
 
 

Table 1. Suppl. Genes that are involved in shoot apical meristem (SAM) regulation during the early stage of embryogenesis in plants. 
a -Relationships of maize and rice genes to known Arabidopsis thaliana genes. b -Pair of genes that are allelic. c -OSHB1 (AK102378) 
and OSHB2 (AK102603) were checked from this family. 
 

Genes Species Gene Relationshipsa Function References 

KNOX genes Arabidopsis STM  regulates maintenance of SAM Dodsworth 2009 
 maize KN1 homologue of STM regulates maintenance of SAM Smith et al. 1995; 

Vollbrecht et al. 2000 
 rice OSH1 orthologue of KN1 regulates maintenance of SAM  Sato et al. 1996;  

Itoh et al. 2008 
 Arabidopsis CLV1  heteromeric receptor complex, 

suppression of WUS 
Leibfried et al. 2005 

 CLV2  
 CLV3  activates CLV1, CLV2 
 maize TD1 orthologue of CLV1 heteromeric receptor complex, 

suppression of WUS 
Pautler et al. 2013 

 FEA2 orthologue of CLV2 
 rice FON1 orthologue of CLV1 receptor of FON2 Suzaki et al. 2008 
 FON2 orthologue of CLV2  
 FCP1 closely related to CLV3 negative regulation of WOX4 
WOX genes Arabidopsis WUS  control of the size of CZ Haecker et al. 2004; 

Leibfried et al. 2005 
 maize ZmWUS1, paralogue of WUS transcriptional activity in 

coleoptile stage  
Nardmann and Werr 
2006 

 ZmWUS2 paralogue of WUS expression in PZ and P1 
 rice OsWUS orthologue of WUS control of the size of CZ Nardmann and Werr 

2006; Ohmori et al. 
2013 

Specific and   Arabidopsis CUC1  encode NAC-domain proteins Spinelli et al. 2011 
independent 
of 

CUC2  

meristem 
regulators 

miR394  mobile signal that confers stem 
cell competence 

Knauer et al. 2013 

 rice SHO1 orthologue of DICER-like 4 encode homologues of RNA-
dependent RNA polymerase 

Nagasaki et al. 2007 
 SHL1, SHL2 orthologue of RNA-dep 

RNA poly 6 
 SHL4/SHO2b orthologue of AGO7 
 HD-ZIPIIIc class III homeodomain 

leucine zipper gene family 
downstream of SHL and SHO  Nagasaki et al. 2007; 

Itoh et al. 2008 
Other genes  Arabidopsis AtFH  regulator of Fe metabolism and 

trafficking in mitochondria 
Vazzola et al. 2007 

that lead to  HPA1/HISN6Ab paralogues of HPA biosynthetic pathway leading to 
histidine (His) 

Bikard et al. 2009 
embryo  HPA2/HISN6Bb 
lethality AtDEK1  calpain-like cysteine protease Johnson et al. 2005; 

Takada and Iida 2014 
 maize 

 
rice 
 

sml not identified connected with KN1 expression Pilu et al. 2002 
 dek1 homologue of AtDEK1 phytocalpain synthesis Becraft et al. 2002 
 ADL1 orthologue of maize dek1 phytocalpain synthesis Hibara et al. 2009 
 ONI1 orthologue of ZmFAE2 encodes fatty acid elongase 

(VLCFA) 
Ito et al. 2011 

 
 
References 
 
Becraft, P.W., Li, K., Dey, N., Asuncion-Crabb, Y.: The maize 

dek1 gene functions in embryonic pattern formation and cell 
fate specification. - Development 129: 5217-5225, 2002. 

Bikard, D., Patel, D., Le Metté, C., Giorgi, V., Camilleri, C., 
Bennet, M.J., Loudet O.: Divergent evolution of duplicate 
genes leads to genetic incompatibilities within A. thaliana. - 
Science 323: 623-626, 2009. 

Dodsworth, S.: A diverse and intricate signaling network 

regulates stem cell fate in the shoot apical meristem. - Dev. 
Biol. 336: 1-9, 2009. 

Haecker, A., Gross-Hardt, R., Geiges, B., Sarkar, A., Holger, 
B., Herrmann, M., Laux, T.: Expression dynamics of WOX 
genes mark cell fate decisions during early embryonic 
patterning in Arabidopsis thaliana. - Development 131: 
657- 668, 2004. 

Hibara, K., Obara, M., Hayashida, E., Abe, M., Ishimaru, T., 



 
 

Satoh, H., Itoh, J., Nagato, Y.: The ADAXIALIZED LEAF1 
gene functions in leaf and embryonic pattern formation in 
rice. - Dev. Biol. 334: 345-354, 2009. 

Ito, Y., Kimura, F., Hirakata, K., Tsuda, K., Takasugi, T., 
Eiguchi, M., Nakagawa, K., Kurata, N.: Fatty acid elongase 
is required for shoot development in rice. - Plant J. 66: 680-
688, 2011. 

Itoh, J., Hibara, K., Sato, Y., Nagato, Y.: Developmental role 
and auxin responsiveness of class III Homeodomain 
Leucine Zipper gene family members in rice. - Plant 
Physiol. 147: 1960-1975, 2008. 

Johnson, K., Degnan, K.A., Walker, J.R., Ingram, G.C.: 
AtDEK1 is essential for specification of embryonic 
epidermal cell fate. - Plant J. 44: 114-127, 2005. 

Knauer, S., Holt, A.L., Rubbo-Somoza, I., Tucker, E.J., Hinze, 
A., Pisch, M., Javelle, M., Timmermans, M.C., Tucker, 
M.R., Laux, T.: A protodermal miR394 signal defines a 
region of stem cell competence in the Arabidopsis shoot 
meristem. - Dev. Cell 24: 125-132, 2013. 

Leibfried, A., To, J.P.C., Stehling, S., Kehle, A., Demar, M., 
Kieber, J.J., Lohmann, J.U.: Wuschel controls meristem 
function by direct regulation of cytokinin-inducible 
response regulators. - Nature 438: 1172-1175, 2005. 

Nagasaki, H., Itoh, J., Hayashi, K., Hibara, K., Satoh-
Nagasawa, N., Nosaka, M., Mukouhata, M., Ashikari, M., 
Kitano, H., Matsuoka, M., Nagato, Y., Sato, Y.: The small 
interfering RNA production pathway is required for shoot 
initiation in rice. - Proc. Natl. Acad. Sci. 104: 14867-14871, 
2007. 

Nardmann, J., Werr, W.: The Shoot stem cell niche in 
angiosperms: expression patterns of WUS orthologues in 
rice and maize imply major modifications in the course of 
mono- and dicot evolution. - Mol. Biol. Evol. 23: 2492-
2504, 2006. 

Ohmori, Y., Tanaka, W., Kojima, M., Sakakibara, H., Hirano, 
H.-Y.: WUSCHEL-RELATED HOMEOBOX4 is involved in 

meristem maintenance and is negatively regulated by the 
CLE gene FCP1 in rice. - Plant Cell 25: 229-241, 2013. 

Pautler, M., Tanaka, W., Hirano, H.-Y., Jackson, D.: Grass 
meristems I: Shoot apical meristem maintenance, axillary 
meristem determinacy and floral transition. - Plant Cell 
Physiol. 54: 302-312, 2013. 

Pilu, R., Consonni, G., Busti, E., MacCabe, A.P., Giulini, A., 
Dolfini, S., Gavazzi, G.: Mutations in two independent 
genes lead to suppression of the shoot apical meristem in 
maize. - Plant Physiol. 128: 502-511, 2002.  

Sato, Y., Hong, S.-K., Tagiri, A., Kitano, H., Yamamoto, N., 
Nagato, Y., Matsuoka, M.: A rice homeobox gene, OSH1, is 
expressed before organ differentiation in a specific region 
during early embryogenesis. - Proc. nat. Acad. Sci. USA 93: 
8117-8122, 1996. 

Smith, L.G., Jackson, D., Hake, S.: The expression of Knotted1 
marks shoot meristem formation during maize 
embryogenesis. - Dev. Genet. 16: 344-348, 1995. 

Spinelli, S.V., Martin, A.P., Viola, I.L., Gonzales, D.H., 
Palatnik, J.F.: A mechanistic link between STM and CUC1 
during Arabidopsis development. - Plant Physiol. 156: 
1894-1904, 2011.  

Suzaki, T., Yoshida, A., Hirano, H.-Y.: Functional 
diversification of CLAVAFA3-related CLE proteins in 
meristem maintenance in rice. - Plant Cell 20: 2049-2058, 
2008. 

Takada, S., Iida, H.: Specification of epidermal cell fate in plant 
shoots. - Front. Plant Sci. 5: 6-10, 2014. 

Vazzola, V., Losa, A., Soave, C., Murgia, I.: Knockout of 
frataxin gene cause embryo lethality in Arabidopsis. - FEBS 
Lett. 581: 667-672, 2007.  

Vollbrecht, E., Reiser, L., Hake, S.: Shoot meristem size is 
dependent on the inbred background and presence of the 
maize homeobox gene, knotted 1. - Development 127: 
3161-3172, 2000.  

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


