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barrier for glucose, but probably formed a complete per-
meability barrier for dithane. Had there not been a per-
meability barrier for dithane, the dithane-resistant mutant
would have been expected to be defective in PS II activity,
leading to the development of an auxotrophy for a fixed
carbon source, as in the previously reported methylamine-
resistant mutant of N.muscorum!’. Dithane-resistance was
thus thought to be a case of permeation mutation. Further
experiments to confirm the presence of a permeability
barrier for dithane in the dithane-resistant mutant of
N.muscorum are in progress. Experiments with glucose
suggested the existance of an active glucose-transport sys-
tem in N.muscorum as well as its dithane-resistant mutant
strain,

The present findings give a clear indication that it would be
possible to isolate mutant strains of blue-green algae resis-
tant to other pesticides as well, which can grow, multiply
and continue fixing nitrogen in fields treated with those
pesticides.
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Chemical subdivisions within the genus Arctostaphylos based on flavanoid profiles?

K.E. Denford

Botany Department, University of Alberta, Edmonton (Alberta, Canada T6G 2E9), 9 April 1981

Summary. The flavonoid glycosides from 227 populations representing 20 species of Arctostaphylos have been identified.
Certain glycosides are of values in subdividing the genus into discreet chemically related groups. A single linkage comput-
er analysis shows the existance of subdivisions based both on oxidation levels of the flavonoids as well as glycoside
variation. The ability to form 7-O-glycosides appears to be restricted and could be of future value in the identification of
hybrids between those taxa capable of 7-O-glycoside synthesis and those unable to do so.

Arctostaphylos is a mainly North West American genus of
woody plant sometimes divided into about 100 taxa’. Many
of these taxa are described and delimited by a few trivial, if
not questionable characters and subsequently the genus
appears to be taxonomically difficult to evaluate. In all
probability there are about 25-50 distinguishable taxa with
definite delimitable characters.

Previous studies on Arctostaphylos uva-ursi (L.) Spreng.
have indicated the usefulness of flavonoids as phytogeo-
graphic and taxonomic markers within the genus™*. Fur-
thermore, studies have been carried out on the distribution
of flavonoid aglycones within the genus. Of 41 species,
subspecies and varieties evaluated; 10/41 produced myrice-
tin and quercetin derivatives; 21/41 produced myricetin,
quercetin and kaempferol derivatives, and the remainder
produced quercetin and kaempferol derivatives alone’.
Several workers have suggested that levels of B-ring
hydroxylation in flavonoids is indicative of primitive versus
advanced phylogenetic standing®. It would appear therefore
that within the genus Arctostaphylos there are both ‘primi-
tive’ and ‘advanced’ taxa - those producing trihydroxy and
dihydroxy derivatives but no monohydroxy flavonoids (i.e.,
kaempferol) and those not producing trihydroxy derivatives
(i.e., myricetin).

As part of a continuing study of this genus a total of 227
populations representing the taxa in the table were evaluat-
ed for their flavonol glycoside profiles as examples of
biochemically ‘primitive’ vs ‘advanced’ forms. Voucher
specimens were deposited in the University of Alberta
Vascular Plant Herbarium.
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Phenogram of 20 taxa of Arctostaphylos on the basis of a single
linkage analysis of their flavonoid-glycoside pattern.
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Distributions of flavonoid glycosides in certain members of the genus Arcrostaphylos

o«

g

s

=

9 [} o 3

&b S~ Y e =%

g s I 5 Q] = & E o

£ 8% %33 £ 535 <£% 3435 £3F ¢

© Q@ 9 9 O 0 0 0 0 O © O o 6o o o O° 2

S T L T s S - R L S - S S S - h e @ §

= 2 2 = O O O O O O O O M ¥ ¥ ¥ M Z

A. elegans Jepson + + +  + o+ + + + + 7

A. hookerii Don + + + + + + + + o+ 6

A. patula H.B.K. + + + 4+ 4+ + + + + + 6

A. manzanita Parry + + + 4+ + 4+ + + + 4+ o+ 21
A.manzanita ssp. laevigtra (Eastw.)

Munz. + + + + o+ o+ o+ o+ o+ o+ 6
A. stanfordiana Parry + + + o+ + + + 6
A. pacifica Roof + + o+ 4+ + + + o+ 4+ 14
A. nevadensis Gray + + + + + + + + + 6
A.pungens H.B.K. + +  + + + + 19
A.pungens H.B.K. var. montana

(Eastw.) Munz. + + + 4 + + 7
A. obispoensis Eastw. + o+ + 4+ + + o+ 6
A. edmundsii Howell +  + + o+ + + o+ 8
A. glandulosa Eastw. + + + + 4+ 23
A.glandulosa Eastw. var. crassifolia

Jeps. + o+ + + + o+ 14
A.viscida + + + + + 4+ 7
A. andersonii Gray + o+ + + + o+ 20
A.andersonii Gray pallida (Eastw.)

Adams ex McMinn. + + + + +  + 21
A. canescens Eastw, var. candidissima

(Eastw.) Munz. + o+ + o+ 4+ + 4 17
A. crastacea Eastw, var. rosei (Eastw.)

McMinn, + o+ + + + + + o+ o+ 7
A. myrtifolia Parry + o+ + + o+ ¥ + o+ 6

Air dried pressed leaves of each taxon were exhaustively
extracted with 80% aq. ethanol. Excessive chlorophyll was
removed by partitioning with multiple aliquots of petrol-
ether and after concentration, paper chromatography and
Sephadex column fractionation of the subsequent extracts
showed a total of 17 flavonoids distributed within the 20
taxa (a minimum of 6 populations and a maximum 23
populations per taxon). Standard methods were used to
establish flavonoid identities®8(UYV, rfs., fluorescence, spec-
trophotometry and co-chromatography with known stan-
dards).

4 myricetin, 8 quercetin and 5 kaempferol glycosides were
identified (table). Of the quercetin glycosides identified
were 3 ubiquitous (quercetin 3-O-galactoside, 3-O-gluco-
side and 3-O-rhamnoglucoside) (table). Within the myrice-
tin-producing taxa myricetin 3-O-rhamnoside, and 3-O-
rhamnoglucoside were common to all taxa as were their
counterparts in the kaempferol-producing group (kaemp-
ferol 3-O-rhamnoside and 3-O-rhamnoglucoside). Querce-
tin 3-O-arabinoside was found in all myricetin-producing
taxa, but in only 1 kaempferol-producing taxon 4. edmund-
sii (table).

Also of note is the fact that although quercetin 3-O-
galactoside is ubiquitous, its counterpart myricetin 3-O-
galactoside was not detected in any of the taxa investigated,
and kaempferol 3-O-galactoside was found in only 1 taxon
(A.crastacea var. rosei). Furthermore, although there is a
discontinuity in distribution of flavonoid glycosides, certain
taxa, although morphologically distinguishable from each
other, have identical profiles, e.g., A.elegans - A. hookerii,
also A.viscida - A.andersonii and A. pallida, all the 3 latter
taxa being biochemically identical (table).

The distribution of 7-O-glycosides is restricted to only 4 of
the taxa investigated (A. stanfordiana, A. nevadensis, A. cras-

tacea and A. myrtifolia) and consequently could be of value
as a taxonomic marker in assessing the origins of any
hybrids within the genus. Of possible importance in the
systematics of the genus is the presence of certain glyco-
sides that appear to be key characters in the formation of
sub-divisions within the 4rctostaphylos complex. Quercetin
3-O-diglucoside (probably the sophoroside) is a major
dividing character in the subdivision of the ‘manzanita’
members of group I whereas kaempferol 3-O-arabinoside is
a key character in separating the ‘glandulosa’ taxa from the
remaining members of group II.

A ‘single linkage’ analysis of the distribution of flavonoid
glycosides isolated allows a separation of the taxa investi-
gated into 2 major groups based on hydroxylation levels as
previously discussed'®. No taxa so far investigated appears
to ‘bridge the gap’ between these 2 groups. Further studies
are at present continuing to determine if this holds true.
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