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Studies in mice have been funda-
mental in understanding mamma-
lian X-chromosome inactivation, but 
there are still important gaps in our 
knowledge of some of the processes 
that are involved. One of the miss-
ing pieces of the puzzle is how the 
imprinted X inactivation that takes 
place early in mouse development 
— before the onset of random inac-
tivation — is initiated. Edith Heard 
and colleagues have now narrowed 
down the possibilities by ruling out 
one plausible mechanism.

In imprinted X inactivation, the 
paternally derived X chromosome 
(Xp) is silenced in all cells. One the-
ory about how this silencing occurs is 
that Xp is pre-inactivated in the male 
germ line. In spermatocytes, the X 
and Y chromosomes are transcrip-
tionally silenced in a process that is 
known as meiotic sex-chromosome 
inactivation (MSCI). Could the inac-
tivation of Xp at this stage be carried 
over after fertilization?

Heard and colleagues tested this 
possibility in mice by examining the 
behaviour of a transgene that carries 
the gene X-(inactive)-specific tran-
script (Xist) — which is required in 
cis for X inactivation — and its sur-
rounding sequences. When inserted 
into an autosome and inherited 
paternally, this transgene is inacti-
vated during early development and 
shows epigenetic and replication-
timing features that are similar to Xp, 
which indicates that it contains all 
the cis sequences that are necessary 

for imprinted X inactivation.
But can this inactivation be 

explained by MSCI? In sperma-
tocytes, chromatin marks that are 
typical of MSCI were absent from the 
transgene, which was also transcrip-
tionally active, unlike Xp. Moreover, 
inability to undergo pairing during 
meiosis does not seem to have a role 
in inactivation: the transgene was 
inactivated whether it was inherited 
from males that were hemizygous or 
those that were homozygous for the 
autosome that carried it.

Gene-expression studies also 
argued against a role for MSCI in 
establishing imprinted inactivation 
as it seems that silencing of Xp genes 
takes place in the embryo itself, and 
not before fertilization. Cysteine-
rich hydrophobic domain 1 (Chic1), 
which is ultimately silenced on the 
inactive X chromosome, was initially 
expressed from both Xp and the Xist 
transgene in the early mouse embryo, 
and only became silenced from the 
8-cell stage onwards. Similar patterns 
were seen for global transcription 
from the Xp and the transgene-car-
rying autosome.

So what event triggers imprinted 
inactivation early in embryogenesis? 
Heard and colleagues showed that 
only low levels of Xist mRNA are 
expressed from Xp at the 2-cell stage, 
and the transcript only later accu-
mulates on the chromosome. This 
indicates that it might be de novo 
expression of the Xist transcript 
from Xp that initiates imprinted 

inactivation.
While ruling out MSCI as the 

cause of imprinted X inactivation, 
this study leaves important questions 
open. What leads to the expression 
of Xist from Xp early in develop-
ment? And why is the maternal allele 
repressed? Whether a feature of the 
male germline other than MSCI is 
involved or a different mechanism 
entirely is operating awaits further 
investigation.

Louisa Flintoft 
 References and links

ORIGINAL RESEARCH PAPER 
Okamoto, I. et al. Evidence for de novo imprinted 
X-chromosome inactivation independent of 
meiotic inactivation in mice. Nature 16 October 
2005 (doi:10.1038/nature04155)
FURTHER READING Reik, W.& Lewis, A. 
Co-evolution of X-chromosome inactivation and 
imprinting in mammals. Nature Rev. Genet. 6, 
403–410 (2005) | Huynh, K. D. & Lee, J. T. 
X-chromosome inactivation: a hypothesis linking 
ontogeny and phylogeny. Nature Rev. Genet. 6, 
410–418 (2005)

X  I N A C T I VAT I O N  

Imprinted inactivation: narrowing down the 
options

NATURE REVIEWS | GENETICS  VOLUME 6 | DECEMBER 2005 | 1

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


	Imprinted inactivation: narrowing down the options
	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 false
  /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


