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Short Abstract: Neural induction is the first step in the formation of the brain. It is a mechanism by which Hensen's node (organizer), instructs adjacent tissue to adopt a neural fate, i.e. to give rise to the nervous system. This video demonstrates an assay for neural induction in chick embryo.
Long Abstract: The chick embryo is a valuable tool in the study of early embryonic development. Its transparency, accessibility and ease of manipulation, make it an ideal tool for studying  the formation and initial patterning of the nervous system. This video demonstrates how to graft organizer tissue into a host, a method by which Hensen’s node (the “organizer” in the chick embryo) is grafted to a host ”competent” ectoderm. The organizer graft  instructs  overlying “naïve” tissue to adopt a neural fate via neural inducing signals. This mechanism is referred to as neural induction, and constitutes the initial step in the formation of brain and spinal cord in amniotes. This method is essentially used for the characterization of putative neural inducing molecules in chick. This video demonstrates the different steps in the assay for neural induction; First, the donnor embryo is explanted and pinned on a dish. Then, the host embryo is prepared for New culture. The graft is excised and transplanted to the host area pellucida margin. The host is cultured for 18-22 hrs.  The assembly is fixed and processed for further applications (e.g. in situ hybridization). This method was originally devised by Waddington [1,2] and Gallera [3,4].
Protocol: 
I. Schematic Overview:
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This video demonstrates the different steps in assay for neural induction  in chick embryo. First, the host embryo is explanted in New culture [HC1]. Then, the donnor embryo is explanted in saline [HC2]. The “organizer” is excised from the donnor embryo [HC3] and transplanted to the host embryo [HC4, HC5]. The host embryo is then cultured for up to 22 hrs [HC6]. Finally, the host embryo is fixed and processed for further applications. 
Part 1: Preparing the host embryo for New culture
1.1. This neural induction assay protocol begins with eggs that have been incubated to Hamburger & Hamilton stage 3+ (or HH3+). These eggs have been incubated laid on their side in a humid incubator for 13 hours.

1.2. Prepare the host embryo for New culture (JoVE submission 1: steps 3.1. to 5.5).
1.3. Cover the surface of the host embryo with 200 l saline. This will facilitate later transfer and positioning of the donnor graft.
Part 2: Explanting the donnor embryo in saline
2.1. Open the egg by tapping on the shell with forceps and removing pieces of the shell, all around the shell. Remove top of shell and discard.

2.2. Remove the thick albumin with forceps, and tilt the yolk sac with coarse forceps so that the embryo faces upwards.

2.3. Using fine scissors, cut a square of yolk sac around the embryo. Remove the embryo from the yolk with a spoon, and place in a dish containing PBS. 
2.4. Using forceps, detach the donnor embryo from area pellucida.

2.5. Transfer donnor embryo to a Sylgard covered dish containing PBS.
Part 3: Excising and Transplanting the donnor graft
3.1. Using insect pins, secure the donnor embryo on the bottom of the Sylgard covered dish. 
3.2. Using a microcapillary pipette or a microdissecting knife, cut Hensen’s node (“organizer”, donnor graft).

3.3. Mark the ventral side and posterior end of the graft with carmine. This will ensure that the graft is positioned with proper dorso-ventral orientation in step 4.3.

3.4. Using a 200l Gilson pipette, transfer the graft to the host embryo. 
Part 4: Securing the graft and culturing the host embryo
4.1. Remove saline from host embryo, making sure the graft remains positioned in close proximity with host site.
4.2. Using a microcapillary pipette or a microdissecting knife, make a small incision (80-100m) in the area pellucida/area opaca boundary region, at the level of Hensen’s node of host.
4.3. Using a microcapillary pipette or a microdissecting knife, position the graft so that ventral side faces towards you and the posterior end is parallel to equivalent region in host embryo.

4.4. Remove remaining saline, and process the host embryo for New culture for 81-22 hr (JoVE submission 1: steps 5.6 to 6.6).

4.5. The host embryo is then fixed and processed for further applications (JoVE submission 1: steps 7.1. to 7.7).

Part 5: Additional information

In experiments in which it is necessary to differentiate donnor from host tissue, there are 2 possibilities:

(1) The graft (donnor tissue) originates from quail eggs instead of chicken eggs. Following step 4.5, the host is processed for whole mount immunohistochemistry with an antibody specific to quail tissue (QCP1).

(2) The graft originates from chicken eggs. Following step 3.1., carbocyanine dye DiI is applied to the graft tissue prior to excision. Following step 4.5, the host is treated with DAB and later photooxidised under FITC-fluorescent light; As a result donnor cells form a brown precipitate which enables us to differentiate them from host cells. For detailed protocols of these procedures,  please refer to [ref. 5].

Representative Results
In the following examples of neural induction assay, the donnor graft is shown induce the expression of neural markers from host derived  tissue (Sox2, a general neural marker in A, and Krox20, a marker for rhombomeres 2 and 6 of the hindbrain in C,D).  In (A) donnor tissue is derived from quail embryo (as shown by the expression of QCPN antibody [brown]; see part 5); In (C,D), donnor tissue is derived from chick embryo. Donnor cells have been labelled with DiI prior to grafting. Following fixation, the graft is photo-oxidized, and donnor cells appear brown (see part 5). In these particular examples, we assessed the acquisition of neural inducing ability of embryonic regions which normally do not have “organizer” abilities: in both cases, the donnor graft originates from an embryo in which the “organizer” has been surgically  removed from the embryo. In (A), the remaining donnor embryo has been left to heal for 6 hours following “organizer” removal. After this period, a region lateral to the original “organizer”, (a region which is normally devoid of neural inducing abilities) has been transplanted to a host; In (C,D), the remaining donnor embryo has been left to heal for 12-15 hrs following “organizer” removal; After this period, the embryo has completely healed.; A new Hensen’s node is formed. This new ”organizer”, which is formed by tissues adjacent to the ablation site, is grafted to a host (A,C,D reprinted from [5]).
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Discussion
This video demonstrates the different steps in performig an assay for neural induction; This assay is essentially used for the characterization of putative neural inducing molecules in chick, and thus can be used for a wide variety of applications, ranging from embryological micromanipulations [1-5] to unraveling new signaling cascades [6,7], all aiming to the understanding of the initial step in the formation of the brain and remaining nervous system.
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Table of specific reagents and equipment:

	Name of the reagent
	Company
	Catalogue number
	Comments (optional)

	Eggs
	Charles River Laboratories
	Premium Fertile
	Fertilized, HH4 (16 hr)

	Stereomicroscope
	Leica Microsystems
	MZ9.5 or similar
	

	Marsh Automatic Incubator
	Lyon
	RX
	

	Hybridization Incubator
	Robbins Scientific
	M1000
	Use with inverted Pyrex dish and 500 ml ddH2O beaker

	Pyrex dish (2)
	
	
	

	Watchmaker’s glass 50mm
	VWR
	66112-060
	

	Glass rings
	Physical Plant facility
	
	cut 4 mm thick sections of glass tubing (27 mm outer diam, 25 mm inner diam). Do not fine polish.

	Curved Forceps (1)
	Electron Microscopy Sciences
	72991-4C
	

	Forceps (2)
	Fine Science Tools
	11002-13


	blunt ended using sharpening Stone and 100ul mineral oil

	Sharpening Stone Dan’s Black Arkansas
	Electron Microscopy Sciences
	62082-00
	

	Fine scissors
	Fine Science Tools
	14161-10


	

	Plastic dishes
	Falcon
	353001
	

	Rubber Bulb
	Electron Microscopy Sciences
	70980
	

	Pasteur Capillary Pipette
	Electron Microscopy Sciences
	70950-12
	round edge under flame

	Plastic Jumbo Bulb Pipette
	Electron Microscopy Sciences
	70960
	

	Culture chamber
	Pioneer Plastics
	030C
	

	Microcapillary tube
	Sigma
	P1049-1PAK


	Pull using vertical micropipette puller; blunt end with fine forceps



	Microdissecting knife


	Fine Science Tools
	10056-12


	Use to puncture cavities prior to in situ hybridization

	Minuten pins 0.2mm diam


	Fine Science Tools
	26002-20


	

	Sylgard 184 Silicon Elastomer Curing Agent and Base
	Dow Corning
	0001986475
	Mix 1 part Curing Agent, 9 parts Base; set O/N at 37C

	Diethylpyrocarbonate (depc)
	Acros Organics
	10025025
	Add 1ml depc to 1l PBS; shake; autoclave

	16% PFA
	Electron Microscopy Sciences
	15710
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