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PCRAS M 12 35 K 7E 48 WA [R) 20 L7 Hp (1) 2k 5 B A G B AL A AT 2 & i, 45 R W, 3k A8
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Abstract Chalcone synthase (CHS) is a pivot for the biosynthesis of flavonoid antimicrobial phytoalexins
and anthocyanin pigments in plants. To clone CHS gene from Conyza blinii Lévl. and analyze its expression in
different tissues during florescence, the full- length DNA cloned by RACE was 2 098 bp, including 2 introns
(486 and 415 bp); the coding region of cDNA consisted of 1 692 nucleotides, and predicted to code a protein
of 399 amino acids which included all the active sites of CHS, named CbCHS (GenBank accession No.
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KJ155749). Bioinformatic analysis result showed that CbCHS amino acid sequence had a high homology with
other opened CHS genes in plants (the highest value of 95%). The RT-PCR result showed that CbCHS was
highly expressed in stems (87.03%) and leaves (98.33%) , showed no significant difference between them (P>
0.05), while roots had the lowest expression (9.43%), and showed a significant difference with other tissues
(P<<0.05). The anthocyanin content was the highest in stems and leaves, and the lowest in roots, which
indicated that there was some relevance between the CbhCHS expression and anthocyanins accumulation. The
DNA and cDNA sequence of CbCHS gene were firstly obtained from Conyza blinii Lévl. with the research of
relationship between the anthocyanin content and gene espression in different tissues of Conyza blinii Lévl..
The results of this study provide some technology basis for the key enzyme expression and regulation

mechanism analysis in effective components biosynthesis pathway of Conyza blinii Lévl..
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U (756 75 5, 2007; FR 1N ¥ 25, 1998a; 13 UN
2, 1998h; 75 75 4%, 2001; it 5 %%, 2011;Yang et
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B IERR A  F VKA I RNA 5 TR-A7T-70 °C.
1.2.2 cDNAZE—HERIA L
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HR 4 PrimeScript® RT reagent Kit with gDNA Eraser
(Perfect Real Time) st 71 & Ui B 5 3047, 7= W IR A
1£-20 C.
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CHS3'-256 #1 5'¥i 5| #) CHS5'-94 2 CHS5'-201; 4R
PR3 12K cDNA P A1, #JE~ E 2 51 st Ji
W, 527t CHS £ (R ) 2 7€ & 51 %) CHSBf #il CHSBr
DL A S B 2 A 1 PN 2 2k R T et - 3- 1l 1 i &0
fi§ (glyceraldehyde- 3- phosphate dehydrogenase,
GAPDH)f € & 5| ¥(R 1), 4T RT-PCRY 1 .
1.2.4 CbCHS 4K HE R v b K 7 51 43t

10 Fr B A 38 DL (1) cDNA SR AR , 25 pLP-
CR X Bk % 7 b1 Ui 51 % (10 umol/L)CHSA #il
CHSB 7% 2 uL, dNTP(2.5 mol/L each) 3 pL, MgCl,
(25 mol/L)1.5 pL, 10xTaq Reaction Buffer % 2.5 uL,

®1 EEZEREEERT-PCRS|H#FF

R cDNA(30 ng/uL) 1 uL #1 Tag DNA % & (2.5
U/uL)0.5 pL, #h ddH,O % 25 uL. PCR 2 M 2 7
94 CHIAZYES min, 94 CAE 1430 s, 55 “CiE *k 30
S, 72 ‘CZEfH 1 min, 30 M ¥R, 72 CAE A 10 min.
% I SMARTer™ RACE cDNA Amplification Kit i
B 4533517 CHS 2 Rl i RACE 416 . 1.5 % Bt flg b
B L B UK SR )
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1.25 E&ERT-PCR
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uL = AR Premix Tag®Version2.0 7.5 ul, CHSBf #ll
CHSBr(10 umol/L)#% 0.5 ul, GAPDHS 1 GAPDHX
(514K £ 4419 10 pmol/L) % 0.5 L, 154 cDNA (30

Table 1 Primer sequence used in gene cloning and semi-quantitative RT-PCR
5149 FF51(5'~3) Hi&
Primer Sequence Purpose
CHSA ATGTACCAACAAGGGTGTTTTGCTGGG TRy X EiES 1

Upstream primer of conserved region
CHSB AACATGTCCAGTGCTTGTGT PR X RS

Downstream primer of conserved region
CHS3-10 CTTCGTCTAGCCAAAGACCTTGCCTTGCCGAGAAC IRACE SE—H#: 514

The first round primer of 3’ RACE
CHS3'-256 GCTATTGATGGACACTTGAGGGAAGTTGGGC 3'RACE 5 —#51%)

The second round primer of 3’ RACE
CHS5'-94 CGTGACCGCAGTAATCTCGGAGCAAACAAC 5'RACE 25 —#: 514

The first round primer of 5" RACE
CHS5'-201 CCGCTCAGTCGTCAAGTCAGGGTCAGAAC 5'RACE 58 4514

The second round primer of 5’ RACE
CHSBf CTGACCCTGACTTGACGACTGA ChCHS 25 i 51 )
CHSBr CGAACCCAAAGAGAACACCC Semi-quantitative primer of CboCHS
GAPDHS ACTACCAACTGCCTTGCTCC GAPDH 5 &5
GAPDHX GCTCTTCCACCTCTCCAGTC Semi-quantitative primer of GAPDH
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A7 2 2 PRI (BL(E X H) A 95%) . AW 7 A AR
PRUEL AT I, 35 28 2 AR o o v i 22
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Vg, SRR LB FRM L mLEEE O
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I B 1+ I 5 $ EURCCE 530 A1 657 nm Ab ()W 6 AE
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2.1 ERNARESH

FEHUH 25 76 RS RNA, HLUK 45 R,
28S 1 18S JE Bl AT 4, 5¢ BEVE 4T OB fR, P 45 o
FELL R BTG 201, AN H 6 BT Acsol Ao
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2.2 %% BEE CHS & & DNA 7 %1 cDNA ORF
FYIH =&

RT-PCR M4 e IH E b 473 H— 2% 29 500 bp 1)
Sy, 5T — 8, DL & B[RS0 e 45 AT
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P B — %00 B 24 1R 5505 TAAL3-TUR F Poly A
SER B R TR AR A i IR S - ATGL5'-
TUR B 5% /5451 0 34N v BOsAT & K Pf %, 315
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bp M 1 bp M 2
2000—
3500—
1000—
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A B

BEl1 CbCHSEE cDNA(A)FI DNAB) &K Tk
Figure 1 Amplification results of cDNA(A) and DNA(B)
sequences of ChCHS

1: ChCHS %[5l cDNA 4 K4 1 45 1t s 2: ChCHS £ [X] DNA 4
KA A5 R M: 7 bRt

1: cDNA ORF RT-PCR of CbCHS gene; 2: DNA sequence am-
plification of CbCHS gene; M: DNA marker

T1INHATG 2 TAAR5EHE ORF. X 4 JIH B gk
(K4 DNAREATH 1, 75 51— 26 K B4 2 098 bp [I1%
R 7 41 (K 1B), ¥ DNA F %1 2 32 http://genes.
mit. edu/GENSCAN.html [% 3 1E 4T P & 7 Fil , 5
ek BB IRZFH) 4K 2098 bp AT e & 2 NN &
T, 3MNE T 25T NCBI#E4T DNA %1 5 cDNA
F- 3] L %6} 3 #7 (http:/Awww.nebi.nim.nih.gov/IEB/Re-
search/Ostell/Spidey/), £ 5 55 DNA Tl 25 2 — £,
55 6310 1 R G IR B0 - PN 26 LA AN GRS 2 il 2 ]
P H 14~ 486 bp K/ 2 F(188~673 bp) , 55294
P H E RS T N 5 LRSS 2 i3t 2 A 5 1
AN 415 bp N (1 367~1 781 bp), & H R 7 5155
4 GT-AG BIIHINI(E 2)

2.3 ChCHS ERRAUEARBEIRES T

4> K cDNA £ Blast L %f 45 5 2 7~ , ChCHS %
5 NCBI 2 it (1) CHS 1 2 5] J7 41] 2 18] (http://
blast.ncbi.nlm.nih.gov/Blast.cgi) i [7 V5 P 45 &7, Herb
55 7] 4 %5 FBHE P 1) 2= 4 (Callistephus chinensis) 1]
CHS £ [X(267988.1) FH AL #5149 95 % 7EH1] H 1)
il 100 2% /3 %1 o, ChCHS JE A 15 & CHS A (1)
Al YR PE#E7E 75 % LA . ORF 4 Wi 1) & 3 R 7 41
(GenBank & 3 5 KJ155749) 5 15 Fh ki 4 2k Y5 1)
CHS 12 Fr Bl LU 45 R 8.7 , ChCHS E [A 5 22
24 1 [R5 7 41 (PA8385.2) A AH LA [R5t 2 A v
ILE|98 %. RGN R T4 R (K 3)FK M,
ChCHS & 1 i 5 % BHE P = % 41 K% (Gynura bi-
color). %j £ (Chrysanthemum x morifolium). 22 > 2§
(Rudbec kiahirta). %8 257 =% (Agerat ina adenophora)

IR P 2R G R AR R, 5 31 HEY) 0K (Zea
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1 [ATQGCTTCCTCAATCGATATTGCGGCTATCAGAGAAGCCCAGCGGGCACAAGGTCCAGCTACCATTCTCGCGATTGGCACTGCAACCCCG
1 M ASSI1T DI AAI REAQRAQGPATILAIGTATP
9 TCTAATTGTGTCTATCAAGCTGATTATCCTGATTACTATTTTCGCATCACTAAAAGCGAACACATGGTTGATCTCAAAGAAAAATTCAAG
31 S NCVYQADY®PDYYFRI1ITIKS SEHMMYVDTULIKEKFK
181 CGCATGTgtacgtatttaattactcttactatatacatatacatctttatttatgttttcacaatttggcataagtaaacctagtggtta

61 R M
agcatcatgttttgtcagaaaagatatcgggtttgaaacctctctaggtaaacattttaggtgtagccaacgtcggaaagggtcacgagaatacctgtttagaccacacagatct
gaataaaaagactcgacatctccaaataacctgaacaaggaaaaccacattcatttacccgtttaatttggcatacgtgtgacattaaatgcaagacgttcactatgttcataat
cataattgtaattgctcaaagttttatacagaaactatttagttagcattgatcatcattgaaaatattttagaactcaataaacaatttgtttgtactttatattagtgggtgc
atgaagttatcaataatactaatagggtcttgtattgttacatgcatgaaatatgcag

674 GCGACAAATCTATGATAAGAAAGCGATACATGCACCTCACAGAAGAATATCTAAAAGAGAACCCCAACCTTTGCGAGTACATG
63 CcC bk sSMIRKRYMHLTETEYULI KENPNLTCEYM
764 GCTCCATCACTCGATGCACGTCAAGATGTCGTGGTCGTGGAAGTCCCCAAGCTCGGCAAAGAAGCCGCAACCAAAGCCATTAAAGAACGG
91 AAPSLDARQDVVVVEVZPKLG GKEAATI KA AI KTER
865 GGCCAACCCAAATCGAAGATCACCCATCTCATCTTCTGCACTACATCCGGGGTCGACATGCCTGGTGCTGATTACCAGCTCACCAAGCTT
1212 6 Q P K S K1 THLI FCTTSGVDMPGADYUQLTKL
944 CTCGGCCTTCGCCCATCTGTCAAACGCTTCATGATGTACCAACAAGGGTGTTTTGCTGGGGGTACGGTTCTTCGTCTAGCCAAAGACCTT
151 L G LRPSVKRFMMYQQGCFAGSGTVLRILAIKTIDIL
1034 GCCGAGAACAACAAGGGTGCTCGTGTTCTTGTTGTTTGCTCCGAGATTACTGCGGTCACGTTTCGTGGCCCTAATGATACTCATCTTGAC
181 A ENNKGARVLVVCSEITAVYTZFRSGPNDTHTLD
1124 TCACTTGTGGGTCAAGCTTTGTTTGGGGATGGGGCCGCTGCAGTCATCGTAGGTTCTGACCCTGACTTGACGACTGAGCGGCCCTTGTTT
211 S LV GQALFGDGAAAVIVGSDPDLTTERTPTLF
1214 GAGATGATCTCTGCAGCTCAAACGATCTTGCCCGATTCCGAGGGAGCTATTGATGGACACTTGAGGGAAGTTGGGCTTACATTTCATCTC
241 EM I S AAQTI1 LPDSEGAIDGHLREVGLTFHIL
1304 CTTAAAGATGTCCCTGGGTTGATCTCAAAGAATATAGAGAAGGCATTGGTACAAGCCTTTTCTCCATTAGgtattgaaaatcgcaaatcatcecat
gcactatgattt

2717 L KDV P GLI1IT SKNIEKALVQATFS®PL
cttttagttaatgacacacaacaaaatattactgaatcttgattttattgacactttctaaaatacatggacaaaatacatgtatttttatctttttagtgttaccttttaaaa
aagtttgtaaagaaatataaaaatttgcttttgtcttacaaataaacattattgataaaaaaaaaaggcaaagtaggtaaacttacctttatcattaatcttatgtacatgtat
aaagtaacacttctatgacttttataagtacttatatattcctaaacatttattaaatgacaattttttttgcatagtgatgagagatagttactgttagttt

1734 tectatgataattagtagtaatcactctctctctatatatatttcagGTATAACTGACTGGAACTCG
294 G I T DWN S
1801 ATCTTTTGGATCGCGCATCCAGGAGGTCCAGCGATACTGGACCAGGTGGAGCTCAAGCTCGGTCTCAAGGAAGAGAAAATGAGAGCCACA
301 1 F W I AHPGGPAIULDZ GQVETLJZKTLGLI KETEIKMRAT
1891 CGACATGTGCTTGGTGAGTATGGGAACATGTCCAGTGCTTGTGTGTTGTTCATCATTGATGAGATGAGGAGGAAGTCGGCCGAGGATGGC
3331 R HVL G6GEYGNMSSACVLZFI I DEMRR RIKSAETDGEG
1981 GCTGCGACCACCGGTGAAGGTTTAGATTGGGGTGTTCTCTTTGGGTTCGGTCCTGGTTTGACAGTGGAGACAGTGGTTCTTCATAGCCTC
3661 AATTGEGLDWSGVLUFGFGPGGLTVETVVLHTSL
1171 CCAACCACGATGGCGATTGCCACALAA

39, P T T M A I AT *

B2 CbCHSEEDNAREHESHEERFT

Figure 2 CbhCHS DNA and its deduced amino acid sequences

AT AR D (ATG) A I B (TAA) . /NS FREFT R RIZE: &+

Black box: The start codon(ATG) and the stop codon(TAA) . Lowercase and underline: The intron sequence

B3 CHSEBFRMOSFHULDH

Figure 3 Molecular evolution analysis of CHS
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El4 CbCHS REBRFF 5 R FFHE MR F R

Figure 4 Characteristic conserved domain of amino acid sequence of CbCHS
TS 2748 H ChCHS B (A AR S7 25 435, B 4- 75 7 I-CoA 25 A mi P 45 A A i TH - IE-CoA & & o s FH TIT Y 2R

Al 45 5 1oL

The triangles indicate the conserved domains of CbCHS, including 4-coumaryl- CoA active site, product binding site, malonyl-

CoA binding site and dimer interface

El5 CbCHS ZEB LM
Figure 5 CbCHS prediction of secondary structure
WAt o-IRE s GR (: B-T A5 4060 ARG s 58 6 N ROU) 25 it

Blue bars : a-helix; Green bars: B-turn; Red bars: Extended strand; Purple bars: Random coil

mays) -k # (Hordeum vulgare) 2% [F1J5 FF 511555 4 5% &
izt o

GenBank T B il %l /< , ChCHS ik K 4 i 25
J53 5 TR R 5T 4 ) 1y e R e v At A Al )
CHS i [K] 20 i 25 11 )57 2 A7 AHABLFR) 285 4 Ty gk,
371~381 (GVLFGFGPGL) % % % 7% & b >y 25 7R i
i 1) 50 1 R AE M 2 JIK P 41 (Kim et al., 2002;
Lanz et al., 1991). CbhCHS %[N &4 — A4 & Bt
K i 45 ¥4 35k (cond_enzymes superfamily), 1% 5% % 1
AR M AAUE, 2 5 15 1788 1 & BOr
fift, B A0 0 26 7= (Jez, 2000), 53 BT 45 F 2w,
T fr) COCHS & 14 )5 N 355 A1 C i 35 & A5 — AN SR
A R W -5 T8 5 0 B LA P A I8 I 1 R B- T 5 il
)45 5 [X 32k (Chal_sti_synt), i3 — 2 iF B CbCHS &
DAL T 25 /K i Bl KT () 4)

24 CbhCHSEEMEBLEHDH

R AE £ T E: Protparam % 35 [R 4 A% 25 1 )57 1)
AL Ji R AT T, HEW % AR B TR
CiosoHs00:Ns2: 05748, AH XS 73 7~ Jii £y 43 451.1 D, 4%
i AU pl 24 6.03, i IE FE A% 2 (Arg+Lys) v 43, B FEL %
JHE(Asp+Glu) N 48, ZE AW ENT %8 91.93, 5
IKPE R HN-0.048, AN E R HN 36.80, HAEEE B
(Pichia pastoris) A1k Jiz 1 B 44 A 2= 32 111 53 Sl ik

20110 h, R\ H NFRE B E . H SOPMA Tl il
ChCHS & [ it 2454, 45 B 5 (1 5), H DL~
JiE 5 T FUU 2 i A 3, P o8 41.21%, B-1%
174 6.53 %, JCHLII A i 4 35.68 %, ¥ 16.58 %
MRBIEIR S 5T I ME . 6 75 28 3 14 SignalP
4.1 %F ChCHS & H AT (5 5 A, 25 B om N iy
(1) CAESHEA Y B 1 TH 45 R 350 F 0.5, Bosit
EHELAE S K. WOLFPSORT i il % B , ChCHS
B 7] (€ 52 07 7E 41 B )i (cytoplasm: 10.0,chloro-

E6 CbCHS EBW=REHETNEE
Figure 6 The deduced three- dimensional structure mo-
dle of CbCHS by Swiss-model
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plastP: 7.0, mitochondrial: 1.0). 1 SWISS-MOD-
ELS £ 2k Fil )l CoCHS & 1 i = 45 44, K FH B 3
#1525 (automated mode), F T 2 #5121 5 2
55 7~390 07, LSS AL 1 1 A3 /K W & Bk K] (LegzA) 1E
SRR AL 22 [ YRS B (1 6), S5 73 W R N 1704,
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1 2 3 4
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Figure 7 Semi- quantitative PCR of ChCHS in different
tissues

1:46:2: 13 3: 2 4: 1. AZEE]: GAPDH; n=3; [ [d]

1: Flowers; 2: Leaves; 3: Stems; 4: Roots. Reference gene:
GAPDH:; n=3; The same below
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- CbCHS =

208 HE S
I8 > Anthyocyanin oo 41 S
2 806 Z e
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Figure 8 The relationship between expression amount of
CbCHS and anthyocyanin content in different tissues

*: [A i o ChCHS 23k B bL 22 57t i 2% (P<0.05);

*: Significantly different(P<0.05) vs in root of ChCHS expres-
sion
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