
[bookmark: _GoBack]Transgenic and Knockout/Knockin Production Guidelines

Purpose: These guidelines have been developed to provide minimum standards for transgenic production of rodents, and assure that all LBNL procedures involving experimental animals are in compliance with Animal Welfare Regulations and follow standards described in the Guide for Care and Use of Laboratory Animals. It is the responsibility of the investigator to ensure use of techniques and procedures which result in the least pain and distress to the animal, while adequately addressing the needs of the experimental design. Exceptions to these guidelines are possible if justified for the experiment and reviewed and approved by the AWRC.

Training: It is the responsibility of the investigator to assure that all individuals performing unsupervised procedures related to the production of transgenic rodents are adequately trained to do so. 

Surgical Procedures: All surgical procedures related to transgenic production must follow the AWRC Guidelines for Surgical Procedures in Rodents. For details regarding embryo transfer, and vasectomy surgery, refer to (and complete) the surgical procedure sections and anesthesia sections. 

Chronology of Transgenic and knockout/knockin production: 
To generate transgenic or knockout/knockin mice successfully and efficiently, 4 groups of mice are used for Transgenic Mice production:
1. Super ovulated FVB or C57Bl/6 egg donor females
2. Pseudo-pregnant CD-1 female recipients for embryo transfer
3. Fertile FVB or C57Bl/6 males
4. Vasectomized BDF males
Gonadotropin hormones (Pregnant Mare Serum gonadotropin or PMSG, and human chorionic Gonadotropin or hCG) are administered 48 hours apart to donor females prior to mating to induce superovulation in egg donors, i.e., increase the numbers of eggs that are ovulated. 
Day 1:
· PMSG (5 units per mouse, 0.1ml volume, 28g needle) is administered intra-peritoneally (IP). PMSG stimulates oocyte (egg) maturation.
Day 3: 
· 48 hours after PMSG injection, hCG (5 units per mouse, 0.1ml volume, 28g needle) is administered intra-peritoneally (IP). hCG induces rupture of mature follicles that carry eggs (ovulation).
· Following hCG injection, each donor mouse is set up with an FVB or C57/Bl6 male mouse for mating in order to obtain fertilized eggs.
· Concurrently on Day 3, to generate pseudo-pregnant recipient mice for embryo transfer, CD-1 females in estrus are set up for breeding with vasectomized BDF1 males (vasectomized in-house, refer to the SOP regarding Vasectomy- Surgery for a detailed procedure description). 
Day 4: 
· The following morning, those egg donor females that show vaginal plugs, a sign of mating, are euthanized by CO2 inhalation followed by terminal dissection in order to collect the fertilized eggs for microinjection.
· Concurrently, those CD-1 females that show vaginal plug are identified, and serve as pseudo-pregnant recipients for egg/blastocyst transfer.
· Briefly, oviducts from egg donors are removed and the fertilized eggs (zygotes/blastocysts) are collected and cultured in embryo medium in an incubator while egg injections are being performed.
· For generating transgenic mice, the DNA mixture of interest is injected into one of the two pronuclei of each egg using a fine glass needle under an inverted microscope. 
· For generating knockout/knockin mice using CRISPR/Cas9 based genome editing technologies, a mixture of Cas9 protein (or Cas9RNA) and sgRNA of interest is injected into the cytoplasm or the pronucleus of each egg using a fine glass needle under an inverted microscope. 
· Alternatively, knockout/knockin mice may also be generated by injecting targeted mouse embryonic stem cells into the mouse blastocysts (3.5dcp) collected from superovulated C57Bl/6 donors. 
· Following injections, 9-13 eggs injected with either DNA or Cas9 reagents are transferred into each of the oviducts of a 0.5 dpc pseudo-pregnant CD-1 recipient female (recipients that were plugged 0.5 day earlier i.e., the previous night) via the infundibulum. In the case of blastocyst transfers, 6-8 blastocysts are transferred into each of the uterine horns of a recipient that was plugged 2.5 day earlier (2.5 dpc). (For details regarding embryo transfer, refer to The Embryo Transfer surgical procedure description.)
Depending on the experimental protocol, some of the recipients are allowed to give birth to litters so that transgenic or knockout/knockin mouse lines could be generated while for experiments that involve identification of enhancers that are active during different developmental stages, the recipients are euthanized for collection of embryos.

Embryo collection - Donor females are euthanized by CO2 asphyxiation, and undergo terminal dissection for removing embryos. 

Tissue collection from pups: Newborns and 3-week old pups are euthanized according to AWRC euthanasia guidelines followed by terminal dissection and collection of tissues.

Rodent survival surgeries are completed using the basic rules of asepsis, anesthetic maintenance, and proper post-operative care in accordance with applicable governmental regulations, NIH policies and AWRC guidelines. All instruments that come in direct contact with the surgical site are sterilized in an autoclave. Anesthesia is induced in a precision vaporizer chamber and anesthesia level is maintained throughout the surgical procedure. The plane of anesthesia is checked using the toe pinch method. The surgical area is cleaned with a disinfectant (MB-10) and sterile drape is used to cover the work surface. 

Genotyping: The AWRC recognizes that the antemortem collection of tissue is often required in order to determine the genetic status of individual animals and that certain assays may require more tissue than others.  
1. Tail tissue collection: Tail tissue samples should only be collected when other less invasive samples such as blood or ear tissue are determined to generate an inadequate amount of tissue for analysis
a. Tissue collection of the distal tail tip may be performed without anesthesia in mice prior to weaning or at weaning (21 days), however isoflurane anesthesia is recommended. Ear tissue collection does not require anesthesia.
b. Mice older than weaning age must be anesthetized with a general anesthetic agent.  Isoflurane administered via a precision anesthetic vaporizer is the anesthetic agent of choice for this procedure.  In addition, for mice older than weaning age Investigators must give a post-biopsy analgesic, such as buprenorphine or meloxicam.
c. Only the smallest amount of tissue required for testing may be collected; however, no more than 5mm of tail tissue may be removed per mouse per tissue collecting procedure.  Repeat tail biopsies require anesthesia and must be justified in the AUP.
d. The mouse is restrained by gently grasping the loose skin at the back of the neck between the thumb and forefinger.  The tip of the tail should be bathed in an ice water bath for thirty seconds to provide local anesthesia and to aid hemostasis.  Sterile sharp scissors or a sterile scalpel blade is used to collect the tissue sample.  Hemostasis is achieved by the application of light digital pressure.  Once placed back in the cage, the mouse must be observed to confirm hemostasis and normal behavior.  
 
2. Collection of tissue from ear/pinna may be performed without anesthesia using a clean instrument such as an ear punch.
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