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Abstract: Objective To clone the encoding gene of chalcone synthase that the first—step key enzyme regulating the
flavones biosynthesis from endangered herbaeeousM, ag analyze its sequence feature and function of
coding protein. Methods Based on the CHS sequence fragment ac ulred from previous transcriptome sequencing, the
full-length ¢cDNA and coding region of CHS was cloned from N. fordii leaves using reverse transcriptional PCR and
rapid amplification of ¢cDNA ends technologies, and then the polygenetic alignment and function analysis of the
encoding protein were performed by bioinformatics approaches. Results The length of CHS gene cloned from%l%
was 1173 bp, which encoded 391 amino acids. Sequence analysis and prediction revealed that NfCHS protein with a
molecular weight of 96.9 kDa was acidic and hydrophilic, with none signal peptide, transit peptide and

transmembrane region, which demonstrated the protein probably located in cytoplasm. NfCHS protein contained a
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chalcone synthase conserved function domain and was cataloged into chalcone synthase superfamily , shared an
identity of 87% with the CHSs from Orchidaceae species such as Oncidium. Conclusion A CHS encoding gene was
successfully cloned from which provided firm foundation for its functional identification of flavones

biosynthesis regulation in the plant. >’$;r {4:'

Keywords: Chalcone synthase;(Nervilia fordits cloning; sequence analysis
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FERER TR Z—, RETERF=
& EIB3E 2L Nervilia fordii( Hance) Schltr. R a1
M, LA, AR R . B LR . R
R . BRI TR, XA L. XS
g LR /N LIRS A B 3 A e PR
FrR, T A SRR KRN NS BRTE,
HREGMRRC LW K4, FAE 20 ZEFHE
W A WEYFY, BRI, EERIER
SR KRR EEY R Z — . AR
B2 A A G A S R S TR Y 3k, g 2R K
A RURA TR R AR R TR R 7 T K 2 A P A
B, RN K5 YT IR BT R T
BRZ—, |

WY E I S A A RER T A WY,
RIGEY N | 4 FHF S BERGEA 3 701 8N 8
WG, 7F 7 /R B & B (chalcone synthase, CHS)
9 V6 Rl R /B 2 R B, B AR RO A RS
(chalcone}{"somerase, CHD) & B el , B J5 Bk B
M B A R P A A R . BT . 4B TS
Za AR EFRMA Y. B, CHS BN
W) H A A SR R — 5 B BR E A . CHS
Sk KRR T EA UMY RERE L EY
MAREME, A5 MEMYENE. e 3
H A K 2B 0 B A 330 4 AR T A Al R T AR
X0, ERT, CHS ZEEE ML, AR™, R
FAl P 025 22 Fh 2 FIALA P el A

A BF 5 L 1 306 5 s R A T 4 X R D (reverse
transcription— polymerase chain reaction, RT- PCR) i
¢DNA # ¥ P 3 3§ 38 (rapid amplification of ¢DNA
ends, RACE)$AR M K0} FLlE CHS 2,
f %k NfCHS, i3t 4 Wi B2 40 H7 3 N B 3L S
F 2 9 1O R SR IE AN T BE , LA N 5 SR IR 2
VT KRR AR, BRI
B A a0 K SRR B DTSR E A

1 w55
11 RRRE RS POHIE A A X R T T

o BB R S M v B 2 R e g TR 2 B TR
TSI R R, 40T R R 2R T 2 IR AE
FE = W RO R E N R 2 R BR T
2% Nervilia fordii(Hance) Schltr.,

1.2 ik # RNAiso Plus #1 %) & RNA 2 BU 5 |
PrimeScript® RT reagent Kit with gDNA Eraser (Prefect
Real Time) . SMARTer® RACE 5°/3’Kit, PCR il .
DNA markers, FIEFEEVAMRAF; GZgene GEL/
PCR Extraction Kit, %[ Biomiga 24 F]; pGEM-T 3¢
ARk, EEIEERAEMARA .

2 Fik

2.1 RNA {254 cDNA &k #I RNAiso Plus $2H
TR IEYI A S RNA, KA PrimeScript® RT reagent
Kit with gDNA Eraser(Prefect Real Time) £ H T4
W% 0 B B A4S X 1 cDNA, SR H SMARTer®
RACE 5°/3’Kit 4 F RACE ¥ # [ cDNA,

22 S1Mikil FERTEIDIAE O, VEE N KRR
S LHLI R b R RS 1 %E%Eﬁlﬁg@%lﬂ}#
Bt . f74 H Unigene 25541, AR Unigeng25541 FF
51|, WHABIS TR RS (R D, e
RIERBHEA R )&

#£1 BXECHS EEEMEFASIH
Table 1 Primers used for NfCHS cloning

et Fol(s"-3") KB bp
SMARTer [1 A Oligo‘ AAGCACTCCTATCAACGCAGAGTACGCCCG 30
UPM Inng' CTTATACGACTCACTATAGGGCAAGCAAGCAGTGGTATCAACGCAGAGT 49
UPM short” CTAATACGACTCACTATAGGGC n
CHSe-F GAGGAGCTTCTCACCAACAACCCAT 25
CHSe-R CGGTGACGCCTGGACCAAATCCAAA 25
CHS5-1 GGCTGAGCTGGTAGTCAGCCCCAGGTA 26
CHS5-2 CTCGTCGTCCACAAAATGAGAT n
CHS3-1 GGAGGAAAGGGTGGGGCTGAAACCAG 26
(CHS3-2 GAAGTTGTGGGCTTCTAGACAT 2
CHSO-F CTTCCCGCCATGCCTACCCTTCAAT 25
CHSO-R ATCGCGTTAAAGAGCGACACTGCGC 25

W R TR A A, AL AT T

2.3 NfCHS MM 0 By LI CHSc-F/CHSc—
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R 5|91 NICHS BE O A B VKR B
F 80 pL, Hf£1#% 10x Ex Taq Buffer 8 pL, 10
wmol - L' dNTPs Mixture 6 pL, 10 p mol-L™" 1{#F 5]
# 2 pL, 10 w mol-L"' F#E51% 2 pL, 5U-uL™" Ex
Taq DNA %A | pL, cDNA 4 uL, & FAHEBHEL
BKME, PCRYMEEFH: 94 C 2 min; 94 C
30s, 65 °C30s, 72 C 60 s, 35 T1E¥H; 72 C
5 mino PCR F=H1% 19 B Wik e Fby VK A 45 U0
J/NE TG, KAl GZgene GEL/PCR Extraction Kit 4
R, FFER 20 WL BT MR IEEBEA RA
AR o
2.4 NfCHS JEHif) RCAE ¥ RHH PCR 4T
NfCHS #J RACE §"#% ., 43 Jill LA UPM Long/CHS5-1.
CHS3-1/UPM Long 45| #1347 5" ¥ . 3’ ¥ RACE §
WA 1% PCR, MR R AP 4R FF RO H B
o338, 4R B LUAR I OS5 | R PCR &7 37 W A R
#2, LA UPM short/CHS5-2, CHS3-2/UPM short 45|
¥, #4175 W, 3’ I RACE ¥ 3 A58 — % PCR,
R R R RO B, YRR A 94 C
2 min; 94 °C30s, 55°C30s, 72°C30s, 357
R; 72 °C 5 min. 5% PCR =14 1% AR HBERL
L Uk BN S TR AR/ MEFRE IS, KA GZgene GEL/PCR
Extraction Kit 4fifk A4, RACE-PCR =¥t T-A
T E pGEM-T #ik, %1% E.coli Topl0, LA
2 PCR AW fry BE 1 T VR FH 2 A8 5 | D DT o
2.5 ¢cDNA 25 dF% R X seke  AHKE
E 44 R {E B A 0 (National Center of
Biotechnology Information NCBI) f#J “Blast 2 Sequence”
IRELA K DNAMAN %, # iR 3R45 69 NFCHS A
HOREO R B . 50w 30 SRS SEAT LR B, 3RAR
¢DNA &£ 5%, H Omiga 2.0 {53 Hdmpd X,
I IR R E LR T S . IR R BT S AT
BLASTP (http: //blast.ncbi.nlm.nih.gov/) Kz %, #I4H
INFRAS 25 1 T AR 26 (R 0 i 2 A S L e B
HRE cDNA JF5 845 NECHS & [H 4 5 X /Y
¥ 5254 CHSO-F/CHSO-R, PCR Fif NfCHS %
WX, RAERFEZO R BRY R, §EEF
#: 94°C 3 min; 94°C 30 s, 62°C 30's, 72 C 90 s,
35 AMEFR; 72°C7 mine, PCR =4 BN 4E40 G ok 2
pGEM-T A, ik BH 1 FeRE AT INF o
2.6 NfCHS Xt P Fe 1L 4 % 28 11 () 3 51) 50 Bt ) i
M R ProtParam 7E4k T.E (http: //web.expasy.org/
protparam/) 737 H 3k R A 7R O B RR AL .

T WA PR 8 ProtScale 7E4 T A (hup: //
web.expasy.org/protscale/) Tl W B PR A 3 7K PR/ 2K
Py BB . RGNS A8 L SOPMA
(http: /mpsa—pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page
=npsa_sopma.html) I Swiss— prot (https: //swissmodel.
expasy.org/) 5 ; KH iPSORT 12 B X AR T
TN RE T (http: //he. ims.u—tokyo.ac.jp/iPSORT/)
J¥ Fl TMHMM Server v. 2.0 #3438 (1 #EAT B AR 4G 19
WAL TR (http: //www.cbs.dtu.dk/services/ TMHMM-
2.0/). FIJH NCBI f) BLASTP F2/% X} &R 7 51 AT
W) R R DI RESTE L TN, 7R A DNAMAN $Kf
PATZE I,

3 HBERESH
3.1 NfCHS JEPA i se e B )Y 5 0 Bf - NECHS JE A%
O HBERY PCR 419314549 900 bp 74, RACE #3(
PCR " 1848 B3k 573 . 37 345 29 600 bp 74 (]
1), Bkt BB, 3 uAN 5 3 RACE =9 15 551
PEATPERE , #843 NICHS ) cDNA £, 3£ 1587 bp,
Omiga2.0 BAF/P 45 REBW , TSI E 5 I 147
bp JEH AL X, 1173 bp By FF ) EZAE (open reading
fragment, ORF)HI 3’ ¥ 237 bp Emag X, &L
poly A sERE

KRR 3K/E ) cDNA 751 &K ik il #) CHSO-
F/CHSO-R #£4T NfCHS %:[H 4if% X PCR ¥4, k1%

1), M 1191 bp AT, ARYEHRRD X FHPEE
T FFLE R, BIEPHEIFS] ORF PRIV TR
fi, PABEE R 1173bp #) NICHS HF 4fid X 2K
BRI, WA 2.

M. DL2000 Marker, #eAFH 12T K /NG35]2 2000, 1000, 750,
500. 200, 100 bp: 1. B0 A BE PCR 7245 2. 5" RACE 53 2 %8 PCR
M5 3.3 RACE 48 2 % PCR 745 4. HiBIX Y 14 PCR )74

B 1 NfCHS EE52f& PCR BikE

Figure 1 Electrophoretogram for gene cloning of NICHS gene
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1 BTGCCTAGCC TTGAATICCAT CAAGAAGACG ACGCCGAAAG CAGAGGGCTT CGCCTCCATC
MPBI.ISIKK'I."J.‘PKAIGI‘ABI
61 TTGGCAATCG GCAGGGCAAA TCCTGAACAC TTCATTGAAC AGAGCGATTT CCCTGATTIC
L AI @G RA NP EH F I E Q8D F PDEF
121 TACTTCCGGG TCACARATAG CGAACACTTG GICGACCTCA AGARAAAATT CCAACGCATC
Y F R VTN S EHTL VDL KKEK FQRI
181 TGTGATRAGA CAGAAATTAG ARAGCGCCAT TTTGTTTGGA ACGAGGAGCT TCTCACCAAG
CDR!IIRKRH'VNNIILI‘TK
241 AACCCATGCC TTCGCACATT CATGGGCAAC TCTCTTAATG TGAGGCAAGA GGTTGCTATA
K v I P KL GAEA A ATZXK AIQ EWGOGRQ
301 AAAGIGATAC CTAAGCTGGG GGCGGAGGCT GCCACTAAGG CAATTCAAGA GTGGGGCCAM
K v I P KL @G AEA ATZK AIQ EWGGQ
361 CCCAAGTCTT GCATCACCCA TCTCATTTTC TGCACCACGA GCGGCATGGA TTTGCCAGGG
P XS ¢ I T HLTIPF ¢cTOT SGM DLZP?G
421 GCTGACTACC AGCTCACCCA ACTTCTTGGC CTCAACTCAA ACGTCGAACG CGICATGCTT
ADY @@L T QL L G L NS NVE RVNMLIL
481 TACCAGCAGG GITGITTTGC AGGTGGAACC ACGCTCCGCC TAGCCARATG CCTTGCTGAG
Yy gg ¢ F AGGT TLR L AK CLAE
541 AGCCGCAGGG GTGCACGTGT TCTTGTCGTC TGCGCTGAAA CCACCACCGT GCTATTTCGG
s RR GAR VLVYV ¢cAE TTTT VLTFR
601 GCGCCGTCTG AGGAACACCA AGACGACCTT ATCACCCAGG CTTTATTTGC TGATGGTGCC
A?SEIHQDDLITQALI‘ADGA
661 TCGGCACTTA TAATAGGTGC CGACCCAGAT GAGGAGGCCA ATGAGCGAGC TAGTTTTGTT
s AL I I @ ADZPRPD EEA NER A S TFV
721 ATTGCCTCCA CATCTCAAGT CTTATTGCCG GACTCAGCCG GTGCTATTGG AGGTCATGTT
I AS TSQ VLLE® DSA GAI GOGHUV
781 AGCGAGGGAG GCCTTATAGC CACACTCCAT AGAGATGIGC CACAGATTGT ATCGAAGAAT
s E 6 @ L I ATILH RDYV P QI V 3 KN
841 ATTGAAAAGT GTTTGGAAAA GGCATTCACG CCACTTGGTA TTTCAGATTG GAACTCTATC
I EK ¢CLE KATFT PLG I SD WNSTI
901 PITTGGGTGC CACACCCAGG AGGTCGAGCC ATTCTAGACC AAGTGGAGGA ARGGGTGGGG
rFr WV PHP GGRA ILD QVE ERVG
961 CTGAAACCAG AGAAGTTGTG GGCTTCTAGA CATGTGCTTG CAGAGTATGG TAATATGTCC

L K P E KL WA SR HV L AEZY G NNXS
1021 AGTGTTTGTG TTCATTTTGC CCTCGATGAA ATGCGCAAAA GGTCTAAGAA AGAAAGAARA
SVCVHIALDIIRKI\SKKIRK
1081 GCTACAACTG GTGAGGGCCT CGAGTGGGGT GTTCTTTTTG GATTTGGTCC AGGCGTCACC
LTTGIGLIWGVLI‘GI‘GPGVT
1141 GTGGAAACCG TTGTTCTIG

v eET V VL R 8 V A L

FERI G ATG FIAK I TAA 43 Bk i hD (X S8 8 AT 7 M L WA F
JrHETR PS4SR 514 CHSO-F . CHSO-R (R4 T41
B2 NfCHS EEHMBXLEEHNEERFT

Figure 2 Nucleotide and encoded amino acid sequence of

NfCHS coding region

3.2 NECHS K PR 1R K 1L 4 3% & 1% 1 51) g PR AL
YESG M NICHS PSS A a 1173 Mk,
19 [E 14 (Guanosine, G) FIHIEERE (cytosine, C)Frdy
2K 50.3%, it 391 MR wISEAKD
FHH4 969 kDa, AR 5.02, HHAMIEEH
R, EEAEBRAR L, SEENFEERHEHEAR
(Glycine) I % (Alanine) , FF HAEHMIE | il
MR, R ESS RO 45,99, ULHIHIE T
AaEEAR,

3.3 SEVECIZE M NT s 3 R, NICHS 2 H
—RER Y o-RE . RHUWAELE . EAREER B-FL A
s ST R, B AT RT b R LB 2 Bl & 35.55% .
20.72% . 9.97%%#1 33.76%, &% NfCHS 2 H 2L a-
EHER B A b FE TR A A RER

o- B ()

FANELE EHEE)
|

B-5 A ()
|

50 100 150 200 250 300 350
HEBMA A Locusof amino acid)

B3 NICHS &AZR&MMN
Figure 3 Prediction for secondary structure of NfCHS protein

W T #E—4 T % NICHS 48 H R 28 [ HES, KA
Swiss—Model 7642 T B #riZEH W =g eEH . Kl
4 Fi, NICHS % [ =R TTHFHE RS —RE Bl
WA B, L a-BEHER B-FE F AT & I LRI
HUCGR AR EESE, AEfP e

E 4 NfCHS EA=HEHaTun

Figure 4 Prediction for tertiary structure of NfCHS protein

3.4 GRS ZE VIR FWOKYE BT R Protscale BT
T4/ HT NICHS % i 3/mk e, SRAM, Zk
R 20 R R AL B AN 188 LA AR BA
(M 1.956, X B S K HERGR; AL T 356
(7 BBV R R AR B =371, BeAb SRR PR o8k
L IREER R R I K, HLRAT B B A9 Bk
K, HH R K KR R F R

3.5 GiE 1P SF ShBER A BT (ST I RERIE RS
BAYNE S frsx, NICHS Z A & A “chalcone and
stilbene synthase” %5 S PMEARSF DI AERLL K “chalcone
stilbene

synthase” “chalcone and synthase N-

terminal” B AEEE S VEAR ST DIAELL, JFRA R B
G A GEANL S IRENL A, AR T 2R
SRR, UL NFCHS & ([ 0 2 /R ER & K
WAL, e B A R A AR D RE o

1 50 100 150 200 250 300 350 391
TR —————— N
e
aloy prochuct bunding #t
;
i e
Specific hit
Non-specific
hit
Superfamily {

5 NfCHS BAMRTFINEEESIH

Figure 5 Conserved domain of NfCHS protein
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Y E NI HT R, NICHS BAAEEESK.
iz KA B bR R GE R, RH AIEDWHEER ., B

IO HRE 47 ) ABE 24 49 8 5L T 40 MO FE PR R A 7E B AR 2 A
MRER, KU NICHS B A TR, BARLHK
HEBAL T AR

#EF Probability

50 100 150 200 250 300 350
FUEBEIA Locus of amino acid
B Poutside BAmside = BB uansmembrane

B 6 NfCHS & B BIRE R

Figure 6 Transmembrane structure prediction of NfCHS protein

3.7 Ha37E F1 00 AR S E Pl IR BE X o B 10 M AE
Yok U5 CHS MRS AL X R WA 7 Fi7x, NICHS 5
) 4 B F R AR UR Y S0 2% L ORISR 2% CHS BB
B—3, THAXF HAE YRR CHS A 4h—1
. BGEHHALSHT R NICHS 58 144 CHS
BAERENEEZXR, SHERGHEYWREZ LR
A—F,

PICHS AEK70334

PsCHS AEK70333

VvCHS NP001267879

Iyl

StCHS NP001275296
AaCHS ACQ84148

AtCHS NP196897
BfCHS CAA10514
NfCHS

OgCHS AAZ32095
BsCHS AHH25569

]

050 ot 010 obs abo

PICHS Aj 24 (Paeonia lactiflora) ; PsCHS 4t F} (Paeonia suffruticosa) ;
VvCHS #fi#j (Vitis vinifera); StICHS 1% (Solanum tuberosum); AaCHS
% 25 % 2 (Ageratina adenophora) ; AtCHS 8l F§ I (Arabidopsis
thaliana) ; BfCHS [93 2 (Bromheadia finlaysoniana) ; OgCHS 3C.(» 2
(Oncidium Gower Ramsey); BsCHS [} (Bletilla striata) .
Y4 5 T AZ ) F CHS & H7E Genbank $(HEIE 51 %iC S, H
TR R R I T R IR T 9 2 A L BE B 1

B 7 10 MEMIRIR CHS M REcit 4k % R

Figure 7 Polygenetic tree of CHS proteins from 10 plants

IR 10 YRR CHS B FEBR T 51 5] I8 Hoxf
KB, NfCHS 5 HABAHY RN CHS 0 EA KR
FIRIE M, Horp 5 R 22 B A S0 22 7 51 AR BLBE
B, KB 87%; AT MALUERAR, HBik 64%),
VLR [EAEA R IR FLS 25 A7 51 BA B m AR ST

4 itig

B /R B A O R B2 S W A A R AE Y
B, R A SR A AR AR R Y
FURGE . WFSCEM, JE45 CHS Ak mT LI R
MR E EEK S, Lk CHS R iyt ik A
DA g e ik DR 2146 1) W W 2 O B 554k 6 0 LA B X
FE PN T A S B A B ARG AE T SR
D7 3RA5 /) CHS B2 R Bokat b, it 485 ¥ PCR
19, BWNERZEM ek T NICHS Z A, 3k
15414 1587 bp 9 cDNA &K 7515 1173 bp HI4if5
X B Hogn s 391 MR E A BT BREMF
51 5347 .7~ NECHS 2K 14 45 300 25 %5 [F BHE 4 (0 A1
PERIA 87%, HAwhSHE A B A IR A kg i) R
PRSP G BAR AL, WA HEWT NECHS & K Bl
T RZEM A REN A BRI R, i B A A /R B
A I HE AT BB AR T M R A TR

AWFFEXT NECHS B 75 4T T A W1R B2
ST, BT RAFIE, AT 4L NECHS P K H 45
T B D RE XS AW H 2858 T B Ry %ERt . NFCHS
LT A0S ) K PR R, B AL T
YMIRH, 2t 40 M AR AT E AL B S 40 A T BT
W, T LUR R K MR AR AT E 4R L A,
NfCHS A& A 15 5 A2 B AR 850, 76 JFA%
AP KA AT B T AR, AT B R X F 8 T
M2 RKRBAA AL ZE G P, OO S E Yk
FFE PCR 5194 18k BRIk Mo 4540 . X 4678 14
fIER] & NECHS & A 4ifb . ek e . RisR
TR R S TR R MR S

TERTIA e BRI, VEH G /il KSR R
45 UG5 R BE Unigene 25541 760 B AR ZE o 1Y
FAXSRIE B, K IZHE N TEH T3 ERZE M £ E B
T RS E R, R KIS R A A 2
TET REEARR R E BRI 12 Rk I K1) 16 #3584
FARIE . HTHREMYM R BRI KAIRE, 4
WFFTA RER F 2B 256 2 B PCR #4817 NCHS FE K f
IR0 H Rl bR SR AL T AT R, AR 4k
FAE VR, R —2E B H NfCHS &K 7E 75 K2 A )
HA PR RIXFHE, AR HEE TRER TR
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EHFR A R BRI 22,

AR5 A RT-PCR 1 RACE ${ AR B 7 T
R E WA S E YA SRR C R AR N
NfCHS, FH-FHAEYE B H T 5 FHEME H )
A, Mt % i B R AR 7 K2 B 2K A & A
I IhAEBE E RAl, BENEELEL ER TRFE
REHREHBEAA R, WA AR EKZE
Fh IR GEUR , AR B fE 2 4 T R S5 M )RR St A
RUERESE
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