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FEE: 1LH XS REEANS R AN LA F Ao MIER R 09 K o8, MR ELETH T AR EbF . ALBEXFANS
ARG RBATRA, §AEA LS HMANSK R G LER S I FEERS TRENSIRE . LEFEOTFLA

A RAESF A,

R o EE AR A B ek, KA fLF £ R

HE R ZEW AR Y, J& T mEHEK
IR R, FEUMEH R AEE T R L4
s, EYE. RS, FEESRE 2
2L, B FREPHE(EREE2007; FKMH2011). {E7F5
FEAZ AR, MY B 507, fel 2
qudky . BB R AMESS . IR DNAAZ Y
B NN 11 087 o AN 1121 N i b R D WA &L
i i R I W HEAT S5 R N R DT I, BA SR
s PURAEL TR LB B . R FAE . #
il Jiev R 40 B i A 5 22 P AE BT RE (TR AR 2011) . TR
T 2 AN /AE T 2 & i (leucoanthocyanidin
dioxygenase/anthocyanidin synthase, LDOX/ANS)
ST R L& BOSAE A i 1) S BB, 1L
T AL O3 B A R 22 O Ay i85 2013;
Jaakola 2013; Nakajima%52001). Hf, D&M £ Fl
V)R 73S T ANSHER, 4nJc 7 (Brassica camp-
estris ssp. rapa) (VFE24i55$2009). 1L1245(Dioscorea
spp.) (FA%%52009). W (Morus atropurputea)
OT 4 E0EE2013) . FF ¥4 (Brassica albograbra) (A%
#H2010). &FRF (Fagopyrum dibotrys) ( N 22
£52014)55 . ANSH:F D) Re AU [ 2
YIRA 5 A EEROME, AR @R EA
S RIS HEAET R G BEANS 1) 3 ]
SERIRI T ReHEAT A 4f, b B R G548 7 T N
A g o B H A AR I ANSH: R P2 HE 525 K9, ANSH:
AT B 3 125 T 28 7 THT R PN 25 W] 9 ANSHE R FC) 2y RE
IR R MG JAh, WA LR v I H
R ANSHEERIWT T IS5 3857, 4Tl i A ANSHE ]
(T RE SRR AL B 4 58 2 A A R K, T 9 R
RIEH RO TS LT EE R R
MRS E TR
1 ANSER L

T ANSHE B 8 IF T80 32 HEORF 3 3 KT

1000 bp, K75 & A 1A E2NNE T, A8 71X
HAEERRG T Bxr4a ot H5
i B 45 5 TG AE 2, FLER LR A WO Fe” 2 e —
& [20G-Fe(ID) XU 4 e o J 5= Rl ) S5 My I (3R 1)
MG B DX AT e 82 A4 T AHE RN, ANSHEEA
A e 2 5 ) HRAR 100 555 0 1 25 AN 2 5 i A T
FARGhE R, HRIEZMYBIFE S 7 iR, M
PRy 25 K938 0] 1, ANSEE B BAA XUN 4 B 1 D e,
7220G-Fe(IN) XU 4B 5 % i 7 2 —; TITORFA &
HIE PR 51 AR AAE PT Oy FC A AR 2 PR AN J5 PR e o i
PSR
2 ANSEF 5L

AT, X ANSHE K Dy 58 77 T H#iF 7t 3= E A h 2
RILFFE AT W FRIE . miRNAS T 1) EE A
DUER LA S ANSI ZE38 45 55 J7 1 -
2.1 ANSHIFRIEHFE

28 R I, ANSHERILE 22 Pk 49 o 5 ks A7
1, HRIEEMAMAL T HLAMAR K G
91 B AN () it o b B LA R S, A0 i D SR
PR ESF A AR S A PR R

ANSFIR P A L et s HAE 2 AN 2k
VI RIE, (BAE S HA PRI RIS E S AMIE . FTA]
(Theobroma cacao)"F TcANSTEM: . At &3 % S Fh
T B IR IE(Lius2013). 111 HE (lpomoea
batatas) I IbANSTE T A HZA T 58 AR FE I R
i, (EHRAR K8 R b 3 B B i (Lin%52010); 457
A FAANSTEACIIAN R AL 23 1) 23k 8oy dr S 6>
H>ZE>H( S 2 R EE2014); 45M . (Zoysia japonica)
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Table 1 Parts of ANS genes

e/ BN ANS#iS ORFKJ%/bp JAE)T s 2 Ry sk R HIRHE DTN
J&75 (Brassica campestris ssp. rapa) ~ BrANSI 1077 - 20G-Fe(II) - VFE L2009
BrANS2
[H % (Dioscorea alata) DaANS1 1077 TATA-box. CAAT-box 20G-Fe(II) — JE A % 252000;
TREE WS TCHE . PRERHE2015
i )82 I AR P 7 1R 46
11124 (Dioscorea spp.) DsANS 1077 - 20G-Fe(II) - A % 452009
2R (Morus atropurputea) MarANS 1077 TATA-box, £ . 20G-Fe(II) 2N AT T Ay iA52013;
TCIE MY BSE &7 5 55 INHNET ZYERBEE2015;
TRIR 7452012
F% 5 (Brassica albograbra) BaANS 1077 - 20G-Fe(IT) —4~292 bplf AR FEE2010
NET
It (Ribes nigrum) RnANSI 1074 - 20G-Fe(Ill)  — Li%2015
4752 (Fagopyrum dibotrys) FdANS 1077 - 20G-Fe(Il)  — R A ZE2014
hKi(Litchi chinensis) LcANS 1074 - - 7E504~708 bpz. X EE2012
BN & T
¥&(Prunus salicina var. cordata) PsANS 1074 - 20G-Fe(II) - FERFRAE011
% RS T (Muscari armeniacum) ~ MaANS 1065 TATA-box, CAAT-box, - 515~594 bp2 ZYE 52015
R S 0 ARE, GC- [A41/~79 bp
motif, Y. MeJA. 7K# KNG T
B R o fE, MYB&S &
JCtE, RFLRE TR o
2% (Dioscorea alata) DaANS 1071 - 20G-Fe(II) HEINNET FREK 2015
HZ (Ipomoea batatas) IbANS 1086  — - - LiuZE2010
AN NS BjANS 1004 - 20G-Fe(Il)  — 42012
(Brassica juncea var. megarrhiza)
MR (Ginkgo biloba) GPANS 1062  TATA-box, J&. ¥%. K - EAHININE T V2008
WlR . IR BTE IR L FR2AWETF
B A F o
=55 (Violaxwittrockiana) VwANS 1179 - - - FMEFHE2015
#5582 (Strelitzia reginae) SrANS 1083 - 20G-Fe(Il)  — BEEENELE2013
W E 1) H 2% (Helianthus annuus) HaANS - - 20G-Fe(Il) - K- 81552009
2K 2% (Magnolia sprengeri) MsANS 1080 - 20G-Fe(Il) - Li%52015;
Shi%2015
VEA (Allium cepa) AcANS - TATA-box. CAAT-box. - - X5 %5E2013
MYBH# 5 [H 745 & o
Z55kmN, Wi, ¥
F A RINAE ok
H16(Chrysanthemum>xmorifolium) CmANS - TATA-box. CAAT-box. - - A B AE2012

MYB4i&6#F. G-box
AR AR, B
URE TR S EE R A
HILhRE

ZJANSTES (REAR S ) B 2 s Rk, RS2
TR IA B W B (ARnZ52015). AT LA H, B
IR TR A A 1) ZHL S A ANSHE IR ) R IE B v, X
EVL TANSRE DO E R B RN ORE R

1 O B il L X, O T X M A SRR R A A

BRI PR PSR LT R IR YA
ANSFIE KN Ry A Bon R IA Bl

MR R J W E s . W (Nicotiana




2N SR I E R A IR ANSEE R I HF 7Tt 819

tabacum) NtANSIFINtANS2LE Lt A 22 15 & 1
I, FEAER B Wi Ja B BOm i (R (Lim552013); %
% (Fragaria ananassa cv. ‘Maehyang’) FaANS{E T
FEJ510 dIF R 3k, T L3205 B oA 8 1R P,
FIFFAE 522 dFF U T, 34 diffik £ 1506 (Bae
£52008); HEDaANSTESZE LKA A AR =
L5, 8 ik BT, BE 5 SR AR (R ER
£52015); #5498 (Rhododendron pulchrum cv.
‘Oomurasaki’) M H1 [ ANSTE FF A1 2 I8 & %
& (NakatsukaZ£2008); W% (Duchesnea indica)
DiANSTE {0 5 52 Hh (1) ik B AR T 20 (g 110 SR i
(Debes?2011). LA, IRAGANSTELL L RIA (it
BRI, Pl B H LA 46T 2 SR B f I 40,
AT AR 75 ZE WO e I W e AR 2

PB4, ANSFE K it ARy e 1 S s L Rk K
NERE>E A>T B/ M. WK ER
(Saussurea medusa)[ AL 2 SRR A REAS
M, ANSHELL O FR Rk K5 T 5 4h M &
(1 2:2013); K H 5 (Brassica oleracea var. capi-
tata) ANSHIFIETK- B 5 5 T 75 H 85 (5K W2011);
a6 R Bk (Prunus persica)"PANSHI K15 & T
F T HOAE & (Hassanis52015). fEILH & &
6 2 L RAEY O E A i RIS, AT 225 ANS
FERKR AR, AT 46 K126 6 A SRS B
2.2 ANSRYIEFRIE

A DR o 2k 2 T 7t i R T e ) R T B
NIRRANSIDyRe, Foad RIATT AR 7 — e’
B BT

T o DR T B R ] A NS AL B 90 T T
(Arabidopsis thaliana). JHESEAAXAEY) I35
IR . DaANSI IE A3 & £ IA HAKPCX-
SN-35S-DaANSHE i 35 5 A0 10 N5 e 3 3
13 7 3FRPH PR B D A AR (R R H22015); =B %
VWANSIE I RAT W 3L N I 913845 1L
AL FFL KRR (FVFHE2015) . T LA HY, ANSHE:
PRL 2 T DA o e 5 DR 5 Rl Ty e A 31 e A A 4 o
F R RILN

ANSH) I FTE — MG O T 2358 e e PR A ik
WHEZRNEE. RWMaANSTIFEFE RIS 5
AERUAH L, AN R 1) 2 BB RE R I IR L1 0. O A
H552013) . A A] TeANSHE S B b it ik i 1M

BRI R LT 2 LRAETH =& AT
LDOX k2 SEAF f vp i FaA il Fp 1 Hh e H R 1S
PLAN 78 (Liu%52013) . /KFE(Oryza sativa) ANSTEK
FEANP (Nootripathu) A fA it ik, R HF R
J516T 2% ; Pro (35S): ANSTE £ K(Zea mays) a298%%
b LB )= 77 A6 E 2 Pro (MAS): ANSTE
NPRAF R A RIS 546 TH R AT ARE R 4k
AL T 2R T H SR R A HR ANS e K38 10
£, BEE VR AR, 30 7 R AR X IR
GFAR, FIFEAEE R FF R (Reddy552007). M
ANSTE R IR LR MR A R & 215 3|
B JE 7~ A, B LE [ 2R P 58 R B B B R B R
PG EEFEE NN, R WRal RS+ 85
FBIEE E ST R IRIED R mfh.
2.3 miRNATT S/ ANSE E ST ER

IS SEmIRNATHEAR, A {EANSEKIE KT
PR 2 SECER VIR, a2 R RS ANSH
THG, FIEETIH81%, FRH LG &R
R A 5T R 2 PL(CE AN #52014) o 5 RTTER
J7 TH IE 58 SE INUE B T ANSRAE T R A& s 4
MBI R 2 —, HARR A Mt s A F T4
HER A IR R D Re A = A 2 R
2.4 ANSHIFRIKFIE

ANSHIFRIE 2 Z Ph R 252 m, 5 5 7 41 i R Ak
B i X AL R AE N 562K . miRNA, %
Sk LA Z P B R R S E ANS )R8 A
VAP AE ), 1% L 42 00 45 IR PRy A iR 4%
2.4.1 BEMNEIHTANSTILHIFIE

ANSHEH JF7 51 1 R 24k 7K P 52 ) 3Rk 7K,
FRIEAL 7Kk i H R IE AR . < 03 (Nym-
phaea) F1 8 2138 {4 3§ rH ANST T B 1EHE 222 000
bpZe B BT X Z BB 40 2 5, (HRE 1)
B 1 X W A M B OKF A EEZE R B
AL Y LY B 2035 (1) R R ARA T 2 H 18 Ab (L FE 14
A CG, 24bCHHAI2AECHG), A 448 1) FE 3 Ak 7K ST,
PUHY 20 3%y, T B 20 R RS E L. [
16007 53 7] RE & TR IR HANS 2 3 X AN [F] 7K
R H A T SRR TS, s
Wil ANSHI IR K S AETT 22 IR R, I FEAL
FIEAE I (522 57 (XS 952015; DengZ$2015). ANS
B DA 91 F AL /KT 5 R IE 7K P 22 TR o0 R T,
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a7 16 H g5 A AN Dl B I B 9T ok AR A e 2 AN
R F (PAB AR R, IR WA 1T B A2 dh P 2 (] 3 6
R FEREFERZ —.
2.4.2 YmhE XN B AL EERXTANS FRIZ AV IFIE

B DR 2 s Xt A% R A N\ Bk 2k 23 e AR 152
TAEI T, AT A ANSHIZRIE K- SO A RE
WEHRIE. LAAH RN AR (Punica granatum)
PgANS (180 PgLDOX) %t X A5 — A AL A %
—/NSNPA £, SNPA7 f A A8 o g 1) & 24 iR
A, MiZsd AL RS AR aEY, T
PgANSTGIE G55, A F RZ AR R 2 A RIR
(Ben-Simhon%§2015). JEHE(Gentiana triflora)
R W ans D2 £ 552N 81k 2% 14 bpi)
AT, IS E & b B0 T, i 22 K 2k 35 (Na-
katsuka®52012), IEHff (¥ LA AE f& 5 R 308 IR £
5 1) R (R 3R 2 —, i) LA NS (R = T 3] %,
it DA 9 b b 2 T 0 2 S5 ) i DRI BN B T 5 B8
TCANSE:R . JE B+ X H AR5, 1875 % &
ANSHEH ihs X A5 TLSNPAL . BB H R HRF
B B4 N AR R S R R
2.4.3 miRNASTANSFRIERIEIE

miRNA P o 28 JH A 25 R (1) 208 ) 42 1 4%
ANSWIZRIE . K46 (Gossypium hirsutum) GhmiR156
FEAR A S B £ 4E o 385 A0 GhSPLO ) 3R I8, [A] 42
| TANSHIZRIE, mAHHIIETE RIS S(EIE
812012). 7F IEH AL FIELEE 2448 T, miR8281 %
K 55 3 R 25 6 (Solanum: [ycopersicum)FERk-HANS
RIKENEH R GRS TE AN 2552015).
& HimiR858 971 i #2 SIMYB7-like {44 5%, 7EMIELH)
FEIE R PR 9 P miR 858 4l &t 141 J, SIMYB7-like
g W25, ANSHIFE Bif(Jia%82015). A%
HEXmiRNARIHE R, 225 7 2 HW
FIB AR, ANSEE R (1) 21K BR 32 miRNATHL
Ab, X Fh R AR 4 AR AL 7 B 2 FE R SR
IRV S JE s, U B R S i DR I SRk DL K R
KB Z /DR Z MR R LR E R
2.4.4 FHERETFIANSTRIBHIFIE

S DR T 4 2k DR 3R IR 1) e SAPE FH AL 7,
— 55 3 21 XA E FH oo AH 45 6 R s e gk
R 2RIE, Hrl L — Mg sk R F il BLE 24
R FA BS ST E A H R GEER- . B

R, MYB., bHLH. WD40K#5H 7257
ANSHERI AR A, TIX i 5 ANSHE K JE 37
DX A FH oA 73 B 285 S A — 2

MY B2E % 53 R 15 ANSZ2 32 I AR I AE %2
AT (1) MYB#4 3% R T 5 ANSJE 2 F [XDNAZE &
it NI B HFRIE . ERHERZEIbMYBI
(R2R3-MYB)fE 5ANSE 5+ X [FI TAACCG boxFl
TATCC box J:F{EMARIME RS G, U5 wEM A
1 E G Rk R PR IE, M5 HMYB
DNAZE G A7 s A 2 Fr Bl & i s 2 R 3R
1R 55 (DongZ%2014). 3{EMYBT] it 5ANSJE )1
AR TG A G A AT R 4 KT S B e
(FERBEE2012). -7 (Herba epimedii) R2R3-
MYB#: 5t K T EsMYBA G B0HFANS I B2 5 1
(Huang Z52013). (2) MYB#4 3K F5FANSHI 15 B,
HIEREER. % Myrica rubra) R2R3-MYB#
KA FMrMYBIFE ) B I H () i SRk A ANSZ &
B & [ (HuangZ%2013). H 2 IbMYBIlafft) i %
51 S ANS F(AnZ52015). (3) MYBH: 3% K14t
ANSHIRIEBA RIEIEH . HARIEE (Japanese
gentian)[{)GIMYBIR1MIGtIMYBIR9 (R3-MYB)7E
SO v e 2 08l 2 R DR R B4 o AN ST 255 i
fill(Nakatsuka 2$2013). % F| 54§ (Fragaria chiloensis
ssp. chiloensis f. chiloensis) FeMYB1 (R2R3-MYB)
FERNAITF#L MR8 N, R s hANS b i (Sal-
vatierra®5$2013). (4) MYBE A -F/EHEY A Bd
GURIRANSTIE . FEH A A7 LMBrANSRIL
ZBrMYB2-21f#% (Ahmed £52014). 2% (Rubus)
RIR2-MYBI10£E K A A5 RuANSHAL, TEAET
FH R BRI 2 AL B i s Rk B (FRiE2012).
(5) MYBH# 35 PR 7 7E IR 53 i 26 2R T RAEANSHI R
K. ‘RS P4 H W (Brassica oleracea var. acephala f.
tricolor) R2R3-MYB#% % [A T BoPAP1 {E{K iR 2614
NRFEANSIE B RIEGKM2011). HbA] I, JH4%
ANSFIX MY B s K 14 2 M IR 1R 2-
MYB. R2R3-MYB. R3-MYB%, HhR2R3-MYB
W2 HANSHIIE IR X 2 5 H A0 $, Ui FFp 2R
RFIMY B s R - IE A R ) o ANS R IE 1
PEAE A, HR3-MYBEZ R EH . It
Ah, MYBRH R TRl e e 25 T a5l n

5T SRR ANSEE R R AL 1
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bHLH# St A T SANSF A A — 5, Wi
YIET E M B . bHLHE 55 R T BrTT8 5ANSIK) %
ISR — 8, TE4 3% (Brassica campestris ssp.
chinensis var. purpurea)it. 5 i1 R AR T HH
o E R RIERIE, MIERA LT FZ RIAHL LN
Hs iRk B AR H (TR 2011; Ahmed®52014).
JIH%5 (Senecio cruentus) ScCbHLH17, ScbHLH21
MIScbHLH22 1) R 1A B 2 [F] ScANS ) R IE B —
0, W I ScDFR3FISCANS )2 1A K55, AT B
JE NS Re A BAEH R (E82015). Fifid
bHLH % 5% Kl 7 (1 i B oK B A b 2 JE Rl Ra 3 3@
IR FEANSFEIE SR I8 K Fh B AR R R
(R1F152013). NFRIEW K HFH, bHLHAEH 5K
T EEXANSFTIS R IERZEEH

WD40KF S R T HImANS RIL . W
WD40 45 ¥y 38 ) & (A Nt TTG 238 i i 5 ANSH) %
15 T M AL (2= 82012).

MYB. bHLH X WD40i# i £ lMBW & 4 {4
WIEANSHIRIE . KT EL AR FMYB,
bHLH., WDA0H %N a4l ta RpRIAEN =, 2%
BRI, ARERAR, 46 RZPMYBRIRIAREN
{0 R M0 2 1197017 .64, HEMIMYB 5 ANSIH)
B Ik 5%, bBHLHFIWDA40 () %35 /K F e #4338
1:1, ATREETE . T MBW (MYB-bHLH-WD40) 5 &
A B 1 A= W) BGHEAT IR AR (i £22013) . T
H ¥ FaMYB9/FaMYB11. FabHLH3F1FaTTG1
JE MY B-bHLH-WD40 5 & 4 #2546 75 R AEY)
& [ (Schaart?2013). 45&bHLH 5 ANSF AR 1
— 3 s L, AT LAESD, MYB. bHLH & WD40 1, 7]
RE LU RSB FSANSHE R 223k . {HE, MYB.
bHLH X WD40 & 75 # 2 T 2 & 1k, 80 L%
R A R R U B E T R A ANSZRIA 2
X T B L2 (R T RN DAAIE S .

2.4.5 ZEMIMEERITANSTIZRFIT

IR IR B ARSI I S A (S Sl
P, WIS A L 2 S) IR 56 3 9 A 55 1) 3k (R 3
17K, BT DA SEIR 22 S ANSTHE Rl 1k 11
HERT . @k, R, KR, SR, T
B PR ANST RIS A WEERED.

IR AEANS R IB M EEH B 7. (1)%
TR SANSHIF L . L3 EE LN T ANSHE G5

T p
THIERR 2,075 MeJA
NAA. AR

|||
|52 | |
o

B # I5 R R XTANSZEIA A

Fig.1 The regulation of some environmental factors on the

B ||Ed

expression of ANS gene
H K BT TO R 2 Hm W ANS R KGR IE AR, A R4k
A HETER .

S EXRE, HAFGRE A G BREEH R
EIERAAAGERW2011). B AW (Camellia sinensis)
ANSIFRIE KA B AL BE F5 T B (Hong%62014) .
BT LA AR P RS R AT B R AR I,
RELPANSHIRIB BAAEREE L, Ko ogra g’
SR AT LU W R A T R 1765, Ho P R B SR
55y % A, BB ANSH R 0 s o B B EAE
MICENT#2014). (2)EALPER [ SE K, ANSHIFR X
BN, HEHIEE THANSHI KA B REE AL P
V) P S A 177 8 0 (VF 5 4 A 2E 1 /£2006a) . 21 AR
7% (Brassica juncea var. napiformis) ANSHE X &
i N 12 hig RIE BTG BT, ALFE96 h)E ik 5
KAE(IMEEAE2010) . (3)5AMER S T 5 FANSHI R
Ko IRMATEH ANSHIRIEZUV-A T, HREE
L5 Kb BRI TR AH OC (VP 8 201 552009) 0 (4) 55 41 5508
ANSH)FRIEFAIEFEIEN . B HIEH ANSHI &
IEEAEUV-ALLTEA8 h)m B T RS SR T At
PR (PP LA MZE £ 4E2006b) . 4R A GhANSHI ik
JKFAEUV-BAR R T FiR(452008) . 504 ZEHANS
(218 52 A I IE % (2 82014) . (5) N4
A SANSHIRIE . /N (Triticum aestivum)
ANSH IR IK P8 /NG B 1P A 2 4 5~ BT
(Hong%$2014), JEREXTANSFKIAW 520K B, Xf T
HEIET RIIE R, SRR DA%, X IE
L ANSJE Bl X 3 3 A7 £ G0 B o AR — 2[RI
A E HANSECBURM LR . sh4bh, o PLE IS
Ah o By S G 2R AR S I T I, R R ) 3k AT 10 85
8, FANSHIRIAE B, RIS EZ T %
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T B AR X ANSH RIS A WEEH . (1)
AN [ 305 P A PR T 2L A ANS T 3B KT o 2R ANS
FE5°C/10°CALBE T, FRiIEEHAK; 10°C/20°ChEHE
N, RikERm, EERIEELAET, REE VR
(ZER2014). FE74BrANSHE W N ¥4 % F R i,
HRAER G F L FRiE(Ahmed 452014). (2)fKIE
AEBERTAEANSTHI R IR B . 20a5 PR H I ANSTH
KB ZE N2 TSR A4, B
BT Ui FANSIE ERIEGEMW2011; k%
2014). IR FHITANSIRIR P8 12 higRIEEFTF
46 LS, AbFRA8 hfE AR F KA (PMVE(E 2010), 21
L& (Citrus sinensis) ANSH ¥ 5% /K FAE4ACIRIE T
IbFE3~6 dJE 2Tt (Crifo52011). (3) 5l Al 6
ANSIHESF KRR, #E35°CTa IR N 2030 %6 4 (Vitis
vinifera) % H [ ANSHE 35 7K F T B (MoriZ52007) .
R IE NANSE K FRIA L, i HS 5 T HUH
IR B 15 5 BB, X AE SMYBREFN T
FEARIR T X B BOE VR FHAR DG, T AR 4 Bt PR
PR BT 22 1675 2% 11 AR SR BGE 24 (AR T Ak
H, (H BT R 2 ANSTR L R, B DL
T )AE =l T A AL T = TR LU ARIR R 2D, &
FRAE T 35 1 AT B8 2 AR A7) FH St HE ARG I o e 1) i 42
Z
T AN R L [ R P ANSHI RIS . SERANS
[R5 KPR B N B8 E LU V-BAR B #E 52 4
i, RIS T UV-B 5 5 i 3% A 5 il (Ban %5
2009). ZLM K3k TFANSH 2 ik B EAR IR AR 6
1B T [ P AR T PR AE K T 3 I, A s S e
(1) 208 B 20 AR 3 (0 255, A 3050 3 5 ol
SEIEINE 7 AN SN P ab S e g '8 X o N |
PR FEALHI(RBIEE2012) . 6 HRAIR IR 7 A A
NANSZERIE B, 0w L EAE R T E b
K, TRV S B 5 1 K R 1, 18 B 2 gk
ANSFIE PRI AT LAE N, vld e 2 Fhr s
FALE b T 1 77 R EHANS & I IS N fE 1A
HRNA.

HAFRER T2 RE. MY EApE
REWXTANSHIRIERAWIER. (DT FEHhia
A R HANSHI R IL . LR H I ANSTE T 5 i
TRIEFEBARIMFAE2010); ZLASE R HHANS
[ERIB K, FER T R M 4 T HBUN W, 5

5 25 A0 S TH KRR T B, J5 A /N E )
B INCAERE HE2015), 1 B+ 526 T e AR T
WHRPMR . QUREALLH T FHANSIHRIL .
AW ZE I ANSH SRk B AL 5 B A3
2014), Ui IE M 1 EUEEE G o] e A R T EY e S
MR, QMER. LM MeJASEHER M
WAL PRI B ANSIIRIE . HRAT GhANSTE i ¥
B2\ IKMIBR . LM UL S FERE AL BT 2k /K L i
(VFHE2008). 15 3= 5% (Vaccinium spp.) R
ANSTEABA (600 mg-L™")Aab P J5 #4355 /K 7 B B 42 i
(Fh5£2013). PR::OSB2E B KUK FEAEMeT ALL BE R
ANSZFZ 15 Fifl(Kawahigashi 2£2007). % b (Rapha-
nus sativus) T T RETES %o IR JEBE AL HE N ANSTR
A B E RS (TIRERR2013) . M IX SEHIF 77 45 SR n]
HEM, FEHE O] RENAET R 0A AR AL T =
JEH), T 5 105 5 A O 1R U 2R I TR % R T TR
F R AR 1 RS I T Re 2 5 7 RIBAE TS
RARMNESEE. (4) NAA, ARBRESSEHEDE
KA S FE A ] R HANSHI Rk . NAA
(200 mg-L™") b3 B B H )« 5 = W AEANSIH ok
(FNFE2013). 75 J5 AT SE it 1 24 R £ (prohexa-
dione-calcium) )5, ANSFE X B K T i (Bizjak %
2013). W& FHZL 4P (Paeonia suffruticosa)fE H &5
BEALFE N PsANST 15 T (7K 2014) . AAEH)
AR TIFINAA L HFRBRES X ANSH T 4 AT
HEH, AT R A KRB IAMN LT ZME
AT BEAZ BN, X 5 ANSHE R 7E 2H 2R 1% it 11 1
ik 5 LA S 5 AR 2 R B R A B A —
2, WA TE R AL BN A . T R
(R4 FH 6B H 8 W 5 R b TR AT RE AR AE FS BT
YER, TRV 358 B AN [8] ()50 4675 2= & B A
AR

IEAh, FEYIFERIEDLHTTMYB. bHLH, WD40
I RIEWIEANSHIFRIE . R (Malus domestica)
MdMYBOFMMAMYBI11#- 5ANSHI B sh T-45 &,
MdAbHLH3H#EMIMYBOFMAIMYB11 5455, 2K
FIPRZIMES F 4k i (MAJAZ) 5 MAbHLH3 AH EAF
H, MATAZ21f) i %k ##MdbHLH3 5 Md-
MYB9. MdMYBI11{#J53)F 44 . MAMYBI9A!
MAMYBI1 (1) Rk 2 i3 R it H R e F 2= &
JRAETE A R, S FT TR F R — 0 nseix fh &




2N SR I E R A IR ANSEE R I HF 7Tt 823

H(AnZ%2015), 2,4-D. NAAFITAAE T 18454005
TP TTS., GL3 PAP1 (4 WD40-
bHLH-MYB& &44) (13148 T i 5 ANSFIDFRIY]
FILARIEHIET R G HU(Liu 52014). AR FH
P d 1 bHLH R % 53 (R 7 MY B e 5k Rl 1 3%
IEMNIMTAFEANSHI R IE LT R AR, AEK R
2K 2@ 1 R WD40-bHLH-MYB & & 1k Sk i 4%
ANSIWIFRIE AT R IE R, P AL T e
FEZESR . 1ok, WMATE HEMYB, bHLH, WD40
U 55 IR F- X ANSFR I (1) 5 7T g 2 LA 2 5 50
AT, ZFH TR E SR —F 772, 1M H
bHLHY#EMYB )R IA J5 f HMYBK 5 ANSHE
R ATz —.

3 EESRE

ARICE X EIIEE 3G R K ANS ) 7
B\ DyRE S I B W 7 THT 78 N 25 1 8 45 R o dr,
Al LLE H, ANSHE: B A (R 7 [1120G-Fe (1) I AR
FIRIW P A RAE, 8 31 XA 1) 2 PR 55 i
1B BTG A s HL S B e N B — e A
Tt ANSHIZRIE HAT A AVRE v L B SR S5 1k
A PR S JE I R TR HR AT LLSRAS ANSIT 3%
5 BB L A MR, miRNATR] DL ANSTE KV Bk, th
AL (Al R A 0 7 ORI ANS R IK; ANSIA 3)
F X R AL AR 7K ST S G b X A% EF 2 1 i A\ B
B H R HOE T REfP R L, MYB. bHLH,
WD40 2 53 [ 738 T 5 2 A R 5OME R 428
KKV G B ANSTIRIE, BAT TE VR A0 4 R 2
FhAEF; 2 FhIABE R R AT ANST L KA A E R,
AR ANSRIE LI & e =0 AR
B, AR AT BRI AR, PR SR R AR LR
I F AR SR, WA B R RN TR IE
W ANSF IR %

WH R A MEEEYACT R & U R
BHHFRE T NEEATR, AFERZEE. K
RO TR L T S H K, T HAEE = A
A RE R T RE, X R LA (R 1E
Ft AANSEZE R NI RE B0 578 A T W BN 1E

{H52, MH FTHIT SR T LUE e, ANSH:
DRl ) I 3 Adh T — A 75 AR SR IR AL B B B,
miRNAXTANSHIFFEAE R - ANSE: T 5 &40 5
XPAN ] it R AT AR R . S MR R d

TR S 5 38 B8 )i B 0 7 55k R AR e 7 5
WANSFKIE ML TE RE M  FIHANSHE K 1)
REW 70 SR AT 201 8 PP A5 7 T AT T ik b,
T 33X 22 A0 358 ) 9 6] T o Sk R ANS T R Dy g R
NEREERRER, BFEEMHEFHL LT, E
PSR A 0 HEAT R NI AT

P

Ahmed NU, Park JI, Jung HJ, Hur Y, Nou IS (2014). Anthocyanin
biosynthesis for cold and freezing stress tolerance and desirable
color in Brassica rapa. Funct Integr Genomics, 15: 383-394

Ahn JH, Kim JS, Kim S, Soh HY, Shin H, Jang H, Ryu JH, Kim A,
Yun KY, Kim S, et al (2015). De novo transcriptome analysis
to identify anthocyanin biosynthesis genes responsible for
tissue-specific pigmentation in zoysiagrass (Zoysia japonica
Steud.). PLoS ONE, 10 (4): 0124497

An CH, Lee KW, Lee SH, Jeong YJ, Woo SG, Chun H, Park YI,
Kwak SS, Kim CY (2015). Heterologous expression of /bMYBla
by different promoters exhibits different patterns of anthocyanin
accumulation in tobacco. Plant Physiol Biochem, 89: 1-10

An WZ, Liu YL, Liu HL, Chen KL (2015). Isolation and analysis of
Muscari armeniacum MaANS gene and its promoter. Acta Bot
Boreal-Occident Sin, 35 (9): 1728-1734 (in Chinese with En-
glish abstract) [ZZ4E L, XUFEFT, XIZLF], BRILFI(2015). Fi 45 )X,
{5 T MaANSHEE K J R 51 9 5e e 55 20 . DEALREA 244, 35
(9): 1728-1734]

An XH, Tian Y, Chen KQ, Liu XJ, Liu DD, Xie XB, Cheng CG, Cong
PH, Hao YJ (2015). MdMYB9 and MdMYBI11 are involved in the
regulation of the JA-induced biosynthesis of anthocyanin and
proanthocyanidin in apples. Plant Cell Physiol, 56 (4): 650-662

Bae KS, Kih JY, Pyee JH (2008). A set of anthocyanin biosynthetic
genes are differentially expressed in strawberry (Fragariaxanan-
assa cv. Maehyang) during the fruit development process. J Life
Sci, 18 (2): 234240

Ban Y, Kondo S, Ubi BE, Honda C, Bessho H, Moriguchi T (2009).
UDP-sugar biosynthetic pathway: contribution to cyanidin 3-ga-
lactoside biosynthesis in apple skin. Planta, 230 (5): 871-881

Ben-Simhon Z, Judeinstein S, Trainin T, Harel-Beja R, Bar-Ya'akov
1, Borochov-Neori H, Holland D (2015). A “White” anthocyan-
in-less pomegranate (Punica granatum L.) caused by an inser-
tion in the coding region of the leucoanthocyanidin dioxygenase
(LDOX; ANS) gene. PLoS ONE, 10 (11): 0142777

Bizjak J, Weber N, Mikulic-Petkovsek M, Alam Z, Thill J, Stich K,
Halbwirth H, Veberic R (2013). Polyphenol gene expression and
changes in anthocyanins and polyphenols in the skin of ‘Brae-
burn’ apples after the autumn application of prohexadione-calci-
um. Plant Growth Regul, 71 (3): 225-233

Chen Q (2012). The research of blackberry anthocyanin, proanthocy-
anidin synthesis metabolism and related genes cloning and ex-
pression (PhD thesis). Ya’an: Sichuan Agricultural University (in
Chinese with English abstract) [[%i%(2012). BRifLH R .
JEAE B 2 [ A R DG DR T I AN A 9 (1 216 30).




824 T A P22 IR

Mz DU IO K]

Chen YH (2015). Cloning and expression analysis of DaANS gene in
Dioscorea alata L. [Master’s thesis]. Haikou: Hainan University
(in Chinese with English abstract) [[EE4E£(2015). 22 DaANS
LR 1 58 e e il Ay W [ 110 50, ¥ 1 i K )

Chen YH, Xu Y, Wu WQ, Liu LY, Huang DY (2015). Cloning and
analysis of differential expression of DaANS gene in Dioscorea
alata. Plant Physiol J, 51 (6): 853-859 (in Chinese with English
abstract) [WRERHE, Vi, 22 3CHE, XIBRAE, $&/NJE, 3R 66
(2015). ZE DaANSH: ] i [ Je ik 22 500 M. Wb BRI,
51 (6): 853-859]

Crifo T, Petrone G, Lo Cicero L, Lo Piero AR (2011). Short cold stor-
age enhances the anthocyanin contents and level of transcripts
related to their biosynthesis in blood oranges. J Agric Food
Chem, 60 (1): 476-481

Debes MA, Arias ME, Grellet-Bournonville CF, Wulff AF,
Martinez-Zamora MG, Castagnaro AP, Diaz-Ricci JC (2011).
White-fruited Duchesnea indica (Rosaceae) is impaired in ANS
gene expression. Am J Bot, 98 (12): 2077-2083

Deng J (2015). The analysis of flavonoid pigments in lotus petals and
the studies on the coloration mechanism of lotus petals [PhD
thesis]. Wuhan: University of Chinese Academy of Sciences
(Wuhan Botanical Garden) (in Chinese with English abstract) [ XS
Wr(2015). 3 AEIESE B A (3R /B S AL LR AT FE 19
8 3C]. BB R RRA BT I A B (B )]

Deng J, Fu Z, Chen S, Damaris RN, Wang K, Li T, Yang P (2015).
Proteomic and epigenetic analyses of lotus (Nelumbo nucifera)
petals between red and white cultivars. Plant Cell Physiol, 56 (8):
1546-1555

Dong W, You Y, Niu L, Gao F (2014). Isolation and analysis of the
promoter of an anthocyanin synthase gene from purple-fleshed
sweet potato tubers. Acta Physiol Plant, 36 (10): 2637-2649

Fan RH, Huang ML, Wu JS, Zhong HQ (2013). Cloning and expres-
sion of anthocyanidin synthase in Strelitzia reginae Banks. Chin
J Cell Biol, 35 (11): 1620-1625 (in Chinese with English ab-
stract) [BESRNE, SRS, SR, BIVEER(2013). #5EHE 0T
& FE B R SrANSI) 5 W S 223 43 M. o B A i AR 2 24,
35 (11): 1620-1625]

Fu WY (2013). Analysis of flavonoids component and gene expres-
sion in Saussurea medusa Maxim [Master’s thesis]. Yangling:
Northwest A & F University (in Chinese with English abstract)
(455 25(2013). 7K BE 25 S B B o S ik DR R o3 M [ L 1
3. s PEALARMR R KA

Gu L, Zhu HM, Gu ZX (2007). Anthocyanin biosynthesis and the co-
lour mechanism, and the ways to improve its stability. Sci Tech
Food Ind, 11: 240-244 (in Chinese with English abstract) [JF#,
AU, BHRHT(2007). 1675 2 K& ORI s LB A2 52
FHARETEIEE. (i TILRHE, 11: 240-244]

Hassani D, Liu HL, Chen YN, Wan ZB, Zhuge Q, Li SX (2015).
Analysis of biochemical compounds and differentially expressed
genes of the anthocyanin biosynthetic pathway in variegated
peach flowers. Genet Mol Res, 14 (4): 13425

Hong G, Wang J, Zhang Y, Hochstetter D, Zhang S, Pan Y, Shi Y, Xu
P, Wang Y (2014). Biosynthesis of catechin components is dif-

ferentially regulated in dark-treated tea (Camellia sinensis L.).
Plant Physiol Biochem, 78: 49-52

Hong MJ, Kim JB, Yoon YH, Kim SH, Ahn JW, Jeong 1Y, Kang SY,
Seo YW, Kim DS (2014). The effects of chronic gamma irradia-
tion on oxidative stress response and the expression of anthocy-
anin biosynthesis-related genes in wheat (7riticum aestivum). Int
J Radiat Biol, 90 (12): 1218-1228

Huang W, Sun W, Lv H, Luo M, Zeng S, Pattanaik S, Yuan L, Wang
Y (2013). A R2R3-MYB transcription factor from Epimedium
sagittatum regulates the flavonoid biosynthetic pathway. PLoS
ONE, 8 (8): €70778

Huang YJ, Song S, Allan AC, Liu XF, Yin XR, Xu CJ, Chen KS (2013).
Differential activation of anthocyanin biosynthesis in Arabidop-
sis and tobacco over-expressing an R2R3 MYB from Chinese
bayberry. Plant Cell Tiss Organ Cult, 113 (3): 491-499

Jaakola L (2013). New insights into the regulation of anthocyanin bio-
synthesis in fruits. Trends Plant Sci, 18 (9): 477-483

Jia X, Shen J, Liu H, Li F, Ding N, Gao C, Pattanaik S, Patra B, Li R,
Yuan L (2015). Small tandem target mimic-mediated blockage
of microRNAS858 induces anthocyanin accumulation in tomato.
Planta, 242 (1): 283-293

Jia XL (2013). The primary research of exogeous sugar treatment in
anthocyanin metabolism in radish seedings [Master’s thesis].
Xinxiang: Henan Normal University (in Chinese with English
abstract) [B{IREHR(2013). SMEMELL L HLIEE MAHIET R
R TR (L8 500, BT 2 I R S R 2]

Jia XY, Liu H, Shen J, Li Fang, Ding N, Sun Y, Gao CY, Li RZ (2015).
Negative regulation of anthocyanin biosynthesis in tomato by
MircroRNA828 under phosphate deficiency. Sci Agric Sin, 15:
2911-2924 (in Chinese with English abstract) [ 5 /> z, X, 7k
i, N, TR, P, E B, ZRIEE(2015). MicroRNA828 6t
VAP BRI E 5 AL T KA G . T E RO R,
15:2911-2924]

Jiang CC, Chen GX, Pan DM, Lv SH (2011). Identification and pro-
karyotic expression of anthocyanidin synthase gene in Prunus
salicina. Chin J Trop Crops, 11: 2088-2093 (in Chinese with
English abstract) [Z23 %, FREEAS, R AR, B RRR(2011). FR
SR AE T 3R G R L R PsANSI¥ 70 b S A% RIS i . #viy
YEPDEAR, 11: 2088-2093]

Kawahigashi H, Hirose S, Iwai T, Ohashi Y, Sakamoto W, Maekawa M,
Ohkawa Y (2007). Chemically induced expression of rice OSB2
under the control of the OsPR1.1 promoter confers increased an-
thocyanin accumulation in transgenic rice. J Agric Food Chem,
55 (4): 1241-1247

Li BY (2012). Regulatory roles of WD40-domain protein TTG2 in
growth, development and pathogen defense of tobacco [PhD the-
sis]. Nanjing: Nanjing Agricultural University (in Chinese with
English abstract) [Z5 5 #(2012). #HEWD40%E A TTG2x} 2L K
R AN AR B (050, e B AR

Li XG, Wang J, Yu ZY (2015). Cloning of an anthocyanidin synthase
gene homolog from blackcurrant (Ribes nigrum L.) and its ex-
pression at different fruit stages. Genet Mol Res, 14 (1): 2726

Li Z (2014). Effect of the main environmental factors on anthocyanin
content and related genes expression of purple tea shoots [PhD




2N SR I E R A IR ANSEE R I HF 7Tt 825

thesis]. Tai’an: Shandong Agricultural University (in Chinese
with English abstract) [Z57(2014). /N [A 355 K] 7 2 450 48
EEFIE R 2 I T L1800, e I AR AR0lR )

Liang TT (2013). Function analysis of black pericarp gene in rice
variety ‘“TIANHEMI’ [Master’s thesis]. Nanjing: Nanjing Agri-
cultural University (in Chinese with English abstract) [J245 45
(2013). it K B i KR DA (K T B 4 BT [ 18 3. R o
T K]

Lim SH, Kim JK, Lee JY, Kim YM, Sohn SH, Kim DH, Ha SH (2013).
Petal-specific activity of the promoter of an anthocyanidin syn-
thase gene of tobacco (Nicotiana tabacum L.). Plant Cell Tiss
Organ Cult, 114 (3): 373-383

Liu C, Miao J, Huo YM, Yang YY, Liu BJ, Wang ZF, Liu B, Wang F,
Wu X (2013). Cloning and transient expression assay of ANS
promoters in onion. Shandong Agric Sci, 45 (5): 13-17 (in Chi-
nese with English abstract) [XI|4%, &%, & Wi, 2 0HF, XK
T, T, Xk, T8, RHEQ2013). PEAANSHE 5317
B L% ik . L AR AR RLE, 45 (5): 13-17]

Liu X, Chen M, Li M, Yang C, Fu Y, Zhang Q, Zeng L, Liao Z (2010).
The anthocyanidin synthase gene from sweetpotato [I[pomoea
batatas (L.) Lam]: cloning, characterization and tissue expres-
sion analysis. Afr J Biotechnol, 9 (25): 3748-3752

Liu Y, Shi Z, Maximova S, Payne MJ, Guiltinan MJ (2013). Proan-
thocyanidin synthesis in Theobroma cacao: genes encoding
anthocyanidin synthase, anthocyanidin reductase, and leucoan-
thocyanidin reductase. BMC Plant Biol, 13 (1): 202

Liu Z, Shi MZ, Xie DY (2014). Regulation of anthocyanin biosyn-
thesis in Arabidopsis thaliana red papl1-D cells metabolically
programmed by auxins. Planta, 239 (4): 765-781

Mori K, Goto-Yamamoto N, Kitayama M, Hashizume K (2007). Loss
of anthocyanins in red-wine grape under high temperature. J Exp
Bot, 58 (8): 1935-1945.

Nakajima J, Tanaka Y, Yamazaki M, Saito K (2001). Reaction mech-
anism from leucoanthocyanidin to anthocyanidin 3-glucoside,
a key reaction for coloring in anthocyanin biosynthesis. J Biol
Chem, 276 (28): 25797-25803

Nakatsuka A, Mizuta D, Kii Y, Miyajima I, Kobayashi N (2008). Iso-
lation and expression analysis of flavonoid biosynthesis genes in
evergreen azalea. Sci Hortic, 118 (4): 314-320

Nakatsuka T, Saito M, Sato-Ushiku Y, Yamada E, Nakasato T, Hoshi
N, Fujiwara K, Hikage T, Nishihara M (2012). Development of
DNA markers that discriminate between white- and blue-flowers
in Japanese gentian plants. Euphytica, 184 (3): 335-344

Nakatsuka T, Yamada E, Saito M, Fujita K, Nishihara M (2013). Het-
erologous expression of gentian MYBIR transcription factors
suppresses anthocyanin pigmentation in tobacco flowers. Plant
Cell Rep, 32 (12): 1925-1937

Pu XX, Luo XP, Bai YC, Li CL, Chen H, Wu Q (2014). Gene cloning
of anthocyanin synthase in Fagopyrum dibotrys and correlation
between its expression level and anthocyanin content. Chin Trad
Herb Drug, 45 (7): 985-989 (in Chinese with English abstract)
[ MR, #EGENS, ANUR, 2, BRE, RE2014). £FFL1E
TR IR R ) o0 i M LS S ETE R BN SR IERE T,
L, 45 (7): 985-989]

Qi XW, Shuai Q, Fan L, Zeng QW, Xiang ZH, He NJ (2013). Molec-
ular cloning and expressional pattern of anthocyanidin synthase
gene in two mulberry species with different fruit colors. Sci Ser-
ic, 39 (1): 5-13 (in Chinese with English abstract) [T 7 i, il
=5, G, G A, AR, 7T EQ013). SMAET R A
(ANS)EE DK 1) 07 [ S AE 27 SR €2 S e (R R IRRFAE. Z b2,
39 (1): 5-13]

Reddy AM, Reddy VS, Scheffler BE, Wienand U, Reddy AR (2007).
Novel transgenic rice overexpressing anthocyanidin synthase
accumulates a mixture of flavonoids leading to an increased anti-
oxidant potential. Metab Eng, 9 (1): 95-111

Salvatierra A, Pimentel P, Moya-Ledn MA, Herrera R (2013). In-
creased accumulation of anthocyanins in Fragaria chiloensis
fruits by transient suppression of FcMYBI gene. Phytochemistry,
90: 25-36

Schaart JG, Dubos C, Romero De La Fuente I, van Houwelingen
AMML, de Vos RCH, Jonker HH, Xu WJ, Routaboul JM, Lep-
iniec L, Bovy AG (2013). Identification and characterization of
MYB-bHLH-WD40 regulatory complexes controlling proantho-
cyanidin biosynthesis in strawberry (Fragariaxananassa) fruits.
New Phytol, 197 (2): 454-467

Shi SG, Li SJ, Kang YX, Liu JJ (2015). Molecular characterization
and expression analyses of an anthocyanin synthase gene from
Magnolia sprengeri Pamp. Appl Bioch Biotechnol, 175 (1):
477-488

Song M, Sun ZJ, Tang QL, Wang ZM, Ren XS (2012). Studies on an-
thocyanin accumulation and related gene expression in big-head
mustard [Brassica juncea (L.) Czern. et Coss. var. megarrhiza
Tsen et Lee] induced by environmental stress. Chin Veg, (6):
27-34 (in Chinese with English abstract) [4BH, IMEfEE, 775 K,
FEL ARTRQ2012). FEENE TN IR ET RAR LA
KA BN P RIE. H EBREE, (6): 27-34]

Sun HY (2015). Cloning of VwANS, VwF3'H and expression analysis
of VwANS, VwDFR in pansy [Master’s thesis]. Haikou: Hainan
University (in Chinese with English abstract) [fMfE#£(2015). =
O VwANSTIVwWEF3 HIER 52 [ Je Vw ANSHIVwDFRIE | 4 3%
ST RS, i 1 iR K]

Sun Y (2013). Study on anthocyanin biosynthetic and response to
growth regulator in developing fruit of blueberry ]Master’s
thesis]. Beijing: Beijing Forestry University (in Chinese with
English abstract) [#)%(2013). W& 16 H T & B A KR T
FTR e RECA - 1 3] AE R AR ARl R3]

Sun ZJ (2010). Cloning and expression analysis of anthocyanin bio-
synthesis genes in red-leaf mustard [Master’s thesis]. Chongg-
ing: Southwest University (in Chinese with English abstract) [/
FEAE(2010). L0 FFTE T 28O U A% 45 1 56 D] 14 5 B e R ik
SR8 3], IR PH R K]

Tang XJ, Han KT, Hu K, Meng L, Dai SL (2012). Cloning and tran-
sient expression assay of CmDFR and CmANS promoters in an-
thocyanin pathway from Chrysanthemumxmorifolium. Biotech
Bull, (5): 81-88 (in Chinese with English abstract) [JH#%, &
BHT, BAE, Fml, HUE 22 (2012). 3 1ECmDFRE CmANSH:H
JABIT R B SERE S RN 2k i AEWIHORIER, (5): 81-88]

Wang L (2015). Regulation mechanism of anthocyanin biosynthesis




826 T A P )

branch pathways in Senecio cruentus [Master’s thesis]. Beijing:
Beijing Forestry University (in Chinese with English abstract) [
B(2015). JIIHZGAE T 20 & o SO RPN L[ L 18
3] B AEERRE R

Wang LH (2014). Study on the anthocyanins metabolism and the
regulation of relative genes in the fruit of apple (Malus pumila
Mill.) [PhD thesis]. Beijing: China Agricultural University (in
Chinese with English abstract) [ FIN#E(2014). 39 5 F 4 (4
AR AR DGR 2 1w FE [ L1830 b5t s E ARl R

Wang XQ (2015). Phenolic metabolism of red-fleshed apples and its
response to stress [PhD thesis]. Yangling: Northwest A & F Uni-
versity (in Chinese with English abstract) [{EIEH(2015). ZLA
2SR AU R X 10 85 e LA FE[ 1 A 5] i Ve
BB ]

Wang ZM (2012). Identification and functional analysis of miRNAs
involved in cotton fiber initiation [PhD thesis]. Beijing: Tsinghua
University (in Chinese with English abstract) [+ 1E8H(2012). 7
T £ 4 20 o AT 0 B e miRN AR 45 58 5 Zh ek 7o [ 18 -8
3] ALE EHE R

Xu F (2008). Cloning and expression of GhPAL and GhANS genes and
effect of ALA on the content of flavonoids in Ginkgo biloba [PhD
thesis]. Tai'an: Shandong Agricultural University (in Chinese
with English abstract) [¥#:(2008). R4 GhPALAI GbANSHE K|
B B R 5 s M AL A S B 2 i B 52 R [ 1 98 0. Fee:
PN

Xu ZR, Li CL, Cui GX, Sun Y, Li YH (2009). Cloning, sequence
analysis and expression of anthocyanidin synthase gene in tur-
nip. Lett Biotechnol, 20 (1): 6668, 74 (in Chinese with English
abstracta) [¥FE 40, 2, HIEGH, M, FEIEQ2009). T
T F A BRI R 3E e . PP A1) 0 JRIE. AR IE I,
20 (1): 66-68, 74]

Xu ZR, Li YH (2006a). Expression of the genes involved in anthocy-
anidin biosynthesis of ‘Tsuda’ turnip. J Plant Physiol Mol Biol,
32 (5): 583-586 (in Chinese with English abstract) [¥F &1, 2%
FAE(2006a). FHEH I T8 3K HAEY) & B R R I RIA.
TS 5 T A AR, 32 (5): 583-586]

Xu ZR, Li YH (2006b). Screening the genes associated with antho-
cyanin biosynthesis in roots of “Tsuda’ turnip using cDNA mi-
croarray. Hereditas, 28 (9): 1101-1106 (in Chinese with English
abstract) [V 4f, 25 EAE(2006b). 71| FcDNARFE S /3 8 11

TETHALT R & B OCHER . 18 4%, 28 (9): 1101-1106]

Zhang B (2011). Study on the mechanism of the regulation of the
anthocyanin biosynthesis in Brassica [PhD thesis]. Chongqing:
Chongqing University (in Chinese with English abstract) [5KH#
(2011). ZEEBHEMAET AW E ARSI AR T HL ) AR
FLIF LR SC]. H PR R

Zhang B, Yin MQ, Wen YY, Zhao J, Wang JP, Wang YG (2014).
Expression features of the anthocyanin biosynthetic structural
genes in kale. J Shanxi Agric Sci, 42 (4): 313-316 (in Chinese
with English abstract) [5K 4, 7 3¢5, IR0, BE, EiHF, £
FE(2014). PIACH WEAETE FE R A 25 14 5 5 1) R e
W PEANV R 2, 42 (4): 313-316]

Zhang C (2014). Molecular mechanism of glucose regulating anthocy-
anin biosynthesis of tree peony cut flower [PhD thesis]. Beijing:
Beijing Forestry University (in Chinese with English abstract) [7K
EH(2014). T M AP D) AEAE T 20 & K 4 WL 1
L) Abat: AbETARL R

Zhang JL (2008). Study on the formation of flower color from orna-
mental sunflower (Helianthus annuus) [PhD thesis]. Fuzhou:
Fujian Agriculture and Forestry University (in Chinese with En-
glish abstract) [FK81125(2008). M 1) H 2646 01 B AL ELHT
FEE L83 A8 AR AR

Zhao RR, Jiang M, He CM, Zhu YQ, Zhou M (2010). Isolation and
sequence analysis of anthocyanidin synthase gene BaANS from
Brassica albograbra. Acta Agric Zhejianggensis, 22 (2): 161—
166 (in Chinese with English abstract) [#X%%%, 1, %4 421,
RHEEE, FHL(2010). ¥ Brassica albograbraift i 2 & il i
K| BaANSHI L HE S5 9153 . WAL 2431, 22 (2): 161-166]

Zhao ZC, Hu FC, Huang JF, Hu GB, Yang ZY, Xiao J (2012). Cloning
and sequence analysis of ANS gene from Litchi chinensis. North-
ern Hortic, (19): 118-121 (in Chinese with English abstract) [j&X
B, BRG], S, WL, ML, HI5(2012). #HANS
BEDR I e e S FL R B Ay . AEDT IR, (19): 118-121]

Zhou SM, Wang LP, Xiang X, Wei BH, Li LZ, Li YR, Fang FX, Cao
JS (2009). Cloning and molecular characteristics of ANS gene
and its correlations with anthocyanin accumulation in yam. Acta
Hortic Sin, 36 (9): 1317-1326 (in Chinese with English abstract)
VAL, EFF, I, AR, 2308, BWsh, T8, 55X
FH(2009). 1125 ANSHE K F T A 4> T4 L L S TEH R R
B9 &, 2 54R, 36 (9): 1317-1326]




2N SR I E R A IR ANSEE R I HF 7Tt 827

The research progress on plant anthocyanin synthetase ANS gene
LI Xiao-Lan, ZHANG Ming-Sheng, LU Xiang
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(Ministry of Education), Guizhou University, Guiyang 550025, China

Abstract: Anthocyanin synthase (ANS) is a key enzyme at the end of plant anthocyanin biosynthetic pathway,
which catalyzes leucoanthocyanins into anthocyanins. In this paper, we review the structure and function of
ANS genes, so that to provide some reference data for relate to ANS cloning and its functional analysis, to ex-
plore the molecular regulatory mechanism of anthocyanin synthesis, to develop and utilize anthocyanin based
on a lot of plants.
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