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SUMMARY:  30 
This work describes two methods for studying organ development, an improved 31 
xenotransplantation setup on chorioallantoic membrane (CAM) from avian embryos that allows 32 
for vascularization of cultured embryonic organs and organoids and a novel fixed z-direction 33 
organ culture method with modified experimental conditions that allows for high-resolution 34 
time-lapse confocal imaging. 35 
 36 
ABSTRACT: 37 
Embryonic kidney organotypic cultures, and especially pluripotent stem cell-derived kidney 38 
organoids, are excellent tools for following developmental processes and modelling kidney 39 
disease. However, the models are limited by a lack of vascularization and functionality. To 40 
address this, an improved protocol for the method of xenografting cells and tissues to the 41 
chorioallantoic membrane (CAM) of an avian embryo to gain vascularization and restoration of 42 
blood flow was developed. The grafts are overlaid with custom-made minireservoirs that fix the 43 
samples to the CAM and supply them with culture medium that protects the grafts from drying. 44 
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The improved culture method allows xenografts to grow for up to 9 days. The manuscript also 45 
describes how to provide optimal conditions for long-term confocal imaging of renal organoids 46 
and organotypic cultures using the previously published Fixed Z-Direction (FiZD) method. This 47 
method gently compresses an embryonic organ or organoid between a glass coverslip and 48 
membrane in a large amount of medium and provides excellent conditions for imaging for up to 49 
12 days. Together, these methods allow vascularization and blood flow to renal organoids and 50 
organotypic kidney cultures with improved confocal imaging. The methods described here are 51 
highly beneficial for studying fundamental and applied functions of kidneys ex vivo. Both 52 
methods are applicable to various types of tissues and organoids. 53 
 54 
INTRODUCTION: 55 
Organotypic culture of embryonic kidneys became an important model to study nephrogenesis 56 
decades ago1-3. Renal organoids represent an advanced model system for studying development 57 
of healthy and diseased kidneys4. The main drawback for both methods, however, is that neither 58 
method recapitulates the main function of the kidney: blood filtration. Nephrons and renal 59 
vasculature develop in renal organoids and organotypic cultures similarly to early stage in vivo 60 
development; however, the glomeruli formed in vitro remain avascular5. Vascularization of ex 61 
vivo embryonic kidneys and renal organoids was previously demonstrated in transplantation 62 
experiments only under in vivo conditions. For example, transplantation of human pluripotent 63 
stem cell-derived renal organoids under a mouse kidney capsule allows development of the 64 
nephrons in the organoid to a functional stage6.  65 
 66 
An intermediate approach between purely in vitro cultures and in vivo transplantation methods 67 
is xenotransplantation to the CAM of avian embryos. Vascularization of intact mouse kidney 68 
primordia has been demonstrated previously using this system7-8. However, it was also shown 69 
that the renal vasculature in the xenotransplanted murine kidney was derived from the host 70 
endothelium, not the graft9. This observation significantly reduced the potential of chimeric 71 
(avian-mammalian) models of embryonic kidney to study development of the renal vasculature, 72 
because the experimental conditions were nonpermissive for the survival of donor-derived 73 
endothelial cells.  74 
 75 
Presented in the first part of this protocol is an improved method for cultivation of mouse 76 
embryonic kidneys on CAM of avian eggs, combining microenvironmental conditions of 77 
organotypic culture and xenotransplantation. The main improvement to previous methods is that 78 
instead of placing the mouse embryonic kidneys and renal organoids directly on the CAM, the 79 
implantation area is overlaid with permeable minireservoirs filled with culture medium that 80 
supply the transplanted tissue with nutrients and protect it from drying. The success rate of the 81 
experiments significantly increases and the conditions for development of donor-derived 82 
vasculature improve. Application of this method to xenotransplant cultures results in the 83 
development of glomerular vasculature comprised of endogenous endothelial cells from donor 84 
kidneys. 85 
  86 
Detailed analysis of cellular morphogenesis is another important application of kidney culture 87 
models. Previously reported methods of time-lapse image acquisition of kidney cultures are 88 



   

sufficient only for analysis of overall morphology and patterning of embryonic kidney, but not for 89 
tracking individual cells10. Recently, a novel Fixed Z-Direction (FiZD) method aimed for high-90 
resolution confocal 3D time-lapse imaging of renal organoids and organotypic cultures was 91 
described11. In this method, the organoids and embryonic organs are gently compressed between 92 
a glass coverslip and a permeable membrane of a transwell insert in a custom-designed plate 93 
until the thickness of the sample reaches 70 µm, providing optimal optical conditions for imaging. 94 
In the second part of the methods, a detailed protocol for the fabrication of a custom-designed 95 
plate and the setup of FiZD experiments for long-term organoid imaging is described.  96 
 97 
PROTOCOL: 98 
 99 
Animal care and procedures were in accordance with Finnish national legislation for the use of 100 
laboratory animals, the European Convention for the protection of vertebrate animals used for 101 
experimental and other scientific purposes (ETS 123), and the EU Directive 86/609/EEC. 102 
 103 
1. Fabrication of minireservoirs for cultivation of mouse embryonic kidneys and renal 104 
organoids on chicken CAM and setting up xenotransplantation experiments 105 
 106 
1.1. Use transwell cell culture inserts designed for 6 well or 12 well plates.  107 
 108 
NOTE: Depending on the particular experiment, large or small minireservoirs can be used. It is 109 
best to use small minireservoirs for xenografting up to eight embryonic kidneys or when several 110 
minireservoirs will be placed on same chicken embryo (e.g., experiment and control samples on 111 
same chicken CAM). 112 
 113 
1.2. Cut down the sides of the inserts using a rotary multitool with a circular saw blade or a hand 114 
saw to create a 2 mm high plastic ring with a permeable membrane attached to it.  115 
 116 
1.3. Polish the edges of these minireservoirs with a scalpel or a sharp knife.  117 
 118 
1.4. Sterilize the minireservoirs in 70% ethanol for at least 1 h. 119 
 120 
1.5. Wash the minireservoirs in autoclaved double-distilled water and let them dry in a laminar 121 
hood. 122 
 123 
1.6. Rinse the minireservoirs in PBS and culture medium (high-glucose DMEM/10% FBS/1% 124 
penicillin-streptomycin).  125 
 126 
1.7. Place the reservoir in a Petri dish, on top of a drop (600 µL/400 µL) of culture medium with 127 
the membrane facing up.  128 
 129 
1.8. Arrange dissected ex vivo embryonic kidneys or renal organoids evenly on the membrane 130 
with the help of a pipette or a glass capillary tube. Avoid leaving a lot of liquid around the kidneys.  131 
 132 



   

1.9. Let the samples attach to the membrane for 2–24 h in a cell culture incubator at 37 °C and 133 
5% CO2. 134 
 135 
NOTE: Up to eight E11.5 embryonic mouse kidneys or kidney organoids can be arranged on the 136 
small insert. The large insert is recommended if either bigger pieces of embryonic tissue will be 137 
used for xenotransplant or a cell-hydrogel mixture on a larger area of the CAM. 138 
 139 
1.10. Take 8-day-old ex ovo cultured embryonic chickens prepared according to previously 140 
published methods out of the cell culture incubator12,13.  141 
 142 
1.11. Transfer the minireservoirs to the CAM so that the grafts are facing the CAM, and the 143 
membrane overlays them. Place the minireservoirs in the periphery of the CAM, so that they are 144 
not covering the chicken embryo.  145 
 146 
NOTE: When using the smaller minireservoirs fabricated from transwell inserts for 12 well plates, 147 
up to three minireservoirs can be placed on one CAM.  148 
 149 
1.12. Add 500 µL (6 well insert) or 300 µL (12 well insert) of culture medium to the minireservoirs. 150 
 151 
1.13. Cultivate the samples on chicken CAM for a maximum of 9 days. Replace the culture 152 
medium in the minireservoirs daily.  153 
 154 
NOTE: Vascularization of the samples can be observed as soon as 24–48 h after transplantation.  155 
 156 
2. Fabrication of custom-designed plates and setting up FiZD cultures 157 
 158 
2.1. Drill 20 mm diameter holes in the bottom of a 6 well plate. 159 
 160 
NOTE: For FiZD experiments, use 6 well plates with a 16 mm well depth (specified in Table of 161 
Materials).  162 
 163 
2.2. Polish the rims of the holes (especially on the upper side) using an electric drill with a 164 
countersink drill bit, a scalpel, or a sharp knife. 165 
 166 
2.3. Sterilize the plates in 70% ethanol for at least 1 h. 167 
 168 
2.4. Wash the plates in autoclaved double-distilled water and let them dry in sterile conditions. 169 
 170 
2.5. Thoroughly wash 22 mm x 22 mm glass coverslips with 70% ethanol or clean them according 171 
to the published protocol by Saarela et al.11.  172 
 173 
2.6. Glue the coverslips to the upper side of the holes in 6 well plates using a nontoxic tissue glue. 174 
Apply glue around the hole and gently place the coverslip to cover it. Let the glue dry. 175 
 176 



   

2.7. Inspect the plates under a stereomicroscope and remove excess dried glue from the surface 177 
of the coverslips if needed.  178 
 179 
NOTE: Check that there is no glue above the coverslip to ensure even compression of the samples. 180 
 181 
2.8. Mix polystyrene beads (70 µm particle size) with an equal volume of hydrogel. A volume of 182 
50–100 µL per well is sufficient. 183 
 184 
NOTE: Keep the mixture of hydrogel and polystyrene beads on ice. 185 
 186 
2.9. Place a transwell insert under a dissecting microscope with the membrane up.  187 
 188 
2.10. Arrange the samples (e.g., ex vivo embryonic kidneys or renal organoids) evenly on the 189 
membrane. 190 
 191 
2.11. Add the hydrogel/polystyrene bead mixture next to the samples carefully to avoid damage 192 
to fragile tissues.  193 
 194 
2.12. Flip the transwell insert so that the membrane with the samples assembled on it is facing 195 
down. 196 
 197 
2.13. Gently place the insert into a well of the modified 6 well plate and gently press it down so 198 
the samples are compressed to the level of the beads.  199 
 200 
NOTE: Follow the progress of the compression using a microscope. 201 
 202 
2.14. Keep the insert slightly pressed to the well with one hand and fix it to the plate by melting 203 
plastic with a soldering iron at three points at the periphery of the insert.  204 
 205 
2.15. When the insert is fixed to the plate, add 2 mL of culture medium (DMEM/10% FBS/1% 206 
penicillin-streptomycin) to the well and continue assembling the remaining wells in the plate in 207 
the same way.  208 
 209 
2.16. Transfer the finished plate to an on-stage incubator of an inverted microscope for time-210 
lapse imaging. 211 
 212 
2.17. Perform time-lapse imaging of the samples using appropriate experimental settings. 213 
 214 
NOTE: Changing the culture medium in the wells of the plate during time-lapse experiments is 215 
not required but can be easily done through the holes on the sides of the insert.  216 
  217 



   

REPRESENTATIVE RESULTS: 218 
The CAM culture protocol presented here enabled highly efficient vascularization of renal 219 
organoids and embryonic kidneys as a result of xenotransplantation on chicken CAM (Figure 1, 220 
Movie 1). Minireservoirs containing culture medium supplied nutrients to donor tissue and 221 
protected it from drying during the time period preceding proper vascularization. This method 222 
provided permissive conditions for donor-derived endothelial cells to grow. Therefore, renal 223 
vasculature in the transplanted kidneys and organoids was represented mostly, though not 224 
exclusively, by donor-specific cells (Figure 2B,C,F). More mature glomerular vasculature was 225 
obtained in kidneys and renal organoids transplanted to CAM than in renal organotypic cultures 226 
(Figure 2D,E). 227 
 228 
The FiZD-protocol is a method designed for long-term time-lapse imaging of ex vivo embryonic 229 
kidneys and renal organoids using high-resolution confocal microscopy. In the classical 230 
organotypic culture protocol designed by Trowell14, a specimen is placed on a porous filter, 231 
supported by a metal grid, and kept at the air-liquid interface (Figure 3A). This method is not 232 
optimal either for an upright nor inverted type of microscope. The method presented here was 233 
specifically designed to function with an inverted microscope for imaging. The sample was 234 
immobilized between a glass coverslip from below and a porous membrane of transwell insert 235 
(see above) (Figure 3B). The optimal distance between the membrane and the coverslip was ~70 236 
µm. Polystyrene beads were used as spacers to set the thickness of the specimen in this range 237 
(Figure 3B).  238 
 239 
There are no commercially available 6 well plates where the glass coverslip is located at the upper 240 
surface of the bottom of the well. Therefore, a protocol was developed for the fabrication of 241 
custom-designed plates that have this feature (Figure 3B). Figure 4 shows the representative 242 
morphology of an embryonic kidney culture (Figure 4A,D–F) and renal organoids (Figure 4B,C). 243 
Movie 2 represents the results of high-resolution time-lapse imaging of endothelial cells in mouse 244 
embryonic kidney cultured in a FiZD setup. The right panel in Movie 2 demonstrates that both 245 
distribution and migration of individual cells could be observed using this method.  246 
 247 
FIGURE AND TABLE LEGENDS: 248 
 249 
Figure 1: Murine embryonic kidney xenotransplanted to the chicken embryo CAM. 250 
Xenotransplantation of E11.5 embryonic mouse kidneys into 8-day-old ex ovo chicken embryo; a 251 
murine embryonic kidney was cultivated for 7 days on CAM. Scale bar = 200 µm. 252 
 253 
Movie 1: Blood flow in murine embryonic kidney after xenotransplantation to chicken embryo 254 
CAM. A murine E11.5 embryonic kidney was xenotransplanted to the CAM of an 8-day-old 255 
chicken embryo and cultured for 7 days. The movie shows chicken blood flow in the xenograft at 256 
day 7. 257 
 258 
Figure 2: Murine embryonic kidney xenotransplantation on chicken embryo CAM. Murine E11.5 259 
embryonic kidneys (m) were cultivated as an organotypic culture (i.e., control) or 260 
xenotransplanted to an 8-day-old embryonic chicken CAM (c) (i.e., experiment). After 5 days of 261 



   

embryonic kidney cultivation, the control and experimental samples were fixed and stained for 262 
the endothelial marker CD31 (red) (A–E) and nuclei (Hoechst; blue) (D, E). (C) Anastomoses 263 
between chicken and mouse blood vessels (arrowheads). (D,E) A single confocal slice from the 264 
middle of the nephron is shown. (F) Xenotransplantation of murine E11.5 embryonic kidney to 265 
transgenic GFP-chicken CAM for 7 days, stained for CD-31 (red). Scale bars = A–B 100 µm; C-E 20 266 
µm; F 50 µm.  267 
 268 
Figure 3: Fixed Z-direction culture method. (A) Traditional culture method where the sample 269 
grows on a porous membrane supported by a grid and holding the explant at the air-liquid 270 
interface. (B) In the new FiZD setup, the sample was gently compressed between the glass 271 
coverslip and a transwell porous membrane. Polyester beads controlled the thickness of the 272 
sample adjusted in the z-direction. This figure was modified from Saarela et al.11. 273 
 274 
Figure 4: Embryonic kidneys and kidney organoid development in the new FiZD culture method. 275 
Embryonic kidneys (A, D–F) and kidney organoids (B–C) were cultivated using the new FiZD setup. 276 
(A) Brightfield image of an intact embryonic mouse kidney on day 7 of the FiZD culture. (B) 277 
Brightfield image of a mouse kidney organoid on day 7 of the FiZD culture. (C) MtmG (red) mouse 278 
kidney organoid was cultivated for 4 days using the new FiZD setup. Snapshot of the time-lapse 279 
image stack shows Wnt4Cre-activated GFP (green) expression in the developing nephrons. (D) 280 
Mouse embryonic kidney was cultivated for 7 days using the new FiZD setup. Six2 (green) and 281 
Troma-1 (Krt8, red) staining showed nephron precursors and ureteric bud (UB) bifurcations, 282 
respectively. (E) Mouse embryonic kidney rudiment was cultured for 12 days using the new FiZD 283 
setup. It was stained with Troma-1 (red) and Nephrin (green), and showed UB bifurcations and 284 
podocytes, respectively. (F) The same sample as in (E) with high-power magnification of Troma-285 
1+ (red) UB and the Nephrin (green) + podocytes. This figure was modified from Saarela et al.11. 286 
Scale bars = A-D, F 100 µm; E 1,000 µm. 287 
 288 
Movie 2: Renal endothelial cells labelled with GFP grow in the new FiZD setup and can be 289 
observed with high-resolution confocal microscopy. Embryonic kidneys from E11.5 mTmG; 290 
Tie1Cre mice were dissected and grown 6 days using the new FiZD setup. The movie shows 291 
Tie1Cre-induced GFP expression in endothelial cells. A stack of 20 z-layers was taken using a 292 
10x/0.45 objective, with images obtained every 15 min. In the movie, five GFP z-layers and one 293 
bright field focal plane are merged. The panel on the right shows a close-up of a developing 294 
kidney. Endothelial cells migrating into the vascular cleft of S-shape stage nephrons can be seen. 295 
In the panel on the right, GFP z-layer and one bright field focal plane are merged. The rapidly 296 
moving cells are likely macrophages15. GFP signal was also expressed by some blood cells. Voxel 297 
size 0.69 µm x 0.69 µm x 4.13 µm. This movie has been modified from Saarela et al.11. 298 
 299 
DISCUSSION:  300 
Two detailed protocols are presented that refine the classical renal organotypic culture method, 301 
and enable vascularization, extended development, and optimal 4D (i.e., 3D image and time) 302 
imaging of ex vivo embryonic kidneys and organoids. This section highlights the critical steps in 303 
the methods and discusses troubleshooting. 304 
 305 



   

The significant difference between other CAM culture methods and this improved chicken CAM 306 
culture method is the use of custom-made minireservoirs in the xenografting of embryonic 307 
kidneys and kidney organoids to the CAM. The membrane bottom of the modified transwell 308 
insert presses the samples against the chicken CAM and keeps them in place. The sides of the 309 
insert serve as a reservoir for culture medium that protects the graft from drying. Xenografting 310 
to ex ovo cultured embryonic chicken CAM is strongly recommended, as this method exposes a 311 
larger area of the CAM where the minireservoir can be placed and makes it easy to visually follow 312 
the vascularization process12,13. 313 
 314 
A drawback of the chicken CAM culture method is that the time window for performing the 315 
xenotransplantation is limited to the 8–9 days when the CAM of the chicken embryo functions 316 
before it starts degrading. Grafts needing a longer time to develop should therefore be 317 
vascularized by xenotransplantation to a different tissue (e.g., mouse kidney capsule)6. Serial 318 
xenotransplantation of donor tissue might be a solution to this long incubation time problem. 319 
The method could be adapted for time-lapse imaging of the vascularization and development of 320 
the graft, but first the requirement for stabilization of the minireservoir and CAM for long-term 321 
imaging must be addressed. The main advantage of this improved renal xenotransplantation 322 
protocol to chicken CAM is that the method provides conditions for donor-derived endothelial 323 
cells to thrive.  324 
 325 
The FiZD-protocol describes a method designed for long-term time-lapse imaging of ex vivo 326 
embryonic kidneys and renal organoids using high-resolution confocal microscopy. For the setup 327 
it is critical that the dimensions of the well and insert match. When a coverslip is glued to the 328 
bottom of a 6 well plate and the insert is placed on the well, the membrane of the insert should 329 
touch the glass. Then, when the culture is set up, the spacer beads will determine the position of 330 
the membrane and consequently the thickness of the cultured organ or organoid. For this reason, 331 
it is critical to remove the excess glue and check that no material is restricting the insert from 332 
touching the cover glass. It is also important to use nontoxic tissue glue to attach the cover glass. 333 
Please note that the glue does not attach very strongly, so it is critical to handle the plates 334 
carefully. The plates can be reused, and if the cover glass detaches during washing steps, it can 335 
be glued back on.  336 
 337 
The FiZD imaging method allows study of nephrogenesis at a single-cell level. The high quality of 338 
high-resolution time-lapse images allows the application of automated cell segmentation to 339 
study cellular behavior in renal organoids and kidney cultures. Several samples located in 340 
different wells of a 6 well plate can be studied simultaneously in different culture conditions. The 341 
technique can be easily modified for different sizes and types of tissue and organoids by changing 342 
the size of the spacer beads; this was demonstrated with ovarian cell cultures14. As a further 343 
optimization of this method, combining the FiZD setup with recently published microfluidic 344 
approaches16 might be highly beneficial for high-resolution microscopic analysis of cellular 345 
morphogenesis at later stages of kidney development. 346 
 347 
One advantage of the FiZD method is that there is plenty of culture medium available and it is 348 
not necessary to change it during the 1 week of imaging. Still, if a media change is needed, the 349 



   

medium can easily be changed from an opening in the wall of the insert. The FiZD method is also 350 
superior to other organ culture methods in that it brings the specimen closer to the microscope 351 
objective. In other widely used culture methods there is a membrane or filter and a glass plate 352 
bottom between the imaged sample and the objective, prohibiting accurate high-resolution 353 
imaging17. With the FiZD method it is possible to acquire high-resolution images of living tissues. 354 
 355 
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Movie 1
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Name of Material/ Equipment

Adjustable Spade Drill Bit 

Automatic Egg Turner 

Cell Incubator

Cell Incubator

Cellstar 6-well Plate

Circular Saw Blade for Dremel Rotary Tool

Confocal Microscope

Corning Transwell Multiple Well Plate with Permeable Polycarbonate Membrane Inserts 

Countersink Drill Bit

Disposable Glass Capillary Tube

Disposable Scalpel

Dissecting Microscope

Drilling Machine

Dulbecco's Modified Eagle's Medium 

Egg Incubator Compact S84

Ethanol (70%)

Fertilized Eggs

Fetal Bovine Serum

Forceps DUMONT #5

Glass Coverslips 

Histoacryl Glue

Matrigel

On-stage Incubator

PBS -/-

PBS +/+

Penicillin and Streptomycin

Polystyrene Beads 

Rotary Multi Tool System

Soldering Iron

Thincert 12-well Cell Culture Inserts With 0.4 µm-pore Polystyrene Membrane

Thincert 6-well Cell Culture Inserts With 0.4 µm-pore Polystyrene Membrane

Table of Materials Click here to access/download;Table of Materials;JoVE
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Company Catalog number

Bosch 2609255277

OLBA B.V., Netherlands AT-42

Panasonic 13090543

SANYO 10070347

Greiner M9062

Dremel SC690

Zeiss LSM780

Corning 10301031

Craftomat, Bauhaus 22377902

Blaubrand 7087 33

Swann-Morton 0501

Olympus SZ61

Bosch GSR 18 V-EC Professional

Sigma D777

Grumbach, Germany 8012

VWR

Haaviston Siitoskanala, Panelia, Finland

HyClone SH3007003HI Thermo Scientific 

Dumont #5SF

Menzel-Gläser Menzel BBAD02200220#A1TBCMNZ#0##

Braun 1050052

Corning 356230

Okolab

Corning 20-031-CV

Biowest X0520-500

Sigma P4333

Corpuscular 1000263-10

Dremel 4000

Weller TCP S

Greiner Bio-One 665641

Greiner Bio-One 657610



Comments/Description

For drilling 20 mm diameter holes

For incubation of eggs before ex ovo setup.

Temperature set at 37° C, 90% humidity, 5% CO2 

Chicken CAM-culture incubator. Temperature set at 37° C, 90% humidity, 5% CO2 

16 mm depth of wells to match with the inserts

For 6-well plates. 40 µm pore size

For polishing (20.5 mm, 1/4", HSS)

High glucose

For incubation of eggs before ex ovo setup. Temperature set at 38° C with relative humidity set above 60%

Hy-Line White and Nick Chick

22x22 mm 

Boldline, custom made

Washing the mini reservoirs.

70 µm in diameter

Heated glass capillary can also be used



For incubation of eggs before ex ovo setup. Temperature set at 38° C with relative humidity set above 60%



Response letter to the Editorial and production comments: 

 

We would like to thank the editors for the comments on the manuscripts and the video.  

 

Editorial comments: 

 

1. Figure 4: Please explain the colors in the legend. 

The colors are now explained in the figure legend. 

 

2. Movie 1: Is this real-time? Also, please explain when exactly this movie was taken (e.g., after the 7-day 

culture?). 

The movie is shot real-time so the chicken blood flow and movement of blood cells to the grafted organ can 

be seen. The exact time of the filming was added to the movie legend in the manuscript. 

 

3. Video Glitches 

a. @12:43: There is a black flash frame here 

b. @03:27: Black flash frame 

c. @05:57: The shot of the purple glue applicator fades out with a flash into the next shot. Is there an 

editing glitch here that can be fixed? 

The black flash frames were caused by the editing program and they disappeared. The flash was probably 

caused because of same reason as we cannot see it anymore. 

 

4. Audio Track Issues 

a. The interview segments' video and audio are not synchronized. The audio is coming in 2 to 4 frames early 

(i.e., the video is coming in 2 to 4 frames late.) Try shifting the audio forward 2 to 4 frames see what looks 

best. 

The interviews were re-filmed and new synchronization was done carefully.  

b. There are several audio pops throughout the video. If they are the result of a editing issue that can be 

easily resolved, do try to remove them. If they cannot be easily removed, then they can be left as-is. 

Examples, but there may be many more throughout: 

i. @00:47 Audio pop on the word "cam". 

ii. @01:15 on "confocal" 

iii. @01:40 on "made" 

iv. @01:46 on "publication" 
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v. @01:54 on "organogenesis" 

vi. @02:45 on "polish" 

vii. @03:00 on "mini reservoirs" 

viii. @04:45 on "cultivate" 

ix. @05:40 on "dry them" 

x. @05:43 on "wash" 

xi. @05:53 on "glue" 

xii. @07:32 on "kidney" 

xiii. @10:36 on "membrane" 

We have found out that the audio pops are caused by the editing program (Corel Video Studio X9). The 

sounds are not present in the original video or audio tracks and they appear when editing to random places. 

We were able to remove some of them but unfortunately not all. 

 

c. @07:59: Some extra audio on the narration track (lip smacks, objects moving on the table, or mouth 

sounds) that can be removed 

These sounds have been removed. 

 

5. Editing Style & Pacing 

a. @00:14: For the "punch-in" style edit on Vainio's face, his head seems to fall too perceptively low in the 

frame. Use a common eye-line (line up the eyes from shot to shot) to better achieve this edit. 

We have re-filmed this part and paid attention that the eye-line is almost the same in both frames. 

 

6. Text Placement, Size, and Style 

a. 02:14: Fade this name tag in, as you did with Vainio's 

This has been modified accordingly. 



Copyright permission from journal Development  

for article Saarela, U. et al., Novel fixed z-direction (FiZD) kidney primordia and an organoid culture system 

for time-lapse confocal imaging. Development. 144 (6), 1113-1117 (2017). 

 

The permission can be found on the page: 

https://dev.biologists.org/content/rights-permissions 

 

And in a previous email: 

 

Dear Ulla 

Thank you for your permission enquiry.  

Requests to use figures or full papers in PhD Thesis’s are granted with no charge. However, since authors 

retain copyright of their articles, they are free to reproduce material from their own work in other 

publications, without the need to obtain permission from us separately. 

I hope that this helps but please don’t hesitate to contact us if we can be of any further assistance. We wish 

you the best of luck with your thesis. 

Kind regards 

Katie 

Katie Ward 

Accountant 

The Company of Biologists  

Bidder Building, Station Road, Histon, Cambridge, CB24 9LF, UK 

T: +44 (0) 1223 632855 | Katie.Ward@biologists.com | www.biologists.com 

________________________________________ 

Registered office: The Company Of Biologists Ltd, Bidder Building, Station Road, Histon, Cambridge CB24 

9LF, United Kingdom, Registered in England and Wales. Company Limited by Guarantee No 514735. 

Registered Charity No 277992 The information contained in this message and any attachment is 

confidential, legally privileged and is intended for the addressee only. Any dissemination, distribution, 

copying, disclosure or use of this message/attachment or its contents is strictly prohibited and may be 

unlawful. No contract is intended or implied, unless confirmed by hard copy. If you have received this 

message in error, please inform the sender and delete it from your mailbox or any other storage 

mechanism. The Company of Biologists Ltd cannot accept liability for any statements made which are 

clearly the senders' own and not expressly made on behalf of The Company of Biologists Ltd or one of their 

agents.  

________________________________________ 
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