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Cloning and Characterization of Dihydroflavonol
4-reductase (DFR) from Matthiola incana R. Br.
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In this paper we describe the cloning and expression of the genes encoding the flavonoid-biosynthetic enzyme
dihydroflavonol 4-reductase (DFR) in Matthiola incana R. Br. A heterologous cDNA probe from Zea mays was used to
isolate full-size DFR ¢DNA clone from a corolla-specific cDNA library. Comparison of the coding region of this DFR
¢DNA sequence including the sequences of Zea mays, Anthirrinum majus, Petunia hybrida, Callistephus chinensis,
Dianthus caryophyllus and Rosa hybrida reveals a identity higher than 61% at the nucleotide level. The DFR transcript is
G/C rich in monocotyledonous plants show a strong codon bias preferring codons with a G or C in the third position. The
function of this nucleotide sequences were verified by comparison with amino acid sequences of the amino-terminus and
tryptic peptides from purified plant enzyme, by northern blotting with mRNA from wild type and mutant plants and by in
vitro expression yielding an enzymatically active reductase. Genomic southern blot analysis showed the presence of one
gene for DFR in Matthiola incana. Northern blot analysis of the DFR wild type and mutant lines showed that the lack of
DFR activity in the stable acyanic mutant k17b is clearly by a transcriptional block of the DFR gene.
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Figure 1. Wildtype and different mutant lines of Matthiola incana
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% Rgsieich 2elgl mRNAY #5& ZAs17] Y8t
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hybridizationg Al 8 &9} (Southern, 1975).
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Northern blot hybridizationg $18jA= M2 o2 op 9}
ioiaiolﬂ"zﬂ/] oY EF2eEHE total RNAS F%
2 Logemann S(1987)2] uhie]l £3le] 3lgl.om A7) °§5
L2 1.2% formaldehyde agarose gelAtell Al $3]3}9] 31,
Sambrook £(1989)¢] Wi F3}ed DFR ¢cDNA9 15 kb
AL ¥PE labelingd}od probeZ A}-4-3}9)c}). Hybridization
L 50% formamide, 5 X SSC, 0.05M phosphate buffer,
Denhardt’ s solution- o] -&3}ed 42°Col| A} 53] 8}93 o}

DFR REIS) 22| o 27|MY B
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coloumg F#g F 15 w2 £5% mRNAS A4 8¢itt
o] % 5 o mRNAZ cDNA-librarye] &H4Jo] Ab&sheich
#A5 ¢cDNA-library® $8 2442 DFR-cDNA(Al-
gene)Z- probe@ ®}od screeningdled B 73} 6782 positive

DFR from Matthionla incana 343

cloneg #2|8}412 o]71 22 HE| phage-DNAS H-2lste]
EcoRI® & Ajs) 2 Az} 67] clone F 12kb-15kb 27]
9] insertE 7FA| I U2k o] cloneE-S Al-gened probeE
Southern blot #A2 &) AA& 2 Az 5% DFRFH
AdE Flstsdt

F2g 6749 M2 9 27|19 DFR{AAE 27 Ml-
M6Z B3} 3L vector pUCL9¢)| cloningled <37]A %A
L2 &3)8 A3} 15kb 379 clone M65te] full size cloned
< Hdset 971Md #4 AAE EH stocke] DFRH
A A= 1450 bp o|u] o] % coding region2 1029bp 412 343
amino acidg <¢1A|3}dch = o] A= 133bpe] leader

sequence$} 288bp £ trailer sequence®E z+119) ¢l M Figure 2).

1 TAAACTTTAATAACACC TTTCCTACTTTTCATTTATTAACTTTGGAGTTGTACGTGTATGTTACCATAAATAATGAAGTTATATATGTGAA

101 ACTTCCTTCTGAAT ATGGTTOCTOX ETAACCHGOBCETC TCATTGGCTCATGGCTAGTGA
MVARRETVCYVTGASGFIGSW¥WLVM
201 TCGATTACTGGAACGCGGCTACTTTGTCOGTGOCACCGTACGOGAACCAGGAAATTTGAAGAAAGTGCAGCATCTTCTTGACTTGOCAAACGCCAAGAC
RLLERGYF VR ATVREPGNLEKKVQHLEDLPNAKT
301  GCAACTCACTTTATGGAAGGOOGATTTATCTGACGAGGGAAGTTATGATGACGOGTAAACGGT TGOGACGGCATT TTCCACG TGGCAACTCCCATGGAT
CLTLVYKADLSDEGSTYDDAVNGCDGIFHVATPMD
401 TTTGAATCAAAGGATOCTGAGAATGAAGTTATAAAACCGACAGTGAATRGAGTGTTGGGGATAATGAAAGCCTGTGTTAAGACCAAMACCGTGTCRGAGA
FESKOPENEV] KPTVNGVLGIMKACVKTKTVSES
501  GTCAATTATCTTOGCTTGCTGGAACATTCAATGTTGAAGAACATCAGAAGAA” ACAAAAT TGAGTTTATCATCTCCAA
QLSSLAGT FNVEEHRQKNYVYYDEQNYSDLEFIISEK
601  GAAGATGACTGGATGGATGTATTTTCTGTCGAAAACGTTAGOGGAGAAAGCAGCATGAGATTATGCAAAAGAAAACGGAATAGATT TCATTAGTATCATT
KMTGW¥WMY FLSKTULAE KAA¥Y¥DYAKENGI DFI1sSTI]
701 CCAACGTTGGTGATCBGTOCATTCATAACAACATCTATGOCOOCTAGOCT CATCACCGGGCTCTCTOCTATCACTOGAAACGAGGCACATTATTCGATCA
PTLVIGPFI1TT S SMPPSLITGLSPITRNEAHKYSITI
801 TAAGGCAAGGACAGTATGTGCATTTGGACGACT TATGCAATGCTCATATATICT TGTACGAACAAGCTGCAGOGAAGGGGCGTTACG TTTGCTCCTCTCA
RO GQ YV HLDDLCNA AU HTIETLTYEQAAAKGRYVCSSH
901  CGATGOCACCATTCTTACCATCTCTARATTCTCAGGCAAAAGTACCCAGAATATAACGTGCC TTCAACGTTTGAAGGTGTGGATGAGAATCTAAAAAGT
DATI1LTISKI LRQKYPETYNVYVYPSTTFETGVDENLEKS
1001 GITGTGTTCAGTTCAAGGAAGCTGATTGAGATGGGATTTAACT TCAAGTATGTACTAGAGGAL TCTATTGAGACTTGTC
YVFSSRKLIEMGFNFKYVLEDMYVESIETCREREKG
1101  GTTTTCTCCCAGTTTCTGAGAACAAAGGTCOGACTAGTGATGACAGCGAGCACAAAACCTGAGCTGGATTAACTGATGCTACGATGOCCTGTAAGAAGAC
FLPVSENKSGPTSDDSEHEK KT
1201 AGAAGAGAAACCGATACTTGCAATGOD0GCACAGCAGAT G TGTGCTTAGAAATTGAAACCCTTACTCATTTCATG TOGTCTATTGTOGTATCGGTCTAGT

1301 GIT TGOGTGGGCTTGCCTTTCTTITTTTCTTTTAATCATAAATTATATTATTATTGGAGAACCGTATGAACGGTTTTATGGTATTTGA

1401  TGTGAGTGAAACAGTATCAACTTTCACATATATAAGAACCAGAGTGCTAG

Figure 2. Nucleotide and predicted amino-acid sequence of DFR-
c¢DNA clone from Matthiola incana. The start (ATG) and stop
(TGA) codons are underlined.
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1985), Zea mays (O Reilly et al, 1985), Petunia hybrida
(Beld et al, 1989), Hordeum vulgare (Kristiansen and Rohde,
191), Gerbera hybrida (Helariutta et al, 1993), Callistephus
chinensis (Min et al, 199), Dianthus caryophyllus (Min et
al, 1995) =9 DFR#FAA+4] coding region®} w)ws) 2
nucleotide level oAM= Z+z} 67%, 61%, 66%, 61%, 67%,
67%, 66%2 VeER T amino acid levelel A JA] 22
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AE A B} e gt A Bel A 5%-6%HE A e}
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Figure 3. In vitro expression of DFR ¢DNA clone of Matthiola
incana. M: [1C]-methylated markerprotein 1,2,3: Antisense mRNA
as negative control 456 sense mRNA

Bgill EcoR1
123 456 7 8 91011 12

4.8KD - e v it
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Figure 4. Southern blot analysis of different wild type lines of
Matthiola incana. Probed with the 1.5kb DFR ¢DNA. The genomic
DNA was digested by Bgill (lane 1-6) and EcoRI (lane 7-12).
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Figure 5. Northemn blot analysis of poly(A*)RNA from the wildtype
and stable mutants of Matthiola incana. 2ug poly(A*)RNA per lane
was hybridized to the [%P]-labelled full-length DFR c¢DNA of
Matthiola incana. lane 1: 01, lane 2: 17b, lane 3: 19b, lane 4: 24,
lane 5: 25, lane 6: 28
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