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Flavonoids contents and expression analysis of related
genes in red cell line of Saussurea medusa

Yajie Wang, Houhua Li, Wanyi Fu, Yan Gao, Bingjie Wang, and Ling Li
College of Forestry, Northwest A&F University, Yangling 712100, Shaanxi, China

Abstract: Saussurea medusa is a rare traditional Chinese medicinal herb. Besides anti-inflammatory and analgesic
activities, it has effects of disinhibiting cold, dispelling dampness and promoting blood circulation. Flavonoids are the main
medicinal compounds in S. medusa. Contents of flavonoids and expression of flavonoids biosynthesis related genes in white
and red (induced by low temperature, high sucrose and high light) callus were analyzed. The results showed that the total
flavone in red line was 3.60 times higher compared to white line. The accumulation of rutin in red line (0.25% of dry
weight) was 2.40 times higher compared to white line. Anthocyanins were abundant in red line, with the contents of
cyanidin 3-O-glucosidechloride and cyanidin 3-O-succinyl glycoside 0.12% and 0.19% of dry weight respectively. CHS,
F3'H, FNS, FLS, DFR and ANS genes were highly expressed in red line compared to white line. Expression of three
transcription factors (MYB, bHLH and WD40) in red line was significantly higher than that in white line, especially the
expression of MYB (19.70 times higher compared to white line). These results indicated that high expression levels of
transcription factors induced high expression of structural genes in red line, thereby enhancing the flavonoids biosynthesis.
The expression of bHLH and WD40 was similar, whereas it was significantly different from that of MYB, indicating that
bHLH and WD40 could form a binary complex to regulate expression of structural genes and flavonoids biosynthesis.

Keywords: Saussurea medusa, transcription factors complex, structural genes, flavonoids biosynthesis, expression analysis
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Simplified scheme of the flavonoid biosynthesis pathway and transcription factors''"*). MYB (M), bHLH (B)

and WD40 (W) transcription factors controll the anthocyanin pathway in Arabidopsis and maize and putative MBW
complexes are indicated. PAL, phenylalanine ammonia lyase; C4H, cinnamic acid 4-hydroxylase; 4CL, 4-coumarate

CoA ligase; CHS, chalcone synthase; CHI, chalcone isomerase; FHT, Flavanone 3 beta-hydroxylase; F3'H, flavanone
3'-hydroxylase; F3'S'H, flavanone 3'S'-hydroxylase; FNS, flavone synthase; DFR, dihydroflavonol reductase; FLS,

flavonol synthase; ANS, anthocyanidin synthase.
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#1 XFEE PCRS3I¥
Table 1 Primers of semi-quantitative interpretation
PCR

Primer name

Primer sequence(5'-3")

PALF GGTGAAGGCGAGTAGTGATTGG
PALR GCTGAATGTGGAAGGGTGTGA
C4HF TGACACCAAACTCGGACCAG
C4HR ACCAGGCGTTGACCAAGAT
4CLF GACGAGTGTAGCACAGCAAGT
4CLR ACGCACATCAGCACATCCT

CHSF GACACGCTTCGGCTACAGAT
CHSR AATGGACGCACTATGGAGGAC
CHIF CATTCCGTCACTCGCCGTTA
CHIR TGTAGGTCCCTTGTGCTTTCC
F3'HF GGATGACGCCGATGGAGAA
F3'HR CGATGGGTGGAGCCTGAAG
F3'S'HF GTTGAATGGGCGATTGCTGAA
F3'S'"HR CCCGATGTAAGGTAGGTTAGGC
FNSF CTCGGCCCACTCATCCACCA
FNSR GAGATTCTTKGCTTCATCAGCCTC
FHTF ACTACCCGAAATGCCCTCAG
FHTR TCTTGCCACCATCACGAGTC
FLSF TCTTACAGGGAGATAAATGAGCA
FLSR CACCAATGTGAATAATGAGAGCA
DFRF TCCATTCATCACTCCTTCGTTCC
DFRR TCTTCCTTTGGCTTTAGGGTTCTC
ANSF ACAACGCCCGACGATTACAT
ANSR CCCGAGAGATAGAACCGAGAGT
MYBF GCTGTAGGTTGCGATGGTTGA
MYBR TGCGGTTCTTCCTGGTATTCTTC
bHLHF GCATCAGCAGCGGAGGAC
bHLHR GGAGTTGGAGGCGGTTAGG
WD40F CACCGTTGTTGAGATTGGCTTG
WD40R CGCATTCACACTCCCTCTATGTC
ACTINF GTGACCTTACCGATGGCTTAATGA
ACTINR CAATTTCCCGCTCTGCTGTAGTA

Note: all primers were designed based on the Unigene
sequences in S. involucrata, except for FNS primers
which were from GenBank: KF170286.1.

30 —

20

10 —

Total flavonoids content (mg/g DW)

White line Red line

B2 KBEELHEMIESHT
Fig. 2 Total flavonoids contents of S. medusa.
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L gL R RSB A S s T
R, NHEEEMAMB AT, HEah
(2.526 0+0.273 0) mg/g DW, k%] 0.25%, J&F{
R 2.40 fi5; LLERPIILARAF R T HU
HgRH, A5 (5.897 6+0.192 0) mg/g DW Fi
(0.042 7+0.009 1) mg/g DW, 43510 168
6.92 f5F1 14.23 f%; LLEARPXF LR G =N
(0.428 6+0.003 2) mg/g DW, J&FI{aZRH1) 2.80 f%.

KEEHEACRPAEFE R EFEAREHR
3-0-CHT . RAEAER - _BO TR R
3-O-BRFME M, A w35 (1.215 4+0.038 0).
(0.226 4+0.112 0) FI (1.920 6+0.059 0) mg/g DW,
SPAEEITER 0.12%. 0.02%F1 0.19%. 5
BT O REOORNRFERGFEE, 1
F R R AR A 2 A H (B 3),
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Fig. 3 Main active components contents of S. medusa.
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Fig. 4 Relative expression levels of structural genes in flavonoids pathway.
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Fig. 5 Relative expression levels of transcription
factor genes in flavonoids pathway.
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