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Abstract: The anthocyanins biosynthetic pathway and its influence factors, related regulation genes
were summarized in this paper.
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1675 M R B B B KBt 2% 22— (Clifford, 2000). 1675 Z 2 HMAA N I— K2k
DAY =1, PR, DO 1B AR TR AMEE Y (Fleschhut et al., 2006). %E
V2R G E Sl %= (Horbow1cz etal., 2008), UN{EMRAE. ZIR4 . WA RSP T RMNE
Ak 326, 7.5 F14.95 mg - g o TS LB LRI AAE T 22 40 A P A 4 e K b?
1879 AL R KA LT o F675 AN — M IRSR IR vl B 0 58, HAT AR5 BB TR 25 BAEHT
WIRETERR B AL, TR ML, PURAL, $Emiil s GHAERR 4%, 2006: Coultrap etal., 2008),
AT bt R B 52 21 N AT DG

I AT #= P25 4

WHEE T, BAKEHEA R C6 - C3 - C6 MRE4EH (K 1), it Zgg it
ARG (Kay et al., 2009). 24 CAIIAETE #Zi@Bid 550 i (You et al., 2011), fH 92% /& H%
A, REE R, RO R, WM. AR, EERO R 6 FE ILMIEE EAT4m
Keltyo LT Z M U BASTEM RN I, WS —AEEZ AR FUM. R BTR s
SEATER 3 - BEFR. 3,5 - REEESE. MRS MRS e MR TR R . AR A RN A A A
(Kowalczyk et al., 2003),
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OH
R1 R2 167 % Anthocyanin
H H REIEMFE Pelargonidin (Pg)
OH OH KH#ER A Delphinidin (Dp)
R2 OH H KZEH (0 # Cyanidin (Cy)
OCH; OH A6 FE Petunidin (PO
OCHjz H AjZjt 3 Peonidin (Pn)
OCH; OCH; HigE(t 2% Malvidin (Mv)

1 HZERBREHURERN 6 METE
TR Ay CEHh 3. 50 7 SR LA B 36 LI 31 4y SBROL L RAEA R AL .
T Ay CHWI 3, 50 7 SHfr Ll 5 A e 4
WEHERTE B . R R
Fig. 1 Anthocyanin skeleton and six common anthocyanins
Anthocyanin at the 3, 5, 7 position of A, Cringand 3, 4', 5'position of B ring often occur different degrees of
hydroxylation. Anthocyanidins can be connected with a single, two or more glycosyls to form
a single-glucoside, diglucoside or more glycoside at

3, 5, 7position of A, Cring.

2 AeHRED S HAUEE

20 2 80 FEAK 90 fEAXH], XTAETE R MAURA FUEA # (Forkmann, 1991). & Hii&
PR 2 Fs s RN AR ST 1 A AR Bl A 06 i) BRI AR, 1 58 th oA N R 4@ I (PAL)
ALK N E IR R R HERR, 5 N RAERFIEE (C4H) FIFE HRL CoA EHME (4CL) MIHEALIE AL
4 - F5 % - CoA, MMJGAER/REA Ml (CHS) {4k N AE A /K, A /REE 4 - AR
Sl (CHD BI/EH R IB TGl 4,57 - —FRIET00e i, FF dsbelld - 3 - ¥4kl (F3HD fffb
TE R AR MRE, S DR e 2Rl 3 - B Ll (F3'HD) AIZEIE 3,5 - 24kl (F3'5S'HD 135
JECH) 3K P T A A 1) S P RS B 25 R A R I S A T AR I AR R
ZHMRE - 4 - )M (DFR) AEH TIEMUG LR, SAeF RGN (ANS) & ar{et
., oS 3,5 - Bitr S (UFGT) WMEHT, WATEE 116 E R E AL T T

(Forkmann, 1991), {7 HF{E4BMRMEH Tz 2 daet . Harcammisse F2hdmid
HBMEH KRN (GST) BB HIKSTEE HAHE, K ATP ) ABC B4 fhizik ik 1.
AtTT19 ZIUR T gmid B e H IR FERE (GST) ML, XL IHUR S 25 £ AR, 1A
FZAA ) AN BEAT Riliil, I ANO BEVRAM AtTT19 SR SRS AL T Hisk b, (HAREIRAR R
WHZNER, WHWHAER, ATTI9 S S5EF MMtz 5 EEE e (Kitamura
etal., 2004). {Hs2 HATAET H Q] MBI -3 NS0 A e AT .

TEDHREYI, e o LA B A A AT/ i, BRI o i, 675 1 R AR AE
AR AN, X BRI MA SO i/ 5 2 44844 (anthocyanic vacuolar inclusions, AVIs), BL&7EYF
YT EER T, AVIs 5 RS B AHEARXE AT 5, MRS BA W = es
% (Markham et al., 2000). EFIFFITH, AVIs FITERS RA4 3 - HIE 0 S AT AEa %) %
Fo LRSI T BRI 5 ~ 0 67 B SRR R I, JL TR 1 3R B 40 i S
A AVIs [FJRUR, 1l 1) 8 A R4 A — /N AR AVIss  [RJISRF E 3 i R i 2k
(P4 T+ 5 A8 AVIs 5 AR, R R SRk T (Pourcel etal., 20100, KL A
0 J5dE N B AT RE S AR AR AR AT G
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#mam  PAL  Rpmm (wAER) CaH BEFRR (BER )

Phenylalanine Cinnamic acid p-coumaric acid

ZB-CoARILRS T

Acetic acid-CoA carboxylase
8 Bt - CoA 4-FHEHE-CoA

B ——

Acetic acid Malonyl-CoA 4-coumaroyl-CoA

CHS

25/RHH ( #€5 ) Chalcone

l CHI
37,477 — #J5%Hi Naringenin
l F3H
AR
/ Dihydrokaempferol
F3°5°H ~ At F3°H WM R
Dihydromyricetin DFR Dihydroquercetin
l DFR l DFR
TaREAR T R R TBRFHEAR
Leucodelphinidin Leucopelargonidin Leucocyanidin LNR
| ANSLDOX | ANSLDOX | ANSLDOX WG
BRGR (GWER)  REEAE (EEE) SAdiak g rocymidine
Delphinidin Pelargonidin Cyanidin
| UFGT | UFGT
RER-3-wHay REFR-3-mEP
Delphinidin-3-glucoside UFGT Cyanidin -3-glucoside
i B g i B g
Methylferase Methylferase
BEFEAR AR (RAE)
o Peonidi
Petunldln%qaﬁﬁﬁ TETE 3BT (FEA6 ) conidin
l Me thyljf; rase Pelargonidin-3-glucoside
WEAR (HEQ
Malvidin

B2 EBREHER
Fig. 2 The biosynthesis pathway of anthocyanin

30 JEML MR ARSI AL TS R AW R R

31 KE

HRABGIET, BRI, SURtRR YL E #Z1%E (Mancinelli, 1985). %%
REHRIPIACTT F A I SR T, o a8 A S HoA g AN F R . FH 160 pmol - m™ -
(RGBS 24 h JEIR AR E LSRR, IR AR 2 %%ﬁ%ﬁm<£¢£ﬁpzm®oﬁﬁ
eI R 206/ A 20 J it v, SEX BT R A A AR (BRE 55, 20060, BRItz 4k,
JEI AR R T MAMYBL [ IA K, JEfEEE R e Z AL R (Takos etal., 2006). /K
M A (CHD AR & il (CHS) RS2 HOG R FIRIDEE T A2 F W EER T
T A RIS el T 2. ABA ZKF, PR GA Y& H0 5948 75 25 % ik 1 4m i
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M e SEHRME R AR, REleE 2T B CRE Z e N4 k5% .
32 EBE

XTI B A R SERAEMRT 10 CHRE&M N EE £ R A2 304
(Reay & Lancaster, 2001). %5 EAEIFAAECIGH 7 ~ 21 d 75 20 CHIE&M T IEH £ R
VvmybAl LA R IA &= LU AE 30 C R £, AN RN ABA 18 &2 30 'C 1 1.6 £%(Yamanel et al.,
2006) . 55 m IR 2D A6 T R IR B o M4 7E 5 (R s I A CRF 30 °CH) &40l CHS, F3H,
DFR., LDOX 1 UFGT HIZRiA&, M smifed 24D & . (Mori et al., 2005).
33 RILEH

AR R SE (O — P R . AR 2D RSk B I A — AR S R
WA T R BRUR AR, 57 RUCHT 15 d 548, WOt R R E £S5 80 FTF, AR
BRI B (WIZRZE 45, 20100 BRI 7R 675 % & 1 PAL. CHI. DFR il UFGT
S5 4 FhEEVEYE A O] B, A SE, ZARCP R UFGT W B TR, SR £k LT, sER$
CHI F1 UFGT BiEHE#GGE FFF (CEEE 4, 2004; XIBEEE 25, 2009), {H PAL MG MERA B
74k, (Wang etal., 2000). BRibz b, 40 bR S2A8 T R0 & A 2 m A FE . A
FUZAS. WEREE. LY. AN EONZ SRS N B E S USSR T S A H, g5 IR
R, GRS o 2 AR RS AN IE (e, (R R Es (RAE 4, 2009).

4 PEREMB AT &= BV G ) 520

WEFTUERE, YR T RS A s, O TR AR KRR A AR Rk ISR
WAL R AR R R, RATRAE 2 & m b e £ (A28 AR
(P a, AR AT 2 DN, R R KO T AR SR At B — PR S e T T AR
B, HHA/ A (Curtinetal., 2003). /T 6-BA. ABA FIEFIMR AL S G 7k Bz, S5k
L 6-BA | UFGT B i 1 (1) [ B S 4L 75 1 5 B, ABA FISERTIR AL IS 55 7 UFGT Mg P 11 ) i
WAL TAEE AR (EEIE 2%, 2004). fAHF5CRV, WHiE— 2= ABA HHRT 4 B
WERER ST Z SRR E (XIE 25, 2009). M5 (2006) SHMEAER LT S ER
ST T A4S, Wk ETH I ABA 16015 S5 Sl i B 40 i s vk . B s i ol (PPP)
AR AT R AL 5 I T s AR AR T A B T GAs BRTAA 78R 58 R & e ik 4 i 4y
2, WSz “PEYR”, (PR RE B ISR, KRS 5E AR AR

WHEHAERIS T S ZMEREEA G, £ F 5 R, REEFE S ES RS PAL B,
VER IS AR EAEE (r=0.9982"Fl r=0.9364""), JEMEEIE LML TR E, G
TAEH WG PAL MR TEAWIG I, (28 THH RMRE CRY 45, 2008). 7R bRl R
SAEH R TR Y PAL. UFGT PIEHEAH VIR GafFEE 55, 20100,

5 BEXET =AY G UK R

BT R A MR, AT CLUE AR AR e RN A, S E R 5 Sl
BIAEMAETT RV G . (R 35, 2004). FESFER . ZUNCRBHET #E5 B S RMIEMHR CR
P45, 2008; HAEH AF, 2010). ET R SHEE PRI TR AR E IIAETT 1, TR 2 By —
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RS A AE S — ORI T, (AT IR, 20 USRIk P A 7 58 — R /R ] (Comeskey et
al., 2009). #ib/bE% (2011) 18, FH 60 mmol - L™ HERHACFIRING I 4N 11, W] Lt He i fe i 3%
FIE S5 i, AREAETT B4 I OGIE N (CHS. FLS-1. DFR. LDOX. BANYULS) [#55%, 4
HiGE e RO IE TT LU I MR S S A A, T ARG AR o A i A2 3 ) U 5 40 o S AE 75
RIVEY A

6 RSAET B G BGR AR ) SR FE DN 5 3 A

6.1 ZWEMRA

SUMAE T 2 A A AL R 20y S M FE DRI 5 36 IR, g5 R BE IR gt & A A DSl ls, %
Z51eTH R 0G0 56 PR I i R0 1R R R s A DR ) 3R S R (R ER, 1997).

YR M5 fE (Chaleone synthase, CHS): J&Se AL T ZACU I FE A 20— AN OB g, it
L 1 - CoA Fll B - & il - CoA A /KW, JERCK MR ISR 41 . HAT, T4
BRI BB, AR TFREYRE TR T SO T 2 650 A CHS JE IR R HLAH G741 . 4846 1 i CHS2 (4R
FI RS C AT, RS — AR R O, AN TR EARMGL 3L, 4y Tk 40 ~
45 kD, XX T I S B8 S AE FHHLEEE B2 X (van Tunen et al., 1988), CHS JEP2E—A4 %
FERFWE, LRI MR-y, BAEARNFRMED B A B R . B4 BRIk
W, CHS FIRATAE 3 AN 10 22 55 1 B, HAE SRSl ZUh #E RIE , (H 2 CHS2 [k &0 i Lk CHS1
1 CHS3 /5 (Montefioril etal., 2011) . CHS FJRIEHG M ER T, WRESHEEESEK. D6t
SEHE—E IR, [ CHS MRIKIEZAN AR E R, KM E. A6, MUBE . ok
I F0I R i R A5 5 288 v REJE S AH G CHS IRIE (B FIE XK, 2007).

2 /R Wi A4l (Chaleone isomerase, CHI) : Zr/REilHARAE H KM EMIER (2RS) - THLEHT,
{EEAE CHI [tk N B bod sg ox — 1L, MR ERTH ) 107 1% (Bednar & Hadcock, 1988) o 1987
T, WFIUE FHPUABAR RN E S G 4> 25 CHI FE Al (Mehdy & Lamb, 1987) , B J57E%%
A RARSERIY) R o B k. CHI RS 2 3L R K, Elm IFRR A R h i &4 2 A CHI 3
K, K& 3 A CHI 2EF . CHI B85 2 /R M4 OB AN B e i — 4 - 348 SR AT 9 ) F B B g
S AT N, (Burbulis & Winkel, 1999) , fEX/MNEEE A1AH, CHI MIREn 2. MY
G JEUR G . EREIEYRIRIE S (Wood & Davies, 1994) o Fi 41 CHI 25 1110 =445 Ky C 24
fENT, K IER RN U 52

kel 3 - ¥24LlE (Flavanone 3-hydroxylase, F3H) : fE{b —Zsbeld A 24 3 £ LRFE AL,
JE T 2 — % IR I SUDN 4RV S0, A S S I 8 T 8 Fe™ 2 - IR 1R S5 i 1. F3H
AL TR NS R A A R, B WARE . AR 3R A6 (0 32 S R S s A Ak i
Y, 2B 5 S R — ML M. RIS A, F3H SAEFH MG OoC R %), F3H
FERITEA [ 0045 DUECAN ], T e AR R RIA B % (Zuker et al., 2002)

FH M - 3" - ¥4k (Flavonoid-3'-hydroxylase, F3'H) 5288 - 3,5" - ¥ 4L (Flavonoid-3',5'-
hydroxylase, F3'5'H) : XA E T B IF_LFRIEA0 S v, #0840 i € 3 P450 FKIR LA .
F3'H 1L S MEE B R 30 B AL, AR e L e 28 250 . F3'S'H ik —S0REIEE B
3RS B R, AR R A R BT . AR A A RIAIZT, F3'H H Htl Al Ht2
e, 17 F3H (oA rp A SR 2E i IR A0 (5 (Winkel, 2001) , &SRt A4
. FEAVEEZ F35'H WIABEIE s 4k .
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AN 4 - JB)RES (Dihydroflavonol-4-reductase, DFR) : JEAbH H A& Wl F2 b 5
RIS — N B, 7E4H - NADPH 45 R 4 A7 Bkt i o F22%, {4k DHK . DHQ. DHM
S 3 PRI AR MR R A Ot iRt 38 . R LERERMLOREHE (k¥
e AE, 2004) o FEMLRS. BRERET 45> B abE R T DFR 2K (Angela et al., 2006; #f& %%
20100, FLAEBREREAS AL A7 76 2 524835 (Montefioril etal., 2011). %&#24F ) DFR HJEE: 5
PE, ARefiEfl SR, Fmadferh A e si w2 K05, RAMA a4t GREE, 2000,

1eta 2 &5 (Anthocyanidin synthase, ANS/Leueoanthoeyanidin dioxygenase, LODX): fi:{t,
LA R R A A ETRTA (Xieetal,, 2003), ANS DA/ ST Sfir, BAEEAY
Yirb AR, — Ml 2 MM R AN NS AL AR T DA SRS T ANS 1 S 4ESi e, 2
J&F 2-ODD FK K (Karin etal., 2003).

R W B B R A2 I (UDPGlucose-flavoniod glucosytransterase, UFGT): RER AL TE AL
R 3. 5 AL, AEATRE AL RN E MR R T, LML e R A (0
(AET . UFGT SRS — AR, HrP B 7t 120 # (Ross et al., 2001), W2EHHR
AW O R P B L 4> W (Griesser et al., 2008). UFGT 3K ) F3GGTL Al F3GT1
P L DR 23 00 2T RV BR R AR T 38 LB R 40 3 - O - ARBEHF—PFLREF AR 4% 3 - O - J-3L0k
T G R /E . (Montefioril etal., 2011).

6.2 ABHERA

Huartah A 3 K5TEH B G BUAH S s K+ (1) R2R3-MYB [ ; (2)MYC %K) bHLH
HH; (3) WD40 Z5H (Ramsay & Glover, 2005). JXUCHsN 1 545N G sh A4S &, T
WO s AL T = AR G s TR — AN B AN IR R R A . AR R R T X S 5 DR A G b
bHLH &1 TT8, GL3 Al EGL3. 4wfd MYB &1 TT2, PAP1/PAP2, MYB75, MYB90, MYB113,
MYB114 F1 MYBL2 25 F14w % WD40 4K 1) TTGL 2% (Shi & Xie, 2010; Qietal., 2011), iX 3 fik
H A LLE R 24 1) WD - R /bHLH/MYB E &K 45H8), "L DFR. ANS, UF3GT S5JE R 1
15, MWIMAEIET Z A (Gonzalez et al., 2008).

MYB & —2K DNA 4ilEH, 57 —BIR 1) DNA 4t X I——MYB Z5itk, 2y 52
NRIERALN, WS SRR B T DL B— MYB Z5fg3 (R1) A HIANEE MYB 45 #)4K

(R2R3) HHEM 3 AMHEE MYB 45#3 (RIR2R3) HH, (HERIAET EH %0 £ R2R3-MYB
HE (& 55, 2008). CLZ R KT —/ M RIS A MYB £/IER, 5 P1 A%
[T (CL I PL#RJE T ol LK), Wi vl LUL R AEE R0, 1 PL AR A U0 Y
HETC 2 M (Niuetal.,, 2010). #i%i (Kobayashi etal., 2002) 2k L2y 21557 MYB
LD M ) MrMYBL 5 ST AR T T S R IR OS, AT LAY A bHLH % 5% K105 AtDFR
JABT, WA A SR T G R R )RR R AL T TS s ARSI F iR
S MrMYB1d 5 MrMYBL AHLE, iR RIFEER UG % 0 J5 5 30 A7 bk 2 — AN Humsng, WIARE G Rk
IEHBFIMYBI1 & [ (Niu et al., 2010, Vvmybal 75545 $ f7 Hhy 5w 3R 08, 175 5 R A6 5 R 105 B Deluc
et al., 2006), 1%k A RIAS ] 5 DR 284 U)o 25 SR B IR B ES,, 71 Vvmybal FR 55467 3 D] b DRI A 30 e 5%
K7 Gretl, MAREATfl Vvmybal FIZ)RE; Vvmybalc & Vvmybal f{)— A4 3L, *F Vvmybal &
P HARE Gretl. Vvmybal JH3) 7, Wit N1 Gretl IA7EAE S AR R S2AT % P R (This et al.
2007). ERTMFFFCHRIL, MYB BR T REE IS, BAAAEMEERT MYB &1, WERE
FaMYB1, %3 C il A — MR IFEF pdLNLPFLXGYS, AN F ] BE 15 0% 135 4 45 44
FER,  NTFNHIAE T Z 5 8 (Aharoni etal., 2001),
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bHLH JHE %K 12 eI 58— RS H SR 1. bHLH %5 K7 1 45 Bk 20 60 AN LR
AR, BFEPAN RS XS — @R, A2 IR N o, S KEMIE 2L, 5 DNA
SEAMOG S HLH X3, HA6fE C i, FERsiKZ LRI, FT HLH Z (A4 B AE
TERC 244, bHLH W LA — SR s e — R aa AT ithae abe d 45, 20110, fERR I,
bHLH [ 2 /DA 174 DNRidn, HIER 21 D750, 4 ANL, JAF13, K91 R/B K
ARG R ) DELILA, #B)8F bHLH 285 5% F 1,

WD40 5K WD40 R S e —RAA S B ARTFAWMEARXE, —REH 4~ 16 4 H
B SE M WD Hot, 54 WD 305 H KA 40 DMEIEBRIRILL IR T F5) . WD4A0 1 5G1ER
WA R R, HATC AR Bk 540 8531 T TTG1 Ml PACL ¥ 5K ¥ (Carey et al.,
2004; Ramsay & Glover, 2005) o X1 5 MYB Al bHLH & B S G AR R R e 5
FIE

7 4G

HH RGN MRR M EER, B RE. RENALE 28R, HZ B AN, X
WHRNEY G GREE. WA DhREME RIS T AT i Dl 7 ek, e R
FEA UL FE AR B KA HIVER], &2 26 RSN AR . 75 R S (07 L
A DA i A A A ORI RS i S AR LA R e e RIS S R . HATT
KA HAEBIE NSNS N L RIE TS S i (AVIs) RSB MdiE IS b, fEm T,
AVIs [ BRI 5, 1 BRI AT A S AR TR MGE N AR s a0, (HIXPI# TRl R &R
EARARERE, A R I LB S AN LR R UK 2 A Ja T s 2 —

BEE > T A BRI RS, SEHE R G I R B AR 0 R e s 8 e e 3RS, 1
PP RE DR IR AR 2 T I T i ARETERYT, AR LTS 3 A ad R rh oG B [
IARIEW S 2 RN 7, FLREED 7 9 OB R AL B AN AN R . AR R T i B rp SR ]
TR LA, AT S AR R AR W R RS IE LE D, HLA2E4E MYB Lo $eskA 1 [a]
DA A LA R OFIE )R 767 1 1 A bL ) H e R ARSI, A TP, AR A TR
AN AR FRBANG WL DA S A N BUSZARRE I s AT 42 1) SR S AL ' AR €4 2 224 i 1) 8
HbrZ —o BEEEARAFAIERA AR AR, Feok D r e K e g <t — P A e m H G
e S SR P LB B W B (AT TR, 2 SEBU AL R R Rt R (8 DA S 78 0 P

References

Aharoni A, De Vos CH, Wein M, SunZ, Greco R, Kroon A, MolJ, Connell A.2001. The strawberry FAMYB1 transcription factor suppresses
anthocyanin and flavonol accumulation in trans-genic tobacco . The Plant Journal, 28: 319 - 332.

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

Bao Man-zhu. 1997. Gene cloning and its application of anthocyanins in plant—Iliterature review. Acta Horticulturae Sinica, 24 (3): 279 - 284. (in
Chinese)
BLIHER. 1997. MIWITETT HHEH B9 o S ST ——SCIRERIA. fd 2224, 24 (3): 279 - 284

Bednar R A, Hadcock J R. 1988. Purification and characterization of chalcone isomerase from soybeans. J Biol Chem, 263 (20): 9582 - 9588.

Burbulis  E, Winkel S B. 1999. Interactions among enzymes of the Arabidopsis flavonoid biosynthetic pathway. Proc Natl Acad Sci USA, 96 (22)
12929 - 12934.

Carey C, StrahleJ, Selinger D, Chandler V. 2004. Mutations in the pale aleurone color regulatory gene of the Zea mays anthocyanin pathway have



1662 P S "3 39 ¥

distinct phenotypes relative to the functionally similar transparent testa glabral gene in Arabidopsis thaliana. The Plant Cell, 16 (2): 450 - 464.

Chen Jing, Chen Qi-lin, Weng Jun, Liu Yuan, Cheng Zhi-hui, Xu Chun-he. 2004. Effect of illumination with different red/far-red ratios on anthocya-
nidin synthesis in tomato seedling leaves. Acta Bot Boreal-Occid Sin, 24 (10): 1773 - 1778. (in Chinese)
MR, BREA, SR, xR, FRRE, IREML 2004 ARILAAELEHG] (RIFRD 6 RGENG RS B i e 5 26
WF5E. PUdbRAdR, 24 (10): 1773 - 1778.

Clifford M N. 2000. Review anthocyanins - nature, occurrence and dietary burden. J Sci Food Agric, 80: 1063 - 1072.

Comeskey D J, Montefiori M, Edwards P J B, McGhie T K. 2009. Isolation and structural identification of the anthocyanin components of red
kiwifruit. J Agric Food Chem, 57: 2035 -2039.

Coultrap S J, Bickford P C, Browning M D. 2008. Blueberry-enriched diet ameliorates age-related declines in NMDA receptor-dependent LTP. AGE,
30: 263 -272.

Cui Yan-tao, Meng Qing-rui, Wang Wen-feng, Feng Chen-jing, Yang Jian-min. 2006. Changes and relationship of anthocyanin, endogenous hormone
and enzyme activity in the skin of Angelion plum fruit. Journal of Fruit Science, 23 (5): 699 - 702. (in Chinese)
R, D, EOOA, R PR 2006, % RRAS IR AET 5 NUR BRI A R I CRH R AR, 23 (5):
699 - 702.

Curtin C, Zhang Wei, Franco C. 2003.Manipulating anthocyanin composition in Vitis vinifera suspension cultures by elicitation with jasmonic acid
and light irradiation. Biotechnology Letters, 25: 1131 - 1135.

Deluc L, Barrieu F, Marchive C, Lauvergeat V, Decendit A, Richard T, CardeJ, Me'rillonJ, Hamdi S. 2006. Characterization of a grapevine
R2R3-MYB transcription factor that regulates the phenylpropanoid pathway. Plant Physiology, 140 (2): 499 - 511.

Fleschhut J, Kratzer F, Rechkemmer G, Kulling S E. 2006. Stability and biotransformation of various dietary anthocyanins in vitro. Eur J Nutr, 45:
7-18.

Forkmann G. 1991. Flavonoids as flower pigments: The formation of the natural spect rum and its extension by genetic engineering. Plant Breed,
106: 1 - 26.

Gonzalez A, Zhao Ming-zhe, Leavitt J M, Lloyd A M. 2008. Regulation of the anthocyanin biosynthetic pathway by the TTG1/bHLH/Myb
transcriptional complex in Arabidopsis seedlings. The Plant Journal, 53: 814 - 827.

Griesser M, Hoffmann T, Bellido M L, Rosati C, Fink B, Kurtzer R, Aharoni A, Juan M B, Schwab W. 2008. Redirection of flavonoid biosynthesis
through the down-regulation of an anthocyanidin glucosyltransferase in ripening strawberry fruit. Plant Physiology, 146: 1528 - 1539.

Horbowicz M, Kosson R, Grzesiuk A, Debski H. 2008.Anthocyanins of  fruits and vegetables-their occurrence, analysis and role in human nutrition.
Vegetable Crops Research Bulletin, 68: 5 -22.

Hu Ya-xin, LI Jing, HUI Bo-di. 2006. Study on major nutrition and anthocyanins of blueberry. Food Science, 27 (10): 600 - 605. (in Chinese)
AR, A 50 BUAAE 2006 BEAERSE P R EUE IR AR FR A ATAL. B ARRE, 27 (10): 600 - 605.

Huang Chun-hui, Yu Bo, Su Jun, Shu Qun, Teng Yuan-wen. 2010. A study on coloration physiology of fruit in two Red Chinese sand pear cultivars

‘Meirensu’ and ‘Yunhongli No.1” . Scientia Agricultura Sinica, 43 (7): 1433 - 1440. (in Chinese)

WA, 1 W % R, &F B, HMOCIC. 20100 CEAER R Cm4A 1T DGR AL S A AR L ERERVE, 43 (7):
1433 - 1440.

Jiang Ming, Cao Jia-shu. 2007. Gene of CHS. Chinese Journal of Cell Biology, 29 (4): 525 - 529. (in Chinese)
OB, R 2007, AURE G REEIE. AR AR, 29 (4): 525 - 529.

Karin S, Junichior N, Mami Y. 2003 Recent advances in the biothynthesis and accumulation of anthocyanins. Natural Product Report, (20): 288 - 303.

Kay C D, Kroon P A, Cassidy A. 2009. The bioactivity of dietary anthocyanins is likely to be mediated by their degradation products. Molecular
Nutrition & Food Research, 53 (1): S92 - S101.

Kitamura S, Shikazono N, Tanaka A.2004. TRANSPARENT TESTA 19 is involved in the accumulation of both anthocyanins and proanthocyanidins
in Arabidopsis. The Plant Journal, 7 (1): 104 - 114.

Kobayashi S, Ishimaru M, Hiraoka K, Honda C. 2002. Myb-related genes of the Kyoho grape (Vitis labruscana) regulate anthocyanin biosynthesis.
Planta, 215: 924 - 933.

Kowalczyk E, Krzesifiski P, KuraM, Szmigiel B, Blaszczyk J. 2003. Anthocyanins in medicine. Pol J Pharmacol, 55: 699 - 702.



9 3 RS, Wy RS B R 1663

Liu Ren-dao, Huang Ren-hua, Wu Shi-quan, Yu Zhong-shu, Li Xin-xian. 2009. Changes of anthocyanin content in Hongyang kiwifruits and effects
of girdling and ABA on its accumulation. Acta Horticulturae Sinica, 36 (6): 793 - 798. (in Chinese)

AT, ST, SRR R, AEETRE 2009, CLLEH BRGMER SR RS AL R A RIAT ABA XHHE RN, [ 2R, 36
(6): 793 - 798.

Liu Xiao-jing, Feng Bao-chun, Feng Shou-qian, Wang Hai-bo, ShiJun, Wang Nan, Chen Wei-yi, Chen Xue-sen. 2009. Studies on anthocyanin
biosynthesis and activities of related enzymes of ‘Ralls’ and its bud mutation. Acta Horticulturae Sinica, 36 (9): 1249 - 1254. (in Chinese)
XGEEE, WEAR, YT, ERE. A R, OB B, BRZEAR. 2009, < [EDG 3R AT 0 S ARTETT I G 1S A ORI P BT
9. [HER, 36 (9): 1249 - 1254,

Liu Xiao-yue, Wang Wen-sheng, Fu Bin-ying. 2011. Research progress of plant bHLH transcription factor family. Current Biotechnology, 1 (6):
391 - 397. (in Chinese)

XA, FEICA, WIL 2011, K4 bHLH #eg 7 SR M D REWH Ik g, ZEMHARERE, 1(6): 391 -397.
Liu Yun-fen, Liu Li, Duan Yan-xin, Fan Lian-mei, Liu Geng-sen, Liu Cheng-lian, Yuan Yong-bing. 2010. Effects of sunlight on red color formation
in the flesh of red-fleshed Peach (Prunus persica L.) . Chinese Agricultural Science Bulletin, 26 (13): 308 - 311. (in Chinese)
WIZE s, % Fi, Bk, ARVEME, XUTERR, XIEGE, JFUKEE. 2010, JEXFLL KR AL TR SR, P E AR SR, 26 (13): 308 -
311.

Mancinelli A L. 1985. Light-dependent anthocyanin synthesis: A model system for the study of plant photomorphogenesis. The Botanical Review,
51: 107 - 157.

Markham K R, Gould K S, Winefield C S, Mitchell K A, Bloor S J, Boase M R. 2000. Anthocyanic vacuolar inclusions: Their nature and
significance in flower colouration. Phytochemistry, 55: 327 - 336.

Mehdy M C, Lamb CJ. 1987. Chalcone isomerase cDNA cloning and mRNA induction by fungal elicitor wounding and infection. EMBO J, 6 (6):
1527 - 1533.

Meng Fan-jing. 2000. Molecular biology of flower development in plant. Beijing: China Agriculture Press: 225 - 256. (in Chinese)

i % 2000. MMTERE K> 1T AEMY:. dunt: PR AL 225 - 256.

Montefioril M, Espley RV, Stevenson D, CooneyJ, Datson P M, SaizlA, AtkinsonlR G, Hellens R P, Allan A C. 2011. Identification and
characterisation of F3GT1 and F3GGTI1, two glycosyltransferases responsible for anthocyanin biosynthesis in red-fleshed kiwifruit (Actinidia
chinensis) . The Plant Journal, 65: 106 - 118.

Mori K, Sugaya S, Gemma H. 2005. Decreased anthocyanin biosynthesis in grape berries grown under elevated night temperature condition. Scientia
Horticulturae, 105 (3): 319 - 330.

Niu Shan-shan, Xu Chang-jie, Zhang Wang-shu, Zhang Bo. 2010. Coordinated regulation of anthocyanin biosynthesis in Chinese bayberry (Myrica
rubra) fruit by a R2R3 MYB transcription factor. Planta, 231: 887 - 899.

Pourcel L, Irani N G, Lu Yu-hua, Riedl K, Schwartz S, Grotewold E. 2010. The formation of anthocyanic vacuolar inclusions in Arabidopsis thaliana
and implications for the sequestration of anthocyanin pigments. Molecular Plant, 3: 78 - 90.

Qi Tian-cong, Song Su-sheng, Ren Qing-cuo, Wu De-wei, Huang Huang, Chen Yan, Fan Meng, Peng Wen, Ren Chun-mei, Xie Dao-xin. 2011.
The jasmonate-zim-domain proteins interact with the WD-Repeat/bHLH/MYB complexes to regulate jasmonate-mediated anthocyanin
accumulation and trichome initiation in Arabidopsis thaliana. The Plant Cell, 23: 1795 - 1814.

Ramsay N A, Glover B J. 2005. MYB-bHLH-WD40 protein complex and the evolution of cellular diversity. Trends Plant Sci, 10 (2): 63 - 70.

Reay PF, Lancaster J E. 2001.Accumulation of anthocyanins and quercetin glycosides in ‘Gala’ and ‘Royal Gala’ apple fruit skin with UV-B -
visible irradiation: Modifying effects of fruit maturity, fruit side, and temperature. Scientia Horticulturae, 90 (1 -2): 57 - 68.

RossJ, LiY, LimE, Bowles DJ. 2001. Higher plant glycosyltransferases. Genome Biology, 2 (2): 1 -6.

Shi Ming-zhu, Xie De-yu. 2010. Features of anthocyanin biosynthesis in pap1-D and wild-type Arabidopsis thaliana plants grown in different light
intensity and culture media conditions. Planta, 231: 1385 - 1400.

Song Zhe, Li Tian-zhong, Xu Gui-xuan. 2008. Studies on the relationship among the anthocyanin sugar and related enzymes activity during the
coloring stage of ‘Fuji’ apple. Chinese Agricultural Science Bulletin, 24 (4): 255 - 260. (in Chinese)

KW, FRIE, WU 2008, “F L7 UG O EALT TS RS 0 SR KRR TEAAL I OC AR, P IEA AR, 24 (4): 255 -



1664 P S "3 39 ¥

260.

Takos AM, Laffe F W, Lacob SR, Bogs L, Robinson S P, Walker A R. 2006. Light-induced expression of a MYB gene regulates anthocyanin
biosynthesis in Red apples. Plant Physiology, 142: 1216 - 1232.

This P, Lacombe T, Molly C D, Owens C L. 2007. Wine grape (Vitis viniferaL.) color associates with allelic variation in the domestication gene
VvmybA1l. Theoretical and Applied Genetics, 114 (4): 723 - 730.

van Tunen A J, Koes RE, Spelt CE, van der Krol AR, Stuitje AR, Mol J N. 1988. Cloning of the two chalcone flavanone isomerase genes from
Petunia hybrida: Coordinate, light—regulated and differential expression of flavonoid genes. EMBO J, 7 (5): 1257 - 1263.

Wang Hong-qing, Arakawa O, Motomura Y. 2000. Influence of maturity and bagging on the relationship between anthocyanin accumulation and
phenylalanine ammonia-lyase (PAL) activity in ‘Jonathan’ apples. Postharvest Biology and Technology, 2 (19): 123 - 128.

Wang Hui-cong, Huang Xiu-ming, Hu Gui-bing, Huang Hui-bai. 2004. Studies on the relationship between anthocyanin biosynthesis and related
enzymes in litchi pericarp. Scientia Agricultura Sinica, 37 (12): 2028 - 2032. (in Chinese)
FAUE, SO, SRR, WA 2004, FECREAETE ARG HISREBR AT ST hIEARNLA, 37 (12): 2028 - 2032,

Wang Zhong-hua, Tang Guo-hui, Li Zhi-qiang, Wang Liang-ju. 2006. Promotion of 5-am inolevulinic acid and genistein on anthocyanin
accumulationin apples. Acta Horticulturae Sinica, 33 (5): 1055 - 1058. (in Chinese)
Erpte, HEME, FEWE, ERY. 2006. 5 - ZHE WA R AIEAE 2 AL HEE AU AR OB RN, [ Z24], 33 (5): 1055 -
1058.

Winkel S B. 2001. Flavonoid biosynthesis. A colorful model for genetics, biochemistry, cell biology, and biotechnology. Plant Physiology, 126:
485 - 493.

Wood A J, Davies E. 1994. A ¢cDNA encoding chalcone isomerase from aged pea epicotyls. Plant Physiol, 104 (4): 1465 - 1466.

Wu Hong-xia, Wang Song-biao, Shi Sheng-you, Ma Wei-hong, Zhou Yi-gang, Zhan Ru-lin. 2009. Effects of bagging on fruit quality in Zill mango.
Journal of Fruit Science, 26 (5): 644 - 648. (in Chinese)
RALE, ERbs, A SR, RN, TR 2009, AFEEEFRIXTLOAL 6 S AR BTN, R 2R, 26 (5): 644 -
648.

Xu Zhi-yun, Li Chun-lei, Cui Guo-xin, Sun Yan.2008. MYB protein of anthocyanin biosynthesis in plant. Plant Physiology Communications, 44
(3): 597 - 604. (in Chinese)
VPG, 2, HHEET, b #2008 HIMETTR AT MYB HE. MEREEIN, 44 (3): 597 - 604

Xie DY, Sharma S.B., Paiva N L, Ferreira D, Dixon R A. 2003. Role of anthocyanidin reductase, encoded by BANYULS in plant flavonoid
biosynthesis. Science, 299: 396 - 399.

Yamanel T, Jeong ST, Nami GY, KoshitaY, Kobayashi S. 2006. Effects of temperature on anthocyanin biosynthesis in grape berry skins. AJEV,
57 (1): 54 -59.

Yang Jun, Jiang Zheng-wang, Wang Yan-chang. 2010. Cloning and expression of rihydroflavonol 4-reductase in Actinidia chinensis var. rufopulpa.
Journal of Wuhan Botanical Research, 28 (6): 673 - 681. (in Chinese)
¥ 4R, LIENE, EEZH.2010. LARRE DFR 2R ) rofe k. IBEWZETIA, 28 (6): 673 - 681.

Yang Shao-hua, Wang Li, Mu Chun, Wang Xiang, He Jing-hui, Zhao Jing-rao, Wang Lin-song. 2011. Anthocyanin biosynthesis regulated by sucrose
in Arabidopsis thaliana seedling. Chinese Journal of biochemistry an Molecular Biology, 27 (4): 364 - 369. (in Chinese)
Wbte, ¥ OW, B O, F O, TR, BEESE, EAE. 2011 BRI TTEE RO A . PRI S
27 (4): 364 - 369.

You Qi, Wang Bao-wu, Chen Feng, Huang Zhi-liang, Xi Wang, Luo P G. 2011. Comparison of antho-cyanins and phenolics in organically and
conventionally grown blueberries in selected cultivars. Food Chemistry, 125: 201 - 208.

Zuker A, Tzfira T, Ben H, Ovadis M. 2002. Modification of flower color and fragrance by antisense suppression of the flavanone 3-hydroxylase gene.
Molecular Breeding, 9: 33 - 34.

Zhang Xue-ying, Zhang Shang-long, Luo Jun, Li Shi-cheng. 2004. Advance in research on fruit anthoyanin synthesis. Journal of Fruit Science, 21
(5): 456 - 460. (in Chinese)
TkEEYE, gk BB, B% 7E, WRIESC, ARt 2004, RSAGEO R A RUATTERE. RBEAR, 21 (5): 456 - 460.



