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Phylogeny of the Aconitum delavayi complex Ranunculaceae

based on evidence from nuclear ribosomal ITS sequences
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Abstract Internal transcribed spacer ITS sequences of nuclear ribosomal DNA nr DNA  were
used to investigate the phylogeny of the Aconitum delavayi complex that was found mainly in Heng-
duan Mountains SW China. Based on maximum parsimony and neighbor-joining analyses we re-
constructed the phylogenetic relationships of 27 taxa of Aconitum including 8 taxa of the A. delavayi
complex. The two methods generated similar ITS trees which showed that ser. Volubilia could not
be a monophyletic group and that ser. Siylosa could hardly be distinguished from ser. Ambigua .
Such results indicate that the present serial delimitation of the subgenus Aconitum made by Wang in
Flora Reipublicae Popularis Sinicae is problematic. The close phylogenetic relationships among some
species endemic to the Hengduan Mountains in NW Yunnan may be attributed to the recent specia-
tion events of Aconitum species in this area. The Aconitum delavayi complex that mainly occurs in
the Hengduan Mountains is separated into three clades in the ITS trees implying that the complex is
not a natural lineage in terms of genetic relationships. Of the three clades the one including A.
episcopale is quite distinct from the clade consisting of A. delavayi A. tuguancunense A. stap-
fianum and A. wvilmorinianum although they are all mainly distributed in NW Yunnan and there is
a high degree of morphological similarity among them. Another clade includes A. campylor-
rhynchum and A. sungpanense from NW Sichuan NE Chongging and Shaanxi. Consequently the
A. delavayi complex is not a monophyletic group and may have originated from three different lin-
eages.
Key words  Aconitum A. delavayi complex Hengduan Mountains nuclear ribosomal ITS
sequences phylogeny.
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1 nrDNA ITS GenBank
Table 1 Taxa of Aconitum in this study and their GenBank accession numbers
L2 GenBank
Taxon Locality Voucher Accession number
Subgen. Aconitum
1 ser. Volubilia A. episcopale Lévl. AY189794
Lijiang Yunnan H. Z. Kong 99034
A. delavayi Franch. AY189785
Dali  Yunnan F. M. Zhang 00-017
A. stapfianum AY189786
Hand . -Mazz. Dali  Yunnan F. M. Zhang 00-018
A. tuguancunense AY189782
Q. E. Yang Zhongdian  Yunnan F. M. Zhang 00-008
A. campylorrhynchum AY189797
Hand . -Mazz. Hongyuan  Sichuan F. M. Zhang 00-025
A. sungpanense var. PE 0917416 AY189796
leucanthum W. T. Wang  Chengkou Chonggin
A. sungpanense AY189795
Hand . -Mazz. Foping  Shaanxi H. Z. Kong k1001
A. vilmorinianum Kom AY189787
Kunming  Yunnan F. M. Zhang 00-023
A. cannabifolium Franch. PE 1391652 AY189801
ex Finet et Gagnep. Qianshan  Anhui
A. hemsleyanum Pritz. AY189793
Dali  Yunnan H. Z. Kong 99039
A. contortum AY189788
Finet et Gagnep. Dali  Yunnan F. M. Zhang 00-019
A. wvolubile Pall. AY189802
Changbaishan  Jilin S. Ge GS004
A. tsaii W. T. Wang AY189784
Fugong Yunnan F. M. Zhang 00-014
2 ser. Stylosa A. forrestit Stapf AY189783
Lijiang  Yunnan F. M. Zhang 00-009
A. transsectum Diels AY189791
Lijiang  Yunnan F. M. Zhang 00-011
A. georgei Comber AY189792
Lijiang  Yunnan F. M. Zhang 00-012
A. bulleyanum Diels AY189798
Heqging Yunnan F. M. Zhang 00-016
3 ser. Ambigua A. piepunense AY189800
Hand . -Mazz. Zhongdian  Yunnan F. M. Zhang 00-001
A. fengii W. T. Wang AY189799
Zhongdian  Yunnan F. M. Zhang 00-003
4 ser. Inflata A. monanthum Nakai AY189803
Changbaishan  Jilin S. Ge GS008
5 ser. Brachypoda A. brachypodum Diels AY189789
Lijiang  Yunnan F. M. Zhang 00-007
6 ser. Bullatifolia A. nagarum Stapf AY189790
Fugong Yunnan F. M. Zhang 00-015
Unknown A. wvariegatum L. Europe GenBank AF216549
Unknown A. napellus L. Europe GenBank AF216544
Unknown A. anthora L. Europe GenBank AF216547
Subgen. Lycoctunum
A. lycoctonum L. Europe GenBank AF216537
A. septentrionale Koelle Europe GenBank AF216555

1979
A. delavayi

The serial division of subgenus Aconitum follows Wang' s system 1979 .

The taxa printed in bold belong to the A. delavayi complex.
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2
ITS ITS-1  5.8SITS-2 631 bp
627 bp 2 ITS-1 ITS-2 ITS
634 bp 519 44
71
2 27 mDNA ITS ~ 5.8S
Table 2 Sequence analyses on nrDNA ITS and 5.8S regions of 27 taxa of Aconitum
ITS-1 5.85 ITS-2
GC GC GC
Lenghth % G+C Lenghth % G+C Lenghth % G+C
Maximum 251 62.6 164 45.7 216 64.8
Minimum 247 59.4 164 45.7 214 62.1
Mean 249.60 61.34 164 45.7 215.64 63.67
Standard error 0.796 0.720 0 0 0.581 0.719
151 ClI 0.828
RI 0.840 9 1
clade
81% A 1
A. delavayi 3
A. sungpanense var. leucanthum A
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Fig. 1. The strict consensus tree generated from nine equally-parsimonious trees found by a heuristic search based on the nrDNA ITS
sequences. Numerals above branches indicate the number of nucleotide changes supporting each branch. Numerals immediately below
indicate the percentage of times that the branch was recovered in 3000 bootstrap replicates. 1 ser. Volubilia including the A.
delavayi complex printed in bold. 2 ser. Stylosa. 3 ser. Ambigua. 4 ser. Inflata. 5 ser. Brachypoda. 6 ser.
Bullatifolia. * A. sungpanense. v = A. sungpanense var. leucanthum A. campylorrhyn = A. campylorrhynchum .



226 41

— A. tuguancunense Y
A. forrestii 4y
A. vilmorinianum 4y
— A. bulleyanum )
— 0. 005 changes 80 A. delavayi o
A -- A. stapfianum )
A. hemsleyanum 4}]
A. fengii (3)
| A. contortum !
_ A. transsectum (2)
A. piepunense (3)
A. georgei (2
68 A. sungpanense (1)
— 164 A. sungpanense var. [eucanthum )
A. campy lorrhynchum (1)
A. volubile (D
A. cannabifolium (D)
95 | A. monanthum )

100 —— A. variegatum

—— A. napellus
99 T A tsaii o)
A. episcopale (1
Y A. brachypodum (5
A. nagarum (6)
A. anthora
A. Iycoctonum
— A. septentrionale
2 ITS Kimura 2-
Fig. 2. The neighbor-joining tree using Kimura' s two-parameter distances based on the nrDNA ITS sequences. Numerals on the
branches indicate percentage support in 1000 bootstrap replicates. 1 ser. Volubilia including the A. delavayi complex printed in

bold. 2 ser. Stylosa. 3 ser. Ambigua. 4 ser. Inflata. 5 ser. Brachypoda. 6 ser. Bullatifolia.
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