
Sir:

Recent systematic investigations of the fatty acid composi-
tions of seeds from Coniferophytes [this term is used here in
the sense suggested by C.N. Page (1) to include Ginkgo
biloba, the taxads, and the traditional conifers] that encom-
passed approximately 170 species (almost one-fourth of ex-
tant species) have shown that ∆5-unsaturated polymethylene-
interrupted fatty acids (∆5-UPIFA) are the rule in this plant
subdivision. These fatty acids have been characterized in all
families studied (2–11; Table 1), except in Phyllocladaceae,
which do not seem to have been investigated as regards their
seed lipid constituents. Among ∆5-UPIFA, sciadonic (all-cis
5,11,14-20:3) acid consistently occurs in all seeds analyzed
(Table 1). This acid also has been repeatedly detected in the
leaf lipids of all Coniferophyte families studied (12). It 

also is present in wood extracts, although in this case, the
number of Coniferophyte species has been as yet limited 
to a few Pinaceae species (13,14). On the other hand, the pres-
ence of other ∆5-UPIFA, such as taxoleic (5,9-18:2), ephe-
drenic (5,11-18:2), pinolenic (5,9,12-18:3) or juniperonic
(5,11,14,17-20:4) acids, is species- and apparently tissue-de-
pendent (2–4,8,12–14). The presence of sciadonic acid in the
seed (and probably the leaf and wood) lipids of all Conifero-
phyte families is thus a common biochemical feature that
unites them all, supporting their monophyly. However, this
observation in no way excludes the possibility of finding
aberrant genera or species in new studies.

Too few species among Cycadophytes have been analyzed
to draw any conclusion for that subdivision. However, it is
obvious that the Gnetatae class is heterogeneous, with
Ephedra spp. (Ephedraceae) seeds containing fairly large
amounts of ∆5-UPIFA including sciadonic acid (10) and Wel-
witschia mirabilis (Welwitschiaceae) (15) and Gnetum spp.
(Gnetaceae) (16,17) seeds containing no such acids. In lieu of
∆5-UPIFA, the two latter families contain cyclopropene and
sometimes cyclopropane fatty acids. However, the taxonomic
rank of Gnetatae is still a matter of debate, as indicated by
their alternative names indicating various taxonomic ranks,
“chlamydosperms,” “antophytes,” and “gnetophytopsides.”
Cycadatae are even less well known than Gnetatae, as only
two species have been described, Cycas revoluta (Cy-
cadaceae) (2) and Macrozamia communis (Zamiaceae) (18).
The seeds from the former species contain ∆5-UPIFA,
whereas those from the latter are devoid of such acids, but
contain cyclopropene acids. These partial observations, how-
ever, emphasize the lack of commonality in seed fatty acid
compositions among Cycadophyte families, which otherwise
occur in Coniferophyte families, united by the presence of
sciadonic acid. However, the fact that some Cycadophyte
families contain ∆5-UPIFA, including sciadonic acid, would
be in favor of a strong link of these families with Conifero-
phytes.

We also wish to comment on the quantitative significance
of sciadonic acid in lipids from land plants. Conifers are the
most prominent components of the extant flora, and in the
Northern Hemisphere, it is considered that one tree out of two
is a conifer, and hence a gymnosperm. These plants, among
some of the tallest (up to 100 m) and largest (diameter of up
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TABLE 1
Distribution of Sciadonic Acid in Gymnosperm Seed Lipids 
According to Their Subdivisions, Classes, and Familiesa

Subdivision Class Family 5,11,14-20:3b

Coniferophytes Pinatae Taxaceae +
Cephalotaxaceae +
Podocarpaceae +
Phyllocladaceae ?
Araucariaceae +
Sciadopityaceae +
Cupressaceae +
Taxodiaceae +
Pinaceae +

Ginkgoatae Ginkgoaceae +
Cycadophytes Gnetatae Ephedraceae +

Welwitschiaceae −
Gnetaceae −

Cycadatae Cycadaceae +
Zamiaceae −
Boweniaceae ?
Stangeriaceae ?

aFor the sake of clarity, orders are not presented. Sciadonic acid (all-cis
5,11,14-20:3) is always accompanied by some other ∆5-UPIFA.
bA plus sign denotes the presence of sciadonic acid, a minus sign denotes
absence, and a question mark indicates that no species of the family have
been analyzed. When sciadonic acid, and more generally, ∆5-UPIFA, are
absent, cyclopropene (malvalic and sterculic) acids have been character-
ized.



to 16 m) living organisms, thus represent a considerable bio-
mass of land plants, far larger than mosses (bryophytes) and
ferns (pteridophytes), which also are able to synthesize C20
∆5-acids, but of the methylene-interrupted type (i.e., arachi-
donic and eicosapentaenoic acids) (19). In contrast, with the
exception of a handful of species (20), angiosperms have ap-
parently lost the capability to introduce supplementary ∆5-
desaturation in unsaturated fatty acids, in particular in C20
acids, and contribute minimally to C20 ∆5-acids in the land
plant biomass.

This leads to the apparent paradox that sciadonic acid, pos-
sibly along with juniperonic acid [another important C20 ∆5-
UPIFA in conifer leaves (12)], whose 5,11-dienoic arrange-
ment was formerly considered unusual (21), would be the
most abundant and common C20 ∆5-unsaturated fatty acids in
land plant biomass, at least in the Northern Hemisphere. The
most intriguing aspect of this observation is that the abun-
dance of such acids (but possibly not their prevalence) has
likely lasted for over 250 million years, since the appearance
of the earliest gymnosperms or progymnosperms during the
Carboniferous period (22,23). The occurrence of C20 ∆5-
UPIFA in higher plants may even have started earlier, as they
have been characterized in the distantly-related extant Equi-
setum spp. [e.g., horsetail (19), a fern ally]. Considering the
fact that C20 ∆5-UPIFA are present in most of the main gym-
nosperm families, it must be concluded that C20 ∆5-UPIFA
have accompanied the emergence, radiation, and expansion
of gymnosperms.

REFERENCES

1. Page, C.N., Gymnosperms: Coniferophytina (conifers and
ginkgoids), in The Families and Genera of Vascular Plants,
edited by K. Kubitski, Vol. 1, pp. 282–361; Pteridophytes and
Gymnosperms, edited by K.U. Kramer and P.S. Green, Springer-
Verlag, Berlin, 1990.

2. Takagi, T., and Y. Itabashi, cis-5 Olefinic Unusual Fatty Acids
in Seed Lipids of Gymnospermae and Their Distribution in Tri-
acylglycerols, Lipids 17:716–723 (1982).

3. Wolff, R.L., L.G. Deluc, and A.M. Marpeau, Conifer Seeds: Oil
Content and Fatty Acid Composition, J. Am. Oil Chem. Soc.
73:765–771 (1996).

4. Wolff, R.L., L.G. Deluc, A.M. Marpeau, and B. Comps, Chemo-
taxonomic Differentiation of Conifer Families and Genera
Based on the Seed Oil Fatty Acid Composition: Multivariate
Analyses, Trees 12:57–65 (1997).

5. Wolff, R.L., B. Comps, A.M. Marpeau, and L.G. Deluc, Taxon-
omy of Pinus Species Based on the Seed Oil Fatty Acid Com-
positions, Ibid. 12:113–118 (1997).

6. Wolff, R.L., Clarification on the Taxonomic Position of Sciado-
pitys verticillata Among Coniferophytes Based on the Seed Oil
Fatty Acid Compositions, J. Am. Oil Chem. Soc. 75:757–758
(1998).

7. Wolff, R.L., F. Pédrono, A.M. Marpeau, W.W. Christie, and
F.D. Gunstone, The Seed Fatty Acid Composition and the Dis-

tribution of ∆5-Olefinic Acids in the Triacylglycerols of Some
Taxaceae (Taxus and Torreya), Ibid. 75:1637–1641 (1998).

8. Wolff, R.L., F. Pédrono, A.M. Marpeau, and F.D. Gunstone,
The Seed Fatty Acid Composition and the Distribution of ∆5-
Olefinic Acids in the Triacylglycerols of Some Taxares
(Cephalotaxus and Podocarpus), Ibid. 76:469–473 (1999).

9. Wolff, R.L., Sources of All-cis 5,11,14-20:3 (sciadonic) Acid, a
Structural Analog of Arachidonic Acid, Ibid. 75:1901–1903
(1998).

10. Wolff, R.L., W.W. Christie, F. Pédrono, A.M. Marpeau, N.
Tsevegsüren, K. Aitzetmüller, and F.D. Gunstone, ∆5-Olefinic
Acids in the Seed Lipids from Four Ephedra Species and Their
Distribution Between the α and β Positions of Triacylglycerols.
Characteristics Common to Coniferophytes and Cycadophytes,
Lipids 34:855–864 (1999).

11. Wolff, R.L., W.W. Christie, F. Pédrono, and A.M. Marpeau, Ar-
achidonic, Eicosapentaenoic, and Biosynthetically Related Fatty
Acids in the Seed Lipids from a Primitive Gymnosperm, Agathis
robusta, Ibid. 34:1083–1097 (1999).

12. Jamieson, G.R., and E.H. Reid, The Leaf Lipids of Some
Conifer Species, Phytochemistry 11:269–275 (1972).

13. Lehtinen, T., E. Elomaa, and J. Alhojärvi, Investigations into the
Fatty Acid of Tall Oil. II. cis-5,11,14-Eicosatrienoic Acid,
Suom. Kemistil. 36B:124–125 (1963).

14. Holmbom, B., and R. Ekman, Tall Oil Precursors of Scots Pine
and Common Spruce and Their Change During Sulphate Pulp-
ing, Acta Acad. Abo. Ser. B 38:1–11 (1978).

15. Aitzetmüller, K., and K. Vosmann, Cyclopropenoic Fatty Acids
in Gymnosperms: The Seed Oil of Welwitschia, J. Am. Oil
Chem. Soc. 75:1762–1765 (1998).

16. Berry, S.K., Cyclopropene Fatty Acids in Gnetum gnemon (L.)
Seeds and Leaves, J. Sci. Food Agric. 31:657–652 (1980).

17. Mustafa, J., A. Gupta, M.S. Ahmad Jr., F. Ahmad, and S.M.
Osman, Cyclopropenoid Fatty Acids in Gnetum scandens and
Sterculia pallens Seed Oils, J. Am. Oil Chem. Soc.
63:1191–1192 (1986).

18. Vickery, J.R., F.B. Whitfield, G.L. Ford, and B.H. Kennett, The
Fatty Acid Composition of Gymnospermae Seed and Leaf Oils,
Ibid. 61:573–575 (1984).

19. Schlenk, H., and J.L Gellerman, Arachidonic, 5,11,14,17-
Eicosatetraenoic and Related Acids in Plants—Identification of
Unsaturated Fatty Acids, Ibid. 42:504–511 (1965).

20.Aitzetmüller, K., Fatty Acid Patterns of Ranunculaceae Seed
Oils: Phylogenetic Relationships, Pl. Syst. Evol. [Suppl.]
9:229–240 (1995).

21. Wolff, R.L., Discussion of Term “Unusual” When Discussing
∆5-Olefinic Acids in Plant Lipids, J. Am. Oil Chem. Soc. 74:619
(1997).

22. Rothwell, G.W., New Interpretations of the Earliest Conifers,
Rev. Palaeobot. Palynol. 37:7–28 (1982).

23. Miller, C.M., Jr., Current Status of Paleozoic and Mesozoic
Conifers, Ibid. 37:99–114 (1982).

Robert L. Wolff
ISTAB
Université Bordeaux 1
Allée des Facultés
33405 Talence cedex, France
E-mail: r.wolff@istab.u-bordeaux.fr

[Received and accepted July 28, 1999]

1516 LETTER TO THE EDITOR

JAOCS, Vol. 76, no. 12 (1999)


