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A

Abdominal cavity, opening and locating female
reproductive organs in, 137-138,
1371, 138f
Accutase, 330, 533
Acetaminophen, 199
Acidic Tyrode’s solution for removing zona
pellucidae from preimplantation
embryos (recipe), 780
Acids
disposal of, 791
safe handling of, 790, 793
Acid Tyrode’s solution, 312—313, 536—537, 537f
Acrosin, 34
Acrosomal reaction, 34
Acrosome, 34
Activin A stock solution (10 pg/mL) (recipe),
386
Adenoviral vectors, 462
Adhesive, tissue, 197
Adult mouse, 74—78
behavioral mutants, 78
coat color, 74—77, 74f, 75t, 76f
germline-competent stem cells derived from,
403-430
overview, 403—409
protocols, 410—-430
morphological mutants, 78, 78f
Affi-Gel Blue beads, 202
Agarose
as DNA prep contaminant, 248
gel electrophoresis (see Electrophoresis)
recovering DNA from gels, 252t
Agarose plug formers, 276f
AggreWell plates, differentiating ES cells into
embryoid bodies in (protocol),
370-372
Agouti coat color, 9, 75-77, 76f, 507
Air bubbles, in embryo transfer pipette,
202-203, 202f
AK-cyclo(RGDLC), 395, 396
Albino, 3, 8, 76f, 77, 507—508
Alcian Blue/Alizarin Red staining of cartilage
and bone, 690f, 693, 760-761
Alcian Blue staining of fetal cartilaginous
skeleton, 690f, 693, 759
Alcohol, dehydrating tissue in, 685, 744
Alizarin Red staining of postnatal bone,
693, 762
Alkaline phosphatase
buffers (recipes), 717, 739, 752, 780
staining, 50
for activity (protocol), 689f, 691, 751—
752

for testing pluripotency and germline
competence of induced pluripo-
tent stem (iPS) cells, 408, 408f
staining solution (recipe), 780
Allantois, 72, 73, 73f
Amaxa Nucleofector technology, 462
American Type Culture Collection (ATCC), 793
AmeriClear Histology Clearing Solvent, 685
AMH (anti-Miillerian hormone), 60-61
Amino acids, in embryo culture media, 114, 115t
Amnion
development of, 68, 69f, 72
isolation of, 151
Analgesia, 198—199, 199t. See also Analgesics;
specific protocols
Analgesics, 198—199
buprenorphine, 198—199, 199t
carprofen, 199, 199t
flunixin meglumine, 199, 199t
ketoprofen, 199, 199t
meloxicam, 199, 199t
Androgenotes, 571
Anesthesia, 197—198. See also Anesthetics;
specific protocols
Anesthetics
inhalation, 198
isoflurane, 198
ketamine/xylazine, 198, 198t
tribromoethanol, 197—198
Aneuploidy in ES cells, 332—-333
Animal identification, 94—100
ear punching or notching, 98, 99f
ear tags, 99—100, 100f
microchip implants, 100
suppliers of identification systems, 98t
tattooing, 98
toe clipping, 98
Animals, humane treatment of, 791
Antibiotics for selection, 469t
Antigen I, 7
Anti-Millerian hormone (AMH), 60-61
AP (alkaline phosphatase). See Alkaline
phosphatase
APC (adenomatous polyposis colon), 16
Arms of homology, 433434, 434f
Artificial insemination, 597—598, 615-616,
616f, 619-622, 620f
estrous cycle stage determination by
vaginal smear (protocol),
617-618, 618f
intrabursal transfer of sperm (ITS), 620
nonsurgical (protocol), 615-616, 616f
overview, 597-598
surgical (protocol), 619-622, 620f
Assisted reproduction, 593—-630
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estrous cycle stage determination by vaginal
smear (protocol), 617-618, 618f
female infertility, 594—595
male infertility, 595-596
strategies, 596—598, 601-630
artificial insemination, 597—-598,
615-616, 616f, 619-622, 620f
nonsurgical ( protocol), 615-616, 616f
overview, 597-598
surgical (protocol), 619-622, 620f
intracytoplasmic sperm injection (ICSI),
598, 623-630, 626f, 627f
overview, 598
protocol, 623-630, 626f, 627f
ovary transplantation, 596, 601-603, 602f
overview, 596
protocol, 601-603, 602f
subzonal insemination, 598
in vitro fertilization, 596—597, 604—614
discussion, 611-612
Jackson Laboratory method, 605—608
materials, 604—605
Nakagata method, 608—610
overview, 596—597
protocol, 604-614
recipes, 612—614
troubleshooting, 611
Astroglial cells, differentiation of RGLs into, 399
ATCC (American Type Culture Collection), 793
Autoclave safety, 790
Autoradiography (protocol), 733-734
Avertin. See Tribromoethanol

B

BABB (benzyl alcohol-benzyl benzoate), 693
Bacteria
biological safety procedures, 792—793
shipping requirements, 793
Bacterial artificial chromosomes (BACs), 238,
242-243, 246-247
DNA isolation using NucleoBond system
(protocol), 271-272
DNA purification (protocol), 273
injection buffer preparation for BAC/YAC
DNA (protocol), 290
Bacterial cell contents, as DNA prep
contaminant, 247
Bacteriophage P1, 243
Bailey, Donald W., 8
Balancer chromosomes, 16
BALB/c strain, 8, 492, 493
Bases
disposal of, 791
safe handling of, 790, 793

795
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Basic fibroblast growth factor (bFGF), 389
Bateson, William, 3
BDH patillated Fibrowax, 685
Behavioral mutants, 78
Bennett, Dorothea, 10
Benzyl alcohol-benzyl benzoate (BABB), 693
B-actin promoter, 245, 455
[B-galactosidase activity, 244
staining for activity, 689f, 691, 745-747
B-mercaptoethanol (recipe), 360
Bevelers, 775
BFGF (basic fibroblast growth factor), 389
Biarmed (Robertsonian fusion) chromosomes, 9
Biggers, John, 12
BIO 101 GENECLEAN Spin Turbo kit, 250t
Biological safety cabinets, 770-771
Biological safety procedures, 792—793
Blasticidin S, 465t
Blastocyst
attachment, 39
chimera formation
disaggregating cleavage-stage embryos
and inner cell mass of blastocysts
into individual cells (protocol),
547-548
injecting blastocysts (protocol), 522—525
isolating inner cell mass of blastocysts
(protocol), 549—-550, 549f
preparation for injection or aggregation,
503-505, 504f
transfer of chimeric blastocysts, 506—507
collection (protocol), 146148, 147f
epiblast, 38f, 41-45, 43t, 44t
formation, 35-37, 37f
handling blastocysts for fixation (protocol),
700
implantation, 37, 39, 40f, 149
BlastoKit, 504
Blocking solution (recipe), 718
Blood collection by tail bleeding ( protocol),
230-231
bls gene, 465t
BMOC (Brinster’s medium for ovum culture),
110, 111t
Bone, staining of, 690f, 693—-694, 760—762
Bone morphogenetic protein (BMP), 51
Bouin’s fixative, preparation of (protocol), 699
Boveri, Theodor, 12
Bovine serum albumin (BSA)
BSA fraction V in PBS (0.1%, w/v) (recipe),
386
BSA fraction V in PBS (0.1%, w/v) (recipe),
377
Brachyury gene, 10—11
Bradley’s Allan, 466
Braking pipette, 222, 223, 223f
Branchial arches, formation of, 66—67, 67f
Breeding chimeric mice, 507—509
Breeding colony. See Colony
Brinster, Ralph, 12, 13, 14
Brinster’s medium for ovum culture (BMOC),
110, 111t
Brown coat color, 76f, 77
Buffers and solutions, 779-784. See also Recipes
Buprenorphine, 198—199, 199t

C

CaCl, (0.1 M) (recipe), 392
Caesarean section
overview, 203
protocol, 220-221

Capacitation, 34
Capecchi, Mario, 18
Capillaries, pulling embryo-handling pipettes
from, 134-135, 774-775
Carbon dioxide, for embryo culture, 116
Carprofen, 199, 199t
Cartilage, staining of, 690f, 693, 759-761
Castle, William E., 3
Castration
overview, 204
protocol, 234-235
CAT (chloramphenicol acetyltransferase) gene,
244
C-banding, 332
C57BL/6 strains, 324, 492-493, 497f-498f,
497t—498t, 507-508
C57BL/6] strain, 1, 508
C57BL/6N strain, 508
cDNA
addition of heterologous introns to, 245
expression of, 245
Cell fusion induced by Sendai virus, 572,
580-581, 581f
Cervical dislocation, 137, 137f
Cesium chloride, as DNA prep contaminant,
248
Cesium chloride gradient centrifugation, for
contaminant removal in DNA
prep, 248
CGH (comparative genomic hybridization), for
copy number variation
determination, 333
Chemically defined medium (CDM) + FGE2
and ActA medium for culture in
feeder-free conditions (recipe),
387
Chemically defined medium (CDM) for culture
in feeder-free conditions (recipe),
387
Chemicals, properties of common hazardous,
793-794
Chicago Sky Blue, 157
Chicago Sky Blue 6B (Pontamine Sky Blue)
(recipe), 781
Chicken B-actin promoter, 245, 455
Chimeras, 13—14, 489—550
breeding chimeric mice, 507-509
color coat markers, 491-493, 494f—499f,
494t—-500t
in generation of C57BL6 ES cell
chimeras, 497f—498f, 497t—498t
in generation of 129 ES cell chimeras,
494f—496f, 494t—496t
in generation of ES cell chimeras using F;
hybrid and albino cell lines, 499f,
499t—-500t
ES cell injection chimeras, 505—-506
microinjection setup, 505—506
preparation of injection and holding
pipettes, 506
genotyping, 501, 501f, 502
overview, 490-500
preparation of embryos for injection or
aggregation, 503—505, 504f
protocols, 514550
aggregate assembly, 542—546
diploid embryo« diploid embryo,
542-543, 543f
diploid embryo« tetraploid embryo,
544-545
ES cells«—diploid embryo, 543—544,
544f
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ES cells«tetraploid embryo,
545-546, 546f
materials, 542
aggregation plate preparation, 534—535,
535f

assembling microinjection setup,
518-519
disaggregating cleavage-stage embryos
and inner cell mass of blastocysts
into individual cells, 547—-548
ES cell preparation for aggregation,
531-533, 533f
ES cell preparation for injection,
520-521
injecting blastocysts, 522—525
discussion, 525
materials, 522
method, 522—-524, 523f, 524f
troubleshooting, 524-525
injecting eight-cell-stage embryos,
526-530
discussion, 528
materials, 526
method, 527-528
recipes, 529—-530
troubleshooting, 528529
isolating inner cell mass of blastocysts,
549-550, 549f
making ES cell injection needles,
514-517, 514f, 516f
tetraploid embryo production, 539-541,
540f, 540t
zona pellucida removal, 536—538, 537f
sex chromosomes, 493, 500
transfer of chimeric blastocysts, 506—507
troubleshooting production and breeding,
509-511
types of, 500—503, 501f, 501t
diploid embryo« diploid embryo,
500-501, 501t, 542—543, 543f
diploid embryo« tetraploid embryo,
501t, 502, 544—-545
ES cells«—diploid embryo, 501-502,
501t, 543—544, 544f
ES cells«tetraploid embryo, 501t,
502-503, 545-546, 546f
Chloramphenicol acetyltransferase (CAT) gene,
244
Chloroform, as DNA prep contaminant, 248
Chorioallantoic placenta, 68, 69f, 72—74, 73f
Chromosomal banding, 332
Chromosome(s)
aberrations, induced site-specific, 449—451
deletions, 450
inversions, 450
translocations, 450—451
anomalies in ES cells, 332-333
balancer, 16
biarmed (Robertsonian fusion), 9
karotyping, 332—333, 363—-365, 364f
sex chromosomes in chimeras, 493, 500
Chromosome counting (protocol), 363365,
364f
Circulation system, development stages, 26t—27t
CL (corpora lutea), 32, 201
Cleavage, 35, 36f
Clock, 16
Cloning mice
overview, 572—573
protocol, 583-590
collecting and enucleating oocytes,
587-588
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discussion, 590
donor nucleus cell preparation, 588
embryo activation and culture, 589—590
enucleation and injection micropipette
setup, 586—587, 587f
injecting donor nuclei, 588—-589, 589f
materials, 583—584, 584t, 585f, 586f
preparing micopipettes, 585
recipe, 590
strain characteristics of recipient oocytes,
585
transferring cloned embryos, 590
Closure, of surgical incisions, 197
CMV (cytomegalovirus) enhancer, 245, 455
¢-MYC transcription factor and gene, 406, 407
Coat color, 74—77, 74f, 75t, 76f
agouti, 75-77, 76f, 507
albino, 3, 8, 76f, 77, 507-508
brown, 76f, 77
dilute, 9, 10, 76f, 77
markers in ES cell chimera formation,
491-493, 494f—499f, 494t—500t
in generation of C57BL6 ES cell chime-
ras, 497f—498f, 497t—498t
in generation of 129 ES cell chimeras,
494f-496f, 494t—496t
in generation of ES cell chimeras using F,
hybrid and albino cell lines, 499f,
499t-500t
pink-eyed dilution, 3, 76f, 77, 507
Colcemid, in pronuclear transfer protocol, 572,
577-582
Collaborative Cross, 8
Collection of preimplantation embryos, 123
blastocyst collection (protocol), 146—148,
147f
opening abdominal cavity and locating
female reproductive organs
(protocol), 137-138, 137f, 138f
pipettes for handling embryos, 121-122,
122f, 134-137
two-cell- to morula-stage embryo
collection (protocol), 143—145,
144f-145f
zygote collection and removal of cumulus
cells (protocol), 139-142,
140f-141f
Colony, 85-108
animal identification, 94—100
ear punching or notching, 98, 99f
ear tags, 99—100, 100f
microchip implants, 100
suppliers of identification systems, 98t
tattooing, 98
toe clipping, 98
diet used, 94
embryo donors, 89-92
female for generation of ES cell chimeras,
90, 92
female for pronuclear microinjection,
89-90, 91-92, 92t
production, 91-92
stud male mice for, 91
embryo recipients, 92—93
production of, 93
sterile male mice to induce
pseudopregnancy, 93
establishing breeding colony to supply
embryo donor and recipient

mice, 88—89
location of embryo manipulation laboratory,
87-88
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natural matings, setting up, 94—95, 95t
pathogen control in, 86—87
pregnancy with manipulated embryos, 94
protocols, 103—108
intraperitoneal injection, 107—108, 107f
preparation of gonadotropins and
superovulation, 105-106
selecting females in estrus and checking
plugs, 103, 104f
superovulation induction, 95-97, 96t
age and weight, 96—97, 96t
gonadotropin
dose, 96t, 97
time of administration, 97
performance of stud males, 97
strain background, 96, 96t
Color. See Coat color
Comparative genomic hybridization (CGH), for
copy number variation
determination, 333
Complement, guinea pig serum (recipe), 360
Complete ES cell medium (ES-DMEM) (recipe),
327t, 430
Complete ES cell medium for C57BL6/N ES
cells (recipe), 529
Complete ES cell medium for 129S6/SvEvTac x
C57BL/6N F; hybrid ES cells
(recipe), 530
Conditional genetic manipulations, 15
Contaminants in DNA isolation and purification
removal procedures, 248—249
cesium chloride gradient centrifugation,
248
dialysis, 248
electroelution, 248
ethanol precipitation, 248
extraction with n-butanol, 248
gelase, 248
heat inactivation of enzymes, 248
ion-exchange chromatography, 248
phenol:chloroform extraction, 248
silica matrix columns, 249
types/sources of, 247-248
Copulation plug. See Matings; Vaginal plug
Copy number determination, 553
Copy number variation in ES cell lines, 333
Corpora hemorrhagica, 201
Corpora lutea (CL), 32, 201
Cre/loxP system, 239
Cre recombinase
chromosomal aberrations, induced
site-specific, 449-451
described, 17, 239, 437—-438
in ES cell-mediated transgenesis, 441-442,
455-456
in gene targeting examples, 443, 444—445
site-specific recombination-mediated
insertions, 448—449
in tamoxifen- and RU486-inducible systems,
440
CRISPR/Cas system, 1, 434, 434f
Cryopreservation, 631-681, 777
embryo
equilibrium methods, 633
factors to consider, 632—633
by high-osmolality vitrification
(protocol), 658—664, 660f, 661f
cooling embryos, 659—660, 662
discussion, 661
in insemination straws, 662—664
loading embryos into cryotube, 660f
materials, 658659

Index

/ 797

warming embryos, 660—661, 661f,
662—-663
nonequilibrium methods, 634—635
number of embryos to preserve, 633
by rapid cooling ( protocol), 652—657
discussion, 656—657
materials, 652—653
method, 653—-655, 655f
recipe, 657
warming embryos, 655—656
by slow freezing (protocol), 646—651
materials, 646—647
method, 647-649
recipes, 650—651
straw preparation and loading, 648,
648f
thawing embryos, 649
troubleshooting, 650
thawing embryos, 649
warming embryos, 655—656, 660—661,
661f, 662—663
of epiblast stem cells (EpiSCs), 386
of ES cells (protocol), 345-347
discussion, 347
freezing ES cells, 346
materials, 345
thawing ES cells, 346—347
of extra-embryonic endoderm stem (XEN)
cells, 381
oocyte, 636
ovary
overview, 637
protocol, 676-678
records, 637
sperm
overview, 635—636
using cryoprotectant containing
L-glutamine ( protocol),
671-675, 672f—-674f
cryopreservation, 673
materials, 671-672, 672f
recipe, 674—675
thawing sperm, 673—674
using cryoprotectant containing
monothioglycerol (MTG)
(protocol), 665—670
cryopreservation, 667
materials, 665—666
recipe, 668—669
setup, 666—667
sperm collection, 667
straw preparation and loading, 666,
666f
thawing sperm, 668
troubleshooting, 668—669
of spermatogonial stem cells (protocol),
416-417
storage of samples, 637
transport of embryos and germ plasm,
640—-641
of trophoblast stem (TS) cells, 376
Cryoprotectant solution, 1.5 M 1,2-propanediol
(recipe), 650
Cryoprotective agent with 100 mM L-glutamine
(gCPA) (recipe), 674—675
Cryoprotective medium (CPM) (recipe), 669
Cuénot, Lucien, 3
Culture media
for preimplantation embryos, 109-117
choice and experimental outcome, 118
commercially available media, 120t
composition of selected media, 111t
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Culture media (Continued)
considerations for successful culture,
118-120
embryo collection, 118—119
medium choice, 118
quality control, 119-120
reagents, 118—119
critical components of, 113—-117, 115t
amino acids, 114, 115t
carbon dioxide, 116
EDTA, 116-117
glucose, 113—114
growth factors, 117
light exposure, 117
osmolarity, 115
oxygen tension, 115-116
pH, 116
temperature, 117
volume of culture, 117
for development from zygotes to
blastocysts, 112113
history, 109—110
for overcoming two-cell block, 109
preparation of, 120-121, 126—131
concentrated stocks, 129
HEPES-buffered media for embryo
handling, 128—129, 128t
media from concentrated stocks,
129-131, 130t
overview, 120—-121
protocol, 126—-131, 127t, 128t, 130t
Culture medium (recipe), 174, 186
Culture of embryos. See Culture media;
Postimplantation embryos,
culture of; Preimplantation
embryos, culture of
Cumulina the mouse, 13, 403
Cumulus cells
removal with hyaluronidase, 141
sperm penetration of, 34
Cutting devices, safe handling of, 791
Cutting sections
cutting thick sections using a vibratome
(protocol), 709-711
fixed specimens, 710-711
live specimens, 712-713
materials, 709, 712
cutting wax sections using a microtome
(protocol), 706—707
overview, 685
transferring sections onto water droplets
(protocol), 708
Cytochalasin B, in pronuclear transfer protocol,
572, 577-582
Cytomegalovirus (CMV) enhancer, 245, 455
CZB media, 111t, 112, 126, 127t, 130t, 576, 584t,
629t—630t (recipe)
CZB HEPES, 128t, 130t, 584t, 629t—630t
(recipe)
CZB-Sr medium, 584t

D

DAPI staining of whole-mount embryos or fetal
organs (protocol), 722723, 723f

DBA strain, 7

Decidual reaction, 39

Deciduum, 39

Dehydrating tissue in alcohol, 685, 744

Deletions, in ES cell lines, 332—-333

Department of Health, Education, and Welfare
(HEW), U.S., 793

DEPC (diethyl pyrocarbonate), 685
DEPC-treated water (recipe), 697, 705
Dermomyotome, 57-58, 57f
Detergent rinse (recipe), 749
Development, 23—79
branchial arch and pharyngeal region
formation, 66—67, 67f
cell-autonomous markers used to follow
lineages, 46t
chorioallantoic placenta, 68, 69f, 72-74, 73
cleavage, 35, 36f
embryonic turning, 54, 55f
endoderm
anterior visceral, 52
formation of definitive, 45—49
gut, 68
parietal, 68—71, 69f-71f
primitive, 38f, 41, 42f
visceral, 6871, 69f—71f
epiblast, 38f, 41-45, 42f, 43t, 44t
extra-embryonic tissues, 68—70, 69f, 70f
fertilization, 33f, 34—35
gastrulation, 45—49, 48f
germline origin, 4951, 50f
gestation and embryo staging, 2427, 25f,
26t—27t, 28f-30f
gut, 67—-68
heritage of experimental embryology, 11—14
Hox genes, 58, 59f
implantation, 37, 39, 40f
kidney, 60
lateral plate, 58, 60
limb formation, 61
lineages of tissues, 43f
mesoderm, 43, 43t
differentiation of extra-embryonic, 72,
72f
formation of, 45—49
generation of regional diversity in, 51-52
intermediate, 58, 60
morula compaction and blastocyst
formation, 35-37, 37f
neural crest, 65—66, 66f
neurulation, 61-62
node, 52—54, 53f
oocyte maturation, 27, 30, 31f-32f
origins of developmental genetics, 9-11
ovulation, 30, 32, 33f, 34f
pregastrula embryo, 45, 47f
preimplantation, 28f, 36f
schematic from implantation to neurula
stage, 38f
sex determination and differentiation, 60—61
somites and derivatives, 55—58, 56f, 57f
tail bud, 54
time course, 25f
trophoectoderm, 36—37, 37f, 38f, 39, 41, 42f
zygote to eight-cell uncompacted morula, 35
Devitrification, 634
Dewaxing and rehydrating sections
overview, 686
protocol, 714
DIA/LIF (differentiation inhibiting activity/
leukemia inhibitory factor),
323-324
Dialysis, for contaminant removal in DNA prep,
248
Diapause, induction of, 39, 204, 324, 350
Diestrus, 95t
Diethyl pyrocarbonate (DEPC), 685
Differentiating ES cells into embryoid bodies
in AggreWell plates ( protocol), 370—372
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by suspension culture (protocol), 368—369
Differentiation inhibiting activity/leukemia
inhibitory factor (DIA/LIF),
323-324
Digestion buffer (recipe), 559
Digoxigenin, 687
Dil labeling, 53
Dilute coat color, 9, 10, 76f, 77
Dilute-short ear, 10
Dilution solution, 1 M sucrose (recipe), 651
Dimethyl sulfoxide (DMSO), use in somatic cell
nuclear transfer (SCNT), 573
Diptheria toxin (dt), 436
Disaggregating cleavage-stage embryos and inner
cell mass of blastocysts into
individual cells (protocol ), 547548
Disposal
general cautions, 789-791
of laboratory waste, 791
Dissecting microscopes, fluorescent protein
visualization with, 692—693
Dissection medium (recipe), 186
Dissociation medium (recipe), 393
DMEM (Dulbecco’s modified Eagle’s medium),
high glucose, 327
DMEM/F12 + N2 medium (recipe), 360
DMEM/Ham’s F12, 327
DMSO (dimethylsulfoxide) (1.5 M)
cryoprotectant solution (recipe),
677
DNA
concentration determination, 253—254
introduction of foreign DNA into ES cells,
461-487
overview, 462 —-466
culture conditions, 462
double-stranded breaks, 434—435,
434f
electroporating DNA, 464465, 464t
general considerations, 462—464
genotyping assays, 462, 462t
isolating ES cell colonies, 465—466
purifying DNA, 464
selection methods, 465, 465t
targeting approached, 463-464, 463f
transfection methods, 462—463
protocols, 468—487
electroporating DNA into cells,
468-471, 469t
genotyping ES cell colonies before
picking, 485-487
isolating ES cell colonies, 472—474
passaging and freezing ES cells in
96-well plates, 475—477
preparation of DNA from cells in
24-well tissue culture plates,
483-484
rapid preparation of DNA from cells
in 96-well tissue culture plates,
480-482
thawing ES cells from a 96-well plate,
478-479
isolation (see DNA isolation and
purification)
purification (see DNA isolation and
purification)
storage of, 254
DNA isolation and purification
commercial kits for, 249, 250t
contaminants
removal procedures, 248—-249
types/sources of, 247—248
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for introduction into ES cells, 464, 480—484
preparation of DNA from cells in 24-well
tissue culture plates (protocol),
483-484
rapid preparation of DNA from cells in
96-well tissue culture plates
(protocol), 480—482
overview, 247-252
contaminant removal, 247-249
digestion of plasmid DNA for release of
genetic construct fragment, 251
fragment purification, 251-252
gel separation, 251
general considerations, 247
preparation of standard-size plasmid-
DNA from bacterial cultures,
249-251
recovery of DNA from gels, 251, 251t
preparation of DNA for microinjection,
252-254
DNA concentration determination,
253-254
filtration of DNA solution, 254
quality issues, 252-253
storage of DNA preparation, 254
protocols, 269-291
BAC DNA isolation using NucleoBond
system, 271-272
materials, 271
method, 271-272
troubleshooting, 272
BAC DNA purification, 273
DNA fragment isolation and purification,
269-270
materials, 269
method, 269-270
troubleshooting, 270
DNA preparation from cultured cells for
Southern blot or PCR, 567-568
injection buffer preparation for BAC/
YAC DNA, 290
injection buffer preparation for
standard-sized DNA, 289
isolation of high-molecular weight DNA
from embryonic or extra-
embryonic tissues, 560—561
isolation of high-molecular weight DNA
from mouse tail tips, 558—559
YAC DNA purification using PFGE and
ultrafiltration, 286—288
materials, 286—287, 287f
method, 287-288
troubleshooting, 288
YAC DNA purification using two-gel
electrophoresis procedure,
279-285
discussion, 283—-284
excision of YAC DNA, 281
isolation of YAC DNA, 281-283
materials, 279—-280
method, 280-283
PFGE gel electrophoresis, 280-281,
280t, 282f
recipes, 284285
standard agarose gel electrophoresis,
281, 282f
yeast agarose plug preparation for YAC
DNA isolation, 274—-278
discussion, 276
materials, 274, 276f
method, 275-276
recipes, 276—277

DNA polymerase I Klenow fragment, 739

DNase, 505

Dobrovolskaia-Zavadskaia, Nelly, 10

Dolly the sheep, 403

Dominant white spitting pigmentation mutant, 9

Dot-blot hybridization, for copy number
determination, 553

Double-stranded DNA breaks (DSBs), 433—434,
434f

Doxycycline-inducible reprogramming of
fibroblasts, 428—430

D-PBS medium, 111t

Dre recombinase, 438

DSBs (double-stranded DNA breaks), 433—434,
434f

dsRed fluorescent protein, 437, 692

dt (diptheria toxin), 436

Dulbecco’s modified Eagle’s medium (DMEM)
with high glucose, 327

Dulbecco’s modified Eagle’s medium (DMEM)/
F12 4+ N2 medium (recipe), 360

Dulbecco’s modified Eagle’s medium (DMEM)/
Ham’s F12, 327

Dunn, L.C., 10

Dye injection, visualizing early implantation sites
by, 150, 150f, 157158

Dyes, hazards of, 793

E

Eagle’s medium, amino acids in, 114, 115t
Early gastrula organizer (EGO), 54
Ear punching or notching, 98, 99f
Ear tags, 99-100, 100f
EC (embryonal carcinoma) cells, 13—14, 44,
322-323
ECFP (enhanced cyan fluorescent protein), 690f,
692
Ectoderm, 43, 43t
EDTA, in embryo culture media, 116—117
Efferent duct injection, 421f, 422
EFS42.5¢ vitrification solution (recipe),
663—-664
EFS20 solution, 662
EFS40 solution, 653—654, 656—657
EFS20 vitrification solution (recipe), 663
EGF (epidermal growth factor), 389
EGEFP (enhanced green fluorescent protein), 244,
690f, 692
Eight-cell-stage embryos, injecting (protocol),
526-530
Electrodes, for electroporation, 187, 188f
Electroelution, for contaminant removal in DNA
prep, 248
Electrofusion, in tetraploid embryo production
(protocol), 539-541, 540f, 540t
Electrofusion apparatus, 776
Electrolysis, sharpening tungsten needles by,
160f
Electrophoresis
gel separation of DNA fragments, 251
recovery of DNA from agarose gels, 252t
YAC DNA purification using PFGE and
ultrafiltration (protocol),
286-288
YAC DNA purification using two-gel
electrophoresis procedure
(protocol), 279-285
Electroporation
of DNA into cells
overview, 464—465, 464t
protocol, 468—-471, 469t
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integrating piggyBac transposon transgenes
into mouse fibroblasts by
electroporation (protocol),
424-425
of postimplantation embryos
overview, 154—155, 155f
in utero (protocol), 190-193, 192f
in vitro (protocol), 187—189, 188f
Elutip-D kit, 250t
Embedding in wax
fixation and paraffin embedding for GFP
visualization (protocol),
757-758
overview, 685
protocol, 701-702
small embryos (protocol), 703
Embryo(s), transport of, 640—641
Embryo collection
culture media for, 118—119
preimplantation embryos, 123
blastocyst collection (protocol),
146-148, 147f
opening abdominal cavity and locating
female reproductive organs
(protocol), 137-138, 1371, 138f
pipettes for handling embryos, 121-122,
122f, 134—137
two-cell- to morula-stage embryo
collection (protocol), 143—145,
144f-145f
zygote collection and removal of
cumulus cells (protocol),
139-142, 140f-141f
Embryo cryopreservation
equilibrium methods, 633
factors to consider, 632—633
by high-osmolality vitrification (protocol),
658-664, 660f, 661f
nonequilibrium methods, 634-635
number of embryos to preserve, 633
by rapid cooling ( protocol), 652—657
by slow freezing (protocol), 646—651
thawing embryos, 649
warming embryos, 655-656, 660—661, 661f,
662—-663
Embryo dilution solution (recipe), 657
Embryo donors, 89-92
establishing breeding colony to supply,
88—-89
female for generation of ES cell chimeras,
90, 92
production of donors, 92
strains for, 90
female for pronuclear microinjection,
89-90, 91-92, 92t
production of donors, 91-92, 92t
strains for, 89-90
production, 91-92
stud male mice for, 91
Embryo-handling pipette, 121-122, 122f
components of, 121-122, 122f
hand-controlled, 121-122, 122f
making from hard glass capillaries,
134-135
reducing capillary action in, 122
siliconized, 136
Embryoid body formation, 333, 366—370
Embryonal carcinoma (EC) cells, 13—14, 44,
322-323
Embryonic ectoderm development (eed) locus, 10
Embryonic stem (ES) cell(s). See also Embryonic
stem (ES) cell lines
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Embryonic stem (ES) cell(s). See also Embryonic

stem (ES) cell lines (Continued)
chimera formation
aggregation with embryos
aggregation plate preparation
(protocol), 534—535, 535f
ES cell preparation for aggregation
(protocol), 531-533, 533f
number of cells for, 493
overview, 490—-493
tetraploid embryo production
(protocol), 539—-541, 540f, 540t
zona pellucida removal (protocol),
536-538, 537f
cell lines for, 491-493
color coat markers, 491—493, 494f—499f,
494t-500t
in generation of C57BL6 ES cell
chimeras, 497f—498f, 497t—498t
in generation of 129 ES cell chimeras,
494f—496f, 494t—496t
in generation of ES cell chimeras
using F; hybrid and albino cell
lines, 499f, 499t—500t
embryo donors for, 90, 92
production of donors, 92
strains for, 90
ES cells«<—diploid embryo aggregate
assembly (protocol), 543544,
544f
ES cells«tetraploid embryo aggregate
assembly (protocol), 545—546,
546f
injection into blastocyst
assembling microinjection setup,
518-519
disaggregating cleavage-stage
embryos and inner cell mass of
blastocysts into individual cells
(protocol), 547—-548
ES cell preparation for injection,
520-521
injecting blastocysts ( protocol),
522-525
injecting eight-cell-stage embryos
(protocol), 526—530
isolating inner cell mass of blastocysts
(protocol), 549—-550, 549f
making ES cell injection needles
(protocol), 514-517, 514f, 516f
microinjection setup, 505—506
number of cells to inject, 493
overview, 490-493
preparation of injection and holding
pipettes, 506
cryopreservation of, 345—347
detection and analysis of ES cell-mediated
gene/genome alterations,
554-555
developmental origin of, 44
DNA introduction into, 461-487
overview, 462—466
culture conditions, 462
electroporating DNA, 464-465,
464t
general considerations, 462—464
genotyping assays, 462, 462t
isolating ES cell colonies, 465—466
purifying DNA, 464
selection methods, 465, 465t
targeting approached, 463—464, 463f
transfection methods, 462—463

protocols, 468487

electroporating DNA into cells,
468—-471, 469t

genotyping ES cell colonies before
picking, 485—-487

isolating ES cell colonies, 472—474

passaging and freezing ES cells in
96-well plates, 475—-477

preparation of DNA from cells in
24-well tissue culture plates,
483-484

rapid preparation of DNA from cells
in 96-well tissue culture plates,
480-482

thawing ES cells from a 96-well plate,
478-479

making homozygous for mutations, 451-452

Embryonic stem (ES) cell lines, 321-404

derivation and culture, overview of, 322—330
considerations for optimal ES cell
culture, 325-327, 326f
historical background, 322-325
leukemia inhibitory factor (LIF), 329-330
media and reagents, 327328, 327t, 328t
serum and serum replacement, 328—329
sources of ES cells and feeder cell lines,
325t
trypsin/EDTA, 330
epiblast stem cells (EpiScs), 334
extra-embryonic endoderm stem (XEN)
cells, 333-334
feeder cells for, 330—331
primary mouse embryonic fibroblasts
(MEFs), 330
STO fibroblasts, 330—331
karyotype, 332—333
pathogen testing of, 331-332
progenitor cells from the CNS, 334
protocols, 338—404
chromosome counting, 363—365, 364f
cryopreservation of ES cells, 345—347
discussion, 347
freezing ES cells, 346
materials, 345
thawing ES cells, 346—347
derivation and culture of EpiSC cell lines,
382-388
cryopreservation, 386
culturing cells, 385—386
derivation, 383—385, 384f
materials, 382-383
method, 383-386
recipes, 386—388
derivation and culture of TS cell lines,
373-378
discussion, 376
materials, 373-374
method, 374—-376, 375f
recipes, 376—378
derivation and culture of XEN cell lines,
379-381, 380f
derivation of ES cell lines using
serum-containing culture
conditions, 350—354, 351f—353f
derivation of ES cell lines using
small-molecule inhibitors of
Erk and Gsk3 signaling (2i),
355-362
embryo appearance, 358f
expansion of ES cell lines, 359, 359f
inner cell mass isolation by immu-
nosurgery, 357—-359
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materials, 355-356
preimplantation epiblast preparation,
356-357
recipes, 360—362
summary diagram, 357f
differentiating ES cells into embryoid
bodies by suspension culture,
368-369
differentiating ES cells into embryoid
bodies in AggreWell plates,
370-372
feeder cell layer preparation from STO or
MEF cells, 341-342
discussion, 342
materials, 341
mitomycin C treatment, 341—-342
treatment by y-irradiation, 342
isolation, culture, and differentiation of
progenitor cells from central
nervous system, 389—-394
differentiation, 392
discussion, 392
dissection, 390—392, 391f
materials, 389-390
method, 390-392, 390f, 391f
recipes, 392—394
secondary neurospheres, 392
slide coating, 392
isolation, culture, and differentiation of
radial glial-like neural progenitor
cells in adherent cultures,
395-401
coating culture surfaces with AK-
cyclo(RGDSC), 396
differentiation, 399, 400f
dissection, tissue dissociation, and
cell seeding, 396—397
fixation and immunohistochemistry,
399
harvesting by trypsinization,
398-399
maintenance and propagation of
cells, 397-398, 398f, 399f
materials, 395-396
methods, 396-399, 398f—400f
recipes, 400—401
passage of ES cells, 343344
primary mouse embryonic fibroblasts
(MEFs), preparation of, 338340
discussion, 339—340
materials, 338—339
method, 339
testing serum batches, 348—349
trophoblast stem (TS) cells, 333-334
in vitro differentiation, 333

Embryonic stem (ES) cell-mediated transgene-

sis, 440—442

examples, 441-442

overview, 440—441

vectors (see Vector design)

in vitro screen for widespread transgene
expression (protocol), 455-457

Embryo recipients, 92—93

establishing breeding colony to supply,
88-89

production of, 93

sterile male mice to induce
pseudopregnancy, 93

Embryo transfer

overview, 199-203
background, 199-200
nonsurgical embryo transfer (NSET), 200
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number of embryos to transfer, 200—201
recipient females, 201202
technical aspects, 202—203, 202f
unilateral and bilateral transfers, 201
zona pellucida role in, 200
protocols
oviduct transfer of embryos, 211-215,
212f, 213f
uterine transfer of embryos, 216—219, 218f
for rederivation of animals into SPF colonies,
637-638
rederivation procedure for, 639
Embryo transfer pipette
air bubbles in, 202-203, 202f
loading embryos into, 202, 203, 213, 217
reducing capillary action in, 202
structure of, 202
EMMA (European Mouse Mutant Archive), 768
ENCODE project, 1, 17
Endoderm
anterior visceral, 52
formation of definitive, 45—49
gut, 68
parietal, 68—71, 69f-71f, 73, 73f
primitive, 38f, 41, 42f, 490
visceral, 68—71, 69f-71f, 73
Endotoxin, as DNA prep contaminant, 248
Enhanced cyan fluorescent protein (ECFP), 690f,
692
Enhanced green fluorescent protein (EGFP),
244, 690f, 692
Enhanced yellow fluorescent protein (EYFP), 692
ENU (ethylnitrosourea), 16
Enucleation
of zygotes, 579—580, 580f
pipette, 578—579, 579f, 585—586, 587f
Environmental Protection Agency (EPA), U.S.,
791
Enzymes. See also specific enzymes
as DNA prep contaminant, 248
heat inactivation of, 248
Enzyme solution
for adult tissue dissociation (recipe), 400
for neurosphere assay (recipe), 393
Eosin, 744
Ephrussi, Boris, 13
Epiblast, 38f, 41-45, 43t, 44t
derivation of ES cell lines using small-
molecule inhibitors of Erk and
Gsk3 signaling (2i) (protocol),
355-362
fate maps of epiblast before and after
gastrulation, 48f
gut development, 67—68
as pluripotent tissue, 44—45
Epiblast stem cells (EpiSCs), 44, 334
derivation and culture of EpiSC cell lines
(protocol), 382-388
cryopreservation, 386
culturing cells, 385—386
derivation, 383385, 384f
materials, 382—383
method, 383-386
recipes, 386—388
Epidermal growth factor (EGF), 389
Epinephrine, 214
EpiSC + FGF2 medium (recipe), 388
EpiSC medium (recipe), 387
EpiSCs. See Epiblast stem cells
Equipment, 769-771
biological safety cabinets, 770—771
electrofusion apparatus, 776
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incubators, 769—-770
laminar flow hoods, 770
for micromanipulation, 773774
laser systems, 774
microinjection systems, 773—774
micromanipulators, 773
piezoelectric systems, 774
microscopes, 771-773
inverted microscopes, 772
stereomicroscopes, 771
temperature controllers for heating and
cooling stages, 772
vibration-free tables, 773
microtool production from glass capillaries,
774-775
bevelers, 775
grinders, 775
microforges, 775
pullers, 775
refrigerators and freezers, 769
for spermatogonial stem cell injection into
testis, 419—420, 419f
surgical instruments, 776—777
ES cells. See Embryonic stem (ES) cell(s);
Embryonic stem (ES) cell lines
Estrogen receptor, 239, 440
Estrous cycle
indicators, 95t
induction by male pheromones (Whitten
effect), 95
lighting cycle and, 94
phases of, 94, 95t, 104f
selecting mice in estrus, 103
stage determination by vaginal smear
(protocol), 617-618, 618f
synchronization of, 95
Estrus
indicators of, 95t
induction of, 95
Ethanol
for parthenogenetic activation of oocytes,
572, 574-576, 575f
precipitation for contaminant removal in
DNA prep, 248
Ethidium bromide, as DNA prep contaminant,
248
Ethylnitrosourea (ENU), 16
European Conditional Mouse Mutagenesis
Program (EuCOMM), 90
European Mouse Mutant Archive (EMMA), 768
Euthanasia, by cervical dislocation, 137, 137f
Evans, Martin, 14, 18
Exon, 432
Expression. See Gene expression
Extra-embryonic endoderm stem (XEN) cells,
333-334, 490
derivation and culture of XEN cell lines
(protocol), 379-381, 380f
Extra-embryonic membranes, isolating
overview, 150—-151
protocol, 167—169, 168f
Extra-embryonic tissues, 68—70, 69f, 70f
development stages, 26t—27t
differentiation of extra-embryonic
mesoderm, 72, 72f
EYFP (enhanced yellow fluorescent protein), 692

F
Fate map
of early postimplantation embryo, 49
of epiblast before and after gastrulation, 48f
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FBS (fetal bovine serum), 328—329
Feeder cells for ES cell lines, 325t, 330—331
preparation from STO or MEF cells
(protocol), 341-342
discussion, 342
materials, 341
mitomycin C treatment, 341—342
treatment by +y-irradiation, 342
primary mouse embryonic fibroblasts
(MEFs), 330, 341-342
STO fibroblasts, 330—331, 341-342
Feeder-conditioned medium (Feeder-CM)
(recipe), 377
Females
artificial insemination of, 597—-598,
615-616, 616f, 619-622, 620f
dissection of reproductive organs, 138, 138f
embryo donors, 89-92
embryo recipients, 92—93
establishing breeding colony, 88—89
estrous cycle, 94-95, 95t, 103, 104t
housing of, 88
for pregnant females, 94
infertility, 594—595
isolating germ cells from postimplantation
embryo genital ridge, 176—177,
177
oogenesis, 31f
selecting mice in estrus and checking plugs
(protocol), 103, 104f
sex determination and differentiation,
60-61
timing of germ-cell development, 51f
urogenital system, 594f
Fertilization, 33f, 34—35
in vitro fertilization (IVF), 596—597,
604-614
Fetal bovine serum (FBS), 328-329
Fetal death, 151
Fetal great vessel visualization by plastic coating,
690f, 694, 765-766
Fetal vasculature visualization by India ink
injection, 690f, 694, 763764
FGF (fibroblast growth factor)
FGF2 stock solution (10 pg/mL) (recipe),
388
FGF4 stock solution (1000, 25 pg/mL)
(recipe), 377
FHM medium, 111t, 128t, 130t
FIAU, 465, 469t
Fibroblasts
primary mouse embryonic fibroblasts
(MEFs), 330
feeder cell layer preparation from
(protocol), 341-342
preparation of (protocol), 338—340
discussion, 339-340
materials, 338—339
method, 339
reprogramming
integrating piggyBac transposon
transgenes into mouse fibroblasts
by electroporation (protocol),
424-425
integrating piggyBac transposon trans-
genes into mouse fibroblasts
using chemical methods
(protocol), 426—427
reprogramming mouse fibroblasts with
piggyBac transposons ( protocol),
428-430, 429f
Firefly luciferase gene, 244
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Fixation. See Tissue fixation
Fixative for frozen sections (recipe), 749
Fixative for staining intact embryos (recipe), 749
Flp recombinase
described, 439
site-specific recombination-mediated
insertions, 448—449
Flunixin megulmine, 199, 199t
Fluorescein isothiocyanate (FITC) filter sets,
693
Fluorescent in situ hybridization (FISH)
(FISH)-based chromosome painting,
karyotyping by, 332, 554—555
identification of homozygous transgenic
mice/embryos, 556
Fluorescent proteins
protocols
intracellular observation of fluorescent
proteins in fixed cells, 756
observation in living cells, 755
visualization of fluorescent protein
expression in whole-mount
postimplantation-stage embryos,
753-754
as reporters, 436—437, 437f
for testing pluripotency and germline
competence of induced
pluripotent stem (iPS) cells, 408,
408f
visualization techniques for cells using, 690f,
692-693
compound, confocal, and deconvolution
microscope use, 693
dissecting microscope use, 692—693
macroscopic observation, 692
observation in living cells, 693, 755
Fluorinert, 586
Follicle-stimulating hormone (FSH), 30, 95
Fostering, 94, 203, 220-221
Foxa2 gene, 65
Free radicals, 116
Freezers, 769
Freezing ES cells in 96-well plates (protocol),
475-477
Freezing medium
2x (recipe), 477
for feeder cell culture (2x) (recipe), 388
for feeder-free cell culture (1) (recipe), 388
FRT sites, 439
FSH (follicle-stimulating hormone), 30, 95
FuGENE HD transfection reagent, 426—427
Furth, Jacob, 7
Fused (Fu) locus, 7
Fyrite Kit, 328

G

G418, 465, 465t, 469t, 472, 474
+y-irradiation, feeder cell layer preparation from
STO or MEF cells by, 342
Ganciclovir, 469t
Gardener, Richard, 13
Gas containers
for incubators, 770
safe handling of, 790
Gastrulation, fate maps of epiblast before and
after, 48f
G-banding, 332
Gelase, 248
Gelatin (0.1%) (recipe), 360
Gene expression
effect of embryo culture on, 117-118

in vitro screen for widespread transgene
expression (protocol), 455-457
Gene knockout, 442—445
Gene products, visualization techniques for,
684—691. See also specific
protocols
cutting sections, 685
dehydrating in alcohol, 685
dewaxing and rehydrating sections, 686
embedding in wax, 685
glass slide and coverslip preparation, 685
immunohistochemistry
of embryo sections, 686
fluorescent analysis, 686
general techniques for, 684—686
of whole-mount embryos, 686, 689f
isolating total RNA from mouse embryos or
fetal tissues, 684
in situ hybridization
avoiding contamination with RNase, 687
of embryo and tissue sections with RNA
probes, 686—687
general techniques for, 684—686
of whole-mount embryos with RNA
probes, 687—-688, 6891, 691
staining for alkaline phosphatase activity,
6891, 691
staining for B-galactosidase activity, 689f,
691
tissue fixation, 685
Gene targeting
described, 442—445
detection and analysis of ES cell-mediated
gene/genome alterations, 554
Genetics, 1-11. See also Genome
beginnings of mouse, 3
of coat color, 75-77, 75t, 76f
developmental
heritage of experimental embryology,
11-14
origin of, 9-11
genome manipulation, 14—15
systematic mutagenesis and phenotyping,
15-18
Gene transfer. See Electroporation
Gene trapping
described, 17, 445-446
detection and analysis of ES cell-mediated
gene/genome alterations, 554
Genital ridge, isolating germ cells from
postimplantation embryos,
151-152, 152f, 175-177,
176f-177f
Genome
current annotation, 1
linkage conservation and synteny with
human genome, 2
manipulation of, 14—15
statistics, 4t
Genomic and gene elements, in vector design,
432-434
arms of homology, 433—434, 434f
exon, 432
internal ribosomal entry site (IRES), 432
intron, 432
polyadenylation signal, 432
promoters, 432
splice donor, 432
2A peptide sequence, 433
Genotyping, 551-570
chimeras, 501, 501f, 502
cloning transgene/host DNA junctions, 555
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detection and analysis of ES cell-mediated
gene/genome alterations,
554-555
detection and analysis of transgene from
pronuclear injection, 552—553
copy number, 553
PCR genotyping, 552
Southern blot analysis, 552—553
ES cell colonies before picking (protocol),
485-487
identification of homozygous transgenic
mice/embryos, 555-557
PCR analysis using flanking primer, 557,
557f
in situ hybridization to interphase nuclei,
556
Southern blot analysis using flanking
probe, 556
test breeding, 556
protocols
DNA preparation from cultured cells
for Southern blot or PCR,
567-568
isolation of high-molecular weight
DNA from embryonic or
extra-embryonic tissues,
560-561
isolation of high-molecular weight
DNA from mouse tail tips,
558-559
PCR template preparation from
embryonic and adult tissue
samples, 564—565
PCR template preparation from mouse
tail tissue, 566
polymerase chain reaction (PCR),
567-568
tissue lysate preparation for PCR
template, 562—563
tissue samples for, 551—552
Genotyping assays, 462, 462t
Germ cell isolation from genital ridge of
postimplantation embryos
overview, 151-152, 152f
protocol, 175-177, 176f-177f
Germlayer explant recombinant culture
overview, 151
protocol, 173—-174
Germ layers, separating postimplantation
overview, 151
protocol, 170-172, 171f
Germline, origin of, 49-51, 50f
Germline-competent stem cells derived from
adult mice, 403—430
overview, 403—-409
induced pluripotent stem (iPS) cells,
406-408
reprogramming vectors, 407—408,
407f
testing pluripotency and germline
competence of, 408, 408f
spermatogonial stem cells (SSCs),
404-406
culture of, 404—405
transplantation of, 405—406, 405f
protocols, 410—430
cryopreserving and thawing
spermatogonial stem cells,
416-417
culture and expansion of primary
undifferentiated spermatogonial
stem cells, 413—-415
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establishment of primary culture,
413-414, 415f
expansion of primary
undifferentiated culture,
414-415
materials, 413
integrating piggyBac transposon
transgenes into mouse
fibroblasts by electroporation,
424-425
integrating piggyBac transposon
transgenes into mouse fibroblasts
using chemical methods,
426-427
isolation of the spermatogonial stem
cell-containing fraction from
testes, 410412
materials, 410—411
percoll isolation, 412
testes disaggregation, 411
Thyl" selection by magnetic-
activated cell sorting, 412
reprogramming mouse fibroblasts with
piggyBac transposons, 428—430,
429f
spermatogonial stem cell transplatation
to the testis, 418—-423
busulfan treatment of adult
recipients, 419
discussion, 422
injection of cells into recipient tissue,
420-422, 421f
materials, 418—419, 419f
preparation of cells for
transplantation, 420
preparation of injection pipette and
injector, 419—420
Gestation
development staging, 24—27, 25f, 26t-27t,
28f-30f
length of, 24
GFP. See Green fluorescent protein
Giemsa staining of chromosomes, 332
Gittschier buffer (recipe), 486
Glasgow Minimal Essential Medium (G-MEM),
327
Glass capillaries, microtool production from,
774-775
Glass slide and coverslip preparation for in situ
hybridization, 685, 704—705
Glucose, in embryo culture media, 113—-114
Gluecksohn-Waelsch, Salome, 10
Glutamine
L-alanyl-L-glutamine, 114
sperm cryopreservation using cryoprotectant
containing L-glutamine
(protocol), 671-675, 672f-674f
G1 medium, 111t, 112
G2 medium, 111t, 112
Gonadotropin
dose, 96t, 97
preparation of, 105
time of administration, 97
Gonads. See also Ovary; Testis
sex determination and differentiation, 60—61
Gordon, Jon, 14
Gorer, Peter, 7
Gossler, Achim, 15
Graafian follicles, 30, 32f
Granulosa cells, luteinized, 32
Great vessel visualization by plastic coating, 690f,
694, 765—-766
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Green fluorescent protein (GFP), 692
fixation and paraffin embedding for GFP
visualization (protocol),
757-758
intracellular observation in fixed cells
(protocol), 756
observation in living cells (protocol), 755
as reporter gene in transgene constructs, 244,
437
Grinders, 775
Gropp, Alfred, 9
Growth factors, in embryo culture media, 117
Griineberg, Hans, 10
Gurdon, John, 18, 403, 406
Gut development, 67-68
Gynogenotes, 571

H

Hadorn, Ernst, 10, 12
Hair follicle, 74—75, 74f
Haldane, J.B.S,, 3, 10
Hammond, John, Jr., 12
Handling blastocysts for fixation (protocol), 700
Hazardous chemicals, properties of common,
793-794
HB-EGF (heparin-binding epidermal growth
factor), 117
hCG (human chorionic gonadotropin), 91, 95,
97, 105, 315
Heavy inhibitory solution (HI) (recipe), 393
Helicobacter typhlonius, 639
Hensen’s node. See Node
HEPA (high-efficiency particulate air)-filtration,
87, 770
Heparin-binding epidermal growth factor
(HB-EGF), 117
Heparin stock solution (1000x, 1 mg/mL)
(recipe), 377
Hepatectomy, partial, 227-228
HEPES-buffered DMEM with FBS (recipe), 166,
169, 172
HEPES-buffered media for embryo handling,
128-129, 128t
Hermaphrodites, 500
Herrmann, Bernhard, 11
Hex gene, 45
High-efficiency particulate air (HEPA)-filtration,
87, 770
High-osmolality vitrification, embryo
cryopreservation by, 658—664,
660f, 661f
cooling embryos, 659—660, 662
discussion, 661
in insemination straws, 662—664
loading embryos into cryotube, 660f
materials, 658—659
warming embryos, 660—661, 661f, 662—663
Hind limb bud morphology, 152f
Histocompatibility genes, 8
Histone H4 promoter, 245
HMGCR promoter, 245
Holding pipette
for ES cell chimera formation, 506
for intracytoplasmic sperm injection (ICSI),
624
making holding pipettes ( protocol),
294-295
in microinjection setup, 299—300, 300f
pressure control in, 259
for pronuclear microinjection, 256—257,
256f, 257f, 294-295
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Homologous recombination
arms of homology and, 433—434, 434f
during pronuclear microinjection, 241
replacement by, 446—448
hit and run example, 447
piggyBac transposon example, 448
tag and exchange example, 447
Homology search, 15—16
Homozygous
ES cells for mutations, 451—452
transgenic mice/embryos, identifying,
555-557
Honolulu method of SCNT, 572
Housekeeping genes, promoters of, 245
Housing
females for embryo transfer, 88
males, 88
pregnant females, 94
Hox genes, 58, 59f, 63, 64f
hPAP (human placental alkaline phosphatase)
gene, 244, 437
hprt (hypoxanthine phosphoribosyltransferase),
15, 435, 436
HSV-tk (herpes simplex virus-1 thymidine
kinase gene), 436, 465
HTF (human tubal fluid), 597
Human chorionic gonadotropin (hCG), 91, 95,
97, 105, 315
Human Genome Project, 2
Human menopausal gonadotropin, 95
Human placental alkaline phosphatase (hPAP)
gene, 244, 437
Human tubal fluid (HTF), 597
Human tubal fluid medium (recipe), 612, 622
Human tubal fluid medium with calcium
(recipe), 613
Hyaluronidase
cumulus cell removal with, 34, 141
release from acrosome, 34
Hyaluronidase (recipe), 781
Hybridization mix (recipe), 739
hygro (hygromycin-resistance gene), 435, 465t
Hygromycin B, 435, 465t, 469t

Ice crystals, 634
ICM. See Inner cell mass
ICR mice, 590
ICSI. See Intracytoplasmic sperm injection
Identification. See Animal identification
IETS (International Embryo Transfer Society),
638
IGF-II (insulin-like growth factor II), 117
IGTC (International Gene Trap Consortium), 768
IKMC (International Knockout Mouse
Consortium), 17, 90, 492, 768
Imaging
embryos after whole-mount in situ
hybridization, 741
mounting embryos for microscopic
observation and imaging
(protocol), 726, 727f
static culture of postimplantation embryos
for, 154, 184—186, 185f
IMDM (Iscove’s Modified Dulbecco’s Medium),
327
Immunofluorescent staining of whole-mount
embryos (protocol), 724—-725
Immunohistochemistry
overview
of embryo sections, 686
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Immunohistochemistry (Continued)
fluorescent analysis, 686
general techniques for, 684—686
of whole-mount embryos, 686, 689f
protocols
of embryo sections, 715-718
of whole-mount embryos, 719-721
Immunosurgery, isolating inner cell mass by,
357-359, 358f, 549550, 549f
IMPC (International Mouse Phenotyping
Consortium), 1, 768
Implantation
events in, 37, 39, 40f
timing of, 149, 150
visualizing sites, 150, 150f, 157158
IMSR (International Mouse Strain Resource),
768
Incisions, surgical, 196
Incubators, 116, 769-770
India ink injection, vasculature visualization by,
6901, 694, 763-764
Induced pluripotent stem (iPS) cells
overview, 14, 406—408
reprogramming vectors, 407—408, 407f
testing pluripotency and germline
competence of, 408, 408f
protocols
integrating piggyBac transposon
transgenes into mouse fibroblasts
by electroporation, 424—425
integrating piggyBac transposon
transgenes into mouse fibroblasts
using chemical methods,
426-427
reprogramming mouse fibroblasts with
piggyBac transposons, 428—430,
429f
Yamanaka factors, 406, 407
Inducible systems, 439—440
tamoxifen, 440
tetracycline, 440, 458—-459
in vitro screen to identify silent but
activatable integration sites for
tet-inducible transgene
(protocol), 458—460
Inhalation anesthetics, 198
Inhibitors (2i), 10 mM stock (recipe), 360
Inhibitors of Erk and Gsk3 signaling (2i)
derivation of ES cell lines using (protocol),
355-362
embryo appearance, 358f
expansion of ES cell lines, 359, 359f
inner cell mass isolation by
immunosurgery, 357-359
materials, 355—-356
preimplantation epiblast preparation,
356-357
recipes, 360—362
summary diagram, 357f
Injection buffer preparation
for BAC/YAC DNA (protocol), 290
for standard-sized DNA (protocol), 289
Injection chambers, for pronuclear
microinjection, 260—-262,
260f-262f, 299, 299
Injection pipette
in cloning mice procedure, 585—586, 587f
for ES cell chimera formation, 506
for intracytoplasmic sperm injection (ICSI),
624
making injection pipettes ( protocol), 296297
positioning of, 299, 300f

pressure control in, 259—-260
for pronuclear microinjection, 257258,
296-297
for pronuclear transfer, 578—579, 579f
Inner cell mass (ICM), 36—37, 37f
disaggregating cleavage-stage embryos and
inner cell mass of blastocysts into
individual cells (protocol),
547-548
injection into blastocyst to create chimeras,
490
isolating inner cell mass of blastocysts
(protocol), 549—-550, 549f
isolation by immunosurgery, 357—359, 358f,
549-550, 549f
Insertional mutagenesis, 17
Insertions, site-specific recombination-
mediated, 448—449
In situ hybridization
fluorescent in situ hybridization (FISH)
(FISH)-based chromosome painting,
karyotyping by, 332, 554—555
identification of homozygous transgenic
mice/embryos, 556
overview
avoiding contamination with RNase,
687
of embryo and tissue sections with RNA
probes, 686—687
general techniques for, 684—686
of whole-mount embryos with RNA
probes, 687—688, 6891, 691
protocols
dewaxing and rehydrating sections before
in situ hybridization or staining,
714
of embryo and tissue sections with
radiolabeled RNA probes,
728-732
autoradiography, 733-734
hybridization, 731
materials, 728—-729
posthybridization washing, 731-732
prehybridization, 730-731
probe preparation, 729—-730
glass slide and coverslip preparation,
704-705
imaging embryos after whole-mount in
situ hybridization, 741
sectioning embryos after whole-mount in
situ hybridization, 742-743
of whole-mount embryos with
nonradiolabeled RNA probes,
735-740
discussion, 738-739
embryo preparation, 736
histochemistry, 738
materials, 735-736
post-antibody washes, 738
posthybridization washes, 738
pretreatment and hybridization, 737
probe preparation, 736—737
recipes, 739—-740
Institutional safety office, 789
Insulin-like growth factor I (IGF-I), 117
Insulin-like growth factor II (IGF-II), 117
Internal ribosomal entry site (IRES), 243, 408,
432
International Embryo Transfer Society (IETS),
638
International Gene Trap Consortium (IGTC),
768
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International Knockout Mouse Consortium
(IKMC), 17, 90, 492, 768
International Mouse Phenotyping Consortium
(IMPC), 1, 768
International Mouse Strain Resource (IMSR),
768
Internet resources, 785—-787
Intestinal tract, development stages, 26t—27t
Intrabursal transfer of sperm (ITS), 620
Intracytoplasmic sperm injection (ICSI), 598,
623-630, 626f, 627f
overview, 598
protocol, 623-630, 626f, 627f
Intraperitoneal injection (protocol), 107—108,
107f
Intrauterine growth restriction (IUGR), 151
Introns, 245, 432
Inverse PCR, 555
Inversions, induced site-specific, 450
Inverted microscopes, 772
In vitro differentiation of ES cell lines, 333
In vitro fertilization (IVF), 596—597, 604—614
discussion, 611-612
Jackson Laboratory method, 605-608
laser assisted, 597
materials, 604—605
media for, 596-597
Nakagata method, 608—-610
overview, 596—597
protocol, 604—614
recipes, 612—614
troubleshooting, 611
In vitro screen to identify silent but activatable
integration sites for tet-
inducible transgene ( protocol),
458-460
In vitro—translated RNA for microinjection,
preparation of (protocol),
292-293
Ton-exchange chromatography, for contaminant
removal in DNA prep, 248
IPS cells. See Induced pluripotent stem (iPS)
cells
IRES (internal ribosomal entry site), 243, 408,
432
Iscove’s Modified Dulbecco’s Medium (IMDM),
327
Isoflurane, 198
ITS (intrabursal transfer of sperm), 620
TUGR (intrauterine growth restriction), 151
IVE. See In vitro fertilization

J
Jackson Laboratory, 7, 8, 12, 13, 493, 768
Jacob, Frangois, 13
Jaenisch, Rudolf, 14

K
Karyoplast, 572, 579, 580f, 581582, 581f
Karyotype /karyotyping
chromosomal banding, 332
chromosome counting ( protocol), 363—365,
364f
embryonic stem (ES) cell lines, 332—333
fluorescent in situ hybridization
(FISH)-based chromosome
painting, 332, 554-555
spectral karyotyping (SKY), 332
Kaufmann, Matt, 14
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Ketamine/xylazine, 198, 198t
Ketoprofen, 199, 199t
Kidney
development of, 60
nephrectomy, 228-229
tissue transplantation under capsule of
(protocol), 222224, 223f
Klenow fragment of DNA polymerase I, 739
KLF4 transcription factor and gene, 406, 407
KnockOut D-MEM medium, 327
Knockout Mouse Project (KOMP), 90
KnockOut Serum Replacement (KSR), 324, 354
KSOM + 2i inhibitors (100X stock) (recipe),
360
KSOM medium, 111t, 112, 113, 127t, 130t, 534,
576

L

Laboratory location, 87—88
lacZ gene, 244
as reporter, 436, 440
for testing pluripotency and germline
competence of induced
pluripotent stem (iPS) cells, 408,
408f
L-alanyl-L-glutamine, 114
Laminar flow hoods, 770
Laser safety, 790
Laser systems, 774
Lathrop, Abbie E.C., 4
Lentivirus
infecting embryos by coculturing with
lentivirus (protocol), 312-314
cleanup, 313
discussion, 314
embryo preparation, 312—313
materials, 312
setup for infection, 313
troubleshooting, 313
microinjection of lentivirus into embryos
(protocol), 308-311
cleanup, 310
discussion, 311
injection of embryos, 309-310
materials, 308—309
setup, 309
troubleshooting, 310-311
vectors for pronuclear microinjection, 241,
308
Lesch-Nyhan disease, 15
Leukemia-inhibitory factor (LIF), 39, 117,
329-330
L-glutamine, 114
sperm cryopreservation using cryoprotectant
containing L-glutamine
(protocol), 671-675,
672f-674f
LH (luteinizing hormone), 30, 95, 97
LIF (leukemia-inhibitory factor), 39, 117,
329-330
Light exposure, embryo culture and, 117
Light inhibitory solution (recipe), 394
Light sources, 693, 771
limb deformity, 11
Limb formation, 61
Lin, Teh Ping, 14
Linkage, 3
Little, Clarence C., 4, 7, 8
Location of embryo manipulation laboratory,
87-88
Loeb, Leo, 4, 7
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loxP sites, 239, 437438, 444—445. See also
Cre recombinase

Luteinizing hormone (LH), 30, 95, 97

Lyon, Mary, 10

Lysis buffer (recipe), 484, 565, 570

M

MABT (recipe), 739
Males
establishing breeding colony, 88—89
estrus induction by male pheromones, 95
fighting among, 88
housing of, 88
infertility, 595-596
isolating germ cells from postimplantation
embryo genital ridge, 176—177,
177f
sex determination and differentiation, 60—61
spermatogenesis, 31f, 32—-34
sperm count depression after mating, 91
sterile, to induce pseudopregnancy, 93
studs for embryo donors, 91
timing of germ-cell development, 51f
urogenital system, 594f
Mannitol, 539-541, 540f
Mannitol (0.3 M) (recipe), 781
MAP (mouse antibody production) testing,
331
Markers, selectable, 434—436
Martin, Gail, 14
Material safety data sheets (MSDSs), 789
Maternal leukemia inhibitory factor (LIF), 117
Matings
to induce pseudopregnancy, 93
natural, 91
estrus indicators, 95t
lighting for, 95t
setting up, 94-95
stud mice, 91
Matrigel Basement Membrane, 203, 225
MBCD (methyl-B-cycrodextrin), 597, 607, 609,
671
McLaren, Anne, 12
MCMV (mouse cytomegalovirus), 639
Media. See Culture media; specific media
Medical Pathological Waste (MPW), 791
MEFs. See Primary mouse embryonic fibroblasts
(MEFs)
Melanoblasts, 75
Meloxicam, 199, 199t
Mendelian inheritance, 3
Mercury, 586, 587f
Mesoderm, 43, 43t
differentiation of extra-embryonic, 72, 72f
formation of, 45—49
generation of regional diversity in, 51-52
intermediate, 58, 60
of placenta, 73
Mesonephros, 176f
Metallothionein promoter, 245
Metestrus 1, 95t
Metestrus 2, 95t
Methyl-B-cycrodextrin (MBCD), 597, 607, 609,
671
Methylene blue solution (recipe), 781
MgCl, (1 M) (recipe), 394
MGI (Mouse Genome Informatics)
database, 4
MHYV (mouse hepatitis virus), 86, 331, 638
Microchip implants, 100
Microdrop culture method, 110, 119
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setting up (protocol), 132—-133, 133f
Microforges, 775
Microinjection. See also Pronuclear
microinjection; specific protocols
of lentivirus into embryos (protocol),
308-311
preparation of DNA for, 252—254
DNA concentration determination,
253-254
filtration of DNA solution, 254
quality issues, 252—253
storage of DNA preparation, 254
of spermatogonial stem cells into testis,
420-422, 421f
of zygotes
overview, 262—263
protocol, 301-305, 303f
discussion, 304—305
materials, 301
method, 301-304, 303f
with RNA (protocol), 306—307
Microinjection setup (protocol), 298—300, 299f,
300f

Microinjection systems, 773774
Micromanipulation laboratory, setting up,
767-778
cryopreservation, 777
equipment, 769-771
biological safety cabinets, 770—771
electrofusion apparatus, 776
incubators, 769—770
laminar flow hoods, 770
for micromanipulation, 773—-774
laser systems, 774
microinjection systems, 773—774
micromanipulators, 773
piezoelectric systems, 774
microscopes, 771-773
inverted microscopes, 772
stereomicroscopes, 771
temperature controllers for heating
and cooling stages, 772
vibration-free tables, 773
microtool production from glass
capillaries, 774-775
bevelers, 775
grinders, 775
microforges, 775
pullers, 775
refrigerators and freezers, 769
surgical instruments, 776—777
general considerations, 767-768
mouse strains for, 768
Micromanipulators, 259, 298-299, 585f,
586-587, 586f, 773
Microscopes, 771-773
inverted microscopes, 772
for pronuclear microinjection, 258
stereomicroscopes, 771
temperature controllers for heating and
cooling stages, 772
vibration-free tables, 773
Microtome
cutting wax sections using ( protocol),
706-707
transferring sections onto water droplets
(protocol), 708
vibratome, cutting thick sections using
(protocol), 709-711
fixed specimens, 710-711
live specimens, 712-713
materials, 709, 712
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Microtool production from glass capillaries,
774-775
bevelers, 775
grinders, 775
microforges, 775
pullers, 775
Microwave safety, 790
Mid-gastrula organizer (MGO), 54
Min (multiple intestinal neoplasia), 16
Miniroller apparatuses, 770
Mintz, Beatrice, 12—13, 14, 490
Mitomycin C treatment, for feeder cell layer
preparation from STO or MEF
cells, 341-342
Mitotic arrestants, 332
M2 medium, 110, 111t, 130t, 537-538, 537f,

540-541, 575
M16 medium, 110, 111t, 126, 127t, 130t, 575,
576

MMESSAGE mMACHINE kit, 292-293
MMRRC (Mouse Mutant Regional Resource
Centres), 768
MMV (mouse minute virus), 331, 639
Modified PBS supplemented with glucose,
pyruvic acid, BSA, and antibiotics
(recipe), 613
Modular incubator chambers, 770
Moloney murine leukemia virus (Mo-MLV), 14
Monothioglycerol (MTG), sperm
cryopreservation using
cryoprotectant containing,
665-670
Montoliu, Lluis, 493
Morgan, Thomas Hunt, 3, 10
Morphological mutants, 78, 78f
Morula
aggregation, 543
compaction, 35-36
cryopreservation of embryos, 632, 652
eight-cell uncompacted, 35
ES cell aggregation with to create chimeras,
490-493
Morula-stage embryo collection (protocol),
143—145, 144f-145f
Mounting embryos for microscopic observation
and imaging ( protocol), 726, 727f
Mouse antibody production (MAP) testing, 331
Mouse cytomegalovirus (MCMYV), 639
Mouse embryonic fibroblasts. See Primary
mouse embryonic fibroblasts
(MEFs)
Mouse Genome Informatics (MGI) database, 4
Mouse Genomes Project, 1
Mouse hepatitis virus (MHV), 86, 331, 638
Mouse HMGCR promoter, 245
Mouse lines. establishment and maintenance of,
263-264
Mouse metallothionein promoter, 245
Mouse minute virus (MMV), 331, 639
Mouse Mutant Regional Resource Centres
(MMRRC), 768
Mouse parvovirus (MPV), 638
Mouse strains. See Strains
MPF (M-phase-promoting factor), 572
M-phase-promoting factor (MPF), 572
MPV (mouse parvovirus), 638
MPW (Medical Pathological Waste), 791
MSDSs (material safety data sheets), 789
MTF (mouse tubal fluid) medium, 111t,112—113
MTG (monothioglycerol), sperm
cryopreservation using
cryoprotectant containing, 665—670

Miillerian duct, 60—61
Mutagenesis
ethylnitrosourea (ENU), 16
gene-trap, 462
insertional, 17
systematic mutagenesis and phenotyping,
15-18
Mycoplasma
contamination of cell cultures by, 331
detection of, 331-332
M. pulmonis, 638
Myob5a gene, 9
Myotome, 57

N

NaCl/ethanol mixture (recipe), 482
NANOG, for testing pluripotency and germline
competence of induced
pluripotent stem (iPS) cells,
408, 408f
National Institute of Environmental Health and
Human Services, 793
Natural matings, 91
estrus indicators, 95t
lighting for, 95t
setting up, 94—95, 95t
N2B27 medium (recipe), 361
N2B27 medium with LIF and 2i inhibitors
(recipe), 361
n-butanol extraction, for contaminant removal
in DNA prep, 248
NDS buffer (100%) (recipe), 276—277
Needles, sharpening tungsten by electrolysis,
160f
Negative selectable markers, 436
neo (neomycin phosphotransferase gene), 15,
434-435, 465, 465t
Neon electroporation system, 424, 463
NEP basal medium (recipe), 394
NEP (neuroepithelial) cells, isolation, culture,
and differentiation of (protocol),
389-394
NEP complete medium (recipe), 394
Nephrectomy, 228-229
Nervous system
development of, 26t—27t, 61—62
isolation, culture, and differentiation of
progenitor cells from central
nervous system (protocol),
389-394
Neural folds, 56f, 57f, 62
Neural plate, 61-62
Neural tube development, 57f, 62—65
regional diversification, 62—65, 63f,
64f
Neurobasal + B27 medium (recipe), 360
Neurobasal medium + PSG (recipe), 394
Neuroepithelial (NEP) cells, isolation, culture,
and differentiation of (protocol),
389-394
Neuronal cells, differentiation of RGLs into,
399
Neurosphere assay (NSA), 322, 334, 389
Neurospheres
formation of, 391f
secondary, 392
Neurulation, 61-62
Neutralization buffer (recipe), 734
Nieuwkoop, Pieter, 12
nodal, 17
Node, 52-54, 53f
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Nonobese diabetic (NOD) mouse strain, 324,
325t, 355, 493
Nonsteroidal antiinflammatory drugs (NSAIDs),
199, 199t
Nonsurgical embryo transfer (NSET), 200
North American Conditional Mouse
Mutagenesis Program
(NorCOMM), 90
Notch signaling pathway, 55
NSA (neurosphere assay), 322, 334, 389
NSAIDs (nonsteroidal antiinflammatory drugs),
199, 199t
NSET (nonsurgical embryo transfer), 200
N2 supplement
solution (100x ) (recipe), 361
(100 ) stock solutions (recipe), 361
NTMT (recipe), 739, 780
NucleoBond
isolating BAC DNA from bacterial cultures
(protocol), 271-272
kits, 250t

o

Occupational Safety and Health Administration
(OSHA), 789
OCT4 transcription factor and gene, 406, 407
Oligodendrocyte cells, differentiation of RGLs
into, 399
129 substrains, 491-492, 494f-496f, 494t—496t,
507-508
Oocyte
collection for in vitro fertilization, 607,
609-610
cryopreservation, 636
fertilization, 33f, 34—35
maturation, 27, 30, 31f-32f
ovulation, 30, 32, 33f, 34t
parthenogenetic activation of oocytes, 572,
574-576, 5751, 576f
partial zona dissection (PZD) of, 597
properties of ovulated, unfertilized, 34t
Oogenesis, 31f
Origin of the laboratory mouse, 4, 5f—7f
OSHA (Occupational Safety and Health
Administration), 789
Osmolarity, of embryo culture media, 115
Ovariectomy
overview, 203-204
protocol, 232-233
materials, 232
method, 232-233
Ovary
cryopreservation, 637, 676—678
removal (see Ovariectomy)
transplantation, 596, 601-603, 602f
overview, 596
protocol, 601-603, 602f
Oviduct
dissection for zygote removal, 139-142,
140f-141f
two-cell- to morula-stage embryo
collection from, 143—145,
144f-145¢f
Oviduct transfer of embryos (protocol),
211-215, 212f, 213f
discussion, 215
materials, 211
method, 211-214, 212f, 213f
Ovulation, 30, 32
signs of, 201
Oxygen tension, for embryo culture, 115-116
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P

PAF (platelet activating factor), 117
Pancreatin/trypsin solution for separating germ
and tissue layers (recipe), 781
Paracetamol, 199
Paraffin oil, 122, 202
Paraffin wax
embedding for GFP visualization (protocol),
757-758
types of, 685
Paraformaldehyde 4%, preparation of
(protocol), 698
Paraplast, 685
Parietal endoderm, 68—-71, 69f—71f, 73, 73f
Parietal yolk sac
development, 68—69, 69f
isolation of, 151
Partial zona dissection (PZD) of oocytes, 597
Passage of ES cells (protocol), 343—344
Passaging and freezing ES cells in 96-well plates
(protocol), 475-477
Pathenogenesis
overview, 571-572
protocol, 574—576, 575f, 576f
Pathogen control in mouse colony, 86—87
Pathogen testing of embryonic stem (ES) cell
lines, 331-332
PBS (phosphate-buffered saline). See Phosphate-
buffered saline
PBSMT for immunohistochemistry of
whole-mount embryos (recipe),
782
PBT (recipe), 782
PCR
buffer (1x) (recipe), 486
buffer (10x) (recipe), 568
genotyping
cloning transgene/host DNA junctions,
555
for detection and analysis of ES cell-
mediated gene/genome
alterations, 554
for detection and analysis of transgene
from pronuclear injection, 552
DNA preparation protocols for
isolation of high-molecular weight
DNA from embryonic or extra-
embryonic tissues, 560—561
isolation of high-molecular weight
DNA from mouse tail tips,
558-559
preparation from cultured cells,
567-568
ES cell colonies before picking
(protocol), 485-487
identification of homozygous transgenic
mice/embryos using flanking
primer, 557, 557f
protocol for polymerase chain reaction
(PCR), 567-568
tissue lysate preparation protocols for
PCR templates
from embryonic, yolk sac, and adult
tissues, 562—563
from embryonic and adult tissue
samples, 564—565
from mouse tail tissue, 566
lysis buffer (recipe), 486
pathogen testing of embryonic stem (ES) cell
lines, 331-332
reaction mixture (recipe), 487
Splinkerette, 555

©2014 by Cold Spring Harbor Laboratory Press

tissue homogenization buffer (10x)

(recipe), 563

Percoll, 412

PFGE. See Pulsed-field gel electrophoresis

PGCs. See Primordial germ cells

pH, of embryo culture media, 116

Pharyngeal region, development of, 66—67,
67f

Phenol, as DNA prep contaminant, 248
Phenol:chloroform extraction, for contaminant
removal in DNA prep, 248
Phenol:chloroform solution (recipe), 782
$C31 integrase
described, 439, 463
site-specific recombination-mediated
insertions, 448—449
Phosphate-buffered saline
recipe, 782-783
at pH 7.4 with Ca®"/Mg”" (recipe), 740
at pH 7.4, 10x (recipe), 740
Pierce, Barry, 13
Piezoelectric systems, 774
piggyBac transposon, 17, 241, 243, 407, 448
integrating piggyBac transposon transgenes
into mouse fibroblasts by
electroporation ( protocol),
424-425
integrating piggyBac transposon transgenes
into mouse fibroblasts using
chemical methods (protocol),
426-427
reprogramming mouse fibroblasts with
piggyBac transposons (protocol),
428-430, 429f
Pink-eyed dilution, 3, 76f, 77, 507
Pipette
braking, 222, 223, 223f
in cloning mice procedure, 585-586, 587f
for embryo-handling, 121-122, 122f
components of, 121-122, 122f
hand-controlled, 121-122, 122f
making from hard glass capillaries,
134-135
reducing capillary action in, 122
siliconized, 136
embryo transfer
air bubbles in, 202-203, 202f
loading embryos into, 202, 203,
213, 217
reducing capillary action in, 202
structure of, 202
enucleation pipette, 578—579, 5791,
585-586, 587f
from glass capillaries, 134—135, 774-775
holding pipette
for ES cell chimera formation, 506
for intracytoplasmic sperm injection
(ICSI), 624
for pronuclear microinjection
making holding pipettes (protocol),
294-295
in microinjection setup, 299-300,
300f
pressure control in, 259
for pronuclear microinjection,
256-257, 256f, 257f, 294-295
injection pipette
in cloning mice procedure, 585-586,
587f
for ES cell chimera formation, 506
for intracytoplasmic sperm injection
(ICSI), 624

Index

/ 807

making ES cell injection needles
(protocol), 514-517, 514f, 516f
for pronuclear microinjection
making injection pipettes ( protocol),
296-297
positioning of, 299, 300f
pressure control in, 259-260
for pronuclear microinjection,
257-258, 296-297
for pronuclear transfer, 578—-579, 579f
siliconized, preparing, 136
for surgical artificial insemination, 620f
Placenta, 68, 69f, 72—74, 73f
Plasmid rescue, 555
Plastic coating, great vessel visualization by, 690f,
694, 765-766
Platelet activating factor (PAF), 117
Plugging rate, 315
Plugs, 103, 104f
Pluripotent cells. See Induced pluripotent stem
(iPS) cells
PMSG (pregnant mare serum gonadotropin),
91, 95, 97, 105-106, 315
Polyadenylation signal, 432
Polyamine mix (1000 x ) (recipe), 284
Polyamines, 274, 290-291
Poly-L-lysine, 685, 705
Polymerase chain reaction (PCR). See PCR
Polyspermy, 34
Polyvinylpyrrolidone (10%—12%) (recipe), 590
Polyvinylpyrrolidone, use in cloning mice
protocol, 586588, 587f
Pontamine Sky Blue, 157
Positive selectable markers, 434—435
Postimplantation embryos, 149—193
culture of
overview, 152—154
preparing embryos, 152—153
roller culture, 153, 178—181, 179f—180f
static culture, 153—154, 182—186
for imaging, 154, 184—186, 185f
development of (see Development)
dissection, 771
electroporation
overview, 154—155, 155f
in utero (protocol), 190—193, 192f
in vitro (protocol), 187—-189, 188f
germlayer explant recombinant culture, 151,
173-174
isolating extra-embryonic membranes,
150—151, 167-169, 168f
isolating germ cells from genital ridge,
151-152, 152f, 175-177,

176f-177f
isolation of embryos, 150, 159-166,

160f—165f

early neural-fold-stage dissection, 164f,
165

early primitive-streak-stage dissection,
163, 163f

early somite-stage dissection, 165—166,
165f

implantation-stage dissection, 159-160,
161f

late primitive-streak-stage dissection,
163, 164f

presteak-stage dissection, 160, 162, 162f
separating postimplantation germ layers,
151, 170-172, 171f
visualizing early implantation sites, 150,
150f, 157—158
Preantral follicle, 30
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Prechordal plate, 53
Pregastrula embryo, 45, 47f
Pregnancy with manipulated embryos, 94
Pregnant mare serum gonadotropin (PMSG),
91, 95, 97, 105-106, 315
Preimplantation embryos
collection of, 123
blastocyst collection (protocol),
1461438, 147f
opening abdominal cavity and locating
female reproductive organs
(protocol), 137-138, 137f, 138f
two-cell- to morula-stage embryo
collection (protocol), 143—-145,
144f-145f
zygote collection and removal of
cumulus cells (protocol),
139-142, 140f-141f
culture of, 109-148
considerations for successful, 118—120
embryo collection, 118—119
medium choice, 118
quality control, 119-120
reagents, 118—119
effect on gene expression, 117-118
media, 109-117
commercially available, 120t
composition of selected media, 111t
critical components of, 113—117, 115t
for development from zygotes to
blastocysts, 112—113
history, 109—110
for overcoming two-cell block, 109
preparation of, 120—121, 126131,
127t, 128t, 130t
microdrop culture method, 110, 119

setting up (protocol), 132—133, 133f

development of (see Development)
pipettes for handling, 121-122, 122f,
134-137
quality of, 145f
transport of, 641, 679-681
visualizing early implantation sites, 150,
157-158
Primary mouse embryonic fibroblasts (MEFs),
330
feeder cell layer preparation from ( protocol),
341-342
preparation of (protocol), 338—340
discussion, 339—-340
materials, 338—339
method, 339
Primitive endoderm, 38f, 41, 42f, 490
Primordial follicles, 27, 32f
Primordial germ cells (PGCs), 49-51, 50f, 51f
migration pathway, 50-51, 50f
Proestrus, 95t
Progenitor cells from the CNS, 334
isolation, culture, and differentiation of
(protocol), 389-394
differentiation, 392
discussion, 392
dissection, 390—392, 391f
materials, 389-390
method, 390-392, 390f, 391f
recipes, 392—394
secondary neurospheres, 392
slide coating, 392
isolation, culture, and differentiation of
radial glial-like neural progenitor
cells in adherent cultures
(protocol), 395-401

coating culture surfaces with
AK-cyclo(RGDSC), 396
differentiation, 399, 400f
dissection, tissue dissociation, and cell
seeding, 396—397
fixation and immunohistochemistry, 399
harvesting by trypsinization, 398—-399
maintenance and propagation of cells,
397-398, 398f, 399f
materials, 395-396
methods, 396—399, 398f—400f
recipes, 400—401
Progesterone (Depo-Provera), 204, 233
Progesterone receptor, 239, 440
Prokaryotic vector sequences, use in transgenes,
242
Promoters
endogenous, 432
exogenous, 432
of housekeeping genes, 245
tetracycline-regulated (SG-TRE), 440
in vector design, 432
Promoter trap, 445—-446
Pronase solution (recipe), 783
Pronuclear microinjection
detection and analysis of transgene produced
from, 552-553
embryo donors for, 89-90, 91-92, 92t
production of donors, 91-92, 92t
strains for, 89-90
transgenic mouse production by, 237-319
applications of technology, 238—240
designing transgenes, 242247
DNA isolation and purification
commercial kits for, 249, 250t
overview, 247-252
preparation of DNA for
microinjection, 252—254
protocols, 269-291
equipment
general setup, 258, 259f
holding pipettes, 256—257, 256f, 257f
injection chambers, 260—-262,
260f-262f
injection pipettes, 257—-258
micromanipulators, 259
microscope, 258
pressure control in holding pipette,
259
pressure control in injection pipette,
259-260
homologous recombination, 241
microinjection technique, 262—263
mouse lines, establishment and
maintenance of, 263264
mouse strain choice, 254—255
overview, 240—242
post-injection handling of embryos, 263
protocols
BAC DNA isolation using
NucleoBond system, 271-272
BAC DNA purification, 273
DNA fragment isolation and
purification, 269—-270
infecting embryos by coculturing
with lentivirus, 312-314
injection buffer preparation for
BAC/YAC DNA, 290
injection buffer preparation for
standard-sized DNA, 289
making holding pipettes, 294-295
making injection pipettes, 296—297
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microinjection of lentivirus into
embryos, 308-311
microinjection of RNA into zygotes,
306-307
microinjection of zygotes, 301—305,
303f
microinjection setup, 298—300, 299f,
300f
troubleshooting guide, 315-319
in vitro-translated RNA for
microinjection, preparation of,
292-293
YAC DNA purification using PFGE
and ultrafiltration, 286288
YAC DNA purification using two-gel
electrophoresis procedure,
279-285
yeast agarose plug preparation for
YAC DNA isolation, 274278
timing of microinjection, 262
troubleshooting guide, 315-319
zygote preparation, 255-256, 255f
Pronuclear transfer
overview, 572
protocol, 577-582
embryo isolation, 578
enucleation of zygote, 579—580, 580f
materials, 577-578
pipette preparation, 578579, 579f
preparation of inactivated Sendai virus,
580
pronuclei introduction into enucleated
zygotes, 581582, 581f
Proteinase K, 558560, 564
Pseudopregnancy, 201, 202
females to serve as embryo recipients, 92—93
sterile males for induction of, 93
Pullers, 775
Pulsed-field gel electrophoresis (PFGE)
YAC DNA purification using PFGE and
ultrafiltration (protocol),
286-288
YAC DNA purification using two-gel
electrophoresis procedure
(protocol), 279-285
puro (puromycin-resistance gene), 435, 465t
Puromycin, 435, 465t, 469t
PZD (partial zona dissection) of oocytes, 597

Q

QIAEX kitQIAquick kit, 250t

Qiagen Endo Free Plasmid Kit, 250t, 464

QIAquick kit, 250t

Quality control, for embryo culture media,
119-120

Quarantine, 86—-87, 90

R

RACE (rapid amplification of cDNA ends), 555
Radial glial-like neural progenitor cells (RGLs)
isolation, culture, and differentiation of cells
in adherent cultures (protocol),
395-401
coating culture surfaces with
AK-cyclo(RGDSC), 396
differentiation, 399, 400f
dissection, tissue dissociation, and cell
seeding, 396—397
fixation and immunohistochemistry, 399
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harvesting by trypsinization, 398—-399
maintenance and propagation of cells,
397-398, 398f, 399f
materials, 395-396
methods, 396—399, 398f—400f
recipes, 400—401
Radiation
safety procedures, 792
waste disposal, 791, 792
Ramp test, 514
Rapid amplification of cDNA ends (RACE), 555
Rapid DNA prep lysis buffer (recipe), 482
Rathke’s pouch, 67, 67f
Rat serum, preparation of, 178—179, 180f
Reactive oxygen species (ROS), 116
Reagents, quality of, 118—119
Recipes
acidic Tyrode’s solution for removing zona
pellucidae from preimplantation
embryos, 780
activin A stock solution (10 pg/mL), 386
alkaline phosphatase (AP) buffer, 717, 752
alkaline phosphatase buffer (NTMT), 739
alkaline phosphatase buffers, 780
alkaline phosphatase staining solution, 780
B-mercaptoethanol, 360
blocking solution, 718
BSA fraction V in PBS (0.1%, w/v), 386
BSA fraction V in PBS (0.1%, w/v), 377
CaCl, (0.1 M), 392
chemically defined medium (CDM)-+FGF2
and ActA medium for culture in
feeder-free conditions, 387
chemically defined medium (CDM) for
culture in feeder-free conditions,
387
Chicago Sky Blue 6B (Pontamine Sky Blue),
781
complement, guinea pig serum, 360
complete ES cell medium (ES-DMEM), 327t,
430
complete ES cell medium for C57BL6/N ES
cells, 529
complete ES cell medium for 12956 /SvEvTac
X C57BL/6N F; hybrid ES cells,
530
cryoprotectant solution, 1.5 M
1,2-propanediol, 650
cryoprotective agent with 100 mm
L-glutamine (gCPA), 674—675
cryoprotective medium (CPM), 669
culture medium, 174, 186
CZB-HEPES media, 629t—630t
CZB media, 629t—630t
DEPC-treated water, 697, 705
detergent rinse, 749
digestion buffer, 559
dilution solution, 1 M sucrose, 651
dissection medium, 186
dissociation medium, 393
DMEM/F12 + N2 medium, 360
DMSO (1.5 M) cryoprotectant solution, 677
EFS42.5¢ vitrification solution, 663—664
EFS20 vitrification solution, 663
embryo dilution solution, 657
enzyme solution for adult tissue dissociation,
400
enzyme solution for neurosphere assay, 393
EpiSC + FGF2 medium, 388
EpiSC medium, 387
feeder-conditioned medium (Feeder-CM),
377
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FGF2 stock solution (10 pg/mL), 388

FGF4 stock solution (1000 %, 25 pg/mL),
377

fixative for frozen sections, 749

fixative for staining intact embryos, 749

freezing medium (2x ), 477

freezing medium for feeder cell culture (2x),
388

freezing medium for feeder-free cell culture
(1x), 388

gelatin (0.1%), 360

Gittschier buffer, 486

heavy inhibitory solution, 393

heparin stock solution (1000 %, 1 mg/mL),
377

HEPES-buffered DMEM with FBS, 166, 169,
172

human tubal fluid medium (HTF), 612, 621

human tubal fluid medium with calcium,
613

hyaluronidase, 781

hybridization mix, 739

inhibitors (2i), 10 mM stock, 360

KSOM+2i inhibitors (100 x stock), 360

light inhibitory solution, 394

lysis buffer, 484, 565, 570

MABT, 739

mannitol (0.3 M), 781

methylene blue solution, 781

MgCl, (1 M), 394

modified PBS supplemented with glucose,
pyruvic acid, BSA, and
antibiotics, 613

NaCl/ethanol mixture, 482

N2B27 medium, 361

N2B27 medium with LIF and 2i inhibitors,
361

NDS buffer (100%), 276—277

NEP basal medium, 394

NEP complete medium, 394

neurobasal + B27 medium, 360

neurobasal medium + PSG, 394

neutralization buffer, 734

N2 supplement solution (100x ), 361

N2 supplement (100 x) stock solutions, 361

NTMT, 739, 780

pancreatin/trypsin solution for separating
germ and tissue layers, 781

PBSMT for immunohistochemistry of
whole-mount embryos, 782

PBT, 782

PCR buffer (1x), 486

PCR buffer (10x ), 568

PCR lysis buffer, 486

PCR reaction mixture, 487

PCR tissue homogenization buffer (10 x),
563

phenol:chloroform solution, 782

phosphate-buffered saline (PBS), 782-783

phosphate-buffered saline (PBS at pH 7.4
with Ca®*/Mg*"), 740

phosphate-buffered saline (PBS at pH 7.4,
10x), 740

polyamine mix (1000 x ), 284

polyvinylpyrrolidone (10%—-12%), 590

pronase solution, 783

rapid DNA prep lysis buffer, 482

restriction digestion mixture, 482

RGL basal medium, 400

RGL complete medium, 400

saline/EDTA bulffer plus glucose, 783

salts (10x ), 734
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scaleA2, 754
70cond + F4H medium, 378
70cond medium, 377
solution I for YAC DNA agarose plug
formation, 277
solution II for YAC DNA agarose plug
formation, 277
solution III for YAC DNA agarose plug
formation, 277
solution IV for YAC DNA agarose plug
formation, 277
S-PB1 dilution solutions, 664
SSC (20x), 783
SSPE (20x), 783
staining solution, 750
TAE (Tris-acetate/EDTA) buffer (1x), 783
TBE buffer (10x), 285
TBST, 718
TE (Tris-EDTA) bulffer, 783
TES buffer, 697
transcription buffer (5x), 734
trypsin-EDTA solution, 784
trypsin (0.25%) in Tris-saline, 784
trypsin versene phosphate (TVP) buffer, 362
TS + F4H medium (1x), 378
TS medium, 378
TYH medium supplemented with MBCD,
614
Tyrode Ringer’s saline (pH 7.6-7.7),
Ca®*/Mg*" free, 784
YAC equilibrium buffer, 285
Recombinases, 437-439. See also Site-specific
recombinases; specific
recombinases
Recombination-mediated cassette exchange
(RMCE), 448-449
Rederivation of mouse strains, 637—-640
Refrigerators and freezers, 769
Reichert’s membrane, 45, 167, 168f, 169
Replica-plating, 463, 463f
Reporters, 436—437, 437f. See also specific genes
conditional reporter lines, 15
to detect recombinase action, 440
fluorescent proteins, 436—437, 437f
hPLAP (human placental alkaline
phosphatase) gene, 437
lacZ gene, 16, 17, 436
in transgene design, 244, 436—437, 437f
Reproductive biology statistics, 4t
Reprogramming of somatic cells to induced
pluripotent stem (iPS) cells
overview, 406—407
protocols
integrating piggyBac transposon
transgenes into mouse
fibroblasts by electroporation,
424-425
integrating piggyBac transposon
transgenes into mouse fibroblasts
using chemical methods,
426-427
reprogramming mouse fibroblasts with
piggyBac transposons, 428—430,
429f
vectors for, 407-408, 407f
Resources, WWW, 785-787
Restriction digestion mixture (recipe), 482
Restriction enzymes, 462, 462t
Restriction fragment length polymorphism
(RFLP) studies, 4
Retroviruses, 462
RGL basal medium (recipe), 400
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RGL complete medium (recipe), 400
RGLs. See Radial glial-like neural progenitor cells
RI strains, 8—9, 8t
RMCE (recombination-mediated cassette
exchange), 448—-449
RNA
concentration measurement, 293
isolating total RNA from embryos or fetal
tissues, 684, 695—-697, 696t
microinjection of RNA into zygotes
(protocol), 306—307
in vitro-translated RNA for microinjection,
preparation of (protocol),
292-293
RNA interference, 15
RNA probes
in situ hybridization of embryo and tissue
sections with radiolabeled RNA
probes (protocol), 728-732
autoradiography, 733-734
hybridization, 731
materials, 728—-729
posthybridization washing, 731-732
prehybridization, 730-731
probe preparation, 729—-730
in situ hybridization of whole-mount
embryos with nonradiolabeled
RNA probes (protocol),
735-740
discussion, 738—739
embryo preparation, 736
histochemistry, 738
materials, 735-736
post-antibody washes, 738
posthybridization washes, 738
pretreatment and hybridization, 737
probe preparation, 736—737
recipes, 739—740
RNase, avoiding contamination with, 687
Robertson, Elizabeth J., 15
Robertsonian chromosomes, 9
Roller culture of postimplantation embryos
overview, 153
protocol, 178-181, 179f-180f
culturing embryo, 180-181
embryo preparation, 180—181
gas mixture for embryos, 179f
materials, 178
serum preparation, 178—179, 180f
ROS (reactive oxygen species), 116
Rosa26 locus, 245, 458
Roux, Wilhelm, 12
rox sequence, 438
RU-486, 440
Ruddle, Frank, 14
Russell, Liane, 10

S

Safety, 789—794
biological safety procedures, 792—-793
general cautions, 789-791
institutional safety office, 789
material safety data sheets (MSDSs), 789
properties of common hazardous chemicals,
793-794
radioactive safety procedures, 792
waste disposal, 791
Saline/EDTA bulffer plus glucose (recipe), 783
Salts
10X (recipe), 734
as DNA prep contaminant, 248

Sato, Gordon, 13
Scale, 753
ScaleA2 (recipe), 754
Sclerotome, 57, 57f
SCNT. See Somatic cell nuclear transfer (SCNT)
Scrotal method for vasectomy, 209f, 210
Sectioning. See Tissue sections
Selectable markers, 434—436
dt (diptheria toxin), 436
hprt (hypoxanthine
phosphoribosyltransferase), 435,
436
HSV-tk (herpes simplex virus-1 thymidine
kinase gene), 436
hygro (hygromycin-resistance gene), 435
negative, 436
neo (neomycin phosphotransferase),
434-435
positive, 434—435
puro (puromycin-resistance gene), 435
Selection methods, 465, 465t
Seminiferous tubules, 224, 404, 405
microinjection of spermatogonial stem cells
into, 420-422, 421f
Sendai virus, cell fusion induced by, 572,
580-581, 581f
Sensory system, development stages, 26t—27t
Sequential media (G1 and G2), 111t, 113
Serum batches, testing (protocol), 348—349
Serum preparation from rats, 178—179, 180f
70cond + F4H medium (recipe), 378
70cond medium (recipe), 377
Sex chromosomes in chimeras, 493, 500
Sex determination and differentiation, 60—61
Sharpening tungsten needles by electrolysis, 160f
short ear locus, 10
Silica matrix columns, for contaminant removal
in DNA prep, 249
Site-specific recombinases, 437—-439. See also
specific recombinases
Cre recombinase, 437-438
detection and analysis of ES cell-mediated
gene/genome alterations induced
by, 554
Dre recombinase, 438
$C31 integrase, 439
Flp recombinase, 439
in recombination-mediated cassette
exchange (RMCE), 448-449
reporters to detect, 440
Site-specific recombination-mediated insertions,
448-449
Skeleton, staining of, 690f, 693694
Skin preparation surgical procedures, 196
Skreb, Nikola, 13
Sleeping Beauty, 17, 241, 407
Smithies, Oliver, 15, 18
Snell, George, 7-8
Solter, Davor, 13
Solution I for YAC DNA agarose plug formation
(recipe), 277
Solution II for YAC DNA agarose plug
formation (recipe), 277
Solution III for YAC DNA agarose plug
formation (recipe), 277
Solution IV for YAC DNA agarose plug
formation (recipe), 277
Solvents, safe handling of, 790, 793
Somatic cell nuclear transfer (SCNT), 403, 406
cloning mice (protocol), 583—590
Honolulu method, 572
Somites, 55—58, 56f, 57f
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sonic hedgehog gene, 61, 65
Southern blot analysis
for copy number determination, 553
for detection and analysis of ES
cell-mediated gene/genome
alterations, 554
DNA preparation from cultured cells for
(protocol), 567-568
for genotyping, 552—-553
identification of homozygous transgenic
mice/embryos using flanking
probe, 556
SOX2 transcription factor and gene, 406, 407
S-PB1 dilution solutions (recipes), 664
Specific pathogen-free (SPF) facilities, 86, 87, 89
rederivation of mouse strains, 637 —639
Spectral karyotyping (SKY), 332
Spemann, Hans, 10, 12
Sperm
collection for in vitro fertilization, 606, 609
cryopreservation
overview, 635—-636
using cryoprotectant containing
L-glutamine (protocol),
671-675, 672f-674f
using cryoprotectant containing
monothioglycerol (MTG)
(protocol), 665—670
cryopreservation of, 597
intracytoplasmic sperm injection (ICSI), 598,
623-630, 626f, 627f
preparation of cryorecovered for IVF, 607,
609
transport of samples, 640
Spermatogenesis, 31f, 3234, 404
Spermatogonial stem cells (SSCs)
overview, 404-406
culture of, 404—405
transplantation of, 405—406, 405f
protocols
cryopreserving and thawing
spermatogonial stem cells,
416-417
culture and expansion of primary
undifferentiated spermatogonial
stem cells, 413—415
establishment of primary culture,
413-414, 415f
expansion of primary
undifferentiated culture,
414-415
materials, 413
isolation of the spermatogonial stem
cell-containing fraction from
testes, 410—412
materials, 410—411
percoll isolation, 412
testes disaggregation, 411
Thyl™ selection by magnetic-
activated cell sorting, 412
spermatogonial stem cell transplatation
to the testis, 418—423
busulfan treatment of adult
recipients, 419
discussion, 422
injection of cells into recipient tissue,
420-422, 421f
materials, 418—419, 419f
preparation of cells for
transplantation, 420
preparation of injection pipette and
injector, 419-420
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Sperm count depression after mating, 91
Splenectomy, 228
Splice acceptor, 432
Splice donor, 432
Splinkerette PCR, 555
Sry gene, 60
SSC (saline sodium citrate) (20x) (recipe), 783
SSCs. See Spermatogonial stem cells
SSEAL, for testing pluripotency and germline
competence of induced
pluripotent stem (iPS) cells, 408,
408f
SSPE (20 %) (recipe), 783
Staining for alkaline phosphatase activity, 689f,
691, 751-752
Staining for -galactosidase activity, 689f, 691
Staining frozen sections (protocol), 748750
Staining solution (recipe), 750
Staining whole embryos and sections for
B-glactosidase (LacZ) activity
(protocol), 745-747
Static culture of postimplantation embryos,
153—-154, 182-186
culture medium preparation, 183
for imaging, 154, 184-186, 185f
overview, 153—154
setup, 183
STAT3 pathway, 324
Steel pigmentation mutant, 9
Stem cells. See also Embryonic stem (ES) cell(s);
Induced pluripotent stem cells;
Spermatogonial stem cells;
Trophoblast stem cells
germline-competent derived from adult
mice, 403-430
subcutaneous injection of pluripotent stem
cells (protocol), 225-226
transplantation under kidney capsule
(protocol), 222224, 223f
Stereomicroscopes, 771
Stevens, Leroy, 13
STO fibroblasts, 330—331
feeder cell layer preparation from (protocol),
341-342
Strain distribution pattern, 8
Strains
for chimera formation, 491-493, 494f—499f,
494t-500t
creation of inbred, 4, 7-9
for embryo donors
for generation of ES cell chimeras, 90
for pronuclear microinjection,
89-90
genealogy of commonly used inbred strains,
5f—6f
origin of the laboratory mouse, 4, 5f—7f
for pronuclear microinjection, 254—255
rederivation of, 637-640
for superovulation, 96, 96t
vendors of, 768
Strong, Leonell C., 7
Strontium-induced parthenogenesis, 572, 576,
576f
Subcutaneous injection of pluripotent stem cells
(protocol), 225-226
Subzonal insemination, 598
Superovulation induction, 95-97, 96t
age and weight, 96—97, 96t
gonadotropin
dose, 96t, 97
preparation of, 105
time of administration, 97
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performance of stud males, 97
protocol, 105-106
strain background, 96, 96t
Surgical instruments, 776—777
care and cleaning of, 196
commercial sources of, 196
sterilization of, 196
Surgical procedures, 195-235
analgesia, 198—199, 199t
anesthesia, 197—-198, 198t
caesarean section, 203, 220-221
castration, 204, 234—235
embryo transfer, 199-203
background, 199-200
nonsurgical embryo transfer (NSET),
200
number of embryos to transfer, 200—201
protocols
oviduct transfer of embryos,
211-215, 212f, 213f
uterine transfer of embryos,
216-219, 218f
recipient females, 201-202
technical aspects, 202—-203, 202f
unilateral and bilateral transfers, 201
zona pellucida role in, 200
general guidelines for, 196—197
closure, 197
incisions, 196
instrument care and sterilization, 196
post-surgical care, 197
skin preparation, 196
isolating inner cell mass of blastocysts
(protocol), 549-550, 549f
location of embryo manipulation laboratory,
87-88
ovariectomy, 203—204, 232-233
ovary transplantation, 596, 601-603, 602f
protocols
blood collection by tail bleeding,
230-231
caesarean section and fostering, 220—-221
castration, 234—235
opening abdominal cavity and locating
female reproductive organs,
137-138, 1371, 138f
ovariectomy, 232233
oviduct transfer of embryos, 211-215,
212f, 213f
subcutaneous injection of pluripotent
stem cells, 225-226
tissue biopsy, 227-229
tissue transplantation under kidney
capsule, 222224, 223f
tribromoethanol preparation, 206—207
uterine transfer of embryos, 216-219,
218f
vasectomy, 208—210, 209f
tissue biopsy, 203, 227-229
tissue transplantation
overview, 203
protocols
subcutaneous injection of
pluripotent stem cells, 225-226
transplantation under kidney capsule,
222-224, 223f
vasectomy, 199, 208-210, 209f
Suspension culture, differentiating ES cells into
embryoid bodies (protocol),
368-369
Systematic mutagenesis and phenotyping,
15-18
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T

Tables, vibration-free, 773
TAE (Tris-acetate/EDTA) buffer (1x) (recipe),

783
Tail bleeding, blood collection by (protocol),
230-231

Tail bud, 54
Tail tip excision, 100
Takahashi, Kazutoshi, 14, 406
TALE nucleases (TALEn), 1, 434, 434f
TALE (transcription activator-like effector)
peptides, 434
Tamoxifen, 204
Tamoxifen-inducible system, 239, 440
Tarkowski, Andrzej, 490
Tarkowski, Kristof, 12
Tattooing, 98
Taylor, Benjamin A., 8
TBE (Tris/borate/EDTA) buffer (10x) (recipe),
285
TBST (Tris-buffered saline + Tween 20)
(recipe), 718
T4 DNA polymerase, 739
TE (Tris-EDTA) buffer (recipe), 783
Temperature, for embryo culture, 117
Temperature controllers for heating and cooling
microscope stages, 772
Teratoma
from epiblast stem cell (EpiSC), 44
subcutaneous injection of pluripotent stem
cells (protocol), 225-226
TES bulffer (recipe), 697
TESPA (3-triethoxysilylpropylamine), 685
Test breeding, for identification of
homozygous transgenic mice/
embryos, 556
Testis
capsule, tissue transplantation under, 224
isolation of the spermatogonial stem
cell-containing fraction from
(protocol), 410—412
materials, 410—411
percoll isolation, 412
testes disaggregation, 411
Thyl™" selection by magnetic-activated
cell sorting, 412
spermatogonial stem cell transplatation to
(protocol), 418—423
busulfan treatment of adult recipients,
419
discussion, 422
injection of cells into recipient tissue,
420-422, 421f
materials, 418—419, 419f
preparation of cells for transplantation,
420
preparation of injection pipette and
injector, 419—-420
tetO, 239, 407, 407f, 440
Tetracycline-inducible system, 239, 440
described, 440
for reprogramming of somatic cells to
induced pluripotent stem (iPS)
cells, 407, 407f, 428—430
Tetracycline repressor (TetR), 239, 440
Tetracycline transactivators, 458
Tetraploid embryo
chimeras types
diploid embryo«tetraploid embryo,
501t, 502, 544—-545
ES cells«tetraploid embryo, 501t,
502-503, 545-546, 546f
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Tetraploid embryo (Continued)
production of (protocol), 539—541, 540f, 540t
T gene, 10—11
TGF-a (transforming growth factor-a), 117
TGF-B (transforming growth factor-B), 60
Thawing
embryos, 649
ES cells, 346—347
from a 96-well plate, 478—479
sperm, 668, 673—-674
spermatogonial stem cells, 416—417
Thyl™ selection by magnetic-activated cell
sorting, 412
Tissue adhesive, 197
Tissue biopsy
ear punching, 98
overview, 203
protocol, 227-229
materials, 227
nephrectomy, 228-229
partial hepatectomy, 227-228
splenectomy, 228
tail tip excision, 100
Tissue fixation
fixation and paraffin embedding for GFP
visualization (protocol),
757-758
handling blastocysts for fixation (protocol),
700
overview, 685
solution preparation (Bouin’s fixative)
(protocol), 699
solution preparation ( paraformaldehyde 4%)
(protocol), 698
Tissue-nonspecific alkaline phosphatase
(TNAP), 49
Tissue sections
sectioning embryos after whole-mount in
situ hybridization (protocol),
742-743
staining frozen sections ( protocol), 748—750
transferring sections onto water droplets
(protocol), 708
Tissue-specific regulatory sequences, 244245
Tissue transplantation
overview, 203
protocols
subcutaneous injection of pluripotent
stem cells, 225-226
transplantation under kidney capsule,
222-224, 223f
under testis capsule, 224
TNAP (tissue-nonspecific alkaline phosphatase),
49
Toe clipping, 98
Tol2, 240
Toxic compounds, 794
Transcription activator-like effector (TALE)
peptides, 434
Transcription buffer (5x) (recipe), 734
Transcription factors, Yamanaka, 406, 407
Transfection methods, 462—463
Transforming growth factor-a (TGF-a), 117
Transforming growth factor-g (TGF-$), 60
Transgenes
copy number determination, 553
designing, 242247
coinjection of multiple transgenes, 243
distinguishing expression of transgenes
and endogenous genes, 243—244
efficiency of gene transfer, factors
affecting, 245—247

buffer used, 246
concentration of DNA, 246
linear or circular form of the DNA,
246
purity of DNA, 246
size of DNA construct, 245, 246
expression of cDNAs, 245
housekeeping gene use, 245
introns, role of, 245
large constructs, issues with, 245-247
length of construct, 242-243
prokaryotic vector sequences, effects of,
242
reporter genes, 244
tissue-specific regulatory sequences,
244-245
ubiquitous expression, 245
detection and analysis of transgene produced
by pronuclear injection, 552—553
Transgenic mice
applications of technology, 238—240
designing transgenes, 242—247
coinjection of multiple transgenes, 243
distinguishing expression of transgenes
and endogenous genes, 243244
efficiency of gene transfer, factors
affecting, 245-247
expression of cDNAs, 245
housekeeping gene use, 245
introns, role of, 245
large constructs, issues with, 245-247
length of construct, 242—243
prokaryotic vector sequences, effects of,
242
reporter genes, 244
tissue-specific regulatory sequences,
244-245
ubiquitous expression, 245
genotyping, 551-570
identification of homozygous, 555—557
production by pronuclear microinjection,
237-319
applications of technology, 238—240
designing transgenes, 242—247
DNA isolation and purification
commercial kits for, 249, 250t
overview, 247-252
preparation of DNA for
microinjection, 252254
protocols, 269-291
equipment
general setup, 258, 259f
holding pipettes, 256—257, 256f, 257f
injection chambers, 260-262,
260f-262f
injection pipettes, 257258
micromanipulators, 259
microscope, 258
pressure control in holding pipette,
259
pressure control in injecting pipette,
259-260
homologous recombination, 241
microinjection technique, 262—263
mouse lines, establishment and
maintenance of, 263—264
mouse strain choice, 254—255
overview, 240-242
post-injection handling of embryos, 263
protocols
BAC DNA isolation using
NucleoBond system, 271-272
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BAC DNA purification, 273
DNA fragment isolation and purifi-
cation, 269-270
infecting embryos by coculturing
with lentivirus, 312-314
injection buffer preparation for
BAC/YAC DNA, 290
injection buffer preparation for
standard-sized DNA, 289
making holding pipettes, 294—295
making injection pipettes, 296—297
microinjection of lentivirus into
embryos, 308311
microinjection of RNA into zygotes,
306-307
microinjection of zygotes, 301-305,
303f
microinjection setup, 298—300, 299f,
300f
troubleshooting guide, 315-319
in vitro-translated RNA for
microinjection, preparation of,
292-293
YAC DNA purification using PFGE
and ultrafiltration, 286288
YAC DNA purification using two-gel
electrophoresis procedure,
279-285
yeast agarose plug preparation for
YAC DNA isolation, 274—278
Translocations
in ES cell lines, 332—-333
induced site-specific, 450—451
Transport of samples
of cryopreserved embryos and sperm, 640
of dissected oviducts, 641
of live freshly collected samples, 640—641
of preimplantation embryos, 641, 679-681
packaging, 679—680
receiving embryos, 680
Transposon-based reprogramming, vectors for,
407-408, 407f
Tribromoethanol
anesthesia with, 197—198
preparation protocol, 206—207
materials, 206
using concentrated stock, 206—207
working solution (1.25%), 207
Trichostatin A (TSA), 573
Tris/borate/EDTA buffer. See TBE buffer
Tris-buffered saline + Tween 20. See TBST
buffer
Trisomies in ES cells, 332-333
Trophoblast, 73
Trophoblast stem (TS) cells, 333-334
derivation and culture of TS cell lines
(protocol), 373-378
discussion, 376
materials, 373-374
method, 374-376, 375f
recipes, 376—378
Trophoectoderm, 36-37, 37f, 38f, 39, 41, 42f,
490, 549-550
Trypsin, 330, 528, 533
in chromosomal banding, 332
harvesting RGLs by trypsinization, 398—399
Trypsin-EDTA solution (recipe), 784
Trypsin (0.25%) in Tris-saline (recipe), 784
Trypsin versene phosphate (TVP) buffer
(recipe), 362
TSA (trichostatin A), 573
TS cells. See Trophoblast stem (TS) cells


http://cshlpress.com/default.tpl?action=full&src=pdf&--eqskudatarq=982
adrian
Typewritten Text
This is a free sample of content from Manipulating the Mouse Embryo: A Laboratory Manual, Fourth edition
                                               Click here for more information or to buy the book.

adrian
Typewritten Text
©2014 by Cold Spring Harbor Laboratory Press


This is a free sample of content from Manipulating the Mouse Embryo: A Laboratory Manual, Fourth edition

Click herelfor more information or to buy the book.

TS + F4H medium (1x) (recipe), 378
TS medium (recipe), 378
Tungsten needles, sharpening by electrolysis,
160f
Turning, embryonic, 54, 55f
2A peptide, 243244, 433
Two-cell block, culture media for overcoming,
109
2i (PD0325901 and CHIR99021), derivation of
ES cell lines using ( protocol),
355-362
embryo appearance, 358f
expansion of ES cell lines, 359, 359f
inner cell mass isolation by immunosurgery,
357-359
materials, 355—356
preimplantation epiblast preparation,
356-357
recipes, 360—362
summary diagram, 357f
TYH medium supplemented with methyl-§-
cyclodextrin (MBCD) (recipe),
614
Tyrode Ringer’s saline (pH 7.6-7.7),
Ca®t/Mg*" free (recipe), 784

u

Ultrafiltration, in DNA purification, 287288,
287f
Ultrasonicators, 790—791
Urogenital system, development stages, 26t—27t
Uterine transfer of embryos (protocol),
216-219, 218f
materials, 216
method, 217-219, 218f
Uterus
blastocyst collection from, 146—148, 147f
blastocyst implantation, 37, 39, 40f, 149
electroporation of postimplantation embryos
in utero (protocol), 190-193,
192f
isolation of postimplantation embryos from,
150, 159-166, 160f—165f
visualizing early implantation sites, 150,
150f, 157158

\%
Vaginal plug, 201
appearance of, 104f
checking for, 103
Vaginal smear, estrous cycle stage determination
by (protocol), 617-618, 618f
Vasculature visualization by India ink injection,
690f, 694, 763764
Vasectomy
overview, 199
protocol, 208—210, 209f
abdominal method, 208-210, 209f
materials, 208
scrotal method, 2091, 210
pseudopregnancy induced by vasectomized
mice, 93
Vector design, 17, 431-460
ES cell mediated transgenesis, 440—442
examples, 441-442
overview, 440—441
in vitro screen for widespread transgene
expression (protocol), 455—-457
ES cells homozygous for specific mutations,
451-452
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gene and promoter trap, 445—446
gene targeting, 442—445
glossary of elements, 432—440
genomic and gene elements, 432434
arms of homology, 433434, 434f
exon, 432
internal ribosomal entry site (IRES),
432
intron, 432
polyadenylation signal, 432
promoters, 432
splice donor and splice acceptor, 432
2A peptide sequence, 433
inducible systems, 439—440
tamoxifen, 440
tetracycline, 440
reporters, 436—437, 437
to detect recombinase action, 440
fluorescent proteins, 436—437, 437f
hPLAP (human placental alkaline
phosphatase) gene, 437
lacZ gene, 436
selectable markers, 434—436
dt (diptheria toxin), 436
hprt (hypoxanthine
phosphoribosyltransferase),
435, 436
HSV-tk (herpes simplex virus-1
thymidine kinase gene), 436
hygro (hygromycin-resistance gene),
435
negative, 436
neo (neomycin phosphotransferase),
434-435
positive, 434-435
puro (puromycin-resistance gene),
435
site-specific recombinases, 437—-439
Cre recombinase, 437-438
Dre recombinase, 438
$C31 integrase, 439
Flp recombinase, 439
reporters to detect, 440
tetracycline-inducible system, 440
homologous recombination, replacement by,
446-448
hit and run example, 447
piggyBac transposon example, 448
tag and exchange example, 447
induced site-specific chromosomal
aberrations, 449-451
deletions, 450
inversions, 450
translocations, 450—451
protocols, 455—460
in vitro screen for widespread transgene
expression, 455-457
in vitro screen to identify silent but
activatable integration sites for
tet-inducible transgene, 458—460
site-specific recombination-mediated
insertions, 448—449
vectors for reprogramming of somatic cells
to induced pluripotent stem (iPS)
cells, 407-408, 407
Ventral ectodermal ridge, 54
Vibration-free tables, 773
Vibratome, cutting thick sections using
(protocol), 709-711
fixed specimens, 710-711
live specimens, 712-713
materials, 709, 712
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Visceral endoderm, 68-71, 69f-71f, 73
Visceral yolk sac
development, 68—69, 691, 72
isolation of, 151, 168f, 169
Visualization techniques, 683—766
for cells using fluorescent proteins, 690f,
692-693
compound, confocal, and deconvolution
microscope use, 693
dissecting microscope use, 692—693
macroscopic observation, 692
observation in living cells, 693
gene products, 684—691
cutting sections, 685
dehydrating in alcohol, 685
dewaxing and rehydrating sections, 686
embedding in wax, 685
glass slide and coverslip preparation,
685
immunohistochemistry
of embryo sections, 686
fluorescent analysis, 686
general techniques for, 684—686
of whole-mount embryos, 686, 689f
isolating total RNA from mouse embryos
or fetal tissues, 684
in situ hybridization
avoiding contamination with RNase,
687
of embryo and tissue sections with
RNA probes, 686—687
general techniques for, 684—686
of whole-mount embryos with RNA
probes, 687-688, 6891, 691
staining for alkaline phosphatase activity,
6891, 691
staining for B-galactosidase activity, 689f,
691
tissue fixation, 685
protocols, 695—766
Alcian Blue/Alizarin Red staining of
cartilage and bone, 760-761
Alcian Blue staining of fetal cartilaginous
skeleton, 759
Alizarin Red staining of postnatal bone,
762
autoradiography, 733—734
cutting thick sections using a vibratome,
709-711
fixed specimens, 710-711
live specimens, 712-713
materials, 709, 712
cutting wax sections using a microtome,
706-707
DAPI staining of whole-mount
embryos or fetal organs,
722-723, 723f
dewaxing and rehydrating sections before
in situ hybridization or staining,
714
embedding samples in wax, 701-702
embedding small embryos in wax, 703
fixation and paraffin embedding for GFP
visualization, 757758
fluorescent protein observation in living
cells, 755
glass slide and coverslip preparation
for in situ hybridization,
704-705
great vessel visualization by plastic
coating, 765-766
handling blastocysts for fixation, 700
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Visualization techniques (Continued)
imaging embryos after whole-mount in
situ hybridization, 741
immunofluorescent staining of
whole-mount embryos, 724-725
immunohistochemistry of embryo
sections, 715—-718
immunohistochemistry of whole-mount
embryos, 719-721
Intracellular observation of fluorescent
proteins in fixed cells, 756
isolating total RNA from embryos or
fetal tissues, 695—-697, 696t
mounting embryos for microscopic
observation and imaging, 726, 727f
sectioning embryos after whole-mount in
situ hybridization, 742-743
in situ hybridization of embryo and
tissue sections with radiolabeled
RNA probes, 728-732
autoradiography, 733734
hybridization, 731
materials, 728—-729
posthybridization washing, 731-732
prehybridization, 730-731
probe preparation, 729—-730
in situ hybridization of whole-mount
embryos with nonradiolabeled
RNA probes, 735-740
discussion, 738—739
embryo preparation, 736
histochemistry, 738
materials, 735-736
post-antibody washes, 738
posthybridization washes, 738
pretreatment and hybridization, 737
probe preparation, 736—737
recipes, 739—-740
staining for alkaline phosphatase activity,
751-752
staining frozen sections, 748—750
staining whole embryos and sections for
B-glactosidase (LacZ) activity,
745-747
tissue fixation solution preparation
(Bouin’s fixative), 699
tissue fixation solution preparation
(paraformaldehyde 4%), 698
transferring sections onto water droplets,
708
vasculature visualization by India ink
injection, 763—764

visualization of fluorescent protein
expression in whole-mount
postimplantation-stage embryos,
753-754
wax sections, 744
for tissues and organ systems, 693—694
fetal great blood vessels by plastic casting,
690f, 694
fetal vasculature by India ink injection,
690f, 694
skeleton using histochemical stains, 690f,
693-694
Vitrification, 634, 656
embryo cryopreservation by high-
osmolality vitrification
(protocol), 658—-664, 660f,
661f
Volume of embryo culture, 117

W

Waddington, Conrad, 12
Wakayama, Teruhiko, 13
Waltzing mice, 4
Waste, disposal of, 791, 792
waved-1 and waved-2 hair mutants, 9
Wax
cutting wax sections using a microtome
(protocol), 706—707
dewaxing and rehydrating sections, 686,
714
embedding in
fixation and paraffin embedding for GFP
visualization (protocol),
757-758
overview, 685
protocol, 701-702
small embryos (protocol), 703
Weaning, 88
Whitten, Wesley, 12
Whitten effect, 95
Wolffian duct, 60
Wound clips, 197
WWW resources, 785—787

X
XEN cells. See Extra-embryonic endoderm stem
(XEN) cells
X-gal, 745-746
X-inactivation, 8, 10
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Xylazine for anesthesia, 198, 198t
XY sex determination, 60—61

Y

YAC equilibrium buffer (recipe), 285
Yamanaka, Shinya, 14, 18, 406
Yamanaka factors, 406, 407
Yanagimachi, Ryuzo, 13
Y chromosome, 4
Yeast agarose plug preparation for YAC DNA
isolation (protocol), 274—278
Yeast artificial chromosomes (YACs), 238,
242-243, 246-247
DNA purification using PFGE and
ultrafiltration (protocol),
286-288
DNA purification using two-gel
electrophoresis procedure
(protocol), 279-285
injection buffer preparation for BAC/YAC
DNA (protocol), 290
yeast agarose plug preparation for YAC DNA
isolation (protocol), 274278
Yolk sac
development, 68—-69, 69f
isolation of, 151

V4

Zinc-finger nucleases (ZFNs), 241, 433, 434f
Zona pellucida, 30, 32f, 34, 37f
removal of, 536—538, 537f
Zona reaction, 34
Zone of polarizing activity (ZPA), 61
ZP3 glycoprotein, 34
Zygotes
cleavage, 35
collection of (protocol), 139—142,
140f—141f
cumulus cell removal with hyaluronidase,
141
enucleation of, 579—-580, 580f
microinjection of zygotes
overview, 262-263
protocol, 301-305, 303f
discussion, 304—305
materials, 301
method, 301-304, 303f
with RNA (protocol), 306—307
morphology of, 255


http://cshlpress.com/default.tpl?action=full&src=pdf&--eqskudatarq=982
adrian
Typewritten Text
This is a free sample of content from Manipulating the Mouse Embryo: A Laboratory Manual, Fourth edition
                                               Click here for more information or to buy the book.

adrian
Typewritten Text
©2014 by Cold Spring Harbor Laboratory Press



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




