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SHORT ABSTRACT:

Here we report dual labeling of neural crest cells and blood vessels using chick®™
neural tube intraspecies grafting combined with intra-vascular Dil injection. This
experimental technique allows us to simultaneously visualize and study development of
the NCC-derived (enteric) nervous system and the vascular system, during
organogenesis.

LONG ABSTRACT:
All developing organs need to be connected to both the nervous system (for sensory
and motor control) as well as the vascular system (for gas exchange, fluid and nutrient
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supply). Consequently both the nervous and vascular systems develop alongside each
other and share striking similarities in their branching architecture. Here we report
embryonic manipulations that allow us to study the simultaneous development of neural
crest-derived nervous tissue (in this case the enteric nervous system), and the vascular
system. This is achieved by generating chicken chimeras via transplantation of discrete
segments of the neural tube, and associated neural crest, combined with vascular Dil
injection in the same embryo. Our method uses transgenic chick®™ embryos for
intraspecies grafting, making the transplant techniqgue more powerful than the classical
guail-chick interspecies grafting protocol used with great effect since the 1970s.

ChickGFP-chick intraspecies grafting facilitates imaging of transplanted cells and their
projections in intact tissues, and eliminates any potential bias in cell development linked
to species differences. This method takes full advantage of the ease of access of the
avian embryo (compared with other vertebrate embryos) to study the co-development of
the enteric nervous system and the vascular system.

INTRODUCTION:

The chicken embryo is an invaluable model organism in vertebrate developmental
biology, not least because its development in ovo permits experimental manipulations
that are otherwise impossible to perform in vertebrates that develop in utero. This
accessibility and ease of manipulations has led to the chick embryo playing key roles in
many seminal discoveries in the field of developmental biology. Amongst the most
powerful techniques has been the use of quail-chick chimeric embryos to study cell fate,
a method pioneered by Professor Nicole Le Douarin in the 1970’s™. In particular, quail-
chick chimeras have been especially useful to genetically mark and follow highly
migratory neural crest cell (NCC) populations during early development. NCC are a
multipotent population of migratory cells, arising in the dorsal ectoderm at the margins
of the neural tube, that give rise to a wide range of cell types throughout the vertebrate
embryo. These include craniofacial structures (cartilage, bone, muscles), neurons and
glia (in the sensory and autonomic nervous systems), melanocytes, and a
subpopulation of cells of the endocrine system®*°. One of the most important factors
influencing NCC fate is their initial location along the anterior-posterior axis of the neural
tube. For example, enteric NCC, which give rise to the neurons and glia of the enteric
nervous system (ENS), arise from two discrete sub-populations: the first located in the
vagal (caudal hindbrain) region, and the second in the sacral region of the neural tube®
13 Inter or intra-species grafting of the corresponding regions of the neural tube have
been the techniques of choice to permanently label these cells and subsequently allow
tracking, from their birth on the margins of the neural tube, to their final destinations
within the digestive tract ®"*°.

Another embryonic manipulation easier to perform in chick, compared to other animal
models, is the vital labeling of the vascular system. Indeed, as the chick embryo
develops, it lays on top of an extra-embryonic vascular network that circulates oxygen
and nutrients from the yolk. This accessible vascular network, located on the surface of
the yolk, can be used as a gateway to label the embryo’s developing vascular system
during organogenesis™***’_ Intravascular injection of various dyes, such as the
lipophilic dye Dil, makes it possible to delineate/stain all the luminised vessels of the



nascent vascular network.

Because developing organs need to be connected to both the nervous system (for
sensory and motor control) as well as the vascular system (for gas exchange, fluid and
nutrient supply), the two networks develop alongside each other and share striking
similarities in their branching architecture®®?. Here we report embryonic manipulations
that allow us to study the simultaneous development of the NCC-derived ENS, along
with the vascular system, during organogenesis. This is achieved by generating chicken
chimeras via transplantation of discrete segments of the neural tube, including the
neural crest, combined with vascular Dil injection. As an advance from quail-chicken
chimeras, our method uses transgenic GFP chick embryos for intraspecies grafting,
making the transplant technique more powerful, in terms of imaging cells and their
projections, and eliminating any potential bias linked to species differences.

PROTOCOL:
1. Preparation of micro-scalpel for neural tube ablations
1.1. Shape a micro-scalpel from a commercially available steel sewing needle.

1.1.1. First flatten the needle on both sides using a grinding wheel mounted on a
powered bench grinder.

1.1.2. Start shaping the scalpel, first on a coarse grade Arkansas stone using a
controlled circular motion, in alternate directions, on both sides of the needle.

1.1.3. Carry on the same sharpening movements on an extra fine grade Arkansas
stone to shape an ultra fine micro-scalpel, with a well defined cutting edge (Figure
1A,B).

Note: Alternatives to the micro-scalpel could be electrolitically sharpened needles,
commercially available tungsten needles, or pulled glass needles.

2. Incubate wild type and GFP eggs to the desired stage

2.1. Store fertilized chicken eggs and transgenic GFP chicken eggs in a cooled
incubator at 14-15 °C prior to incubation as development is halted at this temperature.
Store eggs for a few days, up to one week.

2.2.  To commence development, place wild type and GFP eggs on a tray horizontally
and incubate simultaneously in a humidified (58-60%) incubator at 37.5 °C, so that
embryos are at matching stages for neural tube grafting.

2.3. To obtain embryos at the 10-12 somite stage of development for carrying out
vagal neural tube grafting, incubate eggs for 1.5 days (33-38 hours) and stage embryos
according to the development tables of Hamburger and Hamilton?!.



3. Prepare eggs for windowing and grafting

3.1. Move one egg at a time to a custom-made egg holder for windowing. Make a
small hole in the egg shell by repeatedly tapping, with straight scissors, on the upper
surface of the pointed end of the egg.

3.2.  Remove 2-3 ml of albumin from the egg with an 18% G hypodermic needle and 5
ml syringe. Removing the albumin lowers the yolk within the egg and facilitates
subsequent windowing without causing any damage to the embryo.

3.2.1. Discard the albumin. Seal the hole with a small strip of clear tape cut to size with
fine scissors.

3.3.  Using curved scissors, tap another hole in the upper surface of the egg shell.
Insert the tip of the scissors into the hole and, keeping the scissors parallel to the
bench, work in a circular motion to cut a ~2 cm diameter window on top of the shell.

3.3.1. Keep the scissors in a stationary position and rotate the egg. Discard the
removed disk of egg shell. At E1.5, the embryo is recognizable as a darker yellow disk
on top of the yolk.

3.3.2. Remove any shell debris that has fallen within the egg using tweezers. Discard
any unfertilized eggs (identified by a small white spot on top on the otherwise light
yellow yolk).

4. Prepare the host embryo to receive grafted tissue

4.1. Adjust the stereo-microscope to eye level and optimize the orientation of
gooseneck light source to adequately illuminate the embryo without causing reflections.

4.2. To visualize the embryo proper, inject a small amount of Indian ink under the
center of the darker yellow disk, using a mouth tube and a pulled glass micro-pipette
(Figure 1C, Oii).

4.2.1. Prepare the ink 50:50 with PBS containing Penicillin/Streptomycin at 100 ug/ml
final concentration. Insert the micro-pipette through the yolk membrane outside the
perimeter of the blastoderm then carefully angle its tip directly beneath the embryo.

4.2.2. Deliver ink underneath the embryo by blowing on the mouth tube. If mouth
pipetting is not permitted, use a 1 ml syringe instead. Be careful not to introduce any air
bubbles underneath the embryo, which can lead to contamination, then carefully
remove the glass micro-pipette. This is a delicate step that can lead to the death of the
embryo if not done with precision.

4.3. Stage the embryo by reference to Hamburger and Hamilton®* and record the



stage in a lab book.

4.4. Using a custom made micro-scalpel (or a fine tungsten needle) mounted on a
needle holder, make a very small gash in the vitelline membrane, next to the area
where the micro-surgery will be performed.

4.4.1 Carefully apply 2-3 drops of PBS over the membrane tear (using a glass micro-
pipette and the mouth tube) to create space between the embryo and the membrane.
Cut a larger window in the membrane to expose the entire region where the micro-
surgery will take place.

4.5. Remove the neural tube region of interest using the micro-scalpel, starting with
rostral and caudal transverse incisions across the entire dorsal neural tube (at the level
of somite 1 to 7 in the video).

4.5.1. Cut bilaterally between the neural tube and the somites to separate the neural
tube from surrounding tissues, without damaging the somites.

4.5.2. Very gently separate the neural tube from the underlying notochord, which
should remain intact. Note that successful neural tube excision will leave all surrounding
tissues perfectly intact (Figure 2).

4.6. Remove the excised neural tube by aspirating it into a glass micro-pipette, then
discard.

4.7. Record the level of neural tube ablation in a lab book. The host embryo is nhow
ready to receive the donor neural tube.

5. Prepare the donor graft tissue

5.1. Select a windowed, stage-matched GFP embryo by viewing under a fluorescent
stereo-microscope with FITC filter. The GFP fluorescence makes it very easy to
visualize the somites and stage the embryo.

5.2. Once a stage-matched embryo has been identified, remove the embryo from the
egg by making 4 incisions, with Pascheff-Wolff Spring Scissors (Figure 1C, I) in a
rectangle shape around the embryo then gently pick it up with an embryo spoon.

5.3. Place the embryo in a square watch glass with a sylgard polymer base. Gently
shake the embryo with Dumont #5 tweezers to remove any attached yolk. Remove the
vitelline membrane and pin the embryo onto the polymer base using stainless minutien
pins (Figure 1C).

5.4. Using the Spring Scissors, make 4 incisions in a rectangular shape around the
neural tube and surrounding somites, in the same region that has been removed from
the host embryo.



5.5. Using a plastic transfer pipette, transfer the neural tube and somite tissues from
the donor GFP embryo into a watch glass containing 0.2% pancreatin in Pen/Strep
PBS.

5.6. Allow enzymatic digestion to proceed for 10 minutes at room temperature to help
separate the tissues. After incubation in enzyme, use stainless minutien pins mounted
on a handle to manually separate the neural tube from all adjacent tissues.

5.7. Using a glass micro-pipette, transfer the dissociated neural tube to another watch
glass containing DMEM+10% serum (e.g. goat, horse or fetal calf) on ice, to rinse the
excess pancreatin and stop enzymatic digestion. After 5 minutes, the dissected neural
tube is ready to be grafted orthotopically into the chick host (Figure 2, Figure S1).

0. Graft the tissue

6.1. Using a glass micro-pipette, carefully transfer the dissected neural tube from the
watch glass to the host embryo. Position the neural tube in the correct anterior-posterior
orientation and gently push the explant adjacent to the excised region of the chick host
using the micro-scalpel. Leave a small fragment of ectoderm attached to, or by cutting a
small nick in, the dorsal surface to identify the orientation of the neural tube.

6.1.1. If necessary, use the micro-scalpel to trim the explant to the exact size of the
excised region.

6.2. Gently guide the neural tube into the ablated region and position it such that the

dorsal side is correctly orientated. Use a glass micro-pipette, mounted to a mouth tube,
to remove PBS and/or fluid surrounding the graft. This helps the donor and host tissues
to adhere and the graft to become established.

6.3. Seal the entire window with 24 mm wide clear tape to prevent dehydration and
contamination.

6.4. Label the chimeric embryo by marking with a pencil on the eggshell and record
its number in the lab book. Return the egg to the incubator for further development.

7. Inject Dil into blood vessels of host embryo

7.1. At the desired experimental time point (here, 3-10 days later), retrieve the
chimeric embryo from the incubator and remove the clear tape using straight scissors to
gain access to the embryo within the egg.

7.2. If necessary, enlarge the window in the shell using the scissors. Be careful not to
damage the chorioallantoic membrane if it is attached to the shell, which would result in
hemorrhage and jeopardize the blood vessel labeling.



7.3. Choose an accessible vein on the yolk making sure the blood flow is directed
towards the embryo. Choose a branching point of one of the vitelline veins (Figure
3B,C).

Note: At E6.5-E7.5, the chorioallantoic membrane may need to be gently moved aside
with tweezers to access the yolk veins. After E8.5, the only option is to inject into one of
the chorioallantoic membrane veins since, by this stage, the chorioallantoic membrane
fully covers the embryo.

7.4. Remove the vitelline membrane above the chosen injection point using two
Dumont #5 tweezers by tearing in opposite directions.

7.5. Break a pulled glass needle using a Dumont #5 and adjust its diameter to the
approximate size of the vein prior to loading with CellTracker CM-Dil. Make the Dil stock
solution at 40 pg/ul in DMSO and store at -20 °C. Prepare the working solution in 0.3 M
sucrose/PBS at a concentration of 4 pg/pl.

7.5.1. Aspirate between 5-10 pl of Dil in 0.3 M sucrose/PBS into the needle using
suction with a mouth tube. Older embryos might require up to 25 pl or more. From E8.5,
embryos have larger, more muscular veins, which may need to be held in position with
a Dumont #5 before stabbing with the Dil-loaded glass needle.

7.6.  Swiftly insert the needle into the vein and blow steadily with the mouth tube to
allow the Dil to join the blood flow slowly without forming a clot. Alternatively, use a
pressure injector for Dil delivery.

8. Harvest embryos for sectioning or wholemount examination

8.1. To retain as much Dil within the embryo as possible, harvest the embryo
immediately after the injection by scooping it onto a perforated spoon and cutting the
blood vessels and connective tissues with a pair of straight scissors, to free the embryo
from the yolk.

8.2. Remove any loose membranes and dissect out the organs of interest (i.e., the
lungs and digestive tract in this tutorial), taking great care not to compress the tissue,
which creates diffusion of the Dil. Immediately fix the tissues by immersion in 4% PFA
for 1-2 hours at room temperature.

8.3. Rinse the tissue for 5 min in PBS, then 15 min in PBS containing 5 ug/ml DAPI.
Mount the samples on a bridged microscope slide for whole mount examination or
embed them for cryo-sectioning.

REPRESENTATIVE RESULTS:

Figure 1 shows typical instruments required to carry out microsurgical isolation and
transplantation of the neural tube. Figure 2 shows the transplant procedure. Following
transplantation embryos are screened for transplant success. This involves examining



the embryo under a stereo fluorescence microscope, typically the morning after
microsurgery, for the presence of graft-derived (GFP+) NCC. If transplantation has been
a success, then GFP+ NCC can be observed in the vicinity of the neural tube and in
early migration pathways leading toward the foregut. If the procedure has not been
successful, GFP+ NCC will not be observed outside the neural tube, or if they are
present in the host they may be in smaller numbers. These unsuccessful embryos are
discarded. Typically, 5-8 neural tube transplants are performed in one day, and of these
80% are successful. Reasons for unsuccessful neural tube transplantation include
death of the embryo due to tissue damage incurred during microsurgery, or failure of the
neural tube to integrate into the host embryo. The latter can result from poor placement
of the neural tube within the host or from a poor quality neural tube due to poor
dissection technique or from excessive exposure to dissociation enzyme. The initial
screening step, as well as similar later examinations for GFP+ cells, is useful as it
means that time and resources are not wasted by performing experiments on embryos
that do not have GFP-labelled NCC within the gut.

Figure 3 shows the procedure for Dil injection of the blood vessels. The success of the
Dil injection technique depends on optimizing the diameter of the injection needle to the
size of the targeted vein; careful insertion of the needle into the vein (so as not to pierce
the other side); avoiding the needle getting plugged during the injection (by blowing
through the mouth tube at a constant rate). If any of these parameters is done
incorrectly, the embryo will bleed excessively causing death, or it will require several
hours to recover before a second attempt at labeling can be made. Following Dil
injection, embryos should be viewed immediately under a stereo fluorescence
microscope and successfully labeled embryos should be rapidly harvested. With
successful labeling, Dil labeled blood vessels are present throughout the embryo
(Figure 3C,D) including the capillary beds (Figure 3D).

Upon harvesting of embryos and examination of tissue sections or wholemount
gastrointestinal tracts, typical results reveal GFP+ NCC within the primitive ENS and the
fine structure of the Dil-labeled gut blood vessel networks (Figure 4.) Wholemount
preparations can be examined using confocal microscopy whereby image stacks
produce three dimensional (3D) reconstructions showing the interrelationships between
the fine projections of GFP+ ENS cells and the Dil stained vascular system (Figure 4 A-
C; G-I; Videos 1 and 2).

Figure 1. Recommended microsurgery instruments. A micro-scalpel shaped from a
sewing needle. B fine Arkansas stone for shaping a micro-scalpel. C a) straight
scissors, b) curved scissors, ¢) 5ml syringe with 181/2 G hypodermic needle, d) plastic
pipette, e) custom made egg holder, f) black ink, g) square watch glass, h) square
watch glass with black sylgard base, i) micro-scalpel on needle holder, j) minutien pins,
k) minutien or tungsten needle on needle holder, I) Pascheff-Wolff spring scissors, m)
Dumont #5 tweezers, n) perforated spoon, oi) short fire-pulled transfer needle, oii) long
fire-pulled inking needle, p) mouth tube.

Figure 2. Intraspecies neural tube transplant. Chick embryo/GFP neural tube images



have been modified from Delalande et al.*

colonization by enteric neural crest cells.

. Vascularization is not necessary for gut

Figure 3. Intravenous Dil injection. A Recommended instruments: a) CellTracker CM-
Dil drop on parafilm, b) pulled glass injection needle, c) mouth tube. B Schematic
diagram of intravenous Dil injection into E4 chimeric chick embryo. C in ovo Dil
intravenous injection showing fine glass needle containing Dil inserted into vein (arrow).
D E4 embryo post Dil injection (red). E Dil stained fine blood vessel network in a live
embryo, 24 hours post-injection. Br: brain; H: heart; LB: limb bud; A: allantois.

Images in C and D have been modified from Delalande et al.** Vascularization is not
necessary for gut colonization by enteric neural crest cells.

Figure 4: Representative results in the stomach and caecum of an E5.5 chick
embryo. A-C 3 dimensional (3D) reconstruction of a confocal image stack in the region
of the stomach showing (D) the GFP+ enteric neural crest cells (ENCC) (E) the Dil
stained vascular system and (F) a merged image of both networks D-F Histological
sections at the level of the stomach showing (G) the GFP+ ENCC (H) the Dil stained
vascular system and (I) a merged image of both networks. Nuclei are stained with DAPI
(cyan). G-H 3D reconstruction of a confocal image stack in the caecum region showing
(A) the GFP+ ENCC migration front in green, (B) the Dil stained vascular system in red,
and (C) a merged image of both networks. Images A-F have been modified from
Delalande et al.*? Vascularization is not necessary for gut colonization by enteric neural
crest cells.

Figure S1: Isolation of a donor GFP+ neural tube from the surrounding tissues by
enzymatic digestion and micro-dissection. A GFP+ neural tube and adjacent
somites dissected from the donor embryo. B Isolated neural tube after pancreatin
digestion and micro-dissection using stainless minutien pins. So: somites; NT: neural
tube; Nc: Notochord.

Video 1: 3-dimensional 360° rotation of the image in Figure 4C, showing the vascular
system and the ENCC in the stomach at E5.5 (HH27-28).

Video 2: 3-dimensional 360° rotation of the image in Figure 4l, showing the vascular
system and the ENCC migration front in the region of the caecum at E5.5 (HH27-28).

DISCUSSION:

The method of intraspecies neural tube grafting, combined with blood vessel labeling
described here, takes full advantage of the ease of access of the avian embryo within
the egg (compared with other vertebrate embryos) to study the co-development of an
element of the autonomic nervous system (the ENS) and the vascular system.

For labeling NCC derivatives, the chickGFP-chick intraspecies grafting method we
describe has a number of advantages over the classical quail-chick chimera method
that was established over 40 years ago™™. First, under FITC light, GFP fluorescence is
extremely bright, to the extent that GFP+ cells are easily discernable in live chimeric



embryos. This allows the success of the graft to be checked in ovo, whereas quail-chick
grafting requires the embryo to be killed, processed and immunostained using QCPN,
before the success of the graft can be ascertained?. Second, GFP expression in the

transgenic chickGFP is cytoplasmic, therefore it not only labels cell bodies, but also
allows the projections of the transplanted cells to be visualized?®. This permits intricate
neuronal networks to be observed at high resolution (note that fine projections are best
visualized when the sample is immunostained with anti-GFP antibody). As QCPN
labeling is restricted to the quail cell nucleus, such networks are not revealed using
guail-chick chimeras. Third, intraspecies grafting eliminates any potential species
differences between cells within the chimeric embryo. Since quail embryos have a
shorter incubation period than chick (19 days versus 21 days) it has been suggested
that quail cells have a higher proliferation rate than chick cells, which could potentially
affect the development of the chimeric tissues®. Interestingly also, it has been shown in
plants that interspecies grafting could produce extensive alterations in DNA methylation

GFP
patterns in the host *. Fourth, chick  facilitates back-transplant experiments to

address topics such as NCC fate and cell commitment®. Fifth, the transgenic chickGF
is also useful for many other techniques including FACS sorting of GFP+ cell
subpopulations, organotypic culture of organs containing GFP+ cells, genetic
manipulation of GFP+ grafted tissue via electroporation of expression plasmids®®, and
other imaging technologies such as optical projection tomography?’.

P

The neural tube transplantation approach can be modified by microsurgically replacing
shorter amounts of neural tube. By using smaller segments of neural tube the
microsurgery is potentially less damaging to the embryo and survival can be improved.
However, the downside of transplanting less neural tube is that the numbers of GFP+
NCC in the host will be reduced. Users could try and achieve a balance between the
amount of neural tube transplanted to give optimum survival of embryos, and the
numbers of GFP+ NCC within host intestine sufficient to give informative results.

For vessel painting, Dil has the advantage that its fluorescence is very bright and
robust. Also, it has the capacity to diffuse during fixation assuring staining of the finest
opened capillaries. Since it is a vital dye, embryos can survive the injection procedure
and carry on developing with a stained vascular system (up to 24 hours in our hands,
although the staining becomes more punctate over time, see Figure 3E). The
combination of chick®" grafting with Dil vascular painting is therefore compatible with
live imaging. Besides all these advantages, it is important to note that vascular injection
only labels luminised vessels and therefore does not identify unopened capillaries,
endothelial tip cells or isolated endothelial cells. However, further progress in avian
transgenesis could provide new ways to circumvent such issues, as exemplified by
experiments using Tg(tiel:H2B-eYFP) quail embryos to study vascular
morphogenesis®®. Another limitation of this technique is that, for effective vessel labeling
in embryos at E7.5 and beyond, larger amounts of dye need to be injected, which can
make experiments expensive. However, a modification of the technique could include
low cost blood vessel labeling using highlighter ink**, although this approach has not
been tried in our hands.



Critical steps of the procedures include the process of visualizing the embryo by
injecting ink underneath the blastodisc. If the membrane covering the yolk is torn by the
ink-filled needle at this stage then embryo survival is severely compromised. Also, it is
important, when preparing a donor neural tube, that the tissue is not left for an
excessively long time in pancreatin (consider approximately 10 minutes as a maximum).
Prolonged exposure to pancreatin damages the tissue and the neural tube is then
difficult to handle and it will not incorporate well into the host. Critical parameters of Dil
injection are Dil volume and needle diameter. These should be assessed and optimized
on wild type stage matched controls before attempting injection of chimeric embryos.

In conclusion, our dual labeling method of neural tube transplantation and Dil vessel
painting in live chick embryos can be used to investigate the inter-relationships between
NCC and blood vessel networks during organogenesis. Considering the mechanisms
responsible for establishing correct target innervation and vascularization during organ
development are still largely unknown, this methodology holds potential for future
discoveries in this field.

ACKNOWLEDGMENTS:

Fertilised GFP chicken eggs were supplied by Prof. Helen Sang, The Roslin Institute,
and University of Edinburgh, UK. The Roslin Transgenic Chicken Facility is funded by
the Wellcome Trust and by the Biotechnology and Biological Sciences Research
Council (BBSRC). The work was partly funded, and NT supported, by Great Ormond
Street Hospital Children’s Charity, London, UK.

DISCLOSURES:
The authors declare that they have no competing financial interests.

REFERENCES:

1 Le Douarin, N. A biological cell labeling technique and its use in expermental
embryology. Developmental Biology 30, 217-222 (1973).

2 Teillet, M. A, Ziller, C. & Le Douarin, N. M. Quail-chick chimeras. Methods in
Molecular Biology 461, 337-350, DOI: 10.1007/978-1-60327-483-8 24 (2008).

3 Teillet, M. A, Ziller, C. & Le Douarin, N. M. Quail-chick chimeras. Methods in
Molecular Biology 97, 305-318 (1999).

4 Garcia-Castro, M. & Bronner-Fraser, M. Induction and differentiation of the neural
crest. Current Opinion In Cell Biology 11, 695-698, DOI: 10.1016/S0955-
0674(99)00038-1 (1999).

5 Bhatt, S., Diaz, R. & Trainor, P. A. Signals and switches in Mammalian neural
crest cell differentiation. Cold Spring Harbor Perspectives In Biology 5, DOI:
10.1101/cshperspect.a008326 (2013).

6 Burns, A. J. & Douarin, N. M. The sacral neural crest contributes neurons and
glia to the post-umbilical gut: spatiotemporal analysis of the development of the enteric
nervous system. Development 125, 4335-4347 (1998).

7 Burns, A. J. & Le Douarin, N. M. Enteric nervous system development: analysis
of the selective developmental potentialities of vagal and sacral neural crest cells using
guail-chick chimeras. The Anatomical Record 262, 16-28, DOI: 10.1002/1097-



0185(20010101)262 (2001).

8 Burns, A. J., Delalande, J. M. & Le Douarin, N. M. In ovo transplantation of
enteric nervous system precursors from vagal to sacral neural crest results in extensive
hindgut colonisation. Development 129, 2785-2796 (2002).

9 Burns, A. J., Champeval, D. & Le Douarin, N. M. Sacral neural crest cells
colonise aganglionic hindgut in vivo but fail to compensate for lack of enteric ganglia.
Developmental Biology 219, 30-43, DOI: 10.1006/dbio.1999.9592 (2000).

10 Wang, X., Chan, A. K., Sham, M. H., Burns, A. J. & Chan, W. Y. Analysis of the
sacral neural crest cell contribution to the hindgut enteric nervous system in the mouse
embryo. Gastroenterology 141, 992-1002 €1001-1006, DOI:
10.1053/j.gastro0.2011.06.002 (2011).

11 Goldstein, A. M., Hofstra, R. M. & Burns, A. J. Building a brain in the gut:
development of the enteric nervous system. Clinical Genetics 83, 307-316, DOI.
10.1111/cge.12054 (2013).

12 Delalande, J. M. et al. Vascularisation is not necessary for gut colonisation by
enteric neural crest cells. Developmental Biology 385, 220-229, DOI:
10.1016/j.ydbio.2013.11.007 (2014).

13 Anderson, R. B., Stewart, A. L. & Young, H. M. Phenotypes of neural-crest-
derived cells in vagal and sacral pathways. Cell And Tissue Research 323, 11-25, DOI:
10.1007/s00441-005-0047-6 (2006).

14 Takase, Y., Tadokoro, R. & Takahashi, Y. Low cost labeling with highlighter ink
efficiently visualizes developing blood vessels in avian and mouse embryos.
Development, Growth & Differentiation 55, 792-801, DOI: 10.1111/dgd.12106 (2013).
15 Bates, D., Taylor, G. I. & Newgreen, D. F. The pattern of neurovascular
development in the forelimb of the quail embryo. Developmental Biology 249, 300-320,
DOI: 10.1006/dbio.2002.0771 (2002).

16 Mayes, P., Dicker, D., Liu, Y. & El-Deiry, W. Noninvasive vascular imaging in
fluorescent tumors using multispectral unmixing. BioTechniques 45, 459-460, 461-454,
DOI: 10.2144/000112946 (2008).

17 Li, Y. et al. Direct labeling and visualization of blood vessels with lipophilic
carbocyanine dye Dil. Nature Protocols 3, 1703-1708, DOI: 10.1038/nprot.2008.172
(2008).

18 Eichmann, A. & Thomas, J. L. Molecular parallels between neural and vascular
development. Cold Spring Harbor Perspectives In Medicine 3, a006551, DOI:
10.1101/cshperspect.a006551 (2013).

19 Weinstein, B. M. Vessels and nerves: marching to the same tune. Cell 120, 299-
302, DOI: 10.1016/j.cell.2005.01.010 (2005).

20 Carmeliet, P. & Tessier-Lavigne, M. Common mechanisms of nerve and blood
vessel wiring. Nature 436, 193-200 (2005).

21 Hamburger, V. & Hamilton, H. L. A series of normal stages in the development of
the chick embryo. Journal of Morphology 88, 49-92 (1951).

22 Barraud, P. et al. Neural crest origin of olfactory ensheathing glia. Proceedings of
the National Academy of Sciences of the United States of America 107, 21040-21045,
DOI: 10.1073/pnas.1012248107 (2010).

23 Senut, M. C. & Alvarado-Mallart, R. M. Cytodifferentiation of quail tectal
primordium transplanted homotopically into the chick embryo. Brain Research 429, 187-



205 (1987).

24 Wu, R. et al. Inter-species grafting caused extensive and heritable alterations of
DNA methylation in Solanaceae plants. PloS One 8, €61995, DOI:
10.1371/journal.pone.0061995 (2013).

25 Freem, L. J., Delalande, J. M., Campbell, A. M., Thapar, N. & Burns, A. J. Lack of
organ specific commitment of vagal neural crest cell derivatives as shown by back-
transplantation of GFP chicken tissues. The International Journal Of Developmental
Biology 56, 245-254, DOI: 10.1387/ijdb.113438lIf (2012).

26 Delalande, J. M. et al. The receptor tyrosine kinase RET regulates hindgut
colonization by sacral neural crest cells. Developmental Biology 313, 279-292, DOI:
10.1016/j.ydbio.2007.10.028 (2008).

27 Freem, L. J. et al. The intrinsic innervation of the lung is derived from neural crest
cells as shown by optical projection tomography in Wnt1-Cre;YFP reporter mice.
Journal of Anatomy 217, 651-664, DOI: 10.1111/].1469-7580.2010.01295.x (2010).

28 Sato, Y. et al. Dynamic analysis of vascular morphogenesis using transgenic
quail embryos. PloS One 5, e12674, DOI: 10.1371/journal.pone.0012674 (2010).



Figure
Click here to download high resolution image

¥ e

unsharpened needle

sharpened - top view

sharpened - side view

—
S
——_—
=
3
p=)
©



http://www.editorialmanager.com/jove/download.aspx?id=222398&guid=b9360378-8d34-445d-8dfd-13fd9231d9f1&scheme=1

Figure

Click here to download high resolution image

1- Excision of the host neural tube

2- Transplant of GFFP neural tube

HoSt embryo | se———

neural tube

i

E1,510-12ss

Chimeric embryo

excision
é
,/"A ) ' ]
()
I

-

GFP+ donor embryo

enzymatic
igestuon

transplant

ﬁ :.
neural tube » Al

N

E1.510-12ss



http://www.editorialmanager.com/jove/download.aspx?id=222399&guid=35293046-32f8-4ea8-a674-3f3431fcd208&scheme=1

Figure
Click here to download high resolution image

A

ae b



http://www.editorialmanager.com/jove/download.aspx?id=222400&guid=a8425d44-14a6-466b-afac-1282ba38de9e&scheme=1

0dd

NC( Vasculature -C | Vasculature

XZ

B

C

XZ

XZ

o
10
w
A
®
£
o
©
£
o
-
n

¥

XZ ' .
YZ

100 ye



http://www.editorialmanager.com/jove/download.aspx?id=222401&guid=053390a2-d568-416c-aaf5-e1cffa5f28af&scheme=1

Figure
Click here to download high resolution image



http://www.editorialmanager.com/jove/download.aspx?id=222481&guid=008316e7-e3bd-4a5e-b5b6-c85f0c2ccffc&scheme=1
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Click here to download Excel Spreadsheet- Table of Materials/Equipment: Delalande materials file_NN R2.xlsx

Name of the Material/Equipment

Fertilised chick eggs

Fertilised GFP chick eggs

Egg incubator (Profi-H Hatcher)

14C Incubator

Stereo-microscope

Digital Camera

Image acquisition software

Goose neck halogen cold light source

1812 G hypodermic needle

Pancreatin

DMEM

Goat serum

5ml syringe

Mouth tube

Sigma Pasteur pipettes non-plugged, L 5 3/4 in.
Transfer pipettes, polyethylene

Borosillicate glass capillaries, thin wall without filament
Iris Scissors - ToughCut

Curved lIris Scissors - ToughCut

Needle holders (Nickel-plated pin holder)
Pascheff-Wolff Spring Scissors

Dumont #5 forceps

Minutien pins

Dumont AA forceps, Inox Epoxy- coated

Perforated spoon

Tungsten needles (0.125mm diameter)

Sellotape (clear, 24mm width)

Pen/Strep (Penicillin, Streptomycin) Solution
Sylgard 184 silicone elastomer kit

Pelikan black ink

CellTracker CM-Dil

DAPI (4',6-Diamidino-2-Phenylindole, Dihydrochloride)
Settings for glass needle puller

Heat 950; Pull 150; Velocity 100; Time 200; Pressure 500
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Company

Catalog Number

Henry Stewart and Co, Louth, UK

The Transgenic Chicken Facility, The
Roslin Institute, The University of Edinburgh

Lyon Technologies, CA, USA 910-033
Precision Cooled Incubator, Leec Ltd.,

Nottingham, UK Model LT2
LEICA Model MZ 12.5
LEICA DC500
LEICA IM50
Advanced Imaging Concepts, Inc KL 1500 LCD
SIGMA - ALDRICH HSWNH181
SIGMA - ALDRICH P3292
SIGMA - ALDRICH D5030
SIGMA - ALDRICH G6767
SIGMA - ALDRICH 2248010
SIGMA - ALDRICH A5177
SIGMA - ALDRICH S6018
SIGMA - ALDRICH 2350796
Harvard apparatus PY8 30-0035
Fine Science Tools 14058-09
Fine Science Tools 14059-09
Fine Science Tools 26018-17
Fine Science Tools 15371-92
Fine Science Tools 11251-30
Fine Science Tools 26002-15
Fine Science Tools 11210-10
Fine Science Tools 10370-18
Fine Science Tools 10130-05
Any Supplier

VWR international 101447-068
Dow Corning S09 512 516
Pelikan 211-169
Molecular Probes C-7001
Molecular Probes D1306

Sutter Instruments

Flaming/Brown micropipette puller model P-86
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Author(s):
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Iltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish ) via:

Item 2 (check one box):

Standard Access

Open Access

The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthalogy or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No  Derivs 3.0  Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.crg/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license {a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others tc do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, tc have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author herehy
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual {for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to meake such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.5.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effact, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to pravide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author's name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreemant as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not viclate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JOVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Auther's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE, JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s ar the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violaticns of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination precedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, loVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or producticn
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a U$51,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JOVE's successors and assignees, This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Rebuttal Comments
Click here to download Rebuttal Comments: renamed_405d3.docx

Burns responses to the editorial and reviewers’ comments
(replies in red text)

Editorial comments:

The manuscript has been modified by the Science Editor to comply with the
JoVE formatting standard. Please maintain the current formatting throughout
the manuscript. The updated manuscript (52514 _R1 081214.docx) is located
in your Editorial Manager account under “File Inventory." Please download
the .docx file and use this updated version for any future revisions.

Changes made by the Science Editor:
1. There have been edits made to the manuscript. OK
Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to
ensure that there are no spelling or grammar issues. The JoVE editor will not
copy-edit your manuscript and any errors in the submitted revision may be
present in the published version. OK

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

This outstanding group of investigators provides an excellent and detailed
description of the technique for vagal neural tube grafting and vascular
injections in the avian embryo. The text is well-written and the figures are
outstanding. With appropriate videos to highlight the method, this will be a
very useful addition to the literature.

Major Concerns:
1) There is reference to a Figure S1, but | did not find this figure in the pdf. This
figure was uploaded along with all the others. | do not know why it was not


http://www.editorialmanager.com/jove/download.aspx?id=222412&guid=3b27b8db-1312-452e-b6a1-ad923bf116a7&scheme=1

built into the pdf. | will upload it again.

Minor Concerns:

1) Lines 128-129: change the sentence to "Store fertilized chicken eggs,
obtained from commercial breeders and from transgenic GFP chicken eggs...." |
changed the wording slightly and removed the “obtained from commercial
breeders” as the sources of WT eggs and GFP eggs is given in the Table.

2) It would be helpful if the authors provide information on where the GFP
chickens can be obtained. See point 1 above.

3) Line 206: the word "micro-pipette" is repeated twice. Deleted.

Reviewer #2:

Manuscript Summary:

The authors present an interesting combination of marking both migrating
neural crest cells and the vascular network in developing chick embryos using
transgenic GFP chick- WT chick neural transplants and injection of Dil stain in
the vasculature.

Experiments and expected results are clearly described and nicely illustrated.
Comments of the results are useful to emphasize critical points of the methods
and the discussion is interesting.

This article should be of great value to developmental biologists working on
the avian model as in ovo grafting and injection procedures quite benefit from
vizualized and detailed protocols.

Major Concerns:
None

Minor Concerns:

Description of experiments

- cf 5.7 : can goat serum be replaced by FCS or HS? If probably this is the case,
please add a note to text. Yes it can be. This has been added to 5.7.

- cf 6.1: indicated to "keep the orientation of the transplanted GFP+ neural
tube". But, how can one keep the anterior-posterior orientation? (by means of
some label? or are they anatomical features to identify anterior and posterior



parts of the excised neural tube?) | have added the following to 6.1 “The
orientation of the neural tube can be identified by leaving a small fragment of
ectoderm attached to, or by cutting a small nick in, the dorsal surface”.

- cf 6.3: about the tape: please indicate its width; are any type of tape
convenient? as | would guess some could be toxic to the embryo due to glue
solvent ? In our experience any type of clear adhesive tape is fine. | have never
been aware of any toxicity problems with tape. We use 24mm wide Sellotape
so that one strip covers the entire window in the egg. | have added this width
to 6.3.

- cf 7.6 and Fig3C: Adaptation of micropipette and injected vein diameter sizes
seems critical to Dil labelling of the vascular network. And the choice of the
diameter of the vein should be critical too, in order to avoid fatal bleeding
after injection into a large vein. It would be thus useful that the authors
indicate the range of appropriate diameter sizes of vessels/pipettes. | think
Figure 3 reflects the appropriate diameter of vessels and their location, as well
as the pipette size needed. It would be very difficult not only to measure the
tip diameter, but also to break off a pipette tip to an exact, predetermined size.
This aspect is somewhat trial and error, but it soon becomes apparent what is
most appropriate and practical.

Figures : All are fine and useful (except that FigS1 was unavailable to this
reviewer). This figure was uploaded along with all the others. | do not know
why it was not built into the pdf. | will upload it again.

Materials for imaging (eg, camera and software for in ovo imaging) are not
mentioned and should be indicated in the Table. These are now given in the
Table.

There are some inconsistencies in the abbreviations: NCC appears in the text
from line 71 (but would be needed line 38) and thereafter is not always used;
similarly ENS is missing line 350. We have now included NCC abbreviations
throughout after first use.

In Figd, ENCC is not mentioned in the legend. Changed to mention ENCC.
Line 440, typing error "embryos" Corrected.

Reviewer #3:
Manuscript Summary:
The authors describe a technique for dual labeling of neural crest cells and



blood vessels within chicken embryos using transgenic GFP chick neural tube
grafting and Dil injection of the vasculature.

Major Concerns:
none

Minor Concerns:

One alternative to India Ink injection that the authors may want to mention is
the use of neutral red agar pads to lightly stain embryos for visualization. In
our personal experience, this method is preferred because the tissue itself is
stained and can be seen during surgery under brightfield, and there is less
foreign material introduced into the egg. Agar pads containing neutral red are
cut slightly smaller than the embryo, placed on top of the vitelline membrane
and embryo for a few minutes until the desired level of staining intensity is
reached, and then removed from the egg. Both the donor and host can be
stained. This sounds like a very useful method. However, | have never used this
approach for embryo visualization, or seen it being used. | would be happy to
include a reference for this if the reviewer is willing to provide one.

Line 101: "via" does not need to be italicized Corrected.

Line 105: "bias" does not need to be italicized Corrected.

129: chicken eggs --> chickens | don’t know why this change is suggested. It
seems correct as is. We store the chicken eggs in an incubator. We don’t have
any chickens. | therefore didn’t make any change.

172: point out which micropipette in Fig 1C Done.

219: refer to figure Done.

222: please describe somewhere how to make or where to buy sylgard base
watch glasses The commercial source of sylgard base is now included in the
Table.

224: refer to figure Done.

338:"so _as_ not" Done.

467: critical steps of Dil --> critical parameters for Dil Done.

Reviewer #4:

The protocol presented by Dleanlande et al focuses on dual labeling of neural
crest and blood vessels in the chick embryo. This is important because the
nervous and vascular systems develop together in many contexts and it is



important to be able to visualize both in the same embryo. In general, this is a
well written protocol and the images add to the descriptions. However, there
are places where more details are required. Below are some suggestions:

1. Please note that the tungsten needle would also need to be electrolitically
sharpened or purchased from a source that should be listed (Fine Science tools,
pin section). Also can use pulled glass needles, pulled closed. Custom egg
holders or watch glasses can be used. The following has been added to 1.2:
“Alternatives to the micro-scalpel could be electrolitically sharpened needles,
commercially available tungsten needles, or pulled glass needles”

2. Many places do not allow mouth pipetting any longer. One can also use a
bent 1cc syringe filled with ink. The following has been added to 4.2.2: “If
mouth pipetting is not permitted in your Institution a 1ml syringe can be used
to instead”.

3. Add source of pancreatin Done.

4. Again, please state an alternative to mouth injection of Dil. Pressure
injection would be one. For these glass needles, please add settings for the use
of pulled glass needles. The following has been added to 7.6: “A possible
alternative to the mouth tube for Dil delivery could be a pressure injector”.
The settings for making pulled glass needles is given in the Table.

5. An important detail that has been left out is how the authors tell dorsal from
ventral neural tubes so as not to transplant neural tubes upside down. | have
added the following to 6.1 “The orientation of the neural tube can be
identified by leaving a small fragment of ectoderm attached, or by cutting a
small nick in the dorsal surface”.
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