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Abstract

Sensory nerves play a vital role in maintaining corneal transparency. They originate in the trigeminal ganglion, which is derived
from two embryonic cell populations (cranial neural crest and ectodermal placode). Nonetheless, it is unclear whether corneal
nerves arise from neural crest, from placode, or from both. Quail–chick chimeras and species-specific antibodies allowed
tracing quail-derived neural crest or placode cells during trigeminal ganglion and corneal development, and after ablation of
either neural crest or placode. Neural crest chimeras showed quail nuclei in the proximal part of the trigeminal ganglion, and
quail nerves in the pericorneal nerve ring and in the cornea. In sharp contrast, placode chimeras showed quail nuclei in the
distal part of the trigeminal ganglion, but no quail nerves in the cornea or in the pericorneal nerve ring. Quail placode-derived
nerves were present, however, in the eyelids. Neural crest ablation between stages 8 and 9 resulted in diminished trigeminal
ganglia and absence of corneal innervation. Ablation of placode after stage 11 resulted in loss of the ophthalmic branch of the
trigeminal ganglion and reduced corneal innervation. Noninnervated corneas still became transparent. These results indicate
for the first time that although both neural crest and placode contribute to the trigeminal ganglion, corneal innervation is entirely
neural crest-derived. Nonetheless, proper corneal innervation requires presence of both cell types in the embryonic trigeminal
ganglion. Also, complete lack of innervation has no discernible effect on development of corneal transparency or cell
densities.

Keywords
neural crest; placode; trigeminal ganglion; nerves; cornea; quail–chick chimera

Recommended articles Citing articles (36)

References

REFERENCES

B. Arvidson
Retrograde axonal transport of horseradish peroxidase from cornea to trigeminal ganglion
Acta Neuropathol., 38 (1977), pp. 49-52

C.V. Baker, M. Bronner-Fraser
Establishing neuronal identity in vertebrate neurogenic placodes
Development, 127 (2000), pp. 3045-3056

 1

Outline Download Export

View ScienceDirect over a secure connection: switch to HTTPS

https://www.sciencedirect.com/science/article/pii/S0012160601904506
http://www.sciencedirect.com/
http://www.sciencedirect.com/science/journal/00121606
http://www.sciencedirect.com/science/journal/00121606
http://www.sciencedirect.com/science/journal/00121606/239/2
http://www.sciencedirect.com/science/journal/00121606/239/2
https://doi.org/10.1006/dbio.2001.0450
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S0012160601904506&orderBeanReset=true
http://www.elsevier.com/open-access/userlicense/1.0/


3

4

5

6

7

8

9

10

11

12

13

14

15

16

Development, 127 (2000), pp. 3045-3056

C.V. Baker, M. Bronner-Fraser
Vertebrate cranial placodes. I. Embryonic induction
Dev. Biol., 232 (2001), pp. 1-61
Article PDF (1MB)

M. Barembaum, T.A. Moreno, C. LaBonne, J. Sechrist, M. Bronner-Fraser
Noelin-1 is a secreted glycoprotein involved in generation of the neural crest
Nat. Cell Biol., 2 (2000), pp. 219-225

J.E. Barrett, D.C. Wells, G.W. Conrad
Pretreatment methods to improve nerve immunostaining in corneas from long term fixed embryonic quail eyes
J. Neurosci. Methods, 92 (1999), pp. 161-168
Article PDF (335KB)

J.E. Barrett, D.C. Wells, A.Q. Paulsen, G.W. Conrad
Embryonic quail eye development in microgravity
J. Appl. Physiol., 88 (2000), pp. 1614-1622

J.A. Bee
The development and pattern of innervation of the avian cornea
Dev. Biol., 92 (1982), pp. 5-15
Article PDF (18MB)

J.A. Bee, R.A. Hay, E.M. Lamb, J.J. Devore, G.W. Conrad
Positional specificity of corneal nerves during development
Invest. Ophthalmol. Visual Sci., 27 (1986), pp. 38-43

R.W. Beuerman, B. Schimmelpfennig
Sensory denervation of the cornea affects epithelial properties
Exp. Neurol., 69 (1980), pp. 196-201
Article PDF (1MB)

R.W. Beuerman
Ultrastructure of the human cornea
Microsc. Res. Tech., 33 (1996), pp. 320-335

A.J. Coulombre, J.L. Coulombre
Corneal development. I. Corneal transparency
J. Cell. Comp. Physiol., 51 (1958), pp. 1-11

G.F. Couly, N.M. Le Douarin
Mapping of the early neural primordium in quail–chick chimeras. I. Development relationships between placodes, facial
ectoderm, and prosencephalon
Dev. Biol., 110 (1985), pp. 422-439
Article PDF (36MB)

G.F. Couly, N.M. Le Douarin
Mapping of the early neural primordium in quail-chick chimeras. II. The prosencephalic neural plate and neural folds:
Implications for the genesis of cephalic human congenital abnormalities
Dev. Biol., 120 (1987), pp. 198-214
Article PDF (47MB)

D.A. Covell, D.M. Noden
Development of the avian embryonic trigeminal sensory-motor complex
J. Comp. Neurol., 286 (1989), pp. 488-503

A. D'Amico-Martel, D.M. Noden
An autoradiographic analysis of the development of the chick trigeminal ganglion
Embryol. Exp. Morphol., 5 (1980), pp. 167-182

A. D'Amico-Martel, D.M. Noden
Contributions of placodal and neural crest cells to avian cranial peripheral ganglia

http://www.sciencedirect.com/science/article/pii/S0012160601901563
http://www.sciencedirect.com/science/article/pii/S0012160601901563/pdf?md5=2245d44e01b4efefaf302d22b65118f9&pid=1-s2.0-S0012160601901563-main.pdf
http://www.sciencedirect.com/science/article/pii/S0165027099001090
http://www.sciencedirect.com/science/article/pii/S0165027099001090/pdfft?md5=1b9e70b853a89ca50d4542982ae5c2cb&pid=1-s2.0-S0165027099001090-main.pdf
http://www.sciencedirect.com/science/article/pii/0012160682901452
http://www.sciencedirect.com/science/article/pii/0012160682901452/pdf?md5=a3b887ee9125b84f0d770cf070c2259c&pid=1-s2.0-0012160682901452-main.pdf
http://www.sciencedirect.com/science/article/pii/0014488680901545
http://www.sciencedirect.com/science/article/pii/0014488680901545/pdf?md5=f5dec640df07d7bdf4cf1327221207e5&pid=1-s2.0-0014488680901545-main.pdf
http://www.sciencedirect.com/science/article/pii/0012160685901010
http://www.sciencedirect.com/science/article/pii/0012160685901010/pdf?md5=18149ce37ca3ad57024a59568c9e632b&pid=1-s2.0-0012160685901010-main.pdf
http://www.sciencedirect.com/science/article/pii/0012160687901187
http://www.sciencedirect.com/science/article/pii/0012160687901187/pdf?md5=01efef09234f065b64bd54b9a7037d86&pid=1-s2.0-0012160687901187-main.pdf


17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Contributions of placodal and neural crest cells to avian cranial peripheral ganglia
Am. J. Anat., 66 (1983), pp. 445-468

H. Edelhauser
The resiliency of the corneal endothelium to refractive and intraocular surgery
Cornea, 19 (2000), pp. 263-273

I. Flamme
Prolonged and simplified in vitro culture of explanted chick embryos
Anat. Embryol., 176 (1987), pp. 45-52

C.S. Foster
Corneal manisfestations of neurologic diseases
G. Smolin, R.A. Thoft (Eds.), “The Cornea”, Little, Brown and Company, Boston/New York/Toronto/London (1994), pp. 485-498

G.C. Gaik, A.I. Farbman
The chicken trigeminal ganglion. II. Fine structure of the neurons during development
J. Morphol., 141 (1973), pp. 57-76

S.R. Gordon
Cytological and immunocytochemical approaches to the study of corneal endothelial wound repair
Prog. Histochem. Cytochem., 28 (1994), pp. 1-64

B.K. Hall
The neural crest as a fourth germ layer and vertebrates as quadroblastic not triploblastic
Evol. Dev., 2 (2000), pp. 3-5

V. Hamburger, H.L. Hamilton
A series of normal stages in the development of the chick embryo
J. Morphol., 88 (1951), pp. 49-94

V. Hamburger
Experimental analysis of the dual origin of the trigeminal ganglion in the chick embryo
J. Exp. Zool., 148 (1961), pp. 91-124

A.G. Jacobson
The determination and positioning of the nose, lens and ear. I. Interactions within the ectoderm, and between the ectoderm and
underlying tissues
J. Exp. Zool., 154 (1963), pp. 273-283

A.G. Jacobson
The determination and positioning of the nose, lens and ear. II. The role of the endoderm
J. Exp. Zool., 154 (1963), pp. 285-291

A.G. Jacobson
The determination and positioning of the nose, lens and ear. III. Effects of reversing the antero-posterior axis of epidermis,
neural plate and neural fold
J. Exp. Zool., 154 (1963), pp. 293-303

M.C. Johnston
A radioautographic study of the migration and fate of cranial neural crest cells in the chick embryo
Anat. Rec., 156 (1966), pp. 143-156

N.M. Le Douarin
“The Neural Crest.”, Cambridge Univ. Press, Cambridge (1982)

N.M. Le Douarin, J. Fontaine-Perus, G. Couly
Cephalic ectodermal placodes and neurogenesis
Trends Neurosci., 9 (1986), pp. 175-180
Article PDF (759KB)

C.S. Le Lièvre, N.M. Le Douarin
Mesenchymal derivatives of the neural crest: Analysis of chimeric quail and chick embryos
J. Embryol. Exp. Morphol., 34 (1975), pp. 125-154

http://www.sciencedirect.com/science/article/pii/016622368690055X
http://www.sciencedirect.com/science/article/pii/016622368690055X/pdf?md5=4203d9ab5699ee4eb2f1f09ac623d895&pid=1-s2.0-016622368690055X-main.pdf


32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

A. Lumsden, N. Sprawson, A. Graham
Segmental origin and migration of neural crest cells in the hindbrain region of the chick embryo
Development, 113 (1991), pp. 1281-1291

P.Y. Lwigale
Nuclear morphologies of bovine corneal cells as visualized by confocal microscopy
Cells Tissue Org., 165 (1999), pp. 104-112

C.F. Marfurt
Somatotopic organization of the cat trigeminal ganglion as determined by the horseradish peroxidase technique
Anat. Rec., 201 (1981), pp. 105-118

C.F. Marfurt
The sympathetic innervation of the rat cornea as demonstrated by the retrograde and anterograde transport of horseradish
peroxidase-wheat germ agglutinin
J. Comp. Neurol., 268 (1988), pp. 147-160

C.F. Marfurt, R.E. Kingsley, S.F. Echtenkamp
Sensory and sympathetic innervation of the mammalian cornea: A retrograde tracing study
Invest. Ophthalmol. Visual Sci., 30 (1989), pp. 461-472

D.M. Maurice
Graft transparency is in the eye of the beholder. [ARVO Abstract]
Invest. Ophthalmol. Visual Sci, 42 (2001)

G.J. McKee, M.W.J. Ferguson
The effects of mesencephalic neural crest cell extirpation on the development of chick embryos
J. Anat., 139 (1984), pp. 491-512

S. Mishima
The effects of the denervation and the stimulation of the sympathetic and the trigeminal nerve on the mitotic rate of the corneal
epithelium in the rabbit
Jpn. J. Ophthalmol., 1 (1957), pp. 65-73

T.W. Mittag, J.S. Mindel, J.P. Green
Trophic functions of the neuron. V. Familial dysautonomia. Choline acetyltransferase in familial dysautonomia
Ann. N. Y. Acad. Sci., 228 (1974), pp. 301-306

C.W. Morgan, I. Nadelhaft, W.C. de Groat
Anatomical localization of corneal afferent cells in the trigeminal ganglion
Neurosurgery, 3 (1978), pp. 252-258

J.D. Moury, A.G. Jacobson
Neural fold formation at newly created boundaries between neural plate and epidermis in the axolotl
Dev. Biol., 133 (1989), pp. 44-57
Article PDF (20MB)

J.D. Moury, A.G. Jacobson
The origins of neural crest in the axolotl
Dev. Biol., 141 (1990), pp. 243-253
Article PDF (15MB)

L.J. Müller, L. Pels, G.F.J.M. Vrensen
Ultrastructual organization of human corneal nerves
Invest. Ophthalmol. Visual Sci., 37 (1996), pp. 476-488

D.M. Noden
Analysis of the migration behavior of avian cephalic neural crest cells
Dev. Biol., 42 (1975), pp. 106-130
Article PDF (19MB)

D.M. Noden
The control of avian cephalic neural crest cytodifferentiation. I. Skeletal and connective tissues

http://www.sciencedirect.com/science/article/pii/0012160689902959
http://www.sciencedirect.com/science/article/pii/0012160689902959/pdf?md5=769b05f20c33b5ae66f43d058f5c76d7&pid=1-s2.0-0012160689902959-main.pdf
http://www.sciencedirect.com/science/article/pii/0012160690903802
http://www.sciencedirect.com/science/article/pii/0012160690903802/pdf?md5=ef0fc5379d7254911ddf119397bacc4e&pid=1-s2.0-0012160690903802-main.pdf
http://www.sciencedirect.com/science/article/pii/0012160675903188
http://www.sciencedirect.com/science/article/pii/0012160675903188/pdf?md5=d1a42b26cbea96b51b289bb93efda633&pid=1-s2.0-0012160675903188-main.pdf


47

48

49

50

51

52

53

54

55

56

57

58

59

60

The control of avian cephalic neural crest cytodifferentiation. I. Skeletal and connective tissues
Dev. Biol., 67 (1978), pp. 296-312
Article PDF (13MB)

D.M. Noden
The control of avian cephalic neural crest cytodifferentiation. II. Neural tissues
Dev. Biol., 67 (1978), pp. 313-329
Article PDF (14MB)

D.M. Noden
Somatotopic and functional organization of the avian trigeminal ganglion: An HRP analysis in the hatchling chick
J. Comp. Neurol, 190 (1980), pp. 405-428

D.M. Noden
Somatotopic organization of the embryonic chick trigeminal ganglion
J. Comp. Neurol, 190 (1980), pp. 429-444

D.M. Noden
Vertebrate craniofacial development: The relation between ontogenetic process and morphological outcome
Brain Behav. Evol., 38 (1991), pp. 190-225

A.J. Rozsa, R.W. Beuerman
Density and organization of free nerve endings in the corneal epithelium of the rabbit
Pain, 14 (1982), pp. 105-120
Article PDF (2MB)

M.A.J. Selleck, M. Bronner-Fraser
Origins of the avian neural crest: The role of neural plate-epidermal interactions
Development, 121 (1995), pp. 525-538

T. Scherson, G. Serbedzija, S. Fraser, M. Bronner-Fraser
Regulative capacity of the cranial neural tube to form neural crest
Development, 118 (1993), pp. 1049-1061

M.R. Stark, J. Sechrist, M. Bronner-Fraser, C. Marcelle
Neural tube-ectodermal interactions are required for trigeminal placode formation
Development, 124 (1997), pp. 4287-4295

M. Stiemke, M. Watsky, T. Kangas, H. Edelhauser
Establishment and maintenance of corneal transparency
Prog. Ret. Eye Res., 14 (1995), pp. 109-140

H. Tanaka, M. Kinutani, A. Agata, Y. Takashima, K. Obata
Pathfinding during spinal tract formation in the chick–quail chimera analysed by species-specific monoclonal antibodies
Development, 110 (1990), pp. 565-571

T. Watanabe, M. Yasuda
Comparative and topographical anatomy of the fowl. XXVI. Peripheral course of the trigeminal nerve
Nippon Juigaku Zasshi, 32 (1970), pp. 43-57

J.F. Web, D.M. Noden
Ectodermal placodes: Contributions to the development of the vertebrate head
Am. Zool., 33 (1993), pp. 434-447

D. Wiens, L. Jensen, J. Jasper, J. Becker
Developmental expression of connexins in the chick embryo myocardium and other tissues
Anat. Rec., 241 (1995), pp. 541-553

C.L. Yntema
Experiments on the origin of the sensory ganglia of the facial nerve in the chick
J. Comp. Neurol., 81 (1944), pp. 147-167

Fax: (785) 532-6653. E-mail: lwigale@ksu.edu.1

http://www.sciencedirect.com/science/article/pii/0012160678902014
http://www.sciencedirect.com/science/article/pii/0012160678902014/pdf?md5=7a0ef293c4a9eaea8377976ed97b5c29&pid=1-s2.0-0012160678902014-main.pdf
http://www.sciencedirect.com/science/article/pii/0012160678902026
http://www.sciencedirect.com/science/article/pii/0012160678902026/pdf?md5=4cfdf61377b19d480c9d9376a9b7ff3e&pid=1-s2.0-0012160678902026-main.pdf
http://www.sciencedirect.com/science/article/pii/0304395982900926
http://www.sciencedirect.com/science/article/pii/0304395982900926/pdf?md5=a71817f1b4c85dc0003dd708fbcffad6&pid=1-s2.0-0304395982900926-main.pdf


 

Copyright © 2001 Academic Press. All rights reserved.

About ScienceDirect Remote access Shopping cart Contact and support Terms and conditions Privacy policy

Cookies are used by this site. For more information, visit the cookies page.
Copyright © 2017 Elsevier B.V. or its licensors or contributors. ScienceDirect ® is a registered trademark of Elsevier B.V.

https://www.elsevier.com/
https://www.elsevier.com/solutions/sciencedirect
http://www.sciencedirect.com/science/activateaccess
http://www.sciencedirect.com/science?_ob=ShoppingCartURL&_method=display&md5=3ff44acb300f01481824c54a2973d019
https://service.elsevier.com/app/contact/supporthub/sciencedirect/
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions
https://www.elsevier.com/legal/privacy-policy
https://www.elsevier.com/solutions/sciencedirect/support/cookies
https://www.relx.com/

	Developmental Biology
	Regular Article Embryonic Origin of Avian Corneal Sensory Nerves
	Abstract
	Keywords
	References
	REFERENCES



