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Abstract - Molecular phylogenetic analysis was conducted to evaluate the taxonomic relationships of genus Arisaema L.
distributed in Korea and the molecular phylogenetic characteristics of three authentic Arisaema species for the herbal
medicine Arisaematis Rhizoma (the rhizomes of 4. amurense, A. heterophyllum, and A. erubescens). The sequences of three
DNA barcodes (rDNA-ITS, matK, and rbcL) were analyzed using 50 samples of nine taxa consisted of eight Korean and one
Chinese Arisaema with one outgroup (Dracunculus vulgaris). Both individual and combined phylogenetic analyses of three
DNA barcode sequences revealed that the treated nine taxa are independently classified into six distinct clades (Clade I, A4.
amurense f. amurense and A. amurense f. serratum; Clade 11, A. serratum and A. takesimense; Clade 111, A. ringens; Clade
IV, A. erubescens; Clade V, A. heterophyllum; Clade VI, A. thunbergii subsp. thunbergii and A. thunbergii subsp.
geomundoense). These six clades were reasonably divided into three individual sections, Pedatisecta, Sinarisaema, and
Tortuosa. Futhermore, the results of comparative DNA barcode sequences analyses provided a significant information for
the taxonomic reconsideration of Arisaema L. at the specific and intraspecific level. However, we could not confirm the
taxonomic characteristics or identity among the three authentic medicinal species through the molecular phylogenetic
analyses of genus Arisaema L. for Arisaematis Rhizoma.
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(Korea Institute of Oriental Medicine, 2017).
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Table 1. Sample information and Genbank accession numbers of plant materials used in this study

. Locali GenBank Accession No.
Taxon Locality Abbre?f Voucher TS o prers
Gwangyang, Jeonnam, Korea KY KIOM2013KR02-021 KT634008 KT025764 KT025714
Yangsan, Gyeongnam, Korea YS KIOM201301005688 KT634009 KT025765 KT025715
. Chooja, Jeju, Korea ) KIOM201302KR-006 KT634010 KT025766 KT025716
Arisaema amurense
Maxim. £ anurense Tongyeong, Gyeongnam, Korea TY KIOM201201004627 KT634011 KT025767 KT025717
Inje, Gangwon, Korea 1 KIOM2012KR04-010 KT634012 KT025768 KT025718
Jangsu, Jeonbuk, Korea JS KIOM201401009269 KT634013 KT025769 KT025719
Ansan, Gyeonggi, Korea AS KIOM2013KR04-040 KT634014 KT025770 KT025720
Wonju, Gangwon, Korea wiJ KIOM201101003760  KT634015 KT025771 KT025721
Aewol, Jeju, Korea M KIOM2012KR03-019 KT634016 KT025772 KT025722
A. amurense f. serratum Tongyeong, Gyeongnam, Korea TY KIOM2012KR05-013  KT634017 KT025773  KT025723
Nakai Yeongcheon, Gyeongbuk, Korea YC KIOM201201004753  KT634018 KT025774 KT025724
Gongju, Chungnam, Korea GJ KIOM200901002598  KT634019 KT025775 KT025725
Ansan, Gyeonggi, Korea AS KIOM2013KR04-042 KT634020 KT025776 KT025726
PNI-Cn KIOM201201005264 KT634021 KT025777 KT025727
A. erubescens Schott Guigang, Guangxi, China PN2-Cn KIOM201201005265 KT634022 KT025778 KT025728
PN3-Cn  KIOM201201005266 KT634023 KT025779 KT025729
Sancheong, Gyeongnam, Korea SC KIOM201301005890  KT634024 KT025780 KT025730
Gwangyang, Jeonnam, Korea KY KIOM2013KR02-030 KT634025 KT025781 KT025731
Tongyeong, Gyeongnam, Korea TY KIOM201201004628 KT634026 KT025782 KT025732
A. heterophyllum Blume
Cheongyang, Chungnam, Korea CY KIOM201301006066  KT634027 KT025783 KT025733
Ansan, Gyeonggi, Korea AS KIOM201301006091 KT634028 KT025784 KT025734
Gapyeong, Gyeonggi, Korea GP KIOM2013KR07-036  KT634029 KT025785 KT025735

BR1 KIOM2012KR06-029  KT634030 KT025793 KT025743
BR2 KIOM2012KR06-030  KT634031 KT025794 KT025744
NRI KIOM201301005960  KT634032  KT025795 KT025745
NR2 KIOM2012KR06-034  KT634033  KT025796 KT025746
NSJ1 KIOM201201004744  KT634034 KT025797 KT025747
NSJ2  KIOM2012KR06-037 KT634035 KT025798 KT025748

Bongrae, Ulleung, Gyeongbuk, Korea
A. takesimense Nakai Nari, Ulleung, Gyeongbuk, Korea

Naesujeon, Ulleung, Gyeongbuk, Korea

Gwangyang, Jeonnam, Korea KY KIOM201301005896  KT634036 KT025786 KT025736
Jangsu, Jeonbuk, Korea JS KIOM201301005834 KT634037 KT025787 KT025737
Geoje, Gyeongnam, Korea Gl KIOM2010CN02-047 KT634038 KT025788 KT025738
A. serratum (Thunb.) .
Schott Aewol, Jeju, Korea 1] KIOM2012KR02-005 KT634039 KT025789 KT025739
Inje, Gangwon, Korea 10 KIOM2012KR04-011 KT634040 KT025790 KT025740
Ulleung, Gyeongbuk, Korea UR KIOM201301005961  KT634041 KT025791 KT025741
Yanbian, Jilin, China JL-Cn  KIOM2012CN03-028 KT634042 KT025792 KT025742
Geoje, Gyeongnam, Korea GJ KIOM201001002706 ~ KT634043 KT025799 KT025749
Tongyeong, Gyeongnam, Korea TY KIOM201101003563  KT634044 KT025800 KT025750
A. ringens (Thunb.) Aewol, Jeju, Korea JJ GJ KIOM2012KRO01-040 KT634045 KT025801 KT025751
Schott Jochen, Jeju, Korea JJJC  KIOM2012KR02-002 KT634046 KT025802 KT025752
Seogwipo, Jeju, Korea SGP KIOM2012KR02-008 KT634047 KT025803 KT025753
Chooja, Jeju, Korea JJ CJ KIOM201301005851 KT634048 KT025804 KT025754
Minl KIOM201601016305 KT634002 KT444679 KT025755
Bongaae, Jeju, Korea Min2 KIOM201601016306  KT634003 KT444680 KT025756
A. thunbergii Blume Min3 KIOM201601016307 KT634004 KT444681 KT025757
subsp. thunbergii Mind  KIOM201601016312 KT634005 KT444682 KT025758

Jok1 KIOM2014KR03-043  KT634006 KT444683 KT025759

Nohyeong, Jeju, Korea Jok2  KIOM2014KR03-044 KT634007 KT444684 KT025760

Gl KIOM201601016299  KT633999  KT444676 KT025761
Gageo, Jeonnam, Korea G2 KIOM201601016300  KT634000 KT444677 KT025762
G3 KIOM2015KR01-009 KT634001 KT444678 KT025763

A. thunbergii subsp.
geomundoense S.C.Ko

Dracunculus vulgaris

Schott NCBI GenBank - - GU067564 GUO067614  GUO067589
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Table 2. The information of the primer sequences for the plant DNA barcodes used in this study

Barcode Gene Primer Name Primer Sequences (5°-3%) Reference
DNAITS ITS1 TCCGTAGGTGAACCTGCGG White ef al.
ITS4 TCCTCGCTGATTGATATGC 1990
K matK AF CTATATCCACTTATCTTTCAGGAG Kato et al.
matK 8R AAAGTTCTAGCACAAGAAAGTCGA 1998
bl tbcL F ATGTCACCACAAACAGAAACTAAAGC Mansion ef al.
rbcL R TCCTTTTAGTAAAAGATTGGGCCGAG 2008
Table 3. Values and statistics of the data
rDNA-ITS matK rbcL. Combined
(Nuclear) (Plastid) (Plastid)
Number of ingroup taxa 50 50 50 50
Sequence length (bp) 762-781 1286 1517 3565-3584
GC contents (%) 59.3 31.5 429 423
Aligned length of sequences (bp) 795 1286 1517 3598
iy T S T
Number of informative characters 146 31 26 203
Number of constant characters 598 1248 1488 3336
Number of variable characters 151 38 29 218
Tree length 264 67 42 393
Consistency index (CI) of MP tree 0.83 0.99 0.93 0.86
Retention index (RI) of MP tree 0.97 1 0.99 0.98
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7} DNA HFFEH 97| A Yg WHol= rDNA-ITSHEQ|of| 4] 1517)
o) 971l A Wo) 7} BlelE|o] Bajol ALGE Al AR} 2]
F 7P o7k Biok, L the0 R mark £41417) 8874 417
ol o7k Qllem, rbd. A} 297 A7 1oz Hol7t

41146 bp, matkK % rbdL 574l 212} 31 bp@t 26 bp= 4l
Elo] 48374 %] rDNA-ITS 5917} 714 B A 0 & e}
ST}, Z DNA HHLE 719] G+C (%) ©-2 rDNA-ITS -9
59.3%, mafK SR} 31.5% 18] 1L rbcl SR} 42, 9% Bl

7V #olch AEEH OR §-83 FUL rDNA-ITS H9]o]

100

%] ¢ick(Table 3).

—A. amurense JS

—A. amurense KY

—A. amurense AS
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—A. amurense YS

69— A. amurense f. serratum GJ
—A. amurense f. serratum JJ

—A. amurense f. serratum TY
—A. amurense f. serratum WJ
—A. amurense f. serratum YC
—A. amurense f. serratum AS
A. takesimense BR1

— A. takesimense BR2

53

51

99

99

98

100

100

A. takesimense NSJ2
— A. serratum GJ
— A. takesimense NR2
ﬁ[ A. takesimense NR1
A. takesimense NSJ1
—— A. serratum JJ
A. serratum UR
LZEA. serratum |J
70 A. serratum JL-Cn
——A. serratum JS
——A. serratum KY
A. ringens JJ CJ
A. ringens JJ GJ
A.ringens JJ JC
A. ringens SGP
A. ringens GJ
A.ringens TY
— A. erubescens PN 2-Cn

73

96

A. erubescens PN 1-Cn
— A. erubescens PN 3-Cn
— A. heterophyllum AS
— A. heterophyllum TY
100 —A. heterophyllum SC
— A. heterophyllum KY
— A. heterophyllum GP
— A. heterophyllum CY

66— A. thunbergii Jok2
A. thunbergii Min4

100 A. thunbergii Jok1
A. thunbergii Min1
A. thunbergii Min2
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Fig. 1. Bootstrap consensus tree inferred using the Maximum Parsimony method based on nuclear rDNA-ITS sequences of the
Arisaema species. Branches in less than 50% bootstrap replicates are collapsed. The numbers above branches indicate bootstrap
values. The samples in the grey rectangles are the authentic medicinal Arisaema species.
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Fig. 2. Bootstrap consensus tree inferred using the Maximum Parsimony method based on chloroplast mafK sequences of the
Arisaema species. Branches in less than 50% bootstrap replicates are collapsed. The numbers above branches indicate bootstrap
values. The samples in the grey rectangles are the authentic medicinal Arisaema species.
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Fig. 3. Bootstrap consensus tree inferred using the Maximum Parsimony method based on chloroplast rbcL sequences of the
Arisaema species. Branches in less than 50% bootstrap replicates are collapsed. The numbers above branches indicate bootstrap
values. The samples in the grey rectangles are the authentic medicinal Arisaema species.
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Fig. 4. Bootstrap consensus tree inferred using the Maximum Parsimony method based on the combined sequences (rDNA-ITS,
mafK, and rbcL) of the Arisaema species. Branches in less than 50% bootstrap replicates are collapsed. The numbers above branches
indicate bootstrap values. The samples in the grey rectangles are the authentic medicinal Arisaema species.
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Fig. 5. Phylogenetic tree inferred using the Neighbor-Joining method based on the combined sequences (rDNA-ITS, marK, and
rbcL) of the Arisaema species. Branches in less than 50% bootstrap replicates are collapsed. The numbers above branches indicate
bootstrap values. The samples in the grey rectangles are the authentic medicinal Arisaema species.
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