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B E. BRY wHEOle A /RETS BEEER (chalcone synthase, CHS), EHAEMNE BT CHS, WEALHAFAER CHS IZRI%,
AT BB I SRIEH USRI . sk WFHEEA A P HREL RNA, 50 cDNA, &IMRETES 1Y), Topeik
5 CHS. Tl B H%HRE N & AR LA T34, A MEGAS.1 #J3 CHS S5H1¢4HR CHS RS, FIH real-time
PCR ALt R CHS IMF0E R, AT . SR WhEREINZIE CHS, J7y14K 1149bp, HA 1041 bp
FSEAETT I EENE, S 346 DNEIEMR. K% (iRt NCBI L1 Blastp Ht R IL, ZEAET CHS KR, s R R
CHS 5 100 4% NCBI MR Ao, HrpEK TG, 3245, 8. O REERIAIPESBIE 95% 95%- 94%. 94%.
FEALIELE 90% LA IR MEGAS. 1 #sE bR, £5 3R B R4T1E CHS 7K Kl CHS SRk AT, L ProtParam TN 1E
CHS HHA TN Cle7sH2603N4510493800, HIXT A>T BN 37 700, Z5HL A 6.10, $HLAT I IEIRIEE S (Asp+Glu) 4 42, 1F
R R SEIR IR (Arg+Lys) b 38, JERFRIL NS RRWILIAE CHS 1EAEIEE 3 RIHINRIL B, Tam Teils
WAL, 4538 JIhvele. T IFERIE T 4048 CHS, HLAAT B8 & SR LRI R ALLRE .
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Cloning, bioinformatic analysis, and expression of chalcone synthase gene in
Carthamus tinctorius
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Abstract: Objective To clone the chalcone synthase (CHS) gene in Carthamus tinctorius, to analyze the bioinformation of CHS, to compare the
expression of CHS during the florescence, and to provide the foundation for composition and regulation mechanism of the active ingredients in C.
tinctorius. Methods RNA was obtained from fresh safflower corolla, cDNA was reversely transcriped, specific primers were designed, and then
CHS was cloned. The protein characteristics was analyzed using bioinformatics, the phylogenetic tree of CHS was constructed using MEGAS.1,
the expression of CHS during the florescence was analyzed using real time-PCR. Results The 1 149 bp CHS sequence in C. tinctorius was
obtained, which has a 1 041 bp ORF, encoding 346 amino acids. This protein belongs to the CHS family according to Blastp in NCBI. The CHS in
safflower was similar to that in above 100 plants, and the similarities to Silybum marianum, Callistephus chinensis, Chrysanthemum x morifolium,
and Gynura bicolor were respectively reaching 95%, 95%, 94%, and 94%. It has the closest relationship to S. marianum according to the
phylogenetic tree using MEGAS.1. The CHS formula was C;78H2693N45104935,0 and the molecular weight was 37 700, with the isoelectric point
of 6.10. The number of negatively charged amino acid residues (Asp + Glu) was 42, and the number of positively charged amino acid residues
(Arg + Lys) was 38. The gene expression analysis showed that the highest expression of CHS in safflower was on day 3 of florescence, much
higher than that on the other days. Conclusion The CHS in safflower is successfully cloned, analyzed, and expressed, which provides the
foundation for composite and regulation mechanism of the active ingredients in C. tinctorius.
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5000 WG LL e L4040 A B L AR IR RO
P B R 2118 3 (3 (safflower yellow, SY)
LA R 2 . R FE AR, . EISEAL
YR ZAAE T 4 D PR G, KER
ERERE G S ArAE, Z HA IR, ¥k
ik b BERZ L AR AL AR . i
Ab, RS R 22D DRe, W
WAL, IR S BRI s, LA
VE NI 75 2 (phytoalexin ) M 48 T 4 771 4502
T 7y 22 Fh 2 A 10 24 BRIy e R AR A M 2% 2 At
AT

YR Wd 5 i (chalcone synthase, CHS) A&
WAk G )& AR A 1 AN OCHE R, it &40
A BRI LA O R B BORAE T IEE 1 SO0
B EEMIZIBIEIEE 15, B 3 20 1IN 1
4l A (malonyl-CoA) F1 1 43111 4-7 5.t A
(4-coumaroyl-CoA) ZEGTERGE 1 MEA Cis 41
PR G Y)——BRE, %k AT AR
PR T 2K & CHS ek h ) 247
1, 25 1 MEY) CHS BERIFA1 2 1983 4FAEA7 227
ORI . BIHETMIE, GenBank 30di i O
4000 Z 54 CHS MZFTRIT 41 .

AR SR AT AR ATUELTPEE R VAN Y NN ER 2
AR T A edeeh, HEmm KT, 2. R
flEp ™. R, AR RS, Mt
BTt e SRS CHS . 3l 2R B 12k
P R IEREAT 70, A MEGAS.1 #J % CHS
LRI CHS R G, F ] real time-PCR
SINTAEI R RER 4046 CHS SER MRk &, T o
FrAntb
1w

W LT A6 A et R T A v s 2 K2 2 R )
bol, S EEAI S N RHEM A AL Carthamus
tinctorius L., BRI b 8 SRS, 1515 EWT
K BT RNA $2H.

cDNA ¢ #5%iR8 7% Thunderbird Sybr qPCR
Mix Il J- TOYOBO A, ##) 5 RNA $#=EGA7 &
4T Omega /A7), Trizol it RNA $HEEGAFIET-A
F 2], 2 X Taq PCR MasterMix i Biomed A ],
% Uit DNA gL MG & T BioTeke 2wl
2 HE
2.1 RNA $2EUFN cDNA &5

{8 ] Trizol /&t RNA $REUFAIAEY) S RNA 2

BRI S PRIORE & S RNA, ik RNA U7
FIFHER SN NG BEACIE 2 RNA I Aaeo Fll Angoo 1
FE Argo/Argo N 1.8~2.0, BHEBSHIKAIN A 3 S
&t RNA AT St s, [k [ Ni4% ¢cDNA A B
GV AT
2.2 CHS =fE5F

MRYESCRIRIEDI 28 CHS Fea) 8 A Primer
Primer 5.0 7EZE8XAF: http://bioinfo. ut.ee/primer 3-0.4.0/+
http://www.yeastgenome.org/cgi-bin/web-primer ¥ I
14, WA 1. LL cDNA A#it, fiiH 2XTag PCR
MasterMix 73 #1747 PCR ¥4, § /AR 20 pL:
2 X Taq PCR MasterMix 10 uL; 1ER 5[4 1 uL, XA
5149 1 uL, cDNA B 5 pL, dd H,O 3 pL. 54"
B GRAKIRFELL 50~65 CHiEH5): 94 C,
3min; 30 ff¥ (94 C, 30s; 50~65 C, 30s;
72 °C, 10 min); 72 ‘C, 5 min. PCR &%tk i
VKT, % it DNA 4lifb AR 7 & (BioTeke)
afifk[Ef PCR 774, HHAb e ERAE R AT BR A |
M

Fz1 54ngit

Table 1 Primers design

Y5 SIIFHI(3—S5)
5141 1Eli: CTTCACCAACATCCATCG
& IA: CGGGTTTGAGTAGTAATTATGA

514 2 1Elf: ATGGCATCCTTAACCGATATT
S If: TTAAGCGGCAATGGGGGT
51493 1EIi: ACCAACATCCATCGGTGT
R Ii: CGGGTTTGAGTAGTAATTATGA
14 4 IEfl: GTGTCCTCGTGGTTTGCT

& Ii: CTGACTTCCTCCTCTTCTACT

2.3 CHS =MEBZESH

i FHAE 23 http://www.ncbi.nlm.nih.gov/gorf/
gorfhtml, i CHS WIIF/HIHE (open reading
frame, ORF), JFfIRTGHguidH AT 4); AT AE
22 {F http://blast.ncbi.nlm.nih.gov/Blast.cgi, ¥ Fiill
45 5 NCBI H 28 sk IR g A7 s Ee 23 #rs A H]
BAF MEGAS. 15 T 45 R 5 AR UTE IS 90% LA _E 1)
Yy CHS @bt s Al FH AR 2 01 http://web.
expasy.org/protparam/, 43 AT 4 & )57 41—
P o
24 i) CHS BFRIE

5 SCEkIRIED, R4 48 CHS 1) real-time
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PCR 5975 F1 4 25K 255 [f) real-time PCR 5[4
¥4, ¥ 3E4A % 10 uL: Thunderbird SYBR qPCR
Mix5 pL, 1E17514 0.5 pL, 514 0.5 uL; cDNA
BB 1 uL, dd H,O 3 uLo 485 | H ith k. R
ek Mo brvE 2k, %%¢ real-time PCR 451 GE kil
JELL 50~65 CHEE#%2): 94 °C, 3 min; 30 fiiFF
(94 °C, 30s; 50~65 C, 30s; 72 °‘C, 10 min);
72 °C, 5 min. #f 52 4AF R IAAE I 7 d (W44 CHS
N 25s [k &, FE{E Bio-Rad CFX Manager H14)
DREEIL PO E SN
3 ER59H
3.1 RNAZEZER

Trizol VEREUTAS RNA AN 0G0 E
Aaso Tl Azgos AnsolAago M 2.0, TS HL KA I AT WLiF
W 3 44y, oI T RSk, WK 1. T aqede
g O LLAR B O R A IR T, TP RNA $2 5L
KT RNA HEHUKIAMERE . WRF & T EA e 4
1€ RNA $#HUH kK, e Trizol ¥R RE A NE
RLUF LS &0 15 min, {RUFIEEET Trizol #EHL
WL LR RUTE: 205, 7R B
I, TR 50%7KAH, JREAT fie ik o I R v ) 23 1) 2
F, ELORIE RNA BI2ERE s SN BEDTE RNA 2,
A 2 h, RATREZ HAE RNA JUiE; RNA JEVE
Firf, 3 YU 300 pL 75% L BEE VG, ARE (0 s
Vet

288
188

58

1 Trizol EH2EREI7E RNA SRR FIkE
Fig. 1 Gel electrophoresis of safflower RNA
extracted by Trizol

32 CHS REERMNFLER

514 2 fEY WA 4 94 °C, 3 min; 30 MEHE (94
‘C, 30s; 642 °C, 30s; 72 °C, 10min); 72 C, 5
min T, A7 EAF3] 1000 bp 243 (K774, WK 2.
33 CHSEMEEFEDHER

MFPoyHT R, 4046 CHS A=K 1 149 bp, 5
—PB¢ 1041 bp [) ORF, Fwtth 346 N IEMR AL LI

HIYFEER Marker

2 000 bp
1 000 bp
750 bp
500 bp
250 bp

100 bp

2 PCR =4 5RR Fa ik B
Fig.2 Gel electrophoresis of PCR products

H, WK 3. Fixd A NCBI L) Blastp Hox)
R, ZEEET CHS KiK. L4l iR, 44t
CHS 45 100 437 NCBI &g R A HIE, 3
v 5 g B A Y K K& Silybum marianum (L)
Gaertn.. #%f Callistephus chinensis (L.) Nees. 21t
Chrysanthemum x morifolium Ramat.. Z[. A% Gynura
bicolor (Willd.) DC.. .33 Rudbeckia hirta L. K
Fi4t Dahlia pinnata Cav. [FAHAIPEZ 5L 95%-

95%- 94%. 94%. 93%. 92%. KFAHALTEIL 90%LA
A EEX 45 B MEGAS.1 gtk te by, DL 4. 0
iF ProtParam Tl Ml CHS & H 40 ¥ X A
C678H2693N4s10493820,  AHXS 73752 37 700, 4%
HLSON 6.10, ST R IR RS (Asp+Glu)

Jy 42, IEHAT I RIERR AL (Arg+1Lys) A 38.

108 Sgttgaacttasacagaaaticaaacscatstgtgataagios
W=t E L ¥ o E F E R M =4 D E =

153.-_ cataazssascgatatatscacatcaccozassastttctzass
I E K R ¥ M H I T E E F L K

198 gagaaccccaacs stgogagtacatsgeccccatctotegacece
H F H m c E T M A T =] L D A

243 Cgccaggat stzstesttztogaagtccocgaagectogzaaaagaa
E /| 1D ¥ ¥ E ¥ P K L G K E

)88 s=teceacasaagacattaaagaatzgsgacagectanatacans
A » T E A I K E % G B F K S5 K

333 ateacteatcotoatestotacaccacs tococzzastogacatzccos
H L T e T T = = ¥ I ] F

378 sstEccsactaccagatcaccaagotoctzggschocgacsttas
= & D r Q I T E L L - L E F =

423 gtcaaacgcttca tgtaccaacsagegctgtttcgocsgasac
E E F m M b Q =] s C F A GG

468 acggtgctccgtctcgccaaggacctcgccgagaac aacaagggc
¥ L. R L A K D L A E H H K &

513 gctcgtgtcctcgtggtttgctccgagatcaccgcggtcaccttc
E ¥ Mo e R e T A R

558 cgtggccccaacgacacccacctcgactccctcgtcggccaggct
H D T H L D = L v G g A

603 ctgttcggggacggggctgccgcggt zatcstssstzoszatoce
F =3 = S A ¥ & A I F

648 gacttggccacggagc Zgccgttgttogagatsgtgtegsctace
bl L A E E P L F E m ¥ = nA

693 cagacgatcctgccggactcggagggggccatcgat zgacacttg
T I L. P D S E G A I D G H L

738 agggaggt zzzsctgacgtttcacctictgaaagatgttectase
E ¥ ¢ L T F H L L K D ¥ F &

783 ttgatctcgaagaacatcgagaaggc sttzztzcazzcstitict
I S K H I E K A L ¥ 8 a F S

828 ccgttgggaatatcggattggaactcgctgttctggatcgcgcat
I oes I = o W H = i Eay L I A H

873 cccgggggtccggcgat sctzgaccagstesagcagaasctgsse
GG R [ L D Q A e oy Q E L &

918 ctgaaggaggagaag& Zegegccacgagacatgtgctgagceag
K E E K R A T R H ¥V L = E

963 tacggtaacatgtcgagtgcgtgtgtgttgttcattattgacgag
& W M = S A C ¥ L. F I I D E

1008 2t zazgaszaastcsscszassatssttscsccaccace szazaa
FE KE K S A E D G C » T T G E

1053 ggtctggattggggtgttctgtttgggtttggtcctggtttgacg
L D L X =T

1098 gtggagacggtggtccttcacagtgt cccccccccccccc ttgoco
E T ¥ ¥ L H = ¥ P T T F I A
1143 gcttaa 1145

3 417k CHS SR RERRFT
Fig. 3 Amino acid sequence encoded by safflower CHS
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i 34 ITETEEA CHS FRixER
— s BIHIFFSIRT I T real-time PCR, Z6FF4 5040 LA
I— CHS #$84:1F: 95 °C, 2min: 30 fFF (95 °C, 15
E %f_m s; 614 °C, 20s; 72 C, 20s), WZBIHER (255 ¥
ﬁﬁg W%AF: 95 C, 2min; 30 FFFK (95 ‘C, 5s; 55 C,
i 20 s; 72 °C, 208D, SIWPRESERLF. 467 dCHS
x5 HIXT 255 MFE AL ILE 2 FIK 5, 455
| S, WLAETFAESS 3 RITAREE, wiik 28, JmEmT
\—‘—E jiﬁ@ HARJUR, FEESE 2 (e THES 6 K, AN 1.2,
) e 7 d i, Afefet MR BRI L (5, ferd
r———@%% HORIBHIIS , KB 3. 4 RIPP. AT LIAE,
L wg LIAEAEACTT SR 3 RSN R4 b (R A T

=, SIREFRA L TAVIA
4 4I7E CHS 5HE%49% CHS B & Gt kit 4 itig

Fig. 4 Phylogenetic tree of CHS in C. tinctorius

and other relative related species

WS e e SRAT L0 AE CHS, JPH) 4K 1 149
bp, E45 1041 bp [I5E4& ORF, 4l 346 N IR

F2 255FCHS W C,EARTRIXE

Table 2 C, value and relative expression of 25s and CHS

H LA 1e AN R0k AN Rk bRk iR 22 ¥ C MH C, HARER 2
25s 1R 25.55 0.098 68
25s 2R 25.71 0.050 30
25s RPN 28.34 0.038 63
25s 04K 26.01 0.057 42
25s ERPN 27.62 0.078 96
25s EAPN 28.24 0.010 46
25s BTKR 29.11 0.079 35
CHS 1R 0.278 17 0.015 20 25.61 0.038 26
CHS B2R 1.098 70 0.091 33 23.44 0.130 44
CHS RPN 2.801 89 0.138 37 24.61 0.073 15
CHS B4R 0.125 01 0.009 29 27.44 0.110 53
CHS EEPN 0.823 35 0.073 97 25.93 0.113 57
CHS 6K 1.123 37 0.026 80 26.05 0.039 37
CHS BN 0.852 23 0.060 98 27.42 0.100 37
P %R Ak NCBI _EF Blastp EbXf &L, ZHEH
>0 J& T CHS k. Hoth4: 9 BoR4r 4 CHS 5 100 42
3 it NCBI 2 St (ki AR, b 535 R
gg” KRET ., SRR, . ARGE. O, KINAEN)
K15 ARUPE 2 3L 95%. 95%. 94%. 94%- 93%- 92%.
=10 — BARIPESE 90% LA L 14 ] MEGAS.1 # 2tk
0.5 ﬁ B, g5 BRI CHS H5/K KHi] CHS SEZ R Rl
o L — ST, 20 R4 2 T A RK K R T AR

WIR H2R IR 4R B5K BOR HTKR

B s fIEiEH CHS X RizE
Fig. 5 Relative expression of CHS in safflower

during florescence

(Compositae) FHIRAEWFL (Carduoideae) K i i
(Cynareae). il ProtParam Fiiill CHS £ 143 1 5\
M Cre78H2603N4510493820,  AHXS 707 i A 37 700,

SEHLECY 6.10, DRI R B IR TR HE 4 (Asp+Glu)
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42, IEHAT ISR RIS (Arg+Lys) 4 38,
T 7 drp, AAefe B NIRRT, 1
UHEBH 2, KEZEH 3. 4 R¥EP. EEKIA
IINTEE R L AE CHS e 56 3 RERIE R,
eI = T AR LR R R I et T PCR 514)9F
G E T AHN) PCR ¢ #9451 & real-time PCR
ZAF, TOREASHN T 1149 bp MILLAE CHS LA, FEX}
ZIERPAT T W15 B0, Weide CHS JEFHE
BETE L2 EPERMIE . fEA A, Al LA I
SEAAEE I ITTT, FRHSE D R IE 5 2 o 1R K
RPE, A B0 A B S A AL TS B 22 (1)
(=9

B o T A IR R RS, 25 AR B T 4f
W KBy TP E SR, A RS SR
a1 T UK B 8RNI 9T . AR iX st
WEFEr, B A R IR 5 e A 55 9 1 B o3 T Ao
RV AW A A SEE R s BT ST . T IR
R RAR N SRR T SRS N, AR R R] v
BRBEARME, K2 ) D) R R ) e
e S I bR K A R IR R,
A ARG BSOS SAR I R T AL T2 A0 By
B, RS TR, 2 R 2k
B BOEAE BAH D) REFE TR R AT ST B85 T

filte I AW & BURAR BT, HESh 2 R R IR A
AR TREM A RS, Sem b 2P I 5T, D 251 1)
FHE T« VAR RN SR P SR LRSI, R

52 3Lk
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