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INTRODUCTION

Chemotaxonomy  i s  t he  sys tema t i c  s tudy  o f  chemica l
variation between olant taxa. Evidence of chemical variation
has essentially been used for classification purposes ever
s ince ' fo lk  taxonomies ' ,  based on cer ta in obvious p lant
character is t ics were inst inct ive ly  employed by mankind
centuries ago. These categories, such as edibil i ty, taste,
colour ,  smel l  and medic inal  va lue were founded,  however
unknowingly,  on chemical  propert ies.  As long ago as the
f i rs t  century af ter  Chr is t  the aromat ic  mints had been
recognised and grouped together by Dioscorides (Jones &
Luchsinger ,  l986) .

Awareness of the chemical complexity of plants grew from
the desires of Europeans for exotic spices and condiments
as well as investigations into their medicinal properties. Early
knowledge about the subject was summarised in herbals,
and concentrated on information about physiologically active
secondary metabol i tes such as a lkalo ids and saponins
(Jones in Street, 1978).

Dur ing the e ighteenth and n ineteenth centur ies knowledge
in the field increased, and some taxonomists made use of
several chemical characteristics in attempts to classify plants
and to demonstrate their phylogeny. However, although the
chemical characters they used were recognised, they were
man i fes ta t i ons  o f  p rocesses  o r  compounds  no t  ye t
completely identif ied (Jones & Luchsinger, 1986) and so their
use was based on inadequate knowledge and evidence.

Gradually the number of recognised natural plant products
increased, extending to include proteins, nucleic acids and
the major  polysacchar ide categor ies.  At  the same t ime
research in to p lant  metabol ism revealed s imi lar i t ies and
uni formi t ies in  the chemical  funct ioning of  p lants,  whi le
s imul taneously h ighl ight ing b iochemical  pecul iar i t ies which
m igh t  be  taxonomica l l y  o r  phy logene t i ca l l y  s i gn i f i can t .
Successful attemots were made to correlate this variation
with known classifications, and many claims were made as
to the taxonomic merit of various chemical characters (Smith
in Street, 1978). However it is only in recent decades that
reasonably rapid surveys of plant extracts have become
feasible, due to improved techniques of chemical analysis
and the e luc idat ion of  the st ructures of  many organic
compounds (Radford et al,1974). Technological advances,
par t icu lar ly  e lect rophoresis  and chromatography,  have
simplif ied and speeded up analyses, and also often made
analys is  of  smal ler  amounts of  mater ia l  v iable.  This is
particularly valuable when rare herbarium material must be
used.

It is now generally accepted that certain compounds and
re la ted  subs tances  may  be  cha rac te r i s t i c  o f  ce r ta in
taxonomic groups (Davis & Heywood, 1973), and certainly
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chemotaxonomic invest igat ions have been employed at  a l l
levels of the taxonomic heirarchy, from subvariety to division
(Smith in  Street ,  1978;  Stace,  1980).  l t  is  thought  that  when
the groups in question differentiated, the abil ity to form a
chemical  substance was reta ined by v i r tue of  metabol ic
processes reta ined by the group or  i ts  ancestors.  By
implication we see that if the pathway of chemical evolution
were  es tab l i shed  then  th i s  m igh t  o f f  e r  i ns igh t  t o  t he
evo lu t i ona ry  h i s to ry  o f  t he  g roup ,  as  we l l  as  t o  t he
understanding of  the present-day re lat ionships wi th in and
between groups (Erdtmann,  c i ted in  Davis & Heywood,
1 973).

Research has shown that there is generally an inverse
re la t i onsh ip  be tween  the  taxonomic  d i s t r i bu t i on  o f  a
compound  o r  c l ass  o f  compounds  and  i t s  b iogene t i c
complexi ty  such that  i f  i t  is  b iosynthet ica l ly  s imple and
widespread it may be assumed to be primitive, while those
more l imi ted in  thei r  d is t r ibut ion and more comolex to b io-
synthesise may be assumed more advanced (Gershenzon
&  Mabry ,  1983 ) .  Howeve r  t hese  assumpt ions  p rove
simplistic when phylogenetic inferences are to be made from
chemical  data.  Davis and Heywood (1973) indicate the
fo l lowing general  compl icat ions:-

1. Chemical compounds and/or biosynthetic pathways
are not always environmentally stable, and so their
p r e s e n c e  m a y  b e  a f f e c t e d  q u a n t i t a t i v e l y  o r
qualitatively by factors such as temperature or mineral
deficiencies.

2. Biosynthetic knowledge is inadequate about a great
many of the chemical characters used in taxonomy,
so that  para l le l ism or  convergence might  confuse
perception of phylogeny. A compound might arise
viatwo or more entirely distinct biosynthetic pathways
(convergence),  and i ts  presence would thus not
necessarily imply a relationship between taxa in which
i t  occurs.  (Gershenzon and Mabry (1983) quote the
case of  napthoquinones,  which may ar ise in  h igher
plants vra four different pathways). Parallelism may
cause similar end products to arise in related groups,
particularly when they are derived from ubiquitous
metabolic intermediates.

3.  ln  many cases i t  is  not  known whether  metabol ic
pathways are reversible or not, and reversal of a
pathway confuses the issue of whether a character
is primitive or derived in a specific taxon.

4. Large and/or complex molecules are not necessarily
the most advanced. Chemical reduction mav occur
in plants due to metabolic changes.

5.  Chemical  and morphological  features may have
evolved at different speeds due to differing selection
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pressures,  and thus one might  f ind 'pr imi t ive '  chemical
characters together  wi th 'advanced'  morphology in  a
taxon.

6.  Chemical  var iabi l i ty  occurs -  for  example,  over  a
geographic range,  or  vr ,a chemical  mutants wi th in
s p e c i e s .  C h e m i s t r y  m a y  a l s o  v a r y  b e t w e e n
ontogenet ic  s tages of  organs analysed.

Al l  these problems make i t  d i f f icu l t  to  assess the re lat ive
degree of advancement of different compounds or classes
of  compounds in any g iven taxon.  According to Davis and
Heywood (1973) chemosystemat ics is  of  far  greater  use in
establ ish ing consanguin i ty  (k inship)  than in e luc idat ion of
phylogeny proper,  which involves t rac ing past  evolut ionary
history.

Despite drawbacks to potential phylogenetic value, there are
many instances today in  which phytochemical  data have
contr ibuted to substant ia l  taxonomic improvements (eg.
documen ta t i on  o f  hyb r i d i sa t i on ) ,  a l t hough  they  a re  s t i l l
underut i l ised to a large extent  (Stace,  1980).  In  general ,
rest r ic ted or  unique occurrence of  compounds is  of  greater
taxonomic value than widespread occurrence (Davis &
Heywood,  1973).  Broadly speaking,  four  main categor ies
of characters are used in chemosvstematics:-

DIRECTLY VISIBLE PARTICLES

These are par t ic les such as starch gra ins and raphides,
which are often also regarded as morphological characters.
An example of  thei r  use is  in  the ut i l isat ion of  s tarch gra ins
to c lass i fy  the Poaceae (Polh i l l  and Raven,  eds,  1981).

PRIMARY METABOLITES

Although some pr imary metabol i tes are ut i l ised chemo-
systemat ica l ly ,  on the whole thei r  usefu lness is  l imi ted,  as
they are intermediates in or products of essential metabolic
pathways,  and as such are of  ubiqui tous d is t r ibut ion (eg.
sugars that  par t ic ipate in  the Calv in cyc le) .  Occasional ly
they accumulate in  unusual ly  h igh concentrat ions or  occur
as  unusua l  s to rage  p roduc ts ,  and  i t  i s  l a rge l y  i n  such
instances that  they are used taxonomical ly  (Stace,  1980).

SECONDARY METABOLITES

These are very numerous and of more restricted occurrence
than pr imary metabol i tes,  which makes them more valuable
as a source of  taxonomic ev idence (Stace,  1980),  and a
large amount  of  in format ion on thei r  d is t r ibut ion in  the
angiosperms is available. However, the data demonstrate
that  some secondary compounds are more usefu l  than
others, particularly on a broad scale (Gershenzon & Mabry,
1983).  The fo l lowing are those groups of  compounds that
have thus far proven to be most useful generally:-

F lavonoids
Jones  and  Luchs inge r  (1987 )  i nd i ca te  t ha t  t he
f lavonoids are one of  the most  usefu l  taxonomic
markers for a variety of reasons:-
-  t hey  demons t ra te  a  w ide  range  o f  chemica l

structures, which have a demonstrable genetic
basis  for  thei r  var iat ion.

-  they are chemical ly  s table,  so that  analys is  of
material can be done Vears after the material is
collected.

- they are easily isolated and identif ied even from
smal l  amounts of  p lant  mater ia l .  Large numbers
of plants can easily and rapidly be surveyed for
f lavonoids us ing paper,  th in- layer ,  or  one or  two-
djmensional chromatography, and in recent years
many useful results have been achieved (Vickery
& Vickery,  1981).

-  they occur  var iously  but  ubiqui tously  in  a lmost  a l l
p lants.

-  they can be used at  a l l  taxonomic levels  in  most
groups of  p lants.

Al though f lavonoids are present  in  a l l  h igher  p lants
(V i cke ry  &  V i cke ry ,  1981 ) ,  t hey  a re  absen t  f r om
bacteria and the majority of algae. The most primitive
g roup  tha t  exh ib i t s  t hem i s  t he  Cha rophyceae
(stoneworts), a group of green algae considered to
be  advanced  fo r  a  number  o f  r easons .  S imp le
f lavonoids have been found in pr imi t ive Bryophyta,
while far more complex ones have been isolated from
the most  advanced angiosperms (eg.Orchidaceae).

F lavonoids have been used to rev ise the fami l ies
inc luded  i n  t he  g roup  Cen t rospe rmae .  The  red
anthocyanin and betacyanin pigments are mutually
exclusive, and so too are the yellow betaxanthins and
the carotenoids.  A survey of  the Centrospermae
showed that while ten of the twelve families included
in the group conta ined betacyanins and/or  beta-
xanth ins,  the Caryophyl laceae and Mol luginaceae
con ta ined  an thocyan ins ,  i n  common  w i th  non -
Centrospermae plants. This argued for their removal
to a separate order from a chemosystematic viewpoint
(Vickery & Vickery, 1981). However, this removal is
sti l l  debated, as their exclusion is in direct contradiction
to the anatomical  ev idence,  Nevertheless,  thei r
anomaly was highlighted by their f lavonoid pattern.

Flavonoids can be used as a ' f ingerpr int '  in  some
genera where it has been found that each species
has a distinct f lavonoid pattern. The Eaptisra genus
(Fabaceae), for example, contains 62 flavonoids, and
each of its 17 species has a characteristic f lavonoid
pat tern.  However,  c losely re lated genera exhib i t
several species with almost identical patterns (Vickery
& Vickery,  1981).

Often the geographic centre of origin of a plant can
be  deduced  f rom i t s  chemica l  cha rac te r i s t i cs .
Geranium speciesr (Geraniaceae) exhibit a. wide
range  o f  f l avono ids ,  w i t h  p r im i t i ve  compounds
p redomina t i ng  i n  Cen t ra l  Eu ras ian  spec ies ,  and
dimin ishing in  species to the east  and west  (Vickery
&  V i cke ry ,  1981 ) .

Parentage of  natura l  hybr ids may be deduced i f
f lavonoid b iosynthesis  is  assumed to be addi t ive
(Vickery & Vickery, 1981). By recombination, hybrids
ar is ing f rom species wi th d i f fer ing f lavonoids can
synthesise compounds found in neither parent. Such
chemical  recombinat ion may resul t  in  the hybr id
exhibit ing intermediate exomorphic characters (Davis
& Heywood,  1973).
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Terpenoids

Despi te thei r  comparat ive ly  wide occurrence and
variety, terpenoids have been used less extensively
than flavonoids in taxonomy, possibly due to diff iculty
o f  a n a l y s i s .  H o w e v e r  t h e y  h a v e  b e e n  u s e d
extensively in the chemosystematics of some groups
i n  w h i c h  t h e y  o c c u r  ( e g .  m i n t s ,  u m b e l l i f e r s ) .
Comparison of terpenoid content between plants has
been facil i tated by gas chromatography, and they
have been used to clarify specific and subspecific
taxa as well as geographic races and hybrids (Jones
&  Luchs inge r ,1987 ) .

Alkalo ids

A great deal of information on alkaloid occurrence is
avai lable,  and thei r  d is t r ibut ion has contr ibuted to
taxonomic studies in  var ious groups.  However,  they
are less chemically stable than flavonoids, as well
as being.structurally and biosynthetically complicaied
(Jones  &  Luchs inge r ,  1987 ) .  Due  to  t he  l ack  o f
knowledge as to the re lat ive advancement of  the
different biosynthetic pathways leading to the various
ske le ta l  t ypes ,  I i t t l e  a t t emp t  has  been  made  to
compare d i f ferent  a lka lo id types phylogenet ica l ly
(Gershenzon & Mabry,  1983).  Thei r  contr ibut ion to
such c lass i f icat ions has thus been restr ic ted.  An
excep t i on  among  the  a l ka lo ids  a re  t he  bensy -
lisoquinoline alkaloids, which are important taxonomic
markers in the angiosperms. Gershenzon and Mabry
(1983) at t r ibute th is  to thei r  b iosynthet ic  uni formi ty
and'coherent  d is t r ibut ion ' .

Glucosinolates (Mustard oil glucosides)

These, together with the alkaloids, have been used
to d iv ide the four  fami l ies compr is ing the o ld order
Rhoeadales into two new orders:
Cappa ra les ,  con ta in ing  the  Capparaceae  and
Cruci ferae,  which produce g lucosinolates.

Papaverales,  conta in ing the Papaveraceae and
Fumar iaceae,  which produce a lkalo ids.

Research has shown that glucosinolate patterns may
also be used to document hybridisation as well as
provide infrageneric characters (Jones & Luchsinger,
1 987) .

l r ido ids

This group of secondary metabolites is of increasing
taxonomic importance (Gershenzon & Mabry,  1983;
Jones & Luchsinger ,  1987),  and they show promise
in the clarif ication of relationships at various levels.
They have also contributed to solving the debate over
the ancestral progenitor of the Asteraceae, which do
not  produce i r ido ids.  Several  putat ive progeni tors '
cases were weakened when they were shown to
produce i r ido ids,  leaving only the Campanulaceae,
A ra l i aceae  and  Umbe l l i f e raceae ,  wh i ch  do  no t
produce i r ido ids,  in  the running (Jones & Luchsinger ,
1 eB7).

I n  o r d e r  t o  u s e  s e c o n d a r y  m e t a b o l i t e s  m o r e
extensively in a systematically meaningful way a great
dea l  more  know ledge  abou t  t he i r  b i osyn the t i c
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pathways,  inc luding the metabol ic  in termediates and
enzymes involved,  wi l l  have to be establ ished.

SEMANTIDES

These compr ise DNA, RNA and prote ins.  Because each of
these is so intimately connected with genetic characteristics,
m a n y  r e s e a r c h e r s  c o n s i d e r  t h e m  t o  b e  o f  i m m e n s e
taxonomic value,  as they potent ia l ly  are.  However,  the t ime,
equipment  and know-how necessary for  thei r  ef fect ive
analys is  of ten l imi ts  thei r  usefu lness.

Stace (1980) ment ions three main methods used in
prote in taxonomy -  e lect rophoresis ,  amino-acid sequencing
and systematic serology

Electrophoret ic  techniques enable prote ins to be
' f ingerpr inted '  by establ ish ing thei r  re lat ive s ize,  charge and
isoelectr ic  point  by separat ing them in var iable gel  mixtures
across a vol tage gradient  (Stace,  1980).  Prote in prof i les
produced vra electrophoretic separation and subsequent
sta in ing have been used in var ious systemat ic  s tudies
invest igat ing polyplo id taxa,  as wel l  as at  in terspeci f ic ,
in t raspeci f ic  and populat ion levels.  Par t icu lar  care and
expertise are required in the use and interpretation of protein
prof i les (Jones & Luchsinger ,  1987).

Amino-acid sequencing at t€mpts to establ ish the
var iat ion in  the precise sequence of  amino acids in  a s ingle
homologous prote in throughout  a range of  organisms.  This
analysis relies on the fact that a particular protein may vary
to a certain extent without altering its essential function. One
molecule used extensively  for  th is  purpose is  cytochrome c,
in  which 79 out  of  the approximately  113 amino acids vary
interspecifically, but alteration of even a single one of the
other 34 destroys the f unctioning of the molecule. Generally
the number of differences parallels the relational distance
between the organisms in t radi t ional  c lass i f icat ions,  but
anomal ies do present  themselves,  in ferr ing that  a measure
of protein structure is not an infall ible guide to degree of
k i nsh io .

Certa in assumpt ions are made when analys ing the resul ts
of  th is  technioue:-

I t  is  assumed that :
-  the molecule has evolved yra the min imum number of

mutations
- no convergent evolution or back-mutation has occurred
-  d i f f e ren t  pos i t i ons  on  the  mo lecu le  a re  equa l l y

suscept ib le to subst i tu t ion.

T h e s e  a s s u m p t i o n s  w e a k e n  t h e  e v i d e n c e  w h e n  t h e
sequencing of  a number of  homologous prote ins y ie lds
conflicting evidence (Stace, 1980). Some researchers have
pointed out that to apply cytochrome patterns in chemo-
systematics requires that one should take into account the
quantitative and qualitative effects of growth conditions on
the cytochrome content  (Kandler  & Schle i fer  in  El lenberg eI
a/ ,  1980).  Stace (1980) suggests that  in  order  to prevent
interpretative mistakes, results from a wide range of proteins,
preferably s tudied by a number of  d i f ferent  techniques,
should be pooled rather than placing total reliance on the
screening of  a s ingle prote in.

Synthet ic  sero logy is  an immunological  technique re ly ing
on the relative specificity of the immune reaction, and the
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fact that the degree of cross-reactivity is proportional to the
degree of  re lat ionship between the organisms.

In p lant  sero logy,  ant isera to ant igens f  rom var ious taxa are
ra ised in animals,  us ing var ious p lant  ext racts (Jones &
Luchsinger ,  1987),  and then the ant isera can be used as a
standard test against other plant extracts. The degree of
coagulat ion that  the other  ext racts cause in them is  used as
a  m e a s u r e  o f  t h e i r  s i m i l a r i t y  t o  t h e  o r i g i n a l  a n t i g e n .
Ref inements in  the technique have made th is  method more
speci f lc  than i t  was previously ,  and sero logy has been
extensively used throughout the taxonomic levels f rom above
fami ly  to below species,  y ie ld ing many valuable data (Stace,
1 980).

Nucle ic  ac ids have not  yet  been used very extensively  in
p lant  systemat ics due to the complexi ty  of  thei r  analys is .
Most  techniques are of  re lat ive ly  recent  or ig in,  and so the
data accumulated thus Iar  are l imi ted (Jones & Luchsinger ,
1987). Theoretically these characters should be able to solve
many phylogenet ic  problems,  f i rs t ly  because each organism
has  DNA w i th  a  un ique  base  sequence ,  and  second l y
because the theory of  evolut ion is  based on the premise
that  re lated organisms should show s imi lar i t ies in  thei r  DNA
which are not shown by unrelated species (Vickery & Vickery,
1  981  ) .

The most  usefu l  technique in th is  regard at  present  is  DNA
hybr id isat ion,  in  which DNA double hel ices are induced to
unwind.  and then a l lowed to recombine wi th each other  as
well as similarly treated DNA f rom other species. This results
in some hybr id double hel ices being formed,  the number
and f  ide l i ty  of  recombinat ions theoret ica l ly  depending on the
compat ib i l i ty  of  the two DNA base sequences.  Some usefu l
resul ts  have been obta ined which show the potent ia l  va lue
of  th is  method,  but  techniques have not  yet  been per fected.
Jones and Luchsrnger (1987) point  out  that  var iable resul ts
have been obta ined depending on exper imenta l  condi t ions.
Some evidence has suggested that in vifro replication of
the DNA template is affected by factors such as temperature,
and the absence of regulatory phenomena or specif ic factors
that are present in vivo (Wackernagel in Ellenberg et a/,
1980),  and i t  seems wel l  possib le that  th is  might  just  as wel l
appiy to recombinat ion a lso.

Other  techniques have been used to invest igate DNA and
RNA, but  resul ts ,  according to Stace (1980),  are of  l imi ted
appl icat ion.  He suggests that  advances in gene c loning and
genet ic  engineer ing may lead to more extensive use of
nucleic acid characters in taxonomy, but a potential drawback
to thei r  extensive use in phylogeny is  that  l ive mater ia l  is
of ten a orereouis i te .

Chemical  var iat ion is  of  considerable taxonomic value in
severar  ways:-

1 .  Conf i rmat ion or  support  of  putat ive c lass i f icat ions
derived from other sources of taxonomic characters.
such as morphology.

Resolut ion of  problems where re lat ionships based
on other  ev idence are ambiouous or  conf l ic t ino.

P r o v i d i n g  e v i d e n c e  t o  s u g g e s t  m o r e  n a t u r a l
posi t ion ing of  anomalous taxa,  as wel l  as to separate
taxa. Often the presence of anomalous taxa in a
group is  accentuated by thei r  chemical  pecul iar i t ies.

4.  Detec t ion  o f  con f i rmat ion  o f  hybr id isa t ion .

5 .  Prov id ing  add i t iona l  on /o f f  charac ters  fo r  numer ica l
taxonomy by their presence or absence in taxa.

However ,  as  w i th  a l l  o ther  taxonomic  charac ters ,  chemica l
var ia t ion  must  cons tan t ly  be  sub jec t  to  c r i t i ca l  appra isa l  o f
techn iques  and in te rpre ta t ions .  Two major  p rob lems tha t
appear  to  need address ing  are  the  lack  o f  s tandard isa t ion
of  methodo logy  and the  inadequate  sampl ing  o f  g roups .

Chemotaxonomy has  undoubted ly  made a  b ig  cont r ibu t ion
to taxonomic work in the past and wil l  most certainly continue
to  do  so  in  fu tu re .  However ,  g iven  the  lack  o f  foss i l  ev idence
and the  need fo r  l i ve  mater ia l  in  some ana lyses  i t  seems
that  i t s  con t r ibu t ion  to  a  phy logenet ic  c lass i f i ca t ion  must
per fo rce  remain  l im i ted .  The va luab le  in fo rmat ion  i t  o f fe rs
is  bes t  used in  con junc t ion  w i th  o ther  sources  o f  taxonomic
ev idence and thus  a  mul t id isc ip l inary  approach is  requ i red
in order to establ ish a system of classif  icat ion which ref lects
natura l  re la t ionsh ips  as  accura te ly  as  poss ib le .
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