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Delphinidin Synthesis Ability in Three Cut Chrysanthemum Cultivars

YU Kaili, WU Huiying, QU Aiai, WANG Yiguang, FANG Weimin, JIANG Jiafu, CHEN Fadi, and
CHEN Sumei

(College of Horticulture, Nanjing Agricultural University/Key Laboratory of Landscape Agriculture, Ministry of
Agriculture, Nanjing 210095, China)

Abstract: To evaluate the delphinidin biosynthesis ability of different chrysanthemum varieties, three
varieties of pink flowers were employed, and the petals were fed with 2 mg - mL™' DHM. The delphinidin
content in DHM fed petals was determined. By optimizing the analysis conditions, we established an
effective way of quantitative determination of delphinidin via UPLC. The results showed that anthocyanin
of chrysanthemum flowers can be extracted by 0.1 mol - L™ hydrochloric acid methanol, and 10% formic
acid in a ratio of 9:1 (v/v), and followed by filtering through 0.22 pm filter membrane. Through the
optimization of elution conditions, delphinium can be separated from other anthocynins within nine
minutes. Based on optimized UPLC analysis method, delphinium concentration within 2.5 - 40 mg - L™
has a good linear relationship with peak area, and the correlation coefficient is 0.997. We found that all the
varieties could produce delphinidin when fed with DHM, the contents of delphinidin in three varieties are
all over 220 pg - g'1 FW, inferring the tested varieties are promising host varieties for blue flower genetic

modification.
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el Z AR ANY IR, HhREHFETIC (Cyanidin).  KHEFLZEFF T (Delphinidin).
RZIEZAFIC (Pelargonidin) . AJZ54E E1FIC (Peonidin). 724 E 170 (Petunidin) FIFRZEE T
(Malvidin) AJERIAET B0, 124, AR PSR ER 600 Z ML =4 H Lik 6
SERRAETT F T4 K (Kong et al., 2003). KHEH ZE 1T (Delphinidin) A2 W (416 & (A k1T
FEME I H R, ToCEIIEa A% (Turnage etal., 2002; Tanakaetal., 2010),

%i4t. (Chrysanthemum morifolium Ramat.) {6045, (HIZHR/DEE 0 (A3 AAME ST, 1990).
DIAEIRIFGT 2 W, 494650000 - 37 - FR4blE (F3'H) AR T A B HIE 5 M (DFR) B i s i ik
Wise ), BEMEALAN Y A Ry, B T A AERE (DHK) W&k, (9 RAEARTNE
i W (Schwinn et al., 1993; Nakayama etal., 1997). %j{t DFR B 14 5 & — S % =
(DHQ), MHALA B EARM = K745 % (Nakayama et al., 1997). T3 fesb F3'5'H
B, BRI AN e & B — S 25 (DHMD, JEiE G il B 25 17 At k2D i €448 £ . Brugliera 55 (2013)
AL DHM TGRS, A 75 MG A Lt 16 DN EE AL A B CHERE R A, IR
F F3'5'H BEPRU0 0 98 H (0308 40 S RPdEAT T 88 e Bt U R . Noda 45 (2017) 38, AFRIPIFIR
TR 87 B AN A O (A6 75 1 K R ) L (R FE A0 T SR A 3 JE R (s . AT F0IE A N e 3R
HIfA DHM, 0 H 3L E 1) 3 DM mPe g T ke 7%, SRATE Mo (a1 (UPLC) e Ak
S el R RS R, ATz M A DHM & KRR INRE S, Wi B IE i 3
DA B B4 Bl

QY i SRS DARF

L1 FHEMBRELEHNE

BEA R A R AR Y K 2 o T A AR B T SR DR AE TR0 7 ARAF B DR S R R R
‘QX-087" Ml ‘FARFERY . T 2013 4F 10 HRAEA T I B I CRARAERL 45°0F 8, HEEA)
AE A RIS A RE, B Rl 15 25,
K9 E 2R W 2SR (RHSCC) XL E M 3 ANUIL4 R T ie il e, e fe e
TR

1.2 FEAEN—SHEE (DHM) [ARES

A MMEE (DHMD A taalkal, e R AR IR A F . S8 Brugliera 55 (2013)
A5 DHM FFR5E5:, BUAG T IF 8 B A e A e T RAEAE I, DIVECh e, SN 4y
200 mg, EFHEBEIEMAp, BRI IAKE N 2 mg - mL () DHM % 15 mL, #REAERE;
o AEAMBAIINAN 15 mL 23 7K. BT 20 C. W 70%. FrEoe R =M PR 40 he &
MEEVE 3 R RGN )E, HEEERES¥AWAR (RHSCC) XAGMEATEEN ¢, JH4
%K.
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1.3 ZS#5t5E (DHM) EEElH CREEFRER

¥4 DHM 557201 4 377K B3 97 5 IO e I FH R K 400 TR 111 7K 43, FREX 200 mg 73BN,
N 0.1 mol - L h3 HIEE 2 mL WFES, N 2 mL .04 0, BTk a4 30 min 5 12 000
r-min” B0 10 min, WCHC B 1 mL, IIASEARLN 10% B ERK (IR : K =1:9, RBIHD, 1
{BIRA], £ 0.22 um P BE, 3 IKER.
14 EEZRFBSWREEILNE

FREX 1 mg  KHER Z A5 FrufE i [delphinidin chloride, CsH,C1O7, AR 7 1 & 338.7, & 94.7%,
JiJ [ ChromaDex (MSA) 124 #], Fl {64k FIEE (methanol) AR JF & 2% 10 mL, #1455 100 mg - L™
(1) QR R AR S B, B AR i SRR A 5 H

B RHER 25 R 25 50, 100, 200 F1400 uL, I 10%f FER/K (B : 7K = 1:9, AR
FiBe 4 1 mL, BCHIAE 2.5, 5.00 104 20, 40 mg - L ARdE i TAEM . SR s BORAMHEAT I, HE
PG THIRUR e 2R TAR ORI TS bR E fh 2 7R, T T340 Wl AT e 20T .

AR LB Al Z5VE ) A FH, 10% 0 FHERVE N B AHIEATBRJEZE: 0 min, 5% B; 1 min, 5%
B; 6 min, 30% B; 6.1 min, 5% B; 9 min, 5% B.

TR RO 43 AR H Agilent 88 SR (B354 (Acquity UPLC) BEAT . 4444 Zorbax Eclipse Plus
C18 #+ (Rapid Resolution HT 2.1 mm x 50 mm 1.8-Micron 600Bar); A 40 C; #l#K: 530 nm;
FREE: 2.0 uL; WidE: 0.30 mL- min'. FETFEFRIFSIANN: WA A, 100%0 20 WshH
B, 10%MHERK (1:9, B =i 55, 2014; Santiago etal., 2014),
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Fig. 1 The color change in petal observed after incubation of cut petal segments in water and DHM
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RHSCC ttantries, ‘MRAFE @& F/KEEFRIAEINEE N Red-purple N66-D, 1fif DHM
KR AL I E 44 Purple-violet N81-A, ‘QX-087" Fl ‘A B K" FEIMEAL (07 51 (i %) FR[F) Red-purple
72-D Al Red-purple N74-C 4% Red-purple 72-B Al Purple N79-C.
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Fig. 2 The dephinidin chromatogram of petal segments of ‘Nannong feiyu’ , ‘QX-087" and ‘Nannong gongfen’ chrysanthemums
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HR Y Gt ARl R S I TR, b RvE 2 S R R S BTN Y =
56.763X - 43.751, MK ZAECH 0.9997 (K 3),
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Fig. 3 Relationship between UPLC peak area and delphinidin concentration

AR [P A T5 PR S AN S AR S P4 DHM MR e b (0 S 2 o i, PR AE R
‘QX-087" . EARERY AN (441.6+47.4). (2812+19.4) . (334.8+44.7) pg- g FW (%
1o

*1 DHM AREFFRMEBPI CRERTIE

Table 1 The concentration of delphinidin in petal segments of different varieties after DHM feeding

il MR EH SR (ug- g FW)
Variety Concentration of delphinidin
Fifc4FE Nannong Feiyu 441.6+474a

QX-87 2812+194b

FIA<E ¥ Nannong Gongfen 334.8+44.7b

T AF T RERTRAE R 5% 547K

Note: Different letters mean significant difference at 0.05 level by Duncan’s test.

R OB (L (UPLC) AELL 1.7 pm FREE 20 €0 2 R JEORE A A% 0B PR 28 € 1% 3 5 e AT B
(MR 45, 2008; #2455 45, 2013), 907 triid s, R L AR E. D4E HPLC Wl
TEPAFEMALE IS R/ TTE 20 ~ 60 min (K 55, 2010; Zhaoetal., 2013), #hufi%E (2011)
T A R I A A AR B (RS WU IS D) 45 45 15 mine AR Hh R FH UPLC X 44 1640 e 251y
(PR s BT, A B ANRE Sl AT I TR RS 9 min,  RORHR & TSI R

B HZE MIEARA F35SH R, FAGE#IL DHM 158, PR ALz ok
ZRH, DRIAE O B (BRI, 2011 dtfE, 2012). H& B MATAE CNRRE &
EEENEOIER, R R4 05 D, Sl e, WOl pH Em GRE 45, 20100,
TEAL R TG o Ae T, F3'H BRI R (5L BB Aeh OGN 5 F3'S'H Ll L[R
SeAHEREY), MU RS RS RAG, B FYH SIS, S ANANEE (RN 5 T4 ok (e
g, JEEEEE (KM, 2011). Katsumoto %5 (2007) 7EJfGEHHE Rt H 2=y, WA ERE
WA R RIZL A SR, DU e A TR A S AR H pH I RARMK. ARG, AR, B
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TMTCER BAe T, T DUR A0S & Bk 5 T M2 (o R4 i, ARG R IIL A 169 /A
(RSB B 7y LA pH AR, MEMDEPRE B (UL A 70 B (20100 DIAFRIE e
B T N R 2R3 3 o R AR5 2 R AR S T 1 1) 11 0 DU ReAliT 5 R 4 2 22 P A AR P 40 i /K
s I, AHEE A0, 5. 2RISRy, eI T R EH £ S 2 ILEMK. Brugliera
& (2013) RAFEEE N DEM 5%, RIUK 206G AR N DHM JG, {fetlhiml 7R E®
BURG, JRRNE T ARG, RIS RN DFR HAA 1L DHM BIREJ), BLACH & R
WEAORERT GHRERNA RS, MRDO., S, 2O O RFAGESENIERZK, 1
TN TR A4 A A B 0 A (0 3 S TR P 3 A2 AR

AW Rl REARAE R SAEITE S DHM 55 3% Ji5 2 (4 W (2 1) i 48 {4 Purple-violet
A, HRHMOE RS ER S, ‘QX-087 Al EIRTER LML DHM 8985 1e gttt
ARLEE BROR, WA R, RPUEKN 3 A3 FE BAA # 4L DHM &1k
ML ZAFINRE ) o (AR PN DHM Ki 3R 546t 2O, HEDAS [R5 R e 2F i o 2 AR A
], B# DFR {#4t, DHM [JREJ) 0 pH E SR Sl B 4 a8 25 7 S5 A7 AT 22 e T 3 (AR o 465 2004
Yoshida et al., 2009). ZEEALMEEEAL LA MR R SR/, N FRAERT RIS
HRH T O AL (OB I N F3'5'H L R ) 5244 B ol
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