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206-207
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recipes, 208-209
troubleshooting, 208
Aging. See also Life span
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materials, 143-146
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materials, 157—-160
recipes, 169-171
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imaging, 165-166
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164-165
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lysis, 151
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recipes, 154-155
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lysis, 147-148
purification, 149-150
RT-qPCR, 150-151
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tomography
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materials, 87—-89
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overview, 87, 90
sample analysis
alignment, 97-98
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call peaks and differential peaks,
98-99
filter reads, 96-97
map reads, 96
overview, 94-95
peak loci visualization, 102-103
principle component analysis, 99—100
transcriptional start site enrichment
for plotting data aggregates,
100-102
Trim reads, 94, 96
sequencing, 93-94
tissue preparation
embryos, 89
tissue and organs, 89, 91
troubleshooting, 103

Axonal regeneration. See Optic nerve

B

Behavior assays

dorsal light reflex test, 257-258
materials, 253254

optokinetic response test, 254-257
troubleshooting, 258

vision loss in aging, 253

Biocytin. See Optic nerve
Blood sampling

materials, 183184
nonlethal sampling, 183-187

Body fat quantification. See Micro

computed tomography

Brain

aging analysis
morphological analysis
cryoembedding and sectioning,
162-164
dissection, 161-162
immunohistochemistry, 166—169
intracardial perfusion, 160-161
materials, 157—-160
recipes, 169-171
senescence-associated 3-galacto-
sidase staining and imaging,
165-166
vibratome-agarose embedding
and sectioning of brain,
164-165
protein aggregation. See Aggresome
western blotting for 4-hydroxyno-
nenal, 151-154

single-cell suspension preparation
applications, 223
centrifugation and resuspension,
222-223
digestion, 222
euthanasia and dissection, 220
materials, 219-220
overview, 219, 221
recipes, 223-225
stab injury neuroregeneration in
telencephalon
aging effects, 230
bromodeoxyuridine labeling
intraperitoneal injection,
231-232, 235
tank water dissolution, 231, 235
cryosectioning, 233
fixation, 232-233
immunohistochemistry, 233-234
intracardial perfusion, 232
materials, 227-228
microscopy, 234
overview, 227, 234-235
recipes, 235-237
stab wound technique,
229-230
whole-brain clearing and
immunofluorescence
clearing, 215
fixation, 212
imaging, 216
immunostaining, 213-214
materials, 211-212
overview, 211, 215-216
recipes, 216-217
sample preparation, 212-213
troubleshooting, 216

Breeding. See also Embryo

cross
duration, 28-29
frequency, 29
setup, 24
diet, 28
embryo
collection, 24-26, 29
maintenance, 26—27
hatching, 21-24
male aggression, 28
materials, 19-20, 29
paired versus group breeding, 27-28
recipes, 30
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Brine shrimp

eggs, 11

hatching and harvesting, 138-139

preparation, 21
Bromodeoxyuridine. See Brain
BSMIS. See Buffered sperm-mobility

inhibiting solution

Buffered sperm-mobility inhibiting

solution (BSMIS), 35, 38, 40

C

Central nervous system aging. See Aging
Chromatin accessibility profiling. See
ATAC-seq

Coconut fiber, embryo maintenance, 15,
27, 267
Computed tomography. See Micro
computed tomography
CRISPR-Cas9
Cas9 mRNA synthesis, 53—-54
efficiency evaluation, 56
guide RNA synthesis, 52-53
injection
plate preparation, 54
technique, 55-56
materials, 49-51
mating and egg collection, 54-55
overview, 6, 57
recipe, 57-58
stable line generation, 56
target selection, 51
troubleshooting, 56-57
Crossing. See Breeding
Crush injury. See Optic nerve
Cysteine solution, 224

D

Davidson’s fixative stock solution, 181
Diaminobenzidine. See Optic nerve
Diapause
developmental stages, 267
embryo handling
collection, 262-263
hatching, 265-266
husbandry, 262
materials, 261-262
recipes, 267-268
screening, 265
sorting, 263-265
troubleshooting, 266-267
overview, 4
DNase I solution, 224
Dorsal light reflex. See Behavior assays

E

EdU. See Organotypic culture
Egg collection
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CRISPR-Cas9, 54-55
in vitro fertilization, 38
Ejaculate collection. See Sperm
Embryo
chromatin accessibility profiling. See
ATAC-seq
collection, 13—14, 24-26, 29, 63
diapause embryos. See Diapause
fluorescent in situ hybridization
fixation, 270-271
materials, 269-270
mounting, 272
overview, 269
posthybridization washes, 271-272
primary antibody incubation, 272
probe incubation, 271
recipes, 273-275
rehydration, 271
troubleshooting, 273
tyramide signal amplification, 272
genotyping. See Genotyping
hatching and fish maintenance, 15-17,
21-22, 136-138
maintenance
coconut fiber, 15, 27
solution, 14-15, 17, 26-27, 29
sexing. See Sexing
system parameters and colony
maintenance, 16
water quality, 17
Evolution, killifish studies, 5

F

Fat quantification. See Micro computed
tomography

Fluorescent in situ hybridization. See
Embryo

G

Gene editing. See CRISPR-Cas9
Gene Expression Omnibus (GEO), 6
Genome
killifish features, 5-6
resources, 6
Genotyping
data analysis, 72
genomic DNA extraction
embryos, 68
larvae or adults, 69
high-resolution melt analysis reactions,
70-72
materials, 67-68
melt calibration, 70
overview, 67, 73
plate layout, 70
primer design and testing, 69—70
recipes, 73-74
troubleshooting, 73

GEO. See Gene Expression Omnibus
Gut microbiota
aging studies, 119
shotgun metagenomics versus target
sequencing, 125
taxonomic profiling
DNA extraction and isolation,
122-123
fecal sampling, 121
intestine dissection, 121
library preparation, 123-125
lysis buffer, 126
materials, 119-121
troubleshooting, 125

H

Hank’s solution for zebrafish, 46
H2AX, immunohistochemistry for aging
studies, 166—169
Hazardous chemicals, 281-282
Hematoxylin and eosin staining. See
Histological analysis
Heme oxygenase-1, immunohistochemis-
try for aging studies, 166—169
High-resolution melt analysis. See
Genotyping
Histological analysis
best practices, 180
deparaffinization, 178
dissection and tissue sampling, 175
euthanasia, 174—-175
fixation
tissues, 175-176
whole fish, 176
hematoxylin and eosin staining, 179
materials, 173—-174
overview, 173
paraffin block preparation, 177-178
paraffin section cutting, 178
photomicrograph presentation, 179
recipes, 181
sample processing, 176-177
troubleshooting, 179
Husbandry. See also Breeding; Embryo
hatching and fish maintenance, 15-17
materials, 11-12
4-Hydroxynonenal. See Aging

IGF. See Integrative Genome Viewer

IgH. See Immunoglobulin heavy-chain locus

Immunofluorescence microscopy. See
Aggresome; Brain;
Organotypic culture

Immunoglobulin heavy-chain locus (IgH),
sequencing

library
pooling and sequencing, 133—134
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preparation, 130-133
materials, 127-128
RNA isolation
cryogrinding, 128-129
extraction, 129-130
Integrative Genome Viewer (IGV), 102-103
In vitro fertilization (IVF)
egg collection, 38
fresh sperm, 39-40
frozen sperm, 38
materials, 37-38
recipes, 40
sperm collection. See Sperm
IVE. See In vitro fertilization

K

kallisto. See Transposable element

L

Laboratory waste disposal, 279-280
Life span, killifish
assessment
adult tank housing, 139-140
brine shrimp hatching and
harvesting, 138-139
embryo collection and hatching,
136-138
materials, 135136
recipes, 141
troubleshooting, 141
overview, 3—4

M

Male aggression, 28
Methylene blue embryo solution, 57, 66
Micro computed tomography, fat
quantification
aging studies, 189
euthanasia, 190
image analysis, 190191
materials, 189-190
scanning, 190
Microbiota. See Gut microbiota
Mitochondria, killifish genome, 5-6
Mowiol solution, 236

N
Natural habitat, killifish, 2
Neurodegeneration, killifish studies, 4
Nomenclature, protocol collection, 7

o

Optic nerve
aging analysis
cDNA conversion, 150
materials, 143—-146
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protein analysis
lysis, 151
western blotting for 4-hydroxy-
nonenal, 151-154
RNA isolation
lysis, 147-148
purification, 149-150
RT-qPCR, 150-151
tissue dissection, 146—147
crush injury and axonal regeneration
aging studies, 239
biocytin
cryosection staining, 244
fluorescence microscopy and
quantification, 245-246
tracing, 242-244
diaminobenzidine
microscopy and quantification,
246-247
staining on vibratome sections,
246
injury technique, 241-242
materials, 239-241
recipes, 249-250
troubleshooting, 248-249
Znp-1
microscopy and quantification, 248
staining on brain cryosections,
247-248
Optokinetic response. See Behavior assays
Organotypic culture
EdU incorporation and
immunofluorescence
clearing, 201
EdU administration, 200
immunofluorescence microscopy,
201-203
immunostaining, 200-201
materials, 199-200
recipes, 203-204
long-term culture
advantages and limitations,
196-197
culture medium recipe, 197
dissection and culture, 194-195
examples, 196
materials, 193-194
troubleshooting, 195

P

Paraffin histology. See Histological
analysis

PCNA. See Proliferating cell nuclear
antigen

Phenol red solution, 66

Principle component analysis. See ATAC-seq

Proliferating cell nuclear antigen (PCNA),
immunohistochemistry for
aging studies, 166—169

Index

Protein aggregation. See Aggresome
PVPI stock solution, 57

R

Radiation safety, 280-281
Regeneration, killifish studies, 5
Retina aging. See Aging

Ringer’s solution, 57

RNA-seq. See Transposable element

S

Safety information, 277-282
ScaleA2 solution, 204, 217
ScaleS4(0) solution, 204, 217
SDR. See Sex-determining region
Senescence. See Aging
Sex-determining region (SDR), 8
Sexing
lysate preparation
embryos, 7678
larvae and juveniles, 78
materials, 75-76
polymerase chain reaction and gel
electrophoresis, 79
recipes, 83-84
target locus selection, 78-79
troubleshooting, 80-82
Single-cell suspension. See Brain
Sox2, immunohistochemistry for aging
studies, 166—169
Sperm
cryopreservation
freezing, 34
longevity of sperm, 34
materials, 31-32
recipes, 35
setup, 32-33
sperm collection, 33-34
ejaculate collection
fish maintenance, 44
materials, 43—44
noninvasive collection,
44-45
recipe, 46
testing ejaculate, 45—46
in vitro fertilization. See In vitro
fertilization
Stab injury. See Brain
STAR mapping. See Transposable
element
Strains, killifish, 2

T
TE. See Transposable element
Tol2 transposon. See Transgenesis

Transcriptional start site enrichment.
See ATAC-seq
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Index
Tricaine solutions, 35, 40, 84, 155, 224,

Transgenesis counting genome-mapped reads,

efficiency, 65

embryo collection, 63

materials, 59—60

microinjection
needle preparation, 62
technique, 63

plasmid preparation, 61

recipes, 65—66

screening, 63—65

Tol2 transposase mRNA generation,

111-112
differential gene expression
analysis in R, 112-114
genome reference generation, 109
STAR mapping, 110, 116
kallisto for limited memory usage,
108-109
materials, 105-106
scripts for complete analysis in R,
114, 116

237, 258

Tyramide signal amplification. See Embryo

\%

Vision testing. See Behavior assays

\%\%

Water, quality, 17
Whole-mount immunofluorescence.

61-62 trimming reads, 106, 108 See Brain
Transposable element (TE) workflow, 107
differential expression analysis from loci, 116

overview, 105 z
Traumatic brain injury. See Brain Znp-1. See Optic nerve

RNA-seq data
high memory usage
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