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Floral Pigmentation and Expression of Anthocyanin-Related Genes in
Bicolored Roses ‘Pinky Girl’ as Affected by Temporal Heat Stress
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Abstract: This study was conducted to investigate petal pigmentation and the expression patterns of anthocyanin-related genes
in bicolored roses ‘Pinky Girl’ treated with temporal heat stress (THS). Cyanin accumulation in petals was correlated with floral
bud development and started rapidly as floral buds began to open, defined as the 4" stage of floral bud development (S4).
This stage seems to be most susceptible to petal pigmentation. The total of cyanin pigmentation at blooming was significantly
decreased (by 45.5%) with exposure to THS (39/18°C for three days at S4) in comparison with control. Meanwhile, the expression
of anthocyanin-related genes such as CHS, CHI, F3’'H, DFR, ANS, 3GT, and 5GT was relatively promoted by THS. Only F3H was
less expressed (by 26.7%) with THS treatment; thus, F3H could be a key gene for bicolor promotion in ‘Pinky Girl’ among
anthocyanin-related genes. Overall, the expression pattern of the most anthocyanin-related genes did not match the trends of
cyanin pigmentation in petals. These results suggest that floral pigmentation could be associated with other mechanisms related
to anthocyanin biosynthesis such as post-translational effects and regulatory genes.

Additional key words: anthocyanin, cyanin, floral bud development, pelargonin
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= A28 Jfle Aol wet vttt £5%(Zea mays L.)
ol A= 15°C9] A&o] 7 matalo]lal, A|&AQ1 A2 H
oF @717k A2A e olF w2 2= HAgsFe Ao
] g3} o]|tH(Christie et al., 1994). A% #-2(17/12°C)
¥} 31:2(32/27°C)oll Al Aufel HlFUore] CHS I 3t
corolla) o] e Z7]ofli= A2of| o5 S7F8FAIRE, o] %
o= xfol&E Kol ¢ttH(Shvarts et al., 1997). E3, CHS
o] et 20 Ayt QteEAlopd 23} 34 dA|s)
A= 37| wjio] e o]%9] & (post-translational effect)
7} 918 4= kAl AtSFtHShvarts et al., 1997). o714
N(Arabidopsis thaliana)| X+ 5 =542l PALY} CHS
of ofaff A2o] A At o] = qthLeyva et al., 1995).
2o Rt g At AEA QI Aol 23S WESle
o, 3E%(Vitis vinifera L. x Vitis labrusca L.)o|| 4] o}712] ®|<&
&9l 2128 UDP-glucose flavonoid-3-O-glucosyltransferase
(UFGD) 9] B/ HAaE Foto] StEAloId 45 AR
(Mori et al., 2005). RFH JAIA Q1 d12of 3t A= Y
Ao fE|giet. 72417 LA | E vk Ashg A
‘Jaguar’ o A= QFEAlORd FheFo] axsial, A Al7]of
w2} cyanind} pelargonin®] H]-&0| W3Sl Dela et al.,
2003). 797t LA E =2 AA S3lo| A= QEEAlORd 9
oFo| AL, flavanone 3-hydroxylase(F3H), dihydroflavonol
4-reductase(DFR), anthocyanidin synthase(ANS)2] 2§ aFo|
243ttt AW flavonoid 3 -hydroxylase(F3°H) 2| 2&
ko mxo whl x}o]2 W ATKHuh et al, 2008).
oheFet sHlle] gtk @ FE FFAIE 5 s EASHbi-
color flowers)= 5 7}#] oAkl T2 AMAYE 7R = ZS
ofafgie}. Y-t (lida ot al, 2004), 9] k5| Alo]
£ Z(Quintana ct al, 2007), 7=t THAle] A} 7)) Ao]
2 Z(Vaknin et al., 2005)7} £ F-9]] FSaito et
al,, 2006) 25 BB} 3 42 QItKKim, 1999). 245}
L ouk ool BAE BUE AR shlo] ADianthus
caryophyllus)(Itoh et al., 2002), F-¢|H Mo| T2 Ipomoea
4 AlEE(lida et al., 2004)7} HF L oKSaito et al., 2006)°]|
A F2 QAFEck 7150} wete] 28 wet 2uig ofe
S A Z &3 oA M APAYS 2dshE FAAER
transposons©| 4AF =AY Al A= o] 3 /JE th(Inagaki et al.,
1994). Wb =3} =207 2 el 2 G4 IR o) &
A, AAAQ 28E 9% 2L WAUZY 7HsEE
A AIBFA AL, HFY o} ‘Baccara Rose Picotee’of| 4] chalcone

9] AL EA T4 (site-specifically) 0.2 A TH= A

Mo

H O

o] BT }ItKSaito et al., 2006).

A ] Pinky Girl’2 Sho] M-S 74| = T A
Oh= th=A BAQl 7)ok B3R TPk = SOl 7}
SoF Aulofeh. Z Anfte] thFst sh o) @517} ot
AHA FAY o] o] 75t Byun et al., 2005).
TR A2 2 AFHl= A Wdo] fpstEE g
T 7Ho R AEIL Qlok s AEA o R e AE
gl o] EE= oEHolls 5] T o] A5t o] A
do] "ojx|aL Aef 7HAo] Woll= T F7ell AxA2 o
35 3231 9JtKim and Lieth, 2012; Korea Agro-Fisheries
& Food Trade Corporation, 2014). wahx] 2 1= 2
%) Pinky Girl' & hao2 o] Fo Aol 2 &
A, 2213 st e % YNA T Ao ke

Aulo] Bake 248 7|2k olsfRkowA ol | sl

Mg xi2 U 2 A

Al A7 20109 FEZA A /9% B2 ] &
2 ‘Pinky Girl’(Rosa hybrida L.)& F-oFF &% 25/18°C,
2% 50 £ 10%, %= 700 £ 100umol-m™+s' 02 ZAE|=
A5t oA Aeiskaint. stote] e SIS 27 of| wt
2} 6-A(Sy: 4.5-7.5mm, S,: 7.5-10.5mm, S3: 10.5-13.5mm,
S4: 13.5-16.5mm; Ss: 16.5-19.5mm, Se: 19.5mm <)=2 153}
R, 2eAPe EEeola Eelo] sty A4 A
(S)olA] 320k A Bkl WAlelA] o H7 L 27
1 39°C(aL2A 2o 25°C(t =)= A|25H3i). ol of
HeEE 1A} g2 BT 180 27 1812
oh 1A e Follis th FAFHSl L5el 25/18°CE el
sto NekE RE=SEAAL, TS Al71Q1 Seofl =Rt EUS

u1e] 7] %(basal part)2} E-E-41e] 7144 (marginal part)
2 FHol 4% uie 42 10mmrH) 918 )
of EHol Ag3Hech

o EpAmES

2, & UEAOK B 2N
A1k 2ole] F)Rel Fpxe] 5e) 7H
HCI methanol 2 4°C ¢Aof| 4 24 A]7¢

spectrophotometer(UV-2450, Shimadzu, Japan)& ©]-8-5}¢]



400nm-7000m ] T WSlolA o) B4 o FHEE
24519tk & QH=AC kS 530nme} 653nmol A &
P=E =43 3 Total Anthocyanin = As3-0.24 X Agsy 2]
2 o]&3}o] L5t Murray and Hackett, 1991). 3ESA|9F
2 cyanidin-3,5-di-O-glucoside(cyanin), pelargonidin-3,5-di-
O-glucoside(pelargonin)(Sigma, USA)E AME-51THOgata et
al., 2005).

e 1

ENVES S

3RS ABz] A= A (CR-10, MINOLTA, Japan)E 0|83
o] L*(darkness-brightness), a*(green-red), b*(blue-yellow)S
74T %, McGuire(1992)9] 4=2}5 0|88t C*} h*gh=
s,

High performance liquid chromatography

A 2]+ Longo and Vasapollo(2005)E- #a1ste] a2
42 FANZ T 7)o} gAte] 22k 3eg vl
% 0.1% HCI methanol 20mL=E 4°C ¢rAofA] 224171 33]
Hhe 2E0Qleh 3535 AR5 5,000rpm, 4°CoflA] 1527F
AlEE]51al 30mL Y] As> CCA-111(EYELA, Japan)

9] 0.01% HCI methanol= %<1 & &AL o] ¢l= CI8
Sep-Pak cartridge(Waters, Milford, USA)ol| 2GA|FTE 4mL 2]
0.01% aqueous HCIZ A&}t 4mL2] 0.01% HCI methanol
2 A4S 225190k Ak 220 719t 2471 5 15mL
9] 0.01% HCI methanol 2 0|37 0.2uL syringe filter(Macherey-
nagel, Duren, Germany)S- ©]-835}o] oJ1}5F & Table 19] %

Ao 2 BEASIE AR cyanind} pelargonin(Sigma,

Table 1. HPLC operating conditions for analysis of anthocyanin
composition.

Instrument LC-20 AD (Shimadzu, Japan)

520 nm

A: aqueous 0.1% trifluoroacetic acid

B: 0.1% trifluoroacetic acid in acetonitrile
0 min: 10% B

0-20 min: 10% B

30 min: 20% B

50 min: 30% isocratic

Zorbax SB-C18 4.6 x 250 mm, 5 um
(Agilent Technologies, USA)

10 pL

1 mL-min™

Wavelength
Mobile phase

Linear gradient

Column

Injection volume

Flow rate

A%k 925

USA)S AFR-3F9tHOgata et al., 2005).

Real-Time PCR

pn] QFEAlobd AFH TgOlA E9lE 97hxle] S
A} CHS, chalcone isomerase(CHI), F3H, F3'H, DFR, ANS,
Aavonol synthase(FLS), flavonoid 3-glucosyltransferase(3GT),
flavonoid 5-glucosyltransferase(5GT)S] & A H A5}
7] 918l AR AR SAA T 7S} gelS B
3l t}2 Plant RNA mini Kit(PhileKorea Technology, Korea)
£ 0]83}9] total RNAE E2|3}59t) Total RNA 1ug, random
primer, 10mM dNTPE &35}, XE$E 17} 10uL7} H%=
% DEPC A2|® dL,OE ¥ 2 42 F o4 vh-i&
65°CollA] 5+, dollA] 227 RESAIZIEE & k-9
5xRT Buffer®}t RNase inhibitor 10 unit¥}t SHAF &g 4
200 wnitS H7}la 2% Ru)7} 10uL7} §=2 DEPC A
2|H dH,0E Eal & 42 & 37-45°Coj|A] 30-60+, 70°C
of|A 157 BhSAIAH cDNAE skt PCR 1/10 3
A% ¢cDNA 3uLo]| QuantiSpeed SYBR Master Mix 10uL,
forward primer 1pL, reverse primer 1ul, RNase-free water
5uLE &3 & Eco Real-Time PCR(Illumina, USA)& A}
83to] =3stoirt. Ao AE-H primer= Table 29}
a0, ZF A9 Aal= Eco software v4.0.7(Illumina, USA)S-

olgto] A 5gL.

SAHXE|

EARXAE T2 73] SAS package(Statistical analysis
system, version 9.2, SAS Institute Inc., USA)E ©|&5}o]
ANOVA(Analysis of variance) 24 A3} om ZF A
27k 521412 DMRT(Duncan’s new multiple range test)
5% &0 2 YTh

2u 9 13
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Table 2. Primers for Real Time-PCR analysis.

Accession Primer Sequence (5' to 3') Product
Gene
No. Forward Reverse (bp)
CHS AB038246.1 TTATCCGAGTACGGCAATATGTC AGTGGTCTTGTGCCCATTAG 93
CHI AY040321.1 ATGTGTGGCTACAAGGCTATC CCTTTCTCAGTTTCATGCCTTAAC 106
F3H EU078685.1 TTGAGATCGCCCGTCATAAG CCAAGCCCATCTAAGCAAGTA 108
F3'H AX028830.1 GTGCACCACAAATGCCTTATC CTCCAGCACCATGTCCTTAAA 103
DFR AB239796.1 CCCGAGTACAATGTTCCTACAA TGAACTCGAACCCTGTTTCC 100
ANS AB239791.1 CAAATGGGTGACAGCGAAATG CCCTGTGAAGAATGCTCTTGTA 104
FLS AB038247.1 CAAGGTGGTGGAGAAGCTATT TTGAGAAGGTACACCAAGTCATC 105
3GT AB239792.1 GCGTCTGTAGTGTATGTGAGTT GTTCCGAAGAGACCACAAGAA 117
5GT AB239793.1 AGATGGCTCCGAACAAGTTAAG TTCGTCATGAGGTTGGTTAAGG 99
EF-1a AB370119.1 CTTGAGGCACTTGACCAAATC CAGTTCCAATGCCACCAATC 100
20 120
18 7 Cyanin —*— P
R e Pelargonin S 1001 .
e Pesal -
14 “\ ——— Prarginai Ig 80
2] \ 526 %
5 10 P g 60 -
g ol ; :
084l . £ 104
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5
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Fig. 1. Absorbance spectra of basal and marginal parts of petal
in bicolored rose ‘Pinky Girl’, cyanin and pelargonin obtained
by UV-Vis spectrophotometer. Pyasa: basal part of petal;
Prargina: marginal part of petal.

o] FAFSHERE ‘Pinky Girl’ @] 24 4= cyanini} pelargonin
o & LAx]o] 911, Ogata et al.(2005)0] Aol A 3 HA

2 Pl S AE cyanino]2hal Hiljh HE a1

cyanino] ‘Pinky Girl’©] B141& sl Fag oo
Fhehal PR THKim, 1999). $HE 7FA1A1 2 Bkl

= glod 29 7

T

el o

|Rol AL 7gReleks 99 cyaninah

pelargonin®] Z|t] TF=E Ho|x| UQFtHFig. 1).

sfo}

= SE FE T AEAOI dFe SAT 23 7

oA T wAlo wet Aoz A wsks e

o

A % 2R 7190k 1gAelE TRY 5

Fig. 2. Concentration of total anthocyanin in basal and marginal
parts of petals in bicolored rose ‘Pinky Girl’ at different
floral bud developmental stages. Ppasai: basal part of petals;
Pmarginai: marginal part of petal. Vertical bars represent the
standard errors of means (n = 5).
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O2X2|0] WE S Lin} AEAOH] X £ <43} v
pa

wahy 29le] Ligkol F74HTL arghat bzl
2ol SH WA VA GFE ol Sfsiel Ty AT T AN

AAYF Bk o] #3}E lthBurchi et al., 2010).

Qa7} E17]7] AR SyollA] 3Y 7 a1 z1a(39/18°<:) 5 wEpA Sjof W I F LR =EE o] FQ19] Ao
SeollAl BHS st Al 7pgatee] o] @ojxim Awr  FAEAL TS F= Ae ;IR o i

A 2ol shmsbL A4 spse] SHzt

o g Zolo] shA dkg o] & *]5] AStE Jth(Fig. 3). 1l 5t A A
=AE gelstaay, 2419 7158} 7R E U

Aele 29 7P o] LAghe 61302 F7iste] woby  ®OI
T, a* e 4182 Fhasle] HA) wrglo] WAlalA| A5E|S)

Lo] ol gt AEE Jehl= CxZgl 34182 ZHA 12
so] TeAEE spalo] B5 TAoIA AljHoR Hol A ==
92 9k 4= Q1 9IrH(Table 3). g2 ofX|ofe] Lya)(Lilium —P

marginal

0.8 1

x elegans Thumb.) ‘Brindisi’ &JA] o] EH o] ArfzhS of A

0.6 1

04 1

0.2 §
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0.0

1.0 ]
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0.2 ]
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0.0 1 T — e —

Control HT

Fig. 4. Effect of high temperature treatment on pigmentation of
cyanin (A) and pelargonin (B) in bicolored rose ‘Pinky Girl'.

Fig. 3. Effect of high temperature treatment on the petal color Control: 25/18°C; HT: high temperature treatment (39/18°C).
of bicolored rose ‘Pinky Girl. A and C: Control (25/18°C); Phasat: basal part of petal; Prmarginai: marginal part of petal.
B and D: High temperature treatment (39/18°C). Vertical bars represent the standard errors of means (n = 5).

Table 3. Effect of high temperature treatment on the petal color of bicolored rose ‘Pinky Girl'.

Petal color’

Treatment Part of petals” - T . - .
L a b C h
Control Phasal 77.9 a* 79 c 264 a 289 c 70.5 a
(25/18°C) Prnarginal 46.0 c 55.5 a 48 c 55.7 a 49 b
High Temperature Phasal 782 a 11.0 ¢ 19.6 b 240 c 539 a
(39/18°C) Prnarginal 613 b 418 b 0.6 c 418 b 13 b

leferent letters within columns indicate significant differences based on Duncan’s new multiple range test at p = 0.05 (n = 5).
Y L indicates the brightness and ranges from 0 to 100. a and b range from -100 to 100, where negative a indicates green, positive
a indicates red, negative b’ indicates blue and positive b’ indicates yellow. C indicates the hypotenuse of a right triangle formed
by joining points (0, 0), (a b) and (a 0). h" indicates angle between the hypotenuse and 0° on the a axis.

*Prasat: basal part of petal; Pmargna: marginal part of petal.
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o] QkA] B FA4 cyanin} pelargonin®] FFS HPLC
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Fig. 5. Relative expression of genes related to anthocyanin biosynthesis in bicolored rose ‘Pinky Girl’ in response to heat stress
for three days. Control: 25/18°C; HT: high temperature treatment (39/18°C). Pyasa: basal part of petal; Prarginai: marginal part
of petals. A: CHS; B: CHI; C: F3H; D: F3’'H; E: DFR; F: FLS; G: ANS; H: 3GT; and I: 5GT. Different letters within columns indicate
significant differences based on Duncan’s new multiple range test at p = 0.05. Vertical bars represent the standard errors

of means (n = 5).



biosynthetic genes)?1 CHS, CHI, F3H, F3’H9] 2talo] A=
o7 7|RojlA W] o]l o] AgsHA] g2 anthocyanidins
o] ghol 7| Fo A AGE Aoltal oflide 4= qick A
glucose®}o] Ao Fofl AEAOPHS A B k=
3GTS} 5GTE] I =7} vlssgloll= &6kl £ 7|17
of tEAJofHo] ul-e- 7] wiZol(Fig. 2) A HEHA
ore Avzr A% 4= 9ltiJeon, 2001).

DFR9] 71291 dihydrokaempferol flavonol & 3t &F91
kaempferol 2 FZEFA|A anthocyanidins AJA-S *|5F5H= FLS
drele st A e gk eld AxdeiA
sokeh olejet ATk 1A Aldo] ZEoe) W 277}
ol F7]0]7] wjiel 7RsAe] glow, 24l Hu] Pinky Girl
o] F QtEAJod £24& FLSHEth= Sroll A g3t EBGs
Q1 CHS, CHI, F3H, F3'Hol 23l g3Fo] ¢ Z27] hl2o =
T AZEch

241 7159t 7gAk] Lol Hasf] Hi, 7]5
o A= F3H®} ANSE A 9|8t CHS, CHI, F3'H, DFR, FLS,
3GT, 5GT B 1L AgfFrolA A = ich 7Pt
glol|Al= F3HS} FLSE ALg 2E f427F 9A] 22 A
g ToflAl =ATHFig. 5). ol=iet I I E2 Fig. 404 K
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I HRles v B 7 7hsAS ANE 5 ek

A A= REAlORd T FHAES] 1Y 0|99 thE
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Uk LeCHS, LeCHI, LeF3H, LeANS®) W2 Sanyuehong’
oA T EQITHWei et al,, 2011). F2 B5 Q] 23} ‘Argus’
L Hebgl ‘ARTI-purple’ Hr} QFEAJopd FHeke & 2|5}
Al FSEANE AT W AR EEe o =4 delst
(Sung et al,, 2013). o]2j3t ATFE-S SFEAlOP] Zo] A
34 T SAAETRS Bl vle] o] 3o tharet WAL
2ol elsix 2aE 4 Stk A Motk
% WAl MYBe} 28 2] Bojolet. kR Ao}
d Aed-2 flavonoid pathwayoll A 2542 443}
3= MYB, basic helix-loop-helix(bHLH) 12|31 WD40 repeat
protein &= A AAREGAof ol =dEthKoes et al.,
2005). Yamagishi(2011)= @ajolleh Uka]ojlA] S8 2 Siberia’
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Fah Fgo] e} B2 SR AE 2T A
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ok [> o
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