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SUMMARY

The Cucurbitaceae is a moderately large plant family of about
130 genera and 900 species.  Approximately  30 of  these
species are used as cultivated plants. Some progress has
been made in understanding the taxonomy and phylogeny
of  cucurbi ts  through the use of  a lpha taxonomy. Biochemical
and molecular  marker  techniques are increasingly  being
util ised as a useful tool in elucidating taxonomic relationships,
tracing phylogenetic patterns and for genetic l inkage analysis
for  croo improvement .  A l i terature rev iew was undertaken
to  assess  the  ex ten t  o f  u t i l i sa t i on  o f  va r i ous  marke r
techniques in  the Fami ly  Cucurbi taceae.

INTRODUCTION

The Cucurbi taceae is  a predominant ly  t ropical  p lant  fami ly
of  about  130 extant  genera and 900 species,  the over-
whelming major i ty  of  which are d is t r ibuted in  three main
areas: Africa and Madagascar, Central and South America
and Southeast Asia (Jeff rey, 1980). In tropical Africa, cucurbit
d is t r ibut ion is  especia l ly  character is t ic  of  the dr ier  regions.
For  example,  Namibia,  which inc ludes both the Namib and
Kalahari Deserts, has been identif ied as an important centre
of  cucurbi t  d ivers i ty  (Maggs & Guar ino,  1995).

Several  soecies in  the Cucurbi taceae are of  economic
importance including the musk or sweet melon (Cucumis melo
L.); cucumber (Cucumis sativus L.); watermelon (Citrullus
lanatus (Thunb.) Matsumura & Nakai) and summer or winter
squash (Cucurbita pepoL., C. mixta Pangalo, C. moschata
Poir., C. maxima Duch. and C. ficifolia Bouche). A number of
other species are produced in relatively small quantit ies for
local consumption or are gathered f rom the wild, but they are
nevertheless a vital component of subsistence diets. The
Cucurbitaceae are an impoftant source of vegetables, fruits,
edible seeds and seed oil, domestic utensils, medicines, water,
animal fodder and fuel. In spite of this potential, fewer than
0,5% of the species are being commercially exploited and
the family is relatively poorly known.

The long and intimate association of man with cucurbits is
t yp i f i ed  by  seve ra l  spec ies  wh i ch  a re  known  on l y  i n
cu l t i va t i on .  Evo lu t i on  o f  t hese  c rop  spec ies  has  been
unravelled through remains from archaeological deposits and
present-day d is t r ibut ion pat terns.  The domest icat ion of
cucurbits is a success story reflected in the current world-
wide cul t ivat ion of  major  cucurbi t  crops.  In i t ia l  breeding and
imorovemen t  ac t i v i t i es  f ocused  on  the  e l im ina t i on  o f
bitterness, sex expression, the increase of the facil i ty of F1
hybrid production and disease resistance. lt was, in fact, in
watermelon that the transfer of disease resistance from an
inedible land-race to horticulturally acceptable cultivars was
f i r s t  demons t ra ted  (Wh i take r ,  1979 ) .  Th i s  p ionee r i ng
research in the first decade of this century had far-reaching
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impl icat ions not  only  for  watermelons,  but  for  p lant  breeding
in general .  Wi th innovat ive b iotechnological  methods now
avai lable,  a new scope of  possib i l i t ies has been opened up
for  improvement  and development  in  cucurbi t  crops.

The fami ly  as a whole is  character ised by t ra i l ing,  v ine- l ike
stems and tendr i ls .  Except  for  some var iat ion in  f lower s ize
and colour  among the species,  the general  morphology is
ve ry  s im i l a r .  Th i s  has  con t r i bu ted  to  con fus ion  i n  t he
taxonomy and the c lass i f icat ion of  the fami ly  has been
fraught  wi th ambigui ty  and abounding synonomy. A major
cause of  th is  chaot ic  s tate was the indiscr iminate use of
characters which,  when used in conjunct ion wi th the sum
tota l  of  features of  the p lants concerned are usefu l  for
del imi tat ion,  but  when used a lone are l iab le to lead to
misplac ing of  taxa.

Following an extensive l iterature survey undertaken in order
to determine the extent of uti l isation of marker techniques
w i th in  t he  Fami l y  Cucu rb i t aceae ,  i t  became c lea r  t ha t
markers have been employed for two main purposes:

* basic research in plant taxonomy; noteably, delimi-
tation of taxa, inter- and intra-specific relationships
inc luding evolut ion and phylogeny.

-  appl ied research in  crop breeding;  for  especia l ly
determin ing marker  l inkages to important  agronomic
traits, construction of l inkage maps and for testing
genet ic  pur i ty  of  hybr id seed.

Ut i l isat ion of  the var ious marker  techniques wi th in the Fami ly
Cucurbitaceae wil l be discussed in the l ight of these two
objectives.

MORPHOLOGICAL MARKERS

The study and descr ipt ions of  the var iat ion of  organisms
and the investigations of the causes and consequences of
t h i s  va r i a t i on  has  re l i ed  t r ad i t i ona l l y  on  morpho log i ca l
information. Although this science of taxonomy has declined
from a pre-eminent position last century, it remains both the
most basic and ultimate of the biological sciences.

Early taxonomic treatments of the Family Cucurbitaceae
were essentially based on easily detected morphological
variation. Greatly aided by developments in anatomy and
palynology,  taxonomic understanding of  the fami ly  has
advanced considerably in recent years.

Traditional taxonomic studies have resulted not only in the
description and delimitation of species and production of
keys for the Cucurbitaceae, but have proved of value in the
identif ication of new sources of genetic variation for the
improvement of existing crops.

79



Morpho log i ca l  va r i a t i on  as  marke rs  a re  use fu l  i n  bo th
breeding programmes and genet ic  s tudies.  Despi te thei r
economic importance,  few genes have been recorded for
mos t  cucu rb i t  c rops  a l t hough  the  s i t ua t i on  i s  g radua l l y
improving e.g.  Z ink (1986) determined that  ye l low coro l la
mutant  in  muskmelon was contro l led by a s ingle recessive
gene.  Z ink (1977) was a lso the f i rs t  to  descr ibe a genet ic
l inkage rn muskmelon between shor t  in ternode and yel low
virescent  leaf  co lour  and to calculate the aenet ic  d is tance
between the two genes.

Linkage selection has improved breeding strategies in recent
years.  Morphological  markers which are re lat ive ly  easy to
recognize can simplify the recovery of genes of interest l inked
to them which are more d i f f icu l t  to  score.  Cordate leaf  shape
in Cucumis sativus, is a recessive morphological feature
l inked to d isease res is tance and other  t ra i ts  (Vakalounakis,
1992 ) ;  wh i l e  umbre l l a  l ea f  i n  t he  same c rop  spec ies  i s
associated wi th sensi t iv i ty  to  low humidi ty  (den Nj is ,  A.P.M.
&  de  Pon t i ,  O .M.B . ,  1983 ) .  Vaka lounak i s  (1992 )  was  ab le  t o
arrange 11 d isease res is tance and morphological  loc i  in  four
d is t inct  t inkage groups fo l lowing backcrossing and analys is
of  segregat ion in  two l ines of  cucumber.

To supplement  ex is t ing in format ion on the independence
between different characters and the description of only four
l inkages,  Pi t rat  (1991) in i t ia ted a systemat ic  s tudy to ident i fy
genet ic  l inkages between var ious markers in  muskmelon.
At tent ion was focused on d isease res is tance genes and
several morphological characters (both vegetative and floral).
Fol lowing analys is  of  crossing and segregat ion data,  the
existance of  the previously  descr ibed l inkage groups was
confr rmed and an addi t ional  four  groups were recognized.
These groups appear to be independent. Five markers tested
seem to be independent from any of the eight l inkage groups.
These resul ts  are a f i rs t  s tep towards a genet ic  map of
Cucumis melo.

A l is t  o f  the genes of  the watermelon was in i t ia l ly  publ ished
in  1976  (F lob inson  e t  a l . ,  1976 )  and  recen t l y  upda ted
(Henderson ,  1995 ) .  The  i n i t i a l  f ew  genes  i den t i f i ed  f o r
watermelon based on morphological characters and disease
res i s tance  have  swo l l en  i n  number  t o  t o ta l  88  genes ,
supplemented through isozyme marker  analys is .  Seven
l i nkage  g roups  w i th  24  l oc i  have  subsequen t l y  been
cons t ruc ted .  Un fo r tuna te l y ,  t he  gene ra l  p rope r t i es  o f
morphological  markers are far  f  rom ideal .  This  is  ref lected
in cucurbi t  breeding in  general ,  where i t  appears that  the
l i n k a g e  r e l a t i o n s  o f  m o s t  o f  t h e  s i m p l y  i n h e r i t e d
m o r p h o l o g i c a l  t r a i t s  h a v e  b e e n  l a r g e l y  o v e r l o o k e d
(Fanou rak i s  &  S imon ,  1987 ) .

Cucurbit crop species, l ike Citrullus lanatus, present diff icult
taxonomic and phylogenet ic  quest ions because wi ld  forms
may be morphological ly  so s imi lar  to  the cul t igen,  that  they
are not  readi ly  d is t inguishable.  l t  is  c lear  that  morphological
var iat ion a lone is  insuf f  ic ient  to  c lar i fy  the re lat ionship and
addi t ional  sources of  analys is  wi l l  have to be employed in
o r d e r  t o  d i s c e r n  p a t t e r n s  o f  e v o l u t i o n  a m o n g  t h e
watermelon and i ts  wi ld  re lat ives.

M ICROMOLECULAR MARKERS

Th is  t ype  o f  marke r  compr i ses  a  se r i es  o f  b i o l og i ca l
compounds which are products of the secondary metabolism
of plants. These compounds are characterised by a relatively
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low molecular  weight  and are chemical ly  very heterogenous.
C h r o m o t o g r a p h i c  t e c h n i q u e s  a r e  e m p l o y e d  f o r  t h e i r
ident i f  icat ion and analys is .

The Fami ly  Cucurbi taceae is  character ised by the presence
of  cucurbi tac ins and other  t r i terpenoids.  The occurrence of
these bitter-tasting compounds in the vegetative parts and
fru i ts  has been shown to be of  taxonomic s igni f icance.
Fol lowing extract ion of  the compounds and subsequent
identif ication by paper chromatography, a def inite correlation
between chemical  composi t ion and taxonomic del imi tat ion
of  the fami ly  was ident i f ied (Rehm et  a | . ,1957).  For  example,
cucurbi tac in B is  character is t ic  of  the genera Coccin ia,
Cucumis, Lagenaria and Trochomena, whereas cucurbitacin
E is the main bitter compound in Citrulluswith the exception
ol C. naudinianus. Following taxonomic revision, the latter
s p e c i e s  w a s  l a t e r  r e c l a s s i f r e d  u n d e r  t h e  g e n u s
Acanthosicyos.  This example i l lust rates that  secondary
m e t a b o l i t e s  c a n  b e  a  u s e f u l  t o o l  i n  i m p r o v i n g  p l a n t
classif ication.

There is ,  however,  no reason to suppose that  chemical
m a r k e r s  a r e  m o r e  i m p o r t a n t  t h a n  s t r u c t u r a l  d a t a .
Occasional ly  conf l ic t ing ev idence is  a lso presented.  For
example, chromatographic flavonoid patterns of leaf extracts
from 21 Cucumis species indicated species-specific patterns
(Dane et  a l . ,1980).  However,  the subgener ic  groupings f  rom
this  s tudy d id not  conform wi th groupings of  Deakin et  a/ .
( 1 9 7 1 )  w h i c h  w e r e  b a s e d  o n  s e x u a l  a f f  i n i t i e s  a n d
morphology.

Cucurbi tac ins,  l ike other  Iow-molecular  weight  markers,  are
under genet ic  contro l .  Invest igat ion as to the genet ics of
b i t terness in  four  genera of  Cucurbi taceae,  revealed that  a
s ingle dominant  gene is  responsib le for  th is  t ra i t  rn each
case (Robinson et  a | . ,1976).  As cucurbi tac ins are repor tedly
tox ic  (Steyn,  1950) and are responsib le for  impart ing an
undesi rable and b i t ter  taste to cul t ivated cucurbi ts .  the
f r e q u e n c y  a n d  l e v e l  o f  e x p r e s s i o n  i n  i n d i v i d u a l s  o r
populat ions is  important  to  p lant  breeders.

MACROMOLECULAR MARKERS

PROTEIN MARKERS

Storage Proteins

S to rage  p ro te ins  a re  syn thes i zed  i n  p lan t  o rgans  o f
reproduct ion,  propagat ion and d ispersal  where they are
recognized in discrete deposits. Because of their abundance
in foodstuffs, storage proteins were amongst the first to be
studied (Shewry, 1995). Storage proteins of two types have
been ident i f ied in  the seeds of  the Fami ly  Cucurbi taceae
v i z .  115  g lobu l i n  (Ha ra -N ish imura  e t  a / . ,  1985 )  and  25
albumins (Hara-Nishimura et  a | . ,1993).  As these secondary
plant  products are found ubiqui tously  throughout  the fami ly
they are of very l itt le taxonomic value other than to distinguish
the group as a whole f rom other  p lant  fami l ies.  However,
seed storage protein profi les, obtained by electrophoresis,
can be used for  resolv ing taxonomic and evolut ionary
problems wi th in the fami ly .  Fur thermore,  Dunnhi l l  & Fowden
(1965) recorded that  the composi t ion of  seed prote in in
Cucurbi taceae is  af fected only s l ight ly  by envi ronmental
condi t ions or  seasonal  f luctuat ions.

Pichl  (1978) found the overal l  var iat ion to be smal l  in  h is
cha rac te r i sa t i on  s tud ies  o f  seed  s to raoe  a lbumins  i n
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Cucurbita maxima. This epitomises the main feature of seed
prote in prof i les i .e .  conspicuously species speci f ic  and h ighly
stable.  This is  par t icu lar ly  t rue for  cu l t ivated p lants.  In  a
s imi lar  s tudy,  Navot  & Zamr (1987) found that  wi th in the
genus Citrullus, only two of the six major bands in the profi le
were variable and each of the 3 species had a unique pattern
for storage proteins.

In compar ison wi th the genet ic  in format ion about  other
economical ly  important  crops,  the watermelon has been
somewhat neglected. However, l inkage maps for Citrullus
have  been  cons tuc ted  us rng  seed  p ro te in  marke rs  i n
conjunct ion wi th isozymes (Navot  & Zamir ,  1986).  In  th is
study, nineteen segregating electrophoretic markers (two
seed protein and seventeen isozyme loci) were considered
and four l inkage groups were identif ied using an interspecific
cross between C. lanatus and C. colosynthis.

No research appears to have been conducted on the tuber
s to rage  p ro te ins  o f  Cucu rb i t aceae  wh ich  cou ld  d i f f e r
s i gn i f i can t l y  f r om seed  s to rage  p ro te ins .  Unde rg round
storage organs are found in several  Afr ican taxa as an
adaptat ion to extreme. ar id  condi t ions.

Sozymes

lsozyme phenotypes of some enzymes are recognized to
be useful as genetic markers, as most isozymes are stably
contro l led by codominant  a l le les and are not  in f luenced by
the  env i ronmen t .  l sozyme  marke rs  a re  compared  by
moni tor ing thei r  migrat ion in  gels  dur ing e lect rophoresis  and
isoelectric focusing; they are detected by enzyme-specific
stains. Within the family under review, isozyme studies have
been  ca r r i ed  ou t  ma in l y  i n  t he  gene ra  o f  economic
importance like Cucumis and Cucurbita, not only to stLrdy
intra- and lnterspecific relationships of the cultivated species,
b u t  a l s o  t o  c l a s s i f y  t h e  w i l d  s p e c i e s  a n d  e v a l u a t e
re lat ionships among the wi ld  and cul t ivated taxa (Dane,
1 e83).

Esquinas-Alcazar (as reported in Dane, 1 983) examined 125
populatrons of Cucumis melo and six enzyme systems
encompassing 11 isozyme loci. For five of the isozymes there
was no var iat ion and the other  s ix  were d imorphic.  He
concluded that l i tt le or no allelic variation was found at most
of  the loc i  in  a l l  o f  the populat ions studied.  Per ! -Treves eta l .
(1985) examined 5 var iet ies of  C.  melo and one wi ld  var iety
wi th 29 nuclear-coded enzymes.  They found 22 oI  the
rsozymes to be monomorphic.  Of  the other  seven isozymes,
six were dimorphic and one was trimorphic. Thirly accessions
ol C. melo from lran were examined by Staub et a/. using
n ine  i sozymes .  The re  was  no  va r i a t i on  f o r  f i ve  o f  t he
isozymes,  two were d imorphic and two were t r imorphic.
These studies indicate that there is l i tt le isozvmic variation
in C. melo germplasm.

Using 18 enzymes,  re lat ionships among cross-compat ib le
wild diploid species ol Cucumiswere classified biochemically
(Staub et al., 1987); however, relationships within species
were not  wel l  def ined.  This i l lust rates that  the technioue is
not  wi thout  shor tcomings and that ,  perhaps int raspeci f ic
relationships may be better elucidated through analysis of
DNA markers.

lsozyme studies in Citrullus revealed that very l itt le variation
occurs in cultivated watermelon but significant divergence
f rom w i l d  f o rms  was  found  (Navo t  e t  a l . ,  1990 ) .  Th i s
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uni formi ty  in  cul t ivated var iet ies is  probably due to s t rong
human select ion for  rare mutants l ike lack of  b i t terness and
red colour.

The phylogeny ol Citrullus and two related genera was
suggested fo l lowing e lect rophoret ic  analys is  of  26 enzyme
cod ing  genes  (Navo t  &  Zami r ,  1987 ) .  Measu remen t  o f
genetic distances between species and races investigated,
places Acanthosicyos and Praecitrullus as two distinct
outgroups to Citrullus. Citrullus is also subdivided into two:
one branch representing C. colosynthis and the second, the
southern African species, C. ecirrhosus and C. lanatus.
Allozymic variabil ity is also concordant with the variation of
other  morphological  t ra i ts  which are used to def ine the
taxonomic groups of the genus Citrullus.

Linkage maps have been constructed for Citrullus (Navot &
Zami r ,  1986 )  us ing  i sozyme  marke rs .  Fu r the r  i sozyme
studies uti l ising data from four different crosses involving
lhree Citrullus species, reveal that genetic distances between
markers and thei r  l inear  order  in  maps were homogenous
and therefore suggest  that  genome organisat ion wi th in th is
genus is  conserved (Navot  et  a | . ,1990).  However,  as only  a
f in i te  number of  isozymes can be examined to f ind suf f ic ient
var iat ion for  establ ish ing l inkage maps,  addi t ional  markers
need to be ident i f ied and ut i l ised.

The pract ica l  appl icat ion of  isozymes was i l lust rated by
lsshik i  e f  a/ .  (1991),  who invest igatedthe usefu lnessof  these
markers in melon breeding. Kekiri is a cultivar ol Cucumis
melo which d isplays cer ta in agronomical ly  usefu l  t ra i ts .
Glutamate oxaloacetate transaminase (GOT) isozymes in
this and other cultivars were analysed by electrophoresis.
Two phenotypes of  GOT were d is t inguished,  t r ip le-banded
only observed in keki r i  and s ingle-banded common in a l l
cultivars of C. melo investigated. As the cotyledons displayed
the same phenotypes with those of mature leaves in GOT, it
impl ies that  th is  marker  can be employed very ear ly  in  the
growth stage for  melon breeding.  This genet ic  marker  could
be appl ied in  the test ing of  pur i ty  of  hybr ids in  commercia l
seed production.

DNA MARKERS

Restriction Fragments Length Polymorphism (RFLP)

Restr ic t ion f ragment  length polymorphisms (RFLPs) are
differences in hybridisation patterns among DNAs revealed
a f t e r  d i g e s t i o n  w i t h  a  r e s t r i c t i o n  e n d o n u c l e a s e  a n d
subsequent  probing wi th a randomly selected,  genomic or
cDNA c loned sequence.  Changes in the e lect rophoret ic
mobil ity indicate differences in the length of the restriction
fragment  due to inser t ion or  delet ion.  Changes in the number
of fragments indicate the loss or gain of restriction sites for
such an enzyme caused by base subst i tu t ion.

This approach has been used in the Fami ly  Cucurbi taceae
to produce more comparable data. Good results have been
obtained with various defined repeated sequences as probes
(Torres Ruiz & Hemleben,  1991;  Zentgrat  et  a l . ,  19g2),
ribosomal RNA (Torres et a|.,1989; Torres Ruiz & Hemleben,
1991) and chloroplast  DNA (Per l -Treves & Galun,  1985).
Data from work such as this can have value at all raxonomrc
levels.  One f requent ly  used technique is  to determine the
length of restriction fragments in different populations or
specres.
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Individual genotypes of a species can be characterised using
the RFLP technique wi th appl icat ions in  cul t ivar  separat ion.
Neuhausen (1992) assessed the degree of  RFLP in Cucumis
melo and subsequent ly  determined re lat ionships among
cul t ivated var iet ies.  The level  of  var iabi l i ty  detected in  melon
was supr iz ingly  low al though a h igher  level  of  var iabi l i ty  was
d e t e c t e d  w h e n  c o m p a r i n g  C .  m e l o  w i t h  C .  s a t i v u s
( c u c u m b e r ) .  T h i s  i n d i c a t e s  t h a t  w i t h i n  C .  m e l o ,  I h e
di f ferences among accessions are due to in f requent  base
subst i tu t ions,  thus conf  i rming ear l ier  deduct ions of  Shat tuck-
Eidens et  a l .  (1990),  whereas between the two species,
d i f ferences are main ly  due to genome rearrangements such
as inser t ions and delet ions.  l t  is  in terest ing to note that  th is
low var iabi l i ty  wi th RFLPs mirrors the f ind ings of  isozyme
prof i le  analys is  undertaken on the melon (Dane,  I983) .

At  the species level ,  resul ts  of  th is  technique have a lso been
of  value in  phylogenet ic  s tudies.  Di f ferent  species wi th in the
genus Cucumis were character ised wi th molecular  markers
by Zentgraf  et  a l .  (1992).  Var ious h ighly  repet i t ive sate l l i te
DNA and middle repet i t ive r ibosomal  RNA genes were used
as hybr id isat ion probes wi th mixed resul ts .  RFLP analyses
and hybr id isat ion wi th rDNA probes conf i rmed the d iv is ion
of the genus Cucumis into an Af rican and an Asian subgenus.
Using different rDNA spacer probes, C. anguria and C. melo
of  the subgenus Melocan c lear ly  be d is t inguished f  rom each
other  by thei r  spacer  organisat ion resul t ing in  RFLPS. This
conf i rmes the taxonomic d iv is ion of  the subgenus Melo in to
the "angur ia group" and the "melo group".  Sate l l i te  DNA is
taxon soeci f ic  and can be a usefu l  tool  for  the ident i f icat ion
of  species.  Sate l l i te  hybr id isat ion a lso cur iously  revealed
that C. melo ol the Af rican group was more closely related
to the Asian species in  having s imi lar  organisat ion of  the
rDNA spacer, than to C. anguria, which also belongs to the
Afr ican subgenus.

This gener ic  subdiv is ion was a l ready demonstrated in  ear l ier
research conducted on the p lastome oI  Cucumis (Per l -
T reves  &  Ga lun ,  1985 ) .  Res t r i c t i on  pa t te rns  based  on
d i g e s t i o n  o f  c h l o r o p l a s t  D N A  ( c h l D N A )  w i t h  n i n e
endonucleases and hybr id isat ion to hetero logous chlDNA
probes were obta ined in some twenty wi ld  species and
cul t ivated var iet ies o l  Cucumis.  By compar ing restr ic t ion
s i t es ,  wh i ch  i s  a  d i rec t  and  accu ra te  way  to  measu re
d i s tances  be tween  spec ies ,  a  phy logene t i c  t r ee  was
c o n s t r u c t e d  b y  p a r s i n o m y  a n a l y s i s  f o r  t h e  C u c u m i s
plastome. Most  systemat is ts  us ing chlDNA for  phylogenet ic
ana l ys i s  have  adop ted  th i s  app roach  (B remer ,  1991 ) .  A
def in i te  Afr ican group was ident i f ied,  which is  d is tant  f rom
the melon (C.  melo) ,  the cucumber (Asian Group) and a few
morphological ly  d is t inct  Afr ican species.

The resul ts  of  th is  s tudy were compared wi th isozyme
phylogeny for  the same taxon in a subsequent  publ icat ion
(Per l -Treves et  a l . ,  1985) and found to have great  overal l
s imi lar i ty .  A l though cpDNA is  usefu l  for  phylogenet ic  analys is
due to re lat ive ly  s low sequence evolut ion,  i ts  appl icat ion is
l imi ted.  The taxonomic level  at  which cpDNA sequences are
opt imal ly  in format ive is  the d i f ferent ia t ion of  genera.  At  lower
taxonomic  l eve l s ,  espec ia l l y  f o r  s tud ies  on  popu la t i on
gene t i cs  and  spec ia t i on ,  cpDNA usua l l y  p rov ides  l i t t l e
informat ive var iat ion (Bachmann,  1 992) .

Cultivars of Cucurbita pepo and olher Cucurblfa species
have  a l so  been  cha rac te r i sed  by  RFLP ana l ys i s  us ing
di f ferent  f  ragments of  the r ibosomal  in tergenic spacer ( lGS)
oI  C.  pepo as hybr id isat ion probes (Torres & Hemleben,
1991 ) .  I n  con t ras t  t o  t he  h igh l y  conse rved  rRNA cod ing
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regions,  the spacers which separate them, especia l ly  the
lGS, are more d ivergent  thereby generat ing RFLPs in the
rDNA of  the Fami ly  Cucurbi taceae (Torres e l  a/ . ,  1989).
Several  cu l t ivars of  C.  pepo could be d is t inguished by a
diagnost ic  rDNA restr ic t ion pat tern,  whereas other  cul t ivars
showed an ident ica l  RFLP pat tern which suggests a c loser
re lat ionship.  Cul t ivars d i f fer ing in  RFLP pat terns wi th the
probes and enzymes used in th is  s tudy a lso show c lear
d i f f e rences  i n  ce r ta in  cha rac te rs  l i ke  f r u i t  morpho logy .
Howeve r ,  cu l t i va rs  exh ib i t i ng  i den t i ca l  pa t t e rns  a re  no t
necessar i ly  complete ly  ident ica l  in  phenotype.

Within the genus Cucurbifa, two species (C. moschata and
C. maxima) exhib i ted st rong cross-hybr id isat ion wi th the C.
pepo spacer probes as reflected in their RFLP patterns. As
the DNA ol lwo Cucumis spectes did not cross-hybridise
signi f icant ly  wi lh  Cucurbi ta pepo spacer probes,  these
probes can therefore be used to differentiate between the
genus Cucurbita and other Cucurbitaceae genera.

Data revealed in these studies oI Cucurbita show marked
di f ferences to f ind ings of  s imi lar  work undertaken wi th the
genus Cucumis. In contrast lo Cucurbita, restriction patterns
Ior  Cucumis melo are h ighly  uni form (Neuhausen,  1992).
Sate l l i te  probes iso lated f rom Cucumis melo hybr id ise
exclusively with DNA f rom C. melo and do not cross-hybridise
with other Cucumis species.

Mo lecu la r  gene t i c  maps  a re  common ly  cons t ruc ted  by
analys ing the segregat ion of  RFLPS. However,  th is  technique
has yet  to  be used extensively  for  t l re  creat ion of  l inkage
maos  i n  Cucu rb i t aceae  wh ich  wou ld  a l l ow  fo r  i nd i rec t
select ion st rategies for  crop improvement  programmes to
be developed.  However,  i t  must  be borne in mind that  the
usefu lness of  RFLP markers is  largely dependent  on the
degree of  polymorphism and therefore i ts  appl icat ion in
cucurbit crops with low variabil ity l ike Cucumis melomay be
l imi ted.  The s i tuat ion,  however,  in  other  cucurbi t  species
may be ent i re ly  d i f ferent  as the apparant  level  of  var iat ion
detected as RFLPs wi th in a species d i f fers great ly  f rom one
species to another  (Helent jar is  et  a/ . ,  1985).

This approach has some potent ia l  for  pract ica l  appl icat ion
in the commercia l  seed sector  as repor ted by Matsuura e l
a l .  (199a).  In  cucumber,  F l  hybr id cul t ivars are preferred
because of  combined super ior  character is t ics.  Instead of
cost ly  and r isky f ie ld observat ion test ing which is  the current
screening method,  the authors examined the possib i l i ty  of
us ing RFLP markers for  th is  purpose.  Two parenta l  inbred
l ines and the Fl  hybr id were used in the exper iment .  Af ter
screening 196 genomic and 49 cDNA c lones,  four  groups
were d is t inguished -  three being monomorphic whi le  the
four th showed RFLPs.  l t  was f rom th is  four th group that  a
probe was selected,  pure for  both parenta l  l ines,  for  fur ther
tes t i ng .  Compar i son  o f  pa t te rns  f o l l ow ing  d iges t i on  and
hybr id isat ion wi th the selected probe of  the parenta l  l ines
and the F1,  i l lust rate that  inher i tance of  RFLP markers is
codominant  and as such,  a usefu l  tool  for  pur i ty  test ing in
hybr id seed product ion.  Al though the authors advocate th is
approach as being "avai lable and convenient"  for  pract ica l
use,  i t  is  quest ionable as to whether  th is  method is  super ior
to  t ha t  o f  i sozyme  marke rs  i n  wh i ch  codominan t  a l l e l i c
exp ress ion  i s  i n te rp re ted  f rom e lec t ropho re t i c  band ing
patterns. However, data from the study of Matsuura el a/.
(1994) prov ides the base to iso late usef  u l  RFLP probes and
gives a good indicat ion as to the min imum amount  of  DNA
required for  the analys is  and the stage of  the seedl ings for
maximum DNA isolat ion in  the cucumber.
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Random Ampl i f ied Polymorphyc DNA (RAPD)

The basis of  Random Ampl i f ied Polymorphic DNA (RAPD)
methodology is the Polymerase Chain Reaction (PCR) which
is an rn vitro method for producing large amounts of a specif ic
DNA f ragment .  Using pr imers,  shor t  sequences of  DNA are
ampl i f ied by means of  a thermoresis tant  DNA polymerase
a n d  r e p e a t e d  c y c l e s  o f  d e n a t u r i n g ,  a n n e a l i n g  a n d
polymerisation. Differences in electrophoretic bands are due
to changes in pr imer anneal ing s i tes and as such can be
used as genet ic  markers.

The most  important  aspect  of  th is  polymorphism is  that  i t
can be mapped as a standard genet ic  marker  (Wi l l iams e l
a/ . ,  1990).  Since RAPD markers segregate in  a Mendel ian
fashion,  they can be used to develop genet ic  l inkage maps
or perhaps saturate ex is t ing RFLP l inkage maps.  The use
of  RAPDs has a l ready a l lowed detect ion of  l inked markers
to major  genes contro l l ing agronomical ly  desi rable t ra i ts  l ike
disease res is tance in cer ta in crops e.g.  tomato (Newbury &
Ford-L loyd,  1993).

This method is  new and not  yet  f  u l ly  tested,  hence a pauci ty
i n  l i t e ra tu re  ava i l ab le  rega rd ing  th i s  app roach  and  i t s
app l i ca t i on  i n  gene t i c  l i nkage  mapp ing  fo r  t he  Fami l y
Cucurbi taceae.

However,  RAPDs have proven usef  u l  for  DNA f  ingerpr int ing
to fac i l i ta te the ident i f icat ion of  cucurbi t  crop var iet ies (Jeon
et  a l . ,  1994) and to determine parentage wi th in breeding
mater ia l  o f  watermelon (Hashizume ef  a/ . ,  1993).

Six Cucurbita pepoand nine C. moschatacullivars were tested
for the presence of RAPD markers that could distinguish them
(Jeon el al., 1994). Fifty 10-mer primers were used of which
six  produced 64 usefu l  RAPD markers.  Eight  (11%) of  these
markers were common to both species, whereas forly (62,5%)
were species specific. The remainder were polymorphic in
either or both species. Although this polymorphism within each
crop was extensive, C. pepo and C. moschata could be
separated by several species-specific bands. Conversely,
several bands were monomorphrc across all cultivars tested
indicat ing some interspeci f ic  re lat ionship.  The F2 populat ion
of a hybrid between C. pepo and C. moschata was tested
using the same pr imers.  Bands speci f ic  to  e i ther  one of  the
parent species segregated in the expected 3:1 Mendelian ratio
for the presence:absence of bands.

The extensive polymorphism present  in  these Cucurbi ta
cu l t i va rs ,  coup led  w i th  t he  speed  and  s imp l i c i t y  o f  t he
technique,  suggests the use of  RAPD as a promis ing new
and ef f ic ient  method for  molecular  character isat ion and
taxonomic  de l im i ta t i on  i n  o the r  members  o f  t he  Fami l v
Cucurbi taceae.

The appl icat ion of  var ious markers in  the pur i ty  test ing of
hybr id seed has been d iscussed.  l t  is  perhaps in th is  regard
tha t  RAPD ana l ys i s  w i l l  p rove  to  be  mos t  e f f ec t i ve .
H a s h i z u m e  e t  a l .  ( 1 9 9 3 )  t e s t e d  t w o  i n b r e d  l i n e s  o f
watermelon and the hybr id which is  used extensively  in
Japan for  commercia l  seed product ion.  59 o l igonucleot ides
were  sc reened  as  p r imers  w i t h  n ine  ou t  o f  286  bands
observed to be polymorphic between the parents, suggesting
that  only  3% of  the genome di f fers.  One pr imer was selected
and generated a product  speci f ic  to  the F1 and male parent ,
thus enabl ing d iscr iminat ion between the hybr id and the
female parent .
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As shown in th is  s tudy by Hashizume et  a l .  (1993),  l ines
which are genetically close are often selected for commercial
hybr id seed product ion in  cucurbi t  crops.  In  these cases,
the morphological  determinat ion of  genet ic  pur i ty  of  the
hybr id is  rather  d i f f icu l t .  lsozyme analys is  does not  detect
po l ymorph i sm in  wa te rme lon  (Navo t  &Zamu,1987 )  and  the
use of  RFLPs is  very labour- in tensive when at tempt ing to
de tec t  a  d i f f e rence  be tween  c lose l y  re la ted  pa ren ts
(Matsuura et  a l . ,  1994).  RAPD assay could therefore be an
ef fect ive tool  for  the detect ion of  genet ic  d i f ferences in
parenta l  l ines even i f  they are c losely re lated.

D ISCUSSION

Although steps have been taken in employing molecular
marker techniques to understand the evolution of a few major
cucurbi t  crop species,  i t  is  ev ident  that  more marker  s tudies
coup led  w i th  morpho log i ca l ,  gene t i c  and  b iochemica l
research need to be undertaken to establ ish phylogenet ic
relationships among taxa in the Cucurbitaceae. This potential
for  fur ther  research is  c lear ly  demonstrated by the lack of
studies undertaken on lesser-known taxa l ike Momordica
and Acanthosicyos which are both locally important food
crops in  thei r  areas of  d is t r ibut ion.

Given the innovat ive techniques which are now avai lable to
plant  systemat is ts ,  fu ture taxonomic t reatments wi th in the
Fami ly  Cucurbi taceae would c lear ly  benef i t  enormously f rom
these data rn monographic consrderat ions.  Problems wi th a
priori characler weighting which is typically associated with
morpho log i ca l  compar i sons  i n  mak ing  sys tema t i c  and
phylogenet ic  in ferences,  wi l l  be e l iminated wi th b iochemical
and molecular  marker  techniques.

Molecular  markers may be employed to ver i fy  taxonomic
de l im i ta t i ons ,  t r ace  phy logene t i c  h i s to r i es  and  c la r i f y
d iscrepancies in  th is  notor iously  problemat ic  fami ly .  The use
o f  DNA va r i a t i on  by  p lan t  sys tema t i s t s  has  i nc reased
considerably dur ing recent  years and phylogenet ic  s tudies
ut i l is ing especia l ly  cpDNA appear consistent ly  in  taxonomic
t reatments.  Doyle (1991) i l lust rates both the ut i l i ty  and the
pi t fa l ls  of  DNA data in  p lant  systemat ics in  h is  d iscussion of
molecular  s tudies of  the genus Glyc ine.  The author  caut ions
p lan t  sys tema t i s t s  aga ins t  t he  we igh t i ng  o f  mo lecu la r
characters,  par t icu lar ly  re lat ive to non-molecular  data.

In fact ,  the importance of  morphological  markers must  not
be over looked.  Basic phenotypical  compar isons remain
essential preliminaries to all programmes of rational resource
ut i l isat ion,  such as conservat ion,  crop in t roduct ion and crop
i m p r o v e m e n t .  F o r  e x a m p l e ,  i n  b r e e d i n g  f o r  d i s e a s e
resis tance,  knowledge of  the l inkage of  a res is tance gene
wi th a morphological  marker  and use of  th is  feature in  the
sc reen ing  p rocedu re  m igh t  pe rm i t  eas ie r  and  qu i cke r
selection of host resistant genotypes. Furthermore, as most
taxa wi th in the Cucurbi taceae are d ip lo id species wi th low
ch romosome number  (n  =7 ,11 ,12 ) ,  gene  maps  may  be
uncompl icated and easy to develop us ing s imply inher i ted
morphological  t ra i ts .

A wide range of variabil ity in vegetative and fruit characters
i s  ava i l ab le  i n  t he  Cucu rb i t aceae  wh ich  i s  as  o f  ye t
underexplo i ted by p lant  breeders.  Barr iers between the
cul t ivated species and thei r  wi ld  re lat ives in  the Fami ly
Cucurbitaceae are generally high and crosses between them
commonly fa i l  to  produce fer t i le  hybr ids.  A pract ica l  a im of
marke r  ana l ys i s  wou ld  be  to  u t i l i se  t he  know ledge  on
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re la tedness  be tween cu l t i va ted  and w i ld  spec ies ,  in  o rder
to  enab le  the  inc rease o f  genet ic  resources  o f  cu l t i va ted
cucurb i t  specres  by  in t rogress ion  o f  w i ld  genes  th rough
rap id ly  deve lop ing  b io techno log ica l  qpproaches.  In  fu tu re ,

much c rop  produc t ion  in  A f r i ca  w i l l  need to  come f  rom land

now cons idered marg ina l  o r  unsu i tab le .  New cu l t i vars  o f
domest ica ted  melon  or  pumpk in  c rops  w i th  adapta t ions  to

spec i f i c  env i ronments  may be  des i rab le .  Breeders  may a lso
be concerned w i th  domest ica t ing  or  deve lop ing  cu l t i vars  in

species which are now considered wild, l ike Acanthosicyos
horridus(!nara) and A. naudinianus (gemsbok-komkommer).

Much emphas is  i s  cur ren t ly  be ing  p laced on  the  need to  be
ab le  to  car ry  ou t  la rge-sca le  screen ing  o f  genet ic  resources
he ld  in  genebanks  (Newbury  & Ford-L loyd ,  1993) .  To  ass is t
in  the  main tenance o f  the  la rge  Cucurb i taceae germplasm

co l lec t ion  he ld  a t  the  Nat iona l  P lan t  Genet ic  Resources
Cent re  in  Namib ia ,  a  marker  techn ique l i ke  RAPD wou ld

a l low fo r  sc reen ing  o f  dup l i ca te  samples  and ident i f i ca t ion

of  d iverse  or  representa t ive  samples .  Th is  wou ld  a l low fo r
informed planning for f  urther germplasm col lect ing. Passport
and charac ter isa t ion  da ta  o f  morpho log ica l  t ra i ts  w i l l  be
fur ther  enhanced by  any  add i t iona l  genomic  in fo rmat ion
g leaned th rough molecu la r  marker  assay .

I t  i s  c lear  tha t  the  above techn iques  d i f fe r  in  s t rengths  and
weaknesses and that for precision in the characterisation
and es t imat ion  o f  genet ic  var iab i l i t y  in  popu la t ions  as  we l l
as  taxonomic  de l im i ta t ions  and es t imat ion  o f  phy logeny ,  the
techn iques  must  be  regarded as  complementary .  These
techniques can al l  be applied to answer a range of questions

r e g a r d i n g  t h e  d e g r e e  o f  v a r i a t i o n  w i t h i n  t h e  F a m i l y
Cucurb i taceae.
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