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morphogenesis and assembly pathways,

52–55, 54f
morphogenesis experiments,

119–120
mutant phenotypes, 73–74
recombination frequency, 76–77
selective crosses, 77–78

Phenotypes. See also specific phenotypes

causative mutation, 9–10
complementation analysis, 27–29
complex, 131–136
complex disease, 203–205
definition, 7
dominance and recessiveness, 17–22,

24–27
genotype connection, 22–24
haploinsufficient, 26
loss-of-function, 25, 105
null, 26, 174, 196
penetrance and expressivity, 22–24
qualitative differences in, 23
simple Mendelian disease phenotypes,

195–202
strength of mutant, 79
synthetic, 132–135
wild type, 10

Phenotypic effects of mutations in conserved
DNA, 174–179

cis-acting regulatory sites, 177
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Phenotypic effects of mutations in conserved
DNA (Continued)

long noncoding RNAs (lncRNAs), 178
micro-RNAs, 178
noncoding RNAs, 177–179
protein-coding sequences, 174–176
transcribed noncoding sequences in genes

that encode proteins, 176–177
Philadelphia chromosome, 98, 98f, 162
Phosphorylation, 64
Phylogenetic tree, 168f
PKD database, 201–202
PKD1/PKD2 genes, 201–202
Plaque, 74
Plaque assay, 73–74, 75–77
Plaque morphology mutants, 73–74, 76–77, 76f
Plasmid, 158
Plasmin, 163–164
Plasminogen, 163–165
Plasmodium falciparum, 20–21
Point mutations, 94–97, 161, 174–175
Polycistronic messenger RNA (mRNA), 142, 148
Polycystic kidney disease, 201–202
Polygenic inheritance, 132
Polymerase chain reaction (PCR), 12
Polymorphisms, 10–12, 38–42, 39f–41f, 44, 187,

190
amplified fragment length polymorphisms

(AFLPs), 12
definition and usage of term, 10
DNA polymorphisms, 10, 11, 13, 14, 38–42,

39f–41f, 44, 187, 190
as genetic markers, 13
haplotype, 42–43
linkage mapping, 11, 196
linkage phase, 42, 43f
restriction fragment length polymorphisms

(RFLPs), 11, 13, 39
segregation of polymorphic loci

single locus, 39–40, 39f
three loci, 41, 41f
two loci, 40, 40f

short tandem repeat (STR), 11–12, 13
single-nucleotide polymorphism (SNP), 12,

186–192, 192f, 193f, 203–204
variable number tandem repeat (VNTR),

11–12, 13, 39
Polypeptide, cistron and, 83–84, 91
Pontecorvo, Guido, 81, 84, 85
Population genetics, human, 181–194
Positive control, 148–149
Positive selection, 171

Posttranslational protein modification, 64
Precursor (pre-) mRNA, 176
Pringle, John, 128
Proline biosynthesis, 124–125, 124f
Promoter fusions, 159–160
Promoters, 139–140

human protein production in E. coli, 157–159
lac, 143, 144f, 146, 156
mutations, 146

cis-acting, 157
in laboratory selection assays, 162

transcription initiation and, 154, 155
Protease domain, t-PA, 164–165, 164f
Protein fusions, 160
Protein interaction suppressors, 117–119
Proteins

domain architecture of proteins and their
genes, 163–166, 164f

human protein production in E. coli, 157–159
mRNA translation, 89, 90f, 91–94
number of amino acids in typical, 94
number of genes encoding, 169
posttranslational protein modification, 64
stability of, 138
transcriptional regulation of gene

expression, 137–152
Proto-oncogenes, 200
Prototrophs, 48–49, 107
Pseudoalleles, 28
Pseudo-revertants, 105, 108, 111–112, 120
Punnett, Reginald Crandall, 183, 194
Punnett square, 33f, 183
Purifying (negative) selection, 171, 176, 177
Purine auxotrophs, 146–147
Purine biosynthesis, 149, 155
Purine repressor, 148, 155

Q
Quantitative analysis, 1–3
Quantitative trait loci (QTLs), 132, 191

R
Random assortment, 31–33
Random drift, 171
Reading frame, 93–94
Recessive, definition of, 18
Recessive disease phenotypes, 196–199
Recessive mutations, 24–25

complementation analysis, 27–29
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enhancer and silencer mutations, 151
Recessiveness, 17–22, 24–27

biological interpretation of, 24–27
implicit experiment and determination of,

17–20
loss of function, 25
Mendel’s description of, 18
non-absolute nature of, 21
null alleles, 26

Recessive oncogenes, 102, 162, 200
Recessive suppressors, 125–127
Reciprocal translocation, 162
Recombinant DNA technology, 157–160
Recombinant gametes, 35–36
Recombination, 31–34, 100–103, 102f

definition and usage of term, 33, 35
frequency of, 35–38, 76–77, 103, 187
gene conversion, 103
homologous (legitimate), 100–101, 102f, 165
illegitimate, 102–103
in meiosis, 187–189
loci defined by failure to recombine, 38
measuring distance between loci by, 35–37
mitotic, 102
in phage, 76–78, 76f
transposition, 103

Recon, 80
Reduction division, 34. See also Meiosis
Regulation

cis-acting elements, 156–157, 162
combinatorial, 150–151
definition and usage of term, 61–62
enhancers, 151
homeostasis and, 66–67, 137
initiation, elongation, and specificity

in macromolecular synthesis,
153–156

at level of enzyme activity, 62–65
at level of enzyme synthesis, 65–67
by multiple inputs, 149–151
negative control, 148
of metabolic pathways, 59–67
operon (see Operons)
positive control, 148–149
posttranscriptional by miRNAs, 178
separable regulatory sites and coding

sequences, 156–157
silencers, 151
transcriptional regulation of gene

expression, 137–152, 156
Regulatory pathways, 55–57, 56f
Regulon, 142, 155

Replication, DNA, 88, 157
Repressible, 141
Repressible system, 149
Repression, 66
Repressors

cis-acting mutations, 157
corepressors, 148, 155
definition, 148
Lac repressor, 143, 144f, 145–148, 151, 155,

202
purine repressor, 148, 155

Restriction fragment length polymorphisms
(RFLPs), 11, 13, 39

Retinoblastoma, 201–202
Revertant frequency, of mutations, 79
Revertants. See also Suppression

pseudo-revertants, 105, 108, 111–112, 120
true, 105, 108, 113

RFLPs. See Restriction fragment length
polymorphisms

Rheumatoid arthritis, 193, 193f
Ribosomal ambiguity suppressors, 115
Ribosomal RNAs, 177
Ribosome-binding site, 158
Ribosomes, 91, 139, 153
RNA

structure, 88
transcription, 89–91, 90f
translation, 89, 90f, 91–94

RNA polymerase, 90f, 118–119, 138
as multisubunit structure, 83–84
catalytic subunits, 153
cis-dominant phenotypes and, 157
promiscuity of, 155
promoter interaction, 139–140
RNA polymerase II holoenzyme, 156
transcription factors, 151

RNA splicing. See Splicing
RNA-splicing defects, 175, 176
Rotman, Raquel (Sussman), 72, 74, 84
rpoB, 118–119

S
Saccharomyces cerevisiae

as prototroph, 48
genome size, 169
introns, 176

Saccharomyces Genome Database (SGD), 167
Saliva sample, for genetic testing,

38–39
Schekman, Randy, 129
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Schizophrenia, 205
Segregation

Mendelian, 39–40
of polymorphic loci

single locus, 39–40, 39f
three loci, 41, 41f
two loci, 40, 40f

Selection, 174
extreme, 183
laboratory selection assays, 161–163
positive, 171
purifying (negative), 171, 176, 177

Selective crosses, 77–78
Sequence databases, 167
Sequence homology, 100
Sex chromosomes, 8–9
Sex determination in Caenorhabditis elegans,

127
SGD (Saccharomyces Genome Database), 167
Short tandem repeat (STR) polymorphism, 11–

12, 13
Sickle cell anemia, 20–22, 172, 198
Sickle cell trait, 20–21
Signal sequence, 164–165, 164f
Signal transduction

mutations affecting, 200–201
pathways, 55–57, 56f, 127
recessive functional suppression and, 127

Silencers, 151
Silent mutations, 96
Single-nucleotide polymorphism (SNP), 12, 39,

42, 186–192, 192f, 193f, 203–204
Snapdragons, flower color in, 19
SNPs, 39, 42
Somatic mutation, 14
Spinocerebellar ataxia, 199
Spliceosome, 176
Splicing, 90–91, 139, 154, 165

defects, 175, 176
Statistical significance, 3
Statistics, 43–45

likelihood ratio, 46
LOD score, 46

Stop codons, 91, 92t, 94, 154, 158
nonsense suppressors, 109–112

STR (short tandem repeat) polymorphism,
11–12, 13

Structure, 5, 6
Sturtevant, Alfred, 32, 45, 97, 104
Substitution mutations, 95
Suppression

by frameshift mutations, 112–115

definition, 105–106
dosage, 122–123
functional, 117–128
genetics, 105–115
genetic test for, 109

Suppressors
bypass, 124–125, 124f
extragenic, 106
functional, 109
genetic properties of, 106–112
informational, 109
intragenic, 106
mutual interaction, 121–122
nonsense, 109–112
with novel phenotypes, 119–121
protein interaction, 117–119
recessive, 125–127
ribosomal ambiguity, 115
tRNA-based frameshift, 115

Swiss Prot Diseases and Variants (database), 14
Synergistic interaction, 134
Synonymous mutations, 95–96
Synthetic lethality, 132, 134, 135
Synthetic phenotype, 132–135
Szilard, Leo, 62–63, 68

T
T4. See Bacteriophage T4
Temperature-sensitive (Ts) mutations, 74–75,

119–121, 122, 134
Template strand, 93, 138
Termination codons, 154, 158
Termination factors, 154
Test cross, 18
Thought experiment, 17
30 untranslated region (30 UTR), 176, 177, 178
Tissue-type plasminogen activator (t-PA),

163–165, 164f, 173
TMG, 207
TP53 gene mutation, 14, 196–197, 197f
Transcription, 89–91, 90f

basics of, 138–140
Transcriptional regulation of gene expression,

137–152
Transcription factors, 151
Transfer RNA (tRNA), 92, 177
Translation, 89, 90f, 91–94, 139, 154
Translocations, 97–98, 98f, 161–162
Transmission coefficient, 79
Transporters, 162, 172
Transposition, 103
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Transposons, 99–100, 103, 202
Tree of life, evolutionary, 168f
Trinucleotide repeat alleles, 199–200, 205–206
Trios, 205
tRNA-based frameshift suppressors, 115
tRNAs, 92, 177
True breeding, 2
Tryptophan

auxotrophs, 62, 65, 107–109, 111–112, 131
biosynthesis regulation, 62–63,

65–66
chemical structure, 63f

Tryptophanase, 207–208
Tschermak von Seysenegg, Erich, 15
Tubulin, 125
Tumor cells, in laboratory selection assays, 161–

163
Tumor-suppressor genes, 102, 162, 175, 196, 200,

201–202, 206
Two-factor cross, 35–37

U
Umber mutations, 110
Upstream, 48, 139

V
Variable number tandem repeat (VNTR) poly-

morphism, 11–12, 13, 39
Vector, 158
Virus integration into genome, 100

W
Watson, James, 100, 104
Weinberg, Wilhelm, 182, 194
Wexler, Nancy, 199, 205
Wild type, 10, 13–14
Wood, William B., 52–53, 57
WormBase, 167

X
X chromosome, 8–9

fragile X syndrome, 199
inactivation, 178

Y
Y chromosome, 8
Yeast

actin mutations, 121–122, 127, 134
auxotrophs, 107–112
conditional-lethal mutations, 122–123
dosage suppression, 123
genome-scale genetic interactions, studying,

134–136, 135f
genome size, 169
laboratory selection assays, 161–163
MAPK protein, 123
network of functional relationships among

genes, 135f
suppressor mutations and, 120–121
synthetic lethality, 134
transporters, 162, 172
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