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Abstract: Full-length sequence of ¢cDNA of chalcone isomerase gene ( CHI) was cloned from flower of
Syringa oblata Lindl. by RACE technology, which was named as SoCHI, its encoding protein was SoCHI
protein. The sequence analysis result shows that the length of open reading frame ( ORF) of SoCHI gene
is 684 bp, which encodes 227 amino acid residues, and this gene is formed with entirely exons and
without intron. The theoretical relative molecular mass of SoCHI protein is 24 988, its theoretical
isoelectric point is pl 5. 53, instability coefficient is 47. 58, and average hydrophilic index is —0. 096,
which contains two hydrogen bond binding sites, two active catalytic sites, and seven substrate binding
sites. In secondary structure of this protein, «-helix, extended strand, and random coil account for
31.7%, 20.3%, and 48.0% of total number of amino acid residues of this protein, respectively. The
homology comparison result shows that there is a high homology of CHI protein in S. oblata with that in
other nine species ( more than 76%), and a much higher homology with that in the same family
(Oleaceae) species Osmanthus fragrans Lour. and Olea europaea Linn. (up to 88% ). The result of real-
time fluorescence quantitative PCR amplification indicates that the relative expression level of SoCHI gene
is the highest in tender leaf of S. oblata, and the second in mature leaf. The relative expression level of
this gene increases firstly and then decreases during flower development process of S. oblata, and reaches
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the highest at budding stage. It is suggested that the amino acid sequence encoded by SoCHI gene is
relatively conserved, and there is a close relationship between its expression and flower coloration of S.

oblata.

Key words: Syringa oblata Lindl.; chalcone isomerase gene; gene cloning; sequence analysis;

homology analysis; expression characteristics
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P AR T AR B HR Y 2 RNA R 17 S i 5k, 3045
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nchi.nlm.nih. gov/Blast.cgi) , ¥ Zheng AL R 3R A
FIE T CHI 2 M P 515 NCBI B4 4 v HoAth Al 9
) CHI R P B T FU Xt 8 58 CHI 3 I R5F X
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HRAE 1% FE R PR <7 X7 81 15 31 519 SoCHIL - 1F Al
SoCHI-1R (5|¥1)¥51 45351k 5'~-TTGGAACCTACAC
CGATGCT-3'F1 5" —~AACACCGTGCTTGCCAATTA -
3"), LA cDNA 5§ 1 ZBE MR AT 1S ) N, 3RS 4%
TF CHI 3 ¢DNA 73R (] i B ; %31 3'RACE
51#1 SoCHI-2F F1 SoCHI-3F ( 51 ¥ 55143 5 Ky 5" -
CCAGAATCCGGGAATGCAGTTATATAG-3' il 5’ -
CGGAAGCAGTGCTGCAGTCTATAATTGGC-3"), LA
cDNA 55 1 588 AR, [ 3'RACE 58 & i 174"
RN, ARAFE T A CHI JE R cDNA J7 914 3" % A
Bt ;%11 S'RACE 5% SoCHI-2R F1 SoCHI-3R (514
443 5 R 5" - GGAAAGTTTCGTTCTTGAAGACC -
3" fl 5" = CTCCAAGAACTTTTCAATTGCTTTAGAC —
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5143 5 K 5" = ATGTCTTTGTCGCCGACCGT - 3’ FlI
5'-TCAATTTGGCACGGTGGCCT-3") , 43 %L ¢cDNA
51 SREEFLE DNA g BONREATY 1S Iy, 9 R &
BAFR 20. 0 L, 4% cDNA 25 1 2545505 DNA 1.0
pL, BV AT 51945 0.4 pl, 2xEasyTag®
PCR SuperMix 10.0 L, ddH,0 8.2 pL, " 14 F
:94 CHAEYE 3 min; 94 °C 78 PE 30 .55 C Bk
30 5,72 °C ZEAH 2 min, & 30 AMEI S ;72 C ZEAif
10 min, 3" ¥E =) 2 KRN 2 e i | 3 ek A e
ARG AT BRRIAGHIN BE 4 5 e J 2R 4 5 D0
1.2.2 BT 4 CHI AR B3 54 B B 7% & R AF
o4 ffi ] DNAMAN 7.0 K F G458 T & CHI 2
cDNA J351) i FF Jl e {2 , T30 92 35 PR 25 ) 2 14 J5 1Y)
R IEMR 7 55 ffi il NCBI (http: / www. ncbi. nlm. nih.
gov/ ) W HR Y BLASTp SR A %o 122 56 D] 44 5 2 11 Joi f)
QIR T VI TR SF I , -5 NCBI 3%} UniProt
B PR v HAAE YY) CHI 2 11 Y 2 B8 Y 90 61 7 [m) I
P Xt ; 8 F ExPASy (http: / www. expasy.org/ ) W 3
) Compute PL/MW tool T . %12 % K 4 i 25 11 o
R BV AT 20 5 a0 B S A5 H 5 AT 0T 5 [T

{#iF§ GOR4 F11 Swiss—Model 244435 %12 35 K 4w i 2
F 5 ) 0 = G AR A 7 T 234

1.2.3 RTH CHI AR F R4 ob SHGIE
A 1978 LA SoActin7 “HINZ L | % FH 2 I 2%
JEE i PCR FAR X 58 T 5 OB gt | st | 46
HRUA B AL ) AETE 1A WIAE ] e AR e 1
CHI FE K A6 ek s EA TR, B SRR R 1 A
R 3 AEL, #HNTOLEE PCR Y514
4 SoCHI-5F A1 SoCHI-5R (51475150514 5'-CA
CCGTGCTTGCCAATTATAGA-3' il 5'-GAATCCGG
GAATGCAGTTATAGA-3"), NS 3L H P #5|¥ K
SoActin—7F il SoActin—-7R  (BI4¥F543 50 5'-TG
GAATGTGCTGAGAGATGC-3" 1 5'-TGCTGACCGT
ATGAGCAAAG-3") , ffif] Bio-Rad iQ™ 5 Z&)tE &
PCR (35 Bio—Rad A wl) #7934 = W, P34 {4
Z AT 25.0 uL, L4 cDNA #it 1.0 uL, EiFE5]
YR TIE51945 1.0 ul, SYBR® Premix Ex Tag™ Il
(Tl RNaseH Plus)12.5 uL,ddH,0 9.5 pL, #R#E
MO T CHI SERAE AR 2% B FIAE 3 A0 4
Tk,

2 HERAH

2.1 2T% CHI [ cDNA #1 gDNA 2K F 7
ST

PR T LI T 4 cDNA 565 1 45850
BRGS0 % T % CHI 3215 cDNA J¥51) 1) v ]
B E N 247 bp (& 1-A) i3t 5 NCBI Bz iy
BT O % B I B S 2 R Y CHI
SE TR Gt BT 19 28 11 5 A9 ) P 3k 909% LA b 5 AR 45 7] 5
Fi5E R BEF 8143 51331 3’ RACE Hil 5'RACE 455 5]
YA T3, S BN SRAF T A CHI ZEH cDNA 741 (1)
33 B ( 1-B) #1050 v BL (1 1-C) SR A BE 4y
M2k 270 F1 460 bp ¥ 13k 3 4 F BOW I Ja 34 59F
B RIS T & CHI ZEN ) cDNA K75, v N
SoCHI,, 4 SoCHI M 33 v Be AN 5" it J Bt ) P
FNIEITH1, 53 WILAEE T 7 cDNA 55 1 458 FLEL DNA
R, PRS- Z R cDNA (JF] 1-D) #l gDNA (&
1-E) &K PG, 2 Xt SoCHI 3£ H 1) ¢DNA FF 5
SPHZIEH R cDNA 31 —20, OF H IZFE R TN
R EAN T )

Oy Mras T (P 2) 2B SoCHI FE R JT ik 1) 52 e
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M: DNA marker; A: /8] H Bt Intermediate fragment; B: 3'%i /Bt 3’ terminal fragment; C: 5% H Bt 5’ terminal fragment; D; ¢cDNA 4K J¥51 Full-

length sequence of ¢cDNA; E: ¢DNA 24 JF51 Full-length sequence of gDNA.

1 #%£T%F SoCHI ERRH LR
Fig. 1 Amplification result of SoCHI gene in Syringa oblata Lindl.
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ATGTCTTTGTCGCCGACCGTGACGCAGCTCCAAGTCGGTTCCTACTTGTTTCCGGCGGTGGTGCAGCCTCCAGGCTCCACCAATTCCTTA
TQLQVGSYLFPAVY
91 TTCCTCGGAGGCGCAGGTCCGAGGGGTTTGCAGATCGACGGCAAGTTCATCAAGTTCACGGCGATCGGGGTGTACTTGGAAGATAACGCC

FLGGAGPRGLO QTIDGEKTPEFTIEKEFEFI[AIGVYVYLETDNA
181 GTTCCGTCGCTCGCATTTAAGTGGAAAGGGAAGAGCGCAGAGGAGTTGGCGGATTCCGTCGAGTTCTTCAACGACATCGTTACAGGTCCC
EFFNDIVTGHFP

M SLSPTUV VQPPGSTNSTL

VPSLAFKWEKGI KT SAEETLADS SV
271 TTCAAAAAATTCACACGAGTGACAATGATTTTGCCGTTAACGGGTCCACAATACTCAGAGAAGGTAGCCGAGAACTGCGTTGCTCATTGG
FKKFTR\"T,\!ILPLTGPQSEﬁiAEiCVAHW
361 AAAGCAATTGGAACCTACACCGATGCTGAGTCTAAAGCAATTGAAAAGTTCTTGGAGGTCTTCAAGAACGAAACTTTCCCACCCGGTTCC
K AIGTYTDAES STZ KA ATITETZ KT FLEV

451 TCCATTCTTTTCACTCAATCACCGCTTGGATCATTGACGATCAGTTTCTCAAAAGGTGATTCCGATTCCTTCCCAGAATCCGGGAATGCA

FKNETTFPPGS

SILFTQSPLGSLTIS SPFSI KGDS SDS SV FPESGEGNA
541 GTTATAGAGAACAAACAACTATCGGAAGCAGTGCTGCAGTCTATAATTGGCAAGCACGGTGTTTCCCCTGAAGCTAAACAGAGTTTAGCT

\"IENKQLSEAVLQ%IIGKHGVSPEAKQSLA
631 GCAAGACTATCGGAGTTCTTCAAAGAATCCGAGAAGGCCACCGTGCCAAATTGA

ARLSETFFKESETZ KA ATVPN=*®

: JKME AL

oondon

5, Substrate binding site; [ 5454 i 25 Hydrogen bond binding site; A : {EPEMEILALLL Active catalytic site; * ; Z L% THF Stop

B2 %T%F SoCHI E£EH) cDNA FHl R EEBHSERF

Fig. 2 c¢DNA sequence of SoCHI gene in Syringa oblata Lindl. and its amino acid sequence encoded

(ORF) £ 4 684 bp, 4y 227 A& FEFR K I, Fnfi
(14 F 5 SoCHI 25 H

2.2 SoCHI EB4HEAH

2.2.1 EACHTE o4 s R FE W SoCHI &
FYERE AN 407 i 24 988, HiE 2 L 5 pl 5. 53; H:
RPN 21 A7 IE AT R LR R L (F R
1% ( Arg) FfSi 22002 (Lys) ) H1 24 A4 £ o7 (1) 22 L

FRIE [ RAER (Asp) MR ER (Glu) ), HH. , 2 AR
(Ser) Lys, H & R (Gly) . N &M (Ala) F15E 2 2
(Leu) ¥ 5 #H ; SoCHI 2 I ANERE REUH 47. 58,
UEITZER H B T AR 8 HOP B 2K AR Bk
—0. 096, BLHIZE H B R K MR

2.2.2 RABFI R RSV K SoCHI B H A
FMRF 55 NCBI M3 UniProt 3 12 Ho Al FE 4
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CHI & 1 1 28 5 1 77 51 E 47 LR, B AE ( Osmanthus
fragrans Lour.) | ] m%‘ﬁ( Olea europaea Linn.) | B
#2 ( Lycium ruthenicum Murr.) | 4 £ 2% ( Camellia
nitidissima Chi) \2.2&( Lonicera japonica Thunb.) 4 ff1
¥ P (Scutellaria baicalensis Georgi) \~j 2 ( Paeonia
lactiflora Pall.) FA1 1 ( Punica granatum Linn.)9 FifE
Y55 T 7 CHI 2 H 2 57 5 A R R
PEPELERTEE SR (18 3) 3R 5 T & 5 IRl BHE Y B 48
(B 5 ALL27265.1) Fl il B (% 5% 5k
AHI86005. 1) CHI £ 1 Y [f R P i 55, 88% 5 o 5
PBUMIARD (B SR AHHB6092. 1) | & EAS (B sk
4 ADZ28513. 1) B A (%35 N AGEL0599. 1) 4
L5 (&S5 BA032070.1) B A (B x5 K
AMWO91737. 1) Aj 25 (B 5% 5~ AEK32592. 1) Al
{8 (85 AHZ97871. 1) CHI 2K H 1Y ) Y P L 452
5, BITE 76% LA |

So

88%

o |795% 79%
70
Oe

Lr

Cn
s 85%
Pl |7 80%

Pg
Am 78%

76%

Sh
Lj

So: ¥ THF Syringa oblata Lindl.; Of; ¥E{E Osmanthus fragrans Lour.;
Oe: MM Olea europaea Linn.; Lr: 22 5y i Lycium ruthenicum
Murr.; Cn: £4E2% Camellia nitidissima Chi; Pl. AjZ Paeonia lactiflora
Pall.; Pg: 88 Punica granatum Linn.; Am; 405 Antirrhinum majus
Linn.; Sb: ¥4 Scutellaria baicalensis Georgi; Lj: 2.4 Lonicera japonica

Thunb.

B3 £TERHEMI FMEY CHI ZEASEEKF 58I R IFE %L
Fig. 3 Homology comparison on amino acid sequences of CHI
protein in Syringa oblata Lindl. and other nine species

2.2.3 ZMBIARALESH K SoCHI B H 245
AR T 43 A 45 SR 6 W 76 SoCHI 2 H Y 451
W, - BEE | ST fHBE TG R s R A S 72 .46 Al
109 N FEFR TR I, 25 7 2 LR 5k FE S 89 31. 7% |
20. 3% 11 48. 0%, Xt SoCHI & [ f) = 25 by iE 47
BE(E 4) iz 8 i = B QMEAN 15534
0.78, HiZ 5 M i = 204546 5 3L 55 97 ( Arabidopsis
thaliana (Linn.) Heynh. ) AtCHI 85 FH — 2% 45 ¥4 19 A
RIEN 67.3%.,

A

Extended strand

- C—fﬁ
TR C-terminal
Random coil
N
N-terminal

B4 #£TH SoCHIZEAMN=REN
Fig. 4 Tertiary structure of SOCHI protein in Syringa oblata Lindl.

X} SoCHI 2 F DI REN s i o BTt S (1 2) =8
RS 2 DRSPS S A 07 05 2 A s M
AL 5 T AR AL, S AL LT
55 50 LK IR ZBR (Thr) FIE 108 7 (1) 1% & B2 ( Tyr)
A 6 PEAE AR A7 A5 4 A T 5 115 40 Y K 4C Bt ik
(Asn) F%5 208 {57 1 Ser &b, P45 A 1543 il F
5 38 A Arg 4k 55 39 {14 Gly &b 55 40 i ) Leu
Ib 5 49 LAY TN &R (Phe) A0 55 52 7 9 3R &
R (Tle) Ab 55 111 f0 1Y Lys &b RIS 112 47 1 45 2 R
(Val) &b, 3 86 A0 g ¥ ey B AR <7 HoAR X7 8 R 47

AAE

2.3 SoCHI ERAHEETEADREMEHNRIZ
S

2.3.1 ERRBBEWMFEFEIN IRLSER(E

5) W] SoCHI FEPILE ST A (948 I s | ik

121

= 10F

£ 08}
£ 06
E 0.4]
< 0af
F L ML TS R

e Organ

ATk
Relative expression level

F: 4t Flower; TL; M Tender leaf; ML h{ZAM Mature leaf; TS: §i

2£ Tender stem; R #2 Root.

E5 ZTEARRER SoCHI EEMEXRIZE
Fig. 5 Relative expression level of SoCHI gene in differennt organs
of Syringa oblata Lindl.
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RERIMR 2 33k | (H AR 3k A7 78 I W 25 5%
FEI R AE IO B AR R T TR 2 FEAE R A
5, TECE R 3D FEAR PR AIG

2.3.2 EXRRIGFAFES PR ER (A
6) R . SoCHI FER1E 58 T F AL 28 W1 L7511 w4k
W AT RUR A 357G 35, (0 H AR XT38 B A7 7
Wi 25 5 R AEAETE Wl i, AEAE ZF IR, 74
TESH U AC ARG, FE AR AEIH AR

—

jI-iL
FB B EF FF LF

TEHA Flowering stage

o < S =
(SRS o o

AN ik
Relative expression level
=)
=N

I
=)

FB: 162E W] Flower bud stage; B: 635 W] Budding stage; EF. #J{E4]
Early flowering stage; FF: B&AEH] Full flowering stage; LF: KW Late

flowering stage.

6 FEEHETEILS SoCHI EFRMEXRIZE
Fig. 6 Relative expression level of SoCHI gene in flower of Syringa
oblata Lindl. at different flowering stages

3 b frg i

TSP E I X WL S R — R
S [ N B ARAAE SR A A RAE R, B
ZHTREMEEA, ARBFFE R IIRAT T A A R B 5
FaTi ( CHI ) 5 2 1 [R] U5 35 X, 1y 44 4 SoCHI, i3 [Hl
FYTT T8 B BEHE ( ORF) A< 22K 684 bp, 4l 227 /24 Bk
PRERFE , 4 i (1 £ B A SoCHI 85 H , AHICHFFR 45 5
W CHI FE R N 22 36 N 0, H 3 R A 45 4 78 S 4
K, WAL OeCHI 3EH J2 Lotus japonicus ( Regel )
K. Larsen f) LiCHII F IjCHI3 3R ¥4 5 4 N
TH 3 ANE T KF (Hordeum vulgare Linn.)
() HoCHI 315 3 AR/ 2 A&7 2
ZLJ& ( Brassica Linn.) fA¥ /) BrCHI -2  BoCHI -2
BnCHI-2 SR8 6 NAMNE 7R 5 A& T,
5 Y CHI FEFURRI S , 28 T 7 SoCHI H K
HEFo

B AT 4 T 5 S 2 B . I 3 i
SoCHI & 1 1) — 9 45 ¥4 v B o Lb 81l 35 K (48.0%)

a-SRHERZ (31.7%) , SEAFEE R /N (20.3%) . 351,
SoCHI 5 1 Y 2 HE IR T 51 A DT i U 4 G 0 A
TRV AL SRR 45 G O 0, S IO A A8 2% 55
FA) CHI 25 1 5 R AR B2 J 45 IR i 45 it R
K, [RIJEPE X 45 R 3R B 52T 38 SoCHI 25 11 5%
Bl ( Rosaceae ) | I 25 B} ( Theaceae ) . 2. 2 B}
( Caprifoliaceae ) . i Bl ( Solanaceae ). J§ 1 Fl
( Lamiaceae ) X A5 245%} ( Paeoniaceae ) f4%) CHI & 4 1)
FIEIR 79 [ Y5 s AR T [ A 0 et AR R AR 1Y
CHI &1, 3B CHI W BRI R R
FHXFLRAT

AWFFEH, SoCHI B TE 58T 7 il vh By AR XS 3R
Ik, FUCO B X AT AR ST A T A R
BRI R IR BB R, AR IT 45 R
FW] - A IR A S A8 B4 TA P N B E AL 5 0
AR B Xk SR 2 A S W SRR A A MR S
HABFEAMER, I H., CHI JE N 32 275 i sh B HE
RS E TR RIA

JEIDLICAE (A T 25 R R W . CHI ZE R TEAE W)
FEE AR E AR, HAY RO RS B
RN RBET ST, R T HELFIRT,
SoCHI FEN (A Xt ik 12t 12 Jo Th g B IR 22 AL
P AL LT IR 0l 2 AL TR W bR, X — W 4 2R
58T FACTE AT B0k T AR I AR B I A6
B E R MY G, 58, CHI JEHTE 4 48
By SIPA N (Athurium andraeanum Lind.) 1270 Sk )
FER B PR W AFAE ALY R, RIS R AT
FELEAAEDN CHI H:PH 123K A A [ AE Y A6 % & Hif
B R ThE A B TR RN B AR IR,

L5 L ik | SoCHI B TE N & ¥, Al A 2 1
F B ; SoCHI 4 1B T A Fe e & H K R i, =
RILRR I AIXT AR ST ; I H, SoCHI FE R il Fe ik 5 48
THEEEOLREY,
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