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SUMMARY: 23 
Embryological manipulations such as extirpation and transplantation of cells are important 24 
tools to study early development. This protocol describes a simple and effective 25 
transplantation device to perform these manipulations in zebrafish embryos. 26 
 27 
ABSTRACT: 28 
Classical embryological manipulations, such as removing cells and transplanting cells within 29 
or between embryos, are powerful techniques to study complex developmental processes. 30 
Zebrafish embryos are ideally suited for these manipulations since they are easily accessible, 31 
relatively large in size, and transparent. However, previously developed devices for cell 32 
removal and transplantation are cumbersome to use or expensive to purchase. In contrast, 33 
the transplantation device presented here is economical, easy to assemble, and simple to 34 
use. In this protocol, we first introduce the handling of the transplantation device as well as 35 
its assembly from commercially and widely available parts. We then present three 36 
applications for its use: generation of ectopic clones to study signal dispersal from localized 37 
sources, extirpation of cells to produce size-reduced embryos, and germline transplantation 38 
to generate maternal-zygotic mutants. Finally, we show that the tool can also be used for 39 
embryological manipulations in other species such as the Japanese rice fish medaka. 40 
 41 
INTRODUCTION: 42 
From the classical experiments of Mangold and Spemann that demonstrated the existence 43 
of an organizer instructing the formation of an embryonic axis1, transplantation of cells 44 
between embryos has become an established technique for studying embryonic 45 
development2–11. A commonly used setup for transplantation consists of a micrometer 46 
drive-controlled gas-tight syringe connected to a micropipette holder through flexible tubing 47 
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and a reservoir filled with mineral oil12,13. In this setup, the plunger of the syringe is moved 48 
through a screw. The pressure generated in this manner is transferred to the micropipette 49 
and used to draw cells out from one embryo and deposit them into another. However, this 50 
hydraulically operated device consists of many parts and is laborious to assemble from 51 
scratch. Similar devices can also be purchased as a complete working set, usually sold as 52 
Manual Microinjectors, and these commercial versions typically cost more than 1500 US$. In 53 
both the home-made and the commercial version, the micropipette for embryo 54 
manipulation is separated from the pressure-generating device (the gas-tight syringe) 55 
through oil-filled tubing. The manipulation of the micropipette and the movement of the 56 
plunger, therefore, have to be operated separately with different hands, reducing the 57 
throughput and utility. Furthermore, the devices are cumbersome to prepare for 58 
transplantation since the tubing needs to be carefully filled with oil while avoiding the 59 
formation of bubbles. Here, we describe an alternative pneumatically operated device for 60 
cell removal and transplantation that is inexpensive, easy to assemble, and simple to use. 61 
 62 
The device presented here comprises a 25 μL gas-tight syringe fitted with a micropipette 63 
holder and costs less than 80 US$ altogether. The device is easily assembled by inserting the 64 
micropipette holder into the syringe via Luer lock fitting (Figure 1A). The device is then 65 
directly mounted onto a micromanipulator, allowing the user to control both its position 66 
and the suction with a single hand directly at the micromanipulator. This conveniently 67 
leaves the other hand free to stabilize and move the transplantation dish containing donor 68 
and host embryos. The device works by direct suction with air and does not need to be filled 69 
with mineral oil. Due to the attractive forces between the water and the walls of the glass 70 
needle, a large movement in the plunger of the syringe is translated into a smaller 71 
movement in the water level within the needle, as long as the water level is in the tapered 72 
end of the glass needle. This allows precise control over the number of aspirated cells and 73 
the location of their insertion. 74 
 75 
To demonstrate the utility of this device, we present three applications in zebrafish (Danio 76 
rerio) embryos. First, we show how to generate localized sources of secreted signaling 77 
molecules, which can be used to study gradient formation2,4,6. Here, donor embryos are 78 
injected with mRNA encoding a fluorescently labeled signaling molecule. The fluorescence-79 
labeled donor cells are then transplanted to wild-type host embryos where the formation of 80 
a signal gradient can be imaged and analyzed. Second, we describe how the device can be 81 
used to remove cells by extirpation in order to generate size-reduced embryos5,14. Finally, 82 
we show how to robustly produce maternal-zygotic mutants by transplanting cells carrying a 83 
primordial germ cell reporter into host embryos in which the germ line had been ablated6,11. 84 
In the future, the transplantation described here can be easily adapted to other 85 
embryological manipulations requiring the removal or transplantation of cells. 86 
 87 
PROTOCOL: 88 
 89 
1. Assembling and using the transplantation device 90 
 91 
1.1 Assembling the transplantation device. 92 
 93 
1.1.1 Connect the Luer tip 25 μL gas-tight syringe and a micropipette holder with the Luer 94 



 

lock fitting to assemble the transplantation device (Figure 1A). 95 
 96 
NOTE: Wetting the Luer tip with a thin film of water can help to enhance the connection by 97 
holding the parts together via water adhesion and cohesion. 98 
 99 
1.1.2 Mount the device directly onto a manual micromanipulator (Figure 1B). Control the 100 
device with the dominant hand alone, freeing up the other hand for additional tasks. 101 
 102 
1.2 Preparing the transplantation needle. 103 
 104 
1.2.1 Produce a transplantation needle by pulling a glass capillary pipette (without filament) 105 
with a micropipette puller. 106 
 107 
1.2.2 Break the tip of the needle as smoothly as possible, as sharp edges increase the 108 
chance of scratching the yolk while transplanting, which is fatal to the embryo. 109 
 110 
NOTE: The tip can be easily broken with a straight-edge razor blade under a 111 
stereomicroscope. However, using a microforge allows to generate a precise opening of the 112 
desired size. For ectopic source generation, an outer diameter of approximately 50–60 µm is 113 
appropriate. For extirpations and germline transplantation, the outer diameter of the 114 
needle should measure approximately 80–90 µm to increase the number of transplanted 115 
cells. 116 
 117 
1.2.3 Insert the ready-to-use needle into the transplantation device (Figure 1A). 118 
 119 
1.3 Using the transplantation device. 120 
 121 
1.3.1 Place the micromanipulator with the transplantation device next to a 122 
stereomicroscope (Figure 1B). 123 
 124 
1.3.2 Remove the plunger and lower the transplantation needle into the transplantation 125 
dish filled with Ringer’s solution (see step 2.2.1) at a 45° angle until the tip of the needle is 126 
immersed (Figure 1B). Water will rush up the needle due to capillary action. 127 
 128 
1.3.3 Insert the plunger approximately halfway to flush out the Ringer’s solutions, leaving 129 
only a small volume of water in the thin, tapered part of the needle (Figure 1C). 130 
 131 
NOTE: This is the neutral position, and the water level should be stable there for a while 132 
(>20 min). If the water level is unstable, the air is leaking; reconnect the Luer lock fitting or 133 
replace the syringe. 134 
 135 
1.3.4 When using a transplantation needle for the first time, coat its inside by drawing up 136 
yolk from a sacrificed embryo and then expelling the yolk material completely. The coating 137 
will help to reduce the adherence of cells to the glass during subsequent procedures. 138 
 139 
1.3.5 Gently position the donor embryo with the help of the needle and then position the 140 
needle opening orthogonal to the embryo’s surface (Figure 1D). 141 



 

 142 
NOTE: The position will be different for different assays. For ectopic signaling molecule 143 
source generation and cell extirpations, this will be the top of the animal pole (Figure 1E); 144 
for germline transplantation, this will be the margin (Figure 1D,F). 145 
 146 
1.3.6 Slowly and carefully pull up the plunger to draw the cells into the needle. 147 
 148 
NOTE: If the cells are taken up too quickly, they can be damaged. If done correctly, the cells 149 
should come out as a cylindrical column. Avoid taking up yolk into the needle, as the 150 
transplanted yolk is toxic for the host embryo. 151 
 152 
1.3.7 Stop the suction by gently pushing the plunger down slightly once the desired number 153 
of cells is drawn in. Remove the needle from the embryo by jerking the needle to the side in 154 
a short and swift motion. Leave some Ringer’s solution on either side of the cell column, and 155 
restrict the cells to the tapered end of the needle (Figure 1C,D). 156 
 157 
NOTE: The liquid in front of the cell column will help to force apart the cells of the host 158 
embryos when depositing the cell column. 159 
 160 
1.3.8 Clear any remaining yolk or cell debris by slowly moving the plunger up and down to 161 
wash the cells with Ringer’s solution. If done correctly, the undamaged cells will remain 162 
adhered together in a column while the debris is washed away. 163 
 164 
NOTE: Great care must be taken during this step as the water level will rise past the tapered 165 
end of the needle. This will cause a sudden influx of water, which can be used to wash the 166 
cells. However, once the water level has passed the tapered end, the fine control with the 167 
plunger will be reduced, and the plunger has to be moved more slowly and carefully. 168 
 169 
1.3.9 Move the transplantation dish with the non-dominant hand to position the needle 170 
orthogonal to the surface (either animal pole or margin) of the host embryo (Figure 1D–F). 171 
 172 
1.3.10 Gently apply slight pressure, and then give a swift, sharp movement to pierce the 173 
enveloping layer of the host embryo. Take care not to scratch the yolk with the needle. 174 
 175 
NOTE: Applying slight pressure onto the embryo by carefully squeezing it against the walls 176 
of the well increases the embryo’s surface tension and thus facilitates the piercing of the 177 
enveloping layer. 178 
 179 
1.3.11 Once the needle is inside, gently push the plunger to extrude the column of cells into 180 
the embryo while slowly retracting the needle at the same time (Figure 1D–F). 181 
 182 
1.4 Cleaning the transplantation needle. 183 
 184 
1.4.1 Rinse the needle by moving the plunger up and down while the needle is immersed in 185 
deionized water. 186 
 187 
NOTE: If the needle remains dirty, rinse it with 10 M sodium hydroxide solution before 188 



 

rinsing it again with water. 189 
 190 
1.4.2 Store the needle in an appropriate box for further usage. 191 
 192 
2. Generating ectopic sources of secreted signaling molecules in the zebrafish embryo 193 
 194 
2.1 Preparing the host and donor embryos. 195 
 196 
2.1.1 Collect the freshly laid embryos by mating zebrafish. 197 
 198 
2.1.2 Dechorionate 1-cell stage zebrafish embryos by incubating up to 100 embryos in a 0.5 199 
mg/mL of pronase solution for approximately 15 min in a small glass Petri dish (a detailed 200 
description of this procedure is published by Rogers, K. W. et al15). 201 
 202 
NOTE: Alternatively, the embryos may also be dechorionated at a high stage just before 203 
transplantation (step 2.2), but this requires the injected donor embryos and uninjected host 204 
embryos to be dechorionated separately. 205 
 206 
2.1.3 Submerge the embryos in embryo medium in a 200 mL beaker. 207 
 208 
NOTE: Dechorionated blastula and gastrula stage embryos are very delicate. Their exposed 209 
yolk will adhere to plastic surfaces and rupture upon contact with air. Hence, they must 210 
remain completely immersed in embryo medium, transferred with a glass pipet, and 211 
maintained in either agarose-coated (1% in embryo medium) plastic dishes or glass Petri 212 
dishes. 213 
 214 
2.1.4 Carefully empty out most of the embryo medium and slowly fill the beaker with fresh 215 
embryo medium. The mild agitation caused this way will facilitate the removal of the 216 
weakened chorions. Repeat this step 2–3 times. 217 
 218 
2.1.5 Transfer the dechorionated embryos using a glass Pasteur pipette into an agarose-219 
coated injection dish. 220 
 221 
NOTE: Flaming the tip of the glass Pasteur pipette by exposing it to a Bunsen burner flame 222 
can melt and smooth out the edge, helping to prevent damage to the embryos. 223 
 224 
2.1.6 Inject the mRNA encoding the fluorescently tagged protein into a subset of embryos (a 225 
detailed description of this procedure is published by Rogers, K. W. et al15). Inject the mRNA 226 
into the cell, not the yolk, for near-homogeneous expression. Injected embryos will serve as 227 
donors, while uninjected embryos will serve as hosts. 228 
 229 
NOTE: The amount and type of injected mRNA will depend on the signaling molecule being 230 
studied and usually ranges from 20 to 200 pg2,4–6 (but can be as high as 1000 pg in certain 231 
cases4). 232 
 233 
2.1.7 Transfer the injected embryos to an agarose-coated six-well dish filled with embryo 234 
medium. Incubate at 28 °C until the embryos reach the early sphere stage. 235 



 

 236 
2.2 Transplanting cells to generate ectopic sources. 237 
 238 
2.2.1 Fill a transplantation dish (with individual triangular wedge-shaped wells, see Table of 239 
Materials) with Ringer’s solution (116 mM NaCl, 2.8 mM KCl, 1 mM CaCl2, 5 mM HEPES; 240 
store the HEPES buffer at 4 °C). 241 
 242 
NOTE: The calcium in Ringer’s solution promotes cell adhesion and helps the embryo heal 243 
from the transplantation procedure. 244 
 245 
2.2.2 Transfer the embryos into the transplantation dish. 246 
 247 
2.2.3 Position the host and donor embryos in alternating columns, in each case with the 248 
animal pole oriented toward the transplantation needle. 249 
 250 
2.2.4 Carry out the transplantation as described in section 1.3. For ectopic source 251 
transplantation, take source cells from the top of the animal pole and deposit them into the 252 
same location in the host embryo (Figure 1E). 253 
 254 
NOTE: Washing the cells with Ringer’s solution as detailed in step 1.3.8 is important for 255 
ectopic source generation to make sure that already secreted signaling molecules are not 256 
carried over to the host. Do not transplant too many cells to ensure that the source is not 257 
dispersed. A column approximately 80 μm in diameter and 100 μm in length is appropriate 258 
for many applications. 259 
 260 
2.2.5 Allow the host embryo to stay in Ringer’s solution for 30 min to 1 h to recover. 261 
 262 
2.2.6 Examine whether cells were successfully transplanted using a fluorescence 263 
stereomicroscope (Figure 2). 264 
 265 
2.2.7 After recovery, transfer the embryos to an agarose-coated plate filled with embryo 266 
medium and incubate them at 28 °C. 267 
 268 
3. Generating size-reduced embryos by cell extirpation 269 
 270 
3.1 Preparing embryos for extirpation. 271 
 272 
3.1.1 Collect freshly laid embryos from zebrafish of the desired genotype. 273 
 274 
3.1.2 Incubate the embryos at 28 °C until they reach the high stage. 275 
 276 
3.1.3 Dechorionate the embryos as described in steps 2.1.2–2.1.5 when the embryos reach 277 
the high stage. 278 
 279 
NOTE: In this example, cell extirpation is performed at the sphere stage. Accordingly, 280 
embryos are dechorionated approximately 30 min to 1 h earlier. 281 
 282 



 

3.2 Optional: Labeling the yolk syncytial layer (YSL). 283 
 284 
NOTE: If desired, inject fluorescent dextrans into the YSL before extirpating cells. This 285 
technique allows to determine whether the YSL remains intact after cell removal, which is 286 
important for normal embryogenesis16. Alternatively, in vitro synthesized mRNAs or proteins 287 
can also be injected into the YSL. 288 
 289 
3.2.1 Use a Pasteur pipette to transfer the dechorionated embryos to an agarose-coated 290 
injection dish filled with embryo water. 291 
 292 
3.2.2 Orient the embryos laterally, with the blastoderm margin pointing toward the 293 
injection needle (Figure 3A). 294 
 295 
3.2.3 Inject 0.5 nL of 1.5 µg/µL 10 kDa Alexa568-Dextran into the YSL, aiming for a region 296 
between the blastoderm cells and the yolk at a depth of about one-third of the embryo’s 297 
diameter. Inject all embryos within one row. 298 
 299 
NOTE: Since the injection needle does not need to pierce through the chorion, a small (~4 300 
μm) and sharp opening is advantageous. 301 
 302 
3.2.4 Rotate the embryos by 180° so that the opposite side of the blastoderm margin is 303 
pointing toward the injection needle (Figure 3A). 304 
 305 
3.2.5 Inject another 0.5 nL of 1.5 µg/µL 10 kDa Alexa568-Dextran into the YSL as described in 306 
step 3.2.3, yielding a total injection volume of 1 nL per embryo. 307 
 308 
NOTE: Injecting from two sides allows for a more even distribution of fluorescent dextran 309 
within the YSL. 310 
 311 
3.2.6 Examine the result of the injection under a fluorescence stereomicroscope. If done 312 
correctly, the fluorescent signal will be restricted to the YSL (Figure 3B) and not be visible in 313 
the intercellular space of the blastoderm. 314 
 315 
3.3 Extirpating cells 316 
 317 
3.3.1 Fill a transplantation dish with Ringer’s solution (see step 2.2.1). 318 
 319 
3.3.2 Transfer the embryos to the transplantation dish. 320 
 321 
3.3.3 Orient the embryos with the animal pole toward the transplantation needle (Figure 322 
3C). 323 
 324 
3.3.4 Carefully remove cells from the animal pole region as described in steps 1.3.5–1.3.7, 325 
thereby reducing the blastoderm to the desired size. 326 
 327 
3.3.5 Discard the removed cells by expelling them from the transplantation needle. 328 
 329 



 

3.3.6 Once the procedure is completed, allow the embryos to stay in Ringer’s solution for 30 330 
min to 1 h to recover. 331 
 332 
3.3.7 OPTIONAL: Examine the integrity of the YSL under a fluorescence stereomicroscope 333 
(Figure 3D). 334 
 335 
3.3.8 Transfer the embryos to an agarose-coated plate filled with embryo medium and 336 
incubate them at 28 °C. 337 
 338 
4. Creating maternal-zygotic mutants by germline transplantation 339 
 340 
4.1 Preparing host and donor embryos. 341 
 342 
4.1.1 Collect freshly laid embryos from both mutant and wild-type zebrafish. Embryos from 343 
zebrafish with a mutant background will serve as donors, while embryos from zebrafish with 344 
a wild-type background will serve as hosts. 345 
 346 
NOTE: Germ-line transplantation requires a high number of starting embryos (~50 for 347 
donors, ~500 for hosts) to ensure a good number of successful germline transplants that 348 
survive into adulthood. 349 
 350 
4.1.2 Transfer the embryos to an agarose-coated injection dish with embryo medium using a 351 
Pasteur pipette. 352 
 353 
NOTE: Injections are done before dechorionation to increase throughput. Needles for 354 
injection through the chorion need to be blunt and have a larger opening (~10 μm) to 355 
prevent clogging. 356 
 357 
4.1.3 Inject the donor embryos with 1 nL of 100 ng/µL mRNA encoding GFP with a nos1 358 
3’UTR. Inject the mRNA into the yolk to increase the throughput. 359 
 360 
NOTE: The nos1 3’UTR will stabilize the mRNA in the primordial germ cells, causing the germ 361 
cells to be strongly fluorescent when imaged 1 day post-fertilization11. 362 
 363 
4.1.4 Inject the host embryos with 1 nL of 0.33 mM (3 µg/µL) dead end (dnd) morpholino. 364 
Inject the morpholino into the yolk to increase the throughput. 365 
 366 
NOTE: The dnd morpholino blocks primordial germ cell formation, which ensures that the 367 
host embryo’s germline will be exclusively populated with cells from the donor after 368 
transplantation11. 369 
 370 
4.1.5 Transfer the injected embryos to plastic Petri dishes with embryo medium. Incubate at 371 
28 °C until the embryos reach the high stage. 372 
 373 
4.1.6 Dechorionate the embryos as described in steps 2.1.2–2.1.5 when the embryos reach 374 
the high stage. 375 
 376 



 

4.2 Transplantation of germ cells 377 
 378 
4.2.1 Fill a transplantation dish with Ringer’s solution (see step 2.2.1). 379 
 380 
4.2.2 Transfer the dechorionated sphere- to dome-stage embryos into the transplantation 381 
dish. 382 
 383 
4.2.3 Position the host embryos and donor embryos in alternating columns to transplant the 384 
cells from one donor embryo to six different host embryos. This increases the chance that 385 
germ cells from a given host embryo will successfully be transplanted. 386 
 387 
4.2.4 Orient the embryos with the margin toward the transplantation needle and carry out 388 
the transplantation as described in section 1.3. For germline transplantations (Figure 1D,F), 389 
take the source cells from the margin (where the primordial germ cells are located) and 390 
deposit them into the same location in the host embryo. 391 
 392 
NOTE: Transplanting a large column (approximately 80 μm in diameter and 600 μm in 393 
length) will increase the chance of obtaining a successful germline transplant. 394 
 395 
4.2.5 Allow the embryo to stay in Ringer’s solution for 30 min to 1 h to recover once the 396 
transplantation is completed. 397 
 398 
NOTE: If 100% of donor embryos are not expected to be homozygous mutants – e.g., 399 
resulting from a heterozygous incross – they need to be genotyped after transplantation to 400 
determine the genotype of the host’s transplanted future germline. In this case, ensure that 401 
the positions of the host and donor embryos are not mixed up during handling. 402 
 403 
4.2.6 Use a fluorescence stereomicroscope to examine whether the cells were successfully 404 
transplanted (Figure 4A,B). 405 
 406 
4.2.7 Transfer the embryos into a 24-well agarose-coated plate. Group all the host embryos 407 
that received cells from the same donor into the same well and label them accordingly. 408 
Incubate them until the next day at 28 °C. 409 
 410 
4.2.8 If required, transfer the donor embryos into labeled PCR strips for genotyping. 411 
 412 
4.3 Screening for successful germline transplants 413 
 414 
4.3.1 Screen the host embryos for successful germline transplants under a fluorescence 415 
stereomicroscope approximately 30 h post-fertilization (hpf). The germ cells are found at 416 
the groove above the yolk extension (Figure 4C). 417 
 418 
NOTE: Typical experiments with the device and strategy presented here will have a success 419 
rate of ~60%–80% to obtain at least one host embryo carrying transplanted germ cells per 420 
donor embryo. A previous report described a ~10% efficiency11. 421 
 422 
4.3.2 If applicable, discard embryos that received cells from donor embryos with an 423 



 

incorrect genotype. Grow larvae with successfully transplanted germ cells to adulthood 424 
according to standard husbandry conditions and following institutional guidelines. 425 
 426 
REPRESENTATIVE RESULTS: 427 
Success and failure in the usage of the transplantation device for the three applications 428 
described above can readily be assessed by visual inspection under a stereomicroscope. In 429 
successful transplantations, the embryo should look normal and similar in shape and yolk 430 
clarity to untransplanted embryos, without large tears in the blastoderm. If the embryo is 431 
visibly damaged (Figure 4B), it will not develop normally. Ideally, transplanted cells 432 
expressing a fluorescent marker should appear as a continuous column when viewed under 433 
a fluorescence stereomicroscope (Figure 2A, Figure 4A). If the column is fragmented, this 434 
indicates that the cells were sheared by the suction into the transplantation needle or that 435 
the deposition of the cells was done too vigorously. This can be prevented by moving the 436 
plunger more slowly and gently. 437 
 438 
Although the transplantation device has mainly been used on zebrafish embryos at blastula 439 
stages5,6, transplantation and cell extirpation work just as well for dechorionated blastula-440 
stage embryos of the Japanese rice fish medaka (Oryzias latipes) (Figure 2B). Apart from 441 
embryo dechorionation, which has been described by Porazinski, S. R. et al.17, the same 442 
procedures can be followed. 443 
 444 
In the specific case of germline transplantation, a good transplant will result in an embryo 445 
with a long horizontal column of cells directly above the yolk margin (Figure 4A). However, 446 
whether germ cells were successfully transplanted can only be assessed on the following 447 
day (Figure 4C–F) due to background expression at blastula stages (Figure 1F). The 448 
primordial germ cells will appear as small fluorescent spheres in the groove directly above 449 
the yolk extension (Figure 4C–E). The presence of these cells at the correct location 450 
indicates successful germline transplantation. Cells with a different shape are not germ cells 451 
(e.g., elongated cells are typically muscle cells, Figure 4F). Also, if primordial germ cells are 452 
found outside the groove, this means that they have failed to migrate properly, and they will 453 
not be able to contribute to the embryo’s germline. Finally, the general morphology of 454 
transplanted embryos should appear similar to untransplanted embryos (Figure 4D); the tail 455 
should not be deformed, and the head should not be shrunken or missing eyes (Figure 4E). 456 
These defects generally result from excessively high morpholino concentrations or from 457 
embryo damage during transplantation. Germline transplantation experiments as described 458 
here will typically result in 1–2 out of 6 host embryos with successfully transplanted germ 459 
cells for 60%–80% of donor embryos, depending on the experience of the experimenter. 460 
Thus, cells from 40–50 homozygous donor embryos need to be transplanted into 200–300 461 
host embryos to raise approximately 30 individuals with mutant germ cells. 462 
 463 
FIGURE LEGENDS: 464 
Figure 1: Assembly and usage of the transplantation device. (A) The transplantation device 465 
is assembled by connecting a gas-tight syringe with a micropipette holder through Luer lock 466 
fitting. The glass needle for transplantation is then inserted into the micropipette holder. (B) 467 
Photograph of the assembled transplantation device mounted onto a micromanipulator 468 
(please note that the background and labels have been removed from the picture). (C) 469 
When using the transplantation device, it is important to ensure that the water level in the 470 



 

transplantation needle remains at the tapered end. (D) The device is used under a 471 
stereomicroscope to withdraw and insert cells from and into teleost embryos placed in 472 
individual wells of a transplantation dish. (E) For the generation of ectopic sources, cells are 473 
taken from the animal pole of a donor embryo (i–ii) and transferred into the animal pole of 474 
a host embryo (iii–vi). (F) For germline transplantation, a larger number of cells is taken 475 
from the margin of a donor embryo (i–ii), where the germ cells are located. The cells are 476 
then transferred into the margin of host embryos (iii–vi). 477 
 478 
Figure 2: Generating clones by cell transplantation. (A) Example of a double clone 479 
generated by sequential transplantation of fluorescent cells (green) from a zebrafish donor 480 
into a zebrafish host embryo. Single and double clones can be used to study how secreted 481 
signaling molecules form spatiotemporal gradients2,4–6. (B) Example of a single clone 482 
generated by transplanting cells from a transgenic eGFP-expressing medaka donor 483 
(Wimbledon)18 into a wild-type medaka host. Scale bars represent 100 µm. 484 
 485 
Figure 3: Generating size-reduced embryos by cell extirpation. (A) Before removing cells by 486 
extirpation, the YSL can be labeled by injecting fluorescent dyes into two opposing sides of 487 
the YSL. (B) Example of an embryo after YSL injection. (C) To generate size-reduced 488 
embryos, cells from the animal pole are removed by extirpation5. (D) Example of an embryo 489 
after cell extirpation. Note that the YSL stays intact. Scale bars represent 100 µm. 490 
 491 
Figure 4: Germline transplantation. (A) Example of successful transplantation of donor cells 492 
(green) into the host’s marginal zone. (B) Example of unsuccessful transplantation. The yolk 493 
of the host embryo was severely damaged, and the embryo will not be able to develop 494 
normally. (C) At 30 hpf, successfully transplanted germ cells will be found solely in the 495 
gonadal mesoderm at the anterior region of the yolk extension. (D) Example of successful 496 
transplantation in which several GFP-labeled donor germ cells have populated the host’s 497 
future gonad. (E) Example of unsuccessful transplantation. Although germ cells have 498 
reached the gonadal mesoderm, the host embryo is severely deformed and will not develop 499 
normally. (F) Example of unsuccessful transplantation. Fluorescent germ cells that failed to 500 
migrate into the correct location will not repopulate the gonads. Scale bars represent 100 501 
µm. Images in D–F were taken at a total magnification of approximately 50x. 502 
 503 
DISCUSSION: 504 
The success of a transplantation experiment strongly relies on the fine motor skills of the 505 
experimenter. To successfully carry out the procedures, practice is required. However, the 506 
instrument presented here is relatively easy to learn and use compared to others on the 507 
market, and, in general, only a few days of practice is needed. 508 
 509 
The success of the transplantation procedure can be enhanced by taking several 510 
precautions. One step is to ensure that the micromanipulator is of good quality and capable 511 
of smooth operation. Adding an ocular with higher magnification to the stereomicroscope 512 
can help to precisely position the needle relative to the embryo. Using well-breeding 513 
zebrafish or medaka to acquire healthy embryos and taking care not to damage the 514 
embryos during handling (especially during and after the dechorionation step) will also 515 
enhance the success rate. 516 
 517 



 

Problems with delayed toxicity can be more difficult to troubleshoot. If an embryo dies after 518 
a few hours – but not immediately following transplantation – the yolk might have been 519 
damaged by the needle (e.g., by entering the embryo too deeply), or perhaps the cells were 520 
ejected too forcefully. Delayed toxicity and embryonic death can also result from yolk or cell 521 
debris injected along with the donor cells; another cause can be deteriorating HEPES buffer 522 
in the Ringer’s solution. These problems can be overcome by washing the cells (see step 523 
1.3.8) or by simply using a fresh batch of buffer, respectively. Furthermore, deformed host 524 
embryos in germline transplantation experiments might result from excessively high 525 
morpholino concentrations. It is crucial to use enough morpholino to fully ablate the host’s 526 
wild-type germline, thereby preventing these cells from contributing to the offspring – but 527 
at the same time, excessively high morpholino concentrations need to be avoided. 528 
Consistent morpholino amounts across all injected host embryos (a few hundred in a typical 529 
experiment) are therefore key to the success of germline transplantations. This can be 530 
helped by supplementing the morpholino injection mix with an easily visible tracer dye15, 531 
which can be tracked under a fluorescence stereomicroscope to ensure that all embryos 532 
receive the same injection volume. 533 
 534 
The procedures described in this protocol exclusively involve manipulations of cells in 535 
blastula-stage zebrafish or medaka embryos, but in the future, it will likely be possible to 536 
adapt the device to different stages and species by changing the diameter and shape of the 537 
transplantation needle. 538 
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Response to editorial and reviewers’ comments 

 

Editorial comments: 

 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are 

no spelling or grammar issues. 

We have carefully proofread the manuscript. 

 

2. Please confirm the filming location- Tübingen or Konstanz. 

The filming will take place in Konstanz. 

 

3. Please revise the following lines to avoid previously published work: 176-177, 180-184, 

We have revised the text. 

 

4. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" 

etc.). 

We have removed personal pronouns wherever possible. 

 

5. JoVE cannot publish manuscripts containing commercial language. This includes 

trademark symbols (™), registered symbols (®), and company names before an instrument or 

reagent. Please remove all commercial language from your manuscript and use generic terms 

instead. All commercial products should be sufficiently referenced in the Table of Materials. 

For example: Narishige M-152, etc. 

The commercial language has been removed from the text. 

 

6. Please include an ethics statement before your numbered protocol steps, indicating that the 

protocol follows the animal care guidelines of your institution. 

According to the EU council directive 2010/63/EU for the protection of vertebrate animals, 

only experiments on freely feeding larvae are considered “Research on Animals”. This 

definition does not apply to our experiments using early zebrafish embryos, which cannot 

freely feed. Similar to several other JoVE papers that also focus on early zebrafish embryos 

(http://www.jove.com/video/3780/simple-microfluidic-devices-for-vivo-imaging-c-elegans-

drosophila, http://www.jove.com/video/51119/multilayer-mounting-for-long-term-light-sheet-

microscopy-of-zebrafish, http://www.jove.com/video/51138/rapid-efficient-zebrafish-

genotyping-using-pcr-with-high-resolution, https://www.jove.com/de/v/52266/measuring-

protein-stability-living-zebrafish-embryos-using), we therefore do not include an ethics 

statement before the numbered protocol section. 

 

7. Please ensure that all text in the protocol section is written in the imperative tense as if 

telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions 

should be described in the imperative tense in complete sentences wherever possible. Avoid 

usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. 

Any text that cannot be written in the imperative tense may be added as a “Note.” However, 

notes should be concise and used sparingly. Please include all safety procedures and use of 

hoods, etc. 

We have changed the text accordingly. 

 

8. Please add more details to your protocol steps. Please ensure you answer the “how” 
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question, i.e., how is the step performed? Alternatively, add references to published material 

specifying how to perform the protocol action. 

We have added more information as requested and would like to point out that the reviewers 

stated that “This manuscript is very carefully written with attention to detail, […]” and that 

“Overall the description of the tool is clear […]”. 

 

9. Line 172-174: Please specify how many embryos are used. Is there any specific proportion 

between the number of embryos and the volume of pronase used? 

We have added the requested details. 

 

10. Line 187-190: How much mRNA encoding the fluorescently tagged protein is injected 

into the embryo. 

The amount of mRNA varies depending on the experiment, but we have added a range that is 

generally used. 

 

11. Line 214: Please specify at what magnification is the image acquired. 

This detail has been added to the legend of Figure 4. 

 

12. Please include a one-line space between each protocol step and then highlight up to 3 

pages of the Protocol (including headings and spacing) that identifies the essential steps of the 

protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story 

of the Protocol. Remember that non-highlighted Protocol steps will remain in the manuscript, 

and therefore will still be available to the reader. 

We have made the suggested changes. 

 

13. Please do not use the &-sign or the word “and” when listing authors in the references. 

Authors should be listed as last name author 1, initials author 1, last name author 2, initials 

author 2, etc. Title case and italicize journal titles and book titles. Do not use any 

abbreviations. Article titles should start with a capital letter and end with a period and should 

appear exactly as they were published in the original work, without any abbreviations or 

truncations. 

We have made the requested changes. 

 

14. Please sort the Table of Materials in alphabetical order. 

We have sorted the Table of Materials alphabetically. 

 

Reviewer #1: 

 

Manuscript Summary: 

The manuscript described how to set up a transplantation device for zebrafish embryological 

studies. 

 

Major Concerns: 

N.A. 

 

Minor Concerns: 

This manuscript is very carefully written with attention to detail, which is very helpful to 

readers who are interested to do transplantation studies using zebrafish embryos. Minor 



suggestion to figure 1: Since this is a technical protocol to demonstrate how a easy-to-use 

device for transplantation, in addition to the drawing, some microscopic images of the action 

of transplantation needle penetrating the embryos during "extirpating cells from donor", 

"taking fluorescent cells from donor" and "transplanting fluorescent cells into host" will help 

reader to get a clear picture of how such transplantation device operate. 

We have added microphotographs of the transplantation procedure (new Figure 1D). The 

other steps will be shown in more detail in the accompanying video. 

 

Reviewer #2: 

 

Manuscript Summary: 

The authors describe a simple tool for transplanting cells in zebrafish embryos that uses air 

pressure rather than oil to control the movement of cells in the pipette. They then show how 

this tool can be used for several different experimental approaches common in the field: 

generating genetic chimeras, transplanting germ cells and transplanting cells ectopically 

expressing a signaling molecule. Overall the description of the tool is clear, and the work is 

valuable if it encourages more researchers to use these powerful approaches in the zebrafish. 

 

Major Concerns: 

It is not always clear when embryos should be dechorionated. Clearly for the ectopic 

expression experiments the authors propose dechorinating at the 1-cell stage (though this isn't 

strictly necessary). They should be clearer about when embryos should be dechorionated for 

the other approaches. 

We now explicitly point out the stages at which the embryos should be dechorionated. 

 

A photograph should be included in the figures of the transplantation device mounted into a 

micro manipulator, because it isn't clear how this would look. 

A photograph of the setup has been added (new Figure 1B). 

 

The "representative results" section should be expanded on by the addition of some numbers 

to give a sense of how efficient the approaches could be. For example, how many host 

embryos have primordial germ cells using this method? 

We had previously mentioned the percentages of successful transplantations per donor 

embryo, but we now point this out more clearly with a specific example.  

 


