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e =fh=tH X E E BrcuDFR-like/BrcuAXS By 52
g S5 RIEFMES R
B2 E O B, WET BAE

PR K2R 2R, BB 330045, 2 RN KRR E 2R, M 510642; LI AEYMRIEINL R, EE
330200)

B E: b7 IR <K BreuDFR-like/BreuAXS KIZhAg, it PCR # RACE K750/ T 3¢
% BrcuDFR-like/BrcuAXS ZEH ) cDNA I gDNA &K 751, g5 R R : ZIEH IS 4K 1 332 bp, 4
5 312 N FEMR IR EE . FHRH gDNA 2Kl 2460 bp, 5FH 8 NMAE TR 7ANET, WETREKN 1042
bp, HiH 3 MG TEAK, A 401 bpe WE T EH ZANEARFE S ICIRINE O, AN T
fE FRERWN IO S HHUERENENZ IO RN IO WRKY e R F I 45407 mi T g
Toft MYB #35% R 745 607 5548 . R 2 8 RT-PCR 3B iz tiz, &I BrcuDFR-like/BreuAXS B 4L
AT L @ E ST e, HRA e, STy DFR-like S 1 RIAHA W) &,
SH PN 2% 4 DR 7 S8 A K R B W B A ) DFR-like 10 W) e K T4 AXS fRIn] e, HLIhREn e S 02
BIFRAEAR NI F A G RF .

KEIR: i, dhir, BRI, Rk
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Cloning and Expression Analysis of BrcuDFR-like/BrcuAXS Gene in
Flowering Chinese Cabbage
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Abstract: In order to predict the function of BrcuDFR-like/BrcuAXS, both the full-length of cDNA
and genomic DNA were cloned with the method of PCR and RACE and expression pattern was
investigated in flowering Chinese cabbage (Brassica rapa syn. campestris L. ssp. chinensis var. utilis Tsen
et Lee) . The results indicated that the cDNA with the complete coding region was 1 332 bp in length
which encoded 312 putative amino acids. The corresponding gDNA was 2 460 bp in length which
harbored eight exons and seven introns. The longest intron was the third intron with 401 bp in length. A
computer scan disclosed that the introns harbored light-responsive element, gibberellin-responsive

element, defense and stress responsiveness element, heat stress responsiveness element, WRKY and MYB
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binding site and so on. The semi-quantitative RT-PCR analysis revealed that no detectable levels were
expressed during the first stage of sampling, then transcripts were detected during the two true-leaf, the
four true-leaf, the five true-leaf and the flowering stages. Based on expression analysis, it is more likely to
encode DFR than AXS, and it may play a role of transition from vegetative growth to reproductive growth
in flowering Chinese cabbage.

Key words: flowering Chinese cabbage; bolting; gene structure; expression

5% # (Brassica rapa syn. campestris L. ssp. chinensis var. utilis Tsen et Lee) X FR3zLy, 4 HRTFk
Bl A g )RS I e KRR P i 2 — (SR4RIR 5%, 20100, Hmh B, MORMEs, HRFEE,
R R R H e SRR N, AR, R Rekss, R sseR =0y b A E%
AT

VEZ T A FH cDNA-AFLP $3 AR A 22 ARl 22 57 S 20 5 i 22 4 s 4 22 e ), B 1 454K 133
bp MLILFHIFRA (EST) (HJHIE, 2008). ZLAELHAFLLXTRIL, %741 [F I 548l 7+ — S s
0 5 A T4 (dihydroflavonol reductase, DFR) A UDP-D - /5 3¢8/UDP-D - A4l (UDP-D-
apiose/UDP-D-xylose synthase, AXS) [ oh ] 2 41 [ s vE )38 3 90% LA b, FEiZ kR dr 44 0
BrcuDFR-like/BreuAXS. #iAHK CHRIRIE, DFR JEAEA)E O H LY & B G WIS 188 — A%
NG, (EAFTEETE R RE RN (AR 4, 2007; S0 4%, 2009; N0 55, 20105
BHT %, 20125 M 4, 2012); 1 UDP-D - /73 Hi/UDP-D - A¥iAHEE (AXS) WLEREY) D -
TSR TE S 2 P i AE UDP-D - 4 46 i T 2 i 2 43 50l JE B UDP-D - J7 2285 #ll UDP-D - ABE LA H]
(Ahnetal., 2006).

ARK P IE A EIR EST B, KM RACE $AR T Hi 314 BrcuDFR-like/BrcuAXS [¥] cDNA 42
K, il PCR BORY 1 gDNA 4K Feall. BT ADME B2 5 AT 53 BT BreuDFR-like/BreuAXS 42
KA. AP FRN S FEMERE, TR HA AR KR F B RIEEE L, DUH L
(1) T BE THI A3 ANAIE 5T AR ] B4 52 Bt

QY ZE SRS DARF

1.1 ##

PR B RS2 LR T 497 RIMR Gl RIS 80 K7, M) AR RNRHE B
WU EME . 2006 453 H 9 HEEM TEFRER, B THORRETFRA . fFE T IE)S, 1E38E 250
PLHURE, $EHUE RNA Fl gDNA.

1.2 BrcuDFR-like/BrcuAXS €K F 514 1

DNA FI$2ECRH 8 K CTAB 7% CEAGF 45, 2003). ik RNA $2EU% 8 Invitrogen 2w [ Trizol
WA BT, cDNA %84 2 CLONTECH /A 7 SMART ¢DNA Library Construction i 7! £
PR R

R4 BrcuDFR-like/BreuAXS K¢ EST 41, it ik 45 Primer 1 5554 7E 514 UMP 414 1%
B 3" KB, il 5|4 Primer2 J% Primer3 435l 5 € 514 UPM. NUP #ETEX T 19 5K, PCR
A A 1 uL cDNA BB, 2.5 uL 10 x PCR buffer, Mg®* (25 mmol - L) 0.5 pL, 0.5 uL dNTP

(10 ymol - L), 1 puL #45E514, 1 uL F-52514, 0.25 uL Tag AW (5U), 1825 uL ddH,0. %
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NARF R : 94 CTUALYE 2 min; 94 °C 30, Bk S5 “CE{ 57 'C 30s, 72 CLEff 2 min, 30
IR EE 72 °C 7 min ZE4f

WPt KBy E. R #5914 Primer 4. Primer 5 #f—471% ¢cDNA 5 DNA 4K JF41,
P HARGAE 2, ROV 94 CHIAZE 3 min; 94 °C 30s, 52 °C 50s, 72 'C 2.5 min,
30 MEH G 72 °C 10 mine LA EFTESIMFA] (R 1) ¥l A TAY TRA WA A . 3k
311 PCR ;F=#)2litbJ5 5 PMD-19T #ifkids: (fHHA TaKaRa $248). @8~ WHA0 52 K H &
DH5a BZA41M, AR AR R W 2 A E R i 4, 3 CIBE e Bk s b o R/ g
HOUTRL DNA, EcoR T Al Hind TIIXUEE D48 i, K AT f 5 A BH I JTORE 181 1) R 0% it 2 T 2R T
PR BR 2 w7 o

% 1 BrcuDFR-like/BrcuAXS cDNA #1 DNA £33 #5149
Table 1 Primers used in the cloning of the full-length cDNA and DNA of BrcuDFR-like/BrcuAXS

¥4 %% Primer 51975 Sequence

UMP 5'-CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT-3'
5'-CTAATACGACTCACTATAGGGC-3'

NUP 5'-AAGCAGTGGTATCAACGCAGAGT-3'

Primer 1 5'-CGGATTACAATACGCGTCCTCTTG-3'

Primer 2 5'-TGCTGTAGATAGTGTCAAGAGGACGC-3'

Primer 3 5'-TAATCCGCCGGTGTACAGATCGCCGCC-3’

Primer 4 5'-ATTCCTTTCCTCCATCCACCGAC-3'

Primer 5 5'-CTATAAACTAGAACCAACCACC-3’

1.3 BrcuDFR-like/BrcuAXS £iMFE 5 F 5149

I3 M3 2 BrecuDFR-like/BreuAXS f#) cDNA H1 gDNA 4> K454, J£7F NCBI [#) Blast Chttp: //www.
ncbi. nlm. nih. gov/blast) HEATHELE [FIYR AL R AAHARLE LEXT; DNASTAR KA N7 AME+
ZAME R R G A ;. PlantCARE Chttp: //bioinformatics. psb. ugent. be/webtools/plantcare/html/)
BAF TN & IR

1.4 BrcuDFR-like/BrcuAXS FixtER 9

WA EA F AR EEE (Y JHIE, 2008), 2rHIFEHCEE AR i 497 RIS Fh
MR 80 K7 FE 1. 24 4. 5 EI K AL AR AR B RNA, JF OS5 i3S —5% cDNA 4
Wb, 1852 & RT-PCR W50 2 AH G KL K] BreuDFR-like/BreuAXS (1R IAKEE

2 R

2.1 3XZ BrcuDFR-like/BrcuAXS BT &

PATFAEIA R AR 55— 5% cDNA NAEAR, KH] RACE $iARY #3543 T4 1043 bp 19 3 B
(1, 1) AM357bp 5B (B 1, 4). 3" BoRu 34 30 bp PolyA JE [, K 1 3 K i
SERGEA M. ST AL Blast LUATG, KIGZT AL E T 5 [RIEE 5IARG B (R 4 2% /5 1 ATG,
LY B 5134 5] T BreuDFR-like/BreuAXS JE K 5K 3 o
I3 WILLREEE gDNA FI5—8% cDNA A, ] Primerd Fl PrimerS 555 5347 PCR ¥4, 4
AERTFZ) 1300 bp (1, 6) F2 400 bp PiscERar (Bl 1, 7), &t 5IUHAR/N—3. 4tk =4
5T E 52 5 A AT i, PRI . BB Uk i ), WD) vkt 5 H B BOR/N e 4 AR



1578 W 2 % 39 ¥

[F (B 1, 100 1), RETHM B O wbEBI80A b F 8w A VR s e — 2y, 45 R

BrcuDFR-like/BrcuAXS cDNA 4K 341 4 1 332 bp, 7% T galid 312 N FEMR IR FE T ORF #E. 438 bp
(1) 3R EIX & 67 bp 1) S'AERNIEIX . ORF HEH 939 ML, AT LR% RS 707 128 68 ALt I,
LB WA TS 1006 AmsEE, gt s IR AR 4y 100 35.1 kD, HESEHLAY 6.35,

M 3 4 M 5

bp bp
500 500
250 250
100

8 9 M 10 11

2000
1 000

1 BrcuDFR-like/BrcuAXS [ cDNA #1 DNA £K5E &
M: Marker; 1. 24 3-RACE Jy BAITEATRL: 3 ~5 53514 5-RACE Ml 85—, 5074 J A R
6+ 7 733 cDNA HI DNA 4x{<; 8~ 11 2354 cDNA. DNA A KA FOR AT ) -
Fig. 1 Cloning of amplified fragment into PMD-19T of BrcuDFR-like/BrcuAXS gene
M: Marker; Lane | and 2 were 3’-RACE product and the recombinant plasmid; Lane 3 - 5 were the first, second cycle
products of 5'-RACE and the recombinant plasmid; Lane 6 and 7 were the full-length cDNA and gDNA;
Lane 8 - 11 were the recombinant plasmids and the digested product of the full-length cDNA and gDNA.

2 Blast LA RBL, %P H SRR S A MU ) UDP-D - /4 228#/UDP-D - A ¥ &%
HIRJP A RIS B2 T 91%. 82%FH 79%, LU Fd 7+ DFR [A] TA§A% 12741 (GenBank &35 :
BT001220) [AJE1ER 90%, #EF 250741 5L E I+ DFR [A) TEEAHIE D 95%, SR Fr. b
HiE AXS 739020 95%F1 93%. 3T ¢cDNA J7 4 I Z LR 7 4 A 0 R 8 o, SR 54
B 7F %) UDP-D - JF36H/UDP-D - A¥EAHE (AXST R AXS2) Fl & 3% Wi i Ji i ) T g (1) S 406 &R
i, HEGHAE . B 5 UDP-D - 7 328/UDP-D - ABE G REAR X B (B 2).

0.123 [ Gossypium hirsutum AXS1
0.092 i
BreuDFR-like/BreuAXS
0.042
0.034 | TUBEFF Arabidopsis thaliana DFR-like
0.051 4‘—
— WA~ Arabidopsis thaliana AXS2
0.019 0.052
o113 BT Arabidopsis thaliana AXS1
ILARE Solanum tuberosum AXS
0.181
0.05

2 3EMW BrcuDFR-like/BrcuAXS Rt thix
Fig. 2 Phylogenetic tree of BrcuDFR-like/BrcuAXS sequences with other related plants

2.2 BrcuDFR-like/BrcuAXS EHENEFE5 RN S FEMIFED
PASKEE gDNA BN, 4711 BrcuDFR-like/BreuAXS H:FI41 DNA 4 K551 2 460 bp, Mitd



8 H#A IS, SEEEREEAE S RE K] BreuDFR-like/BreuAXS 15 [ 5 3 i8035 4 1579

TR 1 B 28 1 35 T 3E 1 981 bp, L AE 2R H M Blast 38R K & AT A Ho e A i [R5 51 o 85 gDNA
5 cDNA JPHIAHILES, RIGZIER S 7 AN E 7R 8 M1, Hhah e 78K RN 939 bp, K
TTEKN 1042bpe 8 NIRRT, B 1 AR A, K 279bps 17T AW E TERES T3 N
Tk, HE NSRRI T 50 ~ 150 bp 2 (8], HRZARFEFRUER GT-AG N &1 BIHaEN) (K 3).,

ATG I, L L I, I, I, L
— . L -—-j—
TGA

B 3 3EM BrcuDFR-like/BrcuAXS EE (HLEH
AT WET: -
Fig. 3 Genomic constructs of BrcuDFR-like/BrcuAXS gene
EXtron: e— Intron: N

ATTCCTTTCCTCCATCCACCGACAATGGCGAACAACGGAGCCGTTAGATTGGATCTGGACGGGAAGCCGATCAAGCCGCTCACGATCTGCATGATCGGC
GCCGGCGGTTTCATCGGCTCTCACCTCTGCGAGAAGCTCCTGAACGAGACTCCGCACAAGGTGTTGGCCCTCGACGTCTACAACGACAAGATCAAGCAC
CTGCTCGAGCCTGATACCTCCGAGTGGGCCGAGAGGATCCAGTTCCATCGCATCAACATCAAGCATGACTCGAGGCTCGAGGGGCTCGTCAAGATGGCG
GATCTAthaaaatctcttttcctccgtaatgctgattgtacacgatctagcagatcgaaattgcgaaggt gttgtttagcgatttgtgata

TATC-box
gtatactcagatctgattctgaatttcaatcgt gettjtgttcatttgtattjatgtatattatcgatacggtgtcgtagegagattgtgaatg
Box 4 Gap—box

tgtttgtttgtttttttgegatgecagACGATTAATTTGGCGGCGATCTGTACACCAGCGGATTACAATACGCGTCCTCTTGACACTATCTACAGCAAT

TTCATCGATGCTCTCCCTGTGGTatgtgtttttcagcagcaattcaatctttgagggatgttagttgtgt gacattgaggttgtat
Box 4 W-box

aggtTAAGTACTGCTCAGAGAACAACAAGCGTCTGATTCACTTCTCCACTTGTGAAGTATATGGGAAAACCATTGGAAGCTTTCTTCCAAAGGATCATC

CTCTGCGTCAGGtctggcttttetteactctgatcatgtcattttitgtgtea agcggatcaagaagcTatgttatttgtacagctcactga

TC-rich repeats GCN4_ motif GCN4_motif
agatggattcagagttttaatatgagattgttgttgttgtttagattctcttaaaactcgattcagagtaagctagttctgagtctgtcact
GAG-motif
atccccttta(}tagtgtagtttattttcctgcaattatttgagtatggctttgagtcccaactactaccacctgAttt
TC-rich repeats HSE
Ttttgcttagtattcttatgccaagtttattactagtactacgtctgtctctgtatttattatttctgcaccactcatat
MBS I MBS

tegtettgttttttcaggATCCTGATTTTTATGTACTCAAAGAAGATACATCTCCTTGCATTTTTGGTTCTATTGAGAAGCAGAGGTGGTCATATGCTT
GTGCTAAGCAACTGATTGAGAGGCTTGTCTATthacgcagttctttctattatgataagcaaattcagtttacctagaggatctcattttc
P-box
ttttgtttgttegttgaagCTGAGGGTGCTGAGAATGGACTTGAGTTCACCGTTGTGAGACCGTTTAACTGGATTGGACCTAGGATGGATTTCATCCCTG
GCATTGATGGTCCTAGCGAGGGTGTCCCTCGTGTCCTAGCCTGCTTCAGCAACgtatgttacatgeteggtectataggecatataaactgecttettt
Tattgcctgetgettaact tt ttttgggggtattttcaghACCTTCTGAGGCGTGAGCCTCTCAAGCTTGTGGATGGTGGAGAATCACAGAG
Box |
AACCTTCGTCTGCATCAAAGATGCCATTGAAGCTGTCCTCTTGATGATTG tgagt tlgeattcattgtttateectgttageatetegttttgetgeact
CATT-motif
agttgtcaagaagttgeatctgaaatttcttlstttanataggAAAACCCAGAGAGAGCCAATGGGCATATCTTCAATGTAGGAAACCCAAACAATGAAG
HSE

TGACAGTAAGGCAGCTTGCGGAAATGATGACCAAGGTgagaaagcttgttcaaattataaaacatctaatatgattttcgatactcaaatgetggeaaa
acaaaaaattgacaggtCTACTCAAAGTGAGTGGAGAGACAGCTATAGAGAGTCCAACTATAGATGTGAGCTCCAAAGAATTCTATGGAGAAGGTTATG
ATGACAGCGACAAGAGAATCCCAGACATGACCATCATCAACCGTCAACTTGG

Bl 4 3% BrcuDFR-like/BrcuAXS #E gDNA £4€FF5IR IR /£ A T
REFRERNE TR, NGTFRFRNE TR ATG FomRI# T, TGA FRZ s 1.
Fig. 4 The full-length sequence of gDNA and prediction of cis-acting elements of BrcuDFR-like/BrcuAXS gene

The capital letter indicates extron, the lowercase letter indicates intron; ATG indicates start codon, TGA indicates stop codon.
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W3 NS T RZIEE KNS T, KA 401 bp, ZHE 6 NN S T FRIK R 4 544107
bp), 2 M T NG TR, R 79bp. WETHENEENT>A>C>G, Hi A ThkE
TEIEFT 6536%, WEETIET 50.86%, FANETT A - T FEEEMN S8, 4
PlantCARE 7EZ /0 T LRI N & 7 oofl, 4P BN S T FR T &4 26 1~ CAAT-box. 2 /> TATA-box
GRS IO, BT AT S SR ACE A E - e, ioe N ot Box T GAG-motif,
Gap-box. CATT-motif. TCCC-motif Fll Box4 %5, 755 Z W N ot P-box Fl TATC-box, Z5HihH
Jop Y 5 AH G B 2 TG4 TC-rich repeats, #AMaRJGAF HSE, WRKY % 5% K (1 45 547 21 W-box &
T ME T MYB #5745 607 5555 (8 4D,

23 XEARRE % B EI BrcuDFR-like/BrcuAXS By FRikiET

Pag it RT-PCR 4047 1 H IR AESEZEEE 1. 20 44 5 )7 UM ROTAR I RIA R, 45 R W
FESCEETLZAGA T 497 NIBERGRFT TS0 80 K7 AR A T I U 3 R IA B A&
Sto FEER 1 A M, PIAS S PP ESRASIN B3R RIE, FEREJE ISR 20 40 5 7 B R OTAER,
P AR AL . o MBI (2008) iRIE, #5 2 Jy B AR S AL tE FR A KR 1) AR D A
K el WRIAEA T, BreuDFR-like/BreuAXS 1R 2T K B I BLRrel ik, JBiHE %
BB D @R H AT, SRR 2 BB WY 9, o e TR B R AT (I 5D,
HT BT 2 56 LA ) Th € T REL5 5 4278 77 0 AE L G fE 7 AR L B ARAT O

BreuDFR-like/Brewd XS

[f-action

B 5 3&E BrcuDFR-like/BrcuAXS EEFixER
E QR FAGF ahi 497, LACERMGAEA EFIZEL 80 K7 1. 2. 4. 5. TR
WL 2. 40 5 AT .
Fig. 5 Expression analysis of BrcuDFR-like /BrcuAXS in different periods of two cultivars

E, L: The early blooming variety and the late blooming variety; 1, 2, 4, 5, f: The periods of the one, two, four,

five true-leaf and completed flowering.

3 e

DFR 2= IEAETT 2 AW & BOSAR  CHERE 2 —, TEAEM) T A6 S e SE B AR Ak, rp ke 4 T B4
M GRS 4, 2012). HAET, HEPACOTITE R SAHCHE R FE R AR T 2850, Wl
Iry K Tl B WS LMY (Shirley etal., 1995; Xieetal., 2004; A4 2%, 2007;
Gepti A%, 2011; EH %, 2012). i COHGEMAEDE BRI, DFR J8 T H It PR li/NE R K
B, WHEAFREDSNE FRIN S FAEREZ A Ry ngdnt 2224 ka4, S,
BAR SR ITAE DFR BEFAUPHI S 6 NMMNET S AW S bR £k, R
RN R 3NN, 4 MR T KR DFR (AB003495) HAT 2 M T (XD 2%, 2009).
W T BAGISE E I, H—SS oot T Resm H MR 1 3R0E,  Wndfinge ik K P s gk 3 3 R
R, FEBET AR, B SRR  7 AN SRS R RO
WHA AT 45 3, AR & T AR SRR PRI S D RS UESE, W& TR = R 2]
Wi DFR #e e iR WA RIS, 75—,
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UDP-D - /r320i/UDP-D - KPS (AXS) Aefiifk UDP-D - HiZMERE R IR, 20 Il B i 3
A TR 4 B %5y 52, 53] UDP-D - J£320i 1 UDP-D - KK E &) (Baker &
Blasco, 1992). FIFIMAH 55T NbAXSL FERPLER(VIGS) WKL, HIELT UDP-D - fr2EHi/
UDP-D - AHE A i B AR 1 A1 2 008 o HAH G SCHRAROE , NDAXSL 7EFTHHYIes B h ik, S
96 E AR RS 8 A B EE eI R . — H4id UDP-D - /4 28#/UDP-D - AREA B
AXS UTER, K FEEMREE N WA, PR 2 A0 H 45 A R R SRR O ) A PR SE R
L, A2 5% (P PR 40 B A R IR, R 1 R ek R AR SE ARk UDP-D - 7 hil/
UDP-D - A¥i &l LIl v] fe R BURELS) i BUE (Ahnetal., 2006) .

AT NIERIR A G5 B, AR R F BN, A TR RIA R ROK, AT
AN DFR T 4E R (Nakatsuka et al., 2003). Wi H FIERALESEA KR B IR PATE AXS 3
KIZhfE, UDP-D - 7328/ UDP-D - ABEA B2 7 LKA AT {28k UDP-D - /v 3¢8E/UDP-D - K
W AE R, RIMZEERAES | AR A SRR IE BN >, SRS KT RS BUREL
YIS RS, HILFEERATE UDP-D - /- 2C6E/UDP-D - AHE &l sh BE R mT REPEAS K

gi Pk, BN giY DFR-like BT AEPE R T-40hS AXS B, MO IhAEnI e 530t K
RETEFSEAL 0y EHREARR G, WRe NI ZAEY GBS OGN, e —
Flds S g, BRT RE SR — PP I S B R S A SE, T Re R I E AT 2. 3 R RRE I R R s, Wi —
AR HEEE T A AT BIE
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