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Flavonoid related compounds and their
biosynthesis pathways in Linum pernne
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Abstract ; Flower colour is one of the most ornamental quality in ornamental plant, and flavonoid is the main pigment. In
this study, the flowering stages of Linum pernne was divided into five stages. We used high performance liquid chroma-
tography with a photodiode array detector (HPLC-PAD) and HPLC-electrospray ionization-mass spectrometry ( HPLC-
ESI-MS) method for qualitative and quantitative analyses of anthocyanins and the key flavonoid intermediate product in
the different flower development stages. The results were as follows: L. pernne petals contained delphinidin, cyanidin and
malvidin, but pelargonidin was no detected, and the main color substance was acylation of delphinidin; The highest total

contents of the anthocyanins was at Stage 2. According to the end product and the intermediate product, we speculate the
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flavonoid biosynthesis pathways in L. pernne, in which F3'5'H leading branch pathway is dominant, and the main reason

for that is F3'5'H enzyme activity is higher than that of F3'H.

Key words: Linum pernne, anthocyanin, flavonoid, flower colour, biosynthesis pathways

PIRCR S UN S K7/ R DU 7 NP el { i)
AR I o 9 =2 R B 2B N R ANRT R
R, Hoh ZRB0E b AR T R 1 ] AR 6 2 )
B o £ 0 B 5% (0 R 0 T e R R el A
BEEEE A MG, AFED RS SR BRI 2B Y
T AT AEA 2 BT PR B0, 3548 BOR (A A 1T
HEERAREM R MR R 1 T LB A fE 2 B
W (R AL G, 2016) IR AL 22 R A
SEABER R R AR, HORNBEIT Hh ik 4L (L i) 4K
(Johnson et al, 1999 ;Leonard et al, 2008)

I3 BT ) 5T, AT 68 5T R AR AR
WAL O HZE T B, 124, CEZ MY hiE
PRI AE T 3R R 2 Wy A ), WY AR
R RGBS, AT AL O 2 RPL L, nE T
O3 BT AN [6) 46 65 I 4 A6 vh 1 48 75 28 8 F b [E] £
W= (Jin et al ,2016) X #5680 5 6 X7 T 10
BRI B (Lou et al,2014) Xt i €0 1 4%
755 F ( Lobelia erinus ) #E47 (0 & ¥ It b %8 (Hsu
et al, 2016) AN [a] 4L €4 1 F€ i % 46 AL 75 R
G (RG22 55,2012) LR W 60 B 4 6 3% ) I 4
(Wu et al, 2016) , BF5% 1 L% A P 46 9 v i) 288
A A A b H 2 LB,

HHTAEH R H M 19 2 J5 75 8 HPLC-MS
(AR ETE - BB ) 2, 207 B sl B e | R
M (De et al,2006) , B2 12 v H T2 E R 4 i
Y5> B % %2 (Lou et al,2014; Jin et al,2016) .

Wa A6 B AT R B UL B, R el v UL
Hh 2 DL (5 0 PR IR AR 35t 15 i M A K AT
G T E R R, E"iﬂ%(unum pernne) N 4 W R
A6 SRR B, R 8 AR Az B AR ST bR 60 ~
70 em  fEEE R MR K 0, 2 W BUN 2 19 (3t 1
T, & B AT E PR AT B 4H G 2L, W2 5T
Wi AETE BOHLIE A0 G Ak, T IR I JRR A A
FEAXCBR T AR 85 bl MO (PN EE AR S5, 2009 5 1 421
R 2007 ; 5K BT H 25, 2006 ) , A UL %EHAE 5 5 (0,

Yy It I IE 41

ABIFTE LA EE SRR AE T D BE TSRS 42, o B i
JRRAE I b AE T 28 5 1) 0 ) ) o 5
VAR AE T 2R H A5 A [5] JT 48 By BEAE A 09 728 16 L
T, E S TR 9 A R AR, D T SRR (A
EEHLE Oy R AT MRS %,

1 M5 7 &

1.1 B+

PAE W JRR oA A R, ok AR A B TR S o
5 I, B HE AL (0 — B KRB — I B, R AT
TFAEBT B AEMEEAT 22 W R 0 B . F0 25
fiE R SRR T A R 5 BB (3R 1) .

® 1 EILARAREF LM RFESHE

Table 1  Phenotype features of Linum pernne
at different flowering stages
TEMEL e
& (Classification basis

stages
FUHB ERKY 2 mm, REE

Stage 1 Length of flower bud was 2 mm, not revealed color
2B BRI AR 2 mm

Stage 2 Petals stuck flower bud out 2 mm
3 BE AEMEMC N2 8 mm , IO AT DL SRR

Stage 3 Length of petals was 8 mm, and a few open could saw

some stamen

BAMBL K 10~ 12 mm, fEIRIEIT 45 JE Wi 45 58 &

Stage 4 aJ
Length of petals were 10—12 mm, petals opening 45 de-

gree
$5 BBt BTSRRI ALY 15 mm
Stage 5 Flowers completely open, lengths of petals were 15 mm

1.2 B EREMES ZREHRHRN

FHECS ASITAE BT B 5 RRAE A , F AT
BERAR, WEIE KRG, AT H R BOR : B
Ko R =BG =70 0 27 : 2 1 $2H, 4 250
mg SEFN 1 mL SRR, 5 0B R e A i Ak
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H7 i 5AEE Z AR BEEGR R I, B 100 mg
BEEAN 1 mL WA, K PRS2 RO T 4
CAbCE 124 24 h, B 12 h 5Z % — K ( Yoshita-
ma,1981; Jia et al,2008) | ( 5K & 5% 55, 2009) , $2
BUORZ: 0.2 pum B3 U848 08, 75 20 R0 AL &

13 B EZHF EMMEMESENE

K FH 5 OB €4 3 3 (HPLC-PAD ) 2k 40 #r i
IRRAETT R AT AR AR A b 8] 7= ) (5 R A2
M) () B (2R SR LSS 2008) . BT R AT E (L 2%
i Agilent 12 SRR 2 1 A , (EREY Sy Agilent N
A ZORBAX #! SB-Aq (4.6 mm X 250 mm),
HPLC P& £50F K% K 530 nm, FLBhAHN A B
WitH, A K : HER « A5 = 97.9 : 2 :
0.1;BAHAK « 5+ HR : =AM = 62. 9 :
35:2: 0.1, HAEEN 10 pl, HEIR 25 C,
0.8 mL « min", YL ZAH B A VEBE AR N 0~ 20
min,30% ~ 53% ;20 ~ 40 min, 53% ~ 53% ; 40 ~ 45
min,53% ~30% ;45 ~ 50 min,30% ~30%, B #l A
) ¥R B2 11 A A 2K 448 % ( Cyanidin) | AR 3 ¥R FE A1
AR W AR E N 2 TR AR R 2.

B A R T S 0 e R 2 R A R Y
B384 ( Ultimate 3000-APT 3200 Q TRAP)
3% k: % 5y MSLab HP-C18 (150 * 4.6 mm 5
pm) , HPLC I & 45 . W g A A (7K) \B( &
EYMAH, #EAE R 10 pL, FEUE 50 G, P 1
mL « min", WAIAH B FIBEREASE A 0~ 1.5 min,
90% ;1.5~7 min,70% ;7 ~8 min,40% ;8 ~ 10 min,
5% ;10 ~15 min,90% , e il A [5) 4 B (AR v i, AR
P V3 R 0 T AR 22 ) B o R R B I A
P B i

K HH 1R 80 5 3 3k A ( HPLC-ESI-MS) 43 Bt
FEAR Y AL TE R Lo 8 ORI Tk 43 B 2%
. R ] Agilent 6540Q-TOT ¥ i ¢ ] X #F 47
HPLC-ESI-MS 7+ #r . AR @35 09 7t 5% 14 5 13
FHIE . i o B 4514 BSTIE B 733, H 6 E
(m/z) ;100 ~1 600; TS N A A, THEIEE 350
C,HH#E 6.0 L+ min", BANAE HLJE3 500 V, B % 4%
JE 77 200 kPa, BAE 1 ITHLE 100 V. JH MZmine
Ao e Bk 25 23

AW 5T B O bR fE 8 H AR E R

( Cyanidin) fh 2 & ( Naringenin ) | Jr 3¢ {4 & ( Api-
genin) A JFRE ZK (Luteolin) . & ## K ( Dihydro-
myricetin) , — & [1| 4% W} ( Dihydrokaempferol ) | — &
it iz & ( Dihydroquercetin) 4% 1 % ( Myricetin) | LI
%5 ) ( Kaempferol ) FIH# K2 3R ( Quercetin) , #41 F |
DR A AT A 7).

2 HREHRHM

21 ARAFAEMBET KB FESEZHFARN
H1E

R FH i ACHROR £ 15 1 43 A I JRR A IR AE T R
F & ZER I I K 530 nm &b R 4 A4S (1R
1), F5 08 B B TR) 7 43 53] 7 S AT A2 A3 A4,
TR R AT 2R 1% e s 0 R I ) AT ~ A4 B 7E %6
AN IX A P WG, AT L XA — A I e 0 (A
2) . G BEIEALEIETE R AESRINEX A 2
AN AT DG IX 485 ~ 550 nm Z (A1 AT 1 Sk
W (2 47, 1989)

HHERXRTHRET S FETFET -1 48
T, UL [ M+H ] WIE AR, 1675 R 2R BRI
P IR [ Y, ] B L HESE (Beatriz et al,
2009 ; Stobiecki,2000; Cuyckens & Claeys, 2004 ) .

RGNS 4 FAETF R AT AT RS 0T e H R
F 0 28 R AT AR 5 % 1] rp A0 A6 7 2 AR R AE A
E(E3,3%2,%3) 0 N4 A TEE e 516 E
R B F T ZH AL & —2URi%4 2|
ST 773 ([M+H]T) B e B T
([Y, ) B AERE R 8 1 m/z 303 ([ Y, ]7) , Bk i
EH B F m/z 470( [ Glu+Caf+Glu]*) 4T3 F
k2 2 ANEIAREA L A UMMEBE L 5, EE R
A2, &0 — RS R 0 F 3T 757 ([ M+
H]) R R H T ([ Y, ]7) RAAERE i
m/z 303([Y,]") , Bt A B F m/z 454 ([ Rha
+Cou+Glu] ") oy FES Tk & 1 A B 1 A&
G AR, E R A3, &0
— ISR TE T 75T([M+H] ") B &
AT IC([Y, ] ) RHEE R BT m/2 287([Y,]"),
B % A B F m/z 470( [ Glu+Caf+Rha]*) N4> T
B0 1 A 1 AR SR 1A B
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Fig. 1  Amounts of major anthocyanins in blue flowers of Linum pernne
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Fig. 2 Absorption peaks of light and ultraviolet light of four major anthocyanins in Linum pernne

LER, R A4, 88— RRES I T3
F 669 ([M+H]") ,BHUHEE R IC([Y, ]
fEWE R B m/z 331 ([ Y, "), B ith i v 8
m/z 338 ([ Glu+Fer ") N7y F B FI 2 1 D H# %)
BEFD 1 AT BRMEHE (45 2R . 28 B RTIR AT A2

KM AT, A3 WREHET A4 HEERIT,
22 BETRARAEMBEBARTEZTFLER
T

XF 5 ASTFFAE B B R AL M h A8 H R AT AT
ERIMT(F 4) 1350 AL A2 SRS —Br B,
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Fig. 3 Mass spectra and structure of anthocyan in Al, A2, A3 and A4

¥ BAEE R H O RAE 60% LA I, B R R R AT X RAETT R AL A2 A3 A4 T REAE AR
FEAE AT TR R b o F 2 2 G AL R PR AR ORTE L AL A2 A3 7E5 2 B Be
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*2 ETREELFZHRFHE HPLC-PAD HPLC-ESI-MS % iff
Table 2 HPLC-PAD and HPLC-ESI-MS analyses of the anthocyanins in Linum pernne

py PR B ) 16 T BT B L b B T B L PR,
Mo T . . . ) . ZE BN
G | Retention time Molecular ion mass-to-charge ratio Fragment ion mass-to-charge ratio Ref. .
omponen (min) (m/z) (m/2) eference
Al 2.920 773.213 5 611.160 1,465.104 6,303.050 8 Yoshitama, 1981
A2 4.653 757.214 5 595.165 6,449.099 3,303.050 6
A3 5.926 757.218 9 611.159 9,449.096 2,287.055 3
A4 12.496 669.363 6 331.146 5

RI3 BEUTREZRETZRHAM

Table 3 Composition of anthocyanins in flowers of Linum pernne

Al FRERE R A2 TR R A3 FHERER A4 FERE R
iy e Al characteristic A2 characteristic A2 characteristic A2 characteristic
Fragment type fragment fragment fragment fragment

(m/z) (m/z) (m/z) (m/z)
43T BT Quasimolecular ions 773 757 757 669
17 Z 178 Anthocyanin 303 303 287 331
BEIE Glycosyl 324 308 308 162
WERE I Caffeoyl 146 146 — —
B G Coumaroyl — — 162 —
B BRI 3 Feruloyl — _ _ 176

%4 ARFEHBRUNAEBSEENIEREETTANR AR

Table 4  Variation and accumulation of anthocyanins at different flowering stages in Linum pernne

y / AL A2 (523
Mg = S Ay A 2L =g YA: 23
g SEERIPEEE G ppan owmar  vemar apmar  EERTEE

Total anthocyanin Percentage of
¥ A1l average content A2 average content A3 average content A4 average content ©

Developmental average content Al and A2 in total

stage (pe- ) (pg-g") (pg-g") (pg-g") (pg-g") anthocyanins
(%)

1 1 348.68 305.69 464.97 289.05 288.98 57.14

2 1715.76 346.71 791.81 294.38 282.87 66.36

3 1398.97 306.26 543.01 278.35 271.36 60.71

4 140214 307.28 547.55 277.14 270.17 60.97

5 1 437.76 308.51 580.12 278.62 270.52 61.81
Fithm, 4 MBI REZ S, A4 F 2.3 YT ik 5 R A0 B AR EZ 20 A
TEER 1 B Bodi i, SRS S LB T B 3, %XE N TR 2 A W RR AE (5 5 B ) TR A
R GRS, fig T AL HE 7 v 2 i 0 AU R AR, ARSI 5T ) Ak
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TAEZRIVILER 5 B BLa 4L Fr | 647 S HE v Al AR
PRI (2 5) o 45 R = SR R A A
TEHorp TSN B R R R, R e AR
By, S R b TR A I 3 A7 A AR LD AR
Ay, JELRAGE I S B 3R

x5 BEIREMMEWESE

Table 5 Content of flavonoid in Linum pernne

B i) 760 2 ) g
Flavonoid Content (pg - g")
Hh 2 & Naringenin 1 840.00
M E Apigenin 0
AKJREZE Luteolin 2.90
S E Dihydromyricetin 252.33
Z A% H Dihydrokaempferol 316.00
M H & Dihydroquercetin 1 900.00
H§ZE Myricetin 179.33
11258 Kaempferol 3.27
Hit 2 % Quercetin 0

3

30 BETRERECHRFMEREEENHEE

REAOH EEORYBONET R, LT
RH AT UM, FUR T R A 5
P By (AL AN (O, Horp RAASER ML
B AR REFRTMAOCEINLE,
TRLLE, 0 SR R B i A R i A, f2E R
HAFAE I 5 P 294, ( Tanaka et al,2008)

A SETE W R AL rh A I 3] 4 Fh AETS KA
RHER R (AL AL A2) REHRFF (A3) DL
LRI (A4) , Hph R R SRR 1 i
S HARB B 5 AT R A AR 60% LI E [
I Bk 26 A 5 2 H AR AT B T 07 A AL B
BRI, A O 7 Mok i Ak e R 3R R R U JRR A6
B EER A, B F %L AL ( Tecophilaea
cyanocrocus ) A% (O5R #E IE ( Anemone coronaria) 1,
R Y 5 A ) T A R I L R R R
( Mori et al,2014 ;Saito et al,2002) , 34k (Acy-

lation) JEAE T R EE MBI T N2 —, L5 &
[ I R R TN A B R 2 S Gla e
LGN ORI I R s M ol 61 W O = R R O B
(Honda & Saito,2002 ; Luo et al,2007 ; Sasaki & Na-
kayama, 2015) ,

FERE W R P AL 5 R AT BB 10 2 A B Bt i
o, BVE R S8 TP AT ik Bl e i (8, Z R A6 Z AT
TR, X AT AR PR Ok T AL o AR v A R T B
B ER TAE R TS MHEE ., A N
Bl AEIEA T, 326 A T B K DR IR B R AL
FAT MR s L, SR AL R & RRAIT (K
B4 ,2015) , A SRR T B Lk 5 AN X 4 i
35, 76 58 2 TP AT E 78 B T A6 75 2 & L,
FFORARSEA IS (Uddin et al,2002) .
32 BTHEEMEREERSHXER

FRATAR I 28 7= Wy 46 75 2 A5 A v ) 7= 4 9 i
BRI, M T 2B AR R (/L 4)  BNTEE
SRR AL R v, 28 T S R AR, TEA R R AL,
F3'H F3H F1 F3'5'H figfb &A= T =443 32, 43 5
ALy | AL A By ( DHK) A TR B, 3%
FLEYAE F3H A FNS (1E R 43 5 A i — S %
(DHQ) FIAJR# % . DHK 7F F3'H FLS il F3'5'H
YER R 43 30 A= B DHQ ., th 2% 1 il — & 4 1
(DHM) , DHQ # % 7£ DFR ,ANS GT AT [ 1k
AT B R AR, I DHM —#4
fE FLS WVER T A i g &, — #8453 7E DFR | ANS
AL A TR R T AR R A S AN
W, AR A A RS R B R GT AT 1E
FHTF E— 25 Al Ik 56 A0 B 2% R i K0 40 Gl
TRTE GT AT VEH T A A 2 F ik 3 b watie 5 &K
. T F A i 4 FhAETE R4,

F3'5'H Jrg| 5/ 40 30 ) R AT (A1 M
A)FMHERF (M) SRHSESFRTLEEN
80.62% ,F3'H 5| 5/ 70 3 MR 461 (A3) 1YL
i 19.38%, XM F3'5'H AYBETE L T F3'H, ff
LA R T L G R s a1 N T L e
o, 25T LU I R 1 il T 4 i 1) 3 PR A S 3
IRIKF- B AT S e, AT 375 H SE
J¥41, F3'5'H Al F3'H P RHEFRL R TR E R
Ay S (R L AR 2016) , 7835 H F3'5H
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Amwx o XER Y MiExR T~ DR
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l DFR l FLS l DFR
Leucocyanidin Kaempferol Leqcode]phinidin
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Fig. 4 Tentative biosynthesis pathway of flavonoid in Linum pernne petals

H5F3'HER R PE T DHK A0 i AR i E
[A] (Jin et al,2016) , fEAAFC T F3'H FIF3'5 HIY i
TR P TR AR O A A R al e A R AR R
(Zeng et al,2014) ,

TE JE P RRAE R FRATT T AR AR 2] K A 25 AT
(£ 4), XAIBER N F3'H FLS 1 F3'5" H i 1 5
T DFR, HH DFR Al e B A R b BT DL =&
(51 ( DHK) & A3 i — 20 9 DFR fi fb/E s (8
KREZER WA REA MR LR, 1T A5
N R IR F3'5 H F/8% F3'H 3 DR 6 3 15 nT o A8
16 R W kA K 2 9% & (Tanaka &
Brugliera, 2013) ., 7E % ( Forkjrnan & Ruhnau,
1987) KAEH 2 KRAEE A4S FEHY P T DFR B
A YR 1%, ANBEA RUAJE DHK, S BUR 2 R
[ Z ( Johnson et al, 1999; Leonard et al,2008) .
D380 LI A6 75 3 00 FR 3R 2 3 o 2 I R A e )

AR, S 3k A BHL BT 54 [l A 2 i 1 114 75 i, o 45 112
HEAE T 2 AT AL B, G5l A T I B B A A A
(FLS) W23k , BH W7 5 I B 1) 5 8, 384 I T 467 %
T4 AR ( Davies et al,2003) |, i T # # Bl &
B (FNS) |, BELWT BCER 09 & B, P K AR R
FIFL UK AR 4E ( Deguchi et al, 2013 ; Deguchi et
al,2015) ,

L5 LTI AE W RRAE I TR AN RIAEE R A
SCRRAR | v TR R R S A AR 22 TR A T TR A R
F, Hi 2R EMERE F3'5'H i 3150 X
FEW) R RESE A F3/5 H AU B I 7 T F3'H, i
WENVJRR F3'5'H W] e 2 3% B W 648 1 A7 R0C8E TR B
U AT 57 3 SRR AL R v B G I 38 (A6 7 21
P A A M, 0T Ay T SRR I 425 0 T 3R A5 M
DRl A 80ROy i — 2 fif A
PR 5 HL RS AR, AR TS 3R T i
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