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Abstract

Cells delaminate from epithelial placodes to form sensory ganglia in the vertebrate head. We describe the formation of cranial
neurogenic placodes in the zebrafish, Danio rerio, using bHLH transcription factors as molecular markers. A single
neurogenin gene, neurogenin1 (ngn1), is required for the development of all zebrafish cranial ganglia, which contrasts with
other described vertebrates. Expression of ngn1 delineates zebrafish ganglionic placodes, including trigeminal, lateral line,
and epibranchial placodes. In addition, ngn1 is expressed in a subset of cells within the otic vesicle that will delaminate to
form the octaval (statoacoustic) ganglion. The trigeminal placode is the first to differentiate, and forms just lateral and adjacent
to the neural crest. Expression of ngn1 is transient and prefigures expression of a related bHLH transcription factor, neuroD.
Interfering with ngn1 function using a specific antisense morpholino oligonucleotide blocks differentiation of all cranial ganglia
but not associated glial cells. Lateral line sensory neuromasts develop independently of ngn1 function, suggesting that two
derivatives of lateral line placodes, ganglia and migrating primordia, are under separate genetic control.

Keywords
trigeminal placode; lateral line; epibranchial placode; otic placode; neurogenin; bHLH transcription factor; morpholino
oligonucleotides

Recommended articles Citing articles (140)

References

REFERENCES

M. Abu-Elmagd, Y. Ishii, M. Cheung, M. Rex, D. Le Rouedec, P.J. Scotting
cSox3 expression and neurogenesis in the epibranchial placodes
Dev. Biol., 237 (2001), pp. 258-269
Article PDF (785KB)

M.A. Akimenko, M. Ekker, J. Wegner, W. Lin, M. Westerfield
Combinatorial expression of three zebrafish genes related to distal-less: Part of a homeobox gene code for the head
J. Neurosci., 14 (1994), pp. 3475-3486

A. Amores, A. Force, Y.L. Yan, L. Joly, C. Amemiya, A. Fritz, R.K. Ho, J. Langeland, V. Prince, Y.L. Wang, M. Westerfield, M. Ekker, J.H.

 a, 1, 2  a, b, 3

Outline Download Export

View ScienceDirect over a secure connection: switch to HTTPS

https://www.sciencedirect.com/science/article/pii/S0012160602908201
http://www.sciencedirect.com/
http://www.sciencedirect.com/science/journal/00121606
http://www.sciencedirect.com/science/journal/00121606
http://www.sciencedirect.com/science/journal/00121606/251/1
http://www.sciencedirect.com/science/journal/00121606/251/1
https://doi.org/10.1006/dbio.2002.0820
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S0012160602908201&orderBeanReset=true
http://www.elsevier.com/open-access/userlicense/1.0/
http://www.sciencedirect.com/science/article/pii/S0012160601903781
http://www.sciencedirect.com/science/article/pii/S0012160601903781/pdf?md5=be28969a4ef23d84ba9401ef5d2efe75&pid=1-s2.0-S0012160601903781-main.pdf


4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Postlethwait
Zebrafish hox clusters and vertebrate genome evolution
Science, 282 (1998), pp. 1711-1714

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

K.A. Barth, Y. Kishimoto, K.B. Rohr, C. Seydler, S. Schulte-Merker, S.W. Wilson
Bmp activity establishes a gradient of positional information throughout the entire neural plate
Development, 126 (1999), pp. 4977-4987

J. Begbie, A. Graham
The ectodermal placodes: A dysfunctional family
Philos. Trans. R. Soc. Lond. B Biol. Sci., 356 (2001), pp. 1655-1660

J. Begbie, A. Graham
Integration between the epibranchial placodes and the hindbrain
Science, 294 (2001), pp. 595-598

P. Blader, N. Fischer, G. Gradwohl, F. Guillemont, U. Strahle
The activity of neurogenin1 is controlled by local cues in the zebrafish embryo
Development, 124 (1997), pp. 4557-4569

A. Collazo, S.E. Fraser, P.M. Mabee
A dual embryonic origin for vertebrate mechanoreceptors
Science, 264 (1994), pp. 426-430

R.A. Cornell, J.S. Eisen
Delta/Notch signaling promotes formation of zebrafish neural crest by repressing Neurogenin1 function
Development, 129 (2002), pp. 2639-2648

C. Fode, G. Gradwohl, X. Morin, A. Dierich, M. LeMeur, C. Goridis, F. Guillemot
The bHLH protein NEUROGENIN 2 is a determination factor for epibranchial placode-derived sensory neurons
Neuron, 20 (1998), pp. 483-494
Article PDF (539KB)

D.T. Gilmour, H.M. Maischein, C. Nusslein-Volhard
Migration and function of a glial subtype in the vertebrate peripheral nervous system
Neuron, 34 (2002), pp. 577-588
Article PDF (640KB)

N. Gompel, N. Cubedo, C. Thisse, B. Thisse, C. Dambly-Chaudiere, A. Ghysen
Pattern formation in the lateral line of zebrafish
Mech. Dev., 105 (2001), pp. 69-77
Article PDF (2MB)

N. Gompel, C. Dambly-Chaudiere, A. Ghysen
Neuronal differences prefigure somatotopy in the zebrafish lateral line
Development, 128 (2001), pp. 387-393

C. Haddon, J. Lewis
Early ear development in the embryo of the zebrafish, Danio rerio
J. Comp. Neurol., 365 (1996), pp. 113-128

B.K. Hall
“The Neural Crest in Development and Evolution.”, Springer-Verlag, New York (1999)

V. Hamburger
Experimental analysis of the dual origin of the trigeminal ganglion in the chick embryo
J. Exp. Zool., 14* (1961), pp. 91-117

R.G. Harrison

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/S0896627300809897
http://www.sciencedirect.com/science/article/pii/S0896627300809897/pdfft?md5=835fcf0e0aaa5708fbbe9765944c36be&pid=1-s2.0-S0896627300809897-main.pdf
http://www.sciencedirect.com/science/article/pii/S0896627302006839
http://www.sciencedirect.com/science/article/pii/S0896627302006839/pdfft?md5=c6a9641ee8b42f524ea2fe9ed8295579&pid=1-s2.0-S0896627302006839-main.pdf
http://www.sciencedirect.com/science/article/pii/S0925477301003823
http://www.sciencedirect.com/science/article/pii/S0925477301003823/pdfft?md5=666af9b8b7bbef1c883460f620956c8c&pid=1-s2.0-S0925477301003823-main.pdf


18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

R.G. Harrison
Neuroblast versus sheath cell in the development of the peripheral nerves
J. Comp. Neurol., 37 (1924), pp. 123-205

J. Heasman, M. Kofron, C. Wylie
Beta-catenin signaling activity dissected in the early Xenopus embryo: A novel antisense approach
Dev. Biol., 222 (2000), pp. 124-134
Article PDF (4MB)

R.N. Kelsh, K. Dutton, J. Medlin, J.S. Eisen
Expression of zebrafish fkd6 in neural crest-derived glia
Mech. Dev., 93 (2000), pp. 161-164
Article PDF (472KB)

C.H. Kim, Y.K. Bae, Y. Yamanaka, S. Yamashita, T. Shimizu, R. Fujii, H.C. Park, S.Y. Yeo, T.L. Huh, M. Hibi, T. Hirano
Overexpression of neurogenin induces ectopic expression of HuC in zebrafish
Neurosci. Lett., 239 (1997), pp. 113-116
Article PDF (435KB)

W.Y. Kim, B. Fritzsch, A. Serls, L.A. Bakel, E.J. Huang, L.F. Reichardt, D.S. Barth, J.E. Lee
NeuroD-null mice are deaf due to a severe loss of the inner ear sensory neurons during development
Development, 128 (2001), pp. 417-426

C.B. Kimmel, W.W. Ballard, S.R. Kimmel, B. Ullmann, T.F. Schilling
Stages of embryonic development of the zebrafish
Dev. Dyn., 203 (1995), pp. 253-310

M. Kobayashi, H. Osanai, K. Kawakami, M. Yamamoto
Expression of three zebrafish Six4 genes in the cranial sensory placodes and the developing somites
Mech. Dev., 98 (2000), pp. 151-155
Article PDF (949KB)

V. Korzh, I. Sleptsova, J. Liao, J. He, Z. Gong
Expression of zebrafish bHLH genes ngn1 and nrd defines distinct stages of neural differentiation
Dev. Dyn., 213 (1998), pp. 92-104

R. Kos, M.V. Reedy, R.L. Johnson, C.A. Erickson
The winged-helix transcription factor FoxD3 is important for establishing the neural crest lineage and repressing melanogenesis
in avian embryos
Development, 128 (2001), pp. 1467-1479

J.Y. Kuwada, R.R. Bernhardt, N. Nguyen
Development of spinal neurons and tracts in the zebrafish embryo
J. Comp. Neurol., 302 (1990), pp. 617-628

N.M. Le Douarin, C. Kalcheim
“The Neural Crest.”, Cambridge Univ. Press, Cambridge (1999)

J.E. Lee, S.M. Hollenberg, L. Snider, D.L. Turner, N. Lipnick, H. Weintraub
Conversion of Xenopus ectoderm into neurons by NeuroD, a basic helix–loop–helix protein
Science, 268 (1995), pp. 836-844

Q. Ma, Z. Chen, I. del Barco Barrantes, J.L. de la Pompa, D.J. Anderson
neurogenin1 is essential for the determination of neuronal precursors for proximal cranial sensory ganglia
Neuron, 20 (1998), pp. 469-482
Article PDF (482KB)

Q. Ma, C. Fode, F. Guillemot, D.J. Anderson
Neurogenin1 and neurogenin2 control two distinct waves of neurogenesis in developing dorsal root ganglia
Genes Dev., 13 (1999), pp. 1717-1728

Q. Ma, C. Kintner, D.J. Anderson
Identification of neurogenin, a vertebrate neuronal determination gene
Cell, 87 (1996), pp. 43-52

http://www.sciencedirect.com/science/article/pii/S0012160600997203
http://www.sciencedirect.com/science/article/pii/S0012160600997203/pdf?md5=2a871e4293310fc2a30f640a14a23f49&pid=1-s2.0-S0012160600997203-main.pdf
http://www.sciencedirect.com/science/article/pii/S0925477300002501
http://www.sciencedirect.com/science/article/pii/S0925477300002501/pdfft?md5=5018d937a03d99b80de6433f2b80d4e4&pid=1-s2.0-S0925477300002501-main.pdf
http://www.sciencedirect.com/science/article/pii/S0304394097009087
http://www.sciencedirect.com/science/article/pii/S0304394097009087/pdfft?md5=fb890ec8acd58612ef0f0760191f289a&pid=1-s2.0-S0304394097009087-main.pdf
http://www.sciencedirect.com/science/article/pii/S0925477300004512
http://www.sciencedirect.com/science/article/pii/S0925477300004512/pdfft?md5=165948fae4a42508c109fb6582196f5c&pid=1-s2.0-S0925477300004512-main.pdf
http://www.sciencedirect.com/science/article/pii/S0896627300809885
http://www.sciencedirect.com/science/article/pii/S0896627300809885/pdfft?md5=380bb79769a3de4c29e29478d8bd8fd8&pid=1-s2.0-S0896627300809885-main.pdf


33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Cell, 87 (1996), pp. 43-52
Article PDF (652KB)

M.F. Marusich, H.M. Furneaux, P.D. Henion, J.A. Weston
Hu neuronal proteins are expressed in proliferating neurogenic cells
J. Neurobiol., 25 (1994), pp. 143-155

W.K. Metcalfe
Sensory neuron growth cones comigrate with posterior lateral line primordial cells in zebrafish
J. Comp. Neurol., 238 (1985), pp. 218-224

W.K. Metcalfe, C.B. Kimmel, E. Schabtach
Anatomy of the posterior lateral line system in young larvae of the zebrafish
J. Comp. Neurol., 233 (1985), pp. 377-389

W.K. Metcalfe, P.Z. Myers, B. Trevarrow, M.B. Bass, C.B. Kimmel
Primary neurons that express the L2/HNK-1 carbohydrate during early development in the zebrafish
Development, 110 (1990), pp. 491-504

S.A. Moody, M.B. Heaton
Developmental relationships between trigeminal ganglia and trigeminal motoneurons in chick embryos. II. Ganglion axon
ingrowth guides motoneuron migration
J. Comp. Neurol., 213 (1983), pp. 344-349

A. Nasevicius, J. Larson, S.C. Ekker
Distinct requirements for zebrafish angiogenesis revealed by a VEGF-A morphant
Yeast, 17 (2000), pp. 294-301

V.H. Nguyen, B. Schmid, J. Trout, S.A. Connors, M. Ekker, M.C. Mullins
Ventral and lateral regions of the zebrafish gastrula, including the neural crest progenitors, are established by a bmp2b/swirl
pathway of genes
Dev. Biol., 199 (1998), pp. 93-110
Article PDF (1MB)

V.H. Nguyen, J. Trout, S.A. Connors, P. Andermann, E. Weinberg, M.C. Mullins
Dorsal and intermediate neuronal cell types of the spinal cord are established by a BMP signaling pathway
Development, 127 (2000), pp. 1209-1220

M. Nieto, C. Schuurmans, O. Britz, F. Guillemot
Neural bHLH genes control the neuronal versus glial fate decision in cortical progenitors
Neuron, 29 (2001), pp. 401-413
Article PDF (1MB)

R. Northcutt
The phylogeny of octavolateralis ontogenies: A reaffirmation of Garstang's phylogenetic hypothesis
D.B. Webster, R.R. Fay, A.N. Popper (Eds.), “The Evolutionary Biology of Hearing”, Springer-Verlag, New York (1992), pp. 21-48

R.G. Northcutt, C. Gans
The genesis of neural crest and epidermal placodes: A reinterpretation of vertebrate origins
Q. Rev. Biol., 58 (1983), pp. 1-28

J. Odenthal, C. Nusslein-Volhard
fork head domain genes in zebrafish
Dev. Genes Evol., 208 (1998), pp. 245-258

M. Perron, K. Opdecamp, K. Butler, W.A. Harris, E.J. Bellefroid
X-ngnr-1 and Xath3 promote ectopic expression of sensory neuron markers in the neurula ectoderm and have distinct inducing
properties in the retina
Proc. Natl. Acad. Sci. USA, 96 (1999), pp. 14996-15001

J.H. Postlethwait, I.G. Woods, P. Ngo-Hazelett, Y.L. Yan, P.D. Kelly, F. Chu, H. Huang, A. Hill-Force, W.S. Talbot
Zebrafish comparative genomics and the origins of vertebrate chromosomes
Genome Res, 10 (2000), pp. 1890-1902

D.W. Raible, G.J. Kruse

http://www.sciencedirect.com/science/article/pii/S0092867400813215
http://www.sciencedirect.com/science/article/pii/S0092867400813215/pdfft?md5=8fbe592858ef00bd2795e650648a6868&pid=1-s2.0-S0092867400813215-main.pdf
http://www.sciencedirect.com/science/article/pii/S0012160698989278
http://www.sciencedirect.com/science/article/pii/S0012160698989278/pdf?md5=6b245354d28140b0f767c336c73e85e8&pid=1-s2.0-S0012160698989278-main.pdf
http://www.sciencedirect.com/science/article/pii/S0896627301002148
http://www.sciencedirect.com/science/article/pii/S0896627301002148/pdfft?md5=fe2a85f570d818b01064e6f29ae14e8f&pid=1-s2.0-S0896627301002148-main.pdf


47

48

49

50

51

52

53

54

55

56

57

58

59

D.W. Raible, G.J. Kruse
Organization of the lateral line system in embryonic zebrafish
J. Comp. Neurol., 421 (2000), pp. 189-198

M. Robinson-Rechavi, O. Marchand, H. Escriva, P.L. Bardet, D. Zelus, S. Hughes, V. Laudet
Euteleost fish genomes are characterized by expansion of gene families
Genome Res., 11 (2001), pp. 781-788

I. Sahly, P. Andermann, C. Petit
The zebrafish eya1 gene and its expression pattern during embryogenesis
Dev. Genes Evol., 209 (1999), pp. 399-410

T.F. Schilling, C.B. Kimmel
Segment and cell type lineage restrictions during pharyngeal arch development in the zebrafish embryo
Development, 120 (1994), pp. 483-494

G. Schlosser, R.G. Northcutt
Development of neurogenic placodes in Xenopus laevis
J. Comp. Neurol., 418 (2000), pp. 121-146

L. Sommer, Q. Ma, D.J. Anderson
neurogenins, a novel family of atonal-related bHLH transcription factors, are putative mammalian neuronal determination genes
that reveal progenitor cell heterogeneity in the developing CNS and PNS
Mol. Cell Neurosci., 8 (1996), pp. 221-241
Article PDF (615KB)

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

L.S. Stone
Experiments on the development of the cranial ganglia and the lateral line sense organs
J. Exp. Zool., 35 (1922), pp. 421-496

L.S. Stone
Further experimental studies of the development of the lateral-line sense organs in amphibians observed in living preparations
J. Comp. Neurol., 68 (1937), pp. 83-115

Y. Sun, M. Nadal-Vicens, S. Misono, M.Z. Lin, A. Zubiaga, X. Hua, G. Fan, M.E. Greenberg
Neurogenin promotes neurogenesis and inhibits glial differentiation by independent mechanisms
Cell, 104 (2001), pp. 365-376
Article PDF (990KB)

J.S. Taylor, Y. Van De Peer, I. Braasch, A. Meyer
Comparative genomics provides evidence for an ancient genome duplication event in fish
Philos. Trans. R. Soc. Lond. B. Biol. Sci., 356 (2001), pp. 1661-1679

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

M.R. Wright
The lateral line system of sense organs
Q. Rev. Biol., 26 (1951), pp. 264-280

These authors contributed equally to the work presented.

Present address: Technische Universität Darmstadt, Institut für Zoologie, Abt. Entwicklungsbiologie & Neurogenetik, Schnittspahnstrasse 3,
64287 Darmstadt, Germany

To whom correspondence should be addressed. Fax: (206) 543-1524. E-mail: draible@u.washington.edu.

Copyright © 2002 Elsevier Science (USA). All rights reserved.

1

2

3

http://www.sciencedirect.com/science/article/pii/S1044743196900603
http://www.sciencedirect.com/science/article/pii/S1044743196900603/pdf?md5=7298b1acf0b6c2e7ec85580ee26f855e&pid=1-s2.0-S1044743196900603-main.pdf
http://www.sciencedirect.com/science/article/pii/S0092867401002240
http://www.sciencedirect.com/science/article/pii/S0092867401002240/pdfft?md5=76e9bbe2bd7433e40b7a39badb76aa12&pid=1-s2.0-S0092867401002240-main.pdf


 

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 Neurogenin1 Defines Zebrafish Cranial Sensory Ganglia Precursors
	Abstract
	Keywords
	References
	REFERENCES



