
Normalized microarray data of 51 starch metabolism genes (defined by Smith et 
al., 2004) were extracted from AREX (www.arexdb.org; Birnbaum et al., 2003)

Condition 1: 
exclude genes expressing high in tissues 
other than columella and lateral root cap cells
a. [Columella]/[others, except LRCs]>1.51
b. [Columella] & [LRCs]>100
c. [others except Columella and LRCs]<500

Signal>500 (except columella
and lateral root cap) in roots

Condition 2:
exclude genes expressing low in tissues 
aboveground (nascarrays-60; Smith et al., 
2004)

Genes expressed mainly in leaves 
and root tips

Group II (27 genes)

Signal < 50 (at least in 6 time 
points) in leaves

Group I (24 genes)

1. Gene expression map of development (Schmid et al., 2005)

2. Regulatory elements of promoters analysis

APS1 SEX1DPE2 SEX4 MEX1DPE1PGI1 APL1 SS1PGM1

...................

Figure S1. A flow-chart diagram for steps and parameters used in the expression profile 
analysis of starch metabolism genes.





Supplemental Table S1. Starch metabolism genes defined by Smith 
et al., 2004 (Smith et al., 2004) 
 Genome locus Gene name 
Group I.   
 At1g03310 ISA2 
 At1g10760 GWD1 
 At1g11720 SS3 
 At1g32900 GBS1 
 At1g69830 AMY3 
 At1g76130 AMY2 
 At2g36390 SBE3 
 At2g39930 ISA1 
 At2g40840 DPE2 
 At3g01180 SS2 
 At3g10940 SEX4-Like2a 
 At3g29320 PHS1 
 At3g46970 PHS2 
 At3g52180 SEX4a 
 At4g00490 BAM2 
 At4g09020 ISA3 
 At4g18240 SS4 
 At5g03650 SBE2 
 At5g17520 MEX1 
 At5g24300 SS1 
 At5g26570 GWD3 
 At5g48300 APS1 
 At5g51820 PGM1 
 At5g64860 DPE1 
      
Group II.   
 At1g05610 APS2 
 At1g27680 APL2 
 At1g68560 AGL5 
 At2g21590 APL4 
 At2g32290 BAM6 
 At2g45880 BAM7 
 At3g01510 SEX4-Like1a 
 At3g20440 SBE1 



 At3g23640 AGL1 
 At3g23920 BAM1 
 At3g45940 AGL3 
 At4g15210 BAM5 
 At4g17090 BAM3 
 At4g24450 GWD2 
 At4g24620 PGI1 
 At4g25000 AMY1 
 At4g39210 APL3 
 At5g04360 LDA1 
 At5g11720 AGL4 
 At5g16150 GLT1 
 At5g18670 BAM9 
 At5g19220 APL1 
 At5g45300 BAM8 
 At5g46110 TPT1 
 At5g55700 BAM4 
 At5g63840 AGL2 
  At5g65685 GLS1 
aSEX4 was proved involved in starch degradation (Niittyla et al., 
2006; Kotting et al., 2009)  
 



 
Supplemental Table S2. Samples extracted from microarray data of AT-40a 

Tissue No. b Organism part name 
1 Col-0_cotyl 
2 Col-0_hyp 
3 Col-0_root7 
4 Col-0_veg_leaf 
5 Col-0_leaf_1-2 
6 Col-0_shoot_veg 
7 Col-0_seedl_green 
8 Col-0_shoot_trans 
9 Col-0_root17 
10 Col-0_roset4_1l 
11 Col-0_roset2 
12 Col-0_roset4 
13 Col-0_roset6 
14 Col-0_roset8 
15 Col-0_roset10 
16 Col-0_roset12 
17 Col-0_lf7_petio 
18 Col-0_lf7_prox 
19 Col-0_lf7_distal 
20 Col-0_whole21d 
21 Col-0_whole22d 
22 Col-0_whole23d 
23 Col-0_senescent 
24 Col-0_cauline 
25 Col-0_stem_2nd 
26 Col-0_stem_1st 
27 Col-0_inflo 
28 Col-0_flow9 
29 Col-0_flow10/11 
30 Col-0_flow12 
31 Col-0_flow12_sepal 
32 Col-0_flow12_petal 
33 Col-0_flow12_stam 
34 Col-0_flow12_carp 
35 Col-0_flow15 



36 Col-0_flow15_pedi 
37 Col-0_flow15_sepal 
38 Col-0_flow15_petal 
39 Col-0_flow15_stam 
40 Col-0_flow15_carp 
41 Col-0_pollen 
42 Col-0_sil3 
43 Col-0_sil4 
44 Col-0_sil5 
45 Col-0_seed6 
46 Col-0_seed7 
47 Col-0_seed8 
48 Col-0_seed9 
49 Col-0_seed10 
50 Col-0_roset7 
51 Col-0_roset14 
52 Col-0_roset21 
53 Col-0_leaf 
54 Col-0_flower 
55 Col-0_root_MS1 
56 Col-0_root_GM-8 
57 Col-0_root_GM5-8 
58 Col-0_seedl_GM 
59 Col-0_seedl_GM5 
60 Col-0_root_GM-21 
61 Col-0_root_GM5-21 
62 Col-0_sedlGM-21 
63 Col-0_sedlGM5-21 

aSubmission Number is ME00319 at PLEXdb; TAIR Accession is ExpressionSet: 
1006710873 

bTissue descriptions can be found in the public data (Schmid et al., 2005). 
 



 
Supplemental Table S3. Motif matching positions in upstream regions of Group 
I genes 
Gene Name Sequence IDa Startb Endb Matching sequencec Strand 
ISA2 AT1G03310  -339 -328 AACAAAAGTAGT  Forward 
GWD1 AT1G10760  -276 -265 TATAAAAGACGA  Forward 
GWD1 AT1G10760  -49 -38 AAGTAAAGTAGA  Reverse 
SS3 AT1G11720  -680 -669 TCGAAAAGGCGA  Reverse 
GBS1 AT1G32900  -523 -512 ACTTAAAGTAAT  Forward 
AMY3 AT1G69830  -871 -860 TCTCAAAGTACA  Forward 
AMY3 AT1G69830  -514 -503 AATAAAAGGAAA  Forward 
AMY2 AT1G76130  -834 -823 CACAAAAGTCGA  Forward 
AMY2 AT1G76130  -17 -6 CCTTAAAGAAAC  Reverse 
SBE3 AT2G36390  -656 -645 AAGCAAAGGCAA  Reverse 
ISA1 AT2G39930  -106 -95 CCCTAAAGCCCA  Forward 
SS2 AT3G01180  -661 -650 AACAAAAGCCAT  Forward 
SS2 AT3G01180  -69 -58 AACAAAAGAAGA  Reverse 
PHS2 AT3G46970  -812 -801 TAGTAAAGAAGT  Forward 
SEX4 AT3G52180  -827 -816 TACCAAAGGAGT  Forward 
BAM2 AT4G00490  -628 -617 TCCCAAAGTAAA  Forward 
BAM2 AT4G00490  -166 -155 CACAAAAGCCCC  Forward 
BAM2 AT4G00490  -609 -598 ACCAAAAGAAAC  Reverse 
ISA3 AT4G09020  -951 -940 AACAAAAGTAGT  Forward 
ISA3 AT4G09020  -402 -391 ACCCAAAGGACC  Forward 
ISA3 AT4G09020  -82 -71 TCCCAAAGTCCC  Forward 
SS4 AT4G18240  -540 -529 TCCAAAAGGAGC  Reverse 
SBE2 AT5G03650  -140 -129 CACAAAAGTAGC  Forward 
MEX1 AT5G17520  -969 -958 TACTAAAGAAGC  Forward 
MEX1 AT5G17520  -837 -826 AAGTAAAGTAGA  Forward 
MEX1 AT5G17520  -933 -922 AAGCAAAGAACT  Reverse 
SS1 AT5G24300  -454 -443 ACCAAAAGCCCA  Forward 
SS1 AT5G24300  -250 -239 AACCAAAGGCAA  Forward 
SS1 AT5G24300  -945 -934 TCCAAAAGTAAT  Reverse 
APS1 AT5G48300  -513 -502 AACTAAAGAAGC  Forward 
PGM1 AT5G51820  -808 -797 TCTAAAAGTCAT  Forward 
PGM1 AT5G51820  -707 -696 TATTAAAGACAT  Reverse 
DPE1 AT5G64860  -914 -903 AATTAAAGAAGC  Reverse 
aPromoter regions were included the 1000 bp from upstream of transcription start site 



(+1) 
bNumber assignment is corresponding to the transcription start site (+1) 
cSequences matching to the pattern of [ATC] [AC] [CGT] [ATC] AAAGN [AC] 
[GCA] [ATC] 
 
 



 
Supplemental Table S4. Heat inactivation of PGI activity in extracts of leaf and 
epidermis from the wild type and pgi1 mutant 

   Total activity 
Activity after heat 

treatment 
  Units /μg protein Units /μg protein 

Heat Inactivation 
(%) 

WT leaves 16.3 ± 1.8 10.2 ± 1.2 37.4 
pgi1 leaves 9.5 ± 0.5 9.3 ± 0.1 2.2 
WT epidermis 13.4 ± 1.1 8.2 ± 0.3 38.8 
pgi1 epidermis 7.4 ± 0.1 7.2 ± 0.3 2.7 
Values are the mean ± S.E. from three replicate extracts, each extract made from three 
plants. The amount of proteins in the extract was quantified with Lowry reagent. For 
heat inactivation, the extracts were treated at 50°C for 10 min in a thermocycler. 
 
 



SUPPLEMENTAL LITERATURE CITED 
Kotting O, Santelia D, Edner C, Eicke S, Marthaler T, Gentry MS, 

Comparot-Moss S, Chen J, Smith AM, Steup M, Ritte G, Zeeman SC 
(2009) STARCH-EXCESS4 is a laforin-like Phosphoglucan phosphatase 
required for starch degradation in Arabidopsis thaliana. Plant Cell 21: 334-346 

Niittyla T, Comparot-Moss S, Lue WL, Messerli G, Trevisan M, Seymour MD, 
Gatehouse JA, Villadsen D, Smith SM, Chen J, Zeeman SC, Smith AM 
(2006) Similar protein phosphatases control starch metabolism in plants and 
glycogen metabolism in mammals. J Biol Chem 281: 11815-11818 

Schmid M, Davison TS, Henz SR, Pape UJ, Demar M, Vingron M, Scholkopf B, 
Weigel D, Lohmann JU (2005) A gene expression map of Arabidopsis 
thaliana development. Nat Genet 37: 501-506 

Smith SM, Fulton DC, Chia T, Thorneycroft D, Chapple A, Dunstan H, Hylton C, 
Zeeman SC, Smith AM (2004) Diurnal changes in the transcriptome 
encoding enzymes of starch metabolism provide evidence for both 
transcriptional and posttranscriptional regulation of starch metabolism in 
Arabidopsis leaves. Plant Physiol 136: 2687-2699 

 
 
 


	+15For Supplementary Fig. S1-Microarray data analysis procedure.pdf
	+15 Figure S2 Heat inactivated PGI zymogram assay 0808 2009.tif
	+15 Supplemental Table S1 to S4 0901 2009.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


