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Identification and expression profiles of chalcone synthase gene family in Rubus chingii
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Abstract: Objective Chalcone synthase (CHS) is the first key enzyme for flavonoids biosynthesis, and plays an important role in
the accumulation of flavonoids and stress response. To identify the members of CHS gene family in Zhangye Fupenzi (Rubus chingii),
and define their expression patterns in different tissues (roots, stems, leaves, flowers, and fruits) and at different growth stages of fruits
of R. chingii. Methods Multiple bioinformatics methods were employed to identify the CHS family members in R. chingii genome.
Their physicochemical properties, chromosomal localization, phylogenetic tree, conserved motifs, gene structure, and cis-acting
elements were analyzed. Simultaneously, their expression profiles in different tissues (roots, stems, leaves, flowers, and fruits) and
during different stages (green fruits, green to yellow fruits, yellow fruits, and red fruits) of fruit development were detected using the

real-time fluorescence quantitative polymerase chain reaction (PCR). Results A total of 15 R. chingii CHS family members were
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identified, which were divided into 7 subfamilies, unevenly located on four chromosomes. They encoded 361—541 proteins, located in
the cytoplasm, and harbored one pair of tandem replicated genes. The gene structure, conserved motifs, and secondary structure of RecCHS
members within the same subfamily were similar. The promoter region of RcCHS family genes contains a large number of regulatory
elements related to growth and development, hormone and environmental stress response. RcCHS family genes were expressed in different
tissues (roots, stems, leaves, flowers, and fruits) with obvious tissue specificity. In addition, the expression levels of RcCHS family gene
were significantly different at different fruit development stages (green fruits, green to yellow fruits, yellow fruits, and red fruits) and under
100 umol/L methyl jasmonate (MeJA) treatment. Among them, ReCHS11 was highly expressed in fruits of R. chingii, and induced strongly
by MeJA treatment, which was coincided with the accumulation of flavonoids, suggesting that ReCHS11 might be a critical enzyme
involved in the biosynthesis of flavonoids. Conclusion A total of 15 members of RcCHS family were systematically identified from R.

chingii at the genome level. They exhibited tissue specific expression profiles, and possessed different responses at different development

stages. ReCHS11 showed positively response to the flavonoids accumulation in fruit.

Key words: Rubus chingii Hu; chalcone synthase; expression analysis; flavonoids; methyl jasmonate
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IIT All-In-One RT SuperMix #4754 i cDNA,
JiT#3#) cDNA F - F4&l ReCHS1~RcCHS15 3K 1)
RIBIKF

DA 2 B-actin AN ZSEE[H, R Primer
Premier 5.0 % 11" ReCHS1 ~RcCHS15 3 %586 8
H PCR 519 (R 1, WL AMHAGRAR S
BO. FHEMERE T ARAL (R 2, L fEF1ER
SO, REAFKENE (FR. FHEHR 1R,



* 7802 «

FED 2024FE 11 H B55% B 228 Chinese Traditional and Herbal Drugs 2024 November Vol. 55 No. 22

£ 1 BT qRT-PCR HI5|¥1F7
Table 1 Primer sequence for qRT-PCR

B 5 4 Bk LIS (5°-3%) TS (5°—=3")
p-actin ATCCACGAGACTACATACAACTCC CTGTCTGCAATACCAGGGAAC
RcCHS1 CTCAGACAGAAGAAGGTCCAAATA GTCGTCTTCTTCTTGGGTAACA
RcCHS2 GTCTTCTTGTCCACCCTTTACT ACACCTGCCTCGTTGTTT
RcCHS3 GTGCCGACTTTCAACTCATAAAG GTCCTTGGCAATCCGTAGAA
RcCHS4 AGTACAATCTGGTCAGCGTTATC GGACGGTAACAGGCGTAATC
RcCHS5 ATTCTTGCTCCACGAGTTCTAC GTTGGTTTGGACTTGCTGTTC
RcCHS6 TAGGCGTCGGGCTAAGTATAA TTGCCAGTATCATCCATCTCTTG
RcCHS7 GCTTCAGGCAAACCCAAATAA ACAGTTGGGAACGAGCATAG
RcCHS8 GGAAGGTTGCTGGATGTAACT CGCTTCTCCAACCGATTCA
RcCHS9 CGATGAGTTGCTGGAGAAGA ACTACCATGGAGGACAGAGA
RcCHS10 GACACCCACCTTGATAGTCTTG AAACAAGGGCCTCTCAATCTC
RcCHS11 GAGAGGCCCTTGTTTGAGTT GTGAGTTCCAGTCCGTGATG
RcCHS12 CCGGTCTTAAACCCAAGGATATAG TGCTGCGGAGTTTGTACTT
RcCHS13 AGTTCTCGCATTGGGTAAGG TCTCCTTGATGGCAACATCTG
RcCHS14 TGACATCCTGGTGGTAAACTG GAGGCTGAAGCTCTTGATGT
RcCHS15 CCAAATCTTCAAAGTACGAGCTATTC GTATTCCGTTGGAGTCCTCTTC

L) [ MelA Ab3 5 ) cDNA BTk e &

50 ng/uL, %M ChamQ Universal SYBR gPCR Master
Mix (Q711, FRUHEMERAEMRHAAIRAFD UiiHHE
ABI 7500 %€ 5 PCR 41X (Applied Biosystems, 3% [
HIFRERPEID EiE T, HA 10 uL RMVAKRR: iTag™
universal SYBR® Green supermix 5 uL, _FJi#514 0.5 uL,
Tﬁ%@ﬁ%ospL,SOnQMLdmmAﬁﬁﬁluu ddH,0 3
uL. KIGE R PCR RNAEFFH B HET, B 95 C
ﬁ%@yn,Aﬁ950§ﬂn0&6OCkam,ﬁ
40 IR BRRERLE 3 AR ES, R 20022
& ReCHSI ~RcCHS15 W75 /KF, i@t TBtools 4=

PG B AR AHRO3E4T Heatmap ATARAL.

3 ER55%
3.1 EMEZT ReCHS EERKEE. EHME
MRS EH S

W ADE BT, EEN B TERA S

JLUEF] 7 A ReCHS FKEMU, R EAIEG
%LE@EE/\E Wk i 4 N ReCHS1 ~RcCHS15
(R 20 BRI 73 B 45 SRR BH , 78 71 ReCHS
R ABANT 361~541, TH{H 466.13, FAHIH
RcCHS7; & EAX 7 F i &/ T 39 550~61 490,
SEYIAEXT 4> TR BN 519905 ZEHL AT 5.38~

%2 RcCHS EAFIIER

Table 2 RcCHS gene sequence information

O FHERE  AEXgTE W ARRoEiEd B ARK RCEISROK R EL V240 i 5 o7
RcCHS1 515 58 030 9.20 40.65 90.87 -0.103 41 A5
RcCHS?2 514 57 800 9.04 39.07 91.79 -0.048 41 A5
RcCHS3 396 43 360 6.05 37.80 93.84 -0.036 4
RcCHS4 522 58 210 9.19 37.08 96.51 -0.083 4
RcCHS5 484 54 090 8.96 44.04 92.27 —0.042 4
RcCHS6 456 50 940 9.13 38.09 89.78 -0.098 4
RcCHS7 541 61 490 9.15 44.00 86.30 -0.187 41 A5
RcCHSS8 392 42 910 5.38 36.36 93.85 -0.149 41 A5
RcCHS9 527 59 230 9.20 38.37 91.57 -0.058 41 A5
RcCHS10 391 42770 5.97 37.52 92.05 -0.108 4 5
RcCHS11 361 39550 5.87 38.45 91.30 -0.105 41 B
RcCHS12 498 55 980 9.13 40.59 98.88 0.025 41
RcCHS13 387 42 650 6.92 4352 94.75 —0.142 41
RcCHS14 513 57 500 9.31 32.87 92.18 -0.048 41
RcCHS15 495 55 330 8.98 4758 99.07 —-0.043 gl
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9.31, “FI¥ME N 8.10; NENT RE T 86.30~99.07;
AR T 32.87~47.58, 9 MR NFaE &
H, HRBIKT 40, AAREEH. ik ReCHSI2
EAERSEAKRBORT 0, AHI/KEH, HAKR RcCHS
EAYNEKEA. ReCHS & AW EN T 405,
FKHIEAT A0 BA R e
L SOMPA #AF 34t T ReCHS & H I — 4%
ZEFy (% 3). 4558, RcCHS KKK AYAH o
BRI B-HT S LR A B A AR 4 Fh R
¥, B s BARAIMK IR o-18 T8 (P35 44.56% )
TERRIE: i P15 34.22%)  ELBESEAH T 15 15.30%)
Al B & P 5.92%). RcCHSI12 ff) o-12iE &5 Lt
(47.39%) = T HARRL 51, TR 2 A ReCHS
EEP AL (32.13%) &MY, RcCHS7 ) H4ELE
it (17.01%) B35 & T H AR R .
#3 RcCHS RIERRMNERZREHHFT
Table 3 Secondary structure analysis of RcCHS family

members in R. chingii

HAAK o-8RiE B-irE MG AR
RcCHS1 45.24 5.05 34.37 15.34
RcCHS2 4591 5.25 33.66 15.18
RcCHS3 42.68 6.31 34.85 16.16
RcCHS4 44.44 5.75 33.52 16.28
RcCHS5 44.42 5.99 34.92 14.67
RcCHS6 44.08 5.26 33.99 16.67
RcCHS7 43.25 5.36 34.38 17.01
RcCHS8 42.86 7.40 35.46 14.29
RcCHS9 43.45 4.55 35.67 16.32
RcCHS10  44.25 6.14 34.53 15.09
RcCHS11  46.81 6.93 33.52 12.74
RcCHS12  47.39 5.62 32.13 14.86
RcCHS13 4341 8.01 33.59 14.99
RcCHS14  47.17 5.26 32.16 15.40
RcCHS15  43.03 5.86 36.57 14.55

32 EMZEZT ReCHS KixEFARLRBHREME
EREEFHIFR

B P IR ALERE, 4 T ReCHS &
EHER Gtk AL RS (B 1-A). 450 ER, #
7 1 ReCHS FIER 15 MRS fE Chrl,
Chr2. Chrd fl Chr7 iX 4 Z&cyetifk b, 733846 1.
7. 4 A1 3 ARG, Chr3. Chrs Al Chr6 To R 43 o
Y LR TR B, RcCHS4 Al ReCHS6 22 [H]
FAE SRR S (B 1-B).

WS EMN B TSR KREREE A H T

LR M R B, ReCHS J: K 5 H-FIHAE KRS 2
[EAAAAE S ) F A, TS5 X7 A R T SR 4R
PR RFEHEY), A 14 6L cHS 2, H
FEANEMBEEFIERYE 2~3 MIREIFIRERAAE
SHES (E 2.
3.3 ZEMEZT ReCHS FikERRGH UM 2

T CHS FIEREAK R LR, @
i MEGA ¥ ft2x] 7 =M # T U Ir. &
AT HRE. B, BA. M. MR
97 % CHS EHFHM ARG R ER (K3, il
2397 ANTAH (Group I~VID, 435&4H 10, 12,
12+ 13, 19, 15, 16 N EG Group I Fr & 3 K £ =
> (10 4D, HHEHEZFEAFIIHEMR &
FIi ReCHS 1] 66.67%, 2 EAI15 HAth CHS /771
(R A% 33k 6 Rz . ReCHS 13 5400 FF 7+ AtCHS1
AtCHS2 434 #£ Group I, RcCHS8 5 AtCHS3 4377
7£ Group III, RcCHS10. RcCHS11 5 AtCHS4 43 Afi
£ Group VI, RcCHS3 73 AiifE Group IV, #Elll[F]—
U AH R RR 3 FE D RE U7 TR A AR AU, ANFEAF e
A3t R R B R ) D RE AN A
34 EMEZT ReCHS EERKREELH. K5
b3t RARSFEFF 53 47

RTHEMNERE RN, 247 RcCHS Kk
BRI R (B 4-A), EATEA 1~3 ML
AR T, 8 MR (53.33%) IXU&H 1 MNET,
SR ER 5 AHMNET M H ReCHS7 F1 ReCHS11
TH 3NN T EHER T ReCHS FIGEM A %
SEF] 10 MESFEF (B 4-B), motif 1. motif 3. motif
6 Al motif 7 y CHS F A N ¥4 #y1, motif2. motif
5 fll motif 8 iy CHS & C ii&i ik, 15 4~ RcCHS
FIER A EH 3~9 MAEMRTEF, HMEH
motif 1 A motif 7. ReCHS3. RcCHS8. RcCHSI1.
RcCHS10. ReCHS13 B & motif 1 Fl motif 7 7,
YITEAE motif 10, F W motif 10 f21X 5 MR 1)
RS .3 AN (ReCHSS \RcCHS6 1 ReCHS15)
EH 8 MESFHFE (motif 1~8), P4 7 MRS
H 9 NMEFEF (motif 1~9).
3.5 EMZEZT ReCHS HKikERER BN FIRNAE
R TEs

FIH PlantCARE W 3 3 #fr T % -7 & F
RcCHS F LR & 87 L M= oo, 3645 30
FM=AE oo, HThRET e ME A KK
B B LA e N 3 R (B 5. &
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Fig. 1 Secondary structure analysis of RcCHS family members in R. chingii
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Fig.2 Collinear analysis of RcCHS among R. chingii, A. thaliana and Oryza sativa genomes
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WP A . W3 B DA AR Ak R G A
(ARE, 5 11.18%) #Ex %, RUWHLA VAT FE
72 ReCHS X 3 03 NS e 1) 2 207 oz —
Ib4h, ReCHS FGM ik RN, (K. &
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FEvh R4 EEAE
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IhEEEE N
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Hep Ay fE B g EANE. el . dE4E
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Fig.3 Phylogenetic tree of CHS family
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Fig. 4 Comparative analysis of RcCHS gene structure, conserved motifs, and protein sequence in R. chingii
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