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Research Advances in Colored Barley
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Abstract ; Colored barley is the type of precious barley germplasm resources. The color of its seeds is caused by
the deposition of different pigments in pericarp and aleurone layer. Colored barley seeds contain many kinds of nutri-
ent components such as natural pigments, essential amino acids, vitamins and mineral elements including calcium,
selenium etc. ,which play important physiological roles in human health. The seeds of colored barley can be used as
raw materials for producing nutraceuticals , food additivies for the food processing industry,and they can also be used
for manufacturing suntan cream and hair coloring agent in cosmetics industry. The colors of barley seeds are mainly
blue, purple and black because of various components and contents of anthocyanins in them. Black barley is con-
trolled by a dominant gene Blp located on chromosome 1HL ;purple barley is controlled by two complementary domi-
nant genes, Prel and Pre2 ,both of them located on chromosome 2HL ;blue barley is controlled by five complementa-
ry dominant genes, BlxI . Blx2 . Blx3 . Blx4 and Blx5 ,among of them BixI ,Blx3 and Blx4 located on chromosome
4HL,BIx2 and Blx5 located on chromosome 7HL.

Key words: Colored barley ; anthocyanin ; phenolic compounds ; quality ; inheritance

K ( Hordeum wvulgare L. ) J&=1H 3 ol #4E ,BETEBOERE G S5 T AE K FER E R E iR
Yz — R T BRI ™ B AR T KA L R A Wﬁﬁ@é]\%ﬂ‘]ﬂigﬁ%%ﬁmo H TR ZE TRy Ak
AT HERE 4 A0, HAT, 2RI 75% ®RE 2450 (ARE a4 AT A ) A T HALR S
TPk, 20% FF i WOR AR RS 2800 R, RER T FOIsEE M & A @
MR 5% H T B ER, RERATZINEN  REMEOH HRAEY EE B A 5k

KR EH:2013-03-06  {EEE#:2013-03-13  RILEHAR A #5:2013-10-22

URL:http://www. cnki. net/kems/detail/11.4996. S.20131022. 1543. 019. html

BEETE : FR A RBEHS (31101149) s WITTA B ARSI (Y3110574) s #WITTA A 2 HERFIEI0 H (2012022029 ) 5 B R K2 H B HE AR
% (CARS-05)

B—EH FENFREBREFTHIAR, E-mail: huaweicau@ hotmail. com

BIEVEE M, E-mail : jmyang@ 163. com



6 1 18 A B REM IR 1021

PR AR T 2R A 15 7 O A B o5 0y 0 K
PR T4 (R A AR S DT RE R i BT ok b 32 3]
= " G I SR OB B A IS
TR TR R B OE AL 7 3 R R T
IR ZE 9 Lo FH TS5 A7 L B T

1 KEFHEEBNXS

REFHRPE— AR RAEBER MBI, Eh 6
RUUBER AR 2 B i PR T
RIBE 46 28, [ SRR R A R0 6 i 3 73 A
SRR (B ERS E (1H) (U R (Z0) FIZR 4 B
o SRR TS S R RO (1)
MRS EOH TR AT AR, TR TR,
BB Z MR B S ARG, TR RO R /A
Z,PRRBAN ) IR, LU R B R
FUSRORE TR 7 IR B B B0 IR IR B (2%
WK K BAR EEAIIR 12 FhEE SR ik AR A
B BB 2 AR MET A X 03, SEBR TAE 5 i
ANTRS 85 N T] — 03 R 3 g AS [ B30 68 1) 155 0
2006 4, iy H AL B B A MR BE T BT T R
5 AR OR A b B 58 A R L A B A ) — A3
BERZZFRBOS R 8 (1) VR (20) AR S
FhEE, AL T R R E R bR H T
T W PR S K TR 8 T kR A IR ¢, oy
— LB T IE A Lo b {HRHHE R TR
B> L RIRSERE, +a bRICALERE, - a FoRkk
R, +b FRE AR, -b FoREOE, HOaE
(4 LA b B i, BRI R LAERAR, H O

a (HALTS.
2 ABRAZHMERYS R R

2.1 ABEXRZNEENAMR. EBIIEMTHIAES

nE

AT AR 12 A WK s PR B A
Yy, e R & R B AR E =y, FTE 1958
4F,D. B. Mullick 25" R L2155t 8 4K 3 dh
F(HAp 1 A RE 3 ANk E 2 MEAK
FR2 APRAAKIA ) HEAT T AL LR o e 5 i
P TR =L R N - N SR G S TR SN
& AR ME O RGNS TAETT, RO
R FE €0 R 37 B A6 BT % 42 4 253 -4 4 BT
T GHE AR (0 A AR A, T L R R R (R
MR SRS TRERR3-FEMT, 2K
FAEIE A 3 A, BOKRERTHRE

BRI R A R AT R
RATEORE AN, RS R 3- AR &
BT R LR E T, E. S. M. Abdel-
Aal 27 AT UL G EET EEE AT T
A OB IAEWAE AT & B AR o, ks @
KWL B & T Ea/NEM A 6N,
H34.6 pg/g, FEMST NI DA F -3 A AT A
2 A AU A0 R 3R, AL RS o i b 2 D
THAA AP (NiE /N E EE/NE B KE
LT KRR o M. . Kim 25 1 v 25080k £33
(HPLC) ¥EMIAE 127 A7 6 K22 i R 048 (T & it
UL 5, Bt &= R E R 13.0 ~
1037.8 pg/g, MOREMEORENHLATH S ED
FETRAKRE 43900 320.5 pg/g F149.0 pg/g.
ESG N S SN B R R E i R
TN 214.8 e/ g, HR AT 245 46 8 R -3 -4 4 i 11
KA R I FE AT, A E AN EATF T EN
50% ~79% , Wi FE i (0 F S0 K A7 v RaHE RO AR £ 35
3- AT I E s . AN TERTAR I R R
HR RGN 3 T AT 25 48 (0 R 3 AR AR 2R @
E3-HEBET . G. G. Bellido 251" fdi ] HPLC 46
W7 1AFOEREMBM 1 ANLOREHRAEE
T L, e K E MR RE DA &
I3 5IH 210 pe/g F1573 we/g, BkEz A& 20 9k
1587 pg/g 1 3534 pg/g, 8 & F E. S. M. Abdel-
Aal ZEU7T T B W R (A N A (153 pg/g A
13 pe/g) SREATLLEIKFT (2284 pe/g 122 pg/g)
Bt B e S MIZ (5 £ oK (225 pe/g.93 pe/sg.
965 ng/g F1559 pe/g) MAEEF &k, fER A KRE
FNG AR h— LRI 2] T 17 FhAk s 19 4 Bk,
oy VEREORE &AL R 3 A T R E
BRI EWET A0 R -3- A A BT S A 9
FRABE U A B A3, T 7E 55 68 R 22 1 2k e h
RINEN T 5340 4 Bk 4 By, o 1 Fh o Ak
RIHGE 703 R piiigl, w6 KFENEATT
BT AR AT B, RN ) T 5 Al 4y, KRR ()
R 3 MR R, 205 B AT S EN
50% /<47, N. Kohyama AEUSURIE SR IN O R0 K B
T E R AR 3-ME LT, 0 &A N Bk
REAE R AT A ) TR 24 7 -3-0-B-D- ML e 7] 24
WETF, SO KEAIFALG I 28d K2 T 4L A FF
B Jei 2% 4 2 25-3-0-3-0-18 19 5E-B-D- i i 7 2 4
R G E-3-0-6-0-18 - BEHE-B-D- it i 7 25 W
R4 K -3-0-3,6-0-T8 k-5 B-D- Mt i 7 45 4



1022 i 7/

O o 14 4

T EAEAE)E 35 d ARG S 1E)5 42 d X
FFURVE D | T4 423 R -3-0-B-D-HH I 38 28 W 19
HAEAE)E 42 d 5B HRME,

AT R AR XAEY) B B 28 A
PP TEEMEM BT RRZ 2N a5
FHEFIN AT MM T BRI, A airaE
B 1k 5% A1 5 HEOGT R 5k i 453 403, mT T ARt i AT
2T R AR A IS B B AR TR E T BRE R
SEALTE P P ARG P B Ok AR
S T I DA R EL A R B T R A A
itig,

2.2 FBRAEMEYRNWAKRSINEE

REY A ORE T EAFE NGy,
M. J. Kim 2520600 T 127 G347 0 R 2 60k, B2
VIR & B TE 191. 6 ~403. 8 wg/g Z W], 4 5 % Fl 7l
WA ORE N EEm YR, EamEaRE
TR =R FRLR 2T IR REER R
HAREHIR KR ME SRS R RS TRE
K&, BB B & s TRARE (HRR
VR IZ IR 7 et die e, B (oL B S P T 7 e 5

iy P2 A A5 0 2 MGG 22 My 114) T2 B R, 2 ML
TE A TR BT AL, R i M ) € | LR
FesE MEA BRI T K 2ok RN
P it A P MR R 2 Rl B A S A 7 R
MG ) F2 2 SRkt — TS ik HAA AR R A B 4R
AR, RE B 1 70 O 95 0 i I 45, 3 g 0 2% 52 2
By s B O TS AL R G, A A PR
P, HEIVE
2.3 FRAZHMGRRERE5RE

WFoE R, K& F R B BT B (VB,) |
B E(VB,) MR R (VB,) & TRA A
T NEMERFERLNEY, SIS KRE PR IE s &
NARDATT 8 Fh G 3 1%, JFL b ot 2 1 A0 £ 20 1 5
AR T/NE JKREME K, KE PR R oo
R LNGS &k B B T A Y, Bk
S iy = M SR NE LR 1 0 Y (R SR N
HA Al KR S SR i, BERES
SR = W O - SN ) s
O 20.6 mg/g, HLARI % &8 16. 6 mg/g, B
N 630.3 mg/g  HEF S 10 61.2 me/g, W5
H3.71 mg/g, Al REZ S 0. 18% ,0.22% |
2.79% 1.47% F10.012% ' & F) 25 B K 32
P47 2 523438 H BUM SRR A S Rl ) B SR Ly, R
ZBRREZ A E A SR 11.17% A4S

HON6.63% MBI H N 8.77%  E R T HE N
2.44% 5y ) LGl K 4R T 2. 85% (13.18% |
12. 58% H134. 07 % s Kxill i) 17 R MRS TR IR A
14 Fh2H 73 gty T 88 KA 85 51 701. 4 pe/g,
Fb A K 5 9. 49% Y

VEREN K | . Frégeau-Reid 2512 BF9Y & 91,
Lo KREFAERA R4S &, M T. M. Choo
VIR B, A KA A Y R A E AR
FRSESHOREINTHEES (HRERAKE
IARTRR S EELEOKRES 7%,

AOKEREHURAMPLHEHEFA 5&, T. M. Choo
A5 JRA 2R 0 K 7 R PR K T I AR R I R R
TR, KA S5 1 DR K2 i Al HL
A PR iR BT R PUARSOR R A A
BN B2 B, 2R R A R A
K& 5G5S 2 55238 F M B SR B &bt
AREEI I R IR A

3 ABRAENEESEMNUR

BRXENEL
PR R G S R BT S ) VE RS, R Y
PERLA A Y BT R LR KA 1 X
SRR Blp #56, A T YK THL |, KA HBA
(REES Blp WS 5L KA 3¢, Bipl . b 5& H ¥ 46 (1)
e KA B IR, Bipl . mb 53461 v 45 R RE 1Y
KA, MiHERT Blpl. g R YR 32 ]tk v 2 (o sk
[ S5 05 A LU R S YN SN N o s )
SR RBO AT BRI, 2 ISR MR % AR o
FEFSRSAAE T RO BRI G B o W | i H R 6k
PR MR B

STIEURS b SN S E PN Y LN OB tig a0 3
BOKEZ 2 A WAL E AL P §] (Prel 1 Pre2) ,
BlorE 7 FY otk 2HL b K2 S BRI AE 7 JE
vrsl %ﬂ%)ﬁ%ﬁ%’?% ani2 E@lﬁ1§ﬁﬁ%%%”ﬂﬂ
17.1 cM AL 11.2 oM™ X860 28U e K AT
WAL L, K3 Fi5e R ka2 1 4~ k3
K Poe F i, 4 AL 7E G Ak 2HL I BE KEZ N
BERUIRAE P 3L ] ors] ISR ES N 22.2 M,

B 1950 4F, I. 1. Mayler 25 3338 % 8, Kk # 57
2 X HEANER Blol 1 Blx2 151, 5 K AR5 % B
il K 2 PR ORI B 5 AN R AN S L
i, 53 58 Blxl \Bix2  Blx3 . Blx4 F1 Blx5 , Forp 3t
A BixI \Blx3 F1 Blad i T YL {4 4HL L, Blx2 I
BlxS i FYe etk 7THL 177,

3.1



6 1 18 A B REM IR 1023

3.2 BRRXERMURMRIRE

ARG RS TR TR, AR EX T 6
A2 R SRR R H AT E B R AT AR K, PIH &
INFI AR 50 2200y B A L B i 4428 AR i
LT RS 200 Z 0 BaREMRD,
1977 AE3RE H & 51 3 T KA Lima, 1987 4R71
PEA BB R FH 2R K Lima 1R NEEAR WL 8%
W REFA 2 5 H AR B RIEEE R T BK
R 15 R TR R R
KA H Rl HAG AR FLA ST Ry FAR 80
TREFRFER & ST R, 28 M R SRS,
JE AR PO O M ) ER AR JRURL Y RN Al A
FREHEARE 1 SAERA S 2 SAERAI A H
BT 5 — K i IR SRR A 1 45 i i P
Rm ErEE A P PURERD . 2003 VLR
TV 1l X A7 2B 2 i % e B 255 [ 5] ik i SR A
KB36 NACA 22 22, 8 ok 5 53 5 A T 2B K 22 8 p
BLL R i A A BE T o R SR i K ELARL
W, 2010 4R HIR AR BAFSE B 5 | 2E [ A1 &
RATEHE T T RO ARG 5,
T SCRE VE M B R Ik 98. 94% , S BRI N BE
B E— A kG e R AR SR o b, =
BT R ESERR N Z RS FR o0 R, kA
T2 0N o A fae S A B A JRORE S A
FEURERATRMRETRIIRE Zp, B
TR REIRIE F 3 9863,

4 BRRXENFARSHEFEENEE

4.1 FBREWMFASR

4.1.1 HAEXZRFEENHLMANMNE A0
R 46 BE IR B VR R 1 AR A2 T BiE
1117 HL 2 A B RRIR (0 25 T DA SRy SR B Al s Jn 55
BRI E A Tk, 55k (5 3R 08 B A B 1k 54k R
S ARG SE A DAL, L nT T H A At il Tl il o
B EY RIS R (R Z A B R B
B i N TSR R R 51 5 S5 AT Ml -5 U A
A HE

4.1.2 HEXZAEABHENHREEER A0OK
Al IR ES SR Rl B BT U J2 B A BT B AR AR BT
Rt i o ) i, e o A S M PR A5 B AP BE, Al
DABE T S 22 000 R 50T it ol T AT X a2
AP K

4.1.3 ARAZAEIERXEMREER T
R EAR A 5 0] SR ARG R bR iC IR, fE/hE

GRS N e VAT R A W ik ) (TR E AN
HRIRRCHRIR Y B AR 4o B0 KA N IX 4
FEPE R MFRICHIR T g KB Fh A v i
PN (LN L S TR
4.1.4 FEBAZEZMEBEHFAE KEWE K
PRADXT T B AR — R A Bk, YA E R
R A ARG ERIRE & EEE E
HEREWEZR, R4 ST FZRER: &
TR REIRIE F 3 9863
4.2 HBEAEHEREFEEREE

H A (K22 2o i T 32 B A6 (A A
A4S/ TP O o SR N o OB RTINS
b A (8 R A2 10 8 T RN T 6 E M R
B B PR R R oS SRS, W
iE— 25 % X SR AT IR AT, AT (8 R 2 TR 4f
Hu v HF A

KT ORI A FIEH 35 AL A5 IR AR TR
Ao HETHEMHEERGERIESERRC, BE
O BE R S 7 B AH R 1) G o iR b WA 51T 5 T
CRFEPRER, MAEZK RS T, B 5E 3 © & F R[]
()B4 FEAR KRG A L AT T 3 A8 40 BT fn
FhRiC 7, 2 ve b T 43 il K R 2 € 1) SR TR B
THAEAMLE PO F A 6K 3 M eI Y
R HLA A R T — L IR ABFA

Sk

[1]  Mayer K,Waugh R,Brown J,et al. A physical, genetic and func-
tional sequence assembly of the barley genome[ J]. Nature, 2012,
491.711-716

[2]  Kim M J,Hyun J N,Kim J A, et al. Relationship between phenol-
ic compounds, anthocyanins content and antioxidant activity in
colored barley germplasm [ J]. J Agric Food Chem, 2007, 55
4802-4809

[3]  Z=220F FPph R REFEMEFRMELF LRI KR
HEZHA,1998(12) ;14

(4] HIBEEE BEARIEL BRAFD, A5 BRORE 5 R E IR Ay
BrLJ]. PadE R R 244 . A SRR ,2012,33 (1) :30-34

[5] e, 2% Wy BRARET R 5 SHE RN
BRI HORARE,2012,28(18) :169-171

(6]  SRADSE, TR, M) A MRORR R 22 10 i I RR P B8 % i T 43
MriJ]. #F,2011,30(9) :85-86

(7] 3kMIA: AR, RAR, 4. SR R i R AN (8 B & e i
SK[T]. KRERIH,2001,41(1) :9-10

[8] A% M REMMPFIMIEELT]. RER,1992,32

(3):5-6
(9]  EWIWL BRBREIFRFMLI]. HRNBHLHE,2010,39
(5) :60-62

[10] Bellido G G,Beta T. Anthocyanin composition and oxygen radical
scavenging capacity( ORAC) of milled and pearled purple,black,
and common barley[ J]. J Agric Food Chem,2009,57:1022-1028

[11] Fairs D G. The physiology and genetics of the kernel color of bar-
ley [ D]. Columbia: University of British Columbia,1955

(127 knC, XNE. IS Fh 53 JAi ks MG A0 i pr v [ M. bt



1024

7/ O

A S

14 4%

[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

T E R T A, 2006

Bothmer R V, Sato K, Komatsuda T, et al. Diversity in Barley
( Hordeum vulgare) : The domestication of culticated barley[ M ].
Amsterdam , Netherlands ; Elsevier Science B. V. ,2003

Sparks G A, Malcolm J P. Barley identification by grain characters
in New Zealand[ J]. N. Z. J Exper Agric,1978,6:1-10
NI, B oAl 2R R, A R A T 5 e 13 A BT 5 a0k
JELT]. M AL T IA 41 ,2006,7 (2) :239-245

Mullick D B, Fairs D G,Brink V C,et al. Anthocyanins and an-
thocyanidins of the barley pericarp and aleurone tissue[ J]. Can J
Plant Sci, 1958 ,38 :445-456

Abdel-Aal E S M, Young J C, Rabalski I. Anthocyanin composi-
tion in black, blue, pink , purple ,and red cereal grains[ J].J Ag-
ric Food Chem,2006,54 :4696-4704

Kohyama N, Ono H, Yanagisawa T. Changes in anthocyanins in
the grains of purple waxy hull-less barley during seed maturation-
and after harvest[ J].J Agric Food Chem,2008,56:5770-5774
Wu X, Bwwcher G R, Holden J M, et al. Concentration of An-
thocyanins in common foods in the United States and Estima-
tion of normal consumption[ J].J Agric Food Chem,2006,54 .
4069-4075

Cimino F,Ambra R, Canali R, et al. Effect of Cyanidin-3-O-glu-
coside on UVB-Induced response in human keratinocytes [ J]. J
Agric Food Chem,2006,54 :4041-4047

Satué-Gracia M T, Heinonen M, Frankel E N. Anthocyanins as
antioxidants on human low-density lipoprotein and lecithinlipo-
some systems|[ J].J Agric Food Chem,1997 ,45:3362-3367
Wang H,Nair M G, Strashurg G M, et al. Antioxidant and anti-in-
flammatory activities of anthocyanins and their aglycon, cyanidin,
from tart cherries[ J].J Nat Prod,1999,62 :294-296

Kang S Y,Seeram N P,Nair M G, et al. Tart cherry anthocyanins
inhibit tumor development in APC™" mice and reduce prolifera-
tion of human colon cancer cells[ J]. Cancer Lett, 2003, 194 .
13-19

Hyun J] W,Chung H S. Cyanidin and malvidin from Oryza sativa
cv. Heugjinjubyeo mediate cytotoxicity against human monocytic
leukemia cells by arrest of G2/M phase and induction of apoptosis
[J].J Aric Food Chem,2004,52:2213-2217

Tsuda T,Horio F,Uchida K, et al. Dietary cyanidin 3-O-B-D-glu-

coside-rich purple corn color prevents obesity and ameliorates hy-

[29]

[30]

perglycemia in mice[ J].J Nutr,2003,133:2125-2130

Elmar S, Helga S. Estrogenic activity of naturally occurring antho-
cyanidins[ J]. Nutr Cancer,2001,41:145-149

Vanderhaegen B, Neven H, Verachtert H, et al. The chemistry of
beer aging a critical review[ J]. Food Chem,2006,95 :357-381
Holtekjolen A K, Kinitz C,Knutsen S H. Flavanol and bound phe-
nolic acid contents in different barley varieties[ J]. ] Agric Food
Chem, 2006 ,54 ;2253-2260

Bily A C,Burt A J, Ramputh A L, et al. HPLC-PAD-APCI/MS
assay of phenylpropanoids in cereals[ J]. Phytochem Anal,2004 ,
15(1):9-15

Aerts R J,Barry T N,McNabb W C. Polyphenols and agriculture ;
beneficial effects of proanthocyanidins in forages[ J]. Agric Eco-
syst En Viron,1999,75(1-2) :1-12

ZR S0 K SELSC I R RS R R R IR P R S R
JLI]. RAERF 1996 ,36(3) :4-7

Frégeau-Reid J, Choo T M,Ho K M, et al. Comparisons of two-row
and six-row barley for chemical composition using doubled-hap-
loid lines[ J]. Crop Sci,2001,41(6) :1737-1743

Choo T M, Vigier B,Ho K M, et al. Comparison of black, purple,
and yellow barleys[ J]. Genet Resour Crop Ev,2005,52:121-126
Takahashi R. Genetic features of east Asian barleys[ R]. Okaya-
ma, Japan ; Barley Genetics V. Proc. Sth Int. Barley Genet Symp,
1987.7-20

Franckowiak J D, Lundqvist U. New and revised descriptions of
barley genes[ J]. Barley Genet Newsl, 1997 ,26 ;209

Mayler J I, Stanford E H. Color inheritance in barley[ J]. ] Am
Soc Agr,1942 34 .427-436

MLARBR, A XERE. DU H PO SR AR R BT ()], K&
Bl ,2001,41(4) :21-22

AN sk SRR S, A BREF A B RE 1 B
[J]. RERIH,2001,41(1) :35-37

SR WRINIE 2P, A REFT A HIRKRE | 571k
TTLI]. RESBHERL,2009(2) :53-54

SRAESE FRME T PRAE A5, BROCSE B MLIRKEG 1 5 ) il R R
R AARTE R (1], K32 HA2ER%,2010(3) :46-47
EIAAME, H R B R JRIE R/ N2 TR (3 28 R A BIF 5T
HERELT]. BRPGAR M FL,2007 (1) :69-72

TR ZERA X2 A BRR TR AR 1], M
LRI ,2011,12(1) :13-18



	植物遗传2013年第6期_部分38
	植物遗传2013年第6期_部分39
	植物遗传2013年第6期_部分40
	植物遗传2013年第6期_部分41
	植物遗传2013年第6期_部分42

