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(HE A RN BFE BEAEMIIT I, 45 350013; 48 248 AR BFABEFE IO, 481 350013;
SRR TREBARWFF 0, F7M 350013)

HE K A RACEF ik MY 2 £ (Strelitzia reginae Banks)% & it b %14 2| 1 NLCYBA
(lycopene beta-cyclase, SrLCYB). HcDNA%K 41 908 bp(GenBank# 3k 5 : KT428725), LA 7%
89 7F 7% 17 % 1E (open reading frame, ORF), 3t1 S154N38JK, % A504 R A8, #4572 £ SrLCYB#) &
BT 9| 5 E A AP A — R A FIRE, P 5B S LCYBRIRMER &, A 2I82%. A Zitfunf
SR T, B2 LSILCYBS E B &G F4XABE., B A KRIT EPCRY M A Y, SrILCYBAE %
ERE P HRA, HERLF OB A kA ER . & JHUPLC(ultra performance liquid
chromatography)*fB-#A% F Z 4 BT, AB-AF M E AR ERST T L ERS, LERLFH
BRARESERS. RN, SILCYBAR KA 5B-AF FZ4EREMX.

KR BB WAL R B-IMUNE; SR R AW G FE TeRE; UPLC

Cloning and Expression Analysis of a Lycopene Beta-cyclase Gene in

Strelitzia reginae Banks
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Fujian Academy of Agricultural Science, Fuzhou 350013, China; *Fujian Engineering Research Center for
Characteristic Floriculture, Fuzhou 350013, China)

Abstract In this study, the full-length cDNA sequence of LCYB (lycopene beta-cyclase) gene (SrLCYB) was
cloned from yellow sepals of Strelitzia reginae Banks using RACE techniques. The cDNA sequence was 1 908 bp in
total length and included a whole open reading frame of 1 515 bp, encoding a polypeptide containing 504 amino acids.
Its amino acid sequence was highly conserved compared with other LCYB homologues and shared up to 82% homology
with LCYB from Lilium lancifolium. Phylogenetic analysis indicated that STLCYB was more related to LCYB from
Musa spp. AAB Group. The result from fluorescent quantitative PCR analysis indicated that S¥rLCYB was highly

expressed in early flowering period and blooming period, the transcript level was highest in yellow sepals. The result
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from UPLC analysis indicated that beta-carotene contents were the highest in yellow sepals and in blooming period.

These results suggested that the change in SrLCYB in expression levels was positively related to beta-carotene con-

tents.
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#5920 >~ (Strelitzia reginae Banks) X PR R 1, O
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Strelitzia reginae Banks; Lycopene B-cyclase; carotenoid biosynthesis; gene cloning; UPLC

1.3 SrLCYBERAFH|H 7% E

F#s GenBank b & & [ ¥1 & (Lilium lancifolium).
B %] [ A (Sandersonia aurantiaca). T 41 {t.(Crocus
sativus)~ JKAllI(Narcissus tazetta)¥]LCYB{R 57 R FE IR
AR R4, T8 Primer Premier SHCPF 111
I 51 YLCYB-FHILCYB-R(#£1), LLcDNA N 54 i
ATPCRY M4, PCRIN A4 94 °C 5 min; 94 °C 30 s,
53 °C 30's, 72 °C 1 min, 35/Mi#k; 72 °C 10 min.
PCR™ )2 1 %o 35 NE B 8l v vikoR Ui, IR H i)
B 2 2 AR pMD18-TCR & F 4B TREA R A
7)), Fe b KA BIDHS oA 5256 =5 AR A7), i i A
BE 77 3% S PCRY™ 14 %5 5 BH 1 v 1 J B AT 0 e [ T
W) TR R IR A F] ], 19 BISkLCYBH ] Jy
B,

2 30 3 S g U B 15, ik AP | 42) Al PrimeScript
W SO IE B A TREA R AT, A icDNA
5. N HHIEHSYAUAPFIEE 5 #LCYB-3'
HEATSRACEY 1,

W0 5% 77 M) I RNase HAL P, 4 4l 4k (I cDNA
IR JE, FPCR™ et ik Al aaifh. LA =49
1 uL AR, I & % BRdCJE BT 41 IAAPS | ) Al
S'RACEF; 5+ 51 LCYB-5"- 11T 5156 418, LLFG
FRAORE IR 28 LACPCR™“ )1 nL Bk, F A 20 Ry
55 WAUAPHIS'RACERF 7 5| #ILCYB-5"-24k &8 i3t
1TE2%ed 1,

5 3K 43 11 SrLCYBHE [ cDNA 4 K, # 11'ORF
S1¥SILCYB-FAISILCYB-R, #4TLCYB cDNA ORF
v, Bk ORISR 51
14 £MERZESH

FINCBIJORF FinderX}SrLCYBI¥]cDNA ¥ 51 JT
JR BEAEREAT A ;B FINCBIM 34 (I BLAS TR 3744
ZOMAME FE ;30 1 BioXM TN i% & 1 5T i) 43 1
FIA5H 5 ] Clustal X 1813 F k47 2 F 741 LE
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1.5 EMRAEEEDH

R AESrLCYBA: K 7 41, B vk — X 5] #P1 I
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Table 1 Primers used to isolate and analyze the expression of SrLCYB gene in Strelitzia reginae Banks

EIL B S1FE7 fEM

Primer name Primer sequence Function

AP 5'-GGC CAC GCG TCG ACT AGT AC(T),7-3" Reverse transcription primer
AAP 5'-GGC CAC GCG TCG ACT AGT AC(G)s-3' Anchored primer

AUAP 5'- GGC CAC GCG TCG ACT AGT AC-3'

LCYB-F 5'- AA(C/T) AA(T/C) TATG G(A/T)G T(C/T)T GGG T-3' For the conserved fragment
LCYB-R 5'-CCA TGC CA(A/G) TA(A/C) CGA GGT TC-3'

LCYB-3' 5'-CTT CCT TAG TCG CTC GTC CAG G-3' 3'RACE

LCYB-5'-1 5'-GCT ATT TCT CTC TTT CAA CTC CG-3' 5S'RACE

LCYB-5'-2 5'-CAG GAT TGT AAG GCT TAT CGT AC-3'

SrLCYB-F 5'-ATG GAT ACC ATG CTT AGA ACT C-3' For the cDNA of ORF
StILCYB-R 5-CTAACT TTT CTC CCG TAG CAA G-3'

Pl 5'-AAA GGG TCG TGG GAA TAG GA-3' For the expression of SrLCYB
P2 5'-AAG TCG AGT TTA AGCA GGA TA-3'

18S-F 5'-CTG AGA AAC GGC TAC CAC AT-3' For the internal control
18S-R 5'-ACC CAA GGT CCAACT ACG AG-3'

JE1118S rRNA(GenBank & 3% 5 : AF069229.1) 4 P 2,
WT 5 #18S-FFI18S-R, ¥ 48 K & 4250 bp. %
Power SYBR Green PCR Master Mix(ABI/A H], J2[H)
Y] 7EABIT500 95 1 1E B PCRAY - HEATPCR VY. o
JCNAKZR M 12.5 uL Power SYBR Green PCR Master
Mix, 1 uL cDNA, 1E. X[ 514)%0.5 pL(10 pmol/L),
HNEIBK Z RAAR25 uLo NV FRF 0 95 °CHiidz
10 min; 95 °CZA5 115 s, 56 °CiE k1 min, 72 °CIEfH
1 min, FL40MIFFR . N 25 55 23 B 5% e A2 4k it
LRI . AN N3N ER, SR ABI 75004
Mraxk £+ Comparative CT(AACT)7E 5 Mk i 45 1 .
1.6 XHE MNERBREEBSHEHERBIE(ltra
performance liquid chromatography, UPLC):l| &€
1 gfF it 50 mL pA il A i (1 1) 3257 7°50 °C
WEGRAES h, BERE R . 28 RACT40 °CR
WA ZE T, F20 mLIF A7 i K[ 750.1% butylated

1000
750
500

250
100

hydroxytoluene (BHT)]¥# fi#, 1 A20 mL 10% KOH-
R, A A FLAEL %, A 10% NaClZ: L4k
Wb b A IR AR, 2 o Sk, TN KRB
VeV A i mEAH, A KR S v, IN10 g JE K it IR
B, g, ANERE 75 RAN40 °CHET, FHINE(F0.1%
BHT)E #4522 mL. FEHE b 2170 B % e R H
ACQUITY UPLC BEH C18(%i¥% #:(2.1 mm*50 mm,
1.7 pm)(WATERS A ], 36 [H), DL 4JE: FEE=9:1 4R
A, #6450 nm FIIE .

2 2

2.1 SrLCYB£1<cDNASE[E K F5) 5
IRIELCYBA TR 7 P A1 e vk — X ) 915 14

LCYB-FHILCYB-R, L5 2% 50 (0 {E ZEcDNA K 5

BRAEATPCRY 4, 13 2 — 4291 000 bplt 4547 (1),

H (¥ Fr B 28 [l 4986 bp. )7 51 £ BLASTp>

M 4

M: DNA#RHESS THDL2000; 1: SrLCYB Y a] Fr Bey 8877 4); 2: 3'RACEY 3477 4); 3: S'RACEY 1477 4); 4: ORF.
M: DNA marker DL2000; 1: product of SrLCYB gene fragment; 2: product of 3'RACE; 3: product of 5’RACE; 4: ORF.
E1 BEZSrLCYBERMRIE
Fig.1 Cloning of SrLCYB gene in Strelitzia reginae Banks
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PR, 2 B 5 2 P I LCYBHE L AT IR i )
[FEE, W1 e e RS B 2= LCYBIE A I 1 B o

W 3 3'RACEFRIS'RACE S 5l 3 24 & 4707 bp
(13" KA1 012 bpHI5 A s (1), 5 a7 4153
17454 bp 1342 bplI S X B, ZKBLASTRI RN A E
JES Y L CYB3 S M5 3 41 . K3 RACEF41 .
] 3 51 FS'RACE SR A3 1 7 F1 EAT L X P 215 2]
— 4K JE A1 908 bplfIcDNA4S K741, 0,2 52 34 (1)
FEIRC R EAEL 515 bp, TR B8 55 WL AUR4.78, 5
T 0125.31 kDa, 5% 5 HKT428725.
2.2 SrLCYB#mB3E EBRRIELE 42 4

¥ SrLCYBZ it 1Y) 24 i 1R 177 41 5 GenBank 1 H¢
b R PILCY BRI & 1 50T 41 B X, 45 R R, Sr-
LCYB 5 HAMBLCYBZIE R 7 41 B A 8w s 2, I
A2 X (E2). i, 53 4(CANG69313)
() A J5E 15 83%, HHA(ADWO08476). KAl
(AFH53820). = AT 11 & (AF489520 1)4% J 41) (1) [7]
P E 5 Bk B 782%. 80%. 80%. S HI K
SrLCYBZ % IR 7 %) &% 4 “FLYAIVIP” ¥ 41| FIFAD/
NAD(P)45 & X o

AT 4 ArSILCYB S HAMLCYBIF]J & 1 BT 1)
R R, ¥ 5 A2 UM FEYILCYB A 6 &

EG o .siglaﬂlf' TSTAKPSS. . . LISAKKEHLMRCS. . .
BLLHHCYGVAERHGE SSSERLONIEEGVSRRNAYKRWEKRSE]

Sa MD
Sr MDT)
v MD

Consemdtsl th le

RIISE SHPIRGERDROST PSSERQP . . . . RECGRRENWTSCKCASAVATTS:
R Vyupm@xgn LSPCENPQNENEKEENRKEYQKKCRNGY

HET HGEAEKLGNLTFEKL.ONCEERECPRRSNLKWVRNGCUKASSS

AT Z P4 X, HEHIMEGA 4.0/ T R4
REW. 451 8R, SILCYBYS M ALCYBIR 3E 4%
AT, kS ek A LCYBIEZ I R BT (43).
2.3 SrLCYBERBIFRIEN

DI EE 2 18S rRNACH N2, H %t E #PCREL
AR MLCYBLEES B = 10 ) B W Bt AN R AL 21 1
Tk G R E W], SrLCYBYEAS S 2t 8 0 5 %
IR N, B AR B s (B 4). XA R4
LU AT 45 TR W], SrLCYBAE 3% (04 22 vp Rk i
L MR IR, FERE BRI AR . 2R I8 B AR (ELS).
24 EPE NREESN

N FE 7B 1 25500 £ 1 (UPLC) S 8 B 22 R[] e
RE A RA R AL ST RAE MRS RNE, 4
RN, B-iHE M FEEEE L AaE s Rk A
(F2). BHEACIIRE, B-I1E DR EEH T =, B
16 W35 3] 5% 791(825.80 pg/g FW), 1685 1 & & i
fi%(0.25 ng/g FW).  {EA R ZH Zrh, 20 (0 4 =5 11 B-
B RS R 1 (854.27 ng/g FW), LG it
J7(265.37 ng/g FW), W ta 48k 7 5 55 15(0.11 pg/g
FW). o-fH % 2 JUAE F(191.08 pg/g FW)FI1ZE
(39.96 pg/g FW)h ik, 7E#E (A {E(0.07 pg/g FW)
iR IA .

106
110
101
110
110

216
220
211
220
220

326
330
321
330
330

436
440
431
440
440

499
503
494
503
503

LI 74 Ntz KAl Sa: B4 4 Sre 55824 Vve 44 . Box DE“FLYAIVIP /4], Box IJEFAD/NAD(P)&5 5 X .

Ll: Lilium lancifolium; Nt: Narcissus tazetta var. chinensis; Sa: Sandersonia aurantiaca; Sr: Strelitzia reginae Banks; Vv: Vitis vinifera. Box I indicates

the sequence of “FLYAIVIP”, Box II indicates the FAD/NAD(P) domain.

B2 #2E=SrLCYBEERREIRMEN T
Fig.2 Homology analysis of STLCYB in Strelitzia reginae Banks
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ke Citrus sinensis ABF69942
W% Vitis vinifera CAN69313
BERR Ricinus communis XP002531498
45 Populus trichocarpa XP00230890
¥R Malus domestica XP008392386
L WA Eriobotrya japonica AFP43698
ki ¥ Diospyros kaki ACR25158
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Fig.3 Phylogenetic analysis of LCYB in Strelitzia reginae Banks with 21 other plant LCYBs
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flowering period; 5: blooming period.
E4 #BEZHRELREPSILCYBRIRIE
Fig.4 Expression of SrLCYB in different flowering
development

3 Wi

AW 5K FIRACE J5 7 3k 19 485 ¥ 2= LCYBIE A
2K, 361 908 bp, FFMFE FEHEL 515 bpe J7414)
W1 27, LCYBEAT i FE AR ST IR XS A7 7E, I 26 75
TRSF ERIE S AL T BT 550 SrLCYBSwig It 8 1

1: yellow sepals; 2: leaf; 3: stem; 4: root; 5: blue petals.
E5 SrLCYBTE#8%E = R[ELHLA P HIFRIX
Fig.5 Expression of SrLCYB in different tissue

FAET L 5 iR HAR R PILCY B 2 3 1 [ U5 PR AR
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FIFAD/NAD(P) 45 & XU, 907 R G /0 BT R,
SrLCYBR] HABA ) LCY B AT 55 vy (1) R e, G
5 A JE T2 H I BRSSO R iRl B3,
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A: the UPLC chromatogram of carotenoids standards; B: the UPLC chromatogram of carotenoids extracted from yellow petals in Strelitzia reginae; C:

the UPLC chromatogram of carotenoids extracted from leaf in Strelitzia reginae Banks.

Elo BE=XPE MR

EHUPLCHH

Fig.6 Analysis of carotenoid component and content of Strelitzia reginae Banks with UPLC

R BEZAREAXENHRARARDLPE NESE

Table 2 Carotenoid contents in different growth periods of flowering and different tissues from Strelitzia reginae Banks

AR B AL

KIAE bR E(g/g FW)

Different periods and tissues Carotenoid (g/e FW)
B-carotene a-carotene
Different growth periods of flowering Early bud period 0.25+0.12% ND
Mid-bud period 23.9942.13% ND
Late-bud period 77.93£5.16° ND
Early flowering period 516.67+67.85¢ ND
Blooming period 825.80+95.43¢ ND
Different tissues Yellow sepals 854.27+85.36" ND
Leaf 0.11+0.10° 0.07£0.04*
Stem 0.33+0.22° ND
Root 35.97£5.64° 39.96+5.16°
Blue petals 265.37+31.67¢ 191.08+35.7°

« AURZ T L BSNK AT I £ P=0.05 B MEAKCT R I 2E 7 B35 . NDRRAKH .
a, b, ¢, d show the different significant differences at P=0.05 level in SNK test. ND: not detected.

3L 25 (FLCYBIE DN AE AR AT vh AT 308, 1
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FURW], LCYBAERG s (O N RIE ERIAE I K 7 &
Wi, BUEAEHIE B B AU L 90 E =

PCRIF) 5 1 6 SrLCYBAE #5528 22 AN [m] 41 4R 6 i 15

Ay

ST, KIS EE = SrLCYBAE 3
I e, R AR AR R I8 &

T fE T RIAE
IR, H#EWS-LCYB

ML B EOAE ML AT K, B AR a2 Mo At

AR o

TIAN, R R AR R I R R K AR
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PO PWIUEB- IS bR, KT
hE. RS brp, d RIRBUTERLCYBIL A, #ifE
AH N I 38 0 sl el /D B-H 2 b RIS 2. R
ANFE R B B AR, B-TH S bR
PR T LCYBHRE N 15 (34K, 1 5 B ATT G o

ML 2 B- MBS RS N R Y ot R
HRIR DGR, X TR AL =ML TE RB-EH S b =
B-IARIEH A b EA EmERYEER, LD 5L R il
IS FH AR 490 5 DR TR 5 R S0 e SR DR R A v SR H 8 b
o R E B R0 H T, TR A, AR
FAG AR MR WA R, el AR 2 M
Wy e B 21 4 5 25 4 21 25 B-FRAX 1) 5 Dk R]
B AT 5 B TS EE 2 SrLCYBHE KL, Ffxt
HAA LR R e AT 1404, ikt 5iSrLCYB
(R Dl e S A4 B8 22 i (0 A6 T 1 AR F AR AL
HIBEE T HEA
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