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WA B B S ) RsUFGT , UL W s %
I F i ol R R LA R R

1 #RlE7F*E

.
A B0 1E AN [F] B 28 B A 85 1S 5 < Wl e 21
(B2 L0 CBEAE (HE L) L0 15 WIE
BN L) FIERE S AR [0 L 1
SR, ORI SRR N UGS Bk ST
WEALL B N e S2, WA # MRS, SR
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FEG T 3 mL B4R (Vg * Vi ¢ Viggm = 85 ¢
12+ D FEREOCFE R (5~6 by, ALl 22 b
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AD sy X 5X3X445.2/29600 X 0.1, R, £H H &
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Table 1 Primers used in this study
5|9 %4 # Primer name 514 %% Primer sequences & Usage
RsUFGTI1-F CTCCTTCACTGTATTCTCTCACC
RsUFGTI-R ACTCTGCTATTGTTACCAGTAATAC
RsUFGT2-F CTTGTCTCCTCACAAGTCACAACC F—
i
RsUFGT2-R CAGCTATGGTGGACATCCATAC Gene amplification
RsUFGT3-F ATGGCCAACACCAACCAGCC
RsUFGT3-R TCATGTCAACCGTGAATCTCCTC
QUFGTI-F GGAAGAGCTGTTGAGGCTGTG
QUFGTI-R CAATAGAGCTTCCTTTTGCAG
QUFGT2-F CACGAATCAACGGGTGTGTA 2505 B PCR
QUFGT2-R CCCAGATAACCTCCACTGCT I:‘ lf = PCR
QUFGT3-F CTACTTCCCGAGCATCCAGT eatime T
QUFGT3-R CCCTTTAGTTTCTCCCAGTCC
QRsRPII-F ATCACGCTAAATGGTCTCCT SEErS
QRsRPII-R GCTGCTCTCAATCAAGTCAATC Reference gene
125 5 457 NR M, RsUFGT 3 7E 493 bp Ab 42 AT £
—_~ ‘E - N ~ N v >,
»g Lo 1k AL G 164 AN SRR . 8 k%R 51 b % B
g o | s .
e e RsUFGT1 Ml RsUFGT2 5% b 3 5 41 o 75 0 1) )5
= 0.6}F N
§§§ ol 5] RSG23714. t1 F1 RSG06553. t1 AH 6L 14 43 %1
g 0.
ﬁgg 0.2k 96.220 1 99.0 %0 , UL WA TR B | i Fof 1] 3 P 47 22
<

-
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B bR AR

Skin and flesh tissues from
different radish cultivars
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Anthocyanin content of different tissues

1
Fig.1
from different radish cultivars
22 PEASE b RsUFGT By ORF 3 447
FIIH Blast £ ARTE S I e K 20 B85 A v i 32 fi
W RsUFGT FEH P4, Xt A # b EEH A A
3 RsUFGT ¥4, 53 5l 4ir 44 4 RsUFGT 1 RsUF-
GT2 M RsUFGT3, M4 H 7o & it =514, LA
MIREE b2 1557 BT cDNA iy B Al 47 35X
A 3AEREB ORF B4, WFE5 R BoR 3 R
PR BRI 1 383.1 374 1 1 408 bp, 1
RsUFGT3 3 F1E 493 bp Ab H B — A4 1k %15 F
TAA,TCHEIER BN — S E A, it 55
DA 4 2 2 T £ 32 TR 2 01X 1) Bb o B i 3 TR
BR T 889 bp. 1L T BB AR (B 2)
23 MEBEE N RsUFGT MEEBF IS
RsUFGT1 #if% 460 2 52 ; RsUFGT?2 %

S8/, RsUFGT1 5#lmJr 19 UFGT & )7
HICCACOLI717. DR A LM R 73.0% , RsUFGT2 5
P IFH UGT (NP_197205. 1) By 22 L /R A5 Ll 1 N
(67.0%), RsUFGT1 5 RsUFGT2 & 3 B2 ¥ 51 i1
FPE R 74.9% , RsUFGT1 5 RsUFGT3 4 iR
B30 (A LM A 78.0% . RsUFGT2 5 RsUFGT3
LR 9 B AR ALPE N 80.0% . E LR 91 LX) 43
Mr & 3 RsUFGT1 Ml RsUFGT2 A C im & A
— AN H 44 A SR R AR R R B S R T
PSPG Box(plant secondary product glycosyltrans-
ferase) FF (] 3), FHIL, AWM E b 401
5 URL A R AR v 5 BE S B 1 RsUFGT1 #il RsUF-
GT2 ity (4 25 1P 51 EL A i 3 R 50 B4 A e 471
X — IR W T 8 o 2 B R R A 1A
FH ClustalX #fEF Mega 5.0 B4 #4724 3
M2 (1) 22 )5 5 Lo X R &R 8 i AR 43 B (BT 4D, 85 2R 1
N AEPI ) UDP-HE SRS 1 vl L4 4 A% B
110 3 H A AN 6] /Y 5 o5 ) W 3% 5% A% il 44 1 0% 14
Cluster | #IA N EZSHE R 3-O-4] %4 bl B 5% 52 1 ,
Cluster IT # I\ Ry & 2 B i 5- O - 5 4 M 3L 5% B il
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Fig.2 Comparison of isolated RsUFGT3 gene from ‘Hongxin No. 1’

'3 ATGGCCAACA

ATGGCCAACA

TCGCCTCCGC
TCGCCTCCGE

TGACGTCGCC
TGACGTCGCC

GOGATCGCGT
GCGATCGCGT

CGAAATGGGT

CGAAATGGGT

TTTACGAGAG

TTTGCGGTGG
TTTGCGETGG
TTGAAGGAGC
TTGAAGGAGC
TACTTCCCGA
TACTTCCCGA
GGACTGGGAG
GGACTGGGAG
AAAAGGAAGC
AAAAGGAAGC
CTGTGAGATC
CTGTGAGATC
AGTACGGACC
AGTACGGACC

6T

CCAACCAGCC AACCACAGAC
CCAACCAGCC AACCACAGAC

CTCTCCCACC ACACTCTTCT
CTCTGCCACC AGAGCTCTTCT

GACTGCGATC CGGAGGGACA
GACTGCGATC CGGAGGGACA

CAGCGGAGAG TGATGTCGGT
CAGCGGAGAG TGATGTCGGT

TGTGTTTTGG GCAGGAGGAC
TGTGTTTTGG GCAGGAGGAC

GGTCGGGTCG
GGTCGGETCG
CAGAAATGGA
CAGAAATGGA
GCATCCAGTG
GCATCCAGTG
AAACTAAAGG GAATGCTTTC
AAACTAAAGG GAATGCTTTC
CTTAGGAGAA ACATATTCAG
CTTAGGAGAA ACATATTCAG
CTTTTGGCTG CAAGGAGTAT
CTTTTGECTG CAAGGAGTAT
CACAATTGCA AACCACTGAG
CACAATTGCA AACCACTGAG

GGTCGGGTCG
GGTCGGETCE
GATGCAATCA
GATGCAATCA
GCTGTGCAGG
GCTGTGCAGG

TCCCACGTAG CCATTCTCGC
TCCCACGTAG CCATTGTCGC
CCTTCTTCAA CACCGCTCGA
CCTTCTTGAA GACCGCTCGA
CGTGTTCTCC CGGAGACCAC
CGTGTTCTCC CGGAGAGCAC
AAGAAAGTAA CATGCATGTT
AAGAAAGTAA CATGCATGTT
CAAACTCGAT GTCTGTTCAT
CAAACTCGAT GTCTGTTCAT

TT cA
GGGCAAAATT GAAAACTCTT
GGGCAAAATT GAAAACTCTT
TCATCGGATC ATGAAACTCC
TCATCGGATC ATGAAACTCC
AACCAGAAAT GTCAGAGGAA
AACCAGAAAT GTCAGAGGAA
GTGGTGGTTG ACGAAGGTAT
GTGGTGGTTG ACGAAGGT-

TACTCGTCAC TCGATTGGAT
TACTCGTCAC TCGATTGGAT
CTACCCAAAG CTCTCGAAGC
CTACCCAAAG CTCTCGAAGC
GAGGATACAA ACGCAGCAGC
GAGGATACAA ACGCAGGAGC

TTTTCCCTAC GGCACGCACG CCGCTCCTCT CCTTGCCGTA ACGescceTe 100
TTTTCCCTAC GGCACGCACG GCGCTCCTCT CCTTGCCGTA ACGeGecoTe 100
TCCAACTCCT CATTGATCCC CTCAGATCTT CCATCGAACA TTCGAGTCCA 200
TCCAAGTGCT CATTGATGCC GTCAGATCTT GGATCGAAGA TTCGAGTCCA 200
AGGAGGCGGT TGAGCTGTTT CTCGTAGCGG CGCCTGAAAT TTTCCGAAAA 300
AGGAGGCGGT TGAGCTGTTT CTCGTAGCGG CGCCTGAAAT TTTCCGAAAA 300
AACGGATGCG TTCTTCTGGT TCGCGTCGGA TATGGCGGCA GAGATGAAGG 400
AACGGATGCG TTCTTCTGGT TCGCGTCGGA TATGGCGGCA GAGATGAAGG 400
CTGTATACAG ATGTCATCAG AGATGCCGTA TGTGTGAAT- --- 489
CTCTATACAG ATCTCATCAG AGATGCCGTA TGTGTGAATG 500
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 489

GTTGTGTTTG GGAATTTAGA 600

rrrrrrrrrrrrrrrrrrrr 489

AGTTAGATAA TACACTGACG 700

rrrrrrrrrrrrrrrr 489

ACAAGTGCAT GATCCTCACG 800
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 489

GGAGAGCTTG TGGCGATAGC 900
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 489

TGGAACAAAC AAGAGAGCAA 1000

-------------------- 489

GAACTCCGTG CTGGAGAGTG 1100
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 489

GAGATTGGAG TGACGATTGT 1200
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 489

GGAATGCTAA GAAGCTTAGA GATCAAGCGC 1300

o - -6c GAGTA GAAAATTAAA 511
T c AGC TTAAAGAGTA GAAAATTAAA 1400
GCTTCATCAA TCGGCGTTCA GGAGTTGGTT CTAGGGATAT TATTGGGAGA 611
GCTTCATCAA TCGGCGTTCA GGAGTTGGTT CTAGGGATAT TATTGGGAGA 1500
CTCCTCCCTC CCTCCTCCCA GTGACGGTGC TCCACGGCAG GATAACGGCC  T11
CTCCTCCCTC CCTCCTCCCA GTGACGGTGC TCCACGGCAG GATAACGCCC 1600
GAAGTAAAGG GCACATTACA AGCAGTAGCA TCTACTGGAA AGTTCTGGCA 811
GAAGTAAAGG GCACATTACA AGCAGTAGCA TCTACTGGAA AGTTCTGGCA 1700
GTTCCAGGTT CTGTCAGATT ATCCTGAGGC AAAGATGACG GACGAACAAC 911
<-----T CTGTCAGATT ATCCTGAGGC AAAGATGACG GACGAACAAC 1789
GAAGCCCTTC TTAGTTTCGA CGAAGGTCCT CCATTTACAC TGCAGAGACT 1011
GAAGCCCTTC TTAGTTTCGA CGAAGGTCCT CCATTTACAC TGCAGAGACT 1 880
TTGCTCTTGC TTTAGAAAAG AATCTGTTGG TTACTTCGAT GTTATCCATC 1111
TTGCTCTTGC TTTAGAAAAG AATCTGTTGG TTACTTCGAT GTTATCCATC 198G
AACGGAAGAC ACAAATACAC CAAATGGAAT TGAAGCAGTG GTGGGAGGCG 1211
AACGGAAGAC ACAAATACAC CAAATGGAAT TGAAGCAGTG GTGGGAGGCG 2 089
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sequence from radish genome annotation
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Fig.3 Amino acids sequences alignment of glucosyltransferase from different species
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Fig.6 Correlation analyses between gene expression and anthocyanin content
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Cloning and expression of RsUFGTs in red radish
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Abstract To clarify the flavonoid glycosyltransferase gene(RsUFGTs) involved in the biosynthesis
of anthocyanin in red radish,three candidate RsUFGTs genes were screened from the radish genome,and
the open reading frames (ORFs) of three RsUFGTs were cloned and sequenced and expressed. Results
showed that the ORF length of RsUFGT1 and RsUFGT?2 was 1 383 bp and 1 374 bp,encoding 460 and
457 amino acids, respectively. However, RsUFGT3 was mutated with early termination. Protein se-
quence alignment and phylogenetic tree analyses indicated that RsUFGT1 and RsUFGT?2 both contain
PSPG conserved domain and belong to the same UFGT class. The results of real-time quantitative PCR
analysis showed that the expression of RsUFGT1 in ‘Hongxin No.1” was relatively high and no expres-
sion was detected in skin of ‘Mantanghong’ and in skin and flesh of ‘Chunbulao’. The expression of
RsUFGT1 was positively correlated with anthocyanins content in tissues of different radish cultivars.
However,no obvious rules of RsUFGT 2 expression were detected. It is indicated that RsUFGT 1 may be
one of the important structural genes of anthocyanin biosynthesis in red radish.
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