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Abstract: Based on the ITS2 and psbA-trnH sequences, molecular biological identification and genetic
relationship of Fritillaria cirrhosa with its relative species were carried out. In this paper, the PCR-RFLP method
specified by the Chinese Pharmacopoeia was performed on all samples at first. Secondly, the ITS2 and psbA-trnH
sequences of all samples were amplified. Then, the amplified products were used to analyze the genetic distance,
construct the phylogenetic tree, assess the identification efficiency, and evaluate the genetic relationship as well.
The result showed that all the samples were divided into two groups by PCR-RFLP method. The samples in the
first group, including Fritillaria ussuriensis, Fritillaria thunbergii and Fritillaria pallidiflora, could not be digested
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by Smal, while the other samples in the second group, including Fritillaria mellea, Fritillaria sinica, Fritillaria
cirrhosa var. ecirrhosa Franch, Fritillaria unibracteata var. longinectarea and Fritillaria cirrhosa, could be
digested by Smal. Then, ITS2 and psbA-trnH sequences of all samples were obtained. The length of various
ITS2 sequences were distributed from 235 to 239 bp, and the average intra- and inter-specific genetic distance
were 0.001 and 0.022, respectively. NJ tree showed that all samples were separated into "Northern Fritillaria"
group (Fritillaria ussuriensis and Fritillaria pallidiflora) and "Southern Fritillaria" group (Fritillaria thunbergii,
Fritillaria mellea, Fritillaria sinica, Fritillaria cirrhosa var. ecirrhosa Franch, Fritillaria unibracteata var.
longinectarea and Fritillaria cirrhosa). The latter group could be further divided into Fritillaria thunbergii and
Fritillaria cirrhosa subgroup, and the species in Fritillaria cirrhosa subgroup had close phylogenetic relationships.
The length of psbA-trnH sequences was distributed from 337 to 373 bp, and the intra- and inter-specific genetic
distance were 0.263 and 0.329, respectively. The samples in this paper could not be clustered effectively by NJ tree.
This indicated that the ITS2 sequences were not only able to identify Fritillaria cirrhosa with its partial relative
species quickly and accurately, but also clarify the relationship between different Fritillaria species. Therefore, it
provided an important theoretical foundation for the development of molecular markers, effective protection, and

rational development and utilization of Fritillaria resources.
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P.Y.Li) 8% FLAii LB} (Fritillaria unibracteata Hsiaoet K.
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Table 1 Total materials for experiment

No. Species name Location
01  F sinica 1 Xining, Qinghai
02 F sinica2 Xining, Qinghai
03 Fdelavayi 1 Xining, Qinghai

04  F delavayi? Xining, Qinghai
05  F wabuensis 1 Xining, Qinghai
06  F wabuensis 2 Xining, Qinghai
07  F wabuensis 3 Xining, Qinghai
08  F przewalskii 1 Xining, Qinghai
09 F przewalskii 2 Xining, Qinghai
10 F przewalskii 3 Xining, Qinghai
11 F cirrhosa 1 Xining, Qinghai
12 F cirrhosa 2 Xining, Qinghai
13 F unibracteata 1 Xining, Qinghai
14 F unibracteata 2 Xining, Qinghai
15 F unibracteata 3 Xining, Qinghai
16  F unibracteata 4 Aba, Sichuan

17 F unibracteata 5 Aba, Sichuan

18 F mellea 1 Xining, Qinghai
19 F mellea 2 Xining, Qinghai
20 F taipaiensis 1 Xining, Qinghai
21 F taipaiensis 2 Xining, Qinghai
22 Fpallidiflora 1 Xining, Qinghai
23 FEpallidiflora 2 Xining, Qinghai
24 Fpallidiflora 3 Xining, Qinghai
25  F ussuriensis 1 Xi’an, Shanxi

26  F ussuriensis 2 Hanzhong, Shanxi
27 F ussuriensis 3
28  F thunbergii 1
29 F thunbergii 2

30  F unibracteata var. longinectarea 1 ~ Aba, Sichuan

Kunming, Yunnan
Hulun Buir, Neimenggu
Xining, Qinghai

31 F unibracteata var. longinectarea 2 Aba, Sichuan

32 F cirrhosa var. ecirrhosa Franch I~ Kangding, Sichuan
33 F cirrhosa var. ecirrhosa Franch 2 Kangding, Sichuan
34 F cirrhosa var. ecirrhosa Franch 3 Kangding, Sichuan

FA RS TR .
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H 5 psbA-trnH [T 51| 5 5t < B W IERE A BT H I 1)
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Figure 1 PCR-RFLP results of different Fritillaria plants. A: 1-2: F. cirrhosa, 3-4: F. taipaiensis; B: 1-3: F. przewalskii; C: 1-3: F. cirrhosa

var. ecirrhosa Franch, 4-5: F. unibracteata, 6-7: F. unibracteata var. longinectarea; D: 1-2: F. sinica, 3-4: F. delavayi, 5-7: Fwabuensis; E:

1-3: F. unibracteata, 4-5: F. mellea, 6-8: F. pallidiflora; F: 1-3: F. ussuriensis; G: 1-2: F. thunbergii

102 107
F. unibracteata var. longinectarea T A T GC CCGCCCTGCCCGGGACCTCGCATCGTG
F. cirrhosa var. ecirrhosa Franch rarscccecaoegecececrgeccaecaecaGcACCcrTreceagCcATCGTAGG
F. mellea AT GCC G rccCcccocacACCTCGCATCGTG
F. sinica TATGC iACCTCGCATCGTG

Figure 2 The red region was the Smal cleavage site marker of F. unibracteata var. longinectarea, F. cirrhosa var.ecirrhosa Franch, F. mellea

and F. sinica
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Figure 3 Intraspecific and interspecific genetic distance distribution of ITS2 (A) and psbA-trnH (B)
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Figure 4 NJ tree based on ITS2 sequence
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F. cirrhosa var. ecirrhosa Franch G NN GEY NTISNGEGCIGCGCGTCACGGATGCGGAGANTG
F. unibracteata =
F. wabuensis CGCCTTGTTTCGCTCCGTECCCA
F. przewalskii CGCCTTGTTTCGCTCCGTECCCA
F. unibracteata var. longinectarea G
F. delavayi

F. mellea

F. unibracteata -A ba

F. cirrhosa

F. sinica K
F.taipaiensis SMRGEGINGCGGTCACGGATGCGGAGANTG|
F. thunbergii 5 EN N TR NCIECIECGCCCTCACGCGATGCGGAGANTG
F. pallidiflora cC [EclEclEcccGTCACGGATGCGGAGAMMTG
F. ussuriensis MARGHRIGIEGCGGTCACGGATGCGGAGAMTG

VONe Iy T R Wl X B SO Ml G C CCMICCGTGCCTCGTGTGCGGCGGGCTTAAGCGCGGGCTGTCGGCGHCGGGATGGGCAC

F. unibracteata GCCCEMCCGTGCCTCGTGTGCGGCGGGCTTAAGCGCGGGCTGTCGGCGMCGGGATGGGCAC
F. wabuensis GCCCEMCCGTGCCTCGTGTGCGGCGGGCTTAAGCGCGGGCTGTCGGCGMCGGGATGGGCAC
F. przewalskii GCCCEMCCGTGCCTCGTGTGCGGCGEGGCTTAAGCGCGGGCTGTCGGCGUMCGGGATGGGCAC
F. unibracteata var. longinectarea [efelefelC[ofofeldelolohdofel Jek delofclelolelelel ol & §.-V-Yelolelofelelel ol fel dolelelole) T [ofefelel N delelelod Yo
F. delavayi GCCCMCCGTGCCTCGTGTGCGGCGGGCTTAAGCGCGGGCTGTCGGCGMCGGGATGGGCAC
F. mellea GCCCEMCCGTGCCTCGTGTGCGGCGGGCTTAAGCGCGGGCTGTCGGCGMCGGGATGGGCAC
F. unibracteata -A ba GCCCEMCCGTGCCTCGTGTGCGGCGGGCTTAAGCGCGGGCTGTCGGCGMCGGGATGGGCAC
F. cirrhosa GCCCEMCCGTGCCTCGTGTGCGGCGEGCTTAAGCGCGGGCTGTCGGCGHMCGGGATGGGCAC
F. sinica GCCCEMCCGTGCCTCGTGTGCGGCGECGGCTTAAGCGCGGEGCTGTCGGCGMCGGGATGGGCAC
F. taipaiensis GCCCEMCCGTGCCTCGTGTGCGGCGGGCTTAAGCGCGGGCTGTCGGCGEMCGGGATGGGCAC
F. thunbergii GCCCEMCCGTGCCTCGTGTGCGGCGGGCTTAAGCGCGGGCTGTCGGCGMCGGGATGGGCAC
F-Pallid.iﬂo’:a GCCCHCCGTGCCTCGTCGTGCGGCGGGCTTAAGCGCGGGCTGTCGGCGEMCGGGATGGGCAC
F. ussuriensis GCCCHCCGTGCCTCGTGTGCGGCGGGCTTAAGCGCGGGCTGTCGGCGEMCGGGATGGGCAC
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F. ussuriensis AAG{HcAccCcGGABCRGGCGEAGCCEGTGCTCCEGTACE\AGGAGGGCGTGCCGTCTCGCAAMG
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Figure 6 NI tree based on psbA-trnH sequence
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CATTATTGTATTTATTCTTACCTTCATACTTAGATCGATATATTGGGCATAGAATGCCAA
CATTATTGTATTTATTCTTACCTTCATACTTAGATCGATATATTGGGCATAGAATGCCAA
CATTATTGTATTTATTCTTACCTTCATACTTAGATCGATATATTGGGCATAGAATGCCAA
CATTATTGTATTTATTCTTACCTTCATACTTAGATCGATATATTGGGCATAGAATGCCAA
CATTATTGTATTTATTCTTACCTTCATACTTAGATCGATATATTGGGCATAGAATGCCAA
CATTATTGTATTTATTCTTACCTTCATACTTAGATCGATATATTGGGCATAGAATGCCAA
CATTATTGTATTTATTCTTACCTTCATACTTAGATCGATATATTGGGCATAGAATGCCAA
CATTATTGTATTTATTCTTACCTTCATACTTAGATCGATATATTGGGCATAGAATGCCAA
CATTATTGTATTTATTCTTACCTTCATACTTAGATCGATATATTGGGCATAGAATGCCAA
CATTATTGTATTTATTCTTACCTTCATACTTAGATCGATATATTGGGCATAGAATGCCAA
CATTATTGTATTTATTCTTACCTTCATACTTAGATCGATATATTGGGCATAGAATGCCAA
CATTATTGTATTTATTCTTACCTTCATACTTAGATCGATATATTGGGCATAGAATGCCAA
CATTATTGTATTTATTCTTACCTTCATACTTAGATCGATATATTGGGCATAGAATGCCAA
CATTATTGTATTTATTCTTACCTTCATACTTAGATCGATATATTGGGCATAGAATGCCAA

120 130 140 150 160 170

TTTWAAAAATGTAATGTAATAAAGGAGTAATCCCCTGTGACACGTTCAATAAAAAAAAAT
TTTWAAAAATGTAATGTAATAAAGGAGTAATCCCCTGTGACACGTTCAATAAAAAAAAAT
TTTWAAAAATGTAATGTAATAAAGGAGTAATCCCCTGTGACACGTTCAATAAAAAAAAAT
TTTWAAAAATGTAATGTAATAAAGGAGTAATCCCCTGTGACACGTTCAATAAAAAAAAAT

TTTPAAAAATGTAATGTAATAAAGGAGTAATCCCCTGTGACACGTTCAATAAAAAAAAAT
TTTWAAAAATGTAATGTAATAAAGGAGTAATCCCCTGTGACACGTTCAATAAAAAAAAAT
TTTWAAAAATGTAATGTAATAAAGGAGTAATCCCCTGTGACACGTTCAATAAAAAAAAAT
TTTWAAAARATGTAATGTAATAAAGGAGTAATCCCCTGTGACACGTTCAATAAAAAAAAAT
TTTAAAAATGTAATGTAATAAAGGAGTAATCCCCTGTGACACGTTCAATAAAAAAAAAT
TTTWAAARAATGTAATGTAATAAAGGAGTAATCCCCTGTGACACGTTCAATAAAAAAAAAT
TTTEHAAAAATGTAATGTAATAAAGGAGTAATCCCCTGTGACACGTTCAATAAAAAAAAAT
TTTWAAAAATGTAATGTAATAAAGGAGTAATCCCCTGTGACACGTTCAATAAAAAAAAAT

180 190 200 210 220 230

CCTTGATGGAGCAATATCTTTENESARNSNTENANAAAGCGATATIWGCTCCATCAAGGATTCGT)
CCTTGATGGAGCAATATCTTTRHNE z NONAAAGATATWGCTCCATCAAGGATTCGT
CCTTGATGGAGCAATATCTTTRHNE BAAAGATATWGCTCCATCAAGGATTCGT
CCTTGATGGAGCAATATCTTTRES BAAAGATATE\GCTCCATCAAGGATTCGT
CCTTGATGGAGCAATATCTT TRNEISA ey BAAAGATATWGCTCCATCAAGGATTCGT,
CCTTGATGGAGCAATATCTT TRINE BAAAGATATWGCTCCATCAAGGATTCGT
CCTTGATGGAGCAATATCTTTRHNE 2 BAAAGATATWGCTCCATCAAGGATTCGT,
CCTTGATGGAGCAATATCTTTRNEIHARNCIATENSNAAAGCGATATIWGCTCCATCAAGGATTCGT)
CCTTGATGGAGCAATATCTTTRHNE BAAAGATATE\GCTCCATCAAGGATTCGT
CCTTGATGGAGCAATATCT TTRNEINARNEFNTERMNAAACATATINGCTCCATCAAGGATTCGT)
CCTTGATGGAGCAATATCTT TR NESALNRITENMNAAAGATATINGCTCCATCAAGGATTCGT
CCTTGATGGAGCAATATCT TTRINESARNEFNTENSNAAAGATATIWGCTCCATCAAGGATTCGT)
CCTTGATGGAGCAATATCTT TR N A RNEINTEMINAAAGCGATATWGCTCCATCAAGGATTCGT)
CCTTGATGGAGCAATATCTTTICHMASTCISWNAAAGCGATATINGCTCCATCAAGGATTCGT)

240 250 260 270 280 290

ATACACTAAGACAGAATHTAAGTCTTATCCATTTGTAGATGGAACTTCAATAGCAGCTAG]
ATACACTAAGACAGAATHTAAGTCTTATCCATTTGTAGATGGAACTTCAATAGCAGCTAG
ATACACTAAGACAGAATNTAAGTCTTATCCATTTGTAGATGGAACTTCAATAGCAGCTAG]
ATACACTAAGACAGAATETAAGTCTTATCCATTTGTAGATGGAACTTCAATAGCAGCTAG]
ATACACTAAGACAGAATETAAGTCTTATCCATTTGTAGATGGAACTTCAATAGCAGCTAG]
ATACACTAAGACAGAATETAAGTCTTATCCATTTGTAGATGGAACTTCAATAGCAGCTAG]
ATACACTAAGACAGAATHTAAGTCTTATCCATTTGTAGATGGAACTTCAATAGCAGCTAG]
ATACACTAAGACAGAAT[TAAGTCTTATCCATTTGTAGATGGAACTTCAATAGCAGCTAG]
ATACACTAAGACAGAATETAAGTCTTATCCATTTGTAGATGGAACTTCAATAGCAGCTAG]
ATACACTAAGACAGAATETAAGTCTTATCCATTTGTAGATGGAACTTCAATAGCAGCTAG
ATACACTAAGACAGAATETAAGTCTTATCCATTTGTAGATGGAACTTCAATAGCAGCTAG]
ATACACTAAGACAGAATETAAGTCTTATCCATTTGTAGATGGAACTTCAATAGCAGCTAG
ATACACTAAGACAGAAT[ETAAGTCTTATCCATTTGTAGATGGAACTTCAATAGCAGCTAG]
ATACACTAAGACAGAAT[ETAAGTCTTATCCATTTGTAGATGGAACTTCAATAGCAGCTAG]

GTCTAGAGGGAAATTEMGAGCATTACGTTCA)
GTCTAGAGGGAAATT[EMGAGCATTACGTTCA)
GTCTAGAGGGAAATT[EMGAGCATTACGTTCA)
GTCTAGAGGGAAATT[EMGAGCATTACGTTCA)
GTCTAGAGGGAAATT[EMGAGCATTACGTTCA)
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GTCTAGAGGGAAATT[EMGAGCATTACGTTCA)

Figure 7 The sequence alignment of psbA-trnH from different Fritillaria plants
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BEAS, 72 A2 T s b Ak, S EUBMEAHALE T %, RGE
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