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Abstract 
 
Dihydroflavonol 4-reductase (DFR) is a key enzyme in the anthocyanin biosynthesis. In this study, the localization of  
45S rDNA and dfr gene (named as CsDFR-bo) of the blood orange (Citrus sinensis Osbeck cv. Ruby) on chromosomes 
was investigated by fluorescence in situ hybridization (FISH). A karyotype of C. sinensis was reconstructed based on the 
length of mitotic metaphase chromosomes. The 45S rDNAs were localized on chromosomes 2p and 7q. The detection 
ratios of 45S rDNA in the two chromosomes were 69.5 and 77.3 %, respectively. The CsDFR-bo was proved to be a 
single-copy gene and localized on chromosome 3p. The detection ratio of CsDFR-bo was 8.2 %. 
Additional key words: anthocyanin biosynthesis, dihydroflavonol 4-reductase gene, fluorescence in situ hybridization.  
 
⎯⎯⎯⎯ 
 
Anthocyanins are red and purple flavonoid pigments. 
Their synthesis has been studied extensively by both 
biochemical and genetic methods, and most of the 
enzymes involved in the synthetic pathway and their 
respective genes have been characterized (Cone 2007, 
Ahmed et al. 2009). Dihydroflavonol 4-reductase (DFR) is 
the first specific enzyme in anthocyanin biosynthesis. The 
full length of dfr gene was obtained from Citrus sinensis 
Osbeck. Southern blot analysis of genomic DNA indicated 
that dfr gene was present as a single copy in the cultivars 
Tarocco, Navel and Ovale (Lo Piero et al. 2006). 
 45S, 5.8S, 18S and 25S rDNAs were extensively 
studied in plant genomes. 45S rDNA was highly conserved 
and located in one or more clusters of chromosomes 
(Pedersen et al. 1994). Because of their easy visualization 
by fluorescence in situ hybridization (FISH), these rDNA 
genes are excellent cytological markers for karyotype 
analysis, especially in species with many small and equal 
chromosomes. However, the physical mapping of low- or 
single-copy sequences on metaphase chromosomes is still 
difficult, because the debris of cell wall and cytoplasm 
reduces the accessibility of target DNA and increases 
background, and consequently results in a relatively low 
signal-to-noise ratio (Lehfer et al. 1993, Jiang et al. 1995). 
 
 

Nevertheless, successful detection of single-copy genes 
has been reported by several laboratories. For example, 
Fransz et al. (1996) mapped the chalcone synthase A gene 
on Petunia hybrida mitotic metaphase chromosomes with 
a 1.4-kb probe. 
 In this study, blood orange (Citrus sinensis Osbeck  
cv. Ruby) was obtained from Citrus Research Institute, 
Chinese Academy of Agricultural Sciences in Chongqing. 
Seeds were peeled off and cultured on Murashige and 
Skoog (1962; MS) medium. The 3-week-old seedlings 
were used in this experiment.  
 According to the cetyltrimethylammonium bromide 
(CTAB) method (Sambrook et al. 1989), genomic DNA 
was isolated from fresh leaves. One pair of primers FDFR 
(5’-GGGCTCTATAGCTGAGA-3’) and RDFR (5’-GGA 
TACTTCGCTGACAT-3’) were synthesized and used to 
amplify the core fragment of dfr gene by PCR at an 
annealing temperature of 45 °C. The amplified fragment 
was cloned into pGEM T-easy vector (Promega, Madison, 
WI, USA) and transformed into Escherichia coli strain 
DH5α, followed by sequencing. The DNA probes for 
CsDFR-bo (a 1.6-kb core fragment) and 45S rDNA were 
labeled with the DIG DNA labeling kit (Roche, Basel, 
Switzerland), following the supplier’s instructions.  
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 Somatic cells were obtained from leaf buds of the 
seedlings and pretreated for 3 h in saturated 
P-dichlorobenzene solution at 25 °C, fixed in ethanol: 
acetic acid, 3:1 (v/v), and stored at 4 °C. Chromosome 
preparations were made by macerating the leaf buds in 
enzyme solution (2 % cellulase Onozuka, 2 % pectolyase 
Y-23, 1 mM EDTA, pH 4.2) at 37 °C for 1 h. After 
washing with distilled water, the digested meristematic 
parts were transferred to glass slides, spread on a drop of 
fresh fixative (glacial acetic acid : ethanol, 1:3) with a pair 
of tweezers, and then air-dried. The chromosomal spreads 
were examined by phase contrast microscopy (Axiophot, 
Zeiss, Jena, Germany) before the FISH analyses were 
conducted. 
 The FISH procedure was done as described by Li and 
Arumuganathan (2001) with some modifications. The 
slides were treated at 60 °C for 1 h, denatured in 70 % 
deionized formamide solution at 70 °C for 2.5 min, 
dehydrated in an ethanol series (70, 95 and 100 % at  
-20 °C), and air-dried. The hybridization mixture was 
composed of 50 % formamide, 20 % dextran sulphate,  
10 % of 2× SSC, 10 % 50 μg cm-3 of salmon sperm DNA, 
10 % 5 μg cm-3 of probe DNA and 0.02 % SDS. It was 
denatured at 75 °C for 5 min and quenched on ice at least  
5 min. Approximately 0.03 cm3 of denatured probe 
mixture was applied per slide. The slides were covered 
with cover slips (24 × 32 mm) in a humid chamber at 37 °C 
for 24 - 48 h. 
 After hybridization, the cover slips were removed 
carefully and the samples were washed in 2× SSC (10 min) 
at room temperature, 2× SSC (10 min) at 37 °C, 1× PBS  
(5 min) at room temperature. For detection of the probe, a 
slide was applied with 5 μg cm-3 of anti-digoxin-FITC 
(Roche) in detection buffer containing 0.5 % BSA, 
incubated at 37 °C for 45 min and washed three times  
(5 min each) in 1× PBS. For amplification of the 
fluorescence signal, the slides were treated with 5 μg cm-3 
of rabbit anti-sheep-FITC (Vector Laboratories, 
Peterborough, UK) in 0.5 % BSA solution at 37 °C for 45 
min. After incubation, the slides were washed three times 
in 1× PBS, and air-dried.  
 The slides were mounted in an anti-fade solution 
containing 1 μg cm-3 of 4’,6-diamidino-2-phenylindole 
(DAPI) to reduce fading of the fluorescence. Chromo- 
somes were examined with an Olympus BX60 (Tokyo, 
Japan) fluorescence microscope equipped with Sensys 
1400E cooled CCD camera. Green and blue images were 
captured in dark, respectively. The images were then 
combined and pseudo-coloured using the software 
Metamorph 4.6.3 (Universal Imaging Corp., West Chester, 
PA, USA).  
 The 141 metaphase cells were used to count the 
numbers of the 45S rDNA signals. The results showed that 
the 45S rDNA probes produced three specific signals on 
metaphase chromosomes (Fig. 1. A,B). A banding-pattern 
karyotype was obtained by using a new method of 
CMA+/DAPI－banding pattern by Pedrosa et al. (2000). 
The karyotype of C. sinensis was reconstructed based on 

the length of mitotic metaphase chromosomes. Five 
metaphase cells which were dispersed well had been 
investigated for karyotype analysis. The results showed 
that one pair of 45S rDNA loci were located on the short 
arm, close to the centromere constriction, of 
chromosome 2, and another pair of 45S rDNA loci were 
localized to the proximate telomere on the long arm of 
chromosome 7 (Fig. 1A,B). The arm ratio of chromosome 2 
was 1.39 ± 0.04, and the arm ratio of chromosome 7 was 
1.42 ± 0.22. The detection ratios of 45S rDNA in 2p 
chromosomes were 69.5 % while the detection ratios of 
45S in 7q chromosomes were 77.3 %.  
 

 
Fig. 1. Fluorescence in situ hybridization (FISH) mapping of 
45S rDNA and dfr gene on the mitotic metaphase chromosomes 
of C. sinensis cv. Ruby: A - metaphase chromosomes, 
B - a merged image of the metaphase chromosomes and the FISH 
signals of 45S rDNA, C - metaphase chromosomes, D - a merged 
image of the metaphase chromosomes and the FISH signals of 
dfr gene. The white arrows point to the loci of the genes. 
Bar = 5 μm. 
 
 The chromosome distribution of 45S rDNA loci was 
characterized in six citrus cultivars: Comuna, Hamlin, 
Olivelands, Parson Brown, Pera and Valencia. No 
difference in position or size of the 45S rDNA clusters was 
observed among these six cultivars (Pedrosa et al. 2000). 
Out of three sites of 45S rDNA, two are proximally 
localized to 2p chromosomes, while the other one is 
terminally localized to one chromosome of 7q in the 
suggested model for these six cultivars. Our result 
confirmed the number and location of 45S rDNA sites in  
C. sinensis cv. Ruby.  
 High-resolution cytogenetic maps provide important 
biological information on genomic organization and 
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function, because they correlate genetic distance with 
cytological structures, and are an invaluable complement 
to physical sequence data (Wang et al. 2006). However, 
the detection of low-copy DNA sequences that are shorter 
than 2 kb on plant chromosomes is still difficult by FISH.  
 We found that it was better to use the chromosome 
spreads that were freshly prepared. Extended time of 
hybridization could increase the strength of signals, too. 
For the detection of dfr gene which is a single-copy gene 
in C. sinensis by FISH, 48 h of hybridization time was 
used, which was two times as long as for 45S rDNA. The 
signals of dfr gene were clearly detected (Fig. 1D). The 
341 metaphase cells were used to count the numbers of the 
CsDFR-bo signals. The CsDFR-bo probes hybridized two 
specific locations on metaphase chromosomes (Fig. 1C,D). 
The detection ratio of CsDFR-bo was 8.2 %. The loci of  
 

dfr gene were localized to the proximate telomere on short  
arms of both homologues of chromosome 3 (Fig. 1C,D). 
The arm ratio of chromosome 3 was 1.30 ± 0.13. The 
result showed that the dfr gene was a single-copy gene in 
C. sinensis. This result is consistent with the Southern-blot 
analysis, which found that there was only one copy of dfr 
gene in the genome of C. sinensis (Lo Piero et al. 2006).  
 In conclusion, 45S rDNA and dfr gene were accurately 
localized on the chromosomes of C. sinensis Osbeck  
cv. Ruby by FISH. The result showed that there was only 
one copy of dfr gene in the genome of C. sinensis Osbeck 
cv. Ruby. We also reconstructed the karyotype model of  
C. sinensis Osbeck by the length of the chromosomes, to 
which the gene loci of 45S rDNA and dfr gene were 
marked.   
 

 

 
Fig. 2. Schematic representation of the 18 chromosomes in C. sinensis cv. Ruby based on the lengths of chromosomes. Grey areas with 
black dots were 45S rDNA loci and bands with strips were CsDFR-bo gene loci. 
 
 
References 
 
Ahmed, N., Maekawa, M., Noda, K.: Anthocyanin accumulation 

and expression pattern of anthocyanin biosynthesis genes in 
developing wheat coleoptiles. - Biol. Plant. 53: 223-228, 
2009. 

Cone, K.C.: Anthocyanin synthesis in maize aleurone tissue. - 
Plant Cell Monographs 8: 121-139, 2007. 

Fransz, P.F., Stam, M., Montijn, B., Hoopen, R.T., Wiegant, J., 
Kooter, J.M., Oud, O., Nanninga, N.: Detection of 
single-copy genes and chromosome rearrangements in 
Petunia hybrida by fluorescence in situ hybridization. - Plant 
J. 9: 767-774, 1996. 

Jiang, J., Gill, B.S., Wang, G.L., Ronald, P.C., Ward, D.C.: 
Metaphase and interphase fluorescence in situ hybridization 
mapping of the rice genome with bacterial artificial 
chromosomes. - Proc. nat. Acad. Sci. USA. 92: 4487-4491, 
1995. 

Lehfer, H., Busch, W., Martin, R., Herrmann, R.G.: Localization 
of the B-hordein locus on barley chromosomes using 
fluorescence in situ hybridization. - Chromosoma 102: 
428-432, 1993. 

Li, L.J., Arumuganathan, K.: Physical mapping of sorted 
chromosomes 45S and 5S rDNA on maize metaphase and 

sorted chromosomes by FISH. - Hereditas 134: 141-145, 
2001. 

Lo Piero, A.R., Puglisi, I., Petrone, G.: Gene characterization, 
analysis of expression and in vitro synthesis of 
dihydroflavonol 4-reductase from [Citrus sinensis (L.) 
Osbeck]. - Phytochemistry. 67: 684-695, 2006. 

Murashige, T., Skoog, F.: A revised medium for rapid growth and 
bioassays with tobacco tissue cultures. - Physiol Plant. 15: 
473-497, 1962. 

Pedersen, C., Linde-Laursen, I.: Chromosomal locations of four 
minor rDNA loci and a marker microsatellite sequence in 
barley. - Chromosome Res. 2: 65-71, 1994. 

Pedrosa, A., Schweizer, D., Guerra, M.: Cytological 
heterozygosity and the hybrid origin of sweet orange. - Theor. 
appl. Genet. 100: 361-367, 2000. 

Sambrook, J., Fritsch, E.F., Maniatis, T.: Molecular Cloning: A 
Laboratory Manual. - Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor 1989. 

Wang, C.J.R., Harper, L., Cande, W.Z.: High-resolution 
single-copy gene fluorescence in situ hybridization and its 
use in the construction of a cytogenetic map of maize 
chromosome 9. - Plant Cell 18: 529-544, 2006. 

 
 



<<
  /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
  /CreateJDFFile false
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /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 <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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




