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Abstract: Chalcone synthase is a crucial enzyme in the initial stage of the flavonoid biosynthetic pathway. To explore
the biological functions of our previously identified chalcone synthase coding gene DICHS9 from longan, which is as-
sociated with anthocyanin accumulation, DICHS9-SX and DICHS9-HP from Shixia and Hongpi longan, were cloned
respectively. Amino acid sequences of DICHS9-SX and DICHS9-HP were compared and found to differ only at position
328, which was not a key active site. Subsequently, an expression vector was created, and the Agrobacterium-mediated
leaf disc method was used to introduce DICHS9-SX into wild tobacco. The anthocyanin content in the petals of
transgenic tobacco was notably higher than that in the wild type, suggesting that the DICHS9-SX gene enhances an-
thocyanin accumulation in tobacco petals. The promoter sequences of the two DICHSO genes revealed a similarity of
96.2%. Compared to the promoter of DICHSO-HP, the promoter of DICHSO-SX had 32 SNPs, 14 base insertions, and
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12 base deletions. Specifically, the DICHS9-SX promoter contained an additional abscisic acid responsive element
(ABRE), one fewer light-responsive element (Box4), one less low temperature-responsive element (LTR), and one
less MYC transcription factor binding site. In conclusion, DICHS9-SX plays a pivotal role as a structural gene in
longan anthocyanin biosynthesis. The differences in the DICHS9 promoter in Shixia longan may contribute to its

lower expression level.
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FEH ( chalcone synthase, CHS ) J&iZiE i By
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A9 SuperScipt OneStep RT-PCR System 57| & #17
RNA S sk AR 1 454 cDNA,
1.2.2 DICHSO AR # ., BEKXBAKGHER
LTk MIEHTRG N R AT,
P59 DICHS9-F il DICHS9-R (£ 1),
AR IR F ) cDNA Al Zs [ 41 57 iR
iR cDNA AR #EITHE S PCR ¥4, AR5
PSR Y BOE 3 Gibson £ 2 Y 72 0 ) 40
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WY 26 1AL 1Y pGreen-0800-luc ZH4K |, [6] Fik
N 12 7 0 A S0 2 A R T R T i e 22 o 44 Jo
bk AR IR AT 175D AE
123 AW E&EFoH M Clustal X AT
AR T AN LT 04T FIH PlantCARE ( https://
bioinformatics.psb.ugent.be/webtools/plantcare/html/ )
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Tab. 1 Primers sequence used in this study
5144 FK Primer name 51974 (5-3') Primer sequence (5'-3") JH# Usage
DICHS9-F CTAGTGGATCCAAAGATGGCATCAATTGAACAAATCAGG IR
DICHS9-R ACTCTAGAAGTACTCTCAGTGAGCTGCCTGAATTGGG
proDICHS9-F TAGGGCGAATTGGGTACCGTGTAAGTTACAAGTGTATCG Ry
proDICHS9-R TATCGATACCGTCGACCGCCATTTTTGTGCGTAGTGATC
NtActin-F AATGGAACTGGAATGGTCAAGGC 2 R
NtActin-R TGCCAGATCTTCTCCATGTCATCCCA
DICHS9-SX-F GCTTTGCTGGTGGGACAG DICHSO-SX [ 2 1 £ A il
DICHS9-SX-R CTCGGAACAGACGACAAGG

1.24 HYEEIBAMERBER LA
F EcoR I Al Xho I X} fiki pSAK277 XU )3k 15
Mk pSAK277 ik B, @it Gibson 414411
I PEG 4lifk)5 1) DICHSO-SX ik [H] # 21 31| 2k
PEALIY pSAK277 84K 14145 88 28 4804 R ik
AN IR B AT R R AR AT RS2 A 20
GV3101, FIFHACKT B A3 0 i Bk e AL B AR R A
EUO,
125 fexFsEaze  FH pH 2R E

WEAR P OE TSR, 28 WEL Gy
Bt T, BRI R Bl 3 YA
FACRFES T | mL R4 (HEE K - ikdhme=
85:12:3) f, FiR#EFASER. B 0.1 mL
BB IMA 2 5, 4nA 0.4 mL
Buffer 1[0.2 mol/L KC1 : 0.2 mol/L HCI (25 : 67),
pH 1]#1 Buffer 2[1 mol/L NaAc : 0.4 mol/L HCI
(100 : 150 ), pH 5], FHHEGER L5 50 & HAE
530 nm 4k YIRS AE (OD )o ARHEAITE, A
ZH &8 (mg/g) =A0Ds3px5x1x445.2/(29 600 X
W); Krfr, 5 FEREATEL, 1 A RBURARF (mL ),
445.2 SRR F -3 AT AR XS T A
29 600 R 2Kk 424 2 -3 A R A EE R EL IR
B, WHRHHMBTE (g).
1.3 HIEAIE

F ] Microsoft Excel 2016 #4113 W38 #l

DICHS9-SX % 3 Rl FE Mk AL e A6 (0 R 1T & 2 19 T
P Kebrifii 2%, I Sigmaplot 14.0 444351
XF W38 il DICHS9-SX % 3 PR AT Wk 45 ik 22 55090 451
AT T, B R SR EEE R

2 ZRE5HH
21 #HRDICHSO EF=ERFETISH
AT SN A ERNT S5k

IR R AT AW & i 4 DICHSO 197511 11
FSE 1P, 23 B LA B RIZL i JE BRI A cDNA
EEARETT PCR 84, MIFZ5 R k3 2 4
DICHSO J& [K] ) FF il e I HE S BE 35 )y 1182 bp, 4
7 393 MR, /il 4k DICHS9-SX %u
DICHS9-HP , — # ¥ 1 & J¥ %I M L FE & ik
98.82%, 1 14 MEIT TR SAFAEZES o

ffi F§ Clustal X # {4, ¥ DICHS9-SX Fi
DICHS9-HP #fk Jl % 3 /2 J¥ 51 5 7 &% ( Litchi
chinensis) % LcCHS. JE¥H%4 ( Gerbera hybrida)
Y] GhCHS1, GhCHS3, £ K ( Zea mays) 1) ZmC2
il ZmWhp . #I# 3% ( Arabidopsis ihaliana) f
AtTT4 19 6 1~ CHS [R) 5 3 [N & FE R 77 91 i 4 7 He X6
OIAT S ARSTASE S T 40 BT 2 2% 0 M ek 2 P ks
KL 8~ CHS H & A 4 MRSF I VAL s LR
FRIE (L0 (0 HE ), SR 13 NMEETE PR S (i
I HE ). CHS MFHiE)F 4] ( WGVLFGFGPGLT )
( )5 HE ), 1M DICHS9-SX F1 DICHS9-HP 44
iR 17 5 ALAE 328 i i LA 255, DICHS9-SX
I NAE MR ( glutamic acid, E ), DICHS9-HP
#9328 i Z IR Ry R4 &R ( aspartic acid, D )( 4§
ITHE ), TIZALSA R ICHIE AL (B 1),
(R , 025 HEI DICHS9-SX TEIZ AV 5 4 JE MR il 22

A XTI R D RETCRE )
22 DICHS9-SX BRIEHMEHMMERIAE
R

RS 51 P 145 2] 1) DICHS9-SX 3
AR Bl if Gibson 20 2% 9 5 v 5 41 31 K 18 3%,
& pSAK277 b, PHM: B ORI T 73 A 45 SR 1E
W, R ELREACD R, [ R
SnapGene 41| pSAK277-DICHS9-SX 41 i
RS (&2 ),
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DICHS9-SX :
DICHS9-HP :
LcCHS
‘GhCHS1
‘GhCHS3
AITT4

DICHS9-SX
DICHS9-HP
LcCHS
‘GhCHS1
‘GhCHS3
AtTT4

DICHS9-SX
DICHS9-HP :
LcCHS
GhCHS1
GhCHS3
AUTT4
ZmC2
ZmWhp

tFHLLKDVPGLISEN L AF P6gI DWNSE:

LT EHE N S T4 BB 4 D ERSF TR RO S EAAEN i CHS AT %1] ( WGVLFGPGLT );
(TS5 B R IE TR FR 5L 4 (B HE N i DICHS9-SX F1 DICHS9-HP 1Y %8 5L 1Y 2% 5 o7 5,

) c :
PAILDQVE K6GL e 46Ra3RHVLSE{QNMSSACVLFIEDEMR44 e G TTGEGL WGVLEGHGRQLIVETVVLHSER

ATTGAPTAR :

WEHEN A 13 AN i P 5L
FEHB RS 780 (AtTT4: GU288820.1). I

24§ (GhCHS1: Z38096.1; GhCHS3: Z38098.1 ). #FgJF (AtTT4: AT5G13930), >k (ZmC2: X60205.1; ZmWhp: X60204.1 ),
The four conserved active sites of the polyketide synthase are marked in the red box; The pattern sequence (WGVLFGPGLT) of CHS is
highlighted in the yellow box; the amino acid residues that shape the geometry of 13 the active sites are highlighted in the blue box; The

differences in amino acid residues between DICHS9-SX and DICHS9-HP are highlighted in the green box. GenBank register number: Litchi
chinensis (AtTT4: GU288820.1), Gerbera hybrida (GhCHS1: Z38096.1; GhCHS3: Z38098.1), Arabidopsis ihaliana (AtTT4: AT5G13930),
Zea mays (ZmC2: X60205.1; ZmWhp: X60204.1).

E 1 DICHSS 5EHM#EY CHSEASFH X5
Fig. 1 Multiple sequence alignment of DICHS9 with CHS proteins from other plants

Kozak sequence

SP6 promoter
T7 promoter
1
OCS terminator MI3 fivd
NOS promoter
CaMV 35S promoter HH gy KanR
NP NG
MI3 rev ’ P

lac operator Sl
lac promoter 'é
CAP binding site
RB T-DNA repeat

o~

L

SmR(spec)

Bl 2 DICHS9-SX #8%& ik &k =l i
Fig. 2 Mapping of overexpression vector for DICHS9-SX
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Sy it — LB DICHS9-SX &%/ S 5 R4
R YA N, B A TR AR AT R 2 S
HiMe GV3101 Hr, FIHARATE A A0 £ L AL
HF A B R RAS 29 MRPUIERIRE , $REEE LA
SR AR R T i DNA Jf#E4T B A5 H PCR Kl ,
FBH AR 23 Bk, PHMERR 79%. BEHL 3 #kFH
PERE AR IE— 25 20 0T o LASE SE PR R A6 cDNA
BB (5 2L R g B ok B, A R 5y 9
X BE, TE B /K SR 28 6 RGN R 5y 2 2 R (]
3A) 1 DICHS9-SX (K] 3B) &2HH£ik, 45RE
B 3 BREE LML RE T DICHSO-SX 4t A 78 A6 i
BRI

A M1 2 3 45 6 B M1 2 3 4 5 6

bp bp
1500 1500

1000 1028
30 20

250 250
100 100

A IR NS actin #75551#109 PCR 384558 B: (I

JH DICHS9-SX J: P F5 5751 ¥ 19 PCR §™ 3445 5 ; M: DL1500 DNA

maker, 1~3: Ll Line 3. Line 10 1 Line 27 k%% R AN B AL 1Y

cDNA N ; 4. LI FOR pSAK277-DICHS9-SX MR ; 5.
VLSS A R B AL cDNA SRR 6: LLJGRZK A .

A: PCR amplification results using the specific primers of tobacco
reference gene actin; B: PCR amplification results using the spe-
cific primers of DICHS9-SX gene; M: DL1500 DNA maker; 1-3:

cDNA templates from transgenic tobacco petals of Line 3, Line 10,
and Line 27; 4: Recombinant plasmid pSAK277-DICHS9-SX as

template; 5: cDNA template from wild-type tobacco petals; 6: Ster-

ile water as template.

B 3 % DICHSO-SX ZEEMHEH PCR £E S
Fig. 3 PCR identification analysis of the DICHS9-SX
gene in tobacco
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5 27 SRR O R T & B VI A R 3.08
f& (& 4B ), B DICHSO-SX R 7E 48 &1 v S
Tk et T MRAE O R TRIL R,

A
e ‘ﬁ
‘ e |
W38 Line 10 Line 27
B 0.08
790 0.06
o0
&
=
5 0.04
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5]
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I 0.02
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W38 Line3 Line 10 Line 27
FH#R Plant

A: DICHSO-SX %3k ARG AE IR TY 5 W38 g B A UM B A6 5
Line 3, Line 10 #l Line 27 A2 MH % /. B: DICHSY9-SX
SRR A B AL (ORI B T s ARG R 2 R

B3 (P<0.001).

A: Phenotypic characteristics of tobacco petals transformed with
the DICHS9-SX gene; W38 represents wild-type tobacco petals;
Line 3, Line 10, and Line 27 represent transgenic tobacco petals. B:
Analysis of anthocyanin content in tobacco petals transformed with
the DICHS9-SX gene; Different lowercase letters represent ex-
tremely significant difference (P<0.001).

B4 % DICHSO-SX ERFERMHIRERECRHIE
Fig. 4 Phenotypic characteristics and anthocyanin content
of tobacco petals transformed with DICHSO-SX gene
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it —25 435l 7E e T A1 8% DICHS9-SX )3 86 1
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KICATIFUE Sk 96.2%, 5 DICHS9-HP 1
BT, DICHSO-SX WBshF4 32 4
SNP. 14 HEdR AR 12 A0 3EMIER (1K 5 ).
FIH PlantCARE A ¥ Jii 2l 78 £ 150 I D) sy X
DICHSO-SX 14337 #1 DICHSO-HP 143 3l 7k
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FEAE— e Ho At A e o X LT/ r 2
BEALIE S 5 B 9% B2 i 1 ( ABRE )., 620 ( G-box
ACE. GA-motif, Box 4 ). %A% S (ARE), 3§
iR fg ( MeJA ) M i ( CGTCA-motif |
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MR B F 2 1 A5 E& IR e g i = AR e 1
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4) (REREIRS ). 1AM R, (LTR) (SR 61K
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W TTE, (B8 5 A 2Rk R o T 4 45 ) REAH
K= AE T, s MYB %k T45 6100
R TTE , MY C e s IR 45 G s = oo 446
(& 5), #E DICHSO 3 K 4 )5 3+ 7 31 22 57 nl
RESE 5| A1 B DICHSO B K AR IR H 2 — .

3 it

CHS i SfiEfk 3 43+ A9 TN —E-CoA F1 1 43+
(A% 75 L IE-CoA 45 A T8 B AT IR B, 12 5 I e 25 v
il £ R A 1) S B R A R 2. CHS SR e M)
i A2 SR FIE B e, (R g b
B S AR A MBI, B2
( Gerbera hybrida )" GCHSL fl GCHSA 5k (4%
A RA X, MUTE GCHSL B LM As a3,
A RN L e FEMREFEPET 44
25 RIZN MaCHS Al BB 4L HREML AR T
FBWEERFE . AR AT M RIR h s 8 4
DICHS G ALY, il ad JE P Rk o i th T 5
A FEH A BB E M DICHSOY!, A 5% % B
A5 g iR DICHSO-SX FI4L Kz Jg iR DICHSO-HP 11
AT RRALE 15 98.82%, 1A 14 M SAFAEE
T BB i % B CHS 5 A [l Ff i
(A AR AT R T 91 i BE AR S, AL S 98%
DL b SRR 9 oA & B 3 B 328 fif
GRS 225, Az s e B ML A
B WF5E % PR CHS B 5 1 22 5 4 SR T A
S, flhn, %22 (Matthiola incana) [4E54%
& F CHS Hip— 4 ks Z R 1Y AGG A2 %,
T 9t 22 Z R AGT, M T30 CHS 224 3
MR e R B UYL A B g B
DICHSO-SX & PR AR B 11 46 76 46 €6 R 4 7 1 I Bl o
w, BIEEL, ]I, AL R CHS B
AN E IR 2 T I AR M ILE SRR R
IhE

ORI NZ R 5 PR . )
25 (L. REZMPIERS ) IR0
(JEHR . MREE . Ko MU 0% ) rysgmtT,
VM A6 A R AT 78 N I 2B ) o A5 B ) 5 —
A KHEFGSEN , CHSJE Tifs e akih iy, HArfk
KPS T R e E R,
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CGTGTAAGTTACAAGTGTATCGTTAAATTATAAATTTACCTTTAATGATTATGT TGAACTTGTAAATCCTTAAGTAGATTT 8
CGTGTAAGTTACAAGTGTATCGTTAAATTATAAATTTACCTTTAATAATTATGT TGAACTTGTAAATCCTTAAGTAGATTT 8

GACACAGC TTGT TGGATAAAT GGGTTAAL/:C IAGG TTAAAT TGACCTAAT TAGGGGAATCCAAATTTGAAAATTATCTGTTTC
GACACAGC TTGT TGGATAAATIGGGTTAA AGG TTA AT TGACCTAAT TAGGGGAAT CCAAATTTGAAAATTATCTATTTC

AAATTTGTATCCAATAGGTAT ACCG TGGC TC AGT GAT CTAAACTATCACATCTAACTAATATCATTATCTTGTATGTATGT
AAATTTGTATCCAATAGGTATACTGTGGC TCACTGATCCAAACTATCACATCTAACTAATATCATTATCTTGTATGTATGT

AATTCAAACT TATAAGT GAAAAGC TCAT TAAAT AT AAT ACACACGTCATTCAATTTAATTATTAAGGTCTTGT TGCATTGT
AATTCAAACT TATAAGTGAAAAGC TCATTAAATACAATACACACGTCATTCAATTTAATTATTAGGGTCTTGT TGCATTGT

G-box ABRE
TTTGTAAACTTAATTATTGGTATATTCT TGT TATAAAGGGTATATCATATAT TAT TACTGTCATGTGCTATTTTATAAGTT
TT-GTAAACTTAATTATTGGTATATTCT TGT TATAAAGGGTATATCGTATAT TAT TACTGTCATGTGCTATTTTATAAGTT

MYC
GAAGT TGGCATTCAACGATACTTTTTAATTATTTCAATAAATAGT TGGTCATTTCTTC TATGAAACAGTTATAACTTTCTA
GAAGT TGGCATTCAACGATACTTTTTAATTATTTCAATAAATAGT TGGTCATTTCTTC TATGAAACAGTTATAACTTTCTA

ATTATACAAAATAGAAGGAATACTCTGCTTTAGT TGACTTGGTAGGGTATTTC TGTGAGAACCTACATATGTATTTCCATT
ATTATACAAAATAGAAGGAATACTCTGCTTTAGT TGACT TGGCAGGGTATTTCTTCGAGAACCTACATATGTATTTCCATT

GCATAATATTTTCTGGT AGTC AT AT GAACAAACAT TCGGACATAATTTGGTCCTGTCAAGAT CAAAACT TGT AAGCGAAAA
GCATAATATTTTCTGGTGGTC AT AT GAACAA ABAIIIING G ACAT AATTT GGTC CTGTCAAGAT CAAAACT TGTAAGCGAAAA

MYC
GC AAAAACT AAAGTAATTCGTAAGTATTTTCAATTAATTAATTA- - - - GATTCGAGTAACAT TCAGAA - GTATTATTAGAA
GC AAAAACT AAAGTAAT TCGTAAGTAT TTT CA ATTA ATTA ATTAAT TAGATTCGAGTAACATTCAGAAAGT AT TATTAGAA

TAACATAATTTGTCTT - GTTTTATTAATATGACAAAATTTGATGCTCCAGTT CATTTCTAAAGCAA - TTACAAAATTCTT
TAACATAATTTGTCTTTGTTTTATTAATATGACAAAATTTGATGCTCCAGTTTCATTTC TAAAGCAAATTACAAAATTCTT

Box4

TTTTATTGTCTTTTCTTTTTAATTAATTTCATAT TCCAAAAATAGTAACCTTGGGTTATATATTTTTCTTTACCGTAATGT
TTTTATTGTCTTTCTTTTTAAATTAATTTCCTATTCCAAAA- TAGTAACGT TGGATTATATATTTTTCTTTACCGTAATGT

CTGAAAAT ATGAAAATAAA -GAATTTGCGAT TCAATATAATTAGTTTTCTTTTAAGTTGTTTAATCTTGAATTTGGGTTTT
CTGAAAAT AT AAAAAT AAAAGAATTTGC GA TTCAATATAATTAGTTTTCTTT TAAGGTGTTTAATCT TGAA—T TTT

CAGGTAGAC GGTACAAT ATAAACCTTTTTTAGGCC TATCAATCTACTGTACTTTGAAATATAT TCCTCAA
CAGG TAGACGGTACAATCATG IEM;I‘;EATAAACCTTTTTTAGGCCTATCAATC TAGTGTACTTTGACATATATTCCTCAA

TTAGGTGTTAAGAGCGATATCTGATTTGAATTAT- - - - ATATATATATATATAAATATATCATCGCTTATATGT GGTAGAA
ATAGGTGTTAAGAGCGATATCTGATTTGAATTATGTATATATAMTATATATAAATATGTCATCGCTTATATGTGGTAGAA

TTATAAAATTACTTCAATTTAAAT TCGGAT AT TAAT TAT CTICAACAGT GATACATGTACAATTTTCTTGATCTTTCTTCGA
TTATAAAATTACTTCAATTTAAAT TCGGATATTAATTATCTCAACAGTGATGCATGTACAATTTTCTTGATCTTTCTTCGA

Box4 ARE
AGGTAAGT TAAT TTCCT[CAAT TGJAAGT AACT T CAT CGC ACGA/AT T AAT/T/AA ACCA|AGTC AACAT GC AT GACT AAATC GACA
AAGTAAGT TAAT TTCCT|CAAT TGJAAGT AACT TCAT CGC ACGAAT TAAT|TIAAACCAIAGTC AACAT GCATGACT TAATC GACA
MYC Box4 ACE
TGTAT GGACGAT GC AT GAAACAT GGAAGAT GAAAC GAGAT GT GGCAT CACAT GC T TGATGAGCC TAACACTGA
TGT AT GGACGAT GCAT GAAACT T T GAAGAT GAAAC GAGAT GT GGCAT CACAACA TGCTTGATGAGCC TAACACTGA
GCCCACGT GGT GAC GAGCT GCC C/AT TAAT CCAACC TACCCCTCCACTCCTATT TAAAACCC AACT CAAG T AGAT T TC CCAA

GCC CACGT GGT GACGAGCTGCCCATTAATCCAACC|TACCACTCCACTCCTATTTAAAACCCAACTCAAGTAGATTTCCCAA

ABRE Box4
CATCTCACTCACTCCTTTCAAGTAGGAGCCAAGCTTAAGGCAGGTACTTTCATTTTTGATCACTACGCACAAAAATGGC 1524
CATCTCACTCACTACTTTCAAT TAGGAGCCAAGC TTAAGGCAGGTACTTTCATTTTTTATCACTACGCACAAAAATGGC 1535

JiREA Ny DICHSO J&5 8l 7 M A O s A B (RS0 A1 e S22 Je Mk DICHSO Ji5 3l 7 B & A AR et

The solid box outlines the identical cis-acting elements in the promoter of DICHS9 gene; The colorful shading indicates cis-acting elements

present exclusively in the promoter of DICHS9 gene from Shixia or Hongpi longan.
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Fig. 5 Analysis of cis-acting elements in promoter region of DICHS9 gene in Shixia and Hongpi longan
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