HE¥2#4% Chinese Bulletin of Botany 2016, 51 (1): 107-119, www.chinbullbotany.com

doi: 10.11983/CBB15059

- ERIRIE -

HERNBEESEYHETR

wEmE2, swEY
trb R SRR IR O T R4 B 2 T X R A S %, Ik 100093
2 E R b S AR, 0 570228

BE WHALSMNTEVECNEZEAR, B RIEHEFRRLHEE(CHS. CHI. F3H. F3'H. F3'5'H. DFR. ANSH
GT)EALTI K, Bl 54t SR s it ik ic EMRSHAMEE. SRBEPERKENMYB, bHLHFIWDR =Flif {2 A 18#
I RMBWE & R B IE 3% UL B 25 BE R R IE . XA RIS AR f 2 S EUE M S B 5. E4FRA
M2 A X e 3 G, I & k. R F 1 Bk FHLRITE R 200 N EANE 2, (B H 5 R MR
R R R AL T IR B . %SO TIEE RIS . BB R M S, R TR A S R R
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SR RAEYI R E U, SR B
SRR, MY FUEAFAESRIAE K (carotenoid). JE3E
fifl (flavonoid) AT 32 i (betalain) = KB R, B15
MRERFRTC G, (AR S I ORI 1 6 55 2 (Ta-
naka et al., 2008; Miller et al., 2011). HFFR)E Tk
R 1176 # 2 (anthocyanin) A R SRKEE LR, e
TR TP, o] M S A 20,
LR 25 2251 i 4, (Winkel-Shirley, 2001; Tanaka et
al., 2008).

XTI, AFREAZRED IR,
TeH RAETEZAR LR, v EN R FER
R, W AR R R SLAL k3 (Miller et al., 2011).
WHEREERBEHR, o] DR EDHPTE S
i 5 DA 6 BBk A5 AR AR AN A= P i (Dixon
etal., 2002). fE75 R THRR, WM NN
FAL VR A Ly, IR BT R AR
ik (Lepiniec et al., 2006). X} A2KT 5, £ HHPLA
AAEASE L RO — B OR SR 580 B RIS BT, B
Atk PURAR. TR0 IR ORI AT S
i 24 P A 55 2 P IR D e (Tapas et al., 2008).
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FIAATHIH R

TETH 3 — R G G0 HE K g A ) B AL 5 1, B
J& & it S MBI IS BRI A . X —
RAN LR LR AB 0 A 42 AH SC BE R AEMYB
bHLH (basic helix-loop-helix)#IWDR (WD-repeat) 3
Fofr e 4 R 2H R R 2 AR (T FRMBW A 544 ) BL#% 1
1% (Davies et al., 2012; Zhu et al., 2015). X Le4EFy
FE PR B 42 5 LR 1R AR S ] DA S50 6 8 e i )
TR ARSCHER T 6E 2GR is i 12 e L =%
RN, PRI T B AR e it b BB 7 B 5 T
B A TE M EE I AE TAR AL b, X AR 36 s IR
K RANLES T B A 7t S R R 73 T AL EAT 1 2814

1 HEFERENSRRER

H 201 2080 ATIT 4, 1A% 5 S B I 0 & P A8
AT S, 7E K (Zea mays). 4t % (Antirrhinum
majus). %7z 4 (Petunia hybrida) F14 B 7+ (Arabi-
dopsis thaliana) k) g B A 1167 2= AR
AT AHOCH T R ANy R B e, g
BREE T BATT T HEAN IR N 5 (1) R (Miller et al.,
2011; Davies et al., 2012).
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— R UL, 6T & N A EEAR A S B
Mg ATELE T b &0t — R A B Ak i e (B11), 25
AR FEIRREIAL . BRI S0 B T i fa e
MEHE R Y, ek E O e e TN
WA N IC4E (Tanaka et al., 2008; Zhao and Dixon,
2010; Gomez et al., 2011).

T R WA R EAE N i R T AT, I —
RYNEERIBGEE TP TR R 22 B S ARk AL X BT 2 (1)
S ¥ (Zhao and Dixon, 2010). i 42 ) o 7] JE 4t 7 %
1A S R A e 2 SC(KL), X SR
WS H5EMNES. i, B (aurone)y—2
YR, &4emEiE FIBEN R AT (Davies et al.,
2012); # [ (flavone) F1 % i fi% (flavonol) £ 7] Lt
BREARTR, EEEA] DAROBCER A BT AE 2841 T IR A,
Wk H (Oxalis fontana) 3 {6/ 5 /MG T R Hi 2
2% S (Miller et al., 2011); Ji 47 % (proantho-
cyanin, PA)RIEREAENR, H LAV 2 AR T A7
15, WS 5F R AE G, A R R IR 2R
¥t (Appelhagen et al., 2015). {67 & H MEIAZFE
By, RGO RE NLGER, Ws5 1R
7= /|- (Ipomoea purpurea) ] {¢ ¥ f% (Saito et al.,
1995; Lu et al., 2009).

ETH =G s AR A IR BE TSR 58 B DA K i
JG G R AETE 3 H O 2 M A B 4 B 1) DG B TR

. WHERTHOME WHEAT TEA(BL). B
FR) = XCORIAE - RS 1 R RIANR2A7 ) F2 e A A
B RRRE . SRR AR BRI, ST R ot
R ) W €57 ) KR S s T PR R A S A 1 1)
21 €07 [a)/NIE FE [51 52 (Mol et al., 1998). 6Fh AT 7T
A& BNERIEHE, Bl T ARSI R55
.,

wHRT GG, — B ARG, LS
R o7 B S M — T TR A PT B B R,
— I EAETE R B S AR B AR (Zhao
and Dixon, 2010). {&7# 3 7 224 Jo A e i
BIFG, X AR S R E R A R
WHLRM, 167 % 1 EE iz 7 A EEA 3 (Zhao
and Dixon, 2010; E#¥<E, 2014). (1) 7EGSTHIWHEN
TSR ) E S BB AT, R EIMRPI RIS
1R )5 R S R A ds R, (2) BB IR B
MATER iz & (A # Ho g I i is 20t b, XA
T B ANH"-ATPase i T 5 /= A IMH W EE B2, (3) H
A, @RS 7 AR (EL). X)L
BB L T B RN AR AE IF A AR AR L, BTSN THAH BL%
Z AUHI T 2 B H AT IR AN K% 2 (Poustka et al.,
2007; Gomez et al., 2011). —YEHF7E R, GSTEL
H*-ATPaseH M. ) 5.5 K A8 0] 3 5L R AR R
(Zhao and Dixon, 2010; Appelhagen et al., 2015).

[ AV AN e G e TS NS IRE 95 A=A

6T 25 A B AR I Hh R Rt T 35 1) 8 B RIS AR I B S (R BTk FTR) e A RE O R E MR, IHAREN BN
(BN 2B SIS ). FBER S A EIE 3B 2 Y5 (Davies et al., 2012). SEAREEE BRI LI TR HE
a2 S (Miller et al., 2011). FAEH KRS T BRI K% 5 (Appelhagen et al., 2015). 165 & T2 44t -84 ) 2 R
(Lu et al., 2009). CHS: Z/REAE; CHI: A /RERRMEE, F3H: #5R-38-F Ll F3'H: S sl -3- 2 b, F3'5'H: &3
WE-3', 5'-F21LlE; DFR: & FHEOE REY, ANS: 168 KA K 3GT: JRH WilR-# 41 - 280K -3 M S 5 I iy, OMT: HEkH:
B8, GST: BMH KRR, MRP: £ 2R E ; MATE: 2 2iF14 B S HEE KRR 1, AVIs: 1675 1 00E IRk

Figure 1 The flavonoid biosynthetic pathway leading to the production of anthocyanin

The intermediate substrates can be canalized to other branches of the flavonoid pathway, which were indicated with grey arrows.
The major flavonoids were shown in boxes, with their representative colors indicated (which may vary under different circum-
stances). Aurones are responsible for the yellow spot in snapdragon (Davies et al., 2012). Flavonols in the yellow sorrel render
the black honey guides in UV light (Miller et al., 2011). PAs are responsible for the brown color of Arabidopsis seeds (Appelhagen
et al., 2015). Anthocyanins are the pigments coloring most flowers, as in the case of the common morning glory (Lu et al., 2009).
CHS: Chalcone synthase; CHI: Chalcone isomerase; F3H: Flavanone-38-hydroxylase; F3'H: Flavonoid-3'-hydroxylase; F3'5'H:
Flavonoid-3', 5'-hydroxylase; DFR: Dihydroflavonol reductase; ANS: Anthocyanin synthase; 3GT: UDP-glucose flavonoid
3-glucosyltransferase; OMT: O-methyltransferases; GST: Glutathione S-transferase; MRP: Multidrug resistance-associated
protein; MATE: Multidrug and toxic compound extrusion; AVIs: Anthocyanic vacuolar inclusions
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Y LR AN M (AN AR 3R B 4 HR), 1675 3 T TR0 P 3R
£E 1 N i1 (anthocyanic vacuolar inclusions, AVIs)
(Zhao and Dixon, 2010).

2 HBEREMERHIPE

TEH R G RAIZ ARG T 2 EER, WA ZE
IS R K% 5 %94 (Lu et al., 2009; #AI4, 2010).
UL AERXSVEZ W) AT FE W], IX L5 40 JE PR 1) 2k
HANFERER D F M, B2 TMYB. bHLHF]
WDR = K# 3 [H T S FIMBWE 4 14 (Ramsay and
Glover, 2005; Davies et al., 2012; Zhu et al., 2015),
MBWE &4+ B AIMYB . bHLHFIWDRZ & 5
TS AR IR G5 E (Koes et al., 2005;
Ramsay and Glover, 2005; Zhu et al., 2015).

2.1 MYB#XET

MYBZE [ 5 & A i 5DNALZE & (MY B4 #38 . 1%45
i 1-4 1 RIEEFF(R repeat) ik, SHARIEFLE
B2/ IE PR IRIE, T BUME e - W Jie - £ - MR T (14 &5 )
(helix-helix-turn-helix, HHTH) . & H 2/~ R%E ¥ 1)
R2R3-MYBH FI & i WA, HMYBZ 38—
AT E AN, JPHIRSE; & A Cui L AR, P
A5 W S O B AR AL, % LA SR s A ) 5
FJ35 ) D) RE(Dubos et al., 2010; Hichri et al., 2011).
ZmCL2 Y HE I H AMYBREL % [H 1 (Paz-
Ares etal., 1987), ‘B iHE T KT R M E . B 51
RANFFRKIN, MYBEE KR F7EAEY) 53 7 4% 46 75
FEREM AU, W KRIPIRIP, A1)
AN2FIAN4. I IFHIPAPLFIPAP2. 325 (Malus x
domestica)JMYBA. %] (Vitis vinifera) fIMYBAL A
5 H-A= 4= MY B1 45 (Hichri et al., 2011; Jaakola et
al., 2013). A8 TEIEHIR2R3-MYB, X {EH &8
WHERABUSIEM . Ak, s R IR R R R
LR B FIMYB, 448l FE I I AMY BL2 A % 7 4
IPhMYB27 RIPhMYBX, ‘B A0 5 #iE B MYBHE i,
WA T R AR AIE (0 20 4 SR B o 3o B AR R (Mat-
sui et al., 2008; Albert et al., 2014).
5MYBHE B D set 5L AH b, X TMYBE H 1)
DNA4E & 7 5 5 A X 55, A fm J ik
Grotewold%5(1994) J4RiE . AhATIxT F K S K F-PAI

/N C-MYBHEAT T 45 & JF 51l i i 5 5% (binding-site
selection assay), & IPIHI ¥ 51 NCC(T/A)ACC,
5 c-MYBIIR A FEFI(CIT)AACGGH B K X il Ja K
BOREVF Z M A 7 — LE B ER AR A 5 Y
MYB 517 %1 (Prouse and Campbell, 2012), {Hix L
SERIAR AR AR AR . Wang“$(2013a)
WIS AEYE RS 2 MR F RIS E, KIEE R
AHRALAH MY BRI T 51 BRI A Ry, K
MEE 45 HANCNACC . [l J5 Zhu% (2015) PAAE (5 =X
B AR AR, AR T AT R G Bus
LR A 37 B oo & L HES T A, R
MYBiK 51541 (MYB-recognizing elements, MRE)3&
AIEJEANCNN(C/A)CHIF I . MYBEE I Dhfg
RN E B F EMRERH, #inffts FEIEE &R
A A REIE W AT o

2.2 bHLHEZREF

PHLH S (1) 3 [ R 2 B A 7] 5 DNAZL & BIbHLHZ
Fy1(basic helix-loop-helix domain, bHLH domain).
I 25 A0 35 B A 40604 S BE IR Tk B, Ny FH 13181
SRIK R FE IR TR B2 B B [X (basic), 15 5 DNAE
Fedefih; Cu FIHLHIX 3800 £ 22 5 [R5 B 95— 5%
R R, FA I 3RR X (loop, L) & 42 % 2 /N W Jie
(helix, H), & 1R KA 5F (Hichri et al., 2011). H #T,
i 3] 1) v 5 25 B T 5 BSOAH G RO HLH B8] - ik R
I FIFATTS . AtGL3FMALEGL3, %34 PhAN1 A
PhJAF13, F:kZmR/BFIZmLc, [& M 224 IpbHLH2
2&(Zhang et al., 2003; Hichri et al., 2011). iXbHLH
A7 B LR, #J8 T bHLH 85 (A 53R B INFIE 5%
(Pires and Dolan, 2010).

R SR, 5 IR A A OC I bHLH S 5%
A7 Al LL4E A FIE-box . (CANNTG) (Murre et al.,
1994). Ja REIWFTERIL, W2 bHLHNT 454 Fp 51 (1) 2
RIRKES, 0 WA WG-box (CACGTG) (Hichri et
al., 2011). 1 G-box i il 5 71 % bHLHES 5% K [ 1531
A (Wang et al., 2013a). Wang%5(2013a)i@ it
VMG B M PR T BUHS &, RIMAET RAHK
MbHLHA 2R 5 7 51 A A E T E-box, XA FE
G-box7E W IR A it [, #1248 545 HCACNNG.
M Zhu%5(2015) 72 BAR g b 1 R 4240 5 3R 6 gk
1 & a5 R B DR A ) I To i Bl B, DN TEE &=
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Table 1 Members of the MBW complex in anthocyanin model species

YiFh LT ZAFKMBWE AP0 % 7

MYB bHLH WDR
EK(Zea mays) ZmC1, ZmPI ZmR, ZmB ZmPAC1
U7 7+ (Arabidopsis thaliana) AtPAP1, AtPAP2 AtGL3, AtEGL3 AtTTG1
#2224k (Petunia hybrida ) PhAN2, PhAN4 PhAN1 PhAN11
[&1H2E 4 (Ipomoea purpurea) IpMYB1 IpbHLH2 IpPWDR1

FHIbHLH A R 5 51 (bHLH-recognizing elem-
ents, BRE)NCACN(A/C/T)(G/T). bHLHZE A 1RER
WA N S B3 EBREF W, AR GFHAT RS
R

2.3 WDR#RETF

WDRE H (4L [FRHiE 2 & F £2 MWDE 7t . WDE: Tt
1 £144—60 Z SEFR TR IL L i, AT PR 5T 1) Xe.04-[GH-
Xo3.41-WD] 4 #45#1E(Neer et al., 1994) . WD G 1E[A]
—ANEE AT LLEZ4-16 K. van Nocker Fl1Ludwig
(2003) A& A /04N WDEIC baiE, WAL R T2 R 20
HE 7237 MWDRSK R 51 FEFTA T WDR
HEH, WD XA AT I Bl v 1, )RR SRR A
NIHE R T 2 A AR EAE PG (Li et al., 2014).

B IRWDREE K 5 e K, H 2 55 145 28 5 i ik
B BORTE R Y 3 R B R R —# L.
A4 (PhANLL, #LF ST ALTTGL. KoK Zm-
PAC1. Hi#MIVVWDRL. 3 FFMATTGLAI[H H 3=
A4-1f)IpWDR1%5 (Albert et al., 2014). XL 2 D11
WDR A XE ) — A )iz e, 45 R4 B
HINHLHA RS AL TE R MEEH = b, 5
TrtgLRAARIE HAT R B, 2 RIEBAMFFE
WA =4 25 % B (Walker et al., 1999); 7 %74t
and1 A% A rbm] DU I 31 ¥ 76 pH 7+ 5 (Quattrocchio
et al., 2006); Z4-wdrlZ8AR i j7 A5 (9 H R i
b R R 7 B AR E IR (Morita et al., 2006).

2.4 MBWE&4

MYB. bHLHFIWDR = 28 % 5% [A 7 i B A ¥ &
MBWE &R RIEIET R G (RL). EAEMR ST
REFE T bHLH, B nf BLH & B AE, el L5 MYBA
WDRAH HAE A . MYBFIWDR ] I 1R i 38 i 3 $0FB

R B2 HAE 2% & (Koes et al., 2005; Ramsay and
Glover, 2005). E&KFHMYBRIbHLHJE T4 5%
Fik, NS A EDNAFS; MWDRTEZ /M)
Fofr e S S W DR 2E BB A AE, HOAS B4 5 DNAELAE,
MBW 5 A ol B 56 DR 428 ) 4R e M 2 24K T-MYB
MbHLHZ Sy . &Y WDREIER B AT 3A W6
45, HENWDRAREZ 55 SIS . EaWmiae
a2 AWK 5E 155 (van Nocker and Ludwig, 2003).

UEZMARLERER, MYBRRIERIEHTZMEN
. XuZE(2014) F1Zhu%5(2015) I s 7 3
TR (B2). (1) MBWE AYIRIHERE R R Z, —
77 HAIEE G WA 5 124 1 51 bHLHAWDR; 55—
Jr A EE BRI O AR, LR
TR B A2 £ R, W3GGT. GST. MATES
H™-ATPase%s. (2) MYBFMEN X} DL b ¥ K 2 AT 55
FOETheE, MEMEMEESHES PR HIMYB)E,
ST 5 BE AW 5 24 i 7 bHLHATWDR A7
2. (3) MYB. bHLHFIWDRJE i HIMBWE & 4% #
FEPR G B8 ) LEMYB R E L B K@i &=, LA
HMITIBIEE ZIE BIAI S A R R R IE o
HEYHMYBFIbHLH 25 & 7 51135 H A BOR AL =
o, 25 B4 WMRE (MYBR 51 %)), ANCNN
(CIA)C)FIBRE (bHLHiR A%, CACNN(GIT)), iX
Al e MBWE G WA A 2 8L K 1 JR . MRE A
BREE 5 [K &5 2h 1 40 & HE 5 E i 1% 3
HE R S G 7K “F-(Zhu et al., 2015).

AR R I SR, MBWR S04 T I #E2%
WS EEZMEEERZNAR, S5 1%
AR AR, 1X K HWDRAbHLHZ 7
12 Difett . EMBWE SV, #%HWDR—bHLH—
MYBIIFT, s R (0 4 S PR BoRBk &, il S i AR
Yy FEAREOR #8 % —(Zhang et al., 2003). WDRJ&
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#fbHLHFAIWDR G IIMBW \
T T e ey i.g-
{19 T 2 R 2 S —
@ ‘_‘— = | R AR S
AEE -1 emmmew i
S R 1
(udfigie Rk FIZ
SRRzt HIZ o O
E=3 BRE &1 MRE = TATA i
CACN(A/CITY(GIT) ANCNN(C/A)C TATA(T/A)A(T/A)
B2 eHZRUHERE RS B R & E

HRAAXMYBY T RIEGF, A RBERIEDHLHAIWDRI K%, JFHMMBWE G4, MBWESIMEOIERE /) B3 & TMYBA
5, R QIELE RGBSR BB I KR Z J5 138 7 1 5 ¥ g AR G HE K . MBW S & H5%0 S 24151 77 571, 43 5 IMRE
(MYBiRHIFEFN)ABRE (bHLHIRHF3), 114 HEEANCNN(C/A)CHICACN(A/CIT)(GIT)F 5 (Zhu et al., 2015). Rt
MBW A &4 Thfs o, iR 4L 5 2 T MRERIBREFFIEAS, 5T 8 S 8061 K& %
Figure 2 The hypothesized regulatory mechanism for the activation of the anthocyanin pathway

Once the anthocyanin MYB was induced by signals, it may activate the expression of bHLH and WDR, forming the MBW com-
plex all together. The MBW complex has much higher activation ability than MYB alone. The targets of the MBW complex include
the whole set of the core structural genes of the anthocyanin pathway, and likely also comprising genes encoding relevant modi-
fication and transportation enzymes. There were two classes of cis elements for the MBW complex, the MRE (MYB-recognizing
elements) and BRE (bHLH-recognizing elements), which were in the form of ANCNN(C/A)C and CACN(A/C/T)(G/T) respectively
(Zhu et al., 2015). Either the functional disorder of the MBW complex or the mutations at MRE or/and BRE of the target promoters
may cause abnormal anthocyanin biosynthesis.

TIrikRikEN, —REETURE I, BREYEN T
AMBWE G, HRA— 25| B A
AFHE AT RLFRFT R, FFHEHEE R EHK
[ B4Rk (Koes et al., 2005). bHLHH 7E £ 4N
UhRIL, 25 ZMMBWE MM, E5REN
R NHANEE RGN, Wt g
— LR B AR IR AL AR (L (Park et al., 2007). TMMYB
MFIEHA R AL R e, R R A S
YRR E HRA P E RRDL.
FRMYB.bHLHFWDR#4}, WRKY .bZIPHIMADS-
boxKEAM TS E T E =R UE LM

(Jaakola, 2013; Xu et al., 2014). HriZ&F eI
FEIEAZ, AEY)Fh IR S L5 1>, HEE
fiTr] REiE I 5 MBWE &4 BLAF sl # 1l TMBWE &
VI s R E R

3 AFRABEENESBHHEESR

T R MG BN IB I AR 2 1 45 K6 2 DR R 3k B 4%
I T, e AR 5 R ) R A 2 SR
B2 B AR . BATERS PR 2 RS KR
TEIT R3S S il it 2 B e AR SR Y
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Figure 3 Common strategies for dissecting the molecular basis of a plant color mutant
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MBWE GWHAER MR RAEY 2 38 E A

FEIR B FRIR 25200, R MRS MR R R IA . (1
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CHSRAL 2 5 L fir A R B AR AN Be & ;. CHIZRAZ
AT AR ER Y AR R IE 0, F3'HERF3'5' HRE AR
SXYIWOAR R TE T 285 703, T M 6 ] 21 6 1) 4
A7, DFRFIANS AL — M A~ 23 R AC 3 Wi B 1Y) 5 &2 1M



114 HY=%#HKk  51(1) 2016

B4 AiESEE R AUHRAAE 0 H IR 5 5 R G52 1 2 B AH B 25 SRR

(A) KFBL K (Furukawa et al., 2007); (B) Z%{t %K (Lazarow et al., 2013); (C) £K5%. 4t #i%; (D) %2 (Mano et al., 2007); (E)
FOEMZEE; (F) & KE{E(Ohno et al., 2011); (G) 4L ASE S (Espley et al., 2009); (H) EH%i(Nguyen and Cin, 2009); () %
.03 (Yuan et al., 2009); (J) % B AERESE(Chiu et al., 2010); (K) ZLBE 00>

Figure 4 Examples of commonly seen plant color mutants (some graphs were modified from relative references)

(A) Red rice (Furukawa et al., 2007); (B) Variegated corn (Lazarow et al., 2013); (C) White grape; (D) Purple sweet potato (Mano
et al., 2007); (E) Common morning glory; (F) Dahlia (Ohno et al., 2011); (G) Red fleshed apple (Espley et al., 2009); (H) Coleus
(Nguyen and Cin, 2009); (I) Purple cabbage (Yuan et al., 2009); (J) Purple cauliflower (Chiu et al., 2010); (K) Red spotted

dancing-doll orchid

BCTRA G, JRIETE &= MG A Z M . BARWILL, 25
P B TR ) RAR 25 F R AN e B RS e 8 1 F 2K
Fil, Sk EATRERRARAEI AR VG RE )T . RLTE F AR IE
BWESE, BRF3HEFISHAN, Hu iR E
SR FHEAK o W T N TR B Wi, 5T imzl
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Table 2 Known molecular mechanisms responsible for common color mutants in cultivated plants
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Plant Color Mutants and the Anthocyanin Pathway

Zhixin zhu*?, Yingging Lu*
'State Key Laboratory of Systematic and Evolutionary Botany, Institute of Botany, Chinese Academy of Sciences, Beijing
100093, China; 2College of Horticulture and Landscape Architecture, Hainan University, Haikou 570228, China

Abstract Anthocyanins are widely synthesized in seed plants to provide coloration, the end-product of a series of en-
zymes of the anthocyanin pathway (including CHS, CHI, F3H, F3'H, F3'5'H, DFR, ANS and 3GT), which is then modified
by various enzymes and transported to the vacuole for storage. The genes encoding these enzymes are positively regu-
lated by three kinds of transcription factors, including MYB, bHLH and WDR, with variable expression in organs to form
the MBW complex. Genetic mutations related to the pathway, either in structural or regulatory genes, often cause unique
color varieties that are valued. Although the molecular basis remains unknown for many existing mutants, accumulating
cases start to show certain regularity. This review summarizes progress made in the anthocyanin pathway including its
regulation and transportation and comments on relevant strategies for understanding the genetic basis of a color mutant.
The known molecular mechanisms of commonly seen color mutants are also described.
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