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deoxyribonucleotide triphosphate synthesis
(dNTP synthesis), 125

5’-Deoxyribose phosphate (dRP), 277-280, 464
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592-593
2,6-Dichloroisonicotinic acid (INA), 626-627
Diet, 543
Dietary
excess, 544, 544f
protection against GI, 546-549
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protection against GI
bioactive food components, 548-549
classic nutrients, 546-548, 547t
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DLB. See Dementia with Lewy bodies (DLB)
Dmcl, 147
DNA, 555, 657
archaeal UV response on DNA sharing,
56-57
and chromatin interrelationship, 487-488
coliphages, 39-40
cross-links, 313-314
demethylases, 620
demethylation, 291
double helix, 174, 569-571
elimination in ciliates, 426
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SSBs with tyrosyl-DNA covalent linkage, 277
transcriptional regulation by DNA
methylation, 417

DNA damage tolerance (DDT), 498-502, 499f
checkpoint signaling, 500-502
chromatin, 500-502
EF-DDT, 500
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repair (DNA DSB repair)
DNA methylation, 13-15, 410f, 414f, 556-557,
557¢£, 589-590
cellular functions, 420
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652f

MMR, 465-468, 467f, 654

NER, 653-654
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450, 468
DNA -repair synthesis (DRS), 283, 645
DNMT. See DNA methyltransferase
(DNMT)
DNMT3B gene, 3915
dNTP synthesis. See deoxyribonucleotide
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DSBR. See Double-strand break repair (DSBR)
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Estrogen receptor (ER), 473474
Ethylmethane sulfonate (EMS), 146, 164, 204
5-Ethynyl-2’-deoxyuridine (EdU), 641-642
fluorescent labeling, 642
incorporation, 643
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“Futile DNA-repair cycle” model, 657-658
Futile repair loop, 158-159

FXS. See Fragile X syndrome (FXS)

G
G-quadruplex structures (GQ structures),
357, 358f
G-T repeat sequence, 156
G1/S checkpoints, 375
cell-cycle checkpoint, 235-236
G2/M checkpoints, 375
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PRR. See Postreplication repair (PRR)
psiRNA. See prokaryotic siRNAs (psiRNA)
PSUI1 loci, 401
PTEN gene, 346, 546-547
PTGS. See Posttranscriptional gene silencing,
(PTGS)
PTMs. See Posttranslational modifications
(PTMs)
3-PUA. See 3'-Phospho-a, 3-unsaturated
aldehydes (3"-PUA)
PUFA. See Polyunsaturated fatty acids (PUFA)
Pulmonary dysfunction syndromes, 572



Purines, 12

Putative CBS, 105

Putative mechanism, 354

Pyrimidine dimmers, 206

(64) pyrimidone photoproducts (6—4PP). See
6—4 photoproducts (6-4PP)

Pyrococcus furiosus (P furiosus),
92, 194

Q

QCT. See Quinocetone (QCT)

QDE-1. See Quelling deficient-1 (QDE-1)
gde-2 expression, 435436

quantitative PCR (qPCR), 167, 533
Quasispecies, viruses as, 23

Quelling deficient-1 (QDE-1), 435
Quinocetone (QCT), 548

Quinolone antibiotics, 71

R
R-genes. See Resistance genes (R-genes)
R-loop hybrids. See RNA-DNA hybrids
(R-loop hybrids)
Rad9-Rad1-Hus1 complex (9-1-1 complex),
175, 375
Rad17-replication factor
C complex, 375
RADI18 protein, 258, 263f
activation, 260-262
damage—tolerance, 257-258
DDR, 257-258
DNA damage—avoidance mechanisms,
257-258
DNA replication—independent RAD18
activation and TLS, 262-264
functions in error-free PRR via template
switching, 264-265
identification of RAD18-RAD6, 258-259
physiological roles, 266
developmental roles, 266
in tumorigenesis, 266-267
PRR, 257
RADI18-mediated PCNA
monoubiquitination, 259
structure, 259-260
TLS polymerase switch, 259
TLS-independent roles in genome
maintenance, 265-266
transcriptional and posttranslational
regulation, 262
TS-independent roles in genome
maintenance, 265-266
Rad18~"~ mice, 266
Rad50 protein, 118, 121-123
Rad51 protein, 124, 338, 587, 636
loading, 339-341
paralogs, 339-341
protein monomers, 172
Rad52 protein, 214, 532
Rad53 protein, 381
Rad54 protein, 339
RADS54a protein, 205
RadA protein, 655

Radiation
dosage, 571-572
radiation-induced genome instability,
586-588
bystander effects, 588
transgenerational effects, 586-588
transgenerational genome instability,
586-588
risk, 603-604

Radiosensitive severe combined immunodefi-
ciency (RS-SCID), 322, 326

Radiotherapy (RT), 574-575

Radium emanation, 575

Radon gas, 575-577

“Radon spas”, 576

RAG. See Recombination activating gene
(RAG)

RAPI. See Repressor/activator protein 1
(RAP1)

Rb. See Retinoblastoma (Rb)

RB tumor-suppressor protein. See Retino-
blastoma tumor-suppressor protein (RB
tumor-suppressor protein)

RBE. See Relative biological effectiveness
(RBE)

RCM. See Repressive chromatin marks (RCM)

rDNA. See Ribosomal DNA (rDNA)

RdRp. See RNA-dependent RNA polymerase
(RdRp)

Re-assortment, 26

Reactive oxygen species (ROS), 163, 203,
266-267, 277, 321, 447, 469470,
493-494, 511, 558, 569-571, 602, 635

ROS1, 620-621

Really-interesting gene (RING), 258-259

rec gene, 148

RecA proteins, 218

RecBCD end-processing complex, 63—64

Recombination, 28

initiation, 147

repair, 61-62

resolution and dissolution of intermediates,
125-126

Recombination activating gene (RAG), 327

Recombination signal sequences (RSS), 327

Recombination-dependent DNA replication. See
Break-induced replication (BIR)

RecQ, 592

RECQ-related diseases, 450-453. See also
NER-related diseases

ICLR pathway, 451f
types of DNA arrangements, 451f

RECQLA4, 452

Red meats, 544-545, 545f

Reduced potassium dependency protein 3/
histone deacetylase 1 (RPD3/HDA1),
623

Regulating gene transcription, 410411

Relative biological effectiveness (RBE), 573,
601-602

Rep. See Replication-initiation protein (Rep)

Repair model, 391-392, 397-398

Repair synthesis, 288-289

Repeat variable diresidue (RVD), 191

Repeat-induced point mutation (RIP), 435
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Replication
checkpoint, 257
errors, 513
BS, 515
RTS, 515
WS, 514-515
in nucleus, 400—403, 401f
replication-related proteins, 395
replication—initiation paucity model, 401, 403
stress, 495, 498, 513
BS, 515
checkpoint signaling, 500-502
chromatin, 500-502
DDT, 498-502, 499f
EF-DDT, 500
fork stability/restart by HR upon, 341-342
histone H3-K79me3 modification, 501f
model of NuA4, 502f
PCNA modification, 499
RTS, 515
TLS-damage tolerance, 500
WS, 514-515
timing, 400
Replication factor A2 (Rfa2), 382
Replication factor C (RFC), 211, 414-416,
465-468
Replication fork, 492
collapse model, 401
HR in reactivation, 342f-343f
DNA DSB-repair pathway choice and
consequences, 343-344
fork stability/restart, 341-342
Replication fork block site (RFB), 532
Replication protein A (RPA), 118-120,
170-172, 211, 261, 305, 363, 375,
414-416, 464465, 655
RPA-ssDNA, 261
Replication-initiation protein (Rep), 192
Replicative templates, 26
Repressive chromatin marks (RCM), 624f
Repressor/activator protein 1 (RAP1), 354, 359
Resistance genes (R-genes), 621-622
Resolvases, 146
Restore model, 391-392, 397-398
Restriction-modification system (RMS), 87
Restriction-modification systems, 62—-64, 63f
Resveratrol (RSV), 548
Retinoblastoma (Rb), 373
Retinoblastoma tumor-suppressor protein (RB
tumor-suppressor protein), 456—457
Retroviruses, 23
Reverse transcriptase, 23-27
Reverse-transcriptase domain
(RT domain), 356
Rfa2. See Replication factor A2 (Rfa2)
RFB. See Replication fork block
site (RFB)
RFC. See Replication factor C (RFC)
RFS-1 Interacting Protein (RIP-1), 172
RFS-1, 172
Ribonucleoprotein (RNP), 354, 591-592
5S RNP, 530
Ribonucleotide reductase (RNR), 263
Ribosomal deficiency of nucleolar stress,
530-531
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Ribosomal DNA (rDNA), 399, 435436, 519,
527-528
neurodegeneration-associated instability, 531
in brain, 533-534
mechanisms in nonneuronal systems,
532-533
neurodegeneration-associated instability of
rDNA, 534-535, 535f
in nonneuronal systems, 531-532
theory of aging, 519
Ribosomal proteins (RPs), 529-530
ribosomal RNAs (rRNAs), 425
Riboviruses, 23
RING. See Really-interesting gene (RING)
RING domains, 259-260
RING finder protein 8 (RNFS), 231, 323-324
Ring-shaped structure, 396
RIP. See Repeat-induced point mutation (RIP)
RIP-1. See RFS-1 Interacting Protein (RIP-1)
RISC. See RNA-induced silencing complex
(RISC)
RMS. See Restriction-modification system
(RMS)
RNS5S loci, 401
RNA interference (RNAi), 106-107, 166
RNAI system, 88
RNA Polll. See RNA polymerase II (RNA
PollI)
RNA polymerase (RNAP), 59
RNA polymerase IT (RNA Polll), 464-465
RNA viruses, 21. See also DNA viruses
advantage of mutability, 31
benefit, 30
cellular factors on virus mutation rate, 27-28
elegant studies, 30
genetic heterogeneity, 29
genome structures and genome replication
strategies, 24f
infection cycle, 22f
mechanisms underlying genetic robustness
in, 28-29
multiplication, 21-23
neutral networks, 29f
recombination, 25-26, 26f
replication mechanisms, 23
replication mode on mutation frequency, 27
viral determinants of mutation rate, 25
viral polymerase as source of error, 23-24
virus genetic variability, 30-31
viruses as quasispecies, 23
virus—host “arms race”, 30-31
RNA-binding proteins, 425
RNA-dependent RNA polymerase (RdRp), 23,
435
RDR6a, 190
RNA-induced effects, 557-558
RNA-induced silencing complex (RISC), 590
RNA-polymerase-1 (Poll), 527-528
DNA damage—sensing role, 528
RNA-polymerase-2 (Pol2), 528
RNA-Polymerase-3 (Pol3), 532
RNA-DNA hybrids (R-loop hybrids), 403
RNAI. See RNA interference (RNAI)
RNAP. See RNA polymerase (RNAP)
RNEFS8. See RING finder protein 8 (RNF8)

RNP. See Ribonucleoprotein (RNP)

RNR. See Ribonucleotide reductase (RNR)

RNUI loci, 401

Rod/Zwilch/Zw10 complex (RZZ complex),
176-177

ROS. See Reactive oxygen species (ROS)

Rothmund-Thomson syndrome (RTS), 448,
450-453, 514-515

RPA. See Replication protein A (RPA)

RPD3/HDAI. See Reduced potassium
dependency protein 3/histone
deacetylase 1 (RPD3/HDA1)

RpoS-mediated stress response, 71

RPs. See Ribosomal proteins (RPs)

rRNAs. See ribosomal RNAs (rRNAs)

RS-SCID. See Radiosensitive severe combined
immunodeficiency (RS-SCID)

12-RSS. See 12 Base pair spacer (12-RSS)

23-RSS. See 23 Base pair spacer (23-RSS)

RSS. See Recombination signal sequences
(RSS)

RSV. See Resveratrol (RSV)

RT. See Radiotherapy (RT)

RT domain. See Reverse-transcriptase domain
(RT domain)

RTS. See Rothmund—Thomson syndrome (RTS)

RVD. See Repeat variable diresidue (RVD)

RZZ complex. See Rod/Zwilch/Zw10 complex
(RZZ complex)

S
“S-box”, 262
S-phase checkpoint, 257
activation, 498
checkpoint signaling, 500-502
chromatin, 500-502
DDT, 498-502, 499f
EF-DDT, 500
histone H3—-K79me3 modification, 501f
model of NuA4, 502f
PCNA modification, 499
TLS—damage tolerance, 500
s/n/y. See substitutions per nucleotide per year
(s/nly)
SAC. See Spindle assembly checkpoint (SAC)
Saccharomyces cerevisiae (S cerevisiae),
117-118, 147, 167, 258, 264, 357,
380-382, 384, 487
RADI18 and RADG genes, 258
SAF-A/B, Acinus and PIAS domain (SAP
domain), 259-260
SAGA complex. See Spt-Ada-GenS-acetytrans-
ferase complex (SAGA complex)
SAGA-like complex (SLIK complex), 489
SAH. See S-Adenosylhomocysteine (SAH)
SAHE. See Senescence-associated heterochro-
matin foci (SAHF)
SAM. See S-Adenosyl-l-methionine (SAM)
SAP domain. See SAF-A/B, Acinus and PTIAS
domain (SAP domain)
Satellites, 418419
SAXS. See Small-angle X-ray scattering
(SAXS)
SC. See Synaptonemal complex (SC)

Scaffolding proteins in BER, 282
scan RNAs (scnRNAs), 106-107, 426
model, 106-107, 107f
scaRNAs. See small Cajal body-specific RNAs
(scaRNAs)
SCEs. See Sister chromatid exchanges (SCEs)
Schizosaccharomyces pombe (S. pombe), 156,
357
SCID. See Severe combined immunodeficiency
(SCID)
scnRNAs. See scan RNAs (scnRNAs)
SDII. See Senescent cell-derived inhibitor 1
(SDI1)
SDSA. See Synthesis-dependent strand
annealing (SDSA)
See d sequence, 193
Senescence, 250, 348
Senescence-associated heterochromatin foci
(SAHF), 251, 517
Senescence-associated secretory phenotype,
250
Senescent cell-derived inhibitor 1
(SDI1), 248
Sensing DNA damage, 204-205
Sensors, regulation of, 428—429
Serine 345, 375
SET and ring-associated domain (SRA), 414
Severe combined immunodeficiency (SCID),
228,324
Sexual reproduction, 102-103
sgRNA. See single-guide RNA (sgRNA)
Shelterin(s), 454-455
complex, 354, 358-360, 359f
mutations, 363
SHH pathway. See Sonic hedgehog pathway
(SHH pathway)
SHM. See Somatic hypermutation (SHM)
Short interspersed nuclear elements (SINE),
412, 557
SINE B2, 588-590
Short interspersed nucleotide elements. See
Short interspersed nuclear elements
(SINE)
Short regularly spaced repeats (SRSRs), 88
Short-patch MMR system, 149
Sievert (Sv), 571
Signal recognition particle
(SRP), 527-528
Signal(s), 608—-609
transduction, 230-231
Simple sequence repeats (SSRs), 74
SIN3 transcription regulator family member B
(SIN3B), 456-457
SIN3B. See SIN3 transcription regulator family
member B (SIN3B)
SINE. See Short interspersed nuclear elements
(SINE)
Single nucleotide polymorphism (SNP), 12,
413, 469
single-guide RNA (sgRNA), 425-426
Single-nucleotide filling (SN filling-BER),
281-282
Single-strand annealing (SSA), 120-121, 174,
191-192, 213-214, 234, 341
pathway of HR repair, 121f



Single-strand break (SSB), 58, 163, 203, 233,
276,282, 413-414, 464, 493, 513, 528,
569-571, 587, 635, 652f, 655

base damage and, 276
alkylation, 277
deamination, 277
oxidation, 277
protein, 305
with tyrosyl-DNA covalent linkage, 277

single-stranded DNA (ssDNA), 55-56, 70, 91,

118-120, 230-231, 261, 337, 354, 375
3'—ssDNA, 170-172, 468
breaks, 263
parvoviruses, 42—43

Singlet oxygen (10,), 203-204

siRNAs. See Small-interfering RNAs
(siRNAs)

SIRT1 pathway. See Sirtuin—signaling pathway
(SIRT1 pathway)

Sirtuin—signaling pathway (SIRT1 pathway),
169

Sister chromatid exchanges (SCEs), 258-259,
343

Site-specific inversion system, 75-76

SKOV-3 cellsx, 379

SKY. See Spectral karyotyping (SKY)

Sliding clamp model. See “Molecular switch”;
model

Sliding-clamp model, 311

SLIK complex. See SAGA-like complex (SLIK
complex)

Slippery DNA, 471-472

small Cajal body-specific RNAs (scaRNAs),
357

small nucleolar RNAs (snoRNAs), 425

small RNA (smRNA), 619

small RNA molecules (sSRNA molecules),
106-107

in genome stability, 591-592
piRNA

biogenesis, 591-592

as mediators of epigenetic memory, 592
small RNA-mediated events, 590-592

Small ubiquitin-like modifier (SUMO), 491

Small-angle X-ray scattering (SAXS), 307-308

Small-interfering RNAs (siRNAs), 429, 558,
628

genome stability maintenance, 435-439
DNA strand break—induced small RNAs,
436-439, 438f
in N. crassa, 435-436

SMART. See Somatic mutation and recombi-
nation test (SMART)

SMC. See Structural maintenance of
chromosomes (SMC)

smRNA. See small RNA (smRNA)

SN filling-BER. See Single-nucleotide filling
(SN filling-BER)

snoRNAs. See small nucleolar RNAs
(snoRNAs)

Snowball effects, 593

SNP. See Single nucleotide polymorphism
(SNP)

SOD2. See Superoxide dismutase (SOD2)

Soft inheritance, 624

SOGI. See Suppressor of gamma response 1
(SOG1)
Somatic cell mutation
alterations in microsatellite repeats detected
by PCR, 158f
MMR, 157
in chromosomal recombination, 159f
mutagenicity of X-ray irradiation in
MMR-deficient, 159t
NDMA, 158-159
SMART, 157
somatic cell division, 158
spell, 157
X-ray irradiation, 158
Somatic hypermutation (SHM), 291
Somatic mutation
accumulation theory of aging, 511-512
rates evolution, 9-11
Somatic mutation and recombination test
(SMART), 157
Somatic nuclei, 101-102
Somatic tissues, 587
Sonic hedgehog pathway (SHH pathway),
470-471
SOS response, 55-56, 70-71
Soybean (Glycine max), 190
SP1. See Specificity protein 1 (SP1)
Spartan, 261-262
Species, 3
Species-sensitivity distributions (SSD),
606-607
Specificity protein 1 (SP1), 362
Spectral karyotyping (SKY), 384
spellcheckerl gene (spell gene), 156-157
Spermatogenic cell apoptosis, 592-593
Spindle assembly checkpoint (SAC), 176, 375,
491
Sporadic cancers. See also Hereditary cancer
genomic instability in, 474
chromothripsis, 477
CIN in sporadic cancers, 474475
high-throughput sequencing studies on
CIN, 475-476
hypothesis of mechanisms of CIN, 475
MST in sporadiccancer, 477-478
oncogenes induce CIN, 476-477
Spt-Ada-GenS-acetytransferase complex
(SAGA complex), 489
SRA. See SET and ring-associated domain
(SRA)
sRNA molecules. See small RNA molecules
(sRNA molecules)
SRP. See Signal recognition particle (SRP)
SRSRs. See Short regularly spaced repeats
(SRSRs)
SSA. See Single-strand annealing (SSA)
SSB. See Single-strand break (SSB)
SSB repair (SSBR), 282
SSD. See Species-sensitivity distributions
(SSD)
ssDNA. See single-stranded DNA (ssDNA)
SSPE. See Subacute sclerosing panencephalitis
(SSPE)
SSRs. See Simple sequence repeats (SSRs)
Stamping machine, 27
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Staphylococcus epidermidis (S epidermidis), 88
Stationary models, 656—657
Stem cells, 356
Stichotrichia, 103
Stochastic effects, 574
Strand annealing, 125
Strand discrimination, 311-312
Strand exchange, 339-341
Strand invasion, 118-120
Strand-discrimination signal role in MMR,
656-657
Streffer group, 603
Streptococcus pyogenes (S. pyogenes), 93, 193
Streptococcus thermophilus (S. thermophilus), 88
Streptococcus-like system, 90
Stress, 617-620
changes in chromatin structure, 618
DNA methylation role, 619-622
changes in transposon activity, 621-622
responses on genome instability, 69—-70
cold shock response, 72
heat shock response, 72
interplay between bacteria stress
responses, 70f
polyphosphate-mediated starvation
response, 72
RpoS-mediated stress response, 71
SOS response, 70-71
stringent response, 72
stress-induced premature senescence, 250
transgenerational inheritance regulation of
memory, 627-629
Stressors, 607
Stringent response, 72
Structural maintenance of chromosomes
(SMC), 121-123
proteins, 205
SMCl, 232
SMC5/6, 265-266
Structure—function relationship, 395
Styrene, 545
Subacute sclerosing panencephalitis (SSPE), 27
substitutions per nucleotide per year (s/n/y), 38
Sulfolobus solfataricus (S solfataricus), 90
Sulfonylurea receptor genes, 189-190
SUMO. See Small ubiquitin-like modifier
(SUMO)
“Super-p53” mice, 244
Superoxide dismutase (SOD2), 277
Suppressor of gamma response 1 (SOG1),
204-205
Suppressor of variegation 3-9 homolog 1
(Suv39H1), 418
Suv39h1/2 double knockout, 418-419
SWI2/SNF2. See SWItch/Sucrose nonfer-
mentable (SWI2/SNF2)
SWItch/Sucrose nonfermentable (SWI2/SNF2),
205
family proteins, 618-619
Symbiosis in genome evolution, 3
adaptive evolution, 4-5
changes in structure of organellar genome, 4
mutation rates in organellar genomes, 4-5
symbiotic interactions between viruses,
prokaryotes, and eukaryotes, 5-6
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Symbiotic interaction, 3
between viruses, prokaryotes, and
eukaryotes, 5-6
Synaptonemal complex (SC), 147, 170-172
Synthesis-dependent strand annealing (SDSA),
120, 143, 174, 213-214, 341, 468
“conversion-duplication” events, 144
D-loop, 144145
dHJ, 143-144
HHR model, 144f
I-Scel, 145
Synthetic lethality, 478-480
System-Level Responses, 609

T
T opposite G (T:G), 303
T-cell receptors (TCRs), 321
T-loop. See Telomere loops (T-loop)
T-lymphocytes, 22-23
T-PK. See Template pseudoknot (T-PK)
T:G. See T opposite G (T:G)
T4 mutators, 38-39
TADs. See Topologically associating domains
(TADs)
TALE. See Transcription activator-like effector
(TALE)
TALENS. See Transcription activator-like
effector nucleases (TALENS)
Tamoxifen effects, 559-560
Tandem repeats, 411412
TANK-1, 175-176
Taq. See Thermus aquaticus (Taq)
Targeted DNA-damaging cancer therapy,
247-248
Targeted gene replacement, 338
Targeting bacteriophage genomes, by
CRISPRS/CAS?9, 425-426
TC-NER. See Transcription-coupled NER
(TC-NER)
TCABI. See Telomerase Cajal body protein 1
(TCABI)
TCGA. See The Cancer Genome Atlas (TCGA)
TCR. See Transcription-coupled repair (TCR)
TCRs. See T-cell receptors (TCRs)
TDG. See Thymine DNA glycosylase (TDG)
TDPs. See Tyrosyl-DNA phosphodiesterases
(TDPs)
TdT. See Terminal deoxynucleotidyl transferase
(TdT)
TEBP o. See Telomere end binding protein a;
(TEBP o)
Telomerase
activity in cancer, 362-363
regulation, 354-356
activity in cancer, 362-363
germ cells and embryogenesis, 356
stem cells, 356
RNA, 426
telomere—telomerase interactions and
regulation, 360
Telomerase Cajal body protein 1 (TCAB1), 357
Telomerase reverse transcriptase (TERT), 354,
355f
organization, 356-357

Telomerase RNA component (TERC), 354, 357
Telomere end binding protein o (TEBP a), 360
Telomere end binding protein § (TEBP §), 360
Telomere length homeostasis, 360-362
AA, 361
DC, 361
IPF, 361-362
Telomere loops (T-loop), 358
Telomere(s), 353, 511, 519
DNA damage—prevention system, 363—-364,
364f
as DNA damage—prevention system,
363-364, 364f
dysfunction, 521
human telomeres, 519
instability, 519
length, 354-356
embryogenesis, 356
germ cells, 356
homeostasis and related diseases, 360-362
stem cells, 356
premature aging syndromes, 362
shortening, 519
telomere-associated diseases
and premature aging syndromes, 362
shelterin mutations and telomere-related
diseases, 363
telomerase activity in cancer, 362-363
telomere-interacting proteins
CST protein complex, 360
shelterin complex, 358-360, 359f
telomere—telomerase interactions and
regulation, 360
telomeric DNA structure, 357-358
Telomeric DNA, 357-358, 358f, 519
Telomeric repeat-binding factors 1 (TRF1), 354,
358-359
Telomeric repeat-binding factors 2 (TRF2), 354,
358-359
Temozolomide (TMZ), 277, 417
Template pseudoknot (T-PK), 357
Template repeat (TR), 41
Template switching (TS), 25-26, 257
RAD18 functions in error-free PRR via,
264-265
Template-guided model, 109, 110f
Template-mediated repair, 141
TEN domain. See TERT N-terminal domain
(TEN domain)
Ten—eleven translocation enzymes (TETSs),
409-410
Teratogenic effects, 587
TERC. See Telomerase RNA component
(TERC)
TERFI-interacting nuclear factor 2 (TIN2),
354,359
Terminal deoxynucleotidyl transferase (TdT),
330-331
Terminal transferase, 353-354
TERT. See Telomerase reverse transcriptase
(TERT)
TERT N-terminal domain (TEN domain), 356
TERT RNA-binding domain (TRBD domain),
356
tert-butylhydroperoxide (tert-BH), 169-170

TEs. See Transposable elements (TEs)
Testicular germ-cell tumor cell lines (TGCT
cell lines), 375-376
Tet-repressor proteins (TetR), 399400
Tetrahymena, 426
T. thermophila, 103, 353-354, 356-357
TETs. See Ten—eleven translocation enzymes
(TETs)
TFIIH. See Transcription initiation factor ITH
(TFIIH)
TFIIH complex
helicase complex, 450
in NER and transcription, 287-288
TFIIS. See Transcription elongation factor II-S
(TFIIS)
TGCT cell lines. See Testicular germ-cell tumor
cell lines (TGCT cell lines)
TGS. See Transcriptional gene silencing (TGS)
The Cancer Genome Atlas (TCGA), 373
Theory of evolution, 2
Thermus aquaticus (Taq), 305-306
Thermus thermophilus (T. thermophilus), 94
Thiopurines, 312-313
Thymine DNA glycosylase (TDG), 409-410
TIN2. See TERF1-interacting nuclear factor 2
(TIN2)
TIP60, 396
Tissue touch prints, 638
preparation, 638
TLPs. See Trait landing pads (TLPs)
TLS. See Translesion synthesis (TLS)
TMP. See Trimethylpsoralen (TMP)
TMV. See Tobacco mosaic virus (TMV)
TMZ. See Temozolomide (TMZ)
TNR. See Trinucleotide repeats (TNR)
Tobacco mosaic virus (TMV), 13
Topol. See Topoisomerase-1 (Topol)
Topo2. See DNA toposisomerase-2 (Topo2)
Topoisomerase III (Topolll), 341
Topoisomerase-1 (Topol), 528
Topoisomerases, 277
Topologically associating domains (TADs), 400
TOSCA protein, 156
Tp53 gene, 244, 346-347, 456, 469, 477
mutation, 469
TR. See Telomerase RNA component (TERC);
Template repeat (TR)
tracrRNA. See transencoded crRNA (tracrRNA)
Trait landing pads (TLPs), 190-191
Trait stacking, 196
“trans-* models. See Stationary models
Trans-silencing effect (TSE), 434
Transcription
elongation factor, 401
factor p53, 232
factors, 395, 544
in nucleus, 400403
Transcription activator-like effector (TALE),
191
Transcription activator-like effector nucleases
(TALENS), 188, 191f, 662
for genetic engineering of plants, 191
in crops, 192-193
limitations, 193
in model plant species, 191-192



Transcription elongation factor II-S (TFIIS),
210-211
Transcription initiation factor IIH (TFIIH),
464-465
Transcription-coupled NER (TC-NER), 59,
163, 167, 232-233, 283, 289-290, 448,
464, 494, 652f
Transcription-coupled repair (TCR), 209, 636,
651
Transcriptional gene silencing (TGS), 591
Transcriptional regulation
DNA damage-repair genes by DNA
methylation, 417
by DNA methylation, 411
Transcriptional-repair coupling factor (TRCF).
See Mfd protein
Transcription-replication collisions
model, 401
Transcriptome profiling, 166
Transduction, 79
transencoded crRNA (tracrRNA), 92, 193
transfer RNAs (tRNAs), 425
Transformation, 80
Transgenerational effects, 586588
caused by other mutagens, 592-593
mechanisms, 590-592
DNA methylation, 589-590
histone modifications, 590
small RNA-mediated events, 590-592
Transgenerational genome instability, 586-588,
593f
Transgenerational inheritance regulation
mechanisms, 627. See also Plant
genome stability
DNA-repair factors, 628
epigenetic regulators, 628-629
Transgenerational radiation-induced effects,
588
Transgenerational responses in plants. See also
Plant genome stability
piRNAs in, 434
stress-induced epigenetic and genetic
changes, 624f
transgenerational changes
changes in DNA methylation in progeny,
626
in genome stability, methylation, and stress
tolerance, 626-627
in response to abiotic stress, 625-626
transgenerational effects, 623—625
Translesion synthesis (TLS), 257, 313,
498-499, 651
DNA replication—independent RAD18
activation and, 262-264
polymerase switch, 259
TLS polymerase switch, 259
TLS-damage tolerance, 500
Translocation(s), 329-330, 393-394, 399
model, 657
Transparent Testa-4 (TT4), 189
Transposable elements (TEs), 5-6, 411412,
591
Transposons, 78
TRBD domain. See TERT RNA-binding
domain (TRBD domain)

TRF-homology domains (TRFH domains),
358-359
TRF1. See Telomeric repeat-binding factors 1
(TRF1)
TRFH domains. See TRF-homology domains
(TRFH domains)
Trichothiodystrophy (TTD), 447450, 516
Trimethylated lysine residues, 393
Trimethylation of lysine 4 from histone H3
(H3K4me3), 393-394, 490-491, 623
Trimethylpsoralen (TMP), 164
Trinucleotide repeats (TNR), 412413
Triticum aestivum. See Wheat (Triticum aestivum)
tRNAs. See transfer RNAs (tRNAs)
TS. See Template switching (TS)
TSA. See Tyramide signal amplification (TSA)
TSE. See Trans-silencing effect (TSE)
TT4. See Transparent Testa-4 (TT4)
TTD. See Trichothiodystrophy (TTD)
Tumor suppression
p21 and, 249-250
p53 in and DNA-damage response, 246-247
Tumor-suppressor
genes, 250
proteins, 562
Tumorigenesis, 572-573, 575
RADI18 roles in, 266-267
Tumors, misregulation of HR in, 346-347
Two-step model, 343
2D gel electrophoresis, 120
Tyramide signal amplification (TSA), 645
Tyrosyl-DNA covalent linkage, SSBs with, 277
Tyrosyl-DNA phosphodiesterases (TDPs), 280
TDP1, 280-281
TDP2, 280-281

U
21U-RNAs, 432434
U-shaped response curve, 548
Ubiquitin specific—processing protease 7
(USP7), 464465
Ubiquitin-binding motif (UBM), 259
Ubiquitin-binding zinc finger (UBZ), 259
Ubiquitin-like with PHD and ring finger
domains 1 (UHRF1), 414, 418
UBM. See Ubiquitin-binding motif (UBM)
UBZ. See Ubiquitin-binding zinc finger (UBZ)
UBZ4 domain, 259-260
UDG. See Uracil DNA glycosylase (UDG)
UHRF1. See Ubiquitin-like with PHD and ring
finger domains 1 (UHRF1)
Ultraviolet (UV), 163, 313-314
irradiation, 57, 164, 166
lesions, 644—646
light, 232233, 244, 258, 286, 447
UV-A, 166, 206
UV-B, 166, 206
UV-C, 166, 206
Ultraviolet radiation (UVR), 117-118, 206,
391, 493-494
Uncertainty, 605. See also Genomic instability
(GI); Low radiation—dose effects
genetic background role, 607
individual variation, 606
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lifestyle factors role, 607
spectrum of effects, 605-606
spectrum of responses, 606
SSD, 607
stressors role, 607
unpredictable “zone”, 606f
UNG. See Uracil DNA glycosylase (UNG)
Uniformitarianism, 7
United Nations (UN), 575
Untranslated region (UTR), 590
Unwinding of damaged DNA duplex, 286-288
DNA nucleotide excision repair, 287f
enzymes and reactions in NER pathway, 288t
UPR™. See Mitochondrial unfolded protein
response (UPR™)
Uracil
base excision repair and removal, 58
uracil-DNA glycosylase homolog UNG-1,
169-170
Uracil DNA glycosylase (UDG), 58, 208, 653
UDGI, 58
Uracil DNA glycosylase (UNG), 281-282
USP7. See Ubiquitin specific—processing
protease 7 (USP7)
Ustilago maydis (U maydis), 118
UTR. See Untranslated region (UTR)
UV. See Ultraviolet (UV)
UV-damaged DNA-binding protein (UV-DDB),
167, 464-465
UV-DDB2, 286
UV-DDB. See UV-damaged DNA-binding
protein (UV-DDB)
UV-sensitive syndrome A. See UV-stimulated
scaffold protein A (UVSSA)
UV-signature mutation, 470471
UV-stimulated scaffold protein A (UVSSA),
289, 464-465
UVR. See Ultraviolet radiation (UVR)
UVSSA. See UV-stimulated scaffold protein A

(UVSSA)

\%

V(D)J recombination, 324-328, 327f, 330-331,
472-473

Vacuolar invertase gene (Vinv gene), 192-193
Variable repeat (VR), 41
Verminephrobacter eiseniae (V eiseniae), 89
Versatile DNA-repair pathway, 59-60
Vertebrate telomeres, 358-359
Vibrio cholerae (V. cholerae), 79
virulence acquisition, 79f
Vicia faba (V faba), 88
VInv gene. See Vacuolar invertase gene (VInv
gene)
Viral determinants of mutation rate, 25
Viral polymerase as source of error, 23-24
Virulence acquisition of V. cholerae, 79f
Virus(es), 21
cellular factors on mutation rate, 27-28
genetic variability, 30-31
as quasispecies, 23
symbiotic interactions between viruses,
prokaryotes, and eukaryotes, 5-6
virus—host “arms race”, 30-31
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Vitamins, 546-548
carotenoids, 547
minerals, 548
Vitro systems, 586
von Willebrand A domain (vWA), 323
VR. See Variable repeat (VR)
vWA. See von Willebrand A domain (VWA)

W

WAF1. See Wild-type p53-activated factor 1
(WAF1)

Weel kinase, 247-248, 375

Werner syndrome (WS), 448, 450453,
514-515

human premature aging syndromes, 514t

Werner syndrome ATP-dependent helicase
(WRN), 402-403, 477

Western blotting of YH2AX in animal tissues,
640-641

Wheat (Triticum aestivum), 195

WHO. See World Health Organization (WHO)

Wild-type cells (WT cells), 329

Wild-type p53-activated factor 1 (WAF1), 248

Wnat-signaling pathways, 559

World Health Organization (WHO), 575

WRAP53. See Telomerase Cajal body protein
1 (TCABI)

WRN. See Werner syndrome ATP-dependent
helicase (WRN)

WS. See Werner syndrome (WS)

WT cells. See Wild-type cells (WT cells)

X

X-ray irradiation, 158

X-ray repair cross-complementing protein 1
(XRCC1), 208-209, 464

XAB2. See XPA-binding protein 2 (XAB2)

Xanthomonas, 191

X. oryzae, 621

Xenopus, 592

oocyte, 382

Xeroderma Pigmentosum (XP), 167, 283,
447-450, 468, 470-471, 516, 636

Xeroderma pigmentosum, complementation
group C (XPC), 167, 209-210, 448,
636

Xeroderma pigmentosum complementation
group A (XPA), 167

Xeroderma pigmentosum—variant cells (XPV
cells), 259

XP. See Xeroderma Pigmentosum (XP)

XPA. See Xeroderma pigmentosum comple-
mentation group A (XPA)

XPA-binding protein 2 (XAB2), 289

XPC. See Xeroderma pigmentosum, comple-
mentation group C (XPC)

XPE progeroid syndrome, 450

XPF-ERCC1 heterodimer, 450

XPO1. See Exportin 1 (XPO1)

XPV cells. See Xeroderma pigmentosum—
variant cells (XPV cells)

XRCCI. See X-ray repair cross-complementing
protein 1 (XRCCI)

Xrced, 326
XRCC4:DNA ligase IV ligation, 659

Y
Yeast, 117-118
mutants, 118
senescence, 348
Yeast equivalent of Ku (Yku), 126
Yellow fluorescent protein (YFP), 191-192

y4

ZBTB24 mutations. See Zinc-finger and
BTB domain containing 24 mutations
(ZBTB24 mutations)

ZFNs. See Zinc-finger nucleases (ZFNs)

Zigzag model, 394

Zinc-finger and BTB domain containing 24
mutations (ZBTB24 mutations), 419

Zinc-finger nucleases (ZFNs), 188, 189f, 662

application

in crops, 190-191

in model plant species, 189-190
for genetic engineering of plants, 188
limitations, 191

ZmMI1 gene, 621

Zn finger, RAN-binding domain containing 3
(ZRANB3), 264

Zucchini (Zuc), 430
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