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Cloning and Expression Analysis of a Phytoenesynthase
Gene in Hibiscus esculentus L.

LI Yongping"***, CHEN Mindong'***, ZHU Haisheng'****, WEN Qingfang'-****, LIU Jianting"***, LIN Siduan’
(‘Fujian Key Laboratory of Vegetable Genetics and Breeding, Fuzhou 350013, China; *Crops Research Institute, Fujian
Academy of Agricultural Sciences, Fuzhou 350013, China; *Vegetable Research Center; Fujian Academy of Agricultural

Sciences, Fuzhou 350013, China; *Fujian Engineering Research Center for Vegetables, Fuzhou 350013, China;
*Institute of Agricultural Science, Luojiang District, Quanzhou 362011, China)

Abstract In this study, a PSY gene was cloned from Hibiscus esculentus L. by RT-PCR and RACE tech-
nique. The full-length cDNA sequence of PSY was 1 399 bp, which contained a 1 155 bp open reading frame (ORF)
that encoded 384 amino acids with a predicted molecular weight of 43.45 kDa and a hypothetical isoelectric point
(pD) of 8.729. The encoded protein had more than 90% homology with Gossypium arboretum, Gossypium hirsutum,
Gossypium raimondii, Gossypium barbadense, and Theobroma cacao, which indicated that PSY gene of Okra was
highly conserved. The gene was named HePSY and the GeneBank accession number was MG372369. Real-time

PCR analysis revealed that HePSY could be expressed in different tissues of Hibiscus esculentus L., including roots,
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stems, leaves, flowers and fruits, and the level was the highest in mature leaves and 4 days after flowering during

the process of leaf and fruit development, respectively. Carotenoid contents was explored. Hibiscus esculentus L.

carotenoid was also the highest in mature leaves and 4 days after flowering during the process of leaf and fruit de-

velopment respectively, which positive correlation with HePSY gene expression. These results revealed the expres-

sion of HePSY gene and the accumulation characteristics of carotenoid contents, and provided a base for the study

of carotenoid molecular regulation mechanism in Hibiscus esculentus L.
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PCRY M 35 AK 24 cDNA . PCRIRMFEF H: 94 °C
TiAEPE S min; 94 °CAHE30 s, 53 °CiB K 30's, 72 °C
ZEA 1 min, 40 ; 72 °CHEfH 10 min. JH 0.8%%5
EHEREI KA I PCRZ), H I F Be& [l (R

Omega/A 7). & (FfA pMDI18-T, F4EM THAGIR
ANFDS FEALCKIA R EDHS o, EAEY) TREA PR A 7).
WHEBREE . PCREE . W (HiEATAY THEA
FRA R, BRI 2 K ZEPS YRR 42 K.
1.5 HePSYERRENEEZESTH

[ DNAMAN 6.0/ 751t £ 75t
Xt 5 Ad ] ProtParam(http://web.expasy.org/protparam/)
F1 ProtScale(http://web.expasy.org/protscale/0) E & 4K
oyt B — a0 BV R B8 H Motif
Scan(http://myhits. isb-sib.ch/cgibin/motif scan)?E 2k >
BT 157 45491832 1] SMART (http://smart.embl-heidel-
berg.de/) KT ; N bioxm Tl 70 75 & H R
55 ;K H SMART(http://smart. embl-heidelberg.
de/)ClustalX 1.8 1% {4 FIMEGA 4.0% {144 34 B .
1.6 HePSYERER)SERTRNEE N

WA T RK 25 PSYRER 4 K 81, B FH Primer Ex-
press 3.04K 1, 1B IR 2 B PCRE| Pt 1 R W5 1 —
X9 e B S Y2S R Y2X (3K 1), BLTR 3 18s
rRNA(GenBank: AF069229. D)fFE N2, it NS5
YINE-FAINE-R(¥%1). W Power SYBR Green PCR
Master Mix (3£ B , ABI A )il 7l &k 47 52 o &=
PCRY™##(ABI7500), 25 pLJMifk &: 12.5 uL Power
SYBR Green PCR Master Mix, 1 uL cDNA, . T3]
¥)4-0.5 uL(10 pmol/L), F W ZE /KK FE 2225 pulo N

FEFF: 95 °CTRAZMEL0 min; 95 °CAE14:15 s, 56 °CiE K
1 min, 72 °CHEMH 1 min, 40 MG . FFAN N BE3IKE
55, S2I 45 5N ] ABI 750073 7 #0441 Comparative
CT(AACT)iE53 Mo FE R 3RIA 22 57 5ol 35 1 A v A
SPSS# A+
1.7 L MREBFNE

WAMTEERE i, FRELS ghr ok, FI50 mLg455(A
il A7 1 E=2:3)(%0.1% BHT)JE 2 T-50 °C N ERHZ IR,
HERAE IS, EE PR REERIE R, R
B, T e 7% kAN (40 °C)Z& T, B T20 mLEIA i
Fik(£0.1% BHT)H, 7120 mL ALK 10%E A4
e, CE, B A, IR AT, &
P2 425 mL, IAMEE S, fifT 70 CCHUKIR VKA
M, H0.22 ym)Je e i g 5 F UV1000( iR
EREEOER AR AR I T E . /3 lTE
663 nm. 646 nm. 470 nm NI FIRE, BRI
3, B AL R AR S .

M4k Zaik i /mg- L C,=12.2Dgs3—2.81 D6

23 2 b /mg L' Cy=20.13Dg46—5.03 Des3

R R E /mg- L' Cr=C,+C,

AR N EIRE/mg- L C =1 000D470-3.27C—
104C,)/229

R & E/mg g =10 F IR E/mg- L <3 BUR AR
BUL< M B 55U FE S B /g

2 FRESH
2.1 HePSYE[H = [&5E
N 51 #IPSY-FAIPSY-R, L& Rk 248 H FLRNA

F1 AMEPSYRERFEWIESRIEHIGH

Table 1 Primers used to verify and analyze the expression of PSY gene in Hibiscus esculentus L.

EIE/EAS R HI(5'—3") VEF
Primer name Primer sequence (5'—3') Function

AP GGC CACGCGTCGACTAGTACTTTTTTTTTTTTTTTTT Reverse transcription primer
AAP GGC CAC GCG TCG ACT AGT ACG GGG GGG G Anchored primer

AUAP GGC CAC GCG TCGACTAGTAC

HPSY-F AAT GCCACT GCTTTG CTTAGC TT The conserved fragment
HPSY-R TAA GAT GAC AAATTT CAT ACA AAT

HePSY-F TAC TGT TAT CAT CTT TCACTTATC T The cDNA of ORF
HePSY-R TTT ATA TAT GTG TTAAAG AAAAAGA

Y2S ACT GGCACG GTTTGGACTATCA The expression of PSY

Y2X TCA GCT CGGAAA CACCCTTIT

NE-F CTG AGA AAC GGC TAC CAC AT The internal control

NE-R ACC CAA GGT CCAACTACGAG
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1% S IR cDNAZE VB AE A BAR, #EATPCRY Y, ¥
WA — 2 5 WK/ NIE BT 500 bpf 2kt (A
1A). &AL, HEfe. #4b. PCRE . WP, M7
%P BESEBR N1 399 bp, ZBLASTn T, Hiih & 2 Ak
ZEPSYRR I 2K T 1o

AR S A 2% PSYRER A K7 91, Bt 5149 HeP-
SY-F. HePSY-RVi[EIR1F B AKZEPSYIER &1 1557
F (B 1B)5E T U5 B2 AE (open reading frame, ORF),
itid 7 38ANMNE IR .
2.2 HePSYEEFIIMEMER S

SEEGR Y, PSYE—AMKIA 1 155 bpf ORF,
43T B, HePSYEA —/M1 155 bpfI52 #ORF,
ZtiD X [ GC & & 1 44.85%, TN R ED 384N R L2
PR T8N 43.45 kDa, Z5HL A5 (pI) N 8.729, pHT.0
I PRI AT (ch) N 5.954; TEF BGZ R 1 1) 20Fh 4
Bgrh, SRR (Lew) & B s (10.2%), AR (Ala)
K2 (9.6%), AR (His) & 5K (0.3%); FtH R
EERRRREE T S, 1% A AL S TR I AR (K
FIR), SONBRERMEZ LR (DAIE), 1415 /K & LR
(A. 1. L. F. W. V)FISSAPERIEFR(N. C. Q.
S. T. Y), IEWi 464t (AD) N 85.86, ANFasE 2% (1)
48.08; 1% P38 K 1% (GRAVY ) 40305,
TR AZEKEE A

e X HePSY 45 1Y) 28 25 % )7 51 Al GenBank H
Y PSY & 741, 7R HePSYS5 Z FiEY) PSY
QIR T 5 B A Bom FE . Hod 5 A
(XP_017608492.1). [fiithkf (XP_016698693.1)F

2000 bp

1 000 bp
750 bp
500 bp

250 bp

100 bp

M A
M: DNA marker 2000; A: PSY4:K:; B: ORFH 4 7=4/).
M: DNA marker 2000; A: full-length cDNA sequence of HePSY; B: ORF amplified product.
Bl ) IEHPSYERERITEIE
Fig.1 Cloning of PSY gene in Hibiscus esculentus L.

1399 bp

92% I [FRIVETE, 576 SR KA (XP_012483475.1) i
545 (PPR93916.1) 1] 1] (XP_007048944.1)%5 7 4]
WA HNE 91%- 90%- 90%HI [FYEME . K LA A FT
1275 N Rk 2% PSYRE R 42K cDNAJT S, FHoam 44
NHePSY, GenBank & 35 AMG372369([&2).

¥ HePSY 5 HAth 19F04H Y PSY [R5 AT £
HIPHIEL, AT 5 H A PSY [ & A1 7E R 4uidk
LI, N MEGA 4.08 4 H 3 RSt . 45
KK, 5HePSY 1%k Rl & Wi (Gossypium
arboreum) 1 55 5% {8 [KHF(Gossypium raimondii)[FJPSY,
WL R R SRRk (Prunus avium) BRZE(Prunus
humilis)F1ZE 8k (Prunus persica)fIPSY (KE13).
2.3 HePSYERERIFIED
2.3.1 HePSYM R £ HAKRE Sufb ol 42 09 &
o LASERKIE 18S rRNATE NN S, I8 98t E &
PCREGAAG M HePSYAE3 N AR B AR ZE i by HZ-rh
[k, 45 R (K4), HePSYEAR . 25, . {60
RS RwEPERE, hREERE, HCh
SRS, 6. MPFRIEEEE, EAF S FE, [F
—EEH A ERFNRETENEE, Samfike,
I m PR . ST, HePSY3ERIFRIAAEL (4
v A T e g v L v T Ak e PR € R Y
MRIE, 2. R RER OO ERARG ¥
B, BEES TR, ARPHRE, 8. RAPK
RIXTRFEFEE, 2K, . fRED, 46
APPSR TE AP T B E S, H e E R B
232 HePSY# R E#HART F &L FH T2 P o) Rk

1 155 bp

M B



1942 - BEFTIRC -

ACA6G1C901R NRP..... KEK! EKRSEKT)eCEpsn 92
XP_017608492.1 . . KEKRCRVHQKV! GTRT .E' 97
XP_016698693.1 - . KEKRCRVHCKWV! GTRT . ET]eG: 97
XP_012483475.1 . . REKRCRVHQKV! GTRT . ETpG: 97
XP_007048944.1 -RQKRS .RLCPTL! KRTAET .G 97
OMP06676.1 iVpS SN, LSIMB GKQKRSSRLCSRI] ERAREN 100
Consensus magvllwv pk natallsl p sg d

ACA6G1C901R 192
XP_017608492.1 197
XP_016698693.1 197
XP_012483475.1 197
XP_007048944.1 197
OMP06676.1 200
Consensus

ACA6G1C901R 292
XP_017608492.1 297
XP_016698693.1 297
XP_012483475.1 297
XP_007048944.1 297
OMP06676.1 300
Consensus

ACA6G1C901R 383
XP_017608492.1 388
XP_016698693.1 388
XP_012483475.1 388
XP_007048944.1 388
OMP06676.1 391

Consensus ggvtd wr fmkdgikrarmffdeaekgv eln asrwpvwaslllyrqgild i

XP_017608492.1: WE#IAfH; XP_016698693.1: i i ; XP_012483475.1: TS KA ; XP_007048944.1: 1] A ; OMP06676.1: K3 # K ;
ACA6GICO0IR: 3EFkFE . B AR IRAE100%, 2L EFRARLUEET5%, W AR RAHELES0%.
XP_017608492.1: Gossypium arboreum; P_016698693.1: Gossypium hirsutum X; XP_012483475.1: Gossypium raimondii; XP_007048944.1: Theo-
broma cacao; OMP06676: Corchorus olitorius.; ACA6G1C901R: Hibiscus esculentus L.; black represents 100% similarity, red 75% similarity and blue
50% similarity.
E2 HREPSYREBEIRME ST
Fig.2 Homology analysis of PSY in Hibiscus esculentus L.

Gossypium hirsutum XP_016698693.1
Gossypium barbadense PPR93916.1
Gossypium raimondii XP_012483475.1
Gossypium arboreum XP_017608492.1
Hibiscus esculentus L. MG372369
Durio zibethinus XP_022741392.1
Theobroma cacao XP_007048944.1
Corchorus olitorius OMP06676.1
Corchorus capsularis OMP12065.1
Bixa orellana AMJ39472.1

Juglans regia XP_018809328.1
Quercus suber XP_023894461.1
Ziziphus jujuba XP_015880594.1
Fragaria x ananassa ACR61392.1
Rosa rugosa AKT74333.1

Pyrus x bretschneideri XP_009377027.1
Eriobotrya japonica AIT18249.1
Prunus avium XP_021824863.1
Prunus humilis ANH11476.1

Prunus persica XP_020416237.1

0.08 0.04 0

B3 #|RIEPSYSHMEYI9NPSYEBANRGH LA
Fig.3 Phylogenetic analysis of PSY in Hibiscus esculentus L. with 19 other plant PSYs

HePSYFE B K ZE M Fr AR A KT B RE R e, SRORFRLHRIE BRI L7013,
W, FEM A R KSR T HePSYRIE BIZHIIG N, B HePSYER 2Lt fi R 1Y B 2 €80 i A B 0 b,
A I I B R v, ZJEIEHT N B, 3B EE AL A AR R R RIA TR E S, M 54
AR BEH —2, A ORI RATRIEE  RAORFNEINRIEZRALE, HePSYIE3N
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st ) R I RS i R Rk 2 2 R (BS).

233 HePSYAR A FAKRRELF T RL
TEFERKEE RS R B B B, HePSYS: [H R 1A & A
b5 SRS R H BTN, 654K R IE BIK 3 IE (A,
W J5 2 ik B T B . HePSYH:DE 2635 78 41 ¢4 i A
e AT G0 R . 8K 10KIIRILFRIET
BEER, ABMFMEREE, FHRE2R. 4RIE
Sk, R RIAZE R EE, A, AR
To i3 7% 57 (K6).

—_ — — —
(= N8 B =)}
1 1 1 |

Relative expression
o0
1

Roots Stems

24 EMEXPET MRIENE

241 AR SFEHREMRENAT P ELSENZ
TEBAKZE S G, MG RAL HEEEB. 25
# MRS EY RS, EHK PSRRI F—-SE
R AR e, HUORA AR, B
G F—8ERHY MRS EAAMMESSER
Ffte) 22 S R L3, 15 (i R 5 B3 2 R (RR2)
242 "tHARZAFIRBREAT N ELERNL [
— AR R R AR KR BT S RAL HAEEB.

W White

M Red M Green

Leaves Flowers Fruits

Tissues

L PR RIRHePS Y 7E B AK 28 5 A HARIE I 22 5 0 35 1k SR (0 7 RERR IR HePSYAE BEAK AN [ it i 1 ) 208 22 7k B 5 1k

Red letters represent significant expression differences of HePSY gene between different tissues, Black letters represent expression differences of

HePSY gene between different varieties.

El4 HePSYZEAEEFZERM, HLOFPHFTIE

Fig.4 Expression of HePSY in different varieties and tissues

4.0+

Relative expression

Juvenile leaves

Tender leaves

M White M Red m Green

Old leaves

Mature leaves

Process of leaf development

21T BTN HePSYAE SR SE M K B I AR 20K 1 2253 W 5 1k PR 65 BRSO HePSYAE BAKSEA ) b i ] ) 0k 22 57 W 5

Red letters represent significant expression differences of HePSY gene between leaf development, Black letters represent expression differences of

HePSY gene between different varieties.

5 BMEM R LB IEPHePSYRIFRIE
Fig.5 Expression of HePSY in the process of leaf development
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KE MREEIZD T, A A REE, W B, AREREERRILE 2, DL E KR
AJEEIM T EWILRIAY PR EERE TR AR MEEEARBESENE N RS S B R, A0k
s PR H B AR ERAL HHERERBY KT MR SRR I0R RS MRS BEIC. RRKZE
SRS B DR ORI AR I SRR R RS R S R DGR SR e, A0
IR GER, MHOKERMZHRAL PR REERMIRZ, AOKERMEESBRIKEES.
FEREAR, AR RYBA A AR UGS SR 25 PSYREMRESEPE MNESSHEXN
e, LA B, B R M EERIC B S

W ZE S (K3). I AR SR AE T A B, AKE R SR AR
243 REFRAFARTRAT M HSELN £ PSYRREEEE SR b5 BN IR, M
MERL R BRI RRA BEITREEH, K SCRMRIYFE0.9LL F, Hor 3 KSR 1M e e 4,
AL DEREGENEIE EFHE TGS, 054K RRIEHS. MR E i FEPSYHE R ik & 52K
IEPIEAE, BlJE T FE. (EACRAR G B, BE T 8 MRS RSN B Z, X RHRAE0.TEA,

2.5

®m White m Red m Green

(5]

Relative expression

2 days 4 days 6 days 8 days 10 days

Time /after flowering process of fruit development

2L 7 REROR HePSYAE SRS SR I B I PR AGA IO 22 57 3V TR 5 L RUR HePSYAE BEAK AN [F) it il i) ) 0 22 3 k3 1k
Red letters represent significant expression differences of HePSY gene between fruit development. Black letters represent expression differences of
HePSY gene between different varieties.

El6 BEMERLLBIIEHHePSYHIFRIA
Fig.6 Expression of HePSY in the process of fruit development

#2 TRIAMEAMEREALAL NESE/mg (100 g)”

Table 2 Total carotenoid and each component content in Hibiscus esculentus L. different tissues /mg-(100 g)™

A FE MR Ui ES - 1 Ak
Varieties Carotenoid Roots Stems Leaves Flowers Fruits
Red Hibiscus esculentus L. Chlorophyll A 2.17+0.08¢ 17.53+0.20° 19.06+0.43* 4.82+0.19¢ 6.19+0.13°
Chlorophyll B 0.34+0.03¢ 5.23v+0.07° 6.01£0.31* 1.23+0.06 1.49+0.06°
Carotenoids 1.04+0.09¢ 5.55+0.14* 5.85+0.07¢ 1.51£0.11° 1.84+0.10°
While Hibiscus esculentus Chlorophyll A 1.58+0.14¢ 12.83+0.64° 15.94+0.62° 2.56+0.03¢ 3.254+0.02°
L. Chlorophyll B 0.24+0.02¢ 2.81+0.03° 3.88+0.04* 0.59+0.05¢ 0.69+0.04°
Carotenoids 0.64+0.05¢ 4.40+0.13" 5.07£0.09* 0.80+0.02¢ 1.06+0.12°
Green Hibiscus esculentus Chlorophyll A 2.59+0.08¢ 18.69+0.42" 20.84+0.38" 5.37+0.14¢ 6.39+0.13¢
L. Chlorophyll B 0.51+0.02¢ 5.92+0.09° 7.20+£0.25% 2.52+0.06° 2.04+0.29°
Carotenoids 1.21+0.01° 5.78+0.24* 5.93£0.42* 1.56+0.20° 2.02+0.08"

av by o d. efCRMFISNKIG L EP<0.05/KF N A BEMEER,

a, b, c, d, e stands for represent horizontal SNK tests with significant differences in £<0.05 levels.
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Table 3 Total carotenoid and each component content in Hibiscus esculentus L. leaf /mg-(100 g)™

i NS zuliy gt AT Zn
Varieties Carotenoid Juvenile leaf Tender leaf Matured leaf Old leaf
Red Hibiscus esculentus L. Chlorophyll A 6.12+0.15¢ 14.01£0.09° 19.06+0.16" 12.39+0.12°
Chlorophyll B 2.19£0.08° 3.74+0.04° 6.01+0.09* 3.65+0.08°
Carotenoids 2.28+0.10° 4.71+0.15° 5.85+0.08¢ 4.1940.26°
While Hibiscus esculentus L. Chlorophyll A 5.78+0.09¢ 12.50+0.05" 15.94+0.12° 11.47+0.20°
Chlorophyll B 1.67+0.03¢ 2.85+0.21° 3.88+0.16" 2.65+0.06°
Carotenoids 2.07+0.05¢ 4.20+0.05" 5.07+0.14* 3.84+0.13¢
Green Hibiscus esculentus L. Chlorophyll A 6.49+0.18° 16.79+0.31° 20.84+0.61° 14.39+0.26°
Chlorophyll B 3.19+0.06° 5.11+0.14° 7.20+£0.08* 5.07+0.17°
Carotenoids 2.59+0.08° 5.21+0.08" 5.93+0.12* 4.14+0.14¢

av by ooy d. efCFMHE M SNKAG I /1 P<0.057KF R 25 7 56 3% o

a, b, c, d, e stands for represent horizontal SNK tests with significant differences in £<0.05 levels.

T4 TEMMARZERILLFIIRHXAL MEESE/mg (100 g)

Table 4 Total carotenoid and each component content in Hibiscus esculentus L. fruit /mg-(100 g)™

hi A ENUE S TefE2R HARTIN TEIR6R VKN TEFE 10K
Varieties Carotenoid 2 days after 4 days after 6 days after 8 days after 10 days after
flowering flowering flowering flowering flowering
Red Hibiscus esculentus ~ Chlorophyll A 8.01+0.04* 7.01+0.18° 6.19+0.09° 4.07+0.09¢ 3.56+0.13°
L. Chlorophyll B 2.99+0.14* 1.77+0.08" 1.49+0.04° 0.95+0.02¢ 0.66+0.02°
Carotenoids 2.47+0.12° 2.95+0.05* 1.84+0.10° 1.26+0.08¢ 1.15+0.05¢
While Hibiscus esculen-  Chlorophyll A 7.62+0.08" 5.39+0.16° 3.2540.05°¢ 2.51£0.07¢ 2.28+0.12¢
tus L. Chlorophyll B 1.74+0.08" 0.98+0.07° 0.69+0.04° 0.64+0.04° 0.58+0.08°
Carotenoids 2.28+0.09* 2.48+0.10° 1.06+0.07° 0.71+0.05° 0.60+0.03°
Green Hibiscus esculen-  Chlorophyll A 15.60+0.80° 14.24+0.23" 11.23+£0.23¢ 9.97+0.14¢ 9.45+0.02¢
tus L. Chlorophyll B 5.22+0.10° 3.65+0.10° 2.63£0.10¢ 1.90+0.04¢ 1.63+0.09¢
Carotenoids 3.80+0.09* 4.04+0.06* 3.10+0.08" 3.04+0.13" 2.65+0.08°

av by ooy d. efCFME M SNKAG I 71 P<0.05/K T R 25 7 8.3

a, b, c, d, e stands for represent horizontal SNK tests with significant differences in £<0.05 levels.

®S AMEM. RILKEPSYERFEESERE MESERXIMSITRE
Table 5 Correlation analysis of gene expression, and carotenoid content in leaves and
fruits of Hibiscus esculentus L.

T H RGN /& SRR /& sk

Item Red Hibiscus esculentus L. While Hibiscus esculentus L. Green Hibiscus esculentus L.
Leaf development 0.712 8* 0.753 36* 0.753 2%

Fruit development 0.906 8** 0.995 7** 0.935 3**

FERORHAIR, RN AT R

* Indicates relevance, ** indicates strong correlation.

H IR (RS).

3 Wig

KIS D RUEE KA N R T AR,
FEIE R, SR B AN AL 0L A M8 £ o
DRI 2%, 92 v 5 7K SR S P 7 T 9 5 R 1 T 4
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FARIGIR20 24, RUIR SR B IR EAEE MR
&5 PSYEYIFK, RSO PSYE: R RIS 58 /2
KA MRS ERRE B EEFE P, AR PSY
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FESE MR RIAKF SRS P REERIEM
%, et KR MRS RS PSYRIRIA KA R
BLAIAH IR R P, AW T A SRR s R 28 4 2
P3R4 B PSYEE R 7 41, 28 v [ B ik SR A B Rk 2%
PSY#:N, HA4K N1 399 bp, &4 1 155N ZE 1
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