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Fujian Engineering Research Center for Vegetables , Fuzhou 350013)

Abstract ; In this study,a LCYB gene was cloned from Hibiscus esculentus L. by RT-PCR and RACE technique.
The full-length ¢cDNA sequence of LCYB was 1797 bp,which contained a 1509 bp open reading frame (ORF) that
encoded 503 amino acids,with a predicted molecular weight (mol. wt) of 56. 288 kD and a hypothetical isoelectric
point (pl) of 4. 577. It shared over 88% identity with the homologous proteins from Gossypium hirsutum , Corchorus
capsulars. and Theobroma cacao , showing that it was highly conservative. This gene was named HelLCYB and the
GenBank accession number was KX257998. Motif Scan analysis showed that HeLCYB protein had a conservative
structure domain and a FAD binding domain in the position of 88-481 and 88-113 sites, respectively. Real-time
PCR analysis revealed that HeLCYB expressed in different tissues of Hibiscus esculentus L. ,including roots, stems,
leaves, flowers and fruits, and the level was the highest in mature leaves and 7 days after flowering during the
process of leaf and fruit development, respectively. What's more, an ultra-high performance liquid chromatography
(UPLC) method for the determination of Hibiscus esculentus 1. carotenoid contents was explored. Hibiscus esculentus

L. mainly contained lutein and B-carotene,and -carotene contents was also the highest in mature leaves and 7 days
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after flowering during the process of leaf and fruit development respectively ,which probably related to the changes in

HelLCYB genes expression. These results revealed the expression of HeLCYB gene and the accumulation characteris-

tics of carotenoid contents ,and provided a base for the study of carotenoid molecular regulation mechanism in Hibis-

cus esculentus L. .
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Table 1 Primers used to isolate and analyze the expression of HeLCYB gene in Hibiscus esculenta L.. Banks

GlE/E2 kLl fEH

Primer name Primer sequence Function

AP 5-GGCCACGCGTCGACTAGTAC(T)17-3" S5 Reverse transcription primer
AAP 5'-GGCCACGCGTCGACTAGTAC( G)8-3’ B 514 Anchored primer
AUAP 5'-GGCCACGCGTCGACTAGTAC-3’

HBI-F 5'-CCCCTTCCAGTGCTACCCCAA-3’ 5T IX 5% For the conserved fragment
HBI1-R 5'-TCGTCGCAGATGCCATAGTTC-3’

HB-3' 5'-TCGTCGCAGATGCCATAGTTC-3’ 3'RACE 5|4 3'RACE
HB-5'-1 5'-GCAAGAGTTCTTGCAACCATGTA-3’ 5'RACE 514 5'RACE
HB-5'-2 5'-AGGGACCCACCCATCGGAATA-3' 5 514 Reverse transcription primer
HeLCYB-F 5'-CCATGGATACTTTACTTAGAAC-3’ T e SEHE S [ For the ¢cDNA of ORF
HeLCYB-R 5'-CTTATTCTCTATCCTGCACT-3’

B2S 5'-GAACTCTTCCTTTAGCCAACA-3’ FIKBIY For the expression of HeL.CYB
B2X 5'-AATGAAACCCAGCCACAA-3’

NE-F 5'-CTGAGAAACGGCTACCACAT-3’ WS FEHG#) For the internal control
NE-R 5'-ACCCAAGGTCCAACTACGAG-3'
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1 ProtScale (http://web. expasy. org/protscale/0) TEZL
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Fig.1 Cloning of HeLCYB gene in Hibiscus esculenta L.
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Fig.2 Tertiary structure of HeLCYB protein
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AAMZ21152.1_lycop 175
AARBI9632.1_lycop 175
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APO14285.1_ lvyvcop
Consensus

XP_012464129.1_F
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AP014285.1_ lycog 502

Consensus 25 =F kgt pl minnl

i HuA Gossypium hirsutum L. XP_012464129. 1; ¥ 8k Corchorus capsularis L. OMO60094. 1; ] A Theobroma cacao 1. XP_007028557.2;
BARIK Chaenomeles sinensis L. ABD91578. 1 ; G{#E Citrus sinensis L. AAM21152. 1 ;41T Citrus maxima B. AAR89632. 1;
K Hibiscus esculentus L. AP014285. 1;Box 1 /2“FLYAIVIP”J¥31 ;Box I /& FAD/NAD(P) %54 X
Gossypium hirsutum L. XP_012464129. 1, Corchorus capsularis L. OMO60094. 1, Theobroma cacao L. XP_007028557.2,
Chaenomeles sinensis L. ABD91578. | Citrus sinensis L. AAM21152. 1, Citrus maxima B. AAR89632. 1, Hibiscus esculentus 1. AP0O14285. 1,
Box I indicates the sequence of “FLYAIVIP” ,Box Il indicates the FAD/NAD(P)

E3 T HeLCYB RIEBREIRES 7
Fig. 3 Homology analysis of HeLCYB in Hibiscus esculentus L
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|—7|‘Hj¥ Citrus maxima AAR89632.1
[l ks Gossvpium hirsutum XP_012464129.1

Wik € Hibiscus esculentus APO14285.1
WK Corchorus oliorius  OMO60094. 1

u[ ] Theobroma cacao  XP_007028557.2
L  3RKJKCarica papaya ABD91578.1

B4 #HHZE HeLCYB 5HAEY
22 4~ LCYB EEH REH M S
Fig. 4 Phylogenetic analysis of HeLCYB in Hibiscus
esculentus L. with 22 other plant LCYBs

2.3 HeLCYB EEMFKIESHT

2.3.1 HeLCYBERFEEMELRFRFMMAL f
BIFRIE  DIBEFKZE 18S rRNA YE NN S i YL
SEHE PCR 5 ARG HeLCYB 15 3 /A ] B Bk 28
B AU IR SRR (K 5) , HeLCYB 7EAR |
22 M AR SRS AR E A Rk b R A
e, HRO I ZERUR AL R AR IR R, 7R
A E] 28 B DA A i RIA Oy e L a0
a AR 2 F RV . 2350 b, HeLCYB 5&

HEEBFEA i 2P 2R A RE L R RPRk
2550 0 AEAR TR IR Ol 1 €8 S R ORN 2T €8 5 G
FPESE  MAR A 5D 5 AL A SR 25 R 3 TR
25 M FERY IR R 216 S AR RISk TG R OG 3 25
5, SRS AL IS R 22 5

2.3.2 HeLCYBEEHEEMEMHRAZEIEDHN
Fik  BREEMNT B THREOSR @R (MR B-
TAE N BERKSE R U & e, m R v
TR HeLCYB {E B AR ARl A K B B
(FRIB T R, et A KA B HeLCYB 3
KRB, B S R B e, Z R BT
B, & g ik, 3 AN BB R S R ) R ik it AR L i
—3, B2 R4S, HeLCYB TE4h M o | i
MrhRIA IO E 22 R, B0 S A B R B R
Tk 225 W3 HeLCYB v 21 €8 5 F RN & €2 iy b 119
gt B B RIB TR E S, SR 5 A
PAAS ff P 25 5 035 )3 A il ol %) A 3R T 3
Z5(#6).

2.3.3 HeLCYBEREHEEMERILLZELEHH
Fik AEEKERLARRE B, HeLCYB 3
TR B R L E BRI, L5 7 d KikE
IRFNEAE , B 5 21k 5 GH T FE, HeLCYB FEH
IRFELT O SRR S R AEIS 3 d.5 .7 d SR
S FRIRTCE 25, SR S A A SRR 2
SRE3AMMNEE 1 410 dBREERELE

FEF(KET),
2.4 EREERPE PESE UPLC AiEREIL
ME

R B RKSE S B N R PRI O | A
FARRAL FEA M R % EE AN RSB ST B Rk
PRI N R R AR A REEPRE TR R . R
FH ACQUITY UPLC BEH CI18 o4, DL 2 - H
B =9:1 A FBIAH, i % 0.5 mL/min, & 3% K
450 nm FEIR 28 C, HFEARF 50 wL K FE 5 min 4
SERL, P [EICR AR 95. 3% , B R HN 1.38% ~
1.76% . FEEREEMAS LRI 2 i 25 2 | B-A
3 N AR RN F LR BRI (E8) .,

241 AERMEMNESHALXPEZ FEESEN
EOAERBKESALD R e, 2
W AR S BT S b RAEAE T R, i
W ARPERAR, BREC@ A3 R B-Hd MR
L2 SUNTIY =P N S e R E S o o S i U S Rk
AR AR SR S R 2 i AT SRS R (R 2)



1 ZEIKAE RIS TR IR R B-FRLE LCYB LR v e 55047 173

B4 fasifiRed variety [COZA5FIGreen variety
W A5 Fl White variety
a a
1.6 2 a g a
F a a b
— 14
g E
212 F
% = [
K2 1f
RS osr
= a "
=5 bbb
E 06 a2 a
2 04
< £
~ 02 F
0 E
pia R

Leaves Flowers Fruits

Roots Stems
LLTFHRIR HeLCYB TEBKIE A AR IK M 22 57 B E
AT EFRIR HeLCYB TETERKZE AR il R a) 12 25 S 25 1

Red letters represent significant expression differences of HeLCYB gene

between different tissues, Black letters represent expression

differences of HeLCYB gene between different varieties
BE5 HeLCYB EAREMERM ARPHIRIE
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process of leaf development
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A:UPLC chromatogram of carotenoids standards,B:UPLC chromatogram of
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B8 HMEXPE MEFER UPLC 27
Fig.8 UPLC analysis of carotenoid component and content
of Hibiscus esculentus L.
T2 FAEMMENEZA[LHFE NESE
Table 2 Total carotenoid and each component content of different tissues in Hibiscus esculentus L. (pg/100 g - FW)
fin A A Uit E S i 1t R
Variety Carotenoid type Root Stem Leaf Flower Fruit
ARGy &
. M#5 2 Lutein 1.32 £0.56a 17.42 +1.28¢ 22.63 +0.75d 14.42 +0.67c¢ 2.12 +1.31b
Red Hibiscus esculentus
B-iAEY N F B-carotene 8.03 £3.26a 126.32 +8. 16¢ 138.03 +7.37d 146.21 +5.61d 28.57 +2.39b
K8 N2 B Carotenoids 9.35+2.57a 143.74 £5.47¢ 160.66 +7.43d 160. 63 +4.43d 30. 69 +3.70b
[ {0 Rk 2% %2 Lutein 1.16 £0.43a  14.86 +1.34d 17.98 £2.36d 12.62 +1.44c 2.14 £0.71b
White Hibiscus esculentus
B-HA% N2 B-carotene 6.39+1.87a 119.54 +2.53¢ 125.78 +5.83d 129. 14 +4.86d 17.59 +1.93b
2% N E MR Carotenoids  7.55 2. 132 134.40 £2.33¢ 143.76 +6.96d 141.76 £396d 19.73 +2.41b
SRk M-# 2 Lutein 1.69 £0.23a  21.98 +4.86d 24.02 +4.79d 11.58 £3.39¢ 2.83 +0.17b
Green Hibiscus esculentus
B-fH% NZ B-carotene 9.65+1.79a 131.16 +9. 08¢ 140.94 +8.23d 145.18 +6.06d 29. 65 +0. 89b
IS D E B H Carotenoids  11.43 +1. 12a 153. 14 £7.39¢ 164. 96 = 10. 8od 156.76 +5.81¢ 32.48 +0.99h

a.b.c.d LB M ZE I SNK KR7E P =0. 05 K Fr25 B2, TR

a,b,c,d stands for multiple comparison SNK tests with significant differences in P =0. 05 significant levels,the same as below
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Table 3 Total carotenoid and each component content of leaf in Hibiscus esculentus L.

(pg/100 g - FW)

Fn A FE hRAA 4t gt A EA
Variety Carotenoid type Juvenile leaf Tender leaf Matured leaf 0ld leaf
EANEN Ve H# 2 Lutein 10.57 +0.264b  20.42 +0.67¢  21.04 £0.39¢  8.74 +0.09a
Red Hibiscus esculentus B-#HE NZ B-carotene 23.17 +1.47b  52.24 +2.23¢  138.03 +7.37d 21.46 0. 15a
A% N B Carotenoids 33.74+1.51b  72.66 +2.42¢  159.07 +7.43d  30.20 0. 20a
15, 5 Bk 3% H#E Lutein 8.27+0.87b  16.62+1.44c 17.89£1.39d  7.85+0.23a
White Hibiscus esculentus B-H1% N3 B-carotene 22.69 £0.55b  64.21 +4.39¢  125.78 +5.83d 21.13 +0. 18a
5HA% N E B Carotenoids 30.96 +£1.25b  80.83 +4.56¢  143.67 +6.96d  28.98 +0.33a
28 Wk 2L H-#2 Lutein 12.24 +0.42b  21.58 +3.39¢  24.31+1.46d 11.27 +0.27a
Green Hibiscus esculentus B-HAE N3 B-carotene 22.99 +0.58b  84.91 +5.74c  140.94 £8.23d  20.87 +2.62a
A N B Carotenoids 35.23 +0.74b  106.49 +6.33¢ 165.25 +7.82d 32.14 +2.82a

R4 TREMHEUNERIIBHLAALT MREE

Table 4 Total carotenoid and each component content of fruit in Hibiscus esculentus L.

(rg/100 g + FW)

o Sl |2 HE1d #IE3d #Esd H#IE7d I 10d
Variely Carotenoid type 1 day a.fler 3 days 'after 5 days ‘flfler 7 days .after 10 days.after
flowering flowering flowering flowering flowering
ARER 70 & M# % Lutein 0.4220.13a 3.04+0.19d 2.63 £0.57d 2.12+1.31c 1.64 +0.24b
Red Hibiscus esculentus B-THH NZ B-carotene  2.47 +0.33a  9.15 +1.37b 16.79 £2.78¢ 28.57 £2.39d  2.10 +0.89%a
HHAS 2 TR Carotenoids 2,89 +0.41a 12.52 +1.17b 19.42 +3.25¢ 30.69 £3.70d  3.74 0. 96a
P Bk 2 M ##E Lutein 0.32+0.16a 2.85+0.32d 2.62+0.94d 2.14+0.7lc 1.59 0. 19b
White Hibiscus esculentus B-THH N2 B-carotene  2.12+0.08a 5.97 +0.98b 12.33 £2.35¢ 17.59 +1.93d  1.96 +0.99a
28 N A Carotenoids 2.44 +0.18a  8.82 +1.13b 14.95 £3.08¢ 19.73 £2.41d  3.55 £1.03a
SNy e H# 2 Lutein 0.62+0.22a 3.27+0.23d 3.01 £0.69d 2.83+0.17¢ 1.85+0.37b
Green Hibiscus esculentus B-THH N Z B-carotene  3.36 +0.57a 10.11 +1.37b 18.83 £2.28¢ 29.65+0.89d  2.68 +2. 13a
HHE N R Carotenoids 3.98 +0.69a 13.38 +1.29b 21.84 +2.69¢ 32.48 £0.99d  4.53 +1.97a

(R B 1% T e B B IR B, it 22 ks W
R, BRKZEZE MRS MRS R FH
AR PR, RAE A KRR E AR EHZEAEY)
PO A S PR G RAMERLNET
BEIE LT TS EERRT d R B0, A
2 BBk 2 R S Rl ER A Y

LCYB ZAHHHE MR G MG B i i 2
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