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Abstract : Flavonol synthase (FLS) is a key node enzyme in flavonol synthesis pathway. The expression of
FLS gene affects the syntheses of flavonol,anthocyanin and flower color. In this study,we cloned one FLS
gene (designated as MaFLS1) from one white cultivar of grape hyacinth * White Beauty’, using the PCR
technique. The full length ¢cDNA of MaFLS1 was 1 152 bp,which coded a 383-amino-acid protein. MaFLS1
belonged to the 2-oxoglutarate iron-dependent oxygenase family,it had FLS functional domains, the resi-
dues binded with the DHQ substrate, ferrous iron and 2-oxoglutarate was similar with other FLSs,
MaFLS1 shared 74% —75% identity with date palm and oil palm,showing the distant relationship with
model plants,like Arabidopsis and Petunia. Expression analysis indicated that MaFLS1 expresses in roots,

blubs,leaves,and flowers, with particularly high expression in roots and low expression in leaves. Expres-
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sion analysis during five different floral developmental stages in three different cultivars showed significant

differences. MaFLS1 had the highest expression at stage 2 in ¢ White Beauty’,stage 3 in ‘Pink Surprise’

and stage 4 in Muscari armeniacum. This research would provide theoretical supports for functional study

of MaFLS1 gene,and competition between different branches of the flavonoid pathway in grape hyacinth.
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Fig. 1 The schematic diagram of flavonoid metabolic pathway in grape hyacinth
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Table 1 Primer sequences of FLS1 gene used in cloning and real-time quantitative PCR
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ATGGATGAGGAACAAAAAAGCCTCTTTTTCTCTCCTAGTATTTTTTTTAGCAACAGGGTGATTGTGCTTGATAGCCGAATTTGGTCGCCG
M DEEAGQKSLTFTFSPSIFFSHNRVIVILDS SR RTIWUWUSTP

ATGGACAGCATCCAGGACTGGCCGGAGACCGTCGTAAGGGTGCAATCCATATCCGATAGCGGCACCCCCATCATCCCCCCACGATACATC
MDSIOQDWPETVVRYQSISDSOGTPITIPPRYTI

AAACCGCCGTCCGAACGCCCATCTTCGCATGAATCCTTGGACAACGACAACCAATCCAATCTTAGCATTCCGGTCGTAGACTTCAGCCAC
K PPSERWPSSHESTLDNIDMNGQSNLSTIPVVDEFEFSH

CCGGACACGGTCGAGGCCGTGTCGGACGCTTGCAGAGGGTGGGGGTTCTTCCAGGTTGTCAACCACGGCGTAGACCCCTGCCTCATGAGG
PDTVEAVSDACRGWSGFFQVVNHGVDPC CLMR R

AGAGCGAGGGAGGATTGGAGGCGCTTCTTTCATCTCCCCATGGAGCAGAAGCAAGTGTACGCGAACACGCCCAAAACGTACGAGGGATAC
R AREDWARRFFHLPMETEIKQVYANT®PKTYETGY

GGCAGCCGCCTAGGCGTAGAAAGGGGAGCCATTCTCGACTGGGGAGACTACTATTTCCTCCACCTCCTCCCATTGTGCCTCAAGAGCCAC
G SRLGVERGATILTDMWGDYYFILHLTL®PLTCLTEKTSH

AGCAAGTGGCCATCACTGCCTCCTTCCCTGAGGGGGACAATCGACAGGTACGGGAAGGAGGTGATAMMGTTCTGTGAAAGGGTGATGGAA
S KWPSLPPSLRGTTIUDRYSGIEKTEVTIIKTFT CERVME

TTGCTGTCCTTGGGATTGGGGT TEGAGGAGGGTCGCCTGCAAAAAGCCTTCGGAGGGGCGLAGAAGGGLGGAGCTTGCATGCGGGTGAAT
L LSLGLGLETEGRILO QKA AFGGAEIKS GGACMRBRUVN

TTCTACCCGAAGTGCCCGCAGCCCGACCTCACGCTCGGCCTCTCCTCCCACTCTGACCCCGGCGGCATCACCGTCCTCCTCCCCGACGAC
FYPKCPQPDLTLGLSSHSTDPPGGITVLLZ®PDDPD

CGCGTCAAGGGGCTTCAGGTCCGCCGGGGCGACGLCTGGGTCACCGTCCATTCCATCCCCGACTCCTTCATCGTCAACGTCGGLGATCAG
R VKGLQVRRGDAWVTWVHSTIZPDSZ FTIUWVNVSGDDQ

ATTCAGGTACTGAGCAACGCGGCCTACAAGAGCGTGGAGCACAGGGTGATGGTGAACGCAGAGGLGGAGCGTCTGTCGTTAGCCTTCTTC
I Q VLSNAAYKSVEHRVMYVNATEAETRTILSTLATFF

TACAACCCGAAGAGCGATCTGCCGCTCGCTCCGTTACCGGAGCTCGTAACTCCCGGSCGGCCGGCGCTCTACCAGCCTATGACCTTCGAC
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CAGTACCGTATGTACATCCGGCAACGGGGCCCCAAGGGGAAATCGCAAGTGGAGTCGC TGAAGGCTGCATGA
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Fig. 3 Nucleotide sequence and deduced amino acid sequence of MaFLS1
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Fig. 4 Blasting results of the deduced amino acid sequences of MaFLS1 in grape hyacinth with other plants
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Fig. 7 Three different cultivars of grape hyacinth
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in three different cultivars of grape hyacinth

Bo S5RWIR MaFLST BERAEAR s 3k L 8525 1
P RN U 1 A/ Q) WS LSS T o & (AR L
MaFLS1 JR7EH % WS 7 P AR H AU vk Rk .
(e FsF ] 4 000 7 2 XA AR R 8 25 v i 2 BUR
B2 0 v R S W) S5 491 o s I 4 AR B FEAE
o DU B R S B ) AR R AL BRI T
BE— 25 o 280 AR B RS D 45 SR B IE . BT A Sb-
FLS BN AEAR v i 2k . 25 Boe b JLOc T Ae i
TR R AR . DR, A XS F MaFLST J
PR B T 2 45 . AR A 1 2 AN TR Y
RIE . B, A% FLS JEWE4h it b Rk m T &
WL B A S B SRR T FLS 3% 3k 4l 3% i 1
meE, A FLS MR EARK KT KEE
A H AR A KR B b R BRI
AT AeFLS B N 3R AN R o B T e P 5%
FEFEN AcFLST 7E 4B 2F 46 B ff 2R b s kL T AE
WA 25 R R RSk s T H b AcFLS N A i
AHADMRFRIE . WA FLS 7 HAR 25 i Al
R BT R FE P AR AR I R R R e TR
hRB R . KA FE Y T FLS B H 1%
KRIKNEOL . AU FLS JEN TR A [R] (AR 1) S A ) A
[l 20 4 R IR AN ]

[l A 1 R S R AE L 3 A 4 K

&5 F oA 5 DNARFEAE LTI MaFLSL (%51
Bl. 45 A WoR [ A R TSR A
MaFLS1 #£46 & & 19 W1 (S1 F1 S2) B 1 3% ik %%
X 5 RIS BN 1 O VR 2L VR A TR
Ty FLS BT PR AR T 5 W46 35 b (0 238 AR A5
TERG AR AT A i3 L FLS SEPH 4 28 7F L
FE2E TR A 546 P B B T A B A —
Ay AT TR R AR & E N A A A T AL
KEWNEWEEHRZELF R, Wik, CHS, F3H,
FLS R £ 24 R F5 3R 36 i DFR K&
Al B 0 ) 6 T 251 O 3 A G A Al i PR A R AR
WA R, AT R R B R B B A UV-B (1
15 E WD) B . A P rh B i 2 SR B AR A g
AT S P 2 05 E D, A R
S VT ol & R T I o el = TN DR U I i
MaFLS1 78R3 5 235 9 5 B, 0T R 2 B i B = 22
AT R E b, B TR L BAEE 2 UV-B
i . DX 6 5 Rl 76 2 XU T R
H O R o S F  E 22 JE WF 7 2 e i 2 v Ma FLS1
B DR ) e 3k A 4y ol R IR L 6 ) S3 RN e & A
9S4, 0 S5 AT RE R X 2 A S AR FE AR T BR B
(S BR TR T ZIT R IM OO, 0T
T 22 e 200 0 R, DA RRE A (8 SR K €8 b
SEA R (SO R . Bkl WL, FLS 3%
R 2R 38 5 40 4 UM A6 6 23 & R % Ik
%, FLS 5 DFR f7 7€ [d] — & ¥ 1) 55 4 2 ] it S
W RO E 2 — I FLS 52K 4 2% 3K 52 i %5 7
PG 1 TR B 5 ) 2 A6 7 R S i B B RE
SHESSUIN

K2 AR 5T AR B A ) 2 RS e R
T 14 MaFLS1 3 H, JF X6 1% 3 N FR v k17 7 4
Mo B 52 B a2 B PCR 8 R 40 7 1 5 4 KUAS T+
FLS 3 HIERF AL R [ 6K [F & B i %
B R T R S AR Z X R,
N — W5 A% I P A AL 8 B i T RE S B i
I 4 T v A R A 2 XU AR € 10 52 e B R S R
TR AR AR

5% 3Lk -

[ whARHT 818 808 2 MBI @0 it U] 4 F Y
HA,2008,6(1):16-24.
HAN K T,HU K,DAI S L. Flower color breeding by molecu-
lar design in ornamentals[ J]. Molecular Plant Breeding,2008,6
(1) :16-24. (in Chinese)

(2] dCE 22, b, BT AET 200 & BRI 5 @ PR R W3 A WA
B RS THE ML R AR . 2016.,49(3) :529-542.
DAI S L,HONG Y. Molecular breeding for flower colors modi-



>
3

1

H FEARAE A% XUE T FLST 3[R ve e J H 3R 3A 5 18 (k2 il i SC R A 4 A7

113

(3]

[4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

fication on ornamental plants based on the mechanism of an-
thocyanins biosynthesis and coloration[ J]. Scientia Agricultura
Sinica,2016,49(3):529-542. (in Chinese)

AIDA R, YOSHIDA K, KONDO T. es al. Copigmentation

gives bluer flowers on transgenic torenia plants with the anti-
sense dihydroflavonol 4-reductase gene[ ]J]. Plant Sci. , 2000,
160:49-56.
LUO P,NING G, WANG Z.,et al. Disequilibrium of flavonol
synthase and dihydroflavonol-4-reductase expression associated
tightly to white vs. red color flower formation in plants[]].
Front. Plant Sci. ,2016,6:1257.
LI C,BAI Y, LI S,et al. Cloning, characterization, and activity
analysis of a flavonol synthase gene FtFLSI and its association
with flavonoid content in tartary buckwheat[ ] ]. Journal of Ag-
ricultural and Food Chemistry,2012,60:5161-5168.
HARBORNE J, WILLTAMS C. Advances in {lavonoid research
since 1992[J]. Phytochemistry ,2000,55:481-504.
OWENS D K, ALERDING A B,CROSBY K C,et al. Function-
al analysis of a predicted flavonol synthase gene family in Ara-
bidopsis[]]. Plant Physiol. ,2008,147:1046-61.
HOLTON T A,BRUGLIERA F, TANAKA Y. Cloning and
expression of flavonol synthase from Petunia hybrida[ J]. Plant
J..1993,4:1003-1010.
ELDIK G J,REIJNEN W H,RUITER R K,et al. Regulation
of flavonol biosynthesis during anther and pistil development,
and during pollen tube growth in Solanum tuberosum[ J]. Plant
J.,1997,11.105-13.

PELLETIER M K,MURRELL J R,SHIRLEY B W. Charac-

terization of flavonol synthase and leucoanthocyanidin dioxy-

genase genes in arabidopsis-further evidence for differential

regulation of early and late genes[]J]. Plant Physiol. , 1997,

113.:1437-45.

MARTENS S, FORKMANN G, MATERN U, ¢z al. Cloning

of parsley flavone synthase 1[J]. Phytochemistry, 2001, 58

43-6.

NIELSEN K,DEROLES S C, MARKHAM K R,et al. Anti-

sense flavonol synthase alters copigmentation and flower color

in lisianthus[J]. Mol. Breed. ,2002,9:217-29.

ALMEIDA J R, D AMICO E,PREUSS A, et al. Characteriza-

tion of major enzymes and genes involved in flavonoid and

proanthocyanidin biosynthesis during fruit development in
strawberry (Fragaria X ananassa) [J]. Arch. Biochem. Bio-
phys. .2007,465.:61-71.

TAKAHASHI R,GITHIRI S.HATAYAMA K,etal. A sin-

gle-base deletion in soybean flavonol synthase gene is associ-

ated with magenta flower color[ J]. Plant Mol. Biol. , 2007,

63:125-35.

XU F,LI L,ZHANG W,et al. Isolation, characterization, and

function analysis of a flavonol synthase gene from Ginkgo bi-

loba[ J]. Mol. Biol. Rep. ,2012,39:2285-2296.

KIM Y B,KIM K S,KIM Y J.et al. Cloning and characteriza-

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

tion of a flavonol synthase gene from scutellaria baicalensis
[J]. Scientific World Journal,2014,14:149-168.

DAVIES K M,SCHWINN K E,DEROLES S C,et al. Enhan-
cing anthocyanin production by altering competition for sub-
strate between flavonol synthase and dihydroflavonol 4-reduc-
tase[ J]. Euphytica,2003,131:259-268.

ZHOU X W,FAN Z Q,CHEN Y. et al. Functional analyses
of a flavonol synthase-like gene from Camellia nitidissima re-
veal its roles in flavonoid metabolism during floral pigmenta-
tion[J]. J. Bio. Sci. ,2013,38:593-604.

LOU Q,LIU Y., QI Y,er al. Transcriptome sequencing and
metabolite analysis reveals the role of delphinidin metabolism
in flower colour in grape hyacinth[J]. J. Exp. Bot. ,2014,65:
3157-3164.

B XA 2 A5, A XS R B 408 G
EH (DFR) 1 58 B 5 2235 40 L) . &R AR W R 2= 41
2014,22(5) :529-540.

JIAOSZ,LIU Y L,LOU Q,et al. Cloning and expression a-
nalysis of dihydroflavonol 4-reductase gene(DFR) from grape
hyacinth[J]. Journal of Agricultural Biotechnology, 2014, 22
(5):529-540. (in Chinese)

W2 SREIL L 2R T 46 AR SVP 28 MADX—BOX &P
o b Je R IR A HTLT L. PHAU AR B =4, 2012,24(4) : 117-123.

YANG K,ZHANG C H,LI S X, et al. Cloning and expression
analysis of grape SVP-like MADS-BOX gene[ ] ]. Journal of
Northwest Forestry University, 2012, 24 (4): 117-123. (in
Chinese)

LR I BRI AR Y T A SR T 5 R A BT
[1]. PEAE AR 22 6, 2015, 30(5) : 143-150.

JIANG F X,YANG L J,CHEN Q B,et al. Transcriptome se-
quencing and characteristic analysis of Lilium sargentiae[]].
Journal of Northwest Forestry University, 2015,30(5) :143-
150. (in Chinese)

T WKV L R O, GFL A& RPWS. 2 [ I 5 [ v b 5 5%
B4 HTLT ] PG AL Be A 4. 2015,30(1) : 60-68.

MA H,HAN Y T,GAO Y R.,et al. Molecular cloning and ex-
pression analysis of RPW8. 2 homologous gene in grapevine
[J]. Journal of Northwest Forestry University,2015,30(1) ;
60-68. (in Chinese)

FERREYRA F M L,RIUS S,EMILIANI J,et al. Cloning and
characterization of a UV-B inducible maize flavonol synthase
[J]. Plant J. ,2010,62;77-91.

MORIGUCH T,KITA M,OGAWA K, et al. Flavonol syn-
thase gene expression during citrus f{ruit development[ ] ].
Physiologia Plantarum,2002,114.251-258.

FUJITA A, GOTO-YAMAMOTO N, ARAMAKI 1, et al.
Organ-specific transcription of putative flavonol synthase
genes of grapevine and effects of plant hormones and shading
on flavonol biosynthesis in grape berry skins[ ]J]. Biosci. Bio-

technol. Biochem. .2006,70:632-638.



