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CHAPTER I
INTRODUCTION

A. An Introductory Note

Taxonomy haes beeﬁ defined es "the study of classificat-
ion, Including its bases, principles, procedurés and rules;"
(Simpson 1961). An alternative defini tion (of systematics)
1s "the scientific study of the kinds and diversity of organ-
isms and of any and all relatlionships among them." Taxonomy
1s therefore, one of the oldest fields of blological science;
because in order to classify, even at the most elementary
levels, man had to identify organisms. Thls necessitated
observing, and making comparisons, integrating specific data
and developlng generalizations from these. Since this is the
case, one may suggest that taxonomy 1s an outdated science,
as almost everything has been named and 'pigeon-holed' already.
It must be borne in mind, however, that early scientists were
merely concerned wilth writing descriptions and giving names,
while 1n modern days taxonomists are interested in more than
desdribing and naming species. Now they attempt to establish

relationships and affinities with more accuracy.

Any attempt by man to categorlze nstursl veriations must
by necessity result in differences depending on the approach used

in distinguishing various observable criteria. Terms (categories)
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like specles, genus, tribe, family, order, etc. may be
regarded as highly arbitrary. For example, one worker
might recognize ten or fifteen genera as s given family,
while another mighﬁ designate a single genus for the same
group, and place ten or fifteen specles within this major
taxon. While both agree on the number of biological enti t-
les involved, they differ as to their rank within the larger
group. Slnce the early 1900's taxonomists have been employ-
ing new methods to gather data and make their interpretations
regarding the limits and degrees of existing relationships.
These methods include cytology, serology, genetics, anatomy,

embryology, statistics and chemistry.

Chemo~-taxonomy has a vital role as a complementary me thod
to taxonomy. Chemistry enlarges the scope of taxonomic research,
and meny more characters are available for comparison and eval-
uation through 1ts use. While leaf shape, flower colour and
other obvious morphological characters are very valuable, the
infinite number of chemical constituents of plants, which may
be significant in illustrating relationshlips, provide an increased
basis for finding affinities. These "secrets" of nature can be
revealed by the use of various chemical tests, in which, not
only the abundance of occurrence, but also the restricted pres-
ence or lack of certain constituents become important. For
example, the alkalold protopine 1s considered an indicator of

the family Papaveraceae, since 1t is rarely found elsewhere.




In this case ﬁhe restricted occurrence makes the constituent
significent in a study of;affinity. - On the other hand,
sucrose occursvcommonly-throughout the piant kingdom, and

is therefore chemo-taxonomicallyﬂ not important. However,

if it were discovered that a certain group of‘plants was.
entirely sucrose-free, then this charécter would assume prom=-
inence in regard fo 1ts rélationahip to‘bthér groups. 3Such
possibilities exist and 1t was through chemo-téxonomy, that
researchers found new clues and followed them up with a new
surge of interest. This paper is concerned with some aspects
of this type of 1nvestigation.—“The order it is dealing with
1s well known and of importance far beyond its mere botanical

aspects. The order Rhoeadales 1is composed‘of families grow-

ing all over the world. Members of the Cruciferae (cabbage,

turnip, radish, rape, etc.) serve as food for man and animals.

Spices (mustard from the Cruciferae, and capers from the

Capparidsceae) and narcotics (opium, morphine, etc. from the

Papaveraceae) are produced within this order. Besides these

useful commodlties are some other products which are suspected
of being dangerous, for example, the goltregenic substances of

the Brassicas, which are of great Interest to researchers for

their medical implications.




B. The Purpose of this Research

Several years ago, (at least ten) Prof. R. Darnley Gibbs

realized that the order Rhoeadales presented an interesting
taxonomiec problem by virtue of the many and diverse opinions
which had been expressed on its classification. He also
felt, that having only seven families (according to Engler
and Diels) this order could be worked on from many points of
view more readily than a larger, less manageable one. With
this in mind, he did some preliminary research, and later
passed the problem on to a former student, who investigated

1. The findings of both these

the cyanogenetic glycosides
workers are incorporated in this paper. In 1961 Dr. Gibbs
suggested that I should investigate the family relationships

of the same order in the light of a wider array of chemical

constituents.

Despite a recent work of Heénaﬁéfz on the classification
of the order Rhoeadales, it was felt that further research‘was
necessary, as his survey considered onlyjé‘few chemical char-
acters. However, hié paper served as.a spring-board for this

" work, in which the purpose was to investigate the order Rhoeadales

‘1J.M. Honeyman, (1956) "On the occurrence of cyanogenetic
glycosides in the O. Rhoeadales". Taxon Vol. V, No. 2, pp. 33-34.

2R. Hegnauer, (1961) Die Gliederung der Rhoeadales sensu
Wettstein im Lichte der Inhaltstoffe. Planta Medica 9: 37-46.
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using chemical tests with a view to add some researcﬂ‘glnd-
ings about: (a) further chemical characters of the families,
(b) éffinities and/or absence of affinities between the
families generally considered to constitute the order, (c)
gaps in the knowledge of these families, which might facil-
itate any further work done on this group. It was hoped that
these investigations would lend support to, or aid in refut-
ihg some of the more recent classifications of the order.
Hutchinson's "Families of flowering plants", (1959) was used
as a general frame of reference for a critical review of
orthodox taxonomy as opposed to the older views of say Engler

and Diels.

C. Historical Background

Taxonomy‘was first based on characters identifiable by the
human sensorium. The esrliest classification grouped plants
according to form and size into trees, shrubs, and herbs. 1In
the years between 1686 - 170l a step forward was made by John
Rey, who in "Historia Plantarum", divided plants into two groups:
'"Imperfect";- apparehtly‘w1thout flowers or seeds and spring-
ing up spontanéously (Fﬁngi, Algae and some kind of Mosses)"!,
and '"More nearly perfect" - with flowers and seeds"'. He

further divided the second group on the basis of their seedsl.

1R. Darnley Gibbs, Botany (Philadelphia: Blakiston
Company, 1950), p. 338.
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Later, gradually also content matter of plants was
considered, chlefly in relation to drug plants. In those
days the physician was a botanist, with his indispensible
herb garden, and his interest was the grouping of plants
having similar "virtues" or medicinal properties. For ex-
amplel, in 1699 James Petiver reported that .... "the Herbae

Umbelliferae" were generally found to be endowed with a

tCarminative Taste and Smell!?, powerfgl expellers of Wind,
and therefore good in all flatulent Diseases, and of great
use In the chollick, etc. To cite a few for exeample, as
Aniss, Carawsy, Cummin, Angelics, Smaliage, Parsley, Lovage,

etc." Petiver also mentions the Cruciferae as follows:

"3, We proceéd to those herbs which have a Tetrapet-
alose Regular Flower ... the most Essential Vertue
and use of the Herbs of this class I observe are more
particularly in the leaves and seeds, and next them
the roots, and if any part is slighed 1t is the
Flowers and Podds. The leaves are more particularly
used in the Water and Garden Cresses, Sea and Garden
Scurvy-grass, Hedge-Mustard, Iberls ... Others of
this family that are more peculiasrly eminent for the
Vertue contained in their seed, are the common Mustard
and Rape ... I am certain the effects of many of these
herbs ... are by most, if not all Physitians, as well
Antient as Mordern, allowed to be extraordinary
Diureticks and Antiscorbuticks."

The history of the various classifications of Rhoeadales

by eminent taxonomists over the years 1s rather 1nterestin32.

1R, Darnley Gibbs, "History of Chemical Taxonomy", in
Chemical Plant Taxonomy, Edit. T. Swain, (London. New York:
Kcademlc Press, 1963J, pp. L2-Ll.

2q, Harms, Die natiurlichen Pflanzenfamilien, (Leipzig:
Engelmann, 1936) VoI. I7b, pp. 1l-0.
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According to Linn€'s sexual system (1738), the largest group

of the Cruciferae was the 15th Class Tétradymannia, which was

divided into Siliculose and Siliquose; also Cleome was con-

sidered to belong to them. In the draft of his "natural syst-

ems", Papaveraceae were in Ordo XXX, Capparidaceae in the next
one, Hypecoum and Fumaria in Ordo XXVIII; the Cruciferae were

far removed in Ordo LVII.

Earlier systematists had already some recognition of the

"natural" system: Caesalpinus (1583) included Cruciferae in

his group VII: Herbacezse bin's conceptualis. Morison (1680)

considered the main relatives of his Siliguosae‘to be the

Cruciferae and some of the typical Papaveraceae. Joh. Rajus
(1682) and H. Boerhaave (1710 - 1720) had somewhat similar

. opinions. Their group Tetrapetalae, Cruciformes, Siliculosae,

et Siliquosae comprised Cruciferae, Papaver and Cleome (as

Sinapistrui). Tournefort (1694) related Cruciferae under the

name Cruciformes, together with Hypecoum, Chelidonium and Cleome;

he made some quite unique deviations too. A.L. de Jussieu (1789)

places Papaveracese after.Ranunculaceae 'fédllewdd by €ruciferae,

Capparides and Sapindales. Resedales he grouped under "Genera

Capparidibus affinia" whereas Marcgrevia, Norantea, Drosera, and

Parnassia, were placed in far removed areas of the system.

Moringa he included in Leguminosae. Bértling's (1830) Rhoeadeae

comprised Tremandreae, Polygaleae, Fumariaceae, Papaveraceze,

Cruciferae, and Capparidaceae. End&ichér's (1839) Rhoeadales
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consists of Papaveraceae, Cruciferae, Resedacease, Datiscaceae;

the last: - one now belonging to the Parietales. Moringese are

still under Leguminosae. Lindley (1836) combined Alliance I,

Cruciasles of the Parietosae,the Cruciferase or Brassicacese,

- Capparlidaceae and Resedaceae; on the other hand, Papaveraceae

with 1ts suborder Fumariese, are assigned to Ranales and

Mofingaceae to Violales. In a later work (1853), he separated

Fumariaceae and included them in Berberales. This 1ist of

early systematists could be prolonged and great variances shown.
Some of the more controversial ones were A. Brongniart (1850),
Bentham and Hooker (1862), Baillon (1872), A.W. Eichler (1878),
A. Kerner etc., until via the "Konigsberger Stammbaum",

Wettstein in his handbook (192};) concludes about Rhoeadales

(Papaveraceae, Tovariacese, Capparidacese, Cruciferae, Resedaceae

and Moringacese) that ....

"the relationship of the femilies comprising this order
is without any doubt; as was recently proven serodiag-
nosticelly in clear reactions by Alfred Preuss and

morphologicslly by thorough investigations of Murbeck."

Also in 192, Engler and Gilg classified Rhoeadales.

Their system was as follows:

Suborder 1. Rhoeadineae. Flowers heterochlamydic; mostly

only two petasls. Papaveracesse.

Suborder 2. Cagpaffaineae, Flowers heterochlamydic; four or

_sore petals. Capparidaceae, Tovariaceae, Cruc-

iferae.

Suborder 3. Resédinese. Flowers spirocyclic, heterochlamydic.

Resedacese.
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Suborder 4. Moringineae. Flowers cyclic, heterochlamydic,

zygomorphic. Moringaceae.

Suborder 5. Bretschneiderineae. Flowers slightly zygomorphig,

heterochlamydic. Bretschneideraceae.

The same order is followed in the second edition of Engler and

Prantl's "Die Natlirlichen Pflanzenfamilien" (19%6).

Engler recognized thét'morphological criteria alone are
insufficient; and studies in floral anatomy (Saunders; Eames,
Wilson, Dicksen) in the early 30's called for hewer and more
differentiated criteria for taxonomical considerations.

Engler was not alone in this feeling, because around this time
other taxonomists began to realize that "the connection between
the natural relationships of plants and their chemical compos-
ition" could be significant. These were the beginnings of
"comparative phytochemistry". Between 1917 and 1945 McNairl
published several papers in whichvhe attempted (unsuccessfully)
vto apply comparative chemistry generally, to taxonomy; Since
that time, the concept has gained ground, and increasing
research is being done to solve problems of disputed relation-

ships using this method.

Consider the order Tubiflorae, for exémple. According
to the Engler and Diels classificetion (1936, 1lth edition) the

Tubiflorae (6th order of the Sympetalae) is an order of twenty-

lGibbs, op. cit. p. 47
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two families, including more than 1000 genera and about
20,000 species. In this order are such well known fasmilies

as the Solanaceae, Lablatge,Convolvulacese, etc. One would

think that relstionships of such economically important
feamilies would have been fully established long ago. However,
this is not the case. Hutchinson (1959) splits some of Engler
and Diels families, resulting with twenty-eight families in-
stead of twenty-two; and these he distributes in four major
groups as end lines of evolutionl, If Hutchinson 18 pight,
there should be considerable differences between the groups;
but on the other hand, 1f Englep and Diels were right, these
families should be a homogeneous’ group, and therefore of sim-
ilar chemical characteristics. Dr. Gibbs® worked on this order
using comparstive chemistry, and concluded that the group was

homogeneous, more . in aéreement with Engler and Diels.

Another dispﬁféd order. is the Geraniales; in which Engler

and Diels put twenty-one families. Hutchinson? spllts them
up into woody and herbaceous lines; and instead of twenty-one,

his order Geranialesh has only three familles, developing from

1R. Darnley Gibbs, "Comparstive Chemistry of Plants
as applied to a Problem of Systematics: The Tubiflorae,"
"Trans. Royal Soclety of Canada, Vol. LV1 : Serles Ill :
June, 1962. Sect. 11l. pp. 1LL, 145.

2

Ibid. p. 158.

33. Hutchinson, The Families of Flowering FPlants,
(Oxfords: 2nd ed., Vol. I,; 1959) p. 120.

thid. pp. 108, 117.
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- the herbaceous Ranales. The other families are distributed

along branches from the woody Magnollales. Currently

research 1s underway at McGill, investigating the chemo-

taxonomy of this order.

A third example of controversy is to be found in the

order Rhoeadales, with which this paper 1s concerned. Engler

end Diels (1926) place seven fasmilies in this order: Crucif-

erae, Capparidacese, Resedaceae, Papaveraceae, Moringaceae,

Bretschneideraceae and Tovarlaceae, Hutchinson1 (1959) con-

siders these famlilies asrbeing representatives of two distinct

lines of development.

In his 1959 edition of "Families of flowering plants”,

he made a significant rearrangement of the order Rhoeadales

(sensu Wettstein 1935). In the scheme of Wettstein and many

other taxonomists, the Rhoeadales (= Brassicales according to

Pulle) i1s a natural unit deriving directly from the Polycarpicae.

In this order they place the famlilies Papaveraceae, Capparidacease,

Cruciferae, Moringaceae, Tovarisceae. In 1956 Moritz and Rohnz,

using improved serological methods, showed that the families

llbid. pp. 108, 117.

20, Moritz snd H.L. Rohn, "Untersuchungen zum Problem
der serologischen Fernreaktionen", Planta, 7: (1956) pp. 16-L6.
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combined as Rhoeadales form a natural group. Hutchinson on

the other hand, believes that in the old Rhoeadales there
are representatives of two entirely different lines of dev-
elopment (herbaceous and woody). Accordingly, he has made

a new classification of the order. Cappsridaceae, Tovariacease,

and Moringaceae form for him the order Capparidales; which

derives from the Pittosporaﬁes;. The remaining families he

Includes 1n three monofgg;liélorders, deriving from the

Ranales.'(ﬂee Fig. 1).



Figure 1. The position of Families of Rhoeadales (according to Wettstein),
in the System of Hutchinson (1959).

Magnolisles_ _; Dilleniales —yBixales_, Plttosporales__, Cap afidales

(qgﬁgiriaaceae)

(Woody) \ (Moringacese )
(Tovariaceae)

Proangiospermae
(Herbaceous)
Ranales .
' T Rhoeadales___5 Cruciales — sResedaceae
(Papaveraceae) (Cruciferae) (Resedaceae) -
(Fumarlaceae) ,

Figure 2. The Position of the Families of the Rhoeadales (according to Wettstein),
in the System of Takhtajan (1959). _

Ranales , Papaverales
(Papasveracese)
(Fumariaceae)
Megnolliales

'Dilleniales___9-01stales.___9Cappar1dales

(Resedacese)
(Capparidacease)

(Moringaceae)
(Brassicaceae)
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Also in 1959, Takhtajan made a2 new classification of

the Rhoeadales. He split off Papaveraceae, and included

them in the order Papaverales (as Papaveraceae s. stricto +

Fumariaceae). The remaining families he combined in the

order Capparidales; deriving from the Cistales (possibly

Flacourtiaceae).

Hallier had made a similar limitation of the Rhoeadales

in 1912. He too included the Papaveraceae in his Ranales.

The Moringaceae he placed in the Caesalpinioideae of the

Leguminosae; and in an order Cruciales, deriving directly from

the Ranales, he has Cruciferae, Resedaceae, and Capparidaceae

(including Koeberlinia and Tovaria). In Table I. these views

and some others are shown.
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Table I. The Familles which have composed the Order Rhoeadales,

in some classifications.
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Papaveraceae® + 4 + + + +
Fumariacese + +
Capparidacese + * + + +
Cruciferae : * * + + +
Tovariaceae * + + " 5
Resedaceae #* # + +
Moringaceae + + +
Bretschneideraceae *

» Papasveraceae includes ﬁEapavéﬁai&eaep Fumarioldese. and
Hypecoideae.

1Bessey also includes in his order the Nymphseaceae
(excluding Nelumbonoideae and Cabomboidesae),

2304 includes Bretschneideraceae in the family Moringaceae.

Wettstein's opinion on classification is shared by
Hegnauer (1961).



D. The Problem

The preceeding paragraphs of the background serve to
1llustrate the widely divergent views on classificastion of

the order Rhoeadales which exist. In this research project,

efforts were directed to answering some of the questions which
arose from these disputes. The problem was considered as

follows:

Does chemical evidence indicate the families of the order

Rhoeadales (according to Engler and Diels,1936) to be an .homogen-

eous group, or does it rather support splitting off some mem-

bers into other orders?

Are the chemical characters of the Capparidaceae, Moring-

aceae and Tovariaceae distinct enough to warrant the hypothesis
that they stem from a line of development different from the

Resedacease, Cruciferae and Papaveraceae?

Are the characters of the Papaveroideae and Fumarioideae

sufficiently distinct to merit their being classified as separ-

ate families?

In pursueing the previous questions we were led to consider
aspects that only accentuated the complexity of our problem.
For instance, similar characters may be used to support differ-
eht arguments depending on the frame of reference used. Can
conclusions based on chemical characters, therefore, be considered
valid enough to Jjustify changing hitherto accepteble and work-

able taxonomic schools of thought?
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CHAPTER II
LITERATURE SURVEY

A. Comparative Phytochemistry

"We are impressed, each time we look into the history
of a particular toplc, with the difficulty of discovering

1

the real beginnings." This statement by Gibbs™ in his "Hist-

ory of chemical taxonomy" was made with reference to phyto-

chemistry, eand is a very apt one. Alston and Turner®

report
that as esrly as 1909 Greshoff used the term "compara tive
phytochemistry" and defined it as: '"the knowledge of the
connedtion between the natural relstionship of plants and

their chemical composition". Greshoff further suggested, that
a short chemical description should be part of the "formal
description" of a new genus or species. Such a chemical des-
cription Alston and Turner would like to be called the "bio-
chemical profile" of the plant. At present such a step does
not seem Iimmlnent, and this may be due.to the fact that commun-
ication between various branches of science (especially chemistry

and botany) 1s still minimel. Chemists may be interested to

1solate and identify specific compounds produced by plants, but

1R, Darnley Gibbs, “History of Chemical Taxonomy", in
Chemical Plant Taxonomy, Edit. T. Swain, (London, New York:
Academic ¥ress),196%:, p. 4l.

2Ralph E. Alstoh.and B.L. Turner, Biochemical Systematics
(N.J.: Prentice-Hall', Inc.,)1963, pp. L6-L7.




it is unlikély that they would undertake & survey of the
complément of constituents present, which would be of more
concern to the phytochemiét. Robinsonl makes the keen and
relevant observation, that although chemlstry is a very
essential tool in biological sciences, the apfroach must of
necessity.be different since'"the kinds of things he (the
biologist) needs to know are not necessarily the same things
which a chemist needs to_knoﬁ." Robinson further points out,
and his viewpoint 1s shared by Hegnauer2 and others, that the
literature on plent chemistry extends across several special
flelds, each with a different view. However, in spite of
these difficulties, phytochemistry is increasingly being

employed.

E.C. Bate-Smith has reviewed the subject recently, and
feels that not only are the chemical constituents of plsants
important, but also their varlations and the processes by which
these might arise. He belleves that two kinds of research are

needed:

1Trevor Robinson, The Organic Constituents of higher
plants, (Minn.: Burgess Pub. Co.), 1963, preface, 1.

2&. Hegnauer, ChemoTaxonomie der Pflanzen, (Birkhauser,
Basel und Stuttgart), Vol. I, 1962, preface ppo-{.

5E.C. Bate-Smith, "g}gpy%giggggm1§pglgk1Vistas in Botany,
Edit. W.B. Turril, (Pergamon Press), 1959, pp. 100-122.




1. Extensive.survey, employing indicsative reactions; and

2. 1intensive research, detailed studles of restricted
groups of plants with reference to specific, identified con-
stituents. In the area of extensive survey, he states that
Gibbs has made "the most determined attempt to date to bring

chemical considerations to bear upon the Taxonomic situation."

Over the years Glbbs has publlished several papers on the
role of comparative éhemistry in systematics and he emphasises
the point that chemistry is invaluable "to supplement" but not
"to replace" morphological characters.l Another worker who
gives attention to survey of many characters 1is Hegnauerz.

When in 1962 the first volume of his Chemotaxonomy of Plants?
appeared, it covered the lbwer plants and Gymnosperms. Hegnauer
felt that chemical compounds may bé of more value to the system-
atists after thelr blosynthesis has been clarified. On the bther
Hand,uxplouvierh expresses the opinion that "la présence ou
1'absence d'un compose determing constitue un caractdre chimique

simple et précis, pouvant servir & distinguer des groupes."

1R. Darnley Gibbs, "Comparative chemistry of Rlants as
applied to & Problem of Systematics: The Tubiflorase.” Trans.
Royal Society of Canada, Vol. LVl : Series 111 : June, 19562.
Sect. 11l1l. p. 143.

2R. Hegnauer, "Chemotaxonomic matters 1l: Phytochemical
indications of the position of the Aristolochiacease in the system
of Dicots." Pharmazie 15 (11): (1960) pp. 634-6L2.

3R. Hegnauer, op. cit.

hVictor Plouvier, "Le caractére chimique en taxonomie
végétale". Rev. Gen. S¢i. Pures Appl. Bull. Associ. Franc. Avan,Sei.

69, (1962) pp. 331-Lb.
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These few examples should suffice to show that the approaches
and methods of phyto-chemistiry are quite varied, although the
aims are the same; i.e. to obtain mofe,reliable bases for

plant classification.

.B’ Chemotaxonpmic Methods

Advances havé been made in chemotaxonomy, due to the
improvement of old techniques along with the development of
new ones. For example»in Serology, Alston and Turnerl give a
good summary of the historical developments in this technique.
They recall the early work of Nuttall (1901). Alsﬁon and
Turner also summarize a series of papers by Chester (1937) on
the controversy between the Berlin and Konigsberg schools of
thought on Serology. Interest in this method waned until the
work of Moritz and Rohn2 (1956). Their work is especially
~ significant for this paper, as they applied serological techniques

to the order Rhoeadales, and on that basis pronounced the order td

be "a natural group". In a later paper Moritz and Frohne criticized

lR.E. Alston and B. L. Turner, op. cit. pp. 68-90.

2O Moritz and H.L. Rohn, "Untersuchungen zum Problem
der Serologischen Fernreaktionen." DPlanta 47: (1956) pp. 16-46.
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the primary interest of taxonomlsts in the quantitative
statement of serological method. They suggested that the
qualitative approach was essentlal. We translate from their
paper as fbllows: "No systematist would assume that three
kinds of plants of which A would yield a result of 100 grems,
B of 50 grams and‘C of 25 gréms of aﬁocarp fruits of pod
character, thét B would for this reasoﬁ be closer related to
A than to C. He would, however, include A,B and C as pod-
bearing fruits." Therefore, they srgue, it is equally false
to apply only quantitative results from serology to answering
questions in biological taxonomyl. Of even greater interest
is the most recent paper by Frdhne2 (1962) where he discusses

the relatlon of comparative serobotany to comperative phyto-

chemistry, exhiblted by serological investigations in Rhoeadales.

A most widely used method in phytochemistry, is Chromato-
graphy. A good summary of the history of this technique has
been made by Gibbs?. The role of paper chromatography in taxo-

nomy has been discussed by Hagenh, who 1s optimistic of the

15, Moritz and D. Frohne, "Form and Basis of quantitative
statements in serological taxonomy", Flora, Vol. 146, (1958)

pp. Lh2-LL3.

°p. Frohne, "Relation of comparative serobotany to compar-
ative phytochemlstry, exhibited by serological investigations in
Rhoeadales". Planta Medica, 10. (1962), pp. 283-97.

3R. Darnley Gibbs, "History of Chemical Taxonomy", in
Chemical Plant Taxonomy, edit. T. Swain, (Lond., N.Y.: academic

Press, 196%),pp 69-70.

Le.w. Hagen, Jr., "The role of paper chromatography in
Taxonomy", Proc. Indiana Acad. Sci., 70: (1960), p. 207.
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importance of this technique to the taxonomist, since far
more attributes can be determined from & single specimen
using thls method, than can be convenientlj assessed by any
other. He does caution; however, that serious errors may
be made if rigid evelustion of the attributes revealed is
not made. This pitfall however, 1s ever present for any

me thod employed.

L has attempted to solve a taxonomic problem

2

Ba te -8mi th
in the Rosaceae by uéing chromﬁtogréphy, whilé.: Kjaer© and
his co-workers tomntinler to investigate the sulphur compounds by this
me thod. Other types of chromatography (besides paber) are

also employed by some researchers.

Increasing need for quick detection of various chemical
constituents (especially in the field) has led to the develop-
ment of meﬁhods requiring little equipment and time. Such a
technique has been applied to alkaioid determination by Kraft3.
He removes a few drops of plant juice from the leaf by means
of a special pressure plier, and these are tested immeaiately
wlth Dragendorff's reagent (Potassium bismuth iodide) paper.

The breath and depth of colouration as compared with standards,

1E.C. Bate-Smith, "Chromatogrsphy and taxonomy in the

Rosaceae, with special reference to Potentilla and Prunus."
J. Linn. Soc. (Bot.) 58, 370, (Nov. 1958) p. 39.

2A. K jaer and H, Thomsen, " Isothiocyanates. XLIV.
The isothiocyanate glucoside (glucocepparin) in Crateseva rox-
burghii," Acte Chem. Scand. 16, (1962), pp. 783-T8L.

5D. Kraft, "A simple field method for alkaloid deter-
mination", Pharmazie, 8 (2) : (1953), pp. 170-173.
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gives quantitative information on the -alkaloid strength of

the plant. He applied this method to Papaver, Datura, Nic-

otisana, Conium, Atropa, and other specles. There 1is also

an added advantage, in that the julce obtained by this method
may be studled later by paper chromatography; Krarﬁ recomm=
ends this method for other components (e.g. Vitamins, Tannins,
etc.,) using different reagent papers. Results for specles

of Rhoeadales, tested for tannic acid by a similar method will

be reported later in this paper. Other simple methods such
as the ones carried out during this research will be discussed

later too.




- 29 -

C. The Order Rhoeadales

The femilies included in the order Rhoeadales (Engler and

Diels) have been placed in several different arrangements and
grouped under various'names over the years. Table 1A. shows
the famililes an@ orders 8s included by some taxonomlsts.

This table does not show 81l the other families which some

of the systematlsts Include, but rather gives the more common
ones and the names of the orders under which they have been
grouped. Another question in dispute has been the derivation

of the group and the affinities of the fsmilies. A few examples

follow which should illustraste these polnts.

Pulle (1952) included all the seven families of the Engler-

1an Rhoeadales in an order Brassicales, deriving from the Clus-

1ales and adjacent to the Batidales. While Nakai (1943) includes

in his order Brassicales only Resedaceae, Capparldaceae, and

Brassicaceae. The Papaveraceae, Fumarliaceae, Hypecoaceae and

Pteridophyllaceae form his Papaverales. On the other hand,

Benson (1957) calls the order Rhoeadales of Engler and Diels

the Papaverales. DBentham and Hooker's Parietales are essentlally

the Rhoeadales, but they 1nclude also, the Sarracenliaceae,

Cistineae, Canellacease, Bixineae and Violarieae. Caruel (1881)

and Lindley (1833) had also placed the Bixaceae, Cistacese,

Frankeniascease snd Sauvagesise 1In a relationship with the Resed~

ascease and other members of the Rhoeadales. The Datiscacese have
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been mentioned in this connection too. Other texonomlsts
have consldered the group to have affinities wlth the Violales.,
For example, Horaninow (184%3) included in an order Violastra,

the familles Capparidacese, Moringaceae, Resedscese, Crucifefae,

Papaveraceae and Violaceae, as well as several other families,

Bessey1 (1915) and Boivin® (1956) and others belleved that
the Rhoeadsles were derived from the Ranales., Pulle thought
them to be derived from a line between the Ranales and the

Hamamelldales. Hutchinson believed that the Papasveraceae and

Fumariaceae derived from the Ranales but the other families

(Capparidales) he thought came from the Pittosporeles.. Takhtsjan

consldered the Capparidales deriving from the Cistales. Wettsteln

considered the Rhoeadales to be derlved from the Polycarpicae

and Hegnauer3 supports this point of view. However, Hegnauer

also discussed various other possibilities, such as connections with

the Centrospermae and Passiflorales. An Interesting opinion was

expressed by Norrish‘(19h1). He made an anatomical study of the

1C.E. Bessey, "The Phylogenetic Taxonomy of Flowering Plants"
Ann. Missouri Bot. Gard. 2: (1915), pp. 106-16L.

2B. Boivin, "Les familles de tracheophytes, "Bull. Soc.
Bot. France, 103: (1956), pp. L90-505. :

2R. Hegnauer, "Die Gliederung der Rhoeadales sensu Wettstein
im Lichte der Inhaltstoffe. Planta Medica J: (1961), pp. 37-L6.

hT. Norris,'"Tbrus anatomy and nectary characteristics are
phylogenetic criteria in the Rhoeadales." Amer. Jour. Bot. 28:
(1941), pp. 101-113.
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nectaries of these families, and on this basis concluded that

"in general, it appears that the Regsedacease and the Capparidacese

are the most primitive families of the existing Rhoeadales" ....

and concluded that "the Papaveraceae, the Fumariscease and the

Cruciferae, by subsequent pasrallel evolution derived from a common

ancestral group, somewhat resembling the existing Hesedacese and

Capparidacese ..."

He continued ... "Considering the absence of

nectaries in the tori of the Papaveracese, it seems clear that

this famlly ceannot be regarded as having given rise to any other
family of the Rhoeadales."

Another aspect of study has been whether the Rhoeadales 1is

a natural group or not. Moritz and Rohn (1956)’decided on the

basis of serologlcal studles that the Rhoeadales were a natursl

group. Copeland1 (1957) reported an order Rhoeadeae (9) composed

of the families Papaveraceae, Tovarlaceae, Fumariaceae, Capparidac-

eae, Crucliferae, Moringaceae and Vliolsceae which was derived from

the Multisiliquae. Order 10 in this classification was the

Centrospermae, but Copeland expressed doubts about these placements.

As pointed out earlier in thils paper, Hutchinson and Takhta jan
using morphological criteris disagree with the idea of a natursl
order, and favour Instead a splitting of the group into the Papaver-

ales and Capparidales. In this context a recent study by

1 _
H.F. Copeland, "Forecast of a system of the dicotyledons,”
Madrdno, 14: (1957), pp. 1-9. |
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Frohnet (1962) deserves special attention. He demonstrated in

the order Rhoeadales, the relationship between serobotany and

comparstlive phytochemistry,and his results indicated that a

separation of the order into Papaverales (Papaveraceae s. str.

and Fumariacese) and Capparidales (Cruciferae, Cappsridaceae, Resed-

aceady . :and perhaps als0 Moringaceae and Tovariaceae)vwas desir-

able. HHe found the Papaveraceae and Fumarlaceae closely relatéd

serologically, and also that a cleer relationship of the Papaverales

to the Ranunculaceae existed. With this he seemed fo support

Hegnauer'32 findings in his investigation of the biochemicel char-

scters of the order.

D. The Taxonomic Significance of Some Constituents

Alkaloids

Substances too narrowly restricted in their distribution, or
those too generally present can be of 1little use as taxonomic indices.
As yet the information about the classification of biochemical sub-
stances and processes 1s limited and not too well established. How-
ever, for some time certaln substances have been used for chemical
research with only marglnal conslderation of their taxonomical
significance. The slkaloids fsll into this category. For years
they have been of economic Ilmportence, and as such much was done

on their chemistry.

1D. Frohne, "Das Verhaltnis von verglelchender Serobotanik
zu vergleichender Phytochemle, dargestellt an serologischen Unter-
suchungen im Bereiche der "Rhveadales!) Planta Medica, Vol. X, No.
3, (Sept. 1962), pp. 283-297T.

2
R. Hegnauer, Op. Cit.

&
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Recently (1963) Hegnauerl reviewed the taxonomic significance
of alkaloids, and he stated that aikaloid chemistry began
about 140 years ago with Serturner, who recognized morphine

as the effective principle in opium. Since 1950, Manske

and Holmes2 have contributed greatly to the information on
alkaloids. Willaman and Schubert’ have done much on the taxo-
nomic distribution of these compounds; and earlier (1935)
McNairh made valuable contributions in the field. Recent

publications on alkaloid chem;stry have been made by Boits.

Hegnauer6 defines alkalolds in the context of chemical
plant taxonomy as "more or less tbxic substances which act
primarily on the central nervous system. They have a basic
character, contain heterocyé¢lic nitrogen, and aré synthesized
in plants from amino acids or their immediate derivatives.

In most cases they are of limited distribution in the plant

kingdom." He considers that since they are present in about

1g, Hegnauer, "The taxonomic significance of alkaloids",in
Chemical Plant Taxonomy, Edit. T. Swain, (Lond., N.Y. : Academic
Press) 1963, chap. ll. _

2R .H.F. Manske snd H.L. Holmes, (Edits.) The Alkalolds,
(N.Y. : Academic Press) Vols. 1-V1, 1950-1960.

55.J. Willamen end B.G. Schubert, "Alkaloid-bearing
plants and their contained alkaloids", %§ric. Res. Ser. U.S.D.A.
Tech., Bull. No. 123);, (Weshington), 1961,

hJ. B. McNair, "Taxonomic and climatic distribution of
alkaloids™, Bull. Torrey Club, 62: (1935), pp. 219-226.

R. Hegnauer, op. cit.
b '

. Hegnauer, ibid.




1/6 of vascular plants, they are most useful chemotaxonomically
if their biosynthesis is studied. He noted that Hakim et al
- (1961) showed that coptisine and sanguinarine are equally well

distributed as protopine in the Papaveraceae, and felt that the

alkaloids are strong evidence for removing the Papaveraceae from

the Rhoeadales, to the Polycarpicae, with Nymphaeaceae and

Berberidaceae as close relatives. However, Hegnauer does point

out the very important fact, that although alkaloids have an
important role, more information is required about their

chemistry, biogenesis and distribution.

It may be significant that certain workers have found
changes in the alkaloid content of plants under varying conditions.
Heydenreich and Pfeifer1 repoft diurnal variations in the prod-
uction of alkaloids. Tests made four times a day showed that
mofphine was produced in the roots especially at night.
Aksanowski, Jurzysta et §;2 found that alkaloids in Papaver
somniferum vary during vegetation and also throughout the plant.
Ignorance of such variations could account for significant
discrepancies in analyses for alkaloids made by different

workers.

1K. Heydenreich‘and S. Pfeifer, "Alkaloid metabolism
in Papaver somniferum V. Changes in alkaloid content depend-
ent on time of day." Sci. Pharm. 30. (1962), pp. 164-73.,

°R. Aksanowski, M. Jurzysta, et al. "Alkaloids of
Papaver somniferum during vegetation", Dissertationes Pharm. 14,
- (1962), pp. 47-58. i
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Henryl (1949) refers to alkaloids of PQpaveraceagf;s
the "Opium 8lkaloids", and includes them under the:hé;ding
of "Isoquinoline group of alkaloids". A similar';rrangement
is made by Alston and Turner2 also. These alkgloids are deri-
vatives of isoquinoline and are grouped as follows:
1. Tetrahydrolsequinoline derivatives.
2. Benzylisoquinoline derivatives.
3. Cryptopine type
. Morphine type
5. Alkaloids of unknown consiitution.
6. Synthetic isomerides of Laudanine.
T. Phthalide isoquinoline derivatives.
8. <o¢Naphthaphenanthridine derivatives.
9. Tetrahydroprbtoberberine derivatives.
10. Aporphine type.
11. Minor Corydalis alkaloids. (Not assigned to cheﬁical
groups). (Fig. 3 shows some basic formulaé of these

alkaloids).

A 1ist compiled from various sources, but chiefly from

lp,A. Henry, The Plant Alkalolds, Lth ed. (Phil., Tor.:
Blakiston Co.), 1949, p. 17C.

2R.E. Alston and B.L. Turner, Blochemical systematics,
(N.J.: Prentice-Hall, Inc.), 1963, pp. 158-160.
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1

Manske and Holmes™ and Willamen and Schubert2 shows the

distribution of the groups of‘alkaloids in the Papaveroldeae

and Fumarioidease.(See Appendix Table 5.)

18.H.F. Manske snd H.L. Holmes, ibid.

25,J. Willsmen and B.G. Schubert, ibid.
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Some basic structural formulae of alkaloid gréups In Papaveracesae

(ineluding Fumarioideae and Hypecoidese).
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When the alkalolds contained in these families are
considered as chemical groups, some interesting varlations

are revealed (see Table II). There are five groups of alk-

aloids restricted to the Papaveroideae (including Hypecoideae).
These are, the benzylisoquinoline derivatives occurring in

Papaver somniferum and a varlety; the morphine type, 8lso

found mostly in Papaver spp.; alkalolds of unknown constit-
ution, of which the chief ones are rhoeadine and rhoeaginine,

are spread mainly among Papsver spp.; and lastly, the <« -Naphth-

aphenanthridine serivatives, spread in Papaveroidease, but with

a notable exception: Two of these alkaloids occur in Dicentra

spectabilis of Fumarioideasae.

In the Fumarioideae there are three exclusive groups.

The Phthalideisoquinoline derivatives, spread throughout this

sub-family, (only narcotine occurs in Papaver paeoniflorum and

P. rhoeas). The tetrahydroprotoberberine sub-group is predom-
inantly Fumsriacious, except for berberine which is spread in

the Papaveroideae &s well; and dehydrothalictrifoline found in

Glaucium fiavum and G. serpieri. Finally, the minor Corydalis

alkalolds are restricted to the genus Corydalis, the only except-

ion noted being roemeridine, occurring in Papaver pavonium.

The three groups common to both sub-families are, the
tetrahydroisoquinoline dgfivatives; with hydrocotarnine repor ted

only in Papaver somnife;um var. polycepharum, and corypalline

reported in Corydalis asures and C. pallida. Secondly, the cry=-

ptopine type are the most ubiquitous. FProtopine 1s not absent
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Table II. Summary of Alkaloids in Papaveraceae (including

Hypecoideae and Fumarioideae).

Alkaloid group Papaveroidese Fumarioideae
1, Tetrahydroisoquinoline + +
2. Benzyiisoguinoline +
3. Cryptopine + +
. Morphine +
« Unknown constltution +
6. Isomerides of laudanine +
7. Phthalide isoquiholine ' +
8. o <Naphthaphensnthridine | +
9. Tetrahydroprofoberberine -t
+ +

10. Aporphine

11l. Minor Corydalis alkalolds
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from any genus, and allocryptopine is also of wide distribution.
The other alkaloids of thls group are not so widely spread,

but occur 1ln both sub-families. Thirdly, the aporphine group
is common to both sub-families, al though some of these alkal-
oids are more prevalent iIn Fumariacious specles, and bulbo-

capnine occurs only in the Fumarioldeae.

Alkaloids are quite scarce In the other families of the
Rhoeadales, and those few which do occur are not of the same

chemical group @s the ones of the Papaveraceae. This feature

tends to.separate the Papaveracese from the other families.

A detalled 1ist of distribution of alkaloids of Grueciferae-.
@ndc CBpparidaceae appéars in the: appehdix. - .. =

Fatty Aclds

Alston end Turnerl quote Hilditch (1956) as saying that
fatty glyceride compounds could be made the basls of a system
of classification Qf’plants. They, however, felt thisvpropos-
ition to be rather difficult due to the wide distribution of
fatty acids in quite unrelated families (with some exceptions,

e.g. the Flacourtlaceae andvtheir cyclic unsaturated acids) as

well as the largé nﬁmber of acids occurring within the same
group or family. While fatty acids alone may not be a good

"basis of a system of classification", they can act as

lR.E. Alston and B.L. Turner, op. cit. p. 119.
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indicators of relationships. The chief drawback to this
approach is the lack of application of these constituents

to taxonomic problems by competent workers; since fatty aclds
were of»interest primarily to chemists? from thelr viewpoint.
Hopkins and ChisholmI have made several analyses for fatty
aclds, while Eckeya and Hilditch? provide a wealth of inform-
ation on the chemistry of fatty acids. They all mention the
occurrence in plants and in some cases make comparisons between
families., For example, H_ildit-chl4 noted that erucic acid forms
a large proportion of the component acids of seed fat of Cruci-

feree and Tropeseolaceae. He stated that this acid had not been

detected with certainty in any other seed fats. Surely this
kind of approéch is taxonomic; not a classification in itself,
but certainly & recognition of a taxonomic relationship from

the viewpoint of fatty acids.

A comparison of fatty acid composition of rape seed and

mustard seed oils was mede by Craig? in 1956. He analyzed

1C Y. Hopkins and M.J. Chisholm,‘"Identification of
conju ated triene fatty acids in certain seed oils", Can. J..of:Chem.

Lo, (1962), 2078.
2E.W. Eckey, Vegetsble fats and olls, (N.Y.: Reinhold)

195k.

5r.p. Hilditch, The chemical constitution of natural fats,
(London, Chapman and Hall;Tﬁgrd. edit. 1956.

thid;

- OB.M. Cralg, "Comparison mﬂra fatty acid composition of
rape seed and mustard seed oils;" Canadian Jour. Technol. 3 (5):

1956, pp. 335-339:
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different commertisl stocks of seeds from various partsvof
the world, and found that lodine values ranged from agbut
101 in Argentina to 123 for Turkish mustard seed olls.

~ Small variations were found in the total amounts of C,¢ and
Coo acids; end large variations in Cyg and Cpp acids. The
variations in the content of palmitic, steariec, hexadecanolc,
arachidic and behenic acids were small. The linolenic acid
contents of Turkish rape seed and mustard seed oils were 6%
higher than for other oils, which were different from one
another by less than 2%. Linoleic, oleic.and erucic acids
showed maximum veriations of 16 to 27; 7 to 27; 18 to 52%
respectively. This work indlcates thgt significant differ-
ences can occur in the same species from different sources.
Perhaps this might be worth considering when making distinct-

fons at the genus and species levels.

In his examinatlon of the Rhoeadales in the light of

content matter, Heghauerl pald some attention to the fatty

acid content of the families Capparidaceae, Resedaceae, as

well as Limnanthes:: douglasii. He felt that the Capparidaceae,

Cruciferase and Resedaceae pafticularly, seemed closely related

biochemically. "They'all'have oily seeds, without endosperm.

In these seed oils occur oleic acid, erucic acid, linoleic

1g, Hegnauer, "Die (iliederung der Rhoeadales sensu
Wettstein im Lichte der Inhaltstoffe. Planta MedTca 9: (1961),

pp. 37-L6.




acid and linolenic acid as the mein fatty acids." This
example 1s another one in the applicatlion of fatty acids

to a taxonomic problem.

An exsmination of the distribution of fatty acids in
the Rhoeadales reveals that the famllles have all moderately

0lly seeds. The saturated aclds do not account for more
than 25% in them. Unsaturated acids of more than one double
bond are found to be linoleic and linolenic acids. In the

Papaveraceae linoleic forms the’greater percentage, composing

up to 70% of the total fatty acid content. This family is
very poor 1in 11nolehic acid. In the other families, linoleic

and linolenic acids occur in almost equal amounts.

Unsaturated acids of only one double bond, show signifi-

cant differences. The Cruciferae stand apart from the others

in having erucic acid as the major fatty acid. Qleic and
elcosenolc also occur in this family. In the other famllies,
eicosenoic 1s absent, and the major acid 1is oleic. It is
particularly interesting to note that the pattern of fatty

aclds in the Tropaeolacese is very similar to that of the

Cruciferase. This point has been noted by Hilditch1 and other

workers and shows up clearly in Table III.

At the genus'level there are some strlking results too.

lT.P. Hilditch, op. clt.
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Table III. A summary of the distribution of fatty acids in the
familles of the Rhoeadales.

.
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Seed Seed |Sat'd, gggg:‘d Unsat'd
Family Protein | 0Oils |Acids c C C c c C C
- 18 "20 22 |"18 “20 | "18
Papaveraceae ++ ++ + ++ et
Capparidaceae ++ + + tt M
? +4 + +++ +
Moringaceae N (+)
? +4 ? ++ ++ | 4+
Resedacesae
s ? ? 2 2 ?
Tovariacese )
+4 +4+ + + 4+ e R ke
Cruciferae . "
~ +4 ++ + + + +++4 +
Tropaeolaceae ~ : (+) : (+)

Key to raﬁcunts - (average approximations)
(+) trace, less than - 5%
ok poor, less than 25%
++ moderate, less than 50%
}+i. rich, more than 50% | .

? no record

® Applicable only to genus Lesquerella.
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In the Cruciferae, Lesquerella 1s different in having no

erucic acid, but a large amount of unssturated hydroxy
acids, mainly the Cpg acid, and elso the Cyg ricinoleic
ocour. Also a few species are worth mentioning due to the

absence of erucic acid. These are Capsella burss=-pastoris

Hegpgris ma tronallis, Lepidium montanum var.'angustifolium&

and Merisyrenia camperum. In the Papaveraceae, Argemone

mexicana stands out in having palmitoleic (6%) and ricinolic
(10%4) acids. These results were compiled from various
sources, but a large part'was taken from Mi‘-kolajczak1 et al.
They also snalysed the protein of seeds, and found that these

families all have moderate amounts of 1t.

, K.L. Mikola jczak, et al, "Search for new industrial
oils. O0ils of Cruciferae."Jour. Amer. 011 Chem. Soc. 38 (12):

1961, pp. 678=68T.




Myrosin and Myrosin Cells

Myrosin was first described by Buss'ey1 in 1840. Later
1t was discovered that this énzyme was capable of catalysiné
the hydrolysis of naturally occurrlng thioglucosidés (a rare
group of' glycosides), and it was called "thioglucosidase",Now
1t 1s ususelly deslgnated as myrosin, myrosinése or sinligrase,
the latter being named after 1£s best-known substrate, the |

mustard oil glucoside sinigfin.

Atvfirsﬁ the secretory cells were:called "Proteid-sacs"
due to the protelid reaction of their contents, and later when
these contents were found to be myrosin, the name was changed
to "myrosin cells". As early as 1893 such cells and cell lay-

ers were lsolated mechanically from the pericycle of Cheiranthus

stems. The ahatomical features of these idioblasts were dealt

with in detall by Metcalfe and Chalka; and they also discussed

their distribution In the Rhoeadales. They can be demonstrated
histochemically be staining with Millon's reagent, iodine or
orcinol in hydrochloric acid. I found during another project,
that these célls may also be demonstrated by a method using

alcohol, 1odine and eniline blue solution. Kjaer5 mentions that

lA. Bussey, "Sur la formation de l'huile essentielle de
moutarde," J. Pharmac. Chim., 26. (1840), p. 39.

2C.R. Metcalfe and L. Chalk, Anatomy of Dicotyledons,
(Lond.: Oxford Clasrendon Press.) 1950, pp. (4-=97.

v 34.Kjaer, "Naturally Derived Isothiocyanates (Mustard .
0ils) and their Parent Glucosides", Fortschritte d. Chem. org. .
Naturstoffe, 18, (1960), p. 136.
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Peche employed a technique whereby a precipate of barium
sulphate was formed iInside the enzyme containing cell, and
thus they could be identified. Kjaer1 has given an interest-

ing and informative summsary of the history of myrosin.

A great surge of Interest in myrosin arose about 1953 and

€ 1n India investig-

has continued since. For example, workers
ated how the yleld of volatile mustard oil is related to the

amount of myrosin present in seeds. They found that by mixing

black or brown mustard seeds (Sinapis nigra and S. juncea
respectively) with white mustard seeds (S.alba var.) the yield
of volatile oll could be increased considerably. They con-

cluded that the amount of myrosin in Sinapis nigrs and S. juncea

1s Insufficient to effect complete hydrolysis of the sinigrin
present. Another team3 there, considered methods for the removal
of myrosin during the refining of mustard oiis. In Finland,
Virtanen and Gmelinh Investigated the chemistry of the enzymatic

cleavage performed by myrosin., They agreed that the cleavage

1A. K jaer, 1ibid, 136-138.

2A§B. Datta, "Interesting variations in the volatile-
oil gield of mixed Indien mustard seeds," Sci. snd Culture, 2,
(1953), pp. 182-18l. _

5Lal Bshadur Mathur and Rageshwar Sahai, "Refining of .
0i1s", Indian, 56, (March 12, 1958), p. 859.

bRolf Gmelin and aArtturi I. Virtanen, "A new type of
Enzymatic Cleavage of Mustard 01l Glucosides. Formation of
Allyl thiocysnate in Thlaspi arvense L. and Benzylthiocyasnate
in Lepidium ruderale and L. sativum L, "Acta. Chem. Scand.,

13,7T19597, p. LT




- hg -

of mustard oll glucosides to 1sothlocysnate, sulphate and
glucose, was consldered to be a specific enzymatic process
responsible for the characteristic pungent odour and taste

of many Crucifers and other families. They found that efforts
to separate a thiocyanate-forming enzyme led in every case to
myrosinase activity; and concluded that this new type of cleav-
age of mustard oll glucosldes to thiocyanates is common in the

Cruciferae. Ettlinger'l and his co-workers 1n Texas studied

the chemical formule of mustard oll glucosides in an effort
to discover the way the enzyme really acts. They also establ-
ished convincingly the structure of sinligrin, thus improving
the earlier étructure proposed by Gedamer. The following re-
action has been suggested by them.
S—C/Hy470
* 1 -
R———C// 671175 + + Hy0— R—N=C=8 + 06H12°6 + HSOh
NN—0——50,—0" X |
- isothiocyanate glucose sulphate
Mustard oll glucoside
® Where R= CH2=CHCH2, and X= K,
the compound is sinigrin. |
If R= (p) HocéHhCH2 and X= sinapine,

the compound is sinalbin.

.. Ettlinger and A.J. Lundeen. "The structure of
sinigrin and sinalbin; an enzymatic resrrangement." J. Am.
Chem, Soc., 78, (1956), p. L172.
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In another investigation, Ettlingerl

et al found that Sinapis
alba contailns at least two enzymes that catalyse the same
reaction, viz. the hydrolysis of mustard oll glucosides or
glucosinolates (a name they have suggested and prefer). One
enzyme 1s, like fungsl sinigrasez, indifferent to vitemin C

and i1s the classical myrosin. The other enzyme requires the
vitamin C as cofactor and this they have called an "ascorbate-
activated glucosinolase™. This says Kjaer3 1s the first clearly
demonstrated physiQIOgical function of ascorbic acid. They
have. found tﬁié second enzyme to be a "specific thioglucbsid-
ase", and their paper describes'the reaction in detail, 1llust-
rating the report with‘formulae and equations. Gainesh et al
also studled thls enzyme system, and concluded it was a two
enzyme system. On the other hand,‘scmé Japenese workers, Zenji

Nagashim85 and M. Uchiysma, who set out to examlne Neuberg's

hypothesis that myrosinase was a8 mixture of two enzymes, tended

Li.c. Ettlinger et al, "Vitarin C as a coenzyme: The
hydrolysis of mustard oil glucosides," Proc. Nat. Acad. Seci.,

Vol. 47, No. 12, (Dec. 1961), .pp. 1875-1880.

°E.T. Reese, et 21, "A thioglucosidase in fungi", Arch.
Biochem. and Blaphys., 75 (1) : {1958), pp. 228-2L2. -

3. Kjaer, "The distribution of sulphur compounds,"in
Chemical plant taxonomy," (Lond.:Pergamon Press), (1963),p. L63.

hR.D. Gaines and K.J. Goering, "Myrosinase II. The
specificity of the myrosinase system," Arch. Biochem. and Bio-

phys., 96 (1); (1962), pp. 13-19.

5Zenji Nagashima and Masaaki Uchiyama, "Studies on
myrosinase part III," Nippon Nogeil-Kagaku Kaishi, Vol. 33, (1959),
ppo 881"8850
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to conclude that 1t was a single enzyme. They consldered the
activity ratios of myrosulfatase and thioglucosidase and
reported that their flindings were contrary to the hypothesis
of Neuberg. Although they did not prove conclusively that

the system was a single énzyme, their work is significant for
this paper, because during their investigation ﬁhey considered
the distributlon of myrosin 1In 110 species of plants from

thirty-seven families besldes the Cruciferae. They found all

twenty-one species of the Cruciferae tested contained myrosin,

regardless of the part of the plant. It was also identifled

in Tropaeolum, but in none of the other species, which included

two speclies of Papaveraceae, five specles of Lillacese, six of

the Leguminosae, and one from the Euphorbiaceae. They concluded

that myrosin could be a useful criterion in the classification

of plants.

Hegnauer1 reportsthat Prof. Van Stenls was alerted to the

probable relationship between the Cruciferae and Capparldaceae

‘when he became aware of the océurrence of myrosin cells in the

Capparidacease. Hegnauer'oqncluded that the fact that myrosin

cells were spread in thekCruciferae, Capparidaceae, Resedacese

and Moringaceae indlicated a close relationship between them,

He 8lso raised the question of homology of the lactiferous cells

of the EFapaveraceae with the myrosin cells of the other families

of the Rhoeadales. The alkaloids of the FPapaveracese are locallzed

1R. Hegnauer, Planta Medlca, Vol. 9, (1961), pp. 37-L6.



In segmented mllk canals or alkaloid 1dloblasts, Hegnauer
points out. It was with great interest, therefore, that I

noted during sn anatomical survey of members of the Rhoeadales,

(for another project) that the myrosin idioblasts appear to be
arranged 1n rows, as along a canal. This feature can be seen
In figure 4 which is ‘s photbgraph of a section of root of

Cochlearia armoracia L. taken with polarized light. The sect-

ion was unstained, but had been treated with 50% sulphuric acid

for half an hour.

Table IV gives some indication of the distribution of

myrosin outside the Rhoeadales. Early reports of myrosin

occurrence In some famllies aré questioned, since techniques
in the past were not as accurate or discriminate as those of
recent times. For instance, Wehmer and Hadders?t (19%3) 1list

Allium sativum var. vulgare (garlic), and A. cepa (onion},

members of the Liliacease, as producing myrosin in their bulbs,
They also report a "myrosin-like substance" in the leaves of

Bocagea dalzelld Hook. (Anonacese). No recent reports of myro-

sin iIn these families have béen noted. However, Maze1152 (1963)
found an enzyme (L-3-alkyl sulphinylalenine) in members of the

genus Brassica which degrades cysteine sulfoxides, and this

1C. Wehmer and M, Hadders, "Systematic occurrence and
distribution of Enzymes," Hand. der Pflanzenanalyse. Edit.
Klein (Berlin, 193%) Vol. IV, pt. 2, p. 807. _

Mendel Mazelis, "Demonstration and characterization of
cysteine sulfoxide lyase in the Cruciferae," Phytochemistry,
Vol. 2, (1963), pp. 15-22.




Pig. 4

Photograph of Cochlearia Armorscia L. (root)

o 1r wl+h welowndoad ¥ oul and okl awd ; | - s AW s F
taken with polarized 1ight and showing linear arrangement

Fy (=

of Myrosin cells. (Longitudinal section). Low power,

enlarged twice.

v

Myrosin cells represented by the black spots in "linear

arrangement" in parenchyma tissue.
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Table IV. The reported oceurrehice of Myrosin-and Myrosin Cells,

in Famllies Qutside the Rhoeadales.

Specles Seeds Roots OStems Leaves Reference
Anonaceae 1
x Bocagea dalzelli Hook. + Wehmer— &
Hadders
Caricacesae
x Carlica papaya L. - N s + + + Vehmer &
Hadders
Euphorbiaceae |
Manihot sSp. Wehmer gd
Putranjiva roxburghii Walll Kjaérga ors
nguminosée
scorodophloeus sp. Harms. Wehmer &
Hadders
Liliacese
Al1Tum cepa - bulb Wehmer &
Allium satlvum v. vulgare : bulb Hadders
Limnanthaceae
Limnanthes douglasil R.Br.|+ + Wehmer &
. - Hadders
Phytolaccaceae ,
Codonocarpus cotinifolius K jaer
(Desf.) _
Plantaginaceae
Plantago majus L. ‘ + K jaer
Salvadoracese
Salvadora oleiodes Den. + Kjaer

® Reported as & "myrosin-like enzyme".

lWehmer & Hadders, Hand. der Pflanzenanalyse.
p-867,(12935)-

Vol. IV, pt.2,

K jaer, Fortschritte d. org. Chem. Natur., 18, p. 168, 1960.




Table IV. (cont'd.)
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Seeds Roots Stems Leaves Reference

Specles
Tropaeolaceae ‘
Tropaeolum majus L. + ' o+ Wehmer &
‘ Hadders
Violaceae
ole tricolor L. + ‘ , Wehmer &
' Hadders
Fungil :
Aspergillus sydowi Reesel

(1958).

TReese, et al, arch. Blochem. & Blophys. 75 (1): pp. 228-2L;2,




enzyme 1s simllar in 1ts mode of action to alliinase which
has béen described in Allium species. Kjaer1 in his discuss-
lon of sulphur compounds also mentions that é thiol (l-propan-
ethiol) was present in Allium cepa. In another paper2 he

refers to (-)=-p -amino isobutyric acid isolated from the bulbs

of Iris tingitana, which is very similsr to the non-hydroxylated
i1sopropyl mustard oil. These exampleé suggest that the ident-
1ty of compounds with such slight chemical differences’may have

lead to erroneous conclusions.

1A.Kjaer, "Distributioh of sulphur compounds', inChemical
plant taxonomy, Edit. Swain (Lond. New York : Academlc Press)

1963, p. L56-462. :

2a. K jaer, "Mﬂstardgéils and their Psrent Glucosides,"
Fortschritte . d. Chem., Org. Naturstoffe. 18, (1960), p. 153.
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Mustard 01l Glucosides

"Even the mere knowledge of the distribution pattern of
a glven compound, if critically evaluated and pregented with
due consideration of evidence provided by entirely different
approaches, may frequently give considerable help in taxonom-
ical problems. &he organic sulphur compounds in plants prov-
ide an example." This statement by Kjaerl is applicable part-
icularly to the isothliocyanates end families of the order

Rhoeadales. Contrary to myrosin which is located in idioblasts,

mustard oll glucosides sre scattered ;hroughout the parenchyma
tissue. Myrosin usually accompanies thioglucosides or mustard
0ll glucosides in the plant, but they only interact when the
tissues are crushed, then the characteristic pungent odour and
‘sharp tasté of, for example radishes, mustard and other Crucifers
becomes évident. Thioglucosides undergo hydrolysis by myrosin

to glucose, sulphuric ecid and isothiocyanates. (The equation
was given earlier). The clessical representatives of the group
are sinigrin and sinalbin. Kjaer2 maintains ﬁhat all mustard

oll glucosides have the same basic structure, that of sinigrin;
their individuality depends on the side chains. The simplest
side chain is a methyl group, found in the compound glucocapparin.

Kjaer5 lists these groups in order of incressing complexity.

1,. Kjeer, "The distribution of sulphur compounds",in
Chemicsl ;plant taxonomy, Edit. Swain, (Lond. New York, : Acag-
emic Press), (196%J, p. LS.

2 ibid, p. L63.
5 1b1d, p. L465-L66.




Ettlinger!

et al suggested a form of nomenclature for these
.compounds of a systematic nature, and K jaer supports this
idea. In this new system, sinligrin becomes identicasl with
potasshnndﬂjuﬂucosinolaté, end sinalbin with sinapine -

hydroxybenzylglucosinolate.

Kjaer end hls co-workers have done much research on the chenm-
istry and distribution of mustard oill glucosides, and have
published many papers. Especially hoteworthy 1s his review
of the subject which appeared in 1960. In this comprehensive

2 discusses the historical development and chem-

survey, Kjaer
1cel methods used in isolating and identifying these compounds.
He mentions about 200 species of plants tested and the constit-
uent thioglucosides present in them. He cpncludes that iso-

thiocyenates are regular constltuents of the Cruciferase, but

are not restricted to this femily, . - Another constant source

is the Cappsridaceae, as well as the limited number of specles

of Resedaceae and Moringacese tested. He noted however, that

the thioglucosides 1niabout;h0 species of Capparidaceae3 which

were Investigated differed significantly from those encountered

1M. G. Bttlinger et 81, "Vitamin C as a coenzyme: The
hydrolysis of mustard oil glucosides," Proc. Nat., Acad. Sci.,
Vol. 47, No. 12, (1961) pp. 1875-1880.

2A,'Kjaer, "Mustard oils and their parent glucosides,”
Fortschritt d. Chem. org. Naturstoffe, 18, (1960), pp. 123-169.

5. Kjaer and H. Thomsen, "XLV. Isothiocyanate-producing
%lucosides in species of Capparidaceae," Phytochemistry, Vol. 2

196%), pp. 29-32. ‘




in the Cruciferae. Glucocapparin has not been detected with

certainty in any Crucifers, but is widely distributed in

Capparidaceae. The glucoside with an ethyl side chein -

glucolepidiin - has been found only once; in Lepidium
Menziesll DC., & North Amerlican specigs. In contrast, thé
thioglucoside with an isopropyl-grouping appears.rather widely
distrlibuted, andvis often accompanied by glucocbchlearin.

1

Over twenty years ago, Hopkins* made an investigatlion

of a sulphﬁr contalning substance of Conringla orientalls seed.
He found that this Crucifer had a bitter taste {nstead of the
usual sharp one known in mustards. From his analysis he‘con-
cluded that the bitfer principle was a sulphur compound, but
one different from the isothiocyanates, and he suggested it
was 2 mercapto-5, 5-dimethyloxazoline, with an empiricallform-

ula CgHONS. In 1950 Ettlinger's® work led to the correction

9 |

of Hopkins' formula, and recently Kjaer? et al isolated the
parent glucoside - glucoconringin. Kjser stated that Schultz

and Wagner also reached conclusions similasr to his about the

identity of the glucoslde. Glucodonringin has also been found

lC.Y. Hopkins, "A sulphur-containing substance from
the seed of Conringia orientalis," "C'dian. Jour. of Research,

B, 16’ (1938)’ PpP. 3“1"31414‘

°M.G. Ettlinger, "Infrared Spectra snd Tautomerism of
2-Thiooxazolidone and Congeners," J. Amer. Chem. Soc., 72,

(1950), p. L4699.

oa. KJaer, "Musterd oils and their parent glucosides,"
Fortschritte d. Chem. org. Naturstoffe, 18, (1960), p. 150.
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in various species of Cochlearia.

Another interesting development reported by Kjaer1 is tﬁe
establishment of the chemical configuratlion of goitrin sand
progoitrin (glucorapiferin). He states that Astword in 1949
isolated from yellow turnip and other Brassica sp. an anti-
thyroid factor, (-)-5-vinyl-2-oxazolidinethione, which they
belleved was desended from an isothlocyanate glucoside; and
later Greer isolated the glucoside (progoitrin) from rutabaga
seeds. Progolitrin is a precursor of goltrin and occurs pre-
dominantly in the seeds of Brassica spp.. It.is remarkable
that 1ittle is found in fresh cabbage. The structure of golit-

rin is shown below.

In this same paper just mentioned, K jaer reporté that
experiments in Australis have Indicated that chelrolin 1solated

.from the ripe fruits and leaves of Rapistrum rugosum (L.) All.

was goitrogenic in rats. Thils could be significant in animsal

feeding. , Another discovery of potential interest to farmers

1A, Kjaer, ibid, p. 151.
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is the fact that certain lnsects could be induced to feed on
leaves which they normaslly refuse, by spraylng the leaves
with sinigrin or sinalbin solutions, but not allyl isothio-

cyanate.

Recently two- new glucosides have been reported. In

Hesperis matronalis seed, a glucoside for which Kjaerl sugg -

ested the name glucohesperin, was found. He mentions that in
1956 Wagner end Schultz on the basis of chromatograms, con-
cluded that Hesperls matronalis conteined one minor and three
ma jor thioglucosides; and one of them (glucomatronalin) formed
a crystalline heptoacetate. The second one, glucolesquerellin,
was discovered by Daxenbichler2 et 8l in the seeds of Lesquer-

ella lasiocarpa.

Chemotaxonomic differentistion at the genus level is
much less common than other studies. However, Kjaer'3 a ttempted

to use data of 1isothiocyanate glucosldes for this purpose. He

La. Kjaer. "A mustard oil of Hesperis matronselis seed,

6-Methylsu1phiny1hexyl‘isothiocyanate,' Acta. Chem. Scand.
17, No. 3 (1963), pp. 8L6-847, :

°M.E. Daxenbichler,'"Isothiocyanates from enzymic
hydrolysis of Lesquerella seed meals,"' J. Am. 0il Chemists' Soc.,39

(1962), pp. 2hL-2L5.

3A. Kjaer and S.E. Hansen, “Isotﬁiocyanates XXXI: The
distribution of mustard oll glucosides in some Arabls species,
A chemotaxonomic approach," Ssertryk Af Botanisk Tidsskrit, 5,

(1958), pp. 37L4-378.
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and his co-workers chose for investigation the complicated
genus Arabis, and they were able to observe dlstinctly 4iff-
erent patterns in the various strains of Arabis. From their
results they concluded that thelr method was potentially use-

ful at that level.

A somewhat similar study was made by Delaveau1 on
Brassica. He collected the essential 60ils liberated by myro-
sinase from mustard seed and asnslysed it chromatographically.

He found that the oll from Brassica nigra contalned allyl

i1sothliocyanate and a small amount of phenethyl isothiocyanate.
On the other hand, B. Juncea produced mostly sllyl isothio-
cyanate as well as some butenyl, pentenyl and phenethyl iso-

thiocyanates. These resﬁlts led him to regard B. juncea as an

amphidiplold hybrid between B. nigra and B. rapa sylvestris.

From surveying the literature 1t was evident that tae thio-

glucosides are predominantly characteristic of the Cruciferse,

but also occur in the Capparidacese, Resedaceae and Moringacese.

None have been reported iIn any members of the Papsveraceae or

Fumarisceae. There are some cases of occurrence of thioglucosides

outside the families of the Rhoeadales; and perhaps they will

prove significant when further studies have been made. At

present such occurrences sre considered atypiceal for the

1P. Delaveag, "Chromatographic study of a c?se og amphidi-
ploidy in Brassica, Cgmpg, rend, boc, Biol, 153, (1959
pp, 579=58T.




Caricaceae; Buphorbiaceae, Limnsnthaceae, Phytolaccaceae,

Plantaginaceae, usalvadoracese and Tropaeolaceae. Very
common among these families is glucotropaeolin and glucoco-

chlearin.

Table V shows a brief summary of the chemical groups

of thioglucosides found in the families of the Rhoeadsales.

A plus sign indicates that a certain family has one or more
glucosides of a psrticular chemical group; which may be pres-
ent in one or several specles. The detailed occurrence in
various species 1s given in Table ), of the appendix. Kjaerl
has pointed out the interesting fact that the keto substituted
side chain compounds, e.g. glucocappssalin, glucocapangulin

and gluconorcappasalin are found mainly in the South American

specles of the Cspparidaceasae, in which glucocapparin is far

less prominent.

1Kjaer, "The distribution of sulphur compounds", in
Chemical plant taxonomy, (Lond.: Pergamon Press,)(1963),p. L70.
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Table V. A Summary of the Chemical Groups (of R of derived:

Isothiocyanates R-NCS) Represented in Families of

the Rhoeadales.
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Capparidéceae V| + +
Moringaceae +
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Miscellaneous Compounds.

Amino acids are the bullding blocks of proteins and as

such are rather common me tabolites of organisms. They become
taxonomically useful only when unusual ones are involved, 8s

for exsmple in the work on the genus Lathyrus (Leguminosae)

which Alston and Turnert attribute to Bell (1962). An earlier
study was made by Reuter? (1957). He investigated the principal
forms of soluble nitrogen in various parts of 166 speclies from
L8 families. Reuter tried to interprete the relstive quantities,

rather than presence or absence only.

In his presentation of patterns of amino acids of storage
organs of several specles not closely related, some results of

Interest to this paper were noted. Dlcentra eximia and Nymphaea

hybrida both have glutamic and aspartic acids, as well as alanine
and glutamine. Altogether thelr patterns are very similar.
- Thils point should not be over-stressed, however, as there were

other speciles, e.g. Bowiea volubills and Carys amara which also

had pattefns similar to Dicentra eximia. J-acetyl ornithine wss

found by fdeuter to be restricted to the Fumarioldeae, where 1t

formed the chief amino acid in 19 species from |} genera. It did

1RaE. Alston and B.L. Turner, Blochemicel systematics,
(N.J.: Prentice-Hall), 1963, p. 100.

2G. Reuter, "Die Hauptformen des lbslichen“Stiékstoffsw;;4
v in vegetativenfpfl&hzliéﬁén~Spéiqh)efof%anen.undiihrehsystemat-
ische Bewertbarkeit", Flora 1,5,(1957-58) pp. 326-338.
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not occur as the princlpsl acid in any of the specles of

Papaveroideae tested. Hylomecon, Chelidonium majus and

Glaucium flsvum have small amounts; but there is no mention

of occurrence in other families of the Rhoeadales.

Kjaefl discussed the non-protein sulphur amino scids,
and an interesting point is brought out. (+) - S-methyl-
L-cysteine sulphoxide was 1solated from cabbage julce and
turnip root, but also occurred outside the genus Brassica. It

has been detected in Alllum cepe and Capéella bursa-pastoris,

as well 8s in Cheiranthus chelirl L. and Sinapis alba. It 1s

belleved that S~propenyl-L-cysteine sulphoxide gives rise to

the lachrymatory principle in onions.

A. Kjaer, "The distribution of sulphur compounds,” in
Chemical Plant Taxonomy, Edit. Swain, (Lond., New York: Academic

Press), 1963, p. L59.
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Crlstéls have been used as taxonomic 1Indices in various
familles, e.g. in the Liliacese, where the shapes of Calcium
oxaléte crystals are conslidered significant in Alliuml. One
type of crystal: which has been used frequently i;? the
rephide. ;Raphi:des are bundles of needle-shaped crystals of
calcium oxaslate which occur in special sacs asnd are visible
through the microscope. The history and significance of these

In taxonomy have been well discussed by Gibb32 in a recent

paper. 1n an earlier article5 he described a method by which
the distribution of raphides and syringin could be investigated.
Alston and Turner14 also review this subject in their book.

Not much significance has been attached to crystals from the

point of view of the Rhoeadales. However, it 1s interesting

that gypsum crystals have been recorded in several members of

the Caggaridaceaes, while other crystals have been noted in

species of the Cruciferae. Raphides have never been recorded

in any of the families concerned here.

1R. Darnley Gibbs, "History of Chemlicsl Taxonomy", ip
Chemical Plant Taxonomy, (Lond.: Pergamon Press), (1963), p.55

e _ , ibid, pp. 51-57.

5 s "Compareative Chemistry of Plants as Applied
to a Problem of Jystematics:" Trans. Roy. Soc. Canada, Vol.
LVI: Serles III, (June 1962), p. 1Lb.

hR.E. Alston end B.L. Turner, Biochemical Systematics,
(N.J. ¢ Prentice Hall), 1963, p. 2T1.

2Gibbs, op. cit. p. 57.




Glycosides are defined by Par'is1 as "organic compounds

in which there is usually a semi-acetal linkage betweeﬁ the
reducing group of a sugar énd an alcohollc or phenolic hydroxyl
group of & second molecule called an aglycone. This link,
being effected through oxygen, gives rise to the O-glycosides
which are most common in p;ants." There are several different
types of glycosides, and one type - mustard oil glucosides -

have already been dlscussed.

Cardiasc glycosides are compounds related to the sterolds,

having in addition & lactone ring and a sugar (often a tetra-
saccharide) attached to carbon 3 of the cyclopentanophenanthrene
skeleton. The aglycones are rarely found in a free state but
they can be divided into two classses: cardenolldes which have a
" five-membered ring, and bufanolides with a six membered ring.

Cardenolides have been detected iIn the Cruciferae. For example

alleoside A (also called helveticoside and erysimin) has been

reported in Erysimum end Cheiranthus. Cheiranthus also contains

cheiroside A or cheiroside H, cheirotoxin and corchallin.
Erysimoside and syreniotoxin occur in Erysimum. Bufanolides

have been detected in the Ranunculacease. OStrophanthidin occurs

in Adonis, end also in Chelranthus and Erysimum.

2

The sugar moiety varies widely, but Parls™ says that normal

hexoses like glucose are rare; Howevér, chelroside A i1s hydrolysed

1R. Paris, "The distribution of plant glycosides," in

Chemical Plant Tsxonomy, Edit. Swain, (Lond, New York: Acad-
- emlc Press), 1965. p. 537. ‘

2 1bid, p. 351.




to D-glucose and desglucochelroside A. Perhaps this could
prove to be of taxonomic value. Alleoside A is hydrolysed to

D-digitose and Strophanthidin (also cslled erysimidin).

Cyanogenetic glycosides are produced by many plants, and

they yield hydrocyanic acid on treatment with enzyme or acid.
These glycosides are difficult to obtain in crystelline state,
and 1t 1s therefore imposslble to state with certainty that
the compound indlcated by a colour reaction 1s really & cyano-

genetlc glycoside. Hegnauerl

investigated the distribution

of cyanogenesis in cormophytes and the taxonomlc significance
of this product. He examined [00 specles using the sodium
plcrate test and 29 were found to be cyanogenetic. Among those

he found positive were some members of the Rhoeadeles. He

reported 1t for the first time in Cardamine pratensis L, and

Lepidium latifolium L.. From his survey, Hegnasuer estimated

3-5% of cormophytes to be cyanogenetic and considered this
character to be of limited taxonomle significence untll the
chemical nature of the parent substance 1is known; He belleved
that a genus or tribe may contain the - same cyanogenetic compound,
while a family may produce different ones, and felt that phyto-
chemical research did not seem to support Hallier's (1912) idea
that different phyletic lines of dicotyledons contained similar
cyanophoric compbunds,“aithough more 1$vestigation was still

needed to disprove the point.

1. Hegnauer, "Over de verspreiding van blauwzuur bij-
vaatplanten," Pharmaeceutisch Weekblad, Vol. 93, (Sept.1958), pp.B801-
819.
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Alston and Turner1 agree with Hegnauer's opinlon basically,
but believe that the systematlc importance cannot be denied,
in spite of the limited chemlical knowledge about the group.
They cite the work of Dillemen (1958) who found cyanogenetic
substances to consist of a sugar, a cysnhydric acid and a third
substance whose nature is variable. He classified true cyano-
genetic heterosides in three groups, which are discussed fully.
They doubted theAsuggestions that thelr role was perhaps that
of protective asgents, wastes or reserve energy sources. In the
same review, Alston and Turner report on the recent findings
of Trione (1960) that hydrogen cysnide was sensitive to environ-
mental conditions. He observed diurnal varlations, and re-

actions to light, soll molsture and tempersture.

Indican 1s a chromogenic glycoside found iIn the Cruciferae

and other families. It 1s the glucoslde of iIndoxyl, and 1t is
hydrolysed by the enzyme indemulsin. The essentisl dye-stuff
of this chromogenic glycoside 1s indigo, formerly of great econ-

2

omic importance. In 1961 Berkley“ made a study of the content

of Woad (Isatis tinctoria) and reported it to be very low

compared with the ﬁoorest Indigofera leaf (viz. Indigofera

sumatrsna). Rich Indig&?éra}leaves yield 30-70% of indigotin,
whereas Isatls tinctoria yielded only 0.05%. Indican occurs in

3 other familles, Leguminosae (Indigofera tinctoria), Polygonacese

k.E. Alston snd B.L. Turner, op. cit. p. 182.

2g. Berkley, "Indigotin content of Wosd," Nature, Vol.
191, No. 4796, (Sept. 1961), pp. 1L1h-1415. -



(Polygonum tinctorium), and Apocysnaceae (Wrightia tinctoria).
1

Paris~ discusses these and other chromogenic glycosldes, con-
cluding that the present state of knowledge does not permit

them to be of much value in comparative phytochemistry.

Saponins are another type of glycoslde: which are detected
mostly through their ability to haemolyse blood. They have
been found in about 70 families, but thelr complete distribution
i1s not known. JSteroldal saponins are less widely spread but

have been discovered in the Papaveraceae, Ranuculaceae and

Violaceae, apart from other unrelated families,

lﬂ.”Paris, op. cit. p. 356.
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Phenolic substances.

Phenolic substances are a part of the primitive meta-
bolic pattern, assoclated with, but not essential to the
woody habit of growth. Phenolic compounds appear to be meta=-
bolically inert and in living cells are recognized as stable
characteristic end products. They are present universally
and are éf extraordinary diversity. To gain significanée as
taxonomlc indicles, thelr pattern of distribution could be
consideréd from various points of'view, e.g. a small number
of common phenolic constituents in a large number of families,
or a8 particular uncommon constituent could be traced for its

1imited distribution.

Leuco-anthdczanins are considered to be phenolic substances.

Bate-Smithl (195,) found them more common in plants of woody,
rather than herbaceous habit; and hé éonsiders the ability to
produce these‘compounds to be a primitive character which the
herbaceous groups have lost. He correlates it with the trend
from woody . to herbaceous habit. Bate-Smith2 tested seversl

members of the Rhoeadales, and found them wlthout leuco-antho-

cyanins in their leaves, although he found that frequently

1euco-anthocyanins were present in their seed coats. 1In another

, 1E.C. Bate-Smith, end N.H. Lerner, "Leuco-anthocyanins

2. Systematic distribution of leuco-anthocyanins in leaves,"
Biochem. Jour., Vol. 58, No. 1, (1954), pp. 126-132.

2E.C. Bate-Smith, "Plant phenolics as taxonomic guides,"
Proc. Linn. Soc. Lond., Session 169, (Dec. 1958) Pt. 3. pp. 198-
211.
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article Bate-Smith1 suggests that many woody families without
leuco~anthocyanins are atypical in the phyletic series, and
that apparent conflicts occur in large families where many

species may not have been tested. The Limnanthacese, a herb-
2

aceous family has leuco-anthocysnins. Swain“ reported that
Masquerller et al found that leuco-anthocyanins stimulaté cell
division, snd they attributed.the increase in toughening of
the testa of broad beans on ageing to the formation of leuco-
anthocyanins and not to 11gn1ficatioh as is the case in other
vegetables. Such an effect they believed indicated that the

leuco=-anthocyanins are polymeric molecules cspable of binding

the polysacchérides In cell walls very firmly.

Another type of phenolic compbuhd is-the group of hydroxy acids,
for example caffelc and ellagic, di- and tri- hydroxy acids
respectively. These are fairly wide-spread, so their absence
becomes taxonomically significant. Bate -Smith? found many
mehbers of the Cruciferae without hydroxy acids. Methoxy écids,
for example ferulic and sinapic, are generally absent, there-

fore their presence in the Capparidacease, Cruciferae and Papaver-

aceae may be significant. Bate~Smith remarks also, that sinapic

lE.C. Bate-5Smlith and Lerner, op. cit,

2p, Swaln and E.C. Bate-Smith, "Leuco-anthocyanins",in
The Chemistry of vegetable tannins, (1956) pp. 109-120.

%e.cC. Bate-Smith, "Plant phenolics as taxonomic guides"
Proc. Linn. Soc. Lond., session 169, (Dec. 1958), Pt. 3. pp. 198-
211.
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acld 1s especilally interesting because it is the twice
methylated derivative of trihydroxycinnamic acid missing

in nature. Furthermqre, fferulic and sinapic acids prov-
ige ..;. a strong chemical link between the cellulsr phen-
olic constituents and lignin, and it is therefore important
that these acids are found especially in herbacebus plants,
where the lignification of the cell walls and vessels 1s

least in evidence.

Tannlins are another class of phenolics of interest.
Bate-Smith and Lerneriremark on the "congruence between tannins
and 1euco—anthocyénins": e.g leuco-anthocyanins react with
ferric salt reagents used for- tannin detection. It is belleved
that leuco-anthocyanins sometimes interfere with the product-
ion of good leather. In a study of the occurrence of leuco-
anthocyanins and tannins, Bate-Smithl was able to recognize
three categoriles of plant familles. Firstly, those which were
tenniferous, secondly those which were mostly negative, and
thirdly, those which were completely negative., In the last

group were the Capparidacese, Cruciferae, Pumariaceae and

Resedaceae., Thelr tannin content was determined on the basis

of anstomical examination, and cells with tennins were ident-

ified by their colour. Petioles were exsmined mostly, but

15.c. Bate-Smith and C.R. Metcalfe, "Leuco-snthocysnins.
3. The nature and systematic distribution of tannins in dicoty-
ledonous plants,” Jour. Linn. Soc. Lond. (Bot.). Vol. LV, No.

362, (1957) pp. 669-705.
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they suggested that the tannin content of a plant may vary

with the organ.

It is Interesting to note that from the elght most common
phenolics of dicots several different types of compounds sare
derived by various substitutions.‘ Such derivetes include
isoquinoline alkaloids like lsudanine and the methylated der-
lvative of the phenolic prototype - berberine. A specific:consti-
tuent '+ nudicaulin - is the yellow flower pigmént of Papaver
nudicaule_gﬁdﬁqﬁggﬁ*memberS'df‘tHe'family;;Nﬁdiéadlin has a N- =~
containing anthocyanin-like structuré, which 1s not completely

known. In the Cruciferase, sinapin - an ester of sinapic acid

with choline - 1is present, frequently in combination with the

mustardvoils. In the Resedacese the mustard oll in the root

of Reseda officlnalls does not appesar to conteln sinapic scid.

Luteolin 1s 8 characteristic constituent of Resedas luteols.

(Sinapin, choline and acetyl choline are often discussed ss

alkaloids; they are aliphatic quarternary bases).

Figure 5 shows the common phenolic compounds and some of
their derivatlves produced by certain chemical trensformations.

To some of these transformsetions members of the Rhoeadales owe

their economic Ilmportance. For example, in Capparis spinosa

flower buds form "capers",the much used spice, and these contain

flavonolé and sinapic acid. In the Cruciferae, leaves of

cabbage (Brassica Sp;) cress (Lepidium sativum), water cress

(Nasturtium officinale) contain sinapic acid.




Fig. 5 The eight common phenolic constituents of dicotyledons,

and some of thelr derivatives.
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Geissmann™ also reports anthocyanins in many Cruciferae.

Seeds of mustard,(Brassiga qigrg) may have leuco-anthocyanins
in the seed coat, while'foois like %ﬁrhip, rutabaga and radish
are also economically impoftént on the basis of their flavon-
oid compounds. Hattori2 reports a glycosideﬁof a flavone -

diosmin or diosmetin-7-rhamnoglucoside - which is found in

the leaves of Capsella bﬁfba-pastoris.

Coumarins are formed by additional oxidative ring closure

3

in the ortho—pésition of the cinnamic scids. Dean” remarked
what he considered a striking fact: ".. apart from coumarin,
hydrocoumarih and dicoumarol, all naturally occurring cou-

marins .... can be regarded as derivatives of umbelliferone,

which is one of the most widely distributed compounds of this
class." These compounds are not very important as yet in

considerations of the Rhoeadales.

lThe chemistry of flavonoid compounds, Edit. Geissmanpy,
(New York: MacMillan), 1962, Chap. 16.

2Shizuo Hattori, ibid, Chap. 11.

3F.M. Dean, "Naturally occurring coumarins", Prog.
Chem. Organic Nat. Prod., 9: (1952), pp. 225-291.
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CHAPTER III
EXPERIMENTAL

A. Methods

~The samples tested throughout this research were mainly

leaves, with small bits of petiole or stem attached. 1In

some ceses (where stated) seedlings and seeds were also exam-
ined. Speoiméns were obtained from Botanical gardens all

over the world. A large proportion of the plants investigated
were cultivated in McGill greenhouses from seeds obtained
chiefly from Kew and the Montreal Botanical Gardens. Tests
were carried out on freshly plicked material, while imported
specimens were shipped airmail in plastic bags to maintain

thelr freshness.

Species from all families of Rhoeadales were tested,

except for material of Bretschneldera sp.. which was unavail-

able. Five tests were employed and some additlonal ones where
applicable. The followlng description gives the highlights of
each method; but the details appear in &ppendix A {<p.107).

(1) The Leuco-anthocyanin test A, is carried out according

to the method of Bate-Smith and Lerner1 (195)4)s In this process,
colourless water soluble Leuco-anthocyanins (which are considered

phenolics) are hydrolysed and oxidized to the corresponding

1E.c. Bate-Smith end N.H. Lerner, "Leuco-anthocyanins (11).
Systematic distribution of leuco-anthocyanins in leaves.,"
Biochemical Journal, Vol. 58, No. 1 (1954) pp. 126-1%22.
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colored anphocyanidins. These coloured substances, for example,
Pelargonidin, Cyanidin and Delphinidin, are soluble in iso-
amyl alcohoi; thus becoming 1dent1fiab1e. In 19%3% Robi;sonl
proposed  structure (1)"f6r leuco-anthocyanins. Later, Bate-
8mith27(1955) suggested the structure (1ll1) to be that of an
oxidized "Flavandiéi®" instead of a "Flavantriol" as proposed
by Robinson. The most recent structure {11l1l) is given by
Clevenger3 (1964). This strﬁcture-demonstrates the marked
similerity to cathechins and gallocatechins, as 1s shown in

Alston and Turner,4 (1962). (See Fig. 3).

The Leuco-anthocyanin test is carried out on finely chopped
leaves and a positive result is the formation of a cherry red
colour, soluble in the amyl slcohol layer. Bate-Smith5 found

Leuco-anthocyanins more common in woody than herbaceous families

lG.M. Robinson and R. Robinson, "XXXI. A survey of antho-
-cyenins. 111 Notes on the distribution of Leuco-anthocyanins".
Biochem, Jour. 27: (193%3) pp. 206-212.

2g.C, Bate~-Smith, "Colour reactions of flowers attributed
to (@) flavonols and (b) caroctenoid oxides"; Jour. Exper. Bot.

Lz (1953) pp. 1-9.

- Sarah Clevenger, "Flower Pigments" Scientific American,
Vol. 210, No. 6 (June 196L4), p. 88.

hRalph E. Alston and B.L. Turner, Blochemical Systematics
(NeJ.: Prentice-Hall), Inc., 1963, p. 280. -

9E.C. Bate-Smith snd N.H. Lerner, "Leucoanthocyanins 11.
Systematic distribution of leuco-anthocysnins in leaves." Bio-
chemical Journal, Vol. 58, No. 1, (1954) pp. 126-132."




and believes that the ability to produce these compounds
i1s a primitive character which herbaceous groups have lost.
He correlates this ability with the trend from the woody to

‘herbaceous habit.

'8
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Fig. 6. Structural Formulae of Leuco-anthocyahid&nsndndwaone

related compounds.
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As an additionel test the HC1l/Methanol test was used.

It was first introduced by Isenberg and Buchananl® (1945).
It is spplicable only to woody material, and as the species

in the order Rhoeadales are mainly herbaceous, 1t was used

rarely in this project. Wood shavings are treated with a
mixturéZOf HC1l and methanol. A positive result 1s the dev-
elopment of a magenta colour in the wood. The colour of

the solution is noted also. What compounds cause thé devel -~
opment of this purple colour 1s not definitely known, but it

hes been suggested that catechol tannins may be responsible.
These condensed tannins yield polyphenols on hydrolysls, and

may be condensstion producﬁs of compounds such as catechin

or gallocétechin; Therefore they are closelj related to.the
leuco-anthocyanins. A positive HCl/methanol tesbt-is very closely

correlated with a positive leuco-anthocyanin. test.

(11) The Ehrlich test, for Aucubin and Aucubin-like

substances, 1s performed also oﬁ leaves from which an alocholic
extract 1s prepared. Spots of the extract are made on filter
paper and the development of a deep blue colour on the spot
after treatment with Ehrlich reagent (p-dimethylamino-benzalde-
hyde: HCl: 95% ethanol) 1s a positive reaction. This reaction
seems to be caused by Aucubin; although 1t is suspected that

other compounds may give the blue colour as well. Recently

1I._H. Isenberg snd M.A. Buchanan, "A colour reaction
of wood with methanol-hydrochloric acid." Journal of Forestry
(Wash., D.C.), L3: T1945), pp.~888-890.

2The mixture is of 25 ml. conc. HCl: 1000 ml. methanol, and
- a few ml. are used to steep shavings of freshly cut sap-wood.
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the structure of sucubin (Fig. 7(a)) has been elucidatedl.

(111) The HCN Test (for Cyanogenetic Glycosides).
The océurrence of Prussic acid or Hydrogen cyanide was first
reported2 in 1803 (by Bbhm). He found it in the water after
Bitter almonds héd been steeped. Cyanogenetic Glycosides
of which over twelve are known, yieid derogen cyanide when
hydrolysed by water, emulsip and chloroform. Amygdalin
(Fig. 7 (5)) wos the first glycoside found. A posiﬁive re-
action to this test is the formation of an orange brown or
red colour on sodium picrate paper, suspended in a sealed test

tube above the material being examined.

(IV) . The Juglone Test. Juglone is a naphthoquinone

(Fig. 17 (¢)) which may occur in plants as the glycoside of
hydrojuglone (1, 4, 5 trihydroxynaphthalene). A filtered
chloroform extract from leaves is evaporated to dryness, and

‘the residue is dissolved in ether, and then shaken with an

equal amount of ammonium hydroxide solution. If a brilliant
purple colour develops at once in the ammonia layer, the re-
action is positive; A bright yellow colour in the aqueous layer
instead of purple may be due to flavones (Fig. 7 (d)); and in rare
cases a blue 6r blue-green colour may develop on standing. These

are referred to as Test B. Sometimes this layer 'is fluorescent when

lR. Darnley Gibbs. "Comparative chemistry of plants as
applied to a problem of systematics;" Trans. Roy. Soc. Can.,
Vol. LVI : Series III : Sect. III (June 1962), p. 148.

E. Shaw. "Comparative chemistry and taxonomy of the
"Hamamelidales". A thesis, McGill University, April, 1980, p. 69.




examined by ultra-violet light and may indicate coumarins

(Fig. 7.(c). Such an examination is referred to as Test C.

(5) Hot Water and Cigarette Tests 'were firigt -described

by Miss Dagmaf.Dykyj-Sajfertoval, and dre believed to indicate
the presence of polyphenolases. ‘(These sre respiratory enz-
ymes which act upon suitable substrates in leaves).A frésh 'leaf
1s dipped part-way into water at 859C and held there for 5
seconds; Rapld darkening along_the Water-lineor?ih“the}dipped
portion is a strongly positive resction. Darkening after |
sometime is a weak poslitive; no colour after 30 mins. is negative.
Dykyj-Sajferto§a noted that leaves with acid cell-saps gave

a yellow colour In this, as.well as the Cigarette Test, and
called the phenomenon the "oxalis reasction" because it was
given by specles of Oxalis which she tested. The cigerette
test 1s very simple to perform. A‘glowing clgarette 1s applied
to the back of a leaf for 3 seconds. In positive species, a

dark ring appears rapidly.

Two further tests used were the tannlc acid test and

chromatograms for phénolic acids. Both of these were carried

out by Mrs. P. Bahr and the results are included in this paper.

1R. Darnley Gibbs, "Comparative Chemistry of plants as
applied to Problems of Systematics." Recent Advances in Bot-
an;!, 1961. Pl 68.
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The Tannlc Acid Test wes performed by Bates® method.

Tannins are best considered as phenolies. Hydrolysable
tannins yleld gallic or ellagic acid and glucose when heated
with minerasl acid. Leaves are placed between two piéces of
filter paper moistened with ferric chloride solution, and:
squeezed with a pair of pliers. The development of a dark

blue-gfey spot Indicates a positive reaction.

Phenolic Acids were sought by chromatography. The
2

me thod of Ibrahim and Towers- was used. The solvents were
benzene: acetic acid: water and formic acid. The chromato-

grams were sprayed with ferrid,chloride and sulfanilic acid.

lR P. Bates and P.R. Henson, "Studies of inheritance,
photoperiodic response, and determination of tannin content
of Lespedeza cuneata Don." J. Agron.,Vol. ¥7;No. .Y1(Nov. 1955),

p. 503%.

2R.K. Ibrahim and G. H‘N. Towers, "The identification,
by chromatograghy, of plant phenollc acids." Arch., Biochem.

and Biophys. (1960), pp. 125-128.
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Figure 7 Structural Formulae of some Compounds.
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B. Results

The present writer's results using members of the families
and subfamilies studied are listed in the tables following; the

individual species are shown in the appendix.

(1) Leuco-anthocyanin (test A)

All specimens tested from the six families gave consist-
tently negative results. Only in the Cruciferae were there some

doubtful specimens; these were Isatis glauca and I. tinctoria

which developed a purple-brown colour, and so the true reaction
to the L.A. test was undeterminable. On the other hand,

Diplotaxis catholica and Peltaria allicea gave a pale pink

colour. It was not & positive result, and its cause was uncert-
ain. The other species tested gave either yellow or green col-

ours with this test.

7 (2) BCl/Methariol:Test.

Few species of the families examined were woody, hence this
test was not appliceble in ﬁbst cases. However, a few woody
members were obtained and as would be expected, all proved t

be negative to the HCl/Methanol test.

(%) Ehrlich (test A),ii

T pGeneralaagréemenm‘ambnglallithé'families testedi was® found

for this test also. No member wes fouhd to be positive. The

rog

colours with Ehrlich reagent were mostly yellows, but a few
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greys snd greens were also noted. With ammonium hydroxide the
specimens remained colourless or turned to a pale yellow.
None suggested even a 1imi ted pbésence of Aucubin or related

compounds.,

(4) Hydrogen cyanide (HCN test A)

The results indicate that‘derogen cyanide can be produced
by three familles; although they are predominantly negative to

this test. In the Capparlidaceae leaves of two or three species

of Capparis and the tuber of Courbonia ép, were cyanogenic. In

the Papaveraceae, very strongly positive species were observed

in the genera Dendromecon, Eschscholtzia and Papaver; all of the

Papaveroidese. Only Dicentra spectabllis was found to be posit-

ive in the Fumarioldese. 1In the Cruciferae, more positive species

occurred in the Sinapese than in the Hesperidese; and on the

whole the Papaveraceae geve more strongly positive reactions

than did the other families. One specles of Reseda was positive,

and none from Morlngaceae or Tovariaceae, but only few specimens

of these families were examined.

(5) Juglone (tests A-C).

Quinones and naphthoquinones appear to be completely absent
from all of these families. In no case was an immediate oar de-
layed development of a purplé colour observed. Nelther were
any brilliant yellows noted. Nothing remarkable showed up on -

standing either. With ultra-violet 1light a few species produced




a pale blue fluorescence. This result was observed in Cabgaris

cynophallophora of the Capparidaceae, Dicranostigma lactucoides,

Eschscholtzia sp., Romneya couiteri, Corydalis sempervirens of

the Papaveraceae, and Stanleya pinnata inyvensis, two Aethion-

ema. sSpp., Turritis glabra, Alyssum argenteum, Cheiranthus cheiri,

Erophils verna, of the Cruciferae; as well as in Reseda luteola

of the Resedaceae. In all cases the fluorescence was pale,

though unmistakable. It is noteworthy that the substense—eaus-
ing~%he-f1morescence can be produced by all these families. It

was also observed in -some seedlings.

(6) The Hot Water Test.

A slight difference between the Papaveraceae and the other

families was revealed by this test. In the Papaveracease several

positive specles were found (some of them gave an ' immedlate re-
action). .In the other families there were a few doubtful posit-
ives (class 111 reactions) but in no case was an immediate re-

actlon observed.

The results of this 1nvestigatioﬁ, were simllar to those
of other workers for all tests, It was found too; that the re-
actions of seedlings were in accordance with those of ma ture
plants, Seeds testéd for HCN did not indicate any greater freq-
uency of cyanogenesis than was evident awmng the leaves of these
plents. 1In general these tests appear to indicate no marked

variations between the six familles examined.
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Tannic Acid Test.

From the survey of Tannic acid made by Mrs. P. Bahr, the

Papaveraceae stands apart from the others., All members of the

Papaveraceae tested were positive or contained at least a
trace of Tannic acid. The other famillies tested were all neg-

ative, except for two species of the Capparidaceae; Crataeva sp.,

and Capparis jemaicensis.

Phenolic Acids.

Protocatechuic, Vanillic, Phehyl lactic and Syringlc acids
were absent from 8ll the six familles, except for a few traces

‘(e.g. Eschscholtzia californica and Dicentra canadensis had a

trace of Protocatechuic; while some Vanillic occurred in Aub-

rietia taurlicola and Lepidium sativum. Phenyl lactic was

observed in Eschscholtzia californicé). On the other hand, all

the families contained some Gentisic, Ferulic, Sinapic, Caffeic,Para-
coumaric and Ellagic acids. These results of Mrs. P. Bahr
compiled from chromatograms also indicate general similarity

between the families being considered.
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CHAPTER IV.

DISCUSSION

A. Analysis pf‘Rééuiﬁﬁ

Bate-Smith has said that the distribution of leuco-
anthocyanins seemed to substéntiate somewhat Hutchinson's
division of plants into 'Lignosae' (woody) and 'Herbaceae!
(non-woody). We were therefore very curious (in view of his
arrangement of the Rhoeadales) to see whether our results of
leuco-anthocyanins suggested two classes of plants. In accord-

ance with Hutchinson's hypothesis, Capparidaceae, Moringaceae,

and Tovariaceae, which are developed along the woody side,

should be positive for leuco-anthocyanins. Contrary to this
expectation, however, all specimens tested from all six families
were negative to the leuco-anthocyanin test, and no evidence to
supﬁort two phyletic lines of development was observed. The

only two gquestionable results, viz. Diplotaxis catholica and

Peltaria 2lliacea, have not been reported as positive elsewhere.

What caused the pale pink colour noted is‘still in doubt. Simi-
larly in the Ehrlich test, all results obtained were negative.

No pink colour was ever noted in any of the species tested, as
might have been predicted for those species placed by Hutchinson
in the Lignosae. The results of the‘Ehrlioh test were consistent
with those of the leuco-anthocyanin test, as was also true for
the few HCl/Methanol tests performed. Development of a magenta
colour in the Ehrlich test is closely correlated with a positive

)

Leuco~anthocyanim test.
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Cyanogenetic glycosides are rather widely distributed in
dicotyledons. Our results for seeds, seedlings and leaves
indicated that hydrogen cyanide can an@ does occur to a limited
extent in these families. Hegnauer found HCN in 12 specles

from 3 genera of Papaveraceae, and 15 species from 3 geners of

the Cruciferae. Our results show that 6‘species from 3 genera

of the Papaverolidese were strongly positive. Only one (Dicentra

spectabilis) ffom the Fumsrioidease was observed to be positive.

It was remarksble too, that members of the Papaverolideae gave

more immediate and stronger positive reactions than did any of

the others.

Juglone - a hydroxynaphthoquinone included in the class of
phenolic substances - also was foﬁnd to be absent from the specles
teéted. This does not seem to sﬁggest‘mwo~groups of families..

The pale blue fluorescence observed was not Intense or brilliant
enough to be caused by coumarins. Neilther did coumarins appear
on the chromatograms for phenollcs. It Is unceftain what trace
compound was responsible for the fluorescence, however, all fam-

illes, 1n¢1uding seedlings Showed an ability to produce 1it.

Differences between the:Papaveraceae and the other famillies

were noted in the Hot Water‘Test'ﬁfand~the,Cigarette‘mesﬁf'f3
when it was applied).  ~None'of the other families examined
gave 8 strongly positive (1.e, class I or II) reaction. In the

tannic acid test the Papaveraceae and 2 specles of Capparidaceae

were positive."This is noteworthy, since Ba te -Smi th reported

that a1l femilies of the Rhoeadales were without tannins. A few
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Table VI

Families and
Subfamilies

Capparidaceae

.1 Dipterygiodeae (1/1)

11 Capparidoidese (25/385)
111 Koeberlinioideae CL /)
1¥ Roydsiodeae (1/1).)

¥y Emblingioideae (1/2))

Y1 Cleomoidease (12/273)

Moringacese

Tovariacese

Cruciferae

A.1 Thelypodiese (28/155)
11 Sinapeae (62/296)

111 Schizopetaleae (3/258)

IV Hesperideae (31/816)

Resedacese .,

Papaveraceae

1 Hypecoideae (2/16)

11 Papaveroideae (2L/356)

111 Fumarioideae (15/127)

Tropaeolaceae

Bracke ted numbers beside the subfamilies are the approx. genera and specles
Under the name of each test, is the number of genera 2nd species tested.

Leuco-~antho~
cyanin test
Gen i ?

19/25
3/8

il
15/26
Lo
171

L/5

3/3
3071
174

2/2
28/L8

19/25
3/8

Bhrlich test

Gen o
Sp.

L/5

3/3
WA

i

1/1
15/32
L/9
1/1

Experimental Results of the Writer.,

?

- 27/52

17/22

5/8

31/1'

15/32
L/9

h1./9

HCN test
Gen it ?
SP.

L/5

3/3
i
T/

Sk R e

17 /26
2/6 1

174
E5/28 = 55
L/9
15l

L/L

/3
/8.

1/1

2/2

20/50

17/26
3/5

13/23
L/9
1/1

- are negatlve
Bl, Fl., Blue florescsnce

Juglone test
Gen %
SD .

4/5

3/3
1/1

2/2
28/

18/23
3/,

L
Ly 27
l/9

included. (Engler & Diels)
+ are positive
? are doubtful

=

L/5

3/3
1/1

2/2

208/l7

3/l

15/27
L/9

Bl
F1

1/1

14

13/2%
3/

L/4

12/23

L/6

Hot water test

I LE 11T

1578

1/1

6/6 L/7 6/8
A e

IV ?
2/3

i

315/

1y

e

20/38
16/16:1/1
2k A
1AL S
245 o

|25/35

Tannic acid

(Bahr's results)
Gen + i i
&

2/2 2/2

1/2

1/2

17/36
1 /2

L/l
3/8

11/19
6/12

3/t

1/1tr

8/1Ltr
3/3tr

1/2

23/31

16/35

1/
1/1




Cappearidacese

11 Cepparioidese
'V Cleomoideae

Moringacese

Tovarlaceae

Cruciferae

11 Sinspeae

IV Hesperidese

Resedaceae

Papaveraceae

11 Pepaveroidease

111 Fumarioidese

- 9%

Table V11, Experimental Results (Bahr).
The occurrence of Phenolic acids, Acid hydrolyzate.
Group A Group B
s .
o jeo]
(&) o
& (]
fo] 4]
o [&] R (o]
jo] (& o o Q T o
ot ko] o ol (-] o ~ b o o [}
o ol o4 o ot Ke () L o ©
® (&) O (&) (] © [&] 21 Q [}
[+1] [+ [+ o [« 4] [e0] [av] [
o & + o — o ot
o] () O Q 12} () (] b o +
/)] o o o £ ol (3] — i to 0]
o —~ jo N O = t0 (o} — =2 < &~
+ o © Gy (o] @ o b4 o] o O
Gen | & s 5 ) i o S E 2 |8 2
Sp. & fry 75} & o, m (¥ > & ) "N
Tested :
2/2 1/1 2/2 2/2 1/1 - 1/1 - -
1/1 - 1/1 1/1 1/1tr | - - - -
1/1 - - - 1/1tr | - - - - - - 1/1
1/1 1/1 1/1 - 1/1 1/1 1/1 - - - - -
13/16 | 5/5 10/10 | 7/7 6/6 1/1tr | 5/5 - 1/1tr - -
8/10 7/8 L/L 2/2 2/2tr | 2/2 - - - - - -
3/5 2/% 3/% 3/% - 2/2 3/3tr | - - - - -
6/7 1/1 3/3 1/1 5/5 1/1tr | 3/3 1/1 ] - /1| - -
3/3 - 3/3% - 3/3 1/1tr {1/1 1/1 | - - - -
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Table VIIT
Summary of Appendix B ( Table I )

Capparidacae (40/660)

A.2. Capparidoideae

B.5. Cleomoidease

Total nos. tested

Moringaceae (1/3)

Tovariaceae (1/2)

Papaveraceae (28/600)
gl
2. Papaveroideae

Hypecoideae

Z.Fumarioideae

tested

Cruciferae (200/1900)
bl
2. Sinapeae
B
4. Hesperideae

Total nos.

Thelypodieze

Schizopetaleae

Total nos. tested

Resedaceae (6/60)

Trepacolaceae (1/50)

List of all plants tested (by writer, Honeyman, Gibbs and others.)

PAL AN Tlg SEEDLINGS SEEDS
HCL/Metd L.A. |Ehrlich| HCN |Juglone| Hot Water | L.A. |Ehrlich| HCN |Juglone| HCN
R A Al T AR A SN RS e (i S P s i A S N L T A
f?':!;t
Y % %% bl A% W % . v
v % % Vi 4 A Vi Ve %4
A % %\ el A Y% A T 7 7 " Vi o
'/ N /A Vi /i Vi 4
‘/i % I/l ‘/l I/n yl
7 A i i V3
7 Yo Ul %e Vsl 25'%|% Va4 A V| A % % "2 %
Ve AV A VAVAR A - Va % V2 e
w %% mP % ummBRHU v % w W %
E/\ ://l ‘ | {/l {/t l/I |I l/l % ; i % 2/‘1
75 A B A% %% %5 Ha Salk % 0% 1
o
}7 Eiﬁ i%% {2% 33E25' [%2 gﬁ %ﬁ( ?@ Zﬂ %%g
4 Y Yl A5 A >% B T T G5 MG
% 4 28| R XA 2 >4 A A 25 A
A A A A A A A A A 4

Fraction beside each family indicaté€s the genera/species included by Willis.
% Blue fluorescence in 2/2 genersa and species. No doubtfuls in juglone test of plants.
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traces were noted also 1ln the Cruciferae. However, all families

except for Paspaveraceae and the two specles of Capparidaceae

mentioned above were negative to the tannic acid test. There is
a possibility that the colour reaction which formed the basis
of our results was affected by some compounds other than tannic

acid, for example alksaloids.

For easy discussion of the phenolic acids, I have grouped
them as follows: A, includes gentisic, ferulic, sinapic, caffeic,
Eara-coumaric‘and ellagic acids. Grbup B has protocatechuilc,

vanillic, phenyl lactic and syringic. Phloretic acid occurred

abundantly‘in Mdringa oleifera, but as this was the only occurr-
ence,'this‘acid has not,been included in el ther group. Group A
acids were present in all six families, while group B ones were
for the most part absent. The Iimportance of biosynthesis is
revealed especially in considering phenolic aclds, tannins and
other phenolic compounds. The presence‘of sinapic 8cid for inst-
ance, assumes more significance 1In this respect as the derivative
of trihydroxycinnasmic scid. Also the iﬁterrelationships of the
compounds needs careful study as to their probable interference
in chemical reactions. Table VI shows a summary of results of

tests from all sources, that contributed to this paper.
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B. . Chemical Characters of the Families

Table IX shows tﬁe occurrence of various constituents in
these families. An examination of this table suggests that
all six families are.similar due to the absence of condensed
tannins and leuco-anthocyanins, the rsrity of hydrocyénic
glycosides, the absence bf the naphthoquinones and group B
| phenolic acids. The presence of seed proteins, oily seeds,
and amounfs‘of saturated acids, oleic and linoleic acids also
make them appear similar. Discrepancies occur in the hot

water test where the Papaverzceae show a tendency to be positive,

and may therefore contain polyphenolases. The Papaveraceae also

are distinguished by positive tannic acid test, alkaldids,

amino acids and saponins.

Now we may consider some of the questions posed in the

introduction as problems.

How does chemical evidence of such complexity influence

the older opinions of family relationships? Teble IX shows the

families arranged according to Hutchinson. In it Papaveraceae and

Fumariaceae differ\inimheir chemical characters from the rest of

the group. Cruciferae and Resedaceae show a similarity to the

Capparidaceae, Moringaceae and Tovariaceae. The Papaveraceae and

Fumariaceae are set apart from the other families by their alkaloids,

and the absence of thioglucOSides. Frohne reported that in his ﬁgél

diffusidn" technique, (electrophoresis) the Papaveraceae and

Fumariasceae were positive, but members of the Cruciferae,




Capparidaceae, Resedaceae, Morlingaceae and Tovarlaceae, also

Tropaeolum ma jus and Viola tricolor were all negative. The

strong: 1ine.in Table IX would therefore indicate a more desirable
division of the families. There seems to be little evidence of
dissimilarity betweéﬁ the woody aﬁd‘herbaceous groupé according
to Hutchinson. However, ﬁate-Smith1 has expressed the opinion,
that the groupslat the ends of two lines of development could

be similar, despite their aifferentjpaths of evolution, and if
there were no tranéitional forms, the different phylogeny would

be unrecognizable. He felt that the association of sinapic acid

- with a reduction iIn woodiness of plants could be interpreted as

én example of a retention in a transitional form. He felt that
this type of evidencé might be useful iIn tracing the affinities

of the Cruciferae and Cappsridaceae, which contained abundant

sinaplc acid, but were not associated with woody families. Another
questlion which we raised was whether the chemical characters of

the Papaveroideae and the Fumarioideae were sufficiently distinct

‘to merit their being classified as separate familles. Contrary
%o the Englerian ldea of homogeneity, Hutchinson states that the

relation between the Fumariacese and Papaveraceae is "more appsr-

ent than real", and‘accordingly he made them separate families of

lBate-Smith, "The phenolic constituents of plants &
their taxonomic significance", J. Linn. Soc. (Bot.), 58, 371,
P. 170- ’
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his order Rhoeadales. He included Hypecoum and Pteridophyllum

in FPumariacese. Manske found no Papaverscade (in the wide sense)

investigated to be completely devold of alkslolds, snd proto-
pine occurred in every papaveraceous plant he Investigated.

In the Papaveroideae 16/32 genera and species had protopine,

while in the Fumarioideae L/L6 genera and species had it. Our

results showed the Papaveroldeae to be positive for tannic acid,

end the Fumarioidese had only traces. Also in the HCN test 3/5

genera and species of Papaveroldese were strongly positive, but

only one speciesof Fumarioldeae (Dicentra spectabilis) was observed

to be positive. These points could be used In favour of a separ-
ation. Jlacetyl ornithine has been thought to be a taxonomic
index ranking with protopine. Reuter found this compound restricted

to the Fumarioidese. Frohne reported that from his serological

data, Papaveraceae and Fumarisceae were closely related, and

should be grouped together in an order Papaverales. - Further lnvest-

1gation is still needed to clarify the closeness of the relstion-

ship between the Papaveraceae and Fumariacease, but at present

indications favour separaticn of familles. Hegnauer suggested

that phytochemistry supports< inclusion of the Papaveracese in

the Polycarpicae. wBrotopiné;:chéelidonine andCsarnghirarine~ -

@re the alkaloids chardcteristi¢ of the Pdpaverscede 'as a whole, and

their closest relatives would be the Nymphaeacease and Berberidaceae.

A discussion of affinities must also include mention of «?

the grest similarity between the Cruciferae and Tropaeolaceae.
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These families, one in the Geranlales and the other in the

Rhoeadales both have large amounts of eruclc and eicosenoic

acids, mustard oll glycosides, and are similar due to absence

of certain constituents, 1ike leuco-anthocyanins, tannic acid,
polyphenolases. This congruence warrants a detalled Investig-
ation, as there is still the possibility of misplacement of

the famlly of Tropseolacease in Geraniales, altnough most tax-

onomists conslder this to be & classical case of parallel

evolution.

The use of chemical characters as supplementary aids in
comparative taxonomy is becoming more recognized as research
goes on. The abundance of criteris available 1s likely to sur-
pass those of a morphologicel texonomy. .Its application 1s still
limited however, as both taxonomists and chemists sre still grop-
ing to pool thelr knowledge and improve communication between
them. The increasing llterature on the subject indicates a grow-
ing interést in this field of study. Chemotsxonomy offers a
challenge %y 1ts very magnitude snd complexity, and although IBM

1 of classification may produce

machines and numerical systems
results more quickly, the lure of greester knowledge and under-
standing of nature and the reward of some discovery, however small,

will continhue to fascilnate and thus stimulate this kind of research.

1R, Sokal and P.H.A. Sneath, Principles of Numerical
Taxonomy, {San Francisco, Lond.: Freeman & Co.]), 1963.
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CHAPTER V

'CRITICISM

Perugal of the literature has revesaled that communiéation
between the various branches of scientific research 1ls inadeq-
uate. Genetical findings, chemical advances 1In technology and
botanlcel data are garnered often without thought of thelir
usefulness In other fields of study. Hence duplication of
effort and slower progress result.. The sciences are divided
too, by different terminology,snd speclalization often loses
sight of its holistlc frame of reference. Hegnauer describes

thé'dilemma this wayl.

'Lihne's opinion (1751) that blants related through form
are as a rule also similar as to their content matter was hither-
to inadequately considered in taxonomy. For this there are diff-
erent reasons, mainly methods in systemstics and phytochemistry
are entirely different, each has its own terminology and 1iter-
ature. Chemical institutes usually have no taxonomical period-
icels and herbariums only little.phytochemical literature. Phyto-
chemical works are of lesser usefulness to the systematist
because they usually‘report facts with lnadequate interpretation
and chemotaxonomical discussion. Chemical analysis of plants

is younger, more time-consuming and expensive than morphological

lR. Hegnauer, Chemotaxonomie der Pflanzen, (Birkhauser,
Basel und Stuttgart,) 1962, Vol. 1, Vorwort. (Preface).




- 103 =

eanalysis. Knowledge of the former 1s therefore much more
incomplete. The systematist is able to distinguish sharply

be tween anslogy and homology. Thié 1s more difficult on
phytochemists,. Structurally similar matter may develop in
different ways in different familiés. Compounds of 1little
relationship to the structursl chemist may be produced in plents
in similar biosynthetical ways. Conclusions as’to their value
In systematics iIs often only possiblé after clarifying the bio-

genesls of the compounds.

The scope of this research wés limited by the time availl-
able for completion, as weil as the fact that many of the plant
species were unsvallable. It was necessary therefore to ﬁake
assumptions on the basis of relatively small samples. Such evid-
énce though useful for speciflic purposes may be 1nconc1uéive as
to 1ts general validity. A survey of chemical characters by a
few simple tests, such as was carried out in this project 1s a
very useful method of approach. However many times it would
have been invaluable to pursue further some compound revealed
by a colour or other resction. For example, in the case of the

questlonable reaction of Diplotaxis catholica and Peltaris

alliacea to the leuco-anthocyanin test s follow-up by chromato-
graphy or other method of analysis could have provided valuable
information like the poésibility that the colour reaction could
perhaps have been produced by some unknown compound. ‘A clarific-
atlon why some of our results for tannic acld conflicted with

those of Bate-Smith would also have been very interesting.
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Similarly, the compounds which produced positive reactions

to the Hot Water Test may have merited further investigation.

There still remain some gaps in the knowledge of the

comparative chemistry of the Rhoeadales. Little is yet known

about Bretschneidera.x;uuf ,. No specimens were avallable to

me and no recent results from others were noted. Also, the
anatomical homology (if anY) between myrosin cells and the

lactiferous cells and canaIS»of the Papaveraceae may need

further clarification. 4An histochemical survey of the members

of the Rhoeadales would help toward that gosl, and it was un-

fortunate that I could not make such a study concurrently. A
study of the blosynthesis of sinapine1 has already been done,
but further examination of other compounds might help to increase

the scope of comparatlive phytochemlstry of this order.

lA. Tzagoloff "Me tabolism of sinapine in mustard plants.
I Degradation of sinapine into sinapic acid and choline, Plant

Physiol. 38, (1963}, pp. 202-206.
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CHAPTER VI | , -
CONCLUSIONS

Hegnauer's opinion about the classification of the order
Rhoeadales was supported by our results. He suggested that

the separation of the Papaveraceae from the Rhoeadales and

: )
their direct derivation from the Ranales (according to Hutchin-

son) appeared to be justified, since the Papaverales were close

to the Ramales through o0ily seeds with endosperm, and tetrahydro-
isoquinoline bases. Their alkaloids were another factqr-which

favoured a separation. The other families, Capparidaceae,

Cruciferae, Resedaceae (perhaps also Moringaceae and Tovariaceae)

"appeared chemically closely related, having similar seed otls, -

myrosin and mustard oils spread thfoughout them. The lack of

leuco-anthocyanins in the species of Capparidaceae and in the

Moringaceae tested seems to militate agsinst including these

femilies in the Lignosae (aocording to Hutchinson) where leuco-
-~ anthocyanins are widely spread. The chemical characters are in
the best harmony with the delimitation of Takhtajan, viz.

Papaverales (with Papaveraceae, Hypecoaceae and Fumariaceae;

or Papaveraceae s.l.), and Capparidales (with Capparidaceae,

Moringaceae, Resedacese, Tovariaceae, Cruciferae). Further

clarification is needed on the derivation of these groups.
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SUMMARY ‘

A review of the historical and recent 1iterature
revealed a8 diversity of opilnions about the family relst-

ionships and hence classifications of the order Rhoeadsles.

The purpose of thls paper was to detegmine some of the
chemical characters of ﬁhenﬂaﬁmlﬁéétoondérnéa;fB#fgéhé Bitple chem-
ical tests plus a llterature survey, in an effort to gather
more deta on the problems of divergent views about the
classification of the families of this order, and to contrib-
ute sore flndings to the alresady existing knowledge about the

comparative chemistry of the Rhoeadales.

Phytochemistry was found to be valuable as s supplemen t-

ary 8id to taxonomy, and in this pasper, its use has provided

data substantiating differences between the Papaveracese,

Fumeriaceae and the other families of the KRhoeadales, as sugg-

ested by Takhtajan. An arrangement into two orders, Papaver-

ales and‘Cagparidales, as proposed by him,seems< to be suppor ted

by the findings of this study. Further research may help to

clarify the ancestry of these groups.
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APPENDIX A.

Me thodology

1. Leuco-anthocyanin Test A.

Fresh material from mature leaves was used. In the case
of seedlings and species with tiny leaves, the stem and bits
of petiole were also includéd; The leaves were chopped finely
with scissors,” When the leaves were reduced to pleces of
approximately a millimefer In size, aboﬁt 0.5 gramsof‘this
material was put into a small test tube and 5 mls of 2N HC1l
were added. The tube and contents were heated in a boiling
water bath for 20 minutes. The tube ﬁas then remo#ed from the
bath and allowed to cool. Then 5 mls of amyl alcohol were
added and coverlng the tube with a thumb; the tube was shaken
vigorously so that the contents were well mixed. The colours,
if eany devéloped, were noﬁed, after which the tube was covered
with saluminum foil and left overnight. The next day the colour
of the amyl alcohol layer was recorded. A bright cherry red
colour was a positive result, while browns and other colours

were negative.

In order to check the reagents and technlque, &s well as
to have a colour reference, a known positive specimen (e.g.

Grevilles robusta) was included in each batch of tests as a

control.




2. Ehrlich Test.

Fresh leaves were chdpped very finely and about 0.5
grems were placed in a small test tube. A few drops of SO%kaqueQus
ethanol were added and the material étirred with a glass rod.
This was done carefully to avoid remov1ng’too much chlorophyll
from the leaves. The tube was then placed 1n a boiling water
bath and the contents stirred occasionally. Additional alcohol
was added to replace that lost by evaporation, but the liquid
was mainta;hed at 8 minimum. When a concentrated extrapt'was
obtained, the tube was removed from the bath, cooled, covered
with foll and left overnight, or for some hours. .The next déy
the tube contalned a molst mass,.with liquid ﬁisible only when

pressed with a glass rod.

For each specimen tested, a plece of filter psper
(Whatman's No. 1; 7 cms. diameter) was needed. On this paper
the identity of the plant was written. Then 1t was suppor ted
around the edges by cleen inverted test tubes, and three spots
of extract, about dime size, were made with a glass rod slong
the diameter of the paper. The spots were labeled "1, 2, 3"

and the paper hung up to dry.

Test A. Spot No. 1 was left untouched, but to No. 2 a
drop of Ehrlich control reagent (conc. HC1l and 95% ethanol in
the same proportions as in Ehrlich reagent) was added. Ehrlich
reagent (a8 mixture of 1 gram p-dimethylamiﬁo-benialdehyde: 5 mls

conc. HCl: 200 mls 95% ethyl alcohol) was added to the third
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spot in the same zmount as for the control. The filtér papeﬁf
was'alléwed‘to dry, and ény colours which developed were noﬁéd.
To intensify these colours, or bring out some which did not;
appear in the cold, the paper when dry was placed in an oven
at 100°C for one minute. Plants which are positive for this
test, i.e. have‘aucﬁbin or similar compounds, develop a deep
blue colour in spot No. 3, which has the Ehrlich reagent. A
brown colour develops in the control spot (No. 2)f A magenta
colour usually develops in spot 3 if leucoanthocyaniné are

present.

Test B. After the'paper>had beeﬁ,féﬁoved,from the oven
and allowed to qul, a,drqp of émmon%um hydroiide was added
to spot No. 1 and the colour néted. ‘In species giving a posi-
tive reaction.to Ehrlich's reagent, a bright yellow golour
devéloped, as for e#aﬂple in élqbularia spp. and Plantago spp.

which were used as controls.
3. HCN Test A.

Special>tubes w{th;tightly fitting ground glass stoppers
were used in this test.t ficric acid paper, prepared by soaking
Whatmen's filter paper Nb; 1 in picric acid and hanging it_to'
dry, was cut into smell sﬁrips df wedge shape {1.25°x0Q.5.inch&s).
A stock of these were kept in = siightly moisturized brown glass
bottle. To test far hydrogen cyanide, a wedge of picric acid

paper was attached to the base of the glass stopper by means of
melted wax. A small amount of leafy material (about 1 gram)

 wwas ground in a mortar with a few drops of water. Then a pinch
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of commercisl emulsin was added and grinding continued.
Finally two or three drops of chloroform wefe added to the
mixture. When a smooth conslstency was obtalned, the semi-
liquid mass was péured iInto the test tube. Care was taken
to direct the mixture into the tube without conteminating
the sides and mouth of 1t. The mouth of the tube was then
wiped clean with a 1ittle water as the wet surface ensured

a tight sesl. The picric acid paper was dipped horizontally
into a petri dish of 10% sodlum carbonate solution, and the
excess liquid wes removed by bringing the paper into contact
‘with some dry filter pasper. The stopper was‘then Inserted.
In a strongly positive reacfion the yellow test paper should
kchange to orange or dull red-brown within a few minutes. A

negative reaction was recorded when no change had occurred

after a week. Passiflora caerulea was used as a control with

each batch of specimens tested.

i. Juglone Test A.

About 2 grams .of chopped leaves, petiole and stems (in
some ceses bark ﬁas also tested) were piaced in a large test tube
with a ground glass stopper, and chloroform was added, so that
1t just covered the leéf méterial; -The tﬁbe was covered and
the steeping.proceeded overnight. The next morning the mixture
was flltered and the filtrate evaporated to dryness in a boil-

ing water bath. The tube was inverted and the residue allowed
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to cool. After this, the residue was dissolved in 5 ccs fﬁ

of ether, and then 5 ccs of aqueous ammonium hydroxide were
added and the tube well shasken. The colour in the aquéoug
layer was noted. An immediate development of a pufpie colour
WOuld Indicate the presence of juglone or related naphthoquin-
ones and is therefore a positive reaction. A bright yellow

colour may be due to flavones..

Test B. The mixture was allowed to stand for a few

hours after Test A and any colour which then developed was

noted.

Test C. The agqueous:layer wagiexamined for fluorescencer
 tGnder Wltra-violet light.. Brillisnt’ fluoreseence may ‘be “in@i-

“cative of ‘coumarins’and other-‘substances.

5. The Hot Water and Cigarette Tests.

The temperature of a water bath was brought to 85°C and
care was taken to maintain 1t between.85°C and 90°C while tests
were being made. A leaf was plunged part way into the water,
and held there for about 5 seconds and then withdrawn. A dark
band which formed immediastely along the water lline dividing the
immersed and exposed parts, was classed as strongly positive,
and recorded as I. A slower development 1s II, while a doubt-
ful colour or very slow reaction was noted as III. No colour
development iWithinHBOfminufésfindiﬁatedwa negative reactidn:.

and was classified as IV. For the oxalis reaction, refer to

page 84.
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The Cigarette Test'isvvéry simiiar to the Hot iiater
Test, and the results are graded and recorded in like manner.
In this test,_however; a glowing clgarette was held sgainst
the back of a leaf for about three seconds. A dark ring dev-
elops around the aréa of contact in poslitive specimens.

Hedera helix was used as a control for these tests.




APPENDIX B, Table 1.

| Capparidaceae

A.1 Dipterygiodeae

o B

PLANTS

Ehrlich
4] 7 |=

HCL/Met) L.A.
Flal= %2 1=

HCN Juglone
+ ? |+ 2 =

11

Capparidoideae

Apophyllum anomalum —

Eoscla foetida

Cadaba juncesa

% Capparis cynophallocphora - - = 4 =

ferruginesa = ; at

flexuoga

jamaicensis - - |+ —

lasiantha =
mitchelli
nobilis

Courbonia sp.

¥ Crataeva sp.

% Maerua sp.

% Steriphoma elliptica - = » = o

111 Koydsiocideae

1V Emblingiodeae

BE.V

Cleomoidece

Cleoma

aculeata

gigantea

spinosa
sSp.

trachysperma

violacea

¥ Plants tested by the writer

#* Blue fluorescence in the Juglone test
positive

? | doubtful

- negative

(+) weak positive
c 'result of the Cigarette test

Hot Water
LT (FIEY |2

L.A,
+ ? -

A list of all plants tested ( by the writer, Honeyman, Gibbs and others.)

3B ED LT NGB

Ehrlich
+ 7 -

HCN

+ °

Juglone
+ 7?7 -

BEEDS

HCN
+ [Bfa
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Table 1. (cont!'d) -
H LA N T 8 o EIED T2 N G IS Seeds
Leucosg
HCl/Meth|antho| Ehrlich HCN [Juglone Hot Hater L.A. Ehrlieh| HCN Juglone|HCN
+, 2 |- A Pl oot Pl Pl 2 <] V=BT SEMETE IV LI = o T e ol e
Dactylaens micranths
¥ Gynandropsis gynandra 3 T % i
speclosa
Pedicellaria pentaphylls
Polanisia graveolens
x icosandra % i £ i
Papaveraceae
1 Hypecoldeae
% Hypecoum grandiflorum b = = i
Leptocaroum
procumbens
11 Papaveroideae
Arzemone &alba
% mexicana - = = = 3 - 2 = =
" yv. ochroleuca
platyceras
var. rosea
Bocconia frutescens = - = = Eu
XCathcartia villosa - = - - g
%Chelidonium majus = ¥ E = = - = 2
ma jus v. laciniatus
# Dendromecon parfordii
rhamnoides = ) (G = it
* rigidum = e = &
X
# Dicranostigma lactucoldes - = i 5 5
Eschschol tzla caespitosa ?
* californica + — = —
® X
x Sp. = ) a2 =
#¥ Glaucium cornieculatum = i & 5 i
" y. rubrum E- =3 - - +
flawvam b
# Macleya cordata - i . in =+
Meconopsis betonicifolia
cambrica
grandis
* horridula ! _e e 52 - . i ]
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Table 1. (econt'd.)

BLANTA SEEDLINGS Seeds
Leuco-

HC1/Meth entho!l FEhplich| HCN Ju;lon; Hot Water |L.A. Ehrlich HCN [|Juglone| HCN
- S S [l L O e i S 0 LD i B TN Bl ol £ ek 7 R
% Meconopsis nepalensis — - = +
® @Eis_ = 3 o o =
Papaver aculeatum 25

® alpinum : i = = - <

argemone
atlanticum 2

commu ta tum -
* dubium = = = - + =
glauclium
heldreichii L
hybridum id
monan thum =

nudicaula =
orientale = ot =
pavoninum =

* pilosum - — = = 1= E

* pyrenaicum = == = -

radica tum =

rhoeas L2

rupi fragum
* somniferum & ST = = = - = -
n

V. polycephalum - s

triniifeolium -

t
\
|
i
i

1.

Platystemon californicu

Romneya coulteri = : i

*
*
* hybrida - - ~ - - 2
*
*
3

trichocalyx = = = 5i = i,

Sanguinaria canadensis = & ' © B

Stylophorium diphyllum = = — + A

111 Fumarioidese
¥ Adlumia fungosa - = — - =5 d,

Corydalis capnoldes -

cava " 5
cheilanthifolia 3

® glauca - = — — — o ks = is
1

v. alba . A
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Table 1. (cont'd.)

PLIANTS S BB DILIEN G S Seeds
Leuco-
HCl/Meth anthol Ehrlich HCN Juglone Hot Water L.A. Ehrlich HCN Juglong HCN
galis I % ) e N Y T [ e + 19 e lp il L 0 O i Tl 10 B i) O M ] I = e L A
Corydalis lutea - . g -
*® ochroleucsa = - - S +
: . 2 iy
E sempervirens = = = - =
siberica =
*® thalictrifolia % = "
Dicentra canadensis =
cucullaria = 2 = B -
eximia 3 o iy i i
formosa 2
spectablis * 53
¥ Fumaria capreclats - 5 e 3
* muralis = = = =,
ofificinalis ‘i
Crucliferae
A. 1 Thelypodieae
% Heliophila amplexicaulls L.f & i & =
longifolia D.C. | B
R + . . >
x Stanleya pinnata inyvensis e -
Streptanthus cordatus Nutt. o
- 11 Sinapeae
# Aethionems antitaurus 3 & i : -
% grandiflorun R i .
stylosum D.C. =
Allisria officinalis o
Arabidopsls thalians =
Armoracia. lapathifol la 50
¥ Barbares intermedis = Vi & = = ¥ 53 N E
* L longirostis u - i, = il < ) = ==
® K vulgaris K.Br. 3 E, 3 > - 2 3 = s
4 " v. arcuata %
« V._8Sylvestris -
Biscutella auriculsta I. —
® L ciliata E = o s e 3 o At i
% 0 didyma X = = e X - = LT
® . laevigata i A e L o 3 B B i

_—_
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Pable | l. (cont'd. )

) w B E D E ITNUG S Seeds

Leuco- 1
#{C1/Meth | antho shrlich [HCK Juglone Hot Water L.A. Ehrlich HCH Juglone HCN
Al s. . Pl 44 gl B g RN B M B S O O R B B R RS

Bressica-alba- Boiss. ; i

campestris L. - 5

chelranthos =

chinensls ==

erucastrum =

fructiculosa =

hirta -

Jjunces — g

" v. crispifolia i vl o = - - — ~ 2

ka@gz L o

" v. pinnatifida =

napobrassica ==

ngpus L. ~

napus L. v. oleiflers = == = = — - - - 42 e

nigra Koch. — ~ - - = o - o o r

oleracea L. a = e - 1l o, . - -

" L.v. acephals =

" Lev.sbullata -

L.v. botrytis ' i

"I.v. capitats =

" v. gemmifers -

" v. gongylodes —

Y Lovaglinl tasg : —

" w. sylvestris o

" 'v. tronchuds =

oxyrrhina —

pekinensis —

rapa - - = = = &£ 5

" L.v. esculents _ £_

" L.v. oleifera -

) &)

sinaplistrum Boiss. et

sylvestris !

verna Ve



= 118 =

Teble 1, (eont'd.y

tn

PIE,. A N "B sep Bl B LN G Seeds
Leuco- j
HC1l/Meth antho |uhrlieh| HCN Juglone dot Water Es
b LT e o R S M C S B AR i L 1 ' S S R0 S
% Cakile edentula (Bigel.) Hook. ?
V.. lacustrs

TANT

Juglone ACN

* maritima = - -

Calepina corvini =

¥ Cardamine aliars

bulbifera (R.Br.)
* bulbosa =

dictyosperma Hook.

* hirsuta L. — - £ el
impatiens

lyrata submerga = e =

= -

pensylvanica

=

pratensis L.

2
5

—~

)

£
Q
¥
P

learia armoracia L. +

o

danica - - - = = & —

groenlandica. L. i

officinalis = = — — £

Coronopus procumbens -
¥ squama tus P ey

# Crambe abyssinica

ordifolia
lsp

E ]
e

anica Linn. =

maritimﬁ Idinn.

44

tetarica v. pinnstifida

Dentarlia diphylla Nich. (>

®¥ Diplotaxis catholica = = ' - - ~ =

erucoices ‘ -
tenuifolia DG, = = -

Eruca sativa M111. = —

Lrysimum aurantiscum

- A

cheirantholdes L. s — - i | )

| 3 . c‘ =
‘ hieraciifolium = .

Inconspilcuum =

linifolium "3

perof skianum i ' =
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Table 1. (cont'd.’)

P T g IN T S S B D BIT N G § Seeds

Leuco-

HC1/Meth |antho | Ehrlich [iC Juglone Hot Water L.A, | Ehrlich HCN | Juglone| HCN
s mmn . puniium h 2] = < S (P (IR T2 |= BTl LR T ET INT TN ol FHE Gyl | WO 2 [ H—2 Folfes | =
Erysimum punilum i~
3 repandunm . = i = = - = . = =

¥ Hirschfeldia incana = = - = = - - -
Iberis affinis =
amars | - bl

coronaria ' -

Gorresefolia =

gibral tarica = =

pinnata —
* sempervirens = = = = =

welwiltschii =

¥ Ionospidium acaule — - — = ~ - 3, L

Isatlis djurdjurae 4

*x ;;Leuca e = i il %

* tinetoria L. — — — - - =} = i i & e

Lepldium affina -

* campestre (L.) R.Br. =
densiflorum Schrad. —
draba L. = =

graminlfolium L. =)

* latifolium = = = = -t

menziesii -

perfoliatum
* sativun i & = - — ~ - - e

b3

virginicum - 2
Lunaria annusa. L, = . g, - = x

rediva I,. =

Myagrum perfoliatum — =
- o x (+

Peltgria alliaces =
turkmena

oW o M

Raphanus caudsatus L. = -

raphanistrum 1. * = = = - -

sativus L.v. longipinnstus -

n

Y. niger AR

% Roripa nasturtium-aqusticum : : - =4 » s “
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Table 1. (cont'd.)
BELANTS G S Saeds
Leuco=-
HCl/ﬂeth antho Ehrlich HCN Juglone Hot Wdater Ehrlich | HCHN Juglone HCN

% Roripe -sylvatioum il e o - A A7 : 5. 7 +1°9 - 2 | TIE0.TIT (TY + o ol

% Sinapis alba - . s —

Sisymbrium altissimm L. - -
assoanum 4
austriacum &
loeselli =

* officinale Scop. i = e 11 B e ¥ u z -

¥ Succowla belearica i i = o z -+

Texiera glastitolia 5
Thlaspi alpestra L. —
* arvense L. o =3 =+ i - = = - -+ CI (e

xx
% Turrtlls glabra & = E = = -
# Vella pseudo-cytisus - = ¥ T = -
spinosa Boiss. =

3. Schizopetaleae

Schizopetalon walkeri > —

)i . Hesperildeae

Alyssum alpestre Linn. b 5 ==

* argenteum = = = = = = — -

granatense 1

maritimum =
kS saxatile L. - Jeip* : 23 = - = — - - =

spinosum —

Anastatica hierochuntina -

¥ Arabis alpina L. = s = E = - = — - —

bellidifolia : —

* diversicarpa =t = e i & = = = -

glabra =

*® holboelllil : S
laevligata =

verna =
*jAubrietia deltoides - - - s

E ] hybrids - - - &

¥ Berteroa incana (L.) DC.. = =¥ = = T - < - - =

Braya linearis ] ) A =




Bunias erucago L.

orientalis L.

Camelina sativa

¥ Capsella bursa-pastoris

Table

HC1/Me t}

+ ? -

Cardaminopsis arenosa

% Cheiranthus allioniil

* Eépiri

muralis

Chorispora tenella

¥ Clypeola Jjonthlaspll

# Descurainia sophia (L.)

¥ Draba sisoldes

ailzoon

alpina L.

E

arabisans

w

siliquosa.

¥ Brophila verna

Erucastrum gallicum

Farsetia clypesta R.Br.

*® eriocarg_a_ Digh 4

% Hesperis matronallis L.

% Hutchinsis alpina

Jondraba auriculata liebb.

Kernera boissieri
saxatills

Lobularia 1libyca

* maritima (L.)
v. benthamii

% Nalcomia africana

*® maritima

Matthiola arborescens

flabra
* incana K,Br.
® sinuata

Webb.

# Morlcandia srvensis

=

Nasturtium nmasturtivm -agueticum

Drfricillale H.DBr. :

1.

& Berth.

Leuco-
an thol

(cont'd. )

Pk A

|
Ehrlich

.| 2 1=

N T

HCW

4 &

o

]

Juglone
il K ¢

= R

L

Hot Water
7 Wi 1 T T
Ct

fhrlich
4 ol

HCHN
-+

P

DILI N CS

2

Juglone
T 59

Seeds

HCN
.12
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PLANTS o B E DIL TN

Leuco-

G2
C

seeds

HHCl/Meth| antho Ehrlich HCN Juglone Hot water L.A. | Bhrlich HCN Juglone HCN
ap 14 8 "Ll s ta ek, ) ? - o T ol e e PO Ol 9 TSI T o S R TR Fo 2= | deh? + ? -
Neglia penteulefa (L.) g 4 1 IV : : : :

Pringleea antisccrbutica R.bBr. &

Psychine stylosa =3

Ptilotrichum spinosum -

Ricotia lunaria <
Rhytidocarpus mcricaridioides =

Schivereckia bornmuelleri g -

% Schivereckla doerflerl = — =3 —

Stenophragma thallanum ' -

Vesicaris graeca Benth.

*® utriculata — - L - iy iy

Wilckia littorea Druce ==
patula D.C. .
Moringaceae

% Moringa oleifera Lam. - - - — — — =

Tovariaceae

% Tovaria pendula Ruiz. et Pav. = = = =

Tovaria virginiana (L. ) Raf. =

Resedacesge

% Astrocarpus clusii - = — — = < . ch =

Astrocarpus sesamoides - = - o 2
Caylusea abysinica = & = i,

Reseda alba — | + < | I .| -

Reseda chrystallena ==

Reseda lutea = — - = A iy 5

Reseda luteols = ] o2 aed s — o

ieseda odorata - - £ —~ = e - — = =

E I T - I - - -

Tropaeolaceae

Tropaeolum aduncum e

¥ Tropaeolum majus L. - — — e — - - = o .

Tropaeolum minus L. i i =
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Table 2. Bahr's results of the tannic acid test for
Capparldaceae and Papaveraceae.

-~

Species Pos. Neg.
Capperidaceae II.
Capparis Jamaicensis +
Crataeva sp. +

Cleome Sp. -
Cleome violsacea -

Papaveraceae II. .
Argemone mexicana x tr
Chelldonium ma jus L. tr
Dicranostigma lactucoldes o IR
Escholtzia callfornica tr
Glaucium corniculatum tr
Glauclum corniculatum v. rubrum tr
Macleya cordataX tr
Meconopsls aculeata -
Meconopsls cambrica +
Meconopsls dhwo}él +
Meconopsls horridula tr
Meconopsis nepalensis : tr
Meconopsls regila tr
Papaver alpilnum tr
Papaver dublum tr
Papaver nudlcaule tr
Papaver orientale tr
Romneya coul teriX : +
Sangulnarla canadensis tr
IIT
Adlumia fungosa +
Corydslls glauca , -
Corydallis ochroleuca +
Corydalls rupestris
Corydalis sempervirens tr
Corydalis fﬁa%icfr{ToIia
DIcentra exima tr
Dicentra formosa
DIcentra hybr
DIcentra oregana
Dicentra roses
Dicentra sp. tr

+

+

+ 4+ + +

® Specles tested by Bate-Smith also and where conflicts occur.
tr trace occurrence

+ positive

- negative
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Table 3. Alksloids of the Cruclferae and Cappsridaceae

(Compiled from Willaman and Schubert).

B~ bark
F1 - flower

Fr - frult

8 =~ seed

3t - stem

G =~ green parts
L - leaves

# - whole plant
Wo - wood

Cheiroline

Erysoline

Lunarine

Lunaridine

Lunarimine

Narcotine

Sinapine

Stachydrine

3 hydroxystachydring

Tyramine

Unknown

Crucllerae 11

Aethionema elongatum Boiss.

+

Brassica nigra Koch.

Brassica oleracea L.

Brasslca rapa

s+

Erysimum arkansanum Nutt.

s+

Erysimum sureum Bieb.

Erysimum crassipes Eisch &

Mey.

Erysimum feodorovii-kassumovil

Erysimum nanum Bolss.

+

Erysimum perofskianum

Iberls amara L.

Lepidiﬁm sSp.

Lepidium hyssopifolium Desv.

Lepldium virginicum L.

Lunsris annua L.

Lunaria blennis Moench.

+3

+5s

+3

Rapistrum rugosum All.

Sinapis albs L.

Iv.
Capsella bursa-pastoris
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Table 3.(cont'd.)

Capparidaceae

11. Apophyllum enomalum F.Muell.

Capparis canescens Banks ex DG

Capparis laslantha R.Br.

Capparis luclids Banks.

Capparis mitchelll Lindbl.

Capparis nobilis F.V.

Capparis nummularia DC.

Capparls persicaefolia

Capparis sarmentosa A.Cum.

Capparis sola Macbride

Capparis‘sginosa L.

Capparls tomentosa Lam.

Courbonia virgata Brongu;g

Crataeva sp.

V. Cleome ciliata Schumg&"
Thom,
Gynandropsis gynandra (L.)

Polanisla graveolens Raf.

L}
o]
o
13
o
)
£
)
©
o |+
(7] ] ® a n
S o £ |18 |o Lo B
o o O | | o () =~ ] (]
-~ |+ |8 | |E |+ |8 B |0 ol .
O | |t ot |t |4 | SR I TR P B
g, lo |6 |8 |8 |Oo | |8 |v |E -0
et | | |@ |8 |O | |[Oo |>» | | &
S5 (5(8(s185181° [ |=
O XA |kl Q-3 |& B |17 [ B )
L +
L B+
+5
| +L
+B
B+
S L+
+
] .+
+B
+
L"r+
Pr+ +
+
P+ L
{
}S W+
§No¢

Polanlsia viscosa DC.
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SCOP.
(L. ). DC,
(L.) Crentz.

Dc.

L.

sis
cornis

Sp.

hirsuta (L).
Arabis alplna L.
bid sp.
Aubrietia sp.
Berteroa 1ncana
Hesperis matronalis L.

A

Ara
Conringia orientalis (L.) |Andrz

Malcolmia maritima R,Br.

Alyssum argenteum Vitm.
Matthiols bi

Lesquerella lasiocarpa
Cheiranthus cheiri L.

IV

Camelina sativa
Matthiola .sp.
Vesicaria sp.

Sisymbrium sp.
Thlaspl arven
Alyssum sp.
Bertenoa sp.
Bunias sp.
Camelina sp.
Capsella
Draba sp.
arsetia sp.

BT
Arabis
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