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Abstract—Twelve species of the liverwort genus Riccia were analysed for their fatty actd composition and 1n all
species acetylemc fatty acids were detected In the species of the subgenus Ricciella, 9-octadecen-6-ynoic acid, and in
the subgenus Euriccia, 9,12,15-octadeatrien-6-ynoic acid were the most abundant components. 9,12-octadecadien-6-
ynoic acid was present in low amounts in both subgenera. In other genera, for example, Marchantia, Corsinia,
Oximitra and Ricciocarpos, which are related to Riccia, no acetylenic fatty acids could be detected.

INTRODUCTION

More than 600 acetylenic compounds are known from
higher plants, fungt and microorganisms [1]. The dis-
tribution of these compounds has, 10 a certain extent,
some chemotaxonomic relevance [2]. There 1s evidence
that this is also true for the acetylenes of bryophytes
which have been dentified exclusively as long chain fatty
acids wrth a characteristic arrangement of triple and
double bonds. This arrangement has not been found 1n
acetylenes from other natural sources [3,4] The fatty
acids 9,12-octadecadien-6-ynoic acid (18:2A), 9,12,15-
octadecatrien-6-ynoic acid (18 3A)and 11,13-ercosadien-
8-ynoic (20 2A) acid have been 1solated and identified
from different mosses [5-7). 9-octadecen-6-ynoic acid
(18:1A) which was assumed to occur in the moss Fontin-
ahs antipyretica Hedw. [ 8] has recently been 1solated and
identified from the liverwort Riccia fluitans (L.) A Br. [9]

The purpose of the present study 1s to analyse a
number of species of the Ricciaceae and related farmhes
n order to find out whether the distribution of acetylenic
fatty acids can provide any useful chemotaxonomic -
formation on this group of hverworts

RESULTS AND DISCUSSION

Twelve species of the liverwort genus Riccia were
examined for therr fatty acid composition and all of them
were found to contain up to three different acetylenic
fatty acids 1 various amounts. All species showed one of
two typical patterns of acetylenic fatty actds which clear-
ly correspond with the two subgenera Ricciella and Eu-
ricca into which the genus 15 subdivided [10, 11]. In the
subgenus Ricccrella 18 1A 1s the major acetylenic com-
pound 18 2A 1s also present in all species examined, but
tn amounts less than 5 mol% 18 3A was detected only in
two spectes 1n similar low amounts In three of the four
species analysed 18- 1A was also the principal fatty acid.
Only 1n Riccia huebeneriana Lindenb was the amount of
18- 1A exceeded by that of 18:0 and 18 1 (Table 1)

*Deceased on 10 January 1986

The distribution of the fatty acids of the mam lipid
classes in Riccia duplex Lorbeer 1s shown mn Table 2; the
patterns of the fatty acids of the other members of the
subgenus are very sumilar Acetylenic fatty acids were
found not only 1n the triacylglycerols, as occurs 1n mosses
[4,5,12,13], but also 1n considerable amounts in the
glycolipids, particularly 1n the monogalactosyl diglyeeri-
des The occurrence of an unusuval fatty acid which 1s
found 1n particularly high amounts in the phosphodityl-
choline fraction 1s also remarkable The compound has
been tentatively identified as 18 2w9 Its GC R, 1s slightly
shorter than that of 18- 2w6. Catalytic hydrogenation of
the compound yielded 18.0 GC-MS analysis revealed a
[M1* of m/z 294 and a mass spectrum almost 1dentical to
that of linoleic acid Because of the structural relation-
ship, this compound 1s likely to be connected with the
presence of the acetylenic acid 18 1A

In the subgenus Euriccia the major acetylenic fatty
acid 1s 18 3A and in five of the eight species examined, it
was the most abundant compound (Table 1). 18-2A 1s
present i amounts very similar to that of the subgenus
Ricciella, whereas 18 [A 1s found 1n very low amounts or
was absent.

The famuly Ricciaceae consists of two genera, Riccio-
carpos and Riccia The genus Ricciocarpos 1s monotypic
with Ricciocarpos natans (L) Corda which s free of
acetylenic fatty acids The fatty acid pattern of Ricciocar-
pos 1s very similar to that of the Marchantiaceae, with
18:3w3 being the prncipal component with large
amounts of 20:5w3 and 20 4w6 [14], (Table 1) The
flavonoid pattern as well as the occurrence of o1l bodies
suggest a close relationship of Ricciocarpos to Marchan-
tia {15]. The fatty acid pattern resembles that of Oxymi-
tra paleacea Bischoff, representing the family Oxymitra-
ceae which, together with the Ricciaceae, forms the sub-
order Riccunae Also Corsmnia coriandrina (Spreng)
Lindb of the Corsimaceae, a family which 1s supposed to
be closely related with the Ricciaceae [16] was found to
be free of acetylenic fatty acids.

Our results indicate that the occurrence of acetylenic
fatty acids 1s a genus-spectfic character of Riccia, which
distinguishes the genus not only from related genera and
families of the order Marchantiales, but also from most
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Table 1T Distribution of the major fatty acids in genus Riccra and 1n refated genera (the values represent moi% of the total fatty acid
content)

Fatty acid

Speres. A0 RO IR P IR 2od BR 3ad 20 4o 26 Se BB OLAL R 2A0 18 A
Monocleales

Monocleaceae

Maonocley. forstert Hook 93 ) a2 St 90 49 17 574 05 09
Marchantiales

Marchantiaceae

Marchantia potymorpha L emend Burgeff 231 64 49 38 273 46 e

Corsintaccae

Corspu. corandrina. (Spreng ). Lindb 218 a7 R2 130 103 71 i1

Oximitraceae

Oximnitra patedcea Bischoff 301 41 38 112 19-1 29 [

Ricciaceae

Ricciocarpos matas (B ), Corda 264 &8 55 M5 165 76 &3

Subgenus Riccrella

Ruccra hugheneriana Lindenh AN 53 206 299 28 L7 319 125 42 L2
Ricera flintans (1) A Br 76 LR 102 St 34 08 09 617 26 30
Riccry duplex. Lorheer 109 L4 84 3L 40 08 L7 599 Ly

Ruccaa capabsadatg Hoffm 1472 L& 02 QR 91 52 2t 356 L9
Subgenus Euriccaia

Ricca hifurca Hoffm. 286 93 62 52 44 L1 6 2319
Rir ra: Link 151 59 73 70 50 54 279
Rucerwr ghanea: L. 199 7t 18 16 90 08 47 3R
Rurcau. soraocarpa. Bisch, 202 S0 61 2.4 25 124 03l L4 106
Ruccag warnstorfia, Limpr 321 LLs 717 70 1.0 49 12 49 1072
Riccra puchels Raddr 209 63 86 50 46 24 317
Riccra papillosa Marrs. 178 44 56 53 0s L7 0s 6 492
Riccwa zacharige Lorheer 176 6.1 78 77 0s 48 52 28 251

Table 2 Fatty acid pattern of the major acyl lipids of Riccia duplex (the values are mol% of the total fatty acid content of
the respective hipid fraction)

Fatty acid TG MDGD DGDG SL PG Pl PE pPC
16 0 148 838 376 515 357 524 267 394
16 1 21 07 i1 57 105 16 b4 07
18 0 36 35 37 56 89 32 21 13
18 Lm9 79 L8 33 1n3 124 103 80 16
16 3en3: 162 27
18 29 07 09 06 26 L7 60 27 163
18 26 L5 1 317 97 106 91 54 44
18 3wb 05 05 07 - 05 14 14 20
L2 2272 370 142 103 87 3R 29
- - - - 26 75 13
04 07 16 32 25 134 63
a7 L9 L7 - 43 46 234 125
576 19-6 4t
33 25 -
45 187 - - -
220 203 99 23 59 37 62 148

TG triacylglycarols, MDGD monogalactosyl diglycarides, DGDG digalactosyl diglycarides. SL sulphoquinovosyl

diglycaride, PG phosphatdyl glycasot, PT phosphadityl mosttol, PE phosphatudyt cthanotanmme PC - phosphuchdyt
cholmme
Hepaticae. Among 70 species from 27 families out of five In mosses acetylenic fatty acids are found more fre-

orders which were analysed, we found, besides the Ric-  quently than in liverworts, but they are also restricted to
c1ae, only one species, namely Monoclea forstert Hook,  certain families or genera, e g Ditrichaceae, Dicranaceae,
in which acetylenic fatty acids were present, with 18 1A Bryumand Fontinalis [4, 6, 7] and they obviously possess
being the major component chemotaxonomic significance



Fatty acids of Riccia

Since the position of the triple bond relative to the
double bonds (6-ynoic mm C*® and 8-ynoic in C2° acids) 1s
the same 1n all acetylenic acids identified in bryophytes, 1t
can be assumed that all these acids are synthesized by
the same desaturation system. The availability of differ-
ent substrates possibly regulates the resulting composit-
1on of the acetylenic acid pattern. Thus, the different
patterns by which the subgenera Ricciella and Euriccia
are readily distinguished, might be determined by vary-
ing concentrations of the possible precursors 18 1, 18:2
and 18 3. Rucciella species prefer moist or aquatic habi-
tats whereas Euriccia species are more adapted to a dry
environment [10] Thus, there, appears to be a corre-
latton between habitat requirements and fatty acid pat-
tern, but 1t cannot be dectded whether the difference in
adaptation 1s the reason for or the result of the difference
n fatty acid compositron

It seems unlikely that a highly specific triple bond-
generating system developed twice independently during
evolution in related taxa The enzyme systems respon-
sible for the synthesis of acetylenic fatty acids in both
mosses and liverworts can therefore be regarded as hom-
ologous and to be controlled by genes which must have
already been present in a common ancestor of mosses
and liverworts. This could also support the hypothesis
that those taxa which are charactenized by acetylenic
fatty acids, have not evolved too far from such a common
ancestor. The Monocleales, for example, are in several
respects regarded as primitive members of the Hepaticae,
from which the Marchantiales with the Ricciaceae prob-
ably have derived [16] For Fontinalis, an acetylenic fatty
acid-contaming moss genus, 1t ts known that the segmen-
tation pattern of the apical cell 1s exactly like that in
Hepatics [17] Also the branching modalities and the leaf
arrangement show obvious similarities with hiverwort
species [16, 18] These observations indicate relatively
Iittle divergence from a common ancestor The order
Dicranales which 1s also characterized by acetylenic fatty
acids 1s also regarded to be a less advanced taxon of the
mosses [19-21]

Our results indicate that the study of the fatty acid
composttion, particularly the search for acetylenic fatty
acids, can provide new mformation on taxonomy and
phylogeny of bryophytes. Further research i thus field 1s
necessary and should be promising

EXPERIMENTAL

Plant material Ricciocarpos natans, Oxymitra paleacea, Riccia
huebeneriana, R bifurca, R cilufera, R. glauca, R sorocarpa, R
warnstorfii, R michelu, R papillosa, R zachariae and Corsima
coriandrina were obtained from the ‘Algarum, Hepaticarum
Muscorumque 1n Cullturis Collectio’ 1n Prague, Czechoslov-
akia Riccia duplex was supphed by Dr W Schier (Unmiversity of
Wurzburg, F.R G ), and Riccia flutans and R canaliculata from
Prof H D Zinsmeister (University of Saarbrucken, FRG)
Marchantia polymorpha and Monoclea forster: are kept 1n the
botanical garden of the Umiversity of Mainz The nomenclature
18 used according to refs [10] and [11]

The hiverworts, except for Marchantia and Monoclea which
were kept on soil 1n a greenhouse, were grown at a constant
temp of 20° under white light (2000 lux, Osram TL 40 W/25) 1n
a 16hr light, 8 hr dark illumination regime A hqwd or agar
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medium m pemcilin flasks was used, contaiming 82 umol/!
CaCl, 2H,0, 789 umol/l KNO,;, 1mmol/l KH,PO,,
46 umol/l MgSO, 7H,0, 7 umol/i FeCl, and 10 mmol/l glu-
cose The pH was adjusted to 58

Lipid analysis Extn and sepn was carried out according to ref
[22] GC analysis and identification of the vanous fatty acids
have been described previously [4,9, 22]. The data shown are
the mean values of at least three dets
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