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Abstract

Rats are one of the most widely used animals in biomedical sciences because their metabolism and physiology are
comparable to humans. In recent years, gene-targeted models have been developed using various animal species utilizing
engineered nucleases such as clustered regularly interspaced short palindromic repeats (CRISPR)/CRISPR-associated
gene (Cas). It has recently become possible to efficiently transfect CRISPR/Cas into embryos via electroporation.
However, electroporation can damage fertilized eggs: therefore, it is important to determine the optimal embryo culture
conditions. A standardized approach for routine and reproducible rat transgenesis will render rat models more accessible
for research. We performed experiments to obtain rat embryos with efficient superovulation and synchronization, and to
investigate the appropriate medium conditions for pronuclear stage embryos subjected to electroporation stimulation for
the introduction of engineered nuclease.
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Table 1. Comparison of LHRH and PMSG for estrus synchronization

Treat * Injection Time" No. of Animals examined No.(%) of Mated Animals ¢
LHRH -4d 12:00 21 10(48)
PMSG -3d 12:00 21 19(95)*

* Females were treated with LHRH or PMSG to synchronize estrus and mated with males.
® The day of checking vaginal plug is regarded as day 0.

¢ Successful mating was considered when vaginal plug was found.

¢ Calculated from the number of animals examined.

', X 0.05 compared each other.

Table 2. Comparison of superovulation treatments in SD Rats

No. of Total Embryo

Treat® Injection Time® No. of Animal examined No. of Mated Female® Collected
LHRH -4d 12:00 20 11 175
LHRH/HCG -4d 12:00 / -1d 12:00 20 11 224
PMSG/HCG - 3d 12:00 / -1d 12:00 20 19" 7 433" 7
PMSG/HCG -3d17:00 / -1d 17:00 20 13 261
* See Methods for description of superovulation methods
°The day of checking vaginal plug is regarded as day 0.
¢ Successful mating was considered when vaginal plug was found.
"X 0.05 compared to LHRH: "X 0.01 compared to LHRH/HCG: T /X 0.01 compared to PMSG/HCG (early treatment).
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Table 3. Comparison of Media for embryo developed to 2-cells
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Medium No. of Cultured Embryos® No.(%)° of Embryos developed to 2-cells
M2 100 79 (79"
M16 100 65 (65)

mR1ECM 100 90 (90)" T

* Embryos were examined at 20 h after cultured in each media.
b Calculated from the number of embryos examined.

"X 0.01compared to M2: X 0.01 compared to M16; T/X 0.001 compared to M16.
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Table 4. Formulations of M2, M16, and mR1ECM (g/L)

Component mR1ECM M2 M16
Sodium chloride 6.428 5.532 5.532
Potassium chloride 0.239 0.356 0.356
Potassium Phosphate (Monobasic) 0.162 0.162
Glucose 1.352 1 1
Calcium chloride dihydrate 0.294 0.251 0.251
Magnesium chloride hexahydrate 0.102
Magnesium Sulfate (anhydrous) 0.165 0.164
Sodium bicarbonate 2.1 0.35 2.101
Sodium lactate 1.12
Sodium pyruvate 0.055
Pyruvic Acid 0.036 0.036
L-Glutamine 0.146
MEM AA(x50) ¢ 2%
MEM NEAA(x100)® 1%
Albumin, Bovine Fraction V 4 4
DL-Lactic Acid 2.95 2.95
Penicillin G 0.075 0.06 0.06
Streptomycin 0.05 0.05 0.05
Phenol Red 0.011 0.011
HEPES 5.427

* Minimal essential medium (MEM) amino acid solution (GIBCO BRL).

® MEM nonessential amino acid solution (GIBCO BRL).
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Table 5. Comparison of BSA and PVA in mR1ECM for embryo development

Medium No. of Cultured Embryos® No.(%)® of Embryos developed to 2-cells
mR-BSA 277 209 (75.5)
mR-PVA 361 231 (64.0)

* Embryos were examined at 20 h after cultured in each media.
b Calculated from the number of embryos examined.

Table 6. Comparison of covering medium with mineral oil and surrounding with PBS for electroporated embryo developmen

Medium )
No. of Cultured Embryos* No.(%)" of Embryos developed to 2-cells
Condition Medium
PBS mR-BSA 34 3191)
mR-PVA 33 26 (79)
Mineral Oil mR-BSA 33 29 (89)
mR-PVA 21 15 (71)

* Embryos were examined at 20 h after cultured in each media.
® Calculated from the number of embryos examined.
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Table 7. Comparison of BSA and PVA in mR1ECM for electroporated embryo development

Medium ) )
No. of Cultured Embryos® No.(%) ° of Embryos developed to 2-cells
Washing Culture
mR-BSA mR-BSA 92 78 (85)
mR-BSA mR-PVA 98 61 (62)
mR-PVA mR-BSA 106 71 (67)

* Embryos were examined at 20 h after cultured in each media.
® Calculated from the number of embryos examined.
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