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Correlations of polysaccharide and flavonoid contents in
Prunella vulgaris L. with main environmental factors
and high-quality provenance screen

ZHOU Xinhua'?, LI Junshao’, WEN Changwu’, WU Xichang’, YANG Wu’, ZENG Pingsheng', WU Xiaoyu'
(1 Experimental Center for Subtropical Forestry, Chinese Academy of Forestry, Fenyi 336600, China;
2 Forestry Bureau of Fenyi, Fenyi 336600, China)

Abstract: [Objective] To explore the quality differences of wild Prunella vulgaris L. from different
geographical provenances, reveal the main environmental factors that affect the medicinal ingredient contents of
P. vulgaris, and provide a theoretical support for the rational development and effective protection of P. vulgaris
germplasm resources. [ Method] Taking ten geographical provenances of P. vulgaris distributed in different
regions as the research object, the differences of polysaccharide and flavonoid contents were compared and

analyzed, and the correlations of polysaccharide and flavonoid contents with environmental factors were studied
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by Pearson correlation analysis. The cluster analysis and membership function evaluation method were used to
select high-quality geographical provenance. [Result] The polysaccharide and flavonoid contents of P.
vulgaris from different geographical provenances were significantly different. The polysaccharide content
ranged from 70.45 to 120.39 mg-g”', and the flavonoid content ranged from 34.40to 59.04 mg-g'. The
polysaccharide content of the provenance in Yichang of Hubei and the flavonoid content of the provenance in
Guilin of Guangxi were the highest, with the content reaching 120.39 and 59.04 mg-g ', respectively. The
polysaccharide content in P. vulgaris showed a highly significant negative correlation with the flavonoid
content. The main environmental factors affecting the polysaccharide content of P. vulgaris were latitude,
longitude and altitude; And the main environmental factors affecting the flavonoid content were longitude,
altitude, annual average air temperature, annual sunshine hour and annual precipitation. The clustering results
divided the ten geographical provenances into three categories. The provenance in Guilin of Guangxi had the
largest average membership function value and the best comprehensive quality among all the provenances.
[ Conclusion] There were significant differences in the contents of medicinal ingredients in P. vulgaris from
different geographical provenances. Different environmental factors have inconsistent effects on the major
medicinal ingredients. The better-quality geographical provenances and ranking of different geographical

provenances can provide a basis for the selection, development and utilization of P. vulgaris germplasm

resources.

Key words: Prunella vulgaris L.; polysaccharide; flavonoid; geographical provenance; cluster analysis; membership

function
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Table 1 Geographical location and main climatic factors of ten wild population sampling points of Prunella vulgaris

S s o 5 4hm R C A HIRE {é{h B K B /mm
Provenance Longitude Latitude Altitude {%nnual mean - Annual sunshine A.nr?ual.

air temperature hour precipitation
TLJ57H M Yixing, Jiangsu E119°48'37" N31°20'48" 18 16.7 1 807.5 1805.4
WITLIN 7K Lishui, Zhejiang E119°0421" N28°38'57" 450 17.8 1676.6 1568.4
{4 #% 111 Huangshan, Anhui E118°18'12" N29°42'09” 759 15.5 1750.3 1 670.1
{LP4 H Fenyi, Jiangxi E114°36'45" N27°39'50" 250 17.2 15353 1643.6
R FH Hengyang, Hunan E112°3620" N26°56'12" 613 18.2 1 688.9 1510.8
W1t E & Yichang, Hubei E111°33'42" N30°44'18" 533 16.9 1710.5 1215.6
J”ZRiHIZ% Qingyuan, Guangdong  E112°20'11” N25°1010" 648 18.0 2290.0 1329.0
J"PEAEM Guilin, Guangxi E110°35"28" N25°26'32" 309 18.9 1670.0 1949.5
#& £ =¥ Sanming, Fujian E117°29'18" N26°3324" 548 18.2 1727.1 1 688.0
#a % 7 Ninghua, Fujian E116°31'49" N25°59'47" 527 16.5 1757.0 1750.0

BRAF]), 1810-B A4 55 H o X E 4l /KR 2% (M
TR HIE G R A ). HERE. 5T K5, &
B WRERER . AR AN, R, SR SN S5y
R AT AR, I8 K Al .
1.3 MEFE

B Z 05 & 2 1 E 2 IR S e
PR — 2R Wy L Ay, B B ) e 2 HR XS S50 (1)
IV il PR N — Tl R 5 L Ryt o A I S SR B 2 B RN
i ) B, RS B FPRAREL 1 g B S E 2 0
TR W B i, R R B R AR RN E A X 3 A
FES P IME, EE 5 O BUS 043 1) -F A{E 1k
2 BERN B ) £
1.4 HESH

TEEA0 20 27 SR ok B0 o0 BT 7V R 8 B e . — 4R
B PF 0 v T2 (] 8, S 0 4 T 25 U Y o 45

A SR F 3R 8 e B SR A PR V0 A B 32 B
AHEMR Y R AITEE RN . RIE R EE
[UGx)] #5220 (x) = (X — Xmin)/ (¥max — Xmin) TS
B, x AR BRI SE B Xmax A oxmin 73 70 N 1248 B 1) B
KAE A B /ME - 15 F Microsoft Office Excel 2016 #¢
PRAAR AN HIAE A G B2, A SPSS19.0 #E x4t
S M A ) One-way ANOVA #EHHEAT J5 25 43
AT, EIBEAN [F) o 58 52 AT e 22 0 A R B ) 22
HHEAT M 7 T AR5 HT o
2 ER5HH
21 AREMEBEMEEHEFELZRARSRIEES
AN (] b T o Y05 A 22 0 R B B IR T 2
IIATER IR 2. SR EIR, ZHEMEEE S ®EN
() b R Fh R 2 (A7 AE 2 35 22 57 (P<0.05), AN [F] 3R

x2 TRMEMEERESRMNRISE"

Table 2 Polysaccharide and flavonoid contents in Prunella vulgaris from different geographical provenances wi(mg-g™)
FJgE EZi g T g EZii U
Provenance Polysaccharide  Flavonoid Provenance Polysaccharide  Flavonoid
VL5 E P4 Yixing, Jiangsu 113.00£12.79¢  53.72+2.08f || WIdLE & Yichang, Hubei 120.39£6.36f  36.84+1.92b
WIYLAE7K Lishui, Zhejiang 70.45+4.85a  56.03+1.62g || J ZRIHiE Qingyuan, Guangdong  98.75+3.35¢  34.40+2.12a
23 11 Huangshan, Anhui  97.63+6.85c  50.44=1.18¢ || J” PEEEAK Guilin, Guangxi 105.47£6.43d  59.04+1.83h
YT %3 H Fenyi, Jiangxi 116.33£6.44ef 47.66x1.30d || #24=H] Sanming, Fujian 96.52+3.54bc 46.79+1.88d
IR #FH Hengyang, Hunan  106.44+3.83d  55.90+1.39g || &% 7" Ninghua, Fujian 91.95+3.82b  42.92+2.25¢

1) 48 B 35 44035 )5 09 R Bl ) B F 8k & R R B AP IR 9] £ 5+ 2 2 (P<0.05, Duncan’si)
1) Different lowercase letters after the data of the same index represent significant differences among different geographical

provenances (P<0.05, Duncan’s method)



2 W

JELH AR, S5 B B 2 W AN S R 5 T A IR AR S R LT R O 18 99

Tl A B 22 W () 5 2 B0 70.45~120.39 mg-g s
B 5B BN 34.40~59.04 mg-g . fEE A EL
Z WES T, WAL E B RR A R e, RS
N 120.39 mg-g ', 3 T A AR VTP
DA NEA s o) AR 8= by U N ED i

=ALHE 3, RS54 116.33 A1 113.00 mg g 's

W YL N K BRI 2 0 S b, R U
70.45 mg-g !, TR T HANHL B PP YR . 7E B AL B
il £ & 5 T, T PR AR AR IR I B R A, R L
9 59.04 mg-g ', 2 v T H A b R s WV LN 2K
Tl 3058 11 24 I 2 O, V0 T IO R 1) B i A R
REFVEE 3, R4 505 5N 56.03 A1 55.90 mg-g '
T 7R3 328 YR I B B S B AR, = HU
34.40 mg g, KT H Attt BEFR R .

FHRNE 7y A 45 SRR W, B AL B 2 85 E A
& RPN U 2% (7=—0.212, P=0.009), )
AN TE) o 050 2 Al R 22 R X 2 P AR AR
VAR SR AN AT [ e 4, 22 0 A0 2 I (0 AR B i A7
FEAH ELFDH] BT e o DRIk, 76 077 30 B2 Ak 8 v o 5 R
PRI NZ SR 25 FEIX 2 AR AR, 1T TE IR PR A FH 5124
W3 A 7 7 T o] AR R L 4% H AR Hh PR
22 BHEFEARARSEESHERFHEX

M

EAE 2 N F BB &85 & AR
EE R (A DGt 43 A W3R 3, AH SRR g 4 [
KE (r=0.793)>2JF (r=0.673)>4F H B K (r=
0.666)>¥Fk (r = 0.660)>FF¥) < (r = 0.327)>%h
FE(r=0.321). Hp, REESHEMEZHESEEW
BEME (r=-0.427, P<0.01), 5 &8 2
i IEME (r=0.246, P<0.01); 4 H IEIHK 5 5 A
FEE W R BRI UG (r = —0.557, P<0.01),
5205 E S A AN 35 5 4F Bk R4S 2R

5B AR A B B IR R 3 IEAHOG (r =0.674,
0.239, P<0.01), 5Z WS EMRHEAERE; 4ES
BN 2R B S IR EH O (r=0.247, P<
0.01), HHEl& BMCHEREE; BIREEMEL
BB A SR A S AR 3 A O (r = —0.295,
—0.365, P<0.01).
23 FEMEEHEFZEHARRIESENES

N

MR 22 H AN B A e 5 R, d2 B 20
S J R B0 0T 5 M B B R A R R AT SR AR
W o 2200 0T R S5 R T — R A, AR S pR 4K
THEL A U 8 S48 AR I S5 o8 UE, SR 5 IR T3
F I8 B BUE KD S R AT HE R, BRI R A
PO & M B PP B AL B T S . SRS VN
AR BN BIHE 9T PEEEAR Y75 B % 51 FE 7 B
o A = - £ T NN = = I = N TR )
KRB TRT RIGE (R 4). | IERFIER
CEE VPN HE B CP SRR R B 0.850 6), L
R B N TR R s, 20 ETRE P IME
(101.69 mg-g™") PA b 7 ZRIGIE AP IR LR & VR &5 2R
7 CPEIR B R BUE N 0.283 3), HE & & T
A RE AR, 2P BN T M (101.69 mg-g ')
LT
24 AEMIBMIEERHERESH

X 10 ARG B BRI AT SR (B 1),
BT 2R S B 10 MFERI N 3 K3
51 RBRCEFEH LN ARG, 2 05 8 Ak
552 REOHEZEE. AR = R ) R

55 3 KRR EFEHI R MTFH . | HAE AR, TLI5R B Wi
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Table 3 Correlation of the contents of Prunella vulgaris polysaccharide and flavonoid with environmental factors

. e RN GHENCNRS ERRKE
b A Z1L i K - .

] ) ] ) ) Annual mean Annual sunshine Annual
Ingredient Project  Longitude  Latitude Altitude . o

air temperature hour precipitation
Z i Polysaccharide r —0.427F%  0.247%%  —0.295% ~0.088 ~0.109 ~0.121
P 0.000 0.002 0.000 0.285 0.186 0.141

H¢Hiil Flavonoid 0.246** 0074  —0365%* 0.239%* ~0.557%* 0.674%*
P 0.002 0.366 0.000 0.003 0.000 0.000
SR Total 0.673 0.321 0.660 0.327 0.666 0.793

1) “**” % 7 1£0.017K-F 2 %48 % (Pearsond %)
1) e

indicates significant correlation at 0.01 level (Pearson correlation)
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Table 4 Evaluation of membership functions of Prunella vulgaris from different provenances

membership function value membership function value

SR B oR e

Flavonoid content

FRISEREUE PR R
Average membership Average membership

function value function value ranking

O EZ Cy- Sl

Provenance Polysaccharide content
I PEAEM Guilin, Guangxi 0.701 2
VLIRE Y Yixing, Jiangsu 0.852 0
I E 150 Hengyang, Hunan 0.720 7
YLVG 4> B Fenyi, Jiangxi 0.918 7
Z{4# 11| Huangshan, Anhui 0.544 3
WL & Yichang, Hubei 1.000 0
#&#2 =B Sanming, Fujian 0.5220

Wr{LHE7K Lishui, Zhejiang 0
#7274k Ninghua, Fujian 0.4305

] ZRi&iZ Qingyuan, Guangdong 0.566 7

1.000 0 0.850 6 1
0.784 1 0.8181 2
0.8726 0.796 7 3
0.538 1 0.728 4 4
0.6510 0.5977 5
0.099 0 0.549 5 6
0.502 8 0.5124 7
0.8778 0.4389 8
0.345 8 0.388 2 9
0 0.283 3 10

W RH
Hengyang, Hunan J
PR
Guilin, Guangxi
LR
Yixing, Jiangsu
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WALE &
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LR
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g =
Sanming, Fujian
LI
Ninghua, Fujian
)R
Qingyuan, Guangdong
LIRINITPIN :
Lishui, Zhejiang ) 5 10 15 20 25

DR TR

Euclidean distance

1 10 MIBFERAKER

Fig. 1 Clustering results of ten geographical provenances
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