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Ah&act-The correlation of oxidation levels and skeletal specializations of sesquiterpene lactones reported to occur 
in genera of the Asteraceae suggest the distribution of the corresponding tribes along chemical gradients. The 
evolutionary polarity of these gradients was established by concomitant consideration of the evolutionary replacement 
of 0-glycosylflavonoids by 0-methylflavonoids. Information on structure and occurrence of sesquiterpene lactones as 
well as of flavonoids was obtained in a literature survey up to 1984. 

INTRODUCIION 

Previous work [2,3] on the oxidation value (0) and the 
skeletal specialization (S) of sesquiterpene lactones led 
to the representation of evolutionary advancement par- 
ameters for tribes of Asteraceae (EAo, EAs) along two 
gradients (Fig. 1). However, as is common in chemosyste- 
matic work, the evolutionary polarity adopted within the 

50 100 

EA. 

Fig. 1. Correlation of EA,, and E4 parameters for sesquiter- 
pene lactones from tribes of Asteraceae, indicated by the three 
initials of their names given in full in Table 2 and classified into 
Lactuceae (triangle), Asteroideae group 1 (circles) and Astcroi- 

deae group 2 (squares). Also given arc EA,/EA, values. 

*Part 32 in the series ‘Plant Chemosystematics and Phylo- 
geny’. For part 31 see ref. Cl]. 

gradients remained hypothetical. The present work aims 
to apply or even to extend existing methodology in order 
to verify if and how flavonoid-based data can he used in 
the solution of the problem. 

DEFINITIONS AND METHODS 

Evolutionary Advancement Indices for selected taxa 
(here tribes) with respect to oxidation values of rings A 
and B of flavonoids (EAo,, EAo,) were determined as 
described for other classes of compounds 143. Another 
form of presentation of flavonoid data concerns the bs 
and Aos values, i.e. the differences between the highest and 
the lowest oxidation values of rings A and B of tlavonoids 
isolated from the chosen taxa (here tribes). In order to 
facilitate comparisons, the EA,, and EAoa values are 
given in percentages of the highest observed value and the 
A indices are given in percentages of the largest difference 
between highest and lowest observed values for a tribe. In 
the case of sesquiterpene lactones, as in the previous paper 
[3], not only EAo values (based on the oxidation levels of 
the compounds) but also EAs values (based on the 
skeletal specialization of the compounds) are used. 

Evolutionary Advancement Indices for selected taxa 
(here tribes) with respect to 0-glycosylflavonoids (EA,), 
0-methylflavonoids (EAu) and flavonoids with some 
of their hydroxyls protected (EA,) are calculated by 
Equations 1.2 and 3 respectively. N represents the total 
number of flavonoids (irrespective of the presence and the 
nature of the substituents) isolated from each of the 
specieso,b.. . z of a given tribe; n represents the number 
of flavonoids substituted by at least one 0-glycosyl unit 
(Eq. I), at least one O-methyl unit (Eq. 2) and possessing 
specific P values (P = number of protected OH groups/ 
total number of oxy-groups) (Eq. 3) isolated from each of 

c:no 
EAo = lOO- 0%. I) 

& B 

CZN 
EA,=~CJO~:~ (Eq.2) EA,=loOc:N (Eq.3) 
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thespeciesu,b.. . z of the same tribe. The determination 
of these flavonoid parameters is exemplified in Table 1. 

occurrences’ (Table 2) i.e. a particular flavonoid, reported 
for x species of the tribe is counted x times in the 

In the above calculations, tribes are considered to be calculation of this ‘number’. Flavonoids of all types 
collections of species. The same applies to ‘number of (aurones, chalcones, flavones, flavonols, dihydro- 

Table 1. Determination of llavonoid parameters exemplified by the composition of spe&s (A-P) belonging to Lactuceae 

3 
Flavonoid substitution Occurrence 

5 6 7 2 3 4 5 ingenera species n, n, n, 

OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OG 
OH 
OH 
OH 
OH 
OH 

OH OH OG 
OH OH OG 
OH OH OG 
OH OH 
OH OH OH 
OH OG 
OH OG 
OH OG OH 
OH OH 
OH OG 
OH OG 
OH OG 
OH OG 
OH OG 
OH OG 
OH OG OH 

OH 
OH 
OH 

OH 
OH 
OH 
OH 
OH 
OH 

OH 

OH 
OH 
OH 
Oci 

OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 

OH 
OH 
OH 

OH 

Heywodiella 
Heywoodiella 
Heywoodiella 
Hieracium 
HkTaChun 
Hferacium 
H&WCilml 
Hispidella 
Loctuca 
Sonchw 
Sonchw 

=WVW~ 
Zhgopogon 
lhgopogon 
Luunea 
Luunea 

a 1 0 l/6 
b 1 0 l/6 
: 1 1 0 0 l/6 

l/5 
f 0 1 0 0 O/6 

l/5 
:: 1 1 0 0 l/4 

l/5 
i 0 0 l/5 
j 1 0 l/5 
k 1 0 l/5 
1 1 0 l/5 
m 1 0 l/5 
xl 1 0 l/5 
0 1 0 l/3 
P 1 0 l/4 

N for tribe LAC=16; EAo=100(15/16)-94; EA,=O, EA,=3.13/16~0.195. 

Table 2. Chemical parameters in percentages for fhvonoids from tribes of Astemceae 

Number of 
Tribe EAob, %a 4M 4Ja w, EA, EA, oaxmxlces 

- 

Lact-+ 

Vcrnonieae t 

caKlucact 

Mutisieaet 

An-1 

Amicineaet 

As\Jtereaet 

Calcnduleae $ 

Eupatorieaej 

HClhth~$ 

Inukae$ 

Tageteac$ 

36.5 
(0.15) 
38.7 

(0.16) 

(;I) 

6:) 
56.2 

(0.23) 

(0”;:) 
35.3 

(0.14) 

(Z, 
37.7 

(0.15) 

(Z) 
624 

(0.25) 
58.5 

(0.24) 
100.0 
(0.41) 

95.4 
(0.31) 
76.7 

(0.27) 

(Z) 
0 

59.4 
(0.16) 

(?:I 
42.8 

(0.W 
100.0 
(0.33) 
45.4 

(0.11) 
224 

(0.01) 
27.1 

(0.03) 
57.9 

(0.16) 
61.5 

(0.17) 

(OZ 

(0: 
75.0 

(1.W 

(0: 
100.0 
(1.33) 

25.0 
(0.33) 
100.0 
(1.33) 

(:I 
100.0 
(1.33) 
100.0 
(1.33) 
100.0 
(1.33) 

(O?; 
25.0 

(0.33) 

94.0 0 

97.0 20 

71.0 5.0 

0 70.0 

49.0 54.0 

20.0 80.0 

15.0 79.0 

100.0 loo.0 

8.0 80.0 

44.0 59.0 

28.0 68.0 

90.0 35.0 

33.0 33.0 

31.0 
(0.19) 
58.0 

(0.37) 
67.0 

(0.46) 
53.0 

(0.34) 

(::, 
63.0 

(0.4tJ 
81.0 

(0.52) 
620 

(0.40) 
100.0 
(0.64) 

(GY, 

(CY) 
57.0 

(0.37) 

16 

238 

80 

13 

195 

10 

109 

3 

180 

289 

109 

22 

8 

+Subfamily Cichoriodeae; subfamily Astcroideae, tgroup 1; $group 2 [7’J. 
Values of EAoA, EAos [4], Aoo*, Ao, [3] and EA, (in parentheacs) were calculated by the direct application of the 

respective equations; and transformed into percentages as explained in the text. 
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flavonols) are counted indiscriminately. The data bank for RESULTS 
flavonoids of Asteraceae was compiled from surveys of the 
literature given in two books [S, 63 and completed up to The evolutionary histories of rings A and B of flav- 
1984 in the style adopted in the latter of these compendia onoids are not necessarily connected. Indeed both the 
(Tables 36). biosynthetic pathways, respectively the polyketide and 

Table 3. Flavones and flavonols in Asteraceae, reported between 1981 and 1984 

Substitution 
Plant source 

*Tribes Genera Ref. 

5,6,7,4’-Telra-OH 
6,7,4’-ki-Me 

&Me 
6,7di-Me 
5,6,7,3’,4’.5’-hexa-OH 
6,3’di-Me 
6,3’,5’-lri-Me 
6,3’,4’-lri-Me 
6,7,3’.5’-lelra-Me 
5,6,7,3’,4’-penta-OH 
6,3’,4’-lri-Me 
6,7,3’,4’-lelra-Me 
6,7,3’&-Me 
6.7di-Me 

6-Me 
7-G 
5,7,3’,4’-lelra-OH 

3’,4’di-Me 
7-G 

7,3’di-Me 
5,7/V-lri-OH 

7-G 

6,8di-C-G 
7,4’di-Me 
4’-Me 
8-C-G 
‘Idi-G 
6,7,3’,4’,5’-penla-OH 
6,5’di-Me 
6,3’,5’-lri-Me 
5,6,7,2’,4’,5’-penla-OH 
6,S’di-Me 
7,3’,4’,5’-lelra-OH 
S-Me 
5,7,3’,4’.5’-penla-OH 
3’,5’dLMe 
3,5,6,7,3’,4’-hexa-OH 
3.6.3’~k-Me 

3,6,7,3’,4’-pen&Me 
3,6di-Me 
3,6,7,3’-lelra-Me 
3,6,7,3’,4’-pen&OH 
&Me 
3,6,7-k-Me 

Ant Artemisia 10 
Ursinia 11 
Artemisia 15 13 
Artemisia 14 

Artemisia 12 
Artemisia 12, 14 
Artemisia 15, 12 
Artemisia 13 

Artemisia 12,17 
Artemisia 14 
Artemisia 14,18 
Artemisia 12, 19,20 
Tanacetum 21 
Artemisia 12, 19 
Artemisia 22 
Chrysanthemum 23 
Artemisia 12 
Artemisia 12 
Artemisia 12 
Chrysanthemum 24,25 
Artemisia 20 
Artemisia 12 
chrysanthemum 23 
chrysanthemum 23,24 
Matricaria 26 
Otanthus 26 
Artemisia 27 
Artemisia 20 
Artemisia 20 
Lowanthemum 28 
Chrysanthemum 24 

Artemisia 15 
Artemisia 15 

Artemisia 

Artemisia 

Artemisia 

Tanacetum 21 
Matricaria 29 
Achilka 30 
Artemisia 31 
Tanacehtm 32 
Artalrh 18 
Artemisia 33. 34 
Matricaria 29 
Matricaria 29 

15 

15 

14 
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Table 3. (Conthud) 

Subdtution 
Plant xource 

*Tribes Genera Ref. 

3,6di-Me 
6,7diMe 
6,3’-&Me 
3,5,6,7,4’-penta-OH 
6,7-d-Me 
3,5,7/I’-telra-OH 
~-MC 

~-MC 
3,5,7,3’,4’-pen&OH 
3,3’di-Me 
3,Ydi-Me 
6,7,3,3’-ma-OH 
3,6dLMe 
3.6,7,3’,4’-penta-OH 
3,fLdLMe 
3 5 6 7 8 4’-hcxa-OH 9 * 9 9 . 
3.6,3’,4’-telra-Me 
3,5,6,3’,4’-hexa-OH 
3,6,3’,4’-lem-Me 
6,7,4’-lri-Me 
S$di-OH 
5,6,7,4’-lelra-OH 
6,7di-Me 
6-Me 
5,7,4’-&i-OH 
4’-Me 
5,6,7,4’-lelra-OH 
6$di-Me 
&Me 
5,47,3’,4’-penta-OH 
6,3’di-Me 
3,5,6,7.4’-penla-OH 
6-Me 
6,4’di-Me 
3,5,6,7,8,3’,4’,S’-octa-OH 
3.6,7,8,4’-pen&Me 
3 5 6 7 8 4’-hexa-Me 9 9 1 9 , 
3,6,8,4’-lelra-Me 
3,5,7,3’,4’,5’-hexa-OH 
Y,Ydi-Me 
3,3’,4’-lri-Me 
3,S,7,3’,4’-penla-OH 
3,3’di-Me-4’~i-Mebut 
3,3’di-Me-4’~i-Val 
3’-Me 
3-G 
7ydi-Me 
3,3’di-Me 
3,7di-Me 
3-Me 
3-G-3’-Me 
3,5,6,7,3’,4’-hexa-OH 
3.6dLMe 
3.6,4’-k-Me 
3,5,7-tri-OH 
3-Me 
3,5,7,4’-letra-OH 
3,5,7,4’-tctra-OH 
3-Me 

MtXt?iCario 35 
Marricmia 35 
Matricaria 29 

ArtekSiR 36 

A?%M.dU 12 
chrys4mthemum 24 
Altemisio 18 
Artemisia 36 
ChrJWtllheWlUm 10 
Artemisia 12 
Tanncetwn 32 

Artemisfo 15 

ArtemisiU 1s 

Artemisia 15 
Arkmisia 22 
Artemisia 12,31 
Artemisia 15 31 
Matricaria 38 

Artemisia 36 
Tanacetum 32 

Am Arnica 

Ati 
Arnfco 

39 

39 
39 

Amica 39 

Arnica 
An&a 

39 
39 

Axt Gutierrezia 
Gutierrezh 
Gutierrezia 

40 
40 
40 

HadwvpLF 40 

HapropOppw 40 

Hwbvpu 41,42,43 
Gutierrezia 40 
Gutierrezia 40 

Huplopoppcs 41,42,43 
Hapkvpuc 41, 42.43 
Huplopappcs 41 
Hwlopappw 41 
Haplopappcs 41 
HupkvpIs 41,4z, 45 
Hwlopnppw 43,45 

45 46 
46 

41 

46 
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Table 3. (Contin&) 

Substitution 
Plant soua 

,Tlibcs Genera Ref. 

7-Me 
3,5,7,3’,4’,5’-hcxa-OH 
3.5,6,7,4’-penta-OH 
3,6dLMe 
5.6.7.8.4’~pen&OH 
6.7,8-k-Me 
5,6.7,4’-tetra-OH 
7,4’dLMe 
6-Me 
6-G 
5,7/l’-tri-OH 
7,4’di-Me 
J-Me 
7-Me 
6.8di-C-G 
5,7,3’,4’-tetra-OH 
3’,4’dLMe 
3’-Me 
4’-Me 
3,5,6.7,8,3’,4’-hepta-OH 
3,6,7,3’-tetra-Me 
3,6,7.8,3’-penta-Me 
3,5,6,7,3’,4’,5’-hepta-OH 
3,6,7,3’-tetra-Me 
3,5,7/I’-k&a-OH 
3-Me 
7-Me 
3-G 
3,6,7,8,3’,4’-Hexa-OH 
6,7,8,3’-tetra-Me 
5,6,7,3’,4’-penta-OH 
&Me 
5.7,3’,4’-tetra-OH 
7-G 
3,5.7.3’,4’-penta-OH 
3,5,6,7.3’,4’-hexa-OH 
6-Me 
6-Me-7-G 
6-Me-7-G 
3,5,7,4’-tetra-OH 
7-Me 
5,7,4’-t&OH 
7-G 
5,6,7,3’,4’-penta-OH 
6,7dLMe 
6-Me 
6,3’di-Me 
6,7,3’,4’-tetra-Me 
5,7,3’,4’-tetra-OH 
5,6.7.4’-tetra-OH 
6,7,4’-tri-Me 
6,7di-Me 
6-Me 

6,4’di-Me 
5.7.4’~tri-OH 
7-G-4’-Me 
5,7,8,4’-tetra-OH 
8-Me 
5,7,4’-tri-OH 
7-G Cic 

43 
46 

H&wvw 42 

BoCChoris 47 

Bacchmis 

Hapkwpus 
Haplopoppus 
Bacchmis 
Bacchmis 
Baccharis 
Baccharis 

Hadwvw 

47 
46 
46 
48.49 
48,49 
649 
48,49 
43 

&rcChllTiS 49 

fWwvpcs 42 

fWwvpus 46 

Gutieweria 

BilCChiS 

50 
51 

Gutiewezia 50 

15 
15 
45 

BMChlUi.9 52 

43 

centaurea 

Cenmwea 
53 
53 

Centaurea 
Centaurea 
Centaurea 

53 
53 
53 

Centaurea 
Centawea 
Centawea 

53 
53 
53 

Centaurea 53 
Centaurea 53 
Amberboa 55 
Amberboa 56 
Amberboa 54 
Amberboa 54 
AmberbOa 54 
Amberboa 54 
Cirsium 57 
Saussurea 58 
Sawurea 58 
Cirsfw 57 
Cirsium 59 

Centaurea 60 

Luunea 61,62 



3108 V. DE P. EMERENCIANO et al. 

Table 3. (Continued) 

Substitution *Tribes 
Plant source 

Genera Ref. 

5,7.3’,4’-tetra-OH 
7-G 
5 6 7 8 * . . 9 2’,3’,4’,5’,octa-OH 
5 6 7 8 3 3 9 . 2’,3’,4’,5’,octa-Me 
5,6.7,2’,3’,4’,5’-hepta-OH 
5,6,7,2’,3’,4’.5’-hepta-Me 
5,6.7,8,2’,4’,5’-hepta-OH 
5,6,7,8,2’,4’,5’-hepta-Me 
5 6 7 8 9 . . . 3’,4’-hexa-OH 
5,6,7,8,3’,4’-hcxa-Me 
5.6,7,8,3’-penta-Me 
5.6,7,3’,4’-penta-OH 
6.7.4’~tri-Me 
6-Me 
6,7-di-Me 
6.7,4’-tri-Me 
6,4’di-Me 
6,3’di-Me 
5,6,7,4’-tetra-OH 
6-Me 
6,7,4’-tri-Me 
6,7dLMe 
6,4’di-Me 
5.7,3’.4’-tetra-OH 
7-Me 

7-G 
5.6,7,2’,4’,5’-hexa-OH 
6,5’di-Me 
3.5,7,3’,4’-pmta-OH 
7-Me 

3-G 
3-G-3’-Me 
3-Me 
3.7-d&Me 
3 5 6 7 1 9 9 . 3’,4’-hexa-OH 
6.7.4’~tri-Me 
3,6,4’-tri-Me 
3.6,7,3’,4’-penta-Me 

3,6,7,4’-tetra-Me 
3-G3-Me 

3-G-6.7-di-Me 
3-SO,-6-Me 
3-SO,-6,7-di-Me 
6.7-di-Me 

3.6,7-tri-Me 
3,6di-Me-7-G 
3,6,3’,4’-tetra-Me 
6,7di-Me 
3,6,7,3’,4’-penta-OH 
&Me 
3,6,7,4’-tetra-Me 
3,6,7,3’-l’-pcnta-Me 
3-G-6,7di-Me 
3-G-6,7,3’-tri-Me 
6,7,4’-t&Me 
3-S0,-6,7,4’-t&Me 
3,7,3’-tri-Me 

Luunea 62 

Eup Ageratum 63 

Ageratum 63 

Ageratum 63 

Eupatorium 

Eupatoriw 

64 
64 

Ldoloena 65 
Brickellia 66 
Brickellia 66 
Brickellia 66,67 
Brickellia 67 
Eupatorium 68 

Brickellia 67 
Brickellia 66.67 
Aristeguetia 69 
Brickellia 66 

Eupatoriwn 

Chromolaena 

Stevia 

70 
70 
71 

BriCkellia 72 
Brickellia 73 
Chromolaena 70 
Euptoriw 70 
Brickellin 66 
BriCkellia 66 
Brickellia 73 
Brickellia 73 

Brickellia 

Brickellia 

Symphyopappuc 
Brickellia 

Brickellia 

Brickellia 

Brickellia 

BriCkellia 

Brickellia 

Eupatoriwn 

Chromolaena 

Brickellia 

Brickellia 

Brickellb 

Brickellh 

67 
67,71 
74 
67 
67 
67 
67 
67 
67 
70 
70 
73 
73 
73 
73 

Brickellia 

BTiCkellio 

BridWllh 

BriCkellia 

BTidWllia 

Brfckllia 
Brickellia 

Chromolaena 

66 
66 
66 
66 
66 
66 
66 
75 
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Tabk 3. (Continued) 

Substitution 
Plant .9ource 

*Tribes Ref. 

3,5,7-t&OH 
3,5,6,7-tetra-OH 
6-MC 
3 4 7 8 . 9 9 9 3’,4’-hcxa-OH 
3,7,8,3’-tetra-Me 
3,5,7,4’-tetra-OH 
3-G 
3-Me 

3.7di-G 
7-G 
3,5,6,7,4’-penta-OH 
3-G-6-Me 
3-G-6,7di-Me 
3,6,7-h-Me 
5,6,7.8-tetra-OH 
5,6,7,8-tetra-Me-3’,4’-O&H, 

5,6,7,8.5’-penta-OH 
5.6.7.8.5’~penta-OH-3’,4’-O&H, 

5,7,4’-hi-OH 
7-G 
4’-Me 
4-G 
3.5.6.7.4’~penta-OH 
3,7di-Me 
7-Me-7-G 
3 5 6 7 3’,4’-hcxa-OH . 1 . . 
3-Me-7-SO, 
3,6di-Me 
3,7di-M&-G 
3-Me-6-G 
7-G-6,3’di-Me 
6-Me-7-G 

7-G 

3.7~d&Me 
3,6-di-Me-7-G 
7-G-3’-Me 

3,5,6,7,4’-penta-OH 
3-Me 
3,7di-G 
7-G 
3-G 

3-G 
3-G 
3,5,7,3’,4’-pen&OH 

3-Me 
3-G 
3,3’di-Me 
3-G 
3,5,6,7,&penta-OH 
6.7,~h-Me 
3,6,8-h-Me 
3,6.7,&tetra-Me 

ChWldW?M 76 

chr0mo1aeM 76 

ChrOmOlW?M 75 

s&via 71 
Acrttopappus 77 
Eupatorim 78 
Euputorium 78 

Brickellia 
Brickdlia 

Brickellia 

66,37 
66 
73 

Ageratum 63 
Eupatorium 64 

Ageratum 63 
Eupatotium 64 
c0noc1inium 79 
Goyamnthus 80 
Eupotorium 78 
Eupatorium 78 
stevia 71 

Hit Neurolaena 81 
Neurolaena 82 
Neurolaena 81 
Neurolaena 82 
Neurolaena 81,82,83 
Neurolaena 82 
Neurolaena 82,83 
Clibadiwn 84 
Neurolaena 82 
Desmanhodium 82 
Neurolaena 81,82,83 
Desmunthodium 85 
Clibadium 84 
Neurolaena 82,83 
Neurofaena 83 
Desmanrhodium 85 
Clibadium 84 

Inu 

Neurokww 82 
Ye&Sin0 86 
c1ibadium 84,85 
Ve&?sina 86 
Clibadium 88,85 
lchthyothere 89 
Heliopsis 90 
Helichrysum 91 
Achyrocline 92 
Achymcline 92 
PdiCa?.ia 93 
DitriChi~ 94 
Heltchtysum 95, 96 

Achyrocline 97 
GlWphaliM 98 
Gnaphalium 99 
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Table 3. (Continued) 

Substitution *Tribes 

Plant source 

Genera Ref. 

3,6,7-t&Me 

6.7,~~tri-Me 

6,8di-Me 
3,7,8-tri-Me 

3,5,7,8-tetra-OH 

3,7,8-tri-Me 

7,8di-Me 

3,8di-Me 

3,5,7-tri-OH 

3-Me 

3-Me 

3,5,6,7-tetra-OH 

3,7di-Me 

3,6di-Me 

3,5,6,7,3’,4’-hexa-OH 

3,6,7,3’,4-penta-Me 

3,7di-Me 

3.5.7~tri-Me 

3,5,7,3’-tetra-Me 

3,7,4’-tri-Me 

3,5,6,7,4’-penta-OH 

3,7di-Me 

3-Me&G 

3.6.7~k-Me 
3,5,7,8,4’-penta-OH 

3,7-di-Me 

5,6,7,8-tetra-OH 

6,7-di-Me 

5,6,7,8-tetra-OH 

6,7-d&Me 

5,7,4’-tri-OH 

7-G 

4-G 

5.7,3’,4’-tetra-OH 

7-G 

5,6,7,3’,4’-penta-OH 

6,3’di-Me 

5,7,8-t&OH 

7,8di-Me 

3,7,4’-tri-OH 

3,5,7,4’-tetra-OH 

7-Me 

3,7-di-Me 

3,5,7-tri-OH 

7-Me 
3,5,7,3’,4’-penta-OH 

3,3’di-Me 

3,7di-Me 

Y-Me 
3,5,7,3’,4’-penta-OH 

3-G 
3.5,7,3’-tetrd-OH 

3-G-3’-Me 

3,5,7,4’-tetra-OH 
7-G 

3,5,6.7,4’-penta-OH 

7-G 

Gnaphalium 
Helichryswn 
Helichrysum 
Achyrocline 

100 

101 

101 

102 

Achyrocline 97, 102 
Achyrocline 97 
Helichrysum 103 
Gnaphalium 104 
Achyrocline 92 
Achyrocline 92 
Helichrysum 96, 101 

Helichrysum 
Gnaphalium 

105 

99 

Helichrysum 
Pluchea 
Pulicaria 
Pulicaria 
Pulicaria 
Pulicaria 

106 

107 

93, 108 

93 

93 

108 

Pulicaria 108 
Pulicaria 108 
Pulicaria 108 

Pluchea 107 

Gnaphalium 100 

Gnaphaliwn loo 
Gnaphalium 104 
Helichrysum 91 
Gnaphalium 96,104,109 
Gnaphalium % 
Helichrysum 96 
Gnaphalium 104 

Gnaphalium 104 

Gnaphalium 

Mut 

Achyrocline 
Helichrysum 
Trixis 

Trixis 

Gochnatia 

Trixis 

Gochnatia 
Gochnatia 
Gochnatia 

Sen Senecio 

Tag 

Senecio 

Tagetes 
Tagetes 
Tagetes 
Tugetes 

104 

102 

109 

110 

110 

111 

111 

111 

111 

111 

112 

112 

113 
113 

113 

113 
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Table 3. (Continued) 

Substitution *Tribes 
Plant source 

Genera Ref. 

3,5,6,7,3’,4’-hexa-OH Tagetes 113,114 
5,6,7,3’,4’-penta-OH 
5-Me Tageres 115 

l Here and in Tables 46 tribes are represented by the three initial letters of their 
names (see Table 2). 

Table 4. Dihydroflavonols in Asteraceae, reported between 1981 and 1984 

Substitution Tribes 
Plant source 

Genera Ref. 

5,7di-OH 
7-Me 
5,7/l’-t&OH 
7-Me 
7-G 
3,5,7,4’-tetra-OH 
7-Me 
5,7/V-t&OH 
7-Me 
3,5,7,3’,4’-pen&OH 
~-AC 
5,7,3’,4’-tetra-OH 
3,5,7,4’-tetra-OH 
~-AC+ 
5,6,7-t&OH 
5,7di-Me-3’,4’-OCH, 
5,6,7,3’,4’-pen&OH 
5,7,3’.4’-tetra-Me 
5,7,3’-&i-Me 
5,7-di-OH 
3,5,7-tri-OH 
3,5,6,7-tetra-OH 
&Me 
5,7/t’-tri-OH 
7,4’di-Me 
7-Me 
4-Me 
3,5,6,7,4’-penta-OH 
6,4’dii-Me 
6,7-di-Me 
5,7,3’,4’-tetra-OH 
7.4’dLMe 
7,3’di-Me 
5.74’~tri-OH 
7-G 

Ant Artemisia 13 
Artemisia 13 
chrysanthemum 23 
Artemisia 13 
Chrysanthemum 23 

Ast 
Artemisia 13.36 
Baccharis 116 
BUCChariS 116 

Baccharis 116 
Baccharis 116 

Baccharis 

Pup Ageratum 

Ageratum 117 
Ageratum 117 
Chromolaena 76 
Chronwlaena 76 

chr0ma1aena 76 
Mikania 118 
Stevia 68 
Mikania 119 
Mikania 118 

Eupatorium 
Eupatorium 

Ver Lychnophora 
Piptocarpha 

116 

117 

120 
120 

121 
122 

the shikimate routes leading to these rings, and the compared with Wagenitz’s classification based on mor- 
modification reactions are independent [4]. For this phological criteria [7]. 
reason the chemosystematic parameters (Table 2) refer Wagenitz divides the Asteraceae into Cichorioideae 
separately to EAoA and Ao,, and to EAos and Aon. The 
correlation of Aoa and Aoa (Fig. 2) is instructive, chiefly if 

(tribe Lactuceae) and Asteroideae. the latter subfamily 
being further divided into two groups of tribes. Lactuceae 
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Table 5. Chakones in Asteraceae, reported between 1981 and 1984 

Substitution 

3,4’,6’,trkOH 
4’-Me+-O,CH, 
2’,4’,6’-&i-OH 
4’,5’,6’,4,5-penta-OH 
4-G 

4’,6’,4-hi-OH 
4-G 
4’,6’,4,5-tctra-OH 
4-G 
2’,3’,4’,6’,4-pen&OH 
5-GclXIlyl 
2’,4’,6’-&i-OH 
5’-Prenyl 
4’-Me-S’-Prenyl 
2’,6’dLOH 
4’-Prenyl 

Plant source 
Tribts Ref. 

Eup ApZTattUVl 117 
Ch?omOh?lUl 76 

Hlt CliblldiWn 88 
Zinnia 123 

Clibadium 88 

CIibadium 88 

Helichrysum 124 

Mut Pleiotaxus 125 
Pltitprus 125 

Pleiotaxus 125 

Table 6. Auroncs in Astemceae, reported between 1981 and 1984 

Plant source 
Substitution Tribts Genera Ref. 

4,6,3’,4’-tetra-OH 6-G Hlt Clibadiwn 88 
6,3’,4’-k-OH 6-G Hlt Zinnia 123 

is said to be closer to group 1 and Anthemideae. although 
placed into group 2 is considered to occupy an intermedi- 
ate position between both groups. The flavonoid data are 
consistent with this scheme (Fig 2). Indeed the tribes 
Vemonieae, Cardueae and Mutisieae, all belonging to 
Asteroideae group 1, as well as the subfamily Cichori- 
oideae (Lactuceae) contain flavonoids with smaller oxi- 
dative variation of both A and B rings; while the tribes 
Heliantheae, Inuleae, Eupatorieae and Astereae, all 
belonging to Asteroideae group 2, contain flavonoids 
with relatively greater oxidative variation of both rings. 
Only the tribe Senecioneae, considered by Wagenitx to 
belong to Asteroideae group 2, is exceptional with respect 

. Cw670 

l u&It 53.0 I 
50 100 

A 
08 

Fig. 2 Correlation of AoA and Aoe parameters for flavonoids 
from tribta of Asteraceac (for meaning of symbols see Fig. 1). 

Also given are EA, values. 

to the oxidative variation of its flavonoids. This is not 
surprising. Sesquiterpene lactone data for Senecioneae 
are also abberrant (Fig. 1). 

Jointly with A. values, evolutionary advancement 
parameters concerning hydroxyl protection for flavonoid 
containing tribes (EA,) also increase upon passing from 
tribes of Asteroideae group 1 to tribes of Asteroideae 
group 2 (Fig. 2). Under the term protection both forms of 
hydroxyl stabilization, 0-glycosylation and O-methyl- 
ation, are considered together. It is even more instructive 
to consider each of these protective devices separately. To 
this end EA, and EA, values are calculated for each tribe. 
A graphical correlation of these parameters (Fig 3) shows 
a surprisingly clear negative correlation. In a general way, 
upon passing from tribes of Cichorioideae and Astero- 

100 

i 

LOC 
VW l sml 

E% . car 

Fig. 3. Correlation of EA, and EAM parameters for flavonoids 
from tribes of Astcraceae (for meaning of symbols see Fig. 1). 
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ideae group 1 to tribes of Asteroideae group 2,0-glycosyl- 
ation diminishes in favour of 0-methylation. Again 
Senecioneae show an aberrant result, producing more 
0-glycosylflavonoids and less 0-methyltlavonoids than 
expected for a tribe of Asteroideae group 2. 

Upon superimposing for tribes of Asteraaae, flavon- 
oid data (EAJEA,) on the sesquiterpene lactone EAo / 
EA, correlation (Fig. 1) some striking regularities are 
observed. Thus Cichorioideae (EA, /EA, =94/O) are also, 
with respect to flavonoid protection, close to Vernon&e 
(97/2), a tribe of Asteroideae group 1 in which O-glycosyl- 
flavonoids predominate vastly over 0-methylflavonoids. 
From Vemonieae onwards along gradient 1 a decrease in 
0-glycosylation and an increase in 0-methylation of 
flavonoids is observed: Cardueae (71/5), Mutisieae (O/70). 
To our knowledge no flavonoids have yet been reported 
from Liabeae and Arctoteae. An analogous decrease of 
0-glycosylflavonoids vs increase of 0-methylflavonoids 
is observed for the tribes of gradient 2: Anthemideae 
(49/54), Heliantheae (44/59), Amicineae (20/80), Inuleae 
(28/68) and Astereae (15/79). Again considering EA, - 
/EA, values, Eupatorieae (8/80) should follow Astereae. 
This is a relevant fact since Eupatorieae have been placed 
by Wagenitz into Asteroideae group 2. On sesquiterpene 
lactone EA, (skeletal specialization based) data Eu- 
patorieae are indeed closely related to Inuleae and 
Astereae of gradient 1. On sesquiterpene lactone EA, 
(oxiation value based) data Eupatorieae are closely 
related to Vernon&e of gradient 1. 

DISCUSSION 

Plant antiherbivore defence is only favoured by natural 
selection when the cost of production is less than the 
benefit of enhanced protection [8]. If glycosylation of 
phenolic hydroxyls involves more energy commitment 
than methylation, a rationale exists for the switch from 
glycosylation to methylation. The observation, reported 
for Parthenium species (Asteraceae) [9], is consistent with 
previous opinions on the nature of primitive and ad- 
vanced flavonoid characters, such as glycosylation and O- 
methylation respectively [S, 63. The frequently mentioned 
ubiquity in the plant kingdom, ease and speed of identifi- 
cation and wealth of data would make characterization of 
plant taxa along the lines indicated in the present paper a 
valuable chemosystematic tool. E-specially EA, /EA, 
ratios may well serve as the long sought for yardstick for 
the determination ofevolutionary polarity of other classes 
of micromolecular markers besides sesquiterpene 
lactones in tribes of Asteraceae. 
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