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Study on Simultaneous Determination of 9 Components in Eclipta Herba from Different Growing Areas by
QAMS Method and It’s Quality Evaluation

LIU Yingxin, FENG Chuanping, LIU Lili, KONG Xingxin, TIAN Qingqing(College of Pharmacy, Hunan
Traditional Chinese Medical College, Zhuzhou 412012, China)

ABSTRACT: OBJECTIVE To establish a quantitative analysis of multi-components by single-marker(QAMS) method for the
simultaneous content determination of 9 components in Ecliptaec Herba, and to comprehensively evaluate the quality of Ecliptae
Herba from different growing arcas. METHODS An Agilent ZORBAX Eclipse Plus Cis column(250 mmx4.6 mm, 5 um) was
used in the HPLC assay. Acetonitrile-0.2% phosphoric acid aqueous solution with gradient elution was employed as the mobile
phase. The flow rate was 1 mL-min, the in jection volume was 20 pL, the column temperature was maintained at 25 C and the
detection wavelength was 210, 349 nm. Wedelolactone was used as the internal reference substance to calculate the relative
correction factors of the other eight constituents and calculate their contents accordingly. Moreover, the external standard method
was used to quantify the 9 components in Ecliptac Herba. Comparison of the difference between the QAMS and external
standard method was made. The grey correlation quality evaluation model of Ecliptae Herba was established by grey correlation
analysis. RESULTS The relative correction factors of other components measured with wedelolactone as internal reference had
good system adaptability, and there was no significant difference between the results obtained by QAMS and the measured
values. The relative correlation degree of Ecliptae Herba from different growing areas ranged from 0.440 to 0.747, indicating that
there were differences in the quality of Ecliptae Herba from different growing areas. CONCLUSION The established QAMS
method is suitable for the content determination of multi index components of Ecliptae Herba. Based on the grey correlation
model, the quality of Ecliptae Herba from different growing areas can be evaluated more objectively.

KEYWORDS: Ecliptae Herba; growing areas; quantitative analysis of multi-components by single-marker; grey correlation
analysis; quality evaluation
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AL 2 AR PR VAN T BT A ), AR
% MG SCHR 23122 45 i 37— 22 97 32 (quantitative
analysis of multi-components by single marker,
QAMS)[F] I & A 5L 9 RSy, Jf S5 5MRk
(external standard method, ESM)SZM{E #E17 Huds,
Ao TR T 28 R 3 5 A 1) 7K 14 ) R 3 ARG DU it
Ao RO E ATV —Fh Z R GE it Hr i
ik, HETER 2y B iegr b i 8 iz, AR
WFFEAEXS 2 L IR AR € LAl b, SRR
8 OCIR A3 B R AN [a] 77 1 1) A 53 T 1 i AT 45 6 T
. DA 55 5 T i A AR TR A S AR s o
1 XFEE5RG

LC-20AT B0 iEAL, B SPD-M20A
Rl g (H A B HE ARl s Agilent 1260 /S 8508 AH
RS 1260 VWD Kzl #% . Agilent ZORBAX
Eclipse Plus C1g (43 4E(250 mmx 4.6 mm, 5 pm)i
I H Agilent BH% /3 F]; Phenomenex Luna Cis(2)
35K (250 mm=4.6 mm, 5 pm)(KEEHA L AR
B A B A A ) Xbridge Cis(2) 4 3%
(250 mmx4.6 mm, 5 um)(GE [E Waters /A F]); AE240
B A, 3 A R P G 1 g e -6 R 2 2 W) .
KQ3200DE ZR%icHs i 75 H B (B 1L i e e A A
FRAF]); Milli-Q F#H 4l 7K 22 4t (Millipore 23 7)) o

20 RO A 4 E 2 0O A A
i, 2R v BE 2w A L B A 2 S B A5 T 2L
B AR Y 84 1% Eclipta prostrata LAY 118
M FERAY, TR BT WA 1o X RO BR R (it
51 PSO11538), JF3ER-T-0-B-H A 1T (L5
PSO11186)., itk LS : PS010462), BAHL% N
BRI . PS000724), A AT : PS000410)
B0 A AR AR YRR A R A R, Al Yy>
98.0%; ZAEIFAILS : GZDD-0162). AR HFE
5 : GZDD-0040). /T3¢ & {5 : GZDD-003). 5
BORFR A5 - GZDD-0043)# 0 [ 5 it KR H A7
PR B, AEEEY) =98% ; LI M (34l (32 %] TEDIA
N KSR s HARTR A st
2 REEHER
2.1 A

Agilent 1260 USROGB4 LI
Agilent ZORBAX Eclipse Plus C;3(250 mmx
4.6mm, 5um); FshtH: ZHE(A)-0.2%BEHR K%
W(B), B BEM(0~15min, 22%—25%A; 15~
23 min, 25%—28%A; 23~33 min, 28%—30%A;
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33~40 min , 30%—35%A ; 40~42min, 35%—
50%A ; 42~52 min, 50%—55%A; 52~55 min,
55%—90%A; 55~70 min, 90%—95%A); T 349 nm
TRMABER , TRR-7T-0-B- @AM . 54t
. ORBEER . WAR. WIHGNERTRER,
210 nm AR I BE T A MFEHORER ; Wl
1 mL-min~t; £ 25 °C; JEERE 20 pL,

x1 EREQRAER

Tab.1 Sample information of Ecliptae Herba prepared slices
%' A7 5K fit= g

S1 WA T 250K R A PR ] 20052105 Wi
S2 ZET) AW ARIEAR 20051504 T
S3 ZET) AW ARIAEAR 20072601 N3]
S4  WImMERPYRARRARAR 200501 bNE]
S5 WP A B 25K R AT R ] 200301 B[

S6  WIRE WIS 7
S7  WIRIME YR IR T

2020042901  iHIFg
20083106 i)

S8 FHr iR kR A BRAFE 200301 IR
S9 LR P E 2 A 7 201101 L

S10  JHRBEPRAIRAARAFA 190801 IR

SIl PHZRHPZGRA T A BRA A 201201 [}
S12 WL REIR A A IR 200603 Tk
S13 VI AL P 25 1R A B ] 1912110 i
S14 PRI E B 5 BRA F 201218 bk
S15 DU jghge A= R BAT R A 7] 210208 i
S16  wEEGBLH 25 A R4 F] 20210101 Tt
S17 =M R BRI AT 201001 L
S18  mRUBE R AIR A A RRAF 200501 T
S19 MR EPAMBEARAR 20210204 T
S20  EEMIAEEL PR A TR ] 20210111 R

2.2 A

221 XTI REEBORBRL . 3R
T-O-B-HENEL . ST, REBERER . MR, ¥
WEAG NG . TR L R A SRR ER X IR S
T, I R T R Ak 1,642, 1.443,
0.680,0.501,0.913,2.362,0.582,1.710,1.924 mg-mL"'
(1R B —Xof B VAU 5 2 W B R P — o L VT
% 1mL, & 10 mL SR, MHERREZZIE,
Bo & AR R 1642 pgmL' . FE3EE-7-0-B-
BN 1443 pgmL !, ZEEYF 68.0 pgmL ! K
R 50.1 pg-mL ', Ml K 91.3 pg-mL! | EF iy
g 2362 pg'mL™', 3R &K 582 ugmL™' . FEF
A 171.0 pgmL ™" FFEURER 192.4 ug'mL ' BIR A
Xif R TR L. ASH W BOR A X A TR GE i, 1K
PR 2, 5, 10, 25, 50 1%, 4r57E MR
AXF IR AL, 11, IV, V, VI,
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222 fHAAiEw BEERER KSR, o 60 H
EFFLNAR 0.3 mm), FEERI 2.0 g, B HIEH
MR, KEEINATOK LB 25 mL, Fra, S
AREL(150 W, 40 kHz)1 h, ¥, FHICK ZBEAR
SRR IR, R4, 0.45 um TRALIERE g, RIS,
23 HkEEELR

231 LM REmIR “2.27 WU gtk
VW, RTRRRVEBOE R, 17217 TEGE &I
PERED 2, 45V 1, R AR, & HER 0
BIEE>1.5, BSHEY =4 000, FH LR
R4t

A 6

7

I R

0 5 10 15 20 25 30 35 40 45 50 55 60 65
t/min

8

0 5 10 15 20 25 30 35 40 45 50 55 60 65
t/min

Bl 1 & Ba & RO AE €k B

A-REGX I B R AHAS; I-RBET,; 273 HK-7-0-p-H

HPREAT ;s 3-8 4-ARBER, SR o-WBsgNEE; 7-3k

£ 8T A; 9-FFHURR.

Fig. 1 HPLC chromatograms of various constituents

A-mixed reference substances; B-sample of Ecliptae Herba;

1-luteoloside; 2-apigenin-7-O-B-glucoside; 3—buddleoside; 4-luteolin;

S5—quercetin; 6—wedelolactone; 7—apigenin; 8—ecliptasaponin = A;

9—oleanolic acid.

232 RMERARFE RSEWIRN “2.2.17 Wi R I~VI
TRAEXT A 10 ul, #% “2.17 Wi T

w2 BRI LMERA

Tab. 2 Linear relationships of various components

PEREINE , DI R, AU B B AR AR (X)), i
R AETR(Y), HATLRIERIE, Z5R R, £
SIPERS HMR BV N X R R AT, S5 2,

233 AUEMEHERE B (2217 WURX R
R, #9217 BT @ A E RN E 6 vk, T
BB | FRE-T-O-p-HAE W . ST

RBEER ., MR, WIHFHNEE, TR, 7
A FIFFECRRIET A RSD 45128 1.2%,

0.97%, 0.89%, 0.76%, 0.93%, 0.95%, 1.1%,

0.92%, 0.85%, RPI{LARHG %R RAT

234 HEMRAE R #EFEE RS

20052105)6 4y, 4% “2.2.2” i K J5 il & HHE iR
W, ¥ 217 WUF EREARERENE, ESM TS
RBFAF | TRR-T-0-B- M . 526 . KRB
TR MR WHEENER, rRER . B A
FEECRIR WY &40k 0916, 1.510, 1.027,
0.231, 0.190, 2.414, 0.029, 1.582, 0.199 mg-g™;
RSD 4350 1.1%, 1.5%, 1.2%, 0.4%, 0.96%,

0.92%, 0.89%, 1.3%, 1.2%., &iREWZ AR
BRI

2.3.5 RUEMERE  BURl— At R S

20052105), =R FTF 0, 2, 4, 8, 12, 16h, %
“2.17 TAGE S N IR, MAS AR R AT

TR -T-O-B-F BT . SE461 . REBRER . i
KR AN . TR FER A MR
PRI AR RSD 70510 1.3%, 0.94%, 0.86%,

0.97%, 1.1%, 0.88%, 1.2%, 0.82%, 1.1%, %
B R VRTE 16 h INFaE R B

2.3.6 fnAEENCRRLE R -k e S E
BELERRAIL S . 20052105)i& 5, EH 9 14,
W21 1.5 g, il 3 4, K% e, B IEHIET,
43 SR B I 55 4 B ) A TR % R A R (M L 2
NG 1.811 mg-mL™', AKEREEH 0.687 mgmL™!, f#
KK-T-0-B-FAMH 1.133 mg-mL~', FHEH

ji% [ )57 2 ZEPEE Bl /pg- mL! r K PR /pg-mL~! E R /ug mL!
AR EA ¥=3.328x10*X-1.213x10* 3.284~164.2 0.999 8 0.178 0.464
PR -T-0-B- i H B Y=3.928x104X+8.142x103 2.886~144.3 1.000 0 0.135 0.377
SALT Y=1.768x10%X+2.248x10* 1.360~68.00 0.999 3 0.262 0.819
VN ¥=5.549x10%X-4.412x103 1.002~50.10 0.999 7 0.131 0.393
it & Y=6.658x104X-7.785x103 1.826~91.30 1.000 0 0.170 0.596
0% 4L 44 P iR ¥=6.663x104X-3.353x10% 4.724~236.2 0.999 8 0.115 0.332
e ¥=5.736x10*X-3.502x103 1.164~58.20 0.999 9 0.097 0.283
FEH A Y=4.815x103X-2.394x103 3.420~171.0 0.999 5 0.128 0.459
SRR Y=4.367x103X+1.857x10> 3.848~192.4 0.999 4 0.065 0.202
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0.770 mg'mL_1 ARBEZE 0.173 mg'mL_l\ Mk e &
0.143 mg-mL™', /F¥E 0.022mgmL", 2EH A
1.187 mg-mL " FIFHHRER 0.299 mg-mL 1.5, 2.0,
25mL, 45315, ¥ “2.2.27 Wi F 7kl abE
W, $2 42,17 WUk SRR e, e SR AR,
ﬁ%%ﬁiﬁbﬂﬁ@tlﬁczo SERIZ A NE . AR
1. FFRE-T-O-B-HHE T . AT . RBEZR,
Wit 28 SRR L BT A FISTHEURIR B -2 ks
ISR 50 101.2%, 99.5%, 100.3%, 97.7%,
98.2%, 100.9%, 98.8%, 101.7%, 99.1%; RSD /¢
WM 1.1%, 0.98%, 0.96%, 1.3%, 1.2%, 0.93%,
0.89%, 1.2%, 0.85%.,
2.4 JFEAXTROE T

KSR “2.3.27 TR 2 PRV RO 2, 4% “2.17
T S AR, LU AS N TR NS,
WIEAR: fisflfim(mixds)(msx4i), 2P foN R
Vi MARTASER T, NS s 40 E R
T, omi Foms BN FRNP B | FINESY) s /Y
(ug) A-iFnA SRR REII R @ NS s (R

L, TR 8 RS AR XA IE R -, 4

®3 WHHNENE KRS EESRERT

R 3,
241 ARMERMEOEERELE B “2.2.17 W
TR G X IR, 73 5075 SR [ 85 (.35 )
(SHIMADZU LC-20AT . Agilent 1260 i %0RAHE,
TSSO FIAS [R] 545 41 [ Agilent ZORBAX Eclipse
Plus Cis f17#41:(250 mm»4.6 mm, 5 pm); Phenomenex
Luna Cis(2) {8 3% # (250 mm*4.6 mm , 5 pm) ;
Xbridge C1s(2) 1 i%4E(250 mmx4.6 mm, 5 um)]X%fAH
X IE R BRI, 45 SR 2 WA [ e 50 AH 1A
RAATERXAIRTEOE R I R s, WK 4,
242 ARFEEL B 92217 BUMEEX
R IART, SR HE LC-20AT 3 ROBAR G35 AU
Agilent ZORBAX Eclipse Plus Cis f4i5H:, %A
[F7] 0 32 X6 AR X A5 1 PR B S e, 45 SRR AN W] O
BT AT AL IE Rl JC i 5, S5 R Lk 5.
243 ARMERAES B 2217 JUNREX
R SRR, SR FH IS LC-20AT w5 50 B0H (% SR
Agilent ZORBAX Eclipse Plus Cys {Aj:, HEEAN
[ A T X0 R X A5 A PR 520, 4 SRR AN ] A
XS ARXS M IE A F T i & 5, 4R IR 6.,

Tab. 3 Relative correction factors of wedelolactone to various constituents

, ARXTALIE B 7
TR X i VA TR
REBEAF  JTREK-T-0-p- AT SALTY ARBRER itk R NE S BIHH A SFHURR
VI 1.853 8 1.3267 2.344 7 1.147 7 1.479°5 0.956 9 8.578 7 6.949 6
A% 1.864 4 1.3289 2.387 6 1.1429 1.464 0 0.950 2 8.510 6 6.957 2
v 1.8458 1.3124 2.372 1 1.128 4 1.4656 0.962 9 8.5212 6.948 6
111 1.869 7 1.3151 2.369 9 1.153 6 1.4717 0.95717 8.5177 6.901 9
11 1.875 1 1.320 8 2.368 5 1.129 6 1.477 4 0.958 1 8.568 3 6.905 8
1 1.8542 1.3119 2.3603 1.150 6 1.4612 0.969 4 8.560 9 6.900 7
T 1.8650 1.3193 2.367 2 1.142 1 1.469 9 0.959 2 8.5429 6.927 3
RSD/% 0.60 0.56 0.60 0.94 0.51 0.64 0.35 0.39
FT4 TENE. BEENHESRER TN
Tab. 4 Effects of different instruments and columns on relative correction factors
AR A IE K 7
e G s " OO W AWEE WK PR WA FPHORR
Agilent 1260  Agilent ZORBAX Eclipse Plus Cig 1.846 5 1.312 1 2.3652 1.136 9 1.463 3 0.958 9 8.5210 6.930 0
Phenomenex Luna Ci5(2) 1.858 1 1.3354 2.3317 1.150 6 1.450 2 09710 8.5809 6.961 2
Xbridge Ci3(2) 1.8320 1.3199 2.370 1 1.127 7 1.4756 0.942 4 8.514 7 6.906 4
SHIMADZU  Agilent ZORBAX Eclipse Plus C;g 1.8533 1.3273 2.3723 1.1314 1.467 0 0.9573 8.5156 6.909 9
LC-20AT Phenomenex Luna Ci5(2) 1.8489 1.330 1 2.368 8 1.1450 1.469 8 0.968 1 8.568 1 6.977 0
Xbridge Ci3(2) 1.866 7 1.3125 2.3359 1.120 3 1.462 4 0.952 1 8.5732 6.958 3
FHE - 1.8509 1.3229 2.3573 1.1353 1.4647 0.958 3 8.545 6 6.940 5
RSD/% - 0.63 0.73 0.78 0.99 0.59 1.10 0.37 0.42
-2342 . Chin J Mod Appl Pharm, 2022 September, Vol.39 No.18 R E B FH 2524 2022 4F 9 A5 39 B2 18 )



RS A E X AR AR E E TR
Tab. 5 Effects of different flow rates on relative correction factors
i/ A REIE R ¥
mL-min™ KRR TR E-T-0-B-H B E (AR ARBER Wit R FrERR BHH A FRECR TR
0.9 1.870 5 1.302 2 2.3737 1.1380 1.458 3 0.968 1 8.5713 6.949 6
1.0 1.8211 1.3309 2.349 4 1.1523 1.4750 0.954 6 8.5209 6.965 4
1.1 1.8376 1.328 4 2.350 1 1.147 8 14711 0.950 4 8.513 7 6.902 0
FHHE 1.843 1 1.3205 2.35717 1.146 0 1.468 1 0.957 7 8.5353 6.9390
RSD/% 1.40 1.20 0.59 0.64 0.60 0.97 0.37 0.48
6 IR AR A AR X AL IE E F B
Tab. 6 Effects of different column temperatures on relative correction factors
FEiR/C ARXS R IE ¥
RERREAY TR E-T-O-p- BT SEALTT VNZEE S Witk % R BT A FHURRR
20 1.8676 1.3378 2.3702 1.1483 1.4755 0.9686 8.5144 6.9008
25 1.8350 1.3122 2.3414 1.1247 1.4627 0.9613 8.5770 6.9298
30 1.8564 1.3291 2.3679 1.1399 1.4601 0.9534 8.5203 6.9571
FHIME 1.8530 1.3264 2.3598 1.1376 1.4661 0.9611 8.5372 6.9292
RSD/% 0.89 0.98 0.68 1.10 0.56 0.79 0.40 0.41
2.5 RIS B e Y R Ao BEMIE , 43 3SR FH ESM Fil QAMS 15 & i, 45
UBH%W%@%%ﬁ%%,ﬁ%ﬁﬁﬁw BoR 2 ForkES TGRS, RGN

BT ARFREAT | FRE-T-0-B- AT . SEAETT
ARBHFZR MR PR BB A FFFECR
FREAXS PR B I TR], AN riemiltrs, 3P ris 4
Y i 5NZY s BOOR B I Ta] A LE (E (BIRR fR
FAINTRD), i BT 1rs 230 A RO 1 FONZW) s HOLR
B A ) o 3 o 2 6 45 T A 23 A X R B S TR] A
IF] e 25 R T SO A TP A B, S5 2R R

HH 25 18 DU i A AR DR B8 B[] sh /)N, 22 R 05
TR E L, GiR0E 7,
2.6 FESEEDE

B 1 20 LA RSB A, #i “2.2.27 TR

D7l AR AR, 7 2.7 T S Tk

®T AR AEIRE

Tab.7 Relative retention time of various constituents

SEH 2% (RAD)=(d / ¥ )x100%(d }GF-21k 2=,
%%ﬂﬁx%ﬁﬁﬁRMkumom%L%g
3 MBXESMEMNARHWEREENARE
HZEETE N

WA 7 H 25 3 9 PP L5y ESM SENE, R
FHIR A8 S IR S AT 1 4 e 55 57452 0Tt 1) K €8 QI T
MRERL, TR AR T i S % )7 5 Rl 2=
S IR, VIS TRt 2% 551
DI BE FIAR IR, 2 I S S SOk iGE 1
BT, S5 RN, AR Hb A R 5
HEZ T 5 KU S20>89>82>S16>S11, 255 I
%9,

RS {3 B ]

& kR e EEETOP- N o . o
KRBT o ST RRBEEER  MER O ARE BHETA FHER
Ciklias

Agilent 1260  Agilent ZORBAX Eclipse Plus Cig 0.3245 0.478 9 0.807 7 0.940 9 0.968 0 1.2356 1.8529 2.548 8

Phenomenex Luna Cig(2) 0.3210 04851 0.812'1 0.947 0 0.961 1 1.2457 1.869 7 2.562' 1

Xbridge Cy5(2) 03193 0.470 6 0.8174 09328 09742 12310 18501 25407

SHIMADZU Agilent ZORBAX Eclipse Plus C;s  0.326 6 0.476 4 0.8050 09302 09560 12376 1.8466 25359

LC-20AT Phenomenex Luna Ci5(2) 0.3249 0.480 9 0.8189 0.946 0 0.962 3 1.240 1 1.8610 2.544 0

Xbridge C3(2) 0.3267 04718 0.820 6 0.9299 0.9505 1.2339 1.840 4 25311

T — 0.3238 04773 0.813 6 0.9378 0.962 0 1.2373 1.8535 2.543 8

RSD/% - 0.94 1.20 0.78 0.84 0.87 0.42 0.57 0.43
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Tab. 8 Results of content determination of various constituents(n=3) mg-g!

Be LA P RERHAH TR -7-0-B-H AT T SALTF VRS S
" ESM ESM QAMS RAD/% ESM QAMS RAD/% ESM QAMS RAD/% ESM QAMS RAD/%

S1 2.414 0.916 0.898 0.99 1.510 1.529 0.63 1.027 1.016 0.54 0.231 0.235 0.89
S2 4.700 1.290 1.281 0.35 1.942 1.973 0.79 0.847 0.864 0.99 0.417 0.414 0.36
S3 2.533 1.686 1.647 1.17 1.771 1.761 0.28 0.553 0.550 0.27 0.312 0.309 0.48
S4 3.589 1.905 1.883 0.58 1.297 1.288 0.35 1.247 1.232 0.61 0.262 0.261 0.19
S5 1.197 0.923 0.927 0.22 0.800 0.814 0.87 0.549 0.538 1.01 0.157 0.153 1.29
S6 2218 0.547 0.532 1.39 0.677 0.662 1.12 0.552 0.547 0.45 0.238 0.233 1.06
S7 3.810 1.617 1.630 0.40 1.744 1.749 0.14 0.723 0.718 0.35 0.293 0.296 0.51
S8 2.699 1.077 1.084 0.32 1.576 1.561 0.48 1.775 1.759 0.45 0.230 0.227 0.66
S9 4.277 1.609 1.615 0.19 2.108 2.120 0.28 2.442 2.451 0.18 0.408 0.411 0.37

S10 1.860 1.004 0.997 0.35 0.800 0.793 0.44 0.573 0.564 0.79 0.243 0.244 0.21
S11 2.942 1.493 1.486 0.23 0.789 0.795 0.38 2.050 2.041 0.22 0.446 0.440 0.68
S12 4.840 1.369 1.348 0.77 1.839 1.828 0.30 0.680 0.682 0.15 0.287 0.289 0.35
S13 1.935 1.010 1.025 0.74 1.109 1.084 1.14 0.673 0.679 0.44 0.196 0.201 1.26
S14 3.450 1.425 1.414 0.39 1.138 1.144 0.26 1.394 1.390 0.14 0.373 0.371 0.27
S15 2.281 0.944 0.949 0.26 1.624 1.648 0.73 0.749 0.751 0.13 0.232 0.229 0.65
S16 5.135 3.494 3.507 0.19 1.031 1.039 0.39 1.156 1.130 1.14 0.329 0.328 0.15
S17 3.245 1.319 1.333 0.53 1.249 1.251 0.08 0.762 0.757 0.33 0.263 0.266 0.57
S18 3.369 1.257 1.271 0.55 1.280 1.274 0.23 0.520 0.536 1.02 0.283 0.278 0.89
S19 3.424 1.278 1.294 0.62 1.613 1.633 0.62 0.738 0.731 0.48 0.266 0.264 0.38

S20 4.720 1.726 1.714 0.35 1.468 1.475 0.24 2.076 2.064 0.29 0.424 0.420 0.47
. ik bz 3% FrIRE FEH A FERCRIR
. ESM QAMS RAD/% ESM QAMS RAD/% ESM QAMS RAD/% ESM QAMS RAD/%

S1 0.190 0.191 0.26 0.029 0.028 1.75 1.582 1.577 0.16 0.399 0.402 0.37
S2 0.238 0.235 0.63 0.030 0.029 1.69 2.881 2.868 0.23 0.741 0.749 0.54
S3 0.162 0.159 0.93 0.016 0.016 0 1.466 1.449 0.58 0.738 0.757 1.30
S4 0.249 0.252 0.60 0.028 0.029 1.75 2.270 2.254 0.35 0.250 0.243 1.40
S5 0.104 0.110 1.50 0.012 0.012 0 2.352 2.317 0.75 0.285 0.284 0.18
S6 0.176 0.175 0.28 0.016 0.016 0 2.682 2.671 0.21 0.790 0.810 1.30
S7 0.245 0.244 0.20 0.026 0.027 1.88 2.385 2.354 0.65 0.349 0.355 0.85
S8 0.165 0.168 0.90 0.018 0.018 0 2.962 2.955 0.12 0.409 0.415 0.73
S9 0.276 0.274 0.36 0.034 0.035 1.44 1.662 1.623 1.19 0.238 0.236 0.42
S10 0.131 0.128 1.20 0.013 0.013 0 2.328 2.310 0.39 0.334 0.340 0.89
S11 0.243 0.240 0.62 0.056 0.057 0.88 1.771 1.766 0.14 0.217 0.211 1.40
S12 0.228 0.226 0.44 0.015 0.015 0 2.246 2.223 0.51 0.341 0.338 0.44
S13 0.131 0.134 1.10 0.013 0.013 0 1.163 1.141 0.95 0.290 0.285 0.87
S14 0.231 0.232 0.22 0.045 0.044 1.12 1.131 1.137 0.26 0.346 0.339 1.00
S15 0.181 0.184 0.82 0.017 0.017 0 4.121 4.134 0.16 0.390 0.391 0.13
S16 0.300 0.297 0.50 0.038 0.037 1.33 1.801 1.810 0.25 0.116 0.120 1.70
S17 0.219 0.216 0.69 0.022 0.022 0 2.566 2.573 0.14 0.391 0.387 0.51
S18 0.193 0.191 0.52 0.019 0.019 0 2.644 2.668 0.45 0.551 0.549 0.18
S19 0.176 0.180 1.10 0.017 0.017 0 2.364 2.350 0.30 0.445 0.438 0.79
S20 0.298 0.300 0.33 0.042 0.043 1.18 2.063 2.044 0.46 0.660 0.671 0.83
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Tab. 9 Correlation coefficient, correlation degree, relative correlation degree and ranking of each sample relative to the optimal

reference sequence

Kl B _—
FEMH ] o FERET-OP- N \ e o RERE L. HF
WYRINEE  OREEE T SR OREECR R R R A SPHURM IR

S1 0.420 0.364 0.545 0.404 0.402 0.471 0.443 0.371 0.463 0.816 0.567 16
S2 0.819 0.401 0.811 0.376 0.833 0.612 0.453 0.547 0.873 1.181 0.713 3
S3 0.431 0.449 0.679 0.337 0.519 0.415 0.350 0.360 0.867 0.931 0.597 12
S4 0.560 0.481 0.469 0.446 0.440 0.657 0.434 0.447 0.384 0.897 0.621 8
S5 0.333 0.364 0.354 0.337 0.333 0.333 0.328 0.458 0.400 0.683 0.440 20
S6 0.403 0.333 0.333 0.337 0.410 0.441 0.350 0.509 1.000 0.870 0.546 17
S7 0.598 0.440 0.663 0.359 0.486 0.641 0.418 0.463 0.433 0.934 0.632 6
S8 0.447 0.379 0.573 0.591 0.401 0.421 0.361 0.563 0.469 0.885 0.604 10
S9 0.696 0.439 1.000 1.000 0.792 0.803 0.494 0.378 0.379 1.252 0.722 2
S10 0.376 0.372 0.354 0.340 0.416 0.367 0.333 0.455 0.425 0.722 0.487 18
S11 0.473 0.424 0.352 0.710 1.000 0.632 1.000 0.389 0.370 1.136 0.674 5
S12 0.870 0.410 0.726 0.353 0.476 0.577 0.344 0.444 0.429 0.932 0.615 9
S13 0.381 0.372 0.417 0.352 0.366 0.367 0.333 0.336 0.403 0.697 0.467 19
S14 0.539 0.416 0.425 0.478 0.665 0.587 0.662 0.333 0.432 0.948 0.628 7
S15 0.408 0.366 0.596 0.362 0.403 0.451 0.355 1.000 0.457 0.932 0.600 11
S16 1.000 1.000 0.399 0.428 0.553 1.000 0.544 0.392 0.333 1.144 0.679 4
S17 0.510 0.404 0.454 0.364 0.441 0.547 0.387 0.490 0.458 0.844 0.590 13
S18 0.527 0.397 0.464 0.333 0.470 0.478 0.368 0.503 0.585 0.858 0.586 14
S19 0.535 0.399 0.591 0.361 0.445 0.441 0.355 0.460 0.494 0.847 0.585 15
S20 0.825 0.455 0.528 0.724 0.869 0.979 0.606 0.421 0.722 1.270 0.747 1

4 itip IBERRIA(0.05%, 0.1%, 0.2%)ikFT T %%, 4%

4.1 PRI FIN S YR e

BURZS IR, SBPEHA e | R
HF. pige . PrAASE EAE] . OP R R R
FRER MR PR FET A FSTHCRIY
HA PR E TS0, SEEHA PO 2 MET ki 4
PERIM, F3ER-7-0-B- B A DL R IE TE 2,
7 LA N R BT DRI | PSR e il S5 11 DRt
ABFFERERE T VL 9 Bl BEAT [R] I E

PRI N BRTE AR RTINS, T
WA T I %) 15, WA NERTE 9 Fhuk
e, 5 T, HAEBURE . s AHxs
R UK, 784 A G £ B R TR Ak T (g (T oz,
AR HAR R (1 I A AR T O B N TR H53
4.2 IS

TEF SRR L, HE T HEE. 25K
FIAN ) L (I BRI W 2 T Y 2H 5, &5 2R e B
AR TR ] s S i e rh (B I R T . TR
BEAE D PR BAR I, 2% B B IR LB . DRt
Ve LI -WEMR I BT DM R o [ Ak X AN [l e

P E AR 2 2022 4R 9 A% 39 E4 18 1)

IR 0.05%F1 0. 1% B RRIE RN, S,
TR AR, BOERE G -0. 2% R A E A
T shH

RSN R, FFHECRER . BT A ek
WA 210 nm. KRFREF | fr3gR-7-0--1i%
BT . ST . RBEER . MR sy e
FFR R R RIS K IFE 349 nm 2245 (5351 0
349, 350, 334, 349, 349, 351, 340 nm), #%k
B 349 nm EA 7 Foski o000 5 I K o
4.3 PRSI A e R

ARSI HEE TN RO G A Il
2. AEFREUSE (1, 1.5, 2.0 h)FIAS [RlHE U
FIREE . KB, 90%HEE . 70%HF B . 80%
. 60%LBENTEE R, 452 R S Tk
I IE] v X 2 A SRS AN K . H BRI TC K £ B
AT LR S AR I B, (HIXIA K, 3
b A ) X 8 SR e 25 S AN 0 2 L R R R
BARMTCK CBERE F BEHL 1 h AR A A 5 v v 6l
SR
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4.4 INZE

W2k T AR PR ER BTN B2 E E FNHEA  A
T LR B AT, BT, QAMS TEFRZH .
TR B D I ARG B g g 20T %
DA B RS IS O T AT LLSE 2 48 bR 7 14
Bro ARSLEERERY], QAMS IHHE M EEEIRY
ESM MEZ R 22 RARE, AT LATEG X BE 5 Y
TEOCT, AR E N A A KA R
SITRERSHERR TP, RIS 808 5T E
R OCHRTR RS, 15 & FRM SR IE 5 W0 HE
J¥, $em T 2R A IE N R E
AARSLIMAFEA R Z AL, B, BEHA 9 Fhig
Pt B A 0 AR 350 2 B 5 v 22 AR 24 BRI 9 UE S
FE RSy, BRI . &AW E . 1l
2% Ty 4 55 5L v A LA 3 M B R TR B s
Gh, FETP A BT SRR T, BR T B RARUNST
T, BT SYRAERML G, WA MEXT
2y A A HERRIER, DL BN R Z Ak TE
VUG e th /5 it — 583
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