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allele peaks, 75–79
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likelihood ratios, 88–89
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national databases, 80–84
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simple mixtures, 84–88

STR typing, 68–72

thresholds, 75–76

databases

mtDNA, 115, 117

national, 80–84, 157–158
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defense hypothesis, 89
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differential DNA extraction, 72, 88, 120
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148–149, 150, 151

discrimination power, 22–23
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DNA extraction, 37, 57–59, 66
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process; RFLP; STR typing

first use of, 40–41

legal challenges, 156

limitations, 156, 158

uncertainty, 156

DNA, parental see parental DNA

DNA sequencing see sequencing DNA

DNA structure, 8, 9

DNA Technology in Forensic Science

(NRC), 45

DNA Wars, 44–45

domain irrelevant context, 139–140

DQα (DQA1) system, 48

DTC see direct-to-consumer DNA kits

dyes/visualization methods, 98–100

EDNAP (European DNA Profiling Group),
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allele peaks, 75–79, 84

low copy numbers, 94

STR typing, 63, 64, 69

thresholds, 75–76
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electrophoresis; gel electrophoresis

elimination samples, 18, 56–57, 74,
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EMPOP (European mtDNA Population
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epigenetics, forensic, 136–137

epithelial cells, 5

ethical concerns, 137

Europe, national databases, 80

European DNA Profiling Group (EDNAP),
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European mtDNA Population Database

(EMPOP), 115, 117

European Network of Forensic Science

Institutes (ENFSI), 80–83

The Evaluation of Forensic DNA Evidence

(NRC), 45

evidentiary samples, 5–6

exclusions, persons of interest, 5–6, 23,

33–34, 79

externally visible characteristics

(EVP), 152

extraction see DNA extraction

eye color, 152

familial DNA searches, 83, 123–124,

146–148; see also parental DNA;

paternity testing

FDP see forensic DNA phenotyping

first-generation forensic DNA, 35–36, 49

PCR, 46–48

RFLP, 36–46
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forensic DNA, emerging issues, 138,
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complex mixtures, 138–140
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controversial cases, 144–146, 149–151

familial DNA, 146–149

forensic DNA phenotyping, 151–153

proprietary software, 140–141

reliability, 141–143

forensic DNA phenotyping (FDP), 126,

127, 151–153, 155

forensic epigenetics, 136–137

forensic genealogy, 128–129

forensic sampling, 17–19

forensic serology, 3

gel electrophoresis, 27–28, 37–39, 53
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commercial companies, 148–149, 153

forensic, 128–129

investigative genetic genealogy, 146,

148–149, 150

genetic imputation, 128–129

genetic marker systems, 22, 28

genetics and heredity, biological

identification, 6–10

Genome Reference Consortium GRCh38

human genome, 128

genotype identification, STR typing,
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genotypes/phenotypes, 20–21

blood groups, 20–21

gloves, preventing contamination, 102

Golden State Killer, 149–151

Grim Sleeper, 147–148

hair loss/hair type, 152

haplotypes/haplogroups, 109–110, 113;

see also microhaplotypes

hemp plants vs. marijuana plants,

DNA, 135

heredity, rules, 10, 16, 20–21

heteroplasmy, mtDNA, 114

heterozygous types, 11

HIrisPlex system, 152

historical testing, 2–3

homozygous types, 11

Human Genome Project (HGP), 127

human trafficking, 2

hypervariable regions, mtDNA, 111

identification see biological; casualty;

genotype and individual

identification

identity informative SNPs (IISNPs),

126

inclusions, persons of interest, 5–6, 23,

33–34, 79

indirect transfer of DNA, 103–104

individual identification, 126

inheritance patterns, 110–111

instrument performance, 66

internal size standard, 79

interpretation see data analysis and

interpretation

investigative genetic genealogy (IGG),

146, 148–149, 150

IrisPlex system, 152

isoenzymes, 26–28

Jeffreys, Sir Alec, 39–41

judicial system, xix

junk DNA see non-coding DNA

justice vs. science, 156

kinship analyses see familial DNA

searches

Landsteiner, Karl, 19

LCN see low copy numbers
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software, 143–144

STR typing, 62

Lewinsky, Monica, 46

likelihood ratios, 88–89

lineage markers, 109–110, 124
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123–124

inheritance patterns, 111

linkage, SNPs, 130–131

Locard’s exchange principle, 97–98

loci, STR, 51

low copy numbers (LCN), 93, 94–97,

108

Amanda Knox case, 105–106

LTDNA (low template DNA) see low copy

numbers

M-Vac system, 107

marijuana plants vs. hemp plants,

DNA, 135

mass fatality incidents, 131–133

massively parallel sequencing (MPS), 128

methodology, xx, 3, 107–108

methylation, 136–137

microbial forensics, 135–136

microhaplotypes, 130–131

migration maps, using mtDNA,

115–116, 117

misconceptions/misunderstandings, xix,

1, 35–36, 70–72, 82–83, 138, 139,

156–158

missing peaks, 77–79

missing persons, 2, 152–153

mitochondrial DNA (mtDNA), 6, 109,

111, 158

analysis and interpretation, 113–115

databases, 115, 117

early cases, 112

historical case – last Tsar, 116–119

Rodriguez case, 25–26

sequence data, 112–113

mixed samples see complex mixtures;

simple mixtures

molecular probes, 39

MPS (massively parallel sequencing), 128

Mullis, Kary, 47

multiplex kits, 62

murder cases, 90, 91

national databases, 157–158

DNA profiles, 80–83

search results vs. conclusions, 83–84

National DNA Index System (NDIS),

80–81, 81

negative controls, instrument

performance, 66

next-generation sequencing (NGS), 128,

130, 138

case examples, 128–129

drawbacks, 131

Nicholas II (Russian tsar), 116–119

non-coding DNA, 37, 39, 111, 156

non-human DNA, 133

non-recombining region, Y chromosome

(NRY), 119–120

nuclear DNA, 6–8

vs. lineage markers, 111

nucleotides, 8–10

off-ladder alleles, 78–79

organizations, forensic DNA community,

65–66

Paradise, California, wildfire, 131–133

parental DNA, 124

autosomal STRs/lineage markers,
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lineage markers, 109–110

mitochondrial DNA, 111–119

patterns of inheritance, 110–111
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X-chromosome markers, 122–123

Y-chromosome markers, 119–122

partial matches, database searches, 83

paternity testing, 2, 21–22

PCR (polymerase chain reaction), 49,

57, 73

advantages, 46–48

amplification, 59, 77, 78, 94, 113, 127

early techniques, 48

peaks, allele, 75–76, 77–79, 85–88

persons of interest (POI), 2, 5–6, 23,

33–34, 79

PGS systems see probabilistic genotyping

software systems

phenotypes/genotypes, 20–21

blood groups, 20–21

phenotypic informative SNPs (PISNPs),

126, 127, 151–153
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polymerase chain reaction see PCR

polymorphic antigens, 19–20

population frequency data, 28–31, 32–33,

45, 68–72, 69

population samples, 71, 157

positive controls, instrument

performance, 66

President’s Council of Advisors on

Science and Technology

(PCAST), 142

presumptive testing, 4

primary transfers, 17

primers, amplification, 59, 60

probabilistic genotyping software (PGS)

systems, 77, 139–143

probability and statistical approaches,

xix–xx, 1, 157; see also likelihood

ratios

rules of heredity, 10–16

variations, 144

product rule, 14, 15

blood and isoenzyme types, 28–31

independence, 33

secretor status/blood group, 23

STR loci, 51, 64

profile frequency estimates, 68–72

proprietary software, 140–141

prosecution hypothesis, 89

prostate-specific antigen (PSA), 5

quality assurance and control (QA/QC),

STR typing, 64–67, 65

quantitation, STR typing, 59

questioned vs. known (Q vs. K)

comparisons, 5–6, 76, 79–80

random match probabilities, 12–13,

70, 72

rapid DNA instruments, 131–133

rare/common types, 14–16

rCRS see Cambridge Reference Sequence,

revised

red blood cells, 19

reference samples, 5–6, 56–57, 74, 76,

88, 114, 146

reference sequence, 128

restriction enzymes, 37

RFLP (restriction fragment length

polymorphism), 36–37

drawbacks, 43–44

early cases, 39–46

mutation/mutation rates, 39

process, 37–39

Rhesus (Rh) factor, 22

Richard III (English king), 126–127

Rodriguez case, 24–25

Russian royal family tree, 118

samples

collection/characterization, 56–57

comparisons, 5–6

control, 41, 61, 65, 66, 106, 144

directed/targeted, 100
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science vs. justice, 156

secondary transfers, 17, 97–98

secretors/non-secretors, 22–23, 25

sexual assault cases, 33

semen stains, 22–23, 72

sequencing DNA, 127–128

mtDNA, 112–113

STRs, 129–130

sexual assault cases, 90

mixed samples, 58–59, 72

pre-DNA investigations, 33

short tandem repeats see STR typing

simple mixtures, 84–88
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legal challenges, 143–144

PGS systems, 77, 139–143

proprietary, 140–141

validation, 144

standard operating procedure (SOP),
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Starch Wars, 28

statistical approaches see probability and

statistical approaches

sterilization, forensic laboratories,

96–97, 102

stochastic effects, 75–76, 94–96

STR (short tandem repeats) typing, 37,

50–51, 73, 157

collection and characterization, 56–57

commercial kits, 60–62

current methods, 53–56

dangers of contamination, 67

extraction, 57–59

first and last concept, 151

genotype identification, 62–64

identification of biological sex, 51–53

interpretation, 68–72

national databases, 82–83

next-generation sequencing, 129–130

quality assurance and control, 64–67

quantitation and amplification, 59–60

sexual assault cases, 72

X-chromosome markers, 122–123

Y-chromosome markers, 119–122

stutter products, 78, 84, 96

subjectivity, mixture interpretation,

139

successive classification, biological

identification, 5

surface depositions, 17–18

swabbing, 57, 107

taping, 107

techniques/methodologies, xx, 3,

107–108

technologies, emerging, 125, 138

case examples, 128–129, 134

DNA and marijuana, 135

DNA sequencing, 127–128

drawbacks, 131

forensic epigenetics, 136–137

linkage and microhaplotypes, 130–131

microbial forensics, 135–136

non-human DNA, 133

rapid DNA instruments, 131–133
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SNPs, 125–127

thresholds, 75–76
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indirect transfer, 103–104

locating, 98–100

low copy number, 94–97

shedders, 102

sources, 97–98

tools and techniques, 107–108

transfer/background/contamination,

100–103

transfers, 98, 100–102, 103–104

Amanda Knox case, 104–107

chains/sequences, 17–18, 98

primary, 17

secondary, 17, 97–98

trace evidence, 97–98

23andMe, 80

two-person mixtures, 84–88

major/minor contributors, 86, 87

type probabilities, 12–13

United Kingdom, national database, 80

United States, national database, 80–81

United States vs. Yee, 44

vacuum system, 107

vaginal swab evidence, 72

validation, software, 143, 144

vasectomy, 72

visualization methods, 98–100

VNTR (variable number tandem repeats),

37, 39–41, 50

white blood cells, 19

Wraxall, Brian, 26

X chromosomes, 51–53

X-chromosome markers, 122–123

Y chromosomes, 51–53

Y-chromosome markers, 119–121,
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case example – Thomas Jefferson,
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Y-STRs (short tandem repeats), 120

database searches, 146–147

mutation rates, 120
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