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Phylogenic Study of Genus Asarum (Aristolochiaceae) in Korea by #mL-tmT
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Asarum consists of low-growing herbs and is a genus in the Aristolochiaceae family with species
found in the north temperate zones with most species in Asia. We evaluated the nine taxa with the
trnL - il region of the chloroplast genome to estimate phenotypic relationships within genus Asarum
in Korea. Alignment of the DNA sequences required the addition of numerous gaps. Sequence varia-
tion within the Asarum was mostly due to nucleotide inserts/deletions, although several indels and
inserts were found. Another source of sequence divergence was length variation due to stretches of
short repeats that occur at the #ml - #ml region in all the Asarum A + T content for nine Korean
species of genus Asarum ranged between 74.7% and 78.3%. These values were higher than those for
the angiosperm alignments of the total #n1L and #zil' region (64.5~67.1%). Within genus Asarum, A.
patens was strikingly different from the others in the three phylogenetic analyses (MP, ML, and NJ).
However, some internal nodes were poorly supported. Within Korean Asarum, four species were un-
solved portions. Possible reasons for the striking non-congruence between the previous morphological
traits and the fmL - #miT based on phylogeny were discussed.
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B A AR AE BRI AFSEE(A siboldi
Miquel for. koreanum Y. Lee), 5LEZE8E(A patens
Yamaki), X-&E =] E(Asarum heterotrqpoides var. scoulense
(Nakai) Kitag.), N& =2 E(A maculatum Nakai), £ 52 &
(A. siboldii Miquel var. manshuricum Maximowicz), §15-5<
T2 E(A vericolor (Yamaki) Y. Lee var. non-vericolor Y. Lee),
AN &S 2 & (Asarum  siboldii Miquel var.  manshuricum
Maximowicz for. misandrum Y. Lee), =2 & (A sieboldii
Miquel), 2= E(A. siboldi Miquel var. comutumY. Lee)Z
YA NN AR ko] AFE-S G THTable 1).

7 AEAZHE DNAS FZ317] 913ke] Plant DNA
Zol Reagent (Life Technologies Inc., Grand Island, New
York, USA)E AHE-3IST FE 2 AHEARe] A3 A <)

Aste] 2389tk 29 DNAE 1% Y712 587 A
ZA171 ¥ TE 100 uldl 33t 397 ¥ Baaic. ¢
31¥ A5 DNA B%S A 331913 TEZ DNA &7t ¢

AsHA 2Aske] B £45 A8 ARG 20°C W Lol

FRELEE

frl and 4T 249

HEA Y trnL intron?} #ml - ¢l spacer F$(Fig. 1)&
Taberlet F[21]¢] 123Fg AA (primer) 2 PCR (polymerase
chain reaction)$& ©]-&3to FHAIZT

PCR ¥H&-& 9Jste] 53 24 £7F79 7l DNA 50 ng,
7} dNTP 100 uM, A% 7} 0.2 uM, 1x enzyme buffer, Taq
polymerase 2 units ¥l ZFFE AA 50 ul volume®] FHE

F7hak ek SE0HE-2 7] 94°Col A 90 sectt WA S

3,28 Alo] 22 94°Coll A 30 sec, 42°Coll A 60 sec, 72°Col| A
60 sec?t AAE ¥, F71E 72°Co| A 587 ARSI

PCR 222 1.5% agarose gelol A F2l8tG=w) ojnf HH
E9] 4 2715 vwsty] 938 100 bp ladder DNA mark-
erg 20| loadingA Atk 77|45 $ AL ethidium bro-
mide2 @A3te] WI=E @4stAh. d3E AL Alpha
Image TM (Alpha Innotech Co, USA)& AH§-3te] W= 4
< ZAFEESIT o] Aol DNAE QIAquick Gel Extraction
Kit (QIAGEN)Z FZ3}Ath. %% DNAE bluescript vec-
tor2 F24Y3 $ ABI Prism 377 Sequencer (Applied
Biosystem, USA)Z G ES B8

Table 1. Taxa used in the molecular study of the genus Asarum including population locations

Code Scientific Name Geographic origin
1 Asarum siboldii Miquel for. koreanum Y. Lee Jeong-eup, Jeollabuk-do
2 A. patens Yamaki Cheongju-si, Chungcheongbuk-do
3 A. heterofropoides var. seoulense (Nakai) Kitag. Pohang-si, Gyeongsangnam-do
4 A. maculatum Nakai Mt. Halla, Jeju-do
5 A. siboldi Miquel var. manshuricum Maximowicz Mt. Juwang, Gyeongsangbuk-do
6 A. vericolor (Yamaki) Y. Lee var. non-vericolor Y. Lee Cheongju-si, Chungcheongbuk-do
7 A. siboldii Miquel var. manshuricum Maximowicz for. misandrum Y. Lee Jeong-eup, Jeollabuk-do
8 A. sieboldii Miquel Mt. Halla, Jeju-do
9 A. siboldii Miquel var. cornutum Y. Lee Mt. Halla, Jeju-do
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L ——
5

A2

Fig. 1. The maximum parsimonious tree for genus Asarum based on #rnL and frril analysis using PAUP 4b10, exhaustive search,
unweighted parsimony analysis, gaps=fifth state) from the 1011 aligned positions of the initial matrix. Symbols of taxa were

added the numbers of Table 1 with A-.
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lihood tree, ML), N-J® (neighbor-joining tree, NJ)2.Z tree
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Tl E& 45O 874897 bpdlth. A9t HA Y 24 bp Aol
A Aol 93k Aot (Appendix 1).

A+T & 747-783% A 0. H (Table 3), ¥Fw3t 471 &
ot FLEEEEY 9V Coﬂf\iUP 1% FFAA F99&
JEI, e #7799 4714 A4S veliAl &
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Table 2. Synthetic primer sequencing (5’-3") used for the #riL
and frnl analysis in this study

Name Sequence 5'-3' Code
a CATTACAAATGCGATGCTCT B48557
b TCTACCGATTTCGCCATATC A49291

Table 3. The base frequencies across taxa of genus Asarum using il and #ril analysis

Taxa Base
A C G T Total
1 0.387 0.087 0.137 0.389 897
2 0.368 0.128 0.124 0.379 896
3 0.390 0.088 0.134 0.388 878
4 0.387 0.087 0.133 0.393 888
5 0.389 0.088 0.133 0.390 877
6 0.390 0.086 0.131 0.393 895
7 0.393 0.092 0.131 0.384 876
8 0.387 0.090 0.133 0.390 877
9 0.387 0.089 0.133 0.391 874
Mean 0.386 0.094 0.132 0.388 886.7
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Table 4. The chi-square test of homogeneity of base frequencies across taxa of genus Asarum using frnl and #mnl analysis

Taxa A X C X G X T X

L Be omew O gy 0 g 06 g om
T Be men gy BBC g o uh o
ToEe s O gm 0B g 002 0w
Yo amm B gy 032 gy 0B g oo
B T L L U
RS - L A L L
T Be omes 0P gy OB g 006 g 00w
CoBe om0 g 00Bh 0D g o
C be e O g OB g 00 g oo

Ihe taxon codes are the same as Table 1.

=p<0.01

Table 5. Stretches of short repeats at the #rnlL - trril region in the Asarum

600 610 620 630 670 680 690 700
1 TATTAATT-- ---cmeiiee e - - A TTAATAATAA ATATGAATAC TATTAGAGTA TTATAGTAAG TATATGGTA
2 C ____________________________ S C ...... C -
3 .

AR AT TAATAATTAA TTATTAAT-+ - vt e tritni it it e e

The taxon codes from 1 to 8 are the same as Table 1.

Table 6. The sequence pair distances of sites between two sequences in a multiple alignment among species of genus Asarum using
trnL and #rril analysis

Taxa 1 2 3 4 5 6 7 8 9
1 -
2 0.049 -
3 0.007 0.047 -
4 0.006 0.045 0.001 -
5 0.006 0.045 0.001 0.000 -
6 0.007 0.047 0.002 0.001 0.001 -
7 0.028 0.070 0.027 0.026 0.026 0.027 -
8 0.007 0.047 0.002 0.001 0.001 0.002 0.027 -
9 0.007 0.047 0.002 0.001 0.001 0.002 0.027 0.002 -

The taxon codes of first line are the same as those of first column.
The taxon codes from 1 to 9 are the same as Table 1.
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Table 7. The disparity index per site for all sequence pairs in genus Asarum using #nL and #zl analysis

Taxa 1 2 3 4 5 6 7 8 9
1 -
2 0.832 -
3 0.000 0.893 -
4 0.000 0.893 0.000 -
5 0.000 0.893 0.000 0.000 -
6 0.000 0.885 0.001 0.000 0.000 -
7 0.004 0.725 0.005 0.008 0.008 0.018 -
8 0.000 0.833 0.000 0.000 0.000 0.000 0.007 -
9 0.000 0.833 0.000 0.000 0.000 0.000 0.007 0.000 -

The taxon codes of first line are the same as those of first column.

The taxon codes from 1 to 9 are the same as Table 1.

Table 8. Test of the homogeneity of substitution patterns between sequences

Taxa 1 2 3 4 5 6 7 8 9
1 -
2 0.000 -
3 1.000 0.000 -
4 1.000 0.000 1.000 -
5 1.000 0.000 1.000 1.000 -
6 1.000 0.000 0.463 1.000 1.000 -
7 0.362 0.000 0.331 0.242 0.279 0.190 -
8 1.000 0.000 1.000 1.000 1.000 1.000 0.296 -
9 1.000 0.000 1.000 1.000 1.000 1.000 0.282 1.000 -

The taxon codes of first line are the same as those of first column.

The taxon codes from 1 to 9 are the same as Table 1.

Table 9. Results from Tajima’s neutrality test for nine sequences

M S ps T D

9 61 0.073 0.017 -1.825

M=number of sites, S=Number of segregating sites, ps=5/M,
and m=nucleotide diversity. D is the Tajima test statistic.
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Fig. 2. The maximum likelihood tree for genus Asarum based on fml and #rl analysis using PAUP 4b10. Symbols of taxa were

added the numbers of Table 1 with A-.
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Fig. 3. The neighbor-joining tree for genus Asarum based on frnl. and #zil analysis using MEGA 4x1. Symbols of taxa were added

the numbers of Table 1 with A-.
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