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WE: E% Vaccinium spp. R ESAFETORFT X, RAEMNNEERLFTFTORBALARGHRTR Y, Ao EHE
EEEGRMEER, LALEHRFF TR ENIRBE—C WA R EFEANS, ALERTRARER
Vaccinium ashei A X4, KARRKRELEF X, LEHE RS RBLER(CHS)# cDNA 2K, AHE & FHH
AW ZAH cDNA &% 1398 bp, A 1A 1170 bp ¢ % #F 5% ik 42 (ORF), %45 389 MR A #r . 5 A5 Rhodo-
dendron simsii, 7~ Camellia japonica, %Lt it %~ Camellia chekiangoleosa, W 4Bk HEHk Actinidia chinensis, & A %%
Vaccinium corymbosum, ¥ R Malus domestica %) CHS & B F) /& 4 5 % A 90%, 83%, 83%, 83%, 83%%5 82%. %
BEHE CHS KRB RO RAEZ TR, RBEBREMR, TET@BR T, KRaEEALATKE, a-Bakf R
AUWALROM—BREMTERRGEMNAH, B-#AM B-HERF TENRART, %MK G692 H KR
MR RIZEGAR EME R LR EAR R (CHS-like A8 Rk )M, wabiEnl . RREZH CHS AR HEKT
0, REMROARRKERS, T—FHEHNFRAHMEREGERS, B4E1 420
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Abstract: Blueberries (Vaccinium spp.) have attracted much attention because of their abundant anthocyanins;
however, there have been few studies on the genes related to anthocyanin biosynthesis in blueberries. To ana-
lyze related genes of anthocyanin biosynthesis in blueberries and also to provide some bioinformatics basis for
breeding of plants with a high anthocyanin content, a red mutant Vaccinium ashei was selected as the experi-
mental material, and the full-length ¢cDNA of chalcone synthase gene (CHS) was cloned by the homologous
cloning method. The bioinformatics analysis showed that the full-length ¢cDNA was 1 398 bp and had an open-
reading frame (ORF) which was 1 170 bp encoding 389 amino acids. The homology on the nucleotide level of
the CHS gene with the CHS genes of several species were 90% for Rhododendron simsii; 83% for Camellia
Japonica, Camellia chekiangoleosa, Actinidia chinensis, and Vaccinium corymbosum; and 82% for Malus do-
mestica. The CHS protein of Vaccinium ashei had no signal peptide and no transmembrane domain. It was lo-
cated in the cytoplasm, the peptide chain was hydrophobic, the a-helix and random coil were the largest con-
structional elements in the protein secondary structure, and B-turns and (B-sheets were interspersed throughout
the protein. The domain prediction of the encoded protein showed that the protein contained the chalcone syn-
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thase superfamily (CHS-like superfamily) domain. Thus inferred that the CHS gene of rabbit-eye blueberry
was highly conserved, the expressed protein was hydrophobic, and it was a kind of protein with a relatively sta-
ble structure and properties. [Ch, 4 fig. 1 tab. 20 ref.]
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B 2 BA MR PUAALTE R, SRR R 2 B AR s & R4 8 (chalcone synthase,
CHS)J2 A R MG R R Bmss 1A CHER, M 1 0 FiESit CoA 5 3 43 FHYN Mk CoA 2
B, AN 4-FR BEAY KB . B 1983 4F KREUZALER 45 M) I 22 5 0 8 1 2% 22 i 26 A0 25 6 1 07 15 AR
Petroselinum hortense " ARAG T 25 1 > CHS Je[AJ5, X A% 75 TR 5 i il K JH: G 0% ik DR ) AT 8 A 28 A 41
P, WERER I, At R A S (CHS) 3L ALl T — A2 3L K%, IHIA Vidis vinifera Ty 2
BRI 3 AL, 3 BE 44 CHS1, CHS2, CHS3™; Z@ FEWK-FRl, &M CHS3 &5
CHS1, CHS2 (IR IEYI 89%, CHS1 5 CHS2 [AJEYEHN 96%, M CHS X5 a b3 2 18] HA 8¢ i 19 [7]
Btk d— 205 kB, CHS1, CHS2 EEAPAHE . AHENM A KRN E QSR PRE, W
CHS3 EBAELLMA AL E O Brh ik, XKW CHS3 S 51EH KA, 1 CHS1, CHS2 W g
w546 RHMA =Y. WEE Cirus FEY)HHA 2 4 CHS 1) cDNA J37 508 si b 7, AR T
H F R REYE IR T 86.6%, HEARDIREASATIE, UL CHS F65 i R 4 1E AR TR T 41 A R & 1
M, B IFARTEL2EE. NEMC SR L a4 CHS JLHFF kG, CHS JLH A
YAW B RIZ BA RS R e R e, FEE P TARR LA, BERENME A &SRB, HRAE 51k
1R Bz 0 0 €0, B R A R0 4 2 R SR B Malus domestica™, MHE Citrus reticulata™"', Vb%L Pyrus
pyrifolia™, S, {EZ PN EIMR G BRARELE S BRI S , CHS FEIR Rk s, 51k
REBEIME, B, CHS BERALEAT REV G BUER TR EE T EENME ., HE Vaccinium
spp.- M ALBSAER) Ericaceae #i4# IRl Vaccinioideae #8458 Vaccinium #84), WIRHREZ RIET £ & BE1EK
Rt N F o FATINLLLL A 5 42 IR W A5 Vaccinium ashei Sy FE &, 58 BE AT 48 2K B 5 B 5
(CHS), XPARBUW 9 AT A0 AE B 00, JF 5 HAB R AR OGS R AT X b, A A G miAE T R
B AR R E R TAR SR —E A W E B SR
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1.1 SEEH#

M IS AR5 8 R . WAL RE, (-47FT-80 C&HHI,
1.2 FZiKH

i & . RNAprep Pure fH# .50 RNA $2 508 &5 PCR Mix; DNA JR IR & 5 pLB 35 5P
SRR . BRI & B RAR AR A R A Al . ¢DNA % 5t 5f) & (SMARTer™ RACE ¢DNA
Amplification Kit), 1 H Clontech 23],
1.3 ZWHZE
13.1 & RNA #2540 Ji RNAprep Pure /Y8 RNA $2 B & 42 BOR IR B 45 5 RNA. IR &
10 A5 BB B B8 I L UK #E AT RNA By € & 5 B A2, & 4% 59 RNA A% 7E-70 Crp {17, % B
SMARTer™ RACE ¢DNA Amplification Kit Ut B 5 #E17#24E, L oligo(dT)SEFFER M 519, 3K45 cDNA Bt .
DL SR A3 19 cDNA AR AT 1S, 351 . CHS(F1): 5'-CCACAAAGGCCATAAAGGAA-3',
CHS(R1): 5 -GGAGCTTGGTGAGCTGGTAG-3", CHS (F2): 5'-CCACAAAGGCCATAAAGGAA-3', CHS
(R2): 5'-AGGAGCTTGGTGAGCTGGTA-3',
132 ARk M plBEHFREmERXA G wEHN R B, 13 MREESHAA N
K1 LB P A FAERK B EMRIFHR I DNA; ] CHS SL4 38 51 W 47 3R & Bg6E X S i (PCR) 5 #2772 43%
Wy o
1.4 HFESH
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expasy.org/%F X il $2 AL (14 Az P45 B 22 3 ) s B 1 356 R 5 AE 2 26 53 Bt o F NCBI-ORF Finder #£17 i
e 2 HE (ORF) I E $0 AN B3 ; L FREAYH ARG ,uEF'/u(NCBI)EI’J blast T BEFF 17 2 5L 1R )5 51 ) 5 1 4
Hrs I Clustal W AE[FEF 519 LEXT, A MEGA 5.2 72781 4T B9 Bl EA @ R G K & JH ProtParam-
et FEZR T o047 3 R 4l Bl S LR A MR i . #EABME I Expasy, W40 i & f37 FH] TargetP 1.1, {55 B0 H
SignalP 4.1, #5545 #y 4 FH TMHMM 2.0, 435 ] SOPMA J% Swiss-Mode 52 8,85 [ — 2% &5 4 Fll = R 45 14
I . i A NCBI $24i£ ) Conserved Domain Search #4725 [ 5 g 38 1) T 437 o

2 HERG M

21 CHS ZEERFIERERFIIKES
WP aa, P TP, MEIREE D 1398 bp (19 CHS FEN o & A7 1 A58 B0 T I B 1R ALE
KN 1170 bp, JFEET UL N 5 81 4 S LA SR 5 91 (181 1) 6

85 atggtcaccgtcgaggaagttcgcaaggcacaacgggetgeaggtecggegactgtcecatggecateggeaccgetaccecacegaactge
MmVvVTVEEV RKAQRAAGPATVMATGTATZPPNTC
175 gtcgaccagagecacgtacccggatttctactttceggatcacaaacagegagecacaagacagagetcaaggagaagttccagegeatgtge
vDbDQSTYPDFYFRTITTNSEHTZ KTETLTZEKTEZ KT FQRMTC
265 gacaaatccatgatcaagaagegttacatgtacctaaacgaagaaatcttgaaggaaaatcceggegtgtgegagtacatggeaccttee
D KSMTII K KT RYMYLNEZETLITLIZ KTENPGVY CEYMATPS
355 ttggacgctaggcaggacatggttgtggtggaagt cceccaaactecggecaaagaggetgecacaaagge cataaaggaatggggecaaccce
LDARQDMVYVYVVVEVPKILSGE KEHAATI KATIZEKTEWGAOQP
445 aaatccaaaatcactcacttggtcttcectgcaccaccageggtgtegacatgeceggegeecgactaccagetecaccaageteecteggeete
K SK I THLVFCTTSGVDMPGADYQLTIKTLTLTGL
535 cgceecegtecgtcaagegtetcatgatgtaccaacagggttgettegetggtggeacggtectecgtttggecaaggacetggecagagaac
RPSVKRLMMYQQGCFAGGTVLIRLAKTDTLAEN
625 aacaagggtgecccegggttetegttgtttgetetgagatecactgetgtcactttecgegggccaagtgacacgcacctecgacagtttagtt
NKGARVLVVCSETTAVTFRGPSDTHTLTDSTILV
715 ggacaggcccttttceggggatggegeegeegetattattgtgggtgcagaceegatteccgaagttgagaagecattgtttgagttggte
G QA LFGDOGAAAT I VGADPTPEVETZ KTPTLFETLV
805 tcggcagecccaaaccattttaccagacagegaaggggecatcegatggacaccttegggaagtgggeettactttecaccttectcaaggac
S AAQTTITULPDSEGAIDGHLI REV GLTTFHTLTLTKD
895 gttcetgggetgatctcgaagaacatcgaaaaggecctcaccgaggettttcagecattgggtatetetgactggaactcaattttetgg
vpeLISKNTIEZ KALTEAFQPULGTISTDWNSTTFEW
985 attgcgcaccctggtgggectgecattcectagaccaagtggaactgaagt gtaacctcaageccgagaagetacgggecacgaggeacgtg
I AHPGGPAILD QVETLZ KT CNTLI KPETZ KT LRATI RHYV
1075 ctgagcgagtacggtaacatgtcgagegegtgtgtgetgttcattttggatgagatgaggaagaagteggecgaagaagggcetcaagacce
L SEYGNMSSACVLFTIULIDEMRBREKI KSAETETGTELTIEKT
1165 accggtgaggggcetcgagtggggegtgetgtteggattegggeeggggetgactgttgagactgtggtgetecacagettgtgecacttga
T ¢6GEGGLEWCGVLFGFGPGLTVETVVLHSTLTC CT *
B 1 RIRIEZF CHS KK 6 TR 3 R -F 69 BAR A7)
Figure 1 ORF of CHS ¢DNA and its deduced amino acid sequence from Vaccinium ashei
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Table 1  Nucleotide sequence and deduced amino acid sequence aligment for CHS

hes Genbank % 55 Yy R 7 5 [R) IR 1% HER T 5[5 51/ %
1 KF157394.1 BN Bk A ctinidia chinensis 83 93
2 JN944575.1 ZLAE MK Camellia chekiangoleosa. 83 94
3 AB512766.1 1145 Camellia japonica 83 95
4 EU410483.1 H#% Citrus sinensis 76 87
5 AY997297.1 4§ Fragaria ananassa 80 91
6 FJ554585.1 W3PS 46 Humulus lupulus 80 90
7 AY786996.1 SERE Malus domestica 82 93
8 KF438041.1 JII 5& (F23E ) Morus notabilis 82 93
9 GU990524.1 FHARME Prunus avium 80 91
10 KF387513.1 124 Pyrus bretschneideri 81 93
11 AJ413277.1 K BY Rhododendron simsii 90 97
12 AF400565.1 BT Rubus idaeus 82 91
13 NM_001247104.1 e Ain Lycopersicon esculentum 77 89
14 DQ286037.1 R AEMK Sorbus aucuparia 82 93
15 IN654702.1 = AW BE Vaccinium corymbosum 83 87
16 JF808008.1 78 Vitis vinifera 81 93

LLZERAL . AR 1 AT BRI P A IR R, 5 O AR s () DR e e RO AL RS, 38 90% 5 S fIRAY J2
B, U8 76%; R P 5 [RIIR L300 82% 5 MG HE MR iy 91 [] YR P fo g pO AL RS, IK B 97% 5 fx
RIS B A ESE, O 87%; &R T H A EAEF- 452 92%.

F Clustal W £ % % R i &5 CHS [N 4 5% 1) @ AL BR 51 5 € M CHS 5N B R e 51 47 1L
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Figure 2 Phylogenic analysis of CHS protein in Vaccinium ashei and other plant species

ARG LY R RR UM Z BISE G R RBE . M 2 AT 38} Rosaceae fH¥)SER . HAL .
BRUNAENK . Hdg . BEAE T RIBHPEBE RGN 1 R 50, R B Moraceae HEH MU AL FII RN 14~/
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2ARFEMR X o 75— J7 i, iR 2Z=HFF Rutaceae fHY), FHAJE/FF Solanaceae 1Y), HTE RS
B, BATEERIE R AN

2.3 TREAGHE(CHS) MEMEEZEST

231 & RENS B (CHS) ML MR 541 Expasy 75X BT A5 1) 2 7R 45 B I 5 R T 40 1) 26 141 5k 11
ALV A gl R R W . IR W AR CHS 35 DX 100 4 5 24 3L R 389 4, AN 4> F i 42 555.2, %
598, ARGEFRECN 36.42, EAHXTEMEN,

232 & REAL R (CHS)E5 k447 it SignalP 4.1 Server X4l W %5 CHS & X It 4 i & 11 15
SRRIEATEN , LR ES R A KT G RS DR G A TR B A M T g

233 & REAS B (CHS)S M 447 ] TMHMM Server v.2.0 Xf #5415 /7 41| i) CHS & [ 5 5 25 14 i
0. SRR IR IER CHS 25 P18 45 IRBE #1001 40 M A5 o, 150 BH I 5K P9 44 05 1) 22 KA 7 75 1855 i
GER 5SS KT ZE 5, AT DLHE T S IR 5 A CHS 28 (I 7E 40 I 5L 0 vh & BUS . T4 4E P 40 i
L rp R X, AT TRE . X AR A 1) B A R A T AR B T — W R, CHS JEHE R
TR AT AWK YIS 5 5 B 25 4

234 & REAL REE(CHS) F 3R SH  ProtScale Hlil Y Gk 1545 CHS HE DK BT 4 ith 25 11 1) S B K 1
S5 3 . RIRWERE CHS B Z IKEESS 5107 B4 Je R/ -2.478, ViR R K Phdwcis s 5 342 {7
HAT B w08 2422, UBH B K M Beo o B K P 2 S TR 35 50 3 A T8 S IR b, (R AR e B R i K 1
EEAT U] A B 7K X 38, ProtParam 43 #7 o] 1. SR 545 CHS 2 (A 49 i 75 45 £ (Aliphatic Index) 2y 91.49,
SOEBE K (GRAVY) B-0.071, Fis Hog—MIREEE A . 5 HABR Y CHS 1 25 6 K M B 45
R,
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Figure 3 Prediction of hydrophobicity / hydrophilicity for CHS in Vaccinium ashei

235 & REALRHE(CHS) Z2mfg < 1x  F TargetP 1.1 % CHS & A AT WA M E M 45 R Bon . iR
W AE CHS 2 1 2 (R 5 8 Ik ¢ TP, SRR HE 8] Ik mTP 0143 W05 380 2% 155 K SP 189 B0 A AH 25 4% (43301
0.029, 0.235, 0.069; [E{H 0.000), W] LIANHIR ¥EAE CHS 2 1 IF A AF1E T gkdhk . 2ok i
3 6 T A IRBCEL R A 5 IR T — 3%, BB CHS 2] (I AR R WA 1 o Z55 A 85 T 465 4 1) 00000 285
FeATTHEN CHS 2 A NZ AL T A B R B b, 7ERMHA G R A S, e b KR, 25
AL X B T MRS A DT BERTEE A & A K o X ARl CHS 8 9 7 20 1 2 7t 3R 45 1 2L
50, AR Fh, CHS & B X0 T 40 Bk i

23.6 & REAA B (CHS) &G &M hse o fdi ] NCBI $&{ i9 Conserved Domain Search service
(CD-Search ) %} fe i #5 %5 CHS 2 1 D RESRSEA T H00 (&1 4), #5R Bon . RiR#E%S CHS )8 T CHS B
W, & CHS MRS 5L, B Prol6-Leu384, & —F g ¥ 45 5 i I 8 5 Wi & 1 1 (polyketide syn-
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thase, PKS). BLAN, %2 (136 S 4 RO 5% MG A 0 45 U (KAS- D) 30 S 01l L 4 4
Wi (BesA) TR, J5 #5558 4 M (R HL 72
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Figure 4 Prediction of conserved domain in CHS protein of Vaccinium ashei

237 HREAARE(CHS)E G %44 ] SOPMA Xf CHS # [ — 245 M #- AT W, & 0 %R R % 25
CHS 45t b a- 1R TE 1 Lb 6y 40.87% , B-4r &K 18.25%, B-%%f 11.83%, KEHLE: T 29.05%;
ou-BELE A Bt AL 5 1 2 S IR 5 8 CHS 2R 1 RS M 1) BS54, B-HT B A0 B-% ff B8k i 15 L9/
eI MERANZILRTH L o8 A FIRGE, %A 3.010, 2.270, 4.416 %5/ FIRTEL5 4,
JERRE S o KRR A A s e T SRR WA CHS 28 (2 — 25 A e e i Ih BB 1

3 A5t

AR B A S (CHS) 2 AL T MR T, ERMEORT AV G S P s — s, 7t
PIRIAE R IRR L AR E 500 HUbhia L S IR R (Y Fe 35 2 i B vh AR G AR ABESE
KPRy RE R Tk, ARG T AR R AL R RRIY CHS FE . N2 Ky 1398 bp, W& 14K
4 1170 bp B IV LB BEAE , 25 b5 389 D2 JEMR . P X 7 s, xRS ARRS o g . 20BN R
S51 CHS B NAE R B XA FEROKF A B R AW E 20 ai R R, AR KA
@R CHS JEIR 25 i (49 8 B SRR 9 B (5 5 K, B0 B T Ay, 00 T 150 VD 32 A AT 44 2% ) 4 19 5 %
FZ 55 E . KATIYAR 852X U B JF AR 4141 CHS fg A1 CHI SR RT 5 & 8L, B & 3452 (00 T N
RURITRGE I L5 ASWFFE 0 CHS 8 20 i 5 A7 1 PO 25 SR A0 0T, SRR SR 20 (8 78 pk b CHS SR 1
(T A, 5 R A 5 X i — P B IA

FERRER %5 °/F1 JEZ 455K ] = 44540 K RE md 58738 50 W T 58 45 7K B 5 Bt 10 25 1) 454, i 1y A 7K
TR O 4 R B ORST OBk (Cys164, His303, Asn336, Phe2l5)Z1AG, 2 /KM & p i Ao 1F
FH G o A5 52 20 B B X G R A 41 (5 5 28 vk CHS 3 1 9 Dh RE I 3 & BRIL 3% A7 CHS-like 32K,
H CHS & H PS5 164 AR LR (Cys, C), 215 fZTR N AR (Phe, F), 303 {2 41 2 K (His,
H), 336 /2 RKAMM (Asn, N), SSEHTATIEE ML, X WL CHS BN AE o S5 AP e e BE OR ST
(15 SR AL @R bR CHS 8 i) CHS-like 3, A T AESE CHS BEAYVE AT H O

ABEFERATHT CHS 3 P R 5 19 A= 02245 B0 4 T A 3 5k DX R SR P B0 17 — 2 O kil

4 5% ik
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