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 E N TSGR 3% KL (flavanone 3-hydroxylase, F3H)7ES Sl M4 g P AR T, ACSCE % BUR
It}-#% (Pericallis cruenta L'Herit; Senecio cruentus Masson ex L'Herit) A~ [F] 6 3 S P4 S SEIGAA K}, 4307 3 R 3Rk 55 68 2543 2 7]
MIRFR . TR MR —r] WO EE MR, R, ROR. BOARTRETHESHHT RS HHHSR, A
RTINS AL FE . Southern blot KRl R I, F3H FUHEERTEA AT H 1T A QM EHIEH Z 1000 /R 5
SR E¥ER DA 2 M DL, Northern blot 7345 R Eow, BRI R 48 TR 1 B F3H RIS ZE R (1 e e A,
AR, SRGEHEEZTIAEEMG, LRI RERY: JR4 F3H FMERER RIS S5 TI6E
FHAR, 25 TR A e ARIEX—WFgs Fod vl LA, AR5 HAh (6 R R 48 2 [ (W16 (4 2 72 7E F3H
FERZ GG BP0, PRI 44 (1 6 R Rl mT DUE AT 9 e 1 320 & s eh F3H JER T il AL R T Re v R
UF 2 AR AR

FKHEIR) F3H UL, M4, R, e
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Correlation Analysis between Expression of a Cineraria F3H Homologous Gene
and Its Anthocyanin Biosynthesis

Sun Yi B, Meng Li B, Hu Ke B, Dai Silan =
College of Landscape Architecture, Beijing Forestry University, National Engineering Research Center for Floriculture, Beijing, 100083, P.R. China
= Corresponding author, silandai@gmail.com; B Authors

Abstract In order to find the function of flavanone 3-hydroxylase (F3H) in the cineraria biosynthesis of flavonoid, we analysis the
relationship between F3H homologous gene expression and the composition of flower pigments in different color series cineraria
ligulate flowers. Flavonoids in cineraria ligulate flowers were analysed of by the Uv-visible absorption spectra. The result shows that
both anthocyanins and anthoxanthins are contained in red series, purple series, and blue series, while only anthoxanthins are
contained in white series. There were two copies of the F3H homolog in both blue and white series cineraria genome detected by
Southern blot. Nothern blot results indicates that transcripts of cineraria F3H homolog present in both blue and white series cineraria,
and the expression levels are in the same. So there is not a direct correlation between cineraria F3H homologous gene expression and
the anthocyanin biosynthesis. These results show cineraria F3H homologous gene takes part in both anthoxanthin biosynthesis and
anthocyanin biosynthesis in cineraria. It is also indicated that the difference between white series and other series emerge at the next
steps of F3H in biosynthesis pathway, therefore white series cineraria can be an ideal transgenic receptor materials for the genetic
function study of downstream genes.

Keywords F3H homolog; Cineraria; Flavanone 3-hydroxylase; Anthocyanin; Flavonoid; Flower color

HRLs FFE 1) dp 3= 22 )57 Rl (Tanaka and Ohmiya, 2008), £,

FRH I (flavonoid) AR R M L EAE L 4o i (Flavone) A1 2 B (Flavonol) 72 P 16 3 55 5
s B R SIS K TF (anthocyanin) ML BT E gy el TG 4 (Tanaka et al., 2008).
(anthoxanthin) ¥ -k25(Tanaka et al., 2008). 1, 1& # 16 1 3 % 3 44 1§ (flavanone  3-hydroxylase,
HART AT I WAL 2 W RE R p3n, EC 1.14.10.9)R05 (4 #k (flavanone, K
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AR IC3AL A AR TR A, SLAEA T B A
i i (dihydroflavonol) & 32E— 2> & Bl o i B A A 75 5%
HF A 4 B2 R 44 ) 5t (Britsch and  Grisebach, 1986;
Clegg and Durbin, 2000). [Kit, LA LA
T3 O s 5 I Y oy SC& AR ) 32 5
A iz —(Pelt et al,, 2003; &K%, 2009; %0
IR R2E, 2002), 19914F, Martind FH 22 57t e
DR P i 4 5 (1) 7 9 A4 £ B (Antirrhinum: majus)
BT F3HEE K (Martin et al., 1991); B,

Britsch& % H Mg 2l ik M A% 2 (Petunia  hybrida)
o3& T F3H [R5 FE K (Britsch et al., 1992); b5,
FEVFZ WP 4r A RIF3HIAYEIE A, a3 (Malus
pumila) (Davies, 1993). 7iZj(Vitis vinifera) (Sparvoli
etal., 1994). 1 (Ginkgo biloba) (Shen et al., 2006).
PERI 1T 7% (Medicago truncatula) (Shen et al., 2010). 1l
Z%(Camellia japonica) (Tateishi et al., 2010)%% . AT
TR, F3H{EARIPFPEE A (A7 T AN ],
A RAEE SR —$ D1, 4284615 15 (Medicago sativa)
(Charrier et al., 1995). £ >K(Zea mays) (Deboo et al.,
1995) F1 #1 B4 7 (Arabidopsis thalian) (Pelletier and
Shirley, 1996); 1A Z R FKIGIE X AEAE, WIgTh
(Perilla frutescens) (Gong et al., 1997). [& 724
(Ipomoea purpurea) (Clegg and Durbin, 2000)F14Ay
(Shen etal., 2006). &A= Mg, f3hf7 st
AR ] DUAE F3H 2% 2235 1, AT 7 AR 1 1 A
(Schijlen et al., 2004) . [1 % fi 77 (Dianthus
caryophyllus) - jx U NF3HZEDR, AL (o k2L T A
[FIFREEE AR, Rk R e 2k 25 T I
[RIRE (0,841 (5 (Zuker et al., 2002). JINH-3(Pericallis

R 1 T AT ARAE S S I AR A v

cruenta L'Herit; Senecio cruentus Masson ex L'Herit)
e AR HAR AR R B AR, HAE
OEFT A0, 0, KON OIS, 2009).
FAT, 27 23R4S 1 T35 F3H [RJ 5 AL i) v 1)
BURN3 A i 51 (GenBank & 55 5. DQA71436), Fi B
JIT gt i) Z LR P 41 5 S et AR A v
oA e S R AL s (T4, 2009). AR
M0 JIPH-2 F3H R J5RE PR AR RE PRI L9313 B 155 200 1 A
THAE, AZBED R RIE L T3 FRAE T B 3R B 2
[ OC R IR R W IEAWIH . ARG A0 AN R 46
(I3 TR AE ST B 73 70 Al b, BIFSE T
T2 F3H [7 K5 PR 1 8 PR 2 v A PR G 0 R 2%
PRI S L OB L A G &R, DU T3
F3H [R] 53 P ) T BEAIT 5T LA SR AR T4 4 11
TR 73 I B E L, oA et 1/ M LA
RIESFH TR

185 R A1
11K A3 F R TE 5 28 35 W (1) 58 41 - mT LR O ik e
fES BT

KRAPEAM-AT WS BT . 40, .
WA Z I3 T IR AL 8 B OO 1 28 4h—] L
WR AL S 15 M (3 1) F 22 11 55 o0 — AT LR A o i [
(E1). MELHRTLLEH, 40 RPN R
IR R AN 6K IR G 1% 114 = R A WAy " -5 A
8L, BBEFE328 nmT, oA TE IR AN I
FEPE . A0 RIS R A AT IS X WO R A7
—EM R (E2). R WG BT I B
g, LR RORE G R1E539~544 nmAT %

Table 1 The absorption peaks of flavonoids of ligulate flowers of cineraria

TRAEB M HAC e F 5% AR X 1K (nm) MR MAC U F) T L DX 98¢ K (nim)

Color of ligulate flowers  Ultraviolet area wavelength of absorption peak (nm) Visible area wavelength of absorption peak (nm)
B & 328.50 n.d.

White

gt 328.00 539.50

Red

® @ 327.50 541.50

Purple

ot 327.50 543.50

Blue

e n.d R R AR 2
Note: n.d. represent not detected
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P EEENESY
Absorption spectra
1.000 : -
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i INMFORARIE R A, 1 A6R; 20 4605%; 3
MR, 4: RO R

Figure 1 UV-Visible absorption spectras of flavonoids of ligulate
flowers of cineraria

Note: 1~4 show different color series of cineraria; 1: white series;
2: red series; 3: blue series; 4: purple series
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Absorption spectra
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o
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P12 T3 T RIS IR AT DGR

i INMFORARIE RN A, 1 A6, 20 460F; 3
R 4 ROR

Figure 2 Visible absorption spectras of flavonoids of ligulate
flowers of cineraria

Note: 1~4 show different color series of cineraria; 1: white series;
2: red series; 3: blue series; 4: purple series

W2 e R RF LR e o dOGIEAFIEIERT, 7E
H RS TR e P S AR, AT
R MAGR, KOR, HORNH5H I
S e S RETT AT PRIy o BRAh, IR
AR RORME ORI R RAER R
FI ORI, BN (K1),

1.2 34 F5 BRI 40 H F3H R) 5 2 BT $2 DT S5 AR

R T RS DN F3H [R5 35 DT A T I 2 25 DRI 48 P 7
ffhol, ER A RENT AR EZ AR
Bl ORISR NS AT Z TR
FAEE . AR 0 1 T2 F3H [R5 24 PR 3 41 s vl
MR TR RES, X B R RS (1 R LA 41 DNASEAT
ft1Southern blot73HT, &5 Sk 2 T 28k 34 4415 (K]
3)o X—ZRUH, LA GTHEATRITIR
-4 5 (R4 R PR IR SR IR (R o AT i AR ), A 2
DEANFEDL,

1 2 3
15 000 bp -
10 000 bp
7500 bp | »
5 000 bp —{
- -
2 500 bp —|

B3 -4 3 K121 W F3H RIS 5L K] Southern blot4) 4T

T 2SS AE I3 F3H RIS D F R < XA MR E T 10 &
/RECOR T Mg IR 1 {4 28 I 45 25 N 41IDNA; 2: 37sBamH
T BEOII 8 3R 4G 5 4IDNA,; 31 K REcoR T MDY
0 I3 5L K ZHDNA

Figure 3 Southern blot analysis of F3H homologous gene in
cineraria genome

Note: Hybridization use the conservative region of cineraria
F3H homolog as the probe; 1: Genomic DNA of white series
cineraria is digested with EcoR I ; 2: Genomic DNA of white
series cineraria is digested with BamH I ; 3: Genomic DNA of
white series cineraria is digested with EcoR 1

1.3) I3 F3H [R5 2 R i) R A 4 1 43

X W 0 2R T3 AN 1) & B B IR 5 IR Ae 2R AT
Northern blot/} 4T & 3R, 2 5E R 7R T RAE K B A1
WERERRIL, BEEMIFIIRE, HRILF L
(Kl4A); BRI B WIS A7 55 F3H [R] Y5
FER I FE AR (K 4A), X R LI AE TR AL 7Pk
FARFED; FIFEIESE A0 R A A S AR # 1A
ML, B OREAE S AR S AT R
AR A REEAT F I8 43 BT - Northern blot#; il ity 25 4
R, FEIXPRPAS ] 5 5 1 TR AL Th 34 e g Ao 21
G A, HARIR R T 6 3% 2 5 (1 4B).
B, TR EEAEEEDT, ERafRmEaRR
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1 2 3 4 S Tub

-

Blue  White

> |

K14 JIr-35F3H[FIJE £ FINorthern blots 4

TE: AT T4 F3H [R) Y 5L D AR OR <3 DA #R 5, 1~5
3R AL A B B BUK I (0 R TOIRTEREAS; TubRoR
ORI REDIRIEFEA; Blue R Ros I (4RI H B
HI T IRAE L H ) S RNA; White 7R K75 8 5 35 100K
BB TRAESE UK RNA,;

Figure 4 Northern blot analysis of F3H homologous gene in
cineraria

Note: Hybridization use the conservative region of cineraria
F3H homolog as the probe; 1~5 represents the material of 1~5
stage of blue series cineraria ligulate flowers respectively; Tub
represents the material of blue series cineraria tubular flowers;
Blue represents the total RNA of 1 stage blue series cineraria
ligulate flowers; White represents the total RNA of 1 stage
white series cineraria ligulate flowers

-4 AR, F3H IR R AR R IA K- E 2 AH
I o

2R
21557 FOH RV AR 7 R A b o
ot

AR SC DA B AN ] €8 58 Sl P R SR ), 4
TR I 5 (28 oy Z TR R DR FR o SR F o0 1)
O] WIS TR, AR, RER,
WERTRIETBRE S AT Z XS AR E,
R TIRAE NS A £ 35 % - Southern blot) #7485 S
RO, M3 F3H RIS RITEA S A e = W A
RAEEHICHE RO RN 45 3L K4 B35
DA 242 DL, Northern blot/3 145 B s,
Tl € 110 JTC - 35 5 DR A v 340 EL AT F3H [ Y55 IR )
A, HARLAKCPRMAN, H5EGSHLEZTF
ANEEAAK . FIRTFRLERR: T4 h F3H[H
BIHRANZ S THE RGO, mHiEZ
VX% JiEEy FuR iR

2.2) W M- 2 5 W Ji o B FCA 0 7 vk

AT A 58 b= AT MO 1 23 B BART TR
25 T RAE HH S 1 40 XTI 6 SRR WY, AEF T
AT R, HASHET R . CAUsiil

i, 4675 Z 1 70 (anthocyanidin) 32 B2 S 44 35 2%
(pelargonidin) . %% 4= %4 % (cyanidin) Fl & i % %
(delphinidin) 71:0.01% £k [ — H it v v w1 7T LR
Wl 2351 4520 nm. 535 nmAl546 nm, BIFEE 6T
For B FRRIILPBIA H b, XL R ] W
IO BT ) 21 7R GIX A% (Tanaka et al., 1998).
AFFRFERIL, AR, RARMEORILTE
FAPRAE BRI R 2L G IX A% o 4 it 45 St
W, e 4 (0 LRSI AR A R b, A IR
RN N, KRR S H T ECE AR I,
FETE FH B 2 TV 3 T RAEAE (0 2L 3
X 55 P 11 45(2009) 1 FH va ROBUAH £ 85—l it — B
HIIK I A (high-performance liquid chromatography
with a photodiode array detector, HPLC-PAD/DAD)
IFFT L SR —3 . DRIk, X T 2 E Rk
(R AP EAT (38 153 3 AT INE s A A 8 oh =) WL
DT AR AT APRs A7 R0 23 Bt tH SRS WAL 5 )
FIZETE, X T 0TI ST e 0 B FRE PRk G 2
RGN &, e MR R AT T,

2.3 F3HREVEZEFEREE N3G HE RH G HH
K&

X0 I3 F3H [R5 DAL R 73 i B, A
JII 2 5 R A T R AL TR 3 HAF RaA, Ui EE A
FHAETE AR R RIS L . BRI R, %R
TEEIRAE R B I e B 3R, Bl G 0K = LB
BEAIC. 1X—45 A 5 H P45 (2009) R HIRT-PCRIK) 43 #r
iR 2R . NAHEARTTEMA RS =R 1% 2 R
BB R . B FRT-PCRATIEM /R, KA
Northern blot 5l 25 5 (1) 55 4 A . %) b ph 1 4%
(2010) 0} W (L R AL R B P AR T = T o A
(IR s SR R I, F3H [RIYEHE D] (1) ik ] 1) 48 25 1L
TACTH RGP, 72 e R G
T BE A 1) e T B SRR A U KT F3H, - i1k
BT AR, 2 ML, ERE T
R BT ERANSENATERET . thg R o] DU
M, FIH RIS HE A a8 2 I 35 16 75 20 & It
BT

WFAIE R, FIHIRNEHERIAE S A L B R
(S IR R EE 3 i T T P 3 T d et
1 EIRAE T 8 A R & . AR
W, FEK IR (Perilla frutescens) ', F3HI[mJ YR FE A
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TEAERIFERRN iR 3Rk, AT AR
RIRRI P ik . 7B/ (Triticum aestivum)fis 27
%R DR R i i 5 1675 3R 00 A Al 25 DA 5 (Himi
etal., 2005), 7E47¢ H 15 (Medicago sativa) {2 A
(B — 48 DR Z S R AE L 2% B TR R34 (Charrier et
al., 1995), 7 1K (Zea mays) 1t 25 R A 5 — 2 DL
T2 R Py i s 5 3 I BE AR 22 %% D) AH 9 (Deboo et al.,
1995). PKIILIAK, JLEFFIHMEEME AL A R — S
B ] LAAE by 4675 25 R 1 15 R8T 9 1) 2 T IS
Yy (Britsch and Grisebach, 1986), {HZ&7EARF4H .
AN TR) A £, 2% L EAD &t R RS ) B 1) AL 2 b 1% 2R
R 2R R AT RE AN SE AR Rl BT DAHERTLE I
A, WA GRIE R I AR G
AR F= I, A AR B = A Rk
— A LIRS, BRI &
BRI R AL T . W (0 R I F3H 1)1
HnTRe& 271, BIRER ML R Gk
BN, SORMEAS G R I G MifE H R
F3HTFAE A AT BB PR T A A5 b T 35

2.4JKHH38 B8 R 5 R E TR BT 5T B N P AT R

FHEOAETE R HLEE LL AR 24, SR B IA &1
AT R B R BT R A T RE 3 A (e 1)
FE (AR T 45, 2008) o AT 7T 38 3ok 24 35 7 J%. 4 1K) 2
Bt LA S F3H AR R 4 1 A=W o M, BEHIAE 6
TIP3 5 DR AR 1 288 8 A i 12 L e A il —
AR, 5RO S A R R ) 2
P TP DA 2 i P 6 41 5 I 200 B 1 18] 225 e 3
(o 431 B A TAER S ARFAIEAE T HE PR (4F
FIZEAR S0, 2004). PRIL, ik % s —JE R el D 4O
KR S RAR LI B R AR, ZERAF AR (A 2o
(RRERR, 2675 LN 2 AR RS fE (st AL i idk
PRI 3B A A (R R T 4%, 2008) . RIEAHFFT4S
HEWT, 110 535 TR AL T Re % & Bl — S0
W, b S O A R (A ZEAE, 2004). 15
Wil W3 - SR AL (P BT AR A 2%, 2005) B il
35" FR HE AN A5 T Ui s DR A A JE ) (o W AN 3L 22
2004), DAk e ] DLAE A RIFGTF3HAE DA 1 Uit ik DA )y R
1) RS2 A8 A4 KL

2.5 F3HEYEZEE F A F# NIRRT
A5 Southern bloths il 5 H 456 1, F3HIA] Y4

B DRI AE A (168 2R ORD 0 3R I 5 R DR 21 ¥ 40 A
A2 DL, PEIEHENT, %3 DR 7 T3 5
YL 2 L2 3 AP AL 4 1k, EAHF3H
[Fi) 5 35 PRLAE K 22 B0 b AN LB 4 DU A7 A (6%
K, 2009; SRR KA, 2002), SR AT
UE W F3H [R5 Ik R E T3 JE R A B & /D A7 24
W, X5 R Az 220545 2445 DL (Clegg and
Durbin, 2000) LA &2 83 A Hr F3H [ 05 3 DR D i B 2
L2 3k N 5% T X A7 A 10 &5 SR 2548l (Shen et al.,
2006) . i T AN [ KR4 F3H [ 5 3 [R5 55 DR 20 7K P
A R S . HEMIX A S AN AR A E 2
RS R I AN R Z AEEAA OG, T HAR A Y
R A e B E G, thinbisth. ot
{4 F4T 2841l (Hodges and Derieg, 2009). A
(3 BRI ORI E BN LR 2 —, JEREK
AN [ 8 B ) ) AR AT 22 57 (Kooes et all., 1989). [l
Ik B9 I 4 F3H [R] Y536 DA AR i) i 5 14 3
RE, X TR s ARG 0 L L A vl (1 A 2 A
WIh e AT E MR X

3R Ty 1%
3.LHEYIMA R

JIPH B R ] ) B G T SRR e
M. KHI H AL 32 f1Royal Horticultural Society
Colour Chartbt (aikillE FFaRF 11, 20, % i
ERNIAEAR BT 4E, 2009). RAiaN (R AER AL
IR B TORAE ] T B R R K54 B R MR
Y803 ol T U R i DR AT AE—20°C UKAR HT T 5L A
ZIDNASEI . B (0 5 N3 AN R R & 0 5k
T RN LG B ARG LA S 1 €0 28 TN 3 1R 14 5 IR X
N JE 5 TR R S AR AT AE 80 C Uk A T
RNASEHL (] 1] 4, 2009).

3.2JR M35 IR TE A 2R BT 1A 58 41— AT 0L IRk
vy

BOF e TRAEL g, ISR IR R : H R : 7K=98:
1: 1 (VW) 10 mL, T4 CukFE, BOCEMH TR
Peo WML E R LT 2ot . $2EE 15 000 rpm
2505 min, BCEERAH . THTU-190180G K%
Ab=0] WG4 66 B v (b S A A s A IR 5 AT
28 ) ) I 5 4 U AE 280~600 i K- 3 Rl A R i
R CRAENIBE0.5 nm, PREEFIH, Aot Emsis
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1 cm).

3.3 Southern blot4#7

FICTABYES IR 34 I I 41DNA,  Hl 7360t
J v (SmartSpec  Plus Spectrophotometer, Bio-Rad
Laboratories, Inc.)ill & DNAZE B J i B2, 43 51
EcoR I FiBamH T i) 3L K Z4IDNA(3O o), K]
FEAE0. 8% Ikl - EAT HUK o B B R AR AT 4 3%
JiEi(Hybond N* membrane, Amersham). R 415
HIgmA X LRy X Bt ERER, K EEZ9500 bp,  EiE
514 F3HL1: 3-GGNGGNAARAARGGNGGNTT
YAT-5', Fii51¥) hF3H2: 3-CANCANGCYTGRT
GRTCNGCRTT-5', PCR¥™ 14K HI [IBAR Ay 7 e 25
PGM-T EasyZ {4 H 1) -3 F3H [ BE A Jr By, I
JIDIG (digoxigenin, Roche)#H 47 hric. 2e58 Mfa 'S
R4 A 35 4% FDIG 24 A8 57 £ (DIG  hybridization
Kit, Roche) it 9 15117

3.4 Northern blot43#7

KPS R CTABVZEAE HUTC: 255 o AN [ A4 R} L
RNA (I 45, 2006), F{DNase (Promega Corporation)
AL Z1DNA,  FH 43006 B2 1 (SmartSpec Plus
Spectrophotometer, Bio-Rad Laboratories, Inc.)il] &
RNAMIHIE, I H I rRNAZKHEBY (o B HE T
JER, M REANKIE R EAEE B BEANKIE R
RNAT) EFE & 20 g, K H Sambrook A1 Russell
(2001) (1) J5 1L HEAT RNAFLIK S 2 B 2 i R 41 4 25 i
(Hybond N* membrane, Amersham)#:{(Sambrook
and Russell, 2001). &I [3.3. 2248 K54
TR A ¥ 4% 8 2 A2 i 57 5 (DIG  hybridization Kit,
Roche) Bt 14T .

(WAL N

INAEAB T S BT RISEIR R T AIPAT N 5 P58
AR ST, W SCHIRR K G4 AR 25 S Bt
A RO LU AR SO s S 2 0 H 1R M K 4 B
N, feesesnveit, Bdlaatr, w5 ESB%R. aRnE
A LR P A SO P[] R 2 IR SR

S8

AT ST TAEAS B K 3 28B4 2E 42 (No.306 71714 F1
N0.31071823), [ K ARlb JE Akl 24 2 PR AT Mk B4 1T (No.
200904050). H [ RL 2% B 7 ) 55T H (No.KSCX2-YW-N-043)
DA B e 85257 A58 Tl 27 ) 5 TR HIT 4k 43 (20070022009) 2 H
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