Cryopreserving Primordial Germ Cells (PGCs) and Restoring Donor Strains
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Chapter 1: Introduction
Drosophila stocks are always in danger of mutational deterioration and phenotypic changes because they must be maintained by transferring adult flies to new vials every generation.  Development of an alternative long-term stock maintenance method without such changes is imperative, especially for stocks in which the whole genome has to be restored.  Here, we present a protocol for cryopreservation of primordial germ cells and stock restoration from cryopreserved PGCs.
Chapter 2: Equipment and Reagents Required
2.1 Equipment and reagents
Slide only
We use a Leica microinjection system to collect and transplant cells.  A silicon tube connects a needle holder and a syringe, and a three-way stopcock is located between them.  In addition, you will need the laboratory equipment and reagents shown here. 
2.2 Transplantation needles
Slide
Make needles by using a glass capillary and a puller, and then polish the needle tips in a three-step process.  We use a Narishige needle grinder, EG-401-S, to shape the tip of the needle to create an appropriate hole size and a sharp tip. 

Chapter 3: Collecting & Cryopreserving PGCs
3.1 Collecting embryos
Slide
After the two pre-collections, collect embryos for 50 min and then incubate the embryo-collection plate with embryos in a moisturizing container at 25ºC, to allow the embryos to develop to the blastoderm stage.  The incubation time is usually 100 min, but may be extended up to 120 min, depending on the strain.
3.2 Aligning dechorionated embryos
Slide　撮り直し画像と静止画を入れる
Align dechorionated embryos in two rows on a PGC-collection glass slide along the two reference lines.  The embryos are oriented with their anterior to the right (the side to be manipulated) and ventral portion up.  This step should be finished in 20 min.  We usually align about 40 embryos during this period.  
	Stick an embryo-pool frame around the embryos on the PGC-collection glass slide.  Drop 2μl (note to w-“microliters”) of CPA solution at two separate spots in the area framed by tape and fill the pool with silicon oil to prevent the embryos from drying out.	Comment by 宮田ワンダ・ルース・ウィングフィールド: There wasn’t enough time to read this section. 
3.3 Collecting PGCs
（200928_回収動画：00:36〜02:04（1分28秒）採取の顕微鏡映像)　採取の顕微鏡映像、画中のコメントは英語に修正
顕微鏡画像の動画で、静止画にして以下の緑の部分の説明が入り、その部分を矢印でさせるとわかりやすい
Begin PGC collection with embryos in the left row.
Load silicon oil into the needle for 2-3 seconds.
Using a 20x objective lens, gently move the needle tip to the surface of the anterior end of the embryo and penetrate the embryo toward the posterior end not by moving the needle, but by moving the microscope stage.  When the needle tip reaches the posterior end, retract the needle slightly, and completely discharge any yolk that has entered the needle into the central yolk region.  While keeping the pressure in the needle constant, move the needle tip to the PGCs just inside the posterior pole and gently, but without taking much time, load the PGCs.
	Pull the needle out of the embryo quickly and discharge yolk and other contaminants from the needle into the silicon oil, keeping the PGCs in the needle.  Next, load silicon oil into the needle for about 2 seconds.
	Repeat this step for the other embryos in the left row.  When discharging yolk completely from the needle into the central yolk region, be aware that the approach of oil in the needle can indicate that PGCs are soon to follow.  At this point, also deposit the oil into the yolk region to the extent possible.  Do not allow the loaded PGCs to escape.  In this way, newly loaded PGCs will be adjacent to PGCs from the previous embryos loaded into the needle, without any intervening material present between them.	Comment by 宮田ワンダ・ルース・ウィングフィールド: .
	Only use stage 5 embryos.  Do not use embryos that are stage 6 or later, or unfertilized eggs.

(221103_回収元動画/MC170005：02:29〜04:31（最後の部分を残すように30秒程度に編集）細胞パイル)　200928_回収動画では02:20〜02:20で高速になる、元動画を編集　他の回収動画と色具合が変わらないか？全て元動画から編集し直すべきか
After completing work with embryos in the left row, deposit all PGCs in the needle onto the surface of an embryo.  Unload any yolk or other contaminants into another embryo.
Next, collect PGCs from embryos in the right row.  After PGC collection, add the PGCs to the mass of PGCs collected from embryos in the left row.  We usually collect PGCs from about 30 embryos.
3.4 Applying CPA to PGCs
(200928_回収動画：02:53〜03:37（44秒）
After washing the needle with CPA, load fresh CPA in the needle and add CPA to the PGCs.  The volume of CPA should be equivalent to that of the PGCs.  Remove any extra CPA from the cluster of PGCs, as shown.
Empty the needle and then load silicon oil for 5 seconds or longer.  Load all the collected PGCs and then, for 5 sec or longer, load silicon oil.  PGCs are now sandwiched between two layers of silicon oil.
Slide
3.5 Cryopreserving PGCs
Slide　10月31日に再撮影したホルダーに入れたニードル写真（静止画）
Detach the needle from the micromanipulator.  Blot the oil off the surface of the needle with soft tissue paper.  Do not directly touch the tip of the needle with the tissue.
Attach the needle to the needle holder, shown here in yellow, and lock it in position at the base using plastic tape.

(3_凍結編210427： 38:05〜38:25（20秒）)
[bookmark: _GoBack]Flash freeze the holder with the needle by submerging it in liquid nitrogen in a container.  Do not release the holder until the liquid stops fizzing out of the rack. Long-term storage requires the needle to be in the liquid phase area, not the gas phase area, of a storage tank.
Chapter 4: Thawing & Transplanting PGCs
4.1 Collecting, dechorionating, and aligning embryos
Slide
Align the agametic host embryos on a transplantation glass slide.  However, this time, orient the posterior to the right (the side to be manipulated) and the ventral to the top.
Line up 30 to 40 embryos in two rows in 20 min.  While doing this, operate a humidifier for 2-10 minutes, if the room humidity requires it.  Watch section 4.3 for ideal embryo condition.  (Ideal humidity: 10 to 30 %)	Comment by 宮田ワンダ・ルース・ウィングフィールド: .	Comment by Microsoft Office User: 
Use only stage-5 embryos as hosts.
4.2 Thawing PGCs
(4_移植編1_210427：20:20〜20:40（20秒）、続けて22:23〜22:37、（14秒））
22:22からの映像に引出し線をつけて"1x EBR"を記載
To quickly thaw cryopreserved PGCs, slip the holder containing the needle into a 1xEBR solution and keep it submerged for 10 seconds.
4.3 Transplanting PGCs to host embryos
Place the transplantation glass slide on the stage of a microscope.  Attach the freeze-thawed needle to the holder, and bring the first embryo in the left row and the needle tip into the same focal plane.
(200928_移植動画：00:00〜02:41（2分41秒）、200928_移植動画：02:53〜03:11（18秒）)
Using a 20x objective lens, gently move the needle tip to the surface of the posterior end of the embryo.  Make sure that after you gently prod the outside of the embryos, they slowly return to their original shape.  Prodding will confirm that the embryo’s osmotic pressure is not too high or too low.  If the room humidity is greater than 30%, 5 minutes of air drying will be needed to reach the desired pressure.
	Gently move the needle and penetrate a stage 5 embryo from the posterior pole.  Gently deposit about 10 - 20 PGCs just inside the posterior pole precisely between the vitelline membrane and the somatic cell layer of the embryo. Avoid depositing them in the somatic cell layer.
Retract the needle from the embryo.
	Repeat this step in the next embryo.
	If the yolk or perivitelline fluids have leaked out of the embryo, load them into the needle.

Next, we will show you examples of three conditions: an adequately dried, an overly dried, and an insufficiently dried embryo.
(Embryos well suited for Transplantationスライド（数秒）)
（追加移植動画MC170002.MP4：2:10-02:40（30秒））
Add “Adequately dried embryo” to the movie.
（追加移植動画MC170002.MP4：03:00-03:26（26秒））
Add “Overly dried embryo” to the movie.
（追加移植動画MC170004.MP4：07:45-08:16（31秒））
Add “Insufficiently dried embryo” to the movie.

Remove any embryos which did not receive transplanted PGCs, and incubate the remaining embryos in a moisturizing container at 25ºC.
Chapter 5: Restoring Donor Strains
Slide
Using an agametic host makes it possible for us to restore the entire genome at once without balancer chromosome stock crossing.  To restore the strain, simply cross newly emerged female and male flies.
Chapter 6: Results
Slide
Our data for cryopreserved-PGC transplantation into agametic host embryos show that at most, 15 transplanted embryos are required to obtain a single host couple capable of producing donor-derived progeny of both sexes.  
Chapter 7: Conclusion
Slide
PGC cryopreservation is a method of maintaining specific Drosophila stocks long-term.  Agametic hosts serve to restore the original stocks in a single generation without host chromosome contamination. PGC cryopreservation is thought to have potential applications to other insects and organisms.	Comment by 宮田ワンダ・ルース・ウィングフィールド: 

