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A new method for the preservation of fresh flowers:

Take the Grand gala rose as an example
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Abstract
Anthocyanins, the main composition of colorful plants, are very unstable

and susceptible to external environmental factors such as temperature, light, pH
and other substances such as oxides. Consequently, there is no effective method
for the long-term preservation of fresh flowers. In this study, Jia Na red rose
(Grand Gala) with bright red color was used as an object of study. We make up
the preservative solution for rose that can keep color fidelity for a long time. The
color and shape of roses could be effectively maintained for at least six months.
The change of anthocyanins amount in the flowers during the preservation was
analyzed by the pH differential method. Electrophoresis and PCR were used to
study the effect of preservation solution on the leaf DNA. The results revealed
that the content of anthocyanins of flower petals immersed in the preservation
solution declined with the increased:preservation time, but the color looks
unchanged with the naked eyes. There was no-significant damage for DNA and
gene in plant tissue. These results suggest that the preservation solution is
effective for the long-term preservation of rose specimens and also has the

potential in color preservation for other flower specimens.
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S A
1. s i@ 4.
It 5 Y E ficdt (Rosaceae) ~ ¥ i (Rosa ) » 8 & % Rosa rugosa -

EF AR 0k 5] %4 o 4if G 1] o ks (Rose)id B 437 3F 5 4 &

TVELFWER > oA T3~ A3 2 & B 24 (Heinz-Mohr et al,, 1988) - zzm
LR CER SRR CEE 2 g‘fﬂ*nkéﬁ e % (Wheldon et al., 1984) -

Poan d Ui I S Rt a R BEERLRENE TR
A2 N A g3 s &EfE o A Jaeger % & H FiTaf a0 15000 &7
thy-fd(Jaeger, 1936) » 2 {8 3 %75 &  #& N ATeh&-fE(McFarland, 1980) > & 7is
PorsnEfEe FET g A 2 I TR T AT o

(1) ##iz3zsh(Grand gala)f 1i:

R AT nge G iz (Grand gala)scm (Bl- ) - &7 o F ¥ Lk
YO A KT g A £ (Bush) T s d 2 BIA A 1054 a2 5 754 L d
EARRAITER > F P Eendek A BN TR o

(http://163. 23. 24. 240/Rose/)



Bl= ¥R Ie



(2) ZARFLF 4

=+ % (Anthocyanins) #3eM % ¢ e1i & R %] > BR3P H v s 4o
By 2% (carotenoid)» ER ¢ Fa®it > L ivF A A A gd I REELL D
FE(RZ)c LR RFIIAPEF R FE 0 TF F A7 LkHY kgt
+ 80> et bi(Conrad etal,1991) « ses {=enfe § 47 § 4530 1915 # » & F jic
Wz 7T ¢ A 4 75§ & (cyanin)( Willstatter etal, 1915) 2 16 % 2 % ¢ % 3
(pelargonin)~ - i e ¢ ST J R A D K
(Scott-Moncrieff,1936) -

F MR T RS 6 0 Mikangi $# ¥ R R 8 Rl miima i 5 o
S ¥ ggbT - fEromiE 7T A d A5 117 B okikAn A 45 CHPLO)

A7 oL - f= A1 Cyanidin-3, 5-diglucoside & #~ % o & - &1 >

-+
1

\_

[ = B & fErem ¢ o Cyanidin-3;9=diglucoside #.7 € & % s i= v ¢
% » # =P % Peonidin-3, 5-diglucoside » #& 2% 4p B #7 7 45 41 Cy-3-glucoside
2P AR REE -7 & (Leeetal,2005) » 7 & Mikangi ch% i£¢

Cyanidin-3-glucoside fsemi=i=§ F AT % = o ¢t ¢ Mikangi ~ 7 & &2
WA Ag Y FIRe 573 Fhic§ & 0 4 5] 5 Cyanidin-3-rutinoside -
Peonidin-3-rutinoside ~ Peonidin-3- o ~coumaroylglucoside -5-glucoside 4
% (Cyanidin-3-sophoroside’ ize fdf-§ % 1 & £ B S @3 pE L > " LI
T Ratg ook & & 3,5-diglucoside ' 2 3-glucoside » Eizw A7 F %

chpE A Fr 3 H_3, 5-diglucoside ™ 2 3-glucoside °



Rosa anthocyanins

1 pelargonidin 3-glucoside, Ry ;4o =H

2 cyanidin 3-glucoside, R, ;4 = H, R, = OH

3 peonidin 3-glucoside, R, ; s = H, R; = OCH;

4 pelargonidin 3,5-diglucoside, R, ; , = H. R, = glucosyl

5 cyanidin 3.,5-diglucoside, R; ; = H, R, = OH, R, = glucosyl

6 peonidin 3,5-diglucoside, R; , = H, R, = OCH;, R, = glucosyl

(Additional Rosa anthocyanins)

7 cyanidin 3-rutinoside, R, , = H, R, = OH, R, = rhamnosyl

8 peonidin 3-rutinoside, R, , = H, R, = OCH,, R; = rhamnosyl

9 cyanidin 3-sophoroside, R, ; = H, R, = OH, R, = glucosyl

10 cyanidin 3-p-coumarylglucoside-5-glucoside. R, = H, R, = OH. R, = glucosyl. R; = p-coumaryl
11 peonidin 3-p-coumarylglucoside-5-glucoside, R, = H., R, = OCH;, R, = glucosyl, R; = p-

coumaryl

Bl = ~ sem == % %t (Mikanagi, 2000)



- 7 b Efremz -5 % 2 (Mikanagi, 2000)

Anthocyamn distribution 1n Howers ol genus Rosa

Anthocyanins (as %)*

Pigment No. 5 5 9 7 2 10 6 X 8 3 11 4 1 UK1 UK2
Rt. (min) 331 350 396 374 492 560 378 412 446 435 540 609 354 418 550 S8S
Cy Pn Pg
Species, varieties and cultivars 35 3-sop 3orut 3-glu 35- 35 3-sop?3-rut 3-glu 3,5- 35 3.glu ? ?
diglu diglu-pC diglu diglu-pC diglu
cis trans cis trans

Section Cinnamomeae ( = section Rosa)

Resa acicnlaris (RO1) 26 0 1 0 + 1 44 + 9 0 1 5 0 0 2 8
Rosa arkansana (R02) 61 + 0 0 + 1 32 + 0 0 1 3 0 0 0 0
Rosa belia (RO3) 80 + 3 1 + 1 8 0 + 0 + + 0 0 3 1
Resa einnamomea (RO4) 33 + 0 0 + + 62 + 0 0 1 2 0 0 0 0
Rosa forrestiana (ROS) 97 + + + + 1 0 + + + 0 0 0 0 0 0
Rosa marretii (RO6) 98 + 0 + 0 0 0 0 0 0 + 1 0 0 0 0
Rosa moyesii (RO7) 50 17 + 28 + 2 0 + 0 0 0 0 0 0 0 0
Reosa moyesii cv. Arthur Hillier (ROS) 38 4 1 7 + 2 23 + 2 4 + 2 0 0 3 8
Rosa moyesii cv. Eddie’s Crimson (R09) 57 + 0 + + 2 34 0 + + 1 4 0 0 0 0
Rosa moyesii cv. Fargesii (R10) 23 16 + 13 + + 34 1 + 4 + 2 0 0 0 0
Rosa movesii cv. Geranium (R11) 45 6 et 35 + + 0 + 0 0 0 0 0 0 0 0
Rosa moyesii cv. Highdownensis (R12) 41 2 0 1 + 1 49 0 + 1 1 4 0 0 0 0
Rosa moyesii cv. Hillieri (R13) 74 6 + 9 1 4 0 + + + 0 0 0 0 0 0
Resa nipponensis (R14) 94 + + 1 + o 1 1 + 0 0 0 0 0 0 0
Rosa nutkana (R15) 30 + 1 0 + + 24 0 6 + + 1 0 0 4 30
Rosa penduiing var. oxyodon (R16) 95 + + + + 2 + 0 + + 0 0 0 0 0 0
Resa rugosa (R17) 32 1 g 1 + + 63 + + + + s 0 0 0 0
Rosa rugosa var. plena (R18) 35 2 0 1 + + 60 + + 1 + 1 0 0 0 0
Resa rugosa cv. Maikwai (R19) 39 & 0 1 + + 53 0 + + + 3 0 0 0 0
Rosa rugosa cv. Roseraie del'Hay (R20) 16 0 + 0 + + 76 + + 1 + 2 0 0 0 0
Rosa rugosa cv. Salmon Pink (R21) + 8 2 24 0 0 0 + 1 61 0 0 0 0 0 0
Rosa rugosa cv. Scabrosa (R22) 26 + 0 0 + + 70 0 + + + 0 0 0 0 0
Resa rugosa cv. Scatlet (R23) 79 + 0 0 + 1 17 0 + + + + 0 0 0 0
Rosa sweginzowii (R24) 74 + 0 0 6 14 0 0 0 + 2 0 0 0 0
Rosa willmottiae (R25) 47 + 0 0 2 39 0 + 1 1 6 0 0 0 0
Rosa x ivara (R26) 52 + 0 + + 46 0 0 + + 1 0 0 0 0
Section Chinenses

Rosa chinensis Jacq. 85 0 + 13 + 1 0 0 + + 0 0 0 0 0 0
Rosa chinensis var. minima 87 0 + 11 + + 0 0 + + 0 0 0 0 0 0
Rosa chinensis var. spontanea 28 0 2 56 1 1 0 0 1 0 0 0 0 0 0 0
Rosa chinensis cv. Fabvier 82 0 + 10 + 5 2 0 + + 0 0 0 0 0 0
Rosa chinensis cv. Miss Lowe 43 + 1 53 + + 0 0 + + 0 0 0 0 0 0
Rosa chinensis cv. Mutabilis 23 0 + 73 0 0 0 0 + 2 0 e 0 0 0 0
Rosa chinensis cv. Pomponde de Parig 71 0 0 27 + + + 0 + + 0 0 0 0 0 0
Rosa chinensis cv. Slater’s Crim China 58 0 + 33 + 4 0 + + 1 + + 0 0 0 0
Section Gallicanae

Rosa gallica 92 0 0 6 + 1 0 0 + + 0 0 0 0 0 0
Rosa gallica cv. Cardinal de Richelien 97 + 0 1 + 1 + 0 0 + 0 0 0 0 0 0
Rosa gelfica cv. Rosa Mundi 98 + 0 - 0 + 0 0 0 0 0 0 0 0 0 0
Rosa galfica cv. Shigyoku 98 + 0 + + 1 + 0 + + 0 0 0 0 0 0
Rosa gallica cv. Violacea %6 £ 0 + + 2 + 0 + o 0 0 0 0 0 0
Rosa x centifolia cv. Bullata 98 1 0 + 0 0 0 0 0 + 0 0 0 0 0 0
Rosa x centifolia cv. Muscosa 96 1 0 1 + 2 + 0 + + 0 0 0 0 0 0
Rosa % damascena 97 1 0 1 + 1 0 0 + + 0 0 0 0 0 0
Rosa x damascena cv. Bifera 97 + 0 1 + o 0 0 + + 0 0 0 0 0 0
Rosa x damascena cv. Gloire de Guilan 97 1 0 1 + 1 0 0 + + 0 0 0 0 0 0
Modern garden roses

Rosa cv. La France 98 0 0 + 0 0 0 0 0 0 0 0 1 0 0 0
Rosa cv. Ole 69 0 + 3 + + + 0 + + 0 0 22 2 0 0
Rosa cv. Papa Meilland 94 0 0 1 + + 1 0 + + 0 0 1 0 0 0
Rosa cv. Seika 96 0 0 3 0 = 0 0 o+ 0 0 0 0 0 0 0
Rosa cv. Frensham 85 0 + + + 8 3 0 + + 0 + 0 + + +
Rosa cv. Orange Bunny 37 0 0 + 0 + 0 0 + 0 0 0 58 3 0 0
Rosa cv. Red Meillandina 73 0 + 1 1 5 13 0 + + + 2 2 + + o
Rosa cv. The Fairy 95 0 0 + + 3 0 0 + 0 0 0 1 0 0 0

*Percent of total absorbance of all detected anthocyanins at 530 nm by HPLC analysis. value < 0.1 =10, 0.1 < value <05= +, 05 < value < 1.5= 1.
Rts of “+’ pigments are identical to each pigments, but chemical structures are not yet confirmed.



Q)M g :
M7 7 58S pr (flavonoid) = » @ frif+ & § % (carotenoid)- F
< B A € ket A A2 F 44 4 (Wiermann et al,1981) o £ i e
T NIRRT A L FRAfo- £hfed 3 o & cyanidin = SLR R T BLEL I
B4 pEsk 1 &+ Cyanidin-3, 5-diglucoside iz »sem W7 8 - fhpk e
FRACHEHUEFRY A FOfEEI RT3 R (Bl ) a9 3
< AT fERE % E 2 747 1 (Ogata et al,2005) ©
SRR RE G E REREL S T LA kAR R
Plamen % * » 4 3o &¥5 B~ 0 en § s 8 (polyphenolics) ¥ #& # & & 4l en

BEE o AR EFAHBOB LN PRARFS TH LIRS A S 5

-}

1 ¥ 5 g * (Plamen,2007) °

AR RE T R g 0 @ miosem(Grand gala) A ¥ L BEF i

3

P L ML IRGEELEA AT RES NI BF B B PFRE T

[

Eis i ks ivn { sop g AT Y 240475 & 4448 ehA £ (Calatayud,2008) -
HUAL36 0§42 LRMEFHBRILE R EFEY Y n2 LR - )
§|Jﬁng;g s T MF S FE 8 g,;f-% A~ KB R~ BRI £ de N i s

PR BRI ENE Fuy L EBAIE S o AR ARy TR %

(Kumar,2008) -
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Rose

OH

Anthocyanidin o ¢
synthase

OH
OH

(unstable)

Other plants

- .
(/" Cyanidin >-0-glucoside
¢ (unstable)

2
Anthocyanidin - NG

Cyanidin 3 5-0-diglucoside
(stable)

Rose anthocyanin
OH

Acylation,
second glycosylation

IZ:'} :
~ Vanous

anthocyaning

Cyanidin 3-0-glucoside
(stable)

Rauvolfia Hydroquinone GT
6 e Dorotheanthus Betanidin 6-GT
Medicago Triterpene GT
Resa 5,3-GT (RGTI)
Stellaria Baicalein 7-GluT
Phasealis Zeatin GT
— Zea Zeatin GT
Vigna ABA GT
ﬂmiefmrm 76T
%8 Norotheanthus Betanidn 5-GT

H3?—Gerrtr'arm 34T
Hordeum 3-GT

|

il

Dianthis 3-GT
Vitis 3-GT
Gentigna 3-GT
-Perilla 3-GT

Petunia 3-GT
2 ol 3T
-Zog |AA GT
il Citrus Limonoid GT
e Eucalyptus Monoterpene GT
B Petypi 5:GT

P erhena 5-GT

el 5-GT

L Torenia 5-GT

J Citrus RhaT
i Petuni RhaT

97

=

Ble ~ J2o -3 % M A it 42 (Ogata et al., 2005)
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2. 7%

AN A o ‘%3

‘—&-?

z ok %
Sk

13>'i

S5 > HEFhiEhET
2 ok aa B4 R

7 4c | (Pazmino-Duran,2001) = 3T % 7= 5 % & 351 A B

ZEE A o TRLE- T IR 5 Sl A i RS A B 2 B A IR B
PiF & & ehd § (Konczak etal,2004) » + F 3% 5 F7 § £ %1 F % 28505 (Lule

et al,,2005; Nichenametla et al.,2006) v (Stintzing et al,,2004) %

~ R ,f]\ 4

BA PR
1+ (Kong et al,2003) % -

(Dff Reni- E@ g &

¥ # A5+ 7 % H (anthocyanin)ihk » B4 » = 2 Hd - B ¥k {A}
fe¥-Be 25 A+ R FR{CIES RLEL LD S BRAFESS Z B FHR{B)

# = )(Konczaketal,2004) > % 7 & T W4 F A G
T2 TFEY o =7 F BT

A S

pag(flavonoids) it &4 » ¥ -

SR
# F ¢ i fit (chalcones)fr#2 fir (aurones) F & = R & v & § ¢ > % fb
(flavones) | & fo¥ g v ¢ » - L ptapd 2RI EFHP K o
PR FE L& %S SBR fg A (hydroxylation) s ? ¥ At
(methylation)z

Y&

P SRR R 2 hEd e o
cip 4 F A& d R F]301939# 7 & d Paulingdk &1 ¥ a¢ oh

SEARE s Bk ST ) A

E SO I ST

[E2: SRCIE- JRHEE pﬁéi\' FAag = g d gk F](Wrolstad et al.,,.2005) » 2006 # p=
SHMAZET p AT % (Andersen et al
E’—jj_: L =

,2006)F FEF L AT o &

- a3
i+ %7 AP > facyanidin ~ delphinidin ~ malvidin

pelargonidin ~ peonidin ~ petunidin # # ¥ 2 (Clifford, 2000) > i&= f& ¢ 1 ¢
Z A " it e7d Zcyanidin~delphinidin~Pelargonidin®_p A % ¢ & % L v

7 2 80%EF I &P ~69% k% %¢ 250% 4 ¢ % ¢ (Harborne etal, 1993)
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T~ TEEEWEARER R F RAVTE R 2 (Castaneda-Ovando et al., 2009)

General anthocyanins structure

Name Abbreviations Substitution pattem Colour

R R R Ry R Rs R
Apigeninidin Ap H OH H OH H OH H
Arrabidin Ab H H OH OH H OH OMe N.R?
Aurantinidin Au OH OH OH OH H OH H
Capensinidin (p OH OMe H OH OMe OH OMe Blue-red
Carajurin v} H H OH OH H Ome OMe N.R?
Cyanidin Oy OH OH H OH OH OH H Orange-red
Delphinidin Dp OH OH H OH OH OH OH Blue-red
Europinidin Eu OH OMe H OH OMe OH OH Blue-red
Hirsutidin Hs OH OH H OMe OMe OH OMe Blue-red
-HydroxyAb FOHAD H H OH OH OH OH OMe NR*
6=HydraoxyCy BOHCy OH OH OH OH OH OH OH Red
6-HydroxyDp BOHDp OH OH OH OH OH OH OH Blue-red
6-HydroxyPeg BOHPz OH OH OH OH H OH H NR?
Luteolin It H OH H OH OH OH H
Malvidin Mv OH OH H OH OMe OH OMe Blue-red
5-MethylCy 5-MCy OH OMe H OH OH OH H Orange-red
Pelargonidin Pg OH OH H OH H OH H
Peonidin Pn OH OH H OH OMe OH H Orange-red
Petunidin P OH OH H OH OMe OH OH Blue-red
Pulchellidin Pl OH OMe H OH OH OH OH Blue-red
Riccionidin A RiA OH H OH OH H OH H N.R?
Rosinidin Rs OH OH H OMe OMe OH H Red
Tricetinidin Tr H OH H OH OH OH OH Red

* N.R: not reported.

13




DOBFETF R R-TL FH:

FRE sk g it A 2¥ 2 R0 F % 4 f#(Giusti etal, 2003) > v i
ETMAF IS RE ¢ Sl R A SRR KR F
ARG A ARG B E I N TF - BT N HER DL A K
1EAmd FERE AR H G ] LT RN B

(Rein,2005) -

I.pH & e 58

FFERAFPORRERRT 0 A2 73 Fehit F 54 (FT ) (Hortonetal,
1998; Fleschhut et al.,2006; Heredia, Francia-Aricha et al,,1998; Kennedy et
al,2000) » & pHl enpedd TR B pF » X329 hflavyliumcation ki » E &5
EH G AN d gad oom apl2 B3 pH4 2 B & F 4 shquinoidal sk fE 0 plb
B9 pH6 2 B > 7 i 5 3% fd & ¢ s 7o carbinol pseudobase 14 % chalcone
PHE > TR > £F 2 ¢ BApie FARMEY SR T TF R 37 n% 1t 22 pH
BB AR PR G R A EIRE T RS R L AP FIL LT R

At 2 A R % A fRayk i (Cabrita et al.,, 2000) o

II. % & ¢ /& (Copigmentation):

LR RS R RN A L -y STE

ik
Rl
N
NV
&
N
)
Rl

k3 23R % (Boulton,2001)

Anthocyanins+Co-pigments = Copigmented anthocyanins

VIR A T AEFY R R - S EERICAY & L e A e A
% F e ppd B4 2 ha & 4] (Davies et al, 1993; Mazza et al,, 1990) o foi-
FEA 28R (B ind Fi 45 Co-pigments @ — BpRAE & e T 1 EBEE
Ak (flavonoids) ~ # 4~ #k (alkaloids) ~ "=k ~ § 0k ~ P2t ~ 5 pEsE ~ £ 54

IEBEFE R TPEFRALEESEY TV RIEF R ALK T



Degradation reaction
o (Y T
0 ol | P HO\[;(i\ R OH
OR,
0
- Sy
R, I 0 v R
OH
pH 6 aldehy .
P Idehyde phenolic acid
when R, is H:
oR,
OH
0 fkﬁf
HO OHLA £
OR:
s
OH
OH
diketone

D)

BT ~iF %2 &7kpl @42 o § 4% (Castaneda-Ovando et al,2009)
R1=H or saccharide
R2 and R3=H or Methyl
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BRd SiF o B AT R AT AR S B EE(ES) o

£R Ik A REL SN AE RSN L A S B (intermolecular) ™
3 B3

4+ P (intramolecular)4g & 3= ~ F & 3+ p A % & (self-association) ™ %
& K4f & (metal compleation)?;= - Bl-= 2 f H 7 & Bl(Rein, 2005) - + & 4
s XBBFERE 7 plER SRR CIBH Z 43 B 1995 Asen(1976)
EERTEREC PSS EE S R RSN EE Y SIS Ry 2
Co-pigments sk A~ £ E & ho - B2 FEY LRI 2fpghv|+ > & f §iH)*E
B T

TF AL R
A fRen s AT R T S

FFFFY OTFEAEAFEGFRLE DTG 0 Lk p
#+ %2 Copigments 2 2 £ & ¢ i¥* #73% (Boulton,2001; Darias-Martin et
al,,2002; Gutierrez,2003; Boselli et al.,2004)

Il. & B3~ e i

$hovis S RS 5

5 e T bs At A Fflavylium salts(fF % -
B0 & B B & i~ (Clifford,2000) B2 28 {2 S5 2 & ehfp Fla 2ot

& AT B F R hI R A0

SRS AR L URE S

ARIE IR RE T B S LR A . 1Al R s ol Sn2+(Starr & Francis,1973)
# % Ng” 12 2 o' 4 £ i & h(Hale etal,2001) = #3559 § & 4 1 fopHb ek i

. . 3+ g 2t Y = .
0-di-hydroxyl anthocyanins¥Fe & Mg +$ LR A A4 EJ #“7Z (Yoshida
etal, 2006) - # v 4ct #rif 0 & HHF

¥ £ % Co-pigmentsshs it » 7 &2

# -

=2
=3
FAA LRI TN

2\

iR R

=

I
i
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527nm, abs
b —

abs x/f///j.ﬂ42
1.0 1512nm,

Jabs 0.486

| B

i A
[]D || L]

450nm E00nm

Bl ~ 252k A 4 e iv* o (A)Cyanidin 3-glucoside, (B)Cyanidin

3-glucoside + co-pigments (Rein, 2005)

Intermolecular
copigmentaion

Self -association Metal complexation

U

c o ‘q________;—higc________;'
¢ > - .c::—l\{;—c::—.
c >3 ¢ > et Comm—

Intramolecular Aglycone Sugar Copigment Acid
copigmentation
C ) §_ T | co—

—j

Bl- ~ £ % J 27 & B (Rein, 2005)
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IV. k& ehfs 5.

RRAEFITFRATEHKANRF > EREFFPEPERP FN A8 %
Fm g4 TCF & i sk (Markakis, 1982) - & F # R F & & pH2.3 2 3R
HTRBT 0 AR EMNERBEERN A FRIHET 0 - L [ FEFRE R IR

B $#i5F £ o073 i (Kearsley et al, 1981) - Delgado-Vargas % * » 45 41> § i
FTREEVERTERAL A AT AR ATFIHCO R EHERTE P FF X

LB R B -

V.iaA 3R kR AR

MAtB A A R BT A S RIVPOM A ASFEF A gD
FFARR > FREVERTIIFHY I FERES A BRTF AT T
FEIRE S oG H AT FOEAPORBIT T RS A5 (Fujii etal,2002)
BRAFRILE D W frip L EFFAF MR F AT EBE AT RHE

Al o Ed )3(4)’2;\ ek RTINS P *’E’T‘“i"%mﬁkbk’@’ﬁf’ao

VI § ~BRBFURL B

FAA AT i FEERFF A RBEAM 0T
g et F & Soid & f2(Nebesky etal, 1949) 0 % ¥ F 4o PR L0 B €
T R LR 4 %ji}i F A3 TR pHEBF  ®&E il
gL FenitF E id § 5 2T 4A fA(Markakis, 1982)- i F 24 § & 2
ATEF > FioF 2 {rglf Fivh o g CRDEd > B S RET
—*ﬁ Z I ;; 7 & iz (Matsufuji et al,,2003; Garcia-Alonso et al,,2004; Rossetto et

al,2004) -
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VII. Pyranoanthocyanins:
Pyranoanthocyanins*+1996# 7 & ** ‘= jFi# g/ ¢ 4 R.(Santos et al, 1996)-

A At - e R A PpHRBE R T E S A F f L
Lo i) & d fvg & MA 3+ &4+ ded-vinylphenol ~ pyruvic acid »
122 flavonolsk kA 2 o d *tigiPyranoanthocyaninsf® % aif)? 4 W #1 »
FARNTPOT A Ty AP R RGHEBERS DR BN SR
# R ¢ Pyranoanthocyanins o 4p B 7%= 3 o Schwarz% 4 #& 0 »
Pyranoanthocyanins i #:r)k & £ % i 1+ 3 B >pyruvic acid ~acetaldehyde -

2

=% %k & ~pl% § & (Schwarz etal,2003) - 3 # Pyranoanthocyanins~ & # v

R0 gm s A B AR 24 h% A s e B (Schwarz et al, 2004) ~ F iz
PR S ) BT PAL DR HET LA R S T HERT

Pyranoanthocyanins#i % (Hillebrandetal,2004) -
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HO.

Where:

R=H Pyranoanthocyanins (Vitisin B-type)

Ry=COOH 5-Carboxy-Fyranoanthocyanins (Vitisin A-type)
Rs= CH; 5-Methyl-Pyranoanthocyanins

Hydroxyphenyl-pyranoanthocyanins
Where:

OH Ri
z, Pinotin A: R;= O and Re= H Flavonol-pyranoanthoeyanin

Vinyl-pyranoanthocyanins (Portisin-type)
Inall cases Ry is either glucose or its acetylated form

B~ ~ % L¢3 & Pyranoanthocyanins 2. i+ ¥ .ééf#(Rein, 2005)
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3. EHFEAiF i

LR RS AR E ARG 0 PR S AR EA DR 2 4
1% B R b RHE F 5% enengs B2 (85,2007, Massey, 1974) ~ #-fe 47 202 3 iR
e ez x (2,1998;%],1994;Romero-sierra et al,,2004) ~ 2 4 if 2% = (2,1995;
Strausser, 1982;Chen,2000) o # = #7 | 4 L™ 2 7‘5’5 L3 e R RED
BAg e e 30 PRGNS AR T R hER NTALSBTLE ES R

LR

2z A REFRAUICIZAVR

W R AAERY ot
M i o Bie £~ %4

Bk R TR R S A A S 3 #h 25 B4

WA RFR A | BEFR LS ERG
¥ ek s g pré (&)

) S A LSRR LA S T

Ap I R A ERRaES %I Rp R
S B P REP RIFRI
St BRAGEFLE

RS G K A 2
& Bas

By YR FEGER R g R 2%
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(DEFES:

EF2 %0 B lRiESF - AFHAFd A IAed e 55T
(porphyrin) e =& g6 » v £ g 2 A 5 ¥ % % (phytol )4 = & 38(RI4 ) o veed % F
s ZAEBEG o ARMIRBEF TR p e KT ol AN AR A4

Bi oo xENES RS S LA (F,2006) 0 fd 4 T P ST > KT S

FHEENRZM > BREEDEIRT o e r IEERAF S S 0 B ORI R TR
RINARGGES d 4hd WEAIFERNG S A THPIFAELEE P izl

RESFRAQGS P CRIFEFFY FELHET I RBRESF L 2T F
S 1994)- /5 Gr 3 B~ RIS T E 3 N 00 e E 2 0 (35,2005

¥,2006;:8,2007) > e igdF G S A BAT % £ A BB RH %S frfeR heh
B4 3 ko TR S R R 0 TR EET A AR A PE R ik R
BRAFYLAES FRIATFES BP0 BB PRE Y KRR LS o (F

L EL-)

[l e B R R TR S e R e e A T g

femeppd AR I CF AR L FRAIFIFFRELLT RS R

E
)
=
>
o
o
™
(@]
(@]
N
—
>‘1\v
w_r;‘.q_
3
o
Ne}
O
S~
Ul
51
Uy
Ul
[\
—
‘%W
e
o
b
-J_
wE
~
c
wn
a”)
[«5)
(g
)
=
—t
Ul
(@)
N
~
—_
w
[\
—
W
_g_

§enn R R EE R ET MR L BT R ARG AR R R

=
5
7‘-
9‘
i ml’;
m
*é;‘f'
?3"
_g_.
7
B
Py
TRy
+
/M
N\
=
-
Iy
=
-
Il
—
i
X
W
*é;‘f'
i

dHEF 5 EARE AR (B w) o ok iR hfe AEAEA G WEZE AR

EHPF 2 FTFR BB RLULIRFEFTRDOF BhF L B TR BB
gnﬂ-;}fxé’ﬁ‘mf e B fl"’fr'})'?

R R oo IR G B0 R (A ehEd A d o R A SRS B o RS

¥E3AH 2R 3 F(R-+ T )H(W099/55152) -
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-l - | s f -2007.1:
B4 - 4Ry %02 (35)(96. 12.27) B4 = s 4R Bsood %02 (14)(96. 12.31)

o o] e T
) £

BT ~ xR 22 fo3e =797, 3. 14)

() (96.11.13)
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Rp FF kAT P @ e ar 2 2007 s A RE TR E®E a7

EFRFP A LHRALALYIT Z LR TEE L R SR iR AT (F)
LA et W R EE R B R SRR M R R T kA 3 (R -
Bt A) o B EBmSFR 3L SIS HEIT PRI L chINA B E I ik
FEFIABAIL  IFEES T H 8 2 AR B A TR g
YoB A Eed o B 2 AR E B ZA(HK, 1990 ¢ ER R E ] 159041) -

SR P AR TS 0 S O FIERERS G B4 3 S S

o B FHT LS F ARk GE T RJIL 0 REDFEARDEGRES T
BT 2 SRR GAEN L AR o AP RIS BT 5 A B B PR
TR BEA SRS B pEd RO ERTEF R RS (2 S
FoORs  FLEEFAOT lRmRd ~ 6428 (B4 v 754 Bz -
ZEA) BT ERE PR LR e LA RITE b ki 0
FERELALSRE A R p RGERRB L B )

(%@ 7= 4% :http://www. dlhuahui. com/index. htm) °
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BB Co=0.15mm He)
A | R TE R | SB[ s nHp,
- 20°C
W
c | m " .

(I §=2mmH
2 % ff P 17

Grp akite —10%)

[ o

| B % ia fl >
DzZEs RAEDRE®R RZZE T~ Z
—EAZELARPH @ REME O

% m ﬁ fid I-— >f!£ 5
2B E P M EA K |
/) fr @& 3 PR A2 AR o

B~ 7 1 v e A2 (K, 1990, BA B 41 159041)
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M= 3 (D B~ 320
(3> 2007 S A R EE) (> 2007 s A RET-E)
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Blo L (B2 f- 3 g% 98.6.1)
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4, R % B .
(DFetl 7 g se i 2 a2 i o
(. RFE»E TR g E S ¢ nDNA &7 X 928 sl -

(3)&» BN R P I 1“%’3 A AT A = A

I REE:
1. R %42
Stepl
e w £ %
FIMCSFE
Step2 Step6

Step5 Step9

Hé B2 L% ¥ DNA B2 2R2 8%
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2. HiiTeIR B R Rk ) 1F

2.1 R Bttt

i 3o (Grand gala)Bhp — Sk » kiR L S4Y & N8

9.9 ST ety it 2 petil:
Tz = > 5 90%: ~ A% (pentanol) » 4 > 10%E 3 f# (isopropanol) ~ 1%#:
#(thiourea) % 0.5%F )% fk(tartaric acid) » * 3 R &323 » HHE1 [T i

R 27 R ¢

SR A R LR R R R IR ALY o
(IR 12:24-72 /) Pz e B 1o 5 R 3R e S P f> RAi2e 5 B5R o

(e)Buifé— ZHHEFRET AW EZREL o (B L)
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Blo L - (B4 R pag % 98.6.1)

Bl Lo (A p- a3 plaf%3 98.6.1)
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3T RLFT 2 &L
3.1 RB&HH:
(a)Z @ I i 3 R E Mo, ®iT3 2k 1.2°1.3 > 0 Bffam
A B Qg TR A FIRIEN A FAIRBE AN o (B2 - 2)

(b)1& ¥ p&i3 ;% (citric acid) 5% > pH=1.79
2Rk E:
I.7F % 53
() B2 IR G R N E M IR 302 P EFFEL(l % ~2% ~3 % 6

¥ 012 % ) p AR B o
(D) =B~ enTormp i 30 F 57 > * f f FIF %24 5 IR R M iz 0 & TrRg

% o
(C)P~fEfe i@ 0.5 50 » B30 15 FHgpog v o
(D* AIFH R P PP A Ao 215 22 RFRB R -
()i Errt RIFFA R E 3B SR ATCHvRip e 4 ) PF o
(DB g (90 mm)E TR TF ZEFRRYL-FH o
O. < & e

M b NI F A B2 0,22 pm R EEIR TS 0 1B ARAL R AR K 1T R
(Water 2796 Bioseparations Module)i# {7 4 47 » & =+ % &% %-(cyanidine
3, 5-diglucoside i% ** methanol :water=1:3 2 /3 /& )\ » M FTi- 5 & 2 fA4F o
A A5 iE AT
@ % C18 4 4% 13 VERCOPAK( 14795 N5 ODS(C18) , 4.6 x 250 mm) » &% % &
RGO UF - 8

r21.5% HsPO« in H:O 5 7% & A > 1.5% HsPOs, 20% HOAc, 25% MeCN in H.0 %
BAI B AYLEAS 11 0.7 B /A einid o B A B E B R cho N 40 A 4s
pod 20%F A 3 85% F Stk E st g S 10yl kB BT RA LK 25 530 nm e

% %P (Tatsuzawa et al., 2005)
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4. % 723 2 F14 (Genomic) DNA $B~% k% :

4,1 R %
HFTEITRE L AN Fe N II R IR IR N E IR ITEE S T 2
F2.2°2.3 2 RBX 225 d FF s o A KRN FILRFIEAILY o (H

- Ltr)

4.2 %> i%:

Isem§ ¢ & F18 (Genomic) DNA 2 ¥B: (Lim, 1997)

(A 1)#2 eI EFRNGEMeITME S > 2 PRl % 2% 3%
6% ~9% 2 13 % )pHRAige B0 T udh f FIF 4% o

(. 2)4=8~ 0.1 seeng ' sa s £ # S35 7 > & 122 10% (v/v) sodium
hypochlorite #-% & ' 3 104 & 22 16 * ZFhg-K Hele EE D K e

(D) -3 5 B30/ 8k ¢ o o » R L F 16 B ARk o

(c)*c » 60«1 ehpolyvinylpolypyrrolidone (100 mg cmB)%?/Eﬂéﬁz# L

(d)*r » 600 1 0% B~ (100mM Tris-HC1, pH 8.0, 50mM EDTA, pH 8.0, 500mM
NaCl and 100mM mercaptoethanol)

(e)H#F sk ¥ chE Pofr e B g 15 0 4o » 4011 9 20% sodium dodecyl
sulphate » T H#-¢ + } TR £353 > 2 2 B 65°C-kip 10 ~ 48 -

(f)4e » B84 % 1/10 595 M potassium acetate (pH 5.2) » & #1250
kA2 20 A 48 o

(g) #-gw 4 3w (10,000 g 20 ~ 48 4 C) -

(e tsw b ik » 34~ 400 ¢ 1 98 3 A (isopropanol) » 4wk DNA

(i) *-20 C 1] pF-80 C 15 »4afs » &< (10,000 g 15 »45 4 C)
T & DNA -
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(DEBRESHF P BRRE(T A4 35 )4 » 20011 Tris EDTA buffer
(10mM Tris-HC1 and ImM EDTA, pH8.0)w ;% DNA - &4 » 11 enRNase A -

(k)% >+ 37 Crkig 30 #4518 & F 4 » 2001 #phenol :chloroform (1:1) »
TR R &P 3a (10,000 g5 A48 4C) ©

(D e g+ kavkk > £ 4~ 20011 sphenol :chloroform (1:1) & 48 #
Fr(k) ~ (1) e

(m)#-a et K igte » B8 M 0.1 B> €3 M sodium acetate (pH 5.2)1
bR EAE 2.5 8 59100% ethanol » #-R & 4= 3 ++-80 ‘C30 4 45 -

()&= (10,000 210 448 4C)H » EHhEd e F P 3R 7T 4L &
» T70% ethanol #& 2 25 » ¥ * B k57 o

(0)4c » 251 Tris EDTA buffer(pH 8.0)w ;% DNA » P~ 44 genomic DNA °

M3z ¥ % genomic DNA %% R 5 :

(1) P37 K208 B3R e F o kB acs A #1848 (genomic) DNA z % B~
3 E s BE P iB e U F genomic DNA B~ 401 e ~ 600 1 50 100%
methanol > # ¥ *+-20 C 2 -] pFr2imisik DNA ©

(2) < (10,000 g 20 ~ 48 4C)is 2 “,/Tfi R e

(3) % ®l4e » 40 1 ez %75 7% (90% pentenol ~ 10% isopropano~1% thiourea ~
0.5% tartaric acid) % ¥ - f& & 4o JF)F fe(tartaric acid)shikizig » + 4 &
(90% pentenol ~ 10% isopropano ~ 1% thiourea) °

(4) % B 3 E A BIRTG > X30F e P ELB ) o

(5) #r > 6001 57100% methanol » ¥ *+-20 °C 2 -] p#12wkk DNA -

(6) &t~ (10,000 g 20 ~48 4C) > 2 “,%i R e

(7) *v » 5001 TE buffer(pH 8.0)% /% DNA » i& {7 DNA & i A & o

34



)

BloLw et ramiFgRs €0 (@@0 s -2 pa7%%98.6.1)
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T~ AR
1. phdg E:

12 pH meter (CORNING pH meter 440)ip] = i F % 3P~k 2 RIFFLIS R 2 fhdk & o

2.

K
=

7 E:

iz B Lee(2005)#7 4 % crpidk @ £ B ;2 (pH differential method)+r i sxig i=

|

T

(1) w3 7%
pH 1.0 buffer (potassium chloride, 0.025 M)

pH 4.5 buffer (sodium acetate, 0.4 M )

(2)FF i3 ).

o i ] FARAF A REERA A r 922 gpll 0 2 pH4. 5 buffer
o=@ 4r & 10 & A anfi i > R £323 (848 e sk k i 2 (HITACHT - U-2800
Double beam spectrophotometer)if|# # 520 nm %k &7 Al (pH1.0)% A2
(pH4.5) » 12 % & 700 nm w3 3k & 17 BI(pH1. 0)2 B2(pH4.5) » £ 1 F 72 583+ %

FRFEERRTI TR R(ER/ 24

{(A1 —B1) — (A2 —B2)} x MW x F x 103
€

MW: =+ % cyanidin 3, 5-diglucoside(CeHsiC101s) 2~ + & =611.55 g/mol
F: 4 %1+ (dilution factor)=10

¢ : cyanidin 3, 5-diglucoside 2. ¥ B v % % #:(26300 L x cm'x mol™)
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3.DNA 3% 35

x> E

#-genomic DNA E #:i& {7 DNA @ A% » $% 3+ DNA 391 3 (primer):e (= B & fisgar
8 F s (PCR) » 2 144 PCR A 4 i (7 DNA % 3 L2 «

R Eprag a5 (PCR):

AR R ARG F T AR A B B TRIE R hMaster cycler 5333 i st

72 0.4 unit =0 Taq DNA polymerase(BioLabs MO273S)%# & f# > DNA 313 (primer)

4o T o

PCR:

A. material
(1)cDNA lul
(2)10 M primer-F Ll
(3)10 M primer-R Ll
(4)dNTP 10 uM Tul
(5)10X  PCR buffer 54l
(6)ddH:0 38.5 11
(T)Tag-polymerase lul

B. PCR condition:

()95 C 1 »48
(2)95 C 30 #
(3)50 C 30 #
D12 C 1 »48

(5)w 314 H(2)x £4f = + =

(6)72 C 1~ 48
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PCR primer: (P 52 #4235 A2 7 & =)

Primer %% : Rosa hybrid cultivar Yun Zheng Xia Wei 18S ribosomal RNA
gene, partial sequence; internal transcribed spacer 1, 5.8S ribosomal RNA
gene, and internal transcribed spacer 2, complete sequence; and 26S
ribosomal RNA gene, partial sequence.

F5 AAGGATCATTGTCGAAACCT?Y

R TCGACACGCATTGTTTAAGAY

1. @5 32 D0 2% 1 & #F it .
EE T TLI TR S B PR Tes B PR ¢ A R R L ATHE chic

P oenzem Tt fﬁ“‘vﬁ DB LT N BEER ) A S G o0 IR

B B > RS T AR B RAAE A R R G IR

ER IR G o L IRGIREET R TERES > LRALES T ENRS  FIEER
BEN GRS AARS > miEfofEizd - B iRz o T 4 LRI IERB N

W

2o 0E i PE o SR R ST iR A (RS LS ) 0 B S R At
TR el - B A F 20 Wenp kg d T 15 24 A(BA 5 70.5-T1.0
pmol.mi s ) B A Y A BE(RS S A )5 ¥ - BN RS e
A LB R R ARG SR A RS B

B L AEIT R RS B R AR L e ENA RS A R
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98.6. 1)

Bl= -~z iR ares(97.10. 200 ()& mie ik a B8 b chrem
(98.5. 1) (= )2 v* # (&> 98.6. 1)
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3 98.6.1)

Bl=ot~ ~mmzphri ki R(BA 70.5-71.0 gmol.mi. s)A)7F &
(#%>+ 98.6.1)
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2, BRI MIEF R AR 2 R
FI* CI8 B xR AR AT HE LT % ® AT F 22 AFDSET - %
PR RA R T R ESAER G - AR 4 ) e JI v Ry
% %% Z(cyanidine 3, 5-diglucoside) & # ' > B 7 AR % 5 P2 °F 27 &t
= cyanidine 3, 5-diglucoside » = ¢ "% M= E 2 FF ISPk o 2t 5k
Mikanagi 4% #1> %= ¢ s i & 7= § % % cyanidine 3, 5-diglucoside % % 4p % -
DRSNS R SER SRS S IR S S (E LA TS I EAES A

PR PFRARE e A (12 % )2 7 B e R fceareimigk o (1 %)M

(hw Bz ) BAd A s B maam L il s o 50 g

AR 2EEGI Z Y BERFN(Lr)o
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2 U Detector
TIC
100 1,338
I
I
I
I
I
;| I
I
I
I
I
I
U
I
I
I
I
I
1
1
|
|
|
|
2 .
0 T L T T T = |L T T T T T T T T T T T T T T Time
5.00 10.00 | 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00
t
|
L
|
R12 1 L Detector
1 TIC
1007 8.18e7
%,
I
I
I
I
I
I
I
1
|
0 T T T : T T T T T T T T T T T T T T T Timne
5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00

Blo -4 10 A B4 500,001 /8= (3 B 10 A 252 1507 12
AW P2 754 % (7 W) HPLC B3# A 45
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Fr cREEESA PR B A2 HPLC R R 2 530 nm @ 2 kA & ¥

me me
1. 33x10° 1000
diglucosid
1. 23x10° 924, 81 484. 236
1. 02x10° 766. 92 395. 496
107 | 726.32 306. 787
: 6 % 3R 8. 82x10" 663. 16 269. 756
8. 18x10’ 615. 04 208. 69
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B HPLC ISR US B

1

1.2

0.8
0.6
0.4
0.2

standard 1week 2week 3week 6week 12week

B = - ~ HPLC ** 530 nm i & w5 < & 484" )
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3 B KMBNRAFRFRIELF R 2R

AR R (229 5% [RAFZ eremf i FEHEL T
2 X% 0 £ 41 Lee(2005) 4 & ehphdk & £ B 2 (pH differential method)
B FE R o Rzt - FHY - BRERERELEE  LERATF A
SR 0 Bk EIRE 1A k% &3 (HITACHT  U-2800 Double beam
spectrophotometer)p] ¥ & Jc B2 FloH o 2 8 R F b FRBZ P E-F %
FETE2Z g (B2t “R=z+2)

REHT OOLFFTAEA  Z BRMNTF R RSB R PR M

TR AR R PR o

3.5

A i
\

0 —

0 100 200 300 400 500 600 700 800 900
RO =

pH=4.5

Bl= - 3 fhfkah 67 50 d &304 % kR R F 2 B
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600

500

400 T

300

BiEFERIERE

200

100

Fﬁ F& 1week 2week 3week 6week 12week

Bzt 7 € (mg/L)
600
500

400 \
300 T

Y ——t
200 -

100

i
0
o)
a

F‘# B 1week 2 week 3 week 6 week 12 week

=
Il

|-
Il
l\t

T ST 0T F 4 5 R AR AR E (ng/L)
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4, LR F 3R E M sem 2 DNA %5
I.3¥ % penDNA:

EAFARR R &S FQ2F %2 [)EPREN Rk ¥ 2 DNA 7

Z 2 DNAR &L 8L RI~R2~R3 %7 ) M DNA T A 2 PCR L Z 1M k53 {H
o KBK%F\7DNA,3_]}H;’1/§L FIR AT GERF R R AR E P w2 DNA -

(R=z-+r ~K=-+7)
EERBTEPRA PR E S genomic DNA . DNA & A B ¢ ¥ 5 3] 10Kbp

m\

b eiEF (B2 L) ASFPRAOAFTHR(PETI - 2587 PRV ERT

7 R RE(1~13week) F B R sc A H T00bp 2 AFI R B FREP EHF E F
DNA le b P A £ 3eT (R 5 B0 A BEF AR od 20 fi g i ? DNA 3~ 5
PFRF %z L ARDNA RS EE  FIMDNA TR ARE T IR A kFHRET
U DNARAEIER > BT EESDNAES > AT %R FEPRF R

(R

IO.§ % 4 32 DNA(Isolated DNA):

(D)B~37# G micsediz 59 (5d 9502 4.2 1) 5# 7 genomic DNA
(SR B> 4.2. W™ N adPe 5 RT3 HE P DNA 5 ok »
#-30P~ (7 3| ez s genomic DNA &>t e 67 Feni® 3R (£ 7 )7 % > FME }

R N T O S I R
DA /IQ—F-&’ Ep —T-}”‘f

3] DNA i 3% > B2 o1 isolated DNA ® /&2 3%

m\L

fef FERETRRT €S DNA A AR (Rl L) e

Q)isFizH= 273 FIemE F 55 5 4rgenomic DNAC2 v 5L R] ~ R2 »

R3 4 7 )imie 504 PR M A s iR ik 0 £ R RIET A lweek
2week ~ 3week ~ 6week ~ 9week o 2z s B~ 1% DNA T A= VL% isolated DNA
B EPER i 4 F M DNA R R M B(R= L = )T AT

Ted DNA e 03 FIF R ARG R T £ X B BURH
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(3) #-isolatedDNAZje* e %32 (%3RS )ILE 2 K//f Ak b & A Sz i
BiR(RERz)? - 2 S FPRAFTEE PV T AT (=L ~) o
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. & ~fg(pentanol) 90% ~ # 5 p% (isopropanol) 10% ~ #x?x(thiourea) 1% -
e 1% e (tartaric acid) 0.5%
%13k = | & ~pE(pentanol) 90% ~ £ 3 % (isopropanol) 10% ~ #:%k(thiourea) 1%
#i7ke | & ~pg(pentanol) 90% ~ £ 3 % (isopropanol) 10%

C R RERS RERS

Bzt 3z E P DNAZEEZN 7 B %532 %303, (M:1kb marker » C: 3 B~

e genomic DNA E i (7§ %)
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%> TE buffer 2. DNA)
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2RO RS R R R PERY H B fRE4e tertiary
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FipHRfe St § RITRBI > Be R I RRFEMALDE L o 2 BRLE
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