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i E HARBEREFORNGSTNERZLE )., MEIRAARE R EF SRR dfr 3 R E R EB Z R E
Fay#em, A EARBE (Ribes nigrum L.). 2428 £ (Ribes rubrum L.) =& 428 £ (Ribes albrum L.) & 5% 4K
#, @it RACE 7 ik s — A F BB 4-iL R Bg (dfr) 3AF cDNA 2K 57|, £ 54 4% %4 Rndfr. Rrdfr #= Radfr
(KY786100. KY786101 A= KY786102). % % &K & 4 #7 4%, Rndfr. Rrdfr #= Radfr /£ @4t £ B4 4 5 49 F) R
MERELBEARRN PO ETSE, RET, ERBEFOCABELECFT LS TRGLMAERENLFT RAM
B, mA ERETREFSEMK, LFAMNFILESF. £ PCROWAYN, dfr £2ZARBE T ey RE
TERERANZIANATPH S T o ORBR. MARKLABRTHE X RE A EMER, £R2ARBEY, dfr
MEAZRZEREZAFSE LAGLY, ELRBET, REFEH TNT dr R EETRSG, LETH;, £aitE
Ed, dr (9 R A ZEAREZNTHLY, LEAX TR, HMNdr AR EBERETZEFLEHA.
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Cloning and expression of dfr in Ribes L. during fruit
maturation

Xue Liu, Qiuying Feng, Linlin Yang, and Qijiang Xu

Key Laboratory of Saline-Alkali Vegetation Ecology Restoration, Ministry of Education, College of Life Sciences, Northeast Forestry
University, Harbin 150040, Heilongjiang, ChinaAbstract: Little is known about the molecular mechanism of currant
anthocyanin synthesis. We investigated the effect of dfr, a key gene for anthocyanin synthesis in currant, on anthocyanins of
different color currant. Black currant (Ribes nigrum L.), red currant (Ribes rubrum L.) and white currant (Ribes albrum L.)
were used as test materials to determine the anthocyanin content at different stages of fruit development. Three full-length
cDNA sequences of dfr gene were cloned by RACE (Rapid amplification of cDNA ends), and named as Rndfr, Rrdfr and
Radfr. Phylogenetic analysis shows that Rndfr, Rrdfr and Radfr had high homology in evolution. The determination of
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anthocyanin content in different stages of fruit development shows that the content of anthocyanin in black currant and red
currant was higher and gradually increased with the ripening of the fruit. While the content of anthocyanin in white currant
was extremely low, and almost no anthocyanin was detected. Quantitative RT-PCR analysis shows that the expression level of
dfr in black currant was higher than red currant and white currant in each period of fruit development. As the diameter of the
fruit increased and the color of the peel deepened, the expression level of dfr in the black currant showed an increasing trend. In
the red currant, the expression level gradually increased until the period of 75% fruit color, then the Rrdfr decreased rapidly. In
white currant, the overall trend showed a downward trend, and its expression level was the lowest. All the results suggest that dfr

gene plays a role in the process of fruit color.

Keywords: Ribes L., anthocyanins, dfr, gene expression
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(Dihydroquercetin, DHQ) fi#fk A LA b 2, ¥
A M # (Dihydromyricetin, DHM) 4k h TG
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M ST A M A 75 BRI AR E k0, 18
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() BRSO | 2 AR SR R A S AR SN i A
B (E 1),/ 9RAET 201745 H FRIR 7T AR,
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Fig. 1 Fruit of Ribes L. in different growing stage. From top to bottom were R. nigrum L., R. rubrum L. and R. albrum
L., the color change degree of Ribes L. is indicated by numbers in brackets.

553 nm 4b 143 6 BE I 2 B BOR A O GAE L TR
iF, 75 600 nm b s AT ROGAE I , 78 6 H A
XA ROGEZ 25, ZEAE M 0.1 774
— AL U, U=(ODss3—ODe0o)*x10. AN ik
EIAEE  AEETFIE S A mg/100 g.
1.3 RNA R £ E 5w [E

A RNA BFEECR I F Jb 5t Bioteke A= 4H,
A A7 RN w) R 3 B RNAGR £, Fl F P19E
(F 1) Ml AACE X S AW EARA R 1)
e R G AT R A3 3] cDNA, HET TRy Sk
/e

TS5 dfr 5209 3'-cDNA JF41 5% 1] cDNA K
sy e (Rapid amplification of cDNA ends,
RACE) 7:2K445 , 7€ NCBI (https://www.ncbi.nlm.
nih.gov/) B e b AT 4k O R R IR | BLE dfr
FLH Y cDNA 751, DLt f#E 3'-cDNA ¥
RS54 (F 1), 20 uL RWAKRMTF . 10x
TransTaq HiFi ZZ i 1T 2 pL, ¥k 2.5 mmol/L {14
dNTP Mixture 2 pL, #&# cDNA 1 pL, ¥WEEH
20 pmol/L - Fi#514) ( P18E Al dfr-3'RACE ) 4%
0.4 L, TransTaq HiFi R4 0.2 puL (5 U/uL), H
A AZEEARAN TS . SOV FERE : 95 CHIZEYE 5 min;
94 “C7E¥E 30's, 53 *C (Rndfr). 53 °C (Rrdfr). 54 C
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(Radfr) Bk 30s, 72 ‘CHEffi 1 min, 30 MG ;
B J5 72 ‘CHEA 7 min, 4 CI#1F. fdi ] pEASY-T5
Cloning Kit Zk /AR50 G0k m e 4lifb i B 89 B B 5
A A 2 VAR AR AR pEASY-TS
ARAARUEA T 1 1 SN, 32 2 18 i DRUAS I 2 W) U Y

PRI Y B 3% ¥ 411511 5'RACE 514
(# 1) AT HE PCR. FIM44ES 9 Anchor (£ 1)
1 dfr-5'RACE-GSP1 LUl dA 21 cDNA it

x1 BERIArERTERRESHIY
Table 1 Cloning and expression analysis primers of
Rndfr, Rrdfr and Radfr

Primer name Primer sequence (5'-3’)
P18E GACTCGAGTGCACATCG
P19E GACTCGAGTGCACATCG(T)7
Anchor GGCCACGCGTCGACTAGTAC(T);7
Adaptor GGCCACGCGTCGACTAGTAC
dfr-3' RACE ATGCCTCCAAGCCTCATAA

dfr-5 RACE-GSP1 GGGCTGCTGTCCTCAACGTCTT
dfr-5 RACE-GSP2 GGACAAACTCCTATAAGGCAAA

Radfr-RT-F GCCTCCAAGCCTCATAAC

Radfr-RT-R GCATCACAAGCAGAGCACA

Rndfr-RT-F TAACCGGACTTTCGCCAA

Rndfr-RT-R AGCAAATGTAGCGTCCCTT

Rrdfr-RT-F GCCTCCAAGCCTCATAAC

Rrdfr-RT-R GCATCACAAGCAGAGCACA

Actin-R CTCACTGAAGCTCCTCTCAACCCAA
AG

Actin-F CCGTCTCCAGAGTCCAGAACAATAC
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#4175’ Outer PCR, % & 54 Adaptor F1 dfr-5
RACE-GSP2 #:£7 5" Inner PCR ¥4 , 7 [ i filh 5
dfr ZE[H 5'RACE J¥41], R i iA R FE 1 B
[l 2t | 4 35 1 LA 465 3'RACE A ] .

1.4 EMERFESR

FEBRATAE AT B WA OGS IR A A 1 1R 7 91 A
NCBI % 3 ) 4% 11 B B4 )% b 2 M s i ORF
finder T HAfE S 3 [N B BEAE , 78 NCBI AYfR~F
gEfy iR (CDD) #8E /%  (http://www.ncbi.nlm.nih.
gov/Structure/cdd/wrpsb.cgi) %t 15 5] A9 24 It iR
JE AN HEA T ORST G5 R I, AT 4ff 2 Dl B 45 A4 1k
I MEGAG6.0 % 4 LA 48 i A % 7% (neighbor
joining, NJ) WHEHRGE L BN .
1.5 SLHRAEEENH

A3l BEHL 3 FhEEEE 3L 5 AR B AR
SCH) RNA, WA E£4AY TR (ORiE) ARRA
f) PrimeScript™ RT reagent Kit Perfect Real Time
R & AT SR S5 o 53 0 SO R i T AR SR AR 52
ANFE B S 557 cDNA, i I SEIHE
PCR 5% (3% 1) #1 ABI7500 PCR {¥i#4T Rndfr.
Rrdfr 1 Radfr i SE i) %€ & PCR 20 #. 20 pL SEHY
FE AT VAR R AR 2 B 1 ug cDNA Jit 200 pL
KRS TER) cDNA Hikk 8.4 pL, % 0.8 pL W R
20 umol/L SR g 5t F RS9 L K 10 pL Power
SYBR® Green PCR Master Mix(2x), W FEFH :
95 CHiAEPE 2 min; 95 °C 10s, 60 C 455, 4T
40 MEP . —APEEEESE dfr LR A AR Xk K
i il 272 2C ke AT, Actin FikKENNZ,
AN i B P9 2 B R R BR8] (9 PCR 52 iy 34 ] Bisf
SERL, HEA 3T AEYSEE .

2 ER5AW

21 HWERREEBHEIESN

ntel 2 MlE 3 P, A & B RARA R K
N ARERESE, FEET S R i O TR BERE S . B
HRIZEEALNR, RGO ZHIMGE, HRERER
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Fig. 2 Variation of anthocyanins contents in peel of
Ribes L. during maturing.
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Fig. 3 \Variation of anthocyanins contents in peel of
R. albrum during maturing.
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2.2 FTEERZE dfr EEHIL K cDNA RIER FFIH
FIH RACE ¥ v 15 2] S 5 5 5€ Rndfr
(GenBank % %5k KY786100). £IFifLESE Rrdfr
(GenBank % 5t 5 KY786101) Fi1 [ F it 52 Radfr
(GenBank %5k KY786102) ) cDNA 2K .
Rndfr J& K 41 1 279 bp, FFRIEAE R JE 1014 bp,
i 337 N ILAR s Rrdfr FE[F 4K 1283 bp, JF
PR EEHER: 1059 bp, #f 352 M2 ALR ; Radfr

FER 4K 1325 bp, FFk B EAHE R 1059 bp, 4ifidh
352 N KR . i SOPMA Tl i) Dfr 85 1 i) — 4%
ZEF AT, Rndfr, Rrdfr F1 Radfr 4 fi5 () 28 3L 154 5%
Heh o B2ES 95 34.42% . 36.36%7H1 36.08%,
TEMRBES> ) 5 23.74% . 20.74%F1 21.02%, P ¥
A3 di 12.46% . 10.23%F1 9.94%, AS LI Hh 43
5 29.38% ., 32.67%7 32.95%.,

L H LR L g R 4 Bk, 3 RS

RnDfr T VK ‘ G 76
RrDfr TG ng CHLIWL, PIARTINL, €S|gDEAN 76
RaDfr | NBISKVKHL WL i 76
ViDfr T 11* CHIJ 1 A < 76
NgDfr 7 ]]g ) A < 76
VvDfr i 76
LfDfr i 76
PyDfr S 76
dDfr § 76
PcDfr g 76
AKkDfr ) 76
PaDfr g 76
MiDfr ... 74
PsDfr 80
FaDfr 76
FvDfr 76
PzDfr 79
CmDfr 76
LeDfr 76
PrDfr 76
RoDfr : PER< 76
CsDfr / ,PIARITIEIL ol 76
PIDfr RD KVKHLMBL. PIAIT ! 80
v¢vtga gf gsw rl e gy|]vratvrdp n kvkhl i
Consensus NADPH binding domain
RnDfr 18 FEKD P ENER TR THBCEE 56
RrDfr i pe— 36
RaDfr T 56
ViDft 1 36
NgDfr ! 36
VvDfr I 56
LfDfr I 36
PyDfr I 56
dDfr I 56
PcDfr I 56
AkDfr I 56
PaDfr I 56
MiDfr I 54
PsDfr I 60
FaDfr I 56
FvDfr I 56
PzDfr I 58
CmDfr i 36
LcDfr 1 56
PrDfr T 36
RoDfr T 56
CsDfr G < I 56
pibr B ! B To0
Consensus ? ’ oo Substrate binding domain

4 TEBEZE Dfr SHMEY Dfr REBR S 55 th X MR o

Fig. 4 Alignment domain part of the predicted amino acid sequences of RnDfr, RrDfr and RaDfr in Ribes L. and those of
several other plants. The 134th amino acid in the red part of the currant Dfr shown in the picture is valine, which is a
non-Asn/AspDfr. ViDfr: Vitis rotundifolia, AGJ70142.1; NgDfr: Nekemias grossedentata, AGO02174.1; VvDfr: Vitis
vinifera, NP_001268144.1; LfDfr: Liquidambar formosana, AGT28278.1; PyDfr: Pyrus pyrifolia, AFF60412.1; MdDfr:
Malus domestica, AAO39816.1; PcDfr: Pyrus communis, AA039818.1; CmDfr: Crataegus monogyna, AAX16491.1;
PaDfr: Prunus avium, AHL45016.1; PrDfr: Prunus cerasus, AJO67978.1; LcDfr: Lotus corniculatus, AAV71171.1; PIDfr:
Paeonia lactiflora, AF171899.1; RoDfr: Rosa rugosa, AlU34714.1; CsDfr: Citrus sinensis, NP_001275860.1; MiDfr:
Mangifera indica, Al'Y25001.1; PsDfr: Paeonia suffruticosa, AMW36065.1; FaDfr: Fragaria x ananassa, AHL46451.1;
FvDfr: Fragaria vesca, AHL46448.1; PzDfr: Pelargonium zonale, BA178343.1; AkDfr: Acacia koa, AOX49226.1.

http://journals.im.ac.cn/cjbcn



W HAEEEE dfr WREREAERIMRGERHIRE 1625

5 Dfr B ILIR ¥ 51— Z Ik E) 1 93%, 5 ELAE
KR FOAH A 5 Eo At 20 FpAE 4 Dfr (14 [R] I #R 7E
80%/cfro UILAh 3 FhEEMSSL dfr gt i & B2
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A5 TS S dfr JE DR A AR ) dfr JE DR ) 2 0
BRIy 4t MEGAG.0 I ERGE K E R, i
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R, B 5 255K, KA A KA
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MiDfr Mangifera indica
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——AtDfr Arabidopsis thaliana
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Fig. 5 The construction of phylogenetic tree based

NaDfr Narcissus tazetta

on Dfr protein by the Neighbor-joining method. Bootstrap

verification indicates that the percentage (%) of the credibility of the branch is marked at the joint. Scale bar indicates

the length of the branch.
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=32, H 3T MR RN 75— 32 = PRERE S
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Fig. 6 Relative expression levels of Rndfr, Rrdfr and
Radfr.
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3 Wit
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K, % Rndfr, Rrdfr #1 Radfr Zmfid & 3L 45
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F SRS S0 5, J& T NADB BIE R iR,
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254 X I A LR 7 51 A 520 B AN 4 2 K
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TR TR AR 22 45 A 35 DR 0 e st TR 1 T I 5 1 1 45
B OIFEYE REE— R 3 B, o
BRI N BEa A B BE . 28 ¥R I R 1 O B S 1
BMEMAET RA W E, I T REMRIEREN
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SR 1 o A6 (0T 1 & Rl 2 — 1> 2R
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Hh ke 25 E A VR P EL 3 — A S Sl 1 PR

F3h (BELcH 3-F21b) Jeqb iy Z ALY & ik
i bF Chs fil Chi (& B S HIRE) T ilrY5s 3
AN JEHERE . Ans/Ldox (B0 A R G (76 (T
SUME ) 26 1T B B 48 A i ) 57 — O B il
DL R Ufgt (SEHER 3-O-FiMisL i o ) J2 b (a iy
A BGE R TE —EF, BrLL 3 RS SR S E
225 R dfr BEIR A 3 I8 BT e T B —
RATFSE . RS hrp, AT RS2
Demyb6 [T AP R, HEEIFIR
F5Z% chi F1 ufgt FAKFHISEM, T chi 1 ufgt
(19323543 5152 VwmybPAL i VvmybA2 45126271,

Pgmyb BEJEHEFT 1SR S (A BP0 R 4R
6 T B 5 46 G B R DR R B SR TR
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1 Radfr 5 _Eif g5 M BE A RE G R, hy e B
fifs O R S €0 22 7 AR €6 1T A A 4 T HL 25
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