
olfactory space. Distances between 
odours in this perceptual space cor-
related with physiological distances 
— a measure of the similarity of 
odours based on neural activation 
patterns — obtained in optical imag-
ing experiments of antennal lobe 
activity.

This study confirms that olfactory 
neural activity corresponds to olfac-
tory perception, and shows how inver-
tebrate models such as the honeybee 
can be used to answer fundamental 
questions about the neurobiology of 
perception. As this line of enquiry is 
pursued with more odours, compris-
ing a range of molecular features, we 
will gain a more complete description 
of the honeybee’s olfactory perceptual 
space, and a better understanding of 
how perceptual measures relate to 
patterns of neural activity.

Rebecca Craven
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Hundreds of microRNAs (miRNAs) have been 
identified in a range of organisms, from plants to 
fish to humans. These small, non-coding RNAs 
function as negative regulators of gene 
expression at the post-transcriptional level. Now, 
Schier and colleagues have used a zebrafish 
model to bring to light an important role for 
miRNAs in brain development. 

The development of precurser miRNAs into 
mature miRNAs involves sequential cleavage 
events that are catalysed by two ribonuclease 
III (RNaseIII) enzymes, Drosha and Dicer. 
One strand of the resulting processed duplex is 
incorporated into a silencing complex, which 
acts on its target through either translational 
inhibition or mRNA cleavage. 

Schier and colleagues generated dicer mutant 
zebrafish in which this process was disrupted and 
mature miRNAs were absent. In early-developing 
zygotes, maternally-derived Dicer is still active, 
so mature miRNAs are generated even if the 
zygotic dicer is mutated. The authors therefore 
used a germ line-replacement technique to 
abolish the maternal and zygotic functions of 
dicer in zebrafish.

In these mutant zebrafish, anterior–posterior 
and dorsal–ventral neural patterning occurred 
normally, and all principal subregions and cell 
types were present. This indicates that early 
patterning and fate specification were unaffected 
by the absence of miRNAs. However, there were 
major disruptions to morphogenesis during 
gastrulation, somitogenesis, and heart and 
brain development. The mutant zebrafish also 
developed at a reduced speed compared with 
their wild-type counterparts.

Specifically, abnormalities in neural 
development involved impairments in the 
positioning of neurons, in the defasciculation 
of longitudinally projecting axons and in touch-
induced escape behaviour. Most strikingly, 
although the neural plate gave rise to a normal 
neural rod, the formation of the neural tube and 
neurocoel was disrupted. Normal ventricles did 
not form, and some boundaries that subdivide the 
brain into cell-tight compartments, such as the 
midbrain–hindbrain boundary, were missing. 
There were also defects in retinal development. 
So, miRNAs seem to be crucial for normal brain 
morphogenesis, neural differentiation and 
neural function during zebrafish development.

Further investigations revealed that the miR-
430 family of miRNAs is ubiquitously expressed 
and especially active during early stages of 
development. Importantly, injection of miR-430 

miRNAs into the mutant zebrafish rescued 
specific abnormalities in brain development, 
including the ventricle and boundary formation 
defects, although it had no effect on the heart 
and circulation abnormalities. This finding 
indicates that mature miRNAs are crucial for 
normal development and that the miR-430 family 
of miRNAs is responsible for the morphogenic 
defects seen in this study.

This work provides an important step in 
our understanding of the roles of miRNAs in 
brain development. More detailed knowledge 
of the molecular mechanisms that underlie 
brain morphogenesis — including neural tube 
and ventricle formation — could be gained 
through the study of the miR-430 miRNA 
family and its downstream targets. Moreover, 
the method used in this study — to prevent the 
generation of mature miRNAs in zebrafish — is 
just as noteworthy as the results, and could 
prove invaluable in future studies of the role of 
miRNAs in development.

Alison Rowan

 References and links
ORIGINAL RESEARCH PAPER Giraldez, A. J. et al. MicroRNAs 
regulate brain morphogenesis in zebrafish. Science 308, 833–838 
(2005)
FURTHER READING He, L. & Hannon, G. J. MicroRNAs: small RNAs 
with a big role in gene regulation. Nature Rev. Genet. 5, 522–531 (2004) 

DEVE LOPMENT

MicroRNAs and brain morphogenesis

NATURE REVIEWS | NEUROSCIENCE  VOLUME 6 | JULY 2005 | 499

R E S E A R C H  H I G H L I G H T S

© 2005 Nature Publishing Group 


	MicroRNAs and brain morphogenesis
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e00500047002000570045004200200050004400460020004a006f00620020004f007000740069006f006e0073002e0020003100350030006400700069002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003400200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 782.362]
>> setpagedevice




