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1 Introduction

To understand diversification of secondary metabolites in plants is a major theme in
natural product chemistry. The genus Ligularia Cass., belonging to the family
Asteraceae tribe Senecioneae, is highly diversified in the Hengduan Mountains area
of China. More than a hundred species are recorded in the “Flora of China” [1, 2]
and the evolution and diversification is considered to be still ongoing [3]. Ligularia
species in this area occupy a great variety of habitats from streams to alpine mead-
ows, ranging from 1000 to 5000 m in elevation [2]. Thus, Ligularia species in this
domain provide natural products scientists with very interesting materials for the
study of the diversity of their secondary metabolite profiles [4, 5].

Ligularia species have been studied with respect to secondary metabolites for a
long time, and many sesquiterpenoids have been isolated from them [6, 7]. It is well
known that Ligularia is a major source of eremophilane sesquiterpenoids, which have
also been isolated from other genera in the family Senecioneae, including Parasenecio
(Cacalia), Senecio, and Petasites [8—10]. Certain derivatives, such as rearranged- or
seco-compounds as well as dimers, have been recorded. Among various eremophilane
sesquiterpenoids, furanoeremophilanes and eremophilan-12,8-olides constitute the
major class. During the 1960s and the 1970s, many furanoeremophilanes were iso-
lated from roots of Japanese Ligularia species by the groups of Minato and Takahashi
[11, 12]. The structure of ligularol (= petasalbin) (161), the most commonly isolated
furanoeremophilane, was determined by Minato’s group. During this same period,
Bohlmann’s group also obtained a large number of eremophilanes and related com-
pounds from European Ligularia species [13]. Many eremophilanes and other types
of sesquiterpenoids have been isolated and characterized from a number of other spe-
cies in the family Senecioneae as well. Following these pioneering reports, especially
from around 2000 and over the last two decades, an abundance of related compounds
has been obtained from Chinese Ligularia species [14].

Over the last 20 years, the individual groups of the current authors have studied
the diversity of compounds present in the roots of Ligularia species growing in the
in northwestern Yunnan Province, western Sichuan Province, and, in part, in south-
ern Qinghai and Gansu Provinces of (Hengduan Mointains area) (Plates 1 and 2). In
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Plate 1 A typical collection site in Aba, Sichuan Province, China

Plate 2 A typical collection site in Shangri-La, Yunnan Province, China

our studies on the diversity of Ligularia species, root phytochemicals and evolution-
ary neutral DNA sequences were chosen as indices, in addition to morphological
identification and ecological observation in the field. As neutral DNA samples,
internal transcribed spacer (ITS1-5.8S-ITS2) sequences were analyzed in the ribo-
somal RNA gene, and, for chemical investigations, EtOH or AcOEt extracts of dried
roots were selected. The root phytochemical profiles and the ITS sequences were
examined as independent parameters to one another. To date, many sesquiterpe-
noids, euparin-type benzofurans, and phenylpropanoids have been isolated.
Eremophilanes, particularly furanoeremophilanes and eremophilan-12,8-olides,
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were the major class found among the sesquiterpenoids, although bisabolanes, bak-
kanes, and other types of compounds were also obtained.

In this contribution are described phytochemical studies carried out by our
groups mainly from 2000 onward, inclusive of our results on the diversity in sec-
ondary metabolites of Ligularia growing in the Hengduan Mountains area, focusing
on eremophilane sesquiterpenoids and other metabolites. The present contribution
deals with 1049 compounds, not only those that were new when first characterized
but also known analogs, as isolated from Ligularia species. Genetic analyses, syn-
thesis aspects, and biological activities will also be discussed.

In our own work, plants were collected from selected locations in Yunnan,
Sichuan, Qinghai, and Gansu Provinces, and Chongqing City, China. They were
identified by Dr. Xun Gong, Kunming Institute of Botany, China. The DNA
(ITS1-5.8S-ITS2) sequences were also investigated, as carried out by Prof. Ryo
Hanai, Rikkyo University, Tokyo Japan (see Sect. 4). Plant collection expeditions
have been conducted since the summer of 2000.

In this contribution, the plant names and their constituents will be tabulated for
each species, with the year of collection included if mentioned in the literature. In
the case of our own work, the first four digits provide the year of collection and the
latter two or three digits are specimen numbers for that year. Collection locations
and their elevation (m) are indicated, if known. For our own work, the county and
city/province are given (C = Chongqing, G = Gansu, Q = Qinghai, S = Sichuan,
Y = Yunnan; other provinces are spelled out in full). Chemical constituents were
grouped roughly into eight categories: (1) bicyclic eremophilanes (without ring C
and nor-eremophilanes); (2) 10H tricyclic eremophilanes (furans and lactones
(12,8-olides) with a hydrogen at C-10); (3) 10-OH tricyclic eremophilanes (furans
and lactones with a hydroxy group at C-10); (4) tricyclic eremophilanes with 1(10)-
ene, 9-ene, and 1,10-epoxide; (5) the cacalol group; (6) bakkanes and other sesqui-
terpenoids; (7) aromatics; and (8) others. Mono-, di-, and triterpenes are grouped
within the “others” category. The groups have been slightly changed for each table
depending on the species. The major constituents are underlined, if they were
described. In this work, alkaloids and sterols are not acquired.

Furanoeremophilanes can be detected by TLC using Ehrlich’s reagent. Thus,
their trisubstituted furan ring reacts with p-dimethylaminobenzaldehyde in the pres-
ence of HCI to show a yellow, pink, purple, or blue color, depending on the nature
of the substituent [15]. Examples are included in Plate 3. Preliminary TLC experi-
ments may be conducted in a facile manner, so that diversity in chemical composi-
tion can be indicated without the isolation of each compound (Sect. 3.1). However,
because a TLC experiment does not yield any structural detail, conventional phyto-
chemical analysis investigations, involving isolation and structure determination,
were also carried out.

Total ion chromatograms (TIC) of extracts were measured in LCMS analysis to
compare chemical constituents. Typical TICs are shown in Plate 4. For example,
these represent five chemotypes found in L. virgaurea. Although the V, C, N, and H
types are more or less continuous, typical samples show characteristic peaks corre-
sponding to their representative compounds. By obtaining their LC-MS profiles, it
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Plate 3 Typical TLC patterns visualized by spraying Ehrlich’s reagent. Left: the L type of L. vir-
gaurea; the largest pink spot is ligularol (160). Right: the V type of L. virgaurea; the two yellow
spots are virgaurenones A (273) and B (272)

500 - Jt
) MM)M .
200 | A

200 Aﬂ"‘"

100 — T
0
0 5 10 15 20 25 min

Plate 4 Typical TIC profiles of L. virgaurea; from top to bottom: the L, V, C, H, and N types

is relatively facile to compare chemical constituents of each sample and to see if
intraspecific similarities are present or not.

The following conditions for LC-MS measurement were used: HPLC 1100 sys-
tem with a DAD detector and an automatic sample injector (column, 5C18-MS-II
(COSMOSIL) 4.6 x 150 mm; solvent, MeOH-H,O gradient; flow rate, 0.5 cm?/
min). An Agilent 1100 series LC/MSD mass spectrometer was employed with an
atmospheric pressure chemical ionization interface (APCI) (capillary voltage,
3.5 kV; corona current, 4 pA; capillary exit voltage (fragmentor), 90 V; drying tem-
perature, 330°C; drying flow, 9 dm*/min; nebulizer pressure, 50 psig; positive ion
mode; scan range, m/z 100—1000 amu).
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2  Compounds

Most compounds reported from Ligularia spp. are sesquiterpenoids belonging to
the eremophilane, bakkane, oplopane, bisabolane, and eudesmane types. Only
minor amounts of germacrane, guaiane, aromadendrane, caryophyllane, valencane,
and cadinane types are produced. Cacalol and its derivatives have been categorized
within a separate cacalol group, in which the C-14 eremophilane methyl group is
shifted to the C-6 position. There has been some confusion in compound numbering
in the literature, particularly for the C-14 and C-15 methyl groups, and the number-
ing herein is that proposed by Connolly and Hill [16]. Plate 5 shows the major
skeletons and their numbering as used in this contribution. The structures drawn
show relative configurations, and absolute configurations are presented where they
have been determined. When X-ray structural analysis has been used, this is also
mentioned. Questionable structures that have been proposed are pointed out, as nec-
essary. A total of 1049 compounds isolated from Ligularia spp. are listed in Table 1.
The plant sourcing for each compound is also listed in this table along with appro-
priate references. Structures of compounds isolated from Ligularia spp. are shown
in Figs. 1-72.

1 1 9 1
10 10 9 g
“ 12 ‘@ 2 ‘o 12 12
11 5 7 Y11 11
14 14
15 13 15 14 13 15 13 15 13
eremophilane cacalol group eudesmane bakkane
14 14 14
1 1
; 10 ;
7
712
5
15 6 15 4 11 5 7
4 11 12
15 13 15 11
127113 13
oplopane bisabolane germacrane guaiane
14
12 14
1 1
10
10 ..
11 7 12
12
11
is 15
15 13 13711 12
aromadendrane caryophyllane valerane cadinane

Plate 5 Skeletons of sesquiterpenoids isolated from Ligularia plants and their numbering



8 M. Tori and C. Kuroda

Table 1 Compounds isolated from Ligularia

Structure
number Name of compound Plant source Ref. Comments
1 L. cyathiceps [17]
L. duciformis/L. [18]
cyathiceps
L. franchetiana [19]
L. intermedia [20]
L. kanaitzensis 21, 22]
L. lamarum [23]
L. subspicata [23, 24]
L. tsangchanensis [25]
L. vellerea [26]
L. virgaurea [27, 28]
2 L. dictyoneura [29]
L. fischeri [30]
L. kanaitzensis 21, 22,
31]
L. lamarum [23]
L. longihastata [32]
L. nelumbifolia/C. [33]
stenoglossum
L. subspicata [23, 24,
34]
L. tsangchanensis [35]
3 L. dictyoneura [29]
L. kanaitzensis [22]
L. longihastata [32]
L. subspicata [23, 24]
L. tsangchanensis [35]
4 Fukinone L. duciformis [36]
L. fischeri [37]
L. kanaitzensis [21,22,
31]
L. lamarum [23]
L. lamarum/L. [38]
subspicata
L. melanothyrsa [21]
L. persica [39]
L. subspicata [23, 34]
L. subspicata/L. [38, 40]
cyathiceps
L. vellerea [26]
L. virgaurea [27]

(continued)
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Table 1 (continued)

Structure
number Name of compound Plant source Ref. Comments
5 Dehydrofukinone L. alticola [41]
L. dictyoneura [29, 42]
L. duciformis [36]
L. fischeri [30]
L. intermedia [20]
L. kanaitzensis [22]
L. longihastata [32]
L. subspicata [23, 34]
6 L. intermedia [20]
7 Isofukinone L. speciosa [43]
8 L. subspicata [23]
9 L. melanothyrsa [44]
10 L. virgaurea [28]
11 L. intermedia [20]
12 L. intermedia [20]
L. virgaurea [45]
13 L. cyathiceps [17]
14 Eremoligenol L. brassicoides [46, 47]
L. cymbulifera [48, 49]
L. fischeri [50]
L. nelumbifolia [51]
L. subspicata [34]
L. virgaurea [45]
15 L. veitchiana [52]
16 L. pleurocaulis [53]
L. veitchiana [52]
17 L. fischeri [54]
18 Ligudicin C L. dictyoneura [55]
19 Ligudicin D L. dictyoneura [55]
20 L. alticola [41]
L. duciformis [36]
L. kanaitzensis [31]
L. lamarum [23]
L. subspicata [23]
21 L. kanaitzensis [56, 57]
22 Ligudicin A L. dictyoneura [55]
23 L. alticola [41]
24 L. lamarum [23]
25 L. lamarum [23] X-ray
L. subspicata [23]
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Structure
number Name of compound Plant source Ref. Comments
26 L. cymbulifera [49]
L. fischeri [58]
27 L. fischeri [54]
28 Kanaitzensol L. kanaitzensis [22]
L. subspicata [34]
29 L. sagitta [59]
30 L. macrophylla [60]
L. sagitta [61]
31 L. sagitta [62]
32 L. sagitta [62]
33 L. kanaitzensis [22]
L. lamarum [23]
L. melanothyrsa [44]
L. subspicata [23, 34]
L. virgaurea [27,28, | Both C-11(S) and
63] (R) determined
34 L. przewalskii [64]
35 L. virgaurea [65]
36 L. veitchiana [66]
37 L. macrophylla [67]
38 L. sagitta [68]
39 L. melanothyrsa [44]
L. virgaurea [27]
40 L. brassicoides [46, 47]
L. virgaurea [27]
41 L. atroviolacea [69]
42 L. atroviolacea [69]
43 L. przewalskii [70]
44 L. sagitta [68, 71]
45 L. myriocephala [72]
46 L. macrophylla [73]
47 L. veitchiana [74]
48 Petasol L. fischeri [30]
L. rumicifolia [75]
L. speciosa [43]
49 Neopetasol L. speciosa [43]
50 Isopetasol L. fischeri [30]
L. virgaurea [76]
51 L. longihastata [32]
52 L. longihastata [32]
53 Rumicifoline K L. rumicifolia [75]

(continued)
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Table 1 (continued)

Structure
number Name of compound Plant source Ref. Comments
54 Petasin L. dictyoneura [29]
L. fischeri [30] X-ray structure
L. intermedia [77]
L. lamarum [23]
L. lingiana [78]
L. longihastata [32]
L. nelumbifolia/C. [33]
stenoglossum
L. rumicifolia [75]
L. sagitta [62]
L. subspicata [23, 24]
L. tsangchanensis [35]
55 L. dictyoneura [29]
L. tangutica [13]
56 Isopetasin L. dictyoneura [55]
L. fischeri [30]
L. intermedia [77]
L. sagitta [62]
L. subspicata [23]
57 Rumicifoline J L. rumicifolia [75]
58 1-epi-Rumicifoline J L. rumicifolia [75]
59 L. dentata [13]
60 L. fischeri [30]
L. kanaitzensis [22]
L. lamarum [23]
L. longihastata [32]
L. rumicifolia [75]
L. subspicata [23, 24]
61 L. longihastata [32]
62 L. longihastata [32]
L. subspicata [23]
63 L. kanaitzensis [22]
L. lamarum [23]
L. longihastata [32]
L. rumicifolia [75]
L. subspicata [23, 24]
64 L. subspicata [23]
65 Rumicifoline L L. rumicifolia [75]
66 L. pleurocaulis [79]
67 L. przewalskii [64]
68 L. hodgsonii [80]
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Structure
number Name of compound Plant source Ref. Comments
69 L. przewalskii [64]
70 L. przewalskii [64]
71 L. kanaitzensis [22]
L. longihastata [32]
72 L. virgaurea [27]
73 L. rumicifolia [75]
74 L. rumicifolia [75]
75 L. lingiana [78]
76 L. lingiana [78]
77 L. lingiana [78]
78 L. lingiana [78]
79 L. lapathifolia [81]
80 Ligumacrophyllatin L. macrophylla [67]
81 Alticoloside A L. alticola [82]
L. calthifolia [83]
82 Alticoloside B L. alticola [82]
L. calthifolia [83]
83 Alticoloside C L. alticola [82]
84 Alticoloside D L. alticola [82]
L. calthifolia [83]
85 Alticoloside E L. alticola [82]
86 Alticoloside F L. alticola [82]
87 Alticoloside G L. alticola [82]
88 Alticoloside H L. alticola [84]
89 Alticoloside T L. alticola [84]
90 2-0-Acetylalticoloside A | L. calthifolia [83]
91 6’-O-Acetylalticoloside A | L. calthifolia [83]
92 2"-0-Acetylalticoloside D | L. calthifolia [83]
93 L. virgaurea [65]
94 L. fischeri [85]
95 L. sagitta [59, 61]
96 L. sagitta [59]
97 L. tsangchanensis [86]
98 L. kanaitzensis [22]
L. lamarum [23]
L. subspicata [34]
L. tsangchanensis [86]
L. virgaurea [27, 28,
63, 87]
99 Knorringianalarin B L. knorringiana [88]
100 L. virgaurea [27]

(continued)
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Table 1 (continued)

Structure
number Name of compound Plant source Ref. Comments
101 L. knorringiana [88]

L. sagitta [61, 62]

L. veitchiana [62]
102 L. sagitta [62]
103 L. virgaurea [87]
104 L. virgaurea [89]
105 L. sagitta [59]
106 Sagittacin E L. sagitta [61]
107 L. sagitta [62]

L. veitchiana [62]
108 L. sagitta [61]

L. veitchiana [66]
109 L. sagitta [59]
110 L. przewalskii [64]
111 L. japonica [90]
112 L. hodgsonii [91]
113 L. hodgsonii [80]

L. japonica [90]
114 L. virgaurea [87]
115 L. japonica [90]
116 L. lapathifolia [92]
117 L. hodgsonii [93]
118 Ligudentatol L. dentata [94, 95]

L. intermedia [77]

L. rumicifolia [75]
119 Platyphyllide L. fischeri [85,96]

L. intermedia [20]

L. przewalskii [70]

L. veitchiana [66]
120 L. fischeri [58, 96]
121 2-Hydroxyplatyphyllide L. dentata [94, 95,

97]

L. fischeri [85]

L. hodgsonii [91]

L. intermedia [20]

L. knorringiana [88]

L. macrophylla [67, 98]

L. przewalskii [70]

L. songarica [99]

L. speciosa [43]

L. veitchiana [66]
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Structure
number Name of compound Plant source Ref. Comments
122 L. fischeri [96]
123 Ligujapone L. dentata [94, 95,
97]
L. hodgsonii [93]
L. intermedia [77]
L. japonica [13]
L. odontomanes [100]
124 L. przewalskii [64]
125 Liguhodgsonal L. brachyphylla [13]
L. clivorum [13]
L. dentata [13,94,
95, 97]
L. dolichobotrys [101]
L. hodgsonii [13]
L. intermedia 20, 77,
102]
L. japonica [13]
L. kangtingensis [103]
L. lamarum [23]
L. nanchuanica [104]
L. odontomanes [100]
L. sagitta [105,
106]
L. speciosa [43]
L. veitchiana [107,
108]
126 Ligudentatin A L. dentata [94]
L. kangtingensis [103]
L. nanchuanica [104]
127 Ligudentatin B L. dentata [94]
128 Ligukangtinol L. kangtingensis [109]
129 Rumicifoline A L. rumicifolia [75]
130 Norsubspicatin A L. subspicata/L. [40]
cyathiceps
131 Normelanothyrsin A L. melanothyrsa [44]
132 L. lamarum [23]
L. melanothyrsa [44]
L. vellerea [26]
L. virgaurea [27, 28,
63]
133 L. virgaurea [28]
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Table 1 (continued)

Structure
number Name of compound Plant source Ref. Comments
134 L. lapathifolia [81]

L. macrophylla [73]

L. przewalskii [70]
135 L. fischeri [96]
136 L. melanothrsa [44]

L. virgaurea [27, 28]
137 L. fischeri [96]
138 L. fischeri [96]
139 Ligupleurol L. pleurocaulis [53]
139a Eremopetasinorol L. tsangchanensis [86]
140 L. fischeri [110]

L. hodgsonii [80]
141 L. intermedia [111]
142 L. virgaurea [27]
143 L. virgaurea [27]
144 L. lapathifolia [92] X-ray structure
145 L. virgaurea [112]
146 L. cymbulifera [49]

L. dictyoneura [113]
147 Secovirgaurenol A L. virgaurea [45]
148 Secovirgaurenol B L. virgaurea [76]
149 Secovirgaurenol C L. virgaurea [45, 76,

114]

150 Secovirgaural L. virgaurea [45]
151 Secobakkane A L. lamarum [23]

L. melanothyrsa [44]
152 Secobakkane B L. virgaurea [76]
153 L. lamarum [115]
154 L. hodgsonii [116]
155 L. brassicoides [117]
156 L. virgaurea [118]
157 Ligulolide C L. virgaurea [118]
158 Ligumacrophyllal L. macrophylla [67,

119]

159 L. virgaurea [27, 28]

(continued)



16

Table 1 (continued)

M. Tori and C. Kuroda

Structure
number Name of compound Plant source Ref. Comments
160 L. brassicoides [46, 47]
L. dictyoneura [29, 120,
121]
L. fischeri [37, 50,
122]
L. hodgsonii [123—
125]
L. schmidtii [20]
L. subspicata/L. [40]
cyathiceps
L. vellerea [21]
161 Ligularol = petasalbin L. dictyoneura [29,
120]
L. duciformis [126]
L. fischeri [11, 37,
50]
L. kanaitzensis [22, 31]
L. lamarum [23]
L. lamarum/L. [38]
subspicata
L. nelumbifolia [51]
L. nelumbifolia/L. [127]
subspicata
L. schmidtii [20]
L. subspicata [24, 38,
127]
L. subspicata/L. [38, 40]
cyathiceps
L. tongolensis/L. [128]
cymbulifera
L. vellerea [21, 26]
L. virgaurea [27, 63]
162 L. kanaitzensis [22]
L. lamarum [23]
L. subspicata [24]
L. vellerea [26]
L. virgaurea [63]
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Table 1 (continued)

Structure
number Name of compound Plant source Ref. Comments
163 L. brassicoides [46, 47]
L. dictyoneura [120]
L. fischeri [37]
L. lamarum [23,
115]
L. lamarum/L. [38]
subspicata
L. subspicata [24, 38]
L. subspicata/L. [38, 40]
cyathiceps
L. tsangchanensis/L. | [25]
vellerea
L. vellerea [21, 26]
L. virgaurea [63]
164 L. kanaitzensis [22]
L. lamarum [23]
L. tsangchanensis/L. | [25]
vellerea
165 L. lamarum [23]
L. subspicata/L. [40]
cyathiceps
166 L. lamarum [23]
167 L. lamarum [23]
L. macrophylla [129]
L. subspicata/L. [40]
cyathiceps
168 Ligularone L. dictyoneura [29,
120]
L. fischeri [11, 37,
50, 110,
122]
L. lamarum [115]
L. macrophylla [129]
169 L. lamarum [115]
170 Subspicatol A L. subspicata/L. [40]
cyathiceps
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number Name of compound Plant source Ref. Comments
171 Subspicatin A L. lamarum [23]
L. lamarum/L. [38]
subspicata
L. nelumbifolia/L. [127]
subspicata
L. subspicata [23, 24,
38, 127]
L. subspicata/L. [38, 40]
cyathiceps
172 Subspicatin B L. lamarum [23]
L. lamarum/L. [38]
subspicata
L. subspicata [24, 38]
L. subspicata/L. [38, 40]
cyathiceps
173 Subspicatin C L. lamarum/L. [38]
subspicata
L. subspicata [24]
174 Subspicatin G L. lamarum [23]
175 Subspicatin O1 L. subspicata/L. [40]
cyathiceps
176 Subspicatin O2 L. subspicata/L. [40]
cyathiceps
177 L. lamarum/L. [38]
subspicata
178 L. vellerea [21, 26]
179 L. vellerea [21]
180 L. tsangchanensis/L. | [25]
vellerea
181 L. lamarum/L. [38]
subspicata
L. subspicata/L. [38, 40]
cyathiceps
182 L. lamarum/L. [38]
subspicata
L. subspicata/L. [38, 40]
cyathiceps
183 L. cyathiceps [17, 38]
184 L. brassicoides [117]
185 L. subspicata/L. [40]
cyathiceps
186 L. macrophylla [60]
187 L. oligonema [130]
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Structure
number Name of compound Plant source Ref. Comments
188 L. oligonema [130]
189 L. dictyoneura [29]
190 L. virgaurea [27]
191 L. cymbulifera [128]
L. tongolensis/L. [128]
cymbulifera
192 L. dictyoneura [29]
L. virgaurea [27]
193 Franchetianone B L. franchetiana [19]
194 L. oligonema [130]
195 L. thyrsoidea [131]
196 L. intermedia [132,
133]
197 L. macrophylla [134]
198 L. melanothyrsa [21]
199 L. alticola [135]
L. dictyoneura [120]
L. hodgsonii [136]
L. melanothyrsa [21]
L. vellerea [21, 26]
200 L. dictyoneura [120]
L. macrophylla [129]
L. melanothyrsa [21]
L. vellerea [21, 26]
201 L. cymbulifera [128]
202 L. schmidtii [20]
203 L. cymbulifera [128]
L. tongolensis/L. [128]
cymbulifera
204 L. atroviolacea [48]
L. cymbulifera [128]
L. schmidtii [20]
L. tongolensis [128,
137]
L. tongolensis/L. [128]
cymbulifera
205 L. atroviolacea [48]
206 L. tongolensis [48,
137]
207 L. tongolensis [137]
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208 L. tongolensis [128,
137]
L. tongolensis/L. [128]
cymbulifera
209 L. hookeri [138]
210 L. tongolensis [48,
137]
211 L. melanothyrsa [21]
L. persica [39]
L. thyrsoidea [131]
L. vellerea [21, 26]
212 L. alticola [135]
L. angusta [139]
L. atroviolacea [69]
L. calthifolia [13]
L. dictyoneura [29,
120]
L. fauriei [139]
L. hodgsonii [123—
125,
136]
L. intermedia [132,
133,
140,
141]
L. knorringiana [88]
L. lapathifolia [142]
L. macrophylla [129,
143]
L. melanothyrsa [21]
L. persica [39]
L. przewalskii [13, 144,
145]
L. thyrsoidea [131]
L. vellerea [21, 26]
213 L. hookeri [138]
214 L. hookeri [138]
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