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Effects of ecological factors and gene expression of key enzymes on synthesis of
major medicinal ingredients of Scutellaria baicalensis in autumn

ZHANG Tian, CHENG Lin, YANG Lin-lin, LIN Hong-mei, YANG Li-min, HAN Mei
College of Chinese materials, Jilin Agricultural University, Changchun 130118, China

Abstract: Objective To study the dynamic changes of the pharmacodynamic components of Scutellaria baicalensis in the harvest period and the
effects of ecological factors and key enzyme expression on it. Methods The artificial cultivated annual S. baicalensis was studied and the expression
of nine key enzyme genes (PAL, C4H, 4CL, CHS, CHI, FNS, F6H, UBGAT, and GUS) in the roots of S. baicalensis were determined by real-time
quantitative PCR. The content of four main flavonoids (baicalin, wogonoside, baicalein, and wogonin) in the roots was determined by HPLC. The
meteorological data of S. baicalensis were collected by the ecological meteorological station. SPSS statistical software and DPS statistical software
were used for data analysis. Results The content of flavonoids of four monomers of annual S. baicalensis decreased slowly in autumn, so the best
harvest time of S. baicalensis was in early September. The results of grey correlation analysis showed that the ecological factors affecting the four
flavonoids were SWC, Max Ta, RH, and PAR. The expression of C4H and UBGAT genes had an important effect on the accumulation of flavonoids
in the roots of S. baicalensis in autumn. Maximum rainfall intensity may indirectly affect the accumulation of the pharmacodynamic components of S.
baicalensis by affecting the gene expression of key enzymes. Conclusion The dynamic changes of four main flavonoids of annual S. baicalensis in
autumn and the expression of key enzyme genes of S. baicalensis annual are clarified, providing the theoretical basis for the clarification of the
physiological and ecological mechanism of the biosynthesis of S. baicalensis and the improvement of the quality of S. baicalensis.
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Table 1 Ecological factors at different growth time in sampling site

AKEIE PARNumolm>s™)  FRME/mm  BOKMEMEE/(mmh ™) RH/% SWC/% HIEEE/C Ta/'C Max Ta/'C Min Ta/'C
08-28—09-01 142.420 0.434 0.914 57.440 34.009 18.699 15.507 26.2 48
09-02—09-05 99.246 2.160 62.290 75.589 31.850 21.391 18.980  27.7 10.2
09-06—09-11 118.651 1.841 12.363 70.427 31.561 20.076  18.071 278 111
09-12—09-16 109.828 0.009 0.071 69.585 31.235 18.343 15.851 26.0 8.5
09-17—09-21 111.090 0.124 2.159 68.922 30.657 19.017 17458  25.6 11.2
09-22—09-27 87.593 1.298 8.676 66.889 30.028 16.645 15.260 26.0 4.6
09-28—10-01 88.330 0.084 1.311 40.521 28.947 13.465 11.626 20.1 2.0
10-02—10-06 99.302 0.008 0.125 49.431 28.256 11.846 9.910 22.1 -0.1
10-07—10-11 40.503 0.014 0.437 66.869 28.148 13.177 11.340 21.6 2.6
10-12—10-16 69.513 0.107 3.643 54.872 27.720 10.756 6.131 133 -12
10-17—10-21 62.129 0.070 1.444 51.533 27.517 10.527 7.296 18.7 1.3
10-22—10-26 47.415 0.076 1.046 46.244 27.207 7.686 5.058  16.3 -1.1
10-27—10-31 44.236 0.040 1.179 52.351 27.188 8.750 4890 1538 -14
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Fig. 2 Fluorescence quantitative PCR expression analysis of key enzyme genes
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Fig. 3 Content of main medicinal ingredients in roots of S. baicalensis at different growth time
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Table 2 Correlation analysis of ecological factors and gene expression of key enzymes in roots of S. baicalensis at different

growth time
- IR REL

i PAR RWeE KPEWRE RH SWC T+ R Ta Max Ta Min Ta
PAL 0.685"  0.065 -0.011 0.286 0.757"  0.545 0.507 0.513 0.385
C4H 0.374 0.726™ 0.873™ 0.514 0.477 0.559" 0.533 0.537 0.528
4ACL 0.544 0.436 0.274 0.757" 0.523 0.757" 0.777" 0.718™ 0.905™
CHS 0.530 0.376 0.207 0.712™ 0.545 0.732™ 0.745™ 0.649" 0.866™
CHI 0.634° -0.018 -0.288 0.487 0.520 0.573" 0.593" 0.559" 0.585"
FNS 0.648"  0.039 -0.145 0.093 0.705"  0.403 0.350 0.398 0.203
F6H 0.349 0.431 0.752™ 0.619" 0.516 0.618" 0.584" 0.531 0.616"
UBGAT -0.238  —0.437 -0.581" 0.045 -0.330 —0.242 -0.182 -0.193 -0.088
GUS 0.679° -0.007 -0.145 0.068 0.713™  0.398 0.344 0.401 0.200

“FMRMEE, P<0.05; THIKMEAREE, P<001; T

" correlation was significant (P < 0.05); ™" correlation was very significant (P <

LR E R 7R A (P<0.0D), 5%
KPEFR SR 5 CAHLFEH A% 3 2 M1 9% (P<<0.01),
5 UBGAT 2 & F MK (P<0.05), W LAE %
e Y 0T G il S R R 3R 08 LB A A R IR
RH 5 4CL. CHS & [Al 1) 3R 18 A B & 35 i AH OG 1
(P<<0.01), 5 F6H JE:PH B3k th B A B3 fAH O
P (P<<0.05), 4F, SWC % PAL. FNS. GUS
FER M RE RA R ENEHEER (P<0.01),
I3 2 A A A 8 T ) B K B T R SR
REHSAMAENEEFR 2 —. LHEES
ACL. CHS R RIAE R T 825 1 AH G HE,
5 C4H. CHI. F6H Z:RFMFRIAM KR ZE (P<
0.05), 4B 398 3 5 5% AT B8 % &5 o R 2w 1 2
K. Ta'§ 4CL. CHS [ ik HA M 511
FIZEME (P<<0.01), 5 CHI. F6H J: [ & ik M 2%
PERE, K& RS RIRENZ 4 MR AR R
E NP

B2 AN [A) AR KB ] AR S R 5 T SR B g
IR AR A T 25 R AR 3, AR FL s R
AT TS IR A A P35 BAT T A DA,
UL IX A S R 5B AN IR R KR
Pl. PAR 5 REXEET . mWERNEG RS
RBRIH T B A, FE g e i,

0.01); same as below
P& m il FE P A A = SR A U R BR
I RH XTEEEFH G cE B PR ER (P<
0.05), T %k HiAth 26 280k o3 I AR TE 3 2.2 7K, BERN
RH R EHAEH THES, R 38 55 25 340k 73 1 &
RTINS 4 FhEE R A
WA R ERAIC, U B f R 5 W 98 B0 3855 24 20k
I3 IR AR K . SWC 5 38 55 1 A Bl S A 0 25
IEAHR (P<0.0D), HPGEHH. EERMEME
BEMR (P<0.05), UiHHIE 32 m TS /K EXT
BEESARER 2 N S 0GR AR RIRR A
HWEA ., MEREWBEML (P<0.01), 5
WEF R EEML (P<0.05), KLHIEIEE 53
X2 E ) AR DA G

TSR TP GBI R R IR B S 4 P BN,
IIAASRTE AT A SR LR 4, BEEAREE PAL FE K 53
. PO HEREMX (P<0.05), [Hik PAL
FE IR B S R B SR A S Y AR B s AR R 1
K2 —. WERE CHS ERMIRLEEN
WEIEMAX (P<0.01), 5 4CL. CHI 2K 1#RIA
HEREHK (P<0.05), MWNEHILATEH 4CL.
CHS. CHI FERXF T, POESH . POES RN
AR ESRIIE N, A YA
ZHF 4CL. CHS. CHI JE[KRIE E R = A 2L

3 TREKHEESRPEZAYR S SETSEFRIEX S
Table 3 Correlation analysis of main medicinal ingredients and ecological factors in roots of S. baicalensis at different growth time

PN R REL _ _
PAR PR KPR SR RH SWC  HIEEE Ta Max Ta Min Ta
EEH 0.742" 0.632" 0.418 0.553"  0.852" 0.821™ 0.769™ 0.701™ 0.743"
POEZEE 0.498 0.359 0.230 0.462 0.596" 0.555" 0.505 0.414 0.476
WEER 0.678" 0.319 0.280 0.545 0.675" 0.800™ 0.782™ 0.668" 0.749™
WHEXEE  0.159 -0.097 -0.020 0.387  0.188 0.362 0.378 0.308 0.311
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Table 4 Correlation analysis of key enzyme gene expression in roots of S. baicalensis at different growth time and main

medicinal components

N MR FR AL
PAL C4H 4CL CHS CHI FNS F6H UBGAT GUS
T 0.572" 0.402 0.482 0.497 0.377 0.454 0.458 -0.315 0.446
POH A 0.573" 0.111 0.302 0.357 0.421 0.260 0.401 -0.015 0.277
R 0.398 0.337 0.668" 0.687" 0.568" 0.358 0.385 -0.191 0.345
PIEE R 0.156 -0.033 0.351 0.379 0.446 0.116 0.122 0.086 0.095

RS AN . NS, F6H. UBGAT
A GUS BRI T Z A& s 2 I R, H
2 A& B RIEEAF R TIRE, UBGAT J:KXT 4
i 2 B A BRI MBI A, FNS.
F6H. GUS JE[RIXT 4 Fft 32 B2 24 24 R 43 1 & B U R B
HIE IS, K] FE K| UBGAT 2214 & 1) P& L FNS.
F6H. GUS ik [K 3k 5 (1) 4 15 6] 3 25 24 28R o A A
R EAG R
35 ETRMBABMERREISETEFMNEE
AR 57 O 7R 8 R BE S A

T2 AN [A) A K I T) A 25 TR 7 5 3 25 AR G g
BRI R IE B K B CERBE AT 85 R WK 5, MK
ORI DAVE Y, AR T O B R SRR = 1 K

BOCBME B R, U IR A S R T 5 O B 2
BRI R IB R REY) o B KB W 38 5 /2 52 MR PAL 2
BRI 3 3R, KESCEZEIAE] 0.600 1; Max Ta
M SWC 5 C4H J:[F CHEE &=, Min Ta. Ta
Al KFFEMGREZY S5 4CL. CHS K CHI KIS
e BOKBEFMISRE . Ta A1 Max Ta /2 5 FNS
BRI EFH T, KEKBESHA 0613 2.
0.558 6 F1 0.5515; 520 F6H & (Kl (1 FT 3 f7AEZS
K7 RKANKRF N Ta>FBFWE>HEER, W
UBGAT H:H 2 H 7N RH. SWC, KK
W56 3 99 /9 0.671 2 A1 0.666 8; Xt GUS 3k [A 54 iy
BRIIHT 4 AL A KN R T 8 PAR> oK [
Y 55 & >Ta>Max Ta.

#5 TREKHNEESEFESERSRIBXBEBERFTIAN R E KEKEST

Table 5 Grey correlation analysis of ecological factors of different growth time and gene expression of key enzymes in roots of

S. baicalensis

N Hxa %] i

PAR RN RH SWC TERE Ta Max Ta Min Ta
PAL 0.486 0 0.488 8 0.600 1 0.4377 0.4405 0.4515 04855 04557 0.454 1
C4H 0.6386 0.4411 0.494 2 0.6452 0.6706 0.647 8 0.6382  0.6853 0.503 5
4CL 0.547 2 0.5512 0.605 4 05382 05127 0.5837 0.6165  0.5332 0.706 0
CHS 0.5331 0.5722 0.598 5 0.5403 05163 0.589 3 0.6095  0.5439 0.609 9
CHI 0.548 1 0.455 6 0.594 0 05146 05227 0.540 6 05678 05228 0.5612
FNS 0.509 5 0.4799 0.6132 0.5360 05332 0.5254 0.5586  0.5515 0.443 4
F6H 0.5219 0.546 8 0.507 0 05404  0.4974 0.540 5 05690 0.5336 0.5231
UBGAT  0.6419 0.3749 0.516 0 0.6712 0.6668 0.6307 0.5893  0.6460 0.4479
GUS 0.5790 0.5129 0.566 8 05249 05246 0.548 8 0.5579  0.5567 0.4889

TSN R AT ] AR 2SR 7 5 S AR R B
B K EKERE AT R WA 6, RH. SWC. &
R . Max Ta J25EM B 25 AR S 0 25 A3 25 25
RKMWFEZFHET; WHSHE SWC. Max Ta fil RH
KRB e, KEOSCHREE 73 7llik 0.792 4. 0.746 6.
0.691 5; MM RS 2R & IIAT 3 S ST R/ MK
J¥8 SWC>PAR>RH, #%H] SWC. PAR I RH fi&
MRS R AR R BN o K 0 TR
SINTRE, oM A WES TR RERMAES
K7 K/NRF N SWC>Max Ta>RH, B2 5% &

FEME 3 MARETFAH Max Ta> 55>
RH, S2MAPE % AR RIS F TN SWC>
PAR>RH, [A it g2 i Z R 2 s AR R IBOR AR
AFETH SWC. Max Ta. RH. PAR.

PSR A OGN R RS B 4 P A HUL
I IRERIEE TSR N 7, W3R T %0, C4H
FELAIF UBGAT HE A 55 5555 245 8040 & B I K 5%
IRREAE = T AL, 455K C4H. UBGAT 2
EA] 10 2 38 %] 3 25 K 2 SR WSO B AR 5 2 I S5 4k - P 1)
MREA BTN,
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different growth time

#6 ATREKNEESRVBEIZAYRDEETSEFIREXKE DR
Table 6 Grey relational degree analysis of main medicinal ingredients and ecological factors in roots of S. baicalensis at

P KR
PAR Femie  mOKREm R RH swc TR Ta MaxTa  MinTa
e 06275 0.2714 0.506 5 0.7423  0.7941 0.7126 0.6200 07632 0.3821
MWEXH 05808  0.2769 0.487 6 0.6915 0.7924 0.658 1 0.5989  0.7466  0.3804
WER 0.6461  0.2985 0.500 9 0.6775 0.6756 0.6792 06341 07101 03505
WX 06410 03282 0.489 3 0.6346  0.6465 0.5825 0.5335 0.5804 0.3187

®7 TREKMEERSRPARBERREASETEAYRSHREXKEDR

Table 7 Grey correlation analysis of key enzyme gene expression in roots of S. baicalensis at different growth time and major

medicinal components

o PSS
PAL C4H 4CL CHS CHI FNS F6H UBGAT  GUS
HEAT 05103 06538 04929 05091 05192 04784 05082 06064 05012
WX 05218 06376 04789 04984 05038 04636 05086 06182  0.4805
HER 05072 06129 05116 05232 05555 05549 05084 06009 05144
W2 05239 05737 04880 05049 05342 05102 05032 06730  0.4997
4 Vi IR R DN ) SR R AR, B 245 20873 FE M AN

AR =& SR R 2B KA A7
PRI ZE T, SRR UIA I, T s S 2
A OB B JE DR ) A TR 9 T I R A
PR N AEYE RBRA, X SRS S YA Rl
HARERZW, RSLGNE T —FAEESKEAE
A K AR 2R 4 Fh B B 20 7 5 DA SR G
KEERF LA RIS &, FEXT I S AR R AR AT
KA, WS T A B RS Y A W) B RO B
ML R R A B SR SRR,

R B 3G 0] DAS 5 24 R A R B 2R AL A
g N2, AT SE R I PAR Xf PAL. CHI. FNS
A GUS J:A 2B FEMIC, XS HRPGE S
B B B, X455 5 MR
75 3 0] B A5 T A M A AR A3 R AR 2R R O 2
(PAL. UBGAT) MZRIEA (it H i 25 FARML,
PRI AR B S AR I AR, 3 2 3G ' BE mT ARG
B AR R

IR KR B A S TR,
AT T R IR T AR A ) DR B SR IR A B B
WER, FAREEAEHTRAR, XRHAZMZ
WA /N B KPR SRR CAH . FOH (K A 5 3%
1IEFESE, XF UBGAT 2EE IS, X208 1
FREAAMEARN R, KBS EE23HT [RIRE S s

AR, R b e KR I 9 5 T 3 3 e S B i 3 [R]
325 (1) 5 W) SR 1 2 5 1) 3 25 24 350 o AR 2R . SWIC
AT RH S 2 WS A AR i 45 Hh G B 2R IR (1) R0
RZGRS AT AR B IR, R 8 i 148
KBNS R IR 1 S B 2 U8 AR R
IREKIRE T 25 R oR, oM e 5 IO
D E R K B RNMRT N SWC>RH> e K
B RU SRS > PR &, B2 38 55 21 17K 20 R F /MR
FF N RH>SWC> iz K P T 9 2 > [ 7, Rtk SWC
FTRH 2 5200 15 25 2580850 FR 3 1R 8 K 43 TR

T AL T DL R 24 R0 2 AR B P,
AW R IEIEE . Ta. Max Ta. Min Ta X 8555
IR 8 O B il 25 IR 3R R RN 25 U o AR R BB B
ZAEH, X 5PV Fe g AL, Herh R
FERARIEE N . R, S SHEE X — A
FHRUBEIRK, WA B & SO RS+ 245 840k
SrERCETER, IX AT RS R E I SR AR )
HEAKZE T, SRR Y6 B2 2
TR MG, HiREIAR—E RN, EONT
YeREE SAENE B, 7E— @ FERE b ORI
Wi,

HH 2R R B I B e 2 8 SR VR T R A R 7Y R
EM A AAARUNES), BOABI M R iR E 0T
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R

Wi DRl AT R G0 AL B A (R

SRR A £ R i ORI B DR R IA TR, T
AR T AR A SN 6 O B WL DR ) 28 . At
T BN — SR, T AR S oy R

B2

G, R AR B TSR T AR o A B

X 25 4 AR 0 K T 2 O A A g A 1 A B AR S L
HIHEATHE TSR
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