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Cloning and Expression Analysis of Chalcone Isomerase Gene in Safflower
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Abstract: The reported chalcone isomerase genes were downloaded from database online, and the degenerate primers
were designed. The full length of safflower chalcone isomerase genes was cloned by RACE, named as CtCHII and Ct-
CHI2 ;and NCBI accession numbers were. MF996507 and:MF996508 , respectively. The sequence was analyzed by soft-
ware online and the evolutionary tree was constructed. by MEGA. Sequence analysis showed that CtCHII was 967 bp and
CiCHII2 was 997 bp,and belonged to chalcone isomerase family. The expression pattern of chalcone isomerase gene was
analyzed by quantitative RT-PCR. Expression analysis showed that CtCHII was mainly expressed in flower with highly
expression in the second-developmental stages of flower,not expressed in leaves,stems and roots , CtCHI2 was mainly ex-
pressed in stem. At the same time, it was found that MeJA could significantly promote the expression of CtCHII ,but had
no effect on the expression of CtCHI2. Two chalcone isomerase genes CtCHII and CtCHI2 were successfully cloned by
RACE, and itewas proposed that CtCHII was involved in the biosynthesis of flavonoids in safflower.
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1.2.1 RNA #2FF= cDNA &%,

W V% Ok 1Y L1 A6 MR A AT JS, A TRIzol
( Tiangen , Beijing , China ) #4724 , # FH TRIzol £4R
iR 7 & ( Tiandz, Beijing , China) 47 RNA #2H¢, Ak
STV WA S BT A5 . $R Y RNA i
VR FiL VK R A T S8 B RE AT, 38 3 NanoDrop™ 435656

J& it ND1000 ( Thermo Fisher Scientific, Victoria,
Australia) ¥4 & . A FR55) & RRO47A ( Takara,
Dalian, China ) £ PCR {¥ ( Bio-Rad,CA ,USA) | #F47
RNA (2% 5% . RNA $i ORI 2 e sk el 72 vh 9 #E A1
2B RNA BERIATEL
1.2.2 & REAFMBEEH S F7) 69 2%

fdft LT AL A HFROLIR ALY cDNA A2y 5 REAR
#, I\ NCBI( www. ncbi. nlm. nih. gov) 204 2 o T 2%
TS5 A CHRE A 2K B AL Tl B DA A R T L
K I B R A I A K i ) il R R E e R 4
TE YA R R S A I 2E A 0 4 b, Bt RS 14
(F: YYINYTNGGNGGNGCNGGNGT ;:R; ACYTTNG-
GNSWRTAYTGY ) #:47 PCR [ i, 58 B #% .0 J5 41
R FEF AN R :947°C 5 min, 94 /°C 30 5,42 °C 30 s,
72 °C 1 min,35 PE#,72 °C 7 min, 724 EA T
K/ DNA R B AT [Tt ) & 1 s R Be, e
B2 25K pMD19-T ( Takara, Dalian, China) , Pk H &
SERET IR ZERL I ( Tsingke , Beijing, China) ,
1.2.3 RACE ZARHK4A&K
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Mo S w0 B 1Y WG 4> 5 R 43 391 S il 44y CeCHI
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1.2.5 &% PCR %%

B 42 200 bp 247 PCR =¥ Y % & PCR
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PO RS0 FAVE NS 2 T il 1o Bt I 8 Jie e
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RT-PCR i& #| & ( Takara, Beijing, China) i# T RT-
PCR, & & =K, JF R 45 F 0 % & 96 35 55 1. Bio-
Rad CFX 96 SZ i} PCR 4 il & 4¢ ( Hercules, CA,
USA) TR 525 .

WMFE A F S Guo DD S5 k47 ™ #4016
M, BEREFFAE 3 RIYLLAE, 100 uM MeJA ( Sigma-
Aldrich) B RBEIAE AL T, 7E X BRZH oy, it ok
I MeJA VW, 2840 B3 A6 Bl 3% D Y 90 RHAS A0 ]
AR 4% A VERE WD 3R 04 30, D455 24 30 s i o
KFEFE BRI . Ay T Foe KR B sl /D el A AE )
Z 8] 22 S5 R R, 3G T AL AT 20 b, Ak 3
6 h 5, WU SRS, 23 S WSO S AEAT: it AT BT MR
HVR R, I AATE-80 “C RV TRAR . B TRETY RNA

1.2.6 gk as@ob FEHURTITA . s PCR JrES L L NE
x1 ZBRASIYER
Table 1  Information of primers
E 53] (Fforward ; R ; Reverse)
Name Sequeénces of primers
CiCHII & K55 19) F: AACTGTCACTCGCTGACCAC
Primers for the full-length of CtCHII R:ATTAATCCATAAGTCTCTTA
CiCHI2 R FiE51 4 F: AGTTANATTGGTCAACACCC
Primers for the full-length of CtCHI2 R:AAAGTTTAAACTCATTAGATA
Bl P AR5 14 F: YYTNYTNGGNGGNGCNGGNGT
Degenerate primers for the core sequence R:ACYTTNGGNSWRTAYTGY
CiCHII FE&5|Y) F.:AAAGCAACTGCAAATGTC
The RT-PCR primers for CtCHI1 R:CCTTAAATGGGCTTATTG
CtCHI2 g 5|%) F:AACAACGCCCGATGGATT
The RT-PCR primers for CtCHI2 R:TTCGCTTCAGGAGAAACACC
WS ELPH Ci60S CATCCATTATCCAACAATC
Reference gene Ct60S AAGAGTAATCAGTCTCCA
A A B

10 mm Absorbance

240" " 250 ~ 260 " 270 " 280 0200 300" 3t - 320 %0 340 ]

1 £17E RNA 25X
Fig. 1 RNA extraction of safflower
TE: A RNA HUUKIE L1 ~6 23 B3R MR ZE JFAERHY 1 JF LR
W12 R IFAERT] 3,M 22 000 bp DNA marker B. Nanodrop W[ ,6
FARI G AL HCFAR I 6 AMFEf RNA A g
Note: A. RNA electrophoresis figure,1-6 was leaf, root, stem , flowering
period 1, flowering period 2 and period 3, M was DNA maker with
2000bp  B. figure of Nanodrop,six different lines represent the RNA

detection extracted from 6 samples.
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2 ARBERMSUBERZOFIREKTE
Fig. 2 Cloning of CtCHI core sequence and full length
TE: AL 2046 CHI Bob P H sl 1R 2 FORSERERI A TAZ M R
713 2000bp DNA marker B. 5 ) P~ Z1 A6 A /R W S Ry B 1A, G

1 FoR CiCHIT 2 Fw CiICHI2

Note: A. cloning of CtCHI core sequence,land 2 were two repeated , M
was DNA marker with 2000bp B. cloning of two CtCHI, 1 was Ct-
CHII ,and 2 was CiCHI2.
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2.2 A%ERASWEBEERFISH

R IR AN A5 2K ] S5 44 i S5 PR CoeCHIT i Cr-
CHI2 JF3 8 45 % NCBIL, % 5 243 31l MF996507
1 MF996508 . o, CtCHII 4= 967 bp, CtCHI2 4>

1997 bp, FIHAW15E B 27 R ulh SR, %t se ke
A IR A L R Y 5T T (R 2) o SekEAR
Ti] 5 ) Tl 5 R s % 2 11 J5 0 = 43 il S 24 900. 51
Da F123 135.92 Da, 7EFE45 R 07 > A ZK R 5544
Ef#BE A Chalcone-flavanone isomerase 45 #41 , J& #¢
IR S AL S o

SR T R R P A KB A B T T A
Br(E 3), 455RFM,£04E CtCHI2¢ A ¥ CeCHI
3 SmCHI % 41 46 CiCHI1 5y — 2%, i 2748 Ci-
CHII [R]Z53% SmCHI1 SRR, M£L4L CtCHI2 [i]rh4g
# CcCHI 55 3% SmCHI K £14E CiCHIT S R4,
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Table 2 Sequence information of CtCHI

" are——. ST 1125 k)
Y Bl TR e BT g o PO Plam HRE
Full-length  Open reading frame . . . - . Grand average .
Gene name Amino acid ~ Molecular weight Iseelectric point .o Pfam annotation
(bp) (bp) of hydropathicity
CiCHII 967 699 232 24900. 51 5.71 0.030 Chalcone-flavanone isomerase
CitCHI2 997 654 217 23135.92 5.67 0.171 Chalcone-flavanone isomerase

EuCHI (065333.1)
StCHI (Q4AE11.1)

AtCHI (P41088.2)
RsCHI (022651.1)
CtCHI (A4F1Q8.1)

GhCHI (A2IBF8.1)

CsCHI (QIZWR1.1)

VvCHI (P51117.1)

AcCHI (Q6QHK0.1)
ZmCHI (Q08704.1)
IbCHI (Q85911.1)

IpCHI (022604.1)

GtCHI (Q565D8.1)

A CtCHI2 (MF996508)

CcCHI (Q42663,1)
SmCHI (Q8LKP9.1)
A CCHIT (MF996507)

B3 LTRSS AEE LS
Fig. 3-Phylogenetic analysis of CtCHI
E :Eu A4S, St N AR, AU N IIR ST, Rs 8 b, Gt 4D
18, Vv Joidg, Ac SR, b I, GO TR, Ce g,
Sm A HE
Note ; Eu was elm, St was strawberry, Rs was radish, Ct was safflower,
Vv was grape, Ac was leek,Ib was sweet potato, Gt was radix genti-

anae, Cc was Chinese Viola,Sm was Snow lotus
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Relative expression
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4 ARERMFEEEERESH
Fig. 4 Expression analysis of CtCHI

AR B e K B I CCHIT R CiCHI2 Rk ff oL, R R
AR, S FoRZE, L FR M, FL-F3 RELF =0 B, G-
CHII F1 CtCHI2 3% MeJA bFRFRIRNEDL, * " FmBEZER(0.1%
K)o

Note: A. expression of CtCHII and CtCHI2 in different tissues and
flowering development period, R was root,S was stem,L was leaf,F1-
F3 were 3 periods in flower development B. expression of CtCHII and
CiCHI2 disposed by MeJA,“ * * 7
(0.1% level).

represent significant difference
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