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HEE . A5 FA 4 ( Paeonia suﬁ’ruzicosa‘ Luoyang Hong’ ) FF X & 3 4 & FF e 6 A A4 R R R FIR (22 C 15 CH=
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Effect of Low Temperature on Flower Color and Anthocyanin
Biosynthesis in Tree Peony ( Paeonia suffruticosa)
‘ Luoyang Hong’ Cut Flower

DU Dan-ni,ZHANG Chao,GAO Shu-lin, DONG Li
( Beijing Key Laboratory of Ornamental Plants Germplasm Innovation & Molecular Breeding/National Engineering Research
Center for Floriculture/Beijing Laboratory of Urban and Rural Ecological Environment/ College of Landscape Architecture ,
Beijing Forestry University , Beijing 100083)

Abstract ; The cut flowers of Paeonia suffruticosa ‘ Tuoyang Hong’ were used as materials. Effects of different
temperature treatments(22 “C ,15 °C and 4 °C) on flower color and anthocyanin biosynthesis were researched. The
results showed that :compeared with 22 °C ,flowers under 15 C and 4 °C treatments showed lower lightness, higher
redness , higher chroma and increased anthocyanin accumulation. Color quality was obviously better than that of
22 C treatment. qRT-PCR was used to analyze the relative expression levels of anthocyanin biosynthetic genes and
results showed that 15 C and 4 “C treatments promoted anthocyanin biosynthesis in the cut flowers via the promo-
tion of related genes transcription ( PsCHSI, PsCHII, PsF3'HI, PsANS1, PsDFRI1, PsMYB2, PsbHLHI and
PsbHLH3 ). Low-temperature mainly regulated and controled anthocyanin biosynthesis by upstream gene PsCHSI
and PsCHII. Downstream genes PsDFRI , PsANSI and PsF3'HI were sensitive to low-temperature , which hade the
biggest increase transcription by 4 °C treatment. The above mentioned structural and regulatory genes were the im-
portant key of the anthocyanin biosynthesis.

Key words: Paeonia suffruticosa ¢ Luoyang Hong ’; low temperature; anthocyanin; structural genes;

regulatory genes
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A8 8 72 WL B A ) d B B A WL B MR 2 —
YIME s SR G Rz —, AEH RS Y
wEFEN FEEAY T 25N IR T R
AR B ERE, AR Y& k2w
REAAEHD IR, b1 A KR — 2 be R 5 A4 i ( CHI) |
A IRE £ L ( CHS) %5 Z P B fEAL S 1 454
BEPR A BE PR P S L PR L [ A 1 1 AR R H AR
RS> T VAR W 4% PR AL T R AW A .
CH RGNS 5 A2 B R Ry, R
PR il e PR AR T RS R AR b ARG A R LA
AT B IR AR 8 B AR RS
SRR 6 IR JKIr BERY T L pH (A
BRGNS E AR AL T R Y
BRI A

H T, A7 24 ( Paeonia lactiflora ) %5 22 FL 5 HLY)
s RIS BGR R E WM FE X T4
( Paeonia suffruticosa) WIBIFFEANA X 6 4> 45 # FE K
(PsCHSI . PsCHII . PsF3HI .PsF3’ HI . PsANSI ., PsD-
FRI) Fl 5 4~ 35 £ A ( PsWD40-1 . PsWD40-2 |
PsMYB2 . PsbHLHI  PsbHLH3 ) ()43 8 Fl1 3235108 W]
DALY AL I 15 1Y 73 7 AL BB 58 AT Ak T %) 9 By
B BRI RORET A R AR R
TR A — & A (B HR AR R 1
K SA AP AR A AR AR G, T
EEIFEAMEE, X5 HAET RTS8 G,
SR AR 25175 AL T 2R A U OCEE R 23k 1l
HEREF SRS, BIAE LI 15 C KR
X 421 ( Plantago lanceolata) AP AETT R
PR EHAE T AR AL TT R B sz,
U BE A P R WL DFR R ANS 193 1k i
S AEIE RS B A AR E it Aw
FELAHFHE BRELUIAE g A oRE, B SEAR IR XS DI AEAE (5
LT R & AW, Il B BT = 1A
FHICHY 5 ASTE T 3L AT 6 254 36 N i R A i,
MrtFH& BREL YT S B b AR R H &
IR I 3 FHLH, oI5 SE R R 5 T Bedid 4t
P& FHLL U AE AL (0 Jo B 5 BRIS BEA

1 #R5HE
1.1 ###
T 0 AL A 41 P19 BH 217 A8 220 S 25 1 Y

ST AL, B ) g 4 6 BT o L BH T
WA

1.2 {RigkbiE

TEZEMR/K AP ER B UIAERCZE 20 om A TREA
100 mL 9 0. 5 mg/L IRSEAREAEE R, 547 2
TR RN 15 C A4 C % BRLTR B Ry
22 C, FABHEE IR E 40 pmol/ (m® -« s)
FARRRE 509% 454k B 30 KRR VIAE, &
KA I ORI . B 2 d TERAGRIR P 8TAZ 1 em
PAB7 105 AR AR R e BB 2

FRE AL RO TT AN RO (32 1) W47 B
PLIBORE | 0 7 46 (0 R B )5 23 IR IZY 0.2 ¢ R AE
(SNBSS 4 ~ 6 FEAEF) I 1A 4R A4, Fnid
H, WAEK G IR T -80 C, I THEF RIS
i I E S R B 0T, GO A U A%
23,
®1 HEMEAERRE R BRI ERRER
Table 1 Characteristic description of different developmen-

tal stages in P.suffruticosa ‘ Luoyang Hong’
[14]

cut flower
G 2B
Stage Characteristic description
I (1) AR TS T U R, B 36 T 0 R, B W0
[ENECE Y I (47 i /N
e (s2) RN R BT, G LA, A R R R
Ao AR 172,
BIFFI(S3) SR RN BN SR A, AR S H
B AILAE
PRITHI(S4)  EASEAIKE SNEER I LI 120 ~150° 1)
Je s
HETFII(S5) e IERE IS T IR SN2 S R TR

HEED M E T, BRI, AR, 1k 8 5
TAEAR AT LAY R 7 DU SE B AE O | 325 3] e (0

TR

1.3 HEXREWE

Xof N[5 A2 B 2% T I S0 DAL B A6 2R 4 T
€, A 21 (NF333 spectrophotometer, Nippon
denshoku ) X 45 &b BHATI A6 2 46 3 rh &8 15 17 46 20
LR OSEIIE (L) L% (a" ) FEE
(b ) fH. HAAEH G 3 BLUIAE, HA U] 4E E 5
ES W, AW ER " b7 H, IR EE CT
S ARWMT.C0 = (o +67)7, WS
Excel .SPSS S it43#r .
1.4 ERERFHRBSIENE

%% A. Nakatsuka 251" 4875 ZAF I & J7 & ,
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AL FREEAS I i 3 AL, A AEFRIZY 0.2 g
WAL, B AT R A P B, A 10 mL 1%
(v/v) ERIR RV 4 CORPF T H#IFE 24 b, B.O0
TRE WS, 66 E 1 Beckman DU-800 ( Beck-
man Instruments, Fullerton, CA ) Jll %€ I & 526 nm
FEPR P B OEE (OD) |, B LARE ffh fif 5115 21 fr &
EHERH G E, WEBHEZ Excel SPSS GEiH7347T .
1.5 7EiE RNA MRS ZEERXEER

DR ZH F 916 4t PRI BH 21 A8 I 17 5 S 28 D)
¥, 5088 1 A GG A8 L R RN 15 L ] cDNA 2K P
B, oF % 9 5 B DR 2 B 1Y S B R 91 R < X R G

*x2

RGHACRIBELT T 5307, 07 08 10 S5 4L PHg BHZLAE
FAH A SRR DU o AT 1 B
(YEIN, SRH] CTAB 7 R EUCSNFE AR L RNA,
Z R Promega N Al M-MLV G 55 B B - I i 5
A B cDNA J5 77T - 20 °C £ 1, R Bio-Rad
Miniopticon Real-Time PCR ¥ ( Bio-Rad, USA ) #£47
H bR PRS2 I 28 i i PCR R3b 0 #T, 45 H A3k
PRI 55 B RB e il 5 1 ) WL 2, LAAE Y Psub-
iquitin SEPH NS HEFT e B PCR RN, 1
AR 3 IRE . JOLIE Bio-Rad CFX 2.0 #K
PRI, R 27 ik AT B A i
M= B L Excel \SPSS S 1150#7

HARAAESEEAREXERFIERERRES WA A9

Table 2 Accession number and expression primers of anthocyanin biosynthetic genes in P. suffruticosa‘ Luoyang Hong

y [11]

LA BRT ElE/E2s FIYFH(5-3")
Gene Accession number Primer name Primer sequence(5'-3")
PsbHLHI KJ466970 B1-F TAAAGCGAGCAATACACCAAATAAT
BI-R GGTGAACTTGGGATTCTCTCTAACT
PsbHLH3 KJ466972 B3-F GTCCATTTCAATTAGGCAACCAG
B3-R GAATACAAACGACATGCACACCA
PsWD40-1 KJ466973 WI-F GACATCCGCTTTCCGACGCT
WI-R AGTTGTTCAATCTCTGCCCCTGC
PsWD40-2 KJ466974 W2-F CCAACTCCGCTTCCTCACTTC
W2-R CTCAACCACACCCCTCTCCAC
PsMYB2 KJ466975 M2-F GGTGGTCTTTGATTGCTGGGAG
M2-R TCTGTTGGATTTGGGTTAGGGCTG
PsCHSI KJ466964 CHSI-F AGCAGAGAACAACAAAGGGTCACG
CHS1-R TCAGCACCGACAATAACCGCAG
PsCHII KJ466965 CHIIL-F AAATTCCCACCTGGTTCTTCTATTC
CHII-R CTCCTTTGACCTTATCCATCCTTCA
PsF3HI KJ466966 F3HI-F CCCAAGGTAGCCTACAACCAA
F3HI-R GAAAATCCCCCAGTCTTCACA
PsF3'HI KJ466967 F3’ H1-F AACTTGTTCACGGCAGGGACT
F3’ H1-R GGCTTGGGCTAGGATTTTAGG
PsDFRI KJ466968 DFR1-F TGATAAAGCCAACAATAAATGGAATG
DFR1-R CACTCCAGCAGGTTTCGTCATACAC
PsANSI KJ466969 ANSI-F GCCCTCACTTTCATCCTCCACAAC
ANSI-R AAAACTGCCCACGAAATCCTTACCT

2 FHRE5HMH

2.1 RiBXHIEE BT

AN TR B AL B I A5 Ak B A P95 BH AT
YIEAC AN, S YUIAE T il 2 BT 1 (S5) B,
5522 CHEFRAA LG, 4 °CFI 15 CAbBREEVIAE L (4
N, 4 C5 15 CAFRYIE L AL, BTG &
%5,

it FH €8 22 (SO UIAE T 2 AR rh A 6 6 1) 25
BB (£ 3), F AT (L™ ) 76 Y 46 1 2 3
(S2) HFIFFHA(S3) B Jo Bl 22 55, i AE DI T i 2
T I (S4) TP (S5) WAl 4 °C A1 15 °C kbR
PIAEARE L S E /N TR 4 CAEFES 15 C
A FEAR L VIAE AR L (I 255

FAEFRYIAELLIE (o ) TEVIAETF 2 9] TF
(S3)BFRPH B 22 A Gt L, WITF I & R IT
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(83 ~S5) ], 4 CAEFRAN 15 CAEFRYIIE o 14
PR ER T 22 CX R4, 4 CL3E 15 CAHY)
FEARLL B 2E 1 2 T I (92 ~ S5) JHIMIZ1 B o™ fH
ToHH I 22 57

FARYIAEE FE (b ) (HAE VAL B 28 3 2= BT
WI(S2 ~S5) Wi R BUE T & Ja FEAR R R 3 7
PRI (S4) IR B R K, SRR 4 CAFERY
YIAE b ™ AEAEWITF I 2B TF 01 (S3 ~ S5) Wi a4 i F
HA AR FEAEA B GR B 22 R A G 15
CAFYIAE b~ {EAE BT (S5) B 8 F AL F X

TEMRPRE (C™ ) I RERBLAE 2R BB AR (A R2 K

o, 4 CHIS CAFRYIAE C HAEE DI T
P B b IR HAERIF I 2 R (S3 ~
S5) AT B 3 R T X IRAL, KB 4 C R 15 °C b
VIAEITER) T 101 22 B TF 01 (1S3 ~ S5) M ] 1 25 2 /&
TYUIERE, 4 CAPE 15 C AL BEYIAEAH b JC
5,

ZE F R ,4 °C I 15 CARFRYIAE I i FRAR AL (4
B RE S8 AE (o 21 B RO B IR VI AEAE €5, 1T 2
B T PRSI EE A 5 T, 4 T 5 15 C
REFRUILEARLE W BE 20 R RV 2 T 8 22 5% ) iR
JERR UL (R, X5 Bl PIE R ARk
SR —2L

x3 HAERBAVEAREELETEBL o 0" C EZH

Table 3 Analysis of P. suffruticosa‘ Luoyang Hong’ cut flower color L~ ,a” ,b" and C" values at different temperature treat-

ments
FEAE 25 b3 S f FFRSE Color system _
Developmental stages Ttreatments H)%JE AL e P
L ot b c*

2 4 C 54.19 1. 59 39.25 +1.35a —-21.53 +1.96ab 44.89 +1.67a
15 C 53.50 £1.07a 40.72 +1. 40a -23.70 0. 95a 45.38 1. 18a
22 C 56.56 +1.75a 38.19 =1.45a -23.52 +1.23a 41.97 +1.39ab

S3 4 C 53.70 1. 28a 40.70 +1. 13a -19.51 0. 64b 45.11 1. 20a
15 C 53.39 +1.78a 40. 65 +1. 00a -23.59 +0.97a 46.07 1. 13a
22 C 54.02 £1.23a 38.46 £1.15b -23.93 £1.04a 42.01 £0.67b

sS4 4C 56.63 +1.17b 41.11 +1.29a -17.04 =0. 70b 46.32 +1.32a
15 C 56.82 +1.17b 40. 08 +2. 00ab -23.27 =1.34a 46.37 = 1. 10a
22 C 60.45 +1.57a 35.07 1. 46¢ -22.39 +1.02a 43.67 = 1. 06b

S5 4<C 55.62 £2.40b 41.82 +1. 12ab -21.49 £0.67b 47.16 £1.24a
15 C 51.65 +0.97b 44.29 +2.63a -25.42 +1.32a 48.16 0. 78a
22 C 58.94 +1.20a 34.65 +1. 34¢ -22.84 +0.92b 42.80 1. 17b

AR NG FRERIR R — RIS R A BEAE 0. 05 K22 58 G478 X,

BRI P £ bR (N =3) . TR

Different normal letters mean significant difference among the different temperature treatment at 0. 05 levels. Vertical bars represent standard errors of 3

replicates. The same as below

2.2 RIBMIEEREEEZESENFW

XA AN R T 4 P& BRI AR A % 7 o R v
W F RN G A, A BRYIEE S R i
FEGI AL FF 030 1] 35 52 B35 4 T v B 4, 4 C
15 CAFRYIALTT AT Er i AEmese ) 2 T (S2 ~
SS) I T 22 CCXFHRLL, 4 CAbHLS 15 CAbHY)
A EE R T ST EER (K1), 8RS A
] b BT Y AL AR A A SEA A — 2L,
2.3 RBEXMEAEHAVEEESEZFERXLEERE

ERIZEHFME

2.3.1 AEAEMHAIZETSEZFEAREXHE
TEERZEIEHRM LGP Psubiquitin FERAE N
WS R 38 i SE BT 98O 2 i PCR X 4P HEE

~12

E “a
2107

2 8

<= gt

i 5

18 6
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WS 4t

Jr 8§

RS 22 ¢
#vg 2tk

£ 54 C
Z mi5 C

(=)

S2 S3 4 S5
AFIFFAEL )

Different developmental stage
E1 HARROVEARRELETHESEZETRE
Fig.1 Relative accumulation of anthocyanin in P.
suffruticosa ‘ Luoyang Hong’ cut flower at different

temperature treatments
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Fig. 2 Relative expression level analysis of regulatory genes involved in anthocyanin synthesis of P. suffruticosa

‘ Luoyang Hong’ cut flower at different temperature treatments
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Fig. 3 Relative expression level analysis of structural genes involved in anthocyanin synthesis of P. suffruticosa

‘ Luoyang Hong’ cut flower at different temperature treatments
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FCHI FE IR () i s AKCE T JUAG . A4 PRI BHAL
YIAETF T # (S2.83) , 5 22 CAbFEAH LK, 4 C AN
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ECLRR Rl (REARTID I o e o ol Bt
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