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Videographer: Scope shots in this protocol will be done through a Nikon Eclipse Ti-S/L100 Inverted Microscope. Light distribution: eyepiece 100%, left side port 100%.  The lab indicated that they do not need help in filming these shots.
Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to develop novel rabbit models for the study of human cardiovascular diseases. (Intro)  
This is accomplished by first designing and synthesizing zinc finger nucleases that target the gene of interest. (P1)  
The second step of the procedure is to microinject the ZFN RNAs into the cytoplasm of pronuclear stage embryos. (P2)  
The third step is to surgically transfer the embryos to a recipient rabbit. (P3)  
The final step is to genotype the newborns to identify transgenic animals. (P4)  
Overall, gene targeting through ZFN is highly effective and is demonstrated here by creating an ApoCIII knockout rabbit. (P5)
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Video editor:

The images seen here are all owned by the author, they are not clipart.  

P1- Animate the sequence of letters showing up left to right, then add the boxes.  Next, add the ovals, “Fok1” and the line connecting the oval to the box.  Finally, add the helixes and scissors.

P2 – use the image provided, no potential for animation.

P3 – as P2.

P4 – there are 7 vertical lanes in this image.  Begin with seven dark bars, one for each lane, above the highest position of the first bars (in the left lane).  Then make the bars move downward, getting wider, fuzzier and fainter as they go, until they are at the bottom where they look more like faint ovals than tight black bars. Then, fade out the blobs and fade on the provided image.

P5 – use the image provided, you can “animate” this with a left to right wipe on, and if you can, wipe each color on one at a time.  If you can do the colors individually, make the wipes quick.  Otherwise, use a slow wipe for all four colors.
1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Chen: This technique is a landmark in genetic engineering as it is the first to enable production of knockout rabbits. 

1.2. Xu: The implications of this technique extend toward therapy of many human diseases such as cardiovascular diseases, because it is increasingly realized that large animal models are needed to better mimic the physiology and pathology of humans.  

1.3. Zhang: We first had the idea for this method, when we read the article reporting successful gene targeting using ZFN in rats in 2009.

1.4. Fan: Generally, individuals new to this method will struggle because it involves cytoplasm microinjection of RNA constructs. 

1.5. Yang: Though this method can provide insight into gene targeting in rabbits, it could also be applied to other systems, such as pigs.

Protocol Chapters:

1.6. (TEXT ONLY: All animal maintenance, care and use procedures were reviewed and approved by the University Committee on the Use and Care of Animals of the University of Michigan.)
2. Rabbit Embryo Collection (read by a voice talent at JoVE):
2.1. Start with super-ovulating sexually matured, New Zealand White rabbits using a subcutaneous injection of FSH twice a day over a period of three days.  Increase the dosage daily.  (TEXT: Day 1: 3 mg / injection, Day 2: 5 mg / injection, Day 3: 6 mg / injection)

2.1.1. WID: talent with female rabbits, loading syringe for injection 
2.1.2. MED: taking hold of rabbit and administering the injection, then disposing of syringe and needle, bottle of FSH used to load syringe in shot
2.1.3. (added shot) MED (?) Dispose of syringe
2.1.4. (added shot) CU (?) donor card which displays injection schedule for the embryo donor rabbit 

2.2. 72 hours after the last FSH injection, inject 200 IU of hCG intravenously to induce ovulation.  Individually mate the superovulated females immediately thereafter.

2.2.1. CU: bottle of hCG, clearly labeled, opened and used to load syringe

2.2.2. MED: finishing the injection of a rabbit, different rabbit from 2.1, then places the rabbit into a cage with another rabbit (or puts rabbit back in home cage and introduces 2nd rabbit to that cage if this is correct method)

2.3. At this time a recipient animal must also be prepared.  (TEXT:  Consult the Embryo Transfer section of this video.)

2.3.1. Reuse snippets of 5.1.1 and 5.1.2
2.4. Sixteen to eighteen hours post-insemination, euthanize the superovulated donor rabbits with sodium pentobarbital. (TEXT: 150 mg SP / kg, i.v.) Recover the oviduct ampullae by carefully collecting the entire uterus, oviducts and ovaries structure. 

2.4.1. MED: preparing for surgery to recover the embryos, euthanized rabbit is splayed out and tools, solutions and collection dishes are made at the ready
2.4.1/2 (added shot) MED preparing for surgery to recover the embryos, showing the tools
2.4.2. ECU: making late stage cuts to isolate the uterus/oviduct/ovaries structure(s) and then removing these structures from the rabbit
2.4.2/2 (added shot) CU display of dissected oviduct and ovary. [if possible, we can add overlay to indicate location of ovary and oviduct]
2.5. Flush each oviduct with 10 ml of manipulation medium (TEXT: Hepes buffered TCM 199 + 10% FBS), by injecting the medium from the uterus end of the oviduct.  Collect the flushed medium at the ovary-end of the oviduct in a Petri dish.
2.5.1. MED: loading syringe with manipulation medium from clearly labeled bottle

2.5.2. CU: inserting a syringe of manipulation medium into the oviduct and ejecting the solution

2.5.3. CU: the ejected medium running out the other end into a dish

2.6. The recovered embryos are found in the flushed medium. 
2.6.1. ECU: embryos floating around in the flushed medium or just that medium sloshing about in the Petri dish
2.7. Next, wash the embryos three times with manipulation medium.  Then, incubate the embryos in the manipulation medium at 38.5 °C in normal air.  (TEXT: Incubate at 38.5 ºC)

2.7.1. MED: drawing up or removing the medium but leaving the embryos behind

2.7.2. ECU WID: last of solution being removed leaving the embryos in a minimal amount of media, then more media is added back Talent puts embryo into incubator 

2.8. At 19 to 21 hours post-insemination, select embryos using a stereomicroscope.  Collect about thirty embryos that are at the pronuclear stage for each injection condition.  Expect thirty to forty such embryos per super-ovulated female.

2.8.1. WID: talent arrives at microscope with dish of embryos and places them on the stage, then prepares to collect embryos from the dish

2.8.2. SCOPE MED/CU: selecting an embryo at the pronuclear stage, avoiding one that is not Talent observes the embryos
2.8.3. MED WID: talent collecting and transferring embryos from dish, under scope, to a new dish, next to scope
2.8.3/2 (added shot) CU same as 2.8.3
3. Preparation of ZFN mRNA
3.1. In advance, obtain ZFN sets for the gene of interest from a manufacturer, selecting those with the best ZFN scores.  In this example, the gene of interest is ApoCIII.

3.1.1. MED: talent at computer reviewing data sent from manufacturer of ZFN

3.1.2. CU: print out of the ApoCIII DNA region, talent annotating where the ZFN will be active on the DNA
3.2. To preprare the ZFN mRNA, first transcribe the ZFN messenger RNA in vitro and polyadenylate the transcripts. 
3.2.1. WID: talent at bench with various reagents out, setting up a reaction to make ZFN mRNA

3.2.2. WID: like previous shot, only setting up the polyadenylation reaction
3.3. Next, purify the resulting mRNA and re-suspend it in RNAse-free 0.1X TE (TEXT: 1 mM Tris-Cl, 0.1 mM EDTA, pH 7.5). 
3.3.1. MED: representative step of purification in 0.1X TE, bottle of 0.1X TE in shot, clearly labeled

3.4. Then, measure the RNA concentration using a spectrophotometer and prepare aliquots of the mRNAs encoding ZFN pairs at 4 to 10 nanograms per microliter in 10 microliter vials, for storage. (TEXT: 4 – 10 ng / µL, -80 ºC)
3.4.1. WID: talent loading sample into the spec

3.4.2. MED: talent taking aliquots of purified ZFN and adding them to 10 microliter vials

3.4.3. ECU: adding aliquot to the 10 µL vial and capping vial

4. Embryo Microinjection

4.1. Begin with heating the microinjection stage to 38 ºC.
4.1.1. WID: talent approaches the microinjection stage and turns on the heat 
4.2. To prepare the microinjection platform, first remove the media chamber from a 1-well chamber slide.  Then, add a 5-μl drop of manipulation medium to the slide and cover it with mineral oil. Place the prepared slide on the heated microscope stage.
4.2.1. MED: removes the media chamber from 1-well chamber slide

4.2.2. CU: at slide, adding drop of manipulation medium and then oil on top of the medium

4.2.3. CU: setting slide on the stage, show the temperature gauge on the stage if possible (at 38 ºC)
4.3. Next, secure a 120-micron diameter holding pipette to a micromanipulator and position the pipette into the drop of medium on the platform.

4.3.1. MED: attaching pipette to manipulator

4.3.2. CU: adjusting position of pipette to touch the medium on the slide
4.4. Now, thaw the mRNAs to be injected on ice.  Load them into an injection pipette forged from a borosilicate glass capillary tube using a micropipette puller.

4.4.1. WID: talent with a box of 10 µL tubes, next to the deep freezer, places a few tube into an ice bucket and returns the box to the freezer 

4.4.2. MED: loading the injection pipette with solution from the selected tubes
4.5. Next turn on the compressed air supply, connected to the microinjector. (TEXT: 90 p.s.i.)

4.5.1. CU: opening the valve for the compressed air, pressure gauge should be set to 90 psi

4.6. Next, secure the injection pipette to its holder and attach that to a second micromanipulator.  Position this pipette into the drop of medium, as well.
4.6.1. MED: securing the micropipette to the holder and attaching that to the micromanipulator

4.6.2. CU: the second pipette is positioned into the medium on the slide
4.7. Now, configure the microinjector for an injection volume of 1 to 5 picoliters.  (TEXT: holdP = 2 psi, InjP = 20 psi, ClearP = 60 psi, Injtime = 1s)

4.7.1. MED: talent fiddling the with the injection volume control panel, to get desired settings in TEXT
4.8. To open the tip of the injection pipette, gently tap it against the holding pipette. 
4.8.1. SCOPE: tapping the tip of one pipette to the tip of the other
4.9. Using a glass pipette, transfer thirty to fifty embryos to the micromanipulation drop on the platform. 
4.9.1. MED: moving embryos from holding container to the slide using pipette

4.9.2. SCOPE: embryos pooling together as they are added

4.10. Then, at 100X magnification, use the holding pipette to capture an embryo.  Align the holding pipette and embryo to the injection needle.
4.10.1. SCOPE: grabbing an embryo with on pipette and aligning it to the other pipette

4.11. Now, under 400X, advance the injection pipette through the embryo. Be careful to avoid the nucleus. Once the plasma membrane is pierced, press the foot pedal to inject the mRNA.

4.11.1. SCOPE: increasing the zoom by 10 times, the injection pipette enters the embryo – the nucleus should be visibly avoided, then mRNA is injected into the embryo
4.12. After the injection, withdraw the needle and release the embryo. Repeat the process for all remaining embryos. 
4.12.1. SCOPE: removing the injection pipette and the holding pipette from the embryo, pauses, then returns to 40X magnification and grabs hold of another embryo
4.13. Once they are all injected, wash the embryos three times in embryo culture medium for 30 seconds per wash.  (TEXT: Wash 3X; EBSS + NEAA + EAA, 1 mM L-Gin, 0.4 mM NaP, 10% FBS) 
4.13.1. MED CU: talent retracts the pipettes from the injection chamber, then (if needed) removes the chamber from under the scope washes the embryo three times 

4.13.2. CU: on chamber with embryos, removes the media and replaces it with fresh media

4.14. Then, incubate embryos at 38.5 °C with 5% carbon dioxide air for one or two hours before transferring the embryos to the synchronized, recipient, female rabbit. 
4.14.1. MED: finishes adding back media for third time
4.14.2. 4.14.1 WID: loading the embryos into an incubator
4.15. To culture the embryos to the blastocyst stage, the incubator must have humidified air.
4.15.1. CU: humidity gauge on incubator showing that it is highly humidified, or the interior of the incubator showing the water tray (or other water container) – talent closes the incubator door to end the shot

5. Embryo Transfer
5.1. Select a five to twelve month old, female NZW rabbit that is in good health and that weighs four to five kilos.  Prepare her as the recipient animal by first administering Gonadotropin Releasing Hormone, intramuscularly. (TEXT: 50 mcg GnRH / ml, 0.3 ml / animal, i.m.) 
5.1.1. WID: talent with 5-12 mo old NZW female rabbit, prepares to load syringe

5.1.2. CU: loading the syringe with GnRH from clearly labeled bottle

5.1.3. MED: administering the intramuscular injection
5.2. 16 to 24 hours after the hormone injection, anesthetize the rabbit with ketamine (TEXT: 10-40 mg K / kg, i.m.) and/or vaporized isoflurane (TEXT: 2-4% isoflurane).

5.2.1. WID: finishing injection of rabbit to knock it out, show the use of isoflurane machine if it is also administered
5.3. When the rabbit is fully unconscious, it will not produce pedal reflexes when the foot pad is squeezed.

5.3.1. MED: talent watching the rabbit, prepares to apply toe pinch

5.3.2. CU: toe pinch to rabbit, no reaction

5.4. Before the surgery, protect the eyes with ophthalmic ointment and prepare the abdomen. 
5.4.1. CU: scrubbing the shaved abdomen of the rabbit with alternate solutions
5.5. During the surgery, record the rabbit’s vital signs every 15 minutes. 
5.5.1. MED: setting up vital sign monitors on rabbit, like a thermometer

5.6. Begin by making an incision of approximately 2.5 cm, through the skin and then along the muscle layer. 
5.6.1. ECU: first incision into rabbit’s skin
5.7. Exteriorize each ovary, along with the attached uterine horn.
5.7.1. ECU: removing ovaries/uterine horn from the abdomen
5.8. Holding an ovary between thumb and forefinger, transfer the embryos to the oviduct through a carefully inserted sterile pipette. Usually, ten to 25 embryos from every 30 injected embryos are viable and they can all be transferred to one recipient.

5.8.1. CU: talent grips the ovaries, then injects the embryos into the oviduct
5.8.2. ECU: the injection location of the pipette as the injection is performed, then the removal of the pipette
5.9. Complete the surgery by closing the muscle layer with a coated absorbable suture. Suture the skin with either an absorbable subcuticular suture or with simple interrupted nonabsorable skin sutures.

5.9.1. ECU: sewing shut the abdomen, muscle and then skin

5.10. Then, keep the animal warm and monitor it until its sternal recumbency is attained.  (TEXT: Consult the text protocol for post-operative treatments.)

5.10.1. MED: placing the surgically manipulated rabbit into a warm place for recovery an E-collar on the rabbit
6. Targeted Mutation of ApoCIII
6.1. Sixteen ZFN pairs were initially designed. 
 The targeted disruption sequence of Set 1 is located at Exon 2 of ApoCIII.  Set 1, 2, and 3 were selected and subjected to the yeast MEL-1 reporter assay to determine the ZFN activities.

6.1.1. LAB MEDIA: Fig.2A 
6.2. Set 1 had a ZFN score of 224.2%, higher than those of Set 2 and Set 3 and much higher than the selection threshold, which is 50% of the internal positive control. Therefore Set 1 was selected for in vitro validation experiments.
6.2.1. LAB MEDIA: Fig. 2B
6.3. Set 1 mRNA was microinjected into 35 rabbit embryos. The BL rate of the microinjected group appeared lower comparing to those that were not microinjected, indicating a slightly impaired developmental competence. 
6.3.1. LAB MEDIA: Fig. 3A – found to the ppt file, slide 2. 

6.4. 18 embryos of the microinjected group developed to the BL stage on day 5, of which sixteen were sequenced. The frequency for mutations at the target site was much higher than the selection threshold, revealing that the Set 1 ZFN pair was effective. 

6.4.1. LAB MEDIA: Fig 3B

6.5. In total, 145 embryos microinjected with Set 1 ZFN mRNA were transferred to seven pseudo-pregnant recipient rabbits.  Freshly flushed embryos without ZFN microinjection were transferred to recipients as the control group.

6.5.1. LAB MEDIA: Fig. 4A – found in ppt file, slide 3

6.6. After 30 days of gestation, 21 kits were born in the microinjected group. PCR sequencing identified five as positive knock-outs.  The indels at the targeting site included two insertions and three deletions.

6.6.1. LAB MEDIA: Fig. 4.B 

6.7. Bioinformatics analysis was used to identify potential ZFN off-targets with seven or fewer mismatches to the Set 1 sequence.  Only one possible off-target site was identified and PCR detected no events at that site in any of the founder animals. 

6.7.1. LAB MEDIA: ppt file, slide 4

7. Conclusion Interview (spoken by you on camera)

7.1. Chen: After watching this video, you should have a good understanding of how to produce KO rabbits through ZFN microinjection.

7.2. Xu: Once mastered, embryo collection, microinjection and transfer can be done in 4 hours if it is performed properly.

7.3. Yang: While attempting this procedure, it’s important to remember that the injection material is RNA, which requires extra caution.

7.4. Zhang: Following this procedure, phenotyping will be performed to understand the biological roles of the targeted gene.

List of Provided Media Filenames and Descriptions

Figures_for_video_070213.pptx: three slides are in this ppt file. The first one is the overall scheme of the experiment. The second one is a more boxy version of Fig. 3A. The third one is a more boxy version of Fig. 4A. The fourth one is the tale showing analysis of off target effects. 

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.
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