
 

Fig. 1 Suppl. The expression status (real time qPCR) of ABC transporter orthologs from different plant species in roots and rhizomes 

with respect to shoots of Podophyllum hexandrum. 

 

 

 

Fig. 2 Suppl. The distribution of the ABC transporter family into nine sub-families: ABCA, ABCB, ABCC, ABCD, ABCE, ABCF, 

ABCG, ABCI and others in transcriptomes of P. hexandrum. 
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Table 1 Suppl. Primers used for expression analysis through real time qPCR. 

Name Forward primer 5’-3’ Reverse primer 5’-3’ Tm 
[C] 

Product 
size [bp] 

PCR conditions 

PhABC1 GTGCACTTGACGCTGAATCA ATCAAATCCGCATGCCTTCC 55 172 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 
55°C, 45s, 72°C, 20s. 

PhABC2 CACGACAAACTTCAGCCTTCA GGTCCCTCTCCATCCTCATC 52 160 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 
52°C, 45s, 72°C, 20s. 

PhABC3 CCCCGTATCGACAAGAAGGA CACCTCTCTTCCTCCTTGCA 59 148 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 
59°C, 45s, 72°C, 20s. 

PhABC4 GGAAGCTTGTGTCTGGTTGG CCAGGTCTGCACATACTGGT 55 169 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 
55°C, 45s, 72°C, 20s. 

PhABC5 CCAGGAGGTCTTACTGCACT TAGGCAGCAGTTCCAAAGGA 58 155 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 
58°C, 45s, 72°C, 20s. 

PhABC6 GATGAATGACACTCCGCCAG CCTGGTTAACGCGTTGGTTA 56 152 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 
56°C, 45s, 72°C, 20s. 

PhABC7 CCTTAAACAGATGCGTCCCC TGGCTTTTGGGGATCAGACA 60 168 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 
60°C, 45s, 72°C, 20s. 

PhABC8 TATGGCTGTGTTGGGTGCTA TTCAACGGTCAGCATAGGGT 61 190 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 
61°C, 45s, 72°C, 20s. 

PhABC9 TATGGGTCCTTTGTCAGCGT CCCTCTCTCATCTGCTTGGT 57 173 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 
57°C, 45s, 72°C, 20s. 

PhABC10 TTCTCCAAAGCAGCCCAAAC AGGACGGAGAGCAAGTCAAA 61 159 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 
61°C, 45s, 72°C, 20s. 

PhABC11 TTCGTATGCCAGTGACACCT CTGTGTGTGCGCTCTATGTC 54 150 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 
54°C, 45s, 72°C, 20s. 

PhABC12 ATCCCACAAGACCCAACCAT TTGACCCATGCTCCAGTTCT 54 186 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 
54°C, 45s, 72°C, 20s. 

PhABC13 TCATTGATCCTGGCATTGCG ACTGCCTGGCCTATGTTCTT 58 185 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 
58°C, 45s, 72°C, 20s. 

PhABC14 CCGCGAGACATTGGACTTTT GGTGATGAGTTGGCTTGCAA 54 182 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 
54°C, 45s, 72°C, 20s. 

PhABC15 CAGAGAGTCACGGTCCAAGA CGTCATCTCCAAGCACTTCG 58 178 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 
58°C, 45s, 72°C, 20s. 

PhABC16 ATGGTTCTGTTGTCGCACAC GTCCGAGGGTCAGAAGTCTC 51 150 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 
51°C, 45s, 72°C, 20s. 

PhABC17 CGAGTAGCAGGATCTTGGGG TCCCTGCCTGATGGTTTCAA 54 100 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 
54°C, 45s, 72°C, 20s. 

PhABCI TTGGCGCTTATGGGATTGTG GTCCATCAAGATTCACCGCC 59 181 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 
59°C, 45s, 72°C, 20s. 

PhABCII AGAGCAGGCCAGTTCATTCT CCAATTTCTCGGCGCATGTA 58 183 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 



 

 

Table 2 Suppl. Pearson’s correlation coefficients between transporter gene expressions and podophyllotoxin content in  
P. hexandrum. 
 

Gene Gene expression   Podophyllotoxin content [%]   Pearson's 
correlation 

 shoot  rhizome  root shoot  rhizome  root coefficient 

PhABC1 1.29 1.00 0.30 0.05 1.28 3.02 -0.99 
PhABC2 1.01 1.00 1.00 0.05 1.28 3.02 -0.81 
PhABC3 1.67 0.15 0.18 0.05 1.28 3.02 -0.80 
PhABC4 1.13 0.20 0.12 0.05 1.28 3.02 -0.85 
PhABC5 1.13 0.59 0.16 0.05 1.28 3.02 -0.99 
PhABC6 1.13 0.48 1.26 0.05 1.28 3.02  0.25 
PhABC7 1.13 0.74 1.06 0.05 1.28 3.02 -0.07 
PhABC8 1.13 0.33 0.00 0.05 1.28 3.02 -0.94 
PhABC9 1.13 0.68 0.46 0.05 1.28 3.02 -0.95 
PhABC10 1.13 0.81 0.14 0.05 1.28 3.02 -1.00 
PhABC11 0.22 1.00 0.32 0.05 1.28 3.02  0.02 
PhABC12 1.13 0.14 0.00 0.05 1.28 3.02 -0.87 
PhABC13 1.13 0.01 0.04 0.05 1.28 3.02 -0.80 
PhABC14 1.13 0.03 0.11 0.05 1.28 3.02 -0.77 
PhABC15 0.87 1.00 0.23 0.05 1.28 3.02 -0.84 
PhABC16 0.06 1.00 0.01 0.05 1.28 3.02 -0.15 
PhABC17 0.06 1.00 0.12 0.05 1.28 3.02 -0.04 
PhABCI 0.86 1.00 0.32 0.05 1.28 3.02 -0.82 
PhABCII 1.13 0.18 0.75 0.05 1.28 3.02 -0.31 
PhABCIII 0.18 1.00 1.01 0.05 1.28 3.02  0.82 
PhABCIV 0.05 1.00 0.19 0.05 1.28 3.02  0.04 
PhABCV 1.13 0.00 0.04 0.05 1.28 3.02 -0.79 

 

58°C, 45s, 72°C, 20s. 

PhABCIII TCTGGTCGAGATGGGTAAGC CAGGGGAGGTGAAGCTGTTA 59 150 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 
59°C, 45s, 72°C, 20s. 

PhABCIV GTCTCGGCTGCTACTTTTGG TCTGGTGCCTCGAGAAACTT 58 188 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 
58°C, 45s, 72°C, 20s. 

PhABCV ATTTGAGTGGACGGTAGCCA CACTGGCATTCTCGGTCTTG 57 196 Initial denaturation at 94°C for 3 min, 
followed by 40 cycles of 94°C, 30 s, 
57°C, 45s, 72°C, 20s. 



Table 3 Suppl. ATP binding casette transporters known for transportation of primary and secondary metabolites in plant 

species. 

Transporter Species  Biological function(s) References 
 
MDR/PGP (Para Glycoprotein)-ABCB subfamily of ABC transporters 
ABCB1/PGP1  Arabidopsis thaliana resistance to multiple xenobiotics including 

herbicides 
polar auxin transport 

Thomas  et al. 2000, Noh et 
al. 2001, 2003, Windsor et al. 
2003, Lin and Wang, 2005, 
Lewis et al. 2007 

ABCB4/PGP4  Arabidopsis thaliana polar auxin transport Santelia et al. 2005, Cho et al. 
2007, Lewis et al. 2007, Yang 
and Murphy 2009 

ABCB14/PGP14  Arabidopsis thaliana polar auxin transport stomatal closure 
regulation 

Lee et al. 2008,  Kaneda et al. 
2011 

ABCB15/PGP15  Arabidopsis thaliana polar auxin transport  Kaneda et al. 2011 
 

ABCB19/PGP19  
 

Arabidopsis thaliana polar auxin transport  Noh et al. 2001, 2003, Lin and 
Wang, 2005, Lewis et al.2007 

ABCB21/PGP21  Arabidopsis thaliana polar auxin transport  Kamimoto et al.2012 
 

CjMDR1 Coptis japonica berberine transport into vacuole Yazaki et al. 2001, Sakai et al. 
2002, Shitan et al. 2003 

 
ABCC (MRP) subfamily of ABC transporters 
ABCC1/MRP1  Arabidopsis thaliana vacuolar sequestration of xenobiotic 

conjugates including herbicides, of excess 
folates, and of a conjugate of ABA  

Lu et al. 1997a, Raichaudhuri 
et al. 2009, Song et al. 2010, 
Burla et al.2013 

ABCC2/MRP2  
 

Arabidopsis thaliana vacuolar sequestration of xenobiotic 
conjugates including herbicides and of a 
conjugate of ABA  
vacuolar sequestration of chlorophyll 
catabolites  
tolerance to arsenic, cadmium, and mercury 

Lu et al. 1998b, Song et 
al.2010, Park et al. 2012, 
Burla et al.2013 

ABCC3/MRP3  
 
 

Arabidopsis thaliana  
 

vacuolar sequestration of xenobiotic 
conjugates including herbicides 
vacuolar sequestration of chlorophyll 
catabolites 

Tommasini et al.1998 

MRP4/ABCC4  Arabidopsis thaliana vacuolar sequestration of excess folates 
regulation of stomatal movements 

Klein et al.2004 

ABCC5/MRP5  
 

Arabidopsis thaliana regulation of seed phytate content  
regulation of stomatal movements 

Klein et al. 2003, Nagy et al. 
2009, Kang et al. 2011 

MRP3  Zea mays vacuolar anthocyanin accumulation  Goodman et al. 2004 

MRP4  Zea mays regulation of seed phytate content  Shi et al. 2007 
 

ABCC1/MRP1 Vitis vinifera transport of  anthocyanidin 3-O-glucosides 
into vacuoles  

Francisco et. al. (2013) 

 
ABCG (PDR) subfamily of ABC transporters 
ABCG30/PDR2  Arabidopsis thaliana 

 
root exudation of phytochemicals Badri et al.2009 

ABCG36/PDR8  
 

Arabidopsis thaliana 
 

resistance to fungal and bacterial pathogens 
resistance to synthetic auxins  
IBA transport and root exudation of 
phytochemicals 

Kobae et al. 2006, Stein et al. 
2006, Kim et al. 2007, 2010,  
Strader and Bartel 2009, Badri 
et al. 2012,  
 

ABCG37/PDR9  
 

Arabidopsis thaliana  
 

resistance to synthetic auxins and IBA 
transport  

Ito and Gray 2006, Ruzicka et 
al. 2010, Badri et al. 2012 

ABCG40/PDR12  Arabidopsis thaliana sclareol resistance, ABA transport, and lead 
detoxification 

Campbell et al. 2003, Kang et 
al. 2011 

ABCG29 Arabidopsis thaliana monolignol transporter involved in lignin 
biosynthesis 

Alejandro et al. 2012 

PDR1 Nicotiana plumbaginifolia terpene transport 
basal defense 

Jasinski et al. 2001, Stukkens 
et al. 2005 

PDR5  Nicotiana tabacum herbivore defense Bienert et al. 2012 
 



<<
  /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


