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Abstract: Fritillaria ussuriensis Maxim is a valuable medicinal plant in Northeast China. Based on previous
chloroplast genome sequencing results, this study selected the chloroplast genome fragments atpF and petB as
specific DNA barcodes to identify germplasm resources of commercially available F. ussuriensis. Additionally, the
content of peiminine was analyzed using a UV spectrophotometer, aiming to clarify the main germplasm resources

and quality of F. ussuriensis in the market. In this study, 74 samples of commercially available F. ussuriensis were
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collected from 52 cities across 23 provinces. Based on the combined analysis of atpF and petB sequences, a total of
10 haplotypes (h2, h3, h4, h5, h6, h11, h13, h16, h19, and h20) were identified, among which h19 and h20 were
reported for the first time. Haplotype h4 was the predominant haplotype, accounting for 44.59% of the total
samples, followed by haplotype h3. The content determination results showed that 60 batches (81.08%) of
commercially available F. ussuriensis samples met the standards of the 2025 edition of the Pharmacopoeia of the
People's Republic of China. The content of peiminine in the samples ranged from 0.044% to 0.075%, and the
sample quality was uneven; among them, haplotype h16 had the highest average content of peiminine at 0.063%,
while haplotype h6 had the lowest at 0.044%. Statistical analysis indicates that, overall, there is no statistically
significant difference between haplotypes and the content of peiminine. Given its highest peiminine content,
haplotype h16 shows potential value for selective breeding. This study is conducive to guiding the circulation of £

ussuriensis samples in the market and rational clinical use, and also provides a reference for protecting the genetic

diversity of F. ussuriensis and for its sustainable development and utilisation.
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Table 1 Sample list

RNaseA [ (686061BB).10xDNA loading buffer (Q11012)+
FEAiAR TR & (TET61H3) ¥ [ 5 5t e AR Rt
BBt A5 IR W) I (2023010, AT B0z 4k 2477
HIRAT]); g3k 8% (C13830536)PVP-40 (20230630)-
Tris- Z, 8 £5 -EDTA 2% /1 3 (202102119). GelRed %4 £}
(20220118) ¥4 H Ik 52 A Hi ik AE VI RH A BR A 7] Taq
DNA R4 (A020874A).dNTP Mixture (ANF0528A).
DL1000 DNA Marker (TaKaRa); I ig ## (Biowest Agrose,
PEHEA); UIREZ L bRk S (B20081, g AE M Rl
HBR AT, HEE (AR, Thermo Scientific); 544/ (20220116,
e AT IE TS A AL T A R, W& K (20191125) iR H
H A (20200602) 36 H 46 R (RE) th2# {506
B 28 ) 5 00— PR RS S0P 22 I (20230106, R T
HE B K A BRA ) EEAE R (2200915, K
BT KRR ); atpF R petB 51 AL 5t /N & 1€

No. Source Lat (N)/Lon (E) No. Source Lat (N)/ Lon (E)

S1 Harbin, Heilongjiang 45.7570°, 126.6424° S38 Dingxi, Gansu 35.5807°, 104.6263°
S2 Harbin, Heilongjiang 45.7570°, 126.6424° S39 Linyi, Shandong 35.1047°, 118.3564°
S3 Harbin, Heilongjiang 45.7570°, 126.6424° S40 Liuan, Anhui 31.7529°, 116.5077°
S4 Harbin, Heilongjiang 45.7570°, 126.6424° S41 Huainan, Anhui 32.6255°, 116.9998°
S5 Mudanjiang, Heilongjiang 44.5829°, 129.6186° S42 Linquan, Anhui 33.0626°, 115.2610°
S6 Qitaihe, Heilongjiang 45.7713°,131.0156° S43 Huangshan, Anhui 29.7147°, 118.3375°
S7 Dagqing, Heilongjiang 46.5905°, 125.1120° S44 Huangshan, Anhui 29.7147°, 118.3375°
S8 Yichun, Heilongjiang 47.7248°, 128.8993° S45 Xuyi, Jiangsu 33.0115°, 118.5441°
S9 Changchun, Jilin 43.8868°, 125.3245° S46 Wuhan, Hubei 30.5844°, 114.2986°
S10 Yanji, Jilin 42.8910°, 129.5138° S47 Wuhan, Hubei 30.5844°, 114.2986°
S11 Baishan, Jilin 41.9425°,126.4279° S48 Wuhan, Hubei 30.5844°, 114.2986°
S12 Tonghua, Jilin 41.7214°, 125.9365° S49 Huangshi, Hubei 30.2052°, 115.0771°
S13 Tonghua, Jilin 41.7214°, 125.9365° S50 Yichang, Hubei 30.7026°, 111.2908°
S14 Shenyang, Liaoning 41.7968°, 123.4290° S51 Changsha, Hunan 28.2283°,112.9388°
S15 Shenyang, Liaoning 41.7968°, 123.4290° S52 Shaoyang, Hunan 27.2389°, 111.4678°
S16 Shenyang, Liaoning 41.7968°, 123.4290° S53 Yichun, Jiangxi 27.8156°, 114.4168°
S17 Dalian, Liaoning 38.9140°, 121.6186° S54 Fuzhou, Jiangxi 27.9492°, 116.3582°
S18 Bayanzhuoer, Neimenggu 40.7430°, 107.3870° S55 Ganzhou, Jiangxi 25.8311°, 114.9350°
S19 Eerduosi Neimenggu 39.6083°, 109.7813° S56 Fuzhou, Fujian 26.0753°, 119.3062°
S20 Tianjin 39.1256°, 117.1902° S57 Xiamen, Fujian 24.4798°, 118.0894°
S21 Shijiazhuang, Hebei 38.0455°, 114.5025° S58 Xiamen, Fujian 24.4798°, 118.0894°
S22 Shijiazhuang, Hebei 38.0455°, 114.5025° S59 Foshan, Guangdong 23.0215°,113.1214°
S23 Handan, Hebei 36.6123°, 114.4907° S60 Zhuhai, Guangdong 22.2559°, 113.5537°
S24 Baodin, Hebei 38.8677°, 115.4823° S61 Shenzhen, Guangdong 22.5431°, 114.0579°
S25 Baodin, Hebei 38.8677°, 115.4823° S62 Jieyang, Guangdong 23.5497°, 116.3728°
S26 Baodin, Hebei 38.8677°, 115.4823° S63 Chongqing 29.5630°, 106.5516°
S27 Baodin, Hebei 38.8677°, 115.4823° S64 Chongqing 29.5630°, 106.5516°
S28 Baodin, Hebei 38.8677°, 115.4823° S65 Chongqing 29.5630°, 106.5516°
S29 Baodin, Hebei 38.8677°, 115.4823° S66 Suining, Sichuan 30.5328°, 105.5929°
S30 Cangzhou, Hebei 38.3106°, 116.8575° S67 Suining, Sichuan 30.5328°, 105.5929°
S31 Xinxiang, Henan 35.3026°, 113.8836° S68 Chendu, Sichuan 30.5728°, 104.0665°
S32 Xuchang, Henan 34.0230°, 113.8261° S69 Guiyang, Guizhou 26.6477°, 106.6302°
S33 Xuchang, Henan 34.0230°, 113.8261° S70 Guiyang, Guizhou 26.6477°, 106.6302°
S34 Xuchang, Henan 34.0230°, 113.8261° S71 Guiyang, Guizhou 26.6477°,106.6302°
S35 Datong, Shanxi 40.0903°, 113.2906° S72 Kunming, Yunnan 25.0406°, 102.7123°
S36 Zibo, Shandong 36.8131°, 118.0476° S73 Chengmai, Hainan 19.7371°, 110.0071°
S37 Qingyang, Gansu 35.7091°, 107.6383° S74 Haikou, Hainan 20.0440°, 110.1999°
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Table 2 atpF gene fragment and petB gene fragment primer

sequence
Gene Primer X
K R Primer sequence (5’-3")
fragment orientation

atpF Positive ATTTGGCTCTCTCACGCTCAATC
Reverse AGTGTGGTGCTTGGTGTATTG

petB Positive CTGAATTTGGTCAACGGACACCC
Reverse CGCAGTCAATACGCCCAGAATCAC
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ANAT AR 6, 7E 412 nm K AL I 5 RV R TR
FEBE, PAUURESR O B i Al b, Wb BE R AL AR, 22
il v 1 22

MEFE SRAPEZ L (2025 F/R) ik, %
FRECE IURERy K 2.0 g, BT B IEHERMF, T 3 mL
WERRBGRIE 1 h, NN 40 mL =& H e-FFEE (4:1)
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Figure 1 Genomic DNA of the commercial F. ussuriensis samples (M: DL15000)
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Figure 2 PCR amplification results of atpF sequence of the commercial F. ussuriensis samples (M: DL1000)
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Figure 3 PCR amplification results of petB sequence of the commercial F. ussuriensis samples (M: DL1000)
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A3 A A AR AK KON hd > h3 > h2 >hl16 > hs >
h6 =h1l =h13 =h19 = h20. F i % JFIE B 45 R EoR,
TR R R IE TR F e . Ho, EE LN
hd 5B FEAR B 44.59%, 2o TEE 174 NE T
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AU 70K 0, ha = 277 5 RO VLA R T T .
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B A T A B PR T o B IX h3 R
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WL PEE A ZBE T RE BT, RIET
ORI RIETT AT AR BT R B
B BT FHHRE s TR HRE AL
Mg B A h16 (5L 8.11%, fA7E T BRI .
TG A LRUE D) E R T A R,
KR T BRI E AR g 70 5 7= oo R o hS i L
4.05%, fF1ET e T kg CE R T AR &, SRR
FHME MR EA T E AR B B TR B AR
AL T AT B P AR i h6 h11.h13.h19.h20
L 35°R 1.35%, o, he 776 T SRV T I #F 5,
KR T B VLA R HE T R PG /RIE T |
BT HEMRE AT 3 B R 5 A 13 AR T
e T ERE S, SR T RV WA R T T
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I A, TORE R B 7 R T T SRR S AR LR R e A
BUh11, BT 2 BV R Tk ) T IR R e
£ 284, TR T 3R AR 0 h BTGB ) R
TEAL S T B R AR 4 H B R T B A5 B h19 5 h20,
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077 R YR
3 HmEFNEFHEREIFN

744 T 5P DURRR 7 v (1 DURE 3R 205 0 e &5
RN, 6001 i & B 17 A 25 LR HE (= 0.050%), & 4%
A 81.08% A ErA&FE S A T BRI L T AR
FEG LR GWALSEE T, RUTE TV IR &S
FEARFFHIIMG . T8 DUREEAT T AR H A5 8 5 I
MERLERMEBEDN RN, MR TFH SRR

Table 3 Mutation sites of afpF and petB combined analysis.

*Indicates the same as h2

Variable site / bp

Haplotype atpF petB
174 449 544 548 167 304 348 349 359 384 ﬁ
h2 G G G A G G G A C G T
h3 * * * * * T * * * * *
h4 * A * * * T * * * * *
hs * * £ * * £ * ¥ T * £
h6 * A ES * * ES * * T * ES
hi3 % * A * * % % * 5 * %
hl6 % A * % * * % * * % *
h20 * % A * % T * % * * *

B A5 h16, 24 0.063%, 138 B i AR 1 5 A5 3
h6, 9 0.044%; VI BEZR 4 8 & i K 5% B ha
Mih4, 15759 0.029%. R 2 J7 2 70 i e Ak 45 R R,
H UL 22 7 L Ge i = (P = 0.091). i LSD
% H BRI, B 75 2H I A7 8 5 3% 22 53¢ h16 5 h2 4117
ZRBEA G E XL (P=0.016); h16 5 h3 47 2 &
BA G245 (P =0.013); h6 5 ha 41 7] 2 7 B H 4
THEEE (P =0.018); HAp iz 7B Lg%
ZE5 (P> 0.05), WEl 4. REh11h13 5hl6 k& &
P& b E 25 i g, (Eh11 A h13 R A B D, 45
RRE . SAKRE, W6 BAEMERFTES
A (0 5] BF B AT B PO REAAR R, R I AR AR R M
JR BRI 77, AT TS SR R 5 U 0 12k

*

*

0.08 —

0.07—

0.06 =

-
0.05
—

Peiminine/%

U711 T T T T 7T

h2 h3 h4 h5 h6 hll hi3 hl6 h19 h20

Figure 4 Contents of different haplotypes of peiminine (n = 3,
x+5. "P<0.05)

g

¥ LB} (Fritillaria ussuriensis Maxim.) #& 3% [H &
Jb 3 X EL ) 245 AR, Rk 2R AR AL G b 2581,
B & 25 D7 S AR 2 I PR BCR Y AE R HE
e, S DURERE 2 B T IE R AR R, S
PR AR A B 1SV R SRR R G IT R, 2



BAIACRL I S5 T 5 DURF P o 55 R4 5 15 o & TP A -+ 1867 -

TR W% R W R E R 2507 BE A KA O IR R
Ji&, S DURER R O 1 2 £ i 5 AR, BRCA B
FE R ARG, P o BE R I %558 5 0] RE SR A R
HE,

DNA 2% T 5 B AR 3 T4 ot 1) £ <7 1 ik TR 7 971 2
S, ATSE LR HEF IR S, BRI R T
24 FHAE Y R B R 4 e MY, B, Yin 20 A cesd
Al trnC-GCA_perN Fr B /3 it 1 A6 45 R it & 2 6 1%
Dou S5 i bl 45 3 PR 2H 2 0 08 5 7 1k 2 0D, 5 4
L AN [o) 7 i PR RN BEEAT 7 R SRR S o BT DUBERT
FLJ7 1, Jiao Z52FE T 1TS1.pl20_rpsi2 Al rbel 75 5y
BT 7 AL 2 AR, RIS A5 B AE M R G ok R
I, $EOR AT REAEAE AN 1. AR A A mr AR 7T, i —
i 16 atpF 5 petB 1 N~ DURERE 5 P - S 4k 2% %
T, 75 183 47 7= MU FE AR %558 tH 18 P A5 Y, R tH R
UF (= 2 5008 77 o SR, BR T T 85 254 DNA P& fil ™
HPCRY™ AR HA R, H wirxt v 8- IUEER
B R 5 R VR S B PUIR M Bk = R GERE AT .
B, AW 7E 5 T 1007 % 1) aepF 5 petB 4IRS, X 4
Y B P9 SR (S DUREAR O AT 4 7 4 8 5 2P
Wy, B TE BB FL A5 Y 0 A 5 R R 288, i R
5 T A R SR AR 2 AR

AT TN FK H A 23 AN 4 524N 1T ) 74 47 DL
REROR AT T DNA $ZH, R0 F Fl N 45 57 14 2% 205
atpF Fl petB AT 34 L 7 S BK A b 45 R EoR,
FT A T 5 R L % 10 B AE L, LR 8 B (h2.
h3.h4.h5.h6.h11.h13.h16) 5§ A= M 7E A AT, 2 4
BERUN I OR DL, 674 A h19 fTh20. h4 2 i 3
HA b BREA R 44.59%, H ORI Z, E i R
AT AT PRI R 7 & R R T L
T P8 T E L DX P T AR B R AR B T o
FE FOT 8 TV e T A B B T
e RS YR AT IH, hil SR T A AR T Bk
I FTREA, BRLIG T B R ot A ) h L RERYR T % M
DA b2 AR s 1 S DURER AL IR B BB S T, 9F
BOAIE T ) 77 U RR A SRR B AT P B IR 6 AT AT
B4y AR (AN h11.h13) BER B> (n=18(2), iX
TR A o3 Al AN ) 0] e UG TH R A 2, 52 R A
REEWHIRRE M, J5 B0 70 38 0 s e R A B, 1 5 AL
EIEIIS S 1 o R NV e R = T e
BT A% B h19 AT h20, $27R AT BEAFTE i R B KA 17
HFhHE. MR RIRE SR, EEm s
WA B — B o R M R AV [, I E AR SR AR AR
RUAE AR, DL AT ER T IR % 2 A
HhER 53 AR REAE -

HH 24 T R L 5 T R 24 Kk D R o R PR I PR OR
A T IE PR A B i VRN R 2 0 Y S B AR A
FR 4 2025 A (R AR N RSL R E 25 3L e, DIREER 2
B F g~ DUBEIR 51428 158, 12 8 53 AN e 1E iz AL R
1 FH 1 2 BV P I, 704 UF S e 4 1N 485 1 e 44
HCT-116 A= P, 0] DL i 18 775 22 24 3 1h 2
Pt 18 5 A0 ) O B JULAE B Ji5 o LA 3 AN A . P
DUBREZE b DURER 28 AR R 557 DUEE M R 28
A KRB FUR A [ AR K S AR e 2 B 7 A R
A FPE S, AR TR 74 03 TS DUREER R R i
BER & Bk AT IE, PAILEER 41 & & AT bR
#E, Xt 74 3 17 P DUBREK R 2R AT DUBE R 2 2 &
E . SR LR, 81.08% K ik B T bR, i B
— U DURHR AP EA B DL AR, FE 5 (] & 22 57
3, B E RN 0.075%, AR EN 0.044%. XA
[F) 5 (K] 284 f~F DUBE T B FF ) DUBER 2 & Bl AT
W, 25 S 2 B A ] 35 R Y (5 2 1) 22 R B AR,
ha B dh Y, B A B2 0.075%, K& & /2 0.046%, I
BER 48 & % 7 KM 5 £ 28U /2 h3 F hd, # 2
0.029%. JH KR 51 DURERE b 1 IUBE R &4 8
B ECRENRILAMEZ M) ER, (AR RESZEAR
Fr o AHIEFEIE I 5L R 2 5 7 S b R I L AL A ) D
BROEELEZFEER (P=0.091), HEZ£LSDZL =
PEBCR IR o A B DU B3R S B AP R =
Fo HA he BAARAMNERLSERES T h2
(P=0.016) 5h3 (P=0.013) A58, Hi% 5658 By
BRI IUBER 4 & &35 T 25 JHE b 1, R B
h16 B35 A RIAE A0 R Fh 5T 93 U8 (198 70, FAE IS 20
ik E B EZEMNAYME. [N he 5 hd BRI
[ JRAFAE 53 22 53 (P = 0.018), X ELLE R W], A
RN, REEE LSRRGS IR R OSE
AN B SR OCHe . R L8 3 S e A ) A AE 2 57
st (BB SCHEME R IE B FE KT XN AT
(98 7E A FH RT M AR5 A = b SRS 1) B o 17
A AN A R BRI A s P R . ROR R B
XLV A DR 25 AT TSR N ASRAIE . AHIE 52 97 DL RERY
L O R AR ARG T 3 A I8 B R A B 2 B it
T BB .

{3 STk B AL WS 97 5T atpF F petB 3 R 14 L7 471
FVEHE 23 #1556 DT T35 7 DUBERE S b DUBEZR 2
5E 5 BRSCUD B STRO 2 T RIR SO R S 4R B 11 5
T 37°F UURERE S0 4T K \DNA $2HL X755 F 5 46 &l 67
Tt A b DX T I SCER T IRR RN BRI R 47 T 1 T H 1R ST
S B, H8 G A S R U E KBk

FIZE S ToAH ] 2 v R
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