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Abstract: To elucidate the role of chalcone synthase (CHS) in flower color formation of
Rhododendron delavayi, the full-length coding region of RACHS2 was cloned using R. delavayi as
materials, meanwhile, its expression profile, catalytic activity in vitro and biological function in
vivo were analyzed. The results were as follows: (1) The full length CDS of RACHS2 was 1170 bp
encoding 389 amino acids. Phylogenetic analysis displayed that RACHS2 was grouped into the
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same clade with CHS from other plants and had typical conserved motifs of CHS. (2) Gene
expression analysis showed that the transcript of RACHS2 was highest in scapes and lowest in
stamens, and its expression level increased gradually during flowering. (3) Enzymatic assays
confirmed that RACHS?2 catalyzed the synthesis of naringenin chalcone from malonyl-CoA and
p-coumaroyl-CoA, as well as catalyzed the synthesis of pinocembrin chalcone from malonyl-CoA
and cinnamoyl-CoA. (4) Complementation experiments in Arabidopsis thaliana tt4 mutant
demonstrated that heterologous expression of RACHS2 successfully restored anthocyanin
biosynthesis in cotyledons and hypocotyls. These results show that RACHS2 exhibits typical CHS
activity and participates in the biosynthesis of anthocyanin, which lay a foundation for further
clarifying the specific function of this gene in the future.
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CL2RFERS JE T W M TEALRS, mHEpT, FRAERTN, FERDIRSE R, fep<mTndt, 1
T, IRLLED, BREWEIME, 25 ME A BALRS E AR A W R 5 — (3
4IF5, 2006) o SHZBFERGDIAESHE I BoA BUE RO B, R A ] N 25T B
—ERZHAMNE. (HYE) S P EZMEPICE, DALY, vTHTRTE
BEA . ASRNRZEZRRAE (ERI55, 2023) . eH R FE MR E D2 AS W & 52 10
R EHEZED, ARV EA —EMESTIME, AT RO TR 22 H B0 P AE AR i, IR IR
TR DI RERRT, B ARRRSYE IR DT P, 8RS DD RERRAT S B/ INE T, R N S e A 57
(Hyun et al., 2019) U225 40 i1y &% (Surangi et al., 2020; Nakano et al., 2020; Li et al., 2021;
Liuetal., 2021) .
REGEE (CHS) J&T Type I ZYZRER & B (Huang et al., 2024) , 754> B

Y A2 R R KR A, FEAHE 2 MME T L ANE T, BAEEDRARANS
KRR B W B RIEEAGFEZER (Ferreretal., 1999) . CHS AR —FE4HilG A A7 = B4
Bl A R SR A A B 2R AT K, B B 3R A K P2 — R S R A P e 28 A R
WHE R CHS ENMMAET 2= & Ul B s — A OCHERE (Wu et al., 2020) , 7E4E
HREADE Mg EEAER . BB OAER 2 S o AT TOEFE, i<t
HEF RN, HRSH 1A CHS B, HHIZERNREHZE SRS E A NEE
(Taietal, 2014) ; S5&mEAME, MR AESH 14 CHS R, ZFEF R 5
TEA B AR AN T, B TS R IR R A A S, RN AR TE SRR
A= AN 228 (Chang et al., 1988; Buer & Djordjevic, 2009) . i 7£ & 724+ 8 > CHS L 1,
A5 CHS-A il CHS-J TEAR A b3k, JEHIX 2 MERTEBAEAS LN A G MRIAET
W, RIS Hp] CHS-A (RISIE FBUR RS AR LM E (Koes et al., 1989; Koseki et al.,
2005) . SEEELIIFFFAAE, HHlEK CHS EEEIAE, whETT LR HFTAEK,
B EYERFAT] 12 h, RARFHIKMEEAT (Pollak et al., 1995) o X RAEH T2,
LLAERIBIE TN, PIRIEII) CHS XAl A7 S BEAHNE A FIPT —EAlE A A ol f R AR
Fil, [RI AR AL RIS S (XITHSE, 2021; Tangetal, 2023) . i L, 7K
W& B ERE ) B AE KR B R R o R v BB K% T AN B ARIPER] . HETSC T 1Y) CHS



It AL BN 2, ERE R L ALRS CHS ZEBI BT TR AR, H CHS Rk 5IH4E
BERE L AR CTE L] B SBR HoR W RIHRAE . R, JT /& RACHS2 R 74 9 B A Ao AL
T LA A b B35 B G LAt

AT AL RS UM Bl e B 3] RACHS2 A Kb, RAEMIME B ik, s
5 CE R PCR. MRAMNEEE RN R ST 46055595, X RACHS2 R G2 S5IEHERH
HEYD G AT A T, RTINS . (1) i RACHS2 HH BB 704 [ 5
HAt YR Type 10 AU REH S B2 (8] (UBEL R 2R, 70T RACHS2 2 15 R A & /KA & Mg 1 v 2
Thfes  (2) 4381 RACHS2 7£ Ty 2L R A [ 4L 23RN A [F) FF AR K a8 15 0L, R T 1% B R 11
I 2RISR S LS SRS I R B 5C & s (3D JEIARSNIRS R 5 PR 7+ R AL
REANSCISIEY] RACHS2 5 75 BT B/R B & B L, Y h R B2 51EF R AN & .
AW TE A Ja 1t — 0 W 2k R K AP 22 Th e S 2 SAEH 3KH & BOR T 170 T L 5258
T HE A
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1.1 Rk

REACIA TH 28 FE RS AEK B | AL RS H SRR A [ SEIR e RATTE GV3101. KAt
JM109. BL21(DE3)E&3Z#&M H WEIDI AF]; FAZ#EA pBI121, JFEi%#A pET-32a(+) H A
Segm E Rl ARG B R AE AR (ERD BIRAF], 250 B R E R
BIRAT, 51¥0E S DNA WP B & I B AR ) TR A BRA R 8.
1.2 RACHS2 KIZe & 5 4ME B2t

B ES 28 FE RS AR A I 2, SREGRAS AT & S50 2R I RNA JFiEe 56 1 cDNA. £ T 5
2R B S O, VoIt R R RS (BR L, & PCR o3 %482 W7 HiiA RACHS2
ZHERT

F Fl EXPASy-Protparamtool Chttp://web.expasy.org/protparam/) 43 # RACHS2 K ¥4k 1
i, MEGA 11 Fy& ik, MEME Chttp://meme-suite.org/index.html) Al TBtools 47
R SR


http://web.expasy.org/protparam/）分析RdCHS2

Table 1

R 1 BB F3

Primer sequences used in this study

CIEVEA i SIYIFS) (5—3"
Primer name Purpose Primer sequence
RACHS2-F B T TCTAGAGATTATGGTCACCGTCG
RACHS2-R Gene cloning AAACGACGCTAATGGGTGTAGC
RACHS2-pET32a(+)-F CGGGATCC ATGGTCACCGTCGAGGAT
RACHS2-pET32a(+)-R CCCAAGCTT TCAAGTGCACAAACTGTG
RACHS2-pBI121-F B GCTCTAGA ATGGTCACCGTCGAGGAT
RACHS2-pBI121-R Vector construction GCGGATCC TCAAGTGCACAAACTGTG
RACHS2-qRT-F CGGGATCCCACGTACCCGGATTTCTACTT
RACHS2-gRT-R CGCTTCTTGATCATGGATTTGTC
AtCHS-gRT-F FikrHr GGCAAAGAAGCGGCAGTGAAG
AtCHS-gRT-R Expression analysis ACGGAAGGACGGAGACCAAGAG

VE: EEYIALA: BamH1: GGATCC; Hind III: AAGCTT; Xbal: TCTAGA.
Note: Restriction sites: BamH I: GGATCC; Hind III: AAGCTT; Xba I: TCTAGA.

1.3 RACHS2 EFRE BT

FEEL T 2L B R [F 4R R AN RIFAE IR A RNA, %5558 ¢cDNA. # il Real-time PCR
519, WZHFE L H RdActin, Real-time PCR 4 3§#2/74: 95°C 60 s; 95 °C 5's. 60 °C 60 s,
H 40 MEIR, HAPERREE 3 ANMEYEES, B 2 115 RACHS2 R iL & .

1.4 RACHS?2 [FRIA B kM

W 5 A2 3 1 B (R A& B2 304 BamH | AT Hind TR YK pET-32a(+) 84k I, 4
I E T R FRL i 44 N pET-32a(+)-RACHS2,  J14:4k BL21(DE3)/R 3% A4 il .

1.5 RACHS2 "] ¥ B A B H I 1) %

FEREFRIAFE N 15 °CEE T, 4 BL21-pET-32a(+)-RACHS2 #E477% S0 18] A2 IPTG W FE(H)
B, WHAIBEEE S E N 24, 36, 48. 60. 72 h, IPTG IKEHZXE N 0.1. 0.2, 0.4, 0.7.
1.0mmol « L. HSL U, MARMAIN, B0 EERMT SDS-PAGE Rkl .

o PR AR RIS FAAT EHE KRS, AR PR3 T oM, ok
FEIIRE Ve, B OB EIEWUT T SDS-PAGE HLJKAG, g S AR BE i 46 . b
PR AT B 0 ER  HEATRR L, USCEE 2 R FE R e e B A T IR T S5 9k 4, B S
4T SDS-PAGE & 1 kRS 1 -

1.6 IEEELE

PR ANEET A 2 1@ Sanmugavelan 25 (2018) [ AR MASEL,  BEE N A4 28 SRR
200 uL, F03% pH N 7.2 19 50 mmol « L™ BRR%EH, 1mg « mL™ IR (9 Bl A, &
T BEAE A R AAEBE ARG A) AT RACHS2 E4HE H, H BL21-pET-32a(+) 7 # ik & HAE Xt
R, A Rz 2 AR TR JR 2% A K RS 38 4 43 53l 304 342 nm.

1.7 RACHS2 R IA T E

FIFH&4 CaMV35S JHZEI TR NPTI ] pBl121 #@ il r Jr XK, 3 a2

RACHS2, A2t Xba | Al BamH | AFY)i) pBI12L Hefk L, L0l IE i i) SR fiv 44 09



PBI121-RACHS2, FHH&4k 2 ARATH -
1.8 MFTT tt4 B ERBAL L

W RAT A tt4 Br IR R A, FRELIEIH TR AL R4, SR TP 7. 4 TR, B2k
K tt4 FPFREE 7d, FEELRNA, 08558 cDNA, Ll B-Actin AN 234K, #3H{T gRT-PCR,
B 2R IR R . 2 Shine & (2007) MTEEIEEH R & &,
1.9 BiRGEiHH4T

Fif SEIR AT 3 N EYF E R, BCPIIME, F Excel #EAT EdE it , F SPSS version 19.0
[ Turkey ¥EBEATEE 741, FIH GraphPad Prism 8.0.1 2.

2 HRE M

2.1 RACHS? I35/ 54347

L1 48 LB 7 CONA SRR, ) % 579 0 kT Y 75 /KR 2RI 2 D RACHS2, 14
HEPY ORF 419 1170 bp, i LA%E% 380 AL R, B AL st 26 1145 T 40 42.6 KD,
731 30N Cigo8H3057Ns03Os64S20, FHT Leu & B e, i HLZ)0 10.8%. HL A5 L 4104 5.72,
B BNRENEA.

44 RACHS2 57 T 1 Type I AR A FEHIALHE (LT, 45 5% 0, RACHS2 5 Ay
TG CHS BAE—il, [ 5%EETE (MSCHS) M4 AT, ¥ RACHS2 1R A
BT 2R SRR IR A . JEFF /BT 555 %, % Motif 6. Motif 8. Motif 10 4,
JeA motif 2 YR Type I S5 AR HOHE R 148 AL REFELRSF 1, ok Motif 1-Motif 4
RS RSERE, ATASYEDE Type T R ARSI AP RIFEEE M (B D .
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Fig. 1 Motif analysis of RACHS2
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RACHS2 <o« . . MUTVE DVISKEXO)ENe) 5] ) Y PDI3Y FRMTNS E S8 (EKF@RMC CREUSYL 75

FhCHS «e...MVUNVEET QRA . A SENS (FR SENE {EK QY LY 15

VvCHS ve oo MUSVAETISKRN0)N: A \| 3 75

AtCHS MVMAGASSLDETZOEYe)EN A IRIP IBIN SR Y [ SE {EK M (Rl 80

Consensus aigta p n q ypd yfr

RACHS2 v GVDMPGADYQLTKLLGL! K 155

FhCHS WV GVDMPGADYQLTKLLGL! K| 155

VvCHS Wi G ADYQLTKLLSL:PS 3 155

AtCHS 1M 160

Consensus lkenp c¢ yma sld rqd vvve pklgkeaa aikewggpkskith vfcttsgvdmpgadyqltkllgl psvk

A A A
RACHS2 [PVPEV . BIK 234
FhCHS < TEGT . @R 234
vCHS [PDTKI . R 234

AtCHS SPDTS VGIYK 240
gd e
GGPAILDQVE 314

’GGPAILDQVE 314
’GGPAILDQVE 314
’GGPATILDQVE 320

RACHS2 389
FhCHS ES. ... 389
VvCHS PGLITVE TVV LH S [UspNzaieN:| 393
AtCHS VETVVLHS =3 . 395

Consensus k tgeglewgvlfgfgpglitvetvvlhs

WOMER IR 3 MR AT ROMERRRE CHS RV R RIFRIE; SLENER R CHS (15 5 AR =18
BO=ZMLRR ST G RIEGHEE A 456 1 EZLH R CHS FMb SRR e iR 2

Yellow box indicates three conserved catalytic residues; Purple box indicates residue that determines the
specificity of the CHS substrate; Green box indicates highly conserved domain of CHS; Black triangle indicates
important residue binding to coumarin CoA and specific residue for CHS cyclization reaction.

B 2 RACHS2 1% 55 st
Fig. 2 Multiple sequence alignment of RACHS2

2.2 RACHS2 R EFR AR T

RACHS2 R KA BN B, HAEANFHLN T INE RIL, AEZEPRRIEER, £
MESS P s B A RN DM R T e R, RACHS2 (R iA R i FTHEas (K
3,

MRS Heik
Relative expression

HIA A B
Relative expression

AEHE EFE AERE ML MEEE M | - A B RE BDF BT

Petal Torus Scape Pistil Stamen Root  Leaf Small bud Middle bud Big bud Slightly open Full open
A. RFHZ RICHS2 £ik: B. AR ML RACHS2 Kik . A [A7BERR 2 7 23 (P<0.05)
A. RACHS2 expression in different tissues; B. RACHS2 expression in flowers at different stages. Different letters
represent significant differences (P<0.05).

Bl 3 RACHS2 FEEFEENT
Fig. 3 Expression analysis of RACHS2

2.3 RACHS?2 JRZRIEB IS 2
B LML) RACHS2 5 pET-32a(+)iETi%E#:, AWK PCR. BVIIGUE. AT, 3+



B A% IR EifA pET-32a(+)-RACHS2 # &R ) (] 4) .

A M 1 2 3 B M 1 2 3 4 5 6

2000 bp|

1 000 bp
750 bp

500 bp
250 bp

AEERRH A E; M. Marker; A, B PCR; B. XUEISIE.
Red box indicates destination clip; M. Marker; A. PCR of bacterial solution; B. Double digestion validation

results.
4 RACHS2 FiZREH KM

Fig. 4 Prokaryotic expression vector construction of RACHS2

2.4 W]V E A B H] & S EEE A

¥ BL21-pET-32a(+)-RACHS2 & F 15 °C, AR5 IPTG ikE N TH $RIE,
5P 5 i, RACHS2 B4 (17F 48 h RiZRIAF K, It HIGEpEE R K Rk
A, EARFRE IPTGiES N, RICHS2 EAEAREE/T —/. &L, e
RACHS2 H A& A LS S RIASME N 15°C, IPTG IKE A 0.1 mmol « LY, %Skt
v 48 h.

5 S5 1] Induction time (h)

A BI21-pET32a -RACHS2
D M BI21  BI21-pET32a (k%S Uninduced ) 24 36 48 60 72
97.2
66.4
L —
=
3 e
- .y
443 )
B IPTG i IPTG concentration (mmol-L-! )
BI21-pET32a -RACHS2
kD M BI21  BI21-pET32a (KES Uninduced ) (), | 0.2 0.4 0.7 1.0
972
66.4
-
443 e

A. AAESHE; B, A IPTG K.
A. Different induction time; B. Different IPTG concentration.

B 5 EARHHIFREFMHIFE

Fig. 5 Determination of inducible expression conditions of recombinant protein

% BIR AR BL21-pET-32a(+)-RACHS2 #EAT K-S 1E 77, WSCAR T 4B 75 R 3K 4%
EIEW ARIRSRAE T EEATIR, BT S, 45 RUIE 6 R, RIS IR L S AL R
AVEEEAEA.
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M. Marker; 1.BL21; 2. BL21-pET-32a(+); 3. ZiifkAi; 4. 4itk)s.
M. Marker; 1. BL21; 2. BL21-pET-32a (+); 3. Before purification; 4. After purification.
6 FEHEHAEONALERYSE
Fig. 6 Purification and concentration of soluble recombinant protein
¥ RACHS2 Al EA R H 5 A F YT R SN, Z55R a1 7 s, RACHS2 7]
AL R NE A NI GG A SN AR B R AT /R (R T A ) — IR e A A
PURE B IEGHAG A P2 A4S R ZR AR, UERH RACHS2 B 25 /K A& B Thag .
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A. trifEdh; B. BEEH; C.pET-32a (+)ERFX .
A. Standard; B. Enzyme activity product; C. pET-32a (+) protein control.

B 7 RACHS2 {4 EHERI
Fig. 7 Enzyme assay of RACHS?2 in vitro

2.5 RICHS2 R EERBHRES tt4 REBEFFEL
B EIL ) RACHS2 5 pBI121 #E4TiEH:, S EW PCR. BEUIIGUE. AFIMF, 48R %K
B, B FIEHK pBI121-RACHS2 &) (B 8) .



A M 1 2 B M 1 2 3 4
2000 bp

2000 bp
1 000 bp

750 bp
500 bp

1 000 bp
750 bp

500 bp
250 bp
100 bp

250 bp
100 bp

M. Marker; A. B PCR; B. FUIURIIF.
M. Marker; A. PCR of bacterial solution; B. Digestion verification.

B 8 RACHS2 EERER B

Fig. 8 Eukaryotic expression vector construction of RACHS?2
IR R E 9 BoR, EARSEMEE T T RERREF 7 RS ttd RAKAMELL,
TR ARSI RR O, B 5 SR IR R 0, TEHF R TS NI ; Real-time PCR 4551
7R, RACHS2 fE#E SR ME H 3RIA S AtCHS 7EBF AE AL () 3RIA ML, Uil RACHS2 &
AtCHS HA MM DIRE 2 5EEF R H I AEE 1.

#53E A Transgenic

i WT(col) 14 RACHS2-1 RACHS2-2
o R AN it
L 4
0 .
[y
- ’ & .’ '\
B (&
. 20r 2.0
g
- 5
b= W 2
-_— = X e
8 E ® 3
2

wT 4 RACHS2-1 RdACHS2-2 WT 4 RACHS2-1  RdCHS2-2

A. REp M B BAEHREEENE; C. MXFEESM . ARTEERZER 5% (P<0.05) .
A. Phenotypic analysis; B. Determination of total anthocyanin content; C. Relative expression analysis. Different

lettersre present significant differences (P<0.05).

B9 RACHS2 FE#IFSIT 14 AR KT BE EAb
Fig. 9 Functional complementarity of RACHS2 in Arabidopsis tt4 mutant

3 eG4

KT KGR (PKS) BT R, Bk [ PKSs (B CHS 1), 1R 2 &
g (STS) . WYREWE G il (ACS) 1 2-MLn& & pill (2PS) 28L& AiEM 5 CHS HA
FIR AL, SRR TE S ML 7 SRR GR IR i i v EAF7EZ R (Quan & Paloma,
2022) , FfHIXLE PKSs {EREEMRI/KT FS CHS AR & . BRltk, AU 7 5 AR el



Wil A CHS W51, 9ebr bl REgmitHAth PKSs (Yuka et al., 2022) . T S FH[X A1
CHS 5 HoAth PKSs, 5 7& i B 2 FEBRAM ST LB E CHS, a5 215 A1 265 fL K N
B, HAEJN CHS INEREFER, EIEHRBEEAEN 8 FREEZER (Mpritaetal,
2019) . JKHE OsCHS9 A% 265 ARk N &R H &R, A ANE] CHS E1E (Park et
al., 2020) . ZFHILLXT M o, RACHS2 5 215 71 265 A7 ¥ N R NARR, [FIN R4t
ot s, B5CARIUFThRER CHS Jv—28, FREJ RACHS2 7E 5 28RS Fh 1R mT A R 4%
LAY CHS IThRe, (HBART)REIE 75 2did Sege it — B 50k

KRZH CHS FEREAS T T EERL, HENMEEZS5HFRNEWE, EA
TACHE RSB E P RIEN CHS FR AT Ae AL H Al B lR A6 S i) A P& b R A% B 2AE
PATAF P DjEE (Pang etal., 2005) . BIANERT T rh, PeCHS Rk BT RAK, 7E
BCGASR SN  Fy th R A By, ABURER S 5 i (00 (s R R S AT AR R R %
(Singh et al., 2019) , 3FH MACHSs fEH iR iA B s, HFRAE 5 E R A8 /KM
KL IM S (Yahyaa et al., 2017) . RACHS2 7£ &2 As b 2 h ik B, HBEETE
RMTF IR IS R a5 SRR IEE R E AR B A3 (Sun et al,, 2022)
XK W] RACHS2 7£ Ty 2t BY A8 (00 iU B v A R 5 £ H, B 2 S 28k RS Hh il A7 A2
fit CHS R R 322 516H R H Gl AW RACHS2 vl it A Bt A 57 5%
AT A SRR A R R AR, IER] RACHS?2 Afis oy CHS H: H AT DA & 3% S B A AL 1 ) o
{HIFI RACHS2 i&RE LATH Bt 4l A FIPIEEIRAHEE A AR IS A8 IR 3R AR, R
HARFIRE R — N2 IR CHS, MUATBAZ 5EF K EH A BIE R LS 5 ENE RIS L
K415 FIRERIE RS RAH— B 4R —PEY] RACHS2 2 &S — 12 1)
RE CHS, i 75 B3 5 22 R IR A 0T AR AL T REZEAT AT

LRI tt4 RALR T AR B & B DI Re i, B A R b ik, S ERR R
LIRS RN R . ASCHF A RN, RACHS2 AT LUK ttd SRAZAH FZ Hy
WA NRR L, LT ek B N, UERH RACHS2 (1S N4 rE TF 2SS ALY &
BB IR, £W RICHS2 /& AtCHS Lhfe B R [FUEZER, HAMURKAY ¥ D6, £
WA & RIEEBEBEAER, X575 CsCHS. 7% BACHS A7t 45 S Al H (Li et
al., 2024; Wang et al., 2017) . 7ERTHAHF 784, RACHS1 (Huang et al., 2024) )5 N\ [FIFEfEVK
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