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Analysis of tissues difference of flavonoids and key enzyme genes expression in
Bupleurum chinense and B. scorzonerifolium

YANG Lin-lin, ZHAO Yu, HAN Mei, YANG Li-min
College of Chinese Medicinal Materials, Jilin Agricultural University, Changchun 130118, China

Abstract: Objective To investigate the relationship between the content of flavonoids and the key enzyme genes expression in different
tissues of Bupleurum chinense and B. scorzonerifolium. Methods The roots, stems, leaves, and fruits of B. chinense and B.
scorzonerifolium were used as test materials, determination of flavonoids (rutin, quercetin, kaempferol, and isorhamnetin) in different
tissues by HPLC, determination of total flavonoids by UV spectrophotometry, the tissues expression of key enzyme genes (IFS, F3H, and
DFR) in flavonoids synthesis was determined by real-time quantitative PCR, correlation analysis was performed with SPSS. Results The
content of flavonoids in the aerial parts (stems, leaves, and fruits) of B. chinense and B. scorzonerifolium was significantly higher than that
in roots, the content of flavonoids was mainly rutin, and the content of rutin in the leaves of B. chinense leaves was up to 106.961 mg/g;
The distribution of total flavonoids in B. chinense and B. scorzonerifolium was obviously different, the content was from high to low:
leaves > fruit > stem > root; The expression of B. chinense IFS, F3H, and DFR gene in the aerial parts was much higher than that in roots,
IFS gene was significantly positive correlated with rutin (P < 0.05), F3H gene was significantly positive correlated with DFR gene (P <
0.05), but the expression of IFS, F3H, and DFR gene in each tissues of B. scorzonerifoliumwas at lower level. Conclusion The content of
flavonoids in different parts of B. chinense and B. scorzonerifoliumwas consistent with the expression of flavonoids synthesis key enzyme
genes, the differential expression of key enzyme genes regulates the synthesis and accumulation of flavonoids in different tissues.
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expression levels; correlation coefficient
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SEREFEEDY, WK RS EEDEKE ISR
gy E LA, RPEY RN R
HEEM 0 ED, war iy LU R e as,
[FINS, B2 R o o g O I S5 08 (1) ¥R 97 A
T IH #1 A 4 EEEAE Y, (ENZG I RE P SE A b
SRR, B R R M, JoBRIE R T
2 TR IR 9

T S AN G D R 1 A 0 v A S I A R
0, 25 YD TR K i ARG S AR e ) R ik
R B 98 IR oK e, R dbSedl . B 54
A AT 2K R A A BE AR ) I A E G
5, /b WS R Y b 2R AR S O 1 T Re
JEDH O ARE . Sui 2O RSERT . e SR AR 41
SUIAT T #2007 (NCBI %35%%5: GSE51187),
MR T 225 IRBR Y& 3R, A
BIF FOAE G S 2 0 e bz 5 1 AGSEEH . A5
H 3 NS IR A )G R [F) R G B i R A
Hod 735 i A B (isoflavone synthase, IFS) ff1b
“EE IR AR DT AR B C-2 1) C-3 fnkE
Wb AR At B bR -3B- R 1k Bl
(flavanone 3-B-hydroxyalse, F3H) A {4t 53
W EY) C-3 frFd bk sl — A s R R &
2, — S B HRRE L )5 B (dihydroflavonol 4-reductase,
DFR) 2 M WAE T 3 R ot & B IR B 283 28 73 3¢
S B ERSRAL A A A BRI R AT A 4
Bt (RIS SR AR R o & B I, RT 9Bt Fr sk b
B R AR S AR L B AL o

KA T LIRSS B gt SE MR . 25, mb Rk
RSEESARL, S SO BEE I E AN R4 R 4
FREEERER sy 5T MR WRR . RREFER)
VR, AN R E e e B, AT
F BB 9 58 & PCR V% (qQRT-PCR) 43437l 2 4t
SEEHL AR SEEAAN R ZH A 3 A [FIR IR B R 2R A A
Yt ROGHERGEER] (IFS. F3H. DFR) Kik&, #]
BWHIE T 3 AN EESRAL G A OB SE R 5 1
KUWAEMERMK R DHLEE ARG, pent2E
FAH SRR G Y E A ORIV IT, HES) SR
AR TR KR, ARSI AP 372
A P EE SR ORI
1 MRl5iE&
11w

JESEEAT 2017 42 9 H 3 HRETHMARK
P, BPARIHSEE T 2017 429 A S HREEA

A AR AT PRI F S E I M4 2.71 km
(N45° 74", E122° 64" BAEJFR, 5> HIEHLRE
SERHL BRI SEEE 10 Bk, @ E AR E A
B MR R A% % 72 vk 4Ei B. chinense DC.. #k
565 B. scorzonerifolium Willd. IF i o 55 1 35t
A B T UK G R, A (R STAG 5 /N0 FH K i
eV, FIIEARR T 7K 43 Ja 4 A6 S K et S0 7
R AR 25 Ihy SR 4 80y, BAbgeE. Pense
AN R ZHZA KB Ja 1/ IV s INER, - 6588 Bk
I S8 AN ) 4 207 1R /N BB A 1 5 S 0 25 T 1
Y, SCRVE FlEAR G, A T-80 CRIK
TEA S UL T 5 2Rt . BRI AT e T de st
B BRHSERA A (RL 2. b Re BT
PRI TR i, AR AL sdiky, HT

4 FPEEEH R R B R & B 5E
1.2 X7

PR T O & A B 91.9% , #Ht S
100080-201610) FlHf iz & (i E5r 41 99.1%, b5
100081-201610) J T H [5 £ i 24 St A e i 72 B s X
L AR RESE 98%, fitS B1704064) Fl
FRER JRESH 98%, #itS K1624010) WT
EARTRL T AR I A IR A F] s HEE. LA (f
T&4li, Fisher Scientific A#]); HEE (FHF]D FH
MARFI A E = b2l 22 EHEY A RNA 3
BOAA & T KEA AR AR PrimeScript RT
reagent Kit with gDNA Eraser 5 #3547 £ . SYBR®
Premix Ex Taq™ GC 7Ykl 5 0 T K2 R BHR
HIRAH .

1.3 {488

Agilent1260 =0RAH LR (SE[H Agilent 2
#]); SMART-N 2i/KHUC R AT Es G IR A
A]); SB-800 R PEIEHEAY CTBoHT 2 AR A R
AFD; AUY220 7R (HASEARD; UV-1700
LHNVEeETE (HA Shimadzu A#]); Mx3000P
65 f PCR X (£ Aligent); MDF-382E i#B{KIG
UKFE (HA SANYO A7]); Heraeus Fresco 21 &5
Lol (3£ Thermo 47]); NanoDrop 2000 #%FR/ &
€ & (3£ Thermo A F]); SIM-F140 HilykiL (H
7K Sanyo AF] ).

2 HE

2.1 HPLC EMEHBREK S

2,11 X EE A aEOST HRE R
A B 10 mg, FE%FR=E, MOET 10 mL
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B, BT RRERBEMEEAR, AR
SRR 10 mg, NOE T 100 mL £ .
SN E R R, A, R0 HE 5 B
WOORT L MR R L REREREN 1 mg/mL,
FRERFERE N 0.1 mg/mL). 4775k % &1
FUT MR R LA AR SS 1 mL, 7R
ZE SR S mL BT 10 mL & A, nH
BEERZZE, B, BARAXEEER OF
TN MER. WERAEEREN 0.1 mg/mL, 7
45 BRI N 0.05 mg/mL).

2.2 AEEERVER R RS RREL S Bk
HESEEAAR, 25 . RIS K 2.0 g, BHRIEHEIEM
o, RS IINARFR > B 70% I EE 40 mL, #EA (3
K 800 W, #Ji% 40 kHz) 4bFE 30 min, JELL, HE
PFHL 3 G A FFIEME T2 kId, 50 CKRIBHE
T, HRIEH 70% VA I E R ZE 10 mL =R,
4, 1 0.22 pm JERR S BIAHER AR . BTk
Sef. pertSeEath BT S EMNE, RSP
FiRE 10~25 AR IA TR

213 @ilE&M SHEHEASP IR, KR
Hypersil ODS2 (250 mm X 4.6 mm, 5 pm) fiff:,
WEAH 0.1%BEERK (A -2 5 (B), FREEEM,
ZA%: 0~15 min, 5%~20% B; 15~30 min, 20%~
25% B; 30~60 min, 25%~45% B; 60~70 min,
45%~50% B. AR E 1.0 mL/min, #13K 360
nm, &35 C.

214 AriEMERIE DOEEER ST
MR &R, FREZBEXTRSER, KK
Wi REAS B FE 73 0l I A6 MR FE 1/504 1/20+ 1/10-
1/5+ 2/5+ 3/5+ 4/5+ 1/1 WS FR A4 W0 & %t iR
VAR o T2 R 2. 1.3 7 TS 25 A, AR UREERE 20 pL,
DL THT AR A KR (YD), VAT R BV B o it Al b
(X0, hilbrEdh 4k, AREMXRRE, BIHET
FEWFE 1.

2.1.5 4 FEEEERALEMEENE  H0Edbse i
BRI SR 25 b RS pbRRE S 3 0, 4%
HR“2.1.27 TGl s e A v, 15 “2.1.37 T
BB AFRERE 20 pL, @IS EE TR A 4 Fh
WA AN S =,

22 EDAXELENEHRPLERSE
221 WRRSAEEIIEH] BT X R 10 mg,
FEEE, NMET 10mL &, IFEEEE
ZIRE, ¥RA), AR T X RS EWm (P T K

Fz1 BT, #EE. LEE. BREZNEEEASHR
Table 1 Regression analysis of rutin, quercetin, kaempferol,

and isorhamnetin

HEY) [l =7 o RMEEE(ugmL )
T Y=34.662 X—36.254 0.999 1 2~100
ME  Y=80.856 X—55.956 0.9999 2~100
& Y=85.832X—96.255 0.999 9 2~100
FEER  Y=80.575X—105.09 0.999 2 1~ 50

F£8 1 mg/mL).

222 HHASIERRIRIE 4% C2.1.27 BT ER
223 tedEdZRmSE S E ARSI k.

a3 ARG OS] R 04 0.02. 0.10+ 0.20.
0.40- 0.80- 1.60. 2.40 mL T 10 mL &+, I 60%
LEEHHUERZE 4 mL, &0 S%IEASER VAR 0.4
mL, 5], I 6 min, F&H 10%MHEREETR 0.4
mL, # 2], & 6 min, &1 4% E AN 4 mL,
F 60% . BEETE R ZE 10 mL, #2457, iE 15 min,
PAZRARK 2 AR, 76 510 nm ARKEIIROE B (A)
18 o L AME RNALAR YD, 55 B 5 B AR BR (X,
bR UE RN £, 45 RAE 0.02~2.40 mg, AR R
5 AEEMKRRE, BIETEN Y=0.772 X—
0.008 2, r*=0.999 5.

73 9 B b 28 5 BBk
HESEEAAE . 22, rb SRSEHIRES 3 4, %I 92227
T 77 5 i A (AR VAV, B 1 mL A A
“2.2.37 BT IEEAE, IR 5 FE R A R
i ) 5

2.3 RT-PCREMNEZRERMFIEE

2.3.1 & RNA B cDNA & 2 AL SEH
O SRR . 2K L SRS ) 50~200 mg
ERA TSR, EBKERSAFME RNA
P B R & R P IR AL S RNA, K H
NanoDrop 2000 Fill {3 I & A [F] ZH 235 RNA KRB .
X F PrimeScript RT reagent Kit with gDNA Eraser /<
B B0 B RNA W86 %A B cDNA, 20 C
RAEEH

232 RT-PCR % FIH qRT-PCR [ ALSE
A e S lH B By G OB RRE R (23 5R
A, JLSeHA LUE MR T EF 1o 2L AR 21, gk
L85 LA B 1 B-tubulin FEK N 2. qRT-PCR
o A A SR . Pt SRR F A (R, =
M. Hs2) b IFS. F3H. DFR #ERRIEE (Hx
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A P b AR S Sk SE B[R TFS P 4 5
43518 HHH rep c6754.ZZ7 rep c363; [A§ F3H
SN 5 3 5A ZZZ rep c8447. HHH c9371;
[ 5 DFR Z X% 5 4 %~ HHH_rep_c2965 .
277 rep_c2235). FANRMER 3 K, FHEKELL
WA R K BAE XTI, SR 27 R s

VAR 2 2 KK 7.5 uL, SYBR®™ Premix Ex Tagq™
10 uL, 51#%)4% 0.5 uL, 50X ROX Reference Dye II
0.5 uL, cDNA B 1 pL, &t 20 pLo SN FEF:
94 CHALE 30 s; 45 MEH (94 CAEMESs, 55
CiBK 30 s, 72 CHEf 20 s)o FTH&LIWFFI
W 2,

%2 qRT-PCR 3|4

Table 2 Primers of relative quantitative PCR

3| EIESIH (573 TSI (5°—3) I /bp
IFS ACAACGGCGGAACATACG ACACTGCTTGCCACTCACC 176
F3H AAGAAGTGGAGCAAGGGAAAG CGGAGACATTGGTGGAGAAA 165
DFR ATGTTGCTACACCGTGGTTAC AAATCGAAAGATCCCTCCTC 132
EFlo GAAGGTGACAACATGATTGAGAGG TGAAGAGGGAGACGAAGAGGTT 128
B-tubulin ATGTTCAGGCGCAAGGCTT TCTGCAACCGGGTCATTCAT 101

3 HBREHR AR AN Py REP SRR GG, &

31 AEAERD 4 FHERELEYSE

HPLC 710 € AL SE K PR S . 25 i
RS 4 MEEEHE R S B RINE 3 s,
R EABSEHIR . M RSE 4 PRI A
TR SR, TR 4 PR SR LA T o AR
B4 R B R 95%Lh B, MR LS
. O RERN S ERAC, AL, s
ENR R E N ER AV Rl IR g B i N
FTAE AL S A AN [ 20 23 o i) 43 A R Dy i > SR
S>ZESHE, T AR ARSI A R 2 2 A i 43 A DA
MRS B, K 106.961 mg/gs 7T {ERRILE

27.047 mg/g.
32 ARELHEREREE

S8 A0 43 ' BV S G S8 A BBk i SR AR
Z,om Rsrh SIS R R K 1 o, dsE
A R T B A 2 O A H e B e > s >
E>HR, RS REI S REEE, B 118.826
mg/g, ALZEHRL A B BN 5.705 mg/g; HEnLE
A S TR B 2H 230 A o B O i A SRS >
KM, AE S A A SR S b S B BT O
AN 35.884 mg/g 11 37.594 mg/g. ELELILLER. Bk
S NI A RS L i = I o1 Bl S ol 9

F3 deSER. FRMSCHAREIELA S 4 MEREN S EE (XEsn=3)
Table 3 Contents of four flavonoids in different tissues of B. chinense and B. scorzonerifolium (X s, n=3)

R ¥/(mg-g ")

Esy) it
T LibES S-S FREER

Je e Gind 0.179 — 0.009 —
ES 2.639 — 0.008 —
It 106.961 0.265 0.034 0.071
sk 47.525 0.386 0.011 0.042

Bt Be i Licd 0.080 — — —
E 4.974 — — —
I 18.756 0.008 0.017 0.007
Rz 27.047 0.111 0.010 —

“—7 ROREMA AR

“—" means that the component is not detected
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ARFERRZEREE (P<0.05)

Different letters means significant (P < 0.05)

B 1 JbSEA. MR RELALN P R EEE (X £sn=3)
Fig. 1 Total flavonoids contents in different tissues of B.
chinense and B. scorzonerifolium (X s, n=3)

TR B 5 v TR SRR, SRR P 7R R R
e L EEF TR 1 24 R it ARSI, %
HSERAHE sy, JCHORIRIRSE, (7R B MR
FRROY TR, NN AT A BRI R, sk 2 FAE
VIBEIREIR B o
33 AEEALPEIER S SRS BEEEKEE
KH qRT-PCR 7732, FrilldbSEsiM. 2. i
SRS AH 2R 2 5 B 2K A A R O B e 2 R
IFS. F3H. DFR [M#HXIREE, 4558 (K 2) K
JEL8iH IFS. F3H. DFR &R FEAEHL 13/ RIA,
RAL R RIEEWAL. JLLEHH TFS FEHEM-HpRIA
i, JLUORZERIRS, LS IFS ZENEHD F
RIS B R R P s 5 LS
F3H. DFR 2EAHMFIHARIEE N, RirES
R R R L >ZE > >, JESEHH F3H. DFR £
RS REE LM RIE 2 000 5. JLLEH]
IFS. F3H. DFR B[ [ 3RIARILH T 07 & ) 2H SURE
ek, AL EE R RIS B b s
A A SR DS RS A 25 A, B TAR A JL S

2500
a -E
==
i 2000 | a
ﬁ - H
& 1500 =
m
1 000
500 = 2
: i b
oJcomlm -HxN <HEN

IFS F3H DFR

2 JESERAIEEEEE qRT-PCR FEDH (X £sn=3)
Fig. 2 Expression analysis of B. chinense key enzyme genes
by real-time PCR (X £5 n=3)

TR R B R R R, S EURA L&
FRECE AN G R R 2 A

KH qRT-PCR 777, FuilifentSeiam. 2.
Wy SRS 2 2 5 A S o ) D il R TR
IFS. F3H. DFR MJMEXf RiA T, Z5R K 3. Bkt
SEHH IFS. F3H. DFR RS E 5L LR
TR ZES, Hokn458H IFS. DFR & [K A1
FILHRAFIEME I, B et & IFS. DFR J:[A )
KiERERTHR. . B, HFfhRIEENCNR
w2 A A, TAEILLERA T IFS. DFR 3K
(1) 2 TA B T IR AR AR R B A s A S F3H B R AE
AFRIH LR FRIA B @O > R > > 2K,
Seifr 3 AN SIS Ry R R IA R R I e
oy m TRy, ARSI vk S AL T
RSLfEAEKE, HARAF RN CEH AR —
SEFENE, R R R A T BAR AT,
AT AT ARG IR AR = D ) 5 Pl o

34 e
=

= -

=

2

a
[ g
i P
14 bb b 2 b g I
OIH I I_f:jl . | |
IFS

F3H DFR

B R A X Rk

3 ML PEXEBERE qRT-PCR RiEDH
(XEs,n=3)

Fig. 3
enzyme genes by real-time PCR (X £s n=3)

34 HEEEMRSBESKEBERRIEBXES T

X Ak 28 A ] 2H 23 A 2 1 28 A o B B LR
PEEGIL R R IL BT Pearson AHIEVEMHT, 45
K4, FTEESEHEIEEMEEMERL (P<
0.01), ULHAMS T2 st i F 2, T ER
JRLEEH ) E BRI A, nTREE IS A K R
B RS AR IAE, X IbLe s A
25, BUA . DU R RS R, b
YL IFS R RRIA 5 TS R I B35 1A ¢
(P<<0.05), Ui HAALLEHH TFS JERAHE AL T
(4 -5 R F R . JL4eHH F3H JE N RIE A
DFR (AL 2 B3 IEAHC (P<0.05), EAIETL
SE A b AT BE AT AE B IR R 2 o S [ 5 e £ R 2R Ak A
W4 R, JbLEd] F3H. DFR £ [K & 5 3 E S o

Expression analysis of B. scorzonerifolium key
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R4 LRPEEREESERMERS FEBXEDN

Table 4 Correlation of gene expression and flavonoids in different tissues of B. chinense

) B A T S IFS F3H DFR
BT 1.000 0.995" 0.959" 0.067 0.266
R 0.995™ 1.000 0.912 0.166 0.360
IFS 0.959" 0.912 1.000 -0.100 0.169
F3H 0.067 0.166 -0.100 1.000 0.954"
DFR 0.266 0.360 0.169 0.954" 1.000

THFRMERE (P<0.05), THIXMEREZE (P<0.01), FH

"Correlation is significant (P < 0.05), Correlation is very significant (P < 0.01), same as below

BRI = AR DG, XA T e AT T S R
KR A IBA e, S A REAR N & Fh AR
AR G T B2 A OB R B R R R 4 . X
A S A A () 4 2R A B T 2 o) B e FL OB
I K R 1k & 34T Pearson A I3, S5 R WK 5.
HAvSe M R, T Rk SE A L
FEEEE RS (P<0.05). FErtLel] IFS FH
5 DFR B:F KA ZE EMHK (P<0.05), {HRkMH

SEtH 3 AT S R Ay % B R DR ) R IA R S o T
R B A DG Mk B B 2K, N AT RE A2
TSR FE I et SE A Ab T RSz 5 AR K, Akl
WER N AR R B — e R, Bt S IFS.
F3H. DFR JE [ SRIA A FEIEER, 1 2 8] ) 2 34 5%
R =) B T AT A B w a1, R
TE A 58 A % 5% Bl g 55 IR 1 3R 5 B R 2 R o 7
BRA LR EEMX.

RS5 PMERERRZIESHRENS S EMRXMESHT

Table 5 Correlation of gene expression and flavonoids in different tissues of B. scorzonerifolium

) B ] i=e S TR i IFS F3H DFR
T 1.000 0.9727 0.256 -0.005 0.407
TR 0.972" 1.000 0.476 -0.141 0.610
IFS 0.256 0.476 1.000 -0.524 0.986"
F3H -0.005 -0.141 —-0.524 1.000 -0.537
DFR 0.407 0.610 0.986" -0.537 1.000
4 g 2RI S BN 2 IR BARE =W, 15T

S5 R 256 IR Hh B O A R R 2R A
EVNMRE T RKEEFH E, FERRR A i s A
BRI RAELGSE e . RS R L AIEE
HEVER, RN ANE @RS R BT
TR . AR ILLeA ., et SeiArh 4 Fhik
WA R oy S S B & AT T, RILIRSEHA
B Se A R B Ay B AT, fEdRLEEA
BT SR ETL 106.961 me/g, 7T AEILSERT. pent
Lot s SRR, P S ERC, X5
NHIWF 9T 25 5 — 351821 Tdbse . Bert e
FAL TR IRR. FREXSEWME, &
FAEM. PRI, HET (PEZG) 2015
R A LAAGSESH . i SE8H 1) TIRAR N2, (H
TR/ B0 [X 3 DA - 4 8\ 25127, Rtk AT
JeSe . B Se R [F LA B T B RUR Y 2
R BRI 7T, ARIEAS R 75 SR AL SEHH . pent- 4
T2 LD O =L B L N 7 7 7 125 S I B e T =T E Y R
JRIORIF R, S It — 5 & 3T R FIH .

Hi AU LUK AR AR 7= 4 SR 2 AR 19 24 8801 53 O T ik
RS AR SEI 250 i S 42 | ) B, 2 H
R 24504 7 B4 BRI 72 (3> S T4 h ok
i 2 A0 B 1 3 43 1 S s DR F 7 L A e ok it
&, FARATEEASE R A R G R B R IR LI K
IR IRE, (ERIESEH B /D WK TR
B 288 1 o A RO BB R (o, 3 28 A AT R
SRR B R B o T L, T B
&SR AN R ZH 2388 B IR = P R4
b 2R EE R AT RIS, e 8 kit 38 0 =E & 1
B o IR T 52 B, (HAE ST EATMAY
B BN T IE D o ARSI T T 580 JE B A e
Yy (Jbgerf. Bt geiD 3 ANEEE R B sk
BEEFRED (IFS. F3H. DFR) MIZHARIARR, K
PALLER] IFS. F3H. DFR JE[H R EAEH )&
ik, EATMARRIER S IR AL 5
A A8k, Hrpdbsed] IFS N EIE S T &
BEEFEIEMR (P<0.05), UiHEEZEL &Y
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PP R RIE—ERE LG T H AR IRAEAR
=R e, T B R 2R AR AR = ()
R BRI PUE . PURTEEIER, SN
ISR E A 3R v RESZ A TR (SR A2k
85D MR EAR T SR 2R AL S B B G B
RIFZRIE, M1 DS N RS . (R8I 5580 AR i 7%
RILIFS. F3H. DFR J:[H (1 3RA 54k T AR AKFE,
AT HEAR FUNSRFE B Pt SE A JE st g A K i,
P P BT A S = B R DAORAIE FE RIS, TR
FHRFE R RIE T IR = e e &

AT G i 1. A SR R L RIS
HEER, A Iesei. Bt Sei iR &9
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