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Studies on the Relationship Between Anthocyanin Biosynthesis and
Environment Condition and Related Enzymes in the Outer Scales of Purple
Garlic
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Abstract: Anthocyanin, a water soluble compound is thought to be responsible for the coloration of
outer scales of purple garlic. The changes in anthocyanin content in relation to enzymatic activities of
phenylalanine ammonia-lyase (PAL), chalcone isomerase (CHI), and dihydroflavonol reductase (DFR)
were studied in the outer scales of purple garlic ‘G075’ . The relationships between anthocyanin
biosynthesis and environmental conditions (temperature, pH of substrate, supplement of nitrogen and
phosphorus )were established. The results show that among these enzymes, the activity of CHI is positively
correlated to anthocyanin content in significant level and further postulated as key limiting factor to
regulate anthocyanin synthesis in the outer scales of purple garlic. The fluctuation of the CHI activity and
anthocyanin content is consistent with that of the environmental conditions. These results obviously

demonstrate the environmental conditions play a major role in regulating the enzyme activities of anthocy-
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anin biosynthesis. Cool temperature in open field, acidic medium (pH 6.5), low nitrogen level (1/2 N:
7.5 mmol - L) and optimum phosphorus levels (P: 1 mmol - L) are favorable for anthocyanin synthesis
in the outer scales of purple garlic.

Key words: purple garlic; outer scales; anthocyanin; activities of related enzymes; environment

condition

Kiws (Allium sativum L.), % JREE ] 70 24 5 Bpn Al B mi il 28 B 22 40 K A S AR B
PRETRRE AR, AT EE A BUR L P RIS, XRS5 45 1 A T A2 AL ) 8 3] fig 1 22
ANAET T (Du & Francis, 1975). HIZ4 KT RarhZedh BAETT H AR G MW A 22 AR AT ST
.

HHF R TN, HEAMRE R REE, KLk B2 BRI E (FRE
AN, 20090, H AL BV G IS IEAST W, T2 RIMNEAERT, Bl 504
WG AR R AR, RS AR IEE A BGE T (He etal., 2010).

AT LA B2 Ko Atk s 5 AE W0 SR K GR 025 A B AETT A2 1 3 1A O Bk g 3 i A
B R BRI 2R A K U I T SR B B B Rl e 2%

QY ZE SRS DARE

11 #R5REE

R T 2013 4 3—5 AEVHALRMBHE K22 23 W HET,  HRRE B s iRl vE AL R MR
R T 252 Bt R P o 0 U I O A7 B 1Y < GOT757, L 2R b e e

K A—BIRE T 3 AWM TRE B A e, &1 5K Hoagland’s 5 F2 W4 78
B IR RIS T AR 7 S5 50 m < 8 m BLRLAHN, FEHEE:, 4 m x 3 m /MDD
K5 pH (6.5, 7.5 F1 8.5). & Z/KF (1/2N: 7.5 mmol - L'; N: 15 mmol - L #1 2N: 30 mmol - L™).
2K (1/2P: 0.5mmol - L™'; P: 1 mmol - L #12P: 2 mmol - L) 4 PMREZE, FAFIZE 3 ML,
TANGIE 4 RTEH, FHAER 10 B

BN pH B EIK PRI 2K T 4 Batth 4 A, AREE 77 O M S A0 NH, SR it R R
U, ANRDRES 7 O H e WL 1.

BERG S ~ 10 d BUFE 1 ¥k, BEALERIL 8 Bk, TETFM0 R 2ob lbE S G TeF . T, B matalr,
N DK A [E] 5206 5, RS IR S min JEARAES) - 80 CUKANFG I, HIskillE e H 1 &8
LR R R R EN (PAL). #/RE A8 (CHD M Sl E 5l (DFR) (&Y.

F1 TEALEFFANBEEFSARRENRSE

Table 1 Average daily maximum and minimum temperatures of different treatments in different time T
Hi (M-D) i)r;_!HGESmall tunnel — §§i;¢i, EIOpen field — fﬁﬂi:;arge tunnel —
Date i IR i AR i AR
Max temperature Min temperature Max temperature ~ Min temperature Max temperature Min temperature
03 -20—03 - 30 28.0 5.6 20.9 5.1 41.9 9.5
03 -30—04 - 04 32,5 6.1 20.6 5.8 40.5 10.0
04 - 04—04 - 09 26.2 4.1 16.6 3.8 33.9 7.3
04 -09—04 - 16 28.5 5.6 24.9 4.8 33.8 8.9

04 -16—05 - 04 32.8 10.8 24.1 9.0 343 13.1
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12 BEIFREBTESENE

2 Du fl Francis (1975) & Giusti F1 Wrolstad (2001) )7 yEFFFEAE et . HERGFREN 0.2 g K
W ZE AN, NN 5 mL 1% HCl S, 60 C/RKIE AR HRE 1 h, $2BUGRUH 4366 EETH 4> BI4E 516 nm
1700 nm M52 7E pH 1.0 Fl pH 4.5 WG, HEAETEHSE. WA ER 3 K.
1.3 #EZESMF PAL. CHI FEMHENE

BV ER I 2 I R AR (2004) 11 J5¥2 o B 25 A1 B2 Iyl 2T B Jo vIERFE R B 0.2 g Fy A, i 5 mL
F2EU [0.05 mol - L™ Na,HPO4/KH,PO, (pH 7.0), 0.05 mol - L™ HTIRIMLEL, 0.018 mol - L' - i3t 2
BE], WA, 4 °C 12000 r- min” 5.0 20 min, 3SR G EEW, FT0 % PAL. CHI
WM. PAL A1 CHI 3& M 52 2/ Lister fll Lancaster (1996) [ )7k, RIGFEMIMEEH 3 K.
1.4 =5 E DFR EMSENE

A e A2 I Murray Fil Hackett (1991) 17775, HUFEM 0.4 ¢ DA 5, IO 3 mL A ER
=20 CHAIBIL, F2 W, J5H 3 mL AE - 20 CHEHREC 1 7%, YEH 4 mL [0.1 mol - L™ #fl
b B0V (pH 8.8), 0.005 mol - L iR I a4 428, LW N4 DFR HL#2M#% . DFR
WS Stafford Al Lester (1984) [IJ7EMNE . RIGHEM I E FE 3 K.
15 #iFEabE

TR0 H 4 K SPSS 19.0 AT 81170 HT, Excel BAFER

2 HEREHT

21 ERARBEABIREPINEEETERERBXRMEEEMNTK

BN KR ZE A B A T S R DGR A L 1.

B KL R G, 2240 A 5 T S g LTk, 5 B 2 HilBIE K, N
0.4996 mg - g 'FW; JaI&Wi F R, ORI & E 4 03258 mg - ¢ 'FW, th 5 H 2 HIEK T 34.79%.
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Fig. 1 Dynamic changes of the content of anthocyanin and activities of PAL, CHI and DFR of outer scales
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PAL 35 P B A5 a5 25 1 R S L5618 085 28 LTH I ia s, (k@2 NN, 3 H 30 H
PAL FH% MR K, h 10533 U - g'FW.

B R R AR, BE2EAN Y CHI VM G TG R, 765 A 2 HiFiAFg
i, W817U-g' FW,

B KR 2SR B R, 852541 5 DFR 3EPELE 5.50 ~ 14.00 U - g 'FW i [l Y S BL Eh 28 1k o

Bl KR ZE A B e A6 S 5 PAL. CHI Al DFR R PEAHSEPEHT 0], PAL W& 1 546 5
TR IR E .

1 CHI & 1 5 4675 7 ) S A S 25 (2t DGR, AHOC R 0.86, fL i % ity CHI WM It
midEs, 5 CHITEMES&EH LR FF—3; DFR FEME ST B 10 & SEAHCHEA B2 .

DAL AE T 7 PAL. CHI AT DFR 1, CHI Jif % ()44 5 ) 515 % 25 41 B 40 75 1 & s I 19 n G o8 B 4%
KR,
22 MBEAMERAGRSBEIEEETHSENEN

WEER AT TA B AR, (RIRA R TAF TR R, S e s . mak 1 oL
FH, BT A, MR R, B T LUA R 40 CHEN R, SEEEERE A
M EAEE TS RS, SR TN, S TR, AN E S ET R (B2, a); /MMl
W RTINS, MRS e, AR T AN AT SRR, 4 H4—9 H, K
WA, AR TRE NGRS, GG N R e, SPEIEE T Eo8 LTt
AT TR A R, BRI AR T R RIS L.

& 2, bl LLGEH, kT, 55 pH (X K ek 22 oh AR T 1 O S A R g iR ok, %
EREREFANAEE T S E A LRI ETHES, pH 6.5 I, Xk B RN E TS ENE
ME, 5 H4H, EHTFSEN0.6072 mg - g'FW; pH 7.5 1 pH 8.5 Itf, %254 5wy WI4h S 4675 17

—m—/MJ Small tunnel § 0.70 b m pHG65 —e—pH7S5 a
S 0.50 =5 —e— FZH1 Open field = -g 0.60 —a— pH 8.5
2 § —&— JH)] Large tunnel a o
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Fig. 2 Content of anthocyanin in the outer scale leaves of purple garlic affected by different treatments
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MR BTHEAHE, FUA IS TR R LTHERRs,

HIE 2, ¢ ATLLE Y, BRI LA A6 5 1 B A B AR K, B K a2 1 K Rk
R, WERANAEE TR L BT, G RAER IS 12N B AN AR E T S R 4 H
16 HikFEf, 4 0.5338 mg - g FW, &1 N ORI 2N &bBE, 56 W]k 284h fe v 4 35 15 2 B i A B
IEN ZAKF, SRR RGeS o= R,

P 2, d WTRLEH, BEE/KEXT RO AL T T S R A R EAN, BARIEE T & =k
R BTG, BRI 1R, SRS AT R AT 12 5 2 A5, R IEE R4
FEAe i o T RERE G B AP RN RIS TG BEE R . AFRBERAKEAET, e & REL
155 H 4 HisB &K, 42510 0.3924. 0.2438 10.1979 mg - g FW.

23 IMBEMAMERAFFHBEIINE CHI FMEMFMm

M 3 WTLUE Y, AN A PR AR CHI % 1 1R R e AN )

HE 3, a nfUAHH, SHAEKA KB CHI JEPEZNE LT, SR IREE=E4b Y CHT 35S
TRAHAUNIALBE s /NHIAL R R K76 25 41 By CHI 35 MR 20 A FH— B —TH I, Ml s i 25
AbFe CHI VG RIS TEE G T BRI 3.

K 3, balLUEH, @255 5 R GRS A3 8] CHI WA K, J53H pH 6.5 AL CHI
TPk pH 7.5 1 pH 8.5 115 pH 7.5 AbBEW) KFr%E =240 CHI 35 PE RIS LT3

K 3, ¢ ATLLEH, @AM R E RS, 1/2N A3 CHI Wt T N 2N A3, N FI 2N
b PR ) R p i 2540 e CHI 35 Pk RIFREE B, 172N AbHE ) R aRi5 2541 2 CHI W& PRI A 56
VANl GAIF SRR

i 3, d nLLAEH, PACEE CHI 3&TEm T 1/2P 1 2P AbEE, RIURHTT s, 1/2P 1 2P 4b
K HRE 2541 i CHI PRI FH— R —TH .

107, 121 ¢
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CHI j&M: / (U- g 1 FW)
CHI activity
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CHI #&M: / (U- g 1FW)
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—e— FZih Open field
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Fig. 3 Activities of CHI in the outer scale leaves of purple garlic affected by different treatments
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ZREr B 2 B 3 ISR, W A BUE BRI 22 A0 BAE S 1 & AR S CHITE PR3 A — 2,
KLLERIGUE T CHI A RET SR B KGRI B AT HAED) & IR A2 (1 S I

3 e

31 ERARBEABIRIIEEEERESHERMBEEMXAR

PET G O R I 45 5L, AR A JE DRI 1), A o i 5 e, SR D g« PAL
FACH I RN AR R A RS — N (Ju et al,, 1995), ITSY4EK, X PAL W&TE S 6T
TR R R RAFAE R KRG Arakawa (1988) WFFUINKy, ESERH PAL ZAe i HAY & k&
B OCEENE; 1M Lister Al Lancaster (1996) WotfaH, HATERRREALN, PAL WA 518
HHAEMG R R EY); N ERMTEE (2009) &XI1455 (2012) 76 B L AK 45 1R,
PAL JEPEAE— RS FImfe i AR, (HIEA AL T T ARV & ) SR i .

CHI fFA T AEW & g iie B EAEH, Lister il Lancaster (1996) 73 FRHFFTRH,
CHI J5 P 5 3 R A5 1 A R AR FE— B0 1557 T-55 (2008) ZEXTRS AL I 5 R X 8 45 (2009)
PRI 2 L CHI W& 1 5 RS R e E S AR B DA G

DFR {5 75 )40 P s PR, AFR AR BOGARY BOSE MK (Murray & Hackett, 1991). F
EIRA% (2004) 1E R BIORFSTSE RN, DFR IS S A RS M SR EHY) L&,

AHIFFT G5 526 WIAE 28 B KR 25 % & i B, PAL FIl DFR 5% 5 6% 25 40 B 4655 17 R 2 (0 AH G 1k
18 5% /K- EANE s M CHI W& 1 5 85240 e b le 4675 1 AR 38 SRR W & I Bt G AR o IX B3R W] CHI
AT e 5 st 2 Ak R, 2R A0 2 AR5 1 AR B B
32 HIEMEBEMERAGRBEIIEESESENTNE

Y G e WTER T RAMER FIERE R S 3 Gkt 4%, 2012), mAMERF 1] LLsg
Wi PN E BT IR T o H TS AR T H AR5 O ANE BRI 22 AR b TG ORI B g 1T . K =5
RS T, R KRR A A TR O R, R IR AR T AR S b AT BEAN I
ST

b, ARES I EST T 62 R G IR AN R RO AR R SR pH KR KPR K
TR R AN ACTT T M . 45 RR W], 58 R R pm i 25 b B B (0 52 AR5 A B R 1 e AR K il 8
XAEH TGOS A%, WS S, SIEH TG AR K6 (1987) W ERBIBFILE Rk
IRAFO A RO B AN K iR 22 A R TR SRR B e S T & . ABtoerh, il Ttk A R 4F,
AN 7 Vit A 1 2 R I UL S S, Yt PR R A A KA > A > EE b, SR
i AN AET S mN g > A > M, H2ER B3, BRI AT B8 A T B R = A
FAeH AR, XH5ikete (1987) M4 R—3.

BIG I pH XN K B AT GRS 254 AL T T O g AN IS, B S5 25 i, =K 4h
WwHETSEEEI R, UL pH 6.5 B, BRI pH {H nl G A R T L b i 22 40 Je 4675 1 (1R
5, XA L E AR TR T4 R (Saure, 19900 —3L,

BIRICEAKY, WAREMBER, WEFTERGEMIR K, AR, AR FZKERES,
SR R 2 A 2 AR TT T BRI, X S AT A S TR R G B kaE GBI, 1991) AH4BL. Steven
F1 Hruby (1990) 7EZLAEME FAFFURIT, /b IR & A R AR ERIE, ARG
Gl L WIER e R ZE A I R AF S8R 0.5 1.0 A1 2.0 mmol - L 38 [l A Bl /K 3R i R B0 A

el
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SeTHE BRI AL .

B KRk =25 B R AR E TR S — AT AR SN, R R KA = AR
THUR, AREE I R BN, J LA ORISR . R K R F R,
HhEAETE O LT, (AR RS e TE & I o B . T R B o A%, B
B8 (1) A8 AR AT B s M i 25 A B Bt . ZRA ARIS ST 45 RN, AT BRI B (Brith) . il
PEHIESAT (pH 6.5) FHIXTBARINA Z /K (7.5 mmol - L™ FIE B B2 KE (1 mmol - L) %t
T8RP R 22 A0 e B T Rl R TR L, thAh, IR, S T OR R 2 A B i R
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