . . . . .« . oo e 430

15 Genetic Variation in Wild and Agricultural
Populations; Genetic Conservation 442

15.1 The forces controlling the amounts of variation in a
population . . . . ... ..o 442

15.1.1  The forces or processes which increase or
maintain genetic variation within a population 442

15.1.2 The forces or processes which

n

reduce genetic variation within

apopulation . . . ... ... 445
15.1.3  The interactions of forces or processes

affecting the amount of variation within

apopulation . . . . . ... 445




16

17

Confents

15.2  Using a knowledge of the origins of genetic variation
to solve a practical problem . . . ... .. .. .. ..
15.3  The maintenance of polymorphism in populations
15.4 The need for genetic conservation; methods of
COnFervation . . . .h ee wie e simrEeH e £
15.4.1  The need for genetic conservation and the
value of some old varieties . . . . .. ...
15.4.2  Conservation programmes and methods of
genetic conservation . . . . . ... ... ..
SupgeatetlReadingr s i penn LR RIE BIDTS e, L L L

Genetic Methods of Insect Pest Control

16.1  Inweduction= iinioo caniaticdd aeasieidl ol Iteitg
16.2  The release of sterile insects, or of fertile insects
giving inviableprogeny ... .............
16.3 The breeding of insect-resistant varieties . . . . . . .
songgested-Reading ... A L s e e

Reproductive Physiology in Plants, Animals and
Humans; Crossing Methods

e R i 1 1 e S L= bt
17.1.1  Plant sexual reproduction . . . . ... ...
17.1.2  Incompatibility in higher plants and ways of
overcomingit . .. .. ... L. ... ..
17.1.3  Crossing methods . . . .. .. ... .. ..
17.1.4  Getting uniform fruit, seed or bud ripening .
17.1.5  Somaclonal variation and vegetative
propagation; grafting and rootstocks
17.1.6  Plant protoplast fusion . . . .. ... ...
17.1.7  Gene expression and natural and artificial
selection at the haploid stage . . . . . . ..
172 Animals . ............... ... .....
17,21  Sexratios . . . . . . v v v i
17.2.2  Flow cytometry for sexing sperm . . . . . .
17.2.3  Anatomy, progeny per pregnancy, and
temperatureeffects . . .. ....... ..

wnin

452
461

462
462

463
466
469

470

470
470

477
481
483

484
494

495
496
496
497




XX

17.3

Applied Genetics of Humans, Animals, Plants and Fungi

17.2.4  Breeding seasons and oestrous cycles . . . .
17.2.5  Sperm; natural and artificial insemination

17.2.6  Egg transplantation and embryo freezing . .
1727  Animalcloping . .. .. s e e
Himans: o0 o e e e e RIS s

SuggestedReading . . . . . . ... o

18 Applied Fungal Genetics

18.1

18.2
18.3
18.4
18.5

18.6

General fungal genetics: life cycles; wild-types and
mutants; spore types; control of sexual and vegetative
fusions; GENOMICS . . - . 4 o =« v v oo v 0w v e
181/1 Lifecycles. . . . . - .+ v o 00w au Ty
18.1.2  Wild-types and mutants . . . . . . ... . -
IRIFS SPOEBS . . . o« i-nc daa we s e
18.1.4 The control of vegetative and sexual fusions
18.1.5  Fungal genomics: nuclear, mitochondrial and
plasmid . . ... ... e
The commercial importance of fungi . . . . .. . . -
Recombination and sexual mapping . . . . . .« . ..
The parasexual cycle and parasexual mapping
The induction and isolation of mutants, including
auxotrophs . . . . . . . . . c e oo e e e
Obtaining improved strains for industry . . . . . . ..
18.6.1 Aimsandmethods. ... ... .......
18.6.2 Different aims in different yeasts . . . . . .
18.6.3 Improving baker'syeast . . . . . ... ...
18.6.4  Improving enzymes in industrial fungi . ..
18.6.5  Penicillin production . . . . . . . ...

Suggested ReAdING . . » oy onismammranp o spdidor o

19 The Economics of Agricultural Products and
Breeding Programmes

19.1

Basic economics: economic systems; price theory;
factors affecting supply and demand; perfect and
imperfect competition; monopolies; inflation . . . . .

501
505
510
511
513
516

519

519
519
522
523
524



Contents KK

19.1.1  Factors of production; types of economic

ByStem . . . .. .. ..l a e e e e 562

19.1.2 Pricetheory . . ... ... ... ..., 564

19.1.3  Types of competition . . . ... ... ... 570

1914 . Inflatlom . - vosvwim i e e 574

19.2  Economics applied to agriculure . . . . . ... ... 575

19.2.1  Gluts and shortages; how governments
intervene in agriculture; European Union

policies .. ................. 575
19.2.2  Seasonal and perishable produce . . . . . . 381
1923 The value of rarities . . . . . .. ... ... 582
19.2.4  “Health foods™ and “organic” products . . 585
19.2.5  Discounted cashflow assessment of hn.cdmg
PrOYAtIIEen - . L L S 588
1926 [Breeders'nghts . . ... ... 0000 .. 390
19.27  Breeding or using for niche markets . . .. 592
19.2.8  Who does the breeding? . . . . . ... ... 593
sugwested Beading, . ', .. W b SL el L 504

Index 595




